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BBEflEHHE 

P a60 T ~ no penHT~BHC T CKO~ KnaCCH4eCKO~ 3aAa4e ABy X T04 e4H~X 

Ten B 3 aB~CHMO CT~ OT xapa KTe pa B 3a ~MOAe~CTBHH ycnoBHo MomHO 
pa 3 Aen~T b Ha HeC Ko n b KO Han paBneHH~ . 

K n epBoMy M~ OTHOCHM Te pa 60 T~ ICM. , Han p . , 1 11 I , B KOTO P~X 

npeAnona raeTC R, 4 TO y CKo pe HH e OAHOH ~3 4a C T~ Q B HeKOTO p~ ~ 1"10 
MeHT BpeMe HH Mome T 6 WTb npe ACTaBneHO B n~60H HHepQHanbHO~ n o 
pe Hq € BOH CHCTe Me B BHAe ¢ y HK q HH OT napa MeTpOB ABH~eHHH BTOpOH 
4 aCT Hl\W IKOOPAHHaT, CKopOCTe H H T.A . I , B3HT ~X B TOT me c a Mw~ 

MOMeHT Bp eMeH H. nOHRTHe OAHOBpe Me HHOCTH He ABnHeTC H pen RTH
BHCTCKH- HHB a pHa HTHWM. n0 3 TOMY y c n o BHe OAHOBpeMeHHOC TH na pa Me T
POB ABH* eH HH 4a cTHq B n~6 o~ HHepUHanb HoH nopeHueBoH CHCTeMe 
Ha KnaAws a eT ~e C TKHe o rpaHH4e HHA Ha xapaKT e p B3a H MoA e ~ cT B HH . 

B Ta KoH ¢ o pMy n HpoBKe B0 3MO~H~ H CBe p XCBeTOB ~ e CKOpOCTH 4acTHu ' 21 
BTo po e Ha npa Bn e HHe 6 e p e T CBoe Ha4ano OT H3BeCTHNX pa60 T BHr 

Hepa H Ba H-,Qa Ma / 3/ . B HHX 4-yc Ko pe HHe OAHOi1 H3 4aCT HQ 3a n HCblBa e T
CR B BHAe HHTe rpana OT onpeAene HHoi1 IAByxTo4e4Ho':\" ¢YHKUHH 
anons I"IHpOB Oi1 n HH l-1 1-1 BTOpOi1 4aC H1Ubl. 3Ta ¢yH KUHA, Hrpa~a A po n s 
B3 a HMoAei1cTB HH, OTnH4 Ha OT HynR AnA T04 e K M HP OB O~ nHHHH BTOpoi1 
4aC THUbl, CBA3a HHblX n pOCT pa HCTBCHHonOAo 6HbiM HHTepBanoM C pac 
CMaTp HBa e Mo i1 T0 4 K0 i1 MHPOBOH n HHHH nepBO~ 4acTHUbl . B npe Ae ne np H 
CTpCl"lneHHH CKOpOCTH CBe Ta c K Ge CKOHe 4 HOCTH non y 4aeTcH 0 6bl4 HaA 
He pe n ATHB HCTCKa A 3 a Aa4 a C Te M Hn H HH~M B3a~MoAei1cTBHeM . 

HaKOHeu, K Tpe Tb e My Han paBn C HH~ OTHOCHM pa60Tbl , B KO TO P~X 

n peAn ona r a e TCH, 4 TO B3a I-1MOAe i1 c TBHe Me ~A Y 4aCTHua MH pa cn pOCTp a 
HH e TCR c o CKOPOC T b ~ CBe Ta e . 3 TO HanpaBneHHe, B C B O~ 0 4 e pe Ab , 
MO~e T 6 blTb pa3Ae n e HO Ha TpH r py n n bl. K nepB OH n p H Ha An e~a T pa

1 4 ' 6 0 Tbl . , B KOTOpblX B3a HMoAe i1cT BHe CBOAHTCH K non YCYMMe 3afi<:l3Abl
Ba~~e ro H onepe~a o~ er o . Ko BTOPO ~ r pyn ne OTHOC~ M pa60T~ 51, 
B KOTOpWX npe An o narae TCR , YTO B3aHMOAeHC T 8 YD~ He 4 aC TI-1 Qbl n e~aT 

Ha OAHOM H TOM ~e CBe TOBOM KOHyce 1 3 T O 03Ha 4 a eT , HanpHMe p , 4TO 
4 a cT HUa 1 B3 a HMo Ae Hc Ts y e T C 4a c THq e i1 2 3ana 3A~ B a O~ HM o6pa30M , 
To rAa Ka K 2 C 1 - onepe~ao~HM/ . AnA paGoT nepBOH H BTOPOH r py n n 
B 3neKTpOMarH HTHOM c n y 4 a e YAanOCb nonY4HTb T0 4H ble 4 aC THble pe
WeHI-1 H, OTBe4aO~He paB HOMepH ~M « p y r oa ua AB~~eHHH M , H Ha Hn1 CO
x pa H H~~l-1e C R Be n H4H Hbl / 61 I nOA CIlOB aM~1 " 3 n e KTpOMar HI-1 THbli1 cnY 4a ~ 1I 
n OHHMae TCR cneAyo~ee : CHIla I n Ope Hua / , A eHcTBy~~a A Ha 0AHY H3 
4 acTH U, B bl pa ~ae Tc H 4 e p e 3 Han p H~eHHoc T H 3neKTpH4ec Ko r o H MarHHT
uor-o nonefi , xo r o pu e , B CBOO ove pe n s , C noxouis o n o r euuaanoa Jlae 
Ha pa- BHxepT a 
M y CKope HHe 

Mo r y r 
BTo pOi1 

6 blTb 
H3 4 8 CTHQ. 

Bblpa~eHbl 

B 
-re pe a 

HTore 
KooPAHHaTbl , 

Bce noneBwe 
CKOpOCTH 

nepeMeHHwe 

., n:."T)'T 

a :I 3 \1 ~'-
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OKa3~BaDTCR ~C KnD4eHH~M~ ~ n ony 4 aeTc R penRT~B ~ C T CKaR 3aAa4 a ABy X 

Ten C AanbH oAeHcTB~eM/ . 

An R pa 6 0 T n epaux ABy X r p y n n B03 H~ KaDT TPYAHOC T~ 11 3-3a B03MOlK

Ho r o Ha py we HI1R n p l1H~ l1n a n p l1411HHOCT I1 IH a npl1Me p, Han l14 11e onepe lK a~ 

llle r o nOT eH~ l1 ana 0 3 Ha4aeT, 4 TO $ OTOH nor n Olila e TCR OAHOH 4 aCT I1 ~e i1 

paHbwe , 4 e M I1 c n ycKa e TcR BTopoi1/. An R y CTp a He HI1R 3 Toro n a p a AOKc a 
Yl1ne py 11 $ e HHMa HY n p l1wn o c b BBeCTI1 n OHRTl1e a 6 cop6epa / 7/ . 

AnR pa60T Tp e 'rbeH rpyrmu IKorAa B3 aI1MOAei1cTBl1e 411CTO a a n a a n u 

BaDlile e/ T04 Hble peWeHI1R, paBHO KaK 11 3a KOH~ COXpaHeHI1R, n OKa 

He I1 3 B e C T H~ . 113Be cT Hbl ronexo TeopeMbl eAI1HCTBeHHOCTI1 ~ CY\4e CTBO

Ba HI1R peWeHI1H AnR cny 4 il R ABl1lKeHI1R ABy X 3 apRlKeHHblX 4a C T I1 ~ BAo n b 
OAHOH n pR Mo H / 8/ , a TaKlKe pa3nOlKeHI1R ABYX4 aCT I14HblX n a rpaHlKl1a HOB 

11 c l1n B3al1MOAeA cTBI1R no CTeneHRM c - 2 / 9/. P a60 T~ 3TOH r p y n n bl 6 wnl1 

I1 H I1 ~ I1 ~pOBa Hw 3 Ha MeH ~T oH p a 6oToH A.nya HKape "d AI1 HaM~Ke 3 n e KTpo 

Ha " 11906 r ./ / 10 /. B He H OH n an pen RH 1B I1 CTCKI1- I1 HBa p l1aH THOe IB a y xe 

AanbHoAeH cTB ~ RI 0606111e H ~ e CI1CTeMbl ypaB HeHI1H Hb~TOHa AnR ABy X 

TRrOTeDllll1X T0 4 e 4 HblX Ten C Y4 e TOM KOHe4 HOH CKOPOCH 1 IpaB Ho H CKO

POCTI1 c a e r a/ pa c npo c rpa u e aaa B3 a I1MOAe ik TBI1R . B Hei1 lK e OH non u 

Ta n CR C$ o pMy n l1po Ba Tb ne pBy D 4a CTHopenRTI1BI1cTCKyD Te Opl1~ TAr OTe 

HI1 R ABy X Te n . Ta K KaK 4-YC Kope Hl1e KalKAOH 113 4il CTI1~ ABn Re TCR 

4eT~pexMe pH~M Be KTo p OM, TO npa Ba R 4 a CT b YPilBH eH~H ABl1lKeHI1 R I TO 
e CTb 4- cl1nal TaKlKe Ao n lK Ha 6WTb 4 - BeK To p o M. nyaHKape n peAnonO~ l1n , 
4TO 4 - c l1n a Bblpa lK a e TCR 4 e p e3 n l1He HHyD KOM6 I1 Ha ~l1~ pa3HOC Te H 4 -KO 

0 PAI1H a T 11 ll - CKOPOCTI1 KalKAo i1 113 4 a C Tl1 ~ . K03$$I1~l1eHT~ n p a 3TI1X 
4 - Be KTo p a x RBnRDTCA Tpe MR n p 0 l13BOn b HblMI1 I1 H Ba pl1a ti Ttt~M I1 $YHK~ I1R 

MI1 . OAHa 113 HI1 X $ I1 Kc l1 pye Tc R Tpe6o BaH I1 e M n OCTORHCTBa 4 -CKOPOCTI1 
4a C TI1 ~ bl I1n l1, 4 TO TO lKe caMoe , - o p To rOHa n b HOCTI1 ee 4 - CKOPOCTI1 

11 4 - YCKo p e HI1R . OCTaDTcR ABe n po a a a o n s aue $YHK~ I1 ~I . Il ya-uca pe 
nOTpe6oBan Aane e , 4 T0 6 bl e r o y pa BHe HI1R OTn l14 a n l1Cb OT HbDTOHOBblX 

y pa BHe HI1H An A ABy X 4 a C T I1 ~ , B 3 aI1MOA eH CTB~1ll I1 X no 3a Ko Hy BCe Ml1p 
2Ho ro TR r OTeHI1R 4 n e Ha MI1 n o pRAKa He Hl1lKe c-- . 3 TOMY , Ka K OKa3anOCb , 

AOBon b HO cna60MY OrpaHl14eH I1~ , OH YAo BneTBopl1n, n On OlKl1B 0 A'1Y 11 3 

$Y li K~ I1H p a BHOH Hy n lO , a BTOpylO Bbr5 p a n aecs a a c ne~l1il Il b H blM 06pa 30M. 

3TY c ne4 11$ 114 HOCTb CBoero Bbl6 0 pa n y aH Ka p e OT4eTnl1BO OC0 3 Ha Ba n 

11 cpa 3 Y lKe YKa3 a n Ha B03MOlKHble 0 606 U\eHI1R . B AanbHeH we M 6 bln l1 

HeoAHOKp a THble n On blTKI1 I CM. , Ha n p l1Me p , I1X 0630P B KH~r e .' 11/ / 

n pl1Me HI1Tb y paBHe HI1R n y a HKa pe AnR On l1Ca HI1R aCTpOHOMI14 e CKI1 X Ha 6 n D

AeHI1H - TaK Ha3blBa eMblX Tpex " p e Wa lOllll1X OrlblTOB" 06111eH TeOp11 11 OTHO

CI1 Ten b HOCTI1 10TOI. Bc e B bl 4 l1 cneH~R OCHOBblBa n l1Cb , OAHaK O, Ha y n o

MRHy TOH y n p o llle HHOH $ OpMe y p a BHeHI1H n y a HKa p e . 3 TO 0 6 CTORTe n b CTBO 

l a TaK lKe OTCy Tc TBl1e 0 AH03Ha4 Horo pe~en Ta Bbl60pa n p0 l13 BOn b HblX 

$YH K~I1 H I n o c n y lK l1n o np 114 11 HO~ npeAB3RToro MHe HI1 R , 4TO 4aCT Ho p enR 

TI1BI1 CTCKl1e TeOp11 11 He Mo r y T On l1Ca Tb Aa H H ~e onblTbl. B p a 6 0 Te / 12/ 

Mbl p aC CMOT peIlI1 nOTeH ~l1a n b H bl H npe Aen I Ko r Aa OTHOWe Hl1e Mac c 4 a c 

TI1~ « 1I I1 CXOAHblX I To e c r s C ABy MR n p0 I1 3BOnbH~M~ $YH K~~R MI1 

y p a BHe HI1H n ya HKa p e . n p0 l13 BOn b Hble $ YHK ~1111 $ I1KCl1pOBanI1Cb 113 T p e 6o 

Ba HI1R c OS naAe HI1 R ypaB He H I1~ ABl1lKe HI1R C o 6111epenRTI1BI1 CTCKI1MI1 . 11 3 

3Tor a $a KTa a B TOMaT~4eC K ~ nonY4 anOC b Koppe KTHo e Onl1Ca Hl1e Ka K 
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"pe WaD utl1 X on biTOB" OTO, TaK 11 Bp e Me HHo r o 3ana 3A~BaH I1R pa Al1 0 n OKa 
~ HOHHblX CHr Ha n OB . B TOH lK e pa6 0 Te 6 ~n YKa3a H 0AI1 H 11 3 Ba p l1a HTOB 

B ~6 0pa n po aa a o ns HblX " ABYX4 Cl CTI14 HblX" $YHK~ I1 i1, BXOARllll1X e ypas 

He HI1R n y a HKape . B nO Te H ~ l1anb HOM npe Aene OHI1 n epe x aART B y n o MR Hy 

T~ e y pa BHe HHR ABl1lKeHI1R n po 6 HOH 4a CT" ~ bl B C$ e p I14 eC KI1- CI1MM eT p I1 4 HOM 
non e TRrOT e Hl1n. 

Ue n b Aa HH O~ pa6 0 Tbl COCTOI1T B TOM, 4T06w B n OAXOAe nya HKa pe 
n o n blTaT b c R Ha HTI1 4 aC TH~e T04 H ~e CTa ~ 110HapHble pe WeHI1R pe nRT~ BI1 C T

CKOH "ABYX 4aCT I1 4 HO~1 3aAa 411. H~ 6 YAe M np~AepllCl1B aT b CR cneAY~lI\ ero 
nna Ha 113n OlKeHI1R. B pa3Aene 1 6 YAYT Bbl nl1Ca H~ O C HOBH~ e y paB He HI1R , 
RBnRlOllll1eCR o606 111e HI1CM y paB HcHI1H nya HKape. B pasnen e 2 Mbl y6e lll

Aa eMcR, 4TO 3Ta CI1CTe Ma AocTaTo4 Ho wHpo Ka , 4 T06~ On l1Ca Tb 11 3neK T 

pOMar HHTHblH c n Y4 a H C 4 11C TO 3a na 3A~BalOlll HM B3a I1MOAeHc TB ~ eM . B pa3

Aene 3 nonY4eHbl ycnoBI1A CYllle CTBOBa HI1 R pe We HI1H , OT B e4a ~U\I1X CTa 
~ 110 Ha pH~M KpyroB~M ABl1lKe HI1RM. n OKa 3 a Ho , 4 TO TaKI1X ABl1lK e HI1 H He T 

HI1 B 3neK TpOMarHI1 THOM c n Y4 a e , HI1 B y n po llleH HOM Ba p l1a HTe y paBHeHI1 H 

n y a HKa p e . B pa3Aene 4 BblACHeHO, Ka K cne AyeT B~6paTb ABYX4 a CTM4

H~e I1 HBa p l1a HTHble $YHK~I1 I1, 4 T06~ ypaB He HI1R n y a HKa p e o6n a Aa n l1 p e

WeHI1AMH, OTB e4 alO~I1MI1 C T a~110Ha pHblM Kpy r o BblM ABI1111e HM" M. 3 TI1MI1 

$YHK~I1AMI1 MOlllHO pacnopRAHTb CR TaKI1M o6pa30M , 4T0 6bl nonY4anOCb 

Ka K Kp y roBoe ABl1lKeHl1e , Ta K 11 npa BHnbHblH HepenRTI1BI1CTCKI1H npeAen 

I B Ka 4 e CTBe Hero MOlK HO Bbl6pa Tb , Ha n p l1Mep, Hb lO TOHOBbl " ABYX4 a c T114 

Hble " y p a BHe HI1R TRr o Te HI1 RI . HaICOHe ~ , B paan ene 5 AnR 4a CTHoro B~ 
6ap a I1HBapl1a HTHblX $YHK ~ I1 H nOIlY4 eH~ p e We HI1R, OT Be 4 a lOU\ l1e n pn MO
n l1He HHo MY ABl1lKeHI1IO. 

1. OCHOBHWE Y PABH E HH~ 

I1TaK, c n e AYA n y a HKa pe , Ha n Mwe M y pa BHe HH" ABHlKeHI1R AIlA KillK-

AOH 113 4aCTI1~:
 

2 2d x d x ~ d X 2 M f x +f ....:..=-!R + f ~ + f 
2 11. 1al1 I' 2 d t 3 d t ·1 d 2d T 1 1 2 T2 

2 2d x:?+! d x d x d X I II -~x +" ~ + g3~ 1 /' '"'2 i g4--., 11 . 161 
d r 2 d r d r d ~
 

2 2 1 r1 ( /' - O .l.~ .a) .
 

2 J~ · ') 23Ae Cb '1"2 - c 06CTBe HHble apeae u a 4aCTI11.l (d r = dl - (dx ) ' ~/c ) , 
Xl' ' X2 /1 - I1X 4 -KOOPA~ Ha Tbl ; xl1=X 1/'-X:!11 . Ma CCbl 4 aCT I1 ~ BK1lI0 4eH ~ 

B ~Y HKI.lI1I1 f 11 g . y paBH e HI1A 11. lal 11 11. 161 Ao n lK Hbl n epCXOAI1T b 
n py r B APyra npl1 3 aMeHe HHAeKCOB 4a CTI1 ~ 1" 2. 3TO npHBOAI1T 

K c neAYIOU111M COOTHOWeHI1RM MelllAY $YHK~~nM I1 r 11 ~ : ~ I ( 1 • 2 ) f (2 . 1) , R 

1
i = 1, . . . , 4. COOTHOWeHI1R 11 .11 Ha n l1C a H~ 113 coo6palllCHI1H KOBa

p l1a HT HOCT I1 . neBble 4aCT I1 11. II ABnA~TCR 4-eeKTopaMI1, n 03TOM Y npa 

Bble 4aCH1 r a x xe AonlllHbl 6bl Tb nl1Hei1HblMI1 l(oM6 11Ha~I1AMM 4-BeKTopo B . 

T o r Aa f 11 g - HeKoTopble I1HBapl1aHTHble IOTIlocl1 TenbHO rpynnl:l n y a H
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xa pe /' !t>Y HKlIIo1 H. Ypa BHe HIo1 R, paccxor pe -n-ue nyaH Kape , He COAeplKaJH1 
B npaBO~ yaCT Io1 4 -YCKope H H ~ / TO e CTb ( 4 - g 4 = 0/ . OH Io1 Heo6xOA Io1 M~, 

OAHa KO, An R o n Hc a HHR 3ne KTpOMa r HHTHo r o cnyYa R /CM. pa 3Aen 2a / . 
COOTHoweHIo1R /1. 1/ !t>H3 HyeC KIo1 He AOCTa TOYHO on peAeneHbl, nOC Kon b 

Ky COAeplKa T ABa KOO PAHHaTHbix H ABa C06 CTBCHHbiX Bpe Me HH. He o6 
XOAHMO Ka KHM- TO 06pa 30 M CBR3aTb 11 H 12 . r HnOTe 3a ~aH K a pe CO
CTOHT B TOM , YTO a peMR 1 In plo1TRr lo1a a eMor o" H a pe MR 1 " n pl1TRr H
aaoure r o" Ten CBR3a HbI pe n RTHBHC TCKH HHBa pHa HTHblM COOT HoweH Vl e M 

1 = 1 - rIc.	 / 1.2/ 

3Ae Cb 
s - 2 1/ 2 

r = I ~ [ z , (1) - z (1 - rIe 1 I 
i = 1 1 I 

Z j ,Zj - KOOPAHHa Tbi npHTRr HBa e Mo r o H npHTRrlo1B a~e r o Te n . COO T
Howe HHe /1. 2/ 03 Ha ya CT , YTO B 3a Io1MoA e~ c TB Vle KaK 6b1 l no KIo1Aae T" 
n par a r aaao ure e Teno pa asure , ye M " noc r a r ae r! ' n p Io1 TJ1 r Io1 Ba e Mo e , npu 
yeM CKOpOC Tb pa cn pOCTpa He HIo1R B3aHMOACH CTBIo1R paS Ha CKnpOCTH c ae 
Ta e. QYeBHAHO, YTO / 1 .2/ Ha XOAIo1T CR B c o r na c lo1 V1 C nplo1HlI lo1nOM npH
YIo1 HHOCTIo1 . CooT Be TcTBe HHo 3 TOMy Mbl Aon lKHbI nonoxar s : 

3 2 1/ 2 
1 = 1 . 1 = 1 - r/c , r - I ~ [X . (1) - x (1 - rIc )I I 

1 2	 j = 1 11 2 1 

B / 1. 1a/ H 

3 :! 1/ 2 
1 = 1. t = t - r·/e . r = 1 ~ I x 2 (t) - X (1 - r/c )l II 

2 I i=1 I I 

B / 1. 16/ . ,B COOTHowe HIo1AX /1 . 1/ YAo6HO BbiAe n HTb npOCTpaH CTBe HHYIO 
H BpeMc HHYIO ya CTH; 

2 Q 

d XI j dx u . dX2J . d ~X2j 
----=~ = f x +( - - + 1 - - + 1-

d 2 I I 2 3 4 2d r d 7 
7	 I 2 2 d r 1d 2 t dl dt d 'l 2 /1. 3/ 

_ _'_1_ = f .!.... -I f _ _ I t f _ _2 + ( __2 

2 1 e 2 d 7 S d - 4 2
d t	 1 2 d r 

I 2 

ElIle pa a Ha noMHHM, YTO B /1. 3/ Bc e aenHYHHbI, OTHOCRlIlHe CR K ya c 
TMlIe 1 , 6 e pYTc R B H eK oT o p~~ MOM e HT Bpe Me HH t , a K Y8CTHlIe 2 
B MOMeH T t - r~ . ~3 0pTo r o Ha n bHo cTIo1 4 - CKOPOCTH VI 4 - yc Ko pe HIo1A 
nony ya e M 

2 2 
c f

1 
At e 1'2 + I 30 t f olD = 0 / 1 . 4/ 

H a HanOr lo1 YHO e COOTHowe HHe AnR !t> YH K~ V1H g . B /1. 4/ BenH YVlH bI A, 
C , D - cneAY~l1l HC pe nATM BHCTC KH MHa apHa HTHbie KOM6M HallHH 4- KOOp
AHHaT , CK opocT e~ H YCKo pe HHH: 

......
X dx 1	 rv{3 2)- 1/2 (r 1 ).A = -l!. .:::..:£ = (1

dr I c
 
1
 

-, ...dx dx 
I) 1I I) ., 1I I) V I V2 

C 1 ~~ = (1 - f3 ~ - ~ (1 - f:i. ~ ) - ~ (1 )
1 ) t J 

2 2 ' /1. 5a / 7" d r d TI)	 eI ~ 
-. ... ... ... 

d 2x 2 1 2 - 1/2 2 - 1 v w v v., ......D ~	 ~ = ~= ( 1 - {3 1) (1 - {32 ) ( --U. (1 _ _ 1 _ ) _ v w J. 
dT d T	 2 c 2 1 2 

1 2	 1 - {3 2 
-, ... 

3 Ae Cb VI ' V2, ,zl' ,z2 - 06b1YH ble Tp e XMepHble CKOpOCTH H YCKo pe HVl I1 ; 
f3 1 - v i le , v 2 /e . B Aanb He ~weM Ha M nOHa Ao6 ATCA e llle TpH HH
aa paau r a: 

x dx 2 -112 rv 
B = -J!. ....=..f.L1 = (1 - (3 ) (r _ ...-L ),
 

e dT 2
 
2 ., ... -. ... ... 
d ~x r W

2 /1 z v 2w 2 B
E = - X = - - . / 1.56/ 

/' d t 2 1 _ f3 ~ (1 _ (32)3 / 2 e 
Q 2 .. 2 -+.. ~ 

d ~x l)/l 2 2 - 3 / 2 ... 2 1 (V 
2W 2 

)1 
F = - ( ~ ) = (1 - f3 ) ( w + - . 

2 2 2 2 2 
d T2	 e 1 -f3 2 

A, B . C . 

co6CTs e HHo e 

- - I +
2
 

1 - f3 1
 

/1 .6a / 
3 

+ v 2 i 

PaAH nonHOTbi npH s e AeM a Ha roorHYH yn c Hc Te My ypaB He HHH AnA aTopo A 
ya CTHlIbI : 

W .	 g 3 v w
 
21 = ~ x v l!-'g + g 

1
 
- - 1 I +	 to 

2 2i c I 122 -I " " 2
1 - f3 2	 VI - f3 . c ~( 1 - rr )

fJ 1 I ... ...	 /1 . 66/ 
r; s 

Be nlo14H HbI, OT HOCfl~ lo1 eC fl K 4a CTMlIe 2, 6epYTcA B MOMeHT 
K yaCTHlIe 1 - B MOMe HT I -rIc. KpOMe To r o : 

4	 5 



3 _ 2 

x I X'2i (t) X II ( t - r / c ) , r=rI, ( Xi ) l. 
1= ·1 

B0 3 H ~KaeT cneAY~~~H Bonpoc : Henb 3 R n ~ ~cnonb30B aTb ypaBHeH~R 

/1.66 / AnR ~ CKn~4eH ~ R ~ 3 n paBoH 4aCT ~ / 1. 6a / , a 3aTeM 4 neH~w2 1 
C wI i "n e pe uec r a B n es yo 4a CTb / 1. 6a / . B ~Tore y c xo pex ae OAHOH 
~3 4a C T~~ MO~HO 6~no 6~ B ~pa3~Tb Ton bKO 4 epe3 KOO PA~ H aT~ ~ CKO 
POCTb BTOpOH. 3 Ta n p o~eAy pa OKa 3~BaeTCR HeBo3Mo~HOH, ecn ~ Bc n OM
H~Tb , 4 TO a ce B en~4 ~H bl , OTtiOCR~ 11 e CR K 4 aCT~ ~aM 1 ~ 2 , 3 aB~CR T 

OT pa 3 HblX Bpe MeH . BBHAY C ~MMe T p~ ~ OTHOC~TenbHO n epeCTaHOB K ~ 

4aC T~ ~ AOCTa T0 4 HO pac ceco 'r pe r s r onexo OA Hy C~CTeMY y paBHeH~H, 

Han p ~Me p , / 1. 6a/ . Cn c AYR n ya HKa pe , n pe Ano n a r a eM, 4 TO ~HB ap~aH T 
Hble $YHK~ H~ f . nOCTpo e Hbl ~3 H H B ap~a H ToB A, ... , F . KOHK pe THblH 

1 I 

B~A $YHK ~ ~ H Mo ~eT on peAenRTbCR HeC KonbK HM~ $ aK To paMH, Ka K- TO: 
$~ 3H4eC KH M cOA e p~a H~ eM 3aAa4 ~ / rpaB~Ta ~~R, 3neKTpOMa r HeT~3M , 

RAe p Hble c ~n~ / , He06xOA~MOCTb~ no n Y4e HHR T0 4 Ho r o a Han~ T H4 eC K oro 

peweH ~A H T . A. 

2. 4AC THWE CnY4AH 

a / 3ne KT poMa r H~THaR 3aAa4a ABy X Te n 

nOKa~eM , 4TO 3ne KTpOM arH~THaR 3 a Aa4a ABy x T04e4 H ~X Te n on ~ 

CblB a eT CR ypa B HeH~R MH / 1 .6a / , / 1 . 66 / np~ COOT B e T C TBY~meM Bbl60 p e 
$Y HK~I-1H f , g . 3neKTpH4e c Koe 1-1 Ma r H ~ T Hoe nonn , c o a n aa a e a a e 

v / 13 / 
4ac T H~e~ 2 B MCCTe Ha X O~AeHHR 4aC T ~~bl 1 , pa BHbl / CM. • Hanp., /: 

-. -,
 
e 2 '. rv 2 w r .. r


E = - [ (r - _ 2 ) (1 - f3 + -L ) - w y _ I , 
2 3 C 2 2 22c y c 12 . 1/2 ~ - t 

e2 -. .. 2 W2 r y2..-. 
H = - - - I l r x v 1 (1 - f3 2 + - - ) + - ! r )0, w., I I. 

2 3 2 2 C ~ 
Cy c 

2 

3Ae Cb e 2 - 3ne KTp~4 eCK~H a apRA 4a cT ~ ~ bl 2, Y2 = r - ~ v / c.2 
3 TO 3ne KT pOMa r H~ THo e n one Ae~cT B yeT Ha 4aC T I-1 ~y 1 / c 3a pRAOM 
H Ma CCOH m1 / C noxouts o Cl1n bl Jlo peuua : 

dp -. 1" 
__I = e (E + - [ v x 1-1 I ). 

dt I . 2 C I 2 

OTKYAa H aXOA~M .. .. .. e .. 

n = e I (E 2 + C
1

v I x 1-1 2 ' ) - "2
l 

VI ( v I E 2 /2.2/ 
C 

m I WI 

nOACTa Bn RR B 3T O Bblpa~e H H e E2 ~ H2 . c o6~ paR K03~H~He H T bl n p~ 
Xi ' v Ii' v 2 i ' W2i ' HaxOA~M HHBa p~a HTH~e ¢Y HK ~ H~ f j An A ane x r po 
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MarH ~T HoH aaAa 4~ ABYX Te n: 

e le o -2 - 3 
f I = ---t- [ C (1 + E c ) - BD c 1• 

mlB 
/2.3/

e le 2 A - 2 e l e
2

A
 
f 3 = . - 3 (1 + E c ). f 4 = - -.:........:2~2
 

mlc B mlc B 

~YHK~~H g B ~4~cnR~T CR TeM ~e c n o c 060M, 4TO H f /TO e CTb Bbl4HcnR
~TCA 3 anaaAblB a~~ e e 3neKTpOMar HHTHoe non e , c03AaBaeMo e 4 a CT~

4eH 1 B MeCTe HaxomAe H~A 4a CTH~bl 2 , aa TeM CTpOH TCA CHna flopeH
~a/. Han paxe p , $YHK ~ HA g pas ua 

I 

ee - - 2 -- 3
_1_2 ( C( 1 + E c - ) - B D c - 1.g l 

- 3 /2 .4 
m B 
_ 2
 

A B , . • . , F nonY4 aIQ.T cR ~a A. B, . . . , F n epec r a uo axosi HH- - rv -
AeKCOB 4acTH~: B= (r - ~) 1\/ 1 - f3~ ~ T.A . B ~ HBa pHaHTax 

A, ... , F ace BenH4HHbl , OT HOCA ~~eC fl K 4a CT~ ~aM 2 HI, 6 epYTCR
 
B MOMeHTbl BpeMeH~ t 101 t - ric COOTBe TCTBe HHO. Mbl y~ e ynoMIo1HanH ,
 
4TO ¢YHK4HH g n on Y4a~ TCR 1013 f C!JopManb HOH ne peC Ta HOBKOH ~HAeK CO B
 

4a CT1014· 3TO nOATBepm AaeTCfl pe3ynb Ta ToM B bl 4 ~ cne H~H /2.3/ ~ /2.4/.
 
113 HX cpaBHeHHR cne nye r , 4TO mlf l i m~i ' TO e c r s n p~H~Hn paBeHCT

sa AeHCTB~R 101 n pOTHBOAeHCT8HR KaK 6bl He 8~n on HR e TC A .
 

6/ rpaB~Ta4~oHHafl 3a Aa 4 a AByX Te n /nya HKape, 1906 / 

npH cneAy~~eM Bbl60pe ~HBap~aHTHblX $YHK4~H f nony4aeTcA y npo
meHHblH Bap~aHT ypaBH eHHH nya HKa pe : 

f 2 = f
4 

= 0 . f
l 

.L. f3 = -
) ' 

-
A
3- ' y = const , 

8 3 ' c /2. 5/
B C 

TorAa ypaBHeH~A /1.6/ BblrnAART cneAY~~M 06paaoM : 

w v 
l i Ii A= ~ l x . - - - ( r - ) _ v21 ~ 1. 

2 B I /2.6C :--T c1 - f3 C
1 VI - f3 2 

3T~ ypasHeHIo1A OTnIo14a~T CR OT HepenATHBHCTCKHX rpaBHTa4HoHHblX 
ypaBHeHHH 4neHaMH nopflAKa c-2, M~ yme ynoMHHanlo1, 4TO OHH HeAo CTa
T04HbI AnA on~caHHA "peuraourax o n u r o s " OTO. HaHAeHHble B / 12/ C!JYHK
~~101 f, aAeKBaT Hbie 3 T ~M onbiTaM, CymeCTBe HHO O Tn~4a~Tcfl OT $YHK
4HH /2.5/ . 
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3.	 Y C n O B H ~ CYmECTBOBAHH~
 

KPy r OBOr o CTAUHOHAPHorO AB H~EHH~
 

Ha ~AeM ycnoB~~ . n p~ KOTO P~X ypa B He H~~ / 1 .61 ~Me~T pewe H H~. 
OTB e4a ~~ He CTa~HOHapHOMY KpyroBoMy ABH~eH ~~ . Hacc~ 4aCTH ~ npeA
nonara e M OA ~ HaKOB~M~ . To r Aa AB~meH~e npo~CXOA~T no OAH O~ H TO~ 
lKe OKpy~ HOCT ~ pa AHyca a C nocTO~ HHO~ yrnoaosi CKOpOCTblO w : 

Xl (t ) = a cos w t , Y1 = a si n co t, 
13. 11 

X (t ) = - a cos zr t , Y2 = - asin wt . 
2

npH nOACTa HOB Ke 13.11 B ypaBHeH H ~ 11.6al Bce B en~4 HH~ . O T HOC~
~~ec~ K 4aC T H~e 2 , c ne AyeT B3~ T b B 60nee pa HH ~~ MOMe HT BpeMeH ~ : 

X - a cos w (t - to ) = - a cos «(tJ t - ¢ 0)'2 3.2/ 

y	 = _ a s in u>(t - t ) =-a sin« (o t _ rl. ) .
2	 o · 'f' o 

nOCKon bKY AB~~eH~ e c T a4~OHa pH oe , TO t o = const, ¢ o = wt o = coust , 
Yron 3an a3 A~Ba H H~ ¢ o onpeAenneT CR ~ 3 ycnoB ~R . 4 T06~ B3a~Mo Ae~ C T 
B~e I p a cn pocT pa Hn ~~ee c n c o C KOPOC Tb ~ CBe Ta c I. nO K~HYBw e e 4a c 
TH I~y 2 B MOMeHT t - Lo' AOCT~rno 4aC T ~ !.l~ 1 B MOMeHT Bpe MeHH t , 

3TO n p~ BoAHT K cneAy~~eMY ycnoB ~~: 

of3= wa 	 /3 . 3 c	 
~os ep o) 

~n~ . 4TO TO ~e caMoe : 

epo
f3=	 - -

2 cos (¢ 012) 

OTCIOAa cn en ye r , 4TO CP o = 0 np ~ f3 = 0 H noc r a r aer MaKCHMa nb Hor o 
3 Ha4 eH ~ R 1=85 I npH f3 = 1 . HTa K. AB ~~eH~e onpeAe n neT cR AByMR 
KOH C Ta H TaM~ a H w , a ABe APyr ~e C BR 3 aH~ C H~ MH COOTHoweH~eM 

13.3/ . B Aanb He ~weM Ha M nOHa Ao6 RTCR 3Ha 4e HHR ~H Ba pHa HToB 

A • . . . • F AnR KpyroBOro AB~~eH~R . KOTop~e o60 3Ha4 HM 4e pe 3 
aZ
 

A , .• • • F : A 0 = B == ~ ,
o o o 
~	 2 

1 + .os cP 0 

(Z 0 = f3 s in cP ~ + v"2 ·" 1 + cos cP 0 ) , Co = 2 

2 2 
1 - f3 2 4 /3 . 4 

2 3 . (1 + cos cP 0 ) (tJ a a wa w S1O ¢ 0
 
D = - - -2"3/2 ' EO FO = (1 _l)2
o (1 - f3 ) 1 - f3 2
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nOACTa Bn RR 13. II, 13. 2/ B 11.6a / . nonY4aeM cn eAYIO~~e ABa COOTHO
weH~~ Me~AY ~YHK ~ ~R M~ r : 

. r O 
s m CPo 0 4 1 + cos ¢o 0 1 

- ;==;::: f - cos cP - - - - - -f 1 + - - 2
2	 3 0 2 2 

w j 1 - f3 1-13 w 1-f3 

1 + cos 16 0 sin ¢ 0 .0 1 . J 0 
3.5a 

--;:::=~f 3 + 14 = - - (S IO <7>O + f3 2(1 + cos cpo) ) fl ' 

w J 1 - f3 2 1 - l w 2 

3 AeCb r O = r. (A , ... , F ) IA - A F - F .
I 1 - 0' . . . • - 0 o 

Pa3 pewHM 3T~ ypaBHeHH~ OT HOC ~TenbHO r 4:r ~ '
 
f ~ 2f~ 1 f3J2si n cP 0 o
 
- 2- = - --2- - - - -2 - r1 •
 

1 - f3 w 1 - f3 (J)2 ) 1 +coscp
 
o	 13.561 or O 

r 1 si n CPo _ f3V2 
-

cos CPo r 
0 
13 ( _ 1_ + --2 ) 

(tJ/ 1 - fJ 2 w 2 1-fJ 1 + C08cp w 2J 1 + cos ¢ 
o 0 

CooTHo weHHR 13.Sal Hn H/ 3.561 Mor y T cnY~H T b Te CTOM cy~ec TB oB a H~ ~ 

KpyroB~ x c T a~Ho Ha pH~x AB~.eH~~ B TO~ HnH H H O ~ pennT HB HCTCKOA 
ABYX4aC T~ 4 HoR 3aAa4e . npHMeHHM COO T HoweHH~ 13.51 K pen~TH B HCT

CKOMy Kpyr oBo My AB~~e H ~~ AByX pa3HO ~MeHHO 3a pR.eHH~X 4 a C T H~ 

(e 1 = - tl 2=e )o AHHa Ko BoM Ma CCbl In . B 3 TOM cnyv ae HMee M: 

2	 - 2 2 - 112 2 2 3f 0	 - 3 
- H tJ fJ (1 - 13) [(1 + f3 C08 ¢ 0) + fJ si n ¢oZ o ] 1	 o ' 

13.61 o - I 2 -2 o ~-1 r3	 = eeo {3 (1 + 13 cos ¢ o ) Z 0 f 4 = c\f 1 - f3" Z 0 

2
3Ae Cb f =e / mc 2a - 6e3 pa3MepHaR KOHc TaHTa. no nopflAKy B enH4~H~ 
pa BHaR O T HoweH~1O 3n eKTpH4 e cK O~ 3He prHH B3aHMoAeAcTB HR AByX 4ac 
T~~ K nonH oR. nOACTaBnRR 3TH ~YH K4 ~ H BO BTopoe ~3 ypaB HeHH~ 

13. 5a/. nony 4a eM Tpa HC4e HAeHTHo e yp a BHeH~e AnR CPo : 
2 

f3 (1 + cos cP ) (1 + fJ cos cp ) Z + si n cp f3 2 
Z 

2 
0 0 000 

/3 . 7 
2 2 3	 j

[ (1	 j - (3 cos e/> ) + Zo f3 s in cp o] (s in ep + f3 !2 1 + cos cp ) . o	 0 0 

B 13.71 {3 B~pa .ae T CR 4e pe3 epo C nOMO~blO COOT HoweHH~ 13.3 
Ypa BHeHHe 13. 71 HMe eT ABa cneAY~ ~Hx T pHBH anbH~x peweH~R : 

1I CPo= O. B 3T OM c nyua e f3 = 0, TO e c rs 4 a C THI~b l nOKOR TC~ . nOA
C T a B nR~ 3 TH 3 Ha 4 e H~R B ne pBoe ypa B Hc H~e 13 .5a/. y6e~Aa eMCR . 4TO 
( = O. 4 TO 03 Ha 4 a e T OTCYTC TB ~e B 3a~MOA e~C TBH~ ; 
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21 fj = 1 I <Po'" 8501 . H3 n epso r o ypaB HeHl-1fl c n enye r ( = 00 • 3TO 
03Ha4aeT, "ITO 6 eCKOHe4 HO Cl-1 ll bHOe npl-1 T A ~ eHHe KOMneHcHpyeTc R 
~ eHTp06e~HWMH Cl-1naMI-1 npH AB I-1~ eHI-1H no OKPY~HOCTH CO CKOPOC Tb~ c. 

BW41-1CneHI-1R nOKa3 WBa~T, "ITO npH a < fj <1 y pa BHe Hl-1 e 13.71 He 
I-1Me e T KopH e~ . HTa K, B 3neKTpOMar HI-1 THOM c n y 4ae I c 3an a3AWBaH He M 
O T CYTCTBY~T peWeHI-1R, O T Be4a~ ~ He KpyroBoMy ABI-1 ~eHI-1~ CO CKOPO CTb~, 

Me Hbwe i1 c . 
BWRCHHM Te n e pb , HeT nl-1 Kpyr o Bwx C T a~H OHa pH WX AB I-1~eHM~ B yn

po~eH HOM BapHa HTe 2. 51 y pa BHe HI-1 H nyaHKa p e? nOAcTaBnReM f 3 = 

= - ft~ ' f 
4 

= a BO BTo po e 1-1 3 ypa B HeH I-1 ~ 13.5a/ . nocn e ynpo~eHI-1 i1 
cC 

nony vaex : fjl2'COS <p/1 + COS <p = sin <p I-1 n l-1 , C Y4 e TOM 1 ~ . 3f , o 0 0 
tg <Po = <p o' 

B noc r yru-o» AnR <Po HHTepBane 10 5: <Po s; 850 1 e c rs r ons xo r p a 
Bl-1anbHOe pew eH He <Po = 0, fj = 0 , OTB e4 a ~~ee OT CYTC TBH~ B3aI-1MO 
Aei1c TBHA. Ka K 1-1 B n p eAwAy~eM cny4ae , C Ta~ 1-10Ha p H We KpyroBw e ABI-1
w.eHI-1 R OTCYTCTBY~T . 

~.	 nP MHEPW PEnHTHBMCTCKMX ABYX4 ACTM4HWX c ~n ,
 

/10nYC KAIDU!H X CTAl\HOHJ\PHbIE I(PyrO BbIE ABH~E H H H
 

Bblpa3 1'tM C n OMOU\ blO COOTHOWe HI-1 i1 13.4 KOHCTa HTbl a, w 4epe 3 

I1 HSa p l-1 a HTbI A 0 ' . . . , Fo : 
r: 

Cy Fo 2 Xo 1/2 EO 
cu = (2 - Y ) t 0» a --= I~ . 1I 

r- 2E 0 X 2 Y ~ o 0 + - 0 y' F (2 - yo )o 

3 Ae Cb X ' Y o - cneAY~~ l1e 6e3 pa 3Me p Hwe KOM6 I-1 Ha ~ H I't ~HB a p l-1 a HTO B o 
2 

X	 = E o/ c • Y o = Do l /Eof'o ' o 

n OCKOll bKY KOHCTa HT AB I-1~eH H R a • w ABe , a I't HBa p l'ta HTOB Ao•. · . , 
F we CTb , TO AO Il~HW cy~ec T B oBa Tb 4eTblpe COOTHOWCHI'tA Me mAYo 
~H Ba p l't a H Ta M I't . BOT OH~ : 

2	 -1 r;- - /.- - - - 2 
A 0	 = B 0 = E 0 I /Fo (2 - Y o ) l (Yo\' X 0 + J2 \ 2 ~ X 0 - Y o ) ' 

j 2	 14.21 
2 0) 2 X 0(2 - y o ) 

C	 z 1 + E Ic . 1 - Y ~ = cos 
0 0 0	 2 

X	 + 2 - Yo o 
n OACTa BHM w 1-1 a I't3 14. 11 B 13. 56/. B ~ e nAX 3KO HOM~ H MeCTa 
n p l-1 Be Ae M TOllbK O nepBo e 1-13 3T I-1X COOTHOWeHI't i1: 

u y'2 E o	 112 1. 
~ . 32)

F (2 - Yo 0
10 

3TO COOTHOWeHl-1e HMe e T BI-1 A: 
o 0 

f 4 = t/1 4( f t • A o' Bo' .. . . Fo )· ~.~ al 

n p l-1 n OACTa HOBKe w H a ~o BT0<f0 e COOTHOWe Hl-1e 13. 561 nony-ra ea au
pa~eH l-1 e , CB R3WBa~~ee f 3 1-1 f 1 : 

f~	 = rfJ (f 1? A ' B ' ... . F ) . 1 ~ . ~ 61
3 o o o 

Pa CCMOTp HM Tenepb COOTHOWe HI-1 R , nonY4 a eMwe H3 1~ . 3/, I ~ . ~ 3 a Me 
HOH A o ->A , .. . , Fo ->F.TorAa BMe CTO 1 ~ . 3 / , Hanp l-1Me p, 11MeeM: 

1 _	 f J? ~ f	 . - - [ y' 2 + Y ( X 1/ 2 
~ . 5 14 1 ~ X 2 2) 1. 

F(2 - Y ) + -y 
2 

3 Ae Cb Y = D/VEF . X = E / c . 
Ta Ko e ~e COOTHowe HHe nonY4 a e TCR AnR f s' B I-1T Ore I-1 Me e M: 

f 4 = 1,!J( f . A . B .... , F ) . f =1j;( f ,A , B , ... , F ) . 14. 61 
4	 1 3 3 1 

nOACTa BI-1 M r e n e p s Bblpa lKeHI-1R I ~. 61 B 11.6a/ . non Y4 eH HLIe y pa BHe HI-1 A 
conepxa r OAHY n poaaaons ayo <llYHK~H~ f l(A . .. . , F ). 3 TH y pa BHe HHR ne
pe XOART B y c n o BHR KPyroBor o ABI-1~ eHl-1 fl 13.51 npl-1 n OACTa HO BKe BMeC TO 
HHBa p HaHTOB A , • .. , F HX Bblpal!{ eHHI1 Ao , " " Fo • cooTBe T c T B Y~~I-1X 

Kpy r o BoMy AB I-1 ~eH I-1~ . HHa 4 e rOBo pA, y pa BHe HI-1R I I .6al C <llY H K ~ I-1 RM I-1 

f 3 , f 4 , Bb16pa HHblMH B BHAe I ~ . 51, 14.6/, 1-1 np01-1 3 BOilb HOH cpYH K ~ l-1e i1 

f 1 Aon YC K a~T pewe HHe 13.1/ , O TBe 4a ~~e e Kpyr o Bo My AB HmeHH~ 

C n P01-1 3BOilb HblMH a , w . OAHa KO, A a ~e e CIl I-1 ¢Y H I( ~ 1-1 1O f 1 H3 cp H3H4e 
CKHX Hn H HHblX C0 0 6 pa w.eHHI1 3a ¢ HKCHpOBa Tb , OCTa e TCR He o n pe AeneH
HOCTb ABORKo r o pOAa. Bo -nepBblX , y 4 Te M, "ITO I-1 HBa p l-1 aHT bI 14.21 He 
RBn AIO TCR He3aB HCHMWMH I CM. COOTHOWe HI-1 R 14. 211. Ha n pHMe p , BM e CTO 
Eo B 14. 31 MOlK HO 6 bUlO Gbl n OACTa BI-1 Tb c2 (C - l ), F Bblpa 3 HTb Qe pe 3 Aoo o
 
MIlH B C nOM~ b ~ aro por o COOTHOWeH I-1 A I~ . 21 M T . A. Bce 3TH COOT
o 
HOWCHI-1 R nO il HOCTb ~ 3 KBHs a neH THW BBI-1AY 1 3 . ~ / . OAHa KO n pH ne pexo
Ae OT 1 ~ . 4 1 K 1 ~ .61 TaKaR 3 KBI-1 Ba Ile HTHOC Tb Hapywa eT Cfl . B I-1TOr e 
6 YAYT n on Y4 a Tb CR ypaBHe HHR 11.61 , B KO TOpWX f 3 , f no-pa3HOMY4 
CBA3 a HbI C f l ' TO e CTb GYAe M HMe Tb pa 3IlH4 HWC ABYX4aCT I-1 4Hwe pe IlRTI-1 
BHCTCKl-1 e ypaB HeHI-1R, Aon YC Ka ~ ~l-1 e OAHO H TO ~e Kpy r o Bo e AB H ~e HH e 

C np01-13B OnbHWMI-1 n a pa MeT pa MI-1 a, w. BTo pa A HeonpeAeneHH OCTb co 
CTOHT B TOM, "ITO COOTHowe HHR 14.61 Bc erAa MO~HO YMHO~ I-1 T b Ha 
n pOH3 Bon b HYlO <ll Y H K ~ 1-1 1O I-1HBapl-1aHTOB A• . ..• F . CBOA R~y~C A K 1 
AI1R x py r oao r o pe we HMA I To ec r s npl't A = Ao' .. . , F = Fo/, Ta K xe , 
KaK 1-1 A06aBI-1Tb B npaayo 4aCTb npoaaeons a yo ¢YHK~1-1 10 , 06pa~a r.JlI~ Y f()c A 

B HYil b AilA Toro lKe ABI-1w.eHI-1A. O CT a lO ~I-1I1CA npoH ~B o n Bce e ~e CIlHWKOM 
Be n l-1 K. no nw TaeMc A o r pa HH4 HTb e r o Tpe 5 0Ba HI-1 e M nepexoAa pen ATH
BI'tCTCKI-1X y pa BHe HI-1 K 11.61 B 3 a Aa HH we He pe n RTI't BI-1 CTCKl-1 e . B Ka 4 e CT
Be n p HMe pa MO~H O n OTpe 50BaTb. 4T 0 6 bl 06U\ He y paB He HI'tA 11 .61 nepe 
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XOAHn H B 06 ~4HWe Hepen~T HBH CTCKH e rpa B HTa~HOHH~e ypaB HeHH~, 
npH4eM Ta K, 4 T06w nepBWe nOnpaB04HWe 4ne H~ K HHM HMe n H nopHAOK
 

2

c - . Be p He MCH CHOBa K H C XOA H~M ypa BHeHHHM / 1 . 6/. K03 $$H ~He HT npH
 

6yt:\eT Man , ec n a 1'4 6yt:\eT no pamca c - 2. Pat:\H n poc ro r u n On Oll< HM
 w2i
 
f 4 = O. Aanee , K03$$H ~H eH T , CTOH~H~ npH Xi ' t:\o n ll<e H C T 04 HOC T b ~
 
AO c - 2 coe nana r s 3C - y Ir 3 (y = cans t). Ilpouie a cer o a r o r -o MO>~ HO t:\OCTH4 b ,
 
n o n o mHB = - yIB . HaKOHe ~, e~e OAHO y c n o BHe COBn at:\e HHH / C T0 4 
f h
HOCTb lO c " / y paB He HHl1 /1. 6 / C rpa B ~1Ta~HOHHbIMH He pe,mn HBHc Tc KH

MH COCTOHT B TOM. 4T O
 

r I' 3 --2 
- f + _ 0 (c ) n pa c -+ oo .	 / 4.7/ 
c 1 r---"2 

v'1 - f3'2 
np~ e Bcer o 3Toro Ao6H Tb CR , e c n H, c n e Ay R n y a HKa pe , n ono mHTb 

A
f = - f --. 
3 1 cC 

Mbl BHAeIlH, OAHa KO, 4TO n p H Ta KOM Bbl6 0 pe <!>YH K ~ H~ f / CM. KOHe ~ 
pa 3Ae n a 3/ KpyroBoe ABHlI<eHHe OTCy Tc TBy e T . n03TOMY Mbi nonbiTaeM CR 
n OAOl1TH C APy r o r o KOH4a, n p H 3 TOM 6 YAe M npHAep~HB a TbCH cneAYIO
urer o nnaua . CHa4 ana BbIRCHHM, 4 TO 0 3 Ha 4alO T n epaue ABa Ha WHX yc3	 . 
nOBHR /1' 4 = 0, f1 = - r IB / An R KpyroBoro ABHme HHR . Aanee C no-
MO~ blO STo po ro H3 COOT How e HH~ /3 . 5a/ Mbl Ha l1t:\eM COOTHo we HHe Me mAY 
f ~ H f ~. 3 a Met-HiM B 3TOM COOTHo we HHH HHBapHa HTbl A 0' .. " F 0 
Kpyro Boro ABHmeHHR Ha o6~He HHBa pHa H T~ A" . . , F. TorAa n o ny4 HT 
CR He Ko To poe COOTHo we HHe Me mAY 1'3 H fl' YCTpeMnRR B 3TOM COOTHO
we HHH c .. 00, y6eAHMc fI, 4T O OHO n e p e x o AHT B /4. 7/. ~TaK, nOACTaB -
IlHe M f 4 = 0 , f 1 = - y:1B 

3
B nepaoe COOTHoweHHe / 3 . 56/ : 

3 z32 a 
2 - w __0_ + 12f3 sin ep = O. 

/ 4 . 8/(1 _ (3 ~ 5/2	 Y 0 

BblRCHHM <!>H3H4eCKHl1 CMblcn 3Toro ycnoBHll, nepeXOAn K npeAeny npH 
c .. oo,noIly4aeM 

)' 3 
- - = a , /4.9/
4w 2 

TO ec r s Tpe THI1 3a KOH Kennepa IK Bat:\pa T ne puon a n pono puaoaan eu 
Ky 6 y n o n y o c H/ . Ta KHM 0 6 pa 30 M, 14. 81 RBn fleT CR HeK OTopbl M pe n RTH
B ~C TCK H M 0606~eH 11 e M r pe r s e r o 3 a KOHa I{enn e pa. OCTa e TCR BbIRCHHTb , 
BO 4 TO ne pe XOAHT BTo po e H3 COOT How e HH ~ 13 . 56/ n pH Ta KOM Bbl60p e 
I' 

1 
, f.

1 
Ot:\HaK o yt:\06 He e Hc n o n b 3 0 Ba Tb a r o po e ~3 COOT Howe HH~ 13. Sal 

OHO np~BOAHTC~ ~ BHt:\y : 

, 0 0 a~(Sin ¢ o + (3 y2 v'i + cos epo ). 
13 = - f 1 - ------- - - - ---- - . / 4. 101 

c (1 + cos epo) 

Bblpall<aeM epo'	 {3, a 4epe3 Ao" ' " Ffi : 
r- 2 1/2 

o ,0 A 0 vi2 X 0 + Yo(X 0 + 2 - yo) 1 
I' =-1 --- /4 .11/3 1 c C - 2 11 2 i: I 2

YoyX + , /2 (Xo +2 -Yo) y'X \ X o+2 - Yo	 o o 
Cn et:\~~H l1 wa r COCTOHT B TOM , 4TO B / 4 . 11 / BMe CTO HHBapHaHTOB 
Ao , . . . , F KpyroBoro ABHmeH HH n OACT a BnH~T CH HX 06~ He B~pa»<eo 
HHH / 1. 5/ : 

rr: 2 1/2 
A y 2x + Y(X + 2 - Y ) 1

f = - f - - - - - - - - _ /4.1 2 / 
3 1 c. y .jX+ y 2 (X+ 2- y 2 

) 11 2 .jX -/X+ 2 _ Y 2'

n e pe XOAH, HaKOHe~, B / 4 . 1 2 / K Hepe n HTHBHcTCKOMy npet:\eny, y6ell< 
t:\aeMCH B cnpaBet:\nHBOCTH / 4. 7/. 

Ta KHM o 6 p a 30 M, penHTHB HCTCKHe ypaBHeHHH / 1 . 6 / C f = 0 , 43
f = y / B H f 

3
, onpeneneuuua C nOMO~b lO /4.1 2 /, t:\onYCKaIOT peuie uaa , 

1 
OT Be 4 a~~He Kpy roB o My ABHlI<eH HIO / 3 . 1 / . npH 3T OM w H a OKa3W B a~TCH 

CBH3 a HHblMH COOTHo weH HeM / 4 .8/ . B He penflT HBHCTCKOM npet:\ene y pa B
HeHHH / 1. 6 / H y c n oBHe / 4. 8/ ne p e XOt:\HT B 06~ 4 H~e H b~TOHOB CK He 

r pa B H Ta ~H OHH~ e y p a BHe HHfI H T pe TH~ 3aKOH Kennepa . 
n o nY 4 eH Hble asnue peayns r e r u CTaHOBll TCfI np0 3pa4 HblMH nna fion e e 

npOC To ro cnY4a fl - r a n Hn e e Bc Ko i1 MexaH HKH t:\B y X 4aCTH~ . B 3 TOM 
cny4ae HM e~TC ~ t:\Ba He3a BHCHMblX ranHnee BCKH-KOBapHaHT HblX Be KTO
pa: r1 - r H v1 - v" /CM. , Han p HMe p, / 14/ / . OTC~ t:\ a aurexae r cne 

2
t:\ Y~H l1 06~H l1 BHt:\ y pa BHe HHi1 , $o pMHHBa pHa HTHblX OTHOCHTe n b HO n p e 
06pa30 BaH H ~ ranHn e~ : 

2 ..
d r .. 
__1_ = f 1r + g v . / 4 . 13a / 

d t 2 1 

2 .. 
d r -to -+ -+... ..... ... .... -to 

~= -f2 r - g2V ' ( r = r - r 2 , V = V - v · / 4 . 1 36 1 1 2)
d t 

B n paay o 4aC Tb / 4 . 13al MOll< HO 6 blno 6bl t:\0 6aB II! Tb 4 n e H, npon opuuo 
Ha n b Hbli1 ~D . OAHaKo e r o MO»< HO 5b1no 5 b1 HCKn lO 4 HTb C nOMO~b lO 

4 . 13 6 /, ;oCKo nb KY ac e 4Ile Hbi y paBHe HHI1 14 . 131 OTHOCRTCfI K OA
HOMy H TOMy me B p eMeH~. n a n e e , n paBNe 4 a C T~ 14, 13/ Mo rnH 6~ 

c Ot:\e pmaTb cna r a e -roe , n pono puaoaans Hoe ae xr o pao siy n pOH3Bet:\e HHIO 

!; , '; 1. 14. 1/~1 

Ot:\HaKO B 3 TOM c n y 4a e t:\B ~ lI<eHHe He n pOHCXOt:\HT B Ot:\HOM nnOCK OCTH , 
t:\a me e cn H Ha 4 an b H~e pat:\~YC -BeKT opbl 4aCTH~ H HX CKO pOCTH nell<aT 
B He r:1 . 

B 14, 131 f_ H Ii - tIlYHK.4 I1 H OT r pex He3a B I1C HM~X r a n ane e e c kax 
HHBa p HaHTOB 1 2 , V 2 11 cr V) : 

. -- 2 ... 2 .... .... ...2 ... 2 .... .....
I
, 
i = Ii ( r , v , rv), g i = !\ ( r . v , r v ) , 
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Hal1Ae M yc nOB1f1R , n p 1f1 KOTOpblX ypaBHeH1f1R / 4.13 / 1f1Me IOT pe We HI1R , 
OTBe4alOl1\1f1e KpyroBblM AB1f1lKeH 1f1 RM: x 1•2 =± a cos w l. YI. 2 =± asinw t. 
np1f1 3TOM Ae l1c TBy e M T0 4 HO TaK, Ka K 1f1 B penR T1f1 B1f1CT CKOM c n Y4ae. 
nOAcTaBnRR 3 T 1f1 3Ha4eH 1f1 A x . Y B / 4 , 13/ , non y 4ae M: 

o 0 1 2 0 0 
( 1 = f 2 = - 2" (j) . g I .= g 2 = 0, / 4 . 15/ 

Aa n e e , Bbln HCblBa e M 3 Ha4e HHA HHBa pl1a HTOB An R Kpy roBo ro ABHlKe HHR 

2 2 2 2 2 .. .. 
r0 = 4 a . v 0 = w a • (r v )0 = O. / 4 . 16/ 

3 a m 1CblBa eM tPYHK4 HH (0 H g O 4 e pe 3 HHBa p l<1 a HTbl 

o 2 2 0( = - 2 v ·/ r " = 0 / 4 . 17 I 0 0 ' '" I . 

HBKOHe4 . B / 4. 15/ 3 a MeHAe M HHBa pHa HTb/ ro ' Vo Ha r , v : 

I' = - G V 
2
I r 

2
. g 1 = 0 • / 4. 18/ 

I 

T aK I1 M o6pa30 M, y paB He HI1R /4 . 13/ C tPYHK4 11 RMH ( 11 g . on peA ene HHbI 
MH BbipalKeHHAMH /4.1 8/ , HMel')T pe We HI1R . OTBe 4alOIIl He Kpy r o Bm ol Y p e ure 
HI1IO C n p0 1<1 3 BOn b HblMI1 a , w . n OHflTHO , 4T O tPYH K4 11 11 / 4. 18/ , n p l1 KO
TOPb/X AonYC TI1MO Kpyr o Bo c ABl1lKe Hl1e , He c a Mor o 0 6 11le r o BI1Aa . 0 6 06 
lIleH l1e Tpl1 Bl1a n bHO 11 CBOAI1 TCR / KBK Mbl YlKe yn oM I1 Ha l1~ a snue An R pena 
TI1 BI1CTCKOro CI1Y4a R/ K YMHOlK eH l11O 1' 1 HB n p0 l13 B0 11 b HYlO tPYHK4 1110 cP 

1 
HHBa pl1a HTOB , 0 6pa lllBIOIIl YIOC R B e AI<1 HI1 4 Y n p H I1 X 3 HB4 e HI<1 RX /4. 16/ 
11 Ao6 a B11e HI1 1O n p0 1<1 3 BOil b Hb/X tPY H K 4 11 ~ cP 2' cP 3 ' 05 pallla lOIIll1XCA B Hynb 
AIlR Kpyro Bo r o ABl1lKe HI1R : 

2 \,2 rv , r v 
(I = - - 2 cP ( -) + ¢ (-) , g = ¢ (!2.) . 

r I r v 2 r v I 3 r v 
/4. 19/ 

cP (0) = 1 • cP (0) = cP (0) = O. 
I 2 3 

nO HR THO , 4TO tPYHK41111 ¢j MoryT 3aBI1C eTb T~~b KO OT 6 e 3 pa 3Me pHblx 
na pa Me TpoB. EAI1HCTB e HHblM Ta KI1 M RBnR eTCR r v / r v . KOTOPbll1 B COOT
Be TCTBl111 C / 4 .16/ 06 palllae TcA B HYl1b AilA KpyroBoro ABl1lKeHI1A. 

TaK HM 06pa30M. y p a BHeHI1A / 4 . 13/ C I1HBapHaHTHblMI1 lbYHK411 RMH 
/ 4 . 19/ HMelOT peWeHI1R, OTBe4a~ l1e ABl1lKeHHIO no OKPYlKHOC TH np0l13
aonsuc ro paAHyca a H C n p0l13BOnbHo~ 4a CTOTOH w. 3albl1KCI1PyeM 
Ten epb [ • Ta K, 4 T0 6 bl n o n Y4I1Tb Hepel1RTI<1BI<1CTCKYIO r paBI<1T a 4110 HHYlO 

1 3
3aA a 4 Y ABYX Ten: ( 1= - y /r . YcnOBl1e C YlIleCT B~B aIi I1 R K~yroBoro pe
WeHI1R ~Mee T BI1A rpe r s e r o 3aKOHa Ke nnepa lJJ = 2 y l a . 

HTaK, B peIlRTHBI1CTCKOM 11 ra n~l1e e B CKOM cnY4a~x c ~Tya4l1R Be CbMa 
CXOAHa. CYllle c TBYIO T KaK peWeHI1R, OTBe 4 al')l1\He n p0 l13 B0 11bHblM a , w, 

Ta K 11 p e We HI1R, npl1 KO TOpblX MelKAY a 11 w c yuie c TBy e T o n oe n e n e u u a a 
CBR3b / THn a TpeTb ero 3aKOHa Ke n n e pa/. Bc e lK e B penRTHBI1C TCKOM 
c n y 4a e ¢YHK4 110Ha nb Hw~ npO~3 B on 3Ha411T e n b ii0 60Ile e WI1 POK. 

14 

5. n PHHO fl H H E ~ H OE PEflHTHOHCT CKOE nBH~ EHH E 

n p l1 c n e AYIOl1\eM Bbl6 0 p e 1f1H Ba p 1f1 aH THbiX tPY HK41f1 11 f YAa e TCR OHICKaTb 
pe We HI1R , OTBe4a lOl1\ 1f1 e n pRM On 1f1 H e ~HOMY AB ~lKeH~IO: 

(3 = 1' 4 =0, f 1 =Y I / A • g 3 = g 4 = 0 . g l = y2 iA, 

2 - 112 _ .. _.
 
)' 1 ')'2 - const , A 1 - (32 ) ( r - r v 2,1c
 

To rAB y paB HeHHR / 1.6/ npHHI<1MalO T BHA: 

x - x 2 3 12 x - x 23 / 2 
w = Y 1 2 (1 - (3 ) . • w = )' 2 .l- (1 - (3 ) . / 5 . 1/ 

Ix I [x _ x I I 2 x 2 [x _ it I 2 
I 2 2 1 

3 Ha K - B / 5 . 1/ 0 3 Ha4aeT , 4 TO COOTBeT CTBYlOlIl l1e Be Il l14 HHbi AOll lKH bl 
6 pa Tb c R B MOMe HTbl Bpe Me HI1 t - r i c I1 Il I<1 I - -;/C/ CM. pasn e n 1/. Hepe 
llR THBI1 CTCKl1 11 a Hallor ypa B He HH~ / 5. 1/ 1<13 Y4a n CR Anne neM/ 151 / ABH
lK e Hl<1 e C nO CTOAHHOI1 c l1no~ B 3a I<1MOAe~ CT B I<1 R/ . nO CKo n b KY pe IlRTI1
BI1 C TCK I1 ~ c llY4a~ He CYllle CTBe HHO OTn l1 4 a e TCR OT He peIlATI1BI1 CTCKOr o 
/ 3a I<1 CKIl104 e HI1e M To r o, 4 TO CKOpOCTb 4 a CTI1 4 bl He MOlKCT n pe Bbiwa Tb 
CKOPOCTH CBe Ta / pa CCMOTp l<1M CBOI1 CTBa pe WC HH I1 / 5 .1 / 0 4 e Hb Kpa TKO. 
npH x l > X2 pewe HHR / 5 . 1/ Bbir n AART cneA YlOlIl l1M o 6pa 30M: 

2 Y (, T 2 1/ 2 2 ox (I) = ~ [1 + ( _ l t • (3 1\ 1 - f3 ) I 
I )' C 10, 10 ---,. + x I '
 

I
 }' I J1 - {J ~ 0 

~ y tfl 1(t ) " ( y l / c + f3 //1 - 13 )[ 1 + (~ + ~ ) 2 1-l/2 
I 10 10 C c::r: 

.,, 1 - {3lo 

2c
X (t ) 

2 Y2 {320 )2 ] 1/ 2 c o2 - - 11 + (- -t + + 'I )' 2 e I 2 X2• 
V'1 - f3 f 2 

20 Y2 \' 1  20 

{3 2 (t ) = (- y t i c -l f-i c/.' ~ ,.. }:., t (~2 0 2 -1/2
2 2 v I - ,B:, 1 + l - -::-- + r---r:r ) ) 

....... v
 
n on ) I \ /1 _ f3~ o 

o 0 0 0 
3 Ae Cb x I ' • ' XI' v ' v - n OilOlKe HIo1R 11 CKOpOCTI1X2, vJ v 2 X 2' J 2
4 a CTI1 4 B Ha 4 a n b HblI1 /t = 0/ 101 Te KYlIl l1H MOM e HTbl Bp eMeH I1 . f3 = vf/~ 

1fl2 ~ v:/<t fl10 =,, / t G ~20 =·vO/C . n p l1 x 2 > X1 cnpaB e Al1l1Bbl aHaIlOrl14 Hble au 
pa lKeH~R . nn~ npo c TOTbl 6yAe M C4HT a Tb Mac c w 4 a CTI1 4 OAI1HaKOB ~M ~ 
( Yl = Y2 = y ) . Pa CCMOTpl1M CHa4 a 11a C Il Y4 a~ OTTa l1KI1 Ba HI1 R ( y > 0). n YCTb 
B Ha4anbH bI~ MOMeHT Bp e Me HI1 4 a CTM4w nOKoR TgR 11 g a c n onolKe Hbl CI1 M
Me Tp l14HO OTHOCMTenb Ho H;:l4ana KOOPAI<1 Ha T, X = - X = XO> O. Tor a a 

1 2np» t > 0 I1Me e M: 
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X	 t ) = - X (t) = X + C2j1 + y2t 2 1)2
1( 2 o Y C2 - -Y , 

TO e CTb 4a c THqbl pa3neTa~ TC fl C Hapa C Ta~~ eH CKOPOCT b ~ , KOTo pafl 
CTpe MHTOl K C n pH t ... "". nYC Tb r e ne ps Ha 4anbHble C KOPOCT ~ 4a C T H I~ 

0AHHa KOBbl no a6conIO THOH BenH4HHe , HO Hanpaane Hbl K Ha 4any KOOp
AHHa T, V ~ = _vo 

= "o > O. TorAa npH t> 0 CKOpOCTH 4aCTH4 H a4 H Ha~T 
YMeHbwaTbCR )no a6 con IO THOH a en H4HHC/. EcnH Ha4 anbHaR CKO pOCTb 

c lyx o(2 -i yx O/c2 

He np e BOCXOAHT Vo= . TO 4ac T ~qbl c6nHma1OTCR, oc Ta
1 + ( y x o ) / c 2 v 

' • n 2 - 1/ 2 
Ha B nHB a~ T C R B MOMeHT BpeMeHH t ,. -.Y.. (1 - flo) Ha pa c c r oaua « 

o y
 
.... - 2-1/2 2


±lxo - - (1- {30) + ..£-1 0T Ha4ana KOOPAHHa T, a 3aT e~1 pa3 neTa1OTCR, 
r y 

c
KaK B n pe AblAy~eM cnyvae . Ecn a IKe vo > vo ' TO 4aC TH4bl " BCTpe4aIO T
e ft" B Ha4ane KOOPAHHaT, npOXOART...npy r 4epe3 n pyr-a" ~ CHOBa paa

~ 

ne Ta IO TCR. 60nee HHTepe c e H c nY4 a ~ np HTAme HHR, y < O. nYCT b 4a CTH
qbl a ua -rane nOKORTCR x 10 = -x 20=x > O. TorAa n pH t > 0 4acTHqbl c6nHo 

)l(a IO TCR,npOXOAR T -re pe s Ha 4ano KOOPAH HaT B MOMe HT BpeMeHH t o 

=J !sL (2+ rxg ). flocne a r or o x (t ) - X (1) < 0, TO e c r s 4ac THqa 
Irl c 1 2

n es ee 2 . n pH r > to 4a c TH4bl 3aMeAnAIOTCA. OCTaHaBm1BalOTCR np H 
t = 2 t o Ha paCCTOR H ~ ~ ; Xo OT Ha4a na KOOPAH HaT . nocne 3Tor o 

n po qecc nOBTo pReTCA. B HTo r e nony4a e TcR ne pHoAH4ec Kde ABHme HHe 
c ne pHoAoM 4 t o H aMn nHTYAoH x O' 

3AKnI04EH~ E 

~ Ta K , Mbl nOKa 3anH, 4TO B penRTHBHcTCKOH CHCTeMe "13 AByX 4ac
TH~. B3a~MOAeHCTBYIO~HX 4HCTO 3 an a 3 A~Ba~~HMH CHnaM H, B03M om H ~ 

pe weHHR, OTBe4 a~~ He AB H~eHH~ AByX 4a cTHq oAHHaKOBOH M ac c~ no 
OAHOH 11 Toi1 ~e oxpyx uoc r a n poaaaons aorc paAHyca a c npoaaeons > 
HO~ noc TORHHOH yr noBoH C K OPO C T b ~ 

Ha i1AeHbl ycnoBHR /3. 5/, KOTOpblM Aon~ H bl YAOBneTBopRTb pena r n
BHc TCK He c~nbl Me~AY 4aCTHuaMH, 4T06bl TaKoe AB H~eHHe 6~no B03MO~

H~M. Aa H~ n pHMe p~ / 4 .6/ TaKHX CHn . 3TH CHnbl AonycKanT 3Ha4HTcnb
Hblj;i lllYHKU HoHanbHblH npoaaaon . Er o YAae TCR B 3Ha4 HTenbHO ~ Mepe 
o rpaHH4HTb, nOTpe6oBa B ne pexo Aa B He penRTHBHCTCKOM np eAene B 3a 

Aa HHble HbnTOHOBbl ypaBHe HHR. B 4a CTHOCTH, np oH3BonbHWMH ¢yHKqHR

MH M O~HO pacno pRAHTbCR TaKHM 06p a30M /CM . /4.8/, / 4.12// , 4 T06 ~
 
B n peAene nonY4HTb H b ~TOHOB bl r pa B HT a ~ HOHHble ypa BHeHVoR. Ta KHM
 
06 pa 30M, oxaaueae r c n B03MOIKHblM HanHca Tb pe nRTHBH CTCKHe ypaa ue

HHR AnR AB yX 4a CT H4 , n epeX OA R~H e B Hep enRTHBHCTCKOM npeAene
 
B rpaB HTa4HOHHbie HLIO TOHOBbl ypaBHeHHn AmI na yx 4acTH4 H nonyc xao

~~e peWeH~R, OTBe4 a~~ ~e penRT~B~CTCKOMY AB ~.eHH~ no oK pymHo
CT~ C nOCTORHHOH yrnoBoH CKOpOCTb~ . np~ 3TOM 3a c4eT cyme H ~R 

y nox a uyror o n epaonauans uor-o n powaaona napaae r pu AB~m eH HR a 
~1 W o xa au aa e r ca He n po ua a ons HbIM ~ , HO CBR3a HHblMH COOTHoweHHeM 

4. 8/ - penRT~B ~C TC K~M aHanorOM Tpe Tber o 3aKOHa Kennepa. nOKa 
s aHO Ta Kme, 4TO n p ~ cn e4~anb HOM B ~60pe ~HB a p~ aHT Hbl X $YHK4HH 
MomHO nonY4 ~Tb peweHHR, O TB e4a~~~e n pflMonHHe HHoMY AB HmeHH~ . 

CBO~C TB a HX Kpa TKO o6cymA a~TcR . 

Pa Hee nOAo6Hble C Ta4 ~ O HapHble ABHmeHHR 6 bln ~ H3BeCTHbl TonbKO 
AnR cn y4aR nonycyMMbl 3a n a 3Ab I B a~~ero H on e pe*alO~ero B3a HMOAeHCT
B H~, a Ta Kme TorAa , Kor Aa o6e B3aHMoAe~ cTBY~~ He 4aC T~4bl nema T 
Ha OA HOM ~ TOM *e CBe TOB OM KOHyc e / TO eCTb Kor Aa ne pB aR 4 a CT ~ua 

B3a HMOAe HcTByeT co BTO poA 3an a3Abl B a~~eH c ~nOH , a BTopaR C nep 
BOH - one p ema~~eH / . B 3THX cnY4afl x 6 bl n~ nonY4eHbl HHTe r panb Hble 
3a KOHbl coxpa HeHHR 3Hep r ~H - ~Mnynb ca . ~X Han ~4 He HHTe pn pe THpOBa 
nOC b Ka K cBoeo6pa3HblK 6ana HC MemAY 3ana 3A bl Ba~~HM H on e pema~HM 

B3a HMOAeHCT BHRMH . B03MomHOCTb CTa4 HOHapHoro AB HmeHHR AnR 4~C TO 

aan a ansreaoure r -o B 3a ~MOAeH C T B HA yxa auaa e r Ha O T C YTCTB ~e H3nY4 eH~ A 

H n03 BonRe T HaAeRTbCA Ha nonY4e HHe 3a KO HOB coxpaHeHHA. TeM He 
Me Hee , 3TOT aon poc OC Tae TC R noxa OTKPbITbIM. HaKOHe 4 , OTM e T~ M, 

4TO HH Aa HH oe , H ~ n pe A blAy~ee /1 21 pa CCMOTpeHHR He n03BonAIOT OAHO 
3Ha4HbiM 06 pa 30M 3a lll ~ K c H poBa Tb n po aasons Hble <l>YHK 4H~ , BxoA A~~e 
B y pa B H e H~n nya HKa pe ~n~ ~M non ofi uue . 

ABTOPbl 6na roAap Hbl npo¢. H.A.4epHHKoBY 3a o6c YlKAe HHc pC3ynbTa
TOB. 
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IS. Annellb n. Teope T~4 e c Ka R Mexa H~Ka. ~~3Ma TrI13 , H. , 1960 , 

T. 1. 

B 06be,QI1HeHHOM ~H C TI1TYT e RAepHblX I1ccne,QoBaHI1H Ha4an 
BblXO,QI1Tb COOPHI1K " Hpa mtcu e c o otiuie nu n OH.flH" . B HeM 
0YAYT nOMe~aT b CR CTaTb~, cO,Qe p~a~ l1 e 0pH fl1HaJlbHble HaY4Hble , 
HaY4HO-TeXHH4eCKl1e, MeTo,Q114eCKl1e H npHKJla,QHble pe3yJlbTaTbI , 
T p e OY IO~H e CP04H0i1 ny 6nHKa4HH. 6Y,QY411 4aCTblO "Coo o ~ eHHH 
OHRW', CTaTbH, BOWeAWl1e B COOPHI1 K, I1MeIOT , KaK 11 APyrHe 
113AaHHR OHRH, CTaTy c O~ 11 4I1 aJlbHblX ny OJlHKa4HH . 

C60 PH ~ K " Kpa TKl1e C0061J.leHI1R OHRH" OY,Qe T BblXOAI1Tb
 
peryJlRpHO.
 

The Joint Institute for Nuc lear Research begi ns pUbli
shing a collec t i on of papers ent itl ed JI NR Rapid Communi
cati ons wh ich is a section of t he J INR Communications 
and i s i nt ended for t he accelerated pUblication of impor
t ant results on t he fol l owi ng subjects: 

Physi cs of el ement ary par t icl es and a tomic nuc lei . 
Theoret ica l physi cs . 
Exper imenta l t echni ques and met hods .
 
Accelera to r s .
 
Cryogenics .
 
Comput i ng mathematics and meth ods .
 
So l id state physics . Liquids .
 
Theory of condensed matter .
 
Appl i ed researches .
 

Being a part of t he J INR Communi cat ions , the articles 
of new col l ection li ke al l other publ i cat i ons of 
the Join t Inst itu t e for Nucl ear Research have the status 
of	 of f i ci al pu bl i cat ions . 

JI NR Rapi d Communi cations wi l l be i ssued regularly. 

PYKOn l1C b n oc Tynl1Ila B ~3 ,Q a T eIlbc K~ ~ OTAeJl 
14 MaR 1985 r OAa. 
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npMHHHaeTCA noAnHCKa Ha npenpHHTW M Coo6~eHMA 06~eAMHeHHOrO MHCTMTyTa 
RAepHWX MCcneAOBaHMM. 

YcTaHoaneHa cneA~aA CTOMHOCTb noAnMCKM Ha 12 HeCR4eB Ha M3AaHHR OH~H , 

BKnO~an nepecwnKy, no OTAenbHWM TeMaTH~CKMM KaTeropMRM: 

HH.IIEKC TEHATHKA 

1. JKCnepMHeHTanbHaR $M3MKa BWCOKMX 3HeprHH 

2. TeopeTM~CKaR $M3MKa BWCOKMX 3HeprMH 

3. JKcnepHHeHTanbHaR HeHTpoHHaR ~M3HKa 

4. TeopeTM~ecKaR ~M3MKa HH3KMX 3HeprMH 

s. HaTeHaTHKa 

6. ~AepHaA cneKTPOCKOnMR M paAMOXMHHA 

7. $M3MKa TA*enwx MOHOB 

S. KpHoreHHKa 

9. YcKopHTem• 

lleHa noAnMCKM 
Ha rOA 

10 p. So Kon . 

17 p, SO Kon. 

4 p, SO KOn, 

S p, SO KOn. 

4 p, SO KOn. 

4 p , SO KOn. 

2 p, S5 KOn. 

~ p, S5 KOn. 

7 p, SO KOn. 

10 . AaTOHaTM3a4MA o6pa6oTKH 3KcnepHHeHTan•Hwx 
AaHwwx 7 p. So Kon. 

11. Bw~HcnMTenbHaA MaTeMaTMKa H TexHMKa 

X MHHA 

13. TexHHKa ~M3M~ecKoro 3KcnepMMeHTa 

14. HccneAOBaHHA TBePAWX Ten H *MAKOCTeH 
AAePHWMM MeTOAaMM 

15. 3KcnepHHeHTanbHaA ~M3MKa RAePHWX peaK~MH 
OpM HH3KMX 3HeprMRX 

16. .ll03MHeTpHA M ~H3HKa 3a~HTW 

17. leOpMR KOHAeHCMpQBaHHOrO COCTOAHMR 

1S. Hcnona30BaHHe pe3ynaTaToa H- MeTOAOB 
~YHAaMeHTanbHwx GH3M~CKMX MccneAoaaHHH 
8 CMeMHWX o6naCTRX HayKM M TeXHMKM 

19. 6H~H3MKa 

6 p . So Kon . 

P. 70 KOn. 

S p, SO KOn, 

1 p. 70 KOn . 

P. 50 KOn. 

p, 90 KOn . 

6 p. SO KOn. 

2 P. 35 KOn. 

1 p. 20 KOn. 

noAnMCKa HO•eT fiwTb ~OpHneHa C nofioro HeCA4a TeK~ero roAa . 

Oo BCeM BOnpocaM ~pMneHMR OOAOHCKH cneAyeT o6pa~aT~CA 8 H3AaTenbCKH~ 

OTAen OHIIH no aApecy: 101000 Moi:Kaa, rnaano•<TaMnT, n/,. 79. 

AcaHOB P.A., A$aHaCbeB r.H. P2-85-357 
0AHO TOqHoe pemeHHe penHTHBHCTCKOH 3aAaqu 
ABYX ToqeqHhlX Ten B nOAXOAe fiyaHKape 

PaccMOTpeHa KnaccuqecxaH·penHTHBHCTCKaH CHCTeMa ABYK 
TOqeqHhlX Ten, B3aHMOAeHCTB~ C qucTO 3ana3AYS~H 
AanbHOAeHCTBYJOl!I;HMH cunaMH~ BbUicHeHo, KaKHM ycnoBHHM AOJDKHIII 
YAOBneTBOpHTb gByxqaCTuqH~e c~, qT06~ 6~0 B03MOZ~ ABH
zeHHe ABYK qacTH~ no OKpyzHOCTH. ~aH~ npHMep~ TaKHX CHn. 
3TH CHnhl AOnycKa~T 3HaqHTenbH~ ~YHK~OHanb~ npOH3BOn. fipH 
cne~uanbHOM HX B~6ope OKa3~aeTCH B03MOZH~ HanHCaTb penHTH
BHCTCKHe ypaBHeHHH AnH AByx qacTH~ OAHHaKOBOA Mace~, nepexo
AH~He B HepenRTHBHCTCKOM npeAene B rpaBHTa~HO~e Hb~TOHOB~ 
ypaBHeHHH H B TO ze BpeMR AODYCKa~e pemeHHR, OTBeqa~e 
paBHOMepHOMY penHTHBHCTCKOMY ABHZeHHID no OKpyzHOCTH. fipH 
HHOM qaCTHOM Bhl6ope 3THX ~YHKUHA YAaeTCH B HBHOM BHAe OT~C
KaTb pemeHHH, OTBeq~e npRMOnHHeAHOMY ABHZeHHID. 

PaooTa B~OnHeHa B lla6opaTOPHH TeopeTuqeCKOH ~H3HKH 
OIDII1. 
ITpenpHHT O&beAHHeHHOrO HHCftiTYT8 IIAepma HCcne,llOS8JDdt • ,lly«Saa 1985 

fiepeBOA r.r.CaHAYKOBCKOA 

Asanov R.A.,Afanasiev G.U. P2-85-357 
One Exact Solution of the Relativistic Two-Body Problem 
in the Poincare Approach 

We consider two relativistic point-like bodies inter
acting via a pure retarded action at a distance force 
(Poincare approach). We study which conditions should be 
imposed on two-body forces in order the stationary circular 
motion be possible and give some examples of such forces. 
They admit a considerable functional arbitrariness, For 
a special choice of them we obtain two-particle (of the 
same mass) relativistic equations passing in the nonrelati
vistic limit into the usual Newtonian two-body gravitatio
nal equations and at the same time admitting relativistic 
stationary circular-motion solutions. We found also 
straight-line motion solutions in the approach treated, 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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