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AnnoTranus. PaGora mocBsnieHa UCC/IEI0BAHUIO BOIIPOCOB OTHOCUTEIHHON CTPYKTYPHOHN yCTOWYMBO-
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1. BBEAEHUE

[py6bie (CTPYKTYPHO YCTOHYUBBIE) CHCTEMbI MOXKHO PACCMATPUBATH KAaK HAMOOJee MPOCTHIE, HAU-
Hojiee MHOTOUMCJIEHHBIE JUHAMUYECKUE CUCTEMbI B COOTBETCTBYIOIIEM IMPOCTPAHCTBE JUHAMWIECKUX
cucreM. JeficTBuTeibHO, TPYOBIE CUCTEMBI BBIJIE/ISIOTCH YCJAOBUSAME TUIA HEPABEHCTB, W MOITOMY HX
€CTEeCTBEHHO PAacCMaTPUBAThL Kak Hamnbojiee obiuit ciayqait.

MoKHO TPOBECTH JIAJIEKO UIYIIYH0 AHAJIOTHIO MEXK Y IPyDBIMU JIMHAMUYECKUMHU CHCTEMAME U (DYHK-
IMHAMHA OJHOH TepeMeHHOM, UMEIOIUMH TOJIBKO TPOCThIE KOPHHU, a TaKKe KPUBLIME, HE WMEIONTHMI
0COOEHHOCTEl, PACCMATPUBAEMBIMI B KOHEUHO!N 9YacTH IUIOCKOCTH (8, 9]. Dra amasorus sBisercd, B
YaCTHOCTH, BECbMA ILIOJOTBOPHOIL /IU1st BRIpaboTKU 3D PEKTUBHBIX METOJIOB KA9€CTBEHHOIO UCCJIE/I0Ba-
HUS.
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B psse Bompocos npejicraBiisieT WHTEPEC PACCMOTPEHNE OTHOCHTEILHOM rpybocTu, nMenno rpybo-
CTW TI0 OTHOIIEHWIO K HEKOTOPOMY KJACCy JAMHAMHUYECKWUX CHCTEM, T.€. 10 OTHOIIEHWIO K HEKOTOPO-
MY MTOIMHOXKECTBY MPOCTPAHCTBA AUHAMUYECKUX CUCTEM. TaKWM MOHATHEM OTHOCHTEIBLHON rpybocTn
MOZKHO BOCITOJIb30BATHCH [IPU BBIJIEIEHUN MTPOCTEHINNX HETPYyOBIX CHCTEM, T.€. CUCTEM ITEPBO CTEIeHN
HerpybocTu, a TakxKe IpH KJIacCuPUKAIU HerpybbIX CHUCTEM IO CTEIEHW CJIOXKHOCTH, WJIM CTEleHn
verpybocru. OTMeTHM, UTO ¢ TOYKH 3PEHUS TAKON KJIACCH(MDUKAINN HErPYOBIX CHCTEM KOHCEPBATUB-
HBIE CHCTEMBI SIBJAIOTCI CUCTEMaMU DECKOHEYHOM CTelmeHn HerpydoCTu, APYTUMHU CJAOBAME, CUCTEMaMU
crerenu HerpybocTu Hosiee BhICOKOH, weM r0bast KOHEeUHA CTelenh nerpyooctu. TakuM obpaszom, KOH-
CEPBATUBHBIE CUCTEMBI SBJISIOTCH C TOYKH 3PEHUS TAKOW KJIACCHMUKAIMN YPE3BLIYANHO “pemkumu’
CHUCTEMaMU.

OJIHAKO MbI MOXKEM, PACCMATPUBAS KJIACC KOHCEPBATUBHBIX (MJIM IAMUJIBTOHOBBIX) CHUCTEM, BBECTH
MOHSATHE TPYOOCTH CHCTEMBI OTHOCUTEIBHO 3TOTO0 KJacca. Takum moustueM (6e3 repmuHa “rpy6ocTs”)
dbakTuueckn nmosp3oBascs [lyankape [17, 18].

Cucremsl TTepBoit cTeneHr HerpybOCTH MOXKHO ONPEIETNTh KAK CUCTEMBI, KOTOPBIE SIBJIAIOTCA OTHO-
CUTEJIBHO IPYOBIMU BO MHOYKECTBE (OTHOCUTEBHO) HErpyObIX cucTeM (ompesiesienne OyIer TaHO HUKE).

Herpy6oe (oTHOCHTE/NBHO HErpybOE) BEKTOPHOE MOJIE MOYKET OBITH TOMOJOTMYECKH SKBUBAJIECHTHO
rpybomy (oTHOCHTENBHO MPyGOMY) BeKTOpHOMY moJio. Hampumep, Ha n1ByMepHOit cdepe BOZMOXKHA Ta
CHUTyaIlust, IPH KOTOPOil BeKTOpHOE ToJie (aBCOMIOTHO) He rpy0o, XOTs TOMOJOMHIECKH SKBHBAJIEHTHO
rpyboMy BEKTOPHOMY IIOJIHO.

OcHoBHOI pUYUHON HErPYOOCTH B ITOC/IEIHEM CJyYae ABISETCH BHIPOXKIEHHOCTD IPOU3BO/IHOM BO3-
Jie TIPEIeTbHOTO MHOXKECTBA.

B ciyuae mocraTodHO TUIaJKuX JUHAMHYECKUX CUCTeM, Tpebysd y HpaBblX dacTell JIMHAMUYECKON
CHUCTEMBbI HE MEHEE MSITU POW3BOJIHBIX, MOXKHO OIpPEJIETUTh JUHAMUIECKUE CUCTEMbI BTOPOI CTEIEeHN
Herpy0bOCTH KaK CUCTEMbI, OTHOCUTEJIFHO I'PyOble BO MHOXKECTBE CUCTEM, HEI'PYOBbIX U He siBISIONINXCH
CHUCTEMAMU TepBOil creneHu HerpybocTu.

ComeprieHHO aHATOTHIHO MOXKHO OTPEIETUTh TUHAMUYIECKHE CUCTeMBI 3-#, 4-if, ..., n-#i crenenn
nerpyboctu. OnpenenieHne BROANTCS WHIYKTHBHO. B paccMaTpuBaeMoM CIydae JUHAMUIECKUX CHCTEM
C IOCTATOYHO TIAJAKMMU (MM JIarKe aHATUTUIECKIMHY ) TPABBIMU YaCTSIMU BBOJUTCS OTIpeieteHue Ou-
30CTH CHCTEM.

Takum 06pazom, AMHAMUYECKYIO CUCTEMY B JAJIbHEHIIIEM HA30BEM CUCTEMOI N-if cTenenu HerpybocTu
B 3aMKHYTOW O0JIAaCTH, €C/IU OHA SBJIAETCd HErpyOOil CHCTEMOIt, He sBJIMIONeiica HerpyOol cucTeMort
CTEIeHN, MEHBINeH W PaBHOW M — 1, u ecjam OHA FBAAETCI OTHOCHUTEJIBHO TPyDOil BO MHOXKECTBE
HErpyObIX CHCTeM, He ABJIAIOMIXCA HerPyObIMU CrCTeMaMu CTEIeHn, MEHbITel uin paBuoi n — 1.

2. ONPEAEJNEHUE OTHOCUTEJILHON CTPYKTYPHOI YCTONYMBOCTU (OTHOCUTEJIBHON
I'PYBOCTH)

Kuaccuueckoe onpejenenne rpybocru 1, 3, 4, 7|, a rakxke oupejesenue, janHoe B paborax [37, 38,
39], ouepupytor ¢ AByMsi 0ObEKTAMU, & UMEHHO, C KJIACCAMU JIMHAMMYECKUX CUCTEM U C IPOCTPAHCTBOM
Jgedopmarmit cucTeM €O CBOEH TOTOJIOrreid.

Brepsrie ompegenenre rpyboCTH JUHAMUIECKON CHCTEMbI HA TIJIOCKOCTU OBLIO JAHO TIPU HEKOTO-
POM JIOTIOJTHUTENBHOM TIPEANIONIOKEHIN OTHOCUTEIBHO MHOXKECTBA PACCMATPUBACMBIX JTUHAMUYECKUX
cucreM. VIMEHHO, JOTOJHUTEIBHO MPEIOIAraa0Ch, 9TO T'PaHUIa 00/1acTH, B KOTOPOH paccMaTpuBa-
eTCsI CUCTeMa, SABJISIeTCS MUK/IOM 06e3 KOHTAKTA JJIsi TPAeKTOPUil 9TON CUCTEMBbI, T.€. TIPOCTON TIa Kol
3aMKHYTO KPUBOil, He HMeIell KOHTAKTOB (He Kacaroleicst TpaeKTopuii cucremsl). OUeBHIHO, KOTIA
KpUBasi sIBASETCs IUKJIOM De3 KOHTAKTa TAKKe U /I TPAEKTOPUH BCAKON CUCTEMBI, IOCTATOIHO OJIU3-
KO#l K paccMaTpuBaeMoii. XOTd 9TO MPEATOJNOKeHNe CHJILHO OTPAHNINBAET KJIACC PACCMATPUBAEMBIX
JUHAMUYECKUX CHCTEM, HO IIPU STOM CMBICJ HOHSTHsS IPyOOCTH CHCTEMBI COXPAHAETCS, a ONpeje/eHne
rpybOCTU 3HAYUTESLHO IMIPOIIE, YeM DU OBIIUX [IPEJIOI0KEHUIX OTHOCUTEIBHO I'PAHUIbI 06JI1acTH.

Moz Ho BBECTH OIpe/jiesierne rpybocT TakKuM 06pa3oM, ITO OHO He OYIET 3alpeIiaTh HAJTUIUE HEIPY-
6BIX TPAEKTOPHi, JEXKAIUX HA TPAHUIE 00JACTH. A 3TO HE COOTBETCTBYET COMEPIKAHUIO MOHATHS TPY-
Bocru.
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Brenenne nouarusa rpybocTu 6€3 CrienuaabHbIX TPEATIOI0KEHUN 0 TPAHUIE 00IACTH TTPEICTABIACTC
€CTECTBEHHBIM U HEOOXOIMMBIM C PA3JIMUHBIX TOUYEK 3PEHUS.

B ocHoBe xe mousTHs rpybOCTH (B TOM YHC/IE M PA3IMYHBIX CTENeHeH HerpyboCTH) JIEXKUT TOHATHE
TOMOJOTUYECKON SKBUBAJIEHTHOCTH JIUHAMUYIECKIX CHCTEM.

[Tycrs X"(M) — mpocrpancreo C"-BEeKTOPHBIX mOJeli HA KOMIAKTHOM MHOT0OOpasmu M ¢ C'-
ronmosiorueii, 1 > 1. JIBa Bektopubix nong X,Y € X"(M) Ha3pIBAIOTCS TOMOJOTNIECKM YKBUBAJIEHT-
HBIMU, €CJIU CyIecTByeT romeoMopgusM h : M — M, KOTOpBI# MepeBOAUT TpaeKTOpun mojs X B
TPAEKTOPHUH TIOJIsT Y | COXPaHAd UX OPUEHTAINHU; 3TO MOCJAEIHEe YCIOBIUE O3HAYaeT, uTo eciiu p € M u
4 > 0, To cymectByer Takoe € > 0, uro ecim 0 < t < §, TO

hX:(p) = Yy (h(p))

ns mekoroporo ¢ € (0,¢). BymeMm Ha3bpBaTh A TOIIOJOIHYIECKOH SKBHBAJCHTHOCTLIO MexKay X u Y.

Takum 06pa3oM, MBI OIMpEEJUIN OTHOmenne sKkBuBasenTHocTH Ha X, (M). dpyruM, 6oree cnib-
HBIM OTHOIIIEHUEM SBJISIETCS CONPSI’KEeHHOCTb IIOTOKOB BEKTODHBIX moJieii. JIBa BekTopHBIX mosig X u Y
Ha3bIBAIOTCs CONPSKEHHBIMU, ECJIH CYIIECTBYET TOIMOJOIHYECKAs SKBUBAJEHTHOCTb h, COXPAHSIOIIAs
napameTp t; 3TO 03HAYAET, 9TO

hXi(p) = Yi(h(p))
npuscex p e M uteR.

3ameuanue 2.1. Kax ussecmmo, CONPAHCEHHOCTID NOTNOKOE — CAUWKOM CUABHOE OTMHOWEHUE, 10~
CKOABKY, KAK U3GECTIHO, PACWUPAIOWUTCA yuka (Kax Gynkyua om napamempa) 0Aa a8MOHOMHBIT CU-
cmem, Kax npasuso, MEHAEM c60l NePuod, a, KAk U3BECMHO, 3AMKEHYMDLE MPAEKIMOPUL NEPETOOAM 8
3AMEHYMBE NPU TONOA02UHECKOT IKEUBAAEHTIHOCTIU.

Omnpenenenue, nanaoe AunpoHoBeM u [lorTparuneiv |2, 4|, Hapsaay ¢ 6JH30CTHIO0 B HEKOTOPO TOIIO-
JIOTMH PACCMATPUBAEMOI CUCTeMbI 1 ee jedopmariuu Tpedyer 6/iM30CTh K TOXKIECTBEHHOMY I'OMEOMOP-
du3zma, gepe3 KOTOPbIH OCYIIECTBAAETCA TOTOJIOTUIECKAA SKBUBAJEHTHOCTD TOCJEIHUX JTBYX CHCTEM.
Onpejenenve xe, nannoe [lefikcoro [37, 38|, ne Tpebyer ykazauuoit 6m3ocTn.

Ecnu cucrema rpy6a o Araporosy—llonTpsiruny, To ona seiistercst rpyboit u nio Tletikcoro. [pu sTom
HEeOOXOIMMBIE U JIOCTATOUHBIE YCJIOBUs TPpybocTr 110 AHIpoHOBY—IlOHTPATMHY COBNAAA0T ¢ HEOOXOAM-
MBIMH U IOCTATOYHbIME yCaoBusiMu rpyboctu o Ileiikcoro. Tlocieamee onpeneienne nmeeT Caeayonee
MPENMYIIECTBO: HEITOCPEACTBEHHO W3 STOTO ONPEIeICHUs BHITEKAET TOT (haKT, UTO Irpybblie CHCTEMBI B
TPOCTPAHCTBE AMHAMUYIECKAX CHCTEM 3amojHdrorT obnactu. [lpu mepBom ke ompemenenun TOT (DaKT
HYXKHO JOKa3bIBAaTh, OIUPAACH Ha HeO6XO,ZLI/IMbIe " A0CTATOYHBIE YCJIOBUA Fp}I6OCTI/I.

[Tycts V — mocTaTouHO Majas OKPECTHOCTH paccmarpuBaemoro sektopuoro nonas X B X'(C").
Kak yxxe xparko 0TMeUaI0Ch, B MEPBOHAYAJIBLHOM OIpejesennn rpyboctu, gaHHBIM AHIPOHOBBIM U
[MouTpsaruubiv, Tpebyerca erne, 9TOOBI IPHU JOCTATOYHON MAJIOCTH OKPECTHOCTH V romeomMopdusm,
OC}’H.LGCTB.HHIOH.H/H?I TOITOJIOMNYECKYI0 3KBUBAJICHTHOCTD MEXK/1y X n Y, Mor 6bITb CliejiaH CKOJIb YI'OJIHO
OJIM3KUM K TOXKJIECTBEHHOMY B CO-rononorun (r.e. ckosib yromuo maso capurasa rouku M). Tak kak
BapuaHT 3TOr0 Tpedopanus npeaaozken [lelikcoTo, B Tex ciaydasix, KOr/Ja HaJl0 YTOUYHUTH, KAKOW HMEHHO
BAPHUAHT TPYGOCTH UMEETCS B BUTY, TOBOPSIT 0 rpybocTr o Anaponosy—IlonTpsiruny u o rpyboctu 1o
[Teiikcoro. OHAKO B HACTOSIIEE BPEMS HE SICHO, NeHCTBUTENIBHO JIU 9TU BAPUAHTHI PA3JIUIAOTCT MEXK Ty
coboit ¥ uMeeT Ji OJINH U3 HUX CYIIECTBEHHOE MTPEUMYIIIECTBO MepPel IPYTUM.

[Ipusenennoe onpeaenenue 3apucut ot r. IIpu HEOOX0IUMOCTH SBHO YKA3bIBATH HA 9TY 3aBUCHMOCTH
MOXKHO TOBODPHTH 0 Tpybocru B Kiracce C [5, 11, 12, 14, 15].

o cux 1mop MbI TOBOPH/IHN O 1JI06AJIBHBIX CBOHCTBAX BEKTOPHBIX I10Jell Ha MHOroobpasusx. MoxkHO
AHAJIM3UPOBATH JIOKAJBHOE TOMOJOTHIECKOE MOBEIEHNEe TPACKTOpHil BeKTOpHBIX moseit (13, 16]. dias
BEKTOPHBIX ITI0JIEH N3 HEKOTOPOIO OTKPLITOTO IJIOTHOTO MOAMHOZKECTBA B mpocTpancTse X' (M) MOKHO
OIKCATH TOBEJIEHNE TPAEKTOPUI B OKPECTHOCTH KaxKJ0# Touku MHOroobpasus. Kpome Toro, jokajib-
Has CTPYKTYPa TPACKTOPHIi He MEHSETCs TIPU MaJIbIX BO3MYIIEHUSIX T0JIs (TakK Ha3bIBaeMasl JIOKAIbHAs
rpy6octs). Takum 06pazom, mosydaeTcs moaHas KiaaccudUKanns Yepe3 TOMOJOITICCKY0 COMPSIZKeH-
HOCTb.
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3ameuanue 2.2. Ilo scetl GU&U,MOC’H’LU, AUUD 6 AO0KAADHOM CAYHAE OMHOWEHUE MONOoA02UY%ECKOT
CONPAHCERHOCTU ABAAECTNCA KOHCMPYKIMUBGHHIM, NOCKOADKY 6 240064NDHOM CAYMAE IO BACHETN HAAUYUEC
OYEHD HCECTNKUT yC./LOG’LHj,.

B BriCcmUx pazmMepHOCTIX MHOXKECTBO I'PYOBIX TOJIEH MO-TIPeXKHEMY ODIMUPHO, HO HE SABJSIETCI yKe
BCIOJTY TIJIOTHBIM. 371eCh CYIIECTBYIOT OoTaThie n 60Jee CI0KHBIE TBICHUT, COXPAHIIONTHECS TP MATBIX
BOBMYIIIEHUAX MIEPBOHAYAIBLHOTO 10Jid. Jlaxke maa rpybbIx moseit CTPyKTYpa TPAEKTOPHIl MPEIe/TbHBIX
MHOYKECTB 10 KOHITA HE $SICHA, U €€ OMHMCAHNE TO-TTPEKHEMY OCTAETCA 00JIACTHI0 AKTUBHOTO MCCJIEI0BA-
HUdd.

[TapasiiesbHO OLpeesIeHUsIM, JJIAHHBIM Bbilie, B paborax [13, 15, 16] usyuasiucs majiomepHbie rpy-
Oble cucrembl, a B pabore [5] — reopust cucrem AHOCOBA, JLIst KOTOPBIX LOHSITHE I'PYyOOCTH 0KA3a/10Ch
€CTeCTBEHHBIM.

B cuy Kytaccuiueckux ompeiesieHnit CTpYKTYPHO# yeroiunBocTH, B paborax |13, 14, 16| obeyx mator-
csd KpUTEPUH TTOCAeTHEN KaK /st JIMHEHHBIX HEABTOHOMHBIX CHCTEM, TaK U JJIsi KJIACCOB HEJIMHEHHBIX
cucreM. [Ipu3Haku CTPYKTYPHO# YCTONIUBOCTH [IJ1si MAJTOMEDPHBIX CUCTEM (DOPMYJIUPYIOTCS B KAUECTBE
runore3 CMmeiisia Ha GoJibIie Pa3MePHOCTH.

3a 1ocjeHee BpeMs MOSIBUJIOCH €11le HECKOJIBKO BUIOM3MEHEHHBIX Oompejenennit rpyboctu. Bee onn
UMET OJIHO 0011ee CXO/ACTBO: JehopMaliust paccMaTPUBAEMBIX JIMHAMUYECKUX CHCTEM HA HEKOTOPOM
mMHOro06pasun M™ Geperca BO BCEM MPOCTPAHCTBE INIaJKUX BeKTOpHLIX nojeil Y (C") B C"-Tonosorum
(garme Bcero r = 1).

Bynem paccmarpuBaTh BEKTOPHBIE TI0JIsI (AMHAMUYECKHE CHCTEMBI), gedOopMUpyeMble He HaJl BCEM
kyraccom X(C") moJieit, a JHIIb HAJl HEKOTOPBIM HOJAKIaccoM X (B), olpeiesIeHHbIM ¢ TIOMOIIBIO KJIAcca
Pyukmmit B C C7.

Onpenenenue 2.1. Bexmoproe nose v wa muo2006pa3uu, M™ Ha3b160€MCA OMHOCUMEADHO CINPYK-
MypHo YcmolGuusvim (OMHOCUMEALHO 2DYObIM Ul 2PYbum No omnowenuto K kaaccy noset X (B),
onpedeseHtozo ¢ nomowbto kaacca gynkuyudi B), ecau daa aoboti okpecmmocmu T 2omeomoppusma 1ym
6 npocmpancmee ecex 2omeomoppusmos ¢ CP-monosoeueti umeemcs maxas oxpecmmuocms U C x(B)
PACCMAMPUBLEMO20 BEKMOPHOZ0 NOAA U, 4MO NOCAEIHEE IKEUBAAEHTNHO A0OOMY GEKMOPHOMY NOMO U3
U C x(B) nocpedcmsom nexomopozo zomeomoppusma us 7T .

BameTnM, 4TO GAM30CTH BEKTOPHBIX moJeit mornMaercss 8 C'l-romomoruu, a 61m30¢Th roMeoMopdns-
ma — B CV-ronosmorun. [Tpm sTOM, Peub UAEeT HE O CONPSKEHNN, 8 00 IKBUBAJIEHTHOCTH.
BaMeTI/IM TaK2Ke, 9TO IIOKa B BBIMICIIPUBEJCHHOM OIIDEAC/ICHUN Ba2KHBI:

1) mocTaTodHasi MAIOCTh TOMEOMOPMU3MA, OCYIIECTBISIONIEr0 SKBUBAICHTHOCTD;
2) Cl-tomonorus B MPOCTPAHCTBE PACCMATPHBAEMBIX BEKTOPHBIX TOJIEH.

3. OTHOCHUTEJIbHAS CTPYKTYPHAS HEYCTOMUYMBOCTDb (OTHOCI/ITE.HBHAH HEFPyBOCTb)
PA3JIMYHBIX CTEIEHEN

[Tomo6HO TOMY, KaK JaeTcs Onpeje/eHne BEKTOPHOTO TI0JIsi TIEPBOil cTemern HerpyboCTr, MOXKHO
ONPEETUTh OIS MEPBOil CTENeHr OTHOCHTENBLHON HerpybocTu, paccmarpusas aedopManum mnoseii B
noanpocrpancrse X (B) mpocTpaHCTBa BCEX BEKTOPHBIX MOJIEH.

Onpenenenune 3.1. Bexmoproe noae v wa muozoobpasuu M™ nasvieaemces 6exmophvim nonoiem
nepeoti CMenent OMHOCUMeEAbHot Hezpybocmu, eCAU OHO HE ABAAECMCA OMHOCUMENDHO 2PYObIM GEK-
MOPHBLM NOAEM U eCAl Oas A10001 oxpecmuocmu T zomeomopdusma 1pym 6 npocmpancmee scex 20-
meomopdusmos ¢ CP-mononozueti umeemea maxaa oxpecmmocms U C x(B) eexmoprozo noas v, wmo
noAe UV MONOA0ZUNECKY, IKEUBAAEHMHO A060MmY oo us U C X (B), He A8AA0WEMYCA OMHOCUMEADHO
2pybuiM, NOCPEICTNEOM HEKOMOPO20 20meomopduama us T .

3aMeTnM, 9T0 BJIN30CTH BEKTOPHLIX I0JeH B JaHHOM C/Iydae HOHIMAETCH B C3-ronosiorumu.

ApanormganiM 06pa3’oM MOXKHO ONPEIeINTh BEKTOPHLIE OJIs, ABJISIOMIAECS HOAIMU N-0# CTeneHn
OTHOCHTEJIbHON HerpybocTtu. Ilpm sToMm mcmosb3yercsa C? 1 ponosorus B IPOCTPAHCTBE BEKTOPHBIX
IIOJIE.
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Onpenenenne 3.2. Bexmoproe nose v na muozoobpasuu M" naswvisaemcesa exmophbim NONOAEM
n-0t cMmeneHu OMHOCUMEALHOT HE2ZPYOOCTU, €CAU OHO HE ABAACMCA OMHOCUMENLHO HE2PYOLIM GEK-
MOPHBIM NOAEM, HE ABAANOUUMCE OMHOCUMEADLHO HE2PYOLIM BEKTNOPHLIM TOAEM CMENEHU, MEHbUWEN
waw pasholi n — 1, u ecau das amobot oxpecmuocmu T z2omeomopdusma 1ym 6 npocmpancmee 6cex
2omeomoppusmos ¢ CO-mononozueti umeemes maxas oxpecmmocmov U C x(B) sewmopnozo noas v,
YO NOAE V MONOAORUNECKU IKBUBAAEHMHO At000mYy noao us U C x(B), ne asamouemycs omuocu-
MEALHO 2PYOVIM UAU OMHOCUMEABHO HEZPYOLIM GEKMOPHBIM NOAEM CIMENEHU, MEHLUWET UM PasHOU
n — 1, nocpedcmeom nexomopozo zomeomoppusma us T .

4. HEKOTOPBHIE MAATHUKOBBIE CUCTEMBI C TIEPEMEHHOW JUCCUTIAIIMEN C HYJIEBBIM
CPEJIHUM

PaccmarpuBaembie cucrembl 06/131a10T OMHUM OOIUM CBOMCTBOM: MOCKOJIBKY, KaK ITPABUJIO, ¥ CH-
crem, 00JIaIAr0IUX IepeMeHHOf quccnnanueil ¢ HyiaesbiM cpeanuM [6, 21, 22, 25, 31, 33|, cymecrBytor
AOIMOJIHUTEJIbHBIC CHMMETPUN, JaHHBbIEC CHCTEMbI UMECIOT CeIIapaTPUChl, COCANHATOIIINE FHHep60ﬂquCKHe
CEJIJIOBBIE TIOJIOKEHNS paBHOBeCHs. [103ToMYy (a6COMIOTHO) CTPYKTYPHO yCTOHInBbIME (aBCOTIOTHO TPY-
ObIMU) TaKMe CUCTEMBI OBITH HE MOTYT.

HOCKOHbe ,ZLerOpMa]_[I/H/I TaKUX CUCTEM PaCCMATPUBAIOTCA JIMIIL HaJd HEKOTOPBIM ITOAMHOXKECTBOM
BCEX CHUCTEM, ONPEJIEJIEHHBIM C TIOMOIILIO TOAKAacca (PyHKIuil (IIpaBbix 4acreii), MO3BOJISONIEr0 CO-
XPaHUTHL BCE€ CUMMETPpHUN B CUCTEME, PaCCMaTPUBACMbIC CUCTEMbI B HCKOTOPBIX O6.Ha,CTHX IrapamMeTpoB
OCTAIOTCHd OTHOCUTEJILHO I'PYyObIMHU.

JleficrBUTENbHO, PACCMOTPUM MAATHUKOBbBIE CUCTEMbI Ha, LIMJIMH/IPE C OJHOM CTeleHbIo CBODOAbI BU I,

F(a)
. cosa’ (1)
Q= AsF (), Ay, Az >0,

d:*QjLAl

IIDU YCJIOBUI

Fed. (2)
Knace dyukmmit & coctont m3 m0CTaToOqHO TIAAKAX HEUETHBIX T-TIEPUOANIECKUX (DYHKITHH, YI0BIIE-
TBOpsIIOIIUX cuaeaytonmmM yeaopusim: F(a) > 0 npu a € (0,7/2), dF(0)/da > 0, dF(7/2)/da < 0.
Busno, uro TunwaHbIM mpeACTaBATEIEM TAHHOTO Kaacca pyukimit O apisercs anaantudeckas PyHK-
nust Fy(a) = sinacosa, Te. Fy € .

[Tockosbky cucrema (1) npUBOIMTCS K yPABHEHUIO
. d F(a)

h— Ajag— ———= + A F =
& ladacosa+ oF(a) =0,

BUJIHO, UTO KO3(hUIMEHT Tpu ¢ (KOTOPBIN XapaKTepU3yeT WM PACCesTHUe, I MOJKAYKY SHEePIUH )
HMEET BAT
d F(a)
A — .
do cos o
STO I‘OBOpI/IT (0] TOM, qTO 1UJINn paCCQHHI/Ie, nJjn HO;[K&‘{K& SHepI‘I/H/I 3aBUCHUT OT 3HaKa ,Ha,HHOf/.I BeJ'H/ILH/[HbI,
KOTOpast B CPEIHEM 33, TIEPUOJ PaBHA HYJIIO

27rdF
/ AP, g
0

do cos «

(9T0 — OIHO U3 CBOMCTB CUCTEM C EPEMEHHOI JMCCHIIaueli ¢ HyJeBbIM CPeJAHUM, CM. Takxke [34, 35]).

JIemma 4.1. Cucmema (1) omuocumeavno cmpyxmypro yemotwuea. Boaee mozo, aobue dee cu-
cmemv, 6uda (1) Monoso2uvecky IK6UBANEHMHDL.

Joxazameavcmeso. Oupeie M MPOCTPAHCTBO BEKTOPHBIX moseit X (P), orBevarornux cucreme (1); mpu
stoMm dyuknusa F mpoberaer Bech Kaacce ®. IIpocrpancTBo mapaMeTpoB CHCTEMBI IPH 9TOM OECKOHEeU-
noMepHo. Jlemma 4.1 crenyer n3 caeayIoONux 3aMedanmii.

o s soboro F' € @ dazoseriii moprper cucremsl (1) ©MeeT OJMH ¥ TOT K€ TOMOJOTHIECKHI THIT
(cm. Takxe [33]).
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Puc. 1. Orsocurenbuo rpybas cucrema Ha (Ha30BOM IHIUHIPE

o B kax10it u3 obnacreii dhazosoro nuarHapa (KosebarenbHas n BpararenbHas) (puc. 1) crpourcs
CBOSI TOIOJIOTMYECKas YKBUBAICHTHOCTE: HA “KJIIOUEBBIX CEMAPATPUCAX JAHHBIE YKBUBAJICHTHO-
ctu “crmuBaroTca’.

e K npumepy, B Komebarenbholl 06mact (puc. 1) 9KBUBAJIEHTHOCTL CTPOUTCS CIEYFOTITUM 00PA30M.

[MocTpoum 3rBUBAIEHTHOCTE — TOMeoMOpPdu3M h drazoporo nuanHapa. B kogebarenbHoit 00-
JIACTH CyIIeCTBYIOT Jiniih jBe ocobble Touku: (0,0) u (7, 0) (nepBas u3 KOTOPBIX OTTAIKUBAIOIIA,
a Bropas — npursrusatomas). rak, paccmorpum jgse cucremsl (1) s dyukmmii Fi(a), Fa(a).
CooTgercrrytomue hazoBbie TOTOKH (ha30BOr0 MUIMHAPa 0b03HaunM depes gt gb. Tlotpebyewm,
uT00blI roMeoMOpdU3M h HAYAI0 KOOPIMHAT IIEPEBOJAUA B HAYAA0 KOOPAMHAT. PaccMorpum ma-
JIy10 OKPY?KHOCTH S' BOKpyr Hauaa koopauHar. Be MOKHO BHIOPATH TPAHCBEPCAIBHON K 060UM
nonsm cucrem (1) upu F' = Fy u F = F, oguospemenno. Oupegemum h(p) = p (¢ TOUHOCTBIO 10
JUHEHHOTO CyKATHs WM PaCTAKeHns) 1 Beex p € St taxum obpasom, utobnr h(pl) = h(pd) n
h(p?) = h(p3). 3necn pi, pi, k=1,2 — aBe TouKm HA OKPYKHOCTH S', Uepe3 KOTOPbIE MPOXOIAT
cenaparpuckl moyst cucrembl (1) mpu F' = F, BRIXOASIIME W3 HAYAIa KOOPAUHAT W BXOJAIINE B
ceama S_1 u Sy (B mosoce I1). Ecnm g He siBiisteTcst HAYAIOM KOODAMHAT, TO CYIIECTBYET €/IMHCTBEH-
noe t € R, maxoe uro gi(q) = p € S. Tonowum h(q) = g, (p) = g5 "¢} (q). Henocpescrrento
BUJHO, 4TO h HEIIPEepbIBHO U MMEET HEIIPEPLIBHOE 00paTHOE.

e B cuny nocrpoennoro orobpaxenus h, rouka (m,0) cucrembr mua dbynkuuit Fi(«) nepeiiger B
rouky (m,0) cucremsl jyist pyHKimii Fo () 110 HELPEPBIBHOCTH.

Ul
Caencreue 4.1. Cucmema (1) npu yeaosuu (2) monosozuvecku sK6USAACHMNG YPASHEHUIO
L.6" + ho cos 0 + sin 6 cos 6 = 0, (3)

2de I, > 0, h < 0, a makorce obueMy YpasHENUIO NAOCKO20 MAAMNHUKG 6 NOMOKe cpedbs (CM. Marice
[33, 36]). IIpu amom ypasnenue (8) MOAHCHO UNMEPNPEMUPOBANY KAk 00HO U3 HEMHOZUL YPABSHEHUT
MaK020 KAGCCA, KOMOPHIE UHMELPUPYIOTCA YEPES KOHEUHYIN KOMOUHAUUIO INEMEHMAPHBLT HYHKUUT.

5. BAMEYAHUS OB MHTEMPUPYEMOCTU CUCTEM C HEPEMEHHOW AUCCHUMNAIIMEN C HYJIEBBIM
CPEJHUM

PaccMOTpUM THIIMYHOTO MPEICTABUTENA KIACCa cucTeM Buaa (1), & MMEHHO, aHATMTHIECKYIO CUCTe-
MY BHJIA

(4)

Ha (azoBoM IuInHIpPE, TAe g cucreMbl (1) 6bL1 B3sT coryuait, korga F(a) = sinacosa, a mociue
9T0oro OLLI BBemeH Ge3pa3MepHblil mapameTp b.

{c’y:—w—i-bsinoz, b>0,

w = sin a cos a,
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Kak n3secTHo, nannas cucrema o6/1a1aet, BOOOIE roOBOPS, TPAHCIEHIEHTHBIM (B CMBICIE KOMILTEKC-
HOTO aHAJN3a) TEPBBIM MHTErPAIOM, BBIPAYKAIOMIAMCS 9€Pe3 KOHEUHYI0 KOMOWHAIMIO 9/IEMEHTAPHBIX
dbyuximit [33, 34

1.2 —4<0.
2b 2w — bsin«
.2 . 2
sin“ o — bwsin o + w”| X exp { — arct = const. 5
| ] p{ V4 —b? g\/4—b251na} (5)
II. > —4 > 0.
) S b/v/b2—4
[sin® @ — bw sin a + w?] x 2w —bsina + Vb* — dsina = const. (6)
2w —bsina — vb% —4sina
III. > — 4 = 0.
(w—sina) exp{sm,a} = const. (7)
w — sin

Ha mepsrIit B3TUISI BCerma MOXKHO W3 KJIACCA MTPABBIX YacTell paccMaTpUBAEMON AMHAMUYIECKON CH-
cTeMbl BRIOpATH OfHY “HM30JMPOBAHHYIY CHCTEMY, /i KOTOPOH MaHHYIO CHUCTEMY MOXKHO ITPOWHTE-
IPUPOBATH B HEKOTOPOM Kjacce (mycTh m He Tiankux) dbyuknuii. [TosToMy CylmecrBoBaHme mepBoro
unrerpasa cucremsl (4) B tpex pasubix Bugax (5)—(7) He sBISIeTCS 4eM-TO YIAMBUTEIIbHBIM.

Tem He MeHEE, MOKHO TIPEIbABATEH KJIACC cucTeM, 0bobmatomuti krace cucrem (1), KoTopsrit gomyc-
KaeT HAJIMYNE IEePBOT0 WHTEIPAIA B IBHOM BUJIE:

&= —w+bg(a), b>0, .
o= Fla) )

rie dyukus F ymosierBopsier yciaoBuio (2), a GyHKIMs g — CIeAYIONEMY YCIOBHIO:
gel. (9)

Kirace dpyukmmit I' cocrout 3 moctarodHo rIagKuX HEUETHBIX 2T-TIEPUOIUIECKUX (DYHKINA, Y10~
BJIEeTBOPsIONMX caeayromum yeaosusim: g(a) > 0 upu a € (0,7), dg(0)/da > 0, dg(m)/da < 0. Buj-
HO, 9TO TUIIUIHBIM ITPEJACTABATEEM JIAHHOTO Kjaacca yHKimil [' apisercs ananTuaeckast QyHKIIAsT
go(a) =sina, Te. go €T

Herpynmo mokasnIBaeTCs CASAYIONIEE YTBEPIKIEHHE.

Jlemma 5.1. Ilyemov daa nexomopozo A € R ewnoanaomea pasencmea

F(a) = Ag(a) - g(a). (10)

Tozda cucmema (8) obaadaem (so0bwe 2060ps, mpancyendenmuvim [23, 24, 27| 6 cmvicae Komnaercrozo
ANAAU3A) NEPGHIM UNMEZPANOM UG

w (u —b)du w

© a), — | =gla)e - =C= t, u=——r. 11

o (st 5557) = teremw | T = 0= anst = 25 -

Ksaaparypa B (16) BbipazKaeTcd depe3 KOHEUHYIO KOMOUHAIMIO 3JIeMEHTapHbIX (DYHKIHi (110106HO
caygasam (5)—(7)), a MHOXKHUTESb g(Q) MOXKeT U He ObITH 3j1eMeHTapHO (YHKIMeH n3HAYATbHO.

6. HEKOTOPHIE MASITHUKOBBIE CUCTEMBI C TIEPEMEHHO JUCCHUTIAIIMEN C HEHYJIEBBIM
CPEJHUM

6.1. CewmeiicTBa (Hpa30BbIX TOPTPETOB C KOHEYHBIM YHNCJOM TPyObIX HEIKBUBAJCHTHBIX
nmoptperoB. O6061umM HeckoabKo cucremy (1). B [28, 29| npusejiena TunuyHas TOMOIOIHYECKAsT KI1AC-
cupuKalys IOPTPETOB CUCTEMBI
b= 04 4,1
cos (12)
Q= AyF(a) — hQ, Ay, Ay >0, heR,
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Puc. 2. (AbcomrorHo) rpybast TUHAMHTIECKAs CHCTEMA

npu ycaoBun (2) Jyist HEKOTOPO# GeckoHeuHOMEpHOT 06/1acTn napamerpos. Boobie xe, cucrema (12)
upu h # 0 spasiercst cucremoii ¢ nepeMenHoii juccunanueii ¢ mvenynesbiMm cpegnum [30, 32, 40] (re.
siBJistercsi “cCOBCTBEHHO” JINCCUITATUBHOI ).

JIlemma 6.1. Beckonewnomeproe npocmparcmeo sexmopruz noaeti x(P), omseunarowee cucmeme
(12) npu h # 0, cosnadaem c 3amviKanuem KoneuHo20 065eIUHENUA

obaadarowee caedyrouyum ceoticmeom: cucmema (12) npu h # 0, onpedeaennas ¢ nomousbro npo-
empancms X (Pr), k=1,..., N, (abcomomno) epyba.

Joxasameavcmeo. Onpesesnm mpoCTPaHCTBO BEKTOPHBIX mojieit Y (P), oreuaromnux cucreme (12); npu
sroMm (yuknusa F' mpoberaer Bech Kiaacc P. IIpocrpancTBo mapaMeTpoB CHCTEMBI IPH 9TOM OECKOHEeU-
noMepHo. Jlemma 6.1 crenyer U3 caeayIoONAX 3aMedanmi.

e Ecmu dynkuus F' mpoberaer knace dbyaxmumii ¢, daszosbiii noprper cucremsr (12) opu h # 0
HMeeT KOHEeTHOe IHC/I0 (abCOTI0THO) rpyObIX TOMOIOrHIeckux Tuos |21, 33].

o Jlyst KaxKI0r0 (pUKCUPOBAHHOTO 4 TOTOJOTHIECKAsT SKBUBAJEHTHOCTH CTPOUTHCST OTAETBHO (B CO-
OTBETCTBUH CO CBOMM TOMOJIOTMYECKUM THIIOM) W aHAJOTHYHO JOKA3aTeabcTBY JeMMbl 4.1 (cm.
BBIIIIE).

e Bektoproe mnosie cucrems! (12) npu ycioBuum (2) obiagaer CBOWCTBOM CTPOrOH MOHOTOHHOCTH
OTHOCHUTEIBHO apaMeTpa h [21] (Takoe CBOWCTBO eI1e Ha3bIBAIOT CBOFICTBOM IIOBOPOTA BEKTOPHOTO
MOJIE CHCTEMBI).

e OcraBuIMecss CHCTEMbI, HE COOTBETCTBYIONIME BEKTOpHbIM 1oysM X (Pr) HU mag Kakoro k =
1,..., N, B npocTpaHCTBe MapaMeTpoB 3aJal0TCs KOHEYHBIM YHCJIOM ajrebpandecknx ypapHe-
HUA 1 UMEIOT Mepy HYJb.

O]

Bocemb “runmunbix” kmaccos (HO He Bee) st cucrem Buga (12) npu h # 0 npusegens va puc. 2-9.

Heobxoaumo 3ameruts, 9ro B cucreme (12) npu b # 0 MOXKHO H0B30BATHCS “TUIHIHBIMEI TIPEICTA-
BUTE/ISIME JIAHHBIX KJIACCOB CUCTEM — COOTBETCTBYIOIIMME aQHAJUTUYECKUMU CUCTEMAaMU (110 AHAJOIUN
c ypasuenuem (3)).

6.2. CewmeiicrBa da30BbIX HOPTPETOB C OECKOHEUYHBLIM YHUCJIOM rpyObIX HEIKBUBAJIEHT-
HBIX NOPTPETOB. B cienytomem Kiacce cucreM, Takzke 0000matmux cucreMel Buaa (1), BO3HUKaeT
CYETHOE MHOXKECTBO (abCOTIOTHO) IPYyOBIX CHCTEM, 3aMBIKAHHE MHOXKECTBA KOTOPBIX JTA€T BECH KJIACC
IIEJTUKOM.
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Puc. 5. (AbcomrorHo) rpybast TUHAMHTIECKAs CHCTEMA

Pacemorpum cucremy Ha hazoBom mmamHape (cMm. Takxke [10])

Q

"= —w+ %F(a) cosa + ow

1

1

s(@)

m

2

sin o +

F(a) —w¥(a,w), o,I,m >0,

sin a,

(13)

(14)
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rue

pn yeroBusx (2) u
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Puc. 8. (A6comrorHo) rpybast JuHAMUYECKAsT CUCTEMA

s(a)

g
q:] _ — 2 _F 1 _ S s
(o, w) ow’ cosa + (o) sin v = cos

s EX.

(15)
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Puc. 9. (AbcomrorHo) rpybast TUHAMHYIECKAs CHCTEMA

Knacc ¥ cocront m3 (pyHKIHil JOCTATOYHO TIAAKUX, 27T-TMEPUOIAICCKUX, YETHBIX, YIOBJIETBOPIIO-
mux caeayomum yeiaosuam: s(a) > 0 npu « € (0,7/2), s(a) < 0 npu « € (7w/2,7), npuaem s(0) > 0,
ds(m/2)/do < 0. DyHKIMK S MEHSIFOT 3HAK TIPH 3aMeHe a Ha o + 7 (eM. Takxe [19, 20]).

C momoripio Kiaacco ¢dyaknmit ® m X, Koropole mpoberaroT, COOTBETCTBEHHO, (byHKIMH F 1 S,
OIpeJIeJIsieTCs TPOCTPAHCTBO BEKTOPHBIX ToJieli cucreMbl (13), (14), koropoe oboznadum x(B).

JIemma 6.2. Beckonewnomeproe npocmpancmeo x(B), omeeuarowee cucmeme suda (13), (14), pas-
busaemcs na cuemHoe Henepecexarouleeca 0bsedunenue

X(B) = x(B1) I x(by) I x(Bz) W x(b2) ...
obaadaruee caedyUUMU CEOTICTNEAMU.

1) cucmema euda (13), (14), onpedeaennan ¢ nomowwvro npocmparcms X(B;) dan arwboeo i € N,
(abcoarommno) epyba;

2) cucmema (13), (14), onpedesennan ¢ nomowsvro npocmpancms X(b;), asasemesa cucmemoti nepsoti
cmenenu, omnocumenvrot neepybocmu 6 npocmpancmee X (B);

3) mmuoorcecmsa x(b;) umerom mepy nyav 6 npocmpancmee x(B);

4) mmoorcecmsa X(B;) umerom xoneuwnyto mepy 6 npocmpancmee X(B).

Joxasameavcmeo. Onpejiesnm NpOCTPAHCTBO BEKTOPHBIX oJieii X (P), orsevatormux cucreme (13), (14);
npu 3toMm byarnuu F' u s npoberaior Bce Kiacckl dyukiuit ¢ u 3 coorercrenno. IIpocrpancTBo
[apaMeTPOB CUCTEMBI IIPU 3TOM OGeCKOHEeUHOMEPHO. Jlemma 6.2 ciemyer U3 CJIeAyIONUX 3aMedaHuii.

o Fcmu dbyukiuu F' u s mpoberator Bee Kiracchl byarnuit ¢ u X coorBercrBeHHO, haz0BhIil MTOPTPET
cucremsl (13), (14) umeer cuerHOE THCTO (AOCOMIOTHO) IPYOBIX TOMOJOTUIECKUX TUIOB [24].

o Jls1 KaK/10ro (pUKCHPOBAHHOTO ¢ TOIOJIOTHIECKAs SKBUBAIEHTHOCTH BEKTOPHBIX IT0JIEl 13 KJ1acca
X(Bi) cTpouTbcs OTAENBHO (B COOTBETCTBHH CO CBOMM TOIIOJOTHYECKUAM TUIIOM) M aHAJOTHIHO
JTOKa3aTeIbCTBY JeMMbl 4.1 (cM. Bbime).

e Bekroproe nosie cucremsr (13), (14) nipu yenosusix (2) u (15) obaajaer cBoifcTBOM CTPOTOit MOHO-
TOHHOCTU OTHOCHUTE/JIBHO KOHEYHOTO YHCJ/IA ITapaMeTpPOB paCCManI/IBaeMOﬁ CHCTEMBI (3TO TaK>Ke
CBOMCTBO TIOBOPOTA BEKTOPHOTO TMOJIs CHCTEMBI).

e Cucrembl, COOTBETCTBYIONINE BEKTOPHBIM TIOIAM 13 Ka1accoB X (b;), B MPOCTPAHCTBE NapaMeTpPoOB
33/1a10TCs KOHEYHBIM YMCJIOM aaredpandeckux YpaBHEHUN M UMEIOT MePY HyJIb.

O

TFoMeoMopdusM, OCyIECTBISIONUN SKBUBAJTEHTHOCTb, CUCTEM, B3ATHIX U3 IIpocTpancTsa X (B;) mia
KaxKJIoro (PUKCUPOBAHHOIO ¢, MOXKET U He OBITb JOCTATOYHO OJIM30K K ToxjecrBerHHOMY. llociemuuii
dakT gBJIsIETCS OPUTHHAJBHBIM B CMBICJIE TIOCTPOEHUS [TOHATUS OTHOCUTEIBHO rpybocTu.
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B mamnoMm ciaydae MBI MMEeM MHOTOMApPaMETPUHIecKoe CeMeiicTBO (ha30BBIX MOPTPETOB, B KOTOPOM
TIPY TIEPEX0/Ie OT OFHOTO TOTIOJOTHYECKOTO THIA MOPTPETa, K IPYTOMY MBI BHIHYKI€HBI UMETH JIEJ0 C
BBIDOXK/IEHHBIMU IIepecTpoiikamu (cMm. Takxke [26, 29, 32]).

3 BCero BBIMIEM3JIOKEHHOTO BHJIHO, 9TO PACCMOTPEHHBIE CHCTeMBI C MEPEMEHHONW JUCCUTTanmeii ¢
HEHYJIEBBIM CPEJHUM B TUIMYHOM Ciydae (abCOMOTHO) CTPYKTYPHO ycToitumBbl. [Ipm 9TOM OTHOCH-
TEJIBHO CTPYKTYPHO YCTOWUYHMBBIE (TUIIMYIHBIE) CHCTEMBI C TIEPEMEHHON JTUCCUTIAIIEH C HYJIEBBIM CPETHIM
ABIAIOTCS, KaK TMPABUIIO, YAOOHBIMIA CHCTEMAMU CPABHEHUS JIIT CHCTEM C MEePEeMEeHHO JUCCHTTAnedi ¢
HEHYJIEBBIM CPEJTHIM.

7. 3AMEYAHUA OB MHTETPUPYEMOCTH CUCTEM C I[IEPEMEHHOM ,ZLI/ICCI/IHALLI/IEI;I C
HEHYJIEBBIM CPEJ/IHUM

st mpocrorsl pacecmorpum caryuait cucrembl (13), (14), B koropoii aus nipocrors s(a) = 0. Bosee
Toro, Bygem npejnoaararh Haauwune ycaosus F(a) = Fy(a). Torna npeobpazosannast JuHaAMUYeCKast
cucrema (13), (14) (rme BBemen Gespasmepubiii mapaverp b > 0) npuMeT BU AHAJTATUIECKON CHCTEMBI
(cm. Takxke [34])
(16)

2

a cos a + bw? cos a.

/ . .
o = —w+ bsinacos® a + bw? sin o,
w' = sin o cos o — bw sin

ComocraBuMm cucteme BToporo mnopsika (16) measroHomuoe nud epernuasbioe ypaBHEHHE CJIeTy-
FOITIETO BHUJIA!

dw T+ Bwlw? — 77 .
— = , T =sina. (17)
dr  —w+ p71+ pr[w? — 72
Bsenem obosnadenns:
Ci=2-b,Co=0>0,C3=—-2-b<0. (18)
Torga, mocae 3aMEHbI IEPEMEHHDBIX
Uy =w-—7T, V] =wW+T (19)

ypasuenne (17) npeobpasyercst K Buy

b b b b
duy {— <1 + 2> u1 + 57)1 + bUﬂ)%} = dv; {(1 - 2> v1 + 5“1 + bu%m} . (20)

Ncnonb3ys jasiee 1Be 3aMeHBI

up = vit1, v} = pu, (21)
ypasuenue (20) mpusenercs K ypaBuenuio Bepryiiim:
d;
21{Cst1 + Cy + 203tam} = LHC1 = Goti), (22)
1
3ameHoit p; = 1/q1 J1erko CBOAsIIEeMyCsl K JIMHERHOMY HEOJIHOPOIHOMY:
¢ = ai(t)q1 + aa(t1), (23)
rje
Q(Cgtl + 02) 405t
a1(t)) = ————, az(t1) = =—5—~. 24
Perenue 0HOpO1HOI wacTn ypaBuenus (23) Haiigerca u3 paBeHCTBA
Cst1 + Cy)dty
Grodn(t1) = kexp W (t1), W(t1) = 2/(2) (25)
Csty — C1

[Tpu Beramcaennn waTErpana (25) HEOOXOIMMO PACCMOTPETh TPH CJIYUas.

I.Ci >0 (b<2).

W(t)) = In(—Cst? + Cy) — Q%arctg\ / —gjtl + const. (26)
—C1C3
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I1. C; < 0 (b > 2).

Cy v—=C1 ++/—Csty
W (t1) =1In| — Cs5t? + Cy| + In + const. 27
()=t =G+ O+ e M = v o (2)
L. C, =0 (b=2).
1
W(tl) =2In |t1| + tf (28)
1

Temepb MOKHO OKOHYATEIBHO BBIITUCATEH ODIIEE PEIIEHNE OJHOPOIHOTO YPABHEHMUSI:
I.b<2.

2b 2+b
— L 2 _ __ -
Qrodn(t1) = k(—Cst] + C1) exp { marctg 5 btl} + const. (29)
II. b > 2.
C2/V/CiC3
V—C1 ++/—Cst
Grodn(t1) = k(—Cst] + C1) Lt SAe + const. (30)
v—=C1 —v/—Csty
II1. b = 2.
1
Grodn(t1) = ktF exp {t} + const. (31)
1
JIJ1s momcKa pereHnst HeoHOPOAHOrO ypasHenus (23), (24) maiinem Bemuunny k Kak GyHKIHO 1.
[Momyanm:
I.b <2
b 2b 2b
k(t]) = ——ex sin 2¢ — 2 cos 2 + const, 32
() = g exp{ 2y | 2 sinag - 2c02c | } (32)
rue
2—b
tg( = t1.
g¢ S (33)
II. b > 2.
g b i
k(t]) = £|¢|/VP 4 g ||/ VA2 + const, 34
rie
b—2 (1-C
tr=1— ([ —=).
Vo2 (1 n g) (35)
II1. b = 2.
t 1 1
k(ty) = —2- + exp {} . (36)
t1 1

Takum obpasom, pasercTsa (29)—(36) TO3BOISIOT TONYYINTh UCKOMBIN MEpPBbIi WHTErPA CHCTEMBI
(16), stBaistrormuiicst TpaHCIIeHIeHTHON QyHKIHEH cBOUX (ha30BBIX MEPEMEHHBIX W BBIPAKAOIINIC Yepe3
KOHEYHYI0 KOMOWHAIIUIO 3JEeMEHTAPHBIX (DYHKITHI.

Bruay rpoMo3IKOCTH BUIa TOJYIEHHOTO TTEPBOTO WHTETpaJia IpUBeAeM ero Jumb B caydae IIT:

_ | dusi Ai?
ex {Slna—l—w} ot e = ('] = const. (37)

sina — w (w—sin)?

B manpmeiieM cupaBeLImBBL JBa 0000IIEHHUS.

e MoKHO J0Ka3aTh HAJIWYIHE TPAHCIEHJIEHTHOTO MEepBOro mHTerpasa mig cucrembl (13), (14), B
Koropoit mast npoctorsl s(«) = 0, o dyuknusa F npoberaer HEKOTOPBIN MOIKJIACC TIAJKHX
dyukIumil, comep:kamux QyHKIno Fy.

e Moxkno mokasarh, 9To ecau () # 0, TO IepBBI MHTErpaJ, BOOOIIE rOBOPs, HE BLIPAXKAETCA
yepe3 KOHeYHYI0 KOMOMHAIINIO 7eMeHTapHbIX (DyHKIIH.
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