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MaxaHbKOB B.r., cl>eaSIHHH B.K. P17 - 11489 

HoBbiH BH.Ll KonneKTHBHhiX "qaCTnuerrono6HbiX aro5y:tKneHHH: 

B OllHOMepHbiX CHCT8M8X C pe30HBHCHblM B38HMO.ll8HCTBH8M 

flonyqeHbl H HCC119.1IOB8Hbl C011HTOHOITO.ll05Hbie pemeHHSI "a03MYliieHHOrO" 

ypaaaeHHR Wpe.an:Hrepa c Ky6uqecKoH aennHeiiHoCThJO, onHChiBaromero um:po
KBH Kpyr RBlleHHii B TeOpHH KOH.ll8HCHpOB8HHOrO COCTOHHHSI. noK838HO, qro 
cyrnecrayeT uenhtit xnacc pemeanit, KOTOpbtA: He MO:lKeT 6biTb nony'lleH c 

ITOMOillblO CT8H.ll8pTHOA rrpouenypbi p83110/KSHHSl ITO M8110MY napaMeTpy, B TOM 

qucne a paMKBX Mero.aa o5paraoA aaaaqH pacceSIHBSI. rtpnaeaeH SIBHhiH ann 
nayx TaKHX pemeanii, na KOToporo cpasy cne.nyer BhiUienpe:aeneHHoe yTaep>K

.oeHe:e. 

Pa5oTa BbmonHeHa a lla5opaTopHH TeopeTH'IecKoH ¢H3HKH OHS111. 

Coo6meHHe 06be!lHHeHHOro HHCTHTyTa S!!lepHh!X uccneaosaHuii. ny6Ha 1978 

Makhankov V,G., Fedyanin V.K. P17 - 11489 

A New Kind of Collective Particle-Like Excitations in 
One-Dimensional s)rstems with Resonanse Interaction 

The soliton-like solutions to a perturbative Schrooinger 
equation with cublic noniinearity, which describes a b!"oad class of 
condensed matter theory phenomena, are obtained and investigated, 
The whole family of solutions is sh~ not to be obtained via 
the conventional expansion technique, particularly in the framework of 
the inverse scattering method, The explicit solution of such a 
family is given from which it just follows aforesaid, 

The investigation has been performed at the Laboratory of 
Theoretic-B.! Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1978 

© 1978 06'beaBHeHHblfl HHCTHTyT !il/1epHbiX HCCIIellOBBHHfl _ay6H8 

I . IIocJie~e ro.nu xapaKTBP1!3YDTCH Bee BospacTaJJnBM HHTepe
coM R -qacTH!lM pemeHMM Hemmefumx ~peHI.U!aJihHHX ypaBHeH.zi:l:: 
CO~TOHBM, 06yCJIOBnBHO STO,ROHel{HO,He TOJibRO TBM, -qTQ H8XO~eHRe, 
RCC~e~OBaHHe M MCITOJih30B8HR8 pemeH.zi:l: .mmeftHHx ypaBHeH~, COCTa
BRBrnee OOIDRPHyD OOJiaCTb MaTeWSTH"I{BCRO~ ~KSKKH, MOXHO C~TaTb Sa
Bepmemunn, n yqeHHX ITOTHHYJIO Ha "sxsoTHKY He.mme~". HeJIHHei
!tt:.re :JPSBHeHRR ,l!.JIR pa3JIH'!HHX Tip0Il8CCOB B03HH.KJJM 1 6CT8CTBBHHO ,,:n;o
BOJILHO ,II;RBHO; HX CBO~CTBa MSyqa~Cn, a pemeHRH RCTIOJibSO~Cb, 
Ho CKCT6tM>T~8CK06 TIOBC8MBCTH08 HCCJie~OBaHHe EX, peSKOe Bospac
T8HHe 'IUICJia ny6~K8.JlKl!:, TIOCBli!IIBHin.IX CO~TOH8M B T8KHX ~aJieKIDC 1 

Ka38.1IOC:& Oii ,o6JiaCTHX <fm:SMKH, KaK pa,n;ROT8XH1Uta, He.mmeih!M OTITmta, 
<fm:3HK8 IT~83MH, <fm:SHKa KOH,II;6HCupOB8HHOrO COCTOHHBK H TeOpHR SJie
MeHTaptmX 'l8CT~ xapaKTepHO HMBHHO ~ TIOCJie~ero ;rxeCSTHJieTM, 
ITponecc STOT B KaKOi-TO CTeUeHH SaROHOMepeH.llp&XTKqeCRH BCe HBhe
HRR B CHCT6M6 MHOrHX BSBHMO,II;eiCTB~X -qacTHn, MO~e~yeMHe 
,n;RqxpepeHUl!aJinHHME: ypaBHeHRHMH, npHBOWIT K HeJIHHeiHHM ypaBHeHMM. 
8TO,KOHe~tO,OHJIO OC03H8HO ~BHO,H YM8CTHO OTM6THTn, -qTo eme B 
Tp~aTUe ro~ y HaC B CTpaHe 0~ npe~ozeHR H paSBHTH MOmHRe 
OOmHe MeTO,JUi HCCJie~OBaHM HeJIHHefiRHx ypaBHe~, HCTIOJinSyeMHe 
TIOBCeMeCTHO H Tenepn B pas~ TeopeTH1{8CKHX H npaKTH"I{eCRHX 

sa~a'laX HayxH H T8XHMKH, B HaHOOJiee 38KO~eHHOM B~e OHM OHJIH 
~p~eHH B HCC~e~OBaHHRX H.H.EoroJID6oBa I/, C03~aBmero HOBy:D 
OOJiaCTI:. MB.TeMB.TH1{8CRO~ <fm:SIDGI - "He~HHeiHYJ) MeX8.1DlRY~ HaM npe,It
CT8BJIH8TCH1E MH TIOCTapaeMCH ITORaSaTn STO HHZe, ~TO 8TH MeTO,JUi 
JIHryT B OCHOBy HCCJie,ItOBaHHR TeX HeJIHHe~HHX ypaBHe~, 0 KOTOpHX 
pe~ rrolneT HKEe. 
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~eJIO B TOM, 'ITO nepBOHa'laJibHO KHTepec R COJIHTOHHHM pemeHHHM 

aemme!mlx ~epeHiniaJII>HHX ypaBHemm 6wr o6yCJioBJieH BTielfB.TJI.IID

mKMH ycnexaMH B HCCJI9,ll;OBBKHR TaR H83HBB8MHX BTIOJIHe HHT9rpHpyeMHX 

CKCTeM: ypaBHeHHi, HM9DmHX C~eTHOe ~CJIO TIOJIHHOMHaJILHHX SaROHOB 

COxpaHeHK.R:, B nepByt) O~epe.u;:& R Ta!GIM OTHOCJ1TCJ1 ypaBHeHHe lllpe.IJ;HH

repa c ey6~ecxoi HeJIHHe!HocTLD, ypaBHeHHe KoiJTeBer,-.IJ;e-BpHsa, 

CHHYc-rop.IJ;oHa ypaBHeHHe K HeRoTopue .IJ;PYTHe (cM./2•3 ), co.IJ;epsa

mze ,n:ocTaTo~o noJIHHA o6sop RaK WcPMaJibHHX cnoco6oB aaxo.neHKH 

lfa.CTHHX pemeHHA ypaBHeHKR TaRoro TRTIS, TaR K MOJ(eJie! ~S~eCKHX 

!Ip0Il9CCOB, npl!BO,ll;RlltHX R HKM. 0,ll;HB.RO cpaBHKTeJThHO H9,ll;aBHO 6HJIO 

OCOSHaHO, ~TO ({>HSH"!:eCKH CO,ll;epsaTem.HHe MO,ll;8JIH B TeOplm RaR 8JI9-

M8HTapHHX ~SCTHil, TaR H ROH,ll;8HCHpOBaHHOrO COCTOBHHH npHBO.IJ;aT 

R HeJIHHe'ftHHM .ItK(f>(f>epeHillffiJILHHM ypaBHeHHSIM B lfa.CTHHX npol'I8BO.l(HHX, 

MOryml!M HM6TL COJIHTOHOTIO.IJ;06HHe pemeHKH, HO He ~CJ1 BTIOJIHe 

KHTerpKPYeMHM. BnepBHe 8TO 6HJIO llpo,ll;eMOHCTPKpOBBHO B ~CJieHHOM 

8ItCII9pHM9HTe ~ ypaBHemfit TIOJIJI .JCmTca, KJreillia-ropJ(OHa, MO.ItK(f>H

IlliPOBBHHOro ypaBHeH' ~ccHHecRa H "yJIY'IIIleHHoro" ypaBHeHK.R: Kop

TeBera-.IJ;e-BpHsa (OM, 4 B IlBTKpOBaHHyt) TaM JIHTepaTYPy). B ,ll;aHHO! 

pa6oTe 6y.IJ;eT BSJIOZSHO 8HaxHTH"'9CROe KCCJieJ(OBaKHe BO!IpOCOB cymecT

BOBaHHH COJIBTOHOIIO,JJ;06HHX peme~ ' H~~eHH H8ROTOpHe lfaOTHWe pe

meHHH ypaBHeHK.R:, no;ryqeHHoro B 
5 * . B npHBe.IJ;eHHBX nepeMeHHBX 

( x ... -0)"' {? t ~ 0'1 )~ 'f' ( x, t) -> "V rt I X. {) t ,) :;;;-----:,) ~ / X -) =--~ X 
~A T I / /.(Jf~ A.+Z/f 

r.IJ;e, eOJilll ro:eopun .1tJlll onpeJ(eJieHBocTB o6 O.ItHOMepma MOJiexyJIJipHHX 

K})BCTaJIJISX, d, ;: -IIIIIPHHa JQeJDJ B 06MeHI!H1!: miTe~ IIepeHOpMH

poBBHHHe a~RTSMH 8RCBTOH_qoHOHHOrO BSSBMOJ(e!OTBHR ~/, no;ryqaeM 

ypaBHeHHe 

f(<A~J=t~-~f c<fx*t tx f/¢;/Jrf=: 0, (I) 

.fiBJI.R:DII99CJ! "BOSMYJ116HHHM BapHaHTOM" ypaBHeiDIS: lllpe;IJ;liHI'epa C Ky6B

~8CROI HeJIHHeiHocT:&D. BoSMYJ118HHe o6ycJIOBJl6HO ~eM ~eHa 

d.¢?.* , r.IJ;e 
~ 

d. =2/1! (rvfj/ -)~ 'J1 A +1? , 

*1 KpaTRoe o6cY3,Jl;eKHe ~cTH saTpoayTHX HaMH s.IJ;ecL BonpocoB 
CO.IJ;8PK:HTCH B /6/. 
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,;/ - "o6MeHHlffi" :.mTerpaJI, CM3aHHl.l:~ C pe30H2HCH!:IM B38ll...'>IO,ll;CZCT

BRCM, IIpH cp:li3U'l8CY.:H pa3yMHOM Bl:l60pe r:apaMeTpOB 3fi;:J;8'll'l ;;· .• ,#"" , 

.r, nocKoJI:r,ey : !,X I, I}' I , I hI ) <:- Z , ex, <'<" 1. , o;rr;IIai{Q Mhl 

BOCTIOJI:o3Y8MCJI '3HIM 00CTOffT8JII>CTBOM J'.J!lrr:D rrpn IlOJIJ"'<CHlll1 O,ll;HOI'C H3 

rrpHi:JJimteHHJ:lX pernemdt, nepeXO,lJ.ffil\HX B f!3BCCTH08 IJClli8HllC Jil8BH8HUff 

F ( ¢, o) ::: 0 v., cJLe;rr;yR Hamel! pador/61, o6cy,ll;RM HeKoTopHe c6-
r~e cBolicTBa ypanHeHHK (I) n ero pememdL Ey,n:eT IIoKasano, 'ITO 

.803HJJKaKYI' p8!:18H'Iffi, Kap.n;KHaJI:oHO CTJIWWniUI8CJI OT "B031v!YlU8HHHX" pe-

l!.i8Hlfit ypanHemrn: F (CP, o) "' 0. Ha Ham JJ3l'JIJ!.)];, 3TO BeCI>Ma np>rMe'!a-

T8JThHOe o6cToffTeJILCTBo. IIpe.n:craBJL'reTcrr necbMa sauaH'illBHM, He 

upe,l030CJCml1aii pesym,Ta TOB ,n:a.rr:&Heltnmx uccJie.noBaHID1, npe.rr;rroJio:~:rrrt., 

tJ:TO O,!UIIDA !!9 B03MOltHHX rryTe:ti: ITOCTpoeHIDI T80plm MliOI''IiX B38l!MO

.u;eitCTBym\IDC 'laCT'Iit( MOJKBT OKaSaTLC.i! ITO,ll;XO~, onepnpy;ro;Ji'ill C MO)l;GTU!

MH, KOTOphle ITpHBO.ll.HT R IIOJ(06HOI'O pO,Lia He BIIOJIHe ID1TBI'PIJPY81VlHM 

HeJllllieitHh!M ypaBHeHIDl:M. CBoeo6pasnw. HyAeBHM npHOJili!.'!:CIUWM a.necr, 

MOI'JUI tJ!:l CJ!y,mT:b BIIOJII!8 11HTerpeyyeMHe JrpaBHGH:Iffi. J1pH 3TOM OOJiee 

~~eTaJThHOe llCCJI8,ll;OBallli8 CIIGIJ;lfqiirlG!: '10~ HJIM :lliiOM MO.ll:8Jl:V. CTpOITI'Cf! 

ITO OTKJIOHeHJm COOTB8TCTBYJlli18I'O ypa:BH8Hlill OT 
11

BII0.1IH8 UHTerpHpye

MOI'O amurora". TaKHM oopasoM,pOJI:& napmweTpa B3aHMo.n;ei1cTBH.P.: B 

T80pHH MOI'JIO OH <:rpaTb OTHJIOHGHlie OT .BliOJU!e ll:HTGI'JHl:pyeMOI'O ypaB

H8HID'l:, >rBJJ.>rn.~erocH HyJieBHM rrp>r6.mmemteM. Uo,ll;'lepruieM eme pas, 'ITO 

CBOf!CTBa HeRO'l'Op!:lX COJlliTOHOliO~COHHX pemeHli:H 
11

00Jiee peaJ!Jil:CTZqec

KOI'011 H8JIRH8HHOI'O ypaBHGHIDr MOryT Itap.n;KHaJibHO OT.J!Wl:8'£J>CJ! OT 

CBOltC'rB XOpOlllO 113Y'!GHHHX pelU8HI!M ypaBH8HHJ:! 
11

h'J'JI8BOI'O If[IHO.lllilt8-

Hlffi11 ( 8CT8CTB8HHO, crpopM:y.llKpOBaHHaff B03MOlmOCTI:. H:lf!tero o6mero 

He KM88T C COBpeMeHHHMR BapKaHTa~m TeOp>rH B03MYm8HHJ! ITOJIY'IGHHff 

pememrli paSJIOJ!t8Irn8M ITO MaJIOMY napaMe•rpy), B BID!l6lipml6,ll;8HHOM CJIY

'!88 ypaBH8H¥JI (I) STO o6yCJIOBJI8HO TeM, 'ITO H600XO,ll;RMO liCCJI8,I\0-

68T:& cBO~CTBa COJ!JITOHOTIO.IJ;06HHX pemerudl: KaR ,IJ,Jiff aMIIJmTy,TI;H A (x. t) , 
'ISR H ,IJ,Jiff qa3H (:}(x, f) ROMIIJI8KCHOit ifiYHKniD! 

¢ (x, tJ =A (x, t) e"xf 1 (J/;rJ). (2) 

TI. PaccMoTp>m perumsaD;RD BUllleoqep'leHHOf.l: rrporpaMMH Ha npPJ

Mepe pa3J!H'lliHX He BTIOJIHe IDITerpHpyeMHX CHCT8M, ,D;.'III KOTOPBX "Hy

.li8BllM11 BIIOJIHe RHTerpnpyeMHM ypaBHCHHeM iffiJIJ!9TCH XOpOWO l'I3Y'!eHli08 

ypaBH6HII!e llipe,JJ;RH!'epa C ey6H'18CKOti HemmelffiOCT:&Jl ( S 3) , J1Me.R: 

~ ~ 8CTeCTB6HHOe B03HK~HOBeHHe COOTBeTCTBY~ yp&BHeHM! ,ll;T~ 
c,nHoMepHHx ,IUICKpeTHh!X cTPYKTYP B "KoHTHHYaJThHOM" rrpn-
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6~eHH~5 ,?/ *),MOXHO SaiTHcaTL TaKOe ypaBHeHHe B o6meM B~e 
cne~ o6pasoM: 

i ~- f f ~t f j(P/2-rj} = 1/J/¢, ¢; ~~ !'x,·) (3) 

T, e, B BlUzy $ 3 "C npaBOii liaCTLI)", ~KlniOHaJI J.jJ npe~CTaBJI.IreT 
HeKoTopmi pH,D; no ¢;" , 1 ~ ;z. .jr/,;xftp, - JIIDiei!:HHe no ¢ , ~ 
~ R ¢;"' "t!!eHH Jm60 YliTeHH B JieBOH 'laCTJti, Jm60 He nOJD3.1IIlmCH 

Jt!S-Sa npaBRJI OT6opa, - C KO~eHTaMJti, ~CH KOM6~~
eii napaMeTpOB raMRJibTOHRaHa, ~ MO~eJIR, JtiCCJie~OBaHHOH B/6,41 
JIMeeT B~ 

L/f =- o( ~*fa ;rfJ.! ·i + {1~/Y!. 
YlieT npoJtiSBO~ ITO "X" CTeneHR BHme BTOpOii MO~~yeT 

Jti ypaBHeHHe S3 R B~ Ljf : $3-ypaBHeHHe Y1f,e He HBJI.IreTCH "ey
JieBI:lM" npR6~eHHeM B sToM ~ae. Y11.e nepBoe npH6~eHHe ltJIJI 
tp' , np:HBo~ee K (I), ~aeT xopollld: HeTpRBRaJibrurli npRMep He 

BllOJIHe JtiHTerpzpyeMOH CJt!CTeMH, CBOHCTBa HeKOTOpHX COJIRTOHOIT0~06-
HHX pemeHJt!A KOTopoii He MOryT 6HTL R3J1ieHH JIRmb C llOMOmLil pasJio

Z8HEH no DapaMeTpy ~ (XOTJ! ~i ¢HSE'ieCKR OnpaB~HHOM BH6ope 
napaMeTpoB raMHJILTOHHaHa ( CM, ) ol. ~I), 3aMeTJtiM, liTO ypaBHe-
HRe (I) B TOM HJIH IDIOM npR6JIID!teHRR B paSJIOaemm: ;.p· M0Jt8T 6HTL 

no~eHo KaK~aBHeHHe !arpaHJta Ha 6ase TaK HasHBaeMoro nce~o-

JiarpaiWiaHa fX_ ( ~ , ~ , C/; .. , ~, 1_, . . . ) , B KOTOpoM :eap:&E:pOBaHHe 
npoRSBO~TCJI JIRIIll, no "/, '?t , 7.x,. . . ( C llOCJI8;ztyDI!HM llpE:paBHJ!!BaHReM 
HX B pesyJILTaTe ¢, c;t;, ilk ) , IlceB,JJ;OJiarpaiWiaH d! CTPOHTCH B 
~. Kor.n;a aMIIJIHTy.n;a H wasa OCHOBHOrO pemeHEH 38BHCJIT OT 
BpeMeHH H KOOpn:HHaTH, EcJIH SaBJtiCHMOCTL CJia6aH, TO llC8B,ll;OJiarpaH
Z8B llO~O,ll; SKBHBaJieHTeH HCllOJILSOBaHHI) ycpe.n;HeHHOro JiarpaiWiaHa/B/, 

YpaBHeHHe (I) , JIB.JUm11eecs np:H6JIID!teHHHM ( 1< (<' 1 , A « i ), !IJoPMaJIL
HO no~eTCH HS 

J_ = j(~ p1
- {'f)- (I. 2*f /1/t- j / fl) r d fl.~' 

Hue MH HCCJie.n;yeM xapaKTepHHe CBOJ!:CTBa MO,ll;8JIR THna (3) Ha 
npHMepe ypaBHeHM (I) , 

§) HaM npe~cTaBJI.IreTCH, 'ITO M8TO~ nOJIY1ieHEH ypaBHe:Hlll .n;JIJ! 
illpe~epOBCKHX aMIIJIHTy~ Ha 6ase ypaBHeHHii .n;BKaeHHJI ,1tJIJI rel!:seH-
6eproBCKHX onepaTopoB H onpe~eJieHHoro BH6opa (~6io~ llipe~e
poBcKOi) BOJIHOBOi ClJYBKIUm CHCTeMH, npe.Ir,liOZeHHOJ!: B 5/, HBJil!eTCH 
HaH60Jiee ecTeCTBeHHHM ,ltJIJI ~OJ!: HeTpliBHaJILHOJ!: MO~eJIH MHOrHX 
BSaHMO~eJ!:CT~ liaCTJt!n, 
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ill, nefiCTBYR 06HqHHM o6paSOM, no~ BpeMeHHH8 npoHSBO~HHe 
OT IIJIOTHOCTefi 'IHCJIU 'laCTiiU, ID.myJILCU H :mep!'1m, 

r.n;e 

~ ~ !i - 'A, J. 
?t ?.x J .f-l'f"/ 

~1 = 2 d. t ~J(,t 1/) 1-tlfit -d. rtf'~ 1t rf ~)- rrf'tt tt1, <4> 

#~t ~ t T P~ (¢2_ ¢*2) 1- i [tpfx)f- lf (f-3. ~~ fi(frf;,- ~ ~/J} 
' 

:l x,) 

* .2 ljd,/1 . . t'o<(¢'- p~ 
f(;r):-1(¢¥-rf:,-'/-f), E(xJ-=/1,:/-.i 'f"t,J~ff :z . 

HJIH B KHTerpaJibHOfi ¢opMe 

Q =- {J (:r, fJ cl.r = C,-,;f 

#F c1 r ~;; .e >1-21 h : dt j pfY, oofr ;;- -Yo(_;(</; 1- ~ J c/x, (5) 

J£ ell' J"f = dt l(X,f)d¥ ~,J,j/rx/1)~~ (¢~ ¢*')clx, 

OlieBH.n;HO, liTO npH o( = 0 (4), (5) nepexo.n;JIT B o61l'Ume saKoHH 
coxpaHeHBH ypaBHeHEH S 3. B HameM ~ae TO'iHO coxpaHHeTCJI Jmiii!:, 

noJIHoe '!HMO R:BasnacTHn Q . KaK MH ~ Hne, P H E coxpa
HJII)TCJI B cpe.n;HeM: (fl? = <t ~ = o , r.n;e ( .. · ~ = '7'_-'ff. .. )df. 

PacCMOTpHM CBOiCTBa HeROTOpHX pemeHEi BOJIHOBOrO THOa ypaB
H8HEH (I), 

IIpocToi no~cTaHOBKOi JierKO npoBepHT:&, ~o KOJie6a~ BH.n;a 

¢fx~fJ: A ~tft'ftJI- &.,)} (6) 

r.n;e 
1. A =-1-tAJ [{, ~ (,r, Jf (7) 

JIBJI.Iri)TCR pemeHRHMH (I}. 
CooTHomeHRe (7) HrpaeT poJIL ~cnepcHoHHol!: WOPMfJI!i • .1f.ztH 

Haxoa.n;emm pememm BOJIHOBoro THaa, Kor~a ~ 1 o li A <'<' 1.., 
neJiecoo6pa3HO 38ITHC8T:b (I) B B~e CHCT8MH .n;Byx ypaBHeffid. llOJia-

raH ¢=t.l + t"t/' , HMeeM 
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tit = (/' f d v; - //;)( - (/(tfV"l) tl, 
(8) 

~ =--tlfdlt)(-tUJ()( -t (U 2-tzrl)V'_ 

B HY~eBoM no A2 
rrpx6AKKeBII c noMO~D ~Le.pas~oaeHKR Ha~eM 

Me.n:yDitHe pemeHlm JIBHeaplii80BaHHOit CHCTeMH (8) : 

tl= A Cr.Je , &= kx- cJ,i, 

A l -1fKz..S. o(k , J 
Lf' = "tJ ,., e - (;) ~ e_; 

" <J 

(9) 

c srutoHoM ,IJ;Hcnepco 

~1. = (! fl<z.} -f oi.ZKz. •. (IO) 

IlorrpaBKH, rrponopitHOH8Jil>Hiile A 2 
H BHIIle , MOKHO HahH C noMO~D 

pas~oaeH:HB: ~ 

tft~ = A /-.E t{ 12"~';Cri /211~1)& fZti!. 12111l)..I1>1fnfiJE?} 
o r ~ , 

a (£1!~1) Aza (211-1) a (Mft) /! (211-1} 
r~e c,.s """' t',J liJIIil ~,s .(( '-"r,.J 

J 

"" ""/,t (21!~1)_ -I /R/1 ~~ 
!(/' =-A rzt; ~f.7,fi}Gt2'1s n,(21!f!)t;}, L ~ o 

Trut, HaiipHMep, BMeCTO (IQ) UOJiy"DDM 

(,J fl.= (1 r 1<'}2 
f. c/l< z_ -2 (11- kz)A~ (II) 

3 
llipueHd MH Itt, l't/' rv 4 M& He I!pHBO.D;HM, T8K K8K OHH 

HaM He ROHan06aTC.f.! B ~HelmeM H BeCAMS rpoMOSnKK. 

IIepBoe pemeHHe { 6) rrpe;u;cTaBJUJ:eT co6ol Ko~e6aHHe c ~ -+ oc 
H ~CTOTOI Ci:> , BTOpoe ( 9) eon BOJIHa C IlpallliJil>HiiiM Bll,ltOM ,IJ;Hc

nepc:n, p8CI!pOCTpaHJIDII8JlC.f.! C ifx:lSOBOit CROpoCTLD . ~.4 =cJjl( (I!pH 
M8XYX k (!0) COBna;u;BeT C TOqHOit ;D;HcnepcHOHHOI qopyy~ol, Hal

;u;eHHOI .g'S/). BoJnm Bl!,ll8 (9) MOryT o6paSOBHB8Tb BOJIHOBHe rrruteTH, 

p8CilpOCTpaHJmltlleCH C rpymiOBOI CltOpoCTI>D ~z ~ (~t-al. 2) J< • 
Hs { IO) CJie,DyeT Taue , 'liTO rrp11 II8JIRX K. 'lfJieH, rrponoprntoHa.I:L-

Hiilit o( , BHOCJIT O'l'HOCH'l'e~HO M8Jild BRJI8,1t TBDe K B JtBCnepcHOHHHe 

CBOIC'l'M CHC'l'eMH (I) • 

IIepe~eM ~ paccMoTpeHlDl BOrrpocoB ycToitlmBOcTH pemeHHI ( 6) 
• (9). 

8 

IY. OcHOBHHe oco6eHHocTR sTon rrpone~s MOryT OHTL Brro~e 

rrpoR.1l.1IJlCTPHJlOBaHH Ha rrpRMepe A -r I ( "'{,-;> u , r< = o ) • 
~eHCTBRTe~LHO, ITO~raR 

If = A G'1 f(, [t f ~ up (n(.x- tJ7. {) /, 
* 

V =A .LnG
0
{fl- ~~-(7·.:>fx-t.I20/_ ~- =ti; 

R ~:mreapliiSYH no { H oi , ITOJIY'IHM :1!3 (8) 

~ 

£22. 
;;JfL 

- ci.. 
L'Jfl+c/-2}-J., ;;( (~2~ 

,.a=! I 'f t~ff(j/ff- t//1~/ff- J, 
0 = ;Jfl(Jfzf-o/-2) g :.f~Y G-:!28 

> 0 I 

(I2) 

(I3) 

a ,_a H ·:>r- CYT:O, '!aCTOTa R BO~OBOe 'IHC~O B03Mylll8HKR. 3aBHCRMOCT:O 

HHKpeMeHTa ( I3) OT X rrpe.JJ;cTaMeHa Ha pHC. I. 

B oo~cTH MaJIHx 8.MIIJIHTY.JJ; A << I :r.r 6o~LIIWX cu --7- I, rrpone

~a rro~eHHH .JJ;Rcrrepc:r.roHHOH WOPMY~. cBHSHBammeK ~ Iii ~ , 
YC~OXH.f.!eTC.f.!. 3,JJ;ec:o, O,JJ;HaKO, MOXHO liiCITO~SOBaT:O TO 06CTO.f.!T8~:0CTBO, 

'ITO HeycToH'IHBocTL, ec~ TaKoBaH KMeeTcH, o6yc~oMeHa HeJIBHeH

HOCTLID, a SHa'!HT,BpeM.f.! ee paSBHTlil.f.! o6paTHO rrporropn:r.tOH~HO HeKO

TOpOH cTerreHlil aMnRHTY.JJ;H ( ~ A-Y ), H TeM oo~me, '!eM MeH:ome A. 
3To osHa'!aeT, 'ITO pemeH:r.te ( tt, lf' ) ecT:o !WHKnHH .JJ;Byx BpeMeH -

6HCTporo"' c.;·l R M8M8HHOro -v 5}; 1 • 

3aiTRmeM HCKOMOe pemeH:r.te B BH,JJ;e 

U = A (G14Jt t (0 Cn.ut -az J,>.t..Jt) ep(! t!xx-flt;}" 

!/' : A{- S;>!w f t ( £; CnCJ f- /5 {,>tw t) t-1<p,f:rx- _QtJ}, 

r,JJ;e C,- H t,.- MaJIHe KOHCTaHTH. IlO.JJ;CTaBHM 8TH COOTHOWeHlil.f.! B 

ypaBH8Hlil.f.! (8) II ~eap:r.rsyeM CMCTeMY no Q, R E, . ,Ua.n:ee YMHOlD!M 

KaXD:Oe RS HHX BHa'!Me Ha JauJ (- H ycpe,JJ;HHM no OHCTPOMY BpeMeHH, 

noTOM Ha wcJ f H Toae ycpe.JJ;HHM:. B pesy~TaTe no.nytmM o.JJ;Hopo.JJ;HyD 

~e:iiHyD CJi[CTeMY 'leTHpex ypaBHeHIDi c 'leTHP:OMH HeJi[SBecTHHMH a. , 
~~- , npiqJaBHKBaS K HY~ ;D;eTepMBHaH'l' KOTOpol, no~HM KCKOMOe 

ypaBH8HHe *' ~TO COOTB8TCTBY8T MaAOit MO,JJ;y~ aMRHHT~ A • 

9 



-(wr }Az.) , z',£2; > z z 3Az. 0 (t.J r:r - - +~::1. 
2 

z I Al ' ) (. L AZ) JJ2 0 -(wf;£-- -ld.X - t.J-.z , ) 2 } 

2= I - ,·./2 
. e ') -(r.;-jA:;, -(t.}+X.z_l.A+/d'J( o 

2 ' ' 
t..ltxz-jA2._,dX, 0 t'J:b -ft.HjAz/ 

HJm ~z =-/~Az(1t- dt;z~)-~z(ojdzJ}. 
(I4) 

~PMYJI8 (I4) H8ITOMKHaeT (I2)1 O.JJ;H8KO B (I4) OTCYTCTByeT llOC

Jie.JJ;HH:I!: 1JJ.leH B rrpaBO:I!: 'lffiCTH. BH.JJ;MM01 C llOMOIIU>Il OITHC8HHO:I!: rrpone.JJ;ypli 

ycpe,D;HeHHH llO 6iiCTPOMY BpeMeHH OH He MOSeT 6HT:b ITO~eH. qT06ii 

Bep8PRnHpOBaTb (I4),HCITOJI:bSyeM 6oJiee noCJie,JJ;OBaTeJI:DH!ift MeTO.JJ; 

\aHaJior MeTo.JJ;a EoroJim6oBa) pasJioseHKR pemeHHH no rapMOHHKaM ~ac-
TOTH Cc) • A HMeHHo~npe.JJ;cTaBHM ( u 1 1/') B Bl!,IJ;e 

A!-,. . ~ //'.'(2111!) RM}r' } ) 
L/:: U>1t.J f f ,c... (VIC 'Cc:J(21ff!)w/- Ur; '.>IJ1/2}!f!}r,..J/f"< 

h= () 

>< €-?<f /(:.ex- .Qt) }, 

A 1-r )'7 /./J(Z/ff!) .tJ (?lt.t!)J /- ) 
II'= -.Jii1CJt fwfbc ~(.?,n)w(-;5 l>!/2,,.!)t.d" 

1>:- 0 

~ -8/J<,.,(:>fX- ..t2f J} > 

._f2<(lJ, 0 rz11nJ <"<'O(l"-'J 
t t 

t(lM)<'<" ( (z11-1J 
I I 

·7.- (..I. 

,llaJiee 1 noCJie npocTOi!: 1 HO .JJ;OBOJil>HO rpoMoa~o~ aJire6pH OII.IIT:b np:a

.JJ;eM K .JJ;ByM CHCTeMB.M 1!9 ~eTHpeX ypaBHeHd: nepBaH .JJ;JIH C('), t;(t) 

BTOpaH .JJ;JIH 0 fll _, t, l.l.J • IlpH aToM oKasHBaeTcs: 1 ~To Q. o) H 
aiJt Al-"''1 1 A~£Jf1 r:J/ ,orl}' t.JI /,) 
~· "' u;. b,· I T.e.,,JJ;elcTBl!TeJI:bHO -/?. <<6.· a <<a' 
B C:HJIY A2 (( I. .JJ;eTepMHBAHT ze nepBo:l! c:.:cTe~ rrpH '_Q ,; ::>t> '=" ~ 
paBeH HyJIIl B C:HJIY ,IJ;l!CnepcHOHHOro COOTHomeHHH (IO). B CJIY'Iffie J& 
H ;f f o OH nporroprnioHaJieH A 2 

1 rroaTOMY B npaBOI ~acTH cHcTeMH 

.JJ;JIH a {i) I 6'. (t) MO&HO OCT8Bl!T:b 1JJ.leHH rv A 4 • B pesyJil>TaTe 
' ' no~ 

10 

/:0 ' I 

j 
I 

-4 - z z . o( 2 4 '1/ 
~ =-! 2Az.(f f d'f :::r)- :xl ( 4 1"1 J- ?d::rv _;, <I5> 

T.e. {{x>J>MYJIY 1 aHaJIOI'H'IHYJl (I2) 1 a CJie.JJ;OBaTem,ao. H (I3) 1 B KoTo

po:l! Tenep:D 

_~2 2 

a -= ~z. (r 2 f ~ ::r - t Az) , 

npll 8TOM ";( I A < < r. 

~: ot:r:IA'f 

'I 
( I6) 

HeycToit<nmocn (I2) H (I5) .IIl!JISieTcs: Mo~el xopomo HBBecT

Ho! MO.JJ;y~OHHO:I! HeyCTO:it<nmoCTH BO~OBHX IlaKeTOB B He~eHHux 

AHcrrepr HpYJ>IU!X cp~x ( B llJiaSMe 1 HanpHMep 1 e:l! no.JJ;BepseHH rraxeTH 

JieHrMDpOBCKHX 1! MHOrHX ;n;pyr:ax BOJlli) • PaSBl!Tlle ee B paMKaX $ 3 

ypaBHeHHH npl!BO.JJ;HT K 00p890BaHHD COJIHTOHOB 1 npl! 8TOM ,IJ;l!CIIepCHOH

HasJ {flopMYJI8 eCT:b .£22 = :>tz(2Al- :xz) • IlpHCYTCTBHe 1JJ.leHa o< ~of' B 

ypaBHemm (I) rrpl!BO,IJ;l!T K OOJiee Me,ItJieHHOMY crra.n;y HHKpeMeHTa '/ .= 

"Im..fb B o6JiacTH 6om,mn: Sf )JJ> I (eM. pHc. I). IIoaTOMY 

MO&HO O~T:b 1 'ITO B paMKaX ypaBHe!mll (I) npoliSBOJil>HHe H8'1JaJI:b

HHe rraxeTH Taxae oKaZyTcH He)cToiq:aBHMH no oTHomeHHm x pas6xeHH» 

Ha COJIHTOHOllO.JJ;OOBHe o6~eKTH* . 
B CBH81! C 8THM llpe,JJ;cTaBJIHeT HHTepec HCCJie,JJ;OBaT:b CBO:I!:CTBa 

COJil!TOHOllO.JJ;OOBHX pemeHHI ypaBHeHHH (I). 

Y. Kax yse OTMe'l!aJIOC:b BHme 1 H8H60Jiee JierKO 8TO y.JJ;aeTCH C,JJ;e

JiaTl> rrpH o( « 1 c noMOIIII>D Teop:mr BOSMYJlleHd 1 xor.JJ;a B xa~ecTBe 
HyJieBoro rrpx6JIKKeHHH BHcTyrraeT coJIHTOHHoe pemeHHe ~3. HcrroJI:b

syH rrpe.JJ;cTaBJieHHe (2) I no~ liS (I) 

-{ .f.f&xAJ(- o1 {SI)ftB-ol BxA ~te,.A G.-x "' 0 , 

J (I?) 
-A~ -Af~x-A~P.~-A ,..oi/IJ(CxJte-~A~Ji>?2&= o . 

IlepBOe HS 8THX ypaBHeHHR C ITOMOm:Dil .JJ;O~~o&eHHH Ha A npKBO.JJ;RTCH K 

BH.JJ;y ( CpaBHH ( 6) ) 

p~ A1f i f!t? -dS'JHJG)AL= 0 

§} TIHCJieHHHe axcnepHMeHTH 1 npoBe.JJ;eHHHe Kl.B.KaTHIIIeBHM B l!BTA 
OHHH 1 IIO.JJ;TBepZ.JJ;aiiT a To rrpe.JJ;IToJiozeHHe • 

II 



Hali.neM, HaiipRMep, rrorrpaBKll /V o( K IIOROSlllleMYC.ll COJI1i!TOHY ypaB-

HeHIDI S 3. )J.1r.ll aToro paccMoTpRM c.Jiy'taii: 6{ -> o • Tor.n:a RMeeM 

Af = c/ A~ S>n2 B 

- BcA-A ~-AxJ(r-A 3rotAx wf? = o 

l1s (I8) cJie;rryeT, '!To Aix, 0 eon cPYHKUIDI apryMeHTa 
t 

~ = x ~" Js.i»l fH~'Mf'. 
l) 

Ey.n:eM HCK3T:b pemeHHe ,ll;JI.ll f9 T3KOrO BH,Il;a, '!T06!l 

1$ = - 4J r o( /r~) ~ 2 f) . 

(!8) 

(I9) 

(20) 

ITo.n:cTaBJI.llrr aTo BHPa:ateHHe B (I8), IIOJIY'iRM ,ll;JI.ll A~) ypaBHe!me $3 

( r.J- o A r A~~ 1- A 3 "" o 
c .n:onoJI!mTeJ!bHllM ycJioBHeM 

I 

/(0 -- (tnA)~ . 
TiocKOJ!bKY pemeHHe ~3 eCT:b 

A= 00 c)·! ( 1}g); C.,=/~)', (2I) 

HaXO,n:RM 

/f~) =- ~ot /, ( CJ_of) 
t.£ t2. . (22) 

CpaBHHBa.ll B ypaBHeH.IlflX (I7) OT6pomeHH!le '!JI6Hll, rrponopiUWHaJI:bHhle 

~ H OCTaBWHeCR, H3XO,n:RM, '<!TO pemeHHe (!9)-(22) crrpaBe,ll;JIHBO 

rrpH o<C {( f H C!. ((f.. *), B 3TOM CJiy'tae (!9) H (20) JierKO 
u 0 

KHTerpipyDTC.ll, ~TO .n:aeT 

*) 3TO OSHa~aeT, '<!TO rrpH IIOJIY'ieHHH (!9)-(23) OT6pomeHH 

'!JieH!l, rrpOIIOpiUfOHaJibHlle o(2u-? H o(C J IIO cpaBHeHHD C 6,ItHHH-
o C) 

J.le:i:tt R OCT3BJI6Hll '!JI8Hll --of.{( H ""r:XJ 
I) 

12 

¢ (x.r; = €#p/-z 0- f!Jf~o o(~o th (C':-~ ls,>1H!l, 
I j { ....:. .21.1. 1.2 j 'J j (23) 

·a ~ ~ C ru.--h / _..:: /)(,.Ja~,~2t) 
D t2 r~ ~ . 

ITpH MaJIOM 0{ COJIRTOHHlle pemeHIDI ypaBHeHH.ll ( I) MOJIHO IIOIIH

T3T:DC.ll IIO~T:b C IIOMOmbD TeXHHKH o6paTHOI aa,n:a~ pacce.llHRR, 

OIIHcaHHo:li pf IO/. O,n:HaRo CJJeJJY.eT Y'i6CT:D, 'ITO Hallie ypaBHeHHe OTJIH

'W.eTC.ll OT paCCMOTpeHHoro pf I07 ,ll;OIIOJIHHTeJ!bHllM '!JI6HOM - p B 

JieBOi 'W.CTH H R09~6HTOM 2 rrpH ~ , 

C,n:eJiaB saMeey cf = /i 4f (-t"t} t.U r, l:J , rrpHBe,n:eM ypaBHeHHe 

( I) R BH,ey, ,ll;OIIyCRaiJII6MY rrp.!iMOe HCIIOJ!b3 OBaHHe tPoPMYJI [ 1 0] 

II/~ f j tlxx t / tl /tt=-J 1/xr .e.:x;(ic) , ( 24) 

r.n:e T = 16- • ITpH o< ...,> 0 peme~me ( 24) saiiHc!maeTc.ll B BH,n:e 

tfo = 2 J1 "*'!. !;~" i? +t'o}Hc h iL o {'v o o ..... , 
• (25) 

~0 =2!{,{x-x"), ~-=~Oz-) Jl = 20 ~$'..<.) c: () f (; 0 • 

BBo,Il;I!,RaK Bcer.n:a, ~?/(~<X-e.Jor) H o6osHa'<!as: x=-?4..,, 

0 o = 2. If ~ , IIOJiy"mM 06!l'IJHOe ,n:HCIIepCHOHHOe ypaBHe!me ,ll;JI.ll ~ 3 
COJIHTOHa (3I) 2 eVa :. J< 2

- ao~Z 
B rrepeMeHHHX )'1 v 1 ~ H t rrorrpaBitH nepBoro nop.ll,ll;Ra no c(/ 

SaiiHIDy'fC.ll B CJie.n:yJJI!eM BB;D;e: 

'XI t 

rj_v = 0 Rej 1'tlx ~f zf-1l-tf +2-1) elc, 
elf 2 _, cite 

(26) 

cj = ot TmjOSI~ /!L) ~xrif-;jt-J t-lf)J 
df ~ - oo c),zP: x 

13 



,; ~ (; c< !? !"" i! (' ? ") (' -1 - , ) ' Jf " ft, f -, {1€ -~-. 7/{,_ 42XJ), -'-2:-{) r.i:C c/e 
t1 ' 'fjl' _,., r 12. " I y ' 

/n ~ 
otJ d·- . .{ J - o: 2 .i-1 y _ . l L . E! - .L . 2!, fl2 i q < 
elf / til Lf(/<-v~ ''fJJ lm} fr,~,~ d.'l '6 11:}e/jJ,(~c··f"2f)./J. 

-""" 
IlepD!!C .I(R'1 H3 9TIDC ypaBHeJrn:f J'IBJI.HDTC..'l "taCTHUNG1 G•1J"laliMM 

COO'l'HOHI8Hill1 (5). ,UefiCTBHT8JffiHO, 3aMe'!aH, "fTO nepBOe BHpal!t61li'l6 H3 

( 26) MOliUIO npe,ncTaBHT:& Ka.K! . .., 

cl....v'"' c( Re /ezlf·JJr1 *z~~ J2j -- o, 
df L -...., 

D:;miD>'l, -q•ro v "' Q : ~s.l-. 

AH8..1!0I'll'!HO MOJKHO IIOKa3aT:b, HCIIOJI1>3Y!I COOTHOffieirn:e 1.7: c;.,.,s f , 

'ITO cjjf (/ *2 • ) d p 
df A/ o< J { tli! -r~'- cit 'V Jt-

IlpHBe~m1 OROW1:aTCJ!bHlie Bl:lpal!t8HH.H .J+liJl rrorrpaBOR R V J _ft, .X !l: l , 
ITOJIY"f6Hli!:lX rrpH.M!iM Bli'mCJI6Hn8M HH'rerpa.rroB, ~ypHpynl\i'f.>C B rrpaB!lX 

tiac·rHx ( 26) , 

1) = Jl = G,Jt 
v ' 

clt-t 1 2 ·~ ' 
~ ::: ~- o< fj- t v<J ~- (-M .J(S-t) 

eft 3 sM. 

dx . "z . 
.It :: lfJ' - ol. -. s i772 (tf- t) 

(;:{• sh'l ' 

~ 

(' ; -?:·'-' 
J,) 

cl l ;, I tz Jrj;- 7z} ~~ tt Si4.Jftf'-tJ 
-;:.:.7(/.'l+v2)t2olv -r-~1-{1,..-:-2 rzc/ltl't./f 1 
ctf JT 3 z :Ji ') .r IJi't. 

:3T:>I ypaBH6HIL'l Jier:KO MO!'y'i' 6HT:& pemeh"Tt M8TO,JJ;OM aTe~. 

Hru!60Jiee rrpoCTHC qKJPMYJIH ITOJIY"f8.10TC.:I B CJIY'ffi6 

14 

V:vu-:- Gmsf,J" ~-Jo<J/, 2S~n2f, X=-'fCxid, S:~l-f,l.f-

~0 ~aeT ~ P.emeHRH ypaBH8HRH (I), BOCCTaHOBJieHIIoro C ITOMOmPD 

npHeMa pa6oTg1IO~ 

J. ~- (r az 1 o(c;_ 2 x ,)! 00 
(27) 

't:-= -8xf -, {1- 2~ /f t T S,n2f)j cA, ff rXfffedu) 

Ilo~cTa~R pemeHHe (27) B nepBoe ypaBHeHHe (I7), saMe"laeM, 'ITO 

ORO TaR ~e, RaR H B npe~eM c;ryqae,y~oBJieTBOpaeTCR C TO~OCTDD 

01/up,a,/). BTOpoMY ypaBHeH:HD (I7) "pemeHHe" (27) He y,IJ;OBJieTBOpaeT 

~e B rAa.BHOM no~e no MaJIOMy napaMeTpy ~ao . 
ToT ~KT, ~0 B03MYmeHHe B HeJIHIIefiHOM ypaBHeHHK MO~eT npH

BO~TD K ~OH~HO RHO~ (He~eJIH HeB03MYm8HIIO~) 3aBHC~CTH 
pemeHBR OT KOOp~aTH, BITO~e ecTeCTBeH (OM., HarrpEMep, II/). 

YI. B saKJIJJqeHHe omnrreM pemeHBR, ROTOpHe llOJIY'UllOTCR rrpz 

COBITaneHHR ~30BOH H rpyrrnOBOi CKOpOCTeH BO~. 3~eCD MH He 6y,neM 

nom,soBaTDCR MaJIOCTDil napaMeTpa o< • BBe~eM nepeMeHHHe p--= x- Vz: 
H 1 ,. /<X ~w t TaR, 'ITO A (f) H G (?} , Tor.na BMecTo ypa.B

HeHKft (I7) no~ 

zA' /J -u 
- VAc: -o! A~ {?n2B- otxA 6} Cn2e i-2ArK&1 fJ<;r~ 17f'l- ' 

{" " (28) 

*VA.&, 1 A -A f As_ kzA GJ/~oo<AFCn28-o<xA~Smz8=o. 
't ? ~~ / ( 

YCJIOBHe ~;, = lfz rrpno~T K 1 ~ ktp. • B aTOM c;ryqae nepBoe 

HB ypaBHeHlrll: (28) JierRO RHTerp:epyeTCR, ripHBO,Itll K COOTHOmemm 

A 2(fj- J ~ fs~~2B) =- CmJt. 

Ilo~araa,B CRHy rpaHH'IHUX YCJIOBHH,~ COJIHTOHa Crnsl- = u , 
llO~yqHM -i 

2(v2-ot2} 2 a"utj v~ 
f vz-o<z 

/12 .> o(2 

~+ c = - ~ fJ ( & . f) ? J/2 = o( 2 

-~ ~ rcx:z~ vz) '2./n vt-1 t9 t-ol~ftl.-

//I;(} I olf f~ 2- 1/2.. ' 
v2 (ot/-

15 



TipoHJIJIIDcTpn:pyeM cBoil.oTBa rro.ryqemnu pememlli ;-;a rrpm.:epe r.<·KOH1Uero-

CH COJrnTOHa: V = 0 • IT pH 9TOM d';a3a 

II CJ • L "'(;<-X.:>) 
C/

0 Ur l/~ ::a'U.cJ'<" -~Gi. 

y,nOBJieTBOp.f!8T C'lmyc-rop,noH - ypaBH8HIDJ 

IIpH li3M8H8Hl.fl1 X OT 

qaaH Q ua yroJI li'/Jz 
r-wop,l'U!HaT. 

- "" .I\0 ~ «) 

B o6;racTH EEpnHH 

0.-= 0(~. j) 
C2 ~f;n) /-.:-Q_f~!:)-

. rl? s . 
btF o -.y · ,>J'fG 

!!pOJJ:OXO,IUIT IIOBOpOT 
-I 

-vo( BClJIM3H Hatia.na 

( 2'3) 

BTopoe ypaBH8HH8 CHCTC!Ill ( 28) rrpUBO.I!.HTC.ii: B aTOM 

BH,Izy 

cJiytiae r~ 

A.x -r - .4 1- A 3- 9 c~, 2A Si"' 2 G f ,:X A, Gt 2 e (30) 

B 3aBHCliMOCTR o·r B8.7Il1'illllil "naqam.Hofi" rpa3L! 9 IIPH ·"< ··' .. = 
ypaBH8HH8 ( 30) RM88T paSHHO 3H8!Gi rrepe.n. ITOCJI8,li;HID·l V!8HOM 8 e !'0 

JieBoil. qacTH. Du6op GJ1 n (}_ B KatiecTBe Ha"laJI:OHol1 qBsu rrpa

Bo~. COOTB8TCTB8HH~ K *) 

A,~ -ArA 3 -z/c< 2AS>n2o--o<Ax GJ2o= 0, G~_,. ~, 

A /· . _ r1 _ ;:} (3I) 
AX..( -A fA.]- td2ASi-,,2c ;d. .r Ur:Jlo- o> c;,- ~-- • 

8TH ypaBH8HH.f! MOI'yT Cl!:iT:b JI8I'KO HCCJI8.[\0B8HN IrpH MaJJHX CJ<. • C 
TO'lliOCThiD ;1(0 {)'.,.() BM8CTO JiepBOI'O y1J8BH8HM (3I) HO.rrytmM, >ICTIO.llb~ 
3Yif. (29), HHBapHaHTHOe OTHOCHT8JihHO rrpeo6pa30BaHHH. Y- ·.ex 
ypaBH8HH8 

Ax-r -A r A 3 
"- 0: Ax //,dx = 0 

(32) 

.D:oMHOlllM (32) na Ax , rreperrmneM ero B B:H,IJ;e HeKoToporo aaKoHa 

coxpaHeHM. 

d (/'' e. 1 2. 1 9 ) 2 clx 1~-jAf;;A/~-o(Axf)~x, (33) 

*;- C;re~eT-OTMeTHTh, ~To B pa6oTef6/ ~orrymeaa HeToqHOCTD B 
orrpe,ne.nemm 3H8'<18ID!Ji (3_ , BMeCTO B8JTif1mH!i .Jln TaM CTOH'r J1(17oLi_} • 
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PaCCMOTpHM ~ H8I'JIH.,llHOCTH CHMMeTpHtiHHe OTHOCHT8JihHO Hattana KOOp

,ll1UiaT pemeHH.f! (32). MH HMeeM B aToM c.nyttae rpaHH'<IHYJ> aa.n;atty Ha 

IIOJiyOCR X ? 0 c ycJIOBHeM II x lx .~/ ( aHaJIOrH'llio MOllUIO RCCJie,I\0-

BaTh HetteTHHe pemeHHH). 3a,llatta (32), (33) RMeeT rrpocTym MexaHR

ttecKYD aHaJIOrHD: KO.neOaHHH. ttaCT~ e~RtiHOR MaCCH B ITOTeHq:HaJI»-

HOM no;re 21 = - j A z r 9 A Y no.n .neiicTBHeM CHJI!l TpeHM "'ol A thot x . 
TaKaH rpaHHtiHaH. aa.n;atta, KPOMe O.llHOI'O oesys;roBoro coJIHToHHoro pe

me~ HMeeT ue.noe ctteTHoe MHOl!leCTBO pemeHHi c yaJiaMH ~ 
An 4! (r.ne 17 eyMepyeT tiHc.no ys;roB). Krur.n:oMY cooTBeTCTBYeT 

CTporo ~CHPOBaHHaH aMD.nBT~a B Hatta.ne KOOp,llHHaT, TeM OOJIDmaH., 

tteM oom.me f1 (eM. pl1c. 2). B CHJIY MaJIOCTR o{ paCCMaTpRBaeM!rli 

CIT8KTp aMIIJill[T~ O~eT B8ChMa IIJIOTHHM, Ha'D!Haif.Ch C 0.,.: I 'f. 3TO 

Ka'<l8CTB8HHO HOB08 CeMeRCTBO pemeH~, KaK y.E8 TIO,ll'<lepKHBa.nOCh 

paHee, HeJID3if. ITOJIY'<IHTh C IIOMOIIIl>ll M8TO.ll8 IIOCJI8.llOBaTeJffiHHX IrpH~JIR

l!l8HJtil:. 

B saKJinqeHRe npRBe,neM rrpH6JIHEeHHHi BH.ll 6eays;roBoro pemeHHH. 

rrpR o( (< i : X 

If -q{ t;, lx j Oot:t d. 1< ~ ol,x e .z 0 d'j 'J E Ao e,;(!:r) 
;:J;J:ui /fx) HM8eM 8CRMIITOTmt1!! 

ftx) t:Y- JtPx (}.x<f~s}x-xc.lhx)~ x~L 

/!.r) ::::'- j f/,Z_x -fnc.-hoi.X J X>1. 

Trut ttTo npR X> 1 npR<5.1ImleHHoe pemeHRe ecTh 

(c )-~ -)-/ 
Aoi = r2 c.hoi.X (cAx/. 

1rf3 STOI'O B!ipa&8HIDI B:H,IJ;HO, '<ITO yqeT 'tll8HB, nponopUROHBJffiHOrO o( , 
JIRilll> Bec:&Ma CJiaOo RSMeHJieT pemeHRe Ao • OKOHttaTeJil>HO ~ CTa

UROHapHoro COJIRTOHa KM88M 

ltlill 

d. f- IT r: .L dx L , 1 
'r =---flo ~P"{ a'lcrt~e -r.li/17~> .2)},; 
o< clrx(c./,dx)'2 I cJ 

;T ~- ~ _/ cp- '< ---!2 .ut··i 4/U tg e +Jli'J_J, n=o,t:;_ ... 

o< c.-ltx (c..-4a. ;j 2 
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----- y.,. 

YII. Hs Bcero BHIIIel!lsJioaeHHoro cJie;rr;yeT , -.no HaJll!l'Cme B ypaB
Hemm (I) MaJioro 'tl!eHa <:::-at¢>* npno,ll;iiT K noSBJiemm 6oraToro 

->< 
cneKTpa pemeHJ!!H, ~CTD l!l3 KOTOpHX He MOlleT 6HTD no;ryqeHa MeTO~OM 

l!!Tepa~. Bonpoc 0 TOM, 0 KaKO~ BepoaTHOCTLD l!!CCJie~OBaHHHe HaYl!l 

pememm 6Y7IJ1T OCYll!eCTBJIJITDCS! npl!l pacruu:e Ha'i8JILHoro ycJIOBl!!SI ( pe
meHl!le 3a.,l(a'tll: Koml!l) OCTaeTCJ! noKa OTKPRTHM. 0~0 MOKHO H~eJITL-
0.1! 'ITO CH!JTKe 3anpeTOB, HaJiaraeMHX BHCIIIHMI!! 38KOHaMl!l COxpaHeHBII 

l!l noHBJieHl!le HOBHX (B TOM -.:mCJie Ka'llecTBeHHo) ~ememdi 6y:IJ;eT npl!l
BO.In!TL R 6oJiee 6HcTpoMy, -qeM B paMRax S 3/I I, pac~ HatJaJIL

mn naKeToB. 

B saltJIDileHl!le saMeTKM, -.no ~eHl!le (23) omtcHBaeT ocD;HJI

;mpYJI!Ildi COJiliTOHOn0)406mrli 061>eRT, He l!!S~ BO BCJ!KOM C~e 

B nepBOM nopJOti(e no MaJIOMy napaMe'l'py. PaHee noxoue o6'I.eKTH, 

TaR H83HB8eM!ie 6l!!OHH, 6wm liSB8CTHH B paMKaX BnOJIHe l'll!Terpl!lpye
MOro cEHyc-rop~oH-ypaBHemm. 
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