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[MTPEOHUCJIOBUE

JIeKIIMOHHEIE KYPChl M CEMHHAaphl, npoBelennpie JleonuoM Hcaako-
BuueM ManjenplitaMoM B MOCKOBCKOM I'OCYapCTBEHHOM YHUBEDPCHTETE
B nepuof ¢ 1925 no 1944 r. (ron ero cMepTH), OXBATHJIM YPe3BLIYANHO
HIHPOKUH Kpyr npobseM GU3HKH — TEOPHIO 3JIeKTPOMATHUTHOTO 10Js,
3JEKTPOHHYIO TEOPHI0, TEOPHIO KoJeOaHW#l, ONTHKY, CTATHCTHYECKYIO
(U3UKY, CIEUHANbHYIO TEOPHI0 OTHOCHTEJBHOCTH W KBAHTOBYIO Mexa-
HUKY. SHAUHTEJbHYIO 9acTh 3THX JIeKIUH H BEICTYIJIEHNIT HA CEMHHApaX
Yy1aJioCh BOCCTAHOBUTH MO 3arUCAM CJYyIIareseil, a B OTAEJbHBIX CJY-
yasix — 0 CTEHOrpaMMaM M [0 COOCTBEHHBIM KOHCIIEKTaM M HabpocKam
JI. M. Manpenbinrama. 3ToT MarepHaa COCTaBHJ COAepyKaHKe JBYX
nocaefnux ToMoB (IV u V) Iloanoro cobpanuda tpynos J1. M. Mannesnp-
mraMa, ony6aukoBannoro WanarensctBoM Axanemun Hayk CCCP.
B nacrosiiiee Bpems Bce 3TO H3JaHHe, BK/OUas U o0a yKasaHHBIX TOMa,
Boiteamux B 1955 r. (tom IV) u B 1950 r. (Tom V), crenanock 6ubiuo-
rpadu4ecKoil PEeIKOCThIO.

Mexny Tem Jekuun u cemuuapsl JI. M. Maujgenblinrama HU B MaJsei-
lIeil CTENEHH He YTPATHIH CBOETr0 MHTEPeCa M 3HAUeHHS KakK 10 CBOEMY
KOHKDETHOMY COJep}KaHHIO U TJyOHHE TPAaKTOBKH paccMaTpHBAaEeMBIX
(H3MIeCKUX BONPOCOB, TaK H B KadecTBe o0pasila 3aMevaTesbHOTO
rleJaroruyeckoro Macrepcrsa. B HeBoJblIOM IPENUCIOBHM K TOMY V
akagemuk C. M. BaBu/OB mucasn: «...JIeKIIHH H BHICTYIJIEHHS] HAa CEMH-
Hapax JI. M. ManjenpliiTaMa MpeACTaBasioT G0JbLIYI0 IIEHHOCTh H MO
CYUIECTBY 3aTPOHYTHIX BOMPOCOB, U IO IMIyOHHE M SICHOCTH UX OCBelle-
Hust. OOIIeH3BECTHO, KaKoe OOJbIIOe 3HAUCHHEe HMEJTH JeKIHH U CeMH-
Hape! JI. 1. MannensinraMma B MOCKOBCKOM YHHUBePCHTETE AJIS1 PA3BUTHA
TeopeTH4ecKoH GH3UKH. IDTH JIEKUUH M CEeMHUHAphl COCTABJISIOT OUEHb
BAXKHYIO 4acTh HayyHoro Hacneactsa JI. M. Mawnjenplutrama Hapagy
C er0 OpHTHHANMbHBIMH HAYYHBIMH TPYAaMH».

31ech HET BO3MOXKHOCTH NOJApOoOHO 0OpHCOBATh BCe, 94TO CKPHIBACTCA
33 3TOH CKATOH XapaKTepHUCTHKOH, paccKasaTh O COBEPLIEHHO 0OCO6OH
3MOLHOHAMBHOA aTtMocdepe, KoTopyio coszjpaBanu Jexkuuu JI. M. Mag-
JeJbLITaMa, NPHBJEKaBIIKHe OOIIHPHYIO ayAHTOPHIO — He TOJLKO CTY-
JIEHTOB M ACMHPAHTOB, HO M MHOTHX 3pefblX Hay4yHbIX pPaGOTHHKOB,
OYEPTHTH TO HOBOE, UTO BHECJH 3TH JEKIWH MO CPABHEHHUIO XOTS Obl
M C XOPOLIMM, HO CTAHAapPTHHIM CTHJEM NpenofaBaHus ¢H3HKH. [lpen-
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cTaBJjieHHe 060 BCceM 3TOM MOXKHO MOYEPIHYTh U3 OnyG/IHKOBAHHBIX BOC-
MOMHHAHUN DAJA YYEHHKOB M COTpYAHMKOB JI. M. Manuensmrama .
Ho neo0xonuMo XoTst Obl KPaTKO NOSICHHUThL, HOYeMY ceHuac CHycTs
25—45 sieT co BpeMeHH uTeHus 3THX JAekuuit Biopo Ornenenns oblieit
¢usuku u actpoHomun AH CCCP nauwio uemecoo6pasHEIM BHOBb HX
nepeusaTh.

Bo-nepBhix, Kak y:ke ObIO CKa3aHO, OHH HHCKOJBKO HE YCTapesH
no copep:kaHuio. OHH He YBOAAT COBPEMEHHOI'O UHTATENs] B HCTOPHIO
GUSHKH (XOTA MHOTHE JIEKLHH H COAEp:KaT HCTOPHYECKHMH MarepHas,
K TOMY K€ YPEe3BLIUaHHO HHTEPEeCHO OCBEleHHBIH), a MOKA3bIBAIOT eMy
TOT (pYHIZamMeHT (M3HYECKOH HAYKH, Ha KOTOPHI OHA ONHpaercs H
ITOHBIHE.

Bo-BTopHIX, B nofaBdAomeM GOJBLIHHCTBE C/YYaeB B LEHTPE M3JI0-
MKeHUsT HaXolATCsl He (aKTHYeCKHE CBeIEHHsI caMH o cebe M He MaTe-
MaTUYECKHH aunapar, a TAyOOKHH aHalMu3 COAep:KaHMsS ¥ pa3BUTHS
OCHOBHBIX (DU3HYECKHX TEOpHH, KOHKDETHBIH aHa/iu3 MOHSTHH, ¢ KOTO-
poIMu paboTraer QU3HK, T. €. BCE TO, YTO COCTABJSIET SIAPO (PHIUYECKOTO
MBILIJIEHUS B YTO CIVIOWb U pALOM 3aTpardBaercs JIMIIb BCKOJIb3b HJH
BoOQlIe HIHOPHPYETCsS B OObIMHBIX ydeOHHKAX. OCOBEHHO SIPKO 3TH
YEPThl MAHIENbIUTAMOBCKOTO NOHMMAHHS H U3JI0KEeHHST PUSHKH NPOSIBU-
JHCh B aHaJIH3€ OCHOB CHElUaJbHOH TEOPHH OTHOCHTENbHOCTH H BOJIHO-
Boil MeXaHukH (tom V, BocipousBefeHHoll B knure: JI. M. M a H-
IenpblTaM. JIeKIMH O ONTHKE, TEOPUH OTHOCHTEJILHOCTH M KBaH-
ToBOH MmexaHnuke, M., «Haykas, 1972) u B oCBeleHHH XapakTepHBLIX
ocoGenHoCTel TeopUH KoJeGaHHil U ee MeTonoB (tom IV, Bocnpousse-
JIeHHBI B JJAHHOH KHHTE).

HeofxonuMo cKa3arb HECKOJIBKO C/I0B 00 3TOM KYPCE€ TEOPHH KoJe-
GaHuii, npountanHoM B 1930—1932 rr.

CyiiecTeoBanHe TEOPHH KoJdeGaHHA KaK MOJHONpaBHOH BeTBH (u-
3HKH TIPEACTABJSAETCS COBPEMEHHOMY UYHTATEeNI0 — KaK (U3HKY, TAK H
MaTeMaTHKy — 4eM-TO camo cofoil pazymeromumMcs. Mexay teM HMeHHo
Kypc, mnpoyutaHuid JI. M. Manneastiramom, 3asepmims mpotiece
OpOpMIIEHHST TEOPHH KOJeGaHHH B CaMOCTOATETbHYIO NUCHHIIHHY —
TIPOLECC, HAYa/J0 KOTOPOMY, eCJIH TOBOPHTH O JIHHEHHOH Teopuu, GLIIO
TMIOJIOXKEHO ellle peseeBcKoH «Teopuelt 3Bykas. o sekumit JI. Y. Man-
AeJblliTaMa B Y4YeOHBIX MJIaHaxX BBICHIEH LIKOJBI TEODHH KOJeGaHHH He
cyuiectBoBaIo. Tenepb 3TOT KypC YHTAETCS BO MHOMXECTBE VHHBEPCHTE-
TOB H BTY30B.

Bonee Toro, ¢ kxonna 20-x u Hauana 30-X TOOB HauasoCh MIHPOKOE
pasBuTHe HeauHeHHOH TeopuH KojeGauuil. Mmenno JI. M. Mangens-

1 Cwm. «H3s. AH CCCP», cepus dusyu., 9, Ne 1-2,1945, noceamen s namaru J1.1. Mar-
AeapramMa, buorpadus JI. M. Madpenpintama, HanncaHHas akafgemukamu H. J1. [Ta-
nanekcu H [, C. JlanacGeproM, nomemena B I Tome [losmHoro cobpanus TpYyROB
(M., Hzn-so AH CCCP, 1948).
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IITAM CYMeJI OCO3HaTb U YeTKO chopMyJHpPOBarb HA3peBUIYID B pajlkio-
TeXHHKE HeOOXOAUMOCTb HOBOTO TEOPETHYECKOT'O HOAX0AA K KoJeOaHhAM
HeJHHEHHbIX CHCTeM, HeOoOXOAHUMOCTb BhipaGoTaTh «HEJHHEHHBIH A3bIK
1 HesuneiiHoe KoJjebaresbHoe MblulieHue». MMenHo moj ero nanpas-
JasoluM BaxussadeM A. A. AHApOHOB, OLIBIIHY B TO BPEMS acllHPAHTOM
JI. M. Mangeaburama, Hamwea B TpyRax A. Ilyaskape u A. M. Jlany-
HOBA KJI0Y K pellleHHto 310f1 3agauu. Koneuro, B ekuusx 1930—1932 rr.
MOIJIH OBbITb OTPazKeHbl JHILL [IepBLIe (XOTS U pellalolye) Ward B Heau-
HeHHOH Teopuy Komebanuil, HO He caenyer 3a0bIBaTh, YTO 00 3THX LIArax
rOBOPHT YyueHbIH, 6JaroJapsd KOTOPOMY OHH OblIH CJIEJAHBI.

JlanbHeillllee pa3BUTHE HEJIHHEHHOH TeopHH KONeOGaHWUH H YCeXH,
K KOTOpPBIM TPHBOJMI «KOJebaTesNbHBIH MOAXOA» B pPYyKax Camoro
JI. 1. Mangenblurama (B 4aCTHOCTH, OTKpHITHE B OGBSCHeHHe KOMOHHA-
IIMOHHOT'O PACCEAHHS CBeTa), HC MOLJH He NPHBECTH K ONpele/JeHHOM
3BOJIIOLMH €ro B3TJASA0B HA TeopHio KojeGaHui Booblle u Ha ee POJb
B ¢usuke. B 1944 r. JI. M. Manpesbiuram BepHYJACS K JEKUHAM IO
Teopud KojebaHui . OH Xoren oOpucoBaTh B HUX MECTO H 3HaueHHe
TEOPHH KoJsie0aHuil B cCOBpeMeHHOH (pu3uKe, PaBHO KaK H INePBOCTEIEH-
HYIO pOJIb KoJeGaTelbHbIX sBJCHHH JJIA BCErO PasBUTHS (PU3HYECKOH
HAYKH. DTOT KYPC OCTAJCH He3aBepIleHHbIM 13-32 KoHuulbl J1. H. Man-
JlesbUITaMa.

Ho aexnun 1930—1932 rr. uaTepecHbl U BasKHBI HE TOJIbKO IIOTOMY,
YTO OHM TIPEACTaBJSAIOT COOOH ONpeieNeHHYIO BeXY B CTAHOBJICHUH TeO-
puu KoseGanuil. Kak u Bo BceM npenonasanuu JI. M. Mangenbiurama,
B HUX nopaxaer cBoGofa H IIHPOTa OXBaTa MOOBIX o0aacTed (QH3HKY.
Y MyOTHX (PH3MKOB TeOpHsl KoJeGaHUil acCOUHMHPYETCs fpexje BCero
C PAAKOTEXHHKOH H/H B JIYYLIEM cJydae elle ¢ ONTHKON H aKyCTHKOH.
Jlekuun JI. VI. ManenbliTama 103BOJISIOT YBHIETD, YTO TeOpHs KoJeda-
HUH NPOHU3LIBAET CaMble Pas3/IHUYHbIe HCTODHUECKH CJIOMKHBIIIHECS «pas-
nesbl» Gu3nKH. UuTaTenb BCTPETHTCS 37eCh H C TeopHel TenJI0eMKOCTH
KPHCTAJJIOB, H ¢ KHHETHUECKOH TeopHefl Ta3oB, H C THAPOJHHAMHKON,
H C TeopueH paBHOBECHOTO H3JYY4eHHS, H C BOJHOBOH MEXAaHHKOH,
He TOBOPA YiKe O Paluo, ONTHKe U aKYCTHKE.

3raunrenbHasl Joas Kypca — noutd Best 11 wacrh — nocBsiiliena
sanaue [lITypma — JIuyBuaIsS ¥ HHTErpaibHbIM ypaBHeHHAM. Kasa- -
JIOCh 6bI, 3TO YHCTO MaTeMaTHdecKast yacTb Kypca. Ho B usjoxeHuH
JI. Y. ManjeabiTaMa HeT MecTa «UUCTOH» MaTemaTHke. OH NMOCTOSIHHO
BHIMT W MOAUEPKHBAeT TeCcHoe IepemjereHdHe (QU3HKH M MaTeMaTHKH
KaK B CVIIECTBE H3yuaeMblX HMH rpolieM, Tak U B NPOLECCe Pa3BHTHA
o6eux. [To3TOMYy €ro JIeKIHH Ype3BhlHaHHO MOYYHTEIbHLI H B TOM, KaK
HU3MK JOMKEH OTHOCHTBHCS K MaTeMatHke H KaK pacCKasbBaTh O Hel.
YMecTHO NpPONHTHPOBATH B 3TOH CBA3H COOGCTBEHHOE BHICKa3blBaHHE

1 Cu. nmocaefnuii Kype Jekumit B Kuure: JI. M. Mangeanpwtaw. Jlekunu mo
ONTHKE, TEOPWH OTHOCHTEJLHOCTH H KBaHTOBOW MexaHmke. M., «Hayxa», 1972,
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JI. M. ManzenbmitaMa no moBoAY JHMHTAILMOHHBIX JBHXKEHHH Mare-
pHAJbHOH TOYKH (BOChbMasl JeKLHS):

«3/leCb HarJIsiiHBle pacCy:KAEHHS HHYEro He JAIOT, a HeOOXOAUMO
MaTeMaTHYeCKoe HccreloBaHue. bes Hero BB He MOMYYHTE CePpbE3HOrO
oTBera. HauuHalolmeMy o4eHb 4acToO KaxeTcd: K uUeMy BCsA 3Ta Mate-
mataka? Emy kaxkercsi, 4To «u Tak BCc€ sicHO». Ho B jeficTBUTEe/BHO-
CTH KaKOH-HUOYAb CYIUECTBEHHBIH NYHKT INPU 3TOM MOXKET OCTaTbCH
HesicHeIM. HMerbh mepy TpeGyemoli MareMaTHUYeCKOH CTPOrOCTH — ca-
Moe TpyAHoe Anas ¢u3uka. [IpaBudabHee GyAeT cKaszaTbh Tak: eMy HeoO-
XOMHMO YMETb ONpeLessiThb 3Ty Mepy».

[lpennpunumasn nepenspanue gekuuit JI. M, MangensiiramMa cnyerst
15—20 ner nocse nepBofi ux nybaukauud, Otaenenue obuiel GHIHKU
u actpoHomuu AH CCCP ucxoauno eie u H3 TOro, uto cefiuac, Korja
KOJUYECTBO CTYAEHTOB, H3ydalolux (U3UKY, B Nejaroros, Npenojaro-
IUX ee B BLICLLEH LIKOJe, CYLIeCTBEHHO BO3POCJO, 5TH JEKUHH INpH-
HecyT ele GOJBLIYIO MOJB3Y.

JIeKIMH nepeusjaHbl B ABYX KHMIaX, BOCIPOHM3BOAALIUX COOTBET-
crBeHHo ToMa IV u V Ilosnoro co6panusi tpyros JI. M. Manjenn-
mrama. Ceelikd Ha ToMa I — II1 o3HayaioT ToMa MMEHHO 3TOr'O H3Aa-
HuA. OOe KHHUTH BIIOJIHE CAMOCTOSATE/bHEBI, T. €. YTeHHe OAHOH He IIpel-
nojiaraeT O3HAKOMJEHHUs ¢ Jpyro#.

KoHeuHo, 3a HCTeKlIHe TOAbl TeopHs KojaeGaHHH Jajexko ylia
BIiepe]l, HO B 3a7a4y NnepeHsfaHusl JeKLUHH He BXOLUAH OOLIHPHBIE KOM-
MEHTapHH, KOTOpbe pucoBadd Obl jajibleifllee pa3BUTHE 3aTPOHYTLIX
B JIEKIUAX BOIIpocoB. [103TOMY BHeceHB! JHUIUL HEOOXOLUMbIE UCIIPaBJIeC-
HHS U Jo0aBJjenbl BeCchbMa HEMHOIOUMCJCHHLIE HOBLIE IpUMEUAHUS
penaxkTopa. Bce Takue npumeuanusi 3aK/AHUeHbl B KBajpaTHbIE CKOOKH.

C. M. Peimnos



JIEKLIMU T10 KOJIEBAHHUSIM
(1930—1932 rr.)






YACTL TIEPBAA

KOJMEBAHUYA COCPEOOTOUEHHLIX CHUCTEM

NEPBAA JEKLHKS
{Centabpp 1930 r.)?

[an meopun KoseGanuil xapaKmepHo pacCMOMperue He COCMOAHUL 6 OaHHbIL MOMEHNT,

a npoyecca 8 yeaom. OGujue 3axonomeprocmy meopuu xKoaebanuii. Teopus rosebaruii

U B0AHOBGRA MeXGHUKQ. COOPYHECMB0 MAMeMAMUKU, (DUBUKU [ MEXHUKW 8 Meopuu
KoaeOarul. '

CoBceM He JIETKO JaTh ONpelejeHHe TOrOo, YTO COCTaBJAseT Hpel-
MeT TeopuH Kojebanuil. [linaHK Kak-To cKa3ad, 4TO IpaBHJIbHAS KJacCH-
(bUKaUsg — 3TO YK€ BBICOKHH BHJ NO3HaHUS, JTO HECOMHEHHO: Bellb
IPaBUJAbHO KacCH(PUUHPOBATh — 3TO 3HAYHT JaBaTh JOBOJBHO NOJHBIE
onpefenenus. Y B panHom ciayuae pe3Ko pasrpaHHuUTh, UYTO TaKoe
Kosue0aHusA, a YTO He KoJebaHus, Tak Ke TPYLHO, KaK ONpElesuTh,
YTO TaKOe JILICHIA YeJIOBEK HJH 4YTO Takoe Kyda. Iloctaparock Bce xke
IaTb npelcTaBJjeHHe, O 4eM OyJleT UATH peub B HallleM Kypce.

Brl 3Haere mMasTHHK, 3Haere, Kak oOH Kosebjaercsi. Bce, uTto MHl
CJBIIIHM,— TOXKe KoJebaHHsi. CBeT TaKxkKe He 4YTO HMHOe, Kak KoJeba-
HHst. DJIeKTpHYECKHe KoJjieGanusi BaM TOXKe H3BECTHRI; HA HUX OCHOBaHA
BCA panuorenerpagus. JIBHKeHMe «Tyjia W oOpaTHO», B YAaCTHOCTH
NEePHOAUYHOCTh,— BOT HEKOMOpbie TPHU3HAKH KoseOaHHUH.

BosbmeM kOHKpeTHEIH cayuail, Hanpumep MuxpodoH. Hac moxer
HHTEPECOBATh, KAKOBO HATSDKEHHE €ro MeMOpaHbl B JaHHBIH, MOMCHT
B JanHoM Mecte. Mnau, ckaxkeM, uactulla, ABHIKYIIASICS B 3aJ3HHOM
noJe. 34eCh MOXKHO HHTEDECcOBATBLCH TeM, TIJe HaXOIUTCs YacTHLa
B TAKOH-TO MOMEHT BpEMEHH.

Teopusi xonebauuii mewsem 3Ty ITOCTAaHOBKY Bompoca. Has Hee
He THINHUYEH HHTEpPec K TOMY, UTO NPOUCXOJUT B AAHHBIM MOMEHT B JlaH-

H

1 {TIpu o6pa6oTke Kypca OCHOBHLIM MATEPHANOM CIYXKHIH BECbMa TMOAPOGHLIE 3aMuCH
A. A. Aunponora, MecraMH OJIH3XHe IO MMOJIHOTE K creHorpamme. Jlexumu 11, 17, 18
¥ 23-7 NepBoil YacTH Kypca Obwin npounTtasbl A. A. AHJpOHOBHIM 1O DJIAHY, YKa-
3anHomy JI. M. Mangenwmiramom. OHM fgadel MO KOHcmektam A. A. AHJApOHOBA.
JIOrIOJHUTEJIBHEIM MaTepHaJIOM CJYKHJ KOHCNexT, cocTapjeHHuit M. A, Jusuinb-
KOBCKHM Ha OCHOBaH#H cOGCTBeHHBIX 3anuced. Jlekuus 15-¢ BTOpOH uacTH Kypca,
He ganucanHas A. A. ABIPOHOBEIM, BOCCTAHOBJIEHA 1O KoHcrnexTy M. A. IluBuib-
KOBCKOro. Matepnan obpaboran I'. C. FopenukoM H OKOHUATEJALHO MOATOTOBJIEH
k nedatd C. M. PuitoBbiM.]



12 Jdexyuu no xorebaruam. Yacme nepsas

HoM Mecre. OHa Ma/Jo 3THM 3aHHMaercsl. Ee HHTepecyeT TIJIaBHbIM
o6pasoM obwuli xapaxkmep npolecca, B3TOTO 8 UeaoM, 3a COJIBLIOE
BpeMsl.

Hanpumep, KamepTos H3jaeT 3ByK la. DTOT 3BYK He OMpelessercs
N0JI0XKEHHEM (HJIH CKOPOCTBIO) HOXKEK KaMepPTOHA B JAHHLIH MOMEHT.
3anuiieM JBHKEHHE HOXKKH KaMeproHa. 1o, 4TO KaMepTOH JlaeT TOH la,
XapakTtepHusyercss GopMoH Bcefl KpuBOH B lesnoM (puc. 1), onpeneseH-
HBIMH OCOOEHHOCTSAMH 6ceti 3TOH KpuBoH. XOTA M roBopAT: «$ cawliuy la
B JAHHBIH MOMEHT», B JeHCTBHUTEJIbLHOCTH HeJIO 0OCTOUT HE TaK; Teé JOJH
CeKYH/bl, B TEYeHHE KOTOPBHIX B yXe CO03/aeTcsd OLlYlleHHe ToHa la,
OXBAaThbIBAKT 0O/IbUIOE YHCJAO MAKCHUMYMOB M MHHUMYMOB 3TOH KDHBOH.
Omywmenue 3ByKa [a obpasyercsi, CKasKeM, 3a IOJICEeKYHJbI.

B xauecrBe ApYrod MJ/MOCTPAUKH PACCMOTPUM KJaCCHUECKUH MpH-
mep [annies — leabmrossia. Ha Ganake BHCHT KoaoKod. Bel Moxere
CHJIBHO JlepraThb BePEeBKY M HE pacKauaerTe KoJOKOJa, a MaJeHbKHH
MaJbyMK €ro packauaer, €CJd IPHJaCT BBLIFOAHYIH (OpMY KpHBOH
CBOEH CHJIBI, €cjJH OyAeT BO-BpeMsl YBEJHYHBATh M YMEHbIIATh 3TY
cuny. OIHO Je/10, HAcCKOJbKO KOJOKOJ OTKJIOHHUTCS TNOJ JAeHcTBHEM
IaHHOTO rpysa, APYroe — Kak packadaTb KOJOKOJ IIOC/E10BaTeNb-
HBIMH TOJYKaMH. VIMeHHO asmum uHTEpecyeTcsi Teopus KoJeGaHHI.
Utobbl packadaTb KOJOKOJ, HaA0 JepraTh BEPEBKY B TaKT C €ro Ko-
JebaHuAMU. 3JeCh CYHIECTBEHHO TO, YTO pacKauMBaHHE ONpenessieTcs
gceti KPWUBOH, OIHCHIBAIOUIEH TMpoOLEeCC BO3JACHCTBHS Ha KOJOKOJA 3a
BpeMsl ero pacKauMBaHHS.

B npouwtom crosieTun ObWIH 3aMeyeHbl ciaenywoomie sfBnenusi. Llen-
HOH MOCT MHOTJAA paspyluajcs OT TOLO, YTO [0 HeMYy B HOTY LJIH COJI-
JaThl. DNeKTpHueckKue Kabenu, UCILITAHHEIE HA ONpelefieHHOe HanpsixKe-
Hue, ckaxeM Ha 10 000 s, mpoOuBaiNCh HHOTAA NpPH BKJ/IOYEHHH Ha
5000 6. Moct pa3pyllaercd B TOM cJydae, KOrja LIar CcOJJaT Honajaer
B TAKT C KauaHHgMH CaMOT'0 MOCTa: KOTa MOCT BO3BPAIlAeTC sl B HCXOZHOE
MOJIOXKeHHe, €ro BHOBb MOJITAJKHBaIOT. B a/eKTpuueckoM Kabesie MOXKET

IIPOUCXOJHUTL HEUTO TIOX0XKee, W IPH 3TOM

HallpAXKEHHE NOCTelleHHO HapacTaerT.
Jasi 3TUX ABJAEHUH TOXKE XapaKTEPHO,
4TO OHH ONPEAeJsIIOTCH 8cemM TeueHHeM BO3-

JeHCTBUA BO BPCMEHH.

Puc. 1 Te cropons!l nmpoueccoB, KoTophle Xa-
paKTepH3yIOTCA HX obmium BuaoMm, opMmoi
poLecca 8 yeaom, UMEIOT I'DOMajHOe 3HAYeHHe B TeOpUH KoJebaHHH.
31eCh €CTh BMNOJHE ONPEAEIEHHBIE BAXKHEIE 3aKOHOMEPHOCTH, KOTOPHIE
OCTaIOTCH OZHHMH M TEMH K€ B CAMBIX PasHOOGPA3HHIX 06JacTsiX. DTO

H JIlaeT OCHOBaHHE BBIAEIHTH TEOPHUIO KOJMe6AHHH KaK TaKOBYIO.

OnHako He T060H npouecc MoAnagaeT Mol 5Ty TEOPHK. JTO TeopHs
POLECCOB, B TOH M/JIH HHOH CTENMeHH NOBTOPSIOUIMXCH, B YACTHOCTH
NepHOAHUECKHX.



Ilepsas rexyun 13

bouio Ob1 GeciljioAHBIM HNELAHTH3MOM CTApaThbCsA «TOYHO» OIpeje-
JHTb, K4KHMH HMMEHHO IIpOLiecCaMM 3aHHMaeTcs TEOPHH KoJeOaHui.
BaxHo He 3T0. BaxKHO BBIEIHTb pYKOBOAsIIKE HAEH, OCHOBHBIE o0UlKe
3aKOHOMEPHOCTH. B TeopH# KosieGaHHH 3TH 38KOHOMEDHOCTH OYeHb
crield(uyHbl, O4eHb CBOEOOPa3Hbl, H UX HYXKHO HE MPOCTO «3HATb,
a OHY JOJIKHbI BOHTH B IJIOTb U KPOBb.

HepaBHo npoucxoamsa nojeMHka, Hayaras @JIeMHHIOM, KOTOPBIH
OTPHILAJ CYIECTBOBAHHE «OOKOBHIX TOJOCY NP MOAYJAALMH KoseSauui.
13 3TO#l nOJEMHKH SICHO BHJAHO, YTO KoJebareJbHblE 3aKOHOMEPHOCTH
He OBIIH MM IIPOUYBCTBOBAHHI JIOJXKHEIM ofpasom *.

B camoe mnociennee BpeMs MNOSBWJIOCH CEHCALMOHHOE H3BECTHE
00 «oTkpuiTuuy PobuncoHa. Kax usBecTHO, B PaJHOTEXHHKE HeAb3A
CTPOHUTH TepelaloiiHe CTAHUUM, paGoTalliie Ha CJHIUKOM OIH3KHX
BOJIHAX, TA4K KaK OHH MEINAIoT JApYyr JApYyry OpH npueMe. Pobuhcon
TOBOPMT, YTO C JIOMOLIBIO €0 H300peTeHHS MOXKHO COJHXKATb BOJHBL
Kax yrogno. Ecau cenaTh HEKoTopbie OOOCHOBAHHLIE I1PEANIOJIOKEHHS],
TO pasbop €ero H30GpETEHUS CBOJAUTCH K OAHOH HM3BeCTHOH 3alave
H3 obaactu TeopuHu Kojebanuil ?. Ho ec/i He Moab30BaThCs IPH 3TOM
OOUIEMH 3aKOHAMH, TO pa3o0paThCs, B ueM Je/10, He Tak mpocto. Iloso-
JKEHHe 3Jiech IPHMepHO TaKoe 3Ke, KaK ¢ H300peTeHHsiMH BEUHOTO
apurarensi. He Tak Jierko MHOH pa3 J0Kas3aTb, YTO B JaHHOM YaCTHOM
MPOEKTE UMEETCA HapylleHHe 3aKOHA COXpaHeHHsi SHEPruH, 4To TO HJIH
Apyroe npemiaoxkenne perpetuum mobile neocyulectsumo. Ho, snas
5TOT OOLIMH 3aKOH, BHL CpPa3y FOBOpPHUTE: «ITOTO HE MOXKET ObiTb».

CiiefyeT 0co60 NMOIUEPKHYTDb, YTO B IIPUBEIEHHOM IpHMeEpe C «H300-
pereHneM» PoOuHCOHa peuyb HAET HE O 3aKOHAX, CHEeHHGbHUYHBIX JIJs
2JEKTPUYECTBA, @ O 3aKoHaX, OoOMUX BceM KoJjeGaTesbHbIM siBJe-
HHUSIM.

Urax, pasuuua mexay OGLIYHOA AHHAMHUKOH H TeopueH KosnebaHui
sicia. OOBIUHYIO A¥HAMHUKY HHTepecyeT B IepBYIO ouepelb TO, UTO
MPOHCXOAUT B J4HHOM MeCTe B TaHHOE BpeMsl, TEOPHIO KoJcOaHud —
IBHXKEHHUE B LIEJOM.

Jlo mocliejHeT0 BpeMeHH CUHTaJMO0Ch, YTO KOJEe0aHHS -— BTOPHYHOE
SIBJIEHHE, YTO NEPBUYHBIMU ABJASIOTCH IOJOXKEHHE H CKOPOCTh IBHKY-
Ieficsl 9acTHIUEl B JaHHbIH MOMeHT. IHo B 3TOM Npe/icTaB/eHHM HacTy-
nuJg nepeBopor. BosHoBasi MeXaHHMKa YTBEPHKIAET, YTO LEeNOCTHOCTD
mpouecca ecTb HEUTO CTOJb e IepPBHYHOE, Kak IOJO0XKeHHe YaCTHILLL.
B BoJHOBOH MeXaHHKe HeJjb3d FOBOPHTH OTAEABHO O MECTeé H CKOPOCTH
yactTunsl. To M Apyroe JOMKHO GBITb ONHMCAHO, HCXOAs M3 6oJiee OCHOB-
HOTO MOHATHS — LEJOCTHOCTH Tmponecca. Takum o0pasoMm, TO, UTO
XapakTepHO AJS TeopHH KoJeGanuH - pacCcMOTpeHHe LEJOCTHOTO Ipo-
[1ecca,— JIEKHT B caMOH IOCTAHOBKe MpPo0JeM MHKPOMEXaHHKH. BooO-

1 [CM. 16-10 Jexuuio.)
2 [Cm. 19-10 Jekuuio.]
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e 32 IMOC/eJHHE YeThipe rofia KoJebaHusi npuodpeau OCHOBHOE 3Haue-
HHE He TOJNIBKO B MAaKPOCKOIHYECKOH (DH3HKe H TeXHHKE, HO U B 3aKOHAX
MHKPOQH3IHKH.

CoapyxeCcTBO MaTeMaTHKH, QU3HKH U TEXHHKH HHLLE TaK APKO HE
NposABJAJIOCh, KaK B CO3JaHHH MaTeMaTHYeCKOro amnmapata TeopHH
Kosiefanuii. Hanpumep, Bcst 3ajaua o KoyeGaHusiX JHHEHHBIX AHCKpPET-
HbIX CHCTEM CBOJAMTCS K YYEHMIO BhICLIeH aJjre6pbl O KBaJApaTHYHLIX
¢opmax. Hacto ciaydanock, 4TO MaTeMaTHYECKHE BOIPOCH BO3HHKAJIH
UMEHHO B CBASH ¢ Teopued Kosebanuii. OCOOEHHO CHJIBHO 3TO IIPOSIB-
JJI0Ch B TEOPHH KOJe6aHMH CHJIOWHBIX cucTeM. Teopus auddepeH-
IHAJbHBIX YDaBHEHHA B YAaCTHBIX NMPOM3BO/JHBIX ¥ HEKOTOPbHIE BOMPOCH
HHTETPANbHBIX YPABHEHHH HMEIOT YHCTO (PH3HYECKVIO OCHOBY, CBSI3aH-
HYIO C KOJIe0auusAMH. 3aMeqy, 4To 3ech MaTeMaTHKa B JIOATY Y (DU3HKH,
3aro MbI, (U3MKH, MOMKEM MOJIb30BATLCS TEM, UTO MATEMATHKH IpO-
JABHrald B CBOHX HHTepecax. OrTCiona, MexIy IMPOYHM, BHAHO, Ha-
CKOJIbKO HENpABU/JIbHO JEJICHHE Ha «abCTPaKTHBIeY H «IPHKJ/IAJHDLIEY
Hayks. Onn noayyaror numly ApYr or upyra. XOopowHi HAAIOCTpatHe
3TOTO MOXKET CJYKHTh npuMep psnoB Pypbe.

Eme onuo nefoablloe 3amedanue.

B Teopuu xoseGaHuil INHPOKO NOJAB3VIOTCA YIPOLICHHOH MareMa-
THYECKOH TPaKTOBKOH, NMPHBOAALIEH K AuHelinoim TuddeperIInanbHbM
YPaBHEHHSIM, H ellle OYeHb HEAaBHO AYMaJ/IH, YTO B TEOPHH KoJeOaHHH
MOXKHO MMH OF'DaHHYHTbCsl. PasBHTHe PAAMOTCXHUKH NPUBENO K TOMY,
YTO B HEKOTOPEIX BEChbMa BaXHBLIX BOIPOCAaX TEOPHS, OCHOBAHHAS Ha
JIHHEHHBIX AU(pepeHIHaNbHbIX YPaBHEHHAX, OKA3a/14Ch HEJOCTATOYHOM.
Ceroanst, Jaxe B 3/JEMEHTApHOM KYpCE, VXK€ HeJb3si OrpaHHYHBATHLCS
JIMHEHHBIM paccMoTpenyeM. HaM npuiercsi DO3TOMY KOCHYTBCS, XOTS
H B KparkoHh (opMe, TakxKe HeJMHEHHBIX 3axad.

[TepexoxXy K nepeYHC/IEHHI0 OCHOBHLIX BOMNPOCOB, KOTOPBIX MEI
OyJZeM KacarbCsl B HallleM Kypce (1 He 1ai0 TOYHOH NPOrpaMMEl, a JIHIlb
HEKOTOPYIO HAMETKY).

I. OcropHble MOHATHS H TEPMHHOJOTHS TEOPHU KOJNeGaHHH (Crelu-
¢byyecKHe TepMHHBHl, KaK, HAlpUMep, 4acrora, HMK/IMYeCKas 4acToTa,
JorapHPMUuecKUi NeKpeMeHT H T. IT.).

2. MatemaTtHueckuHl arrmapar, NPHTOLHBIA Jjisi TEOPHH KoJeOaHHil,
3. Msyuenne Tex cHCTeM H TeX NPOLECCOB, C IOMOWIBIO KOTOPHIX
CO3JAIOTCSE KoJleOaHH4. '

4. PacnpoctpaHeHyle KoJe0aHHii B NDOCTpaHCTBe (Ha 5TOM MBI
MOYTH HE OCTAHOBHUMCH),

5. Tlpuem, HcclenoBaHHe, BOCTPHSTUE KOJeGaHM.

B kauecrse JHTepaTypnl S MOTYy BaM DEKOMEHAOBAThb CJIeLyIOIiHe
KHUTH:

A. H. Kpunuaxos. O nekoTopux Au(ibepeHIMaJbHBIX ypaBHe-
HHAX MarematHueckoit ¢usuxu; Memep cx u #i. Kypc Teopernue-
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ckoit ¢usuku; Peneift. Teopusn sByka, Helmholtz Die
Lehre von den Tonempfindungen u Vorlesungen iiber die theoretische
Physik; Hort. Technische Schwingungslehre 1.

BTOPASA JIEKLHA
(Cenrabpr 1930 r.)

Hepuoduueckan dyrsyus. Cunycoudarvuan dyuxyus. Amnaumyda, wacmoma, yu-

Kauseckas wacmoma, gase. Juanason wacmom, scmpedaouiuxcs ¢ npupode. Cpedree,

cpedree keadpamuuroe, agipexmugroe 3nauerue. Caoxcerle CLHYCOUOAAbHBLY KOALOUHUL.

Cynepnosuyus; HeydauHocme MepMUHa <unmepdeperyusy; HeaddumusHocmy 3Hepaull,

Caoxceriue KOACOAHULE €O cAyqQiMbIMU  (a3amu; HeOGXOOUMOCHb  CMAMUCTUYECKO20

nocmyaama; QOOUmueHOCb  3Hepauil 6 cpedHem; KOZEPEHMHbie U HEKO2ePEHIMHbIE
KoAeOQHUS.

Mpl TOBOPHUAM B IIPOLLILIA pa3 O TOM, YTO HECKOJBKO TPYIHO onpe-
JeJUTh Ty 06JacTb, KOTOPO# aaHuMaercs Teopus Konebanui. Mbl roso-
pHJIH, YTO OCOGEHHOCTH, XapakTepHble JJisa KoJjeGaTelbHBIX sBJEHHH,
MOBTOPSIIOTCS B CaMbIX PasHOOOPasHBIX 00J1aCTAX M 4TO TeopHs KoJjeda-
HHE UHTEepecyercs MPeuMYIIeCTBEHHO LeJOCTHRIMH mpoueccami. Cpean
POLECCOB, HAXOAMUIUXCA B LEHTPe BHUMAHUA TeOPMH KoseOaHHi, 0Co-
GeHHO BaXKHYIO POJIb HTPAIOT NPOLECChl IOBTOPAIOIIHECS HJH, B HECKO/Ib-
Ko 6oJiee Y3KOM paspese, NepHOIUYCCKHe.

Meul 3afimeMcst CHagasia MepHOIMYecKHMH OpoleccamH. B kadecTBe
MaTeMaTHYeCKOro HHCTPYMEHTA MBI 6y/1€M MOJb30BATLCS 3J€Ch IepHOAH-
yeCKUMH QYHKUMAMH, T. €. TAKUMH QYHKUHAMH y=[({}, 4TO NPH /11060M {

! [3nech mpHBefleHEr, KOHEUHO, Te KHHLH, KOTOphie OblaH Haspaus JI. M. Mangearn:-
TaMOM. B HacTosmiee BpeMsi JHTepaTypa 1O TEOpPHH KoJeOaHHH 4pe3BhluaiHO 06-
IUMpHA. Y KaeM JIMmb Ha HEKOTOpble MoHOrpaguu ¥ yueGuuxu: A. A. A H 1 p o-
HosB,C.2. X aikuu. Teopua konebanuid, 4. | (M.— JI., 1937); A. A.,Aunapo-
Hos, ALA.Butr, C. 3. X aiixus. Teopus koaeGanuit. Usx. 2-e, nepepaGor.
u pononn. H. A. JKenesuoea (M., dusmarrus, 1959); 10. M. He fim a p k. YcT0il-

 YHBOCTh JIMHeapuzopaHHoiX cuereM (1., Jienumrp. Boenno-Bosa. mnHxeHepH.
axanemust, 1949); B. B. B y ar a x o B. Teopns xoxe6annii, u. 1—3 (M., T'octex-
uanat, 1954); M. M. Kanuu scku . Meroas Teopuy KoneGaHH# B pajmoTex-
Huge (M.— JI., Tocsneprounanar, 1954); I'. C. I o p e n v x. Kose6aHAR u BOJHBL,
Msa. 2-e, mon pex. C. M. Pumroea (M., dusmarrus, [959); H. B. Byrtenun,
Teopua xoneBanuii (M., H3A-BO «Bpicmas mxoaas, 1963); C.II. CTtpeuakos
Brepenne B teopuio xogaeGanuii, Man. 2-e (M., «Hayka», 1964); H.I. HeTaes.

- YeroituupocTb ApmkeHHs.-HM3n. 3-e (M., «Hayga», 1965); k. K. X ¢ it n. Koae-
GaHuS B HeJMHeHHHIX cHMcremax. IlepeB. ¢ aury. nox pex. B. M. Bojocosa (M.,
«Mup», 1966); E. H. PosenBaccep. Konebanus HeluHeHHBIX cHcTeM. Merton
HHTErpaibHBIX ypasmenni (M., «Hayxa», 1969).]
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H ONpeNeleHHOM T

f(t+7)=[().

T HasbiBaeTcs nepuojoM. HerpynHo nokasars, 4To eciai GYHKUHUA HMeeT
MepHo/l, TO OHA HMMeeT OeCUHCJEeHHOe MHOKEeCTBO NnepuoloB. leHcTBu-

TeJbHO,

ft+-t-v)=f({+1)=f ().

ChaenoBatesibHo, 2T — TOXKe MEPUOX, U Booble Jaofoe uenoe, Kpar-
HOe OT Nepuoia, ecTb nepHoi. [IpuusTo, roBops 6e3 Kakux-11u60 Aalb-
HENIINX YKAa3aHUH O Iepuole, UMeThb B BUJY HAaUMEHbLIHH NepUOx.

HMrak, nepuogmyeckasd PyHkUHS HMeeT OeCKOHEUHOE MHOXKeCTBO
nepuojoB. BO3MOXKHEI JiM Yy NepHoAHYecKoH GYHKIUH HECOH3MepHMBIC
nmepuojbl? HeTpynHo nokasaTb, YyTO 3TOTO HE MOXKET ObITh, ey (PYHK-
IMsf HE eCTb IIOCTOSIHHAsl {[OCTOSIHHASl €CTh IepHOAHuYecKass (PyHKIUA,
JJIs1 KoTopoil Ji:oGoe 4uciao ecTb nepuon). IlpeanonoxuM, yto QyHKUHA
uMeeT jgBa nepuoga T u v'. Ecau v — nepuon, To nt, riae n — awoboe
LeJI0e YHCJIO, ToxKe nepuox. Ecnu v'— nepuon, 1o mt’, rie m — moboe
[eJ0e YHCJI0, TOXKe Nepuol. Ec/H T U T HeCOM3MEpHME], TO MOXKHO BBI-
Gparb 1 ¥ #1 TaK, 9TOOBl Pa3HOCTb Mt —nT Gpla Kak yroaHo mana. Ho
3Ta pa3sHOCTb TOXe eCThb NepHoJ, a, 3HAaUHT, QYHKIHUS UMEeT CKOIb yTroA-
HO MaJBli mepuol. Ho takasi yHKIHA €CTh NMOCTOSHHAS.

[TocTpOHUTL MEPHOAUUECKYIO (PYHKIHIO MOXKHO BeChbMa Pa3Hoo0pas-
HEIMH criocobaMu. MoxHO, HampuMmep, 3a7aTh B HEKOTOPOM HHTepBaJje
(0, t) o6y OYHKIHUIO M 3aTeM [OBTOPSATb ee HeorpaHHYEHHOe YHCJIO
pas cieBa M cnpasa. BooOuie roBopsi, 3HaueHHs QYHKIUHHM B Hayase
HHTEpBAJa U B KOHIE mNpeiblayliero He coBnaayT (puc. 2). Caenopa-
TEJIbHO, OCTPOCHHLIC TAKUM YTeM (QPYHKUHH B O0UleM cayuae He OyayT
HelpepbiBHLI, a OYAYT HMETb CKauyKH Ha rpanuuax uHrepsana (0, 7).
Takum 06pa3oM, B pacCMOTpPeHUE BXOAAT pasphIBHbIE (PYHKIHH.

S s
VY

DyHKUHH, TPHHAAIEKAIHE K KJIacCy MepHOAHUYCCKHX, BeChMa pas-
Hoo6pasHbel. Cpelu HUX ecThb QPYHKIHH, 00pa3yiollue NoAKJIace, Urpamo-
mWHH 0COOEHHO BaKHVIO pPOJb, 4 HMEHHO CHHycooOpasHble (hYHKIHH.
Mx ofmas 3amnich TaKoBa:

y=7[(t)=acos (-“%n-t—m@)
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37ech HUMEIOTCS! TPH NMOCTOSIHHbIE BEJHYHHBL! ¢, ¢ U T. DYHKHHH TAKOro
BHAA UTpaloT B (pH3MKe IrpoMajHyio ponab. UeMm 3to Be3BaHo? HMHorza
TOBOPSAT — TEM, YTO CHHycooOpasHasd (QYHKLIHUA — «caMas MNpocTasy
U3 MepHOJHYECKHX PYHKUHH. HO TakoH OTBeT BpsJ JH YAOBJETBOPHUTE-
JIEH, TAK KaK KPHTepHIH «I1poCTOThl» — B JOCTAaTOYHOH Mepe Heolpele-
JEHHBIN KpuTepu#. Posb 31X GyHKIMA B pH3HKe 0OyC/0BJIeHa I/1aB-
HBIM 06pa3oM TeM 3HaueHUeM, KaKoe UMEIOT B TeOPHH KoJebaHuHi rapMo-
HHdeckue (cuHycoobpasHble) KoaebaHus.

CymecTByeT OecuHc/leHHOE MHOXKECTBO SIBJIEHHI, KOTOpLIE HM300pa-
HKAWTCA TAaKOTo pora ¢pyHKnusMH. [Ipexkie Bcero KonebaHuss MasiTHUKA
(MpUOTH3UTENBHO, €CJTH OHY MaJIbl), B ONTHKE — «CIEKTPANbHO TIPOCTOHY
(MOHOXpOMaTHYecKH) cBeT. B akycTHKe ¢ TIOHATHEM CHHYCOWAATbHOIO
Kosle0aHHUsl CBSI3aHO IOHSITHE O YUCTOM TOHE: UHCTBI TOH HMEET MeCTO
TOT/[a, KOTJla 4YacTHUBEl BO3AyXa KouaelaioTcs TapMOHHUYecKu. Panuo-
CTAHIMH, KOTJa OHH paloTaroT, HO He NPOU3BOAAT Iepefauyy CHTHAJOB,
Jal0T 3JeKTPOMarHHTHbIe KoslebaHus, OueHb OJIU3KHE K I'apMOHHYECKHM.

Ilpuaercs ckaszath HECKOJBKO CJIOB O TEPMHHAX, XOTS MHOTOE 371€Ch
XOpOILIO H3BECTHO. :

Benuunna

V= —'L'—
HaskBaeTca #acmormoli Kone6anuil. [loap3sysack v, ¢dopmysy rapMonnye-
CKHX KoJeOaHuH MOXKHO 3alucaTh B BHJE

y=a cos(2avi—q).

[Ipu Tako# 3anmucH NPHUXOAMTCH BCIOAY NMHCATh MHOMKHTENb 27t. UToOH
5TOro H30eXKaTbh, 4aCcTO BBOAAT BMECTO V YUKAUHECKYIO HACHONY ©:

®=2nv

(Mbl OyleM Takxke o003HAYaThb ee WHOTJA OYKBAMH 1 M p).

[louemy ® HasblBaeTcsA IIMK/JIHYECKOH yacToTod? PaccMoTpuM paBHO-
MEpHOE JIBHXKEHHE [0 OKPYKHOCTH, POUCXOJSLIeE ¢ TeM Ke NMEePHOJIOM,
4TO W Hallle TapMOHHYEcKoe KoJgebaHue. Torma @ 6yaer yraoBOH CKO-
DPOCTBIO [IBHKEHHS N0 KPYTry (UHMKIY).

1-Z Qu3UUeCKHH CMbIC/ BEJIHYHHBL @ BeChbMa IIPOCT. JTa BeNHYHHA, HAa-
3biBaeMasl aMIIUTYLOH, paBHA MaKCHMaJbHOMY 3HAUEHHIO Y.

Uro Ttakoe ¢? Eciu Mbl H3MeHUM BeIHUHHY @, KOTOpas Ha3bIBaercs
¢hasoil, To GyHKUHA OYAET NpHOBpeTaTh TO 3HaYeHHe, KOTOPOe OHAa UMeJa
B ONMpeNeJIeHHbI MOMEHT [={#; NpH KaKOM-TO APYroM 3HaYyeHuu f{=/,.
Casur Ha !/, nmepuoja coOTBEeTCTRYET @=rt/2. DYHKIUK COS U Sin OTJIH-
YaloTCA TOJMBKO (pa30H: 3aMeHa OJJHOH H3 3THX QYHKUHH ApYrol o3Hayaet
JIMIIIb TlepeMelllcHHe KPUBOH MO BpeMeHH Ha UYeTBEPTh MepHoja.

dasza urpaer odeHb BaKHYIO POJIb, CCJIH €CTh d8a KoJebaTeNbHRIX MPo-
1ecca ¥ NPOM3BOAMTCS CABHI OZHOTO H3 HHX IO OTHOLICHHIO K IPYrOMY.
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HTepecHo, KaKOBH YHCJIEHHbBIe 3HAYEHHS YACTOT YV BCTPEYAOLIUXCH
B NPHPOAE MEPHOAHYECKUX MPOIECCOB.
BoT 4acTOTHl HEKOTOPHIX NMEPUOHHYECKHX fBJAEHHH B cexk™L:

101  — BexkoOBbLIe BO3MYILIEHHS IJIAHET;

10-3 — o6pallleHHsA TJIaHeT;

10-3 ~— MPHJHUBBL H OTJIHBHI;

102 — KOJIeOaHHA B MalllHHAaX;

100 — CEKYHJHHI MaATHHK;

no 10* -— akycTHueckue KoseGaHus;

10°—108 — OricTprie (Y/JBTPA3BYKOBEIE) MeXaHHUECKHe KoJeOaHHS IThe-
30KBapla;

50 — INepeMeHHBIA TOK;

10°>—10%® — panuorenerpadus;

1012 — HH(ppakpacHoe H3JTYHEeHHE;

1015 — BHJMMBIH ONTHYECKUH CHEKTD;

1018 — PEHTTEHOBE! JYYH;

1020 — V-JyUH;

1023 — KOCMHYECKHE JIYYH.

TakuM o6pazom, TOJyuaercss KOJOCCAJbHBIM JAuanason or 1071°
xo 102 goseGanmit B cexyHny. Ilpu 5ToM p#aA XapakTepHBIX 3aKOHO-
MepHOCTEH OCTaercs B CHJIE HA NPOTSKEHHH BCEH IIKa/bl, HalpHMEp,
B TPHJIUBAX W B CBETOBHIX KOJeGaHHMSIX...

OcTaHOBHUMCSI KODOTKO HAa HEKOTOPBEIX CBOHCTBAX (YHKLUHH COS
u sin. PaccMoTpuM mpexksie Bcero HX cpelHMe snaueHHs. Cpeanee u3s
HECKOJbKHX BEJTHYHH €CTh CYMMA 5THX BeTHUHH, JeJeHHAasl Ha HX YHCJO.
Hanpumep, cpennee us uetbipex uncen 3, 4, 5, 10 ectnb

34445410
7 = 9,0.

[TonoGHo 3TOMY cpedHee 3Ha4eHue Qyrkyuu f(f) B MHTEpBale OT 4
n0 f, ecTh

ts
FO=7—7 | f O

ty

Bo MHOTHX BOmpocax 3TO CpejlHee MI'PaeT NepBOCTENEeHHYK poab. Bor,

HanmpHMEpP, OAHH H3 TaKHX BONPOCOB: JaHa GoJbllad Macca, Kak OHa

OyIeT ABHTAThCS MpPH AefiCTBHH Ha Hee OBICTponepeMeHHOH cHab? s

OTBeTa HA 3TOT BONPOC HYKHO 3HATb CpeJHEeEe 3HAUeHHe CHJIBI'.
Cpennee 3HaueHue cos 3a NEPHON PaBHO HYJIO:

cos(@t—q)=0

ero CpefHee 3Ha4Y€HHe 3a TOJNEpPHOAA pasHO 2/,

1 [CM. 20-00 nekuuio.]
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Uacto npeictaB/sieT HHTepec cpedree Keadpamuyroe 3Ha4eHHe CHHY-
coobpasnoidl (QPyHKUHH, T. €. CpelHee 3HAYEHHE OT

y*=a’cos*}(wf—q).
OHo paBHO

— a®
2
Y= -

D70 upe3BHIYAHHO Ba:KHEIH pe3yqabrar. Hanpumep, B cayuae cuHyco-
06pa3HOro epeMeHHOTo TOKa CpedHee, BhHIeJsIONIeeCT B eAUHUIY Bpe-
MEHH KOJIMUECTBO TEMJIOTH NPONOPIHOHATBHO a2/2; TeNJIOTh BhIENSEeTCS

B CpelHeM CTOMBKO 7e, KaK ecad Obl TEK NOCTOSHHBI ToX cuinl o/} 2,

Beanunna a/V 2 HasblBaercs 3¢heKTUBHLIM 3HaYEeHUEM TapMOHHYECKH
KOJIeOTI0UIEHCH BEIMYKHHI.

[TycTs Tenmepb y Hac MMeeTCsl He OJHO, & JBa, TPHU H T. A., Boolbue N
COCVIIECTBYIOUIMX TapMOHWUYECKHX KoNeGaHUH OJHHAKOBOM 4YacTOTh

Y1=0;C0s (OI—¢,),

Yn=0anC0s (0f—oy).

CripaluuBaercsi, KakoBo OyleT yy+y.+. . .+ Yx. MaTeMaTHUeCKH BONPOC
pelaeTcsl 3/JeMEHTApHO, HO YTCG 3HAUUT TaKOoe CYMMHpPOBaHHe pu3su-
HecKu?

PasJyio:kenue Ha cJjiaraeMble HeoJHO3HayHO. 10 paBHO 3-1-7, HO OHO
paBHO Takke 5-5. UTo XOTAT cKa3aThb, FOBOPsI, YTO HEKOTOPAsI BeJIHUKHA
eCTh CyMMa JIBYX TaPMOHHMUYECKHX KoJefaHui? B Kakux ciyyasix umeer
CMBICJI TaKas IMOCTAaHOBKa BoONpocar?

Bor nporotun nopoGHeIX caydaeB. Ilycth MMeeTcss 1Ba HCTOYHHKA
cBera. IlycTh mepBLIH HCTOYHHK CBeTa B OTAEJLHOCTH JaeT IHoJe (KO-
Jnebanue) y;, BTOPOH HCTOYHMK B OT/I€TBHOCTH — ToJsie (KoaeGaHue) Ys.
Kaxkoe nose 6yzeT Npe HaJluydd OOOMX HCTOUHHKOB? 3apaHee BHl HH-
yero He Moxere o0 3TOM ckasaTh. Ho CyllecTBYeT TAKOH 3KCnepumeH-
manbreitl akm: ToJe NpU HaJuYHH OOOHX HCTOYHHKOB PaBHO CYMMe
JIoJIeil, CO3/1aBacMbIX KaXKAbIM HCTOUHMKOM B OTAeabHOCTH. EcTh U Ta-
KHe cilyuaH, KOTAAa CKJaAbiBaTh KoJefanusl Hesb3s: Tak OyAeT BCAKHH
pa3, Korja HMeeTcd HeJIMHEHHOCTD, HallpHMep NPH GobIINX amMIVIHTYAaX
B aKycTHke. Borpoc o ToM, Korja MOXHO CKJa/bIBaTh OTAE/bHbBIE KOJe-
6aHHsI ¥ KOTJa Heqb3s,~— 3TO He MaTeMaTHUeCKUH, a ¢husutdeckuli BOIPOC.

BosbMeMm cHadanla CJAeAYIOUIMH IIPOCTOH C/yvyam:

y=A cos w{+B sin ot

Jlerko BHJAETH, YTO 3]eCh -

y=C cos (0i—1),
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npuueM
C=V A*+B, tgy— % :

[Tepetinem Tenepp k Gosee oBIEMY CAYYALO:
y=a,c0s (0f—p,)-ta,cos (wf—ep,).
3nech
y=a cos (0i—e),
npuyeM -
a® =ai-+ai + 20,0, cos (¢, — 9,),
tgfp—al SIN @y + @y SiNl @y (1)

Ty COS @y @y COS Py

CyMMa ABYX TapMOHHYECKHX KoJe0aHHH OJMHAKOBOH 4aCTOThI €CTh
ONATh TapMOHHYECKoe KoJsiebaHue ToH ke yacToTel. Otciofa cjaenyer,
YTO CyMMa JII06OTO YHCJIa TapMOHHUYECKHX KoJebalui OfuHAKOBOM dac-
TOTHl TaKxke OyJeT FapMOHHUECKHM KOJIe0aHHeM TOH JKe YaCTOTHI.

Ileppan ¢opmyana (1) mokasniBaeT, YTO aMIIHTYyAd CYHLIECTBEHHBIM
00pa3oM_3aBHCHT OT a3 CKJaAblBaeMbIX KoJeGaHu#. B srolt dopmyste
3aKJIIOYeHa, MO CYTH Jefd, BCs Teopys MHTephepeHIIUOHHBIX SIBJEHHH.

B gactHocTH, ecau ¢—@,=0, HMeem

QZI(Q1+32)2;

eCIH P;—P,==7T, HMeeM
0= (a1 —az)*;
eCaH Q;—@Q,=mn/2, HMeeM
a*=ai-tas.
Ecnu a,=aq,, To npu ¢,—¢,=0 umeeM
a*=4al.

KBazpar aMmnautyiet onpeienser coboil sHepruio. B mnociaennem
clydyae IIpM CJAOXKEHHH aMIVIMTyJa Y/JABAaHBAETCA H, CJeJOBAaTC/bLHO,
3HEprusl yuerBepAercd. DHEPTHH CKJAABIBAIOTCA TOJBKO B TOM CJydae,
Korjga cABHr ¢a3 paBeH 4=m/2.

CnoBo «uHTepdepeHliHs» 3HAYHT B3aUMOAEHCTBHE; HO 34eCh s
CaMHX KOJ1eONIOIIUXCA BeJHYUH y B3aUMONEHCTBHUSA Hen: JJs HHX cIpa-
BeJIIMB TIPUHLHII CYNEPNO3UIMH (HAJOXKeHHust). s SHepTHH OH He
CIpaBeMJuB, TaK KaK 3HCPTUH B3aHUMOJEHCTBYIOT, OHH JACHCTBHTEIBHO
HHTepdepHpyioT. s caMHX KOJeB/IOIINXCA BeJUYHH TepMHH «HHTEp-
¢depenuus» HeynaueH. Ha sto ykaswiBan enie Penefi. 3amerum, uto He-
NOCPEJCTBEHHBIH (U3HUECKH CMBICJ HMEIOT BO MHOTHX CJydasax He
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CaMd BeJHYHMHBI, BXOAALIHE B ypaBHeHUs,— YypaBHeHHs Makcaedaa,
ypaBhenue [lpéauurepa u T. I.,— a HX KBaApaTbl (TOuHee, B cJayuae
ypaBuenuda [Ipénunrepa, kBaapar Moayas). ViMeHHo ass 3THX KBajipa-
TUYHBIX BEJHYUH HMEET MECTO HHTepdepeHLH .

llopuepkuy elle pas, YTO AJAHTHBHOCTbL HE €CThb HeUTo camooye-
BujHOe. I1yCcTh, HanpuMep, OJUH NepeMeHHbIH TOK BLIAASeT B CEKYHAY
10 xajopuii, BTopo#l TOK — CTOMBKO Ke. Ecid oHH OYAYT Teyb BMECTE,
OHH GyAyT BblIESiTh, Booblie ropopsi, He 20 kajgopuil B cekynay. Ko-
JTUYECTBO BBIIEISeMON B CEeKYHJY TENJOTHl MOXeT paBHATbes H 0, H
40 xanopHsAM: pellaioiled 3Jech sABAsSeTCa PasHocTb (a3 oOOHX TOKOB.

B ¢usuxe BCTpeyaloTcs W MHOTO THIIA BOIPOCHI O CJO0XKEHHHM KOJe-
Ganuii. Mmeercs, HanpuMep, cBersimiuiics ras. B Hem o4eHb MHOTO MoJIe-
KYJ, H3JY4Yallnux NoJsl C Pa3HOOOpPa3HBIME aMINIMTYAAMH H (pasaMH.
KakoBa ammsmtyna pesyastHpyooliero xosebanus? Kasanoch Owl,
JOCTATOYHO CKa3aTh, KAKOBA aMIIUTYd U (asa KaxAoro KoaebaHus,—
MBI HX CJIOKHM H MoJyuuM orBeT. Ho eciiu dasbl oTACHBHBIX KOJeOaHHH
HEH3BECTHHE, TO M O Pe3YJLTHpPYIOIEH aMILIHTYJe HHYEro CKasaTh
HeJb34.

Jas mpocToThl NPEANOAOKHM cHauala, 4TO HMeeTcsl BCero ABa HC-
TOYHWKA, CO3Ja0lnHe KoJefaHHsI C OIMHAKOBOH aMIINTYLOH, paBHOH
eluHuLE, U ¢ hazamMH, KOTOPEE MOTYT NpHHUMATh ABa 3Hadenus: 0 u .
Takum obpa3oM, nepBoe KoJebaHue ecTb ==COs wf, BTOpOe — TaKXkKe
+cos wf. KakxoBa amniutyla pe3yJbTHPYIOLLETO KoJNeOaHHuA?

Bo3MOKHBI Caeayoliie KOMOHHALMH:

+ — 0
MR
— € 0

(B NepBBHIX ABYX CTOJNOLAX — 3HAKYU aMILJIUTYJ] IEPBOIC U BTOPOTO KoJe-
OaHu#, B TpeTbeM CTOJIOIE — KBaApaT aMIJHUTYIbl pe3yJbTHPYIOLLero
KosieGanusl). Eciu MBI He 3HaeM, Kakasi U3 3THX BO3MOXKHBIX KOMOHHA-
IIHA OCYIIECTBJsIeTCH, MBI HHUENO He MOMKeM CKa3aTb 00 aMIJIUTY/e
pe3yJabTHpYylouero Konebauus. MiHorna ropopart: HeT OCHOBAHMH, 4TOOLI
onHa KoMOHHAalUUs BeTpeyaaach yalle, 4yeM gpyras. B nefcTBuTeIbHOCTH
3TO yTBepXK/IeHHe HHOTKYJa He BBITeKaeT ¢ HeoOxoauMocThio. [lo cy-
IIECTBY 31€Chb BO3HHKAET BONPOC, HAXOASLIMHACH BHE KOMIIETEHLMH TeX
METOMOB, KOTOPBIMH MBI JO CHX IOP MOJb30Baduch. a8 Toro urobnl
OTBETHTb Ha BOMPOC, KAK UACTO BCTPEYAeTCA Ta MM Apyras KomMOHHa-
11U, HY>KHAa HOBas TUIIOTe3a, Hogbid nocmyaam. Takoro poga cmamuctu-
4eckue THIIOTE€3bl MPOXOAAT KPacHOH HUTBIO depe3 MHOTHe BOIPOCEHL
(bU3HKH. R

ChesiaeM CJENVIOUIEE CMAMUcMu4eckoe npeonoroxcerte: eCcau Mel
paccMaTpHuBaeM fBJeHHe B TeueHUe N0JirOTO BpeMeHH, TO (pa3bl KaxkKA0To
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U3 KOJeOaHHH YCIIEBAlOT MHOIO pa3 H3MEHHMTLCH M OJHHAKOBO YacTo
BCTpeyaercs Ji00asi U3 uerbipeX KoMOHHauud. Torga cpeanuii kBappar
aMIIMTY[bl OYLET paBeH 2, T. e. SHePrHH 8 cpedrem OYAYT CKIABIBATBCH,

CrenaHHOe JONOJNHHTEIbHOE NPEANONONKEHHEe II03BOJAET BHIBOAHTD
3aKJIOYEHHS TOJbKO JJISi O4€Hb OOJbILOTO YHCJAA ONBITOB H TOJBKO
B cpeadeM. Ho 06e3 3T0ro (WM HHOTO) OMOJHHTEJIBHOIO NPEANioJoHe-
HHs 3Jlecb BOOOILE HeJNb3sl HHYero.IoJy4HTb L.

K 3atponyromy BONpocy HMeeT NpsMOe OTHOLIEHHe H3BeCTHas Io-
JeMHKa MexAy Dosbumanom u DeprpanoM. Boabumany Kasaloch, 4To
OH YHCTO MaTeMaTHY€CKH BBIBeJ CBOIO fI-TeopeMy H3 KJacCHUECKOH
MeXaHHUKH, O0e3 MOMNOJHHTEJNbHbIX MNPEANONOKEHHA CTATHCTHYECKOTO
XapakTepa. OH IIPOCTO YIYCTHJI IPH 5TOM H3 BHAY OJHO IIOCTYJIATHBHO
BBICKa3aHHOE MM IIOJIOXKEHHE 0 4HCJe coypapeHHd (Stosszahlansatz).
beprpan 1o NoBOAY 3TOTO «YHCTO MATEMAaTHYECKOLO» BHIBOJA CKasall:
3TO HANOMUHAET 3ajlady O Kopalbie, KOTODbLIH HMeeT CTOJIbKO-TO MAauT,
NywWeK u T. A., H TpeOyercs HaWTH H3 3TUX JaHHLIX BO3PACT KalHTaHa.

Paccmorpum Tenepb cioxerue N konebGanuil Bujia 4=cos wf. Ilycrs,
HanprMep, Mbl HMEEM TaKoe paclpeielieHHe:

1 2 3456...
F—t—— .

(nepBasi cTpoka — HOMep KoJebaHH#A, BTOpasi — 3HaK €ro aMIJIHTYbl).

YHro BeposiTHEE: HanHCaHHAs 3JeCb KOMOHMHALUMs HJH Jpyras, B KO-
TOPOH cHayaJsla OyAeT 2 pasa moApsii -+ Hau 3 pasa nogpsag —? Koraa
MBI TOBODHM, YTO BC€ KOMOMHALHH OJHHAKOBO BEpPOATHH (MJH: BCE
pacnpelleieHdst BCTPEYAKOTCSi OAMHAKOBO 9acTo), TO HAJO SICHO IIOHH-
MaTb, YTO 3T0 — HOCHYyAQm.

Bcero cknanpiBaerca N xoneGanuil. ITycts u3 HHX Ny BXOZAT C MH-
HycoM, ocranbHbele N—N,=N,— ¢ mmocom. Ksajapar pesynbTupyio-
el amILINTYABl MMeeT Bequuuny (N—2N,)2. CnpaliiBaeTcs, CKOJbKH-
MH cniocobamu (npy 3alanHoM N) MOxeT OBITb OCYIIEeCTBJAEHO TAKOe 3Ha-
YEeHHE pe3YJbTHPYIOLEH HHTEHCHBHOCTH?

ITycrb X — uHCsI0 KOMOHMHALMH, OCYIIECTBJASIONIHX TAKOE SHAUYEHHE
HHTEHCHBHOCTH, T. €. KOMOuHauui ¢ N, munycamu u N—N; miocami.

BosbmeM Kakyo-HUOYIb OJHY B3 3THX KoMGHHamui. [1yTem mepecra-
HOBOK N, aMIJIUTYJ, BOLIENIIHX C MHHYCOM, Mbl MOMKEM OCYIIECTBHTB
N,! xoMOuHauu# ¢ TeM 2Ke YUCJIOM IIJIIOCOB H MHHYCOB; HYTEM IlepecTta-
HOBOK N—N; aMIJINTYA, BOLIEAIIHX C IIJIIOCOM, MBbl MOXKEM OCYIIECTBHTD
(N—N,)! xomGHHALHA C TEM XKe UHC/IOM IIOCOB M MHHYCOB. CienoBa-
TeJNbHO, MYTEM IEPEeCTAHOBOK N; aMIVIUTYL ¢ MUHYCOM ¥ (N—N,) amniiu-
TYL € IIIOCOM MbI nosydaeM N,!(N—N,)! komOuHaUKi ¢ TeM XKe YHCAOM
IJIIOCOB B MHHYCOB. C/leJ1aB TaKHe NePeCTAHOBKH B KaKAoH U3 Halmux_X
KOMGHHauHH KaK UCXOIHOM, MBI TOTYYIHM BCEBO3MOKHEIE NIEPeCTaHOBKHU

{Cp. 910 u 10-10 Jexuun.}
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ns N 3JeMeHTOB, T. €.
X -N{(N—N)I=N!
Orcrona

NI N,

X= N (N—ANy)! =Cy

(unc10 couetannii u3 N mo N,). Kaxpas u3 3THX KOMOHHAUMH e
KBaJpaT aMmIIHTYAB (N—2N,)?. Cpenuuii kBaipaT aMIJIHTYABI e
cyMMa BCeX 3HAUEHMIl KBapara aMIUIHTY[IH, JeJieHHast Ha obLuee Yue
9THX 3HaueHu#. TakuM obpasoM:

N
3 Cit (N—2Ny)®
a?= (N —2N,)} = %:=2 . (

N

2 o

N1=0

Herpyaso yGennthbest, 9T0 HEKHSA CyMMa paBHa 2V, ,[[eHCTBnTe.ano
13 (opMyJabel OHHOMA

(x+ 1)V = % CN xN:

1_

N
2= 3 Ci. | 0

Jlnst BHIYMC/IEHHS] BepXHell CYMMBI, CTosell B yucautene (2) (ob
3HauuM ee S), ymoTpeGUM H3SLIHBIA NPHEM, CBA3AHHLIA ¢ pasGUeHr
3TOH CyMMBI Ha JBe H C npeoﬁpaaoBaHHeM BTOPOTO CJ1araeMoro:

npu x=1 nonaydyaeMm

N—I N (N—N
S=Ne Zc —4AN(N—1) 2( N1!(N1(N1)' 1y

N,=0

Bocrioap3oBabuiuck (3) H 3aMETHB, YTO BO BTOPOH CYMME UJEH
¢ Ni=0u N,=N paByul HYyJ10, HOJIyqaeM

2)I Ny (N—IN,)
N L (N—Ny)!

S = N1-2V —4N (N—1) E (V—

1— l
Bxoxsimast croga cymma MOKeT GHITb IIpe/iCTaB/IeHa B BHJE
N-1 N=-2

Z (N —2)! ) (N—2)
= (N DIIN=2—(N; =D}~ =4l (N—2—n)! -

H, corJjacHo (3), paBHa 9N—2 CriefloBaTeNBHoO,
S=N2ON 4N (N—1e2V 2= [N*—N (N—=1)] 2V = N2V (i}
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Tloncrasass (3) u (4) B (2), nonyyaem
a?= N.
Ecnu aMimniuTyza oTHe/bHOro KosnebaHusA paBHa He 1, a o, TO
a* = Noo.

Htak, B ciaydyae cJaoKeHHs KojefaHHH CO cCay4yaHHbIMH (asamu
SHepTHH (B CpefHeM) CKJIalbIBalOTCA.

Ecan pasHoctd ¢a3 Mexny KoseOaHHSMH IOCTOAHHEL, TO FOBOPSAT
0 xocepermmbix KosefaHuax. Ecan xe dassl pasbpocadsl COBEPILIEHHO
OecropsalloyHo, TO TFOBOPAT, 4TO KoJeGaHUs HeKxozepermuol. TakHe
HEKOTepeHTHEIE KO/IeOaHHA HCIIYCKAKTCSA, HampHMep, MOJCKYJ/JaMu
CBETHINErocs rasa.

Mgl paccMoTpe/in 4acTHBIA cayyail, korga ¢asel paBHH Jubo 0, aubo
71. MoKHO paccMoTperb ofmiui cayyal, Korga ¢assl NPUHUMAKT JI00bIC
3HaueHHs1. Peseil nokasaJ, 4o H B 3TOM 00IIeM Caydyae HeKOI'epeHTHOCTH
3Hepruu (B CpelHeM) CKJAABIBATCS. DTO OUeHb CYIIeCTBeHHAsA TeopeMa.

TPETbA JIEKLUHKA
(Okrs6pep 1930 r.)

3adaua 06 annpoxcumayul GyHKyuL mpusoRoMmempuseckum nosudomani. Teopema
Dypoe. Hemopuueckue sameqanus o nonamuy gyrxyuu. Kaace dynkyul, pasaoncumsx
g pad dypve. Memood komnaercHsix seatuH; K020Q MONCHO U KO20A HEAL3S 620 NPUMEHAMD.

Ham Hy»KHO KOCHYTBCS BBIUHCJIHTEILHOTO NPHEMd, LUHPOKO NpUMEe-
HAEMOIO B TeOpUH KoJeOaHHH,— HCIONb30BAHUS KOMIIEKCHBIX Be-
JIMYUH. 34ech HeoOXONMMO MpefiocTepeyb OT OJHOH PacIpoOCTPaHEHHOH
OouHOKH: yacTo OHLIBAeT TakK, YTO K 3TOMY NpHEMY IPUBLIKAIOT, a NOTOM
3a0bIBAOT, KOIZa MOXKHO H KOTJa HeJb3ST MM MOJb30BATLCH.

HanuieM useecrHbie (oOpMYJbL:

e'k% — cos kx + i sin kx,
1 - : 1, .
cos kit = (™% -e™*7),  sinkx =5 (e —e~*¥),
rie
[-i=—I.

Otu $opMyJbi MO3BOJAIOT BHIPA3UTb CHHYCOHJasblibie Kojebanus
uyepe3 KOMIMJIEKCHBIE 3KCIOHEHUHAJbHbIe (YHKUUU. B BoJHOBOH Me-
XaHUKe TEOPHsI CTPOUTCSl TaK, YTO B Hee HellOCPEACTBEHHO BXOAAT KOM-
[VIEKCHBIC BE&JWYHHbBI. 31eChb, B TEOPHUH KoJebaHui, Jesio o6CTOUT HHaye,
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Hac untepecyior dedcmeumenvrole Bennuunbl. Hanpumep, Koraa Mbl
muLeM ¥, To HaC HHTEepecyeT AelCTBMTENbHAS 4aCTh 3TOTO BhIpakKe-
HHSI, T. €. cOS k£x; HO paboTaTb € KOMIIJIEKCHBIMH BeJHYHHAMH Y106HO,
NOTOMY 4YTO NpH JHppepeHIHPOBAaHUH OHU ceOs1 BOCIIPOU3BOIAT C TOY-
HOCTBIO JIO MHOXKUTEJS, MeXK/IY TeM KaK CHHYC H KOCUHYC BeAyT cebs
CJIOXKHEE.
BCAKYIO KOMIIEKCHYIO BeTUUHHY @--ib MOKHO NpeACTaBUTH B BHJE
Aéf?, rae A v @ — JeACTBUTEIbHLIE BeJHUHHbI, [1PHYEM
, A=VE+0, tgg=2"

a
(3ameruM, yto hasa @ onpeaeneHa 31eCb HeOIHO3HAYHO).

IIpu mepemMHOXKEHHH KOMIIJIEKCHBIX BeJHYMH (pasbl HX NPOCTO CKJa-
JBIBAKOTCSA, H 3TO — BTOPOE Ouelb yI00HOE CBOHCTBO.
Hacro MBI UMeeM [e/10 ¢ BeJHYHMHAMH BHZA

E=(a+ib)eor. (1)
Kakosa jnefictBuTe/IbHasA yacTb 3TOro BeipaxeHua? lmeem
(@ ib) eivt = Agitot+®) — A cos (of + ¢) + A sin (of + @),
H, CJAeNOBaTeJbHO, HCKOMasa AE€HCTBHTeNbHAS YacTbh €CTh
A cos (oi+).

Ecau konebanue 3ajano B Buje (1), To npoussenenue §E* Bennunuu
& Ha CONMPAKEHHYIO €l BeIHUHHY

E* = (a—fb)e—"m‘

JlaeT KBaJpaT aMO/JIUTYAbl AeHCTBUTENBHOM
qacTH .

EE* =(atib) (a—ib)=@--b*=A2 (2)

Jlis Toro uToOBRl HAUTH KBAApat aMIliu-
TYJbl, HE HYXKHO NEpPeXOJUTh OT Bhipaxe-
Hus (1) X ero gedcTBHTeNBHOH 4YacTH.

PaccMOTpUM ONTHUECKYIO 338/lauy O JAH-
(hpakHHOHHOH pemreTke (puc. 3), HaIlJIAAHO
HIJIIOCTPUPVIOLLYIO [TPeUMYLecTBa OnepHpOBaHHsA KOMILJIEKCHBIMH Be-
JHUYHHAMH. '

KonebGanus, uaylipe OT COCEAHUX Luenell pelleTKH, HMeloT Osarojaps
pasHoCTH nyTed pasHOCTb (a3

Puc., 3

tszTn d sin o.

B doxyce JHH3BI MPOHCXOAHT CJOMKEHHE /M KOTePEHTHBIX KojebaHuM
(m — 4dhcso luened pellerky). Pesyabrupymomee xojeGaHHe B TOYKE
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HabJogeHHs ecTh
cos wi+cos (wi+@)+cos (0t+2¢9)+...Fcos lot+-(m—Dol.  (3)

HenocpencTBeHHO CJAOKHTD 3TH 11 WIEHOB He TaK NpocTo. BocioJib-
3yeMcsl, OAHAKO, KOMIIJIEKCHEIM NpeACTaB/JeHHeM: NEePBLIH 4jeH CYMMBI
eCTb JAefiCTBUTEe/NbHASI 4YacTb OT €@, BTOpPOH — JAeHCTBHTEJbHAA 44CTh
oT e+ i 1 5,

Kak u3BecTHO, AEHCTBUTENbHASsI YacTh CYMMbl KOMILJIEKCHBIX BeJsH-
YUH eCThb CyMMa JEHCTBHTEJNbHBIX YacTeil cjaraeMblX (HO JAeHCTBHTENb-
Hasl YacThb [pPOHM3BEJEHHS He paBHa IPOU3BCAECHHIO JEHCTBHTE/bHBIX
yactef). CyMMY KOMIIEKCHBIX BeJIMYHH HAUTH OYE€Hb MPOCTO: 3TO CyMMa
reOMETPUUECKOH IIPOTPECCHH ¢ moKaszaresneM €¢. OHa paBHa

. ine ‘
g=eiot& 1 (4)
e —1

Cymma (3) paBHa JeACTBHTeNbHOH 4acTH 3TOro BHIpaxkeHHd. IHo
"YaCTO HaC MHTEPECYET TOJAbKO KBaIpaT aMIIUTYAH Koaebanus (3), T. €.
KBaJpaT aMIVIuTyAul A AeHCTBUTE/bHOH 4acTH KOMILJIEKCHOIO BbIpaXxe-
Hua (4). Cormacuo (2),

l1—cos mg i
2 _ BE¥ __ 17 —
A* =88 = l—cos¢

sin2

ro|e mlé

PaccMOTpuM ellle OZHO CBOHCTBO KOMIIJIEKCHBIX BEJIHYHH, KOTOpOE
TaKKe UTPaeT CYIECTBEHHYIO POJb B TOM, IIOYEMY OHH TaK YacTo yNoT-
pebasitoTcs B TeOpHHM KoJeOaHHH.

IlycTe AaHa KOMIJIEKCHasA (PYHKIHA BpPEMEHH

f(&)+ig(®).
Ee npousBopHast ecTb .
f+ig,
T. €. JeHCTBHTEJIbHAS YacTb OT TPOH3BOAHOH KOMIIIEKCHOH (PYHKIIHH
10 JeHCTBHTEbHOMY apryMEeHTY eCTb IIPOM3BOAHAA OT ACHCTBUTENbHOH

yacTd (PYHKIHH.
[IycTh y Hac ecTb Au(pepeHllHaIbHOE YPABHEHHE

y +ky 4+ oy = cos ot. (5)

MoOXHO HaHTH YaCTHOE pellleHHe 3TOTO ypaBHeHMs, paboras ¢ KOCH-
HYCOM H CHHYCOM, HO Npolie clesaTh Tak. Hanuiuem dpyece nuddepen-
[IHa/IbHOE YpaBHEHHE:!

Y+ ky+ oy = et
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n GyleM HCKaTh pellleHHe HOBOTO YPaBHEHHT B KOMIUIEKCHOH dopme:
y= Ae'ot, (6)
Toraa aas A monyuaercst mpocToe ypaBHEHHe
A (—w? 4 iok -+ @}) efof = et

JieficTBuTesbHASl WACTb MMOJNYYaeMOI'O TaKHM IyTeM Bhipa)keHHs (6)
OVaeT YAOBJETBODPATH HHTEpECYIomeMy Hac IuddepeHiHaibHOMY YpaB-
HeHHIO (5). ITO BO3MOXKHO JIHIIb IOTOMY, UTO MIPH NOACTaHOBKE (6) B nud-
(depeHIHa/NbHOE YpaBHeHHE MBI TONbKO AupepeHIUPOBaIH H CKJAIbI-
BaJIH.

Bce 310 BaxKHO M MOJE3HO, HO HY:KHO 3HATh, KOTJA Tak JAejiaTh
Heab3s. [lycrb, Hanpumep,

yy = C0S 0f.

MoXHO JIH pelnath 3TO YpaBHEHHEe, 3aMEHHB NPaBYIO YacTh Ha efet?
Hesbss, ¥ 5Ta 3amMeHa HHYero He jJacT, NMATOMY YTO AEHCTBHTEIbHAA
yacTh [IPOU3BEACHUA HEe €CThb NpPOU3BejeHHe NeHCTBUTENbHBIX YacTel.

TMycts y=a cos of ectb Tok. KosnuecTBO Tensa, BHIAEIAIOUIEECS
B €J(MHUILY BPEMEHH B CONMpOTHBJIeHNH R, paBHO

Ry?=Ra’cos?wl.

MEI He MONTYYHUM NMPABUIBHOTO 3HAYEHUS 3TOTO BHIPAXKEHHS, €CJIH Ha-
nuieM y=ae'*! Bo3BeneM B KBaApaT ¥ BO3bMeM JeHCTBHTEIbHYIO UaCTh:
nedCTBUTENbHAA YacTh KBaapaTa He eCcTh KBaApaT JAeHCTBHTEIbHOH
qacTH.

Utax, KOMIJEKCHBIE BEJUYUHBI NpPeAcTaBasIOT 6osabluoe yro6eTBO,
HO, TOJB3YACh HMH, HYXKHO OCTeperaTthCsi HeTMHEHHBIX Olleparui.

Tlepefizem Tenmepb K pacCMOTPeHHMIO (YHKIHN NEepHONHYECKHX, HO
He TapMOHUYeCKUX — K panaM Pypre. Bes Teopus 3THX pSANOB BO3HHK-
Ja u3 (U3HKH — U3 BoNpoca o KoJjeBaHusx cTpyssl. Hemnapom usBect-
HuIt MaTeMaTHK Kne#H HacTauBas Ha TOM, YTOOBI BOTIPOC O PA3JIOKEHHH
B pan dypee usnarancs ¢usHKaMm MHaue, 4eM 3TO OOBIUHO JeJaioT Ma-
TeMaTHKH.

[Tpeanonoxkun, 4To MBI UMeeM nepHonuueckvio dyukuuwo f(x). Ias
NPOCTOTHI NPHMEM NIEPHOJ PABHBIM 27 (OTCIO/Ia JIETKO NepefTH K hYHKI UK
¢ mo6eM eproaoM). MoxkHO 1 anmpoKCHMHPOBATH f{x) APYTHMH TIepHO-
AMYeCKHMH QYHKOHAMH @ (x), T. e. 3aMeHHTb [ (X) APYTHMH nepHONH-
yecKUMH QYHKIUAMH TaK, 9T00b! OIMGKA ITPH 3aMeHe Obl1a 0YeHb MaJsa?

HyxHo BeI6paTh Kakyio-HHOYAL Mmepy owmnbku. B kauectBe Takof
Mephl BO3bMEM CPEeIHIOI0 KBAAPATHYHVIO OIIMOKY:

8 =g ( F0—gopdr. o
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A10 NpPHHEMAaeMoe HaMH ollpejeseHue orpeliHocTy. Mul 6yjiem annpok-
CHMHPOBarh Tak, yToObl CpelHds KBajpaTHyHas olHOKa Oblia BO3-
MOXKHO MeHblIe. Ecau Obl, HAapHUMep, MBI BBHICTABUJIH TpeOOBaHHE,

uTOOBl HHTErpal
+ 7t

R=o | 10— @)} dx

-

(cpenuns omubKa) 6bLT BO3SMOXKHO MEHBINE, TO HH K YeMYy XOpolleMy
5TO He NpuBeao O6bl. Morgao 6bl GHITh Tak, 4TO CpelHssa OMHOKa paBHA
HYJII0, MEXX]y TeM KaK Ha GOJIbIIMX HHTEpPBAIax CYLIeCTBYIOT I'POMajHLIE
(110 abcomoTHON BeHUHHE) OTKJIOHEeHHs ¢ (x) oT f (x). Ilpu BEI6GpanHOH
HaMH Mepe OIIHOKH 3TOro He Moxer OblThb. Ho BMecre ¢ TeM sCHO, 4TO
3TO He EAMHCTBEHHO BO3MOXKHBIA LlesgecoolpasHblil BHIOOD.

Bo3pMeM B KayecrBe 3aMeHdsolled GyHKIUH @ (X) MepHOAHYECKYIO
(QYHKIMIO

S, =%+ Y (08 kx -+ B, sin kx) 8)
BE=1"

C TeM Ke IIepHoAoM 21, 4To ¥ HcXoAHas GyHKuuA [ (x). Bonpoc craBur-
cfl TaK: HY:KHO BuIGpaTh (2n--1) KO3DQHIHUEHTOB Q, Oy, %y ..., P1,
Bs, ... TaKuM 06pasoM, 4ToGH cpelHss KBagparuuHas owubka (7) 6buia
BO3MOXKHO Menbinie. TlogcraBum (8) B (7):

[\]

J

R 5f2(x)dx—i{°‘° (f(x)dx+

n

- [ak S f(x)cos kxdx+ B, Sf(x) sinkxdx}}—{—

k=1
+1T

+.§1&_ S [%_}-;:I (o, coskx 4B, sin kx)] dx. (9)

-t

Beenem nagee BeJIUYUHBL

+% +7t
1 1 .
= S f(x)coskxdx, by=— S f(x)sinkxdx (10)
., —T

(k=0,1,2..., n),

KOTOpHIE Ha3bIBalOTCS Kosghpuyuenmamu Pypve GYHKUMH [ (x).

TapMoHHYeCKHe QYHKIHH 06/1a1al0T CAELYIOUIHMHE CBOACTBAMH:
+1

S cos kx sinlxdx =0,
-1
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+7t .
jn c0s kx coslx dx —= { ?r, Ez fll)): 1
+ I ' (11)
S Sinkxsinlxdx:{o (B ==1),
- el (k: )1

(k, lzl, 2, .__)‘

Bocnoassosasiuch popmyaamu (10) v (11), nocne HeCHOXKHEIX 1pe-
ofpasoBanuil nogydaeMm H3 (9)

n

=g ) 0 de + 145 B [0 o (B —b0))~

TR .
—%—;émwm»

B 3TOM BRIpa:keHuH NepeMEeHHBIMH SIBJASIOTCS O U Pr. MBI HOMKHBI HX

BbIGpaTh TaK, 4ToOsl A% OBLIO HAUMEHbIIHM. ITO OVJEeT, OYeBUIHO, TOTAA,
KOTJIa 4/1eHbl, 3aBHCALLME OT O U P, paBHBI HYJIO, T. €. KOTLa Ko3hdu-
ILMEHTHI IPH KOCHHYCAX M CHHYCaX B 3aMeHAIILEH QYHKUHH (8) paBHs-
FOTCS1  COOTBETCTBYIOIMM Koabduurenram Pyproe.

Ounbka npu TaKOM annpOKCHMHPOBAHHY [TIPH TakoM BhIGope PYHK-
uvn ¢ (x)] paena

-+ Tt n
- 1 2 1
A2:-2-I-5Sf2(x)dx—~aT°—-7§(a,§—!—bz. L (19)
-

k=1

3ﬂ€Cb HY2KHO OTMETHUTD CJAEAVIOLIHE JBA 3aMeyaTe/IbHbIX ofCcToSITENBCTBA.

Honyetum, uto Ml npubaBasem K 3aMmeHsiioniel ¢yHKuuH (8) emme
OAMH uJjieH ¢ k=n-+1. Torxa okaspiBaercs, 4To NpU HAWAYUILEM ANIPOK-
CUMHPOBaHUHN KO3 PUIMEHTH NTPY NPEXKHUX YJIeHaX OCTAHYTCH TEMH JKe,
YTO U panbiie. HHOTKYAa He CJIeAYeT, YyTo B 3ajauax of alnlpoKCUMaIluH
GyHROMA feqo 6yAeT Tak 00cToATh Beeraa. Ho B 1anHoM cayuae HaHayy-
1as anlnpoKCHMAaLUA 1 4ieHaMH He 3aBUCHT OT NOC/eAYIOUIEro Yiayylle-
HHS aNllPOKCHMALMH: NepBLie YJICHBl He HYMKHO NepecMaTpHBaTh NPH
Io0aBJIeHHH HOBHIX. 3T0 0OBACHSETCS] TEM CBOHCTBOM CHHYCOB H KOCH-
HYCOB, YTO HHTErpas 3a NepHOJ 27 OT NPOH3BEleHHs JIOOHX ABYX pa3-
JIMYHBEIX (PYHKIHH M3 COBOKYIIHOCTH cos kx, sin kx (k=0, 1, 2, ..., n)
paBeH HyJmo [popmyasl (11)]. @yukuun, obaagaonye TaKHM CBOACTBOM,
Ha3bIBAIOTCA OPMOSOHAALHbIMYU DYHKUHSIMH.

CoBOKYNHOCTE PYHKIHH

cos ¢, cos 2f, cos 3¢, ...
sin ¢, sin 2¢, sin 3¢, ...
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ABJISETCS] IPHMEPOM COBOKYMHOCTH OPTOTOHAIBHBIX QYHKIMH B HHTEP-
Baje (—, -}o).

ITepefiteM KO BTOpOMY 3aMeuarebHOMY o6CTosTenbCTBY. BosHu-
KaeT BOIpOC: siBJASeTcs JIH CHCTeMa (YHKUHA

cos kx, sin kx (k=0,1, 2, ..., n) (13)

3aMKHYmMoLi, T. €. CYLIeCTBYeT JIH NepHojuyeckas QyHKUHs C [epUOLOM
or, KoTopas 6blia Gbl OPTOTOHANBHA KO BCeM 3THM QYHKUHsAM? OKasbi-
BaeTCSI, UTO [IPH =00 BCSAKAsl GYHKLUHUS, OPTOTOHA/NbHAS KO BCEM (DYHK-
upaM (13), paBHA TOXKAECTBEHHO HYJIO, T. €. IPH n=o00 cucreMa (13) —
3aMKHYTas. '

Bepuemcst Kk BoipaxkeHHo {12) s cpeiHell KBaApaTH4HOH OLIMOKH.
UewM GoJiblile GepeTcsi YiIeHOB B 3aMeHstomelt dynkuun (8), TeM ommbra
menbine. Teopema @ypbe 3aK/IH04aeTCs B CAEAYIOMEM: IIDH HEKOTOPBIX
yCNOBHAX ! GeCKOHEYHEIH Psif

%’--i-z (a, cos kx -+ b, sin kx) (14)

k=1
CXOAMTCA M mpeicraBaser coboit dynkuuio f (x).

O6LIYHO HAYHHAXT H3JIOKEHHEe C 33[ayH O TOYHOM MPEICTABJEHHU
(YHKIMH TPHTOHOMEeTpHUecKHM psfioM. Ho ¢usnk He moxer paborarb
¢ 6eCKOHEeUHbIM 4HCcJoM useHoB. [losTomy AJisi HEFrO BaXKHa MMEHHO Ta
3ajaya, ¢ KOTOPOH MBI HauaJH,— 33jada 00 anipoKCHMallH.

OyeHb BaxHO BBISCHHTb, BCAKYIO JH TNEPUOAHYECKYIO (DYHKIIHIO
MOJKHO ITP€JCTaBHTh B BHJle psifa @ypoe (14)? B cBsi3H ¢ 5THM HHTEPECHO
NPOCJIEUTH HCTOPHIO 3afiadll O IpeJcTaB/aeHHH GYHKIUMH psiiamu Dypbe.
TTepBhiit BONpoC, KOTOPHIH 3/1eCh BO3HHK, ObLI OOMIHE BOIPOC O TOM, 4TO
TakKoe (PYHKIIHUS.

Ditnep cuuTas, UTO CYIIECTBYIOT aHATUTHYECKHE H TEOMeTpHYecKHe
(GyHKUHH. MBI [OJ1y4aeM, TOBOPUJ OH, aHAJTHTHUECKHE dyuxknuy, Oepd
TakHe BhIpaKeHWsi, Kak x, x%, sinx ¥ T. .. Mol monydaem reo-
METPUYECKYIO (DYHKIHIO, €C/TH ONHUIEM «CBOCOLHOH DPYKOI» MPOH3BOJb-
HYIO KpHBYIO~?. DTH BO33peHHs He OTBEUAIOT COBPEMEHHOMY Olpejele-
HHIO QYHKIHY: § ecTh QYHKIHA OT X, eC/IH KaxXAOMY 3HAUEHHIO X COOT-
BETCTBYET ONpeleJeHHoe 3HayeHue y.

BepnyJ/au, NONYYHB pellleHHe B BHIE TPHFOHOMETPHYECKOro psija ’
(T. e., o Diyepy, B BHAE «aHAJTHTHUECKOH (YHKLUHH»), YTBepxaal,

1 [Cm. Huxe.]

2 {Cm., wanpumep, C. H. BepHmte i 5. Heropuieckut 0620p pa3BUTHH NO-
HATHA GYHKIHH. «BeCTHHK OMLITHOM (H3MKM M 3JIeMEHTapHOH MaTeMaTHKH», Ne 559,
ceM. 47, 1912, crp. 177.] :

[CM. 32 -0 Jekumio B 5-10 Jekumio gacte 11.]
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UTO MM MNOJYYEHO 00wjge pellenHe, 4TO TaK MOXKHO NIPEACTaBHThL 20640
(GYBKIUIO.
ITO KasanoCh HeBepoaTHLIM. Benb kosdduuuenTh psina

ay, g, EELly bb b2, 000

06pa3yIOT CYETHOE MHOXKECTBO, B TO BpeMs KaK «YHCJ/I0» 3HAUeHHI (yHK-
[HH ropasfio 0oJ/iblie, MHOMKECTBO 3THX 3HAueHHH GoJsiee MOLLHOe. Tem
He MeHee Pypbe HMeJI CMeJIOCTb CKa3aTh, YTO COBEPLIEHHO NTPOH3EOJb-
Hast (rpaduyecKy 3ajaHHast) HelmpepriBHAsA QYHKLIHS MOKeT GbiTh Npej-
CTaBJ/IeHA B BH/e TPUTOHOMETPUYECKOTrO psja. M s1o npaBu/bHO, noTomMy
470 (KaK Tenepb M3BECTHO) HENpepHBHbie PYHKIYHK BOBCE He TakK pPasHo-
OOpasHEBI, K&K 3TO KaXKeTcsl Ha NepBhifl BarIsAL. [locTaro4yHo 3aharh He-
MPepLIBHYI0 (GYHKUHIO B pAlHOHAJIBHBIX TOYKaX, 4TOObI ONpeeIHThb
ee MOJIHOCTBIO. IIpYyrHMH CJI0BaMH, HeNpPEepEBHBIE (DYHKLUHH 3aJalOTCH
COBOKYNHOCTBIO CBOHX 3HAUY€HMH B payuonaibHeix Toukax. Ho 3Tu
TOUKH COCTABJ/IAIOT MHOXKECTBO TAKOH K€ MOIHOCTH, KakK H KO3(dHliH-
eHTHI Pa3JoXKeHHs (CyerHoe MHOXKecTBO). Ecuiu MBI npumem 310 Bo BHHU-
MaHHe, TO HacC YK€ He YAMBHUT BO3MOXKHOCTb MDEJICTaBHTBL JIOOYIO He-
IpepLEIBHYIO QYHKIHIO B BUAe pafa DPypre.

Ho nnoxo, eciu uro-HHOYAb CTAHOBMTCS «CJAHLIKOM® IOHSATHEIM.
51 Gotock, uTO pasJoxkenue B psif Pypbe yKe Kakerca 4eM-To caMo coBoi
AJOHSITHBIM. JTO HE TaK: C GECKOHEYHBIMH COBOKYIIHOCTAMH HYMKHO 00-
paiarbcs ocTopoxHo. Hanpumep, Bosbmute pajg @ypbe u BLIGpoChTE
H3 Hero TPeTui 4iyeH. HHCAO 4ieHOB ocTaercst GECKOHEUHBIM, H TeM He
MeHee ¢ ITIOMOLLbIO TAaKOTr0 GEeCKOHEYHOro psifia JMOGYI0 HelpephIBHYIO
(OYHKUHIO y:Ke [IPeACTAaBUTh He/b3sl.

Teopema Qypbe cipaBeiInBa NPH H3BECTHEIX OrPAHHYEHHAX (J0OCTa-
TOYHBIE YC/OBHS TOTO, UTO (PYHKIHS MOMXKET OBbITh NPEACTABJCHA DPSIOM
®ypoe, Obl1H ykasanbl dupuxie); pstiom Oypbe MOIYT GbITh IpeACTaB-
JleHbl He Bce HenpepbiBHbIe QyHKUHH. C Ipyroff CTOPOHbI, B Buje PAAOB
Dypbe MOxKeT ObiTb NPENCTABJEH ONpPENENeHHBIH KJacC pa3pHBHEIX
byHKUHI, HMEIOMMX TOJBKO Pa3phIBEl EPBONO pofa (T. e. TakHe, 4TO
M CJIeBa H CIIPaBa OT pasphbiBa QYHKUMA HMEET ONpENencHHOE 3HAYEHHE).
Iast Toro ytoGbl QyHKUHA MOIVIa GHITh NpeACTaBjeHa psaoM Pypobe,
OHAa JIO/DKHA HMETb KOHEYHOe YHCJIO pasphiBOB M He JIOJKHA HMETb
0eCKOHEYHOTr0 4HCJda MAaKCHMyMOB M MHHHMYMOB. Hanpumep, nempe-
puiBHYIO pyHKUHIO sin (1/x), Koropast mpr x—0 uMeeT GecKOHEYHO TI'yc-
Thie MAKCHMYMEI, HeJb3sl PasJoXKHTb B psal Pypee.

Tor xamacc ¢yuxumit, KoTrdphie MOTYT ObiTh MpPEICTAaBJEHBI DSLOM
®ypbe, BIOJIHE JOCTaToueH i GHU3HYeCKHX uedeid. [IpakTHuecKH Jio-
Oast uHTepecyouas QusHKa PYHKIHSA MOXKET OBITh PassokeHa B PSif
Dypse.

Kak Grictpo yGuiBaior kosddunuents: Oypre? Pag (14) cxoputes
TeM ObicTpee, dem ¢yHKuMA [ (x) riaxe. Ecan 7 — nopsgox paspeisa
(T. €. MOpsIIOK HaMHHU3LIEH Teprsimiel paspbis NPOH3BOLHON), TO ACHMII-
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TOTHUECKH, MPH JOCTaTouHO OOoJblIMX £, Ko3dWDHLHeHTH YGOBIBAIOT,
Kak 1/kF+1,

CyLUeCcTBYIOT /M pas/JHYHbIE QYHKIHH, TIPEACTABIsIEMbIE OAHUM H TEM
ke pajom Dypoe? [la, cymwectByioT. OHH OTVIHUAXOTCS OAHA OT APYTOH
TeM, 4TO HMEIOT pas/iuYHble 3HAUYCHHUS B KoHeuHom psifie Touek. Ho sTo
HCKJIIOUHUTEbHBIH cayuai. MuTtepecyloliue Hac GYyHKUMH ORHO3HAYHO
OupelessloTcs CBOMM pajloM Dypre.

Teopema ®ypbe Grl1a BepBhle BEiICKazaHa UM B 1822 r. B ero «Théo-
rie analytique de la chaleur», Ho eme B 1750 r. ee npeayragaa bep-
HYJLJIH.

CHHYCBl K KOCHHYCHl HE€ €JHHCTBEHHAs] CHCTEéMa OPTOTOHAaJbHBIX
(PYHKUIHHA, N0 KOTOPBIM MOXKHO pas/jararb I1POH3BOJALHYI0 (YHKUHIO.
CyiiecTByeT 6ecKOHeUHOE MHOXECTBC TakuX cucreM. C 3ToH TOYKH
3peHus psai Pypbe — upe3BbIYAWHO YaCTHHIH ciaydail. Ho pasioxkeHue
[10 KOCHHYCaM ¥ CHHYCaM, T. €. 110 TapMOHHUCCKUM KosieGaHuAM, chilpa-
JI0 OueHb GOJIBLIYIO POJb B Pa3BUTHH OOIIeH TEOPHH Pa3/iOKeHH MO Op-
TOTOHaJBbHBIM QYHKUUAM. B MaremMaTHKe OCTajibHble DPa3/iOXKEHHsS TOXKE
BaXKHBI, He MeHee BAXKHBI, UeM passoxeHue Pypoe. Ho pasnoxkenne
dyppe BrijeseHo Gaarofapsa (U3HYECKHM YCJIOBUAM 1,

YETBEPTAS JIEKLMS
(Oxra6ppr 1930 r.)

Paoder dypoe (npodosscenue); ssaenue I'ubbca. Luenus. Kak mol y3naesm HanpasieHue

Ha ucmoyHuK 3eyKa. «Iapmoruyeckoe koiebarue ¢ MEONCHHO MEHAIOWELCA amnaumydot

u ¢asoiiv. Kpumepuil medaetnocmu onpelessemcs Konkpemuold guaudeckod sadaueti.
Kaosicyujeeca Hapyuienue 3GKOHQ COXPAHEHUSR SHEpauL npu uxrmepgeperyul.

|
A
Mkt ceflyac pasbepeM HeMHOTO (opMasibHble, HO HECOXOAUMBIE BOIM- |
pochi. Kak MBI BHAEJH B NpPOLJIBIH pa3d, BCAKYIO HHTEPECYIOUIYIO Hac |
bYHKUMIO f (X) C MepHOAOM 27 MOXKHO pasdyioxkuTtb B pag Pypee: |

f(x)_a"—i—z (a,cos kx b, sin kx), (1)

k=1
npH4YeM

+T
:}l? S x) cos kx dx, k% S [(x) sin kx dx. (2)

1 [Cm. 16-10 yiekuHIo.]
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s Toro utobul 3TH GopMyasl roguauck H Aas k=0, HYXHO NHUCaTh
NOCTOSHHBIA Y/IeH B BHIE /2.
OO6blYHO MPHUXOAUTCH HMeTb Je/0 ¢ (PyHKIHeH, HMEIOWed neprol

192n. EcJH cienaTb 3ameny

; |
—y=% (3)

to ¢ynguusa f (2ny/t), paccmarpuBaeMas Kak QyHKIHS Yy, HMeeET Ile-
pHOA T, ecJH [ (x) uMeeT mepuoj 25t (KOTAA Yy yBeJHYHBAeTCs Ha T, TO
apTyMeHT X yBennuuBaercsi Ha 2m). O003HaUMB

FHEy)=e0

H caenas B (1) u (2) zameny (3), nonyuaem

¢ (y) =3 +L [akLOS(Q ”)+b srn(Q“y)],

rae
a, :%—t{ ¢ (y) cos (k E;—"i) dy, b, :% § (y) sin ( 2y, ) dy.
—-7/2 -7/

YIoMsiHy ellle O HaMmHCaHHHU AeHCTBUTENbHOTO pafa dypbe B KOMII-

JIEKCHOH (popMme.
[Tycte pefictBurenbHast QyHKuuA f (¥) umeer nepuoi 2n. Bmecto

a,c0s Rx-+bysin kx

‘MOXKHO HanHucaThb
ap— ib ap+iby _;
k 5 ket'kx [ k 5 ke ikx

(310, KOHeuHO, JeficTBuTenbHasi BeauuynHa). O6o3HAUMM

47T
¢, = k—-—lbk S f(x)e__lkxdx C-k:ak—glbk:%ﬂ:. S f(x) etkx dy

(cx M ¢_p— KOMILJIEKCHO COMpsiKeHHbe). Toraa

= 3 ot

D10 u3sAMHAA 3anucCh B KoMIIeKcHOH (opme obhiuHOro psaa Pypne,
TPEACTABMSIOIIEr0 AeHCTBUTENbHYIO (QYHKIHIO.
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U, nakonen, nocnegHee 3aMeyaHde, y>ke He opMasbHOE, a 110 CY-
iectBy. OHO KacaeTcs BOIPOCA, KOTOPBIH NOJKEH BO3HHKHYTH Y KaM-
JOrO.

B npoumibin pas ObJIO CKa3daHO, KakHe YHKIHH MOXHO pasJaraThb
B psj Pyppe. PyHKUHSA [ (X) MOXKET ObITh PA3PHIBHON, HO Y Hee JOJIKHO
OBITb KOHEUHOE YHC/JIO Pa3sphiBOB, M OHA He AO/KHA HMeTh GeCKOHEYHO
60/bLIOr0 YHCJIA MaKCHMYMOB H MHHHMYMOB (HAallOMHIO, YTO NpH MO-
CTPOECHHH TNEePHOJHUECKHX (QYHKIHUHA eCTeCTBEHHO BXOAST B pPacCMOTpe-
HUe paspbiBHble (PYHKIHH).

Uro 3HauuT, 9T0 PYHKUMA [ (X) MOKeT GRITh pasJioxKeHa B psif Dypoe?
JTO 3HAYHT, YTO JJIs Ka)KJOro 3HaueHHs X cyMMa GeCKOHEYHOro psaja
B 11paBoH 4acTH (1) paBHA COOTBETCTBYIOLIEMY 3HAYEHHIO PYHKLHUH [ (X).
Ho B mecTe paspniBa [ (x) uMeeT aBa 3HaueHusi. Uemy xe 30ecs paBeH
pan @ypre? BOT pesyabrar MaTeMaTHUECKOTO HCC/IEAOBAaHHsS; B TOYKAX
pa3peiBa x=a paAx Pypbe Laer apupMeTHUECKOe CpejHee 3HaueHHe
f (x) cneBa u cnpasa:

f@a+0-+7@-0
5 .

Takum obpasoMm, pagom Pypbe 3agaercss PyHKUHS, ONpeneJeHHAS
BO BCeX Toukax.

Cymectsyer psajd NpubopoB, MO3BOJAIOLIMX OCYHIECTBHTL pasJoxKe-
nue no @ypoe. Ec/M HauepTHTDL TepHOLHYECKH MOBTOPAIOMYIOCH HYHK-
1IMl0, TO OMNpEle/eHHble NPHOOPH — THMA TJIaHHMETPa — MO3BOJAIOT

TOC/IeIOBATENbHO ONPEIIHTh ee KO3g(dH-

V.Y nuentsl Oypve. C nomouibio 3THUX Npubo-

POB HeJsb351 BBHIUHCJAHTL OECKOHEUHOE YHCIIQ

4JIeHOB, HO A5 NPHUMEHEeHHH BCerja 10CTa-

TOYHO KOHeuHoro uucaa. Ecte, Hanpu-

Mep, npubophl, BeluUCAsAwLHe 6 Koaddu-

nuentoB. [IpuGop Maiikenbcona naer 120

KospduuuentoB: 60 npu cuHycax H 60

o npu KocuHycax. OH MO3BOJISeT NPOAIaTh

Puc. 4 M O00paTHyl onepayuio: CyMMHDOBATb

(DYHKLHIO TI0 33aJaHHBIM KosdhduuHeHTam

pasnoxenusi @ypoe. [Ipubop Maiikens-

cona naet cymmy @ypoe S;o. IT0 npubIHKEHUE, H €My COOTBETCTBYET,
KOHEYHO, HeNnpepbiBHAS KPUBasi.

Korjga cymmupyercsi ¢ noMomiblo npHOopa KOHeUHOe UHCJIO YJIEHOB
pasnoxenus Oypbe paspuiBHOH dyHkuuH f (x) (Hanpumep, H300paeH-
HOH Ha pHC. 2), MOXKHO OXKHJAATh, YTO NOJYYHTCS KPHBas, KOTOpasi BCIO-
1y Oyner GIM3KO TIOAXOAHTH K KpHBOH [ (x). Ha nene nmonyuaercst uHOH
pe3yabTaT: annpoKCHMHPYIOWIAs KPHBAsS XOPOIIO TOAXOAHT K f(x)
Besjle, KpPOME OKPEeCTHOCTEH MeCT pa3phiBa; TaM OHa o6pa3yeT «XBOCThI»
(puc. 4}, BBICOTA KOTOPBIX He YMEHBILAETCS ¢ POCTOM YHCJIA CYMMH]Yye-
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MBIX YJIEHOB pasJ/ioyKeHHs (OHa JOCTHIraeT NPHUMEPHO Y/, , BeJIMYHHDBI CKay-
Ka}, HO B KOTOPHIX C POCTOM 3TOrO YHCJA OCUMJJIALHK CTYIIAIOTCH H
CXKUMAIOTCSl K TOYKe paspuiBa.

MoxHO noayMmMaTbh, UYTO MOSIBJEHHE «XBOCTOB» BBI3BAHO Je(eKTOM
npubopa, HO 3TO HeBepHo. Kak nokaszan ['m66c, 370 3akcmepuMeHTa/lb-
HOE YKa3daHHe Ha YHUCTO MaTeMaTHYeCKHH (akT: HepPaBHOMEPHVIO CXO-
AUMOCTb psaa Pypbe B TouKax paspeiBaf (x). Hannuue ocuuamup yomux
«XBOCTOB» Y KOHEUHBIX cyMM Pypbe OKOJIO TOUEK pa3phiBa passaraeMon
(YHKLHH NOJYUYH/I0 Ha3BaHMe ssaerus [ ubbca.

[lepefinem Tenepb K ApYroMy BOIpOCY.

MBI TOMHHM, YTO [PH CJOXKEHWH FapMOHHMUECKHX KoJje0aHUH OJH-
HAKOBOI0 Nepuoja NOoJYy4aeTCsl apMOHHUYECKOe KoseOaHHe ¢ TeM ke
nepuofoM. Tenepb peub 6yJeT MATH O CJIOXKEHHH JBYX FapMOHHYECKHX
KoJsieDaHHH Heodunaxoeoeo nepuoja. JTOT Caydal urpaer B ¢H3HKe KO-
JeGaHHi OueHb CYLIECTBEHHYIO POJb, H 3Jechb BO3HHKaeT psl OOLIHX
BOMPOCOB, KOTOPbIE HYXKHO C CaMOro HadasJa cebe YSCHUTb.

Hrak, nycrb

Y=0a,C08 (0 F—¢,)Ta,08 (Waf—Ps). 4)

ITeproauueckasa au 3to Gyukuua? Ecau o; H w, cousmepumsl, T. €.
OTHOCSITCS, KaK IleJIble uucJa, To iy —nepHoauyeckas ¢pyuxkuus. [lenct-
BUTE/IbHO, IYCTh, HAPUMEp, IepBoe caaraemoe uMeeT nepuof 1/300 cex,
a Bropoe — 1/200 cex. Torga Tpu nmepuofa nepBOro ¢JaraeMoro cocra-
BJISIIOT ABa neproja Broporo: uepes 1/100 cex noBTopsioTcs 3HAYEHHA
06OHX, a CJ/eJ0BaTeqbHO, [IOBTOPUTCS U 3HAUEHHE CYMMHI.

Ho xako# cMbics1 UMeeT B (pH3HKe FOBODHTb O COU3MEPHUMOCTH HJIH
HecouaMepuUMocTH? Ec/H, cKaxeM,

o, __ 1000001
®, 1000000’

TO YaCTOTHI COM3MEePHMBI, HO y GyileT MOBTOPATLCH JHIUbL YEpe3 OYeHb
6o/bIIOE YHUCAO MEPHUOAOB KaXICrO H3 CKJAaAblBaeMbIX KoJeGaHHH.
JIpyrHMH CJIOBaMH, €CJIH OTHOLIEHHE YacTOT PAaBHO OTHOLIEHHIO OY€Hb
GOJBIIHX B3aHMHO ITPOCTHIX LENBIX YHCE]I, TO (PH3HYECKOTO OTJIHUYHSA OT
caydasi HECOM3MEPHMBIX 4YacTOT HeT.

3neck BaxHO Apyroe. Ecin w,550,, T0 Konebanue (4) He MOXKET
OBITH MpPENCTaBJaeHO KaK 00HO CHHYCOMJAJbHOE KojebaHHe B TOYHOM
CMEICJIE CJIOBA. -

[TepenucaB (4) B Bule

y=0;c08 (0—@,)+acos [0, i+ (w—w)f—,], (9)

MOXKHO [IIOKas3arb nyTeéM IIpOCThIX BLIYHCJIEHHH 1. uTto Y  MOXKHO

1 {Cp. 2-w0 sekumio, ¢opmynn (1).]

LT Y
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NpeiCTaBUTb Kak
y=a cos (0, t—¢), (6)

t 4 silt @y 4-ay Sin [(wy — ) { —Py]
&% @3 COS Py a3 COS [(Wy— @) —@a]

Kak ckaszaso, (6) He ecTb rapMoHu4ecKasi GYHKUHSA, TAK KaK Y TapMOHH-
yeCKOH (GYHKUHHA @ H @, 110 ONpele/IeHHUI0, ABJSIIOTCA OCTOAHHBIMH Be-
JIHUUHAMH.

HuTepecHo, oanako, caeaywuee, [lycrb |0;—o,| — odueHb Masad
BeJHYHHA. B 3ToM cJayyae 4acToTa U3MeHEHHS BEeJHUYHH & U (¢ OYEHb
MaJia, TMOCKOJBKY COS (0y—4)f — MEIJIEHHO MEeHSIOmasacsa (PYHKIHUA.
BeJIMuuHbl @ U @ MEHSIOTCH MeAJIEHHO, B TeUCHHE OUCHBb AOJTOr0 BpeMe-
HH OHH IOYTH MOCTOSIHHLI, ¥ MOXKHO paccMaTrpuBaTh y KakK «TapMOHU-
yeckoe KoJebaHue € OYeHb MELJCHHO MEHSIOUleHCsl aMIVIMTYA0H H
C O4YeHb MeAJIEHHO MeHsoIedCs ¢asoiy. CTPoro roBops, 310, KOHEUHO,
He TapMoHHYecKoe KojebaHHe. ToaBKO TPH H3BECTHOM JIETKOMBIC/IHH
MOJKHO CKa3aTh, YTO aMILIHTYAA H ¢a3a «IOUYTH» NOCTOSHHHL.

Bosbpmem npumep. [lycTb y Hac MMeIOTCS JBa KaMepToOHA, NEPHOLbI
KOTOPHIX HEMHOro passuuarorcd. Co3laBaeMoe HMH B HEKOTODOH TOYKe
cyMMapuoe kKosebGaHue y uMeeT Bui (4), uad, yto TO Xke, (B). MoxHO
CKa3aTh, YTO CKJAJABIBAIOTCH JBa KoJae(aHHS C OJUHAKOBBLIM I[1€PHO/OM,
HO C MeJJIeHHO MeHsIolIelcs pasHocThio ¢a3. B KakoH~-To MOMEHT aMIlJIH-
TYAa CYMMapHOTO Ko/eDaHHS eCTb CYMMa aMIVIMTYJL @yt d,y; MOTOM OHA
OYeHb MeJJIEHHO MepeXOoJUT B PAa3HOCTh aMIIMTY]L a;—ds U T. L.

MoxHo ckasarb (M 370 OyIleT mo4H0), 4TO Y €CTh CyMMa ABYX I'apMo-
HHYECKHX KOJ/eOaHud ¢ HeCKOJbKO OTJIMUYHBIME nepuofamu. Ho MoxHO
CKa3aTbh M TAK: lj €CTb 00HO KoJieDaHHe C ONPEJENEHHBIM IIEPHOJOM, HO
aMILTHTYa €T0 MeJJIEHHO MEHFeTCsl OT HeKOTOPOro MakCHMyMma J0 He-
KOTOPOro MMHHMYMa H OOGpaTHO. IJTO YKe HeKOTopas HePALJIHBOCTb
B BhIpaxkeHHsIX. OHa BhI3BaHA TeM, YTO MBI CTAPAEMCs 3JECh MEPEHECTH
TO, 4TO MBI 3HAEM O CJOKEHHH KoJeGanui ¢ 00unaxkosbimy TIEPUOJAMH, Ha
caokenne Koiebanuii ¢ passbiny nepuosamu. Mrak, Mel FroOBOPHM: KOTja
3BYyyaT 00a KAMEPTOHA, BOSHHKAET TOT K€ TOH, 4TO NPH 00HOM KaMepPTO-
He, HO ¢ MeJIeHHO MeHsomeiica Ga3oi 0 aMIVIUTY0H. 210 ABaeHHe Gue-
Huti. Ceefsa, TakuMm ofpa3oMm, paccMaTpHBaeMbLlfl c/Iyyal Ha NpexkHHH,
YK€ H3BECTHBIH, MBI Cpasy MpeaBHAHM, YTO OyAeT HabJII0AaTHCS.

Mubt MOXKEM Ha CJOYX ONpenessiTb HanpaB/eHHe, OTKYAA NPHXOAMT
3BYK. IT0 HaM yJaeTcsi He OUeHb XOpPOII0, HO Bee ke ypaercs. Cymect-
BEHHO IIPH 3TOM TO, UTO MbI CJBIIIHM Ogyma yllaMu. Moxker nokasarbes,
YTO MBI NPOH3BOJUM OLIEHKY HanpasJ/eHHS 110 PA3HOCTH HHTEHCHBHOCTEH
B 0foux ymax. JIJisi HU3KHX TOHOB 5T0 00bACHEHHE 3aBeIOMO HEBEDHO.
MOXKHO TeOpeTHYeCKH MOACUHTATb, HACKOJBKO roJoBa ocnabiser 3BYyK.
OkasblBaeTcs, 4To B C/y4ae IJMHHLIX BOJH ocjlabieHHe OueHb Maslo. JT0
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MOXKHO IPOBEPHUTH TAK: NPUKPBLIB OAHO YXO, Bbl BCE-TAKH IPABHIbHO
oueHuTe HanpasJaeHue. [lo-BuauMoMy, OODBSCHEHHE CJELYeT HCKaTb
B pasHocmuy a3 Mexny KonebanuaMH, BOCIPHHHMaeMbIMH KaxkKJbIM
yxoM. Ha puc. 5 nokasano, Kak nosayvaercs sta pasHocTb as.

MOXHO TIpOBEPHTb 5TO MNPEANOJIOKEHHE CJAeAVIOHM 00pasoM.
K o6oum yiraMm nojBoAHTCS 3BYK OT OJHOT'O KaMepTOHA, HO MO pa3JIHY-
HBIM NYTSM, H 3aTeM MeHsieTcsl pas3HoCTb (a3 KoaeGaHHH, NPHXOASUIHX
K obouM ywam. Habaopatenb yyBCTBYeT NPH PA3JHYHBIX 3HAYEHHSAX
Pa3sHOCTH (a3, YTO HCTOYHHK HAaXOJHUTCSl B HallpaBJEHUH, KaK pas CooT-
BETCTBVIOLIEM 3ajiaBaeMoil pasHocTH ¢az. Ho MOXHO cienarb HHaue.
BosbmeM f1Ba KamepToHA, HECKOJIBKO pas/IMYHBIX Mo 4yacrore. Torjaa
K yllaM NpHXOAAT ABa KoseGaHus C HENPEePLIBHO H3MEHSIOMIeHCsT pas-
HOCTbIO (a3, H Hab/ojatenb GyJeT YyBCTBOBATH, YTO HCTOYHHK XONMT
BOKPYT Hero. QueBHIHO, NMPH HCTOJKOBAHHH ITOrO SIBJCHHS LEIeCo0b-
PAa3HO TOBOPUTL, YTO HMEIOTCS BA KONeGAHHS C OfHHAKOBBIM [IEPHOJIOM,
HO C H3MEHSIOIIEHCs Pa3HOCTbIO as3,— 3TO He TOYHO, HO 4eaecoobpasHo.

Croco6 paccysKIeHHH, KOTOPHIM MBI NMOJb30BaJHCh, KHOTJA NpHEM-
jJeM. HacTb ONBITOB OTJIHUHO OMHUCHIBAETCA TEOpETHUYECKH C MOMOLIbIO
NpeACTaBJACHHA O MeHswolleiics ammiautyle uiau dase. Ho unoraa 3rto
IpeACTaBJeHHe CTAHOBHTCS MPEAB3SATHIM H NPUBOAUT K owubkam (Pie-
MHHT He MOT OCBOGOJAHTBCS OT B3TJIAAA HAa CYMMY Kak Ha KoseGaHpe
OZHOI'0 MepHoAa, HO ¢ MeHAoUeHca aMIIJIMTYA0H U da-
soit). Hano sHarb, KOrla MOXHO H KOTJa HEJb3s UM
T10JIb30BAThCH .

BooGiwe rosops, ¥M HeJb3sl I0Jbh30BaThCs B BO-
npocax pesoHauca. Cpenaem caepyiomui onur. Mol
GepeM Ba OAHHAKOBBIX KaMepPTOHAa, BO30y:KiaeM OJUH

U3 HHX H 34TeM €r0 OCTaHAB/JHBAEM. Tenepb 3BYUHT '3
JIpYTroil KaMepTOH: BO BpPeMs 3BYUaHHU s IEPBOTO OH BO3- QH: 3
oynuics. Tenmepb Mbl paccTpauBaeM TepBHIH Kamep- X A
TOH (C NOMOLIBK) HAarpy3KH HEMHOT'O H3MEHsieM €ro *
nmepHo) ¥ cHoBa Bo3Gyxaaem. [locse ocTaHOBKH mep-

BOrO KaMepTOHa BTOPOH Telnepb MOJYHT (BepHee, 3BY- Prc. 5

YHT OUeHb csa6o). 3acTaBuB 3ByuaTh ofa KaMepTOHA

OZHOBPEMEHHO, MBI YC/IBILINM 'OUEHHSI: Belb 4acTOTY

OJIHOTO H3 KaMEePTOHOB Mbt H3MeH K. Ecsin ofind (pacCcTpoeHHbIH) KaMep-
ToH coBepuiaer 500 Konebannit B cekyuny, Apyroi 504, To Guenus npo-
ucxouar 4 pasa B CEKYHIY. Buenus ovenb XOpOIIO ONUCHBAIOTCS € NO-
MOIIBI0 MEHSIOIEACS aMIIMTYAB. 3fech 3TOT Crocof paccMOTpeHus
BIOJIHE INPHUTOAEH: Mbl SCHO CJBIIIAM HOBTORSIOLIHECS H3MEHEHHS
aMIJIUTYABL.

Bo3sbMeM Tenepb TPeTHH KaMepTOH yacToThl 504 u 6yneM Bo3OyxAaTh
cpas3y nepBuii M BTOpoil. BMmecTe oHM OyIAyT AefiCTBOBATb Ha TPETHH.
KoseGanuss nmepBoro kamMepToHa NpaKTHYECKH COBCEM He JEHCTBYIOT Ha
TpeTHH.
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[lonb3ysick npexHHUM CNOCOOOM paccyKAeHHUs, Mbl CKaXKeM: KoJe-
GaHue OT MepBOTO U BTOPOTO KAMEPTOHOB €CTh «KoJcOaHHEe ¢ 4acTOTOH
NepBOro KaMepTOHAd, HO C NePeMeHHOH aMMIJIMTYAOH», H OHO HE JIOKHO
II03TOMY 3aMETHO JIeliCTBOBaThk Ha TpeTHH. B jelicTBUTENLHOCTH XKe NIPH
COBMECTHOM BO3/IeHCTBUHU NTepBOrO U BTOPOTO KAMEPTOHOB TPETH CHJIbLHO
Bo30yxaercd. Takum o6pasoM, nojb3ysch NMPEKHHM CrocoboM pac-
CMOTPEeHHUs, MBI NPHILJIM B BONpoce O IeHCTBHHU ABYX KaMepPTOHOB Ha
TPeTHH K HelpaBHALHOMY pe3yabraTy. OfHO «rapMOHHYecKoe KoJjeba-
HHE C U3MeHSIIOUIeHCsT aMIJIMT Y0y BefeT cebsl, Kak JBa FapMOHHYECKHX
KoJeBaHus ¢ HeM3MeHHbIMA aMIuTyAaMu. Ha Takue sgBACHUA HATOJNKHY-
JUCb, H UMCHHO B TAKHX C/1y4adax BO3HHKAaeT NOTpeBHOCTL pasobparbes,
Koeda W noYemy MOXKHO I10J1b30BATBCS TEM HJH HHBIM YIIPOLIEHHBIM
NpelCTaBJCHHUEM.

VMeeM JiH MBI NpaBO NEPEHOCHUTh pPe3y. bTaThi, NoJdyYeHHBbIe A4
NOCIMOAKHBIX A U @, HQ MEOAEHHO MmeHsouueca a 1 ¢? Marematnka 3a-
Mpel1aeT TaK MOCTYNATb: eC/lH ¢ U @ He TOCTOAHHBI, TOTZa TO, YTO BbiBe-
JeHO IJ51 MOCTOSHHKBIX a H ¢, BooGHle rosopsi, HesepHo. Ho B npuposje
He OBIBAET CTPOTO ONpEJIENEHHBIX, CTPOTO NMOCTOSHHBIX BEJHUHH. Tpe-
6oBaHHue abCOMIOTHOTO MOCTOSIHCTBA TeX WJIH HHBIX BE&JHYUH HEBBINOJ-
HUMO. DU3HKA CTAaBUT BONPOC MO-WHHOMY: B KAkKOH CTENeHH MNO3BOJH-
TEJILHO, UTOOB! T€ MJIH WHBIE BEJUYUHBI MEHSAIHChH, €CJAHU Mbl I0Jb3YeMCs
pe3yAbTaTaMH, [OAYYEHHBIMH B NDPEAJTOXKEHHH, UYTO 3TH BeJIHYHHBE
IIOCTOSIHHKI? B (bH3HKe BONPOC YacTo CTAaBUTCH HMEHHO Tak, U Ha JaHHOM
npUMepe s XO4y ero pasbsiCHHT.

$1 TOBOpHJI: «pa3HOCTD HACTOT |[(®;— ;| — OUEHb MaJasi BeJHUYHHAy.
ITO BEIpaKeHHe HepsauLTHBo. boJee TOro, oHO JHIIeHO BCAKOTO CMBICA.
ITyctb uncaa xostebannit B ceKyHAy 0yayT 500 u 502. Mul roBopHM, 4TO
PAa3HOCTb 3THX YHCEJ MaJja: YHCJIO0 2 Mbl CYHTaeM MaJbiM. DTO yace Io-
no3puTenbHo. Uncna konebanuil B MUHYTY pasHaTcs Ha 120, HoO gBJe-
HHE OT 3TOrO He HW3MeHsieTCs. A Belb MOXKHO B3SITh UHCJIa KoJebGaHU#A U
3a roa! l'oBopHUTL 0 ManOCTH MMEHOBAHHBEIX yHceq B (H3HKe JHILIEHO
BCAKOrO cMblcsia. B ofHUX equHHLaxX BeJIHYHHA MaJja, B JpYTHX — OHa
BeJqHKa. B ¢u3uke MoOKeT HMeTb 3HAUCHHE TOJbKO MaJjioCTb OTHO-
CUTeIbHBIX BeJHYHH. TOJMBKO HX 3HauCHHA He 3aBHCAT OT BhIbopa
eHHHUIL.

lIMeeM JH MBI NpaBO TOBOPHTBH: «MEJJIGHHO MEHSIONAsacd aMIlJIu-
tynas? ViMeeM, HO Mbl JOJKHBI CKAa3aThb, 1O OMHOWIEHUIO K 4eMy MaJa
yacToTa H3MEHEeHHS AMIJIUTYJBI.

IlycTh ®; B ®,— YacTOTHl aKyCTHUeCKHMX KosebGanui. Hawm yum
T4K YCTPOEHBbI, YTO €CJH OTJHYMe YacTOT ABYX KOJeOaHHH MeHbIIe
OTIpeNleJIeHHOTO TOopora, TO MBI nepecTaeM HMX CJBILATh  paslesbHo.
IloBrOpSsiio, 3to akr dusnosornueckut. Ecnu oranyume B nepuonax
MaJI0 IO OTHOLUEHHIO K Y/, cex, TO B BONPOCAX CAYXa MOXKHO CUHTATh,
YTO HMeeTCd OJHO KoJsieGaHHE ¢ MepeMeHHOH aMNUTYAoH. B onkbite ke
C pe30HaHCOM ObliIa Ba)KHA MAaJOCTb |w;—®3| MO OTHOLUEHHIO K COSCEM
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Opyeoti BeJuUUHe — KO3((HILMEHTY 3aTYXaHUA TpeThelo KamepTOHA !.
B npuBesennbIX JABYX IpHMepax BaKHa MaJjioOCTb PA3HOCTH YacToT IO
OTHOIIEHHIO K pasAuuHbim BEJHYHHAM. 3TO 4YacTO BCTpeyalolascs
owib6ka. ToBopsaT: «Takasi-TO BeJMYHHA Majda» — U ITEPEHOCAT 3TO
BLICKa3bIBaHHE Ha ONbIT, TJie UTpPaeT PoJib MAJOCTh [10 OTHOLLIEHHIO K HHBIM
BeJHYUHAM, 110 OTHOLUEHHIO K KOTOPHIM OHAa BOBce He MaJna. Ecau Bul
IOBOPHTE O MAJOCTH KAKHX-TO BCJIHYHH, TO, BO-NEPBEIX, BBl 0053aHBI
yKa3blBaTh, 110 OTHOUIEHHIO K 4Y€My OHH MaJlbl, H, BO-BTOpPEIX, 3HATh,
YTO B pPa3/IMYHBIX BONpocax HTPaeT poJib MaJOCTh 10 OTHOLIEHHIO K pas-
HoM BeanuuHaM. Beerga HY:XKHO 3HaTh, 045 4620 TOBOPHUTCS O MaJjoOCTH.
B paso6panHHoM cayyae MOLJIO OBITh TPaBUJLHBLIM CUYUTATH TaKYIO-TO
paccTpoiKy MaJjioif B BONpocax CJAyxd, a B TOM HJIH MHOM OIHTE ¢ pe3o-
HAHCOM 3TO y:Ke ObLIO HelpaBW/IbHO.

B panuorenedonun nepenaBaeMast pedb H3MeHsIET aMIJIMTYAY I1OChHI~
JaeMmoro xkojebanus 2. [1js TOro 4tobbl 3Ta «MOAYJAALUA» OBTOPSJIACH
B MIpHEMHHKe 06e3 HCKaXKeHHs, ee 4acToTa JLo/KHa ObTh Maja He 10 OT-
HOUIEHHUIO K YacTOTe HEeMOAYJHPOBAHHOTO KoJeHanusd. HMHoraa rosopsr
o6paTHOe, HO 3TO HeBepHO; KpUTCpHH MaJOCTH 34ech Apyro#. Yacrora
MOAYJIAINY J0JMKHA ObTh Maja Mo OTHOLIEHHI K Ko3(hHIHEHTY 3aTy-
XaHHus KoJefaTeJlbHOTO KOHTYpPa NPUEMHHKA.

CpaBHHM Bce, u4TO ObLIO CKa3aHO, C BOIIPOCOM: YTO TaKOe paspeKeH-
HBIH ra3? Bonpoc cam 110 cebe He uMeet cMmbicia. Ox npHoOpeTaerT CMbICI,
€CJIH CKa3aTh, JJIs1 4eTo HY KeH OTBer. TellIONpOBOJHOCTb He CYeHb pas-
PEXKEHHOIO raza MOUTH He 3aBUCHT OT HJoTHocTH. Ho ecau ras «oueHb
paspexkeH», TO HACTYHAIOT OTKJIOHEHHA. 3/eCh «OUeHb pa3peKeH» 03Ha-
yaer, YTO CpefHUH NpPOOEr MOJIEKYJ Be/HK 710 OMHOWEHUI K pA3MEPAM
cocyda. TTonsiTHe «paspeKeHHOCTb BOOOIe» He HMeeT cMmbicsia. B gocra-
TOYHO GOJIBLIOM COCY/IE I'a3 He fABJAETCH Pa3speKeHHbIM, KaK Obl HH Oblia
BeJHKa AJMHA cBOOOAHOTO mpobera.

B ontuxe — coBcem Apyro#t Kputepuil. TaMm c/eiyeT CUHTaTb, 4TO
ra3 paspeskeH, eC/AH BpeMs MCKAY CTOJKHOBEHHUAMH MOJEKYJ OYEHb
BEJIUKO N0 CPABHEHUIO CO 8PEMEHEM 3amyxarun KojaebaHHH OnTHUeCKHX
3JIEKTPOHOB.

Bepuemcsa K BompocaM HHTepgepeHUHU. 3heck HEOOXONHMO ellie pa-
306paThCsl B OJJHOM KaxKyIlieMCsl NPOTHBOPEUHH C 3aKOHOM COXpaHEHHUS
SHEepIHH.

[TycTh uMeeTcs [Ba HCTOUHHKA CBeTa. B KaxI0# TOYKe NpOoCTPaHCT-
Ba KBaJpaT aMILUIMTYAbl ONpeletsieT Npoxoisinyio sHepruio. KoJeba-
HHSI OT OGOMX HCTOUHHKOB CKJ/AaJbIBAIOTCS, H MO3TOMY, KaK Mbl 3HaeM,
KBaApAaThl aMIJIUTYl He CKJAIbIBAIOTCS. DHEPTHUsl, NPOXOAALLAT B KaXK-
I0H TOUKe, OTJIHYHA OT CYMMBl 3HEPTHH, KOTOPHIE NOChlIad Obl KaxIblH
HCTOUHHK B OTAEJbHOCTH.

1 [Cm. 16-10 aexkumio.] :
2 [B 1930 r. apyrHe crmocoGsl MOLYJSIMY TIPAKTHUECKH elle He MPUMEeHSJIHCh.]
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HacTo 310 06bACHSIOT caeayiomum ofpasom. B onroM Mecte kKoseba-
HHS1 YCUJIHBAIOTCS, M 3JleCh 3HePrua GoJibllle CyMMBl 3Hepruil oT oTjenb-
HBIX HCTOYHHKOB, 3aTO B JPYTOM MecTe KoJsefaHMsl YHHUTOMXKAIOTCH, H
TaM 3HEPTrHsl paBHA HYMIO; €CJAH IIPOHRTErPHPOBAaTh 110 3aMKHYTOH HO-
BE€PXHOCTH, TO NOJIYYHUTCS CYMMa SHepTruil, KOTopble NMochliajH Obl HC-
TOYHHKH, B3ATHIE B OTACABHOCTH. JT0 00BSACHEHHE BCTpeyaeTcs y 'esibm-
rosiblla, HO OHO HempasuJbHO. IlpouHTerpHpOBaTh N0 3aMKHYTOH IO-
BepXHOCTH HeTpyluHO. IlpounTterpupyiite — # BBl HE NMOJYUHTE CYMMY
SHEPTHH, KOTOpLIe IMOCHLIAN Obl KaXJAblii HCTOUHHK B OTIEJIBHOCTH.
BepHee, BbL ee OJyyuTe TONBKO B TOM C/Aydae, KOrjd HCTOYHHKH JlOCTa-
TOYHO JAJEKH JPYT OT Apyra 1) o OTHOWEHHIO K JUIHHE BOJHBEL U Z2) 1o
OTHOIUEHHIO K pasMepaM CaMHX HCTOYHHKOB; B 3TOM C/ydae JACHCTBH-
TeJIbHO IOJdydaercs IIPOCTQ IepepaciipefieneHUe 3HEPTHH.

IlycTb HCTOYHMKH, pasMep KOTOPBIX MaJj IO CPaBHEHHIO C J/IHHOH
BOJIHEI, KOJI€OJIIOTCS B OAMHAKOBOH (baze, HO PACCTOSTHHE MEXAY HHMH
MEHBbIIE NIOJJOBHHEL AJIHHEL BOJIHLL. Tor/a KoseSau#sl BCIOAY CKJabIBalOT-
Cfl M 3HepTHUA 6crody 6oabie CyMMBI S3HEPTHH, KOTOpBIE MOCHIIAMH Obl HC-
TOYHHKU B OTAenbHOCTH. Ilonyyaercsl xaxyuleecsi HapylleHHe 3aKoHa
COXpPaHeHU:A 3HEPTHH.

Kak Bcerga B Takux caydasiX, HyXKHO NPOLYMAaTb, YTO 3TO 3HAUUT.
Jdas Toro 4roGbl HCTOUHHKH TPOJIOMMKHTENBHO KOJaeGaluch, HYXKHO
3aTPAYHMBATD ONPEJEIEHHYIO SHEPIHIO HA MOAAep:KaHHe HX KoJaeOaHHH; .
YXOJ HepPTHH INOKphIBaeTcs padoToH, COBepUIaeMOH HajJ HCTOYHUKOM.
Ecaun sneprun yxonur 6oJblue HJIH MEHbLIe, 4eM cymMMa TOro, YTo jaBa-
JH Obl OTACJBbHLIC UCTOYHUKH, B 3TOM €llle HeT HapyILIeHHs 3aKOHa Co-
XpaHenus sHeprud. Hapylienue Oblio Obl, ecau A4s NOJIEpKaHHUA
KoseOaHui HYKHO OBLIO 3aTpauHBaTh CyMMY Tex paboT, KOTOpble Tpe-
OyIOTCS B CJlydyae OTAeNbHBIX HCTOYHHKOB. llo Benp HUIZe He ckasaHo,
UTO BHEIUHHE CHJIBI, PacKauHuBalIllUe 3JeKTPOHBI (MCTOYHUKH CBeTa),
COBEpIIAIOT OAHHAKOBYIO paboTy M TOrja, KOTJa pacKauyHuBaercs OT-
JIQIbHO B3SITHIH 3JE€KTPOH, U TOTA&, KOT/AA 3TOT 3JeKTPOH PacKauuBaeTcs
8 npucymemeul Opyeo20, Toxe Koaebatolerocs 3a1ekTpora. Ecan snep-
THH H3JyyaeTcs Gosblie, TO H paboThl BKJAAALIBACTCA OoJblIe, H, TAKHM
06pa3oM, 3aKOH COXPaHeHHA IHePrHH HOJHOCTLIO cobJiojaercs.

Ananoruynbli BOmpoc BCTpeTHJICS M B paauorenerpaguu. Peub
IJIa O 3aTyXarluX KojJeOaHuaX, KOTOphe He NOALepKUBAIOTCA M3BHE
H yMEeHBLIAIOTCH BCJAeACTBHE u3nyuyeHHs. IlycTb coBMecTHO H3JydaloT
IBe aHTeHHbl. 3aTyXaHHe — TO JKe caMmoe, 4TO ¥ Y OJHOH aHTEHHH,
a H3JyuaeMasl SHEpTUs MOXKET 0Ka3aTbes OOJblle, YeM CYMMa SHEPTHH,
KOTOpBle H3Jy4aJuch Obl OTJeJbHBIMH aHTeHHamH. OnfaTb NpPOTHBODE-
uyHe? Ho oTkyna B3aTO yTBepiKaeHHe, UTo 3aTyXaHue TO Xke, 4YTO Y OJHOH
aHTeHHb? B [e#CTBUTEIbHOCTH 3aTyXaHHe KaxAOH aHTeHHH BOJH3H
IPYroft MeHAeTCs, H KaK pa3 HacTOMbKO, HACKOJbKO MEHAETCH 3HEpTHS!
NpH COBMECTHOM HM3JY4YeHHH o0eux AHTEeHH.
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NATAA JEKUHSA
(Oxra6ps 1930 r.)

[Toumu-nepuoduneckue @yrrkyuu. Caoxerue G3AUMHO NEPRENOUKYAAPHBIY 2apMOHU-

weckux Korebarnuti odunaxosoeo nepuoda. Caodcerue 63AUMHO NEPREHOUKYAAPHLIX

KoAeOantill, umewwx pasauunsie nepuodvi. CousmepumMocine I HeCOU3MePUMOCHb

nepuodos. Paduonpuen «nocpedcmson Guenuii», Ponv weaunednocmu. [femexmopet,

Boinpamaeriue. O6pasosanue pasHocmuoeo mona. Hexomopsie memodst aKcrepumer-
maapHo2o uccaedosanus Koaebanuil.

Kax Mbl BiJe/IH, CYMMa JBYX TapMOHHUYECKHUX KOJMeOaHUH ¢ Pa3HbIMH
EPUOAAMH He MOXKeT ObITb MPEJCT2BJECHA KaK OIHO FapMOHHYECKOE KO-
nebanpe. ta cyMMma — Hemepuopddeckast (QYHKIUHs, €CIH IepHOIBI
HeconsmepuMbl, Korna o, 0 @, OJIH3KH, CYMMY MOKHO NMPEICTABUTh KaK
«TaPMOHHUECKOE KoJsiebGaHue ¢ NepeMeHHOH aMILTHTYAOH H NepeMeHHOH
¢azoi»y. Mbl BLISICHHJH, NPH KAaKHX YCJAOBHSIX MOXHO IOJb30GBATbLCA
TAKHM T1PeJICTaBJACHHEM.

[TpuMephl ABJEHHH, B KOTOPLIX HMEET MeCTO CJOXKEHHe IapMOHHue-
CKHX KoJeGaHui C pasHRIMH II€pHOJiaMH, OYeHb MHOIOYHCJEHHBHL. Bot
JBa NPOCTBIX DpuMepa: KoseGaHue (oHaps, MOABELIEHHOrO Ha IJaBY-
yeM Masike, H KoJeGaHue si3blKa KoJokosia !. Eiule OJMH IpHMED: B IIDH-
JHUBaX W OTJIHBAX MLl HMEEM JEJI0 C MePHOAHUECKHMH CHIaMH, 00YCI0B-
neHHbIME CosnieM u JIyHoil. Ilepuonel 3TuX cui pasjuuHbl. Bosuu-
KalwoT OHeHHS,— 3TO CH3UTHHHBlE U KBaJparypHble IPUJIHBLL, MOJY-
yaloIyecss B 3aBHCMMOCTH OT OTHOCHTEJNBHOTO pacnosioxkenus Cosnua
1 Jlynbl. Heo6X0aMMO OTMETUTh, YTO 3J1€MEHTapHAasA CTaTHUECKasi TEOPHUS
IPHJMBOB HeNpaBH/IbHA. 3/leCh NPOHUCXONMT THIMYHO KoJsebaTesnbHoe
ABJIEHHE, B KOTOPOM HIPaer poJb BeChb NPOIECC B LEJOM. IJTO sIBJIECHHE
O4eHb TNOXOXKE HAa fIBJIEHHE pPe30HaHca, M JJIf HeTro CYIIECTBeHHa BCH
HCTOpPUA BO3NCHCTBHA 2.

MO3KHO paccMarpHBaTb CYMMBbl KOHEUHOTO YHMCJa FapMOHHUECKHX
KoJIe0aHMuil ¢ HeCOM3MEPHMBIMM TIEpHOLAMH, d JIOTOM IEepPedTH K CyMMe
HeCKOHEUHOIo uHc/Ja TAKHX TapMOHHUYECKHX KoJebaHuil. 3To mMPHBOLHT
K HOBOMY KJ/accy (Qymkiuii, Gosiee o6IuX, yeM nepHogrdeckye. PaKkTH-
UeCKH K TAKUM (DYHKIMSAM TNOJOIIJIM C ABYX CTOPOH: HCXOAS H3 PsJOB
®ypbe U OTHPABJASACH OT ONpEleIeHHA NePUOIMUECKHX (DYHKIHH.

BenoMamM, YTO Takoe nepuoaudeckas pyHxuus. o Gynkuus f (f),
objajiaoulas CBOMCTBOM

f (H+1)=f (1)

[Cm. 26-10 Jnerummo.}

[Cwm. Jlexunu no HekotophiM BOMpocaM Teopuu KodeGanuft (1944 r.) B kuure: JI, H.
IMaggearmTaM JlekuEy 1m0 ONTHKE, TEOPHH OTHOCHTEJbHOCTH H KBaHTOBOH
Ivexanuxe. [leppas gekuas. M., «Hayka», 1972.]
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Ona uMeeT MepHol T, a Takke AT, TAe n — Joboe Ledoe yucao. Pac-
CMOTDHM TeNepb HelnpephiBHble QYHKUHH f ({), 06nanaolHe CIeaYIOIUM
CBOUCTBOM: J/I1 CKOJIb YTOQHO MaJoro € CYIHeCTBYIOT TAKHE «IIOYTH-TIe-
puoab» T (€), uTo

I Lt (&)1 —F ()<,

pHYeM TaKHX MOYTH-IEPHOLOB HMEETCs 0eCKOHEUHO MHOTO H OHH JI€XKAaT
He OYeHb PEJIKO,— aHAJOTMYHO TOMY, Kak OOCTOMT 1e/I0 C MepHOIAMH
nt (n=1, 2, 3, ...) nepuonuyeckoft ¢pyHruuu. Takue GYHKIHMH OBTOPS-
IOTCS, HO MOBTOPAIOTCA He cOBCeM TOUHO. OHH HasbIBAIOTCS HOYMU-He-
puodusecKumy GYHKIHAME 1,

OxaspiBaeTcsi, 4TO BCHKYIO HENPEPLIBHYIO IOYTH-TIEPHOAHYECKYIO
(YHKIIMIO MOXKHO alllpOKCHMHPOBATbh CYMMOH TapMOHHUYECKUX KoJjeba-
HHI ¢ (BooOlLle roBOpsl) HECOM3MEPHUMBLIMH TTepHOLaMH:

f (f) NE cke"“’kf.
ke

B3siB jpocraTouno Gosbluce YHCAO UYJIEHOB, MOXKHO MOJYYHTh CKOJb
YIOIHO Xopollee NPUOIMKCHEC B CMBIC/Ee HaUMEHbIUEH KBaApaTHUYHOH
omkGku. M naobopoT, Takoli psg Bcerjga npeacrabsier co0OH IOYTH-
NEPHOAHYECK VIO (YHKUHIO.

B (usuke Mbl NMOCTOSHHO CTAJKHBAEMCSI C MOYTH-TIEPHOLAMYECKHMH
(pyHKUHsAMH. Hanpumep, cMelmleHHe OnpeleseHHO# TOYKH CTPYHBL BhI-
paxaercs, KakK (QyHKUUsT BpeMeHH, OECKOHEUHBIM pSJAOM CHHYCOH]
C (BooOlie TOBOPS) HECOW3MEPHUMBIMH TEPHOLAMH. DTO NOYTH-NEPHOLHU-
yeckas QyHKUMA., Pag Pypbe noaydaercss TOJbKO B TOM YACTHOM CJY-
yae, KOrJla 4acTOTBl OTJEJbHBLIX CJAraeMblX OTHOCATCH MeXAY CcoGOH,
KaK lLieJble YHCIa.

Dusuka NpHILTA K 3TUM QYHKIMAM HHLIM MyTeM, YeM MaTeMaTHKa.
Maremarnka, onpelenuB CBOHCTBO IIOYTH-NMEPHOJMYHOCTH, 110Ka3aja,
4TO KJIace QyHKUHH, o0nafaliiX 3THM CBOHCTBOM, COBIAAAeT C KJjac-
COM (PYHKUHH, KOTOPhIE MOTYT ObITh NMPEACTAB/IEHLl B BHAE pPsifia TapMo-
HUYCCKHX KosieGanul. Kpome 3TOH OCHOBHOH TeopeMbl, s MOKAa 4TO
He Hallleyl B MareMaTHYeCKOH TEOpPHUH IOUTH-NepHOLUYECKUX (DYHKIIHH
Yero-116o, 9o HMeao 6bl oueHb GOJIBIIOE 3HAYEHHe J151 TEOpHH KoJeba-
HUH.

Hcenenyem 3ajauy o CJIOXEHHH JBYX TaDMOHHYECKHX KoJeOauui,
OTJIHYHYIO OT TOH, KOTOPYIO Mbl PACCMOTpEIH paHblle, KOrja CKJajbl-
BaJUCh IBHKEHHsSI B OJIHOM HanpaBJeHuu. IIpencraBum cefe Tenepsb,
9TO KaKOe-TO TE€JO Kayaercs B ONPEeAeJeHHOM HAallpaBJeHHH H ero cMe-
IIEHHE €CTb

X=a,C08 (W, {—p,), (1)

1 [T. B op. Houtu-neproanueckne Gyakupe. M.— JI., 1934.]
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a HEKOTOopasi TOuKa KoJiebsercd B NepneHInKyJ/JasdpHOM HalpaBJ/EeHHH
H ee CMelfeHHe o OTHOIIEHHIO K 3TOMY TeJdY €CTb

Y=0,C08 (Wal—@y). (2)

Torjaa To4ka ONuLIET HEKOTOPOE CJOXKHOE pe3yJbTHPYIOllee ABHKEHHE.
Kak roBopfT (He COBCEM TOUHO), TOUKA OJHOBPEMEHHC YYacTBYeT B IBYX
JBHMKeHHsAX. (Bo3HHKaeT BONPOC: MOXKHO JH CK/JaAblBaTh NEepleHiuKy-
JISIpHBIE CKOPOCTH? ITO MOXKHO JIe1aTh, €CJIH JIBHKEHHEe B OJHOM HallpaBs-
JIEHHU He 3aBHCHUT OT ABHKEHHKS B JPYTOM HallpaBJIcHHH.)

Vpasuenusi (1) B (2) ABJAAIOTCA NapaMeTpHYeCKUMH yDaBHCHHAMH
TPaeKTOPHH TOYKH. B Ciyuae, KOTZa ©,=®,=®, HCKJIOYHTb H3 HHUX !
OYEHb JIeCKO. DTO MOXKHO CAJATh U3SIIIHLIM CI10COO0M, HO MOXKHO MTOATH
H JOGOBBIM IyTeM: pelluTh ypaBHeHHuA (1) K (2) oTHOCHTENBHO sin ®f
H €c0S W/, KaK JBa JHHEHHbIX YpaBHEHHsi C JBYMS HEM3BEeCTHLIMH, BO3-
BECTH 3aTeM MOJIy4YeHHble BBIDAKEHUS B KBaApaT H CJIOXKHTb. D10 AacT
ypaBHEHHE TPAeKTOPHH B BH/JE

x2 + y> 2xy
a} ' a; @ Qda

cOsS ((Pl — (P2) = sin® (CP1 - (Pz)' (3)

Takum o6pa3oM, TPaeKTOpHs MpeicTaBiser coOoH aJUIHIC C EHTPOM
B HayaJe koopaunat. C caMoro Haua/la MOXKHO CKasaTb, YTO 3JIJIHIIC
3aKJ/JI0YeH B NPAMOYTOJBHHKE

x==a;, Yy=1ta,.

dopMa xe 3/JIMINCA U TO, KAK OH NOBEPHYT, 3aBUCHT OT Pa3sHOCTU (a3
@1—@,. 3A€Ch HHTEPECHO TO, YTO MO HANPAaBJIEHHIO OCeH HJIIKICA MOXKHO
OlpeleIuTh PasHOCTh (has.

Ilycre
oi—@,==2nn  (n=0, 1, 2, ...},
TOTAa
X Yy 2_*
=) o (4)
[Tycrs
(Pl—q)2:in:n: (n:I’ 3: 51 "')9
TOor A4
X ¥\
o) =0 ()

Ypasnenus (4) u (5) — 3TO ypaBHEHHS NPSIMBIX, IPOXOAAIIHX Yepes
HayaJo KoopAunar. TakuM o6pa3oM, Korja KojeGaHusi COBepIUAIOTCS
C OLHHAKOBBIMH HJH C OPOTHBOMOJONKHBIMH (pa3am, SJIHIC (3) Bbl-
pOXKjaeTcss B OTPe30K IPSMOH.

DTy Belly HrparT GyHAAMEHTa/IbHYIO POJib B ONTHKE IIPH pacCMOT-
peHHH JBOAKONpenoMIsiomuX Ted. C HEUMH CBsi3aHa LeJasi IiaBa Qu-
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3HKH — KPHCTATIOONTHKA. B JBOSIKONpEIOMIAIONIHX Tenax CBETOBBIC
Koae0aHHsA pPacnpocTPaHsloTCA C PasHod CKOpPOCThK, B 3aBHCHMOCTH
OT TOFO, NIPOHCXOAAT AM OHU B HanpaB/JeHHH, NepPHeHIUKYAIPHOM HIH
napaJ/eJbHOM OINTHYeCKOH OCH.

[IycTh Ha miacTuHkKy (pHC. 6) MafaeT NpsMOJHHEHHO NMOJsIPU30BAH-
Hbil cBeT. CKOPOCTH PaclnpoCTPAHEHHS JBYX B3aUMHO NepleHHKY./IsAD-
HBIX COCTABJSAIOUINX KOJeOaHHA pa3JuUHbl, U OHYU BBIH/AYT H3 IIJIACTHHKH
C pasiHuHbIMH (pazaMH. 3HAUMT, JydY BbIHIET U3 IJIACTHHKH (BoolLie
roBOpS) JIUNTHYECKH I0JAPU30BAHHBIM. TakuM ob6pasoM, IJaCcTHHKa
peBpalaeT NPSAMOIHHEAHO NOJASIPH30BAHHBIE JAY4 B 3JJIHNTHUCCKH
NOJAPHU30BAHHBIH.

B uactHOM cayuae, Korja

n
Pr1— @, = L 5

uMeeM H3 (3) ) .

S+l

5 as
T. €. 3JJIMIC ¢ TJIABHLIMH OCSIMM, HafPaBJAEHHBIMH 110 ocsIM X H . Ecau
KpOMe TOTO, @;=d,, TO MOJTYyYaeTcsl OKPYKHOCTE. TakuM IyTeM Moay-
Y4loT CBET, MOJAPH30OBAHHbIM MO KPYTY.

[TocmorpuM, UTO GYAET, €C/I YaCTOThl Wy M ®y HE PABHBI APYT APYTY,
HO pa3sHOCTb HX OueHb MaJsa. [HJsl IJia3a 310 3HAYHUT, YTO ukcHa KoJieba-
HHIA B CEKYH/Y OTJHYAOTCS MeHblle, ueM, ckaxem, Ha 10. Mol MoxkeM
TOTJla CKAa3aTh, YTO HMMEIOTCH /Ba KoJeOaHUA ¢ OLUHAKOBOH 4acTOTOH,

HO pa3HOoCTb (a3 Mexay HHUMH MeNJeHHO Me-
| HAeTCA. DJAJUNC He OYeT HeloJABHxKeH, a Oy-
| JIeT MeJJIeHHO NoBopauyuBartbes. Iloayuaercs
- == nocJaeloBaTebHasi CMeHa TeX KapTHH, KOTO-

| pble COOTBETCTBYIOT PAasHbBIM ¢;—¢, U O KO-
TOPBIX MBI TOJIBKO 4TO TOBODHJIH.
IlycTp Ternepb 4acTOTBI @y U ®, PA3HSITCS
] Kak yroJHOo. 3JieCh HHTepecHO caelylliee.
I MartemMaTHKa NOKAa3bBAeT, YTO €CJH YacTOThI
Puc. 6 COU3MepHMEBI, TO NOJAYYaeTcsl 3aMKHYTass KpH-
Basl, €CJIH HCCOU3MEPHUMEl — He3aMkHyTas. Ho
Be/Jlb (PU3HKA HHYEIO HE 3HaeT O COU3ZMEPHMBIX
HJIH HECOM3MEPHMBIX YHCJAAX, B (PU3UKe 3TO Pa3/iHuHe He UTPAeT POJH...
ITosyuaercss Ttak, 6yATo GBI S TOILKO UTO yKasaj Ha pa3jHuHe MeXKAY
OGOHMMH cJy4yasMH, a Tenepb OT 3TOTO OTKa3biBaloch. [lo3BosbTe npu-
BECTH aHAJOTHIO.

XHUMHKH MHE He IIPOCTHT, eCJH 5l CKaXy,— a $1 5T0 CKaxXy,— UTO
34KOH KPAaTHBIX OTHOLHEHHI B OOUIENPHHSATOH GOPMYIHPOBKE He HMEET
HHKakoro cmeicaa. [lyctb coepunsioress anementol A u B. Torama, kak
ropopAT o6pluHO, B BCTymaeT B peakiuio ¢ 3alaHHBIM KOJHUYECTBOM 3Je-
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MenTa A B KOJHUECTBAX, OTHOCALIHXCS MEKAY co00H Kak LeJble YHC/a.
[OBOPAT MHBIMA CJIOBAMH, YTO 3TH KOJHYECTBA 3JE€MEHTa B Bceraa co-
u3MepHMLL. §1 YTBEPIKIAl0, UTO 3TO BBICKA3bIBAHHE HE HMEET COLEPHAHMA.
34148 JI0OhIE COM3MEpHMbIE UHCa, BCET/la MOXKHO N0100paTh TaKkne OIU3-
Kue K HEM HECOH3MepHMBIE YHCJa, YTO He/b3si OyJeT pasiuiuTh OAHH
or apyrux. UTo xe HMeeT B BHIY XUMHA? Yro KOAMYECTBa 3yeMeHTa B,
COEHHAIOUIMECH C NAHHBIM KOJMUECTBOM 3/1eMeHTa A, OTHOCSATCS MEXAY
coboll, KaK maabie Lesbie YHC/Ia. Ho yto Taxoe maabie yucaa? Iogxoaar
nu, Hanpumep, uncaa 5 win 6? e smech Halo ocraHoBuTbesA? TouHO
copMyIHPOBATD 3aKOH KPATHHIX OTHOIIEHH I 0YeHb TPYAHO.

Mrak, NpH HECOH3MEPHMbIX MEPHOAAX [O0JYYAeTCs He3aMKHYyTasd
kpuBasi. OHA NOAXOJAMT Kak Yrofxo OJIHM3KO K JI060H TOUKe BHYTPH
NpAMOYTOJbHHKA, OHA 3aTIOJIHACT €0 «BCIOAY IJIOTHO. Ho kTo 3anpe-
AeT pacCy:KAaTh B CAyyae HECOH3MEPHMBIX 4acTOT TaK, Kak €C/H Obl
OHHM GBI CcoH3MepuMbl? Ec/JM Mbl 3aMEHHM HepalMOHAJbHOE OTHOLIE-
HHe 0,/®, GJU3KUM PallHOHANbHBIM, QU3HUYECKHe Pe3yJbTaThl HE MOI'YT
H3MEHUThCH CKaukom. W jeficTBuTenbHO, 00a moixoda JAalT NpaxTH-
yeCKH OAHO U TO Xke. Bech BOIPOC B TOM, Yepe3 CKOJbKO BpPEMEHH 3a-
KAHYMBAETCH OfLIT. B TeueHHe OTPaHHUEHHOIC MPOMEXYTKa BPEMCHH
i MOTY pacCMaTpHBaTh AEJNO TaK, KdK OyATO 4acTOTBI COM3MEPHMbL.
CkaxeMm, depes Tof KpHBas IOKPOET BCIO MJOWAAL IPAMOYTo/bHIKA,
HO HAa ONbITE, eCJH OTHOLIeHHe YacTOT G/JH3KO K palnoHalbHOMY OTHO-
mennio 1 : 1, Mbl YBHAMM 37Hnc. KauecTBeHHOEe pas/inyne 34eCh Ipak:
THYECKH He CYIIECTBEHHO H3-3d MENJICHHOCTH H3MCHEHHS (opMbL 3JI-
JIUTICA.

Ecau OTHOLUIeHHe mepHotos pasuo 1 :2,2:3, 141 T. 4., 0OIY-
YalOTCs 3aMKHYThle KPUBLIE CaMOFo PasHOOOPA3HOTO THIA. B saBucu-
MOCTH OT (Da30BBIX COOTHOUIEHHH MOJTYdaroTCs pasJuuYHbie KapTHHBI
(burypset Jluccaxy); HanpuMep, TAKHe, KaK fI0KasaHo Ha pHc. 7. MoxHO
1o (purype y3HaBaTb OTHOLIEHHe 4acToT. Ero MOXHO YCTAHOBHTB 110 OT-
HOLLIEHHIO uMces TOUeK KacaHusl KpHUBOH K CTOpoHaM MpsAMOYIOJbHHKA,
B KOTOpHIH oHa BNHCaHA.

Cilo:KeHHe JBYX B3aHMHO MepreHAHRKYIspHBIX KoJIe0aHUH MOXKHO
MpOJIEMOHCTPHPOBATL € TOMOIILBIO JBOMHOIO MasiTHHKa, K KOTOpOMY
flofBelieHa BOPOHKA C IeCKoM (npaejd, 3AeChb IBIKEHH:A HE COBCEM
HEe3aBHCHUMbI).

Ha 5ToM BONpOC O CJIOKEHHH KoneGanuil Mbl Gy1eM CUHTATDL 3aKOH-
yeHHbM. [lepeiiieM Tenepb K BOIPOCY O BBHINPSMICHHH KoJsieGaHUH.

JIONycTHM, UTO HMeeTCA PajMOCTaHUHsdA, MOCBUIAIollast HE3aryXxdio-
INYIO BOJHY BBLICOKOI YaCTOThI 100 000 ey,— 4acToThi, HAXOAALIEHCHA
JaeKo 3a IPeAe/IoM CIBIIMMOCTH. Mbl IpUHUMAEM 310 KoJsebaHue, HO
HHUero He cabliuM. I1ycTh Tenepb Ha MeCTe NMplema HMeeTCsl HCTOUHHK
koneGanuil 6auskoil gactorst, ckaxem 100 500. Tormga MBI CJ/BILHM
B TejedoHe DPA3HOCTHbIT AKYCTHYECKH TOH UACTOTHI 500. Ecau xe
paGoTaeT TOJbKO MepPeJaTyvK HJH TOJbKO MecTHBIfl TeHeparop (Tak
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Ha3bIBAEMBIH TeTepPOAHH), TO HHUETO He CJBILHO. 210 OblJIO 3aMedeHo,
U B pe3y/bTaTe NOABUJICSA Ype3BblualHO YAOOGHBLIH Criocob npuema Koie-
GaHH#, OKa3aBIIMHCA K TOMY ’Ke UPe3BBIYAHHO UYBCTBHTEJNbHBIM. TO]
cnocof npuemMa cAenancs OLHHM M3 caMbiX pacnpocTpaHeHHbx. Ero eie
He Tak JaBHO 3aYacTyio OOBACHAJH CJAeIYIOLIHM O6pa30M: MPOHCXOINAT
6uerusa 500 pa3 B ceKyHIY, H Mbl CJABILHM 3TH GUEHHS KAaK TOH.

310 HeBepHo. Ecau B npHeMHHKe ecmb TapMOHHYECKOe KojeOaHHe
¢ yactotoii 500, To BBl ycJIBILNTE COOTBETCTBYIOMKH ToH. Ecan Takoro
KoJieGanus B NPHEMHHKE Hem, TO 5TOTO TOHAa Bhl HE YCJablluTe. I1ycTh
B NPHEMHHKE HMEIOTCH KoJjebaHusa ToJabKo ¢ yactotamu 100 000
1 100 500. lpoucxoast GueHHsi, HO Hem TapMOHHYECKOTO KOJeOaHHS
¢ uacroto 500. CnenoBaTe/bHO, MBI HHYETO He YyC/blunum. ITosTomy
ynorpef/sieMoe Ha3BaHHE <IIPHEM MeTONOM GHEHHH» HerpaBHJIbHO.

B 00bsicHeHHH, KOTOpOe f TIpHBeJI, 3a0bITO OAHO 0OGCTOATENLCTBO —
TO, 94TO MMeercs Oemexmop. ETo podb B NpHeMHHKe — camasi CyIIecT-
BenHasi. bosee Toro, ocBoGOAUTBECST OT AETEKTHPOBAHHS HeJerKo: BCS-
KHH 1JIOXOH KOHTAKT eCTb JeTeKTOp, TaK KaK IpPU 3arps3HeHHH MecTo
KOHTAKTa He NoAuYuHsercs 3akoHy Oma.

353%
22ESS
A0 08

He., 7

HaBoaumast B KOHType MpHEMHHKA 3JIEKTPOABHKYLIAS CHJIA HMEET
BUA
e=a,C0s ®,11a,cos m,f, (6)

IPHYEM B HallleM KOHKPETHOM caydae o,/2n==100 000, w,/2rc=100 500.

Ecin kontyp nopumnsiercsi sakony Oma, B HeM GyjieT Teub TOK,
nponopuxoHanbubifl (6). Ha npaktuke memGpana TesedoHa 3a TaKuM
TOKOM He ycaeiuT. Ho nycrs faxe yAanoch MoCTPOHTE Takylo «MeMGpa-
Hy», KoTopast 6yAeT 3aMeTHO KoJiefaThCs MOJA JeHCTBHEM TOKa BLICOKOH
YacTOTH (3TO He Ge3HaNexHO: f HMe0 B BHAY Nbe3okBapl). CMelieHHe
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Takoil MeMOpaHbl OyAEeT HMETh BHJ

PR COSLo) {4 a, cos wyt
o w

TJe @ — HeKOoTopada NOCTOSIHHAA. 3nech Hem aKYCTHHECKOﬁ YACTOTLI.

B nerekTope 3aBUCHMOCTb TOKA OT HAalpsXKeHHs HE CJACAYET 3aKOHY
Oma. (Bcsi paguoTeXHHKa OCHOBaHa Ha NPOBOJAHHKAX, HE IOAMHHAIO-
muxcs 3akoHy OMa Kak B NepejjalolluX YCTPOHCTBAX, TaK H B IPHEMHH-
Kax. Ha#auTe HOBLIH IIPOBOJHHK, HE nogunHALubACs 3akoHy Oma,
U BBLl CMOMKETe CKasaTbh, UTO Bhbl CAeJAJH OTKPLITHE B paJIHOTEXHUKE.)
B perekrope

i=f (e),

rie f (e) — Hekoropasi HeJHHefinas QyHKIMs (XapaKTepUCTHKA ACTEK-
TOpA).

CyLecTBYIOT ¥ MeXaHHYeCKHe CHCTeMBI, 06/1ajatoline aHalIorHIHbM
CBOIMCTBOM, HANPHMep MexaHHuecKas CHcTemMa yxa. BapaGaHnas mnepe-
MOHKA yXa CBf3aHa C TpeMs KOCTAMH (MOJIOTOYEK, HAKOBAJIBHS H CTpE-
mst). Ouu coeuusiiotes: ¢ JabupuHToM. CMelleHHe NEPernoHKH He Npo-
nopuyoHadbHo cusle. Ec/in Ha nee JedlCTBYeT CH/a B OJHOM HallpaBJle-
HHH, TO CMelleHHe HMeeT APYIYIO BeJHYHHY, YeM HpU CHJIE TaKOH Ke
BeJTHYMHBL, JeHCTBYOIEH B MPOTHBOMOJOXKHOM HanpaBJ/eHHH.

ByneM TOBOPHTb O KPHCTATIHUECKOM JETEKTOPE. B Hem #HCIOJB-
3yIoTCA TajieH (CBHHLOBBIA G/eCK), IUPHUT U APYrHe KPHCTAJLIBL. DJEKT-
POIBH/KYIIIHE CHJIBI OJHOH M TOH Ke BeJMUHHbI, HO PA3HOro HalpaBJe-
HHS CO3/AI0T B JETEKTOpPEe TOKH Pa3/MUYHOH CHJ/lbl, HHOTAA Jame pasny-
Horo nopAdka senuunnbl. (Teneph B KauecTse AETEKTOPA ynoTpeb isieTcs
KaToiHas Jamna. B Hefi B BakyyMme HaxoJsTCsi pacKajeHHast HHUTb H
XOJIONHbIE aHofl. Takoe yCTpoHCTBO B OJHOM HamnpasJ/eHHH ITPONYCKaeT
TOK, a B IPYTOM COBCEM He IPOMYCKaer.)

[TpuMeM ompenesneHHbl BHJ XapaKTepHCTUKH AETEKTOPA. MHuorue
SIBJICHHS MOMKHO OXBATHUTb CJICAYIOmEH MPOCTOM XapaKTepHCTHKOH:

i=ae-+-fe. (7)
[Tycto
e==cos ol.

EcJsint 66l 6611 Beper 3akon OMa, To Takas TapMOHHUYECKas 3/1eKTpo-
JBHKYILIAS CHJIa CO3JaBajta Gbl TapMOHMYECKHH TOK (cperHuil TOK OBLI
6L paBeH HYJIO) H [ajbBaHOMETP MOCTOSHHOIO TOKA HUYEro Obl He T10-
kasas. ECJIM 3Ke 3aBHCHMOCTh Mex1y i M e aaerca qopmyaqoi (7), To

i=oacosof+p coszmt:occosmt—}-—g——l—%—cos 2wf,
T. e. TOK HMEET COBCeM JpYToil Buj, ueM e. B HeM NPUCYTCTBYET IPex-

Hee FapMOHHYECKOe kosieGaHue 4acTOTHl ©®, HO, KPOMe TOTO, HUMEETCA
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OCTOSIHHAS CJlaraliias M rapMoOHHYecKoe Kose0aHHe [BOHHOH 4acro-
bl. Ecsiy Hamy anmapatsl He OTKJAHKAKTCSH Ha YyacToTy o, TO TeM Gosee
OHH He OYAYT OTKJIMKAThCS HA 4acTOTY 20: BKJIOUYHB B Lelb JeTeKTopa
TeJ1eoH, Mbl HUUEro He ycaslnuM. Ho eciu Tok { nporexaer uepes an-
napar, peaTHpPYIOLHH Ha NOCTOSIHHBIH TOK, HanpHMep Ta/JbBaHOMET),
TO MbI [10J1YYHM OTKJOHeHHEe, [loaToMy roBopaT o onpamacHuy. B3stas
HAMH XapakKTepHCTHKA (7) HeCUMMeTpUYHA: JJ/151 IIOJIOKHIEIbHbIX 3Ha-
YeHHH e 06a ujeHa UMeIOT OJAMH 3HaK (ec/iH @ U f MOJOKHTCAbHEL), A4
OTPHLATCNbHBIX — DasHble 3HaKH. Bce Je10 B 3TOH HECHMMETPHYHOMH
«IOAaTJAUBOCTH». B pesyunbTarte nofyyaercs ReTeKTop (B cMblc/ie «obHa-
PYXKHTE/Ib») ¥ BBHINPAMHTE/D.
Ho ropasno 6Gojiee unrepeced BOIpPoC O TOM, YTO NPOHCXOIUT, €CJH
K JEeTeKTOpY TOABOAUTCH CyMMa ABYX FApMOHHYCCKUX KoJjebaHWH pas-
HOTO MEePHOAA, T. €. JeKTpoaBmKYylas cuaa suaa (6). Toraa

= (@1C0S8 W I+ a,C08 0yf)+
4B (adcos?@ i+ azcos?w,t--2a,0,c08 ®F COS @,1). (8)

3/eCh BCe YJIEHBI, KPOME IOCJIEJHET0, JAK0T TO, YTO Mbl yKe 3HaeM. HiieH
C NPOH3BEIGHHEM KOCHHYCOB JaeT HeuTo HoBoe. Ero MOKHO Npe/ICTaBUTD
B BHJE

Baiaslcos (w,—y)t+cos (o, -0}

Bropoe ciaraemoe HMeeT B HallleM KOHKDETHOM C/Jyudae BBICOKYIO yac-

tory 200 500, HO nepBoe caaraeMoe uMeeT Hu3kyro dactoty 500, paBHYIO

PA3HOCTH YacTOT TOABOAUMBIX KoJeOaHHH.

‘{A fectes e OTO TApMOHHUYECKOE KoJiebaHne 3BYKOBOM

y ¥ 4acToThl, H MeMOpana TencgoHa 6yner Koneba-

TBCSA TapMOHHYeCKH ¢ yactorod 500. Hukakux

OueHHH B (8) HeT, a eCTh HACIMOA{e TaPMOHHU-

yeckoe KoJebaHue C PasHOCTHOH YacTOTOH,

> € goanukuwee Gnarogapsa ferekropy. Ono cosja-

eTcs JLeTeKTOpPOM H3 IBYX KoJebOaHuH ¢ BHI-

COKHMH YacTOTAMH.

Bce, uTo 6bi10 CKa3aHo, cnpaBelJHBoO IO-

TOMY, 4YTO KoJaeGanusi MeMOpaHbl TesedoHa

B NpHEMHHKE OueHbh Majbl. Kak # ckazan,

LU yXo caMo o6/1ajaeT HeJHHEHHOH XapakTepH-

crukoil. IlycTb Ha yX0 JeHCTBYIOT cuab-

Hote 3BykM yactorel 10 000 u 10 500. Torga B yxe BO3HHKaeT KoJie-

6anue yacrorsl 500, H MBL capilluM pasHoctHHIH ToH. Ho 310 onsith He

OueHus, a oOpa3oBaHue Kosne6aHHA PA3HOCTHOH YaCTOTHI, TAK KaK ¢aMo

yX0 sIBAsiercsl feTeKTopoM. IIpH nieanbHOH NHHEMHOCTH XapaKTepHC-

THKH yXa Mbl He ycaslianu 6 Tona gactoTh 500. K 317oMy Heo6xoanMo

N1006aBUTb, UTO A/ OYeHb CHJbHHEIX 3BYKOB VKe 3aMETHO HeJHIeHHbI

YPaBHEHHsH KOJleGaHUH BO3JlyXa H PA3HOCTHbIE TOHEl MOT'YT BOSHHKHYTh
H3-32 TOTO, 4TO CaM 6030Yx SIB/SETCS AETEKTOPOM.
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Mbl BHAHM, HACKOJMIBKO CYIECTBEHHbl NETeKTOpHl. [leTeKTophl —
IIPOBOJIHUKH, He NOAUHHALLIHeCS 3aKOHY OMa,— JaloT MOIIHOe CpeicT-
BO UCCJIEJ0BaHuA Ko/ae0aHuil, nepeBolst 4acTOTH U3 OJHOH 00/acTH 3Ha-
YyeHHH B APYTyI0 06/1acTh.

Urto Oyaer, ecsd B3ATb JETEKTOP C JPYIUMH CBOHCTBAMH, HanpuMep
C XapacTepUCTHKOH, H300paxKeHHOH Ha pHC. &7 BbINIpAMJICHHST yxKe
He Mmoayuyurcsi. TakoH aHTHCHMMeTpHuHBl jerextop [i (—e)=—i (e}l
co3jlaeT KoJseOaHUs TPOHHOH 4acTOTH .

KocHeMcst KOPOTKO HEKOTOPBIX NPAKTHYECKHX 3a4a4, BO3HUKAIOWIAX
B psjAe CJAyyaeB, KOTJa MBI HMeeM Jeso ¢ KoaeOaHusaMH. OCHOBHBIE 3a-
JlauH TAKOBBL:

1. TlpuxoasaT KosebGaHHsi, HYXKHO HX OOHApYKHTb (HE3aBHCHMO OT
YyacToThl ¥ (opMbl).

2. HyxHo y3HaTh, UMeOTCS JH KojaeGaHUsl JaHHOH 4acTOTHI.

3. HyxHo y3HaTh BClo dopmy KoseOaHUH. ITO HHOT/A OYeHb BAXKHO,

Hast Toro 4To6Bl 3HATh, KAK CTPOHTb NPUOOPHL JJIA pelIeHHss 3THX
3ajau, HyxHO 3HaThb TEOpHI0 Koge6aHUH — TO, O YyeM OVJer peub Blie-
peai.

Yacto a1 H3yueHHs KojeGaHHH K KoJelmoueMyca Teqay NpHKpel-
Jsercs 3epkadble. OTpaxeHHBIH OT HEro NMYYOK CBeTa MOXHO pasBep-
HYTb [yTeM BpalleHHd Apyroro 3epxana. CBeToBOH Jyd MPaKTHYECKH
He HMeeT HMHEPIHH; OH CJelyeT 3a JARIeHHeM 3epkaibla. Ho ecau
MONBITATBCH H3YYHTL TAKHM crmocoGoM ObICTphle KOJCOaHMA BO3NyX4,
HHYETO XOPOLIETro He NOJYUHTCsi. Mnepuus 3epKaJsblia HCKasuT gopmy
KoJsebanus. Ho cywectByror npucnocobienust, Mo3BOJAIONIME H3Y4YaTh
KosicbanHe, TOYTH He HcKaxas ero ¢opmbui. OHH OCHOBAHHI Ha HMCHOJb-
30BaHUH KaTOAHOIrO NMyuka. Karylka ¢ TOKOM
OTKJIOHSIET €ro, H CBerJsasl To4Ka (KOHel mydy-

Ka) 4epTHT JBHKeHHe. Tako# KaTONHBIH OC-

IUJI0rpag No3BOJNAET 3anucaTh 4pe3BbluaiHo

ObICTPBLIC M3MEHEHHA, NPOHCXOAALINE, HallPH- o
MEp 34 OIHY JEeCATHMHJJHOHHYIO CEKYH[HI.
Ilpy 3TOM TOuYKa CMeliaercsi FOpH3OHTANBHO
Ha O/IMH MUJIJIEMETD 32 OJHY JeCSTUMH/IUOH-
HYI0O CeKyHAbl. /[lisi Toro yroGrl oOCYLIECT-
BUTb TaKyio ObICTPYIO pPasBepTKy B MeXaHH-
yeckKodl cucreme, norpefoBasiuch OBl KOJOC-
CaJibHBlE CHJIHL. ‘

Yacro Ttpebyercst ompenesiuTb PasHOCTh 4acTOT ABYX KoJeGaHHH.
Hanpumep, oano kosnebanue umeer yacrory 500, wactora apyroro
neuspectHa. YroOui ee y3Harb, Habmopawor uucao Ouennid. [lycrs,
HampHuMep, MpPOUCXONAT [Ba Guenus B ceKyHAY. Torna Bropoe koJieba-
Hie umeer gactoty 502 nau 498. Ioaymalite, Kak y3HaTb, KOTOPYVIO H3
HUX? '

1[C. M. PuTos. XT®, 2, 972, 1932.]

S

Puc. 9
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Ectb ouenb M3SIHBIN coco6 H3YUeHHA NePHOJUYECKHX SBJIEHHH —
CTPOBOCKONHYECKHUH croco6. MBL XOTHM ONpelentTb, CKOJIbKO 0GOPOTOB
B CEKYHJY COBepIliaeT Ko/eco. bylem ocBellaTb €ro KOpOTKHMH BCIIBILU-
KaMH uepe3 JHCK ¢ Bhipesamu. ITycTb, ckaxem, koaeco zesaer 100 o6o-
POTOB B CEKYHAY H YHCJIO BCIBILEK 3a ceKyHAY Takxke pasHo 100. Tlpu
3TOM BCHBILIKH OYIVT OCBEIlaTh KOJeco TOJAbKO B TAKHE MOMEHTHI, KOrAa
HayepueHHast Ha HeM JuHHS (pucC. 9) HAXOAHTCS B KaKoM-HHOYIb onpe-
JIeJICHHOM, HallpHUMep BepTHKAaJbHOM, I10JI0XKeHHH. Mbt OyleM BRIEThb
KOJIeco Tak, Kak OYATO OHO CTOMT Ha mecTe. Ecau JaBarb BCIBILIKH
HeMHoro uamie, To Oy/JeT Ka3aThCsi, UYTO KOJECO MeNJeHHO Bpallaercs
B CTOPOHY, OOpaTHYIO ero UCTHHHOMY ABMJKeHHIO. Ec/jiH BCMBILKH cJe-
AVIOT OfiHa 3a JApyro# MmemieHHee, yeM 100 pa3 B cekyHAY, TO BHAHMAad
KapTHHa Oy/eT MeJJIEHHO I[OBOPAYMBATBCS N0 Xony KoJeca. Takum
CIIoCOO0OM MOXKHO HCKYCCTBEHHO 3aMelJIuTh BeCh mpollecc.

Takum e ofpa3oM MOXKHO y3HaTb, KaK CBETHT HCTOYHHK CBeTa,
HanpHMep HEOHOBas JaMIIOUKa,—BCIBIIKAMH HJIH HemnpepbBHO.Byiem
Maxath najkofi. Ecaum npoucxoadaT BCHOBIIKH, TO OHH 3acCTaloT ee
B Opejie/IeHHbIX TOJOXKeHNs1X, H MBI BHIHM DS pasieNbHBIX IOJOXKe-
HHI TNaJKd — Beep.

Bepuemcsi K onmITY ¢ BpaueHueM. Eciau BCIBILKH CAEAYIOT BABOE
yare, 4eM MePHOJ BpallleHusd Kojaeca, TO OHM OYIYT 3acTaBaTb €ro B
JIBYX pasJU4HbIX MOJI0XKeHUsiX. Ecau Bpamarh PazHOLBETHHIH JHCK, TO
uBera cauBaloTcsa. Ho npu cTpoBocKONHUECKOM OCBElleHHH OHH BOC-
CTaHaBJIHBAIOTCS.

[MpumeHeHne CTPOOOCKONMUYECKUX METOAOB HMeeT CYIICCTBeHHOe
3Hauenye A5 ONpeeaeHHs JHHaAMHUeCKuX AedopMauuil yacTeid MauIuH,

IIECTASI JIEKIHS
(24. X 1930 r.)

Teopus korebanuil masmuuka, daunas Iaauneem. Teopus KoaeOanuii MAKMHUKQ,
OCHOGAHHAA MO DJAKOHE COXPAMEHUS 3Hepeutt. Poab MAAMHUKG 6 dcmopuu (husuku.
['ap moHutecKue KOACOaHUS MEXAHUYECKUX CUCHICM, 8 KOMOPbIX CUAG Onpedearemcs
ynpyeumy dehopmayusnu. Kosebanus 6 xonmype, obradmoues emxocmoi0 i UAOYK-
musnocmero. Ob6ujlie 3amedaHus 0 K0AeOGHUAX OKOAO YCMOLMUBOZ0 NOAOHEHUA PABHO-
gectis, Kaxyuweecn o0Hoobpasue 34eKmpuqecKux KOAeGamenrbHbIX CUCHIEM.,

Mpi mpHCTynaeMm Tenepb K PacCMOTPEHHIO CHCTeM, COBepIIdlomuX
rapMoHMueckue Kosebanus. IIpIMeHHUB X HEKOTOPHIM (H3NYECKHM CHC-
TeMaM OCHOBHBIE 3aKOHLI MEXaHHMKH HJH 3JEKTpuuecTBa, MbI OOHapy-

1 [ToyHele AaThl TPEINECTBYIOMMX JeKuHi He YCTaHOBJeHb.)
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HKHM, YTO B CHJIY 3THX 3aKOHOB paccMarpuBaeMbleé CHCTEMEI COBEpPILaK]
rapMOHHUeCKHe KoJebaHHuA.

Haunem ¢ HanGoaee npoctelx cucteM. Ho mpexjie Bcero, yto 3HayuT
¢pocras» cuctema? Ecau MBI BozbMeM abCOMIOTHO 2KECTKHMH MasiTHHK,
TO IJI51 TOTO, YTOObI BHOJIHE ONpefeUTh €T0 NOJOKEHHE, HYXKHO 3HAaTh
00Hy BeauuuHy. Takne CHCTEMBI HAa3bIBAIOTCH CHCTEMAMH C OJHOM
CTEMEHbIO CBOOO/BI (3aMeTHM, 4YTO €CJAH MOKHO OIPEeLeJHTh Mo-
JIOXKEHHE CHCTEeMBbI 3ajaHueM OJHOH BeNHYHHBEl, TO €[0 MOXKHO Ollpe-
AeJUTb TaKxKe 3ajaHHeM KakoH-HUOYAb JyHKUUM OT 3TOH BesH-
YHHBI).

Ho Takoe paccmorpense Beerjia siBjasteTcs uieastusanueii. B npupose
He CYIIECTBYeT CHCTeM C OJHOH CTCHEHLIO cBOGOABI. eCTKHX Tea He
cyiiecTByeT. UToObl HOJHOCTBIO OHpPENe/IHTh MOJOKEHHEe Teja, Cael0Ba-
Jo Obl, CTPOro ToBOpS, 3alaTh IOJOXKEHHS BCeX ero Modiekya. Ho u
3TOTO MOMKeT ObIThb HELOCTATOUHO (BCIIOMHHM O BOJIHOBOH MexaHHKe).
B Hammx paccy:xAeHHAX HaM 4acTO NPHXONHTCH OTCTYNaThb OT CTPO-
roctd. Eciu 6Bl Hayky ¢ caMoro Hayajsa pasBUBajJu TakKHe CTPOTHE M
TOHKHE YMbl, KAKUMH 00/1aJal0T HEKOTOPhIE COBPEMEHHBIE MATEMAaTHKH,
KOTOPBIX 51 O4YeHb YBaxKalo, TO CJAOKHOCThL He [03B0JsAa Obl JBHTAThCSH
BIIEPELL.

Hraxg, OyneM ropoputb 06 ofHof cTenedu cBOGOAbL.

Kak 1Buxerca MaaTHUK? YTo 3HAYMT OTBETHTH HA 3TOT BOMpOC?
Peur Moxxer WaTH O JBYX Belax:

1) o npakTHYeCKOM, 3IKCMEepHMEHTAJbHOM H3YVUEHHH;

2) O TEOpEeTHYECKOM HM3YUEHHH HAa OCHOBAHHH OOMIMX, YK€ YCTaHOB-
JIEHHBIX 3aKOHOMEPHOCTEH.

Mbl BHIGepeM BTOPOH NYyTb M Oylem
OIIHPAaTbCs MPU 3TOM Ha 3aKOH COXPaAHEHUS
SHEPrHH, KOTOPLIH COJEPIKUT BHICKA3bIBa-
HUsl oueHb ofuiero xapakrepa. Hyxno,
OJHAKO, HMeTb B BHAY, UYTO TaKOH XOJ
HIEH — OT 3aKOHA COXPAHEHUS 3HEepPrHu
«BHH3» K MAafiTHHKY — HapyLlaeT HCTO- 3 \
PUYCCKYIO nepcrnektuBy. Kak pas Ha masar- IR
HUKe OBl HalJeH MeXaHUYEeCKMH 3aKOH
cCoXpaHeHHA sHepruu. ETro BeicKaszasa B CBS-
3H ¢ MaaTHuKoM l1olresc.

Sl KpaTko H3JI0XKY pa3BUTHE TEOPUM MasATHHKA.

Yxe no Tanunes GblIO HalIEHO, YTO NEpHOL MASTHHKA IIpH MaJbIX
AMIUTHTYJIaX He 3aBHCHT OT aMMJIMTYABl (M30XPOHH3M MAaJBIX KauaHHE).
DTOT 3aKOH cHOBa OTKpHLI [anunefi. /st mac HecyliecTBeHHo, pac-
CMaTpHBaeTcsd JM MasgTHHK KaK MarepuasibHasi TOYKa, HO B CBOE BpeMs
3TO ObLJIO cyiecTBeHHO. [advinaell yxe 3HaM, 4To B cjydyae, KOrjaa MasT-
HHK MOXHO PacCMaTpPHBATh KakK MaTepHaJbHYIO TOYKY, MepHOJA T Npo-

nopunonanes )/ [ (I — anuna MasiTHHKa).

Puc. 10
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[TyTb, KOTOpBLIM 1lieJ1 OCHOBare/ b AHHAMHKH Tanugaeil, MOXHO BOC:
CTAHOBUTb H3 ero «/luaJnorop». byjaeMm uiTH NDpHMEPHO (HO He COBCEM)
no cronam [anuies.

[anunedl u3ydan ABHAKEHHE TOYKH MO HAK/JIOHHOH miockocTd. [pu
3TOM OH H€ IIOJIb30BaJiCA MadATHHKOM, a H3MepPsT BpeMs 110 HUCTEHCHHIO
BOIBl M3 COCY/JA U KOJHUECTBO BLITEKILEH BOJbL CYHTAJ [IPONOPLHOHAD-
HbIM BpeMeHH. [anuiell yCTaHOBHJ, YTQ YCKOPEHMsI IIPH ABHKCHHH IO
runorenyse (puc. 10) 1 Apu cBOGOAHOM NTaAEHHH OTHOCATCS APYT K ADY-
Iy, KaK BepTHKajbHBIH Karer K runorenyse. Orciofa CJaeAyeT,
4TO IAPMK, NYUIEHHBIA H3 BepxHell To4kH A OKPYKHOCTH IO ceKyLIieH
(puc. 11), npujer Ha OKPYXKHOCTDL Yepes BpeMsl, He 3aBuCsllee OT Bbl-
Gopa cekymed. Orciofa chaelyer TdKxe, 4YTO IMAPHK, MYLIeHHbIA C
OKPYACHOCTH M0 CeKyIlefl, uiyliell B HIKHIOO TOUKY B (puc. 12), npu-
XOJUIT B Hee uepes BpeMs, He 3aBHCsIiee OT BHOOPa CeKyUleH. Tanunen
HCXOAH/J H3 5TOFO H paccy»kjiaj TaK: IPH MaJiblX KayaHHAX ManaTHHKA

A //-
.
JA
Iol ) .1/
Puc. 11 Puc. 12 Puc. 13
b A P/
a a -
Puc. 14 ' Puc. 15

JlyT'y MOKHO 3aMEHHTb XOpJOH, H MasTHHK IBHXKETCH 1O XOpAe, Kak
o HaKJAOHHOH miockocTH. Toraa, ecan { — BpeMsi NaJeHHs Uepes Bechb
BepTHKa/NbHLIA AunaMeTp (puc. 13), To

__ gt
2 ==,

- =2 ‘/Z

g

OTKYZa
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[lepuon T manoro xoneGaHus DaBeH, CJa€JOBATENbHO, YYETBEPEHHOMY
BpPeMeHH MaJeHHUs 10 XOphe:

. -y
T=—8 V 7
HE3aBHCHMO OT TOl'0, OTKYJAa TYIleH MasTHHK.

H3 storo paccyxkzaennusi rmosyyaercsi, 4To MaJjble KojeGaHnus obJa-
HAlOT CBOMCTBOM H30XPOHM3Ma. K3 Hero no/yyaercs Tak:e, 4To MepHO],

nponopuronanen V' [, HO we nosyyaeTca MPaBH/IBHOTO 3HAUEHHS KO-
(pHLHEHTa MPONOPLUHOHAJBHOCTH: OH paBeH B JeHCTBHTENbHOCTH 27,
a He 8.

Mbr BHAKM, CKOJb ONACHO CJe/laHHOE YNpOoleHHe: KaK 6kl HH Oblia
Mana Jyra, BaxkHa KpuBHU3HA NyTH. Hesb3st nepeMeHHBIH HAKJOH 3a-
MEHSITL CPEJIHHM HaK/JIOHOM. BOT aHa/OrMuHBIA NpUMEp: 3aMeHa Ipsd-
MOH Ha Jiomanyw (puc. 14) B npeiese npaBHJIbHO JA€T II0L{A b, HO HE
AJIUHY; JJIUHA ToJdy4aeTca paBHoH a+b, a ne [.

Y Tannaes yxke ecTb HAMEK Ha 3aKOH COXpaHeHus 3Hepruu. ['auiei
TIOJIb30BAJICS TIPEANOAOKEHHEM, 4TO €CJH MaTepHasbHblE TOYKH JABH-
KYTCSH 110 IBYM HAKJIOHHLIM IIJIOCKOCTAM (pHC. 15), TO Ha OAHOM H TOM 2Ke
TOPH30HTAJbHOM YpPOBHE HMX CKOPOCTH BCerZa OJAHHAKOBHIL.

3agaua o ¢usHueckoM MasTHHKe (puc. 16) 3aHHMaka MOYTH BCeX
BBIJIAIOIHXCH MAaTeMaTHKOB Toro BpeMeHH. [lpu pellieHuu sroit 3anauu
lofirenc npHilen K OAHOI H3 MepBBIX (QOPMYIHPOBOK 3aKOHA COXpa-
HeHHs 3Hepruu B Mexanuke '. Mccnenopanue lofireHca namHoro nepe-
poc/io yacTHylo 3agady o MmaATHHKe. (CoBpeMeHHasi TPAKTOBKA 3a-
Jlaud Ha OCHOBE 3aKOHA COXPAHEHHUS 3SHEPTHH TAKOBA.

Kunernueckass sHeprusi (QU3MYECKOTO MASTHHMKA €CTh

~ my?
T —
2
3,[[er 1l — MacCcChl MaTepHaJIbeIX TOYCK, U — HX CKOpOCTH (BMeCTO

CYMMBEI MOXKHO Hamucarb HHTerpaJ). [anee

v=r¢
u

mr? - 12
T:‘Z 7 . q)2 — 5

(I — MoMeHT wuHepIuH).
IloreHnnanbHaa 3HEPTUST €CThb

- U=PI(1—cos ¢).

1[X. Twirenc. Tpu memyapa no mexanuke, HMagx-so AH CCCP, 1951.]
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Ha ocHOB2HHH 3aKOHa COXpaHEHHs! 3HEPTHH

[ [fdg\2
T+U:-2—(§) 4+ PI(l—cosg)= C", (1)
rpe C'* — mnocTosiHHag. 10 nuddepennnanbHoe ypaBHeHHE ABHXKEHHA
masgTHHKa. OHO HemuHeHHO. Orpasu4yuMcs CJy4yaeM, KOrja ¢ HacTOJIbKO
MaJio, YTO MOXKHO MOJIb30BaThes NPUOMHKEHHEM
(PZ
08 _—
COS (@ = e

Torna BMecTo (1) MOXHO HanucaTh NPHOIHKEHHO

[ [dyp\2 Pl ,
7 () +re=ce

O603HauHB
262 _ o
P 7
[1oJ1y4aeM
] .
o @ @2 = Ce,
OTKYAd
¢p=C cos(wf+1),
rie —
P!

Jlas MATeMaTHYeCKOTO MAsTHHKA Macchl /M H JVIHHBL [
I=1*m, P=mg, 1:=2nVl/g.

[lepron coBepllleHHO onpefeNeHHEIM 00pasoMm 3a-
BHCHT OT llapaMeTpoB cHCTembl. OH He 3aBHUCHT OT Ha-
yanbHbIX ycaoBud. Ho dasa ¢ u amnautyza C npous-
BOJIbHBI. DTO BEJIHYHHBI, ONpejlessieMble He CHCTEMOH,
a JAHHBIMM OfHLITA, TAK HAa3bBIBAEMBbIMH Haya/JbHBIMU
YCJIOBHAMY.
Kakne npexnnosio:keHHs OblJIM HaM CAeJaHbI?
| 1. Ilpeanonoxkenye © TOM, YTO APYIHX BHAOB
| 3HEepPTUH, KpoMe 3anucaHHelX B (1), 3jech He cyle-
puc. 16 CTBYeT. JTO 3HAuUT, B YACTHOCTH, YTO Mbl IIpeHe-
OperaeM TpPEHHEM.
2. TlpeanojoxeHne O TOM, 4TO MAATHHK COBep-
waer mase KoneGanus. Ilpn sTOM KHHeTHuecKas

SHeprHs PaBHA IMOCTOSAHHOM, YMHO}KeHHOPI HA %, a NOTeHIHAJIbHAS
SHeprHs — MOCTOSTHHOH, YMHOXKEHHOH Ha ¢°.

BosbMeM KaKyi0 yIOAHO CHCTCMY, KHHETHUECKAs ¥ NOTEHUHAIbHAA
5HepIHH KOTOPOH HMEIOT HMEHHO TaKOH BHMJ: MOCTOAHHAS, YMHOXKEHHAs

Ha @* H MOCTOfHHAfA, YMHOKEHHasd Ha @® (¢ — KOOpAMHATA CHCTE Mbi)
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Takas cuctema GyZer coBepllaTh CHHYCOHAAJNbHBE KoJdeGanus. J1o Ma-
TEMaTHYECKH CJICLAYET H3 BHIA BbIpaK€HHs JJIS1 3HEPTHH, H Mbl C 3THM
BCTPETHMCA B psjle APYTUX NPUMEPOB.

Ho, pewas ypasHenue (1), MBI JOMYCTHJIH HEKOTOPYH HETOYHOCTb.
Heno B ToMm, uTo ypaBHeHHe (1) HMeeT elile OJHO pellieHHe, a HMEHHO
p==const. V3 3akona coxpaHeHHsI IHEPTHH He/b35 BBHIBECTH, YTO €CJH
OTKJIOHHTb MasfATHHK H 3aTeM OTIYCTUTL ero, To OH He Oyjer ocra-
BaTbCsl B IIOKOE B OTKJIOHEHHOM noviokeHHH, CyllecTBOBaHHE AOIOJHH-
TE/IbHOTO pellieHHs ¢p==const — nejocTaTtoK 310TO cnocoba paccMoTpe-
HHsA. Bropo# 3akon Helorona saer Gosee onpeieleHHBIE OTBET: HA TeJIO
JeHCTBYET CHMa, OTVIHYHAS OT HYJS; CJ1e0BATEJIbHO, TENO HMEeeT YCKO-
peHHe M ¢ He MOXKeT OhITh MOCTOSIHHBIM. 3aKOH COXPAHEHHSI 3HEPTHH
JaeT OTBET HA BOIPOC O TOM, KaK ABHKETCH MAATHHK, €CJIH L38ECHO,
YTO OH HE€ OCTAeTCsl B IoKoe. JIad cHCTeM C HECKOJIbKHMH CTeleHSMH
cBOOOJB! 3aKOH COXPaHEHHS SHEePTHH He MOMKET JaTh M 3TOTO.

B HeusaHHBIX NPU XKH3HH pYKonucsax lannmest cojiepxuTes npes-
JJO2KEHHE HCHOJ1b30BaTh MAafATHUK B KauyecTBe pery.asiTopa X0ld 4acos.

MafTHHK CbIrpa/l YpesBbldafiHo GOJIBIIYIO POJdb B HCTOPHH (GH3HKH.
Kak u3BecTHO, OH MOXKET CJOYMHTb IS ONpeleNeHus] YCKOPEHHS
TAMKECTH g — OJHOH H3 CaMBIX BAXKHBIX «eCTECTBEHHLIX» BeJHUYHH.

Pumte B 1774 1. nposes cpaBHenue 3Hauennil g B [lapuxe n Kaii-
eHHe. ITH 3HaYeHHA MOJYYHJIHCh DPA3JHYHLIMH, YTO OOBICHAETCA
BpalienneM n ¢opmMoit 3eMJH.

C momolbio KayaHuit MasiTHHKA @ MOKeT ObITh H3MEPEHO JO Ceib-
MOTO 3Haka. JIjist 3TOr0 NOJb3YIOTCH TaK Ha3bIBaeMbIM 0GOPOTHBLIM
MasTHHKOM, TPHYeM TPHXOJUTCSI BHOCHTb IONPABKH Ha TpPeHHE H
Ha apXUMEIOBY IOGJBEMHYIO CHJIY.

Beccesb Henonb3oBa MasiTHUK AJAS TOTO, YTOGH ¢ GOJBLLION TOY-
HOCTBIO IIPOBEPHUTH NIPONOPLUHOHANLHOCTL HHEPTHOH H TSKEJIOH MACCHL.
Yxke HBIOTOH OTVIHYHO 8HAJ, UTO 3aKOH KaYaHHS MasiTHUKA (HE3aBU-
CHMOCTb MMEPHOId OT MAaCChI) COPABEIIHB JHIIbL B TOM CJAyYae, €CJU
TS2KeJAas Macca NpPONOPUHOHaabHa HHepTHOH. C pocTynHOH# eMy Tou-
HOCTBIO OH IIOKAa3a/ Ha ONbITe, YTO 3TH BeJIHYHHBLI NPOINOPUHOHAIBHLI
oiHa Apyrod. beccenb Aokasas 310 ¢ ropasino 6oibliefl TOYHOCTbI) —
mo 1/60 000. On ncenenoBastl BeHIECTBO METEOPHTOB, BOLY H JAPYrHe
MaTepHaIbl.

BriocnencTBuH IJTBeI NOATBEPAHJ, UTO BCE Tesaa HMEIT OIHO H
TO XK€ g, C TOYHOCTHIO 5- [07%'(HO He ¢ NOMOILBIO MasTHHKA). DHHLTe]H
BO3BeJ 3TO B ITOCTYJ/AaT OOLIEH TEOPHU OTHOCHTEIbHOCTH.

Iycrs mbl Haxopumcst B sudre. Bee Tesia B HeM JaBAT BCJAeICTBHE
nputsikenust 3eMau. IlpeacraBum cebe, 4TO NMpUTSKEHKE OTCYTCTBYET,
TOrAa JaBJjeHust HeT. Ho nyctb Ju(T ABHMKETCA YCKOpPEHHO BBepX.
Torpa, cornacHo nocrymaty DHHIUTeHHA, Tela [4BAT TOYHO TaK e,
KaK H B TOM CJIyyae, Korjaa nedcrByeT NpUTsxkeHHe 3emiad. Ecau 6b
£ ANA pasIHYHBIX Tesl GBIIO PasiHYHBIM, ITOTOYHEe MOTJIO Obl GHIT.
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SIBnenne, xotopoe uccaefoBand HpiooroH W Deccenb ¢ nomourbio
MafATHUKA, NPHBEJO K 0OlleHd TeopHH OTHOCHTENbHOCTH.

['pomasHad TOYHOCTB, C KOTOPOH H3MepAeTCs IEepPHOJ KauaHus
MasiTHHKA, JOCTHTaeTCss MeTodoM coBnaleHuil. [TycTHM MasiTHHK BMecTe
¢ yacamy. MaJsio-nomMany oHH pasoiiiyrcsd. I1ycts, Hanpumep, MasTHHK
yacoB uMeer nepuoa 1 cekynay v 1000 koseGaHuit yacoB coBnanaioT
¢ 1001 kosebanusiMu MasiTHHKa. Torjga Mbel 3HaeM, uto 3a 100! koae-
G6anue mastHHKa npouio [000 cekyHA, M OTCIOA HAaXOAHM NEPHOA
MasiTHHKA.

THNMYHBIMH MeXAaHUYECKHUMH CHCTEMAaMH, COBEepILAIOIIUMH T'apMOHU-
yecKHe KoJieGaHHsl, SIBJASIIOTCA TaKHe, B KOTOPBLIX CHJLI ONpPeAessiOTCs
VIPYTUMH JedopMaluaMi,

Ecau ans 6anku (puc. [7) cnpaBesnus 3akoH ['yka, To cu/a nmpomnop-
IHMOHaJAbHA nporudy:

h=olP

(h — uporu6; P — Bec Ipy3a; @ — MOCTOSHHAA).

Ecau geficTByer cujia, NPONOPUHOHANbHAS CMEIIEHHIO H3 TIOJIOKEHHUS]
paBHOBeCHS,

F=—kx,
TO MOTeHIHaJbHas 3HepTHsA 6yjer
U=
=

Ecnu Ha Teno, KOTOpoe MOMKET BpAIlaThCH OKOJIO OCH, AedCTBYyeT

Py

S
i"
|

A

Puc. 17

MOMEHT CHJI, MPONOPUHOHANLHBIN YIVIOBOMY CMELIEHHIO,

M - ‘—Kq”
TO MNOTeHUHa/AbHAasA 3Heprus Oyler
_. Ke?
U= 5 -
B namem cnyuae (puc. 17) moTenuuanbHass >Heprus
kh?
U="_pp

2
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(BTOpO# wjieH NOABWJICA BCJEJACTBHE TOTO, YTO Ha Tpy3 AeACTBYyeT elle

cuna Tsikectu). IlpeHeGpexkeM KHHeTHYeCKOH 3Heprued Oanku. Kune-
THUeCKasi 3Heprusl rpysa paBHa
Mh?
T=——,

H, CJIeJIOBATeJNbHO, NMOJHAsA 3Heprus cucreMsl Oyner

MA2 | kh?
E=T+Us=-" 45 —Ph.
Jlerko NpHBeCTH 3TO BbIpaxKeHHE K INpPEKHeMY BHAY (CymMMa KBaj-

paToB) 3aMeHOH

P
x:h———E—,

OTKYZa

x=h.

Torpa . ‘
Mx?  kx® P2

E=—5+3—=m

3aKOH COXpaHeHHs 3HEpPTHH JaeT
' Mx2 | hx?
7 =t

H, CJeloBaTe/bHO,
x==C cos (oi+y),

npuyeM YacToTa
o — VrT
= 3
31ech TakxKe rnepuHoi CTPOro ompefiesed, €CJH OnNpeleneHa cama pacs
CMaTpHBaeMasl CHCTeMA.
B TexHHKe Hac HHTepecyeT, KaK R CBA3aHO ¢ KOHCTaHTaMH 6aJiKH.

Teopusa ynpyroctu paer
la3bE

k= iz (I—c)?’
rae E — moayab KOnra marepuana 6anxu, a a, b, ¢ u [ — reomerpu-
yecKue napaMmeTpel, ykasaHuele Ha puc. 17. Takum ofpasom, ecisH
6aska JaHa, TO, MOJACTABHB YHCJIA, MOXKHO PacCUHTaTbh HacToTy KoJje-
GaHuil.

Paccmotpum eme cayuait kpyueHus. Ilycte umeercss (puc. 18)
CTEpKEeHb KPYIJIOTO CEeUeHHs C JHCKOM Ha KOHUe. 3jech

Ig?

T=——.

__Ke¢?
U=~
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YpaBHenue KojeGaHHHA eCTb

It | K9*
-t =0
TdK 4TO 3JeCh ONATH IOJAYUYAETCH apMOHHYECKOE koneBanune, Yactora
ero pasHa

= l/// “{](-— .

COI‘JIaCHO TQOpI/II/I YHPYI‘OCTH,
Gnrd
K=

21 7

rae G — MOAYJb CABHTAa MaTepHaja CTEPXKHs, r — paguyc ero ceye-
Hus, [ — ero gauHa. B cayuae cnupanbHOR NPY:KHUHBL K TOXe UMeer
OueHb IPOCTOE BBIpaxKeHHe.

Bo Bcex ciyuadx, Korjaa AeHCTBYIOT YIPYTHe CUJBI, MOAUHHAIONIHECS
3akoHy ['yka, MMeIOT MeCTO H30XpOHHBIE I'apMOHHYeCKHe KoJebaHus,
T. €. KojseDaHHf C MEepHOJIOM, 3aBUCAIHUM TOJTBKO OT CHCTEMBI, HO
HEe OT HayaJbHBIX YCJOBHH.

i

\\
P
Puc. 18 Pue. 19

-

BosbmeM Teneph 3JeKTPHYECKYIO CHCTEMY, COCTOSLLYIO H3 eMKOCTH C
H UHAYKTHBHOCTH L (puc. 19). Ddnekrpuueckasi sHeprusi ecThb

_ @
Ve=sc"

rie Q — 3apsAj KOHJAeHCaTopa, a MarHUTHAas JHEPrus

Li* _ LQ?
Va=%="3">

rge {=Q — cusia Toka. EciaH oTsjeubcs OT CONPOTHBJEHHA, KaK Mb



llecrnan aexyusn 59

9TO JieqaJ/i paHnblle, TO 3aKOH COXpaHeHHS 3HEPTHH AdeT

2 LQ'z ,
X L2 e
20 + 2 cr.

Takum o6pa3oM, 3Jech TOXe NPOUCXOAAT TAPMOHHYECKHE KoJjeOanus
C TepHOLOM :

1=2n}/ LC.

D10 3HamenuTtas dopmyJsaa Tomcona.

MaTemaTH4eCKOe yC/I0BHe TapMOHHYHOCTH KoJieGaHHH MoOxkeT OBITb
chopMyJHPOBAHO TaK: MOTEHIHAJbHAs 3SHEPIrHS AOJKHA ObITh MOJO-
MKUTeJbHA U JOIXKHA KBaJAPaTHYHO 3aBHCETb OT KOOPAMHATH (KHHETH-
yecKasi SHeprusl Bcerza MOJOXHUTENbHa H KBafpaTHyHa IO CKOPOCTH).

IlosokuTeIbHOCTD NOTEHLHANbHOH 35HepTHu — JOCTAaTOYHOE YCJIO-
BHe YCTOHYMBOCTH paBHOBecusi. B ofilneMm ciyuae

U=[(x)=aotax+ax>+... | (2)

B nojoxeHnnu YycToAYHBOro paBHOBecHA [/ HMeeT MHHHMYM: €CJH
HEMHOTO BBIBECTH CHCTEMY M3 COCTOSIHUA VCTOHUHMBOTO pPaBHOBECHA,
OHa He MOXKET B 3TOM cJydae JajieKo YHTH, TaK Kak CyMMa KHHETH-
yeCKOH H IMOTCHUMAJbHOH 3HEPTHH OCTA4eTCHA IOCTOSHHOH, npuueM obe
3TH BeJHYHHBI MOJIOXkKHTe bHbl. CoBceM HHaue OOCTOHT jedo, ecad U
UMeeT MakcuMyM. Ilo mepe pocTa x KHHETHYeCKasl 3HepPrus yBeJUYH-
BaeTcsl M CHCTeMa Bce OoJsiee yaaasieTcsi OT COCTOSIHMS DABHOBECHS.

MOXXHO TMOMECTHTbL HauaJo KOODJAHHAT B TNOJOXKEHHE PABHOBECHS.
Ecau x=0 aBasiercs yCTOHUMBHIM MOJOKEHHEM DAaBHOBECHS, TO, KakK
CKa3aHo, B 3ToM nojoxeHnu U uMeeT MHHUMYM, AJ5 4el'o HeOOXOAHUMO

(11:0, a2>0.

Eciu cuctema BbiBelleHAa M3 COCTOSIHHSI YCTOHUMBOIO PABHOBECHS,
TO TNpPH MaJbX OTK/AOHEHHAX, KOIrJla MOXKHO TpeHeOpeub BLICIIHMH
yjIeHaMH pasJoxeHus (2), oHa coBepllaeT 'apDMOHHYECKHE KoJeGaHHS.

Bce pasoOpaHHble HaMH NpUMeEpHl SBJAKTCS YacCTHLIMH CJydasiMH
TaKUX KosebGaHu# OKO/JI0 YCTOHUHMBOTO IIOJOMXKEHHS PaBHOBECHS,

IDTH TpUMEPbl MOTYT CO34aTh BIeUaT/JIEHHE, 49TO MeXaHHYeCKHe
KoJebaresibHble CHCTEMBl OYeHb pasHoOOpa3HEl, a 3IJIEKTPHYECKHEe —
KparHe OJHOOOpAsHLl: B HUX BCerfa «OAHO H TO 3Ke» — KOHAEHCaTop
M KarylWKa CaMOUHAYKUMH.'IDTO Kaxcyuieeca ofHooOpazue. Pasnuuue
MeXAY NJIOCKHM M LMJHHAPHYECKHM KOHIEHCATOPOM TAakKoe Ke, Kak
MEKIy 6ankol H 3aKpyueHHBIM crepxHeM. Koapduuuesr 2 B Mmexa-
HHKe OOBIYHO DACKPHLIBAETCSI, 4 B 3JEKTPHUECKHX KOJeGaHHAX HalIH
YAOOHBIM pa3 HaBCer/a Ha3BaTh Napamerp, aHAJIOTHYHEIH, 1/2, eMKOCTBIO.
PaznooGpasne 3/ieKTpHUECKHX CHCTEM CKDBITO B TOM, KaK BBIPAXKAIOTCS
C u L uepe3 napaMeTphl, XapaKTepH3YIOLIHE [EOMETPHUECKYIO KOH(H-
Typanuio KOHAEHCATOPa U KaTYIUKH.
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CEAbMASA JIEKUUS
(27.X 1930 1.)

Hpumepst mexanudeckux Korebamerbrulx cucmem. Baa ¢ Osyma duckamu u e2o0 srexkmpu-
yeckan modeas. OcmopoxcHocmoe, Heobxo0umas npu uleaausayuax. lpumep Bopeas.
«HeecmecmeenHoley HA4AAbHbE YCA08UA 8 CAYHae 2PY3q, BUCAWL20 HA npYymcuxe. Fiexm-
puueckas aHasoeus amozo cayqas. Kauecmeennoe uccaedosarue Osuiceruld HeauHedHodl
KOHCEPBaMUBHOLL cucmemol ¢ 00HOL cmenensro cao600bl € NOMOULID LUHME2PAAA IHepeUL:
He02PaHU4eHHOE O0HOCMOPOHHee 08UMNCEHUE, AUBPALUORHOE OBUNMEHUE, AUMUMAYUOHHOE
Jeuncerue. [Ipumererue obujell meopuu K 2ap MOHUMECKOMY OCYUAASIMOPY U K MARMAHUKY.

3aBHCHMOCTb Il€pUOJa TapMOHHYECKUX KoJjefaHUH OT mapaMeTpoB
CUCTEMBl UT'paeT Ba:KHYK POJb BO MHOTHX TEXHHYECKHX W (DU3HUECKHX
M3MEepEHHAX, HanpuMep: B ONpele/eHHH MOMEHTOB MHEpPUHH TeJ,
B M3MePEHHH MAarHUTHBLIX nojel. Ecjan M3BecTeH MOMEHT HHEpPLHH Mar-
HMTa, TO M3 PE3Y/ILTATOB HCCJEJOBAHHS €r0 KojeOaHHH B MarHUTHOM
NoJie MOXKHO HaHTH B OTJEJIbHOCTH IIPOU3BEACHHE MAarHHTHOIO MOMEHTA
Ha 10J€ H OTHOLIGHHe MAaTrHHTHOTO MOMEHTA K IIOJK H BBIYHCJIHTH
1O 3THM JaHHBIM MarHutTHoe rnoJse. dTuM crnocoboM [aycc ompenensi
Hanpsi>ke€Hue MaTHHTHOTO MoJs 3eMJH.

Bonpocel, oTHocAHecs K IIepUOAY KoJebanui, HTPAlOT BaXKHYIO
POJb B MawHHOCTpoeHUH. YacTo cayuaercs, yTo IeHTP TSKeCTH Bpa-
IaKLeHcd Macchl MaulMHbl HEMHOLO CMeUIEH 110 OTHOLICHHIO K OCH
BpameHud. [lpu Bpaiienun pasBuHBaercsl LleHTpoOexxHad cuJa, NMEpPHO-
IHYECKH JeHCTBYIOWass Ha ocb. Korma nepuoj BpalleHHs coBNagaer
C IepHOAOM COOCTBEHHBIX KOJeGaHUH CHCTEMBI, COCTOSIEH U3 MAllHHBI
¥ ¢yHIaMeHTa, Ha KOTOPOM OHa YKpeIlJeHa, TO pPasBHBAIOTCA OMNACHEIE
fIBJIeHNs: KoseGaHHA YCHJIHBAIOTCA. ITO fBJEHHE HOCHT Ha3BaHHe
pe3oHaHca.

MoXHO MHOXHUTH 10 OeCKOHEYHOCTH NPHMephl CHCTEM, CoBepllar-
KX TapMOHHUeCcKHe KoJjeGaHusA. (OCTaHOBHMCA HA OJHOM H3 HHX.
[IpeacraBum cebe, uyto B 3eMJ/e NpocBepJen KaHad, NPOXOASLIHH
yepes3 ee LIEHTP, W UYTO B 3TOM KaHalJle HaXOAHTCA Tsixkenoe Teso. Jlerko
JIOKa3aTb, uTO [IeHCTByIOLlAas Ha HEro CHJA IIPONOpIHOHA/JbHA pac-
CTOSIHHIO OT LieHTpa 3emJsid. ITO COOTBETCTBYET FapMOHHUECKOMY KoJde-
OaHuio; ero mepuoj oxono 42 munyTt. KoHeuno, 370 WIyTKa, HO BB
aHaete, uto JIxK. JIxk. ToMCOH NOJOXKH/ MOAOOHYIO MOJeNb B OCHOBY
cBoell Teopuu aroma. Cor/iacHO 3TOA MOJAEIH aToM — LUap, PaBHOMEPHO
3apsAXKEeHHBLIH 10 BceMy oOOBbeMYy TMOJOKHUTEJIbHBIM 3/JeKTPHYECTBOM,
BHYTPY KOTOpPOI'0 KOJIeOMIOTCA OTpHullaresbHbBie 3apajbl ~— 3JIEKTPOHDL,
H3BecTHO Temeph, 4TO 3Ta MOJesb FAyDOKO, NPHHUHIHAIBHO Henpa-
BUJIbHA, HO B CBOE BpeMsl OHAa chirpaja OGOJbIIYIO POJb.

PaccmorpuMm ellle oguH npuMep, Ha KOTOPOM Mhbl yOeAuMcs, Kax
MHE KaXeTcsi, B [10/Ib3€ pacCMOTPEHHs] KoJsieBGaTe/bHBIX BOIIPOCOB
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c obueil Toukyu 3penus. IlonyTHo 5 Xotes Obl CIIPOCUTH, YTO A/ Bac
HarJisHee: MeXaHHYeCKHe MJIH 3JeKTpuueckue cxeMbl? KeJbBHH
roBOpuJ: «$l MOr'y ckas3aTb, 4TO S MOHAJ SIBJIEHHE, €CH s MOT'Y COoCTa-
BUTh /ISl HETO MeXaHHYECKYIo Mojenb». Muorue coBpeMeHHble (GH3HKH
cKasaJii, 66l oOpaTHoe: «jl MOHHMMAlO MeXaHHYeCKoe SBJIEHHE, eC/IM #
CO3Jla/ AJA HECO 3JICKTPUYECKYIO MOJEJby.

ITpeacraBumM ceGe aBa LUCKa, COEJHHEHHBIE CTep:KHEM (Kak cKasad
6Bl U3UK) MM BaJoM (KakK ckKas3ag Obl TeXHHK). Dr1a CHCTEMA HMeeT
IBe creneHd cBOGOAbI: BO-NIEPBHIX, AMCKH MOTYT BpaularbCa BMECTE,
KaK TBEpJOE TeJO; BO-BTOPHIX, OHH MOT'YT I10BOpAaudBaThCcsl APYr OTHO-
CHTEJBHO IPYTa W 3aKPYUHBAThb CTepKeHb. Paccunraem ABUKEHHE TAKOH
cucTrembl. Ee KMHeTHUecKas IHEPTHs

I | 1,92
T — 1331‘{_ 2;?2’

rne Iy, I, — MOMEHTHI MHEpIHH JUCKOB; @, ¢, — HX YIVIHI [TOBOPOTA.
[TorennuanpHast 3Heprus (/ 3aBHCUT TOJLKO OT Pa3HOCTH @r—q:

U:k(%; Po)”
npuyeM Ko3hPHUUEHT £ XapakTCPH3YeT YNPYFOCTh CTEPKHSA NMPU KpY-
YeHHH.
IpejcraBum cebe, YTO MBI CKPYTHJIH CHCTeMY H IycTHiHd ee. Toraa
IB¥KeHHe OYIeT COBepLIaThCsl MOA JEeHCTBHEM OQHHX TOJIBKO BHYTpPEH-
HUX cuJl. [IpH 3TOM cIpaBei/iuB 3aKOH MOMEHTOB KOJIHUECTBA ABHAKEHHS

[1q'31+12q'32:const.

Eciu B HavaabHBIE MOMEHT CHCTEMa

Oblia B nokoe, To const=0 wu § r -l.
| 2
]1(P1—[—[2(P2=C0118t' . é/ l ég ‘l ’
Eciin Tenepb MBI YCJOBUMCH OTCUHTHI- % T
BaTbh yIJAbl Tax, utobpl A1s1 {=0 6blIO
Puc. 20
1194 1,9,=0, (1)

TO 3TO ypaBHeHHe OYAET OCTaBaTLbCs BEPHBLIM A NPOH3BOJIBHOTO {.
Ypasuenne (1) — ato mpocroe anrebpamueckoe ypaBHeHHe. Mbl Kax
Gy/ITO NOJYYHJIH CHCTEMY C OIHOH cTelleHblo cBobonrl. Hac MHTepecyer,
KAaKOB nepuoj] ee cobCTBeHHBEIX Kojebanu#. Ho Mbl He GyleM ero BbI-
YHC/ISATh, 4 PACCMOTPUM BMECTO 3TOrO AHAJIOHYHBIH 3JJEKTpHUYECKHH
npumep (puc. 20). Beenem o6o3HaueHHUS:

t t

Q}Sildt, Q= i,dt
: 0 0
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(Q, v Q; — 3apsajsl). [loTtennuanbHOH 3Hepruefl 31ech sABIAAETCS 3JEK-

TpoCTaTHUYECCKA 3HEprus
U — (=0’

2 )

KuHeTHYeCKOH 3IHeprHed 3jecb ABJACTCA MarHUTHasd S3HepTHs

L0, L3
e

Kpowme Toro, ecau B3siTb 00X0[, NOKa3aHHbIH CTpeaKaMH, TO 10 0606-
LeHHOMY 3akony Kupxroda umeeMm

L1Q1‘|’L2Q2:O-

CpaBHHTE HAlUH ABe 33JaYd: OHH COBEpLIEHHO aHAJOTHYHBL. e, KTO
3aHHMAaeTCs 3JIeKTPUUECKHMH CXeMaMH, Cpa3y JaJyT OTBeT Ha BTOPYIO
3ajauy. [lBe napanjejsbHo COeNHHEHHbIe HHAYKTUBHOCTH IKBHBAJEHTHE
OJHOH HHAYKTHBHOCTH:

L,L
L:A_ .
Li+L,

Orcrona BHJIHO, UTO B ME€XaHHUYECKOM IpHMepe MBI MOXKEM DaCCyXKIaTb
TakK, Kak 6YJ],TO ¥ Hac oJHa CTelleHb CBOﬁOﬂbI, HO MOMEHT HHCPUHH €CTb

I,
L+l -

CrnenoBatesbHO, NEPHOJ KOJIEOaHHH MEXaHHUECKOH CHCTEMBI PaBeH

T=2n ‘/%_

JLJ1s1 MeHsl MeXaHU4ecKHH rpuMep He ObL1 cpa3y sced. H Obl He cMor
cpady, He paccyxjad, 3aMeHHTb ABa AHUCKa O0HuM IHCKOM C NOAXO-
JASIHM MOMEHTOM HHepIHH. Mexay TeM 3JjieKTpuuecKas MoAenb A/
MeH$l COBEpIUEeHHO OYcBHAHA. BepodaTHO, IJIs TeX, KTO MHOTO 3aHHMAEeTCA
nporneasepaMu, Aeqo oOCTOMT KakK pas HaoBopor.

Eue onHo 3aMeuaHue: 4eMy B 3JEKTPHUYECKOH CHUCTEME COOTBeT-
CTBYET BpalleHHe Bced MeXaHHUecKOH CHCTeMBbl Kak lenoro? Emy coort-
BEeTCTBYeT MOCTOSIHHBIA TOK B LeNu U3 MHAYKTHBHOcTeH. Eciu oH ecTh,
TO OH OYZAeT NMpOoJ0MXKAaTh Teub HeoNpejeneHHO J0JT0 (B caydae OTCyT-
CTBUSl CONPOTHMBJEHHA). 3AeCh BHAHO, YTO TeOpUs KoJeGaHH#l cHCTeM
C OJHOH CTeneHbId CBOOOABI OXBaThiBaeT Hogee LUHPOKHH KJacc sABJe-
HHUH, YeM 3TO MOIJIO NMOKas3aTbCs C MepPBOTO B3IVISJA.

[lepefinem k apyromy Bornpocy. QueHb 4acTo, KOTAad JeNaloT BHIBOABL -
H3 TOH MJIH MHOH TeopHH, 3abBIBAIOT, YTO JOINYyUIeHa OmpejejeHHast
HJlea/IH3allHsl, W BHajaloT NpH 3ToM B GoJbliHe oWHOKkH. BepHeMmcs

I —
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K TeM [pPeANOChIIKAM, H3 KOTOPHIX Mbl HCXOAMJIH, KOI'AA paccMaTpUBAaIH
MasiTHHK C OJHOH CTeneHblo CBOOOABI. Mbl CuMTa/lH, 4TO CTep:KeHb
He HMeeT Macchl. B CYLIHOCTH, 3THUM Mbl OTKHHYJH BCe SIBJIE€HHS, CBS-
3aHHbLIe C TeM, UTO CTepXeHb MOxeT koJebaTbCs, KaK pacnpeneleHHast
cucrema. Kasanoch Obl, €CTECTBEHHO NMpeACTAaBUTh cefe, 4TO CTepkKeHb
CTAHOBUTCA Bce Oojiee U Oosiee JKECTKHM, HO 3JeCh HeJb3s MnepeiiTH
K npegeay. CospemenHas (pu3uKa CUMTAeT, YTO NMPHUHUHUIIKAJBHO HE CY-
[ecTBYyeT abCOJIIOTHO KECTKHX Tes. §l NpHBeAY J0Kas3arejlbCTBO 3TOTO
YTBep:KAeHHd, JaHHoe Jlays. Tlpeano/iokuM, 4To y HAC HMEEeTCH OYeHb
JAHHHBIA cTepXeHb (pHc. 21), u nycTh oH abconioTHO xKecTkui. Ecan
Mbl nepelBHHeM KoHell A CTepXKHsl, TO B TO K€ MIHOBEHHE AOMIKEH
nepeABUHYTbCA H KOHel, B. Teopusi OTHOCHTEJNBHOCTH YTBEPIKIACT, YTO
3TO HEBO3MOXKHO: OHA NPHHUMAaeT B KauecTBe IOCTYJaTa, YTO CKOPOCTh
CHTHaJ/1a MOXKeT ObIThb TOJIbKO MeHbllle UJIH paBHa CKOPOCTH cBeTa, Brixox
M3 NPOTHBOPEYHS B TOM, YTO 0sarofaps C:KUMaeMOCTH CTEDXKHS JBHKe-
HHe Tepefaercs 10 HeMY He MIHOBEHHO.

Pas6epem japyroe caenanHoe HamH Npenriosoxkenue. JlonycTum,
YTO MBI MOXKEM OI'DAHHUHUTBLCA PACCMOTPCHMEM OJHOH CTENEeHH CBOOOLI.
Boo6uie rosopd, 3akod I'yka He umeer mecta. [Toap3ysch, KakK MHl 3T0O
Jesa/id, 3aKOHOM ['yka, Mbl OTpaHHYHJIHCD [1epBbIM YJ1EHOM Pa3/0KeHUd
CUJIbl, KaK (PyHKUHK CMCUICHHS, B cTelleHHOH psjx. MoxHO s oTOpachl-
BaTb OCTaJbHbIE WICHBI? JTO OUeHb Ba)kKHBIH W TOHKHH Bompoc. Cyie-
CTBYET JIM HelpepbIBHAA 3aBHCUMOCTb MeXKAY NapaMeTpaMH, BXOASAIIAMHU
B Ju(depeHLnalbHOe YpaBHeHHe, H ero pelllenusiMu? 5 He 3Hawo, pac-
CMOTPEH JM 3TOT BOIpOC IAe-HHOYAb KaK cjaeayer (KOe-uTo CKa3aHo

Puc. 21

B kHure Kypanra u ['nnbbepra 1). Mexny tem 6es Takoro paccMoTpeHHs
HHKaKasg MareMaTH4yecKas TeODHA He MOXKeT NPETeHJoBaTh Ha (u3Hue-
CKYI0 3HAYUMOCTb. .

Bopenb npuBOAMT npuMep, TAe CKOAb YIOJHO MaJoe ClelHa]bHoe
H3MeHeHHe NupepeHilHajbHOIo YpaBHEHHs BeJleT K KOPEHHOMY H3Me-
HEeHHIO Xapaktepa peutenuii. Hano nagestbesi, uro ToT Kjaacc ypaBHe-
HHH, ¢ KOTOPLIM Mbl MMe€eM [eJ0, He JOTYCKAeT II0jJo0HBIX Belled.

. ][55 I]( ypaurt, J. Tnab6eprt Merogu MaTemaruuecxoil ¢uamku. M,— Ji.,
1951.
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[Tpumep Dopens cBfisan Kak pas ¢ rapMOHHUECKUMH KOJeOaHHUSMH.
Hanumem ypaBHeHHe
mx*+-kx?=const.

Ero pellleHMsIMH SiBASIOTCS CHHYCOMAANbHBIE (YHKIHH, HMeoUIye
MepHOAHYECKHil WM, TOBOpA Gojee 06O, OCUHINATOPHLIH (KoJjeba-
TeNbHBI) Xapaktep. (34ech XapaKTepHO uepeloBaHHE: MaKCHMYM,
HY/lb, MHHHMYM H T. 1.)

M3MeHHM ypaBHeHHe CJ/lelVIOIHM o0pa3oM:

mx?+kx?==const-+A\, (2)

MpUyeM KOHCTaHTa A MOJIOXKHTENbHA M KaK YrofHo Masa. [dobaBienHe
ugeHa Al KauecmeerHmO W3MeHsieT XapakTep pellleHHH: ypaBHeHnHe (2)
He JOMycKaer kojebaTesabHoro perienusi. JlefdcTBUTeqNbHO, B CHIY (2)

(mx—+kx)x=A,

4TO HCKJKOUaeT (Tak Kak A>>0) BoaMoxkHOCTb paBeHcTsa x==0. [loatomy
X He MOXKET HMETh MaKCHMyMa HJIH MHHHMYMa, pelleHHe He MOXKeT
GBITH OCUM/LIATOPHBIM. Ecai GbI MBI OJYUHIM YpaBHeHHE (2) H OTKH-
HYJH Obl YleH ¢ A BBHAY €ro MasOCTH, TO, [ake HHTePECYsCh TONbKO
H3MEHEHHEM X Ha MPOTSKCHHH KOHEYHOTO BpeMeHH, MBI HOJAYUHJIH Obl
B KOpHE HENpaBHJbHBIA OTBET.

K cuacTeio, B Te€X CJyuyasX, C KOTOPBLIMH Mbl ONEPHpPYeM, [IeJo -
06CTOUT, MO-BUAHMOMY, Oaarononydno. OQHAKO Bbl BHIHTE, HACKOJDBKO
HY2KHO ObIThH OCTOPOXHLIM: NMPHXOAHTCA MPeAloJararb, YTO MBI TAKOTO
pora orOpachlBaHHA [enaeM Y/AayHo.

Bepremcs x ¢usuke. OGbUHO TOBOPSAIT: B ciyyae Fpysa, BUCSLIETO
Ha OPYKHHE, MOXHO CUHTATb, YTO CHCTEMa MMEET OfHY CTreneHb CBO-
GoNbl, €CJH Macca NpPYXKHHBL Majia Mo CpaBHEHHMIO C Maccod TIpysa.
[To cyiiecTBY 310 B KOHeuHOM cuete BepHo. CMBICH TOTO, UTO 51 CKaXy,—
He B TOM, YTO OOBIUHOE YTBEpXKIeHHe OMHOO0YHO, & B TOM, YTO OHO He
PasbSCHSIET CYIMHOCTH Aeja. Beib NpU BHIBOAE YPABHEHHS JBHXKEHMS
pacCMATPHBAEMOM CHCTEMbI MPeANOJIOKEeHHEe 0 MAJIOCTH MacChl NP YXKUHBI
HATJEe He BXoAuT. [IpH BHIBOAe YpaBHEHHMA JBHXKEHHUS I10J1b3YIOTCA
BTOpbIM 3aKoHOM HbiOTOHA

mx=F, B )

CIpaBeJ/IMBLIM HE3aBUCHMO OT BeJHUMHBI Macchl /m. IIpeanonaraercs
Aajee, UTO
f=—Fkx.

Ilpu 3TOM HEM cnoBa He TOBOPUTCHA O TOM, YTO Macca TIPYKHUHBI MaJa.
Ho usBecTHo, yTo ecind Npy:KHHA HMeeT OdeHb OoJsbulylo Maccy, TO
ypaBHeHHe (3) HeBepHO. B uem ke 1eno?
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Ml caesanu NPEANONOXKEHHE, YTO eCJH HIDKHHH KOHEIl NP YKHHBI
CABHHETCSI Ha X, TO Da3oBberci cHJAa —kX. 2710, Booblle roBopf,
HEe6epHO. 2Ta TUIOTE3a BepHA TOJRKO B CTATHYECKOM cJyyae, ec/y
NpYXKHHA pacTArHBaeTcs MAOCTATOYHO MeAJIeHHO. B oflieM cayyae
NPYXHHA B Pa3HBIX CBOMX YacTAX cCxkKaTa HJH PacTAHYTA MO-pasHOMY;
IIPH 3TOM €€ YJJIMHEHHE He MPONOPIHOHAJBHO CHJIE.

Hrak, cyliecTBeHHO NpeiarnoJoKeHHe, YTO PYKHHA 1edopMUpyeTcs
cmamuvecky, WIH, TOYHee, KBa3HCTaTHYeCKU. Kak 3TO CBA3AHO C BeJjH-
yuHOA ee Macchl? CTporufi aHaiu3 MOKasbiBaeT, YTO NPYXKHHA caMa
MOKET kosebaTbCsl, KaK pacnpejeneHsas cucrema. [1pu sToM npyxuHa
yiKe He BejeT cebsi KBasucraruueckd. Ho ecanm macca npy:xHHBI MaJja,
TO MBI HMEEM [IPaBO He CUMTATLCH C ITHMH KoJeOaHHSMH, NOTOMY YTO
OHH TOTJa O4YeHb OBICTpBIE H BecbMa ObICTPO 3aryxaior. OHH H3MEHSIOT
KapTHHY TOJbKO B «NepBbIH MOMEHT», NOKa OHM ellle He 3aTyxJju. Ho
MHOTJIA YXe «epBblfi MOMEHT» 4pe3BhYaHHO CyllecTBeH. S npuseny
JBa IIpHMepa.

HonyeTuM, 9T0 Mbl OTTSTHBAEM NPYKHHY 3a cepefuHy (puc. 22) u
OTIIyCKaeM (aHaJIOrHYHO MOXKHO IOCTYIUTD C 3apsiIoM Ha KOH/IEHCATOPE).
Ecin HawasnbHBEIE YCJIOBHSL — KECTECTBEHHEBIE JJIsT OJHOH CTETNEHH CBO-
60Jbl (T. e. B HaYa/IbHBIH MOMEHT NP Y:KHHA JepOpMHPOBaHa OLHOPO/HO),
TO ObICTphIe KoslebaHuA He Bo3HHKawoT. Ho %
B IaHHOM CJyyae B HepBbIH MOMEHT IpYy- “
XKHHA HauHeT OBICTPO KoJiebaThbCsi, W 3TH
OBICTpBIE KoIeGaHU A MOTYT NTOTJIOTHTh OYE€Hb
MHoOro 3Heprud. IloTeHuuanbhas sHeprus
paBHHeTCA B HayaJbHbLIH MOMEHT

k' x2
_2— ’
rae &' — cuja, HyXHas AJs TOro, YTOGHI
OTTSIHYTb NIPYkHUHY Ha | cu B MecTe 3axBa-
Ta. EC/IH 5TO MecTo — cepeHa Npy:KHHKI,
T0 R'=2k, Ile k — XKECTKOCTb MpH pac-
TSXKEHHH 34 KOHEIl NPYKHHEL. Takum o6pa-
30M, CHJIA IIPH TOM XKe CaMOM YAJHHEHHH
BABoe OoJbllle, €CJM TOYKA €e TNPHJIOoKe- \
HHsl HaxOOMTCS B cepelHHe INpYxuubl. Mrak, noreHnHanbHasa >Hep-
I'Hsl paBHa B Ha4a/JbHBIH MOMEHT
A2k) x2
.

ey

Korna marsikeHHe B NpYXHHe Tepepaclpenensercd, cMelleHue rpysa
OCTaHeTCs PaBHLHIM X, TaK KakK I'py3 He YCIeeT 3aMeTHO CABHHYTBCH.
IlosToMy mocsie nepepacnpeneseHuss NOTEHUMaJbHasi SHEPTUA OYJIET
paBHa kx?*/2. OTcloNa BUIHO, UTO 10408UHA HAYaJbHONH SHEPTHH YXOIHT HA
ObicTphle KoeGanus. /] aqbHe AN IpoLiece HAET C MONOBHHHOI 3HEepTHEH.

3 5. u. Magjgensiram
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Bropoit npumep — 3/eKTpHUYecKHi aHajor nepsoro. Cnepsa 3aps-
JKaeTcsi oJHa mapa IJacTHH (pHc. 23), 3areM IIPOCKAaKHBaeT HCKpa
M BO3HHKAIOT OhICTpHIE 3aTyXalollue KoJeGaHusi B KOHType, COCTOsIIEM
H3 KOHAEHCATOPOB M COELMHAIOUHUX HX MNPOBOJOB (KojebGaHHS STH
ObICTphlE H3-32 TOTO, UTO COEJMHHTEJbHBIE MPOBOJA OYeHb KOPOTKH).
Bcaencrere 3THX Koje6aHHA NPOUCXOAMT IepepacipejieseHHe 3apsaioB
mexkny nuactuHaMi. [locse Toro, Kax NpoOH3OLIIO 3TO lepepacnpeene-
HHe, 1Ba KOHAEHCATOPa MOXKHO paccMaTpHBaTh Kak ofMH. Ho B nepshlil
MOMEHT 3TOTO JeJaThb HeJab3s, TaK KAK HMEeT MeCTO «HeeCTeCTBEHHOE»
HauaJbHOe yciaoBue. BMecTe ¢ mepepacnpejiesienneM 3apsijioB NMPOHCXO-
JIHT nepepacnpejesieHne sHepTHH. YHacTb 3HepPTHM HAET NPH 3TOM Ha
TEMJIOTY, BBLAEJISIOULIYIOCH HPH OBICTPHIX KOJeGaHHSX.

Ecau 3a6biTh 06 0cOGEHHOCTAX HayaJbHBIX YCJOBHH, TO Oyler che-
JaHa olu0Kka B 3HepTHH. Jra owHOKa MOxkeT ObBThb OYeHb BeJHKa
(MOKET NpPEeBPATHTBCA B TeIJIO J00ast J0Jsi 9HEPTHM), B 3aBHCHMOCTH
OT TOYKH NPHJIOKEHHUS CUJIEE (B CJ1ydae IPYKHHBI) HIM OT COOTHOUIEHHS
eMKOCTeH (B ciyuyae KoHAeHcaTopoB). HMrak, He HYXKHO 3a0wlBaTh, YTO
MOT'YT GRITH TaKHe HauaJbHBIE YCAOBHS, IPH KOTOPBIX 00bluHas HAeasd-
3allUs He SIBJsIeTCSl CMpaBeMJIMBOH.

PaccMOTpUM Telleph CHCTEMBI ¢ ORHOH CTemneHblo cBoGOAbl B GoJee
oflleM Cayyae, KOTIA €MKOCTb M HHAYKTHBHOCTb 3aBHCAT OT BeJIHYHH
3JIEKTPHYECKOTr0 M MarHutHoro noged. Tax Oyner B caydae KaTyLIKH
C KeJe30M M KOHJEHcaropa € CerHeToBod cosblo. IloBeneHue TakHX
CHCTEM IIPH GOJIbILIMX AMIUVIHTYAAX OIHCBIBAETCA HEAUHCLHbIMIL JA-
depeHIMaJbHBIME ypaBHenusaMH. Hanucarb 3TH  ypaBHeHHsT Jerko,
HO OHHM MaJjio HM3y4YeHbl. 3JeChb MOXKHO IOHTH B T4KOM HampaBJeHHH:

MOXKHO CTaparbCsl IIpeACTaBHTb cebe Ha

OCHOBaHMH camoro Ju(depeHUHaJbHOTO

__i l ypaBHeHHUs, He pelliasi €ro, BCIO KayecTBeH-
] ']' HYI0 KapTUHY ABHxkeHHH. Oco0eHHO BaxKeH
o0 H TJIONOTBOPEH 3TOT NOAXOJA B TEOPHH Tak

Has3bIBAeMbIX AaBTOKOJIe6aTEeNLHBEIX CHCTEM.
Puc. 23 STHMH BOIIpocaMH MbI OyIeM B CBOe BpeMs
3aHHUMAaThCH 1.
[locTapaemcst, NpHMeHSAA 3TH METOABI, BBIICHHTE KapTHHY JABHKE-
HHSI, He OTPAaHUYHBASIChH CIEIHAJbHBIM CJIyYaeM JuHeHHocTH. [lycThb
ypaBHEHHE JABHXKEHHS HMEET BHJ

mx=f(x),

rae f(¥) — oAHO3HAYHAS (PYHKUMS ¥. YMHOXKHB ypaBHeHHe Ha dx/di
M IIPOUHTETPHPOBAB, MBI MOJAYYUM, OOO3HAYMB

F’(.?C)=—f(JC),

1 [Cm. 13-10 u l4-10 Jekuunu.]
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MepBbIl UHTErpaJ:
d 2
7 (ar) +F =W

(W — nocrostHHas). F(x) HasbiBaercs NOTEHUHa/bHOH 3HEeprHel. D10
Yp4BHEHHe BbIpaXKaeT 3aKOH COXPaHEeHHA 3HeprHH (Mbl HMeeM Jeo
C KOHCEPBATUBHOH CHCTEMOH).

[Tyete gnst mpocrorel m=2. Toraa, o603Ha4uB

WH—-*F(.X):(D(}C),
HMEEeM

-%32i ) @ (x). (4)

JBY3HAYHOCTh KBaZApaTHOINO KOPHs HMeeT OrpOMHOe 3HaueHHe MJif
noBeAeHHsT cHcTeMbl. C HeH cBfizaHa BO3MOMKHOCTh MMEPHOAHYECKHX
(1 BooOuie KoJeGareJbHBIX) pelleHHH.

PaccmorpuM ypaBHeHue

2 (x),

rae P(x) — oaHo3HayHast ¢pyHKUUA OT x. Takoe ypaBHeHHe He jomy-
CKaeT NEepHOAHUYECKOro pellleHHA (OHO COOTBETCTBYET Tesy 6e3 Macchl,
ABUXKYILEMYCH B BSI3KOH »KHIAKOCTH). ®H3MUYeCKH SICHO, YTO 3/1eCh He
MOXKeT OBITb NepHOJHYeCKOro ABHKEeHHS: NPH NEPUOJHUECKOM ABHIKEHHH
TeJO AOJIHHO MOOYEPEIHO LPOXOJAUTb OLHO U TO XK€ NOJIOXKCHUE, IABH-
rascb B OJHY, 3aTeM B APYTYIO CTOPOHY, T. €. IIPU OIHOM H TOM XKe X
CKOpOCTb JIO/IXKHa HMeTb TO OIHH, TO APYTo# 3HaK. Ho 3necw, npu nan-
HOM X, CKOPOCTb dx/df mMeeT BIIOJIHe OmpeleeHHOe 3HayeHue, H, cJe-
JOBATeNbHO, 3TO HEBO3MOXKHO. B ciyuae ke KOHCepBATHBHOH CHCTEMBI,
H3-3a HaJHUMSA JBYX 3HAKOB, 3TO He 3ampeliaercs.

3ameruM, uto DO(x)>>0 (MHHMBIE CKOPOCTH HE pPacCMATPHBAIOTCH).

PaccmoTpum paf caydaes.

1. Tlyerb Ha BceM paccMaTpHBaeMOM HHTepBaje 3HaueHUH x QyHK-
nus D(x) He UMeeT KopHel, T. €. He obpauiaercsd B HYJb. Tak o6CTOUT
JeJlo, HanpHMep, TOTAa, KOTZa TOYKY OTTAJKHMBAeT CHJa, NMPONOpUHO-
HaNbHAasl pPacCTOSHHIO.

Ilepenniiem nudpdepenunanbHoe ypaBHeHHe (4) B BHAe

‘ dx
dtZ-:,
436

___x dx
¢+c_§ Tl

OTKyJa

30
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[IpeanosiokuMm, 4ro MbI nyckaeM 4Yachl ({=0) ‘B TOT MOMeHT, KoOrja
X=X, (MBIl BBOAMM cClelHaJbHBI orcuer BpeMenu). Torpa C=0.

C yBeauueHueM x 3jecb [ MOHOTOHHO pacrer. CKopoCTb Hamnpas-
JeHa Bcerja B OfiHY CTOpoHY. M ellle He HAUIH ¥ KaK QYHKLHIO OT £,
T. . x=x(f). OfHako Mbl yxKe 3HaeM, YTo { — MOHOTOHHAS (DYHKIHSA
ot x. Clie1oBaTe/bHO, €e MOXKHO O(HO3HayHO 00epHYThb. Takum o6pasoM,
MBI DElHJ/IM KayeCTBeHHYIO 3ajauy. Mbl 3HaeM, 4YTO TeJO BCe BpeMs
JBHIKETCA B ONHOM U TOM K€ HalpaBjicHUH. MoKeT CayduThed, UTO X
obpalaeTcs B OECKOHEUHOCTh IIPH KOHEYHOM 3HAueHHH £, T. €. Tejo
3a KOHeuHoe BpeMs YXOAUT B OeckKoHeuHOCTb. Ho HOpMaJbHBIH Cay-
yail — TOT, KOTJa TOYKa YXORUT B OGeCKOHEYHOCTh 3a OeCKOHeuHoe
BpeM.

2. Ilycers ¢yuruus D(x) vMeeT aABa KOPHA:

D(x;)=0, D(x,)=0,

H IYCTbh HAYAJbHOEC 3HAYEHHE X—X, 3aK/JIOUCHO MCKAY 3THMH KODHAMHU.

X1STX oS Xs.
Torna
X
¢ S . dx
JVow ’
IpHYEM

D (x)=(x,—x) (x—x1)¥(x)

i ¥(x) B unTepBae x,<x<lx, He oOpamaercd B Hy/Ab. Tak Kak O(x)=0,
TO B HHTepBane x;<x<lx, umeeM ¥(x)>>0; snauenua W(x;) u W(x)
moryT paBuAThcad Hy/Mo. Ecau W(x;) paBHO HymO, TO X; — KpaTHLIA
kopenb byuxuud O(x). Anasornyno oberout geno ¢ ¥(x,). B obuem
CJAy4ae MOXKHO HAIHCATh: ‘

CD(x) - (xz—x)m(x_xl)mlf (x)v

rle m U n — UeJble YHCAa, YKa3bBalolHe KPATHOCTh KOPHEH X, H X,
a W(x)70 na cermenrte x;<l¢<(x,. 3aMeTUM e€lle, YTO €CAH KOpeHb
JBOiHOM, T0 B HeM He Touabko D(x), Ho u @'(x) obpamiaercsi B HYJb.

PaccMmorpum cnydal NnpoOCTBEIX KOpHeH.

[lycre cHauvana dx/df — monoxurtenbHas BeaHunHa. Touka JBH-
XKEeTCsT B CTOPOHY BospacramwoimdX x. [lpu x=x, oHa HMeeT CKOpPOCTb
HyJb. JlocTHraer /M OHA MOJOXKEHHUA X=X, 34 KOHeYHOe U/ 3a Oec-
KoHeuHoe BpeMs? (OKa3bBaeTcs, YTO eC/JH KOpeHb X=X, -—— IIPOCTOH,
TO OHA JOCTHTAeT MOJIOKEHHS X=X, 32 KOHEYHOE BpeMsi.

310 ceyeT U3 HU3BECTHOH TEOpPEeMBI, COTVIACHO KOTOPO# npH f(b)=oo
HHTETrpan

b
Sf(x) dx
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KOHE€UYeH, €CJIH B OKPEeCTHOCTH TOUKH b
I(b——x)Pf(x)I < C’

npuyeM p<<l; B HalleM cJaydae HPOCTOTO KODHSI 3TO HepaBEHCTBO
BLIMONHSIeTC npu  p=1'/,. Oka3snBaercs Jjajee, UYTO €CJAH KODPEHb
X=X, — KPaTHBIl, TO MOJOXKEHHe X=X, JOCTHIaeTc 3a GeCKOHeuHOoe
BpeMa. Mbl umeeM Jeslo B MOC/ACIHEM Cay4ae C QCUMAMOMUYECKUM
ABKEHHEeM: TOYKa AacHMITOTHYeCKH TNpHOIUKAeTCH K [OJOXKEHHIO
X—=Xs.

PasnuuHplfi XxapakTep ABHXKEHHS B CJAy4ae NPOCTOTO H KPATHOTO
KOpHS TNOSACHSET CJAELAYIOIUH NIPOCTOlf MpuMep.

I'Tycrs
D(x)=(a—x)*
(x=a — nByKpaTHBIl KOpeHb). 3Jech HHTerpasn
a a

[ ngi) =(£ad—xx

0 )

norapudmuueckn obpamaercs B GecKoHeyHOCTb. [IycThb Temepsb
O(x)=a—x

(x=a — HpOCTOﬁ KOPEHB). Torna HHTEerpan
a a
5‘ de S’ dx
V-(D (JC) h Va_'x
0
KOHEUYEH.

Ecin dx/d{<<0 u npoucxonut nBuxKeHHe B OGPATHYIO CTOPOHY, TO
MOXKHO BLICKa3aTbh aHAJOTHYHbIE YTBEPKIACHHS.

[TycTe KOpHH X=X; U X=X, npocTteie. Touka JoCTHraeT moJO-
JKEHHS X=X, 34 KOHeuHoe BpeMd. UTo NpoOH30MleT B TOUKE X==X,?
CkopocTb 3mech paBHa Hymo. HafizeMm: yckopeHue:

f)=—F"(x)=0"(x).
Ho B ciayuae npocroro kKopus

D(x)=(xts—x) (%),
rne ¥(x,)>0 u, cieroBatenbHO,

f(xe) =" (x2)=—" (x2)<<0.

Takum 06pa3oM, YCKOpeHHe B MOJOMKEHHH X=X, OTpHUATeJbHO, a
3HAUHT, MO JOCTIKEHHH TOJOXKEHUsT X=X, BO3HHKAeT JBHKeHUe
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B oOpaTHOM HampaB/JeHHH. MarepuanbHas Touka mpoberaer 3areM Bce
TIOJIOKEHHS CO CKOPOCTBIO, COBMajamouell ¢ npexHeld no abCoMOTHOH
Be/IHYHHe, HO ¢ OOpAaTHEIM 3HAaKoM. JIerko BHJeTb, UTO ABUIKEHHE IPH
3TOM nepuoduueckoe.

Hraxk, MBI nNOAydYMJIH CJIeIVIOUMMA 3aMeuaTe/NbHLIH  pe3yJibTar.
Ecau D(x) He HMeeT KOpPHA, TO ABHUMKEHHE HeNPEMEHHO MpPOHCXORKT
B OJHOM HanpasJeHHH. Ecan umeercss ABa KOPHS U 06a — IpPOCTHIE, TO
noJay4aercsl nepHoAudeckoe (MHOGpalHOHHOE) ABHXKeHUe. Ecnu xors 6h
OJMH H3 KOpPHeH ABOHHOH, TO MOMYYHTCS ACHMMNTOTHYECKOe (JMMHTA-
IIMOHHOE) ABHKEHHE.

B cayuae nubpanMoHHOTO JIBHMKEHHS JJS TNEpHOZA T HMeeM, oye-
BUAHO, BBHIpaXKeHUE

Mrl npuoGpenu Gosplie 3HAHUA NYTEM INPOCTOTO HCCAEHOBAHHSA
ypaBHenua (4).

[IpumenuM Tenepb MoJy4eHHbLIE OOI{HE pPe3YJbTAThl K JHHEHHOMY
OCUM/IIATOPY H K MAATHHKY.
B cayuae nuHefiHOTO oCHHAMATOPA

_ kx?

Fx)=

H O(x) umeer npu BcakoM W>0 nBa NpOCTHIX KOpPHA:
7 14
w=—V % n=tyE.
JIBUXKeHHe NepHOAHYECKOEe, MEXKAY X=x; H X=X,.

CoBepllleHHO Apyras KapTHua noaydaercd Aisi MasTHHKa. Boabmem
MareMaTHueckuii Masatuuk. [as Hero

F (@) = mgl (1 —cos @) = 2mgl sin> & ,
D (¢) = W —2mgl sin® 5—2’1 :

Byaem pasnnuaTth TpH cayuas.
1. Ilyctp
W< 2mgl.

Torga ®(p) umeer kopHH —¢,, e O<<p;<<m. O6a KopHA mpo-
cTele, Tak Kak @'(p;)7=0. CiemoBaTesibHO, HMEET MECTO IEpPHOAHYE-
CKOe JIBHiKEeHHe, NIpHYeM MEepPHOJ ero 3aBUCHT OT aMIIUTYAH. Eciau ¢,
He OYeHh BEIHKO, MMeeM NPHGJIHKEHHO, OGO3HAYUB 4epe3 (g, MAKCH-
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MaJIbHO€ OTKJIOHEHHE

-

T=2n V é(l—}——i»- sin2%’) .

ITepHon xoJie6aHHH KOHCEPBAaTHBHOH CHCTEMBI, BOOGIIe FOBOPS, 3aBHCHT
OT aMIVIHTYJHI.
2, Ilyers
W=2mgl.

@dyukuua O(p) uMeer Tenepb KOPHH

P1,2=E0.

DTH KOPHH ~— KPaTHbIE, H, C/EI0BATeNbHO, OYIeT JUMHTAIMOHHOE JBH-
JKeHHMe: MasTHHK IIOAXOAHT K BEeDPXHEMY MOJIOXKEHHIO aCHMITOTHUYECKH,
HHKOTAa erc He JOCTHraf.
3."Tlycrs, HakoHel,
W>2mgl.

Torpa ypaBsenune ®O(¢)=0 He uMeeT JelicTBUTENLHOTO KOpHA. [IBu-
’KeHHe NPOHCXOAHT BCe BPeMS B OJHOM M TOM Ke HaNpaBJeHHU: MATHHK
CoBepllaeT BpalllaTesibHOE JBHXKEHHE.

3aech, JJIsT KOHCEPBATUBHOH CHCTEMBl, C MOMOLIBIO YpaBHEHHA (4)
MBI JIETKO TMOJYYHJH BCIO KapTHHY ABHKEHHH. B ciyyae HekoHCepBa-
THBHBIX CHCTEM TAKOH ananHu3 HeBO3MOxeH. KauecTBeHHOe wuccaenoBa-
HHe HX JBIDKEHHH JO/KHO HCXOAUTb HeNocpeACTBeHHO U3 Auddepeh-
LHaJbHOTO ypaBHeHHs. PaszHoo0pasiie BO3MOXKHBIX JABHIKEHHH OKa3bl-
BaeTcsl TaM ropasjao OoJibiie. [Ipn 3TOM psif TeopeM O KaueCTBEHHOM
XapakTepe JABHKEHHH IIpoOlle BCEro H3Jaraercss Ha IeoMeTpHYecKOM
A3bIKE.

BOCbMAY JIEKLMS
(3. X11930r.)

Hamocmpayuu & kawecmeennoil meopuu Bedepuimpacca. Haeandnoe npedcmasaerue
u mamemamugeckasn meopus. Ilpedcraaeserue Osuscerun na ghasosori naockocmu. Ocoboie
MOUKL U BAMKHYMbIE UHMe2PasbHble KpUsble HeAlHeliH020 JueperuaroHoeo YypasHeHUs.

CHayana HECKOJBKO 3aMeuaHHH, OTHOCAIIMXCH K Npeibayuieit
JEKIHH. - -

MBI 1OCTaBHJIH BONPOC MAaTeMaTHYeCKM H PeILUIH €ro TakK, Kak
3T0 BIepBeie clenan DBeliepmutpacc. MBI HMen# 3aKOH COXPaHEHHS
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SHEPTHH

mx?
5 +F(x)=W. (D
910 6blAO Hallle YpaBHeHHe IABHMKeHHS. s YIPOIlEHHs BHIK/JIAZOK
MBI TOJIOXKHJH m=2 (HHaye FOBOPSI, BBEJIH COOTBETCTBYIOUIHE €IHHHLbI);
TOoTAa AJd CKOPOCTH X HaXOIHM:

x=VW—F ().

B kaxIoH To4Ke NyTH MaTeépHalbHAs TOYKA HMEET NOTEHIHAJBHYIO
sHepruio F(x). Mut o6o3nauyniv pasHocts W—F(x) uepes O(x). 3ame-
THM, uTo @D(x) ectb npocroe 0003HAUEHHE KHHETHYECKOH 3HEPLHH,
BbIpAXKeHHOH KaK (DYHKIUHA CMEUleHHS.

B kaxnofi TOuKe 4YacTHila HMeeT ONpPeleNeHHYI0 KHHETHYECKYIO
M TIOTEHLUHANbHYIO 3HepTHio. MBI MOXeM Tenepb YACHHTb ce0e MOYTH
Ge3 MareMaTHKH, Kak OyjeT IBHIraTbCA 4YacTHIa.

[Tyerb MarepHaJbHasd TOYKA ABHIKETCH B I10J1€ THIKECTH 110 XKeJOOKY
onpezedeHHoH (GopMbl. B KakIoM NOJOKEHHH TOYKA HMeeT ompee-
JEHHYIO NMOTEeHUHANbHYIO sHepruw U =mgy(x)=F(x). JlaBas xejJoOKy
MOAXOLAIULYI0 (POPMY, MBI NOJYYHM MOOYI0 3aBUCHMOCTb F(x) moOTeH-
IHaNbHOH 3HEPTHHU OT mojoxeHHs. HM3o0pasum, nanpumep (puc. 24, a),
KeN00GOK, COOTBETCTBYIOWUMH ROCTOAHHOH CHJe, T. €. IOTeHUHAJbHOH
9HEpTHH, PONOPLHOHANBHON paccTosiHUI0. M306pasum nanee (puc. 24,6)
XKeJio60K, COOTBETCTBYIOIIHA KBA3UYNPYrod Cuje, T. €. NOTCHUHAJbHOH
SHEpPTHHd, NPONOPLHOHAJLHOH KBaIpaTy pacCTOSHHUSA.

Puc. 24

bBes BcAKoOH MaTeMaTHKH JIETKO BHAETb, KaK TouKa OyLeT JBUIaTbCs
110 keJno0Ky: OHa OYZeT NOAHHMAThesA A0 TeX Iop, NOoKa KHHeTHuecKas
9Heprusi He oOpaTHTCS B HYJb; TOTJA TOYKa OCTaHOBUTCH.

Kunetnueckasa sHeprusi obpaiaerca B HYJb TOrJa, KOTRa MOTEH-
UHajbHasi 3HEPTHSA paBHa IIOJIHOH 3Heprud. IJTO NPOHUCXOAHT NpPH X
TaKoM, 4TO F(x)==TW (3T0 «yCJ0BHe OCTAHOBKU» MBI YKe NOJYUHJH aHa-
JUTHYECKH). 3aTeM TouKa nopepHeT o6patHo. Urto Gyjer, ecain hyHKIUSA
W—F(x) He MMeeT KOpHS, T. €. eClAH BO BCeX MNOJIOXKEHHSX YaCTHIBI
F(x) menblue, yem W? Ecam kuHervuyecKasi 3Heprus HaACTOADBKO BeJHKa
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(puc. 25), utro W Gosablue mMakcuMyMa F(x), ToO MaTepHaJbHas TOYKa
nepeckouuT 4epe3 6apbep H 6yaeT ABHTaThbecs Aafbiue. Ecau KHHeTH-
yecKasi SHEPTHSA KaK pas Takasl, 4yTo B MakcHuMyMe F(x) umeem F(x)=W,
TO TOYKA NOMIET 10 MaKCHMyMa MOTEHIHAJbHOH 3HEPrHH M TaM ocTa-
HOBHTCA. B MakcuMyme mepBasi npousBognas F'(x) paBHsieTcss HYJIO.
CrnenoBartesibHO, B 3TOI TOYKE M CHJa PAaBHAETCH HYJIO, TaK Kak

F'(x)=—F(x).

B Takoil npocToli KapTHHE BCe CjellyeT U3 HaIJSJHOCTH. 3adeM Ke
MbI TIpOZieJaldH B NpPOWbIE pas pAN MaTeMaTHYeCKHX BHIBOJOB? [leno
B TOM, UTO «KHTEHCKHE» pasroBOPBI, B CYIIHOCTH, TpelIaT B OXHOM
mecte. IlycThb KuHeTHuecKasi 3HePTHS TOYKH MeHbllle MaKCHMaJbHOH
noTeHnHanbHOH. MBI 3HaeM, 4TO B TAKOM CJiyuae TOYKa JOJMKHA OCTa-
HoBUThcA. Ho yBepeHB! JIH MbI, UTO OHAa ROHIET IO TOYKH OCTAHOBKH
3a KOHeyHoe BpeMsa? Belb TOJBKO NpH 3TOM YCJOBHH MOXHO TOBODHTH
O TEPHOJAHUECKOM JBHXKEHHH C KOHEUHHIM mnepHoioM. A dro Gyner
B CJyuae JIMMHTALMOHHOTO ABUKeHUs? MoxeTr OHITH, H B 3TOM Cayyae
qacTHIA MOXOOHT JI0 KpalHEero IoJOXeHHs 3a KOHeYHOe BpeMs? 31echb
HATPSAJHBE PacCyXkKAeHHA HHUEro He JAlOT, a HeoOXOIHMO MareMaTH-
yecKoe HccaenoBaHue. be3 Hero BhI He NOJYYHTE CEpbe3HOTO OTBETA.
HauyHatomeMy oueHb YacTO Kaykercs: K ueMy BCSI 3Ta MaTeMaTHKa?
EMy xameTcsi, 4TO «d Tak Bce sicHO». Ho B 1eHCTBHTEJBHOCTH KaKOH-
uu6yIb CYIIECTBEHHBI# AVHKT IPH 3TOM MOMKET OCTarbCst HESICHEIM.
Hmerb Mepy TpebyeMOH MareMaTHUeCKOH CTPOrOCTH — Camoe TpYAHOe
ans ¢usnka. [IpaBusbHee OyieT cKa3aTh TakK: eMy HEOGXONHMO YMeTh
onpenensTh 3Ty Mepy.

/\ '-_r, — W N
Cant Al

Prc. 25

Mayuass TnoBeleHHe KOHCePBATHBHOM CHCTEMEI C OJHOH CTEMEHBIO
cBOGOMBI, MBI HCXOAMIH M3 OOLIHX 3aKOHOB JBHXXeHHS. 3aKOH coxpa-
HEHHA 3HeprHu Jaer

2 L F (=W,

ITpoaudxpepenuyposas 3T0 ypaBHeHHe, UMeeM

xmx—f(x)1=0,
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Tak Kak f(x)=—F'(x}) unu F(x)=—[f(x)dx. U3 ypaBHenusi, noay-
YEeHHOTO B pesyJbTare AudxpepeHIHpPOBAHHA, CJEAYET, UTO

mx=F(x).

IT10 BhIpaxenue 3akona Hrelotona. Ecan f 3aBucuT TOMBKO OT X, TO,
3Has f(x), moxkHO Ra#itTH F(x). Jr0 paBHO3Hauyamue BbipaxeHHsa. Cy-
IIIECTBEHHO, YTO 3JE€Chb CHJla 3aBHCHT TOJbKO OT NOJMOXKeHUS (ObIBAOT
cJy4au, KOrjd CHJIa 3aBHCHT He TOJBKO OT IOJNOKEHHS).
Ecau Tesio nagaer noj neficTBHeM 3eMHOIrO NPHTSKEHHS, €0 NO-
TeHIHAIbHAsl 3HEPTHsi eCTh
U=mgx.

Orcrona A CHJIBblL MOJAyYaeM

- =—m
- dx £

ITyeTp 310 Ke Tesno majgaer B BSISKOH »KUIKOCTH. 37eCh BO3HHKaeT
TpenHe U 3aKOoH nazeHus Oyler APYrUM. EcJHM OCTaHOBHTL TEJO, TO
CHJIBI TpeHHs HeT. CHJja TpeHHs He ONpejeneHa TeM, B KaKOM MecTe
HaxojuTca TeNo. Mbl MoJyduMm Xopollee NPHOMHKEHHOE BbIPaXKEHHE
JUtsl CHJIBI TPeHHsl, Ipefno/aras, 4yro OHa INpPSMO IIPOMOPIHOHANbHA
CKOPOCTH H JACHCTBYET HaBCTpeuy ckopocTH. Toraa

f=—mg—kx,
¥ AupdepennuanpHoe ypaBHEHHe JABHXKEHHUS TaKOBG:
mx=—mg—kx. (2)

Tenepb cuna f — QyHKIMA He TOJIBKO OT X, HO M OT X. YpaBHeHHe (2)
caenyeT M3 BTOPOro sakoHa HeloTona, HO nepelTH OT HEro K TaKoMY
YPaBHEHHUI0, KOTOPOe Obl10 Ob aHAJOTMYHO 3aKOHY COXpaHEHUsl 3Hep-
ruu B popme (1), mpocTeiM 06pazom HEBO3MOXKHO (HEBO3MOMKHO MOTOMY,

YTO B Bbipa)K€HHe CHJLL BOIJIa NpPOU3BOJHAS X). 3AeCh HeT 3aKOHA
COXpaHeHHst HCPTHH B MEXAHUYECKOM CMbICIe. 3Jech pPa3BHBAETCH
TEIIOTd M ITOCTOSHHOH OCTaeTCA CyMMa BHYTpPEHHeH 3HepTrHH CHCTeMbl
¥ pasBUBAeMOH TEIJIOTHI, KOTOPAasi B MeXaHHUYECKHE YPaBHEHHS HHKaK
He BXOIHT.

AHanu3, KoTOpLL OblJ1 HAMH NPOBEAEH, TOAKTCA JJIst cayuasi, Koraa
CHJIA He 3aBHUCUT OT CKOPOCTH, HO OH HHUEr0 He MOXKeT JaTh JJs obiero
cnyuasi. B 3ToM ofimeM caydae MOKHO, OLHAKO, TOJb30BAThCA ADYTHM
METOIOM HCC/JAENOBAHHSA, K KOTOpOMY MBI Tenmepb M mnepeizeMm. Ow
NPHUMEHHM KaK K KOHCepBaTHBHLIM, TaK H K HEKOHCEPBATHUBHLIM CHCTE-
MaM. IDTOT MeTOJ HOCHT reoMeTpHdecKHH Xapaxkrep. OH cBfi3aH ¢ TeM
SI3bIKOM, Ha KOTOPOM TOBOPSIT BCe Te, KTO 3aHHMaeTCsA KBaHTaMu. Bes HX
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TEePMHHOJIOTHS OCHOBaHa Ha 3TOM MeToje. B 6osiee C/IOXKHBIX Ciydasx
3TOT METOA — €AUHCTBEHHLIH, H C HHM HYXXHO, XOpOUIO OCBOHTbCH.
J1/151 HeJIMHEHHBIX KoJleGaTebHEIX Npob/ieM 0eclipoBoIOUHOM Tejierpagun
9TOT METOA, B CYLIHOCTH, Gbl1 BBeJeH A. A. AHJDOHOBLIM.

MareMaTHyeckasi NOCTAHOBKA 3ajayd TakoBa. JlaHO HelMHeHHOe
ypaBHeHHe BH/a

mx=f(x, x). 3)

Boofiue ropops, Takoe ypaBHEHHE Hesb3sl IPOMHTErPUPOBATh. Kak xe
[OJAONTH K HCCJEJ0BAHHIO IBHxKeHHA? Kak «BBIYAHTb» W3 ypaBHEHUA,
KaKUMH CBOHCTBAMH 00JaJ4l0T ABHXKeHHUA OIHCHIBACMOH HM CHCTEMBI?

Hac uaTepecyior cMelllegHHe X H CKOpOcTb X. Heab3si jin H3yydTh
3aBHCHMOCTDb MexKAY X H x? Mbl MOXKeM HanHcaTh

y=x.

KaK10My 3HAUEHHIO X COOTBETCTBYET ONpeleneHHoe 3HayeHHe y=y(x),
T. €. CKOPOCTb €CThb (YHKUHS KoopAuHarbl. IlocTraBuM Bompoc Tak:
KaKYI0 CKOPOCTb HMEET TOUKa B JAHHOM NOJIOKeHHH? OTBETHTb Ha HETo
BOBCE HE JIETKO Ja)Ke B CJIyyae KOHCepBATHBHOH CHCTEMBI.

Hrak, MBI XOTHM HalTh BHJI GYHKUUH y(X).

[IpHHATO BMECTO CKOPOCTH Yy==X BBOAUTL B PACCMOTPCHHE KOJH-

yeCcTBO JIBHXKEHHA HJIH HMIOYJAbLC Y=mX. Hocne)lyfom,ee H3J0zKEHHE
[IpH 3TOM 3HAYHUTC/ABHO YIIPOCTHTCAH. Tak penaercd B AHAJHTHUECKOH
MEXAHHKE H B TEOPDHH KBAHTOB. B caoxKHBIX caydagx 3TO CYUIeCTBCHHO;

HO nOKa peub uier 00 OJHOH cTeleHd CBOOGOALI, 3T0 He HMeeT GOJbLIOro
3HaYeHHSI.

Hanumem .
y=y(x)=mx,
OTKyJa
mx =y’ (X) x= fj% (4)
[TopcraBassa (3) B (4), HaXOLHM:
yy =mf (x L.

Mbl nosyumau, TakHM obpasoM, JAH¢depeHinalbHOEe YypaBHEHHE
LJd y Kak (yHKIMH OT X. llepBoHaua/bHOE ypaBHEHHE ABHIKEHHS
6BLJIO BTOPOTO NOpPSAKA (B HEro BXOAMJIA BTOpas NPOH3BOAHAS OT X
no f), HO Yy, BHIpaXKEHHOe KaK (YHKIHS OT X, YAOBJETBODAET YpaB-
HEHHIO nepsoeo TMOPAAKA. 3TO CYIIECTBEHHO: MEXK]Y NEePBbIM H BTODLIM
NOPSIAKOM B cJydyae HEeJIHHeHHOro YpaBHEHHS MMeeTcs TIpoMaiHas
pasHHia. Bcerna Ju MOXKHO _MOHU3HTb NOPsAAOK? Ecau Obl B BbIpaxe
HHe /151 CHJIBI BXOJUJ/IH HE TOJBKO X H Y, HO ellle ABHBIM 00pasoM Bpems ¢
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TO 3TOTO Heqb3sl ObWIO OBl cAejaTb: B IPaBOH YacTH OCTagoCh Obl f.
Ynorpeb/eHHbI HaMH NPHEM NMOMOTraeT TOJbKO TorJa, Koraa { B Bbipa-
KeHHe JJIsl CHJIbl He BXOIHT.

MOXKHO Jin (pususecKu BBIIEJHTb CHCTEMBI, Y KOTOPHIX CHJ4 He
3aBHCHT SIBHO OT BpeMeHH? /fIBHAasd 3aBHCHMOCTb CHJIBI OT BpEMEHH
O3Ha4aeT, 4Yro €CTh MOCTOpPOHHEe BJHsAHHE Ha cucreMy. Ecau cucrtema
3aMKHYT4, TO TAKOH 3aBHCHUMOCTH He OyjeT. CucTembl, FAe CHJa SBHO
HE 33BHCHT OT BPEMEHHM, Mbl Ha3blBaeM aémoromHumu. Bes o0aacts
reHepaluy Ko/eGaHHH B PajMOTeXHHKE (KpOME€ BONPOCOB MOAYJIALHH)
IPHBOJHT K DacCMOTPCHHIO MMEHHO aBTOHOMHBIX CHUCTEM.

Mel cBestn 3ajauy Ha HCcCaefoBaHHE YPaBHEHMSI NMEPBOrO NOPAKA.
3Has y Kak (QYHKUHIO OT X, YK€ HeTPY/JHO MOJYYHTb 3aBHCHMOCTD
CMEILLCHHA X OT [.

HMrak, nepes namu MareMaTHyeckasi 3ajaya — HCCJEAOBATh ypaB-

HEHHe
yy' =1, y) (9)

(47151 TIPOCTOTLI Mbl NOJOXKHIH m=1). BooGilie ToBOps, pelIuTh TaKoe
YPaBHEHHE Mbl He yMeeM. MBI MOXeM IIPOBECTH TOJIBKO KadeCTBEHHOe
HCC/efoBaHKe., B oblieM cayyae — 3T0 eJHHCTBeHHBIH NyTh. JJisf KoH-
CePBATHBHOH HEJHHEHHOH CHCTEMBl 3TOT NIYTh HEM3MEHHO I[IPHBOJHT
K uead. BooOlle roBopsi, 3TO Bellid OYeHb CJOXKHbIE, OHH TPeGYIOT
OOJIbILIOIO MaTeMaTHYECKOro anmaparta.

Bbl snaete, 4Té HasmbBaeTcs pelleHHeM AU(GepeHUHANbHOIO YpaB-
HeHua, DPyHKUHSA

y=9(x)

€CTb pellieHHe AHQQepPeHUHaJbHOr0 ypaBHEHHS (HAH YROBJETBOpsET
ArdxpepeHHaIbHOMY YPaBHEHHIO), €C/IH ee NOACTAHOBKA B Judxpepes-
IHa/JbHOE ypaBHEHHE€ IIpeBpallaeT €ro B TOxJecrBo. BosbMeM Ljio-
CKOCTb X, y. Ecam y=¢(x) ynoB/aeTBopsAer Au(pepeHLHATbHOMY
YPaBHEHHI0, TO KpHBas, H3o0paamwoliasa 37y QYHKUHIO, €CTb uHiTe-
ePanbHas Kpusas.

Mbi HMeeM OAHO ypaBHeHHe mepBoro nopsajgka. Ero ofluee; pelue-
HHE 3aBHCHT OT OJHOH IIPOH3BOJILHOH NOCTOAHHOH, a 3HAUHT, HMEKTCH
pas/iHyHble HHTErpajibHbleé KpHBble, COOTBETCTBYIOLIHE pPa3J/HYHbIM
3HAQUYEHHUAM STOH IIPOH3BOJIBHOH IIOCTOSTHHOH, T. €. LUeJI0€ Cemelcmeo
HHTErpa/bHBIX KPHBBIX. Mbl MOXkeM 1103TOMY NOTPe0OBATbL OT (PYHKLHH
@(x), 4YTOOBI OHA YAOBJETBOpSJIAa HE TOJLKO AuddepeHIHaaIbHOMY
YPaBHEHHIO, HO €llle H HEKOTOPOMY JONOJHHUTEJbHOMY ycioBu0. IloTpe-
GyeM, YTOOLI NPH X=X, OBLIO y=1y,. 3AECh Xo U Yy, — JIOOblE 3aflaHHLIE
BeIMYHHBLI, Henb3Aa 3apaHee yTBepxJarb, 4YTO BCerZa CYLIECTBYeET
Takasd (YHKIMA, HO MOMKHO yKa3arb JOCTaTOYHOE YCJOBHE TOrO, YTO
CYLIECTBYET OJHA M TOJBKO OAHA (YHKUHA, YAOBJCTBOPSAIOIIAA 10~
CTaBJE€HHOMY TpeOoBaHUIO. Ha HallleM reoMeTpHUYECKOM SI3BIKE 3TO TpeGo-
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BaHye O3HAyaeT, 4TO HHTerpaJ/bHasl KpUBas NO/MKHA NPOXOAHThL yepes
TOUKY (Xo, Yo). YTIOMSAHYTOE Bhillle JOCTATOYHOE YC/IOBHE TAKOBO: €C/IH

B JlaHHOH TOYKe
' o [f (x, y)]
dy| Yy

rie M — HeKOTOpO€ MOJIOKHUTENbHOE YHCJIO, TO 4epe3 3Ty TOYKY Npo-
XONWT OIHA M TOJbKO OJHA HHTerpa/jbHas KpHBasA. TakuM o00pasoMm,
eCJIH B TOUKe (Xo, yo) mpoussopuas Olf/yl/0y xoneuHa, To yepes TOUKY
(%o, Yo) TNPOXOAHT HHTETpaNbHA#A KPHBasi, M I[PHTOM TOJBKO OJHA.
Ecau xe Mbl c1yualiHO nomajd B TOYKY, TAe ycJjosHe (6) He yIOBJeT-
BOPAETCS, TO Mbl MUMCEM JEJIO C COMHHTENbHBIM C/Iy4ydeM -— COMHHTE/b-
HBLIM TTOTOMY, YTO BBICKA3aHHOE YCJIOBHE — JIOCTAaTOYHOE, HO He Heol- .
xonumoe. TOUKH, 17151 KOTOPHIX HECPaBEAJIUBO YTBEPKIEHHE, UTO Uepe3
HHX IPOXOJHT OAHA H TOJbKO OAHa HHTeTpaJ/bHas KPHBas, Ha3plBaloTCA
ocobbimu moukami JudxhepeHIHaJbHOTO ypaBHenud. OKasblBaeTcs, YTo
OHH HMEIOT OTPOMHOE 3HaueHue B TeOPHH Au(xpepeHLHaNbHBIX ypaBme-
Huii. Teopusi Kone6aHUA MMH OYE€Hb HHTEpecyercs.

BosbMem HemHOro Gojee ofuiuid cayuaii, dyem (D), a HMEHHO YpaB-
HeHHe BHJa

<M, (6)

Xo, Yo

P(x, y) . (7)

[B cayuae (5) Q(x, y)=yl. [Ipoussosuas dy/dx Bciony KOHEYHa, KpoMe
toukn Q=0. Ecau B Touke x=x,, y=yo umeem P(x, y)=0, Q(x, y)=0,
TO TOUYKa fABJsiercsd ocoGoi. YUepe3 BCAKYIO NPOCTYIO TOUKY MPOXOAHT
OfHA H TOJbKO OJHa HHTerpajbHas Kpubaf. Yepe3 ocolbie TOYKH
IIPOXOAHT HECKOJbKO HHTerpaiibHbIX KDPUBBIX HJIH 2Ke He HPOXOAHT
HU OJHOH.

PaccMOTpHM HECKOJIBLKO IPHMEPOB.

[TepBbH nNpHMED.

oy
Tr a E

1o ypaBHEHHE JIETKO HHTETrPHPYeTCs:
y?+a?x*=const.

Mbl mosyyaem ceMeHCTBO KPHBBIX, IOTOMY 9YTO KOHCTaHTa MOXET
OblTh JIO6as. DTC CEMEHCTBO 3JJIMIICOB, IIPHYEM Yepe3 KaxkKAylo TOUKY
NpPOXOAUT OfHH aaiaunc (puc. 26). Ioacras/asis B JeBYIO 4acTb KOOp-
JAUHATH TOUKH, Mbl HAXOAHM 3HauYeHHe KoHcTauThl. Ho 3azaanm Hava/b-
Hoe ycaoBue x=0, y=0."Torga xoHCTaHTa paBHa HYJIO, H MBI HMEEM

yitatxt=0.
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e

IJTO He €CTb ypaBHEHHE NeHCTBMTENbHOH KpHBOH. Touka x=0, y=0
€CTb 0C0Gasi TOYKa: uepe3 Hee He [IPOXOAHT HH OJHA HHTerpa/bHas
KpHBas.
Bropoii npumep.
‘Ezcﬁ_{.
dx y*

3nech, HHTETPUPYS, MH MOJYdaeM
y*—a*x*=const.

J10 cemelcTpo THnepGos ¢ ofmumu acuMntoramu (puc. 27). Uepes
ocobylo Touky x=0, y=0 NpPoXoAST ABe HHTETPANbHBIE KpHBBIE, a
HMEHHO aCHMIITOTEL,

Mbl nmosyyund yxe nBa THna ocoObIX TOYeKk. B mepBom IipuMepe
MBI HMEJH JeJIO C YeHmpom, BO BTOPOM 0coGas TOYKa HAa3LIBAETCS
cepaom (col — BazMHA rophi).

BepHemcsi cHOBa K KOHCepBAaTHBHOH CHCTeme, 1/l KOTOpOI

vy =f(x).
f(x)=0, y=0

00 cepno, nubo Lentp. 14 TOro 4TOGHI y3HATH xapaktep ocobon

Ocofass TouKa

¥4

Puc. 26

TOYKH, Pas/lokKUM OKoJIO Hee f(x) B pan. IlycTb B ocoGolt Touke f(x)=0
Torga
fX)=awx+a.x*+. ..

Ecau_nepsuiit Ko3¢pULHEHT oTpHuIaTeNeH, TO ocofas TouKa — LIEHTP,
eC/IM _ NOJIOXKHUTEIEH — Cel 0.

KakoB ¢usuvueckuil cMbica 0co0oil Touku? B me#t y=0, T. e. cko-
POCTb paBHa nyJaio, H f(x)=0, T. e. cuia paBHA HYJIO.

Takum oOpasoM, ocobasi TouKa H30OPANKAET COCMOAHUE PABHOBECUA.
Ilotenuunanbras sHEPTHA CHCTEMbI HMEET B 0COGOH TOUKE KCTPEMAJIb-
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HOe 3HaueHHe (MAKCHMYM HJIH MHHUMYM). CMOTpsl no ToMy, OyZeT JiM @,
NOJOXHTENbHBIM HJIH OTPHIIATENbHBIM, GYAeT MAaKCUMYM HJIH MUHHMYM
noteHuuanbHod sHeprud. Ciayuafi @,>>0 (ceno) COOTBETCTBYyeT He-
ycTofiunBomy, a<<0 (ueHTp) — ycroAuuBomy paBHoBecHwo. Ecnu cuc-
TeMa KOHCEepBATHBHA, TO MOTYT OHITb TOJMBKO 3TH [Ba THIIA OCOOHIX
TOYeK. B HeKOHCepBATHBHLIX CHCTEMaxX BO3MOMKHBI elle H Apyrue:

B camoM oOmeM ciaydae (7) ocoObIMH TOYKAMH HABJSIOTCA TOUYKH
nepeceuenuss Kpubnix P(x, y)=0, Q(x, y)=0. Kaxnoii ocoGoi TOUKe
COOTBETCTBYET TOJIOKEHHE PABHOBECHA CUCTEMBI.

ITpencraBum cefe Tenepb, YTO Mbl HAYEPTHJIHM HHTErpaJbHbIC KDH-
Bble W HAIUJM, YTO CPEAM HHX eCThb 3aMKHYTHE KPHBBIE. 3aMKHYTas
KpHBas ecTh u3o0pakeHHe MEepHOAHYECKOro fpjeHus. Jlokas3aTb 3TO
oueHb mpocro. Ilyets nna (=0 umeeM x=x,, y=y,. EcIn uvacTHUa
BO3BpAIllaeTcsl Yepe3 HEeKOTOpoe BpeMs B MOJIOXKEeHHe X=X, U CHOBa
MOJTYYaeT CKOPOCTh Y=1,, TO AANbHEHIIee TeyeHYe NTPONECcca HAEHTHYHO
TIOBTOPSIETCSI.

B 3TOM pacCyXINEHHM MBI CUHTA/NH, YTO BpeMs BO3BDAIIEHHA T
B HCXOJHOE COCTOsSIHHE KoHeuHo. MoxkeT Ju 310 BpeMmsl OBITb OeCKO-
HeunnM? Hy:KHO BBeCTH OJHO HOBOE NOHSITHe, H TOlAa CTaHeT oue-
BHAHBIM, YTO 3TOTO He MOKeT OBITh. i €CThb CKOPOCTb IBIDKEHHA Mare-
puaiabHoit ToukH. CoBceM ApYroe — CKOPOCTb JABIMKEHHS U300pascaro-
weti TOUKH (X, y) BAOMb HHTErpaJbHOH KpHUBOH Ha (a3s0oBOH IVIOCKOCTH —
mIockoCTH (x, ). Ias aroii pasoBoi (Maum auarpamMMHOH) CKOPOCTH
B CJayyae ypaBHeHust (3) umeem

4y TS+ (2 Ve s,

Ckopoctb ds/df paBHa HYJIO, TOJMBKO €C/H OLHOBpeMeHHO H f(x, y)=01u
y=0. Jnmpa Haure#t 3aMkHyTOH KpHuBOH XoHeuHa. TlosTomy, ecim
Ha 5TOH KpHUBOH HeT 0COGOH TOYUKH, Nepuol OyAeT KOHEUHLIM.

Ecnau ynamoch J0Ka3aTb, YTO CpeIH HHTErpaJbHBEIX KPUBHIX €CTb
3aMKHYTbIE KpHBBIE, TO TeM CaMbIM JOKa3aHO, UTO BO3MOXKHHI IEPHO-
AuyeckHe JnBHKeHus. JIJIsi OTbICKAHHS NepHOAHUECKHX pelleHuH Iud-
epennHasbHOTO YPABHEHUS HAlo «IOBHThY» TaKHE 3aMKHYTble KPHBLIE.

Ecan maiinensl ocobble TOUKH W 3aMKHYTHIE MHTeIpaJbHbe KPHBBHIE
nHddbepeHIHANBHOTO YPaBHEHHSA, TO Hal[eHbl NOJIOXKEHHS PaBHOBECHUS
I TIepHONMUECKHE JBHAKEHHS CHCTEMBbL.

HurepecHo peanbHoe ocyuiecTBieHue ¢asoBeix Amarpamm. Ilpen-
craBbpTe cefe xaroauwlii ocnuisorpad. Ilyerh oTk/JoHeHHe Iyuka
B OJHOM Hanpas/JeHHH GyaeT MPonopHHOHANbHO TOKY (X), a BTApPYToOM,

NepreHANKY/ISPHOM — HaMpsKeHUIo (y=x). JIBrkeHHe NATHBILKA
npeacTaBUT TOTAa ABHMKeHHe H300pa)Kawllledl TOUKH Ha (pasoBoH mJo-
ckocTH. MokHO, TakuM ofpa3oM, Ha ONBITe HAUYePTHTh HHTErpasibHLIE
KpPHBBIE, | ' |
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AEBATAA JIEKUUSA
(15. X1 1930 r.)
Haobpascerue Osumcenua nHa ¢hazosold naockocmu (npodoamenue). Ocoboie mouku u

samMrHymole Kpugste. PA306AR KAPMUHA HEKOMOPBIX KOHCEPBaMuUsHoLx cucmen. Teopema
BUPUAAQ U €¢ NPUMEHEHUE K KUHEMUueckol meopul easos.

MbI paccMaTpHBa/Ill B NPOULIBIE pa3 CHCTEMY, ONMHCHIBACMYIO YpaB-
HEeHWeM BHJA

mx=F(x). (1)
Orcrofga, HHTEPHPYS, NMoJydyaeM
" F () =W, ©
pHYEM
fi(x)=—F'(x).

Y106HO paccMaTpHBATh BMECTO CKOPOCTH X BEJIHUHHY
mx=y, 3)

HA3bIBAEMYIO UMNYJAbLCOM WJIH UHOTAA — MoMeHToM. [Ipu sTtom ypaBHe-
Hue (1) npHHHMaer BHJ
y=h(x). (4)

Has cnydas nocTynarebHOro IBUKEHHS TOUKH HJIH BPAlllaTe/bHOT O
JABHKEHHS TBEPAOTO TeJa BOKPYI HENOABHKHOH OCH CKODOCTh ¥ MM-
IYJbC O4eHb MPOCTO CBA3aHLI Mex]y coboff. B oliem ciyyae CBA3b
Goee cJaOXKHAsA, HO OHa BCEr/la ONpelesercs YCIOBHEM

_ar
=%

rane T — kuHeruueckasi 3Heprus. Pasgenus ypasHeHue (4) wa (3),
noJayyaem

dy _[(x)
dx = y ' ' (5)

rae f(x)=mf(x).

M&l HcenenoBaNu JBHKEHHE, HCXOAA H3 3Toro AuddepeHUHanbHOTo
ypaBHeHHs. MoxKHO 6bL10 OBl MOCTYIIUTh HHAYe — HHTErPUPOBATL COOT-
HollleHue (2). B mpocTeHIunx ciaydasx MOXKHOQ NPH HCCIEAOBAHUH JBH-
JKEeHH S HCXOHTD H3 N0Jy4arolUXcs TakiM 06pa3oM KBaapartyp. Ho nas
HEKOHCEepPBATHBHBIX CHUCTEM €IHHCTBEHHBIH MyTh — HCCJIeJOBaHHe HHTe-
IpajbHbIX KPHBBIX Ha (pa30BOH NJIOCKOCTH.
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Boobiie rosopsi, yepe3d J06Y0 TOYKY IJIOCKOCTH X, y MPOXOJHUT
TOJIbKO OJHa MHTeTpaJjbHas KpHBas ypaBHEHHS (D), HO eCTb TOYKH —
OHH Ha3bIBAIOTCA OCOOBIMH,—uepe3 KOTOpble I1POXOAHT JIUO0 HECKOJBKO
HHTErpaJibHbIX KPHMBBIX, JU60 HH ofHOH. Jlas 0cOOBIX TOYEK, B KOTO-
puix f(x)=0 u y=0, Teopema Kowmu HecnpaBejJ/HBa.

YpaBHeHue (D), oTHOCHLIEECH K KOHCEPBATHBHOH CHCTEME, MOKET
HMETb JiBa TUNA OCOOBIX TOYEK:

1) uepes KoTopble He NPOXONUT Hiu 0O0HQ WHTErpa/jbHAaA KpHUBaf,

2) depe3 KOTOpble OPOXOUAT 08¢ HHTErpabHbie KPHBLIE.

Touky 11epBoro THNA Ha3LIBAIOTCA LeHTPaMH (centre), TOUKH BTOPOTO
thna — ceanami (col). Oco6bie ToOuKH (PU3HUECKH COOTBETCTBYIOT COCTOA-
HUSM PaBHOBECHS.

Takum obpasom, 3fech Moxer ObITh JABa POAA COCTOSHHH paBHO-
Becus. LleHTpbl ABJASIOTCA YCTOHUHMBEIMH, CelJia — HEYCTOHUHMBBIMH
COCTOSIHHSIMU DABHOBECHSI, M, CJeJ0BaTeNbHO, XapakTep ocoOBIX TOYeK
CAYKHUT KPHTEPHEM YCTOHUHBOCTH.

BrificHUM, B KaKOM Hanpab/cHHH ABHXKETCH H300pazkarollast TOYKa
Ha (a3oBOH NJIOCKOCTH. Eciay CKOpocTb, a C/eloBaTeNbHO, H Y I10J10-
JKHTEJbHBI, TO X YBeJIHUHBaeTcs, T. €. B BepxHeH 4acTd (asoBOH NJIO-
CKOCTH HM300paxkarmolias TOuKa JABHXKETCA Tak, 4To abcllicca YBeIHUHU-
BAeTCsA; €CJH JKe CKOPOCTh M I OTPHUILATENbHBEI (HMKHAS 4YacTb IIO-
CKOCTH), TO X yMmeHbllaeTcd. TakuMm obpa3oM, ABHXKCHHE ITPOHCXOJHT
10 YacOBOH CTpEJKE.

Kak yxke Oblio CcKa3aHo, ocoOble TOUKH COOTBETCTBYIOT I10OJIOXKE-
HHUSIM paBHOBecHsl. 3aMKHYThle KpHBHIe Ha (Pa30BOH NJIOCKOCTH — 3TO
nepuoguYecKue ABH:KeHHsI. Mbl HMeeM Ha (asoBOH INIOCKOCTH TIONHYIO
KAPTHUHY [BHUXKEHHS CHCTEMBI.

S He 6yly oCTaHaBJIMBATHCS Ha OOLIEH KaueCTBEHHOH TEOPHH YPaB-
HeHHH THma (D), a4 YKaxy JHLUIb HEKOTOPLIE pPe3YJbTAThL.

BHYTpH 3aMKHYTOH KpHBOH Bcerja ecThb, I0 KpaHHeHd Mepe, OJHA
ocobast Touka. Takum oGpasoM, kKoaeGaHHA BO3HUKAIOT TOJIBKO BOKPYT
NOJIOKEHHST paBHOBeCHs. EcauW BHYTpPH 3aMKHYTOH KPHUBOH MMeeTcH
o/Ha ocobast TOYKa, TO 3TO MOXKET ObITh TOJNBKO LEeHTD. BHYTpU 3aMKHY-
TOH TPAEKTOPUH MOTYT HaXOAMTbCH TaKKe OLHO CelJo M JiBa LeHTpa
HJHM JIBa cefsia U TpU UeHTpa. Booblie BHYTPH 3aMKHYTOH TPaeKTOPHH
BO3MOZKHO HeYeTHOe YHCJIO0 OcoObIX TO4YeK M BCerja YHCJIO IEHTPOB
Ha efuHHLY OoJblie yHcaa cejen. Takum o0pas3oM, BO3MOMXHBI KoJe-
6aHusl BOKPYT HeCKOJbKUX [IOJIOXKEHHH paBHOBeCHsI, CpelH KOTODBIX
JOJIKHBEL OBITb H HEYCTOHuMBBEIe. Bece 3TO cnpaseyiuBo AJs1 CKOJb
YTOJHO CJOXKHBIX KOHCEPBATHBHBIX CHCTEM.

YTO NOJYYHTCH, ecad ocobasi TOYKa PAacrojokKeHd HA 3aMKHYTOH -
uHTerpadbHOod KpuBoi? OK0JI0 3TOH TOYUKH ABHXKeHHe CTAHOBUTCS Oec-
KOHEYHO MeIJEHHbIM, M, CJAeJOBATe/NbHO, B 3TOM c/ydae HeT MepHOAM-
yeckoro ABumeHusi. [loaxoms K Takoi ocofoll Touke, H30OpaxKawlas
TOYKA OCTAHABJMBAETCH, «3aCTPEBaeT», TAK Kak B OCOGOH TOYKE CHJa
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H CKODOCTb PaBHBbl HYJIO, a ABHUXKEHHE ONMHCHIBaercs AudxpepeHnHAaNb-
HbIM YpaBHCHHEeM BTOPOrO MOpsAKa.

Pas6epeM HecKosbKO MpOCTBIX IIPHMEPOB.

Haunem ¢ rapMoHHUeCKOro JABHKEHHSA. B 3ToM ciyyae ypaBHeHHe (2)
MpUHUMAET BH[

Havano koopaunat — ocofaa TOYKa; APYTHX 0co6bIX Touek Her, Cylne-
CTBYIOT TOJILKO MNepuHofuueckue ABHxeHHs (pHC. 26).
PaccmorpumM, Kak BelleT ce6s MasTHHUK C He uaaoid aMIIMTYIOMH.

B stom cayuyae F(p)=2mgl sin® % U

y* 2 @
271—1—2mglsm2-§—_W/.

HurerpanpHble XpuBele (puc. 28) I0OKa3bBAKT Cpa3y BCIO KapTHHY
JBHKEHUH MasiTHHKa. TO4KH, 4epe3 KOTOpble POXOAAT JABE UHTErpatib-
HBElIe KPUBBHIE,— 5T0 ceAsia. KpHBEIe HAPUCOBAHH 115 Psifa 3HaueHud W.
[Tpy W=0 nomayuaerca uentp. [loToM HAYT 3aMKHyTHlIE KpHBLIE,—
IpH MaJjoH oO6Leld sHepIHH INOJYYAIOTCsl IePUOJHYECKHE pelleHHS.
Ilpr ovyeHp Masolf SHEpPTHH — 3TO IOYTH 3JIJHICHL. 3aJafUM TaKYio
3HEPrHio, IpH KOTOPOH HHTerpaJbHass KpHBAsl NPOXOAHT uepe3 TOUKY
HEYCTOHUHBOTO pPaBHOBECHSI — CeAj0. MasATHUK CTpEeMHUTCH B 3TO CO-

l-.?f 1} ;5 +7T

\‘\f%

=]
ZAN e, T~
=
Puc. 28 Puc. 29

CTOsIHHE B TeueHHe Geckoneunoro spemenu. OH K HeMy NpHOAMKAETCS,
HO He MOXOAHWT N0 Hero. M3 Hailell KapTHHbBI cpa3y BHAHO, UTO, €CJIH
MBI COOGUINM MasITHHKY elfe GOMBIUYI0 SHEPTHI0, NCPHOIHYHOCTH YyiKe
He OyIeT, MasTHHK OyfeT Bpaiarbcsi. XOf BOJHHCTOH KPHBOI TOKa-
3BIBAET IIPH 3TOM, 4TO BO3Jie IEHTPa MAATHHK JBHKETCH ¢ HaHGOJbUICH
CKOPOCTBIO.

Tperuit npumep — Kene3nblii MaATHUK, HOMELIEHHBIH MeXKJy TOJIo-
CaMH 3JIEKTPOMAarsHra (puc. 29). YcTOHYHBOE IOJIOKEHHE PABHOBECHS
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pacienJsiercs Ha ABa TAKHX MOJOXKCHHS, pasjiesieHHbIX celJloM. BHyTpn
GOJBIIKX 3aMKHYTBIX KDHBBIX — JBa LEHTPa H OHHO HEYCTOMUMBOE
noJioxkeHHe paBHoBecusi. KapTuua Ha ¢asoBoit miaockoctsd (puc. 30)
cpasy AaeT MNpeAcTaBjCHHE O BCEX BO3MOXKHBIX [IBHXKEHHSAX.

Bo Bcex cayuasix, KOTJA CYIIECTBYIOT 3aMKHYTbie KpHBBIe, H300pa-
JKalolHe NMepHOJHYECKHEe ABHKEHHS, OHH CHMMETPHYHEE 10 OTHOLIEHHIO
K OcH abCIlHCC, TAK KaK CKOPOCTb BCErla HMMeeT JABOUHOH 3HaK:

y==+VW—F ().

PaccmorpumM niomaip aaaunca (puc. 31), nzobpaxalomiero nepHo-

JHUeCKOEe JBHXKEHHE!
X3

8:28 ydx.
Xy
BMmecto x ¥ dx BBeleM BpeMms:
dx Y _ Yy
= dx = p dt,
TaK 4YTO
s
2
3:25%@

¥

-Z} .

Puc. 30 Puc. 31

[Tos 3HAkOM HHTErpasa CTOHT YABOSHHAs KWUHETHYeCKas 3IHEepTHA T.
Takum oGpasom,

T T
5 for 5

_ el |
3_245 OTdt —1 S 9T dt

fo+

T/2

HIIH B
S=1-2T.
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S

3aMKHYTasl KPHBasi OFPAaHHUYHBAET ILIOMAAb, PABHYIO YABOEHHOI] cpen-
Hell KHHETHUECKON SHEpTHH, YMHOXEHHOH Ha nepuoA. Beoas uactory
v=1/T, Mbl MOKeM HaNucarb:

S = 2T /v. (6)

B KBaHTOBO# TEOPHH 3TO COOTHOILEHHE HIPaeT BaXKHYIO pOJIb.

Best wennocTs dopmysibt (6) B TOM, 4TO OHa CIPABEJIHBA B CAMOM
o0lleM cJlydyae JABHXKEHHSI KOHCEDBATHBHON CHCTEMBL.

BosbmeM uacTHEH cayuall rapmonH4ecKoro ocuMJLIATOpa. 3[ech
cooTHOLIEHHE (6) MOKHO BbIBeCTH ellie linaye. MHTerpanbuas kpupas —
saaunc. HyiHHBL @ M b ero noJyocelf onpeiessioTcs COOTHOLIEHHSMH

omW = a2, ?27_2 be.
ITnouags sasunca ecro

—
S = nab=2aW J/ %.

Ho
2n V %— =T,
OTKYJa _
S=W/v. (7

Taxum ofpasoM, B ciydae TapMOHHYECKOTO KoJaeGaHHs IJIOLIAfb,
OXBATLiBAEMasT HHTErPabHOH KPUBOH, paBHA OTHOLLEHHIO N0AHOL 3HEp-
THH K 4acTroTe. :

Ho nast rapmMomudeckoro KosneGaHus HMeeM
T=U,
a4 TaK Kak

noJayuaem

= W
T=U=~+ | 8)

~— N0JInas SHEPTHUS paBHa YABCEHHOH CpelHeH KHHETHUECKOH SHeprHH
[Toncrasasas (8) B (7), MBI NIPHXOAHM K COOTHOILEHHKIO (6). 3anomHuM
3TO OGlllee COOTHOWIEHHE H TO, YTO B 4ACTHOM CJydae TapMOHHYECKHX
Kosnebanuii T=W/2.

CywectByer i Kakoe-HHOYAb COOTHOLIEHHE MEXRY CpelHeH KuHe-
THYECKOH M CpeJiHeH NOTeHUHalbHOH SHeprHell B obHEeM ciyyvae?
B mexaHnke 1151 pellleHus TAKHX BONPOCOB OYEHE BaXKHYIO POJIb UTPAET
Tak Ha3sbiBaeMasi TeopeMa BHpHasa, KOTOPYIO Mbl CEeHYAC NOKAMKEM.
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ByaeM HCXOAMTb M3 CaMOH TpOCTOH, HbIOTOHOBOH ()OpMbl ypaBHe-
HHA jaBHxKeHHs. TpeM KoopAHHaraMm i-H TOYKH COOTBETCTBYIOT TPH

J.lHCI)(l)EpEHH.HaJIbeiX YpaBHEHHA ABHXKEHHSA!
mx; = Xf’ mYy;= YJ" mgz; = Z

“.

Xorss B MeXaHHKe 3TO He NPHHATO, MbI OyleM NHCaTb BCe ypaBHEHH:
B TAKOM BHJE:

mx;=X; 9)
T. e. OyfeM HyMepoBaTb MOAPSAJ BCe KOOPAMHATHI X1, Y1, 21, Xay Y2
2y, X3, . . . B 0003HauaTb MX oAHOH OykBOH x. Ilpu srom
My =—Hi,—nlg, m4:m5—_—'mo, . a e

(Kaxkzasi TPofiKa OTHOCHTCS K OJHON M TOH ke MaTepHajbHOH TOUKeE).
YMHOXKHB ypaBHeHHe (9) Ha x;, IojydaeMm

mx.x; = X x;,

IR AR |

HJH
d . ‘o
dt (mt’xixi) —MX; = Xixt"

YMHOKHM Tenepb o6e YyacTH paBeHCTBA Ha df, IPOCYMMHPYeM IO BCEM i,
NPOMHTEPHPYEM MEXKAY ABYMS KaKHMH YTOAHO HpeaejaMH f, {4t
M pasiesuM Ha T: '

t+7T

t+T
x| Smia g o
t i

PaccmoTpum ciyyail NepHOAHYECKOTo ABUxkeHHsA. [lycTe T — mne-
puon. Torza

322 .
1;1 mxx; [+7=0

H cooTHoileHue (10) mpHHHMaeT BH[

9T +V =0, (11)
rae ’

=g [ R

ecTb CpelHee SHAYEHHe 33 IIEPHOA TMOJHOH KHHETHYECKOH 3HEPruH

CHCTEMBI
: S 3n
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t+1

V.:T‘r-jzxix[dt (12)

4

€CTb Cpe€lHee 3HaUE€HHE 3a IIepHod OT CYMMBbI

¢
A X ;.

Bripaxenue (12) Kaaysuyc HasBaa supuasosm JAHHOH CHCTEMBI CHJI.
ITycth Temepb JABHXKEHHE He [EePHOAHYECKOE, HO TAKoe, UTo HHU

CKOPOCTh, HH KOOPJAMHAThl He 00pallaloTcsl B GeCKOHEUHOCTD ((unummoe
ABuxenue). Ilpu stom

3n .
i .
2| mixl <M, (13)
=]
rae M S HeKOTOPOG IMTOJIOXKHTEC/AbHOE HHUCJIO.

Bosbmem T ouenb GosibminM. Ilpu goctatouHo Godbliom T B cuay (13)
JeBasi 4yacTb (10) ¢ kakum yrogno npuO/uKeHHEeM paBHa HyJ0. [Ipu
3TOM H JJId HEeNepHOJHYECKOrO [BHKEHHS C JIIOObIM NpHOJHKEHHEM
cnpaBeliuBo cootHowenue (11). OHo Beipakaer Teopemy Kaaysuyca
0 BHpHaJe.

Teopema Bupuasa nosyuunsia_0o/blioe pUMeHeHHe B KHHETHYECKOH
TEOpHH Ta30B. YacTHbIH MPUMEP MNO3BOJUT HaM CAEJIaTh HECKOJbKO
CYLIECTBEHHBIX JOMOJHUTE/IbHBIX 3aMeuaHHH.

Paccmorpum pocraroyno paspexkeHHbiH ra3. OH NOJYUHSIETCS ypaB-
HEHHIO COCTOSIHHS
pV=RO, (14)

npuyeM R NpoONOpUHOHAJBHO Macce rasa. ¥ao06HO Opatb 1 moas rasa
(4uciio TpaMMOB, paBHOE MOJIEKYJASApHOMY Becy). Toraa R — oino wu
TO Ke AJf Ja100ro rasa.

Iloctponm camylo rpy06yio MEXaHHYECKYIO KAPTHHY. DylieM cYuTarTh,
YTO MOJIEKYJIBl — IIPOCTO ILIaphl (3TO COOTBETCTBYET OJHOATOMHOMY
rasy). Mx ynapb o creHKH oOyCJ/OBJAKBAaKOT AaBJeHHe. KaKoBO COOT-
HOLlleHHe MeXAY AaBJeHHeM H CpeAHed KHHEeTHYeCKOH 3Heprueil moJie-
Kysa? (s MexaHHYeCKOH MOAe/IM HOHsITHe TeMIlepaTypbl — COBep-
HIEHHO YyXKJAas Belllb; Mbl e pellaeM MeXaHH4YeCKHH BOIpoc.)

Ilyctb ©? — cpeAnuil KBajpaT CKOPOCTH OAHOH MoJeKyJbl. Toraa
II0 TeopeMe BHpHana

T = Nmu? = —V.
IlpeacraBum X; kak CyMMY BHEIUHHX H BHYTPEHHHX CHJI:
X, =X+ X9,
I3
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OOl BHpHaJ paBeH CyMMe COOTBETCTBYIOIIHX BHEIIHETO H BHYTPEH-
HeT0 BUPHAJIOB!

V=V + V@,

Jlerko BBIUHC/HTb BHpHa/J BHEWIHHX cHa. IlycTb cocya mpejctas-
nsieT coB60H NPAMOYTOJbHBIA napajenenunes ¢ pebpamu a, b u c.
BuelltHue cuibl JeHCTBYIOT TOJMBKO CO CTOPOHBI CTEHOK cocyla. Ha 1tpex
crenkax x=0, y==0, z=0 Bupuan paBeH HyJi0. Crporo rosops, 3To
He OYCBHIHO, a HYXJaeTcs B 060CHOBAHWH, TAK KakK eCcjaH yAaphl MoJie-
KYJ O CTEHKH MTHOBEHHEIE, TO cHJa ofpaiiaercsi B GeCKOHEYHOCTb.
B JefcTBHTEILHOCTH, KOTJIa MOJIEKYJBl YIApSOT O CT€HKH, OHH HX
cJerka IpOAdBJIHBAIOT: «IJA TOTro, 4TOOBl OTTOJKHYTbH MOJIEKYJIY»,
CTeHKAa HeMHOIO cABHTaercsi (HHaue cHAbl He Oyjer). Ha oueHb majioM
MpoTsizKeHHH Ax B TeueHHe OUYeHb MaJIOr0 TPOMEKYTKa BpeMeHH Af
cuia X ouenb Bennka. Ho MoxHO cTporo ofocHOBaTh, 4TO KOTJA
JeCTKOCTb CTEHOK HeorpaHHYeHHO pacteT H X{P—-oo, To Ax u Af cTpe-
MATCS K HYJIO, U NMPHUTOM TaK, 4TO BUPHAJ TOXKE CTPEMHTCSI K HYJIO.

Ha crenke x=a BHpHaJ paBeH

a 3 X = a(— pbc) = — pabe,

rae p — nastenue. JeilcTBuTeabHO, — ¥, X —3To NaBJleHHe, yMHO-
XEHHOe Ha NJOoWAanb CTeHKd, ufo JfaBJeHHe rasa ecTb, [0 olpejese-
HHIO, CPEAHssl CHJIA HA eJUHMIY IVIOIAJAM ee MOBEPXHOCTH (IaB/eHHE
Ha Ta3 NOJOXKHTEJIbHO, KOTa OHO HANpaBJeHO BHYTPb).

OueBHaHO, 110 TPEM CTeHKaM x=a, y=b, z=c

V@ — _ 3pabc = —3pV,

-rae V=abc — ob6beM rasa. CrenoBaTenbHo,
Nmuz=—V® 1-3pV.

10 ocHoBHas QopMyJa KHHETHUECKOH TEOpPHH Ta3oB.

Ecau ras oueHb paspekeH, MOXKHO CUUTATb, YTO MOJIEKYJbI B3a-
HUMOJEHCTBYIOT TOJMBLKO IIPH colplKocHoBeHHAX. Byaem cyurarb, yTo
MOJIEKYJIbl Ype3BbIUaHHO MaJiel. Torga KOOPAHHAThl JABYX MOJIEKYJ
110 KaKoH-HHOY/b 0CH (HA30BEM UX 311eChb X1 H X,) B MOMEHT yJapa MOXHO
cuuTarb paBnbiME. [lo Tperbemy 3akoHy HbloToHa cuabl B3auMoje-
crBusg X9 u X, coorBercrByoliMe KOOpAHHATaM X; H X, DaBHH
10 BeJIHYHMHE M IIPOTHBOIIOJIOMXKHBL 10 HANPABJIEHHIO:

(0 [14]
X]_l == XZ‘: .

Takum o6pasoM, Bce cjaraemble BHJA X®x+XPx,, H3 KOTOPBIX
cocTouT cymma X X{Px; B BBIpaKeHMH BHYTDEHHETO BHpHa/a, PaBHBI
HYJII0, 8 3HAYMT, ¥ caM BHYTpeHHuH BupHuas pased nymo. CresnanHbie
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MPEANONOKEHUA O B3aHMOJEHCTBHH MOJICKYJI O3Ha44aloT, YTO MBI Orpa-
HHYHBAEMCH MOJAEBIO UOeanbHO20 rasa, HoO HME€HHO /151 3TOro c/Jayuas

i crpaBejauB 3aKoH bo#asa — MapHO'rTa Ha OCHOBAHHH KOTOPOTO Mbl
Hanucaau (14). B pesyasrare

Nmu=3pV. | (15)

Conoctaasst (14) ¢ (15), Mbl MOxKeM HaHTH KHHETHYECKOE TOJKO-
BaHHe TeMIlepaTyphl: cpejHsisi KHHEeTHUeCKasi SHepPrus MOJEKYJ/bl eCcTb

mu® 3R
- =55 9

OHa nponmopuHoHa/bHA Temiepatype. Mel MOKeM HAamucarhb:

mu?* 3 '
rae
‘R
k=%

ecTb nocrosHHasi Bonbumana. CootHouleHue (16) BHIpazKaeT OCHOBHOe
AOMOXKEHHe KJ/JAACCHUECKOH CTAaTHCTHUECKOH MeXaHHMKH: TeMmreparypa
eCTb Mepa KHHETHYeCKOH 3JHEepruH MOJEKY.JI.

Tak kak R u3BecTHo, a N MOXHO ONpENENUTb H3 ONBITa, TO U3
ONBITA, MOXXHO ONpPENeNHTbh 2, a C/AENOBATENbHO, U CPEIHIO KHHETH-
YeCKYIO TSHEPTHI0 MOJIEKYJIB Tasa. Mbl IosiyyaeM BOSMOXKHOCTB Olle-
HHTb CKOPOCTH MOJIeKY.I.

3anomuuM Gopmyay (16). C welt cBA3aHB OYeHb BAXKHLIE BOTPOCH!,
OTHOCAIIHECS K BO3HHKHOBEHHIO KBAHTOBOH TeopHH. MbI HX KOCHEMCS
notoM . Ho BOT Ha uTO 51 XOuy YKas3arb Tenepb xe. MokeT noka-
3aTbCsl, YTO MBI BHIBEJIH OCHOBHYIO POPMYITY (16) KuHETHUECKOH TeopuH
rasoB u3 s3akoHoB HpioToHa. Ho B JeHCTBHTENBLHOCTH OHA H3 HHX
He cjaenyer. Mel Mojua CceNand OJHO TNPEANoJOKeHUue — MpeanoJo-
KeHHe O TOM, YTO CYIIeCTBYeT onpelelieHHOoe, OIMHAKOBOE JIaBJeHUE
Ha Bce CTeHKHM cocyaa. Ecau Owl, Cka:KeM, CKOPOCTH BCeX MOJEKY.JI
ObIH NapasenbHbl 0CH X, TO He 66110 6Bl faBJieHHA Ha GOKOBLIE CTEHKH.
[Torano6unock, TakuM 06pa3oM, KxpoMme 3akoHOB HrioToHa, no6aBounoe
IPE/OJIOKeHHE, Taxoro pona mocryaar Beerga HeoOXOAUM B KHHETH-
quKOH TEOPHH TaszoB,

-"MsI npUMeHUH TeopeMy BHpHaia K HieanbHomy razy. Ho oHa ouens
xopouia u a5 6oJee CI0XKHBIX cHcTeM. M3 Hee ciefyloT odeHb pasHO-
o6pa3Hble © WHTEpecHble BellH.

- Paccmorpum ofbmuit ¢nyuali KOHCepBATHBHON CHCTEMBI, T. €. CH-
CTeMBI, B KOTOPOH CYLIECTBYET NOTeHLHANbHAA HepIrus — byHkuus U

1 [Cm. 10-10 Jexumio, a Takxke 29-10 u 30-i0.]
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OT KOoOpAuHAT TakKasd, qTO
oU
ax,- '

X{ﬁ

Torna
oU e
ox i i

V=—

[TycThb noTeHilMabHas SHEPTHSA €CTb ONHOPOAHAA (PYHKIHMS N-H CTEMEHH.
[lo Teopeme DHJepa
Z dax; Xi = nU,

V=—nU.

TaK 4TO

Ha ocnoBanuu (11) mosnywaercs sameuaTesibHOE COOTHOLIEHHE
oT =nU., (17)

Ecau noTeHnHaJbHas 3HEPrHsi eCTb OAHOPOJHAS KBaAparHYHas (yHK-
HHs1 KOODAHHAT, TO =2 H

T=U.

BosbMeM cayual B3aMMOAEHCTBHs 1O 3aKOHY TAroreHusi HepioroHa
iy no 3akoHy KyJsoHa. 37ech CyllecTBYeT NOTeHLHAJbHAs SHEPIHSA

U = const—A Z

iz=k

"tk

I‘,Ii;é A — I'paBHTallHOHHAA MOCTOsSIHHAMA, M; U My — MaccChl MarepHaJsb-
HBIX TOYEK, 7z — PacCTOAHHA MEXJY HHMH; HJIH XKC

1 e;e
U = const + Z i, "
i=k
TAe e; U €, — 3JeKTpuueckne 3apfabl. [losoxuM
. const=0,

T. e. OyJeM CYMTaTh MOTEHIHANbHYIO 3HEpPrui0 paBHOH HYJIO TOTA,
KOT/Ja B3aHMOJEHCTBYIOLIME TOYKH HAXOAATCA Ha GeCKOHEUHO 0OJIBLIOM
pacctosinuu Apyr oT apyra. Toraa U ectb opuopomHasi (YHKIHA
(—1)-# crenenu u corjacso (17)

oT =—U. (18)
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Ecnu Bce 3apsifbl OfHOMMEHHBI (MMEET MECTO TOJBKO OTTaJIKHEa-

HHE), TO
— 0 L e
__U—— 24 2 T'ie
ik

— ToJIoXKHTeNbHas BelnYuHa. Ho kKuHerHueckas sneprust Bcerja noJo-
JKHUTEbHA! MBI NPHXOAUM K IIPOTHBOpEYHIO ¢ paBeHCTBOM (18). B uem
Ke Je/o?

[lpumensisi Ty WM HHYIO TeopeMy, HeJb3si 3a6bIBaTb, NPH KaKHX
NPEeANno/IOKeHNsAX OHa BeiBeleHa. [lpu cyuiecTBOBAHHH TOJBKO OT-
TaJKHBAHHS JBH:KEHHE 3aBEJAOMO TAKOBO, YTO KOOPAHHATHL H CKO-
POCTH He OCTalOTCsA orpaHHYeHHbIMH. [1pH BBIBOZE ke TeopeMbl BUpHaJa
OBIIO CAEMAaHO CYIUECTBEHHOe MPENNOJNOKEHHE O (HHHTHOCTH JABH-
JKEHHS.

Ecqu ecth ¥ MONIOKHTENIBHO H OTPHIATENbHO 3apsiZKeHHEIe YaCTHLE,
TO AJ151 TOTO, YTOGLI ABHXKEHHS OBbLIH (PHHUTHBIMH, HYKHO, Tpy60 roBOpS,
yToObl OGIHA MOTEHIHa] Pa3sHOHMEHHBIX 3apSAAOB IpeBHILIA] OOMIHi
NOTeHIHAT OLHOUMEHHBIX. :

Ilonnast 3HEprusi cHCTeMbl

W=T+U=T+U.

Ecau, Kkpome Toro, BeiOMHsAETCS paBeHcTBO (18), TO

W—_T. (19)

Takum 0GpasoM, NpH KemJepPOBCKOM JBUXKEHHH NOJIHAst 9HEPTHs1 BCErsa
OTpHILLATEJIbHA. '

Ilpu pacnbuleHMH CHCTeMbI, B KOTODPOR MOTeHUHaJd PasHOMMEHHBIX
3apsAA0B mpeobiajaeT HaJl MOTeHIMAMOM OJHOHMEHHBIX, NOTeHIHAAbHas
sHeprusi pacrer. CaenosaresnbHo, corgacHo (18) u (19) kuHeTHyeckasi
5HepPTHA YMEHbLIAeTcsl, a obwwas 3HepTHs pacTerT. TakuMm o0pasom,
Ha pacnblIeHHe CHCTeMBl Tpebyercs 3aTpara paboThl H3BHE.

Cor/racHO TeOpHH OTHOCHTEIBbHOCTH 3aNac 3HEPIHH CHCTeMEI CBSI3aH
¢ ee Maccod M cooTHolIeHUEM

Ecau Mbl pacmbuisieM cHCTEMY € npeoGajlaHHeM MOTeHLHaJsa pasHo-
HMEHHBIX 3apsJ0B, Mbl BCeTJa yBelMyuBaeM ee Maccy. B pacnblien-
HOM COCTOSIHMM Macca YacTHU, COCTaBJSIOIINX aroM, 006534aTesbHO
0oJbile, ueM Macca aToma.
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JECATAS JIEKUHUSA
(25. X1 1930 r.)

Hpumenernus meopemsi supuara (npodoswenue). ITpumep Boeycrasckozo. Hdearsrord

2as. Teepdoe mero. Cmamucmuueckuil nocmyaam Borsymarna. Berucaenue cpedrel

snepaun ocyusramopa. Kaaccuseckas meopus menicemkocmu meepdozo meaa; ee

HeyBosaremsopumeastocme, Pasrosecroe usdayuenue. Bonpoc 0 pacnpedeaenuu 3Hepauu

8 eco cnexmpe. Kaaccuueckan meopus; ee weyGosaemsopumesbHocte. Cmamucmuveckiil
nocrmyaam ITaanke; Keanmosarue 3Hepeuu OCUUAAAMOPA.

MBI BBIBEIH TeopeMy BHpHala
oT =—V, | (1)

rie V — supuan; T — KHHeTHUYeCKas SHePrus CHCTeMbl. B Tex cayuyasx,
KOTJAa MoTeHnHanbuas sHeprusd U ecTb ofHOPOAHAS (QYHKIHS KOOPAH-
HAT, TeopeMa BHPHAJA JAeT MHTEPECHYIO 3aBHCHMOCTb MeXIAY CpelHed
KHHETHYECKOH M cpejiHell TMOTeHIHaTbHOH 3HepTHed:

oT =nU, (2)
rie n — crenedb oanopoanol pyukiuu U. C Apyro#t cTopoHbl, BCETAA
T+U=W, (3)

rae W — nonnasi sheprusi. CienoBaTenbHO, €CJIH TOTeHHHANbHAN
3HEpIus — OJHOpOoZHAS (YHKLHSA n-d CTENeHH, TO

rr—_ " U 2

T n+2W, U n_|_2W.

Mubr pacemoTpenu ciencTsusi u3 coorHomerud (1), (2) u (3) ans
CHCTEMBl YaCTHIl, B3aUMONEHCTBYIOIHX MO 3akoHaM HbloToHa uiIH
Kyjona. PaccmorTpum elie OfMH 3a6aBHHIH npuMmep, AaHHbd Dory-
cnaBckuM L. TTyCTh MSIUHK JBHKETCST B TI0JI€ CHJIbI TSIZKECTH, OTpaxKasich
OT moJsia Mo 3aKodaM ynpyroro yaapa. KakoBo slech COOTHOLIEHHE
MeXIy CpelHell KHMHeTHYeCKOfl M CpelHell MOTeHIHajJbHOH 3Heprued?

Cuabl, co3falollle BUpHAaJ, 3/1eCh TAKOBHI: cHJa ynpyroctd F u cuna
TSKECTH. BHpHan JenuTcs Ha JBa CJaraeMbix:

V = Vynp "I— V'rmw
npHYEM

T
Ving=nr { Fzdt =0,
0

1 [C.A. BorycaaBcxu . OCHOBEl MOJNEKYJAApHOR ¢(HM3MKH H NpHMeHeHHe
CTATHCTHKH K BhIYHC/EHHIO TePMOLHHAMHYECKHX MOTeHUHanoB. HayuHule u3BecTHS,
M., 1917, crp. 16.]
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TaK Kak F OTIHUHA OT HYJS TOJIBKO B MOMEHT yaapa, xorja z=0.
C cunofl TAXKeCTH CBA3aHA MOTEHUHAbHAsl SHeprus

U=mg:.

310 opgHoponHas (YHKUUA mepBoro H3MepeHua (n=1), u, cnenosa-
TeJbHO, corjacHo (2)

7 1
T=§'U.

3TtoT TpHMep He coBceM HrpyuleuHwlfl. [lonyueHHBIA pesyJbTaTt
MOXKHO paclpocTpPaHHTb Ha arMocdepy: B Hell MoOJeKynb BO3Ayxa
ABMKYTCSL NOJ NeHCTBUEM CHJBI TSXKECTH W YNPYI'HX CHJ, TOSABJfAIO-
IHXCS IPH COyIapeHHsaX. 31ech TaKKe CpeAHAS KHHeTHYeCKasl IHepTHUd
BABOEe MeHbIlle, 4eM CpelHsisl NMOTeHUHaJbHAs 3HeprHf.

[Tpumenas TeopeMy BHpHasia X MOAEJNH HJeasbHOrO rasa 6e3 BHelI-
HUX CHJ (32 UCKJ/IIOUEHHeM TeX, KOTOpble NeHCTBYIOT CO CTOPOHBI CTEHOK
COCYNa), Mbl MPHILIH B NPOLIIOA JEKIHH K COOTHOLIEHHIO

mu® 3
5 =gk0,

rae ® — afconoTHas Temneparypa. 1ak Kak CcpeiHHHd KBajipaT CKO-
POCTH MONEKYJ U eCTh CyMMa CpPeJHHMX KBaJpAaTOB €€ KOMIIOHEHT i,
Us M U; TIO TPEM OCSM KOOPAMHAT, TOJydaeM

mu? 4 mud 4+ mu? = 3k0.

Ecnu Bce HampaB/leHHSI pAaBHONPAaBHB, TO TPH CpeRHHX 3Ha4YeHHA
B JIeBOH YaCTH paBHBI MexNy cobolf, M, CJIeA0BaTeNbHO,

mud = mud = mu? = k0,

DTO MOXKHO BHIDA3HTBh TaK: MOJEKYJbl HMEIOT TPH CTeneHu CBOGOABI,
1 KHHeTHYecKass 3HeprHsl 7T, MNPUXOAAMAACA Ha Kax/Ayl0 CTelleHb
cBOGOIE, HUMEeT OJHO H TO Ke CpeJHee 3HAYEHHE:

— k
T1 == '“2—“ @.
[MTocrosiunass BoabiumMaHa ecrb
R \ &
k= 7o (4)
rae ‘
| R=28,31-10" apelepad ' (5)

(N — uucno monekyn B oaHom Mmoge). Ecanm ussectHo N, 10 H3 (4)
MOXHO HafiTH mocrosiHHyo Boabimana. O ToMm, Kak HaxoadaT 4ucic N,
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s1 ceHyac rosopuTb He Oyay. Msamepenus nalor
N=6,02-10%,
Haz (4) u (5) cnenyer, uto
k=1,38-10"1% 3pa/epad.

Mel paccMaTpHBaJH a3 Kak COBOKYIHOCTE CBOSOJHO JIETSLIHX
MaTepHalbHBEIX TOueK. B KuHeTHueckof Teopuu OOJABLIOE 3HAYCHHE
MMeeT TaKiKe JApyras MOAENb: JHHEHHBIH OCLHMIIATOp. 31ech, KpoMe
KHHETHYeCKOH 3HEpPrHH, HMeeTCsl TIOTeHUHAJbHAs 3HePrHsl BHAA

X
U=

rie vy — NoJOXKHTe/NaBHAaA IOCTOAHHAA.

B ucropuu ¢pU3HKY JUHEAHBIH OCLUUAIATOP ChIrpad OTPOMHYIO POJib.
Ha nuneitnoM ocuuaastTope — MasiTHUKE — Pa3sBHBAJIOCh NOHHMAHHE
OCHOBHBIX 3aKOHOB MeXaHWKH. JIHIb IOCJe 3TOrQ CMOIVIH NEepelTH
K HeGecHO! MexaHuKe. KBanToBas (pH3HKa BO3HHKJ/A B CBSI3H C BOIIPOCOM
O CpellHel 3HeprUH JIMHEHHOro OCUHANATOpa. 310 6blia 1715 Hee nepBasd
npobHass 3afaua. HeyauBHTE/NBHO MO3TOMY, UTO MBI MIPHAAEM TaKoe
0O0JbIIIOE 3HAYEHHE TapMOHUYECKOMY OCLUJIATOPY.

Mexanuka pasBuBa/jacb Ha MaKpPOCKONHUECKHX Teslax, BK/ouasd Te,
C KOTOPBIMH MMeeT Aeno actpoHomHA. [locse Toro Kax ObLIH yCTaHOB-
JIeHbl 33KOHBI MeXaHHKH, BO3HHKJA NOTpeOHOCTh NPOHHUKHYTH € HX
MOMOLIBIO B CTpoeHue BelilecTBa, OBJjiafieB 3aKOHAMH MeXaHHWKH, CTaJH
IEPEHOCHTD 3TH 3aKOHBI Ha IPOLECCH], NMPOUCXOAALIHE B CaMHMX Tesax,
C [eJbI0 OOBSACHHTH 3TH Npouecchl. [Ipennonarajoch, 9TO aTOMBI IOA-
YHHSIOTCS TEM K€ 3aKOHaM, UTO M MexXaHuueckue cucremsl. [Ipm sTom
ObLTO JOCTHIHYTO MHOIO YCIEXOB.

[lepBuiil ycmex — oGBsicHeHHe CBOHCTB HMAeajbHOro rasa. Mx ofb-
SACHSJM Tak. [IpUHHMaAH, UTO MOJIEKYJLl — YIpPYTHE IIaphl, JeTsliHe,
Kak CBOGOJHBIE MaTepHa/IbHBIE TOUKH U COYAapsolHecs Mex1y coboi.
C noMolBIO 3THX YAAapoB CTapalHCh OOBSCHHTb BCE SABJEHHS B rasax:
TEMJIONPOBOAHOCTL, NUbdY3HI0, BHyTpeHHee TpeHHe. Brtopas saznaua,
3a KOTOPYIO B3AJHCb,— CBOHCTBa TBepJLOro Tena. I'a3 CTOUT HA OJHOM
HoJiIoce, TBepAoe Telo — Ha ApyroM. OHO uMeeT onpeiesneHHYIO GopMy
# CTPOEnHe. ‘

[pybast mMoaens TBepAOro Tejda TaKOBA: KaxKAbIH aToM MPHUBA3AH
KaKHMH-TO CHJIAMH K OlIPeIe/JeHHOMY MO0J0XKeHHu pasHoBecus. Eciau
HEMHOT'O BHIBECTH aTOM H3 3TOTO MOJIOXKEHHS, TO OH BejeT cebs Kak
OCUMJIATOpP. TaK KaK BO3MOMKHBI BCe HANPABJAEHHS! CMELICHHS B TpeX
H3MepeHHAX, TO KaxAblH atom Ipy6o MOXKHO paccMaTpHBaTb KakK TpHU
He3aBHCHMEIX ocuu/asitopa. N aromoB o6pasyioT 3N oCLHIISTOPOB.
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Taxk xorenu noHsTh TBEpJOe TeJO U, B YACTHOCTH, OOBACHHTb, KaK
OHO BeJleT ceOsi NMpPH HarpeBaHuM, HaHTH €ro YAeJbHYIO TENJOTY —
yBeJIMYeHHe BHYTPeHHeH 2HeprHH IpH HarpeBamuu Ha 1°. 3amaua cBo-
JUTCA K CJAeAYIOUIcH: Kak 3aBHCHT KosebaTe/bHasl 3HepTUs OCLLUJJIATO-
pOB OT TeMIoeparypbl?

Mgl 3HaeM MeXaHHUYECKHE 3aKOHBI JIBHKEHUA OCIH/AIATOPOB. MOXKHO
JIH OTCIOZa NMOJYYHTL OTBET Ha MoCTaBJeHHbIH Bompoc? Her, Hemb3s.

3aKOHBl MeXaHHKHM HEJ0CTAaTOYHBI AJA OTBeTa Ha JIOO0H BONMpPOC
Takoro pojga. OHH He JAOT OTBCTAa M HA BOIPOC O TOM, KakK BooOuue
ABHXKETCH TO HJH APYroe Teso. TOJBKO €C/H 3aJaHo, Ie TeJ0 HaXo-
IUTCSl B KaKoH-HHOYAL MOMEHT BPeMEHH H KAaKOBa B 3TOT MOMEHT €ro
CKOpPOCTb,— TOJIBKO IIPH 3TOM YCJOBHH 3aKOHEI MEXAHHKH YKa3bIBaloT,
4TO C HUM OyJeT B JanbHeHlueM. Ha oCHOBaHHM OJHHX TOJbLKO ypaBHe-
HH# JBHXKEHHS MeXaHHKHU — 0e3 JONOJHUTENbHBIX NaHHBIX — HeJb3
OTBETHTb HM HAa OJHH MEXaHHUYECKHH BOIPOC.

BepHeMmcsi K HalllUM OCHMJJASTOpaM. MeXaHHKa HHUEro He TFOBOPHT
0 TOM, C KaKOH 3HepTHel OHM JABHKkYyTcs. [/ OTBeTa Ha 3TOT BONpPOC
HEOOXONUMBI ellle KAaKHe-TO JaHHHE, elle YTO-TO HYXKHO B3fITb BHE
MEXaHHKH. ITO «YTO-TO» IIPUXOJAHUT H3BHE C IOMOIILIO HOBOH T'MIIOTE3bI.
COBOKYITHOCTh M3 TaKoOi THIOTe3bl [JIC MEXaHHKa HOCUT Ha3BaHHE
CTAaTUCTHUECKOl MeXaHUKH. B Bompocax CTaTHCTHYECKOH MeXaHHKH
BCErzia, KpoMe MeXaHHKH, eCThb BelllM, B3SThIe BHE ee.

Bonpoc cTaBuTCs Tak: Kak pacnpefefieHa 3HePTrHs MeXAY OTHelb-
HEMH aTtoMamMu? CyllecTBYeT ONpeAesJeHHHIH pellenTt, AAOMUE OTBeT
Ha 3TOT Bompoc. S He MOT'Y OCTAHABJHMBATLCS HA TOM, KaK 3TOT peHent
6Ll NOJyYeH, HO HE JyMaHTe, Y4TO e€['0 MOMKHO BBIBECTH H3 MEXAalHKH.
10 HeuTo HOBOE. MOXKHO MOCTYJIHpPOBATL TOT pelent. MoxHo caeaars
IPYTOH CTAaTUCTHYECKHMHA MNOCTYJaT M H3 HEr0 BLIBECTH 3TOT pelenT.
Ho 13 MexaHHKH ero BBIBECTH HeJb3s.

B uem ke 3ak/royaercsi 3TOT peuent? CrarHcTHyYecKas MeXaHMKa
VTBEPKAACT, UTO IPH TEPMOAHHAMHYECKOM pPAaBHOBECHH OCLUJLISTOPHI
HMEIOT CaMble pPa3HOOOpa3HbIe 3HAUEHHS SHEPTHH, IPUYEeM 3TH 3HAYEHHS
pacupefeneHbl N0 3aKOHY DoJIbIMaHa. ITOT 3aKOH 3aKJYaercs B cie-
nywoueMm. BoabMeM Ba a3oBol MACCKOCTH OCHIIISATOPA (X, 4) (X — KO-
OpPIHHATA; y=mxX — HMIIYJbC) IJOIAAKY dx dy. BepoaTHoctb dp TOrO,
YTO OCHMJLISITOD HAXOJIWTCH Ha 3TOH NJoWAanke, NMPONOPUHOHANbHASA
BeJJMUMHE IIOALKH, 3aBUCHT OT 3HepTHH ocliMyiaTopa W cieayomum
obpasomM: '

ldp = Ae~W/k® dx dy, (6)

npuyeM k2 — noctosHHasi bosnblmana, ©® — a6conoTHas TeMneparypa

IToBTOpSI0: U3 MEXaHHKH 3TOT 3aKOH BLIBECTH Hesb3sA. Ero MoxHo
cllefiaTh Jullb 0oJiee WM MeHee ecTecTBEeHHRIM. ['MOOGC mosyuda ero
[IOTOM B KayecTBe CJeAcTBHsA Oojee obWed THIOTE3H.
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Ecau Teso COCTOMT M3 OCUWIJISATOPOB, TO BEPOSITHOCTH TOTO, YTO
OCLLUJIJIATOD HAXOJHTCS B COCTOSHHHM (X, x1dx; y, y+dy), naercsa ¢op-
Mynod (6), npHueM B JaHHOM c.nyqae

L 2 (7)

Hama 3anaya 6yjaer 3akJawuatbcs B ToM, 4TOObl y3HATh, YeMy
paBHsIETCS] SHEPTHA BCETO TBEPAOro Tesna. Mexannka miatc nocryJar (6)
yKe AOCTATOYHBI JUISi pELUeHHUs MOCTaBJECHHOTO BOIpoca.

BoluucauM, KakoBa cpelHAA 3HeprHda ocuuianstopa W.

Ecan xakaa-HHOyb BeJIHYMHA UMeeT C BEPOSATHOCTBIO p, 3HaUeHHe o
¥ C BEpPOSITHOCTBIO p, 3HaueHHe b, TO ee cpejHee 3HAYCHHe (MJIH Mare-
MaTHYeCKOe OXHJAaHHE) eCTb

apy+bp,
P1+ P2
npuyeM py+p.=1.
AHaJIOTHYHBIM 06pasoM
W= wdae-wmodudy, 8)

NpU4YeEM H 3J€Cb CYMMa BEPOHTHOCTEﬁ BCEX COCTOSIHHH TakxKe paBHa
eIHHHIE!:

A SS e-Viktddydy—1. (9)
Hens (8) nHa (9), Haxoaum:
SS We=W/k8 gy gy

V= SS e~ Wik® gy dy

(10)

UroGrl HaliTH CpefHee 3HAYeHHE SHEPTHH OCLMJIATOpPA, OCTAETCH
TOJIbLKO IIPOHM3BECTH MaTeMaTHyeCKHe OINepallid, YKa3aHHble B ¢op-
myJae (9).

Beenem 0003HayeHHS:

kO =a, [={{e"¥dxdy. (11)
[/ ectb ¢yukuus napamerpa o. Mel MoxeM Hanucars Bmecto (10)
W = —I"()/] (). (12)

Bouiuncaum teneps [(a). Iloacrasass (7) B (11), nonyuaem

I = §°§ e ” ( am ) dx dy = +§° en%dg T azxzdx.

- - P
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Ho, kax usBecrHo,
+ w

S e~?*dz=Vm,
-0
H, CJeIOBATEJbHO,
1
va

I (@)-- 2 ;/%%: , (13)

rjpje v -— 4acrtord oCLHJAIATOpPA.
Ioacrasasia (13) B (12), momygaem

W=1_1e.
[# )

Haw nocrysnar npHBOIUT K BBIBOAY, YTO NpPH PABHOBECHH CPeAHSA
3HEPTHUsl OCHHIIATOPA paBHA k0. B cBoe BpeMs 3TOT pe3yJabTar Chir'pan
TPOMAZHYIO POJb.

raze CpeiHsas KHHETHYECKasd 3HCPLHA IOCTYNATeNbHOIO IBHIKE-
HHA Ha OJHY cTeneHb cBoGoael paBHa £O/2. CpenHssd KHHETHYeCKas
SHEPTHS OCUWJJIATOpPA paBHa (IPH OJHOH W TOH Ke TeMmeparype)
CpeniHell KHHETHYeCKOH 3HEeprHH I[OCTYNaTe/]bHOro ABHKEHHS MOJIEKY-
JBl Ta3a. ITO NMOJAYUaeTCs He3aBHCHMO OT TOTO, KAKOB MEPHOJ OCHHJJIA-
Topa. IlosTomy 34ech TOBOPAT O PABHOMEPHOM PAClpeNeseHHH KHHETH-
YECKOH 3HEePTHH NO cTelleHsaM CBoGoabl. OAHH H3 OCHOBHBIX 3aKOHOB
KN aCCHYECKOH CTATHCTHUECKOH MEXaHHKH 3aKJ/KYaeTcsi B TOM, 4TO
B JIlOOOH CHCTeMe, HAaXOAALEHCS B PAaBHOBECHOM COCTOSIHHM, CpefHSA
KHHETHYECKasl SHePIHs Ha JIOOYIO CTelleHb CBOOOAb! paBHsercs kO/2.
STOT 3aKOH DaBHOMEDHOTO paclpefie/ieHds NPOHH3BIBAET BCIO MOJIEKY-
JADHYIO QH3HKY HNPOLLIOTO CTOJETHUS.

OnuH MOJIB COCTOHUT U3 N aTOMOB, M KaxKIbIH aToM TBepAOro Tena
3KBHBaJIEHTEH TDeM OCIHH/IATOPAM. JHEPrHs OAHOrO MOJsi TBEPIAOTO
TeJla paBHA IO3TOMY

E=3NkO,

a €ro yiacJjabHAas1 TerJoTa
28 —3Nk=3R 5,99 kas/zpad. (14)

INonyunscs 3ameyaTeBHLIH TEOPETHYECKHH pe3yabTar. ¥ jenbHas
TENJIOTa OJHOI'0 MOJsI TBepJOro TejJa OJHHAKOBA 1751 BCceX BeUIECTB.
Hionon u TltH noATBepAMIH Ha ONEITE, YTO VAEIbHAS TelJoTa, OT-
HeceHHass K OJHOMY MOJIO, HMeeT JJs TBepIOro Tesaa 3HauyeHHe
6 raalepad, n nonroe Bpemsi Bce GhIo xopomo. Ho HMeHHO 33ech,
B KJ/JACCHYECKOH TEOpDHH, IOABHJIach NepBas Opellb, 3acTaBUBILAS
3ajlyMaTbCd O TOM, NpaBUJbHA JIU BCSl TEOPHS.
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[To Teopuu 3HaueHue, naBaeMoe GopmyJaoi (14), AOKHO ObITH
cnpaBejIMBO npHK JoGoli Temnepartype. ONBIT NOKasbiBaeT, YTO AJ%
HH3KHX TeMmIepartyp 3To abco/oTHo HeBepHo. Ilpn HH3KHMX TeMnepary-
pax yAe/ibHasi TelioTa TBepAblX Tel odeHb Maja. Ho ecThb emie ropasno
6oJiee ray6okoe mporuBopedde. To, uro umeercs 3N OCLUHIATOPOB,—
5T0 TOJLKO IepBoe NpHOJHKeHHe. ATOMBI H3/JY4alOT H IOIJIOLAIOT
cBeT. B atoMe €CTb 3J€KTPOHBI, Hrpaioliye pojb Hajaydatesed. Diek-
TPOHBI, HaXOoAflllHecs B aToMaxX, CaMH SBJSIOTCA OCHHJJISATOPaMH.
TakuM 00pasoM, YHCIO ocUUMIATOPOB He 3N, a ropasgo GoJbiue.
CucTeMa 3aBeJloMO HMeeT ropasjo Godgblie, yeM 3N cTeneHed cBofoibl
C apyro#i CTOpoHBI, MBI MOKa3aJ/H, 4TO CPeJHsis SHEPIHsI OCLUHJIATODA
He 3aBHCHT oT uactothl. CjeioBarefbHO, YJAeAbHAas Tervota AOMXKHA
ObITh TOpasyo Goablie, YeM Td, KOTOPYIO Mbl NOJNYYH/IH. Mbl caMu cels
onpoBeprau! OIHAKO C MNOMOCLILIO TEOPEMBI O PaBHOMEPHOM pacrpeje-
JEeHHH OBbLIH NOJYYeHbI OTJIHYHbIE Pe3yJ/bTaThi. 31eCh BOSHUK IEPBLIH
TSKeNblH KOHQ/IMKT (nmpasla, OGoJbIIMHCTBY (H3HKOB OH Kasaucd
CAYy4aHHBIM).

Ho He Ha 31OM dponTe OblI JaH reHepanabHbiil 6oi. ITouemy? Tena
CJOKHBI, OHM B PasHBIX CJAyuyasix BeAyT ce6s mo-pasHomy. TeoperH-
yeCKH pacCyxjath Hajx TelaMH HeypobHo. Dol 6T Jlan no Bomnpocy
0 «uepHOM H3JyueHHH»., [locrapaemcs NOHATb, B Y€M MPOH30ILIA KO-
peHHasi JIOMKAa M K uYeMy B Dpe3yJbTaTe MPHILIH.

MoXHO MOCTaBHTbL TakylO 3alady: HaHTH YJeJNbHYIO TelJOTy nyc-
TOTBl (€CIH BLIPAXATLCSI HEMHOTO NapajloKCaIbHO), HJIHM: HAHTH YIe/b-
HYIO TeIJIOTY YEPHOTO H3Jy4eHus.

IMpepcraBuM ceGe abGCOMIOTHO uYepHOe TeIo, T. €. TeJN0 C TakoH
IIOBEPXHOCTbIO, UTO BCe Najaioliee HA HEro H3JydYeHHe IOIJIOLLAeTcs
(MOXKHO JIM ee peaiu3oBaTh — 3TO Apyro# Bonpoc). Kupxrod mokaszar,
YTO NPH JNAHHOH TeMIepaTtype BCe YepHHIE TeJa HCIYCKAIOT H3JIyueHHe
OJMHAKOBOH HMHTEHCHBHOCTU M C OJAHHAKOBBIM CIEKTDAJbHBIM pacmpe-
feqeHueM, BosbMeM Temepbh 3aMKHYTYIO IOJOCTb. TaM yCTaHOBHTCS
PABHOBECHOE 3/IEKTPOMArHHTHOE H3JyueHHe. TepMOJIHHAMHKA IPHBOIKT
K 3aKJI0UEHHIO, UTO XapakTep H3Jy4YeHHs He 3aBHCHT OT TOrO, KaKOBLI
cTeHKH. Bo3pMeM MOJOCTh C KAaKMMH YTOAHO CTeHKaMH (He o6sA3a-
TeJbHO YeDHBIMH) U GyJeM IONJAepXKHBATL MX NPH ONpeleTeHHOH TeM-
neparype. B moJIoCTH YCTaHOBUTCA paBHOBeCHOE H3JYUeHHe, HMelollee
BIIOJIHE ONDEJeIEHHBIH CIEKTP IIOTHOCTH 3Hepruu. IIpu oOBIUHBIX
Temileparypax Mbl He YBHJMM 3TOTO H3JIyueHMs, HO IIPH TeMIlepartype
800-—1000° Bce Gyaer HakadeHO, B noJocTH OyIeT SIPKUE cBeT. PaBHO-
BECHOE H3JYUeHHE B NOJOCTH COBNANAeT C H3JIyUeHHEM, HCIYCKaeMbIM
YepHEIM TEJIOM IpPH TeMmeparype nojocTd. Ero nostoMy Takxe Hasbl-
BAIOT YEPHBLIM H3JYyYEHHEM.

OnpejiesinM, KaKOBO H3MEHEHHE 3HEPIHH PABHOBECHOTO H3JYyYeHHS
IpH H3MEHEHHH TeMIleparyphl noJjocTH Ha 1°. B 3TOM COCTOMT BOIpoC
00 yAeNbHOH TEeNJoTe YepPHOro HaJAYYeHHs. DT0 BIOJHE peabHBbIH

4 5.4, ManjgensnmiTaM
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Bonpoc. B KauecrtBe oOTBeta JOJIXKEH TMOJYYHUTBCS YHHBEPCAJbHbBIH
3akoH. OH M NpakTHYeCKH OYeHb HHTepeceH. Tak, HanpHMmep, MOXKHO
NPUHATL C H3BECTHBIM INPHUOJHXKEHHEM, UTO IIOBEPXHOCTb 3Be3/Ibl €CThb
IOBepXHOCTb Aa6COMIOTHO YepHoro Tteja. Torja, Hcciaeays H3JydyeHUe
OT 3Be3/lbl, MOXKHO OIDEReJNHTb TeMIepaTypy €€ MOBEPXHOCTH.

IlocraBsenHBIE BONPOC MOXHO peludTb 0e3 BCAKUX Mofesed, H3
TePMOJHHAMUYECKUX coobpaxkenuii. [Ipn 3T1oM nonyuaercs 3HaMeHHTHIH
sakoH Credana — Bonbpumana

L =fo4

rje B — nocrosnunas. Ho 31eck HHTepecHo nofiTh janabine. B paBho-
BECHOM H3J1y4eHHH NPeACTaBJAEHE BCEBO3MOXKHBIE 1IBETA, BCEBO3MOXKIbIE
yacroTel. Kak pacnpegenena sueprusi £ no oraeJbHelM LUBetaM? Kakosa
SHeprus p,dv, NpHXoAsuiasacd (B elUHHLe oObeMa) HAa YYACTOK CIIEKTpa
OT v 0 v -} dv, T. e. KaKOBO CHNEKTPaJbHOE paclnpejeseHie UepHOro
H3JyueHHs? ITa 3ajauya OueHb JOJT0 «HE JaBajachy.

IlonpoGyeM paccy:kjate no Ilnamky. Buecem B modocts ocuus-
Jasarop. M3 ssneKTpoMarHHTHOR Teopun MakcBesna ciaelyer, uToO MeXAy

IMIJIOTHOCTHY) H3JYYEHHI H Cpe,E[Hefl aHeereﬁ OCHHJ/IJIAATOPA HMEETCA
clegyroniasa CBA3L.

8nv? =
W,
c3

IJe ¢ — CKOPOCTh CBeTa B BakKyyMe. TakuM oGpas3oM, €CJd Mbl HaHJeM

CPEeJHIOI0 3HEPI'UI0 OCHUJAJATODA W, TO MBI CMOXKEM Y3HATE P,. Ho MBI
yKe HawJJad, YTOo IPH TEePMOIHHAMHYECKOM DAaBHOBECHH

W = k0.
JlomycTHM, YTO 3TOT pe3yJbTaT ClpaBeiauB H 3lech. Toraa

87V 10. (16)

c3

—

v

10 3aKoH Penes — [IxxuHca. OnbIT MoKasbiBaeT, YTO OH CIPABEAJHB
JIISI BBICOKHX TeMIepatyp M /sl HU3KHUX YacTOT, HO KatacTpodHuyecKH
HeBepeH A/ HH3KUX TeMIeparyp M JJsl BLICOKHX 4acToT. EcJH MBI
3aXOTHM Ha#iTH, Hcxoas u3 (16), monnyo sHepruto usiayueHus E B enu-
HHIE 00beMa, TO MEL [OJYYUM

Ezsi’f;ﬂ
[+

vidy = oo.

S R

BesieficTBHe TOro, 4TO CHEKTpanbHas MJOTHOCTb (O, HEOrDPaHHUYEHHO
pacTer ¢ 4acTOTOH, NoJay4yaeTcs, YTO IIPU 3aJaHHOH TeMneparype noJHas
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sHeprisl GeckoHeuHO Benunka. Ecan ke sneprus E KoHeYHa, TO OHa

BCA JIOMKHA IepekouyeBaTb B GuicTphle KoseOGaHHS. 3TO He MesKas

HEeTPHATHOCTb. JTO HEJIENOCTb, IOKAa3bIBAOIIAA HECOCTOSTeNbHOCTD

Bcell TeopuH. Ilo Teopum noJsyyaercs, 4TO IPH YCTAHOBJIEHHH PaBHO-

BECHS MEXKAY TeJOM M H3JIyUeHHeM BCS 3Heprs Teja nepelieT B U3Ay-

yeHue. " B ¥3TOM COCTOHT Tak Ha3bplBaeMasi (huoseroBasi KaracTpoda.
BuH pan jpias 60abIIMX 4acToT APYryw (GopMmyay:

p, = Avle=M/8, (17)

rne A v A — nocrosinnble. Kak Bub noayuua sty dopmyay? B cym-
HOCTH, OH ee yrazaja, HO MBI He 6yIeM Ha 3TOM OCTaHABJHBATbCH.
OnwiT NOKaszaj, 4To AJs O4eHb GOJBLIHX YacTOT CIPABENJIMB KaK pas
3TOT 3aKOoH. OH He NPUBOAUT K NMPOTHBOPEYHlo ¢ 3akoHOM CredaHa —
Boabnmana, Ho OH He JlaeT COBNAJIeHHs C ONIBITOM NPH HU3KHX YacToTaXx.

[Tnank nmocrapasicss HaHTH aMOUPHYECKYIO dopmynay, Koropas LJd
MaJBiX vacToT nepexonuna Gel B dopmyny Penes — Jlxkunca, a jana
Sonbuinx — B popmyay Buna. Ilnask namen Takyto popmyay. Bor ona:

Ave

pv:m-——l. (18)

Jlerko y6eautbcs, 9TO AJIA OOMBLIMX 4acToT OHa mnepexoaut B (17),
a jaast Manelx — B (16). Oxasanock, 4to dopmyna (18) oueHp xopollo
COBMajlaer ¢ OINBITOM JJIsi BCeX 1vacTrorT. ‘

ITmaHk pelu/ ee BBHIBECTH, OGBACHUTL, T. €. y3HATh, Kakue IpPHH-
IUOH K Helt npusBoaaT. OH clenan NpH 3TOM BaKHEHUIHH 1uar B pasBH-
THH GU3UKH. OH TOHAJM, YTO AJIS TOrO, YTOOHI MOJYUHTH 3TY GOpMYIY,
HeoOXOMMO YTO-TO PAafHKAJbHO H3MEHHTb, HBiagercsa M nyrb [Lianka
€IUHCTBEHHBIM? DTOT BONPOC OCTABAJICH OTKPHITHIM.

TInank BepHyJ/CS K MCXOAHBIM NMYHKTaM TeopuH. OH OCTaBH/ B CHJE

cootHolenue (15) M ckasan: Bech Bonmpoc — B HaxoxzeHuu W. B uem
H KaK HYXXHO H3MeHUTh opmyart (6) u (7)? [lnank ropopHT: MexaHHKa
OCTaercs B CHJIe, HO HVIKHO M3MEHHTb HayaJbHBIE YCJOBHS. DHEPTHA
OCUWLIATOPA Ofpelensdercss HauyaldbHBIMH ycaoBHAMH. Ilo nmpuHIENY
Bonrumana Bos3MoOxHa Jo6as sHeprus. IlmaHk npOTHBONOCTaBHI
3TOMY YTBEpIKJIeHHE: SHEpPTHA OCLMJIIATOPA MOXKET HMETh TOJBbKO CO-
BepIIeHHO OlpeJe/]eHHble 3HAYEHUS, 8 UMEeHHO:

0, hv, 2hv, 3hv, . . .,

rlie A — HeKoTOpas MOCTOAHHASA. DTO He BBIBORHTCA. DTO COBEPIIEHHO
HEOKHJAHHBIH «IUKHH» nocrysat. MexaHWke OH He IDPOTHBOPEYHT,
TaK KaK 3TO CMamucmu4ecKkuti MoCTyJar.

DHeprus OCUMIIATOPA

W=nwS§,
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rie S — nJowanb COOTBETCTBYIONLEr0 3/THIICa Ha $a3oBOH NMJIOCKOCTH .
[Tostomy noctysat [lnanka moxHO copmyaupoBaTh Tak: Ha (ha30BOH
JuarpaMMme BO3MOXKHBI TOJBKO T€ 3JJHICH, AJ151 KOTOPBIX

S=nh (n=1, 2, 3, . . .).

HMHaue roBopsAT Tak: 3HEPTHA OCUUJJIATOpA HEe MOXKET ObITh NPOH3-
BOJIBHOH, OHa ksanmyemcs. KBaHT (no03a) sHepTHHM paBeH Av; OH TeM
HoJblile, yem OoJblle 4YacToTa.

OJAMHHAJUATASL JIEKUHSA
(28. X1 1930 r.)

Bomucaerite cpedweii 3Hepeuu KeanmosanHozo ocyuarsmopa. Keawmosste opmyrst

048 CREKMPAALHOL NAOIMHOCTIL PABHOBECHO20 U3AYHeHUA U 0AR IHepeuls meepdoz0 meaa.

IoHamue aduabamumeckoeo unsapuarnma. Aduabamuueckas UHBAPUARMHOCMb OMHO-
wienus cpedxel Kuxemuueckol aHepeuu K wacmome (Ha npumepax).

[Tnank NPEANON02KHJI, YTO 3HEPI'HHA OCUHAJATODa MOXKET IIPHHH-
MaTbh TOJABKO )lHCKpETHbIﬁ pAX 3HAYCHHUA

W=0, hv, 2hv, . . ., nhv, . . ., (1)

TIpHYEM BepOSITHOCTH TOT'O, 4TO OCLMJ/LIATOP o0/ajaer 3Heprued nhv,
T. €. HAXOAWTCS B /-M COCTOSIHHH, €CTh

P — Ae—flh'\i/k@
n .

BryncanM, HCXOAs M3 3TOrO MOCTyJara, CPeJHION 3HEPrHI0 OCLHJI-
JaTopa:

W = D) nhv. Ae-nhike (2)
=0
NpUyeM
Z P, = 2 Ae-nhoke (3)
Nn=(0 n=_(

Hckawouas A, noaydaem

o0

2 nhve—"Ike
W = =0

oo

2 o /kO

n=

1 [CM, 9-0 nekn HiO, ]
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Kak ¥ B npenwiyiieil JeKuuH, 0603Ha4HM

a=1/kO. (4)
Torna

W =1, (@), (), - ()
rie Temepb ‘

[o.s]

o =]
4 Y
To= B e, 1= 3 nhve-rivm
n= .

n=0
Herpyatuo Buaeth, yto
[i(@)=—1(@).
I, ecTb cymMMa reoMeTpHYeCcKOH NpOrpecCHU:
1
/ o(o‘):m- (6)

(=

JInddepeHuupysa 3TO BhipaxKeHue 1o o, MoJyyaeM

o) = 7y M

[ToacraBass (6), (7) u (4) B (5), MBI IPHUXOJAUM K CJAEAYIOLIEMY BBIpa-
KEHHIO AJI cpefHell SHepruu OClUNIATOpa:

S hv
W = AEe 4 (8)

3,&6(1[3 CpelHsisl 3HEPIHsl YyaKe CyI_U\EC'TBeHHO 3dBHCHUT OT 4YacTOThbI

ocuussiatopa. [loacrasasisi Belpaxenue (8) B ¢hopMyay AAs NJIOTHOCTH
HEPTHUH H3JYUYCHHUA -

8av:
0, = —2- W,
HaXOJUM;
. 8mhv? 1
A 2 ehv/k@ 4 '

TakuM o6pasom, runore3a [lnanka npuBOAMT K dopMyae NI
CTIEKTPaJbHOH IJIOTHOCTH pPABHOBECHOTO H3JYYeHHd, KoOoTopas, Kak
GBIJIO CKa3aHO B IIPOLION JIEKIHH, HaXxoAuTcs (P COOTBETCTBYIOIIEM
BLIGOpe KOHCTAHTHI /) B IIOJIHOM COMJIACHH C OINBITOM.

TlpuMenuM BHIpaxkeHHe [lnanka aas W K 3azade o TeNJIOeMKOCTH
TBEPAOTO Tesa. DHEprus TBepAoro Tesa, coctosimero H3 N aTOMOB,
KOJEOMIOIIMXCA OKOJIO CBOMX MOJOXEHHH pPaBHOBECHS C OJHHAKOBOil
cOOCTBEHHOH 4acTOTOH v, paBHa

3N

E= 3NW:W. )
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Huddepenunpys (9) no ©, Mbl HaiileM BhIpaxKeHue JJisl TENJIOEMKOCTH,
XOpOILO nepefaioniee KaueCTBeHHHIH XOJA 3aBHCHMOCTH TENJIOEMKOCTH
OT TeMmIeparypbl, HalO/iO0faeMbIi Ha OmbITE 1.

Ecnn
hv/kOLL,
HMeeM NPpHOIHKEHHO
W= =8, (10)
(1+-k—® -1

T. e. ¢opMyaa (9) nepexoiHT B KiaaccuyecKyio. ITocMoTpHM, MOTYT JIH
KBAHTOBLIE 3aKOHOMepHOCTH, T. e. otauune (9) or (10), ObITh 3amer-
HbIMH B C/y4ae MaKPOCKOIHUECKHX 3JeKTPOMATHHTHBIX KoJeOaHHH.

Tak kak £=1,38-10"1 3pe/epad, umeem npu ©=300° (rpy6o)

kO =4.10"1* gpe.

BosbMem v=10!° cex~?, 4TO COOTBETCTBYeT JJIHHe BOJHLI 3 ¢x. Torna
NMOCKOAbKY A=6,6-10"27 3spe-cex, noaydaeMm (rpy6o)

hv =6-10717 ape,
hvik® ~ 103 <L 1.

TakuM 06pasoM, 37eCh KBAaHTOBbie 3aKOHOMEPHOCTH He OYAYT CKashl-
BaTbCsl; OHHM JeXKaT AajeKo 32 NpelesaMH YYBCTBHTENbHOCTH HalIHX
npubopoB.

CoBceM uMpaye o6CTOHT JieJio A BUAUMOrLO cBera. Bo3bMeM JJIHHY
BoJiHBl 6-107% cu, T. e. v==5.10". Kmeem (rpy60)

hv = 3. 10712,
hv/k® ~ 100,
W —=£O.100.¢-100,

Cpenuss SHepTHS OCUMIATOPA HHYTOXKHO Maja N0 CPaBHEHHIO ¢ 6.

Kak 6Bl10 ckasaHO B Npeismyiied Jeknud, ocuuaaarop [lnanka
JBHKETCS 110 3aKOHAM KJacCHYeckod MexaHHKH. Touka, H3oOpaKalo-
mias JBHXKEHHE OCHHJAATOpAa Ha (ha30BOH IVIOCKOCTH, ABHIKETCS [0
SJUIUNITHYECKOH opOHTe. DHEPrusl OCUUAIATOpAa Ha AaHHOH opbure
IIOCTOSIHEA; OHa 3ajlaHa KBAHTOBLIMH YycJaoBHAMH (1).

CorJlacHO KJIAaCCHUECKOH 3JEKTPOAUHAMHKE, 3JEKTPOH, COBepllialo-
mMil rapMOHHYECKoe KoJeGaHHe, NOKeH Obl1 Obl u3ayuarsh. Ocuusiis-
top [lnaHKa H3JaydyaeT TOJBKO IIpH [EPEXOJE H3 OLHOTO COCTOSHMSA
B Jpyroe; NMpH 3TOM 4YacToTa €ro H3Jy4yeHHS Ta Ke, 4TO W 4YacTora

1 [CM. 10-0 ;eknmio.)
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o0palleHHs 110 3J/IMNTHYeCKOH opbuTte Ha (a30BOH IJIOCKOCTH, OfH=-
HakoBast AJ5 BceX opOwurT.

bop, ucxons u3 suepHoll MoleJH atoMa, NpenjokeHHOH Pesepdop-
AOM, TlepEeHeC Ha aTOM KBaHTOBLIe NpejicTaBjeHus llianka. Emy npu-
LIJIOCH IIPH 3TOM OTOPBaTb YaCTOTY H3JY4YeHHs OT YacTOThl OGpalleHust
3JIEKTpOHA 1o oplHTe.

ITpu KBanToBaHuu ABMkeBHMS ocuuaistopa [lnavk cuwrana mapa-
MeTpbl OCHHJISATOPA HEHU3MEHHBIMHM. PaccMoTpuMm mnoBelleHHe OCLHJJIS-
TOpA NPH OueHb MeAJeHHBIX H3MEeHeHHAX MapaMeTpPoB, HalpHMep IIOBe-
JeHHe MasTHHKA [IPH €ro YKOPOYEHHH. DHeprusl ocuujstopa Oyler
MEHATBCA 3a cYeT paboThl, NPOU3BOAMMON HaJ HHM BHEUIHUMH CHJIAMH
IpH H3MEHEHHH IMapamerpa. IJroT cayuad Obl1 pasobpan Peneem.
OxasblBaeTcsi, 4TO IIPH OYEHb MENJIEHHOM H3MEHEHHH I1apaMeTpOB
OCLHJIATOpa OTHOLleHHe W/v octaercs mocTosiHHbIM. Takum ofpasoM,
NMpH MeJJIEHHOM H3MEHCHHH IapaMeTPOB KBAHTOBAHHLBIH OCLUJJISATOP
COXDaHsieT CBOK KBaHTOBAaHHOCTb, T. €. YCJOBHE

Wiv=nh

ocraercsl B cuje. Benuunna W/v sBisiercsl, Kak NPUHATO BhIpaxkaThCs,
annabaTHyeckMM MHBApHAHTOM TapMOHHUYECKOTO OCHU/IsATOpa. (Anua-
OaTHYeCKMM MHBAPHAHTOM HA3bIBAIOT BETHYHHY, OCTAIOUIYIOCS HEH3MEH-
HOH IIpu MeJJIEHHOM H3MEHEHHH NapaMmeTpoB.)

PaccmorpuM canyuall mapuka, ABMMKYIIETOCS MO UHEPLUMH MEXAY
ABYMSI CTE€HKaMH, HaxoRAMUMHCA ApPYr OT JApyra Ha paccTOdHWH |
(puc. 32, @), OT KOTOPBIX OH OTpaXKaercs
no 3akoHy alcoMIOTHO ynpyroro ypapa. , % . g
IlTapuk coBepiaeT nepHOAHIECKOE JBHKE- , 2
HHe C HEH3MEHHOH no alCOMIOTHOH Besu- 4
YyHHE CKOpocThbio +=v. Ha ¢asosoii niocko- o 7 -
CTH JBHXKeHHe H306paxkaercs NnpsiMOYroJb- v d
HukoM 1, 2, 3, 4 (puc. 32, 6). Mu 6Gy- v J
leM, cuuTaTth, 4T0 M3 2 B 3uus 481 7 A
COBEpIIAeTCs] MIHOBEHHBIH NepeCKoK (Ha
CaMOM JeJie JBHXXKE€HHE, KOHEUHO, CJOXK- Puc. 32
Hee).

Kak wu3MeHHTCA JBHKEHHe, €C/IM MH HAuHeM OYeHb MeLJIeHHO
yMeHbLIATE Napamerp [, T. e. cOMMXKATb CTEHKH?

IlpumeHuM Teopemy BHpHana !. 3xech

\

T T
1 I 4 1 "
2Tz_vz_{?§Xx1dt+?§X xzdtj,

1 [Cm. 9-10 Jexuuo.]
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raie X' u X" — cusnl, JeficTByioLlHe Ha LIAPHK CO CTOPOHBI NepBOH H
BTOpOH CTeHOK. Tak Kak
X, =0, Xs=1,

HMEeM
2T=—IX",
HJIH
e 2T
X :_—_l_’

rie X" — cpenHee 3HaueHHe CHJHL 3a TepHOA (Cpeliee 3HaUEHHE CHJHI,

C KOTOpOH IIapHK JeHCTBYeT Ha CTeHKY, ecTb — X”).
ITpu cOmmxennu creHox Ha |Alf (Al<<0) MBI coBepuiaem paGoTy

ad——2L AL
Ora pabota paBHa YBeJHUYEHHIO CpelHeil SHEPTHH ABHXKEHHS IlapHKa:
AT —— 2L,
OTKyJa
AT Al
Aol \ 11
0 I o (an
[lepron ABMKEHHS HIApHKA €CTh _
2{
T=". (12)
Hsmenenue ero BCJIEACTBHE CONMKEHHST CTEHOK paBHO
Av--gAle—ldy, (13)
M3 (12) u (13) nonyuaem
At Al Av
=T %" (14)

B nanHoMm cayugae

AT Av . (15)

[Toacrasass B (14) A—ll us (11) n %—v u3 (15), monmyusaeMm

Av.T 4 v-AT — 0,
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T. €.
Tv — const,
HJIH _
2T _ const, (16)
rje
v=1/t

€CTh dacToTa KoJcCaHHH UapHkKa.
[Tnomanp nukJIa Ha (a30BOH MJOCKOCTH paBHA

2 —=9T 1= Q—T.

S = 2mul = mv* ==
[} v

10 4aCTHHIM CJydYad NOJYYCHHOro paHee COoTHoweHHA . Ha ocHoBa-
Huu (16) umeeM

S=—const

.— TJICIAJb UMKJA eCTb ajuabaTHYeCKHH HHBapHaHT.

MOXHO paccMOTpeTb aHaJOrHYHYI0 3ajady Jdd HeMHoro OoJiee
CJOXKHOTO caydas (puc. 33): yNpyrud MAYHK JABHXKETCS BepTHKaJLHO
o7 NeHCTBHEM CHUJBI TSI?KECTH, OTCKaKHBast OT N'OPH30HTAJbHOTO CTOA,
pUYEeM YCKOPEHMEe TsXKecTd (l1apaMeTp) MeIJIeHHO MeHseTcd. 37ech
rpaUK 3aBHCUMOCTH KOOpPAMHATHI OT BpeMEHH H TPaeKTOpHs Ha ¢aso-

74

- e a4 , iz"“ j
o Vk
T IYATAYERE =
. | 7 1\ L / 4 / o
| Ly Vv
T _ P
Puc. 33 Puc. 34

BO# I[IJJOCKOCTH HMEIOT BHJ, HOKa3aHHbIH COOTBETCTBEHHO Ha pHC. 34, a
u 6. IlpuMeHsisi TeopeMy BHpHaJa, Mbl HaHJeM Takxke H 3JeChb, UTO
oT
T:const.

PaccmorpuM Koze0atesnbHbI KOHTYp (puc. 19), eMKoCTb KOTOpOro
MeJlJIeHHO H3MeHsieTcsl (pa3ABHUTAlOTCsl TJIACTHHEI KOHAeHcATopa).