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IIpeauciaoBue

B s10it KHIKKE s pacCKa3bIBal, KaK U3 U3BECTHBIX ITKOJIbHUKAM 3aKO0-
HOB MeXaHWKM (BKJIIOYasi 3aKOH BCEMHUPHOIO TSTOTEHMsI) MOYKHO BBIBECTH
OoTKpBITHIe KeriepoM 3aKOHBI IBUXKEHUs TUiaHeT. Kak u3BeCTHO, 9TO Cjie-
san HeroToH, 1 970 OBLIO SMOXAIBLHBIM JTOCTUKEHUEM, [TOIHABIINM TOIHBIE
HayKNd HA KA9eCTBEHHO OoJiee BBICOKHUI ypoBeHb. [IIKoIbHUKAM COOOIIAIOT
0 joctuykernr HBIOTOHA, KaK U O JPYIUX JIOCTUXKEHUSIX TEOPETUIECKON
HAyKW, HO TOBOPSAT O HUX TOJIOCJIOBHO. Jleckarh, yMHBIE /M CIEJIAJN
TO-TO U TO-TO, & KaK CJIeJaju — He ToBopAT. 1o GosbIneit yacTn 3T0 HEU3-
GezKHO: JIJIsT TIOHNMAHUS COOTBETCTBYIOIIIX HAYIHBIX UCCJIEOBAHIN HYXKHA
IIOATOTOBKA, KOTOPOI HET HE TOJDBKO Yy INMKOJHHUKOB, HO U Y HAYMHAIOIIUX
CTY/IeHTOB. A X0Tes0Ch OBl JIaTh UM BO3MOXKHOCTB XOTh B HEKOTOPBIX CJIy-
YasX MPUOOIIUTHCS K BaXKHEHUIITUM COOBITUSIM B MCTOPUU HAYKH.

K coxasiennto, Jijist TOHUMAaHUs paccyKaennii HproroHa TpebyroTcest 3Ha-
HUS, CJIUIIKOM BBIXOSINNE 32 IPEIeJIbl MKOJILHON mporpaMmMbl. Ho m3sect-
HBI JIpyTHe MOAXOIbI K TOU 2Ke 3ajade. S pacckayKy O JOBOJIHHO IIPOCTOM
MIOIX0/1€, KOTOPBII OBLIT IPEJIOKEH MOJITOPa BeKa cirycTs Y. ['aMuabronom
U KOTOPBIH MO3BOJISIET MOYTH HE BBIXOJIUTH 3a 3TU NPEIEJIbI; & TaM, IJe
BCE-TAKM IyTh-4yTh IPUXOJUTCS BBIXOIUTH, BCE HYXKHBbIE CBEIEHUs JIETKO
COODIIUTH JIOMOJHUTEIBHO, 9TO s U Jenaio. JlomosHuTeIbHbIE CBEeIeHU
u camu 1o cebe MMEIOT 3HAaYeHWe, HO s OCTAHABJIMBAIOCH HA HUX IOYTH
WUCKJTIOUUTENIHHO TOJBKO B TO# CTeNeHu, B KaAKOi oM MHe HYKHBI. OJTHAKO
U B TakKONl CTeleHW OHM OYIyT CIIOCOOCTBaBAaTh PACIIUPEHUIO KPYro3opa
YUTATEIS.

C Toil e 11eJIbI0 PACIIIUPEHNSI €10 KPYro30pa s IPUBOXKY STOT BBIBOJL HE
MpOCTO caM 1o cebe, HO TMPUBOXKY €r0 B MCTOPUIECKON mepcrekTuBe. B oc-
HOBHOM, KOHEYHO, sl TOBOPIO 00 MCTOPUU PA3BUTHsI HAYKW, HO He M306eraro
U HEKOTOPBIX CBejleHuil 00 e€é TBOpIax. S Tak:Ke yIOMUHAIO TOPOil O TOM,
KaKoe 3HAYEHHE TO WJIM WHOE HAyUHOE IOJIOXKEHHE UMeeT C COBPEMEHHOM
TOYKU 3PEHMUSI.

OcHOBY JTaHHON KHUKKH COCTABJISIET TEKCT JIEKIIUU, KOTOPYIO s IPOYIEs
HECKOJIBKO JIET Ha3a/T [JIs MKOJbHIKOB. Ho B JIeKInn MHE He MOTJIO XBATUTH
BpPEMEHM pPaccKa3aTh 000 BCEM TaK MOAPOOHO, KAK XOTEJIOCH ObI, & B KHUXKKE
s CMOT 3TO ¢/Ies1aTh. V3-3a 9TOro KHMKKA CTaja B HECKOJIBKO pa3 JIJINHHEE,
3a 9TO, HAJIEIOCh, YUTATE/ b Ha MeHsl He moceryeT. OHAKO JacTh durareseit
MOXKET II0KeJIATh OMPAHUYUTHCHA (0OCOBGEHHO BHAYAJIE, €CJIM U [OKA OHU HE
3AUHTEPECYIOTCsI) TOJBKO T€M MUHMMYMOM, KOTODBI COCTABUJ COJEpIKa-
uue Jjieknun. 11o9ToMy s JOBOJBHO OJIM3KO BOCIPOU3BEN 371ECH JIEKITMOHHBIIH
TEKCT W OTJEJIMJI OT Hero HEKOTOPbIE U3 CIEJAHHBIX JT00ABJIEHUIN, OTIYACTH
BBIHECSI UX B IIPWJIOXKEHHsl (M3-32 9TOrO IUIAH KHHUIH OKAa3aJjiCsl HeoObIU-



4 IIpemuciioBue

HBIM — 06'bEM IIPUIIOKEHU JlaXKe 9y Th 00JIbie 00bEMa OCHOBHOIO TEKCTA),
a oruactu npuberas K merury. O6 3ToM cM. HuKe B pazjese «Kak ynrars
9Ty KHUTY>.

¢ Gmaromapio Tex, ¢ KeM s MMeJ Ciydail oOCYyKJaTh T€ WJIM UHBbIE
MecTa u3 1ol KamkKy: . Kapxepa (KOTODBIil 3acTaBuil MeHsI 38y MaThCs
0 TeOMeTpUYEeCKOM TOJX0oJie K obpaTHoil 3amade Kemnepa emé o Toro,
KaK s MO3HAKOMUJICSI C COOTBETCTBYIOIIEl jureparypoii), A. Anpbyitu (ko-
TOPOMY s 00sI3aH HEKOTOPBIMH ucTopudyecKuMu ykaszanusmu), O.J1. Ano-
coBy, B.M. 3akamokuna, A.B.Kmaumenko, A.B.Kouepruna (KOTOpBIH, B
9ACTHOCTH, COOOIIMII MHE FeOMETPUYECKUI BbIBOJ ypasHenus Kerepa (ko-
uer §6)), a rakxke H. A. ITluxoBy 3a U3roTOBJIEHIE PUCYHKOB.

/. B. Anocos



Kak yurarh 3Ty KHUTY

Yuraresb, KOHEYHO, 3HAET, YTO KHUT'Y HAYIHOIO (YACTO U HAYIHO-IIOIY-
JISIPHOTO) COJIEPXKAHUS HeJb3sl YMTaTh, KAK POMAaH, IPOIYCKAasl CTPAHUIIBI
U 3arvis/biBasi B KOHeI|, 4TOObI y3HATH, YeM BCE KOHUMIOCh. (Bmpouew,
[PU TAKOM UTEHHHM XOPOIIEro POMaHa MOYKHO MHOTO T0TepsiTh.) JlaHHas
KHHMIa — He pOMaH (XOTs, K&K BO MHOI'MX POMAaHaX, B Hell eCThb HEeMaJIo
«OTBETBJICHUIT» OT «OCHOBHOI1 JIMHUU» ), HO U3 CKA3AHHOI'O BBIIIE O €€ CTPYK-
Type SICHO, UTO B KaKOU-TO CTENEeHN €€ MOYKHO YNUTATh NMPUMEPHO TaKUM
Ke CII0CO6OM. DTOMY CIIOCOOCTBYET HCIIOJIB30BAaHUE TPEX IIPUMTOB B €€
ocHOBHOI 9actu. O6braHbIM mpudTOM (KaK B 3TOM MecTe) HabpaH IIpenmy-
IIECTBEHHO CJIETKA PACIIMPEHHBII 1 00pabOTaHHbBIM TEKCT MOEH YITOMSIHY TOM
BBITTIE JIEKIINH; 3TO, TaK CKa3aTh, «<MIHIMAaJbHAS IaCThy» KHUTH.

Iletur Ha mmoHax — 9TO, TaK CKa3aThb, ciemyomuit kpyr ureHus. OH agpecoBaH
YHUTATES0, KOTOPBIH HACTOJIBLKO 3aMHTEPECYETCS IPEAMETOM, UITO OymeT IOTOB YHUTATh
¥ O CMEXKHBIX BOIIPOCaX, BO3HHUKAIOIINX B IIpenejax Toil »ke Temaruku. Hampumep, us-
BECTHO, ITO HeOECHBIE TeJla MOI'YT JBUTATHCS HE TOJILKO 110 SJJIMIICAM, O KOTOPBIX TOBOPHII
Kennep, HO 1 mo mapabosiam wmtu rumepbosam. OgHAKO OCHOBHBIE HIEU BBICTYIIAIOT YK€
npu O6CYKIEHUH SJIIUITHIECKOTO JABUKCHUS, a Pa3 ABIKEHUE ILIAHET HUMEHHO TaKOBO,
TO SJIIAIITUIECKOE IBIPKEHNE OCOOEHHO BasKHO IPAKTHYECKH, U noromy Kemsep Tomabko
C HEM H UMeJI JeJI0; CTaJjIo ObITh, cTosBIIas nepes HpioToHOM 3a1ada 00bsCHEHNs 3aKOHOB
Kemepa Tozke cama 1o cebe He TpebOBasIa BBIXOA 38 PAMKH SJIMIITHIECKOTO JBUYKEHUSI.
ITo Bcem sTHM mpuYMHAM JI HAC MapabOINTIECKOe U TUIIEPOOIHMTIECKOe JBUXKEHUS MEHee
BaXKHBbI, U JIJI IMIOCBAIEHHOIO UM TEKCTa s HEPEJKO HCIIOIb30BaJl METHT Ha IIOHaX. Tem
ke mpudToM HabpaHa JacTh TEKCTA, OTHOCIIIASICA K TAKOH ITOCTAHOBKE BOIIPOCA, KOTIA
MBI HCXOOUM H3 3aKOHOB Kemslepa u crpammBaeM, ITO B TAKOM CJIydae MOXKHO CKa3aTb
o cuyte npuTsizkenus waneT K Cosniyy. [lerut Ha mIoHax MOXKET HCIOIB30BATHCH TaKXKe

¥ TaM, TJe MOoAPa3yMeBaeTCsl HECKOJIBLKO OOJIbINasl MOAIOTOBKA YHTATEJISI.

Ha.KOHeLI7 IIETUTOM Ha6paHo U3JIOZKEHUE PAa3J/INYHbIX JOIIOJTHUTEJIbHBIX BOIIPOCOB 60—
Jlee CIienuaIbHOro Xapakrepa. Hanpumep, Takoil xapakTep uMeer 06CyKIACHIE IBUKECHUS
o runepbosie wiau napabose B §7, KOTOPBIA U caMm 1o cebe aBJIAeTCA Kak Obl JIONOJI-
HEeHWEeM K OCHOBHOW YaCTW KHUTH. CHeLH/IaIH:,HBIMI/I ABJIAIOTCA TaKzKe MaTeMaTHu4YeCKue
YTOYHEHUHSI, KOTOPbIE MOXKHO IIPOIYCTHThL. ¥ OCTAHABIMBAIOCH HA HUX PaJ¥ MOJHOTHI,
CTPOTrOCTU W T.II., HO, YECTHO T'OBOpsi, HEPEJKO JIeJIat0 3TO 06e3 0cobOoro 3>HTy3uasMa.
Ieno B TOM, YTO IPH HCIOIL30BAHUU 0OJIEE CEPHE3HON MATEMATHKH OTBET HA MHOTHE
U3 9THUX BOIPOCOB MOXKHO [1aThb B [Ba CJIOBAa, a Ha 0OOjiee 3JIEMEHTApHOM YPOBHE 3TO
[oJIydJaeTcsd JUInHHEee. A Bellb €CJIM YUTATE/b 3aUHTEPECYETCS «TOHKOCTSIME», TO, CKOPee
BCEro, OH JIN0O y?Ke CTYAEHT By3a C COTHIHON MaTeMaTHIECKON IporpaMMoii, 1ubo CKOpo
CTaHEeT TaKOBBIM. HOTOI\Iy 4 B HEKOTOPBIX CJIyYdadX TOJBKO 06']:,5[CH5IIO7 YTO II0 TaAaKHUM-TO
NIPUYUHAM OCTAIOTCS €Ié TAKHe-TO BOIPOCHI, OTBET Ha KOTOPbBIE JAETCA B CTAHIAPTHBIX
Kypcax BBICIIIE MaTeMaTUKU WA Cpa3y moJjiydJaeTcsda C UX IIOMOIIBIO.

IMoguépkuBaio: Te paccyxkzeHusi O 3akoHax Kermsepa, KOTOpble s NPUBOXKY B OC-
HOBHOM TEKCTE, XOTdA N ABJIAIOTCA JIEMEHTAPHBIMHU II0 YPOBHIO HUCIIOJIB3yEeMBbIX CPEICTB,



6 Kak uuTars 9Ty KHUTY

HO II0O CBOUMM HJI€sIM B€CbMa MU Be€CbMa HETPUBUAJIbHBI, KaKYIO Ob1 IIOATOTOBKY HHU HMeEJI
guTaTenb. A Korga 4 CCbLJIAIOCh Ha CBEAEHHNA U3 BY30BCKUX KYPCOB BBICHIEN MaTeMaTUuKH,
A CChbLJIAIOCh TOJIBKO Ha CBEJAEHHUdA, KOTOpPBIE JJid CTYAEHTa JIOJI2KHBI OBITH COBEPIIEHHO
CTaHJapTHBIMH.

Tpu Tuma mpudTOB UCHOIB3YIOTCA TOJIBKO B OCHOBHOW YACTH KHUTH.
[Tpunoxkenns: ke, IO caMOMY CMBICJIY 9TOTO CJIOBA, OTHIOAbL HE IIPeJiara-
IOTCsl BHUMAHUIO YATATEIS KaK HEYTO IIEPBOOYEPETHOE M KaK €IMHOE IIeJI0€.
31ech OH Oe3 BCSIKUX IMOJICKA30K CaM MOXKET CJesIaTh BHIOOD.



Beenenue

OHO M3 caMBbIX BEJIMKUX JIOCTUKEeHUI Hayku npuxoaurcs Ha X VII Bek,
korga V. Hetorony (1643—1727) yaajioch NOHATH JABUXKEHUE [LJIAHET HA OC-
HOBaHUU 3aKOHOB MEXAHUKN, OTKPBITHE KOTOPBIX U CaMO 10 cebe OBLI0 rpam-
IMO3HBIM JTOCTHKEHUEM TOTO K€ BPEMEHU, OIATH-TAKHA CBSI3aHHBIM C HMe€-
HeM HbOTOHA (XOTsI 3/1eCh Y HEro ObLIN BBIJAIOIINECS [IPEIIIeCTBEHHUKH ).
B 5T0#1 KHUXKKe $1 TONBITAIOCh OOBSICHUTH, KAK OJHO CBSI3aHO C JIPYTUM,
a CIiepBa OCTAHOBJIIOCH HA TOM, [I0UeMy YCTAHOBJIEHNUE TOi CBsi3u (KOTOPYIO,
s HAZEIOCh, MOXKHO CJ/IeJIaTh IOHATHOM CTapIIEKJIACCHUKY) ObLIO MOXAJIb-
HBIM JTOCTUKEHUEM.

O ToM, KakuM OBLIO 3HAYEHHE STOIO JOCTUXKEHUS JIJII MUPOBO33PEHUsI,
YUTATENIIO, T0JIaral0, U3BECTHO, W TOBOPUTH 00 3TOM eI pa3 He3atueM.
Yto ke KacaeTcs COOCTBEHHO HAyKH, TO TOT/A BIEPBBIE Y/IAJOCH IOHATH
HEKU CJIOXKHBII ITPUPOIHBII IPOIECC Ha OCHOBAHUHU OTIETINBO CHOPMYIIU-
POBaHHBIX ODIINX 3aKOHOB IIPUPOBI, B KOTOPBIX HEIIOCPEICTBEHHO O CAMOM
9TOM TPOIECCE HE TOBOPUTCS W HPUMEHHMOCTH KOTOPBIX UM OTHIONbL He
orpannunBaercd. [[oHATH yIaJloch HE TOJBKO OJAarofapsi OTKPBITUIO STUX
3aKOHOB, HO U 6J1aroJapsi Mporpeccy B MaTeMaTuke (B KOTOPOM TOXKe ObLI
orpoMublit BKiaj Heiorona). «Buepsble» MOIJIO MPOM30HTH TOJBKO OIUH
pa3 ¥ TPOU30III0 UMEHHO TOTIa. DTO ObLIO HE HAYAJOM HAYKHU, HO TEPEXO-
oM €€ Ha COBPEMEHHBII, Ka9eCTBEHHO HOBBIH ypOBeHb. Bo3HUK 1A HaIEeXK 1A,
9TO B OyAyIIeM yaacTCs JOCTUYh MOHUMAHUS W JIPYTHUX SBJIEHUI, HHOTJIA,
ObITH MOXKET, C IPUBJIEUEHHEM elé Gosiee CIOKHON MaTeMaTHKW ¥ (MJIH)
C OTKPBITHEM HOBBIX 3aKOHOB IPHUPOJBI, a MHOTA U 6e3 sroro. Manumine
HAIOMWHATH, 9TO 9TA HAJEXK/A CTAJA BAKHEHIINM CTUMYJOM DPa3BUTUS
HAyKA U 9ITO C TeX 0P OHA HEOJHOKPATHO OIPABBIBAJIACH, XOTH CJIyda-
JIOCh U MOHSIThCsI 3a Mupazkamu. CioBa Cokpara: «4 3Ha(0 TOJBKO TO, 4TO
g HUYEro He 3HAIO», BBIPAXKABIINE B €r0 BPEeMsI MYJIPOCTb, B HAINUA JIHA
BBIpazKaJin ObI TOJIBKO CMECh HEBEYKECTBA C IIPETEH3UEH Ha TUIYOOKOMBICJIHE.
Mpb1, KOHEYHO, OTHIO/Ib HE CTAJU BCEBEIYIIUMI, HO KOE-UTO MBI 3HAEM.

Ha coBpemeHHMKOB He MOTIJIN He IIPOU3BECTH BIIEYATIEHUE U IBA TOCTAB-
JIEHHBIX TIPU 9TOM <«PeKOpaay. PeKopi mcTopudecKuil: 3arajika IIaHeTHBIX
JBU2KEeHU cTosiia mepesi Haykoit okoso 2000 Jer. Pexkops mo wactu mac-
mrabos: CojiHeYHasI CUCTeMa HAMHOI'O OOJIbIINE JIFOOBIX JIPYyTIUX OOBEKTOB,
0 KOTOPBIX XOTh 9TO-TO Tora 66110 u3BectHo. (Tosbko HACYET paccTosHuit
J10 3BE3]1] OBLIO U3BECTHO, YTO OHU GoJibIe pa3mMepoB COJTHETHON CHCTEMBI,
HO TOr/a 06 9TUX PACCTOSAHUAX HIYEro OOJIbINe He 3HAJI. )

Hayka, uccieayiomast JBuKenne HeGeCHbIX TeJl (€CTeCTBEHHBIX U HCKYC-
CTBEHHBIX ) T10]] JeficTBUEM BCEMUPHOIO TSTOTEHUsI, HA3bIBAETCS «HEOECHOM
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MeXaHUKO#» . Paay MOMHOTE! HAZO TOGABHUTE, ITO KPOME TATOTEHHUS Teleph
MPUXOIUTCSI YIUTHIBATD U JpyTHe CUiibl. JIJIsi KOCMUYeCKuX aImapaToB 3To,
KOHEYHO, TsIT'a UX JBUTATEJIEN, HO, KPOME TOTO, IIPH JJIUTEIbHOM JIBUYKEHUN
B KOCMOCE 10 MHEPIUH MOXKET CKa3bIBATHCS JABJICHUE CBETA U COJTHEYHO-
ro Berpa (T.e. ucnyckaeMmbix COJIHIIEM HOTOKOB 3apsi?KEHHBIX YACTHUI]) HA
AHTEHHBI U COJTHEYHbIE MaHe . B HEKOTOPBIX JPYTUX BOMPOCAX MPUXOINAT-
€Sl CUATATHCS C TeOPU3MIECKUME CBOMCTBAMU 3eMJIM UM AHAJOTHIHBIMU
CBOICTBAMU JPYroro HeHECHOTo Teja; TOT/a HebecHass MeXaHUKa COIPHKA-
CAeTCsl C JIDYTUMU BETBSIMU HAYKU, U €JIBA JIM CTOUT IBITATHCS IIPEJIITACATD,
Ky/Ia IMEHHO HaJI0 OTHOCHUTB IO/I00HBIEe BOIIPOCHL. 1101 «/IBUYKeHnEM» MOXKET
MO/IPa3yMeBAThCS He TOJLKO MepeMelieHne mo opouTe, HO U BPAIIEHIE BO-
KpYT IEHTPA MACC JAHHOTO TeJIa, a JJIs JIMHHBIX KOCMIYECKUX AllapaToB,
COCTBIKOBAHHBIX M3 HECKOJIBKUX MOJIyJIEll, HAJI0 CTPEMUTHCSI K TOMY, UTO-
OBl pa3yInIHbIe KOJIEDAHUS STUX MOyl OTHOCUTEILHO JPYT Jpyra ObLIn
JIOCTATOYHO MAJIBIMU, B CBS3U C Y€M MPUXOJUTCS U3ydaTh KoJjebaTe/bHbIe
IBUKEHUS U PAOOTY yCTPOHCTB, AeMII(UPYIONINX ITH KOJIEOAHNUS.

B sr0it kHMXKKE peus WAET O MpocTeiimieil 3amade HeOECHOW MEXaHUKH,
Tak HasbIBaeMoit 3agade Kemrepa. Boobire ke nebecHast MEXaHIMKa — BEChMa,
OOIIMpHAST JUCITUILINHA, U3JI0XKEHIE OCHOBHBIX ITOJI0XKEHUIT KOTOPOil Tpedy-
€T HEeCKOJIBKUX TOMOB, IPUYEM KOHKPETHBIE BBIYUC/IEHNs] IPUBOISITCS B HUX
TosibKO Kak mpumepbl. (K cuacTbio, HEMAIYIO 9acTh BBIYUCJIUTEJLHON Da-
6oThI Tenephb GepyT Ha cebst DBM, HO 310 He u3baBIgET OT HEOOXOIUMOCTH
TEOPETUIECKUX UCCJIEOBAHU, 6e3 KOTOPBIX JayKe C YUCTO YTUJIUTAPHOM
TOYKHU 3pEHUs He 000 IEIIBCsI — TOJBKO OHU U ITO3BOJIAIOT «IIPEIIApUPOBaTh»>
Ty WM MHYIO 387249y K IpuroguoMy s 9BM suy.)

Kak y»e roBopmiioch, s m3jiaraio He IIE€PBOHAYAJIBHBIE COOOPAYKEHUS
1. Herorona, a 6ojiee mpOCTOil MOAXO[, TPeJIoKeHHbIH VY. [aMuabToHOM
(1805—1864) B 1846 r. [17]. K mMoeMy yJuMBIEHHIO, STOT BBIBOJ, 3aKOHOB
[JIAHETHBIX JIBUYKEHWI He IIPUBOIUTCS HE TOJIBKO B IIKOJIBHBIX YUEOHMKAX
dusukn (Br/OUAsT M YIEOHUKHU MOBBIIIEHHONW CJIOKHOCTH, BPOJE IIOITY-
JISPHOTO B MOW IIKOJIbHBIE TOIbI TPEXTOMHOIO «DJIEMEHTAPHOIO YIeOHUKA
dusukny» nox pemaxumii I. C. Jlangcbepra), HO U B GOJIBIIUHCTBE yHUBEPCH-
TETCKUX KYypCOB 00Ieil (DUBMKY WU IIPUMBIKAIONINX K HUM 00Jiee MOJTHBIX
yuebHMKAX 110 MeXaHUKe (HO TOXKEe PACCUYMTAHHBIX HA CTYAEHTOB [EPBOrO
Kypca) Bpojie «Mexanuku» C. 3. Xaiikuna?. Jlo HeJlaBHETO BPEMeHU e/iH-

19710 nassanue npemoxmi I1. Jlammac (1749—1827) Bexk ¢ HEGOJBIIUM CITyCTS HOCITE
baKTHIeCKOro BO3HIKHOBEHNUSI 3TO HAayKM, KOTOPOMY IOCBSIIIIEHa HACTOSIASA KHUZKKA.

2 1715t OGBIMHOTO MIKOJILHOTO Kypca (DU3MKH MO PACCKa3 BCE-TAKHU TIOJIyHaeTCH CIIHII-
KOM JUUIMHHBIM, TaK 4TO €/[Ba JIM €ro KOrJa-HuOyab TaM OyayT BOCIHPOH3BOAWTH. Jlis
CHeIHaIU3HPOBAHHON IIKOIBI ¢ (DU3UKO-MATEMATUIECKHM yKJIOHOM OH, MOXKET OBbITb,
¥ TofoNAET. YTO YKe KacaeTcsi By30BCKOIO Kypca o0Ieil (pusnkm, B KOTOPOM y2Ke MOXKHO
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CTBEHHBIM M3BECTHBIM MHE HCKJ/IIOYEHHEM Ha PYCCKOM sI3bIKe ObLT yueOHUK
A. Bommepdensa [29] (HO 9T0 yKe Kype HECKOIBKO 60JIee BBICOKOTO YPOB-
Hs); HeJaBHO K HeMy jobasmiach emé kHmkka JIx.K.Maxkcsemna [41]
(HO 3TO BOOOIIE He yueOHHUK; TOT (haKT, YTO 00€ TH KHUTU IIEPEBOJIHBIE,
MIOATBEPKIAET, YTO Y HAC MIPEIJIOKEHHBII ' aMUIIbTOHOM O/IXO] IOYEMY-TO
ue nonysspen). OBbIYHO TaKON BBIBOZ, JejaeTcs Ha 6ase Gojiee MOIIHBIX
MaTeMaTUIeCKIX METO/IOB, HEXKeJIN TPEOYETCs It OHOTO TOJIBKO JTAHHOTO
Borpoca. OT9acTv B 9TOM €CTh PE30H: 9TU METOJbl HYXKHBI JJIsi MHOTHX
JPYTUX IleJieil; MpuMeHsisl UX K 3akoHaM Keriepa, Mbl 3HAKOMEM Y YaIlerocst
¢ TeM, KaK 3TU MeTOJ/bl PaboTaloT, Ha CPAaBHUTEIBHO IPOCTOM M B TO Ke
BpeMs UCTOpUYecku BaxXKHOM mpumepe. Ho, mo-moemy, 3TOT pe3oH He mpe-
MIATCTBYET TOMY, 9TOOBI €I€ paHee BBIBECTH 3aKOHBI Kerepa IraHeTHBIX
nBUKeHN Ha 6Gosiee CKPOMHOM (IpAKTHYIeCKHM MOYTH NIKOJBHON) OCHOBE.
Kak st y2xe ckazaji, yqdaniuiicss TeM CaMbIM IOJIyIaeT PEIKYH BO3MOXKHOCTD
IpUOOIIUTHCS K OJIHOMY M3 BaXXHEWUIUX COOBITUI B WCTOPUM HAyKu 0e3
CEPbE3HON CHENUAIbHON OITOTOBKHY.

4 ymommHAO Tak»Ke C PA3IUYIHON CTENEHBIO MOAPOOHOCTH O JAPYTUX
noaxoznax K 3anade Kemiepa. Mznoxenue ogaoro us Hux («obparHas 3a1a4a
Kerutepas ) ofHaXK /Bl TOXKe «OOKATHIBAJIOCH» Ha JIEKIUN.

B dhopMysMpoBKe 3aKOHOB MEXAHUKH UCIIOJIb3YOTCS MOHATHsT (MTHOBEH-
HOI) CKOPOCTH M YCKOPEHHUsI, KOTOPOE €CTh CKOPOCTh U3MEHEHUsI CKOPOCTH.
[TosToMy HaMm HAIO yTOYHUTH HAIIE MOHMMAHUE TOTO, YTO TAKOE CKOPOCTD.
Dromy nocaméH §4. Ilepen HuM HANOMHMHAIOTCS CBoOicTBa jumica (§3).
Ham BCE BpeMsi mpuIeTCsi MOIB30BATHCsSI KOOPAMHATAME; O HUX TOBOPHUTCSI
B § 2. Hakomnerr, B §§5, 6, 7, 8 s1 00bsICHIO CBsi3b MeXy 3akoHaMu Keruiepa
u 3akoHaMu MexaHuku. OCHOBHAasl 9aCTh 37€Ch — 9TO M3JIOXKEHUE IOJIXO0JIA
TFamunbrona B §6. B §7 mameuen apyroit (upesyioxkennsiii Makcsesuiom)
MIOXO0JT K BOIIPOCY O CB#A3W 3akoHOB Kemrepa ¢ 3aKOHAME MEXaHUKH, IIPH
KOTOpPOM, BIIpOYeM, COXpaHsieTcss W wujesi lamuiabroHa. [Ipm 3sToM Hero-
CPeJICTBEHHO pelaercst He caMa 3ajada Keriepa, a HECKOJIBKO UHAs 3318~
4Ja, KOTOPYI0 MOXKHO HA3BaTh «OOPATHOW» 10 OTHOIIEHHIO K IIPEJIbLIYIIIei.
¢ paccmarpuBaio marepualt §7 Kak JonojHUTENbHBINH. Ho mpm kemanun

HCIIOJIB30BAaTh KOE-9TO U3 «BBICIIEH MaTeMaTUKN», TO TyJa 9TO MOXKHO BKJIIOYUTE 6€3 TPy-
na. JIIuHHOTEL B MOEM paccKa3e IOJIy<alOTCsA IVIaBHBIM 00pa3soM H3-33 JOIOIHUTEIBLHBIX
CBeJIEHUI, KOTOPBIE CTYEHTaM IIEPBOT0 Kypca y?Ke U3BECTHBI, HJIH N3-3a OOXOIHBIX MAHEB-
POB, C IIOMOIIBIO KOTOPBIX I U30€raro «BbICIIEH MATEMATHKH»; €CJIH €I0 I0JIb30BaThCs, TO
MOsi CTPaHHUIA CXKUMAETCs 10 CTpouKu dhopmyst. Torma misi mosiHOro BeIBOsA (pasyMeeTcs,
6€3 NCTOPHYECKNX ONUCAHUN U IPOYNX «OOIINX PasrOBOPOB» ) IMOTPEGYETCsT ITO-TO BPOJe
OIHOH-TIOIyTOpa cTpaHul,. Tak YTO y»Ke JJjs CTYAEHTOB IEPBOTO KypCa COIeprKaHue
JaHHONW KHMXKKH [IOJKHO HE IPOCTO OBITH JOCTYIHBIM, HO M Ka3aTbCs MPOCTHIM. Jlis
IIKOJILHUKOB OHO TPY/IHEe, HO f HaJeloCh, YTO HAaWJIETCA HeMaJlo IIKOJbHUKOB, KOTOPBIE
NIPOYUTAIOT 3Ty KHUXKKY HJIM XOTs ObI HEKYIO €€ MHHHUMAJIBHYIO YaCTh.
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quTaTeNh MOXKET, Ha0BOPOT, COCPEIOTOYNThHC Ha § 7 (obpalnasch 1o Mepe
HAJJ0OHOCTH K BCIIOMOTaTeIbHOMY MaTepUa/Ly W3 MPEIbIIyIIUX Iaparpa-
dos). IMaparpad 5, nocesmennniit 11 3akony Kemnsepa, npeamecTByer Kak
§6, Tak u § 7. B §8 obcykmaercs cBsi3b MeXK Iy pesyiabratamu §6 u §7.

3a ucksmodennem npuitokenuit VII u VIII, B npUIOKEHUSIX U3JI0KEHTE
HAYYHBIX BOIIPOCOB (IIOCKOJIbKY OHO TaM Ja6TCsl) OOBIYHO MMeeT OLUCATE b
wbIii xapakrep. OcHoBHOe comepxkanve npuioxkenuit I, 11, IV —ucropudue-
ckoe. Mcropuyeckuii 5j1leMeHT PUCYTCTBYET U B APYTHUX IPUJIOKEHUSX, HO
Jayke B CaMOM HCTOPUYECKOM u3 Hux npuioxkenuu I Ha mepsbiil mraH
B KOHIE KOHIIOB BBIXOIUT (pusuka. Fimé Gosee pusuuno mpusioxenne V.
B npunoxkennn VI ucropun Hayku He MeHbBINE, 9eM COOCTBEHHO HAYKHU, HO
€CJIi TOBOPUTH O TOCJIEIHEH, TO 00pAaIao BHUMAHUE HA TO, 9TO 3/1€Ch IIPU-
BOAUTCsT (POPMYJIMPOBKA HBIOTOHOBCKUX 3aKOHOB JIMHAMUKY B TOM BHJE, KaK
oHu ObLn chopmyumpoBanbl camuM HeroroHoM. [o cyiiecTBy, OHU JTOI2KHBI
OBITH U3BECTHBI U3 IIKOJIBHOTO Kypca (DU3UKH, HO, BO3MOXKHO, B JIPYTOiil (pop-
Me (1, MOXKeT ObITh, 6e3 HazBauwuii: I 3akon Hetorona, II 3akon, III 3akon).
IMpunoxkenue VIII, paccuntannoe (KaK yzKe FOBOPHIOCH U KAK BUJHO U3 €0
3arjiaBus) Ha GoJiee MOATNOTOBJIEHHBIX YUTATENCH, UMEeT MaTeMaTHIeCKHUi
XapaxkTep.

Kaura comep:KuT psiji ITUTEPATyPHBIX YKA3AHUIA 110 TIOBOJY PacCMaTpH-
BaeMBIX HJIM O€rJi0 yHOMHHAeMbIX B Heil BompocoB. He mano ymuBiaTbes
(1 Tem GoJiee yrKacaTbCs), YTO UX MHOTO: B OOJIBIIUHCTBE CBOEM OHU IIPEI-
Ha3HAYEHBI JIJIs1 3HATOKOB, — 5 HAJEIOCh, YTO TAKOBBIE TOXKE HAMTYTCs CPeIn
qurareseil. HacTo JmTeparypHble CCBIJIKUA B TEKCTE JIAI0TCS BMECTE C HEKO-
TOPBIMU 3aMEYaHUSIMU TI0 TTOBOJY YIOMWHAEMBIX KHHUI WJIU CTaTeil; KpoMme
TOrO, Psij 3aMeYaHUil COIPOBOXKIAET CIUCOK JIMTEPATYPHI.



§ 1. 3agaua Kemrepa

[Tozamee s1 6osiee KOHKPETHO TOSCHIO, C KAKIMHU HOBBIMU JIOCTHKEHUASMU
MEXaHUKI W MaTEMAaTUKNA ObLIO CBA3AHO OODbSICHEHHE OCHOBHBIX 3aKOHOB
IJIAHETHBIX JIBY2KeHUi, omyOsmkoBanHoe . Hproronom B 1687 1. B KHuUre
«MaTeMaTHuecKne HauaIa HATY paIbHOl dutocoduns . Crepsa e yKaxKy,
0 KaKMX 3aKOHAX IJIAHETHBIX JIBUKEHUIA UIET PEUb.

B nagase XVII B. Uoranu Kemep (1571—1630), obpabarbiBas HabI0-
nenust Tuxo ne Bpare (1546—1601), oTKpbLI TpH 3aKOHA [JIAHETHBIX JIBU-
JKeHUIl, M3BeCTHbIE KaK 3aKoHbI Kerepa.

I. Kaoicdasn naanema deusticemcs 6 npocmpancmee no 4AuUncy, 6 00Hom
u3 gorycos xomopozo waxodumcs Coanue.

DJUTHTIC — 9TO KPHUBasi HA IJIOCKOCTHU, MPEJICTABJISIONas coboii Kak Obl
CILIIOCHYTYIO OKPY2KHOCTH (puC. 1); TOUHOE OlpejiesieHue JUIUICa CM. B § 3.
V sjumarnica umerorcs neHTp O u nBa Gokyca
Fy, Fy. llenTp —3T0 11ieHTp cuMMeTpuu (B JaH-
HOM CJIy4Yae MBI CCBLIaeMCsi Ha U3BECTHOE 00-
mee nongrue). Ha puc. 1 m3obpakeHa Tak-
2K€e TaK Ha3bIBaeMasi OOJIBbIAs OCh JJUINIICA; €€
JymHa oboszHadaercs depes 2a. 06 ocu u o do-
Kycax TOXKe TOBOpPHUTCs B § 3.

Ilepsoriit 3akon Kemmepa coobmaer HaMm 06 Puc. 1
opbure 1uiaHeTsl (T.€. 0 KPUBOI, 0 KOTODOIt
oTa wiaHera apukercs). O TOM, KAk IPOUCXOIUT JIBUKEHUE 110 OpOUTe, CO-
obmaer IT zakon Kemepa. Tounee, II 3akon uadopmupyer Hac (HECKOIBKO
KOCBEHHBIM 00pPa30M) O CKOPOCTHU JIAHHOTO JIBU-
JKEHUSI.

II. Paduyc-eexmop naanemuv, (m.e. ompe-
30%, coedunsrowuli Coanue ¢ Herw), onucuea-
em pagHvie NAOWA0U 6 PABHBLE TPOMENCYMKL
BPEMENU.

Ha puc. 2 3amrpuxoBaHbl TPU CEKTOpa, KO-

TOpble IIaHeTa P NPOXOIUT 3a OIUHAKOBOE
Bpemst; S — Courrie. YT00BI MJIOCKOCTH CEKTO- Puc. 2
POB OBLIN OJIMHAKOBLIMU, IyTa JJUIUICA, IPO-
XOJIMMOTO ILUIAHETOH 3a JAHHOE BPEMs, JIOJKHA OBITh, TPy0OO TOBOPS, TEM
Gouibiie, uem Osimke P Kk S. IlosroMy mraHera jBUKeTCs ¢ HEPABHOMEPHO
CKOPOCTBIO: CKOPOCTh Bcero OoJibiie, Korjga P Bcero O/mmke K S, U BCero
MeHbIIe, Koraa P Bcero majbire oT S.

Fy 0] F

1 «Harypanbnas dunocoduss — 06BIMHOE B TO BpeMs HA3BAHUE €CTECTBOZHAHUS, OCO-
6enHo pusuku. B Aurimum ono ynorpebisisiock emé B kKorre XIX Beka.
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IIepBbie nBa 3aKOoHA OTHOCATCS K ABMKeHMIO oxuoil mmanersr. B 111 3a-
koHe Keriepa cCpaBHUBAIOTCS JBUXKEHUS JIBYX PA3JUIHBIX [LJIAHET.
III. Keadpamw. nepuodos obpawerus dsyr naanem soxpye Coanuya npo-
NOPUYUOHANLHBL KYOAM BOADWUT NOAYOCET UL OPOUM.
Ha puc. 3 ycsioBHO n300parkeHnbl OpOUTHI ABYX ILIAHET; G; — OOJIBIIINE T0-
nyocn?. Ecu mmanera P meaet oar 060poT BOoKpyT S 3a Bpems T} (3to Ty
U Ha3bIBAETCS IEPUOJOM ODpaIeHus
nepBoii mnaneTs), a Po —3a Bpemst Th,

TO )
" L.a 0
Py I'py6o roBopst, 4em masibime mwiaHeTa OT

Coumaria, Tem Gouibiiie mepuos, eé obpa-
mennsi. OT Takoil KadecTBEHHOH hop-
mymupoBku 11 3akon Kensepa orsmya-
eTcsl He TOJIBKO TeM, YTO OH YKa3bIBaeT

Puc. 3.

KOJIMYECTBEHHOE COOTHOIEHNEe MeXKTy 1j, HO U TeM, 4TO ITO COOTHOIIIE-
HUE 3aBUCHAT TOJIbKO OT OTHOIIEHUsI OOJBINMUX ToJiyoceir. Femn opbura 91
3aMETHO 0oJiee «CILUTIOCHYTa», 9€M BTOpasi opouta g, TO BIOJHE MOXKHO
[IPEJICTABUTH cebe, YTO 3aMeTHasi YacTh I JIEXKUT BHYTPU o, TOrMA KaK

1

Puc. 4

TOJIBKO MaJiasi 9acTh g MONAJAET BHYTPb J1; KAKYIO K€ U3 HUX CIATATH
6outee 6u3koit Kk S? Coracuo 111 3akoHY, ecjii MBI XOTUM CPaBHUTH ITE€PU-
0JIBI, TO 00 3TOM HE3a4eM JyMaTh; BaXKHO TOJIbKO, UYTO Ha pUC. 4 TOJIyOCh
a1 BJABOe GouibIne agz, u noromy 11 /Ts = V8=2283...

2BotbIras mosryoch, Kak O6bACHIETCS B § 3, OTK/IA,IBIBACTCS He OT (bOKYCa, a OT IEHTPA,
op6utsl. Ha puc. 3 ase opbutsl nmeror obmuii dokyc S (Comnie), HO IEHTPBI 9TUX OPOUT
Pa3JInIHEI.
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Ilepserrit 3akoH ObLT OTKPLIT B 1608 1., Bropoit — B 1602 r.; Oory0/nKOBaHbI OHU ObLIN
B 1609 . T'perwuit 3akoH 6611 OIy6/IMKOBaH B 1617 I. ¥ OTKPBIT, BUAUMO, HE3AIOJITO JIO TOTO.
Wcnonp3ys 9TH 3aKOHBI U JOCTYIIHBIE eMy HabJromaTesIbHble naHHBIe, Kemep cocraBmi
u B 1628 1. 13721 aCTPOHOMMYECKHE TAOJIHIIBI, Ha3BaHHbIE UM «PymnoabdoBbiMuy B IaMATH
o nemenkoMm uMmieparope Pynosnnde II (1552—1612 rr., napcrsosas ¢ 1576 1.), oka3biBaB-
meM HeKoTopyio noinep:kky Kemtepy u Tuxo me Bpare. OHu mO3BOISAIOT ONpENeInThH
nosioKeHust wianer, JIyaor u CosHIla U, B YACTHOCTH, YKA3bIBAIOT COJIHEYHBIE U JIYHHDIE
3aTMEHHUsI Ha MHOIO JIET BIEPEL. DTHU TabJIHIBl OCTABAJINCH B YIOTPEOIEHUN U JAaBAJIN
NPaKTUIECKH JOCTATOYHYIO TOYHOCTH npuMepHo 100 Jser, moka B aCTPOHOMUU HE HACTYIIN-
Jla HOBasI 9pa, CBA3aHHAs! C UCIIOJIb30BAHUEM IIPU U3MEPEHUSIX TEJIECKOIIOB C YIJIOMEPHBIMU

HpI/ICHOCO6JI€HI/IHMI/13

u npu pacuérax — MexaHuku HpioTona. [lyisi cpaBHEHHSI MOXKHO
CKa3aTh, 4TO JI0 TOro Hanbosiee TouHBbIMU ObLIH «IIpycckue Tabiuiiply, OMyOGINKOBAHHBIE
B 1551 r. Dpasmom Peitarompaom (1511—1553 rr.), pabora KoTOporo puHAHCHPOBATIACH
NPYyCCKUM repuoroM. PeiffHrosnsn ocHoBeiBasics y2ke Ha cucreme Komepuuka. B 6imskue
KO BPEMEHH ONMyGIMKOBAHUA TOIBI STH TAOJIHIBI JaBAJM OIIHOKY B KOODIHHATAX ILIaHeT
nopsaka 10’, aTo B To Bpems 6b110 Hemtoxo. (HeBoopy KEHHBIH IVIa3 ¢ TPY/IOM 3aMevaeT
U3MeHeHHe B3aUMHOI'O PAaCIIOJIOXKeHnsl 6Ium3Kux HebecHbIx csermis Ha 4. IIpasma, Tuxo
e Bpare mocTtur B HECKOJIBKO pa3 OObIIel TOYHOCTH, HO 3TO ObLIO YHUKAJBHBIM J0-
crmxenneM.) Onaako k 1600 . Tabuuner PefiHrospaa pacxomuinch ¢ HaGIIOMEHUSIME Ha
HECKOJIBKO I'PaJLyCOB.

Pajau TounocTn Hano cKasarh, YTO B TEOPETHYECKOM OoTHoureHun Kersep mpu cBoeit
paboTe onupaJscs He TOJIbKO Ha OTKDPBITble UM 3aKOHBI I[IJIAHETHBIX JBHM2KeHHI. DbI-
M emE ABa BaXKHBIX (PAKTOpa, KOTOPBIE OH YUIUTHIBAJI, — arMocdepHas pedpakius
(T. . M3MeHeHWe HAIIPABJIEHUs CBETOBBIX JIydell B 3eMHOH armocdepe) nm IpeBapeHne
PaBHOIEHCTBUIl, — U ObLIM CepbE3HBIE MPObsteMbl ¢ JIyHOM, JBHXKEHHE KOTOPOH BOKPYT
3eMIM HEJOCTATOYHO TOYHO ONMChbIBaeTca 3akonamu Kensepa. OnucarenbHo o6 9TOM
roBoputcsi B puiioxkenuu [. Yo kacaercs nepBbIX aByX dhakTopos, To Keruiep npuHIm-
IIUaJbHO HOBOI'O TYT HE BHéC U yYUTBIBAJI UX TakK 2Ke, KaK ero InpeamneCTBEeHHUKH, TaK
YTO BBICOKAsi TOYHOCTb €ro TabJjIuIl CBsi3aHa He ¢ HuMu. dto kacaercs Jlyusl, To Kemep
MOJIEPHU3UPOBAJI TEOPUIO €€ JBHMXKEHUsI, HO 3/1eCh OH PaboTaJl B JlyXe NPEXKHUX TEOpUit
C nunuKIaMu U gedepeHTaMu, TOJBKO y HEro OHH MOTJIU OBbITH SJUIMIICAMU. 3JECh €ro
ycuexu 6butH 0ojlee CKPOMHBIMU, Y€M C IIAaHETaMU, & B HEKOTOPOM OTHOIIEHUU OH JaXKe
caenan mwar Hazaj 1o cpasHenuio ¢ Tuxo ge Bpare [30]. [losromy «iyHHas» JesaTesb-
HocTh Kentepa He mmesia Takoro GOJIBIIIONO 3HAYEHUS, KAK OTKPBITHE TPEX 3aKOHOB, HO,
KOHEYHO, uccienopanus Tuxo ne Bpare u Kemnepa jnpurkenus: Jlyusr obserauau pabory
HeioToHa U ero HenocpeaCTBEHHBIX IIOCIEI0BATENENH, KOTOPbIE HCC/IEIOBAJIA JIBHKEHUE

HyHI)I Y2Ke Ha OCHOBAHUU MEXaHUKU Hprorona.

3IlepBble TeeCKONBI MOABUIUCH emié B 1610 TI., HO YCTPOKCTBA /I U3MEPEHUsS YIJIOB
K HUM IIPUCIIOCOOUIIN HECKOJIBKUMHU JIECSITKAMHU JIET MTO3KeE.

4T0 ecThb B yriIax, oIpeaesIoNiX HAIIPaB/IeHne Ha IIaHeThl. TodHee 0 TOM, 94TO Takoe
KOOP/IMHATHI HEOECHOI'O CBETUJIA, PTOBOPUTCS B IIPUJIOXKEHUM 1.
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OrnucarebHO MOXKHO CKa3aTh, 9TO TaK HasblBaeMas 3ajada Keriepa
COCTOUT B TOM, YTOOBI MTOJIyYUTh 3TU TPHU 3aKOHA KAK CJIEJICTBUS 3aKOHOB
MexaHuku. Pasymeercsi, cam Kenjep Takoil 3a1adnm cTaBUTh HE MOT, KOO
HeroroH, paBmuii 4€Tkyo o0Iyto (hOpMyIUPOBKY 3aKOHOB MEXAHUKHU, PO-
mutcst mocae cmeptu Kemrepa. Ho ona maspesa x 80-m rr. XVII B.

Vuénble APEeBHOCTH U CPEIHEBEKOBbSI XOPOIIIO IIPEJCTABJISIIN cebe PABHO-
MepHOEe IPAMOJIMHEIHOE U KPYT'OBOE JIBU2KEHN4, 110 KpaiiHell Mepe B KHHEMa-
THyeckoM oTHomerun®. (B Ipyrux OTHOMIEHHSX JIE7T0 0OCTOSIO Xy¥Ke — 00
WHEPIUM B JIy4dllleM cjydae CTaJd JI0Ta IbIBaTbCd B KOHIE CPEJTHUX Be-
KOB, a C TIOJHOW OTUYETJIMBOCTBHIO 3aKOH WHepruu ykasan [aswmeii.) Ho
0 KMHEMAaTHWKEe HEPABHOMEDHOIO MBHKEHUsl y HUX He ObLIO OTYETIMBBIX
MIPE/ICTABJIEHU, €CJIN HE CIYUTATH OTIE/IbHBIX, TAK CKa3aTh, <IIPOOJIECKOBY,
ocTaBaBIIuxcs 6e3 moceAcTBuil. B 9T0M oTvacTn 6bLIa IpUYMHA UX TPY/I-
HOCTe — ycTaHoBJIeHHbIe HbIOTOHOM 3aKOHBI MEXaHUKU OTHOCATCS K MTHO-
BEHHBIM COCTOSTHUSIM JIBVIKYIIUXCS Te€JI U SBJISIIOTCS JIOBOJIBHO ITPOCTBIMU
1o GopMyIUPOBKE, HO O HAX U TOBOPUTH HEYErO, MOKA HET IIPABUIHHBIX
KWHEMATUIeCKUX TOHATUN U 3aKOHA wHeprmn [asmrest.

Jpyrag mupuydnHa TPYIHOCTEH COCTOsSIa B JOTMe, ITPOBO3IJIAIIEHHON
JpeBHerpedecKuMu (bUaocodaMu, IpexKjie BCero HamboJiee 3HAMEHUTHIMU

5KunemaTnka — pas3ies] MEXaHUKU, KOTOPBIil U3yYaeT JBUKEHHsI TeJT TOJBKO C TeOMeT-
PUYECKON CTOPOHBI M HE BHHUKAET BO B3aMMOJAEHCTBUS Tesl (CHJIBI), OIPEEJISIIONIIe ITU
nBukenud. Ilo cBoeMy xapakTepy KHHEMaTHKa BECbMa I'€OMETPUUHA; 3TO, TaK CKa3aTh,
«TEOMEeTPHS ILUIIOC BPEMsI»; JUHAMUKA Ke, KOTOpasl PACCMaTPUBAET IBUKEHUS TeJI B CBs-
31 ¢ cuiamu, 6ostee dpusnuna. Ecau craTtuka — TpeTuil paszes MEXaHUKHU, KOTODPBIH pac-
CMaTpUBaeT yCJIOBHUs B3aMMHOI'O DABHOBECHS TeJI, — y?Ke€ B JIPEBHOCTH CJeJiajia HeMaJIble
yCIEeXH, TO KAHEMATUKA MOYTH LEJIUKOM (& JUHAMUKA — IEJUKOM) SIBJISIETCS TBOPEHHEM
Hosoro Bpemenu. (Omnpenesnenne KpuBoi, Terepb Ha3bIBAEMOH «cCIupasbio Apxumesnar,
OBUIO KMHEMATHYECKHM, W B CBSI3UM C yKasaHHBIM Apxmmenom (ox. 287—212 no H.3.)
IIOCTPOEHHEM KacCaTeJILHON K Heil MMeeTCs IOJO3PEHHe, ITO OH 3HAJ O CJIOXKEHUU CKOPO-
creit pu ciioykeHnu aprkernit. Ho, mo-BuauMoMy, OH CIHTAI 9TH COOOPaXKEHHs TOJIBKO
SBPHUCTUYECKUMH U OCTABHJI X «IJIsI Ce0sI». Y CPeIHEBEKOBBIX MBICIUTEsIEl MOKHO HaiTH
OT/JEeJIbHBIE BLICKA3BbIBAHUS, HE CBI3AHHBIE CIENUMUIECKN C PABHOMEPHBIMHU IIPSIMOJIHHEH-
HBIMU UJIU KPYTOBBIMU JBUKEHHUSIMU; B JIUTEPATYPE BCTPedIaeTCs U 6ojiee BBICOKAsI OLEHKA
UX JTOCTHXKEHUI B KUHEMATHUKE, HE CBOZAMIASCA K <«OTIEJbHBIM BBICKa3bIBAHUAM [52].
OpHaKO He3aBHCHMO OT TOrO, KaK OIEHWBATh 3Ty [ESTEebHOCTh, OHA, IIO-BHIMMOMY,
He uMesa mnocnencTsuil.) OCHOBHOE JUIsi KMHEMATHKH HOHATHE MIHOBEHHOH CKOPOCTH
BBén lammieit (1564—1642; ny6nukamus oTHocuTcst K 1638 I.), M OH »Ke B 9aCTHOM
cilydae IPsAMOJIMHEHHOrO IBHXKEHUsI BBEJ BTOPOE OCHOBHOE IIOHATHE — yCKopenwue. [l
KPYTOBBIX JBHUKEHHiI yckoperue Beén ['roifirenc (1629—95)(cum. Huzke), a B o0meM ciydae
9TO noHaATHEe (AKTHIECKHA yCTAaHOBHI HbBIOTOH OZHOBPDEMEHHO C 3aKOHAMH JUHAMUKA
(xorst popmanbHO OH He roBopmIl 06 yckopeHun, cM. npunoxernne VI). Oxrako HasBaHme
«KUHEMaTHKa» [OSBUJIOCH II03/IHee — ero npeiioxui B 1834 r. A. Ammep (1775—1836),
MMsi KOTOPOT'O IIPUCBOEHO €JIMHUIIE CUIIbI SJIEKTPUIECKOTO TOKA, IIOCKOJIbKY AMIIEp — OJiH
W3 OCHOBOIIOJIO?KHUKOB 3JIEKTPOJMHAMHKH. (AMIIEp Ipe/IIozKIII TaK?Ke Ha3BaHUe «Kubep-
HeTukas. He 3Hal0, 9TO OH OTHOCH/I K KUOEDHETHKE B TO BPEMsl, HO YBEPEH, YTO OH HE MOT
[IpeJBHUIETD, KaK 3TO Ha3BaHUE OyAeT ymoTPeOJIATHCs CIyCTsl 60oJlee 9eM IIOJITOpa BEKA.)
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u3 mux — [Latonom (428—348 70 1. 3.) u Apucrorenem (384—322 1o 1.53.)5.
JlorMa yTBEpXKJIAeT, UTO OKPYKHOCTDb SIBJISIETCSI CAMOIl COBEPINIEHHOHN U3
smmawmii. [TosTomy BH2KeHUE HEOECHBIX TeJji, KOTOPBIE TOXKE COBEPIIEHHBI,
MOXKEeT OBbITh CBSI32HO TOJIBKO C PAaBHOMEDHBIM JIBHXKEHUEM II0 OKPYZKHO-
¢ (XOTS JOILyCKAJIOCh KOMOMHUPOBATH TAKUE «COBEPIICHHBIE» JBUYKEHMUS ).
Ecmu [InaTon n He 61T aBTOPOM 9TOM UIEU — OHA, [TO-BUANMOMY, BOSHUKJIA
panbline cpean nocaeposareseii [Tudaropa (ox. 580—ok. 500 mo H.3.), —T0
B JIIOOOM Cllydae BaXKHYIO POJIb Chirpasia eé nojgepxkka [lnaronom. Ho ne
BbIpaxkaJi jiu 1[1aToH TOYKY 3peHusl TOTJAINHUX YIEHBIX-aCTPOHOMOB, IO
CBOEMY OOBIKHOBEHHIO BO3BOJs €€ B HEIPEPEKAEMBIH JIOTMAT, IMOCKOJBKY
OHA FApMOHIPOBAJIA C ero GhuIocobcKIM MupoontymenueM’ ? 1 He GbLI0 i
Takoe yOexKJeHne acTPOHOMOB IIPOCTO CJIEJICTBUEM MOJIHEHIel HeBO3MOK-
HOCTH B TO BPEMsI OIMCHIBATH MATEMATUIECKHN KaKue Obl TO HU OBLIO JpyTHe
npkenust! Ha mjiero o coBepIeHCTBEe OKPYXKHOCTH U CHEPhI MOTJIO TaKKe
[OBJIMATH OTKPBITHE MTapoobpa3HocTu 3emin u JIyHbI, HO 110103peBalo, 9To
IJIABHBIM 00pAa30M 3J1eCh MTPOU3OIINJIO BO3BEJEHUE HYXKJbI B J00POJETEIND
[0 CXEMe: «TOJIbKO PABHOMEDHBIE KPYTOBbIE JIBUXKEHUS JTOCTYITHBI JIJIsT Ha-
VKU — TOJIbKO OHU W SIBJISIIOTCST OO'bEKTAMHM, JOCTOWHBIMI BHUMAHUSI, — OHU
COBEpIIeHHbI». B neiicTBureibHOCTH emé npu kusHu llnaTona maremaru-
KU HAYaJIM UCCJIEI0OBATH JIMHUU, OTJIMYHBIE OT MPSIMBIX U OKPYKHOCTEI,
TaK 9TO «HYKJa» €CJIM He OTmaJja, TO Mo KpaitHeit Mepe cmsramiach. Ho
«100posIeTe by OCTAIACh — Uesl, OBJIAJeBINas ymaMu GuaocodoB, odbpera
3HAYUTEHLHYTO CUJTY, TeM 0oJjiee IT0 ApHUCTOTE/h, BO MHOTOM PACXO/IMBINAI-
cs ¢ [lmaTonom, B JaHHOM BOIIpOCE IPHHSAJ TY »Ke TOUKY 3peHus. Ha mHOTrO
BEKOB OH& CTaJIa TOCIIO/ICTBYIOIIEH, XOTs B apCEHAJIE MATEMATHKOB [TOSIBUJICS

6 Toszken cpasy ke OrOBOPUTLCSA: APUCTOTENb TAKIKE U BEJTUKUH €CTECTBOUCIIBITATEh,
oH BHEC HeMasbli BKiazx B Guosormio. Kpome Toro, oH fajl mepBoe CHCTEMATHYECKOE
M3JI0’KEHHE JIOTUKH, IIO-BUAMMOMY B 3HAYHTEJBHOI CTEIeHN Ha OCHOBAHUH COOCTBEHHBIX
usbickanuit. Ho ¢ Hameit TeMoii OH COIPUKACaJICs TOJBKO Kak dbuaocod u emé, KaK Mbl
OBl Terepb CKa3aJIH, SHIUKJIONEANUCT, IPUIEM HolyisipusaTop. Uro kacaercs Ilnarona, To
€ro OCHOBHBIE MHTEPECHI OTHOCHJINCH K MOPAJIU M COIHAJIbHON KU3HU. DTO, KA3aI0Ch Obl,
elé najblile OT MAaTeMaTUKM U acTpoHOMuM, HO IIIaToHy OHM HPaBUIINCH, — BEPOSITHO,
OH OT 3aHATUS MMHU IOJIy4asl MHTEJUIEKTyaslbHOe HacjaXKjeHue. Kpome Toro, oH cuu-
Taj, YTO MaTEMATHKa Pa3BUBaeT yM (B 4€M MBI C HEM COIVIACHBI) M YTO BO3BLILICHHbIE
Pa3MBIIUIEHUST O MHPO3JAHUU CIOCOOCTBYIOT TOMY, YTOOBI YEJIOBEK CKJIOHHJICH K €ro
obuiecTBeHHOMY Hzeasy. Takast mosunust IlinaToHa mpuzabaja MaTeMaTHKe U OTYACTH
aCTPOHOMMU PECIIEKTabeIbHbIH XapaKTep.

"Beb KOTJa OH CTOJDL K€ KATErOPUHYEeCKHM OBpPA3OM yTBEDXKIAN, UTO CyIECTBYIOT
TOJIBKO YHCJIa, KOTOPBIE MBI T€Iepb HA3bIBAEM HATYPAJBLHBIMU, & T€, KTO 3aUKAETCS O UUC-
7e 1/2 (o umcre /2 nar<e u He 3aMKAINCD), CYTh HEBEKJIBI, TO OH ONPEJIEIEHHO BBIPAYKAT
(u Bo3BOZUT B PHIOCOMCKYIO AOTMY) TOUKY 3PEHHs! TOTNAIIHUX MaTE€MaTHKOB-TEOPETH-
KOB (IIOXOXKE, ITO TOIJa K€ MMEJIUCH JIIOIU, UCKYCHbIE B IPAKTHYECKUX BBIYHCICHUSIX,
KOTOpBIE MOIVIM HMEThb Ha Ceif C4€T MHOe MHeHHe, HO IlIaTOH HONPOCTy He CYUTA] UX
MBICIUTEJISIMA).
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pPsil APpYTHX XOPOINO mM3ydeHHBbIX KpuBbIX. [lake Komepuumk me pemmiics
¢ Heil MopBaTh, KOMOMHUDYSI paBHOMEPHBIE KPYTI'OBbIE JBUXKEHUsI HA MaHep
[Trosemesi. Yro ke KacaeTcss HEPABHOMEPHOCTH JIBUZKEHUSI, TO TOIXOSIIIIAST
cucreMa MOHATHUI ObLIa BeIpaboTana TobKo B X VII Beke.

Tem e memnee y2xke B APEBHOCTH YMEJU JIOBOJIHLHO TOYHO MPEICTABIATD
3ally TaHHbIE JBU2KEHNS HEOECHBIX CBETUJI B BHJIe KOMOMHAIINYA PABHOMEDPHBIX
KDPYTOBBIX JIBHKEHWIi, UTO J€JIAJOCh CIIEPBA C IOMOIIBIO HEKOEH CHCTe-
MBI BpaIlaImxcs cdep, 3aTeM C MOMOIIBI0 JedEePEeHTOB U SIUIUKIIOB,
KOTOpBIE U OBbLIN IOJI0KEHBI B OCHOBY cucTeMbl IITosiemesi (CM. mpuiioxe-
ure 1). BepostHo, unTtarenb 06 3roMm cibiman. C MaTeMaTHIecKoil TOUKK
3peHnsi aHTUYHbIE KPYTOBbIE MOJIEJN CBS3aHbI C TAK HA3BIBAEMBIMH PSIa-
mu Dypoe (1772—1837). 51 He Gymy OODBIACHATH TOYHO ITO IOHATHE, HO
CKayKy OIMCATEJIbHO, YTO Pedb MJIET O CI0CODe MPEeICTABJISTD JBUMKEHUS
JIOBOJIBHO OOIIEr0 TUIIA TOCPEJICTBOM KOMOMHAIINN PABHOMEPHBIX KPYT'OBBIX
nBuzkeHuit. B HeOecHOW MexaHWKe MHUITYT (DOPMYJIbI, ONPEIEISIOIIe Ha-
npaBJjieHre ¢ 3eMJIH Ha TIJIAHETY; OKA3bIBAETCsI, TEOMETPUYIECKHE TIOCTPOCHUS
CTAPUHHBIX ACTPOHOMOB OB PABHOCUJILHBI HEKOTOPHIM (DOPMYJIaM TaKOTO
tuna. Tak 9ro, 00pa3HO BBIPAXKASICh, IPEBHIE U CPETHEBEKOBBIE ACTPOHOMBI
obparmasuck K Pypbe, MUHYsI *KUBIIEr0 BeKOM panbliie Hetorona. Heynusu-
TEJIbHO, YTO TAKOU «DOJIBIION CKAYOK» HE MOT' 0Ka3aThCs BIIOJIHE YCITEITHBIM.
(VauBuTe bHO, 9TO OTIACTU OH BCE-TAKU OBLI YCIEITHBIM. )

Psanpt @ypbe HIMPOKO HCIOJB3YIOTCS U COBPEMEHHBIMH ACTPOHOMAMHE, HO, KOHEY-
HO, TeIllepb 9TO JeJIaeTCs COBEPIIEHHO HMHAde, YeM y JAPEBHUX acTpoHOMOB uiau Komep-
HUKa, — 9TU PAJIBI CTPOATCA C IOMOIIbIO M3BECTHBIX 3aKOHOB MEXaHUKHU B COUYETAHUN
¢ JaHHBIMY HaOJIIOIEeHNi, TOrga KaK B CTApUHY OHU (TOYHEe, PABHOCUJIBHAS UM [€OMETPH-
Yeckasl KapTHHA C SIUAINUKJIAMEI) MOIVIM IOAOUPATHCs TOJILKO SMIMPUIecKU. B aToM ogaa
U3 OPUYUH JOCTHIHYTOrO 3a MOCJIEJHUE BEKA OIPOMHOIO yBEJIMYEHHs] TOYHOCTHU (Apyras
[IPUYUHA, KOHEYHO, COCTOUT B NOBBIIIEHAN TOYHOCTH HAGJIONATEIbHBIX JAHHDIX).

Ho renepn obpamarsest K psgam Pypbe NPUXOIUTCS TOrAA, KOLAa MBI yIHTHIBAEM
Takue QPaKTOPhI, KAaK B3aHMHOE IIPUTSPKEHUE IIJIAHET WJIM — B CJIy<ae CILyTHHKOB — HEKO-
TOpble OCOOEHHOCTH BHYTPEHHEI'O CTPOEHUs IIaHET. B 9TOil KHHMXKKe MBI OCTaHEMCS Ha
Gostee paHHeM (M MeHee TOYHOM) ypOBHE, M HaM psAjbl Pypbe He MOHALOBATCS, TOTOMY
YTO HE3ABHCHUMO OT HHX MBI, cjleays HbloToHy, oIyduM TOUYHOE peleHne 6osiee IpOoCToi
3a/adH O NBUKEHNUH, B KOTOPOH YKa3aHHBIME (PaKTOPaMU IIPEHeOperaoT. JTo KaK pa3 Ta

3ajJlada, K KOTOPOil OTHOCATCA 3aKOHBI Kertepa.

Kemrepy ymanaoch mosiyauTh TOYHOE MATEMATHIECKOE OIUCAHUE JJIsi
HEKOTOPOT'O BCTPEYAIONIETOCS B MIPUPOJIe HEPABHOMEPHOTO JBUKEHUS, TIPO-
HUCXOJAIIEro He II0 MpsiMoil m He 1o Kpyry. Ho KemiepoBckoe ommcanue
OTHOCHUTCSI IMEHHO K 9TOMY JBUYKEHUIO M HU K KaKOMY JIpDyroMy. 3aMeThTe,
9T0 B (POPMYJIMPOBKAX 3aKOHOB Keriepa HeT OCHOBHBIX KHHEMATUIECKIX
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HOHATUN «CKOPOCTb», «ycKoperues. (B To BpeMs OHH y»Ke BCTDEYAJIUCD,
HO [IPUMEHUTEJIBHO OISITh-TaKW K KOHKPETHOMY U IIPUTOM 00JIee TPOCTOMY
JIBU2KEHNIO — JIBUZKEHUIO TIAJIAFOIIET0 TeJIa — Y ero coBpeMeHHnKa [asmest. )
Jis MexaHUKY TUTIMIHA TaKas TOCTAHOBKA 33JIa1: UMEIOTCS TeJIa, KOTOPbIe
B HEKHUIl HAYAJbHBI MOMEHT DPACIIOJIOXKEHBI TAKUM-TO OOPa30M M HUMEIOT
TaKNIe-TO CKOPOCTH; HA TeJIa NeHCTBYIOT TAKHE-TO CUJIBL; KAK 9TH Teja OymayT
npuratbesa?! OrBer Mor Obl JIaBATh MPABUJIO JIBUXKEHWST ITUX TEJ, HEIO-
CPEJICTBEHHO OIIPEJIEJISIONIEe UX IIOJIOYKEHHE B 3aBUCHUMOCTH OT BPEMEHU.
Tak 3To m ecTb JyIsi TPSIMOJUHEHHOTO PABHOMEDPHO YCKOPEHHOTO JIBUKE-
Hust (M3 IIKOJBHOrO Kypca dbusnkn ussecTHa dopmyiaa s = vgt + at? /2,
rae S — OyTh, IPONRJEHHBINA 3a BpeMdA T, ¥g — CKOPOCTb B HAYAJIBHBIA MO-
menT Bpemenu t = 0, a — yckopenue). OIHAKO MOMKET CJIyUUTHCs, YTO OT-
BET HeJIb3s CPOPMYJIUPOBATH B TAKOM IIPOCTOM BHJE, U BCE K€ MOXKHO
yKa3aTh HEKHE IPaBUja, KOTOPbIE HECKOJIBKO KOCBEHHBIM O0pas3oM II0JI-
HOCTBIO XapaKTEPU3YIOT JBMKEHHE Tes. VIMEeHHO Takoil XapaKTep UMEIOT
zakonbl Keriepa. C Touku 3penus quHaMuku, Kerep HaIén orBer K emié
He cdopmysmpoBaHHOil 3agade! A 710 Hero s TON XKe 3a/aun ObLT 9M-
MUPUIECKUM IIyTEM HAJIeH MeHee YIOBJIETBOPUTEJbHBIN MPUOINKEHHBIN
orBer. I obpaTuTe emé BHUMaHWE, HA TO YTO OMHUCATH HEPABHOMEPHOE
JBUKeHMe 1o jumrcy Kemnepy yiaioch B TepMUHAX HEKOTOPO# BCIIOMO-
raTeJabHOIl BeJIWYMHBI — IJIONIA/IN, 3aMeTaeMOi paJuyc-BeKTOPOM, — KOTO-
pas W3MEHsIeTCS C IOCTOSHHON CKOpocThio. Komewmo, eciam B MexaHwde-
CKOI 3aJ/iade ymaéTcs MOCTYIUTbh TAKAM 00pPa30M, TO 9TO OYEHb MOJIE3HO.
Ho B ucxomabix hopMyIMpOBKax 3aKOHOB MEXaHMKH OO0 ITOM HET pedu,
XO4YeIllb He XO4elllb, a HaJl0 IPSIMO INOBOPUTH O HEPABHOMEDHOM JIBUKeE-
HUHM, U TOJBKO IIPU HUCCJIEJOBAHUM HEKOTOPBIX KOHKPETHBIX 3a/a4 C HC-
MMOJIb30BAHMEM KAKON-TO UX CIIEIN(MUKN KAKAM-TO 00Pa30M MHOTIA YAAETCS
CBECTH JIeJI0 K M3MEHEHUIO KaKNX-TO BCIOMOTATEJbHBIX BEJUYUH C IIOCTO-
STHHOIl CKOPOCTBIO, IPUYEM B Pa3JIUYHBIX CIyYasgX 3TO MOXKET JeaThCs
IIO-Pa3HOMY.

B uém ke cocTout 3a/1ava, KOTOPYIO Tenepb HA3LIBAIOT «3ajadueit Ker-
Jiepa» ¥ pellleHne KOTOopoil maércs ero 3akonamu? B Heil cupamusaer-
csl: KAKUM 00pa3oM OyJieT JABUraThCs MaTepuaibHas Touka P («iwianeras )
C Maccoit mp B TOJie TATOTEHHsI, CO3aBAEMOM HEMOJBUKHON TOUKOH S
(«Coumnrie» ) ¢ maccoit mg? (MarepuasibHasi TOUKa —3TO TEJIO CTOJb MAJIBIX
pa3MepoB, UTO UMH B WHTEPECYIOIIell HaC 3a/1a9e MOXKHO rpeHebpedsb. O1HO
U TO K€ TeJIO B OJIHUX 3a/ladyax MOXKHO CYUTATh MaTepHaIbHOI TOYKOM,
a B APYyrux Hesb3s. IlaHeTs OrpOMHBI IO CPDABHEHUIO C TEMH pa3MePaMU,
KOTOpBbIe HaM IIPUBBIYHBI U3 IOBCEIHEBHOI »KU3HU, — HE TOJILKO C pa3Me-
pamu Hallero Teja, HO U C pa3MepaMy I'opo/ia, — HO 110 CPaABHEHUIO C MeXK-
IUIAHETHBIMU PACCTOSHUSMU OHHU CTOJIb MaJibl, UTO B OOJIBLINMMHCTBE 3aJa4
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O JBUMKEHUH HEOECHBIX TeJI UX MOYKHO CIUTATH MaTePUATHLHBIMEI TO‘{KaMI/IS.)
Bropoit 3axon Mexanuku HpioTona® riacut, uTo ycKopeHue TOUKH P cBs-
3aHO C JeficTByomeit Ha P cuioit mo ¢popmyiie

mp - (yckopenue) = cuaa,

a 3aKOH BCEMHUPHOIO TATOTEHWs — UTO CUJIA, AeHCTByIOmas na P, mampas-
mera or P x S W paBHa 1o BeqmumHe fmpmg/r?, TAe T — PacCTOSHIE
|SP|, a f— «mmoCTOsIHHASI TSIPOTEHUST», OJUHAKOBAs JJIsl BCEX Tesl. ITOObI
B (bopMyJIe 3amucasiach He TOJIBKO BEJINYNHA, HO U HAIIPABJIEHUE STOMN CHUJIBI,
BOCIIOJIb3YEMCsl BEKTOpaMu (T. €. HAIIPABJIEHHBIMYU OTPE3KAMH ), ¢ KOTOPLIMA
yyYaluiica B KaKONW-TO CTEeNeHU HUMeJI JIeJIO

€er
9 Ha YPOKaX eCJIu He MATeMATUKH, TO (PUBUK.
—

O603HaunM BekTOp S P uepes r, a ero JjimHy
Puc. 5 |SP| = |r| —uepe3 r. Cpasy ke mpemynpe-

JMM, 9TO B JaJibHeimeM To4Ka S Oyiaer
UrpaTrb 0coOyio posib (KaKk OHO M JIOJKHO OBbITh B TIeJIMONEHTPUYIECKOI
cucreme vupal!’) W MaTeMaTHIeCKH 3TO OTpa3WTCs, B YAaCTHOCTH, B TOM,
9T0 MBI TpUMeM e€ 3a «Hadajo orcuérar. Korma mekas Touka S — He
06s13aTe/IbHO B HAIE 3a/a4ye — UrpaeT poJjib «HadaJia OTCIETAY, TO BEKTOP
SP = r nassmaior PaJMyc-BEKTOPOM TOUKH P (3TOT TEPMUH y2Ke BCTPeual-
ca B popmyuposke 11 3akona Kertepa.) Torga BeKTOp €IMHUIHON JJIUHBI,
HaUpaBJIeHHBIH 0T P K S, MOXKHO 3anucarh Kak —r/r (pa3iejurs BEKTOP Ha
MMOJIOXKUATEJIBHOE TUCJIO T — ITO 3HAYUT B3sITh BEKTOD TOTO YK€ HATIPABJICHUSI,
HO JIJTAHA KOTOPOTO B 7' pa3 MEHbIIIE; BEKTOP CO 3HAKOM MHUHYC — 9TO BEKTOP,
HAIIPABJICHUE KOTOPOI'0 U3MEHEHO Ha MPOTHBONOJIOKHOE). MbI OyieM 4acTo

80mHAKO B MEXaHWKE YCIEIIHO PEIIAoTCs M 3aJa49d, B KOTOPBIX pa3MepaMH TeJa
npeHebperaTh HeJIb3s1. B MoJo0HBIX CilydastX TesIo Pa30UBAIOT HA CTOJIb MAaJIble YaCTH, YTO
X y2K€ MOXKHO CYUTATh MaTepPUaJIbHBIMU TOYKaMH. TOJIBKO TOr/a HaJ0 eIé MOoAyMaTh,
KaK 9TU YaCTH CBA3AHBI APYT C APYTOM, T. €. KaK OHH JAPYT Ha Jpyra JeUCTBYIOT, TAK UTO
3ajlada CyIECTBEHHO yCJIOXKHsieTcsi. Ho B mpuHIuIle BCE CHOBa CBOJUTCH K JIBHKEHHIO
HEKOTOPOI CHCTEMBbI MaTepHAIbHBIX TOYEK.

9 DopMyITHPOBKY 3aKOHOB MeXaHuKK HbIOTOHA B TOM BH/E, KAK 3TO GBLIO CIEJAHO UM
caMuM, CM. B npuyioxkeHun VI.

10HarmoMHIO, 9TO reJIMOIEHTPUYECKIMI HA3BIBAIOTCS IIPEJCTABICHNS O HAIEH IIJTaHeT-
HOW CHUCTeMe, COIJIACHO KOTOPBIM B e€ neHTpe HaxoauTcs CoJiHIe, a BOKPYT HEro Hapsiiy
C APpYrUMU IUIAHETAMH BPAINAETCA M 3eMJIs; MIPEKHUE YK€ MPEJCTABJIEHUs], 10 KOTOPBIM
3eMJIsi HAXOAUTCs B IIEHTPE U HEMOBUXKHA, HA3bIBAIOTCS EOIEHTPUYECKUMU. XOTs Pedb
uér Toabko o CostHedHOM cucTeMe — KPOXOTHON dacTuile orpomHoil lamaktukn (Hacam-
TeiBatoreil nomumo Couana emé 100 Musumapaos 3BE37) U cama [asakTuka — TOJIBKO
OJiHA MX MHOTHX TaJIaKTHUK (B JOCTYIIHON HAOJIIONEHNIO YacTu BeesleHHON BX TOXKe ECATKA
MUJLIMAP/IOB), 110 TPAJULIUK IPU 06Cy K aeHnu crpoernsi COTHEeTHON CHCTEMbI COXPAHSIOT
Ha3BaHHUE «CHCTEMa MUPAa».
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0603HaYATh BEKTOD I'/T 4Yepe3 e,. [loaromy y Hac

. mpmsr mpms
cuna, deticmeyrowasn wa P=—f————=—f -
2 r 2
U TOJIYYAETCs, ITO
kr k
yckopenue P = ——— = ——e;, (2)
r2r r

rae k = fmg He 3aBUCHT OT mp U T, T.€. k OHO W TO Ke JIJI BCEX IIJIaHeT.
(Ho k 3aBucur oT Maccel mg IEHTPAJIBLHOIO IpUTAruBaoriero rejaa. Korga
MBI paccMarpuBaeM BpaineHue IiaHer BOKpyr Cosnna, k ofHO, a Korja
paccMaTpuBaeM BpAIEHHe CIlyTHUKOB BOKpyT IOumrepa — apyroe.)

Teneps MBI MOXKEM TOYHO CHOPMYIUPOBATH 3ajauy Kerepa: ucciieo-
BaTh JBUXKEHHME TOUKHU P, Ipoucxosinee 110 3akoHy (2).

Ha camom nieste 970 He coBceM TO Ke caMoe, 9YTO PaHbINe OBLIO ONMUCA-
TeJIbHO HA3BAaHO «3ajadeit Kemtepay, moToMy 9T0, KaK MBI B OOIIIX depTax
YBUJMM, U3 paBeHCTBa (2) cjejyeT He TO, UTO JBHXKEHHE IIPOMCXOIUT II0
JUIAIICY, KaK yTBepxkuaeT | 3akon Kerepa, a 94TO OHO IIPOUCXOJUT IO
OJTHOH M3 TaK HA3BIBAEMBIX KPUBBIX BTOPOTO IOPSIKA: IJLIUICY, Hapabdosie
win Tunepbosie, K 9eMy B Ka4eCTBE CBOErO POJIA BBIPOXKIEHHOTO UJIU IIpe-
JIEJIBHOTO CJrydast J100aBIsaeTcs emg nBuxKenue 1o upamoii. (s npukenus
0 OTJIMYHBIM OT 3Jjutnnica KpuBbiM 11 3akon Kertepa ocraéres 6e3 name-
uennii, a 111 3akoH onpezenénHbIM 06pasoM BugonsMensiercs.) Ho Mbl Besb
UHTEPECYEMC ILJIAHETAME, 8 OHU HE TOJIBKO JBUKYTCs COIJIACHO 3aKOoHY (2),
HO W OCTAIOTCsl Ha orpaHmdeHHOM paccrosiaun ot Cosara. 3 Ha3sBaHHBIX
MHOH KPHUBBLIX OUPDAHMYEHHBIM SIBJISETCS TOJBKO juiuic. [IpaBma, MoKHO
CIIPOCUTB: & He MOIJIO OBl JBUXKEHHUE ITPOUCXOIUTh, CKaXKeM, 110 runepboJie,
HO He 110 Bceil rumepOoJie, a TOJIBKO IO HEeKOTopoil eé mayre? Bemab Torma
paccrosiaue ;10 CoJTHITA TOXKE OCTABAJIOCH ObI OTpaHnYeHHBIM. [lo-MoeMy, 3T0
KaXKeTCsl HelPABIONOI00HBIM, U BBI JIETKO MTOBEPUTE, YTO MOXKHO JTOKA3aTh
HEBO3MOXKHOCTD TAKOTO CTPAHHOTO JIBUKeHu:A. J[0Ka3aTeIbCTBO HECIOKHOE;
OHO COJIEP?KUATCsI B TOM MATEPHAJIe, KOTOPBI 51 «PAJd OYUCTKUA COBECTH»
J00aBMJI K TEKCTY cBoelt jieknmu. Ho momo3pesato, 9To eciiu ObI g HEe 00-
paTWI Ha 3TO BHUMAHWE, YATATE/Ib eBa JIX MOyMaJl Obl, UTO TaKue BeIy,
B [IPUHIIAIIE, TOXKE HAJO0 JOKA3bIBaTh. ECIM OH HPOIyCTUT COOTBETCTBYIO-
IIyIO0 BCTABKY, TO €/IBa JIU MHOTrO norepsieT. Hpi0TOHA, KaK s MOHIMAIO, ITO
TOYXKe HE BOJIHOBAJIO.

Crenaro enié HECKOIBKO 3aMevaHuil o moBoay yciosuil 3amaun Kertepa.

1. B zagaue Kerutepa Mbl cunraem 1iaHerbl 1 COMTHIE TOYKAMU. DTO MOXKHO MOTH-
BUPOBATDH JBYMsI HE3aBHUCHUMBIMH JOBOJIAMU.

la. ITmanersr u CosiHile ¢ GOJIBINON TOYHOCTHIO MMEIOT IMPABUJIBLHYIO C(HEPUUECKYIO

dopmy. Heroron gokaszas, 9To eciu mapooGpa3Hoe TeJI0 COCTOUT U3 OSHOPOJHBIX KOHIICH-
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TPUYIECKUX CJI0EB (TaK YTO B KaXK/IOM CJIO€ IJIOTHOCTD BCIOZY OJMHAKOBA; OHA, CTAJIO ObITh,
3aBUCHT TOJIBKO OT PACCTOSTHUSA JI0 IIEHTPa TeJIa), TO BHE ITOTO TEJIa CO3/IaBAEMOE MM TI0JIe
TSTOTEHUsI TAKOE YK€, KAKOEe CO3/1aBaJIOCh Obl, ecin ObI BCsI ero Macca OblIa COCPeOTOYeHa
B ero neurpe. O6 sTtom rosopurcs B npunoxkenunun VII. Uro dopma Comnma u mramer
Oiu3Ka K IPaBUILHON cepuuecKoil, n3BeCTHO U3 HAOIIOJAEHUH. A IpeoIoXKenne, 9To
IUIOTHOCTBH C GOJIBIIION TOYHOCTBHIO 3aBUCHUT TOJBKO OT PACCTOSIHUS JIO I€HTPa, MOTHUBU-
pyercs Tak: B IPOTHBHOM CJIy4ae BHYTDH Teja IO JIeMCTBUEM B3aWMHOI'O IPUTSKEHUS
ero Jacreil BO3HUKJ/IN Obl BHYTPEHHUE HAIIPSI?KEHIsI, HAMHOT'O IIPEBBIIIAIOIINE T€, KOTOPhIE
MOT'YT BBLAEPXKHBATHh CaMbl€ IIPOYHBIE MaTe€pUaJbl, U IO ,IIeI‘/JICTBI/IeM ITUX HaHpH}KeHI/Iﬁ
[IPOU30IILIIO OB IIepepacIIpe/ie/IeHIe BellecTBa.

16. Ecinun paccrosinve mexy tenamu 17, To HamMHOrO 60JIbIle UX Pa3MEPOB, TO UX
B3aUMHOE IIPUTSI?KEHHE C OOJIIION TOYHOCTHIO OKa3bIBAETCS TAKHM K€, KaK eCc/id Obl OHU
GBIJII/I MaTepuaJIbHbBIMU TOYKaMMU TaKOUN >Ke MacCChI. ﬂeﬁCTBI/ITeI{bHO, ChJla NPUTAXKEHUA
Tesa T K Tesy 17 sABISETCS CyMMOIl CHJI NIPUTS’KEHUsS BCEX 4YacTUI] 492 BTOPOTO Tesa
K gacTuiaM Y1 repsoro tesja. Mbl XOTUM Kak Obl IlepeMecTUTh Bce JacTuibl 91 Tena T
B ero nentrp macc Oi1, a Bce uactuupl Y2 Tena Th — B ero meurp macc Oz. fcuo,
4qro eciau Tena 17, To JTOCTATOYHO NaJIeKW APYT OT Jpyra, TO OT TAKOI'O II€PEMEIEeHMs
KaK HalpaBjleHus oT Yo K 91, TaK M PACCTOSAHUA MeXKJIy J1 u Yo IPAKTHUYECKH He
U3MEHATCA, a 3HAYUT, [I0OYTU HE USMECHUTCA U CyMMapHOe IIPUTAXKEHNE BCEeX ITUX YACTHUIL.
(JarHOE paccyzKaeHne rofUIIOCh OBl I B TOM CJIydae, €C/Ii Obl IPUTsizKeHne OB110 06paTHO
[IPOITOPIMOHAIEHO HE BTOPOIA, &, CKaXKeM, TpeTbell cTelleHn paccrosinus. Paccyxnenne la
2Ke crennduIecKu CBA3aHO UMEHHO C HHIOTOHOBCKHMM 3aKOHOM. )

B paccyzxmennn 16 MOT9Ia/IMBO I0pPa3yMeBaJIOCh, 9TO CHJIA, AEHCTBYIOIIast Ha Te1o 1’
B IIOJIE TATOTEHUsI, CO3/1aBAE€MOM HECKOJIbKUMU Tesgamu 11, T, ..., paBHa CyMMe CHJI
npursizkenuss T K T1, T K T2,... DTO MOXKET MOKA3aTbCsI CAMO CODOI0 Pa3yMEIOIUMCS,
HO <«OYEBUIHOCTb» 3JE€Ch OCHOBAHA Ha <«IIPUHIIMIIE»: PE3YJbTAT COBMECTHOrO JIEHCTBUS
HECKOJIbKUX IPUYMH <CKJIQJbIBAETCH» M3 PE3YJIbTaTOB JEHCTBUS KaKJIOH NPUYIUHBI 110
orgenpHOCTH. B Takoit obmeit dpopme (He Beerga JOCTATOMHO ONPENEEHHON: UTO 3HATHT
«CKJIQAbIBACTCA», HO B HaIleM CJjy4dae pedYb I/I,HeT ,ELteICTBI/ITeIIbHO O MaTeMaTHu4YeCKOM
CJIO’KEHUM) JTAHHBII «IIPUHIUI» YaCcTO HNOATBEPXKAETCA U B HayKe, 1 B OOBIYHOM »KuUTeli-
CKOIl IIPAKTHUKE, OTYEr0 MbI M CKJIOHHBI OTHOCHUTHCS K HEMY C JIOBEPUEM U UCIIOIb30BaTh
ero 6ecco3HATEIHHO, HO BCE Ke OH He yHuBepcaseH. (C UHMCTO MareMaTHIeCKOH TOYKH
3peHHs OH O3HA4YaeT IPUMEPHO TO 2Ke CaMoe, YTO U YTBepXKJeHue, OyaTo Bce PyHKIUU
JIPIHefIHBI.) CHpaBe,IUII/IBOCTB COCJITAHHOI'O YTBEPZKJIAEHUA O BCEMHPHOM TATOTEHUU — 3TO
HEKOTOpOe JIONoJIHEHNe K 3akoHy Hbrorona. (OHO He Hy»kHO Ay camoii 3amaqdn Kene-
pa, HO HY>KHO B DsiZie JIpDYyTUX BOIIPOCOB, B TOM YHUCJI€ U B CBSA3U C €€ MOTUBHUPOBKOII.
MpbI ucrosp30BaIn €ro B paccykjeHun 16, a mozjHee O6yIeM HCIOIb30BaTh B CBS3H CO
cKasaHHBIM B paccyxkaenun la.) CorsacHo 6osiee TOYHOM Teopuu TATOTeHUs DHHIITEHHA
JaHHOE «CaMOOYEBUIHOE» YTBEPXKICHUE ABJIACTCI HpI/I6J’II/I}KéHHI:IM. OHO CIIpaBeJINBO
C BBICOKOM CTENEHBIO TOYHOCTH JIsl TEX CPABHUTEJIBHO CIa0bIx (IO MepKaM 9TOi Teopu)

T'pPaBUTaAITUOHHBIX HOﬂeﬁ, KOTOpbIE UMEIOTCA B Conaevynoit cucTeMe, HO IMOJIZKHO OIlyTHu-
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MBIM 00pa30oM HapPYIIATbCS JJid 3HAYUTENHHO 6Ojiee CUIbHBIX IPABUTAIMOHHBIX IIOJIEH.
TIpsimbix HaGJIIOAATEIBHBIX JAHHBIX HA Cel CUET HE MMEETCs, HO, IOCKOJIbKY WMEIOTCS
JPYyTHe HOITBEPK/IEHUSI TEOPUN DUHIITENHA, COMHEBATHCS HE IIPUXOIUTCSI.

B xoume XVIII B. magamack paspaboTKa METOIOB, IIO3BOJISIOMINUX KOJHUYIECTBEHHO
ONPEJIEJINTD, KAKOE BIIMSHHME OKA3bIBAET DACIpPE/esieHue MacC BHYTpH aAByX Tena 17, To
(B ToM umciie pasmepbl u GOpMa ITHX TeJ) Ha HUX B3aMMHOE NPHUTsKEHWE. B Hammm
JIHA 3TO OKA3aJIOCh HEOOXOAMMBIM JIJIsi KOCMOHABTUKHU, & JI0 TOrO HOJOOHBIE YyTOUHEHUS
ObLIM HYXKHBI IS aHAJIU3a JBVXKEHHUsI €CTECTBEHHOro cryTHuka 3emyu — Jlyusl. Ho
korjga Heroron mucan «Maremarndeckue Hadaja HaTypasibHON (bustocoduns, ux eme He
Tpe6oBasioch ! .

2. [pyroe yuporiaioliee OpeanoJiozKeHue, clejlannoe B 3amade Kensepa, cocrout
B TOM, UTO IIPUTSATUBAIONIUI EHTDP HENOJBUXKEH, T. €. MbI IpeHebperaeM CHIIOH, IefAcTBY-
fomeit co croponsl miraHers! Ha Cosnne. B kakoif cremenu sro ompasmano? B mosmroM
COOTBETCTBUU CO 1T 3aKOHOM MEXaHUKH HI:;IOTOH& 9Ta CUJIa TaKad »Ke, KaK U CUJia IIPpUTAd-
xkenud wianersl K Comaiyy. Ho Tak Kak mg HamMHOro GoJibliie mp, YCKOPEHUE, KOTOPoe
ozt AeficrBueM 3Toii cuibl npuobperaer CoJIHIIE, HAMHOIO MEHBIIE, YeM YCKOPEHUE ILJIa-
uersl. Tenepb U3BeCTHO, YTO JaxKe y caMoil MaccuBHOU u3 mianer, FOnurepa, macca mp
B 1000 pa3 MeHbllle Mg, a CyMMapHasi Macca BCEX OCTAJIbHBIX IJIAHET HE JOTATUBAET U JI0
IIOJIOBUHBI MaCChI }OHI/ITepa.

Heroron nomumo 3amaxu Kensepa uccirefoBast «3amady AByX Tesl» — 3aJady O IBHXKE-
HUU [IBYX MATEPHUAJIbHBIX TOYEK IIOJ JACHCTBUEM MX B3AUMHOIO nputszkenus. OKaz3anoch,
YTO B OCHOBHOM 9Ta 3aJ@da CBoAUTCA K 3ajade Kermuepa. A uMeHHO, B 3aja4e JBYX
TeJl «IUlaHeTa» P JBHXKeTcs Tak »Ke, KaK OHa JIBUTAJMCh Obl B 3ajade Kemsiepa Bo-
KPYT' BOOOParKaeMOro HEIOJBUKHOIO IEHTPa, HAXOJsIerocs B renrpe mMacc C cucrembl
IBYX MaTepHAIbHBIX TOUeK S, P UM CO3MAIOEro Ioje TATOTEHHUs, OTBEYAIONIee Macce
m?%/(mg 4+ mp); aus 910l BenomorarensHoii 3asaun B Gopumyie (2) sHavenne k yMeHb-
meno B 1 +mp/mg pas (o cpaBHenuio ¢ BBeASHHBIM Bhime k = fmg)'2. (Do, kcraTu,
JIOKa3bIBAETCS HE TaK y»K CJIOXKHO, IIPOIIE, UeM IpoBegeHHoe HpioToHOM mCciemoBanme
3agaun Kertepa. Y MeHst IPOCTO He ObLIIO BpEMEHU FOBOPUTH O CBEJIEHUH 33/1a9M JBYX TeJI
k 3amade Kemtepa.) JJaHHBIL pe3ybraT He 3aBUCAT OT COOTHOIIEHUSI MEXKIy T p U Mg,
OH C YCIEXOM IPUMEHSIETCS K JBUXKEHUIO JIBOWHBIX 3BE3J], KOMIIOHEHTHI KOTOPBIX MOTYT
nMerhb Oiuskue Maccol. Ho npumenuresnbro K CoIHEUHOR cucTeMe OKa3bIBaeTCs, YTO

JaxKe J1d 1apbl «COHHHG*}OHHTGP» OEeHTP MacCcC HaXOAUTCA BHYTPHU COJIHLI&, TaK 4YTO

1Y Bcé ke B «Havamax» MOXKHO HAaHTH TaK»Ke HEKOTOPBIE II€PBBIC INATH TAKOTO
XapaKTepa, CBI3aHHBIE C 3aJadaMy O IPUINBaX, GopMe 3eMIN U €€ BPAIleHNN, KOTOPhIe
B HACTOSAIIEH KHUYKKE HE PACCMATPUBAIOTCH.

12Cxazannoe o «manere» orHOCHTCH Takxke n K «CommHiry» — S TOXKe JBUYKETCS TaK,
KaK 3TO IMOJIyYMJIOCh ObI BO BCIIOMOTraTeJbHON 3amade Kermiepa ¢ npuTaruBaoimmM meH-
TpoMm B C. Tosbko st S 3Ta 3amada He Ta XKe, 9TO JJjisd P: BO BCrioMorarTesibHON 3ajade
s S koaddunment k paBen

fmp
1+mg/mp’
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opbura FOnurepa npu yuére asukenusi CosiHIIa M3MEHAETCS HE3HAUYUTEIHHO, OCTABAICH
3JLTUIICOM, OJIM3KUM K TOMY, KAKUM OHa ObLiia Obl B 3aa4e Kenstepa. Obpainenue K 3aa4e
JBYX Te€X HeOOXOJMMO IPU MCCJIEIOBAHUM JBONHBIX 3BE3J], MACChl KOMIIOHEHT KOTOPBIX
Pa3IMYaoTcsa APYr OT Apyra ropasao MeHblre, deM Macchl CosHIa U IJIaHET.

3. Ho nBmxkenune mianer B COTHEUHON cuCTEMe HE CBOAUTCS IIOJHOCTBHIO HU K 3a]1a4e
Kemnepa, Hu K 3a/ade IByX TeJ: HAJIO IPUHIMATH BO BHUMAHHME B3AUMHOE IPUTSIXKEHUE
wianer. OHO MaJIO IO CPABHEHMIO C UTPAIONIUM [VIABHYIO POJIb HpuUTsKenneM K CosHiry,
OJHAKO €ro BJINAHHE CKa3bIBACTCA Ha IPOTAXKEHUUN 6OJ'II>IHOI‘O BpeMEeHU. y‘IéT B3aMMHO-
IO IPUTSDKEHUS IUIAHET, a TaKXKe APYIUX (PaKTOPOB, KOTOPHIE OBLIM YIOMSIHYTHI IIPU
OObICHEHUN CMBICJIA BBIPAYKEHUsI «HEOeCHAs] MEXaHUKa», U JIeJIaeT 9Ty HAyKy CJIOXKHOM.
Ho B 3agaue Kemtepa 06 atom Her peun. B joreseckonndeckyro apy Bce 3TU HaKTOPHI
MOKHO 66110 He yunTbiBaTh. (IIpaBsa, Ha caMOM Jlesie KOe-4TO U3 9TOr0 CKa3bIBACTCS yIKe
¥ IpU TOM TOYHOCTH, Kakas Opbuta y Kemepa, ycioxusas geuxkenue JIyHbpl u npuBoas
K IIpeJBapeHuIo paBHOJEeHCTBU. Ho, Kak roBOpM/IOCh, TPAaKTOBKa 3THUX JBYX BOIIPOCOB

y Kenﬂepa OocCTaBaJlaChb YUCTO SIVIHHpH‘{GCKOﬁ, KakK y ero Hpe,ZLH_IeCTBeHHI/IKOB.)

3ameuanne 1.1. CoGCTBEHHO rOBOPsI, 3HAHME OPOUTHI IIJIAHETHI €M HE JAET MOJHOTO
oTBeTa Ha BOIPOC O JBUKEHUHM STOH IJIAHETHI, MOTOMY YTO HAJO0 3HATH EIIE, KaKoe
IIOJIO’KEHHE OHA 3aHMMAaeT Ha 9TOH OpOUTe B TOT MJIM MHOI MOMEHT BpeMeHH. B onmcannun
JBUXKEHUS IIAHETHI 1o opbute, nocrasisiemom I 3akonom Kemepa, HernocpeacTBeHHO
naéres TouHas (XOTS M UyTh KOCBEHHAs!) MHMOPMAIHS O CKOPOCTH JAHHOTO JIBUYKEHHS
B 3aBUCHMOCTH OT IIOJIOXKEHUS IIAHETHI, HO HE O caMoM moJiozkenuu. Yxxe Kensep u Heio-
TOH, B OOIIEM, HAIILIN CIIOCO0 ONpPeessiTh, KAKUM Oy/IeT 9TO MOJIOXKEHHE B TOT WUJIM WHON
MOMEHT BPEMEHU. HO 9TOT BOIIPOC OCTaéTCﬂ BHE paMOK HaCTOﬂIJ_LeI‘;I KHU>KKH, U g TOJIBKO

BKpPATIE COODIILY KOe-9ITO II0 9TOMY IIOBOAY B 3amedaHuu 6.2.
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Hauunas ¢ XVII B. B MaTeMaTuke U €€ TPUIOKEHUSIX CUCTEMATHICCKU
HCITOJIB3YeTCsl KOOPAUHATHBII METOJI, CBSI3BIBAIONINI N€OMETPHUIO U aaredpy
ropasio TecHee, 9eM 3TO ObLIO 70 Toro. Ilomaraio, 9T0 KaKoe-TO IMpeICTaB-
JIHWEe O HEM YUTaTe/Jib UMEeT, HO CUUTAIO He JIUIIHUM PACCKa3aTbh O HEM
€ caMOro HadaJa.

Emgé mo Toro, Kak MKOJBHUK YCJBIIIUT O KOOPJAWHATAX HA IJIOCKOCTH,
OH y3HaéT O KOoOpaWHATax Ha 3emMHOM Tmape. Hampmmep, MockBa mmeer
KOOpIMHATEI 55,5° ceBepHOU MUPOTHI U 37,5° BOCTOYHON JOJITOTHI. 3HAs
00 3TOM, MOXKHO cpa3y HAWTH Ha HEMOH KapTe, T/ie HeT HUKAKUX HA3BaHMUIA,
HO HAHECEHa, CeTKa IMapaJsuiesiell U MEepUIUAHOB, TO MECTO, TJie HAXOJIUTCS
Mocksa. Mcropuyecku u ObLIN CllepBa BBEJIEHBI IeorpaduyecKue KOOp/Iu-
HATBI Ha 3eMJile W KOOPIWHATHI HECKOJbKHX THIIOB Ha HebecHOU cdepe.
1 Tonpko moroM mosBUIINCH OOJiee MPOCTbIE KOOPAWHATHI HA IIJIOCKOCTH.
Ham monamobsiTest KOOpAMHATHI IBYX TUIIOB, IEPBBIA U3 KOTOPBIX YK€ 101
2K€H OBbITh U3BECTEH YUTATEJIIO.

JIEKAPTOBLI KOOPIUHATLI', HasBamHbIe Tak B decTh P.Jlekapra
(1596—1650), cbirpapiiero HauboJIee 3aMETHYIO POJIb B OTKPBITHH U IPOTIa-
rap/e «KOOpPANHATHBIX METOIOB» B TeOMeTpHIZ. Bo3bMEM JIBe TIepreH THKY-
JIIpHDBIE JIMHUU HA PACCMATPUBAEMOI IIJIOCKOCTH, IIEPECEKAIONNECH B HEKO-
Topoit Touke O («Hauajge KOOPJIMHAT»), U HA30BEM OJIHY W3 HUX (HA puU-
CYHKE OHa OOBIYHO U300pasKaeTcsl TOPU3OHTAILHON) «0ChI0 UKCOB» O Min
«OCBIO abCIMCC», a APYTYIO — «OChIO UTPEKOB» Oy

. A
WIN <«OChI0O OpAWHAT». BpiOpaB Ha mTepBOil ocu
O ~—~— T
HEKOTOpOe HaIpaBJjeHre, KOTOPOe MbI OylIeM M
YCJIOBHO HA3BIBATH <IIOJIOYKUTEIHHBIM», MBI MO- Puc. 6
Hnc.

JKeM OXapaKTepU30BaTh IOJIOXKEHHUe JI000H TOU-
ku A ma ocu Oz omumm umcsoM z («abermccoii» ) — paccrosiaueM |OA|,
KOTOpoe GepéTcst co 3HAKOM ILTIOC, ecyu Hampasyenne or O K A siBjsiercs
MMOJIOXKUATEJIbHBIM, W CO 3HAKOM MHUHYC — B TPOTHUBHOM cjydae; Touka O
umeer abcuuccy 0. (IToka 9To s ommcas U3BeCTHYIO B ajrebpe «4uCIOBYIO

1Ha CaMOM JieJie IIoJ «A€KapTOBbIMU KOOPpAMHATAMU» YaCTO IIOHUMAIOTCA KOOPAUHATHIL
OoJiee OOILErOo THUIA, HO $ OHNPENEJAI0 TOJIBKO TOT YACTHBIA UX CiIydail, KOTOPBIH HaM
HY>KEH, WU II03BOJIIO C666 IIOHUMATh Ha3BaHHE <«JICEKapTOBbI KOOPDAWHATBI» TOJIBKO KakK
OTHOCHIIEECS K 9TOMY CJIyJalo.

2Hapsiny ¢ JlexapTom 31ech Haao yrnomsuyTh o 11. @epma (1601—1665), xorst ero
VMSI HE B KQKOW CHCTeMe KOOpAuHAT He yBekosedeHo. (Kaxkercsi, cpeyu reoMeTpraecKux
HOHATHN OHO HCIIOJIL30BAHO TOJIBKO B HA3BAHUM OJHON MaJsou3BecTHON cuupasu.) [1lu-
pokoit mybsnke PepMa U3BECTEH KaK aBTOP <«BEJHKON TeOpeMbl (Ha CAMOM Jejle CKOpee
runoresbl) PepMay, KOTOPYIO yIAIOCHh JOKA3aTh TOJIBKO CIycTs 350 JIeT mocse TOro, Kak
oHa 6bL1a cHOPMYINPOBAHA.
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0Chb», WIH «IUCJIOBYIO IPIMYI0».) AHAJIOTUYHO II0JIOXKEHUE 000N TOUYKH Y
Ha BTOPOIi OCH XapaKTepU3yeTCsl OMHUM IncJIoM y («opauHaToil» ). Hakorerr,
g 0ot Touku C' Ha IJIOCKOCTHA MBI

Y omyckaeMm u3 C HepHeHIuKyJsapbl Ha Ha-

mu ocy; ckaxeM, CCy, L Ox u CCy L Oy.

C C MOXKHO €Ié CKa3aTh, 9TO MbI IIPOBOMM
Y

qepe3 C' mpsiMble JIMHUW, TapaJsijiebHble
0CsIM, 1 0603HAYAEM TIEPECEUCHUS ITUX JIH-
Huit ¢ ocamu Ox m Oy depes C, u C,.
D10 J1arkKe HECKOJILKO JIydIle, TIOTOMY YTO
OXBaThIBAET W TOT ciydvaii, Korga C Je-
JKUT Ha OTHOM M3 oceil mim Jaxke Ha 00emx
ocsix, — B mocieaaem ciaydae C' = 0. To-
Bopsr, uro C, (coorBercrsento Cy) —3TO
npoekmug C' Ha ochb abcruce (COOTBET-
crBeHHO opamHaT). Abcmucca x Toukn C, u opaumHaTa y Touku C, mOJI-
HOCTBIO XapaKTepu3yloT nojioxkenue tTouku C'; roBopar, 410 (X, Yy) CyTh
(tekaproBbl) KoopAuHATH (abcrcca n opauHara) To9kn C.

Puc. 7

o cux mop pedb ILIa O KOOpJAMHATAX Ha IJIOCKOCTH. CXOIHBIM 00pa30M BBOIAT-
Csl JIEKApTOBBI KOOPAMHATHI B mpocTpaHcTie. [IpoBesnéMm depes Kakyro-HUOyAbL TO4ky O
(«HAYAIO KOODJIMHAT») TPU B3aWMHO IIE€PIEHIUKYJISAD-
Hble TIPsIMble, KOTOPbIe Gy/leM Ha3bIBATh OCAMH abCIUCC
(ocb ), opnunar (ochb y) n ammamkar (ocb z). BeiGe-
peM Ha Ka)K,ZLOIjI N3 HUX IIOJIOZKUTEJIBHOE HaHpaBﬂeHI/Ie.
Yepes ocu &, Yy TPOXOJIUT IJIOCKOCTh, KOTOPYIO Tak u Oy-
JIeM Ha3bIBaTh IJIOCKOCTBIO (, Y). £ X0ouy OObACHUTD,
YTO TaKoe KOOpIUHATHI (T, Y, 2) KaKOW-HHUOYJIb TOY-
ku A. OnyctuM u3 A NepHeHIuKyJIsip Ha IJIOCKOCTD
(z, y); obosmaumm uepes A’ ero ocmopamme. Ilepeble

ABE KOOpAWHATHI TOYKHA A —»310 KOOpAWHATHI TOYKHU A/

B 1iockoctu (z, y). Tperbsa KoopauHaTa — 9TO JIH-

Puc. 8 Ha orpeska AA’, B3ATasg CO 3HAKOM ILIIOC WU MUHYC,

KOTODBIit BoiGupaercs Tak. [linockocts (2, y) meaut upo-

CTPAaHCTBO Ha JBa IOJIymnpocTpaHcTBa. Ammmmkara z papHa |AA'|, ecmm AA’ nexwur

B TOM K€ IOJIYIIPOCTPAHCTBE, YTO U IOJIOYKUTEJIbHAs MOJIyOCh Z; B IPOTUBHOM CJIydae

z=—|AA’|. 3nech HESBHO MOIPa3yMeBaJOCh, YTO A He JIEXKUT B IIOCKOCTH (T, Y); eciu
2Ke JIe’KHT, To 2z = 0.

Ceityac TpeTbsi KOOpAMHATA ObLIA ONpEJeieHa He TaK, KakK mepsble Ase. Ho MOXKHO

cKazarb emé tak. HazoBéMm mpoekimeit A, Touku A Ha OCb z TOYKY INEPECEYEHUs] STOMN

OCH C IpOXOZAIeR 4Yepe3 A INIOCKOCTBIO, NMapaJlienbHON Itockoctu (z, y). Torma am-
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MKaTa z TOYKu A — 310 Koopaunarta Touku A, Ha ocu z, T.e. z = £|OA;|, rae 3HaK
Gepércsi B 3aBUCUMOCTH OT TOTO, IMOJIOKUTEJIbHO Ji Hampasyenue or O Kk A, win HeT.
AmnajtornvHo onpezensitorcs npoeknun Ay, Ay Tod-

xku A Ha ocm x m y. Hampumep, A, — 310 TOU- z
K& MepecevYeHusl OCU T C MPoXosamieil uepes A
IJIOCKOCTBIO, MApaJuIeIbHON III0CKOCTH (Y, Z), KO-
TOpas COIEPKUT ocu y U z. Ilocie 3TOro MOXKHO
CKa3aTh, YTO KOOPJAWHATHI & W Y TOYKU A — 3TO
KoOpauHaThl ToueK A; m Ay Ha COOTBETCTBYIO-

X OCAX. Yro HOBOE onpenesieHue KoopJAuHaTbl 2

PaBHOCUJIBHO IIPE2KHEMY — 3TO OYE€BUJHO. Yro Ho-

BO€ oIIpenesieHne KoopauHaT £ U Y PaBHOCUJIbBHO

TIpeXKHEeMy — 3TO, MOYKeT OBbITh, He TaK O4YeBUJIHO,
HO CTAHOBUTCSI OYEBUIHBIM, €CJIU OOPATUThL BHH-
MaHue, Ha TO UTO IPHU TEePECEeueHUU TPOXOIAIIIX Puc. 9

yepes A miIOCKOCTeH, MapaslebHBIX MIOCKOCTSIM

(y, z) u (z, z), nony4aercs npsMasi, KOTOpas NapajulejbHa OCH Z (IIOCKOJbKY Ta IIOJIy-

9aeTcs IPH IIePecedeHnn IIIocKocTell (x, z) u (y, 2)) 1 npoxonut depe3 Touky A’.

3HavYenne KOOPAMHAT COCTOHT He TOMBKO B TOM, UTO OHH IIO3BOJISAIOT
3a/1aBaTh TIPH TIOMOIIN 9HCeJT TIOJOKEeHNs TOUeK Ha MJIOCKOCTH MM B IIPO-
CTpaHCTBe, HO M B TOM, UTO OHH IIO3BOJISIOT OXaPAKTEPH30BATH aJrebparr-
JecKUM 06Pa30M pas/MuHble JIMHHU, 8 B IPOCTPAHCTBE — TAKYKe U IOBEPX-
nocru. (s caMoil MaTeMaTHKK BasKHee MMEHHO aJrebpantdecKoe olicanue
reomMeTpuueckux 06pa3os.) Hampumep, GHCCEKTPHCA OJHOTO U3 YTJIOB MEK-
my ocamu Oz u Oy Ha IMIOCKOCTH COCTOUT U3 BCEX TeX TOUEK, KOOPIUHATEI
(7, ) KOTOPBIX YJOBIETBOPAIOT YPABHEHUIO Y = T. A 9TO MOMKHO CKa3aThb
o roukax C, s Kotopbix 2 + y* = a?? B npsamoyrosbuuke OC, CC, cTo-

Y
y c
y=x Cy
Y
[0) x
o = a C, T

Puc. 10 Puc. 11
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pouset |OCy| u |C;C| pasust |y|, a B Tpeyrompanke AOCC, KBampar IHIo-
TeHy3bl paBeH CyMMe KBajIpaToB KaTeTos, T.e. |OC|? = |0C,|? 4+ |C,C|? =
=22 + 3% = a%. Mbl IpPUXOIUM K BEIBOAY, UTO MHTEPECYIOIIHe HAC TOU-
ku C —3TO Te TOYKHU, PACCTOSHUE OT KOTOPBLIX 10 O pPaBHO @, T.€. OHU
JIEXKAT Ha OKPYKHOCTH Pamuyca a ¢ neHTpom B O.
Yy TosopsT, uto x2 + y? = a? ecTb ypaBHeHme 3TOI
OKPY>KHOCTH, & T = Y €CTh YPABHEHUE MIPSAMOI -
11 1 HUU, sBJIsTfOIeficst buccexkTpucoii yria yOx.
[Ipy1 MHTEHCUBHOM WUCIIOJIH30BAHUKM KOODIUHAT
o Z  gacTo MO3BOJIAIOT cebe Kak Obl 3a0bIBATH O PA3JIin-
YUU MEXKJY T€OMETPUIECKIMI TOUKAMU U TTapaMu

qmcena (%, y) U B COOTBETCTBHM C STHM IIHCATH

A = (z, y), uMest B By, 4TO TOUKa A MMeeT KO-

opauHaTh (2, y) (mompasymeBaercsi, 9TO JUOO U3

Puc. 12 KOHTEKCTa N3BECTHO, KaKast AMEHHO CUCTEMa KOOP-

JIMHAT UCIIOJIB3YETCs, OO0 9TO He BaxXKHO). B Tom

JKe CMBIC/Ie MOTYT TOBOPUTL O «TodKe (z, y)». MHOMXkecTBO? TOdYeK c Ka-
KUM-HUOY/Ib cBoiicTBOM C 9acTo 0603HAYAIOT TaK:

117 v

{4; A umeer cpoiictso C}.

(B mkoJbHOM Kypce TeOMeTDPHH TO K€ CaMOe MHOXKECTBO HA3bIBAIOT «Ie0-
MeTPUYECKUM MeCTOM TOoueK co cpoiictBoM Cs.) Hampumep, OKpy»KHOCTB,
0 KOTOPOH 1JIa PEYb BBIIIE, — 3TO MHOXKECTBO

{A=(z, y); 2* +y* = a*}.

Huxkaxkoit ocoboii HayKu 0 MHOYXKECTBaX B MOJIOOHBIX CJIyUYasiX He IPUBJIEKa-
eTcsl, pedb UJIET IPOCTO O JIOBOJBHO Y0OHOM 0003HAYECHUN.

Beenem emé ouo nHazBanue. KoopaunaTHbie ocu pa3dUBAIOT IJIOCKOCTH
Ha YeTBhIPE YaCTH, KOTOPhIE HA3BIBAIOT KBAIPAHTAMHI U HYMEPYIOT PUMCKAMUI
mudpavu ot I no IV, naumrast ¢ KBaIpaHTa, OCPAHIIEHHOTO OJIOKATEIb-
HBIMU TOJIyOCSMU abCIIMCC W OP/INHAT, U Jlajiee IPOTUB YACOBOM CTPEJIKU.

Jlpyrue KOOpAMHATHI Ha ILIOCKOCTH, KOTOPhIE HAM IOHAI00STCS, — 9TO
[TOJISIPHBIE KOOP/INHATHI.

3BeposiTHO, 3TO CJIOBO 3HAKOMO WHTATENIO, HO s BCE K€ HANOMHIO, UTO MHOYKe-
CTBO — 3TO COBOKYIIHOCTH (CHCTeMa, KJIAcC, coOpaHMe, KOJUIEKIWS) KaKux-HUOyIb 00b-
eKkTOB (He 0bs3aTesbHO uncen). HarisaaHo MOXKHO NpeICTaBUTh cebe, YTO 9TH OGBLEKTHI
KaK OBl CJIO’KEHBI B MEIIOK, IPUIEM OH IIPO3PAadHbIH — MBI KaK Obl «BHAUM>» CJIO?KCHHBIE
B MeENIOK IIpeaMeThbl M MOXKeM T'OBOPDUTH HE TOJIBKO O MENIKe KaK O HEKOEeM €eINHOM
IIEJIOM, HO U O €r0 COAEPKUMOM. [IprMephl: MHOXKECTBO HATYPAJIbHBIX YHCEN; MHOXKECTBO
ciymaresieil B ayauropun. B omyimdne orT ynoTpebIeHus CJI0OBA « MHOXKECTBO» B OOBITHOM
A3BIKE, B MaTeMaTHKe IIPU €ro ynoTpeO/IeHNN BOBCE HEe MMEIOT B BHJY, 4TO B A BXOIUT
MHOI'O OO'BEKTOB.
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ITOJISAPHBIE KOOPAUHATHI. Bo3bMméM Kakyio-uubyab Touky O (Ha cei
pa3 eé Ha3bIBaIOT IOJIOCOM) M IIPOBEIEM KaKOH-HHOYIh Jiyd (HOJympsi-
Myi0) Oz, HaunHaOmAlicsa B moJroce. OOMIENPUHATOr0 HA3BAHUS JJI TOIO
Jiyua HeT; s Oy/ly Ha3bIBATH €0 HadYaJIbHBIM JiydoM. llojoxkenue jr0060it
TOYKU A Ha TJIOCKOCTH MOXKHO OXapaKTepu30BaTh, yKa3aB PACCTOSHUE T
or 31oit Toukn J0 nosoca O («II0JSIPHOE PACCTOSHHUE» ) U YIOJl ¢ MEXKILY
HadaIbHbIM JiydoM Ox u jiydom O A. 371ech HAJIO JIOTOBOPUTHCS, KAK OTCUH-
TBIBATH 3TOT YTOJI, KOTOPBI HA3BIBAIOT <IIOJIIPHBIM YIJIOM». YCJIOBUMCSI
OTCUNTBIBATH €r0 B HAIPABJIEHUU NIPOTHUB Ya-
coBoii crpesiku. Torjga, KOHEYHO, HAJIO JOITY- A
CTUTH, YTO YIOJ MOXKET MIPUHUMATH 3HAYCHUST
ot 0° mo 360°, min, eci ©3MEPATH YrOJ B pa-
nuanax, or 0 o 2w. Ilapa (r, ¢) —310 U ecTh ©
«1oJIsipHBIe Koop/mHaTh> Toukn A. Koopau-

HaTy 7T Ha3bIBAIOT IIOJIIPHBIM PaJlyCOM HJIHA
pajuabHON KOOpAMHATON TOYKM A, a KOOp- Puc. 13
JIAHATY @ — MOJIAPHBIM YTJIOM WA YIJIOBOR
KOODJMHATON 9TOl TOYKU. B TepMuUHAX MOJSAPHBIX KOOPIAUHAT T = @ — ITO
yPaBHeHNe OKPYKHOCTHU PAJIYyCa @ ¢ TIEHTPOM B TI0JIIOCe, & ¢ = a (¢ TOCTO-
SIHHBIM (¥) — 3TO ypaBHEHHE HEKOTOPOro Jiyda ¢ HadaaoMm B O.

3/1ech ecTh eIié ojiHa yCI0BHOCTD. e Touka A Bparaercs BokpyT O,
CKazKeM, B IOJIO’KUTEJIbHOM HallPaBJICHUU, T.€. IPOTUB YaCOBOI CTPEJKH,
U TlepeceKaeT HAYaJbHBIM JIyd, TO TPUIETCI TPU3HATH, YTO IPH ITOM Ile-
peceveHny TOJIAPHBINA YTOJI CKAYKOM MeHsieTcs oT 27 10 0, a TOTOM OIsTh
HAYUHAECT BO3pacTaTh. VIMeTb Je0 CO CKAYKOM
HEIPUSITHO, U ITOOBI 9TOr0 U30€KATh, IaCTO MPU-
HUMAIOT, 9TO TpU Tiepecedennn Toukoit A jryda Ox
oJIgpHasd KOOp/IMHATa He JiejlaeT CKadKa, a IIpo-
JIOJIZKAeT YBEJIMUYNBATHCS. A [IpU BpaIlleHnH B I1PO-

©+ 27

TUBOIIOJIO?KHOM HAIIPABJIEHUH MbI JIOJIZKHBI OBLIN
OBbI CUMTATH, YTO MOJISPHBIA YIOJ ¢ yMEHBITUJICS
10 0, CKauKOM IIpUHSJI 3HAUeHne 27 U 3aTeM BHOBb
yobiBaer. BmecTo aToro ymobHo mOmycTUTh MJIs (0 Puc. 14
oTpunaTeabHble 3HadYeHus. [1ockoabKy A MOXKeT
clesiaTh CKOJIBKO YTOMHO 000p0oTOB BOKPYT O, MPUXOIUTCS MPUHSITH, ITO
[IOJISIPHBINA YTOJI (¢ MOXKET OBITH JIFOOBIM umcJioM. Ho, KOHEeYHO, JiBa yIJIa,
PAa3IMIAIONINECH HA IIEJTOYUCIEHHOE KPATHOE 27T, TEOMETPUIECKH COOTBET-
CTBYIOT OJTHOMY U TOMY 2K€ HAIIPABJIEHUIO, T.€. OJHOMY U TOMY 2K€ JIYIy
¢ magaJsiom B O.

OTMeTUM IPOCTYIO CBSI3b MEXKY JTEKAPTOBBIMU U TIOJISIPHBIMU KOODJIH-
natamu. [lycTs Haga 0 IEKAPTOBOIT CHCTEMbBI KOOPIMHAT COBIAJIAET C ITOJIIO-
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COM, Ha4YaJIbHBIN JIyd — C IIOJIOKUTEIHHOMN 10yochio O, a IOJIOKUTEIbHOE
HAIlpaBJICHNE Ha IEPHEHIUKYJISIPHON K Heil ocu Oy TaKOBO, UTO IIPU MO-
Bopore Ha 90° B IIOJIO2KUTEJIbHOM HAIIPABJICHUN IIOJIOXKHUTE/IbHAs HOJIyOCh
ocn Oz TEpPeXoUT B HOJOXKUTEIbHYIO mosyock Oy. Ilpu obbraHom pu-
CYHKe KOODJHMHATHBIX oceil ocb Or TOpU30HTAJIbHA U €€ IOJIOKUTEIbHOEe
HalIpaBJIeHNe — 3TO HallpaBJIEHNe HAIIpaBo, a ocb Oy BepTHKAJIbHA U €€ I10-
JIOKNTEJIbHOE HalIpaBJIeHe —3TO HallpasjeHnue BBepx. Torma jys Trouku C
C JIeKapTOBBIMU KOODJMHATAMU (Z, i) U NOJSPHBIME KOOpAMHATAME (T, ©)
BBITIOJTHSAIOTCS] PABEHCTBA

x=rcosp, Yy=rsine. (3)

Korga C' jiexkuT B IEPBOM KBaJ[paHTe, B paBeHCTBaX (3) Jerko ybeanThes,
paccMarpuBas IpAMOYrobHblil Tpeyroasauk AOCC, (rze onsaTh uMeeM
CC, 1 Ozx), B koropom yrou ¢ Bepiunoii O paset ¢, |OC| =1 u |OC,| =z,
|C.C| =y. B apyrux xBajipanTax moJry4aiTcst
JIpyTHe PUCYHKU, & U Y MOTYT OBITH OTPHIla-
tesbHbIMEU, a yroa ZCOA pasen 180° — ¢,

C ¢ @ — 180° mmm 360° — ¢, Tak YTO HAJO BCIOM-
. HUTH, KaK CBS3aHbLI APYr C JAPYIOM CHHYCHI

Y 1 KOCUHYCBI TAKUX yTJIOB; OJIHAKO OKOHYATE b=

¥ HBI pesysibrar Takoit xke. (Uro u He yauBH-

0O z ¢, Tenbno. Kocunyc u cunyc yria, 66ibmero 90°,

OIIPEJIEJISIIOTCST TAKUM 00pa3oM, 9TOOBI y TOi

TOYKY €JUHUIHON OKPYKHOCTHU ¢ TieHTpoM O,

TOJIAPHBIA yTOJI KOTOPOIT paBeH ¢, NeKapTOBBI

Puc. 15 KOODMHATHI OblIn (OS¢, SN ); BO3MOXKHO,

YUTATENIb 3HAKOM MMEHHO C TaKUM OIpeJesie-

HUEM TPUTOHOMETPHYECKUX (PYHKIUA. A y TOUKH, PACIIOJOXKEHHON B I pa3

naspire or O (HO ToXKe JiexKaleil Ha Jiyde ¢ JAHHBIM (), T U Y JOJKHBI
ObITL B T pa3 GoJblie. )

Tenepb TOrOBOPUM O TOM, UTO TAKOE KOOPJIUHATHI HE TOYKH, & BEKTOPA.

Ecyin MBI 10JIB3yeMCst IEKAPTOBBIME KOOPIUHATAMU, ITO COBCEM IIPOCTO.

CrpoekTupyeM paccMaTpUBaeMbIil BEKTOD C_'l—C’; Ha, KOOpJIMHATHBIE OCH, 10~
HUMas II0JI, IPOEKIINEil 3TOr0 BEKTOPa Ha KaKyH-HUOYIb NPAMYIO d BEKTOP,
WMEIOIIN CBOMM HAYAJIOM MPOEKIio TOUKH C Ha 3Ty 0Ch W KOHIIOM — IIPO-
eknuio Tyma ke Touku Ch. Ecom CF cyrs mpoexnun ’IELI‘GE)( C; Ha oCb

abcuuce, a Cf —Ha ock opauHart, T0 npoeknun Bekropa C1Co Ha 9TH OCH
- _—
cyts C¥C§ u C7CY. Ix Ha3bIBAIOT TAK:Ke KOMIIOHEHTAMHU 3TOTO BEKTODA,

HallpaBJICHHBIMU II0 KOOPDAWHATHBIM OCAM; IIPpU OOBIYHOM PacCoOJIOZKEeHN N
oceit (FOpI/I3OHTaJH)HaH u BepTI/IKaJII)HaH) MO2KHO T'OBOPUTBH O T'OPU30HTAJIb-
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HOI M BEPTUKAJIHHON KOMIIOHEHTaX. BEKTOp HA OPHEHTHPOBAHHOI OCH O/I-
HO3HAYHO OIIPEACIACTCS YUCJIOM — CBOEH JIJIMHOM’, B3ATOI CO 3HAKOM ILJIIOC
WM MHUHYC B 3aBHUCHMOCTH OT TOT'O, COBIIQJiaeT JIM HaIIpaBJIE€HHE BEKTOPa
C IOJIOXKWATEJbHBIM HallpaBJIeHWeM Ha IIPsSMOi

WX TPOTHBOIOJIOXKHO eMy. DTO UUCIO0 MOYKHO y
Ha3BaTh KOODJUHATOW BEKTOpa Ha OPHEHTHPO- cy Cs

Bannoii npsmoit d. Koopaunarer Bektopa C1C5
CyTh KOOPJMHATHI €r0 IPOEKIUil Ha KOO IMHAT-

Cy
HBbIE OCH. DTH KOOPJAMHATHI TOXKE HEPEJKO Ha3bl- ! C;
BalOT KOMIIOHEHTaMU BEKTOpa. JIerko BUAeTh, 9To
OHU CyTb pasHocTu (T2 — 1, Y2 — Y1) KOODIHU- 0 T 2

nat touek Co (Beramraembre) n C (yMeHbIIae-
mble). TTOCKOJIBKY CyMMy JIByX BEKTOPOB MOXKHO Puc. 16
MOCTPOUTD, OTJIOKUB OJIMH U3 HUX OT KOHIA JIPY-
rOT0, OTCIOJIA JIETKO CJIEJIYET, ITO KOOPIUHATHI CYMMbBI BEKTOPOB CYTh CYyMMBI
ux KoopiauHar. HecjioxKHO HOKa3aTh Tak:Ke, YTO IIPH YMHOXKEHUU BEKTODA
HA YUCJIO er0 KOOPAUHATHI yMHOYKAIOTCS HA TO YK€ YUCJI0. 3aMETUM €IlE, ITO
BEKTOD PaBEH CyMMe CBOUX KOMIIOHEHT [0 KOODAMHATHBIM ocsaM (puc. 16).
3/1ech TOBOPHIIOCH O KOOP/IMHATAX BEKTOpa Ha ItockocTh. Onpe/esenne
KOOD/IMHAT BEKTOpa B IIPOCTPAHCTBE — IPOCTasl Iepedpa3upoBKa CKa3aH-
HOIO: OHU CYThb DPA3HOCTU KOODJUHAT IIPOEKIWiA ero Hadaja U KOHIA Ha
KOODJIMHATHBIE OCH.

CueslaeM emié HECKOJIBKO OYeBHIHBIX 3aMedanuii. KoopauHaTsl paBHbIX
BEKTOPOB, OTJIOXKEHHBIX OT PA3HBIX TOUEK, coBnaaatoT (puc. 17). Ecin orio-
JKUTh BEKTOP OT Hadaja koopauaar O (T.e. B34Th BEKTOp ¢ HadagoM B O,
PaBHBI PAacCMATPUBAEMOMY BEKTODY), TO €r0 KOODJAMHATHI OyIyT DaBHBI
KOODJIMHATAM €r0 KOHI[a. B 4acTHOCTH, KOODAMHATHI TOYKU A 1 KOOp/uHAa-
TBI €€ Paui1yc-BeKTOpa OA — 510 omuo u To ke (puc. 18), u wacro or A

nepexosiaT K OA u obparHo, Jaxke He orMmedass 3Toro ocobo. Ho B ommHOM
OTHOIIIEHUU KOOPJINHATHI BEKTOPOB OTJIMIAIOTCS OT KOOP/NHAT TOYEK: €CJIH

Puc. 17 Puc. 18
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[IepeHecTy HavasI0 KoopauHat B Touky (7 ¢ koopaunaramu (a, b), He MeHsist
HAIIPaBJIEHNs] KOOPJIMHATHBIX OCeil, TO KOOPJAMHATHI TOYKU YMEHbBIIATCS Ha
qucia a U b, TOra Kak KOOPJAWHATHI BEK-
Topa (Oyaydn PasHOCTSAME KOODIMHAT €ro
KOHIIA U HAYAJIA) HE U3MEHSITCSL.
HonycTtuM Temepb, 9TO MBI paboTaem
C TOJISIPHBIME KOOPJIMHATAMEI U Y HAC UMe-

eTCsl HEKOTOPBI BEKTOp U = AB. Mueer
JII CMBICJI TOBOPHUTb O €ro KOOPIHHATAaX
WM KOMIIOHEHTaX I10 OTHOIIEHUIO K Ha-
mieil mosisspHOil cucreme Koopaunat? Tou-
Hee TOBOPs, KAKOe PA3JIo’KeHHe BEKTOpa U
Ha KOMIIOHEHTHI OBLJIO0 ObI CAMBIM TECHBIM
Puc. 19 00pa30M CBSI3aHO C UCHOJb3yEMBIMU KOOD-
juHaTamu?! EiaBa jin MOXKHO IPEJICTABUTH
cebe ITo-HnOy b DOJIee HATISIAHOE, €M BBECTH HA MUHYTY JIEKapTOBY CHCTE-
My KOODJIMHAT C HAYAJOM KOODJMHAT B TOUYKe A, mepBoii ocbhio, WiyInei mo
npsimoit O A B CTOPOHY BO3pACTAHUS 7', U C TIEPIEHIUKYJISIPHOIN K HEil BTOpOii
0ChI0 (MIYIIEH, CIIe0BATeIbHO, [0 NPSMOIl, KAcaTeJbHON K OKDPYYKHOCTH
paguyca r = |OA|), 3a HOIOKATEIHHOE HAIIPABJIEHNE HA KOTOPOii IIPUHSTO
HaIpaBJieHIe B CTOPOHY Bo3pacTanns ¢. Kak mpoeknun u,, U, BEKTOpa u
Ha 3TH OCH, TaK W KOODJWHATHI U, U, ITOTO BEKTOpa B ITOH CHCTeMe
IEKapPTOBBIX KOODJMHAT HA3BIBAIOT PA/IMAJIBLHON M YyIJIOBOM KOMIIOHEHTAMU
BekTopa ut.

OOBIYHO B reOMeTpUM PaBHBIE BEKTOPBI COBEPIIEHHO OJUMHAKOBBI 110 CBO-
uM cBoiicTBaM. MokeT MoKasaThCs CTPAHHBIM, Y9TO KOODAMHATHI (U, Uy )
IJIs1 PABHBIX BEKTOPOB, NMEIOIINX PA3JIMIHbIE HAYAJIA, BOODIIE TOBOPS, Pa3-
suanabl. Ho TyT MOXKHO TPOBECTH HEKOTOPYIO AHAJOTHIO ¢ (DU3UKOM, Iiae
HAYaJI0 BEKTOpA, W, KAK €IE IOBOPAT, TOYKA €r0 MPUJIOXKEHUsI, MOXKET
OBITH CyIlecTBEHHBIM. Tak, CHJia — 9TO BEKTOPHAS BEJIMYMHA, OJIHAKO BEC
B 1 k[, IpuIOXKeHHBIi K ILJIeYy, IOYTH HE3aMEeTEH, a 9TO, €CJIU €ro IPUJIo-
JKHATB K yxy??

4,Z[omKeH npeaynpeguTb, YTO B MaTeMaTUKe KOODAWHATBHI BEKTOPa B «KPUBOJIUHEH-
HOI» (B 9aCTHOCTH, IOJISIPHOH) CHCTEMe KOODAMHAT MOTYT IHNOHHMATBCS U B JAPYTOM
cmpbicse. (IIIKoMbHUK €/(Ba JIM C 9TUM BCTPETUTCs, HO CTYAEHT CO BPEMEHEM, BEPOsITHO,
BCTPETUTCH, IIOTOMY 5 M JEJIaI0 9TO IPEILyTPerKCHueE. )

5Kcratu, ¢ 5TuM CBsiaH OIUH TEPMHUHOJIOTUYECKUN OTTEHOK. MBI MOXKeM CKa3aTb,
9TO «BEKTOD U JIEXKUT Ha HPsSMOIl L», — B 9TOM Cjiydae BEKTOD PaCCMaTPUBAETCH CKOpee
KaK HaIlPABJIEHHBIH OTPE30K, PACIIOJIOKEHHBINH Ha ITOHN NPsIMOii, a He KaK «CBOOOIHBIN»
BEKTOP, KOTOPBI MOXKHO IEPEHECTH B JIOOYI0 TOUYKY A (B TOM YHCIE U HE JIEXKAILYIO
Ha L), T.e. KOTOPBIAi MOXKHO 3aMEHUTb PABHBIM €My BEKTOPOM C Ha4ajbHOW TOYKOH A.
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Mpl y:ke 3HaeM, 4TO JIEKAPTOBBI M IIOJISIPDHBIE KOODJMHATBI TOYKHU CBA3aHBI COOT-
sorrenusamu (3). Tenepb Mbl yKarKeM COOTHOIIEHHE MEXKJY JAEKAPTOBBIMU M HOJIAPHBIMUI
koopuHaTaMu Bekropa v. (Ceityac nocseanuii MoKeT 6bITh KAKAM YIOJIHO BEKTOPOM, HC-
XOASAIIMM U3 TOYKH P ¢ 1eKapTOBBIMU KOOpAUHATAMHA (T, Y) U MOJISIPHBIMEA KOOPJAMHATAMEI
(r, ¢), HO HAM COOTHOIIEHWE MEXK/y Pa3JIMYHBIMHE KOOPAMHATAMU OyIeT HyKHO TOJIBKO
1T BEKTOPA CKOPOCTH, IIOSTOMY $1 Cpa3y OGO3HAMHJI PACCMATPHBAEMBI BEKTOP I€pe3 V.)
IIycTb OH uMeeT HEKapTOBBI KOODAUHATHI (Ug, Uy) U IOJSPHbIE KOODAMHATHI (Ur, Vy)
(xak u B dopmynax (3), noapasymMeBaercs, 9TO HAYAJO JAEKAPTOBOI CHCTEMbI KOODIUHAT
COBITAJIAET C IIOJIFOCOM IOJISIPHOM, IPUYEM Teleph 9Ta TOYKa Oy/ieT 0003HAYAThCs Yepes S,

ubo nasee ona Gyner pacnosnoxena B «Cousnnes ). Torma, okasbiBaercs,
Vg = UpCOS P — Vyp SiNp,  Vy = vpsing + vy, cos p. (4)

Pasencrsa (4) MOXKHO yCMOTDETh U3 Y€pTeKa, HO 9TO HECKOJIBKO IPOMO3/IKO, K TOMY
2Ke JJIsl MOJIHOTBI JI0KAa3aTebCTBA HAJ0 ObLIO Obl paccMaTpUBaTh HECKOIBKO depTe-
)Kel‘/'I7 OTBEYAIOINUX PAa3JIMYHBIM BapuaHTaM pPAaCIOJIOXKEHHdA HadaJla BEKTOpa M €ro Ha-
npasjenus. [Ipocroe obuiee JokazaTenbcTBO Mosydaerca Tak. O603HAYMM 4epes e, €,
€/JMHUYHbIE BEKTOPbI (BEKTOPBI €JIMHUYHON JJIMHBI), HAIPABJIEHHbIE B IIOJIOKUTEIHLHOM
HAIIPABJIEHUU TI0 OCSIM TOi BCIIOMOTaTEIbHOMN JIEKAPTOBOM CHCTEMBI, C IOMOIIBIO KOTOPOit
BBOZATCS KOOPIUHATEL (Ur, Up) BeKTOpa V. VIHBIMEU CIOBaMU, BEKTOP €, HAIIPABJIEH IIO
ocu SP B cropony or S K P, Tak 94TO MOXKHO CKa3aTb, YTO €, = ; (kax 0GBIYHO, I — pa-
JI1yC-BEKTOP TOYKH (T, Y) U T = r|), a BEKTOP €, MOJIy4aeTcs II0OBOPOTOM BEKTOPA €y Ha

IpsAMoii yros B nosjoxkuresnbHoM Hanpasiennu (puc. 20). Torna

vV =vrer + vpep. (5)

Korpma »ke BeKTOp U IOIpa3yMeBaeTCsA «CBOOOIHBIM», TO JIydIlle FOBOPUTH: «BEKTOD U
TapaJiieJieH IpsAMoOi L».
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(deitcTBUTENBHO, KOMIIOHEHTA BEKTOPA V 110 OCH ﬁ HMeeT KOOPAUHATY Vr, & 9TO U 3Ha-
9UT, 9TO AAHHAs KOMIIOHEHTa (KaK BEKTOD) PaBHA Ur€r. AHAJIOTMYHO KOMIIOHEHTA BEK-
Topa V 1o Apyroif ocm (KOTOpas NEPHEeHANKYJISPHA NPEIBIAYIIEH B COOTBETCTBEHHO

HAIPAaBJIEHA) €CTh Vy€p. A BEKTOD SIBJISIETCSI CyMMOIX

C CBOUX KOMIIOHEHT IIO KOOPpAHNHATHBLIM OCHM.) Eciu or-

JIOXKUTH BEKTOD €, oT S, To u3 dopmyn (3) BHIHO,

YTO €ro KOHIIOM 6y,U\eT TOYKa C J€KapTOBBIMU KOODIU-

Haramu (cos ¢, sin ) (Benp muisa HeE T = 1, a MOJIAPHBILA
YroJa paBeH (). 3HAUNT, TAKOBBI WU JEKAPTOBBI KO-

OpAUHATHI BeKTOpa €r. OTIOXKHUB BEKTOP €, OT S,

) O T IIOJIy9YHUM, YTO €ro KOHIIOM 6y,aeT TOYKa C IOJIAPHBIM

paguycoM r =1 u ¢ yrioBoii koopaunaroii ¢ + 90°.

Puc. 21 U3 dopmysn (3) BuAHO, 9TO KOOPAMHATHI STONH TOUKH

cyTb (—sinp, cos ¢). (Hamo BCmOMHATE, 9TO IPOHCXO-

JIUT C CHMHYCOM U KOCHHYCOM IIpu Bospacranum yria Ha 90°. MoxHo u He obpamarbes

K TPUIOHOMETDHH, CM. HuKe.) TaKkoBbI »Ke JIeKapTOBbl KOODAUHATHI BEKTOPA €. lernepb

[IPOEKTUPOBaHKE [IPaBoil YacTu paseHcTBa (5) HA OCH JEKAPTOBOIl CHCTEMBI KOODJHHAT
(z, y) cpasy npuBomuT K cooTHOmEHHAM (4).

3aMeuaHMe B CBSI3M C KOOPAMHATAME BEKTOPA €, BMECTO CCBIJIKH Ha TPUTOHOMETPHUIO

JIOCTATOYHO JTOKA3aTh CJIEIyIOIIee:

—
npu nosopome paduyc-sexmopa OB mouku B ¢ xoopdurnamamu (x, y)

—
Hna 90° mpomue wacoeoli cmpeakxu noaywaemcs paduyc-eexmop OC (6)

mouku C' ¢ xoopdunamamu (—y, x).

Hanpumep, sto Buguo u3 puc. 21. Ho eciiu obpariarbes K pUCYHKY, TO IPUIETCS OT/IEIBHO
paccMaTpuBaTh Te Cllydau, Korja B JIeXKUT B PasIMYHbIX KBaJIPAHTAaX, TaK YTO IIOMUMO
puc. 21 HajI0 OGyJEeT PacCMOTPETh eIlE TPU PUCYHKa. MHe KayKeTcsi, IPOoIle PacCyK1aTh
Tak. [ToBepuém BMmecTe ¢ O.B) KOoOpuHATHBIE och Ha 90° B TOM »Ke HalpaBJieHuH. B HOBO#
Koop/mHATHOH cucteme (z’, y’) IIOBEPHYTHIN BEKTOD 0—6' u touka C OyZyT UMETH Te XKe
KOOD/IMHATBI, KaKue O—B> u B umeroT B mpexkueit cucreme. Ho HoBasi och x’ coBmasaer
C IpekHell OChbIo Y, NPUYEM OOe MMEIOT OJHO U TO 2Ke IIOJIOXKUTEJIbHOE HallpaBJIeHHE,
a HOBad OChb Yy’ COBIAJAET C HpPeXKHeil OCbl0 T, HO WX IOJOXKUTEJbHbIE HallpaBJICHUS
IIPOTUBOIIOJIOZKHBI. 3Ha.'~II/IT7 ecJii B HOBOM CHCTEMe KOOpAVWHAT TOYKAa MMeeT KOOPpANHATBI
(z', vy'), To B mpexHueit cucreme eé xoopaunarsl cyth (—y’, z'). s toukun C HOBBIE

KoopmHaThl T’ = T, y' =y, a 3HAYUT, €€ NpeKHUEe KOOPIUHATHI CyTh (—Y, T).

Korma npumenenne KOOpAMHAT CTAJIO JOCTATOYHO PACIPOCTPAHEHHDBIM,
B TE€OMETPHUU CJIOXKWJICA HOBBIA THI PACCYKICHUI, HOBBIA «CTHJIb», IO-
JIYYUBINUI (IOBOJIBHO YCJIOBHOE) HA3BAHUE «AHAJIUTHIECKOrO». I'pedeckoe
CJIOBO «aHAJU3UC» O3HAYAET Pa3JjIoKeHue, pacuieHenue, pazdoop. Coorser-
CTBEHHO, T10]] «QHAJIM30M» ITOHUMAIOT METO/I UCCJIEJIOBAHUS IIyTEM PACCMOT-
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peHust OTJAEIbHBIX CTOPOH, CBOMCTB, COCTABHBIX YACTEll IIPEIMETa UJIN siBJIe-
uust. Ho B reomerpun 3T0 CJIOBO IPUOOPENIO MHON CMBICH. «AHAIUTHYIECKOE
HCCJIE/IOBAHNE> TIPOBOJIUTCS C VMCIIOJb30BAHNEM KOODJIMHAT (MJIM, [0 Kpaii-
Hell Mepe, KAKMX-TO DPOJCTBEHHBIX MPUEMOB) M HOCIEAYIONUM IPUBJIETe-
HEeM coobpakeHuit u3 ayredpsl, quddepeHnnaIbHOrO Wi HHTEMPAJIHLHOTO
WCYUCJIEHUS; IPU 3TOM OTKPBIBAETCH BO3MOXKHOCTDH HCIIOJb30BAHUS METO-
0B, MOHATHI U PE3yJIbTATOB, KOTOPBIE IMOI9aC OBLIO OBl 3aTPYIHUTEb-
HO CPOPMYJIUPOBATH YHCTO T'€OMETPUYECKUM O0OPa30M, HO B TO K€ BpeMs
ocyTabJIseTcsl WM UCYe3aeT BO3MOXKHOCTH OOPAIEHUs] K TeOMETPUYECKO
UHTYUIAN, <IIOJICKA3Ka» KOTOPOW Morja 6bl ObITh moje3Hoit. Jlabbr oriu-
9UTH MPEKHUE IPUEMBI OT AHAJIUTUIECKNX, UX HA3BAIN «CHHTETHIECKIMUY,
9T0 eI MeHee OTBEYAeT CMBICIY COOTBETCTBYIONIETO I'DEYECKOrO CJIOBA
(«cuHTE3UCY — COEMHEHNME, covueTaHne, cocTaByeHne). CHHTeTHIeCKUe pac-
CyKJIEHHsI B T€OMETPHUH IIPOBOJISITCS C HEIIOCPEICTBEHHBIM HCIIOIb30BAHUEM
reOMETPUYECKUX TOHSTHI WM IPEJIOXKEHUl, TPUIEM BCE ITAIBl PACCYK-
JIeHUsI SBJISIIOTCS TeOMeTpHYeCKUMU. (YCIOBHOCTD HA3BAHWN BHUIHA XOTSI
ObI U3 TOro, 4To paszbuenHne UIYPHI HA TPEYTOJIBHUKU SBJSIETCS <«aHAa-
JIM30M» B OOBIYHOM CMBICJIE CJIOBA, HO 9TO TUMUYIHBIA «CAHTETHIECKUIT»
npuéMm. Kpome TOro, B reoMeTpun MMeeTCs BhIPAsKEHUE <«aHAJ U3 3a1a49u
Ha IIOCTPOEHHE»: IPeIo/iaras MOCTPOEHNE HYXKHON (DUIYPhI BBINOJIHEH-
HBIM, MBI TIBITAEMCS HAUTH Kakue-HUOYIb XapaKTepHbIE OCOOEHHOCTH ITOI
Gburypbl u pa3aUYHBIX CBA3AHHBIX C HEIO APYyrux uryp; obIyMbIBAHIE
9TUX 0COGEHHOCTEH! IO3BOJIUT HAMETUTH X0, UCKOMOTrO 1ocTpoenus.) O6brd-
HO B «BBICIIEI» MaTEMATHKE PACCYKJICHUS SIBJISIOTCA «KOMOMHUPOBAHHBI-
MUI», T. €. B HUX COYETAIOTCS aHAJTUTUIECKUE U CHHTETUIECKIE COODPaKeHMs
U UPUEMBI, HO BCE-TAKU IPH ITOM HEPEIKO OJHA U3 ITUX JIBYX CTOPOH
peodJIaIaeT, U TOTJA PACCYKICHHE TOXKE MOXKHO KBAJN(UIIPOBATH KaK
AHAJNTUIECKOE WJIM CHHTETHIECKOE, XOTS U He BIIOJIHE <IUCTOE>.
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leomeTpnl APEBHOCTH OCTABUIIH OBOJIBHO OOTATYIO KOJUIEKIIAIO KPUBBIX.
OcobeHHO BaKHBI JIJIsI ACTPOHOMUY KOoHWYecKue cedeHus. OHU Ha3BIBAIOT-
csd TaK MOTOMY, YTO 3TH KPUBBIE IOJIyYAIOTCs IPU IEPECeYeHUuN IIPSMOro
KPYTOBOT'O KOHYCA C IIJIOCKOCTBHIO. B 3aBHCHMOCTH OT PACIIOJIOKEHHST KOHYCA
U IJIOCKOCTHU TIOJIYYAIOTCS KPUBBIE Pa3JIMYHBIX THUIIOB — JLIAIIC, IapaboJia,
runepbosia (a MHOLJA TaKXKe OJHA WM JBe HpsaMbIX). [Ipu arom mapabo-
Jla — 9TO KaK Obl MePEeXOHBIN CIydail OT 3JUIuIca K runepbose, OH HOJIy-
YaeTCsl, KOTJIa INIOCKOCTh NapaJuleIbHa OJHON U3 KacaTeJbHbIX IIOCKOCTEN
K KOHYyCy. B cOBCeM y»K HMCKJIFOUUTEIHHOM CJIy4ae, KOria IJIOCKOCTh IPO-
XOJIUT Yepe3 BEPIINHY KOHYCa, MOJIYIAeTCs Mapa IepeceKatonuxCs MPIMbIX
WK JIaZKe BCEro OJIHA IPsMasi (CBEPX TOro, OBIBAET, UTO IepecevdeHre TaKoi
IUIOCKOCTH € KOHYCOM CBOJIUTCS K OJHON TOJIBKO BEPIIUHE I[OCJIEIHETO).

Puc. 22

Jlpyroe Ha3BaHWE KOHUYIECKUX C€UEHU — KPUBBIE BTOPOTO MOPSIIKA. DTO
CBSA3aHO C UCIOJIb30BaHUEM JIEKapTOBBIX KOOD/IMHAT — OKa3bIBAETCH, TOIJIA
KOHUIECKUE CEUEHUST OMUCHIBAIOTCS YPABHEHUSIMHI BTOPOTO MOpsiiKa. Takas
TPAKTOBKAa JIAHHBIX KPUBBIX, B OTJIMYME OT WX OIpeJesIeHNs KaK Iepecede-
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HUI TUIOCKOCTU C TIPSIMBIM KPYTOBBIM KOHYCOM, He TpeOyeT <«BBIXOIa» M3
IJIOCKOCTHU B IIDOCTPAHCTBO, HO CBSI3aHA C UCIIOJIb30BAHUEM BCIIOMOTaTe b
HOT'0 aImapaTa — JIeKapTOBBIX KOOPJWHAT, YTO IOHAYAJLY MOXKET ITOKa3aThCS
MeHee TeOMETPUIHBIM.

Nzyuenne koHmMYEeCKUX cedyeHMil, HACKOJBKO u3BecTHO, Hadag Menexm B IV Beke
no H.3. Kak MareMaTuk M acTpPOHOM, OH OBLI YYEHHKOM OFHOIO W3 BeJddYaimmx y<Ié-
upix antugHoctn Esrokca (ok. 408—ok. 355 10 H.9.), 0 KOTOPOM HEMHOI'O I'OBOPHTCH
B npuioxkenun [. B ToMm ke, 4uTO OoTHOCHTCH K OOIIEMY OOpPA30BAHUIO WM COIUAJIBLHBIM
BompocaMm, MeHeXM CYUTAeTCs YUEeHUKOM uiau mnocienoBareseM I[lnarona. O Menexme
€CTb CBEJIEHHS, YTO OH YCOBEPIIEHCTBOBAJ IIPEVIO’KEHHYIO0 EBIOKCOM KHHEMATHYECKYIO
MOJIeJIb IVIAHETHBIX JBUXKEHUM, a TaKKe Iucay o noiutuke B ayxe Ilnarona. Emé emy
[PUITICHIBAIOT TaKOH »Ke pasroBop ¢ Ajsekcanapom Maxkegonckum (356—323 mo H.3.),
KaKoi 1o 1pyroif Bepcuu npownsomén y Eskiunga (>kusmiero oxoso 300 r. g0 H.3.) ¢ ITTo-
semeeM I (mapcrBoBasmiuMm B Erunre B 305—285 10 H.9.): AJleKcaHIp sIKOGBI CIIPOCHI
ero, HeT jin 60JIee KOPOTKOI'O IyTH K M€OMETPUH, HEXKeJIN u3ydeHne yaebHuka, a Menexm
OTBETHJI, YTO B T'€OMETPHUHU JJIsl BCEX OJHA Jopora. BmpodeMm, o ero Tpyjaax Mbl 3HaeM
TOJIBKO IO COODIIEHUSIM ITO3JHENIINX aBTOPOB.

3ato 1o Hac gouwto nouTH neaukoM (7 KHUT u3 8) GoJiee Mo3/HEe COUNHEHUE O KOHIYe-
ckux ceuenusx Anosutonus Ileprckoro (ok. 250—ok. 170 r. o 1.3.)!. On 6pur MamIIHM
coBpemeHHIKOM Apxumena (ok. 287—212 rr. jgo H.».). Apxumesn u AnosutoHnii — 310
BBICIIIE TOYKU PA3BUTHS JPEBHETPEYECKO MaTEMAaTHKU B €€ KJIaCCUYeCKOM BHJE, IIOC]Ie
HUX OHO €CJIX U HE COBCEM OCTAHOBIJIOCH, TO CYIECTBEHHO 3aMeIHJIOCh. (3HaUnMTeIbHOS
Pa3BHTHE UMEJIO MECTO B APYIOM HAIlpaBJIeHUH, mpeacTasiensoM JIuodbanTom?, — HEdTO
cpejHee MexK 1y aJirebpoit u Teopueit yncesi. Kpome Toro, st Hy K/l aCTPOHOMUN HEKOTO-
poe BpeMsl Pa3BUBAJIOCh TO, YTO MbI Tellepb Ha3bIBAEM TPUTOHOMETPHUEN, TOIBKO B HEIO-
XOKeM Ha HBIHEIIHANW €€ BHJ I'€OMETPUTIECKOM OOJHKe. DTO HAIpPaBJIEHHE BKJIIIOYATIO
n Gostee CIOXKHYIO ChEPUIECKYI0 TPUrOHOMeTpHI.) OIpPOMHBIM CYACTBEM MJIS HEPBBIX
€BPOIENCKUX YYEHBIX HOBOI'O BPEMEHM OBIJIO TO, YTO COXPAHUJINCH OCHOBHBIE TPYIbI
Apxumena u Anosutonusi, BMecre ¢ «Hadamamu» Eskimma, «Amabmarecrom» IITosemes
¥ 11oJ10BUHOMN «Apudmernkus Iuodanra; 6iraromapst 3ToMy COXpaHUIaACh OCHOBHAS 9aCTh

APEBHETrPEIEeCKUX JIOCTU2KEHUIT B MaTeMaTUKe 1 aCTPOHOMMUU.

1EMy mocBsiiena HeIABHO BBINIEINIA KHITIA [49]. Buorpaduueckue cpemenus 06
AnossoHNy HE3HAYWTENBHBI — BCE, ITO MMeeTcsi Ha ceil caér B [49], me 3aiimMér m mos-
crpauunpl. (OcHOBHOE »Ke cojeprKanue KHUTH [49] — MOJEpHU3MPOBAHHOE W3JIOXKEHUH
JIOIIE KX JIO HAC COYMHEHNN ATIOJIJIOHNSI ¥ CBEJIEHUI O He JOIIEIINX JI0 HAC €ro TPYIax,
UMEIOIIUXCHA Y aHTUYHBIX U CPEJIHEBEKOBBIX aBTOPOB, OOCYKJEHUE CBsI3el UCCJIeI0BaHUM
Anonsonusi ¢ paboTamMu €ro NpeIeCTBEHHUKOB, COBPEMEHHUKOB U 00Jjiee TO3JHUX yUIé-
HBIX, BIWIOTE 10 XIX B.)

2[IpeamonoKuTeabHo OH KU B cepenuue 11 B. H.., HO 0 HEM HM3BECTHO TaK MaJIo,
YTO MPeJJIarajJuch U JATUPOBKHU, CIABHUraroline Bpemsi ero »ku3uu Ha +100 jer. Boicka-
3bIBAJIOCH MHeHWe, 4To JlnodaHT ObLI HE HACTOSIIUM IDEKOM, a SJUIMHU3UPOBAHHBIM
BaBUJIOHSIHUHOM.
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Hawm my:xen OymeT B mepByIO OUYepeadb SJIINIC, W 1 JaCTO BLIHOIIY WH-
dopmMaryo 0 Ipyrux KPUBBIX BTOPOTO IOPsiZiKa (KOHMYECKUX CEYEHHUsIX)
B yrpakHeHus. IIpu 5ToM sjutumc s 6yay OnpeessiTh He KaK KOHHYECKOe
ceveHre, a UHAJYE, T. €. HA O KAKOM KOHYCE W ero CeYeHUsiX B OIpeiesleHUN
He Oymer peun. Tak 9TO Ha3BaHWE «KOHHYIECKOE CEUCHNE» MBI MOTJIN OBI
yIOTPeOIATH TOMBKO YCIOBHO: HECKATH, TOYEMY-TO IPUHATO TaK HA3BIBATH
TaKue-TO KpUBble, n BcEé TyT. HanpoTus, Ha3BaHne «KpUBasi BTOPOIO IOPSI-
Kay OYJEeT MPsIMO CBSI3aHO C HAIUMU OIIPEJIeJIEHUSIMU JLIATICA, TapabOoJIbl
U TUnepboJIbl, — sI TOBOPIO <«OIPEIEJEHUSIMI», IOTOMY YTO Yy Hac OyJer
HECKOJIbKO SKBUBAJIEHTHBIX OIPEICJICHUIA.

Ho mnpexie dyem mnepexomuTh K 3TOMY, s XO4y CKa3aTbh, B YEM y2Ke B JIPEBHOCTU
YCMaTPHBAJIN «POJCTBO» JLIAICA C HapaboJIoil U rumepbosIoi, a 3a0QHO IOSICHUTD, C 9eM
CBA3aHBI WX Ha3BaHUs. KCan ompenessTb 9TU KPUBble KaK KOHHYECKHE CEYEHUSI, TO
«POJICTBO» OYEBHHO, M HE IPUXOJUTCH YIUBJIATHCS, YTO KaKHe-TO HX CBOWCTBa OKa-
3BIBAIOTCS CXOJAHBIMHU. HO «pOJCTBO» NMPOSBIISIETCS U IPU JPYTOM IIOJXO/€E, KOTOPBIN JJIst
Hac OyZeT OCHOBHBIM, — KOODJMHATHOM. ATOJIUIOHUN JIOKa3aJjl, YTO STH KPHUBBIE HMEIOT

B IIOAXOAANINX JEKAPTOBBIX CUCTEMaX KOOPJAWHAT CJEAYIONe yPaBHCHUA:

y? = pr — mapaboua;

2 P 2 (7)
y“ =pr+ gac — runepboJia WA JUINIC, B 3aBUCUMOCTH OT 3HAKA —+ WJIA —.

31eck p u d — HOJIOKUTENBHBIE YHCJIA, IOCTOSIHHbIE ISl KayKJOl KOHKPETHON KpUBOIi.
AnoJisIoHuit He 10JIB30BAJICST KOOPJMHATAMU, HO y HEro Oblila HeKasl SKBUBAJIEHTHAs, XOTS
u Gosiee rpoMo3zaKasi, reoMerpudeckasi GopMynaupoBka. C STHMH ypaBHEHUSIMHU CBA3a-
HBbI U NPEIJIOZKEHHBbIE AHOJ’IJ’IOHI/IGM Ha3BaHU{A ITUX KPUBBIX. HO—I‘pe‘IeCKI/I «napa6ona>>
O3Ha4YaeT 4YTO-TO BPOJE <«IPUJIOXKEHHE»; B JPEBHEIDEYECKON I'e€OMETPHM <«IIPHUJIOXKCHHE
KBaJ[paTa CO CTOPOHOH Y K OCHOBAaHUIO p» (IpUYEM Y U p 3/€Ch IOHUMAJHCH KaK OT-
PE3KH) O3HAYAJIO IIOCTPOEHUE PABHOBEIMKOIO 3TOMY KBaPATy HNPAMOYIOJIbHUKA, OIHON
U3 CTOPOH KOTOPOTO sBJyseTCs p. «I'mmepbosas MMO-TpedecKH — 3TO «IIPEyBenYUeHUeE,
n30BITOK» (B PYCCKOM JIATEPATYPHOM sI3bIKE «THIIEPOOJIOi» KAk pa3 M Ha3bIBAETCS IIPU-

€M JIUTEepaTypHOM WM PA3rOBOPHOI pedH, COCTOSIIUM B YUPE3MEPHOM IIPEyBEIUICHUN

Puc. 23
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C IeJIbIO yCUJIECHUA BHG‘{aTJIeHI/IH). VY AnoJutonust «runepﬁona» O3Ha4vaJla <«IIPpUJIO?KEeHUue

C I/I36I>ITKOI\I>>7 a «IJIJTATIC» (no—rpeqecxn «He,ILOCTaTOK») — «IIPpUJIOZKEHUE C HEJOCTATKOM ».

IToarr 2000 jeT KOHUYIECKHE CEUYEHHUsI OCTABAJNCH <«IHCTON HAyKOiis»,
KOTOPYIO MOYKHO OBbLIO GBI HA3BATL «OTOPBAHHOI OT Ku3um»>. A B XVII Be-
Ke OHU HAlllJIi MHOTOYHUCJIEHHbIE MpUMeHeHus:: [ajimieil yCcTaHOBUJI, 9TO
KaMeHb, OpOIIEHHBIl HAKJIOHHO K TOPH30HTY, JIETUT IO IapaboJjie, ecjiu
HE YYIUTBIBATH COMPOTHUBJIEHUS BO3JLY-
xa; Kemmep OTKpbULI, 9TO ILIAHETHI
IBUKYTCS MO 3JUIAIICAM; runepbosa

cayut rpadukom OYHKIMN Y = ¢/x L

(¢ mocTosIHHBIM ¢), BBIpazKarolei 00- P\
PaTHYIO MPOIOPIMOHAIBHOCTD Y U .

(Kak pa3 o Takoil 3aBUCHMOCTH TO- B = 0 c F ¢
BOpPHUTCS B 3akKoHe boitimgs—Mapnor-

Ta, COIVIACHO KOTOPOMY JIaBJICHUE ra3a,

00paTHO TPOMOPIHOHAIBHO €ro 00b- D

éMy mpu mocTosaHHOI TemmepaType?.) Puc. 24

O jasbHeIIeM BO3paCTaHUK UX POJIH
KaK B <«YHUCTOH» HayKe, TaK U B IPHUJIOKEHUAX HEYEero U I'OBOPUTH, HO
g JIyMalo, 9TO TJIABHOE BCE-TAKW — 9TO Ta MCKIIOUNTETHLHO BayKHAsl POJb,
KOTOPYI0 o chirpaju B X VII B. mpr BOBHUKHOBEHUN COBPEMEHHBIX TOUYHBIX
HayK.

Urak, Tereps st Oyay TOBOPUTH 06 SJIINIICE U JIAM JIBa OIIPE/IETICHUS TOM
kpuBoii (1031H€e€e OGyIeT u Tperbe). Cpasy oTMedy, U4To ¢ JUIUIICOM CBI3AHbI
IIB€ 3aMeYaTe/bHble TOYKH, KOTOPbIe HA3BIBAIOTCS ero (hOKycaMd M KOTO-

3 Bermasomuiics MCTOPUK AaHTUYHBIX TOYHBIX HayK Otro Heiirebayep ykasbiBaj, 4To
BOIIPOC O IIepeceveHnd KoHyca (He 00s3aTesNbHO MPSMOrO, HO U KOCOIO) C IJIOCKOCTBIO
npuobpET y»Ke B APEBHOCTH 3HAYUEHHE B CBSI3H C TOYHOM TEOPHEH COJHEYHBIX YacOB
u ¢ xaprorpadueii [46]. Ho B uznoxenun Heiirebayepa Teopusi COMHEYHBIX YACOB, Ha-
CKOJIBKO I IIOHHMAlO, He CTAJIKHBAETCS C STHM BOIIPOCOM, [JJIsi KapTOrpaduu Ke Hy>KeH
TOJILKO OCODOBIN CiIydail, KOr/ia B IIEpeCEeIeHNN IOy IaeTCsl OKPYKHOCTb. Buanmo, uarepe-
cpl kKaprorpadun (1, MOXKeT GbITh, KaKOI-TO He OTpaKEHHOW B KHure [46] yacTu Teopun
COJIHEUHBIX YaCOB) MOIVIA CIIOCOGCTBOBATH OOCYKJIEHHMIO JIAHHOTO BOIPOCA, HO 3JUIUIC,
rnmapabosia 1 runepboJia BOZHUKIIM IIPU OTPBIBE 3TOr0 0OCY2KJIEHHUS OT HEIOCPEICTBEHHBIX
3allpOCOB TOTJIAIIHEH NPaKTUKU.

4P. Bois (1627—91) Buéc Hemasbiil BKIaa B PU3NKY U OCOGEHHO XUMHIO — CTAHOB-
JIeHre TIoC/IeAHeN KaK HayKH Hadajloch ¢ ero pabor. Ho uro kacaercss JaHHOrO 3akoHA,
TO, cOODIIasi 0 HEM B nedaTu B 1662 1., Boilsib Ha3bIBaJI €0 aBTOPOM CBOET'O TOTJAIIHETO
accucrernTa P. 'yka (1635—1703; MBI emé BCTpeTHMCs ¢ HEM B npritozkerusix V, VI), a cam
He IpeTeHJI0BaJl Jarke Ha coaBTopcTBO. . Mapmorr (1620—84) noarsepaun B 1676 r.
9TOT 3aKOH Ha 0oJiee OOIIMPHOM U TOYHOM 3SKCIIEpUMEHTAJIbHOM MaTepuaje. Tak 4To
3aKOH IIpaBHUJIbHEE ObLIO GBI HA3BIBATD 3aKOHOM I'yKa (HO TAKOBOM y?Ke HMeeTCsl B APYTOM
paszese HayKd — TEOPUU YIPYTOCTU U CONPOTUBJIEHUs MATEPHAJIOB!) MM, UMes B BULY
poJsib MapuoTTa B €ro OKOH4YaTeJIbHOM yTBEPXKJIeHnH, 3aKoHOM I'yka—Mapuorra.
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pBle UrparoT 0cobyio posb BO MHOTHX BOMpocax o0 3jmmicax. B mepBom
OTIpeJIeJIEHUN SJLTUTIC CPA3y BBOJUTCSI BMECTE C STHUMU TOUKAMU.

[TEPBOE OIPEJEJEHUE. JAAUNC Ha MAOCKOCTU, POKYCAMU KOMOPO2O
asasomes mowku F u F' amot naockocmu, — amo kpusas 1a dannoti naoc-
KOCTU, COCMOAWAA U3 Mex moyek A, 0ai KOMopur cymma paccmosanuts do
Porycos pasra 3adanromy wucay 2a (max wmo ona 00Ha u Ma dHce 0an 8Cex
MoYex daaUNCa):

|AF| + |AF'| = 2a.

Komneuno, niogpazymeBaercst, 9To Takue Touku A BoOOIIE CyIIECTBYIOT; 3TO
Tak, ecau paccroguue FF’ Koropoe HasbIBaeTcs (DOKAJBLHBIM PACCTOSHIEM
1 00bIYHO 0003HAYAETCs Yepe3 2¢, He MPEBOCXOIUT 24, — BeJlb B TPEYIOJib-
nuke AFAF' cropona F'F' He MoxkeT OBITH JJTMHHEE CYMMBI JIJTUH JBYX
JpyruX CTOpoH. B KpaifHem ciydae, KOTJIa a = ¢, JUIAIC CBOJUTCS K OT-
pesky F'F'. Mul GyzieM Bcerja CIuTaTh, 9To a > ¢. Ecam 3aKpenuTsh KOHIBI
HUTKH JJIIHBL 20 B Toukax F', F' u HaTArMBaTh HUTKY C IIOMOIIBIO ITPUZKa-
TOrO K IIJIOCKOCTH KOHYMKa KapaHallla, TO IPU JBUXKEHUU KapaHJIaIla ero
KOHYUK KAaK Pa3 U 04epTUT /e (puc. 24).

Ha upsivoit F'F mvetores e Touku B u C nexxamue wa sumnce. OqHa
u3 HEX, cKaxkeM, B, 6mmke kK F/, yem k F', a apyraga (C) 6imxke K F, yem
K F’. O6osnaunm uepes O cepenuny orpeska F'F’. O4esuno,

2a = |F'B| + |BF| = |F'B| + |BF'| + |F'F| =2|F'F| + 2|OF'| = 2|OB],

orkyna |OB| = a. Anasornano u |OC| = a.

Ha nepnengukynsape k npsmoit F'F’, npoxoxamem depes O, ToXKe nMe-
I0TCSI TOYKU jutnica. JeficTBUTebHO, TOCMOTPUM, KOT/Ia TOUKa E mepren-
JIuKyJspa npusaggexut sumncy. O6osuadum b := |OFE|. Torpa B npsimo-

yroasaoM Tpeyrosbauke A FEOF kBagpar jajm-

Hbl runorTenyssl |FE|? paBen cymmve Kbal-

b paToB JumH Kareros, T.e. b% + ¢2. Cnenosa-
TesibHO, |F E|=+v/b2 + ¢2. Anasornuso |F'E| =

@ = b2 + 2, nosromy Vb2 + 2 = a, uro ynob-

Hee 3ammcaTh Ge3 3HaKa KOpHS: a’ = b2 + ¢

Paz a > ¢, 1o, neiicTBUTEILHO, UMEETCST IUC-

Puc. 25 J10 b, yIOBIETBOPSIONIEE STOMY COOTHONIECHHIO.

Ha ykazamnnom nepnenukyisape K FF’ umeror-

cst mBe Touku, F u D, orcrosimue or O Ha b. OHU CUMMETPUYIHBL IPYT JPYTY
OTHOCHUTEIHHO TpsiMoil F'F/ M, COracHO CKa3aHHOMY, JIEXKAT Ha SJLIUIICE.

Touxku B, C, D, FE ua3zbiBaiorcs Bepmmnaamu djumunca. BC Ha3biBaeTcs
ero 60/1b1m0i 0cbIo, a OC (pasuo Kak u O B) — 60J1b1110ii oJ1yocsio. OTpe3ok
E D nassiBaercs MaJioit ocbio, a OF (pasHo Kak 1 OD) — MaJol noJIyochio
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ssummica. JJIMHbI 9THX II0JIyoceii TOXKe Ha3bIBAIOT OOJIBIION COOTBETCTBEHHO
MaJIOf IOJIyOCSIMH; B 9TOM CMBICJIE T'OBODSIT, 9TO @ — GOJIbINAsl IOJyOCH,
a b—wmamnas. OrHomenue e := ¢/a Ha3bBIBACTCS

KCIIEHTPUCUTETOM dJLTUIICA. Beerna BbITIOTHSI- P
ercs paBeHcTBo 0 < e < 1. Snauenne 1 gy e p
MBI MCKJIIOYUNJIN, YCJIOBUBIINACH, 9TO G > c. Kc-

Ju OBl MBI 9TOTO HE CAEJAJH, TO mpu e = 1 F' 2c B
3JLJIATIC «BBIPOXK/IAJICsT» ObI B OTPe30K. [Ipu Hy- P

JICBOM 3HadeHuu e Touku F' u F’ coBmaaior ¢

toukoii 0. B saTom ciyuae ssutuic mpesparia- Puc. 26

eTcsl B OKPYKHOCTH ¢ nieHTpoM B O pajuyca a

(6ymydn reoMeTpuYecKUM MECTOM TOUYEK, orcrodAmux or () Ha DPACCTOs-

HUE @), KOTOpasl, TAKUM O00Pa30M, SIBJISETCS UACTHBIM CJIydaeM 3JIIHUIICA.
[Tepuennukyssp K OOJIBINOI OCH SJITUIICA, BOCCTABICHHBIN B doKyce F

[EPECEKALT IJUIUIC B JABYX ToUkax P u P’, cHMMETPUYHBIX OTHOCHTEIHLHO

bospIoit ocu. elcTBUTENBHO, MyCTh P JIEKUT Ha 9TOM TEPIEHIUKYIISAPE;

mpu KakoM yciaoBun P Oyrer jexkarh Takyke u Ha djunce? O6o3HAUINM

p:= |FP|. Torna |F'P| = \/4c?> + p?, nu Ham Hazj0, 9TOOBI BBIIOJIHIINACH

paBeHCTBA

p+\4c? + p? = 2a, (2a — p)? = 4c* + p?,
b2

dap = 4(a® — %) = 4b%, p=—.

a
Urak, ectmr Mbl XOTHM, 9TOOBI TOYKA P IPUHA IE’KAITA SJLIATICY, TO AOJZKHO
GBITH BLITIOMHEHO pasercTso |FP| = b%/a. Hukakoe apyroe paccTosHme He
rogurca. Ho ecim B3gaTh TOYKy P Ha HaleM NEpIEHIUKYJIdpe Ha yKa-
3aHHOM PACCTOSAHUU OT F', TO JNEHCTBUTENBHO JIU 3Ta TOYKA OYyJAeT TOUYKOM
snuica? HecsoxkHast mpoBepKa — 10 CYIIECTBY, «IIPOKPYYUBAHUE» HPHBE-
JEHHOTO PACCYXKJIEHUST B OOPATHYIO CTOPOHY — MOKA3BIBAET, UTO JIa: €CJIH

|FP|=b%/a, To

|F'P| = 4c2+—: \/4 2 p2)a2 + bt =

1 262 — b2 b?
- (2@2—b2)2:a—:2a——,
a a a

|FP|+ |F'P|=2a.

Yucno p := b?/a maspiBaeTcss bOKaIBHBIM MapaMeTpoM sammrca. (He
CJIUIIIKOM Y/Ia9HOEe HA3BaHUE, IOTOMY YTO CJIOBO «IIapaMerp» yIoTpedJisieT-
st BechMa MMpoKo. Ho Tak y»K NPHUHATO MOBOPUTH. )
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BTOPOE ONPEAE/IEHUE. VMmeeTcs apyroe orpeiesieHue JIHICA, KOTO-
pOe B By30BCKOM KypCe MATEMATHKH CUATACTCA MCXOAHBIM. HaM oHO TOxke
IIOHAJOOUTCSI.

Sanunc —amo Kpusas, KOMOPas NOAYHAEMCA NPU CHCAMUY HEKOMOPOT
OKPYHCHOCTU 6 HEKOMOPOM HANPABAEHUU.

IMosicanM, 9TO 3TO 3HAYAT. BO3bMEM OKDY’KHOCTH PAJIAyca a C TeH-
tpom O; oHa mMeeT ypasHernue 12 + y? = a?. CykaTue B HAIPABJICHAN OCH
opauHaT (ocu y) B k pa3 cOCTOUT B TOM, UTO KaxKjasi TOUYKa A ¢ KOOpJIMHA-
ramu (z, y) nepexomutr B Touky A’ ¢ Koopmunaramu ¢’ = x, y' = y/k. Ilycrs

k = a/b. llepenuinem ypaBHEeHHE UCXOJHON OKPYKHOCTHU B BUJIE
22 P

a2

a? =1

U BBIPA3UM 3/1eCh I, y 1Uepe3 KoopauHarhl x’, 3y’ Toit Toukn (Toukm A’),
KOTOpas JIOJI2KHA JIesKaTh Ha, 3JUINICE:

x'? 1 /a N2
=t (—y') =1,

a a2 \b
@y
a? B2

DJUIMIC COCTOUT M3 TeX U TOJbKO Tex Todek A’ ¢ koopmunaramu (2’ y'),
JIJIsT KOTOPBIX BBIOJIHSICTCS IMOCIEIHee COOTHOIICHUE. 3/1eCh Y KOOPAMHAT
TOYeK 3JLImIca cToAT mTpuxu. Ho Benp Beé
PaBHO, KakK 0003HAYAIOTCA 9TH KOOpPIMHA-

x
(x, ) TBI: C TEM K€ YCIEXOM MOXKHO CKa3aTh,
YTO 3JUIAIC COCTOUT U3 TE€X M TOJBKO TEX
z', ) Touek A ¢ KoopauHaramu (T, y), [ KOTO-
PBIX BBINOJIHSIETCS PABEHCTBO
2 2
T Y
—+ =5 =1 (8)
a? b2

Touka ¢ KoopauHATAMA (—T, —Y) CUMMET-
PHUYHA OTHOCHUTEJLHO Hadasa Koopausatr O
TOUKe ¢ KoopAauHaramu (z,y). YpaBHe-
mue (8) jemaer o4eBUAHBIM, 9T0 O ABIISIET-
Csl EHTPOM CUMMETPUH JIIAIICA, T. €. YTO
€CJIM TOYKA, JIEXKUT Ha SJUINICE, TO U CUMMETPHIHASL eff TOUKa JIEXKUT Ha JI-
sarice. OtycKast yHOMUHAHIE O CAMMETPHHI, TOBOPSIT IIPOCTO, 9T0 O — EHTD
JIITATICA.

Puc. 27

MO2KHO CIIPOCHTB: & HET JIM y JUIMICA APYIUX IeHTpoB cuMmMmerpuun? U3 pucynka
KasKeTCsl, YTO HeT, — IO KpaifHeil Mepe, APyroro IeHTpa CHMMeTpuu He BuUIHO. MoxkHO
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JIOKa3aTh, YTO €ro JeHCTBUTEJLHO HET, M 9TO He TaK YK CJIOXKHO, HO IOAPOOHO si 9TOro
nesiaTh He Oymy. 3amMedy TOJIBKO, 9TO BOOOIE y OIPAHUYEHHON (DUTYyPBI HE MOXKET OBITH
JBYX IeHTpOB cuMMerpuu. IIpu »keslanum umraress Jierko jgokaxker, 4ro eciau O1 u Oz
CYTb IEHTPBI CUMMETPUH HEKOTOPOil durypsr, To npu casure Ha 20102 (korga Kaxgast

TOYKa A IEepexXoguT B TaKylo TOUKy B, dro AB = 201032) durypa nepexonur B cebsi.
(VYka3aHHBINA CABHUI IOJIyYNUTCH, ecyu cuepsa nepeBectd A B Touky C, cuMmerpudnyio A
orHocuTesibHO 1ieHTpa O1, a 3arem C nepeBectu B TOuky B, cummerpuunyio C or-
HocurenbHo Oi.) Otcroma ciegyer, urto Hama (Urypa MEpexOauT B cebsi IIPU CIBHUIE

Ha 2n0102 ¢ JIOOBIM HATYPAJILHBIM T, ITO JJIS OPAHUYIEHHON (DUIypPbI HEBO3MOXKHO.
(Cm. Takxke ynpaxkaenue 3.1 Huke.)

W3 ypasuenns (8) BujHO, 9TO paccrosgaue oT meHTpa O 10 J1I060H TOUKHU SJUIAICA
3aK/IIoueHo Mexkay a u b. HawmbospimmMm sBisieTcss paccTosiHme OO0 TOYEK, IIe OChb &
nepecexaer smunc (tam y =0 u 22 = a?). Ecim ke y > 0, To

2 2 2 2
z +%<%+%:1, 22 +y? < d?,

a y/z2 + y? —»s710 1 ecTh paccrosaue or O JI0 TOUKH C KoopAuHaTaMu (z, ¥). AHAJIOrHIHO
IIOJIy9aeTCsl, 9TO HauMeHbIlee paccrosiune or O 10 TOUEK SJUINIICA PABHO b M OHO JOCTHra-
eTcsl B TOYKAX IEPECeYEHUsI JUIUICA C OChIO Y,

Torga Kak npu = 7# 0 Bcerga BBIIOJIHSAIOCH pa- A » B
BeHCTBO /22 + y2 > b. Tlosanee, Koryma Mbl y6e-

JIMMCSI, ITO BTOPOE OIIPEIEIEHUE SJIIIIICA SKBUBa-

JIGHTHO IIEPBOMY, MBI CMOXKEM CKa3aTb, 4TO OJIu- o)) Os
kaimue K O TOYKU IJLJIUIICA — 9TO KOHIIbI MaJIoi

ocu, a Haubosiee ynanéHuble oT O TOYKM 3JIJIUI-

a2

ca — 3TO KOHIIBI GOJIBIION OCH. C
[IpeocTaB/IsIIo YUTATETI0 B BUJE yIIpaskKHe-
HUsA JO0KasaTb, 4TO ypaBHeHue Anosutonus (7), Puc. 28

€CJTM €ro TepenucaTb B HEKOTOPBIX JPYTUX KOOP-
auHaTaX, nepexoaut B (8). Takum o6pa3oM, Mbl 1 ALIOJIOHU# HA3BIBAEM JUIMIICAMHU OHU
¥ Te 3Ke KpPHUBBIE. Y JIINIICA, ONUCHIBAEMOro ypasHeHneM (7), IEeHTD HAXOAUTCS B TOUKE
¢ koopauuaramu (d/2, 0), a rasnble ocu pasHbI d, v/pd.

DKBUBAJIEHTHOCTb OIPEAEJEHU. JloKakeM, YTO SJUIUIC B CMBIC]IE
MIEPBOTO OTIPEIETIEHNUS IBJISIETCST TAKKE U SJITAIICOM B CMBICIE BTOporo. Boc-
MOJIb3yEMCsl JIEKAPTOBOH CHCTEMOM KOODPJMHAT X, iy ¢ HAYAJIOM KOOPJINHAT
B IIEHTDE 3JLIHIICa, Ocbio abcruce (ocbio Ox), HAPABIEHHON 1O GOJIBIION
ocu sjumanca, a ocbio Oy, craso GbITh, — 110 Majoit. Ilycrs Touka A ¢
KoopymHaTtaMu (x, y) JexuT Ha imice. OnycruM n3 A NepleHuKyIsp
Ha GOJIBILYIO OCh 1 0603HaYMM uepe3 B ero ocuosanue. Torma

|FA|? = |FB|?> + |AB|? = (z — ¢)® + 42,
|[F'A]? = (z +¢)® + 7,
Ve —e)2+ 92+ /(z+0c)? +y2=2a.

Otr KBaJpaTHBIX KOpHEH H30aBJISAIOTCS, €CTECTBEHHO, IIyTEM BO3BEIEHUS
B kBajpar. Ho eciu Obl MBI BO3BeIM 00€ YacTU B KBaJpaT, TO B JIEBOW
JacTU y Hac ObLIO ObI HEIPUSITHOE CJIaraeMoe — IIPOU3BeJIEHIe IBYX KOPHEid.
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Jlydire cnepBa mepeHecTH OJWH U3 KOPHEH B MPABYIO YaCTh U YK IIOCTE
9TOT'0 BO3BOJIUTH B KBaIPaT:

T+ +y?=2a—/(z—-c)+y°
(x+e)? +y? =4a® —da/(z — )2+ 42 + (x — ¢)* + 7,
2cx = 4a* — 4a/(z — ¢)? + y2 — 2cx.
Teneph MbI MOXKEM, TaK CKa3aTh, <H30JMPOBATL» KBAJIPATHBII KODEHb:
4ar/(z — ¢)? + y2 = 4a® — 4cz,
ay/(z —c)? +y2=a® — cx, 9)

II0CJIE 9er0o BO3BeJCHNE B KBaJIpaT IMOJIHOCTBIO n3b6aBigeT HAC OT KOpHefIZ

a’(x — ¢)* + a*y* = a* — 2a%cx + *2?, (10)
a22? + a2y = a* + a2,
2 2
T
R Y (11)

a?  a?—c

9TO0 ecThb YpaBHEHUE SJIJIUIICA C b2 = @2 — CQ.

«I[IpokpyunBasi B 06paTHOM HAIPABJIEHUU» ITO PACCYKJECHUE, TTOJTYda-
€M, UTO JITAIC BO BTOPOM CMBIC/IE SIBJISIETCS SJUIATICOM B TIEPBOM; TIPU STOM
U3 TPEIBIIYIIETO MBIl YK€ 3HAEM, TJIE

y HAJI0 TIOMECTUTDH IpeoaraeMble o-
KYCBl — HA OCH % 1O OGE CTOPOHBI OT
nenrpa O Ha paccrosiHuu ¢ = v a? — b2
ot Hero. HebombImoe mpeocTepeskenne:
[0 XOJy PACCY?KIECHUS TPUIETCA IBa-
F ¢ O ¢ FBJ] T xmn u3BIEKATh KBaJpPATHBIH KOPEHD,
u 00a pa3a HaJO IPOCIEIUTh, ITO MOJI-
KOpEeHHOe BhIpaskeHue HeOTPHUIATEeHHO
(HO 3TO OYEBHIHO — OHO €CTb CyMMa
KBAJIPATOB) U 4TO 00 CTOPOHBI DABEH-
Puc. 29 CTBa, IOJYYEHHOIO IOCJIE W3BJICYEHUS

KOPH#, UMEIOT OJIMHAKOBBIil 3HaK. B Ha-

LIeM cJIy4ae, KOrJia OJiHa U3 JacTell eCTh KBaJApaTHBIA KOPEeHb, KOTOPBINA 110
YMOJTIaHAIO GEpETCS HEOTPUIATEHHBIM, HAJO YOEIUTHCS B HEOTPUIATE b=
Hoctu Apyroi yacru. Hanpumep, npu nepexoze ot (10) k (9) namo ybeaurs-
cs1, aTo a? — cx > 0, ecm Touka (v, y) yaosiersopser ypasaerno (11). Us
ypasHenust (8) BUIHO, uTO |2| < a, a pa3 Mbl 6epéM ¢ = va? — b%, 1o ¢ < a;
BOT U HOJTy4aercs, 9to cx < c|z| < a?. Ilpu pyrom u3B/IeueHnn KOPHs HAJI0

b
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yb6emurhbest, aro 2a — 4/ (x — ¢)? + y? > 0. DTo AWM HEMHOTHM JJTHHHEE.
B mocseaaeM BLIPAsKEHHI MO, 3HAKOM KOPHS CTOUT

22 +y? — 2cx + 2.

s ypapnerus (11) suamo, ato 22 + y? < a?. Kpome Toro, —2cx < 2c¢|z| <
< 2a? (B 9éM MBI TOTBKO uTO ybemmmich) n ¢ < a®. B urore momyuaercs,
9TO

2 +y2 —2cx + ¢ <4a2,

2a —/(z— )2+ 42> 0.

Cobepém BoemHO (DOPMYJIBI, CBA3BIBAIONIAE JPYT € JPYTOM BEJTHIUHDI
a7 b7 c’ 67 p:

b2
a?=bv*+c% c=ae, b=aV1l—e2 p=—=a(l—¢?). (12)
a

Ternepb MBI MOYXKEM BBISCHUTDH, HET Ju y djumnca (8) apyrux pokycoB, KPOME TeX,
KOTOpBIE HaM YK€ H3BECTHBI (M PACIIOJIOXKEHBI B TOUKax ¢ KoopauHaramu (e, 0), rue
¢=+a? — b?). Jonycrum, 9To nMeIOTCA Kakue-TO Apyrue asa dokyca [, F{, rax uaro
IUls TOYEK SJUIMICA BBIIOJIHAETC paBeHCTBO |AF1| 4+ |AF|| = 2a’ ¢ HekoTOpOil KOH-
crarToit o/. U3 mpempiiymero BuAHO, 9TO HeHTp sjummnca O COBHAJAET C CepeIuHON
orpeska F1F] u 410 B HeKapTOBBIX KoopiauHarax ¢ HadasgoM B O’ u oceio z’, Ha-
mpasserHol mo [y F, snnumc nmeer ypaememme x'2/a’? + y'2 /b2 = 1 ¢ xomcramToit

a’? —|OFy|2. Torga naubosbiiee paccrosaue or O 0 TOYEK 3JIIMICA PABHO a’
U OHO JIOCTHIaeTCs JJisl TOYeK IepecedeHusi ocu x’ c¢ suuncom. Ho Beas To ke camoe
HaubOoJIbIIIEe PACCTOSIHIE PABHO @ M JOCTHUIAETCS TOJIBKO B TOUKAX IEPECETICHUS SIIIAICA
¢ ocio x. CiuenoBaresbro, a =a’, a ocb ¢’ coBuagaer ¢ ocbio z, T.e. F1 n F| nexar
Ha TOIt ke mpsiMoit, uto u F, F’/. O6pamascs K HANMEeHbIIeMY PACCTOSHHIO, 3aK/II0UaeM
anasorunano, uro b=1b'. Teneps u3 pasencrsa b= Va2 — c2 = /a2 — [OF1|2 sbiBozHuM,
uro |OF}]| = ¢, TaK 4T0 «HOBBIe» GoKychl Fi, F| umeror koopaunarsl (+c, 0) u noromy
COBIIaJAI0T C IIPEXKHUMU.

Vopaxsaenue 3.1. IIposepbre, 4T0 GOJIbIIASA OCh HJIIMIICA SBJSIETCA JJIMHHEHIIEH 13
ero xopx (T.e. OTPE3KOB, COENUHSIIOIINX KaKue-HUOyZIb [Be TOYKH JJUIAICA). BbiBennTe
OTCIOZA, UTO Yy IJUIMIICA UMEETCsl TOJILKO OJMH LEHTP CHUMMETpUH. TO MOXKHO CKa3aTb
0 ero ocsix cummerpun? [IpoBepbTe Tak:Ke, YTO MaJjiasi OCh JUTUIICA SIBJISIETCS KpaTJdaiinei
U3 TeX ero XopJl, KOTOPbIEe IPOXOAAT Yepe3 neHTp ssuiuica. (Kak u B ciyuae okpy»KHOCTH,
TaKue XOp/bl HAa3BbIBAIOTCA auamerpamu.) (Ykaszanue. Y KaKUX OTPE3KOB IIPH OTOOparKke-
vmm (z, y) — (2, ky), 0 < k < 1, He yMeHbIIaeTcs IUIMHA, & y KAKUX OHA M3MEHSETCS
6ostee Bcero?)

[liomAAb SIUIICA. Tlpu cxxkatum 1o BepTUKau B k pa3 IUIOMATh
JI0001 (bUryphl yMeHbIaeTcss B k pa3. DTo o0IIee yTBEp:KJICHUE CIIPABE]I-
JINBO 111 JiI000# (DUTYPBI, O IJIOMAIN KOTOPOIl BOODIE MOXKHO TOBOPHUTH.
Ho BBuUmy ero obmrHOCTH HAMO OMUPATLCS HA OOINEe OIPEIEIEHNE TTOHI T
«ILIOMIAb (PUTYPBI», 8 OHO HE TaK YK IIPOCTO; BOSMOXKHO, YUAIIEMYCs C HUM
He TIPUXO/UIIOCh UMeTh Jena. (B yuebuuke Kucenéna, KOTOpBIH JynTeIbHOE
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BpeMsl ObLI CTAaHIAPTHLIM IIKOJIBHBIM YIeOHIMKOM II0 T€OMETPHH U ObLI XO-
POIIIO OTPabOTaH METOIUIECKH, BOBMOXKHOCTD COIIOCTABUTH KaXKI0i (purype
HEKOTOPOE YHUCJIO0 TaKUM 00pas3oM, YTOOLI OHO MMEJIO OOBIYHBIE CBONCTBA
IJIOIIA/IN, YECTHO IOCTYJIUPOBAJIOCh KaK
— HEKOe JIOIYyINeHre, MIPUIEM TOBOPHUJIOCH,
9TO 3TO HA CaMOM JeJle BEPHO, HO MBI
9TOro JI0Ka3biBaTh He Oyzem.) Ho kak 6b1
TO HU OBLIO, JIETKO IOBEPUTh, YTO JIIO-

AN Oy10 OrPAHUIEHHYIO (T. €. PACIIOJIOKEHHY IO

) &, B KOHEYHOI YaCTU IJIOCKOCTHU; HAM 3TOTO

yd J nocraTo4no) ¢urypy @ MOXKHO 3aKJIIO-
D, 9UTh MEXKIy aByMsi purypamu @1 u s,

@ COCTOSIIIIIMHU U3 HECKOJIbKUX KBaJPaToB,
\ CTOPOHBI KOTOPBIX MAPaJIIEIbHBI KOOPIH-

HATHBIM OCSIM M Pa3HOCThb ILIOMAJeH KO-
Topbix S(@1) — S(P3) MeHblne Hamepésn
Puc. 30 sagannoro gucia €. Torma S(@;) mator
upubikenue i wiomaau S( D) dury-
pol @ ¢ TounOCTBIO O €. Ilpm CKaTWm B BepTHKAJILHOM HaIlpaBJICHUU
(HAIIpaBIEHUN OCH OPJAMHAT) B Kk Pa3 KBaJPAT CO CTOPOHAMH, HAPAJIIIEIb-
HBIMA KOOPIUHATHBIM OCSM, IIEPEXOANT B MIPAMOYTOJIBHUK, TOPU30HTAILHBIE
CTOPOHBI KOTOPOTO UMEIOT Ty K€ JIJTMHY, 9TO W CTOPOHBI KBaJIpaTa, & Bep-
THKaJILHBIC CTOPOHBI B k pa3 Kopode. 1103ToMy IIoma s TPAMOYTOJILHUKA,
B k pa3 MeHbIIe momaau Keaapara. JIobyo dburypy @ MO:KHO 3aK/II0UATDH
Mexky AByMs durypamu @ 1 @, KOTOPBIE COCTOSIT U3 HECKOJILKUX KBaI-
pPaTOB yKa3aHHOIO THUIIA M PA3HOCTH IUomajeil Koropeix S(P1) — S(P2)
MEHBIIIC HAIEPE 3aJaHHOTO YUCIa €. 11ocie CxKaThs MOy IuTCA, YTO C2Ka-
tas durypa @' zakmouena Mesk 1y aByms urypamu @) u @4, cocrogmumm
U3 NpsAMOYTO/bHUKOB; i Hux S(@)) = k~1S(®;) u pasnocrs mioma-
neit S(@)) u S(@;) mennre k~te. [liomans xe S(P') saxmouena Mexry
k=1S(®1) u k=1S(®@3), Taxk 4uTo OHa OTIMHUAETCS OT 3aKIIOUEHHOTO B TexX
e Tipesiestax wmncaa k1S(®@) me Gomee wem ma ke. Ho mocremee wmeso
MOYKHO B34Th CKOJIb YTOJHO MAJIBIM, M II03TOMY BBIIOJHAETCS PABEHCTBO
S(@")=k"1S(®).

IIpumMenuM 310 coobpazkernue K smmicy. Kpyr 22 + y2 = a? umeer mio-
mab 7a?, a Ipu cKaTuM B a/b pa3 OH TEPexoiuT B 3/UIHIC C IJIABHBLIMH
noyocsamu JauHbl a u b. [losTomy mromans mocnennero pasua mwab.

VYPABHEHUE 2JIJIUIICA B ITOJISIPHBIX KOOPMHATAX. ITosroc Bo3bMEM
B dokyce F, a NOJAPHBIH yroa ¢ OymeM OTCYATHIBATL OT HAYAJIBLHOTO
gyua F'C| rne C 6nuxkaiimast K F' Touka 1mepecedyeHus SJIIUICA C €10 60Jib-
ot ocbio. Harnommio, uto e = c¢/a, p = b?/a.
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Puc. 31

[Tycte TOUKRa A sjIUICA UMEET TOJISIPHBIE KOODJUHATHI T, (0, TaK 9TO
|F'A| = r. [lo-upexxuemy obozuavas uepe3 AB nepueHauKyIisp, Oy IeHHbIH
n3 A ma FF', u3 mpaMoyTroabHOro Tpeyroabanka F/ B A naxomum

|F'A|> = |F'B|? + |AB|? = (2¢ + r cos ¢)? + (rsin )2,

Ucnonp3yem mepBoe ompeiesieHne SJLIATICA:

T+ \/(204- 7 cos )2 + r2sin’ p = 2a.
ITepenecéM T B IPaByI0 YacTh W BO3BEJIEM B KBAIPAT:

4¢® + der cos o 4 12 cos? o + r2 sin? o = 4a® + dar + 2,

a TakK KaK CyMMa JBYX INOJUEPKHYTBIX CjaraeMbIX B JIeBOIl JacTH paBHA
OJUEPKHYTOMY UJIEHY B IIDABOIi,
p

A +crcos<p+ar:4a2, r(a+cos<p) :b27 R —
1+ecosy

(13)
Vpasuenue (13) —310 ypaBHEHHE JIIMICA B HOJISIPHBIX KOOpAMHATAX. Tod-
Hee TOBOPs, MPEIbIIYIINE PACCYXKICHUS JOKA3BIBAIOT, UTO JJIIAIIC OMUCHI-
BaeTcsl ypaBHeHHeM (13), HO MOXKHO «IIPOKPYTHTb UX B JIPYTYIO CTOPOHY»
U JIOKa3aTh, YTO U 0OpaTHO, KPUBas, ONUChIBaeMas ypaBHenueM Buaa (13)
c0<e<1, p>0, apigercs JIAICOM.

Kakast kpuBast nosyuurcs, ecau B ypauenuu (13) B3are e > 17 IIpo-
CMaTpUBasl HAINM BBIKJIAJKNA, YOEIUMCs, U9TO MPHU € = 1 TMOJyYIuTCcs ypaB-
HeHHe BUIA ax = 42 + [ ¢ HexoropeMu o < 0, (3; IepeHecs 3aTeM HATAJIO
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KOOPJIMHAT B TOIXOJANLYIO TOUKY ocu O U M3MEHUB Ha IIPOTHBOIOJIOXKHOE
TTOJTO’KUTE/TbHOE HAIPaBJIEHNe STOM OCH, IPHIEM K ypaBHEHMIO B T = ky?
¢ HeKOTOpBIM k > 0. D10 ypaBHeHMe onuchiBaeT napabosy (BepoaTHO, BaM
ypaBHEHUE 1apaboJibl U3BECTHO B TAKOM BHJE, KAKOW MOJYYaeTCs, €CJIU
HOMeHATH poamMu y 1 x: y = kx?). Ilpu e > 1 momy4aercss ypaBHeHne BUIA
—(z — a)?/a® + y?/b®> = 1 ¢ HEKOTOPHIM (v T HEKOTOPHIME HEHYJIEBBIMHE a, b.
DT0 ypaBHEHHE ONUCHLIBACT THIEPOOITY, HO IEPEXO, K IPUBLITHOMY BaM BHLY
y=k/x cnoxuee.

VYopaxnenue 3.2. a. JlokaxkKuTe SKBHUBAJEHTHOCTDH CJIEYIOIIUX OIPEJeJIEHNI Iapa-
GoJIBI:

— KPUBAA HA NAOCKOCTU, KOMOPAA 8 HEKOMOPOTl 0exapmosol cucmeme KoopouHam
umeem ypasnernue y = kx? (c k#0);

— MHOIHCECTNBO MOYEK HA MAOCKOCTU, PABHOYOIAAEHHBIT om Hekomopol mowku F
amotl naockocmu u Hekomopol npamot D, mooice sescauieti 8 amoti naockocmu u He
nporodswets wepes F. (Touxa F wnasweaemen goxycom, a npamas D — Jupexmpucol®
napabonwt.)

6. Jlokarkure, 9To mapabojia UMeeT eIMHCTBEHHYIO OCh cumMerpuu. Kakoe oTHOIIE-
HHE 9Ta OCh UMeeT K KOOPJMHATHBIM OCSM IIpU IIEPBOM OIIpejieJieHnH napabossl u K F
u D — npu BropoMm? VY ka3aHue. Joka3pBas eIUHCTBEHHOCTH, HAYHUTE C TOTO, UTO
y mapaboiibl iy = kx? He MOXKeT GBbITh BePTHKAIBLHOM
ocu cuMmMerpun, kpome ocu Oy. [Ipyras BepTUKaIb-
Has OCb CHMMETDUM HMejia Obl ypaBHEHHE T = C
C HEKOTOPBIM NOCTOSHHBIM ¢ # 0. Paccmorpure 06-
pa3 Touku (0, 0) IpU CUMMETPHN OTHOCUTEJILHO OCH
A T = ¢ ¥ IpUIATE K IPOTUBOPEYHIO: OH U JIEXKUT, U HE
F snexxut Ha mapabose. Temeps momycTum, ITO MMeeT-
Cd HAKJIOHHAasi OCb CHMMETDUM, MMEIOIasi ypaBHe-
aue y = lr + m ¢ koncrantamu [, m. OnHa pa3bu-
D 0 BaeT IIOCKOCTH Ha JIB€ IOJIYIIOCKOCTH Y > lx + m,
y <lz + m (me camras camoit sroit ocm). Ilpm or-
pakKeHU OTHOCHTEJIbHO Oocu Yy = lx + m obpa3om
qacTy 11apaboJIbl, JieXKaleil B OJHOM U3 3TUX II0JIy-
IUIOCKOCTEH, SBJISIETCS YaCTh NapaboJIbl, JIeXKalast
B Apyroi mosynsockoctu. llokaxkure, 4TO O/HA U3
9THX 9acTeit orpanudenHan® | a apyras — mer. MexIy TeM TP CHMMETPHI OrDAHITIEeHHOE
MHOXKECTBO IIEPEXOIUT B OrpaHuyeHHoe (moduemy?).

B. Jokaxkure, uro y mapabosibl HeT IeHTpa cuMMerpun. Y Ka3 aHu e. Jomycrum,
uro (29, Yo) — Takoii nenrp. Kyza Jo/KHbI IepexXouTh IIPU COOTBETCTBYIOIIEH [EHTPAIb-
HOM CHMMETPHUHU TOYKH Mapabosbl ¢ OpAUHATOR y > 2yo 7

r. Jlokaxkure, 94TO y mapabOJIbl UMEIOTCS TOJBKO OAUH (DOKYC W OJ[HA JUPEKTPUCA,
T.€e. uro eciu F' u D' — dokyc u qupeKTpuca, TO OHH COBNAJAIOT ¢ NMpexxkuumMu F u D.

y=kx

Puc. 32

50t narunckoro dirigere — HAIIPaB/IATE, Cp. CO CIOBAMU THPEKTOD, AUPUKED.

6B HmOJIHOM COOTBETCTBUY C HAIVISIIHBIMHI IIPEICTABICHHAMH, MHOYKECTBO TOYEK ILIOC-
KOCTH HAa3bIBAETCA OIPDAHUYEHHBIM, €CJIM PACCTOAHMS OT BCEX €ro TOYEK JI0 HEKOTOPOit
TOYKU A He NnpeBocxXoAsaT HekoTopoit koHcTauThl C. Eciau 3to Tak st A, To 310 Oymer
Tax u /1 J060# ApyToit TouKu A’ TOJBLKO IPH 3TOM MOYKET NOHa00UThCA B3ATh IPYTYIO
koHcTanty C.
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(Vkazanue. Y6eaurech Clepsa, uTO IEPIEHAMUKYIIAD, OLyIneHHbIH u3 dokyca F Ha jJu-
pekTpucy D, coBIaJaeT ¢ NEpHeHUKY/IApoM, onyleHHbiM u3 F/ na D’.)

1. QoKaJbHBIM [TapaMeTPOM P IapaboJibl Ha3bIBAETCs paccrosHue or dokyca F 1o
1060# 3 ABYX TOYEK NapaboJibl, JIEXKAINX Ha MPOXoJdiieM 4depe3 F' mepnenaukysisipe
K ocu mapabomnr. Kak cesams p u k u3 ypasuenus y = kz2? ITokarxure, 4To paccrosHue
or dokyca F no nupexkrpucel D paBHO p.

e. ITokakure, uro ypasrerue (13) ¢ e =1 siBisiercst ypaBHeHMeM IapaboJbl U ITO
KaKk/1as mapaboiia UMEeeT TaKOe YPaBHEHUE B IIOAXO/ANIEH CHCTeME HOJISIPHBIX KOODIUHAT
(rme HaxOmATCA €€ momoc M HadanbHEBIA sya?) Yucno e = 1 Ha3bIBAeTCs SKCHEHTPHCHTE-
TOM KpuBO# ¢ ypasuenumeM (13); takum o6pasoMm, SKcueHTpucuTeT napabosbl paseH 1.

2. Beprmmnoit mapa6osibl Ha3bIBaeTCS Ta €€ TOUKa, KOTOPasl BCEro OJIMXKe K IIOJIIOCY.
JlokazkuTe, 94TO Takasi TOYKa CyIIEeCTBYeT W IIPUTOM TOJILKO OJiHA. L7e OHa HaxXomuTcs?

3. [Tapa6ona y = ka2 pasbuBaer ILIOCKOCTL Ha ABe obiacTu, rae y > kx? u y < kx2.
B xaxoit m3 Hux sexar ¢okyc, nupekrpuca? Ilo-mpexxumemy obGosnadasi wepe3 r u d
paccrosguus 10 F', D, nokaxkure, 94To B 1epBoil objactu r < d, a BO BTOpoi r > d.

u. [ mapaboJsibl He BO3HHKAET BOIIPOCA O CBA3H COOTBETCTBYIOIIETO ypPaBHEHMUSI
Anommonns (7) ¢ HammMm onpejesieHreM NapaboJibl, HO KaK CBI3aHO €ro 3HAYEHHE P
¢ HamuM?

Temneps nepeitziém K runepbosie. B 1kosie runep6osoit Ha3piBaloT rpaduk OyHKIUN
y=k/x, .e. eé ypasuenue ectb vy = k. O6Gparure BHHMaAHHE HA TO, UYTO STa KPUBasl,
B OTJIMYIHE OT JIAIICA U apaboJIbl, COCTOUT U3 ABYX «JIaCTel», NIBYX OTAEJIbHBIX KPUBBIX,
KoTOopble oTBedaloT £ > 0 u < 0 U pacroIoKeHbl COOTBETCTBEHHO B IIEPBOM U TPETHEM
KBaJpaHTaX. STI/I «Y9aCTHU» HA3bIBAIOTCsA BETBAMMU FI/IHep6OIIbI. BBeﬂéM HOBBIE JI€KapPTOBBI
KOODJIMHATHI U4 ¥ VU, OCTABUB IIpeXKHee Havas o koopauHaT O, HAIIPABUB HOJIOKUTEILHYIO
nosiyocb Ou 10 OUCCEKTPHCE MEPBOrO KBaJIPaHTA, & MOJIOXKUTEIBbHYIO HoJyoch Ov — 1o
OUCCEKTPHCE BTOPOTO KBAJIPAHTA.

Puc. 33 Puc. 34

Vnpaxsaenune 3.3. Haitnure dbopmyssl, cesasbBaomue u, v ¢ , y. (Ykasanne. O6o-
3HAYUM UepPe3 €z, €y, €y, €y €IAUHHYHBIE BEKTOPBI, HAIIPABJICHHBIE B IIOJIOXKHTEIHLHOM
nanpasiennu 1o ocsm Oz, Oy, Ou, Ov. Bripasure ey, €, 4epes e, €, U yd4TUTE, UTO
€CJI O[HA U Ta K€ TOYKa MMEET KOOPIUHATHL T, Y U U, U, TO UEy + V€y = T€z + Yey.)
C UX IIOMOINBIO HAIIUIIIUTE YpPaBHEHUE FI/IHep6OJ’II:,I B KOOpJuHaTax u, v.
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Otser: u? — v? = 2k. Ho 510 emé He rumepGosa OBIIEro THIA, a TAK Ha3bIBAEMAsI

paBHoOouHas runrepbosta. «O61masy rumepbosa Moy IaeTCsl IPHU C2KATUN NN PACTIXKEHUN
paBHOBOUHO THITEP6OJEl U’ — v = a’ B BEPTUKATLHOM HANIPABJIEHUH (Tereph TAKOBBIM
cuMTaeTcs HanpasieHue ocu v). [Iposepbre, UuTo ypaBHEHHE «00LIEH» rUIEPOOIBI UMEET

BUT

rYv o (14)

(ucronB3yeMble KOOPANHATHI TENEPh CHOBa OGO3HAYEHBI 9e€pe3 T, Y, HO 5TO OBIBIIHE U, V).
«O6masi» runepbosia, Kak ¥ paBHOOOYHAs, COCTOUT U3 JABYX BeTBeil. OHU PaCIIOIOKEHbI
B IOJIYIVIOCKOCTSIX & 2 @ U T < —a.

VYnpaxnaenue 3.4. a. Bepmuunamu runep6oust (14) maseisaiorcs Touku (a, 0) (Beprin-
Ha npasoit Bersu) u (—a, 0) (BepmmHa seBoil BeTBm). [lOKa’kHUTE, 9TO OTPE3OK, COENU-
HSIIOINUI BEPIIMHBI, SBJISETCS KPATYafIlINM M3 OTPE3KOB C KOHI[AMU Ha Pa3HBIX BETBIX
runep6onsl. (Takum o6pasoM, BepmmHA BEeTBH TIHIEpGObl — 9T0 Ta (eguHCTBeHHAs!)
TOYKa TOW BETBU, KOTOpasi OJIMKE BCEro J0 JAPYyroil BETBH.)

6. Jlokarkure, 4To runepbosia UMeET JIBe OCH CHUMMETDUU U OJMH LEHTP CUMMETPUU
(om HasBIBaeTcs meHTpOM rumepGouel). I'ne orn HaxoxsaTcsa?

Vnpaxuenue 3.5. a. Jlokaxkure SKBUBAJIEHTHOCTb JIAHHOI'O BBIIIE OIIPEJEJIEHUS I'H-
Hep6OJ'IBI TaKOMY: MHOXKECTBO TaKUX TOYEK A IIJIOCKOCTH, 9TO PA3HOCTH paCCTOﬂHI/Iﬁ Tu 7‘/
or Touku A o nByx Touek F u F' (oguux u Tex ke s Bcex A) pasHa +2a (3HaK «+»
OTHOCHUTCsI K OJIHOW BETBM — IIPaBOH BeTBH Jyisi runepbosbl (14), a 3HAK «—» OTHOCHTCS
K npyroit Bersn). s runep6osst (14) sT0 3HAUEHME @ COBIALAET C @, (DUIYyPUPYIOIUM
B ypasHenun (14).

Touku F u F' nazeiBatorcst pokycamu runepbosbl. Kax u jjis sjumarca, paccTosiHue
Mexay (POKycaMu Ha3bIBaeTCst (POKAJIBHBIM PACCTOSHUEM M OOBIYHO ODO3HAYAETCH de-
pe3 2c¢, a OTHOLIEHHE € = ¢/a Ha3bIBAaeTCs dKcHeHTpucuTeToM. Ha celt pas e > 1, T.e. s
runep6oist ¢ > a. Jokaxkure, uro c? = a? 4+ b2, b=ave? — 1 (na ceit paz b Mmoxker GbITH
u GosibIle, ¥ MEHBIIE Q).

0. /lokaxkure, 4TO y rurepbOJIbI UMEIOTCS TOJIBKO J1Ba (hokyca.

B. POKaJIBLHBIM ITApaMETPOM p TUIEepPOOIBI HA3BIBAETCSI paccTrosinue oT ¢dokyca F 1o
110001 U3 ABYX TOUEK IHUIEPOOJIBI, JIEsKAIUX Ha IPOXOAAIIEM depe3 F' IepneHauKyssipe
K OCH TunepboJIbl, coepunsiomeit eé dbokycor. [lokaskure, uro p = a(e? — 1).

r. ITokaxkntre, aTo ypasrerue (13) ¢ e > 1 siBisiercst ypaBHEHHEM T'HIIEPOOJIBI C SKC-
HEHTPUCHTETOM e (TOUHee, HEKOTOPOH ee BETBU' ) U YTO KasK/[as IurepGoJia MMeeT TaKoe
YPaBHEHHE B IIOJXOJSINENl CucTeMe MOJISIPHBIX KOOPAMHAT (I/ie HAXOAATCS IOJIIOC U Ha-
YaJIbHBIA JIyd 9TOH cucTeMbI?).

n. Tlposepbre ciemytommee yTepsaenue. Muoxecrso {(z, y); 2/a? — y2/b% > 1}
COCTOUT W3 JABYX O0JIacTell, OrpaHUYEHHBIX COOTBETCTBEHHO IPABON W JIEBOW BETBSMU
runepGosbl. Opun u3 GokycoB (0603HAYMM UMEHHO ero depe3d F') siexkuT B npasoii obiia-
cru (Tam = > a), a apyroii dokyc F/ —B nepoit (tam z < —a). Ecim r — paccrosiane mo F,
a r’ — paccrosnue o F/, To B npasoii obaactu v’ — r > 2a, a B Jesoii obaactu r — 1’ > 2a.
Mek 1y AByMsI BETBSIMH T'HIIEPOOJIBI 3aKJIIOUEHA 00IaCTb, B KOTOPOH :162/(12 - yQ/b2 <1
B Heil |1 — r/| < 2a. B 9T0ii 061aCTH JIEXKUT LEHTD IUIIEpGOJIBL.

7OHO ONMHCHIBAET U BTODPYIO BETBb, €CIIH (BOIIPEKM CMBICILy T KaK PACCTOSIHUS) JIOILY-
CTUTH OTpHUIATE/IbHbIE 3HAYEHUs 7 (M HPUAATH UM IOIXOISIIHUNA CMBICH).



§4. Ckopoctb

YV IpeBHUX T'DEKOB, KOHEYHO, OBLIO WHTYUTHBHOE IOHATHE O CKOPO-
cru (BCSIKOMY SICHO, UTO CTpeJia JIETUT ObICcTpee, deM GeXKUT JeJIOBeK ), HO
OTYETIINBO OHU IIPEJICTABIISIN cebe TOJBKO CKOPOCTh PABHOMEDHOT'O JIBUKE-
nus. Torma Bcé sicHO: ecim aBTOMOOHIIb €1eT ¢O cKOpocThio 90 KM/ 4 (mpn-
Mep, KOHEYHO, He JPeBHErPeYecKuii), TaK ITO ero cKopocTb v = 90 KM/ =
=90 x 1000/3600M/c = 25Mm/c, To 3a 10 cekynm ou mpoeger 250 M, a 3a
2 yaca — 180 kM. Ho 9T0 Takoe CKOPOCTh HEPABHOMEPHOI'O JIBUKeHUsA! UT0
TaKOe CPEJIHsIsl CKOPOCTh JIBUXKEHUS 33 BpeMsl , sSICHO: HaJ0 B3sTh IIPOWi-
JEHHOE 3a 9TO BPEMs pacCTosiHme § U pas3iesuTh ero Ha t. Ho uro Takoe
MeHo8eHHas CKOpocTh! IMenHO oHa Urypupyer B (pU3MIECKUX 3aKOHAX,
a TaKXKe U CKOPOCTb U3MEHEeHus 3Toil ckopoctu (yckopenume). Ho eciu Mbr
MOMMEM, YTO TAaKOe MIHOBEHHAs CKOPOCTb, TO C YCKOPEHWeM BCE OyJer
aHAJIOTUIHO.

B snamenntsix «DefiHMAaHOBCKUX JeKusAx 1o dusuke» [55] (r1. 9, §2)
IS OXKWBJICHUS M3JIOKEHUS W JIyUIIero 3allOMUHAHUS MTPUBOIUTCS TAKON
npumep. [losnneiickuii ocTaHABIMBAET ABTOMOOWIIb, <IIOJXOIAT K MAIITIHE
u roBopuT: , Majgam (u6o 3a pysnémM OblIa YKeHIWHA), Bbl HApyImmm mpa-
BUJIA YJIMYHOTO JIBM2KeHUsi. BbI exasm co ckopocTbio 90 KujiomMeTpos B dac'.
Kenmunna otsedaer: ,,IIpocture, 5T0 HEBO3MOXKHO. Kak s Moria exarb
co ckopocThio 90 KUJIOMETPOB B Yac, €CJIU s ey BCEro JIUMIb 7 MUHyT!“.
Kaxk 661 Bl orBeTnsin Ha MecTe HacTosmero nojmieiickoro? Koneano, eciin
Bu1 HacTOSIIMIA TTOIMIIEHCKUN, TO TAKUMU XUTPOCTSIMHU Bac He 3amyraeinb.
Bui 661 TBEPIO cKazasm: ,,Majam, onpaBablBaThCs Oyjere nepes cyabei! ‘.
(Tem Gonee, mobasmio, 9ro B AMepuke mrpad HAKIaIbIBAET UMEHHO CYJIbsi
o upecrasiaenuto noJuieiickoro. — 1. A.) Ho upennosoxum, uro y Bac
HET TAKOTO BBIXOJa. BBI XOTHUTE 9eCTHO T0KA3aTh HAPYIIUTEILHUIE €€ BUHY
U IBITAETECh OOBICHUTD €if, 9T0 03HadaeT ckopocTb 90 kum /4. Kak 910 cie-
siath? Bl ckaxkere: ,, 9 umesnt B Buy, MajiaMm, 9To ecjiu Obl BoI 11poosKkam
exXaTh TaKUM ke 00pa3oM, To depe3 yac Bol Ob1 nmpoexayn 90 KumoMeTpos .
»Ja, HO Belb S 3aTOPMO3WJIA M OCTAHOBUJIA MAIWHY, — MOXKET OTBETUTH
OHA, — TaK YTO TEIE€PDb-TO 5 y2K HUKAK He MOTJIa Ob1 mpoexaTh 90 KHIoMeTpoB
B 9ac’s.

B monysisipHOit JinTepaType HEPEIKO BCTPEYAETCsl TO CAMOE BhIparXKeHNUe,
KOTOPBIM ITBITAJICST APTYMEHTHUPOBATE «IOJIUIEHCKUIT» : «eC/Ii Obl JIBUYKEHNE
MIPOIOJIZKAJIOCH TAKAM 2K€ 00pazomy. PeffHMaH CIIeruaIbHO OCTAHABINBAET-
cs1 Ha ero Gecempicyiennoctu. OH TOBOPHT:

«Anasiornunast mpobJieMa BO3HUKAET U B CJIydae MaJIAOIIero IMapuKa.
[TpeamnookuM, 9TO MBI XOTUM OIIPEIE/INTH €r0 CKOPOCTh 4epe3 3 ¢, ecjiu
OBbI OH JIBUTAJICSI TAKUM 2Ke 0O6pa3oM. Ho 4To 03Ha49aeT ,, IBUTajICss TAKUM Ke
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obpazom“? CoxpaHsiai 6bI yCKOpeHHe, JIBUraJIcs ObicTpee, uTo jmn? Konedro,
uer! Coxpansii ObI Ty 2Ke camyro ckopocmob. Ho Beipb 5TO Kak pas To, 9TO
MBI ITbITaeMCsi OmpeiesinThb! Kcyim Obl Mmapuk mpoo/zKall JIBUraThCs ,, TAKAM
JKe 06pa3oM‘, To OH majas Obl Tak ¥Ke, Kak najaer (To ecTh BCE ObICTpee
u 6bicrpee — 1. A.). Hapymuresnbuuna Moryia 661 BaM OTBETUTH €MIE U TaK:
, B Obl s IPOJoJIKAIA €XaTh, KAK exalia, ellé J9ac, TO HajeTejaa Obl Ha
CTeHy B KOHIlE yJnIbl!“y.

Jajiee «moJuIeiicKuit> NbITaeTcs MPUIyMaTh JIPyroe onpejeseHne Io-
HSITHST «CKOPOCTb». «BbI ckazkere: ,,Pazymeercsi, majtam, ecjiu 661 Bol exasin
TaKUM Ke 00pa3oM B TeUeHUe Yaca, TO HajieTe i Obl Ha CTeHy, HO 3a 1 CeKyH-
ny Ber 661 mpoexasu 25 MmeTpoB, Tak 4To Bl geanu 25 METPOB B CEKYH/LY,
u ecu 661 BBl mpomoskaim exaTh TaKIM 2Ke 00Pa30M, TO OMSITh MPOEXAJIH
OBl 25 METPOB, a CTeHa CTOUT ropaszo majblie’. ,, Ho nmpasuia 3amperaor
nenath 90 KHJIOMETpOB B Yac, a He 25 MeTpPOB B cCeKyH Iy . ,,/la Beb 3TO TO
Ke camoe, uTo 1 90 KHJIOMETPOB B Hac", — OTBETUTE BbI».

Mpb1 TpuxoauM K BBIBOIY, UYTO «HET HAKAKON HEOOXOIMMOCTH €XaTh Iie-
JIBIIL 9ac ¢ Takoil GBICTPOTOIA, JIOCTATOYHO KAKOro-10 momenma (Deftuman
WMeeT B BUJY OYeHb MAJIEHbKHIT TIPOMEXKYTOK BpEMEHHU. B TaKOM Ke CMBICJIe
CJIOBO «MOMEHT» MHOTJa yrnorpebssiercss u Hporonom. — II. A.) DTo o3Ha-
YaeT, YTO 3a KAKOW-TO MOMEHT BPEMEHU MaIllHa ITPOXOJUT TAKOe YKe Pac-
CTOsIHME, KAK ¥ WILYIIAsl C MOCTOAHHOI cKopocThio 90 KM/ 4». ToBopio Temepb
CBOUMH CJIOBaMH: MBI 6€PEM CPEIHIOI CKOPOCTD Ve, MAIINHEBL 38 MaJICHbKHIII
MMPOMEKYTOK BpeMeHu At U CMOTPUM, UTO TOJIYIUTCSI, €CITH ITOT TPOMEKY-
TOK OpaTh BCE MEHbIIE U MeHbIlle. MIHOBEHHAsT CKOPOCTH U —3TO TO, K YeMy
[IPU ITOM MPUOJINKAETCSI CPEJIHSIsI CKOPOCTD; IIPUOJINKAETCSI B TOM CMBICJIE,
YITO PA3HOCTD Ugp — U CTAHOBHUTCS CKOJIb YTOZHO MaJIoii 10 Momyiio (1o abeo-
JIOTHOW BEJIMYUHE), eCJIU IPOMeXKYTOK At ioctaTogno Mast. Paznocts Oyuer
menbite 1/10, ecim At MeHbIIIe KaKOrO-TO OJHOIO 4ucia; Menbire 1/100,
korma At MeHbIe KAKOro-To JIpyroro [mcia; menbine 1/1000, korma At
MeHbIIIe KAKOI'0-TO TPETHEro YKciia; u T. 7. Boobiie, eciiu st 3apaHee 3a1aMCst
KaKON-HUOyAb rpanuieil € > 0 mis |vep, — v|, To HalagTca Takoe ¢ > 0, 4TO
eci At < §, TO TOT/Ia YK HABEPHAKA |Ucp — V| < €.

Te ynraTenn, KOTOPHIE JIydIlle 3HAKOMBI C MATEMATHKOMN, TOHUMAIOT, 9TO
4 ceffuac ONMpeesu/I MOHSTHE MPEeja W ITO MTHOBEHHAs CKOPOCTD U —
9TO TIpeJiell CpeiHeil CKOPOCTH Vop Ipu At — 0. 4 mamee 6yny momp3oBaThb-
csl TIOHSITUEM IIpejieJia, MOTOMY 9TO, C OJIHOW CTOPOHBI, sl €r0 OIIPeJIeJINI,
a C JIPYyTroif — MOBTOPSATH KaXKJbII Pa3 IMOJHOCTBIO BCE OIPEEJIEHNe MIHO-
BEHHOW CKOPOCTHU OBLIO OBl CJIUITKOM 110Jr0. OHO, KaK BbI BUJIUTE, COCTOUT
"3 JIByX YacTeil: crepBa 0epéM CPEIHIOI CKOPOCTD 3a IIPOMEXKYTOK BPEeMEeHH
bl At, J1esisi TPOoRIeHHBIN 3a 9170 BpeMs myTh As Ha At, moTom Gepém
npejes cpenneii ckopoctu pu At — 0. 3anuck At — 0 IpocToO HATOMUHAET
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0 TOM, 9TO HaJ0 OpaTh BCE MeHbIHe 1 MeHbIiue At. A Te, KOTOPBIE 3HAKOMBI
C MaTEMATHUKOl eIé JIydie, MOHUMAIOT, ITO MIHOBEHHAs CKOPOCTDb — 3TO
[IPOU3BOJIHAS IYTH S 110 BPEMEHH, JIJIsi KOTOPOH MMEEeTCs W CHEelHUaIbHOe
obosnavenve ds/dt. (OGo3HaYeHNE HAIIOMUHAET, YTO CIEpBa y HAC OBLIO
As/At, a IOTOM MBI C HUM 9YTO-TO CJIEJIAJM — II€PEIUIN K [PeJesy [PH
At — 0. Unraerca «ds no dt». «I1o» 31ech TOABMIIOCH U3 TIOJTHOTO HA3BAHU:
«1pousBosHas s 10 t».) Ho Te, Koropble 3HAKOMBI ¢ MaTEeMaTHKOMN XyIiKe,
He JIOJKHBI 9TOTO IIyraTbes. 91, mpaBja, [arme Oyay TOBOPUTH O CKOPO-
CTH, & 9TO Ha CaMOM Jiejle TO Ke camoe, ITO npousBojHas. Ho ¢ mpoms-
BOJIHBIMU CBSI3aH OIPEIETIEHHBI MATEMATHIECKI allllapaT, TO3BOJISIONINT
CIlepBa 9TU IIPOU3BOJIHBIE, T.€. CKOPOCTH, BBIUHUC/ISATDH, €CJIM U3BECTHO, KaK
3aBHCUT IIPOHJIEHHBIN IIyTh OT BPEMEHH, & IIOTOM M HA0OOPOT, OIPEJIEIsTh
MPORJICHHBIN Y TH IO CKOPOCTU. BCE 9T0 mMeeT rpo3Hoe HazBaHue «ndde-
PEHIMATBLHOE U MHTErPAJIbHOE NCIUCIECHIE», CHHOHUM — «MaTeMaTHIeCKIit
aHammu3» (B Y3KOM CMBbIC/Te cjioBal); cooTBeTCTBYOMUil yIeOHbIH MpeMeT
B By3aX OOBIYHO HA3bIBAeTCd UMEHHO Tak). Ero coszanue — KoJjioccajbHast
zacayra V. Heiorona u I Jleit6runa (1646—1716). (Onu, KoHE4HO, NMeH
U IIPEJIIIECTBEHHNKOB, U 1I0CJIeJI0BAaTENel, HO BCE-TAK! JI0 HUX ITUX MCIUC-
JIEHUl KaK eJMHOTO IIeJIOro He OBbLIO, a MOocje HUX ObLIO, XOTS €IIE MHOTOE
ocTaBasioch c¢jenarh.) OHAKO B OCHOBHOM MBI He COOUPAEMCsl NMETh JIEJIO
C 9THM allapaToM, & XOTUM TOJIbKO FTOBOPUTH O MIHOBEHHOI CKOPOCTH U IO-
HAMAaTh, 9TO 9TO 3Ha4NT. HaM BaXHO TOJIBKO IIOHUMATh, YTO CYIIECTBYET
[IOHATHE MI'HOBEHHOW CKOPOCTH M UTO CPEJIHSISI CKOPOCTH Ha OYeHb MaJjloM
IIPOMEKYTKE BPEMEHN — 3TO HOYTH MI'HOBEHHASI CKOPOCTh. A BOT HACKOJIBKO
MAJIBIM 9TOT MPOMEYKYTOK JIOJIZKEH OBITh — 3TO 3aBUCHT U OT TOTO, KAKYIO
6IM30CTh CPEJIHEHl CKOPOCTH K MTHOBEHHOHM MBI XOTHM OOECIEYUTb, M OT
TOro, ¢ KAKUM UMEHHO JIBHXKEHHEM Mbl MMeEM JIeJI0 (JJIs aBTOMAIIMHBI
OH OJIUH, a JIsI JIEKTPOHA, BBLIETEBINEr0 U3 Pa/MOAKTHBHOIO BEIECTBA
U 3aMe/[JISIFOITETO CBOE JIBUKEHNE B BO3JLyXe, — 'OPA3/I0 MEHbIIE).
Cy1mecTByeT Takoit aHEKJIOT O 3HAMEHUTOM aHrJuiickoMm dusnke Y. Tom-
core (1834—1907), KOTOPBIii 3a CBOU 3aCIYyIU Hepe]] HAyKOI U 3JIeKTPOTeX-

1B mmpokoM cMBICIIE CIIOBA K MATEMATHYIECKOMY AHAJIM3Y OTHOCAT TAKYKE PAa3JIHIHbIE
MaTeMaTUYeCKHue JUCIUTIMHBI, MHTEHCUBHO WCIOJIB3YIolue auddepeHnuaibHoe U UH-
TerpaJibHOE MCYUCJIEHNE; B TAKOM CMBIC/IE MaTeMaTUYeCKUU aHaJIM3 COCTABJIsIET BECbMa
3HAYUTEBHYIO YacTb MaTeMaTuku. B Maremaruaeckom nacrtutyre PAH, rioe st paboraro,
CBBIIII€ IIOJIOBUHBI HAyYHBIX OT/IEJIOB MOXKHO CUHTATh YHUCTO AHAJUTUYECKUMU U eIé
B IIOJIOBHHE OCTABIINXCS OTJIEJIOB aHAJIN3 HIPAET CTOJb 3HAYUTEIBHYIO POJIb, U9TO HX
MOXKHO CUHTATh HAIIOJIOBUHY AHAJUTUYECKUMU; Ja U JJId [IPOYUX OTIAEJOB aHAIN3, KaK
MIPaBUJIO, TOXKE HEMAJIOBAXKEH, XOTH U HE B TAKOU CTEIIeHU.

PacnpocTpaHéHHOe paHee HAa3BaHME <«aHAJIN3 GECKOHETHO MAJbIX» (CMBICI KOTOPOTO
HOSICHAETCS HUXKe, B paiione dopmyist (19)) o6bsaCHSET, KAK BO3HUKJIO HA3BAHUE «MaTe-
MaTUYeCKUl aHaIU3».
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Hukoit crai B 1892 1. jopgom Kembpurom. OH 0THAYKTBI CIIPOCUJT Y CTY/IEH-
TOB: 9TO Takoe dx/dt? B oTBeT OHU IpHBEJIN eMy TO OIPe/IeJIeHne, KOTOPOe
s1 a1 (s TOJIBKO TIMCATI S, & He X)), U PA3JINIHbIe ero epedpasupoBKU — BCE,
yeMy WX ydumJI TaMolnHuii npodeccop maremaruku Toarearep. Ho Tomcon
(nim, MoxkeT GbITh, y2Ke KeslbBUH) OTPHUIATEIbHO IOMOTAJ [OJIOBO U CKa~
3as: «Ax, 6pocere BBl 3T0or0 Tonrenrepa, dx/dt —>10 ckOpocTh!»

Haee s1 garme TOBOPIO «CKOPOCTH», & HE «MI'HOBEHHAs CKOPOCTh». Korma
MaTeMaTUK, (PU3UK WJIM MEXaHUK T'OBOPUT O CKOPOCTH M HUKAKHUX JOIOJI-
HUTEJIbHBIX CJIOB HE IPOU3HOCUT, OH MMeeT B BUJy UMEHHO MI'HOBEHHYO
ckopocThb. Tak u 6610 ¢ KembBUHOM B 9TOM aHeKi0Te. AHEKI0T HATJISITHO
MMOKA3BIBAET, YTO (DU3UKHU HACTOJIBKO MIPUBBIKIIA MOJb30BATHCSA CKOPOCTHIO,
9TO JJI HUX OHA CTAJIa KAK OBl IEPBUYHBIM ITOHATHEM. BpoueMm, CChLIIKA Ha
QeifHMaHa MOKA3BIBAET, YTO U OHU BCE-TAKU HE MPOTUB TOr'O, YTOOBI 3TOMY
MOHSATHUIO Pa3 B XKU3HU JATh TOYHOE OIpejesIeHHe.

Tot, xTo emmEé Gosree 06pa30BaH, MOXKET €XUHO CIIPOCHATH: & Pa3Be BCEraa CYIIECTBY-
eT MrHOBeHHas CKOpocThb? He MoOxkKeT /i CilyuuTbesi, 4TO, KaK Obl MBI HU yMEHBIIAIN
[IPOMEXKYTOK BPEMEHH, CPEJIHsAsi CKOPOCTb HM K KAKOMY OIPEJECJIEHHOMY 3HAYCHUIO HE
Oymer crpemurbes? da, moxker. Ho B o4eHp mmMpoOKOM Kpyre BOIIPOCOB — IIPAKTUIECKH
BO BCeX BOIIpOCaxX, C KOTOPBIMHU CTYJACHTY NPUXOJUTCA UMETHh JeJI0O Ha IIePBBIX IIOpax,
€CJIM HE CUUTATh CIICIUAJIbHO IIPUAYMAaHHBIX JJId €rO TPEHUPOBKHU MaTEMaTHUICCKUX IIPU-
MEpOB, — MIHOBEHHAsi CKOPOCTh CylecTByeT. Tem GoJsiee 3TO Tak JJisi HAC C BAMU.

HawMm sierde, yem ApeBHMM IpekaM U JlayKe YeM COBPEMEHHUKaM MoJjojoro Kenbeu-
Ha, YCBOUTBH, YUTO CYIIECTBYeT MI'HOBEHHAas CKOPOCTb JIBUXKEHUs, IMOTOMY UYTO KarKJbIi
BHOeJI CIIMIOMETD aBTOI\IO6I/IJ'I§{ (TOI‘,IL& KaK Ha KOJIECHHIIaX U KOHAX CIUJIOMETPOB HE
CTaBWJIM, & Ha IAapOBO3aX BO BpeMeHa MoJionocTu KesbBrHHA CTaBUJIM COOTBETCTBYIOLIHE
IpUGOPLI, BEPOSITHO IIEHTPOGEKHBIE TAXOMETPBI, HO UX MaJjio KTo Buzaen). CKOpoCTh B Clu-
JIOMETpE IOJIy9aeTcss BOBCE He IyTéM M3MePEeHUsl MPOiIeHHOro myTu $(t) ¥ BBIUMUCIICHUS
(s(t + At) — s(t)) /At ¢ xaxum-To MausiM At. Ero pabora cBszana C TeM, UTO CKOPOCTB
caMa 110 cebe purypupyer B psijie HPUNIECKUX 3aKOHOB, B JJAHHOM CJIyYae — 3aKOHOB JJIEK-
TPOAUHAMUKU. STO O6']35[CH5I€T TOYKY 3PEHUA ]E(eJ'IbBI/IHa7 IIO-BUAUMOMY I'OTOBOI'O CIUTATH
CKOPOCTDb CAMOCTOSATEIbHBIM <«IEPBUYHBIM» OHATHEM; TaK 2Ke OblI HacTpoeH u HpioToH,
cM. gacTh 1 npunoxenusa VIII. (ABTOMOGHJIbHBIN CIHMOMETD [0 HPHUHIMILY CBOETO Jeii-
CTBUs HAIIOMHUHAET JMHAMOMAIIUHY, XOTsl KOHCTPYKTHUBHO BBIIOJIHEH WHadYe. B HEM HeT
cTaTopa, BHYTPH KOTOPOT'O BPAIAeTCsl POTOP, a UMEeeTCs MOCTOSHHBIM MarHUT, KOTOPbIH
C IIOMOIIBI0O MEXaHUIECKON IIepefadin IPUBOJUTCS BO BPAIIEHHUE CO CKOPOCTBHIO, IIPOIIOP-
[IMOHAJILHON CKOPOCTHU JBUKEHHS aBTOMOOWJIsA. Bpamamomuiics MarHuT UHIYIUPYET TOK
B NIAPAJIJIeJIbHOM IIJIOCKOCTH BPAIEHUs METAJIIMIECKOM JHUCKe (Kak Obl «pOTOD» ), & 3TOT
TOK TyT K€ U usMepsiercd. VIMEHHO, TOK B CBOIO OYepenb CO3JaET MarHUTHOE IIOJIe,
B3aMMOJEHCTBYIONIEE C ITOJIEM MAarHuTa, U 9TO CO3HAET CHILY, CTPEMSIILYIOCH IIOBEPHYTH

muck. Ho Bparennio qucka mpoTUBOAEHCTBYET CIIEIUAIBHO JIjIsT TOTO IpegHa3HAYEHHAS
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NPY?KUHA, TIO9TOMY JUCK U CBA3aHHAs C HUM CTPEJIKA He BPAINAIOTCH, & TOJHKO OTKJIO-
HAIOTCA Ha yToJl, 3aBHCHmHﬁ OT CHJIBI UHAYIIMPOBAHHOTO B JJUCKE TOKa U TeM CaMbIM OT
CKOPOCTH BpallleHUsI MarHuTa. )

ITonumeiickuit B peHHMAHOBCKOM pacCKa3e TOXKe y3HaJl CKOPOCTb HAPYIINTEIbHUIIEI,
He Jlesisl IIyTH Ha BpeMsd. Y Hero ObLI1 npubop, ucnosbdyiomuit addekT Jonmepa: npu
OTParKEHUH SJIEKTPOMAIHUTHON BOJIHBI (B IOJHMIEHCKOM NIpubope 9TO pPaJMOBOJIHA) OT
JBUKYIIEroCs TeJla U3MEHSETCs YacTOTa BOJIHBI. VIMeHHO, eciin Teo npubauKaercs co
CKOPOCTBIO ¥, TO 9acToTa v yBenmumbaercs B (¢ +v)/(c —v) pas, Tae ¢ — CKOpOCThb
cBera; Ta ke (GOpMyJia TOAWTCS U IIPU YJAJEHUH TeJa, eClIu OpaTh ero CKOPOCTb CO
3HAKOM «MUHYC» (B 9TOM CJIydae 4acTOTa YMEHBIIAETCs, YTO U COOTBETCTBYET TOMY, UTO
MHOXKUTENb (€ + v)/(¢ — v) Menbme 1). [ToCKOJIBKY ¥ MHOIO MEHBINE, Y€M C, U3MEHEHUE

9aCTOThI, BBIYUCJIEHHOE 110 (i’)OpIVIyJIe

c+v

cC—v

AV = Vyopas — Vnpexxusisi — ( - 1) Vnpexxusiss —

2v 2 2v

Vnpexxkusasa — Vnpesxkussa ~ — Vnpexnss-
C

c—v 1—v/c

Bunumo, Ty Touky 3peHusi, Koropas IPOCKaJb3bIBaeT B aHekJ0Te 0 Tomcone-Kesb-
BUHE U KOTOpasi UM CaAMHUM €/IBa JIU <«JOJyMbIBAJIACh» JI0 3aKOHYEHHON (POPMYIUPOBKH,
MOXKHO BBIPasuTh Tak. CKOpOCTb cama 1o cebe eCTh HEKOe MEPBUYHOE MOHATHE, HEKas
dusnueckas BeJIMYMHA; B 9TOM KadecTBEe OHA, KakK TOBOPUIIOCH, durypupyer (Bmecre
C yCKOpeHHeM) B (bOPMY/IMPOBKE HECKOJIBKUX 3aKOHOB IpHponbl. Ho oHa mMeer oTHOIIE-
HUe K IPOHIeHHOMY IyTH (€CJu J1JIsi KPATKOCTU FOBOPUTH TOJIBKO O CKOPOCTH JIBUZKEHMUsI
Toukm). B 9€M 5TO OTHOIIEHWE COCTOHT, OOBACHSIOT MATEMATHKH B CBOEM OIIPeJeJIEHAN
npou3BogHOil. KenbBuH 06 3TOM 00bsiCHEHNU, KOHEYHO, IIPEKPACHO 3HAJ, HO HE XOTeJ
C 9TOro Ha4YMHATH. Y HEro ObLIO KaK Obl HEKOTOPOE CMEIEHUE AKI[EHTOB 110 CPABHEHUIO

¢ maremaTukamMu. VIMEHHO CMeIlleHne aKIIeHTOB, a He IIPOTUBOPEYHE.
Vnpaxnenue 4.1. Jloxkaxwure, aro d(kt?)/dt = 2kt, d(1/t)/dt = —1/t%,

dvt/dt = 1/(2v/t) (B mocienmenm ciyuae mozjpasymesaercs, uro ¢ > 0). Ykazauue: uc-

nosbayiire pasencrso (vVE+h —Vt)/h=(t+h—1t)/(R(VI+h+Vt)=...

Korma mbI roBOpuM 0 CKOPOCTH M3MEHEHNUsT KAKOW-TO BEJTUIUHBI, 3aBUCS-
et 0T BpeMeHH, 9Ta BeJININHA BOBCE He 00s13aHa ObITh KAKMM-TO Iy TEM HJIH
JeKapTOBO# KoopauHaToi. BOT mpocToii, BayKHBIN 1 1O CYIIECTBY, BEPOSIT-
HO, y2K€ W3BECTHBIN YnuTaTesi0 mpuMep u3 KuHemaTuku. [Ipencrasbre cebe
Telrepb, YTO HeKOTopasi Touka A(t) nemxercs B ntockoctu 11 (keraTu, Korja
IBUZKYIIASICA TOYKA HE MOKUIAET HEKOTOPOIi INIOCKOCTH, TO TOBOPST O ILJIOC-
KOM JIBUKEHUM), & HAC MHTEPECyeT, KaK 3TO IBHKEHHE HaOJIONAETCs W3
nekoropoii Touku O, B KoTopyio A(t) nukorja ue nomnaaaer. Touky O MOXKHO
OBLI0 OBl HA3BATH «TOYKOI HAOJIIOIEHUsT», HO OOBIYHO HA3BIBAIOT WHAYE — 10~
JIIOCOM, XOTsI HUKAKOT'O OTHOIIIEHUSI K [OJIIOCAM 3eMJIN WJIN HebeCHO chepsr
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ona ue nmeeT. U mpejicraBbre cebe, YTO HAC B JIAHHBI MOMEHT HHTEPECYET
He paccrosiane ot O j10 A(t), a Toabpko Hanpasierue gyda OA(t). I naxe He
CTOJILKO CAMO 9TO HAIIPABJIEHNE, CKOJIBKO CKOPOCTh €ro m3Menenusi. Ho aro-
6Bl TOBOPHUTH O CKOPOCTH, HAJIO CIIEPBA BBIPA3UTh TO HAIPABJIEHNE KAK-TO
KOJIMIECTBEHHO. UTO Kak pa3 u JesraeTcs, KOrja o0paImaoTes K HOJIsTPHBIM
koopaunaram. Hanpasseraune O A(t) xapakTepu3yercs IOJISIPHBIM yTIIoM ¢ ()
rouku A(t), HO3TOMY MOJ| CKOPOCTHIO U3MEHEHUs HAIIPABJIEHHUs HAJO II0-
HUMAaTh CKOPOCTh W3MEHEHHUsI ( — FOBOPsl MATEMATUYECKH, TIPOU3BOIHYIO
¢ = dp/dt. Oua Ha3bIBAETCA YIJIOBOH CKOPOCTBIO, MOAPOOHEE — YTJIOBOI
CKOPOCTBIO JIBUKYINEHCsT TOUKN A OTHOCHTENBHO T0JII0Ca (TOYKU HabIII0-
nerust) O, u 06BIYHO 0003HAYAETCH YePe3 w.

Boitme roBopuiioch 0 peasibHO MpPOUCXOsimieM JBuKeHnu. Ho Bcé cka-
3aHHOE NIPUMEHMMO, KOIJ[a y HAC MMeeTcsi HeKoropas ejmunHa f(x), 3a-
BUCAIIAs OT HapaMeTpa & (T.e. KaXKJIOMy YUCIY X U3 HEKOTOPOI'O OTPE3Ka
KaKMM-TO 06pa3oM COIIOCTAaBJIEHO HeKoTopoe 4mcyo f(x)), — Kak roBopsT
B MaTeMaTHKe, «pYHKIHS OT T»2. DTO T MOMKET HMETh, a MOMKET W He
uMeTh pU3NIECKUil CMBICJ BPEMEHH; 1axke eciiu & — BpeMs, f(x) He obs13aH0
OBITH TyTEM, TPONACHHBIM KAKOW-TO TOYKON K MOMEHTY BPEMEHHU t; HO MBI
HO-TIPpEsKHEMY MOXKEM T'OBOPUTH O «CKOPOCTH M3MeHeHus f () ¢ u3MeHeHn-
eM Z», Kak 6y/1To ObI  OBLIIO HACTOSIINM BpeMeHeM. [LoBTOpsIio ompe/iesieHne
CKOPOCTH: CIIEPBa MBI CMOTPHM, KaK U3MEHUTCS f, €CJIN T YBEJUIUTDH WA
YMEHBIIUTH HA HeKoTopoe Ax (Ipu yMeHbIIEHU! ¢ He Oyiy nucarh & — A,
a Oy/y mo-mpexkHeMy nucath & + Ax, caurtas Ax OTPUIATEILHBIM; S PAHb-
11e He TOBOPUJI, UTO At MOXKeT 6bITh MeHbIie 0, HO, B CyITHOCTH, HUTJIE U He
UCKJTI09AJI TaKO BO3MOXKHOCTH ). Mbl Gepém «upupamenues A f dbyuxmuu f
npu m3Menennn x Ha Ax: Af = f(x + Az) — f(z) (xoTsi ero HasbIBarOT

2970 BecbMa BayKHOE MOHATHE, M XOTs, BEPOSITHO, YHTATENh C HUM Y Ke BCTPEJasICs
(mmosTOMy BBIIIE S PDUCKHYJ HECKOJIBKO DPa3 BOCIOJB30BATHCS 0€3 OCOOBIX IOSICHEHUIT
Ha3BaHUEM «(DYHKIHA» IIPUMEHUTE]HLHO K HECKOJIBKAM KOHKPETHBIM IIPUMEpaM ), ceivac,
KOrJa pedb 3amnuia o 6osiee oOmuX (YHKIUAX, YMECTHO OyZEeT HAIIOMHUTH, ITO (DYHK-
(15l — 9TO COIOCTABJIEHUE KaXKJOMY YHCIy (CKarKeM, U3 HEKOTOPOI'O YHCJIOBOTO OTPE3Ka,
um BooOIIe JII06OMY YHCILy) HEKOTOPOIO JApyroro vucia. Hampumep, ecim Mbl comocra-
BUM YHCIIy & YHCIO Yy = &2, TO y GyJeT HEKOTOpo# (byHKIme# or x. B obmemM ciayuae
MoxKHO tucarh y = f(z) (f — kpaTkoe ob6o3HaUEHNE JIsl IPABUJIA, 10 KOTOPOMY YUC/IaM T
COTIOCTABJISIFOTCST YUCJIA Y; KOHEYHO, MOXKHO KCIIOJIB30BaTh U JAPyrue OyKBbI, HAIIPUMED,
v = g(u)). Beamuuny = wmaswiBaior aprymentom dyukmun f(z). Korma z npmpaérea
KaKoe-TO KOHKpeTHOe 3HaveHwme, Hanpumep z = 10, To musa y = f(x) nomydaercs HeKo-
Topoe KoHKpeTHoe 3uauenue, nanpumep f(10) (tak, xorma f(z) = z2, To f(10) = 100).
Tosopsrt, uto f(10) ectb 3HaueHue dyuknuu f B Touke z = 10 (c10BOCOYETAHNE «B TOUKE»
OTpazkaeT OTOXKJECTBJIEHHE YUCeJ C TOYKAMU YHCJIOBOH ocnm).

B mxosbHOM Kypce GUBMKHM BCTpedaioTcst (bOPMyJIbl, BBIPAXKAIOIe CKOPOCTb PaB-
HOMEPHOYCKOPEHHOTO [JBUXKEHUSI C YCKOPEHUEM ( U IPOWUIEHHBIN IIyTh S Kak (PYyHKIAN
BpemeHnu t: v =vg + at, s = sg + vot + at2/2 (rﬂ\e Vg — CKOPOCTH B HA4YaJIbHbIA MOMEHT
BpeMenu t = 0, a sg — NPOIEHHBINA K 9TOMY MOMEHTY IIyTh).
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«IPUPAIIEHUEM », OHO BIIOJHE MOXKET OBbITh OTPUIATEJNLHBIM) U JIEJIUM €ro
Ha Ax, BBOJISI TEM CAMBIM «CPeIHIOI cKopocTh A f/Ax uamenenus f». ITo-
cjie 3Toro O6epéM IpeJiesl CpeliHel CKOPOCTH
upu Az — 0. Tonpko Korja x HE nUMeeT y
PU3NIECKOTO CMBICTA BPEMEHH, ITOT IIpe-
e OOBIYHO He HA3LIBAIOT <«CKOPOCTBHIOY,
& TIOJIB3YIOTCS MATEMATHIECKUM TEPMUHOM Af

«IIpOU3BOJIHAS> (B JAHHOM CJIydae — <IIPO-
ussopnasa f(x) mo x»). Kak yxke roso-
PWJIOCH, 9TOT TpeJes (JOBOJBHO YCJIOBHO)
o6oznauaor depe3 df (z)/dx. dpyroe o6o-
suavenne — f'(x). Korma xe peub wumér 19} T Az &
0 IIPOU3BOJIHOM 110 BPEMEHHU, BMECTO [ITPUXA
CTaBsIT TOYKY BBEPXY (MM HABEPXy CIIpa-
Ba): f(t) (wm f(t)). Korma y dbyskmun
BCIOJLy, TJIe OHA OlpejiesieHa (T.e. IPH BCeX BO3MOXKHBIX 3HAYCHULAX €€ ap-
IYMEHTA), CYIIEeCTBYeT [IPOM3BOHAs, TO OBOPAT, YTO (DYHKIIHsI SBJISIETCS
muddepeHImpyeMoit.

MbI MOKEM TOBOPUTD, CKAZKEM, O CKOPOCTH YBEJIUIEHUsI TJIyOUHBI MODS
¢ paccrosiHueM x OT Gepera. MOXKHO, KOHEIHO, TIPEJICTABATE ce0e, 9TO MBI
eleM C TIOCTOSTHHON CKOPOCTBIO Ha KOpabje B CTOPOHY MOPsi, BCE BpeMs

Puc. 35

U3MEpsIEM TUIyOMHY C MOMOIIBIO 9XOJI0TA ¥ CMOTPUM, HACKOJIBKO BBICTPO 3Ta
BEJTMYNHA U3MEHSIETCA CO BPEMEHEM.

Torma £ —3TO0 TO 2Ke caMoe, YTO U BpeMsI, TOJIbKO U3MEPEHHOE B KAKUX-TO
0Co0BIX eMHNIAX (CBSI3aHHBIX CO CKOPOCTBHIO KOpabJisi), M Pedb MJET O Ha-
CTOsIIIEl CKOPOCTH U3MEHEHUs f, OMTHAKO U TOTa [ He SBJISeTCS KaKUM-TO
peanbHO TPOHIEHHBIM Iy TéM. A TJIaBHOE, HAC BIIOJIHE MOYKET MHTEPECOBATH
3aBUCUMOCTD TJIyOMHBI f OT paccTosHusi 10 Oepera T, a ¢ Kakoil CKOpO-
CTBIO TIPH 3TOM JBUTAETCS HAIl KopabJib, MOCTOSHHOW MM TepeMeHHOI,
Hac BOOOIIE MOXKET He MHTepecoBaThb. TaK YTO MBI paccMaTpuBaeM [ Kak
dysxuo or z: f = f(z). Houycrnm, 910 pe3ysibTaThl HAIINX U3MeEpPEHHi
nupegcrasiensl Ha rpaduke (puc. 36). Torga 6e3 BeKoil MATEMATUKH SICHO,
9TO f ¢ POCTOM I WM3MEHSIeTCsl CIIEPBA MEJJIEHHO, 3aTeM OBICTPO, 3aTeéM
onATh MeIeHHO. MaTremaTnka yTOYHSIET 3TO HAOJIOEHNe, YKa3bIBasi, 9TO
CKOPOCTh M3MeHeHns1 f(Z) ¢ pOCTOM I MMeeT Takoi BUJ, Kak Ha puc. 36.

ITornManue TPOM3BOIHON KaK CKOPOCTH JEJaeT HMOHSATHBIM, UTO eCJIH
y Kaxoi-anGynb bynxium f(t) mpoussomnas f(t) BCIOLY HOIOKATENbHA, TO
sta hyHKIusg Bo3pacraer (T. e. ¢ yBesimdenueM ¢ ysesauausaercs u f(t)), a ec-
JIA BCIOJLY f(t) < 0, To dyukuus yobBaer — Korzaa t1 < ta, To f(t1) > f(t2).
Beb ecom, ckazeM, Bcé Bpemst f(t) > 0, T0 CKOPOCTh TOUKH OCH & C KOOP-
nuHATON 2 = f(t) mOJOXKUTENIbHA, TAK UTO 9Ta TOYKA JBUKETCS HAIIPABO.
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Puc. 36

[To-moemy, 31O 3ByUHT yOeIUTEIBLHO, XOTsl U He sIBJISETCsI (POPMaJIbHBIM
JIOKa3aTeJIbCTBOM, KOTOPOTO s1 TPUBOJIUTDH HE OYIIy.

Xorst 1 TOBOpMII cefidac 0 PYHKIUU OT «BPEMEHU», IO CYIIECTBY CKa-
3aHHOE OTHOCUTCS K (DYHKIMAM OT apryMeHTa I, KOTOPBIA BpeMeHeM He
ABJIsgeTCdA. Beap MOXKHO BCE-Taku BOOOPA3UTHh HA MUHYTY, YTO & €CTh BPEMs
Wi, 9TO IIpaKTUYEeCKU TO 2Ke caMoe, 9YTO X C pOCTOM BpeMeEHUN BO3pacTaeT
C eﬂI/IHI/I‘IHOﬁ CKOPOCTBIO, 1 TOr'Jla BBIBOJ, O BO3paCTaHUN WUJIN y6bIBaHI/II/I f
B 3aBUCHUMOCTHU OT 3HaKa f/ CTaHOBUTCHA HaIlJIAIHO y6eﬂI/ITeJH>HLIM. (A OIly-
IeHHOe MHOI (bOpMAJIbHOE JOKA3aTEIbCTBO, €CTECTBEHHO, BOODIIE He 3aBU-
CUT OT TOI'0, KaK Mbl Ha3bIBacM t man CE)

Cka3aHHOE — 9TO IIPOCTEUINUIl TPUMEP HUCIIOJb30BAHUS ITPOU3BOIHBIX
JIJIsT U3y9YeHusl CBOMCTB (pyHKITUIA.

Ecnn nust pusuka «1ponsBojiHast — 9TO MPEXKJEe BCEro CKOPOCThb», TO B MaTeMaTHKe
C caMoOro Ha4aJja C IOHATHUEM IIPOU3BOJHOII He MeHee YaCTO CBA3BIBAJICS IPYTOil HAIVIAI-
HBIN 06pa3 — KacaresbHas K KpuBoi. Kacarenbuoi k kpusoii C' B €€ Touke Ag = (zo, yo)
Ha3bIBAETCs MIPsIMasi, sIBJISIIOIIASICS MpeiesioM npsaMbix AgA, roe A — apyrasi To4ka Kpu-
Boii C, npu HeorpanudennoM upubmmkennn A k Ag. (IoBopsat, 4To KacarTeabHas €CTb
IIpeZieIbHOE TIOJIO?KEHNe IpoxosAIeil depes Ag «cexymeii» AgA.)

31ech HEOOXOAUMO YTOYHHTH, KaK IIOHHMATL BBIDAXKEHUE <«IIPEIes IPsAMBIX». Ka-
KHe-TO HaIJIsiITHbIe IIPEJICTABJIEHHsI OHO BBI3BIBAET, M, BUJIUMO, C HUMU BIIOJIHE COIJIACYeTCs
YTBEpKJIEHUE, YTO €CJI NpsiMble L, CTpeMsATcs K NpsaMoir L mpu n — 00, TO y2K BO

BCSKOM CJIydae HalIPaBJIEHUs IPAMBIX Ly [OMKHBI CTPEMUTHCA K IPEIEIbHOMY HAIIpaB-
JIEHHIO, KOTOpOe U Oy1eT HaIIpaB/eHneM npsMoil L. A ueM xapaKTepu3yeTcsl HallpaBJjIeHne
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npsmoii? IIpu Bceil HEONPENETIEHHOCTH CIIOBA «HAIPABJIEHUEY, €/IBA JIM KTO-HUOYIb yCO-
MHHUTCSI, ITO HAIIPABJICHNE IPSIMON ITOJTHOCTBIO XapaKTEePU3yeTCs €IUNHUIHBIM BEKTOPOM €,
JIeXKAIUM Ha 3TOU IPAMOI, a TakXKe M BeKTOpoM —e. Eciin equHu4YHBIE BEKTOPBI €r
XapaKTepU3ylOT HAIPaBIEHUA HPAMBIX L, W eCll CyIIecTByeT mpeies> e = lim en,
TO, KOHEYIHO, 9TOT BEKTOD € U OIIPEJIEJISIET IIpe- e
nenpHOe Hanpasiienne. Ho Hamo emg ydecrs,
YTO BEKTOPbI —€;, XapaKTEePUI3yIOT HaIIpaBJie-
HUSL TeX K€ NPAMBIX Lp U 9TO, MOXKEeT OBbITb,
CXOJIAIIASCH TOCIEOBATEILHOCTD €IMHUTHBIX "
BEKTOPOB IIOJIYYHTCS TOTJia, KOIJia MbI 3aMe-
HHM 4YaCTb BEKTOPOB €5, Ha IPOTUBOIIOJIOXKHbBIE Ao
BeKTOpBI. VTak, Mbl TpeOyeM He 00sI3aTeIbHO
CyIIeCTBOBaHUs IIpeJiesia nlimoo €n,, & CYIIeCTBO- Puc. 37

=

BaHUsA npenesa € = lim (+e,) mpm KakoM-TO
n—oo

BBIOOpPE 3HAKOB «+» U «—». KOoHEYHO, [1Isi CXOAMMOCTH NPSAMBIX L Majo OJHOI TOIBKO
cxoqmmocTn Hanpasiernit (nmpsmele Ly, = {(z, y); y = n} Hu K 9eMy He CXOIATCs, XOTS
BCE OHM MMEIOT OJHO U TO »Ke Hanpasienue). C 1pyroif cToponsl, ecin Bee Ly, TPOXOAAT
gepes OJHY W Ty Ke TOYKy A, 3Toro Bpojse 6bl J0CTaTo4uHO (IIpejiesibHAs IpsiMasi TOTa
Toxke npoxoruT depe3 A). Takoil ciaydail siBisleTcss BeCbMa CHEIHUAIbHBIM™, HO KayKeTCs
ecTecTBEeHHBIM IoTpeboBarh (ocsiabisisi ycjoBue, 9To Bee Ly MPOXOAAT 4epes OIHY U TY
K€ TOUKY), 9TOOBI IIPH BCEX [JOCTATOYHO OOJIBIIMX 7 IPSMBIE L, IPOXOAMIA CKOJb
YTOJ(HO 6JIM3KO K HEKOTOPOii Touke A (oHa GymeT TOYKON IpezebHoil npsMoit L, koTopas
[IOJIHOCTBIO OLPEJIEsIIeTCsl BEKTOpoM € u Toukoit A). Urak, L, — L, ecin HanpasjeHust
IPsAMBIX Ly, CXOISATCS K HaIIPAaBJIEHUIO HPsiMOM L M, KpOMe TOro, Ha KaXK10il L, MOXKHO
B3ATb TaKylO TOUKY Aj, 9TO IOC/IELOBATEIBHOCTb TOUEK Ay CTPEMHUTCS K HEKOTOPOIt
Touke A, nexameit Ha L. B npunnune, naB Takoe onpejesieHue, si JIOJIKEH ObLI Obl
JIOKa3aTh €JUHCTBEHHOCTBH IIpeaesa (ecm/I IOCTaBUTBL JIpYTUe 3HAKU «E» y €p U eciau
IIPU 9TOM TOXKE CYII[ECTBYET nleoo +ey, TO 06s13aTEILHO JI OH PAaBEH € WIH —€, U €CJIN

Ha Ln B34ATb APYI'YIO TOYKY A"n? HpI/I‘{éM IOJIYyIUTCA CXOOAINadACd I10CJAeJ0BaTE/IbHOCTD,

TO JIeXKUT Jiu eé npenen Ha L7?). S He Gyxy oTOro menarb, XOTd 9TO HE TaK YK CJIOXKHO
¥ YATATeb MOXKET IONpOobOBaTh yOEIUTHCS B €IUHCTBEHHOCTH MPEEJIa MPSIMBIX CAMO-
CTOATEIBHO.

Pany mpocToThl M KOHKPETHOCTH si TOBOPWJI (M HpH ciaydae Gy/ly MOBOPUTH HUXKE)
O CXOJIUMOCTH TIOCJIEIOBATEILHOCTH IIPSIMBIX, HO, BHECS OUEBHIHbIC U3MEHEHUs B CKA3aH-
HOE, MOY»KHO TOBOPHUTH O CXOJMMOCTHU CeMeNCTBa MPSAMBIX Lg, 3aBUCSIUX OT HEKOTOPOTO
HEIIPEPBIBHOIO IIapaMerpa S, K Ipejeiy Opu s — So. B ompemesieHun KacaTesbHON MbI
MMeeM JIeJI0 KaK pa3 ¢ TaKOW CUTyarmeil — Mbl TaM paccMaTpuBaeM npsiMbie AgA, tre A,
KaK ¥ UCXOJHasi Touka Ap, jiexkur Ha KpuBoi C, a IOJIOXKEHWe TOYKMA Ha KPUBOU OIpe-

3 71t TI0CJ1€/10BATEIBHOCTH BEKTOPOB (He 063aTe/IbHO €IMHUYHBIX) &y, TOHATHE Hpe-
JleJla COBEPIIEHHO AHAJIOTUYHO HOHSITHIO IPENeNa 9HCeN: Ay, — @, €CIM IPH BCEX IO-
CTATOYHO GOJIBIINX T BCE &y OKA3BIBAIOTCSA CKOJIb YIONHO OIM3KAMH K &, T.€. €CJIH
|an — a|] — 0 (Temepp MBI TOBOPEM y»K€ O XOPOIIO HM3BECTHOM Ipenesie wmcesn!) JTo
SKBUBAJIEHTHO CXOIUMOCTH KOODAMHAT BEKTOPOB 8p K COOTBETCTBYIOLIMM KOODIMHATAM
BeKTOpa a. (AHAJOTUYHBIA CMBICI UMEET CXOAUMOCTD IIOC/IEA0BATEILHOCTU TOYEK. )

4Ceityac HAM HY’KEH HMEHHO STOT CIeENMAJbHBIA CIydail — Bedpb BCe cekymme AgA
¢ pasimaabiME A npoxonaT depes Ag. Ho 66110 GBI CTpaHHO OrPaHAYUBATHCS UM B OOIIEM
onpezeseHnn npefesa npaMeix. (Pasee y mocsienoBaTeIbHOCTH HENEPECEKAIOMIMXCS TIPsi-
Mbix Ln, = {(z, y); y = 1/n} ner upenena? HarisaaHo KayKeTcs siCHBIM, 9TO OHU CXOJATCS
K OcH T.)
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JleJIsieTCsl HelpePLIBHBIM IapaMmerpoM. Eciu Kpusas 3afaércsa ypasHeHnueM y = f(x), To
3a Takoll mapamMeTp MOXKHO IIPHHATH Ipocto abcmmccy touku A = (z, f(z)) nm amcno
Az =z — o, e o — abcuucca Touku Ag = (zo, f(x0)).

IIpumep. B mxkosie KacareiapHasi K OKPY?KHOCTH B TOYKe Ag OOBIMHO OlIpe/esisteTcs
Kak [psiMasl, UMEIoIasi ¢ OKPY’KHOCTBIO TOJBKO OJHY OOy Touky — Touky Ag. Hu

0 Kakux IpejieiaXx IIpu 9ToM HeT peun. [lodemy kaca-
Ap TeJIbHAsL K OKPY?KHOCTHU B HAIIIEM CMBICJIE CJIOBA COBIIa-
JIaeT ¢ «IIKOJIbHON» KacaTeabHOH?

O6o3HaunM 11eHTp OKpyxKHOocTH C uepes O, a
ZAoOA (rme, xak u pambie, A — Touka C) ue-
pe3 ¢. Torma LAAGO = 90° — ¢/2 (ucmonb3yeM, TO

’ aro TpeyroiabHuk AgOA paBHOOEIPEHHBI M IIOTOMY

LAAYO = LApAO, a cymma yrioB B TPeyrOJIbHUKE

pasna 180°). Korma A npubsnxkaercs k Ag, o ¢ — 0

u LAgOA — 90°, Tak YTO NpEIEIbHOE HAIIPABJIECHUE

CeKylell — 3TO HallpaBJIeHUe, NEePIeHIUKY/ISIPHOE pa-

muycy OAp. A IOCKOJIBKY BCE 9TH CEKYIIUE IIPOXOLST

qepe3 Ag, cylecTBoBaHue Ipeena IpsaMbx AgA obec-

[I€YEHO OJHUM TOJIBKO CYIIECTBOBAHUEM IIPEIEIBHOIO

Puc. 38 Hanpassenus. VTak, B 060t Touke Ag okpyzkuoctu C

y C nmMmeercst KacaTesbHAs, IPUIEM TIOCIJIEHSS IEPIIEH-

nukyiaspaa pajguycy OAg. B mKOJIBHOM Kypce reOMeTpHM JIOKa3bIBA€TCs, YTO ITO KakK
pa3 M ecThb IpsiMasi, KOTOpasi UMeeT C OKPY?KHOCTBIO TOJIBKO OJ(HY OOIILYIO TOYKY.

Huke HaM B OCHOBHOM OyJieT Hy?KE€H TOJIbKO OJMH IPOCTOH 4YaCTHBIA (BIpOUEM,
JIOBOJIbHO 00Luii) cirydail mpejesna npsiMbIX.

Vnpaxnenne 4.2. Ilycre npsimbie L, He BEPTHKaJbHBI M UMEIOT yDaBHEHUS Y =
= anx + by. Jlokaxkure, 9TO yTBEPXKIEHHUE «IIpeaeIbHasI npsaMast L = nleoo Ly, cymecTBy-

€T ¥ He BePTHUKAaJIbHAa» PABHOCUJIBHO CYIIIECTBOBAHUIO IPEJESOB a = lim an, b= lim by;
n—oo n—oo

Ipu 3TOM ypaBHeHHWeM mpsMoii L  okasblBaeTcst ypaBHEHMe y = ax + b.

Panbiue s gas obliee onpe/iesieHne KacaTeJbHON, HO HAM Cefidac Hy»KeH TOJIBKO TOT
cny4aif, korga kpusas C 3amaérca ypasHenueM y = f(z), a kacarenpnas k C' B TO4Y-
ke Ao = (zo, f(z0)) He BepTHKambHA®. B 3TOM Ciiyuae ypasmeHme cexymieir AgA, e
A= (z0 + Az, f(zo + Az)), umeer Bun y = a(Az)x + b(Azx). B 3anucu aBHO yKaszaHo,
9TO KOOUIMEHTHI STOr0 yPABHEHUs] KAK-TO 3aBUCIT OT Ax. A x U Yy 371eCbh — 5TO KOOD/IU-

SHac ceifyac He HMHTEpeCYIOT BEpPTHKAJbHBIE KacaTelbHble, HO BOOBINE-TO B BEPTHU-
KaJIbHOCTH KaCaTeJIbHOW HET HUYEro HCKJIOYUTEHLHOIO, <IIaTOJOrmdYecKoroy. Hampu-
Mep, OKpy>KHOCTb x2 + y2 = 1 uMMeeT BepTHKaJbHBIE KacaTeabHble B Toukax (£1, 0).

Puc. 39
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HaThl TOYKH Ha cekyueil. CorlacHO CKa3aHHOMY BBIIIE, CyIeCTBOBAHNE HEBEPTHUKAJIBHON
npenenbHON mpsMoil  lim ApA paBHOCHJIBHO CymieCTBOBaHUIO Ipenesno lim a(Az),
Az—0 Az—0

lim b(Ax).
Az—0
VYunpaxnenue 4.3. [JokaxKuTe, 9TO €CIM IIpenes AlimOUL(Aav) = a CyIIECTBYET, TO
xr—

a = f'(z0), u obpaTHO, ecu y f CYIIECTBYeUT NPOM3BOJHAS B TOUKE T(, TO CyIIECTBYET
W TIpeJies Alim a(Az) (paBHBIii, cTaso 66ITh, f/(x0)). IIpn 9TOM 06A3aTENBEHO CYIIECTBYET
x—0

u AlimOb(Aac). VY kas3anue. Haiigure sBryo dopmyrny misa a(Az) u b(Az) B TepMn-
z—

"ax f.

Ecinu npsimast uMeer ypaBHeHHE Y = ax + b, TO YHCJIO @ HA3BIBAIOT €€ YIJIOBBIM
ko dunmentom. (OH XapakTepusyeT eé HAKJIOH — JIETKO JI0Ka3aThb (M, BO3MOXKHO, yIXKe
W3BECTHO YHTATEJIIO), UTO YIVIOBOH KO3(@UIMEHT paBeH TAaHTEHCY yIya, O0pa3syeMoro
aTOit IpsIMOii ¢ ocbio x.) Takum obpasom, npoussoaHas f(zo) ecTb yriioBoit Koaddunu-
eHT KacaTeJbHOH K rpaduky y = f(z) byrkmun f B Touxe (zo, f(x0)).

HproToH, KOHEYHO, 3HAJ O TaKOM cMbicie npousBonuoi. Ho, kak rosopsit, Hbro-
TOH CMOJIOLY HpPenCTaBiisii cebe (PYHKIUM KaK II€PEeMEHHbIE BEJUYUHBI, 3aBUCHIIUE OT
Bpemenu. Iyt Hero GBLIO €CTECTBEHHO NPEACTABIATH cebe MPOU3BOJHYIO KaK CKOPOCTb
M3MEHEHUsI COOTBETCTBYIOIIEH BEJIMYMHBI. Y MHOI'MX €rO COBPEMEHHHMKOB (1a u Hos,uHee)
TO Ji BOOOIE HE CTOJIb JIETKO BO3HHUKAJN IHOAOOHBIE KHHEMAaTHYECKHe IIPEJICTABJICHNS,
TO JIM U3BECTHAsI HOBU3HA STHUX IIPEJCTABIEHUN BBI3bIBAJIA HACTOPOXKEHHOCTH. Bo BCsikoM
cirydae, CO3/4aeTCsl BIIedaTyIeHue, 9TO K T€OMEeTPUIECKOMY IIPEJICTABIEHHIO O IPOU3BOAHOI
KaK 00 yrioBoM kKoadduipenTe KacaTeJbHOH (KOTOpoe, KOHEYHO, BEeChbMa HAIVISIHO)
B TO BpeMs (a OTYaCTH W IO Ceil JieHb) OOpAINAINCh Halle — KACATEJbHBIE yrKe OBbLIH
npuBblYHLL. (V1 9TO 4MCTO reoMeTpuyeckoe NOHATHE, a O0palleHne K KHHEMATHKe, JarXKe
caMoOil IMPOCTOM, MOXKET Ka3aTbhbCsl UEeM-TO «HMHOPOIHBIM». XOTs aKKypaTHON ompejese-
HUe IOHSITHS <«KACATeJIbHOW» B ODILIEM BUE, KaK Mbl BHUJIEJH, TPEOYET TOrO Ke CaMOro
MOHSATHSL TIPEJIeNa, ITO U TOHSITHE «CKOPOCTH».)

Vnpaxsenue 4.4. a. Paccmorpum ssmmnce (8) u KacaTenpHYIO K HEMY B €rO TOUKE
(z0, Yo). Jokaxkure, 4To BCsl 9Ta KacaTejbHas, KpOMe caMoii Touku (Zo, Yo), PACIIOJIO-
JKeHa CHAPY?KM OT 3JUIHIICA, T.e. B Toll obmactu, tae x2/a? + y2/b% > 1. (Bamerum jrst
JlaJIbHERIIIero, YTo B 3TOH 06JIaCTU CyMMa paccTosHuil 1o hoKycos T + 1/ Gosbie 2a.)
Vkazanue Cmepsa paccMOTpUTE aHAJOIMYHBIA BOIPOC JJIsi OKPy:KHOCTU. Bo uro
[IEPEXO/IUT KacaTeslbHasi K OKPY’KHOCTU IIPU CKaTUU B BEPTUKAJILHOM HallpaBJIE€HUN?

6. Paccmorpum napa6osy y = kx? u kacaTenbHyto K Heil B 8 Touke (2o, yo). Jlokaxu-
Te, YTO BCsA 9TA KACATeJbHAs, KDOMe caMoll TOUKH (o, Yo), JeXKUT B obmactu y < kx2,
T.€. «I0J mapabosoi». (3ameruM s JadbHEHIIero, 94To B 9TOH 06JIACTH, B OOBIMHBIX
obosHavenusx, r > d.) Y ka3 aHue. KacaresbHas umeer ypasHeHue Buga y = (), rae
l(x) —nekoropas nuHeiinas dyHKIusd, T. e. GyHKIud Buga ax + b. CpaBHUB IPOM3BOJHbIE
bynxumit kx? u l(z) npu z < xo u T > 0, KoKaxkute, uro dbynxnusa kr? — [(z) ybbisaer
npu r < rg U BO3pacTaeT IPU T > X(.

B. Paccmorpum runepbomny (14) m xacarenbHyro K Hell B €€ Touke (o, yo). Jo-
Ka)kuTe, YTO BCs dTa KacaTeJbHas, KpoMme caMmoii Touku (Zo, yo), JEKUT B OOJACTH

IIpaBma, 9T0 He COBCEM HAIl Cily4dail — BO3JIE STHUX TOYEK OKPYKHOCTb HeE 3aJ1aéTCs
ypasuenuem Buja y = f(z), a omHa €& JacTh WMeeT TaMm ypasHenme y = V' 1 — x2, a npy-
rass — ypasHeHne y = —V/1 — z2. Ho kpusas y = {/z BClomy 3a1aéTcsl ypaBHEHHEM BUAA
y = f(z) (mamoMHIO, Y4TO OTpUIATEILHOE YHCIO UMEET OTPHIATEIbHBIH KyOudecKuil Ko-
peHb). DTa KpuBas MMeeT BepTHKabHYyI0 KacaresnbHyto B Touke (0, 0). (Ta »xe kpusas
UMeeT ypaBHeHUe y = T, OTKy/a BUAHO, uTo Touka (0, 0) «HHIYTb HE Xy»Ke» NPYTUX ed

TOYEK, IIPOCTO KacaTesbHAsl TaM BEPTUKAJbHA. )
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22 /a? — y?/b? < 1, T. e. «MeK/Iy IByMs BETBAMHU THIIEPOOJIBI». (3aMeTuM [/1s gajbHeiiie-
TO, 9TO B 9TOM 06/1aCTH, B OGBIMHBIX 0603HAMEHUAX, |1 — 1’| < 2a.) Y K a3 a H u e. Y106Hee
HAYaTh C PABHOGOYHON ruepGosbl y = k/x, JJjisi KOTOPOH NPUMEHMMBI COOOParKeHUsI,
aHaJIOrM4YHble yKasaHHbIM B II. 6. O kakoil obsiacTu Hago npu roMm rosoputsb? Ilpum
nepexozie K runepbosie (14) ucnonb3dyiiTe coobpazkeHnsi, AaHAJIOTUYHbIE YKa3aHHBIM B II. .

Bepuémest kK npumepy ¢ riry6uHO# Mopst f(x), 3aBucsIed oT paccTosi-
Hust x 10 6epera. CHOBa mpejicTaBuM cebe, UTO MBI €/IeM Ha KOpabJie, TaK 9TO
paccTosiHue 1o 6epera & 3aBUCUT OT BpeMeHH t: ¢ = x(t) U riIyOuHA MEeHsIeTCsT
co BpemeneM: f = f(z(t)), HO yCTH TeEPb CKOPOCTH KOPabJist HEIIOCTOSTHHA.
Y10 MOYKHO CKa3aTh O CKOPOCTU U3MEHeHUsI TJTyOnHbI co BpeMeHeM? Vcxois
W3 TOrO, 9TO

Af Af Ax 15
At~ Az At (15)
HETPY/IHO JIOTaJIaThCsl, YTO MpU Hepexojie K mnpesery upu At — 0 MbI TOJTy-
qUM
af df dx
- = —. (16)
dt dx dt
DTa JorajKa IPaBUIbHA, TOJBKO B IPUBEJIEHHOM PACCYKIEHUHN €CTh OJUH
«IIOJIBOJHBIH KaMeHb»: B paBeHcTBe (15) MBI mpennosnaraeM, ato Az # 0;
Korja Mbl onpegesseM df /dx, mbl, KoHeuHo, Gepém Af/Ax ¢ HeHyseBbI-
mu Az; Ho B hopmyite (15) Besmunna Ax 3asucut ot At, u KT0 3HaeT —ObIThH
MoxKeT, nipu Kakux-1o At nosyuaercs Az = 07 HyxHo crenars HeOOIbIIOE
yrounenue. Hac naTepecytor He Kakue-1o jirobbie At, a TOJBKO MaJibie. Kcm
UMeEeTCsl TaKoe ¢, UYTO NMPU KAKUX-TO CKOJIb YTOTHO MaJjibix At mojrydaercs
Axz =0, T.e. cpesiHss CKOPOCTh n3MeHeHus & paBHa () Ha KAKHX-TO OYCHD
MaJIbIX OTPe3Kax BpeMeHu, u Bbixoiut, uro dxz(t)/dt =0 upu srom t. Ho
TOrJa HpH 3ToM ¢ 1 9tux At npupainenue f ToxKe PaBHO HYJIIO:

Af =flx+Ax) = f(z) = f(x) = f(z) =0,

n nosydaercs, 9to df (x(t))/dt = 0 mpu srom t. A Torjga B 06eHX YACTAX
pasencrsa (16) cTosT HysH.

Dopmyina (16) HasbIBaeTCd «TEOPEMON O MPOM3BOIHON CJIOXKHOMN QyHK-
mun». Croxkaas QyHKIusg — 310 DyHKIUA, B ApryMEeHT KOTOPOH MojcTaBie-
Ha HekoTopas (06braHO Apyras) dyrkms. Takosa Hama dbyaxmms f(x(t)):
B Heil aprymenT byHKIuU f caMm sgBjsgercs GyHKnueil or t. DTa cIOKHAS
dbyuxus conocrasiser qncty ¢ anciao f(x(t)).

Dopmyia (16) Jerko 3allOMUHAETCsI, TIOCKOJIbKY BHEIIHE BBINJIAIUT KAK
IPOCTOE ANredpandecKoe TOXKIECTBO, XOTsI HA CAMOM JieJie OHA He ABJISTETCS
TAKOBBIM, H00 «Ipobu» Bpoje dx/dt —5To Ha caMoM Jieie He 1pobH, a, Tak



§4. Ckopocrb 61

CKa3aTh, «CIUTHBIE»> 00O3HAMEHMs /IS IIPOU3BOAHOIS. 3rech mposssgercs
yaobcrBo obosHauenusi dx/dt, BeenéHHOTO JleiiGHUIIEM, KOTODHII He3aBU-
cuMo oT HbIoTOHA, XOTsI M HECKOJIBKO IMo37Hee, paspaboran nuddepeHiy-
aJIbHOE U MHTEerpaJjibHoe ucuucienne. HpioToH 0603HaYAT TPOU3BOIHYIO TI0
BpEMEHH, CTaBsl CBepPXY TOuUKy: df /dt = 1, dz/dt = @. Takoe oboznavuenue
IUPOKO ynoTpebJiisercsl u IOHbIHEe, HO Beiab B dopmyie (16) durypupyer
eIIé M MPOM3BOHAS 10 T, KOTOPYIO TOTJIa TOXKe HAJI0 KaK-HUOyIb 0003HA-
qnuTh, ckaxkeM, mrpuxoM: df /dx = f' (3T0 ToOXKe OOmEnpuHSTO). B 3THX
obosnadenusx dpopmysia (16) BLINISAAT TOXKE HPOCTO, HO MEHEE HATJISIIHO:

j=ri. (17)

YecTHO rOBOpsl, HACTOSIIAS TeOpeMa O IPOU3BOAHOI CIOXKHOW (DYyHKLUUH B yHUBEP-
CHATETCKOM KypCe yTBEPKJIaeT HECKOJIBKO OoJibiie. OHA HAYMHAETCH C YTBEPXKJIEHUSI, 9YTO
ecin f(z) u x(t) muddepennupyemsr (T.e. cymecryior df /dx u dz/dt), To cioxuas
dbyskuusa f(z(t)) Toxe muddepernupyema (tT.e. cymecrsyer df (z(t))/dt), a 3aTem yx
no6GaBiseTcs, 9TO ImpH STOM cupasezyiuBa dopmyna (16). IlepBoe yTBepKIenue ToxKe
HECJIO?KHO, HO sI He COOMpPArOCh NPENOaBaTh 3/1eCh YHUBEPCUTETCKHN Kypc. Bo-nepBbIx,
y MeHsI MeHbIIIe BDEMEHH, a BO-BTOPBLIX, 51 PacCKa3bIBaIo o meaespe HeroTona, a oH 06BITHO
He GECIIOKOMIICS O CYIIECTBOBAHHU IPOU3BOIHBIX, XOTs HMHOILA BCTPEYAJICH C «OCOOLIMU
3HAYCHUAMMN» II€PEeMEHHBIX, I'/Ie IPOU3BOAHBIE HE CYIIIECTBYIOT, U B 3TUX CJIyYadX IIPpeKpac-
HO pa3bupasics B obcranoBke. Bugumo, on (Kak u Hacsenosasiue emy kopuden XVIII B.)
CcCYuTaJI, ITO HaJI0 6BITB CO6paHHBII\l N OCTOPOZKHBIM IIPpU CTOJIKHOBEHUU C HeOGBI‘IHbIMI/I
obcrosTesbeTBaMu (B KOTOPBIX OH (OHM) TIpU ciydae yMmesi(u) pasbuparncs), HO B YCJIO-
BHUAX «HOpMaJIBHOI‘;I KU3HN» MOXKHO U paCCHaGI/ITBCﬂ. A KaK y3HAaTh, ABJAIOTCA JIA HAIIN
o6cTosiTesIbCTBa 0coObIME nin HeT? HbIOTOH, BEPOSITHO, OLIEHUBAJ CHTYAIUIO HAIIOJIOBHHY
UHTYWUTUBHO, IPHYEM, KOHEUHO, €r0 UHTYHIHs [IUTAJacCh G0raTsIM omblToM. Jljist jui, He
ABJIAIOIIUXCA HBIOTOHal\II/I7 B MaTeMaTHUKe UMEIOTCA KaK TeOpEeMbI, yTBepzKIarIlnue, ITO
[PU ONPENEJEHHBIX YCJIOBUAX BCE IEHCTBUTEIBHO OGCTOUT «BIIarololydHO», HAIPUMED,
B Hy>KHbIX HBIOTOHY Cilydasix BCe IIPOM3BOJHBIE CYIIECTBYIOT (MEXaHUKH U (PUBUKH 0
CHX 0D IO GOJIbIIEH YacTy 06 STOM He CIMIIKOM 3a00TATCs, XOTH 110 CYLIeCTBY HE JeJIaioT
ommbOK ), TaK U MPUEMBI HCCJIEJOBAHUS [JI1 HEOOBITHBIX O0CTOSATENBCTE (BOCXOASAIITE KAK
pa3 K Hbiorony; sTuM UMK 1 MEXaHUKU OTHIOAb HE MOTYT IPEHEGDEraTs).

Yuraresb, KOTOPBIA YATAET 9Ty KHUXKKY U3 JIOGOIBITCTBA U HA KOTOPOIO «0GOCHOBA~
TeJIbCKUE» PACCY?KJIEHUA HABEBAIOT CKYKY, MOXKET 3TOr'O He CTBLIUTHCA — OH HAXOIUTCI
B xopouteii komnanuu. (Ipyroe meno crymenr-maremaruk. OcraBasich B KOMIIAHUH y4é-
ubix XVIII B., MOXKHO OCTAThCsI ¥ HA BTOPOH TOL.)

VYupaxuenwe 4.5 (npoussognas kBajgpara dhyHkuu). [Iposepbre, uTo
d(f2(t))/dt = 2f(t)f(t). (Bomee mommas dbopamymposxa: ecu byuxmus f(t)
b deperupyema, To n bynkmasa f2(t) mdbdepermupyeMa, TPIIEM 1
€€ IIPOU3BOJHOl MMeeT MeCTO HAIMCAHHAS BbIIIe GOPMYJIA. )

6B mocrarouno mompobHOM Kypce mucdbepeHIMaIbHOTO UCIHCICHHsT CO BPEMEHEM
BCE-TaKM OKa3bIBAETCsl, YTO WX MOXKHO IIOHMMAaTh KaK HeKue JApoOu, HO ITO 3aBeJIO
661 Hac caumkoM gaseko. Popmyna (16) Torma meificTBUTENBHO Bpojae Obl OKa3bIBAETCS
anrebpandeckuM ToxKectBoM. Ho Ha camMoMm gesne monumanme dr/di Kak HacCTOSIIEH
npobu 0GOCHOBBIBAETCS C MOMOIIBIO CAMO 9TO# (bOPMyYJIBI, TAK UTO €6 BCE PABHO HAJO
JIOKa3bIBATh.
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Teopema 0 MPOU3BOIHON CIIOKHOM (DYHKIMH — OJHA U3 JIBYX IVIABHBIX TEOPEM, IIO
O3HAKOMJIEHHN C KOTOPBIMU MBI IIEPEXOAM OT PACCYKICHUM O MOIHUIEHCKUX, CIIHIOMET-
pax u T.I. K HacrodmeMy audddepeHaibHOMy UCYUCIeHnio. Bropas Teopema — 3TO
Teopema Jleiibuuna: ecin dbynkuuu f(t) u g(t) mudbdepenupyemsr, To guddepeHnupy-
emo u ux npoussenenue f(¢)g(t), mpuaém

d ; .
S S @Dg®) =F)g(®) + F(B)g(®).
A e€ Toxe He 6y,£Ly JTOKa3bIBaTh (XOTH 9TO OIIATb-TaKH HeCJ’IO)KHO) IIO TeM 2Ke IpUINHaM.

Hapsay ¢ stumm aByMsi TeopeMaMu CTOJb 2K€ YACTO HUCIOJIB3YIOTCS
¥ TaKWe yTBEPKEHUs: TPOU3BOIHASA CyMMBI IBYX (DYHKIINN PaBHA CyMMe
UX MPOU3BOJIHBIX, & IIPU YMHOXKEHUH (PYHKIIMA HA KOHCTAHTY [TPOM3BO/IHAS
YMHOYKA€ETCs Ha Ty K€ KOHCTaHTY:

; d(af(t))

Sumram=iw+aw, U oje ay

(Croma mobasisiercss OOBIYHBIN TIPHUIEB, YTO U3 CyNECTBOBAHUS IPOU3BOJI-
HBIX B IPABOI YACTHU CJIe/lyeT CyleCTBOBaAHUE IPOM3BOHBIX B JIEBOIT YaCTH. )
DTO yTBEpKIEHHE, MOXKHO CKa3aTh, JOTATMBAET IO HA3BAHMA <TEOPEMAa»
JIUITH TIPU CHUCXOJNTEJTHHOM COIVIAIIEHWH, MTPU3HAIONIEM TTPAaBO HA TaKOe
Ha3BaHUE JlayKe 38 YTBEPKJIEHUSIMH, COIPOBOXKIAEMBIMIA CAKpPaMEHTAJbHOM
dpa3zoii: «/lokazaTeabcTBO OYEBHIHO». B jTaHHOM ciiydae J1ej0 06CTOUT
UMEHHO TakK, nbo eIé 0 mepexojia K mnpejeny mpu At — 0 Mbl nMeeM

AU +9(t) _ A n Ag(t) Alaft)) _ AF®)
At At At At At

(A nasee, ecim y»K JJOTOBAPMBATH BCE JI0 KOHIA, HAJO UCIIOJIB30BATH MIPH-
MEPHO CTOJIb YK€ «CJIOKHYIO TEOPEMY», UTO MPEeZesl CYMMBI PaBeH... J0ra-
Jairech demy. )

CkOpOCTb B OJJIH MOMEHT BPEMEHH MOXKeT OBITH OJHOM, a B JPYroi
MOMEHT BpeMeHU — Jpyroil. VIHbIMI cJlOBaMM, OHA MOXKET U3MEHSITHCS CO
BpeMeHeM. A TOrjia MOYKHO TOBODHUTbH, BO-TIEPBBIX, O CPEJIHEN CKOPOCTH eé
U3MeHEHHUsI Ha, HEKOTOPOM TIPOMEXKYTKe BPEMEHH — O CPeJIHEM YCKOPEHUN 34
3710 BpeMsi. Eciin B MoMeHT Bpemenu ¢ ckopocThb ecTb v(t), To Mbl 6epéM pu-
pallleHre CKOPOCTH 3& IIPOMEXKYTOK BpeMeHU oT t 110 t + At, T.e. pa3sHOCTb
v(t + At) — v(t) (oHa BrosHE MOXKeT OBITH OTPHUITATEIHHOMN, HO MATEMATHKA
BCE PABHO I'OBODSIT O TIPUPAIIEHNN ), U JieJuM ero Ha At. Bo-BTOpBIX, MOKHO
TOBOPUTH O TOM 3HAYEHWHN, K KOTOPOMY HEOTDAHMYEHHO IIPUOJIMIKAETCS STO
CpeJiHee YCKOPEHUe IIPH HeOIPAHWIEHHOM yMeHbIeHnH At, T.e. O mpejese
cpennero yckopenust npu At — (. DTo MrauosenHoe yckopenue. Hazpanme
COKpAIAIOT MPOCTO JIO «YCKOpeHHsi». IIpW HCIOJIB30BAHUM HYHCTO MaTe-
MaTH4IeCKoll (a He KMHeMATHYECKOH) TePMUHOJOIUH TOBOPSIT O <«BTOPOI
npoussostHoity d?f(z)/dx? = d(df (x)/dx)/dz, KoTopyro 0603HAUAIOT TaK¥Ke
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npu nomoru aByx mrpuxos: f”(x) (a ecin aprymMeHTOM paccMaTpuBaeMoii
bYHKIIM CTyKUT BpeMs ¢, TO IIPU HOMOIIH JBYX Touek: f(1)).

Jlo cux 1op g BCE BpeMsi FOBOPUJI O CKOPOCTH U YCKOPEHHUHU KaK O HEKO-
TOPBIX YHUCIaX. DTO TaK, €CIHU JBUKEHNE IIPOUCXOIUT 110 pamoii. Ho garme
OHO IIPOUCXOJUT 10 IJIOCKOCTHU (IJIOCKOE JIBUXKEHUE) UJIM B IIPOCTPAHCTBE.
B sTOM Ciiyuae n3MeHEHnE MOJIOKEHUST
nBuKyineiics Touku A(t) (pa3 eé mo-
JIO?KEHUE 3aBUCUT OT BpPEMEHH ¢, TO
a u iy A(t)) 3a HTEpBAT BDEMEHH A () A(t + At)

ot t 10 t + At XapaKkTepusyeTcs BeK- v
_

Topom A(t)A(t + At). Dro HanpasieH-
HBIIf OTPE30K ¢ HauaJaoM B Touke A(t)
u KOHIIOM B Touke A(t + At). Cpeasist |
CKODPOCTbH JIBUKEHHS 33 TO K€ BPEM: — ITO BEKTOP V¢p = EA(t)A(t + At),
a MIHOBEHHAs] CKOPOCTH V B MOMEHT BPEMEHH ¢ — 9TO IPEJEN Vep DU
At — 0. AHaJIOTHYHO OUpEZEAeTCst YCKOPEHue. JTO Mo-IpexkHeMy (MIHO-
BEHHas) CKOPOCTb M3MEHEHUsI CKOPOCTH, TOJBKO Ha Celi pa3 3TO BEKTOP.

[ToznHee GyaeT HECKOILKO CIyYaeB, KOra pedb IMOHIET O CKOPOCTH JIBH-
YKEHUs TIPOEKIINU TOYKU A Ha IpsaMyIo d, WK, 9TO TO YK€ caMoe, CKOPOCTH
M3MEHEHUsI TPOEKINU BeKTopa U Ha d. OHa paBHA MIPOEKIIUYN HA ITY IPSIMYIO
BekTOpa cKopocTu V. (IelicTrBUTENBHO, y2Ke U3MEHEHHE IIPOEKIUH 38 Bpe-
Mst At paBHO IPOEKITUH CMEIEHUsT TOYKA A WIm nmpupalnenust BEKTOpa U 3a
TO Ke BpeMsl.) B gacTHOCTH, eciin TOUKa A MM BEKTOP U MMeeT JIeKapTOBbI
KOODJIMHATHL (T, ¥), TO CKOPOCTh V 3TOH TOYKM MM mpousBoxHas du/dt
AMEET KOOPANHATEI (dx/ dt, dy/ dt).

\%

Puc. 40

YacTo MOHATHE MI'HOBEHHOII CKODOCTH BBICTYIIA€T BHEIIHE C HECKOJIbKO HHOM CTO-
POHBI, YeM pamblie (XoTs 310 He Gojee YeM nepedpPasUpOBKa MPEXKHETO OLPE/ICJICHNUs ).
MoXHO cKa3aTb, 9TO B Te€YeHUEe HEOOJIBIIOrO MPOMEXKYTKa BpeMeHu At JBUXKEHUE IIpPo-
HUCXOJUT IIOYTH TaK >Ke, KaK €CJIM Obl 9TO ObLJIO JBUKEHUE C ITOCTOSTHHOUW CKOPOCTBIO V:

AR)A(t + At) ~ VAL, (19)

u 9TO TeM To4Hee, deM Menble At. Ho kak sro nonumars? Bens B dopmyste (19) obe wa-
cTu npubMzKeHHO paBHEI 0, <1 9TO TeM To4dHee, yeM MeHbIne Ats. Eciau 661 Mbl Hamucam
2Atv unu (At)2v, mocnemmee Beé pasHo ocTanocs 651 B cuite. Ho B bopuyste (19) umeercs
B BHJY, 4YTO JieBad U IIpaBas YaCTH ropasfo O/mrke APYr K Apyry, deM At — K HyJIo;
MHBIME CJIOBaMH, Pa3HOCTB Tux vacreil A(t)A(t + At) — vAt namuoro menbme At. Kak
IIOHUMAaTh «HAMHOTO MeHbIe»? B JaHHOM cilydae MMeeTCs B BUAY CJEIyIOIee: 3a/1aB-
IIMCh 3apaHee KaKUM-HUOY/Ib JuciaoM € > 0 u yMmenbInasa At, MbI BCETra OOHAPYZKUM, YTO
npu OvYeHb MasIbIX At OTHOIIEHME yKa3aHHOHM pa3HocTH K At CTaHET IO CBOEH BeJddnHe
menbme . Tak 9ro xorss m A(t)A(t + At), m A(t)A(t + At) — VAL craHOBATCA OYEHB
MaJIbIMU (CTpeMsTCs K Hyuio) npu At — 0, 9Ta UX MaJOCTh UMEET Pa3JInYHBIA XapaKTep.
_—

Pasnocts A(t)A(t + At) — vAt aBisieTcs, Kak FOBOPAT, BEJIUIUHON, «GECKOHETHO MAJIOit
mo cpasHeHmIO ¢ At» (mim «uMeer Gosiee BBICOKHI NOPSAIOK Masoctu, deM At»); 310
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[IPOCTO COKPAIEHHBIN CIOCO6 CKa3aTh TO, YTO BbIIIE GBLIO MOJIPOGHO CKA3aHO C UCIIOJh-
30BaHMEM £ U YTO HECKOJIBKO 60Jiee KOHCIIEKTUBHO MOXKHO CKa3aTh €IE TaK:
AR)A( + At) — vAE
mpeaes npu At — 0 pasen 0.
At

Paccrosinue xe A(t)A(t + At), Boobuie rosopst (pu v # 0), sIBJIsieTCsl BEIMIUHON «TOro
2Ke TOPsiZIKa MaJloCTU», 9TO U At, — OTHOIIEHNE STUX BEJIMYMH NpU Majbix At ocraéres
3aKJTIOYEHHBIM ME2K/Iy HEKOTODPBIMHU IOJIOKHTETbHbIME duciaamu. (Tosbko npu v = 0 310
paccrosiuue «uMeer GoJiee BBICOKHMH IIOPSJIOK MAJjoCTH».) PacCyKJeHusl ¢ BeJUIMHAMUA
Pa3JIMYHBIX MOPSIAKOB MAJIOCTH — 9TO, B 00IIeM, 6ojiee rubKuii u G6OraThlii MHCTPYMEHT,
HEYKEJIM PACCYKJIEHUSI C OJJHUMHU CKOPOCTSIMH; TEIePb YUTATEJO0 CTAHOBUTCS MOHSITHBIM
YIOMUHABIIIEECS] paHee Ha3BaHUE <«HUCUNC/IeHHEe GeCKOHEeYHO Mauibix». Ho oHM mpejcras-
JISIOT cOBOit HEYTO HOBOE IO CPABHEHUIO ¢ OOBIYHON MIKOJIBLHON MATEMATHKON U TpeGyroT
u3BecTHON TpeHupoBku. He mpe/nosnarass TakoBoii y duraresisi, s CTaparCh UX n3berars,
HO 3TO HE BCeryla BO3MOXKHO. B HECKOJIbKUX MecTax, rje u3bekaTb UX HEBO3MOXKHO,
s HAMETUJI UX TOJBKO B OOIIUX 4YepTax, UMesl B BHJLy, 9TO JJIsl IIOJIFOTOBJIEHHOTO YH-
TaTeJsl STOrO JOCTATOYHO, & HElO/[IOTOBJIEHHBIN YMTaTe/Ib CMOXKET, He OCOGEHHO BHHKAsI
B HOAPOGHOCTH, IPUHSTH COOTBETCTBYIOIIUE PE3YJILTATHl HA BEPY.

W3 Bcero aToro «ucumciaeHnsi GECKOHEYHO MAJIbIX» 51 KOe-TJe HCIOJb3YI TOJIBKO CO-
KpaIénHoe o603HaYeHNE, 3aMEHSIIONIEe CJI0Ba «TaKas-TO BeJUNIUHA UMeeT 6ojiee BBICOKUIL
nopsiZiok Masioctu, deM At». Bmecto atux csioB numnryT

«Takasg-To BeauanHa = o(At)».

Hanpumep, naHHOE BBIIE pa3bsCHEHME, B KAKOM CMBICJIE Ha0 NoHHMaTh (19), cBommres
K TOMY, YTO
A)A(t + At) — vAL = o(At).

Hasio nMeTh B Bujly HEKOTOPYIO yCIOBHOCTb cuMBoJia «o(At)»: oH He 0603HAYAET KAKOH-TO
OIIpeeIEHHBIN OOBEKT (IMCIIOBYIO WM BEKTOPHYIO dyHKIm oT At), a MOXKeT 0603Ha-
JaTh JIO0YIO TaKyio (PYHKIMIO 60J1ee BLICOKOTO MopsiIKa MaJocTh, 4eM At. B ogHoM u ToM
K€ PacCCyzKIEeHUU MOXKET BCTPpeYaThbCsA JeCATh PAa3JIMYHBbIX TaKUX beHI(I_U/II‘/JI7 n BCE OHHU
6y 1y T oMHAKOBO 0603HauaThCs Yepes o( At). Eciu 661 TyT rpo3usia onacHOCTD Iy TAHUIIBI,
HX MOKHO OBLIO GBI 0GO3HAYNTH HECKOJIBKO IIO-PA3HOMY, CKaxkeM, depes o1 (At), oa2(At),

., 010(At). Ho onbIT mOKa3bIBaeT, 9TO OOBIYHO ITyTAHWUIbl HE BOSHUKAET, XOTs IPUXO-
nuTes nucarb GopMyisl Bpope 20(At) + 60(At) = o(At), koTopble He HaJO IIOHHMATH
CJIMIIIKOM OyKBaJIbHO. Y Hac OyHeT ciydail cocyiaTbest Ha GOPMYITy

(a4 o(At))(b + o(At)) = ab + o(At), (20)

rae a u b MoryT maxke 3aBuceTb OT Af, JHIIL 651 OHU GBUIM OIPAHUYEHBI 110 BEJIHIHHE
HeKoTOpoll He 3aBucamei or At koHcranroil. (Torma ao(At) = o(At), bo(At) = o(At);
KpoMe Toro, konedno, umeeM o(At)o(At) = o(At), a cymma Tpéx BesmauH o(At) cHosa
ectb o(At).)

Eciu uHTEpecoBaThCs TOJIBKO JIMHON BEKTOpa CKOPOCTH |V|, TO y Hac
HOJIyYUTCs] HEKOTOPAasl IMCJIEHHAs XapaKTEePUCTUKA CKOPOCTH — €8 «BeJjn-
quHay. C JIpyroil CTOPOHBI, pPaHBINE MBI TOBOPHJIM O CKOPOCTH ¥ H3Me-
HeHus 1pofijieHHoro myru $(t); HUYTO He MeIlaeT HaM IOBOPHUTH 06 s(t)
u o ckopoctu v = §(t) 1 ToraA, KOrja JBUKEHNE NPOMCXONT HE IO NPSMOH,
a Ha IJIOCKOCTH WM B IPOCTPAHCTBE, TaK 4TO $(t) OKa3bIBAETCS JJIMHON
HEKOTOPOI KPUBOIf; 9Ta BeJIWYMHA U TOXKe SIBJISIETCsI HEKOTOPOH UHCJIeH-
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HOI XapakTepucTukoil ckopocru. Herpynuo moragarses, uro v = |v|. Ho-
raJiaTbCs HETPY/HO, a BOT JIOKa3aTh TPY/HEE, HO BCH CJIOYKHOCTH CBSI3aHA
UCKJIIOYUTEJIBHO C TE€MU BOIIPOCAMH, TaK CKa3aThb, «0OOOCHOBATE/IHCKOTO»
XapaKTepa, KOTOpbIe s He X04Uy OOCYKJIATh CUCTEMATUIECKH, XOTS MHOTJA
BCE JKe 3aTparmBai0 MX B KadecTBe CBOero poja obpasmos. (B namnom
cilydae emé 10 «IOsBJIEHUs HA CIIEHEe» DABEHCTBA ¥ = |V| HaJ0 yTOYHUTD,
KaK TOYHO ONPEIE/INTDH MOHATHE <«JINHA KPHUBOI», W BOODIIE, UTO TAKOE
kpuBasi. [lociieHuil BOIpoc, B CYIIHOCTH, HE MMeeT OTBeTa, MO0 OJHUM
U TEM K€ CJIOBOM «KpHBas» MOI'YT Ha3bIBATHCS COBCEM Da3HbIE BEIIN; TOY-
Hee OYZIeT CKa3aTb, UYTO MBI JIOJI?KHBI O0bSICHUTD, KPUBBIE KAKOT'O THUIIA, MbI
paccMarpuBaeM. Bceerjia i CyliecTByeT NPOM3BOJHAs, a eciau Her (eii-
CTBUTEJBHO, HE BCErJa), TO ¢ 9eM, ¢ KAKUMHU CBOHCTBAMH PacCMaTPHUBa-
€MBIX YHUCJIOBBIX WJIM BEKTOPHBIX (DYHKIHUII CBA3aHO €€ CyIeCTBOBAHUE.)
Ho HaMm 3/eCh JIOCTATOYHO YKa3aTh, YTO PABEHCTBO v = |V| TecHO cBsizaHO
CO CJEJIYIONUM YHCTO INeOMETPUYECKHM YTBEPXKJEHUEM: €CJIM Mbl MMEEM
MIRJKYI0 KpuBYI0 L (s He yTOYHSIO, YTO 3HAUUT <«IJIAJKAs»; HAIJISIHBIN
cMbICa — 6€3 yIVIOB), TO OTHOIIEHHE JUIMHBI MaJiol Ayru L K CcTarusaro-
meit e€ xopae crpemurcs K 1, korma mepsasi jjmHa crpemurcs K 0. Ipwm
JKEJIAHUU IUTATENb CaM JIETKO BBIBEJIET PABEHCTBO ¥ = |V| U3 JAHHOTO Teo-
MEeTPHUYECKOro yTBepKjaeHusi. CTPOro roBOpsi, CaMO 3TO IeOMETPHUYECKOe
YTBEpPXKJIEHNE TOXKe HYXKIAETCS B JI0KA3aTeIbCTBE, KOTOPOE Ha CAMOM JIeJIe
WMeeT JeJI0 C TEMU K€ CAMBIMHU <«OOIEe000CHOBATEIbCKUMU» BOIPOCAM,
HO YTBEpXKJEHNEe HACTOIbKO HAIVISIHO, UTO s CO CIIOKOWHON COBECTBHIO JI0-
Ka3blBaTh ero He Oyiy. Ecjm »Ke MHTepecoBaThCs HAIPABJIEHUEM BEKTOPA
CKOPOCTH, TO SICHO, YTO OH JIEXKUT B KacaTeJbHOH K TpaeKTopuu (K Kpu-
Boit C', «0uepunBaeMoiiy JABUIKYIIEACST TOUKOIMA A(t) C U3MCHEHUEM t). Heit-

—_—
cTBUTEJIBHO, BeKTOp A(t)A(t + At) HanpasiieHn 10 cekylneil, coeuHsIoeit
rouku A(t) m A(t + At); To Ke HaIpaBjIleHHE WMeeT U BEKTOD CpelHeil

A(ta) v(t1)

Puc. 41
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1 ————F
EA(t)A(t + At). TlpemenbHOe HAIpPaBJIEHUE BEKTOpA CpEIHEit

CKOPOCTH — 9TO HAIlpaBJIeHHE BEKTOPAa MIHOBEHHOII ckopoctu Vv(t), a mpe-
JesibHOE Hanpasiienue npsambix A(t) A(t + At) —sro Hanpasienue KacaTeb-
Hoit k C' B Touke A(t). (Pagm mONMHOTHI HAZO €IIE OTAETIBHO YIOMSIHYTH
o caygae v(t) =0, xoTs HAM OH He BCTpeTHTCdA. TOrja HalpaBJIEHUE BEK-
TOpa CKOpPOCTHU He ompejiesieHo. Ho Hy/eBoil BEKTOP NMPUHAIEXKUT JIOOOM
[PSMOIi. )

EcrecTBenno, 9To, KaK U paHbIlle, «HE3aBUCHMAsd IIEPEeMEHHAA»  BOBCE
He 00s3aTesIbHO JOJKHA OBITh (DU3UIECKHM BPEMEHEM U YTO MBI MOYKEM
TOBOPUTH O CKOPOCTH M3MeHEHUs! (C M3MEHEHneM t) KaKoro-HUOY/ b 3aBUCs-
mero oT t BekTOpa U(t), KOTOPHIH He 006s3aH UMETh (DU3NIECKUH CMBICI
paJyc-BeKTOpa HeKoTopoit marTepuasbHoit Touku. (IIpumepom, Koropbiii
HAM y?Ke BCTPETHUJICS, IBJISIETCsT YCKOPEHHE, T. €. CKOPOCTh U3MEHEHUS CKOPO-
cru.) Econ 661 KazkoMy ¢ 6bLI0 conocTaBiieHo ducio f(t), To Mbl FOBOPHIIA
661 0 bynkmu f(t), a B JaHHOM Ciydae TOBOPST O BeKTop-DyHKImu. OT-
JIOXKUM BCE 9TH BEKTOPBI OT HEKOTopoil Toukn O (XOTsi BHAUAJE, MOXKET
ObITh, OHM TIPH PA3HBIX ¢ OTKJAJBIBAIUCH OT PA3HBIX TOYEK), U IYCTh IIPH

CKOPOCTH

stom U (t) — kouer; Bektopa u(t), rak uro u(t) = OU(t). Teomerpuueckoe
MecTo tux Tovek U(t) HaszbiBaeTcs rogorpadoM JaHHONH BEeKTOP-hYHKIUKT
(Ha3BaHME IPOUCXOMUT OT IPEYECKUX CJIOB NOJ0C —IIyTh U Ipado — nuiry).
Orto nousitne BBén Y. Famunbron (1805—1864) B 1846 1., uro He GBLIO
CJIy 9l HBIM: € OJJHON CTOPOHBI, [ AMUJIBTOH — OJIUH U3 KJIACCUKOB JUHAMUKHY;
C IpYToii CTOPOHBI, B 1843 . OH OTKPBLT AJIredpy KBATEPHUOHOB, BHYTPHU KO-
TOPOIi KaK Obl cojiepKaIoch BekTopHoe ucuuciaenue. (Ho Beé xke B nunaMuke
FaMuIbTOHA BCIOMUHAIOT MPEUMYIECTBEHHO IO TIOBOJLY CAMBIX CJIOKHBIX
AHAJIMTUIECKUX PA3JIEIOB 9TON HAYKH, & TAKUE IPOCTDIE M HATJISIHbIC BEIIIH,
Kak rojorpad U CBI3aHHbIE ¢ HUM COOOpazKeHus (I0-BUIMMOMY, OH IIE€PBHIM
MPUIIIES K COOOPAYKEHMUSM, COCTABJISIIOIINM CyTh U3JIATA€MOTO B 9TOM KHIXK-
Ke 110/1x0/1a K 3aj1a4e Kenuiepa), — cBoero pojia JIONOJHEHUE K er0 OCHOBHOMY
BKJIA/TY. )

Haruisiino MoxKHO 1pesicTaBiaTh cebe (cumras mapaMerp ¢ BpeMeHeM,
JIayKe eCJId 110 CMBICJIY BOIIPOCA OH BPEMEHEM He sIBJISIETCsI) TaKoe JIBH-
skerne Touku U(t) no romorpady, uro eé pajauyc-eKTop paseH u(t). Tem
cambIM rofiorpad JAET HEKOTOPOE HATIISTHOE MTPEICTABICHIE 00 N3MEHEHUH
BekTOpa u(t) (¢ u3MeHeHHEM ) U O CKOPOCTHU ITOIO U3MEHEHUs; B 0OCOOEHHO-
CTU HATJISIZIHO TIPEJICTABJISAETCS HANPABJIEHUE 3TOH CKOPOCTH — 3TO MPOCTO
HAIpaBJIeHNe KacaTelbHO K rojgorpady. Ham monamoburcst rogorpad cko-
poctu. B aToM ciaydae t ecTb HacTosIIee BpeMsl, a u(t) eCTb BEKTOP CKOPOCTH
HekoTopoit Toukn A(t) (TakuM 06pa3oM, NepBOHAYAILHO BEKTOD U(t) OTKIa~
npiBasics ot A(t), a upu mocrpoenuu rogorpada Mbl IIEPEHOCUM €r0 B HEKO-
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TOPYIO HE 3aBUCANLYIO OT ¢ TouKy O — TaK CKa3aTh, IPAHAMAS €€ 38, «HAIAI0
orcuéras ). CKopocTh xKe u3MeHeHns u(t) —a1o yckoperne Touxku A(t). Ono,
TaKuM 00pa30M, HMEeT TO K€ HallpaBJIeHHe, 9YTO U KacaTeJbHasl K roJ0rpa-
dy ckopocru.

B Buje npumepa npusengM rogorpadbl CKOPOCTH IS JBYX THIIOB JIBU-
JKeHUsI, U3BECTHBIX M3 IKOJBbHOrO Kypca dusuku. Jjis paBHOMEPHOYCKO-
PEHHOTO JIBHKEHHS C YCKOPEHHEM a CKOPOCTh B MOMEHT BPEMEHH © paBHa

vo + (t —to)a, (21)

Ijie Vo — CKOPOCTh B HAJaJbHBIH MOMEHT BpemeHu t = to. Toukum (21) co
BCEBO3MOXKHBIME ¢ 00PA3YIOT MPSIMYIO JIMHUIO, IPOXO/ISAIILYIO Yepe3 KOoHer Vj
BEKTOPA V(, OTJIO?KEHHOTO OT «HaYaJIa OTCIETay, I UMEIONIYIO HaIlpaBJIEHHE
BEKTOpa a. JTa mpsiMas, BepHee, Ta €€ YacTh, KOTOPas MOJIyIaeTCsl MpU
paccMaTpuBaeMbIX t, U eCTh IoJ0rpad CKOPOCTH.

A(t) v(t)

> > >

Puc. 42

Bropoit mpumep — rogorpad CKOpocTH [ijIsi paBHOMEPHOTO KPYTOBOIO
neukenus. [lycrs nuxkenne rouku A(t) no okpyzkuoctu C' paguyca r ¢ 1eH-
TpoM O IPOUCXOJUT C IIOCTOSIHHOI yIJIOBOil cKOpocThio w. CkopocThb V(1)
B KasKJIblii MOMEHT BpeMeHu ¢ kacaercs okpyxuoctu C' B Touke A(t) u Ha-
[paBJIeHa B OJIOKUTEJbHYIO CTOPOHY (IIPOTHB 4acoBOii cTpesKkn) npu w > 0
U B IIPOTUBOIOJIOXKHYIO CTOPOHY Ipu w < (; BeJMYMHA CKOPOCTH DaBHA
r|w| — Bexp 3a Bpemst At > 0 nossipHbIil yros Touku A(t) 10 OTHOIIEHUIO
K nosocy O (Upu IPOU3BOJIBHOM BBHIOODE HAYAJIBHOIO JIyda) U3MEHSIeTCs
Ha |w|At u Touka A(t) npoxomut myry okpyxuoctu C jymHbl As = r|w|At.
WubivMu cjioBamu, BEeKTOp cKopocTu V(t) mosydaercs u3 /Tt)) MMOBOPOTOM
Ha 90° B MOJI02KUTEIHHOM NN OTPUIATETHHOM HAIIPABJIEHUN U YMHOYKEHAEM
Ha w. Korga A(t) npoberaer Hekoropyto ayry J okpyxkuoctu C, Korer V (t)
BeKTOpa V(t), OTJII0KEHHOIO OT IPUHSITOIO IIPU HOCTPOeHUH rojgorpada Ha-
yaja orcuéra O1 (oHO MOXKeT M He coBuazarh ¢ O), npoberaer ayry Jq
okpyxuoctu C] pagmyca rw ¢ mearpom B O1; 1o cpaBHeHHUIo ¢ J 3Ta ayra
noBépHyTa Ha 90°. Yekopenne Touku A(t), T.e. CKOPOCTh N3MEHEHUsl €€ CKO-
POCTH, COBNIAJIAET CO CKOPOCTHIO JIBUKeHHsI TOUKU V (t); OHO B CBOIO 0Uepeib
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Vi

Vs

Va2
Vs
Vs Va4
Vs

Va4
Puc. 43

npoberaer ayry Jo oxpyxuoctu Cy pagmyca w - wr = w’r. Hanpasienne
YCKODPEHHUSI TOJIyIaeTCsl U3 HallPpaBJIeHUs BEKTOPA O—A IIOBOPOTOM JIBa pa3a
Ha 90° B OJIHY M Ty K€ CTOPOHY, TaK YTO B PE3yJbTaTe IMOJIyIaETCs IO-
BopoT Ha 180°. 3HauuT, yCKOpEHHE HAIPABJIEHO ITPOTUBOIIOJIOXKHO BEKTOPY
O_/l—OT A k O, T.e. gABISETCS MEHTPOCTPEMUTEILHBIM. Takoe onucanme
YCKOPEHUS [P PABHOMEDPHOM KPYTOBOM JIBH2KeHnHU orybsmKkoBaJ ['oiirenc
B 1673 r.; Hpioromy, mo-BumMoMy, OHO K TOMY BPEMeHHU y2Ke ObLIO N3BECTHO.

Yopaxnsenue 4.6. B xonie §3 Obuin BBeI€HBI BEKTODHI €, U €y, CBA3AHHBLIE C CH-
CTEMO MOJISIPHBIX KOOPIAUHAT. DTH BEKTOPHI OBIBAIOT PA3JINYHBIMUA B PA3JIMIHBIX TOUKAX
(z, y), HO OHM COBHAIAIOT JJI TOYEK, JIEXKAIIUX Ha OJHOM JIyde, HAIMHAIOWIEMCS B II0-
smoce O, Tak 9TO UX MOXKHO CUATATh 3aBUCAIIUMH TOJBKO OT IOJISIPHOTO YIJIa (p:

er =e;(p) =(cosp, sing), e, =-e,(p)=(—singp, cosy).

Vo ¢ Me1 GyzieM U3MepsATh B pajsuanax’ . PaccMoTpuM u3Menenue BeKToOpos er (), e, (¢)
¢ m3ameHermeM . (MoXKHO ckasaTbh, 9TO cefidac ¢ ecTb «BpeMms».) OTKiangplBas >Tn
BEKTOPBI OT 1oJtoca O, MOXKHO CUUTaTh, 9TO KoHel, P = P(y) BekTopa e, (¢) ABUrKeTc
C €JIAHUIHON CKOPOCTBIO N0 OKPY?KHOCTH efmHIaHOro paauyca C ¢ meaTpom B O, a KOHer
BeKTOpa €, (p) ects P(p + m/2). Paccmarpusast der(p)/dp Kak CKOPOCTb IBUKEHUS
Touku P(p), cuenaiite BbIBOA, YTO BeKTOP-QyHKINN € (p) U e, (p) muddepeHnupyemst,
IPUIEM

der ()

dp

dey(#)

dp —er(p). (22)

=ep(p),

"HamoMHIO, 4TO yroa B ( PaJMaH — 3TO NEHTPAJBHBIA yroJ, CTATMBAIONIMI JIyTY
e mHIIHON OKpyzkHOcTH C, nmerouryro mmHy «. (Korma yros Gosble «passBépHyTOro»
yIVIa, HUMEIOIIEro IpagycHyio Mepy 180°, Hy»KHBI HEKOTOPBIE YTOYHEHHS HACIET CMBIC-
Jla IIOHATHUS <«yTOJI», HO OHU HE 3aBUCAT OT TOrO, M3MepsieM JII MBI Yol B TPaycax
WIN paJuaHax, TaK 9TO s CIYUTAK UX Oojiee Miau MeHee m3BecTHbIMU.) «IlosHbIA yrom»
(B rpagycnoit mepe 360°) B paguanax paseH 27 (OH «CTArMBaeT» BCIO OKpyxKHOCTH C),
«Pa3BEéPHYTBINA YroJ» — 7, TIPAMON yroi — /2.
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Y0 MOXKHO CKa3aTh O MPOU3BOAHBIX DYHKIMI COS ¢, sin ¢? [Tokaxkure, 4TO, B 4aCTHOCTH,

sin ¢ 1

lim
=0
Kora MbI paccMaTpuBaeM JIBUXKEHHE TOYKU A, MOJIb3YsICh MOJISPHBIMU
KOODJIMHATAMH, TO BEKTOP €€ CKOPOCTU V MBI XaPAKTEPU3YEM €r0 PaJIna/b-
HOI U yTJI0OBOM KOMIIOHEHTAMIE Uy 1 U,,. (Hamomuro, 110 onn mosty1atorcs mpu
MPOEKTUPOBAHNN V Ha TpsaMyio OA u Apyryio mpsMyio, KOTOpas KacaeTcs
OKpyKHOCTH T = const B Touke A. IIpu sTom mogpasymenaercsi, uTo A He
HAXOAUTCA B mojroce. IloaroMy npsimas OA OJHO3HAYHO OIpeesieHa.) DTu
KOMIIOHEHTBI MMEIOT CJIELY O CMBICIT:

Up = T = CKOPOCTD USMEHEHUS, T (23)

B ocHOBHOIt YacTH HAIIErO TEKCTa 9TO HAM He IOHAJI00UTCS, HO 9TO CTOJb
IIPOCTOI UM HAIVIAAHBIA (DAKT, YTO €ro IMOJIE3HO MMETh B BHIY, Jaxke He
BHUKAs B JIOKA3aTETbCTBO, KOTOpoe TpuBomTes amxe®. O6 yTioBoit KoM-
IIOHEHTE U, BBIPAZKAsICh HAIVISIHO, XOTS M HE TOYHO, MOJKHO CKA3aTh, UTO
9TO KakK OBl Ta YaCTh CKOPOCTH, KOTOPasi 00yCIaBINBaeT N3MEHEHNEe HAIPAB-
senusi or O K A, T.e. yria ¢. CKOpOCTh U3MEHEHHsI YIJIa  —3TO YIJIOBAsI
CKOPOCTB W; OKA3BIBACTCS,

Vp = Tw. (24)

HokazkeM paBeHCTBO (23) muist Kakoro-Hubyab MOMEHTa BpeMeHH to. Beeném Ha mu-
HYTy AEKapTOBy CHCT€MY KOODAMHAT ¢ HadajaoM B O H IOJIOXKWTEeNbHOH mosyocso Oz,
nanpassennoii or O x A(tg). Tormar = (z, y), r2 =22 +y? u

T = il7‘2: i (1:52—&- 1 2) =T + yy
dt 2 dt \2 2¥ v
Ho xorga ¢t = tg, To y =0, £ = r 1 vz —9TO NpoeKIws BekTopa v Ha npsamyo OA(tp), Tax
9YTO B 9TOT MOMEHT Uy = Ur. Iloiydaercs, uro ri = rv, upu t = tg. Orciona u ciemyer
paseHCTBO (23) muist t =t (cokpammeHme Ha T BO3MOXKHO, MO0 7 # 0, — Kak y»Ke roBopu-
Joch, A(tp) He HAXOMUTCA B IOJIOCE). A Tak Kak tg MOIVIO OBITh JIIOGBIM, PaBeHCTBO (23)
CIIPaBeJJINBO BO BCE MOMEHTBHI BPEMEHM.

3ameuanne 4.1. ITpu GosbinoMm nmemaHTH3ME 37€Ch MOXKHO CIIPOCHTD, CYIIECTBYET JIN
upoussonnas dr/dt, ecin usBecTHO, 4TO T # 0 M UTO CyLIECTByeT CKOPOCTb Vv = dr/dt
(y7 €é-TO CyIIecTBOBAaHHE NOAPA3yMEBAETCs, Pa3 MbI TOBOPHM O IMPOEKIMH CKOPOCTH Ha
npamyto OA). Otser: y bynxnun r2 = 22 + y? 3aBesoMo cymecTByeT pou3BoAHas 1O ¢
(sT0 cBOmUTCs K AuddeperupyemocTn © U y — Kak?), a 7 = V72, u ocTadresa cocaaThesa
Ha ynpaskHeHne 4.1 u TeopeMy O IPOM3BORHOM CJIOXKHON (DyHKIUH (B JAHHOM CJIy<ae MBI
npumenseM eé K f(u) = /u, u(t) = 22(t) + y2(t)).

8 Ec/Iu TI0/Ib30BaThCH BEKTOPHBIM HCUHCIEHHEM, TO BCE CBOIUTCA K TOMY, UTO, 0003HA-
Yasi CKaJIIPHOE MPOU3BEJEHUE C MOMOIIBIO YIVIOBBIX CKOOOK, MMeeM

d1l 1d 1
=——r2= (r, ry=—-2(r, r) =(r, v)==r- (upoeknus v Ha npsamyio OA)=rv,.

rT= ri=——
dt 2 2dt 2



70 §4. CkopocTb

Teneps ocranosumcs Ha paseHcrse (24). IIpu HepaBHOMEPHOM JBUXKEHUU 110 KPYTY
pazmyca r, OTCINTHIBasI IPOHAEeHHOe paccTosiue s(¢) 1 MOJAPHBLA yron ¢(t) OT HEKOTOpO-
r'o HAYAJILHOIO JIyda, UMEEM § = r'(p, U = § = r'Y) = r'w, & TaK KaK B 9TOM CJIyJae CKOPOCTb V
HallpaBJIeHa 110 KacaTeJbHOW K OKPYXKHOCTH pajuyca r =const, Mbl nomyyaem vy = 0
" U = vy, OTKyJa Hu cieayerT paseHcrso (24). (B mkoabHOM Kypce (pU3MKH TOYHO Tak
2Ke JIOKa3bIBAETCs, YTO U = r'w B YACTHOM CJIydae PABHOMEPHOI'O KPYIOBOI'O JIBUYKEHMS. )
Ecsn r MOXKET U3MEHSTHCS CO BPEMEHEM (3ammchb: T #const), TO paccy’KIeHue OKa3blBa-
€TCsl HECKOJIBKO 0oJiee CJIOKHBIM. f1 0OBSACHIO €ro Hzeio, OCTaBJifAs IPOPabOTKY JeTaJeit
TEM UHTATEJsIM, KOTOPBIM 3aXO4YeTCsl IOTPEHUPOBATHCS B yMEHUHU IJOBOIUTDH IIOHOOHBIE
paccy»K/ieHnsl JI0 KOoHIa (0CTaBasCh IPU 9TOM Ha CPABHUTEJIHHO 3JIEMEHTAPHOM yDPOBHE).

c
A(t + Ab)

A(t)
B

0 £
Puc. 44

Bekrop A(t)A(t + At), msobpazkaromuii cmemenne Toukn A 3a Bpemst ot ¢ 10 ¢ + At,
MOXKHO Pa3JIOKUTh Ha ABe KOMHOHeHTHI A(t)B u A(t)C, HanpaBiieHHbIE COOTBETCTBEHHO
10 OCSIM BCIIOMOTATENIBHOM JEeKapTOBOH CHCTEMBI KOOPIUHAT, IPUBJIEKAEMOI JIJIs OLpese-
JIEHHsI paJuasbHOI M yIJIOBOH KoopAuHAT mcxonsmero u3 A(t) sekropa, T.e. mo OA(t)
¥ II0 KacaTeslbHOH K OKkpyHoctu pammyca r = |OA(t)| B Touke A(t). (Toukm B u C,
KOHEYHO, 3aBUCAT OT t u At, HO MbI He yKasblBaeM Ha 5TO B oGosHadeHusx.) C ogHoit
croponsl, B3:aB |A(t)C| ¢ monxonsiuuM 3HAKOM (Ha KACATEIbHON MMEETCs IIOJIOXKUTE b
HOe HAIPAaBJIEHHe — OTBEYAIONlee BO3PACTAHHUIO () M O0O3Ha4asl IOJIy9eHHYHO BeJIMdd-
"y £|A(t)C| gepes A(t)C, umeem A(t)C =~ v, At (3TO IOIyIaeTCsl HEIOCPEACTBEHHO U3
OIIPeJIEJIHNUST Vyp: CPEJIHsSI CKOPOCTD JBMKeHus B HanpasieHnu A(t)C' ogenb 6am3Ka K vy
npu Masbix At). C apyroii croponsr, A(t)C ~ rA¢ ~ rwAt. (Ilepsoe npubiamxenHoe
PABEHCTBO MOJIy9aeTCsl TaK:

|A(#)C|=|BA(t+ At)|=|0A(t+ At)| sin LA(t+ At) OB =|r(t+ At)| sin |Ap| =7 (t)| Ay,

a KpoMme Toro, sicio, uro A(t)C mmeer TOT ke 3HaK, uTo m Ap. Bropoe — cnencreme
olpeJiesIeHusl YIVIOBO# CKOPOCTH w, COMIacHO KoTropoMy Ag &~ wAt.) Ecuu 661 Bce i
PaBeHCTBa GbLIM TOYHBIMH, MBI Cpa3y Iosyuamiu 661 dopmyrny (24). Ha camom nmesre onm
HETOYHbIE, HO OIIUOKA IPK MaJIbIX At HACTOIBKO MaJla, ITO €€ OTHOIeHne K At CTpeMuTCs
K Hysmo npu At — 0, — KaK FOBOPUJIOCH, STO BBIPAXKAIOT CJIOBAMU: <OIIMOKA SIBJISIETCSI
BEJIMYUHOMN, GECKOHEUHO MAaJIOH 10 CPABHEHHIO ¢ Atl», M COKPAIIEHHO 3allMCHIBAIOT B BHUJIE

A(t)C — v, At =0(At), A()C —rAp=0(At), rAp—rwAt=o(At).
DTOro JOCTATOYHO s JOKA3aTeIbCTBA PaBEeHCTBa (24) — OHO IIOJIy4YaeTCs U3 PABEHCTBA
v At = TwAt + o(At)

nyTéM nmesenust Ha At u mepexofa K npegery npu At — 0.
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3ameuanue 4.2. YTBepKas npu BbiBoge GopMyinl (24), uro ommbKa Takoi-To mpu-
OMKEHHON POPMYJIBI, B KOTOPO# (PUIYyPHDPYIOT BEJUYIUHBI, 3aBHCAINE OT Af, yMeHDb-
maerca npu At — 0, 1 Hajgeascs B IIEPBYIO OYepe]b Ha JOCTATOYHYIO HAIVIAHOCTH
TaKUX yTBEPKIAECHUH, HO U TOYHBIE JOKA3ATEIbCTBA HE TaK YK CJIOXKHBI, TOJILKO HEMHOIO
rpomo3aku. CkasaHHOE OTHOCUTCS U K IIPUBOJUMOMY B CJeyolneM mnaparpade JoKa-
3aTeJIbCTBY COXPAHEHUsI MOMEHTA MMILYJIbCa (TaM s IIOJIHOIO JIOKA3aTeJbCTBa HE JIAI0).
MHe KaxKeTcsi, 9TO yK €CJIM YUTATEN0 3aX04eTcss UMEeTh 0e3yKOPU3HEHHO CTPOIHMEe pac-
cy»kJenusi 6e3 BCAKHUX IPOOEJIOB, TO JIydllle He Pa3BUBATb WX IPUMEHHUTEIHHO K ABYM
OT/EJIbHBIM 33/1a49aM, & O3HAKOMHUTBCSI C MaTeMaTUYeCKUM aHAJIM30M B O0bEME NepBOit
[IOJIOBUHBI TIEPBOTO KypCa, IOCJIe Yero BCE MOXKHO IPOJIEJIATh B HECKOJIIBKO CTPOK, BOBCE
He mpuberass K NPUOIIKEHHBIM popMyIaM ¢ MaiabiMu At, a paborasl HEIIOCPEICTBEHHO
¢ npomssoguabMu. (Tem Gostee, 9T0, BO-TIEPBBIX, TAKOE YKEJIAHUE, CKOPEE BCETO, CBUIETEb-
CTBYeT O MaTEMaTUYECKUX HAKJIOHHOCTAX M, BO-BTODPBIX, 3HAKOMCTBO C AHAJIM30M JayKe
B TAKOM CKPOMHOM OOBEMe IIPUMEPHO B TAKON »Ke CTEIeHU PACIIMpsieT BO3MOXKHOCTH
[OHMMAHUS OPUPOJHBIX 3aKOHOMEPHOCTEH, KaK U 3HAKOMCTBO C aiarebpoii.)

Vupaxuenue 4.7 (1151 auTaresnei, }KeJIaONUX IONPAKTUKOBATHCS B IPUMEHEHUH TEO-
pemsbl Jleitbauia o npon3BoAHON pousseenus ). JJokaxkure 3anoBo dopmyast (23) u (24),
nuddepeHIupys paBeHCTBO I' = re,. Y K a3 a H u e. Mcnonb3yitre ynpaxkuenune 4.6 u obe
TeopeMbl, OXapaKTEePU30BaHHbIE BBIIIE KaK «IVIaBHBIE», T. €. TeopeMy JIefiGHuIa n reopemy
O IIPOU3BOJIHON CJIOXKHOM (DYHKIUH.

Ecin nasHBIT panee Gosiee ssieMeHTapHBIN BBIBOL dopmyn (23) m (24) TpeGosas
KAKHAX-TO ME€OMETPUYECKUX MOCTPOEHUH M, HOXKAJYH, HEKOTOPO# M300peTaTebHOCTH, TO
B ynpaxkHeHun 4.7 Ipe/uIoyKeHa COBEPIIEHHO ABTOMATHYECKAsl BBIKJIAJKA. DTO IPOCTOM
IPUMED TOTO, Kak ajrebpa u aHaau3 ynpomaior ku3ub. (IIpn ux ucnonb3osanun BooGpa-
JKeHMe, 300peTaTeIbHOCTD | T. II. BOBCE He YIPa3/JIHSIOTC, HO UX HaJI0 MOOUIN30BBIBATH
110 6oJtee CIIOZKHBIM [TOBOJIAM. )

Wurerpan

Ecmu 651 Tomcon-KenpBrUH COPOCHI CTYZEHTOB, UTO TaKOe HMHTErPaJ, OH ObI, BEPO-
STHO, TOXKE OCTAJICSI HEJIOBOJIEH OTBETOM B MaTeMaTHYeCKOM JyXe M CKasajl Obl: «AX,
6pocbre Bbl dTOro TozreHTepa, MHTErpas — 310 IwIoOmaab!» JlelicTBuTenbHO, MHTErpas
or dyskuun f(z) mo orpesky or a g0 b (Kopoue roBopAT «mHTErpas oT a 1o b») — 3To
ILUIOIIA b, 3aK/IIOUEHHAs MeKIy IpadHKOM 3TOi (PYHKIUU Ha STOM OTPE3KE U CAMHM
orpeskom ocu Oz or a o b, mpmaém Tam, rme pyHKIUs orpunaresbHa (a rpadux,
crajio GbITh, JIEXKUT HUXKE OCH abCIMCC), COOTBETCTBYIOINAs IUIOMALL OEpETcs CO 3HA-
KOM <«MHHYC». DTOT HHTErpajl MMeeT CIenHajabHOe OOO3HAtUeHNe, HABOMMAIIEE TPEIeT Ha

HEIIOCBSIEHHBIX:
b
a

b
B ciygae, nzobparkéHom Ha puc. 45, / f(z) dz paBen pasnocTu AByX OOBIYHBIX (T. €. HO-
a

JIOXKUTEJIBHBIX) IUIOIAJel, 3alITPUXOBAaHHBIX HO-pasHoMy. VIHTerpmposanme (emé ogHO
CTPAIIIHOE CJIOBO) — 3TO BBIUUC/IEHUE MHTErPaJa.

V ApeBHUX TPEKOB HE TOJILKO ObLJI0 MHTYUTHUBHOE MOHSITUE O IJIOIaAu (BCSIKOMY SICHO,
4o 1omma b AduH GoJbllle JIOMAN ePEBHH), HO OHU OTYETIMBO [IPEICTABIAIN cebe,
YTO IJIOIIAIb MOYKHO U3MEPATH KOJIMYeCTBEeHHO. [IpaKkTrdecKn ¢ T0CTATOYHOM TOYHOCTHIO
3TO yMeJU JejlaTh U €TUITsAHe, I'PeYecKhe »Ke MaTEeMAaTHKN CMOIVIM TOYHO BBIYHCIUTH
IIOIAb PA/la KPUBOJUHEHHBIX (uryp u nosepxuocreil. C Harieil TOYKU 3peHUsi, IpU
9TOM 3aJada CBOAWTCA K BBIUHCIICHUIO HEKOTODPBIX MHTerpaJsos. IIpaBna, penko GbIBaert,
4TOOBI B 3aJ@4ve O BBIYMCJIEHUH ILIOMAJU y HAC C CaMOr0 Hadajla pedb IIjIa O TaKOil
UMEHHO (urype, o Kakoil Mbl TOBOPDHUM IIPU OIPEEICHUM [IOHATHS HHTErpaja. 3amady
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emé HaJI0 CBECTH K 3aJ1aUe O BBIUHMCJIEHUU KAKOro-TO mHTerpasia. CBegéHue MOXKET ObITH
He TAKHM y2K IIPOCTBIM, OCOOEHHO €C/IM Pedb HAET O IUIOM[AAN <«HU30THYTOH» ITOBEPXHO-
CTH; OOBIYHO OHO TPEOYET HEKOTOPHIX IeOMETPHUYECKUX IIOCTPOEHUN U aJredpamdecKux
peobpa3oBaHuil, a IIOKa He ObLIO aJredphl, IOCIEIHUE IIPOJEIIBIBAJINCH B I'POMO3JKOM
reomerpuaeckoil dopme. (3aTo, OKa3BIBAETCS, BHIUUC-
JleHHe OOBEMOB TOXKE€ YaCTO CBOJUTCH K BBIYHMCIIEHHUIO
MHTErpaJjIioB, YTO 3apaHee KaXKeTCd COBCEM YK CTDaH-

+ X HBIM — HaM Hy>K€H OOBbEM, a MBI BBIYHC/IAEM ILIOIIAIb

a \§ HEKOTOPOI BCIIOMOTaTEJILHOMR cbnrypbl.) MozkHO cKa3aTh,
9TO y I'PEKOB OBLIU «COOOParKeHHs HHTErPAJIBbHOIO Xa-

2_ b pakTepay, HO obmias Hiesl MHTErpaja ObLia UM TyKIa.
IlnaToH, ckopee Bcero, npusHas 6bl €€ B KOPHE IIOPOYHOIA,

Puc. 45 CKa3aB 4TO-HUOYIb BPOJE TOI'O, UTO IJIOMIAJbL HE MOXKET

OBITh OTPUIIATELHON M YTO T€, KTO BMECTO [TOBEPXHOCTHU
cdepbl paccMaTPUBAIOT ILJIOMIAM KAKUX-TO HaJyMaH-
HBIX BCIIOMOTATEJbHBIX (DUTYD HA IJIOCKOCTU WJIM KTO IMYTAlOT OOBEMBI C ILIOIIAJISMY,
CYTb HEBEXKJIbI.

Kak ke Bcé-Taku mOHA4Yajy Jla)kKe He TO YTO BBIUYKMC/IUTB, & XOTs Obl OIPEIEIUTH
[IOTOYHEEe, UTO TaKoe TOT caMblii mHTerpas? PasmenuMm orpesok [a, b] Ha n OTpe3KOB
[zi—1, ;] Cc HOMOILIBIO CHCTEMBI TOYEK JIEJIEHH

To=a<x1<...<x;<...<xTp=0> (25)

7 0603HAYMM JUINHY i-TO OTpe3Ka 4epe3 Az, (nHbIME cinoBamu, Ax; = x; — T;—1). Ecmm

B IIpejieiaX MaJIeHbKOro oTpe3ka dyHKuums f(Z) He CJIUIIKOM CHJILHO MEHSIeTCs, TO, Bbl-
OpaB B i-M OTpE3Ke IPOU3BOJILHO KakKoe-HUOy/Ib 4ucio &;,
MOKHO CKa3aTb, YTO YaCThb MCKOMON ILJIOIIAJM, JeXKalas
«HAJ[» WINA <II0» i-M OTPEe3KOM, — 310 npumepHo f(&;)Axz;.
Best ke mwromaap npubIMzKEHHO paBHA TaK HA3bIBAEMOWM
«MHTErpajbHOi cyMme»

b Z f(&)Az;. (26)

B wuHTerpajJbHOM WCYHCJIEHMHM JIOKAa3bIBAETCS, YTO €C-
JIN HEOTPaHWYEHHO H3MeJbdaTh pasbueHune orpeska [a, b
(ymeHbIIast Bce oTpesku Ax; W yBeIHYHBAs UX 9GUCIIO), TO
Juisi HenipepbiBHOM dyHKimnu f(x) (paBHO Kak M JUIsi HEKOTOPBIX Pa3pBIBHBIX (DYHKIWIL)
MHTErpaJIbHble CyMMbI CTPEMATCS K HEKOTOPOMY IIpeJiesly, KOTOPBI M HAa3bIBACTCS WHTE-

b
rpajioM / f(z)dz.

B ;Lp;rnx TEepMHHAX MOXKHO CKa3aTh, 9TO IIPX MHTEIPHPOBAHUHN PEIb UAET 00 onpese-
JIEHUU 3apsifia, Paclpele/ISHHOrO 110 NPAMOJIMHEHHOMY OTPe3Ky [a, b], ecam u3BecTHa ero
smHelHas WIoTHOCTE f(x) (T. €. ecam 3apsan a060ro Masoro orpeska [z, r + Az| pasen
f(&)Az + o(Ax), tae £ — mobas TOUYKa 9TOr0 MaJIoro orpeska). Beap npubanKEHHO Ha
i-M oTpeske uMeercs 3apsn f(£;)Az;, a BeCb CyMMapHBI 3apsi]| NIPUOJIMZKEHHO PaBeH TOMH

Puc. 46

b
JKe mHTerpasbHOil cymme (26). I[TosToMy OTBET ONATH JA8TCsl MHTErpajioM / f(z) dz.
a

OTBeT, 9YTO MHTErpaJj — 3TO CyMMAapHBIN 3apsiJi, BEPOSITHO, TOXKE yI0BJIeTBOPMII 661 Kesb-
BuHa. (¢ roBopui o 3apsizie, a He O Macce, OTOMY YTO 3apsifi U €ro IJIOTHOCTH BIIOJIHE
MOryT ObITH OTpuIaTebHbIMU. Eciau Bcrogy f > 0, To MOXKHO CKa3aTh W TaK, 9TO MBI
XOTHUM HAfTH CyMMapHYIO BEJIMYHHY MAacChl, PAcCIPeNeEHHON II0 OTPe3Ky C JIMHEHHON
IJIOTHOCTBIO f.)
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Pasymeercs, 31ech cioBa «Maccay, «3apsy — 3TO He 00A3aTEIbHO (PUUIECKIE 3aPsi-
JAbl 1 MacCChl, a yCJIOBHbIC HAa3BAaHUA JJIA J'IIO6BIX BEJINYUH, HAIIOMUHAOIIUX d)I/I3I/I‘-IeCKI/Ie
3apsAabl M MacChl IO YaCTH CBOMX CBOMCTB. BO Bcex 3TUX CiIydasxX HEKOTOPOE HYHUCIIO
COIIOCTABJISIETCSL HE TOYKE, a IeJoil 06sacTi (B 3aBHCUMOCTH OT KOHTEKCTA, pedb HJET
06 00acTsIX B IPOCTPAHCTBE, HA IMOBEPXHOCTH WJIN Jarke Ha JIMHHUH, — B Pa3rOBOPHOM
SA3bIKE MBI HEe TOBOPUM 00 OGJIACTAX HA JIMHUM, HO B MATEMATHKE O HUX T'OBODAT, MMes
B BHJy AyTU STOI JIMHHM WM COBOKYIHOCTH TakKOBBIX). MBI Belb Kak pa3 M IOBOPHM
0 Macce WK 3apsjie, PaCIpPEIeIEHHbIX B JaHHOH obmacTi. MOXKHO CKa3aTh, 9TO PEYb UIET
0 PYHKIUAX OT 00JIAaCTH, HO OTHIOAL HE IIPOM3BOJIBHBIX, &, KaK TOBOPAT, aJUTHBHBIX:
ecinu obnactb A pasbura Ha HeCKOIbKO 4acreit Ap, A2, ..., TO 3HaYEHHE ANTUTUBHON
dyskunn F(A) nns Beeit obiacTu paBHO CyMMe €€ 3HAUEHHIl [l BCEX STHX dacTeii:
F(A)=F(A1) + F(A2) + ... (Cpasaure ¢ maccoii uiau 3apsigom.) Ha camom neste 3xech
HAJ0 CIeJIaTh 1EJIbI Psifl YTOYHEHUii: 9To Takoe 0bJacThb, 4TO Takoe eé JacTu (Ha Teo-
PETUKO-MHO?KECTBEHHOM A3BbIKE Ai, KOHEYHO, CyTh IIOJAMHOX>KECTBa 147 HO KaKHue HMMEHHO
[IOZIMHOKECTBA 3/1€Ch MOXKHO PACCMATPUBATD), CKOJIBKO MX — KOHEYHOE MJIn GECKOHEYHOe
9HCJIO, KaK IIOHHMAaTb CYMMY B IIOCIeHEM ciydae? A Korga CaejaHbl HaJjlerKalue
YTOYHEHHs, TO OKA3bIBAETCs, YTO HEKOTOPbIe (HO OTHIONb He BCE) aJIUTHBHbIE (DYHKIUU
OoT 06J1aCTH JefICTBUTEIHHO BHIPAYKAIOTCS KAK UHTETPAJIbl OT HEKOTOPBIX OOBITHBIX (DYyHK-
it («pyHKIMHA TOUKHU» ), KOTOPbIE HA3BIBAIOT IJIOTHOCTAMH STHX (DYHKIMH 06JIACTH.
B ofmiemM, 3/1eCh BOBHUKAET CTOJIBKO BOIPOCOB, UTO BCE 3TO OOBIYHO MPOXOAAT TOJIBKO HA
TpeThbeM Kypce.

BameuaresnbHoe orkpbiTue yuurens Hpiorona . Bappoy (1630—1677) cocrosiio B
TOM, 9TO MHTETPUPOBAHKE 10 OTPE3KY — 3TO olepalusi, obpaTHast auddepeHInpoBaHAO.

Nmenno, 6ymemM MeHATH 4uciao b B / f(z)dz. Torga Hamr uHTErpaJs CTaHET HEKOTOPOI
a

dbyukuueit or b. Kak ycranosun Bappoy,

d b
i [ re@a=ro.

B yuebHukax aHam3a 3Ta — BEpHEe, SKBUBAJIEHTHas e€il — pOopMy/ia TPaJIUIMOHHO Ha-
3piBaeTcst «dopmysoit Heiorona—Jleitbunias, xorss HeloToH Ha HEEé He INpeTeHIO0BaJI.
J1elGHUIL 2Ke IpeTeH,1I0BaJI He CIIENMAJIBHO Ha 3Ty (POPMYJLY, a Ha CO3JaHUEe BCEro MaTeMa-
THUYECKOro aHa/m3a. BepHo, uro y Bappoy 6b11a, cobcTBeHHO, He 3Ta hopMysia, a HEKOe
BHEIIIHE MHOe, HO 3KBHUBAJIEHTHOE €il yTBEp:K/JEeHHE I'eOMETPUYECKOro xapakrepa (CM.,
Hanpumep, [7]). YnoGHble 0GO3HAYEHMS, HUCIOIB3yEMble IOHBIHE, ObLIN AEHCTBHTENBLHO
npejioxkensl Jleiibuunem. (HproTon e npu ciiy4uae pucosaut re-HuOy1b CGOKY OCHOBHOTO
PHUCYHKa, OTBEYAIOIIErO IIOCTAHOBKE DPACCMATPUBAEMON 3ajauu, rpaduk Toil dpyHKImMH,
K MHTErPUPOBAHUIO KOTOPOI OH 3Ty 3aJady CBOAWJI, U TOBOPUJI O COOTBETCTBYIONIEH
mromanan.) B wactHOCTH, nocne JlefiGHUIA CTANIO BO3MOXKHO IPUAATH TeopeMe Bappoy
KaK [IPUBEIEHHYIO BbIie hopMy:

d b
o [ r@a= o).
TaK ¥ IPYryio hbopMy, YKa3aHHYIO Hizke?.
3HatveHe 9TOr0 OTKPBLITHSI COCTOUT B CIEAYIOIIEM. BbIUNCIIeHEE NPOM3BOSHBIX —
CPaBHUTEJILHO IIPOCTOE JEJIO, JJIsi 9TOro B AuddepeHnnaaIbHOM HCIUCIEHUN UMEIOTCH
omnpeseséHHbIe paBuia. JIerko cocraBuTh Tabuuiyy dyHKnuil f(z), SBISIOMUXCS TPOR3-
BOZHBIMU PA3JIMYHBIX APyrux dyHKumid F(z). A Torma, kak 6bl unTas TabIuIly B APYTYIO

9 CyImecTByeT IIyTKa, YTO eCJ/Ii KAKOe-TO HOHSITIE, METO, TeOpEMa HOCHT Ub&-TO MM,
TO Y2K 9TOT-TO Y€JIOBEK IIOYTU HaBEPHsKa He ObLI aBTOPOM JAHHBIX ITOHATUS, METOA UJIN
TeopeMBI, XOTsI BIIOJTHE MOT MMeTh OTHOIIEHHE K YeMy-TO POJCTBEHHOMY.
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CTOPOHY, MOXKHO T10 Ionasiueii B Heé dyHkimn f(x) cpasdy OIpeseIuTb COOTBETCTBYIOILY IO
dyskuuo F(z), a oTcrona y»Ke HeZAJIEKO U O HHTerpaja OT f: OKa3bIBAETCS,

b
/ f(z)dzx = F(b) — F(a).

(VImenno sty dopmyiny HasbiBaioT «dopmysoi Heiorona—Jleitbuunas.) Ilpasaa, ne Bce
byukyuu f(z) nonanaroT B TabsMIly, HO BCE-TAKM OHA B OUPOMHOMN CTENEHU pAaCIIUpsieT
HAIlM BO3MOXKHOCTH H oObsierdaer pabory. Korma-to Apxumen nucas mesble COYUHEHU,
TIOCBSIIEHHBIE BLIMUCIICHUIO IIOMIAEH 1 00bEMOB, & 9TO CBOAUTCS K BEIUHUCIEHUIO HEKOTO-
PBIX UHTErPAJIOB, YTO, COOCTBEHHO, U JIeaJl APXUME], TOJIHKO ¥ HErO BBIYMCJICHUS] UMEJIN
IPOMOBJKYIO reoMeTpudeckyio dopmy. Temepb Bce ero mHTErpasbl Cpasdy MOXKHO HAWTH
¢ nomourso Tabsmnsl! (Konedno, Hazo emg cBecTn paccMaTpUBAEMYIO I'€OMETPUYECKYIO
3ajlady K BBIYHCIeHUIO nHTerpasa. Ho ajre6pa HaMHOrO ynpoliaer 3To CBeIEHHeE. )

B sTolt KHMXKKEe HAM HH pa3y He MOHAIOOWUTCsS BBIYNUCIATL HHTerpassl. Ho B mpuio-
xkenun VII Ham BCcTperwTCcs HEUTO BPOZE TOrO CAMOIO «CYMMAapPHOIO 3apsjiay, KOTOPBIM
o (mpeanosoxKuTeIEHOMY) MHEHNIO KesbBUHA U siBIsieTcst mETErpasl. TOJIBKO TaM 3apsig
OyJIeT pacupe/iesiéd He IO JIMHUH, a 110 noBepxHocTu. [Ipu maremaruieckoM odbopMiieHun

b
9TOI UJeN BO3HUKAET HEe MHTErpaJl / f(z) dz, a Tak Ha3BIBaEMBbIii UHTErPAJI 110 OBEPX-
a

HOCTH, C KOTOPBIM HaM M IPUJETCS HEMHOI'O ITO3HAKOMUTHCS. Kpome TOro, Mbl 4acrTo
TOBOPHM O MacCe TeJjla C TAKOH-TO IJIOTHOCTBHIO, MEHSIOIIENHCST OT TOYKHU K TOYKE; TOrJa
cyMMapHasi Macca (PaKTUYECKH TOXKe sIBJISIETCS MHTErPAJIOM OT STOU IVIOTHOCTH, TOJIBKO
Ha cell pa3 9To MHTerpaJj He IO OTPE3KY WJIM IIOBEPXHOCTH, a o 00béMmy. ([pyroe meno,
YTO HOTOM B Psifie MPAKTUIECKH BaXKHBIX CJIy9IaeB yJaETCs CBECTU J1€JI0 K BBLIYHCJICHUIO
uHTerpaJsia 1no orpesky.) Kasamaoch 6bl, 9T0 emié ciioxkHee, OJHAKO Ha ceil pa3 pedb HIET
O BIOJIHE IIPUBBIYHON BEIIH.



§ 5. Bropoii 3akon Kemrepa

Mpb1 Ha9HEM C [IOKA3aTEIHCTBA TOTO, UTO B 3ajade Kerepa nBukenne
IJIaHETHl P IPOUCXOMUT B OMHOM MJIOCKOCTH (WU, KAK TOBODST, ABJISETCS
wiockuM). B dopmymuposke 3akonoB Kemnepa, nanaom B § 1, 310 yTBEp-
JKJIEHHe COCTaBJIsIeT JacTh | 3akoHa (BeJb JIMIC — [UIocKas Kpusast). Ho
1e71eco06Pa3HO PACCMOTPETH B IepBYIo ouepeb 11 3akon. Camum Kemiepom
OH OBLI OTKPBIT pambIine | 3akoHa, mpu dToM Kemsep ycTaHoBmI U mioc-
KWif XapakTep [IBUKEHUs; IO9TOMY BHAYAJE YTBEDPXKIEHUE, ITO IBUKEHUE
[IPOUCXOUT B OJHOM ILTOCKOCTH, (haKTUUeCKN cocTaBisio y Kerepa kak
ob1 yacTh Il 3akoHa. MBI yBUJIUM, 9TO MPU TAKOM <«IYTh PACITIUPEHHOM»
nonuManny 11 3akoHa (BKJIIOYAIOIIEM yTBEPXKJIEHUE O IJIOCKOM XapaKTe-
pe JIBUKEHHsI) OKA3bIBAETCsd, YTO IIPU JBHXKEHUU MATEePUAJbLHOI Touku P
B HEKOTOPOM IMI0JIe (CO3/1aBAEMOM HEIOBHUKHBIM «CHJIOBBIM IIEHTPOM» S)
9TOT 3aKOH UMEET MECTO TOTJ[@ M TOJBKO TOTJa, KOrja jeicTByiomias Ha P
cuiia BeerJa HanpasjieHa 1o npamoit SP. (CekTopoMm, 0 KOTOPOM HIET
peub Bo Il 3aKoHe, €CTECTBEHHO, SIBJISIETCS CEKTOP, 3aU€PUMBAEMBIH DaJIi-
YC-BEKTOPOM I = S—Iﬁ) Hemnocpencreenno 310 OTHOCUTCS, KOHEYHO, TOJIb-
Ko K Toukam opbutbl P. CnpasemmmBocts ke I zakona Kemnepa mis
BCEX BO3MOXKHBIX OPOUT PABHOCHJIBHA TOMY, 9TO BCIOLy (BO BCEX TOYKAX
[POCTPAHCTBA) Crila HampasieHa 1o SP. Takoe CHioBoe HOJIE XOTEJIOCh
OBl HA3BATh <«IEHTPAJIBHBIMY C IIEHTPOM S, HO IPOYHO YCTAHOBUJIOCH YIIO-
TpebJieHne 3TOr0 HA3BAHUS TOJIBKO JJI YACTHOIO CJIydasl, KOTJA ITOMUMO
CKa3aHHOI'O BEJIMYNHA CUJIBI 3aBHCHT TOJBKO OT paccrosuns |SP|. Vubsivun
cJIOBaMH, B IIEHTPAJIbHOM II0JIe CUJIa, JelicTByiomas Ha P, pasua f(r)e,
rie f(r)— Hexkoropas uncioBast GYHKIHsI! OT YUCIOBOTO apryMeHTa 1 = |r|
u e = r/r. Ecim xKe U3BeCTHO TOJIBKO, UTO CHJIa HATIpaBJeHa 1o S P, To cuia,
neficrByromas Ha P, pasua f(r)e, riae f — Hekoropas dbyHKIHs OT BEKTOD-
HOT'O apryMeHTa I, T. €., BOODOIIe TOBOPsi, OT BCEX TPEX KOOPIUHAT TOYKHU P.
OOIIEenpUHSITOTO HA3BAHUS JIJIsi TAKUX MOJIel He NMEeeTCsl — OHU HE MT'DAIOT
GouibIioit posin. 91 Oyy Ha3bIBaTh UX «KBa3WIIEHTPAJbHBIMU». [lJisT HAC OHM
[IPEJICTABJISIIOT UHTEPEC TOJIHKO HOTOMY, ITO 3TO CYyTh B TOYHOCTHU Te TOJIs,
st Korophix 11 3akon Keniepa BbINOJIHSIETCST 111 BCEX BO3MOYKHBIX OPOUT.
Ho myst mac 9TO TOJIBKO NPOMEXKYTOUYHBIN PE3Y/IbTAT: MPUBJIEKAS 3aTEM
u I 3akon Kemsepa, Mbl ycTaHOBUM, 9TO IOJI€ TSTOTEHUS HE TOJHKO KBa-
3UNEHTPAJILHOE, HO U IMEHTPAJbHOE, U UTO, B IMPEABLIYININX 0003HAUEHUSIX,
bynxmusa f(r) obpaTHO HpomopnHOHATLHA T2 W OoTpHUIaTe bHa (TOC/e/-
Hee 03HAYAET HAJMYUE MPUTSKEHUs K IMEHTPY S, a He OTTAJKHBAHUS OT
HEro).

1To ectb dyHKIUSA, 3HAYEHUS KOTOPOH ABJAIOTCA YHUCTAMH (& He BEKTOPAMHU HJIH
geM-HUOYIb eImg).
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B [47] HeioToH moKa3bIBaj OJHOBPEMEHHO U IJIOCKHMI XapakTep JIBU-
skenusi, u cobersernno 11 3akon Kemepa (kuura I, pasmesn mom aBoiiHbiM
nazsanuneM «IIpemnoxkenne I. Teopema I»). Ero coobpazkeHnst TaKOBBI.

HeroroH npub/mKEHHO 3aMeHsieT JIBuKeHune P 110 opOuTe JIBUXKEHUEM,
MIPOUCXOISAIINM CJIEAYIomuM 00pa3oM. B Tederme HEKOTOPOro TPOMEKYTKA
Bpemenu or t jo t + At mnamera P IBMXKeTCs TIO WHEPIUU, KaK €CJIn
Obl HUKAaKWe CUJIbl Ha Heé He NefCTBOBAJM, T.€. BCE ITO BpeMsi €€ CKO-
pocThb pasHa V(t). 3aTeM Kak Obl BKIIOYAETCs HA OJJMH MOMEHT GECKOHEUHO
0oJTbINIasl TEHTPOCTPEMUTEIbHAS CUJIa, ITO TPUBOJUT K MIHOBEHHOMY W3-
MEHEHUIO CKOPOCTH V TI0 HallpaBjieHuto K S uiau ot S. 3MeHenne ckopocTu
paBHO

(yexopenue 6 mowke P(t 4+ At))At.

3areM OITh B T€UEHUE TAKOT'O XKe ITPOMEXKYTKA BPEMEHU JIJTnTeIbHOCTH At
IIPOUCXOIUT JIBUKEHHE II0 WHEPIUH, B IOCJEJIHUNI MOMEHT OIIITh MI'HO-
BEHHO WM3MEHsIeTCsl CKOPOCTh (1o HampasijeHuto K S wmwiu or S), u T. .
Takoe JBUKEHUE IPOUCXOIUT [0 HEKOTOPOIi JioMaHol juunn L (3aBucsieit
or At). fcuo, uro B Teyenue Bpemenu or ¢ j1o t + At mwiaHeTa HAXOAUTCH
I B mrockoctu II, comepwkameil pajmyc-BeKTOD
5—15 Ha4vaJIbHOI'O MOJIOYKEHUS IIJIAHETHI ¥ BEKTOP

€€ CKOPOCTH B HAYAJbHBIN MOMEHT. V3Mmenenue

cKopocTH B MOMeHT ¢ + At, Gy rydn HAITPABJIEHO

K S, TOXKe JIXKUT B ITON IIOCKOCTH. 3HAYUT,

u ckopoctb V(t + At), KoTopasi Gyzer y uia-

HETHI 110CJIe ITOT'O U3MEHEHUsI CKOPOCTHU, JIE?KUAT

B II. Pa3 tak, 10 u B Tedenue Bpemenu ot ¢ + At

1o t+ 2At aBurkeHHe IPOUCXOIUT B ILIOCKO-

P(t) cru II, u T. 1. Illar 3a maroM moJaydaem, 9TO

3BeHbd JioMaHoit L jexxar B II: ecom aTo yxke

Puc. 47 JOKa3aHO JJIsl KAKOI'0-TO 3B€Ha, TO B €ro KOHIIEe
IIPOUCXOAUT U3MEHEHHE CKOPOCTH, KOTOpOE Ha-

MPaBJIEHO K S, MOITOMY HU3MEHEHHAsI CKOPOCTH — T4 CKOPOCTH, C KOTOPOit
IJIaHEeTa MPOXOAUT CJIeIyIolee 3BeHO, — JIeKAT B 1I; moHaTHO, UTO TOTrIA
u 910 caenyromee 3BeHo Jjexkut B 1. Heioron ormedaer Takxke, 910 mI0-
AU TPEYTOJHHUKOB, OFPAHUYIEHHBIX 3BEHbSIMU JIOMAHON L BMecTe BMecTe
C pajlyc-BEKTOpAMHU HMX KOHIIOB, paBHBI Jpyr Apyry. (3gech s He Gymy
9TOTO MOSICHATH, HIOTOMY YTO B KOHEYHOM CUETE yTBEPIKJIEHUE O ILIOMAIIX
HaM HE MOHAJIOOUTCH — OHO CBS3aHO C COXPAHEHHEM MOMEHTa WMILYJIbCA,
K KOTOPOMY MbI II03/Hee 1o/0iiéM unade.) HploToH yKasbiBaer, 4ro ecsiu
yMeHbInaTh At U COOTBETCTBEHHO YBEJIMYHMBATH YUCJIO PACCMATPUBAEMBIX
[POMEKYTKOB BpeMeHH (a TakzKe, J00aBJIIO, JOJKHBIM 00pa3soM IMojaou-
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paTb CKAaYKU CKOPOCTH, YMEHbIamomuecs BMecre ¢ At), TO IOJydeHHbIe
JoManble L JajyT B Ipejesie HACTOANLyIo opbury Touku P (u, mobasiio,
PacCMOTPEHHBIN mpolece ABuKeHus P 1o L B mpejesie 1acT HACTOSIIEE
neuxkerne P 1o opbure, —HbioToH 310 MOTUasMBO noIpasymesaer). Orcro-
Ia CcJIeJlyeT KaK TO, 9TO OpOUTa TOXKe JIEKUT B ItockocTu I, Tak u To, 9TO
ILIOIIA b, 3aMeTaeMasi BEKTOPOM S—})D7 [IPOTIIOPIINOHAIbHA BPEMEHH.

ITo cymectBy, HproTon mpaB, HO Tak Ju y»K 3TO OYEBUIHO, UTO HE
HY>KJ[aeTCsl HU B Kakux mosicHeHusix? lIpodeccrmoHa/ibHOMY MaTeMaTuKy
2000 . 3T0 JIefICTBUTENIHHO OUEBUJIHO BBHULY €r0 3HAHUN 1 ONBITa (HO HACUET
ero kosutern obpasna 1700 r. g me Tak yBepeH). «O4eBUIHO» B JAHHOM
caydae O3HAYAET CJEAYIONIee: eMy Cpa3y sSCHO, 9TO IPU HEeOOXOIMMOCTH
OH OBICTPO CMOKET JIOBECTU paccyzkeHns HbIOTOHA /10 MCYEPIIBIBAIONIETO
JI0Ka3aTeJIbCTBA, XOTsI OHO IOJIyIUTCS HE TAKUM YK KOpoTKuM. Jlymato, 4o
st cMor Obl 3T0 cueniaTh Ha 11 Kypce, HO He yBepeH, 4TO cMOT ObI Ha 1.

Hke s1 J10KaxKy, 9TO JABUMKEHUE SIBJISIETCS ILJIOCKUM, UCIIOJIb3Ys JAPYyTUe
COOOpaXKeHusI, — 3TO OyIeT HAMHOTO KOpPOdYe, IeM MCUEPIBIBAoNIee 0hpOpM-
nenme 10Bo70B Hbroroma. Ilocme 3TOTO 1 OTHEIBHO 3aiiMyCch COOCTBEHHO
IT zakomom Kemmepa. Ilpu ero BeIBOIE M0 HEKOTOPOI CTEHEHU OYIET WC-
[I0JTb30BAThCsl ujesi HpIOTOHA, UTO peasibHOE IBUXKEHHE B TEUYEHUE MAJIO-
ro MPOMEXKYTKa BPeMeHH IPUOJINKEHHO MIPECTABJISETCA KAaK KOMOWHAIIHST
MPSIMOJIMHEHOTO JIBUKEHUsT 110 MHEPIINH U HEKOTOPO €r0 «KOPPEKTUPOB-
Ky 10 HarpasjaeHuio K S. OaHako opopMIIeHO 9TO OyjIeT nHade.

IIiiockoe aBu>keHmne

B mepByro ouepeib MBI YCTAHOBUM, YTO JIBUXKEHHE B JIIOOOM KBa3UIEHTPAJIBHOM
nosie (a He TOJIBKO B IOJI€, ONMCHIBAEMOM HBIOTOHOBCKHMM 3aKOHOM TATOTEHUSs) SBJIAETCS
mwiockuM. B Takom moste

d’r r

— = f(r)-, 27

ROk (27)

rie f —HekoTopas duciioBasi GyHKIMs CBOEro apryMeHnTa. B jieBoit yactu pasencrsa (27)
—

CTOHUT yCKOPEHHEe MaTepuasbHOR Touku P ¢ paguyc-BekTopoM r = SP. Ecin yMHOXKXUTH
obe 4YacTH Ha MacCy m 3TOH MaTepHaIbHOM TOYKH, TO JeBas 4YacCTb JOJKHA OyIeT
PaBHATBCA JeficTByIomleir Ha P cuile, u Torga mpasasl 4acTb OyleT BbIpaXkaTh POBHO
TO, YTO CHUJIa HaIpaBJieHa o mpsamoit S P.

Urak, nmycrs P nBuxKeTcsi B KBa3HUIEHTpaJbHOM Imojie ¢ nenrpom S. Ilycrs B Ha-
9YaJbHBIA MOMEHT BpeMeHH {( (KOTOpBIi cefidac MOXKeT ObITH KaKUM yYTOJHO) ILIAHETA
HaXOIUTCsS B HEKOTOPOil Touke Py u mmeer ckopocTb vg. Kak MOxKHO OblLi1o OBI HaTH
Ty IUIOCKOCTB 1I, B KOTOpO# HOJI?KHO MPOUCXOAUTDH ABrrkeHne?! OHa JOJIPKHA COREPKAThb
TO4YKy Pp 1 ucxonsiiye u3 Heé BEKTOP CKOPOCTH V() U BEKTOD YCKODEHHs W(. SHAYUT, OHA
cozepkuT npsimyro PpS (He Oy/ileM B/IaBaThCS B MEJAHTU3M W OCTAHABJIMBATHLCS HA TOM,
9T0 OYIET, €C/IM B HEKOTOPBIX ToukKax W = 0, TeM 6ojiee 9TO B HAIIEM CJIydae — IPUTS-
JKEHHe 110 3aKOHY BCEMUPHOTO TATOTEHHs — ITO 3aBEJIOMO HE TaK), & IIOTOMY U TOUKY S.
O6parHo, ecu mwiockocTsb I nosmkHa comepkath CosHIle, IIJIAHETY U CKOPOCTD ILJIAHETHI,
TO OHA TE€M CAMBIM OIHO3HAYHO OIpeJesieHa, 33 UCKIIOUEHHEM OCODOOro Cilytdasi, KOTIa
CKOPOCTB HampasiieHa 1o mpsmoit SPy. Ha camoMm rgeste 9TOT HCKIIIOMUTENBHBIN CoIydail
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ABJIAETCA IMPOCTHIM; A He Oy/ly Ha HEM OCTAaHABJIMBATHCA IIPOCTO DAY SKOHOMHU MECTa.
Takum obpasom, mnockocTs Il TOTHOCTBIO OINpenesieHa, €C/IM HU3BECTHBI <«HAYAJIbHBIE
nauHble» — Py u v (4To Kacaercss meHTpa S, TO MBI C CAMOrO Hadaja IOMECTHJIU €ro
B «Ha4aso orcuéTas). He Moxer s mianera P(t) co BpemeneM BbliiTu u3 I17

z

Puc. 48

BosbMéM KaKyio-HHOYIb JeKapTOBY CHCTEMY KOOPAMHAT, Hauaso Koropoi O coBnasa-
er c S, aocu x u y sexar B maockocTr II, Tak 9TO 9Ta MIOCKOCTH 33aETCs ypaBHEHNEM
z =0 (T.e. cocrouT U3 TOUEK, M KOTOPbIX z = 0). MBI XOTHM ROKa3aTh, ITO TPETHS
KoopauHaTa To4KH P(t) yIOBIeTBOPSeT YCJIOBUIO

z(t) =0 mupwu Beex t.

Mpr orpanuyanMced ciay4daeM t > to; Ui APYTUX ¢ U3MEHEHHs B PACCYKIEHUAX JOCTATOUHO
OYEeBUHBI.

B revenune mekoroporo BpeMenu mocie to Touka P(t) moxer ocraBarbca B II, HO
€CJIM [IOIyCTUTH, GyATO CO BPEMEHEM MOXKET OKasaThbcs, 9To z(t) # 0, To mMeercs: Takoe
t1 > to, uro P(t) sexur B II qy1s1 Beex t Mexay to u t1, TOTZa KaK CKOJIb yTOJHO GJIU3KO
K t1 mmerorcsa Takue ¢ > tq, uro z(¢) # 0. Ecom ¢ > to, To m3 Toro, uro z(t) =0 mpm
to <t < t1, cpady cieiayer, 9To

dz (t1)
z(t1) =0, pranie 0 (28)
(PaBEHCTBO HyJIIO IPOM3BOAHOM IOJIy9IaETCsl, €CIH YIeCTh, 9TO B €€ ONPENEJICHUA MOXKHO
6parb orpunaresasusie At). Ecau to = t1, To paBeHcTBa (28) 00yC/IOBIEHBI CAMUM BbI-
Gopom II, mpu xoropom P(tg) u v(to) nexxar B II. O6osmaunm A = 4|f(r(t1)]/|r(t1)]-
Cymecrsyer Takoit mapuk III ¢ nearpom B P(t1), uro Korga touka P jexwur B I, TO
[f(r)] <2|f(r(t1))| u |r] > |r(t1)]/2, Tak 9TO HPH STOM

ol

i (29)

Tax Kak IBUKeHMEe TOYKH P(t) HelpepbIBHO, B T€YeHHE HEKOTOPOrO BPEMEHHM IOCie tq
ona P(t) ocraércs B Il u, sHauut, qyis r = r(t) BeIIONHSIETCS HepaBeHCTBO (29).
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W3 BekTOpHOrO cooTHomeHus (27) ciemyer, 9To

P _ S0,

dt? le@ "
31ech ABaXK/(bl MCIOJIBL30BAHO TAKOE COOOParKeHHe: CKOPOCTh HU3MEHEHHs KOOPIMHATEHI
BEKTOpA B HEIIOABUKHOI JIEKAPTOBOH CHCTEME KOODAMHAT PABHA COOTBETCTBYIOIIEN KOOD-
JIMHATE CKOPOCTH M3MEHeHUs 3Toro Bekropa. Crepsa OHO IpuMeHseTcs K BeKTopy SP(t)
u ero xoopmumHare z(t), W 9TO NIPHUBOAUT K BHIBOAY, 4TO dz/dt €CTH TpeTbsi KOOpAU-
HaTa BEKTOpa CKOpocTH Vv Touku P(t). Bropoii pa3 ono mpumeHnsiercs K 3TOH camoil
KOOPJIMHATE 3TOTO BEKTOPA; MOJTydaercs, 4To d2z/dt? ecTh TPeTbsl KOOPJMHATA BEKTODA
yckopenusi. IIpaBasi 9acTe paBeHcTBa (27) FOBOPUT HaM, €My 9TOT BEKTOp pabeH. B mei
|f(r)|/|r| — ancioBoit MHOXKUTENb, & TPeThbd KoopauuaTa r(t) — 3ro z(t).

Beuay mepasercTsa (29) MBI mosydaem

‘dQZ(t)

e ‘ < A|z(t)], mnoxa P(t) ocmaémeca e 111

OTciozia sICHO, YTO TIOKa |z| MaJlo, yCKOpeHue ToxKe MaJio. JIerko /orajaTbcs, YTo MaJa
n ckopoctb |dz/dt|; sTo Gymer HajexkaiwM o6pasoM yTodHeHO. A Torpa |z| Moxer
YBEJMYUBATbCS TOJBKO OYEHb MEJJIEHHO — KaK Mbl YBHU/MM, H& 3TO TPEOYeTCs CIIMIIKOM
MHOI'O BpEMEHHU.

IIpuctynaem x peanmsanuu 3toif maen. Ilycts a > 0 crons Mano, gro |z(t)| npurn-
MaeT 3HadeHue a emé o Bbixoga P(t) uz 1. IlycTs B nepBbIil pa3 3TO IPOUCXOIUT DU
t=7(a), Tak aT0 |2(t)| < a mpm tg <t < 7(a). Torma npu Takux t GyAeT BBHIIOIHATHCS
pasenctso |d?z/dt?| < Aa. Pas npu Takux t CKOpOCTb u3MeHeHHs BeqwamHbl dz(t)/dt
He npesocxomuT Aa, To dz(t)/dt 3a 3TO Bpems He MOXKET M3MEHHTHCS Gojiee IeM Ha
Aa(7(a) — t1), Tak uTo BBUIy cooTHOIIeHuit (28) Mbl moryvaeM |dz(t)/dt| < Aa(T(a) — t1)
npu to <t < 7(a). Pas B TeueHme 3TOr0 MHTEpBasa BPEMEHH CKOPOCTH U3MEHEHHs Be-
smausbl z(t) me mpesocxomut Aa(r(a) — t1), a B Hagame sToro mHTepBasa z = 0 (cM.
dopmystst (28)), TO aHAJIOTMYHO MOJIyvaeM, YTO B TEYEHHE [TAHHOIO WHTEPBaJa BPEMeHH
|2(t)] < Aa(T(a) — t1)2. Ho |2(7(a))| = a, mosTomy

2 1
a < Aa(r(a) —t1)7, T(a) —t1 2 —=.
7a
Yucso a 3/1eCh MOIJIO GBITH JIIOOBIM JOCTATOYHO MAaJIbIM IOJOXKHUTEIbHBIM. [losydaeTcs,
9TO IOCTIE€ MOMEHTa BpeMeHM ¢ = t; BeiwmdmHa z({) He MOXKET NPHHIMATH HEHYJIEBOTO
3HAYEHMsl, TIOKa He NPOWIET Bpemsa 1/ V/A. Ojako paHble TOBOPHJIOCH, HUTO CKOJIb
YTOJHO GJIM3KO K ¢1 MMEIOTCA MOMEHTBI BpeMeHu ¢ > t1, Juist KoTopbix z(t) # 0. Beixomur,
9TO ZOmyIneHwe, OyJTO IpPH KaKHUX-TO ¢ > to OyleT BBIIOJHATHCS HEPaBeHCTBO z(t) # 0,
IPUBEJIO HAC K IPOTUBOPEYUIO.

CoxpaHeHne MOMEHTa WMILYJIbCA

Bo II szakone Kemnepa (ecam ero uyth nepedpasupoBaTh) FOBOPUTCS
o mwiomam o (t) ceKTopa, 3aMeTaeMOro PaInyc-BeKTOPOM ILIAHETHI 38 BPeMsI
OT HEKOTOPOI'0 HAYAJIHLHOIO MOMEHTa tg J0 TEKyIIero MOMEHTa BPEeMEeHN t.
Wmenno, roBOpUTCsI, ITO CKOPOCTH M3MEHEHUsT TOI IO CO BPEMEHEM
(KaK roBODAT €IIE, «CEeKTOPHAJbHAS CKOPOCTh» ) ocTosAHHA: 0 = const. Her
HUKaKoii IpocToii hopmysisl jyist mwioniam o(t), Ho dhopMysta st CKOPOCTH
€6 U3MEHEHMsI OYeHb IIPOCTAa: B IMOJSIPHOI CHCTEMe KOOPAMHAT B ILJIOCKOCTH
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JIBUKEHUST, UMEIOIIEH MOJTIOC B S, BBITIOJIHSIETCST PABEHCTBO

.1 15
0= TV, = =T"w.
2 2
DTO OISITh-TAKU MOXKHO ITOSICHUTH Ha PHUCYHKE, He JaBasi TOYHOIO JOKa-
3aTesbCTBa (IPU KOTOPOM MBI YBSI3JIH Obl B NPEJIBAPUTEILHBIX BOIIPOCAX
BPOJIE TOTO, UTO TaKoe IIIoMma,h). Ilpupammenne Ao mwiomaam 3a Bpemsi At
NpUOIU3UTEILHO PABHO IJIOMAN TPEYTOJbHIKA
ASP(t)P(t + At). HeificTBUTEIbHO, HHTEPECYIO-
IUif HAC CEKTOP OTJINYAETCS OT ITOIO TPEYTOJib-
HUKa TOJBKO Ha <«JIYHKY», N300PaKEHHYIO CIIPaBa
Ha puc. 44 (rae IBIKyIAsics TOYKa OOO3HAYEHA
Pe qepes A(t)). Orpesox P(t)P(t + At) umeer symany

O mopsiika At, a <«IHUpUHA» JIYHKH, T.€. OTKJIOHE-
HIe e€ KPUBOJIMHEWHON CTOPOHBI OT ITOTO OTPE3KA,
crpemutcs K HyJ0 npu At — 0. 3Ha4UuT, IJIOMAIH
ayHKH ectb o(At). Mexay tem uroma s Tpeyroibauka ASP(t)P(t + At)
IpHOIH3UTEIBHO paBHA 17U, At/2. «IIpuban3nTenbHO> 3MeCh O3HATAET, UTO
upu ymenblinenun At omubka yosiBaeT Kak o At), —nodemy? OKOHYATEIHHO
Ao =T1v,At/2 4+ o(At).

Takum obpazowm, II 3akon Keruiepa ycranaBimBaeT, 9TO IIpOU3BEICHUE
r2w PABHO HEKOTOPOH IOCTOSHHON (HEe MEHSAIOIEHCs CO BPEMEHEM) BeJIu-
qune M. Ilo noHsTHOI npuYnHe €€ TPaIUIMOHHO HA3BIBAIOT «IIOCTOSIHHOM
IUIOIIA e », HO (DUBUUECKU JIyUIle CBA3BIBATH €€ ¢ (DU3UIECKOIl Beandu-
HOI — MOMeHTOM MoOMo P UMITYJIbCa P = MpV ABUKYIIEHCS MaTepUaIbHON
roukn P (nmeroreit maccy mp) orHocuTeabHo Touku O. B nanHoM ciyuae,
KOIJIa MBI IMEEM JIEJIO C IIJIOCKUM JIBUYKEHIEM, OH OIIPEJIeJISETCST KaK

Pr

Puc. 49

TPy = MpTri, = mprZw =2mpo,

IJie P, — YIVIOBasl KOMIIOHEHTA IMITY/Ibca (IOOPa3yMeBaeTCsl NCIOIb30BAHNE
TOJIIPHBIX KOOp/MHAT ¢ Tojiiocom B 0)2. DTo onpejesienne HOCUT OOIIHix

206paruTe BHHMAHHE HA TO, UTO MOMEHT 3aBHCHT HE TOJHKO OT HMITYJIbCa P, HO
U OT IIOJIOXKEHU: MaTEePUAJILHOH TOUYKH P, MMIIyJbcoM KOTOpOil sBiseTca p. l'oBopst
OoJtee abGCTPAKTHO, B OMPEIEJICHUN MOMEHTA P HEJIb3sl 3aMEHHUTH Ha PaBHBINA €My BEKTOD
C IpyTUM HA4aJIOM, T.€. HeIb3sl IePEHOCUTH P B JIIOOYIO APYryIo TOUYKY. MOMEHT npu
TIepeHEeCEeHNN P He U3MEHUTCs, TOJIbKO €CJIM IePEeHOCUTh P BJOJb IPSAMOM, TPOXOASIIei
4yepe3 P u umMerolneil To ke HalpasieHue, 9To U p. C 3TUM CBS3aHO JPYTrO€ ONPEeIIeHIe
MOMEHTa: C TOYHOCTBIO JO 3HaKa, yTOYHUTb KOTOPBII IPE/IOCTABIIAETCS YUTATEJIO, OH
PaBeH NPOM3BENEeHNI0 ph BenmvuHbl p = |p| BekTOpa MMIysbca n paccrosiaus h ot O mo
YKa3aHHOI IpAMOIi.

CuHOHMMaMU Ha3BaHUS «MOMEHT HMILYJIbCA» SIBJISIOTCS «MOMEHT KOJIMTIECTBA BUIKE-
HUf», «BPAIATeJIbHbIHI MOMEHT». B aHIJIOA3BIYHOI JIHTEpaType HMILYIbCHI HA3BIBAIOTCS
«MOMEHTaM®» (9TO, KCTATH, COOTBETCTBYET IIEPBOHAYAIBHOMY CMBICILY JIATUHCKOTO CJIOBa



§5. Bropoii 3akon Kemnsepa 81

XapaKTep B TOM CMBICJe, 9TO 371ech O MOXKeT OBITh KAKOM YIOMHO «TOYIKOI
oTcuéTay, He 00sI3aTEIHLHO IIEHTPOM IPHUTSIKEHUS, J1a U CUJIA, JIeHCTBYIOIAsT
Ha P, He 06s13aHa OBITH HAIIPABJIEHHON BCE BpEMsI K HEKOTOPOMY <«IIEHTPY» S
wiu ot Hero. Ho B 3amaue Kemepa npu O = S 0Ka3blBaeTCsl, YTO MOMEHT
He MeHsieTcst co BpemeneM. C pU3NIecKoil TOUKN 3PEHUsT MOCTOSTHHAST TLITO-
mageit M = Momgp/mp. Mbl, onHaKo, 0GbIMHO UCKIIIOYAEM MACCY IJIAHETHI
u3 paccMorpenus (Kak 3T0 ciejaHo, Haupumep, B dopmyse (2)), moiab3y-
sICh TOJIBKO KMHEMATHYECKUMU BeJIMUAHAME (BKJIIOUasi, KOHEIHO, U UUCTO
reoMeTpHUIecKHe), TI0ITOMY MBI Oy/eM II0Jb30BAThCS UMEHHO IOCTOSIHHOM
mwomaaeit M.

I[ToMrMO MOMEHTA WMITYJIbCA, B MEXAHWKE BBOMNAT €I MOMEHT CHJIBL.
[To-npexxnemy cunrasi, 9r0 aBuKeHme TOYKH P moa npeiicrBueMm cuiibl F
IPOUCXOUT B ItockocTu I, Tak 4To u cuita, nefictBys Ha P, JIeKUT B TOM
2Ke caMoit camoii mrockoctu 11, onpeensiror MmomenT cusbl F oTHOCHTEIBHO
nexxarneit B I roukn O («mosmoca» ) Kak rFy,, rie Fy, — yrioBasi KOMIOHEHTa,
BekTopa F (orsioxenHoro ot P) B IOJISPHOI cUCTEMe KOOPAUHAT € IIOJIIOCOM
B O, a r =|OP|. Kak Mbl yBUIUM, U3 3AKOHOB MEXAHUKU CJIEIYET, YTO

dMomop

a
B uacrHOCTH, eciiu P jnBurkeTcss B KBa3WUIEHTPAJIbHOM Iojie U 1mojroc O
COBTaJAET C TMeHTpoM S 3Toro mons, To F, =0, MomoF =0 n Momop
coxpansiercs (He MeHseTcst co BpemeneM). O6paTHO, eciiu MOMEHT MMITYJIb-
ca coxpansgerca, To MomoF =0, F, =0, T.e. cuna, gefictsyiomas na P,
HanpasJieHa B1oab O P. Eciinm MoMop = const mpu J1i060M ABUXKEHUH B JAH-
HOM ITI0JIe, TO IOJIy9aeTCs, YTO BO BCEX TOYKAxX P cuja HalpaBJieHa 110
npsimoit OP, T.e. mojie KBasuieHTpabHoe ¢ mnearpoM B O. Takum obpa-
3om, 11 3akon Kemnepa sksuBasienTen Tomy, 9to moje tarorerus CoJrHIa
KBa3UIEHTPAJIBHOE.

Ypasrenue (30) MOXKHO paccMaTpUBaTh Kak HpOsiBJIeHHe o0miero dhu-
3UYecKOro 3akoHa. [loHsiTHe BpalaTebHOTO MOMEHTa, OIPEJIEsIsieTCs] He
TOJIBKO JIJIsI TIJIOCKOTO JIBUKEHUSI TOUKKM P, KaK y Hac, HO U B ropa3so boJjiee
obIIeM ciiyuae, jaxe BHE PAMOK MEXAaHUKHU (HAIIDUMED, IJIs JEKTPOMAr-

MowmoF. (30)

HUTHOTO MOJIs; ¥ 9JIEMEHTAPHBIX YaCTHUIL TOXKe UMeeTCsd HeYTO BPO/ie Bpallia-
TEJIHLHOrO0 MOMEHTa — TaK HA3BbIBAEMbIil «ciuH» ). B obiiem ciydae 3ro yike
He UHCJI0, & HEKOTOPHIT BekTop M?. II3MeHeHrne BeKTOpa MOMEHTA, HMITYJIbCA.
OonpeesIEHHBIM 00pa30M BBI3BIBAETCS TOJBKO BHEITHUMU BO3IEHCTBUSIMU

momentum — «ABHXKYIlee Hadajao»). [OBOPUTH 0 MOMEHTE MOMEHTa ObLIO Obl HEJIOBKO,
HO HET HUKAKUX HENPUATHOCTEH C «BpAIaTeIbHBIM MOMEHTOM».

3B pamkax MexXaHHKH MOYKHO CKa3aTh, UTO KOODJMHATEI STOrO BEKTOpa My, My, M,
CyTh TaK Ha3bIBA€MbIE MOMEHTLI BEKTOPA HMIIYJILCA OTHOCUTEJIBHO TPEX KOOPIHMHATHBIX
oceit Oz, Oy, Oz, a onpeJeseHRe MOMEHTa BEKTOPa (HE 0053aTEIBHO BEKTOPA MMILYJIbCA)
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(B MeXaHUKe OHU XapaKTEPU3YIOTCs CyMMONH MOMEHTOB JIeHICTBYIOIIMX Ha Ha~
Iy CHCTeMy BHENITHUX CHJI, & B IPYTUX CJIyUasiX 9TO JIJIAeTCs HHaYe); IPU UX
OTCYyTCTBUU MOMEHT coXpaHsieTcs. Ecjin MBI UMeeM TOYHOEe MaTeMaTUIeCKOe
ONIMCAHNE PACCMATPUBAEMBIX (PU3MYECKUX IIPOIECCOB, TO YTBEPKIEHIE 00
M3MEHEHNN U/ COXPAHEHUN BPAIATEIFHOTO MOMEHTA OKA3BIBAETCs TEOPe-
moit. norma 711 mokasaTesabcTBa 9TON TEOPEMBI He HAJI0 UMETh O00HOTO0
TOYHOTO OIHUCAHUS, & JOCTATOYHO 3HATH TOJBKO HEKOTOPBIE CYIIECTBEH-
Hble CBOHCTBA, KOTOPBIE JIOJKHBI OBITH IpUcyly TakoMmy onucanuio. (Tax,
MBI JIOKaKeM COXPaHEeHHe MOMEHTa JIJIsl JIFOOOr0 KBa3UIEHTPAJIBLHOIO IOJIsS
CWJI, HE 3Hag TOYHOTO BhIpaXKeHWs 1yl (purypupyiomeil B ypasaeauu (27)
dyukuuu f.) B HEKOTOpBIX cilydasX TeOpeMbl y HAC HET, TaK KaK HeT
HaJJIEXKAIIX CBEIEHUIN O MPOIecce, HO 3aTO UMEETCS IKCIEPUMEHTATHHBII
daKT, YTO MOMEHT U3MEHSIETCSI B COOTBETCTBUU CO CKA3AHHBIM.

Eciin MBI cauTaeM, 9TO yTBEPXKIEHNE O BpalllaTeJIlbHOM MOMEHTE — 3TO
0obIIUil 32KOH MTPUPOJIBI, TO UMEET JIM CMBIC/I JIOKA3BbIBATH €0 JJIsi Pa3Jind-
HBIX YaCTHBIX CJIYYAEeB, JJI KOTOPBIX MBI UMEEM COOTBETCTBYIOILYIO MATE-
MaTndeckyio Teopuio? Mmeer. Bo-iepBbIX, OTKyAa Obl MbI B3SIJIH 3TOT 3aKOH,
He yOeJUBIINCHL B €r0 CIPABEJINBOCTH B Pa3JIUIHBIX CIydasx? A mpo-
BEpKa €ro CIIPaBEJJIMBOCTH B OJHUX CJIydasiX MOXKET OBITh IKCIEPUMEH-
TaJIbHOMN, a B Apyrux — reoperndeckoii. (Hampumep, skcrepuMeHTHPOBATH
¢ HeDECHBIMH TeJIAMHU «HECKOJIBKO 3aTpyAHUTebHO». MbI, npaBna, nveem

OTHOCHTEJILHO JTaHHOU OCH | IOXoKe Ha IPUBENEHHOE BBIIIE OIpeesieHne MoMmeHTa M
B <«IIJIOCKOM CJIydae» — 3TO €CTb MOMEHT M IIPOeKIMU JAHHOI'O BEKTOPa Ha IJIOCKOCTb,
HepUeHUKY/ISPHYIO [, oTHOCHTEeIbHO Touky nepecedenud 11 ¢ I. (Pesysbrar He 3aBucut o
TOro, KaKyl0 UMEHHO U3 IIOCKOCTEH, MePIIEHAUKYIISPHBIX [, UCIOIbB30BaTh B KadecTse [1:
u3 puc. 50 IOHATHO, YTO Py U T IHOJYUAIOTCH OJUHAKOBBIMK IIpH J060M BbIGOpe II.
A korja «BCE NPOMCXOZHUT» B IUIOCKOCTU X, Y, TO M OKa3bIBAE€TCH MOMEHTOM OTHOCH-
TesibHO ocu Oz.) B BEKTOPHOM HMCYHMC/IEHUM TPUBOAUTCS BhIpaxkeHue it M ¢ momonisio
orepanui BeKTOPHOIO IPOU3BEAEHUsI BEKTOPOB.

p

P/ l

Puc. 50
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IT zakon Kemnepa, SKkBUBaJIEHTHBIN COXPAHEHIIO MOMEHTA UMIIYIbCA B CO-
OTBETCTBYIOIIEH CUTYaIlN, HO BeJlb 3aKOHbI Kerjiepa He sIBJISFOTCS BIIOJTHE
TOYHBIMU — OHU CBSI3aHBI C IIpeHeOpexkeHneM 3(H@eKTaMu, BbI3bIBAEMBIMEI
B3aUMHBIM IIPUTSI?)KEHWEM IIJIaHeT. A BOT M3 3aKOHOB MexaHWKH HpbOTO-
Ha, BKJIIOYAs 3aKOH BCEMUPHOT'O TATOTEHUs, MOYKHO BBIBECTU COXPAHEHUE
CyMMAPHOT'O BPAIATEILHOIO MOMEHTA B CUCTEME HEOECHBIX T€JI, OTHIOIb He
OIPAHUYUBASCH YUETOM OIHOrO TOJBKO nputszkenus Cousnima.) U, Bo-BrO-
PBIX, €Cliu YK MbI TBEPIO YBEPEHBI B CIPABEJINBOCTU JIAHHOIO 3aKOHA,
TO MPOBEPKa €ro IPUMEHUTEIbHO K KOHKPETHOW MaTeMaTudecKu chOopMy-
JINPOBAHHOW CHUTYyaIluu O3HAYAET, MOXKET OBITh, HE CTOJIBKO €ro IPOBEPKY,
CKOJIBKO ITPOBEPKY MTPABUJIHLHOCTH HAIETO MATEMATHIECKOTO OIIMCAHUS STOM
CUTYaIAN, — MOXKET OBbITh, IIPU OMUCAHUHI MBI YTO-TO yYIIYCTHJIN U3 BUIY, BOT
y HAC ¥ BBINLJIO, OYIATO HAPYIIAETCS HEKHil OOl 3aKOH TPUPOJIBI !

Bepuémcst k Hamreir 3ajgade. Xorst (PU3MIECKNA Ba’KHBIMU BeJIMYMHAMU
SIBJITFOTCS. MOMEHT uMitysibca MoMmop u MmomenT cuibl MomoF, HO B j10Ka-
3aresiberBe hopmydist (30) Ipolie roBOPUTH O «MOMeHTe cKopocTry Momov
U «MOMEHTE yCKOpeHms» MOMOW, KOTODBIE OIPEIENSAIOTCS TaK 2Ke, KakK
MOMEHTBI UMITYJIbCA WA CUJIBI, T.€. B HOHSATHBIX ODO3HAYEHUSAX PABHBI CO-
OTBETCTBEHHO TV, U Tw,. fcno, uro Momop = mpMompov u MomoF =
= mpMoMpW, TJle mp — Macca pacCMaTPUBaeMOl MaTepHaJIbHON TOYKU
(31ech MBI Kak pas U UCII0JIb3yeM BTOpoil 3akoH HbioToHA, COrIacHO KOTOPO-
My F =mpw). [losromy coorromenue (30) 9KBHBAJEHTHO MaTEMATHICCKH
qyTh 00Jiee TIPOCTOMY COOTHOIIIEHUIO

dMomopv
dt

B By3oBckOM Kypce MEXaHHKH C MOMOIIHIO aHAJUTUYIECKON reoMeTpun
BBIBOJISIT (popMyity isi MOMOV B TEPMUHAX JIEKAPTOBBIX KOOPJIMHAT JIBU-
JKyIIeficss TOUKH U JIeKAPTOBBIX KOOPJIMHAT €€ CKOPOCTH?, a 3aTeM C IIOMO-
b0 1 epeHITnATHLHOTO NCINCICHIS HAXOIAT IIPOU3BOIHYIO 9TOTO BBIPA-

2KeHus 1o BpeMenu. Iyt Tex, KTO BJIaJeeT COOTBETCTBYIOIIUM aIllIapaToM,

= MoMoW = TwW,,. (31)

3TO COBCEM MPOCTO. TeM 2Ke, KTO MM He BJIAJIEET, MOT'YT OBITH OJINYKe CJIeLy-
IOIKE COOOPAXKEHMUSI.

YrI0Basg KOMIOHEHTa CKOPOCTH VU, 3aBHCHT HE TOJBKO OT V, HO U OT
HaIPaBJIEHUS [PSIMOM, MEPIEHINKYISPHON PAJIIYyC-BEKTOPY V = S—])?, T. €.,
B KOHEYHOM CYETe, OT MOJISIPHOrO yriaa . Takum obpa3oM, M3MeHEHWe
MomoV 3aBUCHT OT TPEX (DAKTOPOB: M3MEHEHUs] T, M3MEHEHUsl © U U3Me-
HEHUsI V. DTU (PaKTOPhI JEHCTBYIOT COBMECTHO, HO $I CIIEPBA PACCMOTPIO
COBMECTHOE JIeHiCTBHE TEPBBLIX JABYX (PaKTOPOB, a 3aTeM — OTIEJbHO Jeii-

40tBer: MoMoV = zvy — Yvz, Te (2, y) — KOOPJMHATHI Halllelf MaTepUaIbHON TOUKH,
(ve, Vy) — KOOPAMHATBI BEKTOPA V.
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cTBUE TpeThero. Mbl yBUIUM, 9TO IPU COBMECTHOM JIEHCTBUU MEPBBIX IBYX
dakTopos MoMpV He MeHgeTcst (MOXKHO CKa3aTh, 9TO BJIUAHUE OJIHOTO (haK-
TOpa KOMIIEHCUPYETCS BJIUSHUEM JIpyroro). Uro xke J0 Tperhero dhakTopa,
TO ecau OBl OH JIEHICTBOBAJI OTAEJBHO, TO Cpaldy IOJYUHJIOCh OBl paBEH-
crBo (31) (cMm. HmKeE).

Crporo roBopsi, 310 ené He GYJET J0Ka3bIBaTh paBeHCTBO (31), moroMy
9TO Beb JAJIEKO HE BCErJa B PE3yJIbTaTe COBMECTHOIO JIEHCTBUS TPEX (hak-
TOPOB TIOJIy9YaeTCsl CyMMa pe3yJIbTaTOB JIEHCTBUS MEPBBIX JIBYX (PaKTOPOB
6e3 TPeTbero M OTJAEJILHOIO JIEHCTBUST OJHOTO TOJBKO TPEThEro (hakTopa.
Ho oxasbiBaercs, B HarieM cirydae 310 Tak. CTporoe 1oka3aTeabcTBO (hop-
Mmysibl (31) TpeGyer 6o npumenenus audbepeHIIaIbLHOr0 NCIUCICHHS,
b0 GoJtee AIMHHBIX JIEMEHTAPHBIX paccykaennit. [Ipu KesraHuu MOKHO
CKa3aTb, 9TO CYIIECTBEHHAs YaCTh ITOTO JJOKA3ATEIbCTBA —ITO KaK Pa3 Mpo-
BEpKa TOro, 4TO JIefiCTBUE YKa3aHHBIX (PaKTOPOB MOXKHO B JIAHHOM CJIy4ae
paccMaTpuBaTh 10 oTaeIbHOCTH. [Ipu ncnosb3oBannn uddepeHnaIbHOTO
HUCYUCJIEHUS 9TO ABTOMATUIECKH COJIEPKUTCS B COOTBETCTBYIONUX (DOPMY-
naax®. IIpm smeMeHTapHOM IIOAXOAe IPUXOIUTCS HTPOU3BOIUTL HEKOTOPBIE
reOMEeTPUUIECKIE TIOCTPOEHUS U YKA3bIBATD, YTO TAKHE-TO BEJIMIMHBI COBIIA~
JIAIOT ¢ TOYHOCTBIO JI0 BEJIMYUHBI O0Jiee BBICOKOTO TOPsiiKa MasocTu. Ecim
YUTATE/b TOTOB IOBEPUTH, YTO ITO TAK U €CTh, TO IOJYUIUTCS HE TaK YK
CJIO’KHO, HO B TAKOM CJIy4ae M0YeMy eMy Obl He IIOBEPUTDH CKA3aHHOMY BBIIIIE
HACUYET pe3yIbTara JefiCTBUS HECKOJBKUX (DaKTOPOB? A e/ IbITaThCsT BCsI-
KWii pa3 A0Ka3bIBATH, 9TO PA3HOCTh TAKUX-TO BEJIMIHUH JIEHCTBUTEIHHO UMe-
er 6oJiee BBICOKMIA TTOPSIJIOK MAJIOCTH, YeM OHHU CAMH, 9TO IIPUBEIET K HEIO-
MEPHOMY YJIMHEHHIO paccyKaenuit. (¥ HbloToHA U ero 1pe/IiecTBeHHIKOB

5Ynraress, 3HaKOMBIH ¢ dmeMenTamMu AuddOEPEHITHATLHONO UCINCTEHHST, TORMET, ITO
peub uaeT o popMyIie TUIa
Of(u, v) du  9f(u, v) dv

Ou  dt v dt’

), v(0) =

OmHa JIerKo cjaemyeTr u3 TOro, 9To

flu+ Au, v+ Av) — f(u, v) = Au + Av + o(|Au| + |Av)).

Of (u, v) Of (u, v)
ou v
[TocsiesiHee COOTHOIIEHNE CIIPABEJIMBO, HAIPUMEDP, B OOJACTH M3MEHEHUs! IIePEMEHHBIX
(u, v) BuZa a < u < b, ¢ <v < d, eciu BCIOAY B Hel CYIIECTBYIOT U HEIPEPHIBHBI YacT-
Hble npoussopHble Of/Ou, Of/0v. 3nech mMeeTcsi HEKOTOpasi TOHKOCTB: KaK ITOHAMATh
o(|]Au| + |Av|), korga oneHuBaeMasi BeIUIMHA 3aBUCAT €Lé U OT u ¥ v? (YTo4HeHHe s
IIOATrOTOBJICHHOI'O YMTaTeJIA: B JJAHHOM CJIy4dae HaJI0 yKa3aTb (I/I ,[IOKa3aTI::)7 9TO MaJIOCTh

o(]Au| + |Av|) paBHOMepHas 10 (u, v).)

NsBectnas dopmysna Jleitbuuna Jjisi IPOM3BOIHON IIPOU3BEIEHUS] SIBJISIETCS] YACTHBIM
crygaeM ¢ f(u, v) = uv, HO OGBIMHO 3TOT CiIydail pacCMaTpHBAOT paHbine obmero. U3
[IPE/IBILY IEro IPUMEYaHus BUIHO, YTO IIPU BbraucaeHnn dMomo v /dt Hy»KeH TOJIBKO 3TOT
YaCTHBINA Crydaii.
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Ha Gaze 60raToro ONbITa PA3BUIACH HHTYUIUSA, P KOTOPOH BCE 3TO OHU
Buzien cpasy. Ho s obpamaioch K duTaTesissM ¢ JIPYyroil IMOArOTOBKOIL. )

Ecin v He MeHsleTcss, TO 3TO 3HAYUT, YTO IPOUCXOJUT PABHOMEPHOE
IPAMOJIMHEHOE TBUZKEHHE. Y TBEPXKIAeTCs, YTO TP TaKOM JIBUYKEHUU MO-
MEHT COXPAHSAETCS, T. €. He MEHACTCA. JTO Cpa-
3y clemyer u3 nepedpasupoBKH OIPEIeICHUST
MOMEHTa BEKTOpa (B JAHHOM CJTy9ae — BEKTO-
pa V) orHOCUTEIbHO meHTpa O, yiKe yIOMH-
HABIIEHCA B OJHOM IOJCTPOYHOM IIPUMEYAHUM:
MOMEHT PaBeH He TOJIBKO "V, = +7|v,| (B 00BIY-
HBIX O0O3HAYEHUAX; 3HAK ONPEIEIACTCA PHU-
BBLIYHBIM OGPa30M B 3aBHCUMOCTH OT HAIPAB-
nerus spamenns Bokpyr O°), mo m +vh, e
v =|v|, a h— paccrosgane or O 5o TUpsAMOIi
JIMHWUH, TIPOXOJIAIIEH Jepe3 TOUKYy NPUIOKeHHs P BeKTopa V U UMeomIeil
HATIPABJIEHNE ITOTO BEKTOPA; 3HAK «=+» TOT YK€, UTO W BhImE. (YKa3aHHYIO

Puc. 51

NpAMYIO HA3bIBAIOT «JIMHUEH JEeCTBUA» BEKTOpPA V, & TaKXKe €ro «HecyIei
npsimoity. TlepBoe Ha3BaHWE MPOUCXOIUT OT TOTO CJIydasi, KOTJA V HMEET
du3nIeCKnil CMBICT CHJIBI, & HE CKOPOCTH; [0 AHAJOTUU €TI0 yIOTPEOJISIOT
U TOTJIa, KOTJ[a V HE UMeeT TAKOTO CMbICia.) JleficTBUTEIbHO, IPOCTOE Teo-
METPUYECKOe PACCyKAEHIE MOKA3BIBAET, ITO |V, |/v = h/r. (Cum. puc. 52, rae
BEKTOp V omioken or toukn P, V — kowmer
39TOTO BEKTOpa, V} — KOHEI[ OTJIOXKEHHOro oT P
BEKTOpa V,; H — ocHOBaHUE NEpIEHIUKYIIAPA,
omymennoro u3 O Ha JIMHUIO JIEHCTBUST BEKTO-
pav; h=|OH]|, r=|OP|. Ouesunno, LVPV; =
= /POH (nouemy?), HO3TOMY IPAMOYIOJIb-
upie tpeyrosabuuku VPV; u POH nonoGHsbl.)
[Tpu paBHOMEPHOM IPSIMOJIMHEHHOM JIBUXKEHUU
3HaK «*», h U ¥ MOCTOSTHHBI.

B §§7, 8 mMbI uwacro OymeM IOJB30BATHCH
HNMEHHO TAaKHM OIIpeJieJieHineM MoMeHTa (£vh),
MO3TOMY yAO0OHO OBLIO OBl WMETh Ha3BAHUE Puc. 52
st h. B acrponomuu u 6asumnctuke h Ha3bIBa-
10T MPUIEJBHBIM TapaMeTpoM (II0Ipa3yMeBaAeTCsl: IPUIEIBHBIM apaMer-
pom npsimoii L oTHOcHTesbHO 1ieHTpa O).

Teneps BOOGpa3UM, YTO U3MEHSIETCS TOJLKO V, & I U (0 HE MEHSIOTCH,

T.€. I' €CTh IIOCTOAHHAasA BEJIMINHA, 9YTO 3allUChIBAIOT TaK: I' = const. Puzn-

6Pajin IOJTHOTO TIeJTAHTU3MA CTOHT €Ié OrOBOPUTD, UTO B TOM CJIydae, KOT/Ia CKOPOCTh
U3MEHEHUs yIJIOBOM KOOPAUHATHI ( = 0, MOMEHT paBEH HYJIIO.
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YeCKU TPEJIITOJIOXKEHNEe, IYTO V MEHSETCs, a I' = const, KOHEYHO, HepeaJbHO:
r = const Tosibko pu v = 0. Ho MaTemaTnyeckasi mocTaHOBKA BOIIPOCA SICHA:
Hekuil BeKTOp V(t) IpH BCexX t OTKJIAIBIBAETCS OT OJHOW M TOH YK€ TOUKH
C Paauyc-BEKTOPOM T; BepHO Ji, 4To Torja dMomov/dt = Momow, rue
w = dv/dt? Pa3 r = const, T0o ocu J1€KapTOBBIX KOODIUHAT, HAIPABJICHHBIE
10 BEKTOPY I' U MEPIEHANKYNSIPHO K HEMY, He IIeBeJATCS U (Vy, Uy ) — ITO
KOMIIOHEHTBI BEKTOPa V B HEKOTOPOII HEM3MEHHOI1 JIEKapTOBOIi cUCTeMe KO-
opunar. Torma dv, /dt = w,, TOCKOIBKY

d
ﬁ(vcoopdunama BEKMOPA V) = KOOPOUHAMA BEKMOPAL W.

IIpu Boraucmenun drv,/dt MOCTOSHHBI MHOXKHTEIb T MOXKHO BBIHECTH 3a
3HAK POU3BOJHON. BoT u mosywaercs, 4To

Emé pa3 moBTopsito, 4T0O BCE ITO CKOPee MOSICHSET, YeM JOKa3bIBaeT (POp-
Myiy (31), HO CTPOroe JI0KA3aTedbCTBO 110 CYIIECTBY COIEPKUT CKA3AHHOE,
XOTs U He cBoAauTCd K HeMy. [IposiBiisig onTuMu3M, si HAJIEIOCh, 9TO TElephb
dbopmymna (31) He BBI3BIBaET y UnTATENS AKTHUBHOIO HENPUSITHS M YTO OH
TOTOB COTJIACUTLCA C €€ CJICJICTBUEM — COXPAHEHNEM MOMEHTA B KBA3WIICH-
TpPaJbHOM TIOJIE.

YMeCTHO cJiesIaTh OJHO 3aMedaHue, CBI3aHHOEe OTYaCTU C CAaMOU IIOCTAHOBKOM 3aja4dn
Kennepa. Marepuanbhaast Touka P, MOMEHT KOTOPOil COXPAHSETCS, IBHO HE SIBJIAETCS U30-
JINPOBAaHHO CUCTEMO}i, — Ha Heé JIefiCTByeT BHEIHsIsI Chila (Hallle [eHTPaIbHOe none). Mpsr
3HaeM U JazKe B KaKOU-TO CTENeHU JAO0Ka3aJIi, 9YTO MOMEHT TOYKH P OTHOCHUTEJIbHO S BCé
2Ke coxpansiercsi. PopMasIbHO B 9TOM HET IPOTUBOPEYHs, — MbI K€ He yTBEPKAJH, Oy/ITO
B HEM3OJIMPOBAHHONI CHCTEME MOMEHT HE MOXKET COXPAHATHCS, — HO BCE Ke xo4deTcs bosiee
dbusnyeckum 06pa3zoM mpejCcTaBUTH cebe, MOoYeMy K€ B HallleM ClIydae OH COXPaHSEeTCS.
B pmanHOM citydae MBI MMeeM H30JIMPOBAHHYIO cuUcTeMy, cocrosigyio u3d P u S. Ho sTo
He COBCEM OOBbIUHAsI MexaHudIecKas cucrema — COJIHIIE He NBHUIAeTCs C MeCTa, HECMOTPSI
Ha IPUTSXKEHUE IJIAHETHI; €CJU Mbl BCE-TAKM 3aX0TeNu Obl pacCMaTpUBaTh S KaK «Ma-
TepPUAJbHYIO TOYKY», TO IPHUIIJIOCH Obl CYUTATH €€ Maccy GeckoHeuHoil. HenousitHo, 4To
TaKoe MOMEHT HMILYyJIbca TaKoil Touku. [Io9ToMy He HPUXOAUTCH FOBOPUTH O COXPAHEHUU
CyMMapHOTO MOMEHTA B cucreme «P + S».

Hama 3amada BO3HHKIIA IIyTEM HEKOTOPOH Haeasn3anuu Oojiee peasibHOM 3aacdi,
B KOTOpOii Macca CosHIA Mg HAMHOIO GOJIbIIIE MACChl ILUIAHETHI M p, HO BCE YKE KOHEU-
Ha; 00 dTOM y2Ke rosopwioch B §1. Uro mpu sTO#l mieanusanuu 3a7ada yIPOIIAETC
M 9TO IPUA Hel Mbl MMEEM BO3MOXKHOCTh TOBOPUTH O JIBUXKEHUH ILJIAHETHI M MOXKEM
PaACCUIATBHIBATD, YTO OHO OyZeT GJM3KHM K ABHUKEHUIO B Gojlee peasnbHOI 3amade (¢ Ko-

HEYHBIM ms) — 06 3TOM y2Ke rOBOPHJIOCH. Ho Bor TOBOPUTHL O BpallaTeJIbHOM MOMEHTE
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P

Puc. 53

Bceit cucrembl «P + S» B maeasn3upoBaHHON 3ajatde MBI IIOKa 9TO HE MOXKeM. UTo XK,
cZieslaeM Iar Hasaj, U IIOCMOTPHUM, KakK OOCTOUT J€JI0 C MOMEHTOM IIPH KOHEYHOM Mg.

B §1 rosopuiiock, uro B 3TOM ciaydae u P, u S apmxyrcs no 3akonam Kermiepa 1o
JUIAIICAM, HUMEIOIIUM B OJHOM u3 cBoux (okycoB neHTp Mmacc C' CoJsHna U IJIAaHETHI.
Wcnons3yem mueprmaapHyio cucreMmy koopaumuar ¢ HadaigoMm B C. Touka C maxomurcs
Ha npamoit SP mexny S m P; orcioma cienyer, UTO YIVIOBasi CKOPOCTb W ILJIAHETHI
u Connna oxunakosa. IIycts R = |CS|, V — ckopocts Touku S, r = |C'P| u v — cKOpocTb
Touku P. Ilo onpenenenuio nienrpa macc mgR =mpr u mgV + mpv = 0. B gacraocru,
orHOmeHne R/r mocTosiHEO M paBHO Mp /mg. IlosTomy ssmmncsl (MIn HHBIE KOHUYIECKHE
CcedeHnsi), MO KOTOPBIM JBHxKyTcss P u S, momoGHbl ¢ KO3(bPUIMEHTOM IpOIopIuo-
HasbHOCTH 7/ R; moppoGHee, MOMBEPTHYB NEPBbIH JUIUIC TOMOTETHH C HeHTpom B C
u koaddunuentom romorerun r/R u nosepuys pesysbrar Bokpyr C na 180°, mosyunm

BrOpOii syunc. Orcioga BuaHO, 410 V, = (Mmp/mg)v, u
mp mp
MomemsV =mgRVy, = —mprv, = —Momempv,
ms ms

T.€. MOMEHT HMILyJIbCa IJIAHEThI B Mmp/mg pa3 Gomabine MoMmeHnTa umiryibca CosHIA.
IIpu GonbmioM mg cymMMa 3TUX MOMEHTOB B OCHOBHOM CBOJUTCS K MOMEHTY HMILYJIbCA
mwianersl, a neHTp Macc C' 6iau3ok kK S, Tak uro B 3azade Kemiepa Hamo cuuTarh,
YTO MOMEHT MMIIYJibca P OTHOCUTENBLHO S — 3TO M €CTh MMILYJIbC BCE M30JIMPOBAHHOMN

cucreMsl «P + S». OrToro oH u coxpaHsieTcs.
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CaMbIM TPYIHBIM B BBIBOJIE 3aKOHOB Keriepa siByisiercst BbiBog, I 3aK0oHA.
WNmenno 1o ObLIO TeM, U€ro He MOTIJIA CleJIaTh coBpemeHHMKN Hbioromna,
a oH czenadtt. [Tocsre Toro Kak Mbl ostyanM | 3aKoH, y2Ke HE COCTABUT TPYIA
soiBectu 111 3akon. (Ha mocsenuee B jleKiuy y MeHsI He XBATUJIO BPEMEHH,
HO 9TO y2Ke He TaK BAarKHO.)

B Toit miockocTr, B KOTOpOil nBUKeTCA 1anera P, Mbl OymeM mosb30-
BaThCsd U JIEKAPTOBBIME KOOpAMHATAMU (I, Y) ¢ HAYAJIOM KOOpauHAT B S,
U TIOJIIPHBIMU KOOpJAMHATaMHU (T, ¢) € TIOJIOCOM B \S; HAUAIBHBINA JIyd Oy-
JIeT COBHIAJIATH C IMOJIOXKUTEJIBHOI MosIyochio ocu abcnucc. [Ipu aToM Mbr
mo-rpeXkHeMy OyilieM 0003Ha4uaTh depe3 M «IIOCTOSIHHYIO ILIOIAIeii», mo-
JIy9IAIONIYIOCS M3 3aKOHA COXPAHEHHsT MOMEHTa UMITYJIbCA; TAKUM 00pa3oM,

r?w = rw = M = const.

MBI UCKJTFOYMM U3 PACCMOTPEHHUS CIIEIUAJIbHBI ciry4ait, korga M = 0. Cka-
2Ky TOJIKO, YTO, KaK [TOKA3BbIBAET HECJIOKHOE MCCIEIOBAHNE, B ITOM CJIyIae
IBUKEHIE IIPOUCXOJIAT TI0 MPSIMO#, TPOXOISAINEl Yepe3 IEHTP IPUTIKEHNUS,
u TIanera jubo mamaer na CofmHIe, JHO0 yIeTaeT Ipodub oT Hero'. Ecmm
TaKue IJIaHeThl KOrIa-HUOY/Ib U ObLIN, TO OHU y2Ke JIaBHO JIM0OO yIIaJIu, JTH00
yieresn, Tak 94To B COJTHEUHOI cECTEMe TaKWX IIJIAHET HeT. 3aMeTHM, 4TO
npu M # 0 06s13aTeIbHO BBITOJIHSIETCST HepaBeHCTBO w # (.

[TpuBoauMoOe pocToe TOoKa3aTELCTBO yTBepK Aenus «Hpioron =—> I 3a-
ko Kemepa» ocHOBaHO Ha ABYX HE3ABHUCUMBIX HJIE€SX: BHAYAJE HAJO Pac-
CMaTPUBATL TOJIBKO CKOPOCTb V = (U, Uy) U TO, KAK OHA M3MCHSCTCH IIPH
JBUKEHUN IIaHeThl; XoTs BO 1l 3akone Hbrorona peus miaér o6 yckope-
HUM W, T.€. 0 CKOpocTu dv/dt =V U3MEeHEHHsI V CO BPEMEHEM, KaK 3TO
u 3anucano B hopmysie (2), HO Mbl HepPeHIEM OT HE3ABUCUMON II€PEMEHHOT ¢
K ¢, T.€. IOCTapaeMCsl BBISCHUTD, KaK 3aBUCUT V OT . llepBas umest mo-
HATHA, a [0 TOBOJy BTOPOil 00paIao BHUMAHKE HA TO, 9TO XOTS MBI OyaeM
paccMaTpuBaTh (0 KaK HOBYIO HE3aBUCHMYIO IIEPEMEHHY0, — TaK CKa3aTh,
«BCIIOMOTaTEe/IbHOE MCKYCCTBEHHOE BPEMSI», — HO CKOPOCTh V — 3TO HACTOsI-
mas ckopocTh dr/dt, a ue dr/dyp. IIpocTo Mbl nuHTEpECYeMCs, KAK CKOPOCTh
(oBTODSIIO, HACTOSIIIAST CKOPOCTD) 3aBUCHUT HE OT ¢, a OT . A Bejb ecyiu Obl

1,Z[BH>KeHI/1e mo mpsiMoit L, mpoxopsineit depe3 S, BO3MOXKHO W IIPH HUHBIX 3aKOHAX
npuTsKeHns (MM OTTAIKUBAHUSA ), Hexkesd B popmyte (2), — uuib 661 Ha npsaMoii L cuta
ObLTa HaIpaBjeHa BaoJib L. X0oTs [JjIsl HAC IPSMOJIMHENHOE JIBUYKEHUE — 9TO UCKJIOYEHHE,
Ha KOTOPOEe Mbl HE XOTHM TPATUTh BpeMeHH (TeM GoJjiee 9TO 3TOT CJIydail He UMeJ TOro
HCTOPUYECKOrO 3HAYCHUs, KAKOE MMeJI BBIBOJ| 3aKOHOB Keluiepa U3 3aKOHOB MEXaHUKH),
HO 33/1a9M O TAKOM JBUKEHUH (C Pa3jIMYHBIMHU CHJIAMHU) MMEIOT 3HA4eHUe JJIsi JAPYTHUX
BONIPOCOB (PUBKMKH. DTU 3342491 UCCIIEAYIOTC CPABHUTEIBHO IPOCTO (IIpOoIIe, YeM 3a/ada
Kermepa), HO TpeOyIOT MHOTO IOJIXOJIa, YeM U3JIaraeMblii B 3TON KHUTe.
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MBI XOT€JIM 3aMEHUTD ¢ Ha  <«BO BCEX CIyYasX KU3HU», TO KA3aJ0Ch ObI
€CTECTBEHHBIM BBECTU B PACCMOTPEHUE «BCIIOMOTATEILHYIO UCKYCCTBEHHYTO
ckopocThb» dr/dp. B TOM, 94TO MBI 3TOro He OyJeM JeaTh, MPOSBJISIETCS
U3BECTHAsI «ABTOHOMHOCTD» CKOPOCTH KaK CAMOCTOSATEIbHON (hu3amaeckoit
BEJUIMUHBLL. JTO e/1Ba Jiu 6oJIee IeM COBIJIEHNE, HO KAaK pPas3 aBTOp U3JIa-
raeMoro moaxoja K 3amade Kemsepa, lamuabToH, 66T T€M, KTO B JIPYyTUX
(mamHOrO GoJICE CIIOXKHBIX) 3a/a9aX IIEPBBIM OTMETUJ U CHUCTEMATHYECKH
HCIIOJIL30BAJ 3Ty «aBTOHOMHOCTH CKOPOCTH». Tounee rosopst, u 'y amuib-
TOHA, U B COBPEMEHHON (bU3MKe B KAYECTBE CAMOCTOATEILHON (DU3MIECKON
BEJINYMHBI BLICTYIIAET HE CTOJBKO CKOPOCTb, CKOJIBKO MMILYJILC P. Y HAC
MEXKJy V U P UMEETCs OYeHb IIPOCTas CBA3b (P = MV ¢ HOCTOAHHBIM MHO-
JKHUTEJIEM M), TaK 9TO HAM 9TO BCE paBHO. B GoJiee CII0XKHBIX 3a/129aX MOYKET
dburypuposarh, ckaxkeM, CyMMapHbIH UMITYJIbC BCel (DU3UIECKOH CHCTEMBbI
U KAKOW-TO €€ TI0JICUCTEMBI, M CBA3b €0 ¢ KAKUMU-TO CKOPOCTSAME OOBITHO
HE MOXKET OBbITH CTOJIb YK€ [IPOCTOMH, N0 CKOPOCTU PA3JIMIHBIX YacTell HaIei
CHCTEMbI WJIM IIOJCUCTeMBbl pasiudHbl. (B aToM npumepe MOXKHO CBA3aTh
AMILYJIbC ¢ HEKOTOPOH «CpeIHel CKOPOCThIO», HO TAKOBas HE BCErya OyIeT
pU3MIECKH OCMBICJIEHHON, OHa MOYKET OKA3aThCA UEM-TO BPOJIE «CPEJHER
TeMIIepaTyphl o GOJIbHUIE>.) Bparmare bHbIl MOMEHT TOYXKEe MOXKET UIDATh
BaXKHYIO POJib, U OH TOXKE HE O0A3ATEIHbHO IIPOCTO CBOJUTCA K KAKOU-TO
yTI0BO# ckopocTu. HakoHem, mMITy/Ib¢ MOXKET BOOOIIE HE UMETh MPSAMOTO
MEXaHUIECKOrO CMBIC/IA (MMITYJIbC 9JIEKTPOMArHUTHOIO 110J1s1 ). B 10100HbIX
CJlydasiX Ha IEPBBII IUIAH BBIXOIAT UMEHHO UMILYJIbCHI (M BpallaTesbHbIe
MOMEHTHI).

Ypasenenne (2) —9T0, Kak roBopsT B MareMaruke, juddepeHipaib-
HOE ypaBHEHHUE I V KaK (PyHKIMU HE3aBUCUMOMN IIEPEMEHHOM ¢, T. €. OHO
XapakTepu3yeT CKOPOCTh U3MEHEHUsI V ¢ U3MEHEHWeM t; a Hajo NepeiTn
Kk muddepeHnuanTsHOMy yPABHEHUIO, XaPAKTEPU3YIOMEMy 3aBUCUMOCTh V
or . O6osHauas nuddepennuposanue 10 ¢ mrpuxoMm (' = d/dy), BBUILY
dbopmy (16) mn (17) umeem

v=vp=wv

BBITY y2Ke Jokasamnoro 11 zaxona Kemmepa r?w = M, Tak uto w = M /r?;
TakuM obpazom, v/ = r2/MV; u Temnepb ypasenue (2) TepernuchBaeTCS B
BUJIE
, kr k
M VS Y
Bor, cobcrsenno, n Beé. Iy KOOPJWHAT Uy, Uy BEKTOPA V TOTydaeM

!/ /

Vo = =7 COS v :—% sin . (32)
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Jlerko upembsBUTH HEKOTOpOe perierue U(p) 9T10il cucrembl auddepen-
UAJIBHBIX YPABHEHUI, T. €. BEKTOP-(DYHKIMIO, JJisi KOTOPOH BBIIOJIHAIOTCS
cooTHorenns (32). OHO TAKOBO: JUIMHA BEKTOPA U He 3aBUCUT OT (0 U PaB-
Ha k/M, a ero HalpaB/ieHHE XapaKTEPU3YeTCs IOJSPHBIM yrjioM ¢ + 90°,
T. €. 9TO HAIIPABJIEHUE IOy IAETC U3 HAITPABJIEHNS] BEPTUKAJIBLHO BBEPX I10-
BOPOTOM Ha yT0JI ¢ B II0JIOKUTEIbHOM HatipaBsieHuu. (MoxKHO elmg cka3arh,
aro u = (k/M)e,.) HeiicTBuTennpHo, Korna ¢ Bo3pacraet, TO ¢ + 90° Toxke
BO3PACTAET, T. €. BEKTOP U(() BPAIaeTCsl 10 COOTBETCTBYOIIEH OKPYKHOCTH
IPOTHB 9aCOBOI CTPEJIKHU; CKOPOCTh W := U M3MEHEHHs] TaKOr0 BEKTOPa U
¢ U3MEHEHUEM ¢ 10 BeauuuHe paBHa k/M, a €€ HalpaBjeHUe XapaKTepH-
3yeTcs MOJSIPHBIM yrjioM ¢ + 180°, T.e. IPOTHUBOIIOIOKHO HAIIPABJIEHIIO
C HOJISIPHBIM yIVIOM . B npaBoii ke yacru paBeHcTs (32) Kak pa3 U CTOAT
KOODJIMHATHI UMEHHO Takoro BekTopa. (MoxKHO emé cka3aThb, 9TO BBUJLY Da-
BeHCTB (22) mbl uMeeM W' = —k/Me,.) VTak, Mbl SIBHO YKa3aJI1 HEKOTOPBIH
BeKTOp (roBopst oipobHee, BeKTOP-byHKIN0) U((p), IPOU3BOIHAS KOTOPO-
ro mo ¢ pasHa npousBoaHoi v'. OJHAKO BOBCE HE 0OSA3aTENBHO, ITOOBI V
¥ U COBNAJAJN; MOXKHO TOJIBKO CKa3aTh, 9TO CKOPOCTh V' — U’ m3MmeHeHmst
Pa3HOCTH V — U PaBHA HYJIIO; 3HAYWT, 3T& PA3HOCTH MOCTOSTHHA: V — U = V),
e Vo — HEKOTOPBI MOCTOAHHBIA BeKTOp. OTKIIQIbIBas BCE HAIIA BEKTOPHI
OT «HAJYaJa OTCYETay S, MOJIydaeM, YTO KOHeIl V' BeKTOpa V M3MEHsSIeTCs Ha,
okpy2kHocTu paguyca k/M c uenrpom B Kourne Vy Bekropa vo. IIpu sTom
HAIPaBJIEHNEe BEKTOPA SV XapaKTepU3yeTcs MOJAPHBIM yrjioM ¢ + 90°.

MBI IOMECTHIN HAYAJIO KOOPAUHAT B TOUKY S, HO HAIIPABJIECHUS KOOP/IU-
HATHBIX OCel TIOKa ObLIN TIPOU3BOJLHBIMA. Tereph BBEJEM HOBBIE KOOD/IUHA-

180° + ¢

Puc. 54
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TBI C TEM 2K€ HA9aJIOM KOOPAMHAT U ¢ TAKAM HAIIPABJICHHEM KOOPIMHATHBIX
oceif, 9TO TOYKa V[ IIONajaeT Ha HOJOXKUTEILHYIO HOoayoch opauHat. Ho-
Bas CHCTeMa KOOPJAMHAT IOJIy4YaeTcs II0BOPOTOM OCeil NMpexkKHell CUCTeMbl
HA HEKOTOPLIH yroJs ¢ (B IOJIOKUTEJTHHOM HAIPABJICHAN; Ha CAMOM JIEJIe
IIOBOPOT MOZKET IIPOMCXOIMTHL IO YACOBOH CTPEJIKE, HO TOTZA MbI CUHTA-
eM ¢ orpunareiabHbiM). Logorpad ckopocru cam 1o cebe onpejesisiercs
COBEPIIEHHO HE3aBUCHMO OT TOTO, KAKIMH KOODIMHATAME MBI IIOJIb3YEMCH;
HO B TepPMHHAX HOBBIX KOOPJMHAT MOXKHO CKa3aTh, YTO 3TO OKPYKHOCTH
pazuyca k/M c niearpom B TOUKe V) 0CH OpAMHAT, PACIIONOXKEHHON Hal S Ha
BBICOTE Uy := |Vg|. B TO 2Ke BpeMst Ipe bl IyIIie paccy K IeHusl MOKHO [IPOBe-
CTH ¥ C UCIOJIb30BAHNEM HOBBIX KOOPIMHAT; TOTIA IOy IATCH, 9TO KOHer V'
BEKTOPA, S—‘} =v(p) (y2Ke ¢ HOBBIM HOJISIPHBIM YIJIOM (O, OTCIUTHIBAEMBIM OT
HOBOII MTOJIOKUTENLHOM MOJIyocH @umcc) MO-TIPEXKHEMY XapaKTepPHU3yeTCs

TeM, 4TO HampasjeHue BekTopa VoV orBeuaer mosasprOMy yriy ¢ + 90°.
DTOT BEKTOP UMeeT KOOP/IMHATHI

k k
Vo =7 sin ¢, vy =V + 7 o8, (33)
HO9TOM
' 2 2 2 2 k2 2U0/€
v :vx+vy:vo+w+vcosgp. (34)

MbI XOTHM HafiTH Uy, T.€. IPOCKIMIO BEKTOPA V HA IPSMYIO JIHHHUIO,
HepIeHINKYISAPHYIO K PaInyc-BeKTOpY IiaHeThl. HampasieHue 3Toi JIHMHIKT
(Toumee, Kak pa3 TOro e€é Jydua, KOTOPBIH HAIPABJIEH B CTOPOHY BO3pAac-
TaHWs ) XapPaKTEPU3YETCS MOJSAPHBIM yryioM ¢ + 90°. TakumM ke yriom
XapaKTepusyeTcs W HallpaBJIeHHe BEKTOpa VO—X)/, [IO3TOMY HPOEKIUsS 3TO-
ro BEKTOpa Ha yKa3aHHYIO NPSMYyI0 paBHa ero JJIMHE CO 3HAKOM ILIIOC,
T.e. k/M. Tlpoeknuss e BEKTOpa S—>Vo pasHa |SVp|cos¢ = v cosp (Benp
yTOJI MeXKJy 3TUM BEKTOPOM U IIOJIOXKUTEJbLHLIM JIy4OM Harleil IpsiMoit
ectb ). CyMMa 3THX JBYX MPOEKIMi U €CTh TPOEKIHsT BCETO BEKTODA SV.
Nrax,

Vp = i -+ Vg COS p.

Ocragérces emé pa3 cocarhbes Ha y2Ke jgokasanublii [ 3akon Kersiepa B Takoii
dbopwme: rv, = M, 1 MBI IOy UM

M M _ D

vo k/M+wvgcosep 1+ecose’

T =

TIe
Vo M

]{: 9

(35)
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M2
Tk

D10 Beerja KoHmaeckoe cedenne. OHO sBIISIETCS SJUIAIICOM TOTJA U TOJb-
KO Torya, Korga e < 1, T.e. vg < k/M. Oka3sbiBaercs, yCJIOBHE SJUIHIITAY-
HOCTHU OpPOUTHI MOXKHO C(OOPMY/IMPOBATH B TEPMUHAX BarXKHOU (DU3MIECKOI
BEJINYMHBI — SHEPIUH F: opbuTa siBJIsieTCsl JIITUIICOM TOTJA U TOJBKO TOT/IA,
korma F < 0.

B cBsi3u ¢ sTrM HA/TO OTMETHTD, UTO B 3a7a4e Kensepa sneprus riame-

p (36)

THI HE MEHsIeTCs cO BpeMmeneM. Huke s1 mpuBesmy HecgaokHOe HOpMAIbHOE
OKa3aTeJIbCTBO, HO CIEPBA CJIEJAI0 HECKOJIHKO 3aMEYaHUNl NCTOPUIECKOTO
u o61mero xapakrepa. ®akT cOXpaHeHNsl SHEPIuH (T. e. TO, YTO OHA He MEHsI-
€TCsl ¢ TeYeHNEM BPEMEHH) B JIAHHOM 3a/iaue ObLI yeTaHoBIeH (hakTudecku
yxke HbloToHOM) 3a/10/110 10 TOro, Kak ObLI OTKPBIT 00mmii dbusnyeckuit
3aKOH COXpaHeHWs SHepruu (pacupoCTPAHLIOIIUICA U HA IIPOLECCH, He $B-
JIIOIIUEC MeXaHUIeCKUME). BHadaje umesach IPOCTO MaTeMaTHYecKas
TeopeMa: B 3ajiaue Keriepa Hekasi BeJIMdrHA, KOTOPasi Oy/IeT yKa3aHa HUXKe
(1 KOTOPYIO Teneph HA3BIBAIOT SHEPIUei ), OCTABTCs IOCTOSIHHOM BO BpeMsI
JIBU2KEHMUST; 9TA TEOPEMa, OKA3aJIach TOJIE3HOU IIPU UCCJIEIOBAHUY JIAHHON 3a-
naqu (cM. gactb 2 npuinoxkenus VIII). 3arem 6bUI0 yCTaHOBIEHO COXpAHEHUE
SHEPIUHU B TOPA3/0 OoJiee OOIMNUX N30 TUPOBAHHBIX MEXAHUIECKUX CACTEMAX
(BKJIIOYAsT CHCTEMBI MATEPHAIBHBIX TOUEK C IIONAPHBIME B3aMMOJIEHCTBYsI-
MU TOCPEJICTBOM MEeHTPAIBHBIX? T0JIeft), b ObI B HUX He JeficTBOBaJIHI
CHJIBI COTIPOTHBJIEHNs! (THUIIA TPEHUsI) U He IIPOUCXOUIIO HEYIPYTUX CTOJIK-
noBennit. V1 najexo He cpa3y OBLIO MOHATO, YTO U MPU HAJMYUHA TPEHUS
WIN HEYIPYTUX CTOJKHOBEHUI SHEPrusi TOXKE HE MCUE3AET, TOJIHKO MeXa-
HuYecKas (KMHETHYECKas U IIOTEHIMAJbHAS) YHEPIUs [EPEXOJUT B TEILIO.
Kagecrsenno 3ro nonumasu muorume (mampumep, M. B.JlomoHocoB B ce-
peaune XVIII Beka), HO TOBOPUTH O 3aKOHE COXPAHEHUs] SHEPIUH MOXKHO
TOJIBKO TIPY HAJUIUH IETKUX KOJIMIECTBEHHBIX (POPMYJIUPOBOK, OXBATHIBA-
IOIIUX Pa3JindHble (PU3NUECKHEe HPOLECCHl (TElJIOBbIe, JEKTPOMATHUTHDIE,
xumudaeckue). [loaromy obumii 3aKOH COXpaHEHHsI YHEPIUH ObLI YCTAHOBJIEH
YCUIUSIMU PsiJia, YIEHBIX JIMIIEL B cepejmue XIX Beka.

Ecmu, rosopst o 3amade Kemtepa, MbI ccbliaeMcst Ha OOIIUiT 3aKOH CO-
XpaHEHUsT SHEPTUH, TO MOXKHO CIPOCUTH: SHEPTHsS COXPAHSETCSI B U30JIH-
POBaHHOI CHCTEME, HO BeJb ILIAHETa OTHIONb HE SABJISETCS TAKOBOM, — Ha
Hed neiicTByer cuna nputskenns Connna’; mouemy ke B 3amade Kertepa

2I/IMG‘HHO OEeHTPaJIbHBIX, a He KBa3UIICHTPAJIbHbIX.

SBHPO‘{GM, npu 2KeJJaHuUu MOXKHO CKa3aTb, 4YTO H30ﬂHpOBaHHOﬁ ABJIAETCA CUCTEMa
«IJTaHeTa IJTIOC TIOJIe TATOTEHUsI». A TaK Kak IoJjie Y HaC HE MEHAEeTCd, COCTOSITHUE CUCTEMbI
IIOJTHOCTBhIO XapaKTEePU3yeTCdA COCTOAHUEM IIJIAHEeThI — €€ TIOJIOXKEHUEM U CKOPOCTBIO. Bcé
ZKe KarKeTCd CTPaHHBIM HUCKJIIOYaTb U3 CHCTEMBbI COJ’IHL[e («CHOHa—TO Aa U He 3al\IeTI/IJ'I>>).
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SHEPrUsl TIAHETHI BCE-TAKHU COXPAHAETCS — UMEET 9TO KAKOe-TO OTHOIIEHHUE
K COXPAHEHUIO HEPrud B W30/ IMPOBAHHBIX cucTreMax min Her! Curyarms
3/1eCh AHAJIOTMYHA CUTYyaIn ¢ MoMeHTOM. B 3amade Kerrepa 6eccMbIcieHHO
craBuTh Bopoc 06 sHeprum CoJHIA M, 3HAYUT, 006 IHEPIUU BCEH CUCTEMBI
«P mmoc S», o npu kKoueunoit macce CosHnia mg 310 Bo3MOXKHO. Torma
MBI IMEEM JIeJI0 y2Ke He ¢ 3ajadqeit Kemmepa, a ¢ 3agadeit 1Byx Te. B meit
cucreMa «P mwmoc S» saBisiercs M30JMPOBaHHON (HA HeE HE JEHCTBYIOT
HUKaK/e BHEIHWE CUJIbI), U HOTOMY IIOJIHAsi MEXaHWJIecKas SHEPrusi 3TOH
CHCTEMBI COXPAHSETCH (ITO U MATeMATHIECKAs TEOPEMa, U IIPOsIBJICHHE 00-
mero (bU3MIECKOTO 3aKOHA). DTa IHEPIUs SBJISETCA CyMMON TPEX SHEepruii:
KHHETHYIECKON SHEPTUN TIAHETHI; KHHEeTUIeCcKoi sueprun COJTHIA; TOTEH-
UAJBHON 9HEPrun B3auMOJeHCTBUsL. ByieM MBICJEHHO YBEJIUIUBATDH Mg,
He MeHsisi HU Mmp, HU k = fmg (3HaYuT, f MBI IPHU TOM YMEHBIIAEM).
MozKHO JI0Ka3aTh, 9TO IPU OYEHb OOJIBINON MACce 1mg JIBUMKEHUS [TOYTU He
OTIIMYAIOTCS OT JBUYKEHUH B «IIpeJiesibHON» 3a1aue Keruiepa (oTBeuaromeit
TOMY 2Ke caMoMy k), a SHeprusl CHCTeMbl, PacCMaTpUBaeMas B HMHEPIH-
AJILHOI cucTeMe OTCU6Ta, CBI3aHHON C MEHTPOM Macc, OJiM3Ka K SHEprun
wraneTsl P B 3amaqde Kermtepa. [locitenmss sneprust — 910 cyMMa KHHETHAYIE-
CKOM U TTOTEHINAJILHON SHEPI Wil TJIAHETHI, IPUIEM [TOTEHITUAJIBHAS SHEPT S
B TOYHOCTH TaKas XK€, UYTO U IOTEHIMaJbHas SHEprusi B3auMojeiicrsust P
u S B 3ajade IBYX TeJI; KHHETUIECKAs SHEPTHUs TIIAHEThI, KOHETHO, TOXKE Ta
xke. B mosmmyio suepruio cucremsr «P mioc S» BXOIUT €Ié KMHETUIECKAST
sueprusi CoJTHIA, HO, OKA3BIBAETCS, MPU OOJIBIIOM Mg MOCIEIHSST COCTAB-
JISIEeT JIAIIb MAJIYIO JIOJIIO OT ODIIeil SHEPIUH CHCTEMbI JABYX Tel.

B zamaue Kemsepa sueprusi E 1iaHeThl, B MOHATHBIX ODO3HAUYEHUSIX,
paBHa cymme? e8 KiHeTIIecKoit suepruu m pv? /2 1 NOTeHIUATLHOI SHEprun
U(r) = —kmp/r. MBI XoTUM JI0Ka3aTh, 9TO IPH JBUKCHUN IJIAHETHI HE
MeHsieTcst F; 9T0 pABHOCHILHO TOMY, UTO HE MEHSIETCST «9HEPrHUsl HA € [MHUILY

4310, BEPOATHO, M3BECTHO uMTaTeMO M3 Kypca dusukn. (Moxker 6bITh, U3BECTHO He
COBCEM 3TO — U3BECTHA IOTEHIMAIbHAs S9HEPrus B 3a1a4e AByx Tes: U(r) = — fmpmg/r.
Tlepexonst x 3amade Kemiepa, Mbl mpejicrabisieMm cebe, uro Mg yBenuuusaercs, a f
YMEHBIIIAETCA U YTO IIPH ITOM HE MEHseTCs npousBelienne k = fmg. Dueprus mpu 3TO0M
ocraércst paBHOH —kmp /T.)

¢l manomHIO TONIBKO, ToUeMy 3Heprusa U oTpunareabHa, — IPU IEPBOM 3HAKOMCTBE 3TO
KaXeTCd CTPaHHBbIM, I/I6O B OGBI‘IHBIX JKUTEUCKUX IIPEACTABJICHUAX dHEPIUusaA HEIIPEMEHHO
nostoxkurenbHa. OObscuenue He Tpebyer dopmysn. Korma mniamera odeHs gajieka OT
COJIH]_Ia.7 TaK 9TO B3aI/IMO,ILeI>'ICTBI/I9I MeXK1y HUMU I[IPAKTUYICCKU HEeT, SdHEePrud JOJI2KHa 6])IT])
HUYITOXKHOI. [Ipn HeorpaHMYeHHOM BO3pPACTAHHUU T" OHA CTPEMUTCH K HysI0. Eciu mianera
HAXOJUTCS HA HEKOTOPOM paccTosdHuu 7 oT COHIA U MBI IIOKEIAeM YIAJIUTD €€ «B 6eCKOo-
HEYHOCTB», TO HAM IPUIETCS 3aTPATUTh HEKOTOPYIO paboTy A, IpeososieBast IPUTI2KEHNE
k CosHILy; IpM 9TOM NOTEHIMAIbHAS YHEPrHUs YBEJIUUUBAETCA HA A, a B pe3ysbTare OHA
CTaHET HYJIEM; BOT U MOJydaeTrcsd, 4To U oTpunaresabHa.
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Macesl» E/mp =v?%/2 — k/r. 51 mozBomo cebe Ha3BIBATH 9TY BEJTMINHY TPO-
cro sHeprueii u 06o3HadaTh 9epes3 E. [ToCKOIBKY MBI IMEEM <IIOUTH SIBHBIE>
dbopMyIIBl, ONUCHIBaIONTE JBUKeHUe®, TpOBepKa coxpanenus F npu JBu-
JKEHUN CBOJIUTCS K HECJIOXKHBIM BBIKJIAJIKAM, TPUBOJIAIIMM K BBIPAZKEHUIO
11 E' B TepMUHAX BEJIMIHH, HEIOCPEICTBEHHO CBA3aHHBIX ¢ KPUBBIMH BTO-
poro mopsiika (ceifaac opéuTa He IPEIIOIAraeTCs 00I3aTEIBHO JIIAIICOM).
Hauném ¢ Beipakenus (34) mia v2. DTo He coBceM TO, UTO HAM HyIK-
HO, W00 B 3TOM BBIPAXKEeHUU (PUTYPUPYET BeJMYHHA V3, HEOCPeICTBEHHO
cBsI3aHHAs HE ¢ opbmToii, a ¢ rogorpadom ckopoctu. Ho vy = ek/M (cm.
paseHcTBO (35)), mosromy u3 dopmyssl (34) caexyer, aro
o €k? kP 2ek? (o211 k  2ek
= + I7e Wcosap—(e + )E—I—Tcosgo
(oObeMHUB JIBa TIEPBBIX 9JIEHA, MBI 3aTEM BOCIIOJb30BAJIUCH DPABEHCT-
BoM (36)), a Toraa, ncnosb3yst dhopmyiy (13), momyuaem

v

2k k k k k
E= % o= (e? + 1)2_p + %cosgp — 5(1 +ecosyp) = (e? — 1)2_p
[Monyuennast opmyiia
k
E=(e?—1)— (37)

2p
He TOJIbKO JIOKA3bIBAET COXPAHEHHE SHEPIUM NP JBIZKEHWH, HO U IIOKa-
3bIBaeT, 4To 1pu F < 0 opburoii ciyxxut 3juic, upu E = 0 — mapaboua,
a npu E > 0— runepbosa (T.e. BeTBb IUIEpOOJIB). 3aMeTHM, KCTaTh (9TO
MOHAIOOUTCS TOJBKO B § 8), 9TO IpH € # 1 BBINOIHAETCH PABEHCTBO

k
E|

=% (38)

(mockombKy p = a|l — €2).

CobCTBEHHO, 37eCh MOXKHO OBLIO OBbI CIIPOCHTB: a IOUeMy OpOHTa He MOXKET ObITh
TOJIBKO JAyroii sJjummica, mapabosibl uiau runepbossl? Ha ssummnce paccrosiame or ero
TOYeK 110 S HUIJE HE IPEBOCXOIUT HEKOTOPOrO MOJIOXKUTEJILHOrO 4ucia p. Eciu, nasee,
JIOILyCTUTh, 4TO P JaBrzKkeTcsa 1o napabosie Wi 1O BeTBH IMIIEPGOJIbI, HO IIPH HEOTPAaHH-
YEHHOM BO3PACTAHUM WJIM HEOIDAHUIEHHOM yObIBAHMM  HE «YXOIUT B GECKOHEYHOCTDLY,
To mpm Beex ¢ > 0 (coorBercTBeHHO HpH BCex t < 0) paccTosiHUME T HE IPEBOCXOILHIIO
6Bl HEKOTOPOT'O IIOJIOXKUTEILHOTO 9uca p. [I0CKOIbKY IIPU TAKOM JIBUYKEHHU BCE PABHO

5«CoBceM sIBHBIME» OHU GBLIH ObI, eciin Obl OblIa $IBHO yKa3aHa 3aBHCHMOCTH IIO-
JIIPHOTO yIJia (o MarepuajbHOil Touku P or Bpemenu t. Ho, ¢ ommoit croponsl, 3TO
BBIXOJUT 33 PaMKH HACTOsIMeH KHUKKH (OyXy<dwm Ha CaMOM Jesle OTHIOAB He IIPOCTHIM
J1eJI0M; COOCTBEHHO T'OBODsi, COBCEM YK sIBHOU (DODMYJIbI M HET, a BMECTO HEE MMeEEeTCs
HEKOTOPOE COOTHOIIEHHWE MeXKIy ¢ u t, CM. 3aMedanue 6.2), a ¢ Ipyroil CTOPOHBI, NIpU
0OCY2KJIeHUHU Dsijia BOIIPOCOB, BKJIIOYasi paCCMaTPHUBAEMBbIl ceifdac BOIIPOC O COXPAHEHUU
SHEpruH, He TPeOyeTCsi COBCEM y K SIBHBIX yKa3aHHH OTHOCHTENBHO ¢(1).
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nosken BoinosiHAThHCA 11 3akon Keruiepa, Bcé 310 Bpemsi Mbl uMeeM w = M /r2 > M/ 2.
A ¢ M3MeHsIeTCsI CO CKOPOCTBIO W, KOTOPAsi, BHIXOIUT, HE MEHBIIE HEKOTOPOIO IIOJIOXKHU-
TEJILHOTO YHCJIa. SHAYHUT, B CJIy4ae JUIUICA ¢ CO BPEMEHEM HEOIDAHUYEHHO BO3PACTAET
[IpY HEOIPAHUYEHHOM BO3DACTAHUU ¢ U HEOTPAHUYEHHO yOLIBAET NMPU HEOIDAHUYEHHOM
yOBIBaHUU t, a 9TO O3HaYaeT, 4T0 P nesaer GECKOHEYHOE |UHUCIO OOOPOTOB IIO JLIHIICY.
B cayuae mapabosbl wiimM BETBU TUNEPOOIIBI 3aKIII0OUAEM, YTO IPHU CAECJIAHHOM JIOILY IEHUN
YTOJI (p ONSATH-TAKU JOJIPKEH HEOTPAHUYIEHHO BO3PACTaTh (COOTBETCTBEHHO HEOTPAHMYIECH-
HO yObiBaTh). HO Ha 9THX KPUBBIX HOJISAPHBIA yrosl M3MEHSETCH TOJBKO B HEKOTOPBIX
KOHEYHBIX IIpefeJiaX, TaK 9TO Hallle JOIYIIeHNe IPUBEJIO K abCypay U TEM CaMbIM OIIPO-
BEPrHYTO.

3ameuanne 6.1. CoxpaHeHne SHEPIUM MOXKHO JOKA3aTh U HHAYE, HE MOJIb3YICh CTO/b
siBHBIME (bopMysaMu. Y6euMest criepBa, 9To ecyu yckopenue w touku P = P(t) nanpas-
JieHo K 1enTpy S, w = we (r/ie, Kak oburaHo, e = r/7r), To%

—— =vyw. (39)

Jloka3aTebCTBO AHAJIOTUIHO JI0Ka3aTeabCTBy (opMyiibl (23). UToObl 10Ka3aTh paBeH-
crBo (39), BBeJEM, Kak M TOrJa, JEKapTOBY CHCTEMY KOOpIMHAT (T, y) ¢ HAJdajIoM B S
U IIOJIOXKUTEJIBHOM IOJIyochio ¢, HanpasiienHoit ot S Kk P. (IIpu nokasarenscrse dhopmy-
sibt (23) 6b1m gpyrue obosnadenus: O u A BMecro tenepemnux S u P.) Torjga BeKTOpbI Vv
u W = V UMeT KOOopauHaTHL (£, ¥) = (vg, vy) 1 (Wz, wy) = (Vz, 0y),

A1, 1d 5 o o
5 5'0 = 5a(vz + vy) = Vg Uz + Uy Uy = UgWg + VyWy.
Ho mpu ¢ =ty ycKOpeHHe HaIpaBJIEHO IO OCH &, TakK 4TO Wy(to) = 0. A vz (to) pasmO
npoeknun V(to) Ha ock OP(to), T.e. Ha ock Oz, Tak 91O V4 (o) = vy (t0). Bor 1 BEIXOAMT,
YTO 1pU t = to BBINOJHAETCS paBeHCTBO (39).

A Temepb OCMOTpHM, YeMy paBHa CKOPOCTh m3MeHeHust k/r. Vcnonbsyem Teopemy
0 IIpoU3BOAHOI cyioxkHOI dyHKIMY, ynparkaenue 4.1 u dopmymny (23):

d k d1l dr 1.

——=k—— — =—k—7r=wur

dtr drr dt T
(Besb B 3a1aue Keriepa ycKopeHue HAIIPABJICHO K IIEHTPY U PABHO 110 Bestmaune k /12, mo-
sromy w = —k/r2). Urtak, y v2/2 u k/r onuHAKOBbIE MPOU3BOIHDIE IO BPEMEHH, TIOSTOMY
dE/dt =0.

D10 paccyk/IeHne MMeET, B CyIIHOCTH, OoJjiee OOIIMI XapakTep, 4eM IpeIblIyIiee.
C mOpocCThIM HM3MEHEHHEM OHO OTHOCHUTCH K JBHUYKEHHUIO B JIIOOOM IEHTPAJBLHOM IIOJIE
(cm. HAmaso §5)7. HanomHI0, 9TO B TaKOM II0JIe Ha MaTEPUAIBHYIO TOUKy P neiicTByer

—
nenTpasnbHas cmwia f(r)e (B obpraEbIx ob6osHauweHnusx: r = SP, r = |r|, e =r/r). Kak

SEciu mosi30BaThCs BEKTOPHBIM HCUYHCIEHAEM, STO IIOJIyYaeTCsl COBCEM IIPOCTO:

1d 1
— = §£<V, v) = 5 S2{v, v) = (v, w) = (v, we) =
= w - (UpoeKIMst V Ha PaJuyc-BEKTOD) = WUy .

"Ho WMEHHO TOSTOMY OHO HE TOBOPHT HHYEro 06 SKCIEHTPHUCHTETE — STO ITOHITHE
OTHOCHTCSI K KPHBBIM BTODOI'O IIOPANKA, & B OOIIEM ciiydae opbura He 00sA3aHa OBITH
TaKOI KPUBOM.
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MOZKHO JJOKa3aThS cymecrByeT Takas dyukius U (r) («norennuasibaas sueprus P B jad-

HOM mogte»), 9ro f(r) = —dU(r)/dr. Ona onpezessieTcst ¢ TOYHOCTBIO JO MOCTOSHHOTO
cnaraeMoro (IIpou3BojiHAasl OT KOTOPOrO paBHAa HYJIIO), KOTOPOE B Pa3/IMYHBIX KOHKPETHBIX
cilydasix OObIMHO BBIOMPAIOT KAKUM-HUOY/(b CIIEIUAIbHBIM 06Pa3oM.

VYnpaxkuenue 6.1. /lokakuTe, 9TO IpPH JBUKEHUN MaTEpPHUAJbLHON TOUKH P B IeH-
TPaJbHOM IIOJIE C IIOTEHIHAJbHON vHeprueil U(r) coxpaHsiercsi «HOJIHas MeXaHUYeCKas
sueprust> mpv? /2 + U(r).

Ocraéresa noayuurs 111 3akon Kemepa. 3a Bpems T' (nepuog, obpaire-
HUsI) PaJINyC-BEKTOD IIJIAHETHI 3aMeTaeT BCIO IUIOIIA/Ih JLINICA — e8 0pou-
THI, T. €. IJIOMAh Tab, Tjie a u b, KOHeYHO, OoJIbIIast U MaJias mojyocu. Ho
IIOIIA/b 3aMETAETCsl ¢ IIOCTOSHHOI cKopocTbio M /2, Tak uro 3a Bpemst T’
zameraercs womaabs MT /2. Urak, MT = 2mwab,

_Ar?a?h? 4 a?b?  An?a*(l—e?) ﬁa:g

T? _rav-e)
M? pk kE a(l—e?) k

31ech ucnonb3oBaHbl ciiepBa Gopmyrta (36), a 3arem coorHorrenns (12).
Paccmorpum Teneps jige muiaHeThl. [leprossl nx obpaiienust 1 60JibIine
TIOJIyOCH CBSI3aHbI TOJIKO ITO TIOJIydeHHBIM cooTHommenuem: 1; = (4n2 /k)a3.
Tax kak MHOKUTETL 472 /k 17151 06euX MIaHeT OJMHAKOB, TIoTydaeTcs dhop-
mya (1).
3ameuanme 6.2. Kak 66110 cka3ano B 3amevyanuu 1.1, Mbl He 6y/1eM J1€TAIbHO BHUKATD
B TO, KaK OIIPEIEJINTh [TOJIOXKEeHNe ITaHeThl P Ha e€ opbuTe B 3aBUCHMOCTH OT BPEMEHU t,

OrpaHHYUBAsCh HEGOIBIIMME IIOSCHEHUSMH HacdéT 1ol 3azaun. Coruacmo II 3akomy
Kennepa u pasercrsam (13) MbI nosmydgaem

M M
¢p=—=—5(1+ecosp). (40)
r p

(Baecy noznpasymeBaercsi OObIMHOE PACHOJIOXKEHHE IIOJISIPHBIX KOOPJAMHAT: HOJIOC — B S,
HavyajbHasl OCh HAIpaBJIeHa K OJIMKaiIeil BepIimHe OPOUTHI; MPEIIOIAraeTCs TaKXKe,
4TO JBUXKEHHE TOYKU P IIPOWCXOJIUT B IIOJIOXKUTEJHBHOM HAIIPABJIEHUU, T.€. YTO IIPHU

8,Z[eI>’ICTBI/ITeJIL,H0, IIPOU3BOJILHO BBIOPAB «HAYAJIBLHOE PACCTOSIHUE» T), MOXKHO B3SITh
T
U(r) =Up — / (o) dp
70

¢ moboii koucranToit Uy. Obparure BHUMaHMe Ha TO, 9To U(r) siBisiercs pyHKImed oT
OJHOM MEPEMEHHOMN, HO KOTJIa T PACCMaTPUBAETCs KakK paccrosdnue or Touku P no S, ro U
TeM CaMbIM CTAHOBUTCSL (DYHKIMEH, OIpPeIeEHHON Ha IVIOCKOCTU (MM B IIPOCTPAHCTBE).
ODusnyecku onpenenenve U o3HavaeT, 4YTO B KakKOH-HUOyIb Touke Py, orcrosimeit ot
neHTpa S Ha PacCTosiHUE T, MBI npuHuMaeM 3HadeHue U pasubiM Ug, a 3uHadenune U
B apyroii Touke P mosiydaercsa upu yMenbinenun Uy Ha paboTy, COBeEpIIAaeMyio Jei-
CTByIOIell B HameM mnosie cuioit Bronb mytn us Py B P. (Ilo GykBajgbHOMY CMBICIY
nocsienHeil dpassbl, B Hell uaér peus o seqmunae U = U(P), 3aBucameil or toukn P.
Ho okasbiBaercs, Ha camoM nesie U 3aBUCAT TOJIBKO OT T U OIPEJEJISIETCS KaK pa3
HAINCAHHON BBIIMIe (POPMYJIOif. DTO CBA3AHO C TeM (PaKTOM, U9TO B IEHTPAJIBLHOM IIOJIE
paboTa COOTBETCTBYIOIIEH CHJIBI BIOJbL IIyTH 3aBUCUT TOJBKO OT PACCTOAHHUA JO S OT
HAYaJIbHONW M KOHEYHOW TOYEK IIyTH.)
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STOM JBUMXKeHHH Bo3pacTaeT ¢, Tak uro M > 0.) BBIXOMHT, 4TO, KAKUM GBI HU ObLT
TIOJISIPHBIN yTroJI ¢, MBI 3Ha€M, C KaKOM CKOPOCTbIO OH MeHseTcd. VIHTyUTHBHO KarKeTcs,
YTO TE€M CAMBIM IIOJTHOCTHIO IPENUCHIBAETCS 3aBUCUMOCTD ¢ OT t. CpaBejInBoO JIi 9TO
BIIEUATJICHUE U KaK 9TY 3aBHCHUMOCTb HANTH (TOYHO MJIM IIPUOJIMKEHHO)?

B MaTeMaTUKE UMEETCs OGH_[a?I TeopeMa «0 CyH_IeCTBOBaHI/II/I U €IUHCTBEHHOCTH peme—
Huii uddepeHIaibHbIX YPABHEHU», U3ydaeMasi B HACTOsAIIee BPeMsl Ha BTOPOM KypCe.
Vpasuenus (40) xkak pa3 u siBisiercss qudepeHIuanbHbBIM YPABHEHUEM OTHOCUTEJBHO
HensBecTHOH dyHKIMN (t), ¥ IpUMEHeHne K HEMy 9TOH OOLIel TeopeMbl rapaHTUPYyeT
CIIPABEJINBOCTD JAHHOIO MpPEANoJIoXKeHusi. Ho B Hell MOXKHO yOeauThcs U Ha OoJiee
9JIEMEHTAPHOM IIyTH, UCIOJIb3ysl KOHKDETHBIE CBOHCTBa NpaBoil yactu ypasenus (40)
n (mmm) reomerpmueckoe u (WJIM) KHHEMATHUYECKOE IIPOUCXOXKIEHHME STOTO yPABHEHHUSL.
TIpu sTOoM peub uAET yke He 00 OJJHOM TOJIBKO IPUHIMIUAJIBHOM (DaKTe, 4TO ypaB-
uernue (40) IOJIHOCTBIO OLpEJEJIsieT 3aBUCUMOCTD (o OT ¢ (eciu 3apaHee 3a/IaHO, KAKUM
GBLIO (o B HAYAJIBHBIII MOMEHT BPEMEHHM), HO M O TOM, KaK HaiTH 9Ty 3aBHUCUMOCTb.

Tak Kak MbI Ha4aJI C YIIOMUHAHUAS 00 OOIIMX COOOparKeHusix, s Oy/y IPOJOJIKATH
JABUTATbCsT OT 6Gojiee obmero K 6osiee dactHoMy. O COBCEM KOHKDPETHBIX M JIOBOJIBHO
IpOCTHIX 10 HPOPMYJIMPOBKe (bakTax, CBA3aHHBIX ¢ ypaBHeHueM (40), cM. HuxKe. A moka
YTO OCTAHOBJIIOCH Ha COODPAXKEHUSIX, TaK CKA3aTh, «IIPOMEXKYTOYHON CTEIEeHN ODIIHOCTH >,
ONUPAIONINXCA HA TOT MATEPUAJI, KOTOPBI CTAHOBUTCS U3BECTHBIM YK€ Ha IEPBOM KypCe.
IIpumem, uro ¢ =0 npu t =0 (uEbIMEH cioBaMu, P B HadaJdbHBIA MOMEHT BpPEMEHH
HaxomuTcss B mepuresmu'’); 3TO MPOCTO COIVIAIIEHHWE O BLIOOPE HAMAIBHOTO MOMEHTA,
Bpemenu. Torna u3 ypasuenus (40) cienyer, 4ro

M @

p? - (1 + ecos )2’

a nIpaBad 9aCTb 3/IeCb paBHa HpOHBBO,ILHOﬁ II0 BpE€MEHHU

d e dyp
dt /0 (1 + cosp)?’

[IOTOMY 9TO 9Ta IPOU3BOJHAS PABHA IPOU3BEIECHUIO IIPOU3BOHOI MHTErpasa 1o ¢ (KoTo-
pasi eCTb IPOCTO 3HAUYEHNE MHTErpupyeMoii (DYHKIUU NIpU 1) = @) Ha (. YIUTBIBas, 9TO

upu t = 0 uHTerpaj CBOIUTCH K / = 0, IpUXOAUM K BBIBOIY, YTO
0

_p? [ dy
tiM/o (1+ecosep)?’ (1)

Ha mepBoM Kypce CTYAEHTOB yd4aT BBIUHCIATH Takue (M, KOHEYHO, MHOIHE JpPyTHe) WH-
Terpaiibl. K coxkasienuio, npu e # 1 Kak BbIYUCJIEHHE, TaK ¥ OTBET SIBJISIOTCS JOBOJIBHO
rpomosakumu. Ho npu e = 1 (gBrekeHne o napaGosie) BCE He Tak y»K CJIOXKHO, U s MOTY

9MOKHO YCIIOBUTBCS CUHMTATE IIOJIOKHTETHLHBIM KAK Pa3 TO HAIPABJICHHE, B KOTOPOM
neuxkerca P. (B 3aBucuMocTi oT TOro, ¢ KaKO#W CTOPOHBI CMOTPETh Ha Ty IIOCKOCTD, IJIe
pacroJsioykKeHa OpOHUTa, HAIIPaBJIEHNE BPAIIEHNsI IIPOTHB IaCOBON CTPEJIKU GyIeT TO OJHUM,
To napyruM. [losToMy He HA/IO JarKe OTKA3BIBATHLCA OT COIVIAIIEHUS, YTO MOJIOXKUTETHLHBIM
HAIPABJICHUEM CYUTAETCs HAIPABJICHUE [IPOTHB YaCOBON CTPEJIKH.)

10Tak maseBaror Gmmxaiimyo kK COMHIYY S TOYKY SJIMICA WM MHOH OPGHTEI; 9TO
eé BepimHa (OfHA M3 €€ BEPINUH, eciu opOuTa sABjAeTcs dJjuicoM). Korpa peds uuér
O CIIyTHHUKE 3eMJId U COOTBETCTBEHHO S — 3eMJisi, TO BMECTO IEPUTeJINsI TOBOPST O Iie-
puree. Hazpanus npoucxomar orT JaTHHCKUX peri — okosiao u helios min ge — Counne
u 3emirst.)
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IIPpUBECTHU OTBET:

2
p(w 1 3s0)
t=—|(tg—+-tg” —]. 42
o\ 5 T3t o (42)

O6cymaum, dero mMbl gocturiau. Ham Hato BBIpasuTh ¢ depes t, a Mbl, HA060POT, IOy~
YW BhIpakeHue i ¢ depe3 . OGo3Hauas HpaBylo dacThb paseHcTBa (42) uepes t(p),
[IOJIy9aeM, 9TO CBSI3b MeXKy ¢ U ¢ TakoBa: t = t(¢). AHAIM3Upys SIBHOE BBIPAXKEHUE JIJIst
t(¢), HETPYJHO MOHATH, UTO KOrJa ¢ Bo3pacraeT or —180° xo 180° (upu sTom Touka P
npoberaer BCio napaboiy), To t(yp) HeNpepbIBHO BO3pacTaeT oT —oo 1o +oo. [loaromy
dopmyna (41), T.e. (42), ycraHaBNINBAET B3aNMHO OJHO3HAIHOE COOTBETCTBHE MEXKIY ©
u ¢ (rme uncna t sobble, a ¢ GepyTca u3 uHrepBasa or —180° mo 180°): kaxkomy ¢
OTBEYAeT POBHO ONHO Takoe ¢, ITO t = t(p); 9TO ( KAK-TO 3aBUCUT OT t, T.€. MOXKET
paccMaTpUBaThC Kak MyHKIWS OT ¢, II09TOMY BIOJIHE 3aKOHHO mucathb ¢ = ¢(t). Ilepso-
KyPpCHUKaM U3BECTHA TeopeMa 00 00paTHO (pyHKINN, IPUMEHEHNE KOTOPOil rapaHTUPYeT,
yro dbyukuusa ¢(t) quddepeHnppyemMa 1 9TO €€ NPOU3BOAHAS UMEET BUJL

. 1
20 = Gty

A npowusBonnasi, durypupyiomas B 3HaMeHATeJle, — ITO MOJBIHTErPAJILHOE BbIParkKeHUe
B (41). B nrore nmomy4aercs, 9To ¢ ynosiersopsier ypasHeHuio (40).

Mpbl BujuM, 9TO AefCcTBUTENBHO cylnecTByeT dbyHkums (), Ipou3BogHAs KOTOPOH
yaosersopsier ypapHeHUo (40), n 9TO Takas QyHKIUS POBHO ofgHAa. MBI BHIUM Tak»Ke,
aro t u p(t) cest3anbl cooTHOmeHneM (42). B npuHmume, MOXKHO MOJTy9nTh SBHYHO dOp-
Myity ayist @(t). O6osnadnm Ha BpeMs tg(p/2) depes &; Torma (42) npexncrasiser coboi
Kybudeckoe ypapHeHHe ¢ HemspecTHOU £. Umraresmo (BeposiTHO) m3BecTHa (hbOpMyIIa AJIs
pellleHnst KBaIPATHBIX ypaBHeHuil. [lJisi pelnenus KyOMYeCKUX ypPaBHEHUI TOXKE NMEeTCst
Tak HasblBaeMas ¢popmyna Kapmamo, BKIIOUaOmas aHaJOMHIHbIE aarebpandecKue oIe-
panuu, HO 3HAYUTEJILHO Ooslee CiIoXKHasi. Bripasus § depes ¢ 1o aToil dopmysie, MOKHO
3aTeM IepelTH oT £ K ( ¢ IOMOIIBIO apKTaHrenca: ¢ = 2 arctg . Ho u3Biekars HeCKOIBKO
KOpHei (KBaJpaTHBIX U KyOudeckux), durypupyomunx B dopmyne Kapgano, a sarem
BBIYHUCJISATH apKTAHIEHC — JOBOJIBHO I'POMO3JIKOe Jeiio. B MaTemaTnke paspaboTaHbl Me-
TOJBI, KOTOPBIE TIO3BOJISIIOT NPUOINKEHHO HAXOAUTE PEIleHue ypaHeHus ¢ = ¢(p) (mpsmo
paccMaTpuBasi €ro Kak ypaBHEHHE OTHOCHTEJILHO () IPU TOM WJIM UHOM KOHKDETHOM
3HaYEHUN t, HE3aBUCHMO OT TOT'O, UMEETCs JIM siBHas (popMysa Ajsl ¢ Kak (PYHKINUX OT ¢
WJIM HET, ¥ KOTOPbIE paboTaloT ObICTpee.

Ho e = 1 —53T10, B KOHIIe KOHIIOB, HEKUIl CIIEIMAJIBHBIN CIydail. A 94TO MOXKHO CKa3aTh,
Korja e # 17

OKa3bIBaeTCsi, B 9TOM CJIydae MOXKHO IOJIyYUThb OIMCAHUE CBSI3H MeXKIy t U (, J10-
BOJILHO HAIVISTHOE M HE CJIMIIKOM CJIO’KHOE B OTHOIIEHUH UCIIOJIb3yEeMbIX (DOPMYJI, €CIU HE
CBA3BIBATDH UX IIPSIMO APYT C JAPYIOM, & CBS3bIBATH U , U ¢ C HEKOTOPOil BCIIOMOIaTeJIbHOM
BesmauHOR €. Ona mo-pasHomy BBoautTcs npu 0 < e < 1 um mpu e > 1. §I ocranoBmIOCH
B OCHOBHOM Ha IIEPBOM CJIydYae.

Qumunc (8) nomywaercss uz okpyxKuOCTH T2 + Y2 = a? NpU CKATHM B BEPTUKATHLHOM
nanpassienuu. Hama Touka P mosydaeTcs Ipu 3TOM U3 HEKOTOpOil Touku P’ oKpyzKHO-
CTH; fICHO, uTO, 3Hag P’, MoxkHO HaiiTm m P, — 3TO y»e TpocTasl reomeTpus. Bcrmomo-
raTesibHasl BEJMYUHA € ONPEJIEJISeTCs KaK yIryioBasi KOOPAMHATa TOYKH P’ B mosapHO
cucTeMe KOODJUMHAT, IOJIIOC KOTOPOi HaxoAuTcsa B HeHTpe sjuiunca (a e B doryce S,
Kak OOBIYHO), HAYaJbHBII »Ke JIyd HalpabsjieH W3 HeHTpa B S (M manee B mepurenmii).
ITycrs T'— nepuos obparrenust maHeTsl. MOXKHO CYUTATh, YTO OHA IPOXOIUT [IE€PUIEIHI
B MoMeHT BpeMmenu t = 0. Torma okasbIiBaeTcs, ITO ¢ U € CBA3AHBL APYT C APYTOM COIVIACHO
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Pl
€ %
F’ 0] F
Puc. 55
TaK Ha3blBaeMOMy ypaBHeHHIO Keriepa
27t .
—p =€~ esine (e, KaK OGBITHO, SKCIEHTPHCHTET JJUIAICA), (43)

BBIBOJ] KOTOPOT'O OYJeT HaMeYeH HIKE.

Ha camom nmenme Kemep paccy»Kiajl B T€OMETPUYIECKUX TEPMUHAX, HE BBIIHCHIBASI
ypasrenuit' . ®opmansio y HbioToHA 3TO ypaBHeHHe TOXKe He BBLIIHCAHO — OH H30eraJl
anrebpel (0 wéM rosopurcs B npusioxkermu VI), —HO mo cymecrsy HploToH B croBec-
HO-TeoMeTpu4eckoit ¢dopme ropopur o6 ypasHennu Kemsepa, yka3blBasi U MeETOJ, €ro
npubIMKEHHOTO pemreHns ¢ a060i Tounocreio. K komiy XVIII B. Bcé aTo 661710 mIEpese-
JIAHO 3aHOBO y>Ke B COBpPeMeHHOM Bue. Mexay npouyuM, ypaBHenune Kermepa ceirpasio
3aMeTHYIO PoJib 3a npenesamu HebecHoit mexanuku (#a rpasu XVIII u XIX BB. nccie-
noBaHEe ypaBHeHusi Kemiepa cTHMynIupoBajiO pa3BHTHE OIHOIO M3 BBICIINX Pa3/IejiOB
MaTeMaTUIECKOIO AHAJIN3a — Teopun (YHKIUH KOMIIJIEKCHOIO IIEPEMEHHOr0), NpaBja,
YCTYTAIOILYIO SMOXaJIbHON posn 3amadu Kemtepa.

1 Kaxk uu crpanno, y camoro Kermtepa mpu J0Ka3aTeIbeTBe yTBEPrKACHUH 1 COOTHOIIIe-
Huii, 3aMensomux ypasuenue Kemiepa, umenucs nerounocru (cMm. crarbio H. U. Vesns-
coHa «3aKOH BCEMUDHOIO TATOTEHWs U TEOPUs JBHKEHHs JIyHBI», OIyOJIMKOBAHHYIO
B [31] u nepenevaranmnyio B [30], npumeuarnue 33). TIpesk e Beero, Kerutep 371ech BeTymmmn
B IpoTuBoOpedre ¢ OTKPbITHIM UM camuM 11 3akonom! CTpaHHBIM 9TO KarXKeTCsi U €Ilé 110
OBYM IPHYIHHAM. BO-IIepBbIX, IPaBHJIbHBIE PACCYXKAEHUS 30eCh TpeboBasau Obl 3HAHUS
HEe 3aKOHOB MeXaHWKHU (KOTopble npu »ku3Hu Kemepa emé He ObLIM yCTAHOBJIEHBI),
a ToJBKO reomerpun (KoTopyio Kemsep mpekpacHO 3HAJI) B HEMHOIO KMHEMAaTHKH (Torga
OHa TOJIBKO BO3HHKaJIa, HO JUIsi YYEHOTO TaKOro ypoBHsi, Kak Kemuep, exsa i npejacra-
BUJIMCH OBbI C HEIO TPY/HOCTH, TEM I1ade YTO KMHEMATHUKa TPeOYeTCsl IPUMEPHO HA yPOBHE
I1 3akona Kemtepa). VI, Bo-BTOPBIX, OKOHUATENBHBIN-TO pesynbraT y Kemepa 6ol Bepen!
(He mcK/IOUEHO, YTO IOMHMMO TeX JOBOJIOB, KOTODPbIE OH OIyOJIMKOBAJ, y HErO MMEJIHCH
KaKNe-TO emié COOOpasKeHUsl WU JIOTaJIKh, KOTOpbIe, Oy/Iydu, MOXKET ObITh, HE TOJIBKO
HE JIOKa3aHHBIMM, HO M HEJOCTATOYHO YETKUMH, BCE K€ B OCHOBHOM BEJIM B IIPABUJILHOM
HAIPABJIEHHN. )
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CBsI3b ke € C @ IIOJIy9aeTCd U3 9UCTO 'eOMETPUIeCKUX COOGpa)KeHI/Iﬁ (Ha COBEPIIIEHHO

mxosnbHOM yposHe). OHa Taxkosal?:

e+ cos ¢ coseg — e

cose = s cosp = ———. 44
1+ecosp v 1 —ecose (44)

VYopaxsaenue 6.2. Tokaxkure dopmynst (44), a Takxke GOpMyIIbl
r=a(l —ecose), r’ =a(1l+ ecose) (45)

(r’ — paccrosinne or P 1o BToporo dbokyca).

Ypasuenue Kensepa ycranaBinBaeT B3aMMHO-OJHO3HAYHOE COOTBETCTBUE MEXK Ty 3HaA-
YeHUsAMU t M € Ha BCell uncyioBoii ocu. Ypasuenue (44) HENOCPEACTBEHHO yCTAHABIMBAET
B3aUMHO-OJHO3HAYHOE COOTBETCTBUE MEXKIy yIJIaMu ¢, m3aMeHsomumuca ot 0° mo 180°,
U ymiamu €, Toxke ndMensitoruMucst or 0° mo 180°. Jlyumie, BnpodeMm, U3MEPSITH yTJIb
B pajuaHax; TOrJa HaJIo roBopuTb o0 u3MeHenuu ¢ u £ or 0 mo w. Ho 3arem »r1O
COOTBETCTBHE MOYKHO HEIIPEPHIBHBIM 00Pa30M IIPOJOJIKATE Ha BCE 3HAYUEHUS YIJIOB (0 U €.
Bosuukaromue orcioga dyukuuu, Hanpumep ¢(e) u £(t), o61aaoT «XOpomuMu» CBOH-
crBamu (Hapumep, onu quddepenmupyemsr). OnHako sBHOH GopMybl mus £(t) HeT, Tak
uro ypaBHeHue Kensepa fake B IPHHIMIIE MOXKHO PELIATH TOJIBKO IPUOIHKEHHO.

OTMety CcBOeOOpa3HyIO TEPMEIHOJIOTHIO, CJIOXKUBIIYIOCS y acTPOHOMOB. Bce Tpu Be-
JINYIMHBL @, € n 27t/T Ha3bIBAIOTCA AHOMAJASIMHU C JOOABJIEHUSIM IPUIIATATELHOIO: UC-
THHHAs, YKCIEHTpUYecKas U cpenusas. CJI0OBO aHOMANHs (OTJIMYAIONIEECs YAAPEHUEM OT
6oJiee IPUBBIYHOM AHOMAJNM) yHOTPEOJISIeTCs 37eCh B IOYTH 3a0bITOM Telephb IIePBOHA-
JaJbHOM 3Ha4YeHU!U, O3HAYAIOIEeM IIPOCTO OTKJIOHEHHE, a OTHIO/Ib He KaKylo-TO IIaTOJIOI IO
WM XOTsI OBl IPOCTO OTKJIOHEHHE OT HOPMBI. OTKJIOHEHWE B NAHHOM CJIydae COCTOHUT
B JBI2KEHHM TOYKM P MM Kakoi-TO BOOOparkaeMoil Touku, Habsogaemoit u3 S mim O
(ecsm GBI 9TO GBUIO BO3MOXKHO), OTHOCHTEJIHO HENOABUIKHBIX 3BE3J[ U MATEMATHIECKH
XapaKTepusyeTcsd KaK HeKOe OTKJIOHEHHe HallpaBJIeHUdA Ha JIaHHYIO TOYKY OT HadaJIbHOI'O
sy4a. CaMblif O4eBUIHBIN, HEIIOCPEICTBEHHBIN CIIydIail — 9TO KOoraa Mbl HabmogaeM P u3 S
(mosTOoMy aHOMAJIAs ¢ U Ha3bIBaeTCs UCTUHHOM). He cTosb oyeBnnas curyarnys — Korja
MBIl Haboaem 13 O 3a yIOMSHYTOH BBIIIE BCTIOMOTATENLHOM TouKoi P’ (nexkammeit Ha
OKPY?KHOCTH pajamyca a ¢ ueHTpoM B O). 'oBops 2Ke 0 cpesiHeil aHOMAJIAM, MBI CIUTAEM,
YTO HAIIPaBJICHHE HA BOOOPAKAEMYIO TOUKY U3MEHSETCS C IIOCTOSHHON CKOPOCTBIO H TO
3a Bpemsi T 3Ta TO4Ka JesaeT MoJHBIA o6opor. (Comocrasisem ke Mbl guciao 2wt/T
BIIOJIHE peasibHOil Iutanere P.) 3Hagut, B cpexueM 3a BpeMs 1 CpefHsis aHOMAJIAS
M3MEHSIeTCsl TaK »Ke, KakK JBe JApyrux (II09TOMy OHa M HasblBaeTcsi cpejHeii). Bce Tpu
aHoMasiiu paBHbI Hyso (um 27k, k € Z) B epuresinu U yBeJIMIUBaIOTCA Ha 27, Korpa P
neslaeT OOOPOT MO JUIMIICY B IIOJIOXKHUTEILHOM HampapieHunu. Kak u y ¢, y Ipodmx
aHOMAJIA TOXKe HeT HUKAKHMX Pa3pbIBOB, & €CTh MHOIO3HAYHOCTH (BOOOIE IOBOps, BCE
TPHU OIPEZEIEHbl ¢ TOYHOCTBIO IO KPATHBIX 27 ), KOTOpas IIPAKTHYECKH HE CKa3bIBACTCS
Ha U3yYeHWH HENPEPBIBHOTO JBHKEHUs TOYKH P, m6o Torma €, ¢ u 2mwt/T MOXKHO B34Th
HEeIIPEPBLIBHO 3aBUCAIIUMU OT t.

Mp1 HamMeTHM BBIBOJ ypaBHeHus Kemuiepa Ha OCHOBaHHMM reoMeTpuu (C HEOOJBIIUM
y9acTheM KHHEMATHKH), HO MOXKHO CTaThb M HA TaKyl0 TOYKY 3PEHHs, YTO PEYb HJIET
0 BBIUHCIIeHNN HHTerpasia B ¢popmyite (41). Ilpu e # 1 5T0 JOBOJIBHO IPOMO3IKOE JI€JI0, HO
BCE 2Ke BIIOJIHe BbImonHuMoe. [Ipu TakoMm mozxone mocjie HEKOTOPBIX TPY/IOB IIOJIyIaeTCs
sABHOE BbIparkeHue s t(p) (rojgdieecs st HEKOTOPOTO MHTEPBAJIa U3MEHEHUs ), CO-
JlepzKaiee 1Ba ciaaraeMbrx. C TOYHOCTBIO J0 MOCTOSIHHOTO MHOKUTEIS (B KOHETHOM CIETe
cBogsmerocst K 1T/(2m)) ogHO U3 HUX MOXKHO OTOXKIECTBUTH C €, & Jpyroe — ¢ —esine.

12Ecan olpeneneHne € U BBIBOJ, GopMys (44) SBIAIOTCS T€OMETPUYECKHMH, TO IIPO-
U3BOJHAS € TECHO CBs3aHA C KMHEMATHKON — CM. IIOCJIEIHEE IIOJCTPOYHOE IIPUMEYaHue
B 9TOM maparpade.
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Ho Bcé 910 He Tak y»K NpoCTO. BO-IIepBbIX, BBIYUCIEHUS MOJIYYAIOTCH 6OJIee CII0KHBIMHY,
deM Ipu 6ojiee 3JIEMEHTApHOM BBIBOJe ypaBHeHus Kemrepa. Bo-Bropsix, mpu uHTErpu-
POBaHMM HMCHOJIb3YeTCsl CTaHJApPTHAs IOJCTaHOBKa S = tg(y/2), U mOTOMYy OTBET ClepBa
[OJIy9aeTCsl C TAHIEHCAMH ¥ aPKTAaHI€HCAMH; CPa3y OTHIO/Ab HE OYEBUHO, UTO €r0 MOXKHO
npeobpaszoBaTh B GOPMY € € U sin & (Torja Kak npu 6oJiee 3JIeMEHTapHOM II0/X0/1e obpaiiie-
HHE K € KaXKeTCs JOBOJIBHO eCTECTBEHHBbIM). B obiieM, 1010 nHTerpagbHoe UCIUCIEHUE
(momnr mazasx B memepy!)!3.

KadecTBeHHBIM CJIEICTBUEM HAIIUX PacCyKAeHui (0COGEHHO eC/M MX HPOBECTH IO-
IpoGHEe) SIBJISIETCSI yTBEPXKJEHUE O CyIIECTBOBAHNM M €AMHCTBEHHOCTH pemeHust o(t)
nuddepennnansaoro ypasaenus (40) co cnenpaabHbIM HadaabHbIM 3HadeHueM ¢(0) =0
(ma MuHYTY 0603HAINM 3TO pemeHue depes Y(t); OHO BBIpazkaeTcs 1o dopmyite (44) gepes
pemtenne ypasHenusi Kemnepa. IToropum emg pas: ¢ () onpenesnsercss u3 COOTHOLIEHUST

i/w<t) die =t)
2M Jo (1+ecosh)?2

Orcrosa JIErKO BbIBECTH QHAJOTUYIHOE YTBEPKIEHHUE yrKe Jisl JI000ro Ha4aabHOro 3HAUe-
Hus ¢(0) = ¢o. HeficTBuresnsHo, nmeercs Takoe to, 910 ¥ (t0) = ¢o (¢ KakuMm yTBEp:KIE-
HueMm 06 ypasreHnn Kemepa sto cesasano?). Torma p(t) = ¥(t + to) aBasgeTcs pemenneM
ypasuenus (40) ¢ HaganbubiM 3HadenueM ¢(0) = ¢o (nposepbre!). D10 HOKaA3LIBaeT Cy-
IeCTBOBaHNe UCKOMOro pemmenust ¢(t). Ilycrs, nanee, mmeercs HekoTopoe pemterume (t)
¢ 3aJlaHHBIM HadaJdbHbIM 3HaueHueM ¢(0) = o, onpeesénnoe, ckaxkeM, npu o < t < f3
(ceftqac marke He HaJO HpEANONAraTb, 9TO OHO OIpENENeHO mpu Beex t). OueBnaHas
MozudUKaIUs IPeIbILY X PACCYKIACHUN IIPUBOAUT K TOMY, UTO

2 @(t)
L/ L:t npu a <t < f.
2M Jy, (1 +ecosy))?

Ecsn ¢(¢) To ke, 9TO M paHbIIE, TO

2w,
2M Jo (14 ecosv)? 0

(moemy?). Crasno GbITh,

2 re(t)
L/ Wi
2M Jo (1 + ecosp)?

DTO COOTHONIEHWE OTJIMYAETCS OT IPUBEISHHOrO BBINIE COOTHOMIEHHs JJIst 1)(t) TOJIBKO
TEeM, YTO BMeCTO ¢ B IpaBoil 4acTu cTouT ¢ + to, J1a elné, MOXKeT ObITb, T€M, YTO OHO
OTHOCUTCSI He KO BceM t + tp, a TOJIBKO K TeM, JJisi KOTOpbIX o + tg <t + tg < 3 + to.
Buaunt, ¢(t) = ¥(t + to) upu takux t + to.

Tenepb IpuUBEIEM TeOMETPHUIECKHMI BbIBOZ, ypasHeHms (43). Hamomunm oGbrable
obo3HaveHus U corvaleHusi: P — ruranera, NBUXKYyIIAsCs IIPOTUB YACOBON CTPEJIKU IIO
amncy ¢ nearpoMm O, dokycom S (B kKoropom naxomurca CousHne), mosyocsaMmu a > b
n skcuerTpucuTeroM €; |OS| = ¢ = ae; ¢ — MONAPHEI yros Touku P B IOJIAPHOR cucTeMe

13E}CJII/I qUTATEJIb-CTYyAeHT 3aXOo4veT BCé—TaKI/I IIOTPEHUPOBATHCA B MHTEIPUPOBAHUMN, TO
PEKOMEH/IYIO €My He IOJIb30BaTbCs CTAHIAPTHON IIOJCTAHOBKOM, a cuesiaTh Gojiee moj-
XoAsmue B ZAHHOM Cilydae 3aMeHbl x = cosv), y = 1/(1 + ex). Ilocne mepBoit 3ameHBI
B 3HaMeHareJjle K TOMY, 9TO TaM 6]31.1'10, IIPUCOEANHACTCHA eme KBaJ[paTUYIHasdA HUPPaInuo-
HAJIbHOCTD, UTO, KA3aJIOCh Obl, YCJIOXKHSET JeJI0, HO TOCJIE BTOPOH 3aMEeHbl B 3HAMEHATEIe
TOJIBKO OHA M OCTa€TCs, a JaJjbllle yKe IpocTo. Ha 3TOM IyTm BBIYUCIEHNS NPUBOIAT
K Takoil popMe OTBETa B BUJE CyMMBI JIBYX CJIAraeMbIX, B KOTOPOIl 9TH cjlaraeMble JIEFKO
OTOXKJIECTBJISIFOTCSI CO CJIaraeMbIMU B ypaBHeHun Keruiepa.



102 § 6. Ilepsolii u Tpernit 3akonnl Kerrepa

Puc. 56

KOOP/IUHAT C MOJIIOCOM S M HAYAJbHBIM JIy9OM, HAIIPABJIEHHBIM U3 S B CTOPOHY IIe€pUTeJIUs]
OpOUTBI, KOTOPBIA MbI 0003HAUYMM dYepe3 A; € — 3KCIleHTpudecKasi aHoMajusi; 1T — 1e-
puoji obpallleHus IJIAHETHI; B HAYAJbHBIA MOMEHT BpeMeHu t = 0 IJIaHEeThl HAXOIMTCS
B Touke A. Ilpu nokasaresnbcrBe ypasHenus (43) 10CTATOYHO PacCMOTpeTh 3HAYeHHA t,
yaosnersopsomue yciaosnio 0 <t < T (mogemy?).

O6o3naunM 1epe3 o(t) mwIomaab, 3aMeTaeMyIo PaJInyC-BEKTOPOM IJIAHETHI 33 BPEMs
ot 0 710 ¢; 3TO IJIOIA/b CEKTOPA Y, OrPAHUIEHHOrO JYTOH 3JIUICA, UYIIETO B IOJIOXKH-
TeJbHOM Hampasyenun or A no P, u orpeskamu PS, SA. OGosHavueHne o Corjaacyercs
¢ §5, TOIBKO Tenepb yTOYHEH BHIOOP HAYAJIBLHONO MOMeHTa BpeMeHu. Kak Tam rosopwu-
JIOCh, & = Ty, /2 = M /2. Ilostomy o(t) = Mt/2.

DJIHIIC TOJIyYaeTcs U3 OKPY?KHOCTH ¢ IieHTpoM B O 1 paguycoM r npu ckartud B a/b
pa3 B BepTHKAJIbLHOM HampasieHuu. [Ipu srom Touka P okasbiBaeTcst 06pa3oM HEKOTOPOit
Touku P’ OKpy»KHOCTH, & CEKTOp X IMOJydYaeTcs U3 CeKTopa %', OrpaHMYeHHOIo IyToi
okpyxkHoctn ot A no P’ (ymioBas Mepa To#f myrm paBHa £) m orpeskamu P’S, SA.
[Tnomans ¥/ B a/b pas 6osbiie miomaau o(t) cekropa ¥, Tak 4ToO

Mat
20

TLJIOIIA B Y =

OwueBumHO, Kpyrosoii cekrop AOP’ mmeer miomans a’e /2. C npyroii cTOpOHBI, Ipn

0 < ¢ < 180° orpesok P’S pa3buBaeT 3TOT CEKTOp Ha yKa3aHHBIN BBIIIE CEKTOP X/ U Tpe-

yrombauk AP’OS. Boicora nociennero, onymennas us P’ na OS, paBHa asine, a jqymHa

croporbl OS paBHa ¢; TOSTOMY ILIOINA/bL TPEyroabHuKa pasHa (ac/2) sine = (a%e/2) sine.

CymMmMa mIoma/ieit aTux JAByX dacreil Kpyrosoro cektopa AOP’ pasHa TIIOmMa M MOCTE/T-
HEro, T.e€.

Mat

2b
Korma ke 180° < ¢ < 360°, To orpesok P’O pazbusaer ceKTop X' Ha KPyroBoil CEKTOD
AOP'’ n tpeyronbauk AP’OS, nnomans koroporo pasua (ac/2)sin ZP'OS, a ZP'OS =
= 360° — ¢ (caesaiite pucyHok!), Tak 4rTo
Mat 1

1 1 1
= ~a%c + —acsin ZP'OS = ~a%c — ~a’%esine,
2b 2 2 2 2

¥ MBI CHOBa HPHUXOAUM K (hopmyite (46).

1 1
—+ iaQesinsz 5(125. (46)
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IMocsennuii mar cCOCTOUT B 3aMevaHuy, ITo 3a Bpemsi T', korga P jesaer nosnbtii 060-
POT II0 3JIUIMIICY, PaAnyC-BEKTOP 3aMeTaeT BCIO IIOWAAb dJuunca; sHaant, MT /2 = wab.
Paszenus o6e wactu papenctsa (46) na MaT/(4br) = a?/2, mpuném x ypasnenuio (43).

B sakJrouenne cooblLry, 9TO moJLydaercs Ipu e > 1. B sToM ciydae BcrioMoraTenbHast
BEJINYMHA £, C IOMOIIBI0 KOTOPOH MOJIy4aeTCsi JOBOJBHO KOMIIAKTHas (hOPMYJIUPOBKA
CBSI3U MeXK[y ! U (, BBOAUTCS TaK:

e+ cos ¢

che= ,
1+ ecosp

rze ch — runep6onmaecknit kocunyc (chz = (e” + e~ %)/2). Ypasrenue Kemepa samensi-
€TCsI TaAaKUM:

M
—t=eshe —e.
ab

Yuraressp caMm 6e3 TpyZa BBISCHAT, B KaKUX I[PEIEIaxX MOILYT HU3MEHSATHCS Pa3IdTIHBIE
[IepeMeHHbIE B 9TOM YPABHEHUU U B yPABHEHNH, CBA3BIBAIOIIEM ¢ U € (Ha BEeTBH rumepbo-
JIBL (p TOXKE M3MEHSIETCsl TOJBKO B HEKOTOPBIX mpegesax!). B aTom ciayvae mo-mpexxnemy
BO3MOXKHA HEKOTOPAsl T€OMETPHYECKasl HHTEPIIPeTAUs BEJIMINHEL €, HO s He Oyay O Hel
TOBOPUTH, — K COKaJICHHIO, F€OMETPUs I'HIIepOOJIbI MeHee IPUATHA UM MeHee IIPUBBIYHA,

9eM reoMeTpusd SJIIUIICA U Opr)KHOCTI/I14.

140gpaKo MOXKHO OKA3aTh, YTO U IPH SJIIANTHYECKOM, U HDPH THIEPGOJIMYECKOM
JIBUKEHUN KHHEMAaTHYeCKas POJIb € OJHA M Ta YK€, a MMEHHO, v, = bé. B ciayuae ma-
PpabOoIIYIeCKOro ABUKEHUST AHAJIOTUTHOE COOTHOIIEHHUE TAKOBO:

%(ptgg) = V.

(Kak n MokHO 6blsIo O:KHAaTh, B 3ToM ciy4ae d(ptg(p/2))/dt urpaer poss, cxommyio
C POJIBIO € TIPH APYTHUX ABUKEHUSX.)



§ 7. Obparnas 3amada Kemnepa

TTomumo 3amaun Kertepa, Bo3Hukaer u obparHasi 3aja4da. Bo-TE€pBBIX, IIyCTh JIBU-
keHne toukn P mpoucxomur B coorBercTtBuu ¢ I m Il 3akomamm Kemsepa; Bepno i,
4TO JEHCTBYyIONm[asl Ha Heé CHJIa HampaBieHa K S U OOPaTHO IPOIOPIHMOHAJIBHA pac-
crogamio 70 S? Bompoc MoxkeT KacaTbCs, KOHEYHO, TOJBKO TEX PACCTOdHUi 10 S, Ha
KOTODBIX B IIPOIIECCE CBOErO JIBUKEHUs OKa3bIBaeTcss P. Bo-BTOpBIX, IyCTh JiBe TOYKH P
u P>, nMmeroniye Maccbl mi ¥ M2, ABUXKYTCA COIVIACHO BceM TpéM 3akoHam. CorsiacHO
CKa3aHHOMY, Torja P; mpursiruBaercst K S ¢ cujioii, 0OpaTHO MPOIOPIMOHAJIBHON KBa/I-
paTy COOTBETCTBYIOIIEIO PACCTOSIHUSI; BEPHO JIM, ITO COOTBETCTBYIOIINE KOI(DMDUITHEHTDI
[IPONIOPIUOHAIBLHOCTH cyTh Km;, rne K — onHo u To ke jusa obenx twianer? OrTser
Ha 00a BOIPOCA HOJIOKUTEJILHBIN; TPYAHBIM SBJISETCA TOJIBKO IEpBbIH u3 Hux. O6BIMHO
CYMTAETCsl, 9TO OH BCE-TaKM Jierde, yeM BbIBOJ | 3akona Kerutepa u3 ypasuenus (2), Ho
51 OB Tak He cKasas. Panu pasHooOpas3us s mpuBedy penreHne oOpaTHON 3agatdu, KOTOpOoe
SBJISIETCsT 6OJIee TEOMETPUYECKUM, YeM pellleHne IpsMOil 3ajadn. DTo GoJiee reoMeTpu-
YEeCKOe DEIIEHHE SIBJISIETCS B TO K€ BpeMsl U 6ojiee KOPOTKUAM (eC/Id He CIMTATh 3aTPaThl
BPEMEHU Ha BBIBOJ[ HY?>KHbBIX HaM CBOHCTB KOHUYECKHX CEYEHHl; OH, KOHEYHO, OTHOCHTCS
K 'eOMETPHH, a He K MEXaHUKe, IPUYEM JI0Ka3bIBaeMble CBOMCTBA HE TOJIBKO CaMHU 10 cebe
JIFOGOIBITHBI, HO M UMEIOT IIPUMEHEHUsI COBCEM JIPYTOr'o XapaKTepa), OJHAKO KPATKOCTb He
ozHaugaer Jierkoctu. OCHOBHAs UJiesl PEIeHns] IPSIMON 3a/1a91 — [1epexo)i K He3aBUCUMOI
epeMeHHOM ¢ BMecTo t m K rogorpady ckopoctu (mpexkHeil ckopoctu v = dr/dt, a He
dr/dy!) — siBiIsIeTCS IPOCTOl, €CTECTBEHHOM, JIErKO U IPOYHO 3AlOMHAIOMIEHCs, a IocIIe
9TOrO MBI, TaK CKa3aTh, OOpeYeHbI HA yCIIeX — BCE JaJIbHEHIIINeE [IaTrH JAeIal0TCs [OYTH YTO
aBTOMATUYECKU, XOTs JJIsI UX U3JIOXKEHUsI TpeOyeTcss HEKOTOpoe MecTo. ['eoMmerpudeckue
IIOCTPOEHNUsI, KOTOPBIMH MBI 3afIMEMCS IIpU PeIleHny OOpaTHOMN 331491, He KaXKyTCs CTOJIb
K€ eCTeCTBEHHBbIMU (C KaKOW cTaTh penreHo OGpaTI/ITL BHUMaHHE HNMEHHO Ha TaKue-TO
TPEYrOJIbHUKA U OTPE3KHU?) M IOTOMY €/Ba JIM MOTYT CTOJIb K€ JIEMKO M IPOYHO 3a-
IIOMUHATHCA. BIpoyeM, B OCHOBHOM 3TO OTHOCHUTCS K BBIBOJLy HY2KHBIX HaM CBOMCTB
KOHHYECKUX CEUeHHH, a He COOCTBEHHO K pelreHuio obparHoit 3amauun Kemrepa. B mo-
CJIeJHEM TOXKe HCIIOJIb3yeTcs ulies ['aMuiIpToHa — HepeiiTh K He3aBUCUMOI ITepEMEHHOM
¥ MCIOJIb30BATh CKOPOCTH (IIPEKHIOI0 CKOpocTh dr/dt, a me dr/dy!) B kadecTBe OCHOBHON
HEH3BECTHON ! | HO 3TO JejIaeTca He ¢ CaMOro HadaJIa, KaK DU PENIeHUH IPAMOil 3a1a¢4H,
a MOYTH B CAMOM KOHIIE, IIO9TOMY 3apaHee KakK-TO He BHJHO, YTO MbI HAIlEJIHMBAEMCS
MMEHHO Ha Takoil happy end.

Hackonbko 51 3Ha10, M3/1araeMoe perieHne oOpaTHON 3agadu ObLIIO BIEPBBIE OIyOJIn-
koBaHo JIxk.K.Makcsesom [41], ciaBa KOTOPOro CBsi3aHA C CO3ZAHUEM TEODHH JIEK-

TpoMarauTHOro nossA (06 mcropum 9T10if Teopum cM. [51]). Omno, moxoxe, emé MeHee

1®opmasbio Tpu 3TOM He GyIeT peun o rojorpade CKOPOCTH, HO, MO CYIECTBY, KOHed-
HO, MBI 6y1eM [JOKa3bIBaTh, UTO OH SIBJISIETCS OKPY?KHOCTBIO U UTO IIPU M3MEHEHUH ( KOHEI]
BEKTOpPa CKOPOCTH (OTJIOKEHHOIO OT HE 3aBUCAILIEH OT (0 TOUKH) PABHOMEDHO BPAIACTCs
TI0 3TOI OKPYZKHOCTH.
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MIOIYJISIPHO, YeM M3JIOXKEHHOE BBIIIe peleHue npsiMoit 3aa4n Kemstepa. Ho Teneps y Hero
TMOSIBUJICS IIAHC CTATh U3BECTHBIM, [IOTOMY YTO HEJABHO ObLiIa OIyOJIMKOBaHA JIEKIUsST 00
obparHoil 3anaue Kennepa, npounrtannas P. @efiamanom B 1964 1. [25] u comepxamas
[IOYTH YTO TO caMoe pemleHue (cM. 3amedanue 7.3), a nmybuunkanun PelHMana O0OGBIYHO
MMEIOT BIIOJIHE 3aC/Iy?KEeHHBIN JINTepaTypHbIil ycuex. [IpuHiunuaibHoe oT/In4dre obIero
xapakrepa Jiekuuu u3 [25] or [41] u or Moeit kaukKu — B TOM, 9To PeifuMan oTKazaICH
OT KCIIOJIb30BaHus JuddEPEHIMPOBAHUS /laKe B TOM CKPOMHOM OObEME, B KAKOM s 9TO
nenato 371eckb. [lo-moemy, sTo HanpacHo. Kak ckazan KenbBun n kak OJiecTsiie MOSICHUI
cam Deitaman B [55], nponsBoaHas — 9T0 CKOPOCTh. U y2K pa3 Mbl HAMEPEHBI IMETh JIEJIO
CO CKOPOCTBIO U YCKOPEHUEM, CTOUT HEMHOI'O OCTAHOBUTLCHA Ha ITOH CTOpoHE nena. AJ-
rebpa u TpUroHoMerpus B [25] TOKe HOYTH IOJHOCTBHIO UCKJIIIOYEHbI, YTO MHE OUSATH-TAKH
He KayKeTCsl yJa4HbIM: YUTATeJb, BEPOSTHO, y>Ke U JO YTEHHUs JTAHHONH KHUXKKU MOI' He
pa3 ybeauThCsi, KaKylo MOIYUyIO IIOMOIIb IOPONH OHM OKAa3bIBAIOT Jake W B Oojiee mpo-
cThIX Bompocax. U Beapb Giectsimast uiest [aMUIbTOHA HUYYTh HE MEPKHET OT COCEJICTBA
C asrebpanvYeCKUMU BBIYUCJIEHUSIMA U TPUTOHOMETPUYIECKUMU (DYHKIUAMU B § 6.

Mer yxe Bunesnn, yro 1l 3akon Kensiepa sKBHBaJIeHTEH TOMY, 4YTO II0JI€ TSATOTEHUS
KBa3WIeHTpaJbHOe. Terepp IMOCMOTPUM, YTO MOYKHO CKa3aThb 0O 9TOM IIOJIe Ha OCHOBa-
aun 1 3aKOHa. OCHOBH])IM JJIdd HaC fABJIAETCdA TOT cnyqaﬁ, KOr/1a IIJIaHeTa JIBUXKETCA II0
QJUIAIICY; IIPU KEeJIAaHUU YUTaTeJIb MOXKeT pa306pa'rb<:ﬂ
C JBH?KEHHEM II0 JPYTMM KPHUBBIM BTOPOI'O INOPSIKA, B
pelrasi COOTBETCTBYIOIME ylIparkHeHus. IlockosbKy A

CKOPOCTBH HalIpaBJIEHa II0 KacaTeJbHOH K TpaeKTOpUu,

HaM IOHAI00STCS HEKOTOPBIE CBEJIEHUSI O KACATEJIbHOMN C L
K jumncy (uim Apyroil KpuBOH BTOPOrO HOPSJIKA).

VYupaxuenue 7.1. a. [TycTts o ofHy u Ty Ke CTO-
poHy OT npsaMoi juuuu L maxomarca Touku A u B. Puc. 57
Coenuuanm ux jsomanoii smunueit AC' B, KoTopasi cocTo-
ut u3 aByx 3seabeB AC u C B, npuuém Touka C Haxomurcs Ha L. Jlokaxkure, 4To cpeau
TAaKMX JIOMAHBIX MMEEeTCsl Kpardaiilliasi, Koropasi xapakrepusyercsst teM, uro AC u BC
obpazyror ¢ L paBHble yrybl. ¥ Ka3aHWUe. 3aMeHuTe OJHy u3 ToueKk A, B TOUYKOi,

CUMMETPUYHON €if OTHOCUTEJILHO NPAMOi L.

6. IIpu TOM k€ yCJIOBUM ¥ IIPH JIOIIOJIHUTEIHLHOM IIPEJIIIOJIOXKEHNH, YTO A HAXOIUTCs
Ommxke K L, wem B, ycraHoBuTe cyiiecTBoBaHme Takoil Touku C' Ha L, 9TO Pa3sHOCTh
nmue |BC| — |AC| makcumasnsaa. Oxapakrepusyiite eé mosoxkenue. CylecTByer JIn
Takast TOYka, ecim A 1 B HaXonsATCa Ha OJUHAKOBOM paccrosinuu or L7 Y Ka3aHUe.
O6parTure BHUMaHUE Ha TOYKY IlepecedeHus: npsiMbix L u AB.

B. ITycTs 10 pasHyio cTopoHy or npsimoit sinann L Haxogarcs Touku A u B, npuaém A
6mmxke K L, vem B. Coemuunm ux somanoit muaueit AC B, KOTOpasi COCTOUT U3 ABYX 3Be-
ubeB AC u C'B, nupuuém rouka C Haxonurcs Ha L. JJokaxKkure, 4TO Cpey TAaKUX JIOMaHbBIX
nMeeTcsl JIoMaHas ¢ HambGosbmeil pasHocteio |BC| — |AC| n 4ro oHa xapakTepusyercs
TeMm, yro AC u BC obpa3syior ¢ L paBHble yIJbl, UMeOIIHe OONIYI0 CTOPOHY — 4YacTb
apsamoit L.
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B B
\ A
4 |
\
| |
C c’ L
Puc. 58 Puc. 59

VYnpaxnaenue 7.2. a. Ilycts I' — saymmnc ¢ dokycamu S u S/, a P — ero Todxa.
Joxazkute, aro orpesku SP u S'P ob6pasyioT paBHble YIVIbI ¢ KacaTesabHoit L B TO4Y-
ke P. (IloppasymeBaercsi, 4TO BTOPOil CTOPOHO# y OJHOIO M3 9TUX YIJIOB SIBJISAETCS OJHA
«IIOJIOBHHA KaCATEJIbHOW», T.€. OJUH W3 JIBYyX Jydeil, HA KOTOpble L pa3buBaercs TO4-
Koif P, a y BTOpOro yria — Ipyras <«IIOJOBHHA KacaTeJabHON».) (Ykasaume. Vcnonsayiite
ynpaxknenust 4.4 u 7.1.) Ilycrs, obpaTno, orpesku SP u S’P o6pa3yloT paBHBbIE yTJIbI

C HEKOTOPOI NPsIMOii, TPOXoJsAIeil yepe3 P; 94T0 MOXKHO CKa3aTh 00 3TOM NpsaMoii?

6. ITycts I' — BeTBB rHnep6ostbl ¢ dokycamu S u S’ nepsblil U3 KOTOpBIX Gimke K T,
yeM BTOPOi, a P — Touka na . JlokaskuTe, 4To yTiibl, obpasyemble orpeskamu SP u S’ P
C OJTHOU M TOU Ke <IIOJIOBMHOII KacaTeJIbHOI», HauMHAIOIIeica B TouKe P, paBHBI.

P
Py

Puc. 60 Puc. 61

Crenyromee ynpaskaenne pOpMaIbHO He HCIOIb3yeTCs B JaJbHEHIeM, HO OHO HEIIO-
CPEJICTBEHHO IIPUMBIKAET K UCIOIB3yEeMOMY IeOMETPUYECKOMY MaTepuasly U Kak Obl ocBe-
IIaeT ero ¢ Jpyroil CTOPOHBI.

VYupaxuenne 7.3. Jlokaxkure ClieIyOIIMe «ONTUIECKAE> YTBEPXKIEHUSI.

a. JIyd4, BelmymeHHbIH 13 HOKyca JIIUIICA, OTPA3UBIIUCH OT JIJIAIICA 110 3AKOHY «yTOJI
aJeHusl paBeH YIVIy OTPaXKEHHUsI», IOMaJaeT BO BTOPOi (POKYC JLIHIICA.

0. Jly4, BblnyleHHbIH 13 GOKyca rurnepbobl, II0Ce CBOEro OTParKeHus OT THuiepbo-
JIBI TI0 TOMY YK€ 3aKOHY COCTABJISIET YacTh IIPSIMOi, IPOXO/SIEll yepe3 BTOPOi (POKyC,
T. €. OTPa’KEHHBIN CBET KayKeTCsl MCXOMSIINM U3 BTOPOro (pokyca.

VYnpakuenue 7.4. a. JlokayknuTre, 9TO JUIMIC COCTOUT U3 TOUEK, PABHOYIAIEHHBIX OT

dboxyca S’ u HEKOTOPOIt OKPY?KHOCTH, IIEHTP KOTOPOii COBITA/Ia€T CO BTOPLIM (DOKycoM S
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Puc. 62

u KoTopas cojiep:KuT S’ BHyTpH cebsi. DTa OKPY»KHOCTh Ha3bIBAETCSA JUPEKTOPUATLHOM
OKpy’KHOCTBIO dmatica’. (Ykazanume. Kakum ciieflyer B3ATh DaMyC STOH OKPY>KHOCTH?
Wubivu ciioBaMu, ecitu P — TOYKa 9JUIAICA, TO HACKOJIBKO HAJ0 IPOJOJIZKUTEL OTPE30K S P,

9TOGBI IOy IUTh PaJUyC OKPY?KHOCTH?)

o
q

a

<
5

Puc. 63 Puc. 64

6. UTo MOXKHO CKA3aTh O MHOYKECTBE TOUYEK, PABHOYIAIEHHBIX OT HEKOTOPO OKpPYZK-
HOCTH U TOUKH S’, HAXOAIIEHCS BHE STOI OKPY’KHOCTH® ?

Yupaxxuenusi 7.1, 7.2 HaBOIAT Ha MBICIb, YTO €CJIU TO4YKa P jiexkut Ha napabosie
¢ dokycom S u mupekrpucoit L, To kKacarenbHasi L K mapaboJsie B Touke P siBjsieTcst
GrcceKTpUCOil yriia Mexxay P.S ¥ IepleH uKy/IspoM, OllyIIeHHbIM u3 P Ha gupekrpucy?.

2Co6CTBEHHO TOBODS, y SJITHIICA UMEIOTCS J[BE THPEKTOPHATbHbIE OKPYKHOCTH. BTo-
pas U3 HUX MOJIyYaeTCsl, eCJId MOMEHATEL posisamu dhoxyce S u S'.

Y runepbosbl TOXKE HMEIOTCS IBE AUPEKTOPHAIbHBIE OKPY?KHOCTH, C €M CBSI3aHO
[IPUBEJIEHHOE HUXKE yTBEPXKJEHME O, HO 3/1eChb CUTyalUsl HECKOJIBKO HMHas — KaKJas U3
IBYX JUPEKTOPHUAILHBIX OKPY?KHOCTEH «OOCIy?>KHBAET» CBOIO BETBb I'MIIEPOOJIBL.

3Haso ckaszaTh, UTO MPH peleHun o6paTHOlH 3anauu Kerepa B cirydae MBUMKEHUS TI0
BETBH IUIIepOOIBl 9Ta OKPYZKHOCTD He OyZeT UrpaTh PO (BOIPEKH TOMY 9TO, BEPOSITHO,
[OyMaJl YATATEeNIb U B OTJINYHE OT CJIydasl ABHYKEHUS 110 JUIUICY ), a Oyzer dakTudecKu
npuBJeKaTbes (B ylnpaskKHeHuu 7.8) Ipyras OKpYy>KHOCTb.

4Orcrona ciesyer, aTo Jyuu, ucxoagAye u3 dhoKyca MapaboIbl, MOC/Ie OTPAsKEHUs OT
He€ 1Mo OOBIYHOMY 3aKOHY CTAHOBATCH MApPAJIETBHBIMU €€ OCH, a JIy4H, IHaJarollue Ha
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Puc. 65 Puc. 66

EcrecrBenno mompo6oBaTh 0Ka3aTh ITO yTBEPKIEHHUE, pelias CIEAYIOIIYI0 BCIIOMOTra-
TebHYyI0 3amady. [lycTts manbl ase npsimble D, L u Touka S BHE HHX; CYIIECTBYET JIA
Ha L Takas Touka P, B KOTOPO#l JOCTUraeTCsi MUHUMYM DPa3HOCTH

|PS| — paccrosirne ot P no D, (47)

¥ 9TO MOXKHO CKa3aTh O CBA3U MEXKJY NpaAMoii PS U neprneHuKyasipoM, OMyIIeHHbIM u3 S
"a D7 K corkajieHnIo, IpH pEIIeHuH BCIIOMOIaTeIbHON 3aJati IIPUXOJUTCSI, HACKOIBKO
s BH2KY, PACCMATPUBATD PA3JIMYHbIE YaCTHBIE CJIIydan. DTO HE CIOKHO, HO TpebyeT MecTa.
OpHako MBI HaMEPEHBI IPHMEHUTH BCIOMOTATEbHYIO 33aJady K TOMY CJIydalo, KOraa
S — dokyc, D — nupekrpuca mapabosbl, a L — kacaresbHas K mapabosie. 3HAYNAT, HAM
JOCTATOYHO PEIINTHh BCIOMOIATEIbHYIO 3aJady TOJLKO B JAHHOM CJIydae; 9TO IIPUBOLHUT
K HEKOTOPOMY COKPAIIEHUIO PACCyKIEHUIA.

VYupakuenue 7.5. BeiBenure u3 ynpaxkuenus 4.4 6, uro eciin L — KacarespHas K ma-
pabose B Touke Py = (z0, Yo), TO BO Becex Toukax P npsimoit L, kpome Py, paccrosiame |SP)|
6osblie paccrosguus or P o nupekrpucel D, T. e. ayuust | P H| neprnesaukynsipa, OILyIieH-
"oro u3 P Ha gupekTpucy. Y Ka3aHue. B repMurax KoopauHAT, B KOTOPBIX apabosa
3amaérea ypaBHeHueM y = ka2, peub HIST O CBA3H MEXKIY ABYMS yTBEDXKICHUAMU

y<kz® m ‘y+ﬁ‘<\/x2+(y—i)2

(mogemy?). B cBasu c 1/4k cm. ynpaxkuenue 3.2 1.

WNrak, BCcoMoraresbHas 3aJada CHJIBLHO Cy»KAeTCs: B HHTEPECYIOIIEM HaC CJIydae
pasHOCTH (47) BCIOLY HOJIOXKWTENbHA, KpOMe TOYKU Py, rfie 9Ta pasHOCTb paBHA HYJIO.
Crenyst npeiplaymumM ob6pasiaM, pacCMOTPUM TOYKY S1, CHMMETPUYHYIO S OTHOCUTEb-
"o mpsamoit L. ITycre A — rouka mepeceuenuss npambix L u D. Ilpsmas L pasbubaer
IIJIOCKOCTh Ha JiBe IIOJIyIUIOCKOCTU. B onHolt u3 Hux sexut S, B gpyroi S1. O6o3nadnm
TOCJIETHIOKO TIOJIYIIOCKOCTh depe3 111 u orMernM Kakyro-HUOY/b TOYKY () Ha HAYUHAIO-
memcsa B A syde npamoit L, mporusomnonoxuom jayay AP. Haxonen, nycrs D' —aya AH
npsimoit D. Ou pas6usaer 11y nva gBa yrma — £LZPAH u ZHAQ.

mapabosiy mapaJlIeIbHO €€ OCH, MOC/Ie OTpaKeHusi cobuparorcs B e€ hokyce. DTO 0ObsC-
HSIET, IIOYEMY B IIPOXKEKTOPAaX U 36PKAJIBHBIX TEJIECKOIIaX HCIOIL3YIOTCs apabosmiaecKue
3epKaJjila, T.€. 3epKaJla, IOBEPXHOCTH KOTOPBIX SIBJIAIOTCH IapabOIOMIaMH BPAIIEHU.
(Bupouem, B XX B. GbuIM paspabOTaHBI U CTAJU HCIOJIB30BATHCH KOHCTPYKIWU TeJle-
CKOIIOB, B KOTOPBIX 3€PKaJIO He IapabosimdecKoe, a HaIpaBJIeHUe JIydeil KODPEeKTUPYeTCsI
IOCPEACTBOM JIONOJHUTEIBHOTO IPEJIOMJIEHUS] UM OTPArKEHMUSI. )
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Puc. 67

VYnpaxsaenue 7.6. a. [Jokaxkure, ato ecan S1 jexut BHyTpH yrina LHAQ, o |S1P| >
> |HP|, xora |S1P|=|SP| = |HP|, a ecim S1 nexur Buyrpu yria LZPAH, 1o Ha
nyge AP umeercss Touka P’, njs KoTopoit

|S1P'| < paccmosmue om Sy do D.

6. BoisenuTe orciona criepsa, uTo S1 JexkuT Ha Jayde D', a zatem —uto S1 = H.
B. [Tokaxkure, uro LSPA=/ZHPA.

Vopaxsenue 7.7. a. Ilycte P — Touka ssumunca ¢ ¢okycamu S, S/, P’ — rouka
€ero JIMPEeKTOPUAJIBLHON OKPYXKHOCTH, Jiexkamas Ha jgyde SP, a PH — nepueHaukyssp,
omymieHHblit u3 Touku P ua npsamyio S’ P’ (puc. 63). [lokaxkure, uTo ocHoBanue H sToro
NepleHuKyIsApa JeauT orpe3ok S’ P’ nmonosnam (ykasaHue: 9TO MOXKHO CKa3aThb O Tpe-
yroabauke AS’HP'?) u uro npsimas PH siBisieTcst KacaTeIbHON K 3JUIAICY B Touke P

Y ka3anue. McnonssyiiTe ynpakHenue 7.2.

)
P
S 4
‘H x
D K S1

Puc. 68
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6. CdopmynupyiiTe U JOKaKUTE AHAJIOTUIHBIE YTBEPXKIEHUSA JJisl TUIIEPOOJIbI U a-
paboJIbL.

Vupaxuenne 7.8. /fokaxkuTe, 9TO TpoU3BeieHNe JIJIUH Teprenaukyaspos SK u S'H,
OIYTIEHHBIX 13 JABYX bokycos S u S’ snurmca mim runepbosIbl Ha KacaTeTbHYIO K ITOM
KDHBOH B KaKo#-HHOYIb Touke P, paBHO, B OGBIYHBIX 00O3HAueHHAX, b2, Y Ka3a H U e.
B ciyuae ssumunca OTI0KUM, KaK M paHbIlle, Ha TPOJoJKeHuu orpe3ka SP 3a Touky P

orpezok PP’ pymubt |PP'| =1’ (=|S8'P|) (rak uro |SP’'| = 2a, Touxka P’ nexxur na

P/

Puc. 69

JIMPEKTOPHAJILHON OKPY?KHOCTH 3JUIAIICA) B omycTuM u3 S’ mepnennuxyssap S’'Q Ha nps-
myto SP. Jlokaxkure, 9T0 TIpsiMoyTosibHbie Tpeyronbuunku ASPK u AP'S'Q nomobubr
(¥X BepIIMHBI, COOTBETCTBYIOIIME APYT APYTY IIPH STOM I0J00uH, GEpyTCs B yKA3aHHOM
BhblIIe opsisike). Juist sToro cniepsa nposepbTe, uro ZPSK = £S'P'Q. Y6enurech Takxke,

aro |S’H| = |S'P’|/2. BeiBenure orciona, 9To
! 1 ! D/ 1 !/
IS'H| - ISK| = LI5'P/|-SK| = LISP| - |5'Q).

HakoHer, OKasKUTe, 9TO IPU UCIIOJIB30BAHAN OOBIMHON yTVIOBOH KOOPAMHATEL ¢ TOUKH P
(momoc B S, HayasbHAs OCh HAIpPaBJIEHA OT S K IEPUIeJIMIO) BBIIOJIHSIETCS PABEHCTBO
1S’Q| = 2a(1 + ecos ). (He ymycrure m3 Bumy, 4to cose > 0 mpu —7/2 < ¢ < 7/2
u cosp < 0 mpu 7/2 < ¢ < 3mw/2. Ilpocienure, 9TO TeOMETPUYECKH STO OTPArKaeTCs
B TOM, HAXOAUTCHA Jiu () IO IPYTYIO CTOpoHy oT S, Hexxemn P/, mum no Ty xe.) pyroi

comHoxkuTenb |SP| =1 =p/(1+ ecos ), Tak 4TO

P

1
|S'H| - |SK|= > ———
21+ecosp

2a(1 + ecos ) = pa = bZ.



§ 7. Obparnas 3ama4da Kemiepa 111

B cayuae runep6osibl O6ynem cuuraTh, uTo P HaxomuTcs Ha Toit BerBu [T runep6oiibl,
KoTopas 6mke K S. OT/IoKUM Ha MTPojIoKeHnH oTpe3ka P.S 3a Touky S orpesox SP’
jqumael 2a (tak uro |PP'| =1’ = |S’'P|; 3abaBuo, uro Hy:kHas HaM Touka P’ jexur
Ha JUPEKTOPUAJILHON OKPY?KHOCTH BTODOM BeTBU runepboJibl — TOH BETBU, C KOTOPOI
MBI He uMeeM jeia). JasbHeiliee anasornuHo ciydaro ssumunca. CioBa u popMysib
HOYTHU Takue ke (ToJIBKO paBeHcTBo yriios ZPSK = £S5’ P'(QQ MoTUBUDYeTCs 1y Th HHAYE),
a PUCYHKH BBIIVIAILAT IIO-PA3HOMY.

Pl

Puc. 70

Ternepb, HAKOHEIl, MbI MOYXKEM 3aHSATHCSI HEIIOCPEJICTBEHHO oOpaTHOM 3amaveit Kere-
pa. Paccyxzaennst ist sjumnca u runepboiibl IOYTH COBEPIIEHHO OJIMHAKOBBI, HO PaJu
OIIPEJIEIEHHOCTH $I BCE-TaKM HAYHY C SJLIAIICA.

MpbI, Kak OOBIYHO, CYUTAEM, YTO JBUKEHNE TOYKHU P 110 OpOUTE IIPOUCXOAUT IIPOTHB
YaCcOBOH CTDEJIKH, T.€. B CTOPOHY BO3paCTaHHs , a BTOpol dokyc S’ pacmosoxken
seBee mepsoro S (HauasbHBIL ayd He npoxomuT depe3 S’). CKOpoCTh HallpaBJeHa IO
KacaTeJbHONW U IOTOMY INepIeHAuKy/IspHa mpsamoit S’ P’. 3HauuT, IpU IIOBOPOTE BEK-

Topa ckopoctu Vv ma 90° 10 YacoBoii crpeske’

IIOJIyYUTCS BEKTOD W, IapaJlieIbHbIi
npamoit S’P’/, HO B KaKylo CTOPOHY OH HAIIpaBJIeH — COBIaJIaeT JIi €ro HallpaBJIeHue
C HAIIPaBJIEHUEM BEKTOPa S’—P; WA C HAIIPABJIEHUEM IIPOTHUBOIOJIOXKHOIO BEKTOPA W ?
Bektopbel Vv u W MBI ceifiuac mpejcrasiisieM cebe npusioykeHHbIMU K Touke P. Torma
U3 PHCYHKa $ICHO, YTO HaIpaBJIEHHE BEKTOpa W COBIAJAEeT C HaIpaBJIE€HHEM BEKTO-
pa S’—P; (unraremio He smmHe Gyaer yOeauTbCA B 9TOM, IPOOYsl PA3JINIHBIE IIOJIOXKE-

Husi Touku P Ha SIIJ'II/IHCE). A moxHO S y6e,/:u/1T1>c;1 B 3TOM C IIOMOII[BIO KaKOI'O-TO

SEciu 6bI gpuKeHne TOYKE P 1O OpOUTe IIPOMCXOTHMJIO IIO YACOBOII CTpEJIKE, HAJO0
OBILI0 6Bl IOBOPAYUBATDL V IIPOTUB TACOBOM CTPEJIKHU.
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paccy»KeHusi, He B3biBasd K HarugnHocru pucyHkoB? Jla. (Ilpasna, Heroron u jnpyrue
Kopuden HeGeCHOW MeXaHUKU HUKAKON MOTPeOHOCTH B KAKUX-TO OCOOBIX OOOCHOBaHU-
aX B HO;LOGHBIX ClIydadXx He HCIBbIThIBAJIN, U YUTATEJIb BIPaBe€ INPHUCOCIUHUTHCA K HUX
xomnannu. Ho ecsm GBI KTO-TO y»K OU€Hb HACTOWYHBO ITOTPEOOBAJI OT 9TOM KOMIIAHUN
HOpMAaTBHOTO JOKA3aTEILCTBA, OHM, KOHEYHO, CMOIVIM Obl Cpa3y NPEIbABUTH TAKOBOE,
TaK YTO OHM ObLIA BIIPABE CUUTATH JAHHBIA BOIIPOC OYEBUIAHBIM. A BOT ydallmecs IO-
POl TOBOPAT <«OYEBHIHO» U IIPU STOM 3aTPYJIHSAIOTCS OObLIACHUTD, IIOYEMY K€ BCE-TaKU
«OYEBHHOE» YTBEPXKJEHUE CIPABENINBO.) [IOCKONBKY nIpm ABWzKkeHHH P mo ssumncy
yrioBas KoopamHaTa ¢ BospacTtaeT, mpu 0 < ¢ < 180° BEKTOp CKOPOCTH V HaIpaB-
JleH HajeBO (B OOBIYHBIX JIEKAPTOBBIX KOODJIMHATAX, B KOTODPLIX yDPABHEHHE 3JIJIHMIICA
umeer Buj (8), T-KOOpAMHATA BEKTODa V MOJOXKHTENIbHA), a npu 180° < ¢ < 360° — na-
npaso. [Ipu moBopore Ha 90° HPOTUB YACOBOW CTPEIKU M3 V IOJYyYAETCS BEKTOD W,
HanpasieHsslii npu 0 < ¢ < 180° BBepx (ero y-KoopAWHATA IIOJIOXKHUTENBHA), & IPH
180° < ¢ < 360° — BaM3. BekTop S'P tome B [IEPBOM CJIy4ae HalpaBJeH BBEpX, a BO
BrOpoM — BHH3 (m6o S’ smexur Ha ocu abcrmce, a P’/ HAXOAUTCA B COOTBETCTBYIOMIEH
nonymsockocrn). CiieoBaTenbHO, pa3 Mbl y»Ke 3HAeM, YTO BEKTOPbl W U S’—P; napaJi-
JIEJIBHBI, TO 9TH JIBa BEKTOPa MMEIOT TAKKe OJIMHAKOBOE HAIIPABJIEHUE, T.€. W = /\S’—P;
C HEKOTOPBIM A > 0.
_—

To A\, KOHEYHO, PABHO OTHONIEHUIO JyiuH BekTopos W u S’ P’. Tlepsasi njmHa pasHA

M/h=M/|SK]|, tak uro

o M M 1 M
T |SK|-|S'P'| T 2 |SK|-|S'H| ~ 2b2

(B mocempeM mare mcmosb3yercs ynpakaenue 7.8). Utaxk,

%S/PI
2b2 ’

w = (48)
—_—

ITpu usmenenun ¢ xoner, P’ Bekropa S'P’ (Hauajo KOTOPOro BCE BpeMsi HAXOIHUTCS

B S’) Bpamaercs o OKPY>KHOCTH pajuyca 2a ¢ neHtpoM B S. Ecim paccmarpusaTh ¢

KaK BpEMsI, TO BpallleHUe IIPOUCXOAUT C €IUHUYIHON YIVIOBOI CKOPOCTBIO — BEAb YIJIOBAsI

KOOp/MHATA TOUKU P’ B OGBIMHOI /sl HAC CHCTEMe HOJIAPHBIX KOOpAMHAT (C mosocoMm S

Y HAYAJILHBIM JIy9OM, HAIPABJICHHBIM U3 S 110 GOJIBIION OCH 9JUIMIICA HAILPABO, T. €. B IIPO-

THUBOIIOJIO2KHYIO OT S/ CTOpOHy) KaK pa3 U eCTb . CJIG,HOBaTeJ’IbHO,

d D= d =
—S8'P' = —SP' =2ae,,
dep dep
¥ TIOTOMY
d

W= ——2ae,.
dyo 2627 7

Bekrop ke v moygaercs u3 w myTém nosopora Ha 90° mporus yacosoit crpesniku. [loTomy

T CKOPOCTBH U3MEHEHH IIePBOI'0 BEKTOPa IIOJy4YaeTCdaA U3 CKOPOCTU U3MEHEHNA BEeKTOpa W
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ImyTéM Takoro ke nosopora. IIpu ném e, nepexogur B —er. Uraxk,

dv 2aM M

_— = e =——er.
de 2b2 P

Ilocmenuunit mar — mepexosl K HE3aBUCHMOI IIepEeMEHHON ¢ BMECTO (p — JejaeTcs
c yuérom Il 3akona Kensepa. B myxkHOIl 17151 Hac dpopme STOT 3aKOH, KaK Mbl 3HaeM,

yKaseiBaet, 4to ¢ = M/r2. Crano 6bTh,

dv dv . M? 1

= —p=———e,

dt  de p 12
a 9To U ecTb ypapHeHue (2) (Bexp €, =r/7) ¢ koabdunmEenTOM

M2
,p,

k (49)

IMocnenusia dbopmysa BHIMIAAUT (C TOYHOCTBIO /IO TPUBHAIBHOTO Npeobpa3oBatust) TOIHO
Tak ke, Kak Qopmyina (36), HO ceifuac oHa mMeeT MHOI cMmbica. B §6 Mbl ucxommsm
M3 IEHTPAJLHOTO TOJIsA, B KOTOpOM yckopenme pasuo —(k/r?)e, (koncramrta k, craso
GBITh, 3a/aHa C CaMOro HadaJja), ¥ IOJIyYWJIM, U9TO JBUXKEHHE IIPOUCXOAMT IO KPHUBOM
BTrOpOro mopsnka (8) ¢ e m p, ompenensromumMucs coracHo dopmymam (35) m (36).
Tereph e MbI UCXOJUJIM U3 JBUYKEHUs 110 3JUIMICY (Tenepb, CTAIO OBITH, C CAMOrO
HavaJia 3a71aH (bOKAIBLHBIN TApAMETD p, PABHO KAaK M SKCIEHTPUCHUTET €), IIPOUCKO/IAIIEro
C COXpaHEeHHEeM BPAIATeILHOr0 MOMEHTa OTHOCUTEIHHO (POKYCa, M TIOIYYH/IH BLIPAsKEHUE
JUISl YCKODEHUsI TIPU TAKOM JIBIKEHHUH, cojieprkaniee MHOKuTe s k = M2 /p. (Ckazanmoe
OTHOCUTCS U K YIOMHHAEMBIM HUXKE JIBUXKEHUIO O mapaboJie Wiu Tunepbosie, rje ToxKe

nostydaercs popmyna (49).)

3ameuanne 7.1. OquH 13 TPUCKOPOHBIX HEIOCTATKOB I'€OMETPUIECKHUX PACCYKIACHUH
COCTOHT B TOM, YTO B HUX OOBIYHO MMEETCSI B BHIY OIPEIEJIEHHOE PACIIOJIOXKEHUE IeTa-
JIell PACCMATPUBAEMBIX (DUTYDP, & OHO B PA3JIMYHBIX CJIyYasX MOXKET OBbITh PAa3IUIHBIM.
Ceifgac Aj1st 9JIIAIICA MBI JOJIXKHBI OB OTAEIBHO paccMarpuBarh ciaydan 0 < ¢ < 180°
n 180° < ¢ < 360°, a panblie, B yupakuenuu 7.8, — ciaydan —90° < ¢ < 90° n 90° < p <
< 270° (B mepBoM ciywae |P'L| = |P'S| + |SL|, Bo BTopom — |P’L| = | P’ S| — |SL|. Kpome
TOTO, peltas JaHHOe yIpayKHeHUe, YUTaTe b JOJIKeH 6blT HafiTu, uTo yroi £S5’ SQ B aTux
JIByX CJIydasiX paBeH COOTBETCTBEHHO |p| m [180° — ¢|, mpuuéM B COOTBETCTBYIOIEM
TeOMETPHUIECKOM PACCYKICHUN HATO OTAEIBHO PACCMATPHBATEL HE BA, & YETBIPE CIIydas,
OTBEYAIOIINe MOJIOKEHNIO SP B 4eThIPEX KBaApaHTaxX (IIOJIYYaOIIUXCs IPU JeKapTOBOM
KOOPIMHATHON CHCTEME C HadajOM KOODAUHAT B S U IIOJIOXKUTEIHLHO ITOJIyOChIO abCIuce,
unymeit uz S B Gmkaidimyo Bepmunny ssumica). CobcTBeHHO, HaJO GbLIO GbI OCTAHO-
BUTBCS €IIE Ha UCKJOYUTENBHBIX CllydasiX, Korjga ¢ kparao 90°. Vcnosb3oBaHue 3HaKa
MOJIyJIsl TIO3BOJISIET YMEHBIIUTDH YUCIO CIy4YaeB /IO JABYX, a8 3aT€M HU3BECTHBIE CBOICTBa
KOCHHYyCa TO3BOJIAIOT IIPH BCEX (p HANUCATb OAHY M Ty ke dopmyry ansa |P'Q|. Ilpu
0oJlee AHAJIUTUTIECKOM XapaKTepe H3JIOXKEHHSI MOXKHO ObLIO ObI BO BCEX ITHUX CJIyda-
sAX JeiicTBoBaTh eaumHo0OpasHo. Ho Torna, cobcrBeHHO, He ObLIO ObI U pHCYHKa, a 6e3
HEro Kak-TO TOCKJUBO. OOBIYHO MOCTYIAKT CJAEAYIONIUM OOPAa30M: MPUBOJSAT PUCYHOK,
PACIIOJIOKEHHE JeTaJlell Ha KOTOPOM Ha CAMOM JIejIe UMEEeT MECTO TOJIbKO B KAKUX-TO
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w cilydasix, a PacCy?KJIeHUe C UCIIOJIb30BaHUEM KOODJUHAT-
HBIX opMy1, anreOpsl (OOBIYHON M BEKTOPHOMN) M T.II.
P 3 pr IIPOBOJSAT TaK, YTOOBI OHO OT TUX IIOJPOOHOCTEN PAaCIO-
JIOZKEHUsI JIeTaJleil He 3aBUCEIIO.
st Tex ciay4aeB, korma P aBurKkercss 1o Apyrum
KOHUYECKHM CEYEHUsIM, CHOBa HYXKHbI CBOM DPHUCYHKH
n He6OJ'IbLT_II/Ie U3MEHEHUA B PACCYZKIACHUAX.
H Yupaxuenue 7.9. Paccmorpure nBukenwe touku P
1o rurnepboJie.
er Ocraércst pacCMOTpeTh J[BUYKEHUE IIJIaHeTHl P 110 na-
- K pabosie ¢ dokycom S, mupekrpucoit D u mapamerpom
S ex (t.e. paccrosiruem or S o D, cum. ympakmenue 3.2) p.
OcHoBaHMe INepleHauKyispa, omymienHoro u3 S Ha D,
ob6o3naunm depe3d K. Vcnomp3yeM mosrsipHble KOOPAMHATEI
¢ mosrocoM B S 1 HadasibHOIt nostyocsio S K. ITycrs P nBu-
ZKeTCs B HAIIpABJICHUU BO3PAaCTaHUA IIOJIAPDHOIO yIjia .
Onyctum u3 P nepnenaukynsap PP’ na D, a zatem us P
nepreriukynsp PH wa SP'.
D VYupaxsaenune 7.10. JlokakuTe CJle/lyIoIe yTBEP-
2K JIEHUSA.
a. Orpesoxk PH jeXXuT Ha KacaTeJbHON K Imapaboiie
Puc. 71 B TOukKe P.
6. /ZPSH = /PP'S = ZHSK = ¢/2, tne upunenn-
HbLi mapamerp umeer Bun h = |SH| = p/2cos(p/2).
B. BekTop W, nosnyqaronuiicst npu moBopore BekTopa ckopoctu v Ha 90° mo gacosoit
CTPEJIKE, COBIIAJAET C

—
SH M ey +er M 2cos(p/2)
v = — = —
|SH]| h les +er| P lez +er
Tlie €, — eJIMHUYHBINA BEKTOD, Jexauii Ha ocu S K u HanpasjieHHbiit o S kK K (0603Ha—
YEHHUE CBSA3AHO C TEM, YTO ITY IOJIyOCh €CTECTBEHHO IPHHATH 3 OJHY M3 KOOPJWHATHBIX
IIOJTyOCel, 9eM, BIPOYeM, MbI He OyJieM IOJIb30BATHCS), & €, UMEET OOBIYHBIH CMBICII.
r. CpaBeyIMBO PaBEHCTBO |€; + €| = 2cos(p/2). Orciona

(ex + er)7

M dw M sde de M
W = ?(e:c +er)7 (J J)

_— :—ew7
dp p Ndp  dp P

dv M dv M2 1

— = ——€, — =———€r,

de p dt p

a 9To U ecTh ypasuenue (2) ¢ koacddumentom k= M2 /p.

3ameuanne 7.2. B nmepBoHavasbHOM BapHaHTe STOM KHMXKKH H3JIarajioCh DeEIIeHne
06paTHOM 3a/1a4u, BBIAEPKAHHOE B TOM K€ JlyXe, YTO ¥ PelleHne IpaMoil 3a/auu, U B 3Ha-
YUTEJIbHOM CTENEeHNU IIOJIyHYalolleecs IIyTEM IIPOBEJIEHUS COOTBETCTBYIOIIUX PACCYKISHUI
B oOpaTHOM mopsjake. Pa3 y»K Ha TakoM IyTH MbI BCE BpeMsl XOTs Obl B OOLIUX 4YepTax
3HAEM, UTO HAJO JIeJIaTh, TO O0Iasa cxeMa JeHCTBUIl MOHATHA, HO B IEJIOM 3TO DEIICHHE,
HOXKAJIY#, OBIIIO KAKUM-TO GoJiee CKyIHBIM — OJiecTsinas uies [aMUIbTOHA B HEM KaK-TO
«pa3MblBaJIaCh», «OTCTYNAJIa Ha 3aJHAN IU1aH» (B OO/IbIIE CTelleHn, YeM B reoMeTpuYe-
ckoM pemernu Makcpesa).

Ecnu auraTesb 04eHb y»K yBIEYETCA JAHHON TEMOIi, OH MOXKeT IIOIpoGOBaTh BOCCTA~
HOBUTBH TaKO€ pelreHne CaMOCTOATEJIbHO. HpI/I 9TOM Ha/JIO: BbIFICHUTH, KAKUMU @OpMy.HaMI/I
OINCHIBAETCS M3MEHEHHEe KOOpAMHAT BeKTOopa npu mnosopore Ha 90°; HaiiTu ypaBHeHHE
KacaTeJbHON K OKPY?KHOCTH, a 3aTeM W K 3JUINAICY; HAHTU OTCIOAA COOTHOEITHHE MEXKILY
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KOODJMHATAMH Vg U Uy BEKTOPa CKOPOCTHU V B OOBIYHO MCIOJIBL3YEMOi JeKapTOBOil cucTeme
KoopauHaT (B KOTODOIi 3JUTUIC nMeeT ypasHeHue (8)); mepeifiTh K COOTHOIIEHUIO MEXKILY
VUr M Uyp; COYETasd 3TO CO BTOPBIM 3akoHOM Kenepa, HaliT v, U Uy KaK OYHKIUH yTJIOBOT
KOOD/IMHATHI IJIAHETHI (, & 3aTeM IIOCTPOUTH Iojorpad CKOPOCTH U YOEIUTHCs, YTO OH
SIBJISIETCSI OKPY2KHOCTBIO U 9UTO C U3MEHEHHEM (p KOHEI[ BEKTOPa CKOPOCTH JBUYKETCS IIO
9TON OKPY?KHOCTH C IIOCTOSIHHOH CKODOCTBIO, OTKYZia JIETKO IepeidTH K ypasHeHuio (2).

YoMmsiHy TakKe O JPYyroM IeOMeTPUYECKOM peIlleHun OOpaTHON 3ajadu, KOTOpoe
mue coobmmi HeMerkuii maremaTuk . Kapxep. Unes Kapxepa cocrour B TOM, 4TOOBI
BHadaJle, ONMPAsiCb TOJBKO HA TO, YTO HAM JIAHO B 3ajade Keruiepa, — Ha TO, 4TO JBU-
2KEeHMe IPOMCXOJIUT I10 IJUINIICY, apaboJsie WiIi TUuepboJie ¥ YTO IPU STOM COXPAHSETCH
MoMeHT M orHOCHTEBbHO (hoKyca S, — JOKa3aTh TAKOE YK€ COOTHOIIIEHNE MEXKJy KBaJipa-
TOM CKOPOCTH IIJTaHeTH v2 1 eé paccrostaueM 10 CONHIEA T, O KAKOM FOBOPHTCSH B 3aKOHE
coxpaHeHus: Heprur. 1IpexKHUIl BBIBOJ 9TOrO COOTHOIIEHHs! ONUpaJica Ha ypasHenue (2),
KOTOpO€e Telepb HaM He JIaHO C CaMOro HaJaJia, a siBJISIeTCs Halleil 1eabi. Kpome Toro,
B BBIPa’KE€HUHU JIJIs1 IOTEHIINAIBLHON dHeprun GUrypupyer KOHCTaHTa k; paHblie oHa Oblia
JlaHa HaM C CAMOT0o Hadaja KaK KOHCTAHTA B [IPABON 9aCTH ypaBHeHUs (2), Telepsb »Ke MbI
JIOJI2KHBI JIOKa3aTh, YTO €CJIU B3sITh KOHCTAHTY k, OIIPE/IeJIEHHBIM 00Pa30M BhIPAXKAIOILYI0-
Cs1 9epe3 mapaMeTphl SJLIAICA (AN HHOTO KOHUIECKOTO CeueHnsl — OpOuTHI mtaHersl) u M,
TO BEJIMYUHA mpv2/2 — kmp/r 6yner coxpaHATbCA NpHU JBUKeHnu. A tak Kak M = vh,
rie, Kak OObIYHO, h — IPUIEJIbHBIN [TapaMerp, JOCTATOYHO YCTAHOBHUTH COOTBETCTBYIO-
IIYIO CBsA3b MeXK 1y h u r. B TakoMm Buje 3ajia4a CTAHOBUTCS YMCTO N€OMETPUYECKON — HU
O KaKOM JIBH2KEHHH OOJIbIIIE HET PeYH, & PeYb UJIET O HEKOTOPOM CBOMCTBE PACCTOSIHUS OT
dokyca KpuBOil BTOPOro mopsijika JI0 KacaTeJbHON K Heil. Ho, Ha MOil B3ruisiy, peleHue
Maxcsesuta npome. C pemennem Kapxepa MOXKHO O3HAKOMUTBCS IO €r0 COGCTBEHHOMY
n30xKenuio [33).

3ameuanmne 7.3. Mb1 Bugenm, 1ITO PH MOBOPOTE BEKTOPA V Ha 90° 1o 4acoBoii cTpeske

HoJTygaeTcst BeKTop W, pasHbiit AS’ P’ ¢ HekoTopbiM MHOKHTeeM \ = M/(2b2). eiinman
3aMeTWJI, YTO ecjau noBepHyTh Ha 90° MO UacoBOil cTpesike Bech puc. 54, coBMmeras
npu stoM V{y ¢ Touko# Ha puc. 63, obo3HatUEHHON dYepe3 S, W OCYIIECTBUTL 3aTEM I'O-
morermo® ¢ menTpom B S u Kosbdummentom A~!, To Tpeyrombuuk ASVoV nepeipér
B AS'SP’, a OKpy»XHOCTB, SIBJISIOIMAsICA TO0TPadOM CKOPOCTH, TIePeHIET B UPEKTOPH-
aJIbHYI0 OKPY’KHOCTB dyutuiica’ . 1o ciosam Dyncreitna, usmasmrero neximio ®eiirvana,
st DelinMana OTKPBITHE JAHHOTO MOA00Ms OBbLIO CAMBIM TPYJAHBIM Iarom. f stomy
BEpIO, IOCKOJIbKY CaM s JIO 3TOrO I0J06usi BOOOILIe He jmomymadcst (Kak, BO3SMOXKHO, He
nonymascsa u Maxcsesn). [Ipasia, B Ipe:KHHX JOKa3aTeIbCTBAX MHE STOrO He GbLIO

HY2KHO, J1a ¥ B JIOKa3aTeJbcTBe MakKcBesia Hy»KHa TOJIBKO CBSI3b MEXKIy W U S’—P; . Tak
uro KpacuBoe Habsonenune PeffHMana B HACTOAIIEH KHUXKKE OCTAETCA 663 IPUMEHEHMUIA.

B cnpasenmuBocTu (pbetHMAHOBCKOrO HaOJIIOIEHUS JIETKO YOEIUThCS, UCIIOJIb3Ysl U3~
BECTHBIE HaM CBeJleHus o 3ajade Keruiepa u cBA3aHHBIE C HEll reoMeTpuyecKue (pakThl.
Jlpyroe [esio — UCHOJIB30BAThH €ro MJjis pPelleHusl mpsMoi 3agadn Kemrepa, Kak Jeaer
ODeitaman. Bruadane PeifnMaH 10Ka3biBaeT, 4To rojgorpad ckopoctu I’ sABJIsieTcst OKpyXK-
HOCTBIO; 9TO OH JI€JIA€T NPAKTHUIECKU TaK Ke, KaK U Mbl B § 6, TOJTbKO BMECTO ajareopsl,
TPUTOHOMETPHH U JIEMEHTOB Au(DEPEHITNATBLHOTO UCIUCIEHNUSI OH OOXOIUTCS T€OMETPHU-
eli crapunHoro obpasna. Ho masbine on geficrByer nnade.

SIIpu sToif roMOTeTHH KazKJas TOUKa A IIepexXOmUT B KOHEI BEKTOPa )\_15—14 (xoTopbIi
[OJIpa3yMeBaeTcst UCXOAAIUM u3 S), T.e. PACCTOsSIHME OT HeE JI0 LEeHTpa romorernn S
u3MeHsercs B A~ ! pas, a mampasieHne oT S K A He MeHAETCH.

"YpraTens, KOHEYHO, IIOHIMAET, YTO IIPK STOM 062 PHCYHKA MOIPa3yMeBaIOTCS OTHO-
CANUMUCH K OJHOMY M TOMY 2Ke ITOJIO}KEHUIO TOYKU P Ha opOure, T.€. K OJJHOMY U TOMY
Ke ( (Ha HAIIMX PHCYHKaxX 3TO HE COBCEM TAaK).
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Cﬂe,ﬂyﬂ €ro 1yTu, Mbl HE 3HaeM 3apaHee, 9TO Op6I/ITa ABJIAETCA SJ'IJII/IIICOMS7 I103TOMY

3apaHee Mbl He IMeeM HHU oceil 3JLIUICa, HE ero BToporo ¢dokyca S’ HU JUpeKTopuasb-
HOM OKpy»kHOCTH. HO MOXKHO, IpeiyrajpiBasi UCTHHHO€E IIOJIOXKEHHE JeJI, MCIIOJIb30BaTh
runoTerudeckoe noaobue tpeyronpaukos ASVoV u AS'SP’ (napom 4TO 1Be BEpIIMHBI
IIOCJIEJHETO HAaM IIOKa He I/IBBGCTHI:,I) KaK «IIOJACKa3Ky» IIPU IIOCTPOEHUU HeKOTOpOI‘;I «MO-
ey IUtaHeTHO# opbutsl. Ilpucrynas k sromy nocrpoenuto, I'yucreitn B cBoeit yactu
KHHTH [25] roBoput, 4ro «pasmeps! (MomenbHOM — . A.) op6uTe! GyayT IPOU3BOIBHEL, HO
BCE HAaIIpaBJIEHUsI, a 3HAYUT, U (popMa OpOUTHI ,,IpaBUIIbHBI“>. CKa3aHO HE OYEHb YETKO.
B camoit 3amucu sieknyn @eitamana yérkoctu He 6odibine. OJHAKO U3 TOCTPOEHMST BUIHO,
4TO MMEHHO uMeercsi B Buiy. Crpourcs Hekuit smmnc & ¢ dokycom S, obiagaronii
CJIEIYIOIIMM CBOMCTBOM: IIPH JIIOOBIX (¢ KacaTeJIbHas K & B TOYKE C OOBIYHON yIJIOBOIt
KoOpAmMHATOH (IOJIIPHBIM YIVIOM) ¢ IapasulesibHa KacaTesJbHOH K HacTosmed opbure
B TOUKe C TOif 3K yIJIoBoil KoopuuaToii”?. OTciofa JefiCTBUTEILHO CIeIyeT, ITO HACTOs-
mrasd Op6I/ITa ABJIAETCA SJIJIUIICOM, TOMOTETUYIHBIM 9 pn HeKOTOpOI‘;I TOMOTETUHU C HEHTPOM
romorerun S (crasno GbiTh, CouHie AefCTBUTENBHO HAXOMUTCA B (POKyCe IUIAHETHOM
opbutsl). Ho MHe He KaxKeTcsi, YTO JAHHOE CJIEJICTBUE MOXKHO CYATATH OYeBHAHBIM. Ero
JIETKO JI0Ka3aTh, €CJIM UCIOJIb30BaTh IuddepeHnnaJbHOe UCUYNUCIEHNE B 9y Th OOJIbIIEM
00béMe, UeM NPHUHATO B 9TOH KHmKKe (Hy:kHa (popmyra JlelOHUIA U1 IPOM3BOLHON
[POM3BE/IEHNs), HO s He BHXKY, KakK ODOHTHCH Gojiee 3JeMEHTAPHBIMU CPEJCTBAMM, HE
yromasi B I'POMO3JKHUX PacCyKJeHusxX. BuiTe Moxker, PeifHMaH HOYYBCTBOBaJ B 3TOM
MeCTe HEKOTOPYIO HEYOBJIETBOPEHHOCTH U, HAJIEsICh KOIJA-HUOYIb K HEMY BEPHYThCH,
OTJIOXKMJI Ha HEOIPEJIEJIEHHbII CPOK 00pabOTKy CBOE JIEKINU JJIsi 11y OJIMKALIN.

8Peup uOS8T MMEHHO 06 SJIIMIICE, a He APYToil KpUBOH BTOPOTO HOPHAAKA, HOO B STOM
MecTe cBoeil jeknuu PefHMaH CINTAET, ITO B INIOCKOCTH roforpada TodKa S JIEXKHUT
BHYTDPH OKpy2kHOCTH rozorpada ckopoctu ['. B §6 mbl Bumenu, uro Torma opbura meii-
CTBUTEJIbBHO $SBJIAETCA SJIJITUIICOM. Heﬂb @eﬁHMaHa - HpHﬁTH K TOMY K€ 3aKJIIOYEeHUIO
JPYTHUM IIyTEM.

9Cnepsa B maockoctu rogorpada crpouM smamnc 91 ¢ doxycamu S, Vo, AUPEKTO-
puajbHasg OKPY?KHOCTb KOTOPOI'O COBIIAJAET C OKPYKHOCTBIO rogorpada ckopoctu .
(B cepemunue orpeska SV, rme V sexkmr Ha I, BOCCTABUM NEPHEHIUKYNISIP K STOMY
OTPE3KY U BO3bMEM TOUYKY () mepecedenusi nepuesaukyiaspa ¢ SV. Korga V' npoberaer
BCIO OKPY?KHOCTB I, Touka ) «3adepunBaer» smic D1 (modemy?).) Sarem ssumnc i
noBopauynBaeM Ha 90° 1o 4acoBoii cTpesike, mpuuéM ero ¢Gpokyc Vo coBMelaem ¢ TOY-
Ko#i S B mrockoctu op6utsl. [louemy mosryueHHbBIH s71UnC & 00/1aJaeT YKA3aHHBIM BbIIIIE
cBoiicTBOM?
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Yuraresro, KOHEYHO, U3BECTHO, YTO MPSMOE M OOPATHOE YTBEPXKIEHHUE — ITO PA3HDBIE
Bemu. BeIBaeT marke Tak, YTO OJHO U3 HUX BEPHO, & JPYroe — HeT.

B srom naparpade peus 6yaeT uaTH He BOODIIE O IPSMBIX U OOPATHBIX YTBEPK/IECHH-
ax', a 0 IByX KOHKPETHBIX U y?Ke H3BECTHBIX HAM YTBEPXKAeHusX. IIpsiMoe cocTouT B TOM,
uro B 3a7a4ye Keruiepa ABUKeHHE TPOUCXOIUT MO KPHUBOW BTOPOro MOpsAAKa ¢ (HPOKyCOM
«B Comane S», T.e. B nenrpe cuinosoro nons (I sakon Kemrepa), npuuém mpu sTom,
B 06brunbIX ObozHauenusx, M = r2¢p = const (II saxkon Kemepa). C maremaTuueckoi
TOYKM 3PEHHsS ITO €CTh YTBEPXKJEHUE O DPENIEHUSX BEKTOPHOrO IuddepeHImnaaIbHOro

ypaBHEHUsI
F=— % r (50)
rer
O6paTHoe Ke yTBEPK/IeHUE TJIACUT, UTO ecyn Touka P nBuxkercsa corsacHo I u I sakonam
Kemnepa, To BekTop r = ﬁ yJoBerBopsier ypasHenuio (50) ¢ HEKOTOPO# KOHCTAHTOH k.
TlockonbKy B Hallem ciiy4yae CHOPaBeJIMBBI 00a YTBEPXKIEHUsI — M IIPSIMOe, U obpaT-
HOe, — HAIPAIIUBAETCA BOIPOC: & MOXKET ObITb, B HAIIEM CJIy4ae STH yTBEPKICHUS
BCE-TaKM dKBUBaJIeHTHbI? Kak MBI yBUAMM, HA 3TOT BOIPOC MOYXKHO OTBETHTH yTBED/IU-
TEeJIbHO, HO CIIEPBa HAJIO0 YTOYHUTH, 9TO 9TO 3HAYUT, T. €. B KAKOM CMBICJIE MOXKHO TOBOPUTH
0 nonoxkureabHoM orBere? [10CKOIBKY HET OOIIero JIOrMvecKOro MPUHIUIA, OYATO

IIpsIMOe yTBEPXK/IEHHE <—> 0OpaTHOe yTBEPK/ICHNE,

B HAIlEM CJIydae SKBHBAJIEHTHOCTD JOJIXKHA JOKA3bIBATHCS C IIOMOIIBIO KAKHUX-TO KOH-
KPETHBIX COOOpaXkKeHwuil, y4uThiBaoIux crennduky 3amadun Kemepa. Ho Benb 06a Harm
YTBEPXKJICHUsI, IPSIMOE U OOPATHOE, TOXKE JIOKA3BIBAIOTCS C IIOMOIIBI0 HEKOTOPBIX «KOH-
KPETHBIX COOOparKeHui, yInThIBalomux crenuduky 3agadn Kemnepay. Yem xe moxasza-
TEJILCTBO SKBUBAJIEHTHOCTH 3TUX YTBEPKICHUH OTIIMYAETCH OT JOKA3ATEIbCTBA KaXKI0ro
u3 Hux? [[puHIMINAIBEHO — HUYEM: <IIOJ BUJOM» BBIBOJA OJHOIO yTBEPIXKJIEHUS U3 BTO-
POro MOXKHO <IIOJCYHYTb» HE3aBHCHMOE JO0KAa3aTeJIbLCTBO IEPBOro yTBepxKieHus. Ho,
BUUIMO, MOYXKHO CTaThb Ha TaKyIO TOUKY 3PEHHsI, UTO [TOKA3aTEJbCTBO SKBUBAJIEHTHOCTH
IBYX YTBEPXKICHUH JOJZKHO OBITH MPOIIE, Y€M CAMOCTOSITENbHOE JOKA3ATEIHLCTBO TOrO
WJIM WHOTO U3 9THX yTBEpKIeHuil. B mamHOM ciydae HefiCTBHTENBHO MOXKHO JATh TAKOE
JIOKa3aTeJIbCTBO dKBUBaJieHTHOCTH. OHO, moXKaJlyil, 1 He HaMHOro Kopode (eciau BooOIIe
KOpOUe), HO y2K TOYHO He Tpebyer ocoboit nzobperaresnbHocT. B ¢Boé Bpems HuioTon o
TIOBOJIy <ITOJIOBUHBI» 3ITOW 3KBUBAJIEHTHOCTU

obpaTHOe yTBEPKIEHIE —> MIPSIMOE YTBEPKICHIE (51)

orpanuumica noiayropa dpasamu. Omgsako on dakrudecku obpamasicsa k V. Bepnys-
JIM — MaTEeMATUKy XOTs M He Bblcouaiimiero (kak cam HbIOTOH), HO BCE »Ke BeCbMa Bbl-
cokoro ypoeHs. (CMm. wacte 2 mpunoxkenmst VIIL) $I xe ofpamarock K 9IUTaTeNo, HE
npejnosarag y Hero Hu noarorosku, Hu (yBbl!) cnocobnocreit V. Bepuysm. Ilosromy
nosyTopa dpasamu s He 000HILYCh.

Ecnn camo o cebe yrsepxkaenne (51) uMeeT METOIUUECKOE M UCTOPHYECKOE 3HAUe-
HHUE, TO INPU ero JI0Ka3aTe/IbCTBE MbI CTOJIKHEMCSI C JAPYTUMU YTBEPXKIEHUSIMU, 3HAUE-
HHE KOTODPBIX SABJISIETCS y2Ke NMPUHIUNIHAJbHBIM. [[oaTOMy $ 3aiiMych NperMyIeCTBEHHO
yrBepxkaerneM (51) u ymeso JIMIIb HEMHOTO BHUMAHHS JTOKA3aTeIbCTBY TOTO, ITO

[IpsIMOe yTBEPXKJIeHNe = O0paTHOEe yTBEPXKJIEHUE. (52)

[IprHINNUATIBHBIN MOMEHT B JOKa3aTEJbCTBe yTBepxkaeHusi (51) cocrout B ciemy-
omeM. 3aJaIuMCs KaKUM-HHOYIb «HAYaIbHBIM COCTOSTHUEM» MaTE€PUAJIBHON TOYKU P,

1B o6imem Buze cBsizu MeXKy HEMH IIOCBSIIEHa KHIKKa [22].
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HaXOJAIIENCsl B IIOJI€ TSATOTEHWs! C LEHTPOM B S, T.e. 3aJaUMCs HAYaJbHBIM IIOJIOXKe-
HHEM Py 3TOil TOYKM B HAYaJIbHBIH MOMEHT BpeMeHU t = (0 M €€ CKOPOCTBIO V( B TOT
ke MoMmeHT. CornacHo HamuM (U3NYECKUM IDEACTaBIIeHUusIM, Todka P Oyjger Kak-TO
JIBUraThCsA, 3aHAMasi B MOMEHT BPEMEHHU ¢ Kakoe-TO moJsioxkenue P(t) u mMes: CKOPOCTb

—
v(t) = dr(t)/dt, roe, kak o6brano, r = SP. B 4ncro MaTreMaTH4eCKOM OTHOLIEHUH DPEedb
nnér o pemennn r(t) nuddepernnansroro ypasaerns (50) ¢ IpeIUCAHHBIME «HAYAIIb-

HBbIMHA JaHHBIMHA»
dr(0)
(r(0)7 m )f(rm Vo)

(roBOPAT e 0 «HAYAIBHOM yCIIOBHU», KOTOPOMY YAOBJIETBOPSIET pemrenue)?. C sToit ToU-
KU 3PEHHs] yTBEPKAeHHe, 9T0 P Gyner Kak-To JBUraThCs, O3HAYaeT, 4To y ypasuenus (50)
HMMEETCsI PEIlIeHNe ¢ YKA3aHHBIMU HAYAJIbHBIMU JaH-

P Vo HBIMHM U UTO OHO €JMHCTBEHHO.
Ecan Ml yBepenbl, uTo cocrosinue npu ¢ = 0
ro OJIHOBHAYHO OIIpedesiAeT COCTOAHHUS B JpyrHe Mo-

MEHTBI BPEMEHH, T.€. 9TO IIOCJIE€ TOrO, KaK MaTe-

pUAIBHYIO TOUKY P IIOMECTH/IN B HadaIbHOE II0JIO-

/ P »xeHue Pp u mpuanu eif HadaJ bHYIO0 CKOPOCTB V(Q,

r( ) Touka P Oyxer Kak-TO JIBUraThCs, TO 3a4eM eIlé

V(t) saHMMATLCA TOJMBKO YTO CHOPMYIMPOBAHHBIM Ma-

TeMaTudecKuM yTBepkAcHueM? OTBeT: €eCiaum MbI

Puc. 72 3apaHee abOCOJIIOTHO yBEPEHBI B TOYHOCTH HAIIETO

MaTeMaTU9IeCKOIO OIMCaHUsl (TaK CKa3aThb, MaTeMa-

TUYECKOH MOJEN) IPUPOHOrO MpOoIecca, TO (no KpaiiHeil Mepe ¢ PU3UIECKON TOUKU

3penusi) mesadeM. Ho oTKyJa MoxeT GbITh Takas alpuopHas yBepeHHocTb? Hayumble

TpyZApl, gaxke U Takue, kKak «Hagamay Herorona, — ne CsimmenHoe nucaHue, B TOYHOCTH

KOTOPOT'O He IIPUXOJUTCS COMHEBATLCH, pa3 OHO NIPOAUKTOBaHO BoroMm. B TounocTu mare-

MaTHIECKOH MOJIEIN MOXKHO yOeauThCsi TOJMBKO IIOCJIE TIIATebHOM nposepku. (B Hamem

cydae IPOBEPKE IOJJIEXKUT, COGCTBEHHO, He TOJIBKO ypasHenue (50), HO U TO, UTO CO-

CTOSIHEE MaTePHaIbHON Toukn P nefiCTBUTEILHO CBOZUTCS K €€ IIOJIOYKEHHUIO U CKOPOCTH.

A 4TO, €ciM B «COCTOSIHME» BXOAMT €l U yCKopeHue? A 4TO, eCiM JaXke ¥ IIPU IpeHe-

OpekeHnn pasMepaMu IUIaHEThl HaJ0 BCE-TaKM KaK-TO y4YUTHIBaTh €€ BpalueHue? A yxk
o muddepenrpansaom ypaaennu (50) U FOBOPUTH HEYErO. )

OpMH U3 9JIEMEHTOB TaKOW IIPOBEPKU — IIPOBEPKA BHYTPEHHEI COCTOSATEIBHOCTH MO-
nmesn: peficturensHO sm ypasHeHwme (50) mMeeT pemeHme ¢ JIFOOBIME HANIEPEN TIpEJi-
[IMCAHHBIMU HAYaJbHBIMM JAHHBIMH U IIPUTOM POBHO oxuo? Torma, KOHEYHO, B 3TOil
MaTEMaTHIECKON MOMEIN COCTOSIHHE AEHCTBUTEIBHO OIMCHIBAETCS ITOJIOXKEHUEM M CKO-
POCTBIO. DTO HE rapaHTHPYET NPABHJILHOCTH MOJeH (B MOAEIH ABHraThcs-To P Gyer,
HO TaK /M, KaK Ha CAMOM JeJie JIBUXKYTCs IIaHeThi?>). B IMOMHOM Mepe yBepeHHOCTD
B IIPABUJIBHOCTH MOJEJIM MOYKET OCHOBBIBATHCS TOJILKO Ha HAOJ/IIONATEIbHBIX JaHHBIX. Ho

2@urypupyrolee 31eCh V(, KOHEIHO, HE HMEeT OTHONICHUA K BeIMYHHE, 0003HAYCHHON
TaK >Ke B §6 Tal\l 3TO 6BIJ'[ HEKWI BCIIOMOTATEJTbHBIN BEKTOD, KOTOprfI TIOABUJICA IIPpH
pemieHun 3aJa9d U KOTOpI:,II‘;I 3aTeM 6]31.1'1 TeOMETPUYIECCKHN IIPpEeJCTaBJIEH BEKTOPOM »S—VO
B wiockoctu rojporpada. Celiuac ke v — 9TO 3HAUEHUE CKOPOCTH B HAYAJIbHBIA MOMEHT
BPEMEHH.

SMe>kmy TpotUmM, IO KpaitHeil Mepe JBasKIbl BCEPhEs (m HA& caMOM BBICOKOM yDOBHE)
06CYXKIAJICA BOIPOC, UTO, MOXKET ObITh, CHJIA IPUTIXKEHUsI HE B TOYHOCTH OOPATHO
mponoprmonanbHa 2. B cepenume XVIII B. B cBssum ¢ gemkenueM Jlyaer A.Kiepo
(1713—1765), K. Janambep (1717—1783), JI. Diinep (1707—1783) omuo Bpemsi npo6o-
BasH M06aBIATL K k/r? craraemoe, 0O6paTHO MPOMOPIMOHATLHOE T3 MK r%, a Bo BTOpOIL
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ecsii ObI OTBET Ha BOIIPOC O BHYTPEHHEN COIVIACOBAHHOCTH MOJEH ObLII OTPUIIATEIBHBIM,
TO MOZEJb y»K TOYHO He Morjia Obl OBbITh NPaBUJIBHON (pa3Be 4YTO €0 MOXKHO OBLIO
OBl ITOJIb30BAThCs B KAKUX-TO OCOOBIX CllydasX, KOIJ[a Hy»>KHOe HaM DeIllleHHe BCE-TaKu
cymecrByer). PoscrBeHnblil ncropuyeckuii IpuMep: B JPEBHOCTH B «COCTOSTHUE» HE BKJIIO-
Yajy CKOPOCTb, a TOTJA IIOJIydaeTCs, 9TO COCTOSHUE HE JOJI’KHO MEHSTHCH, T. €. B TAKON
«MOJIeJI» HEBO3MOXKHO JBrkenue (cM. npuoxkenue I11). 1 aro xke? B sjummaucTnaeckuit
epuoz, y»ke Oblila BIOJHE NPUIMYHAs CTATHKA, HO He ObLIO JUHAMUKHK (Jja, B CYI[HOCTH,
U KMHEMATHKH), B CBA3M C YeM JBHKEHHE ILUIAHET PACCMATPHUBAJIOCH BHE BCAKON CBSA3HM
C MEXaHUKOMN.

TTomuMO 9TOM YHUCTO TEOPETHUIECKONU CTOPOHBI JIeJ1a, eCTh €IE U TaKasl: €CJIU JIeCTBH-
TEJIBHO CYIIECTBYET PEIIeHMe, yIOBJIETBOPAIONIEE 33JaHHOMY HAYaJIbHOMY YCJIOBHIO, TO
KaK 9TO pelrenue ero Haiitu? [IpakTudecku B aCTPOHOMUH CUTYAIHsI ObIBAET UHOM — OpOH-
Ta, IJIAHETHI OIPe/Ie/IAeTCS He [0 HAYAIbHBIM JAHHBIM?, 8 110 HECKOIBKHM HaOJIIOIEHUAM,
CJleJIaHHBIM B pa3Hoe BpeMsi. Ho pa3paboTka COOTBETCTBYIOIIUX CHOCOOGOB TpebyeT Ipei-
BapHUTEJbHBIX HCCJIEIOBAHUMN, JJIsi KOTOPBIX pelleHrne 3aja4u Kensiepa mpu M3BECTHOM
HAYAJIBHOM YCJIOBHHM WUI'DAET POJIb BaXKHOM TEOPETHUYECKON NPEANOChLIKA. B MexaHuke
BOIIPOC 00 OIIpesIe/IEHNN IBUZKEHUS 110 U3BECTHBIM HAYAJIbHBIM JAHHBIM UHOT/A IIPEJCTaB-
JsaeT HeHOCpe,ELCTBeHHBIﬁ UHTEepeC, MHOor'Ja »Ke OH, KaK U B He6eCHOI‘/JI MeXaHUuKe, CIIy>XKHUT
TEOPETUIECKOM IPEIIOCHIIIKON JJIsi UCCIAEJOBAHUS JIPYTUX BOIIPOCOB.

MpI Ha4HEM € BOIIpOoca O pelleHnu 3aja4u Kemiepa ¢ 3a/1aHHbIM Ha4aJIbHBIM yCJIOBH-
eM, — ero Ha3bIBAIOT «HAaJYaJIbHON 3ajadeil» Wan eme «3aaadei Korrmm»® st pudpepen-

nonosune XIX Beka B cBszu ¢ apuzkenneM Mepkypus C. Heiokom (1835—1909) npoGosast
samennTh k/r2 Ha k/r2T9 ¢ mekoTOpEIM HeHymeBBIM, X0Ts n MajeiM §. C JIyHON B KOH-
Ile KOHIIOB yTOYHEHHE TeopuH, ydurbiBaouieil BiusHue CouiHna u aApyrux ¢bakTopoB,
II0Ka3aJI0, ITO MEHSITH HBIOTOHOBCKYIO (POPMYJIHPOBKY 3aKOHA BCEMUPHOIO TSTOTEHUS
neszadeM. C MepkypueM npunuiy O6bLI0 K BBIBOJY, YTO HAJO MJIM 3aMEHUTH II0Ka3aTeslb 2
Ha 2 + 0, WIN OPU3HATH, YTO BHYTpHU OpOUTHI MepKypust OBHXKETCs eINé OfHa IJIaHeTa,
IPUTsAXKEeHne KOTopoii BiuseT Ha Mepkypuit. Ho Bonipoc permnuiics naade. B nagane XX B.
[IOSIBHJIACH DIHINTEHHOBCKAs TEOpHs I'DABUTAINE, OoJjiee TOYHAs, UeM HBIOTOHOBCKAf,
¥ OCHOBaHHAasI Ha APYIO# CHCTEMEe MCXOMHLIX ImoHaATHil. IIpuMennrensHo k maneram Cout-
HEYHOU CHCTEMBbI OHA BHOCUT JIHIIb HEOOJIBIINE IOIPABKU K HBIOTOHOBCKOMY OIIMCAHHIO
WX JBUXKEHUN U OODBSCHSIET Te OCOOEHHOCTH ABUKEHHS MepKypusi, KOTOPBIE CMYIIAJIN
aCTPOHOMOB.

4HawanbHoe TTOJIOYKEHHIe TIAHETHI eIé MOYKHO B MPUHIIAIE CIHTATH N3BECTHBIM, XOTS
u He odenb Touno. (Em@ B mepsoii mosoBuie XX BeKa HENOCPEJCTBEHHO OIPEJIEJISIOCH
TOJILKO HAIIPaBJICHUE Ha IIJIAHETY, HO TelePhb PaINOJIOKAIUs II03BOJISIET H3MEPUTDH U Pac-
crostare 10 He€. UTOo Ke KacaeTcsl IMOTDEITHOCTElH, HEM30eXKHBIX IPU HAOJ/IONEHUSIX, TO
[P HECKOJIbKUX HAOJIIONEHUAX IOTDEIIHOCTU OTYACTH KaK Obl B3AUMHO KOMIIEHCHDPYIOT-
cs1, — 9TO ocobasi HayKa, — HO KOIZa MBI TOBOPHUM O HAdYajIbHBIX JaHHBIX, TO, 3HAUHT,
HACXOAUM U3 OIHOIO-eJUHCTBEHHOIO HAOJIIONEHUsI, CAEJAHHOIO B 3TOT MOMEHT; OTTOI'O
s W CKasaJl, 9TO HA4YaJbHOE IIOJIOKEHHE ILJIAHETHI ObIBA€T M3BECTHO HE OYEHb TOYHO.)
Op1HaKO €O CKOPOCTBIO J1es10 obcrouT uHade. IIpex/ie o/fHO HaOIIOIEHe HIYero O Heil He
TIO3BOJISJIO YCTAHOBUTH, & TEIEPhb PAHOJIOKAIN, UCIIONb3ys 3ddekr Jonmrepa, mo3so-
JisieT HAWTH KOMIIOHEHTY CKOPOCTH ILIAHETHI (OTHOCHTEJHLHO 3€MJIM) B HAIPABJICHUU HA
3eM110, HO HE KOMIIOHEHTY CKOPOCTH B IIOIIEDEYHOM HAIIPABJICHUU.

5TTo umenn Besukoro dpaniysckoro maremaruka O. Komm (1789—1857). On mepsbiM
chOpMyIHPOBAJ U HCCJIEAOBAJ HAMAIBHYIO 3aJady He JJIsi KAKOTO-HHOYIb CIIeIHaIbHOIO
nuddepeHmanbHOTO ypaBHeHns (Bpose, CKakeM, Hamtero ypasHerusi (50)), a B obmem
Buge. Hago 3ameTuTh, 4TO TOT mporpecc ObLI JOCTUTHYT HE Ha ILyCTOM MECTE: yXKe
Heroron sicno npexcrasisiin cebe, o KpaifHell Mepe [iIsl 3aa< MEXaHUTIECKOTO IIPOUC-
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paabHoro ypasaenus (50), — a IOTOM yBHIMM, UTO II0 BHECEHHU HEGOJIBINIUX N3MEHEHU
B 00Cy>KJIeHHe STOro BOIPOCa IOJIydaercsl JoKasareabcTBo yrepxkaenusi (51). Cuepsa
2Ke puBeIeM 6oJiee TpOCTOl pUMep.

PaccMoTpuM /IBUXKEHHE MaTEpUAJIbHOM TOYKHU IO TPSIMOi JIMHUU C KOOPJUHATON T,
IIPOUCXOZSAIIEe € IOCTOSIHHBIM ycKopenueMm a. (Hampumep, TakoBo asurkenume mosx jeii-
CTBUEM CHJIBI TSYKECTU B BEPTUKAJILHOM HAIPABJIEHUM BO3Jie 3€MJIM, TJE€ yCKOPEHUE
CHJIBI TAXKECTHU g MOZKHO CUYUTATH IMOCTOAHHBIM. ECJ'II/I IIOJIOZKUTEJIBHYIO IIOJIyOCh OCH Oac
HAIPaBUTh BHU3, TO a = ¢g.) Ha MaTeMarndyeckoM si3bIKe pedb HIET O pelneHusx gudde-
PEHIHMAIBHOrO ypaBHEeHHS & = a. VI3 mKosbHOro Kypca (pU3NKU M3BECTHO, ITO B MOMEHT
BpeMeHHU ¢ JIBUXKYIAsICS TOYKA UMEET KOODJMHATY

1
x(t) = 5at2 + Bt +C, (53)

rae B, C'— HEKOTOpBIE KOHCTAHTHI (CBOU AuIst Kaxkoro npuxkenus x(t)). Pas Mbr koe-kak
yMmeeM JuddepeHIpoBaTh, TO, He HOBTOPSS PACCYKIEHUN U3 3TOr0 Kypca, Mbl MOXKEM
HEIIOCPEICTBEHHO NPOBEPHUTD, UTO IIpaBas JacTb paseHcTBa (53) ynosnersopsier nudde-
PeHIMaIBLHOMY ypaBHeHuIo & = a. OcraloTcs JBa BOIpoca:

— MOKHO JIM IOJIYYUTh TaKUM IIyTEM pEIIeHHe JTAaHHOTO YPaBHEHHUsI C 33 aHHBIM
HaYaJIBHBIM YCJIOBHEM

z(0) = zo, z(0) =wvo? (54)

— HET JII y ypaBHEHUs & = @ APYTUX PELICHUI?
it orBeTa Ha TMEPBBIA BONPOC HAJMO MOAOOpaTh Takue KOHCTaHTHI B, C'; 4T1obbl 1Ipn
t = 0 pewenue (53) ynosierBopsiio yciaoBusaM (54). Uuraress cam 6e3 Tpyna Haingr,
aT0 Hazo B3aTh B = vg, C = x¢. ITycTs Teneps z(t) — kakoe-HUOYAb pEIIeHNe ypaBHEHUS
& = a. MBI 3HaeM, 9TO y STOro ypaBHeHHs uMeercs pewenne x1(t) Buna (53), yooBieTsBo-
psiiomee HawasbHOMY ycaosuio® x1(0) = 2(0), £1(0) = #(0). Torma d?(x — z1)/dt? = 0.
Crano 6eith, d(x —x1)/dt — KoHcTanTa (OHHO M TO 2Ke ymcyo npu Bcex t). Ho mpu
t = 0 nocnenusisi npousBonnasi (pasHast passoctu ©(0) — #1(0)) paBHa HyJIO, Tak YTO
OHA JIOJZKHA PABHATHCS HyJIIO IpHU Beex t. Temepb MOXKHO cHenarh BBIBOJ, YTO Pa3sHOCTH
z(t) — z1(t) mocrosinua, a Bexb npu t = 0 oHa paBHa HyIIIO.

B sroM paccy»kzeHuE HaM IIOMOIVIO, ITO pemreHust AuddepeHIinaJbHOr0 yPaBHEHUS
& = a MBI 3HAEM «B SIBHOM BHJE», T. €. MOKEM HAIIUCATH JJIsl HUX POPMYJLY, yKa3bIBAIOLILYIO

XOXKJEHUsI, KAKMMU HAYaJbHBIMU JAHHBIMH OIPEJEJIsAeTCs pelleHue (XOTs s He 3HAIO,
3aKpenuJI JIM OH 3TO IOHUMaHHe B 0000Imaromux (popMyaIupoBKax), U OH yMeJl CTPOUTH
peleHus B BUJE PAJOB 110 CTEIIeHsAM HEe3aBUCHUMOI'O IEepPEeMEeHHOT'O (B [7] YKa3bIBaeTCA J1a-
2Ke, 9UTO OH CUUTAJ [IOCJIE/JHEE CBOMM OCHOBHBIM MaTeMaTHIeCKUM JocTixKkenueM ). Ogaako
HCCJIEIOBATH CXOJAMMOCTB 3TUX PSJIOB B CKOJIBKO-IUO0 00IeM Bujie cMOT TOJIbKO Kornm
Gtarofapst ©306PETEHHOMY MM «CIIOCODY MarKopaHT». (DTO TOIBKO YacTh ero OBIIMPHOro
HayIHOI'O HACJIEIMsI. )

6To, uro ropoputca o 3mavenun penrenusi x(t) u ero mpoussoHoi mpu t =0 (a 3Ha-
YHUT, PelIeHne IOAPa3yMeBAETCs OIPENIEIEHHBIM Ha KAaKOM-TO MHTEPBaJIe YUCJIOBOI OCH,
copepkaieM Touky () He BHOCAT HUKAKHMX OTPAHMYEHHN B HAIM PacCyKAeHus. Pedb
UAET IPOCTO O BBIOOPE HAYAJIHLHOI'O MOMEHTa OTCUéTa Bpemenu. [oBopst Gosiee hopMasIbHO,
€CJI POJIb «HAYAJIBHOIO MOMEHTa» WUIPaeT HEKOTOPOe tp, TO MOXKHO IEPEHTH K «HOBOMY
BpPEMEHU» — HOBON HE3aBHCUMOM IE€peMeHHOU t — tg — 1 0DO3HAYUTH €ro CHOBa 4epe3 t.
IIpu sTom HuYero He maMeHnTcs B auddepeHIaIbHOM yYpaBHEHUN & = a (npOBepre!)
U npaBasi 9acThb paBeHcTBa (53) ocranercs dyHKIMEH TOro 2Ke BUja, TOJILKO KOHCTAHTLI B
n C MOTr'yT USMEHUTHCA.
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ux 3aBucuMocTb or t. s permennii 3agaun Kemepa obmieit dhopmyist Her” | HeT naske

d)Opl\/Iy.HbI JJId MHOTUX KOHKPETHBIX pemeHI/Iﬁ. Mur yMeeM OIINChIBATh PEIIeHUusda 3aJavdn
Kemurepa TOJILKO HECKOJIBKO KOCBEHHBIM 0GPa30M — 3TO Takue BeKTop-dyHKIun r(t), Ko-
Topsble yiosiersopsior | u II sakonam Kemepa. (O 11 3akone HeT peun, HOKa FOBOPUTCS
O JBUKeHUU OfHOM mtaHersl.) B I 3akone roBopurcsi, 4To opbuTa sIBJIsSIeTCsl KPUBON BTO-
poro nopsaaka ¢ dokycoMm S. DTo 06BEKT, KOTOPbI MOXKHO OIMCATH BIOJHE 00O3PUMBIM
o6pa3oM (CKaKeM, yKa3aB, B KAKOH IUIOCKOCTH 3Ta KPUBAs JIEXKUT, KAKOE HAIIPABJICHHIE
“MeeT OTPE30K OT S K IEPUrejdi0 U U9eMy paBeH (POKaJbHBIA mapaMmerp p, a B CiIydae
SJUIHATICA WM TENIEPOOJIBI — TaK¥Ke deMy paBeH dkcientpucuter). C momokenneM Touku P
Ha op6uTe J1es10 06CTOUT CcioxkHee (CM. 3aMedanue 6.2), HO BO BCSKOM CJIydae Mbl 3HAEM,
YTO ecau OpOUTa M3BECTHA W €CJIM WU3BECTHO, IJe Ha Hell HaXOMUIACh MaTepHaJibHAast
TOYKa P B HaYaJIbHBIA MOMEHT BpEMEHHN U KaKYyI OHa uMeJjia CKOPOCTb, TO TeM CaMbIM
OJIHO3HAYHO ONPEENSeTCS U IOJIOKEHHe TOUYKM P B ji060f Ipyroii MOMEHT BpEMEHU t.
(Xorst 3mece HerT HU ABHBIX (QOPMYJI, KaK JJIsi PABHOMEDHO yCKOPEHHOIO J(BUYKEHHS,
HU J1aKe KOCBEHHOI'O OIMCAHUS B TEPMHHAX KAKUX-TO NEOMETPUYECKHX MOHATHI, KakK
st op6uThl. IIpakTudaecKn sl HAXOXKAEHUS COOTBETCTBYIOIIETO IMOJISAPHOrO yrua ¢(t)
NIPUXOIUTCS UMETD JIEJIO C SKCIEHTPUIECKOH anomasieil u ypasaenuneM Kermtepa. Muoxku-
Tenn 27 /T = M/ (ab), dburypupyromuii B jeBoii qactn ypasHenus: Keriepa, OJHOZHAIHO
onpeesiéH, ecau u3BecTHbl hopma opbuTsl u (ro, vo).).

ITosTOMY MBI OrPAHHYHMCH [TOIOOPOM KOHHYIECKOIO CeYeHUsI, KOTopoe Oy1eT opOuToii.

3nas dokyc S UCKOMON KPUBOI BTOPOro MOPsiIKa U HadaJbHbIe AaHHbIE (rg, V), MBI
MOXKeM HaiTu: N

— npsimyto L, kotopasi npoxogur 4epe3 TouKy Py (nMmeromyto paguyc-sekrop SPy =
=rp, T.€. Ty TOUKY, IJIle HAXOAWUTCS <IUJIaHETa» B HAYAJIbHBII MOMEHT BDEMEHHM); 9Ta
mpsiMasl SIBJISIETCS KacaTeJbHOM K MCKOMOI opbuTe B TOuke Py; 3amMeTum cpasy Ke, 94TO
MBI, KaK OOBIYHO, MCKJIIOYAEM M3 PACCMOTPEHHs TOT CJyd4aii, korga L npoxomut yepes S,

— IUIOCKOCTH OpOUTEL (3TO €CTh IUIOCKOCTH 11, comeprkamas Touky S u mpsimyro L);

— npunesbHBIA nmapamerp hg npsimoil L (T.e. JUIMHY HNEPIEHAUKYJIsIpa, OILyIIeHHOIO
u3 S na L); o Hamemy coryamenuto hg # 0;

— BpamarensHbIi MoMeHT M = hovo (Tme vo = |vol);

—snepruio E =1v3/2 — k/ro.
3uak E ompejessier, 6yaeT jin opbuTa JIMIICOM, TapaboJIoil uin rumnepOoJIon.

PaccmorpuMm cniepsa ciyuait napabosibl, KOTOPBI OKa3biBaeTcs 6osiee mpocThiM. Ecaun
guTaTe b MPoJieial ynpaxHuenue 7.10, TO 1o Xoy Jesa OH MOr yOeIuThCsl, YTO MEPIIeH-
mukynap PoHo, onmymeHHBIH u3 Toukn Py Ha IUpEKTpUCy, JOKEH OOpa30BBIBATL TOT
2Ke yroJl ¢ HauuHamoueica B Py «mosioBuHOM KacareabHOi Ly, uro u npamas SPy, a ero
JUIMHa JTOJIKHA COBHAJAATh ¢ aumHOI orpeska |SPp|. (Cum. puc. 68, roe Bmecro Py m Ho
dburypupyior P u H. MoxKHO, 3HAYUT, CKa3aTh, YTO OCHOBaHUe Hp 3TOro nepreHIuKy-
JIIpa CHMMETPHYHO TOUKe S OTHOCHTEeNbHO npsivoit L.) Wrak, mupextpuca D nomkaa
IPOXOUTDL Yepe3 U3BECTHYIO HaM TO4YKy Hp M ObITb IEepIeHIUKYJISPHOA U3BECTHOU HAM
upsimoit PoHp; 3TUM JUPEKTPHUCA IOJHOCTBIO ompejessierca. CTajo ObIThb, MOJTHOCTHIO
onpeensiercss u napabona ¢ gokycom S u gupekrpucoit D. Dra mapabosia MPOXOAUT
yepe3 Touky Py (Beap paccrosmus or Touku Py gm0 S m g0 D coBnasaior) M mMeeT
B 9TOH TOuKe KacareiabHyio L (Beap KacaTesjbHasi JIOJIXKHA OBITH OMCCEKTPHCOR yria
ZSPoHp). Mbl BuauM, UTO MMeeTCs €JMHCTBEHHas napaboJia, Mpoxojsimas depes Po
U uMerolasi TaM kKacarespHyo L. CiemoBaresbHO, 3Ta mapabojia U sSBJISIETC OpOUTON
HaIllell MAaTepUaJbHON TOUKM, MO0 OpOUTA JOJIKHA ObITH KaK pa3 TaKoil 1mapaboJIoii.

7Jleno He B TOM, UTO MBI He 3HAEM (bOPMYJIbI, KOTOpas [aBajia 6bl «obIiee» peleHne
3agaun Kemiepa, a B TOM, 94TO Takoil (DOPMyJIbI HE MOXKET OBITh. DTO 0cobasg U OYEHDb
WHTEpeCHasl TeMa, HO OHA yBeJia Obl HAC CJIUIIKOM B CTOPOHY.
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3aliMéMcsl Telepb HECKOJBLKO OoJiee CJIOXKHBIM ciayuaeM E < 0, korma opburta 3J1-
JIMNTUYECKAsd. DJIINIICOB, IIPOXOAINNX depe3 Py m Kacaromuxcss TaM npsiMmoit L, MHOrO,
¥ 9TOOBI BBIJEJIMTH TAM HYKHBI HAM 3JUIMIIC, HAM I[IOHAIOOUTCHA €INE JJIMHA OOJIBIION
nosyocu ssumanca a. Eé MoxkHO HajiTu Ha ocHoBanuu dopmynsl (38). M3 §7 Mbl 3naeM,
4uTO moJsiynpsimasi L/, HauuHaromasca B Touke Py u npoxonsias 4epes BTopoit doxyc S/,
PAaCIOJIoKEHa 10 Ty Ke CTOpoHy oT L, uro u S, u obpasyer ¢ L Takoii ke yros, 4ro
u PyS. 9tum L' onpenensierca onnosnauno. Touxky S’ Hajo B3ATH Ha 3TOM MOTYNpPAMOit
na paccrosaun |S'Py| = 2a — |SPy| = 2a — 1o ot Pp. Tem caMbIM 3Ta TOYKa OJHOZHAYHO
oTIpesieIfieTCs, a BMeCTe C Helt W 3Junmc, mMmeromuit doxycel S, S’ m mmuHy 607IBIION
HOJIYOCH @. DTOT SJUIUIIC U ABJISIETCS MCKOMOI opbuToil (mouemy?).

VYnpaxuenue 8.1. Pazbepure ciayuait £ > 0.

Haire ucciieioBanve HavaabHON 3a1a91 I BEKTOPHOTO Aud(PEPEHITNAIBLHOTO ypaB-
sernus (50) HOKa3bIBAET, YTO €ro PEeIIeHHe OJHO3HAYHO OIPEIEISeTCs HAYAJbHBIMA JIaH-
vBIME (T(, V). [deficTBuTensHO, OpOWTa ONIpENesseTcss STUMH JAHHBIMA OJHO3HATHO,
a B 3aMedyaHun 6.2 yKa3aHO, UTO JBUKEHHE MaTepHAJIbHOW TOUKH 1O opbure (mpo-
ncxopsmee cornacHo 11 sakomy Kemsepa) onmosnawHO ompenesnserca (mpu 3aJaHHOM
BpAIATEJLHOM MOMEHTE) HAYAJbHBIM IIOJIOKEHHEM 9TOH TOUKU Ha opbure. Takum 06-
pa30M, B 9TOM OTHOIIIEHUU HaIlla MaTeMaTu4vdeCKasd MOJEJIb BIIOJTHE COOTBETCTBYET HaIIIM
DUBUIECKUM [IPEJICTABIICHUSIM.

JokazaresbcTBo yrBep:KAeHus (51) GIM3KO K TOJLKO UTO IIPOBEIEHHBIM PacCy K-
JeHUudAM O HaJaJIbHOUN 3a1a4e, HO K HUM HaJ0 KOe-49TO ,ELOGaBI/ITb. Tenepb MBbI HE€ 3HaeM
3apaHee, AeHCTBUTENBHO JIM JIBU2KEHUE MIPOUCXOIUT IO KPUBON BTOPOrO HOpsIKA U Jeii-
CTBUTEJIbHO JIU IIPU 3TOM BBIIIOJHAIOTCA PA3JMUIHBIE COOTHOIIICHWdA, YKa3aHHbIE B §6
Ho MBI MOXKeM B34Th Takylo KPHUBYIO BTOPOrO INOpsiKa ', KOTOpas MIPOXOIUT depe3
Touky Py (HavanbHOE NOJIOXKEHWE IUIAHETBI) M HMEeT KacaTesNbHyl L (Ipoxonsmtyro
4yepe3 Py B HAIpaBJIEHNHU V), ¥ PACCMOTPETH JIBUYKEHHE II0 9TOH KPHUBOIi, IPOUCXO/IIIee
cornacHo II sakony Kemnepa, T.e. cornacHo ypasaenmio (40). Kax o6praHo, 0Go3HaIHM
PaImyc-BEKTOp IBIKyIueiicss Toukn depes r(t). Kak Mbl 3HaeM n3 pemeHusi oGpaTHON
3agaun Kemiepa, npu TakoM JBHXKEHUU YCKOPDEHHE HAIIPABJIEHO B CTOPOHY S M PaBHO IO
Benmumne k1 /12, Te ki1 — HeKOTOpas KOHCTAHTA, 3aBHUCSINAsS, KOHEUHO, OT KOHKPETHOTO
BBIGOpa KpuBoit I'. Unbivu ciosamu, ¥ = —(k1/r2)r/r. Eciu npu nekoropom BbIGOpe I
okaxercs, 9o k1 = k, To mosmydmrcsi, uro r(t) — pemeHune BexTopHOro anddepeHnn-
asibHOro ypasHenus (50). DTo pelieHne COOTBETCTBYET JBUMKEHHMIO TOYKM P 110 ssumancy
C LEHTPOM B S, T. €. JBUXKEHUIO, IIPOUCXOAAIIEMY B cooTBeTcTBHE C | 3akoHOM Kemmepa
(a em@ pambIIe GBLIO CKA3aHO, YTO OHO NPOHMCXOIHUT TAKXKe W B coorsercTBum C 11 3ako-
soM). Ho npeanucanue Hada/IbHBIX JaHHBIX (r, V() OJHO3HAYHO OIPEJIEIIsieT [BUKEHNE
TOYKHN ID7 a 9TU HadYaJIbHbIE JaHHBIE y HaC MOIJIA 6BITB KakKuMHU YTOJHO (C €INHCTBEH-
HOI OrOBOPKOM, WTO MBI MIHOPUPYEM TOT ciayd4ail, korga L npoxoxur vepes S). Craso
OBbITh, KAKOBO ObI HU OBLJIO HAYAJILHOE COCTOSTHME MaTepHaJIbHON ToYku P, OHa JBUXKETCs
B coorBercTBuu C | u Il 3akonamu.

O ToM, Kak momobpaTh MOAXOIAIIYI0 KpuByio I', Gymer ckaszamo Hmke. A crepsa
51 OCTAHOBJIIOCH HA JPYTOM BOIIPOCE.

C MaTreMaTHvecKOl TOYKHM 3PEHUsl YTBEPXKJIEHUE, YTO MPEIIUCAHNE HAYAILHBIX JAH-
HBIX (T0, VO) OJ/THO3HAYHO OIIpe/esseT JBMXKEHHe TOYKM P, o3HavaeT €IuMHCTBEHHOCTH
pemenns r(t) muddepennnansaoro ypasaenus (50) ¢ 9TUMH HaYAJIbHBIMH JIAHHBIMU.
HI:,IOTOH HUCHIOJIB30BaJI 9Ty €JUHCTBEHHOCTH, HUKAK eé HE MOTUBUDYA. ]?)I/I,ELI/H\/IO7 OHa Ka~
3aJI0Ch €My YeM-TO CaMO COOON pa3yMEIONUMCs, & B IIOJOOHBIX CIydasX apryMEHTaIUIo
OOBIYHO HE TOJIBKO HE IPUBOST, HO YaCTO M HE JO/YMBIBAIOT €€ JI0 KOHIa. HecomHeHHO,
uro y Hpiorona 6b11u cepbé3Hble OCHOBAHUS JJIsI YBEPEHHOCTH B equHCTBeHHOCTH. Du3n-
YeCKre OCHOBAaHUsI IS MOAOOHON YBEPEHHOCTU OCHOBBIBAJIMCH, KaK YK€ OTMeYaJioCh, Ha
TOM, YTO COCTOSIHHE MaTE€PHUAJILHONH TOYKH OIPEIEISeTCS €€ IIOJIOXKEHHEM M CKOPOCTHIO
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U YTO COCTOSIHUE B HAYAJILHBI MOMEHT BPEMEHU OIIPEJIEIISIET COCTOSHUSA B IPYTHEe MOMEH-
TBI; 9TO ODIIlee MOJIOXKEHNE, HECOMHEHHO, OIIPaB/bIBAJIOCH OIIBITOM, OTHOCSIINMCH K Gostee
[IPOCTBIM CJIy9asM BPOJIE PABHOMEPHO YCKOPDEHHOIO JABUKeHHsA. VIMennch u MareMaTude-
CKHe OCHOBaHUs, ¢M. 4acThb 2 npuioxkenus: VIII. Oxnako namo ckazars, uro y Heiorona
B 9TOM OTHOIIEHHH BCE K€ GbLI IPOGesT o KpaiiHeil Mepe B M3JIOMKEHUH XOIa MBICTEHS.

Ilepeiiém K 06CY2KIEHUIO TOrO, KaK NOA00PATh TaKylo KpuByo [', uTo npu aBuzkeHnn
10 Helt KoaduimeHT k1 OKaXKeTCsi PABHBIM k. «3ariisiIbIBasi B OTBET», MbI IIPEJIIIOJIAraeM,
uro opbura Oyaer JuIMIICcoM, Napabosiofl mim runepbosIol B 3aBHCHUMOCTH OT 3HAKA
sueprun E = v3/2 — k/ro. Ciywait E =0 mo-TipeskHeMy OKas3bIBaeTCs 60jiee TIPOCTHIM,
¥ MbI HAYHEM € Hero. B 3ToM ciiydae MBI IOraibiBaeMcs, YTO UCKoMas kpuasd [ mosmkna
ObITh mapabosioit. [locienHsiss 1omKHA TPOXOAUTh Yepe3 Py n Kacarbest L; Kak Mbl 3HAEM,
3TUMM YCJIOBUSIMU ITapaboia ONpeJiesisieTcsi OJHO3HaYHO. Haio BBISCHUTH, OyIeT i npu
HCIIOJIB30BAHUH 3TON NapaboJibl BBINOIHIETCS PABEHCTBO k1 = k.

EcrecTBeHHO, NIpUXOAUTCS BHOBb IOAPA3yMeBATh YNUTATENsS, KOTOPBII NpOAesIas yII-
pasknenue 7.10. Emy nomxno 6biTh u3BecTHO, uTo k1 = M2 /p1, rae p1 — dokanbHbI Ma-
paMeTp MOCTPOEHHOH Mapabobl. 3apaHee He SICHO, COBIAIACT JIM OH C "uciaoM p = M2 /k.
Mpbr bakTHUIECKH KaK pa3 B coOMpaeMcs JOKA3aTh WX COBIAJICHHE, OTKYyJa OyJeT ciaeio-
BaTh coBnajenue ki u k.

RN

A

a Vo o €0

Vo

Puc. 73

8Bpbite MbI BUIEITH, 9TO MPUMEHUTENBHO K 3ajade Kermiepa euHCTBEHHOCTh MOXKHO
JI0Ka3aTh, OCHOBBLIBAsCh Ha pellleHny Nnpsamoi 3amgadu. Ho B umsnoxkenun HeroTona uc-
XOAHBIM OBITIO pellleHne OOpaTHOM 3amadu, XOTsI OH MOr Obl I0Ka3aTh €IUHCTBEHHOCTD,
OIUpPAasCh Ha He JOBEIEHHOE 0 KOHIIA HEIIOCPEeICTBEHHOE UCCIIEIOBAHME IPSIMOU 3aatu,
cM. yacThb 2 npuioxkenus VIII

Bo Bpemena HpioTona n HaMHOro mo3JHee HUKTO He NpeabsBisanl HeoTony nperensuit
B CBSI3U C JAHHBIM BOIIPOCOM — BHIAUMO, Kopuden Hebecnoit mexanuku X VIII B. pazgesns-
JIM Te K€ He BBICKA3aHHbBbIE J0 KOHIA JIOBOILI, 4TO U oH. B nauane XIX B. A. ®. Mébuyc
(1790—1868), uyBCcTBysl HOTPEGHOCTH B YUCTO MATEMATUIECKON apryMEHTAIUU B IOJIL3Y
€IMHCTBEHHOCTH B Gojiee OOIIeil CHTyaIfuu, 9eM OfHa TOJIBKO 3amada Kerrepa, mpuBéi
B CBOEM y4ueOHHKe HeOEeCHOU MeXaHUKHU HEIPABHJILHOE I0KAa3aTeJbCTBO €IHMHCTBEHHOCTH.
A MéGuyc 6b11 BeCbMa H3BECTHBIM yI6HBIM. (/IJIs mMuUpoKnx KpyToB JrobuTeneil MaremMa-
TUKU UMs1 MEGHyca CBA3aHO C OTKPBLITUEM IIPUMEYATEILHON IIOBEPXHOCTU, KOTOPYIO TaK
¥ Ha3bIBAIOT «JIUCTOM Mébuyca», HO y Hero Obuin u Apyrue 3aciayrd.) OmmbKa Takoro
aBTOpPa B 9TOM BOIIPOCE CBUIETEILCTBYET, UTO Y IMOCIEIHETO €CTh HE CTONb y2K OUEBUIHBIE
croponsl. («TexHUueckoe» 3aMevaHWe Il IOIATOTOBJEHHBIX TIHTATENEH: B OTIMIHE OT
Herorona u kopudees XVIII B., Mébuyc nouemy-To He 3aX0OTeJI ONMPATHCST HA AHAJIATHYI-
HOCTbB, XOTSI B €I'0 BPeMsI BCE eII€ ObLJIO IPUHATO CIUTATH BCe DYHKINN aHAJIATHIECKAMU.
Mozker 6BITB, agpecysICh K He OU€HDb IIOATOTOBIEHHBIM UYATATEIISIM, OH HE XOTEJI TOBOPUTH
00 aHAJUTUIHOCTHU, a MOXKET OBITh, OH y?Ke UIyBCTBOBAJI, YTO B JAEHICTBUTEJILHOCTH IEJIO
HE B Heil.)
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AV O60o3HAYNM TOCPEJACTBOM (¢ yIOJ MEXKJY BEKTOPAMU
ey = I‘o/'r‘o u vg. Yros Mexay npsimbivu SPy u L — 310
v smbo «, 6o 180° — «, cMoTpa mo Tomy, Oyaer s o < 90°
»(0) wm « > 90°. Yron ZSPyHp (o6o3naueHusi Te »Ke, 4TO
U npu pasbope mapaboOIUYeCKOro Ciydasi Hepej] yIpark-
V% HerueM 8.1) B jBa pasa Gouiblie yTiia MeEXK/Iy yKasaH-
HBIME IPSIMBIMH, IIOSTOMY OH paBeH 2a miau 360° — 2a.
A nepnenpukynapubiii Kk D aya SK (nepecekatommii D B
Touke K') —9TO Ha9aNbHBIA JIyd CHCTEMBI IOJISPHBIX KOOP-
JIMHAT, OOBIMHO HCIOJIb3YEMbIX HAMH B CJIy4ae MapaboJibl,
nosromy ZKSPy—9T0, ¢ TOYHOCTHIO JIO 3HAKA, IOJISIP-
HBIH yTOI o Touku Py. Yruet LZKSPy u ZHoPpS — ato
CMeXKHBIE YIVIbI Ipu cekyieil SPy u napaiesbHbIX Ips-
meix KS u HoPy, tak uto LKSPy + £LHoPyS = 180°.
Crano 6biTb, yroa g = LKSPy pasen 180° — 2o min
180° — (360° — 2a) = 2a — 180°. B ofoux ciydasx
Puc. 74 CoS (ppg = — cos 2ax.
CorutacHo ypasHenuo (13) mosiygaem paBeHCTBO p1 =
=1ro(1 + cos pg) = 2rpsin® a. A sina durypupyer B BbIpaxkeHun Iy mpoexiuE v, (0)
BEKTOpa V( Ha KacaTelbHyo L K Hamleil mapaboie: v, (0) = £vp sin o (3HaK MoxKeT GbITH
u +, u —, u60, roBopst 06 yTiie (v, MBI CINTAEM STOT YIOJI IMOJIOXKUTEJbHBIM, He 00paIas
BHUMAHUs HA TO, B KAKyI0 CTOPOHY HAJIO IIOBOPAYMBATH BEKTOD V(, UTOOBI HAIPABUTD
€ro 110 HAIIPABJIEHUIO BEKTOPA V(). 3HAYUT,

1}?9 (0) 7‘81}%(0) M?
P1=2r0— 5= =2 o =25
v} rovd TovE

BcmomuuM, 9TO MBI MMeeM [es10 ¢ mapaboJIoi, Koraa
E=0,

[Mostomy p1 = M?2/k, a ato u osnauaer, uro k1 = k.

Ilepexomum k caygaro E < 0. B atom caydae Mbl goragbiBaeMcsi, ITO UCKOMON KpH-
Boit I 6yzier sunc, 1 TPUTOM TOT CaMbIil JUIUIIC, IIOCTPOEHUE KOTOPOro ObLIO YKA3AHO
B CBsI3H C HAJaJbHOHN 3amadeii. OHO BKI/IIOYAET ABa Iara: CIepBa YUCTO M€OMETPUYECKHU
CTpOUTCSA TOJTyIpsiMasi, Ha KOTOPOH JIOJI?KEH JIexKaTh BTopoit dokyc S’ ssuunca; 3aTem
S’ HaxommTCsS KaK Ta TOYKa STOH NOIynpsaMoii, aias xoropoit |S'Py| = 2a — ro (roe
ro = |SPp|). Purypupyiolee 31€Ch a BHIYUCISETCS 110 HAYaJIbHBIM JAHHBIM HA OCHOBAHNI
dopmynbr (38). Temepb, Korma Mbl «o3abbLin» O pelleHHH OpaMoil 3anaqdn Kemuiepa
B §6 M XOTHM 3aHOBO DEIIUTH €€ C HMOMOLIBIO PEe3ysbTaToB § 7, dopmyny (38) Henbas
canTaTh J0Ka3aHHOU. Ho MBI BCE-Taku BIpaBe B3ATb TaKOE @, KOTOPOE IIOJy9aeTCd W3
sroit popmynsl. IIpu sToM HamO OTBETUTH HA ABa HOBBIX BOIIPOCA.

— Byner mu 2a > rg? D10 Bompoc 06 OCYyIIECTBUMOCTU HAIIEro IIOCTPOeHUs. Bein
ecsu 6Bl 0Ka3asI0Ch, uTo 2a < 1o, To dhopmyna |S’'Py| = 2a — r¢ npennuceiBana 661 0TpU-
naTesbHOE paccTognue ot Py 10 S’, 4To HeBO3MOKHO, a ecjii 6bl 0Ka3aa0Ch, 9TO 2a = Tq,
To Ta ke dopMysTa TmpeAnuceBana 661, uTo S’ = Py, a 3TO TOXKe HEBO3ZMOXKHO — TOYKH
JIATICA HE SIBJISIIOTCS ero (POKyCaMu.

— [omyuurca ou upu TakoMm a, uro ki = k?

(IIpm o6CyzkIeHNH HA9IAIBHON 3aJaMy 9TUX BOIPOCOB He BO3HUKAJO. TaM MBI 3HAJH, ITO
JIBUKEHHE MATEePHAJbHON TOUKHU COIVIACHO ypaBHEHUIO (2) ¢ KOHCTAHTOH k IPOUCXOIUT
TI0O TOMY CaMOMY 3JIJIUIICY, KOTOPBIA MBI IIOCTPOUIN, — JIJIUIICY, KOTOPBIil IIPOXOIUT epe3
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Touky Pp, Kacaercs Tam npsaMoii L, umeer dbokyc S u 1imHa GOJIBIION TOIyOCH KOTOPOIo

paBHa a.)
OrseruTth Ha NepBLIil Bonpoc HecaoxkHo. Pas E <0, To k/ro > k/ro —v3/2>0n
9 k k S k
a=—=—- =ry.
B~ E 8 T kjro "
To

OTBeTr Ha BTOPOIl BOIIPOC CBSI3aH CO CJIEYIONIEN MBICIbIO. B § 6 MBI roBOpMJIM O CBOIA-
CTBaxX HEPIUHU, UMesl B BU/LY, YTO JIBUKEHUE IPOUCXOJUT COTJIACHO 3aKOHAM MEXaHUKH,
U ONMpPAasiCh Ha TOJIyYEeHHbIE HAMH Pe3yJIbTaThl O IpsMoil 3aa4de Kemepa. A uTo MoxKHO
CKa3aTh, €CJIM HUYEro 3TOTO MBI HE 3HAE€M, HO 3aTO PACIOJIATAeM OIPEIETCHHBIME CBe-
nenusimu 06 obparHoit 3anade Kemepa? (Eciu Mbl paccauTbiBaeM Ha SKBHBAJIEHTHOCTD
3TUX 33a/1a49, TO B KOHEYHOM C‘IéTe JOJIZKHO IIOJIYyYUTBCHA TO 2Ke caMO€, HO UHbIM HyTeM)

IIpexsie Bcero, 4To Telnepb MOHMMAThL 10J] dHeprueit? Tak Kak Tenepb yCKOpeHue
w = —(k1/r®)r/r (a o xoadbdunmente ki Mbl emE He BLIACHWIIM, COBIAJAET JIU OH
¢ k), poJib IOTEHIUAJIBHOM SHEPIUK JOJIKHA UIpaTh Besmunna —k1 /r. Kunernyeckas xe
9Heprusi, KOHEYHO, OCTASTCs MpeXKHel — CKOPOCTh KakK OblLIa V, TaK M OCTajach. MTak,
Tellepb Mbl Ha3bIBA€M SHepI‘I/Ieﬁ BeJ’[I/I(II/IHy9

2

oA

2 T
CoxpansieTcss I OHa IIPU JBUXKEHUSIX, PAcCMaTpHBaeMbIX B §§6, 7, 1 Kak OHa CBaA3aHA
¢ BeJIMYMHAMU, Xapakrepusyiomumvu opbuty? Hajo umers B Buy, 9TO Tenepb MbI 3a-
paHee He 3HAEM, HMEIOT JIM SKCIEHTPUCUTET U (POKAJIBHBIN mapaMerp Hamreil Kpusoit I’
TaKMe 3HAYEHUsl, KAKME MOXKHO HANTU HA OCHOBAHWM HAYAJBHBIX JAHHBIX, UCIOJIbL3YS
dopmysnsr u3 §6, noromy uro tu GopMmysbl ceifdac He gokasasbl. ([pyroe nemo — a;
MBI IIPOCTO B3sIM a, cooTBercrByioniee dopmyste (38), n mocrpomsu ' Kak HEKOTODBIi
3JuIANC ¢ GOJIBIIO# MoIyochio a.) [loaToMy BpeMeHHO JrydIle nucaTh He € U p (OCTaBIAsd
9TH 0603HAYEHUs Il BEJIMYMH, (DUIYPHPYIOMUX B NPEXKHUX (POpMyJiax, HAIPUMED, B
dopmynax (35) (B Koropoit dburypupyer Kakoe-To — Ternepb HenousaTHoe — vg) u (36)),
a e1 u p1. CoorBercrBenHO, Temepsb T = p1/(1 + e1 cos ), a dopmyssr (48) u (49) mHaxo
3alUCHIBATD TaK:

M —
w=_——=S"P, e
2b7
M2
k1= o (55)

DopMysly AJIsT W MOXKHO HCIIOJIB30BATH, YTOOBI BBIPA3UTh U = |W| 9€pe3 ¢ U mapaMeTpbl
3JLIUIICA: IPUMEHUB TeOpeMy KOCUHYCOB K Tpeyrosbauky AS’SP, nonyuaem

|S'P'|2 =|8'S|? + |SP'|2 — 2|S'S| - |SP'| cos £8'SP =
=4e2a? 4 442 + 8e1a - 2a cos p = 4a% (1 + €2 + 2e1 cos )

(3mecw ucnonbzosano, uro £S'SP = 180° — ¢). CraJo GbiTh,

2 M? 2 2 M? 2
=————4a“(1+e] +2e1cosp) = — (1 +e7 + 2ejcosp).
4at(1 — €2)? ( 1 1 ®) P ( 1 1 ®)

9Ho me 6ymem 3abbiBaTh U 0 mpeskHeit sneprun F = v2/2 — k/r. Mb1 Teneps «He 3Ha-
€M», COXpPaHSIeTCs JIM OHa IIPU JBUKEHUM, HO Mbl MCIIOJIb30Ba/Il 3Ha4YeHe ' B Ha4aJIbHbII
MOMEHT BPEMEHH, ITOOBI IPEANHICATh JINHY OOJIBIION IIOIyOCH SJUINICA d.
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Tenepbp MoxkHO HaiTu F1:

2 kl M2

v k1
Ei=——-—=—( 2 4114 2e;5cosp) — —(1+ ey cos ).
2 r 2p7 p1
M2k
Bauyty pasencts (55) MHOXHTEIM —5- U — DABHBI, U MOJIyYaeTCsl, 9TO
1 p1
k1
By = —(ef - 1),
2p1
a B MHTEpECYIOIIeM HaC cilydae, Korja ej # 1, aro naér rounstii anasor dgopmyist (38):
k1
Ei|=—.
|E1l 2a

Bamerum emg, uro ceifuac (korma I' —asumnc) ey < 1 u, 3naunt, Ey < 0.

A Tenepsb Jierko mosyuaercs, uro ki = k. Mbl ¢ camoro nauana B3aam a = k/(2|E|),

ryie E BoraucisieTcs no Haua IbHBIM JaHHBIM (U ¢ TOi KOHCTaHTO# k, KoTopasi (purypupyer
B MCXO/HOl TlocTanoBke 3ajsadu Kemsepa). C JApyroif CTOPOHBI, MbI YCTAHOBHJIM, YTO
a = k1/(2|E1]), rme E1 COOTBETCTByeT pacCMaTpHBaeMOMy IBM:KeHHIO no I'. Dto Ejp
MOKHO BBIYHUC/IATD B JI060H MOMEHT BpEMEHHM; Mbl BO3bMEM HAYAJILHBIH MOMEHT, KOTJIa

Puc. 75.

JBUKYINAsCS TOYKA 3aHUMAET IIOJIOZKe-
Hue Py ¢ pagmyc-BEKTOpOM r() W HMe-
er ckopoctb v(0) = v910. Yuuresas emg
3HAKH, IMEEM

k v?2 k1 v?2
|E|:7_707 |E1|:7_707
0 2 0 2
Lo 1B B
k ky
1 vg 1 Ug

o 2k 0 2k’
OTKyJla U sIBCTBYET, 9TO k = k1.
VYupaxnenue 8.2. Pazbepure ciyuait
E >0
Wrak, MBI CMOIIM JOKa3aTb yTBEp-
xaenue (51), 1 TeM caMbIM HaM OCTAJIOCh
y6eqUTBCs B CHPABEINBOCTA OOPATHOTO
ymozakiodenus (52). Ono e mmeer Ta-
KOO MCTOPUYECKOrO 3HAYEHUs ¥ IPUHIU-
nuajbHbIX cBsa3ell, kak (51), U s 03BOJIIO
cebe OBITH 371eCh HAMHOI'O 60JIee KPaTKUM.

Ham mamo, yro P aBuzkeTcss 1o KPHUBOH BTOporo mopsiaka I' ¢ dokycom S B co-
orsercrBun co II 3akonom Kemuepa, 3anuMas B MOMEHT BpeMeHu t mosioxkenue P(t)

_
¢ paguyc-BektopoM SP(t) =r(t) u mmes mpu sroMm ckopoctb v(t). Hac unrepecyer

YCKOpEHHEe 3TOI TOYKHU.

Pemenne HpﬂMOﬁ 3a1avu Kenﬂepa TeIlephb I1oApa3yMeBaeTCAd N3BECTHBIM. CraJjio 6I>ITI>,
MBI 3Ha€eM, 9TO IIpn moboM k MaTepuaJibHasd TOYKa Q, KOTOpasd ABUXKETCA B IIEHTPAJIbBHOM
IoJie BUJa 7(k1"2)1‘/1" 1 KOTOopad 3aHUMaeT B Ha4YaJIbHbIII MOMEHT BpEMEHHU II0JIOZKEeHUEe

10He myraiire 310 Vo C Vo U3 §6.

1 Yem 310 yrpaskHeHne oTIHYAeTCa OT yHpaskHeHns 8.17
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Q(0) = P(0) (r.e. To ke mosozkeHue, 4yTo u P) u umeer npu sToM ckopoctsb v (0), Gyzer
JIBUTATBHCsI 10 HEKOTOPO# KpUBO# BTOoporo nopsijika I'1 ¢ dpokycom B S. [1pu pasnmuyubix k
[OJIY9aI0TCsl Pa3JMdHble KpuBble 1'1; Bce onn npoxoiar depe3 P(0) m kacaiorca B 9TOi
Touke Bekropa v(0). (Ha puc. 75 nzobpaskeHbl YeTbipe Takue KpuBble I'1 — aBa sJumIica,
IIyHKTHPHAas Hapadosa u runepbosa. Yepes L obo3HadeHa JHHHUS JEHCTBUS BEKTOPa Vo,
ABJIAIONIASACA KacaTeJIbHOl Ko BceM ['1, uepes M — npoxonsmas depes P(0) npsimas,
obpasyromas ¢ L Tor ke yrou, uro nu SP(0). Dmmncel n runepGosibl MOy 9aloTCs IPH
Pa3IMYHBIX PACHOJIOXKeHUsAX Broporo dokyca Ha M. JlupekTprca napabosibl HepIleHy-
kynsipaa M un orcrout ot P(0) Ha paccrosiame, pasaoe |SP(0)|.) Mbr non6epém takoe k,
uyTo KpuBas I'1 okaxkercs coBnagaomeit ¢ I'. B rakoMm cityvae npu Bcex t 6yaer BbIIOJI-
HATbCA paseHCTBO Q(¢) = P(t) (mouemy?); clemoBaTenbHO, yCKOpeHHWe Hameid Toukm P
JIOJZKHO GyJIeT COBNAJAThL C YCKOPEHHeM TOYKH (), a O MOCJEIHeM MbI 3HAeM!2, 4To OHO
HAIpAaBJIeHO K S M 06PATHO MPOTOPIHOHAIBHO T2,

HebGospmass xurpocts 3ameTHO obsierdaer moaoop k. Bo Bpemsi cBoero gBukenmst
no I" rouka P(t) B KaKOH-TO MOMEHT BPEMEHHU IIPOXOJUT Yepe3 mepurenuil (GnmKaiiryo
K S TouKy opburbl). BOT 3TOT-TO MOMEHT MBI M IPUMEM 3a HAYaJIbHBIHA.

12IIpu 6osbIIOM MEeJaHTH3ME MOXKHO IIPHAPATHCA K TOMY, UTO B 9TOM PACCYy’KICHHH
OJIPa3yMEBAETCS CAMO CODOM Pa3yMEIOIIUMCs, 9TO MPU MPEIMNCAHHBIX HAYAJIBHBIX JaH-
ubix (r(0), v(0)) cymecrByeT pentenue BekTopHOro quddepennuansaoro ypasaenus (50)
C 9TUMH HAYAJbHBIMU JaHHBIMHA. JloKasbiBast yTepxkaenue (51), Mbl 3a0H0 y6eumnch,
YTO 3TO TaK, HO ceiivuac NpaBUJia UIPbl M3MEHWINCh, U MBI «HE 3HAE€M» TOrO, YTO 3Ha-
sm torga. (B §§5, 6 Mbl joKazamu, 9TO €CM pelleHne CyIecTByeT, TO OHO olbsajaer
OHpeﬂeﬂéHHbIMI/I CBOI‘/JICTBB,MI/I7 HO BJPYT' Hallla <«MaTeMaThu4deCKas MOeJib» HaCTOJBKO
HECOCTOATENIbHA, UTO TAKOro penteHus He cyiecrByer?) Cefiuac Mbl MOXKEM ONPAB/BIBATD
9TO MOJIYAJINBO IIPHHSITOE IIPEANIOJIOXKEHNE CCBLIKON JIuO0 Ha (PU3UTECKYIO HHTYHUIIUIO
(moskHa ke Touka (), NOMEIISHHAsA B yKasaHHOE II0Je, KAaK-TO JBUTATHCHA, KAKUMU
6Bl HU ObLIN €€ HadaJIbHOE IIOJIOKEHHWE M CKOPOCTh!), 1ubo Ha HeKyro OOILyIo TeopeMy
o muddepeHIaIbHbIX yPaBHEHHUAX, KOTOPYIO s Jaxke He Oyay dopmysnuposaTs. Ilepsoe
MHTYUTHUBHO yOEIUTEIHLHO, HO HE CTOJIb y?K OE3yKOPHU3HEHHO C IHUCTO MAaTEMaTHIECKOI
TOUKM 3peHus. Bropoe ¢ 3Toif TOYKM 3peHusi Ge3yKOPU3HEHHO, €CJIM YUTATE/b TOTOB
[IOBEPUTH aBTOPY Ha CJIOBO, a C (PUBUYECKON TOUKU 3PEHUS, BEPOATHO, U3JIUIITHE.

Komeuno, B pusnke u Apyrux Haykax, UCIOIL3YOMINX MAaTEMATHKY, JAJIEKO HE BCEra
JIOKa3bIBAIOT CYyIECTBOBAHME DACCMATPHBAEMBIX OOBEKTOB (CKakeM, pemteHuil nudde-
PeHIMANBHBIX ypaBHeHHit). Ho B 9uCTOl MaTeMaTHKe HaZ0 JOKA3bIBATE BCE.

B cBs3u ¢ 9THM yKaxKy 3a0aBHBINA IPUMEDP, KOTOPLIH 110 APYTrOMY [IOBOJLY IIPUBE HEMEII-
kuit maremaruk O. ITeppon (1880—1975) 1 KOTOPBIi B IPOTECKHOM CTHUJIE JJEMOHCTPHUPYET,
YTO €CJIM, HUUTOXKE CYMHSIIECs, IOIPa3yMeBaTh KaK JOCTOBEPHBIN (DAKT CyIIeCTBOBaHUE
HEKOTOPOro 00beKkTa (XOTsl Ha CAaMOM JieJle TAKOBOTO MOXKeT He OBbITh), TO MOXKHO IPUATH
K HEBEPHBIM BBIBOJAaM.

«Teopemay: eMHUIA SABJISAETCA CAMBIM GOJIBINMM HATYPAJIBHBIM (T. €. MOJOXKUTEIbHBIM
LEJIBIM) IHCIIOM. «JlOKa3aTeNbCTBO» : yCTh N — HAMOOJIbIIIEe HATYpaJIbHOE Iucio. Torna
n? Toxke HATypaJbHOE UHCJIO, M IIOTOMY OHO He IpesocxomuT n. Orcioma n — n? >0,
n(l—n) >0, u pas3 n >0, To monywaerca, aro 1 —n >0, n < 1. Ho n He Mmoxer
OBITH MEHBINIE EIWHUIILI, 3HAYUT, N = 1, 9TO U TPebOBAJIOCH MI0Ka3aThb. PaccyKieHue
nocsie cimoBa «Tormas CTOb MPOCTO, 9TO OMUOUTHCA B HEM Herge. OmmbKka COmepKUTCs
B mepBoit dpasze: «Ilycrs n — Hanbosblree HaTypajbHOE THUCIO», KOTOPasl COBMEIIAET
B cebe (HE BBIIEJIIEHHOE SIBHO) YTBEPXKIEHHE, UTO CPEIU HATYDAJILHBIX UHCEJ MMEETCs
HanboJIbIee, 1 0003HAYEHNE JJIsi STOTO YHCja. [[eppoH HAPOUYHO OTPeIaKTUPOBaJ hpasy
TaK, YTOOBI «COMHUTEIHLHOE» yTBEPKJIEHNE MAaCKUPOBAJIOCH HEBHHHBIM COIJIAIIIEHUEM OO
0003HAYEHUSIX U YTOOBI B TO K€ BPEMsl 9Ta «XUTPOCTb» OblLIa IINTa OEJIBIMUA HUTKAMH.
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Ecnu nana xpusas Broporo nopsiiika [', To uzBecTeH (pOKaJILHBINA MapaMerp p, a 1o
HAYaJIbHBIM JAaHHBIM Bblumcisiercss MomeHT M. [lpu aBuzKkeHun Touku () COTJIaCHO ypas-
uenuio (50) op6ura I'1 Gymer HEKOTOPBIM KOHMYECKHM cedeHueM 11, (okaibHbIH napa-
meTp KoTtoporo p1 = M? /k (cm. (36); a1 ceituac Hamucas pi, IOTOMY UTO B OBIIEM CiTydae,
[IpY IPOU3BOJIBHOM K, 9TO p1 MoxKeT orimdarscs or p). Ho ecim I'y =T, To, B wacTHOCTH,
p1 = p. 3naunT, Koabdurment k Hano B3ATH pasubM M2 /p.

Jamnbiie HAAO OTHAEIBHO PACCMATPUBATH CIyYauW JUIMICA, MapaboJIbl M TUNEPOOJIB.
Bropoit u3 Hux, Kak 00bI4YHO, OKa3bIBaeTcs mpoine. PaBencrso 'y =T 6yner obecneye-
HO, ecsin ['7 — mapaboJia, TIOTOMY YTO MMeEEeTCsl TOJIBKO OjHa mapabosa ¢ dokycom S,
npoxozsAmas yepes Touky P(0) u xacaomasca tam v(0)13) a Mexmy Tem m mcxommas
napabosa I', u Bcmomorarenpuasi opbura I'y mmenno takosel. Kpusas I'y — mapaboia,
eciu E = 0. IIposepum, uTo npu HamreM Bbibope k Tak u Gymer.

Touka P(0) — nepurenuii, T. e. Bepiuna napabosbl. Paccrosinue rg or S 70 BepIInHbI
pasHO p/2, a ckopocts v(0) nepnenguxynsipaa SP(0); crano GBITh, IPUIENbHBIA Tapa-
MeTp COBIIQJIAET C T U Toxke pased p/2. Orciona M = pv(0)/2,

oo M2 _ (0(O0)p)? _ pv?(0)
B p o 4p o4
k  pu?(0)2  v2(0)
ro 4 p 2

)

u sicio, yro E =0.
B cayuae ssummnca I' npu npoxoxieHun Touku P dyepe3 mepurenii Mbl IMEeM COOT-

HOIIIEHUsA
ho=ro=a—c=a(l —e),
Tax 4To
M2 2(0)a2(1 — )2 1—
M=vOa(l—¢), k= _vOd0=e g Loe
D a(l —e2) 1+e
k 1- 1 20
— =v2%(0)a < :U(),
0 l1+ea(l—e) 1+e

v2(0)  ©%(0) e—1 2(0)
— = v .
2 1+e 2(1+e)
(B oTOM BBIYHCIEHMHM MBI HE HCIIOJIb30BAJU HUKAKUAX JAHHBIX O ['1, a Toiabko o I'.)
Orcrofa BUAHO, Ipex/e Bcero, 9ro 'y Toxke siummnc (pa3 e < 1, to E < 0). Teneps u3
dopmyssr (38) nmosygaercsi, 9To JuMHA GOJIBIION TIOJIYOCH @] STOrO SJIAICA BBIYUCIISIETCS
o dopmye

F=

= K2 ()elme (v (0)
2|E| 1+4+e 1—e
Paz y I u I'y coBmamaror m giuHBI OOJIBIIMX IOJIyoceil, M (DOKaJbHBIE ITapaMeTpbl, TO
COBIIQJIAIOT M SKCIEHTPUCUTETHI, a TakxKe JumHbl b u c. [lockosbky Oukaiimas K S
Bepmuna sssmnca P(0) jexuT Ha riasHoi ocu, paccrosuue ot S’ no P(0) pasHo a + c.
WMupmvu caoBamu, Bropoit ¢okyc ssmmica 'y coBmagaer co BTopbiM GoKycoM asutumca .
W pa3 aymuHbI IVIaBHBIX IIOJIyOCedl y HUX OguHAKoOBBI, TO 'y =T,
VYupaxkuenue 8.3. Paccmorpure cirywail rumep6osibt.

13Mer B 5TOM yGemmIHCh, KOTZa TOBOPHIM O pelreHun auddepeHuaibsHoro ypas-
meHns (50) ¢ 3aJaHHBIMU HavJalbHBIMH JAHHBIMH. B JaHHOM Cilydae BCE CBOLUTCS
K IIPOCTOMY I'€OMETPHUYECKOMY PAaCCY?K/IEHUIO U He CBSI3aHO HEIIOCPEJICTBEHHO HU C yTBEP-
xknenuneM (51), Hu ¢ yreepxzaenuem (52).
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OTa KHMXKKA ITOCBSIIIEHA B OCHOBHOM COOBITHSIM B HAyKe, MPOUCXOJIUB-
muM B XVII Beke. Ho, kak 910 ObIBaeT B HEKOTOPBIX MHECAX, OCHOBHOMY
IEeMCTBAIO MOYXKHO OBLIO OBl IPEIIOCTIATh BCTYIUTEIbHBIA aKT, TOCBSAIIEH-
HBIIl COOBITHSIM, TTPOUCXOIUBIINM 10 TOrO. TOJIBKO y HAC TOT aKT BBIHECEH
B [IPUJIOZKEHUE.

OuenHb 1aBHO — BEPOSITHO, €INE B JIOUCTOPUYIECKYIO SIOXY, — JIIOJIU 3aMe-
TUIU, 9TO HEDOCBOJ, BPAIAETCs, Jiejiast OMUH 000POT 3a OJIHUA CYTKU, U ITO
OTHOCHUTEJIbHOE PACIIOJIOXKEHUE GOJIBIMMHCTBA CBeTHII (00IIas KapTUHA CO-
3BE3/Mil) IPU HTOM HE MEHSIeTCs, HO YTO €CTh HECKOJIbKO MCKIIIOIUTEIbHBIX
CBETHUJI, KOTOPbIE ITOMUMO Y4YacCTUsl B ODIEM BPAIEHUN HMEIOT eIl CBOE
cOOCTBEHHOE JBUKeHUE, bosee MeJIEHHOe, HO BIIOJIHE 3aMeTHOe Oyarogapst
TOMY, UTO 33 HECKOJIBKO JTHEH CTAHOBUTCS 3aMETHBIM U3MEHEHUE ITOJIOKEHUST
9THUX CBETUJ OTHOCUTEIHLHO OCTAIbHBIX. Takux ceerus cemb: Cosrre, JlyHa
U emig IIsiTh, KOTOPbIE MBI Telleph Ha3bIBaeM Iianeramu, — Mepkypuii, Bene-
pa, Mapc, FOnurep, Carypn. CiioBo «Ij1aHeTa» Ha JPEBHEIPEUECKOM S3BIKE
o3HaYAeT «OIIyK/IAIOIIAsl 3BE3/1a», I0ITOMY JPEBHIE aCTPOHOMBI (y2Ke B MC-
TopruecKyo 310xy) npuauncisiiin Courie u JIyHy, KoTopble TOXKe «6IIy2K1a-
10T» (Cpeli «HEMOABUKHBIX 3BE311» ), K «ILIAHETAM», XOTs, KOHEYHO, OHU HE
Xy2Ke HaC 3HaJIM, 9TO CBOUME pazMepamu u sipkocTbio Cosariie u JIyHna pesko
OTJIMYAIOTCS OT BCEX OCTAJBHBIX CBETUI. J[JIst IpeBHUX acCTPOHOMOB IJIaBHASI
3aj[a4a COCTOsLIa B ONMCAHWY JIBUKEHUs] HEOECHBIX CBETHUJI, 8 B 9TOM OTHO-
menwnn st Costana u JIyHbI BOBHUKAJIM TPUMEPHO TaKWe YKe TPYIHOCTH,
Kak U JJIF IETH HACTOAMNX Imamer!. KeTarn, oTamdme IpyTUX MIaHeT OT
3BE3/1 TOXKE HE CBOJUTCS K MX JIBUKEHUIO: 3BE3/BI MEPIIAIOT, a IIJIAHETHI HET;
SIPKOCTD 3BE3/T MIOCTOSTHHA, & TIJIAHET — HeT.

Ha camom gesre mociiesiHee He coBceM BepHO. Bo-1epBbIX, MHOTJA Ha
KOPOTKHUI CPOK Ha Hebe TOSIBJISIIOTCSI «HOBBIE 3BE3JIbI», KOTOPBIE 3aTE€M HUC-
qe3aioT. CpelHeBEKOBbIe apabbl MPUIyMAJIH KPACHBOE OObLSICHEHUE ITOMY
deHoMeHy: TbABOJ, 3aBUIYsI OOTY, TBITAETCS CO3/aTh cebe CBOIO COOCTBEH-
HYIO 3BE3/y, HO y HEro 4To-TO HE MOJIy9IaeTCs — 3BE3/1a MOCBETUT U MOTac-
HeT. BO-BTOPBIX, UMEIOTCSI IIEpEeMEeHHbIE 3BE3/IbI, KOTOPhIE CBETSIT TO sIpUe,
To Tyckiee. Ilepyro takyio 3esny (0 Ilepcesi, T.e. BrOpast 10 SIPKOCTH
3BE37]a B 9TOM CO3BE3JMU) OTKPLLIU apalbl, CBA3ABINUE €6 C YIOMSHY-
TBIM BBIIE OTPUNIATEIHHBIM MMEPCOHAYKEM, OTKYyJa U €€ Jpyroe Ha3BaHUE

1Beast B 9TOM NPUIOYKEHHH Pedb O JpEBHell acTPOHOMUH, s Gy/ly TOBOPHTH (TOUHee,
[IMCATDH) «IJIAHETHI» (B KABBIYKaX ), KO 5, KAK 1 ACTPOHOMBI TOI'O BPEMEHHU, IPUIUCIISIIO
Comnnne n Jlyny k umciy muiaHeT, u miaHersl (6e3 KaBbIUEK), KOTZA IOAPA3yMEBAETCS
5 HACTOAIUX IJIAHET. B Ipyrux Mecrax KHUTH <«IJIAHET» HeT — nocie Konepauka Heab3s
6610 He ornmvaTh CosHne u JlyHy (Kak CIyTHHK 3€MiM) OT ISTH IVIAHET.
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«AJrosiby — eBporen3npoBanioe «ib-I'yiiby, AbIBOI. DTH 3BE3JBI XOTH
BCE-TaKM OCTAIOTCS Ha CBOUX MECTaX, HO, B-TPETbUX, BpeMs OT BpEMEHHU Ha
Hebe TOSIBJISIIOTCST OOBEKTHI, COBCEM HE IOXOXKME Ha, OCTAJIbHOE: TPOHOCITCS
naJiaronue 386376l U UHOTIA — 0oJiee sIpKue GOJIHUJIbI; TTOPOH HOSBIISTIOTCS
KOMeThl. UnTaresib, BEPOATHO, 3HAET, UYTO MO YACTH HOBBIX U MMEPEMEHHBIX
3BE3/ IbSABOJ JABHO PEADMINTUPOBAH M YTO JIOOOI M3 HA3BAHHBIX 00BHEK-
TOB 3aciyzKuBaeT ocoboro pazrosopa. Ho 9To ne orHOCHTCS K Halneil Teme
U He MEHsIeT OTMEUYEHHDIX BBIIIE PA3INIMil MEXKIY <«ILIAHETAMU» (BKJIIOYAST
CouHIle, KOTOPOE Ha CaMOM JeJle SIBJISIETCs JIOBOJIBHO TUINYHON 3BE37101)
U <HEIOJBUKHBIMU 3BE37aMu» (KOTOPbIE HA CAMOM JIEJIe BCE-TAKK HE COBCEM
HENOJBIKHBI, cM. Hizke). Tem GoJiee YTO JIpeBHUE I'DEKH, K KOTOPBIM MbI
ceifyac 0OpaTHMCs, COMHEBAJINCH B «HEOECHON MPUHAJIEXKHOCTH» TAIAI0-
IUX 3BE3JL U KOMET, a O IePeMEHHBIX 3BE3/1aX He 3HAJINZ.

OfHUM U3 TEPBBIX HAYYHBIX JOCTHKEHUN JIPEBHUX I'DEKOB OBLIO OT-
KpbITHE IapoobpasHocTn 3emun, npunuckiaemoe ITudaropy (ox. 580—
500 o H.3.). DTO OTPA3UIIOCH U HA IIPEJICTABIECHUIX O HEGOCBOIE, KOTOPBIi
PaHbIle CUNTAJICA Jallell, ONPOKNHYTOU Ha/l IMIIOCKONA SeMJIéfIS, Telephb XKe
€ro CTaJIl pacCCMATPUBATH KaK HeGeCHYI0 cdepy € IIEHTPOM B TIEHTPE 3eMJIH.
B coBpemeHHOIl acTpOHOMHM TOXKe TOBOPSAT O HebecHOI cdepe — KoHed-

23aro omma HOBas 3BE37IA, MO JIONIEITHM JIO HAC CBEJICHUSM, OKA3aja HayKe HeMa-
JIyIO YCJIyry: OHa TOOy/ijia BEJIMKOIO JIPEBHErpeYecKOro acrpoHoma ['ummapxa (0Koso
150 r. 10 H.3.) COCTABUTH KATAJIOr 3BE3J, Jabbl B JaJIbHEHIEeM NPU IOABJIEHUH HOBOM
3Be31bI MOXKHO OBLJIO IIPOBEPUTH, NEHCTBUTEILHO JIM €€ paHbIle He ObLIO. DTO, II0-BHUIH-
MOMy, GBI IIEPBLIit OoJlee UIHM MEHEe CUCTEMATUYIECKHI KaTaJIoT, XOTs KOOPIHHATHI PALa
3BE3/1 ONPENEISINCh U PaHBbIIIE.

Teneps Mbr 3HaeMm, uro ['mnmapx HabmOmasa Tak Ha3bIBAEMYIO CBEPXHOBYIO 3BE3.Y,
IIpX BCIIBIIIKE KOTOPOi — COOCTBEHHO, HE BCIIBIIIKE, a B3PBIBE, — U3JIyIAETCs B MHJLIMOH
pa3 GoJibllle SHEPrUU, YeM IIPU BCIBIIIKE OOBIYHON HOBON 3Be3/bl, & TO U 0OJiee TOro.
ITosromy ¢ 3emuin MOryT GBITH BHIHBI CBEPXHOBBIE, B3OPBABIINECS B JIIOOOI YacTu HalIel
lamakTuku, ecam TONMBKO STOMY HE MeEIIAaeT IOIVIOIIEHWE CBeTa B MEXK3BE3LHOU cpefe,
0CODEHHO B ra30IBLIEBbIX obJjiakax. HecKoIbKO OIPYyTrux «HOBBIX» 3BE3J, HAOJIIONABIINXCS
B JIPEBHOCTH U B CPEJHHUE BEKa, TOXKEe OBLIM CBEPXHOBLIMU. Bce OHM HaXOIMINCH HAMHOIO
Jajblle OOBIYHBIX HOBBIX M BCE K€ Ka3ajHCh sIpUYe — UX OBLIO BHIHO garke THEM; OHU
HaMHOTO JIOJIbIIIE, €M OOBIYHbIE HOBBIE, OCTABAJIUCH JOCTATOYHO SPKHMU, YTOOBI Ha HUX
Moryix o6paruTs BanManue. Ho nmocse 'unmapxa Tosreko B 1572 r. B ['asmakTuke BCubIxHy1a
CBEPXHOBasi, KOTOpasi Cpa3y »Ke [IPUHEC/a [oJb3y Hayke, cM. npusoxenue 11. (51 rosopro
0 TI0JIb3e, IPUHECEHHOM Ccpa3y »Ke, IOTOMY YTO B HAIIU JHU, KOIa HAYIMINCH OOHADYKU-
BaTbh OCTATKM CBEPXHOBBIX 3BE3J, CTADHHHBIE 3AIIMCU CTAJU IPUHOCUTH IOJIb3Y, IOMOTast
YTOYHUTH BPEMs U HEKOTOPBIE XapaKTEPUCTUKU B3PBHIBA — IIPOIOJIKUTEILHOCTD IIEPHOA,
KOrJja 3Be3/a Oblja BHAHA JHEM, & 3aTeM KOrJa OHA emlé ObLIa BHIHA HOYLIO, APKOCTD,
KOTOPYIO OOBITHO CPABHUBAJIH C IPKOCTBIO APYTHX 3BE3] U IIJIAHET, I[BET, KOTOPLI OOBIMHO
MEHSIJICSI CO BPEMEHEM. )

3Takux MpeNCTaBIeHHUil TPHUIEPIKUBAIACH BIIOJHE KYJILTYDHbIE HAPOJLI, HAIPHMED
IpeBHEE erunTsiHe, nojarasimue, 9ro COJIHIfe 0 HOYaM IIPOXOIUT IOof 3eMJIEH ¢ 3amana
Ha BOCTOK, IPUIEM ITO IIOA3EMHOE IIyTEIIEeCTBHE SBJISCTCA TPYAHBIM U OIACHBIM — IIPU-
XOJUTCSI CParKaTbCsl C MOA3EMHBIMU TyTOBUIIIAMU.
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HO, UMesl B BHUJIy HE XPYCTAJbHYIO cdepy, HA KOTOPOIi IPEBHUE pa3Mela-
Jm 3BE31BI, a BooOpaxKkaeMyio cdepy OUeHb OOIBIIOro pajuyca ¢ IMEHTPOM
B neHTpe 3emuin. Pajimyc cToJb BeJIMK, YTO HAIIPABJIEHUs] HA JIFOOYIO TOUKY
910l cephl U3 JiToOO TOYKN 3eMJIU MPaKTUIECKU OJUHAKOBBI. JTa cde-
pa Hy»KHa JIJIsI TOrO, 9TOObI XapaKTepU30BaTh HAIPABJIEHUS Ha HeOeCHbIe
06bekThl. (Bosiee abecTpakTHO MOYKHO CKa3aTh, YTO COBPEMEHHAs HeOecHast
cdepa —3TO KaK pa3d «cdepa HalpaBIeHHil», HO 1 He OyAy YTOUYHATH ITY
mbIcib). Kak u Ha 3emite, mosozkeHne Toukn Ha HeGecHOM cdepe xapakre-
pu3yercst eé KOOpAMHATAME (CM. HIKeE).

3emJist BpalliaeTcst BOKPYT CBO€il OCH, TPUIEM TPAKTUIECKH PABHOMEDHO
(neGosiblliie HEPABHOMEPHOCTHU B €€ BpAIlleHUU ObLIM OOHADYYKEHBI TOJHKO
okosio 1900 r.; cm. [44]; nust Hac onu HecymecrBennbl). Ham ke Kaxkercs,
4TO 3eMJIsl HENOJIBIMXKHA, & Bpalnaercs nebecHast cdepa BMECTe CO BCEMHU
HebecHbIMU cBeTrIaMu. OHa BpalaeTcs BOKPYT HEBUIMMOI OCH, HAIIpaBJIe-
HUEe KOTOPOI, KOHEYHO, €CTh IPOCTO HAIIPABJIEHUE 3eMHOU OCH U KOTOPYIO
HA3bIBAIOT «OCHI0 MUPa» — HU MaJjio, HI MHOTO, KakK Bcero mupa! B crapuny
9TO HA3BAHWE MTOHUMAJIA OYKBAJBHO, & Teleph yIOTPEOIISIIOT Kak JIaHb Tpa-
nunuu. Och Mupa nepecekaer HebecHYIO cepy B IBYX MOJIOCAX («II0JIIOCa
mupas ). CeBepHBIi II0JIFOC PACIIONOXKEH OKOJIO XOPOIIo u3BecTHOH [lossip-
HOIi 3Be3/IbI, a IOXKHBIN HaM, xkuressim Poccun, we Buges. (Ho u tam, e
OH JIOJIZKEeH OBITh BUJIEH, YKA3aTh €0 MOJIOXKEHUe Tpy/IHee, HHO0 OKOJIO HErO
HUKAKOI 3aMeTHOM 3Be37pbl HeT.) Bpainenue HebecHON chepbl IPOUCXOIUT
B HAIPaBJIEHMU C BOCTOKa Ha 3anaj. (BupodeMm, 310 cka3aHo He coBceM
touno. C BOCTOKa Ha 3aIaj] JBUKETCs OOJIBITHHCTBO 3BE3/I, HO BO3JIE I10-
JIFOCa, KaK BCerja IPU BPAIEHNN BOKPYT HEKOTOPOTO IIEHTPA, HAIIPABJICHUST
JIBUKEHUST PA3JIMYHBIX 3BE3]1 PA3JIMYHBI U YaCTh UX JBUXKETCS C 3alajia Ha
BOCTOK.) 3BE3/IBI HEIIOIBUKHBI OTHOCHTEIHHO HebecHoit cdepsr. (Tak cumra-
JIoch ¢ apeBHOocTH 70 1718 1. Ha camom meste 3BE31bI IBUTAIOTCS B TIPOCTPAH-
CTBE U B PE3YJIbTATE ¥ Psijia 3BE3/1, KOTOPBIE HE CIIUINKOM JaJeKN OT HAC, y/ia-
JIOCh OOHAPYXKUTH UX COOCTBEHHOE JBUXKEHNE 110 HebecHOil cpepe. Buepsoie
a10 cuenad B 1718 r. 9. Tasueit (1656—1742), 0 KOTOpOM IMpOKast MyOarKa
B HAIU JHU 3HAET M0 TON MPUYMHE, 9TO OH JOTAJIAJICS O MEPUOMIECKUX
BO3BPAIICHNSAX KOMETHI, Ha3blBaeMoil Temepb ero mmenem?. CoGersennoe
JIBUYKEHUE 3BE3]T OUEHb MeJIJIEHHOE — U3MEepSIeTCsl CeKyHaaMu B To1; Lasei
OOHAPYKWJI €ro, COIOCTAB/IsIsl HOBbIE JIAHHBIE O IOJIOXKEHUU THUX 3BE3]T HA
HebecHOi cdepe ¢ IpeBHerpevdecKnMn, a onHa 3Be37a — Cupuyc — 3aMeTHO
CMECTHJIACh JTaKe CO CPABHUTEILHO HeJaBHUX BpeMéHn Tuxo ne Bpare, o ko-
TopoMm cM. B npuioxkennn 1. Ecam TogHOCTH ApeBHErpevecKnX KaTaJoroB

4STO M, KCTaTU, aHIVINYaHe IIPOU3HOCAT KaK «Xannuy. 3menuTs PYCCKOIO TpaH-
CKPHUIIIUIO UMEHH aCTpOHOMa 6b1I0 OBI BO3MO2KHO, HO €JIBa JIK MOX>KHO HU3MEHUTH TpaH-
CKPUIIITUIO HA3BAHUA KOMETHI.
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elé MOIJIa BBI3BIBATH COMHEHHUs, TO y»K B TOYHOCTH HabsromeHuit Tuxo
comHennii He OpuI0.) «Ilmanersr» ke (Britouas Cosane u JIyHy) Kak 6bl
[TOJI3AT0T 110 ITOH Bpararoeiics cdepe, 970 MOYKHO 3aMETUTD 38 HECKOJIBKO
JIHEN [0 M3MEHEHWIO WX IOJIOXKEHWs] OTHOCUTETHHO HENOJBUYKHBIX 3BE3.
3ajia4a, KOTOPYIO yKe B JPEBHOCTU CTABUJIM IE€peJt, cO00M aCTPOHOMBI, CO-
CTOUT B ONUCAHWY 3TOIO JIBUYKEHUS, IPUIEM HE TOJIHBKO KAIeCTBEHHOM, HO
u KoJimdecTBeHHOM. [lOoCKOJIBKY Ha HebecHOI cdepe UMEITCsT KOOPIUHATHI
(cM. HEKE), MOXKHO CIIPOCUTH, KAKHe KOODJIMHATHI OyJeT UMETh, CKarKeM,
FOnurep poBHO Yepes rojt ocje Toro MOMEHTa, KOTJIa MHUIITY TCS 9TH CTPOKH.

Hwuke pajiu IOJHOTHI 1 KOHKPETHOCTH OMUCHIBAETCS OJHA U3 YIIOTPEO-
JISTFOIIIUXCsT B aCTPOHOMHUHU CHCTEM KOODJMHAT Ha HebecHOi cdepe, XoTs
HAJI0 CKa3aTh, UTO ITO HE CBA3AHO HEMOCPEJICTBEHHO C HAIIell OCHOBHOMN
TEMOI — BBIBOJIOM 3aKOHOB Keriepa. 3aTo Ipu 9TOM IIPeJICTABUTCS CJIydaii
cKa3aTh 00 OJHOM U3 KPYIHEHINX aCTPOHOMUYIECKUX OTKPBITHI JIPEBHO-
CTU — TIPEJIBAPEHUN DABHOJEHCTBUIL. B TO Ke BpeMsi MOHATHO, YTO €CJIU
BBIBOJ[ 3aKOHOB Keriepa 3 3aKOHOB MEXaHUKH He TPEOyeT HCIOJIb30Ba-
HUsI KOOPJAMHAT Ha HeDecHON cdepe, To oOpallleHre K HUM Hen30€KHO IpH
mepexojie OT JIBUKEHWs IJIaHeThl 10 3akoHaM Kerepa K €€ BUIUMOMY
mepeMerennio Mo HebecHoil cdepe. DTo UNCTO MaTeMaTHUECKas 33129,
KOTOPOU MBI He Oy/IeM 3aHMMATbCsl, HO KOTOPYIO OBbLIT BBIHYXKJIEH DEIlaTh
yxke cam Kermep.

[Ipoekrnst 3eMHOTO 9KBaTOpPa HA HEOECHYIO CEpy HA3ZBIBACTCS IKBATO-
poM HebecHol cdepbl mwian HebecHbIM KBaTopoM. OH sIBJIsieTcst OOJIBIIIM
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KDPYTOM 3T0i cepsl®, PABHOOTCTOAITAM OT €€ TIOMI0COB. IIpOeKIIns 3eMHOM
opbuThl Ha HEGeCHYIO cepy Ha3bIBAETCH SKJIUITUKON. DTO OMuH U3 0O0JIhb-
MUX KPYTOB 3T0i cephl (OH MOTyuaeTcst Kak eé mepecevderne ¢ mpoXo el
Yepe3 e€ IEHTP IIOCKOCTBIO 3eMHON op6uTel). C 3emun KaXkercsi, 4TO 110
SKJIUITUKE ¢ BOCTOKA Ha 3ama jasukercs CosHIe, neast oJuH 060poT 3a
roji. MI3-3a aroro apmxkenus CoJTHIA Mbl BUJUM 110 HOYAM PAa3HbIE CO3BE3IH
JIETOM ¥ 3UMOI: pa3 JeToM u 3uMoit osozkenne Costaiia Ha HebecHOM cdepe
OBbIBaET JUAMETPAJIBHO IPOTUBOIIOJIOXKHBIM, TO CO3BE3IHs, OKA3bIBAIOIIIEC ST
HaJT TOPU30HTOM, Korya COJIHIIE 0] TOPU30HTOM, — MMEHHO UX MBI U BUJIAM
HOYBIO, — OKA3BbIBAIOTCSI PA3JIMYHBIMU. DKJIUNTUKA HE COBIIAJIAET C JKBa-
TOPOM; 9THU ABa OOJILINMNX KPyTra MEPECEKAIOTCS IOJ yIJIOM mpuMmepHo 23°
B [IBYX JUAMETDPAJILHO IIPOTHBOIOJIOXKHBIX TOYKAX, HA3BIBAEMBIX TOYKAME
BECEHHEI'0 U OCEHHEro paBHOJIeHCTBUil. HasBaHMe cBsI3aHO C T€M, 9TO, KOTJIa
CoJiHIle TPOXOJIUT Yepe3 TOYKY PABHOIEHCTBUS, IMPOIOJZKUTEILHOCTD JIHSI
BCIOJIy Ha 3eMJIe JIOJI?KHA TOYHO PABHATHCS IIPOJIOJIKUTEIbHOCTH HOUn. Ha
CaMOM JIeJie 9TO He COBCEM TaK M3-3a IIPEJOMJICHUS JIydeil CBeTa B 3€MHOIM
armocdepe (armocdepHoil pedpakiyn); eHb MOJYYAETCs HA HECKOJIBKO
MuHyT JumuaHee. O6 9TOM 3HAJM €IMIE JIpeBHUE T'PEKH, 10 KpaifHeir mepe
[Trosiemeii, Koropsriit kun Bo II B. H.3. U HA KOTOPOM UCTOPHS AHTUYIHOM
aCTPOHOMUU MPAKTUIECKU 3aBepinaercss. Ho Mbl He OyJieM NpUHUMATH pe-
dpaknuo Bo BHUMaHUe. X0oTs BuauMbIil myTh Costaiia mo nebecHoit cdepe
U3BECTEH, ¢ onucanueM JiBrKeHns COJTHIIA BOZHUKAIOT MTPOOJIEMBI, TIOTOMY
9TO OHO HE COBCEM DPABHOMEDHOE: OCEHbIO W 3uMMOil oHO ObIcTpee. Becma
1 J1eTo (0T TOYKU BECEHHETO PaBHOJIEHCTBHs K TOUKe OCeHHero) — 186 jHei,
oceHb U 3uMa — 179. DTa HEPABHOMEPHOCTH OTPAXKAET TOT (PAKT, UTO 3eMJIsd
JIBUZKETCS 0 SJUINIICY C HepaBHOMEpHOU ckopocrhio. Korma ona 6Jimxke
k Cosainy (3T0 GBIBaET OCEHBIO W 3UMOI’, TO IBUIKETCST HECKOMBKO ObICTpee
(aro caemyer u3 I 3akona Kerutepa). s nabimogenunii, npu KOTOpbix UK~
CUpyeTcsi TOJIBKO HarpaBjieHne oT 3emiu Ha CoJIHIE, M3MEHEHUsI CKOPOCTH
3eMJIu CyIIeCTBEHHBI IIOTOMY, YTO OHH OTPAXKAIOTCSI HA €€ YIJIOBOI CKOPOCTH
orHocuTeibHO CosHita. MHBIMEU cjioBamu, ecjii Mbl OyJIleM H3MepsiTh YToJl
B IUIOCKOCTH 3€MHON OpOUTHI MEXKIy JBYMs JiydaMu ¢ Bepriuaoit B CostH-
e, OINH W3 KOTOPBIX HAIPABJIEH B KAKYIO-HUOYIb (PUKCUPOBAHHYIO TOUKY
OpOUTHI, — CKAXKEM, TYJIa, TJe 3eMJIsl OKA3bIBAETCSI B J€Hb BECEHHETO PABHO-
JIeHCTBUsI, —a, JIPYTOii HAIIPABJIEH B JIBUKYIILYIOCS 110 OpOUTE 3EMJIIO, TO STOT

5BosbInne Kpyru — 3To KPyTrH Ha cdepe, IOIydalonuecs Kak eé Iepecedenns ¢ II0C-
KOCTSIMH, IIPOXOIAIMMEI depe3 IeHTp. Kpyru, mosydaroriuecst Ipu mepecedeHnn cepbl
C IJIOCKOCTSIMU, HE IIPOXOJSAIIMMEA Yepe3 €€ MEHTP, HA3bIBAIOTCS MAJIbIMH.

6Ho xorst 3umoit Semutst uyTh Gimke kK COMHILY, YeM JIETOM, 9TO HE JeIaeT 3uMy Gojee
TEMJIBIM BPEMEHEM TOf[a — PA3HUIIA CJIUIIKOM HeGoJibinas. [JIaBHYIO POJIb UrpaeT HAKJIOH
COJIHEYHBIX ﬂyqeﬁ (I/I CBfA3aHHasA C HUM IIPOJOJIZKUTEJIBHOCTH CBETOBOI'O LLHH)
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YTOJI BO3PACTAET CO BPEMEHEM, HO OH M3MEHSIETCS WHOT/Ia ObICTPEe, WHOTIA
meiennee. (CKOpOCTh U3MEHEHUs 3TOTO YIJIA U €CTh Ta caMasl yryIoBas CKO-
POCTh, 0 KOTOPOH MOBOPUJIOCH BhIIIE.) A TIpu HAGJIIOeHIN ¢ 3eMJII 9TO TIPO-
SABJISIETCST TAKUM 00PA30M, ITO YTOJI MEK/[y HAIIPABJICHUEM B TOUKY BECEHHE-
r0 paBHOJICHCTBUS U HanpasjenneM Ha COJTHIE M3MEHSIeTCsT HepaBHOMEPHO.

Teneps MO2KHO CKa3aTh, KAKHE KOOPIUMHATHI UCIOJIB3YIOTCS Ha HEOECHOM
cepe. OHI HABBLIBAIOTCS SKBATOPUAILHBIMI KOODIMHATAME 1 AHATOIMIHLI
M3BECTHBIM U3 reorpaduu mupore u jgoarore. B reorpadun mpoBomsaT depe3
JAHHYIO TOYKY Ha 3eMJje W I0JII0ca OOoJIbINoi Kpyr — MepuanaH. AHajo-
FUYIHO Ha HEOeCHON cdepe MPOBOJAT OOJBIION KPYT Uepe3 JaHHOe CBETUIIO
¥ TOJIIOCA MUPA; OH HA3BIBAETCS KPYIOM CKJIOHEHHUS. YIJIOBOE DPaCCTOsi-
HUE MeXKTy HeOECHBIM 9KBATOPOM W CBETHUJIOM, OTCYUTHIBAEMOE IO KPYTY
ckyoHeHus (yra AB Ha puc. 76), Ha3bIBaeTCsl CKJIOHEHNEM CBETHJIA; B FOXK-
HOM TMOJIyIIapuu OHO Oepércs co 3HakoM MuHyc. CKIIOHEHHE aHAJOTUYTHO
reorpaduueckoil mupoTe. YTJIOBOE PACCTOSHUE MEXKIY TOUYKOI BECEHHErO
PaBHOIEHCTBUSI U KPYTOM CKJIOHEHH:, OTCIATAHHOE BIOJb HEOECHOrO 3IK-
BaTOPa B CTOPOHY, TPOTHUBOIOJIOKHYIO HAIIPABJIEHUIO BUIIMOTO BPAIEHUST
nebecuoii cdepol (myra C'B Ha puc. 76), HA3BIBAETCS IPIAMBIM BOCXOXKJIE-
HueMm cBermwia. OHO aHAJOTUYIHO TeOrpadUIecKOil J0IroTe, MPUIEM KPyT
CKJIOHEHUs, TPOXOJAIINI depe3 TOYKY BECEHHEIO PaBHOJEHCTBUS, UTI'DAET
poJib, aHAJIOTHYHYTO poJin [ puHBHYCKOrO Mepunana. Ho Tosbpko Ha 3emiie
ot ['puHBHMUYCKOrO MepuanaHa BeIyT OTCUET MOJITOTHI B 0OOMX HAIIPaBJIE-
HUASX — K BOCTOKY U 3aIa/1y, I COOTBETCTBEHHO J0JINOTa OBIBAET BOCTOIHOM
WJIN 3al1aJHON, & BOT NPSIMOE BOCXOXKJIEHNE OTCUHUTBHIBAETCS TOJIBKO B OTHY
CTOPOHY. 3HAYUT, OHO JIOJIZKHO OBLJIO ObI IpUHUMATh 3Ha4eHust ot 0° 110 360°.
O/1HaKO — B 9TOM COCTOUT BTOPOE OTJIUUHE HPSIMOTO BOCXOXKJCHUS OT J0JI-
TOTBI — JIJIsI IPSIMOTO BOCXOZKJIEHUSI TPUHSATO U3MEPSTH YTIJIBI HE B I'Pajlycax
¥ COOTBETCTBYIOIIUX UX JIOJISAX, & HHAYE. DKBATOP JEJIT Ha 24 paBHBIE YACTH
(«gacel» ); TakuM 06pa3oM, Jac KaK yriosasi Mepa paseH 15 rpajgycam. Hac
Jenat Ha 60 «MuHyT», MUHYTY — Ha 60 «CeKyHI» (TaKuM 00pasoM, 3TU HO-
BbI€ MUHYTHI M CEKYH/IBI B 15 pa3 6oJIbliie IPUBBIYHBIX U3 T€OMETPHH). JTO,
KOHEYHO, CBSI3aHO C Te€M, 9TO HebecHas cdepa jiesraeT oauH 000poT 3a 24 Ja-
ca, Bpalasgch PABHOMEPHO, IOITOMY WCIIOJH30BAHNE HOBOU MeEpPHI YIJIOB
YIIPOIIAET BBIYUCICHHUS, KOTOPBIE HYKHBI, YTOOBI IO KOOPAMHATAM HEOECHO-
IO CBETHJIA B 9KBATOPHAJIBHON CHCTEMe OIPEIe/INTh HallpaBJeHNEe Ha HEro
B JIAaHHO# TOUYKe 3eMyi U B JaHHOe BpeMsi. Ho Tak KakK Mbl TAKUX BBITHC-
JIeHU#t fesiaTh He OYyJIeM, UCIIOIb30BATh «YIJIOBbIE» YAChl U UX JOJU HAM He
MMOHAIOOUTCs, TAK YTO BE3ZE B ITONH KHIKKE MUHYTBHI U CEKYH/IbI OOBIYHBIE.

"Kak y»e TOBOPHJIOCH, sl ONHCHIBAIO TOJBKO OJHY M3 HECKOJBKUX HCIIOJIB3yeMbIX
B aCTPOHOMHH CHCTEM KOODAMHAT Ha HebecHOH cdepe.
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Jlyma Toxke aBM2KeTCs 110 HEOecHOi cdepe ¢ 3amaja Ha BOCTOK, JIeJIast
oH 060pOT IpUMePHO 3a 28 jHei. OHa TaKKe JIBUKETCS TPUOIU3UTETHHO
[0 HEKOTOPOMY GOJIBIIOMY KpyTy (IpoekIiust Ha HebGecHyIo cdepy opOuTHI,
o Koropoii JIyHa jrkercst BOKpYyT 3emin), HO ecu nyTh COJIHIA BCerya
srynnTrKa (IO KpaifiHeil Mepe, 9TO TaK ¢ TOH TOYHOCTHIO, KOTOpas ObLIa
JIOCTUZKAMA B JOTEJECKOIINIECKYIO 3DY ), TO BUAUMBIA 1IyTh JIyHbI BCE-Taku
He coBceM 6osbinoit Kpyr. Co Bpemenem oH 3ameTHO uaMensiercs. (IIpexkie
Bcero, JIyHa jBrKeTcst Kak ObI IO TIOBOPAYHNBAOIIEMYCs CO BpeMeHeM 00JIhb-
[IOMY KPYTY, TaK UTO e€ BUIUMBII IIyTh Ha HeOeCHOM cdepe, CTPOro roBopsi,
BOOOIIE He siBisiercst 3aMKHyTOl kpuboil.) U, kak y CousHna, jBuKeHune
JIyHbBI He ABJISAETCA PABHOMEDHBIM.

JIBmKkenue IIaHeT sIBJIAETCs OOjee CJI0XKHBIM B KAYECTBEHHOM OTHOIIIE-
HUU. B OCHOBHOM OHU TOXKe JIBIKYTCs 110 cdepe HElOBUKHBIX 3BE3]T C 3a-
1a/1a Ha, BOCTOK, HO MHOT/Ia OCTAHABJIMBAIOTCS I HEKOTOPOE BPEMSI JIBUXKY TCS
B 06paTHY0 CTOPOHY (3TO HA3BIBAETCs «OOPATHBIM JIBUXKEHUEM», TOT/Ia KaK
6oJtee OOBIYHOE JIBUYKEHUE C 3aI1aJIa Ha BOCTOK HA3BIBAIOT <«IIPAMBIM» ). [lpn
9TOM UX IIYTh BLITVISIUT BECHMa 3aMBICJIOBATO — U3-33 00PATHOIO JBUKEHUS
MOy 9aI0TCs 3UT3Ard U METJIA, TPUIEM He MOXOXKHUE JIPYT Ha JIpyTa.

V Jlyusi, kak u y CoJIHIIA, OISITHOTO JBUYKEHUSI HET, HO B KOJTMIECTBEH-
HOM OTHOIIIEHUU €€ JIBUXKEHUE OKa3bIBAETCH Jlake DoJiee CIIOXKHOM 3a1adeit,
geMm JBrmkenne mwianeT. Jlo HpioToHa 9T0 MpUX0anaoch IpUHUMATH IIPOCTO
KaK SMIUPUAIECKUil (paKT, HO Ternepb Mbl 3HAEM IPUYUHY. XOTS BCE ILJIAHETHI
MPUTATUBAIOT JPYT APYTa, HO TI0 CPABHEHUIO ¢ puTsizkenreM COJTHIIA 9TO X
B3aMMHOE [IPUTsI?KEHIe MaJIo U JOBOJIbHO HE3HAYUTEILHO BJIUSIET HA UX JIBU-
xkenne. C 9TUM BIUSTHUEM CTaJd cIUTaThest ToJibKO B X VIII B., Korma u Tou-
HOCTBb HaOJIIOJIeHNiT BO3poCa, u Teopus pa3smiack. C TOI e TOYHOCTBIO,
KOTOpasi ObLIa 0 TOTO, IBUYKEHNE IIJIAHET OMUCHIBAeTCs 3aKoHamu Kermrepa.
Nuage obcrout jeso ¢ Jyuoit. s veé cumnt npurskennst Costara u 3eMiin
IPUMEPHO OJMHAKOBLIY; KPOME TOrO, HA JBIKEHHE JIyHBI 3aMETHO BJIMSET
HEOOJIBINAST CIIFOCHYTOCTh 3€MJIU, U3-33 KOTOPOTO I'PDABUTAIMOHHOE II0JIe

8Tounee, npursizkenue kK COHILy MPUMEPHO BBOe cHibHee. Ilouemy ke Jlyma Torma
Bparaerca BOKpyr 3emuin, a ne najgaer Ha Cousnne? [loromy uro u 3emutsa, u Jlyna Bmecre
obpamatorcsi BOKpyr CosHila, 06pa3ysi Kak Obl «IBOWHYIO IIAHETY», W IPU ITOM obe
YACTU ITOW IIAHETHI BPAIAIOTCS BOKPYT WX OOIIero neHTpa Tsxkectu. Ha asurkenue
JIyHBI OTHOCUTEIBHO 3€MJIM BJIMSET TOJIBKO PAa3HOCTb MEXKIy TeM, KaK OHM 00e IIpH-
TaruBaoTcd K CoJiHILy, TOYHEEe TOBODPs, PA3HOCTb MEXKJy TEMHU YCKOPEHUIMH, KOTOPbIE
OHM TOJIy9alOT TOJ JeHCTBUEM 3TOrO NPHTSXKeHus. A OoHa paBHa npumepHo 1%. DTo
JIOCTATO4YHO MaJio, '{TO6BI CYUuTaTh, 9YTO B OCHOBHOM JIBU>KEHHE HyHbI IIPOUCXOOUT II0M
efCTBUEM MPUTSKEHHs OMHON TOIbKO 3emiin, a COHIE TOIBKO BHOCUT B 9TO JBUKECHUS
HEKOTOPbI€ OTHOCUTEJIBHO He6OIII:,]_HI/Ie U3MEHEHNd, KaK I'OBOPAT, «BO3MYyIIIaeT» €ro. HO 3TO
3HAYUTEJILHO GOJIbIe, YeM BO3MYIIEHUSI B JBUKEHUU ILJIAHET, BOSHUKAIOIINE BCJIEJICTBUE
UX B3aUMHOI'O IIPUTAKCHUA.
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3emuu He coBCeM Takoe, Kak ecin 6bl 3emiid Opuia mapoM. (Hamomuto, uro,
KaK JoKa3ay HbIoTOH, OTHOPOIHBIN IIap WU Iap, COCTOSIINN N3 KOHIICH-
TPUYECKHUX OJIHOPOJHBIX CJIOEB, CO3IAET BHE ceDsl TaKOe XKe I10JIe TATOTEHUs,
KaK ecJIu OBl BCs ero Macca OblIa COCPEJOTOUYEHA B €ro IEHTPE; TAKOe IIPHU-
TsI?KEHUE OIIUCBIBAETCs M3BeCTHOIN npoctoit dopmyioil.) Hakowrer, Biuser
¥ UPUTsXKEHUe NPYruX IuiaHeT. Bece 9tu haKkTOPbI, U3 KOTOPBHIX TJIABHBIM
siBJisteTcst mpuTsizkenne COJTHIA, CKA3bIBAIOTCS HA JIBUKEHUN JIyHBI HACTOIb-
KO 3HAYUTEJILHO, YTO €€ JBUKEHIME BOKPYI' 3eMJIM OIUCHLIBAETCS 3aKOHAMU
Kennepa 3HauuTeIbHO Xy2Ke, W y2KE€ B JPEBHOCTU 3AMETWIM U OTYUACTH
HAYYUJIUCh YIUTHIBATDH TAKNE OCOOCHHOCTHU €€ JBUKEHUSI, KOTOPBIE, KAK MbI
Temepb 3HAEM, M3 ITUX 3aKOHOB He CiefyioT. 1lo cpaBHEHMIO ¢ ApyruMu
cBeruaMu mosioxkerune ¢ JIyHoit ycioxuserca emé u moromy, aro JlyHa
HAMHOI'O OJIM»Ke K HaM U ITO3TOMY MBI 3aMedaeM TaKue HelpaBUJIbHOCTH
B €€ JIBUKEHWUM, KOTOPbIE Yy JIPYIUX CBETHUJI OCTAJINCH Obl He3aMEeUYeHHBIMU.

ORCNON',

Puc. 77

Emgé ogun (1 my1s HaC nocsieHuii) THII HeGECHOTO JBUZKEHUA —ITO «IIPE/I-
BapeHue PAaBHOJEHCTBUIT», OTKPBHITOE BEJIUKUM JIPEBHETPEYECKUM aCTPOHO-
MoM 'mmmapxoM, KoTopsri »xuia Bo 11 B. 10 H.3.? Pusmdeckas CyIIHOCTH
9TOrO sIBJIEHWS COCTOUT B TOM, YTO OCh 3€MJIM HE COXPAHSIET ITOCTOSTHHOTO
HANPABJIEHUsI B IPOCTPAHCTBE (3TO Ha3bIBaeTcs «Ipereccueii»). Bmecre
C OCBIO <IIOKAYMBAETCS» W BCS 3EMJIsl; IMOJIOXKEHME OCH BHYTPH 3EMHOTO
mapa He MeHsieTcs. Ecium OoTKJIaIbIBATh HAIpPABJIEHHE OCU OT OJHOM TOY-
KW, TO TOJIYYIUTCs, ITO OCh CO BPEMEHEM OIMCHIBAET KOHYC; BPEMS OJIHOTO
obopora — 26000 Jrer. HbIOTOH TOHSI, YTO, KAaK M HEKOTOPbIE OCOOEHHO-
CTH ABUXKeHUs JIyHBbI, Ipereccus 3eMHON OCH CBS3aHA CO CIUIIOCHYTOCTBIO
3emun. Ecim 661 3emist ObL1a OJTHOPOIHBIM MAPOM WJIH COCTOSIA U3 OfI-
HOPOJIHBIX KOHIEHTPUIECKUX CJI0EB, TO mputsikenne Jlyusr u Connia He
B0 6B1 Ha eé pamenue!’. Ho Tak kax 3eM/ist cierka CIUTIOCHYTa, y TIOJTIO-

9BnpoueM, B JuTepaType BCTPEUAETCH yKa3aHHE, UTO STO OTKPBLITHE €INE DaHbIIe
cZesa MecolloTaMCKuil acTpoHoM Kumanny.

10910 yTBeprKIeHIe HAIOMHHAET YIIOMHUHABIIEECS BBILIE APYTO€ YTBEPIKICHHE — UTO
10J1€ TSATOTEHUs OJTHOPO/IHOrO Iapa (MiIy I1apa, COCTOSIIErO U3 OJHOPOHBIX KOHIIEHTPH-
YECKHUX CJIOSB) TaKoe ¥Ke, KaK y MaTepPHAJbHON TOYKH TOH »Ke macchl. Ho 910 BCE-Taku
pa3Hble YTBEPKICHU.



ITpunoxenue 1. To Kermtepa 137

COB, €€ MOXKHO TIPEJICTABUATH cebe Kak Iap, K KOTOPOMY J00aBJIeH BBICTYII,
HanboJiee 3HAYMTEIBLHBIN y 3eMHOI0 SKBATOpPa, M HAJ0 IOCMOTPETH, KaK
BJIMSIET NIpUTsizKeHue JIyHbI Ha 9TOT BhICTYII. JIyHa CH/IbHEe IPUTSITUBAET TOT
KOHEI[ 9KBATOPHUAJIBHOIO BBICTYIIA, KOTOPHII K Hell OJIMXKe, U TeM CaMbIM OHA
Kak Obl CTPEMUTCS TOBEPHYTH BBICTYII, HO 9TOMY MEIIaeT OCHOBHOMN 3€MHOIA
map. Ecin 661 BoicTyna He OBLIO, TO OCh BPAIEHUS IIapa COXPAHSLIA OB
CBOE HAIIpaBJIeHNE, HO BBICTYII JABUT HA 3TOT map. Kapruna yciaoxusercs
U3-3a TOr0, YTO IIap U BRICTYII Bparatrcs, JIyHa, Bpaliasich BOKpYT 3emMiin,
B Pa3/INYHOE BPEMsI CTPEMUTCSI TIOBEPHYTh BBICTYII B Pa3JIMIHOM HAIIpaBJIe-
Huu u, HaKoHerl, COJIHIIE TOXKe MO-PA3HOMY IPUTSTUBAET PA3JIMYHbIE TACTU
9KBATOPUAJIBHOTO BBICTYTIA. 3JI€Ch CYIIECTBEHHO TOJHKO PAa3JINIue MEXKTY
nputsikeaneM K COJIHILy pPa3/IMIHBIX YacTell BBICTYIA, W, OKa3bIBAETCH,
B 9TOM OTHOIIIEHUU BJiusiHUe TpuTsizkeruns CoJIHIIA TPUMEPHO BJBOE MEHbIIIe
BJIMSIHUST TIPUTsI2KeHUs JIyHBI, XOTsi BOoOIe-TO cuja npuTskenns: CosHIa
HAMHOT'O IIPEBOCXOJIUT JIYHHY0. BCE 9T0O PUBOIUT K TOMY, YTO OCh BpAIlle-
HUsI 3eMJIM He COXPAHSET TOCTOSTHHOTO HAIPABJICHUS.

TakoBa dusmIeckass TpUINHA TPEIIECCUN 3eMHOIT ocH, yKas3anHas Hbio-
ToHOM. B 9101 husnueckoil kKapTuHe He yuuThIBaeTcd Psij GAKTOPOB (Ha-
[pUMeD, TPUTsIZKeHNe IPYTUX IUIAHET), HO caMble IVIaBHBbIE (DAKTOPHI yKa-
3aHbI TpaBuIbHO. OIHAKO MaTeMaTUIeCcKoe
oTpazkeHne 3Toit KapTuabl y HhioToHa 651710 o JIyna
HETOYHBIM. HbIOTOH HeTOYHO GOopMyIIn-
pOBaJj 3aKOHBI BPAINATEIBHOTO JIBUKEHUS
(B obmem ciayuae TouHBIE (HOPMYIUPOBKA
ObLTN HaitJleHb! TOTBKO B cepeqinae X VIII B.
7K. JTanambepoM 1 B OKOHYATEILHOM BUJIE
J1. Dilepom); Kpome TOro, oH IPUGIIUKEH- Puc. 78
HO 3aMEHWJI 9KBATOPUAIBHBIN BBICTYII CBO-
€ero pojia «o0pydeM», HQJIEThIM Ha 3eMHOI KBaTOp. [Ipu Takoit HeToYHOCTH
MaTeMaTUIeCKON MOE/I MOXKHO OBLI0 ObI HaIeSIThCsT TOJIBKO Ha, Ipyboe CoB-
naJieHne Pe3yJibTaTa BIYUCIEHUI CKOPOCTH IIPENEeCCHY ¢ HabJII01aTe TbHBIMU
JAHHBIME (YTO UMEHHO HAbJII0aeTcs, OyJeT CKazaHo HuxkKe), Ho y Hbiorona

coryiacue ¢ HabJIIOIEHUSIME TTOJTY IUJI0CH XOPOIITUM. DTO MOTJIO ObI OBITH CJIy-
JafiHbIM COBIAJIEHUEM, HO MOX0XKe, 9T0 HBIOTOH, K COXKAJIEHUIO, TO3BOJIII
cebe B IAHHOM CJIydae «IIOJroHKY» 1oz orset [57]. Omubky HbroroHa Briep-
Bele orMeTHs U ucupasmwi B 1741 r. T. Cumncon (1710—1761), ocrasasich,
B 00IlleM, B PaMKaX MaTeMaTHdecKoro ammapara «Hagasrs; 3aTeMm mpaBuib-
HOe paccMoTpeHne mpereccun Tposésa B 1747 r. Jamambep, MeTom KOTOPOTO
OBLI, IO CYIIECTRY, Y?Ke COBPEMEHHBIM. DTU PAOOTHI TOITBEP UM, ITO (DU~
3udeckoe rpejicraBiienne HpI0ToOHa O IPUPOJIE 9TOTO sIBJIEHHUST COOTBETCTBYET
HaOJIIOaTe IbHBIM JAHHBIM. 1Ipu mpereccun 3eMHasi OCh «IIOKAYUBAETCSI»
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BMecCTe CO Beeil 3eMJIéil, TaK 94TO PaCIOJIOKEHUE OCH BPAIEHUsT BHY TPH 3€M-
s (1, B 9aCTHOCTH, TIOJIOYKEHHE TeorpaduIecKux IIOJIOCOB) HE MEHSIeTCSI.

Pa3z yx 3amia peyb 0 ABUKEHUM 3eMHOI OCH, CKaXKy BKpATIE, UTO CO
BpeMéH HbroTOHa OBLIN OTKPBITHI €IIE JIBA TAKUX JIBUXKeHUs. llepBoe u3
HUX, HA3bIBAEMOE <«HyTalmeil», ObLIo mpeicka3ano HbIOTOHOM U OTKpBI-
to [x. Bpagyeem (1692—1762) B 1727 r. OHo cocTOUT B TOM, YTO HA
MIPEIECCHOHHOE JBUKEHUE 3€MHOIM OCH HAJIATAIOTCS eIné HeOOIbIne KoJre-
OaHus HAMPABJECHUS OCH C TEPUOJIOM OKOJIO 19 JieT, BbI3BAHHBIE TEM, UTO
C TaKWM K€ [EePUOJIOM W3MeHsieTcsi opbuta JIyHbBI, a 3HaYWUT, U JeificTBue
eé IPUTS’KEeHUs] Ha SKBATOPHUAJIbHBIN BhicTyIl. [Ipm HyTarmumm 3emjs Toxke
<IOKAYMBAETCA» KAaK €IUHOE IeJIoe, & IIOJIOYKEHHEe OCH U IOJIOCOB B (HA)
3eMHOM Iape He Mensiercd. JIpyroe apuskenne, OTKpbITOe B Konie XIX B.,
COCTOMT B M3MEHEHWHU IIOJIOKEHUSI 3€MHON ocu B Teje 3emun (U, 3HAYMUT,
HOJIOXKEHUsI TeorpadUIecKuX MOJTIOCOB HA €€ MOBEPXHOCTH), UTO MPOSIBJIsi-
eTCsl B UBMEHEHUN TeorpaUUecKuX IMUPOT. DTO JIBUKEHUE CJIAraeTCsl U3
Tpéx cocrapJsiomux. Hajgudane onpoit n3 HUX OBLIO TPECKA3aHO DHIepOM
B 1765 1.; oHa cBsi3aHa ¢ oTiimareM (hOpMbI 3eMytr OT cepraeckoii. Jra co-
CTABJISIIONIAS IPUBOUT K BPAIIEHUIO ITOJIOCOB BOKPYT HEKOTOPBIX CPEIHUX
[TOJIOYKEHUI C OTKJIOHEHUEM [PUMEPHO Ha 3 MeTpa W ¢ IEePUoIoM 060poTa
14 mecanes. pyras cocTaBisionias TPUBOJIUT K AHAJIOTUTHOMY BPAIICHUIO
¢ eprosioM 1 rof; OHa BBI3BAHA CE30HHBIMUA METEOPOJIOTHIECKUMU SBJICHU-
MU — IBUYKEHUEM BO3JYITHBIX MACC, BBIAJICHUEM CHETa, — IPUBOISIIIIMEI
K HEKOTOPOMY M3MEHEHUIO DACIIOJIOXKEHHsT MacC Ha BpaIaromeics 3eme.
Tperbst cocTaBasIONAsd HE UMEET TPABUIHLHOTO XapaKTepa; MPUMEPHO 3a
100 Jter HabsromeHUiT OoHa cMmectusia CeBepHBIM MOJIOC TpuMepHO Ha 10 M
B cropony I'pennanauu. Eé npuposa nHenssecTHa.

Bpamennio 3emutn mocsiena 6pormiopa [44] A. A. Muxaiinosa (1888—
1983) — akajemuka, aupekropa IlyiakoBckoii acrponoMuydeckoii obcepBarTo-
pun. Ero «yskas cmenuagbHOCTb» WMeJa IPsIMO€ OTHOIIEHUE K JAHHOM
TeMe — OH 3aHUMaJIC JiBuKeHneM JIyHbl, purypoit 3emytn 1 rpaBUMeTpHUEN,
T. €. U3MEPEHUSIMY HANPSIKEHHOCTH TIOJISI 36MHOTO TATOTEHUSI.

Hac ke 3mech naTepecyeT TOMbKO N3BECTHAS B CTAPUHY IPEIECCUsi, U TO
JINIITB TIOTOMY, ITO 0€3 YIIOMUHAHUS O Hell KapTUHA TOTJAIIHEN aCTPOHOMUN
ObL1a ObI HEIIOTHOM.

Ha mebe mperteccust 3eMHOI 0CH ITPOSIBJISIETCS B TOM, UTO 9KBATOP Hebec-
HO#1 cepbl (KOTOPDIi sIBJIAETCS TPOEKIMEH Ha HeE 3eMHOIO SKBaTOpa) Me-
HHET CBOE IMOJIOXKeHre. B 9acTHOCTH, MEHSIeTCS U IOJIOXKEHWE TeX TOUEK,
TJIe 9TOT IKBATOP MEPECEKAET IKJIUITUKY, T. €. TOYEK PABHOJAEHCTBHA. Kax-
Bl TOM TOYKH PABHOJEHCTBHUS CMEIIAIOTCS O SKBATOPY C BOCTOKA HA
3amnaj, gsurasch Hascrpedy Cosaiy u mpoxoms 1/26000 gacrs sKBaTo-
pa, uro cocrasisier npuMmepHo 1’ (tounee, 50”; u3 Hux 34" 00bSACHSIOTCS
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npurszkenneM Jlyusl u 16” — npursxkennem Cosana). Ilosromy or ogaoro
BECEHHEI'0 PABHOJIEHCTBUS JI0 CJIEJYIOIIEro IIPOXOJUT He POBHO IO, a Ha
1/26000 gacTh rosa MeHbIIe. DTO 3HATUT — MeHbIIe IPUMEPHO Ha 20 MUHYT.
Orcroia 1 Ha3BaHME <IIpeJIBApEHNE PABHOJIEHCTBUil». BeirencTBue mpeasa-
peHusi PABHOJEHCTBUI IPSIMbIE BOCXOXKJIEHUsI HEOECHBIX CBETHJI KarKIIbIi
roy, yeeqmuusaiorcs Ha 50”. T'mnmapx Kak pas u 06HAPYKUJT IPEIBAPEHNE
PaBHOJEHCTBU, CDABHUBAS ONIPEJICTIEHHBIE UM KOOD/IMHATHI 3BE3]1 C KOOP/IU-
HATAMM TeX ¥Ke 3BE3]], OlpeJIeJIEHHBIMY IOy TOPa BeKaMu paHbiie. Eciin Obl
U3MEHUJIUCH KOOPMHATHI OJTHOM 3BE3/IbI, 9TO MOYKHO OBLIO ObI IIPUIIUCATH €€
JIBUKEHWIO, HO M3MEHWJINCh U IIPUTOM OJIMHAKOBO KOODJIUHATHI BCEX 3BE3;
lMunmapx czmesrasr BBIBOM, 9TO Ha camMoM jese 3a 150 eT cMecTuIach TOUKa
BECEHHEr0 PABHOJIEHCTBUS, OT KOTOPOH 3TH KOOPIUHATHI OTCIYUTHIBAIOTCS.

st onmcanust jBuzkeHuit 1yaxer, BrJodas Cosnne u JlyHy, apes-
HErpevecKNMU acTPOHOMAaMM OblIa NPUyMaHa JOBOJBHO CJIOXKHasi (A €O
BpPEMEHEM, 110 MePe HAKOILICHUs HabJIofeHuil, BCE GoJiee YCI0KHABIIAICH )
KUHEMATUIeCKasi MOJE/Ib, COCTOSINAs B HEKOE! NCKYCHO IMOA00PaHHON KOM-
OMHAIIMY PABHOMEDHBIX KPYTOBBLIX IBUKeHMil. [leTasn HAC HE MHTEPECYIOT,
a obmast niesi YUTATENIO, BEPOSATHO, U3BECTHA, U s €€ TOJHKO HAIIOMHIO.
Cunraercsi, 9TO IJIAHETA PABHOMEDHO JBHXKETCsI 10 HEKOTOPOIl OKPYIKHO-
CTH, a IEHTP MOCJIeIHEl B CBOIO 0YepE/Ib JIBUKETCS 110 HEKOTOPO OGJIbIIei
OKDY2KHOCTH, U T. 1. Ilociennsst, camast 60JbI1ast, OKPY2KHOCTh HA3BIBACTCS
«medepeHToM» (YTO MO-IPeYeCKH 03HAUAET «HOCUTEIIbY ), €6 IIEHTD COBIaIa-
et ¢ riearpoM 3emitn. OcTaabHbIe OKPYKHOCTH HA3BIBAIOTCS «ITMUITAKIIAMU
(«BepxHUME Kpyrammu» ). Kpome 3TOro, MMeNCh €Img JBa JIONOJIHUTEb-
HBIE «TPIOKa». 3EMJII0 CMEIAJU HEMHOIO B CTOPOHY OT IEHTPa JedepeHTa
(HO B €ero MJIOCKOCTH); 9TO HA3BIBAJIOCH «IKCIEHTPUIHOCTHIO». Bpaienue
1o JiepepeHTy MOIVIO MPOUCXOIUTH PABHOMEDPHO HE OTHOCUTEIHHO IEHTPA,
& OTHOCHUTEJILHO JPYroil TOYKM (TaK HA3BIBAEMOIO <«IKBAHTA» ), CHUMMET-

“, IIJIaHeTa

Puc. 79
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pUYHON CMEIMEHHONH 3emie OTHOCHUTETBHO TeHTpa. B mpunmume, oba tu
JIOIIOJTHUTEJIbHBIE TPIOKA MOXKHO 3aMEHHUTh BBEJIEHUEM HOBBIX SIUIUKJIOB
(9KBaHT — TOJILKO IPUOIIMKEHHO, HO C JIOCTATOYHON B TO BPEMsl TOYHOCTHIO).
Ho 310 He Bcerga mesajm — jjisi BBIYUCIEHUI 9KCIIEHTPUIHOCTh U SKBAHT
MOTJIA OKA3aThCs MPOIIIE.

[Moyemy stumukibl paborator? JlomycTuM crepBa, 9TO TIAHETHI JIBH-
JKYTCS MO0 KPYroBbIM opburtam ¢ tmentpamu B CoJiHIle, JIEXKAIUM B OJl-
HOM TIOCKOCTH (MX SKCIEHTPUCUTETHI U YIJIBI C IUIOCKOCTHIO IKJIUINTUKA
HEBEJIMKH, TaK 9TO Jylsi HadaJa 3T0 npueMyemo). Torja nouru oueBuHO,
9TO OTHOCUTEIHHO 3eMJid BHyTpeHHUEe IiaHersl (T.e. Mepkypuii u Beme-
pa— IUIAHeThbI, OPOUTHI KOTOPBIX JIesKAT BHYTPH OPOUTHI 3eMJIn) JABUKYTCA
110 OKPY>KHOCTH (3IUIKKILY ), IEHTP KOTOPOIi JIBUKETCH [0 GOJIBIIOMY KPYTY
¢ nenrpoM B 3emie (medepenty). B nanHOM ciyuae sedepeHT coBmajia-
er ¢ kaxyieiicss opouroit CosHila BOKpYr 3emyu. JIBuKeHWe BHEITHUX
wiader (Koropsle gasbire or CosHna, deM 3eMiist) MOXKHO IIPEeJICTaBUThH
AHAJIOTUIHBIM 00PA30M, TOJBKO MOHAYAIY OKDPYXKHOCTHU, IO KOTOPBIM OHH
IBUKYTCs, 6osibIne opouTsl CostHia («amunuKI 6osbie gedepenTtas ). A 3a-
TeM HECJIO’KHOE IIOCTPOEHME MMOKA3bIBAET, YTO B JAHHOM CJIyYae SIHUIUKII
u jiepepeHT MOXKHO KaK Obl IIOMEHSATh MEeCTaMU, TaK UTO MOJIyIUTCS ITPH-
BBbIYHAsI KAPTUHA: SIUIUKJ MEHbIIe JedepeHTa.

Nmest B Buy mpownsole/iiiee BIOCIEICTBUN TOPXKECTBO T'eTHOIEHTPH-
9eCKOU CHCTEMBI, OTMETUM 37IeCh K€ JJIs CPABHEHWS C HEIO IBa ODCTOs-
TeJbCTBA. BO-TIEPBBIX, €C/in B TEOIEHTPUIECKON CHCTEME U3MEHUTH pa3Me-
Pl OpOUTHI KAKOW-HUOYIH OJIHOIM M3 BPAIAIOIINXCS BOKPYT 3eMJIU IIJIAHET
B HECKOJIBKO pa3 (/I 9€ro Ha 0 IPOIOPIMOHAIBHO U3MEHUTD PAIUYC €€ J1e-
depeHTa 1 BCEX SMUIMKIIOB, & TAKXKe CMeEIeHre 3eMJIM B CTOPOHY OT IIEHTPa
nedepenTa; K YIOMUHABIIEMYCsl pAHee IKBAHTY 9TO TOXKE OTHOCUTCS ), OCTa~
BUB 6€3 U3MEHEHUsI YTJIOBbIe CKOPOCTH COOTBETCTBYIONIUX BPAIEHU, TO HA~

3emis 0O

A

Puc. 80
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Puc. 81

MpaBJieHne HA IJIAHETY He n3MeHUTCs. 1[09TOMY B paMKax reoIleHTPUIECKOi
MOJIeJI GECCMBICJIEHHO CIPAINBAThH, KAKOBBI OTHOCUTEIbHBIE pA3MEPHI LA~
HETHBIX OpOUT. B rejinoreHTpuyecKoil ke MoJIe/Iu TaKOil BOIPOC CTAHOBUTCSI
OCMBICJIEHHBIM, 1 ke KOIepHuK cMOr JOBOJIBHO MTPABUJIBHO HAWTH OTHOCH-
TesibHbIe paccTostaus or mianer ;10 Cosaia. Bo-BTOphIX, Jj1s BHYTPEHHUX
IUTAHET TIPEIbIIyIee OCTPOEHNE HETIOCPEICTBEHHO TPUBOIUT K SIUIIUKIIU-
9eCKUM MOJIEJISIM, B KOTOPBIX JepepeHT 0benX IIaHeT OIUH U TOT K€, [IEH-
TPBI UX SMUIUKJIOB HAXOISTCS B OJHON U TOI 2Ke Touke JredpepenTa. Ho Tak
KaK OJIHY U3 OpOUT MOXKHO M3MEHHTh B HECKOJIbKO Pa3, HAJI0 CKa3aTh TaK:
HanpasjieHdst (0T 3eMJin) Ha HEHTPHI SMUIUKIOB STUX [JIAHET COBIIAJIAIOT.
st BHENTHUX IIJIAHET IOJIyYAeTCsl, ITO HAIPABJIEHUs] U3 [EHTPOB WX SIIU-
[WKJIOB K CAMUM IIJIAHETAM TOYXKe BCE BpeMsl MapaJjuiesbHbl. B qactHocTH, me-
depeHThl BHY TPEHHUX ILIAHET JIEYKAT B IJIOCKOCTH SKJIUIITUKY U IIEHTPHI CO-
OTBETCTBYIOIIMX SIUIUKJIOB COBEPIIAIT 10 HUM 000POT 3a OJIUH T'OJT; ILJIOC-
KOCTH SIWIMKJIOB BHEIIHUX IIJIAHET apaJijie/lbHbl [JIOCKOCTU SKJIUIITHKH
¥ IUTAHETHI COBEPIMAIOT 0D0POT TI0 SMUMUKJIAM TOXKeE 3a OJuH rof. B pamkax
PEOTIEHTPUYIECKOM CHCTEMBI 9TO BBITVISIIUT KAK KAKOE-TO CTPAHHOE COBIIA/IE-
uue. Kora ke Mbl paccMaTpuBaeM IeOleHTPUIECKYIO CHCTEMY KaK 0ToOpa-
JKEHUE PeasIbHON TeJIMOIEeHTPUIECKON, «COBIIaJIeHNe> CpPa3y OObsICHIETCSI.

Tenepsb yTOYHUM HAIITY I€OIEHTPUIECKY IO MOJIE/Ib, yIUTHIBAS, UTO B Jeli-
CTBUTEJILHOCTH OPOUTHI IJIAHET HE OKPYKHOCTHU, & JLIUICHL. DTO MOYKHO
XOTsl 6Bl OTYACTU yUECTh, CJErKa CMECTHB 3€MJII0 B CTOPOHY OT IEHTPa
nedepenrta Counna B mwiockoctu nocseanero. (B reouenrpuyeckoii cucre-
Me peasibHasi opbura 3emim orobparxkaercs kak opbura Cosnna.) Torma
JIBU2KEHUE IIEHTPA COJIHEYHOIO SIUIUKJIA, a B cpejueM u camoro CoJHIa
Gyuer unHoraa GoicTpee (Koraa neHTp nedepeHTa HPOXOIUT TY II0JLyOKPY K-
HOCTbh, B CTOPOHY KOTODOi CMelleHa 3emiisl), a HHOIJa MeJJICHHee; 9TO
Ka9eCTBEHHO COOTBETCTBYET TOMY, UTO CBA3AHO C IKCIEHTPUCUTETOM PEaIhb-
HO¥1 3eMHOi1 opbuThl, u II 3akony Kermepa. OkasbiBaercsi, BBUIy TOTO 9TO
9KCIEHTPUCUTET JIJIMIICA HEBEJMK (OH BOODINE HEBEJIMK JJIsl BCEX IUIAHET,
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a 11t 3eMit 0COGEHHO), TAKHUM Iy TEM MOXKHO JIOCTUYb JIOBOJILHO XOPOIIEro
corytacust ¢ KemiepoM He TOJIBKO B KAYeCTBEHHOM, HO M B KOJMYECTBEH-
oM orHomiernu. (Cwm. [23], [30]. Emg mydmiero corsacusi MOXKHO JIOCTUYb,
UCIIOJIB3Ysl Y Ke YHOMUHABIIAACS 3KBAHT.) DJIUITUIHOCTL OPOUT IPYIHUX
IUIAHET ¥ HEPABHOMEDPHOCTD UX JBUXKEHHS 110 OpOUTAM MOXKHO YUECTh aHa-
JIOPHYHBIM CIIOCOBOM (XOTsl 9TO TpyJHEe, IOTOMY YTO B I'€OIEHTPHYECKOI
cucTeMe BUIUMOE ABUYKEHHUE ILJIAHETHI 0TOOPaykaeT U €€ HACTOAIIEe JBUYKE-
aue Bokpyr Couia, n jasukenue 3emiin); TOT (HakT, 4T0 OPOUTHI ILIAHET
HE JIeXKaT CTPOrO B IIOCKOCTH SKJIUITUKU, MOXKHO YYeCTh, HAKJIOHUB CO-
OTBETCTBYIOIIME JeMEPEHTHl U SMUIUKJ/IBI OTHOCUTEIBHO ITOU ILJIOCKOCTH.

Hamo noguepkayTh, 4TO APEBHUE U CPEIHEBEKOBbIE ACTPOHOMBI HE JI0-
BOJIbCTBOBAJIUCH KAYECTBEHHBIM COOTBETCTBUEM MEXKIY TEOPETUYECKUME
cXeMaM# U HAOJIIOJEHUSIMHU, & CTPEMUINCH KOJUYECTBEHHO COIJIACOBBIBATH
nmepBble co BTOphIMU. 110 Mepe HaKoIIeHnsT HAOJIIOIEHUI U POCTa, UX TOYHO-
CTH 9TO MPUXOIUIOCH JIeJIaTh BHOBb U BHOBb, TaK YTO B TEUCHHE CPEIHUX
BEKOB IIPUIILIOCH J100aBJIATH HOBbIE KPYIOBble IBHMXKeHus. Ilo 3Tomy mo-
Bosty Asbdonc X, kopoab Kactummu u Jleonal! (1226—1284, napcrsosas
B 1252—1282 rr.), no3sosmi cebe uponndeckoe 3amedanue: «Eciu 6ol 1pu
COTBOPEHUH MHUPA CO3/IaTeJIb CIIPOCUJI MOETO COBETA, TO s IPEJJIOKUJI ObI
eMy 6oJiee mpocToii miaH ycrpoiictBa Beestennoiis. AsbgoHC mapcTBoOBalI
BHAUaJIe YIAYHO U IOKPOBUTEJHCTBOBAJ HaykaM U nckyccrBaM. OH cobpaJ
B Tosreo 50 acTpOHOMOB PA3HBIX HAIMIA, KOTOPhIE COCTABUIM HOBBIE TAO -
Bl IJIAHETHBIX JBUXKEHUI, OCTaBABIINXCS JIYYIIMMHA 10 YIOMSAHYTBIX B OC-
HoBHOM TekcTe «IIpycckux Tabmury. [lorom AnbdoHc, BuanMoO, yepecdayp
YBJIEKCS BOWHAMU M aKTUBHOW BHENTHEN MTOJIUTUKON (OH Jlazke IpeTeHI0BaJl
Ha TPOH TepMaHCKOTO UMIEpPATOpa). DTo TPeGOBAIO CPEJICTB U IPUBEIO
K BBICOKHUM HAJIOIaM, BBI3BABIIUM HEIOBOJILCTBO HAPOJA; B TO K€ BPEMs
TeHIEHIMS K YCUJIEHMIO KOPOJIEBCKON BJIACTH HE MOIJIA HPABUTHCS 3HATH.
Bo6aBoK BOSHUKIIN HeJIA bl B KOPOJIEBCKON ceMbe 1 AJboHC KasHUIT (Be-
Jieq1 33,1y muTh ) cBoero 6parta. (Takoe jazke B TO BpeMsl CJIy9aJoCh He 9acTo. )

1B cpennne Beka Ha IInpeHeiicKOM IOIyoCTpOBe, rjie Tenepb HaxonATca Vcnanus u
TTopTyranusi, ©MeJIOCH HECKOIBKO I'OCYIapCTB, XPUCTUAHCKAX U MAaBPUTAHCKUX, T.€. My-
CYyJIbBMaHCKHUX (‘II/ICJIO TeX U APYTrux, HEe I'OBOPdA yKe O I'pPaHUIlAX, CO BpEeMEHEeM Hu3Me-
Hsstoch). Kacruiausa u JleoH — 0HO U3 9THX XPHCTHAHCKHX TOCYZApCTB (BO3HHKIIEE,
KakK BHJHO W3 HAa3BaHUA, IIpU OG’be,HI/IHeHI/II/I ABYX CYIIEeCTBOBAaBIINX paHee OTACJIBHBbIX
rocymapcrs) co croauneii Toseno, orBoéBannoil y maspos B 1085 r. Ho ne Bcerma xpucru-
aHe rocymapcrsa lInpeHeificKoro mosyocTpoBa BOEBaM C MaBPaMH, OTHOIICHUs ObIBAaJIN
¥ MUPHBIMU. BBujy 6sm3ocTr HaMHOro 60jiee KyJIbTYPHBIX MYCYJBMaHCKUX TOCYIapCTB
B XPHUCTHUAHCKUX rocyzapcrsax llupeneeB nmMesnce 6oJiee 6aronpusiTHble BOSMOXKHOCTH
JJIA Pa3BUTUA KYJIBTYPBI U HAYKW 110 CPABHEHUIO C APYI'MMH CTpaHaMHn Cpe,ELHeBeKOBOI‘;I
Banaauoit EBponst (kpome passe Uranun), u HEKOTOPbIE U3 HUX, ocobenno Kacrumus u
JleoH, 3T0#1 BO3MOXKHOCTH HE YIIyCTHUJIU.
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B urore Asbdonc, BhI3BaBHIU BCeobIee HEIOBOJIBCTBO, OBLI HU3JIOXKEH
(ato ToxKe ciryuanock He yacro). Torma ero dpasa, BEpOSTHO HE 3aMBIIII-
JISIBITIASICST KAK KPUTHUKA B aJ[PEC BCEBBIIIHET0, & BBIPAXKABIIAS CKEIITUIIN3M B
OTHOIIIEHUH TOTIAIITHUX [JIAHETHBIX MOJIejIell, Obljia IPU3HAHa ePeTUIECKOI.

Xorst cucrema camoro IITosemes: ObLIa IPOIIE, 9€M CHCTEMA, C KOTOPOit
osnakommiin Asbdonca X, ona BCE ke TOXKe ObLIa TOBOJBHO CJIOXKHOM, U 10
€€ TTOBOJIY BCEBBIIIHEMY TOXKE HE MEIAJIO OBl 33]aThCS BOIIPOCOM, CTOUT JIH
TaK MyJIpUTh... He ceyeT iymMaTh, 9TO 9Ta CUCTEMa CPa3y BBIILIA U3 TOJIO-
BbI IITOJTEMESI, TAK 2Ke KaK, [0 JpeBHErpedeckoii jterene, Aduna [lamiana
BBINLJIA U3 TOJIOBBI 3eBca. IITosieMeil IpomosKasl TPy, Psijia. BbIIAIOIIIXCS
JIIOJIENl, M O HUX CTOUT CKa3aTh 0C00O0.

[naBHoe melicTByIOIIEe U0 B HAYAJIE STON NCTOPUHU — M€HUAJIBHBIA Ma-
TeMaTHK U acTpoHoM EBnoke (ok. 408—ok. 355 710 H. 3.), KOTOPOIO KUBIIHI
CIIyCTsI TOJITOPa BeKa ApXuMe]| YIOMHHAJ C SMATETOM <«DOXKEeCTBEHHBIN»
U KOTOPBLIA B HAIlU JHU B OJHONM HCTOPUYECKON KHUIE [50] OBLI Ha3BaH
<IIPOBO3BECTHUKOM HAYKH HOBOTO THIIA» U <«KJIIOYE€BON (DUTypoil B rpede-
CKOIT HayKe CBOETO BPEMEHU».

EBnoke, ypoxkenerr Kunma B Masoit A3um, yuuics crepBa y 3HaMe-
HuToro maremaruka Apxura (ox. 440—360 g0 H.5.) B Tapenre (omuu U3
rpedeckux roponos HOxkuoit Uranuu), a 3aTeM B Bo3pacre 23 JIeT mpuexas
B Adwunbl, rae yuwica y Ilnarona. (Bymayun GemubiM, OH HOCeIMICS HE
B Adwunax, a B HECKOJBKUX KUJOMETpax oT HuX B [lupee, Te, BUIUMO,
KU3HD OBbLIa JEIIeBJIe, U KaXKIbIl JIeHb XOJMJI
B Adunbr nemkom.) Ho Ilnarony oH, HamO ay-
MaTh, 00sI3aH OOIIUM 0OPa30BaHUEM, UTO K€ J0
MaTEMATUKA U ACTPOHOMHM, TO €CJIM TIO STOMH
YacTH yYEeHWK ApXuUTa W MOT yCBOUTH UTO-HU-
Oyab HOBOE OT KOro-To B AduHax, TO TOJILKO
or Tesrera (ox. 410—369 rr. 10 H.3.), APyrOro
BEJIMKOTO MaTeMaTHUKa TOI'O BPEMEHHU, KOTOPbIi
€CJIi U yCTYNaJl KOMY-HUOY/Ib, TO TOJBKO TOMY
ke EBmokcy, Korga reHuii MOCJIEHEro IOJIHO-
cThI0 pacusés. Tearer ObLT ADUHIHIHOM U JIPY-
rom [Inarona, tak uro EBokc Briosse Mor ¢ HuM
BCTpedaThbes. TeareT ObLI JINIIb Iy Th-4yTh CTap-
me EBjoKca, HO B CBOM NpPHUMEPHO 25 JIET OH Puc. 82
OBbLJI BIIOJIHE CJIOXKUBIIUMCS YI6HBIM (M3BECTHO,
qro o emé mo 20 Jer Guecrsine nposiBui cebs). I[lpu Takom yuurese,
cKopee crapmieM (He [0 BO3DACTY, & II0 PA3BUTHUIO) TOBAPUINE, U TAKOMY
YUYEHUKY JOCTATOYHO OBLIO HECKOJBKUX Oecell, YTOOBI yUEHUK IIePEeCTy I
HOPOT, OTJIEJSBINN TOrJAIHIe yIeOHUKH (TAKOBBIE YXKe CYIIECTBOBAJI;
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OHH HE COXPAHUJINCH [0 HAINEr0 BPEMEHH, HO UX IPUMEPHOE COIEPIKAHIE
PEKOHCTPYUPOBAHO) OT mepearero (bponta Hayku. Ho 3TOro MoxkHO GbLIO
noctuab U B TapeHte, a 0 KoHTakTax EBjokca ¢ TesreroMm Her cBeleHUI.

KakoBbI 651 HI OBLIN TOCTHKEHUsT EB/IOKCA B MaTeMaTHKe 2, 11T acTpo-
HOMUHU ero 3HadeHue ObLIO He MeHee (CKopee jaxke 6oJiee) 3HAUUTEIHHBIM.
Jlo mero TeopeTUUeCcKuil aHaJN3 HEOECHBIX IBUKEHUIl B JIPEBHETDEYUECKON
ACTPOHOMMUHY OIPAHMIHBAJICS HECKOJIBKIMHU MPOCTEHIINME CTydaaMu®, a on
OTKPBLJI COBEPIIIEHHO HOBbIE BO3MOYKHOCTH.

BeposiTHo, u ;10 EB10KCa TOHUMA N, 9TO MOYXKHO TIpeicTaBuTh cebe CoJrH-
1e KaK Obl HAXOJAINMCS Ha dKBaTope Hekoell cdepsnl («cdeprr ComHiay ),
KOTOpasi MeJJIEHHO W PABHOMEDHO BPAINAETCH, Jejiasi OfNuH 000POT B TOJ
BOKDYT CBOe#l OCH, HAKJIOHEHHOW OTHOCUTEIHHO OCcU CepPhbl HETIOABUKHBIX
3BE3] M IPUKPEIJIEHHON K mocseaHeil cpepe. Bpamenne nebecHoi chepsr
yBIIeKaeT 3a coboii cepy Coutria, mosromy CosHIlE B OCHOBHOM JBUYKETCSI
Tak »Ke, KaK U 3BE3JIbI, HO K 9TOMY J00ABJISIETCS €IE MeJJIEHHOE J[BUXKEHUE
CoJtHITa, OTHOCHTEBHO 3BE3] U3-3a BpAIEHUS ero cobcTBeHHOoi cdepnl. To
2Ke OTHOcUTCH U K JlymHe.

[Toka HMKAKOI TOIB3BI OT BBEIEHUS JIBYX CIIEIINAJIHHO CBI3AHHBIX C HU-
Mu cdep He BugHO. Ho EBjoOKC 3aMerus, 9TO NIpu HAJJIEXKAIIEM PACIIO-
JIOXKEHUU U CKOPOCTH BPAIEHUs BTOPOi cepbl HEMMOIBUKHO TPUKPEILIEH-
HOE K Hell CBETHJIO MOXKET WHOTJA IOJydYaTh OOPATHOE JBUXKEHUE U TAXKe
OIUCBHIBATH TETJIA. DTO OTKPHLIO MPUHITUIHAILHYIO BO3MOYKHOCTD UCIOJIb-
30BaTh JAOMOJHUTEIbHBIE COEPBHI JJIs HATJISAIHOTO IIPEICTABICHUS 3AILy TaH-
HOTO J[BUYKEHUSI TIJIAHET [IPY IOMOIIY KOMOUHAIINY PABHOMEPHBIX KPYTOBBIX
nBuzkeruit. [Ipun 9ToM MOYXKHO He JJOBOJIBCTBOBATHCS OHON JOIIOTHUTEIHHON
cdepoii, a bpaTh X HECKOJIBKO. EBIIOKCY U B caMOM JIejie YIaJIoCh, 100aBUB
o Tpu cdepsl st Costaiia u JIyHBI 1 110 9eThIpe — JJIsT OCTAIbHBIX TIJIAHET,
o06paTh TAKOE PACIIOIOXKEHUE STUX CEP U CKOPOCTU WX BPAINEHUS, ITO
MOJIeJIb B KAKOW-TO Mepe BOCIIPOM3BO/INJIA PEAIbHOE JIBUXKEHUE <ILJIAHETS.

Venex EBnokca mmesn orpomMHOe 3HaUeHUe JaxKe Jjisi (puiocopuu, mMo-
TOMY 9YTO TO BPEMsl BCEPbE3 CTABUJICSI BOIIPOC, MOXKET JI HECOBEPIIEHHBIH
9eJIOBEUECKUIT Pa3yM HMOCTUTHYTH 9TO JIBUKEHHE, IIPE/ITOJI0KUTEIHHO CB-
3aHHOE C KAKUMU-TO BBICHIMMHU OOXKECTBEHHBIMHU YCTAHOBJICHUSMU. (DTO
nanuio orpaxkenue y Ilinarona.) O6 acrpoHOMHM Ke M IOBODUTH HEYEro.
[To-Bumumomy, cam EBokc paccmaTpuBal cBou cepbl KAK HEKYI BCIIOMO-

12BoT npumep: Tonbko Bo BTOpOii momosune XIX B. GbITa ONEHEHA O JOCTOMHCTBY €ro
«TEOpUsi OTHOIIIEHU» — OHA IO CYIIECTBY SKBUBAJIEHTHA CO3JAHHOW B 9TO BPEMS TEOPUH
BEIECTBEHHbIX unces Jlesekunia.

13B Basuone oTHIOIL He OrpaHUYINBAJINCH, HO U IO CPaBHEHUIO ¢ BaBuioHoM moaxos,
EBnokca co Bpemenem okaszajicst 6oJiee yJa4HBIM M CaM II0 cebe, U IOTOMY, YTO OH OBbLI
6oJiee OTKPBIT JIJIsI YCOBEPIIIEHCTBOBAHMSI.
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raTeJIbHYI0 TEOPETHIECKYIO0 KOHCTPYKITUIO M HE HACTAMBAJ HA UX PeaTbHOM
cymecrBoBanun. Ho Apucroresib caurast ux peajibHO cyIiecTByomumMu. Kak
2Ke TIPUKPENNTD K OJIHO U TOM yKe HebecHOiT cdepe Japyrue cepbl, KOTOPHIE
JOJIZKHBI TIPUKPEILISATHCS K Heil B pasHbIX TOYKax! B counHenusix Apucro-
TeJist ITO JieaeTcs Tak. JlomycTuM, 9To HAM HaJ0 MPUKPENUTH BCErO JIBe
cepbl. ApuctoTesh MPUBJIEKAET eIé OHY BCIOMOTATENBHYIO chepy, Tak
9TO BCETO TEePh, MOMUMO Chephl HEMOABUKHBIX 3BE3, OymeT Tpu cdepsl.
OpiHa U3 HUX MPUKPEILISIETCs U3HYTPHU K HeOeCcHOI cdepe U Bpalaercs, Kak
HAJI0 BPaIllaThCs OJIHOM U3 Tex cdep, ¢ KOTOPbIX Mbl Hada/u. Bropast cepa
[IPUKPEIJISIeTCs U3HYTPU K IEePBOil JOIMOJHUTEIBHON cdepe B €6 ToJrrocax
¥ BPAIAETCsS B TPOTUBOIIOJIOXKHOM HaIpaBJieHnu. B pe3ybrare Bropas cde-
pa OKa3bIBAETCS HEMOIBUKHOW OTHOCUTENHHO Chephbl HEITOIBUIKHBIX 3BE3I,
HO K Hell y2Ke MOYKHO IIPUKPENNTh NU3HY TPU TPETHIO chpepy TaM, TiIe MbI 3aX0-
TUM, U 3aCTaBUTh €€ BpaIllaThCsd KaK HAJ0. ZICHO, 9TO TaKoil KOHCTPYKIHeH
¢ JIOTIOJIHUTEJIbHBIMU cpepaMu, «KOMIEHCUPYIONUMI» BPAIIECHUE JIPYTHUX
cdep, MOKHO BOCIIOIB30BATHCS U TOTA, KOTJIA 9TUX chep MHOTO.

Counnenust EBmokca 0 nac me jorutn. Mbl 3HAEM O HEM TOJBKO CO
CJIOB TIO3/THEHTIX aBTOpoB. Hacuér MaTemaTnaeckux goctuxkennit EBokca
MBI IMEEeM <«TEeXHUYIECKH TOUYHBIE» CBHJIETEIHCTBA MATEMATHKOB, BKJIIOUAS
Apxumea. Ha ocHOBaHUUT 3TUX CBHUJIETEIECTB YBEPEHHO BOCCTAHABIIMBAETCSI
OCHOBHOE COjIepzKaHue MaTeMaruieckux pabor EBnokca (B wacrHocTH, ycra-
HOBJICHO, YTO MMEHHO BOCXOIWT K HeMy B «Hauasax» Epknmna — dbynma-
MEHTAJIbHOM U3JI0YKEHUU 3HAYUTEIHHON YacTy Torgaiseil Maremaruku). O6
aCTPOHOMUIECKOIT »Ke Mojlesn FB1oKca MBI 3HAEM CO CJIOB APUCTOTEJISI U €10
koMMeHTaTopa CUMILINKHUSI, KOTOPbIe aCTPOHOMaMU He ObLJIN M OIUCHIBAJIN
3Ty MOJIEJIb TOJIBKO «B OOIIUX YepTaxs». bjaromapst 5ToMy MbI 3HaeM, CKOJIb-
KO B Heii OBLIO JIOMOJHATEIBLHBIX cdep s KayKJIOU «ILIAHEThI», HO MMeEeM
TOJILKO KaUeCTBEHHbIE YKa3aHus 00 UX PACIOJIOXKeHUH (BbLI JIU IOl MEXKIY
OCSIMM JIBYX HOCJIEJ0BATENBHBIX ¢pep GOJIBIINM MM MaJjbIM) U HE BCETJa
3HAEM, C KAKOH CKOPOCTBIO OHH Bpamasuch. B 1877 1. J. Ckuamapem™
(1835—1910) mpemiozkumi peKoHCTpyKIuoo Mojean Epnokca. KadecrsenHno
ona ommcana B [13] (rae nMeercst ceplika Ha mybnmkarmio CKuanapesm)
n (c HeKOTOpBIMI U3MeHeHusMH) B [50].

CoorsercrBue ¢ Habmogenusymu y EBokca ObIIO eIé He 09eHb XOpO-
muM. O6 9TOM MBI MOYKEM CYJIUTh He CTOJIBKO HA OCHOBaAHUYU PEKOHCTPYKIAN

14 Ero ocHoBHOl BKJIa/l B ACTPOHOMHIO OTHOCHTCS K HcCienoBanmio COTHEdHOM crucTe-
Mmbl. [IIupokuM Kpyram OH M3BECTEH B CBSI3U C HECYIIECTBYIOIIMMU KaHasaMmu Ha Mapce,
KOTOPBIE OKa3aJIMCh WIIIO3UEH, BOSHUKAIOIIEH, KOTIa 3peHne paboTaeT Ha Ipejese CBOUX
Bo3MOKHOCTel. [losTomy posb coobuienusi Ckuanapesin o0 OTKPBITUMA 3TUX KaHAJIOB
0Ka3aJ1aCh JIBYCMBICJICHHOM — OHO, KOHEYHO, IIOBBICUJIO BHUMaHue K Mapcy, HO mosib3y u3
HEro B KOHEYHOM CYETEe MU3BJIEKJIA (DUSMOJIOTHS 3PEHUSI.
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ero mMojiesin (OHa Bejib BCE-TAKHM IMIIOTETHUYECKAs ), CKOJBKO HA OCHOBAHUN
U3BECTHOTO HaM (paKTa, 4TO €€ MPUHSJIMCH yiaydmarTh. [loHadasay mpocTo
J100aBISIA HOBBIE cephl. SHAYUTETIHHO O0Jiee BaXKHBIH 1mar caesians Anos-
sionnii [leprckuit, yroMuHaeMbIii B OCHOBHOM TEKCTE IO ITOBOJTY KOHUIECKUX
cevenmit'®.

Buauase Anosutonuit o6paTu BHUMaHIE HA TO, 9TO €CJIU JIaXKe BUJIAMOE
JIBU2KEHNE TIJIAHETHI 10 cepe HEeMOABUKHBIX 3BE3J, yIAa8TCs MPeJICTaBUTD
B BUJIe KOMOUHAIIMKM KPYTOBBIX JIBUKEHUIl, JIydIIIero Coryiacusi ¢ HabJIro1a-
TeJIbHBIMU JJAHHBIMHA MOYKHO JIOCTUYb, CIUTAsl STHU JIBUKEHUsI HEPABHOMED-
HbIMU. HewusBecTHO, OOHAPYZKWJI JIM 3TO OH CaM WJIM KTO-HHOY/b 110 HEro,
HO OH MPEJJIOKUJI IMPOCTYIO HUJIEI0, KOTOPAs MO3BOJIIIA COXPAHUTH PABHO-
MEPHOCTDH JBUYKEHUsI 110 KPYTy U TE€M CaMbIM BO3MOXKHOCTH POU3BOIUTH
BbIUKCJIeHUsi. Hajo MOmpocTy CMECTHTh TY TOYKY, OTKYy/a HabJIIoIaeTrcs
JIBUKEHIE, HECKOJIBKO B CTOPOHY OT IIEHTPA, OCTaBasiCh B IJIOCKOCTH KPYyTa.
Torya u3 9T0# CMEMEHHON (KAaK TOBOPSIT, IKCIIEHTPUIHON) TOUKH HABIIIO1e-
nusg H aBmkenne OyeT Ka3aThCs HEPABHOMEPHBIM: TI0 TyTe, KOTOpas OJTruXKe
K H, nuxenme OymeT Ka3aTbCsl MPOUCXOISAININM OBICTpeE, UeM 10 DoJjiee
najékoit gyre. Bropoit Bkia ANOJUIOHUST B aCTPOHOMUIO COCTOSITT B TOM,
YTO OH, ITO-BUIMMOMY, HIEPBBIA MTPEJJIOKIIT KOMOMHUPOBATH KPYTOBBIE JIBU-
JKEHUsI COBEPIIEHHO II0-HOBOMY, 3aMeHuB cdepbl EBiokca nedepeHTaMUI
¥ snuuKIamMu. ¢ He 3HAI0, HACKOJIBKO MOJIPOOHO caM ATOJTOHUI paspa-
6oTas 3Ty UIEI0, HO BCKOPE JAedEPEHTHI U SIUIUKJIIBI YCIIENTHO BhITECHUIN
wraneTHble cdepsr EBmokca, okazaBmmuch 60j1ee THOKIM HHCTPYMEHTOM JIJIsT
[IPEeJICTABJICHNS TIAHETHBIX ABMKeHuil. [Ipu 3ToM MUPOKO UCIIO/IH30BAJIUCH
«BTOPUYHBIE» SMUMUKJIBL. [[eHTP TAKOro 3MUIMKIIA caM JBUXKETCsI IO JIPY-
rOMY SIUIUKILY, & YK IIEHTP MIOCJIEeHEr0 — 0 JiebepeHTy.

OjHako ApHCTOTENb KU B TO BPEMs, KOIJIa UMEIaCh TOJIHKO MOJIC/Th
Esnokca. ITosTomy €€ on u onmcas B CBOUX COYMHEHHUSAX (COOCTBEHHO, HE
eé camy, a HeKyIo 0ojiee IMO3JIHIOI0 MOJIENb, JTO0ABUB YIIOMSIHYTHIE BBIIIE
«KOMIIEHCHUPYIoIHes> chepbl; Beero cdep okazansock 65!), npuaém oTHIONb He
BHUKasI B MaTeMaTUIECKHUE TIOJIPOOHOCTH, B KOTOPBIX OH €J1Ba JIX OBbLI CUJIEH
U KOTOPBIE €ro He UHTEePecoBaJH (II0 €ro eCTeCTBEHHOHAYYHBIM HAKJIOH-
HOCTAM eMy Oblin Gumxke Guosiorust u reorpacdus). Korna cpennesekoBast
EBpora gocTuriia Takoro ypoBHst pa3BUTHsI, ITO CMOLJIA TPUCTYIATH K OCBO-
€HUIO0 AaHTUYIHOTO HACJIEINs U COBPEMEHHOI eil apabCKoii KyJIbTYPbI, TEPBBIM

15 AcTpoHoMuyeckne counHenuss ATOJUIOHUSA, B OTJIHYHE OT €ro TPYJa O KOHMHEeCKHX
cedeHHsAX, 0 Hac He gomuan. O HUX MMEIOTCsS TOJBKO yKa3aHHUs y JIPYTHX aBTOPOB, B TOM
ugncie u B «Anpmarecre» Ilrosiemesi, rie NpuBeIeHO €JUHCTBEHHOE JOIIEJIIee JIO HAC
aACTPOHOMUYIECKOE BBICKA3bIBaHNE ATIOJUIOHHS — JOBOJIBHO JJIMHHAS (TIOJITOPHI CTPAHUILEI)
IIUTATa U3 €r0 yTPAYEHHOIO COYMHEHHUS.

Bkiaxy AmosutoHusi B aCTPOHOMUIO IIOCBSIIIEHA OfHA IIaBa B [49).
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KPYIIHBIM IITaroM B 9TOM HAaIIPpaBJICHUN CTaJIO 3HAKOMCTBO C ApI/ICTOTeJ'IeMIG.

D10 O6BLIIO XOPOIIO, HO HA HECKOJIBKO CTOJIETUH APUCTOTEIb CTAJI OCHOBHBIM
UCTOYHUKOM 3HAHUIl U HEIPEPEKAEeMbIM aBTOPUTETOM, a TO yKe ObLIO He
CTOJIb XOPOIIO, MMOKa He cTayo 10x0. O 60psde cO CXOJIACTHKON B KOHIE
CPeHEeBEKOBbs BCe 3HAIOT. Ho apucToTemanipl — JOTMATUKN UJIN HHTEPE-
coBaBImmecs Oostee dunocodueil, HEKETN ACTPOHOMEEN — OTHO BPeMs BO3-
pakaJu make mpoTuB OoJiee mo3aneit cucremsl [ITosemest, B KOTOpoi mia-
HETHBIX cep HET, a BOCXOISIIast K KEBIIOKCY ujiest IIpeicTaB/IeHUsT TBUKEHUST
IJIAHET C TOMOIIBI0 KOMOMHAIINY PAaBHOMEPHBIX KPYTOBBIX JIBUYKEHUIT pea-
Jim3yeTcs wHade. KIIE paHbIe TO Ke IMPOUCXOIUIO B MCJIAMCKUX CTPaHAX.

Bemmgaiiimum acTpoHOMOM JIpEBHOCTH OBLI yrKe yIHOMUHABIIHiCA | nri-
mapx. O ObLT pABHO BEJIMK W KaK HaOJIOaTe b, U KaK TEOpEeTHK. B Ka-
YecTBe TEOPeTHKa OH IE€PECTPOMJI KHHEMATHYECKYIO MOJE/b IIJIAHETHBIX
JIBUKEHUIT, [TOJIOKUB B OCHOBY €€ SMUIMKJIBI U Jie(PePEHThI BMECTE C IKC-
IEeHTPUIHOCTRIO. [103/1Hee 9Ta MOsIesb ObliIa ycoBepieHcTBOBaHa Kiiasuem
ITrosemeeM (2 B. H.9.), KAIUTAJbHBINA TPyZ KOTOpOro «Bemamkoe marema-
Tudyeckoe moctpoenne acrponomun B XIII knwmrax» 6Gosiee m3Becren mof
COKPAIEHHBIM apabu3npOBaHHBIM Ha3BaHUEM <«AJjbMarecTs. ['UImapxoBy
Mojtesib BmKeHust Costaia IlTostemeit HaIén BIIOJIHE yII0BJIETBOPUTEIBLHOMN
U BOCIPOU3BEN €€ B CBOGM TPY/Ie, HO JJIs BCEX OCTAJIBHBIX <«IIJIAHET» MOJIEe-
s ObuTn mepepaboranbl. B pe3ysbrare BIepBbIE YIAJIOCH 33 TOMBI BIEPET
MIPEIBBIYHUCIIATE COTHEIHBIE U JIyHHbIE 32ATMEHUSI C TOYHOCTBIO /10 1—2 aHeil.

[ToMuMoO uCIIOIE30BaAHMS IKCIIEHTPUIHBIX TOUEK, [IToTemeit m306pésn ermé
OIMH <«TPIOK», O KOTOPOM y?Ke I'OBOPUJIOCH, — SKBaHT. HalloMHIO, 94TO 3TO
TOYKa 3, CHMMeTPUYHAasi TOUKe Hab/rogeHnst H OTHOCUTEJILHO IEHTPa Jie-
depenra I[; BMecTO TOro 4YTOOBI IEHTP U SIUIUKJA C JBUTAJCS IO JIe-
depernry C' paBHOMEPHO B OOBIYHOM CMBICJE, T.€. C HOCTOSHHON YTJIOBOA
CKOPOCTBIO OTHOCHTEJBHO TieHTpa I] sToro medepenta, morpedyeM, 9ToOBI
neuzkerne ¢ 110 C' IPOUCXOJIUIIO € TOCTOSIHHOM YTJIOBOM CKOPOCTHIO OTHOCH-
resibHO . IlTosemeit 3HAI, YTO B IPUHIMUIIE MOXKHO (€CJIM HE COBCEM TOUHO,
TO 1o KpaiiHeit Mepe IPUOIMKEHHO ¢ JOCTATOYHON TOYHOCTHIO) 3aMEHUTH
SKCIIEHTPUKN U SKBAHTHI [TOAXOISNIIMI KOMOWHAIUSMHI JIOMOJTHUTEIbHBIX
SMUINKJIIOB, OJHAKO OH CYUTAJI, ITO IMPOIIE ITOTO HE JeJIaTh.

Hpmxkenne y mo C, TPOUCXOJAINEe C MOCTOSAHHON YIJIOBON CKOPOCTHIO
OTHOCUTEJBLHO &, MMeeT, KOHETHO, IEPEMEHHYI0 CKOPOCTD; TAKUM 00pa3oM,
BBeJIsI 9KBaHT, [ITo/IeMell TOpBaJI C JIOIMOM, YTO «HEOECHBIE» JIBUYKEHUS 110
OKPY2KHOCTSIM JIOJI2KHBI TIPOUCXOUTD C TIOCTOSHHON CKOPOCTBIO. B mpuHITH-
MUaJILHOM OTHOIIEHUHU 9TO ObLI HE MEeHee CYIIEeCTBEHHBIH Iar, 9eM OTKa3 OT

16B pomame M. Oxio «CHMBOI PO3bI» MPEKPACHO TOKA3AHO, YTO ITO GBIIO MOUTH UTO
peBosOIMOHHBIM I1aroM. CobObITHsI, ONUCAHHBIE B POMaHe, BBIMBIIIJIEHBI, HO HaCTPOe-
HUS — HET.
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XpycTaybHbIX cep Apucroress. Ho mociennee nHOTIA BBI3BIBAJIO BO3pAYKe-
HUSI, & J0 9KBAHTA OPTOJOKCAJIbHBIE TOCIEeI0BaTe I APUCTOTESI, TOXOXKE,
HE JOXOJWIN. BeposiTHO, ICUXOJIOTMYecKu 3KBaHT mnomor Keruepy mpu-
HSITh MBICJIb O HEPABHOMEDHOCTH JiBHXKeHus1 Mapca 1o ero opbure, a TOT
daxT, 9T0 B ciiydae 9KBAHTA JBUKEHUE ¢ HEPABHOMEPHON CKOPOCTHIO MOXK-
HO BCE-TAKM OIUCATH C HOMOIIBIO BCIIOMOIaTeJbHOI BeJMIUHbI (IOJISIPHOIO
yIJIa ¢ HOJIOCOM B ), CKOPOCTb M3MEHEHUs KOTOPOIl HOCTOSHHA, MOIVIO
HATOJIKHYThb €r0 Ha IOWCKU BEJIMYMHBI C TAKUM Ke CBoicTBOM Jijist Mapca,
U OH €8 HAIIE, XOTd B JAHHOM CJIydae 3Ta BeJndmHa (ILIOMAIb CEKTOpa)
KayKeTCsl 9eM-TO 00Jiee CJIOXKHBIM, YeM TIOJISIPHBII YTOJI.

Cnemyer emgé pa3 moIIepKHYTh, 9TO BCe 9T Mojean — EBokca, [Ito-
JleMest U T. JI. — Obin KuHeMaTndeckuMu. OHI ¥ CTPOWJINCH TOJBKO 110 KH-
HEMATUYIECKUM JIAHHBIM, 6€3 TONBITKH [TOHATH (PU3NIECKYI0 CTOPOHY JIEJIA.
OHU 1T03BOJISLIIN OIIPEJIETSATD TOJBKO HAIIPABJICHIE Ha HEOECHOE TEJI0, HO, KaK
00'bSICHSIJIOCH BBIIIE, OBLIN IPUHIUIIAAILHO HEIIPUTOIHBI JJIs OlPeIesIeHIs
PaCCTOSTHUI MEXKJTY TeJlaMU, XOTs Obl TOJIBKO OTHOCHTEIbHDBIX PACCTOSTHUIA.
A ¢ paccrosiHusIME CBsI3aHA SIPKOCTD, C KAKOM MBI BUJIUM ILJIAHETY, & B CJIyvIae
JIyHbI — Tak2Ke u €€ yIrIoBble Pa3MEpPHI.

C Jlymoit mosryamioch 0ocobeHHO 1mroxo: 1o IIToseMero BBIXOIMIO, 9TO
npu apukennn JIyHbI BOKpYT 3eMJId PacCTOsTHUE JI0 HE€ M3MEHSIeTCsl [MOUYTH
B /IBa Pa3a, a TOrJa COOTBETCTBEHHO JIOJI2KHBI U3MEHSATHCS U €€ YIJIOBBIE Pa3-
Mepbl. Beskomy m3BecTHO, UTO 970 He Tak. Ho KomepHuk cymen m3mMeHUTH
Mozesib [lTonemess Tak, 9TO M TOYHOCTH KMHEMATHIECKUX IPEICKA3AHUIN
[MOBBICUJIACH, U CTOJIb 3aMEeTHOE M3MEHEHHe PACCTOSHUN yIAaJI0Ch JIMKBU M-
poBath. [Tockosbky JIyHa JeficTBUTEILHO SBJISIETCS CITyTHUKOM 3€MJIH, KaK
pa3 ¢ Jlynoit KonepHuK TpUHIUIHAIBHBIX U3MEHEHUT HEe BHOCHJI, MOXKHO
CKa3aTh, 9YTO B JAHHOM CJIyYIae OH TOJIHKO YCOBEPIIEHCTBOBAJ MOJEb 1ITo-
JieMest, y KOTOPOT'O B 9TOM MecTe 1o cpaBHeHHIO ¢ KonepHuKoM ObLiIa TOJBKO
HEKOTOpas HeJI0pabOTKa, a He IPUHITNINAJBHBIN U3'bsTH.

Yro ke KacaeTcs pacCTOSIHUI JI0 TJIAHET U UX SIPKOCTH, TO B 9TOM OT-
HOIIIEHUU MOJIejb KolepHUKa IPOJIEMOHCTPUPOBAJIA SIBHbBIE IIPENMYIIECTBA.
Vxe cam KomepHuk cMOr I0BOJIBHO TOYHO OIPEIE/IUTH OTHOCHUTEIbHBIE
pa3Meps IIAHETHBIX 0pOuT. V1 BBISICHIIIOCH, YTO TJIAHETHI OKA3bIBAIOTCS sip-
KHAMU TOrjIa, Korma, no Konepuuky, onn jub6o 6mxke K 3emie, Jubo Jrydrie
OCBeIIEeHbI, 00 U TO 1 apyroe. [lociennee coBmeniaeTcst Jist BHEITHUX TLI1a~
HET, TOIJIa KaK JIJIsl BHY TPEHHUX ILJIAHET YCJIOBUsI OJIM30CTU M OCBEIEHHOCTH
IPOTUBOPEYAT APYT APYry (KOrja IjiaHeTa Bcero GJiuzKe K HaM, Mbl BUIUM
€€ TeHeBYIO CTOpOHY). Jjisd 9TUX IUIAHET MAKCUMYM SIPKOCTH JIOCTHIAETCS
TOrJIa, KOrjia yroyi «3emis, mianera, CoJHIe» paBeH MPSMOMY.

[TockoJibKy OpOUTHI IIJIAHET Ha CAaMOM Jiejie SJUINITHYHBI, a KomnepHuk
TOJTb30BAJICS TOJIBKO OKPYKHOCTSIMHE, €MY, TI0 IIPUMEPY JPEBHUX, MIPHUIILIOCH
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00pATUTHCS K SMUIUKIIAM U jiedepeHTaM. A Tak Kak OH CTPEMUIICS OXBATUTD
boJiee OOIMIMPHBIN HAOJOJATEIBLHBIN MaTepuas, yeM I[lTosiemeii, U Kpyros
eMmy nona1o06mroch moutn Basoe 6oabme!”. (K Tomy ke KonepHuk, Buammo,
moJiaraJi, YTo HeOecHbIe JIBUKEHUsI JIOJI2KHBI CBOJUTHCS TOJIBKO K pABHOMED-
HBIM KPYTOBBIM JIBUKEHUSM; [TIO9TOMY €My He HPABUJINCH TPIOKW C IKCIIEH-
TPUKAMU U SKBAHTAMU, U OH [TOPON «9I€CTHO» 3aMEHSI UX JIOMOJHUTEIbHDI-
mu snunukaamu. ) Henrpsr gedepentos mianer KonepHuk noMecTust B HEKO-
TOPYIO TOUYKY, [IpaBJia, CMEIMEHHY0 B cTOpoHy oT COJIHIIA, HO OJIHY U Ty Ke
JJIS BCeX ILJIAHET; BIIOCJIEJICTBAM 3TO MOIJIO HECKOJIbKO 1moModb Keruiepy.
Tax 9TO HEIB3sI CKa3aTh, OyaTo cucreMa KomepHuka OblLia MPOIe CUCTEMBI
[Tronemes. Ilpunnunuaabno, MOXKeT OBITH, U Ja, HO B JIETAJIbLHON peajm3a-
1y — HeT. (OJHAKO eCiI MOIBITATHCS JOCTHYb B PAMKAX IeOIeHTPUYECKO
MOJIEJIN TO¥ TOYHOCTH, KOTOPOIi JocTur KomepHuK, TO KpyroB MOHAI00UI0Ch
OBl ermé H60JbIIe. 3HAYUT, B KOHETHOM cuéTe MoJiesib KonepHuka Oblia BCE e
uporie.) OcHoBHBIE penMyIecTBa Mosiesn KorepHuka Ha MepBBIX opax
ObuTH u3mdecKuMu. UTO KacaeTcs yTOYHEHUs BUIMMON KHHEMATUKHU, OHO
Toxe 66110 socTuruyTo (eM. o «IIpycckux Tabauiax» B OCHOBHOM TEKCTE),
HO BeJlb B NEONEHTPUYECKNX PAMKaX Takoe yzke ObiBaso. Kpome Toro, cra-
HOBUJIUCH IOHSITHBIMU COBITAJIEHNS, OTMEYaBIINECS BBIIIE, — OHU OKa3aJIUCh
[IPOCTO OTPAXKEHUSIMU JIBUKEHUs] 3€MJIM B BUMMOM JIBUKEHUU IIJIAHETHI.
Haxkowerr, crajio sicHbIM, IOUeMy BUIUMBIE «eTyiny y CaTypHa MEeHbIIe, YeM
y FOnurepa, a y FOnurepa — menbiie, yem y Mapca, HO 9UCJIO 3TUX MTE€TEb,
MPUXOJIANINXCS Ha OuH 060poT 1o Aedepenty, Haobopor, y Carypua 60/1b-
me, yeM y FOmmrepa, a y FOmurepa 6ombiie, uem y Carypna. Beé 1o nmpocto
moromy, uro CarypH jgasbire or 3emun, gem FOmwmrep, a Tor —vem Mapc,
1 TIepro | obpalneHns Bozpacraer ¢ yaaaerneM or Comnnal®. OnHako, Kak
YTBEPKAIOT CIIEIUAIUCTEI, B OTHOIIECHNN KnHeMaTnku y KomepHuka 66110
peajibHOe METOINYIECKOe JOCTIKEHNE, TOJBKO 10 CPABHEHUIO HE CTOJHLKO
¢ camuM [ITosiemeemM, CKOJIBKO C €ro IOC/IeI0BaTESIMA, KOTOPBIE, TIOBBIIIAS
TOYHOCTb MOJIEJIU IYTEM TOJI00Pa HOBBIX SIUIUKJIOB U HEKOTOPOTO HU3Me-
HEHUsI [TAPAMETPOB y2Ke MMEBIIIIXCSI SIMUIUKJIOB U J1e(DEPEHTOB, JEJIAJH ITO
B KaKOU-TO CTEIEHN HayTa, «MeTOIoM Ipob u ommboks. Y IlTomemest myTh
oT HAOJIIOJEHNIT K mmapaMerpaM Mojeseir Obl1 60see sicubiM, n KonepHuky
yaasoch (B 6osiee Ci0xKHOI 06cTaHOBKE!) BHOBD JOCTHYb TAKOM Ke sICHOCTH.

17Briocsie1cTBIN BBISICHUIIOCH, YTO YaCTb CPEIHEBEKOBBIX HAOJIONEHUH, ¢ KOTOPBIMU
IIBITAJICS COIVIAcOBaTh CBOIO cucreMy Korepuuk, 6bu1a omubo4ynoit. Eciu 661 oH 3HaT 00
3TOM, TO, BEPOSATHO, YaCTh KPYIrOB €My He IOHAJ00UIach ObI.

18Ecian 661 Bemuist gBUrasIach, a IUIAHETHI OBLIM HEIOJABHUKHBI, TO Pa3MeEpPbI IIETelb
B TOYHOCTHU OTpa}KaJII/I 6BI paCCTOﬂHI/Iﬂ OT 39TUX IIJIAHET 110 COHHHa. TaK KaK IIJIaAaHETBhI
TOXKEe JIBUXKYTCs, OIPEJIe/IEHNE OTHOCUTEIbHBIX OT HUX paccrognuii 10 CosHila ABsgeTCs
Ooutee cyIOXKHOM 3amadeil, Ho KonepHuk c Hell crpaBmiIcs.
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Noranu Kemsep (1571—1630) pouicst B MaseHbKOM Topojike Beiire (Ha-
CUUTBIBABIIEM ¥ HACUUTHIBAIOIEM BCETO HECKOJIBLKO THICSY YKUTEJIE) OKOJIO
Iryrrapra, rmaBHOrO TOpoda reprorcrsa Bioprembepr ma fore ['epmamnmm.
Ipenxu Kemepa 6pumn pemeciaenankamu. Jlem 6611 JTOBOJIBHO COCTOSITEb-
HBIM 1 yBAXKAEMbBIM 9Y€JIOBEKOM (OHO BpeMsl OH JaxKe ObLI OypProMucTpOM
Beist), #H0 morom pasopusica. Orer; ObLI HeypaBHOBEIIEHHBIM <HCKATe-
JIeM TPHUKJIIOYEHHUIT», KOTOPBIA TO MBITAJICS JIE€PKATH XAPUIEBHIO B OHOM
W3 COCEIHUX T'OPOJIKOB, TO HAHMMAJICS JIAH/ICKHEXTOM, ITOKHUIAsl CEMbIO Ha
mpousBoJI cyapObl. B Takoit oToryuke oH m ymep. Majenbkomy Moranmny
JIOBEJIOCH TIepebOosIeTh OCHOM, OCHOBATEIBLHO HOJOPBABIIEH ero (GU3NIECKoe
COCTOsIHUE, HO He IOBJIMABINEH Ha yMCTBEeHHBbIe criocobnoctu. K cuacThio,
obpaszoBanune B Broprembepre ObIJIO OTHOCUTENHHO JOCTYIIHO, U POIHBIE Pe-
AN, 9TO CIIOCOOHOMY, HO XMJIOMY MAJILIYUKY JIy9Ille TOTOBUTHCHA K 3aHATHIO
YMCTBEHHOM TPY/IOM.

Kerep nmpoBésn cBoio Ku3Hb Ha fore l'epMannn u B IpUJIEraoniux K Hei
rocysapcrax, B TO BpeMsi BxojauBiux B Cesiennyo Pumckyto Nmvmepuro
repMaHckoil Harun, — ABcrpun, Yexum, Benrpum. Kak m ero pomcrsen-
HUKW, OH ObLI MPOTECTAHTOM, & KATOJMIECKOE IPABUTEIHbCTBO WMIIEPUN
9TOr0 HE IPUBETCTBOBAJO. Brpodem, mo mHavasa TpuanarunieTneir BONHBI
(1618—1648) mosiozkeHne GBLIO €IE TEPHUMBIM, HO UTO OBIBAET BO BpPEMsI
BOIHBI, MBI 3HaeM He noHacJibimke. (Karommkam, ciydanoch, TOXe NOpU-
XOJMJIOCh He cJiaziko.) I109ToMy KOHeI[ ero »KM3HM OKa3aJcs Kyla 6osee
TSKEIBIM, HEXKEJIN MOYKHO OBLIO OBl OKUIATDH IO €€ HaTay.

Bo Bpems yuébnr B T10OMHIeHCKOM YHUBEPCUTETE €0 YINUTEIb, Ipodec-
cop acrponomun Mecriun (1550—1631), nosnakomusn Kemepa ¢ Teopueit
Komnepuuka. 910 0H c/iestas B INIHBIX Oeceiax, a IPeroilaBaTh ACTPOHOMUIO
[0 PEIeHUI0 YHUBEPCUTETCKOIO CeHaTa OH JoJKeH Obl1 1o Iltosemero.
Cracubo Mectriumy, 9T0 OH HE JO KOHIA BBIIOJHUJI 9TO MOCTAHOBJEHUE!
Ho nmonokenmne 00s3bIBaeT: BIOCIEICTBUH, KOTA IIPEUMYIIECTBA CACTEMbI
Komepuuka «B pemakiun Kertepas y»ke HE y OZHOIO KOMIIETEHTHOTO CIT€-
IUAJINCTA HE BBI3bIBAJIM COMHeHHUs, MecTiimH u3/iasr yaeOHNK acTPOHOMUN

o Ironemero!.

1 Vuénwrit, cBeperauk lammes

Bour lanuies: ve rirynee:

OH 3HaAJI, ITO BEPTUTCS 3€MIIH,

Ho y mero Gbu1a ceMbsi.
EBrymenko enBa jin 3uan o Mectiune u Kensepe, Ho yragas nouaru Touno. Toiabsko Mect-
JinH He 6blLI cBepcTHUKOM Hu lasmitesi, Hu tem 6ostee Kemnepa. (OnHako pasHuna Jier He
nomertasia Mectinny u Kemtepy Apy»KuTh, — JOIOIHUTENBHBIA HITPUX K IIPUBEIEHHOMY
CTHXOTBOPEHHIO. )
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B 1593 r. Kemrep OKOHYNI yHHBEPCHTET W IOJYyYIUJ CTEIEHb MAaIW-
CTpa, HO TO JIU €r0 €IMHOBEPIIBI-IIPOTECTAHTHI OOBUHUJINA €I0 B PEJIUTHO3HOM
CcBODOOIOMBICJIUH, TO JIX TTOHAIOOUJIOCH HAIIPABUTD MIPEIIOIaBATE IS MaTeMa-
TUKU M aCTPOHOMHUHU B JIOTEPAHCKYIO IMKOJIy B ['pame, Toinpko Kerurepa
He octaBuin B TiobuHrene, a HampaBwin B ['pai. DTo ObLT KaToJmde-
CKHIl palfoH, HO CO 3HAYUTEJIbHON MPOTECTAHTCKOI IIPOCIONKOM, K KOTOPOIX
BHAYAJE BJIACTU OTHOCUIUCH TepnuMo. CIIyCTsi HECKOJBKO JIET HAYAJHCDH
pesiurno3Hble roHeHusi, u Kelilep Ha HEKOTOpPOe BpeMsl yexaJs B BeHrpuro;
BIIPOYEM, EMY VIAJIOCh BEpHYThCd. B aToT mepuos, B 1596 1., oH u31a cBoio
epByO KHUTY «BBejeHne B KocMorpaduuecKue UCCIe0BaHUsl, CO/IePIKa-
mue KOCMUYECKYIO TAIHY o 3amedaTenbHOl IPOIOPIME HEOECHBIX
OpOUT M TOJJIMHHBIE U JOJKHBIE ITPUIUHBI UNACJIA, BEJIMYNHBI U EPHOIU-
YeCKUX JBUXKEHUIl Hebec, JIOKa3aHHBIE C IOMOIIBIO MSITH ITPABUJIBHBIX TEJI.
OcHoBHast mjiest STON «TalHBI» COCTOSIJIA B COIOCTABJIEHUH IIECTU COBEP-
MIEHHBIX HEOECHBIX Te (IJIAHET, TEIeph y¥Ke BKJI0Yasd 3eMJII0 U BBIKJIIO-
yasg Cosnne ¢ JIyHO#) U IsTH NPABUJILHBIX MHOIOIDAHHUKOB, KOTOPBIE CO
CTAPUHHBIX BPEMEH TOXKE CUNTAJIUCH COBEPIIEHHBIMU. A UMEHHO, TIpejiiara-
JIach CjeAyonas KOHCTPyKius. Vimeercs 6 KOHIIEHTPHIECKUX CEP; MEKTY
HUMU UMEEeTCsl 5 «IIPOMEXKYTKOB» — IapOBBIX CJI0EB. [Ipu orpeeéHHbIX
COOTHOIIIEHUSIX MEXKJy PaJUycamMu cdep B ITUX 5 CJIOSX MOYKHO PaCIIOJIO-
KATDH HATh TPABUJIBHBIX MHOTOIPDAHHUKOB TaKUM 00pa3oMm, 4TobbI cdepa,
OTPAHUYIUBAIOINIAS U3HYTPH IIAPOBYIO 30HY, ObLIa BIINCAHA B COOTBETCTBYIO-
Uit MHOTOT'PAHHUK, & cdepa, OrPAHNINBAIONIAs Ty 30HY CHADPYKHU, ObLIA
BOKPYT' Hero omnwucaHa. MHOTOIpaHHUKHU, Wsi U3HYTPU HAPYXKy, PacIoJia-
raJluCh B TAKOM TIOPSIIKE: OKTa3JIp, UKOCAIP, JOJAEKa3Ip, TeTpasiap, Kyod.
Kaxnas mianera, mo muenuto Keruiepa, HaxoauTcs Ha BHYTPeHHe# rpa-
HUIE COOTBETCTBYIOIIEH 30HbI, T. €. MepKkypnit — Ha HanMmeHbIe u3 cdep,
Benepa — na cienyromeit, u 1. 1. Ha o6opore 00/10KKM HACTOSIIENH KHUTH
[TOMEIIEH PUCYHOK, KOTOPBIM caM Keruiep MOsICHSLI 3Ty MOJIE/b.

Abcosrorabie paccrosiaust or IiaHer ;10 CosHIla OBLIM TOT/IA HE W3-
BECTHBI, HO OTHOCHUTEJIbHBbIE PACCTOSIHUS OIpeIeaui emé cam KomnepHuk
(¢ upuamgnoii TouHoCcTHIO). Keruiep cpaBHWII OTHOIIEHUS PACCTOSHU 111t
IBYX CJEAYIOINAX APYT 33 APyromM cdep B €ro MOJEIN C OTHONIEHUSMU
paccrosiauit o Konepuuky. Pesynprar okasascs XOpOIIuM B ABYX CIydasix
u mwioxuM B Tpéx. OcobeHHO IMJIOXO MOJIYyYMJIOCh C OTHOIIeHueM Mepky-
puii—Benepa — pacxoxkieHue mo4yTu B nojropa pasa. [locie atoro Kerep
TIOTBITAJICS MOAUMDUIINPOBATH CBOIO MOJIEJIb, TJIABHBIM 00pa30M 33 CUET u3-
Menenust paccrostaus 10 Cosara s Mepkypust. Teneps Gpasiach miroc-
KOCTb CHMMETPHUU OKTa3/Ipa W B KBAAPAT, IO KOTOPOMY OHA IIE€PECEKAET
OKTa3/Ip, BIIMCHIBAJIACh OKPYKHOCTH, Ha KOTOPO#, SIKOOBI, U JOJI?KEH HAXO-
muTbest Mepkypuit. OcrajibHBIE 2Ke TIJIaHETHI MO-TIPEKHEMY HaXOIUINCh Ha,
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COOTBETCTBYIOMMX cdepax, TAK 9TO MPABUJIO JIJIsI OIIPEIEJIEHUS] PACCTOSHILS
1o CoutHnla Tenepb [t MepKypust CTaJIo OJIHO, & JIsd APYTUX IJIaHET JIpy-
roe. OrHomenne paccrosiuuii it Mepkypust 1 BeHepbl yirydimmiock, HO BCE
PaBHO cOTJIacHe C SMIUPUIECKUMU JAHHBIMUA OCTAJIOCh He OJIECTSIIIM.

B mamm aum runoresa Kemmepa xazkercst crpannoit. 4 me roBopio yke
0 TOM, UTO MBI HE MOXKEM 33/IaBATHC BOIIPOCOM <«IIOYEMY CYIIECTBYET POBHO
MIECTD IIAHET», KO0 MBI 3HAEM O JEBATH IIAHETaX 2, He CUUTas aCTEePOHIOB,
1 HICKOJILKO He OyJIeM Y/MBJIEHbI, ec/Id OTKPOIOT JlecaTyio. Boobme, umcio
IJIAHET B IJIAHETHOW CHUCTEMe eJiBa JIM MMeeT KaKOW-TO IIyOOKUil CMBICIT
U, CKOpEee BCEero WMMEIOTCs JIpyrue IJIAaHETHBbIE CUCTEMBI, B KOTOPBIX OHO
npyroe. Bosee ceppé3HO ciemyiomiee: Mbl 3HAEM JOBOJIBHO MHOTO PA3JIdd-
HBIX CBs3€il MEXK/y $BJIEHUAME IIPUPOIBI, B TOM UHCJIE KOJIUIECTBEHHBIX
COOTHOIIIEHUIT U aHAJIOTU, ¥ HU OJIHA U3 HUX He HAIIOMUHAeT rurnore3nbl Ker-
siepa. Ho Kerutep 3Ha/I TOJIBKO Te KOJMYIECTBEHHBIE CBSA3U, KOTOPhIE OBLIH
U3BECTHBI B TOTJAIIHEN aCTPOHOMUM, J& eIlé HEKOTOPbIE KOJIMYeCTBEHHBIE
COOTHOIIIEHUS B aKyCTHKe, Bocxo siue K [Tudaropy. ¥V Hero He Moo 6uITh
HAIIIEro «yMCTBEHHOTO Oararkas. Ero «bararks», CBSI3aHHBIA C BINSHAEM
OKPY2KAIOIIel CpeJibl I MUPOBO33PEHUS, ObLI HEe TOJIBKO KOJUIECTBEHHO, HO
u kauecTBeHHO ApyruM. Mbmuienue Kenepa (B orimane ot 60s1ee 61u3K0r0
K HaM B 9TOM OTHOIIeHHM lajmiest) GBLIO KAk OBl [IEPEXOJHBIM OT CPel-
HEBEKOBOTO K COBPEMEHHOMY W HE OCBOOOJMJIOCH OT BJIMSIHUSI MUCTHUIIA3MA
U TIPEJIPACCY/IKOB CBOETO BPEMEHH.

B aByx apyrux ornomenusx Kermrep yke B 9Toit KHATE TPOSIBIII 3a-
JATKHM, KOTOPbIE BIIOCJIEJICTBUN PA3BUJINCh B CUJbHEHIINE ero 4epThl Kak
YUYEHOrO U BIIOJIHE OTBEYAOT coBpeMeHHOMY uiaeasty. OH cTpeMuscst K mpo-
BEpKEe CBOUX BBIBOJOB Ha SMIIMPUYECKOM MaTepuaje, W M0 BO3MOXKHOCTH
K KOJIMYECTBEHHON TPOBEPKe. 3aHNMASICh MATEMaTHIECKONH MOJE/IBI0 HEKO-
TOPOT'O MPUPOIHOTO SBJIEHUS, OH MPOSBUJ TOTOBHOCTD M CIOCOOHOCTH BU-
JIOU3MEHSITH 3Ty MOJIE/Ib. B 9TUX OTHOIIIEHUSIX OH BITOCJIEICTBUU IIPEB3OMIET
lanumnes.

2BupoueM, caMas JajdbHAA U3 HUX, ILJIyTOH, Teleph HAXOMUTCS IIOM yIPO30H «pa3rKa-
JIOBaHUA» B KPYIIHbIE aCTE€POUIbI. STO CBsI3aHO HE TOJIBKO C €ro HeGOJ’IbLT_II/H\/H/I pas3MepamMu
(menbie JIynet!). B paitone op6ursbt Ilayrona renepb oGHAPY?KEHO HECKOJILKO JECAT-
KOB aCTeponJoB (MEHBIINX DPa3MepOB), TaK 9YTO TaM, IIO-BHIMMOMY, HMEETCS BTOPOM
[I0SIC ACTEPOUJIOB; ITOT MOSC Y¥Ke IOJy4ns ocoboe HasBaHme «mosc Kéiinepa» B 4ecTb
BBIJAIOIIErocsd aMepPUKaHCKOTO aCTpPOHOMA, KOTOprfI OTHUM U3 IIEPBBIX 3aII0A03PUJI €ro
CyIIECTBOBAHUE U IIPUBEJI CEPHE3HBIE JOBOJIBI B MOJIL3Y ITON rUmoTe3bl. Pa3 Tak, To mOXo-
ke, 9yTo [LimyToH mpocTo HEOOBLIYAWHO KPYIHBIA MPEICTABUTEb ITOrO IMOACA, B KOTOPOM
BOOOIIE UMEIOTCsI 6oJIee KPYIIHBIE aCTEPOUIBI, HEYKEIH BO BCEM H3BECTHOM IIOSICE MEXKIY
Mapcom u FOmurepom.

3TIpoBommIocs maske [Ba Typa KPyTHOMACIITAGHBIX TOUCKOB IECSTOM TITAHETHI — IIep-
Bblif pa3 B Teuenue nouru 10 jer mocsie oTkpbiTua [lmyrona, a Bropoi pa3 — B 60-e rr.
XX B. O moucke mraner B Hameil CosHEYHOI cuCTeMe CM. MHTepecHyI0 Gpomropy [35].
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Teneps cTouT CKa3aTh, KAK ceifaac, CIycTs HECKOJIBKO BEKOB, OOCTOSIT Jie-
JIa ¢ PaJIycaMy IJIAHETHBIX opbuT. JIj1s1 paccrosauii ot mraset no Cosara’
GBI IPEIOXKEH TaK Ha3bIBAeMbIil 3aKOH (JIydIne cKa3aTh, npasuio) Turmy-
ca—bBoe. Morann Tunuyc (1729—1796) ony6sukosas ero B 1766 1. B HeMerr-
koM nepesojie kuauru lapis Bonne (1720—1796) «Coseplianue Ipupobls.
B 1772 r. ¢ srum mpasmiaoMm mosHakoMmmics Morann Bome (1747—1793),
BKJIIOYUBIIHII €ro BO BTOpOe m3jaHme cBoero «PyKOBOICTBa MO M3yYeHUIO
3BE3MHOIO Heba» M BIIOCJIEICTBUU HEOJHOKPATHO O HEM HAITOMUHABIIIHI
(B TOM uncie B cremyroomux nsgaHunsax «Pykosogcrsas). Baiaromaps sroit
[IPOTIATaHIUCTCKOI JIesITeIbHOCTH Bojie MpaBmio 0Ka3aJI0Ch KPEIKO CBsI3aH-
HbIM ¢ ero umeneM (a o Tunumyce mopoil naxke 3abbiBasu, TeMm Gosee 4TO
B ZIPYyIUX OTHOIIEHUSAX €ro POJib B UCTOPHUU HAyKH ObLIa 60jiee CKPOMHOI).
[IpaBwio opmymupyercss 0YeHb IIPOCTO. B Tak HA3bIBAEMBIX «aCTPOHOMU-
YeCKUX €JIMHUIAX>, B KOTOPBIX PanyC OpOUThl 3eMJIi paBeH 1, pACCTOSTHIE
1o CoutHita OT N~ IIaHETHI BBIYKUCJIsIETCs 110 popmydte 1, = 0,4 + 0,075 x 2.
ITpu sroM npunuMaeTcs, 9o Ayt MepKypus n = —oo (XOTs JOJKHO ObLIO
661 6bITb 2 = 1), Tak uro 2™ = 0, HO JaJibllle BCE HPABWILHO: sl Bewe-
pot n =2, qua 3emsm n = 3, mist Mapca n = 4, jqiua acrepoujioB n = 5,
g FOnurepa n = 6, qs Carypaa n =7, mist Ypana n = 8. AcreponioB
MHOTI'O, TaK YTO HESsICHO, C YeM MMEHHO HaJI0 CPAaBHUBATDH T'5, BBIUUCJIEHHOE
mo janao#t opMmysie; BO BCSIKOM Cliydae, KPyT PaJdyca 75 JIEXKUT TJe-TO
mocepe/iuHe Mosica acTepouioB. s OCTAJIbHBIX MEPEYNCICHHBIX ILJIAHET
COBIIAJIEHIE — C TOYHOCTHIO JI0 HECKOJIBKUX MPOIEHTOB; 9TO TeM GoJiee BIIe-
qaTisteT (HecMOTpsi Ha HATsKKY ¢ Mepkypuem), uro YpaH (Kak M acre-
POHJBI) B MOMEHT Iybaukaimuu (HOpMysibl emé He ObL1 OTKPBIT. OJHAKO
g Henrryna u ocobenno Ihnyrona (n =9, 10) pacxoxienue ¢ IpaBUIbHBIM
paccrostuueM 3HadnTesnbHoe (s [linyTona— noyru BaBoe).

ITpasuwio Tunuyca—bBone (kak u orcrymienus or Hero misg Hemnryna
u IlnyToHa, a Tak:Ke MpeJjlaraBIuecs] Pa3JINIHbBIMU aBTOPaMUi MOIU(MUKA-
I[IUU 9TOTO MIPABUJIA) He UMeET OOIIENPU3HAHHOTO TEOPETUIECKOTO O0bICHE-
HUSI?, XOTsI HEKOTOpPBIEe HONBITKU B 3TOM HAIPABJICHUY IIPEIPHHIMAJIICH

4B XXI B. HEOGXOAMMO OrOBOPUTBCH, YTO, HOCKOJILKY OPOHTDI IJIAHET — SJLIUIICKHI, 8 He
OKPY?KHOCTH, paccTosiHue oT IuaHeTsl 40 COJIHIIA HECKOJIBKO MEHSIETCSI CO BPEMEHEM.
Ho sTum ceityac MmoxkHO npeHebpeyb, UO0 IJIAHETHBIE OPOUTHI HE OYEHb OTJIUYAIOTCH OT
OKPY2?KHOCTEH, a IIPAaBUJIO, O KOTOPOM CefiIac UAET pedb, SIBJISETCH TPUOIMKEHHBIM.

5B 5TOM OTHOIIEHHM OHO HHYYTHb HE JIyHUIle KEILIEPOBCKUAX MOCTPOEHHH C IIPABHIIb-
HBIME TeJIaMHU, TOJILKO JIydIlle COOTBETCTBYET HaO/IomaTeabHbIM dakTam. Ho, moxasyit,
npasumwio Tumuyca—bBoze aydmre Bor B kKakoM oTHomeHnu. Ecau MbI mpocTo mozobpasin
MTOXOSIILYIO YUCJIOBYIO 3aKOHOMEPHOCTb, TO SICHO, YTO 9TO YHCTO OIBITHBIN (aKT, 3a KO-
TOPBIM, MOYKET OBITH, CTOUT KaKOe-TO HEM3BECTHOE HaM (PUBUTIECKOE COAEPIKAHIIE, & MOYKET
ObITH U HET (CM. HUYKE O BO3MOXKHOI POty citydaiinocreil npu Bo3HuKHOBeHHH COsTHETHOMN
cucremsr). U y»k BO BCAKOM Cilydae caMa IO ce0e HHCIOBas 3aKOHOMEPHOCTb HHKAKUX
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(cM. HEKe). A TiIaBHOE, MBI He 3HAEM, HACKOJIBKO TO IIPABUJIO YHUBEPCAJIb-
HO, T. €. UJET JIX pedYb O KaKOW-TO crenuduieckoit ocobennoctn CoslHEIHOM
CUCTEMBI, WJIM K€ 9TO IMPABUJIO CIPABEIJINBO U JJjIs JPYIUX IIJIAHETHBIX
cucreM? Bep MBI He 3HaEM, KaK PacIpeieieHbl pauyChl IIJIAHETHBIX OPOUT
B JAPYTHUX CHCTEMaX.

Emgé ner 30 masanm namo 66110 ObI CKa3aTh KATETOPUIHEE: MBI HE 3HAEM
JPYTHUX IJTAHETHBIX cucTeM. Ho ¢ Tex mOp OKOJIO psifa 3BE31T 0OHAPYKEHO
okosio 140 turaser ¢ maccamu 0ObIUHO Topsifika Macchl FOmurepa. (O cn-
Tyaluu B 3TOI 00JIaCcTU, UMEBIIell MeCTO HECKOJIBKO JIeT Ha3aJl, CM. IOJIy-
HOIYJISIPHYIO cTaThio [36]. A Korja 9Ta KHUXKKA IONAJET B PYKH YUTATEs,
TaKWX TTAHeT, BEPOATHO, cTareT emg 60mbime’.) Tak 4To Apyrue miaHeTHbIe
CHUCTEMBI HaM OTYACTU M3BECTHBI, HO U3BECTHBHI TOJIBKO CaMble MaCCUBHBIE UX
[IPEICTABUTEHN, IPUIEM MIOCIEIHNAE TOPA3I0 OJIMXKE K CBOMM IEHTPAJIbHBIM
3Bé3maM, dyem Ham FOmurep, — oHE dYacTo JaxKe OJimke, deMm Mepkypuii
k Conriy”. TI03TOMY COOTBETCTBYIOMNINE IIAHETHBIE CUCTEMEI MOI'YT COBCEM
He IOXOIUTH HA HAIIYS.

HAMEKOB Ha IPUPOJY 3TOr0 (DU3MYECKOTO COJIEp:KaHUs He colep:KuT. Her ocHoBaHmMit
aymarb, dyro unciaa 0,4, 0,075 u 2 cyTh HpOsiBJI€HUs] 4ero-to BakHoro. Ecim ke Mbl
npuHSIA ObI BCEPbE3 IeOMETPHUUECKYIO KapTHHY, IpeljoxkeHHyo Kemrepom, To moria
Obl BO3HMKHYTb WJLIIO3UsI, OYATO 3a €ro IpaBUJIbHBIMH MHOIOI'DAHHUKAMH CaMHUMH 10
cebe CTOUT YITO-TO peasibHOE.

6Ho, BeposiTHO, He HaMHOTO GoJbiIe. YIadTcss 0GHAPYKHUBATH TOJIBKO ILIAHETHI, 06pa-
IIAOIIMECS] BOKPYT JIOCTATOYHO SIDKUX U JOCTATOYHO OJIM3KMX K HaM 3BE31. Takux 3BE31
HEe TaK YK MHOTIO, u 6OJ'IBLT_II/IHCTBO U3 HUX yZKe (<O6CJ'I6,HOBaHI:,I>> Ha OpeaMeT HaJudIud
IJIAHET.

710 pasnuune 0GyCIOBIEHO CAMUM METOIOM OOHADYKEHHS IIAHET, OGPAIAOIIAXCST
BOKDYI' JPYTrux 3BE3J], KOTOPBII B OCHOBHOM TakKOB. Hu B KakKOfl TeJIECKOIl yBHJIETHb
IOIIATEPBI» IIOKAa HEBO3MOXXHO (XOT?I uMeeTcd HaaezKJaa CO BpeMeHeM JOCTUYb 3TOr'0
B nHOPAKPACHOM JMAIIA30HE), HO OHH IPOSIBIISAIOTCS B HNEPUOJANIECKOM M3MEHEHUH CKO-
POCTH LEHTPAJILHON 3B€3/1bI (BBI3BAHHOM €€ JBUKEHUEM 110 KEIUIEPOBCKON OpOuTe BOKPYT
obiero nenrpa Tsxkectr). C nomorpio addekra ommiepa yaaércs oOHAPYKUTH U U3-
MEPUTH U3MEHEHHNE KOMIIOHEHTHI 9TOM CKOPOCTH II0 HAIIPaBJIEHUIO K Habsomaremo. Yem
6J'II/I}Ke «IOIIUTEP» K L[eHTpaJIBHOﬁ 3Be371e U 9YeM OH MaCCHBHEe, TeM 60.}1]3]_[[6 NU3MeHeHne
eé ckopoctu. Kpome TOro, 4Tobbl 3aMeTUTh M3MEHEHNE CKOPOCTH 3a Ilepuoj] BpemeHu 17,
HaJ0 CPaABHUTH PE3yJIbTaThbl U3MEPEHNdA CKOPOCTH, T. €. COOTBeTCTByIO]_[Ieﬁ YacCTOThI CBETAa,
B Hadajle U KOHI[e 3TOrO IIEPUO/A, & IIOTOMY TPeOyeTcCsi, YTOOBI y HCIOIb3yeMOTro st
CpaBHEHHSI 36MHOTO CTaHZapTa YacTOTHI M3MEHEHHe IOoceqHel 3a Bpems 1 ObLIo mocra-
TOYHO MAJIBIM. A «XPaHUTb YaCTOTY» OTHOCHUTEJHLHO KOPOTKOE BPEMsI MOXKHO C HAMHOIO
OO6/IBIIIEN TOYHOCTBIO, YEM B T€YEHUE HECKOJIBKUX JieT. [1o 3TuM JByM NpuYnHaM JaHHBIM
CcrrocobOM B HACTOsIIIlee BPeMsi HEBO3MOXKHO OOHADPYXKHUTbH IIAHETY 3€MHON MacChl WA
<IOIUTEP», MEPHUO OOPAIEHUsI KOTOPOTO BOKPYT IEHTPAJIbHON 3Be3/bl ObLI Obl TaKUM
2Ke, KaK u y Hamtero IOnurepa.

8B GOJILIIHHCTBE CIy4aeB OOHAPYYKEHO II0 OJHOMY <IOMHTEDPY» y COOTBETCTBYIOIIEH
3BE3/bI, HO MMEIOTCsl CJIydau, KOIJa y OJHOM 3Be3/bl HaljeHbl Tpu IuiaHeTbl. OmgHa
U3 9THUX IJIAHETHBIX CHCTEM uMeercs y mysibcapa. (IIpuaéM maccel ero miaaHer GIUM3KH
K 3€MHBbIM. ,ZL.J'IH IIyJIbCapoOB ILJIAHETHBI MOXKHO OGHapy)KI/IBaTI:, He COBCEM TaK, KaK CKa-
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Kak ke Bcé-Taku MOXKHO MOTBITATHCA 00 bICHUTD TpaBuio Tunuyca—bo-
1e? Bo3aMOKHO, 9T0 ectu ObI IJIAHETHI OBLIN CJUIITKOM OJIM3KHU JAPYT K JIPYTY,
TO UX B3aWMHBIE BO3MYIIEHUsI ObLIM OBbI CTOJIb BEJIMKH, YTO 3TO HAPYIIU-
Jio 661 ycroitunBocTb CostHeuHO# cucTeMbl. [IpuMeHUTEBHO K ILIAHETAM
3eMHOIl TpyIIBl 9T0 06Iee coobparkeHue MOATBEPKIAeTCs (U TO JaxKe
[IPUBOJIUT K HEKOTOpPOMY yTouHenuto npasmia Tunuyca—boue). Kak oka-
3BIBAETCH, Ha NHTEPBAJIC B HECKOJILKO MILTHAP/OB JeT? OpOUTHI 1o Kpaitneit
Mepe YaCTH IUIAHET 36MHOI IPYIIbI MOI'YT U3MEHUTHCS CTOJIb CUJIBHO, 9TO,
Oy/Ib BHAYAJIE 9TH OPOUTHI Yy Th OJIMKe JAPYT K JAPYTY, 38 HECKOJBKO MUJLIU-
ap/IOB JIET OHU MOIJIN OBl JIa2Ke Iepecedbesi, TaK UTO JIeJI0 MOIJIO Obl oiTH
J10 cToJIKHOBeHUsI TaHeT. Creyer yTOYHUTD, 9TO B 3TUX HCCJIETOBAHUIX
HCITOTb30BAHBI U3BECTHDLIE 3HAYEHNS MACC IJIAHET U HEKOTOPBIE TEIEePEITHIE
napaMerpbl UX OPOUT, TaK YTO JaxKe ¥ JJIsl IJIaHeT 3€MHOM IPYIIIIbI JIydIile
FOBOPUTH, 4TO JiIsi HUX HpaBuwio Turmumyca—bBoje ymamoch He TO YTOOBI
[OJIyYNTh KaK HEKWil OTJ/IeJIbHBIM 3aKOH MPUPOJIBI, & CBA3aTh €ro C Jpy-
TUMH ACTPOHOMHUYECKAMH JAHHBIMUA. TO K€ KACaeTCHd IIAHET-TUTAHTOB,
TO WX OpPOUTHI OKA3AJUCh HAMHOTO OoJiee CTAOMIHLHBIMHM Ha MTPOTAXKEHUH
Bcero BpeMmeHu cyinecTBoBanust COJHEYHON CHCTEMBI, TaK 4TO JIJIsT HUX
Takoe oObscHeHne mpaBmia Tumumyca—bBoje we rojautcs. [Ipemamonararor,
YTO JJIsI HUX COOTBETCTBYIOIIHE 3(PPEKTHI MO CpaboTaTh B JAJEKOM IIPO-
[IIJIOM, KOT/[a CYIIEeCTBOBAJIA HE CAME 3THU IIAHETHI B UX COBPEMEHHOM BUJIE,
a HEeKHe WX <IIPEJIKW», IPOTOILIAHETHI, OPOUTHI KOTOPBIX OBLIN HE CTOJIb
crabububl. Ecu pacnosioxkenne 3TuX OpOuT HE COOTBETCTBOBAJIO YCJIOBUASIM
tuna Tunmyca—bBose, To 3TO JIO/KHO OBLJIO MPUBOJIUTH K CTOJKHOBEHUSIM
U pa3pyIIEHUsIM [TPOTOILIAHET; OCTABIINECS YACTH ITUX IIPOTOILIAHET yXKe
VJIOBJIETBOPSIIOT STUM yCJIOBUSIM.

3aHO B IPEJbLAYIIEM IIPUMEYaHUHU: U3MEPSIeTCsl He CKOPOCTDH IIyJibCapa, & ero CMeIeHne
B HalpaBJIeHnH K Habuiogaresio uin oT Hero. OHO IPOSIBJISIETCS B M3MEHEHUU 4YaCTOTHI
IPUXOOAINUX OT IIyJabCapa HMIIYJIBCOB. BOBI\IO)KHOCTL UCIIOJIb30OBaHUdA JaHHOI'O METOIa
OCHOBaHa Ha BBICOKOH CTaOH/IBHOCTH YaCTOTBI, C KOTOPOMH IyJbCap H3JIy<IaeT STH HUM-
mysnbebl. MeToz 1o3Bosisier oOHAPYKUBATL Oojiee JIEMKHME IIJIAHETDI, YeM IIPEeIbLAyInuii).
[Iysibcapbl, HACKOJIBKO M3BECTHO, OOPA3yrOTCsl P B3PbIBAX CBEPXHOBBIX 3BE3I; €1Ba JIU
[IPX 9TOM MOIVIM OBl yIleJIETh IIJIAHETHI. BBITH MOXKeT, 9Ta IJIaHETHasi CUCTEMa KaKHM-TO
obpazom chopmMupoBasack mnocie B3pbiBa cBepxHoBoit? Torma eé cxomcrBo ¢ CoHevHON
CHCTEMOI1 NpeCTaBIIsAETCs elé 6ojiee COMHUTEIbHBIM.

B camoe nocneanee Bpemsi y Berm — omHOM 13 caMbIx SIpKUX 3BE37 HeOA (Ha mImpoTe
Mockssl 6oiee sipkuit CHUPHYC TOJIBKO HEHAMHOIO IIOJHUMAETCs HaJ, TOPHU30HTOM U IIOTO-
My [PaKTHYECKU BUJEH PEJKO, a Bera cuser HaBepxy C BECHBI 110 OCEHb) — OOHADPY?KEH
IIBLIEBOH IMCK, HEKOTOPbIe OCOOEHHOCTH KOTOPOI'O 3aCTaBJISIIOT IIPE/IoaraTh, 4ro y Bern
HMeeTCsi CIIyTHHK € Maccoil mopsiaka 20 semubix macc. B CosiHeunoii cucreme 5TO BCE
emEé Macca IulaHeTbl-ruranTa, HO He IOmmrepa (cBeime 300 macc 3emumn), a Henryna
(mpumepno 17 macc 3emimn).

9Bospacr CostHewHO# cHCTEMBI Kak pa3 Takos (4,5 mMusimapma jer).
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Takue paccyKJeHnsi, KOHEIHO, UMEIOT €eIIé GoJiee TUITOTETHIECKUil Xa-
pakTep, 4em i ILUTaHeT 3eMHON rpymmbl. OHM yKa3bIBalOT Ha JPYTYIO
BO3MOXKHOCTb O0bsICHEHMs TpaBuja 1unmyca—bBojie — oO0bsiCHeHNEe He Ha
ocHoBaHuu 3BoJitoruu COJIHEYHOI CHUCTEMBI B TeUYeHHe MUJIIHAP/IOB BEKOB
(0 98M MOYKHO CyIHTh ¢ M3BECTHOM yBepernocThio'’), a Ha ocHOBaHMHI TOTO,
9TO TIPOUCXOAWIIO B IPOIlecce €€ BO3HWKHOBEHUs. B JaHHOM ciydae pedb
[IIJIA O CPABHUTEIBHO MO3/HEM dTAIle ITOrO IIPOIECCa, KOIIa Y2Ke NMEJINCh
GoJIbIIINE IPOTOILIAHETHI. HO MOXKHO MONBITATHCS CBA3aTh IPAaBUIO T uimy-
ca—DBojie n ¢ 6ojiee paHHUMH dTallAMU TOTO XK€ [IPOIECCa.

B macrositiee BpeMst y2Ke HET COMHEHUI, UTO IIJIAHETHI BOSHUKJIM BMECTe
¢ Cosmariem u3 auddy3HOM MeXKIIAHETHONW cpefibl. UTo KacaeTcsi BOZHUK-
HOBEHUsI 3BE37, TO COBPEMEHHBIE MPEJICTABICHUS 00 ITOM IIPOIECCE — ITO
yKe He yMO3DUTe/IbHAs T'UIOTe3a, a, KaK BBIPAYKAITCS B ITOJOOHBIX CIIy-
qasx, «creHapuii» 11, busmaeckn Xopomo 060CHOBAHHDIH 1 COTTACY FOTTHTICST
C MHOTOYHCJIEHHBIMU W PA3HOOOPA3HBIMU 10 CBOEMY XapaKTepy HabJIroa-
TeJILHBIMU JTaHHBIMA. DU3NYIECKHe IMPOTECChl, WIYIIHEe B ITPOTO3BE3THBIX
TYMaHHOCTSIX, TeIePb, T0-BUINMOMY, MOYKHO CIUTATH U3BECTHBIME B OOIIUX
geprax, & TPUMEHUTETLHO K 00pAa30BaHUIO CAMUX 3BE3M MOYKHO TOBOPUTD
yKe M O KOJMYECTBEHHBIX MOJIEJISIX OTJIEJbHBIX ITAIIOB ITOTO IIPOIECCA.
OjHako OTCIoNA emé JIAJIeKO JI0 KOJIMYECTBEHHBIX MOjeseil obpa3oBaHus
[UIAHETHBIX CUCTeM (lla U B KAYECTBEHHOM OTHOIIEHUH HET JIOCTATOYHOM
SICHOCTH, TaK CKa3aTh, ¢ «OAaJaHCOM» MUJIYIINAX TPUA STOM (PUBNIECKUX TIPO-
[[ECCOB), XOTS KAYECTBEHHO HET OCOOBIX COMHEHMIA, YTO HAPSIIY CO CXKATUEM
[IPOTO3BE3IHON TYMaHHOCTH B OY/IyIIYIO 3BE3/y 4YacThb 3TOW TyMaHHOCTH
CXKUMAETCsl B IIPOTOILJIAHETHBIN JTUCK, KOTOPBIA 3aTeM paciaiaercs Ha OT-
JIeJIbHbIE «KOMKW» — IIPOTOILIAHETHI, & IOCIeIHUEe WHOTJA JIPOOSTCS IPU
CTOJIKHOBEHUSIX, WHOTJIA CJIMBAIOTCA NPYT € JApyroMm. Bosje HeCKOIbKUX
3BE3/1 32 MOCJIEIHUE TO/IBI YIAI0Ch OOHAPYKUTH I'a30IbLIEBbIE TUCKHU, CBOM-
CTBa KOTOPBIX, HACKOJIBKO OHHM M3BECTHBI, COOTBETCTBYIOT IIPE/IITOJIAraeMbIM
CBOICTBaM IIPOTOILIAHETHBIX JIUCKOB. 110 KpaiiHeil Mepe B 0JlHOM CJiydae Ha-
OJIIOIAIOTCST MK3MEHEHUsI JUCKa, KOTOPBIE MOYKHO OO'bSICHUTH TEM, YTO BHYTPH
HErO WJIM PsJIOM C HUM JIBUXKETCS «IOMUATED» U UPUTSIKEHHUE MOCJIETHErO
MPUBOJIAT K 9TUM u3MeHeHusiM. Ho, TOBTOpPstO, 5TO BCE MOKA YTO HOCUT

1OHeKo"ropaﬂ HEYBEPEHHOCTBH BCE K€ OCTA€TCs, INOTOMY HUTO IIPH TOM PEIIAIOTCS He
ToyHble auddepeHnralbHble YPAaBHEHUsI, OIMUCHIBAIONINE JBUIKEHHE IIJIAHET, & HEeKue
YIPOIIEHHBIE YPABHEHHsI, 3aKOHHOCTDH HCIIOJIb30BAHHUs KOTOPBIX HE COBCEM fCHA.

HTlox «CIleHapueM» IIOHHUMAIOT HEYTO CpefiHee MeXKJy THIIOTe30il O HEKOEeM 3BOJIIO-
IIMOHHOM IIPOIECCE U IO-HACTOSAIIEMY Pa3pabOTaHHON W IIPOBEPEHHON HAyYHOW Teopueit
Takoro nporecca. OTaesbHbIE U IIPUTOM CYIIECTBEHHBIE MOMEHTBI CIEHAPUST MOTYT yIKe
JOCTUTaTh YPOBHS TEOPHUU, HO B HEM OCTAIOTCS HEIOCTATOYHO IIPOBEPEHHBIE MECTa, Ie
MMeeTCs WJIM IIPaBJIONOI00HAsi MOTHUBHPOBKA Ka4eCTBEHHOI'O XapaKTepa, WA KOJIude-
CTBEHHbIE IPUKUKHU, CIeJaHHbIE IIPU BEChbMa YIIPOIEHHBIX IPEITOIOKEHUIAX.
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MIPENMYIIIECTBEHHO KaIeCTBEHHbI XapakTep. HekoTopble MONBITKE cMOzie-
JINPOBATh YUCJIEHHO IPOIECC KOHIEHCAIUA TYMAHHOCTU B ILJIAHETHI IIPEI-
npuanMasuch (C. JToyi), HO Ipy 5TOM CTONBKAME (HAKTOPAMH IIPUXO/AI0CH
npeHebperaThb, 9TO COMHUTEJBHO, MOYXKHO JIM ITOJIAraThCs Ha PEe3YJIbTaThI
ITUX YUCJEHHBIX IKCIIEPUMEHTOB U HE CBUJIETEIHCTBYIOT JIM OHHU [IPEUMY-
MIECTBEHHO 00 ONTUMMU3ME IKCIIEPUMEHTATOPOB. 1aK WM WHade, IPU HEKO-
TOPBIX IIPEIIOIOKEHNAX 00 MCXOTHOM COCTOSHUH TYMAHHOCTH IIOJTYIa€TCs
HEYTO IMOX0XKee Ha 3aKOH Turumyca—bojie, npudyém mpub/in3uTe/ IbHO BOCIIPO-
U3BOJATCS U OTHOIIEHUS IIAHETHBIX MACC; [P JAPYTUX HCXOIHBIX JTaHHBIX
Ppe3yJIbTaT MOJIyIaeTCsl HHBIM.

Ecin cefiuac Mbl HAXOIUMCHA B TAKOM HE CJIUIIIKOM YIOBJIETBOPUTEIHHOM
COCTOSIHUH, TO 33/ THIM JHCJIOM MO2KHO CKa3aTh, YTO HECKOJIHKO BEKOB HA3A/T,
B JIAHHOM HaIIpaBJIEHWM IIAHCOB Ha yciex He Obu1o. Ho KTo Mor 3HaTh 3T0
B TO Bpemsi? U, ¢ apyroii cTOpoHBI, 4TO cuuTaTh ycrexom?! Keriep BIosiHe
MoOT OBI ToJlyMaThes J10 TpaBuia Turmyca—bose: He 60T BeCTb KaKas CJIOXK-
Has MaTEeMATHKa. A COOTBETCTBHE C HADJIIOMATEHbHBIMUA JAHHBIME, JaXKe
U 10 TEIEPEITHNM MePKaM B IpeJiesiax 10 ¥ paHa JOBOJIBHO IPUJINIHOE, IIPH
UX TOrJANIHENl HETOYHOCTH Ka3aJoch Obl npeBocxoubiM. (Henryn ke emé
He oTKpbu!) Tak 9TO 970 GBIIO GBI YCIIEXOM, HO YCIIEXOM, BEJIYIIAM B TY-
UK, — O0'bSICHUTH OTKPBITYIO 3aKOHOMEPHOCTD OBLIO ObI HEBO3MOXKHO, a HaT
9TUM HABEPHHAKA CTaJU OBl JIOMATH T'OJIOBBI. B mTOTE yClex ¢ IIaHeTHBIMU
PaCCTOSTHUSIMU MOT OBbI Ha KAKOe-TO BPEMsl 3aJIePKATh IIPO/IBIKEHNE B TOM
HaIPaBJIEHUN, KOTOPOE OKA3aJI0Ch TPUYMMAIHHO YCIEMHBIM HE TOJBKO JJIs
aCTPOHOMUU, HO JIJIsI BCEI'O TOYHOI'O eCTECTBO3HAHUSI, — B HAIIPABJICHUH I10-
uCcKa OOIUX 3aKOHOB IJIAHETHBIX JBUXKEHU, HE 3aBUCSIIUX OT KOHKPETHBIX
3HadeHuit paccrosiauii 1o Cosana. Tak 9ro, Moxker ObITh, Heynada Kerrepa
C IUIAHETHBIMHU PACCTOSHUSIME OBbLJIa Ha CAMOM JeJie yladeil W JJisi Hero,
U JJIS BCeX HAC.

[Tocse sToro Kermtepy danracrudecku mosesso. OH MOCIAI CBOIO KHUTY
3HaMeHuTOMY acTpoHoMy Tuxo me Bpare, m ToT moxKejaj JUYHO MO3HA-
komuThest ¢ Kermtepom. B 1600 1. oHn BcTpeTmiuch, n Kerutep mpoussén
na sie bpare xopomee Bueuatiienne. HackoabKo MOYXKHO TIpeIcTaBUThL 00pa3
MbIcieil e Bpare, danra3zun o TpaBUIBHBIX TeJIAX €ro He JIOJKHBI ObLIN
TPOHYTH, HO OH OIEHUJ ACTPOHOMUYECKHE W MATEMATHIECKHE MO3HAHUS
Kermtepa, a Tak:ke ero npejaHHoCTh Hayke, u npuryiacui Kermiepa kK cebe
B COTPYJIHUKH.

Tuxo ne Bpare (1546—1601) 6bu1 110 CBOEMY IIPOUCXOKIEHUIO HOraThIM
U 3HATHBIM JIATCKUM JIBOPSHUHOM (CJIOBEUKO «JIe» U YKA3bIBAET HA JBOPIH-
CTBO), K TOMY YK€ OH HOJIy 9iJI GOJIBIIOE HACJIEACTBO OT Agaau. [1o Tormamaum
HOHATUAM, OH 3aHUMAJICS JIEJIOM, HE MOJXOAAIIUM K ero mnoJjoxenuto. (Ou
TaKKe KEeHUICs Ha KpecTbsiHKe.) OIHO BpeMsl eMy yZaJ0Cch MOJIYIUTh O/
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IEePKKY OT JATCKOTO KOPOJIs, IIOJAPUBIIEro eMy ocTpoB Bodie Komnenrarena.
(Kopousb cumrast cebsi Kak Obl JOJKHUKOM ceMelicTBa je Bpare — Korma-To
nsyta Tuxo e Bpare cinac KopoJisi, Kapera KOTOPOT'O yIaJia ¢ MOCTa B PEKY,
a caM IIpH TOM HpoCTyamicst U ymep.) Ha sroMm ocTpoBe Ha cpejicTBa
KOpoJist 1 camoro je Bpare 3a neckoJbKo JietT, Hadnnas ¢ 1576 r., 6pl1a mo-
CTPO€EHa acTPOHOMUYECcKas obcepBaTopus <Y panueHboprs (Ypanus —Mysa,
BelaBInas acrpoHomueii). TOYHOCTb ACTPOHOMUYECKUX U3MEpEeHuil cyiie-
CTBEHHO 3aBUCHT HE TOJIBKO OT KOHCTPYKIIMM WHCTPYMEHTOB, HO WM OT WX
pa3mepoB, a y Tuxo ge Bpare 6pu1a BO3MOXHOCTH J1€J1aTh WHCTPYMEHTHI
bopmux pasmepoB. Kaxkercs, Tosbko y Yiayroeka jer 3a 100 go Toro
HEKOTOpbIE MHCTPYMEHTHI ObLIN Hazke OOJIbIe, HO B JIONOJIHEHUE K OO0JIb-
muM pasmepaM Tuxo fe Bpare ycoBepiieHCTBOBa UX KOHCTPYKITUIO, XOTS
B 9TOM OTHOIIIEHUU B JOTEJIECKOIIMIECKYTO IMIOXY BO3MOXKHOCTEH OBLIIO MAaJIO.
B wacTtHOCTH, OH TpHIyMaJ pa3jndHble MEXaHUYECKHE IIPUCIIOCODJIEHMS,
[TO3BOJISIBINIE TOYHEEe M3MePsiTh HallpaBjieHusi Ha HebecHble cBermiia. Co
BpEMEHEM OH HAYaJI CTPOUTDH HOBYIO 00CEPBATOPUIO, B KOTOPO BCE UHCTPY-
MEHTBI PACIIOJIATAJIACD TI0/T 3eMJIEH U OBLIN TEM CaMbIM 3AIUIIEHBI OT BETPA.
Haxomerr, cam ne Bpare, mo-sugmmomy, 001a1a,1 ocTpbiM 3perueM. ITosromy
OH OIIpeIeJIs IOJIOYKEHHE HeOECHBIX CBETHJ C PEKOPIHOH TOUHOCTHIOMZ.
I'ma3 oOBIYHO BUJUT IpeIMeThI, YIJIOBbIC pa3Mepbl KOTOPBIX He MeHbIe 1';
SPKO CBETSIIIHECS PEIMETHI MEHBIINX PA3MEPOB TOXKE MOTYT OBITH BUIHBI,
HO KaK TOYKH. 3aMETUThH YK€ U3MEHEHUE HAIlPABJIeHUsI Tpy/Hee. V3MeHeHme
TOJIO’KEHNST HEGECHOTO CBETUIIA Ha 4’ — IIPEJIesT TOro, UTO yIaéTcs Pa3JInIiTh
OOBIYHBIM HEBOOPYXKEHHBIM Iy1a30M. Ho Ternepb 3aIHUM YHCJIOM YCTAHOBJIE-
HO, 4TO OomMOKM HabJogenuii e Bpare me mpesbimanu 1'-2/) a Gbiauau
U MeHbIIIE.

B 1588 r. ymep kopousib, mokposuTeabcTBoBaBImii e Bpare. Punanco-
Bas MOJJEPKKA CPa3y MPEKPATUIIACH, & OTHOIIEHUS ¢ HOBBIM KOPOJIEM CTAJIH
MeJIJIeHHO, HO BepHO MOpTuThes. B 1597 r. Tuxo ne Bpare 6bL1 BBIHY XK 1€H
HaBCerJla MMOKUHYTHL Y PAHUEHOOPT.

12TTo3nHee Takme m3MepeHUs CTAJIM IIPOU3BOIUTDH €Ié 60Jiee TOYHO C IIOMOIIBIO Teje-
CKOIIOB; 3T0 npowusonwio noyru depes 100 ser mocse Hero. (CaMy TeIeCKONbI MOSIBUIINCH
4epe3 HEeCKOJIBKO JIET IIOCJIE€ €r0 CMEPTH, HO COYeTaTh MX C yIVIOMEPHBIMH YCTPOWCTBaMU
HAYIUJINCH 1'IO3,ELH6€.) Pamn mncropmyeckoil mMOHOTHI HAJIO, BIPOYEM, YIOMSIHYTH O fHe
Tepesnu (1611—83). On y2xe mosnb3oBasics TeseckonaMu (6ojee TOro, KAKOe-TO BpeMsl €ro
TEJIECKOIIBI OBLIN CaMbIMK GOJIBIIMMY B MUPE), HO YIJIOMEPHBIE U3MEPEHUs] IIPOU3BO/UIL
0e3 HUX, IPUYEM eMy yaaJioch npeB3oiitu Tuxo e Bpare B TOYHOCTH 3THX W3MEpPEHHIt.
Kaxk Hu crpanno, 9. lasuteit, mocetus ['eBesust, npusHas ero uamepeHnusi 60Jjiee TOYHBIMH,
9eM U3MEepEeHUudA P. FyKa, IIPOU3BOAUBIIINECA HyTél\l codueTaHus TeJIeCKOIla C YIVIOMEPHBbIM
ycrpoiicrBoM. JlomyckaroT, uro ['asuteit npocto He xoTesn obuaeTh l'eBesnusi, HO He UCKJIIO-
YEHO U TO, ITO MePBBIE MHCTPYMEHTHI 'yKa GbIN emé HecoBepieHHBIMHU (TeM Gostee 9To
OH He BEJI CUCTEMATUYeCKUX ACTPOHOMHYECKUX HAOJIIOJEHU, a BeIb MMEHHO IIPU HUX
BepHee BCero Morjia 6])1 Oy TUTBHCA 2KEeJIaTCJIBHOCTH TeX WJIN UHBIX ,IIOpaGOTOK).
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K cuacrbio, Bckope HAIIEICS HOBBII MEIEHAT — FEPMAHCKUAN UMIIEPATOD
Pynonsd 11, uarepecoBasinuiicss HayKaMmu, a emigé boJjiee JXKeHayKaMu BPOJie
acTpoJioruu u ajgxumun. Kakercsi, ero BecbMa MPUBJIEKAJIO U KOJJIOBCTBO.
Bor tosbko o HJIO on He 3Han (BupoueMm, B TO TEMHOe BpeMs JIIOOOMH
HJIO HeMe IeHHO OII03HABAJICS KAK IIPOSIBJIEHUE CBEPXbECTECTBEHHBIX CIHLI).
Bosmoxkno, B ne Bpare on Bumen ckopee actposiora, dyem actpoHoma. Ho
TaK KaK JJjIs aCTPOJIOTMIECKAX MPEJICKA3AHUN HAJ0 TOYHO 3HATH IIOJIOXKE-
HUE IJIAHEeT B MPOILIOM U OYIYINEM, aCTPOJIOTHs] OTYACTH 3aMHTEPECOBAHA
B acTpoHoMun. Kak ObI TO HU 6BLJIO, OJ1ar0Aapst KMIIEPATOPCKOMY «I'DAHTY »
(leHBIM IO KOTOPOMY, BIIPOUEM, IHOCTYIIAIN IIOX0) Jie Bpare cMor BHOBb
MPUCTYIIUTh K CTPOUTEIHCTBY obcepBaropuu Bozje llparwm, cromumst Py-
nosbda, Halesch, OBITH MOXKET, Jlaxke u mpeB3oittu Y paunuenoopr. OH ObLT
HE TaK yXK cTap — b5 JjieT, Tak YTO B IPUHIMIIE OH MOI' OBbI eI HeMaJjIo
nopaboTaTh. ¥YBbBI, cyap0a permuiaa unade: B 1601 r. Tuxo jme Bpare ckon-
qaJICS.

Teopus Komepnuka moHavaay nMesaa CEepbE3HbIE HETOCTATKH. ITOOBI
JOCTUYb coryacus ¢ HabmogeHusMu, KomepHuK OblT BBIHYKIEH HCIIOJIb-
30BaTh Te XK€ yXuipeHus, 9ro u llTosemeil, T.€. B OCHOBHOM SIIHITHKJIBI
1 jiechbepeHThl (SKCIEeHTPUKOB W 9KBaHTOB oH u3beras)'®. Bnas o HeTouHO-
CTH W3MepeHuil mojioykeHnit MepKypust U He mMesi BO3SMOXKHOCTH CAMOMY
BOCIOJIHUTE 3TOT 1poben (B cesepuoil Ilosbine yeaoBus 1yist HaburoqeHus
Mepkypus nebaronpusTibl ), Korepauk Boob1ie He TPeBOKHIIIC 110 TIOBOLY
3aMETHOTO PACXOXKIeHUs Teopun ¢ AanubiMu 10 Mepkypuio. Ho u ¢ apyru-
MU IJIAHETAME IOJIHOI'O COOTBETCTBUS C HADJIIOJEHUSIMUA HE OBLIO, MPUIEM
cO BpeMeHeM HecooTBeTcTBHUs Bo3pacrasu. Cucreme KomepHuka yrpoxalia
OIACHOCTH IIOJIBEPTHYThCS CO BPEMEHEM TaKUM K€ <«YCOBEPIIEHCTBOBAHM-
sAM» C IIOMOIIBIO HOBBIX SIUIUKJIOB U T.H., KAKAM IIOJBEPIJIACH CUCTEMA
ITromemest.

Tuxo me Bpare me 6nL1 croponnnkoM Hu IITomemesi, nu Konepuuka,
a MPeJIOKII KOMIPOMUCCHYIO cucTeMy, B KoTopoii CoJiHIle Bpalmaercst
BOKDYT 3eMJn, a IUTaHeThl (K YUCIy KOTOPBIX ¥ Hero, Kak u y Iltosnemest,
emuts ve ornocurcs) — Bokpyr Cousana. OHAKO [VIABHBIM JIJIs HErO ObLIa
HE 9Ta aJbTePHATUBHASI CHCTEMA, & T'PAHIUO3HBIN 3aMbICe — 00eCIeInTh
HaJAEXKHYIO HAOJIOAATEIHFHYIO OCHOBY JIJIsl PEIIeHUsT BOIIPOCA O IPABUIBLHOMN
cucreMe Mupa. HecMOTpsi Ha MOCTHUTABINNE €0 WHOTJA HEYIadu, 3aMbICeI

13Hamommuro BKpaTiie CMBICT 9THX Ha3BaHmil (MOAPOOHEE PA3bICHEHHBIH B MPHIIOMKE-
Hun 1). DUUImKI —3TO OKPY’KHOCTB, 110 KOTOPO# nBuxKeTcsl 1ianera. [leHTp snuiukia,
B CBOIO OY€pe/b, ABUXKETCA BOKPYr 3eMJIM 110 JApPYroil okpykHoctu — aedepenty. Ho
nenTp AedepeHTa HECKOIBKO CMENEH OTHOCHTEIBHO 3eMJIH (<«9KCHEHTPUIHOCTD> ). JIBH-
JKEHUEe II0 OKPY?KHOCTH ITPOMCXOJIUT HE COBCEM C PaBHOMEDHOM CKOPOCTBIO: OHA TOJIBKO
KasKeTCsl PABHOMEDHOI U3 HEKOTOPOU TOYKH — «IKBAHTa».



160 IIpunoxkenne 11. Kensep

9TOT OH OCYIIECTBUJI, XOTS CBOU ILIOMABI STOT 3aMBICEJI IPUHEC IIOCJIE €ro
cMepTm'4.

Kak yzke roBOpm/IoCh, 3a rof JI0 CMEPTH OH IPUIJIACKHI K cebe B TIOMOIII-
nnku Kemepa. Creruaibroit 3agaqeii Kemmepa 6bl1a 06paboTka HabIIoAe-
Huit. Y camoro ne Bpare, 3aHsTOro CTPOUTEILCTBOM U HAOJIIOIEHUSIMUA, 10
TOrO MPOCTO HE JOXOJUIN PYKH, & KPOME TOTO, OH XOTH U BJIAJIE HaJJIe-
2KAIMUMYA T€OMETPUIECKUMI U TPUTOHOMETPUIECKIME CBEJIEHUSIMU, HO KaK
MaTeMaTuK naJjeko ycrynaj Kemiepy. B mabmonarenun Kemiep we roami-
csl — 3peHue y Hero ObLIo HeBaxkKHoe (10 KpaiiHeil Mepe, s aCTPOHOMA).

[Tocne cmeptun Tuxo e Bpare Kemiep 061 Ha3HAUEH €10 IPEeMHIKOM
CO 3BaHMEM WMIIEPATOPCKOIO MAaTEMAaTHKA, HO CO 3HAYUTEIHHO MEHDLIINM
OKJIAJIOM, [la ¥ TOT BRILIaMUBaJIcsS KpaiiHe Heperynapro'®. Ho kpome Toro,
Kerutep oy uni (He 6e3 HEKOTOPO# GOPBOBI ¢ POJICTBEHHUKAME TIOKOHHOTO)
OecIieHHOe «HACJIeICTBOY : apxuB Tuxo je Bpare. 9TumM Hacje1CcTBOM OH Cy-
MeJT BOCITOJIb30BaThCsI, 0becieuns cebe, Mpas/ia, He JOXO0bl, HO OeccMepTHe.

Ha ocuosanun nadmoaenwuit 1e Bpare Kermtep cmor onpenenurs opouty
Mapca u cTas noaoupaTh MATEMATHIECKYIO KPUBYIO, KOTOPasi COOTBETCTBO-
BaJia 310l opbure. CriepBa OH TBITAJICS HUCIOJb30BATH PA3IUIHBIE TPIOKU
TOrO THIIA, KAKUMU T0Jib30BaJjica llTosremeit, — kombunaimu edepeHToB
¢ snunukamMu u T. 1. OJHaXKIbI Y HEro MOYTH T0JTy YUJI0Ch — PACXOXK JIEHIe
¢ HaOTIOJIeHusIMA He TpeBbimasto 8. BeposTHo, B TO BpeMs 060i Jpyroit
Ha €ro MecTe yJIOBJETBOPWICS ObI TAKUM cOBHIajeHHeM, HO Keruep 3Ha,
gro y ne Bpare ommbku B 8 He Morso 6bith. I Kemtep npomoskan uc-
KaTh KPUBYIO, KOTOpas XOPOIIo mojxoauia 661 K opoute Mapca. B 1608 1.
OH HaKOHeI| €€ HaIléJ. DTO ObLI 3JIIUIC, B (POKyCe KOTOPOro HAXOIUJIOCH
Coutane. Tax 6611 oTKpBIT | 3aKk0H Kerepa. [Ipoepka fist 1pyrux miaHeT

14TIoka 110108 He 6bLI0, THXO HUYEro He IMyGJIMKOBAJ, 3a OMHUM HCK/IIOUEHHEM: OH
OIyGJINKOBAJI B BHJIe KHUIU Pe3yJIbTaThl CBOUX HAOJIIO/EeHUI HaJ HOBOH (Ha camoM Jeite
CBEPXHOBOI1) 3Be3710ii, BcubixHyBuIeH B 1572 r. O mpupoje HOBBIX 3BE3J OH HHUYEro He
MOr 3HaTh (M TOJBKO B HAIIM JHU €r0 JAaHHBIE [O3BOJIMJIM yTOYHHTH XapaKTep B3PbI-
Ba CBEPXHOBOI), HO KOe-4TO OH BCE-TAKM TBEPJO YCTAHOBHJI y»Ke B TO BpeMsi. Torzma
CYHTAJIOCh, YTO HOBBIE 3BE3J/IbI, PABHO KaK U KOMETBHI — 9TO KaKHe-TO aTMocdepHbIe
sapjenus. JlokasarenbcrBo: HebGeca, OyIy<IN COBEPIIEHHBIMHU, SIBJISAIOTCS HEU3MEHHBIMHU,
a 4TOo armocdepa IOJBEPXKEHa ITOCTOSHHBIM II€peMeHaM, U3BECTHO U3 IIOBCEIHEBHOI'O
onbiTa. Tuxo ke OOHAPY?KWUJI, UTO HAIIPABJIECHUE Ha HOBYIO 3BE3Iy M3 PA3HBIX IIYHKTOB
3eMHOI ITOBEPXHOCTU OKa3aJIOCh OJHUM M TEM 2Ke, OTKYy/a CJeJyeT, YTO OHA HaXOIUTCs
Topa3no JAJIbIe CAMBIX BLICOKHAX OOJIAKOB.

B crapuny o0si3aHHOCTBIO HOBBIX 3BE3J, M KOMET OBLJIO IIPEJBENaTh KaKHe-TO BaXKHbIe
COOBITHSA: BOIHY, SMUIEMUIO, POXK/IeHNe KOpoJsi... Hudero Takoro B 1572 1. u cpasy mociie
HEro He NPHUKJIIOYUIIOCH, HO, KaK cKa3asl Kemsep, Hamekas Ha KHUrY Tuxo, HOBas 3Be3na
BO3BECTUJIA POK/IEHHE BEJIMKOTI'O aCTPOHOMA.

15Kerutep ocTaBasicsi MMIIEPATOPCKIM MaTEeMATHKOM U IIPH IpeeMHUKax Pymonbda, 10
caMoOil cBOeil cMepTH, U NPoObLT B 3TOi moskHOCcTH 30 Js1eT. f BCTpeTus B JjiaTepaType
YKa3aHWe, YTO KAJIOBAHbE OH IOJIYyYUJI 32 8 MeCAIEB.
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MOKa3aJia, 9T0, HACKOJIBKO MOXKHO CYJIUTh IO UMEIOIUMCS JAHHBIM, TO YK€
CIIPABEJJINBO U JIJId UX OPOUT.

Emgé panbiie, B 1602 1., Kermiep HaImén ToT 3aKOH, KOTOPBI HA3bIBAETCSI
11 sakonom Kerurepa.

O1u nBa 3akona yBujesu cseT B 1609 1. B kaure Kemnepa «Hosast actpo-
HOMUSI, IPUIMHHO 00OCHOBAHHAs, Wi (DU3NKA HeDA, M3I0KEHHAS B HCCJIE-
IOBAaHUSX JIBUXKEHUs IianeTsl Mapce, mo HabJoaeHnsSM 6/1aropoHeRImero
myka Tuxo Bpare». Kak BumgHO m3 3aryaBusi, B Hell peub ma o Mapce.
[Ipsimoe ykazaHume, 9TO ITH JIBA 3aKOHA, KAK M JJOOABUBIIHUIICS K HUM CO
BPEMEHEM TPETUH, CIPABEJIUBbI JJIs BCEX IIJIAHET, COJIEPIKUTCS B OILyOJIu-
KoBaHHOM T03/1Hee « COKpaleHny KONepHUKOBCKOi acTponoMuns» (3 gacru,
1618—1622 rr.). D10 ObLI yueOHUK ACTPOHOMUM, HAIIMCAHHBIN B BECHMa, PAC-
IPOCTPAHEHHOMN emE cO CPEJHUX BEKOB (hOPME BOIIPOCOB U OTBETOB (TEIeph
OHa BBIIUIA U3 MOJBI). B orimume or psija aApyrux countennii Kerepa
(1 OT CpeJIHUX BEKOB), 3/1eCh OH OBOINECs Ge3 BeAKOH MucTuku. Y IeGHUK
MOy 9T OOJIBIIYIO MOMYJISPHOCTh U Ha KAKOE-TO BPEMs CTAJ OCHOBHBIM
yaeOHUKOM acTpoHOMUE. KaTo/mdeckasi IEPKOBb II0-CBOEMY BBICOKO OIie-
HmwIa gocromHcTBa KHurnm Kerurepa, HeMeJIEHHO BKJIIOYNB €€ B HHIEKC
3apPenEHHBIX KHUT.

B 1610 r. Ha Bech OOpa30BaHHBIN MUD MPOI'PEMENM W3BECTUS O Teje-
CKOIMYIECKNX OTKPbITusAX Lanuies. Kemrep oTKIMKHYyICS HA 9TO HE TOJIHKO
B3BOJTHOBAHHBIM COYYBCTBEHHBIM ITyOJIMIHBIM HOCJAHUEM, HO U nU300peTe-
HHUEM JPYyroro THUNa Tejeckona-pedparropa (T.e. JIMH30BOIO TEJECKOIA).
B resteckone Kenjiepa u 00beKTUB, U OKYJISP ABJISIIOTCS TBOSIKOBBIILY KJIBIMU
smuzamu (y Tanmsest o6beKTuB ObUT BOPHYTON JinH30i). IIpn 0 MHAKOBBIX
pa3mepax rejieckon Kermsepa 1aér 66blliee yBeindeHne U uMeeT 60Ibiee
1oJIe 3pEHusi, YeM TeJIECKOI lajmiies; npasaa, Ipu 3TOM n300parkKeHnne mo-
JIyIaeTCs MEePEeBEPHYTHIM, UTO HUKAK HE TONUTCH JJIs 3PUTEIbHON TPYOHI,
[IpeIHA3HAYEHHOI JJIsl BOEHAYAbHUKA WK MOPSIKA, HO JJIsi aCTPOHOMa 3TO
BIIOJIHE TIpueMJieMo. TeecKombl-peppakTOPhI C TEX MTOP CTPOSITCS TI0 CXeMe
Kennepa. Hajio ckazarh, uro n3o6perenue Keriepa He ObLIO CITyYIailHBIM:
OH U PAHBINE 3aHUMAJICHA ONTHKON. Kro maBe Kuuru mo omnruke, OmyOIMKO-
Bannbie B 1604 u 1611 rr., 6puIH, TO-BHAMMOMY, HAKOO/IEe 3HAYUTEHHBIMEI
CcOUMHEHnsIME B 3T0# ob1actu 10 Hpiorona. [louarus kenmepoBckoit reomer-
PUYECKON OINTHKY, & TaKXKe ero MPeJCTABJIEHUS O POJIA OCHOBHBIX YacTeil
rJIa3a COBIAJAIOT WM MOYTH COBIIAIAIOT ¢ COBPEeMEHHbIMH [9].

B 1612 r. ymep Pymonsd II, u ecom npu mém Kermrepy xorh Koe-kak
IUTATWIA, TO TENEePh IUIATUTH BOOOIIE mepecTajn. KMy IpHIuioch MCKaTh
HoBoe MecTo paborel. Ou Hamén ero B Jlunme. OpHako oberniaHHoe eMmy
TaM YKaJIOBAHBE €CJIU U BBIILJIAYUBAJIOCH, TO HE MOJHOCTHIO U HEPEeryJIsipHO.
B mosepmmenne 6ex, maTh Kemepa Obl1a o6BUHEHa B KOJIIOBCTBE, YTO, KaK
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M3BECTHO, HAKA3LIBAJIOCH «MIJIOCTUBO M 0€3 MPOJIMTUS KPOBU» IIyTEM CO-
xkenus. [IpenBapuresibHOE pacciieloBaHue U CyIeOHBII POIeCe TSHYJINCH
¢ IlepepbIBaMU IIIeCTh JieT. B KoHIle Toro nepuoja Keriep ormnpaBujcs: Ha
mporiecc B BlopremMbeprckuii ropos Llormsaen f1j1s 3ammThl MaTepH, 3a ITO
eMy CcaMOMy MOIJIO OY€Hb He MO3/I0POBHUTHCs. Karkercs dymoM, 94TO eMmy
yAaJI0Cch JOOUTHCS OceHbio 1621 1. ompaBIaTeIbHOrO IPHUTOBOPA, — TAKOE
6biBaso penko. (Ilo-Bumumomy, Ha ceit pas Keruepy npuHecio HEKOTOPYIO
[I0JIb3Y €r'0 3BaHIEe UMIIEPATOPCKOI0 MATEMATHKA: XOTh U HE OOI BECTh KaKas
[IEPCOHA, HO BCE-TAKU IIPU €r0 YIACTUHU B IIPOIIECCE IPUXO/IUIOCH CODJIIOIATH
IOPUMYIECKHAE HOPMBI, 8 TOrJa OOBUHEHME HE MOJTBEPKIAI0CD. )
Emé B 1593 r. Kemstep ragast nucaTh Hay 9HO-TIOMY/ISIPHOE TPOU3BECHIE
B danractudeckoit popme «CoH», B KOTOPOM ONUCHIBAJI PA3TUIHBIE ACTPO-
HOMHUYECKHE SBJIEHUSI TaK, KAK OHU IIPEJICTABJISIIOTCS C TOBEPXHOCTU JIyHBI.
(Hacuér nmpounx o6CTOSITENBCTB JIyHHON YKU3HU OH HE MOT OBITh TOUEH, H6O0
He 3HaJI, uTo y JlyHbl HeT aTMocdepsl.) OcHoBHOI 1eabi0 « CHay, O c10BaM
camoro Kerrepa, ObLT «JI0BOJ B TOJIB3Y JIBUXKEHWST 3eMJIA, WU, CKOpee,
OTIPOBEPIKEHNE apryMEHTa IIPOTUB JBUYKEHUsI 3€MJIH, OMHUPAIONIErOcs Ha
qyBCTBEHHOE BOCIPHUATHE»: XOTd MHOroe Ha JIyHe He moxoxke Ha 3eMJIio,
eé JBIKEHUEe BOKPYT 3eMJIM HUKAaK He BOCIPUHMMAETCsI HEIOCPEICTBEHHO,
a 0TParXkaeTcs TOJIBKO B OTJIMYUU TAMOIITHUX HEOECHBIX SIBJIEHUI OT 3€MHBIX.
Ho xax momacts wa Jlyny? Kocmuueckux paker torja He ObLIO W He
MIPEIBUE/IOCH. EINHCTBEHHON «BO3MOXKHOCTBIO» OBLIO KOJIJIOBCTBO, KOTO-
peim Kemtep m «BOCIOJIb30BajICsA», TPUHSB HEKOTOPBIE MEPHI MPEIOCTO-
poxkHOCTH. EMy-/1e IpUCHUIOCH, OYTO OH YUTaeT KHUTY, HAIUCAHHYIO OT
mepBoro Jimmna. ABTOp €OODIIAaeT, YTO OH MOJIOJION WCJIAHIEI, CJIyJaiiHO
monaBmuii B JlaHuio, rjie B TedyeHMe HECKOJbKHX JieT yumics y Tuxo me
Bpare. Crycrst maTh JieT OH BEpHYJICS JOMOU M y3HAJI, 9TO €r0 MaTh — KOJI-
JIyHbsI, OOIAIONIASICS ¢ HeKUMHU ayxaMmu. 11o mpochbe MaTepu OMUH U3 ITUX
JIYXOB TOJAPOOHO paccKa3biBaeT MOJIOJOMY 4ejioBeKy o Jlyne. Brpouem, on
Ha3bIBAET €€ MHadYe, HO HETPYIHO J0Ta aThCs, YTO Pedb UIET O Heil.
Hauap pabory majg «Crom» B 1593 1., Kermiep HeogHOKpaTHO BO3Bpa-
maJicst K Hemy. «CoH» ObLT omybJIMKoBaH mocMepTHo B 1634 1., HO emé 10
9TOTO MOJIY YU HEKOTOPOE pacrpocrpanenue kornuu pykornucu «Cras. Cam
Kemep cumras, 9To ogHa m3 HUX CHICpAJIa 3JIOBEILYIO POJIb B Cyabbe ero
MaTepH, TOC/y?KUB HErJIACHBIM OCHOBAHUEM JIJIsi OOBUHEHUsI B KOJIIIOBCTBE.
(Kak ke, Bejib 06 9TOM CBHUIETEIBCTBYET €€ chit! X0Th OH U yBepsieT, 9To
€My 9TO IPUCHUJIOCH U 9TO BO CHE PEUb IIJIA O KOM-TO JIPYTOM, OTKY/Ia y HETO
Bce a1u nogpobroctu?) Omauako Ha camoMm mporecce «CoHy» He YIIOMUHAJICH.
[TpumepHO TOTIA 2Ke, KOT1a MTPOUCXOIII 9TOT Y2KACHBIH mporiece, Kerutep
OOHAPYXKWJI TPETUil 3aKOH IJIAHETHBIX JIBUMKEHUIl, KOTOPBIA OILyOJIMKOBAJI
B 1617 r. B kuure «l'apMoHUsT MuUpas.
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Kermtep 3amymbiBasics Ham GU3HIECKOM TPUINHON OTKPBITOIO UM CTPOE-
HUsI TIJIAHETHON CHCTEMbI, HO B 9TOM OTHOIIIEHUU eT0 B3TJISIJIBI IIPEICTABJISIN
co0oii cMeCh NPABUJIBHBIX JOTaJIOK C HENPaBUJIBHBIMU, OTIAIOIIMMEI JIAHb
CPE/IHEBEKOBBIO. B 9TOM OTHOINIEHUH, KaK yKe TOBOPHJIOCH, lanmieil 661
Boimie Kemrepa. Oun 661N COIO3HUKAMU B 6Opb0E 3a MeTHONEHTPUIECKY IO
CUCTEMY, HO BO MHOTOM PacXOaminchb. Henpussub K paHTACTUICCKUM U3-
mbimeansM Kerrepa momernasa Lanuiteio onernTs oTKpbiThie Kenmepom
Tpu 3aKkoHa, a Keriep He MposiBUJI MHTEpPeca K OTKPbITUsIM Lajimest B Ju-
HAMUKe.

N3z-3a sToro Kemnsep He 3HAT O JBUYKEHUN 110 UHEPIIUN U PA3JICIAI CTa-
pUHHOE MHeHUe, OyITO JBU2KEHNE MOYKET IMPOUCXOIUTD TOJHKO IPHU HOCTO-
SHHOM JIEICTBUH IO/IIEPKUBAIOIIEI 3TO JIBUYKEHNE CIJIBI. B MONCKaX CUJIBI,
II0/I/IEPYKUBAIOIIEl JIBUKEHUE TIJIAHET, OH O0pPaTU/I BHUMAaHUE Ha OTKPBITOE
lasmneem Bpammenne Cosana. O nosarad, 1ro u3 Bpamaorierocss CosHia
B IJIOCKOCTH €0 KBATOPA BBIXOJISIT HEKHE «HEBUIUMBIE NCTEIEHUS», KOTO-
pble TIPOJIOJIKAIOT BpaIaThcss BOKPYT COJHIA U TMPU 9TOM MOITATKUBAIOT
mwianersl. Ho y Hero yxke 6buta u ujest o tsarorednu. OH TOBOPUII, UTO «IIBA
OTJEIbHBIX TeJIa CTPEMATCH APYT K JIPYTY, KAK B MAarHUTA», U 9TO «ECJIH
6B 3eMJIs IIepecTaJia IPUTIATUBATH BOJLY OKeaHa, TO BCs BOJIA yCTPEMUJIACD
6b1 K JIyHe». (IIpuuBel 1 OTIMBBI ¢ JABHUX TI0D CBSA3BIBAINCH ¢ JIyHOi. O/
nako lasmieit aro nabironenue uraopuposas!) CuesiaeM Tpu KOMMEHTADUS.

1. Tarorenue, mo Kemnsepy, B3anMHO — Tesra «CTPEMSITCS IPYT K JIPYTY».
He rompko Commile nputdruBaet mianeTy, Ho u mianera — Cosare. Jaxke
Gumsknit kK Hetorony crioco6ubiii maTemaTuk P. Kore (1682—1716) (mocae
ero cMepTu OropdeHHbIH HBIOTOH BBICKA3aJICsi B TOM CMBICJIE, UTO <ECJIH
661 KoTe moxkuit ermé, Mbl Obl y3HAM 9TO-HUOY/Ib HOBOE» ), PEIAKTUPOBAB-
it Bropoe m3ganne «MareMaTrnaecKux HavaJl HaTypaabHo# dpumocodpuns,
9Toro BHavase He monnMas. OH mpejjiaraj BHECTH <UCIIPABJICHUE», U3bSIB
yKaszaHue, 94To IiaHeTsl nputsruBatoT Cosaile. HbIOTOHY MpUIILIOCH IIPOBO-
JIUTH C HUM Pa3bsiCHUTEJbHYIO PaboTy.

2. MarsuTbl JI0CTaBJIAIOT OOIIEN3BECTHBIN TPUMED B3aUMHOTO IIPUTSIZKe-
Hus el A Hesaznouro go Hero Y. 'mis6epr (1544—1603) nagas cucremarn-
YEeCKOe UCCJIEJ0BAHME MOCTOSHHBIX MAIHATOB (M CTATUYECKOrO JIEKTpHYe-
crBa). OH BbICKa3aJ U yOeAUTeIbHO MOTUBUPOBAJ MJIECIO, YTO 3€MJIsd — I'H-
TAHTCKUII MATHUT, 9eM U O0'bsICHSIETCS TIOBEJIEHNe MATHUTHON CTPEJIKH yIKe
JIABHO YIIOTPEDJISBIIErOCsT MOPSIKAMU KOMIIACA..

Eciin 661 Kertep yrmomMuHam MarHuThl TOJBKO KAaK MPUMED B3AUMHOTO
MPUTS>KEHNsT Ha PACCTOSHUHU, TO 3T0 ObLI0 061 oqHO0. Ho Kemnep momyckaur,
YTO TATOTECHUE EHCTBATEIBHO ABJIACTCA MAarHeTU3MOM WJIM IO KpaiHeil
Mepe Kak-TO CBS3aHO C HHM. DTO OBLIO y»Ke JAPYyroe — HeOOOCHOBAHHASI
daHTa3us B JIyUIIEM CPeJIHEBEKOBOM JIyXe.
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3. Kemnep, cyasg mo Bcemy, IOIyCKaJ B3aWMHOE MPUTSXKEHHE JIIOOBIX
aByx Tej. Cyzms 1Mo ero cjaoBaM O BOJIE OKeaHa, OH MMOHUMAJI, YTO 3eMJIst
[PUTSITUBAET He TOJIbKO JIyHY U jpyrue HeGecHbIe Tejia, HO U 3eMHbIE 00b-
eKkThl. HesiCHO, OTOXKIECTBJISII JIU OH 9TO IPUTsYKEHNE C Ts2KecThio? Feym
OTOKJIECTBJISLIL, TO BPOJIe Obl HE3aYeM FOBOPUTH O MarHUTax (XOTb U He 6or
BECTDb KaKas PEIKOCTH JaXKe B TO BPeMsl, HO BCE JKe BEIb HE OYEHb PACIPO-
CTpaHEHHAs ), KOTJIA TOMATCS BCEM U3BECTHBIE AOJOKH U IPOYMe HaAIOIIHIe
Ha 3emtro ipeMeTsl. [IpaBia, 10 CpaBHEHUIO C SI0JIOKAMU MATHUTHI UMEIOT
OJTHO TIPEUMYIIIECTBO: BCE, KTO UMEJI C HUMU JeJI0, MOT YOeUThCsl, YTO OHU
[PUTSTUBAIOT JIPYT Jpyra, a KTO BUJEJ, KaK MPUTATUBAIOT JPYT JPyra
nBa abnoka? (Jaxe He ¢ A6JOKaMHU, a CO CHEIUAJBHBIM JabOPATOPHBIM
obopyroBaHreM 310 yBHed (1 n3Mepmit) Tosbko I Kasernmnm (1731—1810)
B 1798 1)

Korza B 1618 r. Havuagach TpUAIATUIETHS BONHA, YCUIUIUCh U PEJIU-
HO3HBIE TIpecjeoBanus. KpomMe TOro, u He3aBUCUMO OT HUX B JIMHIE KOCO
CMOTPEJIN Ha <«ChIHA KOJIIYHbU», XOTS U OIPABIAHHON 1o cyxy. Kemaepy
MPUILIOCh TOKUHYTH JIWHII. 3a HECKOJIBKO JIeT OH MOOBIBAJI B HECKOJIHKUX
ropojiax, IoKa He HAIIe nmpuctanuire B YiabMme B 1626 r. Tam on 3aBeprmmi
paboTy HaJl TabJIUITAMU TJIAHETHBIX JBU2KEHUIT, KOTOpbIe U u37aJ B 1628 1.
o1 HasBaHueM «PyonbdoBeix Tab/miy B maMsaTh 00 MMIIepaTope, KOTO-
pBIit Xymo-6emHo, HO BCé ke moamep:kuBasa Kermrepa, a 10 Toro — Tuxo me
Bpare. 9Tu TabauIbl MO3BOJISIIOT ONPEENTh TOJOXKeHus Tianer, JIyHbr
u CoJtHIa U, B YACTHOCTH, YKA3bIBAIOT COJTHEYHBIE U JIYHHBIE 3aTMEHUS HA
MHOT0 JIeT BIepé 1. Tabauinl ucroib3oBaauch npuMepro 100 jeT, mpudém 3a
9TO BpeMsi ommMOKa (PacXOoXKIeHne MeXKJy MPEeIBbIUICIEHHBIM U PeabHBIM
nosioxkerueM 1taneT 1 CoJHIA) YBEJININIACh HE3HAYUTEILHO, HE B IIPUMED
upeapaymum radsumam. (Toabko ¢ JIynoii 66110 Xy2Ke.) Yerex o0 bacHsIcs
TeM, 9TO TabJIuIbl ObLIN cOCTaBIeHbI Ha Oa3e 3akoHoB Keruepa (1, KoHEUHO,
Haburonennit Tuxo ne Bpare). Cocrasuth Gosiee TOUHBIE TAOIAIB YATIOCH
TOJIKO ¢ HACTYIJIEHUEM HOBOM 3Pbl B ACTPOHOMUM — 3PbI TEJIECKOMOB (C yI-
JIOMEDHBIMHE TIPUCIOCOOICHUSIMI) U 3aKOHOB HbIoTOHA.

[TpousBops obmpHbIie Beraucaenusi, Kemrep He MOT HE OIEHUTH OJIb3bI
1300pETEHHBIX B TO BpeMst JIorapudMoB. ABTOPOM 9TOro n306peTeHns: 00ObId-
no uaspiBator JIxx. Hemepa (1550—1617). Henep cooburmn o sorapudmax
B ucbMe e bpare B 1592 r.; mo-BuimMomy, o3 iHee Kertep mo3HakoMucs
C TUM IUCHMOM, IIPUIEM ITO MOTJIO OBITH €I JI0 BBIXOJa B cBeT KHUT Herre-
pa: «Ouucanue yauBuTesbHBIX Tabuuil jgorapudmosy (1614 r.) (koropyio
Kermtep Buepsoie yBumes y ommoro u3 csoux apyseit B [Ipare, korna mena-
J10JIr0 TpuexaJt Tyaa B 1617 1.) u mocMepTHO 011y 6IIMKOBAHHOIO « YCTPOHCTBA
YIUBUTEIbHBIX Tabsmiy jorapudmoss (1619 r.; B 910l KHUre onucaH crocod
cocrapierns Tabuunel). Ho mo-HacTosmeMy 03HAKOMUTbCS ¢ jtorapudMamu
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OH cMOT TOJIBKO B 1618 1. mo BoImemmiemy B 3ToM rogy «Kypcy mpakTtute-
CKOIl MATEMATUKU» OEPJIMHCKOTO IIPEIoaBaTe s MaTeMaTuKy B. YpcuHyca.
Opnako y JsiorapudmoB ObLIT M JPYroit m306perare/ib — aCTPOHOM, MaTe-
MAaTHK, MeXaHWK U 4acosoil macrep U.Bropru (1552—1632), npuie gt
K HAM, KaK I0JIaraioT, jgaxke panbine Hemepa. ¥ Biopru 6puia crpannas
0CODEHHOCTD: OH MOYTU HUYIETO HE IIyOJIMKOBAJ, U €r0 IOCTUYKEHIS HEPEIKO
OCTABAJIUCDH €0 JIMIHBIM JI€JIOM, He BJINsis HA PA3BUTHE HAYKA U TEXHUKH.
Ha ceit pa3 o Beé-Taku omyOMKoBasI Tabmiy jiorapudMoB (TouHee, aHTH-
JiorapudMoB), KOTOpyio coctaBui B 1603—1611 rr., HO, KOHEYHO, 110 CBOEH
[IPUBBIYKE OH HE MOT CJIEJIATH 9TOTO BOBPEMSI: ITyOJIMKAIHS COCTOSIIACH TOJTh-
ko B 1620 r. Bropru paboras B IIpare, mostromy Kensep 6611 ¢ HIM 3HAKOM,
HO 0 Jjorapudmax Bropru eciim u paccka3bIBaj eMy, TO TOJbKO B CAMbBIX 00-
mux deprax. Brocieacreun Keriep meuaTHo BeIparkaJ riiybOKOe yBasKeHue
K Henepy, a o Bropru ckazas: «Moct Bropru ykazaj myTh K TOYHO TaKUM 2Ke
Jiorapudmam 3a10J1r0 10 mybukanuiit Henepa... [Ipasa, ero MHUTEIBHOCTH
U CKPOMHOCTH 3aryOHIN HOBOPOXKIEHHOTO, BMECTO TOTO YTOOBI IPHUBJIEYD
ero i BceoOmeit moJib3biy. [locitle TOro Kak OH HAKOHEIT MO3HAKOMMUJICS
¢ JiorapudmMamu 110 u3JI0KeHuio ¥ pcunyca, Kemrep cam Hadaa 3aHIMaThCS
JiorapudgMaMu, CIepBa JJisi CBOMX COOCTBEHHBIX BBIYUC/IUTEIBLHBIX Ha100-
HOCTel, a 3aTeM HammcaJ o HuX KHury (1624 r.), r7ie He TOJBKO TTOMECTHII
Goutee yo0HbBIE TAOJIUIIBI, HO U W3JIOXKUJI COOTBETCTBYIONIUI TEOPETUIECKITH
MaTepuaJI sCHee U IOJIHEee, 9eM IePBOOTKPBIBATEH JIOTAPUMOMOB.

Emé B I'pamne Kemtepy npuxoaninocs moapabarsiBaTs acTposiorueii. 4 ne
3HAI0, BEPUJI JII OH B HEE, HO OH TOBOPHUJI, YTO ACTPOJIOTHS — JIOYb aCT-
poHoMuM (Kak Oyqro Obl OH JIOOABJSUI: XOTSl U HE3aKOHHAs) U JIOJKHA
IO/IJIEPYKUBATH CBOIO MaTh. OTHO BpeMs «104b» JO0MIACH 3aMETHOTO YCIIe-
xa: B 1628 1. Kerrep mosrydmt kakoe-To moJI0yKeHrne B UMEHUU 3HAMEHUTOTO
MMOJIKOBO/IITa BajieHmreitiaa, ropoCKOIbI KOTOPOTO €My 3aKa3bIBAJIICH PAHD-
me. (YTBep:KIaT, uTo Ha BasuieHmTeiHa IPON3BeIIo BleYaT/IeHIe HATAI0
TOPOCKOIIA, TJI€ TOBOPUJIOCH, YTO OH POJMJICS] IIPUA TAKOM K€ PACIIOJIOKEHUH
HEOECHBIX CBETUJI, KAK BBIIAOIIUICS MOJBCKUI TOCYIaPCTBEHHBIN 1T b
u noJKoBozen fu 3amoiickuil u emeé 6ojee 3HAMEHUTAsT aHIJIMICKAs KOPO-
sesa Emmsasera. Ha takom «dome» Basutenrreiin cuén HeCyMeCTBEHHBIMEI
dakTuueckre OmMUOKU ¢ NPOYMMU IIPEJCKA3AHUAMEI IOPOCKOIOB.) Temepb
B cBuTe BaJjeHmTeiiHa y»Ke UMEJICS acTPOJIOT, HO JJIsl aCTPOJIOTHIECKUX
[peJICKa3aHuil HaJI0 TOYHO 3HATH PACIIOJIOYKEHWe ILIaHEeT, U BaJuleHIreiin
moHuMaJI, 910 Kerrep MOXKeT OIpeIeuTh 9TO PACIIONIOKEHNE TOYHEee JIo-
6oro acrposiora. Kemiep Hajiesics yCTpOUTh B UMEHUU TUTIOTPAMUIO U OT-
mevaTaTb TaM ACTPOHOMHUYECKHE TaOJHUIbl, KOHKPETU3UPYIOIe Ha OJin-
XKafimme rojbl JaHHble «Pyrnoib@doBeix Tab/mily, a TakKe OIyOJMKOBATH
nabsmomenns Tuxo ne Bpare u cBoit «Cony. ¥YBbeI, B 1630 1. Basutenmreiin
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monaJi B HeMmitocThb. Kersiep moexasn B Perenchypr, rie Ha1essICs MOy IUTh
KaKHe-TO JIEHbI'M OT HAXOJUBIIIEr0Cs TaM UMIIepaTopa. B popore oH IpocTy-
JIAJICST, TIO0 IpuObITHN B PerencOypr 3abosiest u ymep.

$1 HUvero He roOBOPHWJI O MaTeMaTHuecKux paborax Kemiepa (kpome
YIIOMHUHAHUS O Jorapudmax, TECHO CBI3aHHBIX C €r0 aCTPOHOMUIECKOI Jie-
ATesIbHOCTHIO0). OHU BeCbMa, 3HAYUTEJILHBI, HO BCE YK€ OCHOBHOII €ro BKJIaJI
B HAyKy — 9TO €ro TPU 3aKOHA. 371eCh OH ObLI OJHUM M3 BeJIUJANINIUX re-
HUEB; B MATEMATHKE OH, ITOYKAJYil, «TOJbKO» OY€Hb KPYIHBIH TajaHT. Ecian
OBl 51 XOTEJ TOBOPHUTBH O co3maHuu nddEepeHnaIbHOr0 U HHTErPAJIHHO-
ro MCYUCJICHUH, YTO OBLIO OJHUM W3 TJIABHBIX jocTmKeHuii Hpiorona, To
s IOJI?KEeH ObLI OBl YyIIOMSIHYTb M O €r0 IIPE/IIeCTBEHHIKAX B MAaTEMAaTHKE,
¥ TIpU 3TOM HaJ0 ObLIO OBl OTMETHTH MaTeMaTudeckue padbornl Kemrepa.
Ho s cobupatoch ToBOpUTH 0 JIpyroM jocTuKeHnu HbioToHA, XOTS U TeCHO
CBsI3aHHOM C Jud pepeHnraabHbIM U HHTErPaJIbHBIM UCUUCIEHUSIMA, U IIPU
9TOM IOCTaparoch 6e3 Tux ucuncyaenuit oboitrucek. [lostomy o Kemepe
1 KOHYAIO.
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MaTe€pPHUAIBLHON TOYKU — «CTpejia» 3€HOHA

B panneit ucropun dumocopun u MaTeMaTUKA XOPOIIO U3BECTHO UMsI
Benona Dmeitckoro! (p. ox. 500 . 10 H.3.; roj cMepTn HemssecteH). On
OB yueHUKOM U mocjenoBaresieMm duiocoda [lapmennma, cymecTBeHHOM
(XOTd M He eMHCTBEHHOI) YaCThIO YUYEHUs KOTOPOrO OBLIO [PEJICTABICHUE
0 €JIMHOM, HEepPa3/IeJIbHOM U HEM3MEHHOM OBbITHH. DTO sIBHO IIPOTHBOPEYUMIIO
YyBCTBEHHOMY OIIBITY, CBUJIETEIbCTBYIOIIEMY O MHOYKECTBEHHOCTHU BeIIeif,
pa3HOOOpa3uu UX CBONCTB M WX M3MeHeHUsix, HO llapMmeHu 1 0ObsIBUI 3TOT
onbiT wntio3opabiM. Cokpar B jmajiore [lnaroma «Ilapmenums BexKJIMBO
JAET MOHSITH, YTO B CYIIHOCTH 3€HOH HUYEro HOBOTO CpaBHUTEIHHO ¢ [lapme-
HUJOM He npuBHEC. (YdacTBytomuili B Gecesie 36HOH, 3a/I€ThIil 3aMedaHueM
Coxkpara 3a KHBOE, BO3parKaeT, HO He 0cCODEHHO ybeauTebHo, a Ilapmenu
IPU 9TOM MOJIYHT, [IO-BUMMOMY, B OCHOBHOM corvammasick ¢ Cokparom.) Ho
9TO OTHOCHUTCS K TTOJIOXKUTEHHON YacTn ux ydenus. HOBbIM ke ObLIO TaHHOE
3eHOHOM 0DOCHOBAHWE WJITIO30PHOCTH YIYBCTBEHHOTO OIBITA. 3€HOH JIOKA-
3BIBAJI, 9TO JIOMYIIEHNE MHOYKECTBEHHOCTH Beleil U JBUYKEHUsI BHYTPEHHE
[IPOTUBOPEYNBO, TAK YUTO MPUXOJUTCSI OTBEPIHYTH CBUJETEIbCTBA TIYBCTB
U NPU3HATH TAPMEHUIOBCKOE yueHne. 3eHOH IpuayMasl 0Kojo 40 paccyx-
JIeHWiT, TPU3BAHHBIX OIPOBEPIaTh T€ WJIM UHBIE MIPEJICTABJICHNS, CBsI3aHHbBIE
C MHOXKECTBEHHOCTBHIO Bereit u ux jprkenuneMm. OHU TOJyYMJId HA3BAHWE
«amopuity, 9T0 OYKBAJIBLHO O3HAYAET <«OE3BBIXOIHOCTHY; (DAKTHIECKU ITO
€BOCOOPA3HOE UCIIOIH30BAHNIE METO/IA JOKA3ATEIbCTBA OT IPOTUBHOIO, BEPO-
SITHO 3aMMCTBOBAHHOI'O U3 MaTEMaTUKU, — JIOILYyCKasl, K IPUMEPY, UTO CyIIie-
CTBYeT JIBUYKEeHMe, 3€HOH CTPEMUTCsI IIPUBECTU ITO JIOIYIIEeHUE K abCypy.

[Tozameiiniue aBTOPbI, OTHIOAL HE COIVIAIIASICH C 3€HOHOM (T. €., B KOHEY-
HoM cuére, ¢ IlapMeHUIIOM), OT3BIBAIKCH O HEM C yBaKeHHeM. Apucroreinb
HA3bIBAJI €T0 «OCHOBATEJIEM JIMAJIEKTUKN», TOHUMAEMON BHAYAJE KAK UCKYC-
CTBO cnopa (IIpu KOTOPOM Te3KC IPOTUBHAKA OIMPOBEPraeTcsl Iy TEM IIPHBE-
JIeHust K abeypay ), a 6osee ri1y6OKo —KaK CPeJICTBO BbISICHATH UCTUHY I1y TEM

1B JIpesneit I'penun Jiofieii 0GBIYHO HA3BIBAIM TOJBKO [0 MMEHH. IIPHBBIYHOIO HaM
criocoGa Ha3bIBATH 1O nMeHN u damunn (a B Poccuy — TakzKe U IO OTI€CTBY) TaM He MOT-
J10 6BITh, MOCKOJIBKY He ObLIo daMuimii. Beuin, npasia, HA3BaHUA APUCTOKPATHIECKUX
KJIAHOB, HO Jla’ke U apUCTOKPATOB Yallle BCEro Ha3bIBAJIM IIPOCTO 10 uMeHaMm. Ho BrosiHe
MOIJIO CJIyYUTbCs, UTO CPEIH JesTesell B IaHHONH OOJACTH OHO U TO YK€ MMs HOCUJIU
IBa Pa3HBIX UeJIOBEKa; TOrJa BO M30€KaHWE IIyTAHWUNBI NOOABJISIIN €IIE yKa3aHue, U3
KakKoOro MecCTa 9TOT YeJIOBEK ITPOUCXOOIUT. B HaIllu JHU 3TO HE IIOMOIJIO 6]:,1 (Hpe,ELCTaBBTe
cebe, nHMOPMATUBHO Jiu OyAeT J00ABJIEHUE K MMEHU IPUJIATATEILHOTO «MOCKOBCKHUIT»
npu 10-MusummonHOM HaceseHun Mockser), HO B Jlpesreii ['pennm Takoit crioco6 paborait.
B ¢dumocodun uzBecTHBI 110 Kpalineit Mepe Tpu 3€HOHA, U IIOITOMY HAJO yTOUYHHUTH, UTO
TOT 3€HOH, O KOTOPOM ceffuyac UIET pedb, — 3TO 3eHOH DJIEHCKUIA.
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KPHTHYECKOro o6cy K 1enns?. IIpon3omén cBoero poia HCTOPUIECKHi mapa-
nokc. [lapMenn 1, BecbMa yBarKaeMblIil IpU >KU3HU, HA HAYKY HE TOBJIUSLI, J1a
u B puwiocoduu ero BJMsSHAE B KOHEYHOM CUETE OKA3aJI0Ch CPABHUTEHHO
HeGobIMM (6yKBaJILHO ero yuenue Hu [LaaToH, Hu Apucrore/ib He IPUHS-
JI, & Y914 TOJIBKO HEKOTOPBIE MOMEHTBI U3 TOT0 YUYeHUsl ), TOTa KaK 3eHOH
TIOBJINSJT — MOBJIUSJ He TOTOMY, UTO mojaepkuBaj Ilapmennma, a moromy,
9TO MPOJIEMOHCTPUPOBAJ 00PA3IIHI KPUTUIECKOTO AHAJINA3A «OOIEIPUHATHIX
MHEHUMN».

Counnenns 3eHOHa 0 HAC He JONULIXA, W U3 npuMepHo 40 amopuii Ham
U3BECTHBI 9, TPUUIEM M3BECTHBI HE B IEPBOHAYAJIBHON (hopMe, a Tak, KaK uX
uzsarasu (1 HOHUMAJIK) Ho3aHelnue apropbl. Her ocHOBaHMii 110103peBaTh
WX B CO3HATE/IbHBIX NCKAXKEHUSIX, OJHAKO NHOT/Ia KAKNE-TO HEMAJIOBAXKHBIE,
HO TPY/JHO YJIOBUMBIE OTTEHKU MOTJIA U3MEHUThCsI. 91 JlyMaro, 9TO B OTHUX
cJIydasix 3HaUeHUe OTTEHKOB HEBEJINKO, ¥ €CJIU UX U He Mepealii TPAaBUIbHO,
TO 9TO HECYIIECTBEHHO, HO YTO B JPYTIUX CJIy4YasX [OJIOYKEHUE MOYKET ObITh
6oJtee CITIOXKHBIM.

Hekoroperie anopun 3eHOHA JIEMOHCTPHUPYIOT OIMMUOGOYHOCTH HAMBHOIO
[Ipe/ICTaBJIeHus], Oy/ITO MpsSMasi JIMHAST COCTOUT M3 TOYEK IMPUMEDPHO TAKIM
Ke 00pa3oM, Kak IIeIOYKa COCTOUT W3 3BEHBEB — IEPBOE 3BEHO, BTOPOE
3BeHO W T.J. Ho Beap MarepuwasibHBIN OTPE30K HA CAMOM Jejle COCTOUT
u3 aToMoB (Torza 9To OblIa PeHUAJIbHAS JOTAIKA, a Telepb — 6eCCHOPHBIH
dakT), u ecau 6b1 OH GBI CTOJIb TOHOK, YTO ATOMBI PACIIOJIATAJIUCH B OIUH
psifl, TO AEHCTBUTEIHHO OB OBI TIEPBBIIl ATOM, BTOPOIl ATOM U T. Ji. 3HAYUT,
npsiMasi KaK MHOXKECTBO TOYEK YCTPOEHA WHAaJde, YeM MHOXKECTBO ATOMOB,
BBITSIHYBIIIEECS B IIEMIOYKY. XOTsI JIJIsi CAMOTO 3eHOHA KPUTUKA MaTeMAaTHU-
YeCKUX IPEJCTABJIEHUII TOr0 BPEMEHHU, He OYEHb-TO YETKO O(POPMJIEHHBIX,
HO OOINENPUHATHIX WX 110 KpaiiHell Mepe MUPOKO PACIPOCTPAHEHHDIX, CIIy-
2KWJIa OCHOBOM €ro KPUTUKHU IMPOTS2KEHHOCTH M MHOYKECTBEHHOCTHU BeIreit
BOOOIIE, OOBLEKTUBHO €€ 3HaUYeHNe OBbLJIO B JAPYrOM: OHa IOKA3aJja, 4TO Ma-
TEMATUKU JOJPKHBI 103a00TUTHCS O TOYHOCTU CBOUX MCXOJHBIX TOHSTHIA.
Ckopee Bcero, oM 3TO caesiaau 06l u 6e3 3eHoHa (OTKPBITHE UPPAITOHAb-
HBIX BEJIMYHMH HEe MeHee TOOYIUTEbHO TPeDOBAJIO IEPECMOTPA U YTOIHEHUST
ocHOB®), HO NMeTH JIOTIOTHATETbHbIH CTHMYT 65110 He mumTHe. (OKoHYaTe h-
HO HeoOXOoIuMble yTodHeHus: Oblin paspaboranst EBIOKCOM B ero «reopuu
OTHOIIEHUI», YIOMSAHYTON B Ipuiozkeruu 1.)

2 [Ipyras moBamust 3€HOHA COCTOSIA B TOM, UTO OH TIEPBBIH HAYAT IHCATH CBOH CO-
unHeHus1 npo3oil (nepsble dusnocodsl counusim dunocodckne nosmer). He uckioueno,
YTO y HErO IPOCTO HEJOCTABAJIO MIOITUYECKOrO TAJAHTA, HO, KaK Obl TO HU OBLIO, B 9TOM
OTHOIIIEHNX ITOYTH BCE MO3AHEHIne PUITOoCOdbI SIBIISIOTCS €0 ITOCIIEI0BATEIISIMIE.

3A ecqm TOBOPUTH TONBKO 06 OTJIMYMH TOYEK OT aTOMOB, TO O HEM CBHIETEILCTBYET
y7Ke BO3MOYKHOCTb GECKOHEYHOE HYMCJIO Pa3 JeJINTh OTPE30K IOIMOJIAM.
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DTO KaCAeTCs TeX alopHil, KOTOPbIe MOYKHO HA3BATDH YHCTO MATEMaTHIe-
ckumu. VImerorcest u apyrue anopuu. OHO 3epHO TagaeT OECIyMHO; TOYeMy
2Ke TIaJIEHNe MHOYKECTBa 3€peH mpou3BouT IryM? EIé B IpeBHOCTH MTOHSLIN
OTBET: CJIMIIKOM CJAOBbIi 3BYK MBI He BOCIpUHUMaeM. HeCKOJbKO 3€peH
eIé He COCTABJISIOT KyUn; OT J00ABJIEHHsS OJHOTO 3ePHA He-Kyda He CTAHET
Kydeif; KaK YK€ MOYKHO TOBOPUTH TOTJA O Kyde 36peH? DTO CBSI3aHO C TEM,
9TO TPAHUIA MOHATUS «Kyday He ABJISeTCS I6TKO odepuennoii. I[Tepexom or
HECKOJIbKMX 36peH K HECOMHEHHOI Kydue MOYKeT COIIPOBOXKJIATHCS 3aMedar-
HUSIMU: <«ITOXKAJIYii, 9TO €IE He Kyday, «MOXKET OBITh, 9TO yKe MaJIeHbKas
Ky4kay. Bce 3T amopum, MareMaTndecKue U WHbIE, TO-BUIUMOMY, JOIILIN
0 Hac 0e3 NCKAXKEHUl, T. €. €CJIN UX U IePECKA3bIBAJIN CBOUMHU CJIOBAMH, TO
CMBICJI TIPA 9TOM COBEPITIEHHO HE MEHSIJICH.

B nHacrosiieit KHIKKe JIJIsT HAC IPeCTaBjIseT MHTEPEC OJHA W3 allOpUii
3enoHa — «crpesiay. MHe KaykeTcsl, 9TO KaK pa3 TOT CJIydail, Korja MOTJIN
U3MEHUThCs OTTeHKH. Ho He3aBUCUMO OT 9TOro, 00bEKTUBHO B 3TOI ariopun
WMEIOTCHA JIB€ CTOPOHBI — MaTeMaTHIecKas U (DU3UIECKAsT, KOTOPDLIX IIPH
TOTJIAIHEM COCTOSHUM HAyKH He pasjmdaju (upu 3eHOoHe BCE 9TO ObLIO
dumnocodueit). Kak 060 Bcém 910M roBopuii caM 3€HOH — B KOHEIHOM CUETe,
HE TaK y2K BayKHO; Mbl OCTAHOBHUMCsI Ha, 00EUX CTOPOHAX.

Anopust rmacur npuMepHo cienyoriee (IIOBTOPSIIO, ITO 51 IPUBOXKY He
MOJJINHHBIE CJIOBa 3€HOHA, & TO, YTO MOXKHO W3BJIeYb M3 HOjiee MO3THUX
counHenwuii). Jlersas cTpesia HUYEM He OTJINIAETCs OT HelOABUKHOIA. [eii-
CTBUTEJIHHO, BPEMsI COCTOUT U3 OTJEIbHBIX MTHOBEHUN, & B KAXKIBII 0TI/ Ib-
HBIIl MOMEHT BpEMEHU JIeTsIIIasi CTPeJia CTOUT Ha OJHOM MecTre. Fcym Ob oHa
B 9TOT MOMEHT IT€PEJIBUHYJIACH, CKAYKEM, U3 TOUYKH A B TOUKY B, TO 3T0O ObLI
OBbI y2Ke He OJIMH MOMEHT, a J[Ba, MOMEHTAa: TOT, B KOTOPBIil OHA HAXOJIUJIACH
B Touke A, U TOT, B KOTOPBIi OHA HAXOJWJIACH B TOUKe B. A ecim crpena
HEITO/IBMKHA B KAaKJIbIil OT/I€JIbHBI MOMEHT, TO OHA HE JBUTAETCS.

Maremarndeckas (TOUHee, KHHEMATHIECKAs) CTOPOHA Je1a TPUBHAJIb-
Ha. B KaX[plii MOMEHT BpeMeHHU ¢ CTpejia HaXOJUTCS B KaKOi-TO Touke A
(s1 TOBODIO O CTpeJie TakK, KaK ecyi Obl 9T0 OblIa MaTepuasbHas TOUKa; JJIsl
MPOTSI?)KEHHON CTPEJIbI MOHAIO00MIOCH ObI DOJIbIE CJIOB, HO CYTh J€Ia He
mensiercst). O eé mepemerieHuu B OJUH MOMEHT IOBOPHTH GECCMBICJIEHHO.
Ho sTo me memraer Tomy, 9TOOBI JIsi PA3HBIX ¢ COOTBETCTBYIOIIHE TOY-
ku A Obutn pasaeimm: A = A(t). Ham TpysHO HOHSATBH, 4TO, COGCTBEHHO,
B 9TOM MOKHO OBLJIO YCMOTPETH HE TO UTO ITapa I0KCaIbHOTO, HO IIPOCTO XOTh
CKOJIBKO-HUOYIb cTpaHHOro. [lapa oKcasbHOCTh, BUANMO, YCMATPUBAJIACH B
du3nIecKoit CTOPOHE Jesa: eC/IN B JAHHBI MOMEHT BPEMEHN MaTePUAIbHAS
TOYKA HAXOJUTCA B A, ¢ Kakoil craTu oHa Oy/eT KyIa-TO TMEePEMENAThCA !
W nersiimasi, 1 HEMOABIKHASI CTPEJIa HAXOJSITCS B OJHOM M TOM YK€ MeCTe
[IPOCTPAHCTBA; YEM K€ OTJIMIAETCS TOJIET OT HEIOIBUKHOCTHU
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OTBET COCTOUT B TOM, YTO COCTOSIHHE CTPEJIBI OMPEIEIISIeTCs He TOJIBKO
€€ 10JI0’KEeHNeM, HO 1 €€ CKOpOCTbio. CyObeKTUBHO 3eHOH XOTEJI COBCEM JIPY-
TOT0, HO OObEKTUBHO €T0 MapaJOKC KaK pa3 MOJICKA3bIBAJI, YTO COCTOSTHIE HE
cBOJIUTCS K ToJioKenuto. JIist Hac 3To oueBuaH0. HO 9TO cTasIo OUeBUIHBIM
TosIbKO nocste Lasmiest 1 okonuaTes suo —nocite Hplorona®, A panee cunra-
JIOCh, UTO JBU2KEHUE, He MOJJIePXKUBAEMOe CIIION, npekparnaercs. [Touemy
’Ke OPOIIEeHHBIN KaMeHb (HJIU Ta YKe CTPeJIa) JIETUT HEKOTOPOEe BPEMsI II0CJIe
[peKpAIeHus] JIeWCTBUs CUJIBI, IPUIABIIEl emy jBrKeHue? Apucroresb
MPUIYMAJ «O0bsICHEHUEY : KAMEHb HEKOTOPOE BPeMsl yBJIEKAETCsT BO3LYyXOM,
KOTODBIit OBLIT IPUBEJIEH B JIBUYKEHNE KAMHEM TOT/IA, KOTJIa KAMEeHb HaDUpaJl
CKOPOCTB TOJ], JAefiCTBHEM COOTBeTcTByMomeil cuibl. IIpaBma, mocie sToro
OoJtee HUKAKUE CUJIbI HE YBJIEKAIOT BO3/IyX BIEPE, IOUEMY K€ OH-TO COXPa-
HSIET CIIOCOOHOCTBH K JIBUYKEHMIO, JIa eI€ M KaMeHb rojarajkuBaer?! U Beab
JIBU2KEHIE BO3JyXa —3ITO BETEP; KaK K€ CUJILHO JIOJI2KEH JYyTh BETEP, YTOObI
IIO/IJIEPYKUBATH IOJIET KAMHsI! HEY2KeJIH si, 0pocast KaMeHb, CIIOCOOEH CO3/IaTh
Takoif Berep? Ham HenonsitHa mcuxosiorust jiiojieit, koropsie moaru 2000 Jsrer
HE 33J[aBAJIM TAKUX OYEBUIHBIX BOMPOCOB. Ul Bemap He OODBACHUIIL ITOTO
TeM, YTO 3a/aBaTh <JIMIIHUAE» BOIPOCHI «HE PEKOMEHIOBAJIOCH». [la, He
PEKOMEHIOBAJIOCH, HO BEJIb CJIYYAJIOCh, YTO 33/IaBAJI BOIPOCHI TIO TTOBOY
PEJIUTHO3HBIX JIOTM, B CDABHEHUHU C YeM JIeHICTBIE BO3/IyXa HA KAMEHb — TEMa,
BIIOJIHE «HEHTpAJIbHAAY.

Mie JUYHO HEMOHSATHO M TO, HOYEMY B JINTEPATYPE MMOYTH HE BCTPe-
qaeTCsd YyIOMHUHAHUNA O (DU3UYIECKOI CTOPOHE alOpPUU «CTPEeJay, XOTs IJIs
JeJIOBeKa ¢ (PU3NKO-MaTeMaTHIeCKUM 0Opa30BaHUEM 3Ta CTOPOHA OYEBUIHA.
Ws3BecTHBIE MHE UCKJIIOYEHUS — JIBE-TPU HAyIHO-TIOMYJIsIPDHbIE KHUTH (DU3N-
KO-MaTEMATUIECKOTO COJCPXKAHUSA, & BOBCE HE «COJIMIHBIC» MCTOPUUCCKUE
OILYCHI.

4HekoTOpble TIOMOI3HOBEHUST B 3TY CTOPOHY MOXKHO HalTH y HEKOTODBIX MBbICIUTE el
KOHIIa CPEJIHUX BEKOB, HO MOIMOJI3HOBEHUsI POOKUE, HEYETKIE U HE MMEBIIINE IOCJIEICTBUIA.
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Heroromny, ¥ cuacTbio, He JOBEJIOCH U3BEIATH TAKUX HEB3TOJI, KAKUE HC-
neitast Kemtep. Hanbosiee Gypabie coObITHS B AHIIME TOrO BpEeMEHU — JIBe
rpakjaHckue BoiHbl (1642—1646 u 1648 rr.), ka3up B 1649 1. Kopouid
Kapna I, pasrou B 1653 1. Jlosroro nmapsaventa (0H ObLI IIPO3BaH J0JI-
ruM, ubo yakumonuposas 13 ser), aukrarypa O.Kpomsens, Bonapenue
Kapna IT (cern Kapaa I; nmapcrsosan B 1660—1685 rr.) mpu mojjep:kke
BJIUSATEIbHBIX BOEHHBIX, — BCE 9TO MPOU3OILIO, Korga HbioToH Haxommics
B JIETCKOM WJIM IOHOITIECKOM BO3PACTe, U HUKAK €ro He 3aTPOHysI0. Eaum-
CTBEHHOE 3aMEeTHOE IOJIUTHIECKOe IMOTPSICEHUE, MTPOM3OIIIe/IIee, KOraa OH
OBLTT B3POCJIBIM, — 3TO «CJIaBHAsS pEeBOIONUA» 1688 I., KOrIa OBbIJI CBEPTHYT
ko 1T (6par Kapaa IT) u Bonapuics (B 1689 r.) Buubressm 11T Opanckuit,
MPUTJIATITIEHHBINA TAPJIAMEHTCKON Ommo3uiineil. ITOT IMepeBOPOT MPOIIIEST CIIO-
Koitro — fAxoBa II, B crrocoOHOCTSIX KOTOPOTO COMHEBAJICS €r0 MOKOWHBIHN
OpaT 1 KOTOPBIit 38 TPHU rojla MAPCTBOBAHUS YCIIE OIPABIATH ITH OIACEHNS,
[TOYTU HUKTO He XOTeJI TIOJJIEPXKUBATH, & caM 110 cebe MOHAPXUIEeCKUIl CTPOiA,
UMEBIINI MHOTO CTOPOHHUKOB, [IEPEBOPOTOM He 3arparusajcd. (Iloxkasryii,
cBoeBose n Kanpu3bl fAkoBa I, He 0O/agaABIIEr0 MOIUTUIECKON TPE3BO-
CTBIO W JIOBKOCTBIO Opara, IOCTABUIN CTPaHe OOJIbINEe MOTPSICEHU, deM
ero cBepxkenue.) B najbHeilineM cMeHa KOPOJIs WM KOPOJIEBbI BCAKHUN Pa3
BEI3LIBAJIACH €CTECTBEHHO CMEPTHIO IPEIBLIYIIEro MoHapXa! 1 Iponcxomu-
Jla, COBCEM CIIOKOMHO, XOTsl MOIJIA BJIASITh HA TOJUTHIECKYI) OPUEHTAIIIIO
npaBjieHusi. BripodeMm, peaJibHasi BJIACTb BCE OOJIbINE TIEPEMENAIACH OT MO-
Hapxa K [apJaMeHTy U [PAaBUTEJbCTBY. BpeMeHamMu OHA IEPEXOIUJIA OT
OJTHOM TTapTHHU K APYToii — yKe paboTaja ABYXIMapTUiiHAsS CUCTEMa, «TOPU»
U «BUTOB», —HO Ha »KU3HU HBIOTOHA 3TO HE OTPaXKaJIOCh.

Bri10 BCé-Taku OIHO BHEIIHEE TOTPsICEHNe, CUJIBHO TIOBJIMSBIIEE HA €ro
KU3HB: snuyemMus dymbl 1664—1667 rr. IlapamokcambabiM 0O6pa3om, 3TO
crparraoe 6encrBre HbioTOHY TpPHHECSIO TOIB3Y, CM. HUXKE.

Boobiie ke ero knsHb Oblia OefHa BHeMHUMH cOObITHAMEH. O HEM
MO2KHO CKa3aTb TO K€, UTO IO3/iHee OJIWH W3BeCTHHIN dusuk, JI. Bombir-
man (1844—1906), ckasau o gpyrom, I. Kupxrode (1824—1887): «Besmnkue
COOBITHUSI IPOUCXO/INIA TOJBKO B €r0 IN'0JIOBE>.

O Tex m3 BeIMKUX COOBITHI, MPOUCXOJUBINNX B rojioBe HbioroHa, Ko-
TOpBIE UMEIOT OTHOIIEHUE K TeMe dTOW KHUXKKW, TOBOPUTCS B CJIELYIONTIX
npuwiokenusix. [loka ke npusBey Kparkue 6uorpadudecKre CBeIeHNA.

1KaskeTcs, GbLIO TOIBKO OIHO HCKJIIOYEHHE — OTPEUeHne OT mpecrosa Dayapmaa VIII
B 30-x rr. XX B., CBA3aHHOE C €ro HaMEPEHHEM KEHUTHCS Ha aMepPHKaHKe, KOTopas
Ui aHDJInYaH Oblla HeIpueMmJyieMa B POoJid KoposeBbl. OHO TOXKe He HAPYNIAJIO 3aKOHOB
¥ TPAJUIUNA U MPOIIJIO CIOKONHO.
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Heroron pomuics B nepesae Byscropu (B 75 kM or KemGpuika) B ce-
Mbe depmepa, YMEpIIEro 10 ero poxKjeHus. Bbiia i ceMbs OeIHON mim
3aKUTOYHON — 00 3TOM TOBOpST mo-pasHoMy. Cpenu ero pojcTBEHHUKOB
1 6JIN3KUX OBLIN HE TOJIHLKO (DEPMEPHI, HO U CBSAIIEHHUKH, JIOKTOP, AIITEKAPD.
1 rtak xkak B mercrBe Hbroron mokaswiBas OOJIbIIE CKIIOHHOCTH K y4é0e,
9eM K KPECTHhSIHCKOMY TpyAy, B 12 JileT ero OTHPABUIN B IIKOJIYy B pac-
nonoxkerraoM B 10 kM oT Byscropua ropoake I'panreme. B 16611665 rr.
Heroron yumicst B KembpuizkckoM yHUBEpCUTETE, 8 UMEHHO B OJTHOM U3 €r0
KoJsne ket — Tpunutu-kosnezke. B aro Bpems ero yunrenem 6but 1. Bap-
poy. B mHamm gam mbr B Poccun Bciommbaem o Bappoy kKak o maTeMaTuke
(em. [7]), HO OH 6BLT TakXKe QIIIOTOTOM B GOTOCIOBOM, IIPHIEM UMEHHO KaK
6orocsioB oH GoJiee EHWICS B AHIIMU B TO BpeMs (/1a, KayKeTcsd, IEeHUTCs
TaM 1 ceffuac). O6 910l He3aypsiHON smaHOCcTH M. [7], [12]. Bappoy orme-
4yaJI 3HAYUTEJIbHYIO IIOMOIIb, KOTOPYIO eMy OKa3biBas HboTOH, emé Oy Ly an
CTYJIEHTOM.

ITo oxonuyanun yumsepcurera HpioTOH OBLT OCTaB/ieH TaM Ha PabOTy.
OzHAKO BCKODE, CIIacasiCh OT IyMbl, OH IIOYTH Ha JBa rofa (¢ HeGOJIbIIUM
[IepePLIBOM) yeXaJjl B POJHYIO JIEPEBHIO. DTOT «TBOPYECKUIl OTIYCK» OKa-
3aJICsl UCKJIIOYUTENIBHO ILIOIOTBOPHBIM. 110/I0OHBIX IEPHOIOB B €ro YKU3HU
0O0JIBIIIE HE TTOBTOPSIJIOCH, XOTsI HEJIb3sl CKa3aTh, UTO OH CHUJEJ CJIOXKA PYKH.
A rTak Kak TeHHEB TAKOTO yPOBHS BOOOINE B UCTOPUU OBLIO MAJIO, ITOXOXKE,
WCTOpHsT HAYKU HE 3HAET JIPYTON CTOJIb K€ SPKOH BCIBIIIKA TBOPYECTBA.
3a siBa ro/1a OBLIN BBIMOJHEHBI OCHOBHBIE ONITHYECKUE SKCIIEPUMEHTHI, TIpe-
o6pa30BaBIIie TOT pas3jes (PU3NKUA; B YACTHOCTH, OBLI CO3JIaH IMEpPBBIi
IPAKTUIECKHU YJIOBJIETBOPUTEILHBIN Te1eCKON-pedJIeKTOD (3TO JOCTHKEHNEe
HbioTOHA HEPBBIM TIOIYYUIO MIUPOKYIO U3BECTHOCTD); ObLIO pa3paboTaHo
nmuddepeHnraIbHOe ¥ UHTEMPATHHOE HMCYUCIECHHE U BOOOIE PA3BUTO TO,
YTO MBI Tellepb HA3BIBAEM «MATEMATHUECKIM aHAJIM30M» ... V1, 10 ero cau-
JeTEJIbCTRY, TOT/IA YKe ObL OTKPBIT 3aKOH BCEMUPHOTO TSITOTEHUsI. A 5TO He
MOTJIO OBl IIPOU30WTH 6€3 3HAUUTEBbHBIX JOCTHXKEHUil B MexaHuke. IlycTsb
TOrJIa OHY OBIJIH eIlé He CTOJIb MOJIHBIMU, KaK B «Maremarnyeckux Hadaax
HaTypaJbHOM dumocodun», HO MO KpaifHeil Mepe O IEHTPODEKHOM CHJe
Heroron mosizken 6bl1 3HaTh (cM. mnpusiokenue V), a opmyra s Heé
MIOJIy 9a€TCs HE Ha I[yCTOM MeCTe... B megarn 1eHTpobeKHas CIIIA TIOSBUIACH
ToJsbKO B 1673 1. y X. TfofireHca (CM. TO 7Ke IPIIIOXKEHHE ), TI09TOMY BO BpeMsI
CBOETO «TBOPYECKOIO OTIYyCKa» HBIOTOH JI0JKEH OBLI caM pa3odpaTbCst
B COOTBETCTBYIONIUX BOIIPOCAX MEXAHUKHU.

2Cy,EL$I II0 BBICKA3bIBAHUAM CaMOI'O HbIOTOHa7 CBOMM IVIaBHBIM BKJIaJOM B aHaJIU3 OH
CYUTaJl HE pa3BUTHE COBCTBEHHO ,un(j)dpepeﬂunanbﬂoro 1 UHTErpaJIbHOIO HCYHUCJICHUA,
a CUCTeMaTUYeCKOe HUCITOJIb30BaHNe OECKOHEYHBIX PAIOB.
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B 1669 r. Bappoy meperiés Ha CBOEro poja «moauTpadoTy» — OH CTAaJ
IIPUIBOPHLIM KalleJITaHOM® — 1 yerymua Heiorony csoro kadenpy?. Ha meit
Hyroron n pa6oran go xkonma XVII B. Buagasie on mpomgosKas onTudecKne
UCCJIeIOBaHUsI, a [T03/Hee ero MHTEPECH! IEPEKJIFUIINCh Ha HEDECHY 0 MeXar-
HUKY U CMEXKHBIE BOIIPOCHI, ITO IPHUBEJIO K MOABJIEHUIO «Maremarnaeckux
HavaJ HaTypasbHoi durocoduns (eMm. npuinoxkenue VI). Ho u nocste ny6iu-
KaIruu 3Toro Tpyaa HeoToH npogoinKkat 3aHuMaThbCst HeDeCHOM MeXaHIKOIA,
rJIaBHBIM oOpa3om jaBukenueM JIyubl. K coxkaneHuio, B MoJIHON Mepe O ero
[MO3/IHUX JIOCTUXKEHUSIX Y3HaJU TOJIBKO B KoHIe XIX B., KOrJa 3TO UMEJIO
TOJIBKO UCTOpPUYECKUil mHTepec. [lo-BuamMoMy, OH TakKe BHOBb BEPHYJICS
K OIITUKE HA KAKOE-TO BPEMs.

Ouensb cymecTBenHo, 9To K KoHIYy 70-x rr. y HbloroHa okoHUaTEIHHO
copMupOBAJIACh HAYYHAS METOJOJIOTHSI, COBIAJAONIAsS C COBPEMEHHOIA.
Koneuno, ona BeI3peBaJia B paboTax psifia yIEHBIX, U HEJIb3s HEJOOIEHNBATD
BKJIa 1a TakuX Jojeit, kKak I lajguneit nim P. Boitas. Ho 3aBepmuicst aTor
mporecc y Huroroma.

OjHuM U3 CTYIEeHTOB, a 3areM mpusteseii Hbiorona ObLT CHOCOOHBII,
4ecToJI00UBLIH U sHepruuHblil apucrokpar 1. Monrerio (1661—1715), ko-
TOPBIN CO BPEMEHEeM CTaJl KaHIJIEPOM Ka3HAYEHCTBa, T.e. MUHUCTPOM (hu-
HAHCOB. MOHTETrO 33,y MaJI IPOBECTH PeopMy JTeHeXKHON cucTeMbl AHTIIAN.
CobeTBeHHO, TYT OH He OBbLIT OPUTHHAJIEH, 3TO MBITAJIUCH CJIEJIATh JI0 HEro,
Ho HeyJagHo. Opuruaajen oH ObUT B CBOEM Tojaxoje K pedopme. s
HaYaJa OH CYEJI HYXKHBIM ITOCOBETOBATHCS HE TOJBKO CO CBOMMUY ITOTIMHEH-
HBIMU — OIIBITHBIMU YHHOBHUKaMU KasHadelcTBa, —HO M C HECKOJIbKUMU
yuéapivu. (C y498HBIME OH OB XOPOIIO 3HAKOM — BBUJY MOKPOBHUTE/Ib-
CTBEHHOTr0 oTHOIIeHusi MOHTErto K HayKe OH OBLI JlaKe Ha KAKOe-TO BPeMs

3B nocsieiaue rosp xKu3HE Bappoy GBLT TMPEKTOpoM («MacTep» — GyKBaJbHO XO3AMH)
TpuauTH-KONIEKA.

4Kaxk coobmaer sunuktoneaus «Bpokrays u Edpoms, 3a mapy et g0 Toro Herooron
MOIBITAJICS CTATh YJIEHOM KOJIJIErHMH IIpernojaBareseil KeMOPHIKCKOro yHHBEPCUTETA
(mosryunTs Tak HasbiBaemoe «fellowship»), HO Torma emy npenowIn Hekoero YBeaaJsd,
KOTOPBI#A TOJIbKO 3TuM 1 u3BecreH. (Ho mogymaiite, kakum reHumeM Hajo ObITH, 9TOOBI
npeB3oiiti HploToHA, OCOOEHHO €ciy 3a IIeYaMH ITOCJEJHErO yrKe OBbIIN JIOCTUKEHHS
ero «TBOpYecKoro ormyckas?! Bumammo, stor YBemann 6bu1 «remmem III xareropmms
o usBectHoU Kiaaccudukanuu C.JIsma. ITo JIamy, remwn [ kareropum — Te, KOTOpDBIE
MOJIydYaloT Npu3HaHue npu »Ku3Hu. Jlocrmxkenus reaues Il kareropmu OKa3bIBAIOTCS BBI-
e BO3MOXKHOCTE!l IOHMMAaHUsi COBPEMEHHUKOB, TaK YTO 3TU I'€HHUH IIOJIy4YaloT TOJIbKO
ToCMepTHOe Npu3HaHue. TBopenus renues 11l kaTeropum npeBoCXOAAT BO3MOXKHOCTH IIO-
HUMAaHNs He TOJbKO COBPEMEHHHUKOB, HO U UX IIOTOMKOB, ¥ 9TH I'€HUN IIPU3HAHUS BOOOIIE
Hukorga He nosydaior.) Oxnako Basuios [12] coobuiaer o Giaromnosydnoit u 6uIcTpoit
YHHUBEPCUTETCKOM Kapbepe HbroToHa: B 1667 I. — MIaJIINil 9YeH KOJJIEruu IIPerogaBa-
Tesnedi (minor fellow), B 1668 r. — criepsa crapmwmii wien (major fellow), sarem Marucrp.
(O xomkypupyromem reanu 111 kareropun HeT pedn.)
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u36pan npesugentom Jlommonckoro KoposeBckoro obiiecTBa — aHTIANACKO-
ro amanora Axagemun mayk®.) ITo-BHIMMOMY, TIOJTyYeHHBIE COBETBI Pas3-
JINYAJIUCh U 110 CBOEMY COJIEPYKAHUIO, W II0 CTElleHNW IMOJHOTHI. V3BecTHO,
9TO, IOMUMO pa3paboranHoro KasnadeiicrBom mpoekTa pedopmbr, MonTe-
IO TOJIYYWJI W JPYTHe MPOEKTHI, U OAUH W3 HuX npuHamiexans Hooromy.
Ha ocnose nposenennoro obcyxaerns MoHTero paspaboras OKOHIATE b
HBI TPOEKT pedopMbl. JacTo KOMIIPOMUCCHBI BapHWaHT, COCTABJICHHBII
myTéM Ge3bIIeiHOro, boJiee MM MeHee MeXaHWIEeCKOrO CMEIeHUs] Pa3jIind-
HBIX IIPEJJIOXKEHUI, OKA3bIBAETCsI XyXKe IepBOHAYAJIBHBIX BAPUAHTOB, HO
B JIAHHOM CJIy4ae OKOHYATEbHBIN MPOEKT OBbLI XOPOIIO IIPOIYMAaH M OKa-
3ajica ynagabiM. He Bce, Ho MHOrme npejyioxkennst Herorona Boriu B 9T0T
MIPOEKT.

BymaskHBIX seHer Torja He ObLIO, JeHbIUM OBLIN MOHETAMU U3 JIParo-
[EHHBIX MeTAJIOB. MOHTErt0 IPUIIENT K BBIBOY, YTO JJIsI ycrexa pedOpMbI
HEODXOIMMO OBICTPO, 38 2 TOJIa, IEpeYeKaHNTh BCIO MOHETY AHIJINK U 3a1pe-
TUTH OOpaIlenne IpexKHell MOHEThI ¢ HEKOTOPOro cpoka. [ljist pyKoBoICTBa
sToil paboroii on npuriacui Heiorona (06 uckyccrse HpioToHa Kak mnpax-
TUYECKOTO MEXAHUKA W ero KOMIIETEHTHOCTH B XuMmun MOoHTero 3uas ermé
co crymendeckux Jjer). Hporon Obt HasHaden B 1695 r. «cMorpurenems,
a B 1699 r. — mupexropom Monernoro nsopa B JIoumoHe (II0C/I6HION JT0JIK-
noctb Hptoron 3anumasnt 10 camoit cmepru). HeioToH cymen 3a rog yBesu-
9UTH TPOU3BOIUTEIHHOCTL MoOHETHOrO 1BOpa B 8 pa3, He J00aBUB HU OIHOTO
Hosoro cranka. (KoHnedHo, 9T0 CBUIETEIBCTBYET HE TOJIBKO O TEXHUYIECKON
KOMITeTeHTHOCTH HBIOTOHA, HO U O TOM, KaKOBa ObljIa OpraHu3aIus padOThI
MomneTHoro JBOpPa 10 HEro.) B 0OCHOBHOM BCE GBLIO C/IETaHO JeHCTBUTEIHHO
3a 2 roma, a B 1699 r. pedpopma 3aBepimiacs.

Mowurerio Biaobuicsa B miemsanauiy Hoiorona Kerpun Bapron (1679—
1740); nomo3pesator, 4o oHU ObLIM TaiHO 0OBeHYaHbI. Bo BCIKOM ciydae,
MoHTerio 3aBemaJl eif 3HAYUTETbHYIO YaCTh CBOEro cocrostaus. «lcciemo-
BaTeJd, OCTaBUBININE Oe3 BHUMAaHUsI OOJIBINNE pa3/esibl HaydIHOU pPabOThI
Herorona B 0bjlacTy XMMWM W OITHKH, C JIErKOil pyku Bosbrepa ¢ oco-
O6bIM pBeHueM 3ausaauch smu3onoM Monrerio — Kerpun Bapron, nmeromnium
TOJIbKO KOCBEHHOE 3HAYEHHUe Jisl KU3HU U TBopuecTBa Hbioronas [12]. Te,
KTO IPUIAET 3HAYEHUE ITOMY <«IMU30IY», AMEHHO UM U OObICHAIOT HA3HA-
yenne Heiorona 8 Monerubiii gBop (T7e ero »kajoBaHbe ¢ CaMOro Hadasa
OBLIO B HECKOJILKO pa3 6osibiie mpodeccopckoro okiaaa). Ho meareabHocTb
Hprorona Ha 9TOM OCTY CBUIETEIHCTBYET, 9TO TAHHOE HA3HAYEHNE OTHIOD
He OBLIO CHHEKYPOil — eBa JIM KTO-HUOY/Ib CMOT OBl JIydIlle CIIPABUTHCS

506rmecTBo pa3BuIoCh u3 «HeBH MOl Koltern» — KPy’KKa, BCTPEYaBIIerocss 4acT-
HBIM 06pa3oM ¢ 1645 r., — u 6610 OPUNMATBEHO YTBEPXKIEHO KOPOIEM B 1662 1.
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¢ MaTepuaJbHBIM obecrredenneM (PUHAHCOBOM pedopmbl. MoHTero caemast
VAQIHBIN BBIOOD.

[Tepexom or yeuHEHHON akaieMraecKoil ku3uu B KeMOpu ke K Hanpsi-
JKEHHOI aJIMIHUCTPATUBHON pabore B JIOHIOHE KarXKeTcsi HEOXKUIAHHBIM,
HO HAQJI0 CKa3aTh, 9YTO HBIOTOH M paHbIIE HE COBCEM UYPAJICS €CJIH He
aIMUHUCTPATUBHBIX, TO OOIECTBEHHO-TIOJIUTUIECKIX BOIPOcoB. B 1687 r.
Heroron 6bu1 wienoMm geseranuu, nociaannoii KeMOpumpkckuMm yHUBEpPCH-
TeroM K fAxoBy Il ¢ meruimeit o moBOIYy KOPOJIEBCKOI'O BMEIIATEHCTBA
B yHuBepcurerckue jesa [12]. HploToH oKasascst caMbIM YIHOPHBIM, XOTSI
U CaMbIM MOJIYAJIUBBIM UJIEHOM JIeJIeTalliil, U ero IMO3UIUs CUJIBHO CIIO-
coOCTBOBAJIA TOMY, UTO J€JIETaIis He IIOIIa Ha KOMIIPOMUCC U JOOUIACH
cBoero. B 1688—1690 u 1702 rr. ou ObLT AemyTaToM HapJaMenTa. JlereHaa
[JIACUT, 9TO «I1aJjIaTa OOIIMUH yCJIBIIAIa Iojioc HploTOHa TOIBKO OJIUH pas,
KOIJIa OH OOpaTW/Ics C IPOChOOi K CTOPOXKY 3aKPBHITh (DOPTOUKY B 3aJie
3acenanusi» [12]. B To ke BpeMsi BIIOJHE MOYKHO IIPEJCTABUTH, UTO Kak
meryTar mapiaaMmenta HbIOTOH MO ITOMOTaTh CBOEMY YHUBEPCUTETY M UTO
OH IIPU BCEX KOJIEDAHUSIX TAPIAMEHTCKOM MOJTUTUKHI ITPOIOJIZKAJ TPUIEPIKI-
BaThCs TOrO Kypca, KOTOPbIi cuuTal npaBwibHbIM. (BoT TO/IbKO He coBceM
SICHO, — MHe, TI0 KpaiiHeii Mepe, —Kakoii 370 66171 Kype. B [12] u [27] ckazaHo,
10 HhIOTOH OBLII CTOPOHHUKOM BUT'OB WJIM OJHOI U3 BUICKUX I'PYIITHPOBOK,
a B sunukIIoneaun «Bbpokrays u Edhpon» —daro on 6511 CTOPOHHUKOM TOPH. )

B 1672 r. Heiorona nzbpasu uinernom Jlonmorckoro Kopostesckoro obrre-
cTBa, a ¢ 1703 1. jo camoit cmepru Heoron 6but npesugenrom OOriecTsa.
B 1705 r. koposeBa Amna Bo3Besa HbIOTOHA B JIBOPSHCKOE 3BaHUE; BO3-
MOXKHO, 3TO OBILJI IIEPBBIH CJIydaii MPUCBOEHUSI aHTJIMICKOTO JIBOPSIHCTBA 33
HAyYHBIC 3aCTyTHC (BIIPOYEM, BEPOATHO, ObLIA YUTEHA U €0 POJIb B (hHHAH-
coBoii pepopme).

Ecmm ma Bpemst uymbr y Hbiorona mpumméics HeOOBIIaWHBIN TBOpUE-
CKUIl TIOJTbEM M €CJIU TOIbEMOM, HECOMHEHHO, OTMEYEHO BPEMsl HAIMCAHUSI
«Haugasrs, To 6biBasin y HploTrona u mepuoss jenpeccun. TaxkuMm, 10-BU-
JauMoMy, ObLT mepuos, 1672—1675 rr., m HECOMHEHHO TaKUM OBLIT ITEPHOJT
1691—1693 rr., KorjIa BpeMeHaMu JeJI0 JOXO/UJIO JIO TICHXUYECKOr0 pac-
crpoiictBa [12]. B serenme mocsenHee CBA3BIBAIOT € HOXKAPOM, YHUYTO-
JKUBIIUM TeHHbIe pykomwmcu. [loxkap, HecOMHEHHO, OBLJ, HO YTO HUMEHHO
CrOpeJIo M HACKOJIBKO TSI?KEJION OblLjIa 9Ta MOTepsi, BhISCHUTH HEBO3MOXKHO.
Morjia 6bITh W peakiiusi Ha KOJIOCCAJbHOE YMCTBEHHOE HAIIPsSPKEHUE IIPU
cozmannu «Hauams. B namre Bpems coOOIMAIOCH, 9TO B COXPAHUBIITHXCS
BoJsiocax HpioToHA OOHADYXKEHBI CJIEIbI PTYTHA U JAPYTHUX TIXKEJIBIX MeTall-

6 Cnemyromumit cayuait cocrosiicst Goee gem uepes 100 JIeT, KOrma JBOPSHUHOM CTaJl
xumuk X. eBu (1778—1829). C Tex mop Takue ciydanm ydacTHauchb. CpaBHUTEIHHO
HEeIaBHO IBOPAHWHOM CTaJI MaTeMaTUK M. ATBH.
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JioB. XpOHUYECKOE OTPABJIEHUE UMH IIPU (&J1)XUMUIECKUX IKCIEPUMEHTAX
(o cooTBeTCTBYIOIMX 3aHATAAX HBIOTOHA CM. HUXKE) CJIYyUIAIOCh HEPEJIKO JI0
[OsIBJIEHHsT BBITsIKHBIX IKadoB. Ilpasaa, pas Heoron moxui mo 84 Jer,
JIOJITO OCTaBasiCh B Xopoleil (opme, oTpaByieHHe HE MOIVIO ObITH 3HAYU-
TeapubiM. Ho He ObLIO Jin y Hero 60jee CHIIBHOTO OTPABJIEHHSA, KOTOPOE
ckazajoch B Hadase 90-X IT., HO OT KOTOPOTO OH OTPABUJICS !

TémuanM aTHOM Ha maMaTn HbioToHa ocratorcs ero crnopsl ¢ P. 'ykom
(o uém ynommnaercst B npusoxkernu VI), T Jleiibaunem (Bonpoc o mpwu-
opurere B co3maHny ubdEPeHIMATBFHOI0 1 HHTErPAJIbHOIO UCUNCIIEHNS)
u JIxx. @aemcrugom (1646—1719), B KOTOPBIX IPOSIBIUINCH «€ro GOJIE3HEH-
HOe caMoJIiobue, OOMTIMBOCTD U BIACTHOCTB» [12]. Moé Brevatsenue (Ko-
HEYHO, 9TO BIIEYATJICHUE YEJOBEKa, 3HAKOMOIO C JIEJIOM «U3 BTOPBIX DYK» )
TaKOBO, YTO B IEPBBIX JBYX CIIOPaX ONIOHEHTHhI HBIOTOHA TOXKE BBITJISJIAT
HE JIydImuM o0pa30M, HO B CAMOM CYIIECTBEHHOM MoMeHTe cropa ¢ Dure-
MCTHJIOM IIPABOTA, ONPEJEJIEHHO ObLIa Ha cTOpoHe mociemaaero. demcru/y
OBbLI BBIIAIONUMCS ACTPOHOMOM-HAOJIIONATEIEM, YBEJIMIUBIIIM TOIHOCTH
ACTPOHOMMYECKHUX N3MEHEHHi B HECKOJIBKO pa3 (oH moBén eé g0 10”). Heio-
TOH IIAPOKO KCIIOJIH30BAJI €r0 JaHHbIe KaK mpu padore uHay «Hagamammy,
TaK U MO3/IHee, TPy uccjepoBannn asukenus Jlyasl. [loravyasry orHOIIEHUST
Herorona n @ieMcruia ObLIN CIIOKORHBIMEU, HO CO BPEMEHEM OHU HAYAJIN
mopturhbest, noo PemcTuy He HPABUJICH BBLICOKOMEpHBIH TOH HbloToHa.
OKOHYATEIbHO OHU HUCIOPTUJINCH, Korja Hbioron Bpoje 661 momor Dire-
MCTHLY, JOOUBIMNCH KA3EHHON MOMJEPYKKU JJIs I[yOJIMKAINN HAOJIIOAeHUH
mocseaero. Jlesio B TOM, UTO 9TO M3J[aHNE OKA3aJI0Ch B PyKaxX HE CaMOro
Quemcruia, a . laies, 3a CUHON KOTOPOro, KOHEYHO, CTOsI HBIOTOH.
®nemerns v pasbiie He 06wt Lasuies, a Tyt Fasteit (Hano aqymarTh, ¢ BeJo-
Ma 1 corsiacus HbIoToHA) periuit oiryGJInKOBATh TOJILKO YacTh HaGII0eHUI,
KOTOPBIE eMy TOKA3auCh OoJtee HAIEKHbIMU. DIIeMCTU TIIETHO HACTANBAJT
Ha IyOJIIKaIuu BeeX HaOJI0aTebHBIX JaHHBIX (eMy yIaJioCh-TaKU Opra-
HHM30BaTh COOTBETCTBYIOIIEE MIEPEN3/IaHNe, HO OH He JIOXKUII JIO ero KOHIIA).
C Hameif TOYKYU 3peHusi, OH OBbLIT IPaB.

JBycroponnss puHaHCOBas eATebHOCTE HbloToHA (Teopernyeckast o
MIOATOTOBKE TPOEKTa PedOPMBI U TEXHOJOTUIECKAS 110 €€ MaTepUaJIbHOMY
00€eCIIeUeHUIO) XaPAKTEPU3YeT €ro ¢ HEOXKUIAHHON CTOPOHBI — Kak 3dhdex-
TUBHOI'O TeXHOKpaTa. He MeHee HeOXKMIAHHON cTOpoHO# Jimanoctu Hbro-
TOHA $BJISIETCSI €0 YBJIEUEHHE 3aHATHSIMU WHOTO POJA CO 3HAUUTEbHOM
«Maru4Ieckoit» kommoueHTo#. O6 3To# CcTOpOHE ero AesiTebHOCTH 3HAJN
BCerja, HO B IOJIHOW Mepe e€ pa3Max ObLI OCO3HAH TOJMhKO B XX B. Unu-
MATOPOM COOTBETCTBYIOIIMX HCTOpWYecKux u3bickanuit 6bur k. Keiinc
(1883—1946), koTopsIil GoJjiee M3BECTEH KAaK SKOHOMUCT, BEPOSITHO, BeJIH-
JaRIIIi S9KOHOMHCT Hadaa XX BeKa, IbU UJIEH JIETJI B OCHOBY IPeobpa3o-
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BaHUsI AMEPUKAHCKOl, a 3aTeM U BCeil 3ala [HOll 9KOHOMUKH (eCTECTBEHHO,
y HAC O TAKOM eJIOBEKE JI0 HEJABHUX IIOP YIIOMHHAJM TOJBKO C IIPUINIE-
CTBYIOIIAM CJIy9ai0 HaOOPOM PYTaTeIbCTB U MpOKJATHi). MeHee ussecTHa
posb Keiinca B u3ydennn pykKomucHoro Hacjemausi HpioroHa, a oH mpuo6-
PEJT HeMAJIO HHIOTOHOBCKHX AJXUMUYIECKIX, TEOJOTHIECKIX U ICTOPUIECKUX
MaHYCKPHUIITOB, KOTOpbIe Tepenan B kemOpukekuit Kunre Komnemxk. B pe-
3yJIbTaTe U3yUeHnsi MHOTOYNC/IEHHBIX HOKyMeHTOB Keittc npuBuéc B 00pa3
BEJIMKOTO KJIACCHKA TaKhe KPACKH, KOTOPhIE MOTI'YT IIIOKHPOBATH, — YBBI,
BEJIMKWIi yYEHBII HE TOJIBKO 3aHIMAJICS AJIXUMUE, ITO eIé MOXKHO OBLIO ObI
MOHATDH KaK IKCIIEPUMEHTATIBHYIO JeATEHbHOCTD B 00JIACTH 3aPOXK TAIOIIEcs
XUMUW, HO U MOAXOMWJI K 9TOMY 3aHATHUIO C IyXKIBIX HAYKE MUCTUIECKUX
mo3uruit. 4 He ciaemus 3a MCTOPUYECKOH JIMTEPATYPOH O STOMY HOBOIY
U TIOTOMY He MOTY MMeTb CBOEro MHEHWs, HO YKa3aHUEe Ha «MarndecKues
yBiiedeHusi HpIOTOHA He MPUXOJUTCS CUYUTATH JIMYHON KCTpaBaraHTHON
BBIXOJIKOI KeiiHca —110cs1e Hero To ke camoe (€O CChUIKON Ha JIOKYMEHTHI)
TOBOPWJIN JpyTrue. DTU yBJjedeHus: copa Mcaaka OpraHUIecKrd COUETasHCh
C MOIBITKOU MepecMoTpa APEeBHEN MCTOPUU, UCTOPUHU XPUCTHAHCKON NEPK-
BH IIEPBBIX BEKOB H.3. U ¢ Gorocsosuem. O BHuManun HbioToHa KO BCeM
9TUM BeIaM yOeINTESbHO CBUJICTEIHLCTBYET COCTAB €ro OUbJINOTeKn: B Hel
Bcero 16% KHUT ObLIM MOCBSIIEHBl MaTeMaTHKe, (PU3MKE M acTPOHOMMH,
TOrJa KaK JIUTEPATYPA MO TEOJIOTHH, (pryrocopun, ICTOPUNA U T€PMETUIMY
(o mém cm. masee) cocraBisita okosno 70%. Tak wro Hproron okasascs
HE COBCEM TaKUM, KakuMm ero mpejcrasisiin. Hemasuo B Poccunm Bhimuia
KHUTa [27], KoTOpast Tak u HasbiBaeTcs — « Hemspectrpiit HetoTons. (OTTyna
sl M 3aMMCTOBABAJ CBesieHust o 6ubimoreke HproToHA. )

[Tono6HBIE MHTEPECHI OBLITN CBOWCTBEHHBI MHOI'IM — BEPOSITHO, OOJIBIITIH-
CTBY — TOTJIAIITHUM YIEHBIM. A IHCJIO XOPOIIIO 0OPA30BAHHBIX JIIOJIEH, TeJH-
KOM WJIU TIOYTHU IEJIMKOM IOTPY3UBIIUXCS B OKKYJIBTHYIO arMocdepy u He
3aHIMABIIIIXCS COOCTBEHHO HAYKOIl B HAIIIEM CMBICJIE CJIOBA, BEPOSITHO, OBLIO
HE MEHbIIle JHCJIa TeX, KTO XOTsl Obl OTYACTU €10 3aHUMAJICsI U BHEC B HEE
HEKOTODBIH BKJIaJ1. (DTO, HECOMHEHHO, OBLIO TaK B HECKOJILKO 60JIee DAHHIOK
30Xy, «OKKYJIbTHOM KOMIIOHEHTE» KOTOPOii nocssimena kuura [32].) Ha mep-
BBIIl B3IUISAT MOXKET MOKA3aThCs CTPAHHBIM, 9TO OKKYJIBTHAS JIE€ATEJIHHOCTh
B KOHEYHOM CUYETE MOIJIa KOCBEHHO CIIOCOOCTBOBATH CTAHOBJIEHUIO HOBOI
Hayku. Ho 910 6bLIO TakK: XOTs BO IVIaBY yIJIa CTABUJIUCH JIOXKHBIE WJIEH, HO
pacimmpsijicss Kpyro3op. PaciiaTsiBajuch mIpexKHe JOrMbl; HAKAILIMBAJIMCH
XUMUYeCKUe CBelleHns; 00jiee MOJHBIM CTAHOBUJIOCH 3HAKOMCTBO C aHTUY-
HBIM HACJeIueM. XOTs OCHOBHASI OPUEHTAINS «OKKYJIbTHBIX YI6HBIX» ObLIa
«IIPOIIATOHOBCKOM» (B OT/INYME OT OPUEHTAIMU CXOJACTOB Ha Apucrore-
Jis1), B UX TI0Jie 3peHUsl MOMAaJd U JpeBHHue aroMucThl. HeioTon u Boitib
OIPEIeJIEHHO CTOSIM Ha aTOMUCTUYECKUX TO3UIUSIX, YMYIPSISICh COUYeTaTh



178 IIpunoxenne IV. HeroTon

koe-uro u3 Ilnarona ¢ demoxpurom (koroporo Ilimaron kareropudecku
OTBEpra).

Hauunasi ¢ mepBbIX BEKOB H.3., CTAJU IOSIBJISATHCS TaK Ha3bIBaeMble
«PePMETHYECKUEe» COUMHEHMS, YACThI0 COXPAHUBIIECS JI0 HAIIUX JTHEH U U3-
BecrHble HproToHy. AHOHUMHBIE aBTOPBI MpUMUCHBaau ux Lepmecy Tpuc-
MarucTy («TPUXKIBI BeJaudaiiimeMmys ), Kupliemy skoObl B Erumnre 10—15
BEKaMU PaHbIIe 1 000KECTBJIEHHOMY IIOCJIE cMepTH 1o mMereM Tota. B Hux
U3JIAraeTCsl «TaifHoe ydeHHe» — PeJIMIMO3Hble U HATypPduIocodckme mpe-
CTaBJIEHUsI, OTYACTU MEPEKJTUMKAIOIINECs] ¢ THOCTUIUN3MOM WM HEOIJIATOHU3-
MOM', TIPUYEM HeMaJIasl JaCTh STHX COUMHEHMH MOCBSIIEHA 3apPO/HBIIeHics
B TO BpeMs ajxumun. HBIOTOH BEpPUJ B HCTHUHHOCTH IO KpaifHeil mepe
9aCTU T€PMETHYECKNX TPAKTATOB U IIPUHUMAJ UX ABTOPCKYIO JTATHPOBKY,
[IPU KOTOPOI UX COCTaBJIEHUE IPUXOUTCS HA HAYAJIO «OMOJIOKEHHOW» UM
€TUIETCKON UCTOPHH (O ero HCTOPUIECKUX U3BICKAHUSIX CM. HUZKE).

Toopst 06 anxumMuyeckKux 3aHsaTHAX HbioTOHA, BaBUIOB ¢ HEKOTOPBIM
yauBjeHueM kKoHcraruposad [12]: «Pabora, koHedHO, ocTassach 6e3pe3ysib-
TATHOI B OTHOIIIEHIH OCHOBHOM 1iesin. BoJstee yuBATEIHLHO OTCY TCTBUE HHBIX
CIEIUAJIHHBIX ¥ YACTHBIX PE3yJIbTATOB. BO BCAKOM CiIydae B COXPAHUBIINX-
Csl BAIKCSIX, TO-BUIMMOMY, HET HUYEro, KPOMe Pa3pO3HEHHBIX HAOJIIOIeHUIA
BOJIBIIEIO YaCTHIO KAYECTBEHHOTO XapaKTepa. Takoe MOJ0XKeHUe J1e1a TPYI-
HO CB#A3aTh C IOPA3UTEIbHBIM SKCIEPUMEHTAJIBHBIM TajganToM HbioTona,
MPOSIBJIEHHBIM B OCOOEHHOCTH B OINTHYECKUX HCCJIEI0BAHUAX. VICKyCCTBO
MIPEBPAINATD ONBITHL B THOKOE, MOJATIIMBOE OPYIUE UCCIEIOBAHNS, CJIE/LYIO-
Iee 38 MBICJIBIO U JIOTUKOMN 9KCIIEPUMEHTATOPA, — B 3TOM COCTOSJIO OJHO U3
OCHOBHBIX yMeHUi HbI0TOHA, — 1 ero Mbl He BUJUM B Xaoce (110 KpaiiHei me-
pe KaxKyIIeMesi) aJXUMUIeCKUX OIbIToB. Hajio HaesThesl, 9TO BHUMATE b
HOE U3yYeHre aJXIMIIECKOr0 PYKOIINCHOrO apxuBa HpioToHa Korma-Hu0y/1b
paspermat 1ot Bompoc. Ceifuac o ocraérest 6e3 orBetay. Huxke s1 puckuy
[IPEJJIOYKUTH BO3MOXKHBII OTBET.

"THOCTHIT3M — KOMILIEKC PETUTHO3HO- (bHIOCOMDCKAX YUCHHI HauaIa H. 3., B KOTOPBIX
OOBIYHO MMEJIOCh HECKOJIBKO CTEIeHeH IIOCBAIIEHHs, BBICIINE U3 KOTOPBIX ObLIM Taii-
HbIMU. HacCKOJIBKO M3BECTHO, B 3THX YYEHHSX NPHYYJJINBO COYETAJINCh XPUCTUAHCKUE,
BOCTO4HBIE fA3bIYecKHe U dustocodckue unen. Heommaronusm — nocsegHee KpymnHoe Ha-
npassieHne anTHaHON dmocodun (III—VI BE. H.5.), Ha3BaHHOE TaK MOTOMY, 9TO B HEM
OTYaCTH Pa3sBHBAJINChL HEKOTODPBIe uieu [l1arona, HO IpUBJIEKABIIee U UICATUCTUIECKYIO
JacTh Haciaenuss Apucrorens. HeomaToHukn BHeCIM M3BECTHBIN BKJIAJ B Pa3BUTHE JIO-
rukd (HEKOTOpbIe U3 HUX NPOSBJIS/IA TAKXKe MHTEPEC K MATEMATHKE, HO 3/1€Ch UX BKJIAJ,
HepenuK). [Ipm (baHTACTHYHOCTH NPEACTABJICHWI HEOIUIATOHMKOB O MHUpe OOpalleHue
K Maruu GbLI0 ecyii He 06si3aTesIbHBIM, TO BIIOJIHE €CTECTBEHHBIM (B 9TOM OTHOIIEHUU OHU
CZieJs1aIn IIar Ha3a/[ 10 CPaBHEHUIO He TOJILKO ¢ ApucroresieM, HO u ¢ [liaTonoM, KoTopbIit
XOTsI U IPUAEPKUBAJICS HE HAMHOTO MeHee (PaHTACTHIECKUX B3IVISA0B O MUPO3IaHIH, HO,
HACKOJIBKO MOYKHO CyIUTb, 0OXoamiIcs 6e3 KOJZOBCTBA). B emmé Gobineii cTenenn To ke
OTHOCHUTCH K THOCTHUIIU3MY.
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[To-Buanmomy, Heroron He 3a00THICH O MACCOBOM M3TOTOBJIEHUH 30JI0TA,
a IBITAJICS TPOHUKHYTH TAKHM IyTEM B HEKHe TailHbl IpHpoisl u Borad,
npuuéM, KakK TOBOPHJIOCh, OH BEpWJI B IIPABUJILHOCTH II0 KpaiiHeil mepe
YaCTU BEChMa PACIIPOCTPAHEHHBIX B TO BPEMs aJXUMHUKO-HATYPOUIOCOD-
CKUX COYMHEHHUI, HO MOJIaraj, YTO WX HAJ0 MOHUMATH B HEKOEM OCODOM
CMBICJIe, KOTOPBII IBITAJICH PACKPBITH C IIOMOIIBIO OMBITOB. Tako#l «KOM-
MEHTATOPCKUIT» IMOXO, PE3KO OTJINIAJICS OT €r0 TBOPIECKON eI TebHOCTH
B MaTeMaTuKe u (pu3nKe U ObLI, [I0-MOEMY, OJIHON U3 MPUYIUH OECILIOTHOCTH
€ro aJIXUMHYECKUX IKCIEPUMEHTOB.

HeroroH He coBepIna HUKAKUX KOJJIOBCKAX OOPSIJIOB IPU CBOUX JKCIIE-
pUMEHTaX, HO B €r0 TEOPETHYECKAX AJIXUMUIECKUX IIPE/ICTABICHUIX
MHUCTHKA ObLIa Haano. V3BECTHO, UTO AJXUMHUKHU HCIOJIB30BAJHA OCOOYIO
TEPMUHOJIOTHIO U MIPUJIaBaJn eii ocoboe 3HadeHne. [l puMeHnTeIbHO K MCXO/I-
HBIM MaTepuajaM eé CMBICJ ObLI U3BeCTeH (HAIPUMED, 30JI0TO HA3BIBAJIOCH
«IApPEM MEeTAJIJIOBY, YTO, KCTATU, HAIILIO OTPAYKEHNE B COXPAHUBIIIEMCS [0
HaIIUX JHEe Ha3BAHUM <«IapCKasd BOAKA» JIJId CMECH COJIAHOU U a30THOU
KHUCJIOT, PACTBOPAIONIEH 30/10T0). [IpuMeHnTeIbHO K IPOIYKTaM KaKONH-HU-
OyIb IETMOYKU PEAKINii 3TO He CTOJIb IIPOCTO, HO MCTOPUKU HAYKHA BCE XKe
cyMeJsi Pa30o0paThCs C MOJOOHBIMY BOIPOCAMU B T€X CJIyUasiX, KOTJA OIU-
CaHMEe PEeAKIMii JIOCTATOYHO YETKO W HET TEPMHUHOJIOTMYECKOr0 Pa3HODOSI.
Heroron, ecrecTBenno, He MOI yCTAHABIMBATD COBPEMEHHBIX XUMUIECKHUX
¢dopMyJI, HO OH YCTAHABJINUBAJI, YTO MO/ TAKUM-TO HA3BAHUEM (DUTYPHUDPYET
BEIECTBO, MOJIy9IaeMoe TaKUM-TO criocobom. Ho 910 Ob1I0 TOIBKO HAYAJIO.
Jajibllie B JIMTEpaType BCTPEYAJUCh OOJiee TyMaHHBIE yKa3aHUsl O IOJIy-
qeHUn 3070Ta U HUI0coPCKOro KaMHsi (¢ MOMOIIBI0 KOTOPOTO B 30JI0TO
MOKHO IIPEBPAIIATh ITO YrOAHO). II0CKOIBKY 30710TO HUKAK He MOJIY IaJI0Ch,
Heroron nostaras, 9ro 3ammdpoBaHHBIE U3JI0KEHUS IPEBHEN MYIPOCTH CO
BpPEMEHEM IIOJIBEPIVINCH UCKayKeHusIM (0COOeHHO B 60Jiee «BBICOKUX» Pas3jie-
JlaxX aJIXUMWH, TJe OHA CMBIKAETCsI ¢ TeoJlorueit u Harypduiaocodueit); stu
UCKaXKEeHUsI HAJO BBISIBUTH U ycTpaHuTh. Pumiocodpckum kamuem HbrooToH
HE 3aHUMAJICsI, HO OH BePUJI B HEKWil 9KBUBAJIEHT, O KOTOPOM TOKe MUCAJIH
AJIXUMUKW, — B HEKUIl YHUBEPCAJIbHBIN KUBOTBOPSAIMiI ayX. lajgeko mpo-

8370 6BLITO CBOMCTBEHHO HE TOJIHKO HBIOTOHOBCKUM 3aHATHSAM ajXuMueit. « Maruko-Te-
yprudeckas npakTuka HeolaroHukos III—IV BB. Hocuiia BecbMa yMepeHHBIN XapaKTep,
¥, BUAUMO, HAPOJHAs MOJIBa IIPUINCHIBAIA UM MHOT'O GOJIbIIE, 9eM OBLIIO Ha CaMOM JeJie,
YTO, KCTATU MOKHO CKa3aTh u o IlimaTonoBoit akagemun. Kak nmpasuso, mepBble HEOIJIATO-
HHUKH, 06pammasicb K Maruu, HaXOJUJIN €€ CMBICJI He TOJIBKO B CAMUX JETaJIsIX PUTyaJsa WA
TEXHUIECKUX MPHEMaX M MaHUIYJIAIUSIX BELOBCTBA, CKOJBKO B (pUIIOCO(PCKO-TeopeTHye-
CKOM aHaJM3e IIyTel BOCXOXKJEHUs K BbICIIeil Myapoctu» [27]. Tor ke aBTOp OTMeYaer,
YTO TaKOH K€ IOAXOZ, K Marui ObLI [TOBOJIBHO OOBIMHBIM JJIsI IIPOCBELIEHHBIX KPYTOB
snoxu Bospoxkjenns (Haumuas 1o Kpaidineit Mepe ¢ ceperunbl XV B.) U yJeprKajics 0
BpeMeHn HproToHa.
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IBUHYBITANCS AJIXAMUK, TI0 €10 MBICJIN, OTYACTH yIomobJisiics camomy Bory,
HCIIOJIb30BABIIEMY TOT JIyX IIPU COTBOpeHHH u ymopsijmodenun mupa! (Ha
dunocodekuit KaMeHb CTOJIb BHICOKOH (DYHKIMH, KAXKETCsI, HE BO3JIAraI0Ch. )
B Bubsuu, nosaras HbioTOH, cOTBOpeHNE MUpa OIUCAHO AJIJIETOPUYECKH,
a aJIXUMUK IBITAETCA B KAKOH-TO CTEIEHN €r0 BOCIPOU3BECTH.

3/ech nepBasi IPUYUHA OECIIOTHOCTH aJXUMUIeCKUX 3aHsaTuii Hbioro-
Ha — UX «KOMMEHTATOPCKU» XapaKTeP — CMBIKAETCsI CO BTOPOH MIPUYNHOM,
HOCHBIIIEli, B ©3BECTHOM OTHOIIIEHUH, IPOTUBOIIOJIOXKHBIN XapakTep: HbroToH
cTraBuJI cebe CJIUIKOM KPYIHYI, a BO MHOI'OM U BOOOIIE HEIOCTUXKUMYIO
1esib. TakKoBO, KOHEYHO, CTPEMJIEHUE IOJIyYUTh 30JI0TO, OOHAPYKUTh yHU-
BEPCAJIBHBIN >KUBOTBOPAIINIA ayX W ymomobuthes Bory. Ho y «kpymmoi
[eJin» UMEJACh W JpyTast CTOPOHA, CBOOOMHAS OT BCSAKOW MUCTHKH, XOTS
TOXKe YMCTO yMO3pUTe/bHast: y HbIOTOHA BO3HUKJIA HEKasl HOBasl TUIIOTE3a
0 cTpoeHMH MaTepuu (CM. HHXKE), M OH CTPEMUJICS €€ IOATBEPIUTDH, He
obpalnast IOCTATOYHO BHMMaHMsI Ha ocTajbHoe. ([l KOHTpacTta MOXKHO
OTMETHTD, YTO BO#/Ib TOXKe 3aHIMAJICS aJIXUMUEH, OTHAKO TO HE IIOMEIIIAJIO
eMy cJieJIaTh mepBble maru B Hayanoit xumun. OH He TpeHedperas «Mejoda-
mu».) He 2Kesast 10BOJIBCTBOBATHCS HUUEM MeHbINM, HbioToH 6b11 06pe1éH
Ha HEyJIady.

lNunoresa HeroToHa Oblia CBsi3aHA C BOCXOISINUM K JIPEBHEIPEYECKUM
MBICJIUTEJISIM TIPEJICTaBICHIEM 00 aTOMHOM cTpoeHnu BemecTsa. o mokasa-
TEJIBCTBA ITOTO IPEJICTABJIEHNS B TO BPEMs OBLIIO €ITIE JAJIEKO, HO OHO JABAJIO
[IOCJIEIOBATELHYI0O KAPTUHY CTPOEHUs BEIIECTBA, KAYECTBEHHO OObIACHSIS
MHOTHEe (PaKThl, U €ro pa3ieisjii He TOJbKO HbIOTOH, HO U MHOTHE JIpyTHe
yuénsle (Hanpumep, Boitib). HeloToH 706aBUI K 9TOMY INIPEJICTABIEHUIO
ujero 00 mepapxudeckoM crpoeHnn BerecTsa. CoriacHo 3TOi wjee, mMe-
IOTCS HEKUE MEPBUYHDBIE YACTHUIIBI, CBSI3U KOTOPBIX APYT C JIPYTOM SABJISIOTCS
OYEHb CUJIbHBIMH. B pe3yibTaTe HECKOJIbKO MEPBUYHBIX YACTHI] 0OPA3yIoT
boJiee KPYIHYIO «BTOPUYHYIO» JACTHILY. BTOpUYHBIE YACTHUIBI TOXKE B3au-
MOJIEHCTBYIOT JIPYT C APYTOM, YTO IPUBOJUT B 0OPA30BAHUIO «TPETUIHBIX»
YACTUIl, U T. JI.

B rakoit obmieit popme runoresa HpioTona moaTBepKaAeHA COBPEMEHHOIT
Haykoii. Camble «IIEpBUYHBIE» HA CETOJHSIITHUN JI€Hb YACTHUIIHI — JIEITOHBI
(BKJIIOUAS JIEKTPOH) U KBApKU. B3aumoseiicTBue KBAPKOB IPUBOIUT K 06~
Pa30BaHUIO aJPOHOB, B TOM YHCJEe IPOTOHOB U HeiiTponoB. Bosee ciaboe
B3aUMO/IEHICTBHUE [TOCJIEITHUX IIPUBOJINT K 00Pa30BaHUIO aTOMHBIX sijiep. Biia-
romaps emé 6osiee caabOMy B3aUMOMENUCTBUIO Sep C JIEKTPOHAMU BO3HU-
KafoT aroMbl. CHJIBI B3aUMOJIEHCTBIS aTOMOB JIPDYT C JPYTOM — 3TO MIPEXKJIe
BCEro CUJIBI XUMHUIECKON CBSI3W, IPUBO/ISIINE K 00PA30BAHUIO MOJIEKY/T. DTO
3aTparuBaeT TOJBKO CaMble BHEITHWE YACTH JIEKTPOHHBIX ODOJIOYEK aTo-
MOB; «boJjiee IIyOOKMe» €€ J4aCTU CUJIbHEE CBSI3aHBI C SIIPOM U XUMUYIECKU-
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MU IIPOIECCAMU He 3aTparnBaiorcs. HakoHer, NMeTcst MeXKMOJIEKY/ISIPHbIE
U MeXKaTOMHbBIE B3auMojielicTBus Tura cui Bau-nep-Baasbca. Onu ciabee
XUMUYECKON CBSI3U.

Kak Heroron npumén k cBoeit goragke? 9 jymaro, OH TOHSLI, 49TO
B TOTJAIHUX XUMHUYECKHX U (DUIMIECKUX IKCIIEPUMEHTAX IPOABIISIIOTCS
CHJIBL JIBYX THUIIOB, OTHOCSIIHMECs (KAK Mbl TEIIEPh 3HAEM) K IIByM «BEPXHUM
TakKaM» MEePApPXUU: T€ CUJIbI, KOTOPbIE Mbl HA3BIBAEM CHJIAMU XIMHIECKOH
CBsI3U, U CUJIbI THIa cuil Bas-nep-Baanbca. HeroroH moHsii, 4ro ¢dazoBbie
[IePEXO0JIbl — ITO SBJIEHHE CAMOI'0 BEPXHEI'O yPOBHSI, 8 XMMHUYECKUEe [IPeBpa-
IEHWST — CJIELYFOIIErO.

Ho B Takoit obmieit dpopme, 9TO, MOJI, B CTPOEHUH BEIIECTBA MMEETCH
HeKas Mepapxus ypPOBHeH, rumnore3a ObLaa Obl CJIMIIKOM HEOIPEIeSIEHHO.
HeroroH mbITalics €8 KOHKPETU3UPOBATD, IIPEJJIOKUB HEKYI MeOMeTpUYe-
cKyto Mogzientb [12], [27]. Hasio s ToBOpHUTS, UTO 9Ta yMO3PUTEIbHASI MOJIEIh
HUYYTh He JIydllle TeX KPIYbEB, KOTOPhIE PUBJIEKAIUCEH JIJIs 00bsICHEHUST
XUMHYCCKAX CBA3CH.

Heroron majesics, 970 ero XUMUIeCcKne SKCIIEPUMEHTHI 3aJeHyT Oojiee
rIyOOKIe 9TaXKM MePAPXUN U TOTa PTYTh HpeBpaTuTcs B 30s10T0. Hamexma
[IOJIKPEILISIIACH ABTOPUTETOM aJIXUMUYECKUX COYMHEHUI — KOMY-TO, STKO-
OBI, 5TO yIaJI0Ch. 3J1eCh IIepBast MPUINHA OECILIOIHOCTU €r0 AJIXUMUAIECKUX
3aHATUI («KOMMEHTATOPCKUIT» [OJXOJ) CMBIKAETCS CO BTOPOH (CJIHMIIKOM
KpyuHad 11e1b). Ceffgac Mbl 3HAEM, 4TO B TAKUX IKCIEPHUMEHTAX HEBO3MOK-
HO 3aTPOHYTH JaKe BHYTPEHHUE YACTU JJIEKTPOHHBIX 000JI0UEK, HE TOBOPS
y2Ke 00 aTOMHBIX siJIpaX.

[ToBTOpSIt0, 9YTO BCE ITO IPUIIPABJISLIIOCH MAUCTHKON 1 borocsioBuem. [Tpu-
qyJJINBOE COYeTaHue IMOJO0OHOM JIesITeIbHOCTH CO CTPOrO HAyYHON MeTOmI0-
Jiorueit B pusnke yke BEK CIIYCTs BLITVISIEO Obl TapaJoOKCAIbHO, HO B TO
BpeMs €Ié He Ka3aJ0Ch TAKUM.

W, HakoHell, HECKOJIBKO CJIOB 00 YIIOMUHABIIMXCS UCTOPUIECKUX U3BIC-
kaHusix Hpiorona u ero 6orocsoeuu. O nepseix cM. crarbio C. 4. Jlypbe
«HproroH — ucropuk apessoctu» B [31]. Honsirkn HbloTona nepenucars
HWCTOPUIO MOTUBHUPOBAJIACH YKEJIAHHEM COKPATHTH €€ MPOIOIKUTETbHOCTD,
IIOTOMY YTO WHAYE IOJIyIAeTCsI, 9TO BCKOPE [TOCJIe BCEMUPHOTO MTOTOTA YKe
CYIIECTBOBAJIO 6OJIbIIOe U MHOTrOIOIHOE rocyaaperso (Erumer), xors Jjiou
HE Pa3MHOXKAKTCsI CO CKOPOCTBIO KPOJIMKOB; HEKOTOPhIE (hapaoHbI BOOOIIE
HapcTBoBasu emé Jo norona. Jra pabora Heorona (B ormuane ot Gosiee
[IO3/IHUX [IONBITOK JPYIUX ABTOPOB) HE [IPUHECIA €My HU CJIABbI, HH JO0XO0I0B
(TeM made YTO COOTBETCTBYIOIIAs IMyOJIUKaIUs OblIa IOCMEPTHOI), HO, 110
muenuio Jlypre, oHa 0OBEKTUBHO CHOCOOCTBOBAJIA HAYABIIEMYCS IO3IHEE
Pa3BUTHIO UCTOPUYIECKON HayKu. HbIOTOH IpaKTHYeCKH UCYepIial BCe BO3-
MOXKHOCTH, KOTODBIE MMEJNCh IIPH NPHU3HAHWA JIBYX <«aKCHOM»: «1) BCE,
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qaro ckazano B Cesamennom [lucanum, — cBsTast KICTUHA, B KOTOPOI HEJIb3s
COMHEBATBHCH, U 2) MU(DBI — 3TO UCTOPUIECKAs JEHCTBUTEIHLHOCTD, IIPUYKPa-
[IeHHAasl TOITUYEeCKH... VIcKycHast crporo HaydHast aprymenTanus HpooToHa,
HE TpPUBEJINasi, TeM He MeHee, K ybOeauTe/IbHOMY BBIBOJY, HE MOIJIa He
MpUBJIEYb BHUMAHWS K €r0 MPEJIIOChLIKAM, OOYCTOBUBIINM 3Ty HEYIAdY,
¥ He MOIJIa He TMOKOJIe0aTh MX».

B 6orocioBun B3risas HeoTona orerymaan oT XpUCTHAHCKOM OPTOMOK-
cum, conpuKacasch (HO He BIIOJTHE COBIIaJIast) ¢ apuancTBoM’. B cBaA3M ¢ 3TOM
Heroron nerralics 1okasarh, 9o B IV B. H. 5. apuaHCKHe B3IJIsIbl OTHIOIb He
OBLI OTBEPIHYTHI IEPKOBBIO U JIaXKe CKOpee OBLIN €0 OI00PEHbI, & COBpe-
MEHHAas OPTOJIOKCHsT BOCTOPYKECTBOBAJIA TIO3/IHEE U SBJISETCS U3BPAICHIEM
[IEPBOHAYAJILHOIO YUCTOrO XPUCTHAHCKOrO yueHus. (Kak s nonumalo, coppe-
MEHHBIE UCTOPUKY PEJIUTUH TOXKE He BIIOJIHE 0JIaraloTCsl Ha OUIHAJIBHY O
UCTOPUIO I[EPKBU, HO U HBIOTOHOBCKYIO BEPCUIO ITOJITBEPXKIAIOT OTHIO/Ib HE
IIOJIHOCTLIO. ).

Heroron 6bu1 moxoponen B BectmuacTepckom abbaTcTBe, Tie XOPOHST
CaMBbIX BBIIAIOMUXCS JEoieil Anrymn. B Haimcn Ha ero Mormjie ecTb Takue
cioBa: «IlycTb cMepTHBIE PAIYIOTCs, UTO CYIECTBOBAJIO TAKOe YKPAIIEHUEe
pona desioBeueckoros. OTcroma BUIHO, KAKAM KOJIOCCAJIbHBIM aBTOPUTETOM
moJsib3oBaJicsts HeloTOH B AHIJINK B KOHIE CBOEI XKU3HU.

B xontunenTasbpHoit EBporte ero yBarkaJm, HO JJO TAKOTO MTOKJIOHEHUST HE
noxoyun. OCHOBHBIE MATEMATHIECKHE TPY/Abl HbIoTOHA OBLIN Oy OIMKOBA-
HBI ¢ HOJIBIIMM OTIO3aHUEM, KOTJA UX COJEpPKAHUE B OCHOBHOM YTPaTHJIO
HOBU3HY, a IOHUMaHue MeXaHnKu «Hauaj» npuiio Ha KOHTUHEHT MTO3/Hee.
Mex 1y mpovnM, B IOIYJISIPU3AIUAI0 [IPUHIUAIOB U JoCTKeHni HproToHa
JJIs MIAPOKKUX KPYTOB 00PA30BaHHOMN IIyOJIMKN HEMAJIbIA BKJIAJ] BHEC HEKTO
®. Apy> (1694—1778), upocnasuBmuniicss kKak Bosibrep. Y dpaHiy3cKux
VUIEHBIX OBLIN M3BECTHBIE OCHOBAHUsI OTHOCUTHCS K «Hagamams ¢ HacTopo-
2KEHHOCTBI0. HBIOTOH yTBEpK1aJ1, YTO 3eMJIsl JOJIKHA [IPEJICTABISITh COOOM
CJIETKa CILIFOCHYTBHIA Yy TIOJIIOCOB 3JUIMIICOUJ] BPAIIEHUs, a 0 U3MEPEeHU-

9 ApHaHcTBO — TeueHHe B XDHCTHAHCTBE, HA3BAHHOE IO HMEHM AJeKCAHPHICKOTO
cesamennnka Apns (256—336). OHo mpumHamIEeXRUT K GOJee MUPOKOH TpyIIe TedeHui,
KOTOPbIE OTPUIAIOT €AUHYIO CyIHOCTh CBsiToit Tpouup! u oToMy HOCAT OOllee Ha3BaHUE
aHTHTpUHUTepHaHCTBA. (B IMpPOKOM CMBICIE 9acTO BCe aHTUTPUHUTEPUAHCKUE yIEHUS
orHocAT K apuancrsy.) CaMm Apwuii Ipu3HaBaJ CBEPXbECTECTBEHHYIO CYIIHOCTH XPHCTa,
HO cumTaJj ero rBopenneM Bora-OTija, HU3MINM CpaBHUTEIBHO C ITocjiefHUM. Bosee kpaii-
HUE AHTUTPUHUTEPHAHIBI CUYATAJIN XPHUCTa TOJBKO 4YEJOBEKOM, B KOTOPOIO BPEMEHHO
BcesmyIach OOXKeCTBeHHasi cuia. Uro Kacaercs HbioTona, ero aHTHTPHHHTEPHAHCTBO,
BO3MOXKHO, OBLIO Jaxke OoJjiee yMEpPEHHBIM, UeM y Apus.

Cunraercs, 4TO apuaHCTBO 6bLI0 ocyzkaeHo Ha Hukelickom cobope 325 r., moToMm Bpe-
MEHHO B3s1JI0 BEPX, HO 3aTEM OKOHYATEJILHO OCY?KAEHO HepKobbio (KoHcTranTHHOMOMBCK I
co6op 381 r.). Bekope nocsie navana Pedopmaryuyn BHOBb BO3HUKIIM aHTUTPUHUTEPHUAH-
CKHE CEKTHI, B TOM WHCJIE U KpalHne.
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M Bblgaonierocs dpanirysckoro acrpornoma Jx. Kaccunu (1625—1712)
u ero ceiHa K. Kaccunu (1677—1756) BBIXOAMIIO, YTO STOT SJIIMICOUI,
HA0OOPOT, HECKOJIBKO BBITSIHYT B HAIIPABJIEHUU OCU BpalieHusi. V3aMepsijiach,
B KOHEYHOM cuére, KpuBu3Ha Mepuanana. [lo HeroToHy oHa no/kHa yBeIHU-
IUBATBCS OT TMOJIOCA K 9KBAaTOpy, a y Kaccuuu mosygasocs maobopot. Ho
WX U3MEPEHUs TPOBOJIMIINCH TOJIBKO BO PpaHINN; CO BPEMEHEM BO3HUKJIO
nono3penne, aro PpanHius Ay TAKAX U3MEPEHMil CJIUIIKOM MaJia — B eé
npejejiax M3MEHEHWe KPUBU3HBI MEPUJIMAHOB CTOJIb HE3HAYUTE/HHO, 9TO
€ro HeJib3sl JOCTOBEPHO YCTAHOBUTH IIPU TOTJAIIHENH TOYHOCTH MPUOOPOB.
B 1735—1742 rr. Ilapukckas akaJieMusi HAyK OPTaHM30BaJIa, IKCIIETUITIN
B Ilepy u Jlamanmuio (#a cesepe CkanpuuaBum), Jabbl IIOJYYUTH CBE-
IeHnsl O KPUBU3HE MEPHUIMAHA HE TOJHKO B CPEIHUX IMUPOTAX, HO TAKHKE
BO3JIe 9KBATOPA U JAJIEKO Ha ceBepe. AKajleMusi HAJIes1JIaCh, IYTO PA3JIMIMS
B KpHUBHU3HE B 3TUX MeCTax JOJIKHBI OBITH 00Jiee 3HAYUTETbHBIMUA U TOY-
HOCTHU NPpUOOPOB XBATHUT, YTOOBI UX JOCTOBEPHO OOHAPYKUTH. 3mepenus
MOITBEPIMIN TpaBoTy HbIOTOHA, U 1TOC/IE 9TOTO COMHEHUS OTTIAJIH.

Ha pycckom si3bike 0 Hpiorone nanmncano HamMaoro 6osibiie, yem o Kere-
pe. CM. aHHOTHPOBAHHBIH CIIUCOK JIMTEPATYPHI B KOHIIE HACTOATIEH KHIYKKH.
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Bxkpartie copep:kaHre 3TOr0 MPUJIOKEHUSI MOYKHO PE3IOMHUPOBATH TaK:
emé no HbroTona HEKOTODBIE JIIOAM TOTAIbIBAJIICH, 9TO IIJIAHETHI IPATATH-
Batorcst K COJTHITY ¥ JTazKe UTO CUJIA MPUTSIKEHUsT 0OPATHO MTPOMOPIIHOHAb-
Ha KBaJ[PATy PaCCTOSIHUST; JTOBOJIBI B II0JIb3Y TAKOW 3aBUCUMOCTH TTOTEHUS
OT PaCCTOsTHUSI MOYKHO U3BJIeub u3 3akonoB Kemnepa. Opnako nesacuo (Mue,
0 KpaiiHeil Mepe), 710 KaKoi CTeneHn MOHUMAIIM, YTO TSATOTEHUE SIBJISETCS
scemuprvim. (XoTs BOBMOXKHO, 4TO 110 Kpaiineit Mepe P.I'yk sro nmonumadr.
B wmamm gam o I'yke mamommHaeT «3akoH ['ykas B Te€OpUH yIPYTOCTH,
wo I'yky mpuHa/Ie’kaT M MHOTHE JPYrue SKCIEPUMEHTAJIbHBIE TOCTHZKE-
HUsl, TPUIEM He TOJIbKO B dpusuke. Kpome TOro, OH urpaJi 3aMeTHYI0 POJIb
B x)ku3Hu Jloumorckoro KopoJsieBckoro obiiecTBa u ObLT HE3ayPSIHBIM HH-
JKEHEPOM-CTPOUTEJIEM U aPXUTEKTOPOM. )

IIpu camoM HaYAIHPHOM 3HAKOMCTBE C MEXAHUKOW MBICIH HACUET Cy-
mecTBoBaHust npuTsiKenuss COJIHIA KaXKeTCs MPOCTON W OYeBUIHON, He
OYEBUJIHO TOJIbKO, KAK OHO 3aBHUCHUT OT PACCTOsHUs. Beab eciu ObI 111a-
HEeTa JIBUTAJIACh 110 WHEPIUH, TO OHa yJjereja Obl o7 COJIHIA 1O MPSMOi
JINHUW, a Pa3 9TOr0 He IIPOUCXOJUT, 3HAUYUT, KAKas-TO CHJIa BCE BpeMs
«3aBopaunBaers eé B cropony Cosana. Ho mHamo moguepkHyTh, 9To 6€3
HAYAJbHOIO 3HAKOMCTBA C MEXAHWKOH JIIO/IsIM [PUXOIUIN B TOJIOBY COBCEM
apyrue Mbicu. Ha OCHOBaHUU TIOBCEIHEBHOI'O OIIBITa CUUTAJIOCH, YTO JIF000E
JIBUZKEHNE, He T0J[JIEPKIUBAEMOe COOTBETCTBYIOIIEN CUJION, JOJIZKHO OCTAHO-
BuThCaA'. A cuila, IIOAIepKUBAIONIAs JBUYKEHNIE, TOPKHA, OBITh HAIPABIICHA,
B CTOPOHY 3TOTO JIBUXKEHUS, 8 BOBCE HE MOTEPEK HETO.

ITo MHeHUIO HEKOTOPBIX ApeBHUX DurIocodoB (KaxeTcs, HaunHas ¢ [Lia-
TOHA), IUIAHETHI, Yyl COBEPIIEHHBIMU GOXKECTBEHHBIMU CO3IaHUIMU, Ha-
JIeJIEHBI Pa3yMOM — OBITh MOKET, HE COBCEM TAKUM, KaK Y JIFOJIeil, — U B CHITY
3TOr0 pa3yMa OHM IMOCTUTAOT, KAKOM IIyTh MM IIPEIIIINCaH CO3/1aTeIeM, U Ca-
MH CJEIYIOT [0 TOMY IIyTH, HA Ha HOTY OT HEro He OTKJIOHSACH (10O
OHU COBepIlieHHbBI). B cpeHue Beka OblLI [IPEJJIOKEH MHON «MEXaHU3M»: Ha
pUCYHKaX M300paKaJMCh AHTEJIbI, JBUTAIONINE ILUIAHETHI KYyJ/a ITOJIO0YKEHO.
4, npaBa, He 3HAO, He OBLIN JIK 5TH W300paYKeHUsT YUCTO XYI0KECTBEHHbI-
MU BOJIBHOCTSIMH, BPOJI€ AJLIIEFOPUIECKUX N300PaKeHUl «CIIPaBeIJIMBOCTH
U «MYJIPOCTH», BeHIAKINX KOpoJist. Ho ybexk ieHne, 9To IJIaHeThI HAJIO JIBU-
raTh, a He TO OCTAHOBSATCS, ObLI0 BceoOImuM. Y Apucroress nmesach ocobast

L ApucroTenb Jleia MCKITIOYEHHE TOJTBKO JIA TAJIeHUs Tesl Ha 3eMJjie M KDPYTOBOTO
JBUKEHHs Ha Hebe; 9TH JABHKEHUs OH HA3bIBAJ <«ECTECTBEHHBIMH» U CYUTAJ, 9TO OHU
MPOUCXOZAT 1O camoil npupoje Bemeii. (Oanako Ha HeGe OH BCE Ke He HACTOJILKO IIOJIa-
raJicsl Ha €CTeCTBEHHOCTh KPYTOBBIX JIBUYKEHUH, 9TOOBI OGOHTUCH 63 HEKOETO JIBUXKYIIErO
HaJdaJsa, CM. HUXKe.)
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cdepa «1epBoro gpuraTesist» (HEKOe IPOosiBIeHHe 60ra), KOTOPbIi caM Hello-
JIBUZKEH, HO KaK-TO JIBUraeT IJIaHeTHbIe chepnl. Bupouem, Apucroressb mo-
IIyCKAaJI ¥ TAKYI0 BO3MOXKHOCTh, YTO UMEIOTCsI HEKHE TIO[INHEHHBIE TIEPBOMY
JIBUTATEJNI0 DOYKECTBEHHBIE CYIITHOCTH, KOTOPhIE HEIIOCPEICTBEHHO JBUTAIOT
wianeTsl. (Bumgumo, 6or Apucroreis emigé He JOCTHUD TAKOTO COBEPIIEHCTBA,
9TOOBI BCE COBEPINAJIOCH II0 OJHOW ero BoJie, 6e3 mocpemaukoB. Ilraron
HA3bIBAJI €70 «IEMUIYPrOM», & MO-JIPEBHEIPEUECKH 9TO O3HAYAET IPOCTO «Pe-
MECJIEHHUK », TOJIBKO 9TO CJIOBO HE UMEJIO TOI'0 IIPEHEOPEKUTETLHOIO OTTEH-
Ka, KOTOPBIA MBI UMEEM B BHULY, IIPOTHUBOIIOCTAB/IsIsI PEMECTIEHHUKOB HCKYC-
HBIM MacTepaM, paboToil KOTOPBIX MBI JIFOOyeMcsl Ha BbicTaBKax. Iloxoxke,
nemuypry [Lmarona u 6ory Apucroresist Ipu COTBOPEHUU MUPA MPHUIILIOCH
OCHOBATEJILHO IIOPA00TATH, /Ia U [IOCJIEe HE IPUXOJAUTCA OCOOEHHO TOYMBATD
Ha J1aBpax.) JlekapT 3aMeHUJI AHTeJIOB U [ePBBIi ABUraTeNb 3(PUPHBIMA BAX-
PSIMH, YBJIEKAOIIMMHA B CBOEM jiBrxKkeHnn 1ianeTsl. (Heuro nomobHOe mpe-
sarayock u Kertepom, eum. npuioxkenue 11.) HeioToHy u ero mocsenosare-
JISIM TIPUXO/IMIIOCH CAMBIM CEPHESHBIM 00PA30M OIIPOBEPTaATh ITY «TEOPHIOS.

Ho Bo BrOpoii motosune XVII Beka yzke T0BOTHHO MHOTO JIIOJEH IIOHUMA-
JIW, 9TO B IIOBCEIHEBHOM OIIBITE JIBUYKEHME HAJIO IIOCTOSHHO IIOJJIEPKUBATH
KAKOM-TO CHUJION TOJIBKO IIOTOMY, YTO IIOCTOSTHHO JEHCTBYIOT CHJIBI TPEHHUSI.
Tax 49T0 TOATAJIKUBATHL IJIAHETHI 0OJIbIlE He TPebOBAJIOCH, — yKe ITOHU-
MaJjIif, 9TO OHHU JBUXKYTCSH B IIyCTOT€ W HE IOJBEPKEHBI COIMPOTUBJIEHUIO
cpezbl, — a Ha0 ObLIO HAWTH KOJMIECTBEHHOE BHIPAXKEHUE 15T COTHETHOTO
MPUTSIKEHUS.

KakuMm ke 06pa3soM MOXKHO OBLIO JOAYyMATHCS 0 3aKOHA IPUTSIYKEHUSI,
IycTh Jaxke B (bU3NIECKH MeHee cojepKaTesbHOl dopme (2) (B KoTOpOi
He yTouHsiercd, 9to k = fmg)? 3uas 3akonnl Kemaepa, 310 He Tak yK
TpyaHO. BoobpasuM, 9TO MMeeTcs IUIaHeTa, ABUXKYyIasicss BOKpyr CoJHia
o Kpyrosoit opbure pajmyca r. Takumx IJIaHeT Ha CaMOM Jeje HeT, HO,
[TOCKOJIbKY 3aKOHBI Keriepa crpaBeijiuBbI JJIsi HECKOJIBKUX IIJIAHET, Ha-
XOJISIIIUXCS HA Pa3INYHBbIX paccTostHusX oT COJIHIA U UMEIOIUX OpOUTHI
HECKOJIBKO Pa3JIMYHON (POPMBI, €CTECTBEHHO JyMaTb, YTO JJIsi HAIIEH BO-
obpakaeMmoli IaHeThl 3aKOHbI Kermepa ToxKe JOJKHBI BBITOTHATbCS. 3
IT 3akona cpasy ciemyer, 9TO €€ ABUKEHHE JOJ2KHO OBITh PABHOMEDHBIM,
a III zakon Kermrepa yTBepKmaeT, 4TO [JTst TAKO IJIAHETHI [I€PUO/T BBHIUUC-
nstercst o popmyse T = cr3/?, te ¢ — HeKoTOpast KOHCTAaHTA, (He 3aBHCSIIAS
oT 7). BHAaYUT, YIIOBas CKOPOCTH ONpesesercsa Tak: w = 271 /T = cyr—3/2
¢ HOBOIl KOHCTaHTO! ¢1 (¢1 = 27 /¢, HO 310 HeBaxkHO). Ho, Kak u3BecrHO,
EeHTPOOEKHAS CUJIA OIPEIesisieTcs 1Mo hopMyIie
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(v — CKOpPOCTB), YTO B JAHHOM CJIy4ae €CTh

mc? mk

F= r—37' = F
¢ oYepeIHON KOHCTAHTOU k. A meHTpoOeKHasi CUia JIOJIZKHA PABHATHCS
cuyie npuTsixkenust K CoJIHITY, yaepKUBAIOIIeil ianery Ha eé opbure. Bor
¥ TOJIy9AeTCs, UTO ITa CUJIA CO3JA6T yCKopeHue, Hampasiennoe K CoJHILy
u pasHoe k/r2.

Kak Bugure, MaTemaTuka TyT Hexurpasi. Ho crouT nmoroBoputh 0 Gpusu-
ke. OHa BOOOITE-TO M3BECTHA U3 IIIKOJIHHOIO KypCa, HO 5 JIyMalo, 9TO KOe-4TO
HEJIUIITHE TOBTOPUTH W OTYACTH [IOMIEPKHY Th.

A ymomsinyst o 1eHTpOOeKHOH Cujie, TaK KaK 9TO 00jiee IPUBLIYHO, HO
MOT GBI CKa3aTh nHavYe (KaK M CKasaJ B CaMOM Hadajie 3TOro maparpada):
ecJin MaTepHuaJibHasl TOUYKa JIBUXKETCS 10 OKPYXKHOCTU, BMECTO TOTO ITOOBI
JBUTATHCS 110 WHEPIUH 110 MIPSIMOii, 3HAYNT, KAKAs-TO CUJIA [TOCTOSIHHO <«3a-
BOpAYMBAET» €€ B CTOPOHY IIEHTPA OKPYKHOCTHU. B HaIeMm ciaydae maHeTy
«3aBopauynBaers npurskenne COJHIA, a MAPUK Ha PE3UHOYKE, KOTOPBIH
KPYTSAT HaJ[ TOJIOBOM, «3aBOPAYNBAECT» HATSIKEHUE PE3UHKU. DTa CHJIA CO-
3728T MeHTpoCcTpeMuTebHOoe yekoperne. Ono pasHo v2/r = w?r = c2r—2.
A pa3 ono cozmaércs npurskenuem CoTHITA, TO OTCIOA U MOy IA€TCsI, ITO
5TO HOJIE CO3/IAST yCKOpeHne, 0OPaTHO IPOHOPIHOHAILHOE 72,

Ha Touky, mBumKyIIyiocs 1mo OKPY2KHOCTH, JEHCTBYET He IEHTPOOEK-
Has, a mneHTpocTpeMuTeabHas cuiaa. O MEeHTPOOEIXKHONW Ke CUjie TOBOPSIT
B IBYyX CjIydasiX. B 3akoHax MexaHuku, cpopMyIupoBaHHBIX HBIOTOHOM,
[10/Ipa3y MEeBAETCsl UCITOJIb30BAHNE NHEPITUAJIBHBIX CHCTEM OTCUYETa. Kt MbI
[OJTb3yeMCsl HeMHepIMaJIbHOI cucTeMoil oTcuéra, B JAHHOM CJIydae — CHU-
CcTeMO# OTCUéTa, BpAIaioneiics BMeCTe C Haleil Toukoit P, To aBmenns
B Hell BBIIVIAIAT TaK Ke, KaK ecyim Obl 9Ta cucTeMa Obljia MHEePIUaIbHOM,
HO IIOMEMO IIPOYUX CHJI B Heil Ha P jeficTBoBajia ObI eIé IEeHTPOOeKHAS
CuJia, paBHasl 0 BeJIMYMHE IIEHTPOCTPEMUTEILHON CHUJie U MPOTUBOIIOJIONK-
Hasl eii 0 HampaBjeHuo. JleficTBue JIBYyX PaBHBIX U IIPOTHBOIIOJIOKHO Ha-
MIPABJIEHHBIX CHJI B3AWNMHO yPABHOBENINBAETCS, KAK OHO W IIPE/ICTABJISAETCS
BO BpAIAIOIIENCS CUCTEMe OTCUIETa, MO OTHOIIEHUIO K KOTOpO# Touka P
HermonBIXKHA. B 9TOM cMbICe TIeHTPOOEKHAS CUJIa sIBJIAETCS (PUKTUBHOM
CUJION, TO3BOJIAIONIEH (DOPMAJIBHO IOJIH30BATHCS HEMHEPIHAJILHON CcHCTe-
MOl oTcuéra Tak, Kak ecju Obl 3Ta cucrema OblLia mHepImaJbHO. OmHa-
KO BIIOJIHE PEaJIbHBbI T€ CUJIbI, KOTOPbIE JIEHCTBYIOT CO CTOPOHBI MaTepU-
aJIbHOM TOYKW HA CBSI3HM, IPUHYKIAIONNE €€ K HeCBODOIHOMY JIBHKEHUIO;
Takue CUJIbI Hem30eKHO nosiKHbI Bo3HuKaTh 1o 111 3akony Hoiorona. Ha-
npuMep, 1iaHera «TssHeT COJIHIIE B CBOI CTOPOHY»; IAPUK PACTATHBAET
PEe3UHKY.
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[TousiTre 0 EHTPOOEKHOI U IEHTPOCTPEMUTEBHOI critax BBEN X. ['oii-
rerc. O HEM Ha 0 OBLIO OB TOBOPUTH 0COO0, HO, TAK KAK TOBOPUTH IIPHUIILIOCH
OBl MHOT'O, s1 9TOrO Jienarh He Oymay. OTMedTy TOJIBKO, YTO OH — CO3/ATeJIb
MasITHUKOBBIX 4acoB (1657). Vneto pabiie BeicKasbiBas [aamieil, HO OH eé
He peasmzopai’. [Ioiirenc, mo-BIIMMOMY, IPHUIIET K Heil HE3aBUCHMO — BO
BCSIKOM CJIydae, B ero 4acax TaK HAa3bIBaeMbIil «4acoBoit X0y (ycTpoiicTBo,
obecrieanBaoIiee B3anMO/IEHCTBIE MAATHIKA MK OAJIAHCUPA C IIPOYUM Me-
XaHU3MOM) ObLI MHOM, Hexkem npearan Lajmneit. Tofirenc takxke npej-
JIOXKWJI B IPUHIIMAIIE NPYYKUHHBbIE Yachl ¢ OAJAHCUPOM, XOTS MPAKTUIECKU
peasn3aIui COOTBETCTBYIONINX YaCOBBIX XO/I0B ObLIN pa3paboOTaHbI O3Ke.
Ho wacer mac ceiiuac me mHTepecyioT, TeMm 0OoJiee 9TO y MHOIUX M3 HAC
9achl TEMEPDh JIEKTPOHHBIE, & O JacaX s YIOMSHYJI [IOTOMY, YTO BO 2-M
n3gaHnn KHurn «MasiTHUKOBBIe Yackl» B 1673 1. ['foiirernc 3aroBopuJI o 1eH-
TPODEKHON U TEHTPOCTPEeMUTEIbHON crte. OKOHYATEIHHO BOIPOC O HUX
BbIsICHUJT HBIOTOH.

Harme paccyxnmenne ¢ BooOparkaeMoil IJIAHETONW MPOCTO U yOeanuTe s b-
HO, U mocje 1673 . ero MO HPOBECTH HECKOJBKO YeJIOBEK (BUIMMO,
u uposesu, cM. HuxKe). Ho Beiap Hacrosinue OpOUTHI JPYrue — 3JUIUICHL.
W zamkarbcsa o Kpyrax, KOrja Jijisi aCTPOHOMHUH 3TO OBIJIO JIaBHO IPOItIeH-
HBIM TaroM, B KoHie XVII B. ObLI0 cMermHO. A 1oJIydYaTcs JId SJIIUICHL
B 3ayade Kemrepa? B To BpeMsi OTBET Ha 3TOT BOIMPOC MOT JATh TOJBKO
Herorom.

BnocieacTBum cam OH rOBOpMII, 9TO BCEMHUPHBIM TSTOTEHHEM OH 3aHU-
MaJicd emé B 1665—1667 rr., Korja yexaJ B POJHYIO JIEPEBHIO BO BpEMs
qyMbl. ($1 y2Ke TOBOPMII 06 UCK/IIOUUTEHLHOM II0OTBOPHOCTH ITUX JIBYX €0
Jsier.) Ho BOT uTO cTpanHo: Cysist o ero Gostee nosnHeit nepenucke ¢ P. Tykom
B 1679 1. (cMm. [7]), ToabKO 10/ BiIMsTHIEM 9TOH epennck HbI0ToH 3aHsics
zagaqeii Kemiepa (1, BUIuMO, CPABHATENBHO GBICTPO €€ PEIIiI), TOrIa Kak
JI0 TOTO OH €& peIlleHusl He 3HAJ U, [TOX0XKe, BOODIIe 0 Heifl MHOTO He JIyMaJl.
A ecim 0H 3HAJ O BCEMUPHOM TSITOTEHWW, MOI' JIU OH He IIOHUMATH, 9TO
3aga4da Kensepa Oblia pemraroniyuM HUCIBITAHHEM JJIsI 9TOr0 3aKOHA U JJIs
co3/IaBaeMoil UM MexaHuKU ! Besib ec/i MbI TOBOPUM, YTO UMEIOTCST TAKUE-TO
o0IIre 3aKOHBI MEXAHWKW ILUIIOC 3aKOH BCEMHUPHOIO TATOTEHUS M UTO ILIa-

2V MaATHUKOBBIX YacOB GBI eIé o/IuH 306 peTaTes, — yrKe ynoMunapmmiicsa . Biop-
ru. B oriimune ot lamumies, on mocrpousn takue dacbl. Ho Tak Kak Bropru 6b11 Bparom
[I€IATHOI'O CJIOBA, O €ro JOCTHXKEHUU y3HAJU MHOIO IIO3/IHEe, KOTJa MasTHUKOBBIMH
JacaMd y»Ke HHKOIO HeJIb3sl ObLIO yIUBHUTH.

ITpuban3nTeabHO OFHOBPEMEHHO C ['IOMreHCOM KOHCTPYKIIHIO MasTHUKOBBIX aCOB Ipe-
noxkui P. 'yk, 4To BBI3BaAJIO CIIOp O IPHUOPUTETE, B KOTOPOM ['yK He HOJIy<Ius oXKuaaeMoin
MOAAEPKKU OT cBomx KoJuter mo Jlommonckomy KoposeBckomy o6IIecTBy M BBIHYXKIEH
OBI7T 3aMOJIYaTh, OJHAKO ero Ouorpad cunTaeT BO3MOXKHBIM, UTO 3TO OBLIO CBA3aHO
C MaTepHAJIBLHBIMA MHTepecaMu 9Tux Kosuter [10].
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HETBI JIBUXKYTCS B COOTBETCTBUU C JAHHBIMUA 3aKOHAMH, TO TO OCTAHETCS
T'OJIOCJIOBHBIM 3asIBJIEHIEM, €CJIU MBI He [TOKaYKeM, 9TO OTKpbIThIe Keriepom
3aKOHBI IIJIAHETHBIX JIBUKEHUI CJIEYIOT U3 HAINIUX 3aKOHOB. Eciu ke MbI
9TO JIOKAXKEM, TO JIOKA3ATEIbCTBO OYIeT TAKMM I'PAHINO3HBIM IIOTBEPK 16~
HUEM 3aKOHOB MeXaHUKH (BKJIIOYAs ¥ 3aKOH TATOTEHUS ), II0JJOBHOIO KAKOMY
3a BCIO MPEJIBIIYIIYI0 UCTOPUIO HUYTO B HAYKE HE IOJIyJaJo. BbITh MOXKeT,
BO BpEMsl BBIHYKIEHHOTO <«TBOPYECKOTO OTIyCKa» HBIOTOHY He yIajoch
cupaBuThes ¢ 3agaqeit Kensiepa? Ho Besb oT/imyuaBIimii ero HCKJIIOUATETHHO
BBICOKHUII MaTeMaTUIECKUil yPOBEHb OBbLI B OCHOBHOM JOCTHUIHYT HUMEHHO
B 5TO BpeMs. BbITh MoxeT, 3aja4ua Kerutepa Bcé-taku jaxke u st Hbro-
TOHa OBLIA JOBOJBLHO KPENKUM OPEIIKOM, W PEIUTh €€ OJHUM MaxOM He
YIAJIOCh, & J0 TOTO, YTOOBI HA KAKOE-TO BPEMsi BCEPHE3 COCPEOTOYNTH-
csl Ha ITOW 3aJiade, TOTJA MIPOCTO HE JIONLIN PYKU — OBLIO MHOI'O JAPYTHX
3aXBaTBHIBAIOIIE MHTEPECHBIX Jeji7 BO3MOXKHO, HO CKOpee BCEero MpUYUHA
OblIa Jpyrasi. B jmrepaType TaKMX MPUYUH yKa3bIBAIOT IEJbIX Tpu. Mx
PeaIbHOCTD IMOATBEPK/IACTCA JOKYMEHTAJILHO, HO ObLIA JIX OHA W3 HUX
TJIABHOW WJIM BCE TPU IMPUYNHBI CHITPAJIH IPUMEPHO OJIMHAKOBYIO POJIb — 00
9TOM MBI HE 3HAEM, a TaJIaTh OECIIOJIE3HO.

1. ITo cioBam camoro HbioroHa, OHO BpeMsl eMy Ka3aJioCch, OY/ITO acT-
poHOMUYecKHe U TeorpadudecKre JTaHHble He MOITBEPKIAIOT 3aKOHA, BCe-
MUPHOTO TSTOTEHHS; TOT/Ia ObLIO OBl GECCMBICIIEHHO 3aHUMATHCHA 3aadeit
Kermnepa. CorsiacHo 5TOMY 3aKOHY, OTHOIIEHUE YCKOPEHUsI CUJIbI TIKECTH
HA [OBEPXHOCTH 3eMJid (OHO U3BECTHO U3 <«3EMHBIX» JAOOPATOPHBIX U3-
MepeHHuit) K MeHTPOCTPeMHUTETLHOMY yCKOpeHuio JIyHbl (0HO paBHO W?R,
rie R— paauyc JiyHHON OpOUTHI; yIjIoBasi CKOPOCThb JIyHBI w U3BeCTHA, pas3
U3BECTEH TIEPUO/] €é OOPAIIEHHUsI) JIOJKHO PABHATHCS KBAIPATY OTHOIICHUS
pajauyca JiyHHOM opbuThl R K pamumycy 3emud T, T. €.

g R g R

PR AT
Ho Baagasne HproTony GbLIN N3BECTHBI JOBOJILHO HETOYHbBIE 3HAUEHUA R U T,
¥ PaBEHCTBA HE TOJIyJasIoCh.

2. B pesipiayiiem paccyKIeHnNn MOJTIAINBO TOAPa3yMEBAETCsI, ITO TO/T
JefiCTBUEM 3€MHOIO TIPUTsIzKeHus JIyHa oIy daer yCKopeHne, HAIIPaBICHHOE
K nenTpy 3emu u pasaoe fM /R?, a Teno Ha MOBEPXHOCTH 3eMJIH — yCKO-
peHme, ToyKe HaIlpaBJIeHHOe K eé 1menTpy u pasnoe fM /r? roe M — macca
3emun, R— paccrosiue ot eé rienrpa 10 Jlynel, a r — paguyc 3emuu. (Kak
u pasbie f —mocrosHuas Tarorerus.) Ho Beip B 3aKOHe BCEMUDHOTO Tsi-
TOTEHUs HEITOCPEJICTBEHHO TOBOPUTCSI O TPUTSI?KEHUU MaTEPUATBLHBIX TOYEK,
T. €. TeJI, pasMepaMi KOTOPBIX CPABHUTEIHHO ¢ PACCTOAHUEM MEXKIY HUMU
MOXKHO TipeHeGpedb. Paccrosiue ot 3emun 10 JIyabr (okoao 380000 kM)
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npumepHo B 60 pas Goublie pagumyca 3emsn (okoso 6400 k). Ha Takom
paccTosiHuu OImubOKa OT 3aMeHbI IPUTsKeHus! JIyHbI TPUTsKEeHNeM MaTe-
puanbHOil TOukM Macchkl M, pacrojiokeHHoil B menTpe 3emsn O, Gyuer
HUKAK He 0O0JIbllle, YeM OINMMOKa B TOTIAIIHEM OIpPEIeJIEeHUHA CaMOTO ITOrO
paccrosiausi. Ho coBceM apyroe [1e10 — 3eMHO€E IPUTSKEHNE Ha TIOBEPXHOCTH
3emuin. MOXKHO JIM 3aMEHUTH €r0o MPUTSKEHHEM K TodedHoit macce M,
pacnosoxkennoit B O7 CoobpaxkeHust 0 «OOJIBIIOM PACCTOAHUAU 10 3eMJIM»
3J1eCh HENPUroHbl, HO HBIOTOH, KaK y»Ke rOBOPHUJIOCH, J0KA3aJjl, YTO IIap
U3 OJHOPOJIHOTO MaTepuaJia uiu, bosee obmuM obpasom, map maccol M,
COCTOSIINI U3 OJHOPOJHBIX KOHIEHTPUIECKUX CJIOEB (TaK YTO IUIOTHOCTH
BEIEeCTBA BHYTPHU KAXKJIOTO CJIOsi ITOCTOSIHHA, HO MOXKET MEHATHCS OT CJIOS
K CJI0I0), cO371aéT (BHE cebs1) Takoe JKe IoJie TATOTEHNs, KaK MaTepruasIbHasL
Touka Macchl M, pacrojioykeHHas B 1ienTpe 1mapa O.

Opmaako 310 OTKpbITHE ObLIO cruenano Huioromom me B 1665—1667 rr.,
a ckopee noutn depe3 20 jer. OOCyXK/I€HIE ITOr0 BOIPOCA NMEETCH B 3a-
MEeTKE BBIJAIOIIErocs aHrmiickoro maremaruka Jxk. JlurtnByna «HeoTon
U NpUTsKEHUe Inapay, BOCHpousBeleHHOil B ero kumxkke [40]. Vmeerca
HEKOTOpOe MpoTuBopeune Mexay JlurtaBymom u murupyembiM uMm Keiin-
coM: JIuTTiBys ykasbiBaer (CChLIAsCh Ha JOKYMEHT — IucbMo HbroToHA
Kk Tamrero), uro emé B 1685 1. HpIOTOH «CunTas) HEBO3MOMKHON 3aMeHy
mapa TOYKOit», a KeffHc — 9T0 /10Ka3aTeIbCTBO BOSMOXKHOCTH TAKON 3aMe-
ubpl Heloron «mamén me pamee, ueM 3a rof A0 omybsumkoBamusi Principia
(“Maremarnueckux HauaJs HaTypaabHoil duiocodun” — 1. A.). Ho B cupa-
BEJIJIMBOCTH CaMOro (haKTa OH ObLI yBEPEH MHOTHE TOJIbI U BCET 1A IIPUMEHSLT
eros. [1To maenuro JIuTtiByna, eciin 3apaHee 3HATH, ITO PUTSIZKEHIE AP
CBOJIUTCS K IIPUTSI?KEHUIO TOUKM (& TakxKe, BUIUMO, €CJIA 9TO He TO YTOOBI
3HATh, HO CYUTATH [PABIONOIOOHOI IMIOTE30i), TO 9TO KaK Obl MOJCKAa-
3bIBAET Y/IAYHBIN XOJI, PACCYKIEHAN 1 TIO3BOJISIET TOBOJIBHO OBICTPO IPUATH
K OTBETY, HO 6€3 TaKoii MOJ/ICKa3K! PEINTh 3a/1a4y TpyaHee, 1 Hp0oTOH cMor
9TO CJIeJIaTh TOJIBKO B cepejsimHe S80-X TT.

IIpesocTaBiisiio KCTOPUKAM BBISICHUTH (€CJIH 9TO BO3MOXKHO), KTO Ke
npas. L1 Hac ceifyac 310 He uMeeT OoJbIioro 3uadenusi. Ecim npas JIurT-
aBya, To Heroton Bcé ke Mor B cepemie 60-X IT. 3aMEHSTH MPUTSKEHUE
mapa IPUTsKEHNEeM TOYKHM B MOPsJIKEe, KAK OH TOTJA MOT JIyMaThb, Ipy0oit
npukuaku. A eciu npas Keitac, To HeroroH BCé-Taku He cTaj ObI yOIuKO-
BaTh PaCCYKJI€HUsI, OCHOBAHHBIE HA HEJOKA3aHHOM yTBEPXKIEHUU, XOTsI ObI
OH U BEPWJI B €T0 CIPABEIJIUBOCTD.

O mokazarenbCTBe JTAHHOTO yTBepKieHust HbI0TOHOM CM. B MPHJIOYKe-
aum VIIL

3. HesaBHOo OBLIO OIMyOJIMKOBAHO €IIE OJHO OObsicHeHUe, mouemy Hbro-
TOH He Jjiobpasicst 710 3akoHOB Kemepa B cepemune 60-x rr. [51]. AsTop



190 IIpusioxkenne V. BcemupHoe TsiroTenue

yKa3blBaeT (Ha OCHOBAHUM COXPAHUBIIUXCS JIOKYMEHTOB M B IIOJIHOM CO-
riacuu ¢ apyruMu asropamu [12], [27]), uro B Momomoctn HbproToH GbLI
CTOPOHHMUKOM BeCbMa TOMYJISIPHBIX Torja (M Kakoe-TO BpeMsl JIasKe IIPO-
IPECCUBHBIX ) HATYpduIocodcKux B3rsiaos JlekapTa u JIOBOJIBHO JIOJITO TIbI-
TaJIC MPUIATH YaCTU JEKAPTOBCKUX KOHIIEIINiT O0Jiee TOYHBIN XapaKTep;
Hey/lava STUX IONBITOK W IPHUBEIa K 0CcBOOOKAeHnio HproTona or Bins-
nnsa Hexkaprosoit narypduirocodbun k Koy 70-x rr. o aToro mocramoBka
BOIPOCA O MATEMATHIECKOM aHasu3e 3a1a4an Keruepa (¢ naabHOIeHCTBY0-
UM BCEMUPHBIM TSITOTEHHEM) Ka3ajach PU3NIecKu HeoBOCHOBAHHOM, nbo
y Hekapra BCE CBOAMIIOCH K HATJISIHBIM KaPTHHAM MEXaHUCTUIECKOTO OJIM3-
KOJICHCTBUST: CTOJKHOBEHUST YaCTHIl, YBJIEUYCHNE BUIMMBIX HAMU «IPyOBIX»
MaTePUATHHBIX T€JI IOTOKAMHU B IIPOHU3BIBAIOIIEM BeCh MUD HEBUIMMOM U He
omrymaeMoM Hamu sbupe... S He Gyy OBTOpPATH cKaszaHHOrO B [51] Ha ceif
CY€T, 6JIar0 3Ta KHUXKKA BIIOJIHE JIOCTYIIHA B 000MX CMBICIAX — OHA HEJIABHO
BBIIILJIA W [IOTOMY €€ JIErKO J0CTaTh; OHA IOIYJISIPHA U XOPOIIO HAIMCAHA.

Pestomupyio: paziaumamsie pakToOphl MOIIHN 3a/1epKaTh obparienne Horo-
ToHa K 3ajade Keriepa, BbI3bIBasi y HEr0 COMHEHHUSI B TOYHOCTU 3aKO-
Ha BCEMHUPHOTO TATOTEHUS, W BIOJHE BO3MOXKHO, UTO 3aJIEPXKKA JI0 KOHIIA
70-x TT. — pe3yJbTaT UX COBMECTHOIO JieficTBusi. A He ObLIa JI POJIb KAKO-
ro-TO OJIHOTO (PaKTOPa 3HAYUTEBHO OOJIbIIIE POJIU IPYIUX U KAKOH MMEHHO
3T0 OBLT (PAKTOP — 0O ITOM, TIOBTOPSIO, HE CTOUT TaIaTh.

B nagaste 1684 r. Borrpoc o tsirorennn Codtara o6cyxkpasm K. Pen, P. T'yk
u D.Tamreit Bo Bpems BcTpedu B OnHON u3 joHIOHCKUX KodeeH. (Pen
(1632—1723) BHAauase ObUT TPOGECCOPOM ACTPOHOMUM M HEMHOTO CTPOU-
TeJIeM, HO TIocjle Tmokapa 1666 r. oH Hamés npu3BaHWe W IPU3HAHUE KakK
apXUTEKTOP, PYKOBOIMBIINII BOCCTAHOB/IeHNEM JIOHIOHA; €ro ImeIeBp — Co-
6op cB. IlaBaa.) Bce Tpu yuyacTHHKa CYdTasd, UTO, IIO-BUAUMOMY, CHJIA
MPUTSI?KEHUsT 0O0PATHO TPOIOPITMOHAJbHA KBAIPATy PACCTOSIHUS, U UHTEPE-
COBAJINCD, HE CJIEILYIOT JI OTCIONA 3aKoHbI Kemepal. Pen «pu3naJcs, uTo

3TIpu sTom I'yK, COBCTBEHHO, HE «HHTEPECOBAJICS», & YTBEPK/IAJ, YTO STO TAK U €CTh,
HO HMKAKHUX JOKa3aTEeJIbLCTB He IIPEbsBUII HU TOrja, HU no3aHee. OHAKO CIPaBEIJINBO-
CTH P/l HAJIO CKa3aTh, 9T0 y I'yKa ObLI elé OZ1H JOBOJ B HOJIb3y 00PAaTHOM IPOIOPIHO-
HAJBHOCTH NIPUTSYKEHHU KBaJpaTy pacCcTosHus, Kpome npuMenenus 111 sakona Kemepa
K KpYroBoil opbure. I'yK 9KCIepUMEHTHPOBaJ C MasTHHKOM, B KOTOPOM I'DY3HUK [IBHIa-
ercs 10 HEKOTOpoii mosepxuoctu II (MHOrZA TO yCTPOHCTBO HA3BIBAIOT «KOHUYECKUM
MmasgTHEKOM» ). Cuma f, meficTByromasi Ha IDy3WK, — Pe3y/IbTHPYIONAs CHJIBI TSXKECTH
u peakiuu nosepxuoctu II. B HamHu3meMm mo/IoKeHMM Tpy3WKa cuiia f paBHA HYJIO,
a IIpu OTKJIOHEHUU I'PY3UKa OT 3TOT'O IIOJIOZKECHU A f KaK-TO 3aBHCHUT OT BEJIMYUHBI 3TOT'O
OTKJIOHEHUdA 7. HpI/I Pa3/INIHBIX ITOBEPXHOCTAX II IIOJIyJar0TCAd Pa3InIHbIe 3aBUCUMOCTH f
ot r. I'yk cumrasn, 4To mis HeKOTOpoi nosepxHocTu 11 B HEKOTOPOi o6sacTu 3HaYEHUid
3aBucuMoCTh f OT T Toxoxka Ha k/r2. OH OGHAPY’KWJI, 9TO B ITOM CIIydae OpOHUTHI
3aMBIKAIOTCs II0CJIE OJHOTO 000pOTa BOKPYT <«IEHTpa HpHUTsizKeHusi». OHU 3aMBbIKAIOTCS
TakzKe ¥ IIPU IPUTS’KEHUH, IPONOPIMOHATBHOM 7 (KOTJa IPUTS?KEHNE CIIELYeT <«3aKOHY
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ero coOOCTBEHHbBIE YCUJINS B 9TOM Jlejle HU K YeMy He IIPUBEJIN, HO TOT U3 ero
cO0ECeTHUKOB, KTO MPEJJIOKNT PEIIEHNE B TEUEHUE JABYX MECSIEB, MOy IUT
cpa3y JiBe HarpaJjpl — CJIaBy OT COBPEMEHHHUKOB M IIOTOMKOB, a OT HETro,
Pena, kaury cronmoctbio 40 mumaros» [27]4. Moo ckazarh, 9To Toria
o4ty 4To nybandHo 6buia copmynuposana 3anada Kemiepa. (Ilouru 9ro
1yOJINIHO — 9TO IIOTOMY, YTO BCTPEUYy TPEX IpHUsTesell HeJb3sl CUUTATh
IyOJINIHBIM MEPOIPHUATHEM, HO BCE-TAKU TU TPHU Ue€JOBEKA COCTABJISIIIH
3aMETHYIO YaCTh TOTJIAIHETO MUPOBOIO HAYTHOTO COODIECTBA, TEM IIade
ecau ;100aBUTh K HUM HbIoTOHA, KOTOPBIHA OBLT B Kypce Jiejia 10 CYIIECTBY
1 KOTOPOMY depe3 TOJroja pacckasan ob aroit becese Namnmeit. I ux ennmo-
JIyIIHE TI0 IIOBOJLY BayKHOCTH JIAHHOI 33/1a4U 1 €€ IIPEeJII0IaraeMoro OTBeTa
OTpaskaJio BbI3peBaHHE COOTBETCTBYIOIIErO yOeXKJIeHUsI y BCell IlepeJIoBOit
Hay1HO} OOIIECTBEHHOCTH TOIO BPEMEHHU. )

Ta wmbicab, aro CoJHIE TPUTATUBAET ILUIAHETHI, BOZHUKJIA €IE PaHb-
Ime, — eé BbIcKa3bIBaJI enlé Kemep. BeposTHO, He TOIBKO COOTEYECTBEHHIKH
HpioToHa, 0 KOTOPBIX OH CaM YIIOMSHYJI, HO U JIDyTHe yUIEHbIE JIOTaIbIBA-
JINCH JIO TOTO, YTO 3Ta 3aBUCUMOCTb — O0PATHO IIPOIOPIINOHAIBHO KBAIPATY
paccrosinusi. Menee sicCHO, HaCKOJIbKO Kojulern HplOTOHa HOHMMAJIH, UTO
HIPUTATUBAIOT JIPYT JApyra Jo0ble JBa Teia (Tak 4To B ypasHeHHn (2)
KOHCTaHTa k paBHa fmg). JloBOIBI B T0Jb3y ypaBHeHHUs (2), OCHOBaHHBIE

I'yka»), upu apyrux ke II opbuTbl OGBIYHO HE 3aMBIKAIOTCS, & SBJISAIOTCH «PO3ETKAMEY.
ITockonbky B CosHeuHOH crucTeMe OPOUTHI 3aMBIKAIOTCS IIOCJIE OZHOIO 060pOTa BOKPYT
Counnna, I'yk c4é1 970 JOBOJOM B HOJIB3Y MPUTSXKEHUs, 0GPATHO IIPOHOPIHOHAILHOIO T2,
(Ipyroii BapuaHT — NPHUTAKEHHE O 3aKOHY ['yKa — OTBepraJicsi Kak HOTOMY, UTO CHJIa
TaKOrO IIPUTSIPKEHUST BO3PACTAET C PACCTOSHUEM, UTO COMHHTEIBLHO, TaK W IIOTOMY, UTO
[IpU TAKOM IPUTSYKEHUU IIEPUOJbI OOPAIeHHs 10 BCceM opburaMm omuHakoBbl, a B Coul-
HEYHOH CHCTEMe 3TO He TaK.) 3aTpyJHSIOCH CyOuTb 06 060CHOBaHHOCTH mosunmu l'yka:
BCeryla Jid ero cuia f MMUTUPOBAJIA IEHTPAJIBHOE I0JIe, & He KAKOe-TO MHOE, HACKOJIBKO
TOYHO y HEro MoJIy¥asioch, UTO B KAKHX-TO Ciaydasx f ~ 1/72, m eciiu ma, TO HACKOJIBKO
TOYHBIMHE Gb11H ero onbIThl? (EMy ciiy4uanoch n npuHIMATH XKejlaeMoe 3a JIeHCTBUTEILHOE,
cM. |7] mo moBOLY OTKIIOHEHWSI BEPTHKAJIBHO GpOIIeHHOro Tesa oT Beprukasm. Coorser-
crByomuil 3pdEeKT AeHCTBUTEIBHO CYIIECTBYET, HO PeajbHO €ro yaajioch OOHApY?KUTh
TosibKo B Havasie XIX B.) Ho ecsin B 9TOM OTHOLIEHNY y HEro He BCE OBLIO YUCTO, TO, BO
BCSIKOM CJIydae, €ro OIBITHI IIPUBEJIN €ro K IpaBUIbHOM goranke. Cycrs 6e3 Majoro nsa
Beka 2K. Beprpan (1822—1900) soka3as Takyio TEOPEMY: €CJIM B IEHTPAJILHOM II0JIE BCE
JIBUKEHUS C HAYAJIBHON CKOPOCTBHIO, HE IIPEBOCXOSINEH HEKOTOPO I'PAHHUIIEI, IIPOUCXOLIST
TI0 3aMKHYTBIM OPGHTaM, TO NIPUTAYKEHHE MPOIOPIUOHAIBHO 6o , mubo 1/r2. (Kpome
TOTO, 9TO OBLII, BO3MOXKHO, IIEPBBII IPUMEDP MOAEINPOBAHUS OJHOTO SIBJICHUS IIOCPEICTBOM
JIPYTOro, IPUYEM C IONBITKON YCTAHOBUTH KOJMYECTBEHHOE COOTBETCTBHE MEXKJLy HHMU.)

41unmuar — He cyImecTByomas 6oJee eHeyKHas eINHATA, paBHasmascs 1/20 dbynTa
CTEPJIMHI'OB (no KpaiiHeil Mepe, Takoil OHa Oblia B HeJaBHee BpeMsi). 91 He 3HAIO, KaKOBa
ObliIa OKyIaTeJ bHas CIIOCOOHOCTH 2 dyHTOB B 1684 r.; siCHO TOJILKO, 4TO OHA OblLila Ha-
MHOro 60sb1re, 9eM Tenepb. Ho Tak kak HproTon He yuacTBoBas B 9T0i Gecesie U TaK Kak
€ro peleHre BOIpoca ObLIO OIyOJIMKOBAHO Oojiee YeM 4epe3 JBa Mecslia, €My, BHIUMO,
TPUILIOCH JJOBOJILCTBOBATHCA OJHON JIMIIL NEePBO HarpaJoi.
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Ha 3akoHax Keruiepa, Hu4Yero o6 9TOM He TOBODPAT. Db, MO-BHINMOMY,
TOT JIOBOJI, 9TO JBUXKeHUe ciyTHUKOB HOmnurepa Kak OyJIToO YIOBJIETBOPSIET
3akoHaM Kermjiepa, HO ¢ JpyruMu 3HAYEHUSIMU KOHCTAHT, BXOJSIIUX B Ma-
TemaTuieckyio popmynuposky 11 u III 3akonos. HabsoiaTenbabre JanHbIe
3/ech ObLIM MeHee TOYHBIMHU, UeM I ITaHeT, Ho coorBercTBue ¢ 111 3a-
KOHOM KOHCTATHPOBAJIOCH JIOBOJHLHO yBepeHHO. OTCIoma BBIBOI: C OJHOIA
croponbl, FOmurep npursarusaercst CostHIleM, a, ¢ JAPYroil CTOPOHBI — caM
[PUTSITUBAET CBOM CILyTHUKU. Eciu 310 BepHo 11 FOnmrepa, To ecrecTBeH-
HO JIyMaTh, YTO BEPHO U JJIsI JIPYTHUX IIJIAHET.

YV HproroHa ObLT 1 APYTOil IOBOJ, B 1IOJIb3y MHOXKUTEJISI 1711 pMg B BbIpa-
JKeHUn Jist cuitbl putskennst mwianeTsl K Cosaity — [T 3akon mMexanukn.
Ecym mianeta nputsarusaercs CoTHIIeM TPOIOPIHOHAIBHO M p /T2, TO I OHa
noJizkHa TpuTsaruBaThb CoJTHIlE, U, ¢ OIHON CTOPOHBI, IT0 AHAJIOTUN KAYXKeTCs,
YTO 3TO MPUTSZKEHHe TTPONOPIMOHATLHO Mg /12, a ¢ apyroit — 1o 111 3axomy
MEXaHUKN OHO IIPOTOPITMOHAJIBHO M p, TOCKOJIBKY 9TOH Macce IPOMOPIHO-
HAJIbHO NpUTsiKeHue mianeTbl CoTHIeM.

Bruta n 3namenuras ncropus ¢ sibsiokom. Bo BpeMsi «TBOpYeCcKOro OT-
myckay HpoTon skoObI yBHes B cay majaroriee sibJIOKO M MOILyMAJI, 10
KAKO# BBICOTHI IPOCTUPAETCsl 3eMHOe mpuTsizkerue? Jloxomaur jim oHO 10
ayuaoit opobursl? Paz Jlyna me yreraer mpodsr orT 3eMiid, KaKas-TO CHJIA
BCE BpeMsl «3aBopadnBaeT» €€ K 3emie. CTaso ObITh, 3eMJIsI TIPUTITHBAET
Kak s0JI0KO, Tak u JIyHy; moxoxke, 9T0 00a 9TU MPUTIKEHUS — IIPOSBICHUS
0JTHOTO U TOTO XKe. A mpursizkenne 3emiiéii JIyHbI KOHEUTHO, sIBJIEHUE TOTO XKe
MOPsiJIKa, 9TO U npuTszkenue mianer CoJHieM uian ciyTHUKOB FOmurepoM.
AHeKIOTHYIECKIH XapaKTep 9TOT0 3IMNU30/1a HEOJHOKPATHO BbI3BIBAJI UPOHU-
“YeCKMe KOMMEHTApPUU BPOJIE TOTO, UTO SIOJOKM BOODOINE UI'PAIOT 3aMETHYIO
posb B mudosorun — A iam u EBa, can lecniepu, cyn [Tapuca... Ho numeercs
CBHJETENLCTBO, UT0 HbIOTOH caM pacckasbiBas 3Ty ucropmio (cMm. [12]).

Cuta puTsIKEHUS MIpeMeTa K 3eMJie — 3TO TO, UYTO Mbl HA3BIBAEM €ro
BecoM. Bec mpomnoprmonaien macce; 37ieCb Macca QUIYpUpyeT KakK HeKast
XapaKTePUCTHUKA CBsI3U TeJia ¢ TAroTeHneM. 3akoH KyJioHa, OMUChIBAIOII
B3aUMOJICHCTBUE JIEKTPUIECKUX 3aPSAI0B, IIOX02K HA 323KOH BCEMUPHOTO Tsi-
TOTEHUs], TOJIBKO B HEM (DUTYPUPYIOT HE MACCHI, & 3apsAabl. [o9ToMy MOKHO
CKa3aTh, YTO MACCa —ITO «IPABUTAIMOHHBIN 3apsi1». Ho macca durypupyer
u Bo Il 3akone mexanmku HbioTOHA, Ijle OHA XapaKTepu3yeT, TAK CKa3aTh,
«MHEPTHOCTbY Teja — YeM OOJIbIle ero Macca, TeM MeHbIIee YCKOPEHUe I10/T
JeficTBreM JAHHON CHJIBI OHO TTOTyanT. MoXKHO cKa3aTh, 94To Bo Il 3axome
TOBOPUTCST 00 «UHEPTHON Macce». BbIllie Mbl MOJYAIMBO TOAPA3yMEBAJIH,
qr0 06€e MaCChl — MPABUTAIMOHHBINA 3apsiyi M WHEPTHAsT Macca — COBIAJa-
10T, HO BeJb 3apaHee 9TO HUOTKyja He cieayeT. He 3Hal0, 3a/[yMbIBAJINCH
JIM HaJT JIAHHBIM BOIPOCOM KoJjijlern Hpbiorona, Ho HeloTOH Haj HuM 3a-
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IIyMaJICd W TOCTABWJI CIIEIHUAJIBHBIN OIBIT, IOJATBED/MBIINIA, ¢ U3BECTHOI
TOYHOCTHIO, COBIAJIEHUE ITUX MacC. BIOCIEJICTBUN UX COBIAJIECHHUE IIPOBE-
psiin co BCE OOJibIIelt u GOJIBINEHl TOYHOCTHIO, O YEM MOYKHO IIPOYUTATH
B [11]. (AcrpoHOoMuUecKue nccyenoBanust (JTa3epHast JOKaIwsi JIyHbI, TT03BO-
JISTIOIIAsT CPABHUTD yCKOpeHust 3emuin v JIyHBI 10T IeficTBUEM MPUTSXKEHUS
Coutria), 0 KOTOPBIX cKa3aHo B [11], mpomoszKaiuch u no3maHee; Ternepb OHU
OXBATBHIBAIOT y2Ke 30-JIeTHHI TPOMEXKYTOK BPEMEHH U TOYHOCTDH PE3YILTATOB
HOBBICUJIACH.) DTH SKCHEPUMEHTHI HE OTHOCATCS HEIOCPEJICTBEHHO K MOei
TeMe, U Y MEHsl HEeT BPEMEHW Ha HUX OCTAHABJIUBATLCS, HO YIOMSHYTH 00
9TOM 1 OBLIT 00sI3aH.



IIpunoxenme VI. O «MaremaTndeckux Hadajiax HATypPaIbHOI
dumocopum»

B xkwusuu HeroroHa 66110 TPH 1epro/ia, KOT/1a OH MHTEHCUBHO 3aHUMAJICS
TATOTEHUEM U JIBY2KEeHUEM HeDeCHBIX Tesl. [IepBbIil — 9TO ero «TBOpPUYECKUit
OTITyCK» BO BpeMs 4yMbl. BTopoii — 310 1679 1., KOT/1a €ro mHTepec K 3TUM
BOTIpocaM ObLT CTUMYIHPOBaH mepenuckoii ¢ ['ykom. B aror nepmox HeroToun
[IOHSJI, 9TO BTOPOIl 3akoH Kerepa siBjisieTcsi CjIeICTBUEM KBa3UIEHTPAIb-
HOT'O XapakTepa moJisi. [lo-BuauMoMy, TOTIa YKe OH CyMeJI BBIBECTH ITE€PBbIi
3akoH Keruiepa u3 Toro, 94ro Tsirorenne yobiBaeT 06paTHO IIPOIOPIIUOHAIBHO
KBaJ[paTy PACCTOsAHMs (BO BCAKOM CJIydae, KOIJa CILyCTs IISATh JIeT OH pas3-
roBapuBaJl ¢ ['ajuieeM, TO CKa3aJl, YTO JAHHOE YTBEPKJIECHUE My U3BECTHO).
Tpernit tepuo;—>3T0 BpeMst co3nanus «MareMaTnuecKux Hadaj HATY PaJib-
HO¥t butocopuns. Bo Bropoit nososure 1684 r. Obljia HalMCaHa PYKOIUCH
[IPeIBAPUTE/ILHOIO XapaKTepa ¢ KPATKUM pPe3oMe JTOKa3aHHBIX HbIOTOHOM
YTBEPKIEHMIT, OTHOCAIMUXCHA K 3371ade Kemepa u poICTBEHHBIM BOIIPOCAM,
a B 1685—1686 rr. 6pun Hanmcansl camu «Hagamas.

B npampmeiiniem HpioTOH BpeMsi OT BpeMeHH 3aHUMAJICS JIBU2KEHUEM
Jlyner (0 uéM OymeT CKasaHO HUXKE), HO sl He 3HAK, YCTAHOBJEH JIM XOJ
9TOI pabOThI C TAKO K€ OIPEEJEHHOCTHIO U ObLIN JIM 3/IeCh TAKUE YKe
«BCIJIECKU» WJIH paboTa 1mta 6oJjiee POBHO.

Kak Bugnao, «Hagama» —3T10 cpaBHUTEIBLHO TTO3/Hee countenne Hpioro-
na. (Emé nosmuee, B 1704 r., 6puta onybianKoBaHa UMEIONIAs CTOJIb YKe Bbl-
cokyio perrytanmo «Onrnkas» !, Ho OHa «ITOBOIMIA UTOT OOMIMPHOLT TPYTITIE

lepsbre e coobmienust HbIOTOHA O €r0 ONTHYECKUX SKCIEPUMEHTAX M CCTAHHBIX
W3 HUX BBIBOJIaX BBI3BAJIU IIOJIEMUKY C I‘yKOI\I7 KOTOprfI B OJHUX CJIyYadX IIPETEHI0BAJI
Ha IIPHOPUTET, B APYTUX — yKa3bIBaJ, UTO U3 OIBITOB MOXKHO CHEJIATh HHBbIE BBIBOJIBI,
n IIPpUTOM HE IIPOBOAWUJI JOCTATOYHO qéTKOI‘O pa3maudg MeXXay THUIIOTe3aMu U JOKa-
3aHHBIMH YTBEPKICHUAMH HJIH SKCIEPHMEHTAJBbHO ITOATBEPKIEHHBIME IIPEIIIOCHIIKAMUI
paccyxennii. Y HproTOHA CI02KHJIOCH BIledaTsieHne, 4To ['yK MOJHMMAET IIyM, He pa3o-
6paBmIMCh B CyliecTsBe Jeja (UTo, Mo-BHAMMOMY, B OOIIeM BepHO, XOTs BCE ke ['yk
He Beerjia ObLI HENpaB), M Pa3BUJIACh CTOMKas HENPHA3Hb K ['yKy, IUIATHBIIEMY €My
TeMm ke. [IpaBma, B mepuos okosio 1679 r. MX OTHOIIEHUS BPEMEHHO YJIYYUIINJIUCH, 9TO
U IPUBEJIO K OOMEHY IIHCHbMAaMH II0 IIOBOY BCEMHPHOIO TATOTEHU:A, HO 3aTe€M yXYIIIHINCh
OKOHYATEJIbHO. HBIOTOH TBép,ELO peninyi Hu4ero He HyGHHKOBaTB IO OIITUKE JO CMEepTHu
I'yka. Byay«wu Bcero na 8 et mosoxke I'yka, HploToH enBa jiu Mor GBITH BIIOJIHE yBEPEH,
9TO JOXKJETCS TaKOBOM, HO JOXKJAJICSI U TOT/a HE TOJBKO oIyoiaukoBas «OnTuKy», HO
u cornacuica (B 1703 r.) crars npesugentom Koposesckoro obmiectsa. Ha stom mocry
OH IIPUHAJI MEPbI K YHUYTO?KEHUIO BCAKUX CJIEI0B FyKa, 6BIBLT_IeFO B TedyeHrue MHOT'UX JieT
cekpeTapéM obIrecTBa, Tak 4ro ceifdac KoposieBckoe 0611eCcTBO pacmosiaraeT OPTPETaME
BCEX CBOHUX CeKperapeii, KpoMe I'yka, XOTsI MOCJIeIHUIl U JO CBOEro N30paHUsA CEKpeTapéM
(1677 r.) mrpas B HéM Gostburyto posb. (C 1662 r.—mouTn ¢ caMoro Hagasa OpUIIATEHOTO
yupexjenusi «ObmectBas — ['yk ObLII «KypaTOpoM», B 0OS3aHHOCTH KOTOPOI'O BXOZHJIA
OopraHu3aludg 3aCe,HaHPII‘;I U IIOATOTOBKA IKCIIEPUMEHTOB JJI4 JIEMOHCTPAIN! Ha 3aCCIaHuAX
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pabor HpioToHA, OTHOCAIUXCA K CEMUIECATHIM U BOCHBMUIECATHIM TOJAM
XVII 8., u eé nosisienne nMerHo B 1704 1. coBepriieHHo cayvaiino» [12]). Tak
9TO OCHOBHOE cojlepxkanne «OUTuKu» ¥, BO3MOXKHO, 3HAUUTEJIbHBIE KYCKH
TEKCTa BOCXOIAT K Gojiee panHeMy Bpemenu, deM «Hauasmar.) K 1684 r.
OocHOBHBIE MHTepechl HbIOTOHA y2Ke B TedeHue psifia JieT ObLIN CBA3AHDBI
¢ asixuMueit u 60TOCTIOBUEM, U CAM OH BOBCE He COOMPAJICS IICATh O MEXAHU-
Ke U acTpoHomuu. Tem, 4To OH BCé-Taku Hammcaa «Hadaga», Mbl 00sg3aHbI
lajutero, KOTOPKIiT OBLT BeChbMa B3BOJIHOBaH yTBepkieHneM HbIOTOHA, 9TO
TOT pacroJjiaraeT BeIBOAOM 3aKkoHoB Keriepa n3 3akoHOB MexaHUKY (B [IpH-
JIoXKeHU:u V TOBOPHUTCS 00 OOCYKIEHUU ITOTO BOIIPOCA TPEMsI MPUSITEJIsI-
mu — Penom, I'ykom u Tanseem). Ilo-supumomy, Tasuteit obmanan nemasioit
sHeprueil U HeMaJbIM ODasiHMEM, U eMy yaajaoch yoemuts Hbiorona mamu-
caTh W3JIOXKEHWE COOTBETCTBYIONMX paccyxkjeHnii. Ho eciau Takoii ObLia
nepBoHavabHas 11eJib «Hauasrs, To HbIoTOH €10 He orpaHuymiics, U 3a7a4a
Keriepa — TOJIKO OJIMH U3 BONPOCOB (YaCThIO IPUMEPHO CTOJIb JKE CJIOK-
HBIX), paccMoTpeHHbIX B «Hawasmax». (Bupouem, Bepositno, uro Hbroron
IyMaJl O TOM, 9TOOBI KOTJIa-HUOY/Ib U3JIOKUATH BCE, 9TO OH OTKPBLI B Me-
XaHUKe 1 HeOECHOU MeXaHWKe, HO IOCTOSHHO OTKJIABIBAJ ITO «HA ITOTOM>.
A xorga lanseit ybeaur ero HauaTh nucath o 3ajade Kertepa, on penu,
9TO pa3 Tak, TO OH y2K Hanumier 000 BeéM.) IIpu BCEM TOM OCHOBHAsI CJIaBa
«Hagasr» okazaJjach CBSI3aHHOI ¢ 9TOM 3aateit.

[Tomumo «maBitenusi» co croponnl lases, OOIBINIOE CTUMYIUPYIOIIEe
Bausgaue na HpoToHa 0Kka3a/io OTKpbITHE TOro haKkTa, 9TO IPUTIKEHUE II1a-
pa, COCTOSIIEro U3 OJIHOPOJIHBIX KOHIIEHTPUYECKUX IAPOB, BHE 3TOrO IIapa
SIBJISIETCSI TAKHMM K€, KaK eCJIi ObI BCsI €10 Macca Obljla COCPe0TOYEHA B IIE€H-
Tpe. DTo OTKPLITHE (CASTAHHOE, IOXOXKE, BCKOPE TI0C/Ie TOr0, Kak HbioToH He
6e3 Bausuus Lamtes Bepuysics K 3agade Keriepa) HaMHOIO [OBBICUIIO B €10
ra3ax IEHHOCTb WUCCJIeIOBAaHUS 3ajaqdn Kemsepa u POJICTBEHHBIX 3a/a9:
0Ka3aJI0Ch, YTO 3aMeHa HEeOECHBIX TeJI TOYKAMU IIPUBOJIUT HE K ITPUOJINKEH-
HBIM pe3yJIbTaTaM He OYEeHb-TO OOJIBIION TOYHOCTH, KaK Ka3ajoCh paHee,
a K OPAKTUYECKN TOYHBIM (OCTETCsI TOJIBKO OUeHb HeGOJIbINas HETOUHOCTD
U3-32 HE3HAYUTEJILHOIO OTKJIOHEHWs! (DOPMbI 3TUX Tesl 0T ChepUUecKoii).

Taneit B3s11 Ha cebst 3200THI 00 n3mannn «Hawaay, BKIO9as Kak OIIaTy
pacxosoB (OH GbLI COCTOATEIIbHBIM YeJI0BEKOM, CBIHOM GOTaToro MbLIOBAPA),
TaK U BCIO «TEXHUYECKYI0» paboTy 1o u3naHuio. HeoTOH make muca emy:

«Bama xuuras 2.

O61ecTBa, TpUIEM IPUOOPHI JJIst SKCIEPUMEHTOB 'YKy HEDPEJIKO MPUXOIUIOCH U3MOTOB-
ATh 3a cBO# c4éT. OH ObLI TaK»Ke OJHMM M3 aBTOPOB ycraBa 1663 r., 3aMeHUBIIErO
NpeAbIAYyInui, BUAUMO, HAITMCAHHBINR Hacnex.)

?Tozmuee k. Konaynrr (1688—1737), nomomuuk u npeemuuk Hpiorona mo Momer-
HOMY ABODY, a Takke My>K K.DBapron, ckazan o T'ammee: «¥Yaucce, KOTOPBIit ITpOU3BET



196 IIpunoxenne VI. O «Maremaruuecknx Hadajaax HaTypasbHONH dumocoduns

«Havama» Obuin HAIMCAHBI HA JIATMHCKOM $A3bIKe, KOTODPBIA HA IIPO-
TSIZKEHUU PsJjia CTOJETUH ObLI MEXKIYHAPOIHBIM SI3BIKOM YYEHBIX EBpo-
nel. Emé B nepsoit mosmoBune XIX Beka 3namenutnie MaTemarukn K. ayce
(1777—1855) u K. Ako6u (1804—1851) nucanu Ha JaTBIHU, XOTS 3TO OBLIO
y2Ke Ha IpaHd anaxponmn3ma. Bo Bpemena ke HproTona 310 66110 HOPMOIA,
xors Lasmiteit y2ke mepemén Ha COBPeMEHHbIN NTAIbSIHCKI s3bIK. Briocste -
crBun «Hagasay, KomeuHo, ObLIN [T€PEBEIEHBI HA APYTUE S3BIKH, BKIIIOUA
pycckuii. Pycckuii nepesos [47] Bomoaner A. H. Kpbuioseim (1863—1945).
Beiaromputiicss IpUKIa HOW MaTeMaThK, MEeXaHWK (M MOTOMY aKaJeMUK ),
KopabeJsIbHbI MHKeHep (M HOTOMY KOHTDP-aJIMHPAJI U IeHepaJi-JIeHTeHAHT ),
KpbuioB 6bu1 3HATOKOM HMCTOPUU (DU3UKO-MATEMATHIECKAX U IIPUMBIKAIO-
MUX K HAM TEXHUIECKUX HAyK. lIpeKpacHo 3Has COBPEMEHHOE COCTOSIHUE
MEXaHUKU U TEOPUH 3eMHOI'0 MarHeTu3Ma, KPBIJIOB ¢ HHTEPECOM U SHTY3Ua3-
MOM IIPOCJIEXKUBAJI UCTOKHU M PA3BUTHE 3TUX HAYK B TPY/axX KJIACCUKOB. Biia-
Jiest He TOJIBKO OCHOBHBIMHY 3118, THOEBPOITEICKIMU sI3bIKAMU, HO U JIATHIHBIO,
OH MHOT'HE U3 9TUX TPYIOB U3y YU/ B IOJINHHIKE, & KOe-4T0, Kak «Hagasay,
mepeBést Ha pycekuit si3blK. CHeNuamcThl YKA3bIBAIOT Ha BHICOKOE KAYECTBO
€ro IepeBOJIOB, B TOM dHCJIe U TepeBojga Tpyauoro tekcra «Hagass: me
rOBOpsI y2Ke O TOYHOI Iepejade CMbICIa, KPBIJIOB CyMeJ B PYCCKOM si3bl-
Ke OTPa3uTh CTUJIUCTUYIECKHE OCOOEHHOCTH JIATHHCKOIO TekcTa HbroToHA.
Kpsuios conpoBosui cBoit nepesoz, 6osee gem 200 mpumedanusivu. B Hux
YKa3bIBAIOTCsI CBA3U C TPAKTOBKOM TeX K€ BOIIPOCOB B MO3THENIITNX PAbOTaxX,
JIAIOTCsl [OSICHEHUs! (BILIOTH JIO BOCCTAHOBJICHUS OILYIIEHHBIX DPACCYKJIe-
HUIT), IPUBOJIUTCS U3JIOXKEHNE TeX YK€ BONPOCOB IPYTUM (aHAJIUTUIECKIM )
MerozoM. JIBajmare ¢ HEOOBIIUM TPUMEYAHU COMEPXKAT yKa3aHUsl HA
nMeroruecsa y HpioToHa ommoKy.

B nurepaTtype nmeiorcss mpoTUBOPEYNBLIE BHICKA3BIBAHIS HACIET 00CTO-
arenbcTB Hanucanus «Hagamy. YkazeBator, uro HeoTon Boobiie oTHOCKII-
csl C BBICOKOH JI0OPOCOBECTHOCTBIO K CBOeil paboTre, a B JAHHOM CIIydae
0CODEHHO; MHOT'WEe MeCTa OH IIePelKCHIBAaJI 10 MATh-IIeCTh pa3. Kcim oH
paboras Has «Hadgajgamus ¢ OJIHON oTadveil CrJl, TO HE YIAMBUTEBHO, ITO
IIOTOM HACTYIHJIA YCTAJOCTb M YTO OH OBLI pajl pa3/esaThCs ¢ KHUTOM,
nepegoepus Bcé Lasutero. Onuako ects u apyroe muenue [14]: «,Hauama®,
MIO-BUINMOMY, ObLIH Haucanbl HHIOTOHOM B CIIelike cpeu OOPEeMEeHsIBITUX
ero JieJ U OOsI3aHHOCTEH», W 9TO OBLIO «HA MCXOJe aKTUBHOW HAYJYHOM
JedaTeIbHOCTH» 2. TlocieiHee B OCHOBHOM CHPABEJIHBO, XOTS HEKOTOPYIO
Hay4HYyIO pabory (1 IPUTOM HO-IPeXKHEeMY Bbicodaiiniero yposus!) Heoron

Axunna» (cp. ¢ snusonom u3 «Mmmaapr»: Yiuce, T.e. Opucceit, obHapyKui Axuiia,
YKPBITOTO CPEIU JIEBYIIEK, U HOOY I ero uaru Ha TPOSHCKYIO BOHHY).

33910 Muenue BeifHCTOKa CBH3aHO C ero yBepeHHOCTLIO, GynTo B «Hawamax» momy-
meHa rpybasi Jjorudeckasi ommbKa Ipu BbIBOJE 3aKOHOB Kemsepa u3 3akoHoB HbroToHa
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MPOJIOJIPKAJI U TIO3KE — CM. HI2KE O €ro WCCIeIOBAHUU JBUKeHus JIyHBI.
A BOT 1IEpBOE BBI3BIBAET COMHEHMsI. MHOMUM yYEHBIM HHOTJIA TPUXOIUIOCH
[ACATh HAyYHbIE pabOTHI «B CIIEIIKE CPEId OOPEMEHSIBIINX WX el U 0bsi-
3aHHOCTEl» ; Pe3yJIbTAaThl BOBCE HE 00s3aTe/IbHO OBLIN IIJIOXUMHU, OHAKO 110
CPaBHEHHWIO C PabOTaMU TOrO Ke YeJIOBEKa, HAINCAHHLIMEA B Oojee OJia-
TOIPUATHBIX YCJIOBUSX, onn npourpbiBaiaun. Her ocHoBamuii gymarsh, 910
B 9TOM OTHOIIEHUW y BeJIMYANINEero reHus meia OymyT oOCTOATH MHAUE,
YeM y MpOCThIX cMepTHbIX. Ho modemy-To jBa BakHeiinmmx Tpyiaa Hbro-
tona — «Haugasiay n «Onrukas, — MOsIBUBIIINECS] «CPEIU OOPEMEHSIBIIIAX €ro
JeJ1 U 0DsI3aHHOCTEH», BOODIIE HU C YeM He NPUXOJUTCS CPABHUBATH B €0
HaCJIenn, JIa U BO Beell cdepe TOUHBIX HAayK ITH TPyAsl HpioToHa mpuHa1Te-
2KAT K 9UCJIy BbIcodaiinmx BepmuH. [lo-Buanmomy, BO BpeMsi pabOTHI HAJ,
«Hauasmamuys HbOTOH cymMes MOYTH TOJHOCTBIO OTKJIFOYUTHCSI OT «0bpe-
MEHSIBIIIAX €ro JieJl U ODsI3aHHOCTEeW», PaBHO KakK W OT ajxumun. Kcrarwu,
COMHUTEJILHO, OBbLIM JIU B TO BpPEMsi y HEro OCODEHHO OOpeMeHUTEeJ/IbHBIE
obszanuoctu. (Oun nogsumcsk ¢ 1696 r., korga Heioron navan paborarsb
na MomnernoMm nBope B Jlommone um sTa pabora I1efCTBUTENHHO OTHHMAJIA
Bcé ero Bpems. Ho yzke roBOpmIOCh, 9TO, BEPOSITHO, 3HAUUTE/bHAST JACTh
«Onurukn» GblIa MOATOTOBJICHA PAHBIIIE. )

«Hauvajiay Hammcanbl 6€3 CKOJBKO-IU00 SIBHOTO MCIIOJIb30BAHUS Tudde-
PEHIINAIBHOTO U WHTErpajbHOro ncuncieaus. Komeuno, HeoTon me mor
oboitiTrCh 663 MIHOBEHHON CKOPOCTH, W TOITOMY KOe-d9TO u3 auddepeH-
[MAIBHOTO MCYUCIEHUS y HEro0 3aTPOHYTO, HO OYEeHb MaJjo. BmecTo 3TOro
paccy:KieHusl IPOBOISITCsSI TeOMETPpUYIeCKH, B ayxe EBKana, 9To ¢ Hammei
TOYKW 3PEHUsI I'POMO3JKO M HAME BOCIPHHMMAaeTCs ¢ TpyaoMm. Ilo sromy
[OBOJIy CYXKJIEHUsI B JINTEPAType TOXKe NpoTuBopeunBbl. Hambosiee pac-
IPOCTPAHEHHOE MHEHUe, u3JioKeHHoe BaswmiiosbiMm [12], TakoBo: «3azada,
crosiBias nepes Heoronom, TpeboBajia HOBBIX MATEMATUIECKIX METOIOB;
KJIACCUYECKUMU METO/IaMU reoMeTpun EBKIIM A HeJib3st 66110 060#iTrCh. MbI
3HaeM, YTO 3TU HOBbIe MeTo bl HbhIOTOHOM OBbLIN HaJIEHBI» — Pedb WJIET
0 juddepeHuaJIbHOM U UHTErpaJibHOM ucuuciaeHuu. lloapasymeBaercs,
uyro HploToH 311 MeTobl  ncnoabzosant. Ho, «Iy6/ImKys B KOHIE KOHIIOB
CBOU pPe3yabTaThl, HHIOTOH €CTECTBEHHO CTPEMUJICH K TOMY, 9TOOBI €70 KHUTA

(em. gacTe 2 npusoxkenusi VIII). Ilpu crerike HEIOIr0 U OMIMGUTHCA CAMBIM IIPUMHUTHB-
HBIM 00pa30M.

B neficTBuTEIBHOCTH, KaK s roBopui (Ha ocHoBanuu npumedanuii Kpourosa), B «Ha-
Jajgax» OTMEYAJINCh OMIMOKHU (CM. HUXKE), HO He TaKuhe.

4Tlocnennee 6bu10 Gomee sBHO BhicKazano Keitncom: «Pasymeercsi, He MokeT GbITH
HUKAKOT'O COMHEHUsI B TOM, UTO XapaKTepHas reoMeTpuieckas popMa, KOTopas MPUIaHa
BCcEMy wu3JIoKeHHo B ,Hauanax®, He mMeer HUYero oOOIIErO0 C TEMU MBICIUTEIHLHBIMUA
[poIeccaMu, KOTOpbIe NpuBeau HbIOTOHA K ero BbIBOJAM» (CCBLIKA, XOTs C HE COBCEM
osTHBIM GubsmorpaduaeckuM onucanueM, nveercs B [40]).
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ObljIa IOHATA, YTOOBI €€ ynuTa . A ecian Obl OHa ObLIa HAIIMCAHA C IBHBIM
UCII0JIb30BaHueM (D PEepPeHINaJbHON0 U UHTEIPAJIBHOTO UCUYUC/IEHUS, TO
«,Hagara® ocrajuck 661 11 GOJBIINHCTBA YIEHBIX COBPeMeHHUKOB Hbro-
TOHa, KHUT'ON 3a CEMBIO MEYATSIMHU», IIOTOMY 9YTO IMOAPOOHOrO M3JIOKEHUS
HOBOIl MATEeMATUYECKOH MUCHUILUIMHBI TOrJa emé He Oburo. «l'eomerpute-
ckue xke ,Hagaga“ ¢ TpymoM, HO BCE Ke, XOTsi ObI B HEKOTODOI CTEIeHH,
YCBAMBAJIICH ».

W3 cBsizamHbIX ¢ 9TMM apxam3moB «Hadayi» MeHsT yjuMBIIsieT TO, 49TO
TaM HUTJIE HET IOHSTHS YCKOPEHUs. B JIaTMHCKOM OpuUTrHuHAJe UMEETCsI CJI0-
BO, 0DO3HAUAOIIEE «YCKOpeHHey, HO KpPBIJIOB B CBOUX NPUMEYaHUSX TPU-
xkap! (1) upemynpexnaer auraresis, 9ro y HbioToHA 9TO €JI0BO HMeET MHOM
CMBICJI — OHO ODO3HAYAET MPUPAIIEHNE CKOPOCTA B TEYEHHE HEKOTOPOIrO
IIPOMEYKYTKa, BPEMEHH, XOTs Obl M oYeHb Majoro (mpmveuanus °, 92, 105
B [47]). TTocKkoJIbKY B HAIIM JIHM YATATE]Ib HEBOJBHO TIOHUMAJ OBl «YCKOpPe-
HUE» KaK «CKOPOCTb M3MEHEHUsI CKOPOCTU», HECMOTPsI Ha ITPEeIy IPEXK JeHIS
repeBoINKa, y KphlioBa JaTHHCKOE «YCKOPEHHE» BCIONY IIEPEBE/IEHO KAK
«IpUpaIIeHne CKOPOCTH». 3JeCh e/IBa JIM MOYKHO COMHEBaThCsl, 9T0 Hbio-
TOH MPEKPACHO 3HAJ O MIHOBEHHOM YCKODEHHH, HO CO3HATEIHLHO M30era
0 HEM roBopuTb. MHe KaXXercsi, 9TO JlayKe C TOYKHM 3PEHHs] ero <«TaKTHU-
YeCKOil yJIOBKI» 3T0 66110 ommOKoii. [TIKOJIBHUKY IPEKPACHO OCBAMBAIOTCSI
¢ yckopenusiMu, He juddepeHnupys (IIpaBia, OHU CJBIIIAJIN O [IEPErPy3Kax
y JETYNKOB M KOCMOHABTOB, HO €JBa Jii 0€3 9TOr0 HEJIb3s MMOHSTH CMBICJIA
JIAHHOT'O TIOHSITHS ).

BupoueMm, Hekwmii «cypporaTs» MIHOBEHHOrO yckKopenuss B «Hagasraxs
Bcé-Taku npucyrcreyer. CaMm 1o cebe 9TOT «Cypporars — BaXKHOe reoMeT-
pudeckoe TOHsITHE: KpuBu3Ha KpubBoil. Ho oHO umcmosib3yercs, mo-mMoemy,
HE CTOJIbKO pajii TeOMETPUYECKOil CTOPOHBI sesia (TJe ero HPUCYTCTBHUE

IobGapiio, 4T0, KaK HU NpsAveT HbIOTOH KOHIIBI B BOJY, KOE-TJI€ OCTAIOTCS SBHBIE CBU-
JIeTeJIbCTBA O MO3HAHMSAX, BBIXONAININX 33 IIPEAEbl TOH MaTeMaTHKH, KOTOPYIO OH CHUE
JI03BOJIEHHOH K yrorpebsienuio B «Hauanax». Bor spkuit obpazen. B 3amade 2 pasnena
«IIpegnoxenne XLV. Bamaua XXXI» kauru [ HpioToH, HUYTOXKE CyMHSAIIECS, UCIOJIb3YET
OTKPBITBIA UM GHHOMMAIBHBIA psix — pasiaoxenue (I — X)™ no crenemsim X. Heroron
3aKOHHO HA3BIBAET €r0 «HAIIUM PSAJIOM», HO HE CTOJIb 3aKOHHO IO/IPa3yMEBAET €ro U3BECT-
HBIM, — 9TOT psif emé He 6bLT Torma onybarkoBan. KpeitoB rosopur B npumedanun 103
B [47]:

«O06001IIeHNe TOHATHS O CTENEHH U €€ IOoKasaTeje Ha KaKhe YLOLHO <HCJa IIPH-
najgyexkutr Heiorony. Crenyer Ttak:ke oOpaTUTh BHUMAHUE, UYTO PA3JIOKEHHE BEJIUIUHBI
(T — X)™ mo dopmyne ,,6uHOMA”, KOTOPYIO OH HA3BIBAET ,HAIIl DS, HHUIIETCS JJIsi
8CAKO20 TTOKa3aTeNs . Y Ka3aHHs, KAKIM 00pa30M TaKUe PA3JIOKEHUsI IPOM3BOAUTD, Ha-
xonaTca B counnenun Hurorona ,, Analysis per aequationes numero terminorum infinitas®,
KOTOpOe 6b1I0 co0obIIeHo B pyKomnucu Bappoy B 1669 r., HO He 6b110 n3mano g0 1711 . Dto
€CThb OJIMH U3 IPUMEpPOB, rie HpioToH mosb3yercsa B cBoux ,, Hauamax“ MareMaTnaecKuMu
METOZaMHU, €My H3BECTHBIMH, HO HE OILyOIMKOBAHHBIMIEY.
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6110 GBI OHSTHO), CKOJIbKO IMEHHO KaK HeKuil cypporar yckopenust. [eii-
CTBUTEJIBHO, MpEJCTaBbTe cebe, 9TO MarTepuasbHas TOYKA JIBUXKETCs IO
JeficCTBUEM YCKODEeHUs, HallpaBJIeHHe KOTOPOT'O He COBHAJAeT C HallpaBJe-
HueM ckopoctu. Torma eé opburta MCKpuBHTCA. KpuBHM3HA — 3TO HEKOTO-
pas YHC/I0Bas XapaKTePUCTHKA 3TOoi nckpusiaénnoctu. Kpusuzny k KpuBoit
B TOYKe JlazKe MOXKHO OIIPEJIeJINTh KHHEMAaTHYeCKH KaK BeJIMYNHY YCKOPEHUS
[PU JIBUYKEHUU TOYKH II0 ITOH KPHUBOIl C €IUHUIHON CKOPOCTBHIO (BOOOIIE
rOBOpsl, B PA3JINYHBIX TOYKAX KPUBO OyJeT pasHasd KPUBU3HA). DTO, KO-
HEYHO, He TO Ke caMoe, UTO YCKOPEeHHe IIpU JPYyroM THUIle JIBUKEHUs II0
KPUBOii, HO BCE 2Ke HeuTO pojcTBeHHoe. Ho Takoe ompesieieHne yMeCTHO JIJTst
9eJI0BEKA, CBBIKIIErOCS C yCKOpeHmeM. VmMeercst Ipyroe, reoMeTpUIECKOe
orpejiesieHne, KOTOPBIM W MoJib3yercss HboroH. OHO HaloMWHAET orpe-
JieJIeHne KacaTe/JLHOM JIMHUYM, HO sBJIAEeTCs OoJsiee TOHKUM. KacarenbHas
B TOUYKe P KPUBOI —3TO MPOXOJIAIast uepe3 P mpsiMast JIMHUS, HATTPABJICHUE
KOTOPO# GJIM3KO K HAIIPABJIEHUIO XOP/IbI, CTATUBAIOINIEH JIyTy KPUBOil, TOXKE
MPOXOJAIINYI0 Yepe3 P u mmerornyio Mairyto amnay As, u 9eM MeHbIne As,
TeM MEHBIIIE Pa3/Inine MezK/1y HallpaBJjleHueM KacaTeJIbHON 1 HallpaBJIeHUeM
XOP/BL. 3/1eCh MBI KaK ObI CDABHUBAEM MAJIYIO JYT'y KPUBOH ¢ OTPE3KOM IIpsi-
Moit. BmecTo aToro Oyem eé cpaBHUBATH C JTYyTONH OKPYKHOCTHU, TTPOXOJIATIIEH
gepes P. OKpy>KHOCTH MOXKHO OpaTh Da3HbIX PAJUYCOB (HE UCKIIOYAs
U «OKPYKHOCTEIl OECKOHEYIHOTO PAINYCay, [OJI KAKOBBIMU [TOHIMAIOTCS TI0-
[IPOCTY [PsIMbIE) U C PA3HBIMHU IIEHTPAMU; OKA3bIBACTCH, CPEJM HUX MMEeTCs
OJIHa OKPY?KHOCTB, MaJiasl Jyra KOTOPOl B HEKOTOPOM CMBICJIE BCETO OJIMKe
K cojiepKarieii P maJjoi Jiyre KpuBoit (HamsmHo 3TO JIOBOJIBHO $ICHO, HO
IIpX aKKypaTHOM OIpeAeJIeHUM Ha/Jl0, KOHEYHO, YTOUYHUTh, B KAKOM CMBIC-
JIe TIOHUMAETCsL Ta, «OJU30CTh» ). [OBOPAT, 4TO 3Ta OKPYKHOCTD ABJISIETCS
COIIPUKACAIONIEHCST OKPYKHOCTBIO JaHHON KpuBoii B Touke P (He myrarTh
C KacaHUeM /JIByX KPHUBBIX, O3HAYAIONINM TOJIBKO COBIIa/ICHUE UX KacaTeslb-
HBIX; IPU COIIPUKOCHOBEHNY OJIM30CTH JIBYX JIyT, TAK CKa3aTh, b0JIee TeCHAsI ),
a pajinyc 3TOH OKPY2KHOCTU HA3BIBAIOT PAJINYyCOM KPUBHU3HBI R paccMaTpu-
BaeMoit KpuBoil B Touke P. OkaspiBaercsa’, R =1 k.

5To, uro Hploron ofpammajcss K KPUBU3HE B TEX CJIydasX, KOIJA MbI MIPEIIIOTIN
Obl HEIOCPEJICTBEHHO I0JIb30BaThCS BTOPOM IIPOM3BOJHON, MOIVIO OBITH CBSI3aHO C €ro
TEHJIeHIIMell CKpbIBaTh IpuMeHenue nuddepennpaabaoro ucyuciaenus. Ho moria ObITH
emi€ onHa npudnHa. Korma Mbl mmosb3yeMcs hopMystoit

J@) ~ f(@) + @) = a) + 5" (@) - a)?, 1)

TO MBI Kak Obl 3aMeHsieM MaJjleHbKylo Ayry L kpusoit y = f(x) BO3ne Touku = = a
HEKOTOPOIt AyToil Lyap apabousl (mapabosindecKkasl HHTEPIOANMs). A MOXKHO C TEM ¥Ke
YCIEXOM 3aMeHNTh L B HEKOTOPO# Ayroit Loxp OKPYZKHOCTH (KPyrOBasi WHTEDPIIOJISINS).
W Lyap, u Loxp UMEIOT B TOYKE T = @ Ty »Ke KacaTeJbHYIO U Ty »Ke Kpubu3Hy, uro u L. Ho
€CJIH, He NONIB3YACh popMyIIoii (1), TOBOPHTH Ha F€OMETPHIECKOM SI3BIKE, TO OKA3BIBAETCS,
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C sapyroif cTOpOHBI, HEKOTOPBIE JIFO/IN, KOTOPhIE KaK pa3 OY€Hb Cephés-
HO BHUKaJI1 B Hacjemue HbroTOHaA, cumrTasu, 9TO OH MOI' IIOJyYUTHb CBOU
pe3yJibTaThl 6€3 CKOJILKO-TNO0 CYyIIeCTBEHHOI'O UCIOJIb30BaHus quddepeH-
[UAJIBHOTO U MHTEI'PAJIbHOrO UcUmcIenusi. A Torma usioxkenue B « Hauamaxs
MOKET COOTBETCTBOBATH MEPBOHAYAILHOMY XOJy ero paccyxkjuenuii. Takue
BBICKA3BIBAHUSI €JIMHUIHBIE, HO OHU OY€Hb BECOMBI.

. 1. Mopayxaii-Bonrosekuii (1876—1952) B upumeyaHusx K pyCCKOMY
nepeBojty MaremaTudeckux pabor Herorona [48] mucasn (npumeuanwe 124
kK «Meromy dimokcenii»): «YM HpOTOHA MO NPEUMYyIIECTBY TIeOMETpHYe-
ckuil u obJiajaeT MOTydYell IPOCTPAHCTBEHHON WMHTyuImeil. Mue Kaxkercs,
9TO CUHTETHYECKHIT XapaKTep €ro J0Ka3aTelbCTB BBI3BIBAETCS HE TOJBKO
c7abbIM Pa3BUTHEM AHAJN3a, HO U CKJIOHHOCTSMU HbIOTOHA.

Obpararo BHUMaHME YnTaTe sl Ha 0c0b0oe ncKyccTBo HboToHA Omrepupo-
BaTh C OECKOHEYHO MAJIBIMY TPEYTOJbHUKAMY U 9€THIPEXYTOJbHUKAMUI U CO-
BETYIO eMy 0OpedYb HbIOTOHOBCKHE JIOKA3aTeIbCTBA B COBPEMEHHYIO (DOpMY,
MBICJIST Ha MECTE PABEHCTBA —3KBUBAJIEHTHOCTH 1 OOHAPY 2KUBasI TIOCJIE THIOIO
Iy TEM OIPeIeJICHHsT TIOPSIJIKA MAJOCTH 3JIeMEHTOB. HbIOTOH siBJIsieTCsT ecyin
W He TBOPIIOM, TO TEM YeJOBEKOM, KOTOPOMY MBI OOJIbINE BCErO OOSI3aHbBI
CUHTETHYECKUMH METO/IAMU, KOTOPBIM U TeIephb CJIEIYI0T MHOIHE aBTOPHI,
criacast cebsi OT BBIKJIAJIOK, HEPEJIKO CBA3aHHBIX C AHAJTUTUYECKUMU Me-
TOZAMU».

Jlpyroe BbICKa3bIBAHIE B 9TOM Jiyxe mpuHamiexxut Jlamracy, cm. y Kpor-
goBa [37] mecro, orHocsmeecs Kk XI pazneny nepsoit kuuru «Hauass, rie
peub uiér o asukerun JIyabr. B TeueHne HeOOIBITOIO BpeMEHH OHO XOPOIIIO
[IPEJICTABJISIETCS KaK JIBUXKeHHe 110 Kerjiepy B 1ojie TSIrOTeHUsl 3eMJId, HO
[IPU 9TOM TIapaMeTPhI JIyHHONH OPOUTHI CO BpeMeHeM M3MEHSIIOTCsT U3-3a, IIPH-
rsokennst CotHIa 1 IpyruxX (PaKTOPOB. DTH U3MEHEHUST HA3BIBAIOTCS «HEepa-
BeHcTBaMu». KpbLToB niepeckasniBaer Jlamnaca csonmu ciaoBamm: «Jlamrac
B cBoeit Teopun JIyHbI roBopuT, uTO Teopusi HptoTOHA MpeicTaBiisier Kak Obl
qyJI0 MaTeMaTHYeCKOro UCKyccTBa HbIOTOHA, BBIBEIIIETO BCE ITH HEPABEH-
CTBa TeOMeTPUYEeCKUME paccysKenusamu» (npumedanne 23 B [47])8. 3necs,
MpaBja, MOXKHO COMHEBATHLCS, UMeJ Jin JIamiac B BULy TOT IIyTh, KOTOPBIM

HMeeTCsI POBHO OJJHA OKPYZKHOCTB C ITOCJIEAHEM CBOMCTBOM, a JyT napabosibl MHOTO (Beab
He BCe I1apaboJIbl ONKCHIBAIOTCS yPaBHEHHEM

Yy = KBaJ(PATHBIA TPEXUJIEH. )

DTa HEeIUHCTBEHHOCTH MOIJIA HE HPABUTHCA HBIOTOHY HE3aBUCHMO OT €r0 TEHICHITHH
K T€OMETPHUYIECKON MAaCKHPOBKE aHAJIUTUYIECKUX COOOpParKEeHUM.

6 Mue uzBecTHDI MOAIMHEEIE CI0Ba Jlamtaca, 3ByuaIue 4yTh HHade: «MeTo, KoTopo-
My 31ech ciaenoBas HeioToH, mpecTaBiisier co00i OZHO U3 CAMBIX 3aMeYIaTEeIbHBIX MECT BO
BCEM cojiepkanuu ,, Hagan“s. MoxkeT 6bITh, B APYyTroM MecTe Jlamiac TOBOPHII U O «4yJies;
BO BCSAKOM CJIydae, CMBICJI TOT K€ CaMBIit.
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mén HeioroH, nin ToT ciocod, KOTOPBIM OH M3JI02KUJI CBOU Pe3yabTaThl. Ho
[IOXOKe, YTO OH MMeJI B BUJIY IIyTh.

B mamu gaun y B. . ApHOJIBIa CI0YXKUIIOCH BIIEYAT/IEHHE, 9TO «BCE OT-
KpbITHs, cofepaKaiuecsd B Principia, HbioTon czesan, He OIB3ysICh aHAIH-
30M, XOTsI UM K TOMY BpeMeHH BJiaies. Bcé, 4To TpeboBaIOChH, OH JJOKA3BIBAI
npu moMoIu 0oJjiee I MeHee SKBUBAJEHTHBIX AHAJIM3Y T'€OMETPUIECKUX
3JIEMEHTAPHBIX PACCYKIeHuil (a He IepeBOo/isd AHATUTUIECKUE BBIKJIAJKH HA
reOMETPUIECKHH SI3bIK) — €My 9TO OBLIO JIerdes.

Hakowner, Hajio ymoMsHyTh 0 MaTeMaTuke-ipukjagauke C. Haugpace-
kape (1910—1995), nonyunsimem B 1983 1. HoGeneBcKyo npeMuio 3a cBOM
paborsl o acrpodusuke. B cBoeil nocieaueit kuure [57], 0 KoTopoii cM. Hu-
2K€, OH TaK BBIPA3UJICS TI0 TOBOY OOIMEPUHSATOrO IPEICTaBIeHUs, OYITO Y
HeroroHa criepBa ObLIT aHAJIN3, OCTABIIUICS CKPBITHIM, & 3aTeM ObLIO Haiiie-
HO cJioBecHO-TeoMeTprieckoe mastoxkenne: «I do not believe in this legend».

Mmue kazkercsi, ObLIO ObI CTpaHHO, ecu Obl HbIOTOH, cO3/1aB MaTeMa-
TUYECKHUII aHAJM3, COBCEM OBl MM HE IOJIb30BAJICH, HO HECOMHEHHO H TO,
aro HproTon 1ocTur yamBUTEILHOTO UCKYCCTBA B PACCYKIEHUSIX CHHTETU-
9eCKOr0 XapaKTepa, B KOTOPBIX IPUBJIEKAIOTCA U OECKOHEYHO MaJIble, HO He
CHUCTEMATUYIECKOE UCUHUCIeHne TaKOBbIX. CKOpee Bcero, B CBOEM TBOPUYECTBE
OH JIefiCTBOBAJI TO B OJHOM, TO B JIPYI'OM JiyXe. B Kakoii UMEHHO mporopiun
9TH [BA <JIyXa» CMEIIMBAJNCHL IIPU €ro IePBOHAYAIBLHOM HCCJIEIOBAHII
TOrO WJIN MHOTO KOHKPETHOI'O BOIIPOCA, MBI HAKOTJA HE Y3HAEM, TOCKOIBKY
YEePHOBUKOB HE COXPAHUJIOCD.

Yro ke KacaeTcst 10 n30PAHHOTO UM CIIOCO0a M3JI0YKEHNUsI, TO IOMUMO TeX
co0bparkeHmii, 0 KOTOPBIX TOBOPUT BaBUJIOB, MO-BUIUMOMY OBLIH €IIE JIBA.
HeroroH HE MOr He CO3HaBaTh, YTO €r0 TPYJ SBJISIETCS SOXAJbHBIM, U OH
M03a00THIICS O JJOCTOWHOM, TIO €70 MHEHUTO, O(POPMJICHUN 3TOTO Tpyaa. mes
rmepeJt TIa3aMu KJIaccuaeckue obpasnsl EBkinga, Apxumesaa u Amosutonus,
OH pelu IUCATh B TOM K€ JIyXe, XOTsl He MOI He 3HaTh, UYTO B psije
CJIy9aeB I'POMO3JIKHE TeoOMeTpUYecKre (DOPMYJIUPOBKU aHTUYHBIX KJIACCHU-
KOB MOT'YT OBITh KOPOUY€ BBIPDAYKEHBI aJIre0paniecKu, HO UYTO B JPEBHOCTH He
OBLI0 aJIredPBI; TAKIM 00pa30M, CIIOCO0 M3JIOKEHNUSI Y IPEBHUX ABTOPOB OBLI
B 3HAYUTEILHOM CTEIeHN BBIHY2KIEHHBIM. VITHOPUPYs 9TO 0OCTOSITEIHCTBO,
Heioron make mcrnosib3oBamme aareOphbl CBET 10 MUHUMYMa, XOTs B €ro
BpeMs asirebpa ObliIa XOPOIIIO U3BECTHA, U €CJIU ObI OH €10 MOJI30BAJICS, 3TO
HUMAaJIO0 He IPEISITCTBOBAJIO Obl IIOHUMAHWIO €ro KHUTU. [[oMUMO BeJ KX
[IPUMEPOB, HAa HEro MOIJIO BJIMATbH, roBops cioBamu Kpbuiosa (mpumeua-
me 8 B [47]), «obmee cocTosHWe HAYKHM W TPHEMBI TPEMOJABAHNSA TOTO
BpeMeHu». «['eoMeTpusi, BKIIIOYABIIAs yICHHE O KOHNIECKNX CEICHUAX U 0~
BeJIEHHASI JI0 BBICOKOW CTEIEeHU COBEPIIEHCTBA eIlé JIPEBHUME, COCTABJISLIA
IJIABHEMINNI M, MOYXKHO CKa3aTbh, MOYTH €IWHCTBEHHBII IpeaMeT MaTeMa-
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THUYIECKOTO 0OpazoBanusi». 1lo cpaBHeHUIO ¢ Hell asrebpa MPeICTaBIIAIACh
HeioToHy MaJsiocoepKaTeIbHoi’ . B oqrom mecre y HploToHA MMeeTcs CBO-
€ro pojia «I0JIEMUKa, jieJioM» ¢ JlekapTom 6e3 yiomuHanust ero umeru. O qHy
reOMeTPUYeCcKyo 3ajady JlekapT permua aHaJIuTHIeCKd U TPUBOJMI ITO
pellieHne Kak obpasel] IPeruMyIlnecTB HOBOIO MeToda. HbIOTOH pemiaer Ty
2Ke 33/1a9y CUHTeTHIECKUM METOIOM W IHUIIET: «TaK0oe PeIeHne, KaK MpuBe-
JEHHOE BBIIE, T. €. UCIIOJHAEMOE T€OMETPUIECKUMHI COTIOCTABICHUSIMA, & He
AHAJUTUIECKIM PACIETOM, M U3bICKUBAJIOCH IPEBHIMUY.

[Tpenebpexkenne k ajrebpe jornuio y HeoToHa 10 Takoil cremeHu, 4To
V HEro Jlarke «IIPOIOPIUY IHIITYTCs CJIOBAME TaK:

Aest ad B ut C est ad D,

9TO PaBHOCUJIbBHO HallleMy

A:B=C:D,
I
A C
2_Y
B D

— cm. npumedanne 2 B [47]. U, xax BumHO u3 npuMedanus o' Kpbuiosa,
00 ymHOXKeHUM U JejieHnn HbI0TOH rOBOPUT HA TAKOM YK€ MHOCKA3ATEIbHOM
PEOMETPUIECKOM $I3bIKE, KOTOPBIN yImoMuHAJICS B § 3, KOrJa pedb mijia 06
Anosutonun. B pycckom niepeBosie KpbuioB BCE-Taku OTOIIET B 9TOM OTHO-
IIIEHUH OT OPUTTHAJIA — 3aMEHWJI CJIOBa 3HAKAMU 1 MCIOJIH30BAJ IPUBBITHBIE
HAM Ha3BaHWs, He 3a0bIB IPEYIPEIUTh 00 9TOM YHTATEJIS.

VBBI, upeaMepHas 3a060Ta 0 6ecCMEPTHH CBOETO TPY/Ia chirpasia ¢ Hbio-
TOHOM JIYPHYIO TIYyTKY. Bcero 4uepe3 HECKOJBKO JCCATUIIETUIl TOSIBUINCH
MIOAPOOHDBIE M3JI0XKEHUST MEXAHUKH U CIEITUATHHO HEOECHOH MEXaHUKHU, HAIIN-
CAHHBIE B JIPYTOM, HAMHOTO 0OJIee MIPUBJIEKATEIHHOM JJIST IUTATEIs, CTHIIE
(He TOBOpsI y?Ke O TOM, UTO IPUBJIEUYCHNE AHAJUTHIECKUX METOJOB JIAJIO

BO3SMOXKHOCTDH peIllaTb HOBBLIE 3&,&&‘{1/1)7 n «Hagajia» uurarn HepeCTanns.

"Onuako yTeepskaenue Kpbiiosa, 9TO B TOT/alTHeil ajirebpe «eImg He yTPaTHIINCH
rpoMO3gKHe O0O3HAMEHNUsI CJIOBAMU BMECTO 3HAKOB», T.€. He ObLIO yJOBJIECTBOPHUTEILHOMN
CHUMBOJIMKH, HE KayKeTCs MHE BepHBbIM. KPBIJIOB IIPOIOJIZKAET: «OCOBEHHO JUIs MOKa3a-
Tejiel», a Ha CaMOM JieJIe CJIOBECHbIE O0O3HAYEHHs yIOTPEOISIINCh UCKIIIOYUTEIHHO WA
[OYTH UCKJIIOYUTEIHHO JJIsl TOKa3aTesel, TaK ITO TOJIBKO B 9TOM OTHOIIECHUU TOTIAIIHSIS
asreGpandecKasi CUMBOJIMKA Oblla HeZocTarouHoil. Kpome Toro, 3HaK JesieHUs IHCAJICS
TOJIBKO B BUJE JIBOETOYMS, a HE UePThl, U3-3a 4ero (popMyJibl IMHUCAINCH B BHJE CTPOK,
3a9aCTyI0 BECbMa JUIMHHBIX; 9TO y»Ke He IPUHIUIHAJILHO, XOTs U HEeyI00HO.

8TIpuimio Tak CKOPO BpEMs Tiepecyéra,

U Tax HAIJISAEH HBIHEIIHUAN yPOK:
UpesmepHasi 0 BEIHOCTH 3a00Ta —
OHa, 10 ClIpaBeJINBOCTH, HE BIIPOK.
A.T. TBapioBCcKHUil CKa3aJl 3TO IO COBCEM JPYyroMy IIOBOJY, HO CKa3aHHOE WM HMeeT
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[To-Bumumomy, OKOHYATESHHO STO HPOM30NLIO B Hadasjge XIX Beka, C 1o-
sipjieaneM «HebecHoit mexanukus Jlamiaca, msTh TOMOB KOTOPOI BBIILIH
B 1798—1825 rr. UTo Ke KacaeTcst MEXaHUKU, TO poJib «Hadasrs caHuzmiach
yake 1ociie mnosiBjieEnsi B 1735 1. «MexaHuKM, aHAJIUTUYECKU W3JI0XKEHHOM
Jleonapaom Ditnepoms» (uzmamuoii, keratu, Cankr-IlerepGyprekoil akase-
Mueil Hayk, e Ditep mpopaboTas OGJBIIYI0 9acTh CBOEH TBOPYECKON
JKU3HK), a 3areM — « Tpakrara 1o qunamuke» lanambepa (1743). Her co-
MHeHHI, 9T0 Kopuden HebecHOW MexaHuku — ditaep, Kiepo, Hanambep,
Jlarpamx, Jlamnac — BEuMarensHo unraan Heiorona®, mo mocse Jlammaca
K HEMY 00pallaJiich TOJIBKO T€, KTO 0C000 MHTEPECOBAJICSI UCTOPUENt, /1a U TO,
BEPOSITHO, T€, KTO HHTEPECOBAJICH KAKUM-HUOYIH OTIAEIHHBIM BOIIPOCOM,
B OCHOBHOM YHUTAJIH TOJIBKO OTHOCHAIINECH K HEMY MecTa. Bcé ke BpeMsi OT
BpeMeHH KTo-HuOy b u3y4as «Hadamas or Kopku j10 KOpku. B jmmreparype
YKa3bIBAETCsI, YTO M YKUBIIWIA 11031Hee Y. [aMUIbTOH BHUMATEJIBHO U3y IHII
«Hagairas.

BeposTno, omauM u3 mociiennnx, KTo mpounTas Bce «Hadanas, ObLI
Kpoumos. ITocite mero 3aBemoMo ObLT €IE OMH BHUMATEIbHBIH TUTATETH —
yxe ynomunasiuiica C. Hannpacekap, asrop [57]. Ilo ero ciosam, on usy-
qayi «Hagasiay cieayromumm o6pa3om: auTasl (pOPMYIUPOBKH YTBEPK IEHUIA
HeroroHa u J10Ka3bIBAJ MX CaM, KOHEYHO, HUYYTh HE OIpAHUIMBAas ceds
B HUCIOJIB3YEMBIX CDPEJICTBAX, & 3aTeM 3HAKOMUJICS C PACCYKICHUSIMHI Ca-
moro Heiorona. Kuura [57] oTpaskaer 9T0T HOJX0]— B HEll 9aCTO CriEpBa
MIPUBOIUTCS JOKA3ATEIbCTBO B COBPEMEHHOM CTHJIE C UCIIOJb30BAHUEM AJI-
re6pbl (B TOM 4UmCJie BEKTODHOI) M aHaIM3a, a 3aTeM BOCIPOM3BOJIUTCSI
(mopoii 10csIOBHO) U3JI0XKeHne Toro ke sonpoca B «Hawamax». TTockosb-
Ky IIPH 9TOM COXPAHAIOTCSI OCHOBHBIE TAIbl paccykaenuii (opopmieHHbe
B BUJIe OTJEIbHBIX yTBepKaeHuil Hpiorona), obumii xo Mbicieil ocTaéres
TaKuM 2Ke, Kak y #Hero. Onnako mopoit Hamapacekap yKasblBaeT, 9TO BO3-
MOXKHBI PUHIUIHMAJILHO WHBIE J0KazareabcTBa. (Tak, ykasbBaioTcs Tpu
JPYruxX TPaKTOBKHU 3ajadn Kerepa: ¢ moMoibio BekTopa Pynre—J/lenia
(cm. mpmnoxkenune VIII, gacts 2), ypasrenust Kinepo—bBune (cM. npriioxe-
uue VIII, gacts 3) u «kommiekcHoro» merona I'ypca—Jleu-Husura—bo-
suaa (cM. [7]).) OH Takke IPUBOJAMUT KOMMEHTAPHU MO3JHEHINX yUEHBIX,
PaBHO KaK U CBOW COOCTBEHHBIE.

obmiuit XapakTep U He 00s3aTeIbHO IIOAPa3yMEBAET, UTO 3a00Ta JOJIXKHA OBITH CBA3aHA
C KPOBaBBLIMH PEIPECCUAMU.

9970 BUIHO, B YACTHOCTH, N3 TOTO, ITO OHM OTMETHJIH HEKOTOphIe ommbku y HpoToma.
N3 6osee wem 20 COOTBETCTBYIOMIUX 3aMEUYAHUN, CAEJAHHBIX KPBLIOBBIM Ipu IepeBoe
«Hagas», Tpu KacaioTcsi THAPOAMHAMUKHA U OFHO — JIHCJICHHOH OIINOKM; BCE OCTAJIbHBIE
BOCIIPOU3BOIAT 3aMEUaHUA, CAeIaHHbIe 9TUMNU Kiaccukamu. Jlobasiio, uro Kiepo pemgak-
THpOBaJ (paHIy3ckuit mepesos «Hawaams.
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«Hauana» HaumHaioTcs ¢ ABYX HEOOIBIHUX pa3aesioB — «OnpeneieHus»
U «AKCHOMBI MJIM 3aKOHBI JIBUYKEHHsI». B II€pBOM BBOISTCS OCHOBHBIE UC-
XOJIHBIE TIOHATHUS JUHAMUAKE (TOr/Ia KAK OCHOBHBIE MCXOJHBIE IOHATUS CTa-
Tuku HBIOTOH MOI' CYMTATh M3BECTHBIMHU, M 110 OOJIBIIEH YaCTU TaK Ke
00CTOSJIO 7Ie7I0 ¢ KHHEMATHKOM, TeM 6osiee yTo HpiOTOH, KAK TOBOPUIIOCH,
u3beraJi sBHOTO MCIIOJIb30BaHUs yCKopenuii). Bo Bropom chopMynpoBaHb
TPHU 3HAMEHUTHIX 3aKOHA MeXaHnkn HboToHAa M OTMEYeHBI HEKOTODBIE MX
CJIEJICTBUS, & TAKXKe IKCIEPUMEHTAJIBHBIE TIOITBEPK ICHMUSI.

1. Beaxoe meno npodossicaem yoepicusamnves, 6 C60EM COCTMOANUY NOKOA
UAU PABHOMEPHO20 U NPAMOAUHETHO020 0BUINCEHUA, MOKG U NOCKOABKY OHO
HE NPUHYAHCIAGEMCA NPUAOAHCEHHBMU CUAAMU USMEHUMD IMO COCTNOSHUE.

I1. Usmenenue xoauvecmea 0eustcenus nponopuuonHaioHO NPUAOACEH-
HOU deustcyuletl cuse U NPoucrodum no HAMPABAEHUN MOt NPAMOT, 1O
KOmopoti ama cuaa deticeyem.

III. Jeticmeuto 6cezda ecmbv pashoe u NpomusonosoicHoOe NPOMUGodeti-

cmeue, uHnawe — s3aumodeticmeus 06yxr mes dpyz Ha Opyea mexcdy cobotl
PABHBL U HANPGEAEHDL 68 NPOMUBONLONOHCHDBLE CTNOPOHDL.
B cBsasu ¢ «mpomoprmonassao» B 11 Hamo ormeruth, uro HbioToH BOOO-
e 9aCTO TOBOPUT O MPONOPIIMOHAJBHOCTH TaM, IJIe Mbl TOBOPUM IIPOCTO
0 paBeHCTBe. Kak si MIOHUMAI0, 3TO CBSI3aHO C TEM, YTO MBI [TOJIb3YEeMCsI T0/I-
xongmeit cucremoii exuuun (CT'C uiun CH), koropsix Bo Bpemena Hpiorona
He ObLIO.

I u IT 3akombl DaKTHIECKN YKA3BIBAIOT, ITO COCTOSIHUE MATE€PUAJIHHOM
TOYKH XapaKTePU3YeTCsl €€ TOJIOXKEHUEM U CKOPOCTBIO, — MBICJ/Ib, BOCXO/Is-
masi K [ajmieo MpUMEHUTEJIBHO K NPSIMOJIMHEHHOMY JIBUYKEHWIO W BbI-
3peBaBmas B TedeHue XVII cromerus. Kemrep m ekaprt emé storo He
3HAJIH, HE TOBOPS y2Ke O IPEBHUX aBTOpaxX. HaCKOIbKO B3IVISIbI TOCIETHUX
MO AIOTCS YETKOMY M3JI02KEHUIO, OHU CBOJIMJIN COCTOSIHIE K OJTHOMY TOJIHKO
[TOJIOYKEHUIO, XOTsI eIlé B JIPEBHOCTU 3TO MTOPOXKIAJIO TPYIHOCTH B IIOHUMA~
Huu nporecca japrkerns (cM. npuioxkenne I11). Cocrosiaue 6otee CII0KHOM
CUCTEMBI OIIPEJIEJISIETCS] TTOJIOXKEHUSIMA U CKOPOCTSIMU COCTaBJISIONINX €€
MaTepPUAJIBHBIX TOYEK. ECIN crucreMa M30/JMPOBAHHAS, TO €€ «IBOJIIOIUS,
T.e. U3MEHEHHe €€ COCTOsIHUsI CO BPEMEHEM, OIHO3HAYHO OIMPEIEsISIeTCs eé
HAYaJbHBIM COCTOSTHUEM, — MBICJIb, KOTOPAasi B TAKOM ODIIIEM BHUJE STBHO CTa-
JIa BBICKA3BIBATHCS CPABHUTENIBHO MO3IHO (OBITH MOXKET, TOJHKO BO BTOPOI
mosioBrHe XX Beka B CBsI3U C INOsIBJIEHHEM B Teopuu JudepeHInabHbIX
ypaBHEHHUIl 00IIeil TEOPEMBbI O CYIIECTBOBAHUN U €IMHCTBEHHOCTH PEIICHIS
CHCTEMBI € 33JIAHHBIM HAYAJILHBIM YCJIOBHEM ), HO KOTOPas BOCIPUHUMAJIACH
Heioronom u Temu u3 €ro COBpEMEHHUKOB U TOCJIE0BATE e, KOTOPDLIE 3a-
HUMaJIICh MEXAHUKOI, KaK HEYTO CaMO CODOI0 pa3yMerolneecs. JTO MOKHO
[MOHMMATh KaK HEKUI IEPBUYHBIN (DU3NIECKUIA IPUHITULL, HO €CJIH MbI 3HAEM,
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9TO IBOJIIONUS CHCTEMBI OIMCHIBAETCS COOTBETCTBYIOMMME auddepeniiu-
AJIbHBIMH YPABHEHUSIMHA (51 HE YTOYHSIIO, UTO 3HAYHUT 3J/IECh «COOTBETCTBYIO-
muMuy 5 1yt 3agaun Keniepa 3T ypaBHEHNs ATATEIO U3BECTHBI), TO 3TO
2K€ MOXKHO ITIOHMMATh KaK HEKOe YTBEPKEHNe U3 Teopun I pepeHIIna b
veix ypaBuenuit. Tor dakrt, 9To B JaHHOM ciydae (DU3NIECKUI TPUHIIATL
CTAHOBUTCS MATEMATUIECKOU TEOPEMOil, IOKA3bIBAET, YTO B STOM OTHOIIIE-
HAW MATEeMATHIECKUN alapaT B JAHHOM CJIydae IPABUIBHO COOTBETCTBYET
dusuke. IT0, KOHEYHO, HE TAPAHTUPYET 3apaHee ero COOTBETCTBUS (DU3UKE
B JIDYIUX OTHOIIEHUSX, — CKaXKeM, CyIeCTBOBAHNE U eJIMHCTBEHHOCTH pe-
IeHNsT UMeJIM Obl MEeCTO WM B TOM CJIy4ae, €Cjid Obl MblI IPUHSJIA JIPYIOi
3aKOH TATOTEHUS; IBOIONUS (PUUIECKON CHCTEMBI TOT/Ia TOXKE OJHOZHATHO
MIPEe/ICKA3bIBAIACh OBl MATEMATHIECKON TeOpHeEil; BOT TOJBKO 3TO IIPEJICKA-
3anue ObL1o Obl HeBepHBIM. I moroMm, eciu dusnyueckasi 3ajada Tpedyer
JIPYTOro MaTeMaTHIECKOro ammnapara (a Tak ObIBaer), TO Halll (PU3NIeCKuil
NPUHIUI y2Ke He CJIEILYeT U3 YIOMSHYTON BBIIIE TEOPEMbI (HO MOMKET OKa-
3aTbCsl CJIEJACTBUEM JIPYTONl TEOPEMBI, OTHOCSIIIEHCsT K COOTBETCTBYIONUM
MaTEeMATHYECKUM 00HEKTaM ).

OcuoBrast yacth «Hauasr» paszjenena Ha TPU «KHUTH», TIEPBbIE JIBE U3
KOTOPBIX HUMEKT O/inHaKoBoe HaspaHume «(O JIBUKEHHH TeJI», & TPeThs —
«O cucreme Mupas.

L1t HAC IpeICTaBIIsAeT OCOOBI NHTEPEC MePBasi KHUTA, TJe U TOBOPUTCS
O CB#A3U 3aKOHOB MEXAHWKM U 3aKOHA BCEMHUPHOI'O TATOTEHHS C 3aKOHAMU
Kemnepa. Ilpu srom Heroron, roroBs marepumas jisi aCTPOHOMUYIECKUX
PUJIOXKEHUH, 00CYK/IaeT PsiJi BOIPOCOB, CBSI3AHHBIX C OIPEJIEJICHIEM Op-
OUTHI 10 TeM WX WHBIM JaHHBIM. CBepx TOro, paccMaTpPUBAIOTCS HEKO-
TOpBIE JIpYTHe BOIIPOCHI, HAIIPUMED: PEIyKIUs 3aJia9l JBYX Tesl K 3ajade
Kemepa; noste TaroTenus mapa, COCTOSIIETO U3 OJHOPOIHBIX KOHIICHTPHU-
9eCKUX CJIOEB; JBUKEHHE B II0JIe, B KOTOPOM JeicTByIommas Ha P cuira
HaAIpaBJieHa, 10 NpsiMoil SP W 3aBUCUT TOJIBKO OT PACCTOSIHUSI 70 S, HO
He 00513aTeJIbHO 0OPATHO MPOIOPIINOHAIBHA KBAJIPATY PACCTOSIHUS; JTBUKE-
HUe TJIAHETHI WU €€ CIIyTHHUKA, IPOMCXOJISINee B OCHOBHOM IIOJT JefiCTBAEM
npursizkenns K COJHIYY WM K IUIaHETE, HO BO3MYIIaeMoe (CPaBHUTEJILHO
cJ1ab0) UPUTSZKEHUEM eIlé oJHOro HebecHoro Tesa. 110 moBoy mocserHero
BOIIPOCA B PYCCKOM m3naunu KpbutoB 100aBUIT pa3bsCHEHNS, YACTHIHO U~
Tupytomue Boimeamuii B 1889—1896 rr. «Tpakrar o HeOeCHOII MeXaHUKe»
®. Tuccepana (1845—1896) u yacTuvaHO pUHAIeKaUe caMoMy KpblioBy
(KoTOpBII TIpemIoKuI 6oJiee IPOCTOE U3JIOKEHHE, K TOMY Ke GoJiee 6113~
koe K Hpiorony, xors KpbuioB, KoHeIHO, CBOOOIHO MMOIB3yeTCs aJredpoit
U AHAJM30M).

Bo Bropoii kaure HbuooTOH paccMaTpuBaeT JIBUMKEHHE B COIPOTUBJISI-
IOIeiicst cpejie, a TaKXKe HEKOTOPbIE BOIPOCHI M'MJIPOCTATHKHM W THIPOIIU-
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namuku. [losydennble pe3ysibTaThl OH UCHOJIB30BAJ JJI KPUTHKH BECHMa
MIOIIYJIAPHOIT Torja Teopun Buxpeil Jlekapra, IKOOBI yBJIEKAIONINX 3a COOO
IJIAHETHI U TEM IIPUBOISIIINX K UX JBuzkernio Bokpyr Cosaita. Ho Torma emé
HEe TPUILIO BPeMsl JJis CO3JIaHUS TUJAPOINHAMUKH, U THUIPOITHAMUICCKIE
pa3esbl BTOPO KHUTH COIEPKAT OMMUOKYU MU 0A3UPYIOTCs HA TAKUX IIPE/I-
noJozxkenudgx (cpesa 6e3 B3auMozieficTBrst 06pa3yoIuX eé YacTull), KOTOpble
MOTYT BBIIOJIHATHCA B O9€Hb BBICOKHUX CJIOSX ATMOCKEPDI, HO HE TaM, [J€ MbI
JKUBEM, JIeTaeM Ha CaMOJIETax U IIaBaeM Ha Kopabusax. [lociennee orHoCHT-
cs K monbITKaM HbI0TOHA OIEHUTD JTaBJICHUE TTOTOKA YKUJIKOCTH WJIH Ta3a Ha
TeJIO, HAXO/ISAIIeeCst B 9TOM 1MoToKe. HeTouHbIME OBbLIN TaKKe IIpejcTaBiIe-
uust HeioroHa 0 3ByKOBbIX BostHax U npuanBax. Ojarako Jlammac, KOTopslit
IIOCTPOWJI TPABIJIBHYIO TEOPHIO 3BYKOBBIX BOJIH U IIPUJINBOB U IIOTOMY 00JIee
geM KTO ObI TO HU OBLIO MMeJ ObI IPaBO KPUTUKOBATH COOTBETCTBYIOIIUE
pa3aensl «Hadgasr», oneHmBas mxX Kak OOJIBIIION INAr BIEPEN, XOTd U He
BIIOJIHE yJABIIUHACH.

Tperbst KHUTA COMEPKUT ACTPOHOMUYECKNE TIPUJIOXKEHUs. MexK 1y mpo-
anM, HbIOTOH BIEpBBIE CTAJI ONPEIeIATbh OPOUTHI HE TOJBKO IJIAHET, HO
u KoMmeT. OKa3aJioch, 9TO U JBUYKEHNE KOMET MTOIIUHSIETCsT 3aKOHY BCEMUP-
HOTO TATOTeHUsl (BMecTe ¢ 3aKoHaMu MexaHuKH). OH IIPeIoXKUIT JIOBOIBHO
YIOOHBIA C110CcO06 olpeesieHnst OpoUThHl KOMEThI 110 HabmogeHuaM. (B or-
Ju4aue OT IJIAHET, KOTOPbIe HAOJ/IIONAIUCH THICTICETUSIMH, I KOMETHI
BCErJla MMEJIOCh HEMHOI'O HAOJIIOIEHUIl W OHM OTHOCHJINCH K HEOOJIBIIIOMY
MIPOMEXKYTKY BPEMEHHU, TIOITOMY METOIbI, «PA0OTABINNE» [IJIsI IUIAHET, TYT He
roguitick.) Toapko B XIX B. 6buUn pa3paboTaHbl Jydime crocodbl. B aToi
JKe KHUATE UMEIOTCSI Pa3/IesIbl, IOCBSINEHHBIE TPIINBaM, (popMe 3eMitn, mpe-
IIECCUH €€ OCH W JIBUKEHUIO JIyHBI.

Konrunenranbabie MareMaTuky MmKosbl Jleiibnuia BHaYae He 3HAJM,
aro ¢dopma msnoxkenns B «Hadamax» HepeIKO OTIMIAETCA OT TEPBOHA-
JaJIbHOTO XoJa MbIcau Hpiorona. B Teuenme psija j1eT OHM 3aHMMAJIACH
OoJtee aHAJIMTUYECKOII TPAKTOBKOI TeX JKe BOIIPOCOB, HAWBHO JyMasl, YTO
OTKPBIBAIOT HEYTO HOBOE, HO CIIPABE/IJINBO CYNTASI, YTO SBHOE IIPUBJICYECHIIE
AHAJIUTUIECKUX COOOpaskKeHU HEOOXOAMMO JIJIsl MPOrpecca HAyKHU. 3JeCh,
IpezK/ie BCEero, HaJl0 YIOMSHYTb O IyTaHOil pabore camoro Jleitbuura, Ko-
Topas nosgBuiach B 1689 r., T. e. mocsie Berxoia B cBeT «Hawasry, ¢ koTopbivu
JleitbuuIL, IO €ro cja0BaM, TOIJIA €MIE He ycIes MO3HaKOMHUThCsS. OHa J10JIro
cuuTasack omubouHoit, Ho nourn 300 Jser crycTss ANTOHY yIaOCh-TakKu
MIPUIYMATD [IOCJIEI0BATEIbHY IO HHTEPIIPETAIIIO 3TOH PAOOTHI, IPU KOTOPOit
OHa OKazbIBaeTcs mpapuibHoi [3]10. Jlasee cBon CHTBI B 9TOM HAIIPABICHHMT

1OOT1\Ae‘{a${ 9TOT yCIeX HeJaBHO CKOHYABIIEI'OCdAd aBTOpa, HEJIb3d HE 3aMEeTUThb, YTO
II0ovYeMy-TO JazKe eBpOHeﬁCKHe MaTeMaTHUuKU — IIocJIe10BaTeIn I[eﬁ6HHLIa — OKa3aJIuChb He
B COCTOdHMM WUJIU HE IIOXKeJiaJIu CIejiaTh TO 2Ke caMoOe.
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upo6osad I1. Bapunbon (1654—1722). Cyus 1o ckazannomy B [2], [3], paboTst
Jleitbuuna u BapuHboHa MO OKA3aTh BJIUSIHUE IIPEUMYIIIECTBEHHO B TOM
OTHOIIIEHNH, YTO IPUBJIEKAJIN UHTEpeC K JAHHOM 3ajade, XOTs y HUX MOXK-
HO HAaiiTW W 3apOJBIININ NMPUEMOB, MOJIYUYMBIINX PaCIpoCcTpaHeHue B Gojee
MO3AHIOI0 3110Xy. B wactu 2 npmioxenus: VIII s ckaxy o ayTh 60see mo3/1-

Jleitbuury yTBep:Kaj, ITO OH He TO BooOIe He 3HaJ o «Hawamaxs, He To 3HAN, HO He
gprai ux. OJHAKO HeJaBHO ObLI M3ydeH MMeBLIMiicst y Hero sk3eMmiuissp «Hauamns. Ha
MOJISIX TIOCJIeAHEro ObLin OOHApPY’KEHBI MHOTOYHCJ/IEHHBIE ITIOMETKH, CBHIETEJILCTBYIOIINE
o ToM, 4ro Jleitbuum 1o kKpaiiHeii Mepe nbitasicsa duTaTh «Hauwasmas. Hackonbko oH mx
TIOHSII — APYTOit BOIPOC. BO3MOXKHO, UTO OH IBITAJICA IIOHATH UX KAaK-TO IIO-CBOEMY.

JlanHoe 3aMedaHUe SIBJISETCA KPUTHYECKUM B OTHOIIeHHMH JIeHOHUIIA, ITOSTOMY paau
IIOJIHOTBI KapTUHBI HAIO JOOABUTH, UTO OH HMMeeT H HEMAaJylo 3acjyry Iepel Mexa-
UKol — o (Besien 3a I'iofirencom) moguépkuBasl 3HaveHue (Kak Mbl Telepb OBOPHM)
KAHETUYIECKOI SHEPruu U 00paTus ocoboe BHUMaHUE HA COXPAHEHHE MEXaHHIeCKOH SHep-
TUH, XOTS STy OOIILYIO UAEI0 OH CMOL TOJIBKO IPOMJLIIOCTPUPOBATH Ha MPUMEPaxX KadaHnun
MasTHUKA U YIIPYTOro CTOJIKHOBEHHS IIapOB. B 0CHOBHOM TH IpHMepPHI ObLIH Pa300paHbl
10 HEro, HO TO 3HAYEHHe, KOTOPOe OH IPHUAABAJI SHEPIUH, CTHMYJIMPOBAJIO IO3HeHIIne
paborer U. Bepuysumn u JI. Ditnepa, riae Bonpoc 661 udyueH B 66bIeil 0OIHOCTH, & 9TU
pabotsl crumynupoBasu pabory . Bepruymiu, cipaBuBIIErocst ¢ MpakKTUYIECKH BarkKHeEH-
ILIUM CJIyYaeM CHCTEMBI IONapHO B3aNMOAECHCTBYIOIINX MATEPUAIbHBIX TOUEK C IEHTPAIIb-
vboiMu cutamu. (HproToH Ke, mo-BuamMoMy, cUMTa, 9TO ISl MEXaHUKH JIOCTATOYHO
MOHSATHUN CKOPOCTH, YCKOPEHUsI U CHJIBI, IIO9TOMY OH He IPHIAJ 3HAUYEHUS COXPAHEHUIO
SHEPIruy, KOTOPOE OH 3300 JI0 IIPOCTHIX JIEHOHUIIEBCKUX IIPHMEPOB 0OHAPYKUJI B 601ee
CJIOZKHOH 3ajjate O ABUXKEHUHU B IEHTPAJILHOM IIOJI€, — [JIsT HETO 9TO OBLIO IPOCTO HEKOE
MaTeMaTUIEeCKOe COOTHOIIEHHE, KOTOPOE SABJISETCH (MCIONb3ysl OATh-TAKH 60JIee HOBYIO
TEPMUHOJIOTHIO) CJIE/ICTBUEM ypaBHEHUH JIBUXKeHHs. Byay4du TakoBbIM, OHO (Kak HoJiaraji
HpioTOH) He MOXKET COJEpPKATh HUYEro IPUHIMINAILHO HOBOTO 110 CPABHEHHIO C ITUMU
YPABHEHUSIMU, XOTsI MHOIJIA M MOXKET [IOMOYb HCCJIEJOBATh CBOficTBa npuxkenwus.) Hano
cKa3arb, 9To Jleibuul BBEI ocoboe HAa3BaHME /s KHHETUIECKOH sHeprun (IpaBaa, y Hero
caMoro oHa GbliIa yJBOEHHOMN) — «xKuBas cuiiay. CiI0Bo «cmiiay Torpa (M MHOTO IIO3/Hee)
[IOHMMAJIOCh HE TOJIBKO B TOM CMBIC/IE, Kak 3T0 6buio y Helorona («cusa BbI3bIBaeT
YCKOPEHHE» ) ¥ KaK 9TO HOHMMAETCs TEelePhb, HO U B JOBOJIBHO HEONPEJECJIEHHOM CMBICIIE
HEKO€ero JIBUZKYIIEro Hadasla, CIOCOOHOCTH K COBEPIIEHHIO PaGOTHI U T. II. (B Pa3rOBOPHOM
A3BIKE 3TO CJIOBO YIOTPEOJISETCS €M1 IUPE — «CUJIBI IIPUPOJIBL, 0GCTOATEILCTB, 1yBCTB ).
YETKO OTENINB «KUBYIO CHJIy» OT IIPOYUMUX «CHJI», JIefOHUI, HECOMHEHHO, CIIOCOGCTBOBAJI
YTOYHEHHIO HE TOJIBKO TEPMHUHOJIOTMH, HO U OTPAXKAEMBIX €I0 IIOHATHUI, XOTs CaMO IO
cebe JaHHOE Ha3BaHMe He Kaxkercs (110 KpaifHeil Mepe, Ha HaIl CIyX) OCOOGEHHO yJad-
eiM. (HasBanue «3meprusi» mosiBuock nosgaee — tosbko B 1807 r. T. FOmr (1773—1829)
IIPEJIOXKUJI 3aMEHUTD UM <«KUBYIO CHILy», & YHOTPEOJIATh 9TOT TEPMUH B OOIIEM CMBICIIE
npepyioxkui Y. Peaknn (1820—72) B 1853 r. K ToMy BpeMeHH BBISICHHIIOCH, YTO COOT-
BETCTBYyIOIlee OOIlee IOHATHE HMeEeT 3HadeHue JJjId BCceil (OU3UKH, U ObLI yCTaHOBJICH
0611epU3NTECKU 3aKOH COXPAHEHUST SHEPIUH, HO [0 MOSBJICHUS TEPMHUHA <«IHEPIHUsl» IO
CTapUHKE IIPUXOAMUIOCH TOBOPUTH O «COXPAHEHUU CHJIBI». )

Jleiibuurr TakKe 33y MBIBAJICS HAJ, TaK HA3BIBAEMBIMU «BAPUAIIMOHHBIMU IIPHHIUIIAMIA
MeXaHUKU», HO 00 3TOM y3HAJIM TOJIBKO TOrja, Korga B cepeaude X VIII B. aTu npuHImms:
CTaJIu IpeIMeTOM 00CY2KIEeHHU 110 HHUIIHATUBE APYTUX JIHI, Ipexkae Bcero, I1.-JI. Monep-
Tion (1698—1757). Ilo-BramMoMy, HeOMyOIMKOBAaHHBIE PasMbIIUICHUS JIefOHUIa Ha 9Ty
TeMy (B OTJIMYME OT yKa3aHUs HA COXPAHEHUE SHEPIUH) HUKAKOIO BJIUSHUS Ha PA3BUTHE
MEXaHUKHU He OKa3aJIu.
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nx paborax U. Bepuymmm (1667—1748) u 1. Tepmanall, xoropble 61

npejcrapieHbl B [lapmkcekyio akajgemuio HayK B 1710 . 1 B KOTOPBIX yIKe
OIpeIesIEHHO OBLIO JIOCTUTHYTO HECOMHEHHOE IIPOJIBUKEHNE.

Ocobo Hajo ckazaTb 0 Teopuu ABukeHus JIyHol y HooToHa U y4EHBIX
XVIII B. HproTOH Ipo10/1:KaI 3aHIMATHCS €10 10 TMTOCTASHNX JIeT Ku3Hu. 13
pa3auIHBIX (HPAKTOPOB, «BO3MYIIAIOMNX> JABMKeHue JIyHbI B 3eMHOM 11071
TATOTEHUs, «YIPOIEHHOM» IIyTEM COCPEIOTOYEHUST MACCHl 3eMJIH B €€ TeH-
Tpe, IJIaBHBIM siBJIsieTCsi mpuTsizkenne CoJTHIa, 1 TOJIBKO ero HeI0TOH 1 cTpe-
muics yaectb. B «Hauanax» uzjioxken (B reoMeTpudeckoit (popme) BBIBOIL
YaCTHU IOJIYYEHHBIX UM K TOMY BPEMEHU Pe3yJIbTATOB; JIPYIHe Pe3YJIbTaThl
ykazanbl 6e3 pazbacuennit. B 1711 r. Hororon mammcan couunenne «Teo-
pus Jlynbr», comepakaiiee 0ojiee TOJTHOE M3JIOXKEHUE ITUX BOIIPOCOB BMECTE
¢ HeKoTOpbIMU j1obaBeHusMu. Ho oHO 66110 011yOJIMKOBAHO TOTHKO B 1772 1.
K sToMy BpeMeHu TpyramMu IpyruxX yIEHbIX — IIpexk;ie Beero, Kiepo, Jlamam-
Gepa u Diytepa — jaBuzkenue JIyHbl ObLIO Hccie0BaHO 3aHOBO. OrieHUBasT
noctmkenns HpoTona ¢ 3aBO€BaHHBIX HAyKON HOBBIX mo3uiuil, Jlammac
puUIés K BIBOMY, 9T0 HbioTOH omepemaus cBoE BpeMsi Jjiet Ha 50 mau 6ostee
TOT'O U 9TO OH PACIIOJIATAJ 3HAYUTEIHLHON YaCThIO HOCTPOEHHOM TIO3/IHEE TEO-
puu. Ho y Teopun HeroroHa, kax eé 3ua Jlamac, 661 OMH CyIIeCTBEHHBII
HEJIOCTATOK: OHA JaBaJia HelPaBUJIbHOE 3HAYEHUE JIJIsi [IEPEMEIEeHNs] C Te-
yeHHneM BpeMeHH nepures (GimrKaiimieii K 3emiie TOYKH) JYHHOH OPOUTHL.
(CkopocTb €€ cMeleHus 01y YaJach BIBOEe MEHbIIIE JieiicTBUTeIbHOI. ) Ma~
rematuku X VIII B. crosikaysinch BHaYaJ€ ¢ TOH 2Ke TPYIHOCTHIO, HO 3aTeM
Kaepo n Jlanambep crnpasmiauch ¢ uHeo. OkasbiBaercs, HbIoTOH TOXKe cMor
sro caesnars! Croycrs 150 Jrer nocie ero cmeptu Jiop IlopremyTekuit mosga-
puit KeMOpuIzKCKOMY YHUBEPCUATETY YacTh OCTaBIIUXCst OT HhroTOHA OyMar.
Ux wzyann Tx. Anamc (1819—1892) (Tor camblii, KOTODBI OIHOBPEMEHHO
¢ VY. Jlesepbe (1811—77) yKazaa KOODAMHATHI emié He OTKpbIToro Henryna;
MaTeMaTUKaM AjtaMc IaMsiTeH TakKyKe KaK aBTOpP OJIHOTO M3 CIIOCODOB YnC-
JIEHHOT'O PelleHus OObIKHOBEHHBIX M depeHImanbHbIX ypaBHeHnit). Aame
OOHAPYXKWJI, YTO B KOHIIE KOHIOB HBIOTOH HPUIIET K JOCTATOYHO TOIHO-
My BBIDAXKEHWIO JjIsl JBHKeHUsl 1epurest opoursl JIyuel. (Oznako MHeHUE
Yaugpacekapa 10 JJaHHOMY Bonpocy [57] He crosb GaronpusTao Jjist Hbro-
TOHA. ¢ ITUM He 3aHUMAJICH U [IOTOMY CBOEIO MHEHHUsSI HE MMEIO. )

HeroroHoBCKO# Teopuu aBUKeHUsT JIyHBI B COIOCTABJIEHUU C JIOCTH-
JKEHUSIMU €r0 IPEJIIIeCTBEHHUKOB M TIOCJIe0BaTe/ el MOCBSIIIEHa CTaThs

4. Tepman (1678—1733) — yuenuk $1. Bepmysun (1654—1704), crapmero 6pata
. Bepuymum. (Mexay npounm, moszmHee I'epMan B TedeHHE HECKOJIBKHUX JIET PabOTAJI
B IleTepOyprckoil akajeMun HayK, KOTOPYIO, KAK M HECKOJBKO JPYTUX YUEHBIX, MOKH-
HyJ1, Oy/ly4n HEJIOBOJIEH IIpaBJieHreM IedasbHo udBecrHoro M. J1. [lymaxepa, ¢ KOTOPbIM
BIIOCJIEJICTBUY TIOCTOSTHHO KoH(pmkToBas M. B. JlomonoCOoB.)
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«3aKOH BCEMHUPHOTO TSATOTEHWsT U TeOopusl JBUKeHus JIyHBI» BUJIHOTO acT-
poroma H. W1. Unenbcona (1885—1951), B Teuenue psijia jieT pyKOBOJUBIIETO
aCTPOHOMUYECKUMU Bbluucjenusmu B Jlennnrpaje. CraTbst omyOInKOBaHA
B cbopHuuKe [31] n BocnpouseeeHa B Kuure [30].

ITo muennio camoro Heiorona u maremarukoB XVIII B., 3nadenue mc-
CJIeZIOBAHUN NBUYKEHUS JIYHDBI IPEXK/ie BCETO COCTOSIIO B TOM, YTO PEIIasICsH
BOIIPOC, OIIPEJIEJISAETCs JIN ABUKeHne JIyHbI 3aKOHOM BCEMUPHOTO TATOTEHUS
win ver'?. Ho ¢ Hameil TOUKM 3pEHHs OHO STHM JAJEKO HE HCUEPIIEI-
Baercss. PakTUYecKd B 3TUX paboTax Hadaja pas3pabaTbIBATHCS TEOPHs
BO3MYIIIEHUI — KOMILJIEKC METOJIOB, NMPU3BAHHBIX OIPEJCTUTH H3MEHEHUsT
B JIBUKEHUSAX CPABHUTEIHHO IPOCTHIX (DU3UUECKUX CUCTEM (BPOJIE CUCTEMbI
JIByX TOYEUYHBIX MACC) IPU OTHOCHTEJILHO HEOOJIBIINX BO3MYIIEHUSIX, DE-
3y/IbTAT BO3/IEUCTBUS KOTOPBIX Y2Ke HEJIb3sI BHIPA3UTH HECKOJTHLKUMH TOTHBI-
Mz pOPMYJIAME, HO MaJIOCTh KOTOPBIX BCE YKe ITO3BOJISAET TOJIYIUTh XOPOIIIHe
pUOJ/IMKEHHBIE BBIPDAYKEHUsI JJIsi 9TOro pedyiabrara. ObyacTb npuMeHeHMd
TEOPHUU BO3MYIIIEHUI OIPOMHA (U HE UCUEPIIBIBAETCs OJHON TOJILKO HEOECHOM
MEXaHUKOI ).

Komeuno, y Heiorona teopusi BO3MyIeHuii He MOTJIA MMETb TOTO CH-
CTEMaTUYECKOI0 XapaKTepa, KaKoil ¢ caMoro HadaJja MpoCTyIasl B paborax
kopudeen HebecHo#t mexanukn cepeaumubl X VIII B., maske Korma oHHU, Kak
u Heroron, 3anmmasuce Tosibko aBukenueMm Jlyuer. st Takoil cucrema-

12000 BpeMst U3-3a JABUKEHWs MIEPUTest TYHHOH OPOUTHI MM Ka3ajioch, UTO HET. 3aTeM
C 9THUM CIIPABHUJIMCH, HO BCILJIbLIA HOBasl IIpobJIeMa — TaK Ha3bIBAaEMOE BEKOBOE YCKODEHUE
Jlyubl, obHapykenHoe ['asteem B 1693 r. Ha OCHOBaHUU aHAJIN3a CBEJEHUN O COJTHEYHBIX
3aTMEHUSIX Ha4YMHAs C AHTUYHBIX BPeMEH. ['asteil nmpuinés K BBIBOJY, YTO IEPHOJ oOpa-
mennsi JIyHsl BOKpyr 3eMuin co BpeMeHeM yMeHblnaercs. B 1787 r. Jlamac mpeiioxut
O6’])9{CH6HI/I€ 3TOT'O fABJIEHUA Ha OCHOBAHMHU OJHUX CHUJI TATOTEHUA. OH IIOKa3aJI, 9TO .HyHa
TaKMM CBOeOOpa3HbIM 00pa30M pearupyeT Ha MeJJIEHHOE U3MEHEHUEe SKCIIEHTPUCHUTETA
Op6PITI:,I 3(5‘1\1.)'[1/17 BBI3BAHHOE BO3MYINAIOIUM BJIMAHUEM NPUTAXKEHUA APYTrUX IIJIaHET Ha
nprkenne 3eMin. (DTor 3bdeKT Ha caMOM Jesie SBJISAETC EePUOAMYECKUM, HO C OY€Hb
0OJIbIINM [TEPHOIOM — IecaATKH Thicsad jeT. Ceituac nepuon obparenust JIyHbl yMeHbIIa-
ercs, a B JaJIEKOM OyaymieM OyjieT yBeaumuuBaThes.) Jlammac caurast, 9To MOCJE ITOro
HE OCTaJIOCh TaKUX OCOOEHHOCTeil B JBHKeHuU JIyHbI, KOTOpble He OODBSCHAJINCH ObI
Ha OCHOBaHMM 3aKOHa BcemupHoro tsaroreHusa. Ho B XIX B. BBISICHMJIOCH, YTO yKa3aH-
wbiit Jlamracom addekT BIBOE MeHbIle peaJbHO HabJogaemoro. /Ipyras »ke mojoBuHA
HabJIII0/1aeMOr0 BEKOBOI'O yCKOpeHUsI JIyHbI IMeeT COBEPIIIEHHO UHYIO IPUINHY — reodu3n-
YEeCKYI0. DTa IPUYMHA COCTOUT B IPUIMBHOM TPEHUH (IIOIVIONIEHUU SHEPTUH IIPHJIUBHBIX
BOJIH B MOpsiX). EfBa 11 Ha10 06bSICHSATH, 9TO 110/ €0 BJINSTHUEM BPAIleHne 3eMJIN 3aMe I~
ssteTcst (MeXK/y IpPOoYnM, Ka4eCTBEHHO 9TO ObL10 npenckasano 1. Kanrom (1724—1804));
OTHIOZb HE CTOJIb OYEBMJHO, YTO NpH >TOM JIyHa ymassiercs or 3emuin (OG’LHCHHTL
9TOro 5 He Oy/y, IPOILy HMOBEPHTH Ha Cy0BO). Ilpm ymasenun JIyHBEI OT 3eMJin CKOPOCTH
€€ JIBMKEHUs 110 OPOHUTE [I0JI?KHA YMEHBIATHCS, & JJIMHA OPOUTHI yBEJIHMYUBATHCS, UTO
VIJINHSET [Iepuoj] obparenus JIyHbI, HO 3aMejlIeHne BPAIleHUs] 3eMJIU «IIEPEBEINBAET>,
U 9TO IPUBOAXT K KarKyIIEMyCsl YMEHBIIIEHUIO IIepruojia obparnenus JIlyuosl (u3mepseMomy
110 3eMHBIM CYTKaM).



210 IIpunoxenne VI. O «Maremaruuecknx Hadajaax HaTypasbHONH dumocoduns

TUIHOCTH BCs TEOPUs HAUNHAS C IPEIIIECTBYIOMNX [JIAB MEXAHUKH JOJZKHA
ObL1a 661 60JIEE TTOCTIEIOBATEIHFHO PA3BUBATHCS IPEUMYIIECTBEHHO B aHAJIH-
TUYECKOM CTHIIE, 8 Y HBIOTOHA 3T0 BCE-TaKH OBLIIO €IIE He COBCEeM TaK (Jaxe,
HACKOJIbKO MOYKHO CY/IUTh, B HEOITyOJINKOBAHHBIX [T€PBOHAYAJILHBIX UCCJIEI0-
BAHMAX, KOTOPBIE OH IIOTOM II€PEIEJIbIBAI s IyOJuKAInd, «3anmndpoBbI-
Bas» UX COJIepsKaHue B cHHTeTHIeckoM ctuie) . ¢1 me ToBopio y»Ke 0 moaTn
Hen30eKHOI HermoHoTe paboT mepBonpoxora. Ho Bcé man moaru Bcé 310
MOXKHO CKa3aTh U IO MTOBOJIYy IIPOYEro Marepuala, BKIJYEHHOrO B «Haua-
Jiay, U TeM He MeHee B MCTOPUU TOYHBIX HAYK HEMHOI'O HaIETCs COTMHEHMI
CPaBHUMOTO 3HaYeHUsi. ¥ BbI, y pabor HboToHA 110 Teopuu jBuzkenus JIyHbI
(1 TeM caMbIM [0 TEOPUU BO3MYIIEHHUIA), KOTOPbIE HE YCTYHAIOT 110 YPOBHIO
€ro JpyruM AOCTH2KEHUsM, Ccyabpba okasasach mHOi. Ero maremarudeckue
PYKOIIUCH 33J10JI0 JI0 CBOEH 3aI103/1aJ101 IIyOJIUKAIINY TIOJIY YUJIA HEKOTOPYIO
U3BECTHOCTH CPEIH aHIVIMICKUX MATEMATHKOB U TEM CaMbIM BCE-TAKU IIPH-
HECJIM HEKOTOPYIO TI0JIb3Y, He TOBOPsI YK€ O CTUMYJIUPYIOIIEeM BO3eificTBUM
M3BEeCTHIl O HEKOTOPLIX €ro pesynbrarax. «Hadama» XoTb u ¢ TPyIOM, HO
BCE-TAKM YUTAJIUCH (U HEePeKJIaJIbIBaINCh Ha GoJjiee MOHATHDI aHAJIATHYE-
CKUii A3BIK, ITO MOPO OBLIO «PACIHII(PPOBKOity MEPBOHAYAIBLHBIX PACCY K-
nennii Hetorona, a nopoit u Her). Ho «irynHasi» pykomucs 1711 1., Bugumo,
0 cBoero omybsimkoBaHusi B 1772 1. ocraBajiach COBEPIIEHHO HEU3BECT-
HOI (BO3MOXKHO, [IOTOMY, YTO IPEAMET HOHAYAIY KAXKETCsd CIElHAJbHBIM
U crocobGeH 3aMHTEePEeCOBATh HEMHOIHX ); TeM 6oJiee He ObLIIM U3BECTHBI MaTe-
puasiel, onasiue B pyku Anamca B 70-x rr. XIX B. Bouio m3BecTHO TOJIBKO
TO, 9TO cojiepKaJioch B «Hauamaxy. Jlanaac MOT OHSITh JJAHHYIO TaM CBO/I-
Ky, COIIOCTaBJIsIA €€ ¢ TeM, 4To 3HaJj. Kjiepo ke, KOTOphIii BHAYAJe HEe MOT
UMeTh TaKuX 3HaHUil, nucay: «llocjie HOJMruxX pasMbllIeHU HaJl Teopueii
Heiorona u me 1oCTUTHYB TOU cTerieHn yOeXKAEHHOCTH, KOTOPOIi 1 OYKUIIAI,
s pernuI OOJIbIIIe HUYIEro Y Hero He 3aNMCTBOBATD U CAMOCTOSITEILHO UCKATH
onpejie/ieHns] JIBUXKEHUsI HeOECHBIX TeJI, P €JUHCTBEHHOM JOIYIIEHUU 00
UX B3aMMHOM HIpuTsKeHun». (IluTupoBaHo 1m0 yNOMSHYTOH BBINIE CTATHE
W nesibcoHa, KOTOPBIIt JI06aBJISIET, UTO «IIOCJIe UCCIIEI0OBAHUSI 3TOI TPOOJIEMBI
HOBBIMI MeTojiaMu..., Kiiepo kK BesmdaiiiieMy CBOEMY yIWBJICHHUIO HTPHUIIE
K TEM K€ CaMBIM De3yJibTaTaM, 0 KOTOPhIX Hb0TOH coobmaeT Ha cTpaHu-
nax ,,Hagans. 910 orHOCHTCS K TIepBBIM ycrexaM Kiiepo; moBTOpsiio, 9To
H03/IHEE OH, KaK ¥ €r0 COIEPHUKH, IIPOJIBUHYJICS JAJIBIIIE. )

BEcmm ydaecTb ycuex HploToHa ¢ mepureeMm JIyHHOH OpPOHTHI (CTaBmI/Iﬁ M3BECTHBIM
[O3/HeE), TO CO34AETCsl BIEYaTJIEHNe, 9TO MareMaTuku cepenuubl X VIII B. npessomm
Heiorona ryiaBHBIM 006pa30oM B TOM HMEHHO OTHOIIEHUU, UTO UX METOABI ObLIn OoJiee
CUCTEMAaTUICCKUMU U OTKPBITBIMHU JIJIe ganLHeﬁmero pa3BuTHsd, TOrJa Kak B OTHOIIIEHUN
UX OKOHYATEJIbHBIX (Ha TOT MOMEHT) BBIBOJIOB O JABHKEHUH JIyHbI UX IIPEMMYIIECTBO ObLIO
HE TakK YK BEJIUKO.
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«Hauana» 3akanauBatorcs pazzesniom «Ob6iee noydenues. Criepsa B HEM
Pe3IOMUpYIOTCsT Bo3pakeHusi poTuB JlekapToBoii Teopun Buxpeil. 3arem
0TMeYaroTCst 0CObeHHOCTHU B cTpoeHnn COJIHEYHOM CUCTEMBI: OPOUTHI IIJIAHET
MMEIOT MAaJIble 9KCIEHTPUCATETHI (UTO HE MOXKET UMeTh UUCTO MEXaHUIEeCKO-
o 00bsICHEHNST, OO OHO OTHOCHJIOCH OBI M K KOMETaM, & UX OPOUTHI BEChMa,
SKCIEHTPUIHBI) ¥ HAXOJAATCSI IIPUMEPHO B OJJHOM IIJIOCKOCTH, IPUIEM JIBUZKE-
HUS IPOUCXOSAT B OJHOM HAIIPABJIEHUH; TO YK€ CIPABEIJIINBO JJIsI M3BECTHBIX
TOIJIa CILy THUKOB IIjIaHeT. « Takoe uzsiiineiiee coepuaenne CoHIA, TIJIAHET
U KOMET He MOIJIO IPOU30UTH WMHaYe, KaK 10 HAMEDEHHUIO U 10 BJIACTH
MOTYIIIECTBEHHENIIEr0 U IIPeMyIporo cymectBay. (Terneps Mbl CKIOHHBI 3a-
MEHUTH «CYIIECTBO» IPOTOILUIAHETHBIM JUCKOM, HO JeTalu He scHbl.) Jdasnee
Hyroron mosicusier ¢CBOE MOHMMAHUIE 9TOTO «CYIIECTBay, T. €. bora. Bpouewm,
COTBOPUB MUP, BOr 1IpejocTaBuI JajibHelilnee JeHCTBUIO UM K€ CO3IaHHBIX
ecTeCTBEeHHBIX 3aK0HOB 4. OJIMH U3 HUX — 9TO 3aKOH BCEMUPHOT'O TATOTEHNU,
KoTOpbIit HbIOTOH IpUHUMAaeT KakK IKCHepUMeHTaJbHbIH (dakT. «[Ipuammy
2K€ 9TUX CBOICTB CUJIbI TATOTEHNUS ¢ JI0 CHX IIOP HE MOT BBIBECTH U3 ABJICHUH,
IHUIOTE3 YKe f He W3MBIIIAo» 1. Tlocaenamit a63al HAIMHACTCS CIOBAMHE:
«Temepn cenoBaso 661 KOE-9TO J0OABUTH O HEKOEM TOHYAMUIIEM ddUpe...»,
C KOTOPBIM ITPEJIITOJIOKUTETBHO CBSI3aH Psiji (PUBUIECKUX U OUOJIOTUIECKUX

14Bor HploToHa He MOXKET BEYHO IIOYHBATL HA JlaBpax: IMOJOOHO YaCOBBIX JIEeJI Ma-
crepy, OH JIOJIZKEH BDEMsI OT BPEMEHH 3aHOBO IIPUBOJUTH B IOPSJIOK CO3JAHHBIA UM
MeXaHU3M — TaK CKa3aTh, YUCTUTH, CMa3blBaTh, PEryJINPOBaTh U PEMOHTUPOBATH, — UHAYE
BCcE paccrpourcsi. [IpuyumHa COCTOMT B BO3MYIIEHMSIX B JBUXKEHUSIX IJIAHET M3-3a UX
B3aUMHOIO NPUTS2KEHUsA. HBIOTOH MOT' JJOBOJIBHO TOYHO BBIMUC/ISATH STU BO3MYIIEHUS JIJIst
He O4YEeHb 60.J'ILH_II/IX IIPOMEZKYTKOB BPEMEHU; I10 ero MeToaM II0JIydaeTCd, YTO HEKOTOPbIe
BO3MYIIIEHUsI MOT'YyT BCE 9TO BpeMst HapacTaTh. Torja kakercst, 4To oHu Oy/1yT BO3pacTaTh
n JaJiplie, a 3TO CO BPEeMEHEeM HapyIIUT TapMOHUIO IIJIAHETHBIX ,HBI/I}KQHI/Iﬁ (3al\IeTHO
U3MEHATCA pa3Mepbl U (OPMbI OPOUT, MX pacloJioKeHue B npocrpancrse). Tyr Bor
BMEIINBACTCA U BOCCTaAHABJINBAECT IIOPAIOK.

B «Havasax», HACKOJIBKO s 3HAIO, TAKUX BBICKa3bIBaHUIi HET (I10{03PEBAI0, YTO BOIPOC
06 ycroitansoctr CostHETHO# cucTeMsl TOrma emé He 611 ocMbicieH). Ho B 6osee nosaaeit
«Onruke» sICHO CKa3aHO, YTO HenpaBuibHOCTH B COJIHEUHOI cHUCTeMe, ITPOUCXOSIIUE OT
B3aUMHOIO IIPUTSI?KEHUSI IJIAHET, CIIOCOOHBI «HAPACTaTh JI0 TeX IOp, ITOKAa 9Ta CUCTEMA HE
noTpebyeT IIOJIHOTO IPEOOpPa30OBAHUS.

Bosee Tounble MeTOABI, PA3BUTHIE IIO3/IHEE, IIOKA3AJIN, YTO HA 3HAYUTEIHHO OOJIBIINX
NIPOMEXKYTKAX BPEMEHH CYIIeCTBEHHBbIE W3MEHEHHUsI OPOUT HMEIOT KOJIeOATEsbHBIM Xa-
pakTep, ocraBasCh HeOOIbIIMMU. Tak JiM 3TO HAa OGECKOHEYHOM <IIPOMEXKYTKE» BpEMe-
HU — HEfACHO, HO M3BECTHO, YTO B HEKOTOPBIX prOH_LéHHI)IX 3aJa4d9ax TakK ﬂeﬁCTBI/ITeHbHO
6yner Beuno. Ilo-Bummmomy, eciam B CoJIHEYHON cuUCTEME U BO3MOXKHBI 3aMETHBIE H3-
MeHeHUsI OPOHT IUIAHET, TO TOJIbKO 3a BPEMsl, CPaBHHMOE C IIPOJOJIKHUTEJIBHOCTHIO €€
cymecTBoBaHusA. Tak 4To Bory moka BMemmBaTbCA HE3aUEM. (C KOMEeTaMU JIeJI0 OOCTOUT
uHAade; O HAX OH, BUJIUMO, He 3a00THTCH. )

1510 kakOBOI IpUYMHE OH U GBI 0603BaH DHTEIBCOM «HH/ILYKTHBHBIM OcioM». Criacufo
kopudero Bcex Hayk: ecsan HbIOTOH — 0céi1, ToO BCeM HaM U IIOJaBHO HEYEro IIePEXKUBAaTh
IO TIOBOJLY OMPAHUYEHHOCTU CBOMX CIIOCOOHOCTENR.
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apmennii. [Tocmennsasa dppasza: «Ho 970 HE MOXKET OBITH M3bHSICHEHO BKPATIIE,
K TOMY K€ HeT U JIOCTATOYHOT'O 3allaca OIBITOB, KOUMU 3aKOHBI JefCTBUS
3TOr0 3bupa GBIIH ObI OIIpe/IeIeHbI U TOKa3aHbl» 0. @axTiueckn nocieamit
af3a1;— 9TO 3aBelaHne CJEIYIONUM CTOIeTHAM (KOTOPbIe Pa300paIiCh-Ta-
KM B yKa3aHHBIX HBIOTOHOM SIBJICHUSIX, HO B KOHIIE KOHITOB OOONLINCH 0e3

acupa).

16 C\. mpempiyIee HOACTPOYHOE IPHMEYAHIIE.
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ITpursikenne OZHOPOAHOIO miapa (UM IIapa, COCTOSINErO U3 OJHOPOJI-
HBIX KOHIIEHTPUYECKUX CJIOEB) MOXKHO OIIPEJEJIUTD JIUOO C IOMOIIHIO BBHIUUC-
JieHnii (Tax, B 9acTHOCTH, 661710 Y HbioTOHA, 06/I9MBIIEr0 CBOM BHIYUCIICHHS
B P€OMETPUUIECKYIO (hOPMY; THIIOTETUYIECKAsT PEKOHCTPYKITHS €r0 X018, MbIC-
Jeit cxkaTo mzoxkena B [40]Y, 6o ¢ TOMONIBIO HEKOTOPBIX paccyKjeHuit,
IpY KOTOPBIX BBIYUCJIEHUIT TIOYTU He TPeOyeTCs, HO UCIOIB3YIOTCS UIEH, TI0-
SBUBIIIEC CITyCTd BeK nocye Hplorona. 3/ech GyIer omimcan BTopoil myTh2.

O61mas uest, KOTopast BO3HUKJIA [03Hee 310 uies 1noisd. Cuepsa (B Tpy-
nax Jlamnaca u ero COBpeMEHHUKOB) 9TO BblIa IMCTO MATEMATHIECKAS HIes],
HO co BpeméH M. @apagest (1791—1867) n Tx. K. Makcsesuta (1831—1879)
BO3HUKJIO ¥ YKOPEHUJIOCh TAKKe M (PU3NIECKOE TOHIATHE ITOJIS.

Hawm my»kHa TOJIBKO MaTeMaTHIecKast Uaest, HO s CKaxKy 1 o ¢pusnke. 13
MMOBCETHEBHOM YKU3HU HAM XOPOIIIO M3BECTHO, UTO TaKOe BerecTBo. Pusnka
XVIII B. yTouHMIA PA3IUIHBIE CBOMCTBA BEIECTBA, & IOTOM (OKOHYATEIHHO
yxe B XX B.) ObLIO JIOKA3aHO, YTO MPUBBIYHOE HAM «CILIONTHOE» BEIIECTBO
COCTOWT M3 ATOMOB, KOTOPBIE 00bEINHSIIOTCS B MOJIEKYIbl. HO OKa3bIBaeTcsl,
WMEIOTCA He MeHee peajbHble (DU3MIECKne OOBEKTHI — I10JIsI, OCHOBHBIME
IpUMEPAMHU KOTOPBIX SBJISIIOTCS TIOJIE TATOTEHUS U SJIEKTPOMATHUTHOE TIOJIE.
(B MuKpoMupe UMEIOTCs U APYTHUe IOJIsl, HO OT HAIIE MOBCEIHEBHOMN KU3HN
9T0 naseKo.) IIpuBbIUHOE IPOsIBIIEHNE TI0JIsI COCTOUT B TOM, YTO BO3JI€ HEKO-

1Brupouem, Yanapacekap [57] coMHeBaeTCa B JIOCTOBEPHOCTH STOMH PEKOHCTDYKIIHM.

2J_II/ITT.J'IBy,E( upuayMaJl, Kak U3JIO2KUTh PAaCCy>XKJeHNd, COOTBETCTBYIOIIUE BTOPOMY IIy-
TH, He nTpuBJieKkas aBHO nouaTuil XIX B. On momyckaer gazke, uro HeroTon Mor 661 npuiitu
K TAKUM PACCYZKJICHUAM, €CJIA Obl PAHBIIE HE HAIIE BBIYUCIUTEILHOTO PEIeHIs 3a/1a49H,
¥ 0O'bSICHSIET, KaK 9TO MOIJIO ObI npousoiitu. ¢l He cTaJ ciieoBaTh BapuaHTy JIuTTiByma,
[IOTOMY YTO T€ IOHSATHUsI, 6€3 KOTOPBIX OH YXUTPHUJICS ODONTHUCH, BCE PABHO BarKHBI.

TIpu BBIYMCIUTENILHOM IIOAXO/E HENOCPEJICTBEHHO PACCMATPUBAIOT IMPUTSIKEHUE cde-
pudecKoil 060JI0YKH, IO KOTOPO PABHOMEDHO PACIpeesIieHa HEKOTOpas Macca, U JIOKa-
3BIBAIOT, YTO BHE ODOJIOYKHU €€ IMPUTSIXKEHNE TOYHO TAKOEe YKe, KAKOe IOJIyIYUTCsI, €CIU BCIO
Maccy 0BOJIOYKHU COCPEIOTOUUTD B €€ IeHTpe. UToObI c/iesiaTh OTCIO/NA BBIBOJ, O IIPUTIXKE-
HOU [1apa, pasbuBAIOT €ro Ha KOHIEHTPUUECKHUE CJIOU M 3aMEHSIOT IIPUTAXKEHUE KaXKIOTO
CJIOSI TIPUTS2KEHUEM C(EPUTIECKON 0O0IOUKN TOH »Ke MacChl. 3apaHee He MCKJIIOYEHO,
YTO OTBET IIPH TaKO# 3aMeHe OymeT TOJbKO NpuOmKEHHbIM. Ho veM Tombine OymyT
KOHIIGHTPHYIECKHE CJIOW, Ha KOTOpBbIe MBI pa3bHBaeM IIap, TeM MEHbIIe Oymer orrubka.
A Mexzy TeM OTBeT BCE BpeMs IOJIYYaeTcs OAMH U TOT Ke (BHE LIapa HPUTIXKEHUE
TaKoe »Ke, KaK €CJH Obl BCs €ro Macca — CyMMa MacC COOTBETCTBYIOIINX OOOJIOYEK,
T. €. CJIOEB, — ObLIA COCPEJOTOYEHA B €0 LEHTPE). SHAUNT, OIIMOKA STOrO OTBETA MEHBIIIE,
TeM JII000€ TOJIOYKUTEHHOE IUCIIO0, & 9TO O3HATAET, ITO OTBET HAa CAMOM JeJie TOYHBIMH.

Heroron paboras uMeHHO ¢ 06OJIOYKOMN.

3aMedy, YTO MPU BBIYUCIUTEIHLHOM IIOIXOJIE TOXKE MOXKHO BHECTU HEKOTOPbBIE YIIPOIIe-
HUA, UCIOJIB3yd KOe-4TO U3 60nee TIIO3HUX I/I,Hel‘;Il Ha/J0 BBIYUCJ/IATH HE HaHpH}KéHHOCTB
moJisA, a ero moreHnuas. ¢ He Gyy Ha 9TOM OCTAHABIMBATLCA. BoJjiee HMOATOTOBJIEHHBIE
YUTATENN MOIVIH y3HATH 00 9TOM, 3HAKOMSICH C JIEKTPOCTATHUKOMN.
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€ro BEIIECTBEHHOIO 00beKTa («UCTOUHUKA IOJId» ) Ha JPYrHe KYCOUYKd Be-
IeCTBa JeHCTBYIOT HEKOTOPbIE CUIbl. (B ciiydae 3/IeKTpOMArHUTHOIO T10JIst
BEIECTBO, O KOTOPOM HJIET pedb, JOJKHO HECTU 3JIEKTPUUECKUEe 3apsiJibl.
Wuoria oHn B3aMMHO KOMIICHCUPYIOTCS, HO IIPU TOTIAJIAHUN B 3JIEKTPOMAT-
HUTHOE II0JIe BCE-TAaKHU HPOsBIIAioTcs.) CliepBa 9TO IBITAIKUCH ONUCHIBATH
KaK TpsIMOe JeHCTBUE OJHUX OODBEKTOB Ha JApyrhe. Takoe OommcaHume I
CHJI TpaBUTAIun maércst 3aKoHOM HbroToHa. st 3/IeKTPpUIECcKOro TMoJIs
MMeETCsI aHAJIOTUIHDIN 3aKOoH Ky/IoHa, HO 9TUM JI€JI0 He KOHYAETCS: HA JIBU-
KYIHUECs 3apsajIbl JefICTBYIOT eIé MarHUTHBIE CUJIbI. [[OTBITKE BBIPA3UTH
3aKOH UX JIMCTBUSA B KAKOM-TO aHAJIOTHIHOM BUJIC HE YBEHUIAJNCH YCIIEXOM.
3aTo yBeHUYaJ aCh IIOJHBIM YCIIEXOM HIEsl, YTO B IIPOCTPAHCTBE, OKPY2Kaio-
IIIeM UCTOYHUK TIOJISA, TTPOUCXOIAT KAKNE-TO N3MEHEHHsI, TaM MMEETCsT HEITO
BO3JIEHCTBYIOIIEEe HA MOMEIMIEHHBIE B 3Ty 00JIACTh KYCOYKHU BerecTBa. Mbl
BOCIPUHUMAEM 3TO BO3JEHCTBUE KaK JIeHCTBUE HCTOYHUKA IIOJIsT HA 3TH
KYCOYKH, & Ha CaMOM Jiejie HEMOCPEJCTBEHHO HA HUX JEHCTBYEeT CO3JaH-
HO€ 9THM MCTOIHUKOM ToJie. Ilote mMmeeTcss m TaM, Tlie HUKAKUX KYCOIKOB
BEIIEeCTBA HET, XOTS MBI 9TOI0 He 3aMeYaeM. 3aKOHBI, OIMCHIBAIOIIUE II0JIE,
HOCSIT COBCEM HWHOI XapakTep, UeM 3aKOHBI THUIA HHIOTOHOBCKOTO 3aKOHa
BCEMUPHOT'O TSATOTEHUsI Wi 3akoH KysioHa, — Beb IOJIe PACCPEIOTOYUECHO
B IIPOCTPAHCTBE, HECKOJIBKUMU MaTEPUATBHBIMU TOUYKAME TYT HE 0OONTHCH.
CooTBeTCTByOIINN MaTeMaTHIecKuil ammapar — 310 andpepeHimaibabie
ypaBHEHUS B 9aCTHBIX TPOU3BOIHBIX, OMTUCHIBAIOIINE TTOBEIEHNE B TPOCTPAH-
CTBE U BPEMEHU Te€X BEJIMYUH, KOTOPbIE XapaKTepU3yIOT TOJIE.

DTO OTYACTH HAIIOMHUHAET BEIIeCTBEHHYIO CILIOIIHYIO CPEey, U I03TO-
MY JIOJITO€ BPEMsI IIBITAJIICH OObLICHUTD HOJIeS KAK IIPOSBJICHIE IIPOIECCOB,
IPOMCXOISIINX B HEKOEi 0c0D0i BeelpoHnKaloleit cpeae, «3dupes. Ho oka-
3aJ10Ch, ITO ITOMY IPUPY MPUXOIUTCS TPUTHCHIBATH CBOMCTBA, KATECTBEHHO
OTJINYHBIE OT CBONCTB BCEX BEIECTB, M €0 HUKAK HeJIb3sd OOHAPYKUTD.

A Torma He cledyeT JM IPU3HATDL IIOJIE <IIEPBHYHON peaJbHOCTBIO»? Ha-

STaBHBIM 06Pa30M, SIEKTPOMATHETHOE; JJIi BCEMUPHOTO TSATOTEHHUS JIOJITO XBATAJO
HBIOTOHOBCKOI'O 3aKOHA, TaK YTO OOpaInarbCs K (PU3MYeCKOMY ITOHUMAHMUIO I10JIsi ObLIO He
0065138 TEJIbHO, XOTSI MaTeMaTHIECKasl TPAKTOBKA 9TOT'O IIOJIsI CHCTEMAaTHIECKH UCIIOIb30Ba-
sack. «Pu3nuecKoe» NOHMMAHUE MPABUTAIMOHHOIO NOJIs (OKA3aBIIeeCs TECHO CBA3AHHBIM
C HEEBKJIMJIOBON reomerpueil) ObLIO JOCTUIHYTO TOJAbKO A.DitHmredinom (1879—1955).

4B obsAsaTeNbHOlM IS COBETCKOI MHTEJUTUTEHIINY eTMHCTBEeHHO BepHO# (110 ompejiese-
HUIO) W BCECHJILHOM (B 9€M JIeTKO GbLIO yOequThCst Ha COOCTBEHHOM ombITe) dmuiocodpun
JMAJIEKTUYECKOIO MaTEPHAIN3Ma UMEJICS TEPMHUH «MaTepusi». PaHee OH GBI CHHOHUMOM
«BEI[eCTBay, HO B AuaMare MproOpésn 6osiee MIMPOKU CMBICT KaK «OOBLEKTUBHON peajib-
HocTh». Takoe ymorpebieHme CI0Ba «MaTEpHUs» COIVIACYETCS C M3PEUEHUSIMU KOpudeeB
MapKCU3Ma-JIeHUHU3Ma (0 MOJIAX Te He 3HaJM, HO HPOABWIINA H3BeCTHYIO duocod-
CKYIO OCTOPOKHOCTb, BO3/IEPZKABIINCEH OT U3JIAIIHEN KOHKPETH3AIUH CBOUCTE «MaTE€PU» )
u noroMmy Oblno ucrosnb3oBano dusukamu Bpoge C.U. BaBunosa miu B. A. Qoka, mbi-
TABIINMHUCS O0ECIIEINTH CBOOOLY PA3BUTHUs HAyKH IIyTEM ITOAXOSINEH WHTEPIPETAINN
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pasHe ¢ BemecTtBoM? Tem Gostee, 9TO MHOTHE TPUBLIYHBIE CBOMCTBA BeIle-
CTBa, OKA3BIBAETCS, SIBJISIOTCS He KAKUMU-TO <«IIE€PBUYHBIMU» CBOWCTBAMU,
a CJIEJICTBUSIMU 3JIEKTPOMATHUTHOTO B3aWMOJEHCTBUSI COCTABJIAIOIINX ITO
BEIeCTBO ATOMOB (T. €. TI0JIEBBIX IIPOIIECCOB!) B COYETAHNH € OCOOEHHOCTSIMU
KBAHTOBOU MEXaHUKH — MEXAHUKU MHUKDPOOOHEKTOB.

B sroit KHM2KKE HAM HY>KHO TOJBKO MATEMATHIECKOE TOHATHE TOJIs, IO
cyIiecTBy ropasno 6osiee nmpoctoe. Eciu Kaxk10# ToUKe HEKOTOPOil ob1acTu
(nam mazke BCEro IPOCTPAHCTBA) COIIOCTABJIEH HEKOTODBIH BEKTOP (KOTO-
PBIii IpU 3TOM OOBIYHO IPEJICTABJISIIOT cebe KaK HaIpaBJIEHHBIH OTPE30K
C HAYAJIOM B 9TOI TOUKE), TO TOBOPST, UTO B 9TOH obsacTu (MM BO BCEM
[IPOCTPAHCTBE) 33JAHO BEKTOPHOE II0JIe, & €CJH COIOCTABJIEHO HEKOTOPOEe
YHUCJIO, TO TOBODAT, YTO 3aJIAHO CKaJIIpHOE IoJie (KOTJa BEKTOPbI KakK Obl
IPOTHBONIOCTABJIAIOT YHCJIaM, TO IIOCIEIHUAEC HA3BIBAIOT CKaJgpamu). Kak
BUJIHO, IOHSITHE CKAJISIDHOTO IIOJIsi 110 CYIIECTBY COBIAJAET C IOHSITHEM
byHKIMMA, yTOYHUM: (DYHKIMH C YUCJIOBBIMH 3HAYEHUsIMA. A BEKTOpPHOE
[I0JIE — 9TO IO CYIIECTBY (PYHKIIUsI, TOJIHKO IPUHUMAIOIIAsl BEKTOPHBIE 3HA~
qennsi. B 0boux cirydasx mopasyMeBaeTcs, 9To PYHKIIN 33/1aHa B HEKOTO-
poii 0bJiacTu MPOCTPAHCTBA UJIU, HA XY/I0i1 KOHEIl, B 00JIACTHA Ha HEKOTOPOI
[IOBEPXHOCTH (HAIIPHMED, IJIOCKOCTH ); BIIPOUEM, HIUTO He MeIlaeT TOBOPHUTh
U O BEKTODHOM TI0JIe Ha HEKOTOPOH JmHUY (HAIpHMEp, Ha OPAMO min eé
HHTEpBaJIe) — MHOI/IA TaK TOXKE JIEJIAIOT.

Eciin MmaTemaTunyeckoe mOHITHE TI0JIsT PABHOCUIBHO HOHITHIO (DYHKIINAM,
TO 3a9eM yIOTPeOJISIOT Ba HA3BAHUS JIJIsl OJTHOTO W TOTO Ke 00beKTa? DTo
JIEJIAIOT B CBSI3HM C TeM, KaK JIAHHBIH OOBEKT BO3HUK U (MIM) 9TO B CBSI3U
C 9TUM MbI COOUPAEMCs ¢ HUM JI€JIATh, TAK YTO 9TO BOIPOC He (pOPMAJIBHOTO
ompejiesieHsl, 8 CMBICJIOBOTO OTTeHKa. B Halm JHU MaTeMaTHudIecKue IMoJis,
KaK IOJCKA3bIBAET HA3BAHIE, YACTO BOZHUKAIOT [IPU U3y IEHUN PUINIECKUX
moseit. Bupodem, nambosiee HATTISAHBIN TPUMED BEKTOPHOTO MOJISI HE COBCEM
TAKOB — OH CBsI3aH C BEIeCTBOM. VIMEHHO, ec/ii MbI IMEEM JIEJI0 C TeIeHHeM
JKUJIKOCTU WJIM Ta3a B HEKOTOPOU 00JIaCTH, TO KarKJIOW e€ TOYKe COOT-
BETCTBYET BEKTODP CKOPOCTH TOW YACTHUILI YKUJKOCTH, KOTOpasi B JIAHHBIMA
MOMEHT BPEMEHH HAaxXOIUTCs B 3To# Touke. Ilomydennoe BekTOpHOE moJIe
HA3BIBAETCsI BEKTOPOM CKOPOCTEil (JaAHHOIO TeUeHuUs ); OHO MOXKET U3MEHSTh-
cs co BpeMeHeM. duTaTesb MOT BHIETH (poTorpadun Tedennii, B KOTOPBIX
HEKOTOPBIE YACTHIIBI JKUIKOCTH (Ta3a) TeM WU HHBIM CIIOCOGOM (IIOIKPAIIN-
BaHMEM, 33 [bIMJIEHIeM ) ciiesialbl BuuMbiMu. Ha dbororpadusix BumHbI TaK

nosIoyKeHuit nuamara. ITocKonbKy 06HAPY2KHUIIOCE, ITO IIOMUMO BEIECTBA UMEETCS APYTrast
«O0'bEKTUBHASI PEAJIBHOCTDb», NCIIOJIb30BaHNE TEPMUHA «MaTepHusi» B Oojiee 0bIIeM CMbICIIe
(,zum 0003HAUYEHNsI BCEX «IIEPBUYHBIX PEAJIbHOCTE» — ceiidac 3TO BEIEeCTBO U I0JIe, a CO
BpEMEHEM, MOKET OBbITb, MOSBUTCSA W €I UTO-HUOY/b) [IPEJCTABIIAETCS BIIOJIHE IIEIeCOo-
0Opa3HbBIM.
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Ha3bIBaeMbI€ JIMHUU TOKa; B TOYKaX TaKOU JIMHUAU BEKTOPBI CKOPOCTH TeYe-
HUA KaCaroTCs 3TON JIMHUMN. ﬂpyFOﬁ HaI‘.HH,ZLHI)IIU/I IIpuMep — CUJIOBbIE JIMHUU

f

MATHUTHOTO TOJIsA (3TO yKe Hacrosiee dbu-
suveckoe mose). KacarenbHble B TOYKAX
9TUX JIMHAN HallpaBJIeHbl TaK 2Ke, KaK Ha-
HpaBJeHbl JefCTBYIOMNE B 3TOM I10JI€ CUJIBL.

\

Yurareab, BEPOATHO, BULEI, 9TO XKEJIE3HbIE
N ONUJIKA B MArHUTHOM II0Jie 0OpasyloT «Iie-
HOYKU» UIH «IOJOCKH», BLITSHYTHIC BIOJb

cunoBbix JuHui. (Puc. 83.)
- IIpocToit mpuMep CKAJAPHOTO IIOJIST —
3TO moJIe TemIeparyp. VMeerca HeKoe Ha-
rpeToe Tejlo; KaxKJ0il ero TOYKe COINOCTAB-

Puc. 83

JIAETCA 9UCJIO — TeMIIepaTypa B ITOM TOYKE;
9TO U €CTh MHTEpeCcyroniee Hac IoJIe. B neko-

TOPBIX CJIyYasgX N3ydeHue BeKTOPHBIX 0Jeit CBOAUTCS K U3YYEHUIO BCIIOMO-
raTebHBIX CKAJISIPHBIX I0JIefl, y2Ke He CTOJIb HAIVISIHBIX. 9 He Oyxy sToro
O00DBSCHATD, HO, €CJIN YUTATEIb JOCTATOTHO 3HAKOM C IJIEKTPOCTATHUKOM, OH

\1/

!

Puc. 84

MOZKET IojlyMaTh O mnoJie noreHruaia. Cosep-
IIIEHHO AHAJIOTMIHBIM 00Pa30M IIOJIIO TATOTEHUST
TOYXKE COIIOCTABJISETCH CKAJIIPHOE II0JIE COOT-
BETCTBYIOIIEroO IIOTEHIUAA (UCTOPUIECKU C Tsi-
TOTEHUEM ITO IPOU3OINLIO JAaKe PAHDBINE, €M
C JIEKTPUIECTBOM ).

Paccmorpum mose Tarorenus, cosnasaemoe
HEKOTOPBIM TEeJIOM WJIM HEKOTOPBIMH TeJIaMHU.
Hanpsizkénnocrs E = E(A) sToro mosist B T04-
Ke A —3T0 cuiia, ¢ KOTOpOil JaHHOe II0JIe Jeli-
CTBYET Ha ITOMEIEHHYIO B TOUKY A «IIpobHYI0»
eIMHUYHYIO Maccy. lakum obpaszom, dpusnude-

CKOMY OOBEKTY — IOJII0 TATOTEHUsI — COIMOCTABJISIETCST BEKTOPHOE T10JIE Ha-
npsikEéHHOCTH. HanpsiKEHHOCTH TOJIsT TSTOTEHHUsI, CO3aBaeMOr0 TOUYETHOI
Maccoit M, naxojisieiicss B TOUKe S, eCThb

/M A4S

B(4) = 45 Tas]

Cwta, JeficTByIOMAs B 3TOM TOJIe HA TOYEUHYIO MACCy 1M, HAXOJSILYIOCS B
Touke A, paBHa, KaK MbI 3HAEM,

fMm AS

Jm 20 LE(A).
A5 jas] ~ "B
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3HAYUT, €CIM MMEETCS KAKOe-TO TI0JI€ TSTOTEHWUsI, CO3JaBaeMoe, BOOOIIE
rOBOpsl, YK€ HE OJNHOI MaTepUaJLHON TOYKOH, a HEKOTOPBIMH TEJIaMH,
U €ro HalpSKEHHOCTb €CTh K, TO Ha TOYEUHYIO MAcCCy 1M, HAXOMIILYIOCT
B Touke A, neicreyer cuia mE(A). JeicTBUTENBHO, MBI IIPEJCTABIISEM
cebe HAIIE MOJIE KAaK CO3JIAHHOE HEKOTOPBIMU MATEPUATBLHBIMU TOYKAMH S;
(HproToH mOIpasyMeBas Obl, 9TO TOCIEHAE CYTh «KOPITyCKYJbI» (ATOMBI,
MOJIEKYJIbI ), U3 KOTOPBIX COCTOST HAIIN TEJIA); CUIIA, JIefCTBYIOIas Ha IIPO0-
HYIO €JIUHAYHYIO MACCy B TOUKe A, sBJIAETCS CyMMOR CHJI, JAeHCTBYIONMX
Ha HEE BO BCEX ITUX IOJAX, T.€. HAINPSIKEHHOCTH HAIIErO I0JIS paBHA
CyMM€ HAIPSI?KEHHOCTEH MOJIell ¢ «ucToYHMKaMu» Si; ¢ APYyTrol CTOPOHDI,
cuta, JEefCTByIOmas Ha Maccy m B TOUke A, paBHA CyMMe CWII, JEACTBY-
OMUX HA Heé BO BCEX ITUX IOJISAX, 4 YK 00 3THX CHUJIaX MBI 3HAEM, UTO
OHU PABHBI IIPOU3BEICHUIO 11 Ha COOTBETCTBYIOIINE HAIPS KEHHOCTH. TaK,
3Has HANPIKEHHOCTH II0JIsI, MBI MOYKEM Cpa3dy OIPEJE/UTh, KaKas CHJIA
JIeficTByeT Ha MaTepHaJbHYI0 TOYKY Macchl m. Ho mpu ToM ympomaercs
7 ONPEJIENIEHNE CUJIBI, JAEHCTBYIOMEH Ha Kakoe-HuOy b Teso T, He CBOJIs-
meecss K MaTepUaJIbHON Touke. MbICciIeHHO pa30o6bém T Ha CTOIb MAJIble
YACTH, Pa3MEPAMH KOTOPBIX YK€ MOXKHO IMPEHEOpeUb, T. €. KOTOPhIE MOXKHO
CUUTATH MATEPUATLHBIMEA TOYKAME; IIyCTh OHU WMEIOT MAcChl 1My, M2, . . .
U PaCIIOJIOKEHBI B Toukax A1, Ag, ... Torma Ha i-10 MaTEpUATBHYIO TOYKY
neficryer cuna m;E(A4;), a cymmapnast cuia, gefictByomas va T, paBHa
mi1E(A1) + meE(A2) + ...5 (g cistommoro Tesa 3a/1a4a CBOUTCH K Bbl-
YHUCJIEHUIO HEKOTOPOI'O UHTErPAJIA. )

Urak, mojie TArOTEHUs! TIOJHOCTHIO XaPAKTEPU3yeTCsl CBOCH HAIPSIZKEH-
HOCTBIO, TAK UTO €r0 MAaTEMATUYECKOE OIUCAHUE JCHCTBUTEIHLHO CBOJUTCS
K HEKOTOPOMY BEKTOPHOMY MOJI0. MbI XOTHUM JI0Ka3aTh, YTO HAIIPSAKEH-

5TIpw 5TOM B HAIITEM MOJIE TATOTEHUs JacTh Testa T MOTYT KaK GbI CTPEMUTHCS JBUTATh-
cs1 mo-pasnomy. C 9TUM CBA3AHO sIBJIEHHE MODPCKUX IPUJIMBOB U OTIMBOB (IIOZ AeHCTBHEM
nputskenns JIyuer u CosHIla OKeaHCKasl BOAA HAUYMHAECT JBUTATHCA HECKOJILKO HMHAYE,
yeM TBépaas 3emiist). Ecin reno T TBEpmoe, TO «KECTKas» CBA3b MEXKJLy €ro YacTAMH
3aCTaBJIAET UX JIBUTATBCS «B3AaUMHO COIVIACOBAHHBIM» 00pPa30M — TaK, YTO PACCTOSHUS
MeXKJIy HUMU He MEHSIOTCs, HO IIPU 3TOM B 1’ BO3HUKAIOT BHYTPEHHHUE CHJIbI, KOTOPBIE
Ha3bIBAIOT IIPUJIMBHBIME. J1JIsi BpaIalommuxcst BOKPYT 3eMiIi HeOOIIbIINX NCKYCCTBEHHBIX
CIIyTHUKOB IPHUJIUBHBIE CHJIbI HUYTOXKHBI, HO OHU MOTYT OKa3aTbCA OTPOMHBIMH JJIS
00bEKTa aCTPOHOMUYECKHX Da3MEpOB M Jake pasopsarTh ero Ha dactu. (Eaumcrso me
CJIMIIIKOM MAJIOI'O €CTECTBEHHOTO CIIyTHHUKA IIJIAHETHI OIIPEesIseTCs He ero TBEPIOCTHIO,
T. €. CUJIaMH MEXKMOJIEKYJIAPHOI'O CHEIJIEHUs, a HbIOTOHOBCKUM IIPUTAXKEHUEM ero 4dacTeit
apyr K apyry. Ecau ciyTHHK oKarkeTcs 6sirKe K IIJIaHeTe, 9eM TaK Ha3bIBAEMBIH «IIPeest
Pomay, Gopbba MeKay MIPHUTSKEHHEM €ro dacreil ApYr K APYLY U UX [IPUTIKEHHEM
K IUIaHeTe CTAHEeT HEPABHOM, U CIIyTHHK pPaclaJEéTcs Ha 6oJiee MeJIKHE YacTH, B Ipefesax
KaXKJOi M3 KOTOPBIX NPUJINBHBIE CHJIBI OYAyT HE3HAUUTEJIbHBIMHU. EIMHCTBO KarkIoi U3
STHX YacTell MOAJEPKUBACTCA y2Ke He €€ COOCTBEHHBIM TATOTEHUEM, — JJIS MAJIOTO TeJa
OHO emg 6oslee HE3HAYUTEIBHO, — & MEKMOJIEKYIISIPHBIMY B3aHMOIEHCTBHSIMY. )



218 IIpunoxenune VII. [Ipurskenne mapa

HOCTb I10JIsl, CO3/IABAEMOr0O OJHOPOIHBIM (UJIM COCTOSIIIUM U3 OJHOPOJHBIX
KOHIIEHTPHUIECKUX CJIOEB) mmapoM Macchl M ¢ mentpom B O u pajuyca a,
B HaXoJIsIeiicst BHe mapa Touke A paBHa

_ fM 40
B = Liop o <2>

Beiiie, 00bsICHSIsI, UeM YKe BEKTOPHOE (MM CKAJISIPHOE) TI0JIe OTIINIAeTC s
or GYHKIUM € BEKTOPHBIMH (WJIM CKAJISIPDHBIMM) 3HAUYEHUSIMU, sl CKA3aJ:
dopMaIbHO y HAC OHH HUYEM HE OTJIUYAIOTCH, HO (PAKTUIECKHU, TOBOPS
0 1OJIe, UMEIOT B BHJY, KaK 9TOT OOBEKT BO3HUK U (MJIM) YTO MBI COOH-
paeMcst ¢ HUM JiesiaTh. 110 moBojy 1I€PBOTO s MOSICHUJI, UTO TOJIe 9acTo (HO
He BCerjla) BO3HUKAET KaK MATEMATHUECKOe onucaHne (bU3NIECKOro IOJIs.
B Hamem ciaydae (HAIpPsiKEHHOCTH TOJIsI TATOTEHMsI) TaK OHO U ecThb. I1o
MIOBO/Iy BTOPOI'O HAJIO CKA3aTh, YTO MMEETCH HECKOJHKO IOHSITHIl, CIIeIu-
dbudeckux WMeHHO i 1ojisd. [yt mosieit hbU3MIecKoro MPOMCXOXKIEHUS
9TU TOHATUS WUMEIOT (PUIUIECKUN CMBICT U OOBIYHO (DUTYPUPYIOT B TeEX
WA UHBIX (DU3NIECKUX 3aKOHaX. 1€ »Ke IMOHSTUs MMET CMBIC] W JIJIs
«MaTeMaTUIeCKuX» IoJjell, OyAydr B 9TOM CjIydae, KOHEYHO, YK€ IIPOCTO
HEKOTOPBIMU MaTeMaTudeckuMu obbekramu. PopMaaIbHO HUYITO HE MEIIAeT
paccMaTpPUBATDH 9TU OOBEKTHI JJIA KAKOH-HUOYIb BEKTOPHO MJIN CKAJIAPHOMN
dyuxnun, 3aaHH0I B HEKOTOPOH obsactu. Ho ecim obpamienne Kk TakomMy
00bEKTY EACTBUTEIBHO OKA3bIBAETCS IIEJIECOO0PA3HBIM 110 XapaKTepy pac-
CMaTPUBAEMOTO BOIIPOCA, TO YaCTO OBIBAET YMECTHO HA3BIBATH HMCXOHYIO
(CKAISIPHYIO WM BEKTOPHYT0) (DYHKIMIO TT0JeM. DTO Cpa3y BBI3bIBAET B IIa-
MSATH KOMILIEKC MPEJCTABJICHUI U PE3yJbTaTOB, TPAIAIINOHHO OTHOCUMBIX

K MaTeMaTUIeCKOU TEOPUHU CKAJSIPHBIX U BEK-

" TOPHBIX TOJIEH, YTO TOYXKE MOXKET 0Ka3aThCs T10-
JIE3HBIM.
- Hawm monamo6uTcest 0HO TaKoe MOHSATHE, CIie-
7 — nnduIecKoe I BEKTOPHBIX IOJIEH.
— Paccmorpum criepBa BEKTOpHOE T10JI€ CKOPO-
- —, Creiv KAKOTO-HUOYIb TOTOKA YKUJIKOCTH HJIH

raza ¢ 1wiorHoctbio p. Kosmuecto (macca)
Kuggoetn (Tasa), NpOTEKAromeil 3a eMHUILY
Puc. 85 BPEMEHH 4Yepe3 HEKOTOPYIO IOBEPXHOCTH Y, Ha-
3bIBAETCA IIOTOKOM BEKTODHOI'O IOJIA PV depe3

9Ty MOBEPXHOCTh. 3J1€Ch MOJIPA3YMEBAETCsI, YTO TE€UEHUE SIBJISIETCS CTAIA-
OHAPHBIM; 9TO 3HAYWUT, 4TO IIOTHOCTH p(A) u cropocTh kujKocTH Vv(A)
B Jyi06oit Touke A e 3aBucar or Bpemenu t. (pyroe mesno, 9ro gacruia



IIpunoxenune VII. Ilputsizkenne mapa 219

JKIJTKOCTHY | TlepeMenmasch co BpeMeHeM M3 OJHOiI TOYKH B JIPYryIo, MO-

JKeT UMeTh B Pa3/JUYHLIX TOYKAX Pa3JIMIHbIE CKOPOCTH, IIO3TOMY CKOPOCTh
JaCTUIBI, BOOOINE TOBOPS, 3aBUCHT OT BpeMeHH. IIJIOTHOCTH B pa3IMmIHBbIX
MecTax, Kyja MOYKeT MOTaJaTh YaCTHIA, TOXKE MOTYT OBITh Pa3HBIMM.)'

Brecém HekoTopble yTounenus. [Ipexk e BCero, BIOJTHE MOXKET CJIy IUTh-
cd, 9TO «3a CIUHHUIYY BPEMEHH» YaCTh YKHJIKOCTH, NPOINEANIeil depes X,
ycueer emé pa3 (a MoxKeT ObITb, U HE OJWH Pa3) CHOBA HpPOiiTH 4Yepe3 X.
Toryia 9Ta YacTh Kak Obl JBaxKjbl (& TO W OOJIbIEe UUCIO PA3) 3aCdu-
TBIBAETCS B «KOJUYECTBO KMJKOCTH, IPOTEKAIOIIE 3a eIUHHUILy BpEMEHU
vyepes Y». Ecimm 6b1 MBI pacCcMaTpUBaJIN YKIJIKOCTh KAK COBOKYIIHOCTH OIPOM-
HOT'O YHCJIa ATOMOB WJIA MOJIEKYJI, TO, KOHEYHO, MOXKHO OBLIO ObI CKa3aTh,
YTO MBI CYATAEM YHUCJIO COOBITHH, COCTOAIIAX B TOM, 9TO KAKOH-TO aTOM

SHuxke HeckolbKO pa3 BCTpEYaeTCss STO HA3BAHWE, TOITOMY CTOHMT MOSCHUTH €ro
cumpbica. [Tog yacTumaMu »KugaKoCTH OOBIYHO IIOHUMAIOT BOBCE HE T€ ATOMBI UJIU MOJIEKYJIbI,
U3 KOTOPBIX 3Ta KUJKOCTH COCTOUT. ECJ'II/I TOBOPUTH 06 9TUX aTOMaX U MOJIEKyJiaX, TO
UX CKOPOCTH MOTYT CHJIBHO Pa3jIMdaTbCsd, TAK UTO MOBOPUTH O KAKOW-TO E€IMHON CKO-
pocrr v(A), KOTOPYIO »KHIKOCTb MMEET BO3JIE JAHHOH TOYKH A IIPOCTPaHCTBA, MOXKHO
TOJIBKO B TOM CMBICJIE, 9TO V(A) eCTh CpeHss CKOPOCTH ATOMOB U MOJIEKYJI B HEKOTOPOM
MaJjioM 06béMe Bozdjie A, KOTOPBIH XOTsI U MaJI, HO BCE YK€ OIPOMEH 110 CPABHEHUIO C Pa3Me-
paMu caMuX aTOMOB M MOJIEKYJI U CO CPEIHUM PACCTOAHUEM MEXKy COCeITHUMHU aTOMaMHnu
(MosteKysIaMu), & IIOTOMY OH COZEPYKUT MHOIO ATOMOB (MOJIEKYJI) U Pa3syMHO I'OBOPHTH
06 mx cpenmeit ckopoctr. JacThb »KUIKOCTH, 3aIOJHSAIONLYI0 TaKOi 0ObEM, M Ha3bIBAIOT
«JacTUedl KuaKocTh». Ecin 06bEM B3ATH CIUNIKOM OOJIBIIAM, TO €r0 MOXKHO CYUTATH
COCTOAINM ¢33 MHOI'MX 4YaCTUI], U HUX CKOPOCTHU BIIOJIHE MOTYT Dpa3/IndaTbCA; TOBOPA
0 YacTuIle, Mbl UMEEM B BHJLY, YTO OHA CTOJIb MaJla, 9TO B €€ Ipejesax CKOPOCTh TEUEeHUst
NIPAKTUYIECKH TIOCTOSIHHA, IPUIEM TO YK€ CaMO€ OTHOCUTCS U K JAPYTUM «MaKPOCKOIIUYE-
CKHUM>» BeJIMYUHAM — JJId HaIlIuX Heﬂeﬁ BazKHa TOJIBKO IIJIOTHOCTD, BOOGH_[e K€ B MeXaHUuKe
KUJKOCTEH U ra3oB GOJIBIIYIO POJIb UTPAIOT JABJICHUE U TEMIIEPATYDA.

TaKOB @I/I3I/I‘{6CKI/II71 CMBICJI TIOHATUA YaCTUILbI. HpI/I MaTeMaTU4YeCKOM OIIMCaHUHU Te-
YeHUs KUAKOCTH (MJIM ra3a) Mbl OOBIYHO PAcCMATPHUBAEM €6 KaK <«HIeaTUM3UPOBAHHYIO»
CILIOIIHYIO CPEJly, XapaKTEPU3yeMyIO OIPEJIeJIEHHBIMU BEJIMYUMHAME, KOTOPbIE MOTYT Me-
HATHCSA OT TOYKM K TOYKe (Ha CAMOM JIeJIe 9Ta KAPTHHA SBJISAETCA Pe3YJIBTATOM yCPEeHe-
HUS JBUXKEHUN U B3aNMOIEHCTBHIl OIPOMHOIO YHCJ/Ia ATOMOB M MOJIEKYJI, O U€M B paMKax
caMoii 3TOl KapTHUHBI MBI Kak Obl 3a0biBaeM). B paMkax 9Toif KapTHHBI «9aCTHIAa» — ITO
[IPOCTO OYEHb MaJlasl 9aCTh YKHUJKOCTU (M TOJIBKO KOIJIa Mbl BCIIOMUHAEM 00 ATOMHO-MOJIe-
KYJIAPHOM IIPUPOJIE BEIECTBA, TO YyTOUHSIEM, UTO C «MUKPOCKOIINYIECKON» TOYKU 3PEHUS
«9aCTHLA» BCE ¥Ke JOBOJIBHO BEJIHKA).

7ECJII/I ZKe€ TOBOPUTH O HECTAaIlUOHAPHOM TEYEeHUU, KOr/Z[a 3HAYUCHUE IIJIOTHOCTU P U CKO-
pocTH V B TouKe A MOXKeT U3MEHATLCS CO BpeMeHeM, Tak uto p = p(A, t), v =v(A, t), To
TOBOPSIT O HOTOKE PV Yepe3 X B JAHHBIM MOMEHT BpeMeHU t = 1, IOHUMAas IO STUM ITIOTOK
nons p(A, t1)v(A, t1) ¢ aTuM cambiM bUKCHPOBAaHHBIM ¢1 depe3 X. MoxKHO 66110 6Bl HE
crosb popMasbHO cKa3arh Tak. Ilycts Q(¢) — kommaectBo xuakoctu (rasa), MpoTeKIee
depe3 X 3a BpeMsl OT HEKOTOPOI'O HadaJbHOIO MOMEHTa tg mo Momenta t. Torma moTok
[OJIA PV Yepe3 Y B MOMEHT BPEMEHU ¢ = t] — 9TO 3HAYEHHE B STOT MOMEHT BPEMEHU
npomssoguont dQ(t)/dt. (Takoe onpeneseHne roguTCsl, KOHEYHO, W JJIsl CTAIUOHAPHOTO
Te4YeHusl. )

HaM He HpI/IﬂéTCﬂ UMeTh [1eJI0 C BEeKTOPHBIMU IIOJIAMHU, MEHAIOIMMHUCA CO BPEMEHEM.
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mepecéK Y; eCJIM OH IMEPEcEK X JIeCATh pa3, TO 3TO maér BKaax 10 B 00-
Imee 49uCJIo nepecederuit. Ho MBI XOTHM TOBOPUTH O IIOTOKE Ha YPOBHE
OOBIYHBIX MaKpOCKONWYecKux mouaTuil. Torna Hamo ObLIO OBl BHECTH HA/I-
Jiexkarnue (popMaJjIbHbIE YTOYHEHHsT B CKA3AHHOE BBIIIE O TOM, UYTO KAKUe-TO
9aCTU YKUJIKOCTH 3aCIATHIBAIOTCS IO HECKOJIBLKO pa3. BmecTo sToro mporre
OTYACTU U3MEHUTb TOUYKY 3PEHUs U CKA3aTh, YTO MBIl PACCMATPUBAEM KOJIU-
4ecTBO KuUIKoCTH AQ), IpOTEKINee Yepe3 Y 3a MaJblili OTPe30K BpeMeru At,
u Gepém AQ/At. Bupodem, cTporo ropopsi, 3T0 He BCETJa CIACAET: eCJIN
[JIe-TO V KaCaeTCsl X, TO BO3JIe TOYEK KACAHWS BIIOJTHE MOXKET CJIYUUThCH,
YTO KAKHe-TO YACTUIII KUIKOCTH, €/IBa YCIIEB [IePECcedb Y., CPa3y »Ke CHOBA
MOTIAIA0T Ha Y, U Kakoe Obl Majioe At Mbl HU B3SLIH, KAKAs-TO YaCTh YKUJI-
KOCTH OyZIeT 3a 9TO BpeMs MPOXOIUTH Uepe3 Y JBAXKIbI WU emé 0OJIbInee
qucyio pa3. Huke st 6yj1y ”rHOpUPOBATH 9TY BO3MOXKHOCTB, [IOTOMY YTO JIJIs
MOWUX IieJieil 00CY 2K IeHre TTOTOKA KaK KOJIMIEeCTBA XKUJIKOCTH, IIPOTEKAIOIIei
yepes X, IMeeT IPeIBAPUTENIbHBIN, HaBomAIuil xapakTep. Moeil nesbo ceii-
qac ABJsgeTCH HeKasi (popMysia, Jaroias HeKOe BhIPaKeHNe JIJIsi IOTOKA PV
qepe3 2. Korga s e€ mosydy, s U3MEHIO OIpe/ieJIeHne TOTOKA, CKa3aB, ITO
paBast YaCTh ITON (DOPMYIIBI — ITO OTHBIHE U €CTh HOTOK. 10r/1a, KOHEYHO,
B HEKOTOPBIX CJIyUYasiX OCTAHETCs] HE COBCEM SICHBIM, KAKO€ OTHOIIIEHUE STOT
HOTOK OyJIeT UMETh K KOJUYECTBY JKUIKOCTH, IIPOTEKAIOIIEl uepe3 ¥ (4ToObt
OH MMeJI OTHOIIEHUE, HHOTJIA OJIHY U TY K€ JaCTHUILy BCE yKe HaJ0 ObLIO Ob
YUUTHIBATH HECKOJILKO pa3). Ho 910 He umeer st HAC 3HAYCHMUS.

Tlopazmo cymecrsennee caemyromee. [lycrs peus uaér o redennn B Tpybde,
MPOTSIHYTOM, KaK OOBIYHO B 3ajadax, «u3 HnyHKTa A B myHKT By, 1pu-
9éM pacCMaTPUBAIOTCS JIBA CJIydasi — B OJHOM YKHUJKOCTb Tedér u3 A B B,
a B gpyrom —u3 B B A. KoyimuecTBO KUJIKOCTH, TPOXOIAIIEN 38 CEKYHILY
qepe3 TMOMEPEdHOe CeUeHne Y TPYOBbI, MOXKET OBITH JJjIsI ODOWX TeIEHMUI
O/INHAKOBBIM, HO, OYEBHUIHO, B M3BECTHOM CMBICJIE 9TO IMPOTUBOIIOIOXKHBIE
cJIydau. YCJIOBUMCS CAUTATh, UTO KOT/Ia KUJIKOCTh TEUYET, CKaxKeM, u3 A B B,
TO IOTOK V 4Yepe3 X IMOJIOXKUTEIbHBIN, a Korna u3 B B A — oTpunare/bHbIii.
B 60J1ee ob1ieM ciryuae MbI TOXKE IPUHAMAEM, UTO KOTJIA XKHUJKOCTD IIepece-
KaeT MOBEPXHOCTD Y. B KAKYIO-TO OJIHY CTOPOHY, TO IMOTOK IOJOXKUTETbHBIH,
a ecu B 00paTHYIO CTOPOHY, TO OH OTPHUIATEIbHBIIH. Kakmy 06pa3oM MOKHO
dbopMaIbHO YKA3aTh, ITO BOT B 9TY CTOPOHY MOTOK CIUTAETCS OJTOXKUATE b
ueiM? MbI GysieM paccMaTpuBaTh TOJLKO TJIAJKUE OBEPXHOCTH % (B KaXK-
Joi Touke A Takoi MOBEPXHOCTU UMEETCsl KACATEIbHAS IIOCKOCTh, TPUIEM
9Ta IJIOCKOCTH HEMPEPBIBHO 3aBUCUAT OT Aj; TOBOpsI HAIJISIHO, Y. HE MMEET
U3JIOMOB WU 3a0cTpenuii). B kaxoil Touke A riaJkoii mOBepXHOCTH X
UMeeTCsT HOpMaJIbHas K Helt ipsimast N 4, T. €. IpsiMast, TPOXodIiast uepe3 A
U TepIeHIMKYJIpHasl K KacaTeJbHOW IJIOCKOCTH K IIOBEPXHOCTH B 3TOM
Touke. Ha N4 mMeroTcst J1Ba IPOTUBOIIOJIOXKHO HAIIPABJIEHHBIX €IUHUIHBIX
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Puc. 86

BEKTOPA, KOTOPbIE KOPOTKO HA3BIBAIOT <«CJUHUYIHBIMUA HOpMAIaMu» (K X
B Touke A). ITycTh MBI OPHEHTHPOBAIN HOPMAJBHYIO TPAMYTO N4, T. €. BBI-
Opasn Ha HEll TOJI0KATETHFHOE HATIPABJICHIE; HHBIMUA CJIOBAMHU, MbI PEITHIN
[IPUHATH OJMH M3 TUX BEKTOPOB €IMHUYHON HOpMaju (0BO3HAYMM ero
vepes n(A)) 3a «ykazaresb MOJOKUTEIBHOTO HAPaBIeHusi». Toraa Bo3ie
TOYKM A €CTeCTBEHHO CUUTATH HOTOK IIOJIOXKUTEIBHBIM, e BeKTop V(A)
HANPABJIEH B Ty XKe CTOPOHY, uTo u n(A), T.e. eciiu nupoexuus v, (A) Bek-
Topa v(A) Ha opmenTHpoBaHHYIO HmpaMyo N4 momoxuTenbra’. U Takoit
«yKa3aTesIb OJIOKATENTHHOTO HAIPABJIEHU» HAJ0 BHIOPATDH BO BCEX TOUKAX
HOBEPXHOCTH Y, TaK YTO HA Y. OIPEAEJSeTCd I0JIe eIUHUYHBIX HOPMa-
seit n(A). Koneano, 310 HAO CIIEJIATH «COTJIACOBAHHBIM 00Pa30M», UTOObI
¥ 9TOTO T0JisI He ObLIO paspbiBoB. IIOHSTHO, 9TO ecsin Mbl BbIOepeM n(Ap)
B KaKOH-TO ToUKe Ag, TO BO3JIe 3TOIl TOUYKH COOTBETCTBYIOIIEE HAITPABJICHAC
OLIPEJIEJIUTCS Y2Ke OJHO3HAYHO U3 ycJoBuii, 4robbl y nosst n(A) He ObLIO
Pa3pbIBOB U 9TOOBI B TOUKE Ag IOy dasics BHIOPAHHBIN HAMU BEKTOD. 3aTeM
MOXKHO TIepeiTn K 6oJiee TAJEKUM TOYKAM, U T. .

8HanoMuHaro, 4To eciii MpsAMas OPUEHTHPOBAHA, TO JIEJKAIIUE HA HEll BEKTOPbI MOXK-
HO paccMaTpuBaTh KaK 9HCiIa, MO0 BCe OHM IOJIY9arOTCsl YMHOXKEHHEM IIOJIOKUTEIHHO
HAIIPABJIEHHOTO €JIMHUYHOIO BEKTOpA, JIEXKAINEro Ha STOH IPsMOi, Ha HEKOTOPbIE HHC-
Jla — KOOPZMHATHI TUX BEKTOPOB Ha 3Toi npsmoil. IIpoekmus v(A) ma N4, paccmarpu-
BaeMasl KaK BEKTOD (TaKOBO M ObLIO €€ IepBOHAYAJILHOE OIPEAEIeHUE), ecTh Uy (A)n(A)
C HEKOTOPBIM 9HCIIOM Un, (A). Bbime ono TOXKe HaspaHo npoeknueit v(A) ma Ny.
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Puc. 87

31ech UMeeTCsi OJHA TOHKOCTD: CYIIECTBYIOT IIOBEPXHOCTH Y, JIJIsi KOTO-
PBIX IOMBITKA TOCTPOUTH HEIIPEPBIBHOE I0JIe eIMHUIHBIX HOpMAaJieil He yiia-
ércs. [Ipumep — xoporro u3BecTHbIi et Médbmyca, KOTOPBIit JIETKO CKJIEUTD
u3 GymaxkHoit nosocku (puc. 87). Ecam mbl HauHéM ¢ KaKOH-HUOYIH €ro
Touku Ag, BHIGpaB B Heil eMHIIHY 0 HOpMaJib N Ag), TO Toria MOXKHO IpU-
CTYIIUTH K TIOCTPOEHUIO TI0JIsI N Ha, BCEM JincTe MEOuyca, nBurasich or Ay «BO
BCE€ CTOPOHBI» U HEIIPEPBIBHO ITPOJTOJIZKAST HAIIIE TT0JI€ eIMHUTHBIX HOpMAaJIeil.
Ho 310 npuBoauT K mpOTHBOPEYHUIO: KOTJA MBI CIEJIaeM OIMH 000POT BIOJIb
JINCTA U BEPHEMCST B TOUKY Ag, MBI IPUJEM TYJIa C HAIIPABJIEHUEM €IMHUTHON
HOPMAJIH, TPOTUBOIIOJIO?KHBIM [IEPBOHAYAIBHO BHIODAHHOMY.

Eciin ckyents et Mébuyca u3 GyMaru u MombITATHCS 3aKPACATH OTHY
€ro CTOPOHY, TO OH OKarKeTCsl 3aKpAaIleHHbIM «C¢ obemx cropons. (IIpex-
craBbTe cebe, YTO HOpMAJIK Ha pUc. 87 3aMeHeHbl KUCTOYKAMU. ) ByMarKHbIit
suct Mébuyca MOXKHO paccMaTpUBaTh KaK OYE€Hb TOHKOE TEJIO, KOTOPOe
TIOJTYIaeTCs, €CJIN Ha KarXK 01 HOpMaIbHOM IpaMoit N4 «HUIealbHOTO» JIUCTa
Mébuyca ¥ (HacTosiIeli TOBEPXHOCTH, He MMEOIEN TOJIIUHBI) B3sITh Te
TOYKH, KOTOpbIe OTCTOAT OT A He Gojiee 1ueM Ha &, e € > 0 0UeHb MaJo.
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I'pamumia 3TOr0 TOHKOTO Te€JIa COCTOWT M3 MoBepxHOCTH [, 0Opa3oBaHHOM
TEMHU TOYKAMH, KOTOPbIE OTCTOSIT OT COOTBETCTBYMOIMMX TO4YeK A Ha &,
u emé «DOKOBOI» IOBEPXHOCTH, TOYKU KOTOPOIl JIeKAT HAa HOPMAJIbHBIX
npsiMbIX N 4, B3ATBIX B TOYKaxX Kpas jaucta Mébuyca .. Korma Mb1 «kpacum
guct MéGuycay, MBI Ha CaMOM Jiejie Kpa-
cuM moBepxHOCTh 1. Ecmm 661 Ha Y mMmesoch
HEIIPEPBIBHOE IT0JI€ €MHIIHBIX HOPMAJIEH N 4,
TO TMOBepXHOCTH [l cocrosiia ObI W3 JABYX
vqacrelt [Ty, ITo (0/iHA — 9TO KOHIBI BEKTO-
POB €Ny, OTJIOXKEHHBIX OT COOTBETCTBYOIIMX
ToueK A, JIpyras — KOHIIBI BEKTOPDOB —EN 4 ).
Torma, HawtaB KpacuTh, cKaxkeMm, I11, MbI ObI
TOJIBKO 3Ty YacTh IoBepxHoCcTU I 1 3aKkpacu-
s, a Ha IIo He mepemnuu 6b1. Ho B ciryuae
smucta Mébuyca moBepxHocTh [I, Kak TOBO-
DT, CBSI3HAS, T.€. €€ HeJIb3d pa30uTh Ha JIBe
OTJeIbHBIE YaCTU, OTCTOMAIINE APYT OT JIPyTa Puc. 88

Ha HEKOTOPOE PACCTOsHNE; BOT OHA BCS U 3a-

kpammuBaercd. (Ha puc. 88 moKasaHO, UTO MOJYYUTCS, €CJAM HOIBITATHCS
samTpuxoBaTh 11, HaunHas ¢ orpeska aa. IlITpuxoBKa J10Be/IeHA JI0 OTPE3-
Ka bb, KOTODBINl KayKeTCs HAXOSAIMMCA Ha Apyroit cropone 11, mexenn aa.
fcHo, 9TO TPM TPOIOJIKEHUU MITPUXOBKUA MBI BEPDHEMCS K aG, 3aIITPU-
xoBaB Bcio nosepxHocTb 11.) ToBopsar, uro smer Mébuyca, Kak u apyrue
[MOBEPXHOCTH, HA KOTOPBIX HE CYIIECTBYET HEIIPEPBIBHBIX MMOJIEH € TMHITIHBIX

a

HOpMaJIEll, — 3TO OJIHOCTOPOHHUE TToBepxHOCTH. [loBepxHOCTH K€, Ha KOTO-
PBIX TaKue I0Jisi UMEIOTCs, HA3bIBAIOTCsI JIBYCTOPOHHIIMU.

3amedyanne. MHOTUM 9UTATETSIM MOXKET OBITH U3BECTHO JIPYTO€ CBOWCTBA
smcta Mébuyca: 9T0 HeoOpueHTUPyeMast TTOBEPXHOCTD. 4 He Oyay 00bACHATD,
YTO TO 3HAYUT, HO JJIsl T€X, KTO C 9TUM BCTPEUAJICS, 3aMEUY, YTO 110 CBOEMY
CMBICJIy OPUEHTUPYEMOCTh U JIByCTOPOHHECTH —3TO PA3HbIE CBOWCTBA, O/THA~
KO JIJIsl TIOBEPXHOCTEH B OOBIYHOM TPEXMEPHOM €BKJIMJIOBOM IIPOCTPAHCTBE
CBOICTBA OPUEHTUPYEMOCTH U JBYCTOPOHHECTH SKBUBAJIEHTHBI (OIIHO U3 HUX
BJICUET JPYTOE).

[ToTok BEKTOPHOTO MOJIS PV Uepe3 MOBEPXHOCTD Y, OTPEJIEISETCS TOIBKO
JJIs IBYCTOPOHHEH 1moBepxHOocTH Y. [Ipu aTOM mompasymeBaercsi, 9To Ha X
BBIOPAHO HEIpepbIBHOE ToJie HopMmaJjieil n. [Ipu BeIOOpe MPOTHBONOJIOKHO
HAIIPABJICHHBIX HOpMaJieil 3HaK y MMOTOKa M3MeHuTCs. Kcim Hajo yKa3aTb,
KaKoe IoJjie HopMaJieil BRIOpaHO, TO MOYKHO CKa3aTh MO/pobHee, HAIIPUMED,
Tak: IOTOK PV Yepe3 Y B HAIIPABJICHUU 1.

Paccemorpum mpocreiimuii mpuMep, KOTZIa CKOPOCTh V U IUIOTHOCTH P
BCIOJLy OJIHU U T€ ¥Ke, a Y, — 00JIaCTh Ha HEKOTOPOIl IJI0CKOCTH. MBI JIOJI2KHBI
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emé BbIOpaTh eIUHUYIHYI0 HOpMadb N(A) K 9TOH IJIOCKOCTH; B JAHHOM
ciydae BeKTOp n = n(A) BO BCeX TOUKAX IIOBEPXHOCTU Y. OJIMH U TOT ¥Ke.
I'me maxomuTcst B HEKOTOPBII MOMEHT BPEMEHH { Ta YaCTb KUJIKOCTH, KO-
TOpasl MPOTEKJIA Yepe3 Y B IOCJIeIHIOI CEKYHY IMepej] TUM MOMEHTOM?
Ona 3aHMMaeT MpU3My, OCHOBAHUE KOTOPOi eCTh X, KOTOpasi PACIIOJIOXKEHA
[0 Ty CTOPOHY OT X, Ky/a HAIIPABJEH BEKTOP V (€CJM OTJIOXKHUTH €ro OT
KaKOU-HUOY/Ib TOYKU IIOBEPXHOCTU ), U OCb KOTOPOIi IIapasijiejibHa STOMY
BEKTOPY W MMeET Ty Ke JUIMHY, 9TO U OH. (B TeopeTnko-MHOKECTBEHHBIX
TEepMUHAX

npusma={x+ sv; x€ X, 0<s< 1}

B s7oit 3amucu Toukn A € ¥ OTOXKIECTBIISIFOTCST C BEKTOPAME X = 0_1)4, riae
O —naygaJio orcuéra. JacTura X KuUJIKOCTH, KOTOpasi B MOMEHT BpeMeHU t — §
[epecekJia ¥ B TOYKE X, K MOMEHTY ¢ HPUAET B TOUYKY X + sv.) O0bém
9TON HMPU3MBI PABEH MPOU3BEEHUIO IIOMAIN S €€ OCHOBAHUA Ha JIJIHHY
BBICOTBI, & OCJIEJHsIA JJINHA COBIAJAET C JJINHON |, | IPOEKIuN BEKTOpa V
Ha HOPMaJIbHYIO K X psiMyt0. VIHTepecyoInnii Hac IOTOK BEKTOPHOIO MOJIsT
PV depe3 Y paBeH Macce XKUJIKOCTHU, COJIEPKAIIENCsI B 9TOM pu3Me, pUIeéM
Macca Oepércst CO 3HAKOM <«ILIOC» WM «MHUHYC» B 3aBHCHUMOCTH OT TOTO,
HaIPABJICHBI JIM BEKTOPBI N X V B OJIHY U TY K€ CTOPOHY OT X mn HeT. Takoit
2K€ 3HAaK MMeeT W MPOEKIWs U, BEKTOpPa V Ha HOPMAJBHYIO K X HPSMYIO
(OpHeHTHPOBAHHYIO ¢ OMOIIBIO BEKTOpa N). MBI IPUXOIUM K BBIBOJLY, ITO

NOMoK = puy, S. (3)

A Temepb paccMmorpum oOmmuit ciydait. Pa3sobbéM MOBEPXHOCTH Y HAa
Majieabkue yaactku AY; mwromagun AS;. Ilycrs A; — Kakas-HUOyIb TOYKA
nmosepxHoctn AY;. Ecim 6b1 yaacTok AY; ObUT TJIOCKHM, TAK YTO BEK-
Top n(A) 6bUT GbI OCTOSHHBIM B IIPEJEIaX ITOI0 YIACTKa, U ecyin 061 v(A)
u p(A) ObLIM TOCTOSIHHBL B IPOCTPAHCTBE BO37e AY;, TO B MOMEHT BpeMe-
HU t XKUJIKOCTh, IIPOTEKINas 3a BpeMst [t — At, t] ¢ magbim At gepes AYP,
3aII0JTHAJIA OBl IIPU3MY, KOTOpas MMeeT OCHOBaHme AY,; W HAXOIUTCI IO
Ty cropony or AY,;, Kyza ykasbiBaeT BeKTOp V(A;), 1 0Cb KOTODON Ia-
pasutesbaa v(A;) u umeer gy |[v(A;)|Af. O6bEM 3T0i MPU3MBI PaBeH
|vn (Ai)|AtAS;, a Macca 9TOM KUJIKOCTH, B3ATasl ¢ COOTBETCTBYIONAM 3Ha-
KOM, paBHsIJIach ObI

9Ternepsb MBI pPaCCMATPHUBAEM MAJIbIil OTPE30K BPEMEHH, H60 3a G6/IbIIee BpeMs JacTUIa,
KUJAKOCTH, Ipornedmas depe3 AX,;, MoXKeT yiTH Ha 3HAYUTEIbHOE paccrosgHue or AY;,
Iie IVIOTHOCTB U CKOPOCTH OYZAYT COBCEM APYTHUMH.
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Ha camom geme AY; MoKeT HE3HAUMTEHHO OTKJIOHATHCS OT ILJIOCKOCTH,
BekTOp N(A) B npezgenax AY; MOXKeT HEMHOIO oTimdaThest oT n(A;), Bo3-
se AY; Bekrop v(A) u norHocTh p(A) He 06513aT€IBHO OCTOSIHHBIL, & TOJIb-
Ko 6im3Ky K V(A;) 1 p(A;); JKUIKOCTH, IpOTEKIAast 3a BpeMst oT t — At j10 ¢
qepe3 AY;, o6padyer B MOMEHT BpeMEHH © HEKOE TeJIO, MPeJICTABJISIONEee
coboit «cyerka epOpPMUPOBAHHYIO» IIPU3MY, OIMHCAHHYIO BbIme. [losTomy
dopmysia (4) saBisiercs He TOUHON, & UPUOIMIKEHHON, HO OIMMOKA MAJIa 110
cpasHernio ¢ AS;At. (Heckosbko HEGPEKHO MOXKHO CKa3aTh, YTO MaJa
OTHOCHUTE IbHAsA OmubKa 3Toi (hopmybl. HeOpexkKHOCTD 31€Ch Ta, 9T0 Uy, (A)
BIIOJTHE MOYKET TJe-HUOYIb Ha Y 00paliaThbCs B HYyJb; BO3J€ TAKUX TOYEK
paBas 4acTh paBeHcTBa (4) Masa cpaBHuTENbHO ¢ AS;At, U Torma yxKe He
[IPUXOJIUTCS TOBOPUTH O MAJION OoTHOCHTE IbHOM ormubke.) Obmmast ke macca
JKUJKOCTH, IPOTEKINEH 3a 9T0 BpeMsl 4epe3 Y, eCThb

AQ=> AQi~_ p(Ai)vn(A)AS;At,

IpUIéM OIMuOKa 3T0i (POPMYIIBI MOXKET OBITH C/IeJIAHA CKOJIb YTOIHO MAJIOH
o cpaBHEHHIO ¢ At, eCJIU «KYCOYKHU MOBEPXHOCTH» AYS; TOCTATOYHO MAJIBI.
ITosromy

AQ
nomox pv wepes X = N Z p(A;)vn(A;)AS;, (5)

rae omubka crpemuTcs K 0 Ipu nu3MesIbaeHnn Pa30UEeHIs IIOBEPXHOCTH X Ha
yaactkn AY;.

B uHTErpasbHOM HCYMCICHUN JOKA3BIBACTCs, UTO (B MPEIIIOJIOKEHAN
[JIaJIKOCTH TIOBepXHOCTH Y U HenpepbiBHOCTH p(A) m v(A)) cymecTByer
peieJt IIPaBOoi YacTu IPUOJIMKEHHOIO paBeHCTBa (5) IpU HEOrPAHUIEHHOM
YMEHBIIIEHNN yIacTKOB AYS;. DTOT IIpEe)T €CTh TaK HA3BIBAEMBIH « THTETPAJT
10 TIOBEPXHOCTHU» WM <ITOBEPXHOCTHBIN WHTErpasI» / /2 pvp, dS. Tlo sroit
[IpUYINHE

nomox pv uepes X = // pUp dS. (6)
)

4, KoHeuHO, He cOOMparCh BHUKATH B UHTEIPAJILHOE WCUUCIIEHHE, HO
BCE-TaKM CJIeJIal0 HEKOTOPBIE ITOSICHEHUSI.

WNurerpupopanune GyHKIMN f MO MOBEPXHOCTH Y WMeET IPOCTOH M Ha-
TJISIHBI CMBICT, KOTa f — 9TO MOBEPXHOCTHAS IJIOTHOCTH HEKOTOPOTO 3a-
psina, pacupenesiéHHoro mo . B srom cioygae / /2 fdS ectp cymmapmuas

BeJIMYMHA TOro 3apdana. (51 rosopio o 3apsje, a He 0 Macce, IOTOMY 4TO
3aps/i U ero IJIOTHOCTH BIIOJIHE MOTYT OBITH OTpUNATEbHBIME. Ecim Bcio-
oy f >0, ToO MOXKHO CKa3aTh W TaK, 9TO Mbl XOTHM HAHTH CyMMAapHYIO
BEJINYMHY MACChI, PACIIPEJIEJIEHHO TT0 TTOBEPXHOCTH C IIOBEPXHOCTHOM IIJIOT-
HOoCcThIO f. DyHKIWs f €CcTh IMOBEPXHOCTHAS ILNIOTHOCTH 3apsijia (Macchl),
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ecam 3apan (Macca) Majoro yvacTka nosepxuocTr ecth f(r)AS + o(AS),
riae AS — nomaipe IToro yyacrka, a & — Kakas-Hubyub ero touka.) Cpas-
HUTE 9TO C YIIOMSIHYTOU B KOHIIEe § 4 60Jjiee IpocToi 3a1a4deii 00 onpejieieHnn
3apsiJia, PACIPEIEIEHHOTO TI0 TIPSIMOJIMHEHOMY OTDe3Ky [a, b], ecoin u3Bect-

Ha ero JINHEHHAs IIOTHOCTE f (), Iie OTBET AAaéTCs MHTErPATIOM / f(x)de.
a

b
B obrmiem citygyae mHTErpast MO MOBEPXHOCTH, KAK 1 /a f(x)dz, au xk KaKuM

3apsjaM WM MaccaM He MMeeT OTHOIIEHWs, & SBJISETCS YUCTO MATEMAaTH-
YeCKHUM ITOHSITHEM, OIpPEJesieMbIM KaK MPEJe]l WHTEIPAJIbHBIX CyMM IIPU
HEOTDAHNIEHHOM M3MeJILUCHIN pa30reHrsl IOBEPXHOCTH Y. Ha ydacTku AY;
(XOTsl IpU 2KeJAHUM MOXKHO BOOOpasuTh, Oyiro faHHas byHKIus f sBis-
eTcsI WIOTHOCTBIO 3apsAja, U TOTJA / /2 fdS Gymer cyMMapHBIM 3apSAIOM).

Kak u B komre §4, 3aps wim Macca — 9TO MPOCTO OoJiee HATJISITHOE
Ha3BaHUE /ISl TOrO, YTO TaM OBbLIO HA3BAHO <« IUTHBHON (yHKIWeNl F
objyractuy. B maHHOM cityyae pedb uuér 06 00J1acTSX Ha MMOBEPXHOCTH
obsactu G C X conocrasisiercst ancyio F(G) = / /G f dS (oboznauenue yka-
3BIBAET, UYTO UHTEIPUPOBAHNE BEJIETCS HE TI0 BCEH MOBEPXHOCTH X5, & TOJBKO
o obnactu G. Ilpn mOCTPOEHMH COOTBETCTBYIONIMX WHTEIPAJBHBIX CyMM
GepyTes AY; C GL)

B npunmune, cBs3b MeXKIy MOBEPXHOCTHBIM MHTETPAJIOM U MHTETPAJb-
HOI CcyMMOIi, crosmieil B upaBoii dactu dbopmyssl (5), He OTIMYAETCS OT
OTHOCATIEHCST K CAMOMY HadaJly Kypca WHTErpajJbHOTO WCUUCTCHUS] CBSI3U

b
MEKJLy UHTErPAJIOM / f(z) dx n naTerpasbpHOil cymmoit (26) (moxpasyme-
a

Baroleil, 4To 0Tpe3oK [a, b] pas3ieséH HA MaJeHbKHE OTPE3KU C [OMOIIbIO
CHCTEMBI TOYEK JieeHns (25) U 9T0 B KarKJIOM OTPE3Ke [X;_1, ;] BBIOpaHO
HekoTopoe uucio &;). Paziandme TOabKO B TOM, UTO JUIs TIOBEPXHOCTHOTO
HHTErpaja HaJO CJeJaTh OOJIbIIe YTOYHEHUI: 9TO TaKoe IJIajiKasi OBEpPX-
HOCTBb, UTO Takoe IUIOMaIh (IUIOM@AAb KaK BCeHl MOBEPXHOCTH, TaK U eé
<KyCOUYKa» ), KAKUM 00pa30M Mbl Pa3buBaeM MOBEPXHOCTH Y (miu 06sacThb
HA ITON HOBepXHOCTH) Ha «Kycouku» AY,. Ordyactu 1o 310l upuunHe,
a OTYACTH IOTOMY, UTO 2KeJIATEIbHO TOBOPUTH 00 MHTErpaJe 10 MOBEPXHOCTH
B CBSI3U C JPYIMMH Bonpocamu (a 31o TpebyeT u MOArOTOBKH, U BPDEMEHH),

b
CTYJIEHTHI BCTPEYAIOTCS C 3TUMU MHTErpajlaMy IIO3/IHEe, YeM C / f(z)dx.
a

O/HAKO B IIPUHIMMIIE ITO, IIOBTOPSIO, ONHO U TO Ke (XOTS «TEXHUYECKU»
MOXKeT 0(POPMIIATHCS IO-PA3HOMY ).

Yro Kacaercss HeM3GEKHBIX (XOTSI U JIOCAJHBIX) YTOYHEHHUH, TO B CIIy-
yae MMOBEPXHOCTHOI'O MHTerpaJia mpu paboTe ¢ MHTErpaJibHBIMU CYMMAaMU
(0ocoBeHHO ecy MBI, TAK CKa3aTh, BBIHYXKJEHBI CXOJWUTH C IIOBEPXHOCTH,
KaK 9T0 ObLIo 1pHu BbruucaeHun AQ);) MOXKET HOHAJIO00UTHCs, 4TOOBI pac-
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cMaTpUBaeMble MaJible yJIacTKu noBepxHocTr AY.; ObLan Gosiee W MeHee
PaBUJIbHON (DOPMBI — HE CJIMINKOM Y3KUMHU, C HE CJIAIIKOM HW3Pe3aHHOM
rpanuneif, u T. 1. Ilpu ymeHbIeHnu yuacrka mosepxHoctu AY; (410 1po-
UCXOJUT TIPH TIepexojie K 60jiee MEJIKOMY pPa3OHEHMIO TIOBEPXHOCTH Y) €ro
dopma He JOKHA YCIOXKHATLCs. [lo-
KAy, erme OoJiee HEPUATHBIM ABJIS-
eTcd YTO4YHEHHE CBOICTB TOH «CJIETKa
1e(DOPMUPOBAHHON TPU3MBI», KOTOPasi
3aIl0JIHEHA B MOMEHT BPEMEHU t KU JIKO-
CTBIO, IpoTeKIel yepe3 AY; 3a BpeMs
or t — At yio t. B obmeM ciydae TPyILHO
nazke chOPMYIUPOBATH TOYHO, I€T0 MBI
xoruM. (Hackosbko mporre 66110 UMeTh
JIeJIo ¢ OTpesKoM |[t, t + At] unciosoit
OCH U COOTBETCTBYIOIIMMU JIyTraMU Tpa-
exropuii B §§4, 5!) OxHako MOXKHO 110-
CTYIUTH TaK. XOTs TeePh B IOCTAHOBKE Puc. 89
3a7a49u He COMEPKUTCS HUKAKUX He3a-
BUCHMBIX II€PEMEHHBIX, KOTOPBIE II0 CAMOMY €€ XapakKTepy HUrpaJid Obl
ocobyro posb (Bpogzie t B §§4, 5), HO MOXKHO BBECTH KaKue-HUOYIb KPUBOJII-
HeliHble KOOPJMHATHI U, ¥ HA IIOBEPXHOCTH Y. (WM 110 KpaiiHeil Mepe Ha eé
yacTh, 0 4éM Oyzer ckazano Huxke). Torma 3a yyacrku AY; MOXKHO IIPUHSATH
YYIACTKU TIOBEPXHOCTH, OTBeYAtomue m3MeHenno u Ha Au u v Ha Av. [pn
BCell HEOIpPEeJeJIEHHOCTH CKa3aHHOTO BhBINIE O (DOPMe yYACTKOB, KayKeTCs
HATJISITHO SICHBIM, 9TO Takue AY; HaM IMOIXOJAT. DTO OYIyT KPUBOJIUHE-
HBIE YeTBIPEXYTOJBHUKY C TJIAKUMU CTOPOHAMHU, T. €. JJOBOJIBHO IIPABUIHLHOM
dopmbr; eca Au 1 Av — BEJIMYUHBI OJJHOTO MOPAIKA MAJOCTH (51 IIO3BOJIIO
cebe 9TOro He YTOUHATH), TO Takue ydacTKu AY; He OYIYT CIUIIKOM y3KU-
Mu; ipu yMmenbIeann Au 1 Av (pOpPMBI yIACTKOB He YCJIOKHSIFOTCS.
Koneuno, ckazanuoe —He 6oJjiee €M HABOJSIINE COOOPAYKEHUST B MOJIb-
3y KPUBOJIMHEHHBIX YeTBIPEXYTOJIbHUKOB, BO3HUKAOIINX U3 «KOOPIMHATHOMN
ceTkny. Ho mpu cTporux paccyKIeHusAX ¢ MOBEPXHOCTHLIMU UHTErPAJIaMU
rakue AY; IefCTBUTEIHLHO UCIOIL3YIOTCsI. BIpouem, KOTa Mbl HHTEPECy-
eMCs CaMUMHU [MOBEPXHOCTHBIMU WHTErPAJIAMHU, OHA B OCHOBHOM OCTAIOTCsI
Kak ObI 3a crieHoi. Jleji0 B TOM, YTO IIPU UCIOJIB30BAHUU KPUBOJIMHENHBIX
KOOPJMHAT U, U BCE PACCMATPUBAEMbIE BEJIMUMHBI CTAHOBSITCS (DYHKIUSMU
JIBYX IIEDEMEHHBIX, ¥ BHEIIIHE MbI UMEEM JIeJIO C IIOCKOCTBIO (U, ¥) U IPsIMO-
YTOJTBHAKAME U3 COOTBETCTBYIOIIEH «KOOPANHATHON CETKMU», 0OPa30BaHHOI
MPAMBIME 4 = const, v = const Ha 3Toit maockoctn. Hamo TobKo 3HaTh, Kak
cBsizaHa Ioma b AS; KpUBOJUHEHHOrO deTbIpéxyrosbHuka AY; ¢ IwIo-
maa6i0 AuAv COOTBETCTBYIONIErO IPAMOYTOJbLHUKA HA MJIOCKOCTH (U, V).




228 IIpunoxenune VII. [Ipurskenne mapa

Herpyamo moramarbesi, 9T0 ¢ TOYHOCTHIO JI0 BEIUIUHBI 00JI€€ BHICOKOIO I10-
PsiJIKa MAJIOCTH OHU POHOPIMOHAJBHBL IPYT APYTY (KOHEYHO, MHOXKHUTEJb
PONOPIMOHAIBLHOCTH MEHSIETCS OT OJJHOTO YETBIPEXYTOJIbHUKA K JIPYTOMY );
POJIb TEOMETPUN TIOBEPXHOCTH Y, CBOJIUTCSI K TOMY, YTOOBI HATH MHOYXKUTE/Ib
MIPONOPIIMOHAJIILHOCTH; 9TO He TaK yK cjaoxkHo. Ho, paccmarpuBas moTok
MOJISL PV 9I€epe3 X, MBI II0 CAMOMY OIIPE/IEJIEHUIO ITOr0 IOTOKA JAOJIKHBI KaK
OBI CXOIUTH ¢ TOBepxHOCTH Y. Torga poJib reOMEeTPUHN, KOHETHO, BO3PACTAET.

3/1eCh ecTh eIMé 0JIHO 0OCTOSATENHCTBO, HA KOTOPOE HAJI0 OOPATUTDH BHU-
MaHue. UTo, eciin HeJIb3sT BBECTU Ha BCell MOBEPXHOCTH Y. KPUBOJIMHEITHBIE
KOOpAMHATHI! Bespb ecim 9T0 MOXKHO CJIIeJIaTh, TO KOOPIMHATHI yCTAHABIIU-
BalOT B3aMMHO OJ[HO3HAYHOE W B3AUMHO HENDPEPBIBHOE COOTBETCTBHE (Kak
rOBOPAT B MaTeMaTHKe, TOMEOMOPMU3M) MEXKIY X U HEKOTOPOii 061aCThIO
Ha TIIOCKOCTH (U, V), & BIIOJHE MOYKET CJIyIUThCsI, UTO TAKOI'O COOTBETCTBHSI
YCTaHOBUTH HEJb3s1 (KaK FOBODSIT, IOBEPXHOCTD 3 HE TOMEOMOP(dOHA HUKAKOI
wiockoit obsacrn). Hampumep, KayKercst JTOBOJIBHO SICHBIM, YTO 9TO TaK,
ecan ¥ —cdepa. (IIpegcrasbre cebe pesauHoByio cdepy, MaTepua KOTOpoii
MOKHO KaK YTOJIHO CXKUMATh, PACTATUBATH, N3MUOATH, HO He pa3perraeTcs
pPBaTh. YIACTCs JiU IPEeBPaTUTh cepy B IIOCKYo 0bsacTsb?) B aTom ciryuae
MOYKHO pa30uTh Y. Ha HECKOJIbKO uacTeil L.U), Ha Kaxioil U3 KOTOPBIX
MOKHO BBECTH HOJAXOJSAINIME KPUBOJUHEHHBIE KOOPAUHATEI (HO Ha «CTBIKE»
9TUX YACTEH COOTBETCTBYIOIINE KOOPANHATHI «HE COTJIACYIOTCH APYT C JIPY-

rom» ). g KaxkIoit U3 9TUX JacTeil MOXKHO OIPEIEIUTh , 1 JIOKa3aTh

»G
dopmyay (6). ITocse 3100 €CTECTBEHHO IPUHATDH, YTO / /2 —3TO CyMMa,

BCEX / /E 0 (3116Ch BOBHUKAET BOIIPOC: MOXKHO TI0-Pa3HOMY pa30uBaTh X HA

wactu X7) | omyckaonue BBe/IEHIIE KPUBOIMHEHHBIX KOOD/MHAT; HE MOKET
JIL OT TOTO 3aBUCETHh CYMMa COOTBETCTBYOIINX / /2 m? MozxHO HoKa3aTh,
4TO HeT. BIrpoueM, TeXHIIECKH 9TO MOYKeT BHITJIS/IETh HeCKOTbKo nHaude'’. )
[Tocse sToro mosmygyaem

nomox pv uepes X =Y _(nomox pv uepes 1)) =

J
:Z// pvndS://pvndS.
F =) by

o cux mop pedp MIjIa O MOTOKE 4Yepe3 MOBEPXHOCTb . BEKTOPHOIO
[OJIsT PV, UMEIONIEr0 MEXaHUYIECKHUIl CMBICJ: V — BEKTOPHOE II0JIeé CKOPO-
CTH HEKOTOPOI'o TeueHus Kujkoctu (rasa), a p —eé (ero) miornocrs. Io
aHajioruu, Jyis Jjioboro apyroro Bekropuoro nojisg E = E(A) Mmbl Toxke

10T Tpumeuanne st GOJIBIINX 3HATOKOB: BMECTO pa3bueHust X Ha =@ IIPOIIE UCHOJb-
30BaTh TaK Ha3bIBaeMoOe pa3bUeHVe eIuHUIIbI.
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TOBOPHUM O €r0o IOTOKE Yepe3 Y, OIPEEesss TOT IMOTOK KakK / /2 E, dsS,

rine F, —upoekius E na HOpMasb. Temnepb, B oTjindme OT IIPEJIBIIYIIErO
cJIydast, CJIOBO «IIOTOK» yHOTPeOJIsieTCsl KaK TEePMUIH, UMEOIUI TOJBKO TOT
CMBICJI, KOTOPBIN €My TPHJIaH IOCPEICTBOM TOJIBKO UTO JIAHHOTO OIPeIeie-
Hus. MBI IPOCTO BOCIOJIB30BAINCH TOTOBBIM HA3BAHUEM, HO TEIEPDH CJIOBO
«IIOTOK» HE TOJPa3yMeBaeT HUKAKOTO TepeMEeIeHus 9ero Obl TO HU OBLIO
qepe3 MOBEPXHOCTH Y. KOHEYHO, MpH KeJJaHUKM MOYKHO TPEJICTaBUTL cede
TedeHne XKUJIKOCTH ¢ rojieM ckopoctu v = E u njiorHOCTRIO p = 1 Wm ¢ Ka-

1
KOM-HUOYIb APYTOil IJIIOTHOCTHIO p U CKOpocThio v = —E; Torma / /2 E,dS
p

IprOOPETET TOT MEXAHUYECKUIT CMBICJI, C KOTOPOrO Mbl HadaJu (M KOTODbIi
HOCITY?KAJI IPUIHMHON HA3BaHUs «IOTOK» ). Ho st mpoussosibHOTO mosst E
9TO BOOOparkaeMoe TedeHWe KHUJIKOCTU HEe TOJIBKO SIBJISIETCsI BBIMBIIILIEH-
HBIM, HO U MOYKET JIaKe NMPOTUBOPEUYUTH PeasibHbIM (PU3NIECKUM 3aKOHAM
IBUKEHUS YKUJIKOCTEH U ra30B.

B obmtem ciryaae moTok ot E gepes ¥ — 310 MaTeMaTHYeCcKoe IOHATHE.
Ho ono nmeer dusmdecknii CMBICS He TOJIBKO TOTIA, KOTJA PACCMATPUBAETCS
redenne xkuakocru u E = pv. Jljst s0eKTpoTeXHUKY (M, 3HAUAT, JJIsl Beedt
Halleil >KM3HN) UMeeT OrPOMHOe 3HaueHne oTKpeiTne Papajies, 9To Ipu U3~
MEHEHUU MATHATHOTO II0JIsI, <IIPOHU3BIBAIOIIEr0» TOBEPXHOCTD %, KOTOPAs
<HATSHYTa» HA HEKOTODPBIA 3aMKHYTLII KOHTYD, B IIOCJIEIHEM BO3HUKAET
JIEKTPOBUKYIIAsl criia. KosmaecTBEHHOE BhIpaXKeHne 3Toro hakra TaKo-
BO: C TOYHOCTBIO JIO MHOYKHUTEJIsI, 3aBUCSINETO OT UCIOJIB3YEMOIl CHCTEMbI
€JIMHUIIL, JIEKTPOJBUKYIIAsl CUJIa PaBHA CKOPOCTH U3MEHEHUSsI IOTOKA BEK-
TOpa MarHUTHOM WHJIyKIIUU Yepe3 2.

Hamnee E Bcerma Oymer HANPSKEHHOCTHIO HEKOTOPOT'O IMOJIA TATOTEHUS.
PaccmorpuM moToK TAKOTO MOJIS /U1 YETHIPEX CIIYIAEB.

1. ITose cozmaérest maccoit M, cocpenorodennoii B rouke O. Hac uaTepe-
CyeT MOTOK BEKTOPHOTO 1oJiss K depe3 HEKOTOPYIO OBEPXHOCTD X, pasyMe-
ercsi, He mipoxosrtyto yepe3s O. Ho cnepBa MbI paccMOTpuM 1mOTOK 110J1st E
gepe3 MaJIeHbKUI Kycodek AY mMoBepXHOCTH X, mMmerornuii miomaab AS);
MOKHO CUHUTATh, 9TO 3TO KPHUBOJIWHENHBIM YePBIPEXYTOIbHUK, CBI3AHHBIN
C «KOODIMHATHOM CETKOI» HA MOBEPXHOCTHU X WJIM HA €€ YACTH, KAK OIUCAHO
upu obcyxkaennn dbopmyisl (6). Ilycrs paccrostaue |OAg| or HEKOTOPOI
roukn Ay € AY no O pasHo r; juist apyrux touek AY paccrosinue |OA|,
BOOOIIe TOBOPsI, OTJIUYHO OT T, HO BBy Masioctu AY 6iu3ko kK r. Hop-
maJsb n(Ap) HanpasieHa Kk O, TaK 4TO yroyl ¢ MeXKIy Hel U m OCTDBIA.

B sTom cayuae

FM AyO M
E(Ao) = 7"—2m7 E»,L(A()) = 7‘—2 COS @,
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a B jpyrux toukax A € AY mpoeknus E,(A) Bekropa E(A) ma coorser-
CTBYIOIILYIO HOPMAJILHYIO TIpAMyTo Toxke 6snska K (f M /r?) cos ¢ (xors yxe
He 00s3aTEJBHO B TOYHOCTH DaBHA ITOMY BbIpakenmio). Ilorok nona E
depes AY npubsmsuTesnnao paser (fM/r?)cos pAS (BosmoxkHas omubKa
MaJta 1o cpasHenuio ¢ AS).

Puc. 90

O6patum BHnManue Ha Bbipazkenue (1/72) cos pAS. Ono nmeet mpocToit
reOMETPUIECKUH CMBICI: 9TO eCTh (OISITh-TAKU € TOYHOCTBIO 710 0(AS))
TeJIeCHBIH yro Aw, MOoJ KOTOPBIM BuaHA NoBepxHOCTH AY, u3 Touku O.
Hamnowmmuio onpepesnenue TesiecHoro yria. Coeauanm Touky O €O BCEMH TOY-
kamu A € AY mocpeicrBoM Jydeii (moJayupsiMbIx), HadumHatomwmxcsad B O.
[Tosyunrcst HekoTopoe Tesio K, KOToOpoe MOXKHO Ha3BaTh KOHYcOM Haj AY
¢ BepummHoii B O. (B a1eMeHTapHON reoMeTpHH 110]] KOHYCOM OBBIYHO IO-
HUMAIOT KOHYC HaJl KPYrOM, HO TaM PacCMaTPUBAIOT TaK»Ke W KOHYCHI HaJl
MHOT'OYTOJbHUKAMHE, TOJIBKO 9T KOHYChI Ha3bIBAIOT Iupamugamu.) O6o3una-
qnM depe3 Ao 061acTh Ha eUHIIHOM cdepe s1 ¢ eHTpoM B O, TI0 KOTOPOii
koruyc K mepecekaer sty cdepy. Ilnomanb Aw 310l 06/18CTH — 3TO U €CTh
UHTEpeCyIonmii Hac TejecHbii yroj. (CpaBHUTE ¢ U3MepeHHeM OOBITHOIO
yIJIa Ha IUIOCKOCTH TIOCPEICTBOM JJIUHBI JIYT'U, BHICEKAEMON 9TUM yIJIOM Ha
OKPY?KHOCTH €JMHUYHOIO PAJIAyca ¢ IEHTPOM B BEPIIUHE YIJIA.)

IMepexoxm or AY ¥ Ao — 310 nenrpasnbuoe (¢ nearpom O) IPOEKTUPO-
Banue nosepxuoctu AY. na chepy s1. (Bosmoxkno, uuraresb BCTpedasics
C IEHTPAJIBHBIM [TPOEKTUPOBAHUEM HA IIJIOCKOCTb, HO TPHUHIUI OJUH U TOT
ke.) Ero MoxKHO mpeicraBuTh cebe mponcxoamum B 1sa mara. Crepsa ocy-
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Puc. 91

MECTBUM IIeHTPaIbHOE IPOEKTHPOBaHTe mosepxaocT AY Ha maockocTs 117,
MMPOXOJIAIIYI0 Uepe3 TOUKy Ag u mepreHaukyaspayio K OAg. Ilomydgaro-
mytocs npu 3ToM Gurypy B miockoctu II' o6ozmaunm uepes AY/. 3arem
OCYIIECTBUM IIEHTPaJbHOe poekTupoBanue AY Ha s;1. IlocMoTpuM, Kak
[IPU 9TUX JIBYX Iarax W3MEHsIeTCsl ILIOMAJIb IPOEKTUPYEMOl (PUTYPHI.

Beuay manoctu AY Oygnem cantarh, 9To0 AY —3T0 00/1aCTh B KACATEIh-
Hoit ntockocru 1 k nosepxuoctu . B Touke Ag. (Ecau yrommo, Mbl cmemiaem
roukn AY mapasiensro n(Ag) B II. DTu Majble CMEIEHHsT 0TParKaioTCsd
U Ha JAJbHEHNNX IIOCTPOEHUSIX, HO BbI3BAHHBIE STUM W3MEHEHUs] TOXKe
MaJbl. Masio usmensercs u mwromaab AY.)

IIpoeruposanue AY. ma II' ocymecTBiseTcss ¢ MOMOIIBIO JIydeil, Hc-
xoggamux u3 O. OHH, KOHEYHO, HE TAPAJUIEJHHBI JIPYT JPYTY, HO YIJIbI
MeKJIy HUMU MAaJIbl; MAJbl U PACCTOSHUsI, HA KOTOPBIE CMEIIAIOTCS TOYKU
yuyacTka AY Ipy IPOoeKTUpOBaHUH. [103TOMY ¢ GOJIBIIONH TOYHOCTHIO MOZKHO
CYUTATH, YTO TPOEKTUPOBAHHE OCYIIECTBISIETCS C MOMOINBIO HIPSAMBIX, Ia-
pastensubx OAg, T.e. nepnesukyasapusrx I1'. IIpa TaXoM IIPOEKTHPOBAa-
HUU TTOMIAH (DUTYPBI, JexKalneil B mIockocTu [1, yMHOYKAETCST Ha KOCUHYC
yIJIa MeXKJIy ILIOCKOCTSIMH, & 9TOT YIOJI €CTh YToJl (¢ MeXIy N U m.
(CkazanHnoe 04EBHHO JJisl IPSIMOYTOJIBHUKOB, Y KOTOPBIX OJIHA [Iapa CTOPOH
HapaJuleJbHa JIMHAU [I€PECeYeHNs] IJIOCKOCTE, — JIFINHBl 9TUX CTOPOH IIPU
[IPOEKTUPOBAHUY HE MEHSIOTCS, — a JIpyTrasl Iapa CTOPOH, CJIeI0BATEIHHO,
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MEPIIEHINKY/ISIPHA YKA3aHHOW JIMHUW, — JUINHBI [TOCJIEIHUX NBYX CTOPOH
YMHOXKAIOTCsI Ha cos . Ilocse sToro jjist miomaieit Apyrux pUuryp MozKHO
HCIIOJIb30BATh <«AIMPOKCUMAIMOHHBIE» COOOPAKEHUsS BPOJIE TeX, KOTOPbIE
HCIIOJIb30BAJINCE B § 3 DU BBIYMCIICHNN IO dyuamica.) [Tosromy mo-
maas AS' duryper AY pasua AS cos p.

Qurypa Ao pacnosiozkena Ha cdepe s1, HO MOXKHO CIUTATE €€ PACIoJIo-
JKEHHOH B TJIOCKOCTH T, KACATENBHON K cdepe s1 B Touke A{, — mpoeknnm
Ha cdepy s; Toukm Ay, T.e. Touke nepecedenus: jyda OAg ¢ sToit ce-
poit. (CoobparkeHus aHAJIOIMYHBI T€M, KOTOPBIE MPUBOIWIACH 110 MOBOLY
«tomemiernst> AY B I1.) Ho torga nosydaercsi, 970 Mbl PacCMaTpPHBaEM
HMEeHTPATbHYIO IIPOEKITHIO MIOCKOCTH 11 Ha mapasiebHylo eif IJIOCKOCTD T,
MpUIEéM PACCTOSHUE OT 7 0 IeHTpa mnpoekrupoBanus O pasHO 1, a pac-
crostume ot II' o O pasro r. Kaxknas cdurypa miockocru 11’ mepexomut
B NOJOOHYIO eif (PUIYypy ILUIOCKOCTH 71, IPUYEM BCE PACCTOSIHUS MEXKILY
TOYKAMHU TEePBO#l (PUTYyphl yMEHBINAIOTCA B I pa3. B Takom ciydae 1io-
Ma,/Th TTPOEKTHPYeMOll (PUTYPBI yMeHBIIaeTcs B 72 pa3 (3TO OYeBHIHO JIIs
MIPSIMOYTOJIBHUKOB, & B ODIIEM CJIydae MOXKHO HCIOJIB30BATH «AIIPOKCHMA-
[MOHHBIE» COOOParKeHMsl). SHAUUT,

1 1
= SAS = cosp-AS, nomox E uepes AY. = fMAw. (7)
T T

Aw

2. ITo cmbiciy paccyzxaenuii B 1. 1 dopmyia (7) mosydena Kak mpubiiu-
KéuHast popMysia, TeM Gosiee TouHast, yeM Mmenbine AY.. Ho, okasbiBaercs,
ommbKu, cueJaHHble Ipu BbiBose GopMydbl (7), KommneHcupyrorcst, u dbop-
MyJIa, SIBJISIETCS TOYHOIA!

[Tpu sTOM BOBCE HE HYKHO, 9TOOBI MIOBEPXHOCTH, O MIOTOKE Yepe3 KOTO-
pyIo UAET peub, Oblta Masoit. O603HAYNM Terepb 3Ty MOBEPXHOCTD 9epe3 2
(pas 9To yKe He MaJIeHbKNUil KyCOUeK ), a TEJIECHBIH yToJI, 10 KOTOPBIM OHA
BuHa 3 O, yepes w. MbI IIPeIIIoIoKuM, 9TO Ha Heil MMeeTcsl HelPEPBIBHOE
ToJie eJIMHNIHBIX HopMaJieil n = n(A), BClooy HalpaBiieHHOe B cTOpoHY O

(B TOM cmbIciie, uTo yroa Mexay n(A) u AO ocrpsrit). Torma
nomox E wepes ¥ = fMw. (8)

Jnsa nokazaresbcTBa pa3odbEM X Ha MaJIeHbKIe «Kycoukn» AY; mora-
nu AS;. Kak u upu obcyxaennu dpopmyiist (6), «KyCOUKH» MOKHO CIUTATD
KPUBOJIMHEHBIMU YeThIPEXYTOJBHUKAMU, OTBEYAIONIAMUA HEKOTOPOH «KO-
opmuHaTHOM ceTkes ', IlycTh «Kycoueks AY; Bumer u3z O IO0J, TeJIECHBIM
yroM Aw;. fcHo, uto w =Y Aw; (npn pasbueHnn ¥ Ha «Kycouku» AY;

U Ecu na Beeil TOBEPXHOCTH Y BBECTH KPUBOIMHEHHBIE KOODIHHATE HEJTb3s1, PA306hEM
€6 Ha 4aCTH, Ha KaXKJ0i U3 KOTOPBIX 3TO BO3MOXKHO. AHAJIOTMYHO TOMY, KaK 9TO GbLIO Ipu
nokasarenserse hopmyisl (6), ecnn dopmysna (8) Gymer mokasaHa I BCEX STHX dacTei,
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rouyc K pasbmBaercss Ha COOTBETCTBYIONINE «y3KHWe» KOHYChI K;, a B 1e-
PecevyeHnn C §1 IOJIYYIAeTCsl, 9YTO MIPOEKINsS o Halleil MOBEPXHOCTH Y Ha S1
pasbusaercs Ha MaJsieHbKHe obiactu Ac; ¢ omaasyu Aw; ). Tlosromy ns
. 1 ciemyer, 9To

nomox E wepes ¥ = Z(nomon E uepes AY;) = Z fMAw; = fMw.

[Toka 9T0 MBI BCE €II€ JOIyCKaeM, 9TO 3TO PABEHCTBO MOXKET OBITH He TOY-
HBIM, a PUOJINKEHHBIM, HO YeM MEHbIIle «KyCcOouKu» AYl;, TeM OHO TOYHee.
A Bespb Kak ObI MBI HU Pa30UBAJIM X Ha «KyCOUKH», MOTOKHU 110Jist & uepes X
u fMw ocraiorcst TeMH XKe caMbIMU. BOT U BBIXOAUT, 94TO paBeHCTBO (8)
SABJISIETCH TOYHBIM.

3ameuanme. Ha camom zeste dopmyna (6) BepHa u TOrza, Korja Io-
BEPXHOCTBb Y. «H30THYTa» TaKUM 00Opa3oM, UTO MeCTaMd Ha Hell IoJie n
HanpasjieHo B cTopoHy O, a MectaMu — B cTOpPoHY oT O (TaM yros Mex-
ny n(A) n A0 Tynoit). Ho npm 9TOM Haj0 CYATATH, YTO Ta YaCTh Xi_
HOBEPXHOCTH X, ryie BeKTop n(A) HampasyeH B ¢cTopoHy oT O, J1aér oTpu-
[@TeJIbHBIA BKJIAJ B w, TOI/A KaK 9acTh Yy, rie BeKTop n(A) HampasieHn
B cropony O, maéT, KaK U PaHbIIeE, MOJOKUTEIbHbII BKIam. VIMeHHO, ecyn
9acTb %4 BugHA u3 O MO TeJECHBIM YIJIOM W4, & Y_ — IOJ, TeJIECHBIM yT-
JIOM W_, TO B hopMyiie (8) Ha 10 1o/ w MOHUMATD w1 — w_. JleficTBUTEIBHO,

nomox E wepes ¥ = fMwy,
nomox E wepes ¥_ = —(nomox E wepes ¥_ 6 cmopony —n) = —fMw_,

a Ta YacTh IOBEPXHOCTHU Y, TJie BEKTOP N MEPHEHIUKYJISPEeH A—O>7 HE J1aéT
BKJIaJa HU B 110TOK (Tam F,, =0), Hu B w. A notok nosst E yepes ¥ pasen
CyMMe IIOTOKOB 4epe3 X4 | X_.

Ho sTo Ham me monamobuTcs.

3. Ilycte ¥ — 10 cdepa, a touka O, rme cocpemorodena macca M,
HAXOJIUTCA BHYTpH 31Ol cdepbl. HopMmaanm n HampaBUM B CTODOHY IEH-
Tpa cdepbl, YTO 03HAYAET, YTO OHM WIAYT K IEHTPY IO pajuycam; TOIJa
BBIIIOJIHEHO yesioBre, 910 yroa Mexay n(A) nu AO ocrperiit. Konye K B nan-
HOM CJIydae — 3TO BCE IPOCTPAHCTBO (Kya Hu mocMoTpy u3 O, BUIHA TOYKA
cdepsl ), nosromy o = 1 1 w = 47 (ubo mwromaab cdepol paguyca R
pasHa 47 R?). Uraxk,

nomox E wepes ¥ =4nfM.

4. Tlyctb BHyTpH cepbl Y MMEIOTCS MaTepHasbHble TOUYKA C MACCa-
mu M;; ux obmas macca M =Y M;; i~ ToYKa CO3IAET IOJIE TATOTEHUsI

OTCIOJa 6y,ueT cj1ea10BaThb eé CHIpaBEeIJINBOCTD U JJIA BCel IIOBEPXHOCTH 3. HOSTO]\/Iy MO2KHO
CYuTaTh, 4TO Ha BCeit IIOBEPXHOCTHU 3} MO>KHO BBECTHU KpHBOJ'IHHefIHLIe KOOpJAVWHATHI.
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Puc. 92

¢ HalpsizkEHHOCTHIO E;, MOTOK KOTOPOI Yepes X pasen 47 f M;. A Bce macchl
BMeCTe CO3HAI0T 1oJie ¢ Hanpskénnoctsio E =Y E;. Torma norok noss E
yepe3 Y. paBeH cymMme HOTOKOB modeit E;, T.e. Y 4w fM; = 4w fM.

Ot cucremMbl MaTEepUAIHLHBIX TOYEK MOYKHO TEpeiT K JI000MY pacipe-
nenernio Macceol M BayTpu Y. (Eciu peus unér o tene T ¢ HenpepbIBHBIM
pacipejiejieHneM MacChl, pa30uBaeM ero Ha MaJIEeHbKHE <«KyCOYKU» U Pac-
CMaTpPUBAaEM KaXKIblil «KyCOUeK» KaK MaTepHaJbHYI0 TOUYKY. BrupodeMm, 310
CKOpee HaJI0 MATEMATUKAM, KOTJ[a OHU XOTAT IOCIEI0BATEIHHO Pa3padaThi-
BATb TEOPUIO MPUTSKEHUs TOIMOOHOTO PO/Ia TeJI, OTBJIEKASICH OT TOTO, ITO
HA CaMOM JIeJIe TeJIa COCTOAT U3 aTOMOB U MOJIEKYJI. DTO HE IPA3/IHOe 3aHsl-
THe, TOTOMY 9YTO PEAJIbHO BO MHOTHX CJIydasiX BBIUUCJIEHUS JIefCTBUTEILHO
[IPOM3BO/ISITCS B TAKON «HEIIPEPBIBHOW> MOJIE/IN, U YKeJIaTeJIbHO UMETh yBe-
PeHHOCTD B €€ BHyTpenHeil cornmacoBananoctu. Ho 310 Bcé-Taku 3anarue mjis
crienmasncToB. ) [Toaromy nomok wepes chepy X nanpsascénnocmu noas ms-
20menus, CO30aHH020 KAK Y200HO DACHPEICAEHHDIMYU BHYMPU Y1 MACCAMU,
pasen Aw f M, 2de M — cymmaprasn macca ewympu 3.

3ameuanwme. [locsenHee yTBepKIeHNAE CIIPABEIJINBO HE TOJIBKO JIJist cde-
pPBI, HO W JJIs JII0OOW 3aMKHYTO MOBEPXHOCTU, W HA3BIBAETCH TEOPEMOit
laycca. Mbl orpaHUYInINCh €IMHCTBEHHO HYXKHBIM HAM CJIydaeM cdepsl,
9TO0BI B 1. 3 HE HAJJ0 OBLIO BO3UTHCS C BO3HUKAIOIIIM B OOIIEM CJIyvae
BOIIPOCOM, C KaKMMU 3HAKAMH HAJ0 OpaTh TeJIeCHBbIE YIJIBI, IO KOTOPBIMU
BUHBI n3 O pa3judHble YACTU TOBEPXHOCTH Y.
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Puc. 93

Tenepn yke Jierko Jokazarb GhopMmyiy (2) [yisi HAIPSIKEHHOCTH I10JIsk
TSATOTEHUsI, CO3/IaBAEMOr0 MIapoM Macchl M, KOTOPBI COCTOUT U3 KOH-
[EHTPUYIECKUX OJIHOPOJHBIX CJIOEB. IlycTh, Kak u panbire, O — IEeHTp IIa-
pa, a Touka A jlexuT BHe mmapa; ob6o3HauMM s Kparkoctu r = |AO].
(Ha puc. 93 cieBa mM300payKeHbl CUJIBI TPUTSIZKEHWsI €MHUIHON MACChI,
noMeréHHol B Touke A, K Tpém wacrunam B, By, B mapa.) cnonssyem
coobpazkeHusi cuMMerpun. MBICJEHHO TIOBEPHEM IMAp Ha yTrOJ (¢ BOKPYT
ocu OA. C oguoii croponst, E(A) ciaraercst u3 BEKTOPOB CHJI, ACHCTBYIONIMX
HA HAXOJAIILYIOCA B TOYKe A eIMHMYHYI0 MacCy CO CTOPOHBI YACTHUIL IIapa.
Pas wactuna B nosepnysiack BOKpyr ocu OA Ha ¢, TO Tak Ke IIOBEpPHY-
Jach 1 HanpassenHas 1o AB cuia npurskenust Fp. (Ha puc. 93 cupasa
MMyHKTAPOM IMOKa3aHa OKPYKHOCTB, IT0 KOTOPO#l JABU)KeTCst B mipu Bparie-
uun BOKpyr ocu OA. Cuna Fp uzobparkaercss HAIPABJIEHHBIM OTPE3KOM
¢ magajgom O u c KoHioMm Ha npsamoit AB. Hauwajo ocrajock Ha Mecre,
a KOHEIl IIOBEepHYJICsi, MO0 IMOBEpHYJACh Ha yros @ BOKpyr ocu OA Bes
npsimast AB. Ilpu Bpamenun Bokpyr OA KOHEI 3TOr0 0Tpe3Ka JIBUXKETCS
[0 COOTBETCTBYIOIIEH MYHKTUPHOH OKpyzKHOCTH.) VI MOCKOJIBKY 3TO Tak
JUIS BCEX YaCTHUIl IMapa, U cyMMapHas cuia upursxkenus E(A) nosepry-
Jtachk Ha . C JIpyroit CTOPOHBI, BBULY OJIHOPOIHOCTH CJIOEB, COCTABJISIOIINX
map, Ipyu MOBOpOTe HUYero He naMenurcs. rak, sekrop E(A) nepexoaur
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B cebsl IpU TIOBOPOTE Ha JII000i yros ¢ BOKpyr ocu OA. DTO BO3MOXKHO
TOJILKO JJIsl BeKTOpa, HampasierHoro mo ocu OA. Urak, E(A) = E(A)n,
r7e n— eJMHUYIHAsT HOpMaJib K cdepe B Touke A, Hampassennas o AO or A
k O. Cuya npurskenust F g, HanpasienHas K B, uMeeT MOJOKHUTEIBHYIO
npoekiuio Ha ock AQ, opuenTupoBanuyio or A K O; 3HAYHUT, TO YKe BEPHO
n juist cymmbl E(A) stux cuit. ITostomy E(A) > 0.

ITycTs Touka A’ HaxomuTes Ha TOM ke paccroganu ot O, aro u A. ITyrém
HOBOPOTA BOKPYT MOJXOAINElH OCH Ha MOJXOsIuii yroy nepeseaém A B A’
Paccy/iast aHAJIOTMYIHO NPEJBULYINEMY, 3aK/Io49aeM, 9ro npu 3rom E(A)
nepeiinér B E(A"). uaunt, F(A) = E(A") (Bemp |n(4)| = |n(A')| (=1)).

OcranoBuMcst Ha MOMEHT Tiepe]] (PUHAJIBHON CIIEHON U TIepeBeieM Ty X:
E(A) = E(r)n(A),

rae E(r) — bynkmua ot r. Mbl XoTHM J0KazaTh, 9To oHa pasHa fM /r2.

B ¢unane, xak deus ex machina'?, nossmisercs Teopema Iaycca. Ha
cdepe X pajguyca r npoekrus F, Bekropa E(r)n Ha HOPMAJILHYO IPIMYIO
(T. e. moOmpocTy Ha PajMyc), OPHEHTUPOBAHHYIO COTJIACHO HAIPABJICHUIO N,
ecrb E(r); 3Hauur,

nomox B wepes ¥ = E(r) - (naowadv chepor) = 4rr? E(r).

ITo Teopeme I'aycca 1o BBIpazkenune pasuo 47 f M, oTkyma u ciaemxyer «happy
ends»:

E(r)= 7“_12fM

3ameuanme. Teopema ['aycca, pazymeercs, ClipaBeTUBa U B 9JIEKTPOCTA~
TUKE C OYEBUIHBIMA U3MEHEHUSIMU: B BAKyyMe IIOTOK IOJIsT HAIPSKEHHOCTH
9JIEKTPUIECKOrO [OJI, CO3/IaBAEMOr0 PACIIONOKEHHBIME BHYTpH cdepbl (6o-
Jiee 06mUM 06pa30M, BHYTPH 3aMKHYTOMN IOBEPXHOCTH) X 3apsiJlaMu, OOIIast
BeJIMYMHA, KOTOPBIX €CTh (), paBeH 47w(), ecji HOpMaJId N Ha ceil pa3 Ha-
[IPABJIEHBI HAPYZKY Y U UCIOJIb3YEeTCsI CUCTEMA eUHUI, B KOTOPOU BEJIMINHA
CUJIBI B3aUMOIEHCTBUS IBYX 3apAI0B (1 1 (Q2 B BaKyyMe PaBHA 110 abCOJIIOT-
Hoit BemmamHe Q1Q2/r%. OGLIYHO 3Ty TeopeMy M3JIAraloT B Kypce (DU3HKM
IIMEHHO B CBSI3U C 3JIEKTPOCTATHKOIL. 13

12 «Bor u3 MamuHb> — EPBOHAYAJILHO 3TO ObLIIO UPOHUYECKUM KOMMEHTAPUEM B JIPEB-
HOCTH 110 IIOBOJY (DMHAJIOB aHTHYHBIX JpPaM, KOLJa Ha CleHe (Jayke y BEJIMKUX JpaMa-
TYproB) BHE3AIHO IMOSIBJISLICSI OOr M IPHUBOAMJI BCE B JIOJIPKHBINA IOPSJIOK, 4ero 6e3 ero
BMeIIIaTe/IbCTBA HUKAaK Obl He BBIILIO. BOr He MOr, KaK IIPOCTOM CMEPTHBIM, BOUTH B JBEPH
WJIM BBIATHU M3-3a KyCTa; OH CIIyCKaJjIcs ¢ Heba, /i 9ero u OblIa Hy»>KHa MAIIMHA.

13Teopema BepHa U [1JIs1 9JIEKTPOCTATHYECKOTO IIOJISI B BEIECTBE, TOJIBKO B HEil TOIIA
pedb UJET O MOTOKE BEKTOPHOIO ITOJIS SJIEKTPUIECKON WHIYKITUHU.
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B 6osee snementapubix yuebnnkax Gpusnkyu NOTOK Hamnpsikénnoctu E
JIEKTPUIECKOTO TOJIsI ONPEJIEISIOT He C ITOMOINBIO MHTErpaja Ul THJIPO-
JIMHAMIYIECKOH aHAJIOTHH, & CJIey oMM 00pasoM. Pucytor (xoTs 661 B yme)
CUJIOBBIE JIMHUY ITOTO TIOJIsl — He BCe, KOHEUHO (MX KOHTUHYYM, OHHU CILIOIIh
3aIOTHATOT Ty 06J1acTh, Tae mMeercs mone'?), a mexoropwie. Mmenno, nx
PHUCYIOT C «['YCTOTOI», IPOIOPIMOHAJNbHOI Besnunte |E| nanpskénnocru
moJist. PoJTb TIOTOKA UrpaeT YUC/IO CUJIOBBIX JIMHUIA, TIEPECEKAOTUX Y, TIPH-
YEM TPH TOJCYETE KarKjasl JIMHUS YIUTBIBACTCA € HAJJICXKAINM 3HAKOM
(a TouHee, yUMTBHIBAETCs KaxKJoe IepeceveHue JIMHUM ¢ X). Pasymeercs,
[IOTOK TOT/Ia BCErJia OY/eT IEeJIbIM 9YHCIOM, HO 3TO KaK pa3 He TaK YK
CyIEeCTBEeHHO (du3ndecKu. Fcin Mob30BaThCST CUCTEMON eIUHUIL ¢ OYCHb
MAJIOH eIMHUTIEH HATIPSI)KEHHOCTH, TO TIOTOK B HAIIIEM CTAPOM CMBICJIE TOXKE
OyAeT MOYTH YITO IEJIBIM YHCJIOM — OH OYJIET MEJIBIM YUCJIOM ILTIOC IPOOD, KO-
TOpO¥ MOYKHO TIpeHebpedn. Bosiee cymecTBeHHO Apyroe. Mbl MozkeM HaYaTh
C HEKOTOPOIl MOBEPXHOCTU X U PAa3MECTUTh HA Hell TOYKM C IJIOTHOCTHIO,
MponopIuoHaabHoOl F,,. Hepe3 5T TOYKU MBI Oy/IeM TIPOBOJUTH CHJIOBBIE
smann. Toraa MOYXKHO ITPOBEPUTH, ITO BO3JIE X UX «IyCTOTa» KaK pa3 u Oyer
nponopuuonaibia |E|. Ho Beap Kak Jasblie wiyT 9TH JUHAA —3TO OT HAC
y2Ke He 3aBUCHT, a ompejensercs nojgem E. Ine rapantus, 9To BCIOJAy UX
IyCTOTa OCTAHETCs IponopuuoHansHoit |E|?

Hampumep, npeiacraBum cebe M3MEHEHHBIN 3aKOH TSTOTEHUS, TPH KOTO-
POM HpHTSKEHIE 06PATHO IIPOHOPIHOHAILHO He KBAJPATY 1> PACCTOSHIA I
MEZKTy IPUTATHBAIONIIMUCS MATEPUAJBHBIMI TOYKamu, a Kyby 3. Torma
TOYEYHBI MCTOYHUK II0JIsI, HAXOMAIMACST B Touke O, cO3MaéT HAIPSIAKEH-
HOCTD

const A—O>
E(A) = 2onst A2
)= 1208 120"

u noTok o E gepes chepy pamuyca r ¢ mearpom B O 00paTHO IPOIOP-
muronaster r. [losyuaercs, aro dem masbine or O, TeM MEHBIIE CHJIOBBIX
JuHUH. MaTeMaTuyecKn oHUMaeMble CUIIOBBIe JIMHUH (Te, KOTOPBIX Kaca-
IOTCSI BEKTODBI TI0JIs] ), KOHEIHO, HUKY/Ia He JIEBAOTCsI (B JAHHOM CJIydae OHI
cyTh Jyun, HaduHaomuecd B O), HO Mbl YCJIOBUIMCH OOPAIATh BHUMAHKE
TOJIBKO HA 9aCTb ITUX JIMHWI, BBIJIEJICHHYIO ¢ U3BEeCTHOU rycroroit. U Bor,
OKa3bIBAETCs, 10 Mepe ynajerus oT (O 3TW JUHUU UCYE3aI0T U3 Cchephl
HaIlero BHUMaHHdA. A eciim BooOpas3uTh cebe MPUTsKEHHe, 0OpPaATHO IPO-

14B obmacTu, re 3a1aH0 HelrpephIBHOE BeKTOpHOE mosie B, wepes kax<ayio Touky A, rie
E(A) # 0, npoxonur cusoBas JuHUA (IIOHAMaeMas YIACTO MATEMATHIECKU — KaK TaKas
JIMHUS, 9TO B KaxkJoil eé Touke BekTop E(A) Kacaercss sToil uHun). DTO yTBEpXKIeHUE
SKBUBAJIEHTHO TEOPEMeE CYIIeCTBOBAHUS PENIEHUI CUCTEeMbl OOBIKHOBEHHBIX Hauddepen-
IIUAJIBHBIX yPAaBHEHUH C 3aJJAHHBIM HAYaJIbHBIM 3HAYEHUEM.
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MIOPITMOHAIBHOE T, TO TpH ynajgeranu or O OyayT BO3HUKATH, WU, TOYHEE,
TpebOoBaTh HAIEIO BHUMAHUS HOBBIE CUJIOBBIE JINHUU.

YTBepKIeHNE, ITO €CIIN JIJTs TTOJIsI TATOTEHUS WA SJIEKTPOCTATUIECKOTO
TOJIsI TJIe-TO HAPHCOBAHBI CHJIOBBIE JIMHUM C <«IPABUJIbHO» (Ipomoprmo-
HAJIBHOI HAIIPSIKEHHOCTH ) I'yCTOTOM’, TO U IIPU UX [IPOJIOJIZKeHUN (KaK JIMHUI
C COOTBETCTBYIONIIMMU KACATEILHBIMU) <«IyCTOTa» BCIOJY OCTAHETCS <«IPa-
BUJIBHOI», IIPEJICTABIISIET COOOIl OYEHb JIEMEHTAPHYIO, & IOTOMY HEYKJIIO-
KV (POPMYJIUPOBKY OTHOIO U3 BapuaHTOB Teopembl [aycca. «IlosiBiisironu-
ecs» U «UCYE3AI0NINe» CUIOBBIC JIMTHUU — 3TO, KOHEYHO, TOXKE KyCTaPIIHHA.
B maremaTudeckoit Teopun BEKTOPHBIX IOJIEI 9Ta KYCTAPIINHA 3aMEHIETCS
TOYHBIM HOHSITHEM — TaK Ha3biBaeMoii guBepreniueit div E BekTopHOro mo-
s E. JluBeprexius — 9T0 9uCI0, KOTOPOe KaK Obl M3MepsieT, B KaKOil cTerre-
HU BO3JIE IAHHOU TOYKYN A «BO3HUKAIOT» WJIUA «MCUYE3AI0T» CHUJIOBBIE JIMHUU.
B kaxk/101i TOUKe OHO CBOE, Tak 9T0 BeKTopHOMY oo E(A) conocrapiisiercst
ckassipHoe 1iosie div E(A). A ecin roBOpUTH B TEPMUHAX I'MIPOMHAMUIE-
cKoOll anajornu, paccMarpuBas E Kak pv s HEKOTOPOTO BOOOParKaeMOro
TeYeHUs KUIKOCTU WK ra3a, To div pv —3T0 KakK ObI KOJIUIECTBO KUIKOCTH,
KOTOpO€ /00aBJIAETCS WM HMCYe3aeT M3-33 TOI0, U9TO MECTAMHU HMEIOTCS
KaKHe-TO «MCTOUHUKI» UJIU «CTOKI» (PacCpeloTOUeHHbIE [I0 HEKOTOPBIM 00-
JIACTAM ). DTO (PU3MUECKH HEPEAJbHO, HO JJIsl TEUCHUS Ia3a BIIOJIHE PeasbHa
nuBeprennys div v — OoHA U3MepsSeT CKOPOCTb U3MEHEHUS 00bEMA TaCTUIILI
rasa, MpoXoJAIIeil Yepe3 JanHyio Touky. VMmeercs mpocrast dopmysta, mo3-
BOJISTIONIASI BBIYHUC/IUTH JUBEPTEHIINIO C MOMOIIBIO JEeKAPTOBLIX KOOD/IMHAT
z, Y, z. ObozHaunM KoopauHaTh! BeKTopa E uepes E,, E,, E; Torgal®

divE= 2= | 95, | OF: (9)
Ox Jy 0z

C nuBepreniueii cesizaHa cieayiomniasi reopema M. B. Ocrporpajickoro

(1801—1 862)16. IIycTh X —3aMKHYyTas TOBEPXHOCTD, KOTOPasi BMECTE C Orpa-

15 Korga peus uaét o GyHKIUIX HECKOJBLKUX TIEPEMEHHBIX (KAK OHO M €CTh B JIAHHOM
ciay4dae: BeKTOp E U ero KOOpJIMHATHI 3aBUCAT OT T, Y, 2), TO IPOU3BOJHBIE IO THUM
TIepeMeHHbIM HAa3bIBAIOT «YACTHLIMH ITPOU3BOIHBIMUY U 0603HAYAIOT C TIOMOIIBIO «KPYT-
sioro» 3naka 0 Bmecro d. Mubivu cinoBamu, O Ey /Ox — 310 npoussopnas dEy (z, y, z)/dx,
BBIUUC/IIEMAsi TIPU TOCTOSTHHBIX ¥, Z.

16Eé cpasbiBaloT Takxke ¢ mmereM [aycca, HO, coracHo «MaTeMaTH9ecKo# SHIUKIIONe-
nun», Layce omybamkoBast 3a,10ro 10 OCTporpaIcKoro TOJIbKO 9acTHBIN cirydail. Teopema
»Ke, CBA3BIBaeMasi C UMeHeM laycca B 3TOH KHHMKKE, GECCIIOPHO MPHUHAJIEIKUT eMy, Kak
U eé mepBble TPUMEHEHHs B TEOPUU 3JIEKTPOMArHUTHOTO ToJisA. Bynb oHa omybimkoBaHa
paHbIle, OHa MOIJIa ObI CTEMYJIUPOBATh paboTy OCTPOrpaJcKoro, HO Ha CAMOM JIEJIE TI0-
CTieTHUM y¥Ke TIOJTyqnsI CBOIO TeopeMy K MOMEHTY MyOJKaIul TeopeMbl [aycca, Bcero Ha
roz, onepenusieil mybaukamuio Ocrporpagckoro. $1 He 3HAIO, HCXOAMI JiU OH, Kak Laycc,
U3 337129 TEOPUH TOJis UJIU UMEJ B BULLY ADPYTHe IMpUoyKeHus (IO3/HEe OH UCIOIb30BA
CBOIO T€OpeMy, BepHee, €6 MHOTOMEPHBIH BAPHAHT, B BADUAIMOHHOM WCYUCJICHUH).
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HUYUBAEMOI €10 00JIACTHIO IEJIMKOM CONIEPXKUTCS B ODJACTH, TIE 3aJaHO
BekTOpHOe ToJie E. B KadecTBe «yKazaresist MOJIOKUTEIHHOIO HAIIPABJIEHST
[IPU TIePECeYEHNN ITOM MOBEPXHOCTHU» BBIOEPEM I10JI€ €IMHUIHBIX HOPMAJIEIA,
HAIIPABJIEHHBIX Hapy»Ky. lorma moTok mnojis E depe3 Y paBeH MHTErpaJLy
or divE mo obmacTtu, orpaHmYMBaeMoi MOBEPXHOCTHIO Y. B wacTHOCTH,
€CJin Y. COCTOUT U3 JIBYX KOHIIEHTPUIECKHX cep X U Xy PATUYCOB 71 < Ty
c nearpoM O © ecyin BHyTPpHU X1 pacupeesiena HekoTopas macca M, co3ma-
o1ast 1moJie Tarorenusi K, a 60JibIlle HUKAKUX MacC HET, TO OrPAHUYNBAEMAs
[MOBEPXHOCTHIO Y. 00J1aCTh V —9T0 30HA MEXKTy JBYMsi C(hepaMu; OHA JIEIKUT
B obsactu onpenenenus noyia B, u tam div E = 0. Ilostomy morok moss E
qepe3 Y. paser (. A OH cyraraeTcst U3 MOTOKOB Yepe3 X1 U Lo, TPUIEM HA X1
HaIpaBJeHNe HAPYXKY OT V — 9TO HAIpaBjeHHEe BHYTPb X1, & HA Lo ITO
HAIIpaBJIEHNE HAPYXKY g, TAK UTO TelepertHuii moTok mnojis K yepes Yo oT-
JITIAETCs] 3HAKOM OT PacCMaTPHBABIIErocs paHee (TOr/a COOTBETCTBYOMIAs
HOpPMaJIb HAIIPABJISIACH BHYTPH cdepsl). Mtak, notok nosst E BHyTpS cde-
PBI 3 OJIMH U TOT 2Ke JJI BCeX JOCTATOYHO HObImX cdep. A Korga pagnyc
cdepbl ¥ T0CTaTOYHO BeIHK, TO Ha Heil E(A) 6umsko k —(f M/ TZ)A—O) /|AO],
TaK 9T0 MOTOK 0,n30K K 47 f M. IIpu 60bIuX 7 MOTOK OyIeT CKOJIb YTOIHO
MaJjio oTyimdaThest oT 4 f M; Tak Kak OH He 3aBUCUT OT 7, OH paseH 47 f M
U TI0 TOIi ke mpuanHe OH paBeH 47 f M mist 10001 cepbl, 3aK/II0YAIOIIEH
BHYTPH cebs Bcio maccy M.

Bot n Bcé. Ho 31mech MBI HCTIO/TH30BAJIN CBEICHUSI, BXOISIINE B YICOHYTO
IPOrpaMMy BTOPOTO Kypca. Tem, KTo OT 9TOro JajéK, 3To paccykiaenue, 60-
I0Ch, CKaXKeT TOJIbKO TO, YTO IMMOMUMO YMHBIX Jisifieii Hpiorona u [aycca 661
em@ ymHbI g5t OCcTporpaJicKuii, a IpeblIyInee paccyKieHne (JIJINHHOe,
HO HAIVISIIHOE) CKaXKeT, sl HAJIEF0Ch, HECKOJIBKO BOJIBIIIE.



IIpnaoxernne VIII. IlociecioBue ajig 3HAaTOKOB

Yacts 1. O muddepenmuposanuu y Herorona u Jleiioaua

B crucke Jsimreparypbl B KOHIE 9TO KHUXKKU YKa3aHbI JIBa COOpHU-
Ka crareii, nmocesmEnHble aMaTn Hptorona [31], [45]. Crarbu, HammcaH-
usle coorBercrBenno H. H. JTysumeim (1883—1950) u A. H. Kosimoropossim
(1903—1987), mOCBsIEHbI HAYYIHOW METOJOJIOIUN MaTeMaTHIECKUX paboT
Herorona. Hacrositmast vacte 1 oT9acTy JIOMOJIHSIET 9TH CTATHU, [IPU ITOM
KOe-4TO U3 HUX BOCIPOM3BOAUTCS (HO, KOHEUHO, si He COOMPArOCh NepecKa-
3BIBATH UX IEJUKOM ).

WsBecTHO, 94TO B TeUeHUE INTEJHHOTO BpeMeHn auddepeHIinaabuoe
W WHTErpajbHOe UCUNUCICHUS OCTABJISIN 2KEJATh JIydIIero 1mo 4acTu TOd-
HOCTU OCHOBHBIX TOHSTHUN — y/IOBJIETBOPUTEIbHBIE ONPEIEIEHIS TAKOBBIX
OTCYyTCTBOBa/IM. KCTECTBEHHO, IIPU 9TOM He OBLJIO CTPOTUX JIOKA3aTEIbCTB
psifia YTBEPKIEHUI, a WHOTIA U (DOPMYJIUPOBOK UJIU TOYHBIX (DOPMYIIHPO-
BOK yTBepKjaenunii. HaBenenne mopsiika B 9TOM Jejie SIBJISIETCS 3aCJIyTOi
B nepsyio ouepep O. Komm (1789—1857) (B TOM, YTO KACAJIOCH CTEIIEHHBIX
DSJI0B, 3aMeTHYI0 poJib chirpasn Takske K. Fayce n H. AGers (1802—1829))*.
Kpurnueckast nesitesibHOCTD B. Bosbiiano (1781—1848), k coxasieHnio, ocTa-
BaJIaCh B TO BpEMsI MAJIOM3BECTHOM. 3aBepIlieHne KPUTHIECKOI IIePecTPORKN
cesisbiBatoT ¢ umeneM K. Beitepinrpacca (1816—1897), npudém B OTHOIIEHAN
CIIENUAIBHOr0 (HO BAXKHOIO € 9TON TOYKM 3pEHUsi) BOIPOCA O MOCTPOe-
HAW CUCTEMBI JEHCTBATEIHLHBIX YHMCeS HAJA0 ynoMsaHyTh emé P. [lenexunma
(1831—1916), I". KanTopa (1845—1918) u ITI. Meps (1835—1911), 0 KoTopom
s HOYEro He 3HAK CBEPX TOrO, YTO OH IPEJJIOKUJ TO K€ IMOCTPOEHUE,
gro u Kanrop. U BOT, KOT/1a, HAKOHEIl, Pa300paJICh C JeACTBUTEIbHBIMU
9HCJIAME, OKA3aJI0Ch, YTO BIIOJIHE y/IOBJIETBOPUTEIbHAS TPAKTOBKA TAKOBBIX
6buta nana EBmokcom B ero «reopun orHomenuiiy. (Ho Ilnaron sanperun
Ha3BIBATH OTHOIIEHUS 9UCJIAMH, & MOXKeT ObITh, He [lmaTon, a camu marema-
TUKHU TOTO BPEMEHU TaK JyMmaJjiu’ B KOHIE KOHIIOB, MbI TOXKE He BO3DaXKaeM,
gro N # R; HO TOr1a Hejb3sl HE IMOCTABUTH MM B BHUHY, YTO OHU, HA3bIBAS
JIefiCTBUTE/IbHBIE YHUCJIA «OTHONIEHUAMU» (He BCE JIM PABHO, KAK HA3BIBATH? ),
HE Pa3BUJIM KaK CJIeyeT 3JieMeHTapHOi ajrebpsl atux 06berTos.) U Esmokce
2Ke pa3paboTasi «MeTOJ[ MCUEPIBbIBAHUI», B KAKOW-TO CTEIeHU IIPEIBOCXU-
MIABIINHA HEKOTOPBIE CTOPOHBI MHTETrPAJIBHOrO UCIHCIeHus (a Apxumen gait
3aMedaTe/IbHbIe 00PA3Ibl UCIOIb30BAHUSA ITOIO METO/IA).

«Teopuro OTHOIIEHUIT» TIEepecTau MOHUMATD, MOXOXKe, eIlé 10 KOHIA
anTraHOCTH. O «MeTOJIe UCUEPIbIBAHUs» TIOMHUJIN JIOJIbIe. B cpeiHue Beka

1 ITo nexoTopoii cremnenu Koe o uéM (o posm mpesesnos) B X VIII B. mpaBuIbHO rOBOPUIT
Jamambep, OJHAKO B LIEJIOM «HABECTH MOPSIIOK» €My He yIaJjIoCh.
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BpeMsi OT BPEMEHU MOsIBJISJINCH COYNHEHWS, BBIJIEPKAHHBIE B CTUJIE TOTO
Merona (IIpaB/ia, Yalre 3T0 ObLIa HEYKJIIOXKAad UMUTAIMS ¢ (DAKTHICCKUMA
ommbkamu). Ho unTerpasmsaoe ucancienne 6e3 mudbepeHIimagsHoro Hems-
6GEeXKHO 0CTaBAJIOCh HAOOPOM U30JIMPOBAHHBIX IIPUMEPOB, ODIITHOCTH KOTOPBIX
€CJIM U OCO3HABAJACh, TO B JIYyUIEM CJIydae Ha YPOBHE <«POJIOBBIX HJIEH
¥ TOHATUI», a HEe HAa YPOBHE TOYHBIX MATEMATHIECKUX (POPMYIUPOBOK.

[TocTpoenne muddepentmansraoro ucaucienus: y Heorona u Jleitbuura
pazmugasiock. JIns HeroToHA OCHOBHBIM MCXO/HBIM MTOHSATHEM OBLjIa IIPOU3-
BOJHAsA, a Jyid Jleiibuuia — nuddepenuas (xoTs 0ba OHU 3HAIA U O JPY-
rom noHsiTun). Ilponssonnast npome: dbysxmuu f(t) comocrapisieTcst Hekast
HoBas pyHKIHUS [ (t). Ilpu durcupoBaHHOM 3HAYEHUU ¢ CKOPOCTH (IIPOU3-
BOJ[HA) f (t) — 910 HEekoTOpOE YKcs0. UTO TaKOe YHCII0, BCE 3HAIOT; BOLIPOC
B TOM, KAKOE MMEHHO HHCJIO €CTb [ (t); ormer, manubIl HbIOTOHOM, XOTSI
U He SIBJISIETCsI BIIOJIHE YJIOBJIETBOPUTEJILHBIM, BCE K€ JIJIsT HAUAJIa, IPUEMJIEM.
JletiGrur ke comocrapysier dbyHkmu f(t) He OJHOTHUIHBINA C HEIO OOBEKT,
a Heuro HoBoe — auddepennuan. [Ipu dbukcupoBannom t byuxnun f(t)
COIIOCTABJISIETCS He YHCII0, & (IIpu OOBIYHOl TPAKTOBKE) JUHEHHAS DyHKIIUS
or mpupainenus h = At aprymenra yHKIuu f, paBHas f(t)h, IPUIEM
B 00603Hauenuu df (t) Bo Bpemena JIefiGHUIA (J1a 1 MHOTO [IO3/HEE) aXKe 1 He
YKa3bIBaJId, 9TO 9TOT AucdepeHnaj ecTb QYHKIWS OT fi; 9TO Ternepb CTaJII
upu ciydae tmcarh df (t, h). Cunras ke t nepeMEHHBIM, HOJIyJIaeM (DyHK-
o AByx nepemenubix. Onuako Jleibuui, roopus unade: df (t) — «becko-
HEYHO MaJjasl BeJIMIUuHa». Tenepb 5TOMY TOXKe YMEIOT MPHIABATH TOYHBI
CMBICT, 100aB/sAsd K OOLIYHON YuCI0BOi pamMoii R HOBBIE 31eMEHTHI (UTO
JleJIaeTCsl B HeCTaHIapTHOM aHasuse A. Pobuncona (1918—1974)). 91o rex-
HUYEeCKH HAMHOIO CJIOXKHee (II0TOMY YTO HaJI0 JI00ABUTH Cpa3y He TOJBKO
muddepentnnaabl GYyHKIUHA, HO U MHOTO 9Yero JIPYyroro, XOTs Obl Ipon3Be-
JIeHUs U OTHOINEHUS TeX 2Ke nuddepeHuaios u nudepeHInaibl BEICIITIX
HOPSIJIKOB, & Ha CaMOM JleJle TOpa3io GoJIbIle), HO HEKOTOPbIE CUMTAIOT, UTO
B KOHEYHOM cuYére mojydaercs npoire. Ho yxk JlefibHUI-TO HUKaK He MOT
3Toro npojesnars! Bor u nmosrydaercst, 9To B TpakTOBKE JIeiiOHMIIA OCHOBHO
HOBBIII 00BEKT — 3TO BOOOIIE HEU3BECTHO YTO.

Xorst 0b0a momxo/1a — ¢ TPOU3BOAHBIMEU U Aud depeHnuaIaM — B ITPHH-
[UAMTHAATHHOM OTHOIIIEHNN SKBUBAJIEHTHBI U XOTsI HA TIEPBBIX [TOPAX MTPOU3BO/I-
HBI€ BBITJISIIST IPOIIE, OJHAKO B KOHEYHOM CUYéTe paboTaTh ¢ quddepeHIm-
aJlaMi HepeJKo ObIBaeT yiao0Hee, 0COOEHHO KOT/Ia PeYb HIET O (DYHKIUSIX
HECKOJILKIX HepeMeHHbIX 2. ITosromy emé mpu xus3nu HpioTona B KOHTHHEH-

2BeposiTHO, B 9TOM OTHOIIEHUH HUCTOPHS MOEro obyueHUs JOBOJILHO THIMYHA. 1, KO-
HEYHO, OJHOBPEMEHHO IMTO3HAKOMMUJICS W C IPOM3BOAHBIME, U C guddepeHnuagaMu, HO
JIOBOJIBHO JIOJITO IIPOU3BOMHBIE ObLIN MHE «Ojnzke». ToapKo 1o3/Hee, KOraa f yKe Jesall
IepBBIE IIardl B CAMOCTOSTEIBLHON HaydHOI paboTe, s1 «CKMIICS» ¢ nuddepeHrnaIamu.
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TasbHOt EBpore Havas yrBepKIaTHCA OAX0 I Jleitbuuiia, HecMOTps Ha TO,
YTO 9TO OBLJIO «IOWIM Tyla He 3HaI0 Kylday. A Bemab HbIOTOH mpecTaBiisii
cebe, 9To Takoe auddepeHImal B HaIleM CMbICJIE — IVIaBHasl JIMHEHHAas
vacTb npupamenus: dbysxmun. (Emg 6u1! OH, okaspiBaeTCsl, 3HAJI U O «IJIaB-
HOI HeJIMHEHON» YacTH 0 N-T0 HOPsijiKa, T. e. 0 dhopmyste Teiiopa.) Oqua-
KO OH IPEIIOYNTAI UCXOUTh U3 Mpou3BoAHoi. Ecm 661 ero Touka 3peHmust
YTBEpPIUIACH, TO BO3MOXKHO, YTO CTPOTrasi TPAKTOBKA, g depeHITnaIbHOTO
UCYUCJIEHNs He 3aCTaBUIIa ObI JIOJINO XKJ1aTh. Beib BIIOJIHE MOT OBl CJIOKUTh-
sl TaKoi MOJIXOJ: CIIepBa MPOM3BOJHBIE, 3aTeM muddepennuan (B ciydae
HECKOJIbKHUX IIePEeMEeHHbBIX — JIMHEHAasT KOMOWHAIMST TPOU3BOIHBIX, YMHO-
JKEHHBIX HA IPUPAIIEHHs ), ero MHTePIpeTalys KaK IJIaBHOM JIMHEHHON da-
CTHU TIPUPAINEHUsI, U BOT YK€ Mbl 06€3 BCAKOM MUCTHKU UMEEM MPAKTUIECKU
BCE, ueM ObLI cuiiéH JIeHOHUII, TOBKO MMOHAYALY ITO JEJIaJI0Ch OBl MAJIOCTh
HETOYHO, HO W HeOOXO/MMble YTOUYHEHMs IIOCJIEI0BAIN Obl OYEHBb CKOPO,
Besb HbIoTOH OBl K HUM GIHM30K (CM. HHXKE). DTO MOIIO ObI IPOU3OUTH,
ecsu Obl aHrniickass MmaremMaruka mocjae HeoTona okazanacek cusabnee. Ho
[I0YeMy-TO OHA HAJIOJIIO HOYTH 3aMepJia B cBoéM passuruu. (CaMbiM Bblia-
omumMcs eé npegcrasureseM 6b11 K. Makiopen (1698—1746), Ho, upu BcéM
yBazkeHUN K MaKJIOpeHy, ec/ii CPaBHUBATH €ro ¢ €ro KOHTHHEHTAJbHBIMU
COBPEMEHHUKAMHU, OH OKAXKETCs IJIe-TO BO3JIE IATOr0 Mecta.) U ykazamHas
BO3MOYKHOCTD HE PEATH30BAJIACD.

Kak ke MoxkHO paboTaTh ¢ «IOWaM Tylda — He 3Haio Kymas?! Jlywmaro,
4TO B caMOM HadvaJie Oblin Haiigensl (pexie Bcero camum Jleiibuunem, HO
TakXkKe U ero rocsuesoparensmu, ocoberno V. Beprysum) gocraTodno déT-
kue (GpopMaJibHbIE MMpaBUJIa JeicTBUl ¢ aud hepeHnraaaM, 1 UM MOYKHO
GBLIO TI0JIL30BATHCS, IPUHAMAs UX, TAK CKa3aTh, 3a akcuoMbl. («HaiiieHbi»
MOTJIO O3HAYATH W «yTraJaHbly> HA OCHOBAHUU AHAJIOTUH, KOTODPasl WHOTIA
noasoauita. Opuo Bpems Jleitbuur mymas, aro d(fg) = df - dg, no anaso-
run ¢ dopmynoit d(f + g) = df + dg! Ho norom oH, KOHEUHO, HAIIEJ TIpa-
BIJILHYIO GOPMYJTY, KOTOpas Teleph HazbiBaeTcs «opmyioit Jleitbrumas3.)
Tax 9TO B KaKOI-TO CTEIEHU TOrJalHee JuddepeHInaIbHOe UCIUCTIEHIe
6eL10 akcnomaTmaeckum®. KoHeuno, akcmomarnka e GbLTa OTTOYEHA Ha-
CTOJIBKO, YTOOBI HE HAJIO OBLIO 00pAIATHCA K MHTYUIIUN WM K KAKHM-TO
COJIEPXKATEJILHBIM COODPaYKEHNAM, He 00S3aTeHHO BIIOJIHE 000OCHOBAHHBIM.
Cy1ecTBeHHOE OTJINYNE OT COBPEMEHHBIX aKCHOMATHIECKUX UCCJIEIOBAHUIA

3Mmue KasKeTcst, 4TO TOBOPHTH O Pa3BEPTLIBAHUM i bEPeHIATLHOr0 HCIHCICHUS
MMEHHO KaK HEKOErO UCYUCJICHUS, T. €. KaK TEOPUH C OOIIMPHBIM 3anacoM (pOpMyJT U Ipa-
BUJI JIefiCTBUS, MOXKHO TOJIbKO C TOIO MOMEHTa, Kak mossisercs dopmyia Jledbuuna.
C 9TOro MOMEHTa BO3MOXKHOCTH HCIIOJb30BaHUsA UMD (HEPEeHIUATBHOTO HCIUCICHAS yBe-
JINYUBAIOTC BO MHOTO Da3.

4B [7] Ta e MBIC/Tb BHIDAsKEHA JPYTHMHU CJIOBAMH.
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COCTOSIJIO B OTCYTCTBUU JIOKA3ATEIHCTBA HEIPOTUBOPEYUBOCTH. JleHbHUIT
U €70 TIOCIeIOBATE N ObLIM YBEPEHBI, YTO U3yYal0T KAKHEe-TO PeaibHO CyIIe-
CTBYyIONHE 00BEKTHI; OTKYJIA YK€ TYT B3ATbCs IpoTuBopeunio? OHO MOXKeT
[MOSIBUTHCsI TOJIBKO U3-3a, Halleii omubku. HenmporuBopeunBocTh obeciiednBa-
JIACh AMIMPUIECKU: €CJIU BCTPEIAIOCH KAKOE-TO TIPOTUBOPEUNE, UCKAJU €r0
MPUYIUHY U YTOYHSIIA «aKCHOMATHKY ». KaK M3BeCTHO, HETPOTUBOPEUINBOCTD
OOBIMHO yCTAHABIMBAETCS IIyTEM IIPEIbsiBJIeHNs HHTepIpeTanuu (Moien).
Jlo HecTaHIAPTHOIO aHAJIM3a TOrJA OBLIO JAJIEKO, HO TJIaBHAsl JIMHEHHAas
JacThb MPUPAIIEHUs, KOTopasi (pakTudecku yxke 0buta y HpioToHa, BIIOJIHE
nojonuIa 661 B 061eM-To o Hell u B mKoJe JIefiGHIIIA He MOIVIM He 3HATH®,
HO MOYEeMY-TO He OTOXKIECTBJIsm e€ ¢ auddepeniuaiom. [logemy — cu-
XOJIOTMYeCKasl 3arajika. Bujaumo, 3aBopakuBaJia IpesiecTb (HeOCO3HAHHOTO,
HO OIIYIIABINErocsi) HeapXuMe0Ba PaCIIupeHnst IpocTpancTBa R, a TpuBn-
aJIbHAs MHTEPIIPETAIldsi OJJHOIO TOJIBKO JudpepeHImalia He yecTrpanBalia. ..
Jaémb HecTaHIAPTHBIM aHAM3 B OJTHOM 00béMe! TobKo KoOTia Ha10€s10
JKaaTh npuiectBus A. PobuHCOHA €O BceMu ero npearedamu (CM. HCTOPHIO
Pa3BUTHs MATEMATUYECKO JIOTUKM), COIJIACUJIUCH HA MEHbIIee, TeM GoJiee
YTO ITOr0 MEHBIIEro (BCerja, HOYTH BCEra UM 9acTo?) XBaTaer.

HeroToH onpeesisist npou3Bonyo df /dt Tak xKe, Kak 5T0 ¢/1eJ1aHo B § 4, —
Kak Impejiesl pasHocTHoro otHomerns Af /At npu At — 0. IosTomy cupa-
muBaercs: Kak HbI0TOH TOHUMAJT TIpeiest?

Kommoropos ykasbiBaet, 9T0 «IOHSITHE Mpeiesia siisieTcs st HpioToHa
OJTHUM U3 UCXOJTHBIX MIOHATHH, He TOJJIeXKAIIX B CUJIY UX TPUMHUTHBHOTO Xa-
paKTepa U MHTYUTUBHON SICHOCTH MPsSIMOMY ompefesieanto. OIHaKo BO BCeX
CBOUX YTBEPXKJIEHUSIX O CBOWCTBAX IIPEJEJIOB U CIIOCODAX UX HAXOXKIEHUS
HpbroToH BIIOJIHE TOYEH U HU B 9YEM HE PACXOUTCS C HAIMUMU COBPEMEHHBIMUI
pejcTaBIeHusAMnI . TaKkoe MOHATHE MOYKHO TOJIBKO MTOSICHATE Ha TPUMEPAX,
aro Heroron u memadr.

B Bompoce 0 TOYHOCTU HBIOTOHOBCKUX HMOHATH JIy3uH MIET HECKOJIBKO
nagibie. [lo ero muenuto, HbIOTOH UMeT J1€JI0 UCKJIIOYUTEBHO C KYCOIHO
MOHOTOHHBIMU (DYHKIUSIMU, & Jils Takoit dyukuuu f (), 3anaHHOl HA WH-
repBaJie (a, b), upenes al?lH(ll f(z) paBen BepxHeil niu HUKHeN rpanu GHyHK-

=
mmu f Ha HOJXOJsIIEM MajleHbKoM mHTepBaJie (a, a + §). Jlysun rosopwur,
YTO «Makoe MpeJie/IbHOe 3HAYEHNEe B CAMOM Jiejie 8udHo Ha 2aa3». Ilomyda-
ercs, uro y Hproroma BooOIIEe BCE CTPOTO, TOJHKO MAJIOCTH HEIOPAOOTAHDI
dopmysnuposku. [To-moemy, 3mecs JIy3un yBaEKes, K 4eMmy OH BOOOIIE OBIBAJ
CKJIOHEH. KJtacc KyCOYHO MOHOTOHHBIX (DYHKIMII He 3aMKHYT OTHOCHTETHHO
[IPOCTEMINX Olleparyii, HauMHasi CO CJIOXKEHUsI, II09TOMY OH He IIPUTOJIeH

5Tor »xe U.BepHymran OTKPBLI COOTHOILIEHHE, SKBUBaJIeHTHOe dopmyste Teitmopa.
IIpaBna, oHO OBIIIO MMEHHO SKBHBAJIEHTHO IIOCJIEIHEH, a BCE-TAaKU HE COBIAIAJIO C HE.
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IJIsL TOrO, YTOOBI KJIACTh €r0 B OCHOBY aHAJIN3a, U HEI0PAOOTOUYKA IOJTy9a-
eTCsi BeCbMa, JIOCAJTHOM, XOTsl Ha KOHKPETHBIX IpuMepax y HbooToHa 9TO He
CKa3bIBAETCS.

[ToBTOpsito, UTO BHIIIE 51 He HepeckasbiBajl ctaTbu KoimMoroposa u JIy-
3WHA, & JIUIIb KOe-ITO OTMETII ¥ IPOKOMMEHTHAPOBAJ. X049y T0OABUTH €ITé
OJTHO 3aMeuaHue: oJiHO u3 nosicuenuii HproTona, nMeroree obImii xapakrep
u obcyxkaaemoe y KomMoroposa, akTUIecKu MOYTH SKBUBATEHTHO OTHOMY
13 BAPUAHTOB COBPEMEHHOI'O OIIPEJICJICHUST IIPEIeIa, tlgr}l f(t). Dror Bapuant

raacutd: tlim f(t) = b, ecoim dyukuus, pasHast f(t) nupu t #a u b upm
—a

t = a, HenpepbIBHA B TOUYKe . 1lo TOBOMLY COOTBETCTBYIOIIErO MOSICHEHUS
Herorona (koropoe s He Oyiy BoOCHpOM3BOAUTH TekcTyasubHo) Kosmoro-
POB YKa3bIBAET, 9TO OHO COBEPIIEHHO MPAaBUIbHO. MHe KaxKeTcs, MOXKHO
CKa3aTb CUJIbHEe, KaK s U CJes1asl, — MOsICHEHNE TIOUTH SKBUBAJIEHTHO COBPE-
MeHHOMY ompeenennto mpejena’. Y HbloToHa HeT ompejie/leHus MOHATH
HEIPEPBIBHOCTHU, TI03TOMY s M TOBOPIO, 4TO omnpejeierne HpoToHa «modTn
9KBUBAJIEHTHO» COBPEMEHHOMY OIPEIEJIEHUIO, 8 HE IIPOCTO «IKBUBAJIEHT-
no». Ho mecomHeHHO, YTO MpPAKTHUYIECKH HE TOJIBKO HbBIOTOH, HO W JHOmM
Ky/la MEHBIIEro KaJnbpa MPeKPACHO OTINYAJN HEIPEPBIBHBIE DYHKITHH OT
paspbiBHbIX. [lycTh noHaTHE TIpE/ea Oy/IeT TEePBUIHBIM, HO €CJIM CKA3aHO
(HEeM3BeCTHO Ha KAaKOM OCHOBAHUM), YTO 5TO IEPBUYHOE IOHSTHE SKBHBA-
JIEHTHO TaKOMY-TO «BTOPUYHOMY» IOHSITHIO, OIPEIETEHHOMY TaK K€, KaK
9TO JIeJTAeM MBI, TO SICHO, ITO PACXOKIEHUS C COBPEMEHHBIMU IIPE/ICTABJIEHNU-
MU O CBOICTBAX IPEEJIOB U CIIOCO0AX MX HAXOXKICHUS U HE J0JIYKHO ObITh.

BepositHO, eciin OBl aHTIIMHCKAs MaTeMaTHIeCKas KoJa ocie Heioro-
Ha 0Ka3aJiach 0oJiee CUIBHON, MAKCHMYM Yepe3 OJTHO-/IBA HMOKOJICHUS HbIO-
TOHOBCKOE TIOSICHEHHE IIPEBPATUIIOCH ObI B OIpejesieHre, KOTOPOMY IpeJi-
IIIECTBOBAJIO OBl KOPPEKTHOE OIIPE/Ie/IEHNE HEIIPEPHIBHOCTH, U 0DOCHOBAHIE
aHaJjm3a cocTosiock Obl Ha 100 JleT panbIie.

B wmagame XVIII B. BOBHUK TPUOPUTETHBHIN criop Mexjay HbioToHOM
u JleiiGHuneM (¢ aKTHBHBIM y9acTHEM JIPYTHX AHTIMACKUX U KOHTHHEH-
TAJIbHBIX MATEMATUKOB), B KOTOPOM 00e CTOPOHBI IIPOSIBIIIN Ce0sl He CaMbIM
JIyIImuM 00pa30M W O KOTOPOM MOYKHO IMPOYHUTATH B JIMTEpaType. DTOT
CIIOp, PABHO KaK U 3aI03/1aJIblit XapakTep myosukaruit Herorona mo anaansy
(cm. B [48]), Toke HE CTOCOGCTBOBAI MOMYJISIPHOCTH €r0 TOUKH 3PEHUS.

6B coBpeMeHHBIX TepMHHAX.

"1 x0Ts1 OBBIMHO B OCHOBY H3JIOKEHUs GEPETCST APYTOE ONpe/IeIeH e, TAHHbIH BADHAHT
TOKe BIIOJIHE IIPUTO/EH B 9TOM oTHoIeHuH. OH U IPUHAT 38 OCHOBY B M3BECTHOM yUeOHU-
ke . Jlannay «BBenenune B muddepennmpanbuoe u uHTerpasboe ucauciaenues. M.: VI,
1948, ornmuaromeMcsi, KaK H3BECTHO, IOJHBIM COOJIOAeHHUI (POpMaIbHBIX TPeGOBaHMUit
crporoctr (BKJIIOYasi HAJJIEXKAILyIO [OJHOTY PHBOJMMOIO M HCIOJIb3yeMoro Habopa
YTBEPXKAEHUII) U BMECTE C TEM KPATKOCTBIO.
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Yacts 2. 06 omgmoit MmEUMOiT HeTouHOCTH ¥ HbIOTOHA M 0 pPa3IMIHBIX
BBIBO/IaX 3aKOHOB Kemiepa

Oxaun u3 naparpados kauru [7] ozarsasien: «lokazan ju Heioron
SJUTMIITHIHOCTh opbut?» [laparpad siBisiercss OTKINKOM Ha OOCYKJI€HUE
JaHHOrO Bonpoca B crarbe P. Befincroka [14]. B [14] ykaszano, uro Heroron
HAIE ONpeJieIeHHbIe pelernst audepeHIalbHbIX YPABHEHUNA 331891
Kemepa, KoTopble JEeACTBUTENHHO ONMUCHIBAIOT JIBUYKEHUS 110 SJUIATITHIE-
CKUM opbuTaM, min, bojee obmmUM 00pa3oM, M0 KOHUIECKUM CEIEHUSIM, HO
He JI0Ka3aJjl, YTO JPYTUX PEIIeHui HeT. APHOJIBJ pas3bsCHSET, YTO CPEIH
HBIOTOHOBCKUX DEIEHN UMEIOTCsI PEIIeHNs, OTBEYAIOIINe JIIOOBIM HATIEPET
3a/IaHHBIM HAYAJbHBIM YCJIOBASAM (IOJIOYKEHUIO W CKOPOCTH IIJIAHETHI B Ha-
YaJbHBII MOMEHT BPEMEHH), U HAIIOMUHAET, YTO [0 M3BECTHON B TeopHuu
nmnddepeHImaIbHBIX YPABHEHNAN TEOPEME CyIIECTBOBAHUS M €IMHCTBEHHO-
CTHU DEIEHnE ¢ JAHHBIM HAYAJbHBIM YCJIOBUEM €IUHCTBEHHO, TAK 9TO €CJIN
HbroToH mpeabsiBUI HEKOE DEIleHre, TO HUKAKOrO JPYroro pelleHus He
MOXKET OBITh.

IIpasna, y HeioToHa 3TOI TEOpEMBI CyIIECTBOBAHUS W €MHCTBEHHOCTH
pemennst He ObLIO, HO, BO-TIEPBBIX, OH CYATAJ €JIUHCTBEHHOCTD (DU3MIECKU
OYEBUIHON, & BO-BTOPBIX, JJIs PENIEHUH, SBJIAIONNXCS AHATUTHICCKAMUA
QYHKIUSIMI BpEMEHH, €IMHCTBEHHOCTD TIOJTY YA€TCsI CTOJIb IIPOCTO, YTO U IO~
BOpUTH O Hell HezaueMm. Bo Bpemena ke HpioroHa Bce dyHKIMM OBLIH
AHATUTHICCKIMU® .

Apuonbz nobasisger [7], 9T0 ecim MOXKHO IPEINbABUTH CeMEHCTBO pe-
menwit (¢, a) ¢ TPOU3BOILHBIME HAYAIBHBIME 3HAYCHUAMA a°, TPUUEM X
[JIaJKoO 3aBUCHT OT (t, @), & G B CBOK OUYEPe/ib MOXKET OBbITb BBIPAYKEHO
Kak riajkas GyHkys ot (, t), TO eIMHCTBEHHOCTh TOXKE 00eCIIeueHa: HeT
HUKAKUX JPYTUX PENIeHnii, KpoMe pelleHnil u3 9Toro cemeicTsa. B aTom
ciIydae He HaJI0 3apaHee NMOoApa3yMeBaTh PENIeHNs aHAJATHICCKUMA (hyHK-
usaMu BpeMenu. (JlokazaTesbCTBO CBOAUTCS K MCIOJIb30BAHUIO @ KAK HOBOM
HEeM3BEeCTHO BMecTo . B arux TepmuHax ypaBHeHHe (HJIM CUCTEMA TAKO-
BBbIX) npuHuMaer Bun da/dt = 0 M, KOHEYHO, He WMeeT DEIleHUH, KPoMe
periennii a = const.) HpioToH ke (haKTHIECKH IMEHHO TaKoe CeMeficTBO pe-
IIEHWI U peIbsBUI. APHOIB 100aBser: « MoXKHO, KOHEYHO, BO3PA3HUTH,
aro HeroTon me 3uas 31oit Teopembl. elicTrBuTesibHO, OH €€ He dOpMyIIn-
pOBaJ B TaKOM BHUJE, KaK 3TO ceivac cienanu 6ul Mbl. Ho mo cymecTBy
OH €€ HaBepHsIKa 3HaJI, TaK ¥Ke KaK U MHOTHE JPyTrHe TMPUIOKEHUs] TeOPUN

8BHe CBOMX OCOBBIX TOYEK, KOTOphle HBIOTOH yMes paclo3HaBaTh. (41 y»xe roBopui
06 sTom B §4.)

90TMeTHM, 9TO T M @ MOIYT GBITH «BEKTOPAMI»> — HaOOpAMH UHCEN, TaK YTO Pedb
MOKET UJITU He 00 OJIHOM yPaBHEHHH, & O CHCTeMe OOBIKHOBEHHBIX JuddepeHIraabHbIX
yYpaBHEHHUHN.



246 IIpunoxenune VIII. IlocnecnoBue /st 3HATOKOB

BO3MyIIeHUi»>. [locmeasist yIoMsiHy Ta 3/1eCh IOTOMY, 9TO B HEH, 10 CyTie-
CTBY, KaK pa3 M IIePeXolaT K HEKOTOPBIM HOBBLIM II€PEMEHHBIM BpOJE a,
B TepPMUHAX KOTOPBIX YPAaBHEHUsl €CJI U He cBogsTcst K da/dt =0 (310, Tak
CKa3aTh, UJeaJl), TO BO BCIKOM ciaydae yupormaorcs. A HpooToH, Kak roBo-
pwiochk B npusiokenuu VI, — ocHoBaresb Teopun Boamyinenuii. (Bupouew,
MHe KazKeTCsl, 9TO MOYKHO BCE-TAKM COMHEBATLCS, B KaKO crernenn HpioToH
OCO3HABAJI OOITHOCTH 3TOTO TIPUEMA — IIEPEXO/IA K HOBBIM IIEPEMEHHBIM BPO-
ne a. Jdoramascs au 6bI OH HCIOJIB30BATh €r0 He IS YyIETa BO3MYIICHUIA,
a 1o ToBOAY emuHCcTBenHocTU? BepositHO, noramascst Gbl, eciu ObI OYEHD
3aX0TeJl YCTAHOBHUTD IIOCJIE/THIOI, HO BOT 3axX0Tes Ob1?)

Ecnm unraremo ckazaHHOE He COBCEM OYEBH/IHO, TO COBETYIO IIPOYUTATD
mosipobHee y ApHOJIb/Ia — MHE K 3TOMY HEUero J100aBUTh, 8 BOCIPOM3BOIUTD
TO, 9YTO HAIMCAHO B JIOCTATOYHO JOCTYIIHOH Gpormope, HeadeM. 91 BIosHE
Pas3elisio He TOJIBKO ero HaydHOe CY?KIEHHE 110 3TOMY IMOBOJIY, HO U €ro
MPOHMYECKOE OTHOIIEHUE K JUCKYCCHU.

ApHOMBJT yKa3bIBAET, 9TO KPUTHUECKOE 3aMedaHue B ajapec HpioToHa
panbIie Beickazasa A. Yuurrep (1903—1958) B cBoeit n3sectHOit Kuure [53).
HeiicrBuresibHo, TaM CKa3aHo (B IpUMeYaHUM B KOHIE KHUTU K §241):

«BBII0 OBl PE30HHO TPEJIIOIOKATH, YT0 HbioTOH BhIBEN (33) (ypaBHe-
Hre sumanca. — JI. A.) kak ciezgcreue (2) (auddepennuansHoe ypaBHeHne
zagadn Kemepa, ynomuHaeMoe HuxKe Kak (21), W JBa 3aKOHA COXPaHe-

HUs —HEePruu U MoMeHTa uMiryibca. — 1. A.). OgHako mesblil psi BazKHbIX
crpanut B ,, Hauanax® kacaiorcs BbIBOAa (21) U3 KEILUIEPOBBIX 3AKOHOB JIJIsI
kpyrosoro'? mnanerHOro ABMKeHNH... IIepBBIM, KTO JIOKA3AJI, UTO BCE TPa-
exropun upu U(r) = 1/r sSBASIOTCS KOHAUYECKUME CEUEHUSIMH, OBLI, IO-BU-
naumoMy, Visan Bepryims.

Ho Yunruep, e B mpumep BeitHcTOKY, BO3IepKAICH OT «pa300/IadeHust
BEKOBOI1 JiereH1pr». UT0 ero yaep:kajo — nuereT K Heioromy, Torna emé e
BBIBETPUBIIHIACS, MJIK TO, YTO OH HE TOJIKO 3HAJI TEOPEMY €/IMHCTBEHHOCTH,
HO U B Jiyxe HbIOTOHA roTOB OBLI NPUHSATH €€ KaK HEKYI CAMOOYEBUIHYIO
nctuny?! Taxk nmiau mHAdYe, HO OH TOJBKO CKa3aJ, u4To y HbioToHA HET TakKo-
rO-TO PaCCyKJIeHus, a He yTBepxkKaas, Oyaro y Heiorona ects mpobesr. Ho
BCE ke OH cKazaJs: «IlepBbIM, KTO JOKa3aJI...», a TOUHEe OBLIO ObI CKA3aTh:
«IIlepBbIM, KTO HEMTOCPEICTBEHHO JTOKA3AL...».

B «Hauajax» mmeercst mpsiMasi CChLIKA Ha €JIUHCTBEHHOCTH PEIIEeHUsI
C 3aJIAHHBIMU HAYAJBLHBIMU YCJIOBUSIMH. DTO CleAcTBHE 1 M3 TIpeJIoyKe-
nusa XIII mepBoit kaurm:

10TIo-BumMOMYy, YIOMHUHAHHE O KPYTOBOM JIBHKEHHH — KAaKas-TO HEGPEKHOCTH: HUTO
JIJIsl HETO MOXKHO BBIBOJUTH Ha <«IIEJIOM psifie cTpaHuily ! JIpyroe feso — mjist sjunrude-
CKOT'O JIBU?KEHHsI, KOTOPBIM JEHCTBUTEIBHO U 3aHUMAJCA HbIOTOH.
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«/3 nocsennux Tpéx upemioxkenuii (B HUX pedb HIAET O JIBUKEHUU
0 3JIIUIICY, Turepbosie u mapabose, yuosiaersopsitomeM 11 zakony Kerure-
pa.— 1. A.) caenyer, 9TO eciiu KAKOe-HUOYIb TeO0 P BBIXOJUT 110 HAIIPAB-
JieHnto npsiMoit PR ¢ Kako#-mnb0 CKOPOCTHIO U HAXOJUTCS TOJT JefiCTBIEM
[EHTPOCTPEMUTEBHOM CHIIBI, 0OPATHO TPOIIOPIIHOHATIBHOM KBAPATaM PaC-
CTOSIHMIT 710 TeHTpa S, TO 3TO TeJo OyJeT IBUraThbCs MO KOHHMIECKOMY
CEYEeHMIO, KOero (hOKYC JIE2KUT B IIEHTPE CUJI, U HA000POT; HOO MpU 3aIaHHBIX
doKyce, TOUKe KACaHUsI U TIOJIOXKEHUU KACATEJbHOW MOYKHO IIOCTPOUTH JIUIIb
OJTHO KOHHMYECKOEe CeYeHUe, MMeIOllee B 9TON TOYKe 3aJ[aHHYI0 KPUBU3HY.
Kpusuzna ke HaliIéTcst 10 3aJaHHON CKOPOCTU U IEHTPOCTPEMUTEIHHOM
cujIe: moJ, JeMCTBUEM TOH XKe IEHTPOCTPEMUTEIbHON CHIBI U IIPU TOU 2Ke
CKOPOCTHU He MOTYT OBITH OIMUCHLIBAEMBI JIBE PA3JINYIHBIE TPACKTOPUH, Kaca-
FOIIUECsT JIPYT JIPyTas.

BeitHCTOK OTMeEUYaeT, YTO YaCTh, HAUNHAIOIIASICS CO CJIOBA «HO0», ObLIA
nobasiena Bo BTopoM usganmn «Hawams ', Bropas momosuna mocite et
n06aBIeHHON (DPA3bI —ITO KAK Pa3 YTBEPKIEHUE O eMHCTBEHHOCTH, HUKAK
ne moruBupoBannoe. llo-sumumomy, Hbroron BocmpumumMmas ero mpexie
BCEro Kak (DU3UYECKUIl MPUHINII, HO, KAK FOBOPWJIOCH, OH OTJIUYIHO 3HAJ
U TO, YTO IpH perieHnn udepeHIuaIbHbIX YPABHEHUI C TIOMOIIBIO PSIIO0B
€JINHCTBEHHOCTh IOJIy9aeTCsl HACTOJIBKO OYEBUIHBIM 00OPA30M, UTO JTaXKe
¥ TOBOPHUTDH 00 3TOM Kaxkercs nayumunM. Ho nmockonbky B «Hagamax» ymo-
MUHaHUI 0 perrennn JuddePeHITHATLHBIX YPABHEHUH € HTOMOIIBIO PSIOB
HET, HET U CCBUIKA HA TAKYI0 MOTUBHUPOBKY €IMHCTBEHHOCTH.

Mexay npounm, B mepBoii kuure «Hadaja» ecTb OJHO MeCTO, OTKy/a
[PU KeJIAHUU MOXKHO ObLIO Obl W 0e3 BCSIKUX PsJIOB W3BJIeYb yTBEp:K/Ie-
HUE O eJIMHCTBEHHOCTH B HY>KHOM HaM ceiidac CIeIUAJIbHOM CJIydae. DTO
pazmen VIII— «O naxoxkjaennn opobut, o KOTOPHIM OOPAINAIOTCS TeJIa, TO/T
JieficTBUEeM KaKuX YTOJHO IEHTPOCTPEMUTEIbHBIX CUl» (IIOC/IeIHUE HA Ca-
MOM JIeJie TIOJPa3yMeBalOTCsl 3aBUCAIIAMI TOJIBKO OT 7). B coBpeMeHHBIX
TEPMUHAX €r0 COJIePIKAHME CBOJUTCH K caenytomemy. O6osnaqas depes U (r)
[TOTEHITNAJIBHY IO SHEPTHIO, UMEEM 3aKOHBI COXPAHEHNSI SHEPTUH © 1 MOMEHTA

11K romy Bpemenu . Bepuymnu ykasain, uro B «Hauanax» comep:kurcs pemrenue o6-
parHoii 3aaun Kemepa, a He npsimoii. /{ob6aBiieHHBIE TOITOPBI (DPa3bl JABAJJIH KOPOTKUN
OTBET Ha ITO 3aMedyaHue. Buiammo, Juiss Takoro mMaremaruka, kak V. Bepnymau, sToro
OTBeTa OKa3aJIO0Ch TOCTATOYHO — HACKOJIBKO M3BECTHO, OH OOJIBIINE HE yTBep:Kaaj, 6yaro
npamag 3anada B «Havanax» e pemena (u, 3Ha9uT, BIIepBble perui eé caM Beprysim,
0 ero perreHun OyIeT BKPATIE CKA3aHO JaJiee).

12HpI/IMeHI/ITeJILHO K JIAHHOM 3a/1ade OH JIeMCTBUTENHHO J0Ka3aH y HeoToHa (B TOIt 2Ke
KHHTe, B pa3jiesie 1oJ| ABoiHbIM HasBanueM: «IIpenmoxkenne XL. Teopema XIII»), xors,
Kak o6braHO B «Hawgamax», BbIpakeH B reoMeTpudiecKoit (POPMYIUPOBKE, IPUTIEM B TaH-
HOM CJlydae OHa HE TOJIBKO MPOMO3JKa, HO (M 9TO Xy:Ke) He JaéT OCHOBAHUI JyMaTb, UTO
pednb UJIET O COXPAHEHWH KAKON-TO BEJIMYMHBI, UMEOIIeil BaXKHOe (DU3NIECKOe 3HAYEHHE.
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HMITYITbCA,
2
% + U(r) = E = const, r2p=M,
a TakK Kak
dr\2 M? sdrN\2  M?
2 .2, 2.2 2, 2.2
detertg = (T) et = () o
MBI TIOJIYaeM
dr 7“2\/2 M?
@ JZE_U M
T EE-ven -2
T Mdr
o = , 10
v / 2\ 2(E _U(r) m _ M2)r2 (10)

TIIe o, 7o —3HAYEHUS (0 U ' B HAYaJbHBII MOMEHT BpeMeHH tg. Jlajiee cKaxy
crmoBamu BeitncToka:

«CaMoe cTpaHHOE 3aKJTI0IAeTCsI B TOM, 9TO B JleficTBuTebHOCTH ,, Haua-
Ja‘ cofiepKaT OO METO T OTIPEeIeIeHNsT OPOUTHI TeJTa, IBUKYIIETOCS O
JeHCTBUEM TEHTPAJBHON CHJIbI, HO B HUX HWUIJE HE YIOMUHAETCS O TOM,
uro HbOoTOH KOrIa-anbo MpuMeHsI 9TOT METOJI, K HanboJjiee BaxkKHOMY CJIy-
yar — cujie, yOBbIBaroIieli 06paTHO IIPOIOPIMOHAIBLHO KBaJIPaTy pPacCTOsi-
uud... B ciencrsun 3 k npemioxkennio XLI Heroron ymomunaer o npumene-
HUU CBOEI'0 METOJIa K CUJIe, HATIPABJICHHON K IEHTPY U 00pamHo nponopyuo-
HAABHOT KYOY PACCMOAHUSL OM HE20, U TIPUBOIAT PE3YJIHTAT 0€3 KAKUX-JTHO0
Beruncienuit. Ho o mpumenennn o0Iiero Meroia K oIpejeieHlo OpouT mpu
JIBUZKEHUH IT0JT IefICTBUEM IEHTPAJIbHOI CHJIbI, 0OPaTHO MIPOTIOPIINOHAJIBHON
KBaJ[paTy PacCTOsIHUsI, HUTJIe He TOBOPUTCS HU B ,, Hauamax®, Hu B apyrux
paborax Herorona... Most cobcTBeHHAST TOTaIKA, HE TOAKPEIICHHAT HUKAKHA-
MU CKOJIbKO-HHOY/Tb BECOMBIME apryMeHTaMu, COCTOUT B TOM, 4T0 HbioToH
HE CyMeJI BBIUYHMCJIUTH MHTErPaJi, BOSHUKAIOMNN B Ciydae OOpaTHBIX KBaJl-
patoB». (Dot maTerpas upu U(r) = —km/r npuBomuTCs myTéM 3aMeHBI
nepemerHoit © = 1/(ar + 8) ¢ noxxopsimuMu o U [ K «TabJIAUIHOMY UHTE-
rpaJjly» — UHTErpajbHOMY BBIPAXKEHHUIO JJIs apKCUHyca. B HAIM THE 3TO
JIOJI2KEH YMEeTh TIPOJIEJIATE CTYJEHT, HO B TO BPEMsl 3TO OBLIO COBCEM HE TIPO-
cro. CTOUT 3aMETUTD, YTO TOTJA elé He ObLI0 0003HAYEHMIT arcsin, arccos
J1JIs1 0OpaTHBIX TPUTOHOMETPUYIECKUX (DYHKIHT. DTU 0003HAUEHUs BBEJ Dii-
JIep, U, TIOXOXKE, BBEJIEHIE CIIEIUAIBHBIX 0003HAUEHU OTParXKaJjIo TO, YTO OH
MPUYIUCIIAI COOTBETCTBYIOIIHE (DYHKITUH K TOMY CTAHIAPTHOMY <« I?KEHTEJb-
MEHCKOMY Habopy» (YHKIHIL, KOTOPBIE MBI TEelepPh HA3BIBAEM <«3JIEMEHTAP-
HBIMHU», & PaHee OHU B TAKO POJIM HE BOCIPUHUMAJINCE. )

Onnako Yanmpacekap ykaswisaer [57], uro B «Hauanax» mo apyromy
noBoy (IPUTSPKEeHNe CITIOCHYTON IIJIAHETOH TOYKH, HaXomsiefics Ha eé
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ocu, — caegcrsue 111 npenoxkenns XCI nepsoit kuurn «Hauans ) npusenén
pe3y/ibTaT BBIYUC/IEHUsS TOYHO TAKOTO K€ HWHTerpaJia. Buammo, wmsjioxe-
HHUE XOJIa 3TOI'O BBIYUCJIEHUS B CJIOBECHO-TeoMeTpuyueckoMm cruie «Hauasrs
0Ka3aJI0Ch CTOJIb I'POMO3JIKUM, 9TO HBIOTOH mpernovés He 3arpoOMOXKIATh
UM pas3zessl 0 3aade Keriepa, KOjb CKOPO OH MOTI MPEJJIOKUATH JIPYroe
petmienue nocseaneii. (JIpyroe geno— ykasaHnHas 3a7a4a O IPUTSZKEHUN: OHA
HE BBI3BIBAET TAKOI'O MHTEPECA, U MOITOMY B HEWl MOXKHO IIPOCTO MPUBECTH
OTBeT, He OO'bsICHSIsI, KAK OH IOJIyY€H. )

TnasHOe ke syt Hac cefiuac B ToM, uto dopmyna (10) oxHO3HAYTHO
omnpezensier (@) TPH 3aJaHHBIX HAYAJIBHOM IIOJOXKEHWH IUIAHETHI Tq, Qo
U eé HadaJIbHOIl CKopocTH vy (d4eM omHoszHadHO oupezensorcas M u E).
J1s1st TAKOTO BBIBOJIA HE HAJIO UMETH SABHOU (DOPMYJIBI JIJI STOTO HHTErPAJIA.
BHauuT, 111 MEHTPAIBHOTO TIOJIA eMHCTBEHHOCTD JoKaszanals. HeioTon me
OTMEYAET ITOrO CIENUAJBHO, KOO OH OBLI yBEPEH, UTO €JNHCTBEHHOCTD
NMeET MECTO BCETJIA.

B obmem, Hpiorona moxkHO OBLIO OBI YIPEKHYTH 3a HEAOCTATOYHYIO
96TKOCTD popMmyaupoBoK. Ho Benp ¢ He MEHBIIMM OCHOBAHHEM B TOM K€
MO2KHO OBLTIO ObI OOBHHHTBH JII000T0 anaauTuka g0 Kommm, mbo oH HEe MOT
OBbI JIaTh Y/IOBJIETBOPUTEIBHOIO OINPEJEIEHIs UCIIOIb3yEeMbIX UM HOHSTHI
OPOM3BOAHON U mHTErpasia. 110 CpaBHEHHIO ¢ ITUM IpexoM (B KOTOPOM
HpioTOH 1OBHHEH MeHee JIPYIHUX) HEKOTOpas HEYETKOCTH (DOPMYJIMPOBOK
MIPUMEHUTETHHO K (PU3NIECKU OUYEBHUIHOMY YTBEPKICHUIO — MEJIOYb, KOTO-
past BooOIIe He 3aC/IyKUBaJjIa Obl YIIOMUHAHNS, He OTHOCUCH oHa K Hpioromy.

Brictymienne BeitHcToKa BBIZBAJIO IUCKYCCUIO, MHMOPMAIIUsT O KOTOPOIi
cojiep:KUTCs B €ro ke crarbe [15]. OH 06beKTHBHO KOHCTATHPYET, UTO ero
TOYKA 3PEHUsI HE MOJIYUIUIa OJJIEPKKU, HO HECMOTPs HA 9TO OCTAETCs IIPU
CBOEM MHEHHHU («HE MOT'Y IOCTYIIUTHCH IPUHIIUIIAMUY ).

A mymaro, 9T0 MBI TOJKHBL OBITH OJIATOJAPHBI Y HHTHEDY U BeifHCTOKY
3a UX UCTOPUYECKUE 3aMedaHUsi, OCODEHHO YYWTBIBasl, YTO B JUCKYCCHUH,
BeI3BaHHO [14], ocBemainch pasiMdHbE NCTOPHYECKHE OOCTOSTENBLCTBA,
KOTODBIE J10 TOTO (II0 KpaiiHeii Mepe, 171st GoJiee MM MeHee IMPOKNX KPYTOB)
ocraBasuch B Tenu. Ho Beiincrok, mpaBuiabno ykasbiBasi, uro «Hadgasas
TPYAHO YUTATH, HAIPACHO JEJIA€T BBIBOJ, UYTO UX HUKTO HE M3yUAJ CKOJIb-
KO-JT0O0 CePHE3HO, OTTOrO U OCTAJICS HE3AMEIEHHBIM CYIIECTBEHHBIH TPOOeT.
S1 rosopus B npunoxkernu VI, aro koe-kTo uzyuan «Hagama» (u ormeuasn

13 Takum 06pa3oM, COBEPITIEHHO MOJHBIH BBIBOJL 3aKOHOB Kertepa 13 3aKOHOB MEXaHUKH
B nyxe «Hauass craraercs m3 1ByX pasHOPOZHBIX dacTel: pelreHne OoOpaTHOH 3aaa4du
Kemnepa mocraBisier HaM pelIeHUsl COOTBETCTBYIOIUX AUM@EPEHINAIBHBIX ypaBHE-
HHUI C IPOM3BOJILHBIMHA HAJaJbHBIMH JAHHBIMHI; HA OCHOBAHWHM PEIYKIHUN K HHTErDaJTy
(BBIYHMCIIEHHE KOTOPOrO MO3BOJIMIO Obl OGOHTHUCH 6€3 NEepBON HYacTH) OGOCHOBBIBAETCS
€/INHCTBEHHOCTDb PeIleHus.
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omwubku). IIpocTo B OCHOBHOM 3TO ObLIM JIHMIA, 3AHUMABIIUECT MEXAHU-
KOi, KOTOpbIe HE IIPOCTO 3HAJM, KaKWe JAHHBIE OJHOZHAYHO OIPEJIEJISIOT
9BOJIIOIIUIO CUCTEMbI, HO, TAK CKA3aTh, «BOCIPUHUMAJIN STy UCTUHY CBOUM
HyTpoM» 4. 1. Beprysumy, canTapmuii, uto y HEIOTOHA HET OKA3aTEIHCTBA,
«Hproron = Kerutep», cocrasiisiyi B 9TOM OTHOIIEHUN UCKJIIOYEHIE — OH
ObLT OoJlee «IUCTBIM» MaTeMAaTHKOM. KOHEYHO, OH NpU CiIydae 3aHIMAJICS
3a/adaMyi MEXaHWKH W, Pa3yMeeTcs, IMOHUMAJI, 9TO PEIleHre OIHO3HATHO
ONpeIeIsieTCsl HaYaIbHBIMU JIAHHBIME, HO JJIsi HETO 9TO, BUJIUMO, He OBLIO
CaMOOYEBUIHON UCTUHON. Bripouem, eMy XOTeJIOCh MOIIEPKHYTh IIEHHOCTD
cBoero jiokazaresnbcrsa. (Touree, IBYX IIPeJJIOKEHHBIX UM JIOKA3ATEJbCTB,
KOTODbBIE U HE3ABACHUMO OT 9TOT'O UMEIOT JIOCTOMHCTBA. [lepBoe n3 Hux ecTsh,
o cyuiecrBy, nepedpasuposka VIII paszmena neppoii kuurn «Haugan» (eré
HE CTOJIb AHAJIMTUYECKAs] U [MOTOMY HE CTOJIb IPOCTasi, KAK IPUBEIEHHAS
BBIIIIE) BMECTE C BBIUUCIEHUEM COOTBETCTBYIONIEr0 NHTETPAJIA; CTYIEHTAM I10
ceit JieHb [alIe BCero coobIaloT MMEHHO 3TO J0Ka3aTeabeTso®. Bo Bropom
JI0KA3aTeJbCTBE BOIIPOC MHBIM CIIOCOGOM (C IIOMOIIBIO YIOMUHAEMOI B KOHIIE
carepyromero nyHkTa ¢opmyssl Hbiorona, nepeoTkpbitoit Bepryiuim) cso-
JIUTC K TOMY K€ MHTerDaJLy. )

Teneppb 51 ckaKy HECKOJIBKO CJIOB O JIDYTUX JIOKA3aTEIhCTBAX 3aKOHOB
Kermtepa.

YV Apnosbaa nmeercs «/lobasienne 1. JJokazaTebCTBO 3JUIMIITAIHOCTH
opOUT», T/Ie IPUBEIEHO JOKA3ATEIbCTBO, mpeyiokernnoe B 1889 1. 9. ['yp-
ca [26]®, a mozmmee mepeorkpbrtoe B 1906 T. T. Jlepu-Unsnra (1873—1941)
(cm. [39]) (HEOMHOKpATHO MCIOIB30BABIINM 3aTeM 3aMeHy NepeMeHHbIX, Ha
KOTOPOl OCHOBaHO 3T0 nokazarenserso) u B 1911 r. K. Boiunom. B mém

14y omsiryThIe BBINIE KOpHden HEGECHOH MEXAHWKH YKHUJIM B TO BPEMsI, KOT/Ia OOIeit
TeOopeMbl CyIIEeCTBOBAHMS U €IUHCTBEHHOCTH eIlE He ObLIO (IepBYIO TEOpeMy TaKOro THIA
nokazas Komm), mosromy st HUX 3TO 6bLIO CKOpee (DU3UYECKUM NPUHIUIOM. Brpo-
9eM, IIOBTOPAIO, YTO METO IIOJIyYeHUA JIOKAJIbHBbIX peLT_IeHI/Iﬁ B aHAJIUTUIECKOM CJiy4dae
C IIOMOIIBIO PAJIOB C HEOIPEAEJIEHHBIMU Kodddunmentamu BocxoauT K Hbiorony, u Tor
daxT, 9T0 3TH K03 DUIMEHTEI IPY 33 JaHHBIX HATAJIBHBIX YCJIOBUIX OIPEIEIIAIOTCS OIHO-
3HAYHO, ABTOMATUYECKH FaPpAHTUPYET €IMHCTBEHHOCTD PEIEHHS B KJIACCE aHAIUTHIECKUX
dyukmuit. Saciayra Komm cocTouT B TOM, 4YTO OH BIIEPBBIE JOKa3ajl CXOAUMOCTH ITHX
PSAI0B B OBIIEM CIIydae; 9TO JaéT TeopeMy cyliecTBoBaHusi. [lociie aToro u cramu gpopmy-
JIMPpOBAaTh TeOpeMy CYIIeCTBOBaHUA U €JUHCTBEHHOCTH; OTIAEJIBHO K€ O €IUHCTBEHHOCTU
JI0 TOTO, MOXKET ObITH, U HE TOBOPUJIN 38 TPUBHAJIBHOCTBIO.

15110 MPOHUY CYAbOBI, MHOIOYNCJIEHHBIE PE3YJIbTAThI U MeTOAbI V. BepHymnan yxe naBao
BONUIM B y4eOHUKM 6€3 yIIOMHHAHUs 00 MX aBTOPE, KOTOPBIN ObLI BECbMa YyBCTBUTEJICH
K BOIPOCY O NpuopuTeTre. B sTOM OTHOIIEHWH €ro crapiiemy 6parTy $SKoBy u CbiHy
Hauunity mosessio 6osibiie. Ho MOXKHO IOCMOTpPETb Ha JI€JI0 U C TAKONH TOYKM 3PEHUs:
pe3yabraThl u MeTonabl V. BepHyiuin Tak TOYHO JIOKMIIACH B «apBaTep» Pa3BUBABIIErO-
Csl MATEMATHIECKOrO aHaun3a (B HEMAJIOH CTEleHH CIoCOOCTBYS (POPMHPOBAHUIO STOTO
«dapsBarepay ), 4TO OHH KaK Obl TEPSJIN WHIAUBUALYAIHHOCTD.

16'ykazannem ma pabory Iypca st 06s:3am A. AnnOyiin.
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ucnoJib3yercs auddepeHnupoBaHe 1 HEMHOXKKO KOMILIEKCHBIX IHCENT, TAK
YTO OHO YyTh MeHee 3JIEMEHTAPHO, YeM pacCy:kieHus u3 § 6, HO TOXKe OYeHb
pocto. Yuraresro, MoAroToBKa KOTOPOI'O YyTh BBIIIE TOW, KOTOPAasi HYKHA
JIJIsl YTE€HUsI HACTOSINEH KHUTU, MOYyJIUTeIbHO Oy/IeT O3HAKOMUTHCS C ITUM
JI0KA3aTeJbCTBOM, OCHOBAHHOM Ha JPyroii miee (KOTOpas, B OTJIHYUE OT
HAIIUX JEMEHTAPHBIX PACCYKIEHUN, UMeeT U JPyrue IPUMEHEHMs ).

WNurepecHo emg oHO KOPOTKOE JIOKA3ATEJHCTBO, HCIIOJIB3YIOIEee Tak
Ha3biBaeMblii BekTOp PyHre—Jlenna A (cm. Huxke). Pynre u JleHn HuKo-
r7a He MPeTeHJI0BaJIu Ha aBTOPCTBO; (PaKTHIECKN BEKTOpP A ObLI U3BECTEH
U TOIJia, KOTJIa B MaTeMaThuKe (pOPMAJIBHO €I He OBLIO MMOHSITUSI BEKTO-
pa. O6 ncropun cm. [20], [21], [5]. Ona maumuaercs ¢ paborst . lepmana
1710 r., mepBonagaHo odopMIeHHON Kak nucbMo K V. Bepuysin, koTopsrit
U omy6amKoBaJI €8 BMecTe co cBouMHu 3amedanusmu'’. Meron Iepmana,
BIIOCJIEJICTBUM TIEPEOTKPBITHI B Gojiee masimaoit dopme 2K. Jlarpamxkem
(1736—1813) [38]'® u nozanee Jlammacom (KOTOpoMy OH U TIpUIUCaH B [53],
IJie CKa3aHo TaKKe, 9TO 3TOT MeTo nepeoTKpbut emé K. fdkobu (1804—51)),
dakruuecku npusogur K BekTopy A (y camoro 'epmana — ¢ TOYHOCTBHIO
JI0 TIOCTOSIHHOTO MHOXKHUTEJIS, 9TO, KOHEYHO, HECYIIECTBEHHO), a MMEHHO,
KOMIIOHEHTBI BEKTOPa A TOSIBJISIIOTCS KaK HEKHe KOHCTAHTBI, OT KOTOPBIX
3aBUCST pelleHus 3a1a49u. B Tpymax 1mo HebeCHO! MexaHUKe BEKTOP A 9acTo
durypupyer mo Ha3BaHuEM «BeKTOp Jlammacas.

3/1ech HAJIO CJEJIATh OJTHO TEPMUHOJIOTHYIecKoe 3aMedanue. C MareMaTu-
9eCKOM TOYKY 3PEHMST MBI TIOYTH BCE BPEMsT TOBOPHUM O PEIIEHUSIX HEKOTOPO-
ro nuddepeHmajbHOro ypaBaeHus. [1o ncropuaeckuM npudnHaM BMECTO
«uporecca (mmm crocoba) pemenus quddepEeHInAIBHONO YPABHEHUA> Ta-
CTO TOBOPSIT 00 «MHTErpUpOBaHUU» IOCJeaHero. IlpuunHa TakoBa: 4TOOBI
pemuTh pocreiimee nuddepennuanbioe ypasuenue dz/dt = f(t), HyKHO
MpUOETHYTH K CAMOMY OOBITHOMY WHTETPUPOBAHUIO (PYHKIUU f; a JApyrue
b depeHnnaIbHbIE yPABHEHHUST MOYKHO CIMTATh KAKMMEI-TO 0D0DIIEHUSIMU

17TIo cnoBam Tepmama, Ha HErO OKA3aa0 CTHUMY/IMPYIOIEe BJIHMSHIE H3BECTHE, HUTO
U. Bepuysumn KakuM-TO 00pasoM pemuii 3ajady Kemurepa (Ipu 9TOM €aMoro pereHust
Beprynmm 'epman emé He 3HAT).

18¢] obsizanm yxasammem mHa 3Ty pabory, omybmukosanmyio B 1781 r., Toxke A.Asnb-
Oyitu. OHa ObL1a 3abbiTa, B OTJiM4YMe OT Oojiee mo3jaHed paborsl Jlamnaca. BoamoxkHO,
3TO MPOU3OINLIO MOTOMY, UTO Jlarpam»k, mucaBminii B JAHHOM Cilydae He y4eOHUK WIIn
CHCTEMATUYIECKHUI TPAKTAT, & HAYyIHYIO CTATHIO IO TEOPUHU BO3MYIIEHU, 3ama4du Kemtepa
crieruasibHO He 06cyx)ai. Ho o dakTuyuecKn onepupoBas ¢ KOOPAMHATAME BEKTOpa A
B IIPOM3BOJIBHON JIEKapTOBON cmcreMe KoopamHaT ¢ HadasoM B S. (B samaue Kenmepa
KOOpAWHATBI BEKTOPOB 1\/‘[7 A MOr'yT UI'PaTh POJIb IIOCTOAHHBIX, OT KOTOPBIX 3aBUCAT
pemenus auddepeHIaIbHOrO YPaBHEHUsl, ONUCHIBAIONIETO 3Ty 33/a4dy. B cooTBeTCTBUI
¢ ol1elt ureosiorueil TeOpUU BO3MYIIeHU, JlarpaHK MCIOIB30BAJI Te YK€ CaMble KOMIIO-
HEHTBHI BEKTOpoB M, A Kak HOBbIe II€pEeMEHHbIE B BO3MYUIEHHON 3a/a4e.)

Anp6yiin ynommuaer emg o §1. Pukkarm (1676—1754), paGoTel KOTOPOroO s HE BUZEI.



252 IIpunoxenune VIII. IlocnecnoBue /st 3HATOKOB

W MOIUMDUKAIMAME TOTO IPOCTERINET0 YPABHEHUs; PA3 V2K [IJIsI HETO MBI
UCIIOJIb3YyEeM TEPMUH <«UHTErPUPOBaHUE» KAK CHHOHHMM <«PeIleHUs», OyjiaeM
[IOJTb30BATHCSI TAKON K€ TepMHHOJIOTHEN U B 00IeM ciiydae. XOJ MBIC/IH
3J1eCh, KOHEYHO, JIOBOJIbHO ITOBEPXHOCTHBIN, HO, T€M HE MeHee, COOTBET-
CTBYIOIasi TEPMUHOJIOTUS CTAJIA JIOCTATOIHO ODIIEYIOTPEONTETHHON U TIPH-
BeJIa K TOMY, 9TO KOHCTAHTBI, OT KOTOPBIX 3aBUCAT PEIIEHUs], HA3BIBAIOT
«KOHCTAHTAMHU MHTErPUPOBaHUsS». KCIM JAHHOE pEIlleHre MMeeT TAKHe-TO
KOHCTaHTBI HHTEIPUPOBAHUS, TO OHM, KOHEYHO, HE MEHSIIOTCsI [P U3MEHe-
HUU He3aBUCUMOIl mepemeHHol. Ha 9TOM si3blke KOOpAMHATHI BEKTOPOB A
u M, paBHO Kak u 3Heprusi F, CyTh HEKHMe KOHCTAHTHI MHTETPUPOBAHUST JIJIs
nuddepeHnnaIbHOTO ypaBHeHUs, OIUChIBaomero 3amaady Kemsepa. cro-
pUYeCKN OHU U MOSIBUJINCH KAK BBIPAYKEHUS JJI HEKUNX BEJIMIIH, COXPAHsI-
FOIIUXCsI TP JIBU2KEHUU, U JIUIIB IIOTOM OBIJIO OCO3HAHO, YTO 3TU BeJIMIHHBI
€CTEeCTBEHHO PACCMATPUBATH KAK KOOPIMHATHI HEKOTOPBIX BEKTOPOB.

Yro kacaercst BeKTopa A, TO MBICIb IPUHSATH COOTBETCTBYIOIINE KOH-
CTAHTHI MHTEIPUPOBAHUS 38 KOOPAMHATHI HEKOTOPOT'O BEKTOPA W, TJIABHOE,
BBIPA3UTH €r0 € IOMOIIBIO OMEPAINT BEKTOPHOH aiareOpbl 4epe3 I' U I' pu-
HAJJIEXKUT, HACKOJBKO # 3Hato, Y.laMmuibrony (s Hero ona Oblia ecre-

—
crBeHHOit BBUiy cBa3u A ¢ SVy uz §6, cm. mumxke) [18]|. Ilpu Beeii cBoeit
IIpOCTOTE, OHA ObLIIa IPUHITHINAILHO HoBoi Y. Ecin y Hac mMeroTcs JBe KOH-

19 CenpanucTsr 110 HeGecHOl MeXaHUKe, HECOMHEHHO, 3HAJIM, KAKOH IeOMeTpHYecKHil
CMBICJI MOYKHO TPHJATh STHM KOHCTAHTAM WHTETPHPOBAHUA (CM. HUZKE), B 9TOM CMBICJIE
MOXKHO CKa3aTbh, UTO BEKTOp A ObLI UM U3BECTEH €IIE TOrJa, KOrja He ObLIO IOHATUS
BekTOpa. Ho 0 BbIpaxkeHnn A ¢ IOMOIIBIO ONepalyii BEKTOPHOU ajrebpbl 4epe3 r u I 10
TaMuiibTOHA HE MOIJIO OBITH PEYH, ITOCKOJIBKY He ObLIO CaMOil BEKTOPHOI ajreOpsbl.

Paz yxx 3amuia peyb O MOHMMaHUM BEKTOPHON IPUPOJIBI BOCXOAIMX K l'epmany mo-
CTOSIHHBIX MHTETPUPOBAHMS, CTOUT CKa3aTh U O BEKTOPAaX MOMEHTAa UMIIYJIbCA U MOMEHTA
cuibl. OHH, B oTiumne oT BeKTopa A (KOTODBIi, KaK yKe ObLIO CKa3aHO U KAK Mbl yBHIUM
HIZKe, CBsI3aH ¢ (POPMOIT OPOUTHI), HE HIMEIOT TAKOTO HEIOCPEICTEHHOTO TE€OMETPHIECKOIO
CMBICJIA, HO 32TO UMEIOT ropa3 o 6osee obmmit xapakrep. Oco3Hanne BEKTOPHON IPUPOJIBI
MOMEHTa MMIIYJIbCa IPHUIIJIO BCJEJ] 3a OCO3HAHMEM TaKOH »Ke IIPUPOIBbI MOMEHTA CHJIBI,
a IocJIe/IHee CIepBa IIPOU3OIIJIO B CTaTHUKE, IJle MOMEHTBI CHJI UI'DAIOT BaXKHYIO POJIb.
Buayaste Obl/I M3BECTHBI TOJIBKO MOMEHTBI CHJI OTHOCUTEJIBHO OCEil; 9TH MOMEHTHI IIPO-
SABJIAIOTCSA y2K€ B YCJIOBUSIX DaBHOBECHUS pblYara: MOMEHT CHJIBbI, JEHCTBYIOIIEHl Ha OIHO
IUIeYO pblyara, paBeH MOMEHTY CHJIBI, JeicTByIoIeil Ha gpyroe ruiedo. Korpa cuna F
TIepIEeHUKYISAPHA K IJIedaM pbldara, TO MOXKHO M YCOMHUTBCs, CTOUT JIM BBOJHUTD CIIEIIN-
aJbHOE Ha3BaHWeE JJIsl IPOU3BEIEHNs [UIMHBI IIeda L Ha CHIIy, KOJIb CKOPO KJIACCUYeCKas
DOPMYIIHPOBKA «OTHOIIEHNE CHJI JOJ?KHO OBITH OOPATHO IPOIOPIUOHAILHO OTHOIIEHUIO
JIJINH IJIeY» He OCTaBJISIET »KeJiaTh Hu4ero Jy4iiero. Ho Korja ona HampaBjieHa HAaKJIOHHO
K TIJIedy, TO B YCJIOBUH PaBHOBECHUS 3TO IPOU3BEJIEHHE HAJO YMHOXKHTbH €II€ HA CHHYC
yIIa v MEXKJIy IJIEYOM M CHJION, U TYT y2Ke OILILYIIaeTCs, 94To npoussenenue F'L sin a —3To
HEYTO HOBOE M HeMaJsioBaxkHoe. (YCJIoBHe PaBHOBECHUS B IIOAO0GHOTO pOfa CIydae 3HAJ yKe
Jleonapno ma Bumun (1452—1519), KOTOPEIA BBIpaskaJl €ro MIPUMEPHO TAKAMHE CJIOBAMHE:
HaKJIOHHO HAIIPABJIEHHYIO CHUJIY IIPEJCTaBJIATH cebe KakK Obl JefCTBYyIOlell B BooOparkae-
MOM pblYare, IJIEYOM KOTOPOTO CJIY>KHUT IEPIEHIUKYJISAD, OIYIIEHHbIH U3 TOYKH OINOPBI



IIpusioxkenne VIII. ITocsecnoBue st 3HATOKOB 253

CTAHTBI, TO, KOHEYHO, MO2KHO B3STh BEKTOD, KOOPAMHATHI KOTOPOTO B TAHHON
KOOPJIMHATHOI CHCTEMe CYTh 3TH KOHCTAHTBI, HO 4TO 3TO jact! BosbMmure
XOTs OBl BEKTOP, KOOPJMHATHI KOTOPOTO B OOBIYHO WCIIOJIb3yeMOU HaMU
cucreMe cyTb E u M; MHOrO Jin IIPOKY OT TAKOIO0 OO'bEJIMHEHUs] ITUX JIBYX
KOHCTAHT B OJIUH BEKTOP? A BOT Ipu 0ObEIMHEHUN B OJINH BEKTOP KOHCTAHT
WHTETPUPOBAHUS, BOCXOAAMUX K [epMany, moydaercs BEeKTOD, KOTOPBIM,
KakK OBLIO CKa3aHO, MOXKHO BLIPDA3UTH YePe3 I' U I' ¢ TOMOIIBIO OIEPAITHit
BEKTOPHOI asireGphl (1 KOTOPBIH, CTATI0 ObITh, MOYKET ObITh BBEJEH HE3aBU-
CHMO OT KaKUX-TH00 CIENUAIbHBIX KOOP/MHAT).

CobcrBenHO, [aMUIBTOH HE OO'bEIMHMII JBE Y2KE M3BECTHBIE KOHCTAHTHI
B BEKTOp A, a cpa3y MOIydms 3TOT BeKTop. IIpm 3TOM OH, ecTecTBeHHO,
MIOJIb30BAJICSI HE BEKTOPHON asredpoil, a asredpoil KBATEPHHOHOB, UM K€
U OTKPBITOH. Ecim MOXKHO Tak BbIpasuThbes, y [aMuIbTOHA BHYTPU UCUIUC-
JieHWsI KBATEPHUOHOB BBI3PEBAJIO BEKTOPHOE HCUHCJICHNE (KOHETHO, y IO-
cJie/THero ObLIN W JIpYTHe MCTOKH). «IHCTO BEeKTOPHY0» GopMymy s A
[epBbIM HaIMcad, no-suaumomy, k. Y. I'u66c (1839—1903), koTopslit 6611
IpezK/ie BCEro (PU3UKOM, BHECIITUM OY€Hb OOJIBINOI BKJIA]] B TEPMOINHAMUKY
U CTATUCTUYIECKYIO (DU3NKY, HO KOTOPBIN IPOSIBIII ce0si U KAK MATEMATHK,
CHIT'PABINU GOJIBITYIO POJIb B BBIJIEJIEHUN BEKTOPHOI'O MCYUCIEHUS] B CAMO-
CTOSATEILHYIO JIUCIUILINHY ¥ AKTUBHO COJIEHCTBOBABIIHI €10 IPUMEHEHUsIM
B IPYTUX pa3/iejiaX MaTEMATUKH.

K. T. I. Pynre (1856—1927) mpocTo HammcaJ OJuH W3 IEPBBIX (HOCJE
I'u66ca) y4e6HUKOB 110 BEKTOPHOMY UCYUCJIEHUIO, TJIEe TOKE OCTAHOBUJICS HA
BekTope A. Jluma, y3uasiie 06 A u3 ero KHUTH, BUJIUMO, COYJIN, UTO PA3 IO
ooty A PyHre He maér JinTepaTypHBIX CCBLIOK, TO, 3HAYHUT, OH CAM U IIPH-
aymaJgi 37oT BekTop. 1o sroit joruke, PyHre npuaymalr takxke u popMyJry
a+b=D>b+ al (B yuebuuke BOOOIIEC HEBO3MOXKHO NABATH CKOJIBLKO-THOO
[OAPOGHBIE CCBLIIKH, 9TO IOJIyYnIcs Obl He yIeOHUK, & HCTOPUIECKUil TPY/L. )
Jlenr ucmonb30Bail BeKTOp A (110 TTOBOJY KOTOPOT'O OH COCJIascst Ha PyHre)
B BBIYUCJIEHUSX MMPUMEPHO TAKOI'O YKe XapaKTepa, KaKue ObLIM OOBIYHBIMU
B HebecHOU MexaHHMKe co BpeMéH Jlarpamxka u Tem 60see Jlamnaca, HO OH
paccMaTpuBaJ Apyroi hu3nmdecknit 00beKT — KBA3UKJIACCHIECKYIO MOJIEIb
aroma 110 Bopy (1, cKkopee Bcero, He 3HAJ O MATEMATHYECKH OJIM3KOMN J1esi-
TeILHOCTH (oJIee YeM BEKOBOIT IABHOCTH B Pab0OTax MO HeOGECHOH MEXAHHKE).
®usuku (npex e Beero, no-suguMomy, B. [Taymm (1900—1958), ykazasimit

phluara Ha JuHAIO geifictBus cuibl.) «OObeauHeHnEe» K€ MOMEHTOB CHJIBI OTHOCHTEILHO
TPEX KOOPIAUHATHBIX OCEeil B OJIIH BEKTOP ¥ BBISICHEHUE €r0 3HAYEHUs JIJIsi CTATUKU — 3a-
cayra JI. Ilyanco (1777—1859). B To BpeMs em@ He OGbLIO BEKTOPHON aureSpel, Tak YTO
Ilyarco, He uMesi B CBOEM PaCIOPSI?)KEHNU BEKTOPHOIO MPOU3BE/IeHNs], (pOpMaIbHO HE MOT
VM TI0JIb30BATHCS, OJJHAKO OH IIPEKPACHO 3HAJ, KAKOBA JJINHA BEKTOPA MOMEHTA U KaK OH
HaIPAaBJIEH.
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¥ YCIIEITHO WCIOJIb30BABINUI aHAJOr BEKTOpa A yKe HEe B KBa3WKJIACCHU-
YecKOlf MOJIesin, & B HACTOsIIEN KBAHTOBOH MexaHWKe) y3Hamu o6 A u3
crarhu JIeHIIa 1 HANBHO NIPUIIUCAH OTKPBITUE U [IEPBbIE IPUMEHEHUST 3TOrO
BeKTOpa cooTBeTcTBeHHO PyHre u Jleny.

Ucropus yciaoxusercs u3-3a nHebpekuocT ['epMana, KOTOPBI CIEs 00-
Hapy?KEeHHbIE UM KOHCTAHTHI HHTEIPUPOBAHUS PDABHBIMU HYJIIO, — JIOBOJILHO
qacras CTyJeHIecKas OIMMMUOKa, OJHAKO CTPAHHAS JIJIsi YIEHOTO AKAJIEMUIe-
ckoro yposHa2Y. DTy ommbKy HeMeTIeHHO OTMeTHT 1 ucrpasui 1. Bepmy-
s (COBCTBEHHBIH K€ ero MeToJ ObLI COBEPIIEHHO MHBIM); 0KA3aJ0Ch, UTO
II0 CYIIECTBY OHA HE BJIUSIET HA OKOHYATEJIHHBIN pe3yIbTaT. 3aMedanue bep-
HYJLTU OBLIO, KOHETHO, CYIIIECTBEHHBIM, HO BCE-TAKHU 3TOTO, TO-MOEMY, HeJI0-
CTATOYHO, YTOOBI yrioMuHaTh Bepuysin napsay ¢ [epmanom u Jlammacom
B UHCJIe aBTOPOB COOTBETCTBYIOIIETO METO/Ia, Kak 9To caenaHo B [20], [21].
Paccyzxnenne Tepmana (He CTOJBKO B CBOEM MEPBOHAYAIBLHOM BUJIE, CKOJIb-
KO B Toi Qopme, KoTopas MO3/Hee ObUIA IIPHUJAHA ITOMY DPACCYKIEHUIO)
KOPOTKOE W KPACHUBOE; OHO JIEJIAET YeCTh M300PeTaTebHOCTH ero aBTOPOB,
HO TO K€ caMOe MOYKHO CKa3aTh W TakK: y»K OOJBHO OHO HCKYCCTBEHHOE.
Eciu ke B3sTh BeKTOp A «C ITOTOJIKA», TO TIPOBEPKA TOTO, YTO ITOT BEKTOD
JIOCTABJIFET eIE OJIHY BEJUIUHY, COXPAHAIONLYIOCS IIPU JIBUKEHUY (B JIOTIOJI-
HEHUE K SHEPIUM 1 MOMEHTY UMITYJIbCA), HE COCTABJIAET TPY/A JJIsl CTYIEHTA,
I xkypca (oHa cBoguTCH K 2eMenTapHoMy JuddepeHnupoBanuio). A mocie
9TOTO JIBUXKEHUE 110 KOHUMIECKUM CEUCHUSIM TIOJIyIaeTcs Cpasy.

K coxkastennio, B m3BECTHOI MHE PYCCKOIi JINTEPATYPE U3JTIOXKEHUS ITOTO
Merosa HeT (Torya Kak 3a py0esKOM OH JOBOJIBHO IIOIYJIAPEH), XOTs CaM

BEKTOP MO2KHO naiitu. B CIIPABOYHBIX IIEJIAX YKa3bIBalO er021:

A= —mpk; + [v, M],

20 CoberBenno, [epMaH OTE30BAJICS TOMBKO OHON U3 STUX KOHCTAHT, M HUKAKOMN OITA6-
KM y Hero He ObLIO Obl, eci Obl HyJIEM ObLIa TOJIBKO OHA. Kciam m3BecTHO, 4TO OpOUTA
MMeeT OChb CUMMETPHUH, TO, HAIIPABUB IIO HEH OIHY M3 KOOPAWHATHBIX OCEH, MOXKHO OBLIO
OBbI IIOKA3aTh, ITO OFHA U3 KOHCTAHT MHTEIPUPOBAHUS AEHCTBUTEILHO paBHA HYyIO. Mbl
3HaeM, YTO OPOUTBHI CyTh KPHUBLIE BTOPOrO NOPsKa, KOTOPBIE M B CAMOM J€JI€ MMEIOT
OCH CHMMETPHH, HO KaK MOXKHO ObLIO ObI yOEAUTHCSA B CYI[ECTBOBAHUM OCEHl CHMMETPUU
3apanee, He 3Has perienus 3anadn Kermepa? Ilpu apyrom 3akome nputszkeHus K S
ocelt cmMmerpun MoxkeT u He Obith. (Hampmmep, ecsm 6b1 nputsizkeHne GbII0 06paTHO
IPOIOPIMOHAIBHO HE 12, a 15, TO cpeau op6UT HMeUCh 6bl JorapudMUYeCKHe CIUpPaJIH,
4uro, Keraru, 3Hajd yxke HpioTon.) Tak 4To cyimecTBoBaHme ocell CHMMETPUM B HAIEM
caydae (cirydae HbIOTOHOBCKOIO IPUTSYKEHUS) — 3TO €ro crenuduvIecKoe CBOHCTBO (B OT-
Jmgre oT pe3yabTaToB §5). YTo6bl 9T0 CBOMCTBO yCTAHOBUTH, HAJIO JAJEKO IIPOABUHY THCS
B UCCJICIOBAHUHN MMEHHO JAHHOIO CJIydasi; M IIOXOXKEe, ITO IPOABHHYTHCS HAIO IPUMEPHO
Ha CTOJIBKO K€, HACKOJIBKO HAJIO JIJIs OIIPEJIEJICHUs OPOUT.

21 Tonxen ¢ cokajleHMeM OTMETHTb, YTO CPEJM OIeYaToK B [5| uMeeTcss HeBepHas
dopmyna aja BekTopa A, XOTs TaM K€ II0 XOJy W3JIOKEHHS IIOJyYeHa [IPABUIILHAS
dopmya sl ero KOOPAWHAT.
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rme M — BeKTOp MOMEHTa HMITyIbca??, a KBAIpATHBIE CKOOKH O3HAYAIOT

BekTopHoe npoussenenue. (Ho B siuTeparype 3TOT BEKTOP MOXKET BCTpPe-
TUTBCA C KAKAM-HUOY/Ib TOCTOSTHHBIM MHOYKUTEJIEM U C MIPOTHBOIIOJIOAKHBIM
3HAKOM, NOO OH HE CTOJIb «CTaHJAaPTeH», KaK (pyHJIaMeHTaIbHbIe (pu3nde-
CKIe BeJTMYHHLI — KHHETHIeCKas SHEePTHs, UMITYThC, MOMEHT IMITYIbcas.)
JIJ1s1 KEILIEPOBCKOTO JIBUKEHUS 10 KOHMIECKOMY CEYEHNIO0 BEKTOP MOMEHTa
UMILyJIbCa HanpasjeH or S K nepureinio (Gsmkaiimeil Kk S Touke op6u-
THI) U JUIMHA ero paBHa mpuoM, T.e. (cMm. dopmysy (35)) nmpousseseHnIO
mpk = fmpmg Ha 3KkcueaTpucurer e. Ilepsoe Bhpazkerne Jist |A| yKasbl-
BAET HA CBA3Db C PACCYKJICHUAMU § 6, & BTOPOE O0bICHAET HA3SBAHUE «BEKTOD
3KCIeRTpucHTeTay («excentricity vector» )24,

Tor dakr, uro upu gsrkennn mwianersl dA /dt =0, MOXKHO [IPOBEPUTD,
[POBeJIsl BHIUUCIIEHNE HEIOCPEICTBEHHO B TEPMUHAX BEKTOPOB I, v = dr/dt,
dv/dt = —(k/r?)r/r, M = [r, mv] u He ofpamasch HH K KaKHM KOODJH-
HaTaM. A MOXKHO HCIIOJIL30BaTh T€ K€ KOOPJWHATHI, UTO M B §5, U TOrIa
MTOCTOSTHCTEO BEKTOPa A TIOJTy9aeTcsl Ha Iy TH, OJIU3KOM K TOMY, KAKAM MbI
taM 1. B a1ux repmunax Bekrop M mmeer koopaunarsl (0, 0, mpM),
a v—KoHeuHo, (&, ¥, 0); 1o usBecTHOI hopMyie jjisd KOOPAUHAT BEKTOPHO-
IO IPOU3BEJIEHNs TI0JIyIaeM, YTO KOOPJAUHATH BeKTopa [v, M| umeror Bu
(mpMy, —mpMi, 0). Tajee TpeTbsi KOODJMHATA Y BCEX BEKTOPOB DABHA
HYJIIO, U 51 O Heii He roBopio. KoopauuaTer BekTOpa r/r cyTh (COs ¢, sin ),
[I09TOMY KOOpIMHATHI BekTopa (1/mpk)A cyrb

1 M 1 M
Ay =—cosp+ —y, —A,=—sinp— —i. (11)
k rk k

mpk‘

220n, 3HAYUT, OTIMYAETCS OT OBBIYHO MCIOJIbL3YEMOr0 HAMM BEKTOPA MOMEHTA CKOPO-
cru, 6yayan 6osblie B mp pas.

23B T0 Xe BpeMs B M3BECTHBIX MHe (bU3MUecKuX (HO He acTpPOHOMHYECKHX!) my6iuka-
IUAX HEU3MEHHO (PUTyPHUPYeT MHOXKHUTEIb Mp, OTUYErO sI TOXKE €ro COXPAaHUJI, BOIPEKU
IIPUHATOMY B 3TOM KHHUXKKE 06131'{3.10 OIIyCKaTh 3TOT MHOXKUTEJIb.

24310 masBamme # BeTpermsl y Anpbyiin. OHO KasKeTcs MHe 6ojiee OIIPABIAHHBIM,
YeM BCTPEeYaloluecss B JINTepaType Ha3BaHus «BeKTop ['epmana—Bepnynnun—Jlammaca,
T'epmana—Jlamnaca, Jlanmaca». Y ¢GU3MKOB BO3HHUKJIA MaHepa OTJAaBaThb B Ha3BAHUAX
JIOJIZKHOE BCEM, KTO BHEC OOJIee MIM MeHee CYIIeCTBEHHBIN BKJIAJ] B HCCJIEJOBAHNE TOTO WU
WHOTO BOIIPOCA, HO IIPU 3TOM JIaBATH COKPAIIEHHOE HA3BAHHUE 110 OJHUM TOJBLKO IIEPBBIM
OykBaM (baMuInii 3TUX aBTOPOB. B JTaHHOM CjIy4ae 3TO BBIIVISIEI0 Obl IPUMEPHO TaK:
meroxn I'BJIJIATTPJI (npr4éM He ucKIIo4Yeno, 9To emé u PUKKaTn Blpase IpeTeH0BaTh
Ha noGasyieHne cBoero P B 9170 HasBaHme). DTO, YBBI, HECHEIOOHO, I AasKe OTKA3 OT HCTO-
PUYECKU COBCEM YK HeOOOCHOBaHHOrO 3aBepinatoiniero PJI ve odyens momozker. C apyroit
CcTOpoHBI, X0TA y ['epMana He GbLIO HE TOJBKO BEKTOPA, HO M BOODIIE TE€OMETPUIECKON
nHTEepupeTanuu, JO0BOJIBHO PE30OHHBIM GBIJ'IO 6]31 Ha3BaHUE «BEKTOP FepMaHa», ecmn 6BI OH
caM He I cebsd IpaBa Ha TaKOe HA3BAHUE, OMIMOOYHO OObABUB KOMIIOHEHTBI 3TOrO
BEKTOpa PaBHBIMU HYJIIO.
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Ho ypaBuenue (2) MOXKHO 3alcarb B BUie

:}}:—r—Qcoscp, y:—%simp,
I03TOMY
2 00sP = %Z—f = *Sinﬁpr—g = %y,
%(cosgp - %y) =0, %(sincp + %x) =0, (12)

9TO M O3HAYAET TOCTOSTHCTBO KOODJMHAT BEKTOpa A.
Orciofa yke cpasdy MOJydarloTcs pe3yabraThl §5 o rogorpade. Baumy
coorHoInenuii (11) BEKTOp CKOPOCTH V MMEET KOOPAUHATHI

j:—i(—sin - Ay)——ﬁsin +c

M P mpk) T M TP
k A, k

y:M(coscp—l—m:k):Mcosgo—l—cQ,

rje ¢y, C; — HEKOTOPble KOHCTAHTBI. 3HAUMT, KOHer| V BekTopa v (0Tio-
JKEHHOTO OT S) BCE BpeMsl JIEXKUT Ha OKPY2KHOCTH pazmyca k/M, nentp
—

KoTopoit V) mMeeT KoOpAuHATHI (C1, ¢3), NPUUEM HampasyeHne Bekropa VoV
oTBedaeT nojsipaoMy yriy ¢ + 90°. VimenHo 310 u noJsiyuniiocs B §5. A ma-
Jiee, KaK MbI BUJIEJIN, BCE YK€ TPOCTO.

NmeroTcst m apyrue BBIBOABI 3aKOHOB Kermepa, HO OOIBITMHCTBO TPOYNX
BBIBOJIOB CPABHUTEJIBHO 3JIEMEHTAPHOIO XapaKTepa MHE JIMIHO KaXKyTCs
HEJIOCTATOYHO MMPOCTBIMU W IIPO3PAYHBIMU, a YaCTh BBIBOJIOB TPEOYIOT Me-
TOJOB JIOBOJIBHO Pa3BUTON Hayku (M, KaK YK€ TOBOPUJIOCH, JOCTABJISIIOT
JIEMOHCTPAIIMIO 3TUX METOJIOB Ha HPOCTOM TpuMepe). JIOBOJIBHO MPOCTHIM,
XOTsI U 9y Th 60JIee CJIOKHBIM, 9eM B § 6, sIBJISIETCST BBIBOJI, H3JIATAeMbII HUXKE,
B 9acCTH 3.

JloCTOMHCTBOM M3JI02KEHHOTO 3/1€Ch MeTo/1a ['aMuibrona, KpoMe mpocTo-
TBI, SIBJISIETCS TO, UITO OH TECHO CBS3aH C HEKOTOPBIMH JIPYTHUMU METOIAMUI
(TeM caMbIM JIOCTHraeTcsl N3BeCTHAs YHUMUKAINS YaCTH TPAKTOBOK 3a71a-
qu Kerutepa). 9T0 OTHOCUTCS K CONEPIKAHUIO CIIEAYIONIEH YacTU, a TakiKe
K ykazaunoit FO. Mozepom cBs3u 3asia1uu Kerrepa ¢ HEKOTOpPO# 9UCTO T€0-
MEeTPUYECKOI 3a/iadeil: OKa3bIBa€TCs, COBOKYITHOCTh BCEX JIBUXKEHUI, OTBe-
JAOINX KAaKOMY-HUOY/Ib (PUKCHPOBAHHOMY 3HaYeHHIO 3Hepruu F, onpee-
JIBHHBIM 00pa30M CBsI3aHa C COBOKYITHOCTBIO JBUMKEHUI 110 Ne0Ie3NIECKUM
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JIMHUSM (<IPSIMBIM» ) B IIPOCTPAHCTBE IIOCTOSHHOM KPUBU3HBI, 3HAK KOTOPOIi
IPOTHUBOIIOJIOXKEH 3HaKy F. B ocobenno muTepecyiomeM Hac ciaydae F <0
(o xoTOpBIM, coGCTBEHHO, N ToBOpUI caM Mosep; cayyan E =0 u E >0
pacemorpen 10. C. Ocunos?’) peds WIST IPOCTO O JBUZKEHUAX 10 GOIBITIM
KpyraMm Ha cdepe.

K pesynbrary Moszepa (1 OcuiioBa) MOXKHO IpUiiTH, paccMaTpuBasi BCe-
BO3MOXKHBIE Toforpadbl, orBedaronue jganuoil sueprun F. B pesyiabrare
[OJIyJaeTcsl HEKOTOPOe CeMefiCTBO OKPYXKHOCTeN Ha MJIOCKOCTH min (ecim
MBI HE OIPAHUYIMBAEMCsI JBUYKEHUSIMU, ITPOUCXOIANIAMA B (DUKCUPOBAHHOM
IJIOCKOCTHU ) BO BCEM TPEXMEPHOM IIPOCTPAHCTBE. DTU ceMeficTBa COBCEM IO
IPYTUM TIOBOJAM IPHUBJIEKJIN BHUMAHIE T€OMETPOB emlé B cepeaune XIX B.,
¥ Torja OblIa BBISCHEHA CBSI3b 3TUX CEMEHCTB C JIBUXKEHUSIMU 110 Te0]Ie-
3UYECKUM JINHUSIM B IIPOCTPAHCTBAX IIOCTOSIHHOW KPUBU3HBI. B dacTHOCTH,
npu E < 0 pedsb uaéT mpocTo 0 JaBHO M3BECTHOM cTepeorpaduIecKoil mpo-
eKIIH IJIOCKOCTH Ha, TIOJXOIAIIIM 06pa3oM mogobpannyio cdepy®. Mozep
paccy»Kiajl COBEPIIEHHO WHadYe, He MPUBJIEKasl HAIell TeOMeTPUHU, a OCT-
poymHuO omepupys ¢ dopmysamu. OTIacTH ITO MOXKHO OOBSICHUTHL TEM,
9TO OH XOTEJ HAIMCATH ABHBIE (DOPMYJIbI, CBI3BIBAIOIIME ITH JBE 3a/Ia9K
(Kemiepa n TreOMeTPUYECKYIO), HO BeJb UX MOYKHO IOJIYIUTH U HA HAIeM
Iy TH, TIOMPOCTY OMUCHIBast (POPMYJIAMU COOTBETCTBYIOIIE NeOMETPUIECKHE
noctpoenusi. Tak 9To Ha CAMOM JieJie IPUINHA CKopee ObLIa B TOM, UTO [PeJi-

250 rrobammiter] HbIHEITHErO Tpe3uenTa Poccuiickoil akaeMny HayK.

26 B kadyecTBe HE3ABHCUMOIl TIEPEMEHHOM JIJTA IBIKEHHIH 110 cepe UCIOMb3YIOT BBESH-
HyIO B § 6 «I9KCIIEHTPHYECKYIO AHOMAJINIO» — OKA3bIBAETCs, €CJIH, TaK CKa3aTh, IPUHATH
eé 3a HOBOE BpEMsd, TO JBUKEHHS IIPOUCXOIAT C IOCTOAHHOI ckopocrhio. Ilpu srom
OOHAPY>KHBAETCS CJIEAYIOIee HEOXKUIAHHOE OOCTOSTEIBLCTBO.

Banade Kensepa Ha JIOCKOCTH ¢ KOOPAMHATAME T, Y IPUCYINa OYEBUIHAST CHMMETDHUS
OTHOCHTEJIBHO IIOBOPOTOB 3To# Itockoctu BOKpyr «Counna» S. B 3amade o aBmkeHusix
C IIOCTOSTHHOHM CKOPOCTBIO 110 GOJIBIIINM KpyraM Ha ABYMEPHOH cdepe CHMMeTpPHil ropasio
6OoJIbIIIe — OHA CUMMETPUYHA OTHOCHUTEJIHHO JIIOOBIX IIOBOPOTOB BOKPYT IeHTpa O cdepsl.
OKa3bIBAETCSI, C ITUME CHMMETDPHSME OIIPEIEJIEHHBIM 00pa30M CBSI3aHBI HEKOTOPBIE KOH-
craHTbl HHTerpupoBanusi. B 3agade Kemutepa c Bpamenusimu BoKpyT S cBst3an MoMeHT M,
a B 33Ja4€e O IBUKCHUAX C IOCTOAHHOH CKOPOCTBIO IIO OOJIBIIHMM KpyraM Ha JIBYMEPHO
cdepe ¢ BpallleHUsIMA BOKPYT KaKJI0H U3 KoopAauHaTHBIX oceit Ox, Oy, Oz, NPOXOISIIIX
4gepe3 LeHTp cepbl, CBA3aH CBOH MoMeHT My, My, M, (mocieqHue Tpy 4uCiIa sIBIISIOTCH
IPOCTO KOOPJMHATAMU BeKTOpa MoMeHTa umiysnbca M). Eciu BepHyTbhest oT mocienneit
3ama4n K 3anade Kemrepa, To, okaspiBaercs, u3 M, mOIydaeTcss OOBIMHBIA MOMEHT HUM-
myneca M, coxpaHAomuiics Ipy ABUXKEHUAX B 9TOi 3a7ade, a u3 My u M, nomydaiorcs
KOOPIMHATHI BEKTOpa dKcIeHTpucurera A. MOXKHO CKa3aTh, UTO HA CAMOM JeJIe B 3aate
Kemnnepa, moMuMO O4YE€BHIHON CHMMETPHE OTHOCHTEIBHO IIOBOPOTOB BOKPYT S, MMeeTCs
eI HeKasl «CKPBITasi CHMMETPHsI», KOTOPasl ¥ MPOSIBJISIETCS B COXPAHEHNUN [IPU IBHKEHAN
BekTopa A.

Takoe KoKa3aTEILCTBO ITOTNO COXPAHEHUsI, KOHETHO, CJIIOKHEE IIPOCTBIX COOOparKeHuit,
M3JI0’KEHHBIX BbIIIe. Ero 3HaseHne COCTOUT B TOM, ITO OHO yBA3BIBAET BEKTOP A, KOTODBIi
TOSABUJICS KakK ObI «caM IIo cebGey, ¢ APYTUMH IMOHATHIMA U (PaKTaMMU.
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JIoyKeHHbII ['aMuIbTOHOM TTOAXO K 3ajade Kerrepa ObLT B 3HAYMTETHHOM
crerrenu 3a6bIT. HekoTopoe Bpemst s1 TpeObIBasl B IIPUSATHOM 3a0Jy K I€HHH,
9TO 51 OBLT MEPBBLIM, KTO OOHAPY?KIJI CBA3b pe3yJbraros Mosepa ¢ mojxo-
oM Tamurerona [6], Ho noTom y3Hasa (or Ocunosa), YTO MeHsI OLEPe
Jx. Muaop [43]. (B nociesHux JByX CTAThsAX MOXKHO HAaiflTH CCHUIKH Ha
HepBoHaYaIbHbIE PAGOTHI ¢ (OPMYIIBHBIM IIOXOIOM. )

Yacts 3. ®opmynsr Kiepo—bune

Brisog zakonos Kemsepa u3 3akoHa BCEMHPHOIO TATOTEHHsS U JIPYTHUX
3akoHoB Hbiorona, npusenéuusiii B § 6, umeercs y V. lammibrona [17] u,
[O-BUIMMOMY, TaM U Obul npejyioken Buepsble. (Tak mosaraer u aBrop
ucropuveckux 3ameTok [20], [21]. Dro xopormo cormacyercs ¢ TeM hakToM,
yTo [aMUILTOH OBLT aBTOPOM CaMOTO HOHATHSA <«rojorpad». fBHO nam
HesABHO Tojorpadbl MOIJIM MOSBIATHCS W JIO HErO MPOCTO KaK HEKOTOPBIE
KPUBBIE, BO3HUKAIONIUE IO XOJY WCCJIEJOBAHUS, HO OH OOpATHI Ha HHUX
ClIenuaJbHOe BHUMAaHUE U JaJjl UM HasBaHue.) CpaBHUTEIHHO HEJIABHO TOT
BBIBOJ, BHOBb HOSABUJICA B [1], IPUYEM HECOMHEHHO, YTO ABTOPBI IEPEOTKPbI-
JI €ro 3aHOBO, —y HHUX HET Jaxke TepMHHa <«rojorpad». Hackonbko Mue
U3BECTHO, B JINTEPATyPe Ha PYCCKOM SI3bIKE 3TOT BBIBOJ MMEETCH TOJLKO
B HepeBenEHHBIX KHUrax [29], [41]. Ho Hedro Giim3koe XOPOIIO M3BECTHO
W B PYCCKOI IuTepaType. A IMEHHO, BBIBOJL, JIETKO TIOJTY 94€TCsl HA, OCHOBAHWN
dopmyn Kirepo—bBune, KoTopble IMEIOTCS BO MHOTHX yICOHUKAX MEXaHUKN
(1 KoTopHBIe cTapee, ueM paboThl [amuibrona)?”.

ITycrs noste nenrpansHoe (F || r); Torma coxpaHsieTcsi MOMEHT KOJIMYe-
CTBa JBUXKEHHsI W JBUYKEHHE MPOUCXOJIUT B ILIOCKOCTH. MbI OymeM moJib-
30BaTbCs HOJISAPHBIMU KOODIAMHATAME (T, (0) B 9TOil [JIOCKOCTH C IIOJIIOCOM
B IleHTpe CIIIOBOro mnosisg. CoXpaHeHrne MOMEHTa O3HAYAET, UTO

MOMEHT = mr2p = v, = 2mo =mM, M = const.

Kak u B §6, myist Hac 6yjer urparb OCHOBHYIO POJib M depeHInpoBaHe
o ¢, KoTopoe Mbl Oyzem obosHauars mrpuxoM (' = d/dp). Yckoperne w
HMeeT TOJBKO PaIuasbHyI0 KOMIOHEHTY W, (T.e. wy, = 0). Popmyiast Kie-
po—bBune —310 popMyIIbl, BEIparXKaloliue CKOPOCTh U YCKOPEHUE B TEPMUHAX
BCIIOMOTaTeJIbHOM IIepeMeHHOl p := 1/r u eé npousBoaHbIX 10 ¢. Pa3 coxpa-
HAETCS MOMEHT MMILYJIbCa (BeJlb CHJIA IEHTPAIIBHAS ), TO 9TO SKBUBAJIEHTHO
TOMY, 4TOOBI IIHCATh UX B TEPMUHAX U, =T, U, = M /r. B Takom Bume s
TOTO CJTydasi, KOTJIa CHJIa OOPATHO IPOIOPIMOHAIbHS, 72, HAIIH (POPMYIIBI

27K pome Toro, mosTopstio, uTo B [53] uzoxen soiBos opmya (12) 6es nepedpasuposku
9TOro pe3sy/braTa B TEPMHUHAX BeKTOpa A (M €mé ¢ TeM COBCeM y K HECYIEeCTBEHHBIM
OTJIMYHEM OT KOHI[A 9acTd 2, 4TO YHUHTHED, KaK M GOJIBIIMHCTBO 3aHUMABIIMXCS STHM
aBTOPOB, HHIIET T/T, y/T BMECTO COS ¢, Sin ).
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/

o —9T0 1 ecTh onna u3 dopmyn Knepo—Bune. B obmem

u3 §6 s v, v
ciydae
’U2:M2(p/2+p2)7 wr:—MQPQ(PH‘FP)-

(Buak B mocseaueil hopMmysie CB3aH € IIOCTOSHHO IPUHATHIM COJIAIIIEHUEM,
9TO TOJIOKUTETLHBIM PACCTOSHIEM Ha MpsMOoit S P canraercs HalpaBJieHIe
or Sk P.)

O6e dopmynbl gamme HasbiBatoT dopmynamu . Bure (1786—1856), Ho
HHOTIA UX cBsasbBaiorT ¢ uMeneM A.Kiepo?®. Ponb sTux momeill B Hay-
Ke BecbMa pazjndHa. KJepo — ofuH n3 KopudeeB HEeOECHONH MeXaHUuKWH,
HECKOJIbKO IPOUTPBIBAIONIHI u3-3a «cocenacray ¢ JI. Ditepom. (Ja u ko or
TaKOTO cocesicTBa He mpourpadtt 6e1? Ho waso ckazars, uro Kitepo, ycrymas
Diisiepy 1O Pa3HOOOPA3UIO MHTEPECOB M UUCJLY JIOCTUYKEHHUIA, HE YCTYyTaJl 110
ux yposuio.) f.Bune npenomasas acrpornomuio B Kosnemk e ®@panc u,
BUJIUMO, OBLI XOPOIIUM BYy30BCKUM IIPOGECCOPOM, HO B HAYKE C €r0 NMEHEM,
HOMHMO 3THX JBYX (bOPMYJ, CBA3BIBAOT Hemuoroe?”. Beisena s om ux
nezasucumo ot Kiepo mim namén B paborax Kiaepo u ycrmerHo ucmosib3oBann
B [IPENOIABAHNN, TAK YTO 9TO MHOIUM 3AIIOMHUJIOCH, sl HE 3HAIO.

Ecmn w, = —k/r? = —kp?, To u3 BTOpOit dbopmyssr Knepo—Bune cpa-
3y cienyer, uto p” + p — k/M? = 0. DT0 ypaBHEHHE TADMOHHYECKOTO OC-
IITIATOPa € JEUCTBYIOME Ha HEro MOCTOAHHON CHJION, KOTOPOE ropas3no
polre ypaBHEHWsI, ONHChIBaoNEero 3ajady Kermrepa. Ero perennst cyThb
p=Fk/M?+ Acos(p — @), e A, po — HEKOTOPHIe KOHCTAHTHI («IIOCTOSTH-
HbIE MHTEIPUPOBAHUsI» ). BHIOPAB IIOIXOJAIINM 00pa3OM HaYaJbHBIA JIyd,
MOKHO 00€CIeUnTh, YTOOBI OBLIO BBHITIOJIHEHO paBeHCTBO g = 0. Torma

1 1
p k/M?+ Acosp’

T =

9TO OYEBUIHBIM 0OPA30M IPeoOPA3yeTcss K YPABHEHUIO KOHUTIECKOTO Cede-
HHUSI B IIOJISIPHBIX KOOD/IMHATAX.
Kakoe ornomenme sro mMeer x §67 Ilockomsky rv, = M, MBI mMeeM
- / — -
vy = Mp, Tax uTo v, + vy — k/M = 0. Ho u3 pasencrsa v, = M ciemyer

28 ¢] He IIBITAJICS TTPOBEPSTH IO TIEPBOMCTOYHUKAM, HO B [53] B npumevannm k §§ 211—212
ckazano: «/Iuddepennpanbioe ypaBHeHHe BTOPOro MHOpsiika (OTHOCHTENBHO 1/T), B KO-
TOPOM HE3aBHCHUMOI IePEMEHHOU CJIY>KHUT IIOJIAPHBIN YroJjl, IPUBOJUTCS SBHO B ,,Teopun
JIyner“ Kiepo (1765)».

29Ero uMsi HOCAT HECKOIbKO (opMys1 (He U3 TIABHBIX) B TEOPHM ramMMa-hyHKIIHH; 1M
IIPEIUTOZKEHO NIPUBUBIIEECsT Ha3BaHue «OeTa-PyHKINA» U COOTBETCTBYIOIIee 0O03HATEHNE.
KpoMme Toro, ncropuku ykKasbIBalOT, UTO OH 3aHUMAJICS aJreOpoil, KpDUBBIMHU H IIOBEPX-
HOCTSIMH BTOPOT'O IIOPsJIKA, JIMHEWHBIMU PA3HOCTHBIMHM YDPABHEHUSAMH C IIOCTOSTHHBIMU
kodddurmentamu. Ho 37ech ero Bkial, BUAUMO, HE HACTOIBKO BBIIEJISJICH, ITOOBI Ia-
MSIThb O HEM COXPAHHUJIACH.
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TakKe, 9o 10, + rv, = 0, a Tak Kak 1’ = 1/wi = v, /w, MBI TIOTyTaEeM

UrUyp / /
W +rv, = 0, Vrp + WrY, = 0
1, COKpalas Ha ¥, = 'w (3TOT MHOXKUTEJIb OTINTEH OT HyJs, HOO y Hac
M #0), IpIXoMM K paBeHcTBy v, = —v,.. Urax,
k
’ N r_
Ur =Vp = g v, = —p. (13)

B §6 y mac Gbuta Gosee mpocrasi cucreMa (32) st vg, vy. Ho merko
yOEUTHCH B 9KBHBAJIEHTHOCTH 9THX CHCTEM, HCIOJB3Ys (DOPMYJIBI, BbIpa-
JKAIOIHAE Uy, Uy HYEPE3 Uy, Uy. [€OMETPHYECKN 9Ta CBsI3b OTBEYAET TOMY,
910 (Vz, Uy) U (VUp, Vp) CYyTh KOODAMHATBI OJHOIO U TOTO K€ BEKTOPA V,
HO B Pa3HBIX CHCTEMaX JEKAPTOBBIX KOODJIMHAT — HEIIOJBUKHOI crucTeme
U cucTeMe, BPAIAIONIEHCs ¢ I3MEHEHHEM  C €IMHIIHON CKOPOCTHI0. MozkHO
HA MHUHYTY O0O3HAYNTH BEKTOD, UMEIOIMA B HEIOJABUZKHON CHCTEME KOOD-
muHATH (Vr, V), Tepe3 u; Torga u= A(p)v, rae A(p) ecrs MaTpuna

Alp) = ( cos sin<p>7

—sing cosy
a IPHU 3allCH IPOU3BEJIEHNs] MATPUII HA BEKTOD IIOPA3yMEBAETCS, UTO

BEKTOp MPEJCTaBJIEH B BHUIE CTOJOMKA U3 CBOMX KoopauwHaT. Kak Jerko
BUJIETh, Ipon3BoHast A(p) 10 ¢ nMeeT BUJ

Kp)=aAw),  mes=(") o).

3HaUNT, ecau vV u3MeHsIeTCst (C M3MEHEHNeM TIEPEMEHHOM () COrIACHO ypaB-
Heruio (2), To
W = AoV + Al = JAv — A(@) - E = ju— E 4t
—Aw V= vy~ ML

Ecmu yaects, aro

(5, 22) (5 ):
r sing cosp ) \sinp
TO KaK pas u noaydarcs Gopmyist (13).

AnasornuHbIM 06pa30M MOXKHO Tiepeiitu o6parHo or dopmynsr (13)
cucreme (32). Tak 4r0 UpU KeJAHUM MOXKHO CKa3aTbh, Y9TO PACCYKIEHHE
u3 § 6 sBsiercs nepedpasupoBKOi cOOOpaskeHmil, OCHOBAHHBIX Ha (hOpMyJIe
Kimepo—Bune. OgHako st He yBepeH, 9TO 3TO ObLIO OBl COBCEM YK Ipa-
BWJIBHO, TIOTOMY 9YTO paccyKjeHume u3 §6 mpoine Kak BBIBOJA (DOPMYJIbI
Knepo—bBune, Taxk u nepexona ot dopmynsl (13) x cucreme (32).
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Mex 1y TpoduM, HEYTO B STOM POJIE YACTO TOBOPSIT IO MOBOJLY OTHOIIIE-
uust popmyssl Kitepo—bBune k omHoit hopmyse B meppoii kaure «Marema-
TUYECKUX Havaj HaTypaJibHOU (uyiocodums. Jlejgo B Tom, uro y Heroro-
Ha ObLIa HEKOTOpasi (hOpMyJia, OT KOTOPOIl IPH KeJJAHUU MOXKHO MepeiTu
K dopmyite Kinepo—bBune. Eciau noste nenrpasbaoe, R — pajgumyc KPUBU3HBI
opbutrsl (B Touke P), d — paccroguue or S o npsmoit PQ, upoxosieit
qepe3 P B HaIpaBJIEHUH BEKTOPA CKOPOCTH, TO TPU OOBITHBIX MPOYINX 000-
3HadeHusix opmyna HelooToHa riacur, 9TO yCKOpEHUE BBIYUC/ISETCS 10
dopmysie w = M?r/(Rd?). (Cm. paznen «IIpemnoxenne VI. Teopema V»
B kuure | u ee ciencrBusi, ocobenHo ciejcreue 5. CoOCTBEHHO, MHOMXKU-
tens M? y HploToma HeT, TaK KaK OH I'OBOPUT TOJILKO, YTO YCKODEHHE
MIPOTIOPIIMOHAIBLHO TAKOW-TO BEJIMYUHE, HO U3 €ro pacCyKJIeHUi sICHO, ITO
PaBEeHCTBO Oy/IeT UMEHHO PU TAKOM MHOXKHUTese.) UTobs! nepefitn orcroa
K dopmyiie Kirepo—Bune, Haji0 umerh siBHOE BbIparkeHue it R depes r,
dr/de w d*r/de? (a Taxske BbIpazkeHne /st d, KOTOPOE TIOTy9aeTcs, KOHe'-
HO, TPOITE; HAKOHEI, HAJI0 UMETh B BUJY HAIlle COIJIAIIEHUE O 3HaKe JJIst
BeKTOpa, HanpasjenHoro o SP). I3-3a sroro (eciiu He 3auMCTBOBATDH OT-
KYZIa-TO TOTOBBIX (POPMYJI) Iiepexost oT 31oit hopmyssl Heiorona k dbopmyste
Kiiepo—Bune He mpoiie u cKopee jiake CJIOXKHee, 9eM HEeIOCpeICTBEeHHbBI
BBIBOJI TTocseaHeit. JIpyroe meno, uro HbIOTOH yCIenHo ucnoJib30Ball CBOO
dopMyIty B Tex caydasix, KOraa Mbl mpuMensiim 061 hopmyny Kaepo—DBune.

Mopaub (He HOBasl): HayKa Pa3BUBAECTCS, FOBOPS CJIOBAMHU H3BECTHOIO
AHEKJIOTA, «KaK MOJIHUS — HEe TaK OBICTPO, HO 3UT3aTOM».
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netary orbits // Amer. J. of Phys. 1975. V. 43, N. 7. P. 579—589.
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V. 20, N. 1, P. 81—99.
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of science. 1964. V. 20, N. 2. P. 111—123.

Albouy A. Lectures on the two-body problems // In: Classical ane celestial
mechanics. The Recife lectures. Lectures in the Federal University of Pernam-
buco. Recife (1993—1999). — Princeton, N. J.: Princeton University Press,
2002. P. 63-116.

Anocos JI. B. K ncropun BbIBOJIa 3aKOHOB Keruiepa 13 3aKOHOB MeXaHUKH //
Vcropuko-maremarudeckue uccienoBanus. 2-s1 cepusi. 2000. Bomr. 5 (40).

C. 9—-25.

Anosov D. V. A note on the Kepler problem // Journal of dynamical and
control systems. 2002. V. 8, N. 3. P. 413—442.

Aproavd B. 1. I'oitrenc n Bappoy, Hetoron n I'yk. M.: Hayka, 1989.

IlepBble mBe TyIaBBI KACAIOTCS BO3HUKHOBEHHS HEOECHON MEXaHUKU U MaTe-
MaTHYECKOTO aHAIN3a, B YETBEPTON COOOIAETCS KOE-YTO O IOCJIE/LYIONIEM
pasBUTHU HEGECHONW MeXaHWKHU (HO, KOHEYHO, 9Ta TeMa HeOObATHA; MMEHHO
Koe-uT0). JIBe Ipyrue riaaBbl B OCHOBHOM HOCBSIIEHBI HEKOTOPBIM HOBBIM HC-
CJICJJOBAHUSAM Ha Pa3JIMYHBbIE TEMbI, HICTOKM KOTODPBIX IIPU KEJJAHWHM MOYKHO
cBs3aTh ¢ HbIOTOHOM MJIM €ro COBpEMEHHUKAMMU.

Bawmarosa U.I'. Nuodant nu gunodauntossl ypasueuus. M.: Hayka, 1972.

ABTOp mokasbiBaeT, 4To JInodanT He TOIBKO PACIIMPUII 06JIACTD YUCET, TI0Ib-
3ysiCh (Kak OOIIEM3BECTHO) PAlMOHAJIBHBIMU dncjaamu (dro ckasas 6el Ilia-
ron!) m daxrryecku (3TO He CTOJIb MU3BECTHO) OTPHUIATEILHBIMU UHUCIAMU
(aro...!!), He TONIBKO HpHCTYIIUII K TOCTpoeHnio 6yksennoit anre6pst (1) n ne
TOJILKO PACCMATPHUBAJI COBEPIIEHHO HOBBIE IO CBOEMY XapaKTepy 3ajadu, HO
YTO, BOIIPEKH PACIPOCTPAHEHHOMY MHEHMIO, Y HEr0 MMEJNCh HEKOTOPBIE 00-
e METOJIbI UX PElIeHMUs.

Beawd I0. A. Uorann Kensep (1571—1630). M.: Hayka, 1971.

Kuura comepkut Hamuoro 6oJsiee moapobHyo nHdopMaruio o xu3uu Kerie-
pa, ero 31oxe, €ro MUPOBO33PEHUU U €0 HAy4YHOM pabore, YeM B HACTOAMIEH
KHIXKKE.

Bozomobos A. H. Pobepr I'yk. M.: Hayka, 1984.

Ccopa ¢ Hpioronom HebJaronpusiTHO oTpas3mjach Ha IIOCMEPTHON permyTa-
nuu ['yka. TosibKo cpaBHUTEIBHO HEJIABHO UCTOPUKHY ITIOCTAPAJIUCH B3IVISTHY Th
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(11]

(12]

[13]

(14]

[15]

[16]
[17]

Ha ['yka 6osiee o6bekTuBHO. /laHHasi KHATA OTparkaer 3Ty TeHjeHnuo. Mue
TOJIBKO KayKeTCsl, 9TO B OJHOM OTHOIIIEHUU aBTOP CJIUIITKOM yBJIEKCSI: OH TIOJIa-
raet, 9To ['yK 6BLI JIydnImM sKcrepuMeHTaTopoM, dem HeroTon. Mue kaxker-
cst, I'yk mpojiesiar HaMHOrO 60JIbIIe ONBITOB, HO ONTHYeCKKe OonbIThl HbioToHA,
KOIJ[a B 9TOM BO3HHKaJIa HEOOXOJUMOCTH, ObLaM 60Jiee TOHKO IIOCTaBJIEHBI.

Bbpazunckuti B. B., Iloanapés A. . YnusurenpHast rpasurarus. M.: Hayka,
1985.

Knura nocssiinena COBpEMEHHBIM IIPEICTABICHUSM O IDABUTAIME (IO UCTO-
PUAYECKUM IIPUIHHAM COOTBETCTBYIOIIAs TEOPHs [TOJIyYMJIa Ha3BaHUE «0bIeit
TEOPUU OTHOCUTEIHHOCTU» ) ¥ COOTBETCTBYIOMIAM IKCIIEPUMEHTAM. 3/1ECh ITa
KHUTA YIIOMUHAETCS [IOTOMY, YTO B HEl ONUCAHBI OIBITHI, [IOJITBEPKIAIOIINE
COBITaJ[eHNE IPABUTAIMOHHOTO 3apsija U WHEPTHON MACCHI.

Basunos C. U. Ucaak Heroron. M.: AH CCCP, 1961.

OTa KHUTA B HECKOJIBKO pa3 GoJiblle, YeM nocBsméntas Heorony 6pomropa
A.H. KpsuioBa, nostomy ona mogpobuee. B wacrnocru, C. V. BaBuios, 6y-
JIy97 U3BECTHBIM (PU3NKOM-OIITHKOM, 0COD0€ BHUMAHUE Y/I€JISI€T ONTHYECKAM
nocrrkennsiM Hprorona. [Ipyrasi ctopoHa jiesia, BBIIYKJIO IIPE/ICTABICHHAs
y BasmioBa, — nndopmarms o pa3inudHbix rumore3ax HproToHa, Kak OTHO-
CHBIIUXCS K ONTHKE, TaK U MHBIX. HEKOTOpBIE IUIIOTE3bI COCTABIISIIN IACTh
Hay9IHOr0 MHPOBO33peHust HbloTOHA 1 1I019aC MOIVIN BIIMATH HA HAIIDABJICHNE
€ro uccJie[oBaHuil, ogHako HbI0TOH 9€TKO OT/IIYasI THIIOTE3b! OT YCTAHOBJICH-
HBIX (HAKTOB.

Ban dep Bapdew B.JI. Ilpobyxuamoomasicss Hayka. Maremaruka JpeBHEro
Erunra, Basumona u I'pertn. M.: @usmarrus, 1959.

ABTOp KHUI'M — OJTHOBPEMEHHO KPYIIHBI MAaTEeMATHK W UCTOPUK HayKu. [o-
BOPUTH O MHOTOYUCJIEHHBIX JOCTOMHCTBAX KHUTU HE MPUXOJINTCH, MHAYE HE
ocranoBuibea. Ho koe-kakwme mosioxkenusi aBropa, kak u O. Heiirebayepa,
BBI3bIBaIOT Bo3paxkenust, cM. kauru JI. d. 2Kmyaa n U. I'. Bammvakosoit. 91o
KacaeTcsi TPEX BOIIPOCOB: CTEIIEHU 3aMMCTBOBAHUS PAHHEN IPeYeCcKOil HAy KO
Hay4HBIX CBeJleHuil ¢ apeBHero Bocroka; Iludaropa u ero mocsemoBareseii;

Hunodanra.

Betinemox P. Pazobiatienue BekoBoii jierenapl: HbI0TOH 1 OpOUTHI IPU [1BH-
JKEeHUH B II0JI€ IEHTPAJIBHON CHJIbI, OOPATHO NPOIOPIMOHATIBHON KBaJAPaTy
paccrosinus // B ku.: ®usuka 3a pybexom, cep. b — [Ipenonasanune. C6. na-
yuIHO-IOnyIsipHbIX crareit. M.: Mup, 1984. C. 178—209.

Weinstock R. Inverse-square orbits. Newton’s Principia and twentieth-centu-
ry commentary there on // Arch. Hist. Exact Sci. 2000. V. 55, N. 2.
P. 137—162.

Becenoscrkuti X. H., Beawti FO. A. Huxouait Konepuuk. M.: Hayka, 1974.

Hamilton W. The hodograph, or a new method of expressing in symbolic
language the Newtonian law of attraction // Proc. Roy. Irish Acad.
1845—1847. V. III, P. 344—353. Reprinted in: The mathematical papers of sir
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20]
21]

[22]

23]

William Rowen Hamilton. V. II; Dynamics. P. 287—292. Cambridge: Univer-
sity press, 1940.

Hamilton W.R. On the application of the method of quaternions to some
dynamical questions. Proc. Roy. Irish Acad., 1847. V. III. Appendix. Re-
printed in: The mathematical papers of sir William Rowen Hamilton, V. III.
Algebra. P. 441—448. Cambridge: At the University press, 1967.

Tunduxun C. U . Pacckazwl o ¢pusnkax u maremarukax. M.: MHIIMO, 2001.

IlepBoe uznanue 6110 TTOCBsAIIEHO JI2K. Kapaano, I'. l'anuitero, X. IMoiirency,
B. Ilackaso u K. I'ayccy. 'oBopst o 'toiirence, aBTop, B 4aCTHOCTH, COODIIAT
0 €ero UCCJIEIOBAHNY IEHTPOOEXKHOM CUJIbI, IIPUBO/ISI COOTBETCTBYIOIIHE I[UTa~
Tbl. Bo BropoMm usmanuu m106aBieHb! riasbl o Jleitbuure, Ditstepe, Jlarpanxe,
Jlantace, Koeitne (1849—1925), Pamany pkane (1887—1920), a Tak>ke 0 HEKO-
TOPBIX BOIIPOCAxX 'eOMeTpHH. B HacTOsIIIel KHIKKE YIIOMAHAJINCH HEKOTOPbIE
13 HA3BAHHBIX YYEHBIX, HO B HEl IOBOPUJIOCH TOJIBKO O HEOOJIBIIONH YacTh
MX JOCTHKEHUil, MMeIOIeil IpsiMOoe OTHOIIEHNE K Hallell Teme, a 'mHiuknH
coO00IIaeT 0 HIUX HAMHOI'O OOJIbIIe.

Goldstein H. Prehistory of the «Runge—Lenz» vector // Amer. J. of Phys.
1975. V. 43, N. 8. P. 737—738.

Goldstein H. More on the prehistory of the Laplace or Runge—Lenz vector //
Amer. J. of Phys. 1976. V. 44, N. 11. P. 1123—1124.

I'padwmetin U. C. Illpsavas u obparnas reopembl. M,: Hayka, 1972.

Panee sra KHUKKa BBIXOAUJIA HECKOJLKUMU U3JIaHUAMU. [109TH BO BCEX HUX
3a0/JHO HEMHOTO TOBOPHMJIOCH O (DOPMAJIU3AIMKA JACTH JIOTHKH, TIPUIAIONIEH
el anrebpandecKuii BUI.

I'pebernuros E. A. Hukomait Konepauk. M.: Hayka, 1982.

Vkazannasi panee Kuura o KomnepHuke, HallMCAHHAs UCTOPUKAMM HAyKH, B
HECKOJIbKO pa3 0oJIbllle IOCJIeIHel, HAMCAHHON CIEenUaIucToOM 10 HebecHOi
mexanuke. [losTomy nepBasi KHUra MOApOOHEe, TPUIEM B HEW TOBOPUTCST U O
[PEJILICTOPUU TeJTUOIEHTPUYIECKOM CUCTEMBI, Yero HeT BO BTOPOil. 3aTO B I10-
cJle/iHel [IPOBOJIUTCST He TOJIBKO KadeCTBEHHOe (KakK y HAC M KakK 9TO BOObIIe
OOBIYHO B IOIYJISIPHOI JIATEpaType), HO U KOJMYECTBEHHOE COLOCTABJICHUE
BBIBOJIOB, ciaenyomux u3 Teopuil [Itonemes u Kennepa. s Jlyusr xxe pe-
3yJIBTATHI CTAPBIX TeOPHil (BIUIOTH /10 Kelrepa) conocTaBiIslioTCst ¢ COBpEMEH-
ot Teopueit [Txx. Xumta (1838—1914)%°. (TToxpobuee aro memaercs B [30].)
I'pebeHHNKOB BKpaTile COODIIAeT TakK»Ke O KPUTUYECKOM aHaJn3e «AjbMa-
recras, KOTOPBI OBLT MMPOBEJIEH aMEPUKAHCKUM yuéHbIM P. HeroTroHOM U 13-
JIO’KEH B €ro KHHTe I10J1 BbI3biBatomuM Ha3BaHueM «lIpecrymienne Kiasaus
IIrosemesi», omy6imkoBannoit B 1977 r. (tax uro Becenosckuit nu Benbrit ne

30 Pyszpueckne MPUHIUIBI B GoJiee TOYHBIX paspaboTkax XX BeKa OCTaJNCh TEMH Ke,
a B IpeJiejlaX YMECTHON B JIAHHOM CJIydae TOYHOCTU TeOpuu XUJLIa JOCTATOYHO.
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Moruiu o Heil ncars). HploToH cumraer, 9TO a) 3HAYMTEIbHASA YAaCTh HABIIIO-
JIaTeJIbHBIX JAaHHBIX y IITosiemest Tak miu wHade danbcuduimposana (au-
00 MPUBOAATCS BBINOJIHEHHBIE paHee HaOJIOJEHUs JIPYTUX acTPOHOMOB, HO
HUCKYCCTBEHHO II€PECUYUTAHHBbIE HA JIPYroe BPEMsl, IPUYEM [EPECcUéT MPOU3-
BOJWJICS, €CTECTBEHHO, 110 Teopuu lltosemes:, ma emé u ¢ ommbkamu; mbO
HaAOJIIO/ICHUST «IIOJIIPABJIEHBI» TAKUM 00PAa30M, YTOOBI JIyYIIE COOTBETCTBO-
BaTbh TOI Ke Teopuu; JIMOO OHU BOODIIE HE MPOU3BOIUIINCH, & ITPUBOIATCS T
JIAHHDIC, KOTOPBIC TIOJIyHYaloTcs U3 9TOH Teopuu)>'; 6) B MATEMATHKE HMEeT-
Cs1 HEMAJIO OIMUOOK, B TOM YHCJIe U IPyObIX; B) OIMCAHUE ACTPOHOMMYECKHX
MHCTPYMEHTOB SIBJISIETCsI TIOBEPXHOCTHBIM — OTCYTCTBYIOT YKA3aHUsl HA UX OC-
HOBHBIE TapaMeTpbl. [ peOEeHHIKOB 3aHUMAET OCTOPOXKHYIO MMO3UIUIO, 14 U ITO
MOXKHO CKa3aTh, HE IIeperpoBepuB JaHubix Hbiorona?

[24] I'pebennuros E. A., Patos FO. A. Iloncku n orkperrust mwianer. M.: Hayxka,
1972.

ITonoBuna KHUTHM MOCBANIEHAa UCTOPUN OTKPBITHL HeHTyHa. Memnee HO,ELpO6H0
TOBOPUTCA 006 OTKPBITUHU aCTEPOUI0B U H.HyTOHa,. Haugamo xkuurn IIOCBAIIIEHO
3aKOHaM IIJIaHETHbIX 'ELBI/I)KEHI/II‘/JI U UCTOPUHN UX HUCCJIEJOBAHUWA.

[25] Goodstein D. L., Goodstein J. L. Feynman’s lost lecture. The motion of pla-
nets around the suns. London: Jonathan Cape, Random House, 1996. IToz-
Hee KHUTa JIOM3JaBajlach u3garesbckoit rpymmnoii Random House (s1 Bumen
uznanue 1997 r., BBINYIIEHHOE U3ATEIHCTBOM Vintage).

Kuura comep:kut: paccka3d o TOM, Kak ObLIA OOHAPYKEHbI 3aITUCH JIEKITUN
Dejinmana 1964 r. (HemosiHbIE, 0OCOGEHHO O YACTH CYIIECTBEHHBIX I €8
[IOHUMAaHUsI PUCYHKOB) U KaK OHA PEKOHCTPYHPOBAJIACH; KPATKUE CBEICHUS
o Konrepruke, Tuxo e Bpare, Keriepe, I'asniiee u Herorone; pacckas o @eii-
HMaHe, B 3HAYUTEJbHOW CTENEHW IO JIMIHBIM BOCIOMHUHAHUSIM ['yrcreiiHa;
boJtee meTanbHOe, YeM B Jekinn PeitHmana, N310KE€HNE er0 apryMeHTOB C CO-
XPaHEHHEM I'€OMETPUIECKOrO CTHJISl JIEKIUK (9TO 3aHUMAET MOYTH IIOJIOBUHY
KHHI'H); CaMy 9Ty JIEKIUIO; NCTOPUYeCKUe 3aMedanus K Hell. OkasbiBaercs,
QDeitnman y3HAI 0 TpUEMeE C ro1orpadoM CKOPOCTH U UCIOJIH30BAHUEM (O B Ka-
YecTBe HE3aBHCUMOI llepeMeHHOM n3 KHUrn [54], rae 9T0T HpuéM npuBiedéH

31B cBasM C 3TMM CTOMT OBDATUTL BHUMAHHE HA OJHO MeCTO u3 «DeiffHMaHOBCKUX
steknmit o dusukes [56]. Tam BocnpomssoxuTcs mMmeromasics y [Itosemes Tabanna yrios
OTKJIOHEHHUsI CBETa B BOJE IIPU IaJIEHUU €ro U3 Bo3jayxa st yrios ot 10° mo 80° ¢ marom
B 10°. 3nauenus B 9Toi Tabsuie OJN3KN K IPaBUJILHBIM. 3aKOH IpesomieHuss CHesaa
TOTrZa He OBbITT U3BECTEH, IO3TOMY TaOJIUILy MOXKHO OBLJIO COCTAaBUTH TOJILKO HA OCHOBAHUU
sxcrepuMenTa. OIHAKO «IJAaHHBIE TAOJIHIBI CJINUIIKOM XOPOIIO JIOXKATCS Ha Iapaboury,
II09TOMY OHHM HE MOTYT OBITH PE3yJIbTATOM HE3ABHCHMBIX H3MEPEHHUIl; 3TO JIMINL P
9pcesI, HHTEPIIOIMPOBAHHBIX 10 HEMHOTMM H3MEPEHHBIM TOYKaM». B Hammm gHu y4EéHBIN
MOZKeT CIVIaJUTh SKCIIEPUMEHTAJIbHBIE TaHHbIe, HO 00si3aH IpeaylpeanTb o6 3ToM (a emg
Jlydle — IPUBECTH JAaHHbIE M3MEDPEHUI Hapsijy CO CIVIaKeHHbIMHN). Buaumo, HaydHas
3THKa TOr0 BpeMeHH oTyindasiach oT Hameid. (Jaxke B Hauase XVIII B. kpynuble (KpynHeii-
mve!) yuéHble He COBCEM Da3Jelisijii Hallle MHEHHe, CM. B npuioxkenuu 1V o koudmkre
Heiorona ¢ @yemcTuiom.)
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[26]

27]
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JULsL IpyToii 1esim — BIBoga popMyJibl paccesinus Pesepdopaa (o meit Deit-
HMaH ToXKe pacckaszan). B [54] He ynomunatorcst Hu ['aMusIbTOH, HU TepMUH
«romorpad», u B eknun PeifHMana Takux cJoB Toke HeT. O TOM U JpyroM
Tyncreiinet ysnamm u3 kamxkkn Jx. K. Makcsesia [41] (Tounoit ccpuiku Ha
camoro lammibrona B ([25]) Her). B koHue [25] oObsicHsiercst Tak»ke, 4TO,
XOTs1 00 bEM MPUMeHEeHn MexaHuKn HbioToHA orpoMeH, B Dy HIaMEeHTAIbHOMN
KapTUHE MUpa eé Ternepb 3aMEHWJIU T€OPUsl OTHOCUTETHHOCTH U KBAHTOBASI
MexaHUKa (CIofa Ci1eJ0Bajo Obl JJOGABUTH TEOPHIO IIOJIs, HOHAYAJY TOJIBKO
9JIEKTPOMATHUTHOIO, HO, KAK HU CTPAHHO, 9TOr0 HE CKA3AHO).

DeiffHMAH KOHCTATHPYET, UTO €0 U3JIOXKEHHE JIEMEHTapHOe, HO YTO 9TO O3HA-
4Jaer He TO, OY/TO ero JIErko IMOHSATb, & TO, YTO Jijid MOHUMAHUS STOTO U3JI0-
JKeHUs 3apaHee HaJI0 3HATh OYeHb HEMHOTOe, U Jlobasiisier: «except to have an
infinite amount of intelligence». OH TakKe KOHCTATUPYET: «HEJETKO UCIOJb-
30BaTh N€OMETPUIECKUE METOIBI JIJIsL TOrO, 9TOOBI OTKPBIBATh (HOBBIE — [1. A.)
Beld. DTO OYEHb TPYJHO, HO IIOCJIE TOrO KaK OTKPBITHE CIEJIAHO, dJIeraHT-
Hocth (reomerpudeckux — JI. A.) J0Ka3aTeIbCTB JEHCTBUTENLHO OYEHb Be-
smkas. [louyemy-To OoH J106aBIIsIeT, UTO MPU KUCIOJIB30BAHUNA AHAJIUTUYIECKOIO
[IO/IXOA «HAMHOIO IPOIE OTKPBIBATH BEId, YeM JOKA3bIBATH», U OTPUIA-
€T 3a TAKMM IIOJXOJIOM BO3MOXKHOCTB JIEFAHTHOCTHU. (DTOro si He HOHUMAIO.
B3arb xoTs Obl HAII IpEMET: Iepexo/], K He3aBUCUMON IEPEMEHHOM (p U Her3-
BECTHOM V — BepX 2JIEFAHTHOCTH, a 9TO K€ aHAJU3, U JIJIs [TOJHOTHI J0Ka3a-
TeJIbCTBA TPU 9TOM OTHIOJL He Tpebyercsl dpe3BbluaitHbix ycuiuii. [Ipasaa,
Deitaman npuan npuéMy ['aMEJIBTOHA COBCEM YK I€OMETPUUECKHIl BT,
HO BeJb OH TaK CIeJaJ He MOTOMY, YTO y [aMuIbTOHA OBLIO «HEKPACHUBOY,
a paju GOJIbIIeli 3J1eMeHTapHOCTH. )

Goursat E. Les transformations isogonales en Mécanique // Compt. Rend.
Acad. Sci. Paris. 1887. V. 108. P. 446—450.

Jlmumpues U . C. Heuzsectusiit Heroron. Cunyst Ha done snoxu. CI16: Are-
Teiist, 1999.

B kHuUre onuchiBaroTCS TE CTOPOHBI MUPOBO33PEHUS U JiesiTeTbHOCTH HbIoTO-
Ha, KOTOPbIE JI0 HEJIABHUX 1O ObLIN MaJIo n3BecTHBI (0coGeHHO y Hac). XoTst
pesmane HploTOHA COCTOsIO HE B HUX M He Oy/ib OH TeM HbIOTOHOM, O Ka-
KOM MBI JIO CHX TIOP 3HAJIU, HOBOOTKPBITHIN «Hem3BeCTHbIN HbIOTOH» €1Ba Jin
IpUBJIEK Gbl BHUMaHUE (J]a U COOTBETCTBYIOIIUE MATEPUAJIBI €/IBA JIU COXPa-
HUJIACH Obl), OJIHOE OCBEIIEHNE KU3HU U JieaTeJbHOCTH HbIoTOHA BKIIIOUaeT
u 3Ty cTopoHy. HhIOTOH 6BLT TAKUM, KAKUM OH OBLIT.

2Kmyodo JI. 5. Tludarop u ero mkosta. JI.: Hayka, 1990.
Bommeppeavd A. Mexanmka. M.: WJI, 1947.

Hoenvcon H. U . drionpt o ucropuun nebecuoit mexanuku. M.: Hayka, 1975.

32[Tomyumnaocs HedTO cpegHee Mexky [aMmiIbToHOM ¥ MaKCBEIIOM: pellasi MpsSIMYyIO
3amaay Kensepa, @eituman, momumo ujen ['aMuiIbToOHA, UCIIOIb3YET TaKXKe IIOCTPOEHHUS,
KOTOpPBIE CBSI3aHBI C MAKCBEJIJIOBCKUM DPeIlIeHNeM OOpaTHOM 3a1a4du.
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31]

32]
33]

[34]

[35]
[36]

CBopHUK MOIYJIAPHBIX (MM OJIY IO ISIPHBIX ) CTATEH JICHUHIPAJICKOIO acT-
poroma-sbraucauresnst H. Y. Unenscona (1885—1951). IlpumepHo mosoBuHa
KHWTHU TOCBAIIEHA CTAPBIM TEOPUSIM JIBUKEHUS HEGECHBIX CBETUJI (JIJIs TLIa-
ner — konuas Kemrepom, mist Jlyast — Heroronom). ComocrasieHue crapbix
Teopuii ¢ HOBbIMHU (T.e. ¢ Teopueir Kenyepa nyist mianer n teopueit Xuia
jst JIyHel) npoBezieHo ferasibHee, 4eM B [23].

Hcaax Hvromon. 1643—1727. CHopHUK cTaTeill K TPEXCOTIIETHIO CO JIHS POXK-
nennsi. M.—JI.: AH CCCP, 1943.

COopHuK craTeil psifia aBTOPOB, IOCBSIIIEHHBIX IIPEXKJIE BCEIO DPA3JIMIHBIM
acrekTaM jgeareabHocTr HporoHa B 061aCTH TOYHBIX HayK (YeMy MOCBAIIEH
Takke cO6opHEK [45]), HO TakyKe M HEKOTOPBIM APYTHM BOIIPOCAM, CBSA3AH-
HBIM C JKU3HBIO U gesrebHOCTbI0 HbtoToHa. (VMeercs: jaxke crarhbsi 0 ero
noprperax. Xors B COOPHUKE HET pedu O «Hem3BecTHOM HbIoTOHE» B CMbIC-
Jie [27], HO HEKOTOPBIM IIATOM B 9TOM HAIPABJICHUH SIBJISIETCS YIIOMUHABIIAS-
cst B npuitoxkenun V crarest C. 4. JIypoe.) Crarsun A. H. Kpbuiosa, C. 1. Ba-
susiosa u H. 1. Unenbcona Bocupoussenenst Takxke B [37], [12], [30]; mue Hens-
BECTHO, BOCIIPOM3BOWJINCH JIN CTaTbU APYrux aBTopoB. Hekoropble crarbu
nmocBsIeHbl TeM dacTaM «Hawams, kotopeix mbr ne kacaemcs (JI. H. Cperen-
ckuit, «HpioronoBa Teopust npusinBoB u dburypst 3emins; A. . dybsro, «Ko-
MeThl U X 3HadeHue B obmieit cucreme Hpioronosbix ,,Hagan“s; M. B. Kup-
nnués, «HproToH 0 momobum»). B wacru 1 npusoxenns VIII s ynmomunasn
o cratbe H. H. Jlysuna «HpioronoBa Teopus npemenoss.

Hetime. Posenkpeiinepckoe npocsemenne. M.: Anreitst, 1999.

Karcher H. Newton’s 1/r gravitational potential derived from Kepler Orbits.
CraTbst Ha web-cTpanuie

http: //www.math.uni-bonn.de/people/karcher /KeplerOrbits.pdf

Kenaep M. O mecruyronbubix caexkunkax. M.: Hayka, 1982.

Heckonbko HayaHO-TIOMy IsIpHBIX pou3Beaennit Kermtepa, Bkitodast u « CoH».
C Hay4HOII TOYKHU 3pEHUsi OCOOEHHO 3aMEYATEJbHO IIEPBOE U3 ITUX IPOU3Be-
JIEHHU#, TI0 KOTOPOMY Ha3BaH M BeCch cOOpHUK. IIpu cBoeit nomyssipaoit popme
OHO SIBJISIETCST IEPBOI Hay YHOI paboToii o Kpucrayuiorpaduu. K Hemy Bocxo-
JIMT Tak»XKe «3a1a4da Keruiepa» o mioTHedIel yrrakoBKe IapoB, He PeIIéHHAs
" 10 ceii jgeHb. A HanboJbIIE#l U3BECTHOCTHIO B CBOE BpEMsl IOJIb30BAJICS
«Pa3roBop ¢ 3BE3HBIM BECTHUKOM, HEJIABHO HUCIIOCTAHHBIM CMEpPTHBIM [a-
smiteo [ammieeM, najiyaHCKUM MaTeMaTUKOM» — OTKJIMK Ha IIEPBbIE TEJIECKO-
nuyueckue oTKpbiTus [anmies. VlcTopudeckn m ICUXOJIOTMYECKU UHTEPECHA,
camoxapakrepucruka «O cebe», KOTOPOil YacTUYHO mpugaHa (popma ropo-
CKOIIA.

Cypdun B.TI'. HeynoBumas nanera. M.: Bek 2, 2005.

Keangomanrumu JI. B. Vicropusi OTKPBITUSL BHECOJIHEYHBIX 1aner // Vcro-
puko-actponomudeckne ucciaegopanus. 2002. Bemr. XXVII. C. 54—79.
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[37]

38]

39]

[40]

[41]

[42]

[43]

[44]

Kpouros A. H. Heioron u ero 3Havyenue B MUPOBO# Hayke. 1643—1943. M.:
AH CCCP, 1943.

[IpuBeist B camoM HadaJie cBoeit HeOOJIBIOM OPONIIOPHI KpaTKue buorpadude-
ckue ceesienust o Hetoronre (B [12] u [27] orn Hamsoro noxpo6uee), A. H. Kpsbr-
JIOB 3aT€M I'OBOPUT HMOYTH UCKJIIOUNTEJHHO O «MareMaTrudyecknx Hadaaax Ha-
TypaJsibHOit ustocodpun» Hporona (BKpaTie ocBemasi ux COlep:KaHue, Me-
CTaMU IIyHKT 3a ILyHKTOM) ¥ O TOM, KaKO€ IIPOJIOJIZKEHHe ero paboTa B 06/1acTu
MEXaHUKHU U aCTPOHOMUHY ITOJIY9NJIa BIIOCJIE/[CTBHH.

Lagrange J. Théorie des variations séculaires des éléments des planetes //
Oeuvres. V. 5. Paris: Gauthier-Villars. 1870. P. 125—207.

Levi-Clivita T. Sur la résolution qualitative du probleme restreint des trois
corps // Acta Math. 1906. V. 30. P. 306—327. Reprinted in: T. Levi-Civita.
Opere matematiche. V. 2 (1901—1907). P. 419—439. Bologna: Nicola Zani-
chelli editore, 1956.

Jlumasyd Jlotc. Maremarudeckasi cmech. M.: Hayka, 1990.

Maxceean orc. K. Marepus u nBuxkenue. M.—xesck, 2001.

Ilepeneyarka mepeBoma 20-x mam 30-x rr. kaura MakcBesia O MeXaHUKe,
BoImreameit B 1877 r. u nepensnannoit B 1920 r. mox penaxmueit JIxx. JTapmopa,
cliesaBIiero HeGoJiblnue 106aBeHus! (OHO U3 HUX BOCIIPOM3BOJUT IVIABY W3
Jpyroro couuHenus camoro Makcsesuia). B HOBOM pyCCKOM HM3JaHUU [TOMeE-
méH TakxKe nepeos crarbu Y. Husena 1890 r. «2Kwusub 1 HaydHAs JeATeb-
voctb k. K. MakcBesutay. Kuura npejicrasisier coboil JOBOJIBHO IIPOCTOI
0YePK OCHOBHBIX WJIei MEXaHUKH, He JIOXOIAIINN 10 MATEMATUIeCKAX TOHKO-
CTell BPOJie ABUKEHNS TBEP/IOTO TEJIa M BOIPOCOB TEOPUU BO3MYIIEHHIT; B TIEP-
BOHa4aJIbHOM TekcTe MakcBesuta He ObLIO Tak»Ke HU ypaBHeHuit Jlarpamika
u 'aMuibTOHA, HY BaPUAIMOHHBIX IPUHITUIIOB, HO 00 9TOM JTaéTCs HEKOTOPOE
MIOHSITHE B JOOABJICHUSX, CAEIAHHBIX JlapMmopoMm. B Heit Tak2ke mouTu HeT pas-
60pa KOHKPETHBIX 3a/1a4 (3a1a4a Kerepa— o1HO U3 HEMHOTMX HCKJTIOMEHMIA,
npuuéM camoe ciaoxkaoe). [TosTomy JaHHDBI OYepK He SABJIAETCS yIeOHUKOM
(1, KOHEYHO, HE 3AMBIILISJICA B KAYECTBE TAKOBOIO).

Mapos M. 4. Ilnanerst Conneunoit cucrembr. M.: Hayka, 1981.

OCHOBHOE CcOJIepKaHNe KHUTH — PaccKa3 00 ycrexaxX B MCCIETOBAHUY TIJIAHET,
JOCTUTHYTBHIX B IEPBYIO OYepedb C IMOMOIIBI0 KOCMUYECKHX AIlllapaToB, HO
TaK>Ke U Ha3eMHBIMU ONTUYECKUMU U PAIUOACTPOHOMUYECKUMHU CPEJICTBAMU.
OHAKO 3/1eCh s IUTUPYIO €€ MOTOMY, YTO B Heil coobimaercss o0 IKCIepu-
MEHTaX 110 YUCJAEHHOMY MOIEIUPOBAHUIO IIPOIECca 0OPa30BaHUS IIJIAHET, IPU
KOTOPBIX B OJTHOM W3 BAPMAHTOB JOBOJBHO TOYHO TOJIYYHIOCH TpaBumio Tu-
nuyca—boye.

Milnor J. On the geometry of the Kepler problem // Amer. Math. Monthly.
1983. V. 90, P. 353—365.

Muzxatinos A. A. 3emns n eé spamenue. M.: Hayka, 1984.
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[45] Mockosckwuii yausepcurer —namsitu Vcaaka Herorona. 1643—1943. M.: MI'Y,
1946.

C6HopHUK cTaTeil psila aBTOPOB, MOCBSIIEHHBIX PAa3JIUYHBIM ACIEKTAM JIesi-
tesibHOCTH HbtoToHa B objiactu TOYHBIX HayK. OH B HECKOJBKO pa3 MEHb-
me [31], HO crosb ke comepxkaresieH. K Haleil Teme OTHOCSTCSI CTAaThbu:
A.H. Koamoropos, «HbIOTOH 1 COBpEMEHHOE MATEMATHIECKOE MBIIIJIEHUE ;
A. A. Kocmonembsinckuii, «Paborsr HbioTOHA 10 AUHAMUKE M THIPOIUHAMU-
ke»; [ H. lyGommnn, «Acrporomusi B paborax Heroronas. (Ilocsiennue nse,
Kak u nepas nojosuHa 6pomrtopsl A. H. Kpeiiosa, mocssimmensr «Maremarn-
9eCcKUM HadvajiaM HaTypaJabHoU (unocoduns, npuiaém lybomun gaét 6ostee
noApobHbIi, yeM y Kpblioa, 0630p aCTPOHOMHYECKON YACTH MEPBOM KHU-
ru «Hauans», HO MeHee moapobGHBI — TpeTheil KHurn, a KocMomeMbsiHCKHiA
MecTaM# OTXOauT oT Tekcra «Hadan» u koe-uro obcykmaer nmoapobuee.)

[46] Hetieebayep O. Tounvie nayku B npesnocru. M.: Hayka, 1968.

Bénpmas gyacts kHuru nocesamena /Ipesremy Erunty n Basunony. Koe-ato
3/IeCh OTHOCHTCS, 51 GBI CKa3aJl, emié He K HayKe, a K IpoToHayke>>. B Komme
KHUTH JIaH KPaTKuit ouepk cucreMsl 1ITonemest u 00CyK/1a10TCs CBSI3H MEXK Ly
rpedecKoil U BaBUJIOHCKON aCTPOHOMUEN, & TaK»Ke CBSI3U I'DEeYeCKOil MaTeMa-
THUKH C ACTPOHOMUEH, BKJIIOYUasl BEIYUCIUTENbHYIO CTOPOHY Aena. (Y ucropu-
KOB HAYKH 9TH ACIEKTHI YACTO OCTAIOTCS B TEHHU. )

[47] Hvromown M. Maremarndeckue Hadasla HATypasbHOi dbusocodun. M.: Hayxa,
1989.

[48] Hwtomon M. Maremarnueckue paborsr. M.: OHTH, 1937.

Iloutn cpasy ke mocse co3manus MaTeMaTHdeckoro anaian3a Hpioron mo-
BOJIBHO IIOJPOOHO M3JI0XKUJI CO3/JaHHYIO UM Teopuio B pabore «Merox duirrok-
crit U OECKOHEYHBIX PSAJIOB C MPUIOKEHHEM €ro K TIe€OMETPUU KPHUBBIX»,
HaIMCAHHON B mpoMmexyTke 1664—71 rr. u mpeaHa3HAYEHHO, IO €ro BbIpa-
JKEHUIO, «JIJIsl MOJIOZBIX reoMeTpoB». ([eomMeTpamu u TOr1a, U MHOTO TIO3/IHEE
Ha3BbIBAJIM BOOOIINE BCEX MATEMATHUKOB, a <«(MIIOKCUU» — 9TO HBIOTOHOBCKOE
HasBaHue i npou3soanbix.) Onnako Heioron, no Beipaxkennio 1. 1. Mop-
yxaii-BosToBcKOro, peJakTUpOBABIIEr0 U KOMMEHTHPOBABIIIETO PYCCKOE M3~
JAHWEe er0 MATEMATHIECKUX PAbOT, «0OHAPYKUJI KPANHIOIO HEPEINTEIbHOCTD
B OTHOIIIEHUH OIyOJIMKOBAHHUsI» ITOM PYKOIWCH, U B KOHIIE KOHIIOB OHA, OBLIa
U37JaHa TOJBKO IOCJie ero cMeptd, B 1736 1., mpu4uéM He B OPUTMHAIHLHOM

33Hayka, moHuMaeMas KaK eJiHas CUCTEMa 3HAHUil, He 0bA3aTeTLHO HETOCPE/ICTBEHHO
CBSIBAHHBIX C IIPAKTHYECKON EesATEJbHOCTBIO, M KaK OTAeIbHas cdepa [TeJOBEIECKON
JIeATEILHOCTH, UMEIOIIEH CBOEH IeJIbIO TI0JIy YeHIe HOBBIX 3HAHWN, BOSHUKIIA (MJIM, MOXKET
6BITH, OKOHYATENBHO odopmmiack) B Jpepreit I'perun. 1o TOro y»ke MMesnch Hay9IHBIE
CBeJIeHUsI, TIOAYAC HeMaJsble, HO, HACKOJIBKO MBI 3HaeM, He ObLIO HAyKH B TOM CMBICIIE,
KaK s ckazas. MokeT ObITb, TO, ITO OBLIO [0 I'PEKOB, CTOUT HA3BaTh <«IIPOTOHAYKOW».
Koneuno, Mexxay mpoToHayKoil M HayKOIl HET 4ETKOU I'DAHH, BABUJIOHCKAs ACTPOHOMHMS
OIIpEe/IeJIEHHO CTAaHOBMJIACh HAyKOMl WU, IO-BUIUMOMY, CTaJjla €0 B CBOM IIOCJIEIHUE BEKa
(xorma B I'penum yzke GECCIIOPHO CyIIECTBOBAJIA HAYKA).
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[49]
[50]
[51]

[52]

BHJIe — HA JIATMHCKOM sI3BIKE, & B AHIVINICKOM 1epeBojie (Kak obbsicaser Mop-
nyxait-Bosnrockuit, uzgareas pemmt u3gark «Merom durrokcuity co cBouMu
KOMMEHTapPUsIMUA, HO OH He OYEHBb XOPOIIIO BJIAJIENT JIATBIHBIO U, OYTy Il BCE XKe
B COCTOSIHMM TlepeBecTH «MeTo» ¢ JIaTBbIHM Ha AHTJIMICKUI s3bIK, 3aTPYI-
HSLJICSI M3JIOXKUTh Ha JIATHIHU cBoM IpuMedanusi). OpuUruHasIbHasl Ke PyKO-
MHCh, TO-BUUMOMY, YTPAIEHA, O €M MOYKHO TOJIBKO COXKAJIETh, TAK KaK IIPHU
AHIVIMIICKOM II€PEBO/ie, BO3MOXKHO, HE BCE€ OTTEHKH MBIC/IH aBTOPa YIAJIOCh
yAOBUTB. B oTHOIIIEHNN COGCTBEHHO « 1M DEPEHITNATBLHOTO U HHTETPATBHOTO
UCYHC/ICHNUST» KaK KOMIIJIEKCA OIPeeIEHHBIX TPUEMOB ITyOukanus «Meromga
duokcnity 6e3HaIEKHO 3a110371aJ1a, 160 y2Ke B 1696 1. Bbimesn « Anayims 6ecko-
HeuHo Maubix» 1. Jlonurasns (1661—1704), ocHoBanHbIil Ha jeknusix V. Bep-
uysun (1, B obieM, 6oj1ee COBEPIIEHHDIH B 9TOM OTHOIIeHNH). KoHCcTaTupyst
sror dakt, Mopayxait-Bosnrosckuit ormedaer, uro «Meroma» cojep:ka emé
«BoraThIii KOMILJIEKC HJIei, C IIOMOIIBI0 KOTOPBIX OOOCHOBBIBAIOTCST OTIEPAITAN
aHAJIN3a ¥ KOTOPbIE NMEJIN OYeHb BaXKHOE 3HAYEHHE JJIs1 SBOJIIOIMHI OCHOBHBIX
MIOHSITHI aHAJIN3a», HO, I0-MOEMY, KaK pa3 B 9TOM OoTHoIeHnn «Maremarnde-
CKUe HavaJjia HATyPaJIbHOM (uIocoduns coepkaT JOCTATOYHO MHOTO. Bripo-
9eM, JacTh AHTVIMHACKAX MATEMATHKOB HMeJIa BO3MOXKHOCTH O3HAKOMHUTHCS
¢ pykomnucsio HpoTona HaMHOTO paHee, a 0 MHOTHAX 3JIEMEHTaX TE€OPUU (PJIIOK-
cuif OH TOBOPMJI B CBOeil mepenmucke; Hakorer, B 1704 u 1711 rr. (T.e. Toxe
11031H0) GbLH o1y 6IMKOBaHbI iBe paborel HploTOHA 10 aHANN3Y, HATUCAHHBIE
3HAYUTENBHO panbiie (OIHa U3 Hux — ermé 10 «Meroma dimoxkcnits )34,

Mopmayxait-BosroBckuit muImeT, 94To TPUIOXKEHNE aHAJIN3a K TEOMETPHUM «IT0-
9THU BCEIEJIO BEeAET CBOE Hadasao oT HbioToHAa». YHUKAJIBHBIN XapaKTep JJIs
CBOEro BpeMeH! uMeJia Takxke pabora HpioTona o kiaccupukanmm KPpUBBIX
TPETHErO MOPSIIKA, IO-HACTOSIIIEMY ITPOIOJIXKEHHAsT TOJBKO B cepeante XIX B.

Posengeavd B. A. Anosutonnii Ileprckmii. M.: MITHMO, 2004.
Pooicancrxuti M. /[. Autnanasa nayka. M.: Hayka, 1980.

Tepenmuves M. B. Vctopusa sdbupa. M.: @asuc, 1999.

TTocmepTHO OonybGIMKOBaHHAS MOMYJIIPHAsT KHUTa (pusnka-Teopernka M. B. Te-
PEHTBbEBA OCBSIIEHA BOSHUKHOBEHUIO (PU3NIECKON KOHIIEMINY MMOJsi. ABTOD
ycuen mosectu ucropuio o Jx. K. Makcsesia (1831—1879), t.e. 10 Toro
MOMEHTa, KOTJIa KOHIIEMIIUST MOJIsl (PaKTUIECKH YKe 00pesia CaMOCTOSITETbHOE
CyIIECTBOBaHUE, HE TPEOYIOIee MEXaHUIECKOM MOJENH, HO 9TO eé He OBbLIO
ocosnano. K Hacrosinieii KHUYKKe IPUMBIKAeT IjlaBa, MOCBAIéHHas lekapry
u Hprorony. Onucanue sBostoruu B3mis o8 Herorona, npemiaraemoe Tepen-
THEBBIM, KaXKeTCsl yOeIUTETbHBIM.

Tpycdea K. Ouepkn no ucropun mexanuku. M. — Mxxesck: VH-T KOMITbIO-
TepHBIX uccaenoBanuii, 2002.

34Besycsi0BHO HOBBIM (€CiH He CYMTATH GoJiee PAHHEro KPATKOrO yIOMUHAHUSA B OJ[HOM
n3 mucem HproToHa) GBLI, IO COBPEMEHHOH TEPMUHOJIOTHH, «MHOIOYTOJIBHUK HbroTOHA»
(coyxawmuii nus npencrasieHus peruenust y(x) anrebpaudeckoro ypassenus f(z, y) =0
B BHJIE Ps/ia 110 APOGHBIM CTENEHSIM T — T0).-
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[53]

[54]

53]
[56]

[57]

Vunmmep A. Ananurnydeckue ocHOBBI HebecHo mexanuku. M.: Hayka, 1967.

OTa KHUTra ObLIA MHON YIIOMSHYTa TOJIBKO IO MOBOJY JUCKYCCHM B 9acTH 3
npuioxkenust VIII. BooGre ke oHa cOmepKUT OOMMPHYIO WHOOPMAIIHIO 0
3a/[auaM IByX U TPEX Tesl. Y UHTHED MHTEPECOBAJICS He TOJIBKO HeDEeCHOI Me-
XaHUKON KaK HAYKOMH, CJIOKMBIIEHCs KO BpeMeHH paboThl HaJl KHUTOH, HO
u eé ucropueii. Kro KHUTa COMEPKUT MHOTO CCBLIOK Ha PAbOTHI MO HEGECHOM
MexaHuKe (KaK CTapble, TAK M JJIsl TOO BPEMEHU HOBBbIE) U KPATKHX 3aMe-
yaHWii B cBA3U ¢ ux cojepxkanueM. (Hamo Toiabko mpemynpeants, 9T0, Kak
s1 ybenuiicst Ipu pabore HaJ[ HACTOSIIEH KHIKKOM, He CJIeIYeT I0JIaraTbCst
Ha MCYEPIBIBAIOILYIO MIOJIHOTY €ro MCTOPUYECKUX YKA3aHUN. DTO MOHSITHO:
UCTOpHUsl BCE-TAKU He ObLIA /sl HErO CAMOIEIIBIO. )

Fano U., Fano L. Basic physics of atoms amd molecules. N. Y.: John Wiley,
1959.

Bunskuit k nam marepuast (Boisog, popmysisl Pesepdopna) cogepzkurcs B npu-
noxkennu 111 k sroit kuure. Corstacuo ['ynacreitny, @eliHMan UMEHHO TaM Ha-
€1 TpuéM, KOTOPBIH S CBSI3BIBAIO ¢ mMeHeM [amuiabrona.

Qetinman P., Jletimon P., Condc M. PefitHMaHOBCKHUE JIEKIUHU MO (PUSUKE.
Brom. 1. CoBpemennasi Hayka o mpupoze, 3akoubl Mexanuku. M.: Mup, 1965.

Qetinman P., Jletimon P., Condc M. PefitHMaHOBCKHE JIEKIUU MO (DUSUKE.
Bemn. 3. Usnyuenne, Bonubl, kBauTsl. M.: Mup, 1965.

Chandrasekhar S. Newton’s Principia for the common reader. Oxford: Cla-
rendon Press, 1995.
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