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IIPEAUC/IOBUE PEJAKTOPA

B teuenme mepBoro gecarunerua 20-ro Bexa B Ilapmxe Grnm ms-
paHH «Jlexuyyu mo HeGecHo#i Mexammke», uynraHHHe B CopGonne 3Ha-
MeHUTHIM (panmyscknm MatematnkoMm A. Ilyankape. Kak mosxmo Bu-
AeTH U3 NPeANUCAOBUA aBTOPA K | TOMy counHeHns, aTa KHura He ny6am-
pyer HHM paHee BHmeamylo o6mupHyo MoHorpadmio A. Ilyamkape
«Hosrie Meroapl neGecuoit Mexauuki», Hu «TpakTaT mo uebecHoi Me-
XaHMKe» HM3BECTHOTO acTpoHoMa TuccepaHa, BHINEMIIAR B KOHIE
19-ro Bexa.

«Jlexuun no HebecHoil MexaHWKe» ABAAITCA YIeOHHKOM, IO KOTO-
POMY MOKHO HauMHATh H3ydYeHHe 3TO YACTH ACTPOHOMHM, HEe HMes
Apyroil NOAroTOBKM, KPOMe aJIeMEHTAPHHIX cBejeHHMiA us o0mei mexa-
HYKM ¥ Bucueil MareMaTukn. Ho aror yueGuuk, npunannesxamuit nepy
reHHAJBHOT0 Y4YEHOIro, NpeAcTaBiAseT co0oil COYMHEHHE, B KOTOPOM
¢ BOCTATOYHOI MaTeMATHIECKOH CTPOrOCTHIO H IPEAENBLHON ACHOCTLI)
OPMIHHAJIBHO HM3JI0EHH i€V OCHOBHHEIX MeTO/I0B He6ecHOM MexaHHKN.

Iepsuit Tom kuuru Ilyanxape, Bumemmuit 8 1905 r. mox Haspa-
HueM «O0mas TeopHA NIAaHETHHX BO3MYIIEHMi», pasmesneH Ha 13 raas.
IlepBas rnaBa ABasieTca BBOAHOI M NOCBAMEHA PACCMOTPEHMIO METOJA
Tamunsrona — flko6M, Ha KOTOPOM NOCTPOEHO BCe HOCHAeyIOmEee
nanokeHne. B raase Il BmBogsarca puddepeHnmanbHNe ypaBHEHHA
ABMKeHUs o0mell B OrpaHMYEeHHOI 3324 TPeX Tel M MX KIacCHYecKHe
uHTerpaan. 'nasa 111 nocBAmeHa OPUrHHANBHOMY H3JI0KEHHIO T€O PHH
HEBO3MYIMIEHHOT0 KEILIEPOBCKOTO ABIDKEHHA ¢ NOJHHM BHBOOM BCEX
HeoGxopumuix dopmyn. Imasm IV, V m VI copepsar oGocHoanme
H IOAPoOHOe H3IO0KEHHE METOAA M3MEHeHHA NPOH3BOJLHHX HOCTOAH-.
HHX JlarpaHma ¢ NPHIOKEHHEM K TEOPHH BO3MYIIEHHOr( ABMKEHHA
IUTaHeT COJMHEYHOH CHCTEMH.

B raase VII paccmatpmBaeTcs npuMeHeHHe MeToxma JlarpaH:xa
K KPYroBoil orpaHMYeHHON 3ajjade Tpex Tel.

Taasu VIII u IX mocBAmeHH TeOPMH BEKOBHX BO3MYILEHHIA.
B raase X pasGmpaercsa o0mmii cayuail sajaum Tpex Ted, a B riaa-
Be XI—rTeopema [lyaccona o HensMenseMocTH GONBIIMX IOAYOCeH OpGuT
B0 BTOpOoM npubamxeHnn. Hakonen, ase mocjefHne rIaBH COeP:KAT
majoskeHne Meroma [emoHe, ¢ ycmexoM HDPUMEHAEMOro B HACTOAIEe
BpeMsa K 33a4YaM O ABIGKEHHH MCKYCCTBEHHHX COYTHHKOB 3eMIH.
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TaxuMm oGpasoM, NepBHIl TOM COAEPKHT JAETAJBHOS W3I0KeHHe
o0mux NPHHNUNOB NPUMEHEHHA MeTOjA NOCAef0BATeNbHHX NpuGIn-
JKeHHH K MHTerpupoBaHmio nuddepeHnnanbHHX ypPaBHEHHH, ompene-
JADIMEX BO3MYIIEHHNE OCKYJIHPYIOmUe dJeMeHTH OPOMT IIaHeT.

Bropoit ToM yueGHmka Ilyankape pasmenen Ha ase wacru. Yacrs [
«Pagnosenne sosMymanmeil pyuknumn» BHmaa B ceer B 1907 r. u co-
HAePMAT PAcCMOTPEeHHe BCEX HEOOXOAMMHIX BOIPOCOB, OTHOCAIIHXCH
K 3TOMY Ba)KHOMY pasmeay Teopmu BosmymieHmii. Ciofa BXOAAT H oc-
HoBH Teopru ¢yHrnuii Beccens m Teopma koaddunmuenros Jlammaca
g omeparopos HriokomGa. 3gech aBTOp yaeiseT MHOTO BHHMaHMA
BOIPOCAM CXONHMOCTH PAa3JOKeHMH M TPAKTyeT 3TH BOUPOCH C MOJ-
HOIl MaTeMaTHYeCKOil CTPOrocThio.

Yacrs I sToporo Toma Buma 8 1909 r. mox nassanmeM «Teopus
asmxenns JIynn», kotopyio Ilyankape pasgenser Ha gsa otaena, oT-
HocA K nepsomy gBmwkenye JIyHu moj geiicTBHeM NpPHTKeHAE 3eMiIn
u ConHnma, a KO BTOPOMY — M3yueHMe BIAMAHWHE NPUTAKeHME IIaHeT
u BausaHue cxaTua 3eman. Uanoxenne nocrpoeno Ha paborax Xmina,
Heaone m Bpayma, m xoTA 37ech TaKMe He 3aTParuBalOTCS BOIPOCH
0 CXOAHMOCTH PANOB, HO BCA Teopusa nepepaGoTaHa M mpepcTaBieHa
B BHfe eWHOrO IeJ0ro.

Tpernit ToM counnenns Ilyankape, Bumegmuit B 1310 r., cogepsxur
«Teopuio IPUINBOBY, KOTOpaA Temeph He BXOAWT B HeGeCHYI Mexa-
HAKY W OpeAcTaBiAseT co0oil M3ioKeHHe DelIeHHs HeKOTODHIX 3aaad
TMPOAVHAMAKH.

B mHacrosamee, coserckoe magaHme mepeBoga kuurm Ilyankape
BKJIOYEHH TOJBKO JiBa NEPBHX TOMAa, KOTOPHE 00begHHEHW B OfMH.
Ilepesox cpeman BechbMa TmATeAbHO M BOCHPOM3BOAUT NOMXHOCTHIO
TPYA 3HAMEHHTOrO Y4eHOro noutn Ges BCAKNX MaMeHeHmii. Mu nosso-
auam ce6e TONBKO M3MEHHTH B HEKOTODHX Mecrax o0osHaveHMA (Ha-
upaMep, oGo3HaueHWA 1A YACTHHIX NDPOM3BOAHEIX) M CHEJANH He-
CKOJAbKO HeCYIEeCTBEeHHHX COKPameHHii.

CoseTckmil unTaTesN b HOAYYHT €le OJHY KHHUry Io HeGecHoil mexa-
HHKe, KHATY, NPefICTABAAINILYI0 GOABIIYI0 HAYIHYIO EHHOCTH U 06/1a-
JAOMY0 MHOTMMH 3aMedaTeJlbHHIMH KadecTBaMH.

Hecomuenno, uro msganue nepesoga 1pyaa A. Ilyankape mpume-
ceT GOJbBIIYI0 HOJAb3Y CTYACHTAM, aCIMPAHTAM U BCeM MHTePeCyOmuM-
¢ He0ecHOl MexaHMKOIl, KOTOpPasA B HAII BeK KOCMHYECKOH 9pH NpH-
ofpenra HoBoe 3Ha4yeHHE M CTAJTa HeOOXOAVMEIM 3BEHOM B AJIMHHOM
meny HAYK, NOCBAMIEHHHX W3yYeHHIO, PAasBHTHIO M HCIOAb30BAHHIO
METOOB OCBOGHHS KOCMHYECKOr0 IPOCTPAHCTBA.

ITpop. I'. H. Hdybowun
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IIPEAUC/IOBHE ABTOPA

Odra KHHra He JOJKHA BHIOJHATDH Te ;Ke 06A3aHHOCTH, UTO M APY-
roe mMoe counnenme «Les Méthodes nouvelles de la Mécanique cé-
lesten maum counnenme Tuccepana «Traité de Mécanique célestenr.

B «HoBrix MeTOomax» MH Yame Bcero HCXORMIH A3 TeOMeTPHIeCKO
TOYKH 3PEHHA U HCCAENOBANH aHAINTHIECKYIO CTPOrocTh; HalpuUMep,
MH NOCBATHIH BONIPOCY CXOAHMOCTH PAAOB GOJBIINe yCWIHA M MHOIO-
quCleHHHE CTPAHANH; 3fech, HaoGopoT, MH OCTABMIH STOT BOIPOC
NeJANKOM B CTOPOHe, W YATaTeldb, KOTOPHI NOKeaaeT 8T0 M3YIHTh,
pomxeH obpatnrhea K Moemy coumHenmio «Les Méthodes nouvelles
de la Mécanique céleste».

C apyroi croponH, B «HoBHX MeTomax» MH paccMaTPHBAJH IpH-
GnmKennsa, HamMHoro Gosee fJamexme, ueM 3Toro TpeGyeT NMpaKTHKa;
MB MOIJH, TAKMM 06pasoM, MOAYEPKHYTH 0GCTOATEABCTBA COBCEM He-
OpeasBujeHAbe, aHAJANTHIECKOe 3HauUeHHe KOTOPHX BechbMa BeJHKO,
HO KOTODHe He NpeACTABIAIT HAKAKOrO MHTepeca AJIA acTPOHOMA-
OpaKTHKAa M He HPHOGPETYT ero g0 TOro AHA, KOTfa TOYHOCTH Haluio-
AeHuii GyJeT HAMHOTO BHIIE, 4YeM CerofHsA, WK KOrAa IOKeJaloT CpaB-
HUTH HaGaOfeHNs, paccMaTpPUBaeMee HA IPOTAMXKEHHH BEKOB.

HaoGopoT, M paccMaTpEBAJH Ipe)KHHE PesyJbTaTH KaK M3BECT-
HHe, TAK 4T0 MHB Morad GH HacTampBaTh Ha CBASH Me;KAy HOBBRIMH Me-
TONAMHA M NpPe;KHAMM Pe3yJabTaTaMH.

IToatomy «HoBbie MeTom:l» HeXOCTYNHH A5 HaYMHAIOMETO M AO-
CTYIHH TONbKO YATATENIO, y:Ke SHAKOMOMY ¢ He(ecHOHl MexaHMKOM.

3pmech, HaoGOpOT, MH OrpaHMYMBAEMCS BOCIDON3BeJeHHEM JeK-
umif, NPoYNTaHHHX HaMu cTyfeHTaM CopGoHHH, M craBmM Ipo6aeMEl
CHAYaJIa, IPeANoIarasa TOAbKO M3BeCTHEIMH OCHOBH aHAJIH3a U Mexa-
HHUKH, a TakKe 3axons Hemmepa m HrploToma. Mu zamMmcrByem y Ho-
BHX METOfIOB TOJNBKO CYIIECTBEHHHE DPesyJIbTaThl, Te, KOTODHE IOA-
RAOTCA HEeNOCPEeACTBeHHOMY NPHMMEHEeHHIO, CTapasch IPHBA3ATH MX
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BO3MOKHO GOJBIIe K KIAacCHIeCKOMY METOAY BapHANME IPOH3BOJBHHX
HOCTOAHHEIX .

C mpyroit croponn, TuccepaH moCcTOAHHO 3aHAMAJICA BOCHPOH3BE-
neHpeM, TaK TOYHO, KaK OH Mor, Maeil ocHoBaTeneil HeGecHoit Mexa-
aukn. JelicTBUTeNBHO, €ro KHUra faeT HaAM BCO IEAHKOM B C3KATOH
dopme. Mu He pgesaiym 3aHOBO TO, UTO CHEJAJ OH, H CAENA] XOPONIO.

Mu mMeeM Ha 9To NpaBo; IyTh, 0 KOTOPOMY CleAoBaly HAamK
fpefIIecTBeHHNKH, He Beeraa GhuI mpsaMbiM; B MOJROGHHIX cayuasx ME
IUIM KPaTJafiminM OyTeM; MH JHINAJINUCH TAKe BCero, 4T0 NOMYYaJH
Io NyTH M KOTOpoe uacTo IpepcraBiasio Goabmoii marepec. Ho mum
He co)KajieeM 06 9TOM, TAK Kak Bce 910 chenaJ Ajaa Hac TuccepaH.

Takam 06Gpa3oM, 9Ta HOBas KHUra He OCBOOOKEAeT OT 9TeHAS
OpeKHUX YUOMAHYTHX KHMr M B fajabHeiimeM MH Gymem uacTo Ha
HHX CCHIAThCA.



FTIABA L

INIPUHIMIIBI JUHAMHKH

3pecs Gymer maTH peyb He 00 SKCHEPHMeHTAJBHHX OCHOBAX M He
0 PUITOCOPCKHX NPUHIMNAX MEXaHAKH, a JHIb 0 HEKOTOPHX AHAJIUTH-
9eCKHX Ipeo6pasoBaHHAX, 3HAKOMCTBO ¢ KOTOPHIMHA Heo0XOMMO BceM,
JKeJAIOMAEM M3y4YaTh JUHAMAKY, ¥ KOTODHE COCTABIAIT OCHOBHO® CO-
Hep:KaHMe NMpeKpacHOTO coumHeHHs flko6m «Jlekmmn mo guHAMHKE»*).
i. Kanonmueckne ypaBmemmsa. Ilycro

Lys T2y ooey Tny
Y19 Y29 «cer Un

0003Hayal0T 2n NepeMeHHHX BeJIMYWH, OGpasdylomux pAse TIPYNOH,
® uyeTs F ecTs HOROTOpaa PyHKnH oTHX 2n mepemennnix. Pacemorpam
JaddepeHnraIbHEE YPAaBHeHHAS BHAA

dey _ OF  dyy _ _ OF (1
dt — ay, * dr = Ba:t ! )
KOTODEIO 6yI[eM HA3HIBATD KAHOHUUECKUMU YDABHEHUAMU.
VnTerpupys moaHOCTBIO 5TH YPaBHEHHs, BHPas3HM HeH3BECTHHe I
M y Kak QYHKIOUE BpeMeHH ! B 2n NPOA3BOJBLHHX NOCTOAHHHX

Qyy Uy o ay Uop.

3amernM, MeAy HpodunM, uTo (YHKIHOHAJNBLHHI ONpeNeluTeNb
$yHKOMIT £ 1 Yy D0 MOCTOAHHKM ¢ He MOKET PABHATBLCHA TOMIECTBEHHO
HYTIO.

B camom pmexe, ecam GH 9To GHIIO TaK, TO MeKAy NEepPeMEHHHIMH Z,
Yy H ! cymecTBoBaJdo OH COOTHONIeHWe, He 3ABHCAMEE OT &. A Torma
HmepeMeHHHM Z M y HeJab3A OWJI0 OH NPHAATH HPOHM3BOJLHEE HAYalb-
HBI€ 3HA4YeHHA Opu I = {,.

Jlerxo BKI[eTL, Kpome TOrO, 4T0 MH mMEeM B CHIy ypaBHeHmi (1)

IS (E G 2y,
= 4\ o7 ayi
OTKYAA
F =const,

*) Ako6m K., Jleknun mo nuuammxe. lepes. ¢ #em, O. A. Ilodocyxn-
noii nmoa pex. H, C. Komasaxosa, OHTH, 1936. (ITpun. ped.)
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9T0 JaeT ORMH W3 MHTerpatos ypasHeHHii (1). OToT mHTerpan Mosker
GHTH HasBaH WHTErpPaJIOM JKHBHIX CHJ, TAK KaK B ClIy4ae ypaBHeHWi
AMHAMHKH OH BHIPa’kaeT, KaK YBHAHM HI)Ke, COXPaHeHHEe HHEPrud.
2. Kanoumueckne ypaBHenus (1) Moryr GHTH sanmucaHn B Apyroi,
SKBUBAJEHTHOH dopme.
HonycruM, 4To Bce mepeMeHHBe BHDakeHH B BHAe PYHKImii Bpe-
MEHM ! M NOCTOAHHHX . TOrfa mMeeM TOKEeCTBEHHO

(i) (D )= -3 &, @

Ifie Gp— OfHA W3 IOCTOARHHX MHTerpupoBamma. C Apyroii cTOpoHH,
O4YeBHJIHO, 4YTO

OF _ ~a OF oy F 9z

T = 25y day T Daw day - (3)

B cuny ypasmennmii (1) npaBsie sactn (2) u (3) paBHH, a crefoBa-
TeJlbHO, OyHAeM HMeTh

(3 )-A (B 8)-%. e

Tax xax HHEeKC & OpUHEMaeT sHAYeHNSA 1, 2, .., Zn, TO0 MH GygeMm
uMerh 2n Takmx ypaBHeHmii. HaoGopoT, ecim mMmelor MecTo ypaBHe-
Husa (4), To mpasue vactu (2) u (3) paBHH H MH MOKeM Hal}caTh

dz OF\ dy oF ox
27— )2 (ar+e) s =2
OTH 2n ypapHeHHil NMHEHHH OTHOCHTeJbHO 2n HeM3BECTHHIX
as_or  _cay o
3y art az>

H ONpefeJuTelb CHCTeMBl 3THX 2n JWHeHHHX ypaBHeHHi, KOTODHIii
eCcTh He 4TO MHOe, KaK (YBRIMOHAJHHHIA OHpemeduTeNbh £ H y OTHO-
CHTeIBHO (i, He MOKET TOKIeCTBeHHO paBHATHLCA Hydio. CremosaTenn-
HO, CHCTeMa HMeeT TOJBKO HyJeBoe pemieHye, OTKyla BEITEKaeT, 4TO
KaHOHHmYecKue ypasHenus (1) ypmoBmersopsiorca. Takum oGpasom.
u3 ypasHeHmii (1) Mo)KHO HoayumTh ypapHeHMA (4) m, HaoGopor, U3
ypasHenmii (4) mokuHo BriBecrn ypaBHeHms (1). CaemosaTenbHo, cH-
creMu ypaBuenmii (1) u (4) sKBHBaJeHTHH.
. Kanonmueckme mpeoGpazosanma. Ilycrn

3

Ty Zyy eens T
Yi» Ygy +v ey YUn

ABAAIOTCH (QYHKUHAMH 2n Hpe)KHHX NepeMeHHHWX Z # y. M Mo-
eM CHeJaTh 3aMeHy NePeMeHHHX, IPHHHMAA 3a HOBHE IepeMeH-
Hue z' u y'.
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JlomycTuM, 9TO COOTHOIMIEHNsA, CBA3HBAMMIIIE HOBHE H CTaphle Ie-
pesMeHHHe, TAKOBH, UTO BHIpaskeHHe

D' dy’ — D zdy=4dS

ectb TouHHil Auddepennuan. Iloraskem, uT0 B 3TOM Ciyuae mpeoGpa-
30BAHHE IEePeMEHHHX He M3MeHsAeT KaHOHAYeCKYI (OopMy ypaBHeHHI
(1), KoTOpHE WPHMYT BH[

dry  OF dy; _ OF 1
“dt ay’ ! at — aa:g ‘

HeficTBuTenbHO, MB MMeeM

S
2 ' E ah !
3o 4 dy ﬁ__df_
dt =~ dt ’
OTKyJ.'[a BHBOI[KM Tomnec'rno

(2 6(1;, " éap <S‘ dy\—
(3 - (3 ®

Tak xak n3 ypasHeHmii (1) MO)KHO BHIBECTH ypaBHeHHA (4), TO B CHIY
ToAAecTBA (9) MH GymeM HMeTh CAeAYIOMHUe ypPaBHEHHAA:

d , Oy z dy oF ’

w(Zv ) (A9 F )= @
KOTODHE OTIHYal0TCA 0T ypaBHeHH (4) TOIBKO TeM, YTO BMECTO IIpejk-
HNX HEePeMeHHHX ¥ W y B HHX BXOAAT HOBHE NepeMeHHHe z' u Y .
Mu Bugenn, uro u3 ypannennﬁ (4) MoKHO BHBeCTH ypaBHEHHA (1)
TouHo Tak Xe W3 ypaBHeHMI (4') MOKHO BHIBEeCTH ypaBHeHHa (1’ )
Takum oGpasom, ypasHeHHs (1') aBasiores ciaegcrsmeM ypasBHeHMIt

(1), uTo 1 TpebGoBaloch AOKA3ATH.
4. Npamepri. PaccmorpuM, Hampumep, npeoGpasoBaHme

Ti=yi,  Yi= -2
B aToM cayuae

Za'dy —Fzdy=—Jyde— Qady=—d(Jay),

T. e. nonmHit guddepennuan. Orcioga ciaexyer, UTO B pesyiabTarTe
aTOro mpeodpasoBaHHA ypaBHeHma (1) mepexomaT B ypasuenma (1'),
4YTO, BIIPOYEM, MOKHO NPOBEPHTH H HENOCPEeACTBEHHO.

5. IlpegmonosxmmM Temepb, uTo mepeMeHHHE %' CBABAHH C Iepe-
MEHHEIME ¥ JIHHEHHEIMM COOTHOIIGHHAMH H IepeMeHHHe y' CBA3AHH
¢ y ¢ OOMOmbI0 Apyrux JuHeiineix coorHomenmii. IIpeamonosxmm,
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Kpose Toro, 4To MMeeT MeCTO TOMKIECTBO
22y = zy. (6)

flcuo, uyro puddepenunamn dy’ ceasanm ¢ puddepenmmanamn dy
TeMH jKe JMHelHEMM cooTHomeHuaMH, 910 U ¥’ ¢ y. CiegoBaresabHo,
B TogecTBe (6) MBI MoykeM 3aMeHHTH y u ¥’ Ha dy m dy’, oTKyzna cie-

myer. 9TO
2z’ dy — Y azdy=0,
T. €. ABAAETCA NONHEM AuddepeHnuaTIoM, a IOITOMY yKasaHHOe Ipe-
ofpaszoBaHne He H3MeHsAeT KAHOHWYECKYI (GOPMY ypaBHEHMil.
6. Ecan monosxmm
z=1) 2pcos 0, y=V¥2¢sino,
10 Gymem MMeTh
zdy = 2¢cos* © do + dg cos ® sin o,
H, CJIeN0BATeJbHO,
,rdy—Qdm=Qcos2mdm-|-% sin 20 =d <%sin 2(0)

ecTh moaHnit gudpdepennuan. CreaoBaTeNbHO, €CIH MH IIOJIOMNM

z, =V 2x; cos y;, y1=VZEsin Y
=i, Yyi=yi mpn i>1,

1o pasHocts Nz dy’ — D, xdy Gymer moaHHM mupdepeHnMATOM
N KamoHmdeckas ¢opMa ypaBHeHHMil coxXpaHSeTCH.

7. Ypapuenua l'amuanToma. YpaBHeHHUA JUHAMHKH MOTYT GHTH
lerxo mpHBeieHH K KaHOHMYeckoil dopme.

n
Paccmom'pmr cucremy, COCTOAMYIO M3 3 MaTepHaJbHHIX TOYEK.

HOJBePeHHLX CHJIaM, 3aBUCANIMM TOJBKO OT MX KoopauHar. B cooT-
BETCTBMH ¢ TPHHIMWIOM COXDAHEHMA HSHEPrAM HTH CHAN JOMKHEL
AONYCKATE CcuUao8ylo PyHkyuio.

()603HaYnNM KOOPAMHATH NMEPBOH MaTepPUAJBHOH TOYKM depes &,
Zy, &3, KOOPAHHATH BTOPOif — uYepes I;, Z;, Zg ... ; KOODAHHATH
(%)-ﬁ—qepes ZTn-2y Ln—y, L. MH GymeM o6o3HauaTL TaKKe Maccy
mepBOil MaTepUAJBHOA TOMKN Tepe3 M= My== Mj3; Maccy BTOpoOii —
qepes my; == My == Mg; ... ; MACCY MOCHeRHeli — depes My_o= My - -
= Mp.

B »tux ofosHaueHMAX KHHeTudecKaa smeprus I cHCTeMH BHIpa-

waerest Gopmyoil
- 1 KU d:ti 2
T=g 2m(F)"
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OGozHauMM NOTEHUMAJIBHYIO 9HEPrui0 cHcTeMH yepes U, roropas
Gyner saBHCeTHh TOIBKO OT KOOPAMHAT, ¥ NOJAHYIO BHEPIHIO CACTEME —
4epes F, Tak 4To

F=T40U.
Torma ypaBHeHMA QBM;KEHMA MOKHO HANMCATH B BHJE
d2x; U
m; an = —E. (7)
Honoxum
dx;
Yi=my Ft— [

TAK 9TO0, HANPHMeD, ¥, Y2, ¥3 HPEACTABAAIOT c060ii TPH KOMIIOHEHTH
KOJIMYeCTBA [BHKeHNA NmepBoii MarepmanbHoii Toukm. Torma Gymem
HMeTh

C mpyroji croponn, ypapaeHHs (7) MOTyT GHTH HaNmyMCaHH CJIELYIO-
muM o0pagoM:

dy; ou

dt Ox;
Tak kar T me saBucur or z, a U me saBucnr ot y, To GyaeM uMeTh
oF _oU oF _oT

ot i ik
A, CIe0BaTeNBHO,

dzy _OF dyy _  OF

dt ~ dy;' dt O’

T. €. yDAaBHEHHA NBIKeHHA NMEIOT KAaHOHAYeCKYI dopMmy.

8. BospMeM Teneps KaKywo-HHGYAb CHCTEMY KPHBOJMHEIHKX KOOD-
AMHAT B GymeM ONPeReNATh MOJOKeHHe CHCTEeMH MaTepHAaJbHHX TOYeK
He NPAMOYTOABLARIMH KOODAMHATAMH Z;, X3, ... , Tn, & HEKOTODEIMR
dyERIEAMHE

915 92y - - <» qn
9THX n HPAMOYroJbHHX KoopamHar. HaoGopor, n mpAMOYroibHEIX
KoopamHar z OyayT yHKIUAMI n HOBHX KoopawHAT ¢q. Torma ¢yHK-
nna U, roTopad 3aBHMCHT TOJBKO OT &, GymeT 3aBHCOTb TOJBKO OT Be-
amyns q. [yers

=01 (q1s Gas + « +» qn)‘
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JAunddepennypys, HaxoguMm
o= YO0
de;= 2_] EXTS dqhe (8)

dgx

du;
WIn, oGo3Hauasn A COKpameHHA NPOH3BOAHEIC H —qepes .'ti

dat
a qk,

xi= 2 3qh qit- (9)

Mu supguM, uro z’ ABAAITCA AWHeHHHNMEH (YHKUHMAMH IPOHU3BOA-
dp;
HHX ¢, mpudeM KoadduuyeHTH a;" 3aBHCAT TOJABKO OT (.

Otcopa caepyer, uTo T = —2-2 mx'? GymeT OfHOPOAHBIM MHOTrO-
4JIeHOM BTOPOW CTeNeHM OTHOCHTEIBHO ¢’, KO3(pQHIMEeHTH KOTODPOro
aaBucAT or ¢. IloaToMy ecam momoxmm

aT
b; = Pi
TO B CHIY TeOopeMH 00 onnoponnux ¢yuxuuax GymeM nmMeTh

2T = Z el ) pagi-

3ameTuM, KpoMe Toro, uTo ecin I BHPAsnThL B 34BHCHMOCTH OT &’
. 1
bopuyxnoit T = 5 D' ma’, 10 Gymem mmers Tasme
oT ,
a—'xz =Yi 2T = 2 Yiki.

YcraHoBMB 3TO, NPHAAAHM IepPeMeHHHM ¢ npupameunus dq’,
paccMaTpHBasA NPA 9TOM NepeMeHHHe ¢ KaK OocTosAHHHe. Torpma
TepeMeHHEe Z He M3MEHATCH, TAK KAK OHH 3aBHCAT TOJBKO OT BeJH-
YHMH ¢, HO OPOM3BOJAHEE %' HoAyuaT npupamenHus dz’ u guddepeH-
unpoBaHue ypasHeHmit (9) maer

dai = -a?% dgk. (10)
Hpome Toro, Mu Gynem umerb
or ., _ )
aT = 2 a7 M dq 6:&:' d.z
OTKYyZA

2 pdg'=yda. (11)

Cpapnenne paseHcTB (8) m (10) morasmBaer HaM, 4YTO MEKAY
seanauaaMa dz’ U dq’ EMET MeCTO Te e COOTHOIMEe HH A,
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uro i Meskny dz u dq. CnegosarenbHo, B TosRaecrse (11) MH MokeM
samennts dz’ u dq’ Ha dz u dq, 910 maer

2 pdg=Jydz.
TaxuMm 00pasoM,

2 qdp—zdy=d[> pg— X yz|

ecTh NoaHHI gudpdepenmual.
CrieoBaTeabHO, €CJIH B3ATH 34 HOBHIE IIePeMeHHEIe ¢ M P, TO KaHO-
Huueckas (opMa ypaBHeHHIT He M3MEHMTCA M MH OymeM uMeTb

dg; OF dp; _ OF

dt ~ op;’ dt oq;° (12)

Urak, Mu moayuynan ypapHeHHa ['aMMILTOHA AJIA NPOM3BOJNBHOI
CHCTeMH KOOPEHMHAT.

9. Cueremsl co cBasamn. Herpyaso pacnpocTpaHuTh 5TOT pPe3ydb-
TaT H Ha cucremy co cesaaamn. IIpeamonosxkmm, yTo Ha Hamy cucreMy,

n »
COCTOAINYIO U3 3 MaTepHANBHEX TOYEK, HAJNOKEHO O CBA3ell, TAK 4TO0

IOPAMOYTOJAbHEE KOOPIMHATH & MOryT GHTH BHIpaXKeHH B (YHKIHH
n — o =  He3aBHCIMHX NepeMeHHHX

q1s 924 -« -y 4B (13)
Iycts

Zi=¢i1(q1 G2» - - .» p)

CyTh BHPAKGHNA N NPAMOYTOALHHX KOOPAMHAT B QYNRIMI 3THX f
nepeMeHHHX. BBefieM a BcmoMOraTeJlbLHHX HepeMeNHHIX

gB+1r Qp+2s + o +y Gn (14)
1 TOJO:KUM

=1 ((Iu G2y < o5 gy QB+19 + -+ qn)’

rae V; CyTh Kakue yrogHo QYHKIHH, NPUBOAAIMECA K ¢; NP

Gpr=qpre=...=¢qa=0. (15)
Ecan 3a me3aBuCHMEHE IepPeMEHHHE B3ATh BEJIMUMHE
qi’ Q2, ooy (Im

To ypasHenusa (15) OyayT ypasHeHHWAMM cBsseil.

Mu BuHgEM, 4TO CHCTEMA CO CBA3AMH MOKeT GHITH paccMaTpHBaeMa
KaK cucreMa 0e3 cBsAseil IPM yCJIOBHH, 4TO K Heil HPWIOKeHH HEKOTO-
phie JONOJHMTOJNbHEE CHIH, TAK HA3HBAGMBe CUAH (613U, 3HAUCHIE

2 A. Iyauxape
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KOTOPbIX JIETKO HOHATE. llpepnomosum, Hampumep, uto jBe To4Kn
CHCTEMK BCer[ja OCTANTCA Ha NOCTOAHHOM paccToaHum a. Torpga Bce
OyAeT NMPOMCXOAUTH TAK, KAK eCili Obi 3T JiBe TOYKH OPHUTATCHBAINCD,
KOrJA MX PacCTOAHWE MEJAETCA OOJBINE a, N OTTAJKMBAJINCH, KOTIA
PaccTOAHME JeldaeTCs MeHBINe @; 3TO NPITAKeHNe (UTH OTTAJIKHBA-
HIIe) nelaeTcd YpessHYaiiHo GOTBIAM, KOra PACCTOAHNE MEsKIY TOY-
KaMil PaBHO @ -i- € (WIM a — &), eCIN € — He CRO/IL YrOJHO MAO.
AHATOTHYHYK) MHTePNpPeTalHio MOKHO JIPMAATB BCEM CHIaM cBseil.
[Tyets Temepn, W — moTeHmmasbsHas »Heprus, OOYCHOBJACHHAH
CHJMAMM CBASYM Tak, 4YTO PaboTa ATHX CIT BRIPAsKAETCH BeJIHYMHOI
— dW. Mu MoeM TOrKa PaccMaTPHBATH Hally CHCTEMY Kak cBOOO;1-
HYyl0, Ipu6aBaAfAa K HOTCHIHAALHON aHeprmn U oGHMHBIX CHJ BejIN-
yuny W, t. e. usmensia F Ha F + W. Torma ypasueuin (12) sann-
myTcs B BUIe
dgi _O(F+W) dp;_ 9 (Fi-W)
dt = ep; At %

Ho paGota cui cBasy paBHA HYII0 NPH BCHKHX NepeMelLIeHMAX.
COBMECTHMHIX ¢0 cBaasmu. Cienosareabuo, pynruna W He uameHseTcs.
korjga mepemeHnne (13) uamernsiorcs, a mepevenHble (14) mocToAHHO
OCTalOTCA PABHHMM HYIIO.

TMosTomy Gymem nmers

aw ,
‘-9;=0 (l=1, 2, es ey ﬂ)
C apyroit cropoHn, W 3aBHCHT TOJABKO OT ¢ M HE 3aBHCHUT OT P, Tak

ow .
uto —— =0, CxenosaTeibHo, HaBag# HHAGKCY i TOJBKO 3HAYSHMH

9p;
1, 2, ..., B, Mo GymeM umeTh
dg; _OF dpy__ _IF
dt — op;’ dt 9gq;°

Takum o6GpasoM, MH CHOBa HPHMIIIM K ypaBHeHUAM [aMHIBTOMa.

10. Meron fIroGu. Bepuemcsi CHOBa K KaHOHMYECKUM YpaBHe-

HisM (1). C sTHMM ypaBHeHHAMH TeCHO CBA3aHO HEKOTOPOE YDPaBHe-

Hie B YaCTHRIX NPOM3BOIHHEIX, OTKpHToe fIROGH, KoTOpoe MH ceituac

AOJIYIHM.

Iycrs § — HemspecTHasa Ppynknus. 3ameHum B dyuxuuu F (x;, y;)

as

uepeMeHHBe y; YACTHHIMI NPOMBBORHBIMM 5

i

¢yHRON0 Hekoropoii mocrosumoii. Takum oGpaszom, MB noayuyaes
ypaBHeHUE

I OpPHUDaBHAEGM ATy

. 0 .
F (x,-, ;)%>=const, (1)
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KOTOpoe u HasuiBaeTcs ypasBHeHneM flkoGn. Mu mokaem, uTo MHTe-
rpupoBanne ypaBHeHu# (1) TUPHBOAMTCA K pelIeHMI0 ypaBHEHHA
fAxobm.

B camoM nese, LpeAHONOAKUM, UTO HaiijleHO 4yacTHOe peleHHe
ypasuenns (16), saBucsimee oT n NPOM3BOJBHHX IOCTOAHHKEX

Bis Bas + -+ Br.

Iloctoannan, HaxogAmascAs B lpaBoii yactu ypasmemus (16).
Oymer ¢pyHrnmeidl sTHX 7 NOCTOAWHHX, TAK 4YTo Mu DyAeM HMeTH

F (2 5o ) =@ Bu B s Br). (7

@®Oyurnusa S 3aBHCUT OFHOBPEMEHHO OT IEPEMEHHHIX & H OT Ho-
CTOAHHHX HHTerpnpoBanna B. Bapwupya ogHoBpeMeHHO z M B, MH
6ymeM wMmeTh

ds= R 5 dr+ X%
Tomosmmm

as as
o =Y g Ve (18)

Torpga mexmy 4n seamumnamu z, y, B, y uMeeM 2n COOTHOIIEHWI
(18). CnenoBarenbno, 2n M3 3THX BEJMYHH MOTYT PacCMaTpPHBATBLCH
Kak QyHkmmm 2n apyrux. Hampumep, p m y MomHO paccMaTpuBaTh
KaK QyHROMA T M y. DT0 NO3BOJAET CHGIATH 3aMeHY IepeMeHHEX
A BMECTO IPe;KHNX NePeMeHHHX & 1 ¥ B3ATH HOBLIe NepeMeHHHe f u Y.

Tak xak B cuay (18)

dS= 3 ydz+ 3 ydp,

TO BHIPA;KeHHO

2ydp—Dady=d(S—Day)

ecThb noJENi pudpdepeHUMAN.
CruenoBaTesibHO, 3 aMeHA NepPEeMEeHHHX ABJAAETCH
KaHOHUHYeCKOI, m ypasHeHHa (1) mpmeexyrca K BHIY

dy, _ oF dp; oF

dt aB; * dt T Ay’

nay, BBUAY To:kmectBa (17), K cAeqyInuM yDaBHEHMSM:
de =9 db_

— g ar (19)

Ypasuenua (19) wunTerpumpyiorca uemocpexcrrenHo. CHauana
Haxo;[uM

B: = const.
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Ilpn mocroannnx f dynruna ¢(By, B, ... ,8r) 1 ee mpomaBoAHEIe

17/
é—g—‘ TaRHe 6YIIYT WMeTh HDOCTOAHHEIC 3HAYeHUA. A TOrga INHTEerpmnpo-
i

paHle mepBHX ypasHewuil (19) paer
V=30 1o,

Iae @; CyTh n HOBHX MOCTOAHHHX HHTErPHPOBAHIIA.
Tarkum oOpasoMm, ypaBHeHnsa (19), a caemosaTeavHo, m cmcTema
(1) mONHOCTBX) HPONHTErPHPOBAHH,
11. BoabMeM omATH ypaBHEHWA
de  OF dy oF 1
W= w = e )

KMCXONA W3 KOTOPHX MBI MOKeM HamucaTh ypasHenue frodmn:
. 7AY \
4 e o — .
1 (x,, 977 = const (16)

BrmomHuM KanoHNYecKylo sameHy mepemeHHmx. Ilycrb ¢ u p —
HOBHIe IIepeMeHHbie, TaK YTO

Ngdp—Dxdy=dv

— moaHHii puddepenunax, u BmecTo ypaBHenmil (1) Gymem nmeTs
dg; OF dp; __ oF (11)

d T op ar T T ag e
OGosnauuy uepes F (¢; p) pesyapTar sameHu B QyHruuu / (z, y)
MepeMeHHHIX Z 1 J X 3HAUCHHAMI B QYHKIMH 0T ¢ 1 p. Mu mocrasmiu
MeXAYy ¢ II p TOUKY ¢ 3amsiToil Bo nmabeskaniie HeIOpa3yMeHIs, YToOH
He KasaloCh, uT0 F/(¢, p) ecTh peayiInTaT 3aMeHH Z HA ¢ Iy HA P B
dyHRIEN F.
Ipinsenny k ypasuenusam (1) meron Aro6u. Masa sroro sameHnm

’

B /' mepeMeHHBIe p; YaCTHEIMM IIPON3BOJHBEIMH ag; 1 TPEpaBHzeM

¢yuRIAIO F mocroAnHoil, yTo JaeT ypaBHeHIe
a5’ ’
F (q,-, E) = const. (16"

fABastorea qu gpyurmuu §’, KoTopHe yAoBIeTBOPAIOT ypaBHeHo (16°),
TeMH jKe CaMEIMH (GYHKIIAMH S, KOTODPHE YHOBIETBOPAWT ypaBHe-
Huo (16)? BooGme roBopsa, HeT.

JeiicTBUTeNBHO, MBI MO/KEM 3aMeHNTH ypaBHeHue (16) pasencrsamu

F (i, y;))=const, dS= ydz
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n ypasHenme (16’) paBeHcTBaMm
F (gi; pi) =const, dS’=D) pdg.

YpasHenme F (¢; p) = const 3aBegoMo ABIAETCA CIENCTBUEM ypaB-
mesna F (z,y) = const. Ho, ¢ gpyroit cTopoHm,

dS'—dS =3 pdg— Dydz=d (X pg— X zy—V),
OTKyna

§'—8=pg—Day—V.

IIpaBas wacrs, BoOGmE roBopsi, He paBHa HYJIIo.
CymecTByer, onHaKko, caydaii, korga S '= §. 910 — caydai ypas-
HeHmit 'aMmibTOHa M 3aMEHH NEpPEMeHHHIX, HM3J0keHHOH B § 8.
HeiicTBurensho, B § 8 Mm Hamam, 49ro

Dydz=2 pdy,
OTKyna
ds’ =ds, S’ =S5.

Hpyrumn caoBamu, B cayuae ypaBHeHud FamMuuap
T 0 Ha, ecau B ypasHennu (16) saMeHnTh 2 UX BHpa;keHUAMM B pYHK-

oS .
ONU OT ¢ M YaCTHEIE IIPOU3BOAHEIE F COOTBETCTBYIOINMMH BHIpae-

il
HAAMH B QYHKOUM OT ¢ M OT YACTHHX HMPOU3BOJHEIX 0_6; , To Ipeobpa-

30BaHHOE ypaBHeHHWe GyneT MMeTh BUJ
as.
F (qi, 0_qz> = const,

4TO €CTh He uTo WHoe, Kak ypaBHenue (16'), B roropom S’ same-
HeHa Ha J.

12. Cayuaii, korma Bpemsa sxogut asno. Ilpexmonoxumg uTo GyHK-
n¥A F 3aBHCHT He TONBKO OT Z M Y/, HO TAK)Ke U OT BPEMEHM !, U pac-
CMOTPHM onATh ypapHeHusa (1). 3Tu ypaBHeHHmA HE JO-
DycKkawoT GoNlee MHTEerpaJga KUBHX CHUJI

F = const.

Tem He meHee cayualf, KoTma BpeMs BXOAMT fABHO B QyHEmmio F,
JeTKO NPUBECTH K CJIY4al0, KOTOPHI MH [0 CHX IOP paccMaTpUBaiu.

HejicrBuTenpHO, BBegeM [Be BCHOMOTATENBHHE NEpEMEHHEE, U
4V, ¥ NOJOKAM

F'=F (), yi; u)+v,
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rae F (z;, y;; u) ectb GpyHknua F, B KoTopoil BpeMs ¢ 3aMeHeHO Ha U.
PaccMoTpuM Temepp KaHOHWYECKME yPaBHEHHA

de _OF' dy _ OF
T By at - T o
du_OF dv _ _OF (20)
AT v dt T T ou
Tperpe w3 ypasuennit (20) naer mam
du _
a7

oTkyna u = t. IlepBre nBa ypaBHeHus cosmagaior ¢ ypasHenuamn (1),
TaKk Kak, €CJIU MONOKATH U = {, HMeeM
oF' _9F oF' _oF
dy oy' Odx ox°
Yro Kacaercsa 4eTBepTOro ypaBHEHHs, TO OHO ONpeJeliAeT MePeMeE=
HYIO v, KOTOPYI0 MOKHO ONpefequTh TaK:Ke ¢ IOMOMBI0 MHTErpala
JKMBHX cua ypapuenuit (20):

F (x4, yi; u)+ v =const.

- HomycTuM Teneph, YT0 MPOMSBOAMTCA 3aMEHa NEPEMEHHHX H HO-
BHE IepeMeHHHe z’ u y’ ABIAITCA QYHKIMAMM CTAapHX IEePeMEeHHHX
Z, Yy m BpeMeHH {.

1) Ecam pasHOCTS

Da'dy —Xzdy
écTh NONHHHE gupPepeHRMTMAN, To BHpaKeHHe
(D' dy’ +udv)— (D 2dy+udv)

TagKe ABAAeTcA TouHHM pudpdepennuanom. Taxum oGpasom, ypasHe-

maa (20) coxpaHAT KaHOHHYECKYI0 (POpMY, €CIM BMeCTO NPEe;KHHX

DmepeMeHHHX Zj, Yf;, 4 M U BBeCTH HOBHE NePeMeHHHe ZXi, Yi, ¥ | V.

Ypasuenus (1), komopwe a6a10MCL nePEEMU YDAGHEHUAMU CU-

cmemwi (20), maxace, caedosameabno, COTPAHAIOM KEHOHUNECKYIO OpMY .
2) lycrs BHpDpakeHHE®

2a'dy’ —Dzdy
CTAHOBHTCA TOUYHHM AMPPepeHmEAaTIOM, KOT-
aa t paccMaTpuHBaeTCcd KaK MOCTOAHHA A,
PaccmaTpmBas ! Kak mepeMeHHYI0, MH OyaeM HMeTh
Nz’ dy — D xdy=dS+Wdt,

rae dS — HewkoTopuit TouHHIT JugPepenyuasr, a W — Qyuxnma =z,
y ¥ ¢ mam, ecin yrogHo, ', y' m L.
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3ameHAA [ depea u, EMeeM
Na'dy' — D zdy=dS + W du.
Torpa, momaras
vV=v+W,

MR BMIHM, 4TO

Dz dy’ +udv')m{ Dz dy+udv)=d (S +uW)

¢CTbh TOJHHA Auddepenmuan.

Urak, ecan BMecTo Z;, Y;, U M U B3ATH HOBHE IePEMEHHHE Zi, ¥i,
u u v', To ypaBHeHHA (20) coxpaHAIOT KaHOHAYECKYIO PopMy.

Ho B HoBHX mepeMeHHHX MH GyneM AMeThb

=F+4v'—W

OF' _0(F—W) OF" _3(F—W)

oz’ o’ oy’ oy’
[lepewe nBa ypasmenmsa (20) HanmmmyTcs B BHAE
dz' _O(F—W) dy’ _ _3(F—W)
dt oy’ ' dt oz’ °
Orcioga BugHO, aTo Ypaswenus (1) umerom maxice kanonuueckywo

gopmy ¢ moit auwv paswuyeii, umo Pynryus F aamenena dynryuei
F—W.

3) ITycmv nepemennvie 2’ u y' sagucam moavko om nepeMeHHRE
Z WY u He sasucam om t, u nYcmov EHpPANEHUE

2’ dy —Dzdy
AeARemMC MOYHBM Oudepenyarom.
Mu npmxogmm x nepBomy caydaio. Ypaswenus (1) coxpawawom
ranonuueckylo dopmy c moil ae xapaxmepucmuueckoii gynkyuei F.

IlocMoTpuM, Kakoit pesyiabTaT HodyuaeTCdA, €CIAM NPAMEHETH
v ypaprenmam (20) merom fxo6u. Ilomaras

a5 _ o5 _ o
oz; Y w T

u mpupapEMBag ¢yHKOEiO F' mocrosHHON, MH HaiifeM

F(z,, Bar >+—-——const.

3ameHAs u Ha ¢, OyneM AMeTh

F <x,, ’ t>+——const
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Takosa $opma ypaBHeHus fIkoOu B ciyduae, KOTODHi Hac HHTe-

pecyer.
13. Crobxu fAxoOu. BepHeMca K cayualo, KOTAa XapaKTepHCTH4e-
ckaa ¢yuxnusa F He saBuCHT aABHO oT BpeMenm f. Ilycts Fy m Fy; —

HEKOTOPHE (YHKIMM HepeMeHHHX Z; M Y.
Mu Gynem oGosHauats cuMBosOM (Fy, F,) cleayimee BHpa)eHue

_ OF, OF, OF, dF,
(Fh F2)_2 dz; dy; - dy; Ox; >,

KoTopoe HasmBaerca ckobkamu HAxobu.
B cuny ypaBHemmii (1) mMeeMm TOKZeCTBEHHO
OF dzy aF, dys\ _ ) 7 OFy OF _ 9F, OF
dt"‘z Ox; dt ay, at )T Zk dx; 0y;  Oy; 0x1>

T. i
Fy
- =(Fy F).

Ilocanenuee paBeHCTBO MOKA3HBaeT, 9T0 AJA TOTO, 4YTOOH F,= const
6el1o muTerpajsioM ypapuenuit (1), HeoGXoguMo M [OCTATOYHO, ITOOH

ckoOrn fikoGu (F;, F) paBHAIMCH HYII0
Ecau A, B u C cyTh Tpd Npon3BoAbHEE GYHKIUH, TO CHpaBenIu-
BO JIETKO IPOBEPAEMOe TOKEECTBO
((4, B), C)+((B, ), A)+((C, 4), B)=0
Honycrum rtemeps, 910 F,= const u F,= const CyTh aBa WHTe-
73)= const — Tpermii MHTErpa.

rpana ypapHeuuit (1). Torma (Fy,
9ro yTBeMKIEHME M3BECTHO Iof HasBaHWeM TeopeMm Ilyaccona

HeiicTuTenBHO, MMEEM TOMKAECTBO
((Fy Fy), Fa)+ (Fys F2), F)+((F2, F), Fy)=
Tlepsoe u TpeThe caaraeMile PaBHH Hyllo, Tak Kak (F, F,) =
— (Fy, F) u (F3, F) paBEH Hyadw B cHAy Toro, uro F,;= const
n F,= const aBasiorcsa uarerpanamun ypapsennii. Iloatomy monyuaem,
9T0 CpefHee CIaraeMoe TOKe DPaBHO HYJII0
((Fy, Fp), F)=0

OTKyHaa caemyer, uro (Fy, Fy) = const Tarke ecTh MHTerpax

14. CroOrn Jlarpanma. Ilpegnonoskum, uro ypapmeHua (1) mpo-
MHTerPHPOBAHH M NMEPEMEeHHEe Z; M ¥; BHPa)KeHH B BUAe (GYHKIHii
BpeMeHM { ¥ 2n MOCTOAHHHIX MHTETPHPOBAHMA Gp.

O6osHauum cumBoioM [a,, ax] Bepaxenue
_ Ox; Oy; _ Oz; dy,
[an, @z] = Z (aa,, day, ooy 0a;.> ’

Brupaskenne [an, ax] HaswBaercA ckobkamu Jlazpawdca, m ero

HEe CIefyeT CMemuBaTh c0 cKoOkamu fKo6u
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B § 2 Mu Buyeau, uro ypannemm (1) BuexyT 3a cooii caepyomue:

d dF
(2 Oah/ aah E”d_f>=mv (4)

KOTOpHICE MOKHO HamucaTh B BI(II[G

—%—(2’3’: aak/ Gy, (F-i—Zx > (21)

Touno Tak ke GyneM mmeTH

d 9
7(2 ady,,> a«;,,(F*'Z:‘” . (22)

Huddepennupyen (21) mo ap, (22) mo a ¥ BHYTEM M3 WEPBOTO
peayabTara BTOpo. Torga npasme 9acTH YHHYTOSKATCA M MH HMOJTYIHM

i [ (Zem) - (Do) ] =0

[2’_03____}_,_ ] =dlom el g
\ 9ap Fap — 9ap 0(1,,) :

9ro amaumT, 9ro [y, 0] €CTH MOCTOAHHAA, He 3ABUCAIIAA OT Bpe-
MEHH M MOTYmAs 3aBHCETh TOJBKO OT NOCTOAHHKX HHTErpallii.
15. 3ameTum Temeps, 9To HMEIOT MECTO TOMKAECTBA

RIA

2 [ahv ag] | 9fag, aj) 2 [aj, ap)
+ 30, + 3a, =0, (23)
[z, ak] =0, [ap 0] = —[ar, @z,

ABNAKIUECA HEMOCPEACTBOHHEIMH CHEACTBUAMH OINpPENENAeHUA CKO--
6ok Jlarpamxa.

IToxaskeM cmpaBeIMBOCTH NEPBOrO M3 9THX TOKAECTB. MH umeem,.
OYEeBHJHO,

[}]
[an, ax] = aa (21 0ah / Oak (2 Fan \
[oar, o] = aah L 2: aaj / aaj (2 aah /
[a;, ap] = 9a; (2 aah / ~ dap <2’ 0‘11

Huddepesnnpys nepsoe m3 3THX COOTHOMEHMIT O @y, BTOPOe HO .
TpeThe — IO O M CHIAAfEIBafi, MH yGeguMmcsa, 4To B ImpaBofl gacTw
BCe CjlaraeMeleé MOMAPHO YHHYTOKAIOTCH, 9T0 M JOKAa3HBaeT MEepBoe
M3 TompecTB (23).

OcranbHHEe ABa TOKECTBA OYCBMHH.
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16. PaccmMorpum cmoBa ypapuennme (21) m mammmem ero B BMAO

d d Q
d_t<2 aak>_ faah

rie pyHRuuA Q ompepenserca ¢opmyaoi
aQ dy _ Q' . OF
w=F+egp=F—Fag.

flcro, uto PyHruMA Q, ompenedseMas CBOEH WaCTHOH NpPOM3BOA=
HOIl 110 BpeMeHH, ONPefeNAeTCA ¢ TOUHOCTHIO K0 NPON3BONBHOR PyRK-
NHA OT HOCTOAHHHX .

B pesyasrate unrerpnponannﬂ nony'mM

2 aak aak +A4m

rie Ap— GYBKIMU NOCTOAHAKIX @, He 3aBHCAMUE OT BPe-
MmeHHn I

C nmpyroii CTOpOHH, MH HMeeM

dy _ dQ
2=z —F

U TaK Kar
dQ k+ 3t s
d "" doy "" d
¥= ) 5o dox+ 5 dt,

TO, EMesl B BUAY, uT0 A, He 3aBHCHT OT BpeMeHH, Ho-
AYIHM

2xdy=d9+2Akdak—th. (24)
Orciona BHBOIEM
84y o4y
[on, ak]-—m—m-

Tak xar A, 1 A, ¢yTh QYHROMU TOJABKO OT ., He 3aBUCAIME OT f,
TO TaKMMM e SIBIAIOTCA UX JacTHHE MPOM3BOJHHE H, CASAOBATEALHO,
cKOOKH [y, a]. TakuM o6pazoM, MK olATEL NPAmMAN K Teopeme § 14.

17. BoabmeM B KadecTBe HMOCTOAHHHWX HHTErPHMPOBAHAA Havalb-
HHle 3HaueHMA z{, Yy mepeMeHHRX ¥; u y; mpa ¢ = (. B atom cayuae
ypaBHeHne (24) mpumAAMaer ocoGeHHO mpocTyio gopmy.

Ilomosxum B paBencree (24) ¢t = 0. Torga dt = 0, z; =2}, y; =i,
Q = Q. Beavunan A, He 3aBRCAT 0T BPEMEHH, a MOTOMY He H3Me-
HATCA, U MH NOXy9IUM

20 dy® = dQy+ D) A da.
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BrunTag sro pasescrBo u3 (24), maiinem
Dzdy=d(Q—Q)+ D a*dy®—F dt. (25)

18. B cayuae ypasuwennii I'amuarrona (8 oGosmaueHusax § 7)
useeM

F=T+U,

rae U Be saBmcur oT nepeMeHHEX ¥ M I' ABAAGTCA OXHOPOAHON PyHK-
nMeil BTOPOHl CTENMEHN OTHOCHTENBLHO Y. Cnenona're.nbno, uMeeM

T—;Z 22 ay'

C npyroﬁ CTOPOHH, MMeeM

oF oF
at (2”) 2” 2 EyW—wa
4, CHAenoBaTeNbHO,

i@ 4(D=y) oF
G=—a— +F— 2
1, HAKOHEeI,

d{ ).z
s _d(Bs) y_p, (26)

19. B uacTHOM cayuae samaum Tpex TeJ NOTEHNHAJLHASA SHEPrus
U sBasercsa ogHOponHO# ¢yHKmmeit cremenn (— 1) oTHOCHTENBHO Z,
u T ocraercda OfHOPOAHON (YHKHMEH BTOPON CTENEHH OTHOCHTEIALHO
¥ | He 3aBHCHT OT Z.

Teopema 06 ogHOpoAHHX (PyHKDMAX HaM faer

ou oF
~U=Negm=Seg, T=Nyzg=Jvg
OTKyna

2F= Ny _ 23", (27)

B asrom caywae amerko cocraBaTh Pymkmmio Q. JleiicreuTeabHo,
HAXOAAM

aQ oF  d(Dzy oF oF
w=F-z5 2(2e) )=Z oy

z dt oy «Zor

OTKYAA

M_F.;_Z 2
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Tak xak F moCTOAHHA B CUJIYy MHTErpaja yKUBHX CHII, TG TO YypaB-
HEHAe MHTerPHPYETCA HeMOCPe[CTBOHHO, M MH HaXOquM

Q=3F-t— D) zy 1 const.

ITocrosHHYI0 B MpaBoil 9aCTH MOKHO 3aMEHUTH HEKOTOPOH MPOU3BOJIL-
Holl yHKIUMel OT MOCTOSHHHX WHTErPHPOBAHHA.
Tlono;xum Temepsn

d 0:
J=2Rz50+ 3V 5 -
Torpa HaxoguM, 4TO
J= dy a N\ \
_me——FE zlxy/ .
Hanee GymeM mmers
i d dy 2 (3 zy)
=W<Z”W>+ da0f

dat
nan
47 ® (4 =y)
dt oot
H HaKOHen,
4 _g OF
dt — % 6a °

B cuny wmHTerpana KMBHX CHA F ABJIAETCA NOCTOAHHOM, T. e.
MOKHO CUNMTaTh, YTO OHA ABAAETCA pyHKumeil 2n mMOCTOAHHHX MHTE-

oF
rpuposaHda a. OTciona cieayer, 4To 9aCTHHE IPOUBBOAHKE — - TAKIKe

MMOCTOSIHHH.
oF
Hrax, 2 TOCTOAHHHL.

Ma mpepmipymero pasencTsa BrTeKaer, ur0 J ABAAeTC A
InmHelAHOHN QYyHKUOUEelHd BpeMeHHN.

Ilomyuennnlit peayabTaT TeCHO CBfA3aH C TeOpMeil MHTErpalbHEX
uuBapuanToB. IlogpoGHO atoT Bompoc ocsemen B T. III kuurm «Les
Méthodes nouvelles de la Mécanique céleste» asropa.



FTJIABA 1II

3AJTAYA TPEX TEJ

20. OGosnauenus. Paccmorpum Tpm Tena*), A, B, C, Bzaumno
apuTAruBalomue Apyr apyra no sakony Huloroma. Ilpumem oGozma-
genua § 7, T. e. 0603HAUNM wepes I, Tz, 3 MPAMOYLOJIbHEE KOOPAH-
HaTH Tena A, 4epes z,, Tj, Z¢— TaKHMe jKe KOODAMHATH Tejga B,
¥ HAKOHeN, 9Yepes iI;, Ts, Ly — TaKUe e KoopamuatH Temxa C. Uro
Kacaerca HMx Mace, To OymeM 0GosHauyaTh Maccy Tema A GespasTHUHO
yepes m,, my WINM Mg, Maccy Telxa B — uepes m,, my UM mg U Maccy
Teqa C — uepes m;, mg WA My, TaK 9T0 GymeM HMeTh

my = my = mg,
m; = ms = Mg,
My = Mg = My.
Iomosmy
dil‘i
Yyi=m; —— dt
TaxaM o0pasodM, KOMIOHEHTH KOJWYECTBA [BIKEHIS Teama A

CYTb Y1, Y2 U Y3; Tela B — y,, ys U Ye; 108 C — Y1, Ys ¥ Y.
INonHasa KnHeTHYecKasA SHEPrMsA CHCTEMBL ONPEMNEJNTCA Toraa dop-

Myaroit
’ dx 1~y
= 3m(g)=72%.
IloTennnannuas sHeprus 6yne'r paBHa
o mymy  mymg  mymg
U=—"4% —ac —7BC ° (1)
NpH YCAOBHH, 9TO OCHOBHHE e[INHUIH BHIGDAHEL TaK, YTO MOCTOSHHASN

TATOTEHUA paBHA EXUHULE.
B smpasxennn nas ¢yuknun U ssamenarenu AB, AC, BC upen-

crasaanT paccrosuua AB, AC, BC.
Ilonnas sHeprus cucreMm Oyner
F=T4+U

¥) Jlog «TesaMH» 37eCh NOJApPasyMeBAalOTCA MaTepHaJdbHHE TOYKH.
(ITpum. ped.)
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¥ KaHOHMYeCKHe YPAaBHEHUA [BMKEHMsA HanumyTca B Buge (cMm. § 7)
dw; _ OF  dy; oF @)

at oyt Tat T T om !
B paapHeitnieM ocu KoopguHaT GyaeM OGHYHO HA3EBATH OCHIO Iy, OCBIs
Z3 U OCBHIO I3 COOTBETCTBEHHO.

21. Wnrerpaam sagaun. HaHoHuueckne ypaBHeHus (2), ABAI0-
muecs ypaBHeHHAMM [BIKEHMA B 3ajlaue Tpex Ted, AOMYCKAIOT He-
CKOJIBKO MPOCTHX HEPBHX WHTErpaJioB.

[pexne Bcero, MBI MMEEM HMHTErpasi KMBHIX CHX

F =const.

3amerum panee, 9To QyHkuuAa U 3aBHCUT TOABKO OT B3aHMMHEIX
paccrosnnii Tpex Ted, 4, B, C; claemoBaTeabHO, OHa HE 3aBHUCHT OT
BHGopa oceit Koopauuar. Iloatomy ¢yHkmua U He mM3MeHWMTCA, €CIK
cucTeMe Tpex Tea cooOmurp o0mee MOCTYNATeNbHOE MIM BpamlaTedb-
HOe ABIKEHHE.

CooGmuM Bceil cucreMe GeCKOHEYHO Maloe NepeMemeHHne € B Ha-
UpPaBIEHUH OCH ;. TOrga KOODAMHATH Z,, ¥;, Z; NPUMYT 3HAUYCHUSH
2+e, z,-+¢, x;---e, a [pyrue KOOpAHHATH I, OYEBUNHO, HE H3Me-
HATCA.

Tak kax npupamenue dyukuuu U paBHO Hymo, To MH OyaeM uMeTh

W U W _o 3)

Oz | 0z,
3necr BBegeM oGosHaueHme, KoTopoe OyaeT BechMa MOJE3HBEIM
B mocaeayiomeM. MMenno, mMn OymeM muncaTh, Halpumep,

260 (1) = ¢ (£1) + @ () + @ (22),
Qe (22) = @ (22) + ¢ (25) -+ (s),
259 (T4, Yo) = @ (%1, Y2) + @ (x4, Ys) + @ (21, ).

f s e & s e s s s & & » 4 s 2 e e e e @ DRI

T. €. 3HAK D)3, KOTODHIl MOMKET GHTh HasBaH «CYMMOHl gepes Tpi».
uMeeT ciaepymwomee sHauenne. OH mpeAcTaBIAeT CYMMY TpeX UYJIEHOB.
NepBHi M3 KOTOPHX HANNCAH ABHO, BTOPOH WIeH BEIBOJUTCA M3 Iep-
BOTO yBEJMYEHMEM BCeX MHAEKCOB Ha TPH €XWHHLH, TPeTHH WiIeH —
yBeJHYeHneM Ha mecTh efuHHUI. Ecau yrogHo, MOKHO CKaszaTh TaksKe.
4TO BTOPOi uieH 00pasoBaH M3 KOODAMHAT TOYKM B M TpeTmii — M3
KoopauHaT ToukH C, TaK jke KaK MePBHIii 00pa3oBaH U3 COOTBETCTBYI0-
IUX KOOpPAMHAT Toukum A,

B cayuae, xorga paccMaTpmBaercsl 3ajavda He Tpex, a n Ted.
MO’KHO, 09eBHIHO, MOJB30BATHCHA TAKHM e 0003HAUEHMEM, HO 1101

CHMBOJIOM ), Haj[0 MOIpasyMeBaTh TOTAa CYyMMYy He Tpex, a 7 WIEHOR.
Korma sxe Gymem ymorpeGuasaTs smax ) Ges mHaeKca 3, To CyMMEpO-
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BaHNe NOJAHO GHTL pPacopoCTpaHeHO Ha BCe BO3MOJKHEIC 3HAUYCHUA
HHJEKCOB.
C sTum oGo3HaveHneEM ypanuelme (3) samnmercsa B BAAE

23 31‘1 0

uIH, Tak Kak I H@e 3aBHCHT 0T Z,
oF

2 5z =0
OTKyAa
'
2’3 dt =0,
4T0 IOCJ€ HHTETPAPOBAHAA AaeT
3y, =const. (4

JleByio wacTh ypaBHeHuMS (4) MOKHO 3ammCaTh CIAeRYIOMUM o6paszoMm:
dz, dz
Ut Vty.=m dtl+m" 4+”11 7

a 3T0 eCTh NPOSKIHA HA OCh Ty KOJIUYSCTBA ABMIKCHUA HeHTPA HHEPIHM
CHCTEMH C IIOJHOM Maccoit mi- m,-+ m,, cocpenoTodeHHOl B ofHOIM
TOYKE. AHAJOTHIHO HAXOXUM

23y2=const, 23y3=const. 4"

YpaBuenna (4) m (4') moxaswBalOT, YTO HPOGKOUM KOJIHIECTBa

ABMKEHNA NEHTPA MHEPIHM CHCTEMH HA OCH KOODAMHAT ABJISIOTCA

nocrosHAnMA. Tak Kak BHpa)keHHE ,Yy, ABIACTCA NMPOM3BOMHOH
oT X, my2y, TO, AHTEIPUPYA paBeHcTBa (4) u (4'), HaiimeM, uT0

23 myx,, 23 mos, 2 5 MaZs

cyTh auneiinne pyuxknun spemenn. OTciofa BEITEKaeT, 9T0 [BHKEHUe
LEHTPa MHePIUHN CHCTeMH NPAMOIHHENHO ¥ PaBHOMEPHO.

Mu He orpaHWYEM OOMIHOCTH, ©CJIM MPEAMOJCIKHM, 9TO LEHTp
MHePIMHE CHCTeMH HemoaBukeH. lleficTBETeNBbHO, MH 3HaeM, 4TO 3a-
KOHH J[BYJKeHMA OCTAIOTCA TAKAMH jKe, He3aBACHMO OT TOT0, OTHOCHM
JM MH JBHKYIGYIOC CHCTEMY K HEMOABIKHHIM OCAM HAM K OCAM.
ofxagalomuM OpAMOIUHENHEM ¥ PAaBHOMEPHHM JBMKEHACM.

IloaroMy BHIGEpEeM NOABMKHEE OCH HAapPAJNJISILHHMH HEIONBEK-
HEIM OCAM € Ha4YaJOM KOODAWHAT B IIEHTPEe WHEPIHHE; [BEIKEHHE oceii
GyneT paBHOMEDHHM M NPAMOJMHEHHHM, TaK YTO 3aKOHE ABHMEHMS
He N3MeHATCA; ANA HaGmiogaTens, CBA3aHHOTO ¢ HOMBHKHO K CACTEMOH.
OeHTP nHepnuM OyHeT KasaThCd, KPOME TOL0, HEMOABMKHEIM.

22. Nnrerpaan maomapeii. CooOmumM Temepb cHCTeME Tpex Ten
OeckOHEYHO MaJjIoe BpamieHNe & BOKPYT OCH .
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Kooppmuata z,, z;, z; He M3MeHATCA, B T0 BpeMa Kak KOODHH-
HATH I3, &5, Ty OPEBPATATCA B

Xg— T3, T5-—Tgt, Tg— TyL,
a KOODAMHATH T3, Zg, Ty B
Z3+ T8, Xg-+T58, Zp-FZge.

Tarx xax yurnna U He noixHa namenmbcﬂ, To MH OyneM mMeTh

23 (xa gx — 22 52, 0x3 > 0

M, Tak Kak I He 3aBECHT OT KOOpPAMHAT Z,

23 <x3 gxn T 01‘3) =0.
B cuny ypaBHenuit (2) umeeMm
2' <.’t3 déyz — &y = dys =0,
3 t dt
D14
T;it‘ 23 (23y2 — 22y3) =0,

TaK KaK HMeeT MeCTO TOMAeCTBO

dz. x
!/27,3“—!/37%=0-

CaegoBareabHo, MHTErpupysa, GyneM HMeTh

N\, (@syz — Zays) = const, 5)

R TOYHO TaK jke Haiimem
2'3 (Tay1 — %1y2) = const, 23 (#:ys — %3y,) = const. (3"
Coornomenna (5) m (5’) M3BeCTHH IIO[ HA3BAHHEM UNMEZPAN0S

naowjadeii.

OueBugHO, YTO BCE, UTO MH CKa3aJdM O JBI/REHNU IEHTPa WHEPIHE
mim o6 mHTErpadax miomapeil, mpuMeHHMo (€3 BCAKHEX M3MEHOHM
K ciIydaio Ji000ro IMcia Tex.

PaccMOTpHM BEKTOp ¢ KOMIIOHeHTaMM

- 23 (Z3ys— Zoy3)y — 23 (Xys — x3y1), — 23 (22ys — ,¥2)-

CornacHo pasenctBaM (5) M (5’) 9TOT BEKTOp ABAMAETCA NOCTOAH-
HEIM [0 BeJdHYWHE ¥ N0 HanpaBaeHR0. OH Ha3HBAETCA 6eKMOPOM NAO-
wadeii. IlnockocTs, mepmeHAMKYJAAPHAA K BeKTOpy miomapeii, Ha-
3HIBAGTCA HEUIMEHHOU n.aocKoCmbIo.
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Ecnn HemaMeHHYI0 NIOCKOCTH B3ATL B KAYeCTBE KOOPAMHATHOI
INIOCKOCTH ZyT3, TO BEKTOP IIOMAJEH MMEeT KOMIIGHEHTH

0, 0, 23(-"31!/2—5‘2!/1)-

23. 3amena mepemennbIX. 3ajaua Tpex TeJa HMEeT AEBATh CTele-
Heil ¢cBOOOAR, T. €. MK MMeeM BOCEMHAANATh HePEeMEHHHX z o Y. Mok-
HO BOCHOJB30BATLCH CBONCTBOM IEHTPAa MHEPIMM JJA yMEHBIICHUA
ygcaa crenenedl ¢cBoGOABI M, CJENOBATENBHO, TMCIA IIEPEMEHHHIX, CO-
XpaHffd NPUTOM KaHOHMYecKyl0 ¢opMmy ypaBHeHHii gBu:;xeHmaA. Bo-
HPOCH 3aMeHH IePEMEHHHX COCTABJIAIOT MPEAMEeT 3TOoro maparpada.

OGo3HauuM Hamy HOBHE IEPEMEHHLE Yepes

x5, Yis i=1,2, ..., 9

JonycTuM cHauvada, uTo Z,, Z;, T, ABIAITCA JuHEHHHME (YHK-
UMAMH NOPEeMeHHEIX Zy, Z4, 7; Ty, Xy, Xy CYTh JNHEHHHE QYHKUWH OT
Ty, Ty, Ty, U Ty, Ty, T, — JANHEHHEIE (bynmmn OT X3, Lg, Xy.

HonmyctnM, Kpome TOro, 9TO JMHeAHHE COOTHOIICHMSA, KOTOpHE
CBABHBAIT BEeJIWYMHH Z;, Z;, Z, C Xy, L4, L7, TAKUE 3Ke, KaK Te, KOTO-
phie CBABHBAIOT I,, Tj, L, C T3, T5, T3, & TAKKE Z,, T, .1:,', ¢ 3, g, Tp-

JpyruMu croBaMu, eCIH KOOPAUHATH £’ pacCMaTPHBATh KaK KOOp-
AVHATH TpeX QUKTUBHHIX Tel, TO MKy KOODAMHATAMH STHX PHKTHB-
HBIX TeJ M TPeX AeHCTBUTeNBHHX TeJ MH §y/eM NMeTh JuHelHbe CooT-
HOUIEHUA, He 3aBHCAmHKE OT BHOOpa oceil.

To ke caMoe mpegmoJio;kMM M oTHocuTeNsHO y'. Ilpemmomosxmm,
9TO Yy, Yy Y7 CYTH AMHEHHEE QYHKIMH OT Yy, Yu, Y75 Yas Ys» Yp — TH-
neliHele QYHKIHMA OT Yo, Ys, Yss Yy Yg» Yp — JIMHEHHHE QYHKIUH OT
Y3« Yes Yo-

JlonycTuM, uTO 5TM JMHEHHHE COOTHOMIEHNA OJMHAKOBH.

[IpegmoouM, HaKOHeI, 9TO STH JIMHEHHEI® COOTHOIIEHHA TaKoO-
Bbl, YTO MEl MMEeM TOKJIeCTBEHHO

Za-"fi!/i = 23 Z1Ys» (6)

[lo mameMy npegmoNoKeHHMIO, ¥;, Y;, Y; CBABAHH C Yz, Ys, Ys
TAKMMH K€ COOTHOHIGHMAMM, KaK Y, Ys Ys C Y1y Yu» Y1- [Ioa'romy
B TOKOECTBe (6) MOKHO 3aMEHHTh BeJIWIMHEL Vi, Y, Y70 Yy» Ysr Yo

HA Y2, Ys, Ys» Ys» Y5+ Ys» 9TO JAET
23“1.'/3 = 23 Y.

Touno Tak ke, Tak Kak x,, Z,, Z, CBA3AHH C Iz, T5, Ts TEMH 7K€ COOT-
HOMEHUAMH, Kak U Zy, Z,, T, C Iy, :c,,, z,, OyneM uMeTn

Zs 2y1 3‘[2y1
H

Zs Ty, = 23952!/2, 23-"31!/3 2331!/3,

3 A. Oyaunkape
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nan, Gosee oOmuM oOpaszom,

DsLiyh = Dy Ty,

rfe MHAEGKC { MO3KeT MPUHNMATh Jdi00oe M3 Tpex sHawenuit 1, 2, 3, Tak
Ke KaK M MHOEKC k.
B uacrHocTn, 6yaeM mMeTh

23 Tgly= 231‘3!/2, 23 Ty = 23 ToY3,
OTKY/Aa

23 (Egls—Ty,) = 23 (®3y2 — Z2y3)
" TOYHO TaK Ke

23 (2, — xy;) = 23 (®1y3 — z3y1),

2, (i — 233) = X s@ay— 21).

Taxmm o6pasoM, yKasaHHAasA HaMHM 3aMeHa
DepeMEeHHHX He MeHfAeT opMY HHTETrPAAOB
niaomapzge .

C apyroit cropoHH, mMeeM

2931.'/; = Zs 1Y1s 23 TYy= 23 ToY2, Zs ToYy= 23 Z3Ys.

CxrnanpiBasg 5TH PaBeHCTBa, MOJYIAM
I N
D ziyi= X Ty, (M)
e SHAK ), 0es mHJeKca 3 yKasHBaeT, KaK GHLIO 3aMEYeHO paHBIIe.
9T0 CYMMMpOBAaHME PacHpOCTPaHAETCA Ha BCe 3HAYCHUA HMHAEKca i.
Ecan BocmoamssoBaThcs pesyiabTaTaMd § 5, To paBencTso (7)
O3Ha4Yaer, 4YTO CAeJaHHOe NpeoGpazoBaHHe MEPEeMEHHHX ABJIAETCA
KaHonuveckuM npeobpasosanuem. IlosToMy xraHoHHMYecKasg GopMa
ypaBHeHMi (2) He Hapymaercs, W B HOBHX NEePEMEHHHX yDaBHEHHA
ABMMKEHAA 3aJa9d TpeX TeJ MMEIOT BHJ
dey _ oF dy;  oF 8
dt — dy; ° dt — 9z ° )
24. Uckmouenne nentpa muepnun. PaccMoTpuM, Kakyno moibsy
MOKHO M3BJIeYb M3 3TOTo mpeobpasoBanmsa mepemeHnux. [Homycrum,
9T0 JNHeNHEe COOTHOIICHMS, BEIPA)KAIOI[AE 3aBUCHMOCTD MEKAY HO-
BHIMHI M NpPeXHNMH NEePeMEHHHMH, BHOpaHH TakEM 06Gpas3oM, UT0 MH
AMeeM

Ey,=yi+yityr,

H, ¢ APYroii CTOPOHEI, NPEATIONOKNM, YT0 HOBEIE KOOPIMHATH I; M X,
3aBHCAT TOJBKO OT pasHoOCTedl 2y — &7 U 24, — ;.
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Torga y, ¢ To9HOCTBIO O HOCTOAHHOTO MHOMKHUTENA €CTH KOJW4e-
¢TBO ABIKeHMA NEHTPa MHEPOMHM, a TaK KaK MEl BHENM, 9TO BCETAA
MOKHO NPEAHOJIOKUTh NEHTP MHEPIMM HeNOABIKHBIM, TO MH Gyaem
HMETh

y,=0
H TOYHO TaK ke
Ye=¥,=0.
CaefoBaTeIbHO, MBI JOJKHE MMETh
ay; — O_F =0,
dt ox;

9T0 MOKA3HBaeT, 9r0 F HE 3aBHCHT OT Z,.

HeicTBUTENBHO, 3TO MOJNKHO MMETh MECTO, eClIH JHHEHHEe COoOT-
HOIIEHMS MEKAY HOBHMH H CTAPHMH MePeMeHHEIMH TAKOBH, 94T0 KOOD-
AMHATHL I, W I, 3aBHCAT JMIOb OT PasHOCTeH Z) — 2; M T4, — 7.

B sTtoM cayuyae kumerHueckas sHeprus cucTemun 7', KoTopas 3a-
BHECHT TOJBKO OT NEPEMEHHHX Y M HE 3aBMCHT OT KOopAamHaT z, GyAer
3aBHCETh B peayapTaTe npeobpasoBaHmA JUmMb OT NMePEMEHHHX V',
Ho He oT z'. U, xotopad 3aBMCHT IUmp OT pasHocTeil £, — z7, £, — Z7,
Ty — Ty, L5 — &g, T3 — g, Tg — T, OymeT saBHCETH TOJBKO OT mepe-
MEHHEIX xl, x,, z;, =,, T, Ho He OyjeT 3aBHCETh OT HOBHX KOOPAH-
HAT I,, Ty, Z, énenona'reumm, xXapaxrepuctTuueckas QPyHxkuusa F —

=T +U 1o Gyner saBHCeTh OT KOOPAHHAT Z,, T, Z,.

BopoueM, jerko BWeTh, 4TO HAMM [Be TMIOTE3H HE ABIAIOTCA
He3aBHCHMBLIMH ApYT OT APYyTa M 9TO eCJH Y, IPONoPIUOHATBHA CyMMe
Yy + Ys + yy, TO MepeMeHHEE I; W X, 3aBMCAT TOJBKO OT Iy — Iy
u z, — z;. B caMoM pexe, BepueMca K paBencTBy (6), KoTopoe B pas-
BEPHYTOM BHJe MOKHO HAIHKCATH CJIEAYIOMUM 0GpasoM:

Ty + Tyt Tayr= LY, + Y+ Y

Ilpupagnm KoopawHaTaM Iy, £;, £; paPHHE 3HAYEeHHA; TOTAA Hep-
BHIi 9JeH cTaHeT NPOMOPUMOHANBHEIM Y-+ Yi+ Y7y T. €. If;; B Hpa-
BOI 9acTH TOKAecTBa KOSPOUIMEHTH NpPU Y, M Y, AOIKHH, caenoBa-
TEeJIBHO, OHITH HYJAMH; OTCIOfla BEITEKaeT, UTO KOOPAMHATH Z; M I,
o6pamaloTcs B HyIb O/IHOBPEMEHHO € BOIMIMHAMY Ly — Z7 M T4 — 1,
9T0 AO0Ka3HBaeT, 9T0 I; W I; CBA3AHH ¢ THMM DPa3HOCTAMH JNHEHAH-
MH COOTHOIIGHHAMH.

Hrak, IPEIONIONM, ITO v, IPONOPIMOHANBHA Yy +yi+ y:
H KOOPAMHATH Z; N Z; 3aBUCAT INIDb OT pas3HoCTed 2y — zy M 2, — 7.

Torga F me 3aBuCHT OT I, Z;, Z, 1 MH MMeeM

Y=Yy =Yy, =0.

ITosToMy B nanmeﬁmen HYKHO 0ecIIOKOUTBECA TOIABKO O JiBeHaj-
LATH NEPEMEeHHHX: I, x,, Ty, Ty, Ty, Ty Yis Yao Yso Yoo Yee Yee 1lpm
9TOM 9HCJIO cTelleHell cBOOOAH NPHUBORHUTCA K IIECTH.

3*
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25. Mcxmogenue yamoB, PaccMOTpHM PUKTMBRYIO IIIAHETY, MMEIO-
y10 KOOPHUHATH I, T,, ¥, H KOMIOHEHTH KOJHMYECTBA JBUKEHUA
Yo Yar Vs

IlmockocTs MrHOBeHHOH OPOHTH 3TOH QUKTHMBHOM ILTaHEeTH, T. €.
IJI0CKOCTh, NPOXOJANAA dYepes HavaJ0 KOODAWHAT, INIaHETYy M ee
CKOPOCTH, IapajjelbHa ABYM BEKTODaM C KOMIIOHEHTaMHU I, I, I,
A Y, Yy Ys- OHa Gyper, cies0BaTeNbHO, NEPUEHMKYJIAPHA K BEKTOPY

¢ KOMIIOHEHTaMMU

TolYfs— Tgly» Lol — T1Ys LYy — Tl

PaccMoTpnm Temepb BTOpyI0 PMKTHBHYIO INIaHETy ¢ KOODAMHATaMB
Z;, T;, Ty M ¢ KOMIIOHeHTAMH KOJMYECTBA [BMKEHHA Y, Y,, Y. llmoc-
KOCTh MIHOBEHHOH opGHTH 0Toil (PUKTHBHOM NIaHeTH NEePNEeHJUKY-
JAApHa K BeKTopy V' ¢ KOMHmOHeHTaM:

TYe— TolYlsr  Tela— Talss LsYs— LYy

C npyroit cTOpoHBI, BEKTOp mIOmajeil, KOMIIOHEHTH KOTODPOTrO
CyTh

D@y —ayy), Xs@yi—ays),  s(@mys— ),

NepNeHUKYJAsAApeH K HEM3MEeHHO# INIOCKOCTH.

Ho cyMMH ) ; cofepat Temephb TOABKO 110 {Ba YIGHA; TPETHil WieH
obpamjaeTca B HyJIb, TaK Kak Y,, Y;, Y, PABHH HYJIO.

CrnenoBaTesbHO, Kamiad KOMIIOHEHTa BeKTopa ILIOMaged ecTh
CyMMa COOTBETCTBYIOIGMX KOMIOHEHT BekTopoB V m V’'. Orcioga cie-
AyeT, uTo BeKTOp MmiIomajeil ABIsAeTcA TreoMeTpudeckoil cyMMoil jBYX
BekTopoB V m V', Takum oGpasom, 3T TpU BEKTOpa J€KaT B OfHOMH
MJIOCKOCTH.

CienoBaTesBHO, TPH MIOCKOCTH, COOTBETCTBEHHO MEPIEHIMKYJIAp-
HEIe K 3THM TPeM BEKTOpDaM, T. €. INIOCKOCTH IByX MTHOBEHHBIX 0pOuT
¥ HEeH3MeHHaA IIJIOCKOCTh, MapallIeNIbHH OXHOH M TOM »Ke mpAMOIl.

CnexoBaTeJbHO, AUHUR NePecedenus NAOCKocmel 08Yr MeHO8eHHHE
opbum 6cezla ocmaemcs napasiesbHoll HeUusMeHHOU NAoCKOCU.

9T0 CBOHCTBO OGHIYHO HABBIBAGTCA UCKAIOYEHUEM Y3408, TOTOMY
9TO HeT HajoGHOCTH paccMaTpUBATh OTAENBLHO [OJATOTY yajda HEepPBOM
M BTOPOi OpOMT ecIM OTHECTH JIOJTOTH K HEeM3MEeHHOH IIOCKOCTH.

9T0 CBOMCTBO HE BHIIOJHACTCA, €CJAM (PUKTHBHHE ITAHETH OIpe-
JieJIEHH He m3yuaeMeM npeoOpasoBaHWeM KOOpPAWHAT, a AHadve: eCJH,
HallDUMep, B3AThb, KaK OOLIYHO [eJAa0T, PUKTHBHEIE IJAHETH, KOOP-
HMHATH M CKOPOCTH KOTOPHX OTHOCHUTEJNbHO HEHOABHKHHX Ocell Oniin
Onl TaKHe jke, KAK M KOOPAMHATH M CKOPOCTM MCTHHHHX IIAaHET OTHO-
CUTeJbHO HeW3MeHHHX oceil, cBAzaHHHX ¢ CoaHieM.
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26. llepBwii npumep. Mo MoskeM B3fATh, Halpumep,
T, =2\ —Tq7, Ty=Ay—Tq, ©,==2Z

V=V Ye=VYsur Y:=Y1 7 Yst ¥z
Jlerko mpoBepHuTh, uTO:

1. PasenctBo (6) y;mme’rnopfwmﬂ.

2, y, paBHA cyMMe Vi Yi + Yy

3. x, W x; 3aBUCAT JHINB OT pasHocTell zy — &; U z; — ;.

Taknm 00pasom, ykazaHHad 3aMeHa IEpPCMEHHEHIX Y/IOBIETBOpHAET
chopMyanpoBaEHbLIM cBoOlicTBaM: KaHOHWIeCKan ¢opMa ypaBHeHMIl
JABMKEHMA He Hapyuwaercd; ¢opMa HWHTErpaJoB ILTomageil Take He
HapyniaeTcd; mepeMeHHbIE Z,, I,, Z, He BXOJAT ABHHM o06pa3oM
B ypaBHeNINA NBU:KEHMsA; MepeMeniibie Y, Yg, Y, TOHIECTBEHHO DPaBHNI
HYJI0; YHCJ0 cTeneHeil cBOGOJK cMCTeMBI DPABHO ILIECTH.

Yr1o KacaeTcas HaNIHX (QUKTHUBHHIX IIaHET, TO JIeFKO HAfiTH MX
cypredi. Ilepsas M3 HuX MMeeT KOOpAMHATHL TOUYKM A B ee O TH o-
CMTCABHOM IBHKEHMHN OTHOCHTENbHO TOukH C,
Ho ona OyieT UMeTh TO ke KOJUYECTBO JBIDKEHHUH, YTO M TOYKa A B
HENOABHMHONL cucTeMme kKoopyuuuart. To e ca-
MO¢ H 1A BTOPOil PUKTHMBHOII MnaHEeTH.

27. MurTuBabie mIaHeTbl. HeynoGeTBO mpeuuiiymiero pelleHus
JIeTKO BUIeTh, XOTA BTOMY He cJe;yeT NpUaaBaTh 001bMOI0 3HAYCHUSA,
Beanuunu ¥, Y,, Y, He MPONOPUMOHANBHH JPOH3BOIHHM

aq oy dn
dat ° dt dt °

PaccmorpnM nepsyio ¢ukTUBHYI0 nmianery. B MomeHT { MBI mpu-
AaauM eii HEKOTOPHe KOOPIMHATH .1:;, z,, T, H HEKOTODHI® KOIHYeCTBa
ABHKCHHA yl, Yp» Y- B MoMeHT ¢ —- dt MBI npHCBONM eii ROOP;MHATH
z, + dz{, r, + dx,, x; + dr,. Ho CKOPOCTh, KOTOPYI0O OHAa JOJKHa
ume'rb yToOH 32 BpOMf-[ dt mepefTH U3 MEPBOTO 110JIOREHUST BO BTOPOE,
He OyJieT paBHa TOil, Ko10pas BHIBOANTCA N3 NPHI2HHOTO KOJHYECTBA
JIBUIKCHUA,

BaskHocTs 3Toro 3aMeuanua OyjeT Jyume NoHATA B riaase IV,
Kor;ia OyzeT paccMaTpHBaThCA ONpefelieHHe OCKyJAHPYomuXx opOwur.
Ho ceiivac yxaskem Jpyroe pellieHHe, JHIICHHOe OTMETeHHOro He-
vmo0crBa.

Jlaa 3TOr0 HY:;KHO, 4TOOH GhITO

L, dg
Yyi=mi——,

Tae mi CyTh MOCTOAHHHE KodpPUIMeHTH, mnpuIeM m,=m,=m,;
my=my;=mg; Mm,=my=nm,.
OcrasuM Ge3 M3MeHEHHA Bce JPYTHe HAIIM mpexnoioxxenusa. Torma
= m,= m, NPejCTaBiAfAeT Maccy NepBoil QUKTUBHOH mNIaHeTH;
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m,= m,= Mm;— Macca BTOPoil QUKTHBHOM NJaHeTL; BeJIWYUHH Vi
Yoo Vs B Yy Ys» Yo ABAAIOTCA KOMIOHEHTAMH KOJWYECTBA JIBHIKEHUSA
mepBoit W BTOPoNl PMKTHBHHX IJIAaHET COOTBETCTBeHHO. PaBHEIM 00-
pasoM MH MOMKeM pacCMaTPHBATh M= My= My, Z;, 5 Ty Yqs Ygs
Y, KaK Maccy, KOODAMHATH M KOMIOHEHTHl KOJWYECTBA [BUKEHHS
TpeTbeil PUKTUBHOIN NIIAHeTH.

Tak Kak ME OCTABIJIM B CHJIE BCe APYyTHMe MPEANONO0KEHNA, B YACT-
HOCTH, TO, KOTOpoe BHpaskaeTcA paBencTsoM (6), To GyxeMm umeTs

.. day dz
2 miz g =2 ma g
Me:xny nponaBORHEIMH dzi dey dzp o, dey dm do7geor Mecto
dt * dt '"dt " dt'dt’ dt

Te ke JIMHEHHHE COOTHOIEHWSA, KAk M MeKAy KOOpDAMHATAMM Z;, I,
Z, M %y, T4, z7. [loaToMy B MpeREHymeM TOKAECTBE MOKHO 3aMEHMT

dx ,
HpOHBBOI[HI:Ie —i CaMHUMM BeJUYHNHaMH| X;, 9TO naer

dt
Zs my (2;)? = 23""1 (1) 9

C fmpyroi CTOpOHH, COTJIaCHO HANIMM JONYIIEHHAM KOOPAMHATH
z,, &g, Ty, Tz, T5, Ts CBABAHH TAKHMH jKe JUHCHHLIMU COOTHONICHHA-
MU, KaK U NepeMeHHsle Z;, T, &,, £y, L4, 7. [09TOMY MOKHO HaIMHCATh

2 mizi, = Qg iz (9
¥ TOYHO TaK ke
Zs m; (x)? = 23 my (rz)?, Zs my (x)? = 23 my (13)%,
23 myz 2, = Zs my,x3, 2‘3 m T, = Zs Mmy2Xax3.

Haxee, Tak Kak MeRAy Z,, Ly, &, &1, T4, L7 CYMECTBYIOT Te e
NMHEHHEe COOTHONEHHA, KAK B MEKAYy HMX NPOM3BOTHBIMM, TO MH

OyaeM HMeTh
L/ dn N\ dzy \?
2,m () =2,m ()

(9")

H TOYHO TaK Ke
3, m () =2 ()
3,m (G ) =2 ()"
CrxiraapiBass 5TH TPH pPaBEHCTBA, HalzeM
Smi( ) =2m (G,

1IpHU9YEM B 9TOM CAy9ae MHOACKC i IIPHHAMAaET BCe BO3MOKHEIe 3HAYCHNSA.
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lToceqHee paBeHCTBO BHIPaKaeT TO OGCTOATENBCTBO, UTO Hu6ad
cuta mpex GuKMUBHHLT Mes PABHA HCUBOU CULe MPEr UCTMUHKHBLL med.
CaegoBaTeibHO, MMeeM

1 . 7dae’ 2 1 y'2
T=y2m\ @) =72

Takxnm o6pasoM, KuHeTHIeCKasA dHepruA cucTeMn I Kak QyHRIuSA
BeJMYMH M’ W MPOH3BOAHHX KOOPAMHAT &’ MM, 4TO TO K€ caMoe,
Kak QYHKIuA m’ U y', HMEET TOT e BUJ, 9TO M 3aBHCHMOCTh KMHETH-
9ecKOH dHePTuH OT Mace /7 M MPOM3BOXHEIX KOOPAMHAT & (MM OT MACC
m ¥ BeJMYHMH Y).

28. Pasencra (9), (9') u (9") momyckaioT BecbMa HpPOCTYIO Ieo-
METPHYECKYI0 HHTepIpeTarHIo.

Ilycre Z — HeroTopas och, mpoXoasmas depes Hadaao Koopau-
"ar, P u P'— pBe nepneHAMKYJIAPHEE MIOCKOCTH, IPOXOAAMME Iepes
och Z; mycTh TaK:ke @, f, Y — HampaBIAOIM#UE KOCHHYCH INIOCKOCTH
P,aa, p, yy— nmocrocru P’,

Paccroanne Toukn A mo miaockocru P pasHO

axy - By -+ yas;
ee paccTosHue no macckocTu P’ Gyner
o'z + B’z + y'xs.
Torga xBagpar ee paccTosHHA Ko ocu Z OymeT paBeH
(0zy + Bxa + Y23)* + (@'y + B2+ ¥'25)?
¥ MOMEHT MHeDI[MM CHCTeMHl TPeX TeJ OTHOCHTeJBLHO OCH Z paBeH
J = 2y my [(02; + Brz -+ V23)? + (a'zy + B'22 + ¥ 23)?).

Touno Tak ;ke MOMEHT MHePIHM CHCTeMH TPeX (UKTMBHHX TeJ OTHO-
CHTEJIBHO OCH Z BEIPAKaeTCA PAaBEHCTBOM

J' =2y m} [(@x] 4By + v2))? 4 (a'z; + B'zi 4 vz,

BosBogs B KBajpaT BuipajkeHus, cTosmue B cKoOKax, Haipmem,
uro J ecThb MHOTOWJIEH BTOPOM CTENEHM OTHOCHTENBHO HANPABAAIOMHUX
KOCHMHYCOB @, f§, v, a’, B’, v'. To sxe caMoe MoHO CKasaTh U OTHOCH-
TeJBHO J'.

Koaspdunuent npn a® m a'? B Bupaskemmn naa J pasen

\ 2
Zs myzy,
a B BepayxeHuu gusa J'
. v r9
Zs m,".
Hoaddpunuent npn 2af, paBHuil Koadpdunuenty npu 2a’'f’, B BHpa-
AeHNUH 1717J PaBeH D)3 MiZ1Zz, @ B BHpakeHnn 15 J' paBeH 3, m z,z;.
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Peslomupysa, penaeM BHBOJ, 9T0 Kas;KEHN KoaQPUIHEHT MHOIO-
gienaJ B cuay paBencTs (9), (9') u (9”) paBen cooTBeTCTBYIOMEMY KO3)-
¢unmenty mMuorodsena J'. Orcioga BeiTeKaeT, 4T0 MHOTOWIeHE J n J’
TO{IECTBEHHO PaBHH.

UTak, MoMenm uHepyul cucmeMv. mpex GUEMUSHHE Mes 0MHuCU-
meabro i06oll ocu, nporodauyel uepes HAXAL0 KOOPOUHAM, pPAGEH
MOMEHIMY UHEPYUL CLUCMEMBL MPEL PEALbHBLT Mes OMHOCUMEAbHO Mol
dce ocu.

29, Oc'rae'rcn OIIpe/ie/IUTh JMHEeHHEe COOTHOMEHHSA, CBASLIBAONUE
nepeMeHHHe Z;, Iy, Z; U Zj, Z4, ¥ TaK, 9TOOH BHIOJHANOCH yCJIO-
Bue (9).

3agava, oueBHgHO, AoMycKaeT GeckOHEUHOe WHCJO pemeHHmil. Bot
Hambosee mpocroe, 00EYHO IpuMenseMoe pemenme (puc. 1).

e

8 g

Puc. 1.

IIycrs oTpesok OA’ pasen u napadiesen orpeaky CA. [Ise maccu
my ¥ m; iomemalorcd B Toukax A u C coorBercrBenno. Ilycts T0uka D
ABJIACTCA HEHTPOM HHEPIUM 3THX ABYX Macc. JTH gBe MacCH MOMKHO
3aMeHATh Maccoil m,= my- m,;, nomemenno#i B Touke D, nu Maccoii
m,, ompepelleHHON paBeHCTBOM

noMemenHoii B Touke A’.

HelictBuTenibHO, eciu 0603HAYNM Uepes Z,, Z,, L KOOPAUHATH TOY-
Ku A’, uepes z;, Z;, Z,— KOOPHUHATH TOUKHU 'ro 09eBHJHO, 9TO
Z;, Ty, Ty U Ty, Ty, T, OYAYT NUHEHHHIME (I)ynxnnnmn KOOPJMHAT TOUeK
4 n C; ¢ ppyroii cTOpOHE, MH MMeeM MEXKAY Z;, £y U Z; TO e JHHeH-
HOE COOTHOINIeHHe, UTO H MEKAY Z,, Tz U Zg WU MEKAY L, L3 U Ly, 8
MOKIY Z,, Z; M 2; GyjeM MMeTh TO ke JIMHeliHoe COOTHOIIeHHUe, 9TO U
MOXAY Ty, T3 U Tg WIK MEXKAY Z,, L3 H Zy.

B camoMm pemne,

Ty =0y —Ly, Ty=2Tp—Tg, Ly=2T3—Tp,
’ ’ .’
mx, =may + MiZs, M g=mTy+ Mys, ME,=mZ3 -} MiZy.
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i~
—

Ocralloch I0Ka3aTh, 9TO paBeHCTBO (9) BHIOMHACTCH, HIN
‘’2 ‘2 2 2
mz* +mqx? = mx; 4 myas, (10)

9T0 O3Ha4%aeT TO Ke caMoe, TaK KaK ME pacCMaTpHBAJn TeJjo B, " 110-
9TOMY MOMHO HaNHcaTb

14 » ’ ’
me=my, I,=01r5 IT,=I5 Tz=71e
Ho pasenctro (10) Moxer GHTH HalyucaHO B BHAE

, 2 1 _(myzy+ mqzq)?
m, (2 — xq)? -+ — = myxi + moz’.

Us HIpeabaymero TOXKaecTBa cJjaenyeT paBeHCTBO Koad)d)mmenmn
mymq
my

2 2
’ mi ’ ’ m
ml-{———a—:m,, —m,+ =0, ml-{——;:m-,.

9tn TPH COOTHONIeHHNA NaloT COOTBETCTBEHHO

2 ’
. __ mi _ my (mg—my) mymsq
T S Ty T my
7 7 7
: mym
my=—-1
mq
m mq (Ma—n mym:
m, =my— § _mg(ma—mg) _ mymy

my my my;
T. €. HIPUBOJAT K OIXHOMY M TOMY K€ 3HAYCHHIO IJi m;, npHYeMm,
KpoMe TOrO,

1 mg _ mytmg A + 1

my  mgmg  mymg my ' omg °

Taxum oGpasom, pasencrso (10) moxasamo.

30. Mu ToIBKO UTO BHEJIH, UTO JBe MAcCH My U M7, PaCHOJOKEeH-
HHe B ToukaX A u C, MO)KHO 3aMeHHUTH MacCaMH
mimq

mytme, M=

nomemeHHbMI B D(D — mentp unepuuu Touek A u C) up A4’'.

Urak, MH 3aMeHWINM HAIUM TPU HMCTHHHHE MAcCH My, Mg, Mg,
pacmoio;xeHHEe B Toukax A, B, C, TpeMa QUKTUBHHMHA MaccaMd M,
my, my-+ m;, pacnoIoO;KeHHHEMH B Toukax A', B, D.

ITpumenum BTOpOIl pas aTo npeo6GpasoBanme, NeHCTBYA ¢ MaccaMu,
cocpeforouenHEME B B u D, Tak ke, Kak MH IHOCTyNaJdH ¢ MaccaMi
AnC.

IIposexem orTpesox OB’, paBHHII ¥ NapaJulebHHH OTpe3Ky
BD, n momectum B TodKe B’ duUKTHBHYI0 Maccy m,, OUpefeNeHHYI
$opmynoit

A _1 1 my+mtmg
my  my  mytmg oy (my-fmg) "
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lIyers G — neHTp MHEpIME Macc, COCPENOTO9eHHNX B B u ; oveBun-
HO, 9T0 G — TaKKe IEHTDP MHEePHUU BCeX peatbHHX Macc A, B m C.
[TomMectTuMm B Touke G PUKTHBHYIO Maccy

m, = my+ (M, + my) = m+ m,~+—ms.

TakuMm 06pa3oM, Mul 3aMeHUM jgBe Macchl B um D aBymMsa HOBHIMH
waccamu B’ u G.

B utore MH mNOCTeNEHHO 3aMEHUNH TpH AeiiCTBUTESILHHIE MacCCH
my, m,, My, Pacmojio;KeHHNe B Toukax A, B, C, TpeMA ¢UKTUBHEIMHI
maccaMu m,, m,, m;+ mq, cocpegoToueHHEMH B Toukax A’, B, D,
n, fajee, TpeMa QUKTUBHEIMA MaccaMy M, Mm,, M,, PacloJIOXeHHHMHI
s touxkax A', B’, G.

Hrak, Mu ompegesuiu Takoe npeoGpasoBanye nepeMeHHHIX, KOTO-
poe o6najaer BceMM CBOMCTBaMM, IEPeYHCIOHHHMHI B IpebAYIUX
naparpadax.

Tak Kak MeHTp MHEPNHUM CHCTEME, IO IIPEATIOJIOKEeHUI0, HENOBH-
“KeH, TO TpeTbe QUKTHBHOe TeJO, paclojio;keHHOe B (7, OJIKHO pac-
cMaTpUBaThcsi Kak HemofBm:xHOe. HaM ocraeTcs Torma ToJNBKO pac-
CMOTpeTh ABIKEeHMe ABYX QUKTUBHHIX miaHeT A" um B’, Tak 4ro 49ucio
cTeneneii cBoGOAE CBOAUTCA K INECTH.

YpaBHeHUsA ABIKEHHA COXPaHAIT KaHOHUYeCKYI0 (GopMy: HHTe-
rpaJisl IIOmaseii Tak;xe cOXpaHAIT cBolo gopmy. Brpasxenne kume-
THYecKoll smeprun B ¢yHKIMH QUKTHBHEX Macc M CKOpOCTedl Takoe
/Ke, Kak 1 B yHKIUM JelicTBUTeNBHEX Macc U ckopocreii. HaoGopor,
B BHIpa’keHHMH [JiA NOTeHHUaJbpHOH smepruu U Hajo coxpaHUTH feii-
CTBHTeJBLHKE MAacCH M paccToAnnA Mexpy auMu. Ho Mu pansme 3ame-
tuan, 4to U 3aBHCHT TOABKO OT pasHOCTell KOOpAMHAT x;— 7,
Zy— Zq, ... ; CHEHOBaTeNbHO, ynKIUA U 3aBUCHT TOJBKO OT KOOPAU-
HaT Z}, ... , £, ABYX IEPBHX QUKTUBHHX Tel 4’ u B’ u He 3aBHCHT
OT KOODJAHMHAT TPETHEF0 QUKTHBHOTO Teja G (BIpoYeM, MH HpeIoJio-
KUIM, 9TO KOOpAUHATH G paBHH HYJO).

31. Peayasrar, KOTOpOro MmI HOOWJNMCH, MOKHO BHIPA3HThL cle-
xyomum o6paaom. [{Buxenne miaHeTH A OTHOCEHO K NOABIKHKM OCAM,
IpoXOAAmMMM Yepe3 meHTpaabHoe Telo C, a JOBIMEHHe BTOpoil mua-
weTH B otHOcUTCA K Touke D (menTpy uuepnumu macc A u C).

IToT pesyabTAT MOKHO, OUeBHAHO, 0606muTh. IlycTh HMMeeTcs
ienTpansHoe Tesio C u n nnamer Py, P, ..., P,; Gynem paccMarpu-
BaTh NBIIKEHHE HJaHeTH P; B cHcTeMe KOOPAUHAT ¢ Ha4aJioM B Touke C;
IBHKeHHe IaHeTH P,— B cHcTeMe KOODHHMHAT ¢ OCAMH, Iapajliiesib-
HHMH OCAM IIepBOi cHCTeMH KOOPAMHAT, M C HadaJiOM B IleHTpe HHep-
guu Mace C 1 Py iBmsKenne wiaHeTH Pz;— B ccTeMe KOOpAMHAT ¢ Ha-
4aJioM B IeHTpe HHepuuu Macc C, Py u P, u 1. A. 3TOT METOA MOKeT
6HTh HmpHUMEHeH K JI000MYy KOJXWYeCcTBY IJjiaHer *).

*) B amreparype mo HeGecHoll MexaHMKe TaKHe KOOPAMNATH OGHYHO HA3LI-
BalOTCA KoopauHaTaME flko6u. (IIpum. nepes.)
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OueBugnO, 9T0 B 3ajjade TpeX TeJ BMECTO TOTo, 4T00H paccMaTp-
BaTh JBU:KeHMe ILTaHeTH A oTHocuTeasHo C M miaaHeTH B oTHOcH-
TeAbHO IeHTpa mmHepnuu A u C, MOKHO, HaoGOpoT, paccMaTpHUBaTh
[BHKeHHe NjameTH B oTHocurenbHo C, a ABMKeRue A — OTHOCH-
TeJIBHO HeHTpa uHepnuu Macc B u C.

B panbueiimem, kak mpasmio, GyneMm Bcerma mpeanoJiaraTh, 9TO
HCIONb3yeTcs InpeoGpaszoBanue INepeMeHNHX, WHajioxeHmoe B § 30,
a me 10, KoTopoe Guiio mamoskeno B § 26. Ilono:kum B pmansmelimenm,
910

m 1
U, =_”.207’ U2=__"14("EB-'"7) ’
1 1 1 1
U3=”’1m4<‘ﬁ—?ﬁ">+m4m7('ﬁ)‘—ﬁ> ,
OTKyna
U=U,+U,+Us

32. Cayuaii, xorza ogsa m3 Macc paBHa HYII0. PaccMOTpHM ciiy-
4aif, KOTga offHa M3 MacC HacTOJABKO MaJja, 9TO ee IPHTAKeHHeM MOsK-
Ho npene6peus. ITO MMeeT MeCTO, HANPUMED, KOTJla H3Y9al0TCA BO3MY-
menna majoii mianmeTn lOmurepom. JlBmkenme manoii miameTm mpe-
TepneBaeT 3HAYMTeJbHHE BO3MymEHHA co cropons IOmurepa, mo
ngemxenne IOnurepa me Bo3Mymaercs npuTaieRHMeM Majioif IJaHeTH.

Hpyroii Takoit cnydaii Gynem umers B Teopur JIyau. Macca Jlynn
HACTOJIBKO Majia, 9TO MOKHO OBLIO JONMYCTHTH, 9TO OTHOCHTEJIBHOE
apmrenre CosHIIa OTHOCHTENABHO HEHTpa mHepmuu Jemaa — Jlyma
He u3MeHseTcA Nputsa:xenueM Jlymm.

Urak, nonmycruM, 910 Macca m;, HanmpuMep, MoKeT GHITH paccMa-
TpUBaeMa Kak OeckoHeUYHO Majiag HepBOrO MHOpsAxka. Torga ¢ TodY-
HOCTBIO 10 6eCKOHEUHO MaJIHIX BeJIHIUH BTOPOTO HOpAZKa GyaeM uMeTh

P _m(mytmg)
T my - mymy
CremoBarenbno, m,— TaKxe GeCKOHEYHO Majias BEIMYUHA HEpPBO-
7 T T
my’ mg "

my.

ro IOPAJKA W TAKOBH jXe BOJIMYUHH Y, Vi Y U
ITonosxumM
T=T1+T2)
17 | v s 17¥8 | ys® | ¥s
L=z (mrtmtiag): T=z(tm v
Tak 9r0 Ty W T;— COOTBETCTBEHHO KMHETHYECKHe 3HepTMH IepBOii
H BTOpodi ¢urTMBEEHX miaaHeT. IloJokUM Takske
U=U,+U,+Us,

— mymy i - mymyg _ mmq
Ui=—7¢ VetlUs=——5 —p¢ -
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Mu suguM, uro Ty m U, koneunw, torna kak Ty u U,+ Uz cyth
Majinie IepBoro mopafaka. M MojxeM Temeph IOJIOKHTD

F=0y+m®,, Oy=T1+U,, m®@=T,4-U,+ Us,.

Kanonwueckue ypaBHeHHs MOTYT OHITH 3aMHCAHEL B BHUJE

dzx; dy;
i _6(D0 My Yi _ Dy 0N
A A i T F AL Pl (1)

Hdas nepsoit pukTuNBHOI MiIaHeTH, T. e. 1AA i = 1, 2 unu 3, uMeem

@, .
"—yi=0’ Tak Kak T, 3aBHCUT TOJBKO OT Y,, Y,,» Y, NPOU3BeJieHNe

oD, o, dy;
mga,— BeCbMa MaJio, TOrga Kak m‘-,— )% § W KOHEMYHEI. MLI MOjKeM, cjiexo-
i i

BaTeJIbHO, npeneﬁpeqb qJieHaM# C (I)j, TaK 494TO HAaIl ypaBHeHHA Ha-
NUImyTCA B BHUIE
=y o,  dy; o,

& T @ (12)

Tak xak ¢ynxnusa @, 3aBUCHT TOJNBLKO OT NIEPeMeHHHIX I;, I,,
Z,, Y1s Yp» Yy TO CHCTEMa ypaBHeHHUil (12) ABjAeTcA MONHON KaHOHH-
qecKoii cUCTeMOIl ¢ TpeMA cTemeHAMH cBoGOAH. ITa cHcTeMa oIpese-
AseT NBUKeHMe IepBoii PUKTHBHOM IJIaHETH, WM, UTO TO Ke caMoe,
OTHOCHTENBHO® JBIeHHe IinaHeTH A oTmocutensHo Conmma C. 3to
JBI3KeHHe TaKOBO, KaK ecau OH Macca m, He CymecTBOBaja, T. €.
OHO ABIAETCA KeIJIePOBCKUM.

PaccmoTpuM Temeps ABHKeHUe BTOPoil QUKTUBHOM HJIaHeTHl, T. €.
OTHOCHUTEJILHOE JBHKeHHe IIaHeTH B OTHOCHTEIbHO IEeHTpa HHep-
uuy cucreMul iByX Tet A u C. J{1a aToro BepHeMcs K cUcTeMe ypaBHe-
auii (11) 1 npugaguM HEAEKCY i sHadeHus 4, 5, 6. Tak xak @, ne aa-
BUCHT OT Zy, Z,, Ly, Yss Yg» Yg» TO MH OyaeM MMeTH

dz a0,y D4

=My @ = 13)

= — My W .

Tak kak apueHue QUKTUBHON IJaHETH MOIKHO CYHTATh H3BECT-
HEIM, TO BeJIMIUHH I;, Z,, T3 Yy, Y;» Ys OYAYT N3BeCTHHMH GYHKIUAMHA
spemenn. lloacraBnsaa B $yuxuuio (fi, K B ee YaCTHHE IPOU3BOIHEIE
X 3HAYeHWA, MH MOJIy9IaeM JIJiA OIpefeJeHUA HIBU;KEHHA BTOPOI
PUKTHBHOH NJaHETH CHCTeMy KaHOHHYOCKHX ypaBHEHHN ¢ TpeMs
cremensimu cBoGoxei. Ho xapakrepucrmueckana ¢ymkmusa @, Oyner
3aBHCETh HO TOJBKO OT HEM3BOCTHHIX I, Tj, Ty, Yy» Ypr Y HO TaKike
n ot Bpemenu. CremoBaredpHO, GymeM MMeThb cjlydail, KOTOPHI pac-
cvarpuBajica B § 12.

Mu moseM HanucaTs ypaBHeruAa (13) rakum oGpasom, 4T0GH Xyd-
uie BRIABJIAJICA MOPAKOK MaJOCTH PaziWIHHX UJIEHOB.
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HeACTBUTNBHO, NOMOKUM
’ ’r” ’ rn ’ e_n
Ya=MyYe Yo =M5Y5  Yg= MYy
WM, TaK KaK m,= M, = m, U M, = M, ¢ TOIHOCTHIO IO MAJHX BTO-
poro mopsaAzka,
’ ” .
yi=my; (i=4, 5, 6).

Tak kax y’ cyTp BenMMMHH HepBOTO HOpPAXKa, TO y” OyAyT MMeTh
KOHeuHble 3HauensA. Torma
2 1 ” ”y ” m m
D, =7(y42+y52Ty02)_A—é -C_B? )
H ypaBHeHES (13) sanmmyTcAa B BHfe
dzy o0, dy; oM,

T @S T w (14)

3necs HemapecTHHE 2’ W y” KOHEYHH H Bce WieHH QyHkmunm @
HPeACTaBIAAIOTCA B KOHeYHOH dopme. Macca m; me Bxomur Goxaee
B 9TH ypaBHEHHA.

33. Pampnre MBI OTHOCHNM JBUKeHUe MaJoii INIaHeTH B K meHTpY
unepnuu A u C, a apmxenne muapersl A K menrpy C. Mu cmoran 61t
HOCTYNHTHL B HaoGopoT m oTHecTH Maiylo miaHeTy k Coamiy, a 6osb-
myl0 — K IenTpy mHepuuu cucreMn Cojinme — Majas niuasera. ua
3TOr0, COXpaHAA BCe BHIBOALI, MH TOJBKO MAOJIKHEI JONYCTHTH, 4TO
HeCKOHEUHO MaJOH BeJUIMHON ABJAETCA Macca m, Tejda A.

JBusxenne Manoii nmaamernt A Torga Gymer ornecemo k Commnmy C,
a ABMKeHNe mwianeTH B — k mentpy mnepnuu D ten A u C. Ho Tak
KaKk Macca IlaHeTH A paBma Hymo, HeHTp MHepuun D cosnamaer
¢ C, a 3T0 03mavYaeT, YTO ABIKEHHe G0JBIION NMJIaHETH TaK:Ke OTHO-
cutca Kk Commmy.

Torpa ¢ TogmoCTHIO 0 ManLIX HMepBOTo mOpsAAKa GyxeM HMeTh

s mgmgtmq)  mgmg
O omgtmytmg T mymg
W C TOYHOCTBIO /0 MaJHX BTOPOFO IOPAIKA
. mymq
17 myt-mq
Coxpanum pas ¢ymkunii Ty, T,, U,, U, u U; 0603nauenus mpe-
aAngymero maparpada.
3necs Ty m U, komeunn, a Ty u U;+ U; — Beawamnn mepBoro
nopaaka. Ilomosxkum ‘

F=®y+m®,, @=T,4-U,;, m® =T,+U,+Us.

B xomeunom mrore M cHoBa mpuaeM kK ypaBmermaM (11), ¢ Toil
JUIIb pa3HUIPi, 4To Macca M, 3aMeHeHa Maccoil m;.

=m,.
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Ecan MH u3yYnM cHa4ajia [BWKeHHE ILVIaHeTH B, TO MOKeM
nperneGpeus Ppynruueit @y ¥ MoAyINM CHCTEMy KaHOHIMYOCKHUX ypaBHe-
muit (12), KoTopasA NOKasHBaeT, 4TO JBIDKeHNe IIaHeTH B aABiAercA
KeIJIepOBCKHM.

Ecnu Mu xelaeM H3ydUTh JBH;keHUe Majioil mianeTn A, Heo0Xo-
OUMO NpUJATH UHAEKCY i 3Ha9eHHusA 1, 2, 3; cOOTBeTCTBYIOIYe YacTHEHIE
npoussogunie pyrkmuy @, paBHH HyJI0, U MH HOJyYaeM KaHOHHYe-
CKHUe ypaBHeHUA

dx; oD, dy; o, ,
E s A e i el (43

ITonaras, kak u B npeanymeM mnaparpade,
MH GymeM uMerb

1 " U U
O =5 (P49 + o)+
M CHOBa IpHaeM K ypaBHemuaMm (14).

34. Mu pupenu B § 12, uTo Korma xapakrepucTHuecKas $yHKIUA
F 3aBucur ABHO OT BpeMeHHM, MHTErpatl ;KUBHX CHJI IepecTaeT CyImle-
ctBoBaTh. B ypaBHenuax (14) § 32 m 33 xapaxTepucrudeckas ¢yHK-
nua @, 3aBUCUT He TOJBKO OT INePEeMEHHHX z' W J', HO M OT BpeMeHH,
H03TOMY HHTerpaJ xuBHX cui P, = const me umeer MecTa.

To ke caMoe MOKHO cKazaTh M 06 MATerpanax miomageii. Uto sxe
MPOUCXONMUT ¢ MHTErpajioM FKUBHX CHJ M ¢ MHTerpajiaMM INiomageif,
KOTOpHE MMEIOT MecTO B o0meM ciydae, KOrfa OAHY M3 MacC MH 3a-
cTaBJisieM cTpeMuThcA K Hymo! OHHU He mepecTaloT cym[ecTBOBaThb, HO
B ‘IIpefielie OKa3HBAIOTCA COOTHOINEHHMAMHE TOJBKO ME;KIy KOODPJUHa-
TaMHI M HPOPKUUAMH CKOPOCTH OOJBHION T/IaHeTH U He Ccofiep:KaT
KOOPAWHATH M NpPOEKIUH CKOPOCTH Majoii miameTn. CiefgoBaTesbHO,
OHU TepsI0T UHTepec, KOTHa AeJ0 KacaeTcA M3yUeHHUsS JBHKeHHA Ma-
Jo# IJIaHeTHI.

Baamen atomy Mu Bupenu B § 12, 9T0 MOKHO cHesaTh TaKylo 3a-
MeHY IepeMeHHHX B ypaBHeHHMAX (14), yToOu mX KamoHmdueckasa ¢op-
Ma COXpaHWJIAcCh.

35. Orpanmuennas sagaua. Buociaenctsum Mmm dacro Gydem pac-
CMaTpHUBaTh 3TOT BeChbMa Baj)KHHIHM 9YacTHHIA ciaydail 3ajadu Tpex TeJ.
HomycruM, 4t0 ofHa M3 Macc paBHa HyMI0, a JBHKeHHe 00JbIoN
IJaHeTH NPONCXOAMT MO KemyiepoBcKoil opOure Bokpyr Coamma. Bo-
liee TOTO, RONYCTHM, UTO SKCIEHTPHCHUTET 3TOH KemepoBCKOil opOUTH
paBeH HYJO, Tak 4T0 opOura GOABmON IIaHeTH ABJAETCA KPYToBOii.
Torga Gonbmas nxamera m CoaHme ABUMKYTCA IO KOHIEHTPUYECKUM
KPYTOBHM op6uTaM, HEHTp KOTOPHX COBIAaeT ¢ AX LEHTPOM HHEepPIHH,
M 3TH KPYTOBHE OPOUTH PaCIOJIOKeHH B ONHOI IJIOCKOCTH.



TJ. II. 3ADAYA TPEX TEJ 47

Haxonel, IpeAmnoIosKEM, 9T0 HauaJbHOE IHOJIOKeHHe W HavalbHas
CKOPOCTH MaJIOfl IJIaHeTH JiesKaT B 3TOM jKe IJIOCKOCTH, TaK 9TO MaJjan
maaHera Bcerfa OyfeT ocraBaThbes B 9TON IIOCKOCTH.

Onncannnii yacTHHIl caydail sagaull TpeX Tejl HasHBaeTCA 02pa-
nuuennoli aadauell *): IInA uWcciefoBaHUA MOKHO IOJB30BATHCA Me-
tonaMu, uanoxeHHuMa B § 32 unu 33. B oboux ciyvaAx mBUxeHue
Gonpmio#t miraneTH oTHeceHO K COJIHILY, HO ABIKeHHE MaJIOi IJIaHeTH
otreceno su6o ¥ Connny, 1160 Kk nentpy unepiun Conanmna u Gosbmoli
HXaHETH.

B § 34 Mu Bugenn, uro AIA Majoil NJIaHETH HHTETrpall KUBHX CHJI
U uHTerpajinl miomasaeii tepsaior cMucia. Ho B caywae orpanmuenHoi
3aflady TPexX TeJ CYMIeCTBYeT KOMOMHAIMA STHX HHTErpaJjioB, Ipef-
cTaBJAIONasA WHTerpaji ypaBHeHUA (14), HassBaeMasm UHMezPaLOM
Akobu. 3ro Gyaer moxasaHO HIKe.

36. Bosmymawomas ¢pynxuna. Mu uMeeM

mymg  my (my-+mg)
L — — —
Uy +Ue=——4c BD ’
U. =" (my4-mq) — mynyy  mymy
8 BD BC 4B °

Honycrum, aro Teno C — aro Coxnmme, a Tena A, B — nnamers.
N3 atoro caexyer, 4T0 MaccH my M M, 09eHDb MAJH IO CPaBHEHMIO
€ m;, H UX MOKHO PacCMaTPHBATh KaK BeJIMYMNHE NEPBOTO IOPAMKA.
Hentp mmepunu D Gyger maxopurbesa 86auam ToukuM C, TaK KakK OH
meaut paccroarue AC Ha OTpe3kH, NpOHNOPIMOHAJLHEE MaccaM M,
u m;. Paccroamume CD MOMKHO TaKiKe paccMaTPHBATh KaK BeJIMIMHY
HepBOTO MOPAAKA MaJOCTH ¥ TO 3Ke CaMOe MOKHO CKa3aTh 0 Pa3HOCTAX

1 1
BC —BD, 50— BC

ITpu atux ycnosuax ¢pynkmua U,+ U,— Taxske mepBoro nopafxa,
TaK Kak Bce ee cJaraeMele MMeEIOT B KadecTBe MHOKUTedell Maccw m;
una m,;. Qynrnus

_ 1 1 1 1

Us=mmi ( g5 ——p ) +mm (55— B¢
ABJIACTCA BenﬂqHHOﬁ BTOPOro NnopAajkKa MaJIOCTH, TaK KakK nepBoe cia-
raeMoe coJiep;XuT MHOMKHUTE]Db BTOPOr0o mOopAAKa MaJdoCTH mym,,
£ 1 N
a BTOpoe cJaraeMoe m4<—BT)‘——BT> ABJACTCA TaKiKe BeJINYHHOH

BTOPOTO MOPHAMIKA.
C mpyroit cTOpOHEI, BeJWYMHH mM; M m,— HNEePBOTO NOPAXKa
d ’

X,
H TO e caMOe MO3KHO CKa3aTb O BeJIMUYHHAX l;=Mm; d_ti , TaK KaK s

*) Iloa «orpannvennoit 3ajadveii» aBTOp MOHMMaET INIOCKYIO OTPaHHYCHHYk>
KpyTroBylo 3ajavy Tpex Tena. (IIpum. nepes.)
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i=1,2, 3, 4 5, 6 Macc m; — GecKOHEUHO Maihie, a Y;, Ys» Yn
paBHE HYJIO.

iﬁ
mi

T=T1+T21

rue oGosnauenna T; u T, UMEIOT TOT Ke CMHICA, 9T0 U B § 32.
Mu MOKeM, ClIelOBATeJbLHO, IOJIOKHTH

F=Fy+pF,,

To ke MOKHO cKasaThb O

o

rne
l"0=T+U1+U2, IJ,F1=U3.

Torga F, ecTp BeaWuMHa NepPBOrO NOpPAAKa, a WF;— BTOporo,
M eCIIM mapaMeTp | O3HaYaeT HEKOTOPHH BechbMa MaJiblil 9HCJIOBOM
K03pPUIMeHT HOpARKA My MU M, TO F; IMEET TOT ke MOPANOK, UTO
u F,. Bnarogapsa BBegeHMI0 HmapaMeTpa [\ OTHOCHUTeJIbHAS BEJWIMHA
ABYX wieHOB Fy u pF jleaeTca 09eBUIHONM.

Bripaskenne pF; naswiBaeTca eoamywalowell Pynryuei.

37. PaccmorpuM cHada%ta ¢ymknmo F,. Vmeem

Fo={T,— 271 )+ [ 1,—melmbmn 7. (15)

[lepsas ckoGka 3aBHCHT TOJBKO OT IEPeMEHHHX I;, Z;, Ty, Ui
Yar Yy a BTOpAA JMIIb OT NEPEMEHHHX I,, Ty, Tys Yis Ygr Yy ECHH
B IepBoM HpuGIMKeHNM npeHe6peds O4eHb MaJnM WieHOM WFy, To

F upusemerca K F,, 1 MH OyfeM HMeTh
F=F 4+ F,,

rae F, u F; ozHavaloT mepBoe M BTOpoe cjxaraeMeie gopmyan (15),
TaK 9TO0 KaHOHHYECKHNe ypaBHOHHS 3afadll NPHUMYT BHJ

dz;  oF; dy; oF, . 3
& =3y @ = e =123, (16)
dz;  aFy dy; oF, . '
T =T =~ amp  U=%5.6). (1)

B ypaenenuns (16) BXOAAT TOJBKO KOOPAUHATH M KOMIIOHEHTH CKC-
pocTH nepBoii PUKTHBHON ILIAHOTH, B TO BpeMs Kak B ypaBHenus (16)
BXOJAT KOOPAMHATH M KOMIOHEHTH CKOPOCTH BTOpoil PUKTUBHOM mia-
HeTHl, cJIefioBaTeJIbHO, ypaBHeHus (16) u (16') ABaAIOTCA HE3aBHCUMHI-
mu. Orciona ciaeayer, uTo ABMKeHMA (UKTUBHHX IIaHET oOIIpene-
JIAIOTCA He3aBHCHMO M MOTYT PacCMaTPHBATHCA OTHEJBHO.

Eciu cmawana Gymem paccMatpuBaTh ypaBHemusa (16), to

, 1 , . , mymq
Fo=m(y12+y22+yaz)_ ‘;c .
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W3 storo BHTekaeT, 49T0 ABM:KeHHe NEPBONl QUKTHBHOI TIaHeTH!
COBHNAjaeT ¢ IBHKEHHEM MacCH m,, IPUTATHBAaeMON HemOJBHKHOII
Maccoi

mymg
m; my -+ ms.

9ro pBuseHme OyHeT SJNIMNTHYECKHM, NPOHCXOIANMIM COTJacHO
saxomam Hemumepa *).

Iepexoaa k cucreme (16'), mmeem

" 1 " , .
Fy= gz W29ty =)

W3 npegmaymero paBeHcTBa clefyeT, UYTO [BHKeHHe BTOpOil
QUKTHBHOM MacCH COBHIAfaerT ¢ ABIKEHHEM Tella ¢ Maccoi

m = (my14-mq)

T mitmgtmg ?
nmy, (mq --mq)
——

IPUTATHBAEMOTO HENOABILKHON Maccoii =my+ my-+ m,.

CremoBaTeNbHO, [BH;KEHHE BTOPOM (l)nmfmnoﬁ MacCH TaKKe
ABIAETCA KEIJIePOBCKUM.

Tak xak wien pF;, KoTophiM MH HpeneGperaiu, BecbMa Maj IIO
cpaBHEHHIO ¢ Fy, TO ClelyeT 0;KMAATh, 9T0 ommnGKa, 06ycloBICHHAA
STHM YOpPOINeHNeM, He JoJkHA OnTh Goabmoii. Mcrunmme opOuTH
GyayT MaJio OTIMYATHCA OT KeIJIOPOBCKHMX 3JIJIMICOB, a BO3MYIIEHHA,
KoTopsie OynyT HaJIOMKeHH Ha 3TH JJLIMNTHYeCKHe OpOHMTH, BechbMa
MAJIH.

38. PaccmMoTpuM Temeps BosMym@alomyio ¢yHKImo uF;, KoTopywo
MO}KHO IIPeACTaBUTh B Clie[ylomeM BHIE:

1 1 1 1
wFs=mm, (55—~ —gr ) +mm (pp——g )+

I E

IepBuii wien B mpaBoil YacTH HA3HIBAETCA 24A6HOL HACMbI) 603MY-
waowell @gynkyuu. OcTaNbHEE [Ba WIEHA COCTABIAAINT OONOAHU~
meavHylo uacmb eosmyujaiowyeli Pyrnryuu. I'naBras vacTh UMEET BHJ

1 1
mym — .
LV i e V@)t @ma Pt (me—za) ]

NnTtepecHo paccMOTpeTh, KaK MOKHO HepefTH OT BHIpa’KeHHA TIJIaB-
HOi 9acTH BOSMymawmei JyHKIMN K BHPAaKeHUIO A JONOJIHHATE b~
HOH 9acTH BoaMymamomeil QyHKmuu pF,.

*) Mimea B BuAy ABmikeHns miamer Bokpyr Coamuna, ITyaskape Beaze pac-
CMaTPHBAET TOJBKO ANANTAYECCKOe KeliepoBcKoe aApwikeHme. (IIpuxm. ped.)

4 4. IT'yanxape
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JonycTEM cHawala, 9TO
—_— ‘2 2 ’2
AC=V x>+ x>+ x]
HaMHOTO MeHbIIe, UeM
TR L T
BD=V x?2-+z2+xt .
B sTOoM ciygae BhIpadeHHUe
1
1 , . , , , o1y
A'B’ =[(x4—x1)2+(x5_12)2+(xe—xs)zl 2
MOJKHO PAaa3iO;KUTh B PAA IO BO3PaCTAlOMUM CTENeHAM BeJIHIHH I,

z,, z,. B camoM fene, ME HMeeM
(A’'B'y*=(BD)*+-(AC)*—2AC-BDcos y

H, CJeX0oBaTeNbHO,

1 1
—gm=[BD— ACe] 2. [BD— ACe#] 2, A7
rae Yy — yrox Meknay Hampasiemuamu BD u AC, unn Meanpy OB’
u OA'.

Rasxauit us aByXx MHO;kUTeNel BTOpoit vacTu (17) MoxKeT OHITH pas-
JIO3KeH B PAJ 0 CTeNeHAM % BCAKMIT pa3, KOTJa 3Ta BeJIMYNHA MeHbIle

enuaunn. CilemoBaTelpHO, JeBadg UYacTh TaKme MOmeT OBITh
pasiioskeHa B PAN H MEH MO)ReM HalucaTh
s\ ACr

AB B’ Pr—gpet

rae P,— HexkoTopasa ¢yHKOUA yria y.
. i ACn
Ceepx TOTO, J€TKO BUAETH, YTO 0Omuil Wien paaioxenus P, Bpii

MOKHO NPeACTaBUTh B BHfe YaCTHOTO IBYX HeJNHX MHOTOYJEHOB OT-
HOCHUTEJNIBHO Iy, Z;, Ty, Ty, Zg T, I 3TOMY BOIPOCY MBI BepHeMcs
B OXHOH U3 NOCJNeNYIONUX IJiaB, Ifie AeTaJbHO PacCMOTPHM pasiioske-

HUe BOo3Mymalome# ¢$yHKIUN.
Paz ato Tak, 10 IepBHii 4J6H Hallero pasfioKeHNsa, KOTOPHIA cO0T-

BeTCTBYeT 3HaueHHI0 » = (), ecThb He YTO WHOe, KaK gp  TAK 90
raBHAA 9aCTh Bo3Mymawmeil ¢yrKuuu Gymer paBHA

Acr
—mmy D Po g s (18)

rie n TOPHHAMaeT BCe IeJHe IOJOKUTeJIbHLHE 3HaueHua 1, 2, ...
Tenepp mosHa A BO3MYMAOMasn YHKIUA MOKeT GHTH Hamucana B BHIE

wF, = m,m,,(B.i—D—;—A) + mym, (Bi—D"Bi—c>
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H MH OyaeM uMeTb
—_— L4 ’ 2 ’ ’ 2 r 4 2
BA* = (z,—ax))® + (25— 02,)* + (2 — az,)?,
_ 2 ‘\2
BC? = (z;— Bz})? + (z,-—Bz,)* + (2, — PBzy)?,
rmue
p=—"1
mi-l—m-, my+mg’
TaK KaK HeIOCPE/CTBEHHO BHJHO, 9TO NPOGKIUHM BEKTOpa DA na ocu
KOODAMHAT paBHH OZ,, 0I,, 0I;, a Ipoekuud BekTopa DC paBHR
Bai, Pz;, Bz, e
Mu BHHM, 9TO BHIpa)KeHUS AaA BA n BC ornmuarorca or A'B
TOJILKO TE€M, UTO BMECTO BeJWIUH I;, Z,, Z, B HAX BXONAT OI;, G,
oz, nau Pz, Pz, Pz;.
IToatomy GymeM uMeTh

1 AC 1 ACn
BA= Da” nBDnHL ' BC 2 8Py BDw

rge n OpunuMaer amauemus 0, 1, 2, ...
Takum 06pasoM, MOKHO HaNUCaTh

a =

WE = my (my-me) i D) (maa™+ m) P s

(AC)0 .
BD ° &, ¢ Jpyron

Ho T;T) paBHa IlepBOMY WieHy pasaiiokeHus P,
CTOPOHHI,

ma" +maf" = (m; 4+ m7) (@f” —Pa”).
ClesoBaTesIbHO, MMeeM

WFy = mq (my + mq) [ Z (af™—po™) P, BD"“ .

: AC™ 1
Ipu n =0 o™ —Pa"=a — P = P”BD"+1 B HooToMy
COOTBETCTBYIOMUE WiIeH YHHUTOXKaeTcA ¢ WieHoM p—. Maa n =1

af®—pa™ =0 u coorBeTcTBYIOmMUIl UiNEeH paanomennn paBeH HYJO.
CienoBaTesIbHO, MH MOjKeM HaIMCATb

BFy= —my (m,+m) 3 @B —Ba™)Pr fpay

(rme n npEEUMaer sHaueHuA 2, 3, 4, ...) mam

_ mym¥ 4 mym] AC™
WFy = —m = w Pr g

(3HaK «ILIIOCY HY)KHO B3ATH B TOM cCiiydae, €CJAH n dYeTHOe, a 3HAK
CMHUHYC», €CIH n — HEYeTHOe).

4%
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Hrak, korga riaBHasg 9acTh Bo3Mymawmeil ¢yHKIUM pasioxeHa
B pax, nveiomuii dopmy (18), ¥ Korja sKeJaTeJbHO HOJYYHTH B TOM
3Ke BIIie pasiioKeHHe JONOJHUTENLHOI YacTH Bo3aMymalomeii pyHKmun,
TO JOCTATOYHO YMHO;KHMTH KaKIBII 4ieH pasnoxkenusa (18) ma mogxo-
IAMHMI DOCTOAHHHIA MHOMKUTENAb. ITOT MHOMKHTENb

my 4 mymp-!
(mq+mq)"
¢ TOYHOCTBIO [0 BeJMYUH NOpAAKa m, pasen 1 mia n = 2, 3, 4, ...
u Hymo, ecim n = 1.

Takum 06pa3oM, ¢ TOYHOCTHIO A0 BeJIMYMH HOpsAKa mMmimy;, T. e.
[I0 TpeThero NOpAAKa, BoaMymawomasa $yHKuua puF, Gymer paBHa CBO-
eil riaBHOI wacTn Ges mepBoro WieHa pasio:keHnsa (18).

I'naBHas 9acTs paBHA

—mmy P P (n=1,2, ...), (19)

a JIOIOJIHHNTEJIbHAA 9acTh ¢ TOYHOCTBHIO 0 YJIeHOB TPeTbero mopaaka

paBHa

AC
m,m4P1 BD? *

Buipaskenue (19), npepcraBisiomee COBOKYIHOCTS 4JIeHOB IepBoii cTe-
NeHU B PasjioKeHUH

i

mymg ’ ’ ’, N2 . "2y~ 9

g = M [(xa—21)? + (25— 2,)* + (2 — )% 2

IO CTeNeHsAM Z;, Z;, Z,, MOKHO peoGpasosats K KpyroMy Bupy. [eii-

CTBNTETBHO, HpeHeGperas KBa[paTaMi BEIMUMH Z,, I,, Z,, MH Haliem
i

mym, ’ . - SIN S
g =mumy [BD*—2 (z] z; + 2, a5+ zy2)) 2

niIn

1 ®y Ty-L 2, x5+ 23 24
ap - M [ﬁ) + BD® ] :
Orciona clexyeT, 4To NpHOIM:KeHHOE BHIpaKeHue JJIA JAONOJIHH-
TeJBbHOI YacTH BO3Mymalomedl QYHKIUN MMeeT BUJ
mymg ’ e s s ’ .
F05 (@ T+ 2,5+ 2, 7).

39. Taroii e peayabTaT MOKHO HOJY4ATh Gollee GHICTPEIM IyTeM.
Ilycrs

mym L +mm<i-——1—
1T\ 4'F’ A_B> $T\ BD BC)
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. 1
eCTh OO JHUTEJILHAA 9aCTh BO3MyIalomen d)ymcmm Taxk kak A5

1
——p —BeAMdMHa IOpAfKa My, TO HepBOe CjlaraeMoe — IOpPAKA

mimy, T. e. TpeTbero mopsAnKa. PaccMoTpuM BTOpoe ciaraemoe

1 1
Mg E)_R> y
Mu mamaum, g9ro

1
=1 — By + (a5 — ) + (2, — B 2.

1
Pa3fosKuM BeJIUIHRY —~ IO CTENeHAM , 9TO BO3MOKHO, TAK KaK
BC

npu BecbMa MasnoM f BAC = DC Bcerna memnme BD. Mu Haiimem

1 AC?
2

BC BD+BP‘ Bm"'fs P, BDs T -
Bcemu uiemaMy, HauHHAs C TPeTbero, MOJKHO IpeHeGpedn, Tak Kak
OHM YMHOMKAIOTCA Ha MMy, T. €. BCe OHU HMET NOPAAOK BHIIE
tTpethero. Takum oGpaszoM, JjiA HXONOJHHUTENBHON WacTH BO3MYINAIO-
meil yHKIHYN C TeM Ke NPUOIIKeHHEM OCTaeTCA

AC mam my AC
1Bpe = M e T m, U BDE

IlpeneGperaa eme nponsnenennem mym;, GymeM HuMeTb

—mymq, PP,

mLmlpi BDz ”gl')ns‘ (x; x;-|-x; x; —|—$; x;)‘

Urak, yreeprpenne goxaszano. ManosxeHnnslii npneM MokeT GHTHL mpu-
MeHeH U B TOM ciaydae, korga AC Goxsme BD, Mexny TeM Kak B Ipe-
JuAymeM maparpade M Dmpegmodaranu, uto AC memsme BD.

40. PaccMoTpuM, B 9aCTHOCTH, CIydaii, KOTfa OfiHa U3 Macc paB-
Ha Bymio, Cpavana, xak u B § 33, momyctum, uyto m;= 0. Torma
IBMsReHHe obenx miaHer orHeceHo K Coammy, Tak xak Toaku D u C
coBmajaior. Mul uMeeM Torma

F=(D0+mi(ph

I MOieM NpeHeGpedsr YieHaMH HOpAAKa m;. ITO 3HAYHUT, YTO B BO3-
Mymaromeil GyHKnuH npemeOperaeM dWieHaMH mopsagka m,m;. Mu
BIIMM, YTO ¢ YKa3aHHOIl TOTHOCTHIO HOMOJHUTEIbHAA YACTh BO3MYIIAL0-
meil YRKINN NPHBOAUTCA K BHpa;KeHUIO
mymg
BD3
Ho yentp unepnun D maxogurcs ouens 6n3ko ot Toukn C, U ¢ To4-
HOCTBIO O BeJNMuuH nopAgka m, BD moxer 6uTh 3ameHeHo ma BC,
a A'B’ Ha AB.

(o) 2+ 25 x, + 7, ).
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IlpeneGperas m;, M GymeM HMeTh, CJIeJOBAaTEJNbHO,

—(T1+T2)_MI'n7 m'b(m;;'md) —-mlmé <.BD AB>+

mym; . v ' . .
+5p5 (%] X4+ 24 25 - 2, ).

B nmocnenaux asyx wieHax BD ¢ Toi jKe TOYHOCTHIO MOKHO 3aMeHHMTH
Ha BC. Orciofma, npeneGperaa B Bupakernu gia @, Beamannoii no-
panKa m,, a B BepakeHuu 1y Oy — BeawuuHON mOpPsARKa m;, MOXYIUM
mg{m
Oy=T,— ol B{Z‘””l) ,
Ti 1 1 my ’ . ,
(Di = r_n:—AC_' +m‘ (EE—E> —|—B’—c:; ($1 $4-+- Ty Xy +$3$a).

HanomuumM, 4ro B oﬁoanaqemmx § 33 M uMenn

T ” ”

L= =5 (y12+ P+ Y5)-

41. Ecam gomycturh, Kak u B § 32, uto m, = 0, TO JBIKEHU®
Gonbmoii mnameTn Gymer otmeceHo K ConHumy, a ABmkeHme Maxoit
OIaHeTH — K IeHTpy uHepuu# Goapmoil miameTn m Commma. Torga
HaitmeM

_ T, m1+m7 (

O =7 +m (BD A'B'>+m‘ A AB +
LI
+m (EB —~BC -
B npasoit wacTu 3TOro paBeHCTBa TpeTbe CIaraeMoe COOTBETCTBYeT
rjiaBHON 9JacTH BO3Mymalomeil yHKHMM, a NOCJHeAHNe JBa cJjarae-
MEHX IpeACTaBAAIT AONOJHUTSJBHYIO 9acTh BO3MYINAKOMEeH ¢yHKIuM.
Janbreiimee ynpomenne HeBO3ZMOKHO.

42, Cnyvaii Jlynsi. Caygaii Teopun JIynu TpeGyeT cremumazibHOTO
paccyoTpenusa. Jomycrunm, ato Teso A mpeacrasaser Jlyny, teno B—
Coanne u teno C — 3emimo. IIpu aTux ycaoBuax odeBEgHO, 9TO pac-
croanne AC 3HauuTeNbHO MeHbIIe paccrosmusa BD.

IonoxkumM Torma

mym my (mq - m
U==Ui4Up+Us, Uy=-—T001, U= Talmim)
1 1 3N 1 1 ‘\
Us=mmi (55 —5 ) +mim (55— 3¢ )-
Mu coxpamum gas T, u T, oGosHawenus § 32, Tak 4T0
F=T\+T,+U,+U,+ U,.

CpaBHIM HOPAROK BeXMvUH ciaaraemuix. U; sABiaserca soaMymamomei
¢ynrnueii. IlpnanmMas Bo BHuMmaHme, 4To Beanmynmsa AC HaMHOTro
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Mensme BD, mMu Mo:;keM HamucaTh, Kak B § 38,

- mym? 4 mym 5, AC™
Us=—m; ) (my+mgy® “"Bp™

B’ cuny manoctu AC mepuil wieH

mym+mymt , AC?
Y (mgtm)* "2 BD?

HaMHOTO GoJbine APYyTHUXx. Tax kak Macca m; 3HAYATEJIBHO MEHbINe
Macchl m;, TO IpeAbAylliee BRIpa;KeHHe HMeeT TaKoil 3xe HOpAAOK,
Kak
AC?
mlm,,m .

n

HaoGopot, U;— BenmqamuEa mOpAmKa BD , 1 Uy— nopaaka ‘:l'g’ .
Ocranucy mepaccMoTpenHEiMM $yEKmuM Ty m T,. Mu sHaem, 4TO
B KCINIEPOBCKOM JBIKEHHH, eCJH 9KCIeHTPHCHTET PaBeH HYJIO, KHHe-
THdecKasA 3HePrHs NOCTOAHHA U paBHa IOJOBHHe a(COJIOTHOTO 3Hade-

HOA NOTEHNWAJBHON 3HEepPruu.

Ho reamonentpuueckas op6uta 3eMiau U reomenTpHIeckas opbura
Jlyau oueHp GIMBKH K KeIJIEPOBEIM JJIMIICAM ¢ MaJLIMM 3KCIOHTpH-
U
curetamu. U3 storo caepyer, uro 7y HpuGIM3UTeIbHO paBHA —-—21

Uy
n T, npubauanTeJbHO paBHA -3 -

Hrak, MH MoskeM pasio;xuth QyHKumo F Ha TpH 9acTH:

1) Ty+ U,— Benuumna mopsagka %77;
2) T4 U,— Benuwuuna mopsgKa _“11_'2',’7 :

AC?
3) Uz—BeavuuHa HOpARKa m,m, B0

Mu nMeeM mpuGamxenno

- m_1 AC_ 1
=330000, Mg, =i

Cneuonarenbno , OTHOINEeHMe

Uy
717 7, opaka 1t (B )
1 Ug my /AC 1
WM =5 U Tot U, — nopAgKa — \ WIH (5066000 *

Ms BHZHM, 9TO TpeThs 4acTh BOaMymMalomedi GYHKIMN 3HAYUTENHHO
MeHbIle BTOPOii YacTH U mpeHeGpe;KMMO Majia B CpaBHEHHH C IepBOii
gacTbio. ClieoBaTelbHO, MH MOKEM IOJIOKHTH

F= (Do + m,CDi,
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rae Oo= T2+ U,, m®y= T+ U+ Us. dus onpemenenus mepe-
MEHHHIX I, Iy, £, MH ViMeeM KaHOHWYeCKHe ypaBHEHHS]

Wi _OF _ 00, 00
dt A oz} 16z
(l=4, 9, 6).

3amerum, uto O, He 3aBHCHT OT HePeMEHHHIX Y, Y5, s, KOTOPHE BXO-
aar Toabko B T'p; dymknuu Ty u U, He 3aBHCAT OT NepeMeHHHX Z,
Zy, T4 OT KOTOPHIX 3aBUCUT ToNbKO ¢ymknusa Us. Iloaromy mpeamimy-
myue ypaBHeHHMA NpPUMYT BHJ

dei_o®y  dyi_ _ 0D 9U, (20)
dt — ay;’ dt 9z} Ox}’

H ecau npeneGpeus B ypaBHeHUaX ¢ymknueit U/;, OKOHuYaTeNbHO IO-
TYIUM
dy; 8,

dt dx; °

Jsmrenue CoNHIA OTHOCHTENBHO I[EHTpPa HHEPIUH 3eMis —
Jlyna ompegfensercs ypaBHeHUAMH, B KOTODHX QYHKNuA F aaMeHeHa
dynrmueit @y, T. e. MaccH 3eman u JIyHH cocpenoToueHH B UX 0GmeM
nenTpe unepuuu. CremoBatenasno, xBukenue Coanmma .-
AAaeTcAa KenlepoBckum (Paaymeerca, npu ycioBuu,
9T0 paccMaTpUBalOTCA TOJNLKO BaammHble feficrBusa Connma, 3emau
n Jlyan n npemeGperaeTcsa mMpUTsAKeHHeM JPYrux ILIAHET.)

Jna onpegenena KOOPAMHAT I, ,, &y MBl BOCHOJb3yeMCA KaHO-
HYYeCKNMH ypaBHeRuaMu npu i = 1, 2, 3. B cany Toro, 90 $pyHK-
nua @, He 3aBUCHT OT MEPOMEHHHIX I, Z;, Ly, Y1y Ya» Ys» TH yDaBHe-
HUA YOPOCTATCA, H MH HOJYYHM

’

dz; 6‘1)1 dyi 3(1)1 ’
W=m1m, ﬁt_‘_‘_m‘&c—;’ (13')

Oynrnua @, zaBucur, Tak we Kar uB § 33 m 40, He TOJABLKO OT He-
MBBOCTHHIX I, T3, Ty Yy» Yg» Yy HO U OT BpeMeHN ¢. B camo mere, ona
3aBHCHUT OT KOOPAHUHAT Zj, Iy, Z;, KOTOPH® MOKHO PACCMaTPHBATh KaK
HM3BeCTHHe (YHKIMM BpeMeHHU, olpefeiiseMiie ypaBueRuaMn (20).

Qynkuus m, @, cocrour cama u3 asyx uacre#t, I',+U, m Us,.
Bropas uwacTs, KaK MH BHUAeIM paHbile, HAMHOrO MeHbOIe NepBOI
9acTH, MO3TOMY OHa Hrpaer pois Bosmymalomeil ¢ynkmun. Ho ma-
N0CTH 370l BoaMymalomeil QyHKIUE He 00yCI0BJEHA TeMH Ke 0GCTOA-
TeJBCTBAMM, KaK B ClIyJae BO3MYIIEHHil ILIaHeT.
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Pons Boamymalomeii Macch urpaet Macca Cosinia, KOTOpyIo Helb-
3 CYATATh MaJOii BeJUYHHOH, HaoGopor, oHa oYeHp Beduka, Ho
OTHOILIEHMe, KOTOpoe HY;KHO paccMaTpHBaTh —

m (4o
m; \BD/ '

AC
BecbMa MaJ0, Tak KaK OTHOIIEHHe D Maiob.

AC .
Maxocrs 55 BD BJedYeT 3a co0oii eme OAHO clexncreue, a UMEHHO, BHJ-

B
Ha BHITOJa paajio’KeHWs BoaMymalomeidl ¢ynknun B gopme (18), kak
6mno caenamo B § 38.

CnenaeM eme ofno 3aMeuanue: B § 30 # 40 ME roBOpUAN, YTO KOT-
Aa Macca m; 0OeCKOHEUHO Majia, MOKHO pacCMaTpHBATH JBM:KEHHE
ten A U B otHOocurensHo C, Tak Kak meHTp MHepuuu D coBmapgan
¢ Toukoif C. 3mech sKe Macca Mm; HACTOJABKO Maja, YTO ee BIMSAHHOM
Ha aBmkenue COJIHUA OTHOCHTENIBHO IeHTpa MEepnuu D MokHO Hpe-
HeGpeub, Kak aTo GEio u B § 33 m 40, HO OHa He HACTOJIBKO Maja IO
CpPaBHEHHUIO ¢ My, 9TOOH c4mMTaTh, 4TO Touku C M D coBuajgamoT.

43. Cnyuait samennl § 26. Bce, 9To 6HJIO CKazaHO BHIIe, Ipef-
nojaraer, 9TO HCHOJB30BaHO InpeoGpasoBamme § 30, Koropoe MEH
u GymeM OOHYHO HpUMeHATH. IloCMOTPHM, uTO M3MEHHTCH, €CJAM ME
BO3EMEM Jpyroe mpeoGpas3oBaHNe HePeMeHHHX, Hampumep, npeoGpa-
3oBaHHWe, paccmMaTpuBaBmeecs B § 26.

B § 26 MH noxoxuin

Xy =Ty —&y, Tyg=Ty—Tq, L3=2%1,
L=l Va=Ys Y:=W~+Yst+ Ya.

Takum 0GpaaoM, MH OmpeReJWIN TAKyl0 3aMeHY IepeMeHHHIX, KOTO-
pas He HapymaeT HH KaHOHMYeCKYI0 ¢opMy ypaBHeHHil IBMKeHHA,
HI $opMy HHTerpatos mwromageii. Ho upoTuBOmONIOKHO TOMY, 4TO
Jaer mpeo6pa3opaHHe NmepeMeHHEX, npusegennoe B § 30, agech BHpa-
YKeHHe KUHeTHYeCKoil sHeprun B ¢yHKHHHE IepeMeHHHX Y  He HMeeT
TaKoil ke GopMH, Kak B pynkunu y. JeficrBuTenbHo, ¢ y9eTOM yCIO-
BuA y, = (0 nMeeM

' y1 ¥ yv e 7l (y1+y.)

L Pl il

1 7714
9T0 MOMKeT 5HTB HaIMCaHO B BHaE
n®, vyl 2y1 y4
ml + o7 +
rae IHOJOKEHO

. mymq ’_ mymq
1 my+mg? T mtmg
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CrefoBaTesIbHO, MH GymeM HMeTEH
1 v
= —_—— -
T'=+ EW I +T,47T,,
rge
Ti—‘_ W2+t

- (U + 45"+ ¥e)s

2= m
1' ’ ’ ’ ’ ’ ’
I;= my (y1y:+ Ys Ys+ Vs V)
B xomeunoM utore giusa F GymeM mMeTs

mym m, mym,
P=Toh T Tt

u aTy d)ynmmlo F MoHO paccMaTpHBaTh KAK CyMMY YeTHPOX 4acTeii:
1) T'y— Ac , 9TO OIpefeiAeT KeljiepoBcKoe ABHMKEeHHe, KOTOpOoe

BecEMa Majl0 OTIWYaeTCA OT JBWKEHUA InaHeTH A OTHOCHETenbHO C;
2) T2—- "m” onpejenseT KellJIePOBCKOe ABIKEHHE, KOTOpoe BeCh-

Ma Malo ommxae'rcn OT ABIKEHNA ToukE B orHocuTensHo C;
3) — AB ABNIAGTCA THAaBHONW YacThio BO3MYINa Io-
meili  yHKIHE YU U NMeeT BHpakeHHO

mymy
V("ﬁ—"%)2 + (@3 —g)2 + ("’a—"’s)2
4) T; nmpepcraBiger XOMOJMHUTOAXAbBHYIO YacCTh BO 3-

Mymawmeid yHKIDMHHU
44. OGprunwitt MeTox. ACTPOHOMH NOJB3YIOTCA €me OJHWM IIpe-
oGpasoBanyeM. Ilomomum

Xy =2y—%7y, Ty=Ty— 7.

TakuM o6GpasoM, niamet A n B o6e otHOcaATca kK Comuny C. Ceepx
TOTO, HOJIORUAM

dx;
yi m; —— dat
Jlerko Bupmerh, UTO TOTAA ypaBHEHHS ABIKOHUA OyayT HMeTh BHJ
) oF .
T wT Ty U=bL23)

’ r 21
dey__oFt  dvi__ oF" (i=4, 5, 6) &
t Ody;» 4t 0x - ’
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rne
m}  mi m,m,l X

Z Zmz U—z¢—pc+ Ber Wt a g+ a3,
yi m3 3 mym, .. .. , v

F'= ’271_1] Z%' BC+ AicTA (xlg'c'l'xzxs'{'xaxe)'

Mu BupuM, uT0o ypaBHeHu s (21)He ABAAKTCA K a-
HOHUYOCKHMI, TAK KAK B NPAaBHX 9ACTAX IEPBEX ypaBHeHNIl
BXo#uT GyHKINA F’, a B NPaBHX YaCTAX BTOPHX ypaBHEeHuil — QyHK-
nus F’.

QOynrkunu F' n F” MOMHO paccMaTpHBAThH B BHfIe CYMMH YeTHpex
qacreii.

1. Yacrs

1 ’ my? m
om,; W' +v+ yag)'_"'j'(,rvH A_Ci
oIpefelisieT ABMKEHNE IO KEILIEPOBCKOMY JJJIMICY, KOTOPO@ MAaJio
OTINIAeTCA OT reJINONEeHTPHIECKOr0 ABWKEHMA INIaHeTH.

2. Yacrs
m,,m, mi

2m (y + y“ ) ¢ ~ BC

omnpefielisgeT ABIGKeHHe I0 KeINIOPOBCKOMY JJLIHIICY, KOTOPO® MAalo
OTIUYAETCH OT TOJMOLEHTPHYECKOTO ABWKEHHA ILTaHeTH B.
3. 'maBpas wacTs BoamMymalomeill GYHKIUM paBHa
mym,
AB °

4. IlomonmuresbHas wacTh B Bo3Mymalomeil ¢ynkuuu F’ paBHa

MAMG o e
Bicz:l (2, 73+ 2, 2+ 7, ),

a B pynruun F" paBHa

mynty
AC3

YpaBrenus (21) moxy4aoTcs 09€HEL IPOCTO, M 3TOT BHBOJ MOMKHO
naiitu B raase III r. 1 «HeGecnoit mexamurmy Tuccepama®*).

910 mpeoGpaszoBaHme KoOpAHHAT uMeeT Goxnpiiue HeynoGcrsa.
Hapymaerca me To/bKO KaHOHHYecKas $opMa ypaBHeHHMIT ABMKeHHs,
HO ¥ (opMa HMHTerpatiios miomageii. IloaToMy MH nMu afecs He GyaeM
HOJIB30BATHCA.

(23 2, + 23 73+ 2, 7).

*) B nameil cnmenmuanbHoil aaTepaType ypamsienns (21) o0HYHO Ha3HBAIT-
cA «ypaBHeHHSMM JBMKeHNS B TeNHONEGHTPHYECKHX KoopAmHaTax», IJogpo6-
HOe paccMOTpeHme B»THX YypaBHeduiti Moxkno gaittm B knmre I'. H. {y6o-
muna «HeGecnan mexannka», QPuamarrns, 1963 r., n M. ®. Cy66oTHnna
«Kypc nebecuoit mexanurm», 1. II, I'ocTexmaaar, 1947 r. (IIpum. nepee.)



TJIABA I

AJVTHIITUYECKOE [IBHKEHHUE

45. 3apmaua nByx Tea. PaccmorpuMm niBa Tena, A m C, mepBoe —
ABIMKYIIeECS ¢ Maccoil /72, a BTOpoe — BeHNONBH;KHOe, ¢ Maccoid M,
H H3Y4YHM J[BI/KeHHe HIepBOTO O] JeiicTBHeM BBLIOTOBHAHCKOrO IpH-
TsKeBHs, BH3HNBAEMOr0 HENOJABIKHEIM TEJIOM.

ITomectnm Bavamo KoopauHAT B Touke C B 0603BaTHM IPAMOYTOIb-
HHle KOODAHBATH Teda A uepes z,, T2, £3 H KOMIOHEHTH €ro KOJWIe-
CTBA JBH)KEBHA U€pes Yy, Yz, Y3.

JBmxenne Tena A ompefiessieTcs KaHOBWYCCKAMH ypaBEeBHAMH

dz; _OF dy; _ 9OF
@y @ T am 1)
rjue
1
F=T+U, TI=g-(i+y;+vs)
. mM (2)
T Aac

46. Ilpepmono:xuM Temepb, uTo 06a Teda, A m C, ¢ Maccamm m,
H My, ABAKYTCS, B3aHMBO IPHTATHBasg APYT Apyra, mo 3axoBy Helo-
troBa. Hax u B r;ase II, oGosBaumM kooppmeBaTti Teda A uepes zy,
Zy, T3, KOOpAUBATH Teda C — vepes Z;, Xy, Ty, KOMIOBEBTH KOJH-
4ecTBA [BHJKEBHS — CHMBOJOM ¥ C COOTBETCTBYIOIIHM HIKBHM HH-
nekcoM. Bocmoanzyemcs mpeoGpasoBaBmeM HepeMeBBHX § 29, T. e.
HOJI0KHAM

Ty=Xy— X7, M T, =Mz -+ mas,
o Mmymy

1= mymy m,=m -+ mq,

TaK MTO Z;, %, L, CYTh KOODAHBATH HeHTpa mBepumu D npyx Tend,
AnC, azx, z,, r, ABAAOTCA NPOEKIAAMYU BekTOpa CA Ha 0CH KOOD-
OHHAT.

Mu anaeM, uTo Gea orpaHideBHs OGIHOCTA MOKHO CUNTATHL IEBTP
HEepI[AN HeNOABMKHEIM, T. €. CYATATH, UTO

x,=ms=x9=0.
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Tarxum o6pasoM, 4Ymca0 cremeHeil cBOGOXH CHCTEMH YMEHLIIAeTCA
Ha TpH eIHHUIH.

IIpu aTix ycaoBmsax ypaBHeHHS JBH;KOHHsS COXPAaBAIT KaBOBHYe-
CKyi0 dOopMy M HMEIOT BHJ

asi_oF  ayi_ _oF :
dt —6y§ ! dt ~— azi ! (1 )
rae
=T-+U, T—z,n (780 VA S B
U_ _nl1M7 (2)
AC 7

CpasBmBasi ypasuenmsa (1') u ¢opmyan (2') ¢ ypassemmsamu (1)
n gopmynaamu (2), MH BHAMM, YTO ABH;KCEHe Teja A OTBOCHTEIBHO
Tesa C TAKOBO e, ITO M IBHKeHHe NBH;KYMEICA MACCH M, = 7;':‘—_':’,;’ .
OPUTATHBAEMOIl HONONBMKBEON MACCOil = "nl"—mi—'— m;.

Mu yBmguM BCKOpe, YTO ABIKYmMAsicd Macca, IPHTATABaeMas He-
LDONBHHKEON MAaCcCOil, ONMCHBACT JIHIC, B ONBOM H3 GOKYCOB KOTOPOro
HaXOAHuTCs HemOABMKHAA Macca. CiiefloBaTeIbBO, TPaeKTOPHAA TOUKH A
B CBOeM [BHKEHIN OTHOCHTEJBLHO TOUYKH C TaKiKe fABIseTCA HJIHI-
COM, B OJHOM U3 JOKycoB KOTOpOro Haxommrca C.

Tak kak orBomeBus 0Tpeakos AD, DC u AC nOCTOAHEH H LEHTP
HEEPIMH, 0 IPefIoJI0KeHHI0, HeIOABIIKEH, TO TOUKH A u C B cBoeM
a6CoMIOTHOM ABIMKEHHH ONHMCHBAIOT NOAOGHEE JIINICH, IS KOTOPHX
TouKa D sBasieTca oGmuM $HOKycoM.

47. Tlpamenenue merona froGu. YunThBas mOCJAeNHHil BHBOJ,
0CTaeTCsi MCCIeNOBATh ABHKCHHe TejJa, IPUTATHBAEMOr0 BeNONBHIK-
HHM IIeBTPOM. JTa 3ajada MomeT OHTH pelleHa MBOTMMH cmocobanu,
HO ¢ TOYKH 3PeBHs MOCHeNYIOmMUX HPHIOKEHHI BeoGxopmmo, ITOGH
ME PeIIHTII ee ¢ HOMOMBIO O{EOr0 YaCTHOTO METONA, 4 MMEHHO METOHA
fIxoGm, manomennoro B § 10.

Taxr Kax
mM

TO ypaBHeHne fIxo6m Bammmercs B BHJP
(SN2 (SN2 _ __mM____
. a$1> +\¢9x2> + 6::3) ] Vm const. (3)

®opma ypaseesns fIko6u MeHsAeTCS, eCIH HEPEHTH K HOBHM KOOP-
AHBaTaM, BAIDPHMED, K IPAMOYTOABBHM HIH BOOGI® K IPOH3BOJNL-
BHM. JTO CiIegyeT W3 aBajmsa, cfeJaHsoro B § 11.

2m (1 + y3+ ys)
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Ypaprenre (3) MOKHO HOJYYHTHL B pPesyibTaTe 3aMEHH MepeMeH-
HHXx lamMmiabroBa § 8 m 3aMeBH p; YaCTHHMH IPOH3BOXBHMH rm

B BOBOM BHIpa)keBWH Jasa F.

Ecan cBavala BOCIOJB30BATHCS HOBHMHA IPAMOYTOJABBHMH KOOD-
BMBATAMH I, Z,, %, OyfieM HMeThb (€CIH HavaJlo KOODAHMBAT OCTAeTCA
B Touke ()

/dzl N2 dzg\z d:ca 2 Y__ 8 'y 2
T=3% &) T\a) <dt> v AC=zlal

ITponsBopBas ¢pyBKunm 7' DO mepeMeHBHIM id? Gynmer paBma

’ dzi
Yyp=m —r
H ME DOAYYHM

P . M
Fomon (it 4 40— 2

T4K 970 ypaBHeBue fIko6H B BOBHX KOODAHMHATAX 3AIHMINETCS B BHAE

2M[<6zl>z+(:T§) +<3x3>] %:2—% const.

Orciopa caexyer, uro ¢gopma ypasHenus fIkoGm Be MeHseTcsa OpH
mepexofie OT OHOH HPAMOYroJAbHOH CHCTeMH KOODPHHMHAT K APyroif,
TOKe IPAMOYroJbBOl cucreme. I'axum obpasom, Pynkyus S ydosse-
meopsem HeKomopoMy YPAGHEHU) 6 YACMHBE Npou3eodnuwz, 6ud Ko-
mopozo He 3aeucum om ewbopa ocell, AUWb Gbl MOALKO HA¥AA0 KOOpOU~
Ham ocmanaocy ¢ mouxe C.

Ilepeiigem Temepp K cpepHyecKHM KoOpAMHATAM HO GOPMYTaM

zy=rsin{cos g,
zy=rsin{ sin g,
zg3=rcosg.

Ecan BoCIOIB30BATHCH BHIPa;KeHHEeM JJIsi CKOPDOCTH B MOJAAPHKX KOOD-
AHHATAX, TO HMeeM

[N e (AENE | e nep (9002
r=3 [(G) +r (&) +rant (3)°]-
dr df de¢
Yacrase mpomssoumnie ¢pyHrnmua I mo nepeMeBHHM AR A

COOTBETCTBEHHO pannu

d .
R= mdt, Z=mr2d—$’, ®=mr2sm2§%,
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TaK 910 Gymem mMeTh

=— [ R2+ +r2sm2§]

1 72 02 mM
F= g [ B4+ rsmeg ) =7
IToaromy mpeoGpasosaBHOe ypaBBeRme fIKOGH IpHBHMaeT BHJ

asN\2 1 /as\2 1 a5\ 2 mM
57) =7 > r2sin? { (%) ] 7 —oomst. (4)
Hak Bupmo, dopma ypasBemms (4) Tak:Ke Be 3aBHCHT OT BnGOpa
oceit KOOpHHHAT.

48. Temepp Hy:;kBO BaiiTH HHTerpaj ypasHeBHs (4), saBHCAmpmIL
OT Tpex IpPOW3BOJBHHX HOCTOAHHHX. O003Havas KOHCTABTY HpaBOil

—% , OymeM mcKaTh ¢yBKnmi0 S B BHIE
§=S 1+ GG,

rue S; 3aBHCHT TOJBKO OT ', a G eCTh HEKOTOpas MOCTOSHHASA.
Taxum oGpasom, OGymeM HMeThb

9acTH vepes

a8 _ds, 45 _ as
=@ =% =0
H ypaBBEeHNe (4) OpHMET BHJ
dS1 m3M2
2m < >+ —__—2L2 ’
OTKYAA
ars1 ‘/ 2miM_GE_ mip?
T T
a1

2m2M G2 miIM?2
Sl = S ——r r2 ——I‘2 dl‘. (5)
49. HaiinenBoe pemeBHe Be ABJNACTCA HOJHHM, TaK KaK OHO 3a-
BHCHT TOJBKO OT ABYX HIPOH3BOJBHHX mocTofABBHX L m G. Ho ero
aerxo 0606murs. Mu Bupesn, B caMoM Aede, uTo Gopma ypasHenus (4)
Be saBHCHT OoT BuiGopa oceil koopuuBar. Ho { ects yrom memny pex-

ropom AC u ocbio z3. IloaToMy Mu monyamM HOBoe pemieHHe, moJaras
§=3§ 1+ GE,

rne OyxBa { oGosmavaer Temepp yroa, oGpasyeMmii Bekropom AC
C OPpOH3BONBBOIN mnpaAMoil A, mpoxopsameit depes HadaJo.
Jdr1a npamMas A MoskeT GHTH BHGpaHa 8a OCh Z3 H BHJ ypaBHeHHs (4)
He H3MEBHTCSH.



64 TOM I. OBUIAA TEOPHUA IJIAHETHBIX BO3MVYIIEHHN

IonyuyenHoe HOBOE peleHHe COAEP/KMT TeIEPh U€THPE IPOH3BONB-
HHEI® IOCTOSIHBHE, TAK KAK JBé IPON3BOJbHEE NOCTOAHHKNE HYKHH N5
ompefieJieHHs BaIpaBJeHHsA HpsMoif A, mpoxopsiuleil yepes Badalo.

OpBa 113 3THX DOCTOAHHHX SBJIAETCA JHIIHe!l, a OTOMY MH pac-
OOJOKUM HOPAMYI0 A B INIOCKOCTH Z,Z; 1I 0003BAaUYMM Yroil MEKAY
mpamoil A n ocblo z; uepea 0. Torga ME GyneM nMeTh TPH HOCTOAHEHE,

L, G, 0.
50. Ocraercs mpumeButs mpasuao § 10. Iloao:xum
as as as as

=Y a=b =8 m=—0

‘Torua I, g, © ABAAIOTCS HOCTOSAHHBIMH MM JHUHOIHHMH QYHKIIHAMM
Bpemenni; L, G, 6 — mocrosiBEmNe. Maaee, Gynem mmeTsh
iy dg _ 9y d(—8) _ ayp

dt 3L’ dt” 3G’ a0’
rae P o6o3HavuaeT IpaBYIO 9acTh ypaBBeHHs (4), T. e.
m3M2
Vv=—S -

Iloatomy Gypmem mmeTn
a_mM  dg_o  d8_,
dt— I8 ' e ' a4t T
CnepoBatensHo, I ects amBeitBas $yHKuUUSA BpeMeBH, a £ U1 ©— mo-
CTOSSEBRE. MH mOJ0KAM, KpoMe TOro,
di

ﬁ:ﬂ.

51. Haxoit cMuca mMeroT Bee atr popmyan? Papmkan

moj:keB OHTEH Bcerma feilCTBATENBHHM, HO3TOMY pajHyC-BeKTOp T
MO;KeT H3MEBATHCA TOJLKO B HEKOTOPHX npepenax. HanGoarpmee 3Ba-
ueHIe 7' BasHBAaeTCA adesuiinblm paccmoinues, a ero HaMMeHbIIee
3Ha4YeHNe — nepuzesutinbtim paccmosnuem. VIx cpenvee apudreTHde-
CKOe HA3HBaeTCA cpednuMm paccmosnuem 1 0003HAUaeTCS dUepes 4.
Torna adenmiiBoe m mepurenmiioe paccToABHA OynmeM oGosBadaTh
COOTBETCTBEHHO depes

a(1+e)y, a(l—e).

Mu momyamm 3TOT MaKCHMYM M MHBHMYM, NIDHDPABEABAS PajHKal
BYJI0, 9YTO JaeT ypaBHeHHe

miM2r: —2m2M L2r + G212 =0.
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Tak Kak cyMMa pelleHHil ypaBHeHHS J0JUKBa GHTbL pasBa 2a, TO Gy-
neM mMeTh miMa = L2, oTKyna

L=mVM-Va.

IlponaBeneBne kopHeil pomxHo OmThL pasHO a?(1 — e2), moaTomy
MMeeM

G*L? = m*M32a® (1 —é?),
G*=m2*Ma (1 —é?),
U, CBepx TOro, Haiimem

a_,_mM_ VM
=TT T yss

Iockoabky A0 cHx HOP MH Be BROHpaan HUKHUIA Openen AAA HH-
Terpaja (5), yHruHs S, ompeAeneBa ¢ TOIHOCTHIO 0 IPOH3BOJNBBOIL
mocTosaHHOM. BrGepeM HIKHEI Openesl PaBHHM HePHreJHAHOMY pac-
croanrw a (1l — e), Tak 4T0 OymeM HMeThb

r

Sy= S S; dr, (6)

a(i—e)

rae S; 03BauaeT Ball pPagMKAal.
52. MopMyaBI KeIIEPOBCKOro ABHKeHnA. PaccMoTpuM ypaBEeHRe

as _

o=
Crauajla saMeTHM, 9To S, He 3aBHCHT OT 0, T. e. OT OpHeNTAIHH
mpamoit A. CaegoBarennHo, GymeM nMeTh

as _ 9t
=0%:"

PaccyoTpny chepy efHBEHIBOro pajmyca ¢ IEHTPOM B Ha4aJje KOOD-
ANBAT; OyCTh OCh ¥, mépecexaer cpepy B TouKe A, a INIOCKOCTDH 24T
nepecexkaeT ee mo Gombmomy kpyry ABC. Ilpamasa A, xeskamas
B ILIOCKOCTH Z,%, IepecexaeT cdepy B Touxe B. Pagmyc-BeKkTop, nuy-
muit oT HadaJla K ABMKymelica Macce, mepeceaer cdepy B Touke D.

IL1ockocTh, mpoxopsmas 4epes OpAMyi0 A H pajuyc-BeKTOp, Ie-
pecexaer cdepy mo Goabiiomy kpyry BD, roropmii oGpasyer ¢ Goib-
maM kpyroMm BC yroa i. [lyra AB uamepsier yrox 6, a xyra BD —
yroa {. JomyeraM, ato yroan 0 moay4dma mpupamesme dO; mpaMmas A,
0CTaBasiCh B ILIOCKOCTH I,Zp, GyleT mepeceKaTh Temeps cPepy B TodU-
Kxe B’, Geckonedno 6nmakoii k Touke B, m MH GyneM nMeTh

AB'=04+d0, B'D=t+dt,

5 A. Oyasxape
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a caenosaTenbBo, BB’'= dO. Ilocrpoum Maayio ayry B’'P, mepueHpn-

RYJIApByI0 K GoabmwoMy Kpyry BD. Mu 3BaeM, 4TO ¢ TOYHOCTBIO JI0

MaJIHX BTOPOro mopsixka ayrd B’D u PD pasaum mexpy co6oii. Creno-
BaTeJbHO, OymeM HMeTh

BP= —dt.

B manom tpeyroabemke BPB’
umeeM BP = BB’cosi, a cle-
ROBaTeABHO,

a_ ,
‘—a—e——COSl.

Haxoger,
Puc. 2. O =Gcosi.

Tak kark © n G cyTp BeAMYAHEI

OOCTOSIEHKE, TO OTCIOfla CAeXYyeT, 49T0 Yroid i Toxe IOCTOSHEeH.

Takum oGpasoM, maockocTs BD mpoxopnT depes HEMONBWKHYIO
OpAMyI0 A, pacmoNOKeHBYI0 B IUIOCKOCTH I;Zs, M BaKJIOBHOCTH i
3TOil IIOCKOCTH K IIOCKOCTH Z;Z; I 0 ¢ T 0 A H H a. OTciona caenyer,
ar0 mIockocTs BD memopsm:xkHa. Takmm o6pas3oM, pamHyc-BEKTOp
IIaHeTH Bce BpeMs OCTaeTcs B HEMONBHIKHOM ILTOCKOCTH, a CJeJ0Ba-
TeJbHO, OPOGHETaAa ABHIkymeHca MACCH €CTHh IOJ O C-
Kafg KpHBa4.

Tornma yroa 6 mpencraBasier co6oit doszomy yasa MWIOCKOCTH OPOH-
TH, yroj i — ee HaKAOHHOCMD.

53. IlepeiigeM K ypaBHeBHIO

as
5—1-‘—1.

Tax kax 4aes G{ Be saBuCHT oT L, To GymeM KMMeTs
1= 454
4L’
A MBl MOKeM BHMHCJIHTH IPaBYIO 9acTh paBeBCTBa, AuddepeBuHpys
mBrerpan (5) mox sBakoM HETerpaja. Takmm oGpasoM Haiigem
1= miM2 dr
I B 7~ I

OpHYeM Ipefesil HHTeTPHPOBAHUA Te e, 4To H B dopmyae (6).

Mu ROMKHE BHYHCIHTH HHTErpaj, 3aBHCAMMA OT KBafpaTHOro
pagEkana. JT0 HBTErPHPOBAHEE MOKET OHTH BHIOIHEHO ¢ IOMOIBIO
KPYroBHX QYHKIHil, A5 Jero mejecooGpasHo HONOIKHATH

r=a(1—ecosu).

Tak Kar cos u msMeBsercsa B mpepedax or — 1 mo -1, r Gyner
MeHATBCA Me:ny sBauennsMH a (1 —e) na (1 + e). Ilepnrenniisoe
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paccTosinde NOCTHraeTcCs NPH 3TOM TOTAa, KOrjya NepeMeBBas u IpH-

BAMaeT 3HadYeBHd, KpaTHHe 27, a adeuniinoe paccTosiBHe, KOrja u

OpABEMAaeT 3BadeBHsA HelYeTHOH KpaTHocTH nt. Bsepennmnii Hamu

BCIOMOTATeNBHNI YTOJ & BaskBAETCA SKCIEBTPHYECKON aHOMaJHel.
Mu GOymeM HMeTH

St = — G2+ 2m2Mr —

IIpaBas 9acTh 3TOr0 COOTHOIEBHA sABAAETCS MBOrOYWIEHOM BTODOIl
CTeNleBH OTBOCHTEJBHO C€OSU ¥ OoOpamaercs B HyAb AasA adeanilBREX
H mepureqmilBHX pacCTOSBMIl, T. €. KOIfa ¥ DPHHEAMAaeT 3BaveHHA,
KpaTHHe .

CnenoBaTeqIbHO, 3TOT MHOTOYJeH OpOHOPHHOBaleH sin®u.

Yro6ut ompemeants KO3(p$PUIHEHT IpPOHNOPHHAOBAIBHOCTH, ILOJO-
MHM COS ¥ = -}- co, IpHAaBas, TAKEM 06pa3oM, NepeMeHHO ¥ MHHEMOe
3Bagenme. Ilpm atnx ycaosusax GymeM HMeTh ¢ GOJNBIION TOYHOCTHIO

m-iM2 2
re.,

r= —aecosu, sin?u = —cos2u,
’ miM?2
SPri= — == —m'M? —coszu = —m2Mae? cos®u

TakuM oGpasoM, iaa Bcex 3BadeBmil r GyneM HMeTH
S:2r2 = m*Mae? sin® u = L%?®sin® u
OTKyAa

1=

miM2 rdr rdr
L4 esinu” ) a%esinu’

- Ho
r=a(l—ecosu), dr=aesinudu,

¥ MH TOJyJaeM

= S (1—ecosu)du.
0

Hwxunit mpenen MHTerpHPOBABHA, TAK Ke Kak H B dopmyue (6), moa-
’KeH COOTBETCTBOBATH HEPHreJHHHOMY paccrosiBmio, T. e. u = 0.
Bumoansasa muTerpmpoBaBme, maiifem

l=u—esinu. (7N

9tro — ypasnenue Kenaepa.

Ypasrerne Hemaepa gaer Bo3aMOKHOCTh BHPasKaTh PafHyC-BEKTOD
B BHAe QyHKnUm BpeMeuH. [leficTBHTEALHO, PAJHYC-BeKTOD 7' 3aBHCHT
OT u, a ypaBEenme Hemiepa BHpakaer 3aBHCHMOCTL 3KCHEHTpPH-
4YecKoil aBoMadmm u 0T I, KoTOpas sBisercA JAHHeNHHOH (yBKIMeii
BpeMeHH.

5*
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OHO UOKA3HBaeT Takxke, UTO adeauniiHoe W mepureJHiiHOe pac-
CTOSIHHA [IeiiCTBATENBEO KOCTHraloTca. Jlo ¢HxX mop Msl 3HAJXH TOJBKO,
YTO r He MOKeT BHIXOAUTH H3 3THX IPEJeJOB.

JleiicTBUTeNIPHO ypaBHeHHe (7) mMOKA3HBaeT, YTO 3KCIEHTPHYECKAH
AHOMAJMA U MOKET OIPHHHMATEL BCe BO3MOKHEe JeficTBUTeJbLHEE 3HA-
9O0HN I, B YaCTHOCTH, 3HAYeHHA, KOTOPHE COOTBETCTBYIOT HepureJmii-
HoMy H adeauiiHOMy paccToAHHAM. B camoM pmexe, kammoMmy pmeiicr-
BHTEJIBHOMY 3HaUeBHIO U COOTBETCTBYeT HEKOTOpoe /[leiicTBHTENIbHOE
3BaveHHe | H, CJONOBATENbHO, HEKOTOpoe MeliCcTBUTENHLEOE 3HAYe-
BHe BpeMeHH, TaK Kak | ABaseTcs xawuBeiiHoil dyHKIMmedl BpeMeHH.

Vron | pasuBaercsi cpedueii amomaaueii. B camom mexe, ! maMme-
HAGTCS IPONOPIHOHAIBHO BPeMeBH H CTAHOBATCA PABHON 3KCHEHTDH-
9eCKOlf aHOMAJIHA BCAKMIL pas, KOTJA sin ¥ paBesB HYJIO, T. €. BCAKHI
pas, Korja miageTa BAXONATCA B MEPHIeANN HAH B adennn.

54, Tlepeiinem Temepp K YypaBHEBHIO

as
aG—&

KOTOpO€e MOKeT 6HITH 3alIHICAHO B BHJE
__ 98,

IOnddepesnunposanneM mOK 3BAKOM HHTErpaja MH HONLYYHM

a8, ¢ —Gdr _ d( )
-l T T

WuTerpan omsTh MOKET GHTh BHMHCICH B KPYroBHX (QYBKIHAX,
HO TaK KaR 3/iech I[epeMeHHOﬁ sABJIsAeTCA '—".‘ , TO MB HOJIOAIHM

i __14ecosv
r a(l—e?) !
TaK YTO KOTKa COs v HMaMeHsaerca oT — 1 mo - 1, r usMeBsercs oT
a(l1+e) no a(l — e).

Ksagpar ¢yBknum S, ecTb MHOTOWIEB BTOPOH CTemeBH OTHBOCH-
TEIBHO — W, CIEJ(OBATENBHO, OTHOCHTENLHO COS . S; oGpamaeTtcs

B BYJDL, Korja r paseHa (1 — ¢) mana (1+¢), T. e. Korma v DpHAEMaeT
smauenns, kparHue %. CiepoBaTenanHo, S; IPoNopuHOHAABBa Sin? v.

Yroln ompefesauTs, MHOKHTEAb NPONOPUIOBAJBEOCTH, MOJO/KUM
cos v = -4 oo, 9T0 AAaeT

1 ecosv _ m2Mecosv

r a(1—e?) G2 !
. , G2 m4M2e2 cos? v
sin? v = —costy, S:=—-= i

1 2T ¢
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Taxknm 06pa3oM mas BCeX 3HaueBHil v HMeeM

, mAM?2e2sin2 v ,  m2Mesin v
S3 = 8§, ="Mesiny

1 G? ’ G .
Ho
d ( 1N\ __ —esinvdy _ —m2Mesinvdv _ _ Sidv
7) — a(l—e?) G? - G
I
a8y
€= S dv.

WaTerpan ponxes HMOTh TaKoOil ke BH/KHUI npefiesl, KAK U HETe-
rpax (6), . e. v = 0. CnegosaTensBo, GymeM HMeTh

9y _ _
a6~ ¥
OTKy[a OKOHYATEJbHO MOJyIAM
v=(—g.

BepmeMcst k puc. 2 B BO3EMeM Ha BEIOABIGKHOM GOJNEBIIOM Kpyre
BD pyry BE, paBuywo g. Tak kak g mocrosiHBa, Touka E Gynmer me-
HDOABIKHOMH, TaK ke Kak # BeKTOp OF, coenmHEsIOMHAA ee ¢ HauaioMm
xooppmaar. Torga v pasma ayre ED, 1. e. yIiIy MeX1y HEIONBHKEEIM,
paguycom-sekTopoM OF m pagmycom-sekropoM OD. Takmm oGpaaom,
r 1 v Oyayr HOJAPBHMHA KOOPAMBATAME INIaBeTH B Wiockoctu OBD,
ecan npsamas OF ectr momapBas och m Touka O — momioc. Cienosa-
TeJNIbHO, YpPaBHEBHE

__a(l—e?)
r_l—l-ecosv (8)

eCTh ypaBHeHHE OpOHTH B moJspHEX Koopaunarax. Ho sto ypasme-
HHe 3JITANCA, OTHECEHHOrO0 K ONHOMY H3 CBOHX (JOKYCOB.

CnepoBatTensBO, opbuTa ABAAETCH 3AJHI-
THdYecKoii. IlepeMeBBas v HazHBaeTCA ucmunHOl amoMaaueil.
Hcrunnas aHOMaAWs v NPHAHMAeT B HEDHTeJHA 3HAYEBHA, KPaTBHE
2n, a B adenum 3HayeHHs HEUETHOH KpaTBOCTH %N. B mepmremmm mpm
v = 0 mnaBera Baxopurcs Ha upsmoi OF m ee momrora B oplmTe
paBHa 0 + g.

IlocrosuBmii yron 6 - g naswBaerTcsi doszo0moil nepuzeaus.

55. Ua ypaBHenus (8) suBoguM

ercosv=a(l—e*)—r=a(1—e*)—a(1—ecosu),
OTKy/fia
reosv=a(cosu—e)
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rsinv=a) 1—e?sinu.

IIpsmMoyronbELe KOOPAHHATH HMEIOT Cefylomue 3Ha4enns:
1) ecan O mpepmonaraercA paBEREIM EBYJIIO, TO

xy=rcosf, x,=rsinfcosi, zzg=rsin{sini;
2) eca: O mpomasoJbBHO, TO
2y =r (cos { cos 0—sin { sin 0 cos i), ]
2o =r(sin { cos 0 4-cos  sin B cos i), (8"
z3=rsin{sini,
Haanee,

rcos{=rcosvcos g—rsinvsing, 8"
rsin{ =rcosvsing4rsinvcosg. ®)

3aMenAA 3)ech 7 €COS v W rsin v HX 3HaYCBHAMHA, HAXOJHM
zy =a(cosu—e) (cos g cos 6 —sin g sin 6 cos i)— )
—asinu Y/ T—é? (sin g cos 6+ cos g sin 0 cosi), I
23 =a (cosu—e) (cos g sin 0 4 sin g cos 6 cos i) 4 9)
+-asinu)/ T—e? (—sin gsin 6+ cos g cos O cos i), i
z3=a(cosu—e)singsini+asinu}/T—e? cosgsini. )

56. Mu momoXuIn

as as as as
o=V a=hb =& m=—°

H, CleNoBaTeJLHO,
dS= Y ydz+1dL4-gdG—Odo,
OTKyHa ciefyeT, 4TO
Nzdy—ldL—gdG—0dO

qABisgerca moaHuM guaddepenmmasom. BeemeM Temepr HoBHe mepe-
MeHHHe, IoJjaras

L—G=¢q, G—6=¢
g
L1+ Gg 460 = L)\ - 0,0, -} @202, (10)
OTKyHa
A=14+g+4+0, o,=—g—8, w=—6.
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Wz mocmegnux ¢opmMya BHAHO, 9TO ©; €CTh [OATOTAa IEPHreJnsd,
— @p— foaroTa yaia. [lepemensasn A HasmBaercsi cpedneii oazomoii.

IIpe;xBre mepemenBme L, G, ©; I, g, 0 cBsizaHN ¢ BOBHMH Iepe-
MeBBNMH L, @y, Q2; A, ©y, 02 JHBEHAHHMHA COOTBOLICBMsAME, H TOK[Ie-
ctBo (10) mokasmBaeT, 9T0 3aMeBa NepPeMEHHHX ABJAETCH KaHOHMYE-
ckoil B cOOTBeTCcTBHH ¢ ycaoBusaMmu § 5. Iloatomy

ldL+gdG+0d0—AdL—D edg
ecTh NmoaHHII guddepennman, Tak Ke KaKk H
dzdy—AdL—Dledy,
HIA KaK
D ydz—LdA— D g do.
97. Ionoxum Temeph
t,=V1 20:;cos0; 1=V 2¢;sino0;.

3aMeBa mepeMeBBHIX OCTaeTcs KaHOHHYeckoil B cury § 6. Caemoma-
TeJbHO, BHpayKeHne

Dedo— tdny

ecThb NONHHN pAuddepeHmHaT M TO Ke caMoe MOKHO YTBEpP:RAATH
0 BHpaKeBHAX

Nyde—Ldh— A tdy, D xdy—AdL— > ndt.

58. B GoapmuBCTBe NPMIOMKEHWH JKCIHEHTPHCHATOT ¢ B HAKJIOH-
HOCTh i 04eBb ManH. Iloaromy

o=L—G=mVYM-Va(l—y1—¢)
eCTh BeJHYNBA HOPAXKA KBajpaTa 3KCHeBTPHCHTETa, &

&, =120, cos oy, n; =V 2¢sino,

— BeJNYHHH NOPsAIKAa JKCHeHTpucmreTa. IloaroMy Mm GyneM HasH-
BaTh 3TH JBe BeJWIHHH IKCYECHMPUHECKUMU NEPEMEHHBLMU.
Beauynna

0e=G—0=G(1—cosi)
AMeeT HOPAIOK KBajipaTa HAKJOHHOCTH, a LO3TOMY NepeMeBHHe

Bo=V20:c080;, 1=V 20 sin0,

HMEI0T MOPANOK HAaKJIOHHOCTH. H03TOMy MBI 6yp;eM Ha3HBaTh 3THA ABE
BEJIHIHHH 004UYeCKUMU NEPeMEHHBIMU .
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Kpome Toro, M nmeeM

_ 204 /04
e=7+ \T ’
OTHKYy7na
VEecoso =t }/ 1+ 50
T s 21 n2
V Lesino; =n, ‘/1_}_§14.Ln1
"

t, =21 Gsin %cosmz, N2 =2} Gsin %sinmz.

BeepenHre HaMH IepeMeHBHe OmpefieasiioT (OpMY, pasMepH
Il OPHEHTANHAIO HAJHNTAIECKO OPONUTH, A TaK:Ke WOJOKeBHEe ILTABETH
Ha op6ure. MH JOMKHH pasiandaTh:

1) cucremy saemeBTOB @, ¢, i, I, g -+ 0, 0, BanGosee wacTO HCHOAL-
syeMyl0 acrpoBoMaMH. OBH HA3HBAIOTCA IAMUNIMUNECKUMU IACMEH-
mamu;

2) cacremy L, G, O, I, g, 0;

3) cmcremy L, o1, Q2 Ay @4, 0023

4) cHcTeMy L’ El’ §21 ’\n M1, M2-

Tlocnexume cucreMH, Kak ORUIO mMOKasaHo B § 56 u 57, asasioTesa
KAaBOBHYECKHMH, I03TOMY Ha3HBAIOTCSA CHCTEMAMH KAHOHMYECKHX 3J1e-
MEHTOB *).

59. B mpemmpymem maparpade MH HAILIN BHPa)KeBHA JAA Ops-
MOYrOJILBHX WA HOJASPHEHX KOODPAHBAT ILIaBeTH Kak QyBKmumil 2:1-
JANTHYIeCKHX WIH KaHOHHYeCKHX aaeMeHToB. OcTaeTcs ompememuTsh
mepeMeBHHe Y, T. €. OIPeNeJUTh COCTABAAIOMHE CKOPOCTH B (QYBHE-
OHP TeX ke 3JeMeBTOB. Jl1A 3TOro BOCHONB3YeMCS pPAaBOHCTBAMH

s
Yi =0z,
HIH, BO3BpAmAACE K lIOJIﬂpHHM noopmma'raM § 47, paBeBcTBaMI
dr 2§ d d as
F=r" g ;, mrts n2§ q> =5y (11)

HKpome Toro, 6e3 orpannyeBns 0GITHOCTH MH MOKeM IPEATIONOKHETD,
KaK H B § 48, 4To { ecTh yroJ MeKIy pagmycOM-BEKTOPOM H OCHIO X3
H 49TO, CJell0BaTeJbHO, ILIOCKOCTh OPOMTH LPOXOINT 4Yepes OCh Ia.

*) ObuuAo cacreMa 2) HasHBaeTcA cucTeMOil aiementoB Jemone. CmeTeMul
3)'m 4), xax mpaBmi0, HA3HBAOT WePBOl M BTOPOHl CHCTEMOH KaHOHMIECKHX
anementoB llyankape. (ITpum. nepes.)
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Torna GyneM HMETH

s _ds, as s
=2 =S;, T =G, ) —=0.
Ilepeoe na ypasmenmii (11) maer
dar ,
m E‘ = Sl’
OTKYZa
mdr
dt= =
H
miM2dr
dl = ndt = ——W .

Mu cHOBa HPHILIH K ypaBBEeHHIO, KOTOpoe Obao BHBeaeBO B § 53.

60. Tperbe ma ypaBHeBHi1 (11) mpocto naer -‘2—t—0 9T0 O3Ha-

9aeT, 4TO CKOPOCTh IUTAHETH BCOrAA JEKHT B INIOCKOCTH OpPGHTH.
Haxonen, Bropoe ma ypasBeBmii (11) paer
d; =C.

mr2

Ho mr% ABAAETCHA HpOEKIHell KOJWIecTBa [BHKEBHS Ha IEpIeH-
AUKYASp K pagmycy-BekTopy. TakmM oGpasoM, jJeBasg dacTh €CTh
He 4TO HHOE, KAK MOMEBT KOJIMYeCTBAa JBH;KOHHs, TaK 4T0 G Ipen-
CTaBisleT BeJA M I M HY BOKTOpa ILIOmMAJEH.

Tak Kak 3TOT BeKTOpP Be0GX0AUMO HEPUEHAUKYAAPEH K ILIOCKOCTH
OpGUTH, TO €ro KOMIOBEBTH GyAyT paBEH

Gsinisin®, —Gsinicos®, Gceosi=0.
61. PaccMoTpuM Temeph BHUYHMCIOBHE BeJWYHH y;. Mu Moram Ou
B3ATh AJISi TOr0 ypaBHEHHS
as
3z Yi

HO ynoGHee BOCIONB30BATHCA CJENYIOIHMH:

KOrjfia KOODAHHATH x BHIpa)KeHH B (yHKIUH HepeMeHHHX [, g, O,
L, G, ©, nim ypaBHeHHAMHE
_ miM2 dx
V=" @
KOTja & mpefcraBieHH B QyEKumu A, L, ¢, ® uam A, L, §, n. Camo

" X x
coboit pasymeeTcsi, 9TO T 7 0603HATAI0T YacTHHE IPOM3BOJ-

7 HIHA

Hule 10 ! mam oo A.



74 TOM I. OBIIAZ TEOPHS IJIAHETHBIX BO3MYIIEHHAN

62. B paBHOii cTemeBHm MOKHO BOCHIOJB30BATHCA H HHTErpajJaMu
IIomaneit

ZolYs— X3y =G sin i sin 0,
Z3yy—2Ys =G sinicos 0,
ZyY2 — X2y = 0.
9TH ypaBHEHHs HEJOCTATOYBH NJs ONpefeleBHs MepeMeHHHX ¥,
TaK KaK OBM He He3aBHCHMH, BO K HEM MOKBO IPHCOENHBHTE HBTErpal
AHBHX CHI

1 mM m3M?2
5 W+ VYD) — = — 55

63. Mosker mnpexcTaBATH HHTEpeC NpHBeJieHEme ypaBHeRuil (9)
K ppyroit dopme. Jlas aToro BeeieM iBe BCOOMOraTeJbHHNE BeIMIHBH,
X n Y, nonaras

X =a(cosu—e)cosl+asinu)1—e?sinl=rcos(v—1),

Y = —a(cosu—e)sinl+-asinu )Y 1—e cosl =rsin (v—I).
Jlerko BuaeTs, 4TO mpaBHe dacTd ypaBBenmii (9) Gynyr JuBeiiENME
B ogHoponauMu ¢yBKmuAME oT X ® Y. Ocraerca BHaiTm Koaddu-
paest™s opEe X 1 Y

HanmomauM, KakmM oGpasom Guum moaydeBn ypaBBernms (9). Mu
BOCHONIB30BaNNCh ypapBeEmaMa (8') m (8"), yumTmBasg, uro § =
= p +g. Kpome Toro, mMm samenmmianm B ypaBHeBusax (8') r cosv

H rsin v ux supakeBmamz (8"). Ho, oueBmppo, { = (v — 1) 4~
-+ (g + 1), Tak uTo ypapBenns (9) IpHBAMAIOT BHJ

zy=X [cos(g+ 1) cos® —sin (g 1) sin O cos i] —
~— Y [sin (g + 1) cos 6 1+ cos (g + ) sin O cos i],

%o =X [cos (g4 1) sin 0} sin (g 4 I) cos O cos i] 4
+ Y [—sin(g-1) sin 8 4-cos (g 1) cos B cos i],

z3=Xsin(g-1)sini+ Y cos(g+I)sini
Han

T —X[cosz-i cosl.—l—sinzi cos (x_ze)] -
1= 2 P

Y [cosz-;— sin A -+ sin? - sin (x—ze)] ,

=X [coszésinx—sinz—;—sin (?v—26)] -+ (12)
+Y [cos’%cosx—sinz-;— cos(x—29)] ,

x3=Xsinisin (A —0)+4 Y sin i cos (A —0).
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64. Cpoaxra dopmya. Mu nosaraeM nojieaBHM IPHBECTH 371€Ch CBO-
Ky $opMy:1, CBA3HBAIOMMUX IepeMeBHEE £ B J ¢ KABOBHYECKEMH 9JI0-

mentamu L, ), @, 0, £, 1. B 210 popMynn Bxonar Maccw m, M u pas-
JIHYBHe BCIOMOTaTeJbHHe BeJMYHBH @, e, i, u, r, v, I, X, Y.
Umeem:

L=mV#Va, a=L (1 -VT=&),
02 =(L—gy) (1—cosi),
§1=V§Q_1°°S‘°h "]1=V2_Q1$i110)4,
& =12 cos @,
M=V 2gsine,, I=A+ay, H )
l=u—esinu,
rcosv=a (cos u —e),
rsinv=a)/1—e®sinu,
X=rcos(v—1), Y=rsin(v—1I).

=X [cos’-;—cosx—i—sinz%cos(x—l—Zmz)] — )
—-Y [cos’z—%sin x-}-sinz%sin (A,+20)2)] ,
z2=X[cos’—;—sin x—sinzé-cos(k-l-Zmz)]-}— (12)

+Y [cos’%cos x—sinz—;—cos (?v+2m2)] )
z3=X sin isin (A + @g) 4+ Y sinicos (A 4 @s).

Vataifai=r=a(l—ecosu) =12 (1—cf

14-ecosv’
Zoys— L3y = — (L —0,) sin i sin @y,

J

z3yy —T1ys = — (L —@y) sin i cos a,
ZyYo— ToYy = L —Q1—Q,

1 M 32
s B+ =" = — T
65. ®opma paanosxenna. Jlas Goree ynoGHOr0o IpAMEHEHRHS BHBE-

HeHHHX (OPMYJ HY:KHO Da3JIOKHTh KOODAHHATH X, Tz, L3 B PAAH,
3aBHCAMEEe OT KaHOHmYeCKHX aaemeHToB. HakoBa ¢opma 3THX pas-
noKeHmii?

Jdas Toro 49ToGl OTBeTHTH Ha 3TOT BOLIPOC, MH Pa3o0beM 3afady
ga mse dactu. CHavasa paccMOTPHEM pa3ioKeBHA BCIOMOIaTeJBHEIX
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peamanB X ® Y, mocie 4ero paccMOTPHM pasjoeBHA Koadduinen-
troB npa X m Y B ypasueHuax (12').
3ameTHM mpeRae Bcero, 9TO IepeMeHHAA Q; Pas3JOKHMa IO CTe-
meBsAM e u KoadhHIUEeHTH pasnoieBus 3aBHCAT or L. Ilepsuil wien
=
PasO;KCHASA CONEPIKAT e, CIeNoBaTe]bHO, BEJIMIHHA —V—eq—‘ TaK/kKe

P
pasIO;KnMa MO CTeNeHsAM €2 H TO e CaMOe MOKHO CKa3aTh O Ve

Q1

s ypapHeHus, cBsisHBalomero @, ¢ €2, MOKBO BHBECTI pasiloske-
Bie ¢ B psj 0o creneHaM ;. B § 58 My Hamam

204 01 \?
2. <01 Q1
et= L+(L> .

(4
Orciopa BHTeKaeT, 94TO BeJHYHHY Ve TaK;Ke MOJKHO Ppas.Iio-
01
HUTHh m0 cremeHsM @;. Ho
e _ecosw _ esinay
V 20 E1 N1

201 =E] +ni.

U3 atoro ciegyer, 9TO € €OS ®; W € Sid ©; PA3AOKAMH IO CTeIie-
HAM E; | 1, 9T0 cAexyeT Taxxke u3 dopmya § 58. HoappuunenTn Bcex
3THX PasloKeHui saBHCAT oT L.

66. IloxaskeM Temeps, 9To BeJIWIHBH U — I, cos (u—1) u sin (u—1)
MOKBO pasiOMKHTh IO CTeIeHsAM e cos | m esin [.

s »roro pacemoTpmm ypaBBenme Hemimepa

l=u—esinu, (7N
KOTOpOe MO;KBO BaIlMCaTh B BMje
(u—1)—esin lcos (u—1)—ecoslsin (u—1)=0.

JleBasg 4YacTh DOCHENHEr0 paBeHCTBA pPA3NOKHEMA IO CTeIeBAM
(u—1), esinl, ecosl. llpm KakoM yCIOBHH MOMKHO Pa3OMRHTH
(u — 1) mo cremensM e sin I m e cos I? CormacHo TeopeMe O HeABHEIX
QYBKIOHAAX 3TO yCJOBHE 3aKJII09aeTCsA B TOM, UTO YacTHaA IOPOH3BOJ-
Has JeBoil gacTd mo (v — l) momkBa OWTH OTAWMYBOH OT HyJs NpH
ecosl =0 m esinl =0. IT0 ycroBHe BHIOJBEeHO, TaK Kak 3Ta
npomsBopBas paBBa exmBmne. CremosatennBo, (u — l) Momer GHTH
paaiiokeHa IO CTeIEBAM ¢ ¢os [ | e sin [, ¥ To 1ke caMoe MOKBO yTBep-
JKIATH B 0 e ¢os (u — ) m esin (u — ), KOTopHe B CBOIO 0uepeNb paasio-
SKAMH B pAAM mo cremeHsM (u — [).

ITO OYEeBHAHO TaKmke HIsA

e cos (u -+ 1)=e®cos 2l cos (u—1)—e? sin 2l sin (u—1),
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TAK KakK
e*cos 2l =(ecosl)®—(esinl)?, e?sin2l =2(ecosl) (esinl).
Orciona caexgyer, uTo €2 cos (W + l) TOKe MOKHO PasnOMKHTD B PAX
o cTelleHAM e ¢0s | m esin l. Amamormaso pasjaraeTcs B pAR H BHpa-
werne e?sin (u 4 1).
67. Jlanee saMeTnM, 9TO MH HMeeM

X =cos(u—l)—1ﬂ/1— +e2cos (u-1)- 1—yi=e —ecosl,

3 Bz
Y sin@—piEVI=E ezsm(u—l-l)l——]/l— Lesinl.
M BufeNH, 910 (u l)m e’ cos (u-l—l) PAa3JIOKUME 1O CTeHeBsM

sin
ecos l, esinl. To e cnpanennnno H JaA

14+y 11— 1—Y1i—e
2 ’ 2¢2 !
TaK KaK 3TH /e QyHKIAH DPasoKAMH IO CTemeHAM e®= (e cos l)® 4
-+ (e sin I)2.

X Y
U3 artoro caemyer, 410 = B - DasNOKHMH IO CTEIEHAM € COS 1,

esin l, a ciemoBaTeNbHO, H IO CTEHEHAM e COS ©,;, € Sin ©;, TaK KaK
ecosl=ecos®; cosh—esin @ sin A,
esinl=esin ®; cosA+ecoso sin A,
WM OO0 CTemeHsM
Eh M4,

TaK KaK ecoS®, H esin @, pasiaraoTca mo cTemeBAM &y H 1.
OxonuaTtenpHo moaydaeM, 90 X #H Y pasioKUMB IO CTeHEBAM
E, u n;. HoapdpmaueHTH 3THX pasiaoxennii 3asmcAr ot L u A.
. Ilepeiimem Temeps k KoaddmmmeHTaM mpm X n Y B ypasHe-
Hnsax (12'), Koropeie mMeloT BHJ

2
+ cos® 2 sin 2 sin

IITH
cos
o (M+o2).
9T KO3)PUIMEBTH pasNaralTCA [0 CTENeBSAM

sin %cos ®,, Sin —;— sin @,. (13)
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9710 0TeBHAHO A5 sin? — 50 no'ropnn ©CTh CyMMa KBajpaTos BesmauH (13),
H 10as cos® L - = { —sin? 2 ) COS o l/i—sm2 !

i .
10 ACHO TaKKe NJA BEHIpaKeHMil s1n27cos 207, s1n2-2— sin 20,,

U3 KOTOPHX I€pBO€ PaBEO Pa3HOCTH KBajpaToB BeamdmH (13), a BToO-
poe — yNBOGHBOMY LPOH3BEJICHHI0 WX.
TouBo Tak ke 3T0 CHpaBeNAHBO AAS

sin? - cos (A + 20,) = sin? = cos 20, cos A—sin? -+ sin 20, sin A,
2 2 2
A
. COS i cos

sinz-;—sin(?»+2m2), sin i gin 92 = 2 ¢08 — sm 7 sin %

a TaKKe JIs
sinicos(A -+ @;), sinisin (A4 o,).

Orciopa caepyer, 9ro KoaddmuuenTs: upn X # Y pasaoKmMe DO
cTeleHAM nByXx BeamduH (13).

Ho Mm uMeeMm
E;=2) L—pg, sin %cosmz,

Ne=2) L—g, sin—;-sin ®2e

CnenoBaTebHO, HamH KO3GOMIUEHTH pas3JaraioTcsi N0 CTENEHAM
BeJIMIHH

E2 , 2 .
2V I—o ' 2VI—g

VL—m ~(z— §2+m>

pasJoHEMa IO CTeNeHAM &y H 1),.

Taxmm o6pasoM, koaddumuenTsr npu X w Y B ypasmeBuax (12')
PasNOoKEMB IO cTemeHAM &y, 7, &2, M2.

69. Urak, kOO pAHEHATH 2 PAa3JOMHMEH IO CTe-
neBaM E,n, B M. HoaddummeBTH 3THX pasiomeHnil saBHCAT
or L m A.

HeGecnonesno mo6aBATh, 4TO BHPaKEHAN AJA Z; ABIAAITCA HepH-
OfWIeCKNMA (QYHKUHAMH HEepeMeHHOH A, T. €. OHH He MEHAITCH,
ecadm A 3aMeHATH Ba A -} 2x.

Ho

NI»
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Paznoxenns pus y; mMelor ToT sxe Bup. Jas Toro 4to6H yGe-
RUTBCA B 3TOM, NOCTaTOYHO 0GpaTHTBCH K PopMyaam

_ M2 Oz
W=—T1"3

Taxnm o6pasoM, mepeMeEBHE &; H J; MOFYT OHITH pa3iOMeHLI
B PAAH CJHEYIOMEro BHAA:

2 Acos (poh + k) M, (@)

Ie po— menoe 4Hcno; A H h — DOCTOAHHEHE, 3aBHCAIEE TOABKO OT
L; MM — meantit oxHOUNEH OTHOCHTENABHO § H 7).

Honaras sateM §; = V/2g; cos 0;, ;= ¥/ 2¢; sin ©;, Mu npapagum
pasnoskeHmio (@) BHJ

hx Bof1g32 cos (poh + pi@ - 0, -+ £), B)

rae B n h 3aBHCAT TOABKO 0T L; p mprHAMAeT mejke HOJOKATeNbHEKE
HJA OTpPHOATeJbHEHe 3BaUYeHns; 2¢— YeTHHe HEeOTPHIATEJLHEE YHC-
Ja, mpmdeM 2¢; MMeeT TAaKyl0 Ke 4eTHOCTh, KaK p;, H LIPHTOM

29> Ipil

Mu xoTHM mOKasaTh, UTO pasiOMKeHHe (G) MOKHO IPENCTABHTD
B dopme (B). MlocraTrouno mokasaTh 3TO AJAA MOGOTO YJEeHa pPasio-
MeBHA. IT0 HEIOCPEACTBEHHO OYEBHIHO, eCad oxHOWIeH M npm-
BOIMTCA K efMHHIE, TAK KAaK TOIJia WJeH pasiokeHmsa GyjeT paBeH
A cos (poh + k).

Taxnm oGpasoM, GyneT AOCTATOIBO IOKA3aTh, UTO €CHH HEKOTOpAs
$yBRuEA npexcraBasercs pasiaoxkesneM dopMm (f), To 3TO TakKe
cIpaBefinBO ¥ NN NpoH3BefieBHA QYHKuHME Ha §; mam Ha 1);, Cle-
NOBATENbHO, UDHMEHAs WHNYKTHBHHI MeTOJ, MOXKEO GyJNer INoKa-
3aTh, YTO IPOH3BeieHNe YKasaHBOH QYBKUUH Ba OPOH3BOJLEHIL 0JBO-
aned N MOKHO BHPasHTh B BHAe pasioxenns (9).

Urak, nycrs

H=3) Bof1g32 cos (poh + p1o; + pa02 -} k).

Mu yrBepsxmaeM, uTo MO;kBO B dopme () mpeucraBHTH H pasio-
MEeBHA

Ht;=HVY 20;cos0;, Hn=HV 2 sino;=H V 20:€0s | '/ ©;— ’_,‘)
H BoOOme BHpaskeBHA BHJA

HYV 2¢; cos (0;+ k).



80 TOM I. OBIAA TEOPMA INIAHETHHIX BO3MYIMEHUN

JeiicrBHTEeABRHO, MMeeM
H YV 20;cos(0; + k') =
1 o ' ’
=73 > Bege V @i [¢0s (o - prog + patoy+ @y +h+h') +
-+ cos (poh + p1©y + P — 0, +h—R')].

Ho aro Bupaenne nmeer dopmy (f); B caMoM jesie, €CIH HONOMKUTDH
A OmpefieleHHOCTH i = 1, TO MH BUAUM, 4TO 2¢, M p, He H3Me-
HAIOTCA, a BMecTo 2g, GymeM mMmerb 2¢,+ 1, BMecto p; B opHOM
ujIeHe OymeM uMMeTh p,+ 1, a B apyrom p,— 1.

Ho ecun

2¢;, = p; (mod 2) *), 2g:> | pi s

TO0 GymeM mMeTh, OYeBHIHO,
2¢;+1=p+1=p—1(mod2),
2y +1>{pt+1|, 2¢+1>[p—11,

YTO M JOKA3HBAET BHCKA3aHHYIO TEOPEMY.

70. CummeTpusa, Ecnuannunraieckoil opbute M IIaHeTe NPUAATDH
o0mee Bpamenue Ha Yroj & BOKPYT OCH Z; (Kak ecid OH ILUIaHETa H €@
op6ura oGpasoBHBAJIM OfHO TBEpHOE TeJO0), TO dJIeMeHTH [, g, 0, L,
G, © namensarcama l, g, 0 + e, L, G, ©. Jnementu L, g, 02, A, Oy,
0, u3MeHATCA HA L, @1, 02, A + &, ®;— &, ®3— &, 2 KOOPIHHATH 2y,
ZT,, T3 OPUMYT 3HAYOHUA T, COS €— Z, sin &, &, sin &4 z,cos &, Z3.

Hrtak, ecanm B pasjioKeHUAX KOOP/IMHAT  3aMEHHTEH NEepPeMEHHHE §
M 1) X BHPaKeHAAMM B QYHKIUU @ N ©, TO MH HOJXY4YUM DPANH, pac-
HOJIOKeHHEe IO CHEYCAM H KOCHEYCAM KPaTHHX A, ©;, ®j.

Bynem umets, caepoBaTedbHO,

1= D} A cos (poh + pyy + pow2 + 1),

I7ie Po, Py ¥ po— IeJne 4ucia, a A u h cyrb pyHRmuu or L, 0, U Qs.
Ionxosmm

)y = ) A cos (poh + p,&, + pos + B),
&y = D) A’ ¢0S (Do + Py - ooz + B'), (14)

L4
3 = D) A" cos (poh + P10, + Py -+ B).
Ecan A, o, 0, 3aMeHEUTH HA A 1 &, ®;— €, Wy— €, TO APTYMEHT
KOCHHYCA yBeNHYUTCA Ha (Dp — py— P2) & U Ty, Tz, T3 JOJIKHEL Hpe-
BpaTHTLECA B

T1C08 e —1I,8ineg, z;sine+zycose, 3.

*) Yucs1a ¢ m b Ha3WBAOTCA CPaBHAMEMY o mod m, ecad OpH HX Jele-
HHH HA m HOJYYaeTcA OfHH H TOT 3Ke ocTaTOK. (I7pusm, nepes.)
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OTcloga 3aKJ04aeM, YTO:

1) B pasnoKeHHAX Iy M Ty po— py— p2= 1, a B pasiokeHNH
A1 &3 po — py— p2= 0;

2 A=4', W=h-3.

71. Paccvotpum omarts ¢urypy, o0pasoBaEHEYH mjaHeToii u ee
IMINTHYeCKOlt op6uToil, 11 3aMeHNM ee cUMMETpHUHOI Urypoil oTHO-
CHTEIRHO ILIOCKOCTH Z,Z3.

9drto mpuBonuT K usmenenuo L, G, ©, 1, g, 06wua L, G, O, —I, —g,
—0, nan L, ¢, 02, A, ©;, ©s na L, gy, 02, —A, —@;, —w,, nIH,
HAKOHCL, &,, Zs, Z3 HA Z,, —Z3, T3.

Taxus obpasoM, Korja yris A, ©;, ©, H3MEHAIOT 3HAK, KOOPAI-
HATA Z5 IBMEHACT 3HAK, B TO BpeMsA KaK KOOPAMHATH Z; H I3 He H3Me-
HAIOTCA.

910 osHauaer, 4T0 B pasznokeHHAX (14) ME JONKHH MMeTH

” ’ J'I'.
h=h" =0, h =—,

TaR 4YTO 9TH pasJIO)ReHHH 6yﬂy’l‘ IOMeTh BUJ,
)= D) A cos (poh + i, + pez),
Ty = X Asin (poh + pyoo; + paws), (14')

x3= D A" cos (poh + p1&; + pa0s).

72. PaccmoTpuM omath Ty ke QUrypy M 3aMeHHM ee CUMMETPHY-
Holi QUIrypoil OTHOCUTENBHO INIOCKOCTH Z;T;. JTO HPHBOAUT K 3a-
serEe o0muyecKux mepeMeHHHX £, m M, Ha-—§,, —N,, WIH K 3aMeHe
©; Ha ®y+ 7. IIpu aTHX YCHOBMAX Z; M I, He NOJKHH W3MEHHTHCH,
B TO BpeMsa KakK T3 JODKHO m3MeHHTH 3Hak. OrTcioja ciemyer, 410
Ps— 4eTHOE YNCIO B PasjioKeHNAX Z; M Ty (14) n (14') m HeuerHOE
B Pa3JIOKEHIM INIA 3.

Comocrapisia dTH pe3yABTATH C Ppe3yibTaTaMM, HIOJYYEeHHEIMM
B § 70, MH BUZHM, 9TO po— p; O Py - p; BCErJa ABIAIOTCS Heyet-
HEIMA YHCIaMH.

73. Oanopopnocts. Horga e, i, I, g, 0 ocTalorca mOCTOAHHERIMM,
a Gouplnad mONyoCh a naMeHsercda Ha a (1 4 &), KoopauHaTH Z,, Z,,
z3 cTraHyT paBHeMu z; (1 1 &), z, (1 - s),L z3(1 = ¢e).

Q1 Q2

Iipz 3Tnx yCHOBUAX BHPAMKCHHA Vi Vi wVE
monyuar MEOMuTeneM BexmumEy )1 -+ e.

Orcioga ciuefyer, 4T0 KOODAMHATH I; ABIAITCA OHOPOLHHIMH
$yHRIUAMI BTOPOil CTEHmEHII OTHOCHTENBHO BEJIHINH

L 0
myM' myM’

6 A. ODyamkape
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M
L g2 n?
mVJTl ’ m]fil—l ’ mVJTl '
TTocMoTpuM, 4TO OTCIORA MOMIHO 3aKJIIOYHTH 0 hopme pasao:rennit (14).

Hospdunuentt A u A’’, KOTOpHe BXOJAT B 3TH PAa3jIOKEHHA,
NPeCTABAAIT c000li CYMMH YIGHOB CIENYIOMEro BHAA:

A nn 4= D BL* U gugp L

rae 2¢;— mejioe YHCIO TAKOI ke YeTHOCTI, KaK p;, Il He MEHBIIE YeM
|P1]s @ 2g2— medoe 4MCAO TAKOM ’Ke UETHOCTH, KAK D,, Il He MEHbBIe
4yeM |ps|, 1 rae B cyTh YncaoBHe K0o3(pQUINEHTH.

Mu Gynes uMeTh, KpOMe TOro,

Y=— 2 Cm*M L—i_q’—qui“Q'z" sin (poA -+ py0, 4 pows),
y2 =21 Cm*ML™'~%"%20010% cos (poh + p,0, -+ poo,),
Ys=— D C'm:M L_‘—ql—quq‘qu sin (poh + oy + paw2),

rae C u C''— 4ncloBHe KOHCTAHTH, paBHEHE Bpy; 2¢; A0MKHO GHTH
HEJHMYHCIOM TAKOM e YeTHOCTH, KaK Py, U HE MEHbINe 4eM p,. Jleii-
CTBHTEJILHO, TAKOBO YCJIOBHE TOTrO, YTO

oft cos (pyw, -+ k),
rae h He 3aBHCHT OT Q; M (;, MOKHO PAa3JIOKUTH IO CTOHEHAM
V291 cos @, =§;, V 2¢sino,=n,.
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74. Ocryanpyromue opontoi. Bepresca rk puc. 1 u mpegmonosxe-
graaM § 30, T. e. paccMoTpHM ABWKeHHE ABYX OMKTMBHEIX miaHer, 4’
u B’. Mu Bugenu B § 37 u 38, uro MoxkHO mososkuth F = Fo-+ pnFy,
rae nF, 3HaYUTENBHO MEHbIIe, yeM Fy, W 4T0 ecam F 3aMeHHTH Ha
Fy, 10 PunTuBHaa nmamera A’ Gymer ABMraThCA TaK, KAK eCIH OB
OHAa NPUTATHUBAJach HENOABM:KHOLI Maccofi m; 4 m;, moMemeHHOI
B Havajle XOODPAMHAT, & MKTHBHAA mjaHeTa B’ — TaR, KaK ecim OH
OHa INPUTATUBAJACh HENOABIUKHON Maccoll m;--m,t m,, Tarme
nomemeHHOH B Havatxe. Ma artoro ciegyer, 470 BmepBOM I P M-
GammeHNHN [JBIUKEHHE 3THX ABYX (UKRTUBHHX IJIaHET HOMIH-
HAeTcA 3axkoHaM Hemmepa.

IIpexmomonnm, 9T0 B MOMEHT ¢ CHIH, AeiicrByiomue *) Ha PUKRTHB-
HYI0O IJaEeTy A’, BHe3aIlHO HCY€3al0T, 3aAMEHAACh EFHHCTBEHHOM
CHIIOH NPHUTAMEHHA HENOABIVKHON MacCH m, - m;, pPacHOJOKeHHOM
B Havaxe. Torma, HaumHas ¢ MoMeHTa ¢, mmameta A’ Gymer mBUraTbcs
0 ITHNTAYECKOH op6uTe, KOTOpPaA HAZHBACTCH OCKYAUPYIOWeil opOu-
moii naanemu A'. Wnu, ecnim yrogEo, paccMOTpHM HOBYIO (QHKTHB-
HYI0 miaHeTy A”, MMeoOIyl0 Ty ke Maccy, 4To M miamera A4’, T. e.
m;, ¥ KOTopad B MOMEHT [ MIMEET Te ke KOODAUHATH U TY Ke CKOPOCTb
Kak IO BeJnyuHe, TaKk X I0 HampaBieHuwo, 410 u A’. Ilycrs oHa mpu-
TATUBAGTCA TOJBKO HENOABIKHON Maccoit my - mq, IOMemeHHOIt
B HadaJe Tak, YTO €6 ABUIKEHHE HPOMCXOJUT B COOTBETCTBHUH C 3aKO-
samu Hemnepa. B mMomenT ¢ minameta A” mMeeT Te Ke KOOPAUHATHI,
uto U A’, 1. e. z, T,, Z;, ¥ Te )6 KOMIOHEHTH KOJNYECTBA ABIKEHUS
Yy Yz Y, Ho B mpyroit MoMent, oTAHYHHI OT MOMEHTA f, IJIAHETA

He OymeT MMeTH Te e KOOPANHATH M KOMIOHEHTH KOJHYECTBA
nBmKeHMA, Kak A’. danmnTmueckas opGura A” ABIsAeTcs TOrmAa
OCRyIupylomeil opOuroit muametw A'.

911 ABa ompefelieHNs HPHBOMSAT, OYEBHAHO, K OJHOMY M TOMY e,
TAK Kax HoBag miamHeTa A” Oymer coBmajgaTh ¢ miaHeroit A’, eci

*) Mosker GHTB, BTOT AZHK He KOPPEKTeH, TAK KaK Ha (HKTHBAYIO mia-
HeTYy He MOTYT JeiiCTBOBATH peaJbHEHE CHIH. MoskeT GHTBH, CIefOBaJO G
TOBOPHTE: GHKTHBHNG CHIH, KOTOPHE KaKyTCA AefCTBYIOMAME; BIPOTeM, 3TO
He TaK CYmeCcTBeNHO, TAK KAK HHKAKOii HeACHOCTH MOMKHO He olacaThes.

6*
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CILTHI, HeiiCcTBYlomiile Na IOCJeAHION, BHE3aNHO 3aMEHATCS HPHTA-
sReHIleM IEeHTPAJLHOII MAaCCH m, - mq.

B moxenr ¢, oramuusii ot ¢, A” He Gyger Gomee coBmagath ¢ A’
Mbl J0//KHH, CJI6I0BATEIBLHO, BOOOPa3HTh HOBYIO QUKTHBHYI) ILIa-
Hety, A", KoTopasi GyaeT ABHraTbCf B COOTBOTCTBHN ¢ 3aKOHAMH
Remepa it KoTopasgsi BM 0 M e HT £ MMeeT Te ke KOOPHUHATH 1l TY ke
cropocTh, uTo 1t A’. Jaaunriyeckas opOura miaHetH A"  Gyaer
OcCrRyanupylomeil opGuroif mapamerw A B MoO-
Me HT {', He CoBHAJalOmeil ¢ a2 LTINTHIECKOI oplburoii 4", T. e.
¢ ocryaupywomeii opGuroii A’ B moment {. CiaegoBaTeapHO, OCKYILI-
pylomasn opOuTa M3MEHAETCA CO BPEMEHEM,

Onuarxo ecau F 3aMemuth Ha F,, mnametra A’ Gymer ABHraThes
coradacHo saxomam Hemmepa; copmajgas B UEKOTOPHII MomeHT ¢ A",
oHa Bcerma OymeT coBmamaTh ¢ A", ciemoBaTenbEo, A” u A” coBma-
AT, N OCKyJIHpyomas opbura Gymer HeMaMeHHOII.

B peiicteurenbHocTH F He paBHA Fy, HO PasHOCTH MeKAY HHMI,
KOTOPYI0 MH 0G03HaumIIl yepes WF,, BecbMa Maaa. M3 atoro caegyer,
4T0 OCKYyaAMpYylomasa op6éunTa M3MemAeTCH, HO
€e H3MeHeHHEe HNPOMCXOAMT MejagJdeHHO.

ApajioruuE0 MH OHIpefelnM OCKyJAHpylomylo opbury B': ato —
JINIOTHIECKaA opOuTa HOBOH (UKTHBHOH miaHeTH B’, roTopas
HMeeT Ty ke Maccy, 4To m B’, 1. e. mj, m roTopasa Oymer uMeTh
B MOMEHT { Te ’Ke KOODAMHATH, 4To X B', 1. e. x,, &, Z;, Ty e CKo-
POCTh IO BeJIMYMHE ¥ HANPABJICHUIO U, CJICOBATENBHO, T€ K€ KOMIO-
HEHTH KOJIMYeCTBA ABMKEHHA, T. €. ¥, U,, Y,. Il1amera B’ npmmerca
o 3axoHaM Hemnepa mop meificTBueM NpuTA;KEHHA IEHTPAJILHON Mac-
¢Hl my +m, + m,;. TaknM oGpasod, HaM OCTaeTCA HOBTOPHUTH BCE TO,
4TO MH CKa3ajd 0§ OCKyJupylomux opbutax A’.

B raase III Gmuro mokazamo, 4To popMa, paaMepH I OpHEHTAINA
BIMNOTIYECKON OpOHTH, a Takke HOJOKEHHEe MIaHeTH Ha opOHTe
MOryT OHITH OHIpefeIeHK IUeCTHIO DJIEMeHTAMM, ABIAOMIIMICA A4IUN-
MUNECKUMU  AeMEHMAMU WIN KaHOHUMecKumu saemenmaxu (§ 98).
Hlects aieMeHTOB, KOTOPHIC OMpeACTAIOT JIINOTHYECKYI0 oplury A”
(t. e. ockyaupyromyio opéury A’) 1 monomemne A” Ha opGure
(1. e. momoskeHne miaHeTH A’ Ha cBoeili ockyampylomeii op&ure),
OynmeM Has3HBATH OCKYAUpYIOUUMUL daeMenmami nachemsn A’. B rem-
JIEPOBCKOM JABMKReHHH TOJABKO OJUH M3 3JEeMEHTOB 3aBHCHT OT Bpe-
AeHH (3T0 CpeHAsA HOAroTa A, ecan IpHMeHAT OJHY 3 ABYX HOCHe-
HHAX CHCTEM, OmpefedeHHHNX B § 58, nuu cpegHsaa aHoMamus [, ecau
TpHMEHsAETCA OfHA M3 [JBYX HEpPBHX), M BTOT 2JeMEHT HMaMeHseTcsd,
KPOMe TOro, IpomOpHHOHANLHO BpeMeny. OcTalbHEEe HATEL 3J1€MEHTOB
HOCTOSIHHH,

Y10 racaeTcsa OCKYANPYIOMUX 2JEMEHTOB, TO OHU BCe OYAYyT U3Me-
HATBCA CO BPEMEHeAM, HO II3MEHEHIe OJHOTO M3 HuX Oymer HOYTH Hpo-
TOPHUOHANLHHM BpPeMeHH; W3MEHEHHA APYTUX NATH OyayT BechMa
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mejteaHsiMi. JleficTBITeNBHO, MBI YBMIIM, UTO OCRYJIHPYIOmAasn opoi-
Ta 13MEHAETCS, HO YTO OHA M3MCHFETCSl BeChMa MeAJCHHO,

AHaJIOTHYHO ONPERENAIOTCA OCKRYINPYIONIIe 3JIeMeNTH miareTsl B,

75. Cayuaii o6munHoro meroga. B § 44 Mml ompemesian Tarywo
3aMCHY IEeDPEeMEHHHX, KOTOPOil acTpOHOMH HOJIL3YIOTCsl 4amie BCero.
Xora MH He GymeM ee yHmoTpeOlATH, MPEACTABISET MHTEPEC PACCMOT-
PeTh ee M ONpEAe]NTh OCKYJANPYIOmue OpoNTH, K KOTOPHM OHa HpII-
BOJIMT.

e miametn, A 1 B, oTHeceHH K connny C, Tak 4T0, mpopeas OA’,
paBHHM u mapanieasEsiM CA, n OB’, pasusM u mapamnensuEuyM CB,
MH BBeJH fiBe QHKTHBHHe IIaHeTH A’ 1 B’ ¢ Maccamu m; u m, CoOT-
BETCTBEHHO.

3mech oNATH MOKHO BOOGpasuTh HOBYIO QUKTHBHYIO miuaHeTy A",
UMEIOHIYIO B MOMEHT / Te ke KOOPAMHATH H CKOPOCTH, u4TO I IJIaHeTa
A’, m EBWKYMYIOCA IO IHOCY HOJ AGICTBHEM HOPUTAMEHIs LeH-
TPAIBHOI MACCH m,; 4+ mq, H APYryio QUKTHBHYIO IULIaHETY, 5", iMeo-
IMyI0 B MOMEHT { Te jKe KOOPAMHATH M CKOPOCTH, 4TO M B’, 1 omucH-
BAaOIYI0 JIMIC IOX peiicTBHeM NPATAMEHUA HEHTPAIBHOI MacCH
m; -~ mq; (MMEHHO m,-}- mq, TAK KaK, ecln HOpeHEOPeYh BO3MYIKAIO-
meii pyHrmueii, ompenexennoii B § 44, 1o geikenne B’ Gyjger coBma-
JaTh ¢ ABW;KEHMEM MacCCH, HPUTATHBAEMOIl HEHOABIKHOH Maccoil
m,—+m;). Tarnm oOpasom, saaunnmrnyeckas op6ura miaHeTH A”
UM Takad ke B’ aApasgerca ockyampyiomeil opGuroit miamerst A’
i B’. Boapme Hivero He mpUAeTCA MEHATH B TOM, 4TO GHLIO CKa-
3aHO B HpefHAymeM maparpade.

76. Cayuaii npeodpasosanua § 26. Ilpegmomoskum Temepn, YTO
paccMaTpuBaeTcA 3aMeHa mepemeHEmX § 30.

OurTnpEne wiameTH 4’ 1 B’ uMeior MaccH

mymy mymyq
my-t-mq’ mg+-my

?

I MH HOXYYHM liX HOJIOJKeHWsA, IpoBefsa BexkTopH OA’ um OB’, pas-
HEIMH M DapajuiebHeMu BexTopaM CA u CB. Omi nMeoT KoopaIHaTh
T, Ty Ty &, I, . Ho mepemenmme y,, y;, ¥g: Ui Y, Y He OyRyT
OpONOPItOHAIBHEIME IPON3BOAHEIM OT &', I HO3TOMY OHW HE Ipefi-
CTaBJIAIT KOMOOHEHTH KOJNIYECTBA ABIVKEHHA 3TUX (HKTHABHHX IJIa-
Her. OHH OyAyT HpeAcTaBAATH, KAK MH 3HaeM, cocTaBiasapme aco-
JI0THOTO KOJNHYECTBA ABIKEHIA IBYX AeiicTBHTeAbHH X IJaHeT.

Bor kak ny:kHO ompefesuTh B 3TOM CJIyyae OCKYJHPYIOmie opou-

TH. BooGpasnM HOBy0 (MKTuBHY0 miaHery A”, HMEIOIYI0 Ty ke
mqom

Mace F‘H—; , KK I A’; IOyCcTh B MOMEHT / OHA IIMGET KOOPIUHATH
t-i-ma

Z{, Z;, x; I KOMNOHENTH KOJIYCCTBA ABIGKEHUS Y, Y, Y. HYCTD.

HaKOHeI, OHa JBIKETCA COoIVAcIo 3axoHaM Iemaepa mop pmeiicTBuem

OPUTAKEHENA HeHTpaJbHOll MaccH my —- mq.
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Mu BauM, 9T0 B MOMEHT BpeMeHN { miamera A” mMeeT Te ke KOOP-
NMHATH, 4TO ¥ mIaHeTa A’, HO He HMEET TeX 3Ke KOMIOOHEHT KOJHYecTBa
ABIUKEHIsl, CJELOBATEIBHO, HC HMeeT TOIl ke CKOpoCTI.

IInamera A" gBm:KeTcA HO DANMNTIYECKOIl oplute, KoTOpas GymeT
ocKympylomeii op6utoii naametn A’.

TouHo Tak sKe MOMKHO BBeCTH QUKTHBHYIO IIamEeTy B’ I oCcry:1u-
pylomyio op6ury mianetH B’. OTMeTHM ToJNBKO, 4TO miameta B” Gymer
IBHTAaTHCS HOA AeiicTBMEM IPHTSREHIA HeHTPAJbHOII MAaCCH My, - mng.

77. Cpasnerue ocryampyiomux opdour. BMecrto Toro uroGs roso-
puth 06 ocrRyaupylomux opourax A’ maE B’, 0OHKHOBEHHO I'OBOPAT
006 ocryaupylomux opéurax A uan B, 1. e. 00 ockyIupyomux opoi-
Tax peaabHEHX naaHerT. Taxkoit ofopor peun Mmo:KeT OHTH
opnHAT Ge3 BCAKHUX 3aTPyFHEHMIl, HO Korga GymeM roBOpPHTH 06 OCKy-
nupylomeii op6ure A, To HYKHO HOZpa3yMeBaTb, 4YTO PeYb IfeT
0 Takoli ke opfure, COOTBeTCTBYIOmEl PUKTUBHOIl miaHete A'.

TeM He MeHee, Hy:HO 00paTHTH BHHMAHIIE Ha OJHY HeTaldb. MH
BUJieNIH, YTO CYMeCTBYeT HECKOJABKO CHOCO00B OMpejeneHAs OCKYIH-
pYloImux opGHUT u, clegoBaTelbHO, OCKYJIHUpYOmux sjeMentop. Cyme-
CTBYIOT eme M gpyrue cmocolu. B § 74 BMecTo Toro, 4To6H oTHecTII A
& C u B & nenrpy unepunn 4 u C, M Morau O otHecTu Bx Cn 4
K neaTpy uHepuuu B u C.

Bomee Toro, ME Morim GH OpHOVCAThL LEHTPAJHHHM MAacCaM ApY-
rue 3HaveHuA. [eficTBurensHO, paspgeneEme F Ha fse uactH, F
H pFy, ocTaeTcA OPOM3BOJABHHM B JOCTATOYHO INMPOKOM OTHONIGHHII.
Mzt Morii G OTHATH Karyio-1u6o PyHRIMIO 0T F 11 IpubaBUThH ee 3Ke
E pFy, ammoe GH OHa HMMeJa TOT K€ HOPAJOK MANOCTI, KAK H BO3MY-
maomaa ¢ysrnusa. Hanpumep, MoxHO GhNO OH 3aMEHHTL B Fj 4ieH

my, (myq -|-mq)
BD

YJIeHOM

mgmy
BD °

n

T Mm
Tak KaK MX PasHOCTh ——* — mopangka uF,. Torna ueETpaabEyI0 Mac-
BD !

cy, ompejelAlmMYI0 ABIKeHHe INIaHeTH B’, BHrogHo Oparh paBHOI
my (m n . mm
_4_(%7) =m, +m;+ mq, a 3HAYCHHIO ""z; 7. flcHo,
9TO0 MOKHO BHOpaTh H Apyrue 3HAYCHHA.

Paszymeerca, aTu pasnnmumHe ompefelieHus HPHUBOAAT K OCKYJIH-
PYIOINM 3JIEMEHTaM, KOTOPHE BOBCE He ABJSIOTCS TOMKICCTBEHHBIMII.
Ho paszinuma me:kay HMMH BechbMa He3HAaYHTCHABHH; OHH — HOpPAAKA
BO3MYIIAIONUX MAcC.

Paccyotpny cragana caywgaii § 74 wian 75. Torma B MoMenT ¢ mia-
HeTa A” HMeeT He TOJIBKO Te jKe KOOPAMHATH, 410 M A’, HO H TY K6

He 3HAYCHHIO
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cropocts. ClemoBaTensHo, OCKYNHpYOmasa OopOHTa KacaeTcs MCTHH-
HOIl OpGNUTH, M B MOMEHT BpeMeHH [ €, eClId &€ — Majasd BeJIMIHMHA,
otraomenne 4’ ot A” uMeer mopsgox &2,

HaoGopot, B ciyuae § 76 maamera A” mMeeT B MOMEHT ! Te e
KOOpAmHATH, uTo H A’, HO oHA He MMeeT Toil ;e cropocti. CaemoBa-
TeJIBbHO, OCKYJIMpYIOmas opOMTa HepeceraeT MCTHHHYI0 OpOuHTYy HOp
OYeHDL MAJIBIM YIrJoM, Ho He Racaerca ee. [loatomy ornmomenue A4’
oT A” B MOMEHT i-}-& MMeeT HOPsOk €. B 3ToM 3ariouaercs HecoM-
HeHHOe HeyZo6CTBO, KOTOpOe He ClIeAyeT HpeyBeAIIABATE, TAK KaK MH
VBHAMAM, YTO Pa3jIHYMA CYTh BEeJIMYMHH HOPAKKA BO3MYIMIAIONAX MAce.

78. 3amena nepemennnix. Mu Brpgesnu B raase III, u B wacrEOCTH
B § 64, KAk BHpaMKAOTCA KOOPAMHATH M KOMIOHEHTH KOJHYECTBA
HBILKEHIIA MacCH, ABIDKymeiicA mo aJnMITHYecKol oplurte mop aeii-
CTBHEM IpPHTA’KeHUS HENOJBI)KHON LEeHTPAJBHOH MaccH, depes obe
MacCH m 1 M W mecTh KAHOHNYECKHX DJIIeMeHTOB

La }‘" Q1, ®3, Q2, Wy.

ItH GOpMYIH MH MOKeM HPHMEHNTDH Teleph K QUKTHBHON IyaHeTe
A". HoopgnEaTH aBmymeiica MaccH, oGosHaueHEHe B § 64 uepes
Zy, T3, Z3, 30eCh PAaBHH Z;, I,, T;. AHAJOrHYHO BMECTO KOMIOHEHT
KOJIINYeCTBA JIBIKEHUA Y,, Y,, Y, OyHAeM uMeTs ¥y, ¥,, Y. BMecto mpn-
TArnBaeMoii u mpurarnsalomeii Macc m u M 3mech GymeM HMMeTs m;
n my-+mq. IllecTr KaHOHNYECKUX 3JIEMEHTOB 0GO3HAYMM dUepes

Ly, Ay, @1, @4, Q35 @s.

To e cpemaeM gaa ¢uxruBHOil muaners B”. Bmecto noopauEaT
Zy, %z, T3 § 64 Gynmem MMeTh 3eCh KOOPAMHATH T, Z;, T COCTABIAIO-
mHUe KOJHYECTBA MNBIKEHHA OGYAYT VY, ¥y Y, BBIKYIAACH U HEHO-
IDBHKHAA MaccH Oymyr m, m m;-+ m,-+mq;. A mecTs KaHOHWIECKUX
BIEMEHTOB 0003HAYNM dYepes

Ly, Xs, 03, 03, Qiy @4
Taruy obpasoM, MeAy BeIMIHHAMYU

‘zl) xz’ xs’ y]_’ y” ys’

my, my4mq, Ly, Ay, @1y @y Q2 @2

u

Zyy Tgy Loy Yoo Yoo Yoo

my, my+my-mq, Ly, Xy, 03, @3, Q4 @4

OygmeM HMeTh Te Keé COOTHOINEHHMA, KOTOPHE MBI HMEJH MEKIY

L1y Tyy T30 Y10 Y20 Y3
u

m, Mv L! }‘” Q1 Oy, Q2, W
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B § 64 u BooGme B raase III. Ho Mu Buienu B § 56, uto
dzdy—ArdL— D odg

ecTh TouHHIT mudpdepernmman. IlpuMeHAA BTOT pesyinTaT K IJIAHETE
A" wim k mmamere B’, moayumm

' dy — M dLi—ZmdQ, (1)

rje BeJHYMHEAM &' M Y’ HYMKHO OpHAATh MHAEKCH 1, 2, 3 u BenrMuuHAM
® H @ — MHgeKcH 1, 2, ecTs TouHHIl guPPepeRnUAN, TAK Ke Kak H

2 2 dy’ — Ay dLy— Z o dg, 2)

ric BeJHYMHAM &' M §' HY)KHO IPHAATEH WHAEKCH 4, 5, 6 u BeavumHEAM
® ¥ @ — mMHfeKCH 3, 4.
Cruagmsasa (1) u (2), ME BupuyM, 910

da’'dy —DAdL—D ode 3)
ecTp TouHHIT pupdepernnan. B Bupamennu (3) MHEEKCH HPMAMMAIOT
BCe BO3MOKHHE 3HAYeHHs, T. €. HMHAGKCH z' M y' OpUHIMAIT 3HA-
vyemna 1, 2, 3, 4, 5, 6; uEgeércH A u L — 3mauenud 1, 2 1 MBAGKCH ®
u @ — sHaueHua 1, 2, 3, 4.

Orciofa CllefiyeT, ¥T0 6 CAM MH BO3bMeM 3a HOBHE
DepeMeHHHE® ML w,0,T0 mnDpeobGpasoBaHHE
DepeMeHHHX ABIACTCA KAHOHMUIECKHUM M ypas-
HEeHHA JBIKEHUA COXPAHAIT KAaHOHMIECKYIO PopMy:

dki _ aF dLi _ oF 1
dt T oL; ' T dt T o
4
do _ oF  dy_ _ oF @
dt — 9g; ' dt ow; )

79. Monoxum Temeps

L=V20cose;, W=V 2¢sine;.
Bupaernue

Yodo—Xndg

ABAACTCA TOYHHM Iu(HepeHIUaTOM,

Ecau, ciemoparenbHO, MH BO3bMEM 33 HOBHE mepeMeHnsie L, A,
E, 1, To mpeoGpazoBaHNe HmepeMEHHHX GymeT OHATh KAHOHMYCCKIM
W ypaBHEHHA ABIGKEHUSA HPUMYT BUJ

dh; _ oF dL; _ oF ]
dt  aL; ' dt 9k l -
) 5)
W; _ JF d& ___ OF |
dt 0g; dt oy ° )
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80. OGriynpii meTox. CrasaHEOE HPUMEHNMO KaK B CIydue IIpe-
obpasosamia § 30, Tax u B cayuae § 26. Ecan mpuMernserca oObqHBII
MeTO/l, TO ypaBHeHus He Gy/yT KaHOHWYECKUMH, KaK MbE 9TO BIjIeJH
B § 44, rme MH mpuman kK ypasneHmAM (20).

Ho mpegmono;kuM, 4To paccMaTpUBAITCA HEpPBHE HICCTH ypPaB-
HeHuii cucreMs (20), T. e. Te, Ile MHAEKC | pUHIMaeT 3HaveHus 1, 2, 3,
Il B KOTOPHX HEPeMeHHEe I, I,, g, Yy, Ygs Ys BAMEHEHH HX 3Mave-
HusAMI B QyHRuE Bpemeny. Torga aTi mecTs ypaBHeHIil 6yayr KaHo-
HUYECKHMH, HO ee XxapakTepucTiudeckas (QyHKmusa OyaeT 3aBHCETH
He TOJNBKO OT MEPeMEHHHX I, Z,, &3 Yi» Yss Y3, HO M OT BpPCMEHI i.

Tem me MeHee, corsiacHO § 12 MOKHO ceaTh KAHOHHYECKYIO 3ane-
HY mepeMeHHHX. B yacrHocTH, Tar Kak BepakeHne (1) § 78 ects TOU-
BHil guddepeHnMaN, TO MOKHO mpeobpas3oBaTh 3TH IMeCTh ypaBHEHII],
Gepa 3a HOBHe mepeMeHHHe L, A, 0;, ®;, Q2, @z, If IPH BTOM ypaB-
HEHHS OCTAIOTCA KaHOHMYeCKMMM. MH @moxyuus, TakumMm oOpasom,
IIecTh ypaBHEHHUIl TOro sKe BHIa, Kak ¥ ypapHemus (4) § 78, no rue F
3aMeHeHa Ha F’ W rge MHIEKC [ OpHMHHUMaeT TOJAbKO 3Hauemie 1 s
mepeMeHHEX L ¥ ) 1 3HadeHus 1, 2 — [iA mepeMeHHHX Q Il .

TocTymin Tarke ¢ mecThio mociaegnumn ypasHeHnamu (20) § 44.
3aMeHHM B HHX Zi, T, Z3, U, Yy Y; UX BHAYEHUAMH B  QYHRI[ILI
Bpesenu. Torga aTil mecTh ypapHeHHI GYAYT KAHOHHIECKUMH € XapaK-
TepucTHYecKoil pyHEnMeii F”, sasucAmeil He TONBKO OT IEepPeMEeHHBIX
z,, ., T, Yi» Ys» Yi» HO 1 oT BpememHHM. Tar Kar BHpaskeHHe (2)
u3 § 78 aBaseTca TouHHM AnddepeRnUATOM, TO ITI ypaBHEHHA 0CTa-
HYTCA KaHOHIYECKHMH, €CAM HepeiiTH K HOBHMM mepeMeHHHM L,
Az, 03, @3, Qi ©s.

Mu momyunm, TakuMm o6pasoM, mecTh ypaBHEHMII TOro ke BIHAA,
4yTo M ypaBHeHHUsA (4) § 78, Ho rpe F zaMeneHa Ha F’ M MHEEKC i OpH-
HHMAeT TOJbKO 3HAYEHHE 2 A mepeMeHHNX L u A 1 sHaveHns 3, 4—
B1A NepeMeHHHIX @ M O.

Hrax, Mu HaiifeM ABeHAANATL YPaBOEHHII TAKOro ke BHEA, KaK
n ypaBHeHus (4), ¢ TeM OTAMYMEM, YTO B HEPBHX INecTH U3 HNX F
noMkHA OHTH 3anMeHeHA Ha F’, a B NoclefHHX mIecTH — Ha F”,
To e caMoe CHpaBegIMBO H fJA YypaBHeHHit (5) mpempAymero
maparpada.

81. Tlpnvuenenne d1MITHYeCKHX dieMeHToB. B § 58 Mm ompe-
HEJIIM ueTHpe CICTeMBI 3JEMEHTOB, a NMeHHO, ONHY CHCTeMY 3LTnil-
TIYECKHX 2/I€MEHTOB M TPH CHCTeMH KAHOHHYECKHX JJICMEHTOB.

B § 78 3a ockynupylonue 3TeMEETH MH B3fJIH 3A€MEHTH TpeTheii
CHCTEMH, T. €. Q H ®; B § 79 MH paccMOTpelNH: aJeMeHTH ueTBeproil
ciicreMn. PaBHuIM oGpazoM ME Morau OH B3fITH BTOPYIO CHCTEMY, Tak
KaK OHAa TaKe KaHOHNYHA.

Ho acrpoHOMH wacTo ymoTpeOlsiOT TaKie NEpPBYIO CIICTeMY,
T. €. IIUNTHYECKNE DIEMCHTH, KOTOPHE He SBJIAIOTCH KAHOHIYECKIl-
mu. YUrto usMeHNTCA B peayinrare?
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B cuny cooTHOmEHHII MeKAY KAHOHHYSCKHMMI M 3JLINITHYECCHMAM
dJIEMEHTAMH HPOH3BOJHEE IO ! OT 3JIMITUYECKHX JIEMEHTOB BHpa-
YRAIOTCA JIMHENHO Yepes HPOM3BOAHLEE IO ! OT KAHOHHYGCKHX 9Jjie-
MEHTOB, O KOpQMIUEHTH B STHUX JIHHEIHHX QOpMyJNIax ABAAIOTCA
M3BECTHHIMHI (YHROHAMHA JLIMOTHIYECKHMX 3jeMeHTOB. B cmay ypas-
HeHNH (4) KaMK@asA N3 NPOM3BOJNHEIX KAHOHUYECKHX 3JIOMEHTOB IO !
PaBHA ¢ TOYHOCTHIO O 3HAKA ONHOL M3 YacTHHX HPON3BOAHHX (PYHK-
guii F mo ogHOMY M3 KAaHOHMYECKHX JJIEMEHTOB. B cBol ouepean
YacTHHEe OPOM3BOAHHEE (YHKIUN F OO0 KAHOHHYECKMM BJIEMeHTaM
BHPAKaOTCA JUHE{iHO Yepes 4YacTHHE OPOM3BOXHEE PyHRmumM F mo
IAANTAYCCKUM DJIGMEHTaM, ¥ KO3QPUIIHeHTH 9TUX JNHEHHHX COOTHO-
MIeHU ABNAIOTCA N3BECTHEMY (JYHRIHAME 3JIINOTHYECKUX 9JIEMEHTOB.

Tarxum o6pason, IPOU3BOAHKNE MO { OT JIIUOTHICCKNX 3IEMEHTOB
BHPAa3ATCA IMHEH HO Yepe3 YacTHHEe NpOou3BOgHEE GYHRIUN F mo 9JTHI-
THYECKHM 3JIeMEeHTAM ¢ Kod(pPumueHETaMu, KOTOPHE ABJAIOTCA HN3BOCT-
HHMH (YHKOMAMH 3IIUOTHICCKUX aaeMeHToB. TakroBa dopma aud-
¢epeHnNUANBHHX YpPAaBHEHWH, HOTOPHM YAOBAEGTBOPAIOT JIJAHITHYE-
CKHe 3JIGMEHTH; 5T YpABHEHNA ropasfo Clo:KHee, yeM ypaBHeHUA (4),
KOTOPHM YHOBJIETBOPAIOT HIEMEHTH.

C moMomsio croGox Jlarpam:ka, ompepeneHHEIX B § 14, MOKHO
HONYYATHh YPaBHEHHS AJAA IINNTAYECKUX BJIEMEHTOB Golee MPAMEIM
oyTeM.

IIycts maHa cmcTeMa KaHOHWYECKHX YpaBHeHmIl

de; 9F  dy, _ OF
dt T dy; 0 dt T om

PaccmoTpuM BoaMoHEHe Npupamenusa Oz; m 0y, mepeMeHHHX Z;
" Y;, 1 OycTh OF ecTh COOTBETCTByOmiee HmpupameHme (yHrRmuu F.
YMuomaa mamu ypaBHemuma Ha Oy; m —Or; m cruagmBas, HaiizeM

2 (dz; 8y, —dy, b)) = 8F -dt. (6)
IIpegmomoxum, 94T0 z 0 y ABAAIOTCA QYHRUMAMH 2n HOBHX Depe-
MEHHHX
Oqy Qg -.., Oanj
TOIZA

ox dx
d$i= 2 T‘;‘dak, 6$1 = E ﬁ 6(1];.

3amenan B pasencrBe (6) dz;, 0x; atuMu zEavemmamu u dy;, Oy;
aHAJIOrMYHEIMM BHPAKEHNAMHE H IOJNAaras

_ ox; dy; it %\
[on, ap]= 2{ < da, Odap Oduy day /'
MH IOIYYIM

) (on, 0] (dapdar— dagday) = 6F - df,
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r7ie CYMMIDOBaHIIE pacOpoCTPAHsETCA HA BCe KOMOMHAIMII HHIEKCOB ki
u k, mpuuem xomOuBamuu h, k u k, h He BOMMKHH paccMaTpUBATLCA
rak pasanussie. Ho [a,, ap]l= —[az, a,], [, a,]= 0, u© MH MOKeM
TaKkKe HAINCATh

Z’ [an, ap] dah' 6(1k = 6]".dt’

rjge CyMMHEpPOBaHMe JOJKHO OHTDL PacHpOCTpaHEHO Ha BCe pPasMeI[eHMsI
HHIEKCOB h M k, IpHYeM Ha 3TOT pas ABa pasMemeHusa h, k u k, A
RMONKHBL PaccCMAaTpPIUBATHCA KAK PasadyHEE.

oF
Ecan M 3amennm 6F mHa Z 2a; 0a; 1 oTomECTBIIM JBa BHpa-
HeHHA, TO TONYIHM

D) [on, sl E;Th = % : (N
IIpumennm aTy QopMyay k MHTEpecylOmeMy Hac clyyalo, 00osHa-
4asA mepeMeHHHe I; u Y; GyxBamu x; M y;i. IIpounrerpnpyem cnauajia
ypaBHeHHs, B KOTOpeix F samenHeHa Ha F,. Torga oHH mpuBemyTcst
K yPaBHEHIAM KEIVIEPOBCKOTO ABIZKEHWA H HO3BOJIAT HAM BHPa3HTh
HAIlH HEN3BeCTHHE B (YHKOUM INECTH SIMIOTHYECKUX JJIEMEHTOB
A" nm mecrnm »naIMOTAYECKHX »aemeHToB B’. omyctrum, uTto aTH
ABeHANNATH OJNJINNTAYIECKHX BJIEMEHTOB B3ATH B KaveCTBE HOBHIX
mepeMeHHHX, KOTOPHEe MH 0003HAYMIHN O, O3y ..., Og;.

Torga ¢opmyna (7) maer mam auddepeHmHAILERE ypaBHEHMHA,
KOTOPHIM JOJKHH yAOBJIETBOPATH HOBHE mepemenHse. Hoagdumnenrs
ap, Op ABAATCA N3BECTHHMHM (QYHRUMAMHI JUIVOTAYECKHX dJIeMeH-
toB. Ho atu noapdumuenTtH ecTh He uTO HHOE (IO OTHONIEHHIO K KaHO-
HHYECKUM YPAaBHEHWAM KeILIEPOBCKOro ABWKEHHs) Kak ckoOku Jla-
rpamka s § 14. [eilicTButenbEO, Cpefqi /MHOTHIECKHAX BSIEMEHTOB
IMeIOTCA ABa 3JIEMEHTA, HPONOPIIIOHAILHEE BPEMeHA: 3T0 — CpefHHe
aEOMANHH.

Iycrs

o=lL=ntte, ay=Il=nt+e,

— 9TH J{BA 2JIEMENTa, T. ¢. CPeHHCe AHOMAJIHNH ABYX QHKTHBHHX IJIaHeT.
Torma €, M e, OyAyT HOCTOSHHHMH B KeINIEPOBCKOM JBIKEHHH.
Bce ocTanbHEE 9/1eMEHTH B KEIUIEPOBCKOM IBIZKEHNH IOCTOAHHEHL,
Paccemorpuy omEy M3 croGok [a;, o). Ecan A m k me paBEm 1

nan 2, IPUXOANM Cpasy sKe K ompeacleHmio ckobok Jlarpamxa, Tak
KaR 0 I ap mocToAEHEH. [Ipenmosomin Teneps, HaOpHMep, B O, O,
uto A He papHo Hu 1, HE 2. Torga GynmeM mMern

dz; _ Ox; dy; _ dy;

Ou; ey’ Ouy  Oe
¥, CJIeI0BaTeJIHHO,

[aha al] = [ah’el]°
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Ho mockonbkry e; mOCTOSIHHA, MH CHOBA HPUXOMM K OMpeReJeNli
ckoGor Jlarpamxka.

Ocraerca paccMoTpeTh CKOOKY [a,, a,]. 9Ta ckobra paBHA HyIIO,
u To ;e Gyger BooOme 174 [ap, ap], €CIM Oy U @y CYTH [Ba DIEMENTa,
He ONPUEAANe:Ramue ofHON ¥ TOil ke PurTUBHOH mnamere. [eiicTBu-

TeNBHO,
dxi dyi oz Oyi
o1, 021 = 3, (5,50, ey 302 -
Ho ecam i = 1, 2, 3, To 9acTHEE DPOM3BOJAHEE HO O, PABHH HYJIO;
ecnd ke i = 4, 5, 6, ToO paBHH HYJI0 YacTHHE IPOM3BOJHHE IO «.
W3 atoro caegyer, 9To Bce WiIeHH B MPaBoii YaCTH PaBHH HYJO. Y TBEp-
JIeHNe JOKA3AHO.

Tarum o6pasom, Bce KoapPuImmenTH! ABAATCA cKoGramu Jla-
I'pamE:Ra, U, Kak caenyeT ud § 14, oHM ABAANTCA QYHROUAMH HOCTOAH-
HEIX KEIJIEPOBCKOTO ABUEHNA, T. €. JJIEMEHTOB O, OTIHYHHX OT CPex-
HHEX AHOMAJWA M JBYX NOCTOAHHHX €.

Jlerko mokasaTh, Ha YeM MH He OCTAHABIMBAEMCS, UTO TH K0dg-
(HUIMEHTH He 3aBHUCAT OT HOCTOAHHHX €.

YpaBeernua (7) mo cpaBHEHNO ¢ ypaBHeHUAMU (4) MMEOT HAMHOTO
GoJiee COMKHHIL BUJ, U B JaJbHEIHIIEM MH HX HNPpAMEHATH HE Oymem*).

82. Buiuncaenne pynruuu F,. BepaemMcsA ¢HOBa K KaHOHMYECKUM
aeMeHTaM u K mpeoOpasoBanuio § 30. B § 78 u 79 Mu BrBenn ypaB-
gerua (4) u (5). Ocramoch Bupasurh F depe3 OCKyJIAMpylommue 3:e-
MEHTHI.

Haumem ¢ Fy. B § 37 Mer mamum

Fo=Ty 4 Tp—T471_ M (my+mq)

AC BD ‘
C mpyroit cropomn, B § 64 Mu mamuu caegyomyio opMyay:
1 M 32
o BB+ - = =T 8)

ITpumernym sty Popmyny k ¢purruBEOIl naamere A”. ina atoro my:kHO
3aMeHHTD ¥y, Yz, Y3 HA Y;, Yy, Yso mu M — Ba m, n my+ m,, rua AC,
L ma L, Tax uT0 mepBHIil WieH JeBoii Yactn dopmyuast (8) mpuBeseTcs
K T, u dopMmyiia mpuMeT BHJ
o mimy mymim2 M,
\ — =

TTAac T 2L7 ~ T 2L2
rae IOoJOKEHO
M =mmim:.

*) Cm. Tisserand, t. I, ra. X, rae ma crp. 187 npupesiesnl ypaBHeUUsA
JUIS SIUTHNTHYCCKUX DJIeMEHTOB B OKOHYATENHLHOM BHJE.
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ITIpumennM Ty xe Popmyny (8) r B”. Jlna sToro Hy:KHO 3aMEHHTH

Yir» Y2, Ys BA Yy, Yso Yoo m 1 M B2 my u my+ m,+ m;, r wa BD,

L Ba L,, Tax uro mepsuiii wien (8) mpuseaerca & T, u dopMyaa mpu-
MeT BHJ

p,_ma(mtmy) _ mami(mytma)? My

2 BD 2L} 203

rjae HOJIOMHEHO
My =mm} (my+my)2.
CriuagmBasg, OOJIYIUM
Fy= — mymimi _mgni(mytmi)t My My 9)
2L3 2L3 217~ 2L}

AHajOrHYHHEe BHKJIAAKA HPOBOAATCA B ciay4ae mpeoGpasoBammil
§ 26 uam 44. Tonwsko MaccH GyayT umeTh Apyrue 3HAYCHUA.
Jnsa npeoGpasoBamua § 26 caemoBasio GH HOJIOMKHUTH

mymsq ”
m=—2>+"1 M=m+m an A
my -|—m7 1 7 A
"
4
m= Ty (k) (g ) pan B’
my-—mq mq

TagnM o6paszoM, MH HOAYYMIH OH

Fo= — mif"fm'i _mimy(my+my) _1_ ]
2L% my+mq 2L3
s o6mamEoro Meroma § 44 caemomanio Ou B3ATh
m=my, M=m-+m, aas A"
u
m=m,, M=m-+m ana B,
U MH ODONy4unu Ou
Fy= — m} (";1]:1"'17)2 _milmy+mq)?
i 2L3

Bo Bcex caydaAx M moayumau, 410 ¢ymkmmAa F, 3aBHCHT
TOABKO OT mepemMeBEHHX L.

83. Bruiuncaenne pF,. Haiigem Temeps pasiosenue BosMymaromeit
¢yermun pF;. B cnyyae mpeoOpasoBamua § 30 sra ¢pymErmuA 3aBuCHT
TOJNIBKO OT KOOPAHMEHAT z'. ITU KOOPAMHATH B cuay § 69 pasmarawrca
B pAAH DO cremeHAM & ® 1. DBymer nm paanoxenme d)ynhnnn nF,
HMeTh TOT e BHJ?

Jna toro uto6H aTa $yEKmMA WF; OHNa pasiomuMa B pAj IO
cTemeHAM § W 1), AOCTATOYHO, YTOGH oHa GHia romomMopdHOR OTHO-
curensHo ' mpu § =0mn = 0.
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IIycTrs, B caMoM fede,
Wh =@ (), 25 ..., T)=0(xi).
O6o3mauum 3HadendmA & Opd § = 0 u n = 0 uepes 7{® nu momo:xuM
zi =xi° - 8z;.
Torga zi°® mpefcTaBAT HePBHE WICHH Pa3NOKeHUI KOOPAMHAT Zi

mo cremenaM M U §, a 8z mpegcTaBAT COBOKYHNHOCTH BCEX OCTAJNBHEIX

9JIGHOB.
Tar kaxk pyExuua ¢ (zi) = @ (2;°+ 6zi) ronoMmopdna npu z; = z;*,
TO OHa MO3KeT OHTH pasios;keHa o cremeHAM Ozi, a Tak Kak 0z; pasio-
UMA IO cTemeHAM £ U 1), T0 B @ (x;) = pF, oGaamaeT TeM ke CcBOIi-
CTBOM, YTO H TpeGoBaloCch JOKA3aTh.
Ho

1 1 1 1
wFy=mm, (ﬁ)—A—B>+m4mv (B_D_B—C>
mepecraer GuTH roxoMopduoii Tonpkro mpum BD =0, AB =0 uam
BC =0, r. e. npu z, = 2y= r,= 0, nan opn

Ty Ty Ty mg

7 ” T T T Y
Ty % z3 my-+my

WI¥ npHa

z oz my+mq °
C mpyroii croporH, monarad §= 0w = 0, MH EMeeM
z,=KL}coshy, z,=K,L}sink;, z;=0,
z,=K,L;cosky, x,=K,L;sink,, z,=0,

rae
K 1 _ 1
L7 mimymy? 27 ‘mymy (my+myq)

1
K, u K,— 3maueBdsa MHOKHTEIA 237 AA IBYX IIAHET A" nB”) .

Ho 31 smaueHuMA 2’ yNOBIETBOPAIOT yCIOBUAM HEroJoMOpPHHOCTH
TOJBKO NpH

L2 = 0’
HIN
_ KL _ m
M=l Bn T mm
MIIH
= KL _ ™
M= BI= "t

a4 B OPMIIOKEHHAX 9TH YCJIOBHUA COBCEM HE BHINOJIHAIOTCA.
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Taxum o6pasoM, BosmMymalomiag (PYHKIHA pasiIoKUMa HO CTe-
nemaM & u n. Roaddumuentit pasnoxenusa sasucar or L u A u, ode-
BHAHO, ROJHB OHTL HEPHOJMYCCKUMHN (PYHKOUAMH CpENHHX HOJ-
rot A. CnegoBaTelbHO, OHM MOTYT GHTH PasfoKeHH B TPUTOHOMETpPH-
YecKMe PAZL MO CHAYCAM M KOCHHYCAM KpaTHHX A M, CJeKOBaTEIbHO,
MH MO;KeM HAIHNcaTh

MF1= 2 A coS (k17»1+k27»2+h)°m,

rae ky m k,— mense uucaa, A m h 3aBuCAT ToAbKO OoT L, n rme M—
HeJaHil OJEOWICeH OTHOCHTENbHO § 1 7).

Paccysaa, kax 1 B § 69, MH yBHIMM, 9TO 8TO Pa3I0KEHNE MOIKET
OHITH BCerjga HpPefCTaBIEHO B BHAE

pFy =2 Agiojressegs cos (Zkih; + Epie; + h). (10)

B mocnegneit popmyne A u h 3aBucar aums oT L; k 1 p cyTh Heane
HOJIOKUTeJbHHE WJIH OTPHUIATEJNLHEE UHcaa, 2¢;— OejJie I 0 J 0-
MHATEJ bHHe, IpHIeM 2¢; UMeeT TARYIO Ke 4eTHOCTh, KaK p;, M

2¢;>\pi!.

3aMeruM, KCTaTH, 9TO Q MMeeT HOPSAOK KBajgpaTa SKCLEHTPHUCH-
TeTOB W HAKIOHHOCTeil, U MO3TOMY OOmMil WIeH pasjioKeHNA HMeeT

HOPANOK
23q

OTHOCHTEJBHO DKCIEHTPECHTETOB M HAKJOHHOCTEIL.

Mu orpaEMYNMcA 31eCh TUMU KPATKEMH 3aMeYAHHAMM, HO B Jab-
HeilmeM MH BepHeMCA K 9TOMY Bompocy, Korga moppoGuo GymeM pac-
CMaTPHUBaTh pa3JioKeHNe BOo3Mymalomeil PyHrmuu.

84. Cayuaii o6biunoro merofa. Bee, uTo GHIIO CKa3aHO 0 BO3MY-
majomeil QyHKIUM, OPUMEHKMO B OTAEJBHOCTH M K IJIaBHOIT YacTH,
M K JONOJHHUTEIBLHOH YacTH 9Toil yHKUME, TAK Kak KasKmasd M3 HUX
BHIpa;kaeTca 4uepes roJoMopdpene (GYHKONM IEPeMeHHHX z'. ITo
ocTaeTc BEDHHIM, €CAM HOJB30BaThcA mpeoGpasoBammem § 30 mam
oOsaEEM MeTOfOM § 44.

Ho B mocnemmeMm cayyae QomoJHMTeNbHASA YacTh BO3MYMAOMEl
dyErmun mmeeT ocobGenHo mpocTylo dopmy, Kak, BIpoueM, H B YacT-
HOM ciydae, paccMoTpermoM B § 40.

IdTa RONONHATEJABHAA dYacTh paBHa, AEliCTBHTENLHO,

mym, . .. v
Bes (T, + Tyy + 35,

AN OmHON W3 IIaHeT H

mymy , s o ’ v
ACs (@124 + 275+ 24,)

AIA gpyroii.
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Tlomoaxmm
V=22, + %, T,

Pa3nosxenne  BHBOIUTCA Ype3BHYaiiHO IPOCTO M3 pasiosKeHuil z’.

3aMeTHM Teneps, YTO B cJAYYae ABUKCHHUA TOYRH, HPHUTATHBAEMOIl
HENOIBIKHOR HEeHTpanbHOH Maccoil M, Mn mMmeeM auddepeHIMAND-
Hbl€ ypaBHCHUA

d%z _ _Mx,
dez [
OTKYZRa
Mzy o d2z;
s dire
HJIH, HaKOHeI,
xy__ méM3  d2x;
iy T/

Eciu MH enaeM mpMMeHATH 9TOT pe3yJabTaT K miaaxeTe A”, To
HY/KHO BaMEHHTDb Iy, Ty, T3 HA Iy, Z;, Ty, 7 HA AC, Am L Ba A ut Ly,
mu M va my u my-+ m;, oTRYzA

xi ms (my+mq)3  d2xi .

A= milmtmP 1 7) -ar (=129,
Mu mony4mMm Tarske

i mé (my+mp)3  d2xi ,

Bés__%g__ ’”7).77:%_ (i=4, 5, 6),

ecllH 3aMeTHM, 4TO, HpHMeHAA ¢opMyay K B”, HY)KHO HOJOKHTH
r = BC, Tax Kax B 00sHEOM MeTofie mianeTa B orHecena k Coanny C.

YuuTtHBag, 4TO ), T;, ¥, HE BABHUCAT OT Ay, & Iy, T;, Xg OT Ay, MH
Oymem uMeThb

P mimy (mg+my)3 9%
mlm‘ ——8_— P l_...g___. ,_g.
"
Y mimy (mg-Lmyd 92
mm; wor = — __g___ . —3 ,

9T0 JaeT HaM MCKOMBE BHIPasKeHHA [AJA NOMOJHUTCIBLHHX YacTeil Boa-
Mymaomeil yHKImuH.

85. Cayuaii mpeoGpasosanua § 26. [lxa aroro cayduas, Kak Msl
Bufienu B § 43, momoaHENTeNbHAA YacTh BO3SMymAomeil QyHRIUA paBHA

1 . ., ..
Ty= —,,,—7(y1y‘+ Ya¥st Ysle)s
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a mcnoanr3ya gopmyan § 69 u mpumemas ux k mnanetaM A" m B”,
MHl HaiijeM
Ty= mi®mg?mimimi 82y
133 ohg OAg

86. Cummerpua. ®opmyny (10) MoxkHO CymecTBeHHO yIPOCTHTD
oo coolpaskeEnaAM cuMMeTpuu. IIpege Bcero 3aMeTHM, YTO BO3MY-
mamoniaa GyHRIMA He KOMKHA HBMEHUTHCA, ecld Purypy, obpasoBan-
HYI0 JBYMA OCKYyJHpYIOmAMH opOuraMu, QMKTHBHHIMH IJIaHETaMH
A’, B’ n nctupEnMu tenaMH A, B, C 3aMeHNTH (purypoii, cuMmer-
pPHYHOIT OTHOCHTEIBHO HMIOCKOCTH Z;Z3. Ho aTo cBoguTCA, Kak MH Buje-
an B § 71, 1 3aMene 3HaKOB Bcex yrioB A m ®. Paanoxenme (10) ne
JOJI3KHO U3MEHUTHCA NPH N3MEHEHMH BceX 9THX 3HakoB. CiemoBaTesnb-
HO, OHO COJEP:KHT TOJABKO KOCHHYCH, OTKyZa ciexyeT, 9ro h = 0.

10T peayabTaT MO;KHO HOJAYYMTh €me HMHaAYe, NPEeACTaBIAA pas-
J03KeHne B (Qopme

3 A cos (kg + koo - F) M.

. n
B aroii dopme mocToAHEaA kb goiHEA GHTH paBHA HYJIO W — - ,

B 3aBHCHMOCTH OT TOTO, SIBJIACTCA JIM OQHOWIECH Y} YeTHHM HJIH HEYeT-
HBIM OTHOCHTEJILHO 1),

87. BosMymaomasa QyHKUUA He M3MEHHTCA TaK)Ke, €CIH yHOMSA-
HYTYI0 QUrypy HOBEPHYTH Ha HPOU3BOJBLHHIL Yyroll €& BOKPYI OCH I3.
IIpu atoM, kax Mu Bugean B § 70, Bce JOAroTH M3MeHAIOTCA Ha e,
T. e. A 3aMeHsieTcA HA A |+ &, ©® Ha ® — &.

IIpn atux ycaoBuax pasno;xenue (10) me WaMeHHTCA, OTRyHA cle-
Ayer, 9To nedsle 4Huciaa k 4 p JOJNKHH YAOBIETBOPATH YCJIOBHUIO

Zk=2p.

88. BosmymalomaAa QyHKIHUA He HN3MEHUTCA TaKIiKe, €CIH Ty e
Purypy saMeHNTH CHMMETPHYHOIl UTypoli MO OTHOLIGHHIO K IJIOCKO-
CTH Z,z,. Ho Tak ke, Rak MLl BHmeau B § 72, 3T0 HPUBOJUT K H3Me-
HEHHIO 3HAKOB OOIMYECKMX NIEpPeMEHHEIX &s, Mz, &i M4 Caemo-
BaTeJbHO, pasiokenne F mo cremeHAM § M 1} COTEP:KUT TONBKO WICHH
4eTHOII CTeNeHM OTHOCHTEJNBHO 3THX OGIMYECKMX HepeMeHHHIX.

ITOT MOBOPOT TPHBOAUT TAKME K 3aMEHe Wy M ©; HA W+ A H
o+ 7, H Tak Kax Opu 9ToM pasnoxkenne (10) He goKHO N3MEHNTHCA,
TO Do+ P. €CTH BCerfa 9YMCIO YeTHOE.

89. Oanopoymocts. Pynruusa F aBaserca ogHOpPOAHON PyHKmUE
(—1)-ii cTemenu OTHOCHTENBHO GONBIIMX IOJyoceil M, clegoBaTelbHO,
opmEopoitoii (— 2)-it cremenu orHOCcHTeABHO L M 9. M3 aToro cuepyer,
uro B pasioennu (10) rosdpduument A ects opmOpomHAA PYHRIUA
cremeHn —2—2X ¢ oTHOCHTENbHO L.

90. Hurerpanm naomazgeii. IlocMorpuM, Kak HAOMIIyTCA HHTE-
rpais miomajgeii B HOBHX mepeMeHHHIX. Mu Bujean B § 23, uTo aTn

T A. IIyaHrape
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HATErpajJH COXPAHAKT TY ke opMy, KOTJa OT HEPEeMEeHHHX T M Y
mepexonAT K mepeMeHHHM 2’ B y' TaknmMm o6pasoM, UTO KaskfaA KOM-
MOHEeHTA BeKTOpa IIOmaneil ABAAETCA CYMMOHl COOTBETCTBYIONIHX
KOMIOOHEHT BeKTOpa Iomazeil mepBoil purTHBHOI miaseTH A’ U Bek- -
Topa mromaneil Bropoii ¢uxruBHO# niaameTn B’. C npyroit cropoHH,
BEeKTOP INIOmAjeli B MOMEHT { OfMHAKOB AaA miuameT A’ m A”, Tax
KaK B 9TOT MOMEHT OHM MMEIOT Te ke KOOPAMHATH, T€ JKe MACCH U TY Ke
cxkopoctb. To e Gyner m gas nmamer B’ u B”.

Ho B § 60 Mu Bugenan, 90 TpM KOMIOHEHTH BEeKTOpa miomaieii
INIaHeTH, ABIUKywelicAa mo sakoHaM Hemiepa, HMMeIOT clemyiomue
BHpa’KeHUA:

Gsinisin@= —n, ‘/L—Q,—%

—Gsinicos0= —&, ‘/L—QI—Q.—f ;
6=L—g —0:

-

(11)

Mu Bugum, 9To B ABa HEPBHX M3 3THX PaBeHCTB BXOJAT M §,
® 1, 1 @. Ho Bcerga merxo mepeiiTa oTciofia K BRHIpaKeHUIO, COAEPKA~
meMy @ ¥ ©, au6o K BHpaskeHumI0 B PyHELUM oT § u 1.

IIpumennM atH fopmyan K aBym mimameram A” m B”, [BUKyIEM-
cA DO SJIUNTHICCKUM opOuTam. MH yBHguM, 970 KOMIOHOHTH Bek-
Topa mwiIomageir Gymyr

— N |/ Ll—Ql—Q—;’ -8 l/ Li—Qi—Q—;, Li—o —¢@

ana oaaperH A"

—Na l/ Lz—Qa—“in, —& l/Lz—Qa—%9 L;—o3;—e;

A mIaHEeTH B”, Tak 4TO MHTErpaiH IIOmAajeil HANUIIYTCA B BHIe
— N2 ‘/Li—Qi—QTz'—-"II. l/Lz—Qa—Q,—z":const, ]l

—& V Ll""Qi—'%z"—Eln ‘/Lz—Qa—QT‘=00nSt, } (12)
M L— Y o=const.

Tlocnennee m3 paBeHCTB (12) MOKHO JETKO HOXYUYUTH CHAEAYIOHUIM
oGpasom,

B § 87 mu Bugean, 9ro B pasaoxennd (10) BosMymalomeit GyHKINN
pFy umeem Xk = 2p. CaepmoBaTeNnHO,

T2 _ v 2y
7y do
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H Tak Kak F oramuaerca ot pF,; Toabko uneHoM Fg, KOTOPHI He 3aBU-
CHUT OT A B ®, TO

\ oF oF
oL T & P’
UM, B cuiny ypasmeHmii (4),
dL  ~o do
@ 2w =0

Wid, HaKOHeN,
) L— D} g=const.

91. Tloxamem, uTo ypaBmemusa (12) ympomalorcd, eciam 3a IUIO-
CKOCTh I4Z B3ATH HEM3MEHHYI0 IJIOCKOCTH. JleficCTBHTENIbHO, IpPABHE
9acTH mePBHX ABYX paBeHCTB (12) 6yayT paBHH HYIIO, M TOTJa U3 HUX
BEIBEJIeM

B &
N2 s
58]0
W =0y
a

VYpaBuenne ®,= ©,; BHpaskaeT CcBOicTBO, OoTMeYeHHOe B § 25,
OO Ha3BaHMEM UCKAIOYEHUE Yanoe.

92. Bce, 4T0O MH TOBOPHJIH 0 CHX LOp, pacmpocTpaHAeTcsa Ges
BCAKHUX 3aTPYQHEHHMI M Ha cliy4ail 3ajaum MHOTHX Tesa. B wacTHoCTH,
aT0 oTHOCHTCA K pesyanraram § 90. Ho pesynsrata § 91, Tak e xax
¥ peayabTarH § 25, He GyAyT BepHHMM B caydae, KOTHA MH HMeeM
Gonee Tpex Teu.

93. Mocaeposarenpnpie mpubmmxenna. Tax kax F = Fo + pFy
u F, zaBucur Toxsko oT L, To ypaBHeHusa (4) § 78 moryr 6urh Hamu-
CaHH CIeRYIOImUM 06pa30M

L _ _ OF  dn_ OR
a - P @ TP o (&)
dE _ _  9F . aFo oF, 4 aF,
a - Moy G J

a ypaBeHeHud (5) § 79 manumyrcsa B BHge
4L _ _  OF  de _ OF,
a = P @I TR 5
dg _ _ 9Fy  d\ apo aF, (%)
a = P @~ er TR

Jaa yopomenns 3ammcH MH ONYCTHIM WHIEKC i.
7*
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Tloapaysce ManocThi0 HapameTpa |, MOKHO HPOHHTETPUPOBaTh
ypaBueHnsa (4') uau (5’) mocienoBaTeNBHHME TPUOIMIKEHUAMHU.

B mepeoM mpubausxennu momouM p = 0, Tak 4TO mepeMeHHHeE
L, o, ®, E, 1 GYyAYT DOCTOAHHKMY U A — AuHeliHOH GyHKLMeil BpeMeHn.

Jlatee, B mpaBHX dYacTAX TpeX HEpPBHX ypaBHeHuii (4') nau (5')
3aMEHIM HeHapecTHhle pyuxuuu L, A, ¢, © (unu L, g, E, n) ux sunage-
HEAMY, HAWJEHHHMJ B HEPBOM HpUOAMKeHHH.

Torga sTu ypaBHenusA AaioT MPOCTHMH KBaJipaTypaMH HOBHE OpH-
Gamxennne suavenus L, ¢, o (uan L, &, n). Jauxee, 8 nparoii yacru
weTBepTOro ypaBHeHusa (4') mau (5') samensem L, o, o (unum L, §, n)
HalileHHEIMH HOBHIMY 3HAUCHUAMM M A 3aMeHfMieM 3HaTeHHEM MEPBOIOo
npubmmkenua. 3aTeM KBaApaTypoii HaXoauM HOBOe MPHOAMKEHHOE
snauenne A. Takum o6pasom moaydaem BTopoe mpubGam:KeHHe.

3aTem B HpaBHIX YacTAX TpeX MepBHX ypasHeHuil (4') mmu (5')
3aMEHAEeM HeH3BeCTHBle QYHKIUM HUX 3HAYCHUAMHU, HANNEeHHHIMH BO
BTOpPOM HOpuUOAMKEeHHM, M HaXOAHM KBajpaTypamMH HOBHeE npubau-
yKeHHule 3Havenusa g L, o u o (uam gas L, § u 1), Kotopue nogcra-
BAfAEM B MOpaByl0 9acTh YEeTBEpPTOro ypaBHEHUs, IJI€, CBEpPX TOro,
3aMeHseM A ero 3HadeHHEM M3 BTOPOTO HPHOIIKEHNA.

B pesyasrate umeem tperpe mpuGamxenne. Taxum ke o6pasom
mocrynaeM u ganee. B n-M mpubamxenum paccMaTpuBaeM CHadalia
TPH HEepBHX ypaBHEHNA, B HpaBHX JacTAX KOTOPHX 3aMEHAEM HeH3-
BeCTHHE UX 3HadeHuaMmH u3 (n — 1)-ro mpubmmxenus. Bruauciasem
KBajpaTypaMd SHAa9YeHNA n-TO NpUONIGKeHUA BCeX HEH3BECTHHX,
3a MCKIIOUEHHCM A.

3atem OGepeM deTBepTOoe ypapHenume. B mpasoii acTu 3amensem
BCe HEM3BeCTHHE (3a MCKIUECHHEM A) MX 3HAaYeHUAMH, II0JyIeHHHIMHI
B n-M HpuOmmxeHun, a A 3ameHdAeM ero 3HadyenneM ns (n — 1)-ro
npubaw;kenua. Hakonen, kBagpaTypaMu moiaydaeM 3nadenus n-ro
npubauxenusa u ana A. MH BuguM, 9T0 Kakpoe mpubamxenue moay-
9aeTcsi TPOCTHMH KBaapaTypaMmi,

94. Tenmepbr HY:KHO OLEHHTH HOJYUEHHHE HpubnmuxeHusa. Byaem
MCKaTh Pa3loKeHUA HEeH3BeCTHHX (QYHKUMII IO CTEHNCHAM W, ONpe/(e-
JAA HPHUTOM, CKOJBKO TOYHHX WICHOB COJEpP:KAaT 3TH DPasAOoKeHHS
B Ka/RIOM HpubamueHuu.

Jsa atoro GymeM ommpaThesi Ha CIEAYIOUIHE J1EMMEL:

1. Ecau gBe QyHKIMY pasioxmuMH 0O cTeHENAM [, TO UX IPOU3BC-
JeHHEe TaKKe Pasio;RUMO HO CTENEeHAM [, W €CIH 3aMeHUTb GyHKUUN
pa3noKEeHNAMY, B KOTOPLIX BePHLI TOJEKO HEpBHE WIEHH, Tak 49TO
nepBHIil HeBepHHIl 9iaeH copepsRUT K", TO X B pa3NoKeHUH NPOU3BE-
JeHHA TOke IepBLie WieHn OyAyT BEDHHIMH, TaK 4TO HepBHIl HeBep-
HHIT 97eH cofep:kut p*.

2. JTOT pe3yabTaT HEHNOCPEACTBEHHO paclpocTpaHAeTcA Ha 11060ii
uenwuii MHorouned. llycts P ABiuseTcA LENHM MHOTOWIEHOM OTHO-
CHTEJIBHO X, Y, Z; CCIAH Z, ¥, Z PA3IOKHUMEL IO CTEIEHAM |1, TO MHOTO-
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aaeH P Takske o0nanaer aTuM cBoiicrBoM. Ilpu atoM, ecan z, y, z 3aMe-
HOTh X NPHOIM;REHHHIMH pPa3io’kKeHHAMH, T HepBHe omuboTHHe
9IeHH copepsKar W, To HepBHe YIeHH pasnoskeHusa P GynyT BepHEMH,
TaK 910 HepBHIl HeBepuHil 4neH copep:rur N".

3. Paccmorpum Teneph Kakylo-uuGyapb pyHxumo f (z, y, z). Ilycrn
Zoy Yo, 29 — 3HA4YEHNA z, y, z mpa p = 0, T. e. NepBHie TNeHH B pas-
NOREHNAX &, Y, Z N0 CTeNeHAM . MH yTBep:xgaeM, 9T0 DpeAHAyLiee
npeanosxkeHne Gyger BepHHM, ecau ¢yHkoms f (r, y, z) roaomopdHa
OTHOCMTENLHO %, Y, 2 HPH =2y, Y =Yg, 2= 2.

HeicTBUTENBHO, TOJNOKUM

x=x0+6xv .1/=.1/o1-5.1/, Z=Zo+6z-

@yuxuus f (z, y, z), 6yaysu roaomopdnoil, pasmo;kuma mo cTe-
nenam Oz, 8y, 8z. IlosToMy MokHO HanmcaTh

f=f0+f1v

rae fo cogepsRuT COBOKYNHOCTE WIEHOB, CTENIEHb KOTOPHX OTHOCHTE b-
Ho 0z, 8y, 0z mMenpwe n, n f; ABAAETCA COBOKYNHOCTHIO WJIEHOB, CTe-
HeHb KOTOPHX HC MEHFUIE 22} TOTAA fo €CTh MHOFOWIEH, K KOTOPOMY IpH-
MeHHMa NpeAHAyImas JeMMa.

Ilpepmonosxum temeps, aro dx, Oy, 0z sameHATCA MAHM HUX TOd9-
HHIMH Pa3jOKeHNAMH N0 CTeNeHAM |, UAH Pa3iOKeHHAMY, B KOTO-
PHX BepHH TOJBKO HEpBhIe WIEHH, TaK 9TO NEpBHIi oMuUOOIHHIT YaeH
copep:xuT W*. B o6oux cayvaax dyuaxuuu f, fo u f; GyayT pasnosxumH
no cremenaM p. Boxee Toro, tak kak Oz, 8y, 8z mensarca Ha p u Tak
KaK fi COepKHT TOJNBKO WIEHH CTEIEHH He MEHEBIIE 9eM 7 OTHOCH-
teasHo Oz, Oy, 8z, To aTa Ppynxknua f, Gyaer neauThca Ha U”.

Tenmeps MoxHO yTBepsKgaTh, 9TO B ABYX pPa3lOKEHHAX, H B TOU-
HOM H B NpubAMKEHHOM, WIEHH, CTeNEHb KOTOPHX MeHbmIe n (T. e.
WIeHH ¢ p', rae { << n), 6yayT ofuHaKoBH. 310 BepHOo AaA GyHKIUH
fo, KOTOpasA ecTh MHOTOWIEH, K KOTOPOMY IpUMEHHMA JeMMa. ITO TaK-
Ke BepHO AuA fy, KOToOpasA peNuTcA Ha W A KOTOopas, CAe0BaTeldbHO,
He COJIeP)KMT IJeHH, CTeNeHb KOTOPHX MEHbINe 72 OTHOCHTENBHO W.
CremoBaTennHo, 3T0 BEpHO TaKke piaa f.

Takum oGpasoM, B mpubaumixeHHOM pa3noxkeHud f NepBHil omu-
Gounmil WieH cogepKUT W" MAHM, KaK MH GyneM ropopurb Gonee Kpart-
KO, omubKa ecTh BeamdAHa HOpAAKa K",

95. IlpumenuM oTH JNeMMH K 3aHHMAIOUIEMY HAaCc BOIpoCy. ITo
BOBMOKHO, TaK KaK Fo m Fy, Tak e KaK M HX HPOHU3BOLHHE, CYyTh
rosomMopdurie QyHKumH HemsBecTHHX L, A, o, o (unu L, A, &, v).

3ameruM cHagala, 9TO B KaKaoMm HpubiamuxeHnu MH 6ynem Haxo-
AATH JNA HAIIHX HeH3BeCTHHX BHPAKEHMA, PasioKHMHeE N0 cTeme-
HAM p. B camoMm pene, ecam sTo BepHo B (2 — 1)-M mpuGiammenuu,
TO KOrja MH HOACTaBHM B OpaBHeC 9acTH ypaBHeHuil (4') aTu mpu-
GnurxeHHEe 3HAYeHHA, Pas3NoKUMHE IO CTeeHAM W, TOrAa IOCHe
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OOACTAHOBKM HOJYTHM BHIDQ)KeHHA, TaKkKe pasioKUMEeE MO CTeme-
HAM |1, @ TaK KaK HOBHE NpUGNMKeHHHE 3HaTeHHA HEHU3BECTHHX NOJY-
9anTcA KBagpaTypaMd H3 3THX HpaBbIX dYacTeii, TO OHU TaKke OyayT
o6mataTe 3THM CBOICTBOM.

Ecau B npubaueHHHX pasioKeHUAX HOM3BECTHHIX HEPBH omm-
OOTHHII YHeH cOAep:KUT W" U ecld, MH INOJCTABUM 9TA NpHOAM:KEH-
HHe pa3iao;keHua B Fy, To B cuny JeMMH NepBHe 9IeHH pasnosreHda F
Oyayr BepHHMH ¥ nepBHil ommbouHHil uinen GymeT copepskaTe pu".
Hdns pF, mepBHii HeBepHHIT 9i1en Gyaer cogep:kaTe W"*!, u ecnu F,
ecTh Kakaa-HEHOy[b dacTHaA NpoOM3BoIHaa oT F, To ommubka B pF,
Gymer Takixe mopaaka p"‘i

HOna Fy win gnsa KakoH-HuOGYAs YacTHOM IpousBOAHOI oT Fo fomy-
meHHas TOTpemHOCTE OyneT mopaaKa p°.

B mepBoM mpubGammeHuM JONMYCKaeMas MOI'PENIHOCTh HEH3BECT-
HHX NMeeT HOPANOK .

Ilepeiinem ko BropoMy mpubGamxennio. IloncraBmM »TH HepBHe
npubauskeHHEe 3HAYeHUA B NpaBHe 9acTH NEPBHX TPEX ypaBHEHHIl
(4') mau (5’), Koropuie uMeioT Bup WF,. JlomymenHas HOrPemHOCTH
9TUX HpaBHX dacreil Gyger mopsapgka p2, u TakrBa ske Oyaer omuGKa
HOBHX HpuOIMKeHHHX sHadenuii L, @, o (mam L, §, 7).

IogcraBum 9TH HOBHE HPUOAMKEHHHE 3HAYeHUA B HPaBYI0 9acTh
9eTBePTOr0 ypaBHEHHUA M 3aMEHHM OJHOBDEMEHHO A HX 3HAYCHUAMH
u3 mepeoro npubamwxeHusa. B ogHux MH fexaeM HDOTPemIHOCTL MOPAJ-
Ka p!, B IpyTHX — HOrpemHOCTs mopAnka w. Homymennas morpem-

aF
HOCTH B p—(i‘— Oyner, caegoBaTeabHo, mopsaaxka w2 Uro Kacaerca

0F, . oF,
HOTPEIIHOCTE B —7=— , TO OHA TOXe Oyner mopagka p2, Tak Kak —>L
3aBHCHT ToabKo oT L m morpemHocts B L — mopapka p®. Wrak,
TOTPEIIHOCTE MpaBOil YacTH HAIIEro ypaBHEHHA M, CIegOBaTeNbHO,
HOBHIX NpHONMKeHHHX 3HadeHmii A Oyner Takke mopagka 2.
Taxum ke 0Gpa3oM JOKaKeM, 9TO B TPETheM NPUGAMKEHUH TIOIPelI-
HOCTB IIPaBHX YacTell TpeX HepBHX ypaBHEHHIl eCTh BeTHYMHA MOPAA-
Ka P3; ommbka HOBHX NpROAMKEHHHX 3HaueHHil L, @, © UMeeT mops-
JoK p3; HaKoHen, omn6Ka B \ a—fl—f- , 675,0‘ H, ClefoBaTeJbHO, B MpaBoii
9acTH 9€TBEPTOrO0 YPaBHEHHA M B HOBHX HNPHOAMKEHHHX 3HAYCHHAX
A Tamke mopsgra ps.
PesioMupys, MOKHO cKasaThk, 9TO HOCHE n-T0 OpUGIM;KeHHA mO-
TPeIHOCTh, AONYMEeHHasA B HalIMX HeW3BECTHHX, OymeT HopAfgKa u".
96. B merope npubamxenuii § 93 MH moACTaBAANM B IpaBHe TacTH
HallUX YpaBHEHU BMECTO HEHM3BECTHHX pasJOKeHHA, HOJYyYeHHHE
-onpeneaeHHHM o6pasoM. Ho cnoco6 monyseHus He UMEET CYIUIECTBEH-
HoTo 3HadeHus. [lomycTuM, 9T0 B mpaBhie 9acT# NEepBHX TpeX ypas-
HeHuil (4’) Mbl MOACTaBUAM BMECTO HEMSBECTHHX [pyIrue pa3iosKeHud,
aumb O mepBHil omuGOIHEI YieH uMen mOpAgoK M". Ananus § 95
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HCMEJIEHHO MOKa3HBaeT, ITO TH ypaBHeHHs JafyT HaM HpUOAMKeH-
HHe pa3noends aaa L, ¢, ®, B KOTOPHX nepBHH omuGognHil diaeH
Gyaer mopagka n"*l.

Boasmem 3aTem "erBepToe ypaBHeHme (4'). B mpaBoil wactu same-
HuM L, @, ® 3TAMH HOBHMHE pasiO’KEHHAMH, a BMECTO A HOACTABHM
Ope;RHHE DPA3NOIKEHUA, MOTPENIHOCTh KOTOpHX mopsAgka pn". Iloan-
3yack aHaansoM § 95, MH cpasy yBUAuM, 9TO ypaBHEeHHe AacT AaA A
HOBHE NpubiIM;KeHHBE pa3io;ReHHA, Tae mepBHII ommbounwii waeH
Gyjer mopsaaka p"ti,

B mponecce Hammx npnOamkeHHi MH MOeM, Kak, BOpoYeM, HaM
yKa3HBaeT M 3[ApaBHil CMHC]I, 0T6pOCUTH OlIHGOUHBIE WIEHH pPasiio-
CUMI M COXpaHUTH TOJABKO TOUHEE WIEHH.

B n-M npubamkenun MH HOACTaBAAeM B MpaBHe IacTH HalIM MpPH-
OnmAeHHEC pasNOKeHHA W HOJNydaeM JiA NpaBHX dacreil pasmosse-
HHUA, KOTOpHE MH MOjeM ofopBaTh Ha WIeHaX CO MHO;KATENeM P"7%,
TaK KaK BCe Clefyiolide IJeHH HEBEpHH.

B mpasBoii gacTm 4eTBepTOr0 ypaBHEHNsA MH HMeeM ABa ClaraeMHX
%1;_?_ u p%. Bo BTOpOM cnaraemoM AOCTAaTOYHO 3aMEHHMThL HEH3-
BECTHHE MX MPEKHHMHU Pa3NoKEeHUAMH, KOTOpHe ABJIAIOTCA TOIHHMH
10 9IeHOB HmopAfaKa W2 BrawumrenbHo. llorpemHocrs, somyuieHHasn

B pasio;KeHHH u—ﬁ , Oyner omaTs mopsagka w". Ho B cmaraemom

aF, OF
a—I?- caenyer 3aMeHurs L (Tonpko L, Tak Kak —aTO 3aBHCHUT TOJBKO

or L) HOBHIMH pa3iOKeHHAMH, TOYHHIMH [0 TJIEHOB HOPAAKa "}

BKJIOYUTEIBHO, MOJAYYEHHHMHA ¢ HOMOLIBI0 NEPBHX TpeX ypaBHEHHII,
97. LlenecooGpasno cuenaTs yrounenus. PaccmMoTpuM, Hampumep,
ypaBaeHua (5°). JomycTuMm, 9To MH paccMaTpHBaeM 9acTHOE pele-
HHe 3THX YypaBHeHHiH, B KoTopHX mpm { = O mepemennme L;, A;,
g, ; OpUHAMAOT HadaamHbe 3HadeHmA L}, A}, &}, n}, u mpegmoxno-
FKMM, 9TO MH jKeJaeM pa3j0)KUTh DTO pelleHue MO CTENmeHAM M.
B mepeoM mpubnm:xeHmd MH OyAeM HMeThb

Li=L21 §i=§21 ni=n29 A’i=nit_l—}"?i-’ (13)

rje n;— HNOCTOAHHHE, KOTOPHE B COOTBEeTCTBUH C (l)opmynamn o ann-
TH9ECKOI'0 OBHKEHUSA PaBHH

M;

N = ———
T

I7ie MOJIOKEeHO, KaK u B § 82,

M, =m3 (m+ mq)® = mmim;,

My=mg (m+ m;+ mq)* = mm} (my + mq)?.
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B n-m npnGamxenuu 6yaeM aMeThb

t t
_ aF L_p0__ 8F1

t
m OFy
TI:—*!H—HS agi dt

t t
Ai=m+g 9% gt 4 g OF 4.
b

(14)

(15)

B umrerpanax, ¢urypupyromumx B mpaBex dacTax dopmya (14),
HEeH3BECTHLHE JOMKHH OHTh 3aMEHEHH 3HAYCHMAMH, HOJYICHHHMH
B (n — 1)-M npn6amxenun. To ke caMoe OTHOCHTCA KO BTOPOMY MHTe-
rpaay B ¢opmyne (15), Torga Kak B mepBOM HHTerpaje, Ifje HOTHHTE-
rpanbHas (QYHKOUA SaBUCHT TOJBKO OT L, MH JOM)KHH 3aMEHHTH
nepeMeHHHe L uUX 3HAUeHUAMH, TOJYYEHHEHIMH H3 ypaBHeHmii (14).



I'TABA V

IIPUMEHEHUHE METOJA JIATPAHMKA

98. B kouue mpeAnHaymeil rAaBH MH BHAeJNH, YT0 HAaIlM ypaBHe-
HUA MOTYT OHTE HPOMHTETPHPOBAHH NOCAEHOBaTEeABHHIMA NpuGIm-
JHeHHAMA W 3TH NPHGAMKEeHHA OCYIECTBIAIOTCA MPOCTHIMH KBajpa-
Typamu. Bce KBajpaTypn, K KOTODHIM NPHBOAMWT HpAMEHEHHE ITOrO
Merofa, MMEIOT BHJ

S At™ cos (vt - ) dt,

rme m — 1e10€ MOJIOMHUTENbHOe YMCAO UAH HYIB, a A, v ¥ b — mo-
CTOAHHEE,
IIpemxpe Bcero, gna m = O nmeem

S cos (vt 4 h) dt=MJ—+—h—) (1)

H, KpoMe Toro,
ivi

Y evtde ="

iv
Ecnn mpogmdpdepeHmupyeM mocaefmee paBeHCTBO M pas HO V
H paspenmM Ha i™, To mOJydUM

i —1,ivE —o ivi
¢meiv g tmetv ml ™ 1V ) ml M2t
iv l (m—1)! ve (m—2)! v
ivi ivi 1 ivi
m—3 ml t2e .mepg m! te'V m-1, m e
4. i ..m_l_l o il T +i I

OTKyJla, YMHOKasA Ha Ae M BHjensAsa AeHCTBUTONBLHYI0 4acTh, MMeeM

S At™ cos (vt + k) dt = At sin (ve+h) Sinv(w +h) +mAt™ L. cosivir® (::'f' h_

m t-L-h 1

—m(m—1) Agmt SRR 4 0 (vt ()

OO6muii aneH pasnoKeHUsA HMeeT BUJ
tm(m—1)...(m—p+1)4 ;

rge ciaegyeT B3ATb
-+sin, +4cos, —sin, —cos

coS

(vt 4 h) sl
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npu
p=0,1, 2,3 (mod 4).

Cregyer noguepKHyTer Haaudue v B sHaMmeHartexe. CaenoBaTeNbHO,
npeasaymue (OpMYAH CTAaHOBATCA OECCMHICAGHHBIMA B Ciaydae,
worga v = 0. Torpa oHH AOoM#HL GHITH 3aMEHEHH CJEYIOU[IIMII:

S Adt =4t S Atmde = g, 3)

99. IlpmMenuM 8Tm pesyabTaTH K HuTepecyouieil Hac mpobaeme,
T. €. K HHTerpupoBaHmio ypaBuenuii (5') § 93. B § 83 mu Bupenu,
910 ¢yHKuumd PFy uw F MOryr GHTH pasioeHH IO CTENEHAM § # 1)
¥ 0O KOCHHycaM M CHHycaM KpaTHHX A. To ke camoe cmpaBeJMBO
¥ AnA 9acTHHIX OpPon3BogHHX of F mo L, A, § m n. Takum oGpazom,
OpaBHe JacTH ypaBHeHHUIl (D) pasno;KUMH B pAJH BHAA

2 Acos (kg + kohy + h) M, (4)

rae A u h — mocTosinHKe, 3aBHCAUEE TOABKO OT L, &k cyrb uenne
quciaa 1 I — nexanit ogHOINEH OTHOCHTENBHO § U 7). [lpm aTom cornac-

HO § 86 mocrosanHas h paBHa HYMI0 MR —’2‘ .
B mepsoM mpubGnumsxkenuu MH uMeeM
Li=L} Ei=8, m=ni, M=nt+Al

Ecau, npumensaa mpasmaa § 93 m 97, M moacTasmM oTH 3HAYCHHUA
B mpaBHe JaCTH TpeX HepBHX ypaBHeHHuil (5'), To aTm mpaBHe YacTH
OpPUMYT BHJ

> B cos (vt -+ h'),

rae B u h'’— mocroannne u
V= k‘ni —I— kznz.

Mu MoxeM Torga HHTErpHpOBaTh HAallM YpaBHEHHA C HOMOLLBIO

dopmyn (1) u (3) u HaiineM ana HemssecTHHX L;, E; m 7; HOBHe pas-

NOMEHHA, WIEHH KOTOPHX copep:xaT mam sin (vi 4+ A') mam ¢,
Ilepexopgum k ypaBuenmio (15) § 97:

t |
_ oF, oF,
0

., OF.
B npouszeoanoit 5—& MH OHATH JAOJIKHH HMOJCTaBUTHL BMECTO HEHM3-

BECTHHX WX npubnamxennuie suavenua L, E}, ni, n;t + A}; Takmm
o6pa3oM, moxy4uM faA A; WIEHH ¢ ¢ B peayabTaTe NpuMeHeHds $op-
MyaH (3) m wnenn ¢ sin (vt -+ A’) B peayasrate npuMenenns opmy-
au (1).
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9Fy
BL;
Li HOBHIMH Pa3O;KeHHAMHU, KOTOPHE MB TOJBKO 4YTO HaNIIU. HYCTL

=L3i4+8L,

B mpousBopnoit caepyer coriacHo mpasmay § 97 sameHuTn

O6ynyT STUMH HOBHMH pasioskeHmAMHU. Benmamum 8L; pasnoxmMmb
IO CTEHEeHAM [, HO TaK KaK HpH 3TOM

t

_ OF
BLI—_HS 3&; dt

oF,
a B pysKuun 53, HEHU3BECTHEe 3aMEHeHH X OpuGaUKeHHEIMA 3HaYe-

HUAMH, He 3aBHCAMMMHE OT W, TO JErKO BHAETh, 9T0 pasioxieHue 8L;
CBOJHUTCA K emmc'rnenuomy 9jIeHy, a MMEHHO K WIeHy ¢ M.

Ilpu L; =L} 0L npuBoauTCA K ;. Kpome Toro, gna L; = L}4- 8L,
Fo

dacTHasg NPOM3BOTHAA 3T1 MOskeT OHITH pasfoKeHa HO CTeHeHAM
O0L; B dopwme

oF, _9F o2F,

BL; =ni+ 31, 0L; 0L, SLi+ oL, 9L 0L, 8L, + ..

B atoM pasnokenmum MH MokeM HpeHeGpedp WIeHAMA BTOPOIi
n GoJiee BHICOKOM cTemeHH, TaK KaK OHH HOpPAAKa W2 ¥ BHIIe, I ecan
MBI 3aME€THM, ¢ APYTOil CTOPOHH, 4TO N3 BHpaeHna aaa F, (cMm. § 82)
caepyer
a2Fy 02Fy _ dny
AL =" ;L

TO MOKeM HanncaThb

aF,
aLg i+ dLo 6Li9
OTKya
t t
8F0 . dni
S ors dt=nib+ 7o SsL,dt.
0 0

Beauguny % MOKHO BHIHECTH H3-TIOf, 3HaKa MHTerpaja, Tak
Kak oHa mocrosHHa. JledcTBUTENBHO, HOCHEIOBATENBHHE HPOUBBOJ-
aue Qynkmum Fy nocue samenn L; na L} IPUBOJATCA K NOCTOAHHEIM.

Mu Bupenn, aro 8L; copepmur uneHs ¢ sin (vi -+ k') m Moxer
collepsKaTh WIEHH, NpPOHNOpUMOHaAbHHE f. ME CKOpo yBHguM, 9TO
9JIeHH, NPOHNOPHHUOHAJNBHHE {, HOABIAIOTCA TOJBKO TOrjga, KOTAa
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OTIOIIEHHEe CPENHUX ;wmxemm L comamepumo*). dro cBoiicTBO M3-
BECTHO MOJ{ HasBaHUEM ueua.ueuuocmu Goavwuz oceli.
IT0 HaM flaeT B S OL;dt m, cnegoBaTenbHO, B A; YAEHH ¢ cOS (Vi - h)

H YJeHH, MpOmopUMoHaNbHHe {. Bo3MOKHO TaKsKe HaaWiIdme TJIEHOB,
OponopuuoHanbHuX t2 [B pesyarraTe mpumenenua ¢opmyas (3)],
HO 3TO TOJABKO B TOM caydae, Korga OL; comep:;kuT 9jeHH, MPOHOp-
OUOHAJbHEE £, T. €. B TOM CJiydae, €CiH OTHOIICHH® CPEIHUX NBHKE-
HUil com3mepmnmo.

Takum o6pasoM, mMeeM BTOpOe HPHOIM;KeHHE, KOTOPOC WO IIpu-
4uHe MaJOCTH BO3MYMAIONMX MacC AOCTATOUHO AJAA MpPaKTHIECKUX
HY:K7 B 0OJBIIMHCTBE MPHIOREHHIT.

100. Tem ne Menee, mpomoJKUM NpuUlAUKEHHA Aajiee H HOCMOT-
pHUM, KakoB oOLIMii BMA YA€HOB HallHX pasiosKeHMIl.

Mu yTBep:xaaeM, 9T0 BCe YIECHH pPa3ioKeHHN MMEIOT BHJ,

At™ cos (vt 4 h), (5)
rge m — 1e1oe HeOTPHHATENBHOE IHCi0, A U b — MOCTOAHHH I
v =kn, -+ kon,,

npudeM Kk — Hexble TOJNOKUTEJNBHHE HIH OTPHUIATENABHBHE YHCJA.

3ameTuM cHadaja, 9T0 HDpouU3BefeHUe ABYX BhIpa:keHuii Buga (5)
ABIACTCA CYMMOil YIEeHOB TOr0 ’Ke BHa, M, CAEIOBATENbHO, MHOTO-
WieH, HEeNHil OTHOCHUTENBHO HECKOJNBKMX BEIWIMH BHAa (D), TaKike
OpeACTaBAACTCA B BHJA® CYMMH WIEHOB TOrO K€ BHJAA.

Boo6me, nycts f ects dyHKUUA, pa3noKaMad OO CTEHEHAM &, ¥, .
Ecau z, y, z pasnonMH B pAAH, WIEHH KOTOPHX mMelT (opMmy
(5), To u cama PpyHENHUA f pa3mokAMA B pAN, TIECHH KOTOPOro MMEIOT
BuA (D).

JelicTBuTenbHO, €CAH B pasnosxkeHud GYHKOUY f IO CTEHeHAM z, Y,
Zz MH 3aMeHHM Z, Y, Z MX PasioKeHUAMH, TO B Pe3yJabTaTe 3aMEHH
HONY9IdM pPAA, Kakguil 4neH Koroporo Gyser mpousBefeHHEM BHIpa-
menuit Bupga (5).

N3 § 98 Mu BuauM 3aTeM, 9TO, HHTETPUPYA MO ¢ BHpaKkeHUe BHia
(5), MBI TaK;Ke TOMYIUM CYMMY 9JI€HOB TOTO e BHUJa, TaK KaK HOJe3-
HO 3aMeTHTh, 9TO

sin (vt + k) = cos ( +—h —_>

YcraHOBHB 3T0, pacCMOTpHM 4YacCTHHE npousBogHue or Fy m Fy,

n

*) FoBops, uTo oTHOmeHOe cousmepnmo, ITyankape mMmeer B BHIY,

YTO OHO PaNHONAJBHO, T. €. UTO COM3MEDPHMH ny ¥ ny. (ITpum. ped.)
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KOTOpBIe BXOAAT B IIpaBBI€ 9aCcTH HallMX ypaBHeHHﬁ. Tlomoxum

Li=L{40L;, &i=8+08k, mi=ni+0n;, Aj=nit-+Al+0A,.
Yacranie nponsBognnie o Fy u Fy MOryT GHTh pas3iosxeHH N0 cTe-
neuam 6L, OA, OF, v B BHpe
> BWw,
rae MM —meawit ogHowneH oTHOcHTeabHO 0L, 8F, On, 6A.Uro Kacaer-
ca xoadpdmuuentos B, To onm cornacHo dopmyre Teiimopa asasiorca
JaCTHHIMUM ONPOM3BOJHHIMA BHICIIMX HOPAAKOB oT Fy m Fy, B KoTOpHX
L g, alr 7» ZONKHH OHTDH 3aMEHEHH HX NpHUOIN;KeHHHMHA 3HAYCHUAMHI
!, &1 "]n n;t + Af. _
YacrHbie npousBognkie aioboro nopsagka Fy m Fy Moryr Gure mpen-
CTaBleHH, Kak U camu 9T ¢yHKIUH, B Buje (4) na § 99, T. e. B dopme

> A cos (kg + kahy -+ h) M.

Ecan zamennTh 3mech HeM3BeCTHHE HX NpHOAMMEHHHMH 3Hade-
HUAMH, TO 3TH BHpajKeHUA HPUBEAYTCA K cyMMe uieHoB Bupa (5),
TaK Kak A m MM npuBoAATCA K HOCTOAHHWM U kAt kohy+ AR VEL R,
rie

V= klnl + kznz, h=h + klllg + kz}\,o.

Taxum o6pasoM, koadpdunuents B ABaAw0TCA cyMMaMu 2iaeHOB Buga (5).

Ilokaskem, uro 8L;, 8%;, dn;, 8A; B moGoM mpmbammeHun copep-
/AT TOJABKO WIEHH BHjaa (5).

JeficTBHTeNILHO, JONYCTHM, YTO 9TO CHpABEAAHUBO JIA N-TO NpH-
OnmKkeHHA, U JOKa)KeM, 9T0 910 OymeT TaKsxke BepHO gasA (n -- 1)-ro.
B camom pene, paccMOTpHM cHadYalia HEpBHE Tpu ypaBHeHua (5')
u3 § 93. lIx npasue 9actu mMmelor g X BM’, roe B ognodaexnax M’
caenyer samenuth OL, ... HX 3HAUEHUAMH M3 n-TO OpHOGAMKEHUA.
Ilo mpegmonosxeHmo, 3TH 3HATCHUA NPEACTABAAITCA CyMMaMu BHja (D).
CnepoBatenbHo, ogHouien IR’ Tak:ke ecTb cyMMa uicHOB Buaa (5),
H TaK Kak BHpaxeHus pasa Koa@PuuueHror B mMMewT TOT Ac BHJ, TO
ZBM' taxswe GymerT cyMMON YIEHOB TOrO ke BHa.

Hrak, mpaBre d9acTu ypapHeHmil MMEIOT B CYMMH YJIGHOB BH-
aa (9). Muterpupys mo ¢, MH BHIUM, 9TO HOBHe 3Hadenus OL;,
dn;, O8%;, T. e. mx sHaueHus B (n + 1)-M npuGamxenuu, GynyT UMETH
TOT ke BIIA.

Haxouen, paccMOTpHM JETBEPTOE ypaBHeHue (5") ma § 93. B ero
npaBoil 9actu caegyer sameumtb OL;, OF;, &1, uX snadeHmamn wus
(r -+ 1)-ro mpubamsxenna m BmecTo OA; TMOACTABUTHL €ro 3HAYEHHE
u3 n-ro npubauskeHus. Bee sTH 3Ha9eHAA NPEACTaBAAIOTCA CYMMaMH
4YneHoB BHaa (5).

Hak n Bume, sakaoduM, 9T0 OpaBasd 9acTb €CTh CyMMa YJIECHOB
BAAa (D) M 9TO pesyNLTAT HHTETPHPOBAHMAA, FAIOMMIl HOBOE 3HAYeHHe
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nas 8A;, T. e, ero sanadenue B (n + 1)-M npubnNMKeHUH, TaK:Ke ABAACT-
¢ CyMMoil 4neHoB BHpa (9), uTo M TpeGoBajoch JOKa3aTh.

101. Maxwie aemurenn. Mu Bugenu B § 98, 9ro B pesyanpraTe MHTe-
rpdpoBaHmii KoadduoueHT v moABAAETCA B 3HameHarene. II3 aroro
caenyer, 910 ecag v = 0, dopmyanir (1) m (2) TepAOT CMEICA H B ITOM
cliydae MH ZOJKHHW HCHoab30BaTh dopmyan (3). Ho

v =kn, + k;n,.

n
CiefoBaTeaBHO, v MOKET 00pamaThCA B HYAb, €CAH OTHOMECHUE T‘-
2
conaMepuMo uam ecad ky= ky= 0.
n.
BeposaTHocts TOro, 94ro OTHOIIEHHAE 7!- B TOYHOCTH COM3MEpPHMO,
2

GeckoHedHO Mmada. M MoKeM, ciefoBaTeABRHO, BCerga JONyCKAaTh,
4TO 3TO OTHONIEHHEe HECOM3MEPHMO M UTO, cAEAOBaTENIBHO, vV MOMKeT
06paTHTBCA B HYJIb TOJBKO, KoTpa ky 1 &y OAHOBPEMEHHO DABHEI HYJIIO.

Ho otHOWeHHe cpenHAX ABUKeHUil, He 6yAyIH B TOIHOCTH COM3ME-
PHMEIM, MO3KET ORITE HO9YTH cOM3Me P HMH M. B aToM cayiae
v He Gyner o6pamaTscsa B HyAb, HO MOYKET OHTH BecbMa MaakiM. Ecau
Je v JejaeTcA BecbMa MajdHM, TO WIEHH, cofepskamige v WJIH CTe-
IeHH v B 3HaMeHaTejxe, OymyT odYeHb OOJBILUMH,

Torpa rosopAr, 910 3T YAEHH ABAAIOTCA BecbMa 60JBIIEMHA BCE]-
CTBHe HAJAMIMA MAa NI H X g eJNHTeE J e ii.

Mo:H0 HOKa3aTh, 9TO Ka)kIOMY 3HAUeHHI0 —- COOTBETCTBYeT Gec-

KOHETHOE MHOKeCTBO MaJIHX AeNHTenei. lIencTBnTenLHo nonycmM,
910 MH OO0paTuan % B HEUpepHBHYK Apols, W OyCcTh —az——om{a
H3 ee HOAXOJAIMMUX npzoﬁei't. Beipaskenne agng— aing, rae o — Ieine
49mcia, BechMa Mand, TaK 9YTO Kakmoil moaxopmsaumieir apo6u cooT-
BETCTBYeT MaaHi geaurens. CregoBaTenbHO, MK UMeeM HX GeCKOHed-
HO€ MHOJKECTBO.

Ho Ha npaKTHKe IpUXOJUTCA PacCMaTPHBATH TOJABLKO MePBHE WIEHE
pasioKeHAidl, T. €. YWIEHH, KOTOPHM COOTBETCTBYIOT OTHOCHTEJBLHO
HeGonpmue 3Ha9eHUA LENHX ducen ky 1 ki,

CnepoBaTeabHO, TOABKO HEPBHE nonxonaume gpo6u 6yayr urpaTh

poan; Goxblleil 9acThi0, €CNH OTHOMICHH® —- ‘ He 0YeHb 6AU3K0 K Hpo-

cToli COM3MEepHMOCTH, T. €. K omomemno nByx He6OoMBIINX IEeNBIX
JuceJ, BHpasKeHHEe Oyny— Gqne He OyAeT BeckMa MaldHM, TaK Kak
nogoOHele Boipa)enusa GyqyT TeM MEHbIIe, YeM BHIIEe HOPAJOK COOT-
BETCTBYIOIUX Nopxoaauux apobeii. B atoM caygae mManme genureian
He JOCTaBAT HaM OecmokoiicTBa.

n "
Ecnu, naoGopor, orHOmIeHHE n—‘ oueHr 0aU3K0O K IpocToil comame-
2
PYIMOCTH, T. €. K OTHOIIGHUI0 HEJAKX MOJOKUTEIbHHX IHCeN, TO BHpa-
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HeHHe OgNly— (43, COOTBETCTBYIOLlee OfHON W3 mepBHX Apobeii,
Gymer secsMa Mand. Ho Torma mMeer MecTo caepymouee 06CTOATENE-

ctBo. Ilycre %—cnenymm;aa moAxoasaman apo6s. Mu yrBep:kpaewm,

aro Heane duciaa B, u P, 6yayr osennr GonbmuMmu, Tak dUTO Mauklil
menurenb Py — Pin, He Oymer HaXOAMTBCA CpegH HEPBHX
9/IeHOB DAa3NoMeHuA, KOTOpHe OOHYHO COXpPaHAIT.
JeiicTBuTenBHO, WyCTH %—-—no;lxonamaa ApoOb, mpeAlIecTBYIO-
2

Q. »
masn —ai . U3 Teopuu HempepHBHHX Apoleil m3BeCcTHO, 9T0 MH Oynem
2
fIMETH
Bi=vi+aa, PB;=vet+as,

T® @ — COOTBETCTBYOINEe HemoJHOe dYacTHoe. Eciau monoxum

mo_ Vit

ny va+agz '
TO @ — mexas YacTh Z, TaK 9TO Pa3HOCTh & — 4 3aKJII0OUEHa MEKAY
HyaeM n egunuueii. Torga GymeM mmeTsb

Yirz—Yao'ty
oy —aynp

CornacHo mpenmoNIO)KEHHI0O 3HaMEHATeNb Oyny— G4 BECBMa Mal.
Cneposarensno, z, a sHaduT, n a GyayT BechbMa GOABLIMMH, TaK e
Kak u By u P, 910 ¥ TpeGoBanOCH AOKA3aTh.

TaknM o6pasoM, HaM He mpuAeTcA 6eCIIOKOUTHECA HHU 0 ApobH —%,
HH, TeM Gonee, 0 caeaywmux moaxopAammx Apolsax. CiegoBaTeanHO,
Ha OpaKTHKe OpHUAeTcs HpUHAMATH BO BHHMAHNEe HO Gojablle OJHOTO
MaJIOTO [eauTeNs.

Ecan BMecTo Tpex Tex Mu mMeeM Goablnee 9UCAO, HAIpEMEp, I€TH-
pe (Tpm nnanetn m Coanne), 10 GymeM mMmeTsb

v =Fkyny + kony + ksng.

n
B arom cAy4Zae ycJOBHE HECOM3MEPHUMOCTH OTHOIIEHHA 71—1 OOJKHO
2

T =

OLITH 3aMEHEHO CAEHYIOLUUM: Me;KIY TPeMA CPEIHAMY JBHKEHUAMY N4,
ny, ng He CYIECTBYeT JHHEHHOT0 COOTHOLIEHHA ¢ HeAmMu Kodddu-
LHeHTaMd *).

102. Mopma pasnoskenmii. PaccMoTpEM Temepr Hamm HemaBecT-
HHe Kak QYHKOMM OT HadaiAbHHX 3Hadenuit £} u n! Bemwamu &; u 7;.
TloKaeM, 9To BCe HeH3BECTHLIE MOTYT OHITH Pa3NOKEHH B PAAH IO
BO3paCTalOMuUM cTemeHAM §] m ).

*) To ecTp He MOAMHO CYINECTBOBATHL COOTHOMIEHHA BHAA kyng- kayny -+
-+ kgng=0, rme Bce k—ueane. ([Ipus. nepes.)
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HeiicTBuTeNbHO, B TMEpBOM HpHOAMKEHHH 9TO WIMEET MeCTO, TaK
KaK B 3TOM caydae mpocro &;=E}, n;=n{, a L; m A; He 3aBHCAT OT
E! u n}. IlosToMy pmocTaToYHO MOKasaTh, 9TO €CHH CKasalHOe BepHO
B n-M OpUGAMKEeHHN, To OHO GyaeT BepHO Takske B (r + 1)-M mpuGau-
siennu. PaccMoTpmM cHadana mepBLie TPH YpaBHEHHA CHCTeMH (5)
u3 § 93, mpaBHe 3acTH KOTOPHIX HMEIOT GOpMYy

SIBW.
Pausme 65110 morasano, 9To KoagduunenTs B camn uMeioT popmy

) Acos (kyh, + kohy 4 2) M,

rae L;, &;, My, A; HYyKHO 3aMeHHTH HX OpUCAMKEHHHMH 3HaYeHHAMHU

LY, B, ni, nit + Al Torma M, KoTopHIl ABAAETCA IENKHM OJHOTICHOM

OTHOCHTEIBHO §; M 1);, CACAAETCA LEAHM OJHOYICHOM TaK:ke OTHOCH-

TeAbHO £}, M{, B TaK Kak Apyrme MHOKHTeIM He 3aBHCAT OT &}, nf,

TO MH BHAUM, 9TO Bceé Ko3QQHUIMEHTH B pasioKHMH 00 CTeNeHAM
i i

Yro kacaerca M’', T0 oM ABIAETCA LEAKM ONHOYIEHOM OTHOCH-
rexsno 8L, 8E, 6v, OA, roe aTu BHpakeHusA AOMKHH GHTH 3aMCHEHH
UX 3HaYeHHAMHU H3 n-ro Npubamxenusa. Ho, mo mpeamonoxenuo, aTu
BeJMIUHH PasNoAMH N0 cremeHsAM &, nf, orkyaa ciaenyert, uto N’
Tak:#Ke 00JajaeT >TAM CBOMCTBOM, TaK ke KaK M paccMaTpHBaeMHe
nopaBeie dactm ZBIN’.

Ecam ME mpouHTerpupyeM, TO yBHAuM, 9T0 B (2 -+ 1)-M mpuGau-
sKenuu BexawimH L, §, v pasnomumn 0o cremeHaM §f m vi. Axano-
IMIHO MO;KHO HOKa3arek, 9ro (n + 1)-e mpmbammendme mepeMeHHoii
A; TOsKe HpeaCTaBAAETCA PAAOM Ho cTemeHaM &f u n).

Hrax, namu pasnosennsa GyAyT UMeTH BHJ,

> neAMet™ cos (vt + k), (6)

rae Mo— meanii ogHouneH oTHocHTenbHO &f m i u rae A u b — mo-
CTOAHHHE, 3aBHcANHEe TOAbKO oT L} u A]. Tak Kak mamn BHpas;keHns
Pa3no;KEMH HO CTEHEHAM |, TO MH OyJeM EMeTh B KadeCTBE MHOKH-
TeNs CTeNeHb MapaMeTpa W, YTo u HamucaHo ABHO. Iloxokum

8 =V2lcoswl, 1=V 2¢!sinef,

rge o} u ] —HavaNbHHE 3HaYeHHA MePeMEHHHX Q; U ;. Paccyxnas
Kak B § 69, Mu yBuamM, 9To Hame pasioKeHHe MojkeT GHTH mpef-
CTaBIEHO TaKxe B (popme

2" pedg)noleagdusgdts cos (vt + 3] piof-- ), (7)

rae A n h 3aBuCAT Toabko oT L m A} n rxe meane 9ucna p u 2¢q yaos-
JeTBOPAT YCIOBAAM

2q; = p; (mod 2), 2¢,> p;.
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103. I'eamouenTpuveckue rkoopammatsl. B § 64 M Bugenn, gto
KOODAUHATH Iy, Z3, &3 MacCH, HPUTATABAEMOIi HENOABMKHBIM HEH-
TPOM, MOTYT OHITh BHpajkeHH B BuUAe OYHKIUMHE KaHOHHIECKHX 9ie-
MeHTOB. JTH GOpPMYAH MOTYT OGHTH HmpAMEeHeHH K GUKTUBHHM IJIaHe-
TaM A" u B”. Mu yeuguMm, TaxuM oGpasoM, uTo

Ly Tpe Ty Ty T Xg
pasnaraoTcda HO cCTemeHAM £ m m M, KpoMe TOro, OHH CYTh (QyHK-
i L u A, romomopdunie mpu

Li=L}, A=MA+nit.

CneIoBaTeNABHO, €Cad HMOMOKAM
Li=L}+08L;, Ai=M+nit+ 0,

TO KOOpAMHATH 2’ OyAyT pasmosKuMH Ho cremeHaM &, m, 8L, dA.
HoGaBuM, 9T0 Ko3ddmIUEHTH pasnosxeHua mmeior Bug C cos (vi-+h),
rge C m h — mocToAnHue, saBucAmue o1 L m A). Taxum oGpasom,
pasnoskenus mmeior gopmy (6). Tak kak Beauwumnm E, w, 8L, 8A
caMH pasioKuMH B pAAH Buaa (6), To aTo Gyner cupaBemAHBO TaKKe
¥ JAafA KoopAHMHaT z'.

Paccy:xpgaa kak B § 69, Mu yBmamM, dto 2’ TaKme MOTYT GHTH
pasnosxeHH B dopme (7).

TakuM o6pasoM, KoopAWHATH %' MOTYT OHTE pa3NOMEHH HIH
8 Ppopme (6) unm B Popme (7), 1 TO xe CHpaBeAIABO AJaA FeNHONEHTpH-
JeCKHX KOOpAMHAT HNJNAHET Xy— X7, Ly— Xgy L3— L9, Ty— Tq7, Ts— Ig,
Zg— Ty, KOTOPHE ABJIAITCA JRHEHHHME (YHKURAMA OT Z'.

104. Knacenpuranua unenos. Taxum o6pasoM, oGmuii anen pas-
J0seHuil, KaK 3JIEMEHTOB, TaK W KOOPAMHAT, MMeeT BHUJ

peAgNot™ cos (vt -+ k).

JT0 BHpa)KEHHE MOKET CIYKHTh JiA KiacCHPHKAUUAU IIEHOB.
IIpempe Bcero Mu OymeM pasiamdaTh nepuoduteckue waenbl, YUCMO éeko-
8ble UACHBL, CMEULAHHbBIE BEKOGYE YACHUL.

Tlepuopudeckme 4ieHH 3TO Te, KOTOpPHE He COAEPHaT MHOMKUTENS
t™, B KOTOpOM BpeMsa { HaXOJUTCA BHe 3HAKOB TPHTOHOMETPHUECKHX
$yHKIuUi.

YueTo BeKOBHE YINEHH — Te, KOTOPHE COMEpKaT TONBKO MHOKH-
Teap I™ U He cofeprkaT TPUrOHOMETPUIECKHH MHOKHTENb

cos (vt -+ k).

CmemaHnHe BeKOBHE YJIEHH COfEp;KaT OJHOBPEMEHHO M MHOKH-
Teab i™, M TPHUrOHOMETPHYECKHH MHOKUTENb.

Hanee 6Gynem pasnudaTh WIEHH ¢ TOYKA 3PEHHA nopAdKa, cmenenu,
PaHe2a U Kaacca.

8 a. IIyaHKape
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TlopagkoM dYieHa pa3io)KeHHA Ha30BeM IIOKa3aTelb ¢ CTEHEHH
mapaMerpa W. JTO ompefieleHHe ONPaBAKBAETCA MaJOCTHI0 HapaMme-
Tpa |, TaK 9TO UIeHH GyAyT TeM MeHbIIe, 3eM 6oabiue HX MOPANOK.

CreneHpi0 4ieHa pasiorkeHHS Ha30BeM cTemeHb opHouieHa Mg,
JdT10 ompefeneHne ONPaBAKBAETCA MaJOCTHI0 9KCOEHTPUCHTETOB H Ha-
kaoHHOCTel. Tak Kak £} m v} UMeT NOpAKOK BKCHEHTPACHTETOB U Ha-
KJIOHHOCTEH, TO WIEHH pa3liokeHuA OyAyT TeM MeHbIIe, 9eM BHIIE HX
CTeNeHk.

Panrom uimeHa pasmo)xeHus HasoBeM

a—m,

T. €. pa3HOCTD HOKasaTeasA o MapaMeTpa [\ M NOKa3aTejada m BpeMeHu i,
Jlerko BuzeTh, 9TO WieH, y KOTOPOr0 PasHOCTbh O — M Malja, MOKeT
uMeTh Goablloe 3HaYeHHe, Aake ecau o Beamko. HeiicTBuTennno,
ecad a # m o6a BenuKH, TO WIeH, CHa9aja BechMa Madawlii, Gyner pacTu
BMECTE CO BpEeMEHEM.

Yo KacaeTcs Kiaacca, TO OH 3aBHCHT OT HaJWIMA MajdHX neln-
Teaell B sHameHaTene. Mankie genuTeau, Kak MH BHeNH, HOABAAIOTCS
B pesyibTaTe IHOCJHEIOBATeNbHHX HHTEIPAPOBaHUI.

Ilycrs m’ — mokaszaTenb MallOTO AEAHTE]IA, HAXOAAIMETocHd B 3Ha-
MeHaTeae, WIH CyMMa MOKasaTeaeil MajHX JeiuTexeil, ecAH MaJjkX
neanteneii 6oxbue oguoro. B § 101 Mu Bugenu, aro mocaeauuii ciy-
gafi BCTpewaeTcA OYeHb pPEAKO.

Torpa Kiacc 4ieHa, MO OIpEENEHHI0, €CTh

m m’

277

105, HeusmennocTnb Goabmux oceif. BepHeMcsa x ypaBHeHHIO

o —

t
Y
= 0 e B
Li-— Li n B X dt,'

(1]

" AoNnycTdM, YTO MBI XOTHM HOCTPOHTH BTOpOE leM6JII/IH(eHHe.
. OF

Jdaa 3Toro Hy;KHO 3aMEHHTH B npouanonﬂonﬁ;‘- HeHM3BECTHHE HX

3HaYeHUAMME A3 HepBoro npudamuxenua. Ho pasnoskenue F( myeeT Bul
Fi= 2 AM cos (kA + Eoho+ h),

rae k paBHa Hyx0 mm—% , 1 MH HaiigeM
oF .
—aﬁ = — 2, AME; sin (kA - koho -+ h).

B 5sro BHpaskeHHe HYKHO HOACTAaBUTH BMECTO HEH3BECTHHX
Ly, &, ni M 4x 3HaYeHHA M3 HepPBOTQ MpHOGAMIKeHHA,

L?, Egv n27 )\'i=}“i)+nit’
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9T0 pgaer
JoF : ’
a—":—-_- —2, AW ok; sin (vt 4-1'),
roe
V=klnl+k2nz, h,=kllg+kz)\'g+h,

Ao— 3Hagenme 4 npu L;=L}, Mo— suasenme I npm §;=E!
0
n 7M;=";.
Tlocne uHTErpUpOBaHHA WONYIHM

Li=L{—p 3} Ao <L [cos (vt +h')—cos ']. (8)

3ameTum, aT0 B PopMyue (8) GUrypupYIOT TOABLKO HEepHOZUIECKHE
9IeHH, HO HeT BeKOBHX WieHoB. [lelficTBUTeNbHO, BEKOBOI WiIeH, Mpo-
MOpOWOHANBHHIT £, MOr OH HMOABATHCA B caydae, Korna v Ouuio 6w
HyneM, T. e. B caydae, Korna gopmyaa (1) crana G6H HempmMeHHMOIT
H MH J0JMHH Ouau 66 o6paTuThea K dopmyre (3). Ho Mu mpepmo-

» N
JNONIA, 9TO OTHOINCHNE CPCIHHX J.'(Blfi)l'iel{l?l]c["—1 HEeCOU3MepHuMo. TOI‘J],a
2

v MOKeT PaBHATBHCA HYJII0 TOJBKO HPH OJHOBPEMEHHOM pABEHCTRE
Hymio ky u k;. Ho Torma k; cyTs Hyam m cooTBeTcTBylOmuii 4ien
ncIe3aeT.

Takum o6pa3oM, ecad COXpaHHTH BO BTOPOM NpHONIMKeHHH YacThb
9JIEHOB, JOCTaTOUHHIX ANA HPaKTHKH, TO pasiomenna L; u, ciegoBa-
TeNBHO, pasno:xeHua Goabmmx oceil, KoToprie MpomopmMuOHaAbHH Li,
He OyAyT comepsKaTh BeKOBHX WieHoB. CremoBaTenbHo, Goapllme OCH
OyayT coBepmiaTh TONABKO Maihie KoJdeGaHMA OKONO HX CpefHHX
3HadeHUI.

B atom 3akmiouaerca tTeopema Jlarpamxka o HemaMeHaeMocTH Gonb-
mux oceil, Ype3BHIANHO Ba)KHAA C TOUKA 3PEHHA YCTOHUYMBOCTH COJ-
HETHOH CHCTEMH.

B § 99 Mu Bugenm, 9To BO BTOpOM HpHGAHIKEHHH Pa3iOReHHE A;
MOKeT COfep»KaTh WIeHH, NPONOpUHOHANLHbIE 12, TONBKO ecam pas-
nosenne L; copep:kAT 9neHH, NponopunoHanbuie {. CnegoBaTennHo,
ecaH OTHONICHHWE CPeJAHUX ABMKEHMIl HECOM3MEpHMO, TO UJIEHOB ¢ ¢2
HeT, 9T0 W OHuo y:xe oTMedeno B § 99.

106. Teopema o pamre. Mo:xHO omacaTbcsi, 9TO I HEKOTOPHX
IeHOB OyneM uMers m > @, T. €. 9TO paHT THX 4JeHOB GymeT oTpm-
natenbHHM. [loKkakeM mOSTOMY CiiefyioOIiEe BajKHEIE TEOPEMH.

1) Pazaoxcernus &;, vy, O6h;, L; He codepacam wuaenoe ompuyameas-
HO020 panea. Mu numem OA;, a He A;, TaK Kak B A; MH IMeeM WieH n;!
OTpHEATEeABHOTO paHra.

2) Omu pasaocenus He codepIACAm CMEWAHHBET UACHOS HYae8020
parea. Panr cMelanHHX 4eHOB BCerfia GONbIIe WAM paBeH egUHHILE.

3) Pasaoxcenue L; ne codepicum wuienoe Hyaesozo panea.

8*
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ITH TeopeMH BepHH BO BTOpoM mpubammenun, Heiicremrensuo,
BO BTOPOM HpHONMKEHUN Pa3noKeHHA COfieprkaT TOABKO TPHTOHOMeET-
pUYeCKHe WIOHHW HAH WIEHH, HPONOPHUOHANBHEE [, a CMEMAaHHHEX
wieHOB HeT. UNeHH, NpONopUHOHAABHHE {, UMEIOT MHO)KHTENEM [,
T. 6. UX PaHr paseH Hynlo. [laxee, B cuny TeopeMu Jlarpanska o nems-
MeHAeMOCTH GonbIMIUX oceil, B pasnokeHHu L; HeT TIEHOB, NMPONOp-
OUOHANBHEIX I,

JoxaxeM Temepp, 9TO €CAM TeOPEMH BEPHH B n-M NpUOAMKEeHHA,
70 oHu GyAyT Tak:ke BepHH B (n - 1)-M mpuCamxeHuu.

HeiicTBuTrenrHo, BepHeMcA K ypaBHeHuaAM (5') mam (14) m (15)
§ 97. B wactHocru, ypaBHeHue (15) mMeer Bup

t

t
aF oF
0

IIpencraBum paanomenne ¢yuknuu Fy mo cremersam 6L; B dopme
Fo —F + ny 6L1—I-n26L2 -+ = (C“ 6L2—|—2C12 6L1 6L2+022 5L2) +‘D

rge @ mpefcTraBAAeT COBOKYNHOCTb YIEHOB, CTeNEHb KOTOPHX OTHO-
curearHo 8L, u 8L, Goneme g B y x. flcno, aro FY, ny, ny, Cip cyTh
IOCTOSIHHHEE, 3aBHCALIME TOJABKO OT Lj. Moo 3aMeTHTH Aaske, 9To
Ciz= C3 = 0, B cuny Toro, aro Fy ects cyMma dpyuxnuu ot L u pynx-
MU OT Lz, HO 3TO chToaTeJchBo ne Oyner Urpatsb B noxaaaTenLcTBe
HUKaKo# poiu.

Hrak, Mmu Gynem mMeTh

t
oF , oD oF o0
;,foi=ni-r2, Cin 8Ly 4 oL, =mtp Zcik S (ﬁdH—E— .
0
Torpa mamu ypapHeHus HpUMYT clefylomuii Buj:
4 |
8L;= — S ‘dt 8= —p S"Fi dt,
oF
o =p S f: dt, 9)

0
t

t
8k = pZCuSdtS—T‘ dt + S%dt—l—pg%dt.
1}

J

B npaBhx wacTAX 9TMX ypaBHeHHil Hem3BecTHHE HY;KHO 3aMEHHTH
VX 3HAUGHHAMHU H3 n-ro npubamxenus. Takum o6pasoM, MH HONYIUM
3HadeHOA BeamdmHn OL;, 8%;, On;, OA; B (n + 1)-M mpubauxennmu.
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Tak Kak MBI HHYEro He M3MEHWJIHN B TpeX HEPBHX ypaBHEHHAX, TO
0 8L, 8E;, 6n; Gonpme fobaBuUTH HETETO, HO Heo6xogMMO Gosee mopo6-
HO paccMorpeTs OA;. Ecam saMeHuM HeM3BeCTHHE MX 3HaYCHUAMH
u3 n-ro npuOamkeHHA, TMe NOTPEIIHOCTh HMEeT NOPAJOK MW", TO
MH JIONYCTAM B OPOM3BOAHHX OT Fy MOrpemHoCTh NopsAfKa uU" u, cae-

JAOBaTeJNBHO, B |1 S Z—Z dtu p ( dt (, gf—; dt — DOTrpemHOCTs MOPAJKA
o ..
t

p**1l. Ocraerca paccMOTpern ‘IJIeHS 90 3.

oL;
0

o0
IlpousBopHad o7 COAEPHKAT WACHH HE HUKE BTOPOTO HOPAJKA
i

orHocuTensno 8L. 3ameruM, ato 8L mensarca Ha M.

B camom fene, mycTb 2, y, 2 — Tpu QyHKOUH, PasNOKEHAA KOTOPHX
10 cTeNeHAM | geaaTca Ha M. Ilyers 2', ', 2’ — mpubaurkeHHEE pas-
NOKeHus z, Y, z, B KOTOPHX nepBhe omuGOYHEe IJIeHH HMEoT Hops-
JOK MW", TaK 9TO pasHOCTH £ — 2', Y — y', 2 — z’ NMeIoT MOPAAOK M.
IlokaseM, uro passocrm zy — z'y’, xyz — z'y’z’ GyayT RenuThes
Ha pW**l, T. e. ecam B mpOmSBeleHMAX Iy, ZYZ BAMEHHTH Z, Y, Z OX
NpuGAM;REeHHHME Pa3NoKeHuaMn z’, ¥', z’, To JomymeHHasa HOrpel-
HocThb Gyger mopsaaka p"*i,

HeiicrBuTenbHo, uMeeM

gy—2y =z@y—y)+y (@—2),
zyz—2'yz' =xy(z—z2)+ 22’ (y—y )+ y'z (x—2’).

Ilo mpegnonoenmio, pasHocT * — ' w y — Yy’ neastea Ha p°,
Torfla Kak & u ¥y’ peaarca Ha p. Teopema, 0UeBHAHO, pPacHpOCTDa-
HAETCA W Ha HpousBeeHHe JMI000r0 4nciia MHOKHTENEH.

Hrak, ecam B 1menoM orHocuTennHo 8L opHOUNeHe, AHIIL GH ero
cTemens OHula He HH)Ke BTOpoii, MH saMenuM 0L mX 3HaUeHUAMH U3
n-ro OpubndkeHus, TO [AONYMeHHasA NOTPEIIHOCTE WieHa OygpeT

oD
mopsagka M"*l. Tark Kar dacTHHe TPOMBBOHEE o7 COEPIKAT oL

B cTeleHH He HUKe BTOpPOH, TO JOMycKaeMad HOIPElIHOCTh WIEHA
: o0
\ o, at
0
Oymer mopagra n"*l.

YcraHOBHB 3TO, 3aMETHM, 9TO NPOHU3BEJACHHE ABYX WIEHOB HOJO-
KUTENBHOTO paHTa OyJeT cyMMoil 4JeHOB MHOJOKATeAbHOTO paHra
M 9TO NPOM3BEieHHe [BYX TIEHOB I0JI0KUTEALHOTO HIA HYJIEBOrO paHra
Oymer cyMMoii 4IeHOB HOJMOKUTENLHOrO WK HyAeBoro panra. IlosTomy
ecad B QYHKIUH, KOTOpasA pasioskeHa mo cremeHAM OL, O, &, 64,
3aMEHHTDH HOCJHEJNHHUE DPa3NOKEHHAMH, COfiePKallUMH TOJBKO WICHH
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HOJIOKATEIBHOTO paHra (MAM HEOTPUHATEABHOr0), TO HOJMYIHM
pasinoiKeHHe, cOAEpsKaliee TOJMBLKO WIEHH IOJOKHTENBHOTo (Uau
HeoTpuHmarteabnoro) panra. Ecam, caezoBarearHo, samenurs 8L,
0E, On, OA ux 3HaueHMAMH H3 n-TO NPUGAMKeHHSA, KOTOpHeE, IO
NpPeANOJIOKEeHHIO, He COAEpIKAT UYJNEeHOB OTPHUATENBHOIO paHTa, TO
AOJYYHM JJA 9YacTHHX HPOMSBOAHBIX Ppas3jOMKeHUdA, cogeprxalue
TOJNBKO WIGHH MOJOMUTEIBHOI0 HJIM HYJEBOTO paHra.
HurerpupoBaHue M0 ! MOeT YMEHBRIIUTh paHT Ha €JUHHIY, Tak
Kak npuMenenue gopMmyas (3) Mosker BBectn ¢ MuoxxmreneM. Ho saro,
YMHOKasA Ha |\, MH yBeJwinBaeM paHT Ha eguHunmy. Orcioga caepyer.
YTO TaKHe BHpajyKeHHA, Kak
: oF
w {5 (10)
0
6yayT coAepIKaTh JALIb WIGHH MOJ0KUTENBHOTO NI HYJEBOT0 pPaHra.
Boaee Toro, noKaseM, 4T0 OHE He MOTYT COfleP/KaTh CMeINaHHHEE TICHH
HyJeBoro panra. B camoM fene, 9JeHH HYJEBOT0 PaHra B BHPaKeHUHA
(10) cooTBeTCTBYIOT YiI€HAaM OTPUIATENBHOI0 PaHra B MHTETpaje

oF,
= dL.
S 0%
OF,
Ho Tak Kak 5, COMPHT TONLKO TACHH NONO/KUTSABHOIO WM Hyte-

BOTO paHra, TO HHTETpaj MOT OH MX copep:;KaTh TOABKO B CHUAY HpH-
MeneHusa $GopMyas (3); Ho mpuMeHeHHWe 3TOH POPMYNH MOKET BEECTH
TOABKO 9HUCTO BEKOBHE WICHH.

B nmrore, Mn MOjKeM IpejKje BCETO 8aKAKW9UTh, uT0o B (n -+ 1)-M
npubamuennu 8L;, 8&;, On; cogeprkaT TONBKO WICHH HONOKHUTENBHOTO
UAM HYJAEBOro paHra M HE COJep’KaT CMEMaHHHX YIeHOB HYJIEBOTO
panra. IlokasxeM Temeps, 49TO

HE MO’KET COiep’KaTh WIeHH HyJeBOIO paHra.
Coranacro § 100 6yneM nmMern

OFy _ \\ pap’
a—M—ZBém,

roe M’ -— ueawnit ogHounen ornocmrensuo 8L, 8%, dn, OA, u mocaen-
HHE BeIMYMHH CJeLyeT 3aMEHUTH WX 3HAUYCHHAMH W3 n-ro npubam-
HEHHA.

Yro kacaerca koadduuuenta B, To oOH sABAAETCA OaHOHl W3 JacT-

oF .
HHX HPOH3BOAHHIX OT (7),_1 y B KOTOPpOU HCU3BECTHRIC HYXHO 3aMCHUTH
i
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“X BHAYCHHAMH M3 NePBOTO NpUOAMKeHUsA

L?, Eg’ "]2’ nit‘l"}"g-

6F
Jra WacTHaA MpPOH3BOAHAA OT o, Gyayuu rarme wacrroil mpo-
n3BogHOH ot Fy, cormacuo § 100 6yp,eT uMeTs hopmy

) A cos (kyhy + kohy+ k) M.

Ho k; He mosxeT 6GHThL HyJeM, Tak KaK WIEHH, B KOTOPHX k; Gyaer
HYyJeM, NCIeSHYT HpH nnd)d)epeﬂunpOBannu no A;, n, ClIelOBaTENBHO,

HE MOT'yT CyIIecTBOBAaTh HU Ba), y HU B €€ NPOU3BOAHHIX.

Ecnu jxe MH 3aMeHNM HEHM3BECTHHO HX NPHOGAMKEeHHHIMH 3Ha-
9eHHAMA, TO NoxyduM, Kak u B § 100, aro AR npueognrea K mocroan-
goit C m kihy -+ hohy + h k vt + A'. CaegoBarennHo, GyaeM mMeTs

B= D Ccos(vt+h"),

rae v=kny+kony, 1 Tak Kak k; OJHOBpPEMEHHO He paBHH HYJIO,
TO VHe MOJKeT pPaBHATHCHA HY .

PacecmorpmM, Mosxer am R’ cogepsxkaTh WieHH HYJEBOI'O paHra,
Onuoanexn M’ ecTp mpoussBegeHHe HEKOTOPOro UMcaa MHOsxuUTexneit 8L,
08, On, 0A, u Mu moay4uuMm uneHn uHydesoro pamra B YR’', zaMenaa
KasKOHH #3 MHOKHTeNeil ero wieHaMu HyJaeBoro pamra. Ecau, peii-
CTBHUTEJBHO, MH BO3HMEM B OJHOM M3 MHOKMTENEl YIeH MO0 KUTE N b-
HOTO paHra, TO TaK KaK OH JOJ:KeH YMHOKATheA Ha APYrHe YIEHH H3
ABYX MHOKHTeJefl, paHT KOTODHX WM HOJOMUTENEeH MIAH HYAb, TO
B NPOM3BEJIeHHU HOAYIHM 00fA3aTeAbHO WIEH HOJOKUTEABHOTO paHra.
Ho B kaskgoM MHOKMTENe WIEHH HYJEBOTO paHTra CYTh 9HCTO BEKO-
Bhie wieHH. Bollee Toro, mpomssegeHHe HECKOJABKHX YUCTO BEKOBHIX
YJIEHOB TaKe OygeT, 09eBHIHO, YIHCTO BEKOBHM WieHOM. TakuM o6pa-
30M, B mpousBegenun R’ Bce YiEHH HyNEBOro paHra GyAyT d9HCTO
BEeKOBHIMH.

Tar xak Bce wieHH B copep:KaT TPUTOHOMETPHIECKHIT MHOMKUTEN b
cos (vt -+ k'), rme v 5= 0, To Bce uneHn HyaeBoro panra 8 BIM’' Gyayr
mepHoaudecKuMy uau cMemanHuMu. To e caMoe Gymer UMern» MecTo
U OTHOCHTEJBHO YJIEHOB HyJxeporo paura B ZBIR' miu B g:

Jlns uHTErpUpOBaHUA NEPUOAMIECKOr0 U CMEIIAHHOT'0 WIeHa HYKHO
gpuMmenars ¢opmyay (1) uam (2), 9ro He ymenmwmaer panr. Cieno-

BaTeJIbHO, B
oF,
X o dt

OynyT BXOAHMTDH TONBKO WIEHH HYJEBOTO MU MOJOKUTENBLHOTO pPaHTa.
YMuoKasA Ha |, MH YBeJHMYMM DAaHT Ha €AUHHILY.
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Wrak, B 6L; GyayT copep:;KaThcA JNIIb WIEHH, PAHI'H KOTOPHX
He MeHblle eJHUHHMOH, 9YT0 M TPeGoBaJOCh AOKA3ATH.

Monyuennwit pesyabsraT MOKHO paccMaTPHBATh KaK HEKOTOpoe
0600menne TeopeMH O HEM3MEHHOCTH (OaBIINX oOceli.

Iepeiinem remepp k 8A; m Kk "erBeproMy ypaBHenmio (9). B mpa-
BOIi YaCTHM 3TOrC ypaBHEHHA HMEIOTCA TPHM CJAraeMhHX, KOTOPHE MBI
H paccMOTpPHUM mociejoBaTenbHo. HauneM ¢ TpeTnero, KoTopoe mMeer
TaKyio ke GopMy, KaK M IpaBhle 9aCTH IePBHX Tpex ypaBHeHMil (9).
Tak sKe KaK M AJA 3TUX TPeX NEPBHX yPaBHEHWI, MK BHAUM, YTO 3TO
cjaraeMoe He MOKeT AaTh HU WICHOB OTPHIATEJBHOIO paHra, HH CMe-
LIAHHHX YJIeHOB HYJIEBOTO paHTa.

TlepexoguM ko BTOpOMY ciaraeMoMy

{ 99 g4,
3L,
e o0

Pe/Klle BCETO 3aMETHM, WTO - COACPIKHT TONBKO “WIEHH He
HMKe BTopoli crenenu oTHocurenbHo OL. Paanomenusa 0L copepixar
TOJIBKO YWICHH, PAHTM KOTOPHX HO MEHBIIe eAMHUNH, MO3TOMY MPOH3-
BefleHNe ByX MHOKuTeeil 0L MOKeT coepKaTh TOJIBKO YJIeHH, PAaHTH
KOTOPHIX He MEHbLIE ABYX. IIpn MHTErpHpOBaHMM PAHT MOKET YMEHb-
IINThCA Ha eUHUIY U OCTaHeTcA He MeHblle eaguHunp. CllefoBaTeIbHO,
ajech HeT YIEHOB OTPUHATEIBbHOTO PaHra M CMEIlaHHHX WIEHOB HyJe-
BOro paxra. PaccMoTpuM mepBoe ciiaraeMoe:

p X § ar {50 ar.

oF
Mu BHpeH, 9TO BCE WIEHH HYJEBOTO paHra Ba—h—; ABnAoTea aubo.

mepuogudecKkuMu, anmGo cmemanHumu. JlBoiiHoe HHTerpHpoBaHHe
He H3MEHUT UX PaHra, TaK KaK MPUXOAUTCA IPH 3TOM IPUMEHATH Pop-
myau (1) u (2). Panru sTux 4ieHOB OCTaHYTCA PaBHEIMH HYJIIO H HOCHIE
YMHOKEHHMS Ha M CTaHYT PaBHHIMHU ejuHHme. Panrm apyrux uienos
OyayT me meHplle enuuunn. Ecaim 9T0 mepuoguieckue MIM CMeIlaH-
HE€ WIEHH, TO ABOIiHOe MHTEIPUpOBaHMe He M3MEHHT MX PaHT U Hocie
YMHO’KeHHsA Ha W padr Gyaer He menbme 2, Ecian 3T0 uncTo BexoBhe
9JIeHH, TO ABOMHOE MHTEIrPUPOBAHME YMEHBIINT PAaHT Ha JABE CAMHUIEI,
a yMHOJKEHHMEe Ha | — YBEJWYHT Ha eJWHUIY, TaK YTO OKOHYATEJIBHO
9TOT paHr GyneT ne MeHbme Hyda. Taxum o6pasoMm, HMKOTJa He HO-
ABATCA WIOHH OTPUOATEJABHOTO PaHTa M CMELlaHHHE WIEHH HYJIeBOTO
panra.

Hrak, smauenue OA; B (n + 1)-M npuOamieHMH He COAEPKHUT
HHU YJICHOB OTPULATEJBHOIO PaHTa, HU CMEIIAHHHX WIEHOB HYJEBOTo
paHra, 49ro u TpeGoBajoCch A0Ka3aTh.



FTABA VI

PA3J/IMYHBIE ITPEOBPA30BAHHUA
PA3JIOKEHUN

107. Hexoroprie memmbl. B pganbmeiimemM Mul GygeM OmHMpaThCH

Ha PAf JeMM, KOTOpHe Ha IEPBHIl B3riaj KaXXyTcd HOYTH O9eBUNHL-
MU, HO OTHOCHTEJBHO KOTOPHX HeOGXONMMO AaTh HOKOTOPHE PasbacC-
HEeHHA, TaK KaK MH HMH 9acTo OyneM HmOAB30BATHCA.

Iyers

@(t)= X Acosvt+ X Bsinwvt

ABJIIETCA CYMMOH TPUTOHOMeTpHYeCKHX WieHOB. JlomycTuM cHavaia,
9T0 9HCAO YIEHOB KOHEYHO.

Toeda, ecau ¢ (t) pasna nyato Gaa ecex snawenull t, éce kosggpu-
yuenmu A u B cymo nyau.

dapanee, KoHeYHO, IpefmOJaraeM, 9To MOROGHLIe WIeHH OGBeRU-
HEHH (T. €. WieHH ¢ OAMHAKOBHIMH MHOMKHTEJNAMH coS vi M sin vi)
B OJHO cJjaraemoe.

B camom peae, mycre A’ cos v't — ogHO U3 cIaraeMEIX npasoit
gactu. Torma Oynem umeTs

t
1 ’ A’ sin2v't A [sin(v4v')¢
t—§cp(t)cosvtdt 2—}—4v — +2I?[——v+v' +

¢ . t
sin2 (v+v’) 5 sin2 (v—v’) 7 -

{—smw('v—-—vv,)t ] + [ v+ + v—v’ _] i

TIpH4eM, pasyMeeTcd, IepBadg CyMMa OGBOAMHAET BCe WICHH, 3a HC-
KJII09eHNeM WIeHA, AJaA KOTOporo v = v'.

3dacraBumM Temeps ! HeorpaHMYeHHO BozpacTath. IlepBuii wien
ocraeTcA IOCTOAHHHM, & BCe APYTHe CTPeMATCA K HYNIO, TaK Kak i
HaXoJuTcA B 3HaMeHaTede, a TPUTOHOMeTpHYeCKHe QYHKIUN, HaXOxA-
mueca B 49HCAUTeN®, oOCTaHyTca Komeunumn. CiegoBaTenbHO,

?
lim % S @ (t)cosv'idt = A_2_ u ecan ¢ (t) =0, o 6yaem umers A’ =0.
t~c0

Nrak, Bce KoodpunmenTt A paBHH HYJI0; NOKameM TaK:Ke, 94TO
Bce B ToKe paBHH HYIIO.
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Jonyctum, 9T0
v =kn + kn,,

mpuveM Ny U Ny — HECOU3MEePHMEI MeAy coboil, a ky H £y — nmeasre
TucaIa.

BBeleM jBe He3aBHCHMEE NepEMEHHHE, W, U Wy, H MOJOKUM
f(wy, wy)= 3 Acos (kyw, + kaws) + X} Bsin (kuw, + kaw,).

Npu w, = nyt 1 wy= nyt kyw,+ k,w, upusegerca x vt u f (w,, w,)
K @ (). Ilooromy 6ynem umern

J(nt, nt)=e(2).

Ecau, kax u evwe, npednosorcum, umo @ (t) pasrna Hysio daa ecex
3nauenutl t, mo kospuyuenmu A u B ece 6ydym pasnul Hyslo u, cae-
dosamenabno, f (wy, wy) 6ydem moxcdecmeenno paswa Hyaw.

PaBreiM 06pasoM MOMHO 3aKJANYUTh, 4TO eciau f (w;, W) ecTh
Kakadg-au6o pyHKOUA paccMaTpuBaeMOro Buga u ecau f (nit, nyt) =0,
To f (w,, wp) ToxAecTBeHHO paBua myaio. Ho agecs meo6xogumo mpen-
HOJIOKMTD, 9TO 1y U N, HECOM3MEPHUMH Me;Kny coboii, ugave aABa pas-
JHYHHX 4JIeHa B f (wy, wy) MOTYT AaTh B f (n,t, nyt) ABaA WieHa, cofep-

. JKalue OJMH U TOT jKe MHOKUTEJb cOS vI, i OHN MOTYT B3aUMHO yHHY-
TOMUTBCA.

Mu npeamosoKUIN BHa4ale, 9T0 IMCJIO WIEHOB KOHEUHO. JIerxo
PacUpoCTPaHUTEL STOT Pe3yJabTaT M Ha cxojaAmuiica pAx, AUIOb G
cxopuMocThb 6ruta abeomiorHoll m paBHoMepHoit. Ho oGaapator nu pagm
HeGecHoll Mexanuku mopoOnoii cxopumocTeio? Boo6me, Her, Tak Kak
OHHM CXOJATCA TOJBKO B TOM CJy4ae, KOTAAQ UX WIEHH CrPYNIHAPOBAHH
H pacmoJIOKeHH ompepeseHHHM o6pasoM. IlosTomy meoGxomumo ray-
60KO paccMOTpeTh BONPOCH O CXOAUMOCTH, HO B 9TOM COYHMHEHHUH
MH OCTaBJIfieM 3TH BOIPOCH B CTOpPOHE.

3dpmech MBI PaccCMOTPHM STOT BOHIPOC ¢ ApPyroit cropons. IIpexmo-
JIOKUM, 9TO @ (1) MOJy9eHA B Pe3yJbTaTe NOCIEA0BATENBHEX IPUGIN-
JEHMH M 9T0 B KayKIOM IPUOIMIKEHHMH UMCJIO WIEHOB KOHEYHO, HO
pacTeT HpPH Iiepexofie OT OAHOTO HPUOIMKEHHA K CAeAyIoImeMy H,
TaKUM 00pa3oM, HEOTPAHMYEHHO BO3PacTaer.

Iycrs @4(2), @2(2), - - «» Pu(?), . . . — MOTYICHHEIC MOCIIEHOBATON -
HO mpubau:xeHHEe 3HaveHua 1aa ¢ (£). Jomycrum, ato ¢y(2), @2(2), . . .
. v« @p(t),... PaBHH HYTIO IJA BCEX 3HAUEHHIl BpeMeHH {, TaK 4TO
B KamoM mnpubamxenun ¢ () TOMAecTBeHHO paBHa Hymo. Toraa
ACHO, 4To Bce Koddduumentn Qysxmuit ¢,(f), @a(f), ..., ¢,(2),. . .
6yayT paBHH HYJI0, CIef0OBaTeIbHO, W Bce Koaddumuentn ¢ (2)
TaK:;ke paBHH Hy 0. UTaK, seMMa umeer MecTo B 11060M npuGIMsKeHNH.

Bot npu KaKMX yCa0BHAX MH GyaeM NIPUMEHATD 3TY JEMMY K HalllUM
pAfaM: XOTA B AefiCTBUTEJIBHOCTH paainos;keHue Qpynkmum pF, comep-
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AUT GECKOHEUHOE MHOMKeCTBO UYJEHOB, OYEBHJAHO, UTO Ha NpPaKTHKe
GepyT TOJABKO KOHEYHOEe UMCJIO WIEHOB, TaK 4TO Pa3jOMeHUd, KOTO-
pHe GyaeM oTCIofa BHIBOAMTH, COAEPIKAT TaKKe KOHEYHOE TMCJIO diie-
HoB. Uem Gosblte Gymem GpaTh 4ieHoB B uFy, TeMm Goaplue ux Gymer
M B APYTUX Pa3sjoKEHNAX M TeM TouYHee GYAYT 3HAYEHHA, KOTOPHO
MHl HOJYYMM [JA KaHOHMYECKHX 3JeMeHTOB M Koopmaumar. IlocraTtou-
HO, 4TOOH Halla JeMMa ObliIa MPHMEHHMa B KajKAOM MPHGAHKEHMH.
B sTOoM M 3akKaiouaeTca 0OGCTOATENBCTBO, MO3BOJANIIEe HNPHUMEHATH
HaIlU JEMMH K pagaM HebecHoit mexanuku. Mtak, M MO;KeM mpnme-
HATH 3T JeMMH, TaK KaK BCErJa MOKOM IPeANoJ0KNUTh, 9T0 B PyHK-
und pF, coxpaHeHO TOJABKO KOHEUHOE WHCJIO YJEHOB.
Iycrs Temeps

@ (t)= D At™cos vt + >, Bt™sinvt

— HEKOTOpaA COBOKyHHocTh uieHoB. IIpegmomosxum, d9ro mesmii
mOKasaTeJab /M 'He NPEBOCXOJNT HEKOTOPOro 3HAYeHHA.

Ioxaxcen oname, umo ecau ¢ (t) pasrwa nyaw, kaxoso 6 KU Guao t,
mo u éce uaenw 6ydym paens nyawo. B camom pexe, mycTs p — Hau-
Goaplinii m3 mokasatemeil m. Torma Bce 4aeHH ¢ I* paBHH HYJIIO,
TaKk Kak ecaum A’fPcosv’'t ecTh OMMH M3 STUX YJEHOB, TO IIPH {—> €O,
KaKk Jerko BHAETh, HMEeM

1
FT23]

.
2(pLt) °

S

Iim

{=»c0

@ (t)cosvidt=

o

0

CnenoBareasno, A’ paBHO Hymo, ecau ¢ (f)= 0. Urak, 4meHoB,
cogepkamux #°, ne1. Tak xaxk Temeph HauGoJbIIee BO3MOKHOE 3Ha-
4YeHHe TNOKazaTeld ecTh p — 1, To aHAJOTrMYHHM 06pPasoM HMOKarKeM,
910 HeET WwieHa ¢ 1 u T. 1.

Iyers

v = kyny + kang,
H HOJIOKHM
flv, wy, wy)= 2 At™ cos (kywy + kowo) +- 2 Bt™ sin (kyw, + kaw,),
TaK 9TO
f(t, nit, nit)=eq(t).

Ecau pynryus ¢ (t) pasna nyaio 0aa abozo sHavernus t, mo ece ee
rosgppuyuenmu 6ydym paguw nyawo u f (v, wy, wy) 6ydem pasna nysio,
Kakoew Gvl Hu 6bau T U W.

Ilycts Temeps

@(u, t) =D Apot™ cos vt - Y Buet™sin vt.

,uOlIyCTPIM, 9TO MOKa3aTeJb /m He NPEeBOCXOJAMT O, T. €. YITO B paa-
JOMOHHUN HET YJIeHOB OTpHLATeJbHOI'O paHra. ByILOM npepmnoJarathb,
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KpoMe TOTo, 9T0 ¢ (B, 1) cofep:KUT GeCKOHEIHO® YMCIO INE€HOB, HO

OfHY U Ty ’Ke CTEIeHB M COfepsKaT TOJAbKO HEKOTOPHE WIeHH. TaKuM

oGpasoM, KoapPuueAT mpu P® COCTOMT M3 KOHEYHOTO IHCJIA TICHOB.
HonoxuMm Tax:xe

f(p" T, Wy, w2)=
= D) Apst™ cos (kyw, + kaws) + X Buet™ sin (kgw, + kawy).
Ecau ¢ (p, t) paBHa HyJ 0, KakoBW 6w HH ORHaM p u £, TO
KoapunuenT npu p® RossKeH GHITH HydeM mpu Aio6oM ¢. B 3ToM Koad-
PunuenTe mokKasaTeab m OTPaHHYCH, TaK KaK OH He MOKeT mPeBOCXO-
auth unciaa a. CregoBaTeabHO, ME MOEM HPHMEHHTH IIPeNBIYIIee
paccy:KieHNe W coejaTh BHBOJ, YT0 yHxuuda f (1, T, Wy, W) paBHA

HYJI0, KaKoBH OH HHU OHIU |, T, W1, We. MH MOMKEM TaK:Ke CKa3aTh,
910 ¢yHKHmUA f (W, T, Wy, Wy) TOKACCTBEHHO paBHA HYJIIO, ECIH

f(p', t, ny, nzt)=0,
e

Anms 6H e 6HI0 HecomaMepuMO.

108. IIpeoGpasopanne pasao:xennit, B § 102 Mu Hamau A KaHO-
HHYECKHX 3JIEMEHTOB pPa3ioKeHNa ciaepyomeii GopMmi:

D ueAt™cos (vt + k) M,, -
rae
m<a, V= kln, 4 kznz.
PaccmorpuM Kakoii-HnGyas N3 KaHOHHYECKHUX 3JIEMEHTOB, HAIPHMep,
Ly, n mycts
L; =Y peAt™cos (vt + k) M,,
H, fgajee, HycTb
L} = D peAt™cos (kyw, + kaw, +h) M, (11)

ecTh QyHKIUA TPeX mepeMeHHHX, T, Wi, W,. flcHO, 9TO ecam HoxOKUTH
1=t wy =n,t, Wy = Nyt,

10 kywi+ kow, mpuseperca k vt u L x L;. Ilostomy Gymem mMeThb
L: (t, nit, nzt)=l/i.

Taxum xe oGpasom ompemeauM Ef, n{, 8! u mmenno SA], a me A,
BCJIO/ICTBHE HAINYMA WIeHR € 1;¢, KOTOPHii BXOXUT B A;; [eHCTBUTE I b-
HO, MBI IOJKHHI TIOJIOKUTD Af = Wi+ Ay 4 OA, a me A} = n;v+ AJ + 8AL.
Kpome Toro, mMm BUAuM, |TO
oL? aL? oL?
i i i
at +n1 6w1 +n2 17}

We



TJ. VI. PA3JINYHBIE IPEOBPA3BOBAHNA PA3JIOHHEHHNY 125

dL;
upHBOAMTCA K —x
£ £ ] L] w
ussogane oT &, w7, Al oGmagaioT TeM :Ke CBOICTBOM.
O6osnaunm vepes F* 1o, Bo uTo oGpamaerca F, xorma L;, A, &,

v; sameruM Ha L}, Af, §I,mi{. Ecam Ttorga B gacTHO# mpomaBogHOH

oOF*
a samennts Li, Af, Ef, w{ ma Ly, Ay, &, Mi, TO 9Ta mpomaBoaHas

oA T =t, wy= nyt, wy= nyt. Acno, aTo Mpo-

npuBemeTCA K —i-
p n aF* ahi .
Ecan B —~ o MH 3aMeHHM nepeMennse L, ... pasmosxennsamu (11),

6F*
TO OOJYYHEM NV — 5 PAa3JOKeHHne TOro ;Ke BHOaA:

a * [ ’ ’ ’
aL;.;= ) pr A’ cos (kgwy + kyop + b') ;. (11')

Ecan Teneps B pasnoxenun (11') samenmts T, wy, W, Ha £, n4i,

nst, TO 3T0 BCe paBHO, dYTO 3aMenmts L, ... ma L;, ...;
*

17)
LO3TOMY YacTHaf HPOU3BOJHAA 3;', TpuBeReTca K —af—g , 1 MH Gynem
i

HMeThb

___= D\ peA't™ cos (vt + k') M.

Paccmorpum ypasHeHHe

oL} oL} oL} OF*

ot +nl aw +n2 aw + ah* _0’ (12)

JleBasa wacTh 3TOTO YpPaBHEHHA pas3jo;kuUMa B pAjA BHAA

D neAz™ cos (kywy + kaws + k) Mo,

OF*
TaK KaK TAaKMM ’Xe 06pasoM pas3nokuMH L, HX NPOU3BOAHEe U 50
i

Mpn © = ¢, wy= nyt, wy= Nyt neBag dacTb paseHcTBa (12) mpm-
BOJUTCA K

dL

'9T0 PaBHO HYJIIO B ciy ypaBHeHEA (5) m3 § 79.
CnemoBatentHo, B cuny jdeMM § 107 oma GymeT TOMIECTBEHHO
paBHA HYJII0, KaKoBH OH HM OHIN T, Wi, W;.
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Taxkam e 06pa3oM foKaykeM CHpPaBeJJIMBOCTL PaBEeHCTB

o8} 9} o8} | oF*
‘+ lawi + 2awi +'§ﬁ:—=0,

dli oA} oA} IF* ,
e T MGy aw T2 55, aw2 = O (12
an: y i 1‘ oF* =0.

e T %“‘l-nzm—ﬁ_
Ecan temepn IOJIOKHM
T=t+4c, w =ntl-48, wy=nt-8&y,
rie ¢, & H & CYTh Kaxkue-1mbo mocTosAHELE, TO GyfeM HMeThH elle

aLy _ oLy | oLy oLy
dt = ot + lawi—}—nz

?
Jwgy

u ypasHenume (12) mpumer Bup

dL} _ OF*
dat oAy’
a ecJIH y9eCTh, YTO 3BE3HOUKHU 3[eCh MOKHO OHNYCTHTH,
dLy _ _ OF
a - Wy
TaxknMm e oGpasoM ypaBHennsa (12’') mam gapyT
4 _ __OoF  dh;  OF  dwy _ OF
dt on; ° dt — oLy’ dt g

HO 3TO ecTh ypaBHeHHa (5) ma § 79.

Caedosamenvro, ecau passoxcenus (11) ydossemsopsaiom ypashe-
HUAM deudcenus, m. e. ypasnenuam (9) uz § 79, npu v = t, wy = nyt,
Wy = nyt, mo oHu 6ydym makrxuce ydoesemeopams ypasHeHUAM (O)
uz § 79 npu v=t-+ec, wy=nit4e;, wy=nyt-e, Kakoss 6u Hu
6ulalU SHAHEHUS NOCTMOSKHHE C U E.

HNMenam am M npaBo NPUMEHATH JA6MMY TaK, KaK 9T0 ejaim’?
Bepno, uto pasmomenne ¢yuxkmuu F copmep:RUT OeCKOHETHOE UHCJI0
YJIeHOB, HO Ha MPAaKTHKE MH Bcerga OepeM TONBKO KOHEWUHOE THCIO
gaeHoB. Uem OOMBIIYI0O TOYHOCTH jKejlaeM IOJYIMThH, T€M OOJbIIEe
9HCI0 YIAeHOB HYKHO COXPAaHUTH, HO HX YUCJO Bcerga GyaeT KOHEUHO.
TlosToMy M MOKeM paccyIaTh TaK, Kak ecanm OH pasaoxenme F
COMEP/HANO JUIIH KOHEYHOe YHCJIO WIeHoB, MH mojyduM TOrga Aja
mepemenuntx Lf, . . . pasnosxenus B ¢opme (11), HO B 5TUX pasmosxe-
HAAX KO3QPUUmHeHT IIpH N COAEP:KUT TOJBKO KOHEYHO® IHCIO Wile-
HOB, 9TO ABJIfAETCA YCJIOBHEM, IPU KOTOPOM K pyHKuuu F MosxeT GrTh
npumeHena jemma § 107 (cMm. ganee-§ 130).
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109. Buopouem, ypaBHeHua (12) u (12') MokHO HOMyduTH 63
momomu jgemm § 107. IoxaskeM, uTo AN HeM3aBecTHHIX

La’i‘, E:’ "]: ) }"; —W;

MOKHO HaliTm pasioskeHnsa Qopmu (11), yaoBaeTBOpAOmMe ypaB-
mernam (12) n (12') n npusogamuecs x L3, 1, ni, Al npu v = w,=
=Wy = U.

HeiicTBuTeAbHO0, B IIEpBOM NPHGIMKeHMH, IpeHeGperag Bo3My-
malomeit gyaxkoueit pF; u npusona mosroMy F K Fy, MH GyneM nMeTh

IIpegnono:xuM Temeps, YTO MH HOJYIWIH [Jjif HAIIUX HEU3BOCT-
HHIX 3HA9eHNA B n-M NPHCGANKOHUH, Te HOTPEMMHOCTh HMMeeT HOpsA-
Aok p". Hak MH moayuum 3HaueHHsA 9JEeMEHTOB C HOTPEIIHOCTHIO
nopaaka p"t1?

B npomaBopHnix ¢yHknuu F* B ypaBHenmun (12), Tak e Kak
B NICPBOM U B TPeTheM ypaBHeHNAX (12’), 3aMeHuM HEeM3BECTHLIC BOJIU-
YHHE X 3HAYCHUAMMU U3 n-ro npubaummxenuda. Ilocime aroii saMeHH oTH
npou3BOAHKe 0T F* Moryr GuTh pasiao:keHsl B Buge (11) rak, uro,
Hanmpumep, ypaBHeHye (12) sammmercs CAefyOmM 06pasoM:

oL} oL} oL?
a—:—+n1 a—wi-—}—nzﬁ= Z Bx™ cos (kywy+ kawy, + k),  (13)

OTKy/a JeTKo BuIBefieM 3Hauemue L}; MH Haiimem
Lt=L}+ 2 C. (14)

Kaxpomy unemy B mpaBoii wacru (13) coorsercTByer B dopmye
(14) amen, xoTOPHIL MH i1 coKpameHua 06o3Haunan uepes C U KOTO-
PHIi MMeeT CIeAYIOMmee 3HAYEHUE:

1) uaeny Bt™ B (13) 6ymer coorBeTcTBOBaTH B YopMyde (14) uien

Bgm+l .
C= m41 °
2) waeny
Bcos (kw, + kows + h)

0yler cOOTBETCTBOBATH

_ o p Sin (kgwy 4 kewg4-h)—sin k|
C=Co=E king+kong ’

3) uneny
Bt cos (kyw, + kyw, - k)
6yHeTr CoOTBETCTBOBATL

sin (kywy -+ kowqy + h) cos (kywy -+ kowe +h)—cos h |
C+Br kiny -+ kong +B (kyng + kong)? !
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4) Boo6me, mycts C,,— uineH B popmyie (14), KoTopmii cooTBeTCT-
BYyeT WIeHy
Br™ cos (kyw, + kows 4 h),
TaKk 4TO
6Cm

ac,
+7 m+n2 aw ™. = Bt"™ cos (kyw, + kows -+ h)
A 4TO0 Cm= 0 npu v = w,= wy,= 0.
Torga GynmeM mMeTh peKyppeHTHYIO (GopMyiIy

__ Bt™sin (kywy - kowy - h) m Crm—y
Cm - k1n1 +k2n2 + k,nl +k27!2 : oh * (15)

JleiicTBuTonbHO, €CAM YONOMHMM JAJiA COKpalleHHA
kgw +kow,+h=¢@, kny+knp=v

a
2

7} 7}
§+n1m+n27’02—=&
1O GymeM MMeTh
ACph=Bt™cosq, ACp-y=Bt™cosq.
JAuddepennupysa mo k nociegHee paBeHCTBO, MOIYIUM

A < Cm—1 ) = — Bt™gin¢.

Ho

A (Bt™ sin @) =vBt™ cos ¢ +mBt™sin ¢,
A HO3TOMY

A ( Brfsing +- i ac’"“ ) = Bt™lcos¢.

Ocraetca nOoKa3aTh, YTO BHIPa’KEeHHUE

Bx™sing m Cm_y
v + T ok

oGpamaerca B HyJap maA T = w;= wy,= 0. Ho mepsoe ciaraemoe
ofpamaeTca B HyJdb, TAK KaK OHO COHEPUT T MHOKHUTENEM; ¢ APYyroi
cToporH, C,,, ofpamaerca B HyJAb OO ONPEJEACHVIO M HPUTOM A

Cp—
aio6oro k. IloaToMy mpousBopHas a"';l 1, a sHaumMT, W BTOpOE CJa-

raeMoe oGpamaiorca B Hyas. CregoBarensHo, opmyaa (15) noxazana
A OHa [aeT BO3MOKHOCTh BHYUCINTH BeAwduHy C, TaK, Kak BHILe
6eiio BuaucaeHo C,. Ita dopmyna Mmomer samMeHHUTH PopMmyay (2)
us § 98.

Taxkum oGpazoM, MEI MosKeM BEUHUCIATE L{, M0OJIB3yACh ypaBHEHUEM
(12) l[anamormuHO MOMHO pacCMOTpeTh NEPBOE M HOCHe[Hee ypaBHe-
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Hug (12’ )] Kak us $ 95, MOJKHO HIOKA3aTh, 4TO MOrpEmIHOCTD HOBHIX:
3HaueHmit nepemeﬂﬂux L,, Er, n, B (n 4 1) M IPHGIIKEHNT Oyner
nmopsifka p"tl.

Paccmorpum Tenepnr BTopoe ypaBHeHue (12°). 3amenum B mpous-
nogHoli ¢yHkmun /* mepemensste L, Ef, M HX 3HaueHnsAMH u3
(n 4 1)-ro mpubnnseHua, KOTOpPHE Y:;Ke HaHJeHH, M MEOPEMEHHYIO
A{ — ee 3HaueHmeM 13 n-ro mpubmmxenus. Jlamee, ypaBHenne auaa
A paccmaTpuBaeTcCsi TaK e, Kak u ypapHenne (13). Kak u B § 95,
MH YBHANM, UTO HOJY4YeHHoe TaknM oGpasoM 3HaueHme A} mmeer
NOTPEMIHOCTh HOPARKa W'l

TakuM 06pasoM, mocCeq0BATEAbHHMY HPHOIMKEHNAMHA MB HOJY-
YMM I HAIIUX HEH3BECTHHX TaKMe Pa3joKeHHsA, KOTOPHe OYAyT
Buga (11), 6yAyT yRoBiaerBopaTh ypaBHeHusaM (12) u (12') u mpuso-
autbesas K L), B}, i, A} opu 1 = w;= wy= 0.

3aMeHEM B OTHUX pasjoKeHMAX T, Wy, W, Ha I, n.d, nyt. Torma
OymeM UMETH paaIOKOHUA, YAOBIETBOPAOMNG ypaBHeRuAM (9)
n3 § 79. Ilpn ¢t = O (uaum, uT0 TO e, mpn T = w,= wy= () sru pas-
noxeHusa mpusopATca k LY, &P, nf, A, mosToMy oHM TOMIECTBEHHH
TeM, KoTopue Mel Hamuu B § 100.

Hrax, Mu BuguM, 910 ecam B pasnoxenuax § 100 v¢ sameHuTs Ha
kyw, + kow,, KOTAa BpeMaA CTOMT IOA 3HAKOM KOCHHYCAa, U 3aMEHUTD !
Ha T, KOTAa ! CTOMT BHe 3HaKa KOCHHYCa, TO HOJYIMM PasjoKeHua BHAA
(11), yrosaerBopsaomue ypasHenuaM (12) u (12’), uto n TpeGoBadoch
HOOKa3aTh.

Nrax, Me MoxeMm Hoayuuth peayiabTaTel § 108 Ges mpumenenusa
aemMm § 107. Mu xoTesn, ofHaKO, YKasaTh Ha NEPBHIl MeTOR He TOJBKO
MOTOMY, 4TO 3TH JeMMH B JajbHeiillleM elie MOHafo0ATCA, HO IIaB-
HHM 06pasoM IOTOMY, UTO TaK Jydllle BHIHO, KaK NPUHATH K peayib-
raram § 108.

110. Cpapuenue paanoxenunii. B § 102 Mn monyunnn pasioseHus
B (opme

D ueAMt™ cos (vt +- k),

KOTOpHE cofepKaT 12 MHOCTOAHHHX WHTEIPUPOBaHMA, a HMMEHHO:
nse L}, ase A{, uetnipe £ m wernipe n3.
B § 108 1 109 MH monyuyuau Apyrue pasio:KeHHd B Hopme

2 pedMyt™ cos (kywy + kaw, -+ h),

rie HYKHO HOJOKUTh T = {4 ¢, W;= n;t-}- &;;C, & U 8;— MOCTOSAH-
Hele IHTErpPHPOBAHUSA.

9TH HOBHE DPa3jIOKeHHA Cofep/KaT Ha TPH NOCTOAHHEE HHTErpH-
poBaHua Goxaplre, yeM npegugymue. Tak kax Hamm gudpdepermuaIn-
HHe ypaBHeHHA 0GpasyloT cUCTeMY ABeHagnaToro HmopAgKa, TO TpH
M3 9HTUX NATHAJUNATH HNOCTOAHHEIX BEIPAJKAIOTCA UYepe3 OCTAJbHHE

9 A, II'yankape
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NBeRaAnaTh. B gaanHeillleM YBUAEM, KaKYI0 BHIOAY MOKHO MOJYIHTH
M3 3TOro 3aMedyaHH.

CnenoBaTenbHO, MH MoO’KeM 0ea OrpaHHYeHHA OGIMHOCTH AOMY-
ctuth, uro ¢ = 0. Heo6xonumo 3aMeTUTE, 9TO eCIM MH MOJb3yeMCHA
pasaoxenuem (11), To moctoannane L], &}, n] He mMelor y:;ke TOrO Ke
CMEICJIa, 9TO B IOPBOHAYAJBHOM Pa3I0KEeHHH,

HeiictBureasno, npu ¢t = 0 L;, §;, W, A He mpuBogarca K Lf,
§3, "]2, 8i+ A'3°

9T0 MOCTHraeTcdA TOABKO, ©CIM NPONIOIOKUTE ¢ = &= g,= 0,
TaK Kak TOTHA MH BepPHYJAHNCH OH K HepBOHAYAJHLHOMY pasioKeHUIO.
Ho pasmoctn Mexny L] M HavaapHLM 3HageHmeM L;, Hampumep,
GynyT mopsapgka W.

Paccysxpan, kak u B § 69, MH yBuguM, uTo or paaaosxerua (11)
MOKHO IlepefiTH K [pyroii ¢dopme,

> pod () ™(09)%(e)% (09)% t™ cos (X kw+ X pyol+ k),  (16)
rme nMeeM, KpoMe TOro,
2¢9; = p;(mod 2), 2¢,>|p;|.

Mu yBugmMm, BupoueM, Kak m B § 103, uTo reamomeHTpHYECKUe
KOOPAMHATH TaK:Ke MOTYT GHTH pasiaomeHH JauGo B ¢opme (11),
au6o B dopme (16).

111. Cammerpua. IpexmomosxumM, YTO MH cCpaBHUBaeM JBe CHUCTO-
Mu Tpex Te1 A, B, C u A,, B,, C;, puaeM Tesa 006UX CHCTEM MMEIOT
COOTBETCTBEHHO ORMHAKOBHe Maccel. IlycTs B HavaabHEIH MOMeEHT
tpeyroasAnku ABC n A,B,C; CHMMOTPHYHH OTHOCHUTEIBHO IIOCKO-
crn z,x3. Ilyers Takske HauasdpHHe CKOpocTH Touek Ay, B;, C; paBHH
10 BeJMYNHE M HPOTHBOMOJOKHE II0 HANPAaBJGHHIO TPeM BEKTOPaM,
CHMMOTPHYHEM (OTHOCHUTEIBHO TOM e INIOCKOCTH) TPeM BEKTOpaM,
IpefcTaBAAI0IINM HaTaJbHEE CKOpocTH Touek A. B, C.

IIpu sTux ycioBmsAXx scHO, 4TO MoOJOKeHWe TpeyroabHuka ABC
B MoMeHT [ 6yAer CHMMETPHYHO NOJIOKEHHNI0 TpeyroabHmKa A B,C,
B MOMEHT —{.

YT0o6H IIePelTH OT MOJIOMKOHNA CHCTOMH A BC B MOMeHT { K HOJO-
seauto cuctemu A,B,C; B MoMeHT —{, HOCTaTOYHO 3aMEHHTH

Xy, Tgy Ty Ly, Mgy Eiy Moy Qus 0 (17)
Ha
x;,—x;, x;;a Lh _}"i’ gh —MNi» Gy — O, (18)

ClreoBaTelbHO, €CAM MH 3aMEHIM
0
Li’, Ad, E?v ’I]?, () o, t
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Ha
Lgv _‘}\'gv gg’ —ﬂ?; ng —(02, ""t’

To BeawanHH (17) gomxHH nepeiitn B Beamunnu (18).

Honoxum B pasnoseEmax (16) ¢ = e;= g;= AJ= —A! =0
¥ 3aMEHHM B HHMX ! Ha —!, o] Ha — ] M, caegoBaTeJbHO, T HA —T,
Ww; HA —W;.

NaMeruM B 3aKiioueHMe 3HaK T U 3HakN w u 0°. Ilpu sTOM Bemn-
quAs (16) wiIM He JOMKHEI M3MEHHTBHCH WIHM NOJKHH N3MEHHMTH 3HAK.
Orciona caexyer, 9T0 UX PasioeHus GYAYT COmepKATh TOJBKO KOCH-
HYCH WIH TOJBKO CHHYCHI, T. 6. mOCTOSiHHaA kb Bcerma am6o paena 0,

n n

anGo — - - Omna Gygmer paBHa 0, ecan merHo, — —~, €CIIH I HeTeTHO
’ ’ u

B PasiOMKeHNAx Jas r,, Z, L, &, —-3~»©CIU M YeTHO, U 0, eciu m

HeYeTHO B Pa3JIOKeHUAX NIA Ty, Ay, M.
Ecan Bmecro gopmmi (16) Mu moasayemesa dopmoii (11), mocroan-

Has h onate Oyner pasma 0, wmm — 12‘- Ona GymeT paBHa mepBOMY

WM BTOPOMY 3HA4€HMIO B 3aBHCHMOCTH OT TOTO, KaKafg M3 HEH3BECT-
HeIXx (17) pasnaraeTcA B 3aBUCHMOCTH OT Y€THOCTHM MJIH HOYEeTHOCTH
ToKasaTedsd CTeIeHM T U MoKazaTeJeil 1] B ogHounene M, (cm. § 86).

3aMeTuM, 49TO IpEeAHAYMHMIl pe3yJbTaT HpeAmoaaraer, 4To Af
CYTH HyAHu. ITO HPEANOJOKEeHNe MOKHO CHeJAaTh 6e3 orpaHHIEeHMsA
OGIHOCTH, TaK KAaK C TPeMs HOBHIMU IOCTOAHHLIMH C, &, &, MH MMeeM
eme OfHY JHUIIHIOK NOCTOAHHYIO, Ha’ke ecid

A =A2=0.

112, IloBepHeM Temeph BCIO CHCTEMY Ha Yrod & BOKPYr OCH Zg.
Hammn popmyan, kak He 3aBuCAMue OT BHGOPa oceli, JOKHEL COXpa-
Hutbcd. Ho aTo mpuBoaut k aaMene A;, A} Ha A;4- €, A+ & n o} Ha
o}— e. IIpu atux ycaosmax mepemensmle L;, x; (M ;) He u3aMeHATCH,
a A; NU3MeHNTCA Ha A;|¢; Z; U T, H3MEHATCA HA I, COS &€ — X, sin &
n z;sin & 4, Cos &; Z, U r, OpeTepmeBaloT aHAaJOTHYHOE IIpe-
obpasoBaHMe; §; M 1); UBMEHATCA Ha &;cose 4+ 1;sine m
—&; sin & 4 m;cose.

IIpn oTHX yCAOBHAX BOT KaKMM IpPEICTABIAETCA €CTECTBEHHOE
oGo6meHne TeopeM § 70 u 87: gomycTHM, YTO MH Pa3iOKHJIM, HampH-
Mep, LT B dopMe (16); Kazanoch 6w, 9TO MH JOJIKHH HMeTh

Zk—2p=0.

Ho B »T0ii opMe Teopema HeBepHa.

113. Mu moskeM mpeoGpazoBaTh HAllld PA3IOMKEHHA CleAyOmuM
o6pasom. Ilpesxme Bcero, B pasaomeHusax (16) ¢urypupyior nse
noctoanaHe A u h, saBucamue He TOabKO ot L, Ho u ot A!. OueBUgHO,

g%
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9TO HallM HeM3BECTHHE CyTh mepuopuueckue GyHrmuu ot A}, Tak sxe
Kak 1 A cos 2 u A sin h. Horaa usmensiorea A}, T.e. HauajibHEE
3HAYEHHS JOJNTOT A;, Ha BEJINYMHH, KpaTHHe 27, TO Hallld HeH3BecT-
uule 0L}, 88f, dnf, A He momxus namenutsea. CrefoBaTennno, A cos A
u A sin b MOTyT GHITH pasiOeHH MO0 CHHYCaM M KOCHHYCAM KPaTHHIX
A}, Tak uTo pasnoxenua (16) mpumyt dopmy

214, (@) (09)% (5)%3 (€)1 ™ cos (2 kswy + D kil + X piof + ho),
(16°)
rae A, u kg He 3aBucar y:ke ot L]. loGaBum, uto cormacuo § 111 %,

€CTH YMCJIOBaA HOCTOSHHAA, KpaTHasa /2.
Her muxkaxkux ocumopanmii, utobu 6muno k;= ki. Ho mu Bugum,

910 OyJaeM HMeTh
2k —2p=0

B pasnoenuax 6L, A n
Dk =D p=ti

B pasaoskeEmax OEf, onf. B camoM fese, ecam MH 3aMeHMM Havdalp-
Hue 3HaueHnA A} 1 of Ha A{ 4 ¢ n 0}— &, To yBuauM, uTo L} He u3Me-
HHUTCA,; A] maMeHutrca Ha A{ €, a Ef u ] mHa Efcos e m;sin e
u —E&fsin e4 nf cos e.

B pasnoskenusax (16’) Mul BaAaM 3a MPOM3BOJNbHBIE MOCTOSHHHE
HavaJbHHe 3HaUeHUA Hamux HemsBecTHHX L, A, & u n!. Ho Boamo-
KeH M Jpyroii BHGOD.

HomycruM, uto B pasnoxeBuax (16°) orGpoleHH Bce UiIEHHI,
KOTOPHE 3aBHUCAT OT T WIM OT W, M COXPaHEHH JUIE MOCTOSHHLE
aienn. [lycrs L} osmauaer To, 4TOo ocramoch or pasiaoskeEns Lj.
‘Torma L} ects Be 4TO MHOEe, KaK MHTErpa

2% 271
i | | Lidw,dw,
0

4n2
0

npu t = 0, Tak uro L} Gymer cpemamm 3HauenmeM Li mpu tv = O.
Aranornano onpefeaanrca Beauaunn £} u n}. Yro kacaerca A, To aTo
TaK/Ke eCTh TO, YTO OCTAHETCA B PA3JIOMOHMH Al MOCJIe TAKOIO e
oT6pacHBaRdA, TaK 4TO
1 2% 2x
M—w= g S (M —w;) dw, duw,
01
opu v = 0.
Mu BugnmM, uto L}, M, &, n} cyTb yHKOUM OpesKHHUX MOCTOAH-
aeix LY, M, &}, 0! u mapamerpa pu. OHE MOryT 6HTH pasioeHH 1O
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cremeHaM W, i mpu p = 0 umeem
Li=L}, M=\, Ei=EL nl=n].

Pasuocru Li— L}, Al— A}, &— &2, nl— n} moryr Gmre pasio-
KEHHI IO CTEHEHSM Ef It ) M ABIAIOTCA MePHOAUYECKHMH OTHOCHTEIb-
Ho A!. DTo HemOCPEeACTBEHHO BHITeKAeT M3 PopMum paamoxenuii (11),
(16) m (16).

IIycTs, caegoBaTednbHO,

Li=Li+ Fpedo]focos (X kik + D poi+h),  (19)
roe uepes Il, o6osnaweHo pis cOKpalieHMs HpouaBefeHNe
(eD)*1(e2) “(e3) ().

PaanosxeHue (19) BhBOAWTCA, KaK ‘MH TOBOPHIM, U3 PasiOKeHHA
(16’) or6pacuBaHneM B HeM BCEeX UJeHOB, 3aBUCAMMX OT W WIH T.
Mu Moriu Gel Tak:Ke HamHucaTh

L} =L+ D ped,Mocos (D) kidd + ko), (19')
HCNoAb3yA pasnosxeBua (11).

Koneuno, M MojKeM HamucaTh M Apyrue ypaBHemusa Bupa (19')
naa ompenemenua A}, Ei, ni.

Uz ypasuenmii (19°) mm MoxeM, HaoGopor, BHpasuth Lj, Af,
£%, n! B saBucumoctu ot L}, A, &}, n}. Torma L3, A, &, v} Gyayr pas-
JOMHUMH IO CTEHEHAM M I OpH p = () mPUBEAYTCA COOTBETCTBEHHO
x L}, A, &, i, Bonee Toro, pasmocrm Li— L}, A} — Al, & — &l
1N{— m} MoryT GHITH Pa3iOKEHH IO cTeNeHAM £} i v} i ABAAIOTCA NepHo-
andecKnMu oTHocutenbHO A}, CaemoBaTeabHO, MOMHO HamMcaTh

] 1 4 ‘a1
L= Li+ X pe4,M;cos (X kiri + D) piol+ ky), (20)
rae A, 1 hy 3aBucar Toasko or L} u rae M, — meswlii ogHOUNAEH OTHO-
cuteapHo £} u m}. AHamoruyHele pasioKeHMA GyaeM umeTh mas Af,
g, .

Bepuemca Temeps K pasiaosxenusaM (11) u samemmm B Hnx LJ,
A%, &, 0! ux smavemmamu (20). ficwo, uto 8L}, 8A}, 8%}, Oni Gyayr
Pa3NOKUMBL IO CTEHEHSAM W, T, &}, M M ABIAIOTCA IEPUOLUNIECKHMU
oTrHocuTenbHO w 1 A}. Ilosromy GymeM mmeTs

L= L1+ X ped, Mt ™ cos (D) k,w; + 2 kiMi + hy), (21)

rae A, u h, 3aBucar Toasko or L} u rae YN, — meautii. ofHOUIEH OTHO-
cureapno & u n}. Hasa nepemennmx Af, Ef, nf Gymem umeTh paaso-
JMEeHNA TAKOTO e BOJa, ¢ TOH pasHumeii, YTo B Pa3OKeHUH A 4acTh,
He 3aBUCAMAA OT W, GymeT w;-+ A}, a He mpoCTO Aj.

Ecan Mu moJo:Kum

&l =1"2qlcosw}, ni=V2elsine},
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To paaxo:xenme (21), cormacno § 69, mpumer dopmy
Lt =L} + X p%4, ()™ (3)™ (0))"s (e})%
X1™cos (2 kwi+ D kM + X pat+ ki), (22)

Ifie MEe;KAY IHeJEIMU JUciaMu p U 2q GyneM UMeTh BCOrja Te ke COOT-
HOIIEHHSA.

Paznoncenusa (21) pasauvaromes, caedosamesvno, om pasnroxcenuil
(22) moavko mem, wmo 30 nROCMOAHHBE UHMEZDUPOBAHUS 63Mb. He
HAYaAbHHE BHAYCHUS NEPEMEHHBE, & UL Cpednue SHAYEHUA.

114. Kax mMoHO HENOCPEJCTBOHHO NPHIATH K pasaoskeHuam (21)?
Ina storo pocratouno B3ath ypapHeHua (12) u (12’), Tak Ke Kak
H BHIBOAAMMECA M3 HUX ypaBHeHua (13), U IPOBOAMTE UHTErPHUPOBa-
Hue (§ 109), Hoc o f R0 i1 p a 3 H u i e ii. BMecTo TOrO 9TOGH GpaTs

C.=B sin(k,w‘-f-kzwg—}—h)—-sin h
o= kyny{-kong !

MH OyaeM OpaThb

Co= B sin (kiwi+k2W2+h)
kyny+kong
H GymeM COXpaHATH HPU 3TOM pPEKypPpeHTHoe cooTHOWeHme (15).
TakuM o6pasoM, MH YROBJIETBOPHM HaHIMM yPaBHEHHAM, Ho Goxee
He Gynem mMets Hu Co= 0, C,,= 0, HHu, cIefoBaTeIBHO,

L1=L%’ §i=§%7 ’fli="ﬁ, }"i=}"%

npu
T= w1=u72=0.

3HaguT, MH He YAOBJAGTBOPNM HAYaJBHEIM YCIOBHAM, IPHHATHIM
B § 109.

3aro MH BEHAMM, 9TO apryMeHTH cHHyca U Kocuryca B Cy, Cpy,y .« .« .«
OyAyT TAKHMHU ;Ke, KAK M B IPaBHX YacTAX HALINX ypaBHeHHil, TOTAa
Kak npu mpogexype § 109 Mm BBOAMM HpH Ka’KEOM MHTErPHPOBAHHHA
HOBEIE apryMeHTHI, TOCKOABKY MH BBOJANM WJIEHH c sin k, riae h MoxeT
3aBHCETh OT ®f.

BupoueM, cpemHee aHauenme C, u cpefHue aHagseHusa C, GHIR
PaBHH HYJID.

BepreMca eme x KaHOHHYECKHM ypaBHeHHAM () ns § 79. U3 mux
MH BHBOIMM, HampuMep,

oF.

¥ JJA NoaydYeHua 3HaueHusa 8L; B n-M npuGasxeHun ciefyeT aame-
HATb HEM3BECTHH® B NPABOH 4acTH MX 3HaueHMAMM us (n — 1)-ro
npubamxenus. Torga pasiuuHbe YJIeHH BHPAKEHUA, CTOAMEro IOK
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3HAKOM HHTerpaja, HPUHMMAOT Gopmy
At™ cos (vt + h),

a MH Bufean B § 98, 4ro HeompepeaeHBHI HHTErpaj OT 3TOr0 BHpa-
MeHMA cocTouT M3 (m - 1)-ro wieHa BUAR

BEGR(t+R) (p=1,2,...,m).

K sTomy HeompeeneHHOMY MHTerpaly HYKHO A06aBUTEH IOCTOAH-
HyI0 uHTerpupoBaBusa. [lo cux mop MH BHOuUpanu 3Ty HOCTOAHHYIO
TakuM o6pasoM, ato6n 8L; oGpamanacs B HYJIb BMecCTe ¢ £, T. ©. MH
MHTeTPHPOBAJIN Bcerga B Ipefenax or Byasa mo f. Taxkum o6pa-
30M MH U OpHILIN K pasioenuam (11).

Ecan, BaoGopor, MH HojaraeM BcCerga 9Ty HOCTOAHHYIO paBHOM
HyaI0, TOo Temeps Opu { = ( GymeT oOpamaTeCA BHYJAb Cpe g He €
aHaveHune OL;, u MH mpuaeM K pasnoxeHuaM (21). B meppom
npubamxeEnn ME GygeMm Gpars

Li =LL }\'i '=wi+}"¥9 §i=§%’ Ni ='r|%’

flcHo, 4T0 @} ¥ 0} , OmpepeNeHHE® TAK, KAaK 3TO CAEAAHO BHIIe,
OTHIOAb He MPECTABIAIT CpeJHUe 3HAYEHHA Q; M ©;.

115. Ilpexpme weM uATH Aajee, 3aMETHM, 9TO €CIM GH MH B3fIH
Apyrue HOCTOAHHHE HHTEIPUPOBAHMA (KOTOpHe MH 0603HauuM Ha
mrHoBenue gepea L}, A}, &1, n}), cBaAzanHNeE ¢ HavaabLHHIMM 3HaveBMdA-
mu Li, A?, &, n} coornomennamu Buma (19), (19') mam (20), To BCe
CKa3aHHOE [{0 CUX HOP MMeJIo GHl MeCTo, ¥ MBI MPULLIHN OB OIATH K pas-
aoxenuaM Bupa (21) wam (22).

MoskaO 60 GH, HampHUMep, CAENATH 3TOT BHOOP TAaKNM 0GpazoM,
aTo6H Qf ¥ ®} IpefCTaBIAAM CpPejHVe 3HAYOHHA Q; M ®;, HO BTO He
npeAcTaBigeT MHTepeca AIaA AajbHeliliero.

116. Paszmomxenna (21) m (22), moctpoerane B § 113, oGmagator
HEKOTOPEIMHM YacTHRIMH CBOICTBaAMM, 3aCJIy;KMBAOMUMHI BHHMAHHA,
Hamn ypasuenns (12) n (12") He naMeHATCA IpH 3aMeHe w; Ha w; - &;
(MBI, KpOMe TOTO, 3HAEM, YTO HAINM PA3IOKEHUA yAOBAETBOPAIOT TAKIKe
ypaBHEHMAM ABIKEHHMA, eCIM IOJOKUTH T = f, W;= n;t- & nian
T =1 w;= nit).

Horaa B pasnosenmnax (21) w; saMemeHa Ha w; + &;, 9TH pasjo-
’KEHUA He IepecTaHyT YAOBJISTBOPATH ypaBHeHuaM (12) u (12').
Ho xaxoBm Gynyr mpm atom cpegame sHauerua L}, &}, ni, A}? Tlepsuie
TPH He N3MEHATCA, IOCHAefHee CHeAaeTCA PaBHEIM Al - e;.

CnemoBaTenbHO, HAIIM pPA3dOMEHHS He M3MOHATCSA, OCIM O HO-
BPEMEOHHO 3aMEHHTh W; Ha w;-- & u A} Ha A}— g;. Orciona caegyer,
49TO W; W A} BXOAAT TOABKO B KOMGHMHamum w; -+ A}, T. e. uTo

ki = k;.
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IIpegnomoxum Temeps, kak u B Hauame § 112, uTo BCA cucTeMa
noJyyaeT BpameHne Ha yroJ & BOKpyr ocu z3. Torma L;, L}, o} e
NU3MEHATCA, A; U A} uaMmeHsaTca B A;- ¢, Al + ¢, ! B ol—e u §;
un—B g coseJ-1;sinen —E sin & 4 1n;cos e.

@opMyaH H0KHH GyAyT MMETh MECTO, TAK KaK OHM HE 3aBHCAT
or BuGopa oceii. IloaroMy MoKHO 3aKIII09HTH, YTO KOTAa B pasiosxe-
HuAx (22) MH 3aMeHHM A} Ha A} - € U B To e BpeMa ®} Ha 0} — &, TO
HeN3BEeCTHLIO

Ly Ay By s
N3MEHATCA Ha

Ly, A+e, Ejcoset+m;sine, —E;sine+m; cose.

Ecau Mu BcnoMHEnM ckaszauHoe B § 70 u 87, 1o yBuauM, 9TO 5TO

o3HaYaeT, 4TO
SK—p=Sk—3p=0
B pasnomeHuax L u A, m

k=X p=Yk—3Xp==%1

B paanoskeHHAx £ u 1) (KpoMe TOro, MBI BCerja MoKeM IPeNIOA0KUTE,
9TO B 9TOM PaBeHCTBe HOCIERHAA 9acTh paBHa -1, Tak Kak ecau Gul
oHa Gelta paBHa —1, TO AocTaTOYHO OHIIO GH NM3MEHUTL 3HAK apry-
MEHTa KOCHHYCa, OT 9ero sHaueHHe KOCHHyca He MEHseTcs).

Taxum oOpasom, HmpeAHAyIIKe Pe3yIbTaTh MOKHO GELIO O mOMY-
9uTh APYruM cmocoGom. B § 114 MBI Bugenn, Kak MOKHO HOCTPOHUTH
paaino:keEns (22) HemoCPeACTBEHHO IOCHeNOBATENBHEMM Npubamxe-
HuaMu. Torga MOKHO GEUIO GHI HONYIUTH HAIIM Pe3yJbTaTH IO MHAYK-
UM, IPOBEPAA TeM, 9TO €CJIH OHH BePHH B (n — 1)-M mpnGainkeHuu,
To GyAyT TakKe BEPHH B n-M.

117. Bume MH roBOopuin, 9T0 Ha HpPaKTHKe He PacCMATPUBAIOT
YIEHH, B KOTOPHX MAaJHil geauteab v = kyn, - kony cooTBETCTBYET
o9eHb GoabmuM mneawM k, u k,. Baaromapsa sToMy oGCTOATEALCTBY
Mu Morau ckasath 8 § 101, uTo Ha mpakTHKe HMKOrJa HeT Heo6XoAH-
MOCTH pPacCMaTpUBATh HECKOJBKO MAJHIX JeJHuTelel.

Tenepp M MOKeM HOJHOCTBIO OIPABAATH 9TO YTBepKNeHIe. ITO
ayume Beero Oymer BuAHO m3 pasaomenus (22). leiictBurennHo,
B 9TOM pa3JO/KeHHH HMeeM

Sk—Yp=0.
Ecan | k| n |k,| Bennkn, a v ecTs Maiamii geauteas, T0

[ kyny4-kony |
BechbMa MaJgod.
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n
Tak Kak Ha NpaKTHKe omomeﬂnen—‘ He Oyger GIM3KO K egUHMLE,
2

10 | 3k | Tak:ke Oymer BechMa Gombmoil — Tak ke Kak u | Ip |.
Ho cremen» paccMaTpHBaeMoro uieHa paBHa

239> |pl1>2pl

Hak BugHo, moKasaTelb CremeHIf 3TOro 4ieHa GYAeT oveHb GOJABUINM,.
W I03TOMY WIEH ABJIAETCA HpPeHEeGPEKUMO MAaJLIM.

Bepremca Temepp k paaaosxenuio (16). Mu moiKHE mpuiiTy
K BTOMY pa3jio;KeHHIO, MCXOAA W3 paaaoskeHusa (22), mojcraBiss
B Hero BMecto L}, Af, El, n} nx snauennsa (19). Ho snauenusa (19)
PasnaralTCa MmO WEJHIM MOJOKUTEABHHM CTENEHAM Qf, KOTOpHe AB-
JAIOTCA BeJIMYNHAMH BTOpOil cTemeHu. 3HauuTt, B pasaoxenuax (19)
ME OyZeM HMeTh YJIeHH HYJIEBOil CTeNeHM H YIEHH IOJOMHMTEIBHOI
cTemeHH.

Mu mpupeM, TakuM obpasoM, k pasnomenuio (16), xarkguii uien
KOTOPOro MOJAydYaeTcA H3 KaKoro-EMOyAb 4jeHa pasioxkeRusa (21).
O6pamasa BEMMaHHe Ha CHOCOG, KOTOPHIM OH HOJYdYeH, MHE YBUIHM.
9TO €ro CTeHeHb He MEHbIIe CTENeHM COOTBeTCTBYIOWIEro WieHa B paa-
aoxennu (21). Ho o6mufi uaen (16)

ueC; cos () kw + 2 k'At+ 3} pot + ko)
HoJTyuaeTca U3 usieHa pasiaoxenus (21), cogepamero 2 kw. Caemo-
BaTeJlbHO, €T0 CTENEHE He MEHbIIe IZ k|, xora apech ne mmeem

2 k—2p=0.

118, Ecan tpeyronsauk ABC 3aMeHHM APYTHM TPEYTOJbLHHKOM.
CHMMETPHIHHM OTHOCHUTENHHO ILIOCKOCTH Z,Xp, TO YPaBHEHUA JABIDKE-
HHA He MepeCcTaHyT YHOBAETBOPATHCA, UTO SABIAETCA CIOACTBHEM
cumMeTpun ¢yHKUnu F, poxasanHoii B § 88.

Ho sTo mpmBoguTca K 3aMeHe OGIMYECKHUX HEePEMEHHBIX i, 132,
Es M BA —Ep, —M, —&,, —M4, WIM TaKMKe K 3aMeHe Wy M ©; Ha
Wy + T H ©y J 7.

CnegoBaTeabHO, eCciu

& My oW
3aMeHHM Ha
—& —mp —E —m
N, 9TO TO e, 0y U 0] Ha @ 4 7T H © §-+ %, To obaudeckne mepe-
MeHHBEIE §2, N3, 4, 1, H3MEHAT 3HAKHU, a OCTAJbHHE NEePeMEeHHEe He
H3MEeHATCA.

Ecau, ciefmoBaTenbHO, Da3jIOKEHUA JIACMEHTOB WIH KOOPAMHAT
npefcTaBieHn B opae (11), To ogHousen M, Gymer deTHoOll cTemenHn
otHOCHUTenbHO &3, n3, &), m§ B pasnmoxennax L, A, &, %, &3, Ms.
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Zy, 3, X4y L, ¥ HOUETHOH CTENeHM B PaslOKeHUAX &z, M2, &y M4y L5, Z5.
Eciau ke mpemcTaBuTh pasiokenus B dopme (16), To yBumam TaK:e,
9T0 py- p,; OymeT WeTHHM B NEPBOM CJIy4ae M HEYeTHHIM BO BTOPOM.
910 6ymeT BepHO, KpOMe TOro, ecim mnpumeHnM peayasprat § 109
uwan 113.

119. Onuopomocts. Paccysxpas, xak u B § 73 n 89, Mu yBugum,
970

L;, 0; cyTts ogaopogmiie ¢yaxmum cremenu 1,

1
Eiv Ni » » » » I
i » 2,
Ay @ » 0
(3

ornocuteabHo L§ u of min taxxe orHocureasHo Lf, (E9)?, (n)):.

120. BuiBogsl. B aT0it raape ME IpeoGpasoBajy HAamIM pasiioske-
HMSA TaKuM 06pasoM, 4TO HaIIN HOM3BECTHHE IPENCTABJIAIOTCA B BHIe
$yHKnUil Tpex IEPEeMeHHHX T, W; M Wj. OTH GYHKOMH Pa3iIOKAMEL
IO CTENeHAM T M IO KOCHMHYCaM M CHHyCaM KPaTHHX w.

OHN yHOBAGTBOPAIOT YPaBHOHHAM [BIKOHWA, €CJAM IOJOMKHATH

T=t+c, wy=nit+2g, wWr=nyt-e,,
KEako6sl Gbvi HU OWAU 3HAYEHUA NPOUSBOALHWT NOCTMOAHHWE C, & U 8.

Kpome Tpex mepeMeHHHX T, w; M Wy, HAlUM QYHKHUH 3aBUCAT
OT ABeHafUATH MOCTOSHHHIX WHTErPHUPOBaHMA, a PopMa pasiokeHuii
3aBHCHT OT TOTO, KaK BHGpaHH 3TH MOCTOAHHEe. Eciu B3ATs: Havaiab-
Hule 3Havenua L}, A, &P, n! mepemennnix L;, A;, &;,M; mput = w, =
= w,= 0, To pasnoxerna mpuanmaor Bup (11). Ecam B3aTh Ha-
waiabHEe 3HadeHua Lf, A, of, o} mepemenumnx L;, A;, @;, ©;, T0O pas-
no:xeHua GynyT nMeTs BuA (16). 9To Te pas3noKeHHA, K KOTOPHIM HpH-
BOAMT IpuMeHeHMe mpoumexypu § 109.

Ho mosxHO cnemaTts u gpyroii Bu6op. Ecau, kak u B § 113, MomnO0
BHOpaTh 3a MOCTOSAHHEE WHTErPUPOBaHMA He HavaJdbHHe 3HAYCHHA
HEM3BEeCTHHX, HO HX CpefHNe 3HA4eHusd, TO MH IpU/eM K pasioxe-
HuaM (22), o6nagalomuM 3aMedaTeJBbHEIMH CBOficTBaMH.
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121, Orpanuvennana safgava. B § 35 MH paccMaTpuBaanm opum
qacTHHI crydaii. M mpegnonosxnian, 1ro umeiorca Tpu tena — Conn-
ne, Goabmas mNaHeTa M MajkasA ILIaHeTa — M YTO Macca IOCHeqHeH
HACTOJABKO Maja, 9YTO MOKHO IipeHeGpeus BO3MYMEHMAMH, KOTOPHe
OHa BHBHBaeT B ABIKeHnmu Goapwoii maanetn. Ilpm stHx ycaosuax
Gonpmasa NAaHeTa OMMCHIBAET KeIJepoBCKuil saamme. Mu mpemmo-
JIOKWIN, KPOMe TOro, 4T0 SKCHEHTPHCHUTOT 3TOr0 HIJAUICA paBeH
HYJI0, TaK 9T0 op6ura GonbIOi MNaHeTH ABAAGTCA KPYroBoii M 4TO
MajiaA IJIaHeTa B HadJajJbHHA MOMEHT HAaXOAUTCA B ILNIOCKOCTH 3TOI
OpONTH U ee HavaJdbHAfg CKOPOCTH TaKiKe JNEKHT B IUIOCKOCTH 9Toll
op6urn. U3 aroro, oueBWAHO, CIERYyeT, YTO MaJjasd IJIaHeTa BC e I a
OynmeT ocraBaThCA B ILIOCKOCTH OPOMTH GOJIBIION ILIaHeTH.

Toraa mpeoGpaszoBanume § 30 MOKHO HPUMEHMTH ABYMA pas3iImd-
HHMH cHOCOGaMH.

1. Mosxmo, kak u B § 32, npunare m ;= 0, 970 paBHOCUABHO [OIY-
MeHNI0, KaK MH paHbllle BUAeiH, 4To (oJbmMasa mIaHeTa OTHECOHA
x Conmnmy, a Mamas X meHTpY Macc Goaplroit maamers: u Coampma.

2. Mosxno, xak n B § 33, upunares m,= 0, uTo o3HadaeT, UTO
o6e mmameTHl oTHeceHH K CoaHmy.

B mepBoM cayuae Gymem uMeTh

F =CD0 + mACDh
rae ®y=T,— 45", m®=T,— "gg* — 5k
_i _y_ﬁ ys? y_,',’ ya ys yo
r= 7\ ] +E+ ms ) + -l- \
Bo BTopoMm ciyuae Gymem mMeTh
F=('D0+ mith

rae
L
cDo Tz my (ngD, my) ,

mym
m® =T\ —Zc-+m ‘m‘<BD AB>+m"m’<BD _F),
T, n T, coxpaHAIOT Te Ke 3HAYOHHA.
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U B TOM, ¥ B ApyroM ciydae ABH:KeHMe 0oNbiIoil MIaHETH HpPO-
HCXOJMT CorjlacHO 3akoHaM Hemaepa; fBumKenwe Majoil INNAaHETH
ompefienseTcsi KAHOHMYECKNUMY ypaBHeHuaMHu (13) mam (13') ma raa-
BH II, xoTopmie MMelOT BHA

dz; D, dy; Dy .

—&t—=m4Tyi, —at—.—.-.—m,ia—zi (l=4, 5, 6) (1)
B NEpPBOM ciaydae, H

dz; oD, dy; o0y

—_—— — —_— i — i E— 9

@ =M & ™ o (i=1, 2, 3) (2)

BO BTOPOM CaIydae.
B mepsoM cayuae ¢ TOYHOCTHI0 A0 GECKOHEYHO MAJHX BHICHIOT(

NopAgKa HMeeM

# mojlaraeM
yi=miyi=my;  (i=4 5, 6).
Bo BTopoM cayuae mmeeM

¥ 1oJaraeMm
Yi = miyi = myyi (i=1, 2, 3).
Takum o6pasoM, MH NPHXOAMM K ypaBHeHusaM (14) rmasm IV.
KOTOPHI® 3aINCHBAKTCA B BHJE

dz; 50, dyj oD, .
T T B et ity v gl (3)

rpe HyxHo 6path i = 4, 5, 6 B nepBoM cayqaemi = 1, 2, 3 Bo BTOpOM.
3amernm, uyto @, 3aBucAT He TOABKO OT HeM3BECTHMX Z' U Y’
(nam 2" u y'), HO emie M OT BpPEMeHH, TAK KaK OHA 3aBUCHT OT KOOP-
AWHAT GoABMmION INIAaHETH, KOTOPHE ABIAITCA M3BeCTHHRIMH YHKUMs-
MH BpeMeHH.
122. YcraHoBHB 3TO, MOCTYHmaeM TaK ’Ke, Kak u B § 78, ¥ BHpasnm
Z' my B Buge QyHKHNIi OT KAHOHMYECKUX DJAEMEHTOB:
A’i’ Li (i= 1’ 2)1
Qi, W; (i=1’ 2, 3, 4).

Tarx rak
N’ dy’— N AdL — D wdo

ABISIeTCHA TOYHKM AuddepeHIMaIoM, To 3Ta 3aMEeHa MePeMeBHHX OyneT

KaHOHHYECKOI.
Taknm oGpasom, Mu cHoBa BuiBefieM ypaBHeHus (4) ms § 78.
BocmoarpayeMesn pns ompefeleHHOCTH HpeAmonoskenuem § 33, T. e.
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JAONMYyCTNM, 4TO My BeChbMa Majla H 4TO
F= (I)o-l- mid)i.

Tak xax mBMKeHne GOJBINOIl IIAHETH ABIASETCH KEILIEPOBCKHM, TO
ee KaHOHHYGCKme »JeMeHTH L,, @3, Q04 ®3, ®, OCTAIOTCA NOCTOSH-
HHIMH, a A, OyAer HaMeHATHCHA NPONOPHHMOHANLHO BPEMEHH.

Yro Kacaercs »AeMEHTOB Majoil maaHeTHl L, Q;, Q2, Wy, ®2, Aq,
TO OHH OmpejensAloTcs ypaBHeHmsaMu (4) ua § 78, HO ecam yuecrs,
q10 D, He 3aBHCHT OT PTHX 2JAEMEHTOB, TO 3TH yPaBHEHHA NPHUBOAATCA
K CIeNYIOmEM:

dL‘ 301 dki a(Di

a - "™ @t T ™oL | "
in _ 0(])1 d")i _ 801 s __ j
G T MG g = Mgy (=1, 2).

Buopouem, aTi ypaBHeHns Morau 6H GHTH HmOJNyu4eHH H mpeoGpa-
aoBaHneM ypaBHeHmil (2). [JeiicTBurearno, BHpakeHHe

2 «i dyi — M dL,— X o do,

KoTOpoe sABAfeTCA BhipakenneM (1) m3 § 78, ecrh Tounslil guddepen-
guan. Takum oGpazoM, MH BHIOJHHAHN 3aMEeHY KaHOHIUECKHX mHepe-
MEHHBIX; cordacHo § 12 sTa 3ameHa He HApyIIaeT KaHOHHYECKYIO
dopmy ypaBHeHmil, xota @, saBHCHT ABHO OT BpPeMEHH.

YpaBHeHus (4) sanmcaHH B Takoii GopMe, KoTopas HHOr[A MOYKET
KasaThCsl HeyAayHo#, TAK KAK M JeBas, W NpaBasg WX 9YACTH MMEIOT
HOPANIOK My U, CllefoBaTeAbHO, GeckoHeuHo MadH. Torga Mbl MOMOMKHAM

Li =»miL;, Qi = m,gi (i = 1, 2),

Tak uTo L' M Q' ABAAIOTCA KOHEYHHMM M HAIIM yPABHEHMA HPHMYT
BHJ
aL; _ d\ _ O,

at oy dt ~ oL
doy o0y  do; _ oy (3)
dt G dt — ag; °

YpasHenns (5) MOTryr OMTb TaK;Kke BHBeJICHH W3 ypaBHeHHil (3).
B camonm pene,

dey"—)v,dL; —Za);dgi=

eCcTh TouHHI AuddepeHnman, Tak YTo MOKHO B3fATh 3a NEepeMEHHHE
Ly, Ay, Qi, ®;, ¥ KaHoHMYecKasa (opma ypaBHeHHIl He HapymuTCH.

Mu BupuM, BOpoueM, uTO €CAM PacCMATPUBATH QUKTHBHYIO IJIa-
HeTy, MMEIOIYI0 Ty ’Ke TPaeKTOpuio, 4yto ¥ muadera A” ms § 74,

N zdy’—AydLy— Y 0 do

my
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HO MMEIOIyI0 Maccy He m, (T. e. my, u60 m;= m,; ¢ TOYHOCTHIO 70 Gec-
KOHeYyHO MAaJHX BHICHIero NMopsAfKa), a 1, To KoopamHaTH 3Toil mia-
HeTH OyAyT z;, Z,, Z;, KOMIIOHGHTH ee KOJNHM4YeCTBa JBIKOHHA V), Ui,
Ys» ¥ ee KaHOHHYGCKHMe dneMeHTH L, A, 0i, ®;.

123. Cornacuo § 33 Mm mmeem

m®y=T,+U,+ Us.

B § 82 M Hamu
M »
T+U = "’2T‘{’ M =mmim?.
IlosTomy Gyaem mMmeThb

n+U_ M

my 2L °
rae
, M
Ml. = m}s = mg,
TAK Kak m,= my.
Uro xacaerca QyHKuUE
Us= p,F 19

To B § 40 MH BuflenH, YTO B MHTEpeCYOmMEM HAC cilyJae OHAa NPHHH-
MmaeT yacTaHil Bug. Ho, kak Guao ckasano B § 41, mogoGHMe ympo-
HIeHWA HEBO3MO)KHEI, €CIN NPHHATH NpPeANollo)KeHHe, BHABHHYTOE
B § 32. BnpoueM, MH UM He BOCHOJb3yeMCs, & OTPAHHYHMCH TeM,
49T0 HamOMHAM GopMy BosMymaromeit ¢pyakuuu pF, u, ciefoBaTeabHoO,
@, n3 rnasm IV,

Mu Gynem umets

% = ) Amlta~ ghg g tsg % cos (2"*’"' +2p “”‘) » @

rne A saBucMT ToJabkO OT L; u Lj.

B ¢opmyme (10) u3 § 83 M samenmam @ ¥ @, Ha m;Q, M MyQ,,
najlee pasmeaMiIM Ha m,, 9eM M OOBACHAETCA HAJIHAYNEG MHOKHTENS
mi+es=1, Kpome Toro, momosum kb = O B cuny TeopeMn uz § 81.
HamoMHEHM Takike, 4TO B CHAY TeopeMH uz § 87

Zk=2p
H 4TO
2¢; = p1(mod 2), 2g:>|pil.
M=u npenmonoKuiau fanee, 4To opouTa Gonpmoli IUTAHETH €CTH OKPYHK-

HOCTH, T. €. 49TO
Qs=0s
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4 9YT0 HAKIOHHOCTH PaBHHW HYJII0, T. €.
e:=0.=0.

Bce unenn B mpaBoii yacTu paBencrBa (6), cregoBarenbHo, paBBE
HyJNI10, KpOMe TeX, A KOTOPHX

ge=¢qs=¢;=0
U JJasA KOTOPEHIX, cleaoBaTelIbHO,
Pa=ps=p;=0.

Takum o6pasoM, Hmolaras
91—
Amji-1 =B,

nojydaeM
U ’
T: =p ) Bo|" cos (kihy +kshy+ pidy)s
HIH
@, = —';ff—'}ﬂ ) Baj% cos (kg + kaha+ piwy), (7

rae B sasucur aumsb ot L, u L,. MoxkHoO cKazaTh gaxe, uTo B 3aBucHT
TOJABKO OT L, Tak KaK L, ecTh abCon0THAA MOCTOAHHA S, ABAAIOMAACS
ORHOH M3 MAHHHX 3afayH.

NMmeeMm Taxsxe
ky+ ko= p,. (8)

Yro xacaercs Az, TO MBI MOKeM CYMTATh ee PABHOH n,t, BHGHpas
3a HauyaJ0 BpeMeHH TOT MOMEHT, KOTAa AOJAToTa GONBIION ILIaHEeTH
paBHa Hyaw. C gpyroil CTOpOHH, RN, €CTh a6CONIOTHAS IOCTOSHHASA,
ABNAIMAACA OJHOA W3 JAHHHX 3aJjayH.

Ilonaras Torga

14 ’ ’ , ’ » M' ’ ’
F'=Fi4-pF; =®,+ny (0, — L,), F,= —T;’.S-I—nZ(Ql—Ll)’
Fi= Z Bt cos (kihy + ke + poy),  Ay=2Ay—Ay, 0y =@+ Ay,

MH OpHBEAEM YPABHEHHA [ABIKCHMA K BHEY

dL; _ _ oF' dAp _ oF’

dt T oA Tdt oLy !

do; _  OF doi _ 9F' (9
Tt T T de; ' dt g °

9TH ypaBHeHHMs HAMEIOT KAaHOHMYECKYH (OpMYy TOABKO Ha 3TOT
pas, TAaK Kak B cHiIy cooTHomenus (8)

F; =2 Bt cos (ks + p)),
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nawa diynm;un F’ 3asucum moabko om uemupex neussecmnuz, Ly, @,
Ay, @, u ne saucum Goaee AsHBM 00pPA3IOM OM EPEMEHU.

i4 Hurerpaa fAwo6u. B § 34 mMu Buzean, uto B cayyanx,
pacemorpeHHNX B § 32 m 33, uHTErpaisl KMBHIX CIUI M ILTomajeil
TepAIOT CMBICH, M 3TO moToMy, uto ¢yukuus @, sasucur sasHo or
BpeMeHH.

3necs Hama ¢pyHkuua F’ He 3aBHCHT ABHO OT BPEMEHH, HOITOMY
ypaBHenus (9) RONyCKalOT HHTErpaj

F’' =const,

KOTODHIl W3BecTeH moN HasdBaHWeM uxmezpasa Axobu.
125. 3ameuanue. BaskHo cienaTs ofHo 3aMeuanye, Kacaomeeca F..
Mu umeeM

OFy All
aLl n21
3F0 _ n2

901 )

He cymecTByer HHKaKOro JUHEHHOr0 COOTHOWIEHHMA ¢ MOCTOSRHHIMH
KoopuumenTamu, Hn TeM Goliee ¢ HEABIMH KoapPHuMeHTAMH MeMIY
M;
F
BellMYMHA HocTosAHHA. ClefoBaTeNbHO, MEKAY ABYMs JACTHHIME HPO-
M3BOJHHIME QYHKUuH F, He CymeCTByeT JMHEIHOTO COOTHOLICHHA.
Danee Mm yGeaumcsa B B&)KHOCTK aTOTO 3aMeYaHNsA.

126. OGoGwmenne. Ilycrs, BooOme, F ssaserca ¢yuxuueir 2n
mepeMeHHHX

H ny, TAK KaK nepsas N3 9THX BEJHYMH 3aBHCHT OT L;, a BTopas

Liv Lz, coey Ln,
xu xz, ey k,..
PaCCMOTPKM HKaHOHMuYEeCKNe YPaBHCHHA
O, O 1=1,2,3 ...,0). (10

A’ at oL

HNonmycrum, uTto
F= F0+ p'Fh

rae p — o4eHb Majasa mocrosinHas. Jomycrum, uto Fy 3aBHCHT TONBKO
oT L;, ¥ npATOM marum o6pasoMm, Wmo He CYWecmeyem HuUKaKoz0 Au-
HellHoz0 COOMmHOWEHUR ¢ yeanmu Kodfduyuenmamu Mmexncdy wacmuumu
dF,

npou3sooHuLMU ——aL‘: .

Yro xacaercsn ¢yurmum F;, To oHa sBAsAeTcA NEPHOJHYECKOH
OTHOCHTONBHO A;, PA3JNOKMMOH HO CHHycCaM H KOCHHYCAM, KPATHHX
i, ¢ KoapPuMeATaME, 3aBHCAMIUMH OT L;.






