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I. BBe,nemre 

B noane~e ro~ Ha6x.ID.naeTcH 60RnIDÓn HHTepec R Hcan~.nOBaHRHM 

HHTerpHpyeMocTH .nHHa~ecKHX CBcTeM C Re60~nillHM qz~OM CTeneHeM CBO
6o.nu.Bo3p'OCJIO lIRCJIO ll3YlIeHHHX,BnOJilie illiTerpRpyeMHX no Eypy - J.rnYBWI
JII) 3~al1-3/. BJIaro.naPR: rrplIMeH€HIDJ BhMfanHTe~:hHO~ T8XHl'IKH OTRpHT 
~ HOBHX -a~eRTOB, CBH38HHHX C XaOTKlIeCIO[M .nBH~HReM B HeHHTerpH
pyeMIlX CHCT8MaX II-61. KaK Ma rrOKaJlteM HIDKe, c~eCTBYlOT H .npyrne *"" 
<}jeRTH, CBHSaHHHe c HemITerpapyeMOGTnIO, ROTopHe lIMeIDT HPKRit qmsiftI-ec
rodt xapasrep, 

RRaCCRlIeCKaH 3~aqa Tpex lIaGTR~ HBHHeTCH cTapeftmea rrpo6~eMOa 

.nIDlaMHKH, H3ytIeRMe ROTOpoA rrpO);tOJDKaeTCH II B HaIIrn:.IO-IH 6~aro.n;aPR: eê 
MHoro'lfil0JI8HHHM npltMeHeHHHM B acrpoaoaaa, XHMmiI, aToMHoA, ,gn;epHOH 11 

'I qJHSIIIRe aJIeMeHTapHRX tIa.CTR;U. OCHOBHOn crI'RpHTOa rrpo6~-eMOA B MaTeMaTKtle-C. ~ 

ltOM IIJIaHe .fiBJIHeTCH .nOKaSaTeJI:DCTBO -HemITerpHpyeMocTR sanasa H BCCJIe.n;o

·H ~ BaRHe. r~o6anDHoro rrOB~eHRff pa3HHX THIIOB TpaeRTopRH BRe paM0R HerrpH
.: I ro,IJ;Hoít,JJ.JIH aroro T-eOpU B03Myrqemm. 

" t B nponaoa yCIrt7.IIDI 6WIH nanpasaeaa aa penenae rpaBHTaUROHHOa sana~ I i 
j: I 1IH rpex qaCTH~, IÍpHlIeM FICCJIe.nOBamrCn peneaaa, nonycsannae rrp-"IMSaSHWi 

;: f B aCTPOHOMIDl6/ . 8To rrpaneao R HeCRÇ>;1InRO O.IO-lOCTopoHHeMY Ksyqemm 

i I PH,Ita -rrpo6~eM, B lIaCTHOCTH -K npaKTJIlIeC-Im rromOMY rrpeHe6pezeHmoK ue
JUlM znaocaa pemelmA. Hanpaaep, RO~HeapHoe .nBIDKeHHe no HenO,IV3IDItHOn
 

I nPsiMoB, se HMeD1{ee MeCTa i ,CTPOHOMIm, FI3yqa~OCn TO~nRO C TOlIIGI spe
~ 
EHH TpolHax coy.n;apeHRA B 7 . ~8.nocTaTOtIHO HsyqaJIaCn Ta~e H KY~O
HOBCKaH MaCCHqeCKaH sa.n;aqa ~p8X tIaCTHU, TaR KaR Ct{HTa~OQD, tITO HH
Tepec rrpe.n;CTaBHHeT TOJInKO ee KBaHTOBuB BapHaHT. Pa3BHT~e RBSHTOBOI 

" 

'\ 
M8XaHnKl11, B -qaCTHOCTH eê <PoPMYJmpoBroI B TepMFIHax HHTeI'paJIOB rro rry-
THM,B nOCJI9.n;aRe ro~ B03pO~O HHTepec R KnaCCKtIeCKKM pemeHHHM 3a.natI. 
~ rrOCTpoeHHH HHTerpa~a rro rryTHM H KBa3RKnaCCH~eCRoro npH6nHXeHHH

\ Heo6xo~MO SHaTb KnaCCHqeCKRe TpaeKTOpHH BO BCea ROMUneRCHol 06~aCTH 

3HaqeHHI rrepeMeHHHX. rrpHHUBTIHa~:DHHe rrpo6ne~lli, B03HHRa~e npH 3TOM 

\ B HeHHTerpHpyeMHX 3~aqaX,BCe eme ~T CBoera R3yqeHHH. MOERO Ha.n;eHTn
J CH, QTO 3~aqa Tpex qaCTHU CHrpaeT CBO~ po~n ~ BHHCHeHHH 3TKX npo6
\ 

! 
~eM K8R rrpHMep H3 epH3BKH qJyH.n;aMeHTMnHllX B38lIMo.n;e:l1C'l'BHI. 

1 JPyraH ~3HqeCKaH CTopoHa Borrpoca C~3aHac TeM, tITO KB8HTOBOe 
OIIHCSHHe H806XO.n;FIMO R B03MOEHO TO~bKO ~ .n;OCTaTOtIRO HH3KHX 3HepreTH

I"	 qeCKHX COCTOHHHA aTOMOB H MOReKY~. B cepRH pa60T rrocne~ neT (CM. 
CCRnRH B /8-10/) 6ano nORa3aHO, tITO rrpo~ccH c BHCOROB036~sHHHMR 
COCTOJIHlIJrMR xopomo OmICID3aDTCH KJIaCCHQeCRo:l1 xexaaasoâ, aanpmeep B 
CJIyqae pH.n;6eproBcKRX cocToHHKft aTOMOB. WFI3RqeCRSH rrplItInHa COCTOHT B 

~"M:!~~etãH!lJ~ 3Rtn'fi"9T I 
GllQt1Ea:l3 ~rc.:·~r..;"".W'i~ 
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TOM, qTO aTOMH C O~RM MeKTpoHOM na BllCOKO~ opoare (aanpaaep, 
H(IIO) HMeIDT 60~:bmo~ paSMep H Be~T ce6R KaK KnaCCl'IqeCRaa 06~aKTH 

no OTHomeHHID K Ha~eTaromeR qaCTl'Iua 78,101. 3a~a~ paCceRHRn Ha Ta
KOM aTOMe He~:bSH pemHT:b B KBaHTOBOM BapnaHTe Ha SBM 1'13-88 HaXB8TKH 
ITaMRTR.C ~yrOH CTOpOHH,8Toro Ha H~O ~anaTh,nOCRQnhl~ B TWtRX YC
~OBHRX OCHOBHO~ BKXan naIDT 06~8CTH, cOBrra~aromHe o HaOonhmOa ORpaCT
HOCT:bID KXaCCHqaCKO~ TpaeKTopnn. B T8KKX yonOBRHX Rn800R~OOKHft pac
qeT eCTD e~CTBeHHRR crroc06 pemeHBH 3ana~. MROEeCTDO nO~Y~8HHUX 

C nOMomDID KnaCCnqeCKHX paCqSTOB P8SY~:bTaTOB xopomo oor~aOY8Toa o 8K
CnepHMeHTa~:bHHMR naHHHMR /8-10/. llPH aTOM 1'13-38 onO~OOTE H H8~OCT8
TOqnOH HsyqeUHOCTH caMOR KXaCCnqeCKOA sanallH paOqeTH npoDO~~OD B 
paMKaX ynpomeHHHX MOne~e~. 

C1Ie.n;yeT OTMeTHT:b TiKiKe UlfKX pa60T nOCJle,WIHX JI8T no ltDaHTOnOn 
XlIMIDi (CM.· CCHJIKH B 111 ), B KOTOpWC MHOJKeCTBO 81tOneplIM8UTBJIhJ1WC 
naHHHX C nocTaToquo~ TOtIROCT:bID 06~HCHHeTdH paccMoTpeHH8M RDWITonux 
K~HeapHHX sanaq Tpex qaCTl'IU c pasHHMM weHoMeHO~OraqeOl~ nOT8Hnaa
JlaMH. 

RO~HeapHoe nBRJK8HHe peaJll'lsyeTcR Ha YCKopHTeJIHX HOHOD H sne
MeHTa~HHX qaCTHU. 

B MaTeMaTHqeCKOM ITJlaHe H3yqeHHe KO~HeapHoro nBHXeHHn ropssno 
npome 1'1 HBJIReTCR He06xo~ aTarrOM HCCJlenOBaHEH oOm~R 38na~ Tpex 
qaCT1Ul. MsyqaH 8TOT CJlyqatt, B KOTOpoM HeT CM Kopaoazca, MOJltHO TIOHHT:b 
MHOrRe KaqeCTBeHHHe CBottcTBa TpexqaCTHtIRoro B3aHMOne~CTBl'IH l'I ~HMe

HHR CnCTeMIl, a razse BBeCTH HOBRe cneuaaasase WYHKum'r', KOTopHe Boa
HHK8IDT H B 60Jlee 06~ CJlyqaax. 

B pa60Tax/I2-I5 6HJIO HaqaTO n3y~eH1'Ie Ko~eapHoro nBREeHRa 
KnaCCHqeCKOH CnCTeMH Tpex qaCTHU B rnnepcwepl'lqeCKHX KoopnHHaT8X 
(OTHOCHTeJl:bHO rrPRMeHe,HH aT~ Koop~aT B 06meA sanaqe Tpex KX8COUqeC
KHX qaCTHU CM. Ta~e 17,18). B HaCTOgmei pa60Te MH H3JlaraeM nonO~HH
TeJl:bHHe aHa~THqeCKHe H ~CJleHHHe' peSY~:bTaTH, n03Bo~e ~eJlHT:b 

cneU1i~eCKHe WHSHqeCKHe acP:P~KTH, CBHS8HHHe c HeHHTerpHpyeMOCT:bID 
sa,u;aqz Tpex qaCTHU: 06paSOBaHl'Ie TpeXqaCTB'iHHX peSOHaHCHIDC COCTomm:tt 
c KOHetIllHM BpeMeHeM XHsHH H cymecTBOBaRRe peaK~A c 06MeHOM EXH 6es 
06MeRa qaCTHuett. 

2. ~H8apHoe nBHJKeHHe B rHITepC~pHqeCKHX Koop~aTax 

IIyCT:b TpH qaCTHlJ,li c MaccaME: rY)1,2.)~ .nmUYTCH no HerrOnBIDItROH OCH 
OX, aasaao soropoã connanaer c nearpoa MaCC Cl'ICTeMli. Roop,zumaTH 

xacran X ' y.n;OBJIeTBOpsmI{Ke TOJK,D;SCTBY rntx t+ m~xl..+ nl3X..3= O , noc112 ) 3 

.ae ,cKJIlOqeHMH ,nBIDIt8HHH nearpa MaCC BIlpaEBJDTeH xepes raneppanayo 
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/ I II PE (O l 00 ) H Mo,mrlfiRIij'IpoBaHHHA Y"I'OJl lleJI:bBeca t.p l: [O, 2 'J/] B rome J# 

2 

----------o:-~~ _ 

x~= x.~(r)lf) =p(C,~/J~}cO~(l(J -lf~~JI<) , 
( I) 

rne \fJ. '., =~, . +- $" eCTD yrJIH napaux 'CTo~KHOBeHII1H ·tIaCTHU c HOMepa.'.;1... clK ) '

MH J R X , LP13•1== $'/0 .- (1JIz. -1Y~)13 , 1.P3;i l := 3JY/C - ('t'~ - 'VJ /3 , <.p~1.l-= 
=Si.je-('f'3·-'Yi )13 ; 5i=5 ln \f i , Ci =COp'f: ; -a yrJlH \Vf.Z } 

onpeneaeaa COOTHOrneHRfIMK 1J!~.=.<M"c.~(mil.t)t [O/ih/L], rne cf r 

ecT:b nPHBenêHHaR MaCca TpeXtIaCTHtIHoA CHCTeMH: 

f ==.~ m,mz.m.s /( me +- ml..+- m 3 )-' • 

(2) 
MIl paCCMOTPKM aanaxa, rrOTeHI.WaJI KOTOpHX y~OBJIeTBO.PJIeT .ItBYM yc-

JlOBlmM: ~) V(X, ,X'L )x-» aasacar TOJI:bKO OT paCCTomm~r:j =.lx.~ -x)=
;;fY5'ljS"~' }sin( tp - {f;j,I()/ Mex.ztY 'tJaCT~aMH; 2) V(X"X .. )4» 

ecrs ozaoponaas !fJYHKmIH Koop~aT. Bropos Tpe60BaHH8 HM8eT "TeXJUt
tIeCImif'xapaKTep li CBO.IUlTCH K YCJ10BInÕ V(5XfJS.x2.I'5)C.~)::. ~nV('xl.Xz.. ,x

3
) . 

B pesYJlDT8Te .rroreanaaa Y B -rmIepcepepRqeCKHX Koop.rtimaTax HMeeT 
BH,I( 

V =jfno«~)., 
·(3) 

rne ti SCTD CT9USH:b O)tH0Pü,ItROCTlt, O<(4)} =. ()( {lR + 2~' ecrs rrpoRSBOJID-. 
HaJI 6espaSMepH8JI'WYHKIWI, a j > O eCT:b paSMepHWI KOHCTaRTa. 

KHacc 8THX TIOTeH~aJIOB COnepxHT ~ ~SHtIeCKH HHTepeCHIlX sa,naq
 
c v., ~2 +--'{Z.3 .... V.31 2' HarrpHMep: n aanasa c .0Cl.J.HJIJIHTOPHHMH no-
'l'eHD;BaJIaMB V·· IV -rij , B KOTOpol o«(t(J) -=: i ~~:5lI12 (I..(' -ltJ.j,d:


LJ 0:., •r ! 
-=- o...cos2(lf -IP,.) + c.onst; 2) aaaasa K01lJIO,IVltepo c vi. ' "-' rijo ~ B 

Jzoropoã {)((tp):-i 1!.5;Sin l.( lf - \.f>.- K) ; 3) aaaaxa C KY-JlOHOBCKHM saaz-
Iit.=' 'J. . 

~o~eAcTBHeM li caMaH SHaMeHHTaH TpexqacTBqnaH Sanaqa - 'C HDDTOHOBCKmM
 
rp~BHTa.I.UiIOHHHM BsaBMonelcTBReM., B -ROTOpHX '/;.i...., ·'f'0· -1 , ot (I:P) :=.
 

:. L.Clo( K. 15;1\-.1(4) -Ifl·· "Ji,' o(~ BIlpaJitam'CH COOTBeTCTBeHHo xepea Sa.PH.n;H 1{8C'1'H~
 
K .. t 1,,1, (e) . l. f/3 -1

eh2.,~ wm xepea li!X MaCC' m 1 , 2 , ) B Bl'I,II;e 0(1<. :::.(e;e,:J/e,,) S" 
li O<. ..t n 

) ::: ...:. CII;.Soc.-2. 1I2-I6,I8 • HSBeCTHO, qTO nepsae nae aanasa RB

J'IJID'l'·CH nOJIHOCTDI) IDITerpHpyeMID4H no Bypy - J1JIyBDJIJlIO, -a I10CJIe;ume nae, 
nO-B~OMY,HemITerpBpyeMH, XOTH crporoe nOK8SaTeJl:bC'l'BO B 061l{eM ClfY
qa-e rrpoB3BOJI:bHIlX Mace (saPlmOB) O'l'CYTCTByeT. 

B CBCTeMe D,eHTpa MaCC I'8MHJI:bTOHHaH sanax c nOTeHUHaJIOM (3) B J:'III

rrepC~pl{lleCR1IX soopzaaarax HMe-eT BB,It 

1-1 ==- ~ (~2. ~f~:) -'- dpno«(Lf) • (4) 

3 



<W:3PIlIeCIGIfi CMLlCJI I'PITIeppa,wca .p rrpoHCRR:eTCJI q,oPMYJIoil I =-Jl'p1

~ MoMeHTa HHep~ CPICTeMU. 
BBe.n;eM óespa3MepHYIO 9Heprmo e li óespa.sMepHWl l'RIIeppa,IUIYC 5 

-1 

t= E/R'3 5='R-f'	 
(5) 

r.n;e 'R eCT:D rrpoHsBOJI:DHIDi epuRcnpoBaIDm:a MaOUITsd ,IJ,JImw. 
Tor.n;a,npHMeHHJI sason COXpaHeHmI 3HepI'lm Hoa. ccnsb c E, MoJitEIo 

npoBeCTH pe~Knnm YPITTeKepa sana~ H HaaTR ypaBHeHHe TpaeKTOpHB 5(~) 
na nso::mepreTlflleCKoit rronepmocra 1'1 (J)(é) o ypaBHeHueM f,:;;. const : 

I .z. r I 2JJJ-2. ( 24)-2) - i
(5'/5) -(i-f-5'i<S2)L(J,H(o</2o<)(5!5)-8C<'5 J l-e/o<S ::.0 , (6) 

rne illTpIDC OSHalIaeT ;rcJII<WJepeHUHpoBaHBe no LP , a W::. i+- n /2.. • 
BBe~ KooPnnHaTR 

~ ==,en5~(-(X»)()O), x.=a.K"c.t~(~pp/Pl,O) ~ Lo)2.~J (7) 

aa uso3HepreTlJI{eCKOH rrOBepxHocTU, MI:1 BlJ,lJ;ltM, trrO ona nMeeT CTpyKTY

PY (3)	 '.0 (f) (Z) 

M(E) = \(...1 X O,x,lI' '	 (8) 

, (2.) 
rne	 'lfx,tf' eCT:D ~-MepHaa TOp c ROOp;n;mIaTaMR x" LP €: [O) 2$'] •
 

BBe,n;eM peryJIJlpusu~ napaaerp 'L ~t: (t):
 

1 [	 n~ ]-1d:r ::.(i+E.) 2.~cosX.(CL-tbe- )(i+ée()'1.) . tP clt ,,	 (9) 

r,n;e CL-.=.a(l(J):::.a(~i-2T1) 11 (S=gClfJ')=g(LP-f-2a-) eOT:D IJ,eme 
aRaJm'l'HlIeoime <pyHKIJ;KK. xepea ROTopRe O( (t()) BR~eT6i 
B mme oc(W) -= a(l.P) /~(4)) nOCJIe onacanaoro B I5.Ip aHaJIl!TlllIec

zoro rrpo,n;ODeímJI rrOTeHIWaJIB, CBSISaHHOI'O c y,naJIeHlleM MO.nYJIea B Y'ij • 
Harrpm4ep,,IJ;JIJI rpaBHTaD;liOHHols~atiH o{(~}::. c.onst.s.in(41-lp,~),S"f1(4J-tP)/ 
[Sin(W-4')5in(lP-l.P?l)5in(l,O-lI>5)] 114/ . ) (, 

Tor,n;a YpaBHeHue (6) 3KBHB8JIeHTH ~TOHOMHoii a1lamrrulIecKoi 
(3) 70 161 

Cl/ICTeMe nepBOI'O nojsnsa aa a: ~ 1:: I(J : 

lP_ti. ("") lp:=.X~ ("'/.-) 
(Ia)Ii't yt cu) E. '1 

~ 

r,n;e' XW1f. eCTb aHaJIHTK'leCROe BeRTOpHoe rroae BH;lJ;a 

4 

XI<) .e ~ ?J2.+(é)X<...J- ~_(é)Y , (II) 

h 
~_ =. 1. + t·-te -n,?,êle+(€.)=	 l.+ Ee 'l 

i r e" 1.. - é. -2. (12) 

a .
X...., :::.2o..C; [cos 'X- (()~ ~ dt!') 4- sLn):dlt1 -lo

(13) 
-+- [na..@,cosx -(a'g-a0)Si..n~Jdx, , 

~ 1.	 ]Y=2g [cosX-(d:t+-otp)+SLnXd1t •	 (14) 

3. KJIaccHê.PH~mm ,zo3IDKeJm!. IIpHMI:'ITPIBHbIe .n;BIDKemm 

, OoW\OPO.n;HOCT:D IIO.TeHI:J;l!aJIOB (3) rrpPIBO~T K Mex~ecKoMY nono
ómo /191 B pacCMaTpHBaeMHX HaMa S8,ItatIaX /13,15-.16/ t B pesYJIbTaTe 

KOTOPOro HMeJOTCH TOJI:DKO Tpl1I cymecraeano pa3HHX CJIYTiaH ,ItBuemúi. B 
saBHCRMOCTH OT SHa~eHRH noaaoã 3HepI'IDI e: ie\ == o , t €. \ :=. i 
H IE' ::. ao 713. 16/. llpH pacoaorpeaza KOMIIJIeKCHHX TpaeKTopd B <Pa-
SOBOM npocrpaacraa cayaaa e» o H é <Co paaaaxanrca HecymecTBeH-
HOR cMeHofi nOJIOXeHHH BemecTBeHItolt H 1!~rmIepHoí1 oceM, T.e. pa3HHna 
Me1l.JJJ HmJIM rrO;n;OÓHa paSfilID;e MeJK,IJy TpPIroHoM6TpWIeCKmIm II I'Rrrep6OJIPITiec
.KFLMi{ tPYH~ li! CBO,Il;HTeH B TO't{HOCTl1I K Fl:eit, narrpzxep .n;JISI CneIWaJI:D
HHX ,ItBmKeID'Ú! .J1.M6pammHHOI'O TIma c lP =- const B rpaBJitTaD;HOHHOii 
PI KYJIOHOBCKOfi 38,ItaTiaJ{ Tpex 'tlaCTJiID; /13/. 

" ]tnsr scex nOTe,IJ,RrOB (3) ,n:BmKeIDIJI c It: I :::. o II lE.I == 00 l1Irp8IDT 
'oco6yro J)Oo!Ib. B 16 . npenaozeao HaSHBaT:D 8T' .n;BIDKeHBJI ITpEMaTRBHHMPI 
na ocaosaaaa CJIe,n;ymmx CBoiíCTB ( CM. TaKlKe /15 ): 

I) IIommeHllIe rropansa YpaBHeIDIJI rpaezropaa (6), soeopoe nepexo
.nwr B YpaBHeIme nepsoro rropg,I(Ka.n;JISI 'l)' ='5'15 . JI,7m CHCTeMH (Ia) 
8TO CBó,ItIlITCH K OTIIleIIJIeHHlIJ ypaBHeHl1IJl;JIlJJI ~ ('C) • 

2) CymeCTBOBaHHe rJI06aJI:DHOA C~4eTpKPI waSOBoro nOTORa Ha 
0» o1 (0M' (If:l =. ) , KOTOpaa: CBH3aHa c rJIOÓaJIbHHM BeIt'l'opHHM nOJIeM 

-N=- '5J5 = d'7- • (15) 
W 
I	 --11' 

( ROMM;Y''1'1iIpyJOllJ;RM c BeRTOpHl.{M rrMeM Xeu,E. npa Ie! =- o) Do • 

3) B pesYJIbTaTe YRaS8HHoit OmmeTpmI B03HRKaeT B03MOJmOCT:D 
tu C') .	 ..,., (2.) 

111 cnpoeRTHpoBaT:D Tpa.eKTOpO B n (lEI = 0,00) aa TOp I1 X w cea 
li 
I 

5 

\, 



rrepeCe3IeHHH 10( rrpoeRIJ;I!K (CM. pRC I a,6) • 3'r0 cOOTBeTcTByeT cymecT-

BOBaRmO ypaBlIeIDm nepsoro nopansa wm 1J" (CM. onoãcrso I). 

nOBepXHOCTb


J 1<J,r..(Y''')=X-'I'=O
 

,J/
:x 

Pac, I 6PRC. I a 
(4) 

HHBapBaRTHOe MHOroo6pa31Ie Iw,e: O Tpaslcropaa Ha HHBapBaHTHOM 

:rICeye:ta:CTBO TpaeKTOpHA H8 HeM, MH9fOXROTHOM MHoroo6pasKR 
nt1 (U) 

lIpoeRnwI KOTOpllX aa 11 'llt; T~/lJO::: c.onst H eê npoez-, 
ecrs rrp!lM8JI X-",- i.p , ~.::. o. ~ aa '1f~~J. 

4) CymecTByeT Hes8B11c.RJItHB OT :rnneppa,woa f (lI OT '1 ) 
1(1) ( X. )


rrepBl:lA HHTerpan W,t .. O,±e>O J4>.
 
~) EMaeT MeCTO HeoT~apTnoe pas~eneHHe nepeMeHHHX B ypáBHeHHH
 

I'a.MM:bTOHa-HKo6B pacCMaTp1IBaeMla sa.na~. ORo oaaaano o 1fla.KT0pKsaD;HeA
 

iltelcTmm: W(9, ~) B BH,Ite W(91~) =Wi(p)· W,2.(I{» BMeCTO oossaoro
 
npe,lt<)TaBJIemm .ero B mme CYMMll JJ;BYX llJYHKn.1II paSHHX apI'YMaHTOB:
 

'W,.~(p) +-vJz.(\P). 
6) Pemeoe sa,n;a"m MOJltHO rrOJIY1IH'l':b B KBa,n;p8TYpax. 
.3'.rJI CBolc'.rl3S HaTIOMim8JDT CBolcTBa BnOJlHe HHTerPBpyeMUX lIO Bypy 

Jr:Hy:8BJIJ1]) sa,n;all, O,lijlaRO HMeDTCH II C~eCTBeHHHe pa3Jllll{HJl.B lffiCTHOC'l'lI, 

TOp 1f~~ , sa lICKJm'tleHBeM CJIY~811 p== O, ae eCT:b HHBapKaB'l' 

aoe MHoro06pasBe -qsSOBOro noeosa ClICTeMH 11 TpaeRTopo ae JI9JlaT na li, 

HeM. CtmT811 8ItBBBaJIeBTHI:lMH TpaeRTOpml c o,romaIroBIDm JIpoeItD;mDDI aa 
1r'x~) (CM. PBc. I a.o) , M<>mIO paCCMa'l'peaT:b 8'l'OT 'l'Op KaR 

MHoro06paslIe KJlaCCOB 8KBBBa1IeHTHHX 'l'paelt'Topd. S'ro MHoro06paslle 

paasae 'UlC1TDiO lISY1l8JI0C:b B e;;tjSB c ~po:lHmm C'l'OJIKHOBeHJ1'JDlH: B ROJIJIB

HeapHol ~BOBCKOI sa.na~e 7. 
Y8W' CJIY1iaSIMlt lIpBMH'1'l'l'BHHX ,ltBDeHd c IE.. \ :::. o 11 C Ió I ::: Qo 

KMeD'l'CH, O,1tHaKO, cyIlteCTBeHHHe paaaaxaa. 

1cTpeM1IeHBe \E1 R 00 COO'l'BeTcTBye'l' npeHe6peaeBlm BSaJDIO- /11 
,n;eitCTmleM M,81IJIJ -qaCT~aMR.,T.e. paCCMO'l'pemm ClIC'l'eMH TpeX cB060;ItHHX 

'llSC'l.'liIn. Tol',lta lIJasoBHI nOTOR COBlIa,n;aeT c nOTOROII BlIOJIBe BHTerPllPYe

6 

~~-._ .... o:: __ ~ .... 

Mo~f rro Bypy - ..1llryBHJL1IIO CRCTeMbI H na H°ê ILI:. 00) HMeeTCJI rrOJIHHit H8'60p 
(I) () . 

.rr;orromm:TeJI:bHllX rJI068JI:bHHX nepmzx IDlTerpaJIOB 1I0JIEjS~lP) = lP-,X. ,II.J~E.S~./tp,rv.:: 
_ e '1!W5XI -=:: Õ j cos x-I . Ypa.BHeHHe nepnoro nopansa ;IJ.JIJI npoex
~it rpaexropaã aa 1T'~~J Tpi113RaJI:bHO li HHTerpRpyeTCJI npR rrOMOII{H 

onaoã e,1ijIHCTBeHIIOR RBa,IlJ>aTy,pll. KpoMe HeCT8.H.rr;8pTHOro pasnenenaa rre

peMeHHIlX B ypaBHemm TaMM:bTOHa - ílR06H, sorna VJ(p)c.() I"\Jf~E .p sí.n(tp-l{J), 
r.rr;e E - C'O , a lf ':: co 175t, BOSMOJKHO R CT8H,I1;apTHOe pasnexenaeo 
rrepeaêaaax , npa KOTOpoM W(çJlf»~v~E'(f!Jpz.;.fb2.._{ ,- Q./ct;j{f'/Pol.-L

1 

+-P/p), 
rne o = corvsi: • To'tllia, Hs06p8JltaI()IJtaJI TpeJClffiCTH~IYIO CHCTeMY B IIJIOC-

r e (í'j') (2) 
ROCTnrx.p'f ' JJ;BIDKeTCJI rro rrpmvroit JIIDnm .p -= Po j cos (r.p -l{J" ) C noc-
TommOa -CROpocT:blO V2 E!fi ' , T • e. KaK cB06o,IOl8JI 'tI8 CTHIJ,a. 

CJIy'tffii 1E.i ::. O cymecrseaao C',JIOJKHee, 3a JlcKJIIO'tJ~ürneM HeROTopHX 

cnenaamasx rrOTeHllJlaJIOB: OCIJl{JL1I.fITOpHlle HJrn rrOTBHlJ;HaJIll creneaa O,IOlO-

po.n;HOCTH n, -::. - 2 ((,j:. ~ rr.rr;8 S8,It8'l8 BrrOJIHe IDlTerplIpyeMa npa 
JII060H q,yHRIP O( C<.p } 3, ís (lIacTHW1 CJIY'tIaX ecrs ROJIJIO,IOKepoBCKoe 

B38HMo.rr;eiicTBHB). JijJYI'He rroTeHlJ;Hamí:, nanpaxep KYJIOnOBCKPIe IDIH H:bJ(}

TOHoBc~e,T~e9YIDT BBe.rr;eHHff HOBHX crrelJ;HaJI:bHHX WYHKURH ;IJ.JIJI OIIHCaHHH 

peIlleHHit l4- 6 • ,1J,IDI ImX rrOJIY'tIaeTCJI HeTPKB11aJIllHOe ypasneaae aa Tope 

'Irx(~ ,ROTopoe eQfl'r, Hemmeibioe yp8BHeHRe A6eJI.fI 11 rtMeeT MHO]KeCTBO 

HerrOJJ;BIDKHI:lXH rroJJ;BIDitHHX OG06I:lX roxex, Pemeaaa HMeIOT rrO"~lle KpuTH

'leCKHe rrOJIIOC8, T.e~ OHH He 06na~aDT CBOHCTBOM ITeHJIeBe I • 
BaToM cny'lae cymeCTByeT TOJI:bRO HeCTaH):(apTH~ crroc06 pas.rr;eJIeHHH 

nepeaenasx B ypaBHemm I'aMwI:bToila ,~HK06H, rrpa ,KOTOpoM 

\<J(~I~)':: ~2.fi pc.Jf(tp) , 

r.rr;e fCl{}) YJtOBJIeTBOPJIeT ypaBHeHIDO iI4-l6/ 

.c..,-l. 2fZ
T r o: == - 0«41) • (l6) 

I 
(f)

KpoMe KHTer~a w}o(XJ~) B a1'OM CJIY'tIae ~ee'l'CJI 11 HHTerpaJI 

ti' 

<z,) J.I 'V i: -r -v r({J --(r Wjo{x.'~I-'Yl)=-YJ.- CALP ~XoL'{J) w)x,4'b ) 
(I7)

'fio 

(~) 

r,n:e X--c (lP, 1) orr;pe.rr;eJI.SleTbH H3 YpaBHeHIDI r =- I LO ~ {x. I ~ L 
J1HTerpaJIH r(/'2.) (;;(..,LP) YJ.) q,y-H.KI.U!OH8JI:bltO He~aBHCHMH H sa;tam 

-CU .o (3) 
rrOJIHIlil Ha60p JIo..KaJI:bH1:lX rrepssx HHTerpaJIOB lia ti (E.. :0) • ' 

(I) [ 1'/2.
CJry'tJ8i W:=() BIlOJIHeHHTerpBpyeM li Io,oCt.,lÇ)."== -o«(4'tl 5Lf}):. 

O.n;HaKO,U)ISI c>( (l.(J) oouiero B:H,D;a npa W :1:.0 T-pe6yeT~6edKOHe'tJ-

soe Komrg:eCTBO K:Ba,lU)aTYP ,u,mI HaxOJK,IJ;emm I ~:o (x , LP) /l5/. 31'0 OTHO

7 
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CBTCR B K WYHKU3H 

ó< (l(J) =: 0<0sin (tp-l{J~)5i() (lp-Cf{ )/Sl.'n (!.f-I{),)St:t1(c.p -lP?,)SL'n ('{J-lf}) , (I8) 

KOTOpaH BOSHHKaeT B HbIDTOHOBCKOM n i KY.~OHOBCKOn 3a~a~ax llo~e aHa

~lI~ecKoro llpo~~eHRH rrOTeHIW:~a I47. ~eCb ~ y~OOCTBa MH BBeXR 

oOOSHa~eHmI LP( = l(JZ3,i ; ~-3:: ~.3)1z.. ; LPoj' ~ LPõ f )2... ; yrJIR .lP.Lj,(p 
onpe,rr;eJ1HIOTCH HS ypaBHeHIDI 0«47)::. o, a o< o = const. 

• 1(1,l.)
Ilpa paCCMOTp6HID1 rJIOOaJIbHl:lX CBoí1CTB mITerp~OB (:t,~)n) Hco,o L 

aqxpeKTOB, CBH3aHHHX c HemITerpnpyeMoCTbRl,MIl Orpa.HJl1mMCH nOTeHIW:aJIa-

MR paSHH.X creneaeã O,JJ;HOpo,JJ;HOCTlI () (e ,e, c paSHHMH ú) ), HO c 

qmKCRpoBaHHOH lÍl~eí1 o< ( (f)) B1J,II;a (18). 

4. OCOORe TO~.rm II csoãcena nepnax mITer~OB npa {; =- 9 

.lJ,7IJi qJyHKIJ;Ha cc(LP ) BR,IJ;a (I8) na 'lrx.(~ IDJIeeTCH 24 ocoose 
TO'tlKB rrpoe.KIJ;IDI CECTeMll (Ia). 3TO TO~Im $ K' () () (I(::: (,:?,4,5", 6; n, ,112. E Z)

J I z 
C KOop,ItRRaTaMB 

4'K,.n nl.=lf'I(+n(~; XK' r1:::: nz.r," : K=L;,"I)5/o ) X- :::-"ií/2 +- n 'J': 
) I ) 11r z. .G j n, ()z z. , 

rrPH~eM lf -=. lf(1) ecrs nemecraenaoe pemenae ypaBHeHIDI o( '(4') = O. 
2 

8'1'0 ypaBHeHHe HMeeT KpoMe aero eme 4 (no modo (ID') ), nooõme 
rosopa, KOMILJI6KCHH.X peneana 1.P (n) : n = 2, ••• , 5, KOTO

pae Sa,rr;aroT oCOORe TO~Im JInOpannOlUloro TErra /14/B ([ (Z) • 

BemecTBeHHlle ocoose TO~Im na 1r.x.(~ rmrep6OXR~e~~e.}J.IDI HKX 

coOCTBeHBHe SHa~emm MaTpHD;Ii: fumOR fJ t< j n n JllIIHeaPlI30BaHHOn CHCTe-

J ± _(_i)OIt"nL'" O±. 11. N
MIl HMeIOT mut ?n4JL- I~K. 1(' K eCTb HOpMRpoBO'tffiIie 

MHODTeXR (CM. I ), a 

o: ~ 2 o~ =(_1(Ti K = i, '3,LI. 5"", b , (I9) 

+ w:--~-.- + 2.'D2 = -w- W +- 2v("PJ (20) 

11rne Y(lpl =o( (t.p)/o< (lfi) • lIo lÍlOPMYJIe (20) llo.rry~aeM E cOOCTBeHHHe 

aaaseaaa B OCTaJIbHH.X OCoOH.X TOtIKaX JIliIopannOHHOro rana B ([, ~J I.p , 

MeRffH V(tJJ2.) ~ »(tpW) aa V(I.{J (n)) c ri = 2, ••• , 5. 
BE,1J;H0, ~TO 5K. i 1l,nl, C He~eTHIlMH SHa~eImR:MH k , KOTopRe 

COOTBeTCTBymT napHHM cTQkKHoBe~. B CECTeMe Tpex ~aCTn~,eCTb YSJIH, 

a SK' n n C ~eTHID.m K' .HBJI.lIIOTCH ce,IJ)laMlt. !1?asoBRe noprpera 
, 1 :L (z.) 

npoe,ImIDi CHCTeMH. (Ia) aa TOp 1[1)::. <J npa é. =' o rrOKaSaHH na 
pJl[c.2 (a ,õ) ~ BnOJIRe IDITerpHpyeMoro ~~aK w =0 H .rr;ISI CJIY't{8JI 

-..". ..,..._ ... 

~ PRC. 2- a 

@asoBH.it noprpeT 
rrrr(zj 

aa 11):'1' npa w..o. 

!O
Gil 1- I , I I ~ 

-~t--
J'~ 

·fI 

t 
'ii 

PEc. 2 O 
<»a30Bl:lM llOPTpeT 

rrn(2..) /2
aa 11::t~ npa eJ =1 • 

ú> = I/2, KOTOpH~ cooTBeTcTByeT sa,rr;a~aM c HbRlTOHOBCKEM HXH 

I\YJIOHOBCIGIM BSaIDJIo,rr;eaCTBl1eM. <»a30BHe nOPTpeThI c pa3HHMK co TonOJIO

raqe moa: 3KBHBaJIeHTHH. 

B ospecraocra oc060! TO~Im 5K.' n n B mmeitHoM npn6JmJlteHmi'[ 
I I a, (2.) 

nepBHil Ji1HTerpa.7I npoesnaa ClICTeMH (Ia) na Ilrx:cp npa E- = O 
HMe eT BR,IJ; 

1'l1+-n~[( +)- ~ ((Ie) (1<») ( _)-t /, (IC) (1<.»)]'J :::(-1) W"PI< e, ~4f ó'X- -+-'RnÁl{J - UI( D)( tnl1{lf ó):: +q(Z2. ó l.p ) (2I) 
LJ/O 

ilJ 
8 9 
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rne ~tl ecrs MeMeHTll OPTOroHaJI:bHOti MaTpHIJ;El :Q. (K) , ROTOpasI 
'(j ~ ' 

.n;HaroHaJIH3lIpyeT MaTpHI1Y íIK06H. TaRo.n se BM,II; Y JI.ID:IeWioro IIp.ad.7r.w!teHIDl 

II ~ nHTerpaAa B ORpeCTHOCTRX RO~eRC~ To~ei ~HÓ~OHHOro Tl'rTIa. 

O~aRO HaJIH'tfiI~ pe30HaHCHHX COOTHomeHIDi I,20-22 MeJK,IJy D±. M02lteT 

HapYJilliT:b ro~oMopq)HyID 8KBRBaJIeHTHOCT:b HemmefuIof CHCTeMIl II eê JIIDlett 

HOti ~aCTH. KpoMe TOrO, H3 (2I) He~:b3H Cpa3Y IIPRMTH R BllBO.n;y, ~o 

51<..' f"l.n.... .fIBJI.mOTCJ{ ~orapH~eC.IOOvm TO~RaMH BeTBJIeHIDi JIlO6oro 

rrepBóro mITerpaAa, ROTOpWi ecrs cIJyHKIJ,IDI OT Jw,o * ECJm RO~-
~eHTll rrepe.n; JIora.PEWMaMH B (2I) HaxO,wITCH B pauzoaaasnnx OTHomeHWIX, 

MIi MoxeM H3ÓaJ3HT:bCR OT JIOrapHq>MOB, OÓpa3YH exp(c J) c rro.n;xo;n;mnei 

ROHCTaHTO:R: c, rroJIYtDIB Ta~ oopaeox 0.ICH03Ha'tIHHii rrepBmt miTerpaJI 

B ORpeCTHOCTH TO'iKJI 91<.. n TI. ECJm 8TO MOJKHO c.n;eJIaT:b O.ICHO-

BpeMeHHO B ORpeCTHOCTRX B'ce'x ~codliX TO~e1t, TO MI:i rroJIY'tfiIM rJIoóa.n::bIiHi1: 

nepBl:lA HHTerPaJI. • 
...". (oZ)

J];mI To~eR SIC;n,nz.. c k = I,3,4,5,6 aa 11 x-lf OrmCaHIIaJI 

rrpou,e.n;ypa "azreõpaasanaa" B03MOJitHa, TeR Ka1t Ol(.t-; 01<:- ::: 1= 2 • J];mI TO

~e1t Jm6pammHHoro TIDIa HMeeM 

OCn)jO(n)-: r(~(n») = _ [VeJ,/" +-2 v(lf'(n~7- -eu]/[I/ú./ t-2v(t.p(n) -, +ú)] . 
. (22)

(n)f-/ (n)-

IIplI tU = O OT CID,Ua D / D = - I, T. e. azreopaasanaa H 

arax To~eR B03M02KHa H cymecTByeT rJIodaJI:bllll! nepsaã HHTerpa.n: I~t) ('t,4J). 

IIPH W 4:-0 OTHOmeHHJI r (-cp(nI) (22) 3aBHCHT HerrpepllBHlD~t06pa-

30M OT oTHomeHHA MaCC m ',2)3 (xepes l.V ~ ,2. ):wm 3ap.R:.IJ;OB 
" e t , 2 13 • B ~JIHX OdJIaCTRX 3Ha~eHHA MaCC lJJIH 3aPfmOB 

Im v (\Ç,n}) ,*0 rrpa n= 2, ••• ,5 (CM. pac, 3). Tor.n;a MIl. aaxo
,ItHMCH B oõaacra IIyaHKape /2c}-22/ H rrpoeronm HemmeAHofi CHCTeMbI (IO) 
Ha 1Px~) roHOMO~O aKBH~eHTHa cBoe:R: JIEHeIH02 ~aCTH B ORpeCTHoc

Til TaRol ocoooâ TOl:JKH, ROTOWIO HeJI:b3JI anreõpa.H3HpoBaT:b. Ocooaa TO~Ka 
- (I) 

eCTIl TOTiRa ~eTBJIemm mITerpa.n:a l~ (): ,lP) ::: F(J w o) • 
I .0 I 

Im" PRC. 3 

l'~yl') 
... J (z •.. ,5)

llOJI03eHHH 3Ha~eHIDl ,y B 
tf il) 
~v -3aBlICl1IMQCTH OT IIapaMeTpa 

- s-o 
s-t 
Im,..m

2",m 1 ) 

R;; S '"- 2 cos4Jf € [o, i] B rpamrTa
"'~)_y<S) 

s- t D;l!oHHol sazaxe npa m,,,,- m :t-mz.' 
3(mt-m 2-m1 1 

~()). ~(4) 

OTHomeIDIe r(lplfl)~ y"(lfJz.) BellleCTBeHHO TOJI:bRO npa Y (<Pz) .:>W/2 

R MeHHeTCH aenpepsnasa ccpaaoa B HeROTopóM nnrepaaxe [r"mln , YmD..J( ] 

JIpH aapsapoaaaza MaCC (3apH.IJ;OB). Tor.n;a npn rrO~TH 'ncex 3Ha~eHIDrX 

m1J2.I~ (elJ2.I~) ,.n;JIH ROTOpliX r ('-P:t) nonanaer B '3TOT zarepaan , 

f,'

OTHomeIDIe V"-(tf"2,.) ecrs Hpp~OHaJI:bHOe qnCJIO,,D;7IJI ROTOPOro Bl:illOJI

HJIeTC.fI YCJIOBRe 3l'I:reJIJi /20-227. B pe3YJI:bTaTe TIpoeKIWJI CHCTeMll (Ia) 
aa TOp ~~) I'OJIOMOI$IO 8.KBHBa7IeHTHa csoeâ mmefuIoi qaCTR, a 

TO~ 5z.jntn~ eCT:b HeycTpaHRMaJI JIOrapHWMR~eCKaH TO~ RHTer

pana r; o '""- F ( Jc.J1o) • 
I -00 

1 TaK1iIM oõpasoa, MIl ydeJK,IJ;aeMCH, ~O· rrpa 1..0 -1:= o mITerpaJI 11.1,0 (t,l(') 
eCTIl deCROHequ03Halffiaa WYHR~ TIO MeH:bme.ii Mepe rrpH rrO~TH Bcex 3Ha~e-

HHJIX MaCC (3apH.IJ;OB). . 

1
( 2.) . (t) 

liJHTerpaJI W,o (x.)I.{> J ~ ) CorJIaCHO (I7) 3aBRCHT OT ~ W,o (::t J (J») 

R, CJIe,nOBaTeJIIlHO, eCT:b 6eCROHelfil03HaquaJI cIJyHRnwr BMeCTe c mIM. TaR 

KaR {I ~:~) J e CT:b rro.7IHllA aaoop, TO na M(~) ce. :0) nPR úJ j:. o 
HeT 0.ICH03Ha"tffi.lD( nepsax HHTerpaJIOB, eCJD![ I~I) ,o cecsoaesnoana
~eH. 

5. TpexqaCTHlffiOe pe30HaHCHOe- oocroanae R peaxnaa npa é == o 

IIPR H3MeHeHml rrapaMeTpa 't" 01' - 0>0 .n;o -+- O\Q rrpoeKIJ;WI 

rpaezropaa c E.= O aa IlrX~) H,IteT H3 nezoroporo Y3JIa .:3",,()'n'
J , L 

B coce.n;HlI:lt Y3eJI 5 N, n"n" , ~o COOTBeTcTByeT .IJ:BYM rrOCJIe.n;OBaTeJI:b-
JC I , z: 

HbIM TIapHHM CTOJIRBOBeIUmM sa ROHe'tIHIdí HHTepBaJI nacroamero BpeMelUl t. 
IT08TOMY MJI TIOJIY~eHKfl nóilHoft TpaenoPID! OT -t ~ -00 no t. :::: +-00 

Heodxo,ItID.ro nponoaaars rrpoeRIJ;Hi! CHCTeMH (Ia) na '1Px...(:} xepea TOlIlai 

napaax CTOJIKHOBeH:PII 5"I( ) n,()z. c K = I, 3,5. IIpR W = 1/2 
penenae ecrs aHaJIHTH1IeCKaSI epyH~ rra~/eTpa (t - t ,r/J , rne t , 
ecrs MOMeHT napnoro CTOJIKHOBeIDISI 6,2 • MH nosasex, ~TO MOJEHO rrpo

.n;OJDKaTIl aHaJmTH~eCIm 
PaCcMOTp1:IM TO~KH+ 

HHMH 3Ha~eImJIMH J;;, 
CTBeHHoe pe30HaHCHOe 

rrpoexnaa TpaeRTopmt na T;~. 
51< .n n c K = I, 3,5 • Mex,n;y COdCTBeH-

J I L 

COOTBeTCTBYJlIItHX MaTpRn HRodR RMeeTCH e,Itmi-

COOTHomeHHe 

J + 
::::2J",


I<; .. 

B pe3YJI:bTaTe /20-22/ HemmeilHaa CBCTeMa 6HrOJIOMOpc1IHO 8KBHBa

JIeHTHa cBoel JIEHeIHol ~CTH c .n;odaBHeHHeM e~CTBeHHoro HanHHeARoro 

'}, ) PS30HaHCHOrO lJJleHa BH,IJ;a CDnsL(óx. - CDl15t . .1lP)2.. Paazaraa npaase CTOpO

, : HH B psm TeAJIOpa B ospecraocrsx To-qeR 51( j n1 n L. 3 C K= 1,3,5,n 
ydeJK.naeMCH, liTO ROa<IxlíH:rm:eHT rrepe,n 8TRM qn:eHOM paBeH HyJIJO H .n;aRRaR 

HeJIRHeAHaJI CBCTeMB dHrOJIOMO~O 8KBBBaneHTHa cBOeA JIEHelHol qaCTH. 

CJIe,nOBaTeJI:bHO, c TO'tIHOCT:bJ),nO l?z (Ll;t,lHf') es rrepÍm::2 JiIHTerpaJI HMeeT 

mm (21) ~ OT.KY.Ita ,It.7ISI npoeKIJ.Im Tpaenop;m B ORpeCTHOCTRX TOqeR rrap

lO 11 
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HUX CTO~KHOBeHRH nonyqaeM ypaBHeHlie 

fi (~'-lf'.J =: cons i ["X -CtP-lPJr+- Q;fx -(4) -'PI,)J =-l ts fI< (X.-6if» +- 03 . 
(23) 

3;necI> MbI napaMeTplIsnpyeM saaxeaae nepsoro anrerpaaa cons-t :=. 

:: HI4~~o():"lfij =.± tj f'-< na ,n;aRROR rpaezropaa npa rroMoum yr~a f5i<. • Tor

,n;a aHaITHTli~eCKOe npo,n;O~eHlie TpaeKTOpMH ~epes napHHe CTO~KHOBeHRff 

oaaaxaer , 'tlTO noMe npaxona B TO'lKj1 ~5K ;n,r1z. IIO O-,IUloit BeTBH na

paõoza (23) npo8KW1H rpaexropza BbJXO,n;:aT as 5><. ~.n1()l; no ,n;pyI'O-ii 
BeTBl!- TOtl JKe napaooaa, T. e. yro~ p K ne MemreTCH. 

~ lIsy'tlenHH p~06anI>Horo nOBe~HRK TpaeKTopRã Heo6xo,IJ;KMo 3HaTI>, 

KaK MelUleTCH YI'OJI ft-< npn IIOÇJIe,I(OBaTe~I>HOM npoxoznenza ClICTeMH 

xepea napnse CTO~KHOBeHRH, T. e. ~HKumo f>k. ( N) ,r,n;e N 8CTI> 

osepezaoã HOMep napnoro CTo~KHOBeHIDI. 3.D:eCI> rrpo.H.B1IHeTCH rrpmnnnm

anI>HM. paaaana Me1tf]:Y BnO~He lIHTerpHpyeMHM CJIY'laeM cu = Q. R neaa-
T8rpHpY8MHM'CJIY~aeM	 w 1= O • (I) 

IlpR úJ.:=. O It!MeeTCH O,n;HOSHalffiltlt HHTerpM 10 o (x,lP) li fJi(
~(Z.) , 

ecrs O,n;HOSH8lIHaR cIJyHKI.lWI na 11 ?Gl(! • Tor,n;a npR BOSBpameHIDI CRC-

TeMl:l B TO'lKY 5-"j n , () 2. yro~ j3k. np:mmr.meT CBOe npesnee 

saaxeaae HeSaBHCHMO OT rrp8,IJ;HC TOpID1 ,IJ;BKlKeIDUI, T • e. iJlC.(N) = conse. 
,	 IÕÕ1 (Z.)IIB pesY~I>TaTe ITpoe~ TpaeKTopHli Ha x~ COBepmaeT c Te~eHHeM 

Bp8Melm t õecsoaesace rrosropenae SaMKHyTOro muma za onaoro R1m 

lI3 ,103yx KYCKOB, coe,Iijffi.ID{iItI TO'lKY S"I<.'j111'n~ C ~I(.II:..();' n: 
COOTBeTCTBeHHO rrpH K I ::. K Ir R1IlI npa K I '* K " (ex, pUC. 2a). 

'B nepsox CJIY'lae npoacxonar Ó8exOH8'tffi08 CTaJLKHBaHKe O,IUloa H TOR 

ae naps ~aCTl:U~. AHanIt!S rpe-rsero ypaBHeHID1 CRCTeMH (lO) (,IT)IJI YL (1::) } 

noxasasaer , 'tlTO MHPOB~e ~mum rpex ~CTRIJ; lIMeIDT rrOKa3a.HHI:lH na ;pHC. 4a 

BIm.B O,IUlOM HanpaMeHID1 OCH t CHCT8Ma CXJIOruma8TC& B TpoifHol'f'l y,nape,a 

B ~yroM pacrra,n;aeTcH Ha rrapy 6ecnpepHBHO CTanERBaromKXcH qáCTHn K CBO

ÓO.IOlYlO 'l8CT1UlY· 

Bo- BTOpoM" CJIY'lae rrpoHcXO,nlIT 

6eCROHeqaOe rrepeópaCHBaHHe cpe,n;

HeA llacTlmIl MeJK,IJ;y .ItBYMH KpaJíHmnH 

(CM.pRC.46).Moano CllHTaTI>, ~TO 

CRCTeMa Bce BpeMK HaxO,IJ;HTCH B 

"CBHSaHHOM~ TpeX'laCT~OM COC

TOmum, MeIDIR: CBOH pasMep 1J.0 
x HYJ!fI mm: no õeCaoaesaoCTR , B 

38BHCKMOCTH 6T Harrpa~eHHff Ha

~anI>HHX CKopoCTe~. 

IIpH W ::p O B pesYJII>-

TaTe óeCKOHe'tffiOSHalfliOcTR IlliTer-PMC. 4a 

12 

"--

UI	 .I paaa I tv,O (x)4') npa rrOBTopHOM
j'I npaxone B TO'tlKj1 ;SI(. )11,112. yro~! 

; 
~.<. l'IMeeT HOBoe saaxeaae , T. e. 

fJ.c..(N) *' const. BaTOM CJIY'tlae 

~er'le npoBeCTli Ka'tleCTBeHHHR aHa

~H3 perneHHH ypaBHeHHH (I6), KO

ropoe 8KBRBMeHTHO rrpoeK~ C~C-

~ 

I TeMhI (lO) na U'~(~) /I4-16/ .. 
I 

T BH,n; lf>YHKIUm f (l.P) nosaaan na 
PHC. 4 6 pao , 5. 3To 6eCKOHe'tlH03Ha'tlHaJI '<PYHK

I unE, 3H8'leHRH f~N) KOTOpoi
 

~> na ~HIDIX napaax CTO~KHOBeHR:a I..f':::. l.PK. Momo CBHSaTI> c (6)(
 

no WoPMY~e (N) -iJ	 ' I

I	 fI(.' = úJ2Io<)(l~pl«(N)~i+-L(ú./- • 

Ilpa ,IJ;BIDKeIUm CliCTeMIl OT f:=. -00 

zto .j- .:::. +00 caaxana npoaoxo
,n;R:T rrOMe,IJ;OBaTe~I>HHe rrapHHe y,n;apll 

na ~~ LP = cp 3> , cBHsaHHHe c 

,IJ;BIDKelilleM ns ~ n'()' B $""1")"/,\/1,. 3r I .z. -'I t ' '2

C MOHOTOHHO B03paCT~eH aMllXHTY

PRc. 5 ,IJ;oií 6lp 
N 
mcu<, IIPH BH6paHHoit Harvrn: 

HYMep~R y,n;apoB rrocne SHa'leHRH 

N= O HallIDIaeTCH ,103IDKeHRe rro .IJ:BYXTaR'l'HOMY muory za ~., 'I) I ..., , :l, f "lo 

B 5.'n ll n" li OÓpaTHO, npa KOTOpoM 'lepe,I(ylOTCSI CTO~KHOBeHIDI pae 
") 1	 2

HHX nap llaCTHIJ; (npa tQ = LP3 li rrpli '-P::o l.(J1 ). -qepe3 HeKOTO

poe KOJIRlIeCTBO A N TaKHX y,n;apoB (aa pHC. 5 AN =- 3 ) cac-

TeMa BXO,ItRT B HOB:rm pe2KIDJI HS O.n;HOTaRTHHX mUt7IOB:liS 01jn~ni· 

B 51 i n;' () 1 - npa L'1N HelleTHOM II.Jm lIS ~3" n I () / B 
.) I, N 

93 ; n,"n~ - npa t.N 'leTHOM. IIpR aToM a.MIIJmTY,IJ;H J0.1..p mCU<. 

MOHOTOHHO .y6HBaIDT npa N- 00 • 

~SR~eCKaH KapTIDIa ,103IDKeHRH BllrJI.R:,IJ;RT KaK c6JIIDKemI8 cramorsa

:I<:meftCJI napa 'laCTHIJ; (2,3) c oT,n;eJlI>HOií 'laCTliD;8ií I, rrpz KOTOPoM CBH

3aHHaH napa paCKa~aeTCJI ,n;o'rrepeCKaKHBaHRH 'laCTH~ 2 K 'laCTHne I 
n oópaTHo K 'laCTHD;8 3. IIpn aTOM B03ImKaeT TpeXllaCT~oe CBHSaHHOe 

cocroaaae - "peSOHaHC" c KOHe'tJHHM BpeMeHeM mI3Im - B rexenae A N 
y,n;apoB. IIocne aroro TpexqaCT~ peSOHaHC pacna,n:aeTCJI B S8BHCKMQC

TlI OT 'leTHOCTH 6 rv aa RCXO,ItHylO (npa /J.W 'tleTHOM) :wm: HOBYIO 

(rrpn .1N He'tleTHOM) rrapy II OT,n;eJlI>rryIO, YX0.rvmtYIO OT aeê ~CTIUlY. 
TaKHM OÓpaSOM, rrpolIcxO~qT peaKUnR c OÓMeHOM ~ 683 OóM8Ha 'laCTHD;8ií. 

\	 13 
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11' 

8Ta ÓJIOJKHaJi sapraua nepexoncn as onaoro peJKHMá B .n:pyrOH BOSMOJK

na oaaronapa deCKOHe'tffi03Ha'tffiOCTR ,n:orrOJIHwreJI.õHI:OC IDITerpaJI~B sa,I{a1I c 

(J =t= o R COOTBeTcTByeT J1BJIeHIDIM, HaÓJIIO,n:aeMh[M B XIDJImiI, aTOMHOH, 

JJ,IJ;epHo:ti lÍlJlISlIKe ~ B \PlI3l!K8 3JIeMeHTapHbIX -qa.CTMIJ;. TaROH TIDI nOBe.I(eHIDi 

HeB03MoxeH BO BIIOJIHe IDiTerpl1pyerv'IbIX no Eypy - JIllYBWJJIl) aanaxax, B 

ROTOpHX HS-3a O,IJ;H03Ha1IHOCTJII JlIRTerpaJIOB Bo3MOxaO TOJI.õKO ÓeCI\OHe1IHOe 

noaropeaae O,IJ;H0TIUlliRX IU1KJIOB, 'ITO MH BImeJm B CJIY'Iae G0 = O • ! 
PeSYJIhTaTI:l ~CJIeHHHX paC'IeTOB rrpoeKIUdi TpaeKTop:aH na T;;;; 

,n:o :a rrOCJIe pe30HaHca rrOKa3aHH Ha p:ac. 6 a,d COOTBeTCTBeHHo ~ peaK

mrM c oóMeHoM ( ÁN = 3 ) :a cea odMeHa ( óN = 4). CoOTBeTCTBeHHO MI!

poBRe JIl1HKH Tpex 'IaCTHIJ; rrpRBe,n:eHH Ha pRc.7 a,ó, a BJII,IJ; TpaeKTopni 

o(tp) ~ na pRO. 8 a ,õ , 'Ilum:'tffioe pesoaaacnoe noaenemre qJyHI<IJ;Im '1 
') ( (N) f (N -I)

Ó (N "" TI<. -' K rrpe,n:C'l'aB7IeHO aa p:ac.9. 

!<Ç ti' 

PRc. 6 a PRC. 6 Ó 

-IIpoe..KUWI rJIOÓaJlhHOi rpaexropIDI IIpoelUJWl rJI06a.m>HoH TpaeKT-O
l""1'T':f (2.) 

aa Ij,]C.V ,It1lH peaKI.JJ{H c OóMeHOM plIl! lia 7rx~) MH peaKUID'! 

(t:.N =3) • oea oÓMeHa (MJ = 4) 

x 

PRo. 7 a 

r~poBHe JIKHHH Tpex 'IaCTHU 

npJII peaR~ c oÓMeHoM. 

-t 

j(lfl) 

\fi, 4'3 <p 

PHO.. 8 a 

TpaeKTop~ 5(lp) npa peaz

I:J,WI c oÓMeHoM. 
A("~ 

I~ 
..~ 

L ~ N '--
PRo. 9 

P1iIc_. 7 <:5 

MHpoBlie JIHIUm rpex 'tlaCTBIJ; npa 
peaKunH Óe3 oÓMeHa. 

9(41) 

'41, CP3 <.p 

PRo. 8 6. 
TpaeKTopmr .5 (lp) llPH peaz

~ 6e3 o<:5MeHa. 

OTMeTBM He06~ orroooó 

B09HHKHOBeHBH Tpe~o~oro pe30

HaHOHOro OOOTOsrmm·, BO BpeMJi KOTO

poro rrpoeroJ;WI TpaeR'roPJm na 'll'x.(~) 
JIeDT BHYTPH 06JIaCTB OKOJIO TO'qKH 

{ 4' "F lP2- , 'X. = O5 o rpmmn,a.
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MM MS 'tIeTllpeX cerraparpnc.; CBff31IBaIOlIUiX Ce,1J)Ia { lp =- lf'2,. :> X=. :!: 'li /2.. } C ys-

JIaMIi 1t.p~~,,;jX--::.OJ - CM. pIlIe-.26 •. B OTJllitIMa OT 06WllibIX peso-
HaHCO-B OCIlHJIJIHTOpHOro TInIa (CM., nanpaxep, B/4, 5/ ) , BHYTpH 3TOH 06

JIaCTB peSOHaHCa lIeT ~IiIIITIIItIaCKOH OC060H TO'tIKIII.CymecTBoBaHHe Tpex

tIaCTHtIHoro pe30HaHca cBHsaHo TOJIhRO c rRrrep60JIBtIecHIiIMH oc06MMH TOtIRa

MR, tITO rrpHBO,IJ;HT K nOKa3aHHoM,y na pRC. 6 a ,õ Bl'I,IlJ rrpoeKmIH rpaexro
pMH B OÓJIaCTR pe30HaHca. 

6. OCHoBHhIe CBoHcTBa ,IJ;BlDKeHMH c 1f.I=t:O 

HOCTH Bcex .n;orrOnHHTeJI:OHHX HHTerpanOB B paOOMaTPHBaeMHX HaMH S~8tIax 

rpex tI8CTHIJ;. 

Tor.n;a BCCJIe.n;OBamuI rryHRT8 3 ItOR8SHBBlO'l', tITO nPH CV"4: O sanaxa 
c ~~ett ~Jtp) BlI,IUl (18), B TOM ~OJIe H:&IOTOHOBC!Ca.f! R KYJIOHOB

CRaR: sanaaa rpex tIaCTRU na nprIMOft, HemITerp1IpyeMbl no MeH:bmeft Mepe 

npa nOtITR ncex 3Ha-q8HlIJlX MaOO, wm: SSprmOB. .uo nozacro .n;ORa38TeJI:OCT

Ba xx HeHHTerPHPY8MOOTU OOT8BTQn ItOIWS8T:& deOROHe~03HatIHOOT:O RH
(I) 

, \ rerpaaa I w)o (x-,lt') Itpn 8H8'tleHmtX MaOO (a8PfUtoB) as H8ttoTOPOro MHO-

CJrytIaii IE-l tO cymecmemro CJIOJKHee. B paCCMaTpWaeMbIX HaMK 

sanasax c o<(lp ) Blma (18-) n co *- O .n;BIDiteHIDI c ItI =1= O , rro-

BlUOIMOMY,He HBJIJWTC.l\i rrpl:tMWl'IrnHm.rn:,. T.e. Terrep:o HeJl:03H rrOHH3-RT:O .n;o 

rrepBoro rro~oR ypaBHeHHH TpaeKTopHIi (6). HerKo rrpoBePRT:O, tITO BeR

ropnoe noae FJ ne 3a,IJ;aeT CI1MMeTpnE <fJa30BOro rrOTORa CRCTeMnI (Ia), 
TaR KaR npa 1E.~+O [XW1f. ,Nlf-\Xw,l- +)..)~ . B pe3YJI:OTaTe npoesnaa rpaex-
Topnit na 1f~~ nepecenanrca (CM. pHC. lO} R wm HRX HeT )J;]IqxpepeH-

mlaJI:OHoro ~paBHeHWI nepsoro rroPH.IJ;Ra na 3TOM Tope. 

ITo~eM, tITO .n;OKa3aTeJI:OCTBO He
90 I x ., " I ". lIHTerpRpyeMocTR CJfYtIaR: c It I = O 

I 
CBO;IJ;3TCR K J2[CCJIe.n;OBaHmO zarerpaaa 

(f) ( U

"',o ")(.,~) , CBOl1CTBa KOTOPOro lI3

aaraxacs BI:lIIIe. ,UeitcTBRTeJI:oHO, eCJIR 

cp 
BBeOTR B KatIeCTBe He3aBHCEMOH rrepe

(4) 

MeHHofl z =.l wJo (x,lP) , JIerRO rro

Im3aT:O, tITO ~ CRCTeMR (Ia) He'!' He

saaacanero OT i!. nepnoro zarer
paaa, ,1LJm 3TOro HYJKHO RCCJIe.n;OB8T:O 

lf, íP, 
COBMeCTKMOCT:O CRCTeMH tIaCTHHX .nn~ 

~peHIJIlan::oHHX y paBHeHlfit rrepsoro rro
PHc. Ia 'tT'(L) 

ITpoeKURff TpaeKToPRR Ha II~~ pst.1tKB. 

rrpH E.. c:.::. o B rpaBRTa:rmoHHo~ -:> ~ 

38,ItatIe. X 1:::.0 Z 1=0 )~,E, 

r.n;e Z ~ di:! • COrJIaCHO reopexe ~po6eHHYCa /24/ YCJ10BHe COBMeCTHMOc" 

TH eCT:O LZ ,XGJ,J =-- I--,Z 1- )..z.1OJI€- • c ytIeTOM JIBHOro BMa rrOJIeH Xc.J,(. 
H i! OHO CBO.u;HTCH R Tpe60BaIDIlo O=- dx. (~:t) = -SLI1-Z..x , tITO,OtIemm

HO, ImItor.n;a ae BmIOJIH.fieTC.fI. 

B pe3YJI:OTaTe JIID60ft rrepBHH HHTerpaJI CnCTeMH (Ia) RlUllIeTUK 6ecRO

He~ofi qJyHKD;H:eit BMeCTe c I~1 ~ ( x: ,c.p) p T. e o BCR: npooneaa .n;OKaSaTeJI:O
'\ / 

CTEa HeHHTerpRpyeMocTR CBO~TCR K RCCJIe.n;OBaRMID 6eCROHeqg03HaqaOCTH 

IDITerpaJIa I ~~o (x ,l(J) , ROTOpbl:i JIBJI.S:eTCH HCTO'I:ffiPIKOM 6eCROHetIH03Ha'tl 

xeCTB8 BYJIeBoft Mepu.
 

CJry'tffi! w 11 O BnOJIHe ltUT 8rp1tpyeM, R Itp1I Iti v/I O HMeeTCR noz-

HHR Haoop rJIOdan:oHHX nepBHX DHTerpanOB:
 

I (i) [ 1 1. ~zJJjIZ. 
0/(. '= - CX(lfl)si" X. ~ t. (05 X. v , 

(2) [ V '] - il' =. S ohv'- + 5hr 1-E(I(l)rZ~2. ,
O)E o 0 ,(. 

r.n;e 

-~ 2. (1) I 
õ(')f"W) ~ (OS ,tdxol""oCx)tp) úJ =0 

(3) (3) 
ITpn toe O c IIOMOm:&IO ItOMlIOHeHT M (IEI:::.O) II H (IEI""'Oo) 

MHOJKeCT13a rrpID.mTRBHOCTll q)a30BOro rrOTOKB. aanaxa MOJK.HO noorpoarr, pR:.n;H: 

C:pa3HID.m 06JIaCTIDm CXO.n;m.roCTH.It,1I.fI rrOJIHoro Ha60P, JIOKaII:OHHX rrepBHX 

JilliTerpaJIOB MeTo.n;OM rrOCJIe.n;OBaTeJI:OHIlX rrpR6JI1DleJlli:tí: 16/. O,IUIaKO OHH 

He .n;aIOT rrpe.n;cTaBJIeHHH o KatIeCTBeHHOM rrOBe.n;eHHH CHcTeMU. 

B Be~ecTBeHHol 06JIaCTH rrepeMeHHHX H8 ~(3l€) nM8IOTCJ! CJIe.nyID

mge ocoOHe TOtIKR H JIEHHH: 
I. To'IKl! Tpoibwx CTOJIKHOBeImA: 

lf1 ' n r'l =4>2. +n,$" ). X 2.'n n =~(n'Z..~ 1/Z) ; 52.'n n =Oj n1 l é Z. 
) 1 l. J 1 Z. 1 1 2.. ' 

r ~ 

C06CTBeHHHe 3Ha'tIeHIDl J; MaTpHIJ;a 5ilto6H J HMOIOT rrpemnrli BH,It,
 

.KaIt ,Il)ISI TOtIeIt 52.' n n na r-w~ ~~, a TpeT:oe C06CTBeHHoe'
 
11 z, Dl) ~....-

3HatIeHHe nOJ!YtIaeTCH c = -2. 8TH TOtIKH eCT:O ce,1J)I0YaHH H rrpoeItTR-

PYIOTCH B TOtIlm ;)2. :n, Oz. sa 1fi~'. 1{aQeCTBeHHoe noaenenae 

TpaeKTopHi B fi OItpeCTHO.CTn nOKa3aHO H8 pKC. 11. 
ITepallHCJIID4 HeItOTOpHe csoâcraa TOtIeK TpotiHHx CTOJIKHOBeHllA: a) no

, seneaae Tpae.K'l'opd B EX OItpeCTHOCT.RX ae 3aB!1cHT OT e ; 6) MHO

rooõpasae pemeHJitli, ,rtOCTRl'a.DfUfX TOllR.K rpoãnoro y.n;apa, eCT:b rJI~Itoe 

.n;BYMepHOe MHoroo6paSKe L s B H-{j'[E:.) , soropoe KaCaeTCH IJJIOCItOCTR, 

HaTmiYTOI H8 co6CTBeHHHe BeK'l'OpH IDi > .K \ D~ > MaTPHIU:l 
íI.K06H j . 3T0 0606maeT peSYJI:OTaT Cnran:a R3 rpaBRTaIl;HoHHoI 3~atI.K 
aa IIOTeHmIa.IDl BH,IJ;a (3); B) RatIeCTBeHHaJI itapTRHa ne 3a.BBCHT OT w; 
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PHC. 11 
~asoBH;~ nOTOK B oKpeqTHoc

'rH epoãnoro y.,napa. 

OIm rrpoeKTlIpyIO'l'ruI B TOt{KaX 

r) npa C0 1=- o )4.7IJI nO'tITM acex 3Ha'tfeHHH 

HO BU1IIe, TaK KaK MaTplIIJ,B .ff.K061I j ae saBHCHT OT 5. K HSBeCT-
HUM c06CTBeHHHM SHaqeHRffiM .n;oOaBnHeTCfl J 0.= o. B 8THX -TO'tIKaX: 

a) nOBe.n;eHlIe TpaeKTOpH~ He saBliCHT OT E ; 6) ~OKMDHO rpaereropza 
~"QJKaTCJi aa nOBepXHOCTE: .:5.: con st: , rne HMeeTca YiKe HsY'tIeHHHI Ha
Ma pery~pHsyeMHR peSOHaHCHYH yse~; B) J ± II ] o ' eCT:& KOHcTaHTH, 
He SaBHCSDJU'[e OT c.J H OT E.. -e 

3. Oc06a$1 JrnHHH Ls:rij. na nonepxnocra XHm:ra V(P.lfJ)· =. E 

- 1/,., [x'= XJ~)=ctr6~[n-'o«(lf)/o«(47)J 5=5(11')= [ lX(4)l~] ) LPé o,2:r.1. 

C06CTieHHHe SHaqeHHR MaTpHUU RK06H eCTD 

J 't- 2 p.l 2. l.2. 7 J- P .rz-,2. z.'
(\.P) = a.o Y11 +-(X'ld.. i (4)) =- o...b V'n...... o< /0< JO(lp) == O., 

H B MOCKOCTR BeKTopoB I J!" (Ip) > HMeIDTCH peaoaaHCHue ce~a: 

Macc (3aPfI.IJ;OB) oraoaeaaa D;'/ O~ ap
pauHOHanDHO"R TO'tIKa TponHoro coy~apeHRff 

HeperY.~pHsyeMa, qTO 6606maeT peSY~DTaT 

lIS /77; .n;) B6Jm:3E: rpoãaoro CT0~KHOBeHIDl 
nO~E: Bce TpaeKTopHH lI,IJ;yT B ~yx HanpaB

~eHID!X, sacamaxoa BeKTopoB 1Dl >, 
qTO .n;o~o npHBO~TD K Ha6~ro.n;aeMHM HB

~eHIDIM, HanpHMep, B pacnanax K-MeSOHOB 

Ha 3'Jí- Me30Ha • 

2. Oc06ue ~ napHHX CTO~KHOBeRE~ 

L \l:. ,11,1"11. npa K= 1,3,5: 

'-P =. WI( .t- n,'JI y-=nz.~ ) 
:) E 'fR(I)-+

) f'l,,1. G L .. 
~ ~ 

......, (loj51(; n,n'L, na 11 7<-\;" OTIHCaHHHX nonpod

J+(.p)/:;-(<()) .:: -2" . 
SL0s.\

Iloaeneaze CJ2rcTeMU B OKpeCTHOCTH L 
B qaCTHOCTH, npa o«\.P)/é < O JImm:.a L:Ln: 
'~aCTH ROM,lIJIeKCHIDC 3HaqeHH~ rrepexeaaax (nanpaxep, 

aanaxe rrpa E >0 ). IIPH e ==0 HeT mnnm 

TpaHc~p3a~DHo K rrOBepXHOCTH XHn~a, ROTOpaH 

MC5J 
meHHOM: 06JIaCTlI .wm .KlIaCCH'tIeCROro .n;BIDKelum B (€o), H3 

BHXO~T cenaparpaoaaa rrOBepXHOCTl> L..H' COCTO.Rll.taJI lIS cenapaepaoasx 

pememI:A: cnCTeMU (Ia). 3T0 TpaeKTOpIDI, BXo~e B TOqKH noaopora (cen-
JIa), aa ROTOpHX COCTOHT JDmJm L5>in~ • ·l:J.HCJIeHHW1: aHaJIH3 rrORa3HBaeT-: 

saBHClIT OT é. 

HaXO)J;HTCH B 06

B rpaBHTarmoHHoI 

éin~. 

eCTD rpaHHDa pa3pe
Lsins 

.I'
 

J 

. I 

qTO B 06paTHoM Harrpa~eHHH OTE: TpaBRTopHH BXO~T B ~lIHEH rrapHux 

CTOm\HOBeHI~:~ L K, 1'11 n 1. Ha paSHHX BhlCOTax:5 11 C pa3HIDvrn: 

Ko8<M>E:IUieHT;:ilvrn c.itgf3K. (OM. (23)). 
AHaJIOrH~HM 06paaoM D ~RH napHHX OTO~l\HOBeHHft BXO~T 11 peme

HIDi, 06pasYIOIIUIB .ImYMoplryJO nonopXHOOT:D Ls Mi3 TpaeKTopIDt,.n;OcTHranItHX 

B .n;pyrOM xoane Tpo:ttHoro YMpa. EO~H B HertoTopo1t TO'qlte aa L K..', n. ~l. 
C 0.n;H0~ CTOpOrIU nxO,ItlIT pomemte lIB Z. 5 , a o .n;pyroít OTOpOHU 

HS .L H 11 OHH ltMOm O~a1tODhte ItOe~URBHTa c:A:;& j3K. , TO OIDI-

CaHHoe B nYWtTO 5'OHanUTnqeOROe npo~onxBHHe pemBHlIa qepes TOqKH 

napasx OTomtnoB6Hlt1l n~HBe.IJ;eT It nepno,l'CHttoo.KOMy pemeHmo lIS )J;BYX TaKIDC 

KyOKOB, T. e. o O,ltlmM napHHM OTOJIItHOnBHHBM MBJK.ItY T0't11tOll TpoRRoro y.n;a

pa II TO'qROn rrOBopoTa. rro.IJ;06HHM 06paSOM MO~O rrOJIy~TD E: rreplIO.n;H'tIeCKHe 

pemeaaa, npa noropux Me1l\I(y ,IJ;BYMJI ICYCltalvrn xa .L..s II ,... H CHCTeMa 

npoxonar rrpmI3BOJlI>HOe soaevaoe 'tIlICJlO ItYCI{OB rpaerercpza, Ha'tUIHaJIlUIDCCfl 

li xoaxannaxca napaax CTOJIKHOBeHHeM. Ta.IGIM 06paSOM, Mb[ BII,IJ;IDA, lfl'0 npn 

o< (f.P) /e '> O (aanpaaep, B rpaBHTarmOHHOH aanaxe , npa E L:O) 
HMeeTCH .n;nCKpeTHoe MHOXeCTBO KO~JlHHeapHUX rrepHO.n;H'qecKHX pemeHnfi, RO

ropse y.n;OÓHO 3aHYMepOBaTD 'tll'ICJIOM napaax CTOJIItHOBemm M8JK,IlY 

TO'qKoft rpoãaoro y.n;apa H TO'lffiOH nosopora , üpocreãmee lIS oes napHh HHX CTOJIlOiOBeH:ait - MOJKHO OTIHCaTD B MeMeHTapHHX WHKIl;H.S{X 13< II OHO 

ecrs rOMOTeT:aqeCKOe peneaae JIH6pat:tJ1IOHHoro TIDIa ( c LP = cons r ). 

HCCJIe.n;OBaHHe pacnozoxeaaa 8THX pemenzã B f\1 (3).([) rrOaBO~HJIO 

6H rrpoBepRTD rHrrOTesy ITyaHKape o TOM, 'qTO H3arrHpoBaHHHe rrepHO~'tIeC

KHe perneHRH B sa.n;a~e TpeX TeJI SarrOJIHHIDT BCIO,IJ;y ~OTHO HS08HepreTli'tIeC

KYIO rrOBepXHOCTI> npn E <o, 11 .n;a,o 6; HesaBlIclUVfili.i cnocoo .n;oRasa-

TeJIDCTEa HemITerp:apyeMocTH sanaxa 1,2. . 
KpoMe YRaSaHHHX HMeIOTCH oc06He ~HHHH Ha 6ecKoHe'q}{oH rroBepXHoc-

TlI '5= 0>0 : L': II L:g , CM. pRC. 12, rne JI)IR. HarJIR,IJ;ÍlocTlI 

~ 

01 : -i-7; --l7ílp -,-- i.7ii
4'2 LJ,OI I 4lJI 1 : / I 

~ I _'1 __ -I 
2r - -  t<" /
I /2,00 /

I I 
crrJL----..L _ 

Ix 

Pao , 12 
BemeCTBeHHHe-Uc06He TO'tIKR II 

occose .7IIDIlm: npa o( (I)! / E > O. 

rrOBepXHOCTl> 5=00 noxasaaa aa ROHe'tIHOM 

paCCTO.fIHID!. 

HeTPY.n;Ho TaIOKe OTIHCaTD II KOM

~eKCHHe oc06eHHOCTH CHCTeMH (Ia), 
'qTO ~m He 6y.n;eM .n;e~aTD s.n;eCD. 

MHTepecHott H BaEHOa sa.n;a'qeH 

OCTaeTCH rrOCTpoeRMe rro~oro ~SOBO

1'0 noprpera aanaxa c é i' o , ce

'tIeHHH IIyaHKape H Hccne.n;OBaHRe BOS

HnKHOBeHHH xaoca. 

IIo OTHomeHIDD K paCCMOTpeHHHM 

B rryHItTe 5 ~eKTaM B03HHKHOBeHRK 

TpeXqaCTH'tIHoro peSOHaHCa MOERO ~06a
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BMT:b, lfl'0 era BpelVIfI JIt'll:3HH, H3MepRBMoe 'lliCJIOM rr8pHUX CTOJIKHOBeHMif 
D N , 3aBRCHT OT Macc 11: 3ap;I,I(OB. IIPH é --:p O 1!HCJIeHHHe pacne

T1:I rr0.E\83l:lB810T, T.ITO ):(0 pacnana (xorna f - c>e ) no HeKOTOpOM,Y FI3 
oi

B03MO~UX .E\8HaJIOB CHc~eMa Mo~eT HeO.I(HORp8THO 3aXO.I(HT:b B OÓJIaCT:b I 
TpeXT.IaCTHT.IHoro pesoaanoa. Ta.E\8R t1MYJIóTl1pSSOHaHcHaH" TpaeltTopHH RMe8T
 
CJIO~HR BR,n B H(3)( é. ) •
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~HaHeB n.n., MHWOHOB T.M., ~HaHODO ij.R.	 P2-87-737 
3~OKTW HeHHTerpHpyeMocTH I KnOCCH40CKO~ 8QA8~e 
Tpex 4acTH4 Ha npRMO~ 

PaccMoTpeHa KnaCCH40CKon IOAa~Q TPOX 40CTH~ HO HonoADH*HO~ npAMoH c 0AHO
POAHWMH nOTeH4HanaMH D.Q~MOAO~CTDHn. KOTOP~O ~Me~T UHA V _,pha ($) B rHnepc~e
pH4ecKHx KooPAHHOTQX. O ITOT Knocc DxoAnT CHCTOM~ C ADyx4aCTH4HwM Hb~TOHOBC
KHM, KynoHoBcKHM, KonnOA*opODCKHH, OC~HnnnTopH~M H C ADyrHMH THnaMH B3aHMO
AeHCTBHH. HeKoTOp~o H8 HH~ nannOTcn DnonHO HHTorpHPYOM~MH np 6ypy - nHYBHnn~, 

a APyrHe - HOT. Ho aCHOOO MCCnCAODQHHn HODO~ aHOnHTH4QCKO~ CHCTCMW ypasHeHHH 
nepBoro nOpnAKQ Ann TPOOKTOPH~ Ha HIOIHoprOTH40CI(oA nODopXHOCTH nOKasaHo, 4TO 
npH n04TH DCO~ 'H040HHn~ MOCC H lopnAoD DCO AononHHTonbHWO HHTerpanw Hb~TO
HODCKO~ H KynoHoDcKOA lQAQ4 TpCX ~OCTH4 nDnn~Tcn ~OCKOHO~HoaHa4HWMH ~YHK4HA~ 

MH. B poeynbToTo D JTHX HOHHTorpHpYUMWX 30AB40X ooaHHKa~T TpeX4acTH4
HWO CDRI&HHWQ peaOHOHCH~O COCTonHHn c KOHe~H~M opeMeH6M *H3HH. peOK4HH c 06
MeHoM H 6es ofiMeHo 48CTH40~ H T.A. nOI<SSaHO, 4TO TaK~e 3$$eKT~ HeB03Mo*H~ 

B CHCTeMax, KoTopwe RBnR~TCA BnOnHe ~HTerpHpyeMblMH 'no 6ypy - nHYBHnn~ H3-3a 
OAH03Ha4HoCTH HX nepBWX HHTerpanoB. 

Pa60Ta BwnonHeHa B na60paTopHH TeopeTH4eCKoH ~H3HK~ OHRH. 

npenpHHT 061>t!JlHHeHHOrO HHCTmyra lmepHbllt aecnenoeaaaã. ,lly6Ha 1987 

neoeeon O.C.BHHoroanoBoH
 
Flzlev P.P .• Mlshonov'T.M., Flzleva Ts.Ya. ~ P2-87-737
 
Nonintegrable Effects In Classlcal Three-Partlcle
 
Problem on the Llne
 

Three-partlclo problem on a stralght I Ine wlth homogenous potentlals whlch 
have the form of V _pna(p) In hyperspherlcaJ coordlnates Is consldered. Thls 
class of potentlals Inc1udes the systems wlth two-partlcle Newton, Coulomb, ~ 
Calogero, osclllator and other Interactlo~s. Some of these probl~~s are Bour 
Llouville Integrable, others are noto New analytlcal system of "Irst order 
dlfferentlal equatlons for traJectory on the Isoenergy surface Is Investl 
gated. It 15 shown that at hearly all values of masses or charges of partlc
les all addltlonal flrst IntegraIs of Newton and Coulomb three-partlcle prob
lems are Inflnlte-valued functlons. As a consequence, In these 'nonlnte~rabfe 
problems there exista throe-partlcle resonance (bound state wlth flnlte llfe. 
time), reactlons wlth or wlthout partlcle exchange etc~Such effects are not 
posslble In Bour - Llouvllle Integrable systems because of unamblguouslty of 
thelr flrst IntegraIs. ' 

The Investfgatlon haa bean performed at the Laboratory of Theoretlcal
 
Physlcs, JINR.
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