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Caeraci namstru oryos
{Moeo & weRv MOet)

MPEAUCNOBHE

3ddeKT XaOTHIANHH ABHXeHHA B JeTePpMHHHPOBAHHBIX HEMHHEHNHBIX CHCTe-
MBX, eMIE COBCEM HEJIABHO KA3aBUIHACH MPOCTO HeBEPOATHLIM B PAMKAX TpalK-
UKOHHBIX CTEPCOTHIOB KITACCHYECKOH MEXBHMKH M TeOpHH KoZeGanwil, cedyac
y¥e NpelCTaBiAercA KaKk HayyHo OBOCHORAHHOE ABNeHHe dYHIAMEHTANBLHORA
3HauMMOCTH. A sroro moTpebOBancch 25 €T HHTSHCHMBHLIX HCCHCAOBAHMA.

OaHako HMTepec K ITOH TeMAaTHKC He TOfibkO He OcnaleBaet, HO MpoRON-
XAeT HAPACTATH, O HYeM CBHOETENBCIBYET YBEIHYHBAIOWIMACA NOYOK HAYYHOH
HHGOPMAUHH. BONBIIOE KOMHYECTBO KOHGQEPEHIUHA H HayyHBIX WIKON MO npo6-
JleMaM  CTOXAacTHMHOCTH. B deM e NpHYMHB CTOMb MHOrONMetHeH MOMynsp-
HOCTH npofiteMbl NMHAMMKYECKOTC xacca, Greck HOBH3MBL KOTOPOH, Ka3anoch
Hur, yenen noryckHers? Mx. GedayciopHO, MHOro, HO HanGOnee paxcHsIMM, Ha
MOR PATIAN, SBJIRIOTCA B¢ CleOYoIHe.

leppas npHvHHA JaKOuaeTcs B OGlIEM MEXTHCHMILIMHAPHOM XapaKTepe
ITOro ABteHMH. Ha HalmmMx TNasax YCOHIHAME CIEUMANHCTOR palnyHbIX Obnac-
Tedl 3HaHH¥ GOPMHPYETCH CAMOCTOSTENbHLIN pA3nen HEIHHeAHOR TEeOpHH KOolle-
BaMHiE. YTBepKNAAeTCA NIDHHMMITHAJIBHO HOBOe ECTeCTBEHHOHAYWHOe MHPOBO3-
3peHYe, YKA3hBAKIIEe KAYeCTBEHHO HHME MONXOMBI K pelieHHI0 CTOXHbIX
npobieM GHIMKM HeTHHeANBIX SBNEHHH.

Bropas mnpMurHa ©OGYCHOBNEHA INHPOKHM CREKTPOM JKCIEPUMEHTANBHBIX
TIPMSIOOKeHHH TEOPHH NETePMUHHCTHYECKOTO Xa0¢a B pa3nMyHmX OGNMacTHX 3Ha-
Huil. Opfiagen TeopHel CTOXACTHYHOCTH, IKCNEPUMEHTATODH MOMYUWIH BO3-
MOXKHOCTE CO3IMaHHA [EHEPATOPOB X2OTHYECKHX aBTokoNeBaHMiA u yripapie-
HHA HX (DHIMYECKHMH XapaKTepHCTHKAMH NAA pa3paBoTky HOBBIX NpaKihdec-
KH PAMHBIX TEXHHYECKHX YCTpOHCTH.

3a nocnepiHe rooel MOARWIOCE MHOTO HHIEDECHBIX KHHI O [IHHAMMYECKOM
xaoce |1-11]. OpHako BONPOCH: JMHAMHKM [HCCHOATHEHBIX CHCTEM, JleTalb-
HOTO CONOCTAaBAEHHS TEOPHH H IKCIEPHMEHTA ¥ HEPAIPBIBHO CBAI3HHAS ¢ HHMH
npatiiema pofn GAYKTYauHA B aBTOCTOXACTHHECKMX ILPOLECCaX HCYepITbBak-
BIEFO OTPAXEHUA B MOHOIpadHAX NOKA Me Hawne. [IpenraraemMas KHHTa MpH3-
Bal{a OTHACTH BOCNONHHKTL 3TOT npoben.

OcHoBOH MOHOTpasHH NOCNYXHIH KYPChl NeKIWMHA aRTOpa 10 pasdesiaMm He-
THHERHOH TeopHH KoneBaHWA, wHTaembie Ha Kadedpe pamopuInku Caparos-
CKOrQ [OCYJAPCYBEHHOFQ YHHBEPCHTETA, NepepaGOTaHHbIN H NOMNONHEHHBIA
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marepHan xhur [12-14], a TaKKe peayfbTaThl HaydYHbIX HCCNENOBAHHH, NpPO-
BEleHHBIX COBMECTHO ¢ acnupaHramy. KHira mocesiteHa HccnenopaHun 1po-
UeCCOB AMHAMHYECKOR CTOXACTM3AUMM aBIOKONefaHHA B OTHOCHTENBHO ItpO-
CTHIX CHCTEMAX, BIATHIX M3 pADHO(BHIMKH. AHAIHIHPYOTCA HeNHHeHHsble THC-
CHIIATHBHbIE CHCTEMBL, MATEMATHHECKHM Q6pa3oM pexvMa HEJaTYX4I0MHX Xa0-
THHECKHX TYNBCAUHA B KOTOpbIX ABNAEYCA CTpaHHMH (2 TOuHEEe — KBA3MIH-
nepBonnyeckui) arrpakrop. OCHOBHOA 3afaded KMHTH ABACTCA paccMmOTpe-
Hue GUDYPKAMOHHBIX MEXAHHIMOB BOINHKMOBEHHE, CTPYKTYPM H THOHYHSIX
CBOMCTR MAIOMEPHOrO X20Cd NPH TIATENIBHOM COTOCTARICHHH pe3ylbTATOR
YHCTTEHHBIX K PHIHYECKHX IKCIEPHMEHTOB ¢ PATHOGDHIHIECKHMY YCTPORCTRAMH,
HOMYCKAWIUKMH MOLENUpOBAHHE B BHOE CHCTEM OGRIKHOBEHHBIX NddepeH-
MMANLHbIX Y paBHeHHH.

1. 1 ~ 6 monorpadHK conepxar ofive CaeReHHA MO TeODHH NMHaMHuec-
KHX CHCTEM, TeOPHH YCTORWBOCTH H Gy pialMil, a TaKKe ONHCAHHE OCHOBHLIX
MEXAHHIMOB TIEPEXOLA K XA0CY H ATOPHTMOB HX YHC/IEHHOTO aHANHAA.

OCHOBHOH IMHAMMYECKOR CHCTEMOH, KOTOpad [etantHO aHAITH3HDYeTCA B
KHHTe, ABNAETCH MONMGMHUHPOBAHHBIA KNACCHIECKHH TeHepaTop ¢ WHEpUMOH-
HoH HenmHednocTeiw K.@. Teonopumxa. IIpemnokeHHLIH OTHOCHTENBHO NpoO-
crofi redeparop ¢ 1.5 creneHamH cpOGOHEL BO Beex OTHOLICHHAX OKIIANCA
yHOGHOR CHCTEMOR [NA HIYUEHHA CTOXACTHMHOCTH, XAPaKTEpHOH [NIA JHHAMM-
HeCKHX CHCTEM ¢ HerpyGOW roMOKITHHHYECKOH TPacKTOpHeH THNA NeTSH cena-
PaTpHCHI Cepio-hokyca.

I'm. 7 — 11 nocBAieHb! ASTANBHOMY HCCIENOBAHNIO PEXHMOB aBTOKONEGa-
HHi AaBTOHOMHOI'O I'eHepaTOpa B IMMPOKOW OGITACTH BapHALMH YIPABIAIOMIMX
napameTpoB. Bri. 12 ~ 14 uccefynTcs THIHUHBbIE HEPAPXHH Hey CTORMMBOCTER,
CONPOBOXNAIOWHNE HESTHHeHHble ABICHHA [pPH pajpylIcHHM PEXHMOB KBI3H-
NEpHONHYECKHX KoseGanui. Hcnonkicpakne B KauectBe OCHOBHOH CHCTEMBI
IeHEpaTOpa C MHEPUMOHHON HEeMMHeHHOCTBIO [I0IBONAET UeNEHAMpaB/eHHO
YCNOXHHTE MCCHEHYeMble CHCTeMbl. AHANHIHPYIOTCH HEABTOHOMHblE Komefa-
HHA H KO/eBaHKA B CHCTEME CBAJAHHDBIX reHepaTopon. PaccMarpiubalorca mexa-
HH3MbI [epexOlid K XA0Cy 4epe3 pewamMbl GHeHHi ¢ IBYMA H Tpema Ga30BBIMH
YacTOTaMH.

HanoxeHue pedyJibTator BENETCHA HA OCHOBE JETANBHOTO COMOCTABJIEHHA
YHCHIEHHBIX W 3KCNEpHMEHTANbHLIX Oudry pKAUMOHHBIX [IHATPAMM  DEXHMOB
KONeGaHHA B NAPAMETPHNECKOM MPOCTPAHCTBE HCCNEAYEMBIX CHCTem. Pajuo-
DHIHUECKHIE IKCIEPHMEHT CTYMMT He TOJBKO MpOREPKOH Ha rpyGOCTh THIHY-
HBX peXHMOB aprokoneGaHHA H WX GHypKali, yCTAHOBIEHHBIX YHEIEHHBIMH
METO/IAMH, HO BBICTYTIAeT H B KAUYeCTBE CAMOCTOATENBHOH METOQHKH HCCleno-
PAHHA CNOXHOR JHHAMHKH 2aBTOCTOXACTHYECKHX CHCTEM. TpPajHUHOHHBIE MpHe-
MBI 1 HIMEDHTENBHAA alapaTypa, HCNONb3yeMbie B PagHOGHINKE, NOROIHIOT
aTh HATAAOHYW DAIHYECKYI0 HHTEPODETAMMIO MHOIHM KayeCTBEHHbIM 3aK0HO-
MEpHOCTAM, JIEHAUIHM B OCHOBE H3Y¥aeMbIX ABJICHHA. 2 TAKKE OUEHHT: PONb
dAyKTyauHit B pexHmax DHHAMHNECKOR CTOXACTHYHOCTH.

DopMHpOBaHHE MpPeNCTABNEHHH O IMHAMHYECKOW CTOXACTHMHOCTH, NONO-
KeHHbIX B OCHOBY MOHOTPadHH, NPOMCXOAMNO TIOL BIMAHHEM TBODYECKQro
OGIISHHA ¢ AKTHBHO PAGOTANMIMMEA HAYYHBIMA KOJUICKTHEAMU, B YACTHOCTH —
¢ paaMOdU3INKaMH MIBecTHOH ['OpsKOBCKOR WIKONBL. BEIpakamw WCKpenHiow
npusnatensocts M.H. PaGuHosuuy, 10.H. Heiimapky, B. I6esmury, B.AL. Kucno-
sy, C.I1. Kysnenoay, W.H. Munakopod, [1.C. Jlanpa, ux KONneram u yueHukam



33 MHOTOYHCACHNBIE JHCKYCCHH M OOCYXKASHHA MaTepuanob xHuiH. Sl Gnarosa-
pio rtaxxe B.B. Acraxosa, T.E. Baaupacosy-Jleredopn, M.A. CadoHosy
J1.2. MocrHosa — MOHMX YUEHHKOB M COZRTOPOR NO MYGNHKAUMAM, HCIONH3O-
PAHHBIM NIPH HANHCAHHH KHHTH.

Ocoliylo SnarogapHocts 5 Buipaxaw 10.JI. Knumonrosuwy n JLI. UlnneHu-
KOBY 33 CHACT/IHBYI0 BO3ZMOKHOCTL ¥ HHX YUHTECH, 33 PallOCTh Ye/10BE4ECKOro
ObuicHHA M BONBIUYI0 HHTSNNEKTYMIBHYI0 NOAUEPKKY BO Bpems paboTM Hal
ITOH KHHTOH.



FNABA |

OCHOBbl JHHAMHWYECKOTIO NOIXO0IA
K ONMHUCAHHI KONEBATEJIBHHX ABNEHHA

1.1. DupaMuuecKan CHCTEMA H 8 MATEMETHUCCKSN MOJENb

Non uramumccxoil cucteMoid NOHMMaKY Mobud 0GLEKT WM NpOLECT, [N
KO‘I‘OpO]‘l) OHHOIHANHO Ol‘lpC}leJIcHO NOHATHE COCTORHHA KakK COBOKYHHOCTH
HEKOTOpPBIX BEJIHMHH B [AHHLIA MOMEHT BpeMeHH M 3aJAH oneparop, OmMChI-
BalOMil IBOMIONMIC KIVaNBHUTO COCTOSHHA BO BpemedH. [loHAaTve muHamu-
4eCKOil CHCTEMBI, lLIePpBOHAYAIBHO BO3HHKIIEE KakK 0GOGIMeHHe MONATHA CHCte-
Mbl MEXAHHYECKOH MPHPOALL, MPH TaKOM- OlipefeeHHl CYIUCCTREHI) paciim-
pAetrca. JINHAMEMECKHE CHCTEMBI ~ JTG MEXaHHNECKHe, PUIHYECKHE, XHMHYeC-
KHe 1t GHONOFHUeCKHe ODBCKTLI, BBIYHCTHTRNBHMC HPOIECCLl H IpOHeCch Ape-
ofipaloBaHH® HHPOPMAIWH. cOBEpLIACMbIE B COOTHETCTAHM ¢ KGHKPETHBIMH
ANrCpHTMAMH. ONHCIHME JHHIMHYECKHX CHOICM B CMBICIIC 3JAHMA OIlepaTopa
IBOTIIOIMH  TAKOKE NONYCKICT GOABLUIVE pasHoOGpasue: OHO OCYWIECTBANETCA
¢ NOMOWBI  IubdepeHIHANbHEIX YPIBHEHHA, AMCKDITHBIX OTOGpaXENHR, ¢
NUMONibIC TeOpHH rpithOB, T2OPHH MApKOBCKMX uenefi # 1.1 Beifop vamoro
H3 chNocOBOB CIHCAHHA 3afacT KOHKPETHLIH BI MaTeMaruveckoli Mmodeau
COOTBETCTBYIOLIER JHHAMHYECKOR CHETEMBI.

MaTematuiecka® MONCAR AHHAMHMECKON CHCTEMbI CYHTASTCA 3AMAHHON,
€CNI} BBE/ICHL] MUpAMETPBl (XKOOLOUNGTH) CHCTEMbI, ONIPEAeHAIoUIHE OAHU3HAY-
HO ee COCTORNUC, M YKIRH 380 00KHURRBLE onepatup, NUSBOTRIOUIME PeLaTh
FUIAYY ONPE/IENEUHA HIMEHCHKA COCIOAHHA KU BPEMEAH.

B 33BHCHMOCTH OT cTefledH npubiHikeHHA OMIOR K YOR e peLIBHUA CH-
CTEME MOIY1 hTL ROCTABNEHB R COOTBET TAMC NPHHLHIMINLHO pd NIHYHBIE
MATEMATHYCCKKE MOZIenN. HecennBanMe pealisHbix CHCTEM HCTODHYCCKH KAaeT
IO IYTH H3YYEHHM COOTRETCTBYKILIUN MalCMATHUCCKHX Moneien, COBEpuIeH-
CTBOBAIIHE H PA3BHTHE KOTOPHIX u!lpe,'.!.ense‘rcs AHANRIOM JKCNEPHMEHTANBHKIX
H TEOPCTMUYECKHN Pe3yNibiaToB MIpH HX conocTapiedHn. B cagin ¢ arum non
AMHAMHYECKOH cHeTeMOi MBI Ey/leM 110EMMITL HMEHHO ¢e MATEMITHYECKYO0
wmofieNib. [leno & TOM, WTO M3 KiuueCtseHHBLIN COOGPANeHHH Mbl UCTO MOXKEM
UBCCTH B PACCMOTPEHHE SIMHAMHMUSCKYH CHCTCMY {HANpUMep, CCpieuto-cocy-
AHCTYIO CRCTEMY KHBWOTD OpraHpiMa). a e¢ MATEVMITHUSCKYH0 MOIens - He
Beernd. OnHIKOo, HeCHEaYA OOHY W Ty Ke HHHEMHNCCKYIO CHCTeMy (K HpHMC-
PY. UBHXEIHE MIATHHKA), b FaBHCHMOCTH OT CTENEHH YUETA palfTHulLIX takro-
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PUB Mbl NONAYYHM pPadnH4Hple MaTEMATHYECKHE MOMENH, OMHCHIBAIOLIAE KAYeCY-
BEHHO OT/IHNAOWHECH JAMHAMHYeCKHe OpOlecchl (MAaATHHK C YueroM M el
YueT2 TpEHHA) .

Hepellikd C/IY4aH, KOraa NpH MCCICLOBAHWH PE2NIBHOH CHCTEMBI B paMKax
onpelieNleHHbIX NpennonoxeHHi GopMynHpyeTcs ee NPHGIHXCHHAA MATEMATH-
yecKaa MOOenb, KO‘l‘Opaﬂ KaK CTAHOBHTCH fiCHO B JajibHeHIleM, B IHAUHTENbHO
GoNbLieR CTelleHH COOTBETCTBYeY NeACTBMTE/NIBHOCTH NPHMEHHTENLHO K HHOH
AMHAMHYECKOR cHcTeme. B 310M nposensercA riyfokas oGmHOCTs AMHAMKYEC-
KHX SBACHUA B M2TEPHAILHOM MHpE, OTpaXaeMadn eAMHCTBOM MATEMATHUECKHX
JaKOHOMEPHOCTER, KOTOpbIE 3TY OGIMHOCTE OMHChBAIOT. MnntocTpalmed Moxer
CYXHTh CO3AAHHAA COBPEMEHHAH TEOPHA HEIHHeHKBIX KOJleGaHHA. BOo3HHKHYB
B 30-¢ TOMBI KAK MATEMAaTHYeCKHH annapar pafMOHIMKK, B HACTOAULEE BpeMA
TEOpHA KONeGAHHA CTala MOIHMM WHCTPYMEHTOM MO3HAHHA KOMeGaTeABHBIX
NpoLeceos H ABNEHHH B CAMDBIX PAsAHHBIX OGMACTAX HAYKH.

1.2. KuHemMaTHyeckasd HHTEPIPETAUMA CHCTEMbI
udppepeHHANLABIX YPaRHeHWH

PaccMOTpHM MHAMMWYeCKHE CHMCTEMBbi, MOMC/MpYeMble KOHEYHEIM YHCTIOM
OBKIKHOBEHHBIX M epeHIMANbHEIX YparHeHHK. [IpHMEHHTENBHO K TAKHM
cucTemam B GONbuIed cTelleHH COXPaHHNHCH fIPEACTABNCHAA H TepMHHONOIHA,
NepBoONAYabHO BOJHMKIIME B Mmexak¥ke. B paccmarpHBaeMOM cnyyae fns
onpefleneHHA [HHAMMYECKON CHCTEMDbl HeoGXOMMMO ykasarts OGbeKT, HOMyc-
KAIOMMiA OTIHCaHHE COCTOAHHA 33JAHHEM BEHUMH Xy, X, . .., Xx B HeKOTOpbIH
MOMeHT BpeMelld [ = . BenHunHpL X; MOryT fipHHRMAtH npousnonnume IHa-
YeHHH, OpHYEM LBYM padiHuMeiM HaGopam BenwuwH (x;} w {x;) orsevalor
B3 CTPOIO padHLIX COCTOAHMA. 3aKOH IBOMIOIMK AHHAMHYECKOH CHCTeMb! BO
BpeMeHH  3ANHCLIBAETCR  CHCTEMOH  OGBLIKHOBEHHBIX  NH(pepeHUHAIIBHAIX
ypaBHeHHH

dxifdt = x; = flx), x50, .., xx), i=12,0 0 N (1.n

EC/IH paccMaTpHBaTh BEIMUHHBI Xy, X3, . . . , Xy KK KOODAHHATH TOYKH X
B 4V~MepH0M MpOCTPAHCTBE, TO NONYHAETCA HAMAANHOE [eOMETPHYECKOS npen-
CTuBNleHHe COCTORHHA IHHAMMYECKOH CHCTEMBI B BMAE 3o ToukH. MNocnenHiow
Ha3bIBAIOT H306paxalowieidl WM TpeUcTaBAAIIed, a yale - $a30808 TONKOL,
2 NPOCTPAHCTRO COCTORAHMA — (HA308bIM RPOCIPARCTEOM DMHEMHUYECKOH CH-
cTeMpl. U3MeHEHMI0 COCTOAHHA CHCTEMBI BO BpeMEHH OTBEYAET iBHkeHHe daso-
BOH TOMKM BAOCAbL HEKOTOPOW JIHHHH, KOTOpas Ha3hiBaeTCa (5a3080L IPaeKTO-
pucik. B ¢da3oBOM mpocTpaHcTBe CHCTEMBl ypaBHeHwsimM (1.1) Onpenenstetcs
BeKTOPHOE NOAe CKOPOCTEH, CONOCTABNAIOIIEE KANIOA TONIKE X BHIXOAAWMHRA HI
Hee BeKTOp cKOPOCTH F{X). KOMIOHEHTE KOTOPOrO HAIOTCA MpaBLIMH YACTA:
MH ypasHeHwd (1.1):

[fl(xl»x'lv s va)- fl(xla X2, XN), e ;fN(xl-er- B rxN)]' (12)

Hunamuueckasn c¢ucrema (1.1), rakum 06pa3om, mMoxer GuIb 3anucala B
BeKTOPHO#R hopme:

= Flx}. (1.3
rne F(x) — BekTOp-pYHKUHA pasMepHOCTH N,

"



Moxer OkazarecA. ¥To N-Mephoe ¢GajoBoe NMpPOCTPIHCTBO ARHAMMNECKOR
CHCTEMAl HBANETCH eBKAMAOBRIM H HaGNIOAACTCA COOTBETCTBHE MEXIY BCEMH
BUIMOXKHBIMA COCTURHHAME CHCTCMBI H  TOYKAMM €BK/IHIOBA MPOCTPAHCT-
s RY.

OupenencHubil  KJJACC BOIMOXHBIX LBHXCHHA IDfHaMHMCCKOR  CHCTEMM
ONMCLIBACTCH NOCPEACTBOM BEKTODHOLO {ONA Ha HEKUTOPOM HHBAPHAHTHOM
MHOTOOSpasHd W, HMeouleM MeHIYI, YoM [V, pasMepHOCTL, T.€. Ha MOAMHO-
roobpasiui $a3oBOro MPOCTPAHCTBA. YAOBNETBOPAIOWEM CieRYIOmEMY CBOH-
CTRY: TPHEKTOPHA, MPOXONRALIAN Yepe3 TOUKY X HOMMHOrOOGpuIHA W, HenRKOM
mexcny & W. Taxme CHTYAIMH BOIHHXAKOT MPH HEKOTOPOR CHMMETPHM HCXOXHBIX
YPaBHeHHH janaud, B ONPERCNEHHBIX PeXKHMAX ABTOKONeGaHiA B AHCCHRITHE-
HBIX CHCTEMIX, B KOHCEPBATHBHAIX CHCTEMAX M ApPYTHX ocofipix ciryvaax. B
CBA3H ¢ ITHM HeOBXOUHMO YTOYHEHHe BITHMOCBAZH {IOHMTHA YHCIZ CTeneHed
¢BOBOALI H pa3MepHOCTH Ga30BOrO NPCCTPaHCTRE OMHAMMYECKOH CHCTEMBI.

llon vucaom creneneit ceobudit ROHMHMACTCA HaMmellbilee UMCHO He3apw-
CHMBIX KODPAMHET, HEOOXOAMMBIX M JOCIATONHBIX Ui ONHOIHANHOro Omnpe-
feneHHA COCTORHNA chcteMul. [Jup KOOPOHHATAMM MepBCUAYRNEHO MOHHMANHCH
HMEHHO NPOCTPARCTBEHHEIE NEPEMCHHLIC, XAPAK TEPHIYIONLHE BIIHMOPACTIOROKE-
HHe Ten WIN ofbexron. B 10 Xe BpeMA A ODHOIHAYHOTC DEHICHHA COOTBET-
CTRYIOWHX YPUBHEHN NRWXCHHA HEOGXOZHMO, NOMMMO KOUPAHHAT, 380ATH
COOTRETCTRYIILING HAYAILHME 3HAUCHHA HMAYNLCUB WIH cKOpOcTed. B cuasu
€ 3THM CHCTCMA C /1 CTENeHAMY ¢ROGOADE XapaK TEPHIYeTCA Ga30BBIM (PUCTpaH-
CTBOM pa3MepHOCTH B b3 paza Gonbwer (N = 2n). 3na TepMuHoIOrHS oGie-
APHHATA B CTATHCTHYCCKOR MeXaHuKe.

1.3. Knacowpukang THRAMHBECKHX CHCTEM

Ecrit sunaMuveckan CHoTema 3afiala ypundetlitem {1.3), 10 nocryampyerca,
YTO KaxaoMy X(fy) B (pa30BOM LPOCTPAHCTEE CTABHICH B COUTREECTBHE 10
eARHCTBEHHOE cucToRMmMe X (1) (f > tg), Kya 32 Bpemsl | — i Oepenectar-
ox asoBaR TOUKa, DRIDKYUIAHCH B COOTBETCTBMI ¢ ypaslenuem (1.3). B ome-
patopHoit opme (1.3) MOXHO 3anncars 8 BRIE

x(t) = Tyx(to). (1.4)

rie T, — opcparop oTolipaxcHis (HhasvBOrQ KpacTpaHcTea Ha ceds. Orodpame-
HHe T Q% 3BTOHOMMAIN CHCTEM OGpatyeT OMHONGPAMETPHUYECKYIO rPYRNy aKd-
deomupduzMos  daroBoro mHoroofpazHas WY, obramawuyie <soiicTROM

T,T, = Teey. 20, s>0. (1.5)

JHRaMHIeCKHE CHETEMBL MOXRO KNRCCHGHUKPOBATh B JABUCHMOCTH OF BUIR
onepatopt otofpaxedna H LTpyxrypot dazooro npoctpaersa. Oueparopn
OTOGPIXCIMS KIRCCHDHIAPYI0ICH B COOTBETCTSHA ¢ HX cxOHCTRAME M nO dop-
Me safpuda. Ecan oncparop ofliaizeT CRORCTBOM CYNEPNIOIMIALE, TO QIf HA3bi-
BasTCA NHNEMAMM. ECTH ONCpaTOP HeHHCTHBUT. TO #t COOTBETCTBYIOIAR IHMHE-
MHRECKA CHCIEMD HaSulBACICA HENHHCHNOH. P2insuawr hefipepbiainic W AMC-
KPeT:ApIC OHepATOpLL K COOTBRTCTHEHIO CUCTOMB € HENDEPMERMM u Quckper-
HuEM apeseneM, CHOTCMa, IR KCTonsey otoSpaxedie X (£} ¢ HOMOLOBIG one-
patopa T aMower Guivs ONpessnello AR mobuX I > 1y (Meupepuisyo BO Bpe-
MeHE)Y, HI3D:BAKT TAKNKE W 1KuME (19 GHANOTHR CO CTallAON2PHBIM TeyeHHeM
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KHLKOcTH. Eciin oneparop oTOBpAXeHHA onpenefeH Ha HCKPETHOM MHOXe-
CTHE 3HIYEHME BPEMuHH, TO COOTRETCTBYWIIHE IHHAMHYCCKHE CHCTCMB] H2dbI-
BIKT KUCKUOZMH HIH CHCTEMEMH C JHCKDE1HIBREM BpeMCHEM.

Crocoful saqusus oneparops otodpaxeHus T Taxke MOryT paiflHuaThCH.
Oneparop T Mowno 3amare 8 Buile AnhdepeHUHANBHOTD KK HHTErPANLHOTO
HpeoBpi300AHMA, B BHJE MATPHUBL MIH 1aliHikL, B BH1Te rpaduxa win dynx-
UHH ¥ 1.1

B 32BACHMOCTH OT 1010, XAKOH PAD 3HAYCHHA MOTYT NPHHHMATE Ga30BRIC
KOOpI],HHaTH. OpeIeIANINHe COCTOAHME CHCTEMBI, PRAXINYAIT Nenpephiduoe
i duckpetioe Palogeie POCTPURCTAd.

OnpenecieHHnie Kiaschl HelTuHeAMpIX npeoGpascpatuit MOryT npHBOIMTY
K BCPOATHOCTUBIM CHOACTRAM CUOTBEICTBYIOUHX PeldeHul H AONYCKATH BO3-
MOKHOCTD CTATHCTHYECKOrD OMHCAHHA. Takue Npeo6paioBzHeA. win QNEparo-
pbl 3BO/INIUIK, HBIAWTCH TMPEIMETOM H3YNEIHA Jprojuveckoit reopuu [15].

Tl DMMAMEYEZCKHX CHCTEM, ONEpaTop 3IBOJKIMH KOTOPBIX 33f12R O6bIKHO-
BEHHKIMH OHGrpeneHIMAILHBIME  YPARHSHHAMR, BaXHOH AATACICA 13K Hadul-
Baexiar 3a/4ua Koumt. CyTs ee COCTORT B OBOCHOBIHHA CVHICCTBOBAHHH H CIIHH-
CTHRUIIOCTH  PCillelliiA. QOrHoBlible BAAPOCH 3ACCH KACAWICR JIOKATaTeNLOTBa
CYLECTBOBUIHA M SHHHCTBERHOCIH peMIcHHMA. OTHICKAHHA afnacru onpaaene-
UHH PCLICHHA H BLIABNEHMN YCNOBHE KOPPeK THOCTH M CMBICIC HENpePLIBNOCTH
pelleHHA OTHOCHTENLHO HAYAAPHBIX y{.‘.l'IDBHﬁ H IApaMETpOB.

1 .4. KonebarenkHiie CHCTEMEL M HX CROACTRA

CpenM HIEPOROTO KNACCa IHHAMMUECKHX CHCTEM OcOfym (ol HIpAKT
CHCICNMbE. B KOTOPBIX BO3IMUOKIB] KuneGadus. KoneHaTenbHue caoTeMul ¢ TO4KH
3pelE HX MAreMATHUeCKMX MOMeNed paifief0T Ha OnpeleneHHse KIACChL.
Padiinator auselnbic W Herineiiere KOICBaTe IbHME CHOTCMBI, COTped0TOUEH-
Hble U parnpedeieNHbIC, NONCEPGATHRHLIE U QUCCUNATUEHME, GUTOHOMNLIE U
HeaatoHOMEne. OcOOLIA KIACC HPEHCTABIHIOT T2K HAJBIBASMEIC E8TOKOeld-
Tetbiaie cucTemir. (JCHOBHLIE CBOACTBA YKAZAHHLIX KOMCJATENBHEIX CHCTEM
HOAPOGHO vBCyAaWTCA B paBOTax MO Teopuu xonedaumA [i6-21].

RAUTHECCKH? 2RTUKDACOIHKA HOZHEKANT B HeNHHEHHBIX MUICCHIATHRNBIX
KO#e02Te IBHBIX CHUTEMAX KK peIvibIAT YCNOXGHCHNS UPHERIMHLIX PeXAIMOS
FOTY.IAPIILIX IIEPHO,".LH'ICCKHI. koieBbaui pH FIMEHCHHH YIp2BISWIIKX napa-
MUTPOS CHLTEMB!. B caAsu ¢ 31HM Kparo IIpOaI{:I.TH.?Rp}'.‘M OCHOBHLIC CBUR-
CTBA PAINTHUHBIX KIACCOB KONeBaTe1bibIX CUCTEM.

Konefare:bHad cHeTeMa HAIBIBASTCH LHefHuii MNY HETUHENHON B 3aRH-
CHAMOCTH 01 TOMD, IHHERAHI AW L& IHi2HHA OMMCLIBAOLAR ¢ CLHCTOME H.H(]Jlld\!'
TEHIMAN b LIX }‘pﬂBHCH}!ﬁ. JinneittpIe CHCTEMBS RBTATOTCA YacTHLIM ciryyaem Hi-
AMHZRELLX, MMIHIKO B ciLty l‘lp}iHLﬂ!!‘lHill‘;nHOﬁ LAKHOCTH IHHGRHSIN CHCTEM 8
KCCHICUOBaHHY BONGOCOB YUTORMBOLTH KonefaHuil, s BOZMOXHOCTH HCNOAL3O-
BAHMA APHHLMIE CYNEpIIO LMK P2illeHHA, MO3BOLAIOIETO KCCTen0BdTh Obmee
NOBraeiMe MRHEHNLIX CHCIOM © IIOMOULbAO YACTHBIX PelleHiH, Taxan xnaccudur-
KBUKA OTIPIBMANA.

AdHamuueckHe CHCTEM bI, MOTEINPYCMbIE KOHCUHBMM YHCHIOM OBBKHOREHHBLY.
AHGDePeHUHRTTEHRIX  YPABHEHHE, HAIbiBANT CuCPeOOTONSHNLIMY LB Yokek-
HbLALE CHUTeMaMM. (JHH OMTACHIBANTCA © ROMOLIBI0 KOHEYHOMEPIIUTO (Ha3osorc
RPOCTPEHCTBA M XAPAKTEPHIYIOTCA KOHUMHBIM WHOTOM cTereted CROGOASL.
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Taxoe ornHcalse BO3MOXKHO B TOM CIYYde, eCiH JHHAMMKA CHCTeMBl [OmyC-
K3ET HCCIIe[OBEHNE B NPEANONOKEHHN COCPEAOTONEHHBIX NAPaMETPOB. Hanpu-
Mep, KOTJIa KOJIeGaTeNnbHbiA KOHTYp NpejCTABIM KiK NOCNENOBATENbIOE COt/M-
HeHMe B 3aMKHYTYIO UeTh MHAYKTHBHOCTH, eMKOCTH M conpoThHRieHus. OnHa
M TA e CHCTeMa B PAATHYHRIX YC/IOBHMAX MOXET PACCMATPHBATHCH KAK COCpe-
[OToueHHaA Nube KEK pacnpefenedHad. MareMaruveckHe mofenu pacnpede-
AEHHMX CcHCTEM — 3TO ahdepeHiUMansible YPARHEHHA B YaCTHRMIX [PORIROA-
HLIX, HHTerpanbHhle YpasHeHMA HAH OGBLIKHOBEHHLIE YPARHEHRA ¢ 3ANAIALIBAK-
MM AprymMeHTOM. Yucio cremetell cBOGOIM pachpe/ieNieHHOR cHcremsr Bec-
KOHEYHOD, 1 Tpelyerca GeckOHETHOE YHCHO JEHHLIX [ ONpeleNeHHA e¢ COCTON-
Has. B TeopHu anexTpuiecKHX xoneBaHuR CHCTEMY pACCMATPHBRIOT KK COCpe-
JOTOMEHHYIO B Tex CNYuYasx, KOT[a [UTHHA BQIHLI KOM¢GaHMH CYIIECTREHHO tipe-
BBILIAET I'eOMETPHYECKHE pasMepnl camMol cucremel. Ecnu pasmepnt npuGopa
COHIMEPHMBI C JUIKHOA BOMIBI reHEpHpYeMhIx KOeGaHMit, TO cHCTEMY Heob-
XO[MMO PACCMATPHBATH KAK Paclipe/le/IeHHY0.

Tlo sHeprersvecKkOMy NpPH3IHAKY NHHAMHYECKRE CHCTEMBl NAGAATCA Ha KOH-
CepBATHBHLIC H HEKOHCEPBATHRHEIE. KOKCEPOATUBHBIE CHCTEMAT XAPEK TEPH3YIOT-
CA HEHIMEHHRIM BC BpeMeHM 3aNACOM 3HEPrHK. B MexaHMKe HX HaIKBIOT
2amuibTonogumi. JINA KOHCEPBATHRHBIX CHCTEM C A1 CTETNEHAMM CROGOIIN Ofipe-
DENAETCA TAK HAILIBacMELIE FAMWIBTOHKAH cHctembl H{p, ¢). the ¢; — 0BoG-
IieHble KOOPIMHATRI, p; —~ OGOBIMEHHBIE HMOYIbCHE cHcTemal, § = 1,2, . ...1n
'aMHNLTOHMEH MONMHOCTBI0 XADAKTEDHIYeT [HHAMMUYCCKYI NpHPOAY CHCTEME!
H ¢ pMIMYeCcKOit TOYKH 3peHHA B GONBUMHCIBE CTYYaeB NpecTannser coboi ce
NOMHYI0 JHEPTHIO. JBONNUHA BO BPEMEHE KOHCEPBATHBHBIX CHCTEM OMKCHIBACT-
CH YPABHEHHUHMH MeXAHUKH [ aMHNBTOHA

q = OH(p,q)op;, Pi=—3H(p.¢)3q, (1.6)
KOTOphIE ONpefeAnT XapaKTep HasoByix TPAEKTOpHE B 211-MEPHOM daIOBOM
npocTpaHcTse. Hamyune MHTErpanoB IOBHxeHHA (WM HIONKPYIOUIMX RHTErpa-
JIOB) B raMHTGTOHOBMIX CHCTEMAX TNPHROSHT K TOMY, 910 ARiKeHHe (ajonoH
TOYKH HYXHO PACCMATPHBATh He BO BCEM 27-MepHOM $HaIOBOM MpPOCTPAHCTBE,
2 Ha ero NOAMHOTOOSpaINH MeHbLIEH PAIMEPHOCTH,

Ha ypasHennit (1.6) caenyer

n

f§3l(fit'if:fa"'a'i + opifop) = 0. (1.7)
B repmunax 0BoGmeHHnX $a30BHIX KoopauHaT x; (1.1) coornowenne (1.7)
MOXHO TIDSACTABNTE KAK

N
JEokifx = 0, (1.8)
=)

YTO O3JHAYAET PABEHCIBO HYJIO IMBEPreHIMH BEKTOPHOTO TOAS CKOpPOCTEH.
Hpmkenne n306paxaNMAX TOUCK B (HAIOBOM MPOCTPIHCTRE HHTEPIPETHpYET-
CH B [AHWOM CHTydie KAK CTALMOHADHOE TEYCHME HECHKHMEEMOR XKHIKOCTH,
NOAYMHAMICECK YPABHeHHID HempeppipocTi. OTCIONA cileiyer, NT0 JfeMeNT
$a30B0r0 0fizeMa B KOHCEPBATHBHBIX CHCTEMAX HE MIMEHNETCA BO BpeMeHM,
YTO [IPHHUANHANBHO OTIHYACT TAKHE CHCTEMBIL OT JIHCCHNATHBHBIX.
JIRHAMHYECKME CHCTEMBI € HIMEHAKNIMMCH BO BPEMCHH 1amacoM IHeprHH
H2ILIBANOTCH COOTBETCTREHHO KNexoHcepagrugnbimy. CHCTEMM, B KOTOpBIX
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JHEPYHA YMENLLIECITA BO BPEMell BBUAY HANKYHA TPCHHA MWIH pacCeAHHA, HA-
IbIBAWTCA duccunaruahbimi. B COOTBCYCTHHR ¢ ITHM CHCTCMBI, JHEpFHA KOTO-
PBIX BO BpeMetiM HApACTACT. HAJBIBAKTCH CUCTEMAMM C UTPHIATEIBHBIM TPEHHEM
WM OTPHUATCABHOR AMccHnaupell. TakHe CHCTEMEBI MOXHO paccMAarpHBars Xak
JUMCCHAATHRAHLIE ITIPH CMCHE HANDABNCHUA OYCHETA BPeMeHH Hl fpOTHBOMONOX-
noe. JIpHHIMINANGLHOH OCOGEHHOCTRIO MCCHIIATHRHDIA CHCTEM HBNIRETCA 3aBM-
CHMOCTbL NICMCHTa ¢SJOBOIO ofbema OT BPEMELIH. B cicreMax ¢ MOrOUIEHKEM
>depI'HH $a30BHIH 0O6LEM PO BpeMeHH YMEHBIIAETCR, B CHCTEMAX ¢ OTPUUATE L
HEIM TpeHHEM — YBEAHUMBAETCH. JTO OGCTONTENbCTBC NMPUBOAMT K TOMY, 4TO
B OMCCHNATHRIMIX HESHHEAHbIX CHCTEMaX MOIyT CYMISCTBOBAT: UICIUDOAAH-
HHE IPACKTOPUY, ARAAIUIMECA MpefeNbHBIMK A HANANLHEIX COCTOHHME HI
HeKOTOPOR OBNTacI ¥ IPHTAXCHUA.

JlnramyueckHe CHCTEMEL HAILIBIWTCA JETOHOMHLIMY, €CITH OHK He NojBep-
WeHbl NeACTBHID BHCINHHX CHA, IEPEMEHHLIX BO BPEeMEHH. YpaBHEeHUA ARTOHOM:
HBIX CHCTEM ABHOH 3aBHCHMOCTH OT BpeMeHH le conepxar, Ta unu Huaa ¢opma
BOT(CHCTBHA HA CHCTEMY GCMAET <€ NEGaTOMOMAOU H (TPHBOIMT K ABHOA 1aDK-
CHMOCTH YPaBHEHHH DT RpeMeHH.

BombuiHHeTBO peanmHpix KoAeGaTeNbHBIX CHCTEM B GiMauke, pamHodHINKe,
GHOITOTHM, XHMHH H ADYFHX OGNactsix 3HAHHR ABAMAETCH HEKOHCEpPBATHBHBIMA.
Cpend HMX BLIAEAAeTCH OCOGBIA KNACC TAK NA3BLIBACMELX 26TOKOAHATEALRBIX
CHCTEM, KOTODSIE MPHHUKNKANLHO HEKOHCEDBATHBHEL M HEMHHeAHbl. ABTOKQIle-
(3TeNILHOR HAZBLIBANT NUHIMHYECKYIO CHCTEMY, NPeoSpaIyIouIyl Meprii HCTou-
11HK2 B JHOPIHI0 HeIaTVXAIIURX KofeGaHkH, NpHieM OCHOBHIC XapdKTEpHCTH-
KH KONeGaHHH {aMTuITy A, H2cT01a, GopMa KoNeBaHKA ¥ T 0.} ONipenieanTcs
NapaMeTpaMH CHCICMBI M B ONpEeNcHHEIX Mpelenax He 3IABHCAI OT Bhiiopa
HCXOIHOrO HauansHoro coctoaHuy [17]:

1.5. GanoBue nopTpeTnl THNOBRIX KomelarentHulX cHCTeM

TeomeTpimeckoe npencrapnese wkonefanwi. Meton awauimia xoeGatens-
HBIX NPOUECCOS © MOMOUIID HCCAEHOBZHHA $HAIORMX TPACKTOPUH [HHAMMYEC-
KO# cucTemnst Dbin BBeNeH B Teopuio xonetanuit JILU. Maduyensurramom (16
# AA. Arponnsnim [17) M C Tex 110p CTAT TIPHALIMHBIM WHCTPYAIENTOM [TpH
HCCTICIOBAHHE CAMEIX PRUIHNHBIX KOJNeHaTe/bHbIX ABNeHHA. C OTKphTHEM
ARHZMHYECHON CTOXACTHUHOCTM POJlb ITOTO METOMA CYMICCTREHHO ROIpOCha.
Nsyuenne cnowiiptx aBTokONefiannil ¢ TOMOLILI0 AHANHIA COUTBETCTRYIOIMX
()a30BBIX NOPTPETOB AOCTATOUHO HAMNAIHO M MaeT Gunbiie vndOpMalMH, ueM,
CKaxeM, HaGmoneHine BpeMeHHREX PCaNMIauHA H CNEKIPOR TPOLCCSh. AU
©$a30BBIX MOPTPCTOR B PRKHMC CTOXACTHYECKHX KOITeSaHuA HOIBUNALT CYIMTh
0 TOMONACIHYSCKOR CIDYKTYpPE UPeAeNbHOrO CIOXUCTHMECKOr0 MHONECTRA,
KOTOPYI0 NO BHAY PealiHIMNMA (POLECCOB ONpeNeTHTh 3aTpYTHETeneHO. KoHey-
1O, HauG0Iee MNEPNBIBAIYID HHGOPMIALHI O CIOXKHBIX KONeGaTeilbHBIX TIpo-
leccaX YA2eTCA TONYHHTD ¢ NPHMEHCHHEM KOMIUTEKCE METOSOB, OHAKO METULY
atijta3a GajoBeIX IPACKTOPHIL B 35OM BONPOCE MPHHALIEKHKT BIKHOE MECTO.

PaccMuorphm WeCkONLKO NpOCTHIX, HO THOMYHAIX NPHMEPOH MpelCTasneHus
FIMHAMHYECKYEN NpOLeccOB B BHAE TpAaeKTOpHi HioGpaxammed Toukn B dazo-
BOM NPOCTPaHCTHe, OOPATHE 0cOBOE BHUMIHHE HA HEKOTOphIE MeTaTH, BAXHEIE
11K AHAIM3E CTOXACTHYSCKHX PEXKHMOB KOMeGaHui.
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KoHceppatusHpit  ocumiisrop. PaccMmoipiM MMHEHHBIH ocuninrop Gea
AOTepb, YPIBHEHHA KODIOPOTO MOKHO CHUPMYTHpPURATL Hd ApuMepe Koficba-
Teiehoro [.Cxontypa (pac. 1.1a), RpeAtionoxun aMILIATY LY Konebaimi j1octa-
TONHO MaI0H. BpiSpap B KauyecTBe [ICPeMEHHOR 3apsil § HAa KOHIEHCATOpE, ¢
nomoub ypanHeHnit Kpxroga noayum

g+ {LC)'g =0 (1.9)
Homnowus (1.9) Ha L § . HAXOZMM HIONHPYOKHA HHTET PATT CHCTCMBT !

%(L:z + fg =0, (1.10)
1.¢. IUTA M0B0r0 MOMCHTA BpeMeliH BBUIOTHAKTCA paBeHCTBa

E s Ef + Eq = vconst. £f = L§*f2. Ec = q*/2C, (1.11)

OTpaxapuwue NOCTUANCTRO BO BPpeMEHH I0JIHOM JHepIr OCUMIINATOPA (C)JMMbI
MATHHTHOR £ R MexTpHbeckoR - steprii). B Goltee y106HBIX KOOPKHATAX
YPpaBHeHHd KOHCepBATHBHOID OCUMANATOPA MOXKHO 3ANHCATE CASAYHWHM
0fpazom:

2

X+x=0 x*+ x? =g*, a=consi. (1.13)

Beeas ¢ajomele KOOPUKHATES X = X H X3 = X, 3dfdUler YpaBHeH s B BHIC
X; % Xy, X3 T -xp0 x}txi o= gl (L.13)

$azoBbIfil NOPYIPET CHCTEMBI NPEACTABRAALT COBOR OKPYXHOCIR pamMyca o ¢
UEHIPOM B Hadane KoopiuHat., Touxa s $a3IoBOM MPOCTPINCTBE. B KOTOPOH

T2
L
a
L4
0 Iy
N
i &

Prnc 1. Koncbarenwueii xotreyp, ModenHpyerablA ypaeHcHraMn (1.12) (a), v drasonsld
fopTpeT o KoNebaHHR IpH GHKCHPOBAHHOM YPOBHE JHEPIHKN (§)

BEXTOp (a3080d CKOPOCTH OBpAEETCA B HYAb, HA3LIBAETCA OCOBOR, ¥ B naH-
HOM Chyuae Ry/b KOUDIMHAT eCTh 0COBaR TONKGE THIA BeHTD.

Hanuune wMTerpana fBHKEHHA Y KOHCepBATHBHOM CHCTeMBb 2-1O {10pA/IKa.
OTpaixarulee B IaHHOM NpumMepe HhakT cOXpaHeHUR IHEPrHH, AAET BOIMOKHOCTE
ONHCATH e¢ ¢ NOMOILLI0 YpaBHeHUA |-ro nopsika. JIeAcTBHTeAbHO, BBEA HOBYIO
llepeMeHHY 0  COOTHOWEHHAMH

X; ¥ acosg Xy T asing (1.14)
NONYYHM ypasteHud
g=1. a=0, (1.15)



KUTOpBIE H ONPEIEIANT I2KOH InkeHRA Ga3oBol ToukH. Bo rpenenu 1nonsw-
UMUHMpYET OitHa flepeMeHHaA i, H (GAIOB0E NIPOCTPAHCTIHO KOKLEPBATHBHUIO
OCLITATOPA, TaKurs 06paloM, oiHoMeptio. ['apMoHITyecKitM KOTe SaHUAM OCURIT-
NATOpPa OFBENaET PABHOMEpHOE APMKeHHe W30GPaAXAOWEA TOUKH N0 OKpYH-
HOCTH panMyca 4, KaK JTO NOKaIaHo ua pue. 1.14.

Ecns KoHCepSarMBHER CHC1EMD LieiHHeRna, 10 ee Ga30BLIAi NOPTPET yCNox-
rieTch. TlpOMNAIOCTPHpYEM D10 Ha NpHMepe ypapHeHHA HeNHKeHHOro KuHcep-
BATHEBHOLO OCUKANATOpR

X +sinx =0 (1.16)

B daszoBbIx HepeMeHHBIX X) = X, X3 = X 3TH YPARHEHHA JAUHCHIBAOTCA CELYI0-
KM 06paIom;

X, * x5, X;=—sinx,. a1.1nh

COCTOHHHA DABHORECHH HENHHERHOI'D MARTHHKA Ha (PI30BOH IUTOCKOCTH pacno-
noxeHsl BAOIL OcH Xy (X = 0) B Toukax x, =0, £, +2r . .. CoOTReTCTRYIO-
WHA (azOBBIN NOPYPET CHCTEMe] pelcTaBNed H2 pHc, 1.2, Bupno, uto ocoBbie
TOUKH x; = 0, 22n 24n, ... — THNA MeHTp, d Xy = 21, 31, . . . - HEYCTORWH-
BbIE TOWKH THIR cedro.

BGawin ueHTpon $asospi NOPIpET KAYECTREHHO COOTREICTRYET JIHHEHHOMY
OCUMIUIATODY: TPAEKTOPHH IIPEXCTARIAINT cOGOR KOHUCHTpHYECKHE IAMKHY-
Thle KpHEBble, GIHIKHE K OKDYXHOCTAM, OTPAXAMWMNM XapaKTep MAbIX MO
amiTYle  KoneGauui, GaMskuX Kk rapmonmdeckum. Yepea HeycroiyHBBie
TOUKH npoxonst ocobbie MHTerpasibiple KpHBbie Iy, Ha3bIBIEMLIC cenaparpu-
camu cerna. Oxy pasnenawt ¢a3opoe NPOCTPAHCTROG Ha OBMacTH C MpPHHLM-
HMANLHO pa3NHuHBIM nosededHeM [17].C yBennuennem 3HeprHu MAATHHKA ero

Iz

P uc 1.2 Qaoauill noprper HENHHERHOIO KOHCEPSATHEHOT'O OCUMNMARTORA. MONENHP Y eMO-
To ypasHenuamu (1.17)

KOjieGaHHA OT KBaZHTapMOHHYECKHX BBNH3H TOYeK THNA UEHT IBONMIWNHOHHK-
PYIOT K HE/THHEHHLIM MepHOIWUecKHM KONeGaHHAM RENMHIM cemapatpuc (ABH-
WeHUA BHYTpH obnacTu, OrpaHMveHHOHR cemapaypucamu}. llamwHeitiee ypenH-
YgHHe JHEPIHH NpHBENeT K BPAUIATEALHOMY IBHXKEHHI0 ((BHXEHMA BHE Cera-
parpuc) . Ceiyalis, KOriia JHeprHS MIATHHKA COOTRETCTRYET NBHKEHHIO TO
CEMAPATPHCE. HAIBIBACTCH HerpyBOi. Manefiwme OTKIOHEHHS JHEDIHH B TY HIK
HHYID CTOPOHY MPHBOIAT K KAueCTBEHHO DAINHYHLIM THMAM IRHKEHMA: KOJle-
GaTensHomy ;smbo spawarensHomy [17].

Kak auaHo H3 pHe. 1.2, COCTOAHMe MANTHHKA ONpefefifeTcA YrNoM ero
OTKNOHEHHA OT MONIOKEHMA PaBHOBECHA X; H CKOPOCTHIO Xg, HO A IHAYEHHHA

2. R.C. AHHUIEHKD 17



P me. L3, daosle tpackropum oCUNAATOPA.
Molicnup yemory ypabHestnamu {117}, wa un-
ARnnpe

rﬂ '
sanaparpucs

X1, OTHHYRIOIIHXCA HA LUENOS MUCI0 2717, MMHAMUKE CHCTEMM HeHTHIMA. loaro-
My TUIOCKOCTE MEPEMEHHBIX X,, X; He SBIAETCHA, CTpora rosops, ¢asosoi
IUIOCKOCTBI0 CHCTEMBI B CHJTY OTCYTCTBRA OfHoarawsoctd. [loxa pess wiier
0 OBHAEHHAX, HIOGPANAOUIAE TPACKTOPHE KOTOPRIX EKAT BEYTPH CRNADATPHC:
HOTO KOHTYpA, T.c. 0 KONeBAHMAX B CKPECTHOCTH LEHTPA, HEHCRICTEA He BOJHH-
waer. Ho B cnywe, ecnn DHEPTHA CHCTEMbI TPEBRILEAET KPHIMYECKOES IHAYCHME
H TPHXCHHE CTINOBHTCA BPAUIATCABHBIM, (A30BAA FLTOCKOCTh He FOMHTCA IUIN
OMHOINAYHOIC OIMCAHMA H D PACCMOTPCHHE BROJAT yuaunOpuvccxoe (azonoe
RpOCTpaKCTHO.

Ha ummmnproeckoit $ajoroii MOPEpXHOCTH cHTYAmMA #I0GpaXACTCN, KAK
310 noxawaNo Aa prc. 1.3. Kpubne, fexauiie BRYTPR CeMapsTpHc, WMKHYTH
H OXBaTRIBAXT OCOGYI0 TOMKY — Hentp. KpHBbIe Bie CelapaTPHC TAKKE 3aMKHY-
Thl, HO OHH OXBATHISEIOT DHAHKIP H OMKCHLIBAIT UOBLIK THI TEPHOMMYCCKHX
nprxeryi, ofiyciopncHHEIX ppameryeM. Baesenye n pacCMOTPOHHE LIHTHHADH-
YECKOro (GA30BOr0 NPOCTPAHCTBA MO3BONAET, NOMHMO NEPHOAHYECKHX JBHXE-
HHit, NeXAMNX HA NOBEPXHOCTH [MUIHHADPE, AHATHIHPOBATE HOBKIA KYACC liepHO-
HHHECKHX JIBHACHHH, TPACKTOPHE KOTODHX OXBATHIRAIOT CAM LEUIHHAP.

OBmeH ocOBEHHOCTHI0 KOHCEPPATHBHBIX CHCTEM ABMACTCR, KRK YHKE OTMe-
HWIOCh, COXPAHCHHe BO BpeMeMH daionoro obivema cucremut. CACCTBHEM ITOrO
ABIACTCA OTCYTCISHE NPHTATHBANIMX WIK HIONHPOBAHHLIX Ga30BLIX TPIEKTO-
puit. [IpHTATMBAIIIMX B TOM CMBICIIE, 170 BCE TPACKTOPHH 3 BEKOTOpPOi oBnac-
TH $A30BOIT POCTPRHCTBA CU BPEMEHEM K HHM CTPEMATCA. EC/IN B KOHCepua-
THRHOM CHCTEMC BO3MONHO MNEPHOIHYZCKOE [BIDKCHHE, TO TAKHX ABHKeHwH
DeckOHEUHO MHOCO M ONpPEACSTANTCH OHH JaalHeM HAYWIBHAIX ycnosuit ans
SHeprHH.

Jlamefnuifi ocopmsaTop ¢ 3aryxansem. Huccumauns anepriw, oSycnoniienHan
HaIHNeM IOFEPL, OKAIHBACT NPHHIAMHAILEHOE BRHARME HE XAPAKTEDP ABMGAE:
HnA cuctemst. Hanfiones MpoCThie JAKONOMEPHOCTH NPOABIAKNTCR B CHCTEMax
¢ OO ACCHITAUACA IMePriK, KOrMA CHAB TPeHHA NefiCTBYIOT N0 ACEM CTene-
HAM ceoBOIL, 8 NOCTYIUIEHHE JHEPTHH H3BHeE OTCYTCTBYeT. PacemoTpHM ipoltec-
Chl B NHHEHNOM OCHMRIISTOPE C BAIKHM TPEHHEM, KOIJR CWild TPEHHA TPOHOD-
UMOHA/TbHE CKOPOCTH HIMeHeHMA xoopmEHaTel. [IpHMepoM Takod cHcTeMm
CHYHMT KOMeGarensHpll KOHTYp, CONEpWAUMA AKTHBHOE CONPOTHRACHME R.
YpapHeHHe MMCCHIIRTHHHONO KOHTYpA

L§ + Rg + g/C =0 (1.18)
JAMENOE NepeMeHHRIX CBONMTCH K BespamepHoit dopme
x +26x +x=0, 25=RLJC, 1=t/\/IC (119)
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P e, 1.4, ©2308kIe TPaekTOPHH ypagieHHs (1.19) c napamerpoMm & < 1 (@) u & > 1 (&)

Mpn & = 0 MMeeM KoHCePBATHBHBIA NIMHEAHAIH OCUMNIIATOP, PACCMOTPEHHBIH
Bbllk . BegeHHe ckomb yroauo maioro Tpeida 0 < § € 1 kauccrBeHHo Menser
dazopbiit noptper cucremsr. Iia 0 < § < 1 pewennem ypaeHewua (1.19) an-
NAETCA

x = Aexp(-Sr)cos(wr + ¥} w=(l - )2, (1.20)

roe A M ¥ - NpOM3BONbHBIE NOCTORHHbIE, ONpPeleTHEMbIE HAYANGILIMH YCNO-
pasAmMu. Ha dazosod mnockoctd mnA moGbIX HaYaNEHBIX HRHHSIX UMEHT Mecio
CKPYMHBAIOILHECH CIHPATH, MO KOTOPbIM $aloBhle TOMKH ACHMNTOTHYECKH
NpHENKKATCA K HAYATY KOODUHHAT, XapakTepusva laTyxaloumi xoiebarens-
HWA npouece. Hynb koopamHar asnAerca ocoBol TOYKOM cHCteMbl, KOTOpaR
8 cnyvae & < | ectv yerodwuewidl goxyc (puc. 1.4a). EciH koypduusent
BHIKOIO TpeHEA § 2> |, pOIECe B CUCTEME AN PHOINYECKH |

x=Arexp(h 1) +Asexpia7). Ay, =[-8 £ (8% ~ N2, a2n

¥ ¢a3oBble TPREKIOPWH BRIIIANAT B BHAC CeMEHCTBA XAPAKTePHLIX KPHBBIX,
MO KOTOPHIM, Kak ¥ B NpeiUbIIyIEM chyyae, niolpaxanuse TOUKK CTPeMATCS
K Hynw KoopamHat (puc. 1.46). OcoBas TOUKA B YK23aHHMBIX YCIOBHAX HBIK-
eTCA YCTOINUBLIM YIAOM.

Urak, npH nwBHIX 3IHIYCHUAX (PHIHYECKHX LIRPAMETPOB CHCTEMM, Korja
5 > 0, NHCCHIIATHBHLIA MAATHHK XapaKTEepHIYeTes ¢IMHCTBEeHHbIM raoGaibno
YCTORYHEBIM COCTORHHEM PABHOBECHA B HYiie $alossiX Koopausar. HesagucH-
MO OT BLIGOPA HawanbHbix yoropuit HalilwjaeTcs 3aTyxaoulee KonebGarenbuoe
HAK anepuofmyeckoe jpwxerue, Ilpy £ - = no6as (1) ulobpakaowas 104K
CTPEMMTCA K Haully KOOPMMHAT B yCToluMBLIH dokyc nHBo yaen.

Onucansoe CROACTBO MBMALTCA OGLUMM JUTA JHHAMHYECKHX CHCTEM C FOTTHOR
auccunanueit yacprun. TlonoxeHus paBHOBECHA THIA YCTORWMBOro ¢$oKyca
WIH y3na ABNAKICA 3fech 2400aAbHO NAPUTAHEEOWUMY B TOM CMBICAE, YTO
$a30Bble TPAEKTOPHH M3 NI0G0R ToyxH $a30B0F0 MPOCTPAHCTBA ACHMIITOTHYE-
CKH K HUM CTPEMATCA,

BaensHHe AMCCHMAUMM 3HEPrHH B KoneBatTensHy cHCTeMy IpIBCIO K Kduc-
CTBEHHOH NcpecTpoilke CTpYKTYpel dasosore noprpera. [loasunuce npurary-
BUOMME MHOMECTBA THIIA YCTORUYHESIX HOMOXKCHHWH paBropecHA. QJQNaKo cranKo-
HApHHIE He3ATYX4louMe KONeBGANHA B JIMHEHNBIX HMCCHNATHBHLIX CHCTEMaX
UKIIRIBANTCA HEBOIMOXKHLIMH. € GHIHUCCKOR TOUKL 3PEHHA 310 HOHATHO -
L4 19



HET YCROBHA NOQM PAANUA Xonelanui. Jueprnn, PACXORYEMAA HA NPeOIOTTeHEe
cuT Tpekng, He pocnondserca. [losromy B MRHeiMM X MUCCHOIATHBHAIX CHCTEMAX
HOGIGTANTCA TOABKY IEPeXUAHDIE I2TYXRKRLIC KeneOaTensHuie npoleces % B
DPHHINIE HEBOIMOXHLS YCTAHOBMBILHECH aRTOKONeCaimy,

1.6, AxroxoneSarenumie cucTesn:

BOo3MONHOCTE CYIMECTBOBENNA NEPHOIKICCKOND ACUMITTOTHECCKT YCTORMN-
BOTU JBEKSNMN. KOTOpOE MI0GpDNEETCA MIOMKpODsHHON JasuyrTol TPS-
exIopBed B Ha30ROM NPOCTPIHCTRE CHCTEME, X XxoTopndt CO BpeMeHeM
PPUTATHBAIOTCY TPACKIOPHE N3 HEKUTCPOR OK PECTROCTH HETUBICHMO OT HISaAL-
HhX yanossl, ofecnewmaercl T0ibKk) b HEAKHeHMBIY AHCCHIAMBHLIX CHCTe-
MEX. Jror THN IHHAMKYECKHX CHCTEM HACTONLKN BANEH NPR HIYNCHHM XONe-
GATeNIBMMX VPOUECCOR, ‘MU MAd ero Baaencets A.A. AHAPOHOR MPETONCHI
CIOMMILILGH TepMUH - asTOXCReGaTensHbe cacTexm [17]. MaTemariaccknm
ofpeaom asToKonsGanMit CnysHT Apedensisid ruxa ITranxape -- JANMKHYTAA
TPaeKTOpHE B GalOBOM NPOCTPARCTBE, OUTACTANMILA NEPUAINIECKOMY JBHNS-
HWO. JTH TEPMAHM NPOTHO YTBL PIRUTCH B Teopur xoneSanmh [16-21],

B KaWecTBC NpMMEDE TRHIMHHECKLT cCHOTEMGLE © Iperenbrurv oM Ny
Kape paccMOTIEM Kaccmvecknil Henntciiinai: ocwpuvisrop Bau nep Ilonn,
yasHeHnN koneSaumh xoTOopOro

% ~a(l - hx?)¥+x=0. 122

TlspamMeTp g, XapaKTepmIyOUMH TIOAKANKY IMNE[WMH B CHCTEMY OF BHEWIHETO
HCTOUHMKA, NRASETCN CYUECTRCHHBLM IBPAMETPOM OCUITINTUDE B HASWSICTCN
napamerpom so3byxdenun. W3 cpapreisin ypassens (i.223 w (1.19) crenyer.
410 ocwwnerop Ban fep lons omcrmaer Gones ciommbit KonefateArmait
KOWTYP, XAPAKTED A JHEYEHHME IHCCHTIAIMH B KOTOPOM Honntueliubiv ofpranm
sapucHt oY xoeGioweics epementod Xx. B GuroBmNX Koopimiatax ypan-
Hewne koneGanuk casumaropa (1.22) npeacraBnserca Kak

X1 =Xy, Xp*a(l —bei)xy - x, (23
CO THAKONEPEMERHOR ANRe proRINeEH . TOXIECTICHNO 1ie Eyareh uynm:
all -3y 20. (1.24)

B ofuiem caywse (1.23) He MMTCrPMpPY®OTCA K NCCACMOBIMEN TPOBOAATCA ¢
HEHOREIOBAHAEM SHUNCHHX M*TO008. B NpaKruueckn saxiom cnywse (g > 0,
b > 0) yppnerun {(1.23) Hme0T eNMNCTBEINNS YCTORMMBOC PeUfeHHe R oupe
npedeaviozo yuxaa I', mI0oBpakcpnoTo e prc. 1.5,

MonoxeHke pABHOBECHA B HIYANE KOOPIFHIET, KIK IO CledyeT H3 ypasHe-
Hux (1.22), B xoTOpOM BUETHIM WYNA MONHO RpeHeGpeur MOIMHETHOCTLO, NB-
weted Heycroumum  Gokycom. TpacKTOpHK H3 OKPECTHOCTH COCTONIMS
PeBHCESCHE ACHMITOTHHECKH CTPEMATCR K NpeAHOMY UMKNY. Kax noxuise
$3ET AHMIMI, RPEAIIBHLIE SMKR RBASCTCA [MOSMIMNG YCTCRMBOH HIMTHPOBRK-
HOH CTPYKIVDOR, NpHTATHBMOINER « cele TpaexTOop™R i3 Mlod Toaxu na daso-
Bt MNOCKOCTH.

Takum 00pIsoM, B NRHAMRYECKHX CHCTEMAX ¢ HETHNEANOR TWRHCHMOCTRIO
AHCCHNAIHY JHCPIHH OT HepeMeNHOH, copemnammich xofsGmmn, Bnepane
HGARARETCA IPHHUKIMANLHO HOBHH THR YCTORWNOLO RPefeisHOrO MEOXECTBA
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FPue L5 llpencnspid LHKA CHeTeMbl (1.23), UncAeHHEIA oieT IIpOBefeR LI 2i34cHith
napamerpon g = 1. =03

Prc L6 [IposxknHr JsyMepHOrO TOp2  Ha MAIGKOCTS DEPEMEHHLIX X, , X,. YacieNHoe
HIYerpupUBanKe cieTems §1.25) [POBENSHY ANA THAMCHKA uspameTpos a v | b = 0,3;
B=10, =15 g =1



$a30BHX TpacKTOpHA: npedenbHbd KA. JIBMaCHHE Ha NMPEHeNsHOM LKKINE
OTPAXAET CAOXHKWH MPOLECC IHEPreTHICCKHX MIMEHEHHA BO BPeMEHH, MPOHC-
XOfAUA B apTokoneGarenbHOR cHeteme. ECiM BHEUTHMM BOIMYUISHHEM CMe-
CTMTH TPAcKTOPHIO Ha $330B0H MOCKOCTH BHYTPb NPEACRLHONG UMKNA, TO BHO-
cHMAaR Heprus OyleT B CpellieM APEBOCXOINTS pacceuBacMyio. Cpefiiee IHave-
HME OWBEPrEHUMK 3MieCh OKANETCA NONOXHTENsHLM. BHe Npefenshoro uMkna
JUHBEPrEHLUMA OTPHIIATENIEHY, N0 BEALT K CTPEMNCHHIO GAIOBRIX TPACKTOPHN K
NpeNenbHOMY THKNY H3BHE.

Pacuethi CBHOCTEABCTBYIOT, 10 Ha MpelefitHOM IMKIE 32 BpeMA NECPHO/A
KoseSaHui AONH PACCEHRACMOR H BHOCHMON JHePIMH CTPOTO KOMIICHCUPYIOTCA,
OpHEKO eCTTH PRCCUHYATH Cpefilee 3IHAYCHHC AMBEPrewUNN, 337128 HASWIbHbie
YCIOBMA HA NPEHACNLHOM UMIUIE, TO Mbi MOAYWHM OTPHIATENBHYI0 BeNHWMHY.
10 NpUHUMNHANEHOS CBOACTBO JHWCCARATMBHMX CMCTeM. JIMBepreHuHm 8 nM-
HeRHOM NpMGIIKEHMK XAPAKTEPHIYeT NOKAbHOe (BOACTEO $a30BOre NOTOKa
(e ZaHHOM chydae — CxaTHe $a30BOTO 06BEMA B OKPECTHOCTH UNKNA). B pe-
INBHMX MHCCHNATHBHRIX CHCTEMAX T CRONCTBO BefieT K MOGAILHNM 3AKOHO-
MEPHOCTAM — CYUICCTBOBAHHIO B (DAI0BOM fIPOCTPAHCTBE 3IMKHYTHIX MPHTA-
THBAUMX TIPEACASHBX MHOXKECTB, K KOTOPHM ICHMITOTHYECKH CTPEMATCA
GAHIMEAALLME TPIEKTOPHK,

HakoHel, paccMOTpHM eltie OfHH Ciiydall NOLMYHOR CTPYKTYpet B $asopoM
MPOCTPAHCTBE THHAMHYECKOR CHCTEMB, BOSHHKAIOUICH, HANPHMep, ITIDH TlepHO-
AHYECKOM BO3MYLICHHN CHCTEMB C NpenenbHuiM UMKnoM. [JoGannM B ypes-
werime (1.22) HCYOYHKK TOPMOHHYECKOTD BOIMYWCHWA CPABHHTENBHO MATO#H
AMIDIHTYR B H YACTOTH P, KOTODYY™ CEITCM PAUMOHAILHO He CRABAHHON C
wacTotoi nepuomteckux Konebamli anTOMOMHONO OCUKITNATOPA:

X —a(l ~bx)x +x = Bsin(pr +yp). (1.25)

Heprofmyeckan MOOYNAUKA NPEIEABHONO LMKNA ABTOHOMHOA CMCTEMBI NpH-
BOMHT K TOMY, YI0O (ha3j0pas TPICKTOPHA € JANAHHOR 9AcTOTOH P Bpamaerca
BOKDYT NPEAENBHOTO WHKIIA H NEAGT HA MBYMEPHOM MHOrOOSpasiu, NpecTa-
amowem colioil ToPoUOARbRYIO HOGEPXROCTS. AHATIOINTHO CITYRAK NPENENBHOID
MHIIA 373 HoBepXHOCTs ByfeT YCTORMMBAIM NpeensHEIM MHOXECTBOM, K KOTO-
POMY CTAMHBAIOTCA CO BpeMeHeM BCe TPACKTODHMM H3 HEKOTOPON OKPECTHOCTH
TOpa (KaK H3HYIpM Hero, Taxk W cHapy»m'). Hetpymno npencrauth cebe, ¥ro
MHHMMATBHAN pa3MEpPHOCTE (a30BOIre NPOCTPAHCTRA, B KOTOpOE MOXHO BAO-
WHTD OsyMmepueiii Top, paHa TpeM. Ha pc. 1.6 ROK#3aHA MPOCKUNA HA THIOC-
KOCTh MEPEMEHNMX X,, X; $a30BOA TPACKTOPHH M ABYMEpHOM Tape, Mony-
USHHAA MWCIEHHLIM HETErpHpOBaHNeM cicremel (1.25).

1.7. Perynapmie M CTpaMHLIC ATTPAKTOPR! HHEAMHGECKHX CHCTEM

PaccMoTpetiMnie BEINE DPHMEDW WUTIOCTPHPYIOT THIHWHBIE TipedenbHbie
MItOMECTBE TPaeKTOPHt HA $A30B0A NMNOCKOCTH: COCTOAHHS DaBHOBECHA, ric-
pMOIHNECKHE ABHNEHHA H ocolble TPAEKTOPHE THNA CETIAPATPMCHRIX. KOKTYpOB,
MBOAKOACHMATOTHICCKHX K CCANOBBLIM COCTOAHMAM PABHOBECHA. YKA3aHHbIE
BpeUCAsHblE MHONXSCTBA MORHOCTRIO HCYEPHIBIBAKIT BO3IMOXHbIC CHTYAMKM HA
$asopoh MIocKocTH. HM OTRES2I0T Tps PasNHYHBIX THITA pelcHni ypapHeHHR .
OTMETHM, WTO B peaNbHbiX CHCTEMAEX “CEMAPATPHCHBIE" PEUICHHA B NpHHIMNE
He peanyzyoTcA BBMHY HX HeycrodwiBoctH. K ofcynxmeHnio 3toro pompoca
MBI I BEPHEMCR.
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JIBHKCHHA JHCCHIATHBHLIX cHCTeM nenecoolpasHe painenurb Ha JaBa Knac.
cal KNACC MEpexOOMBiX, MECTRUUONEDNNX NBHWENMA, OTBEHAIWIMX TIPOLECCY
PeNaKCAINM OT HAWWIBHOIO K MpPEHSENbHOMY MHONECTBY COCTONHHEA, H KRMace
VCTUHOGUBUIIXCR, CIOYUOHAPHLLX NBUXEHHA, HAOBLC TPIEKTIOPHH KOTOPHIX
UCTHKOM NPHHAUICHAT DPeSeTbHEM MHONECTBAM. Badaiumu ¢ $uamuccKoi
TOUKM 3PCHHA ABNMWTCH NPUTHZUBZIOWUE NDEOEAbHbIE MHOXECTEd ~ ATTPAK-
Topei. C TeNeHHEM BPeMEHH NPOMIBONEHOS HIYKTLHOE COCTOAHNE MI HEKOTOPOR
obnacry npuvkensd G, sxansaogicsi B ceGa arTpaxtop Go, penaKcupyer K

CenaparpncHud
Kon‘l‘pyp Ceam Oy

YoroRsmaein UL
pitie
rlczcwmuauﬁ
pixyc 0,

P uc. L7 Mlipegermsioie MuoxecTsa TpaeKropuit Ha gaiopoll knockocm. 0, - gokye ¢ of-
NACTRIO NPATERCHAN [, [' ~ fpegonkibf upsch ¢ obnacTaMN npwhexeime 2 n 7

Go. Jismaenye, KotopoMy oTBedaeT aloBaf TpaeKTOpHA B 0GAACTH NPHTAXKe.
HHA, €CTh NEpexonHol npoucce. YCTANOBHBUICECA MBHKXEINE XAPAKTEPHIYEICA
[PHHAIERHOCTEI0 GAIOBLIX TPAEKTODHA HHBADHAHTHOMY NPCICABHOMY MHO-
AEBCTBY, T.0. aTTpatopy G,.

Ha puc. 1.7 npencTasneHs BOIMOXHEIE NPeleTbHEE HEBAPHAHTHEIC MHOXe-
CTBa Ha Ga30BOR MWIOCKOCTH, YKAJaHE! ATTPAKTOPH H 0GNACTH WX NPHTANEHHA.

K %eMy MONET NpHBECTH NOBblICINHE PAIMEPHOCTH CHCTEMbI, HAMpHMEp,
ao N = 3, 12. BHIXOR ¢ MNOCKOCTH B TpeXxMepHoe (GajoBoe NPOCTPAHCTBO?
CopceM cie HeaasHo, 0O Hauata 60-X rofioB. ¢ YBENHYEHHEM PAIMEPHOCTH dao-
BOTO NPOCTPANCTEA AHCCHNATHBHBIX CHCTEM CBAIMBANK BOIMOXHOCTE NOsBNE-
tHA (B HONONHeHHE K YK23aHHIM Bblle) NMIL KBATHAE PHOTAHECKHX ITTPAK-
TOPOB, COOTRETITBYIMX IBHAEHKAM Ha P-MEpHBIX Topax [22--24]. Mpume-
NOM H3 PAMHOMHAZHKH ABTHETCA DeaHM GMeNHi, KOCIA NepHOTMYECKOe Konela-
HHKe Y3CTOTH Wy MOMYAWDPYercA CHIHANOM YaCTOTH )y ¥ wy, B 0GWeM cayuae
PRUNOHANEHO He CBXIAMION € wq. B dazosomM npocTpancre cncreme TpaeKto-
PiH NpUTATHBAIOTCA K IBYMCPHOR NOBCPXHOCTH TOPA, KOTOPHIE H ABNACTCA
KRAIHICPHOMITUECKHEM ATTPAKTO poM (pHe. 1.6},

BaxcHbIM peayThTaToM MCCNEAOBANIR NCCICIMX NET RBHNOCH ODHAPYXKEHHE
NPHUIKNAAABAO HOBHIX THOOB NBHKCHHA B [HHAMHYECKHX cHcTemaX. Taxwm
ABWxeHHAM B Ga30BOM NPOCTPAHCTRE pasMepHocTH N 2 3 coorBeTCTRYIOT
CAONHBM  Ofpa’oM yCrpoeripie NPMTAFABAILIKE MHOXKCCTBY, TPICKTOPHM
HIOGPOIIOITAX TONEK KOTOPHX HE NPHHAULIEKHT HH X 0THOMY W3 ONHCANHBIX
Bbiille THHOB 2TTpakTOpoR. $aj0BHe TPACKTOPHN NPEICTABMANTCA 3A¢Ch B BH/IE
Beckonewnoft HHIDE Sie NepeceKADINEHCA NHHHH, NPHYEM NP § > °* TPaeKTo-
PHA He JIOKHAZET JAMKHYTOR OGHACTH X He NPUTAIMBACTCA K HIBECTHWM TEREM

dTTpaxropos.
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TakHe TPSCKTODHH B MATCMATHKe Ha3pmatoT yerodvugsimu no Hyaccony,
MMeX B BHAY $AKT BOIBPAAEMOCTH TPACKTODHH CO BPEMEHEM B Manyw
OKPECTHOCTD HAYMIBHOR TOWCH. HMEHHO € CYUICCTBOBAHHEM TAKHX TPacKTOpHA
CBAILIEAT BOIMONHOCTE CTOXACTHUECKOID lIOBEASHHN [ETCPMHHHPOBIHNBIX
IHIMHYECKHX CHCTEM ¢ pasMepHocTsio GasoBoro npoctpanctea N3 3,

Briepsbie noapSHeie CBORCTBA MHHAMHYecKOR ancremel B 1963 1. oGuapyioul
3. Jloperu NpA YHCICHHOM HCCACOOBAHHH AMHAMMKH TPEXMEDHOR MOZALNH
feioBofi xoMsexumn [26]. Cnycra socemb niet 8 reopeTwdeckod pabore
1. Proanx u @. Takesica npurArypasonas obnacts & GasosomM NpocTpavcrae
OHHAMHYECKOH CHCTEMB, XapaKTEPHIYIIUAACK DPEXKHMOM  YCTAHOBHBLUIMXCA
nenepHomHyeckux aptokoneSaimi, Osna HAIsaHa CTDANNMM TTPEKTOPOM
{27]. Jtor TepMuu GoIn Cpasy BOCHPMHST HCCHENOBATENAMH H YTBEPIHICA
A oBoanaueHRs MaTemathueckoro ofpaia pexuMa HepeTYNApPHLIX aBTOKGNe-
GaHHA JeTEPMHHRPOBARHBX AMHAMHNECKKX CHCTEM.

JIBHOKEHHA BHAMNYSCKEX CHCTCM He BCErGa CTPOro OTBEUANT peXMMY
CTPAaHHOrO aTTPAKTOPE, ITO B HeTANAX 06CYXKNALTICA B AanbHeRLIEM.

ATTpaKTopsl B BHOE COCTOAHNMI PABHOBECHA, NPEACNBHBX UHIKIIOB MIAH
{-MePHEIX TOPOB HA3BLIBANNT APOCTHMU HIAH DEYARPHMMU, NOMUEPKHBAA TeM
CAMBIM, Y0 ABNKEHHA HA HHX OTBEYANT CAOXKHBLUMMCH MPEICTABACHNAM OO
yorofiweom no JIANYHOBY HeTCPMHHWPOBIHHOM NOBELCHHM MHAMMueCKOH
ccrembl. CO ¢TpanmuM aTTPAKTOPOM CBAILIBACTCA POAAHIAUMA CIOXHOID
HePEryAPHOTD (B CMBICNE OTCYTCTBHA TNEPROMHYHOCTH) KoneGarensHoro
PeAMMA, KOTOpHIA BO MHOTOM CXOZeH ¢ HALUMMN NPEACTABNSHAAMM O CTAUMO-
HApHMX CY9aAHBX NPONECCAX.

OnHako TepuuH “CAYRIRHLA™ HMeeT BRONHe ONpefen¢HHbiH cMpcn. Cry-
Yaiiioe MBHMSHHE HeNpeacKazyemo JIHGO NPERCKAZYEMO ¢ ONpPENeNcHHOR se-
POATHOCTSIO. JlpyrMMH CIOBAMH, TPRCKTODHH CHYSEHHOIO NBMKEHHA HENb3x
MHOTOKPArHO H OHOIHBNHO BOCTIPOHIBECTH HH B HHCACHHOM, HH B OHIHIECKOM
sxcnepimerTax. [IpUMeEpOM CYRGIT KNaccuyeckoe mpukenne Gpoynoscikon vyac-
THUM. B oiysae CTPRHHOTO ATTPAKTOPI MMCEICA CTPOrad MpeAcKAa3yeMocTh
8 CMbIC/Ie [eTepMHHRPOBAHHOCTH ornepatopa somionHi T, (x). Pewmenne ypas-
HeHHA (KKK M /PIA pery/ApHEIX arTPaKTOPOR} HOAWNHACTCA TeOpeMe CIMH-
CTBEHHOCTH H OFHO3IHATHO BOCKIPOMIBOAHTCH NpHt QHICCHPOBAHHMX HAUANBHMX
yenoBuax. [lootomy ana oGo3HaueHHA NOXHBIX “wymMonofoluex® aBTOKO-
neGatuil, maremaTHYeCKHM 00pasoM KOTOpRIX CNYXMT CTpaHHBIH ATTPIKTOP,
HCRONLIYIOTCA TEPMAHD THNA OUNAMIVECKAA CTOXBCTUNNOCTD, OCTEPMURLPOGaN-
nwi xgoc W nopofHpe. Baxto OTIHYATE ITH TPOUECcCH OF CTOXACTHYCCKHX B
KacCHUECKOM CMBICie, KOTOpRE NPH ONHCaHMH TpeGylor yuers duyxryamwi
B _HCXOOHBIX OHHAMMHYECKMX YpagHeHRAX AHG0 HEMOCPESCTREHHO MOMNMHANTCA
YPARHCHHAM OAA TNOTHOCTH pPACTIpeneeHMa BeposTHOCTel CTaTHCTHRECKOR
Teopun [28-30]).

NMpsruunuansioe paznuuke perynspHsiX ¥ CTPaHHBIX aTTPAKTOPOB [HAHIMH-
YeCKHX CHCTEM COCTOMT 8 cheaywouieM. Perynfipnie STTPSKTOpH XapaKTep-
IYWTCA acuMnToTHYecCKOR ycroidwugocTsie u no Jlanynosy u mo [yaccony.
Hns crpavisix sTTpaKtopos ycroidwmsocts o Tlyaccowy scerma conpoeoxna-
e1cA JKCNOHOIMAMIBHOR Heyctollampoctsie No Jlanymwosy. Kax cnepcreue,
10 BefieT K IKCNOHCHUMANBHON PACXOMHMOCTH GAHIKHX TpPaeKTOpHR (uyBcr-
BHTERMHOCTH K MATHM HIMEHCHHAM HAUiIb1IbIX NAHHBIX) , & TIKXKE K NEPEMELLIN-
sahuo (15, 31, 32]. Hannwte sKkchonempanshoro “padleraMa™ Gamakmx
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TPIEKTOPHA MONET CTYNHTH KONBYECTBEHHON XAPMKTCPHCTHKON H KpHMTEpHeM
"crpadHOCTH™ artpaxtopd. [Mepemelnpanie Kak peayIisTaT IKCNOHEHUKA THHON
HeYCTONUYKBOCTH 03cT OCHOBRHHA MMH BOIMONMOCTH NOCTPOCHHH CTATHCTH-
HeCKOR TCOPHH CTPAHHMX aTTP4KTOPORB.

K coxamenuio, ia MyTd COIAANHA CTATMCTHYECKUH TCODKH pPeAThHMIX X3
OTHYECKHX ATIPAKTOPOB LMHAMMUECKHX CHCTeM BOZHMKAWT CAGKHOCTH IpHH-
uKIHANEIOro xapakTepa. OHu offycnonieHsl T€M, YTO MPAKTHYECKH AHATHIHpYe-
Mule 8BTOCTOXACTHYECKHE CHCISMBI He YROBJIETBOPAIOT CTPOraM TpeGoBaHMAM
rpy6oii runepbonmvrocty. OGpa3oM XuOTHYECKMX aBTOKONCGAHME B TaKMx
CHCTEMAX HBMAIICA TaK HAIbIBacMHE KBA3INATIPAKYOpH — (onee cnoxHmM of-
pasus YC1pOcHHME (B CPABHEHHH CO CIPAKHRIMH ATTPAKTOPAMH) HPUTATHHAIO-
WHe MHOxeCTBa B (ajopom nipoctpancise, TeM He MeHee Bce pospactalowni
YPOBeHb TIOHHMAHHA KaUecTBeHHBIX ‘JAKOHOMEpHOCTeH GOpMUpOBIHEA KBAIH-
aTTPSKTOPOB B COBOKYNHOCTH ¢ KCHCTPYKTHBHBIM HCTIONBIOBAHHEM yHAaa-
MEHTANBIBIX TPCACTABACHAN CTATHCIMUECKOH GHIHKH BConser HApemianl Hi
BOIMOKACCTH YCNEUHOTO peteHus B Byayluem 3Tof BakHoit ipolnemsi.



FrHABA 2

ITEMEHTAPHAA YEOPHA YCTORYHBOCTH
JHHAMWIECKMX CUCTEM

2.1. Ycrofimmocrs pemennit mpidepentnranBsx cHCTeM
00 nuueiimomy npafisokenino. ¥ passets & BapHAIMEX
Tiycrs AMHAMMYECKAN CHCTEMA JaHAHA 2R TOHOMHBMME ¥ PABHeHRAMM
x.f =ﬁ(xhx1’---vx~; "l:"ln‘-';pm)- i*l.z.....”, (2-1)

B KOTOPGIX NpaBuie qactk f; — » ofuuem ciydae HenwMeinne middepernupye-
Mute HYHXIHH, JZBHCALUE OT NAPSMETPOB [y, WK B BeKTOPHOR dopMe

x=F(x,p). 2.2)
Bynem cwxars, w10 cucrema (2.1) He ofnamaer KaKHMy-NHG0 CAEMATLHBIMM
cBOACTBAMN cuuuerplm, ABRANCH CUCTEMO# olez0 NONOXERUA.

Tycrs x°(1) - vactiioe peueHme CHCTeMbI, YCTOHMHBOCTS KOTOPOTO HYXHO
HUCREfOBATE. BBelieM B pRCCMOTpeHHE NepeMeHHBIC ; (1), XAPAKTEpHIYWOUMEe
MO OTKAOHEHHC OT YACTHOIO PEUIeHHA:

yi(0)= x((8) - x7 (1) 3
Moncrasun (2.3) 8 (2.1) . nonymmM

y=F@x°®+y)- F(x*),
HITH

N
yi = ,‘-En @filxpyy; + O(y4). @24

Jie Mpom3InomHBie f B3RTHI B TOUKAX YACTHOTO peleHua x, = xi. Cosokyn-
HOCTL HeNHHERHEIX OTHOCHTENEHD y; WenoB O()y;) CTpEMRICA K Hymo ¢
YMEHbUIEHHEM BOIMYIE HHA ) GuicTpee CyMmsl NHHERHLIX CIIAT3¢MBIX.

YCTONWBOCTE U4CTHOTO PEUICHWA HEMKHEAHOA CHCTeMB! X 9(t) onpenena-
STCA YCIORWBOCTHIO IHHEAPMI0BAHHOH cucTeMbl (2.4):

N
$i= T @ffEx)y,. @3)

Ypapxesus (2.5) nasnmawt ypassenusmu 4 sapuayusx [33-35]). Hx moxwo
%



JWMMHCHBATE B MATPHUHOA GopMe:
y =A()y, (2.6)

e A(f) — KBAIpaTHAA MATDHLA, NIEMEHTH KOTOPOH ONpetendnTca Npon3-
BOIHBIMH

a, (= af"!axflxr“’?’ Li=1,2....,N .7

IIns nuHelHOYD MATPHYHOIO ypaBHeHMsA (2.6) cywecrayer dyHAAMeHTanp-
HaA CHCTema peuleHMA. QyHOuMenTanbhan MaTpuya peliendd Y (¢}, cocraanes-
Had K3 NV NHHEAHO HE3ABHCHMBIX PpelleHA CHCTeMbl (2.6), yloBnerBoprer
MATPHYHOMY Y PABHEHHIO

Y(t)y= A Y(1). Q28)
Mpou3eonbHoe pereHHe cucTeMbl (2.6) MoxeT GuiTh 3aMMCAHO B BRIE
(= Yt)y(t), 29

ecn Y{t) HopMHposaHanps 1= fg, 1. Y{to) = E.

ABTOHOMHNEA JTHHeRNHaA cHcrema (2.6) yeroiiviaa no JIRnyiogy 101r0a K 101b-
KO torna, Kotma nnboe pemmedne (2.9) orpamuveno. Cnenosatrensio, Kodpdu-
unerTel GYHOAMENTANBHOA MaTpHUB! Y (1) YCTORUMBOH CHCTEMBI HONMNGHBL BRITH
OrpalHYeHLI.

2.2. CnexTp NANYHORCKHX XAPAKTEPHCTHWECKHX NOKalaTened
a30B0R TPIEKTOPHH NMHHAMAYECKOR CHCTEMBI

Xapaxrepucruieckum noxazarenem JInnywoaa, WIH NPOCTO XapaKTepuCTH-
4eCKHM Mokaszarenem yHkuMa ®(f), HasbBaeTcH [OefCTBHTENBHOE YHCNTO,
onpene/iAeMOe COOTHOLLIE HHEM

LIG(O) = Tim [t i), (2.10)

TAe YepTa CBEPXY 03HAYaeT BepXHuil npemen. Ilnn akcnonenrw ®(1) = expat,
L=o

lMoHsitHe XapaKTEPMCTHYECKOTO NOKAIATAIA NAET CNOcob OUCHKH CTElieHM
pocTa GYHKIUHA B CPABHEHHH ¢ IKCTIOHEHTOMH .

JIna nuHeAHOH cHeTeMbl (2.6) ¢ NpOMIBONBLHOH MaTpHued A (f) xapaxre-
PHCTHYECKHE TMOKASATENH HETPMBHATBHBIX peLleHHH MOMHO BRECTH AHANOIHY-
Huim oBpa3om [33, 36, 10]:

A= Gim [t yiOr),  i=1,2,... .M, .11)
Frron

e yi(t) — ie dymmamentanbroe pewenme cucrembt (2.6), 101 — Hopma.
B cuwiy onpeneneHMs xapakTepucTHYECKHE MOKA3aTeNH AeACTBMTENBHLI, 3 Tak
Kak MaTpHua A4 (f) orpamnteda, T0 W KoHeutn. Yucna A, Hazmmantca obol-
IEHRBIMUY  XAPAKTEPUCTUNECKUMY  NOXIITTEAAMU  NPOH3BONBHOH NIKHERHOR
CHCTeMBl THIIZ (2.6). JInA cucTeMpl B BApHANMAX, OTHCHIBAIOIEH IBONIOIHIO
BOIMYWEHHA ¥ (f) BGNHIA vactHoro pewesHs x7(f) HeNMHEHHOW CHCTEMBI
(2.2), coBoxyn#OCTb A, HA3LIBAKOT NANYHOBCKHMH X3DAKTePHCTHUECKHMH
Noxa3zaTensAMH WacTHOTO pelseMus (win dasosod tpaekvopun) x°(f) Henw-
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HeHlol CHCTeMEL YIOpPANOUENNan No yGbeaHHIo COBOKYTHOCT: YHGeN A, 2
& Az @ ... & Ay ofpadyeT TaKk MAILMACMBLA CNEKTP AANYNOGCKUX XaPAKTE-
puctuseckix noxasareaeid (cnexyp JIXIT) dasoson rpaextopur x°(¢), asnnio-
UIMIACR OFMOA M3 BANHEHIMX XApaKTeIMCTHK PEILCHMA HENHEHHOH CHCTCMBI,
ONpeNen £10mei, B YaCTHOCTH, € YCTOMMHBOCTS.

llepasi, HauBonsmmi MOKAIATENS Ay HUIBIBAOT CrAPIUM LOKAIATENEM
cexrpa JIXTI pewenna. B ciyvae paseHersa Ay = Xy = ... =X, (k< N,
Ageg < Ag, j =1,... N~ k) crapumx noxasareneit Gyner & urryk.

B 32RHCHMOCTH OT PHOA MaTpnsl A (), OnpeneqfomeR THI POIeHH A CHCTe-
Mbl B BADAAMAX, CuzHarypa®) cnexrpa JIXIT Gyner peztune, Tlo-passomy
TPRIKTYETCH M YCTORIHBOCTS MACTHOI'O PELtCHMA.

Ing qHeREHOR aBTOHOMHOA MMHAMMYECKOR CHCTEMST CyMMa XApaKTepHCTH-
YeCKHX NOKAa3aTencidl CnexTpd ¢ pelicHWiA He MCHBIUE BEDXHETO Opefena or
¢pensero IHAYEHHA clle/ia MaTprw [35]:

N 3
Z A > Jim ¢! [ SpA(r)dr. 2.12)
] free 1,

3nax paBeHCTBA CHPABEITHB IVTH ADAGUABHBLX N0 JIRNYHOEY CHCTEM,
Onpenen¥Iens MaTPHIL KCAK ONPERTHTEND THHEAHOIO ONEPATOPa He JABKCHT
ot BuGopa Gauca M npeacTasnfer cofoit ofbem N-mepHoro napanmenemmiiesa,
NOCTPOCHHOTO B (A30BOM NMPOCTPAHCTBE CHCTEMAI HE BEKTOPAX, KOOPIMHATH
KOTOPBIX 3afawrcd cronfilamMm MaTpuuel. Xapaxrep uameserus asoBoro
ofbeM2 B0 BpeMeHH nomdunnercs dopmyne Ocrporpapckoro —~ Jlnysmmns

3
V(t)= Vito}exp| J SpA(r)dr], 2.43)
ty
roe V(1) = det Y{£) - dasonsii ofpem.
PaccmoTpHM JuBepreduMio Bexropa $a3osok CKOPOCTH HeMMHMeAHOR cHCTe-
Mt ypasasHu (2.1):
N N
divF = fE axfdx, le af,,fax,. (2.14)
n:l =
Inn ypesHenuii 3 Bapuagiax pripaxerse (2.14) npMHHMaST BRI

N
divF = 'E dﬂ(f)‘ SpA(e). (215)
=]

TakaM oGpazxom, JuBe preHUHA B IHHERHOM AP GTHXEHHH COBNAJAET CO 3HAYe-
upem ciena mMarpinel A(f). Jlokansso B6IHIM wacTHoro pemseHuMA alOBRI
OfipEM CHCTEMBI BO BPEMEHH HIMEHASTCA B COOTBCTCTBEN C BHIPAKEHHEM

J— N
V(e)= V(tg)exp|s(divF)] = V(to)explt Z A/], (2.16)
=1
IOe ¥epToi 0603HA%EHO YCpeHEHME 110 BPEMEHM.

*)[lop GrMATYpOR TONHMAETC YIOPAUOWRHHAN (OCHCAOBATCAMHOCTE NI TPeX cMMBQIIOB
"+, M0, M-, oTBEMANEES NOMONHTENM LM, HYTCSGIM WIN OTPHUATCHWHBIM eRctaM-
TeskHMM menam cnexpa JIXIT pemennn x° (7).



PAcCMATPHEBAY OTHOCHTEARHYID CKOPOCTE HIMCHEHHA MANOTO MeM2iTa $a3o-
soro obpema, NONYyYAEM

N
Vit L v = £ A @17
dr =

CaenosarenbHo, cymma noxasareieh ciexrpa JIXI rpsexropun x°(f) xapaxre-
PH3YET CKOPOCTh H3MEHEHN R (a3ororo olbeMa B ee oKpeTHOCTH. [N cacTeM
¢ OTPMIATENHHOW [MBEPUeHUMER, T.2. LACCHTIATHBHBLIX, CYMMA LOKazaveued
ciiextpa JIXIT ovpuuarensia. [pengnsvusti obsem aTTpakrops & dasonomM upo-
CIpRHCTBE HYNeBO.

Jina npenensoro OHKAS CTapuwni noksarens crekrpa JIXI ~ Hynepok *),
uce DpyTHe OTPHMUATEAMMBL. ATTPAKTOPOM ARIACTCA 3AMKHYTAH KPHBAIA B ¢a-
J0BOM NPUCTPAICTBE CHUTEMM,

PeaoaM CTPAIHOTO aTrpaKTopa peaiHIYeTCA TQIBKO B JHCCHIIATHBHEIX CHCTE-
Max W xapaxrepmiyercs HanwdHem B cnexTpe JIX!T monowurenbHuix moKasa-
Tench. B 310M cOXHOM Crywac aTTPAKTOP NOKANK3YETCH B KOHEWOH oGnacTH
$a3080r0 NPOCTPAHCTBA W BXJIIOSIET KAHTOPOBO MHOMECTBO IHNEPHIOBEPXHO-
credl. NpenensHoe MHOXECTBO TpaeKTOpHH, OTBETANANCS CTPAHHOMY ATTPAKTO-
Py, MHOIOOUpa3KHeM He ARIACTCA.

Eome cymma noxaszareneit cnexrpa JIXEI pasna wynw, 1o dazoswit ofuem
CHCTEMBb] BO BPEMEHH He HIMEHACTCH - CHCTCME KOHCEDRATHBHA M ATYPAKTOPOD
He CONSPAIT. B ciyuse NOROXHTENLHOA [HBEPrCHIHA BEKTOPHOTO BONN ¢ra3o-
Byl 06peM no BpeMeln HapacTaer. C GHIHIECKOA TOUKH 3PEHMN TAKOH pewmM
KIK CTAUMOHapHnH He peaned. Omnaxo poct ¢asoporo olinema moxer HaGio-
NATHCA HA KOHEYHOM HHTEPBANE BPEMEHN, YT0 CBHU/ICTENLCTHYEY O MEPEXOMHOM
MpORECCE PEAKCAKE K HOBOMY YCTIHOBHBILIEMYCH PEXMMY.

2.3. Yevolmsmocrs cocrommall paBsoBecHs

Ecni aactHoe petnersie x°(f) XapakTepusyer COCTORMHE PaBHOBECHS, T.e.
He 39BRCKT OF BpeMeHN, TO nppbse wactn (2.1) ofipamasorca b wyns:

i3 x3, ... x%. )= 0. (2.18)

Kopin anreSpanueckux ypapHerndl (2.18) onpenensior KOOWHEIATI BOIMOX-
HLIX COCTOAHMA paBHOBECHA, OTBESAIMX OCOGHM TOUKEM B HAIOBOM NMpo-
CTPaHCTBe CRCTEMM. B 0COOOR T04Ke MATPHUA A CHCTEMBI B BIPHAUMSX O Bpe-
MOHH He JABHCHT ¥ olluee peIneHHe CHCTEMBE MMEET B

y(£)= explA)y (t)- (219)

Peumtine ycroiuwmso 1o Jlamynosy, ecnn coGeTReHHbIE MO METPHITH TRHEADH-
3a1MH, OTIPEHENALMbIE KOPHAMH BEKOBOIO YPIBHOHUN

det|d —sE] = 0, (220)

XapaxTepm3yioTca MefcTBuTensHbMH acTAMM Res; < 0. Ecnmnce s; yaowner.
BOPAXT CTPOroMy MepepeHcTsy Res; < 0, 1o peunerne y (£) SCHMITIOTHUECKN

*YPanencreo nymo CTApETO noxalatens cnextrpd JIXIT ycroRuwsoro nepwoanyeckam
peurcHNa Bicpsuie nowazane AA. AnpponostiM [17]. /s apoumonHoro Orpaiamento-
1O pemeHns x°(2) SBIOHOMMON CHCTEMBE (2.1), He CTpeMRLIEIOCS BO BpEMeHE K 0coBUR
ToYixe, O KpefHed Mupe OIMH W3 MoKadaTencR coexrpa JIXT scersm pascn mymwo [10].
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YCTOHYHBO. 310 03HAYALT, YTO MPOMIBOJILHER MAMbIE BOIMYIIEHHA MOIONEHHA
paBHOBeCHA x° 3aTYXANOT U UpW ! — % ACHMIITOTHUECKN CTPEMATCA K HYyIO.

Crextp JIXI1 yctofumBoro CraiMOHApHOTO peUcHHA, KaX ITO BMOHO M3
onpesenenun (2.11), COCTOMT U3 YHOPAJOUEHHRIX 10 YHLBARKIO OTPHIATTRHEIX
wmacen A; = Res;(u), # = 1, 2,..., V. YCIOBHEM acKMOTOTHYECKOH YCTORMR-
BOCTH pelleHHs OyneT OTpHIATeNbHOCTR CTapliero mMoxalarens coextpa JIXIL
Ecin xo1A Gbt oo H3 cOBCTBEHHBIX IHANCHHA NONONMTENLHO B CBOEH IeHCT-
BHTENIbHO# YACTH, TO PABHOBECHE NeycroRumBo. Ycnosue Re s; (1) # 0 sunenner
cnyval zpybuix cocTORNU pagrosecut, KOTophle NGO yctoRwsel, nnbo He-
yCroHuHBY B HEKOTOPOR KOHEHHONR OGNACTH BAPHAIIMK MADAMETEOB M.

Obpamensie B Hynb crapiiero noxasarens chexrpa JIXIT crampoHapHoro pe-
wenun x°(t) orsewser GuYPKAMMOHHON CHTYMUMM H TpeGyeT CIEHKATKEOIO
AHANH3A, HAOKEHHIO KOTOPOre NOCBAINEHE 1. 3. Jmech Xe OTMETHM, YTO
cnrHatypa cnextpa JIXIT aTrpaxTopa crcreMs:, mpencrasnsmotlero coS0R yCToR-
HMBOE PABHOBECHE, HMEET BHJT

LU I T L
— -y =

LU L]
» = .

Notepr ycrofMBOCIH PaBHOBECHMIM peIICHKEM (COCTORHHEM) OJIHANAET
nepexon oT ofHoro rpyBoro YCToHYHBOIO arTpaKTopa K Kakomy-nHfio Rpyro-
MY THNTY AaTTPAKTOpPa uepe3 Nerpyloe cocrofivie b rouke Gudypratns.

2.4. YcroirstsocTs NepBROIMISCKEN pelueHuRt,
My TenumKaToOps Hpee/Laoro [HKns

JInGo: mepuonuveckoe wACTHoe peluenHe cHeTeMs! (2.1) Buyienmercs ye-
JIOBHEM

x°()=x"(t+ 1), T —nepmon pewenus. 2.21)
YcToiuMBOCTE NePHOHYECKOTO PELICHHA ONpEnelfAeTcs HCCTeNOBAHHEM COOT-
BETCTBYWLIEH CHCTEMBI B BAPHAUMAX, KOTOPAA TAKKZ ARMACTCR MePHOTHTECKOR :

y=AMy, AD=A(@+T). (222)
Herpyore yGemuthca B rtoM, wro ecntk Y(r) — HopmupomaHmas ¢dyHaamMeH-

TaNbHAA MATPHLA perueHuH cucrempl (222), ro marpuua Yt + T) raxxe as-
NALTCA DYHAAMEHTANBHOR ¥ CHpaBeUIMBO IOTHOWeHHe [35]

Y+T)=Y(nOY(T). (2.23)
Marpuga Y (') socut HasBaHME - MATPUNM Wili ONEPATOPa MOKOOPOMUL.
Pewerue ypasHerui B sapwaumsax B cany (2.23) onpenenser nusefiHoe otolipa-

MCHHE, CTABALICC B COOTBETCTBHE NPOKIBONBHOMY JHAUECHMIO BOIMYINEHHA
y(t) maverme posmywenna y(f + T) wepes mepuon:

ye+T)= Yy (). (224)
Marpmua MOHOAPOMHM He 33BMCHT OT Bpemenn. CofGCrBeHHRle 3HaveHMA p;
MatpHnel moHonpoMuM Y(T), T.2. KOpHH XapaKTEPUCTHYECKOTO YPARHEHAA

det[Y(T) - pE} =0, (2.25)

HA3LIBRIOTCH MYAbTURAUKTTOPAMU REPUOOUNECK020 pewienu x°(t) U onpene-
AAIOT eTO YCroiwgpocTs. JeACTBHIENRHO, NEiiCTBRE ONEPATOPd MOHOAPOMMH



(2.24) rakniuaeicd B TOM, Y10 SIEPROHIYANLIIOE BOIMYILECHHE TTepROIRYECKOTO
pelIEHMA, PACCMAlpHBacMOe B MPOEKIMAX Ha COBCTBEHHBIE BEKTOPLI,  We-
pe3 aepwort T yMHUNGETCA Ha COOTBETCIBYIOWMHA MYABTHIUIHKATOP p;. JHAWAT,
32Ty XaHMI0 BOIMYLICHHE Oo/kHe erBedats Tpelosanue |p;| < 1.

JhobGomy MYNLIHIVIHKATODY P; COOTBETCTBYET HETPHEMANLHOES pellcHMe
£t + T) = pik (t) cHeremmr (222}, H HaoGopoT, HMAONHEHKE YKAIAHHOTO
pABEHCTBE CIYNHT ONpeNencHyeM MyNBTHNAHKATopa. O1C00a criefyer pax-
M BMBOJ: Nepuoauueckoe peuickue xP(¢) HMeeT no KpaiieW Mepe omHu
H3 MYIBTHIUMKATOPOB, pasHuiit +1 [17, 35]).

MynsTHIMHKATOPbl KaK cobctsehtble JuaYeHHA MATPHUN MOHOAPOMHH
YAOBAETROPAIOT COOTHOLICHKAM

N N
L p=SpY(), l"[,c:a, =det Y (1) >0, (2.26)
ing -

KOTOpbIe BECHMA RONIE3HLE MPH 2AITH3C WCTCHHMX PeIYNbTATOR.
Cnextp JIXIT nepuopwveckoro peiticHHA ONpEHCIACTCA B COOTRETCTBHH C
(2.11) uepes MynsTHRAKKATOPM

Ag=np)/T. 2.27)
Ouny W3 NOKAIRTENEH CNEKTPA BCETNA PaBeH HYUI0 W OTBEYSET CIHHAYHOMY

MYALTHRAHKAYODY . Ecnn Bre ocraBumecs Ha KOMIUIEKCHOR IIOCKOCTH 3Have-
HHI MYNILTHILTHKATODE MPHHITICHAT BHYYPEHHOCTH ¢OHHHYHOIO KpyFi. T.L.

lpsl < 1,F=1,2,...,N—1,vo neproamueckoc peiscHse ycroiivuao. Curna.
Typa cirextpa JIXIT yerofiuwporo npeasnbyoro UHKNa TAKoBa:
}0’|‘ II_!., ,.——- 9}’ ey “*“'

Ecny 00 oNHOMY WIH HecKONbkHM cOBCTBEHHBIM HANpaBneHHAM BOIMYLIe-
HHA HADACTANOT, TO COOTBETCTBYIIIHE MyNLTHILIHKATOpM [} > 1 K B crexipe
JIXH nepuomuecKoro petlleHHA LOABSTCA HONOXKTENbHREE ioKalatend. [lepro-
MUeCKOe PelIeHUe, YACTh MYNLTHITHKATOPOE KOTOPArG MEXMT BHYTPH ei-
HAYHOKO Kpyla, 3 WacTh ~ BHE ero, HBNAETCA HeVCTodvusniM M HIIBBaeTCH
CednossM.

I'pyBuie ycroitwusbie Wi cefoBbie Nepwommdeckue peutenna x°(r) cucre-
Mbt (2.2) cymectayoT B HeKoTODOA ofWiacTH JHAYCHUN NAPAMETPOB H XapaKTe-
pHayleTca KanuueM B crexTpe JIXIT voneko OAHOrO MynesorG MOKalatenA.
TNpiovaxom HezpyBocTu ABNACTCA BHIXOM H3 COMHHUHYIO OKpYRHOCTH HOMOS-
HHTENbHO ~ ONHOTO MYNBTHIVIHKATOPA WIN KUMIUTEKCHO-CONPANXEHHON Mnapei
MYABTRANWKRTOPOB Mipesenstoro uwxna. Ilpu srom a cnexrpe JIXI1 nepuonn-
HECKOTO PElEHHH MOABHAITCA JONONHHTENbHBIC HYMERbIE TIOKaJZATENH, CAHME-
TenRCTRYIOUMHCE O (HYpRAUHOHNON CHTYAlMM.

2.5. YCroiesBocTs KBaJUTCPHOIMMECKHX H XAOTHIECKHX PelesuH

C ypennueHNeM paIMepHOCTH (bA30BOKO NPOCTPEHCTRA CHeTeMm (2.2) mo
N3 3 cTaHOBATCH BOIMOXHBIMH pettieHHA x¥(¢) B BHjIe KBaIMIe pHOMMYECKHX
WIH 8NePHOIMYCCKHMX (XAOTHULCKNX) aBrokoneGannit. CooTBeTCTBYIOIWLER CHCTE-
M2 YPIBHEHKA B BAPWALMAX B ITHX CAYHAAX XAPAKTEPHIYETCH KBAZHICPHOMM-
YeCKOR HNK anepdomMHecKod Marpuuedr A(r). Hcecnenosasxe ycToMwmiBocTH
TAKHX Y2CTHBIX PEIieHHA B OTNHME OT CTAUMOHAPHLIX H NI PHOMICCKHX CTaHO-

k|



BHTCH Gostee CHONMHBIM M OCYIMECTBIIACTCH, KAK MPABHRQ, ¢ IOMOINBIO THCNeH-
HBIX MeTOHOB Ha JBM.
{lycrs wactroe pewenne x°(¢) ecrs xaasuneprommueckas GyHKunn:

)= x(p1 (). 2 (). . .. .0p (). (2.28)
me ¢(1) = wpt, 1= 1,2, ... p Gysiana x°(p) Mmeer nepHon 2¢ No Kax-
[OMY W3 apryMeHTOR ¢y

x°(p + 20) =x°1y;). (2.29)

Ina keasnnepHonMueckiX GyHKuNKE paneHcTBO THRR (2.2]) He RLMONHAECTCA.
Kaasnnepromuueckite xonetauus B obwem cnyuze He RBAAIOTCR e pHOSHNEC-
KHMK. ECIH MKy HACTOTIMH () He CYIIECTBYET DPAfHOHANBHWX COOTHOURE-
HHA, TO penreHye x"(f) HASLDACTCA 3P2O0UNECKUM KEA3UNEPUOOUNECKUM KO-
AeBaRUEM,

YcroluMBOCTS KBAZHNCPHOIMICCKHX PELIEHHA XapaKTepuIyeTcs CIEKTPOM
JIXO. Marpuua nuHeapu3zaudn A(7) ypasHeHWH B BapHalMAX KBaIMDepHMOAM-
9eCKas, W JIAMYHOBCKME XaPaKTEPHCTHNCCKME MOKa3ldTenM A; CTporo ofpene-
NeHW AN B npenesie, Dpw £ =+ oo, Ha npaxrice MOXKHO OF PAHHUHTBCA KOHEY-
HbIM BpeMCHEM, 3ABHCAUWIKM B KAXAOM KOHKDPETHOM Cliydae OT CKOPOCTH
CXOMHMOCTH GYHKURA A; () K TNpefenam X;, W NONYWHTH 3HAYEHMA NOKIIETE-
neft cnexrpa JIXII ¢ nexotopoii 3aganHoil TosHocTaio. Tlepomiunocts peleins
x%(r) no xaxmoh u3 pymcunii v (f) sepet K ToMy, To ciextp JIXTI kpaswie-
pHOIpNecKOro KoeDallud  conepocnt p Hynesnix uokazatenet. Ecnn pe-
WeHKe ACHMIITOTHMCCKH YCTOMUHBO, TO p HyneBmX noKazareseil cnexr.
pa JIXTI GyayT crapumimu, Boe OCTABIMECH — CTPOTO OTPRUATENLHBIMN, ATTpaK-
TOPOM CHCTEMBI B (ha30BOM NPOCTPAHCTRS B ITOM CIIYYSe SBIIACTCA HHBIDHANT-
Hoe muoroolpastie pasMepHOCTH [, HasbiBacMOe p-mepisiM ropos. Ecnn xora
661 o/01H M3 uoKasatenedl cnexypa JIXTI pewseinin Ha MHOTOMEDHOM TOpe CTaHO-
BHTCA MONONHTCRWHMM (NP HATHWN P HYNEeBLIX TIOKAlaTenel), 1O KBpaim-
NepHOIMICKOE pellieMue MeycTofimsno no flanyrosy.

Npocrefumm IIpHMEPOM NBYXIACTOTHOIO KBAZHNEPHOBHYECKOIO pPeLICHHN
ABAACTCA PCAXMM [MEPHONHYECKOR AMIUIHTYHMON MONYAMIMH CHIHANA (peNaiM
Gaeunit). MopoGusie pexHMbl KONMEGAHHA BOZHUKANT NpH B3aMMOneHCTBMH
HERHHEAHRX OCUKILNATOPOB MPH NEPHOHYECKOM BO3/ZACTBHH HE 3BTOKONEGA-
TENLHYI0 CHCTEMY M B ADYTHX GIYNAAX, PEAMIYIMUHXCR, KIK MHHMMYM, B
cHcteMax ¢ 1,5 crenemamy cBoGoam. B wicanmnHOM CAyuae TapMOMHYECKHX
CHIHANIOB pelieHHE AfiA PEXHMR HBYXTACTOTHMX (HeMui MOXHO MpencTEBNTH
Kax

x(2}= Bo(] + msin Q) sinfeag? + ), (230)

IAe Wy - YACTOTE OCHOBHOTO KoncGaHMA, £} — HACTOTA CHUCHANZ MOIYAUMH,
PAUKOHANBHO HECOHIMEPHMAR € W'y. YcroRunsomy pexmiMy Guenni ¢ amymn
HE3BBHCHMBIMK TACTOTAMH OTECUIET ATTPAKTOP B BUAE OGYMEDNO20 3p200u-
YecKo20 Yopa, CHrHatypa ciexTps JIXIT Kotoporo nmeet Bug

.0"' .0”' "_””’ 'i*_li’ eeny ||_H-
Eciid uacTHOe peleHHe X°(f) ABAACTCA ABEPUORMYECKMM, HO OrpaHMUEH-

HuM nA nobuixX ¢ ~+ %0, TO OHO OTBENAET DENHMY XHOTHYECKHMX aBTOKONela-
HHAl. B cnextpe JIXT] 1aKoro peiscHus NOABAACTCA He MEHee OLHOTO MONOXH-
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TE/IBHOTO NOKA3ZATENA H CYLIECTBYET No KpafineR Mepe orm ynesod * ). Peantn-
JyeTcH CHTYRLMR, MPHHKMAHAILHO OTIMUHAA OT BCEX BRIME PACCMOTPEHHMIX
cnywaes. Hauuwe nonomurensimx noxasatenedl 8 cnextpe JIXI amepuony-
HCUKOTO PEUNHA CBWAETENMCTBYET,TIO ONpPeneneHINn, 0 HeyCTORYMBOCTH penie-
HRR no Jlanynopy. B KaKOM xe CMBICHE MOXHO FOBOMTE 06 YCTOHVMBOCTH
XJ0THYeCKOTO peiteHuR? Bonpoc HeTPHMBHANBHBIE, HO MOXET HMETL BIIONHE
onpegeneHHbtik oTBeT.

Anepuonmueckoe peiickie x°(7), OTRETIOUCE PENUMY XFOTHUECKHX ABTO-
KkoneaNnA, COOTBETCTBYET NPHMTAIHBAKAICMY OF PAHHACHHOMY NpPedelibHOMY
MHOXECTBY TpaeKTOpHH B (aI0BOM NPOCTPAHCTRE -~ CTPAMHOMY STTPAKTODY.
IT0 MHOXECTBO TPREKTOPUI XapaKTepHIyercs HeycToRuHBOCTEW no Jlanymnosy,
€ OIHOA CTOPOHEL, HO B CHRY OrpRHHYEHHOCTH peilleHHE JonuHo Gerrs yoroduu-
BLIM B cMbice Flyaccoda — ¢ Apyroi. IKCnOHeHUMuILHOe pazGeranne BNH3KNX
$a30BNX TPELKTOPHH M OTPAHMNENHOCT: PAIMEPOR ATTPAKTOPA ¢ HeHdGex-
HOCTBIO BEIYT K TOMY, 910 TPACKTOPHA PAHO HITH [O3MHO BOIBPAMASTCH B CKONh
YIOAHO MANYI0, HO KOHENHYI0 OKPecTHOCTh 060ro HaSaTbHOMY COCTOHHMA B
arTpaxrope.

Hanuuo normweckn onpaBatNas LENOMKE YCHOMHHNOUWMXCH ABNCHHH: cta-
IMOMAP ~— (AIOBAA TOYKA HEMONBHAMHA BO BpEMEHN; TpeneabHiil LK — dazo-
BaX TPACKTOPMA BO3IBPalBeTca B nbylo TOUKY aTTpAKTOpa CTPOTO Sepel me-
pvon; KBajMMepHOIHUYECKOe KoneGaHMe - NMepHosa Her, HO €CTH pPeryNnApHaN
BOIBPANAEMICTS (GA30BOA TPACKTOPHH B 38JANHYN OKPECTHOCTR HAYNIBHOTO
COCTONHHR; W, HAKOHEU, CTPRHHLIA ATTPIKTOP — €CTh BOJB [AMIEEMOCTS, KOTO-
pas, ORHaKko, HeperylIsipHa BO BPEMEHW H HOCHT XApaKTep cirywafiHofl nociemo-
parensttocTd. Takum obpasom, xaoTuyeciaie TPAEXTOPUU MOXHO HEIMBATH
YCroMBEIMY, eCITH CYLUECTRBYET NPEOENBHOE MHOMECTBO - ATTPAKTOP ¢ HeKo-
TOpoR OGMACTBI0 NPUTHAMCHHA, BHYTPH KOTOPOIO TPacKiOpMH HeyCTORMMBHI
no JisnyHosy, Ho yerofiunen no Tlyaccosy.

MatpHis nHHedpHIWMH A(?) cHcTeMB YypIBHCHMA B BapMAUMAX OTHOCH-
TEILHO XAOTHYECKOTO peilesna x°(2) Gyner anepeoImMyYecKol, HO OF pasMuenH-
vo#. flosroMy npenen a (2.11) cywecrayer npy ¢ <o ¥ ONPEOENALT CHEKTD
JIXMT pemenwa. Curnarypa cnexrpa JIXIT crpamsoro arrpakropa HawGonee
NpOCTON CYPYKTYPH HMEET BRI

“+”’ 01)00| l’___!l' n”"‘ cers n_n.

NpopencHinii aHanH3 ypaBlieHMA B BADMADWAX OTHOCHTENIRHO PANIHYHBIX
™MIOB pelliemEi HesiAHeHNol cHcTemm (2.1) MoamonmeT BRECTH KnaccuduKa-
UMY THROB 3TTPEAKTOPOB, OCHOBRHHYIO HA MOHATHAX ycroAwsoctd Ao Jlamy-
oy ® 8o [lysccomy. [lpeneisoe MHOMECTBO, OTBeHaNce KOHKPETHOMY
™y YcroHwmoro peicHws, NpuirarMsalogee K cefe $ajoBpe TpacKTOpHH
43 HEKOTOpOR OGNACTH HAYANbHBIX YCHOEMK, ecrb arrpaktop. Ecmk dasosme
TPaCKTOPHH M3 ATTpAKTOpe YcToiivusel W to Jlanysosy m no [lyaccony — ar-
TPAKTOp pezyafphsili, win npocroii. Ecne ycrofinusne no Ilyaccody rpaexto-
PMM B arrpaxrope HeycTORMHBLI no JIanyHoBy, TO arrpaxrop crparnwg. Pery-
AAPHBIX ATTPAKTOPOR CYIMECTAYET KOMOWHOE MMCNO. COCTONHHMR paBHOBECHA,
TEPHOIYECKNE H KBA3JHACPHOAHMNECKHEe NBHXeHMS. Bee npyrde Bo3mMoncibic
THIBEL JTTPIKTOPOB ~ CTpaHHREE,

*) (M. 3amMeyanme Ha c. 29.

3. B.C. ABHexxo 1n



2.6, CacreMil ¢ AMCKPETHMM BPEMENEM .
Orobpaxcesme (yanxape

PacemoTpennsti Buitize BONPOC 06 yUTOIMHBOCIH pettietiii wdpepeniyaib-
HLIX CHCreM MOxeT Gblrs NOCIABASH W petiell IHANOTHTHBIM 0GpasoM miA
CUCTEM © QUCKDETHBIM GDCMENEM. DTH CHCTEMBI MOTYT PACCMITPABATHCH KAK
CAMOCTOATENRbHBIC [IPH ONMCAHMH, X UPHMEPY. DKONOIHYECKHX HpOUCCCOB,
a MOryT GbiTh NONYYeHs! ONHOINAUNO #3 MM dEpeHIHAIBHBIX CHCTEM HpH lepe-
XOfte X TodeHuM OTOBpDReHuAM [Tyanicape [37-39].

PaccMOTpHEM HEKOTOpEIA pexHM ABHXKeHWA MiddepeHIHaibHOR CHCTEMBI,
XapaK TepHIYWUHACA TpaekTopuei I' B dasjosom npocrpancree R ypasHeHun
(2.2). B nociendem BBeAeM B PaCCMOTPEHHE HEKUTOPYIO [HOEPTOBEPXHOCTS S
paamepHocTH N - 1. [Tpesytonoxum, 410 aroBar Tpackropun I' nocnenosa-
TENILHO M TPAKCEEPCEAbHO (NOA HEilyNeBRIM YTNOM) NepeceKdcer JTy foBepx-
tocts. TlopepxHocts § wadmpacrcs cexyujeld Iyaxkape k $aaoBoH TpiekTo-
pun I,

Tpaexkropua ' nopoxaaer Ha cexywedi HEKOTOpOoe ToueuHoo oToBpaxchne,
OHOIMAYHO (HO He BIAKMHO OSHOINATHO!) CTaBRluec B cOOTBETCTRHE MoBOR
TouKe X (K) nepecesernn I' ¢ § Gnmkainuyw ciegyinnyw 3a x (k) touxky x(k +1).
Lna wnmocrpanum Ha prc. 2.1 NpuBenell RpuMep NOCTPOCHUA TOYEYHOTO 0TOGpa-
xeHun B cnyvae N = 3. [ocienonrarensHocrs TOYeK OTOGpaxeHuA JaudeTca ite-
pecevennamu I ¢ $ B oanom Hantpasterin. [ToimyveHHOe AMCK peTHOE MIIOXKECTBO
{x(k)} (k=0,1,2,._.)Ha cexyuteit HazuBaerck cevenuem {Tyauxape man
TpaexTopk I'.

3aK0H COOTBETCTBMA MeXOY ApenLlLyLIeA H NOCNeRyI0UkeH TOUKAMH epece
HEHHMA HAILBACTCA OTOBPANEHHEM NOCHCAOBIHKA MK oTobpaxenuenm {lyanKape.

T
) / /75
 bokoksy
\‘ \

Pu ¢ 21 Towewmoe otofpaxedye, No-
POXKAREMOE IILPECEYCHUAMH HeKuTopo#R
GazonoR TpackIvpHd ' ¢ cexvineR no-
BepXHOCTRIO §

Zy

B ofwem cryyae orobipaxeine [lyaHkape 3ansetcd HETHMHEHHMM THCKpETHEIM
YPABHCHHEM, PAIMEPHOCTE KOTOPOTO pABHA paaMepHOCTH cekyured Myankape.
Hennuednod punammuveckod cuereme (2.1) TeM CaMBIM CTABHICA B OAHO3HZY-
HOe coorsercTBHe N - l-MepHOe $a3loBOe NPOCTPAHCTBO. KOTOPLIM MBNNETCA
CEeKYUIaN THOepNoBepxHOCT: §. PIIOBLIMH TPACKTOPHAME CTAHOBRTCA NOCHe-
noBatebHocTd 104K X (k) Ha cexymed. Kaxaaa nocrenywnsan rouka x(k+1)
NoNyuaeTcA Wyrem TipameHeHHA HennHelHoTO npectipazoBaHus £ K npeasigy-
ied roske x(k):

x(k+1)=Plx(k),u} (2.31)
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) - RABOP N2PaMCTPOBj , KO FOPOe B KOOPAHILATHON Gopme HMeeT BT
ik + )= Py ). 0T L2, (V- 1), 2.32)

3apa4a H3YNEHHA ORHAMMMCCKOR CHCTCMB CBOMMTCA K 2aflaue Kay4eHNA cooT-
percTEyltere o106paxenna Iyanxape. [Tpu sTom ¢Tpykrypa AMlampdecKkod
CHUTEMBl ONIHDIHAYHO (HO He BIAMMHO OAHO3HAYIG)  ONpPEAEnseY CIPYKIYpY
MOPOKLIEMOTO £ TOYeHOTO oToBpdxenns [37].

Helunefinoe ypanlienwe (2.31) annsercd mckpeTHoIM aranorom andde-
PEHIHANLHOR CHOTEMLI. HO MOXET. KAK YIIOMHHAAOCh. PACCMATPHBATECA BHE 38-
BHCHMOCTH OT NOPOXARIOLIER M HEPEHUHATHION CHCTeMbBL ™),

B OHCKpeTHRIX CHCTEMAX TaKXKe MULYT CYIXECTBOBATBH WaCTHHIE PELICHHA,
upeLcTasiolKe cof0f CTaUMOHApHEIE, MEPHOMMYECKHE, KBASHACPHOMYECKHE
H XA0THMECKHE NOCNER0BaTENbIOCTH X2 (k) .

YoTOHUMBOCTD 4ACTHOrO pewsedns x°(k) MCCNCAyeTcA Ma OCHOBE COOTBET-
CIBYIONErO ypaBlieHust B BapHaouax [39]. Ecmt BBECTH B PACCMOTpENHE Manoe
OTKAOHEHHE (BoIMymichHe) y (k) = x(k) — x°(k). 7anncatb ero B KOOpIHHAT-
HoH popme

yitky=x Ry ~xPk),  F=1,2 (N - 1), (2.33)

H HHE3PHIOBAYH MCXOAHOe ypasHenMe (2.31) BGnMIM YaCTHOTO peyeHHA, TO
HOMYYHM JTHHCANOE IMCK PETHOE YpaBlicHHe B BapHALIMAX

N}
yik+ )= IE' @FP/3x;)y; (k). (239)

rae HpONIBOIMHEIE BepyTCA B TOUKAX YICTHOrO PEMIEHHA.
B BexTOpHOH hopMe  YPIBHEHMH B BADHAUMAX SAMHCHLIBAIOTCA AHANONHYHO
cayuae nudie peHUHATEHBIX CHCTEM.

Yk +1)=Mk ) yK). (2.35)

tie M(k, p) ~ KBAPRTHAA MATDHILG AMHEZPH3ALMH, IEMEHTH! KOTODOR my;
33UENE  COOTBETCTBYIOMINMH ApoM3IBoaubiMH  {2.34). Herpymno yGeautnca,
a1 43 (2.35) cnenyer

k
Yk 1)= il;ll M@, )y (1) (2.36)

{lo ananorun ¢ nU@depeHURANBHAMH CHCTEMAMH OTpeenHM NANYHOBCKHE
RArAKTepHCTHICCKHE TIOKAATENH SACINOTY  PEUICHHA IMCKDETHOR CHCTEMBI
(2.34):

A= kl‘i:?: k™t In Iy ). @3N

rae p'(k) npeacrannser coBoR i-¢ (byHIaMeHTaIbHOE PILIEHHE CHOTEMBI YpdBHE-
Hui (2.35),

*) s otobpaxetnd Myankope (oM. puc. 1.1) cyltecTRyYct cTporat  PYHKUNOHAALHIA
BIaMOCHEID HeNPERMBHOTO BPeMeHM £ ¢ TORKIMM ANCKPETHINEN [, NIpHECM  paiHOCT.
i) -~ g % A0F) . Tl ANCKPeTHMX MOACTBHBIX CHCTEM 3T4 BIEMMOCEAIL YTPIMHBACTCE W
Honzraetck & = 1, C anmt, B UACTIIOCTH, CBN3AHO £Q, WT0 KOHKPCTHOR (AI0DOR TPaeKTOpHM
CAOIHNNG COOTRETCTRYET oTolpmkenine P Ha cexymeR, Ho aSpamioe HeBepito,

3 3



2.7. Yerofmusocms peaichi IHCK PeTHAIX CHCTeM

CosoxynHocrs wscen x§, x2. .. ., x% . 1, He JEBUCALINX OT AMCKPETHOTO
BpeMeHH B YROBJCTBOPAMIIKX HCXOHOMY HeliHHeAIIOMY ypaBHeHio {232},
HAIWBACTCH HenoORwxHul TouKoE  X° pMCKperHod cMCItMit OTOBpaxeHsA
HAK et CTALMOHADHMIM peiucHwen:, MaTpuila NuHeapn3alM¥ ypasHeuud b ba-
PUBLHAX TaKXKe He JABHCHT OT K. YCTORYMBOCTS CTAMMOHZPHOTO pelilehr.A OnRpe
AenAcTeA cOGCTBEHHLIMMH JHAYCHHAMH MaTpHIL M:

det(M ~ pE)=0, (2.38)

T£. MYNbIMILIMKIATOPEMH HEMOABMNHOH TOYKH 0;. CTauMOHIpHOC pelcHKe
ACHMITTOTHHECKM YCTOHYHBO, KOrIA BGE MYTIBTHRARKETOPE! N0 MOLYINO CIPOED
MeHpIe enpmual. CoorgeTcTBylonni ciiextp JIXTT arrpakrops cucremu B Brae
YCTOHYHRBOTO COCTORHHA PABHOBECHA ONIpee/IAeTcA YHOPAKOYEHHOI N0 yBhiBa-
HHIO COBOKYTIHOCTBIO A

N =Inlgi <0. (2.39)

Peinetme x°(k) — nepuommecKoe, tcnH BHRCIHAETCA YCNOBUE
x°(k)=x(k +n), n - nepuon.

B stom cnyuae x°(k) HasuiBaeTcs P-nEpUOOINECKUM peluiexuEM DHCKpPETHOR
CHCTEMBl WM n-RuXAOM OTOGBpONEHMA. MaTpula IHHEAPHIAUKH T4KXKE H-lle-
promwyeckan, r.e. M(k)=M(k +n).

ANZIOrOM M2TPHUEI MOHOZPOMHM B JaHHOM cryde ABRAETCH Matpuua M,.
He JABHCHIIAR OT [HCKPETHOrO BpEMEHN:

M, =M@) -M@n - 1)-...-M(1). (240)

JUIA NepROIMAecKMX pElTCHRA JMCKPeTHOC BPEMA MOXHO H3MEPATh UETbIM
YHCIOM NEPHOAOB k = M, Y10 NO3BONAET IAUCITh

y® =My, MO =M, M, .. M, (2.41)

r oA
MyNnbsTRARKATOPN 0,y MATPHIL] THHEAPMIAUMM A-UHKIE OTOGpIXKCHMA M, Bo-
YHCAWTCA aHAnorno (2.38):
det(M, ~ ppE)=0, (242)
Onst onpeqenawT YCTOWNHBOCTD n-NicpHOMMYeCKOro pewedns. Hetpynno yGe

IKTecH, 4TO GO onpeaeneHro (2.37) cuextp JIXH n-nepuonmyeckoro pelueHus
COCTOMT H3

MN=Inlppiin (2.43)
ACHMITIOTHYECKH YCTORMMBOMY A-UMKNY UTOSPIXEHMA OTBEY3NT MYNbTH-
IWIHKATOP! {0} << } namobpix i= 1,2, ... . N — 1. Ciexrp JIXTI yeroitunso-

IO JURKNA COAEPAHT, TAKKM OGPAIOM, TONIBKO OTPHUATENLHEIE YHCTIE,

Ecnn muckperioe ypastense (2.31) npeacrasaser cofioil orofpaxenme
Myankape nexoropol andidepeHUHANLHOR CHCTEMBI, TO CTAMOMADHAA TONKS
OTOOpANEHHA OTBEUAET MPOCTOMY OHOOBOPOTHOMY NDEOCALLIOMY LHKIY
B 70H cucteme. Hanuupe A-NCPHOAHUECKOR TONKHM B OTOGPUKEHHM COOTRET-
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CIBYET N-TAKTHOMY, BOnee CIIOKHOMY Bpegensnomy MHKNy axdidepeHuuanbHOM
CHCTEMhI. B OTAHUME OY HOTOKOBBIX CHCTEM B OTOGPAXEHMAX CTAUMOUADHMIE H
NCDHONMYECKHE  PPILCHHA XAPAKTEPHIYIICA B OfIteM ydse N-AMIIOM
(r=1,2,3,...). Carnaryps cnexrpa JIXI1 3rux pewrennii oguvaxona s
afTPAKTOPOB B BROE YCTOWNMMBOR HENOABIKHOR TOWKH flepwoma | u moGoro
Aapytoro nepuopan=2,.._:

" oon ” “w v LI L]

Tinneapnaopannan marprua otoSpexenus flyankape M, B oGimem ciywae,
BKIIONAA 1 = ], eCThb AHANOT MATPMIlh MOHORPOMKH NPOHIBOIIBHOLO MepHOIK-
YECKOrO perIeHNR MCXOAHON muddepeHuNansHoi cHcTeMbl. 3aMeagrensHOe
cBOAcTBO OTOGpaxetua flyasxape 3aKin09aeTCA B TOM, 110 COBCTBEHHBIE 3HAYe-
HMA NKHEADHIUUHH Py 1= 1,2,... , N - 1, nononHenme eOMINTHAIM MY/IbTH-
IUEMKATOPOM Py = |, CTPOTO PaBHbl COGCTHEHHBIM AHAUYEHHAM MATPHILI MOHO-
apomwn Y (1) muddeperumansuoii cueremmr (2.2) . Ha rom ocHoBatam ycroii-
YHBOCTS NMEpHOTHUYECKHX PEXHMOB KosebaHnii B middepeHIHATLHBIX CHCTeMAX
KO/IHYCCTRCHHO XApAKTEPRAIYCTCH MYJILTMIUIMKATOPAMM I-IMKAR OTOGPIKCHHN
Myankape. Cnextp JIXI oroSpaxensn [lyanxape,mononHeruuri opHpm Hy nte-
BhiM NOKA3ATENEM, ABCT COOTBETCTBEHHO cnexTp JIXII nepuonmuecxoro pewe-
HUA  amdupepeHIMAnsHOR  CHCTEMSEI, TOPOXANWER COOTBETCTRYMIEE OTO-
Gpaxerne.

MynsTIHKaTOpE  OTOGpAKEHHA XAPAKTEPHIYOT HIMEHEHHE DpOeKIi
BEKTOPE BOIMYILICHHA YACTHOIO PEleHNA HA COGCTRCHABIC HANPABNICHAA MATp-
Ubl /TRHEADKIALMY 38 OMNH NeprOA. ECNK 4acTHOE pelleHine Me ABMACTCH M-IHK-
NOM M NpencTaRNAcT OGO KBAIMNEPHOANYECKYIO MITH XS0 THYECKYIO NIOCHCAOBA-
TensHocTs x° (k) nonATHe MYASTHIVIHKATODA YTPAYHBACT CMBICH. 3anaya aamx-
30 YCTOHNMBOCTH pelIeHHA YCTOXKHRETCR W TpeGyeT NPAMOTO BRIMHCIEHHA No-
Kasarenehi cnextpa JIXII B npenene k — o yycHEHHMMN METOIAMH, KK H B CITY-
Yiae anepHOIMHECKHX peweHyi auddepeHuNaNsHEIX CHCTeM. ANFOPHTMBI pacieTa
ofcyXpawtca 8 . 5, 2 396ch OTMETHM, NTO cHritarypa criexkrpos JIXTI ke
NEPHOSMYECKHX H XBOTHHYECKMX AFTPIKTOPOB B OFOOPAMEHMAX AHATOrUYHA
CODTREICYBYIOIIHM ATIPAKTOPAM NOTOKOBBIX CHCTEM 30 BMOEIOM OAHOrO
HYNEBOro TOKA3aTeNA,



rnABA 3
THNHYHLE BHOYPKALUKH NHHAMMYECKHX CHCTEM

3.1. Cypyxrypaaa yeroimusocts H Sudy prawsn

HccienopaHue YCACBHA COXpAHEHMH CYPYKIVPM NpHTATHBAOWUMMX NpeRes-
HBIX MHOXECTB TIPH BOIMYHICHMAX ~ 33jayd. CBAAHHAA C BBCICHHEM NOHATHH
2py0OCTU, CIPYKIYPROU YCTORMUGOCTU U TONDAOIUNECKOH IKBUSLIENTROCTU
AMCCHIATHBHMX AHHAMHUECKHX CcHCTeM. C diHueckKoR TOUKW 3peuns npen-
CTABJIAIOTCA PedNbHBIMH TaKHE MBTEMATHYECKHE MOJENH. KOTOpEIE TIPH ManbIx
BOIMYIUEHHAX KEYCCTBEHHO He MENHIOT CIPYKFYPHW pAdGHeHMA MpOCTpanHcTBa
HAPAMETPOB HA OBNACTH, CTREMAINIHE PANTHYAIGLIEMCA THTIAM peilieHHA. Taxne
MOENN HA3MBAWT 2pyOeiMtt WIK CTpYKTYpRo Yorodvuavimu. Tlorsitue FpyBocTH
CHCTemsr, BBenenHoe A.A. ArnponossiM ¥ J1.C. TloHTpAr HHEIM 114 ABYMepHBIX
CHCTEM, OKA3WIOCk YPeIBLIYATHO BAKHEIM H TIONIeNM B dHIdKe. CosepuieHHo
ACHO, YTO HpAKTHHECKH HEBOIMOXHO JIMHCATL TOUHYW CHCTEMY YPABHEHMIl,
COOTRETCTBYIONIYI0 KOHKDETHOR (M3MUeckol CHCTeMe. GYHKUHOHHpYwULeR 8
NPOMIBONBLHOM H3 HEKOTOPOFO MHOXCCTBA BOIMOXHEIX pexumon. Cnenoba-
TENbHD. MORENHHAR AHHAMMYECKAA CHCTEME JOMXHA OGTANATL KAUECTREHHMMH
CBORCTBAMH. COXDAHRIOLIMMHCH fPH MATLIX BOIMYIUCHHAX.

CTYpYKTYpPHO YCTORMHBRIMH Ha3b1B210T TakHe NMGepeHIHRNEHME MHAMM:
YECKHME CHCTEMBI. [UIA KOTOPHMX Malue BOIMYUIEHHR ONEpaTOpa 3IBOILOUMM.
nndubepenuHpyeMbie xoTa Gbl OAMH DPa3. NPHROIAT K TORUAGZUNECKU IKEUEE
nenThoim peirennam. flocneaHee. o cyTH mena, OINAYLLT. ITC BOAMYIMCHHDINA
MOTOK MOXHO MEpeBecTH B HEBOIMYRIEHHMRA ¢ OMOLLLI0 HEKUTOPOi! HenpephiB-
HOW 3aMCHE! a30BEIX KOOPAHHAT,

Peakuda AMHBMUMECKOW CHCTEMBI HA MANOS BOIMYLICHHE OTIpefeNiAeTCA e€
COCTONHHMEM, H B O[HHX CNYY2AX BOIMYUEWIIME HaKTOPLL BAMAKT H3 pexHMm
GYHKNHOHHPOBAHMA CHCTEMBL HEFHAYHTENBHO, B APYFHX ~ TIPHEOURT K peIko-
MY OTAKYAKW XapakTepa BOIMYLUEHHOTO ABHKCHHA (10 CPABHCHHIO ¢ HCXOMHBIM,
B nepsom cnyyae cOCTORMME CHCTEMBI (WM THII OBIDKEHWA) YCTOHYHBO. BO
BTOpOM ~ Her. Kak OmuI0 1i0Ka3aHO B . 2, 33248 TEOPKH YCTORNMBOCTH
B TOM W COCTOMI, 4TO0K YKa3aTh MPH3HAKH H CHOPMYNHPOBATH KPHTCPHK.
NO3BOASIVILKE C ONPSIENENHON YBEPCHHOCTLIO CYRHTE O TOM, YCTOAMHBO WM He
PACCMATPHBAEMOE NBIOKEHHE CACTEMBL,
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BONLWHHCTEO HHTEPECHEIX HINYECKHX 3124 OpK HX MATEMATHIECKOM OMH-
CAHHM NPoaMT K MHGPEDEHUHANBHMM YPIBHEITHAM . 3ABACAULIHM OT NApaMETPOR.
H3meHeHHe NapaMeTpi MOXCT BbiIBaTh NOTEPK YCTORYHBOCTH ONHKEM PEKHMOM
ABIOKEHHA M Tlepex0 CHCTEMBI B /ipyroe cocrofnne. [pumep — BOIMHKHOBEHHE
nepMoaHYecKHX KoneGanni B renepatope Bau nep Monx ¢ npesriwetneM ROpoTa
reMepauMn. JT0 ABNCHKE HadnBaerca Ougyprayuell, & 3HadeRMe NApameTpa,
TpH KOTOPOM OHO NPOHCXONKT, -~ Toukod Ougfypkayus. (cuBo MHTEpechil
raKue GHOYPK2UUK, B PE3YALTATS KOTOPHIX RPH NPOXOMACHHM TOUKH GudypKa-
HHH B CHCTEME BOTHHKAIOT HOBME YCTORUHBRIC PEXMMEI [IBHKEHHA,

Hepapxua CMeHbl OXHHX YCTOHUHBMX COCTORHMR CHCTEMBL HPYIHMH ¢ Hime-
HeHHEM YNpaBNsioliMx MApPAMEIPOB BulIkBaeT MOChefoBareNLHACTh aioastx
nepexodoe ot oKX rpyBux (CTPYKTYPHO YCTORWMBEIX) PEXHMOB K ApYIHM
rpy6sIM M OCYleCTBIINETCH %eped HerpyGoe cocronmme B Touke Gudypxaumu.

MareMarTHYecKOH OCHOBOH AleMeHTApHOH TeopuH GuYpKalHi ABRACTCH
KPATKO HANOXERNAA B 171. 2 Teopua ycrofweocty. C noMonmo TeopHA ycToH-
WHBOCTH ¥ OHYPKAIMA CTAHOBMTICH BOIMOMHBIM PACCMOTPEHME 3A0A4K O pad-
GueRHH (HAd0BOO MPOCTPAHCTRA [IHHAMMYECKORA CHCTEMB HA THNHYMbIE TPACKTO-
pMR, ANATTH3 CTPYKTYPH 31010 pasGuelns, BuAsnenne ofitacted B NpoOCTpaHCThe
NAPAMETPOD ¢ XAPAKTEPHBIMH THNAMM NpefeibHbix MHOXectd. [IpaxTiiecku
370 fAET BOIMONHOCTE NOCTPOCHHA CHYPKAUHOHHBIX IMAr PAMM. HOACHHIOWMX
MEXAHHIME TIEPECTPOCK PEXHMOB IBMKCHMA B (BRIOBOM [POCTPAHCTBE [HHA-
MHUECKOH CHCTEMB] TIpM BIpHalRA ¢ [apameTpoB. COBOKYNHOCTE 3THX BOMpPO-
CO8 COCTABNNETY TIPEAMET COBPEMEHNOA KAYCCTBEHHOR TEODNM AMHAMMYCCKHX
CHCTEM, KOTOPas ECTECTBEHHMM OOpa’zoM BKMwUaeT B celst TEOPHI YCTOAMH-
BOCYH W Teopiio Gudpypxawmia §40-47].

3.2. BupypxaM cocTONHME PABBOBECHS

Bupypxaums xopsameproci 1 — myxpatnoe pasmosecwe. Paccmorpum
AHHAMANECKYID CHCTEMY, ORHCHIBAEMYI0 OAHUM [HbdepeHuuansubiM ypapHe-
HHeM 1-T0 NOPALIKA BA NIPAMOH X!

x = F(x, u). (3.1)
Mycrs x°(u) cers rpyBoe cocTosxWe paBHOBecHA. T.e. s() # 0, rae s(p) =

= Fo(x®, p). MoaensHbiM ypaBHeHWeM, OMMCHIBAIOWIHM [MHIMHKY BEMHIM
0coBOR TOMKH, B JAHHOM CJtydae SyaeT RHHEAPHIOBAHHOE ypaBnenue (3.1):

Yoy (3.2)

W3 pewesun vy = yoexp(sr) Bumno, 410 ycroRwmsocr x° onpenenserca Ma-
KOM COBCTBEHHOIO UMCNA 5. T.2. 3HAKOM NpowIsonHo Fy (). llpK wexoTophiX
IHEYEHHAX NMApaMeTpoR COGCTBEHHOE THLTIO § B NOOXKEHHH PABHOBECHR MOXET
ofipaTHILCA B HYAD:

s@ = Fy (x°, p)=0. 3.3

Tipennonoxim, 430 BYOpan NPOMIBOAHAA IPH ITOM OTTEHYHA OT HYNA:
aGuy= Fr (x*. )2 #0. 3.4
Torpe x ectb ABYKpaTHBIA KOpEHb HCXCAHOIO ypasHeHHA (3.1). Mopenbhax
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crCTEMaA A JAHHOH Brdypraumu Gyner
V= by(p) +a(p)y?, (3.5)

the by — HEXKOTOPBIH fapamerp.

Mycrs, ana onpenestensoctu, a > 0. Torga npw b, < 0 & chacreme (3.5)
CYWECTBYIOT [Ba TIONOWEHHA PaBHOBECHA (YCTOHYHBOE H HEyCTORNMBOE),
TIpr &, = () onu winBamTcA B OiHO. H ftph b, > 0 pasHoRecHA ncyesalot. Ecnn
u306pasute MHoroobpazse F(x, p) = 0 B KOMGHHHPOBAHHOM RpOCTPAHCTBE
napaMeTpoB H ¢$azopoit xoopnMHaTel (pHc. 3.1). TO NpH ero NpoeUMpPOBAHHK

z Flru=0

z)

A I N Py 3.1 OcoboHHooTr THIEZ CMAIKH
AN =~ ipH  cenno-vanonod Gupypxaumn co-

ot z CTUSH M PPaBHOBECHA
R by
o # 3
M

Ha TNpPOCTPAHCTBO [lapaMeTpOB HMEETCH OfHA OCOBEHHOCTL THIa cKxaad-
ka |48, 49]. Budypkaura “ApyKpaTHoe PABHOBCCHE™ HMMEET KOPAIMEPKOCT, 1,
T2K KAK BBIIENAETCH E€WHCTBEHHbIM OHOYPKAUKOHHMM ycnosvem (3.3).
B npuioxeHHAX 31a GUpYPKALMA BCTPEHACTCA JOBONBHO 4YACTO H MA3bIBACTCA
raKkxe Gugypkayied cphlen pacHOSECUS WIM cedno-ya0eoh Budypxayucil.

Brdypraupn KopaiMepHocH 2 — TpexKpatHoe pasioseche. HiMeHHM 3Ha-
YEHHA TlApdMeTpoB cHcTembl (3.1), nBHrasck B MPOCTPAHCTBE MapaMeTpoB
BAOTL NHHEK Iy (cMm. pre. 3.1), oTeevaniieh Gid ypKaUHOHHOMY YCnoBHIo (3.3).
[Tp# HEKOTOPBIX IHAYCHHAX TIAPAMETPOE BOIMONKHO OBpItlenHHe B HYIS BENTHHH-
Hel a(u):

a(u)= F 0, w)2=0, s =F.(x° p)=0. (3:6)

Ilpu 2rom Tpetss npouspoanan Fyr, (x°, p) #0. B 310M cAiyyae OfHOBpeMeH-
HO BLAONHAKTCA OBa OHOYPKAUKMOHHBIX ycnobHA (3.6). Peartnayercs Gudyp-
KauMs xopaimeprocru 2; x° — tpexkparubiit kopeHs ypasnenns (3.1). Mo-
AepHAR CHCTEMA IUTA AaHMO# GndypKaLKH NpencraBAACTCH B BHAE

VEb +byy +b(u)y, bu)#0. 3.1

B cucreme (3.7) woryr cymecrsopats nuGo oaHo, inGo rpu rpyBbix cra-
uHOHapHLix pewichia. Ha puc. 3.2 Haofipakeno smoroobpave Gudyp
KauMu TTpeXKparHoe  paBHoBecHe”. [lng 2Hauenuit  nmapaMerpom, fnexa-
IMMX B 3AMTPHXOBAHHON oD:1acTW  BHYTPH  XapaKTECpHOIO TPEYTONbHMKA
(Towca, K npumepy, A), CHCTEMa HMEET TPH CTALHOHAPHBIX pelleHHA. OmHo
M3 HHX X3, Bcerma HeyCToduMBO, nBa apyrux x§ K x3 — ycroAwes:. Bre a1oi
ofinacry 3HaueHHR NApaMETPOB CYHIECTBYET TONLKO OOHO COCTORHHE papHOBe-
cAa, B Touke B TpHM COCTORHHA DPapHOBECHS CIIMBAKTCA B OIHO YCIOHYMBOE
PaBHOBECHE.
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Cnepa or ToukH B fsHkenHe No NapaMeTpam TpaHCBepcansHo K Gidypka-
UHOKHBIM NHHHAM fp X2paKTepH3IyeTcA THCTCPEIHCOM: B OIHOM HATIPARNCHHH
OCYLIECTBAHETCA CPbIB PABHOBECHA 32 CYET CTHAHMA H HCHEIHOBEHHE COCTOHHMHE
paBroBecHs x§ KM X3, B OBpPATHOM BANPARNEHKH — 33 CUET CAMAHHA K MCUEIHO-
BEHUR JPYrofi Napbi COCTOANMI PARHOBECHS X3 ¥ X3

OcofieHHOCTD, BOIHHKAWINAA NPH NMPOEIMPOBAHNE MHOTOOlpasun Gudypxa-
IHH "TpEXKparTHOE paBHOBecHe Ha NPOCTPAHCTBO MAPAMETPOB, HAIBIBAETCHA
céopxoil |48, 49]. Chopke, kax 310 BHEHO K3 pHC. 3,2, OTBEYaeT MepeceyeHHe
Apyx BHdYPKANMOHHKIX TUHHA ckianox Iy B Touke cBopxH B.

Budypxamps poxienas npenenkioro IWkna. B gMHamMHYecKHX CHCTEMAX
paImMepHOCTH N > 2 moxer peanHaosarbes GMbypxauus xopaimepHocri
KOra3d B HyAb 0BpainawIcs AcHCTBHIZTLHBIE YACTM KOMINEKCHO-CONPAMEHHOR
Dapbl COBCTBEHMBIX HHCEN MATPHLLI NHHEADHIIGAH CRALHOHADHOTO pPeLIeHHS.
ol Gudypxaune orRevaer BOAIBYX/IeHHE ABTOKONEGAHHA, H OHA HOCHT HB3Ba-
Hue "B yprauma Angporora — Xongda”.

[lycTh npH HeKOTOPLIX IHAYECHHAX TAPAMETPOR MAPa KOMIUIEKCHO-CONPAXKEH-
HBIX 3HAYCHHH $; ; MOSIONCHNA PABHOBECHH NMHAMMYECKOH CMCTEMEI Ha IUNO-
CKOCTH CTAHOBHTCH UHCTO MHHMOIH, T.¢.

Resy 3(Hp) =0, Imsy ; (o) #0. (3.8)
MogenpHaa crcrema, TOKAaNsHO ONHCKLBRIILAS Aaunyw Gnbypxaudio, JaBHCHT
OT GJIHOTO MAPAMETPA H B KOMINEKCHOR GopMe 3AMHCLIBaeTCcA B BuIe [40, 46]

2=(b, tjw)z+ Ly 21213, 3.9)
e

W) #0,  L(ue)# 0.

Bennuuna L,(4) Hasbiaercd nNepBOH NAMYHOBCKOH BeNTHVHHOW COCTORHMA
PABHOBECHA M ONpEleNIAeT YCTORYMBOCTE MEPHOQMYECKOTO PEXHMA, POXK/AAICLE-
roca B peaynerare 6udypranriu Anapoxosa - Xondga.

PaccmoTpum  GndypkauloNHblt AHArPAMMBI MOAENLHOH CHCTEMBI HA [TO-

ckocrd. Heszapucumo ©1 3Haka NepBOH NANYHOBCKOH BENTMYMHBI MMONOMEHHE
paBHOBecHA z = [ cuctemm (3.9) npH nepexome b, uepea Hynb TepseT yCTOM-

zy Flzp)=0
i
Hz
8
1
“3':; iy
£,

!-)6“ €. 3.2, Muroroofipaiie GHdyp kaumn “Tpex kpatHae paprosecHe™”. QcolieHHocTs THNa
cSupkn
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Pac. 3.3 Markes Supypkan Arporona - Xomda

umBocTL. YerowuepiA nmpu b, < 0 dokyc NpeBpRINACICH B HEYCTORMBBIA
npu &, >0.

Rycme £,{y) < 0. B 51oM wiysse NOTEPA YCTORUMBOCTH COCTORHNA PdBHOBE
CHA COMPOBONIRETCA POXLHHEM MO0 YCTOAYHBOrO (UPENENLHOrG UMKAA,
PaIMEp KOTOPOTO PACTEY ¢ H3MCNEHHCM NIAPAMETPA KaK KOp2Hh KBApaTHLIA M3
HVIKPHTHYHOCTH, 8 NEPHO LMK ONDENCNACTCA COOTHOLIEHHEM

T=2alwipe).  w(ie)= 1Imnsy 2(ue)i. (3.10)

B 310M cilyvae roBopat o MA2kold Gugiypraiii poxoeKus npedeavhoe llixaa,
Nepecrpudixa $asoBOIO NOPIPCTA CHCTEMM B Ciyiae MATKOH Omdpypranmm
Angiponosa -- Xonda npeacrapnens us puc. 3.3,

PaccvoTpim cenydaid  L£(ig) > 0. CocroAHie pABHOBECHA [0 TOUKH GHyp-
KAUMH OKPYXKEHO HEYCTOHUHBON 3aMKNYTOH TpacKTOPHCH. OF paHHVABAIOWCH
ofuacts MpHIsDKeHHA yerofmuporo ¢pokyca 0. Mpu nonxoe K Touke Grudypka-
UMK HeycTofluMeHA UHKN CTATHBEETCA X COCTOAHHYW paBHoBecka. B rouxe G-
GyPKALME UMK HCHE3ALT, CTHBAACH C TOMKON PABHOBECHA. KOTOPaN CTAHOBHICA
HeycTOHYMBOA. B cHCTeMe YCISHAEIMBACTCA KaKOHi-TO spyrol pexnm, CUTbHO
OTAHUAIWMACA 03 pexHma, mpercpieduiere Gudypxauwmo. 8 210M cnyme ro-
BOPAT O Xecrxod norepe ycrotusueoctu [46]. Mepecrpoiika danporo nopTpeTa
CHCTCMBL B CHydae KecTKOH OGupvprkaud Anppowosa ~ Xonda noxazany
Ha pHC. 34,

OTMeTHM. uTQ YCHOBHE OTIHYHE OF IyNA AepBoit NMIYHOBCKOA BeNMUHHM
obecheunpacy poxgense (£, <0) wrn ruzbene (£, > 0) enHHCYBEHHOIO UpeAens-
HOIO UMK/ B CHCTIEME.

Henoxanwian Gudypraums xopazMeptocT | — NETHA CeRAPATPHCHL CENIO-
BOIO COCTONHMS paBHOSecHS. PaccMOTPHM OOMH BRXMLIA Ans paneHeRnrero
cnyvait neaoxansoi GupypKaUNH IpyGOTo CeRTOBOTO COCTONMHA PABHOBECHA !
ofipasosanue 0coGoH haroBof TPACKTOPHM. KOTAR OflHa K3 BRXOAANMX certd-

//"'
i

g h
Puc. Y4 Wecrkas Sadypracns AHApoKoBY — Xonda
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P 3.5 a- K onpenencitmn QyiKimMn pacwicnneuun cenapamuc Hip). 6 — BoamoxHiae
CHYWAH PAIPYUIHAS IKTAN CENApaTpcel

paTpic cefii x°(4) BO3BPALIALTCH HA3al B CEI0, oBpaIys ACTIIO Cenaparpu-
tbi [o. BRINONHEHND ITOTO YHCYY FeOMEIPUNECKOTO YCIOBHA B NPOCTPaHCTaES
HAPUMETPOB CHCTEMBL oTbeuretT Oudypkaunoxnoe muoroofpasne Kopaamep-
HOCTH OflHH.

lepectpoiicn $arospix NOpTPeTVE CHCTEMBI BGAKIH TIETNH CCNAPATPHCE) NPH
BAPHAUHH MApaMETPOR OTHOCKHIGILHO GHYPKAUHORNONG MHOrOOGpasHA xa-
PAKTepHIYIOTCH  (iyniyueir pacujervienus cenaparpuc. Paccmorpum  cnyuaii
ABYMEpHOro ajoBOIC NPOCTPENCTBA, B KUTOPOM BBeIeM BEIHIM CelTa O/IHO-
MEPHYI0 CeKyltyo 5. Onpeuesum 1a ceKylled KOOPAHHATY 7. Kak 310 NOKaa-
HO Ha puc. 3.5 Hasopem dynxumed pacuiennerus cenaparpic Hi) pasmocts
KOOPAMHAT NepecedeMrd BXOAAILCH A BLIXOAALUCH CenapaTPHC ¢ CeKyluei S:

Hpy=n"-q".

Ecin pacumensenne orsesaer anywaw A (puc. 3.56), 10 H) < 0. 8 cny-
use B H{u) > 0. Peanusaudn NeINH cenapaTpaciki OTREYAET HY/ICBOE JRANEHKe
pyukuau Hu)=0.

Yenoprem rpySocta gaHHOR BHbypraumy sRNAETCA OTAHYME GT HyNS BenM-
4HHBI O({X), KOTOPUA HAIBIBALTCR CCQIVBUT GEIUNUNIL:

o(p) = SpA(p) # 5, (u) +52(u) # 0. 3.1)

B xauecrse GudypKauHOHHOIO NAPAMETPA MOXHO PACCMATPHBATE JHAYCHHE
bynxunn  H{u). Mycm o < 0. Torga npn H(u)< 0 (paspywenne nernu B cro-
pory A Ha puc. 3.50) n3 nernn cenapartprcsl Mg pOXHAETCR €IHHCTBEHHBIN
VCTOR'MBBIA npenencHud wnicn. Ecan H(u) > 0 (paspylicHe NeniH B CTOpo-
Hy B). 10 B3 ek HHvero He poxpaerca. [IpH INaYEHUAX CEANOBON BEMHYMHEL
¢ > 0 netnn [y Ha3WBAETCH HEYCTORMHBOR H M3 HEE NPH POCLETUTEHHK Cena-
pﬂ‘l‘p}lc] MOXET BO3HHKHYTb TONLKO HEycTORuMELIR npenenvHbid wuxn [40,
47, 50].
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3.3. B ypxaim nepHOIHIECKIX pelusnil

Noctaposxa agaw. Bonpoc of ycrofiuusocth 1 Sudyprausax nepxroamvec-
KHX TPaeKTOpKi MOXer GHTL paccMOTpell Kax HeNOCPEACTBEHHO B OTHOICHHH
MG EGEPeHUMANLHIX YPABHCHHA, KOr/A YECTHOMY PCLLICHMI0 OTBEYACT Mpeneb-
Hutif WHK, TAK M AYTEM BHAINFA YCTORVHBOCTH HENONSHAMLIX TOUEK COOTBEI-
creywmero ovobpaxenns [Myanxape. HanGonee MarnajueiM n yaoGHLIM 10in
WHCACHHOTO HCICAORAHKA ARNAEICA METO/ AHATH3E 0TOBpaAXKEUHA.

PaccMOTpUM 380ATY ¢ THALUYNBIX AOKAASHOIX GUByPKayuRX NEPROJUVCCKHX
ABRKEHMA, KOTOPYI pelTHM B TepmuHax orobpaxenns [lyawkape. Tlycrs
P — dasopaa TpackTOps 3 MMEpPHOM NPOCTPAHCIBE, COOTBETCIBYWOWAA Te-
PHOANYECKOMY PEHICHNI0 ABTOHOMHON CHCTeMbI M depeHIRansHbX YPABHCHHA
(2.1), 3aPHCAUDIX OT COBOKYIHOCTH MapaMerpoB ji. Beenem B paccmorTperue
cexyuyo S. Iycrs vouks x° nepeceensn I' ¢ § ABNACTCH HEMOABNAHON TOUKOH
otoGpaxcennn lyanxape (2.31) *),

YcroAuMBOCTS HeNOmExHoft ToukM X°, Kak GLUIO NOKA3EHO, TIOHHOCTHIO
OnHcHBReTCA COOCTBEHMBIMM IHAUCHRAMM MATPHUB JIHHEAPHIMMK OTOOpINKE-
HMA, T... MyasTURAUKGTOPAMY Qukna p), 1= 1,2, ..., N -1, ynomerso-
pawupmu ypaskesmo (2.38). Lukn T yerofwm (acumnrurmseckii ycroiums) .
ecnM Mph MIKCRPOBAHHBIX 3HAYCHAAX NAPAMETDOB BCE MYNSsTHIUIMKATOPM
121 <1 (1p41 <1). Ipr R3MEHEHHN NAPAMETPOBR CHCTEMBI MYNM THIUEEKATO pbl
MEHAITCA MO BENHUMHC H MPH ROCTINKEHNH HEKOTOPOID KPHTHUECKOIO 3HANCHUA
p =’ omH WYH HECKOMBKO MYNIBTHIVIHKATOPOB MOTYT OOPATHILCR 110 MOILYIII0
B SAMHNIEY . BHXOS Ha SIHHNINYI0 OKPYXKHOCTE X0TA 65 0QHOTO H3 MYNIBTRITIWKA-
T0pOD OTRe4deT SudypKAMOMNOR CHTYAINH, NPHBOAAINCA B HIOTE K TONOIOIN-
wocKkO TepecTpolice CTPYKTyPrl Ha30BBIX TPacKTOpuft B OKpecTHOCTH kKN I,

PaccMOTpMM CTysau DOTepH YCTONTHBOCTH LMKIOM, KOF/2 MPH RIMCHENHK
napaMeTpa Ha ¢ANHMHYI0 OKPYNGIOCTD BhIXOJAT OMNH WIH Mapd KOMMIEKCHO-
COLPAXENHRX MYThTHIIKKITOPOB. HanUMHKHM, Y10 OMHH H3 MYNSTHINIHKATO-
PO® MATPHIIEL MONOLDOMMHN paneH enumie: oy = 1. CHCTeMY GAZHCHIIX BEKTO-
POB Ha cexyieR ncerna Moxuo »nbpars Tak, 410 COBCTBEHHLN BEKTOD MYTLb-
THAAKXATOpA Py Oyder KacarenvHuiM K tpacxropud [' s nenonsussofl Towke
oroSpaxenna x°. B 310m cayuse yCTONHBOCTS IBAKNA ONPENSIRCTCA MYNIMTH-
WIHKATOpaMK OTOBpAKEHHSA, H3 KOTOPHMX IRATHHpYeTca Haubonnuuh no mo-
Hymo (AN KOMUREKCHO-COMPIXENHMLIX HX, SCTECTRBEHHO, aBa). Tipemononmm,
IS YHPOIICHMS, NTO MCHACTCH OfHH W3 MAPAMETPOB CHCTEMBI [y = [, KOTOpbIR
xaz0pem ynpasasoumm®™) [11, 51, 12-14).

Cenno-yanonan Gadypxamny npenensmoro muxns. Ik AocTHKEIHY N2pAMET-
POM KPHTHYECKOIO 7JHAYCHMHA f# * 4" HARGOIGMMH MYM:LTHITHKATOP UMKAA
(") oGpauseerea » +1, Y10 NPH 370M DPORCXOMHT?

MpOII0CT PHPYEM KIUECTHEHHO 3TY CHTYAIRIO Ma IPRMEPE TPEXMEPHOTO da-
0Bor0 Npocrpescrsa. Ha puc. 3.6 W0GpaMeH MKA, NEpPeceKMOUME cexy-

*} Ilis yAOSCTES PAcCMATPHBABTCA CIY R MPOCTONe O/HOEOPOTHOND FPENLILHOND MK-
N8 ¢ SANIICTRCHHOR ACNOABIDKHOR Toukof Ha cexyiefl. OnMaxo sCe peayfofatsl ocrakyTcs
CHPEBCIUTHELMS H B CAYNAC M-k B OTOBpAMOHAN,

"3} B oBuiehs VYIS YHCHD YRPAMASIOIING RIPAMETPOR GIPENERECTCE KOPAIMEPHOCTRID
SadypKoHK. OANHM REPEMETPOM MOXHG OFPRHINIHTICA, SHUMINDY S Sty pKIUNN Kopad-
mepHocTH 1.

a4



wyw § 8 HenopsuicHod Touke X0, Tlycre €, me; — coBcTaeHMBIC BEKTUPHL, &
WAUHE H cexyiuel, TpeTHii cOBDCTREHHMIA BEKIOpP €3 KacarelicH K TPacKro-
pin T 9 HenogsuwxHoH touxe. COBUTBEHHOMY BEKTOpY €, OTBEYACT MYIbIR:
nAKaTop p,(u), a Bexropy € - pa(i). Gynem cuMrate, wT0 p, {u) < | NpH 38
yeRWAXN MapaMerpa BOANSH KPKIHYeckoro. 310 OIHAYAET, YT Uepe3 HEKOTOPOe
wicilo obopoTos fndad BOIMYWEHHaA TPACKTOPHA BGMHIH uMkia T' mo ua-
npapnexuin € NpuGIM3nTCH K X° Ma cexymed. B nanpaanemsn e, 8 KpaTHueC-
KOH Toue Py (1') = +1. B 3BHCHMOCTH OT OpHEHTADMH MATOr0 HAYANBHOTO

P . & S r
I‘C-... PC-—A{y I‘”C
=8| T | <O

Y.
3(3

sz g

g 4

Pre. 3.6. Cenno-yanopan GwhypKanns 1cpwoiMecKoro pelieHns

BOIMYIICHHA ¥ OTHUCHIGIBHO COGCIBEHHOIO RENPAWICHHA €; BO3IMOXHBI
11B2 Cty9as, OK3AMHEIE Ha pic. 3.68, ¢. B rouxe tmbyprammu nrbo poxdaer-
A aapa wiknos I’ uI'", nubo onu cnusziorcs B ucyesawT. Harnamwo Gudypica-
LA poxienna (rHGenn) Maphl RHKIOB HANICCTPHPYCTCA MOKENTEHEIM OfIHOME -
HIIM 0TOGpaxKesnem Ha muarpamme Jlameped.

Ha prc. 3.7 man rpadHK HCKOTOPOIO GIHOMEPHOIC MOAGHLHOTO OTOGpINe-
wma x(k + 1) = Plx(k), #] M ero JBONDOUMA ¢ HIMCHEHHEM YUDABIANILETO
mpaMerpa. Kpusan 2 oTBevaer HerpybDOd CHTYaIMM B Kp#THYCCKOR TOMUKE u°,
kornz P, (x°, p)=+1. s ogHOMEpHOTO OTOGPAXENRA MATPKUZ THHCAPH 3AUHK
COCTOMT M3 DAMOLO wiewa P, (x°), KoTopuili ¥ ADNAETCH MYIUBTHIVIHKATOPOM
HenonsmXNHOH TOWICH. C WIMEHEHMEM NapameIpa i Kacakue rpadmxa oToGpaxe-
HRA € BuccekTpHeoR nuGo Mcvezaer (puc. 3.7, kpuaas [), MuGo nosBAAOTCA
ABC TOMKK Niepeceveina x’ wx”. B MeppoM ciiyuse B KPHTHUECKOH TOYKE rMGHYT,
CAHBAACDH, iBA IMKIID, BO BTOPOM ~ H3 CTYUICH#R (PAIOBHIX TPAEKTOPHTE KECTKO
POXIACTCR NP2 HEMOGBIDKHBIX TOYEK: YCTORuMBAR X' | cesyionan x',

Ecne Beecdt B paccMOTperse Mankill napamerp € = (g ~ u” |, T0 acHMRTOTR-
NeCKaA IABMCHMOCTE p(€) Npr € = ) oaHchBacTea B aryvae Gudypxauun +1

R (k+1)

Puc. 3.7 Cepiroyuiopas Cudypruuid ¥ mo- e
JensoM oTobpaxennn z % 7 x(k}
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CODTHOLLICHHEM
p(e)=1—ce?, {3.12)

3apucumocts (3.12) AaeT ACHMNTOTHKY MYHbLTHIUMKATOPE YCTORYHBOIO UHKNA
fIPH CTpeMICHHH RAPAMETPA { K KPHTHIECKOMY JHAYEHMIO 1 .

Paccmorpertan SHbyprIura RpesieibHOIO NHKAA B 0TOGPaXKEHI AHANOTHY
Ha OMYpKAUHH Cpbil2 PABHOBECHA MANA CTAUHOWADHBIX PRLLCHHR H TaKOKe
HAIRIBACTCH CeANO-yL1080# GHdypKkaureil NepHOIHYECKOrO PEILICHIA.

Badypkausa yasoena nepHoia UBKAS. B OCHOBHOM ciiy€ae B KPHTHUECKOI
TOUKE M = u° (IPH YCTOBMHK, NTO Py, * 0, HMeeT MECTO OBPALICHKE MYTBTHINKK 2-
ropa p(p*) B ~1. Wkn I mpw g > u* NpomonxkaeT CyWECTBOBaTE KK CEAIO-
BOH, a BGIHIH HCTO POXDACTCA NpeKeNbHBIH LMK, HEPHON KOTOpOIo GaMaox
K YABOSHHOMY. PaccCMOTPHM COOTBRTCTBYIOLIYI0 KADTHHY B $a30B0M HPOCTPAH-
cTBe, NpeacTaBichiyo Ha pyc. 3.8. Uukn T B xpHmueckoR rouke u* nepece-
Kaetr S B 1ouxe x°. 3apagMM Manoe NpHPAIEHKe Y B HANPABICHHK £ It NPoCiie-
AHM 33 BO3MYINEHHOR Tpaektopueil I, Uepes ouun oBopor no tpaextopuy I
sbuman " PEKTOP MpHPAINCHHA CMEHHT HAIPABSICHHE WA HPOIHBONGIOKHOE
(MYNbTHEAKKATOP pased —1), OCTABLINCE B AIHHARHOM mpHGNFKEHHK IO MOJLY-
mio 623 wimeneHnn. Boamyweruan rpaekropua I fiepecevct nosepxiocts S B
TOUKE X3 H, CAE/IAB elle ogut oBOpOT. JAMKHETCA. BEPHYBIUHCE B HCXOXHYIC TO4
Ky x;. Henoasixuan jouka oroGpakeHna x* nepwona | npu gaunok Gidypka-
LMK TEPACT YCTOHUMBUCTH, O6paIya UMK tepHona 2.

Ha npumepe omsomeproro orobpaxenvs Gudypkalia yRsoenus NCPHONA
wullocTpHpyercs puc. 3.9. Ha puc. 3.9¢ p=u* » Fo(x®)= - 1. Usaxa npe-
MEHHB ONepaTop OTOGpaNeHMA, ANA o 2> 4" HuleM PONHBILMACA YCTURTHORIA
WAKA yaBoenuoro neproaa. 1 puc. 3.96 suaso, to rpadux P27 [x (k)] tepe-
cekaet BHCCCKTPHCY B Tpex Tuukax: X¥ — HeycroingiRas M X,, X3 — uBe YCTOH-
UKBHE HEROMBMXHME TOukE. Eciu npH noaxode Kk touke Oudypkaunu u*

P uc. 3.8. Bowmywetmad Tpdektopns I wok-
PECTHGCTH MpepcAkHOre wMkna 1° ipn Sudypxa-
UHH YUROCHHR CPROLLA

P Ko 3.9 Markag Ondypkanna yiRoeHm fie-
PHUAR B OBHOMepioM vTulipaxeHdAN © Napamer-
poMp =u*{e) np>uc (G

px(k+)

N
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Frve. LIU. Bedyprauns yasocHAs fiepnoja Ha fpiadepe SpemMeHOR JaBRCHMOCTH dazo-
BOH XOODUAHATL X; {f) © napamerpoM pu < u* (/) np 2 u* {2

HexOOHbIR KA [ GBI Yo TOHIHE He B MATIOM, T.€. XAPIKTEPHIOBLICH KOHCY
HofA of1acTel0 APHYANXEHHA, 1O POAHBLUNACA TPEASLHBIA UNKA YABOCHHOIO
uepHoia Byaer yceroiaie.,

budypxeuHio yRBUCHHA TRPIOKA MOXHO NPOMULICTPHPOBATH HA fOpHMEpe
HAGOAEHHA BPCMEHHOR JABHCHMOCTH OHOH M3 $AIOBHIX KOOPHHHAT CHCTCMEL;
rycrs 310 Gyaer x,(r). Ha puc. 3.10 wrpuxonofl THHHCH NOKE3IHA peannIauma
Xp{¢) nepHompiceKoro mBHAeHHA I' B MOMENT Sadypicaunn ynsocHHs NcpHONa
o") = ~1. Cinopssofl siiMell HaoBpakeHa peanywsamia X, {7} s g > u® or-
BUYBWINgA POOHBILEMYCH UHKIY YIBOCHHONO HEPHOAAR. ACHMITOTHUCCKANA JA8H-
CHMOCTE MYALTHITIHKATOPA OT NApaMeTpa BONMIK KPMTHUECKON TOYKH ACTCA
B pHKEHHEM

pley=ce ~ I, {3.13)

T.C. 3ABHCHMGOTD (1) AIPOK CHMHDYETCA JTHHEHHOH GyHKuked.

Budypkuista poxacmms (rwbenn) meymepuorv Topa. 3w Gidypraums
PRAH3YCTCR. KOTHA ¢ WIMEHEHHEM NapaMeTpa K CAMHMYKYI0 CKpPYKHOCTL
BMXOAHY MBPA KOMIVIEKCHO-COLPAKERHMX MYTILTRILINKAIOPOE, B KpHTHuec-
KOH TOUKE I HMCCT MCCTO COOTUOMIC HUE

Py a7 ) =1p, S lexp(2fd), (3.14)

e 1o, 2™ =1 Y(p*)#0. 7, /2, 2x/3. Ha xoMINEKCHON RMIOCKOCTH
SHAYCHHA MYIBTHIIHRETOPOB CHTYAINE CUOTBETCTBYET puc. 3.1 1. Henonesuxuan
ouxe orobpaxens IlyaHkape CrAHOBHICA HeycrofwmMsod, W BEAMIH Hee Mitho
AATKO POXUACICH, NGO CTRTMBACICA B TOUKY UNSIPUANTHIY IAMKHYTAH KpU-
saq B orobpaxendu. B oxpecrnocm nakna ' npa y1om mbo MArKo poxpaerca.
‘M6 CYAIHBYCTCA K NPCASABHOMY UHKIY HHBAPHAHTHAN MMKHYTAR JBYMEPHAA
HOBEPXHOCTH B HA30BOM NPOCTPAHCTEE CHCTEMN.

Paccmorpiss o1y Gndypxainio nojipofuce Ha ApuMepe TpexMepHOre Gasoso-
ro npuctpatersa. llyem ana wenopsuxnof TowKH HMECT MECTO yCToBHe
(3.14). Tak xuak oroGpaxenne Myankape npymepHo, ycTORMBOCTS X7 ONKCH:-
BRETCA ABYMN MYNBTHIVIHKATOPAMM. 3a48BAA UPOHIBONEHOE BOIMYILCHME ¥
wennsn x®, me: nabinoaem KapTMMy. HIOGpLKEHHYI0 Ha pac, 3.]124 € xoxanm
tocitezyioutM nepecesstinesm I° ¢ S Ha oxpyaHOocTH L GyuyT NOABIATSCA HOBBIC

47



imz § Pre. 311 11apa koM KeHOwOMpRMEHHB X MY Ab-
t THIMHKATOPOBR UMKAG H2 eAMHMNHOA QKDY XMHOCTH B
MOMeHT SadYpKaliiH pOXKICHHA ARYMPHOID TUP2

-1 b

] Rep

Pac. 3.12. Foxaenne nnyscpuoro Topa HI UAKRA

T0dKH X;, { % 1,2,...,% Tak kax yron ¥ B ofiuem caywae He Kparen 21,
10 3TH TOMKH obpazyT BeckoHewiywr MOCREOBATENLHOCTL. HO OCTAITCA Ha
OKPYXHOCTH NOCIOANHOIO pazyca * = |y |. Echa ponro cnegdrs 3a BO3MylUeH:
Hofi tpaextopheii ', 10 TOUKH nepeccucHHA o¢ ¢ cexymedl S BCody WIOTHO
NOKPOWT UHEAPUAHTHYI0 oxpyXnocTs B cevennit [lyanxape. Hnsapuantiyo 8
TOM cMBIChe, YTO mofad TOYKA Ha ITOH OKPYXHOCTH HepexXofNT B TONKY 3ToH
xe OkpyXroctH. Cnycra GONblOE Bpems PeafiH3yeTCa KApPTHHE, H30GpaXcHHaA
Ha puc. 3.125. Tpaextopua I’ BcoRy niomio nokpoer momepxmocts “Gy6nu-
ka™, cewenne [lyankape xoroporo mpeacTasnmer coGoi oxkpyxmocts L. Jia
MOBEPXHOCTL MALIBILTCA OgyMephstMm TopoM. B cllywie MArxorc pokaCHHR
NBYMEpPHOIO TOPa BCt TPACKTOPHH B OKPECTHOCTIH MOTEPHBUETC YCTOMMMBOCTL
unkna I' co spemenem GyAyT DPHGIHXATRCA H PACHONAIATECA Hd MOBEPXHOCTH
TOD8,

O1MerHM. 4T0 paccMOTpeHHan SeypKaIMA powaeHHss Topa Wi orobpaxe
HM MOXET TPAKTOBAaTECA Kak BMdypkauns Amnponosa — Xonda, korga M3
HeNOBKKiON ToukH x° B pesynerare NOTEpH €10 YCTORMMBOCTH POXAAETCA
NpeACNIbHLA MHKN . KOTOPOMY OTBCYACT HHBAPHEHTHAA OKpysHOCTs L. [lpn mar-
Ko#t GHYpKAUMN POXILHHA TOPA YCTOHYMBHIE TPACKTOPHM Ha ABYMEPHGM TOpe
Gnuakn k ceanosomy KNy I'. BoaMoXHbI coyuaw skecrxoi Gadypxauns,
KOT[1a B MOMEHT NOTEPH YCTOWNHBOCTH NpefieNibHBIM UHKITOM B Hero “BiHnaer”
HeycTOWUMBRIA ABYMepHMH T0p. B JxciiepiMenTax B 310M ciyuwse nafittoiaercs
KECTKHA Mepexoll OT MOTepABUIEIO YCTOHYMBOCTh Rpegenphoro whicta I K He-
KOTOPOMY fpYromMy pexumy, $asobri¢ TPREKIOPHH KOTOporo Moryt GuTh
YALTEHR OT UAKNA, H KX CTPYKTYPY B 0GUICM Clyuae NpencKa3aTs HEBOIMOXKHO.

Ecnn yron ¥ 8 MOMeHT GiibypKIIBM OKIIBIBASTCA NN UMCIEHHIMM KATHMM
27, TO TOMKH NiepeceucHMA X; 06paiywr EPHOMYECKYIO [OCTEN0BATEMbHACTS.
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#-uMKT Ha L. B 1aKom ciiyuse roBOpAT O Resenuu pesonanca ka yope. Tpaexto-
PHA, CULNIE KOHETHOE YHUTO 0GOPOTOR MO NOBEPXHOCTH TOPA, 38MLIKACIVA H
NpeAcTaBiAeT cofoi Goee CTOXKOE, 10 NCPHOAMYSCKOS [RHKEHNE ~ pe3o-
HRHCHAIA Mpegensibii UMK HA TOpe. B MareMuTHKE PaaNENalnT Clyuan CHAbHKIX
H cnabrix pesosancos. TopaOK pesOHAHCA ONMPENENACTIC BETMUHHON ¢, CCIH
MY/bIHIUIHKATOPM JATIHCATS B POpMe

P2 =1y lexp(2f-2xp/q), ¥ =2xp/q. (3.15)

e plg ~ wero spayenun Nyankape. Ocobenno GoMbLIOE BIKANAE HA KAPTH-
Ry MOTEPH YCTORNHBOCTH OKA3LIBAIOT CHIbHEIC pedoHakcl: ¢ = 1,2, 3u 4 [52].

Duanveckoll HHTepnperaunelt oficannoll GHPYPKAUHH MATKOIO POXIEHKA
ABYMEPHOTO TOPA CIYNHT ARICHMHE BOIHKKHOBCHHA YCTORMNBOH NepHOmMuec
KOH MOAYNAUMH HCXOAHOTO NCPHOAMYECKOFO KkoneGamna (Ouerma), KOrps
H8CTOra MOAYANINH 2 H HACTOTA MOMY/IHDYEMOry KONeSaKRA o KGO Kpar-
list (pesonaticupie Guenna), JIMGO HECOHIMEPHME (KBA3HIEPHONHYECKHE KO-
NeGalis ¢ HpPIUMOLAALHLIM CUOTHOMICHKEM 4acToT). B mocnemmem cnyuae
OTCYTCTBMA PEIOHIHCOB IBHKEHHE HA SBYMEPHOM IOpe IHA3LIBAOT 3P20du-
yeckusm. 3aBHCHMOCTH OT BpeMeHd WA MoGof B3 hasoBmx HepemennbX x;(t)
UCXOUHOA CHCTEMB ypasHenmii (2.2) B peadime KBaZHNCPHOPMYSCKHX KOscla-
it HMEIOT BHA. KAYECTBEHHO H30GpaxernpIf Ha paic. 3.13.

{lpu xavecTpennol HuTephperatn Gidypxalii NEPHORMYECKOND ABHKEHHN
BCIODY APEANONAranoch, Yro j = u°, 1 AKAHIHPOBATACK JBOMOKAS BOIMYLICH-
HOR TpaeKkTOpHH. [IpH MARLIX OTKNONEHUAX NAPIMETPA OT KPHTHIECKOTO HAYE:
HHA PeAsTH3YIOTCH TOHOTIOTHY2CKH IKBHBLTEHTHEIC PACCMOTPEHILIM BhUlIE PEXH-
M. OQHAKO HYXHO YETKO YACHHTS, NTO 3TH pPekMMB N2GNIOZAIICA TONBKO
APM @ 2 u” M 3ABMCAT OF YPOBHA HADKPUTHYNOCTH. Hanpumep, MusapHanran
oxpyxocTs L B oroBpaxenun (fuc. 3.02) wmeer pamye r = /e u 1. 3a-
KaHWHBIR Obcyxnenne Ghdypxaumu poxaenna (rwGein) mByMepHOro Topa,
YKaKeM SCHMATOTHUECKOE BbIpLkeHHE WIS 3ABHCHMOCTH MYMbTHIUTHKATOPOR
01 mapameTpa BONHIM KPHTRYECKOM TOUKH:

1p(e)i =1~ ce. (3.16)

Bidypkawns noreps caMmerpinl. PaccMOTpiM Gubypxauio Npenenbibix
UHKnon, XApAKTepHYID [Ui8 AHHAMMHYCCKMX CHCTEMm ¢ HeKOTODHIMI caolicrsaMy
cHMMmeTpHM . TTycTs BAHBONBLIUNA K3 MYTBTHIVIHKITOPOS (penensioro wakna
B Oy pauMoRBol Tovke ofpamiaerca 8 +1: po(u*) = +1. Boe apyrue Mynems-

Pwec 313, Bpemcinian 2asmenmocrs X (1) npexuMc pryxvacTOTHLX Guermd; T, 8 7T,
KB2Imiep oLt
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NRHKATOPS! NIEAAT BHYTPH ETHKHYHOTO Kpyra. C NpenbiueHHeM KpHTHICCKOO
JHAVEHMA 4* WX HC MCHEISET, HO CTRHUBHICH oouToBwIM. Bk wmxna I
B KPUTHYCCKOH TOUMKE poXRaercs MBa ycrofiwmmx uMkna (aubo < oM
CIMBAETCE 1apa CEMIOBHIX UMKAOB)*). J1a GudypRInHi B APHHIMDC OTIKHYNA
OT cemo-ymnopok Gudypxammu B cucreme obuiero nonoxkenwd, Jing iofcHe
HHA PAacCMOTPIM CTellyouue Apoctoll npumep. MycTs MMECTCH cHcTenma NIBY X
MIEHTHUHBIX CHMMETPHYNO CRAZAHNLIX HEHIIERHBX OCILUTNATOPOB. Y pagiieHus
CHCTEMBLI MOXHO JaNHCaTh B hopme

Xy +Gu. %, )% +x5 = Y0(xy.x;3). (ER )]

X3 +G(.23)%; + X3 = 70(x,.X3).

3necs x,, x; ~ UepeMeHtbie, COBEPLIANIINE KONCBUHNA, G(it. X} ~ HCKOTO-
pas nenwHeinan QyRKniA, 0GCCHCTHBRIOI2A CYHIECIBOBANKE NTPLAENLHOIO
IWKRA B NAIMANBHOK CHCTEMe, 4 — MAPAMCTP HOTHHERHOCTH. ¥ — KOpdmiLs-
eHT CBA3R, & — dyHKDMA, 38420MAR XAPAKTEDP CHMMETPUUHON cBAIN. Ypasue-
MHA (3.17) MUBOPHSHTHL OTHOCHTENLNO 3aMeHEl X| Ha X,. [lpi HeKOTOpHIX
IHAUCHHEX NApaMeTpoB aproxonelamud B cicTeme (3.17) moryr Obive cMu-
XpOHHBIMR, T 2. YROR/ICTRODPATE Tpefosaiu

Xy =Xz, .‘é| giz‘ (3.18)

H HCHHXPOHHBLIMM, &CTII OIHO H3 yenomni (3.18) napyueno. [ cuMxpoHHOTO
PEXHMA MOMHO OTMCHTS NTPOLtece aBTOKONCBaHEH O AHUM Y PIBHCHHOM:

X +G(x. g% +x=v8(x). (3.19)

Paxouoe HpocTPAHCTBO cHCTEMBI (3.19) — INOCKOCTD LepeMeHHMX X = X,
MX = g, B clywae cnnxpoktx KoTeSanii peenbHbIA USKIt HCKOLHOH CHoTe-
Mt (3.17), dasosoe 1IpoCTPaHCTBO KOTOPOR HMEET PasMepHocTs N = 4, pacno-
SIOKCH © MILBAPHANTHOM DPOCTPANCTBE MeHbiiedl pasmepHoctH. QHO NpecTan-
nAeT colioH ABYMEPHYIO NOBEPRHOCTE B UYeTLIPEXMEPHOM Npocrpacrie. Ecan
CHHXDUHALI IR ACHMITTOCTHNCCKH YCTORHB, TO MYABTHIINHKATO L 0TOGpANE-
s Tlyanxape | p, 1 <), i=1,2. 3. C HaMeHEHMOM 4 HILH Y CHKXPOHHBIRA it
MOXET TIOTCPATH YCTORUHBOCTD PAXIHUNBIMH <RocoGami. Hac HHTepecyet cmy-
W, KOIA¥ HEYCTORMBOCTL UMKIIA CONPOBONIACTCA REPECTAIHEM BOIMYLICHIR
B MATIPZBIEHMAX, TPAHCBEPCANBHBIX K HHBAPHANTHOMY NOAMpOCTpaNcTBY. TpH
g = p° OH M3 MYNBTMRAHXATOPLB IHKNA [, COBCTBCHHLDT 8eKTOP KOTOPO:O
He NIeXHT B MHBAPHAHTHOR NNOCKOCTH. NMpuHMMaer 3ugtuehne +1. C pocrom
£ 2 p* wncn T B 9eTRHPEXMEPHOM TIPOCTPHCTAC CTAN CEAIOBMM, HO B HBA-
PHAITHOH NMOBEPXHOCTH UMK MOXET NIPH ITOM OCTABATHCA YCYOFwBLIM. B 61
Gy PREUMOHHOA TOUKE B° OT CHHXPOHHOIO UMWK/2, NeXKIAUEFO A AHDA pHAHTHOR
EIOCKOCTH, OTBCTBARETCH (3 ICPKENLHO-CHMMETDRYIINX (0 OTHOWERNIO X
HiBapMaKTHOR n1ockocTH) wakna I u I, vro wunocrprpyer puc. 3.14.

Takum oBpatoM, eCltH B IKCTIEPHMERTE JadhKcHpoBans Gndypiulia Hpe-
NeNuIOro UMK/, HPH KOTOPON ONHH H3 MYRLTHICIHKATOpOB oBpuTHRCY B +1,
HO UNKI B CHCTEME He HCHe3, & CTAN CZITOFLIM, JTU CBKAETEALCIBYET O Gy p-
KAUHM SOTepH CHMMETPHM, KOIHd CHHXpOHHMc KuileGauna crani Heycroliwg-

*) B oOLICM CAYNSE LUIU.IMWTEASHAIX BLINORACHIA MUTST PURRITLCK (ICCKINMMKG N
FESTEHIIX RHKIIOR,
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ALIMH H B CHCTEMe BOJNHKIMN ACHHXPOHHBIC {ACHMMETEHUNRIZ) PONKMMET KONC-
GaHuit.

ACHMIITOTHICE SUBHCHMUCTH MYABTHILIHKATOPD p(€) 8 ILIIMOM <ny e Jact-
A CODTROWeNHeM

ple)=1.-ce (3.20)

KaK TIpH NBMNEHHK N0 MapaMerpy cHndy (p < u*. ¢ > 0), TaK ¥ cBepxy
(p>u®. c<0).

Pru 34 Badypranol powgctil udKaow 1 -
Tepe YOTGINMBUCTA CHMMCIPIMHMM  I%DHOLIMECKEM
PeHICHNEEM

Henoxamume Gudypiaiing neprOIHIECKHX ABHKCHRA. COUPOBORRMOLHC-
ca ofpumennem nepsons & Seckosewnocts. PaccMoTpHM 82 cnyvan sanGonee
YICTO BCTPeRBIOWMXCN Sy PRKUiR NpeIenbHbIX THKNOB . OGUIHM TTH KOTOPHIX
npu NOAXOJe K Toyxke Gudypxaunn u* ABRACTCA cTpemciesne nepwons T(u)
UHKAA B GeCKOHEUWHOCTD.

Tlepsni  clywali cHA3MN € KCHE3HOBEHHEM TEPHOUHSECKUTO ABHXCHHA My-
TeM IO "RAMOANEAT B NETI0 CeHapaTpUchl o cemia . wak 5ro noKazeHo
Ha puc. 3.15. Cellapal‘PﬂcHNﬁ kultyp [y Heyclrofivwms, 19K KaK 1w6aa Gmuane.
FRMAR TPREKTOPHA I BOKHASET OKPECTHOCTh ERIY. YCTORMBNE npencasHii
JG0OI TpY BOAXONE K KPHINYCCKOR TOYK: YBE/IHMISBACTCH B Pu3MCpe M B MIOre
TRXBITHBACE CCIUIOBOE COCTOANME pABHOBECHA, “BUNIAA™ B NETHK cenapa-

Fowoe. 315 Beprpeaisis wcuesnoBenns . r K3
ADCACALHONG LMKNA JIPH CINANNY CTO © et |y T~ ~
Tl cemaparpuchs cettna ™~

L M
XD
P oo, 316, THnwias sposennan Iakhen
MicTh $asoBoll KoopaMiane uxKkma B8aHIE /\____
WeT/IN CEMRPATPACH et
(t)

of



a & g

Puc. 317 Buypkauns HCUeHUBEHHA LUK NPH DOKICHHN H2 Hem HerpyGod ore
IHOHAPHGR TOYKH THIA celno-y3en

Tprces. [inst nepuona unkna T(€) xapak repHa 3aBdCHMOCTh
TEeY=cln(e™) + ¢q, (3.21)

orpaxainan GaKt CIpeMAcHHR ero k GeckoHedrocTW. Ecnk wnkn I'(p) npu
g < p° Gum yCTORWME, TO MYNBTRIAMKATOPBI TAKNKE CIPEMATCH K HYIO [TA
e~ 0.

BnhypKauuH HCYeIHOBEHHR TEPHOOHIeCKOTO [BHXeHHA B ITOM Jlyvae
OTBeuaeT THNHUHER 3BOINMA BO BpemeHH NnwGoA W3 ¢aonpux KoopamHar
IWIOIE, K24eCTREHHO NPOMANHCTPHpOBaNHAA Ha puc. 3.16. llepuonmueckoe
nemkeHe BGMHIM GuypKauMn BrRIrNACHT Kax HEKOTOpEs (0CIeNOBATeIb-
HOCTH HMIYIIBCOR, YACTOTA KOTOPBIX CTPEMUTCA IJ HYNW NPH NOAX00¢ K KPHTH-
tecKed Touke. B KpHTHYECKOH TOUKe BpeMeHHAA peanMIanMi Mazer BW OOM-
HOHKOTO KMAYNRCA, T.e. CTAHNDBHUTCH anepHofHveckKol. EcrecrBedhv, €10 ane-
PHOIYYECKAS TpaeKTOPHA MOXET ObiTh NOMYYeHA TONLKO B WMCICHHOM 3KCile
pumerTe. B chHMuecKHX JKkcrepHMeHTaX (HKCHpyelcH UMb YBetHueHH:
nepuona KosieBGaHitA B cooTRETCTBRH ¢ (3.21) W BOIH3H KPHTHYECKOR TOYKH
Kcosre BAHIH MECTKO CPLIBAITCA, CMEHAACH KAKHM-TTHED HHEIM pexumom. € npe-
BbILIEHHEM APAMCTPOM KPHTHIECKOTO JHAYCHHA B ECTICHHBIX IKCMepHMCHIAX
BOIMYLICHHAA TPICKTOPHA KK Npapine. BOThle He MMECT TOWCK TMepecese
#HA ¢ CeKyiued. PerAcTpHPYEICH NUTCPA UMKNE il KeLIKWH Mepexol B HOBBIH
PEAMM NBHNCHHR CHCTEMRL.

BropoR oiy4al GHgypKauHMH. OPHBOSAIMHE K OGpauIcHYI0 NEPHOMA IMKIA
B KPHTHYECKOW Touke B GECKUHEMHOCTh, CBRIAH ¢ HCHEIHOBEMEM NepHOfHYec-
KOI'G HUBHWEHHS B MOMEHT POXJIEHHA ha WMKNe CTaMoNipHoR ocofoft rouxa
THAA CelnO-yiell. “pﬂ NOIX0ME ¥ KPHTHYCCKOMY 3HAVCHH R napamerpa flepHon
MHKTIA CTPEMUKICH K BeCKUHeWISCTH MO 3aKoUY

T(e)y=ce™V2. 3.22)

My‘nnumuxaropu UHKND, K2K ¥ B NPeALIAYINEM CEY4ae. CITPEMRATCA K HYw.
Mepecrpoiiky aloBoro MANpPTPETa CHCTEMKL lipH MawHOH GHdypKaumM Kavect:
BeHHO NMoKa3aHLI Ha prc. 3.17. Ilpx 3naueHHax g < p” BHKA 2CHMATO THYECKH
yoroiws (puc. 3.172). B BudypxausoHHOR Touxe u' Hu UHKne poXMAacrca
Herpy60e COCTOZHME paBHOBecHs (} tuna cemito-ylen (puc. 3.174). C npesni-
WeHHeM TIAPAMETPOM KPHTHYECKOIO 3IHaueHHA u > i cemno-ysen pacuiei-
AASTCH HA CEATo Q) M yCTroRusBLIf y3ena (. (pHe. 3.174).



3.4. Henoxanssuie Gudyprawmm
B OKPECTHOCTH OBOAKOACHMIITOTHIECKHX TPaeKTOpail

PuscMOTPHM IHHIMHYECKYID CHCT2MY C TPCXMEPHBIM (u20Bbir NPOCTpaHCT-
4OM. 8 KOTOpO#l CyluecTByeT CTaUMOMapHoe pellieHe B Bajle ce:unosall ocobofi
fOURIL. FBHCHIEA OF napamerpos (pyGum olpazom. [Ipe;ulonoxmm, uro
ApR #° HMEeTCA 0coB0e pelueHHe CHCTEMM B BHAE RBOAKOACHMIITOTMUYCCKOH
x ocoboilt Touke rpeektopun [y. fletnA cetizpatpuent ceivla [y, o%esapHo,
ue ABNAETCA TpyGeM prilieHHEM W pajpylideIcs OpH CXoib YIOJIHO MAROM
GLKJIOHCHHH NApaMeTpd OT OHGYPKAUHOHHOTO IHauweHMA. Y10 Opx JTuM npo-
HeXOANT?

Kax yxe ofcyxaatiock 3 3.2, p KpyMCpHOM CRIYYle BOIMOKHO ALK OJNC
PON/ICHHE CLMHCTBEHHOTO NPLACNSHONY UWK/S (YCTOAYHBOTU b, Heycroh-
wnsoro). Beixoa ¢ ¢asopof NAGCKOCTH B 1POCT PANCTRO Tpex M Gonee HiMepe-
HHIl NPUBOOHT K KauecTBelHD HOBMM ApilewnimM. Crporuit aHany3 Gy pka-
1A MHOFOMEPHIX JHHAMMKNECKHX CHCTEM TIDH PAaspylseHRH RETIH Cenaparpx-
cbl Colna W ceto-poxkyca Getn nposcacH JLIL IWHIEHHRODEIM B CEpHK 3aMe-
wiTenshniX pabor [S3]. Im paforei cHrpaTM BaXMYI0 poith B TTONHM3HWH
# OBLACHEHHN ABNECHHA JHHAMNYECKONR CYOXACTHINMH ARTOXONCGAHKA W CTANH,
1K) CYMIECTBY , KIFACCHIECKHMM.

PaccMOTPHM OCHDBHBIE Pe3yNbTATHI, OFpRHEUMBWACH N ACHOCTH TpexmMep
Hom caydacsm. lyeres cofcTBeHHME YHCT2 MATPHUM JIHHCAPHIANNH CeAMOBOIO
SOCTOSHHA pasHOBecHs 5; (i = 1. 2 1 3} YROBIETHOPAIOT YCIOBHRM

3; >0, Resyy <0 {3.23)
penem B paCCMOTPEHHE ABE CEUIOBBIE BEAHYHHD

o(p) = max Res;(p) +53(n).
1= 1,2
. (3.24)
uz2(p) = 2Res () + s3(p)

L SIpCANOAGKHM, YTO peaxiHIyercs rpySui cNywi, KorHa ¢, # ¢4 B fudyp
SUUHOHHBOR TOHKE H &2 MATOH OKPECTHOCTH OFITHYHBI OF HYNA.

Tlpy OTIVTOHEHNN 3HaxeHHH fapaMerpa of Gudypxumonnoro p' nema Iy
Faspyiizetca. PeastHoyiommecs npu stoM GidypKauus OonNpeIcnanscl TPEMS
OCROBHBIMH CITYH2AMHK.

1. 0, (") < 0. B 270M ciyvae 3 et [y poxpaetcy eduncreennuii yero-
wucold npedeasweré yuxa. CHTyIuus 3HANOMMYHA paccMOTPeHHOR paHee s
IBYMEPHOTO (ha3DBOFO MPOCTPAHCTEA. B cHeTeMe XecTKY Bu3BYXAIOICH VCTOH-
HHRLI¢ NEPHOMHYCCKHME KONEORHHA KOHCUHOR BMIMUTYAL ¢ OTHOCHTENbLHO &uJlb-
UIHM TEPHOHOM.

2. 0, (p*) > 0, Npy 370M COGCTHEHKHEIE IHAYHNA 51 3 KOMIUIEK CHO CONPRNELINL.
C pA3pyiLcHHEM TIRTIA B €2 OKPECTHOCTH POXKIAETCH CHETHOE MEONXECTEN CAND-
WX nepuwoduvecicux Qouacenuil. OUIIAKO OHH He HCUSPIMBRIOT BCEro MMONGECT-
B3 BOIMOXHMIX TPACKTOPMEt B OKPECTHOCTH palpyluHBmedca nernd. [lomumo
HHX B 3UBHCHMOUTH OT 3HaK# CeRNOBOH BCTHYMMEL 0y PEANHIYETCH LNt ORHY
W3 IRYX CHCTEM HpEaebHEIX IHKAOB .

Eatk 05 (a*) < 0. 10 s6n3H Nevan Iy ¢ HIMEHEIBIEM U B CHETHOM MHOXECT-
B¢ RHICERAIOB SHASEHH NapumeTpa Ay, CYLICCTRYROT YCToiyuane 1EPROAH-
HCCKHE DBHAKCHLH. B 3aBACHMOCIH OT pasMepOB KHTCPBANOB CYUICCTBOBAMER
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o NAapaMerpy H oF OBNUCTH NPHTAXEHNA B ($al0BOM (POCTPAHCTBE ITH UHKIE
moryT HaGmoparscA 8 axcrepumMentax. Ecmn a,(u*) > 0. TOo TaKkke cyngecTByer
CUETHOE MHOMZECTBO MHTIEpPBANOB Op;, B KOTOPHIX HMEWT MECTO aiiCOANTHO
neycroivueste NEPRONHYICCKHE POXHMBI (Mp2UCTTbHBIE UHKITILE ¢ MYTHTHINTHKA-
TOPaMH BHe e/IHHHYHOTC Kpyra). EcTecTBeHu0, 4T0 YKAa3aHHLIC MepHOMUYCCKHe
PEXMMBI B peanbbix CHCTeMaX HabrHoMaTh HEBO3MOXKHO.

3. o;(u*) > 0, npn 310M Bee cuBCTBEHHBIE JHAYEHMA §; — HeACTBMTEN bHEE
yHenma. C paspyuteHHem OetH MOXET POLHTBCH eOUHCTEEHHOE REPUOOUNECKOe
Osuxerue, IpHteM TONBKO cedA08020 THNA.

Hrax, ¥3 NeTNH CeNnapaTpHChl CEVIORON0 COCTONHHA paBHOBecHA [y Mpu ma-
oM OTKHOHEHHH Napametpa oT BHdYPKIUHOHHOrO MOIYT POXKIATHCH MePHOMR-
YeckKHe [BHXEHHA KK YCTOHMMBBIC, TAK H JeHfIOBLIC H aCONOTHO HEYCTOAYM:
Bhie, Cnyvait o,(u*) > 0, npuBORMIIMA K POXIECHHIO CYETHOrO MHOXECTBA Cen:
NOBRIX NIEPHOSKYECKHX IBHXKCHHA, MpejicraniiseTcA 0cobo MHTEPECHBIM ¢ TONKH
3peHUas NOHHMAREA BO3IMOXHOCTH DEATHIZUMH XAOTHUECKOM JHHAMMKH. B ox-
PecTHOCTH IeTIH NIpH IY0M BO3HHKAET HETPHBHANLHOEC 2unepbo.iuNecKoe nod-
MHOXECTRC TpaexTopuil - HeoBXONKMOe YCIOBHE CYUISCTBOBAHHA CTPaHHOIO
aTrpaKTopa.



TNABA 4
CYPAHHBIE ATTPAKTOPHE

4.1, 3[)[‘011“‘0’!0(‘1‘5 OHHAMHYECKHX CHCTEM

YyoBal OCOIHATL BOIMOKHOCTL CTOXACTHYECKOrO MOBCACHHA aBTukuieda-
1CHBHOR CHCTEMBI, HYXHO TIOHATH, KAKHM OBpas0oM B [1eTe pPMHHKPOBAHHOH
cHeTeMe ¢ HeGONBIUMM dYKCIoM crelleRed ¢BOGOdLL B OTCYTCTBHY VK TVAUHH
MOKeT BOIHMKITL [BHXCHME, OTREULIDNee CTOKHBIHMCH 11DCICTABITEHHNM
2 CAVYaRHOM npouccee. B oBIuMX u9epldx 10 MOXHO TIOACHHTHL. OfTMPAACh iHa
[dKHC FORATHA, KAK HEeYCTOHWBOCTS H aBTOKONCBaHue.

Heycrofimpoct, pexnma komeGonnii B cmpicne JTanviosa ecTn camoe ¢v-
UicCTREHHOE OBCTOATEILCTBO, MOACHAIONIEE BOIMOKHOCTE XAOTHUECKUTO [IBHeE-
HMA B 1eTEPMUHHPOBAHHOR cHeTeme. B HeycTOHYMBOM peiime vlule BO3IMY-
AyHHH HapacTaw? BO Bpemeln. Echin cHcTema MHHelHa. 10 WI0Gpaxaousic
IPIEKTOPHH CTPEMATCA K DeckoHewHucTH, B HesTMHeHHBIX CHCTEMAX HapacTd-
HIlC MATLIX BO3MYLUIEHHHA MOMET GBITb KOHeuHRIM (Braronap olipeasneHHOMY
MEXAHM3MY HETHHEAHUTO O PAHHUEHHR, BCCIAI NPHCYTCTBYILIEMY B aBTOKLAC
GaTerbHBIX CHLIEMAX) W (PulOBhie TPACKTOPHH H3 ORNACTH MPUTAXKEHUH cTpe-
MATCA BO BPeMElH K aT1pakr1opy. JIokatsHan HeycTURMMBOCTD B o6MacTh (pH-
THAKEHWSA CMEHABTCA YCTOHMMBOCTBIO HBiKEHHA Ha arrpantape. [lpmMepom cy-
KHT PexuM MATKOTO BOIBYxAeHHA aBrokoneBaHui B reneparope Ban qep [lo-
4. Ho sroro moxeT W He Npou3ontH. Torla wee TpaekTupHH B aTipaKTOpe
OyuyT HeycToHUYMBSIMH IO JTsnyHOBY .

AwBan Bo3MYLIEHHIA TpaeKIopud BEAHIH HCYCTORUWMBUH NOKLIBHO TIOKH-
AHET PE OKPEUTHLCT, JKCIOHCHUMANBHO VHANACE OF Hee ¢0 BpeMeHem., Haitu-
W2 uFTpaKTOpu Tpebyel BOJBpamaemocTH TpieKTopui. [ 31070 HeoOXOUMM
FICBLIbHBIA MEXUHIM  UeNHHEHHOTo orpaHnyeHnR. Ha dra3osoft wnocxkocty
MpheKT BOIPPAAEMOCTH B OGULEM CNY4Y2e HeH3DexHu HIPHBCLST K camorlepe-
Ce4EHHI PAICBBIX TPACKTOPHI. YTO HCKARMUCTCA B CHILY TEOPEMBL O ENHHCTREH-
HOCTH peuicHHA. BoappautaeMocTs B3 cumonepeceueHHs IHKTYer HeoBXoAu-
MUOCTb BRIXOMA TPICKTOPKH ¢ IHOCKOCTH B pOCTPanCTBO. T.¢. aBTOKoneBaTeh-
Haf CHCTEMI CO CAOMHBIM HIOBEACHHEM AONKHA GRITD MHHHMYMOM TDEXMCPHOH.

EciiH Tpaex TOpHA NPHHAANERHT aTTPAKTOPY K HEYCTOHUMME, TO, OKA3aBINHCD
CI'YCTH HEKOTOPOS BPEMA B OKPECTHOCTH HANRIBUGH TONKH, OHu GYIeT oT Hee
YIARHTLCR. M0 H HCKITIO'HET BO3MOKHOCTh TTEPHOMHUYHOCTH TIipoueccd. Boawn-
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KueT OBBIH THI C1BHKCHNH JCTCPMHHHPOBIHIION CHCTCMBI NPCACKAIYeMBbl,
HO 112 NCEIOIKYECKHI. B s CXOUCTBO M pelitiwte TURIX [IBHKEHHH ¢ HCTHHHO
CHYYAHHRIMHT MOWKINY 1M ONHGITE ITH BWKEHHH, B3AB 3l OCHOBY MCTULB]
cIaTHCIHYeCKeR Teopuu? Bol 1IpHHUMIMLILHBIE BOHPUCHL. 113 KOTOPREIC HYXHO
MOTYYHTY OTBeT.

NpobaeMa BIMMOCBAIH 34KUYHOB CTATHCTHYCCKOH MEXAHHKH W HHHAMHKH
NCTCPMHBHPOBAHIBIX CHCIEM, HCCMOTPH Ha MHOTOJETHION WCTUPHIO, W ceityac
HPeICTABACICA OUHOH K3 HHTepecHeHIIX A ¢OBPEMEHHOR MaTeMaTHYeCKOH
¢usHke, T HOHATHEM CTOXAUTHYECKOH HIMCHUHMBUCTH COCTOAHMA TAK WA HHaye
CBA3BIBACTER C1Y'H, JAHKI1YIOWHA HCOOXOHMOCTh BBCUCHHS KOMHUCCTBENHOR
XapdRTEPHCTHRH HCOMPCICACHHOCTH COCTOHHKH B BHUC BePONTHOCTHOR Mephl.
XOTH COCTOHHHE CHCTEMBI MODWET H3IMEHATLCA CNYYaRilbM 0GPa3oM, JAKOHBI,
YIEPUBIAHILAC 351011 HIMEHCHHAMMU, MOCYT He MEHATLCA RO BpeMeHH. Kitiouom
K NOHUMAHNMIG TAKHX IYY4dHHBIX H3IMCHCHHI COCTOMHHA ABNAeTCA Ipiuduvec-
Kad Teopud. 3apoxkieHe e HeNOCPeilc fBeHHO CBAIMHL ¢ KNACCHYECKOA Mexa-
Hicoit. [lpy 0BCCHOBANHM MOCACIHCA BIIZPBLIE BO3HHK BOTIPOC. MOXHO fIH,
He pellad cHeTeMbl JHddepellaibiibiX VpaBHEHKA , ONMKCHBAIOIECH TBHKEHHE
MHDKECTBY BIdUMOLCHCTRYIONUN WacTHL. YKAIJATh CBOFACTHU CTATHCIHYCCKOrO
Xapukiepa, NOABAAWUIMKCCH B MOBEIEIHH BCCX WM MOMTH Beex ¢¢ ¢a3oBrix
TPUEKTOPHA NIpH [ ~+ @7 HaupHMep. CYWCCTRYET AH Npeient iepeMeHHOro vpel;
HCIO ,

xtr)y = lim 177 JO[V,{}dr. {4.1)

0

T o o
ric GyHKUNA J(x) onpeieicera B ¢a30BUM [IPOCTPAHCTBE. B JABHCHT jIH 3TOT
Iipelen OF HAYIbHEIX YCIoBHNT

IletTpwTbHBIM NOHATHEM KIIQCCHEESKUH JProfidieckoi TeopHd ABIscTcA no-
HiIWe apeodunHocrt Osuxenud. Ecin dasovas Tpaexkrtopud BClody ILTOTHO
JANOAHACT HEKVIOPLIA AUCTYIHBIK (a3ospldl oGueM G B (asoROM ITPOCTPAHCT-
BU. ABMACHHE HAIMBAOT 3piointeckam. Mpin 310M B llpciese ¢ = oo aTHOCHTEIT -
Hoc Bpems 1peGLIBALNA TPAKTOPHH B NHHOOM KOHeHOM dJHemcHTe ofivema AG
RPOLPLIOHASABE G OTHOCHTEILHOMY oBheMy J1oro amementa [6, 15. 32, 54, 35]:

Py = lim (146/1YS AGHG. (4.2)

om
3hech 1y - BPeMA MpeBbIlaHHR TPACKTOPHH B JreMenTe 0GbeMa AG. Pag —
BEPOATHOCED IOMAUAHHA TPACKTOPIH B HleMeHT oBbema AG.

CylueeTBoRaHKe Dpellenas (4.2) ABnAeTcA BaxHeRed TeOpeMoH Jprolyyec-
KOH TCOPMW K TIO3BONHCT BBECTH NOHATHC uHgdpliohTHoll (T.C. He 3aBHCAWCH
OT BPEMEHH H HAYANLHLIN JJAHHBIX} GEPUITHOCTHUN Mcpbl 1O OAHHBIM HaGmio-
NeHHA KOHKPETHON TPUeK TOPHH THHAMMYECKOI cHCTeMbl. BReileHKe WHRAPHAHT-
HOH BEPOAIHOCTHOW MEpbl IR IPTOJHYECKOrO HBHKEHHA H (IUCTYAMUNO OCHO-
BOH Jproludeckol teopud. Hiywalomed npeofpazosandn T (x}. woropne
COXPUHAIT Mepy.

[TpocThIM HADIHAHBEIM NPHMCPOM JPrOSHYECKOTO NBHXEHHA CITYyNOrT LUBIEKE-
HHE H3 ARYMCPHUM TOPE NpU APPAUHOHAIIBHOM COOTHOIEHHH Gu30BBIX YACTOT.
DociynHpA ¢asoamin ofuem (' B ITOM Wyyae €CTh NPOCTo ABYMCpHad Mo-
BEPXHOCTh TOPd, HBIIHIOILAACH AaTIPAKTUPOM CHeTeMp). Bee uperensHble Tpack-
TOPHH NEXAl HY ITOH LOSCPXHOCIH. JprojIHMHOCTL OBHKCHHA OJHAuwaeT pas-
HOMEPHOC H IUTOTHOC [OKPbLrHE ITOA TOBCPXMOCTH Ga3UBOR TPacK TUPHER.
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ECH ONpenencHy MOHATHE BePOATHOCTH (4.2). 10 118 IproIMueckoro s -
wellid CHCICMBI CHPABCIUTHRC COOTHOILEHHE

4
Lm ¢ f@{x()) dt = [O(x)dPix), (4.3)
r-- = [+] [P

yTu OJIENAET C REPOATHOCTLI e/IHHHUA DIBEHCTRO YCPedlleHHA 10 BpeMeHK
B KOWKPETHOH TPAeKTOPHH X(I) W YCPelHeHHR (10 HepoHTHUCTHOR Mepe,
ONPEICIEHHOR B (paJOBOM NPOCTPEHCTEE € NOMOILE Teopemer (4.2). Ycnosue
(4.3}, MO CYTH Aena, HBIAETCH ONpPEACNSHHEM IProOOHYHUCIH JHHAMHYCCKOR
CHCTEMBI.

Onuako, xuk ob6CYXOUIOCH Bbllle. KBAIHIEPHOUHYECKHR aTTpaKTop, npest-
CL4BIAOLIMA cOBOR B OBIwM cnyvae p-mMepHBIit TOp, He ABAAETCA CTpPaHHBIM.
Crextp JIXI nwoGoA Tpaekropuu Ha IProfHueckoM TOPe COAEPKMY B KayecT-
BC CTAPLIMX ) HYJIRBHLIX DNOKIZATENIEH H OTBeYaeT YCTOHWMBOMY [IBHOKCHHIG.
BHMY, IPTOSHYHOCTE CIHIIKOM cnaBoe cBOHCTBO OHHAMHYECKHX CHCTEM,
Yro6LI MCNVIE30BaTh €50 KAK KPHTCPHH CTOXaCTHYHOCTH.

3necy yMecTHO oBCyMHTh COCKTPANTBHBIC XAPAKTEPHCTHKH PeXHMOB Koneha-
HHH. OTBEYAIMMX PpAVIMYHBIM THOAM ATTPAKTOPOR [MHAMHYECKHX CHCTEM.
JMofioe NEPHOSHYECKOE OrpaHH4EHHOE PELIEHHE CHCTEMBI MOXHO NPeACTABHTH
B BHAe pana Qypoe

x{t)= L Chexp(jnugt). we=2n/T. 4.4)
n H oum oo

CnexTp NepHOAMYECKKX aBTOKONeGAHMA (IpeficTaBNACTCA B BHAE CYNEplO3H-
UHH onpefeneHHeIM 06palom Cha3MPOBAHHLIX FADMOHHYECKHX COCTABIIAKLIX
C KPaTHBIMH ¥acToTamH (FapMOHHKaMHU 7g). ONpenenuM aBTOKOppenAUM-
OHKYI0 pYHKIHIO nponecca x{f):

V.= lm 1 ({’x(s)x(s s1ydt; @5)

c yueroM (4.4) rnonyvaem
¥, (= Z G, 1P exp(jnwer). (4.6)
H = -
ABTOKOPPENHLHOHNAA HYHKUMA NEPHOIHYECKOrO Mpolecca ABNACTCA N PHOMH-
MECKOW C TEM ¢ NepHOAOoM. CNexXTpanbHaR MIOTHOCTh MOIMHOCTH NEpHOMHYEC-
KHX apTokoneBanui ectb $ypbe-npectpaloBanue o1 W, (1):

Se(@)=2m" [ Vemexp(-jwridr= I |Gy 8w - nwo) (4.7)

H COOepHMHT TOABKO AMCKPeTHBIE COCTABAAKNUHAC HA rapMOHMKAX OCHOBHOM
HACTOThI Aty .

Ecnu arrpaktop cHCTEMBL — KBa3MNEPHOMHYECKHMHA, 1O pelucHHe x(t) npef:
crapumo B BuOe (2.28). PamoxatM KBa3HNCPHOQHYECKOE peuleHHe B MHOTO-
KpatHeiii pan Oy pee

x(r)y= X Ca npXplifmwy + .. ¥ npwpe]. 4.8)
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1A aBTOKOPPERAKMOHNOA GYHKUHH K CNEKTPLILHOH TOTHOCTH MOLWHOCTH
ApUEcca MO YUHM CODTHETCTBEHHD

V= X 1Ca, ...y Pexplilmien +. . 4t mpapr).

Hy. ...H} ‘ 49)
Selw)= p IC,,.___,,,Ich(w~n.w, - = Mpuy).
my

ABTUKUPPCAMMOHEER DYHKUWY Ttpouecca Xx(f) ABMAETCH KBAIHAEPHONM-
leckoit hyHiued mpeMedd 7. CUEKTPATOHAA NOTHOCTE MOWHOCTH KBa3Mmie-
PHOJMHECKOTO NPOUECCa BKIIOMEET COBOKYAHOCTS IHCKPETHRIX THNHE ¢ HACTO-
TamMH. NpeRcianiILKMMH BCCBOSMOXHEEIE NHHEHHbIE KCoMOHHAK Ha OCHOBE
GasoBbIX Yactor

Gy npF W tagwy oLy, (4.10)

1ereen
KOTOpSIe Ha3oBeM KOMOHHAUMOHHBIME YACTOTAMH KBAJHIEPHOMINECKOrD aT-
TPAXTOPu.

B cnyuae coik peuieHHe JHHAMUYECKON CHCTEMAE! X4paKTCpH3yer uBHKEeHHe
Ha CIPAHHOM STTPAKTOpE K. CNEDOBATENLHO. He HBIAETCA NEPHOIHYECKHM
HIH KBA3ZHNEPHOHIECKHM, OHO HPEIACTABHMO B BHIAE HHTerpata @rypse

x(£)=(2n)' § dlw)exp(jwi)dw,
i @.11)

Plu)= [ x()exp(—~fwr)de,
rae $(w) ~ CNeKTPaNibHEA AMIVINTYSA Opouecca. B NpeinionokeHuu cruuno-
HAPHOCTH K IPIOIMYHOCTH NABHMEWHA Ha CTP2HHOM ATTPAKTOPE CIpaBe/IHB L
CODTHOWEHHUA Bukiepa - Xunmina {28, 29)

Y= [ S corexp(fwrldw.
- 4.12)

S (wp=2myt [ W (nexp(—jwn)dr,

KOTOpLIe IPHMEHAMB! K OHHCAHHIO CHYHIRHEIX Itponeccon, CnyvaiiHbic (B Knac-
CHMECKOM CMBICTIC) 1IPOUECCH XADAKTEPH3IYIOTCA MITYXEHHCM BO BpeneHM
ABTOKODPEN AIMOKHOR PYHKIMH M KOHTHHYALHMM XADIKTEPOM 3IABHCHMOC-
TH CREKTPATBUOR MICTHOCTH MOWHOCTH OT 4actoThl. JIeACTRH renbHG, NYCTh
We(r) = Bim), wro cooTsercTBYeT “aficomoTHO" cnywnfiHUMY [Ipoueccy.
H3 (4.12) creayer. uro cnexTpibHad IUIOTHOCTE MOUIHOCTH 1AXO0TO &-KOppe-
TIHPOBAHHOIO NpOUEccd NOCTOAMHA 1A NIobLIX YACTOT, NTO M XapaKTepHayer
Giyuan "Genore” wiyma,

PelieHnio ALTepMMEHPOBAHHOR 3apawa x(f), OTBeuaOMCMY JAKKEHHI
HB CTDAHHOM JTTPAKTOpE. B CIY OTCYTCTBHA IEPHOOHMHOCTH TAKKE CQOTBET-
CIBYET 3aTyXamouuii XapaKtep JABUCHMOCTH OT BPEMeHH ARTOKOPPEITALHOKHON
SYHKURH B CINIOWFOH CIEKTp MOMHOCTH KodeGanui. Hmennu ato ofictos-
TEABCIBC POLHHT CTUXACTHYCCKHE ABTOKOTIEGANKA e TCPMHHUPOBAHHUIX CHC-
TCM N0 CBOHM (PHIHNECKHM CBUACTBEM CO CMYYARHBIMM HPONECCAMK W CHYNCGHT
INA LKCOEPAMCHTATOPOR OHHHM HI OCHOBRNX KPHTCPHEeB NICpeXaila K XaoTH-
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qeekrit IHHamMKe. CNexop perdyaplind @17DAKTODGR BECHTd MUK PR L.
Bu3OYAKLTHAC PeAMMIL BHHIMIMCCROR CTG X0 THYROCTT COHPOROAKIIAC T 4 HOIIR-
ACHHCM  HOBOGO  KdUECTBI! HPKO  BLMPAKCHIIOH  Hedi pepLIBHGH KOS
# WTOTHOM CHEKTpe Hponeccd. PealibHple dBIOKGICHIHHA  IhgusBIATHBILIX
CHCTCM BCREJLI MMCIT CBAGDIHGH CMeRTD 34 cdet HUIHWA Guiy K1vairia. (1Ha-
w0 HCPENON K POWHMY CTPAHHOIO UTTRIKTOPA CONPOBUAIIT A KdUe TEeH B
MH HIMEHCHHHMH B PuCITPeECICHAR JHEPIHH (10 GICTOTIM BIIC CBAIN U UIYMO-
B BOIUCHCTBHEM.

IPOUMNECKOE CBOWCTEO CHCTCMBI. TIOIBOAAWIUSE BBECTH BCpPUA FHOCTHY O
MUP - B OGUIEM Cily HWdE HE MOWET Y XHIb KPHICPHEM cTONACTAUIOC L. Jpro-
AMUBOCTL HCLDXOAHMa, 1O HEIOCTITONHA AUIH ONBCIHHA SBTUCTOXICIHYHOCTH,
UMY ITPHMED ~ KBAJHICPHOAMUECKHE UBTOKOICDIHHA. JProHUYecKoe A8HKe-
HHZ auXCT BbiTe PEryasipHbhiM B8 TOM CMBICIC. YTO CYRICCIBYSD WRUIHIECPHOT
woneBaHiH, OBYCTUBNICHHEIR  #OURPILEEMUCTER TPICKTOPHH o QKPECTHUCTE
HUSSILHOR TOMKH Mepes BOOAHE IPCAe/cHHBIA HETepHl Bpesenn. (aeuctsn-
O HEPACTCH IHCKDETHBIA XapuKIep CIIER TPt MOWIHOCTI, KK H B CHYHAC 11EPHO-
(MECKHE KomeBuHUA .

JLif X20THUECKHX TPacKTOPHH BUIBPALIEMOCTh TaKA:e OSRILI¢ibH BCIIEL-
CIBHe YCIDRYMBOCTH Mv [lyaccoHy WM B chiny Handukd arTpanTopa. Tak B
ueM Ke paaTiure? Padinuume B TOM. YTO Bpeseld BOIBPATA MA XIOTHYECKHX
IPACKTOPHH NPEICTUBIIAIOT CiLYY@AIY 10 NUCHeO BATENBHUCTD HHTE PRUIUB, Xil paK -
TUPHIYKIUYKOCA HEKOTOPLIM PacHpelencHHEM JUTMTENbHOCTSH. ITHM CBOHCT-
BOM MOTYT 067233Th TONIBKO HEPEMELITMBLIOLINE CHCTEMBbI.

4.2, JKCTIOHEHIHANIBHAN HeYCTORMHBOCTL H NepeMelHB aHMe,
Jurponua Konworepona

Yro6et IpoCTeidIh 33 ABHAKEHHEM HIOOPILKARILEN TINKH B (A0BOM NPOCT-
PAHCTBe KOSCHITILHOA CHCTEMBL. B OBLICM CAYYIe U&TCCu0GpPaIHO Heeneao-
BATh 3BMIOUHID MAIOM0 $Ga30buro vbneMa. BKAKYAOUICTY HAYLIBHYK TOUKY.
ECnM npedeabHan TpaeKTOpH® cClb yCTURYHBOC COCTURHHE PUBHOBCCHA IH
NEPHONHYECKGE OBHXEHHE. T0 MANaR OQNACTh CHHMACTCA B TOMKY (HNHK)
¥ NOAXCISIMM  ABARETCA LICTEPMAHHPORUHHOE AHHAMHYECKOC OUOHCAHLE.
EGIM e OpeienbHAA TpUacKTOpHR HeycToHwMBR 10 JIAUYHOBY. TO Matas Ha-
YaltbHaa OBIACTE PACTArHBACTCH BAO/E ONHMX HANPABNEHHN. CAMMACICH 0G
JARYTHM H B BHJAE CHIGHO DedupMHPOBAHHOIO OGpASOBILAA 3IONNHACT HOXUL
HOE@ (baspLOL HPOCTPAlCTBO HIH HEKOTOPYHI €00 HACTE, asuBbIi 0fbeM Haualb-
HOR OGNacTH MOKET COXPaHATHEA (KOICCPBATHBHBIC CHCTeMBI) M yMeL
UIATLCH B Ipelene 1O HYTA (AMCCHNATHBHBIC CHCTEMDI), JTOL NPOIEEE Hy InBa-
0T HepeMmcluieaiuem. B XO0e IBOOUNH B CHCICME C© JISPEMESIIHBAL M ARC
CRONL YTOUHO BUHIKME N0 HAVATBHBIM DAHHBIM a30REIC TPIEK [OPHH cNyCTA
OMPENCCHHOE BpeMA MOFYT UKZZATECA R PIVIHYNBIN, YIWIEHIBIX ApPYT OT
hipyra o6RAcIRX $aI0BOrO MPOCTPAHCTBA. B perynnrare noaywerci. 5Tu, XoTH
IBOMIOINMA ITPOHIBOIBHOH Ha30ROH TOUKH IWNTHOCTHIC OcTEPMHHHDOBAHA, JUIH
ONHCAHHA DBOIRNMHE NIOGOR CKOJTL YTOIHO MNoR oBnactd B $a3oBoM npo
CTPOHCTBE CHCTEMBL € NEPEMELIHBIHNEM, 110 CYWCCTBY. HYKHU HCNOALIOBATH
CTATHCTHYECKHA 1VAX0H.

1A IProuMyeciKHX CHCTEM NIpe/iesiblible IHICHAA {B CMBICTC CTATHCTHYEL-
KHX CPElHHHX) NOCTHLGIOTCA TOABKO B CPCUHCM (10 BpeMeHH, 9 {1DH HLIH'MH
HEPEMCIIHBAITNA OHH HMeIOT MECTO JCHMITOTHYICKH H GOABIIMX BPCMEHAX.
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[lepemenn: ouiMe CHCTCMBL IPIOlHYHE], HO He HaoGopoT. [lepemewmnnanne —
Buec CHIbHOE NO CPABHCHHIO ¢ IPFOAMYHOCTHI0 CROACTBO, KOTOpOE [I4eT BO3-
MOXHUCTE OI'PCUeNiHTh NOHATHe BEPORTHOCTH AN HHAKBRILYafisHOH $a3oRoN
TPHEKTOPHR H UOHHTHE “CHMMUTOTHYECKONH CTaTHCTHYECKOH He3ABHCHMOCTH
cOBBHA {HANPHMEP, THKHX, KdK NOCELICHHE TPACKYOPHEH palnHyHLx ofinaciedt
¢iloBOI0 HpOCTpIHCTER cucteMbl). (TATHCTHYECKEA B3aMMocBA3b Gyaywmero
COCTOMHKA CHCTEMB! X{I) H HacTOAero x(fo) NpH JTOM PACpoCTpIRACTCA
HZ KCHEWIBIC NHTEPRANDI BPeMeHH T = f ~ [o. [OBODHAT O AANEHUH pacileIlIcHHA
KUPPJIAUNA, BCIGACTBHE YET0 ABTOKOPpert AHOHHAN GyHKIHA NpoUeccd IKCNo-
HCHLUWATBHO J3TYX4eT BO BpeMeHH. ClieKTp NepemelHBUIOIHX NPOUECCOB
CISIGHHOA ¢ IKHPHHOH 1O BacTore, oipaTHO NPONCPIUMOHANLHON BpeMeHH Koppe:
JIANMH To. XapaXTepHne BpeMA T & To YMEHBIUCHHA ABTOKOPpeNAUHONHOR
Gylukund B ¢ = 2,713, . . pas oTpaxmer CKOpOCTh NpoiUecea MepeMeUHRaHHA,
Bentumna, o6paTdad 1y, cBA3AHE © METpHHeCKOR T poiei.

QYHAAMEHTANBLHOE NOHATHE METPHYECKOH JHTPOTIHH NpeoSpajonadus ¢ cox-
patifiomedcH BepOATHUCTHOR mepoll spenedo A.H. Konmoropoawim 8 1958 r.
R NOHOXWIO Hauano HOBOMY HANDABNEHHIO B IProaMueckoi Teopui [56--58).
Bnarojaps NoHATHIO dxTponuy Koamozopoea YIanocs cipero chopmysiHpo-
BaTs AGCOIOTHLI KPHTEPHil CTOXACTHIHOCTH IHHAMAYCCKOR CHCTEMBI KaK JleyC-
ToivMBore Mo JIANYHOBY NABHMEHHA ¢ NOMONHTENBHON MeTPUNeCKOH INTPU-
nuei .

Beeneue B paccMOTpeHHEe MeTPHYECKOH JHTpOIHH olofitaeT 1eHHOHOBCKIeE
ApeACIaBNedsa HI CIYYal [MEAMMICCKHX cucTeMm, ECIH MMeeTcA MHOXECTBO
M = m" paxinuEBIX KOMGHHIUNA W3 M CUMBOAOS MO N, HZ KOTOPOM Olipe/leneta
HEPOATHOCTHAR Mepa, TO CTENeHh HCONpeRCHENHOCTH. XAPAKTEPHIYIOWIAR Cpell-
Hee KOIHWECTRO HHGPODMAILHH H3 OIMH CHMBON B OTCYICTBME ISYMOB. IRETCA
wrponueli Hennona

M
H'—=—n".2 F;InPy. P, 4.13)
i= f

roe P; -~ BepOATHOCTb J-if NIOCIENOBATENEHOCTH B 1 CHMBQIIOB H3 andaBaTa m.
313 HeonpedeneHHOCTh (K MHGopMAUMA} GyOeT HYNeBOH B Clydie, KOrNR Of-
Ha H3 HOCAEHOBATENLHOCTEH XAPAKTEPU3YETCH ERHHHUHOK REPOATHOCTHI. 4 BCe
ocTapuMech — Hynesoid. HeonpeueneHHoCTh OTHHYHE OT HYNR TONBKO TOrAA,
KOIOa 3anano Jiwboe Npyroe paclipeliclieHHe BEPOATHOCTEH, M MAKCHMANbHE
NpH PARHOREPORTHBIX HeXOAAX cOBLITHA.

CywecIBeNHBIM paznHuHEM MEXY CTOXACTHYECKHM M TEpHOHYECKHM
NBHKESHHAMH CHCTEMBI HEAAETCR TO, YTO XAOTHYECKAN TPACK TOPHA HEMpPepLIBHO
HPSHIWIMT DHIPOTNHIO, Herv e Moxer GMTh B cAyuae nepoaMyHocti. HJoka-
XEM 10 NPOCTHMH paccyxneHnamu. [lponasencm pasbueigie dasovoro Lpoci-
pancTBa G, BITIOWAowero B ce6A aTTpaKTOp, Ha M NteMeHTapHLIX HenepeceKa-
wommxca aveex AGy (j=1.2. ..., m). lponenaem ceprio HKIMEPEHLT, CAeAA
32 TpaeKTOpued X(I} W Yeped paBNbe MPOMEXYTKH BpeMeHH Al OTMEwas n no-
CENOBATENBHEIX Hueek AG). B KO10poH NoGunana Tpaexkrops. [IpH KaxoM
HEZABMCHMOM  MCTILITZHHH MONYYAM KOHKPETHYIO A-WICHHYK) DCATHIAUHI
B BMAc nocnenosarensiocts G (n. Ar). [lpenronoaum, 4ro HaM H3BeCTHa
HOPMHPOBAHHAA Hi EMHALY BEPOATHOCTHAR Mepd P(G;)Ha MHOXCECTBE BOIMOX-
HBIX nocnenonarensHocred Gy(m. Ar). HeoNpeieNeHHOCTs (WIH 3HTPOMHH).
ONPENeNANIUAA CpeliHee KOMHIECTBO HHGOPMALMY HA ONY PEUTHIALHIO, B JIAH-
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HUM JKCIEpHMENYe ByLeT
H, = -ZP(G)InP(G)). (4.14)
i

Bertnumita M, 3a8MCMY OT WMCHE LIEMEHTOB 71 B HOUICIOBATEIIRHOCTH, OT IE-
repBaNna BpeMEHH A/ PerHCTPANMH IOROXKEHHA TO4KH B haI0BOM NPOCTPIHCT-
pe M oT cnocolia padfue:ius ¢uioBOry NPOCTPARCTB4 Ha wiemenTw AG;. Bee-
HeM uopmupoaanuylo xapamepucmxy - ’JHT[D“HR" HA QUM IMeMEHT l'lml.l{.‘\‘.-
A B SHIALY BPCMENH — KaE Lpeaen”

H= lim (H,/nAt). (4.15)
L]

TR CrauNnOHaPHIX IProJMUCCKEX DPOLECCOB ITOT IPeies CYIISCTBYET H KOHe-
ueH. Bestnunna M ecTh CpeasA CKOpOCTE MPORIBONCTRY 24 pOIIMH Hd OJMH l¢-
MeHT npoueccs. OmMaKo ocTaeTca 3apHLHMOCTs £ OT crocoGa paiGueHna ¢ao-
BOTD DUPOCTPAHCTBA Hd WEMEHTHl. Buibepem Takoe paabHeHue, fIpH KOTOPOM
M mxc]'nmmaa. H TIONLY'MHM METPHYECKYED IHTPONHI THHAMUYECKON CHCTEMBI
{57, 59]:

h, = sng. (4.16)

Ecis TpaeKTOpHA PerynApHas, TO Npi HIMEPeHKAX BCETME HANIETCA TaKoe
P = R, 90 ANA NOOHX KIMEPEHKA TOCNEAOBATENRHOCTE ) (ny) MueHTHINS,
T... MMeST BEPOATHOCTH, PABHYW efMiHIle. MeYpuueckda IHTPONHA B TAKOM
caywae papHa Hyn®. IR CrOXACTHHECKOR NOCNEOOBATENLHOCTH, KOTOA KaXIhe
OIAENBHO BIATLIE OTPEIKM PeANHIGUMA OYIMHAKWTCA ADYT OT APYTa V1A N0GkX
CKOMb YIONHO GOMBUMX 7, JHTPOMMA BCECAA NONOMHTENbHA, $TO CHYRHT CTPO-
IHM KPHTEPHEM BBTOCTOXACTHMHOCTH cHCTeMel. [IOMOMMTENBHOCT: IHTPONHH
XBPAKTCPHIYET KAYCCTBEHHYI0 CIODOHY BOLpOCE, B ef YHCHOBOE JHaveHwe HB-
NAETCH XOJTHYECTBEHHOR XADAKTEPHCYWKOH CTENEHH XACTHYMOCTH CHCTEMBL.
Ina MCTHEHO cAywalHBLIX TPOLECCOR IHTPONMA HeOTPAHHYCHHO BeNHKA, MR
perynapspmx — h, = 0. JHFPONMA CHCTEMB B PEXNGIME CTPAHHOFO ATTPAKTOpPA
DOAOMKMIEHRHA, HO HMEET KOHeUHOE JHaUCHME.

OBGpaTHM BHHMAHHE Ha TMITHYHOE [TA IPrOTHUSCKOR TEOpMH OGCTOATENBCT-
po. Hannwie HMBAPHAHTHON Meph NPEANONAIACTCA HEJABHCHMO OT HANAABHBIX
YCOBME, 4TO TpelyeT HCKAIONCHHA M3 PACCMOTPEHHA HETHMNHYHBIX HAMANbHBEIX
YCIOBHH W COOTBETCTBYWIUMX MM TpackTopuid. Ilpeanonsraetcd, wro TaKHe
TPAZKTOPHY MMIOBEPOATHR, & TOMHEE -~ OHM HMEKT HYN¢BY0 BEPOATHOCTE.
B opHaAMMYECKHX CHCTEMAX €O CTOXACTHUCCKHM MOBEHSHHEM. B OTHHYME OT
cHcTem Kmaccs Mopea — Cmeitna, Moryr HMers mecto GeckOHeYHoe YHCNO
PATINTHEIX PErYNAPHIX M XB0THYECKHX PEXHMMOB. PCANMIYIMHXCA Hpy 3an8-
HMM COOTBCTCTRYKIMX HAYAIBHBMX UAHHLIX. JTHM OOYCNORREHI BOIMOXHOCTL
CylwecraoBanna, BooGwe roBOpA, MHOXECTBA DANIHYHULIYX HHBAPHANTHBIX
pacnpepenedwit, flodToMy BRIEHINOXeHHEE cO0GpaXKEHHA OTHOCATCR K THAHYT-
HbIM 1A KOHKPETHOIO WHBAPHAHTHOIO pAaclipellelieHHA HANAMTLHLIM YCTOBHAM,
VIO HeoGXOAMMO BCETAIA HMETH B PHEOY.

CylusecTaeHHbiv  AOCTHXEHKEM TEOPHH [HHAMHYECKHX CHCTEM HBMIOCL
YCTAHOBIICHHE KONMHMECTECHHOR BI2AMOCEAIH METPHWECKOR JHTPONMH €O CBOH-
CTRAMH NOKANBHOR HeycTOMMBOCTH ApMXeHMs . [IOKAIAHO, YTO IHTPOHIUA N0~
WHTEIBHA B TUM W TONBKO TOM ciydae, Koria Ga3josan TpaeKTopHA B cpeleM
IKCNCHEHUMATIBHO HevCeTOR'WMBA B aTTpakTope, 3nawv, cnextp JIXI1 rakon
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TPISKTGPHE OBREI cullepaAiark B KanecTBe CTPALICKD NOACKHTCHbHLIA NAGY-
HUBCKHA IKOKa3aTchih, HBHOC BLIDAXEHWC, CBASBIELOINGE IHIpONHI KOAMOLro-
POBA ¢ [WIONHICNBHLIMH IOKasmieNAMK ciiek1pa JIXTT pemeua, uciyyeio
b |60} W D THUMWIRIX CIyYaAx, Kurjga nokasatenn cnexTpa JIXIT ue sueMcsT
OT TOYKH HA TPACKTOPHH, BIINTMIHT SOCTATOUHQ IIPOCTL:
h“ = T hl” (4.17)
Aj >0
1.6, DHTPOMHY pPaBia CymMc 1ONOHTeneHbX nokasatened crexrpa JIXI.
B KauecTBe KPHICPHH CTOXHCTHIMOCTH B WMGICHHBIX IKCNEPHMCHTAX B COOT-
BETCIBHH ¢ {4.17) Hononsayerch Gaxt HONOXKATENBHOCTH CTapurers tokasare-
an cpextpa JIX[T peuscrus. MakcHmanehbid noxazareis JIZAyHoBa MOXKHO
BLIVHCIIHTE KdK Hpenen:

A o= Him I DO D)), (4.18)
P o

the | D{1)] - Texyniee pACCTOAHHE MeMULY TOYKAMH BUIMYUICHHCH W HEBO3MY-
iweHHoA TpackTopuit, | D(0)| - AnKHa BeKTOpE MAINIO HIWNIAIOrO BO3MY-
UILHHA,

3nccy BixRbL: Pz mMomeHTa. HeoOxOUMMO YUMTHIB2TH, 910 JTHNYHOBCKHE
NOKA3ITCAH  XIPAKTEPHIYICT JHHCAPHIOBLINYI0 CHcTeMy. CniepoBatensho,
NpoKeNnypa BHMMCIEHHA HOMKRA Obecnewwrs BHINOAHCHHE YCIOBHA NWHeHHO-
TO MpHBIHMXENHA 32 CcYeT NEPsHOPMHEPOBKH. Hampumep, [61]. B npotuBHOM
Ctyude HENHHERHOCTD CHCTEMDB! OFPEHKMIMT BenusHy | D{1}] pasmcpaMy aTTpak-
TOp2 H ¢ POCTOM BpemeHK Nokasatens GyICT HEOTPAHHYEHHO CTPEMHTRCH K Hy-
M. 4YO HepepHO. [lanee, Hy&NO DpaBMNbHO BoiGMpare Hanparitesie BeKTOpa
NEPBOHAYANBLHCTO BO3MYWeHHA D (D). wcknwouan TemM CAMBIM BO3SMOXMOCTH
BAKAHKA “HETHNHUHBIX" TpaexTOPH. B peansHhiXx IKCHEPHMENTAX THAHYHOE
HanpapeHHe BEKTOPa Bo3MyweHua [ (0) olupeneifercs MOCTATOUHO HPOCTO.
HyxHo AoGHTBCA NOCTOAHCTOA Pe3y/ibTartoB [PH MANBIX BAPHIWAAX BEAHUHHR
# HAMpaB/IcHHA BEKTOPa HINATLHOTO BO3MYLICHHA,

4.3. TOMOKITHHHIECK He TPREKTOPHM H CTOXACTHWHOCTS

Obfnkuonchnsie auddeperninanehsie  ypaslieHK, MOUCAHPYRMUAE IBOITG-
UWHUHHBIE TMPOUCCCH! B HETHUCHHAIX AHCCHONHBHLIX CHCTEMAX, NMPH HEKOTOPRIX
YUIOBHAX MOCYT MEDn peIncHHe 3a5aud Koluw B B¢ CNOXHON anepHostiye-
CKOK TPREXTOPHH, 3a10NHAIIEA OTpaIsiYeHEY 0 0GHacTs 8 (AIOBOM BPOCTPIH-
crae. [oxazarenncrno akTa CYUIECTRORAIMA THICHX PeMICHHIT HBIASTCA MaTe-
MaTHHECKHM DEIYIBTITOM, OGOCIFOBMBUINIUHM TPHHUHTIHANBHYIC BUIMOXIOCTh
BOIGYMASHKH €TUXACTHYCCKHX 2BTOKONeGaHR B cHeremax ¢ Ganee weM offHOH
CTeNeHbo cBoloaAbl B oTcyreTBue PNVKTYAMA. C TOMKH 3PCHHA KaYeCTBCHHOH
TCOPHH TaKaf BOIMONHUCTL BCRCT K NOABICHHI B dajoBOM HPOCTPIHCTBE CHC-
1EMB! KOWTKHYYMa CaMOTIpEneThHLIX TpaeKTopHi, ycroiwsux 1o Tlyacoony,
HO JIKCHOHEHUHANbHO HeycToRHEb! X B cMLichie JTRuyHoBa. HeoSxoumMmM yono-
EMEM BOZHHKHUBEHHA TAKHX NPEAtIsHIX MEUKECTS RBIRETCH CYLIECTROBAMHE
B cucteM¢ ocobbiX $a30BBIX TPaeKTOPH., HEIBBAZMUIX MIMOKITHHHYCCK HMH.

PAcCMOTDHM CEIVIOLOE {ICPHOMDINECKOE JIBHKCHHC I HEKOTOpO# Tpexmep-
HOH (DN HMarIBAHOCTH) AHHAMHYECKOH CHCTeMul. JuaucHKy MYNbTHIUTMK 3T0-
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Py o 1. Hupapyanminie MEOTOOSP2INA CeOAORGIO UHKRI [ (7} o KN BIaBMONepecene-
sine ¥ orobpascerim lyanxape (5}

poB cemnoBore wakna | py | <t w| py | > 1 orpaxkator 1ot gart, wo e gaio-
BOM TTPOCTPIHCTRE CHCTEMB! CYLIECTBYIOT ABYMEPHDIE HHBAPHATHALIE TOBEPXHOC-
™: ycToiiwusoe W*® u HeycToiwsBoe WY MHOrOOGpasHA CemioBOND REPHONH-
HeCKOFO  ABWkeRHA. Jliofas BO3MyLIEHHAA TPaeKTOPUA, NpHHATenawas W,
JCHMITTOTHYeCKH cTpeMuTcs K I . a no W ypansiercsi oY UHKNA (3CHMITTOTA-
ueCKH CTpeMHTCA K | B oBpariost Bpemenn). KavecTeenHas KapTHHa FWoBe-
nexnst $azoBhIX TPACKTOPHA B OKPECTHOCTA CEANORATO IMKME JaHa Ha prc. 4.1 a.

B Henunefinbix cHcTEMax NPH HEKOTOPKIX YCAOBHAX MOXET OCYIUECTHATLCH
K3aMMDTIEpECEUEHI2 YCTORMMBOID H HeycToiMBoro MHOroobpasHi cennoporo
CPHOSMYECK OO ABHACHHA. EQIH TaK0E Itepecede e TPAHCBEDCATLHO . TO NHHKMA
nepeceueHna MBOTOOGpaani WY u W* uBpasyer ocofiyio TpackTopuio 8 dhasoeom
fipacTpancIne, OTKpuiryl (A, lNMyankape H HAIBAHRYIO KM 20MOKAURUNECKOL
{62, 63]. OrMemMM, 4TO FOMOKIIHHMYECKHE TDACKTODHM CellOBMX LMKNOB
NpEACTABNANT coBoR CTPYKTYPHO YCTORMHBLIE 0lbeKTul B JasoBoM NpocTpa-
cTBe cHCTemMbl. HMCHHO ¢ CYLIECTRBOBRNHEM NOMOKAHHHYECKHX TPaeK TOpHil cBA-
JaHa BO3IMOXHOCTD BO3IBPAIMAEMOCTH HEYCTOHMHBLIX TpaeKTOpHil HenMHeHHoH
CHCTeMbl B OF puliHuenyio ofmactb (a3oBOre NPOCTPEHCTHY, T.2. BOIMONKHOCTL
XBOTHYECKUID petiteHHs. JipyruMH CNoBaMH. BHIUIORHEHHE TpeBOBaHMIA CyluecT-
BOBaHWA KONTHHYYM3 YCTORMHBRIX O [TyaccuHy Tpaek TOpsH ;10cTHIaeTCH AHUIb
TIpY HATHYHH MOMOKITHHBUECKMX TPACK TOPHRA .

AHATH3 FOMOKITHIHYECKOR TPACKTOPHM YAOGHO NPOBOOATE B OTOGPAKEHHH
Ha cekymeii [lyaukape (pHc. 4.15), rie spdexry HepeceueHun MHOrooGpaInit
COOTBETCTBYET TpaHCREpCaiibHOE NepeceyeHHe ycToiuusol ™ M HeycroiwiBod
['¥ cenapatpuc coitosoi Toukk paptioBecHn X° . TOMOKIHHUYECKOH TPacK TOPHH
B oToGpaneHHs OTBeYaeT roMOKMHHIIECKad Touka O, . UHAKO ecny 80 IHHKHeT
XOTA Gnl 0HZ FOMOKNIHHHYECKAN TOYKE, TO MOXKHO (10KA34Th, YTO KX TIOSBATCA
cuetHoe MHowecTBo (0, (. ... ) |37]. B OKpecTHOCTH CEINOBOro IMKA TPH
UM PLANHIYETCR  CTOALIME  KAPTHHA  BlauMonepecedentit  yCToHYHBLIX H
HEYCTORYMBRIX MHOTOOBpasHA. xapaxTepriyeMad Hamysem GECKOHEYHOTO ‘MC-
A rOMOKJIHMHYECKHX TPacKTOpHil. BOIHHKeT FOMOK/IMHHYECKAH CTPYKTYpd
[11, 20, 62]. couepxamuas MHONECTBO CCIIONBIX (IEPHOIHUCSKAX [BAKEHHR
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OTHOIO THIA ¥ COBUKYITHOCTE CITOMHLIX TleEK'I'Opllﬁ. JBORKOQACHMITOTHYCCKHX
K lIHM.

Hajnue roMOKAHISHSCKOR CTPYKTY Pl B H&THHEHHBIX IMCCHITATHBHBIX CHC-
TEMIX ABNAETCA HCOOXO/DIMBIM YCIOBHEM BOJHWKHOBCHHA AHHAMHYECKOH CTO-
XACTHYHOCTH. HO INA DCa/IMJALME pewHMA CTPAHHOTO aTTPIKTOpa ITOT0 ewe
HenocratouHo. Hyxmo, wrolm e 304eHMA NAPAMETPOB CHCTEMBI, OTBEHANO-
uMx OfTACTH CYWECTBORAHHA FOMOKIHHHYECKOR CYPYKTY B, THGO OTCYTCTBO-
BN BOBCE, THOO NOTEPANH YCTORWMBOCTE NKGbie perynspHbie arTpaKToOphL.
Ecitn 310 ycnobue BuMORNCHO H Boe TPAEKTOPHA B JTTPAKTOpE CEMAIOBKE. TO
BUIHHKAET B CTPOTOM CMbILTE JIMHAMHYECKHH X30C. MATEMATHYECKHM 0HpasoMm
KOTOPOFO HANAETCA CTpaHMILI aTTpaxtop {26, 27].

PacCMOTpeHHBIA THI FOMOKIIHIHYECKHX TPACKTOPHEA H CIPYKTYp He ABIIAET-
CH EAMHCTBEHHMM. C/I0XHBIC TOMOK/IMHHYECKHE CTPYKTYP BOIHHKAUOT C (e-
PeCeYcHHEM YCTOAWHBBIX K HEYCTORYHBLIX MHOToOOpa3kd HByx W Gonee cen-
AOBLIX TpEAENbHMX OHKNOB. OHK Ha3bIBalOICA 2erepoxauniveckimu. I'o-
MOKNKHHYECKHMM CCANEC HAIBIBAOT TAKKE H NBOAKOACHMITOTHHECKHE TpaeK-
TOPHH THNA NETeNb CEM3paTpHC CELNOBLTD NOJIOMEHHA PIBHOBCCHA H 1paeKTo-
PHH, BHIXODANIME HA OIHOTO CEANA H TIPH § ~»00 BXoQswMe B apyroe. Ecrectnen.
HO, Y0 TPACKTOPHM THIIA CElAPATPHCHMX MCTENb CTPYKTYPHO YCTORMHBHIMH
(mAH rpyGuiMH) He MRAAIOTCA, TAK KK PaspyllaieTCR OpH CKOAb YTONHO MANOM
“lIeBENEHHH ™ TADAMETPOB CHCTEMBE.

OBuM BaxHMM CROHCTBOM 1106RIX FOMOKIHHHYCCKHX TPAEKTOPHIE K CTPYK-
TYP RBAHETCA TO, Y10 MPH BAPMALMG NAPIMETPOR CHCTEMBI B HX OKPECTHOCTH
ocywecysnAerca fieckonerHoe UNCNO pPaInMMBIX GHbYDKAUMA pPOXNCHHA X
HCYEIHOBEHHA MHOMECTBA PEryANpHLIX H CTpaHHmX aTTpaxTopos. [lorromy cam
aKT CyulecTBOBAHHA B JAHHAMMWECKOM CHCTEME TEX MM HHLIX THIOB TOMOKIEH-
HHYECKAX TPaeKTOPMi MONXHO DICHEHHBATD KAK KPHTEpPHA COWHOCTH ¢¢ NOBe-
DEHHA,

4.4. PasMepROCTE H TEOMETPHYIECKAS CTPYKTYPE ATTPAKTOPOB

Pe3ynbTaTi YHCTEHHBIX HCCMIEOBAHHA AHHAMHYECK O CTOXACTHEHOCTH B AHG-
GepeHUMATLHBIX TPEXMEPHBIX CHCTEMBX H COOTBETCIBYIOUMX HM JUBYMEpPHLIX
0TOBpaNEHKAX, @ TAKKE B AKCCHIIBTHEHMX MOMERBHHX 0TOGPOXEHHUAX ILTOCKOC
TH CBHIAETELCTBYT O CIOXKHOA TEOMETPHYECKOR CTPYKTYpE CTPAHHBIX aTTpaK-
TOPOB ¥Me B 3THX OTHOCHTEIIAHO TIPOCTHIX ripHMepax [1--14] . Omuerrentnan
OCODEHHOCTL CTPAHKBIX ITTPAKIOPOB COCTOMT B HANHIHKH CBOWCTRA MACUUTAOHOT
UHBAPUIKTHOCTH, BHPRKAIOLIETOCA B TIOBTOPAEMOCTE MX CTPYKTyphl HE BCe Go-
nee menkHx macuralox. CriencyBHEM 33KOHOMEpHOCTEH Tionobus dganxerca
YHHBEPCANBHOCTE B FEOMCTPHH CTOXSCTHUECKHX MHOXECTB ceyeHid Tlyanka-
pe. B pACHPENSNCHHM SHCPIMH KONeGaHMA 10 YACTOYEM H aMIVIATY 1AM B CTIEKT-
pe. b JABHCHMOCTAX ONPEAXIAIOWMX XapaKTepHCIMK OT NapaMeTpas u ap. Jro
BAXHOE CBOWCTBO OA€T OCHODAHHA K TIPHMEHEHHIO METONS PEeHOPMITHIAUHOH-
HOH TPYRNbl WA HAXOKACHHA KONUYECTBCHHBIX JAKOHOMEPHOCTER, OIMCKIBaN0-
WX ABAXCHHE KA CTPAKMHOM JTIPAKTOPE C MICLUTaGHY HHBIPHAHTHOH CTPYKTY-
poH.

JInA xapakTEpUCTHKM CTPaNHBIX ATTPAKTOPOB UeNccooGpalne BBeCTH HONA-
THE DaIMEPNOCTU. Pa3MepHOCTR ONpeTenficT KQNHYeCTBO KHGopMalun, Heof-
XOIIKMOE INA FAMIAHAA KODPAHHAT TOMKH, MpHHaANeKalueH 8ITPaKTOpy, B pam-
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K2x yX333HHol TouHocT™. [Ina perynapHpIX aTTpakTOpOR, HANAOLIAXCA MHO-
rLOGPAINAMH, PAIMEDHOCTL -- LENOE HUCTO: HETIDABHKHAS TOYKE HMEeT pasMep-
Hocte 0. npenenbHetil WKKNT — 1, ABYMCPHBIA TOop — 2 H T.4. BBuay cnoxuocTH
FCOMECTPHYCCKOR CYPYKTYpbl CTDAHHbIE STTPAKTOPL! He ABAAKTCH MHoroobpa-
JHAMH H KMEIOT JpOBHYIO0 pS3MEpPHOCTD.

PasmepHocTs — onMa W3 ByHIaMEATaNBHMX X4PAKTEPHCTHK arIpaKTopa,
Hapsny € MerphdeckoR Jurponnei Konmoroposa. OGcyxpaeMuie B nurepary-
pe OnpeneneHwa pa3MepHOCTH B obilleM pasgenfOTCA Ha IRa THNA' 3JaBHCA-
IWHE TOIBKO OT MEYPHNECKHMX CBOWCTB aTTpaKiopa M, MOMHMO METPHKH, 33-
BHCAIIME ©F CYATHCTHMECKHX CBOUCTE NOTOKE, OGYCNOB/EHHBIX NHHAMMKON.
B THRMMHBIX CHYMIAX METPUYECKUE PAIMEPNOCTH NPHHMMAKT ONNHIKOBYK
HEITHYHHY, KOTOPYK OPHHATO HAa3LlBaTh JPaKTAAbNOl PA3IMEPHOCTSIO ATTPaK-
rops Dp. PasMepHOCTL, ONpenensieMyio C Y4ETOM BEpPOATHOCTH MOCEItEHHS
TpaeKTOpHe#R paviMdhsix oftacreld arTpakropa B GajoBOM NPOCTPAHCTBE, Ha-
IWBAOT UNBOPMIYUONNCT AN PEIMEPRACToI0 NaTypatsnoi smeps. Flocnen:
HAN. YT BAKHO [NA LPHNOXEHHH. Mower GbIls OueHeHa tio cnexrpy JIXTI
arrpakTopa. JinR TRIMMUHMX arTParkTopoB HHBOPMAUKOHHAA ¥ NANYHOBCKASA
(ouenupaeman mo cnextpy JIXTI) paimepHocTh OBBINHO cOBLANAKDT KONH-
YECTBEHHO, HO MOTYT OIMHYATBCY OT aHaueHWHA GpakTanbHOH pasMepHOCTH,
I npofineme pazMeEpHOCTH JAHHTCPECOBIHHOMY THTATENIC MOXNO MOpPEKO-
MCHUOBATH CHEUHTbHME paboTh [64-73].

Beegem ofnpesencuite dpaxraisnoik pasmeppocTd Dp MposaBonkHOro npe-
qensHOre MHoxectsa O B MN-mepHom dazosom uwpocrpanctse no Koamoro-
pory—Xaycnopdy:

Dg = lim [InM(e) In(1/e)], (4.19)

e 0

roe M(€) — MHHEManbHOS YHCno N-mepHuIX KyGHKOR co cTopoHO# €, Heobixo-
OHMBIX JUTA NOKDHITHA BCeX ATeMentoB MHoxectBa (. [lpmenHs 310 onpene-
NeHHe VIR BLMHCICHHA [AIMEPHOCTH TOUKH, IHHHH A NOBEPXHOCTH, NeTKO y6e-
OMTHCA B TIPHBBIMHLIX 3HaneHHAX O, | B 2 coorsercraeHno. JUTA HETPHBHATLHEIX
Muokects G pasmepHocTs D mMoxer oxaaarkct ApoGHOR.

B KauecTRE NpOCTOrD HArMAQMOIO NpHMEpA MHOXECTB3 UpoliHOA xaycaop-
$OBOH PAIMEPHOCTK IPABEHEM KAHTOPOBO MHONECTHO, JT0 MHOKECIBO CTPOHT-
CA TOCNEAOBATENbHEIM HCKITIOUCHHEM OTKPHITHIX HHTEpBanoB nxuol 1/3 13 ce-
PEOMHBL JAKPLITOIO (PKIFOUAIONIETO [PaHHTHBIC TOUKH) eAHMHIHOrC HHTEpBana.
BripocHB NEpRLIA pu3 CPEANIOI0 TPETh, OCTARAACM [INA JAKPLITMX WHIepBana
anuaoik B 1/3 wanaprii. 3aTem, BLIGPOCHB CpeHHE TPETH W3 OCTABUMXCA ABYX
OTPE3KOB, TIOAYWHM YETBIPE 30K PbITHIX HHTCPBANS OMHHOA 1/9 kaxnsd. Kawro.
POBO MHOXECTBO GYIHET MOCTPOSHO, €M MPOLECC HCKMIOUEHAS “HEHYXHbIX"
OTKPMTHIX HHTEpBanoB MNpONOAXHTE N0 GECKOHCIHOCTH, KAK CXEMATHYSCKH
miohpaxeno Ha puc. 4.2. Ha n-M mare nponedypul DOCTPOCHHA KaHTOpaBa
MHOXeCTBa ocTaHercs M = 2™ pasnenenHuix Mexmy co6OH JAKPEIThIX WHTE pBa-
70D OOMHAKOBOR WwiHnL € = 37" flo onpenenenuio (4.19) uafinem ¢ppaxrans-
HYI0 PAIMCPHOCTD KZHTOPOBE MHOXECTBA:

Dy = n2/in3 = 063, (4.20)

Kak BulHO H3 pre. 4.2, cTpyKTypa MHOKCCTBA Gy ¢ Ha 22+ 1-m are paibue-
HAA NPH PACCMOTPEHHK ¢ C TPEXKPATHLIM YBENHUYCHHCM TIOBLOPAET CTPYKTYPY
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Gy npeasuyineo #ro pasfdedus. B 3ToM # IposBiAercs cBUACTBO MACIITAH-
HOH HHBAPUAHTIICCTH. YHHBEPCANILKOCTP B TpoLiecce LpodiieRa MacLITabul eck
HAACTCA CUMHM WINO pHTMOM NOCTPURLHA KZHTOPaBa MHOXeC: Ba. Kak puepnme
HaBAIOAI B HCHEHHOM JcliepmenTe M, XeHOH, CTpaHItble AT Pk TOpil HMCKOT
CTPYKTYDPY THAa KIHTOPOBOR [74]. 3TH MHOKECTBA MOPOKILIOTCH HENHHCRHRBE:
MU CNEPATOPAMH JBONIOUHH, X8paKTepHIYIOTCR Owiiee CHUKHLIMH 3aKCHaMU
1a06HA # HMeT NpoBHyIo puaMepHocts. HenlsectHo, BCY NE THLBI CTPAHIIBLIX

P uec 4.2, (puuunn accrpocHiva m MaciraEinan me-
e SIPHINTHOCTL KAUTOPOBI MHOKECTRA

eelae
U

ATTPAKTOpUB HMEIT MaCIETAlHO HHBIPHANTHLIC CTPYKTY P, OAHAKC YETKO YCTa-
HOBJIHO, YTO WX (ppaxTankHas paMepHocTs B oBuiem cnyyae apoGras. MNocnen-
Hee CBOACTBO ACMONLIYETCA KAK XAPaKTepHuIf NMpU3Hak “'CTPAHHOCTH™ aTTpaK-

TOpA.
Hudopmauonnas pasMephocTs Dy ollpefenfercs cienyiouim obpalom:
!(E) Mie)
Dy = Jim . Hey=- T PP (4.21)
e—+0 In(l/e) i=1

3uece () ~ onrporms llerMoHa (KONHYECTBO HHGODMARH, HeuGXOTAMOE
LN OTpeaeNCIAA COCTOAHKA CHCTEMBL B Iipe/iellaX TOYHOCTH €), M (¢) ~ wucno
KYBHKOB CO CTOPOHOH €, IOK PHIBAIOIIKX STTPAKTOP, Py ~ BepOATHOCTY TOvele-
HHA $aoBoRt TpaekTopHelr i-To KyGuka. Tax kak anm Manuxe f{e) =
= Dyin(ife}, v Dj xapakTepHayeT cKOpOCTb BO3PACTAHMA WH(POPMAUHKM ¢
YMEHBILEHHEM €.

YauMTeNEHa Ha TepBhIA BIMMAN, HO COBEPINCHHO ECTECTBENNI 1IPH DeTans-
HOM PBCCMOTPCHHE BISHMOCBA3L PIKTAILHOH PaIMEPHOCTH Dy X80THYECK OO
MHoxecTBa ¢ nokadarenamu cnektpa JIXIL HoxazaHo, wro pas artpaktopos
ABYMeEPHBIX 06paTHMEIX OTOBPIXEHHIE C ROCTORHHBIM AKOSHAHOM MpeoBpaIoBa-
HHA CTIpaBEANHBO cooTHOleHHe [75, 76]

Fae A; ofpeaenensl coorHowenueM (2.11). Ecin pRyMepHuUe CTOXaCTHYECKOE
MHOXECTBO B Cekywtei [lyaHkape NopoxpaaeTca cOOTBETCTBYININM NOTOKOM,
TO B CHNY HENIpEpHIBHOCTH HOTOKE (4.22) MoxHO 0BOGLUHTD Ha cnydai Tpexmep-
HuX IWGepeHUNATEHLX CHCTEM C OTPHUATCITBION JMBEPFEHIWMCH, HE JABHCA-
MWl 07 hazDBIX KOO PAHKAT:

Dp = 2+ X[ 3,0, >0 >, {4.23)

3aech ywATHIBAETCH. YTO HENDEPHIBHOA TPACKTODHH COOTRETCTBYET OIMH Hylle-
BOA HOKA3aTenb » cnektpe JIXI,
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Jlanynosckue nokazatend criextpa JIXTI, apasace ycpeuveitnima xapaxre-
PMCTHKIMH 21TPaKTOpa, OMHCMBAIOT €T0 CBOACTBA HEIABHCHMO OT HAYaNhHbIX
YWIOBHA K3 00nacTy opuTAKeHHA. HCknioueieM ABNAITCA HAYANBEEIE aHHBIE,
DTBEYAIONIHE HENOABHXHBIM TOUKAM, MHKNUM H ABOAKOICHMIOTOTHYECKHM
TPREKTOPHAM THNA TIETENlb CENapaTpHe, HMEIOIHM O TNHYAOLIHECH NTANYHOBCKHE
HOKA3ATENH, 3 TAKKE TPAaeKTOpHAM, juix Kotopeix cnekTp JSIXIT BooGwme we
cripeagien. flonaraercs, ¥ro TaKue TPACKTOPHH MMENT MEpy Hyilb (ABITRIOTCA
HCTHITHYHBIMY ) , H ITO TIOATBEPKICTCH YHOTEHHBIMH IKCIICPHMEHTAMHK .

Onpenenennsie TPYRAHOCTH BOJIHHKAT TPH TCOPETHYECKOM OGOCHOBAMHM
BI3HMOCEAIA PPAKTANBHOR pasMepHOCTH co criexTposm JIXM s muoromep-
upix (N> 3) cucTem, B KOTOpbLIX CTeieHb CxaTHs $HA3OBOr0 OGhEMa JABHCHT
vl KoOpaMHaT. Ceilyac MHOTHMH NpHHNTA 2unoresn Kaniana - Aopra, B coor-
BETCIBHN C KOTOpDOW Da3MEPHOCTh AFTPAKTOPA, HA3bIBAEMad ARRMYROSCKOW,
Bhipaxaetcy uepes cnextp JIXI1 Ha ocrose cnenyloumsx cooGpaxennit [70, 1,
12]. NMycre wasecten cnexrp JIXT crpaunoro arrpaxropa N-MepHOH CHCTEMDbI,
Pa3MEPHOCTH KOTOPOTO HYWHO GUEHHTE:

S 3 V- S B W (4.24)

Cymma BCeX TIOKA3aTC/el CHEKTPA OTPHIATENBHI B CHNY IHCCHOATHBHOCTH
«BcTempl. PRCcCMOTpIM nepasic j noxasarened cnextpa JIXTL rpe j ~ wanBans-
fliee MO0, yIOBNETBOPHWILE: VCIOBHIO

VS VRSRERS WY (4.25)

B yKazaHHOE WHCI0 NOKA3aTeleH BKAIOYCHSI BCE MONONHTENbHbIE, BCE HYNEBbIE
4 HEKOTOpaA YaCTh OTPHUATEABHBIX, 4TOGb CYMME OCT4BARACH HEOTPHILATENL-
noi. [lockonbky cyMMa nokasatenei 3a/WeT XapaKTep NOKLIBHOIG HIMCHEHNA
memenTa dasosoro ofiveMa B ATTpaKIope, TO $aloBhiik 0GKCM PaIMEPHOCTH
§ < NBcpensem e yMeHRIIACTCH. YBENHUCHHE PI3MEPHOCTH NOMIPOCTPAHCT BA
Ha CNANMILY TIDABENET B CPEAHEM YXKC K CAKATHIO JTeMeHTa 06hema;

it

L A< (4.26)

1=1
3HIMHT, MOXHO FPEUNONOXKATE, 4TO PaIMEPHOCTh ATTPAKTOPE 33KIIOUEHA B
watepsane j &0y <j + |. Pasymuo notpeGoBarhk, uToGim IBMKEHHE Ha aTTpaK-
10pe TIORWHHANOCh YCIOBHIO, OTBEHAOIEMY HIKYECKHM (IPECTIBICHUAM
1 CTAMOHAPHOCTH Npolecca,

A, *Az+...+d1j1+| =0, 14.27)

tile'd — Opolnan vacm pasmepuoctu. flonHar pasmepHocTs arrpakTops Dy, Ha-
3uiaemMan agnyroecxoi, Byner cyMMOR uenodl / 1 npobHoit d xacten:
i
Pp=itd=fj+( 8% XNIN.] (4.28)
=1

B crydae TpexmepHoro upocrpancrsa u3 (4.28) ouHoshado eneyer (4.23).
310 MeboIEITHO W BOT noveMy. JIATYHORCKEA PaIMEpHUCTR N0 QIPEICTCHHIO
(4.28) 2aBMCHT OT THIHWHOMR TPaeKTOPHH X(/). ANA KOropoH onperenferc
~iektp JIXIT, 1 Tem caMbiM aBTOMATHYCCKH YUMTHIBACT BEPONTHOCTHBIE CBOHCT-
ra notoxa. Boipzxenne (4.23) wonyseno ua onpedenesns paameptoctst (4.19).
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T.¢. HCHOCPEIACTBEHHRIM NOKPLITHEM MHOKSCTRL U JA/@HHOK MeTpKOi, e
YueTy BEpOHTHUCTHBLIX CBUMCTH PALTHWHRIX €10 21eMCHTOE. ‘l;aKuM ofpaiomM.
GpaKTWIBHAA H JIHNYHOBCKAH Pa3MepHoCTH artpakropa B ™ counanar 1o
KpudHel MEpe W1 CHCTCA € HOCIGAHHOH CTSNCUBK CRMATHH. JTOMY HMOCICH
H IKCIePHMEHTUIBHOC NoaTsepiichHe [77].

A MHOFOMEPHBIX JMHAMKYECKHX CHCTEM BOOPOC U COOTBETCTBHA (LALTy HUB-
CKOH PI3MEPHOCIH PA3MEPHOLTHM HAaTYpPaILHOM Mephl H hpaKTanbil0H (OKa
ewle UTKPLIT. ORHAKO eCTb GCHOBAHKA i10J14TaTh. YTO TANIYHOBCKAN PdIMEPHOCTE.
KaK HapGolee UQUATHAA € PHUIKYECKOR ICYKH 3PEHN RCAMMHHL, ABMACICA
CAMUOCIVATEIBHON H  3dKHOH X4PAKTEPMCTHKOW TIpakicepa. B onivibe or
ppaKraibHOH JIANYHORCKAA Pa3MEPHUCTE MHOTOMEPHBIX ATTPAKTUPOB OUIYC-
K3eT BOIMUXHOCTS €€ TPAMOTY BbIYHCACHKA 11pH GXONBIIHX, HO PEedibig [UilyC-
THMBIX JaTpaTax BpeMeHn Ha IBM

B HeaBTUHUMHBIX CHCTEMAX [IpH NEPHOMMYECKOM BHELIHCM BO3ICHUTBHH
BhpameHde (4.28) MOXHO NPHMEHUTL JNH OUHCAHMN PIIMCPHOCTH CTOXACTH-
YeCKOTO MHOXKECTBa B uToBpaxkeiMH [lyaHKape uepes ItepHoil BHELIHEH CHAbL.
JU1n BLIMHCTIEHHA HOAHOR JIATYHOBCKOR PA3MEPHOCTH AXTPAKTOPOB H2ABTUHOM-
HbIX CHCTeM B Bbipakenre (4.28) nywmo n06apurh emuuuy (MiM ewle voMn
Hynepod Nokdasarens B cnek1p JIXI). Toraa

f

Dy =j+1+( El A/ EAel (4.29)

i=

Pasnuuna B curratype cnextpos JXIT 4 pasmeprocts Dy moryt Guirs npus-
HAKOM KNaCCHDHKIMMK PETYAAPHbIX K CTPaHHBIX a11pakTopos. Paimeprocte pe-
IYNAPHBIX aTIPAKTIOPOE paBHA YMCHY HylleBblx NOKaszaTeseh B cnextpe JIXII.
JIANYyHOBCKAA Pa3MePHOCTh TOUKH. NPEaeIsHOTO HHKAA M OB YMEPHOTO 10w pan-
Ha 0. 1 u 2 coorsercrpento. i peryTapHbix aTTpaKTOpOB B NOIHOM COOTBET-
CTEHH HAXOIATCH: JIAMYHOBCKAN paIMEepROCTh, PPaKTaTbHAA {METpHYECKEH )
pa3MepiocTh M cHruatypa cnexkTpa JIXil arrpakropa. B oYHONICHHH CTpaHHBIX
aT1IpAKTePOB © NLIAOBHOM BIAHMOCOOTBETCTBHH MOXHKO FOBOPHTD HHIUL MpH-
MEHHTENTBHO K 1pexMepHbIM  HGDHC PCHUHATHHBM CHCTEMIM H JIBYMCPHbIM
GBPITHMBIM VTOBPAKEHHAM,

PaccMOTpHM TeOMETPHUECKYID CTPYKTYPY OQKOIO H3 THIHYNBIX CTpAUItBIX
ATTPAKTOPOB. PEANHIYIOWHXCA B TPEXMEPHBIX MHdre peHUManbHbIX chcremax ™),
Ha 1IpHMEpe KOTOPOTo MOXHO 11POLEMOHCTPHPOBATD CO/1€ pRaTebHYH CTOPOHY
NOHATHH ApOGHOR Pa3IMEPHOCTH H MacLITaGHOR HHBADHAHTHOCTH. AYTPIKIOpH!
JTOIG THNA BO3HEKAWT B pe3ynblaTe KacKala OudypKIuHH yIBOSHHH 1epsaosly.

Mycrs 3u1aHa TpexMepHan UNHAMHYECKAA CMCTEMA. B KOTUPUH periHiyeTcs
ATIPAK10p YKa3auHoro tvia. Brbepesm 3 Kauzcrse HavanbRLIX MHHBIX 0TPe30K
{nHHHI0) AB, Bce MM MOVTH BCe TOMKM KOTOPOrO NPMHILNEXAT aTTpaKTopy.
H IIPOCIENAM 33 €rO JBO/IOUHER BO ApeMerH. KapTHHA reuMeTpruccKare npeos-
PY30BIHKA DYpe3Ka AS HEIMHEHHBIM [I0TOKOM BO BPEMEHH H3oGpaweHs Ha
puc. 4.3. Ha ouenp Maibix Bpemenax (puc. 4.34) HIMEHCHYRA ODAK THYECKH HET.
Fpaununipie Touky ofpeska AB wepexomat B A u B coornercrpento. Muice

*} Thanobiele ATTPAKTOPLE POIMOKIEN B MHAFOMCPHBIX K [aCTIPCAE WERHEX CHCTUMILX.
OAHAKO OHH NOKAMHIYIOTCH B TPEXMUPHOM NOANPOCIPAHCTRS HUNGRROMD dainsolo npoct-
PAHCTRA CHCOYCMBI H JONYCKAKOT HCUCPELPRIIOIY ¢ QITHCAH W HEH TPCXMOPHAOM MOCAARDOBY-
HHH.
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e 4.3 TeomceTpua cTpallHUTO aTTRAK ropd. BOIHHKAIGUEIY B Peiynblare KicKala G-
Jrvpraiiil vIBOeHHA nepyonia
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P @ 4.9 HANCIpanMa KaHTopoBUCTH CIPYKTYIhL NAATHYCCKOTO MHMKCCTRE B CedeHHH
Uyankape

BHUAHO pacTsikeHWe oTpeaka AB, oﬁymoaneuuoe IKCTIOHEHUHAILHOA HEYCTOH-
ausocTeic (pHe. 4.38). Innna orpeska A ‘B’ 3aMeTHO yBENHUMBaeTCH B CpaB-
HEHHH ¢ HCXOZHOR NpH f = 0. 3aTeM, HCNMITLIBAA CYLIECTBEHHOE paCTAKEHHE,
oTpesox cknanweaerca susoe (pue. 4.38). Tlotok o6pa3yer npymepHywo mo-
BEPXHOCTb €O CKaMKoi A'CB'. TeoMuTpHs aTTpakTopa GOPMHPYEICA NyTeM
¥IIIOTHEHHA CKITAAKH (A - B, 0Ba NucTa CKAAUKH KAK bl CIPecCOBLIBAOTCH )

 cinenpanns touex A' M B’ ¢ neppouavanbHell Toukoi A, a Touka C NoaKnen-
paerca K B (puc. 4.3 2, 9).

IIna ofecneyeHA HENPEPLIBHOCTH CKEHKH B CHITY YCIOBHA HENPEPLIBHOCTH
HOTOK?  HeoBXOOMMO GECKOHEYHOE MHOXKECTRO NOJOOGHBIX TMOBEPXHOCTeH i
COOTBETCTBEHHD OTpe3KoB AB. Kak B 370M yGefHTbCH IKCOEPHMEHTANbLHO?
HBenem cexviuyw TlyaHxape. Kak MoKalaHo Ha pHe. 4.39. Ceuenne Tyanxape
OPH OFHOCHTETILHO TpyGOM pAaccMOTpEHHH [2eT GHIKYI K ONHOMEPHOH KpH-
BYIr THUA noakoew (pHc. 4.4z). Ecrin yBeNHwMTL paspewsaomyw cnocob-
HOCTB. 10 MPOHABIAGTCA KAaHTOPOBOCTb CTPYKTYPEL ITOH NOJKOBLI H MacuiTal-
18 HHBAaPHaHTHOCTD {pHC. 4.4 6, 8).

PaamepHocTh 10M0GHLIX atTpakTopoB Dp = 2+ d, tne d < 1.8 cHny npenmy-
tUSCTREHHOMD CXATHA TOTOKA B CPABHEHIIH ¢ PACTAXKCHHCM. Taxob ATTpaKTOp
UpH rpyBOM PACCMOTPEHHH NPEACTABIAETCH NUYTH NOBEPXHOCTHIO ¢ IKCMOHEH-
HHLTBHO PACNOIIALIMMUCA (1O Hell AH3IKHMH TPAaeK TOpHAMA. [loatomy W pamep-
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HOCTh arTpakTopa GBnMika k apyM. Ha caMoM aene 14kux TIOREpXHOCTEH B
aTTpakTope GECKOHEUHDE MHOXECTRO. JTCH0/1a KAHTOUPOBUCTE CTPYKTY Phl B CeYe-
ue Tlyanxape. Mo3r1omMy cTpanHbie aTYpAK FOpHI He HRAAIOTCA MHOXOO6GPaIH AMH,
a NpelcTIBNAKT COBOA 1paMor IIpOH3BEeHHE MHOTOOGPaIHA HA MHOKCCTHO
THOA KAHTOPOBA.

4.5. KnaccudHKalHa CTPAHHLIX 2TTPAKTOPOR

Momokmrkueckite TpaekTopdd Myankape Bceraa HMewT MecTo B $a3oBoM
HPOCTPAHCTRBE CHLTEMBL CO CTOXACTHYECKMM ToBedcHHeM. B MX cyulecrsosa-
HHH KpOETCA 1IPKYHHE MOABIEHHA cUETHOTO MHOXKECTBA CEIOBBIX 1€ pHOIHYEC-
KHX OBHXEHHA. KOHTHHYYMA yeroiudnnX 10 [lyaccoHy TpaekTopHil, CYeTHOTO
MHOXECTBA Fpy6blX FOMOKIHHHYEUKHX TPaeKTOPHH. UTO H ofipenciifeT B HTOTE
YpEIBBLIYAHHO CNOXKHYI0 KapTHHy pa3GHcHia $a30BOr0 NpOCTpaHCTBa Ha TONUNDO-
FHY9eCKH Pa3NuyHble THILI c¢ UBHMEeHHA. HMEHHO ¢ TOMOKITHHHUeCKHMH Jidek-
TaM{ CBH3aH3Z BU3IMOXHOCTh PONAEHHA LHHAMHYECKUHA CTOXACEHUHOCTH. T.C.
BO3HHKHOBEHHE CTpanHOro arTpaxTopa. OnHako, YToGbl B CHCTEME pediH30Ba-
NHCE XAa0THYeCKHe aBTOKo/eGaHHA. HeobBxoanmo oBecieudTs OGN HHTEN hHO?
YUI0BHC . FOMOKIRHHHYECK A CTPYKTYPa J0/MKHA ObITh BRHIOYCHA B ofinacTh at-
TpaKTupa. Pe3ysisTaTel HCUTEOBAHAA 110CIEIHNX NeT B OGAICTH COBpeMeHHNH
TeopH GudypralMi BLIABWIM THNHYHBIE CTPYKTYPLl CTPHHHRIX ATTpaKTOpoOB,
K KOTOpbIM MOTYT BbITb OTHECEHLI HIBECTIRIE HI TCOPHH H JKCNEPHMEHTOB Ha
IBM  pexuMBl  xaOTHYECKHX apTukoiaeGanuit [79]. CrpaHueic arTpaktopsl
MUOXHO PasOefiiTe Ha TpW KNnacca: cunepfoaudeckite, atrpaktopwl rung Jfo-
PEHYa 0 KeazuaTIpaKTopel.

lunepboauuecicue cTpaHHBe aTTPaKTOpBl -~ 310 2py0ble ITTPAKTOPLI, LOC-
TOAWIHE W3 MHOKECTRA HeyCrolwnppx ne JIATYHORY Tpaektopil, Kotopble
BCIOOY B aTTpakTOpe ABRIAKTCA ceatosBbivy. He B cpeitiem, 2 8 /moGoit mpods-
BOJILHOR TOMKC aTTpaKTopa TpaeKTOpHA ceaoBaa! IunepBoanyeckHe a1Tpak-
TOPBI HEe MOLYT BKNIOYaTh PEryJIApHBIX, T.€. yCTOHUHBBLIX, TPAEKTOPHHA HKboro
thna. TpriMepors runepBoMYecKkKax aTIPAKTOPOB ClykaT NpefelbHbie MHO ke
ctBa ¢ Y-ctpyxtypoi  Auocora [80], caileHonnn Cwmeiina~-Bwibamea [81].
Mnpikrina [82] w Ap. Onmako crelyeT OTMETHTB, Y10 B KOHKPETHHIX [MHA-
MHYECKHX CHCTEMIX TWNeploiMYEcKHe aTTPaKTOpbl HOKJ He OGHADYMCIH.

ArTpakToppl Tung Jlnpenna 1peacTaBnant coBod MespyOvie Npexelbilbie
MHOECTBA, B KOTOPBIX BCIORY MACTHBL CENTOBLIE NCPHOHUECKHE ABMKEIRA,
Kak u 8 runcpbonnyeckux arrpaxtopax, B aiTpakTopax THna JlopeHua rph ma-
AbIX HMIMEHZHHAX TAPaMETPOB H IIpaBbIX UYaCTed YPABHEHWIT YCTUHYMBBRIC UIC-
PHOIMUECKHE OBHMEHHA He BOIHHKaWT. Arrpakropa rHita Jiopermua dopmin
PYHOTCA B pe3yfAblaTe BNONHE ONPEIEReHHOro OHPYPKAMHOHHOIO MEXIHHIMD
H MMCIOT XApakTepHyo CTPYKTypY. BrepRele MeXaHHIM DOKICHMA aTipaKTOpu
B 3HamcHWTOA Mogenn Jlopenua ycraHosmen B [82, 84, 53] W ceityac B xauect-
BE KNZCCHYECKOTO TIPHMEPA paccMaTpHBAETCH B LENOM pafe KuWr [1--3, 9, 11,
43]. B [79] coopmy:nposaiibl ofiHe MaTeMaTiueKHe YUTOBHA. BbINOAHE:
HHE KOTOPLIX ‘KOHKPETHO BhIACHNET KAICC CTRaHHLIY aTTpakTopos Jlopenua.
K HacTOAWCMY BPEMEHH 3TTPAKTCP HOPEHUCRCKOIO THIIA OGHAPY XHBAKOTCH
B pAAE AHHAMHHYECKHX CHCTEM IIPH YHCTEHHOM MOIe1HROBARHN H ¢ JKCNepH-
MEHTAIBHOH TOYKH IPEHHA ABARKTCA HuMBoMer BIHICHMH 10 CBOHM CBOMCT-
BaM K 3TTPaKTOpam IHNepBuUnMIecKoro THItE.
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ORHIKO HaHGosiee HacTo BCTPCHADINKCCH B YUHUICHHLIX B HHIMUECKHX IKCIe-
PHMEHTAX XOTHUECKHE ATTRAK OPLI OTHOCATCA K TPeThEMY KIAcCY TaK HYIL-
BICMBIX KEGIUCTOXZCTUNEKUX WIH NPOCTO Keauarrpaxropoa. Keamarrpak-
Topbl ABARIOICH CIONKMNME NPUTRUGIOWUMNG TIPeReNbHBIMA MHOKECTBAMH,
KOTOPBIC HAPHAY € TOMOKIHUNYSCKHMH CTPYKTYPaMH BKIIOUAT K YCTORYHBEIE
HCPHOAMYECKHE aTTpaKTophl. Kuk Npapwio, OMIacTH NpHTANKCHEA perynapHBIX
QTTPAKTOPOB OTHOCHTENBHO MANBL, 3 XAPZKTEpRLEE BpeMEHHuC HHTCpBANLL {ne-
2HO/L. KBAIHMEPHOA) HOCTATOYHO BEMMKH. TIDH BApHALKH MEPaMETPOB CHCTCMBI
CTPYKTYpd KBalMATTpaKTopos fipeleplficBaeT UEHOUKY CITOWHBLIX H3IMEHEHHH,
cHYCIORICHHY) GHPYPKAGIAME PeryMaApHbiX W XJOTHYCCKHX aTTPAKTOpPOB.
MpryMEa 2THX HIMEHEHMA CRAZUED ¢ TeM, YI0 B KBAIMATTpAKTOpe, HAPRRY C
1 pyOBIMH FOMOKJIHEHYECKHMU CTPYKTYPaMH., MOABNAIOTCA H MCYe3al0T Herpy-
Guic TUMDKIHHHMECKHY TPAarKTOPHH COLIOBBIX NEPHOIKYECKHX NBHMEHHH.

Ce/noBaf BIHYHMI HX MO MOOYNK MOXeT OuTh MCHblie eIMHHULL, 9TO
HPHBOLHT K DOKOENHI0 H UOCNEAYIUMM KacKafaM OMbyprkaudi cuetroio
MHOKECTBA YCTOHUMBLIX MPEASNbHBIX HAKNOB. B CBAIM C ITHM BOSHMKAM H
obBcy®uUsloTCA NPOSNemMpl DRIABICHHY H ONMCIHHA THNHYHBIX NMOCIENOBaTeAb-
HoCTed OubypKaUMi, NMpUBOAALAX K Pa3sBHIHIO QHHAMAUECKOTO Xaoca. Khac-
CHMECKHMH  MPHMEPAMH  KBAIMATTIPAKTOPOB  ChyXar - artpakropel  XeHOH2
174, 3, 7], Cmefina—Qedirenbayma, top-arrpaxtop [13] & ap.

4.6. BupypKauumn cTpaRuX ATTPaK TOPOB

Kak cite/lyer H3 pe3ynibratoB IKCHCPHMEHTOB, HOIHHKHYB GHArOZapH OMpe-
AeiTeHHOMY OHOYpKANOHHOMY MEXaHH3MY, CTPEHIBIE STTPAKTOP C HIMeHe-
HHCM yNDaBAAILKX |IPAMETPOB CHCTEMBl MOXET JBORIUHOHHDOBATE ¢ COX-
PIKEHHCM MEPBOHANAIBHON TONOIOTHYECKOH CTPYKTYPhL, HO MOXET JeMOHCT-
piiponats M peakne (GudyprkanHonnsie) ee HIMeHeHHA. Takue mepexons! B
GloCe THIHYHBI B OCHOBKOM VIR KBAIHATTpUKTOpos. TlpHueM KBa3HATTpaKtOp
MOXET BO3HHUKHYTh IIPH JBONIOIHH. HAIIPHMED, aTTPUKTOPA THMa JIopeHUa ¢ Ha-
PyllieHHEM YCIOBHA CYwecTBORaHMA 10cnenHere. Budypkausonnste nepexomst
THNA “xa0c-xa0c™ pagHOOBGPaIHEl U NIOPOH 3uradOYHN, OHEKO B SHAWMTENLHORA
MCpPE MEHEE HCCILHOBAHBL B CPaRHeNHH ¢ GHYPKAUAAMH perynApHLIX pexXH:
MOB.

Mo anaoruK c 3saniouHesi PEFyNAPHAIX PEXHMOB TIPH BADHAUHN NEPAMETPOB
AB/ICHHA PeIKOH IMEpecYpoiiKH TeOMETPHUCCKON CTPYKTYpPH 3rTpaktopa npH
RpOXOXKNEHHH TAPAMETPOM KpHTHYECKON TOUKH, BBIIBAHHLIC KIUeCTBEHHBIMM
HIMEHEHHAMH XapAKTCpa (A30BLIX TPAEKTOPHA, MOXHO HaIpars Sugdvpxayun-
Mu_crpannstx arrpaxropod. CoflepxaTeNiphias CTOPOH2 JTON0 TEPMHHA CKOpee
KaYecTBEHHaR. YeM KONMHueCTBeHHan. H 3To enonHe MOHATHO, Tak Kax fgaxe B
UTHOUIERHN KBAJHAEPHOMMYECKHX ATTPAKTOPOB TEOPHH YCTOMYMBOCTH W Gu-
hypKauni 8 3aBEPIICHHOM BHIE 1KKA 910 HCT. B KadectBe MOATREPAKICHAA NpH-
verem oSOCHOBAKHOE BricKasHBaHe B. Gpanvecknun: “llpoGrema pazpaborku
HHCEHHBIN METOLOB HIYIEHHA YCTOAMHBOCTH H GudrypKauuil Topon B CYPOrHX
TEOPETHYECKHX PAMKAX OUCHB BAWHI, HO KAKETCH NOYTH HepaIpeHmoii™ [85] .
OnbiT "MCReHHBIX BEWNEI0BARKA Gy PICAUMA TOPOB AaeT BCE OCHOBIHKA paine-
JIATE STy TOMKY 3pCHKA.

BAQypkaums CrpanHBOIo aTIpakTopd MOKET OCYLWIECTBIATLCA KAK Nepexod
THIl2 “xaoc-xaoc™ WM UXioc--nopeaok . B Jkcnepumenrax fudypkaunu
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CTPAHHbIX ATTPAKTOPUR CONPOBOXGAITCA PEIKOA [EpecTPORKOHA HX CTPYKIYPRI
B asoBOM IPOCTPAHCTBE M COOTBETCTBYIOWMX CTOXACTHYECKHWX MHOXCCTB B
cevennu [lyanxape. Ecnd aHanHuMpywTca CTETHCTHYCCKHE XApaKTEPHCTHKH M-
HAMHYECKOR CTOXACTHYHOCTH, TO HEpCXORLI B X20UC IIPHBUMAT K PEIKHM HIME-
HEHMAM GYHKUNA pacTIpeliefteHHs. HHTEHCHBHOCTH KONeGaHMR, HHTErpallbHOTY
CHEKTPA MOWKOCTH M PaCTIPERENICHHA JHEPIUH N0 4aCTUTAM, ABTOKOPPei ALUKH
H ApYTHX MOMEHTHBIX PYHKUHA,

budypkauns crpantoro aTrpaxtopa mMoxer Guith BR3IBIHI CMEHOR “YyCTOR-
YMBOCTH'' HETPMBHATLHBIX THNEPBOAHYECKHX MOIMHOKECTB, KGTOpsIe, ByayuH
HETpHTATHRAOIUAME TIPH IHAYEHHAK TIAPAMETPOR HHXE TOUeK GHdypKkauuy, no-
POXIRIT MeTACTI(MIBHLIA xaoc. MeTacTabunsHas CTOXacTHYHOCTh HabniouaetTcs
KOHeyHoe BpeMst BMECTe 00 "'CTalMnbHbIM"™ X2000M HCCIENYEMOTO X30THYSCKO-
ro peXmHMa, & C NpeBHIUCHHEM napametpamMn GiudypKaUHOHHLIX IHAYEHHH TH-
TepBONHUECKOe NIBAMHOKECTBO B OKPECTHOCTH HCXOMHOID arTpaKTOpe CTaHo-
BHTCA UPHTATHRAWMM., PHK cHpyeTca GidYpKAUHOKHBIR Tepexon “*xaoc —xaoc™.

Onucanne GHypraumii cTOXACTHUECKHX ATTPAKTOPOB HA AIKIKE KIUECTBEH-
HOA TEOPHH — BEChMA BKTYANBHAA JRNANR, peliCHKe KOTOPORA MOITIO Bl HIposints
CBET H2 3AKOHOMEpHOCTH PAIBHTHA TypPGYIIEHTHOCTH CILNOLIHOM cpenth. K cosia-
JIEHHIO, MATEMATHIECKH CTpOroe onMcaHie GHdypKalMi HETPHBHANBHLIX THTEP-
GONHYECKHX MHOXECTB - npofinema upelsbIvaiiHol cloxHocTH. OfHM M3 cno-
COBOB e¢ PEIUCHHR MOXET 3AKNI0NATHCH B COCIMHCHHM KaUeCTBEHHLIX MEIONOB
€ METD/IOM HHCIEHHOTO JKCTIepiMENTa, TpHMeHeHHoM B [86] .

PaccMoTpum BHdypKaunio poXnsHHA KBa3HATIPaKTOpa W3 aTrpaKtope Jio-
PEHIA, peAnuIy oY IOCA B HIBECTHO R Monenn Jlopenna [26]:

X=® —0(x—y), Y= -xz+rx-y i=-bztxy (4.30)

B [86) MeTon0M YHCIEHHOYO DKCNEPHMEHTA ¢ HCTIONMB3OBAKKEM CTPOTHX PE3YNb-
TaTOB YCTAHORMEHL! FPAHMLM OBNACTH CYUECTBOBAHHA OPHEHTHPYEMOTO ATTpaK-
1ope Jlopeuna Ha IAOCKOCTH NapaMeTpoB F ¥ o A b =83,

Obparumea Kk puc. 4.5, roie pHBEEHDBE COOTBETCTBYIOUME Gy PKAUKOHHME
KpHBbie. KpHBan [y 0TBEY3CT CYLICCTBOBAMHIO IBOAKOACHMITIOTHNECKOR Herpy-
GOH TPaeKTOPHH THIA NETNH CEIVIOBOTD COCTONHMA PABHORECHA B HyJle KOOpPIM-
Hat. Kpusan [; xapakrtepHayeT GudypKauHio poxiieHKs srrpaxrops Jlopenna.
3amrpuxosaHHas OGNaCTE JHAYECHHA NAPAMETPOB OTBeuzeT YCMOBHAM CYUIeCT-
BOBaKHA HerpyGoro arrpaktope Jlopemua. Brdypxkaunonnsn kpHean [ paine-

°}
20}
0r
P . 4.5 Budypxaumowuag opar-
paMME Nepexona TR CXaoc - xaoc”
L . T » arrpaxtrope Jlopenus
0 20 3% 0 rpaKTope fope
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nmeT MPOCTPIHCTED MAPAMETPOR CHCTEMB H3 OGNACTH CYUISCTBOBAHHA aTTpaK-
ropa JIopeHUa M KBasHATTPIKTOpa. flepecedchHie JTOR NHEMH BLIdbIBaeT GHdyp-
KaIHOHHBIR Tiepexon ‘'xaoc—xsoc™, NMpH KOTupoM arTpakTop JlopeHua paspy-
1acTeA, YOTYNas MecTo KBaIHarrpaktopy. B ofitactv KeasHarTpakropa coxpa-
HACTCH CTIOXHAA CTPYKTYpa pailleHda ¢ha30BoTo MPOCTPAHCTRA Ha TPRCKTOPHM,
BKNIOYADLINE W FOMMIHHNYECKHE, ONHaKO MOABNALTCH HerpyGpie FOMOKIH-
HHUCCKHE TPACKTOPHH CEWNOBBIX UMKNUB H KaK CIEACTBHE - YCTORWHBLIE Tie-
PHOURGECKME JIBMKEHHA ¢ GONBIIMMY TIEpHOIAMM H MaNEIMA 0GNacTAMH NPHTA-
WCHHA,

Mutepec x 3antave o GHDYPKALMAX CTPEHHBIX STTPAKTOPOR CTHMYMHpYeET
sansHeliljee PA3BHINE JKCNCPUMEHTAIMIBIX MOAXONOR H METONOB €¢ PEIICHUA.
(aHHM M3 HHX ARTACTCH Merog pacyera nomuoro cnextpe JIXI pewenng npu
H3MEHEHAH YNpapAIWX napamMerpos. Touka Gy pKalMK CTPaHHOTO ATTPaK-
TOpa TpH TAKOM NOAXOAE - 310 HerpyGoe COCTOAIME CHCTEMBI B MOMEHT f1po-
XOXIEHHA OHOIO M3 I0KAZaTellel CNEKTpA Yepes Hy/NeBOe IHaYeHHe B KPHTH-
ueckoit rouxe. Hanpumep, ann Hexoroporo p < py curarypa crekrpa JIXT]
aTvpaKkTopa Beuta

l-+-.' “0“, H_‘”'i' . “»--“_

B fudypxaimonHod Touke i =4, TPeTHRA NMOKalarenb criekTpa ofpauaetca 8
HyNb, OTPaXaR HerpyBoCTb pexHma:

|!+1|. 1’0”. .‘0.., "u«". e " _ 'u‘
¥ C IIpeBRMUEHHEM M > [, NOARTACTCH [PyGulll aTTpakYop ¢ Apyrofl cHrHary-
poil cnektpa JIXII:

‘|+|D‘ ‘v+'l' }10'I‘ Ib#t\‘ s 10#0!.
Mepexons B Xaoce CONPOBOKNANTCA HIMCHEHHMAMH DAaIMEPHOCTH H C H-
IHHECKOR TONKH IPCHHA COOTBETCIBYIOT BOMICHEHHIG B KolcGare/ibyei npo-
uece HOBBIX cTefieHeit cBoBob:. K coX@WIeHHI0, yKasaHHLIE IOCNEA0BaTCTbHOCTH
Sudypraunit cHrHaTypst cnex1pd JIXIT sechmMa TpyAHo AMATHOCTHPYIOTCHA B WHC
MEHHMIX  IKClHepaMcHTaX. Beuay peakoro  JAMeQNeHMA CKOpOCTH CXOOM-
MOCTH JIANYHOBCKHX MOKa3atened BOAHIH K pHTHYECKOR TUNKY IICTOBEPHO Har-
HOCTHDYCTCH HHLIb FPYBas CHTY2UMA, CONPOBUAIASMAR “CKUYKOM ™

ﬂ_._ ﬂ’ “o“‘ "_m_"’ - L LR, "+u -1+ "” “0 LA L "o

47, Jinawmeckit xaoc 8 upucyrcTaHy GnyxTyam

JhoBoe nsmxeiie pLaTbHEIX ANHAMKYECKHX CHCTEM NPOHCXORHT B MPHCYTCT-
UM (yMos. QNACKIBATL ABHXEHMA B AHCCHNATHBHMX CHeTeMax 6e3 yueta pnyk-
Tyaunil He KOpPpeKTHO, TaK KaK pacceANHe IHCPIHH HEHIGEXHO reHepHpyer cob-
CTBEHHAE LUYMBl BHYTPH CaMOH cucreMnl. flodromy B CTporoM cMpIcne ormca-
HHE [MCCHNATHBHLIX CHCTEM ¢ (OMOUIbI ReTePMHHKPOBAWHEIX OTEPaTOpPOB
JBO/HIOUHH He MOXET HBAATLCA TIORHBIM. TeM He MeHee IHPOKHE Knace yCTo#-
UHBBEX KONEBATIBHLIX PENHMOB aBTOrEHEPUTOPOR JOMYCKACT ANAMH3 C flo-
MOLIBIG HeTEPMHHHPOBAHHMX YPUBHEHHU. 3O BO3MOXHO, ecltH cOGCTREHHMIE
GNYyKTyalki OKA3LIBAOTCH MAILIMH M AHHAMHKA CHCTCMbi MOSBOMAET Ope-
Hefpeyb nx BITHAKHEM.
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JleHCTUHTENLHO. UPH JIBMXKCHMA W PECYNHPHOM ATTPAKTORE (Hanp#Mmep, B
Cnyuac YCTOHUMBRIX NEPHOAHHECKHX ABTOKONCGaHHA) Muanbe GAyKTyaummy
3Ty Xai0T, HC OKA3BISAH NPHIUHNHAIBHOIO BIHAHHA H2 pexHM paBorsl cuc
Tempt. Maneic YyMbl B yCTDi'IIIHBhIx PETrYIAPHBIX PeXMMIX JBHXKCHHA Bbl-
ILIBAIT MAILIE OTKJIOHEHHA OT [STEPMHHWPOBAHHOTY DPelIeHHA, KOTOphie
TpebywT k cefe BHHMBHKH fIMNIL B pAIE CMeuMUIsRbIX 3agay (paspaborka
STANOHOB 4aCTOThI H BPEMEHH. UYBCTERMTENHHOCTH NHPHCMHWKOB CHTHAI0B M
up.).

B 10 we Bpema ponb dnyktyauni 1pHOGPETIET NPHHUNTHATLHAIA Xapak-
Tep slanan Towek Budypxansil, Korla WHCTO [HHIMHYECKOE OIACAHHC Mo-
WeT OKHIATBCA NEMOCTATOYHRIM. HeycTORWMBOCTL CHCTEMBI  BLI3GIBacT  ee
NOBBIWEHHYI0 YYBCTBHTETRHOCTE K [gHCTBHI0 dUIyKTyausH, KOTOpBIe B HTO-
Te MOIYT ONpelellaTs THN BHOBL YCTAHOBHRINEIOCH PEXHMA NOCNE (IpOXOX-
AenMa TouxH Gudypxaid. Taxmm obpasom, BOMPOC O RIHAHKH PAYKTys-
WA Jaxe B Cydse perynapHmx ABTOKO1eG4HHA MpHOGpETaeT cepneaHoe
JHAMCHHE. ECTIH OH pacCMarpHBactcd ¢ yveroM GHypxaumoHHx CBORCTE
CHCTEMDBI.

CrnoxHplii xapaKkTep UBMXKCHUA CHCTEMBI B PCKHME CTPaHHOTO arvpaKTo-
p@ K3K BHYTpeHHE HEYCTOHWHBOIO MHOXECTBa. GervCnosHO, rpebyer AeTann-
HOTO QHAAH3A DEIKLUMM CHCTEMEB! Ha JUYMOBOC BOIMYLIEHHE. JKCIOHEHIHE b-
Had HEYCTORWMBOCTE TP4eKTODHIS B arTpakIOpe Cpady HABOUMT HA MBICTIb, IO
pone GNYKTyalUMa Mower GbiTy NpHHURIKUIbHOH. [lepBOoHIvanbHan Heolpelie-
NEHHOCTh B 33J2HHH HCXOAHOIO COCTORAHMA TIPpH HaZIMUMK UIYMOB HenaGexHa. A
0 3HENHT. YT0 TPeBySICH M3Y4aTsh JBONIOUKIG He HAYANLHOR $a30RUVH TOUKH,
a Hau@INHOTO MRIONC NieMenTa (aloBuro odweMa. B cHcTeMax c nepeme-
UIHBAHHEM AeT:PMHHEHPOBIHHBIA HOAX0Z K PpedicHMIo 3TOH 3ajam He Kou-
CTPYKTHBEH MO CyTH iefla Jawe B OTCYTcToMe BuimywcHuin. TpeByerca
CTATHCTHYECKOE OTNHLAHHWE HEKOTOpOTO 8HCaMOAA B ONPENENIEHHOM CMbIC-
Ae TRIHYHBIX TPACKTO pHH.

Hoonenopaune BIHAHMA MANKIX CAYSIRHEIX BOIMYWICHHR [UIHAMENECKHX
CHCTEM BHE 3EBHCHMOCTH OT KOHKPETHOIO THMA [eT¢ pMHHKPOBIHHOTO pelite-
HHA CBOOMTCA K 4HWAH3Y TDAEKTOPHH CTOXACTHHECKHX IdGiepCHLUHANBHEIX
ypanHeHBH

= Fx, u) + K (x, 1), (4.31)

rae K{x, ) — HCTOuMK cAyuaillisix cHi. B OBIMEM CYYae JaBHCHIUHX OT $a-
JOBBIX KOOPIOHHIT M BPeMCHH. EQili HITEHCHBHOCTE CTYMAlALIX BOIICHCTBHA
M1 B He ZABHCHT 0T KOOPAHHAT cOvTOAuMM cucTeMbl., (4.31) omuceibawt
AUAHTHBHOE CNydaillioe BOIMYWIEHHE M Ha3bIBAKOTCA YparHeHHsmM Jlaioke-
BeHa:

A= Fop) + £, (4.32)

roe E(f) - HerouHMK dnviTyauuin, uMeonmit Mnrcucuerocts D<€ [, Cra-
THCTHK I CTYYaiHBIX MM DUPEIeHHETCA NPUPONOHR jleAcTeyiomero wyma {ten-
NOBOH, MpOGUBUA. HIHKKEPHBIH BHY ipeHITHE (IYMBI, LIYASB! RHCLUKEH Cpent)
H ABNACTCA BHKHOR IPH PEILEHMIS KOKKPCTHBIX 434, TR BRIACHCHHS MpHH-
UHIHAILHEIX  HPdeKTos, BHI3LIBAEMMX (NYKTYAUKOHHBIMH BOIMYLICHH RMH
MANoH HHTEHCHBHOCTH, Ha TIEPBOM ITANE AOCIATOMO OrPRUMMHTLSH Mpeuno-
NOMCHARMH O 13YCCOBOM paciipefienentin. Heromimk $nykryauui 1mpegcras-
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AHCTCSE G-KOPPENHPUBAHHBEM “BCIBIMT IIYMOM ¢ HYICEBIM CPCAHHM W HHTEH-
cHnoCThin ) € 1.

BoiHKICT BONMpPOC. KaKod H3 Paktopas - coOCTBEHHUN 11eTE pMHHHPOBAH-
JRA COKHDYE IHHIMHKA WIH BHCIWAHE wWyM - B Gonuuied creueHy onpegenaet
CTATHCTHUCCKHE CBOINCTBY aBTOCTOXUCTHYECKOH CHCTeMn)? Heckonsko Heaxw-
JAHHMM OKAIBIBUEYCA TO, WTO IHMHIMMYECKIA CTOXACTHYHOCTH MOXKET OKaldh-
BuTh peltialotlee BAHANHe HA CTUTHCTHYECKHE CBORCTBA CHCTEMBI. HAXONALICACA
ol Jleiicrrnesm Genoro wwyMa. HMCHHO JMHIMHUYECKAA CTOXAaCTHYHOCTL MOXET
B HTOrE ONpeUeATh BPEMCHHOE 1UBELUEHHE CHCTCMBI NMPH MATbiX HHTEHCHB-
HOCTHX 1yMa. TakUMH CBOACTBAMH OBNALIIOT CHCTEMBI ¢ THIEpBONHYECK KMK
JITPAKTUPAMH. Mailble cllyYafiHble BOIMYIMEHHA LHHAMMYECKON CHCTCMB] ¢ TH-
ICPOHIHUCCKHMM CBUHCTBAMK NPHBOMAT K MAfbIM HIMEHEHHAM €C CTITHCTH-
YCCKNX XAPAKTEPHCTHK . JIMLAMKMYCCKAA CTOXACTHUHOCTD OKA3ILIBAETCA CHAbHeE
CTOXACTHUHOCTH, J00aBnsemcit IyMaMu MwIoH HHTeHcusrocr [90-92]. Ha
ipHMepe Y-cHCTeM AHOCOBA 1A rUNepGullHueCRHX CHETeM 0BOCHORAH (Ipenes b-
HBIH 1ICPEX0d CTATHCTHYECKWX XApaKTepHCTHK BO3MYMICIIHOR CHCTEMul B CTa-
THUTHYECKHE  XUPIKTEPHCTHKH  HETEPMHHKDOBAHHOA CHCTEMLL TIPH CTpeMAe:
1IMH AHTEHCHBHOCTH BOJICHCTBHA K HyMIO.

OnHIKO, KA YXE YKAIMBALOCE, IHIEPGULHYCCKHUC CHCTCMBE IPCACTARAAOT
<080 HiIBWININPORAHHYI0 MOJEND FPYGRIX CHCTCM ¢ MIKCHMUIBHO BhIPaXKCH-
HIEMH CTOXACTHYECKHMH CBONCTBAMH. B peaihHBIX CHCTEMAX NPHXOUATCA CTan-
KHBITLCA 2IUE BCCTO ¢ KBA3WIHIEpHONHYHOCTRIO. H 3/1eCh BONPOC O BIMAHHY
hNYKTVAIWH  NpHHIAIBGQIBHO  yenoksAaeTcal Tlon lledcteiem  dnyKTyaumii
CIPYKTypd KBAa3HATTPAKTOPOB MOXKET NPCTEPHCRUTE PEIKHE KAYCCTBEHHbIE
nimelichua.  llymoBoe Bo3NeHcTBHE BBIIBIBACT pasHoobpadHke Nepexusbl
B XIDCC. @ TAKXKE OT Xa0Ca K nopaitky. |IpHunHOil TakHX nepexonor HenAer-
C8 MHOAKCCTBO BUBMOXHLIX PEAKHMOB, COCYWIECTBYHUIMX B $A30BOM NpoCT-
PANCTEC  KBAIMTHIICPBONHIECK X HCCHIATHBILIX CHETEM W HpeTe plleBAOLLX
UPH MAIBMIX H3MEHEHHAX MApaMmcIpos cepuio paiiMdHein Gudypkaund. Co-
BepIeHHY ACHO. YI0 B JABHCKMOCTH OT GAM3UCTH HIH YAL1eHHOCTH JHaue-
HItH 112paMeTpoB 0T OHYPKALUHOKHBIX TOUEK PEAKUMA KBAIMATIPAKTOpPE Hd
BHEWIHA (UYM pa3nKuMa. 3acck HMECTCA TIONHUH aHANOIHA ¢ PCAKIIHEH H WyM
PerynsapHBIX pexHMOB. Kpome Toro. BEWIY COCYUMECTBUBAHWA MHOXECTAA
PCrYHAPHBIX R XOUTUNCCKHX  JTVDAKTUPOB,  PLIICAAEMBIX  CTIldpa [pHC
HLIMM TOBEPXHUCTAMU, B aloBoM TPOCIPANCIBC B OTCYICTBHE $NyKTya-
UWHA non OcHCTSHEM WIYME Bu3MOKHBL MPHEKTH BIAMMONCHCTBHA 3TUX pe-
HHMOB.

B oTaHuMe oT runepGONHYECKHX CHCTCM TEOPETHUCCKHIR aHATM3 BIWAHHA
th. YKTYalWH Ha CHCTCMBI ¢ KBa3HATIPAKTUPIMH HATANKHBAECTCH HA MAaTCMa-
THYCCKHE TPYIHOCTH MPHHUHTIHANRHOIO XdpaKTepa W [0 CHX [OP He NPOREIEH.

CTaTHCTHURCKHME  X3PaKTEPHCTHKH  PeXHMOR  KONCOAHMH  BO3IMYUICHHBIX
IMHAMHUECKHX creTeM  (4.31) MOXNO HCCNEeloBaTh METOIAMH  UMCACHHOTO
JKCTEpHMEITa, OCHOBBIBAACE HAa CBOMCTHE JPrOIMYHOCTH 11¢ PEMELIMBAIOMIAX
vHCTEM, IprofiduiocTs HaeT BOIMUNKHOCT IKCNEPHMEHTANBHOTO 1OCTPUCHHA
BOPOSTHOCTIIRIX  PUCHPEACACHH M JpYIHX  CTATHCTHUSCKHX  XapaK1epHCTHK
HYTSM CcOOTBOTCTBYIOIHX yCpelieHHH no ppemeHH. Ho mMukHO ocyllec rsuTh
Nepexol OT CTOXECTHYECKHX MdvbepeiuMaibibix  ypaBHeHHA K KHHeTivec-
KoMy ypusitetno Qokkeps lhnanka 118 QyNKUMK DTOTHOCTH pactpenenchus
BEPORATHOCTSR  (WIH UpocTo dyHKUME pucnipencncHHa)} p{x.u. t) [28--30,
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92-94):

d N d(a 1 N~ 3B,
°r . P A(4wp) + - 3 37 Byp) . (4.33)
a4t =1 3x; 2 5 5=1 x3x;

Koddbdnimenter cHoca A; 0AHOIHAYHO ONpENENRIOTCH  NMPABRIMM  YACTHAMM
COOTBETCTBYMILUHX NHHAMHUCCKHX YPABHCHWA B OTCYTCYBWE WyMa, Koddupu-
uneHTH AMyIun By — cramicTarod cnywalfHoro Merouvrukd. C oxondanuem
NEPeXOAHOro NPOLECCd, T.6. ¢ BHIXONOM H2 ATTPAKTOP, CTALMONAPHOE PaCIpe.
DeneHWe 3EBHCHT TONBKO OT (a3l0BLIX KOOPIHHAT, NAPAMETPOR H HHTEHCHEBHO-
o daykTyauni. C 1oukH IpeHna reoprn Gnpyprauri yyeT BAHAHHA WIYMOB
NPNBO/MT K NOABIEHHIO HOBOIO PABHONPABHOTO YNPABNRXIUCTO TIAPAMETPE
Hapsfly ¢ TMAPAMCTPAMH HEBOIMYILCHHOR CHCTEMEI — WHTEHCHBHOCTH UIYMa.
MosromMy GudyprauHOHKBIC CEOACTBA CHCTEMEl ONpeNenRioTcH BoelH COBOKYIL-
HOCTLIO NAPAMETPOB W YUHTRIBAIT BOIMOXKMOCTE (ajoBRIX MepexOnoB, HHAY-
MHPOBENBBIX IYMAMH,

XapaK TepHCTHIKOR CTOXACTHMECKOR CHCISMBI, OTPaXAIMIEH CTelleHs Heonpe-
NENEHHOCTH MAOTHUCTA PacHipefencHHA BepoaTHOCTeH (MMM creneHs HeynmopsH-
AOMEHHOCTH CHCTEMK), WBJMEICH JHTPONMA KAK (HYHKUHOHzN QyHKUMM pac-
npenenesana [30, 95):

H = kg [plr.u. O Inplx.u, Ndx. (4.34)

Ecmh uin B3aHMOCBAIB SHIpONHK H ¢ JHTPOMKEN muKaMmyeckix cucren: no Kos-
moroposy? Kakoba Jra ¢Ba3b M Kax Befer ce@a wiponua H npn Gudypka-
UHOHHEIX ACPEXOJAX ¢ HIMCHEHHEM TapamMerpos cHcreMm?! OTBet Ha 3TH BONpo-
¢ Heo8XONMMO HMeTh, Y1061 GRITE NOCNEROBATENLHMMNH B IPHMERCHHH CTRTH-
CTHYECKOrO NOLXCHA K ONKCAHHI0 PEeaibHBIX CHCTEM ¢ ARTOCTOXACTHYCCKHM
noBeEHHEM,

B 1eopun ¢aMOOPIahM3dlHM  HEIMHEHHBEIX NPOUCCCOR B INCCHNATHBMBIX
cHCTeMaX MPHHRHNHANIBHOR MpoGNcMOH ABIAETCA YCTAHOBIEHHE 34KOHOMEPHO-
Creil NepexOnRa 0T Xauca K NOPANKY, BLIABNCHHE GYHIAMEHTUIBRBIX KOIHUECT-
BEHHMX XIPAKTEPHCTHK CTEOEHH YIOPANOMCHHOCTH DEOKHMA [HHXKEHMA CHCTC-
Mbl. MoxeT nH IHTPoNNA H chacTeMbt RBIINTLCH KONMYUECTBEHHOR MCpO# crene.
HE nepanxa? Kaszanocek Bbi, OTEET TPHBHANEH: KOJL CKOPO IHIPONKA, HRTIHRCH
Mepoit CTelletls "XA0TWYHOCIN” DAKOHS pACTIpelielieHHA, ONPENenAeT CremeHs
BAMIOCTH cnydafHoL o nporeced K GenoMy myMy, OHZ MOXET CIYXHTh KOMH-
YECTEEHHON XaPAKYCPHCTHXOHR CTENEHH MOPAAKA. JHIPOMHA YNOPHAOYEHHBIX
MBHXEWA B CHoTeMe Sy/leT mewsiie JHTPOTHY XAOTHYECKHX NBHXCHAR. 310
YTBEPKOCHHE HE BLIILIBUCT UPOTHROPEHHA 110 KPafiHeHd Mepe B CTyyasx, Korna
FHEPIHA CHCTCMBL B PRMUTHUELIX COCTORHNAX OCTAETCHE NIOCTORHHOMN.

INpx ynpanncuin peXxuMaMH ABKKEHHA B JIHCCHAATHRHALIX CHCTEMAX ¢ H3Me-
HEHHEM FAPAMETPOB MOTYT CYLUECIBEHNO HIMEHAThCH KaK BHYTPEHHHE NOTepH
JHEPTHA 13 CleT THOCMOAILH, TEK W Q0AA JHCPIHH, DOCTYWAIOUIEAA 8 CHCFEMY
OT BHCWMEIO MCTOMHHMNA (3 cveT oGparHoORk caask, manprmep). B pesym.rare
CPEIHHIE 33HAC JHEPTMH CHCTCMNI B K2ANOM KOHKPETUOM pexciMe, Gesycnos-
Ho, ABRnAetcA dynkuneli napaverpos. BoaHuxaer HOALIA BOBPOC: MOXET I
JNTPOIHA XAPUKTEPHIOBATH KONMNCCIREHRO CToniedh nopraxa (Becnopagka)
GeIOTHOCHICHIMHD K IHIIIHHE Wepknt cHcTeMul? WineeT 1H cMbicn HOpMHpO-
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BaTE JHTPOIHIC 1ia JHAYCHWE JHePrMM M GYZeT JIM HOPMHPOBAHHAR IHTPOVHA
Mepoil CTEHEHA XIOTHYHOCTH PEXGIMA ABHKCHNA, ¢ FIOMOMILI0 XOTOPOR BOIMOX-
WS CPaDHHTL YPOBHHM YHNODALOYEHIIOCTH PUINHYHWIX KaK M0 XAPAKTEPY, TAK
W I JHCPreTHIECKHM XAPAKTCPHCTHKAM COCIORHHA B OMCCHNITHBHBEX CHCTe-
MAX L0 CIOXKHBIME pEXKHMaMK NBHXeHHA? HecnenoBando smax naxumx npoG-
1eMm IIOCBRIe#Ha TeOpeTHYecKas pabora [96] .

B xawecthe KONMYECTBEHHOA MEDLI CTENCHW YTIOPANOMEHHOCTH HBHKEHAA
cHCTEMBI aBTOpoM [96] BBOAMTCR OnpemeneHMMM CNOCOGOM HOPMMPONAHHIA
HA DUEPIHIO JHTPONHE, YMCHBILEHHE KOYOPOH IPR HIMEHEHMR INAPEIMETPOB
TPAKTYSTCA KAK KPMICPHA CIOMOOPIaHHIGiMH cHeteMmul (“S-teopema™ k-
moH1oiMa [96-98]). Onnaxo smcch OCTALTCH He N0 KOHUA TOHATHEIM, KaX
HENPOTHROPEYMIHIM OhRAIOM BRECTH KONKMUECTREWHO IHEPTHIO IHCCHIATIY-
BoA cHcTeMbl? OT 3T0r0 32BHCHT KOPPEKTHOCTE OfIPeLieNeHHR HOPMHPOBAHIIOH
JHIPOMHH W Bee NOCACRYIOIUHE YTBCPHMOENHH N0 NOBONY KORHICCTBEHHLEX
oUeHOK cteneld nopsaxa (Becnopsaxd), a TaKke HBUPABNCHHH {TYTH CaMO-
OPTAHM3AUKH B [IPOCTPAHCTBE YIPAB/AIOUINX flapamMeTpon. Yiasaunas npobne-
Mi E {JCTOMLIEE BPEeMA ABNAETCA Ge3yCNOBHO, OQHOK W1 BAWHEALLHX B BOMPO-
£aX  BBIABNCHHMH KOARYECTBEHHLIX NKOWMCPHOCTEE NPpOUEeCCOB  CaMoapra-
FIHIBHHN.

B haxnoueHHe OTMETHM, 9T0 MPHBEACHHLIE IAcCh COOUPAMCHHR ¥ METOM1h!
HCIeHOBAHHA BIHAHIR WGYMOB Hd ARHAMMHKY -HOMHHEHHBIX NHCCHBATHBHWIX
cucTeM Kacanues N epeHIHANBHMX IHHAMIYeCKHX cucreM. Bee omtcadabie
PE3YILTATE! B PABHOW CTENEHW AMENT OTHOLWICHHE W K IMCKDCTHBIM JIHHAMN-
YECKHM CHCTEMAM, VIR KOTOPbIX ONpelcncHnl KAK croxacmveckre middepen-
UHAIpHbIE VDABHCHHA, YpaBHeWus Jlanaenena, Tax K vpapHenwn Goxxepa —
[pana.



FiTABA S

MEXAHHU3Mbl PA3BHTHA
N KPUTEPHN NHHAMMWYECKOH CTOXACTHMHOCTH

5.1. O BOIHHKHOBEHHH JHHAMHYECKOrO Xa0ca

CIOX4CTHYHOCTE B ICTEPMHHHPOBAHNLIX CHCICMAX PEUIIMIYEICH B COQTHCT-
CTHHH € O1PENe/IEHHRIMH  JAKOHOMEPHOCTAMH B [OCACIIOBITEHLHOCTAX  Gm-
GYPKUIHA PelyNsipHbIX ARMKCIMHA, KoTopete Gyluem naluisats dugyprayuon-
HbIMU MEXGHUIMEMU POXIEHHH XAOTHUCCKHX aTipakTos. Tlpoucccy msrkoro
BOIHHKHUBEHHS TyPBYIEHTHOCTH B CIIOHUNBIX CPEIAN, KIK BEIACHHAOCH CpaB-
HHTCHRHO HEAABHO, NPCIICCTBYCT WHOABICHHE POKHME MLIOMCPHOIO X30Cd,
YTO CTAMYNTMPYCT Janbiciilive HCCReNoBsatuA UpOBHeMLL NEPEXOId K CTONAC TN
HOCTH B KOHeYHOMEpHbIX Molendx [99-103]. € maremardiecKol TouRH 3pe-
HHS NEPEX0l OT PCrYIIAPHLIX K CTOXACTHUECKHUM pOXKHMAM B oben Cnytie
PUCCMAUTPHBACTCH KAaK [EPeXOl Ml KIIACCa JHHAMWueck X cuctem Mapea
Cumeinie ¢ KOHCYHBLM YHCIOM TPYBbEX TICPHOIMMCCKHN H CTAUHOHAPHBIX 4TINLK-
WPOB B KIACC CHCTEM ¢ PUNCHOOIUNCECKTIMIE Will KGGINepBo.Ieo N UMy
CBORCTEAA, XAPAKTEPHIYIOUIHXCA HAAKMHCM CUCTHOIU MHCNE TICPHOIHYCCKHX
ABMACHHA M KOHTHHYYMa yCroiduBrix 1o Hyaccony. Ho Hie yCIOMYMBBIX B
eMpicne Slanmywosa Tpaextopuit |9, 20, 41]*). Heveroiykene Tpack TopHs Mo-
V1 JANOAHATR BCE (Ba30BOC HPOCTPAHLTRY IHHAMHIECKOH CHCTEMDBL, HAlpHMCD
ruiepBustneck e Ycneremmr JLB. AHOCOBU ¢ MAKCHMQTBIN HCYCTOIYHBBIM
torepeHnes [80], Oumakoe wis UMPOKOro KNacea CHCTEM € HE CTOIHE peaKy
BbIPAXKENNON  HEYCTOHUMBOCTLIO  THNCPOOLNHMYCCKHE  TPICKTOPHH  3aMOsHAKT
He Bee (haI0ROC NPOCTPANCTBO, KOTOPOE MOXKET COMCPKATH TAKKC MHOKECIBO
YCTOHUHBAIX 1IPE/IENBHBIN UMKADB CKONS YIOAHO BONBiUMX NepHoaos ¢ YIKH-
MH OBNaCTAMA NpUTHRCHHA. KBazurniepGoinryeckHe CHCTEMal HaHBOICE 4acTu
BCTPEYAIOTCH B panMed HInKe.

PoxneHie HeTPHUBHITBHOTG FUIEPBUIKIECKOrO NIG/IMHOKECTRA TPAeK TOPHH
UPH  NeTepMHHHPOBAHHOM MpCoBpIJOBAHMK MOKHO LEPOMILIIOCTPHPORITL 112
ipumepe Tionkosbl Cmedina™ [81, 9. PaccmoTpum oToBpakenie cAMHHYHOID
KBafpaTa § WAOCKOCTH B cebfl, KOTOPOE OCYILECTRAACTCH, KIK TIOKJIWHO Ha
pue. 5.0a, 6. O6pad keaitpara S uo:l deiHcTRUeM NpenBpaiosaitus P pacrarisa.

*IlounOHBIA SIEpexoa MOAKET PEATNIOHITHCA B H KNIHOHNepOOIRYECKUY CHOTCMAN
12 r4eT GApY praulfi aTIpakTIopol.
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grcR H BCPTHKANBHOM TIBIPABNCHHH, COKHMARTCH B FOPH3OHTUILHOM M, CKNA-
AMBEACH B Bl [0/IKOBB, HAKNAAKMBAETCA Ha Mpoolpas §. Fom  npoutepw-
noBats OTOGpaxenne § = P (S) k pas, 1o TPH K — o9 MLl TONYURM CHETHOS YHLRO
;;cpnlxa.’ll:llbl.‘( Becroneuno YIKHX T0I0C, HLTOWEHHBIX Ha CYETHOE UYMGIO
FOPHIOHIATEHBIX BecKoHeNHO yaKuX nonoc. Mx mepecesenun oaayt Geckowey-
Moe CFHCA0 TOUEK, He NOKHIAWLINX ENMHHYHOrO KBagpara. Jns JmHX tovex
C1POra DKA3IHO CYINECTBOBAHHE Geck OHEYNOTD YMCIIA M-UMK OB OToBpaxerms
1t HETICPHOJIMYECKUX TpaekTopii. pr xoHeYHOR TOYHUCTH 3ANAHMH KOOpAANAT
TONKH, NPHHZLIEKAMER YRAIDHHOMY MHOMNECTBY, CTAHOBHTCH HEBOIMOXKHEIM
UPEICKANHHS €€ JBONWUHE M ECTECTBEHHMM  ARNACICH  BOPOATHOCTHOE
OHNHCIHHE .

Annenns, NonOGHLIC PACCMOTPEHHBIM HA MPHMEPE MOIETHHOTO OTOG PaNeHHA
Cvmeiia, HIGIIGAANTCH B PEaANTBHMX MOTOKOBLIX CHCTEMAX, TIPHEONA K POXIe-
HIN KuasMaTIPaKTopes. PaceMoTpnM Hekorapyte tmdrdepenumansiyie cuere-
My 8 R*, 2k koTopod onpeneneHo RyMepHoe 0TOGPAKEHHE HA ILIOCKACTH S,
colieprautee ceitnoayie Touky O Kak ofpadd COOTBETCTBYIOUIED HEVCTUHYHRO-
ro uukna T Tlyers yemiuupan W3 u veyerofvusas W CEMRPATPHCH TONKH (2,
ARNRMILHEECH [THIMAMY TIEpeccyeHns ¢ S COOTBETCTHYWIMHX MHOIooBpaIHiA
Wi o W, oBpasynr » orobpaxennn rpyGyio roMOFIHINMECKYID CTPYKTYPY,
¥aK ROKa3aH0 Ha puc. 5.}e. JnemeHT mnockoctu (f) Baon» ycroiwusoi ce-
HAPATPMCE OKHMAeTCH  (2), 2 BIONK HCYCTOHYMBOR — pactxruBaetca (3),
ofipazya B u1ore noaxosy (4). umeromyio 0GTacTH Nepecedeust ¢ iTpoobpa-
oM (). ma onix oBnmacrer, nouoBuo nomxose CMeiina, MOXHU N0KAIATH
“YIRCCTROBIHKE CYCTHOMD MHOXCCTBA CEINOBRIX WHKIIOR H KOHTHHYYMI rOMo-
RIAHHFMCCKHX  TPIEXTOPHEE, NBOAKOACHMNTOTHYECKHN Kk Hum, Kapruna
pHC. 5.18 B OKPCCTHOCTH TOUKH () ABNSLTCA CTPYKTYPIO YCTORUHBOM Do OT-
HOINCHEK X BOIMVUICHEAM MOTOKA K MONCHAET BOIHHKHUBCIIKC KBaAJNRITpaK-
op Cmciina,

K HICTOAWSMY BDCMEHE BCKDBITH H HAIYNECHDLI HECKOILNO THIHINKBLX MeXxd-
HI2MO8 TIEpeXof1z K KS&:!HI"H"EDGOJ‘IH‘ICCKOMY X40CY B _MCCHIIA (2B HBIX JIHHG-
MUMECKIX CHCTEMAX. MX YHIAHMMHOCTS IPOABAACICH B TOM. YTO BONH3N KPHTH-
HECKOH TOUKH PATHYHBIC CHCTEMBI XAPAKTEPHIYIOTCHA KIYECTREHHAIMH, 3 ifHOT 1A

Fap(s)
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Prc 5.1, Ofpajonanme “nonxosd Cmeina™ B oToBpoxeHMK INOCKOCTH (4. 5) W A code-
HHH TPCXMEPHUIU NGTORA NIPH HRTHYHK IOMOXTHHUKN (g}
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H KONMUCCTRHBRIMY e Hbl it IFKOHOMEPRUCTANMU nepc.\odu HHE HIAHCHMAOCTH
Of KOHKDETUOre BHIa YpavHEHHA M PasMepHOCTH CHOTEMBI, KOTOPafs MOMKer
BulTh W pactipenciientoh. Hexolopbie M3 THIMMHBLIX MEXAHHIMOB POAKOCHHA
KBUIHATIPAKTOPOR PACCMOTPCHLI B HACTORWEEH TTaBe.

5.2. Nepexon x Xa0cy 92p03 NOCNEAOBATEALHOCTE
Sndypraunit yABoeHNS nepHona,
Yunsepcamuocrs Oefirenayma

OpHn #3 THIWHHBIX MEXARHIMOR, PERIHIYIINKA nepexon o1 cucrem Mop-
ca - CMefla K CHCIEMIM © XJ4OTHUSCKMM MOBEIEHMEM, COCTONT B HeckOHeIHOR
cXuitHueRcH nociedvearetbhoctu Gufivpxayuil yviaoenus nrepuode peuent-
HbIX UHKJIOB. 310T THI Mepexona Habionaercs B CHCTEMBX CO CHATHEM TDPOX-
MCPHOTO JNeMEHTY $a30Boro DGLEMA M HA HAYANBHOR CTULAH NEPexXona K
Xaocy MNpPHROJMT, KaK Upaswno, x ob0pazopaHdio nouxosw Cmeia [104]).
BGAHIM KPUTHYECKOH TOLKH NPH YCOUBHH, YIO CTENCHB OKATHA 1O BCEM Ha-
NPABNEHHAM CYWECTBCHHO NPCBAIIIAET PACTAMEINKE, TOKALLHO HMEHULICE MECTO
TOABKO 00 OSHOMY M3 COGCTBEMHLIX HAMPABNEHME, NMEPEXOH MOXHO OITHCATH
€ MOMOUIBLIC OIHOMEPHIIX 0TOGpaXeHHH .

3an0nro A0 OTKPHITHA CTPAHHLIX ITTPAKTOPOBR H NOCTANOBKH 3403YH O
NYTAX HX BOIHHKHOBCHHA MATEMATHKAM GBINO AOPOLID KIBRSCTHO U BOZMOX-
HOCTH CNOXHOIO MOBCOCHHA BO BPEMEHH MPOCTRIX OHCKPETHHIX CHCTEM THIA
OTOOPIKEHHH OKDPYWHOCIH M OTOGPAXCHHA TIpuMmoit B ceba. B yacTHocIM, IpH
ACCIIESOBEHHKE THAKHX OJHOIHAUHLIX, KO HeOOPATHMBIX OOHOMEpHBIX OTOGpa-
MEHHA ObUNA YCTIHOB)IEHA BOIMOKHOCTE PEANHIAIMM cepHi Gudypauni ynsoe
HWA nepuona nuknos. Hanwume wackapn Gudypkauni yapoenus lepwond
UMKNOB OTOGPANEHHR H JAKONOMEPHOCTH B NIOCHeROBATENLHOCTH HX peanuia-
UHA HCNDCPENCTREHHO CHENYIOT H3 JamevarcrnbHUil Teopemst Afl. Blapxoacko-
2o (1963 r.) wis rnankux HeoGPATHMEIX oTOGpakeHHi orpeska [105]. Cornac-
HO TEOPEME 3AKCHOMCDHOCTH COCYUIECTBUBAHMA UMKACE OTOGpAaXEHHA CIporo
NONHHANTCH TAK HashiBaemMOMY nopRoxy lHapxosckozo. B yiacThHoCTH, ecnm
oToGpaKeHHe HMCET HNKA NEPHONA 3, 10 OHO HMEST H CUCTHOE MHOMECTBO
UHKNOB BCCRO3ZMOXHBIX fEpPHOLDR p 2k (p=1,2,....k=0,[,2,...)
Orciona cpasy Gienyer yToepRKAEHHe : UMK TCPHOMA 3 POXAIET Xa0C.

Hy:xno npkoHare, 410 2TH dyHaaMEHTALHBIE MATEMATHUCCKHE Pe3ViibTATH
HC OB CBOGBPCMEHII0 H ACJINHEIM OGPAIUM HCMONB3OBIAHLL B MPHKAOHBIX
Hecienopanui X, [lonoXeHHe €TATo PeIKo MEHATRCA CayCcTR 15 aer ¢ OTKphi
THEM  YHHBCPCRJIBHLIX 3AKOHOB, OMHCHBANUIEX Kacxan cxopawmuxca Gudyp-
KanuH yisocHHA, B 1978 r. M. Dcitrenaym yCTaHOBHN YHURGEDCAAIbRLIE KOIIN-
YECTBEHHBIC 3AKOHUMEDHOCTH MepeXOQi K Xa0CY Hepes AOCNeAuBaTeIbHOCTh
GudypkauMi  YIBOEHHA fIEPAOIA, JIPHCYULKE ONDPEHENEHHOMY KIACCY OTHO-
MepHBIX OTOBpaeHMiE Xpay = [(xy, o) [106] . Knace dyusumi f(x, u) onpe-
nenAercA TPeBOBANHEM [NAAKOCTH H HEBBLIPOKICHHOCTH, 3 TAKAE ROIMOKLIO-
CThI0 KBAaIPaTHYHOH annpokcHmauuH f(x) s6rmusm Makcamyma. Takue otolipa-
WEUHA HMEINT BHL NAPARONLI, ONKCLIBAA OHFHIO3NMAYHOE, HO HE BIIHMHO OQHO-
JHAYHOe, npcobpazoBaHKe vIpessa npsmoii B cela. OctaBinas B CTOPOHE BONPOC
O CTPOroM TEOPeTHYECKOM [0Kajatenscrse 3sakoia Oeiirenbayma, kovopoe
paccmotpeno B pane pabor [106-110], oficynsim RAXHBIC JUIE MPYHGKEHHA
YHHBCPCAILHBIS CBOHICTBA YKAIAHHOIO Kiacca 0106pmeniti.



TaKk KaK ¥KA3aHHble CBOWUTEA YHHBEPCUNEHL! W He JAPNCAT OT KOHK]KT-
NOFY JALAHKA f{X, 1), HCOIeNYyeM KX t NpHMepe ApocTeAiLero O robpaxerys
~acea Pedvenbayma, HMEOIHETO RIS

2 .
Xpo1 TH— Xy = flx,, 1) (5.1)

K suny (5.1) npocTodl 2aMCHOR HepeMesHBIX CROMATCR HECKOMBKC PAIMTHMIBIX
SHTTEM, HaubBonee nonynﬂpsm K3 KOTORBIX CHEeNVKIILKE :

Xpeg =1 - uxy, Xpsy = X1 - Xp).
OroBipaxenwe (S.1) wpencraBaser cofodt 0aHONapame1pwuccKoe ceMeRCTBO
LpHEBIX THAA RepeBepHyTO mIpaBoibl € KBLIPATUYHKRIM MAKCHMYMOM B

wuke x,; = 0. Hafimem winn ovoGpaxkenna (5 1) nepsona | i Hecnedyes ero
12 YCrO#uMBocTh. HemoPusHas 104Ka 8 HONBOKHTENLHOM KBanpiurte Gymer

o = — () +i (14 +u) 3 (5.2)

(#TOPAA HEMODBHAHAA TOUKE BOETHA HEYCTOMYHSA) .
MysasTHIHKATOpP P (1) ItHK:13 AepHOAA |

P = [ (Ko} = -2X, = 1-21(Hd+p)' 7). (5.3)
Huk yCTONNHR [ULA 3HAUEHHE 4 B HHTCpRATE
0,25 < u < 0,75, (5.4)

p xoropom |, ()1 < 1. Npu v = ngq = 075 p1{e) = ~1 H HMCET MeECTO
OupYPKAUMA YHBOPHHA NepHO R BHxNA. Poknsercs ycroiumBeiit IHK Depho-
me 2, waR 2atdxol Hafinem 3107 UMKIL DRINAA CHCTEMY NBYX YPABHEHHR A
MHMENTOR 2-UMKNa,

X = p- X7, ¥y =p- XP (5.5)
Homyuum
FyoE (1) + - 3/ %y = (12)- 1 — 314) 3L (5.6)

tiuxs neprons 2 ycrouue B obiiacrn navennid napamerpa 0,75 < ¢ < 1,25,
THK K2K MYNBTHIAHKATOP 1-IHKA3 PapeH

() = f(X) fr () = 4(1 -y

B GudyprauHoHHOR Touke i, = 1,25 MK TCPHE T YOTOHRYHBOCTL Hepes yaBOe-
HIE B MATKO POAJIACTCK YCTORYMEBI 4-uHK.1. FIPOSOSIKHB YHCTEHHO mpouenypy
pacuerTa BHOYPRAUWHOHRBIX 3HAUEHHIT Uy (k = 2,3 ... ), ysuanm, 470 nocnenona-
1C.IhAOCTS { iy} HAKATUIMBAETCH K HEKOTOPOH KPHTHYECKOH Touke u = u° =
=P 40115 .. u =G5, w125, up = 1,368009, 1y = 1394046, n, v
= 1,399637 v 1.0,

CXOAMMOCTs  1NOCACIORATEIIRHOCTH  OHOYPRAUHOBMRBIX  3HRUCHWA fi; K
U* X2paK TepHIYCTCR OTHOLUCHHE M

8 = AufApey = (ko MW (Hi 2 -  Hiaq)- 5.7

C pocrom &k orduwmenwe (5.7) B Npefendx pajlyMHO IANARICMOA TOYHOCTH
HODECTALT JABUCETH O K M CXOJHTCH K KOHCTRHTC
& = lim &, = 4669201 . .. (-.8)

X — -

b RO, ANppeino a1



Puc. 3.1 Mpooeco poGnerHA Maciume-
fics AMOAHIYE UKKTOR TIpH YABOCHHEX
M frenbayma

Pasocis  f° — . yOmBae) ¢ poc-
TOM Kk tid JAKOHY TCOMETpHYeCKUH
APUIFPECCIH CO THAMEHATEIEM

w g = A8, (5.9)

i rae A4 = 0,724 — HeyHHBepPCATbHER
! KUHCTAHT#. KU FUPdS 33BHCHT T KOK-
Mo jer B Kpermora sue GyakoHd F{x, g).
Ecnie wdenendo nocrpoKts 3aBM-
CHMUCTD YCIOHYHBBIX HETuLBHKHLLX
ToNEK {WEMEHTOB K-UMKI0B oTOOpaMCHHR) OT NapaMeTpa i, 10 MolyWHM pe-
IALTAT. KAYCCIBEHHD M3UOpDKEHHEIH Hi puc. 5.1, wuToputi WwinocTpapyer
HATHIIE eIMe OHOK YHABCPCWISHOM KUHCT4HIBI, XdpaKTepiaywuwied 3uxo-
HOMEPHOCTS B TIPDUECCE ApOEIeIH A MICIITdS08 dMIUTH : YL
Touka ¥o UpK B = Uo PACRERNACTCA HA JIBE X, H X ., 38TEM, PH NPOXOKAL-
HHH NAPAMETPOM M 3HAYCHHA U =y, X| H X; PACIICICIAITCA HA [ KANKIAA,
u 7.7 Ypouece npoGnedns MaciTalios ¢ pOCTOM U ILPOOIIKAETCH H ACMOHCTPH-
PYET YHHBCPCANLHLIE CBOACIBA, JAKTIONANWIKECH B TOM, YTU

g = lim (Ek,t’fkq.l) = "‘2,5029 - (5-]0)
kK = =0

Ha APOCTLIX pacycIOn, KOTOPHLC MUKHO MROBECTH € HCMONBIOHBAHHEM Kap-
MZHHOTO MUKDPOKANbKYNAIOP3, CASHYeT, WTo KacKagy GHbypxauwi ynsoe-
HHA TMEPHOIA TIPKCYIHN [IRE YHHREPCUILHAIE KOIHICCTREHHLE JAKOHOMEPHOCTH.
[leppan  XapaKkTepHIyCT CKOPOCTL CXOMIEHMA OGHOYPKAIHOMHBIX IHANEHHR
BApAMETPd [y & u° M HRILIBAETCH yNu@epcansioii Konerawron ®eiizenbay-
Ma & (5.8). Brupan o1pasaeT J3KUBOMEPHOCTH B polecce ApabieHna MacLITa-
00T ¥ HAILIBICTCH PHUBEPCAALIBIM MACILTaGHU M MioxuTeres ¢ (5.10).

CIpyxtypy A noruky, pooblle TOBOPR, CIOXKHOE TEOPI! \HABEPCATRHO-
et (QesirenfaymMa MOKHO TPOHILTICTPHPOBAT:E HA OCHOBE HPMENHAKELHOTO
AHANM33, KOTOPWA NOIBONNT YCTIHOBHTE HATHYHC eute ONHOR yHHBepcans-
HOW xowerautet. Cnenya peaynstaram {111, 112, 7, 12], pacemorpum cxemy
HPAGIHKEHHOIO NOCTPOCHUA PEHOPMIPYIN, FONKAUUMX B OCHOBC CTPOTOH TED-
pru [106 —~ 110]. 3annmem apas st npameresoe orobpaxetne (5.1)

Xpez =[S @)} = g~ ® 42005 - x; G.11)
W npencBpexem B (5.11) X} B cuny ycioBust [xp] < 1 (B 3TOM H COCTONT
npuBnHxeHHocTy 2Ha1n3a!). Mpousnenem 3ameny NepeMcHHLIX {PEHOPMIpYeM
NepEMEHsY X, )

r

e _2ux. 5.12)

CroBpaxenne (5.11) lanswem p Gopme neaoaHoro (5.1), HO crpaBeIHBO-
TO 1A PEHOPMHPOBEHHUDLIX IIEMEHTOB J-IHK A :

Xpez = pV - 0nF . w®) = 28— 1) = g, (-13)
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lpopend YKA3aHHYI NpOUCNYPY PCHOPMHPOBKH K pas. RONYIHM  (IITPHXH
v & B IBHEHLIEM ONycKaeM )}

sperk = @B xd o B Gy (5.14)
OroGpuxciie (5.14) OMHCLIBAET PEHOPMUPOBUHHBI ik H KO dopMe
3aftNCH coslagaer ¢ BuaoM  (5.1). Ho mna (5.1) noTeps yc1o@uHBOCTH

{AKIIOM MPONCXOUAT ApH ig = 0,75. 3Haumr, noteps ycroiunwpocti 2X.gux-
:HOM HMEET MECTO IUIR 3HAYEHNH iy, YAOBNETBOPAICIINX YPABHEHHIO

2Ny = 0,75, (5.15)

heckoHeuHan NOCNENOBATENRHOCTS i (K = [, 2, 3, ... ) CXOIMTCR X KPHTH-
neek0lf  TOUKE [%, KOTOPas eCTh HCNONBMAHAN TOMKA OTOSpaweHHn (i) :

g = o) = 2wt - 1), u" = (1 +/3)/2. (5.16)

Inst GONKUINX 3HAYEHMA k wy BNUIKH K U4° W MUXKHO PaInowMTh @(i) B PHA,
Teillop2 B OKPECTHOCTH KPHTHHECKON TOYKH

Be = p(1* )+ o) (eay - 4*), k» 1 (5.17)
W3 (5.17) nonyuwaem

. ﬂk+[5 -~ Mg v, Hig+1 ~ Mg -
T e, 8 T puut) F e (5.18)
51 Hicv2 — Hert

s meaenyemoro samu otoBpasenin (i) 9anaercs cooTHomleHHeM (5.13),
orxyas & =4 +4/3.

Taknm obpasom, npHGNKXEHH2A iIpoliellypa PeHOPMHPORKH NOZBONMNA B
HEHOM BMIE NONYSHTE BeIpaXkeHue (5.18) ona n* w 5. Tlpu accrpoenun perop-
MHMpoBaNHore ypasHenua (5.14) 3ameda maciutaBu nepemenioit x ocyulecTans.
1Ch B COOTBCTCTBHM ¢ (5.12). B xputitecikoR touxe M 6nuIko K Heil Maciural
REPEMEHHOR Tak WM uOPaIOM NIMCHRACA B a pa3:

7= -2p° = —(1+/3). (5.19)

iHapaMerp o B eCTh yHuBCPCabAbIG MACKITABKbIE MKOXUTE .

Tockonbky B KpHTHUCCKON TOMKE 4 =u”  DEHOPMHPOBANHOE YpaBHeHH
15.14) umeer i moBoro M3 uMknos nepuoma *¥ ounu v 10T We BHI, COBIfa-
LouIMA o popme ¢ (5.1),

X ok T -xh k>, (5.20)

B xpumecxoﬁ TOUKE CYLUCCTRYET OeCKOHEYHOE MHOMeCTRO UHKNOR ne-
proga 2%, KOTOpLE HEYCTOHYNBE! H HMEIOT OIMHAKOBOE JHAYCHUE MYIIBTHIUIH-
Karopa

pt) = p* = 1 |(k+4u Y1) = _1 54, (5:21)

Takum oSpaioM, 3aKoHOMEpHOCTS QeiirenbGayMa xapakTepuMayercs eute OHHM
YHUGEPCAALHYIM KONMWIECTHEHBRIM NAPEMETPOM ~ INGYEHUEM MYASTURAUKG-
opg 2*.unicna (k ® 1) 8 xpurivecxois royxe: p = - |.54. ITHM MOXHO BOC-
JONBIOBATHCH B HHCHENHBIX IKCIIRPHMEHTAX NMPH HOCTPOEHHMM NHHMA KPHTH-
MECKHX 3Na4eHRA 1apamerpos [12].

TIpHHUMNHATEHBE  BLIBOMIBI, NONYUEHIRIE BBUUE ¢ WCTIONMIOBANICM 1pH-
RxeMHOH MPOUCYPE PEHOPMHPOBKH, HONTBEPXKIATCH CIPOroi  TeopHCH

R* m



Tabnuwua 5.1

Cpansesine TOMMX JA9HER KOHUTANT KRIAAPATINRONO OTODPAMEHER ¢ HONYLCHNMNMM
NPUIEEHND

Bxauenmn ] Jusuokun
Koncraurs Koncranrs
Toudbie  |HprBIReNHLIe TONRWIE NPRGARKCHELIE
5 4,6692011... 5.73 st ~1.68119... ~1.54
u - 4,50291... -2713 The L4155, 1,37

H YMCHIeHHBIMH pacterami. CnencrBieM nopuGnuxeswii, HCTONLIOBIHHNX TIPH
dopmynipoBke yparsenns (5.14), apngerca LHUT TO, YTO KONMSCCTREHHEIC
SHIMEHMA YANBEPCBITLHBIX KOHCTRNT 5, a n p°, 4 TAKNE HeYHHBEPCANLHOH
KOHCTRHTDE f *, ONpPeIRfieHs ¢ AOTPEIHOCTLIO, Y10 mxulo Buiters 13 Tabn, 5.1.

YHHRCPCATLHOCTS IHAUSHUS MYTBTHANMKATCPn 2X.uMkia 8 KpHTHYeCKOR
TOUKE MONHO JIONONKHTE B OCHOBY ANFIPHTME YHCIBHTIONO PaCieT: NOCTONHHEIX,
xXapzi repuayiounitx deiirentaymopckri nepexout. Tvers orotpaxedne 3ailano
B npexceii popme (5.1). fTepemnuem cootnorieHns (5.2), (5.5), (5.6) B mume

X, =0 -x3, c =@ a2 g
]
X2 T8 Xa, ' ¢.22)
= [+ {4 3" 241 n.
Xy =g - x3, xa3= [t {4~ ]

BacCrioNEsyeMcst B HepBOM TIPRGIHAKENHH YHHBEPCATHLHOCTRN £°. T.€. Npe-
nowim, 010 0, (") = P2t )

=2xy ()= 4 (M xa (7). (5.23)
¥papreuus (3.23) n (5.23) npencrapiviior coGoit 1aMEHYTY0 CHCTEMY, KOTO-
PY 10 HATUBEM PeHOp:MIPYINoA -To uopsaxa:

x =p7 - xi,  xy=u-xi

. .2 o (5.24)
Xy 2L - X3, Xp T —nXaX;.

H3 (3.24) usxoamm
pt = (717 B = 13904, 8, = 3y fopa ly=ppe =209 +417 )] /2= 5,123,
= o)) = 1~ 19 +\/17 )/ jd = 156155 ... (5.25)

OnucasvMit 2ITOPHTM NOCTPOSHHA NCHOPMIPYNNL) MOXHY OBOBUINTE M3
CHyudi RHKNA iepronaa 2%, Myemn {x;} Gynyi xeMeHTaMH K-HHKNA:

1= Flxa ) (mod kY. {5.26}
Heto I0uAHbIE TOUKH YOOBTCTROPAIOT YPABHEHHIO
= LM E ). (£.27)

YHMRCPCANEHOCTS JHAYCHHA MIMBTHIIHKATOPA 0° M KDRTWISCKOR TouKe '
IIPHBOIUT X COOTHOIIEHH S

k
Pr(p) = '[Il Loy, filapi=dffax! . 15.2%)
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lycrs { x;} GynyT anementamn 2*.unxna. Mo ananoriu
Xpo1 = flxg, 1) (mod 2k),

L 5.29)
Prilu) = ’!__Il Frelxs, ). ¢

B KpHTHUCCKOH TOMKE W™ HMeeM JAMKHYTVIO cMCTemy M3 3% + | ypaBHeumi
vrHocHTensHo { x; ), {x;} u pu*:

Xpop = flepu*y (modk), xp.y = f(xip®)  (mod 2k},
k T (5.30)
ng felxput) = 5131 Felxpop®).

Onpeneans H3 (5.30) suaucwme u®, ¢ nomowsie (5.28) Haiizem yHusepcams-
Hyw KoHeTanty Qeirenbayma:

b == 62k = aﬂtfaﬂzkl,,;-"-. (531)

C npirvetiemieM IBM BechMa NPOCTY PACCUHMTATD H* M (qp, peUIan yPaBHE-
wug (5.30) w (5.31) maa k =1, 2, 3 ¥ . YpaBHEUMA peHopMrpyHiint 3-ro
nopinka (8-uMKN) NPMBONAT K pe3ynerartam, GoMakum X rounsiM [113].
Jna u® H & ACNYNALTCR THaveHHA (Cp. ¢ JaHHBIMI T36n. 5.1)

u* = 14011487 .., B, =4,6753244 ...

OnucalHpIit ANTOPHTM MOXHO ¢ YCHeXOM NPHMEHHTB JUis aH#IHIa oTOGpaNE-
HYA BHAR

Xpsp =1 -puxh., p=2.4.6.... (5.32)

Pacuer u* m & anst p = 4, 6 u 8, npopencrusiit B [114] ¢ nenonnaokeunem pe-
HODMIPYINBI 2-r0 MOPHIY, NAeT PeaylbTaATel, MPe/IcrasicHHbc 8 tabn, 5.2,

Kax sHano w3z 1aba. 52, ¢ ysennyeuueM nokazatcas crenein p (5.37)
HOCTOAHHAH & M INAYCHHE MAPAMETPA B KPHTHYECKOIT TOMKE JAMETHO BOIPACTA-
wr. OIHEKO B NHTEPaTYpE OTCYTCTBYKT IKCHEPHMEH1AIbHRIC NAHHBIE, CBHIE:
TenecTBYIOIIME 0O YRETMYENHOR N0 CPaBHEHHK® €O CYWIEM KBAJpATHIHOIO
MAKCHMYMA CKODOCTH HakOIUIeHHA OHdypkAUHOHHBIX IHLMEHHIA napamerpa
K KpHETHUECKOMY, HaIMCpeHHOE B (DHIUNECKHX IKCUEPHMCHTZX 3HauekHe &
JEXKHT, KAK NPaBRIC, B npenenax 3 < § <« 5, 4T0 CBHALTENBCTBYET B MOIIb3Y
KBAOPATHYHOTO M2KCHMYMA MNPHBNMKENHOrO OHHOMEpHOTO OTOGpakeHus
HCCIeLYEMOH CHCTEMBL.

Bolpoxknennee ciyvau, Koroa B TeHNOPOBCKOM  PAawiokeWMH GyHKIMK
fx, ) BENMIM IKCTpeMYMa OTCYTCTBYET KBaAPammMHBIA UICH. BHAHMO, He
TROHCTBEHHBL CHCTEMEM OOINErD NONOXeHHS M HOITOMY He THnhakbsl. Tem we
MEHEE RPH YHCICHIIOM MONETHPOBAHHH AHHAMHKEN CHCTEM € TIOMOLIBEID ORHO-
MEPHBIX  0BPOKEHNH NOOOHAA CHTYAltHA MOXET BO3HMKHYTe. [Mpumepom
citywur  peaynsrar pabotel [115]. e xoropod ananuampyercr  otoGpaxenue
MR (5.31), roc p ARaAeTCA GYHKIMEH HesaBHCHMOrO Napamerps. Ecrecibed-
HO. YTIO B MO/IOGHOM Ccnywae cKopocTh CXOXAeHH CudypKalMil yIBOCHHA K
KPHTHYECKOH TOuke ByDeT HepephIBHO 34BHCCT: OT ITOTO NapaMerpa. YTo,
s0001Me IOBOPH, HILTICTPHPYETCA JARNbiMH 1261, 5.2,

YHR9eCATTLHME  CBORCTBA  JBONMUHH ¢ POCTOM NAPIMCTIA  AIEMEHTOR
>k ik nos croipaxcerna  (5.1), xoTupne npeicrasnmior coboil peanuzauMio
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TaGamna 3.2

YHMBSPCAIAN KORCTANTA, NOAOGHAN ADK DAMIHIMMX IRAYEHHA creticrr orolipaxekun

Fix} ur &, by (k> 1)
1 - px* 1.5958 6,9992 1.284..
1. px* 16842 88071 9926...
1- px* 1.7366 10,3294 10,948

HEKOTOpOro Mpoliecca B NMCK PETHOM BPEMEHM, €CTECTBCHHO MOTYT GbiTh OnHca-
Hbl HA A3BIKE CMEKTPOB, ARNANUWMNXCA B3IHMHO OJNOIHAYHLIM HHTSTPANLHLIM
npeoGpa’loBAHHEM BPCMEeHHBIX JanMcHMOCTeR. [Ipn GudyprauMax yHBOSHHS,
xorma 2%-umkn nepexomur B 2¥*Pamkn, B cmextpe momHocTH nponuecca
MACKO POXMANTCA CYBIIPMOMHKH Wiy = wal/2¥*!, aMunmTynst xotopmix ¢
pOCTOM na;)auerpa BOJIPACTANT H K MOMCHTY cCliefiylouted OudypKauny pox-
newnst 2X*3.uukna CTAHOBATCH MAKCHMAIIBILIMH. MOTTHHARCH YHHBEPCATIBHO-
My cootHowennio [115, 7]

| € 41 )13/ Clewors2))? = 13 0B, (5.33)

roe C({w;) — aMILINTVAR cOeKTIpa cyBrapMoHHKy wol2 B MomeHT GHdypKa-
1MH. Taxwm oBpaiom, npH delreHB6ayMOBCKOM, TIEpEXONe B NOK PHTHYECKOH
obxnacTH BMect MECTO NOCnedoBaTenbHoe OfOrallieHHe cnexkTpa cyGrapMoHu-
KaMH mwnf.?k k=0, 1,2 ..., m=1,2,..), aMINHTY I KOTOPHIX FITIN-
HAOTCA YHHBEPCATLHOMY COOTHOWEHKI (5.33). B Hrore B KpHIHUCCKOH Toyke
nepxo 2% .umxna (k - @) crasoBHTCA SeCKOHEUHbIM, 4 CICKTP TCOPETHUECKH
CIUIOMSHMIM, DPCACTIRAAIIMM CODOR HeKOTOphIi Opellectal ¢ BuiGpocamu
HA MACTOTAaX Mwe/2X, aMMINTYNA KOTOPLIX TeM Gaubllte, Yem MeHbure k u m.

Oxasepaerca, 4T0 NpH  defireHBayMoBCckoM Nepexoae YHHBEpCaneH He
OALKO CAM MYTh K XA0CY, HO H OCOBEIHOCTH NORE/IEHHA CHCTEMbLL 38 KpHIH-
‘leckoit Toukoll p > p'. Tax, Hanpumep, NOMOXHTENBHLEH NANYHOBCKHA Xa-
PAKTEPHCTHYECKHH MOKazaYellh PACTeY ¢ TPEBBIIUEHHEM [OPOra N0 3KO-
wy [117]

Mol - w)0 y=In2fins. §=466920... (3.34)

Mo aHRAOTHH C 1cOpHE $HaloBEIX NEPEXONOB 2-10 PONA YHHBEPCANBHBIH K0d-
DHIHHENT ¥ HAIBIBAIOT KPHTUYCONHM BHOCKCOM nepexoda K CTOXaCTWIHOCTH
yeped nNocliencsarentyocts Gudypranmii yNpoeHHA NepHoa.

YHHBEPCLILHBIM OKA3BIBALTCH N MPOUECE YWHPEHHA COCKTPANBHBIX NHHKI
cyBrapMOHHK ¢ nipesbinieHHem nopora [118]

Aw=c(u—pu*)8, Pg=242 (5.35)

BenencraKe yuIMpeHRs cliekTpansHeiX nHHHE (5.35) B Jakpumveckod ofinactm
€ POCTOM HApaMeTpa CTPAHHBIR ATTPAKTOP mocTenenno “pasbyxaer™, nocneno-
BATENbHO BOBNEKaA B OBMACTH CTOXACTHMHOCTH WeMeHTht 2X-uMknos (kK =
=, .k k- 1,...,0). BdHaumeckux IKCICPHMENTAX, KAK [IPABKNO,
adpexT HUKCHPYSICH, HAYHHAA ¢ MOMCHYA CTOXACTHIAUMH IcMeiTuR 8-TakT-
HelX UMilios [13]. YuuBepcanbuocth B ABMEHHH YUIHPEHHA CHEKTPATbHBIX
JIHHHE  ecTeCTBeHHO BENET K YHHHEPCANKHOCTH B JBONIUHMH HHICIPANLHUTO
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CHEKTPE MOIIHOCTH, KOTODBHI B JAKPHTHYECKOH OGHACTH PacTer MO Jawo-
gy [119]

5; = J WCWPdw=cfu - u*)P°, a=1,525 {5.36)

Kax ycraHoBneHO JKCHEPHMEHTANEHO, MCPEXOM K XaOCY 4eped NMocnenona-
TERBHOCTL GMypramii yOBOCHHA NEPHOAA THIWEH ANS WMPOKOro Khacca
HETTUHEHHBIX HHAMUYECKMX CHCTEM, BKIIIONas pacopeneneHtole,

5.3. Innamuka CHCTEM € FOMOKTHHHIECKOR KPHROH
COCTOSHNA panHOBeCHR THIA cevto-pokyc. Teopema lumimKoBa

PaccMoTpiM onHonapaMeTpHieckoe cemelcrso Fy, rpexmeprbix (Kak Han-
folite MPOCTLIX W3 KNACTR CHCTEM CO CHOXKHBIM LIOBEACHHCM) INAAKHX OKHA-
MHHECKHX CHCTCM

x=F(x. 1) (5.37)

HeAPEPLIHO JABMCAIMHX OT OJHOTC YNPABNSIOLICID NAPAMETpa » {apyrue, ec-
NH OHH UMEIoTCA, 3adHKCHPOBaHbi). Bed notepn oGIIHOCTH MOXKO TOMATaTS,
yro cHcTema ypasHenuit (5.37) xapaxrepHsyercH 0cofiodl TouKOH B Havanc
KOQPAHHAT, xOTOpYWw of03kamHM 0. Bymem cuMrars, 4r0 cdcrema g 1ouke O
umeeT rpylioe COCTOAMME DABHOBECHS THAA Cemio-pOKYCA, COXPAHAKIMIEICH
B HOKCTOpPOM HHYEPBANE IHANCHWI! YUDABAHKIUEIO MapaMerps u. B stom cny-
yae (5.37) moxHo NpusectH k supy [53)

x=px+wy+Pix, v, 2),
yEwx+pr+Qix, v, z), (5.38)
izpz+Rix, y 2}

I p, W M V JABHCAT OT tapamerpa 1, a P, Q u R ~ aHanumHueckue HyHKLUMH,
ofpanawenmect B ocoboil Todke B HY!Hb BMECTE 00 CBOMMSH NEPBLIMH NPOHIBOM
1bIMH. KOPHH XapaKTePHCTHYECKOTO Y PABHEHHA MATPHUBL IstHeapH3auny (5.38)
B rouKe O NycTe YACBALTEO PRIOT CNEAYIOWHM YCIIOBHAM:

Sz =pdu) tjwiu), sy =v(u),
p<0, >0, o (=Res, 3 +5y, 0,(0)50,

rae gy (u) — ceaAoBAN BLHHUMHA 0cOBOH TOWKM O,

Mpeanonoxum, 4o npu o = 0 B cHcteme (5.38) CYIMECTBYET MOMOKAHHM-
YecKad TpaekTOpMA g, BLIXONAIIAA K3 0coGOH TOYKH O H TIpH [ ~ = BOIRPA-
wapuascs b 0. Opyrumu cnosami, ypasHenus (5.38) mpu ¢ = 0 MMewt 000-
Boe pelenve B BHIE HETNH CEMAPATPHCH CE0-POKYCH, PHUEM ¢ HEHYTEBO
cenToRol BenwumHoi oy (0} # 0. [lpx crenaHHbIx BuItie NpeIRONoKEHHAN cnpa-
Benmmsa tcopema Hlunehuxona, yrsepapaiowan [120, 121, 53] ctenyomee.

1. flyere 0, (0) < 0. Torma H3 neH My MONET POAMTECA TOABKO 0OHO Y-
IDiNU60e REPUOONUCCXOe OsUNeRUe, CCNH paspyedie tetnd Mg tpy u # 0
NPOMCXOAHT B CTOPOHY A, KaK NOK21ako Ha puc. 5.3. Tlpu pazpyuwenss [Ny
B CTOPUHY B pOOKIeHHS LHXIIA He NpOMcxoaHT. B enywae o, (0} < O netnn 1y
HuJBIBAETCA NeoMacHoH.

(5.39)
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Parc 5.0 Ilktne cenapatpucw  ceriio-pukyca N
BOIMIKHWE CHYYAW €0 paIpyTuenn (A u B) npn
TIUCHCICHRN T HAPIMETPOE CHCTEMb

2. Nycry o, (0) > 0. B cnyvae onacwoit neta 8 nrboi okpectiocti Iy
A TAKAE MpH €¢ PaIpyHICHHH K&K B CTOPOMY 4, 14K ¥ B, CYWICCTRYET HeTpuau-
ZILHOC 2UNEPEOAUNECKOE MROXECTE0, CONSPHAINCE CYSTHOC MHOXCCTBO Ccefl-
TOBLIX NEPHOIMYECKHX THHxeHHA. ITpH HEXOTOpBIX yciossax rHnepBonHyec-
KOE MHONECTBO MONET Dhitk aTTpakTopoM (crpalinnim!), OHako ror daxr
HeoBXOIMMO HecneuoBaYe camoctonteisHo. Teopema [MunpHuxopa B 0Bwem
cayuae He MO3BOJIACT CAENATH KAKHX-IHDO KOHKDETHBIX BHIBONOB O HATHWHH
AHHAMHUSCKOH CTOXACTHYHOCTH.

YiazanHoe runepOOIHUECKOe MHOXECTRO He ACUEPRLIBAET BCENO MHOWECT-
Ba TPAEKTODMHA, HENHKOM NEXAUMX B OKpecTHoctH netnx [y, OroSpaxerne
moc:ienonanHa [yaHikape B ¢exyweR WIOCKOCTH, TpaHcsepcannHoi K [y, upsn
u =0 {X0rna ecTs ner1q')} HMeeT CYeTHOE MroXecTE0 ROdxog (CMelind, KOTo-
puix nipw 4 ¥ 0 ocTaeTca koHewoe WMEN0. BudypKAUMOHHbIC ABICHHA B ITOR
CHTYAUMK OTIpeenATCA HOBOH CeIUIOBOH BEIHURHO H

o ()= 2Re sy {p) + 53 (u)# 0. .40}

Ecin o0, (0) < 0, 10 oaHonapameTpuuecxoe cemeiictso ccrem £, (5.37) pan
FHIYEHWIA 11 M3 CIETHOTD MHOMXECTBA HHTCPBATOB HMIeT YCTOHYMBOE NEPHOIK-
HECKUE JBHMKEHME, KOTOPOC ¢ H3MEHEHHEM p MpeTepnenaeT Budyprxumu po:xae-
Hra (rubenw) u yapoedws nepnona. Ina oy (0) > 0 cywecrbyeT cvernoe muo-
MCCTRO UHTEPEAIVE [UIA IHANCHHE u, rae [, MMest NONHUCTLIO HEYCTOHWM-
BOe NepPHOIMWECKUe ABHKeHHe (06a MYNETHIUIHKATOpP2 UKK:1E MO MOOYIW
Gonswe emnAub). B oOparHOM BpemelM, T.¢. My Jamene 8 (5.38) ¢ ua ¢,
10T KK aBCONTHD YCTORWD,

Ecitn wcenejyemas cucrema WMeet CeLIo-(okyc ) ¢ KOpHAMH §3 < 0 K
Resy 2 > 0. Te. xapaxrepMayeTcd OMHOMEPHLIM YCTOHUHBBIM H [BYMEPHBIM
HeYCTOHMHBRIM MiD10O6paINAMY, TO A NPUMCHEHHA Teopemnl LMnsHitko-
Ba HeOOXOmMAMO OpPOH3BECTH JameHy BpeMeiH 8 (5.38) Ha oGpatmoe. Orme-
THM, YTO 323MeH2 BPemMEHH H2 NPOTHROTIONOXKHOE He BIAMAEY HA TOMNOIOFHIO
Npcdc/bHEIX MHONECTB, KOTOphIE OTAHWWAWTCA NHIUML XapaKTepoOM YCTORMH-
BOCTH.

Kak sMioHO H3 CK43EHHMU, € TOYKH 3PCHMA BUIMUKHOCTH BUIHHK HUBE-
RHR CTRAHHOTO ATTPAKTUpa UPeOCT4BIACYCA HHYE[HCHLIM n2 TeupeMBbl, Ka-
cawuics BupypaiMié D UKPECTHOCTH ORICHOE NN CeMapYPHChE Celu-
puKycCd.

IlpH paccMOTpeNHH [BYNAPaMeTPHUYECKHX CEMEHCTE JMHAMHUCCKHX CHCTEM
Fx, iy, py) poxgerue uernmn ceano-pokyca npeacrasnser cobodt 6upypka-



wie kKOpaIsmepiecTa ], OfnacTs CyuecTBOBAMAA METNW HA INOCKOCTA ABYX M-
DaMeTPOB ECTh HEKOTOPAA NHKRA Ir, (1, p2). Ilpwt nanxeHwH N0 NapaMETPAM
po:1b J10H JIHHMH SOIMDMKHRL CNYMEH BSIPOXKACHMH, KOTOA XKPOME YCIOBHA
CYLIECTBOBAHMA NETNH 1%p BLUIOAHACTCR ewe OHO GHPYpPKIUHOHHOE YCIOBHE.
onoN!MTENBHOE BHPOXICHHE ONPENENAeT Ha IHHUH /1 vcoBtie TOUKHK KOpad-
sepHocTy 2 [122, 123], xoTOpsee XAapAKTEPHIYIOTCH TEM, UTO ABMAITCA 06
IWHMH V1A JTHHHM NeTAK /1 HEKOTOPHIX HPYIWX Gy PKANKORKEIX NHHMH KO-
pa3MEpHOCTH 1.

YxaKeM B3 BOIMOXHLIX ChYYas BMPOXICHMR, NPHBOASUMX K GuQypka-
MK kopasmepHoctd 2. Tlepssi peani 3yeTCa TIpH YCRORMM, KOFA Ha JIRHHMK (1€T-
AW Ip, ceatoBan BenHvMHa o) obpaurevca B Hynk. Bo BTOpOM citywae mpH npH-
KEHWH BOOJTb JIHNKM NenMH moseT npoH3oRmi Gudypxauma cmeHu cemio-po-
Kyca Ha cemno (WM HaoGopot) B 0cOBOH TOUKE ¢ KPATHWIMH COOCIBEHHLIMN
nausieamel (Ims; 2 = 0, 33 = v, Res; 3 = p). ¥YasaHHwe MapaMeTpuuecKue
TOUKH KODZIMEDPHOCTH 2 B MEPBOM CNYYRe, ¢CiiH O — cetno-poKyc, NpHRoLAT
X HaIHYHI0 GECKOHEYHOID YHCIHA GHbYPKIUMOHHEIX NHHHIE, OTREIOIMX KpaT-
HhM UHIIAM B MHOTOOOXOMHBIM TeTiNM CEeMaparTpsc, KOTOPME CIYIBIOTCN
K pacCMATPHBAEMOH TOWKe HA JMMHMM NMeynd. Bo BTOpPOM ClIydae mapaMeTpiyec-
KAH NOPTPeT InA onacHoi nemu {0y > 0} B OKPECTHOCTH TOUKH KOpaiMep-
HOCTH 2 rakie cofepuint GecxoHemioe wwanio Gndypxaunoamsix nuHwik Kopas-
meprocTh 1. B wacruoct, i3 aamkodi ocoGoR TOUKH Ha nMuHM nernd I B 06
JIACTH CYLUIECTROBAHMA CeMIo-doxyca BHXOINT NYWIK CUETHOIO WHCIA MHMMA,
OTBERIUMX BOTHMKHOBSHMIO B CHCTEME MHOPOOGXO/MBIX TICTENs CeNaparpHc.
Cnywit 0y < 0 ocolniM anecs He smunerca [122, 123].

HecmoTpst Ha ™ 910 Teopema UMneiikona He HA3MERACT HeOOSXOMMMBIX H
OOCTATOMHREIX YCIOBHI PONUIEHMA CTPRHHOID ATTPAKTOPA, OHA YKAILIBALT KOHK-
PETHYI0 CHIYALHIO, B KOTOPOi HMEST MECTO TIONBACHME NONCHCTEMM ritteplo-
NIHYECKHX TPALKTOPHH, H 8 3TOM CMBICIIE ARITNETCA CTPOTHM MATEMATHUWECKHM
KpHTEpHEM BOIMONHOCTH BOIHMKHOBEHMMA CIIOWHOH IHHAMMKH HEAHHCHHOR
CHCTEMB. DAKT HANHWMA et cenaparpmci Iy B xOMKpeTHOit Gacreme HHOL-
712 MONCHD YCTAHOBHTD AHMTHTHUCCKHMMH MeTORAMH. [IpHmMepoM MOXET CIYXHTH
I0KAMATENBCTBO CYLIECTROBAMHA NeTAM B cucreme Jlopewna [124]. Ommaxo
NoAYuw s KOHKPETHLIA BMJI TPACKTOPHH H JHARCHMA AAPAMETPOB, NIpH KOTO-
PHIX OHA peaymMayercd, B OGUICM CIyuae BOIMOXKHO KL ¢ NPHMEHEHHEM S
MEHHOID HHTEIPHMPOBAHHMA Ha JBM. JxcCriepuMeHTAIBHE AAHHEIC CBMICTENL-
CTBYIOT O TOM, Y¥TO ECHH NOMOKIHHMueckaA Tpaextopua Iy W oGnacts ee cy-
LIECTROBAHNA B MPOCTPAHCTBE NAPAMETPOB HaljicHM, 10 B OKPECTHOCIM OMac-
HOH MeYIH MPAKTHUECKH BOCITIA HMECT MECTO CTPAHHLIH aTTPAKTOD, KOTOpPALK
HaabIBAWT arTpaxTopos lthiremixosa [125, 126].

Xora GopMyNHpORKa H OKAIATENLCIRO OOCYMIAEMOH TCOPCMB OTHOCHT-
ca K 60-M roftam, KOHKpeTHhe HCCHENOBAMMA POMH TOMOKAKHHYECKHX TPacK-
TOPH B BOTIPOCE BOIMMKHOBCHHA CYPAHHWX ATTPAKTOPOB NOABKAHCH CPABHMW-
TennH0 HemaBHO [125, 126, 13]. NoMHMO IKCTIEPHMEHTANBHOR MLTIOCTPALMA
TeOpenb!, Pe3YALTaTHl 3THX paloT CBHASTENECTBYIOT O TOM, ¥TO B MEXAHH3IMAX
PONICHHN CTPAMHLIX ATTPAKTOPOB KPOME NMOKANLHEIX Gudypkauni B oxpecr
woctd nernd (wro W M3yuanocs JLIL DinelMkoBsM) cyniectBeHHYw pOnE MO-
rYT Rrpars motansike Sudypraigm, cROACTBA KOTOPEIX OTHACTH MOTYT MPOT-
HO3HPOBATECH 110 COGCTBEHHEIM JHAMCHHAM JTHHEAPH30BaNHOH B ocolioil Touxe



CHCTEMbi, ECtH PUIBHBATH AUMIMTHUCCKMA MeTOL MOCTPOCHHA OTOOpUKEHH,
HepPBOHUSAILHG HEDYsib30ganHst J1IL. lnnpuukossme [127].

Hitepec MHOIMX HocienoBpaTeneii k peweHudM oBnIkHOBerHbIX AHidepen-
UHANLHBLX YPABHCHHA B BHOE IOMOKIHHHNCCKHX TPICKTOPHR PANTANHOMD TH-
{2 PEIKO BOYPOC B LUDCIEIHAS TOMBL. JIeno o roM, Y10 MPH HCUI2JOBANHK pac-
ilpaaesieHHBX  HeIMHERHBIX cPefl PamiiMyHOH IpMPpOJikl, MODSHHPYEMBIX YpaB-
HEHHAMHM B YACTHBIX TPOHIBOMHLIX, YCTAHOBIIEHZ BOIMOXIIOCTL BOIHHKHOBE-
HitH CTAUMOHAPHLIX YCIMHEHHBIX BONH {MMUYMBLCOL MW CONUTOHOR), pacnpoct-
DAHTOUMXCA BAGNL aKTHBHOH cpedpl. Ceflvac crano ACHO, ITO NOMHMO BOTH
npocroil GOpMLl B BRIE HAMOYTLCOD € OHHHM APKO BRIPAXEHULIM MIKCHMY-
MOM B CHCTeMe MOTYT BO3IHMKaTe M Gonee cnowginte no dopme sonusl. Oku
BBINIHAAT KAK MMIOYALCE ¢ PANTHYHRM YKCITIOM GO/ X BCMIECKOB 4 OCUNIUTH-
PYIOLIME TXBOCTAMA ™ WIH KAK HETEPHOMHUECKHE XdaTuyeckue doanet [128].
CyILeCTBOBANME TAKHMY CNOWHBIX N0 Gopme BOAH MOXxeT GbiTh 06YCIOBACHD
BOIHUKHOBHHCM B 2BTOMOJENLHBIX YPABHCHHAX DELICHME THIA METHMH cena-
paipuchl ce, 110-hoKYCa H KX GH Y PKAIM AME .

[Ipumepom tOMET CIYHHTL MATEMATHYECKAA MOJETL B Bide MupyIOH-

- "

HhiX YpABHEeHMH ¢ HENMHCHAOH KMHETHKOH, HMEHYCMAaA yanle CHCtemoRA “peak-
ums — Duddysna”,

u = Flu u)+Dugy. (5.41)

TAE X — MPOCTPSHCTREHHAA, 2 { ~ BPEMEHHAR NMepeMeHHbie. B Cliywe OrpaHuved.-
HBIX PCLUISHME THMA cTAUHOHAPHONA Berynied sonHu

uix. y=ulx - vt), (5.42)

NpedcTannAUME cOBOA HEKOTOPLIH CTAMOHAPHBIA HPOdKIL, ABHNKYIWMHHACA
B/IONb OCH X ¢ NOCTOAHHOR CKOPOCTLIO L Ge3 HIMeHeHH A GoOpMbL, cHcrema (5.41)
OpH NoAcTaHOBK: B Het (5.42)NPHPURHTCA K TAK HAILIBAEMBM ABTOMONS!Ih
HbiM ypapHerH M. Oun npeicrapiRiot cobod ofinikHOBEHHDb itddepeHman
HLIE YPABHEHH H, JUBHCAUME OT MapaMeTpoBs. Eciv weno xoMioOHEHT B HeilMHeR-
HB{X 38IOMOMENBHBIX YPABHEHHAX V 3> 3, T0 B {IPHHUMIIE MOXET BOIHHKHYTh
CHTYaIWA, 00CY™Aapanaca suule.

5.4. MexanuamMsl Mepexons K CTONACTHYHOCTH
B pesymerare Gubypragl KBasHTePHOTHUCCKHX KoneGaHHi

B 1944 r. JT.I. Manpay [88).a uoansee, 8 1948 r., n B HeCKONBKO HHOR GO
me E. Xondom [89] 6uin 1ipeioxen cueHapuii BOIHHKHORCHHA rypByneHT-
HOYD ABHXKEHHA B puzle BecKoHeyHOR Hepapxuy Oudypraiui, TPHBONALMX K yo-
NOKHEMHO PeryNAPHBIX HYIIBCAUMA B HEMHHEAHBIX IJHCCHTATHBHBIX Cpenax,
MPHMEPOM KOTOPLIN MONET CIYKKTh IO TOK MBHKYIEACA KHIKOCTH,

Mexanuim ROIHUKNOGORUR TYpOVAeRTHOCO Qauxentn no fanday — Xon-
v BRICAAINT TAK: TpM HEKOTOPOM THAUCHHH YITPARNAILETO ApAMETPa u = 1,
B CPeUR ROIHHKALY MEPHOIMYECKHA PeXAM IuTOKORAEGANNH vacToTh w (. C poc
TOM U # pp 2> py NOABANETCH MONYTIAUMA HA BTOPOH HACTOTE Wy B 00WenM CIY-
Hae, patlMoIANEHO HE CBAIAHHOMA ¢ w) . BOMHHKAKT JBYXYACTOTHLIE GHERMA, KO-
TOPBIM B (hAIOBOM HPOCT PAHCTHE CHCTEMS! COOTRETCTBYET aTIPAKTOP B HKIE 3P
rOMueCKOro apymeplionu 10pz. NlpH panshedLieM BO3PACTAKKH YUASIAKEE-
ro napamerpa s cilekTpe Dypee asToKONeBaHME 1OQIENOBATCIEHO BOIHHKAIOT
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HOBLIE HE3ABMCHMBIE JMCKDETHBIE wacroTel wy ({ = 3. 4, 5,...) Hapauy ¢ Hx
HENLIMH CYMMaPHBIME B PA3HOCTHRIMH KOMOMHAIMAMMY. ATTPAKTOP NpCiCTas-
CISETCH B 3TOM Cny4dae f-MCthiM IPTOIMUECKHM TOPAM, 110 HE ARNACTCA cIpan-
HEIM BBH/TY IMCKPETHOCTH CIIEKTPA H OTCYTCTBHSA nepemenmpzins. Ecim wicno
{ HECOMIMEPHMBIX WACTOT B CIIEKTPE KBATHIEPHOIMUECKOTD ORHKEHHA BEAHKO,
70 DpEMERHaA peanu3auHA X (1) BRIFIAIMT "cnyuadHon', TaK Kax 1BTOKOppe-
nauvonnan dyakuua Y, (r) mponecea x (f) criaimaer BO BPEMEKH NPONOPIMHO-
wanpho [ ~V2 4 ppema poampata flyanxape (icBasnnepHo: koneGanui) pac-
ter (IponopuHOHaIeHO exp ki, k= 1.

32 cyeT KOHEVHOCTH BPCMEHH PErMCTPAUME IKCHCPMMEHTATHLHMA CHEKTp
MowHOCTH Gvmer Beerna ofinajars CINMOWHAM [BEIECTUIOM € AYCK PETHHIMEM
E-00pazHaMA BHIBPOCIME, \HOIO KOTOPBIX 18 [ » | oueHs Bennko. llannwe
ManbIX NYKTYAMH B cBAM ¢ SONBIMM KBAMNEPHOJOM TPHBOIHT K Pa3MEE
HIO CIIEKTPUIBHBIX NHHHA, 2 mua [ 2> 1y (Io JBIUCHT OT KOHKPETHOID YpOB-
HA WYyMO8)} - K HX MEpexpbiTHio. B peaynsTate peaiHIYCTCR BAOIHE Ollpas-
JaHHaA ¢ PHINYECKOH TOUKH IPEHHA KAPTHHA BOIMKHORCHHS TYplGynenrHoc
M, XOTOpaA COMIACYETCA ¢ TPAIMIMOHHBIMK NPEHCTABNCHHAME O CTOXacTH3a-
LMY NRMKCHHA B CHCTeMax ¢ DOAbUMM WHEIOM Creneneil choBoel, HO He HMeeT
HHuero ofilero ¢ AMHAMMWECKOH CTOXACTHUHOCTBIO, KOTOPOIl OTBEVacT CTpaH-
Hhi aTTPaKTOP.

B CBAIM ¢ DANBHCHIMM PUAIBMTHEM METOROR KAYECTBEHHOW TCOPHH Ridde-
peHUHANBHRIX YPaBHEHRA (Hauano 60-x ronos) crand BOJHHKATH HOBbIC MIIEH
TPAKTORKH MEXBHW3IMA 00paloBaHHA TyplyMeHTHOCTM KaKk WIOKHOTO Xapak-
repa B nosefelind GazoBeX TpackropHii. HanGonee oTieTndBO T2 TEHICHIMA
npospunace & paborax M. Proans u ® Taxenca [27, 129]. Ho cycwapuio Pro>
1% ~ Taxenca (1971 1) DMHAMHYCCKAA CTOXACTHYHOCTD MONET pPa3BHTLCA NOC-
2 KOHeuHOH nocneposarenpHoctH GHdypkaumi. Hocnenoearenw NOKalanu,
YIO ECTIH HMECTCA IHHAMMUECKES CHCTEMA ¢ KBAJHNEPHOLHYECKHM PELIEHHEM,
XAPAKTEPHAYIOIEMCH YCTBIPLMA HECOMIMEPHMLIME UMCTOTAMM wj, TO MONHC
YKAaTh THIBI BOIMYWEHHIA BOCTAIONHC 00EN0 BHIA, B PEIYIILTATC KOTOPHIX
KBA3MMEPHOAMNECKRI NOTOK paspyutaetca ¢ 0GpaOBAHHEM CTPAHHOTO ATTPAK-
Topa. OTMETHM, ¥TO BHE IBHCHMOCTH OT KOHKPCTHRIX BhBOIOB palo rbt Pros-
A - TaxeHca O FPOMHYIO posib B HOPMHPABAHKH NPAHIMIMANBHO HOBEIX B3TTI -
OB Ha IMHAMHKY HejHHEeAHBIX CHCTEM CHIFPANO BHENEHHOE HMH B PaCCMOTDE-
HEe NOHAYHE CTPAHHOTO ATTPAKTIDEA KAK MATeMATHYeckoro ofpaza croxac.
THYHOCTH B IMHAMMYECKOA CHCTEME.

Peaynbrar Promns - TakeHea cocTOHT B ciefylomiem. [lpeanonoxm, uro
8 OKPeCTHOGTH 3JHAMCHHA MapameTPa u = pg N-MEpHAS IHHAMOYECKAA CHCTEMA
HMeeT HHCTREHHOE YCTOHuMBOE cocronmme pashosecud O NpH u = g > po
B peaynprate GupypiaunH AHAPOHOBa -~ Xonda M3 COCTOAHKA pAMHOBEGHA
POXGAaeTCA YCTORWMBLIE MpeAenbHBA uHKkn T, XapaKTepi3YIOWHA aBTOKOMNeE-
BaHHA WCTOTH 4. C pocrem napamerpd T TePACT YCTOHSHBOCTL C BHIXOJOM
Napbl KOMIIEKCHRLX MYIBTHIUIHKATOPOR HA C/AMHHYHYKO OKpYyXHOCTh (o =
= iy > uy ). Poxnacres apymephbi top Ty ¢ nayma s obniemM ciyyse HE3dBA-
CHMbBIMH H2CTOTAMH w; H wi. HACTOTM (o) ¥ W; JABHCAT OT g, H B ofinacry
CYUCCTBOBAHHA [ COOTHOWEHME 4Y3CTOT HIMCHACTCR, IIPHHAMAR PAlHOHAHE
HB H HpPpaIOHWIbHbe 3HaueHHA. Ilpw ¢ = py > uy Tr TepReT yCTORMBOCTS
M B €10 OKPECTHOCTH PONKIAETCA MHBAPMANTHBEI TpexmMepHmi top Ty, xapak-
TEPHIYIKE TPEXUACTOTHOE KBUIMIICDHONMYECKOE [IMHAEHME ¢ KOMAOHCHTA-
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MH HECTOT y, Wy B wi. FpH ACCTHXEHAK TAPAMETPOM THIUCHKN | = utq > iy
Y3 CTAHOHHTCA HCYCTOHYHBBIM, HO OKPYXEH YCTOMGSLIM KBI3HIEDHOTHYEC-
KhEM nowokoM Ha Ty JL Pioans 1 @, TakeHc MOKa3any, ¥1o 3107 notox Ke G-
Oct 0Gugia LA Beex cncteM [27). Manpi BOIMYIIEHHS KBAIHIIEPHO JTHNECKO-
ro notoxa Ha T, NpHBOART K crpanHoMy arTpaktopy. B 1978 r. C. Hewexayc,
. Prwoane w0 @. TakeHC NOKa33/tH, Y10 CTPAHHBIN aTTPAKTOP MOXET ROIHHKHYTh
1pH pa3Ipyile My TpexmepHoro Topa 77y [130].

Mo cpapxesmo ¢ MexaHHamMoM Jlanzay — Xonda, npemmonaraommm Gecko-
HEYHYI0 HEpapXHIu NMOTEPH YCTOHMHBOCTH TOpamH, cieHapeit Poans — Taxeh-
€3 B UPHHUMNE XapaKTCPHIYETCH KOHCYNOA uenoukod GMdypxanwi, oGecne-
IMDBAIHX JDCTHMEHHE XA0THYCCKOID peXMma. JKCTICPHMEHTATLHEIE B Teope-
THYECKHE HCUIei0BaHiA MOCIEAHNX NET CBMACTENLCTEYIOT O TOM, 9TO NpEWId-
weHnan B {27, 129, 130] xaprwHa passHMTHA TYpGYNeHTHOTO [BHXEHMH NaeT
no xpaiineid Mepe BEepHOE HanpapiieHHe PCILCHHA 3AJaw. 310 MOATREPKIEHO
PAIOM IKCIEPAMEHTOB HY PATMODHIHUECKEX MONRINAX, 8 TAKXKES HelOCper-
CTBEHHO Ha moTokax »dixoctd (redendHe Kyarra, neycroduwsocrs Panesn - be-
Hapa ¥ [Ip.), KOTOPbie B CBOCH OCHOBE He NPOTHROpevar uaee Prowa - TakeHca.

MaTemamuueckoe OBGOCHOBAHME CYIISCTBOBAMHA THIHMHLIX BOIMYIICHMH,
PaspyLRIOMMX KBAINOEPHOTHYECKAHR NOTOK ¢ OGpa3OBEAHHEM CTOXZCTHUHOC-
TH, OCTaBNAET OTKPRITMIM PAJL BOTIPOCOR, CTHMYIHPYRIIHX JannHeRitee 1eope-
THUECKOE M IKCHEPHMEHTIAIBHEE HCOTEROBAIME fpotinemel Nepexoma K Ty piy-
AEHTHOCTR Yepe3 XBAMMNepHOmAueckoe spuxerme [131, 132]. Konewnoe muc-
1o nokdisHmx SHyprauMi, MpeILIecTBYINHXY POXICHHI0 CYPAHHONO ATTPaK-
TOpPa, OTYACTH MONET OOBHCHATLCH pajpylleHHeM TOpa B OTNHYME OT CHTYa-
UMH, KOI/la TOP OCTAETCH, d CIPYKTYPS HBHKCHRA Hi Hem Croxactusyerca. flo.
ITOMY C WHCTO MATCMATHNECKOH TOMKM 3PCHMH NPMALANHATEHO BAXHO YCTaHo-
BUTL YCIOBHA CYIIECTROBRHHA W PA3PYLUCHAA p-MepHuX TopoB. Obuied Teopun
Gudypraupil KBAIMMEPHOIMTIECKHX POXHMOB NMOKA HeT, MOITOMY YCIOBHA ped-
NK3AUME, CTOXaCTHIANMH CYPYKTYPH Ha p-TOPE H €10 Pa3pyLIeHHA, [O-BRAN-
MOMY, HYXHO HCCNEIOBATD IR KOHKPETHRIX 3JHAGCHMA P CAMOCTORTENBHO.

OnpenenesHan ACHOCTd DOCTHIHYTA Ceilyac B MOHMMAHMH MEX2ZHH3IMOR
PAIPYLIHMA ABYXUACTOTHMX xoneSaukid. Iloapwiucs pafioThl TEOPETHYCCKOID
H JKCHEPHMEHTAILHOTO XApAKTEPA, B KOTOPLIX NSTATMHO HOCAEHYTCA GHbyp-
KAUMH OBYMEpPHOIO 10Ppa, obycnanivsacnme 3bdexkTn CHHXPOHHIIUMR, CMe-
HBI YCTORMHBOCTH CHHXPOHHBLEMM DEAHMAMM, PA3pPYIICHHA TOpa, B PeIyibrare
Yero B OKPECTHOCTH PA3DYLIMBIISIOCA TOPA MOXET POKIATLCH KBATHATTPAKTOP.

ApH nepexofax 0F ABYXHACTOTHOTO KBAIHIEPHOMMUECKOTO PEXHMA K CTOXAC
THYCKOMY BO MHOMHX JIKCIEPHMEHTIX OTMCUACTCH PEXHM (UHXPONNUICHUU
{131--135). faneHue peIOHAHCA HA TOPE XAPAXTEPHIYETCA DRHOHANLHBIM INA-
yeHHeM wnaiia Bpamesinn Tlyaukape (5 = plg, r w ¢ — uenwe yucna). e asy-
MEPHOTO TOPA WMCHO BPRILCHHA OMPENeIAeTCA OTHOIUCHHeM Ga30BRIX wdCTOT
wi/wa. C MaTeMaTHIECKOH TOUKM 3PCHHA 8 PAMKAX KBAIWIHHEHHGH TpaKkToe-
KK BBUASITAIOTCA CHAbHBIE B CAaDbie pesonancut [52]. B OKpecTHOCTH CHITHHRX
pesonancor (g = 1, 2, 3, 4) nMBamuuecKan CHCTeMa XxapakTepuiyerca Gonee
CIOKHEIMM NEPECTPORKAMH  TONOMOTHYECKOA CTPYKTYPL GANBHMX 1TPaeKro-
PHH, CYURCTBEHHO 3aBMCALMMH OT MOPANKA pexoHaHca. JlnAa cnaGbix pedo-
Haneos (g 2 5) npoGnema palGHeHHA NPOCTPAHCTBA MAPAMEYPOB CHCTEMBL HA
ObNACTH ¢ PAVIHYHEIMH pPeXdiMaMK GOTee TPOCTa M BO MHOTOM CXORA IUIH pay-
MHYHEX 3HaucHMit g. Kpome 1010, cnalpie peanlaHcel ¢ ROCTATOMHO GOMbIIMM
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SHANCHHMEM f§ MAIO CTIHYHMDI OY IPFOTANCCKOrD ABYXMLCIOTHOIO [HHXKEHHA
{52.134,13).

B NpHHLUMOHANBHO HETHHEHHOM ciywme (ornee MPasWIbIC TOHOPHTE O HBle-
ual BHYIPERHER CMNXPOMMIAUME, 3 He O CHIbHwX peloHaHcax. Flosromy ¢
JPHIIECKOR TOUKH JPEHHA NUHATHE CHISHOIO PEIOHAHCA CBAILIRAKT HE TOML-
KD H HEe CTONBKO C HEPLCTPOIIKOR TONIDROTHYECKOH CTPYKTY Phl HBUMKCHHA B ¢10
VKPLCIHOCTH, @ HMEHNO © ABTICHHEM CHIXpoHM3auni (3ddexT 3axnara WacTOTH),
HPUHBIADUHMER B KOHCTHOR W HafiiionacMON INCREPHMEHTRIBHG OfinacTd
JHINCHHA YOPABAAIOLIKX Mapame rpoB. C yxazamiof TOUKH IPeHNS 8 DATIEHMEX
¥ QHINCCKHX IKCTIEPHMEHTAN HMEIOT MECTO ABNEHRMH CHMBHEN PEIOHAHCOR,
JODTRETCTBYIIME BHYTDEHHER CHMHXPOHM3aUMM, A Haveluii ¢ > 5 [134].

JU1A pRUKOHANBHBIX IHAUCHHH yHcaa BpawchuA TTyankape ¢ rpyBas crpyx-
rypa $asoHeX TPAEKTOPNE Ha TOpe B ApOCTeinuem Cydae nipencrannAer coboi
HpeHensHOE MHOMECTEO M3 [PYOuX ycroAauMaoro ™ u meycroimmsoro 1™
UL PHO IMNECKHX ABHeHRiA [87] . Eci ¢ HpPauHOHWILHO, TO ADEACABHEIM MHO-
WeCTHOM Dyher SCA IBYMEDHaA (OBEPXHOCTL TOP4. B peaouaHcHOM emyuac io-
BOpAHOCTL TOpa 0OpasyeTca ZRyMEpHBIM ueycmnwnum MHOrooGpasiem
wiacrs [T, koTopoe 3ampixaetca Ha ycrodampmit wixn 'Y, Ecin Hanwmensinni
1O MOTY/0 MYNETHIVIMKATOP NpenensHoro uMkna I'* peficraurenct ¥ 0mHO-
KPATCH, TO CHCTEMA WMEET IMAAKAR NPHTAIHBAMUMA WHBADHAHTHWIA TOD.

Kux cneflyeT M3 TeOPETHUCCKHX H IKCNePHMEHIANLHLIX paloT, Dpexie %M
[4IPYLMTRCA, JIBYMEPHEE TOP Tepaer mamxocts [13,7133, 135, 136). Norepa
ILAMIKOCTH TOPOM MOXEST NPOHCXOIMTh B pedynbrare pasnuunmx Gudypra-
UMOHHBIX MEXSHHIMOB H He BCET/IA CBAZAHA ¢ BOIHWKHOBEHHEM CTON3CTHYHOC-
TH. OnHako Hepexofly XK CTOXACTHYHOCTH aceria MpeoulectByer NOTEPA PRl
KOCTH TOPOM, WTO JKBHEQIEHTHO roTepe mibPEPCHIMPYEMOCTH HHBAPHAHTHOH
KpHBo# B o roGpane iy Tlyankape.

PaccMOTDHM GHHAMMUSCKYIC CHCTEMY, 3A/I3KRYI0 YPaBHEHKAMM

X=F(x.@), N>3 _ (5.43)

¢ HOCTATOVHO TNANKHMM NPaBbIMK SECTAME, JABACHIUMMH OT COBOKYNHOCTH
NapaMetpoB 3 (py, Has. - -, gx). Jlycrs cicrema {5.43) B HexorOpoK OGNacIH
(; $a30B0r0 NPOCTPAHCTBA NMPM 4 = My MMEET [SIANKHA NMPHIATHBAIOWHA OBY-
smepinti 10p T3 (ug). obpajobanHbil 3aMBIKAHHEM HEYCTOHUHBOTO MHOTOOG-
paius W uMKna I'". HaumeHbuUBift 0O MOIYII0 MYNLTHIHKAOP £ YCIOHUM-
soro wikna I'* Ha T; () oamoxparen u peiicTentened. DaeneM 8 paccMoTpe-
HHE MHONPCTBO HENPEpMBHLX KPHBIX ff = { 1 {5}} B npocipancTe Napamer-
pos eucremul (5.43), 0 <5 < 1, rasax, yro mnA p (0) cHeremy B Hexoropod o6
AACTH (G #MEeT TANKHA NPHTAIKBAIOWKA T0p T3 (1q), 3 At u (1) — He Hmeer.
HpH coenafMux RNpeOnOnOKEeHHAX CHPABCIVIHBA TeOPEMa O Paipyuienuu ropa
{137), ymeepaaiaiomax crenywouniee.

1. CywecTByet MpomexyTodHOe IHaverme napamerpa 3 < 5, < | 1axce, wro
nudo npd s> 5y T3 [u(5)] repAer mankocTs B PEIYALTATE HEINJHKOCTH N0
X043 HeYCTOHIMBOYO MHOTOOBpazus WY s okpectHocm I, mubo npk s = 5y
HAPA MYNLTHIUTMKATOPOR p) 3 YCroluneoro umxna I cramoBures somn-
JIRKCHOH,

2. Cymecrayver 1axoe £ > 5,, YTO ANA IHA9CHHR § 3 $° CHCTCMA HE MMmeeT
nprrardsammpere opa Ty (u), papyniciHe KOTOPOD OCYWECTRAACTCA ONHHM
H3 TPeX ROIMOXKBIX clIOCOBDB:
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A. Ycrofuwsbid npenenshmit ot I' wa Ty (u) nps s = s° repaer yeroR-
YUBOCTS B PE3YIIBTATE OAHON H3 THIIMUHEIX SHypranKi (cm. ra. 3).

B. ¥ ceptosoro nepuoamveckuro amoxeiimf I'”  sO3lHHKaer HerpyGana
TOMOKITHHHYECKAA K DHBAA.

C. Ycroitwaspni M HeycroRumB Ll UMKAEL HA TOPC NpU S = 3° CTHBaloTCA, 06
PRAIYH NEPHOOHYECKOE IBKACHME THWNA COLVI0-Y3EN, H HCUE3AIOT, 8 TOP TIPH ITOM
Hernmaaxuit.

Paapyusesue 1Opa, OCYMECTENAIOICECH B Pe3YNIBTATE YKA3MHHBIX B TEOPEME
Gudypranni, ene He TAPAHTHPYET NOABACHNA PeAHME AHHAMHUCCKOA CTOXAC-
THIHOCTH. OfHAKO eciiH BRINONNEHB! HEKOTOPbie MOMOMHKTENBHAE YCROBHE, TO
1PH. PAIPYLUIEHHE TOPA MOLYT BOIMHKATS KBAIHATTPAKTOPLL,

OGpamimes x pHE. 5.4, Ha KOTOPOM KaYeCTBEHHO HIOGPAKEHA OHdYpPKaUHOH-
HaA OHATPaMM3 HA MAOCKOCTH JBYX MAPAMETPOB it. 43 INIA OKPECTHOCTH He-
KOTOPOA TMPOK3IBONBHOH pe3loHaHCHOR ofinactd, COOTBeTcTBYMOMMeR 1pYyGoit
CTPYKTYPE Ha TOpe, W YKA3aHBI HATIPABNEHHS TBHKCHHA, PEATHIYIOKIME CHTYE-
unk A, B, C 1. 2 reopemnl. PeaoHaHCHBIR "x0108" OMMpaetcn Ha Gudyy pranHon-
HYH TOUKY A; xOPa3MepHOCTH 2. TPRHAINEXARYIC AHHHUR OudYypKItHU posK-
neHur 1opa /o, ¥ 06pajonan aByMA GudyPKIUHONHEIMA THHHAMK [, 0Opaie-
HAA MYNBTHINMKATOPa ycrodwmsoro wikna ['7 s +1 . (cemno-yanonas Gudyp-
KalUHA CIMAHHA W iscyeInonesus waxnos I n °7).

flpn peMxcesuH no Hanpamneauio PA Ha imuwn 1, wnkn T tepsier ycroi-
wHpocTh ® T3 pazpyutaercd. 3nech BOIMONGIO HECKONEKO anyuaes. Ecin na ip-
WHH I3 p = 1, TO He HCKIIOYEHA NOCTENOBATENEHOCTS YABOSHNH QeiirenGayma
H POWeHHE xpa3HaTTpakTopa Cmeiina — Gefirentayma. Ecnn Ha mumuu [ Ha
CIMHHYHLA KPYT BLIXOZMT MAPa KOMIUTEKCHRIX MYTSTHINHKATOPOR UMKNA
I'*, T0 poXIaeTCA HOBBIA [BYMEPHBIH TOP H BHOBb TIPHMEHHMA TEOPEMA O Pad-
pywermn. Ha sinsin poxaeHus Topa H3 waata I'* B T04Kkax CHNBREIX pe3oHaH-
COB MOTYT PewIH30BLIBATCA (Mdypxaunn yTpoenns [p; ; = exp (i - 21/3))
® yvetseperun |21 ; = exp( jn/2)] nepuoma [136, 137].

Ecau neuratech B Hanparnewun PB, 10 1pH nepeceyernn Gy praumoHHOH
RHAW {3 BO3HAXART HEZPYOAR 20MOKAUNUNECKER KPUGAN (HEYCTORMHBOE MHO-
roofBpasue wnxna ['7 kacaerca yeroiwmmoro). Top T, npa 310M psapyusaer-
cA, Ho ycrodmuwnee udxst I'* me Hcwesaer. Buwe antum {5 no HAMpaRITEHKIO
PB BO3HMKACT HETPHBHDILHOE THNEPGONHYECKOE MOMMHOKECTBO TPaeKTOpHiA,
KOTOpOe, O/HAKO, We ABNASTCH ATIPIKTOPOM. MpHTATHBAOMMMM PEXHMOM
ANCH OCTACICA YCTOHWMBLIA UHKN I'7, H BOIMONEH NMINE METICTaOUAbHbLL

te

Muc 5.4, Boamuwubice nyrw papy-
Wetns BYMCPHUTO TOpa Ha NROCKaC-

Ay MNIpaMeTPOB u, ., 4,
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XJOC KAK JWIHIENRHEIA [ PEXOANBIH fpouecc. CYpaHHBii arTpakTop BOJIHA-
K3€T TONBKO B Girvuac weuemoBerud I'', eci, HanpuMep, CIBHHYTHCA MO Hail-
suBnckuio PB’ K epeceus nkHAo /1.

TperHi cnyuat NBHKEHHA (10 KPHROR PC APMBOMNT K CHMURHII K HCHEIHO-
ueHMK HA NHHER [ (CPHGOMYECK OFO jIBHMEHMA THUA COIU-Y3TT, He KMeHr
iueru rpyooR roMoxnHUMKN  (Top B GHGYPKAMOHHOR  rokKe  Hernag-
wwit) . Ocywiecrsnmerca  mepexoAd K CTOXdCTHMHOCTH  lepe3 nepeMexac
MOCTE M BOIHMKAeT TAK HA3BIBaeMbIA rop-arrpakrep” [104] Ecnm neHoe-
AMe OCYLIECTBNRETCH N0 Kpusoit PC' B ofinacts HHXE [MHMK ixp M3 pHc. 5.4,

Py 5.5 Hownkusie cnydgas orobpaokekan Kosisyu HA DAOCKOCTH RRVIT ke cobisl

XAPAKTEPHIYIOMICH Pa3pYIICHME TOPAa UEPe3 MOTEP0 IMAUKOCTH, 10 GHKOH-
PYETCA DEpex0i Of percHaHCHMX OHeHui K 2promuyeckim, T.¢. TOp cOXpa-
HRETCA, OCTABAACH PEIYNRPHEIM ATTPAKTOPOM.

JKCHEPHMEHTUIBHEIH W MHCICHHBIA 4HALB 1poGieMbl paspyieHHs amy-
MEPHOIO TOPA TpefynT MHUHMMYM NBYNAPIMETPHUSCKOID AHALH3A BBHLY TO-
T0, YTC ABICHHE CHHXPOHH3AIMH (pe30HaHca) Ha TOpe (NPe[CTABARET <OSOR
Oy PKAIMID KOPAIMEPHOCTH 2 it HA IUIOCKOCTH HBYX YIIPRRAAIOMIMN 1dpd-
METPOB XAPAKTEPUIVETCH KOHKPETHON TOYKail (Touxa A; Ha puc. 5.4). [lo-
J00HpE ABNCHHA B @iy¥ae OBIWICTO LIONOXKCHHA HE MOTYT HCCTENOBAThCA NPH
L IHOTIAPAME TPHECCKOM NMOXx0NE. TpamMusOHMLIA DR GMIMKH (TYTL HIYUeHH R
MORENSHHA CHOTEMEBI NPH BAPHALHA LIMIIE OHOTO fIZpaMeTpa B 3aldvyax noaot
ROYO THNA HPHBOIAT, K3K 3T0 HH NAPaJCKCANBHO, JIHUML K YCI0KHEHHIO Hatin o
RARMOA KAPTHHLY,

QazoBriit NOTOK B OKPECTHOCTH IBYMEPHOTO TOpa B OfiCM ¢1ywae I10-
PONGIAET H3I0MODPHOE [MCCHTIATHRIOE NBYMEPHOE OTOOPIKEHHE HEKOTOPOTO
koasua. [ycTe komeuo ¢ npeoSpasyeTca Crporo vHYTph cebn rax, wro ofitacre
G nepexcmmr B ofinacts G, 3K NOKANAKO Ha pre. 5.5. MoxHo yicasats obuste
YCI08HA, NPH KOTOPBIX BHYTPH Konrua Gynet CywecTBOBATh JAMKHYTAR KPH-
san [*, npeobpasywwmancs 8 oeBA Tax, YTO Ha Heil ORPeILIAeTCA HEKOTOPOC
otolpaxetie, romeomo phioe SToBpaReHMI0 OK PYKHOCTH!

Ya+) © q’lwnvﬁl BT aﬂ!ﬂ ). (544,

rae P; — napameTphl oroGpanenna.

MpH HexOTOPHIX YeoBHAX OTOGDIXEHHE KONBUA B KOTBUO MOKET HMETh
HOBONBHO CROXHBIE BHN. CHAOXRHAH CIPYKTYPd BOIHNKACT, HANPHMEpR, B (Y-
e, LUK 00Ce HEKOTOPAIM YHOIa npeobpalosaiiwi o@iucrs G nepexoiMt
8 ofciacty (7, Kkax >TO Noka:MO M3 puc. 5.5 6. BOINHKIOMIEE T1PH 370M O0T106-
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paxenne cxomio ¢ noaxosod Cveima. Hannuie saaumMoncpecevenuii otinacreh
0 N ¢ CHIURTENECTHYET O CYWECTBOAHHH GeCKOHCHHONO WMCOME PRINHYHLIX
KPITHMX 26HI0BLIX HeROABHANGIX TONEK M O CTONHON CTPYKIYpPC TOUEYHOIO
oroGpexenma (11, 138, 139]. B nonepeyHom coucHRH I1PEIbHOE MHOKECTRO
8 orobpanenun Gyacr WMETh CTPYKTYpY Tena xauropoaod. Bomomorarens
Ho# OTOBpaneHHe 3aMKHYTOH KpHBOi [ 8 ceGA CTAHORKTCH JIPH ITOM HE B3aHM-
Ho onHOIHawNeIM. Ecnd Mccnenppars orobGpaxetme (5.44), 10 xanroposocrs
CTPYKTY PRI yWHTBIBRTHCH He GyneT.

MNpuGnmiceaHoe onkcaHHe JHHaMHKH OTOGPANCHHS XKONMBUA MOXHO NORY-
WTH, HCCIEAYA MOSenbHoe orofpaucerie oxpyxuoce (5.44), Kotopoe auek-
BATHO ONHCBIBICT NPOUECCUl /B KPHTIHCCKOR TOUKH, KOrAA TEPHETCA BIaumM-
Haf QOMOINAYHOCTh OrTolpameHHA. Tem He MeEHEE HCUNCNOBIHHA MONCNLHLIX
oTobpaXe Nt OKPYXHOCTH NOIBOIMAH BCKPLITE PAX JAKOHOMEpHOCTed ne-
PEXOA3 K X80CY OF PEXHM? LLYXUICTOTHRIX wkoaefannil, nmoayvwBumMX IKCTie-
PHMEHTANIBHOE NOAYBEPAIICInIE.

HanBonee vacto paccMatpueaci i orobpaseitte OKpyXKHOCTH BHIA

Vet Ffn + 80~ (K28)sin(2ny,). (5.45)

rae X o © - mapamerpu orobpuxccna. Tua ¢ € K < 1 oto6pancenue (5.45)
apanevca fubheomopiHIMOM (RIAMMHO OOHO3IHANHOE), omHako X K > |
obparioro oTobpaxcHun ¢~ 42 cywmectayer. flpu K = | o6parnoe oroGps-
wenHe 7' cymecmsyer. 70 He Db penuspyemo nipu ¢ = 0.

{'mapxoe BIMMBO OAHOIHAUHOE OTOGpANCHHE OKPYXHOCTH XAPAKTePH-
Iyerca wiciom spamenMa Iysnkape ¢. Ecnmu apeoSpasopadie xapakrepusy-
T BPAlKCHHE M YIOR Ay & ¢ — Yo, YHUIO BPANCHHA ONPCACNNCTCH KAK
S¢in. B arom cirywse maa (5.45) ¢= 2. B obwem Cydse WHCNO BPaeHANA
ONPENLIALTCA KAK HPesien:

#= tim_ (9 - vo)in]. (5.46)

R (¢n - o) -- MOAHMEY yron nosopora or1oGpuxaemoil TOTKM o HPH 1
uTepaUMAX OTOGpaReHHA. 1A rNadxXHX BIHMHO O[HO3HAGHBIX oTOGpaxe-
HMH OKPYAMOCTH 3TOT HPCAZA CYIIECTBYET H HE IRBMCHT OT 33[aHHA HAGUIL-
HOH# TOuKH. Ycnosra rpyBocik, pua rpyforo oroGpaxeHun, a raKxe Henpeppin-
HOCTS 3ABHCHMOCTH WYMCIA BPanieHMS OT fapameTpa ycrawosneuw » [87].

M3 ycnosmil cywecCTBOBAHHA it HEBMCHMOCTY OT MAYANBHOH TOUKH Tipe-
aena (5.46) cnemver. yT0 INA MPPAMOHANBHMIX 3IHAYEHMA ¢ OTOGpIKEHNe
OKPYAHOCTH (5.45) He iMeeT HENOIBKAMMX TOYEK, 3 TIPH PAUMOHANBHREX M
seHUAX ¢ orolipamenue (5.45) umeer rpyGbit YCTOHUMBME M HeyCTOilyUBLIC
HENOMBKNKMBIE TOUKH KPaTHOCTH ¢. B cuny rpyfOCTH KaWOOe PamMOHATEHOS
3HRYSHHE ¢ COXPAHACTCN HEHIMEHHLIM B HOKOTOPHIX OG(ACTAX HIMEHEHHA Ma-
pamMerpos, ofpaiys TOPHIONTAILHEE CTYNCHDKH HA (padUKe JABHCHMOCTH
¢ OT N10B01» 73 N2pamMeTPOR OTOOPKEHHA [;, BIHAIMLETO HA WHCNO BPALEHWIL.

Ecin orolpaxeie OKpy:xHOSTH He W0OMOpHO. v npenen (5.46), ecnu
OH CyuleCTBYel, CTAHOBMICA JABMCALM 01 HIVAILIOH TOYKH, M YHCHO Bpa-
IMEHHA OTIPENEACHO 306CH HeOIHOIHAYHO. TORHIOHTaNBHBIC YWACTKM Ha rpadu-
Ke 3aBHCHMOCTH @(5;) B DTOM Crywac BIMMHO NEPSKPHIBANTCA, OTPAKER
bakr Biammonepecever:it  (NePexpLTHA) pedOHARCHEX ofnacre ¢ pawiMy-
HBIMH YHCTIZMH B PALLICHIN,
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[IOMLKY KOJIHYECTBEHHBIX JAKOHOMCPIIOCTER NepexXOnd OT PEeXHMI ARYX-
qac1GiNeIX KO/1eGaHHA K Xaocy, HMEIUIHX MECTd B MOAENbHbIX OTOGpakeHn X
QXX KHOCTI, NOCBAWCHO MHOTO paBor [140-144]. Astop |[143] wicrenwo
MCCHEADBAN  LIOCTENDBATENLHOCTH PE30HIHCOB € TMEPHOLAMH, ONpenelAeMsl-
i yhicnamu Puboravun u,, 1A otobpaseHa (5.45) npu K S |, 1y =u, +

4ty - TIpH 7 = o0 WMI0 BPAWCHHA § = o, /i, HMEET MPeNeIOM HPPALHO-
HAIRIOE YHCIO Oy = (5 1)/2, wadpmaemoc OBPATHBIM 30MOTHIM CEye-
HheM. Ycraaonneuu CILCAYIHE 3AKOHOMCPHOCTH:

Q. -, 87", (5.47)

‘l’u,'(\f’:[)* Q=QH)'" Uy . ) Na_n- (548)
rae (1, ONpefenInch B2 COOTHOLUCHNN

Pl (p=0. 1=0Q,)=u,. (5.49)
KOHCIaHTH 5 B O AMEIOT TPHBHANLHBIE 3HadeHHR (6 —af,. @ = —~a,) npu
K < | n werpusnaasuere (8 = ~u), @ = w07, rae y = 2,164, x % 0,527) npu

K = 1. Hamenense 2THX KOHCTaHTY csu:.leremcmyet 0 pa3pyLieHHH HHBAPHAHT-
HOW KpUROH. TPURHANBHOCTL O3HadaeT, uyto B obnactn ¢ € K < 1 Jnaverns
KUHCTRHT @@ H § He MENAWTCH, T.c. OH OCTAIOTCA TRKHMM Xe, KaK B ClIyyae
K=0

Ha ocHOBE METONA PEHOPMIPYNIbI 3KCNEPHMEHTAIBHIE peaynsraTer [143]
nonywuny teoperuueckoe obocHosamme [140-142, 144]. Astopamn BEencHa
B paccmoTpetie dyHKUHA

(o) =a" (@ [a "y, Q=Qpl-un}). (550)

OTHOCHTENIBHO KOTOPOH MPedNONONEHO, YTO OHA ABNAETCA NpPHGTHXEHHEM
DYHKIME BenonsuxHOR 1ouxcn &° (). Torna dyukuks $* (p) yooRieTBOpRET
GYHKUMOHAIBHBIM YpaBHermAM [144]

P (x) = ad* [ad’ (@ ?.x)]. P*(x)=ad*[a” ' ® (" x)]. (5.51)

KOTOpBle HMEIOT IiHHeAHOe pewserme ¢° (x} = x - 1. B nocnenmem cnyvae Kpu-
THUECKHE KOHCTAHTBI HMCIOT TPHBHANBHBIE 3HAYCHHR.

Onmako upn K = | nuHeiiHoe pewenwe He ynosnersopier (5.51). nockony
xy B (g} nmeer Tenepy xybuueckyo TOuKY neperi6a ntpu ¢ = 0. Cnenosareny-
Ho. ®* (x) nomxna Gbirs dyHKuHei o1 x°. HeTpuBHansHas GyHKINA HHKCH-
POBAHHOM TOUKH TaKOIe THNA Ghla NONYYeHd WHCIEHHO TAKHM XE¢ MEYOI0M,
y10 W PeArciaymopckan GYHKUHA HENMOQBHORHOH rouxH nopH Gubyprauuax
ymsoeuns nepuosa. CoorsetcrByioniee coGerserHoe 3HaucHHe YHKUHOHAN -
HOI0 YpPABHEHHA, JIHHEAPHIOBAHHOIO B OKPECTHOCTH 3TOH (DYHKIMH HETtOHBHK-
HOH TOYKH, R3eT KOHCTAHTY § M BOIMOXKHOCTL ONpeneneHHs KOHCTAHTH .
TeoperyeckHe PpeIyNsTaThl XOPOWKO COTNACYOTCA € IKCMEPHMEHTATbHBIMK.
3HayeHHA KOHCTANT & M O 33aBHCAT OT XApaKTEepad PANTOKEHMH YHCITA Bparue-
HHA ¢ B uenHyo 2pobe. OHe OMMMAKOBBI MK BCEX ¢, ¥ KOTOPRIX pavTowxe-
HHE UMEET OLHH H TOT Xe ~XBoCcT".

Baxo, 4TC YCTZHOBNEHHBIE CBORCTRA OTOOPAXEHHH HE JBHCHT OF KOHK-
petHoro sHaa ¢iyHkuHH @, ABNAACH TAKHM oOpaloM YHHBEpCan LHBIMH 1A
Knacea GyHKUHA, HMEIOWH X KYEBHYeCKYI0 TOUKY nepernba.
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YHUBEPCWTOHBIME  CHONCTHAMM XAPAKTEPH3IYCTCH TAKKE CIeKTP MOU(HOC-
TH 0TOGpaXEHHA OKPYKHOCTH B KpHTHueckOH Touke K = 1. B [143] oGuapy-
WeHa caMoNoAoGHAR CTIPYKIYPa CHEKTPa AP JHAUEHHWH YKCIA BpAlICHHS O =
= g7!, veopemHuecxoe 06OCHOBAHHE XOTOPO# [IOTYNEHO BTIOCHENCTBHH B {141].
KonuuecTEeHHBIE XAPAKTEPHCTHKH CIIERKTPA CYIUECTBEHHO 3JABHCAT GY YHCIA
BpaileHHs. B cnyuwa¢ xOrma ¢ NpencrasemMo B Baie uenvad npofu, cnexrtp
ofitanaeT CBOMCTEOM MACLITaGHOA HHBADHAHTHOCTH, 1.2, caMonogobHodl crpyxk-
TYpoit,

HauGonee npocreiM paxioseHMen 8 [ePAOIMNCCKYRD (enuylo Spobs xapak-
TepHayercsa oGpaTHOE 0;I0T0¢ CeycHMe

o=07' =05(/5~N=C1.1..... ...

B 310M cnyyae wacrorh CilekTpa B KHTepsane {0, 1] yHOBIETBOPROT COOTHO-
e HHIO

v==|n,o;‘ -mi. na>ny, (5.52)

THE itz K 1y ~ NOCNEIOBATEILKbIE WIEHBI OAHOTO K3 pANOR OuboHawM.

Xorr orofpaxetme OXpy¥HOCTR opu K > 1, Crporo roBODA, Yke He OnNH-
CREBACT ANEKBATHO X3OTHHMCCKOS MHONECTHO, BOJHMKAKWEE B OKPECTHOCTA
PaIpyIIMBLIETOCA TOPa, TEM HE MCHEC HCCIENOBAHHA [MHamuxR (5.45) mpa
K > | oGHAPYNGANH HEKOTOpble 3JAKOHOMEPHOCTH, X4pakTCpHhie s “rop
arrpaxTopoB”. B wCTHOCTH, YCTaHDRAEHO, yro nipH K >> | nepexon x xaocy
BOIMONCH uepes cepHic BudypkauMil YABOSHMA H XKECTKO - deped Hepeme-
w»aemocrs [(145]. B [146. 147] nokasano, wro npw K > 1 B arolpaxeHHH
{5.45) BO3MONHO ONHOBPEMEHHOS COCYIECTBORAHME [MBYX aTTRKIOPOB,
IO MOXHO CBAIWEBATL ¢ HCOIHOIHAYHOCTLIO YHCNE BPAIEHNA.

Taxum o6palom, WA HCUIEROBAHHA NPOGIeMEl Pa3pylleHMH HRYMEPHAIO
TOpa H CBAAHHEIX C Mefi BONPOCOB O KAYCCTRECHHLIX K KORHYECTHEHHBIX 3aKQ-
HOMEPHOCTHAX (PEXOa K Xa0CY MHOIOYHWCNeHHbIe palorTs No aHanu3y nMHa-
MMKH MOOSIBHEIX OTOGPANEHMA OXPYMHOCTH OKa3THCh BECHMA BAUKHLIMM.

Y10 xacaerca npofGueMEl Nepexofa K Xaocy wepes peXdiMbl MHOTOYACTOT-
HEIX KkoHeBGauuR, T.2. NEPeXOIA K XaoCy Yeped pA3pyHICHHE WIlH AepecTpoRKy
CTPYKTYPE $alJ0BKX TPAEKTOPHH MHOTOMEPHLIX TODOS, TO CIPOTHX DEIYny
TATOB B ITOM BOHpOCE NMOKa HeT. Kpome TOrO, NMO-BHAMMOMY, HANn2KO He Bee
sonpockl o GudypKanHsx OsyMepHblX TOPOR RPE/CTABAAITICA Ciyac Teope-
THUECKH RCHBIMH, Hanpumep, xak cicfyer H3 pe3ynsTames IKCHEPUMEHTOB
[13, 85, 136), nrymepHsiit TOp MOXET IpETePTIEBATb MG xpafiHEl Mepe KOHCE
Hywo neuouxky GadypkauMi ynBoeRMH, KOTOpad He CBA3AHA C YABROCHMAMH
PCIOHAHCHRIX IHKIIOR HAa TOpE. YARGHBACYCH IPrOJIMNECKHA TOP KaK eIMHOe
uenoe! B HTOore yrRoeHHMA TOp, KOTOPSIH TONONOTHYECKH IKBHRANEHTEH ABY-
MEPHOMY TOPY, MOXET B QAJIBHEHTIIEM paspyaThed ¢ 06paloBIHKEM CrpAaHHO-
IC aTTPAKTOPA B MONTHOM COOTBETCTBHH ¢ BLIBOTAME TEOPHH.

HUmeiorct IKCIEPHMEHTANPHEIE PEIYNLTATHI O BOIMOKNOCTH PEATHIAIMH
MPUTAFHBRICLIETO TPEX'ACTOTHOID ABHNKEUMA M HEPeXONaX K CTOXACTHYHOCTH
uepes Tpexsephnit rop [13, 131, 133, 134). Hopobian 3anaya TeOpETHYECKH
He pelieHa, H B CBETe CKa3aHHOIO BBINE TILATEIBHBIC IKCIEPHMEHTHI B ITOM
HAIPABIIEHHK TPELCTABNAOTCA HEOGXOIMMBIMH H YPCIBLIMHAHO WHTEPECHBIMH.



5.5. BranmoaneAcrene artpaxtopos. Nlepemenaemocts

CYIWECTBCHHO: CBOACTBO  KBA3NIMNepbONHYECKOR  CTUXACTHUHOCTH, KIK
yWe DTMEYAIUCH, COCTUNT B NPHHUMUHAIBHON HeycTpaHamucTH Gudypicaumil
!Ilw.'leill-llhlx MHVKECTE B KBUZHATTPUAKTURUX © HIMCHCHHEM napaMeIpuBn. KBa-
IMXIOTHHECKOE TNUBCOEHHE THIHWIM UNA poaTbHBIX OHHIMHYECKHX CHCTCM
W IpebyeT cepLelHuro TEopeTHYecKoroe uecnexoBadun. MeproHavanbho ¢ Ta-
KHM TOBeAeHHEM NPHLILTOCE CTUNKHYTBCA, Habilwila® B YHCIEHHBIX JKCTe-
puMeHTax 3upexT BILHMONCHCTEHA HCYE3AWLETO B pesyNbraTe cemio-yano-
BoR GHyYpKIUHH MPENSBHOIY UHKAA (0 CTUXACTHUECKHM peXEMOM. Jtor
3¢peKT CONpOBOXKAACTCA CNYURHHBIM BO BPEMCHH TIDOLECCOM CMEHB TOYTH
NEPHOAKYCCKHX KoneBaHuit  (iamunapHmx ¢fiai aBUXEHHA) TYPOYICHTHBIMH
BCMBIMIKAME  (TYpOYIeH THUMY Paami) N BAIBIH AePexioom K XAOCy vepei
nepemexacmocrs 3, 4]. Takol nepexon 6uUt0 Gnr HEREPHEIM PACCMATPHBATE
cOBCTBEHHO Kak MCeXIHHIM 0DpajoBaHHA xaotHyeckoro arrpaxropd. [Jleno B
[OM, 4TO 3SCL HMeeT MecTO THIIHYHAA JUIA KBA3HATTPAKTOPUS CHTYILMA: aY-
IpakTop poxiaerca GAUromaps BrIONHE onpcuencitibid GudypKaKOHHWM A8B-
JICUHEM, NPHBOLAUMM K ofpasuBaHHK TOMOKIHNKYECKHX cTpyKTyp. Onnaxo
BAPHILHA MapamMeTpop NPHBOAKT K BHPyprannam yxe cQopMHpOBAHHOTO aT-
TpaK1opa, T-¢. K NepexauaM B xaoce. B 4aCTHOCTH. BOIMOXHBI W HanGonee TH-
UHTHB GHOYPKAHR KECIKOTO pUNIeHHA (MCIeIHOBEHHA) MIOKeCTBA Npe-
HeNBHBLX UHKADR BHYTPH X20THYECKOTD arrpaktopa. HmeHHO BRyTpenHue Gi-
GYpKAUKOHKDIC HBICHHH W NPHBOLAT K PEIKHM NepectpalhKaM CIpyKTyphl
ATYPAKTOPOB, T.6. K NEPEMENTEMOCTU H [APYIRM THNAM B3aMMOOeRCTBHH at-
1paKTOpoB.

PaccMOTpHM HECKORLKO THRHYIEBIX NipHMepoBs MhdeKTa BIHMONCHCTBHA uT-
Tpakropos. bea noTepr olKOCTH NPeANONCKHM, YT B CHILY NPEHMYILLECTBEH:
HUID CXATHA ATTPAKTOP N-MEPHOH CHCTEMbI IUKATH30BAH B TPEXMEPHOM Ton:
IPUCTPaBCTBE B HMEET pazmepHucth, GIN3Kyw K npym. Torpa cnpabestkpo
upuﬁnuxelmoe MDMHPOBSHHC OHHAMHKH CHCTIEMA! OIU’(OMCPHI:!MH HeOﬁpﬂ-
THMbIMH OTUBDANEHHAMM.

Mycts BHA OJHOMEDHOTO OTOGDAMEHHA B peKHME CTOXACTHHHOCTH CO-
OTBEICIBYET H30DpaweHHomy Ha pHc. 5.6 (xpusan J). Hemonsuwman row
Ka Hepwoig 1 HeycroiwkBa ¢ MynammiHkatopom |oi > 1,601, wro cam-
NCTENMCTBYET O  HENMEPHOAMNCCKOM Xapakrepe DICKPeTHOR hNocrencpatenlb
HOCTH.

MycTh HesiMHeRHpie cBuicTBa OTOGpaKeHHA P(x,. ) TaKOBMW, YTO € HIMC-
HelieM p B HEKOTOPOM HHTepBalte i, < u < iy pealtHIyelcA CTyYad, u3obpa-
HeHHBA Ha puc. 5.6 (kprean 2), otpixaucnmi 3pdexT KacarensHol Gudyp-
KHMMH: NPH o = g* TNIPOKIBONKAR Py (x*, ) = +1. Ilpk BapHauUMH NapaMmerpa
{4 8 OKPCCTHOCTH u* nubio poxciaerch, NHGO HCYeIaeT Mapa HeTKIIBMXHRIX TO-
yek B otofpaxensn (Ceano-yznosan Gudypkaums). Ecan mBectn manmi na-
paMep € = | — »* | ® paCCMOTPETS ABAEHMA BENM3N X = x°, TO cnpasemny-
BG TOKANLHOE NpeNcTaBISeHHE

Xp+) ~ € + Xp + g(xn)- (553}

rne x, €1. g(x,) — HexoTOpaH HelHHeAHaH GYHKUMA, Hanpumep £(x,) =
waxp, 0¥ |p-—ut (€1,
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P wc. 5.6. Cano-yanopas SHPyPKAUHA A ODHOMCPHOM UTGHPAKCHHAH ©O CTPANKBLIM aTIpax-
TOPOM L Napaverpom u < k* (I Hu =x* (D)

Puc. 5.7. NamuHapHas $aia [BIDKEHHA B UKPECTHOCTH TUYKH KacaTenbHoR SudypKauHK

A MabIX € B X, MOXHO OFf [HCKPETHOTU TepeftH K AHdupe peHIHAIBHO-
MY ¥ paBHEHHIO

dx,fdn = € + g(x,), (5.54)
peleHHEM KOTOpOTO ABNAETCA

n = fle+g(x,)) dx,. (5.55)
Qs g(x,) = ax} nonysaem

n = (ae)” 2 arctg [x, (afe)'/2]. (5.56)

fipu € =+ 0 arctg {x, (a/€) '] = n/2 n paurensHOCTL NaMUHAPHOI dasbl ($He-
710 MTepalHil B OKpPeCTHOCTH TOYKH KacaTenklioh Gudy palmi)

nelp o —ptim 2 5.57)

IinurensHocTs NaMHHAPHOA ¢a3k OKAIBIBACTCH OGPATHO MpONOPUKOHATTE-
HOA KOpHI0 KBaNpaTHOMY M3 HANKPHTHYHOCTH. JICHCTBHTENBHO, paccMOTpHM
B yBeJNMYeHHOM Maciirafe OKpecTHOCTE TOMKHM KacareNbHoil GHpypKaLHH.
npeacrapneddyio Ha puc. 5.7. [pu orkiioHeHHH napaMeTpa 0T GHQYpPKAUHOH-
HOTC YHCIO HTepalHd OToBpaXeHHA B OKpECTHOCTM MCUESHYBINEH Hello-
neuxHOW Youku Byner Tem Gonswe, yem Medsiie € B audubeperuMansHoi
CHCTEME JTOMY UTBEYdeT NpoUece MNOCNeROBATILHOIO TORTOPEHHA GNNIKHX
K TIepHOOHYECKHM Y4acTKOB ¢a30BOW TPACKTOPHH, CPeHAR ILTHTENbHOCTE
KOTOpHIX

(ty) = clpu — p* | 112 (5.58)

Mcuestiounmi B pesyneTare ceiv-y3/1080H GidypKaHK yCTONUHBRIN Tipeaens-
HLIH HHK B OKpeCTHOCTH TOuxH GHypKauud sedel ceba nopo6Ho Yewmp-
ckoMy Koty w3 cxazku J1 Kopona "Amuca B crpane uypnec™. KoT, Kak HaBecr-
Hu. WMeil OfBICHOBEHHE HCUE3aTh, OCTaBAAA NOCIC ceBd NMapAuylw B RO3ly-
xe VAboKy. TakoR “napsumed yILGKOR™ HCUeIHYBLUCTO YCTORYHBOTO petuelius
HBASETCH JIaMHHApItan haza Aepemexuiomeicn croxactiydocrn [148].
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1 uc. 5.8, Tpadux orolipaxciig (5.59)

P ¥ c. 5.9. AsroxoppennunodHas dyHk-
uNH ANE SHETCHNA mapaMerpa u- 1,54368 <
< ur (1), 154369 > uve (2)
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P ue. 5.10. ChekTpankHaf TIOTHOCTR MOLLHOCTY JLIR JHMCHNR Nupametpa 1 1,54368 <

< utt (1, 1,54369 > ur= (D)



Briepseie 1iepemexacMocTh THItA “HAKA —XA0C™ HGNHIM CeMIO-yIN0BOH Gn-
bypicausn ray aBHApYARIA YHETeHHO B Mogent JopeHua tpy B0MBOIHX IH3-
ueHMHX r (8 obnactu kpadwarrpakTopa!) Tlomuo W Manneswiem [149], a 3a.
IeM Ha(uIojLTack BO MHOMMX Apyrux cacteMax [3-4]. Besycnosuo, aro pa-
NEKO He eIHHCTECHHAA BUIMOMMHOCTE B3IHMONEHCIBHA PAUIHUHBIX PEXHMOR
IpH OOpITHEIX GHYPKAIUAX PeTYADHLIX PRWHMOS 8 CHCTEMIX ¢ KBA3HAT-
vpaktopami. KauectBeHu cxoiibie ABNcHWM HaBnpalrcd BEAMIA Tovek
CYBKPHTHUECKHX BuypRulUil PUNIICHHA TOPa, pONKICHHH UHKIOB Y{BUEH-
Horo nepHoua u up. [3]. MNonoBusbie ABICHUA MOTYT OCYILECTBAATLCH H NpH
BIZHMO/IEACTBHH He TOILKO ¢ PeryIHpHEIMH, HO M ¢ XQUUICKHMH pPeXHME-
MH, B JtoM uiyuae MOXIO TUBODHTE O HEPEMERACMOCTy Tung ''xdoc—xaoc™,

PaccmoTpHm otobpaxelne, Konyudemoe HI BIOPOM WMTCPAIMH 43 NOMMCTH-
Yeckoit napabong [150],

Xnvr = POUx, w) = 1 — w4 20703 — 108, (5.59)

rae Pix,. u) 1 - ax?. T pachiic 31070 0 10GpaxeHHd Npeitcrapien Ha puc. 5.8.
Henonpuxcupie rouxu x¢'), x (3) scerna weyctoitunsni. Hx MynsTHIHKaTOpL
NonoxurentHy X Gonbine exrurunl. Touxe x 20 ¢ x (%) ymewt MynsrHIIH-
karopsl o< 0 M ¢ POCTOM L NpeTepresanT GHYpKauMH YIABOCHHA NepHuas,
Tp w = &% = 1401155, . . KX MYIBTHIVIHKITOPL! IpOXO/IAT KpHIHYESKOE 3HA-
wenue p* = —1,601... H OHHOBpEMEHHD pOXAAWTICA [IBAa aTTpaKTOopa QeireH-
Bayma. OBNacTn NpHYSKEHHA JTHX ATTPIKTOPOE B OZHOMEPHOM (a30BOM NIpo-
ctpaHctse cHcTemnl (5.59) paspenser “cemaparpHca” - HEYCTOHUHBAA TOWKA
x93 NanvHeituree yaenHueHe g 2> u° - CONPOBOWKALICA IBOIIGNKER oboKX
aTTPAKTUPOR Yeped cepuio O6paTHX GHbypKauMA yABOEHHA K pEXMMY pai-
BHTOA CTOXACTHYHOCTH. II1A 3HaveHMH Dapamerps u < ui** = 1.543689. ..
HeyCTOAYHBAA HENOORHKHAA TOUKA x(3) Npomommkaer Arpars pors cefapat-
PHChI, PAdrpaHHMMHBAR ofNacTH NMPHTAXEHHA ATIPAKTOPOB. B 3aBHCMMOITH OT
IRAHHA HAYATBHBIX Touex CiicBa Wiy chipasa ot x P) peaynerupyroumm Gyner
IBWXEHHC H2 MEPBOM MM BTOPOM X3OTHHECKHX ATTpakTopax. B xpHrmueckoit
TOyKe o = u"*® ATTPAKTOPEI HAMMUIIT BIAMMONEHCIROBATL vepes NicpeMewxae-
MOCTD K ¢ IIpeBsIRIeHHEM Nopora x> 4 * ofseanHaTe.

PaccMOTpHM  pe3yneTarbl pacyetoR HOPMHMpPOBAHNHOH 2BTOKOpPpPENHIHOHHON
dyncunn ¥ (k) H byphe-CHIEXTP HHTEHCHBHOCTH XA0THYCCKUX NIOCN e JORATEN -
HOCTER {X, } N0 NOpOra RI3MMINEACTBUA H Bbille KPHUTHUSCKUR TOYKH u**.
sy < u™* Wye(k) OByX He3aBHCHMMIX STTPAK TOPUK MICHTHYRLI M ITPEICTABA-
0t cOBOH 3aBHCHMOCTS, BNHIKY I K d-dytikumn (pre. 5.9, xpuean /). Bansok
K PaBHOMEPHOMY B MIMPOKOM JHINA30HC 4ac10T M cnextp §, (/) (pre. 5.10,
Kpupas [}. C NpesplNcHHEM 10pora BIIMMONCHCIBHA u 2 p*™, KOrja peru-
CIPHPYETCH IgeKT fepeMexaeMOCTH "X80¢--X20C™, CTATHCTHYECKHE CHOMH-
CTBA MOCNEJUBATEIBHOCTH { x,}  Metniored. TIpH sanoix NMperplileddsix Haa
NOPOToM peaKo BOIpACtaer BpeMA Koppenaunn ko {puc. 5.9. kpusaa 2). 310
BCACT KK CODTBETCILYIOUHM WIMEHCHUAM B XapawTtepe Orubaiciies cnexrpa,
xoropan lipuuumaetr BuUn S, (f) ~ /77 (puc. 5.10, xpusas 2). B oxpecrro-
CTH KPHTHUCCKON TaueH u** < 4 < 1.6 Tpadiik JaBHCHMOCTH

Inny = ®lIn(g - u**)| (5.60)
MpemcTaRNACTCH NpAMOHE 8 Npelenax TowucTH pacdetoB Ha JIBM. Orcwia
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CIEAYEY IUBRCHMOCTD WIMTENBHOCTH JIMISIAPHOR 3Bl OT YPOBHR HAIKDK-
THHHOCTH

Mo = ol — w**YH o= 1195 2= 0,484, (5.61)

YsedmucHAe BpeMenH KOppENAIMH, XEPAKTCPHIYIOMIEE Cpeliiee BPeMA
WHIHH COCTUHHMH (BNHTIABHOCTE “IIAMKHAPHOR™ ¢ain), BefleT K CuoTBeY-
CTBYIOUMM HIMEHERHAM 8 xapakiepe OruGaiowtied cllekrpa mouHoctk S, ().
Ha prc. 5.10 (KpHBas 2) ROKa3aid 32BHCHMOCTD S, {f), KOTOPEA WMeeT BUM
£7%, TAE @ OTpEAGNACTCH YPOBHEM HalKPHTHUMOCTH. C pocToM Napamerpa
u > "t BPEMA KODPUIALME YMEHBUKCICA, APA ITOM NOKAaTEND Q& CTPEeMMHT-
ca k Hyw. Baanx o1 rouky Gudypkausn p** cnexrp oGrelHileNHOro aTTPIK-
TOPA CTAHOBHICA MPRKTHYETKIL PABIIOMENHBIM,



FTNABA G
YUCJIEHHME METOAW HCCNEROBAHHA XAQCA

6.1. JxcnepumenTanmiLi noaxon
K HCCACAORAHHRM JHHAMHKH HEIHHORAHRX CHCTEM

B oubuwem cnyuae IBOMIOLHOHHAA 321343 MPUMEHUTCABHO K HENHHERHMOH
AMHAMHMECKOH CHCTEME

= Flx, i) (6.1)

AHANHTHNECKH He paipeumsMa. PeiseHne ypabHenwil (6.1) mosker Goish Hafifie
HO #HBO YHCACHHMMH METoRaMH Ha IBM, nH6O ananoroBeIM MONETHpORaHK-
em. [IpH YHCTIEHHOM KCCIENOBAHHH KORKPETHBIX HeflHeRHBIX CHCTEM © mate
MaTHueCKUH TOUKH 3peHHA BOSHMKZWT pAIHOOGpaIHwme 1apaud, Tpebylouye
TpHMEHEHKA CREUHATBHLIX ATOPHIMOR  NMporpaMmM Beiduciehdd. Ho teppo-
UYEPEAHOH 3aflauch RWIAEICA wuCIeNHOE UnTezpuposanue (6.1) A Haxux-

[EHHA ITBHCHMOCTH X (f. 1) ApY 3A0AHHBIX HAYUIBHBIX YCNOBHSAX, 1.£. peude:
rue 300quu Kowu, MeTofibl YHCIIEHHOTO HHIETPDHPOBAHHA CHCTEM OBBIKHOBEH-
HBIX HGepeHUNANBHEIX Y paBHCHKA, KAK NPEBHIO, NOIBOASKT MOCTPOHTH
PelUCHHE fPH PANTMYHBIX 3HBUEHHAX HAYANbHBIX YCIOBHR # napamerpos. Yio
30eCh NPRHUKHMHAILHO BAXHO, TAK ITO MpedrcTABAAREMAR BOIMOXHOCTD HCCTE-
ROBAIMA PEryNApHBIX HEYCTORUMBLIX DCLIEHWHA, KUTOpbie B (QH3MUECKHX IKC-
(EPHMEHTAX HE DEAAHIYWTCR. IBONIUKA TAKHX PEXHMON ¢ HIMEHEHHEM Mapa-
MEIpa UNSCHb YacTO TPHHUMITHATOHO BaXHA, THK KAK ONpENenfeT MeXaHHI-
Ml BUIHHKHOBEHHA CYPYKTYPHO YCTOMMMEBIX pEeXHMOR, HaBinwopaemeix IKc-
HepHMEHTANEHO .

HHCIEHHLIMH METOIAMH HaXOATCR KOOPAKHATHL HENOLBHAHBIX TO4EK {6.1)
KaK peleHMe HeNMHeRMbIX anreGpauyeckux ypasHesui F(x, 1) =0 W #x 3a-
BHCHMOCTD OY HapaMeTpoB. 3Ta 3afaua, MHOFOKpPAlHU peuiaeMas TipH Bapha-
UHH DApaMETPUB, CIYXHT UCHOBUM VIR NOCTPOSHHA xapaKtepHsix Gudypka-
UHOHHBIX THHHA B MpPOCTPaHCTHE MAPAMETPOR CHCTeMbl. C MOMOLNLIG COOTHET-
CTBYIOWHX MEIONOB HaxoadTr oroGpawenue [Ivankape wa cekylied rumepnu-
BEPXHUCTH, KOTOPOE HArAINO WANIIOCTPHDYET X3pAKTep pellitHHR W BechbMa
MHQOPMITUBHO 1IPH  MCCACAOBINNK  ABTUCTOXACTHYECKHX PENRHWMOB KoOTNeBa-
HHA B CHCTEMAX MAAOH PASMEPHOCTH,
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AJITODUTMB picHeTd, BI3HPYILTHECA Na METOMAX NIHHeHMuH anre6pu ¢ He-
N TRINBANMEM DPEIYMRTITON HHCHEHHODD HHTEIPHPOBIHHA, NOJRONAIT pELIATH
sonpoc 06 verodwaocru pelueHyh, UX GuPVPRayuAX ¥ TEM CAMBIM HCCTIeA0-
BOTH NpoOUecs NepecTpolxH CIPYKTYpL paiGueHus ¢a3080T0 APOCTPAHCIBA
Hd Tpﬂﬂﬂ'ﬂpﬂﬂ C M3MeIIeHHEM napamerpua.

NpH HecenoraHH “DHINYCCKHX™ CBUHCTE XIOTHYECKHX KoneGaHKHA, TAKNX,
HAMPHMEP, KAK WHISTPHIBHAN MOILNOCTh, €€ pACHpeneneHHe 1O YacToTe, Cre-
HeHs TCIYYRRHOCTH” fiponeccd (2BTOKOPpeNANRK®} W NpYrHX, NPHMEHSIOTCH
MCIOIL CTITHCTHNECKUR OBPEBUTKH MHOWECTBA BHGOPOTHMX (YCeNEHHLIX)
peatm3anai xo(f, @), NOIBOMAWIME BLIMHCNATS (DYHRIMI pACHpeiCACHRA
p{x). xosthbuumeHt xoppenaunn R, (7}, cliexTp MOMMOCTH npouecca Sy (f).
MATEPECYIOWME MOMEHTbE (iYHKIIH pachipelencrns p(x) (Hanpumep, {x),
{X?), IMCNEpCAs B AP.) H JEBMCHMOCTH HA3BAMHEIX XIPAKTEPHCTHK OT Mapa-
JeTpuB.

BaaHOE 3apaveil ABNALTCH HCCRENOBAHME BAUAMUA GIYKTYRIMH 113 [HHE-
MHKY cHcTemb. Tlon nnusvnem $ayxTyaundit cTpRHWRIR aTTPIKTOpP MOXET
APAKTHYECKH HE NIMEHATL CROSH CTPYKTIVNL! H CBOHCTB. B TO Xe BPEMA pery-
AAPHLIT peXxuM Nojl BoIREACTBHEM IVIKTVAKA MOXET CMEHHTLCH XaoTdvec-
KM (HHOYIHpPOBaHHbie GNYKTYIIMAMH X80THYECKWe KoneGaina). Moxer
ualinopatscs v oSpaTHAR KAPTHHA: CTPAIHLIA ATTPAKTOp TGN RedficTaueM wWy-
MO8 MOWET PRIPYUIRTLCH. CMEHMBRIMCE PETYMADHEBIM PEXMMOM. 1 [IpeIenk-
IILIA UMK He WSMEHWT B ENOM cBonXx cBORCIB, ecnd GryKIyauMH HOCTATOY-
HO MEIR. MITeMETHWCKOE MONENHPOBAHME W YHCNEHHBbIH AHATHY YKAIAHHBIX
#aneHud TpeGyloT GOPMYITHPOBKH I peuteHin Nub0 cToxactuuseckux nudde-
CEIIUMANLHEX YPaBIIeHHA, XOrna CIyyaioe BONICACTBHE BBOOMTCH B NpaBuie
4ACTH cHcTeMbl (6.]) B BUIE reHepaTopa CAYUARNBIX YACEN ¢ 3AMAHHON CTATHCTH-
Ko, 1H6O COOTBETCTBYIOUICID KNHETHYECKOTO ypapucHns (okkepa — TlnaH-
Ko [28-30, 92-94]. Obe MocnenHMe 34839 YPEARLIVAAHO TOHKKE ¥ TpeByroT
iIPHBEYCHHA ANNAPATE CTATHCTHYSCKON pRRHOPHIHKH,

fipn MICAeR0BAIMH KOHKPETHBIX CHGTCM BOJHHKGHT CAMBIC HOOKHIRHHMIE
SHTYAHR, TIOITOMY FICPeulCINTG Bee HeUGXOZHMLIC ATrOPHTMB! HET BOIMOX:
NOCTH W 31ech PICCMOTPEHB! MG OCHOBHBC, TKIIRONAKIWNE PRIDATh THITHY-
AHIC 32,234H.

He meHee BaxMbiMHU ABNANTCE H MCTCHEI BUTUVECKUX IKCNEPHMEHTOS.
HIpHHUMUARTBHAA OCOBEHHOCTE DHINYCCKNX IKCHCPHMEHTOB CUCTOMI B TOM,
HT0 OHH RAUOCTPHDYIOT  YCTORMMBEIC  pomaiMBl  KoneGawwil B CHcTeme,
MATEMATHYECKAA MOJENE KOTOpOW Beerlia ABnsercE nNpulinokeHHod. Owau-
GECKUA IKCHOSPHMENT [OIROMIALT PEWIMIbL BUNPOC 06 ANeKBITHOCIM MaTeMa-
THYCCKOTO ONHCAHMA PEANBHOA CMCTEMM H YCIAHOBKTH HE ONBITC FPRHMUBI
MPUMEHAMOCTH LPHBIHAKEINOTO MATEMATHYeCKOTO olincawud, Ecnm Jto clie
A0, TO DHIMMCCKKH IKCTICPHMEHT NOIBIIACT HCCHEUOBATL NOBEIEHHE HAH-
HEHILIX WCHIEHHD pelteiMi ¢ MINMEHEeHHCM MapasMeTpOoB, HAGMIONAYS, HAMpPH
MED, CTPAHHBIX STTPAKTOP, 3 BCIH WX B GIWBOM WPICTPSHCTEE HECKOHBKO,
[V BLIACIHTE, KAKHC HD HHN HAMGON 28 BEpUATHBL.

B businieckiX IR CNCPHMEHTIX HOI0LIE YWY YCTPORCIBE, Crapsiilde b conl-
UeTCTBne DUsUBRLIM KOODAKHATAM HW3YUIEMOUN CHCTCMBI TOKH WK HINPANEHHN,
T.€. MEKIPHYECKAE CHIHEABI, WIR HIONETOLAHHA KOTOPLIX HMEETCH PalHool-
PO3HAY HIMEPHTCILHAAN anMapaTypa. Lenn GuiMuecsan MOUCHE HenocpeLCTRENH-
MG ITOrO yoiorud o0ecfiedhys  He U COCTUHUKN  (HdnpuMep, NpH  JKCNe-
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PHMEHTAX € TEHEHWEM XHAKOCTH), TO NpuGeralnT K paMiniibLmM cnocotiaM nao-
MOphHOTO Npeolpa3opanun (a3oBhIX KOODHMHAT HCXOOHOR CHCTEMMI B COOT-
BETCIBYUHE WIEKTPHUECK HE CHTHATLL TaK, HanpHMEp, IPH HCCNe IUBAHAAX TYp-
GYNCHTHBIX TCHEHHR 1A ONPENENEHKA CKOPOCTH ABMXKEHHA YACTHL, B XHIKOCTM
NoGARNAIOT CRETCOTPRAAIE LIAPHKH K3 CRENAAILHOIO REWECTRa, ITH Wapy-
KH YBIEKAOTCH NOTOKOM, ABHKYTICA BMECTE ¢ MHIKOCTBIO, H CKOPOCTh XKHR-
KOCTH MOXHO H3MEDHTh MO OOIUICPOBCKOMY CIBHTY YACTOTBI OTPAXEHHOIQ CHI-
Hana ofNYYalolIeT0 MOHOXPOMATHYECKOTO flazepa {134].

Tpn pabote ¢ pamHOGHIHYECKHMH MOJENAMH DHHAMMYCCKHX CHCTEM, 3 TOW%
Hee — C pealibHBIMH 1EKTPHYSCKHMHE SBT0KONeGaTENbHBIMH CHCTEMAMH, MATE-
MATHYECKOH MONENBI KOTOPBIX RRIHETCA AHHAMWYecKkad cHcTema (6.1), axe-
NepHMEHTRILHRE HCCEINOBAHAA B HEKOTOPOM CMBICTE YIPOWAIOTCA, YacTo CTa-
HOBATCA GONee HarNADHAIMH H MO{YT OGXOIHTLCA 3AMETHO [elleB/ie MHCeH-
HbiX. B u3HYecKHX IKCHEpHMEHTaX ropasfo Npoiue u Gpicrpeée NPOUIBOLNT-
€A AHATHI AMHAMEKH CHCTEMBI TIPK BAPHALMKM ¢e RAPIMETPOB, OHAKO NOjyuae-
Mhi¢ TIpH JTOM PpEIYNSTATHL XENATEHBHO KOHTPOJHPOBATH SHCICHHO B HEKO-
TOPHIX AAPAKTCPHBIX PEXHMMAX. IT0 CBAIAHCG ¢ TeM, 41O TIpH WIMCHEHHH @3-
PaMETpOB CHCTEMDbI MOOIAC OUEHb NETKO HAPYLANTICH YCTOUHA 3[0¢KBATHOCTH
du3Myeckoil U MatemarHyeckod Monenel. 310 MOXeT tipou3oHTH 3a cyet “Nop:
KI0YeHHA™ HenuHeAHbX 3pdek1os, He YUHTBIBIEMBIX B Y paBHEHHAX, HO HMEIO-
LLHX MECTO HPH H3MEHEHMY 13PAMETPOB PEANLHOA MONIENH.

Ewme ojHo paxHoe OGCTOATENMCTBO BCETAA HYXHO NOMHHTE TIpH H3YHUeHHM
LUHHAMHKH HEJIHHEHHBIX CHCTEM: ITO NMpPUHIMNMATbHIA IFBHCHMOCTH X3pAKTe
pa TOTO WIH HHOTO peutsHus X (7, i) (6.1) OT KOHKpeTHEIX HAYRILHLIX YCIOBHA
x(fo. I). B pu3nuecKOM IKCHEpHMENTE TPYIHO, 2 NOAYAC # PaKTHYECKH He-
BO3MOXHO MPOKCHTPOMHPOBATE HAYWILHBIE YUIOBHH HCCICLYEMOTO MpOLECC.
Kpome 1oro, Npd papHaliMy NMAapaMeTpoB ONHO pewesde (OAHH KOHKDETHbIMH
JHHAMHYECKHA DEXXHM)} MOXET TIOTepATh YCTOHUHBUCTD H CMCHHTRCA [pPYTHM,
ofnacrs MpUTANEHU KOToporo GNH3ka K ofiactk Depboro pexuMa. 3to Hb-
NEHHE MOXET YCKONL3arh o1 HaGhionarend M B HIOre OpHBUNNTDL K HeoGocHO-
BAHHBIM BEIBOJIAM.

H3 ckasaHoro ACHO, YTO LpH HCCNIENOBAHHH JMHAMHKHE Hen#HEAHMX CHCTEM
B UENOM HENb3R OTHATS NPEANOVTEHHA SHCACHHBIM WIH QHIMUSCKHM MSTOnaM,
Kaxsik 43 KOTOphX ofinajgaer COOTBETCTBYOIWMMYH NpeHMYIICCTBAME H He-
nocraTtkamu. Pazymuee, Iam,rpae 510 BO3MOXHO, HCNONB30BaTE 0Ga noaxona,
ecTeCTBENHBIM 05paloM NONONHALEAX APYF ApyTa.

B nacroswed rnape BHHMAHME COCpPeNOTOYEHO H2 OGCYMUIIEHHH ATTOPHTMOB,
JlexauMX B ocHoRE Harbo/lee Y2CTO HOHONB3YeMbX YHCIEHHBIX METONOB aHaNK-
38 MEXSHHIMOE DPA3BHIHE H CBOACIB CTPaMHBIX artpaktopop. Yro Kacaercs
METOR0E (PMIHMECKOIT 3IKCOEPHMEHTA, TO OHH B OLIHYHE OT YHCIICHHRIX He
TpeGysOT CepheaHplx MOTHGHUKALMA NPHMEHHTENLHO K HCCIEIUBAHMAM X80~
THMECKHX PEXHMO3 KONCUaRHA H Hel BeOGXONMMOCTH CHEUARIBHO H2 HHX OC-
TAHABNHBATLCR.

6.2. Pacer orobpancendt Iyam:ape

Paccmrp“" HeKOIOpy!o ABTOHOMHY1ID AHHAMHYC CKY ) CHCTEMY

ki = iy, Xa, .., XN, Byae., HE)- (6:2)
B azosom npocrpanctee MY cucremni (6.2) sanamum N - 1-mepHyio nosepx-
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nocth &, YACBIETBOPAWY 10 TpeBOBANHAM, NpeAbABNACMLIM K ceKywen [lyan-
Kape, YpaBHEHMe KOTOpOH WMEeT B[

S{-rly-"va! “l""s "k):o' (6'3)

Grobpaxenue Ilyenxape P npeoBpasyer ToukH, NpHHaIexaume NOBEPX-
gocTit S, B TOYKH 3T0H e NOBEPXHOCTH, T.¢. oToGpaxaer cekyuwyw S B ceba:
ans 10Bok roukn x, € § npeofpazoBaHHan royka P(x,) = X, € §. lnA
HAXOAIEHAA oToBpaxeHHA P HeoOXOMMMO pellsTh CHCTeMY ypapHeHMi (6.2)
fipH (PHKCHPOBAHHBIX 3HANEHWAX NAPAMETPOR (i;, JANAP HAVANbHLE YCNOBHA

x{(0) = x}, i=1,2,..., N, x° e s, 6.4)

H TIOCNENOBAT&NbHC HAXOHMTE TOYKH MepeceyeHHA NMONYYeHHOro pelteHuA (T.e.
zpackrophu I, Beixonamei ua x°) ¢ norepxsocrsio .

BOIHMKAOT JBE CAMOCTOATENBLHBIX JamadW. [lepras - 310 pacuer rpaexto-
pHu x(t) cHcrembl (6.2) TpW 3aAHHEX 3HAYCHMAX NAPAMETPOB H HANANBLHBIX
yctosuax (6.4). Bropaa — onpeneiedne KOOpIHHAT TOYEK NEpeceyeHHA TpaeK-
TOpHM € CEKYWEH NOBepXHOCYLIO, T.e. TNOCTpoeHMe OTOOpaxeHHA (ceveHud)
ITyankape®). BuMWCIATs TPACKTOPHIO MOXHO ¢ NOMOIUBI0 JIOGOTO M3 H3BeCT-
HMY METOHOB UHCIIEHHOTO MHTerpaponauHA. Hanpumep, npH Bccnenopanmu
XAOTHYECKHX CHCTEM IMHPOKO NpHMeHsrcH meroapt Pyure--Kyria, B wacrio-
ctH, 4-r0 mopaaka. JUIA oNpeneiieHNA KOODIWHAY TO4eK MepeceyeHHa I' ¢ §
HeoDXONMMD Ha KaXNOM BpEMENHOM [UAre WHICTPHpOBAHWA cHcTemm (6.2)
BBLINHCIATE 3HaYeHHe GyHKUHMA S (x, i) o Tex Mop, MOKa He GyneT 3aperucrpu-
poOBAH MOMEHT CMeHb! 3Haka § (x).

Tycts, HalpUMep, HA MHTEPBATE BpEMEHH OT £y MO fx+ Ar =1y, (Tne Af —
Iar YMCIEHHOTC HHETerpHpoBaHMA) TpOR3OUIME cMeHd 3Haka GYHKuph S (x),
KaK N0KA34HO Ha pHC. 6.1. HeoB6X0MMO YTONHHTE TOUKY Xg HepecedeHHs TpacK-
TOpHH ¢ cexylled. JTy 3amauy MOXHO pelaTh ¢ 3aMAHHOH CTENEHs0 TOMHOCTH,

it aN 2t
50 i< 0

Pxc 6.1. K nmocrpauns Merona pacuera
TOUKH NepecevecHUA TPACKTUPHM ¢ CeKYLeR
NORCPXHOCTRIO §

HpHMEHAS MeTONb) HHTepNonAuMy. [locnefoBarenbHo yMEHRINAA AT HHTETDH-
POBalHA Af B AB2 pTIa, MOXHO HCTIONB3OBATH METOM AMXOTOMHH H 31KOHYMTH
BBINHCJIEHHA, KOTHA Pa3HOCT 3HaveHMil | S| — §; | Gyner MeHbute Hanepen
JANAHHOH BeSTHUMHBI, OTIpeneNAWIEH TONHOCTL pacdera Tovex xg. [lpHHim-
THansHLIX TPYNHOCTEA IeCh HET, OJIHAKO NOBbIEHHBE TPEGOBAHHA K TOUHO-
T onpenencHua xg TpeByor MONONHMTENBHBIX BBIHCILEHWH, YCIOKHERHA
ATPOpHIMa, YTO BEAET K YBENMYEHHIO 3aTpaT MAIMHHHOrO BpeMeHM, OCOBEHHO
€CNH pasmepHOCTs N CHCTEMbI BENHKA,

e e

*) Paznuune » TepMHHax '‘cenenue’’ M orofpaxenue™ TIyaHKape noIHHKAST TOMKO B
tii¥Nac  yrparel  wHGopMauHs o0 ONepETOpe 3ROMIOLKH, HARPUMEP NPH TPOCTOM TeoMeT-
PidccioM  M3OGPAKCHHN MHOXECTBA TOYCK HA ceKylmell (HNH ee MPOLKIHRKY .
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XeHOHOM NpeATONER NPOCTOR H IKOHOMMMHBIA METONl, KOTOPBIA 38KILIOua-
ercH B cnegyoweM [151). Beeaem B paccMOTpeHHME NEPEMEHHYID Xy, =

=5 {xy, x9, ..., xx). Torna ¢ yuerom (6.2) 3anuuiem
dxy+r  dS ¥ oos dx ¥ as ©5
dt dr (=1 08x, dt i=13x, " 3

Teneps cexywyio NOBEPXHOCTb ONpeeNsicl ypaBHeHHe
X+ =0, (6.6)

PaccmoTpHM HOBYIO CHCTeMY, NONY YeHHYI0 Nu6aBienmes K (6.2) ypaBHeRua
N
kwer = fueilen . xw), Sve = I fasix 6.7)

Ilpeo6pasyem nafinennyw cHcreMy W3 N + | ypasHeHMi TaK, 4106bi BReICHHAA
B paccMCTpeHue HOBAR MNEPEMESHHAA Xy4 CTala, GopMantHo, IKBHBANCHTHOH
nepemeHHoR £ B (6.2). e otoro nojgenum nepepie N ypaBHEHHA Ha nocnem-
Hee {6.7), a camo nocnensee ypasHeHwe ofparum. [lonyuum cucremy ypag-
HeHuit Buna

dx,[dxp 4, 51Xy (X)),
......................... (6.8)
dxyfdxy ey = fN(-")J"f}\H ix),

dtfdxp sy = [fxvx)] 7.

B pedynsrare MHTErpHpoBaEMR cMCreMbl (6.2) NooyuaeTcd, M10 B MOMEHT
BPEMCHH [ = I,y GYHKI#A S MIMEHWIAZ JHAK B CPABHEHWR 0O 3HAKOM (pH
t = . Teneph MOXHO HAHTH TOUKY Xxg & § MyreM HHIETPHPOBAHHUA CHCYEMEL
(0.8) Bcero H3 0pHOM WIare O HOBNA NepeMERHON Xy 4 |, & HMEHHO

A.\'N+| = ‘-Sz, (69"

e Sa =S¥y, Xz.-.., Xp) B MOMEHT BpeMEHH [ = [y, COOTREICIBYIO-
IWHA Touke 2 Ha Tpaexktopuu I° (puc. 6.1). HavansHumu yonoBuamMy i1s wHte-
TPMPOBAHMA (5.8) Ha ware (6.9) cOGTBEYCTBERHO BYAYY

X8} = x(fper), HS:Y = tywy, i 12000 N (6.10)

B peaviibtate MHYCrpupoaiHus oicreMen (5.8) Ha ognom ware (6.9) Mu
CpaZy  HONALaEM HA CeKY:Tyie J. NpHYeM HOrpeutHOCTE ONDEelle’Hs TOUKH
ilepecedeMs STPOTO PaBEd RRJAHHOW NOFPEIHOSTH HIITCTPHPOBAHKA CHCTCMBI
(6.2) M2 oonOM WATC W ABAACTCH MUHRMAILHOK. ITpH MHTErpApoOMaNuM cuC-
templ (5.8) Ha ware Axy ., = -, KOTOPEIA ¢ KHKIRM HOBBIM nepeeeyeHHeM
Tpaexsopkelt [N Imaepxroctn § Gyner B OfiemM £ryyae HIMEHATLCR , MOXKHO He-
A0, L3VBATH JHIML Te METO; L, KOTOPLIC JONYChAK:T TIPOHIBOALILIA BpeMeRHOH
war., lpeniiovivTeibHee NpH ITOM MCIONEIOBITE KAKOA-THEO OHH MeTI1 AHTE-
IPHPOBAHHY KaK MIpH pacveTe IpIcKTOPHH (IIpH peteHWH cHeTeMn (6.2)), ik
H Nph HAXOWUSHUA oTofipawenns Dyankape (7pH pelenn cucremp (6.8)).
Mpr weraBaelnl N oTRAIMMLL p-UIHIVIOER OIMCANNBET WITOPHTM XenOHa,
HeT HCODXOANMOCTH b OINEIBHAR Jaiucy ypannekat {6.2) u (6.8). Kotapeie
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MUKHO BBUSIHTL B oBwueii popme (i1 = 1,2, ..., N)
dxjfdr = qfilx,,..., xn), dtjdr = g, + = xp41. (6.11)

H3 yparuenuf (6.11) cucrema (6.2) nonyuacrca npu g = 1, a cuerema (6.8) npu
4 % (Fy+r) ' Takum 06pajom, MpuMeHeHne ATrOpHTMA XeHOHR B COBOKYI(I-
HOCTH € OJHEM M3 MMCIEHHBIX METOIUB HHTErpHPOBAHAN MOJIBONHET B MPHHUH-
ne NPOCTO NONYYMTH MHOMECTBO TOMEK NepeceueHHA TpaekropHn I' ¢ ce-
Kymed .

Mena cevenns Dyanxape HanGonee HarnAfeH B cnyvwae N = 3, Koras MHO-
WeCTBO TOYEK NEepeceqeHHA NExHT Ha JBYMepHOH mosepahocty. flas NV > 4 rpa-
duuecoe MpeacTapnCcHe MHOromepHoro ceverka [yatixape Tepaer HATAAHOCTD
H B ITum Cfyyae ynoﬁnee GHATHIMPOBATL RPOCKYUU MHOZOMEPHORD) CeNeNla
Ha WHTEPECYWLUME [BYMEDHpIE NOBEPXHOCTH. MHoromepHoe cevense [lyanka-
pe 3a0AercA MKOMECTBOM Touek X € §. U3 31010 MMOXeCTBA BHGHPLOT COBO-
KYMHOCTD JBYX KAKHX-TTHG0 KOODIMHAT Xy M X, [ mIm = 1,2,.. .. N
i TpahHYeCcK Y HIOGPANAIT ABYMEPHYIC Hpoexklmio ceneHun [lyanxape da nnoc-
KeoTh BhIGPaHubIX KOO pAHHAT,

Jnst NepHomYccKUX PELUeHHR HCXOAHOR cHeteMbl (6.2} cevenwe [lyankape
(¥:3K MHOTOMCpHOE, TAK K er0 UPOSKIMH) COMNEPKHT KOHEYROE MHUXCCTBO
ANONBHAHBIX To¥ek. B pexume cTpaHHOrO arTpaktopa Ha ceKylueH nosmna-
2TCA HEKOTOpOE X3I0THYeckoe (NceBNOCAys$aiHOe) MHONKCCTRO TOYEK, WHCNO
KOTOPBIN [ACTCT ¢ YBEJIHUEHHEM BPEMEHH WHTerpHpoBanin. B nexoTopeix oco-
BpIx SIYUARX JT0 XA0THYECKOE MHOXECTRO MOXeT paclioNararscd BIOAEB TOH-
KoH NenTe, GMHIKOH MO CTpYKIYpe K OOMOMEepHOH KpHROW Ha cexyiueH [12,
13]). 3nece MOXHO Nerko paccyMIaTh OIHOMepHOe OTOBpakeHWe (WIH OfHO-
MEpHY™0 ByNKUH® ROCNCHORARHA), KOTOPOC CTPOHICH UHUIEIHO MWIA ONHOH
#3 BBIGpadHBIX xooparHar x' oroGpamennx TMyamxape. OyHkuns Nocreno-
BaHKA p () ABnrAETcR OTOGpaKeHHEM OTpeIKa B celig;

xX = el 1), 1= 1,2, .., {6.12)

r+l1

H Ha rpadHKe BRUTISAMT B BHje GNUZKOA K ONHOMEpPHOR KpHROR, COCTaBICH-
EOH H3 MHOXECIBA TOYEK. AHANHI OIHOMEPHOR GYHKIHY OCTeNOBIHHA MCTO-
soM nHarpamuaiel Jlzsepesa (7] nosponser oTBeTHTL Ha pal NPMHIKIHANBIGLEX
HONDCCOB, KACIIMUMXCA OCOBEHHOCTeH AHHAMHKH WCXOMMOH CHCTEMbl YDaB-
HeHwi (6 2).

YnTAM, TG TIpH 3HUIMZE CTONACTHMECKHX KONeHaHmi, xorga mHGopma-
UMI0 O CIPYKYYDE CTIOXSCTHYECKOTO MHOXKECTBA MOMKHO [ONyUMTL JTHEML IIDH
JoctarovHo GONBUIOM YHCTe TOYeK B cevendu Dyanxape (7 = 10° -10%), xe-
MATSNRHY MPHMEHATh NGO rpadonoCcTpuHTens, NHOO BHID2IHTL 1AMHBIC pac-
Yrz Ha rpagHueckHi ucTUieR ¢ Tochenylommm hotorpagHpOoRaHHeM  pe-
5yNRIaTa

B xayecise NpuMep3 paccMOTPHM peayiibTatri pacueta olubpaxenud Myan-
Kape MIA TPexXMepHOH JBYMApAMETPHYSCKOH CHCTCMBI, RAcheHHod B [152),

X = plz--1+x?y + yx,
PEx@or L-xt) 4y, (6.13}
zZ ¥ ~2z(wHay).

Yhe X, y, & — BrIOBLIC NEPEMCHNDIE, Y H L — BapbupyeMble Hapamerpbt. Cice

19



lynfll 1 é
10 L2 \m,/
. 4 2 b
" H * '
;P
{7 7N
Wk v o
> i 1 : -
) &' tgneal § 2 L2
¢« W
N A
2,0} %’ 2
.‘f y =0.B7
¥ ¥ =11
yh' 1 J
2 14,

8

P ac. 6.2 [MocTpocHHe MONEIRHOND CAHOMEPRODO OTOOpaXeHHA CHCTeMLL {6.131)

TeMa [MCCHHATHBH2 fipH ¥ < ¥ M XBpaKTepK3yeTcA NOCTOAKHOR NMBEpreH-

nuer 2(y —-») < 0.
Ha puc. 6.2 H3oGpaxeHo nBymepHoe cevene [lyanxape B IWI0CKOCTH z
= const ana v = 0,87 u v = 1,1, KoTOpoe cCBHIETENLCTBYET O NpeHMYyLUeCTBEH-

HOM CXArHH TIOTOKA N0 X H PACTANEHHH Mo y. MonensHoe oroGpaxeHve, Bu)-
YHCTeHHOE 110 TlepemeBHOH ¥ Kax | ¥y | = ¢ (| ¥, |}, nokazano Ha pHe. 6.26.
C pocToM crefeHH CxAaTHA 310 OTOGpLKenHe TPHOMHKEHHO MOXHO 3AMEHHTH
OHOMEDHBIM (pHC. 5.28), 410 CYILECTBEHHO YRPOIIAET AHANHS.

Meron cexywed [lyaHkape HCNONL3yerca W NpH AHAIN3E QHHAMHKH Heas-
TOHOMHBIX CHcTem. Beenem nepuonMueckoe Bo3feficTBHe B NepBoe ypabHe-

HHe chcTemyt (6.2):

Xy o= filxgx, .
. - -
x; = filxs,x3, ..., xn. ).
3neck B ~ aMonMiyna TapMOHHYECKOTO BO3NEHCTBMA, P -~ HOPMHPOBAHHAS
YacTOTA BolHYXIAWILEA cHnsl, !~ OGeapaamepHoe Bpems. Uncno ¢azopsix
KOOpAHKAT cHcTeMbl (6.14) ocranoce pabHiiM . ONHAKO B CHIY HeSBTO-
HOMHOCTH CHCTEMbl paimMepHocth (aaoBoTO NMpocrpamcrea (6.14) crana pas-

HOR N + |. Kax onipefienints & 310M ¢iyvae otobpaxetne TTyaHkape?
OnvH u3 chiocoGoB 3aknwyaeTcAa B cnepyruem. Kax BamHo H3 (6.14), N-
i=1,.... N, orofipaxaer-

MepHOe TNpOCTPAHCTBO (HaloBbIX KOOPIHHAT X,
cA B ceba (1. Touka x;’" € mY MepexOAHT B TOUKY x;' € ®BY) cnycra
BpeMA, paBHOe NlepHoAy BHeuIHedl cWinl, o = 2%/p. Ilna cnyvas p = 1 310 Bpema
ty = 27, Ecnd Buiparh WAr HHTETpHpoBaHHA Al = [o/k, rie k - nenoe wcno,
70 MOXHO 32IOMHHATH 3HAYEHUA {x;’} , COOTBETCTBYIOIIME MOMEHTAM BpEMEHH

Xy, J) + Bsinpr,
N H) p 6.14)

i=23...N

nfg,rnen=1,2,3,...
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Hanphmup, 7hd p = 1 npl ware cuera A7 = 2710 HeoGX0IMMO 3aN0MMUIATE
KaWAYI0 HECKTYR TOuKY, TONY4eHHY 1pH HHTerpRpoBaiHH (6.14). HaGpan-
Hpif TAKHM 0BpaIoM MAcCHB DaMHBIX fpejcrasnaer cofol nucKperHoe (CTpo-
GOCKOTMEECKOL ) GIHLAHHE LHHZMMYECKOIO Npolecca B CHCTEME B MOMEHTbI
ppeveln, KpaTHule TepHOdY BRellitlero BudneHCTAMA, B Kawelrse cekywei
B BUHHOM MeTOZ: RLICTYMAeY KIKUbH pal HUBAR NOBEpXHOCTL ONpenense-
MAH YCIOBHCM

i, = nty = 2anjp, (6.15%

a orobpaxcnne [1yankape lpencraBnAeicE B BHOe AMCKpeIHOro HaGopa JHa-
yoHKH PA0OLLIX KOOPIMHAT (x;'} B yKa3aHHbie MOMEHTH BpEMEHH M WMEET
paaMepHocrs A, Uro ke ilenars [anbiile ¢ MONYYeHHBIM HaGOpOM AHHBIX?

PaceminpHm KOHKpeTHm# npumep. Tlycrh cucTema (6.2} Npencrasaser
cobul 1ByMepHce (M = 1) HeaRTONOMHOE ypaBHEHHE

Xy = filxy,xp, p0) + Bsingt, Xy = fi(xy, x2. 4), (6.16)

(A TpOCcTOTH ApHMem ¢ = 1), ITopoGHbIMH Y paBHENIHAMH MOXHO OMHCATDH
AIICHHE CHMHXPOHM3AMME Teniepatopa Bau jtep MMona. B nmamame IBM 8 srom
clysge nmeem HaBop w3 n map Towek { x7, x7 )}, XAPAKTEpHUIYIOWMX vOCTOA-
Lee cHCTeMy: (6 16} B IHCKDETHBIE MOMEHTBI BpeMeHR ffy = n - 21 (n =
= 1, 2, 3,...). Echin 4306pasuTe 310 MHOXKECTSEQ TOYEK Ha TUOCKOCTH llepe-
MEHHBIX X;. X7, TO NONywHM oToGpaxeHHe ABYMepHOTO (hazoBOTC NpocTpan-
CTHA2 H3 ceBa ucped Neprod BHelMHed cHitpt, RpeJcTaBrAnwee oGOl Rpoek-
BHIO MHOKESTBA IDYEK flepeceyeHHs TpaekTophd [T ¢ cerywMMKH RIOCKOCTR:
Mt HA RIITEpEeCYOUY0 Hac MITOCKNCT KOOpOHHaY. Ha puc. 6.3 moxasan cnyyai
CHHXPO!IMIAUMM Ha VacTo1e BHENHeR cWibl, Korna Hasansian rouka (x3, x?)
arofpanaerca B cefis we yepe3 HHTEpBAT BpeMeHHd Ar = 2r.

Per'ynﬂpumm {l'lepHO.'J.H'-IECKHM) pexMMaM, KaK # B aBTOHOMIM CTyvae,
COOTRETCTRYCT KONETHOE NPH CKONb ¥YTOHHO GONBUIAX A YHCNO TOULK B 0?06[)3'
xeMuH [Tyankape. B pexaime CTpasHOTO arTpaKTopa Muoxeciuo towew Lxf, x%)
Ha IDIOCKOCTH BBUMAIMT cnywadHeim. Hx wato Beerma pasno n, 7ak
KaK (azoBas TpaEKIOpHA He JAMBIKAETcH. FTO CIOXACTHYECKOE? MHOKECTBO
MOXET BRITNIOeTe  MechMa 3aDaBHLIM M IBONIGHMOHHPYET ¢ HIMCHETHEM Napa-
MeTpOB cHeTembl . Harasnnocrs oroGpawenns (lyawkape npu N > 2 vrpa-
YHBRETCH, H B OTHX CJiy4aBX NpHBETasnT K NOCTPOEHHID €r0 IBYMEPHLIX NpueK-
LHH,

PaceMOTpMM ONMH W3 TIpKMEPOB, B KOTOPOM YKAIAHHKIM METOROM aHa-
AHIKPYETCH DHNAMHKD HEABTOKOMHON TpeXMepHOR cHereMpr |153]

.

¥ =y oy 0125 +329x - kv + Bcost,
(6.17}
z = ~ky 025X +7%)z + By

B ypasneinsnix (6.17) ky, k3 w B¢ — napaMerpe cucTeMbl. [L1A 3HaycHuA k, =
=k =05 1t By = 0,03 cucrema HETerpHpOBANACE INA PAMTHIHLLIX AMITIHTYN
B ¥ BLIMMCIIHCE NpENenbHRE MHOXKECTBA B TPeXMepHOM OTOGpPIXKEHHR Paia-
BOFC HPOCTPRHCTBA Ha c26A Jeped epHO;T BHELTHEH CHIIBE fg = 27.

ABTOpaMK ODHAPYXREHO TIpH JTOM HHTepecHoe ABJIEHHe Oudypauni [uy-
DepHofvueckKKx pewcHHis. B cevennn flyaMkape Ha MIockocTH, KaK yxe OI-
Meuanoch, ABYMEPHOMY TOPY O/UIO3HAYHO COOTHETCTBYET HHBAPHAHTIIAH JAM-
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t . P w c. 6.3 Orofipawendc HarosoR CIockocty He-
r anT OHOMHOM cHeTeMbl  (6.16) wa cebia ywepen

; fepHon BHELUHER CHITLT B X HMYE CHHXPD OHHIAUKMH
. l / 3T
- ™ ¥

\.......-—-‘ ‘
]
)
/—m‘* 3 ';//2:
Pl Mt P K. 6.4.Mpenemhble MEOXCCTBA CHCTeMb! (6,16)
A {\ B OPUeKUKH CIPOGOCKONMICCKOTD oTolipaiccHus Na
3 IUIOCKACT: 4 - MHBADHAHTHAA 3AMKHYTAS KpHBax,
/ -ﬁ% 6. 8 - YNBOCIIMe MHBADHAHTHHIX KPHBMX, & -
= oy CTpaHHLIf arTpaKtop
a § &
¥ ¥
1 | B=0,08 .o-vmy B=0,20| 1} B=0,22

KHYTan KpHeasi, BHdypkauun KoTopoil aneKpaTHul GHpypiaumam Topa. Ha
puc. 6.4 MOKalaH3 3BONIOUHA HHBAPHAHTHOH KPHBOH B NPOEKUHMH TpeéXMepHOro
oTobpaxenna Ilyankape Ha INOCKOCTh EPEMEHHBIX X, ) UEpe3 LiepHOIL BHCWHEH
cHisl. Kak pHano B3 pH. 6.4, HHBApHAHTHAA 2aMKHYTAA KPHBAR C POCTOM HH-
TEHCHBHOCTH BO3aeHcTRHA B NpeTepiienaeT cepHic DudypKauudl yopoeHna ne-
pMONA, 3ABEPIIAIUIYIOCA DONGIEHHEM CTPAHHOrO arTpakTopa. Budypkauna yo-
BOEHHA IEpHONd ANA OPYMepHbIX TopoB aBropamu [153] npH uMcieHMBIX wc-
CNeIOBAHHAX, NO-BHKIMMOMY, Hafuilonanack BnepBele. Kax nokazand panpHei-
ILIHe HCCNEOBAHHA, YHCIIO YABOEHHA NBYMEPHOTO TOPa, NPeAMECTBYIOLES POXK:
HEHHIO CTOXACTHYHOCTH, TIpH KOHE4HBIX AMIUIMTYIAX B KOHeMHO H MEXaHHIM
Nepexo/la K Xaocy 3ECh CBA3AH ¢ 3AKOHOMEPHOCTAMM palpyuwseHna Topa [13].

B xawecree otobpaxehna Ilyanxape HeaBTOHOMHOH CHCTeMBbl MOXHO pac-
CMATDHBATE M MHOXECTBO TOYSK lepeceueHna Tpackropuu [ c onpenenc-
HbIM 0BpaloM nmapaxmou (hHKCHPOBAHHOH ceKyleH S, T-¢. BBOAMTH CEKYLLYHD
ypaBHeHnem (6.3) s RY, xaKk K B ABTOHOMHOM CNiyuae.

6.3. UncreHHBI AHENH3 NEPHOAHYCCKHX peweHnfl 1 ux Gudy pramd

BaxKcHbIM Q7A MPAKTHKH KJIACCOM pellieHHA cHcreM OGhIKHOREHHBIX nde-
PEHUHANBHBIX YPABHEHHA HABNAKWTICA NEDHOMMYECKHE [0 BPEMEHM peLUeHHA
x(t) E x(r + T}, xoropue na yaoberpa Ha3InBAWT yuksamu. HuTepecinie
caMH o cebie, TH pelleHHA W HX DBOMNICUHSA ¢ H3IMEHeHHeM MapaMelpOB HIpaT
ocobyw pofib B OGBACHEHHH MHOTHX MEXAHHIMOR POXCIEHAA CYPAHHBIX ATTPAK-
TOpOB.

C HCCNe[OBAHHEM UMKINOB BOZHHKAET PHI, CAMOCTOATE/IbHBIX BBIMHCIHTCTb
HhIX npoBnem. [pexae Bcerc, HY>KHO PEWHTD 3a0auy HAXOKIEHHR [1EPHORHUCC-
KHX peIeHHEI IpH DYKCHPOBAHHBIX JHAYEHHAX NAPaMETPUB CHCICMBE H Ofipe/icne-
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1HA XAPIKTEPA HX YCTOMMBCOCTH. BO-BTOpBIX -~ 33084y M3IYSEHHA IBO7 KOLHMH
KOHPETHOID CEMCRCTBA UHKIANE C W3IMEHEHHEM MAPAMETRA H BRIACHEHHA BO3-
MOXHBIX  BHdypkauni, oBycnanmuBawuntX MOTEpl YCTGHYMBOCTH TIHKAOM,
K, HaroHel, HeobXGAKMO PelMTh Janaqy HMOCTpoeHrA GrdYPRAINOHHBIX AMAr:
paMM B TIPOCTPAHCTRE MAPAMETPOB CHCTEMMI, ONpeletRIWKX CONacTH cylle-
CTBOBAHHA H X3paKTep MOT2pH YCTOHUMBOCTH UHKIOM Id rpansiax oOnaciu.

Ha npakmike. eCTECTBEHHO, MOWET BOIHHKHYTH elle ueNLiil piil BOMpOCOB,
OFEST Ha KOTOpHIe CBA3aM, HaNpHMZp, ¢ HEOOXOJIHMOCTBIY HOCTPOESHMS YC-
YORYHEBIX H HEYCTOWYMDBIX MHOTOUBDIIHA CeINOBLIX UHKIJB, BHIARTSHHEM
FOMOKIIHHHYECKHX TpacKropri K 1.0 ONHAKO yKJ3alHLEE BbIE Ja0aYH ABAH-
03cq Haabonce 261MMH, W 32k Mbl HMH OTPAHAGEINMCH,

ObpariMc cHOBA K 2BTOROMHOH cHeteme ypaBHcHHR (6.1), sauarpwmed
neToK B fpoctpatcrse RY.

1. Haizem pepsangmveckoe pellerne cHeremel (6.1). i sroro Heobxo-
Mmpl IDHGAAKEHHBIC CBELCHHA O PAcTIONOKERHY LHKIA B (a308aM MpoCTpaH-
ciBe W XapaxTepe ero YCTOHWMBOCTH. Hanpumep, eciH UMK MACKO poxiaes-
CR H3 NOSI0XEHHS PARHOBECHR THIR (OKYCH B CCOTBETCTBHY ¢ Oudy pKAMON-
HOM TeopemMOH AHIpoHORa-XOMda, 10 MApH MATOM CMEHICHHU 1O NapaMeTpy
or TOUKH OHYpKAKM NprReiibHBiA WHKS HYXHC HCKaTh BOAM3H HeyCrod-
GHLOH 0c0BO#H TouKkH. Bipeyaxrtcs ApySHe CHTYHIMN, A0OMYCKAIOUME KAYECTBEH-
HYH MHTEpNONIAUHIO, KOTOPAA NPHAMHKEHNO MOXET YKa3aTe ¢opMy H ofnacm,
ADKAUTHIAUKH LK1 B HAZOBOM NPOCTPAHCTBRE.

B GCHOBY MHCAGHHOIT HAXOM/ICHHA LHKNA MOXHO ADAONHTL TOT GAKT. YIO
TOHKA NepeczueHuA mHkia [ s R¥ ¢ cekyweit S ecTh HencTBHAHAA TOUKA
x* otobpaxehnn Tlyankape P(x,). Tlycts x(1) ~ nepuonHveckoe pelieHHe cHe-
Tembt (6.1) ¢ nepwomom I. Tpaexrtopua [ B $a3oBom npoctpaHcTee nepece
K2eT NOPEPXHOCTE § B TOYKe X *, YIOBNETBOPAKILER VCIOBHIO

x* = Plxe). 6.18)
Flpeanonoxsm, 410 H3 XaKHx-NHHO c00fipakelini HAM HIPECTHA TOUKA X

#a ceKywued S, GAM3CAA K HeNONRMAKHOA Tovke x*. HalTH riocnennion MoxHO,
peLiIaA ypanHeHRe

x = P(x) 6.19)

¢ NOMOLULI UTepauuokhodi npoyedypul Hslorona
Xpn=Xp_q ~ [Pxn_y) ~xn 1] /[Mxs..1) - E]. (6.20)

rne P(x) — oToGpaxenne [lyanxkape na §, M(x) - miHeapHIauma o106pameHna
B Touke X. £ -~ effMHHM4HAR MAaTpyua. B xausecTBe HauanbHoro npulinuxkeHna 3a-
AgercH GnKIKaA K x* 10uKa x°. CXOMMMOCTL HTEPAUHOHHOH NPOleYpbI He 33-
BHCHT OT XapakTep YCTOHYHBOCTA WHxNa! Ecnu H3BecTHO 3apaiee, YIo LHKI Yo
iCHYMB, TO MOXHO HCTIONbIOBATh METOI NPOCTBIX HMTepaitHA orobpaxenua P,

HenoneuxHan 1ouKa X+ BEIMHCTAEICA ¢ 331aHHOA CTEMELI0 TOYHOCTH €, €N
BRUIDAHACTCA YenOBuUe

|.l‘,,~—x,,w1i<€. (6.21)

Korpa x+ nafifena, 10, ppGpaB B KauecTBe HAYATHILIX YCIOBHA €8 KOOPOHHATEI
x(0) =x», oncremy (6.1) HHTErpHPYHT HI HAYATBHOM TOYKM NO MOMeHTA T = T,
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Korja TpaexTopnd I' BHOBM llepecexae: S B X = x+ , T.£. BRIOTHASTCA YCIOBME
x* = x(0)=x(T), 6.22)

ONpENLTAIOIICe NEPHO HCKOMOID ipikna I'.

B pesynsTare UMICHHOTO MHISIDAPOBAHMA CTPOHTCH BECh (MKN B (430BOM
RPOCTPAHCTBE WIH €70 MPOSKUKA Ha MRTEpecyiowee NIOAPOCTPIHCTRO, KAK Npa-
BHJIO, pasMepHOCTH N = | (pewiM3suns OfHON K3 $A30BRIX KOOPMHAT) WIK
N=2 ([tpoeKIpIA BMKNA HA BHBPRHEYIO ITOCKOCTH NBYX NHEPEMEHHBIX]) .

Ecnu 3apasee M3BeCTHO, 470 HCKOMMA UMKA I' Mepecexaer cexymyio X pas,
10 HeMOABMAHAA TOMKA X* JOJDKHA BLITh COOTBEICTBYMMEA TAKTHOCTH, YTO
HeoBXOMMMO YyecTs NpH aiucH ypasteund (6.18) - (6:20)

Mocne HAXOXAEHUA MIKAI OH HCCHEAYETCH Hi YCTORMMAOCTL, ONpPEREAAEMY I
B NMHEAHOM MPHELIKEHHH MYTLTHIVIHKETOPIMH IHKIIA O IR (T0 XKe CAMOe)
MYABTHIUIMKATOPAMH HENOJBHAKHOR TOUKH x* otobpamcHus [Tyauxape. Boas
MOXHSE B3 NYTH YMCNCHHOIG peilieHds 3T0H 3apawn: Ofipenefinth aubo oo
creeHHMe wHcna onepatopa Mouoapomum Y (T), auGo cofcrBeHHme wmond
Aurcapusanmr otobpaxesnn ilyankape B HeNOABHMHOK Youke x*. Ecmu bce
MynsTHIUIMKATOPM & (F = 1, 2, . . . , N — 1) oT0Gpaxerna [lyankape npiHaie
XAT BHYTPEHHOCTM CIBHHMHOID Kpyra, TO HaRACHHLIW URKN 2CHMITCTHYECKH
ycroinms 1o Jlanyuony.

2. Nocne roro xak UMM 1HAAASH W oNpefelieH XapKTep €00 ¥ CTOHYMBOCTH,
NpHCTYNa0T K penlcHWo BTOpod 3amaqy. LbMka u3secreli RMA KOHKPETHOIO
IHAMEHMA NAPEMETPR J = flp CHCTEMB (6.1}, H 3L13H2 HEDOMBINXKHMAA TOUKA
x*(jg) Ha cexyuek S, npuHeanexaan wikny. TpeGyerca Mpocnerrs SHCReH-
HO 3BOIOLMID ITOFC pellleHNA NMpH RIPHUHW (APAMETPA U OT SHaNCHHA U = iy
RO 3HAYEHHA Uy = [ty + KA (K — nence Wono, Al -- LIS ABHKEHUE N0 AApIMeT-
py). Jina storo B ofieM cryuse (VIR PAHUHEIX k) ¥3 HauansHOR TOTKM
x(u;) merogom HbOTOHA YTOuUHsIeTCA MeTIORBHWHAA Touka X*(uy) (k =
=0, 1, 2,...) 52 wixne T(u;). I8 TOYKE MCHOAB3YEICA I2TEM 9 KA9ECTBE
HAVANTBHOrO MpHEMUKEHWA AN onperiencnys GnwakoR k umkny ey . ,)
HAYARHOR TOUKH

gy )= xe(ug) + (dee (g Yidp) Su, (6.23)

rhe dx*/dy — "TpoMIBONANAA WHMIOIA N0 NMApAMETPY”, ONpeL.NACMAR K3 ypas-
HeHun

Pl p)=x(1) {6.24)
KaX HPOHIBORHAN HeABHONR HYHKIIMK:

dxs/du i s OPf2u) (M~ EY*. {6.25)

TakrM OBPA3OM HAXOIHTCA AEPHOIHYECKOE peLiletine cReTemki(6.1) npw pas-
HHYHBIX 3HaYeHHNX mapameTpa p = gy k=0, 1,2, ..., T.0. OTCIEXHBILTCA IBO-

MoUMA FpyBoro UHKNA 3 (GAIBOM TPOCTPAHCTRE CHCTEMB ¢ H3MEHEHMEM
napaMerTpa.

Ha xaxaom ware C9eTs NMpH TBHXCHIM MO NAPAMETRY BAMHCAAIOTCH MYALTH-
WHKATOpH UHKNE g,(jt) . HX 3283NCHMOCTE OT 4 [O2eT HCUEpTIMBAKIYI0 HHop-
MALUHK © XAPEKTEPE YCTOHYHBOCTH cemedcika wiknos ['(u). Beixon omioro
(M1 HECKONBKHX) MYNPTRININKATOPOR Ha cONHMYHYEY OKPYXKHOCTS NHPHROIMY
K OGHpYpKAMOHHMM CHYYAUMAM, NOApoBiHo OfCYXIABIIKMCA BLUE, ¥ Ollpe-
nensieT GudypiAlHDHHOE IHAYeHHe NapaMeTpa (TOuKY GudypKams) u*, KOTO-
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np# HeOBXOAHMOCTH MOXET GuTh ONpeneneHo ¢ JaMAIHOA creneusio TOW
wocTH €- PelueHne BTopoAl 3agauy, Gazupyioumeech HA CBOWCTBE HENPEPHIBHOCTH
pewrcuni cHCTeMur (6.1) OF MapameTpa, N2ET MPAKTMYECKS MOJTHYIO WHOpMa-
uHi0 O cNocoBe poXIeHNA (HCYEIHOBEHHS) KOHKPETHOIO CEMEHCIRA LIMKNOB,
off OSTACTH MX CYIIECTBOBAHMA H H3IMCHCHMA X4paKTepa YCTOWYMBOCTH [pH Ba-
pMalLKK TIApaMeTpa 11 .
3. Mepefinem x Gonee ofwieMy cnyuaie 3ABHCHMOCTM peleHWH CHCTEMEI
(6.1} o APYX MapaMeTpos:

*=Fix,p. q). (6.26)

MocTasuM 3ajavy NOCTPOCHHA Sidy pANOHHEIX THHMIA HA NNOCKOCTH NApaMeT-
poB P W G, OTREHAOIHX ONPEAICHHOMY THIY MGTEpN YCTORMMBOCTH ceMedict-
wom uuknos I'(p, ¢) . 3admxcuponas, nanpumep, p = py W ABHTARCH 10 KApa-
Melpy 4 BRIWCONHCAHHMM CNOcODOM  (penlioNaTUETCN, YTO I IHAYECHHA
P = Po K HeKOTOpOTO ¢ WHKA I' (pg . ¢) Halinen), ofipenenum 3HauHue ¢ = g,
NpH KOTOPOM HAUGONBUIMA HA MYIIBTHIUTHKZTOpOB MK " o (po. Qo) BRXOHT
13 ¢OHHEMHYI0 OKPYXHOCTh, CBHACTENMCTEBYA, HaNpumep, ¢ Gudyprawn yopoe-
A nepuoaa (p(Po, Qo) = ~— 1). B 310# TOYKe MNOCKOCTH NAPAMETPOB HEM HI-
sected K T (pg, 9g) H COOTRETCTBYIOAN eMY HEMOABIKHAN TOMKA OTOGpa-
wernn Tlyarkape x*(py, go) Ha S. Touxa (po. go) MIOCKOCTH NPHHALNEKHT
GubypicamoHtoR nutun [ (B nanHOM ciyvae NUHYR GudYPKAHE YOPOCHHA
fnepwona) *), W ONA et YTOUHeHHS HeOGXOMUMO ApOBEpPATE BMMOKHEHHE COOT-
BeTCYBYWWEre GudypraunoHioro ycnopuda. B cnyvae yupoeHi p = — 1 u
OOTKHO YROBACTBOPATRCA YpaBHEHHE

det |M(po. qo) - £) = 0. (6.27)

Hnn nocTpoeHit GHOYPKAUMOHHOK NHHAKM BO3ILMEM HOBOE 3HAYCHHC g, =
= go + AQ H,HTROMbIYA [JAHHME [0 HENMOABHAXHCR Tuuke x* {11y, o) B KavecTRe
HAYARBHOTO NpHEIHKEHYA, pCUIM MeTonoM HbotoHa ypanHetue

x=Px,p.q,) 6.28)

COBMECTHO C COOTBeTCTBYIOUAM O ypKAUMOHHLIM YpaBHeHMeM (374 ya-
Boetnit 310 (6.27)) vrHOCHTENBHO X W p. B pesynvrare nafinem HOBYIO Gudyp
KAUROHHYW 10Uy (p:, §4) € /. [leAcTByA nonoGHM 06palomM, Ha WIOCKOCTH
P: q cTpouM GROYpPIAUAOHEYID NHUNI, TIPH TICPeCCUsHHH KOTOPOA ceMeHCTBO
unxnoB I"(p, q) tepaer yCTORMMBOCTe OitpedeiieHHbIM 0GpaIOM, YTO 3ABMCHT
o1 pruA Gy pIKANHOHEONO Y paBHEHKA,

Om10 M 10 Xe ceMeHcTBO UHKN0S T (P, @) MOXET TEpATH YCTOANHBOCTS Hec:
KONbKHMM CHOCOGasi Npy pasnnukbix  p K ¢- Ilocrpoenue coorsercraywommx
GubypKAUHOHHIIX NHUKA [} naeT BoNBYI0 HHGOPMANKIC O NOBEACHAN CHCTEMB!
NipK BADHAUME YTIP3BIANIUMX MApaMeTpoB. B cnyvanx JaBHCHMOCTH YpaBHeHM
(6.1) ot EMR* k=3,4,5. ..., aropurm ponyckaer 06oGuIEHNE H NOIBO-
NAeT CTPONTS COOTBETCTBYIOUME WfepnosepxHocTn B RX, oteevaminme onpe-
ALNCHHIM THNAM NOTEPH YCTORMNBOCTH HpH Gudypraumax xopasmepHocm 1.
Het npruwsmmantHux TpyAHOCTeR i B 060G HIK ANTOPHTME Ha GHdy pKalHOH:

*) BudyprauMoHHC INHKE Ha NOCKOCTH WAR COOTBETCYRYIONLNE THIEpOBEpPXHOCTR
» s BRIOEANEMEE OHMM GhdYpKBUNONUWM YCAOBKEM THNS PANEHCTAY, QRNCWBLIOT
Gadypxaune xopasMepHoCTH 1.
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HBIC CHTYAIMN KOPasMepHOCTH 2 (Hanprmep, nocrpoetue B R? Gudyprannon-
WOl [IMMMM. COOTBEYCTRYIOINSH POMOLHIO PeIOHANCHOrO [BYMEPHOTO TOPS ¢
IADAHHNM WMcIOM Bpaujenns [lyamcape). Oumaxo AcHo, 410 W13 BoAoOHMx
3agay notpebyerca CYLUecTREHHDG YBERHNEHHE MAUMMHHOTO BPEMEHN.

Colpanne KOMANEKCA NPOTpAMM, PeaHIYIONEX Ha IBM onMcamHuie Bhane
8 OONNMX YepTaX ANTOPHTMB, — AAICKC He fpocTan 3apava. HanGonee yomwime
My, TIOIHHIME M HAJISKHEIMH B IKCIVIYATHION, KAK NOKA3ANA NpIKTHKA, ABIS-
IOTCA KOMUNEKCH [pOT paMM, padpaborannsie 3 HYUBLL AH CCCP (r. [Tyuumo)

51, 154).

[ C mlao MANKCTPALMN NIPHMEHEHKA ONMCAHHALIX BHIIlE LITOPHTMOB PACCMOT-
PHM ApOUEAYpY HOCTpoeHun GudypRAUNOHHMX NHHUA YIBOCHHA NEDHOGR TNK-
NOB VI OOHOR M3 MOJEABIEIX. cucTem Péccrepa {155]

X=w(y+2), Vextey, iwb+xz-pz, (6.29)

roz napametp b » 0,2 sapuxcupyem. Bravane saliaem yorofmssil tpeien b
IHK CHCTeMMI, BBIGpAB 3HAYCHNA na3pamcipof ¢ = 0,2 u u = 2,5. 10T muxn
CYMIeCTBYET, HMOcT GopMy ONHOOBOPOTHON Kpusoi B $ad0soM NPOCTPRHCTSE
(uaxn neprona To) ® ycrofiums. [Tpocnesem 30 IBCHNLKHER ITOFO LAKAZ, JBR
rascs HO napamerpy u (e = 0,2). B rouce p = 220 auxr nepinma T aperepne-
BacT Opdypkauuo YAROSHK! NCPR-UA, TaK Kax oo WanGonsumit 0o MORYmO
MYUSTHIINKATOp oBpamtaetcs B - . Tenepe nocTponsm OudypxauuoHny® nw
10 [, OTBENADILYI0 YCROBHI £ = ~ 1 ¥3 WICCKOCTH NAapaMeTpon &, i1,

Yuactox toid nuHER wioSpaxed Ha pac. 6.5. Hemonsayem Touky B2 nuxne
nepiopa Fo B KavecTse HEYANKHOTO NpHGAMKENKE KTEPAMONHON LPONCIY phl
Hesorona ;1 ronpoByem Hafitw uakn iepiona 27, (Bw:iue Gudypkaudonsol

# |
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16.29) HE NAOCKOCTH DAapeMeTpan ¢, u INT & * 0,2

"6



v, s e e e b T T T i — - —

~1

] B i e e o e o

Fue 6.6, K pacdcTy RpHTHNECKOR TONKH HE OCHOBE YHHBSPCATMHOUTH JHEVEHHR MY TRTH-
MAMKATIPOB CHIOBLIX LMK/IOE

nesHK I B2 puc. 6.5). Pacuerwl wia e = 0.2, ¢ =29 palr yorCHUMBLIA LK
nepuopa 27. 3a7as HauanbHele YOIOBHA HA TeNeph YXe CENTOROM LKKIE fie-
puona Ty (suue Touxn Gudypxaumm p = -- 1), nponmcrpupyem cHCTeMY
(6.29) w Haiiuem MeycTOAWBHIA wuxcn fiepwopa To mua u = 2,9 Pesymiatn
BBITHCHEHAH fpencTabieHsl B BepxHefl uacrti pHe. 6.5 B Buae npoexunﬁ 00T
BETCTBYIOMIEX (a3OBBIX TPAEKTOPHH Ha MNOCKOCKE X, J.

M3BectHo, 4TO B cucTeme (6.29) NpH NBEHMKEHMM BBEpX o g anAe=b =Q,1
HiOnlogaercsd  fMocneaoBaTensiocts yreocHHH QeHrenfinyma, cXOMMUAACE K
KPHTHYECKOR TOUKe p* & 4.2, 31y TouKY MOXHO Gbino Cal HadTh, nmmmu:
OCNEnORATENRHOCTD 1y TOYeK BUbypKarma p = — 1 wukios nepuoua 2% Ty

i kw1, 2,3,. .. MoxHO Npenoxirs Qpyrod ¢ilocob, GasHpylomHich Hd
¥ iHBEPCATBHOM 3HAYEHHH  MYyNBTHIVIMKATOPOB HEYCTOHYHABIX [MKIIOD B K pH-
THYeck Ol Toure p* = ~ 1,601. . Hz puc. 6.6 HARK peayRbTaTLL pacYeta Ja6HCH-

Mocred p(u) nna ymknos nepHepa 1T, (xowsas [). 4T, (kpusad 2) » 8T,
{xpusas 3) BunHa TeRIpHUMA K CXOAMMOCTH BCeX IIMHIGT rpadiika K Touxe
de = 42 pe.= . 16, Takum oﬁpa:xom. ¢ MPAKTHYECKH ROCIATOMHOHR 10
HOCTBIO K PHTHYECKAA TOYKA u* = 4,2 Hadneua. Lonu ecrs yeepeHHOCTs B Gecko-
HEYHOR Lefiouice YABOR HHI, TO MOKHO MOCT POUTL GHG Y PKAUHUHLY IO IRHHIO KDH-
TIMECKHX 3HAYEHKHA Ha MNOCKOCTY MpIMeTpoB ¢ , g, ONPENETTHR ¢¢ KAK JIHITHIO
£ ~ 1,6 p1s uuknos nepwoia 47, wim 8T,

3!1¢CI: peyr uyi2 O [NOCTPOCHHH UITGPHTMOEB MHGISHHOTO AHWIHIA NMUpPHOLMH-
SCKUX peleHmit CHCcTemk mdepedunaibipx spaswenad (6.1). Ho m xa-
vegipe MeTUTd Beibpas cfiocol aHZNM32 YCTONWKMBOCIH HEMOIBHKHLIX TO¥EK
aroGpasenna Ilyamape (nenoparensho, 8C¢ HbITEOMHCAlHBIE ANTOPHTMBL,
HCKTIHONIA NPOMERVDY YMCNEHHOTO NOCIpoeHHA otoGpaxenus Tlvankape He ce-
KYHIEH, JIeNOCPeICTBERHO MOTYT GhiTh TPHMEHEHB! UIA AHATAIA LenoBHKHLIX
TOUPK JHCKPCTHRIX GTORPIKERHKM MDH 33/@HWH ONeparoptB OTOHpPAXCHEA B
ABHCM BHIIC.

Mna tprmepd pSCOMOTPAM  ABYMepoe  ABYTIApaMeTpHyeckue MOJENLHOS
OTODpENeC ke B BRI Y X cBAsaHHLX 0TObpaKennA Pelircubzy ma, MOBCIHLY IO
MEE 1M HPKOTGPBIX YCNOBMAX CHCYEMY fIBYX BIAHMONEACTBYHIUHX L&iMACH-
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HBIX OCIWIRATOPOB GO CTOXACTHUECKHM NonenierueM BIR® :
Xney ® 1 - axi +(Yn — Xn),
Purt =1 — 0¥ % 7(Xn ~ In).

1e € [--2,2], Y€ {0, 1} ~ nepamerpu cucremst.
Jhs uaxop neproga 1 cucrema (6.30) pomyckaey aHAAHTHUECKOE pellietHe.

Ero MoXHO HCROTBIORATE YIS OTNANKH NPOr paAMMLI , PEANN3YIOEH ARTOPHTMBI

Ha IBM. Henojmpcnue Toukn orobpaxenna (6.30) moryt GuiTh ABYX TMIORB!
cummerpuinuie (CM; Heycroirmean CM-1 TOYKE He pacCMATPHBIZTCR)

(6.30)

x=y = [(4a+ )P . 1} /20, 631)
H acuMmerpiramie (ACM)
X5,2=y12*05[~5Qy+1) b2 (b~ 4ty + 49117}, (6.32)

rae b » o', MynbTMIAKKATOPH ITHX HENOMBKXHMX TO4EK COOTBETCTBEHHO
PaBHR
plEM =] (1440)' 7, pICM) 2 _(144e)Y2 127, (6.33)

pATM) = (149) t(da -3y + D2, (6.34)

Paccmotpum Gnpyprainm CM-1 YoWKH Nipst yBenHYCHHN TapaMeTpl a o Guk-
cuponanioMm ¥ # 0. Jliuna ne 1ockocma mrme'rpos akya= -~ 025 orpe
yaet Guipypicaum poxaehna CM-1 Towcn (p ™) =+ 1). C pocrom napamer-
pa a mymsTMnnakaropa CM-1 Touxy yﬂusmr. H NpH BRINOTIHEWHH YCTOBMA

a=025(47 ~81+3) 6.3%)

symprwtnkarop p M) = . 12 §pCM) | < 1. Nyun ne mrockocty, Ha xo-
TOpoH BuNOAHeHo Ycnopde (635), — GubypKaHONHAR NMMMA POMACHHA
ACM-2 tomxu (acumoseTpHYHOR
Henoner»HOR TOYKM Nepuona 2).
Henompwatian ACM-2 rouxa sg-
a9t BACTCH YCYOHUHBRM YMIOM, TAK
KaK ol ee My ISTHIUIHKATOpPA Aei-
CTEHTENBHL H 110 MONYTIK MEHYL
we empvany. C yBeMMNeHHEM @
yorofmul yaen npempangerca
s ycroimul Goxyc, M Autee
peanusyerca Gudyy prcaua AHAPo-
Hoba — Xouda ma oroSpane-

H¥H: KOMINEKCHO-COMPRNEHHAR
napa MyAFTHILUIHKATOPOR  BAIXO-
T B8 eONHMIHMA XpyT. Marko
PONIRCTCHE MHBADAANTHAK 3AMK-
HyTas KpHBad B 0ToGpamMeHHM Ha
MIOCKOCTH Xy, Yy -

R

13}

07t

06}

Fuc 6.7 Endypxanmonhas prar-
paMmz cucremd (6.30) = ofinacwm pe-
soNssicon ¢ = /5 u 1/8




Jiwmun 14, 12 xoTOpOH p § (“C“) » cxp (27 - 2x9),0TReuaer 310 Oudypraupn
M HAHeceHa Ha marpauue puc 7. Boons 108 nuHMM GMCHO BpIEHMA ¢
HEHPEPLIBHO MEHAETCN, NpHHIMAN pmomnme IHAYCHHA B HACKPETHOM pS-
Ae TOYeK, OTBEYRIUMX GHbYDKAIMAM KopadMepHocTy 2. B 3THX TOYKAX pox-
JAWICH WHKAB COOTBETCTBYIOUIMX NCPMOROB, NIEXKAlLNE 1A HKBIPHAHTHLIN OK-
pyxuocTAX. OGNacTH CYIeCTBOBAHMA ITHX WMKNOB OF paMHYeHbl NHHHAMN
DBpaLICHUS MX MYTIPTHIAIMKATOPA B +1 M HMEIOT BHA KN0B0B CHHXPOHHIATH
€ DOCTOAHHBIM IHAYCHSCM BICNA B PALILHNA .

Npencrapnserca gHrepechsiM HCCTCHOBATE Giidy picallHi CHHXPOHMLIX TiephO-
NeckKHX Touex BHYTpit ofnacTedi WX cymecrsosanus. Ha auarpamme pic. 6.7
Harecehbl Gadypkamontpe M p » + 1 (1;),p * exp(f - 21¢) {lo, Ig) U p =
= — 1{l3) sHyTpK oBnacrek cuixponmaamy ¢ ¢ = 2/5 ® ¢ = 1/8 (coorsercThen-
Ho ACM-10 u ACM-16 nepmommucckue YOMKK OToGpakenns). Kak sumso w3
pHC. 6.7, BENOSBIOKHEE YOUKH BHYTPH 30H CHHXPOHH33UMM BHOBM [ipefephe-
Bt fudypkaio AHpponosa — Xonda, TOPOKIAR KOBYI0 CHCTEMY HHBA-
PHAHTHBIX JAMKHYTHIX KPHBAIX.

6.4, UncneRmuiil AR CTATHCTRISCKEX CBOACTS STYPRKTOPUS

JxcnoheHUANbEAE HeyCTORUHBOCTE H pEXHME X4O0THUGCKMX KONcGaHuR,
NOPONARIOILIAK NPH KOHEYHOR TOYHOCTH 3AIEHMA  MCXOMHOMO COCTORHHA Be-
POATHOCTHME cBOACTBA NCTEPMHHMPOBAKHOrO Npolecca x(f) B cucreme (6.1},
OBOCHOBEIBALT MENecOOBPISHOCTE HCTONEIOBUHMA CTUTHCXHMECKMX METONOR
WIANK3A CYPAMBREIX STIPAKTUPO3. C Qu3IMUeCKOH TOMKYH 3peHIA K TOMY Xe
BAXHO, HACKOJNIBKO KAayeCTBCHHOS NOBEOCHWE CHCICMBE B peXMMe CTOXACTHY-
HOCTH COXPAHSETCH HpH BOIMYIISHHAX, T.£. ABNACTCA T XAOTHUCCKHA atTPaK-
T0p ¢ uIMgecKkofl TOUKH 3peHHA TPYGRIM MNH CTPYKTYPHO YCTOHMBMM?
OGeMHO N8 OTSers HA MMM BODPOCH HOCHEAYKOTCA CTATHCTHUECKRE CROKCILA
pefseHHi COOTBETCIBYIOWIMX NRHKEBEHOBCKHX YpaBHeHkH

ko= L)+ 8D, P*1,2...0 N, (6.36)

rae f; (x;, & ) DeTepMMiAapoBatHbii onepatop ssomioiu, £ (f) - cnywaiinbie
BOJMYLUEHHN CHCTEMBI, MOBCNMPYCMAIL, K&K QpaBHNO, B Buge Getoro atyma
HHTeHCRBROCTH D).
{ )= { H&j =0 6.37
D EAr 1)) =0. .
£l § () Dbt~ 1)1 i )
Tlpy aHanuie MHCKPETEBLIX CHCTEM NADKERCHOBCKHN MCTOUHMK BBOMMICH
APARBIC HACTH YPBHCHHH XacKana

X SPELDE (). (6.38)

[lonkyw HEGOpMaINo O BEPOATHOCTHAIX cBORCTBEX aTTPAKTOPA NoeT GYHK-
Weu pacnpenencins p£ix, 1, g D), YHOBIETBOPAKUIAR COOTBETCIBYIOIUEMY
ypasieniio Qoxxepa — [Inanxa. B muoromepumx cnyvasx (N & 3) peumrn
O ypanHeHHe -~ OANCKO He TIpOCTRA 3NIANA JAKe € NOMOUILI0 COBPeMCHHMX
SsrciponeRcrayoumx IBM. Hexonn ua wHcTo pasiucckux Hulaonemn, Moo
CYLRCTBEHHD OBMErauT: Haxokmehue GYNKUMH pacnpeneneHna p{x, r, 2, D),
NPEANOrOXHE, W0 Nipouece X(2) B CHCTCME CTAUBOHADHBLIA M 3PrOOMveCKHA.
BesezicT8He CTALUHOHAPHOCTH HCIIIIONRETICH JABHCHMAOCTD YCTAHOBRBILEIOCH pac-
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npefiesieHHA OT BpeMeHR. & NPEANONONXEHHe IPTOHMNOCTH J13€T BOIMONHOCTE
JAMCHMIEB YcpelHeliMe TIO aHCAMENI0 ycpenaHeHWeM NO BPeMeHH BOOME ONHOR
peamaam. Dpe TakHX NPeANONOMeHMAX HEOGXOIHMOCTS HHTEr DHPORRHHA
ypasHena Qoxxepa — Jlnauxa ornanaer W HyXHo HHPOPMaIIKA MOKeT BhITH
MONHOCTLIO TIOMYNEHA WD YHC/ICHHOrO pEILEHHA CTOXACTHRECKHX YpaBHeHMH
(6.36) unn (6.38).

OyHKIMA pacnpeicnedua polx, A, D) c1aumonapHOro IproaudecKore npomec-
ca Moxer Garrh BAMMC/EHA KAaK Npelen OTHOCKIGHLHOrO BPEMEHR NpelibiBaHMA
TPACKTOPKA CHCTeMbI X(7} 8 dnemenTax ofbema $pazosoro npocrpatcrea AV,
CODTBETCTBYIOUAX HEXOTOPOMY OHCKpETHOMY pa3fineHnio.

Ipxu 3anaHHOM KOHKDCTHOM pR3BHEHMK, HANpMMeEp B BHOe AAMEpHBIX KYBH-
KOB C OflHHAKOBMIMM pepamu A, cHcTeMa (6.36) HuTerpMpyeTcH KaKUM-THGO
MeTOIOM Ha GONLIIOM MHTEDBANE BPeMEHH 1o .11pH TOM 2aNOMWHARTCA JIZHHDIE
© MMCITe TO4eK K&y, DPHRAUIEXAIMX NPOHYMEPOBIHHEIM IneMeHTaM obnema A V).
Ecnu sanomuHalise oCYINCCTBARCTCA Hepe3 PABHKIE NPOMEXYTKH BPEMEHH, ON-
pEACAREMbIE, KAK NPABWI0, BPECMEHHBIM UEEI'OM HHTErpHPOBAHMH, TO NHCIO
Touek k; € AV OTHeCeHHOE K ofilfeMy MHCITY TOUSK B MAaCCHBE DAHHMX 71 =
= 1fAr (At — WAr HHTCTPHPOBAHHA MO BPeMEHH) OGY/ET XApaKTEpHIOBATH
BEPOATHUCTh NOCEIEHHS TpaeKTOpHed anementa obsema AF;, papHyo OTHOCH-
Te/ILHOMY BpeMeHU NpeGpiBaHMA TpAeKTOpHH B YKAIRHHOM nmemenre AV, On-
PEeACIMR BEpDOATHOCTH fUma BeeX J =1,2,3,. .., NONYyYMM COOTBETCTRYIOLIW
AHCKPETHBIA 3AKOH pACTIpe/ieNIeHHN sepoATHOCTEH,

Paccmorpam NPHMED UHCIIEHHOTO nocTpoeHus opHOMepHOR GyHMKuKN pac-
npenenenua po(x;, ¥, D), rne { ~ moboe wcno or 1 po N. Monyuss no pea-
JH3AUMH OBNacTh HIMEHEHHA KOOPAMHATIE X;(r), pazolseM ¢¢ HA panHpIe HHTCP-
BANE! JUTHHB A

x'!wl <x}<x}_, +A, f=1,2,3,... (6.39)

BoDTACIMM NHCHO TONEK Kk DeaTTH3AUMN X (71 + Ar), NOAAZAIINX B KRXONA HH-
Tepsan. Ecnu B cpedHeM B KAXAOM HHICDBANE HMCECICH JOCTATOMHO GOMLUIOS
KOMHYECTBO TONEK, YTO ONpeieNseTcA BGOPOM fo H A, TO OTHOCHTENBHbIE YHC-
na kifn GyRyT GNHIKK K COOTBETCTRYIOLMM BEPOATHOCTAM K Mbl ONYUHM [WC-
KPETHYI0 ATMPOKCHIMANNIC GYHKUMH PECTIDENCITEHUA pyo(X;, z D) xax copokyny
HOCTb BEPOTHOCTEH im

.ﬁ(x,__,(x,(x;_li-b)“k,/u. Izlplml' (6.40)
TRE HHCNO fyy ONMpPUMENIHETCH HHTEPBANOM JHANCHHE X;.
Jm = Ximax — Ximin ) A (6.41)

3akoH pacnpejenieMuA NPENCTABNACTCH M8 IpadMKe B BHAC TECTOTPAMMK,
HO €C/H A ROCTATONHO MAJIO, 1O NPAGAMACHHO MOXHO HaoBpaxkars Pr(x) xak
HCADEPLIBHYI0 JEBHCHMOCTD, COOTBEICIBYWOLIYH OQHOMEPHOMY pachpenese-
HMIO po(x, g, D).

3Haa pacnipefeNeHHe, MOXHO BAITMCIATL INTPOUKIO CHCTEMBI MO JIHCKpet-
HOMY COOTHOWIEHHIO

H(ﬁ.'mm-;zp,mp, 6.42)

H TpH HeoBXOAMMOCTH HCCNENI0BATE ¢ JROMIGIRNO 8 SARKCHMOCTH OT MHTEHCHB-
HOCTH wyma Dy mapamerpos i,
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Ecni GYHKUHMA pachpedcnedun po(x, H, D) HasecTHa, TO MOXHO BHMUCIATH
7aKHE MOMENTElL, KAK CPEAHWC 3HAYCHAR, CpPCUMEeKBIAPATHYHMLE 3IHAYCHHA,
JMCTIEPCHI0 H KOPPENALMOHHYI GYHKIMIO npolecca x(f) B ckcTeme. Onanako
B NPEANONOXEHHH CTAHONAEPHOCTH fIpOLlecea NPOUEIYPY CUeTd MOMEH OB dYHK-
UMM PACTIDENENCHHA MOXHO 3AMETHO YAPOCTHYb, BEIYHCIHK COOTBETCIBYIOWHE
BE/IMUMHLI KK BpeMCHHBIE CPEeHHE. ANITOPHIMbLL PACUETA CPeIHECTATHCTHYCCKHX
XAPAKTEDHCTHK CTAMOHAPHLIX IPrOAMUECKHX NPOUECCOR XOPOIMO HIBECTHHI,
OMM BXOAAY B CTAHABPTHHIE NpOrpamMmer obectieyenus coppeMeHspix IBM w
He TpeGYHOT NPAKTHMECKH HHUKAKKX WIMCHEHWA NMPUMEHNTENLHO K PeXHMAM M-
HAMMWYECKOR CTOXACTHYHOCTH,

OtMmetum  cleayOWHA NPHHUHMHANLHMA MOMeHT. TIpH  HBTer pApoBEHMA
Ha IBM cucrembl, HAXONAIMEACA B pexHMe CTPAHKOrO ITTPAKTOPA, KOHKPeTHRIA
BHO peanM3duuM x{f} BechmMa VYBCTHHTENEH K M3IMEHCHHMAM HAANBHAIX YCNO-
BMA, 3ALAHHG TOUHOCTM HHTErpHPOBAHHA, MIArA CYerd N0 BpeMeHW H 3ABMCHT
OT KOHKDETHOI'O METOUA HHCMEHHOIo MHIErpHpOBAHMA. Bee 310 Mower cHaua-
na 8NIBATH YOMBNCHHE, OJHAKO, H2 CAMOM [eNe KK Da3 CAHRETNnCTBYET
06 JKCNOHeHUMANBHOA HeyCTOAMMBOCTE TPACKTOPHM B ATIDAKTOPE, T.€. {IpHH-
UATHANILHO MPHCYLLe NANAMHICCKOR CTOXRCTHYHOCTY .

i
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P wc. 6.B. Perymiara SuCAENHOIOQ RHTLTPEPOBANEE CRCTeMM (6.43) ¢ pasiLIMA HEwath-
HMMN YCAOBHNME (8} N paysof oI pellHOCTMD HATeIpRpOBAMMA ¢ (6}
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JUim npHMepd PICCMOTPHM PEIYABTATE! MHTCTpHPOBaHHS MetonoM Pywre —
KyrTa 4-ro nops.gca cHeTeMm ypasHenwit [13]

X=mx+y—xz, !
)';u‘..x. “xjaio'
i -gztgllx)x?. )

x>0,

543
xs0, ( )

NpH 3HaveHpux napamerpos m = 1. 45, g = 0,21, cOOIBEICIBYIOUINY PENHMY
CTPAHHOFO ATTPAKTUPA.

Ha puc. 68 npeicrasnexul NAHHLIE PacieTOB PEANHIAUMK X () C paiHbi-
MH HAMIGHBIMH  YCTOBHAMM ITDH (HKCHDOBAHHOR MOrPEUIHOCTH CYETA (€
(pKc. 684) W AN GUKCHPOBINHBIX HAUMIEHLIX IAHHBIX, HO ¢ pa3HOR MOrpew-
HOCTMO NHTeTpWpoRalMa ¢ (pMc. 686). Bce weTbipe peanHiausy 3aMeTHO
OTHMMANTCA PYT OT APYTH, OQHAKO MHTYHTHBHO YT4AMBECTCA HEKOE CXOACTBO
B XapaKTepe RpeMEHHEIX NPOLECCOB. JTO CXOACTBO ofnaciimerca npuHRasex-
HOCTbIO BCEX YPEEKTOPHEA OMHOMY CYPAMMOMY ATTPAKTODY, ¥TO MIOATBCPKIASY:
CR CTATHCTHNeCKOH 0BpaBoTicoRt Ha IBM Bcex wetnipex pessnaaindi. Ouw xapax-
[EPHIYIOTICH OAMHAKOBBIMH CTALHOHAPHAIMH CTATHCTHYCCKMMM XAPAKTEDHCTH-
xamH. B vacriocs, nonoxurensHuii nokazatens cnexrpd JIXI so seex crywanx
paBeH A, = 6,3 - 1072,

Bulumcnenne TAKHX CTATHCTHNECKNX CPEAHMX, KAK 8BTOKOpPENNINA, FHTDO-
mist, cnexTp JIXIT, pasmepHocTs D, , n HpYTHX | XSDAKTEPHCTHK 8TTPaKTOps.
NOKA3LIBALT, YTO OHM 11¢ JABHCHT OT GAKTOPOS. BAMAIOIIMX HA PRCUET KOHKpeT-
HolX peand3aumi. 310 ofCTOATENLCTRO [IOMKHO GbITh HCNIONB3OBAHO B 3KCNE-
PHMEHTAX B KEWCCTBE KPHTEPHS NPABMITBHOCTH BHIGOPA WAIA CUETA [0 BPEMEHH
M TONHOCTH MHTerpHpomaHNx. OSumin wcnomsaywr meron Pywre — Kyrra
4-50 uopaaXa, mOrpenrtocts 3answr 10~* - 107*, mar cyera onpenenserca
KOMKPETHOH CHCTIEMON M HOJKeH Guis BHOpAH B CPABHEHMH C HAMMEHBIIMM
H3 ¢ XAPAKTEPHBLIX BpeMEH.

Harnaanyne WHGOPMALMIO O MEXAHH3MAX MEpEXOda H CBOWCIRAX JUIHAMM.
NECKOA CTOXACTHYHOCTH AT DACNEY CHEKTPR MOWMOCTH PERITMIANMH MPOLEcca
X¢(7) B COOTREYCTBYIOUINX PEXHMAX MPH BADHALMMN HAPIMETPOS . Pacverh cnexy-
POB MOWMHOCTH BAXHLI TEKKE M NOTOMY. V10 B GHIHYECKHX IKCHEpHMeHTaxX
MIMEpeHHEe CNEKTPA, KK NPABKNC, THIMTHAA, 8 YACTO H eXMHCTRCHHAR HHpOpME-
URA, 0o Koropok OUENRBSCICH Mepexol] K X40CY B MHOTOMEpHEIX H paciipene-
NEHHEIX CHCTCMRX .

Pypbe-cNEKTP, TONHEES CHCKTPAIMAN MOTHOCTH MOILHOCIH, MOXeT GuiTo Bbl-
wacieH - He IBM HENOCPENCTBEHHO I COOTHOMEHKAM Teopemel Burepa — Xun-
YHHA Yepe3 aBTOKOPPERNALHOHHYI dyHKUHIO. OfHAKO 910 He coBceM ynoGio,
TAK KaK TPYRHO YK43aTh Japiiee BPEMENHOH NHTepsan oNpeeNieHHR Koppens-
INOHHOA pyRXiMN, obecnieunpaonmit HeoGXOMMYH TONHOCTH TpH pacueTe
cnexTpa. [loaTomMy OBBINHO CHEXTDM MOUIHOCTH BHMUHCTINIOTCA HEMOCPENCTBEH-
HO# 0GpaloTKON NAMKBIX PEATHIAUMH ¢ MOMOULLI0 ARFOPHTMA GhICTPOro npeot-
pasoBaHia Gypee. JLIn yMeHbINCHHN ROTPEILIHOCTH CUETA, BRIBAHHOR KOHEY-
HOCTDIO peanm3miinn Xy{2). 0 < ¢ € 15, MOXHO NPUMCHHTH METOAN BBEACHHSN
CREMMBIBHBIX OKOH, OIHAKY A1 KIMCCTBEHINOIO AHANNIA pACTpEIE/ieHUA HHTeH-
CHBHOCTH KonteBalui MO YacToTEM MOXHO OF PAHHYHTECH HCHOMLICRINHCM NpH-
MOYTONBHEIX OKOH, HO OBpeBaTHIBaATS TP ITOM OTHOCHTENILHO JVIMHI(KIC PEAIIH-
aaumn [156, 157).
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P e 6.9 BARAMNE YMCHA YCPEOHReMMX MEp HOAGTPAMM HA PelyihTATW pacieTa ClIEKTPA
MOLDIOCTH PeanNIaunp x (1)

Bonee BAXHLIM ABIACTCA HEOOXOAHMOCTE YCPCANCHHA PE3YNLTATOB pacyera
CNEeKTPOB NO COBOKYUHOCTH HAYANBHBIX NAHHLIX M3 OGNACTH NPHIANXEHUA CTpaH-
HOTO aTTpaKtopa. Jra Hpoucdypa ANCKBATHA PacueTy CHCKTPA [0 HEKATOPOMY
HanepeR 3aJAHHOMY VHCNY padIHMHWX MEPHONOTPEMM ONHHAKOBOH AnHTEnt-
HOCTH ¢ MOCKEOYIOLIHM YoperHeHHeM peaynsTaton. CyulecTsYOT cTaHaapIHbie
NpOrpaMMel, PCATHIYIOWIME YKA3RHHBIE NTOPHTM, HANDHMEP, HE MALIHHAX
cepun EC [158].

B KauecTBe NpuMepa pacCMOTPHM pe3ynbTarbl pacuerd CNEKTp3 MOUIHOCTH
cHeTemnr (6.43) ana aBavenué napamelpos m = 145, g = 0,21 1 Hauanbex
ycnosni x (0) = 3,5, y{0} =0, z(0) = |, npantairexamux ofnacT NPHTAKCHHA
crpanHoro arrpakropa [12-14]. CnekTp paccMMTBIBANCH A  peanM3ALAH
x{r) npn ware cyera Ar = (0,3 NyTeM YCpeAMEHMA » NePHONOL PAMM C MaCChBd-
MH 4096 vouex. Ha puc. 6.9 nanm crektphl MOWIHOCTH, MONYYSHHLE YCpeaHe
HHeM 10 7 = 1, B, 16 H 48 nepuonorpaMmam. Kak suaHo K3 puc. 6.9, ciekTpsl
A n =16 u 48 npaxTHdeCckh HEPAUTHUKMEL, HO HE CORIANAIT CO CNyHasM
n*l.

B 3KcnepHMeHTax Mo HIYYEHHIO CAOKNBX DHdyPKAMMOHHEX DEpEXOU0E K
xaocy , obycnOBNEHHMX paspyilielHeM KBUIHACPHONAHYECKHX POKHMOB, CREKTPBI
MOUIHOCTH PeaNH3alHA X;{{) MOTYT CUILHO YCIUKHATECA, JATPYUHAR QHArHOC-
THKY XapaKTepa HX nepecTpoiikh npu nepexone. B atom cinywae npuGerant K
NOCTPOEHHIC CNeKTPOB, WCHONG3YA B KAMECTBE MCXOIKOH PEANHIAUMHM TOUKH
Mepeceuenin TpacKTOPHM X§ ¢ 32J3HHOR cexyillet S, T.e. pacuet cieKTpa npo-
pouMTcA win orobpaxeHua Myankape cucremul. B dusnveckoit TpakroBke
972 NPONEMYpa MOXET COOTBETCTROBATE [ICTEKTHPOBAHWIO HCXOAHOTO Kolle-
Ganna K anwHay cnekTpa oruBawiucH npouecca X, (r). MawHHHoe Bpemi. eoG-
XODHMOE [NH uuﬁopa MaccHBl LANHBEIX IO nmﬁpaxeuulo. I'lpil ITOM, £CTCCT-
BeHHD, BOIpacTaeT.
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6.5. ANUopHTME! BAITHCIEHHA CEXTPE NATYHOBCKHX
XAPAKTCPHCTHIECKHX DoKasaTenest

3HIHHC HONHOTO CNIGKTPa NANYHOBCKHX XAPAKTCPHCTHMECKHX MOKazatencH
(JIXN) arrpakrops KaK NpelensHOro MHOXecTsd B $a3lOBOM NpOCTpaHCTHe
CHCTEMbl UOIBCNAET CASHATh DAJ BaxHHX BHBOOAOR O ¢ro cBoRcraax. Tak,
HANPHMED, HANHYME NONOKHYSABHEIX NOKaJaTeNeH B CHEKTpE CIYMXHT CTpO-
THM KPHTepHeM “CTPIHHOCTH™ AITPaKTIOp, 8 HX cymma B criextpe JIXI1 coada-
HA C METPHYECKOH JHTPOTIHEH CMCTEMB] HEPAREHCTROM

hy > XA, (6.44)
i

Cnextp JIXIl cTrporo onpegenser pasmepHocts oBOL0 THIA peryMsprbIX
ArTpaKTOPOR, & VA CTPAHHLIX ONpENeNAeT RANYHORCKYW pasmeprocrs D
{70} » » obwem chiydae NO3BONIAET NPOUIBECTH ONCHKY GPAKTANLHON (MeTpH-
Yeckoi) paimepHoCTH. CHrHatypa criextpa JIXI] Moxer Gpith KNIOYOM K BaiAc-
HEHMIO TONOAUIHNECKOR CTPYKTYPM ATIPAKTOPOB M Mx GudypKaumit npu Hame-
HEHMH TpaMeTpos.,

CTporo METEMATHYECKH AOCKA3AHO CYIISCTROBAHWE M KOMEYHOCTH NAMYHOBC-
KHX XapaKTepHCTHUeCKMX ToKasarened noboik HHTErpanbHoA KpHBOR CHCTEMBI
ypaesichui (6.1}, JIXI]l orpaxaor cpenion CKOPOCTE IKCHOHEHUMATIBHOIO
PACTAKCHMA (CXATHA) NPOCKUNA MANOT0 BOIMYUICHME HA COGCTBEHHBIE HA-
npasnciun sufpaHHoro Gaauca [33, 36, 60, 61, 159].

Onnaxo camo no cebe crporoe ofipejtencine He MOXerT Guifb NPHHATO B
KAauecTBE ANrOpPHTMa WIA paciera chexTpa JIXIL, xoropmit rpefyer wenonn-
JOBAHKA NOHATHA OBoOuennsix k-Mmeprulx nokaiareneii M NpUMeEHEHKR Npolue-
Rypsl opToronamszaipu I'pama — lisunrs [159, 160].

BaejgeM noHATHEZ K-MepHOrO NANYHOBCKOIO NOKA3aTens JMHAMHYECKOH
cHcremsl (6.1):

\E = lim VY: SAYS BA... YL & I
= 1im n
L]

fme - heSAefA... 21 643)
3geck {e])} — oproHopmmposaHHsii Ga3iC k-MEPHOIO NORNPOCTPANCTBA C-
xoforo npocrpancrea RY cucremb (6.1) ¢ HAWAOM B TOUKe Xg, A — BHewW-
Hee NpoK3Benetne BeKTopos, | 0 § - enknunosa wopMa, Y5 — dynnamentam-
HAs mrpnua peiueHHil THHeapH30BaHHOH cHcTeMm (6.1) .

Bexrop y ;= Yz, ef npencrasnacy coGoii peurenue nunenoR sanawt

Pz, FAX)Yx,. yx,(0)=e} (6.46)
B MOMCHT BpeMeHH 7, A (x) ~ marpuus Axobs cHerembt (6.1). Tax xak 3ua-
YEHHE BHEWHCTO MPOH3BefeHKA X MMEpHLIX BEKTODOB CTPOro paBHO ofbemy
k-mepHoro mpannenenunens, nocrpoeﬂuoro B N-mepHoM npocTpaHcTBe Ha ITHX
BEKTODAX KaK Ha pelipax, T J\, (Te. k-MepHuH NATYHOBCKHE NOXa3aTeNs)
NpRACTARNALT coBOH CKOPOCTE H3IMEHEHMA ofibcma ITOrO uapmmcnermnem
BRONL TPAEKTOPHH, HCXOOALIEH H3 HAYANBLHOM TOMKH Xg. 3HA4EHHH J\, He 3a-
BHCAT OT smibopa Gaunca {ef } u cnoco6a olpencneHMa HOpMLI, 3 Oltpefie-
AAWTCA TOABKO PA3MEPHOCTRIO UOAIPOCTPAHCTER Kk M HAYANLHWMH AAHHBIMH
Xo. Cywecrsosanne n xoHeunocts npenena (6.45) crporo mokasamst [159].
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OrMeTHM ABA BAXHBIX CBOACTBA k-MEpHBIX NoKasatenci: a) Ay MOXET NpH-
umaath camoe Bonbiuee C pa:mu-mux 3naveHnit; G) npu ipoH3BOnLHOM BGo-
pe OPTOHOPMUPORAHIIOTC Baluca {e?} k-mepibie nokasatenu usepuumoctuo
SIMKOH K eANMUNC, CTPCMATCA K MAKCHMAIBHOMY 3HaUeHMIO W3 Beex Cf
BUIMONHBLX KONYCTHMbIX.

B ceere BrmmeckadanHoro cnektp JIXID onpeacnawnT opnHomepHbie noxasa-
1eIH, PACTIONONCHHLIE B IOPANKe MX yOuBanua:

A, 0 P ha, 27 P Ay

Ha onpenenedus HcboicTea G) Ak-mepHoro nokazarens (6.45) sapHo, NTO IpH
k = 1 MOXHO HailTH TONBKO OAMH MAKCHMMANBHHIE OSHOMEpHLI MOKa3arens
A, ™ Ay, .1, OpH kK = 2 - MAKCHMANIBHEH JRYMCDHBIA NOKA3ATEND Ay =
= N,,1 + Ax,,2 8 1. Clenosarensho, sce OLHOMEpHHIE NMOKA3ATENH, T.e.
cnextp JIXIl, MoxHO ofpenennyb, BWUMCIMB BCE MAKCHMARNLHEIE K-MepHne
NOKS3ATERK, N0 PeKYPPEHTHOH opMyre

'.l M.: Kt. i“’*x ”'xx. » =2i3)"'|~! (6'47)
Hrax, aanaga maxoxacHMA cnexipa JIXIT cRomMTCA K BLINKCICHHI MAKCH-
MANMHBIX A-MepHBIX noxazateneh mia k = 1, 2, . .. , N Ho, xak oxazanoce,

BLIYHCASIL MX, NPHHKEMAS OnipelencHua (6 AS5) B KavecTne anroprrMa, HpaKi-
YeCKH HEBO3MOXHO, TaK kak B ofuleM chydae BAONb "XA0THYECKOH TpaeKTo-
PMH JIMHE YACTH BEKTOPOS GRICTPO BO3IPACTAET H YT MEOKAY HHMK 33 KOHew
HOE BpeMN CTRHOBATCA CAMIIKOM MATLIMR, 4TO0K MOXHO GRINO YBEPEHHO Bbl-
WHGINTE O6BEM COOTBCTCTBYIOMEIC NAPAICHCHMIENS. JT0 HBITHETCH CREACTBM-
eM TOTO, YTO PeUICHMR JIMHEAPHIOBAHHOH CHCTeMM (6.46) HaMenmorcs 00 IKC
NOHEHUMATIBHOMY 38KORY. YKA3EHHYM MHCTO BRUHCTHTERLHYI0 TPYAHOCTE MOX-
Ho oboitru, npufierdyd K cnegymuteil npottenype. Yepea Hexoropoe PHKCHpO-
BAHHOS BpeMA T MONYdWeHMunle M3 Mcxomkoro Gaszuca {ef} mexropm ()

IAMEHAOTCH HOBOH OPTOHOPMHPOBRAHHON CHcTeMOil BeKTOpoBs { it; § , NOCTpoeN-
HOil ¢ MOMOWIKIO XOPOLIO M3BECTHOR NpPONENYPM OpTOroHanMsuWn I'pama —
vozra [161) (F=1,2,...,N)

vy, vl

i
Vis) =V — . Ea @ yie1) bn, (6.48)

By q 3‘-“"”1,"“.] i.

MTpumesiense YKAIaHHOR MPONLIYPHI MIMEHEHHA GA3NHCA OCHOBIHO HA CHIERYI0-
WieM CBOHCTBE BHEISHErO NPOM3BENEHKA: ¢CNH NBa paHnx Gasuca {e;} mu
{4} mopoxnawt omHO H 10 we A-MepHOe NOANPOCTPANCTRO, TO CIPABEASIHEO
COOTHOLEHHE

k k
1A Lt VA Lyl
=1 " =1 & X
= —— . LER*XR:. (6.49)

f 4
lAe;i lAll.*'

=1 i=1
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[lycte xp = x(0). x, = x(nr). Torua p cuny uetnioro csoiicras GynuaMen-
TUIBHBIX MATPRIL MOXUU 3ANKCATH

YIi = YRro DT e yrne Dyl (6.50)

OBosnawm uepes { ef' } HOBLIA Bajuc, NOMYUEHNHBIA H3 CHCTEMBL BCKTOPOR
{ Vi, &' '} ¢ nomoumswo npouenypst (6.43), u mpeoGpasyem BuIpaxe-
H#He 1O 3HaKoM norapadma » hopmyrne (6.45) :

k k &
FAYPSE LA YR -(yLeht 1 A Y] e
§= 1 i1 i= 1
k = k ) k =
1 Al P A Y:etl [ |
i=\ i= 1 ° i=1
K k & ;
EA YTVl b A Yol I A YLl
(=1 " (=1 "ot /
= k k PRCES J¢° k f
i A el I A el I Al
i=} i= (=1
(651)
Jnn o proHo pMrpoBakioro Gasnca { £;}  capaseanueo
x
1 A gl=1, {6.52)

P
nosromy 3uaMeHaTens B (5.51) pasusi 1 mna seex i =0, 1,...,72— 1 (uexon-
Hoill Gasuc {ef } opToROpMHpOBANH).

NogcTapus B onpepienerwe (6.45) corHoweme (6.51) ¢ yserom (652},
NONYYHM OKOHMETENEHOE BEIPLKEHAE

n~1 k .
M, = lim @) Z inl A Yoel (6.53)
n—- - =0 i=

Tak KoK BHELWHME NPOH3BCACHHA MOXHO BHMMCIKTE NPEMO 1O Olipenene-
nH10o Ge3 00oGBLX TexHMuecKHX coaMocted, T (6.53) npencrasnser cofoit
HEMOCPe[ICTHCHHEIR  aNTOpHTM  pacueTa k-MepHMIX Dokasarenedl, a chepowa-
TensHo, M nonxore crextpa JIXIL. ilia BumukcneHns N k-MepHmX pKoKazare-
nef, Kak sMpEO K2 (6.53), NpAKTHYECKH HYKHO PELIATL CHCTeMy M3 V(¥ + 1)
onddeperunanbibix ypapHentit. [leperie N ypapHeH# — 3T0 HCXONHEH He-
nuMeitmas cuacTema (6.1) ¢ HavAnbHRIMK ychobuAMM x4 = x(0). Ee peurernte
HeOOXONHMO LIS NONYWeHKR Marpiim AkoGr, oupenensxwmelt cucreMmy ypas-
HeHMA nMHeiHoro npuGmxerna. Octapumecs N ypasHewuit noABRNAMTCK
B CBA3M ¢ HeoOxOMMMOCTLIC N pa3 peliaTh THHCHHME ypasHemus (6.46) ¢

N pamTHUHBIMH  HAYLIBH YCTOBHAMH, MCHRIOUHMMUCR uepes mrregna.n
spemenu 11 ye (1) =eq, i=1,2,.. N j=1,2,... N.Npuj=0 (e}~
MexomHbill GasMe, a mpu j = 1, 2,..., N 710 Gasmc, NoiyyesHnid B peIylls

Tare npolLesypn (6.48).
Tlo;IHOCTLI0 AHANOTMNHO CTPORICA anfopuTM pacuera cnexkipe JIXIT npm-
MEHMTEJILHD K /V-MEPHBIM OTOBPRLKEHHAM:

Xpo1 = Plxy). (654)
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{MO03HAMMB MaTPHILY AKoGn oToGpaesns wepes My | te.
9P jdx, ... 3P fdxy

-"’f = ] 6-55

o " | apysa, ... oPyfaxy (653)

L006H0 (6.45) onpegcnium K-MepHBIE NANYHOBCKHR NOKAZiTelh % OTO-
O HKEHMA

K &
Ney = B ptpcE A M2 eI fAle? 1, (6.56)
o o i=1 =

Yrobipt W30exars NpepMBsHMil 1epenOiTHEHMAS M HCYEIHOBEHMA NOPRIKA.
RAK M B Cliydae NOTOKE, NMpMMEHMM Npollellypy oproroMunwsapi pama -
Lismpra (6.48) Ha kawjioM mmre arepaund oroSpawenus. [lpeoGpasosan
prpaxehHe (6356) Tk we, KAK H OnH NOTOKA, NONYYHM (hopMy:ITy, RO3BO-
ALY 0 MPAK THYeCKH cyMTaTh ciexTp JIXII:

A1 i .
)\"f,‘ = dim et ml A Mx}eft (657
9. - i=0 |
H3 (645) u (657) BHiHO, Y10 k-MepHbie NOKA3RTENH ABAANTCA (MPEALHAMH
HEKOTOPOA GecikOHeNHOR MOCHENIOBAT2NZHOCTH, AUITOMY APOUECC BRIMHCAC-
HUS HeoBXoMMMO ofOpBATE MIpH AOCTHXCHHH 34JAHHOTO YPOBHA TOUHOCTH B
CXOIMMOCTH NOKAZATEIEH K NTPENENbHBIM IHAYCHRAM.

EciiH HeT HyXIm BLIMHCTATH Bee .V ONHOMEPHMIX MOKalareneii cmekTpa,
MOXHO OFpaHHWITRCH wHoneM | < N manBonnunix mokasarened. ARTopuTM
70 no3BonAeY H Tpebyer MHrerpupopamMa V(f + 1) ypasnedm#i, vIo Ccyle-
CTBEHHO HIKOHOMBT MAUBIHHNE BpemA,

B npocrefimem orywae [ = 1 BsMCIfiercA OfMH HaMGONLIUMA mOKa3aTENnH
cnexrpa JIXIL. Npouelype OPTOTOHANHIAUNK NpPH 3TOM COOTBETCTRYET nepe-
HODMHPOBKA JUIMHL] E[MHCTREHHONO BEKTOPd HA EOMNMILY C COXpAHEHHEM
OPHEHTAURM.

6.6. MeToa 'mcneHNOTO ToCTpoOeHHS vcolbix petemd
CHCTeMEB RAMPOCPCHUNAN BHBIX YDABHEHRI THIA CertapaTPHC
M CENapaATPHCKLIX KORTYPOB

Pan npakTuyeckHX 3amau, CBABAHHBIX ¢ BBIACHEHHEM MEXINHIMOB pAIBH-
THA AMHAMKMECKOTO X30C3, [PHBOIHT K HeoOXOMMMOCTH AHANHIA TOMOKIH-
HHYECKHX H TeTEPOKTHHRHYSCKHX TpaekTopHit B OHypkaumi pewserwii 8 ux
SORWIKHOE OKPecTHOCTH. Hexorophie ofiine BHMBOOK O [REKCHHH B OKpe
CYHOCTH THKHX TPACKTODHHA MOXHO C/IeNarh HA OCHOBAHMH NHHERHOrO aWaTHia
B OKPECTHOCTH Ocolintx rovex [16-21. 40-46], omHiko HaxOXAeHUuE OCOGHX
TPaeKTOPHH M NICcnenoBaHe r10BQIBMLIX CBOMCTB pelieHMA B HX OKPeCTHOCTH
NOCTYTIHO RULD ¢ NpHMEReHHeM JBM.

Buopy oGparmmc K HCXOMHOW CHCTeme N HenMHCHAHMX Iidpeperumants-
HBIX ypamHesmi (6.1). [lyers xg — 9T0 ocwfad rouxa cucremmt, T.6. F(xg) =
= 0. Cobersentnte Wi { 55, 53, ..., S5} TOMKH Xo MOXHO PaspenyTh Ha
se Tpynn B ABUCHMOCTR OT 3Haka ux Oeficrsurensrol vyacTd. Haeecrho,
HTO eitd A m coBCTBEHHDIX WHCEN BBHIOIHACTCA ycnobMe Re s; > 0, a ans
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GCTAWIBMBX A -~ mt wdcen Res; <7 (), 1o B Touke Xy CYLIECTBYET 2i-MepHOE He-
YUTORMMBUE  HHBApHAHTHOE MHorvofipaske, o0pasoaaMioe TPABKTOPHAME,
BhILOAAUE MY B3 OcODOH TOUKH, M (A — mr}-mMepHOe yCroMvHBOe UHBAPHAHT-
HOE MHOrooGpaine. 06pasnpaHHOC TPACK TUPHAM, BXOLHAIIMME B Xg -

Cnyvaii Res; = 0 sunseica GMGypraiMOHHLIM, TaK KaK IIpH ITOM NPORC
XOIMT pe3xdaA MepecTpoiiKa HHBAPHAHTHMIN Muoroofipassd. Ectn y cacTensr
(6.1} cymecrayer HECKOILKU NOADXKEHHA DABHOBECHA, TO KAKIOE H3 HHX
HMEET YCTOAYMBEE M HEYCTOHUMBBIC KHBADHAMIHLIE MHOrOOGRAIMA COOTBET-
CTBYIOIMHX PaIMeEpHOCTes. BadMMOpacnolomeHHe BCeX ITHX MHOrooGpassi
{1ne, OPYIHME CTOBAMM, CEMApATPMCHAIX TorepXHocted) B dasosoM pocTpaH-
CTBE 3aHeT CTPYKTYpY ero pasfiuedMd a ofNacTH ¢ paMiMyHLIMH DEXHMAMH.

HauGonee MIyseHHuM K HHTEPECHBIM VIS HAC ABNAETCH cnywsd m = 1, 1o,
KOrfia B TOUKe X HMEETCH EJHHCTBEHHOE NOMOXKATENLHOE COGCTRCHHOE WHC-
70, KOTOpOMY COOTREICTRYET OOHOMEpPHAH HEYCTOHMWBAR CcenaparpHcd, a
ocransnble coGcmBeMNble WHENa MopoXpalT (N - 1)-mepHoe YCroHMHBOE MH-
papHaHTHOE MmHOTOOGpaime. B r1akoi cHTyalmu, €CnH CHCTEMZ 3SBHCHT ewe
H OT NApAMETPOB, NPH HEKOIOPHX (BMKCHPOBAHMEIX HX 3HAYSHHHX HEYCTOH-
YHB2A cenaparpnca Moxer ofpajoBaTh NETIK, T.e., BLHIA HI1 TOUKH Xg, Bep
HYTBCA B HEC Ko, KACAACh YCTORMHBOIO MHOTooGpasus. JT0 HHTEPECHO TeM,
§T0 ¢ tieTneit cBAIAH O[MH HI MEX3HWIMOB HCYCIHOBEHHA (WIH POXIEHHA)
wakstos [162, 47]. Kpome TOro, npy HEKOTOpMX AONOQTHHTCHBHEIX YCIOBHAX
B OKPECTHOCTH Netnd HAGIIOMAIOTCR CTOXHAIE ARICHHA, TAKHE KaK pOX[e-
HHe GECKOHENHOIO MHOMECTBA KPATHHX UHKJIOB W MHOFQOGXDIHEIX TeTesh,
Yr0 MOXET NPHBECTH K BOSHHKHOBSHKIO croxacrusmoctr [53].

B cBAIH C 3™MM OOMOH M3 BAKHBEX JA4 WHCTEHHOID HCCHefOBAHMA CH-
creM supa (6.1) ARARETCH NOCTPOCHME CCOBPATMC, 3 MpH HATMYKH [IApRMET-
POB CHCTEMDI - HaxoXieHHe BGidypKaUHOHHOID MOMEHTE DOXICHUA NETIH
CElAPaTPHCH NPH M3MEHEHHM ONHOIO Napamerpa M noctpoexue findypxaunol-
HhX KPHBHX, OTBERIIMX HAIHYHIO TIEDIH, HA MIOCKOCTH ABYX NapaMeTpos.
HHrepec raxike NpeicramialT CeNAparpHchl, HMOYIMME H3 OJHOH ceanoBoit
ocOGOH TOUKH B APYIYIO, NO OTHOLEHWI0 X KOTOPLIM NeTNR ABNAEICH Hact-
HLIM CITYYAEM.

Myere cucresa (6.1) MMeeT Re cenOBBle OCOGRMIE TOUKH Xy M X, KaX-
DAl M3 KOTO HMMEeT POBHO M0 OQHOMY MOMOXHTERBHOMY COOCTBEHHOMY
wany s] u 51 coorBercrenno. TOrmm M3 X, BLIXOMMT OAHOMEPHEA HEYCION-
wupan cenaparpuca [(xp), a u3 rouxs x, — I'(x,); T(xg) — 3ro TpeexT0-
pHA, BRIXONALAR M3 TONKM Xo B HANDARNEHHH cobeTRedMoro mexrapa v§,
oTBevallero cobicTeenromy wHeny s5. Jbix nocrpoemss I' (xo) neoBxomumo
NpOCTO NMPOMHTErpapoBars cHcreMy {6.]1) H3 HaDUIBHOA T09KH, nexcuued
HA BEKTOpe ¥ Ha ONEHB MANIOM PACCTORHKM € OT TOYKH X .

ITpepmonoxim, sro cecrema (6.1) 3aBMCHT reneps OY HBYX N4paMeTpos.
3amHuem e¢ B BRE

= Flx, gy. tiz).

3adUKCHPYEM OIMH M3 NAPAMETDOB, HANDHMED iy * #3, M NOCTPONM Cenapar-
pacy I'(xp, §,) tipn Hamesewma napamerpa g, . B ofauem cnyvae T (xq. i),
BMIZA M3 TONKH Xp, NPOXOIHY MMMO Cefiia X, HANpHMEp, 3arnfancs BBepX
No OTHOLIEHKIC K YCToHuMBOMY MHorcobGpammmw W' (x,) rouxm x; (puc. 6.10,
xpupasa ). Tlpx Baphaipm [, CHTYZUHA MOMET M3MCHHTBCA M Cenaparpmca

128



P ne. 6.1 Bosmoxue caydan noBencHnd HeyCrORIWROH CenapaTpuchl B okpecTHOCTH
cenyia

noiiger moxe W(x,) (puc. 6.10, xpupas 2). ficwo, w10 B CUTY Renpepbie-
HOCTM NpH  KAKOM-TO MpOMEXYTOUHOM 3HAWEHMH g = g7 CenapaTpMca
To (%o, #1*) poxcHa nonacts TowHo KA W*(x,) u npritte B TOUKy X, (pic. 6.10,
xpusaa 7). B onyvae xp = x; GubypiaimOHHOMY JHANCHMI0 NADAMETPE i, =
= 47 COOTBETCTBYET QNBOMKOACHMITTOTHYSCKAR TpacKTopHA [ (xe) THM
HETAH CeNapaTpHCHi.

T yrousenna GeYpPICAUHOHHOTO 3JHAMEHMA i) HeoGXOmMHMO JM/ATH He-
Koropym GyHKIMND, KoTopan ofpaimercd B Hyms Npw [, = jg. Eemxm
OTIpeNeIHT: CReRyIOumMM o6pasoM. BuifepeM B ¢asoBoMm npocrpancrse RY
B Kauectse 0A3HCA CHCTEMY COUCTREHHMX BEKTODOR DONOMEHMA PASHOBECHA
v,. Oycrs v} — 310 cofcraenHyfi BEKTOpP, COOTRETCIBYOUMA NOAONMTEND-
HoMy coGcrselMOMy 3HaueHMN s}. M3 OTpWUATENMMEIX COGCTBEMHMX ‘WiCeN
BhIfepeM MM ¢ MAKCHMANBHOR NCACTBHTENEHOR WCTEW, KOTOphi® HaIn-
papTcH Begyummu cobcrseHHMMM wonamu. B cnyuae ofero nonoxenns
umeerca o opHo NeACTBHTOIMNOe BeRYWiee W10, nulio mapa KoMmnexc-
HBIX BegynmMX Wwices. HajoBeM yCNIOBHO TOMKY X, B HEpBOM Cywae CeIyioM,
a4 BO BTOpOM — cemo-poxkycom. [Ipemnonodsim cHawma, 10 x; — cemo.
DGozmusM wepes ¥i menyumi cOGCTBCHHRIA BEKTOP, T.£. BEKTOp, COOTBET-
CIBYIOUTHR BeaylcMmy coﬁmemmuy wcny. flposegeM mnepmmockocrs S,
YYTh CHABMHYBUGMCH 1O BeKT0py Vi, napanaensuo (V — 1)-mepHomy noxmpo-
CIpaHCTBY, OOPa3OBAHHOMY BCEMH OCTIBABIMM COGCYBEHHBIMH BEKTOPAMM.
Echm me x; — cemro-doKyc, TO THNEPITIOCKOCTs § NMpoBeAsM uepe3 TOYKY
xy mapasenso (¥ — 2)-MepHoMy c0GCTBEHHOMY TOITPOCTPAHCIBY, OThe-
vaiutemy BoeM COBCTBEHHBIM WHCNAM, KpOME BENYUIHX, H NADAR/EIBHO He-
KOTOPOMY BEKTOPY, SIEAALIEMY B BEAYIUER HNBAPHAHTHOR ITI0CKOCTH.

B xauscree yHIMM paciueivienMs H BOIbMEM PACCTORHME MEXY TOMKOA
vepecencrun T (xp) ¢ YHMepmiocKoCTHie S MW MpoexklMed nepecedermst § ¢
yCToAvMBAM MHOTOOGpasmem W4 (x,) m (N ~ 1)-mepHoe cobcraennoe Nojl-
UPOCTPANCTED, OTCWAMICe BoeM COBCTBEHHMM BeKtopam, Kpome vi. Tak
KaK Touka nepecevera I' {xp) ¢ § nexgir pocrarowo GaM3IKO OT Xy, 10 yC-
ToiuMBOe MHOTOOGpaIME W (x;) MOXHO 3AMEHNTd KACITENBHOH K HeMy B
cemie Tunepiopepxnoctyio K. Haum paccyxaenms winiocTpapyer puc. 6.11.

9. B.C. AHIIICHKO 15



Pyc. 6.11. K olpenencHaw GyHKUNE PACIHCIICHAR COlSPATPAC B CYYIE, KOFAA X, ~ cell-
na

YIouHHTe HyResOe JHauehMe yHkuuu pacuennerms HomoxHo n:06siM
CTAHUAPTHHIM METOMOM, HANPHMEP METOOOM IRXOTOMMH WM MHTEPTIOIHPO-
parieM. Toce yroutenua GudypawHOHHOTO IHAYCHMA NAPAMETDA [] MOXK:
HO DPHCTYNHTH X nocTpoeHiio GitdypKaiMOHHOR KpABOR HA IIOCKOCTR Ywe
HBYX MCHMIMHWXCR WapaMerpoB. JT8 KpHBAR IjieTca ycnosmem oGpaie-
HMA B NYNb GyHKUNH PECILCTUICHHA CEMAPATPMC W CTPOHTCH TaK ke, Kak Om-
bYpKANMOHHAE KDPHBLI, COOTBETCTBYWUINE HOTEPE YCTOAVHBOCTH ULMKIOM.

KoMiyiexc nporpamm, peafM3yioned BHIMCONMCAHALE ANTOPHIMBI, €03
pau s HUBLL AH CCCP (123, 154].

Tefleps PRCCMOTPHM TNEpHOIMRECKOE peilichie x(t) aHcresm (6.1). Owo,
KAK WIBECTHO, XAPAKTEPHIYETCA MYTIMIMITHKATOPDAME Py,..., Py — - TOK
e KAK H Y BUIOKEHMA PABHOBECMA, Y TIEPHOIWUYSCKHX peiteHHE (UHKIIOB)
HMeloTcr yerofiuibue M HEYCIORNHBBIE MMRAPHAHTHbe MEOroofipazua, of-
PRIOBEHHEE TPASKTOPHSMH, “HIMATMBANAHMICE' HA MMKT H CMATHEAW-
upsrssca” ¢ wero. Flyery umxn [° Hmeer m MyISTHINIMKATOPNB TAKHX, 9TO
Ip;| < 1, a ARA OCranLHMX BLITONHAeTCH YcoBHe | o, | > 1. Torne paimep
HOCTE YCTORWMBOre MHOroo6paIMA pasHa m + |, 8 HeycroAwmBoro N — m.
Tax, Hanpumep, cemioBod ww1 I' B Tpexmepiiom A3I0BOM POCTpaHCTBE
HMMECT ABYMEDHME YCTOR®ROe M Heycrodwasoe mioroobpams (puc. 6.124).
Ecm B a’jopoM MpOCTPAHCTEE CYIUECTBYST HECKOMEKO LMKIOB, TO MX YO
TORHKDLEE H MeyCTOHBMBbie MHOFOOGPATMA MOTYT NEPECEKATHCR N0 T4K Ha-
ILIBAEMEIM 2eTEPONAUNUNECKUM TpaexTopmaM [62, 63].

Yerolmmbie 1 HEyCTUADIBLE MHDIOOGpAIMA OHOTO H TOrO Xe IMKNa
MOKYT HEPECEKATRCH N0 20MOKAUNUYECKUM TpaexTopuAM. B oxpecrocTax
IHX ocobhX TpaeKTOpMA MOTYT MPOHCXDIMTL COXHBIE ARNEHHA, NPHBO-
AINE, B WACTHOCTHM, K CTOXACTHMHOCTH. OfHAKO 330 WMAIEHHOTO NOCT-
POCHUA FOMOKMHHYECKMX H TeTePOKNTHHHISCKHX TPASKTOpHE TOpaaio CRoxX-
Hee 3aAWH NOCTPOSHHN CeNAPATpHC NOMOMEHHA pARHOBECHA, MOCKORBKY
TpeSyeTcA HAXOMMIh JIMHHM NEPECCHCHHA MMOTOMEPHBIX HoBepxHoctelt. Pas-
MEDHOCTD FAHATH MONHO NOHHINTS, eCHH LEPSATH K COOTBEICIBYWNIEMY OTO0-
Gpaxemtio Hyamcape. Touxs TiepeceueHHS IMKAE C© Cekymed S smnserca
HeNomBiOMHOR  TuKof OTOSPANEHMA, 3 NEPECEUCHHN HMBADHAHTHRIX MHOTO-
ofpantii ¢ cexyiedl S5 o6palyloT UHBAPHANTHEE MHOTOOSPAMA OHA HeNog-
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BHXOTOW TOuKM (pwc. 6.126). B cnyuae rpexmepHoro Gajxsoro Mpocipas-
CTBA 3TH MIOTOOGPIIHH OJHOMEPHE! # NEPECEKANTCA B TOUKAX, HAIBIBAEMBIX
TOMDKITHHH YECICHMH .

TockoneKy Jajau@ NOCTPOEHHA TOMO- ¥ TeTePOKIMHHUCCKHX TPACKTO pHil
cHCTeMB! (6.]1) CBOOMICH K HAXOMXKIACHII0 FOMO- H 1EeTePAKIHHHYECKHX Tu-
yex orolipudeima [lyamcape, nmepeiieM K pPaccMOTPEHHN AWCKPETHONO 0TO-
opakelu

Xy it = Plxg, p). (658)
rie Xy = (X X3, ..., o). Tlyems xp ~ HemMOMRHXHAA TOUKE UTOGpAKEHUHA
(658), 8 py, P2..... PN — €& MYALIMIVIHKATOpH. LIYCTH OMMM HI HHX, H3-

NPUMED £y, MEAMT BHC CIMHHUHOIO KDYra, @ BCC OCTAILHblE ~ BHYTPH. Torpa
MYNBIHINTAKATOPY £; COOTBETCTBYET OAHOMEDHAH HeYCTOAYHBAA MHBApUAHT-
HAA KPHBAH, KOTODYH MOOKHO MOCTPOMTh ClemymwsHM obpasos. Hafinem cob
CTBEHILH BEKTOP, COOTBETCIBYFILMA £;, M OTNOMHM HI TOUKM Xg B HAMpan-
JEHHH 31070 BEKTOpa OTPeIOK OUCcHb MANoH Jumubl. Ha 110M orpeaxe aana-
MMM K TOYEK, NEXKAX HA PABHLIX PACcCIUAHHAX [pPYT OT Apyra, v, BuGHpan
HX NOCHepe[HO B KaueCcTRe HANAMBHAIX, [[POHIBEICM HI Kﬂ)&ﬂﬂﬁ TOYKH HeKO-
TOpOE JOCTArouHe Bonbloe Yucno utepaumii otobGpaxenus (6.58). B peayny
TATE MIYYMM KpHBYK B $a30B0M Mpoctpadcrse. KoHeuno, takum o6pasom
MBI HE TIONYYMM um]:owamm 0 ¢¢ nepeceUeHMAX ¢ JIpYTHMH HHBADHAHTHLIMM
MHOTUOGPAIMAMHE, HO 34T0 CMOXEM CYIMTb O CTENeHH e¢ IMAIKOCIH, Y10 TOXe
NpeACTARN ALT HEMANBIE KHICPEC.

EulH HenmoUpHXHAA TONKA Xp HMEeT ¢/HHCTBEHHBIA MYNLIHIVIHKATOp BHYT-
PH EIHHMYHOIC KPYT3, 3 OCTAIGHMIE — CHApYHRM, TO OJHOMEDHOH ABIRETCA

P ac. 6.12. AnBspualtisie MHoruoBpasHE ceanueoia IMKA (8} A CODTBeTCTRYDIINE HM
cenapaTpucst B orolipawcinM (5}

YCrofmisan cemaparpuca. E€ MOXHO HOCTPOHTH, eCiH orobipaxcHHe (658)
ofipatumo. Toraa samuiem

Xy, = P”l(x,”.l.p). (659)

Towxa x, ocraseTca HenoppmicioK TO'KOR OTOGpaxenas (6.59), o Gyner
TEMEPh HMCTh OMHH MYNBIRIVIHKATOP BHe eJHMYHOIC XPYra, 3 OCTANBHBIC —
BMYTpH, HeycToAuWsas oaHOMepH2R cenaparpuca otofipaxerma (659) Gy-
OeY COBNAMATE C YCIORWMBOR cenapaTprcoit oToGpanetms (6.58).

3amaua MHCNEHHOTO HAXOMAEHHH TOMO- H FETEPOICIMHHHYECCKHX TOUYEK NpaK-
THYSCKH PaJpeliiMa TONLKO Q1A DByMepHEIXx Oobparimeix oroSpaxersd. flo-
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CTPOHMB 1A TAKOro oTOBpaXceHHS YCTORUMEMIE M HCYCTOHYMBLIE CEUAPATPHCH
OOHOH WIH HECKONBKHX HETOZIMMNGIRIX TOYRK, MIDKHO HAATH M TOUKH MX Iie-
pecenehua. Tlpu yom BoIMMKaeT fipofinema: KaxK MO peIyNsTATAM YHGICHHOIO
CYETd MATEMATHYECKH CTPOTO OGOCHOBATH CYIICCTBOBAHHE IDAHCBEPCATBHOIO
nepeceuetud cenaparpuc? Jlas ee pelieHMA MOXHO HCONLIBATh NTPCIVTONKEH-
moi 8 [163] anropuim, NocpeacTEOM KOTOPOrC BOKDYL CEHAPATPRC CTPONTCA
HeKOTODE JOBEPHTENBHRIE OKPECTHOCTH, H TPAHCBEPCWILHOE IepeczHeHHe
CEMAPATPAC NPH ONPCHENCHHBIX YCNOBMAX OKAMMBECTCHA CNEHCTBHEM TPaHC-
HBEPCHIBHOIT NEpeceueHIA NOCTPOEHHbIX OK pecTHOC T .

6.7. AnropriMsl pacitTa pa3MEpHOCTH ATTRIKTOPOR

BrrumcreHse paamMepHOCTH ATIPAKTONOB ~ OHO HI BAXALIX HANpasreHuR
MccnenoBaMit B OfnacTH BIMAMHYECKOro xaocz. Pacuer paamepHOCTH noite-
3CH TIpH 2HAIK3E pPacTIpefiefieHHBIX CHCTEM METOJAME KOHEUHOMEpHSLIX an-
NPOKCHMAIMA, TAK XKAK [AeT BOIMOXHOCTD YK334Th BEpXHION IDAHHUY pas-
MEpPHOCTH $aloRoro NpocTpakcrsa MonensWoill cucremwr [71. 99-103]. C
PAIMEDHOCTHIO ATTPAKTIOPE CBA3aHE TaKke NpofiieMa NPHETHXCHROTD ONH-
CAHUS A HAMHKH CHCTEMBI € TIOMOLIBIO JIHCK PETHRIX OTOOPIKCHHA.

HauGonee vacro ssrmcnswr @pacrmrene (4.19) wm ungopmayuonnyio
(4.21) paameprocTa:

InM(e) . I{e)
Dg = lim —~_ Dy = lim — ;
e—0 In(l/e) e~ 0 In(l/e)

Mpocrefiumm, XOTH M He BCErHA OMIMMANBHBIM, COCOGOM BarMcTesHA Dy
M D; #RIAETCA HEMOCPENCTBEHHOE IOKPBLITHE MMEIMIErOCH MHBOMECTBA TOYEK
aTTpaKropa N-MEpHMMH KYGHMKaMU CO CTOPOHOR € (N -~ pasmepHocts $aso-
Boro npocrpaHcrsa). Ha onpepenesun (4.19) npM KOMeWHOCTH € CieTyerT:

InM(e) = Deln(1/e) + InK, K — const, {6.60)

# penMuuna Dy oNpepglisercA MO HaioHy rpaduxa 3asmeumoctw M(e) or
1/e 8 ppofirom norapudmuteckom maciirae.

N seomcrersm wHGOpMANMONHOH pasMepHOCTH BeporTHOCTH P, onpe-
pensoupe IHIponkio ldenkona 8 (4.21), auMpoXCHMHEPYIOYCA OTHOUIEHH AMH
Rifng, FOe fj — WHCNO GAIOBRIX TOTUEK, HAXOMKUMXEA B i-M KyBrke ¢0 cTopo-
HO# €,3 ny - CyMMapHOe HHUIO TOYEX aTTPAKTOpa.

Meton OpAMOTO NOKPAITHA OKAILIBAETCA PAGOTOCMOCOGHBIM TONBKO IGTH
MATOMEPHBIX ATTPAKTOPOR (N & 3) M NpH OTHOCHTENBHO HeGONBIIOA CTENeHH
CHATHA (a30BOIV OGBLEM2 B OKPECTHOCTH ATTPAKTOPA, T.£. NpH BONBUIKX 3HA-
NeHHAX OpobHoR vacmn paamMepHocTd. B nporusHom ciywe (V2> 3, d € 1)
TpeGyerca oucHb GonbUOHE OGBEM MAHMBIX, MATHE IHANCHUA € M OTPOMHOE
YO0 NOKprBalum X sueek M{e).

Bostee sphexTHBHLA anropuT™M BAMMCTENMA GPAKTUILHOR pPaIMEPHOCTH
OCHOB4H Ha COUTHOWEHMH [164]

Dp = N - Iimo (In F(e}In(1/)], (6.61)
« -

rae V(e) - olineM MHOXECTBA, COCTORIETO H3 BCCX TOYEK, HAXOALMXCH B
€-OKPeCTHOCTH aTTPAK 10 pa.
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Ins srvMcneHHA WHPOPMALHMOHHOR pa3mMepHOCTH [); MOXHO HMCTIOABIC-
path pdeKIHBHBE ANTOPHIMM, pealMIYWINse MeTomn Cmuxaliero cocem
|165]. mMeTOomM OTCRexuBanMA fpoexumx [i66], a Takke CTEUHsABHbE Me-
ronm, oftucaipe 8 [167].

BaxaibiM DpPeACTABMTEISM KJIACCa BEPOATHOCTIONX pasMepHOCTed  SBAs.
STCA Koppeanyuonnan padMepHocrs D, {66, 67, 168, 169]. onpeaenneman
COOTHOWE HHEM

Mi{r)
D, = li":) fin '2 P})me], (6.62)
[ B L |

tpe P} . DEpOATHOCTL TOTO, WO NAPA TOWEK ATIPAKTOPA MPHHAUTEXHT i-MY
emMeHTY NOKPBITHA. OTMETHM, YTO KOppeTAUNOHHAA paaMepHocT: D, mpen:
cramnder W@CTHHA Chywed raxk Masmpaemol of00uienHold PpaIMEpPHOCTH, HC-
HOMB3YIoMei BMecTo SHTpoMMH blennowa » (4.21) Inrponuw Pensu nopapxa
tf [170]‘

Me)
fa© = 0 -a)'in( Z 7). (6.63)

Onpenenerie KOpPpenmMOHHOH patmepioctr (6.62) orsedser cnywao g = 2.
Koppenmuonuyio paIMepHOCTE MOXIO TDECTABHTS B BHAS

D= limo {InC{e)}ne]), (6.64)
C(e) = lim ng? “i' : Ofe — tx; ~ x;l], (6.65)
rae

L lx; - x;) S e,
Oma1x; —x;1 > ¢

X; - sexrop HiofpaxawdleA ToukH b $ajloBom npocrpakctBe. Taxem oGpa-
30M, PRIMepHOCTD D, ONpPeIRAETCA JHAYCHHEM KOPPeAXIMOHHOTO HHTErpana
C(€), xapaxrepH3yIMMM OTHOCHTENBMOE WWCNO MAP TOWK X;, X;, Y/AneH-
HBX M3 paccTonHMa dyy > |x; ~x; | <e,

Hra pacuers woppensugonnoro wHrerpana C(e) M, cienppareisko, Kop-
pensuuodnol pasmepHocTH D, HeOGXOMHMO BLIGICAMTE BCE PacCTONHMA dyf
H ROMACYHTAT YHCIO Map Totek n{€), mA koropux d; < ¢. Torm xoppenn-
UHOHHMHE MWHYerpan

C(e} = n(e¥ni. (6.67)

Paccroamun d;; BRMCIAIOTCH JHANMTENSHO GbICTpes ¢ YUeTOM PeaMIyeMOro
v JBM npencrasnelua awcen ¢ masawied sansroit [171].

MpuBenemicie anropnTMIL pacteTa ¢GpaxTanbHoil, HAGOPMAHONHOR ¥ KOp-
PIUHONNOR pasMepHOCTER ATIPAKTOPA CRHACTEIRCIBYNWIT, HI0O AN BLIHC-
TeHaA HeoBXOAMMD HMETH MHOKECTBO TOMEK, ONIPERIeHHNX B $a30BoM npo-
CIPAKCTBE PA3MEPHOCTH NV M HpHMAMEXINMX ATTPAKTOPY. UNcno Touex mg
8 pacyeTaX KOHedHO, HO ofA3ano GWts Jocrerowuo Gonswmm. 3ypa Bu-
WA pASMEPHOCTER 1A CHYYACB, KOTOA /MNAMMYECKAA CHCTEMA 3AOAHA
{mibo MICKPeTHMM OMepaTOPCM OTOGpaNEHNA, NGO ccremon npdwpepen-
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HHATBHBIX YPABHEHWA), TPHHUKIMAABHMX TPYOHOCTER HE CONEPKHY W IIpH
mocTaTouHoR Mmamam n GeicrposaeiicTaun 3BM peansHo paipeutims.

Onxiako uacto Tpefyerca BRMHCIHTG PIIMEPHOCTB ATTPAKTUPE HEKOTOpOR
peaIbHOA CHCTEMBL, MATEMATHNECKZA MOJCHL KOTOPOA HensBecTHE. ThpH aToM,
KdK NpaBHIu, HEH3BCCTHE (Oake MPalNMAEHRO) paIMepHocTs ee daloBoro
NpOCTpaHCTBA. JKCepEMERTaTUP pacionaraer B ITOH CHTYAUMK HHdapma-
uneil O MOBEJEHHK BO BpeMEHH KaKOW-THGO OOHOH K3 MHAMHSECKHX nepe-
MCHHBIX (HANPHMED, 3ABHCHMOCTLIO OT BpeMeHH TOKZ WIH HANpPAXKEHHA, NaB-
NEHHR HAH CKOpUCTH H T.L). K TOMY XC M HHTEPBAN BPCMEHH IKCIEPHMEH-
TANBHOA PeAnM3aliM TIPOUECCH CCTECTBEHHO OrpaHKucH. MOXHO JIH fipn Ta-
KHX YCIOBHAX TIONYHHTS OUEHKY PaIMEpHOCTH aTTpaKTopa?

Myts x pewenrio 1ok npoBnemel Soui npennoxen $. Taxencom. B [172]
AOKAIAHO, YTO NOYTH Y19 BCEX [VIAXKHX AHHAMHYECKHX CHCTEM [0 MMEIOLICH A
BpeMEHHOH peanu3alMu ofHOR HaGnopaemoR  IHHAMHYECKOH nepemenHGh
MOXHD CKOHCTPYHPOBaT: HOBOE MHUroo(pasHe, UCHOBHBIE CBUALTBZ KOTU-
POTe (pasMepHOCTh, B YACTHOCTH) BYAYT TaKHMMK Xe, KEK ¥ HCXUTHOTO,

Tlycts IKCNEPHMEHTATBHOMY HIMEPEHHIO [OCTYNHA HEKOTODER 3aBHCH-
MOCTh X (7}, KOTOPaA OMCKpPETHIHPYETCA C HHIEPBATOM MO BpemeHn Af. B
pe3ynbTaTe NOAYHdeM MOCAEHOBATENBHOCTD MMCEN X (f;). rOe f; = 1y + [Ar.
Takencom Vpemoxeno Mo J10# MOCTEROBATENBHOCTH CTPOHTE MHONECTBO
M-MePHBIX BeKTOpoB ¥; € R™, KoTOpHIE BBOAATCA TEK

(x,, it it 3pnen- x,,(,,, - l)f)I Xy = I{’[}s T = kAL {6-68)

BpemA AMCKpeTHIMUMHM A7 HCXOGHUH DEaNH3aUHW  HAIBIBACTCA  BpeMeHeM
BHIGOPKH, BpeMs T B (6.68) -~ BpeMcHEM 3alEpWKH, 4 YHCTO M - pasMep-
HOCTBE0 BROXeHHA. OcHOBHOR pe3ynsrar TakeHCa COCTOMT B CEMySOUIEM.
EcnH BpemetHas peanu3auMA x(f) TIpeNcTABAeHa B BHae GecKuHewHOR mo-
cnepopatensiocti yueen {x;} . 10 OeckoHeuHoe MHUXecTBU BeKTOpos v, €
€ R™ 3a/0eT BAOKCHHE MCXOAHOIVU MHOFOOGPAIHA NMOYTH NIPH MoGOM BbI-
Gope HabmozaeMol nepeMeHHOH, €CITH M He MeHbLlle YABOCHHOH PAIMEPHOCTH
HCXOJINOTO MHOroobpaIua.

BoccTatoBieHHoe TAKHM OBpa3oM m-MepHoe MHOroOBPIIME  HBNACTCR
PEKONCTPYKINEA HCXOQHOrD MHOTOOGDPE3HA, B KOTOpoe GbiA BIOXeH WHTe-
pecywinil kuc arTpaxtrop. TpHMCHHTENSHO K ITON PEKOHCTPYKUMH MOXHO
BLIE AT 10Dyi0 M3 BBe[eHAGIX BBl paMEpHOCTefl, YTO JOMNHO Hats
B Ppe3yNibiaTe OUCHKY Pa3MEpHOCTH pEafnsHOMO HCCNENYEeMOTO ATTPEKTOpa,
Kpome 100, CTRHOBWTCA palpeiliMOR M 33fa42 PEKOHCTPYKUMK (azoBoro
NOPTpETa aTTPAKTIOPA HITH ero ipoekupi [168. 171, 173, 174].

Kak yxe yixasnlBanuch, B peusibHOM IKCHEPHMEHTE BpeMeHHIA peartHsa-
UHA TPCICTABAACICA KOHEYHOR TuCNeNusarensHocThio WHcen Xx(f;), a pa3-
MEPHUCTS HadOBOND MPOCTPAHCTBA MCXOAHOM CHCTCMME OCTACTCH HEHIBECTHOM.
C uenuio ymeHbweH#s OWHGKH, OBYCNOBNEHHOR KOHYHOCTBIO Habops JK-
CHEPHMEHTAILHMIX TOUEK, HEOGXOAMMO NpOHIBOMHTE PAcUeTH TP HECKONb-
KHX PauiHUHBIX JHAYEHHAX Mg M M H 0ONBATECA B UMCNEHHOM JKCTiepHMENTE
HEIABHCHMOCTH TIOAYWEHHOH OUEHKH pAIMEPHOCTH OT fg & i B Npefenax
3228HHOA TOUHOCTH. TaK KaKk A MWIMX BpeMmelt RMGOPKH Af IHaveHun X,
W X;yy Gyayt GIH3KHMH. GOmBluOe 3HaveHHe MPHOGDETACT NpPaBUILHLIA BAI-
Gop BpeMenn safiepwid 7. HeoBXomMo cTpemutscs BHOpETL T TAK, Tro6b
KOPPENAUHA Mexcly Xy H X; 4 $b1a N0 BOIMONHOCTH MMIIHMansHo#. Bpe-
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M T NPHENHKEHHO MOMKHU CUEHHTE C TOMOUIBED 3B TOKUPPRILHORHON Yy HK-
wHH W (T) HWilH NpeleiiitB MHHHMYM BI3HMHOH HIGQOUPMALMH MOXULY HIME-
pernamu [174.175].

O METHM  [EKORC. UTO OUCHKY PESMEDHOCTH aTTPEKTUpa MOIKHO MOAYYHTE,
paceuntoiast crextp JIXI vpaek rupHK Ha aTTpaKTope. ¢ (MOWbR OlLperie-
jerns  Kawnana-Hopke (4.28). 3necs He tpeByercst HOBLIX AMTOPHTIMUB.
BCA HHPUPMALHA NacTed peaviibTaTamu pacdera ciekTpa JIXIL

kA

In. 6 saBepumct W3N0¥eHHe oGUIHX CBEAEHHHA TO TeupHH AMHAMHUCCKHN
CHCTEM, OTHCaHHE OCHOBHBIX XAPAKTEPHCTHK CTOXACTHYHUCTH W Gudypka:
HHOHHBIN MEXQHHIMUB pUXIEHHS CTPaHHBEX ATIP4KTOPOB. & TuKKe FOpHT-
MOB W YHCIEHHBIX METOUOBR MCoeioBaHuA xaocd. Colepxanne [epBOH YacTH
KHAFH D pUBHOA crelcHH ABNHeTCA §d30BbIM UAA JH6BIX  eCTECTBEHHOHAYY-
HBIX 33024. CBOAHIUMXCH B HIOfe K WCCHCAUBIHHK XZOTHYCCKHX DELUCHHH
COOTHCSTCTRYIOMIMX J80;TIOLHOHHBIX YPABHEHHH.

Mocienymume Masel KHHCH OOCRAWEHBD MCCNEOOBIHKIO IHHAMHKH KOH-
KPETHLIX pajHO(HIHYECKHX CHCTEM ¢ XAOTHYECKWM TIOBC/ICHHEM, HO Noay-
YSHHBIC B HHX pe3yabraTel B GOABIMHCTBE CBOEM HOCHT NPHHUKNIHATLHO 06-
WMA xapaktep. 6a3HpyAch Ha yHIAMEHTANBHBIX BRIBOIAX TEOPHH HHAMM-
YecKHX CHCTEM.

MaTepuan NepBod YaCcTH CIYKHT METONONOIMYCCKOH OCHOBOR NpUBEACHHA
IKCNEPUMEHTATHBIX MCC/ACHAOBANKA, oCBODOXNJAR HAC OT HEOOXOMHMOCTH
NOACHCHMA PpAZa  Merwied Jxcliepumenta. llpedocTdBRAfAeTch  BOUIMONHOCTD
COCPENUTONHTLCR HA aHAIHIE PEIYIBTATOR IKCMNepUMeHTZ ¢ ENBIO BhINBNIE-
HHA 3akHOMEpHUCTER ofLery Xxapakrepa.



FTTABA 7

MOQHOHKALHA KJIACCHUECKOHW MOIENW IEHEPATOPA
C UHEPLIMOHHOW HEJHHEAHOCTLIO.
BHOYPKALIHOHHMA AHAJIM3

PEI'YJISPHbIX PEXUMOB KOJIEBAHWH

7.1. OGobuEHHLIE YPARHEHHA NEHEPATOPOB
© NoNyTOpa CcTeneHAMH CBOGONR

ABTUHOMHBIE CHCTEMB! € TPEXMCpHEIM (a30BbiM NPOCTPAHCTEOM HaHBO-
nee ApOCTH CPeid JIMHAMHMCCKHX CHCTEM ¢ X4OTHYECKHM TOBeleHHeM. Ita
ApOCTOTa OTHOCHTEABHA H [OMXHA FOHHMAThCA B TOM CMBICHE, YTO TEOPETH-
YECKHA, YHCACHHBIA M JIKCHEpPHMEHTAIILHBIA . AHATH3bI IMHAMHKH TpeXMEpHBIX
CHCTEM 1lpome B CPABHEHMH ¢ 3HAMHIOM MHOTOMEpHLIX H TeMm Gunee pacnipe-
AeneHHX cCHCTeM. B Takux CHCTeMaX CPABHHTENBHO HETPYIHO HaiTH xapak-
TEPHBIC TOMOKIHHHYECKHC TDIEKTOPHH M HMIYYHTh THOM4HeE OHdypKaLHH
B HX OKPeCTHOCTH C HCHOIB3CBRAHHEM TEOPETHUCCKHX H IKCNEpUMEHTANbHBIX
METOOB. B 10 e BpeMst [MHAMHKA CHCTEM, PEAMIYWIIHX TOT WIH HHOR
THN  TOMCOK/IHHHKH, MNONYHHASTCH 32KOHOMepHOCTAM ofiero  xapakTepa.

HHTepECth ABTOHOMHBIE JHHAMHUCCKHE CHCTEMBbL, OTIHCHIBHKNMHE TeHepa-
LMD XAOTHHECKHMX KOTeGaHHA B MONENAX pa3MepHOCTH N = 3, T.e. reHeparops
¢ 1.5 crenedamu ceoBonsi. Beenem HanGonee ofiline ypaBHeHH? TAKHX CHCTEM,
HCXONA H3 pe3ynbiaToB, MIBCCTHBIX NPHMEHHTENILHO K FEHEPATODAM C 1 cre-
meHsi cBuBORL, A3OBOE MNPOCTPAHCTBO KOTOPHIX - MIocKocTe. B obuwem
BHile ABTOKOMcHaTeNbHLIE CHCTeMBI HA MAOCKOCTH ONMHCLIBAKTCA YpaBHEHHEM

- -~ » -
¥+ ouyx + Wix u) =0, (7.1}
Tae X — HEepeEMEHHAA, COREPUIADLIAA NEePHOAHYCCKHE KOJIeBaHKHA, 1; =
s
= ({y, Ma,.... Hg)} — COBUKYNHOCTh YIPAaB/IfIOWHX NapaMeTpoB, ¢(X, t) o

Yix, ) —~ HenHHeHHble GYHKUHM, XapaAKTEpHIYHILUKE JeACTBHE CWI, obecre-
YHBAIOILMX BOIMOXKHOCTb ABTOKONEGAHNHA .

Ypasenue (7.1} muxkHO OGOGWHKTL Ha ofipeleeHHmA KIACC CHCTEM ¢
1.5 creneHAMH cBoBoam. PaccMOIpHM pPAMMOTEXHHHECKOE YCTPOHCTRO, GRoK-
cxema KoToporo H3ofpaweHa wa pue. 7.1, Wrpuxubok sinnne# BeincneHa oc-
HOBHAA 4acTh rEHEepaTepd, COCTOALIETO M3 YCHIHTENA J, ceNeKTHBHOTrC Jne-
MeHTa (KkoneBaTenbHbIH KOHTYp, peloHaTop WAH MOcT BuHa, K ApuMepy) K
UETIH NONMOXHTENLHOR 0BparHod cBAIH. TIpH BLITIOIHEHWH COOTBETCTRYIOWIHX
AMIAHTYIHBIX H HA30BLIX YCIOBHA B TaKOM TeHEp4TOpe BOZHHKAKT 4BTO-
K0JIeDaHKA . DNKChbIBACMbIE YpaBHeRneM (7.1).
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PaccMOYpHM RONOAHMYEABHYIO Hefib oGpaTHOR CHAIH. KOTOPas OCYWIECT-
wiAeT  MHEpUNOHHOE NpeoBpaloBadie BOIACHCTBYKUIER TepeMeHHOR X (1)
B OTKNHK Z (I}, YNpasiAmnWHi NapaMeTpaMi YCHARTEIA H CCMEKTHBHOIO e
MEHTa OCHOBHOPC redepatopa. YpaBHewHs nonvoll cucremm (pHe. 7.1) mox-
HO 38MHCATH KoK -

X+ Fl(x'zr p’j + Fﬁ(xl z, u) = 0’

t = Fy(x,z, 1)

3iece F; - B oBueM cnydae HemwHeirHole GyHKusH. Quiosas TNepemeHHan
(/) 8 (7.2) cba3aHa ¢ NepemMeHHoR x (I}, copepuaioulel xoneGavus, no-
cpedcTBoM mHbdepennnansiore onepatopa 1-ro nopanki. Ecam BaaHmo-
CBA3E OTKAHKA z(f) Ha BO3DeHcTBHE TepemeBHOR X (r) GeIsIHEPUMOHNA, T.C.
WHCBIBACTCR W1reSpaHIECKHM NONHHOMOM THIA

k

2= £ Cpx"=p(x), (7.3)

n=D

ro ypaBHeHus (7.2) Rpocro ceoustcd K ypapHewwie (7.1). Ecnm xe nepe-
MCHNZA Z 33BHCHT OT X HHEPUHORHLIM nGpaioM, 1.e. 3agaercH muddeperunans-
HHIM YpAaBHEHHem 1-ro MopAAka (B npocteiiesm ciyvae), 1o ypapHenus (7.2)
ONHCHIBRIOT Tpoueccs! KoiteBGaHMA B TpexMepHoM ¢Ha30BOM HpoCTpaHCTBe
H ARAROTCA obobieHHeM ypaBHEHHN (7.1) Ha ITOT cayyai,

H3BectHrle AMHAMHUYECKHE CHCTEMBI, MOHeNHpynuiHe womneBaHua B rete-
patopax ¢ 1.5 cremenamu cpoBoast, gonyckawt dopmy 3zamuck suna (7.2)
HCKITIOYEHHEM TpeTheH NepemMeHHOH H TIpH HeoGXONKMOCTH BRCACHWEM [al-
KHX JaMeH MacirtalioB KOOpRHHAT B RpeMeMH. 3Ty npotienypy HaloBem che-
reHHeM K nBoBuwieHHuM ypasHeHHAM (7.2), Tipenicrapnmommum coboil Mate-
METHMECKYI0 MOZAENb HETHHEHHOrO  8BTOMATHYECKH pPETYNHPYEMOro OCUMA-
JHTOpE,

Paccmortpum neckoneko npamepos. O.E. Péccnepom npennoxens crenyio-
utaa mMatemaTuyeckas mogens 1155]:

X = —(y +1z), = .07+ bxr + xz,

yE=x +ay, dvF=a ~-c +x

(1.2)

a4

Inddepenunpyr no BpeMeHH Nephoe ypaBHeHMe W Wokmowar W3 (7.4) ne-
peMeHHyI0 ¥, HoaywaeMm

-k + t
U+ 6+ 2x - UL cenenrwomi |2
(7.5) I INemenl

NPV U PPN

Yownntenw 1

{ IR

~ (e +c)z] =0,

= —cz 4+ bx + xz,

| —

Jta  cHcrema Bamexaer W3 (7.1) Soumrens 2
1\pH COOTBETCTBYIDIIEM 321AHNH (yH- z ® z
Kuni F; (x, z, 3). ‘

P u ¢ 11, BroxcxeMz mHepuuonioro cx L] Anepywonnmii
MOCOITIHCORANIOIO BOAUEACTRIA HB OCHON- PpeodpasIaTen.
MR MeMEHTH KIACCHMECKOM FeHopaTupa
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[21. 177, 178] ncenenyoTen ypanHenus penaxcauMONHOrQ renepaTupa

X=2x +y -gz, v=x, uesx - f(z)
) =23 2, divF = 21 — (222 + 1y,

KOTOphIE MPacTeiM NpeolpaioBaHieM TOXE CBOIATCH K suiy (7.1):
X 2% 4+ (1 +g/x - gf(2Vu = 0,
= I|x - f@Nu
PaccmoTpum n3secTHYIo cAcTeMy ypanHeruil JTopciua [26. 3] :
x=o{y ~X), y= =V -xu+rx, &= -bu+xv
divF = ~(0+ b + 1)

HUerotonuns W3 (7.8) nepemeHRYI0 y. NprIASM K ¥paBHEIHAM
¥E+(l+o)x+o(l «r+u)x=0,
= ~bu + x? + xifu.

(1.6)
(1.1
(7.8)

(19)

KOTOpBie 3aMeHON NepeMentbix [22

you 2 s -( u-—--—-—) f=--~. e= WFTiyt (110)

Vio
CBOLIATCA K CHCTEME
yrey vy 4z - 1)y=0,
= —ear + ey,
rie b = () + 6o, ¢ = Ao, B = (2¢ - BNG.

3amena nepemennmx {7.10) npewwwena B.H. Hposmiem ¢ uellsio aHa-
JIHTHECKOTO  MCCIE,TOBAHAR dCHMITOTHYCCKUIO HOBEICHWA CHeTeMbl JlopeH-
na lipn SOABIIMX THAUCHHEX 7. '[TO COOTBCTCIBYET MMLIOMY MapaMerpy € 8
ypasHCHHAX (7.11). liepedcHs HOAOGHBIX APHMEPOBR MOKHO NPUNOIDKHTS,
BKJIIOWHB 8 HCIO VPEBHCHES MOSEIH NHMHYECKOH peakuwH Benoycosu — XKa-
GOIMHCKOTO H APYTHE YPABHCHHA XHMHUWOCKOR KHHCTHKH. 8 KUTOpBX O6HS-
PYXeMbl PeXHMLI XSOTHYECKHX Konedawuii. Ormemnm. wro B dopme (7.2)
MOKH( 3aNHCITh W YDABHEHRS FCHEpATOPd ¢ WHEPIHOHKOA HthheRHOCTDIO,

Obuas hopma 3anuct TPEXMCPHIIX IHHUIMMYECKHX CHCTCM B peje (7.2)
HC BCKPLIBIET B "|eTA1AX DOILOKHBIE NEHINIHIHUIEEBIC ¢ GHIHIeCKH TOUKN
IPCIMA | PAVIHMMA KUHKPEIHBIX CHCTEM, THKHE. KK Cilsicof BOdGy xCieHns Ki-
AeGuHHA.  BOIMONHOCTh FeHepHpUBAEHA ABY XMACTU THBIX KofneGarui, a0 TH-
werkpx KoficGammil 3 np. Mpn HeoBX0MHMOCTH MOXKE BRORHTE B PatiMOT-
PelHe HCKLTUPHIE LUK laceu chcrem, yippaerpupawomux {7.2). Ho ortu-
VAIOHXCR T HUKOTOPLIM VDM 3HaKaM a_'caa'm ¢ KOHKpeTHMMH Of pdHHY-
HANAM Ha ABHLE PN by Fp{x, x, =, g) 8 (7.2}

B SiCTHOCTH, BRLISHMIOT ABA MOAKIACCA FeHepHpYIOWUIX CHCTCM, YIOBIeT-
BUpHIOUMI B oBweM BHIe ypasuHeHHSM (T.0). HO OTTHYZOUWMXCH MEXJHHI-
MAMH  B030YNCICHHS Koiefauni, B mepsom uoak:iscce sosGywnenpe anyo-
xon2Ganuii OCYWECTBNARTSR GLareIApE KOMICHCAUKA CUBCTBEMHLIX noTeph
OTPHULTCIWHBIM TPEeHHEM MHPH MuSouHTensHOR 0GpathHoH chasn. Ko Bropomy
DDAKIACCY CHCTCM  OTHUCRY FEHCpATOpB, RPSACTIBAAOWME COBUH HEKuta-
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pLIM IHCCHIETHBHBIR KOHTYD, HapaMETPHYECKK BO36YXKIdeMBIA 33 CYeT HHEp-
NOBHOrG BOMIGHCTBHA YCWICHNOI) CHIHANZ ¢ KOHTYPa Ha NICMEHTBI CaMOTO
wOKTYpa. TlpHMeponm ToKoro reHepatopa Apnsercs modens Slopenua s dop-
me peryaupyemore mafrthuxka (7.11), 8 kotopom po30yxOeHHe anvokone-
fAHMH  OCYIECTBANETCH GHAro/lIpA CIMOCUTIIICUBAHHOMY HAPAMETPHYECKOMY
BOSACHCTBMIO Ha HEJIHHCIHY® EMKOCTL [IMCCHIATHBHOTO Kodtypa. OGuan
SI0K-CXeMa BIOpOrD MOMKIUCCa TeHepatopos H306paxeHa Ha pwe. 7.0, Paa-
MuHA ¢ frox-cxemoRt pic. 7.0 odesnanst. Bropomy NOAKIACCY  HHEPUHOH-
HBIX |eHEpATUPUE TIDHHEILIEKST MHOTHE PealbRble KOMEGaTeMbHBIC CHCTEMB)

CRABKTHENNA HeeDUMOR s
aemeny ] YOUMTERS U] npeotpasasaters| 7

Pac 7.2, CTPYRIVDHIA CXeMa INICPUHUHIOND YRpUBACHAN KuACGreibiol cHereMofl i
CeHCPATORN ¢ NAMIMCTPHYCCKHEM B0V KIUcTHeM

THHa JNEKTPOMEXaHHYECKHX BHOpatopos, peinnatopa [eteMronsiia. Hexo-
TopbIX XHMHYECKHX i Buonoruieckux cuctem [11,19. 179, 180].

Ontuky ykasalHOo pa3fesicHHe aBTOKOTSBITENBHBIX CHCTEM ki THILy ca-
MOBUIBYACICHHA KOMeOAHMA MoO&eT GBITh HE MPHHUHMAANEHC ¢ TOUKH 3pe-
HHH OBLMX MCXaHW3MOB UICPEXONA K CTOXACTHUHOCTH. BOIHUKRYB ¢ dH3n-
HECKIHT TOMKN SpeHHA 1-Pa3HOMY, JRTUKOIEGAHHA ¢ PUCTOM YIIPABIA OUIEra
HAPAMETPd MOFYT MpeTcplicBsTh RONHOCTBI0 HASHTHUHBIC OHGY pKAUMOHHbIE
gepexolbl K xaocy. [oatoMy aHRTHI pOXIEHHA CTOXACTHYHOCTH HYAMACTCH
B HpYroA KAAaccHHKIUHH CHCTEM, OTPAKAtOUICH TIPHHUHTANLHOE CXOACTRO
H OTIMYHE MMEHHD B MCX3HH3IM3IX DRIBWTHA CTDAHHBIX ATTPUKTOPOS B reHC-
paropax ¢ 1.5 crencHsME cnBoibl.

OBpatumca x npumepam (7.9 —(7.11) 0 OTMETHM, 410 B QJIHHX Mujie-
JAAX JMBEPreHUEMS BCKTOPHOTO MYIA 32BHCHT OT (a30BBIX KOOPIMHAT, 4 B
JPYPRN ARIACTCA . MOCTOMHHOR OTPHIEATENRA0H  BenHuHHOR. s aHHaMude-
CKHX CHCTEM ¢ TPeXMcpnniM RA30BbIM IPOCTPANCTBOM B ACPSNAr (Tyuae
ANTMOXNGL  OUCRUS, BO 8IUpOoM - Hel, H HaClelHee YIBCPAACHHE CIporo
0OBOCHOBAIIY. B TpeXMepHBIX CHCTEMAX C TIePEMENHOR IMBEPreHUMeit He HCK-
SHOUEHD CYUICCTBOBAHKE JIBYMCRHOTO TupPa. 4 3HAYHT W BOIMONHUCTDL epe-
X012 K- Xa0Cy Yeped KBa3HICpRONHYecKde nefaHia. B Tpexme pHhblx cHetemax
¢ MOCTOARHUA OTPHIATEIBHOA THBCPreHUHER ITOT MEXaHHIM He PeaNnHIyeTcA.
CACTEMBL MOTYT OTIHYATBCA MMCIOM OCubBIX TOuEK. B KOTIOPhIX BEKTOp da-
0B CKOPOCTH ROTOKA obpamaercd B Hyidb. Ocofible TOUKH onlpegenawt
TONONOTHIO TIPEIC/IbHBLX  MHOKECTB B a3oBosm NPNCTPAHCTBE CHOTEMBI, M
30 BOKHN  ODCTORTEALCTIBO  JEHUKHG  YUHTLIBATRCH OPH  KA3CCHBMKALHH.

TeopeTHtieckine pe3ynbTaThl, NOIBONAIOMME MO BHILY YPABHCHMI CHCTEME
CTPOro NPeACKIIaTh HATIHHHE JNNEIMHYCCKOTO X400 H YK2:ITh MCXAHHIMBI €10
PAIBHTHA M CTPYKTYPY, K COWANCHHIO, OTCYTCTBYIOT Jane A fipacrefttero
cnyuan V=3,
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7.2. GopMyIHPOBKA YDIRECHNA MOIHOWIDI POBIHHOND TeHepaTOp.
C HHEPNHORHOH RETHHEAROCTIO

Kraccuveckuil 2eHepaTOp ¢ WHEPUMOHHOHA HEJIMHEeHHOCTHIO Gan NTpeIoXeH
n onwcan K.@. Teodupeuxom [181). Astokonelianus g cucreme ofeclicunsa-
10TCH BRELEHHEM B KONeBaTeNbHBA KOHTYD TepmoconpoTHanenus R (T7), croil-
CTBi KOTOPOTD HENHHEHHBIM M HHEPUHOHHKIM OBPA30M 3aBHCAT OT NMPOTLKAK-
uMro depe? Herc Toka. CXeMa fEeHOPUTODS ¢ HHCPUHMOHHOR HeNMHERHOCTbY

Puc 7.3 Kmccweckasd cxema redcparopa
yonnwrens ¢ HHLPUHOUIOR KenNMeAROCTLIG

K.®. Teonopunka nofipakeHa 1a puc, 7.3. YpaRHeHHA ANA ToKa i(f) B KOHTYpe
HIMEI0T BHL

2; ' 7] :q T
...d.....j- + [.........-.H.Rl?, - ..‘t‘fl ...‘..Ii +* [qC)-l +L-—l _.a.._..._{,...) Ez‘ i= 0,
da* | L LC \ dr T  dt

(7.12)

roe Sp - KPYTHINA XapaKTePHCTHKH YCHITHTENA, KOTOPMIA Hpeanoiaracrca
AMHERHBIM, M — B30HMH3A WHAVKTHRHOCTH Uenu obparnod chasw, R(T) —
CONPOTHBJIERHE TCPMHUCTUDA, JBKCAIee OT Temnepatypul T, L & C — wHIyk-
THRHOCTE K €MKOCTb B KO.1e6aTe/IbHOM KOHTYPe.

Nonaras 3asucamcctn R(T) nuHednod :

R(I =Ry + LT, (7.13)
K CUKTaA, 4TO Iponece TennooHMeHa NOUYHEAITCH HKOHY HewToHa:
pqdT/dt + kg T=R(I)i%. (7.14)

Tae g - YHENpHAK TEWOEMKOCTE HATH TCPMHLTODE, a4 p — &€ MacCa, noayJaem
SAMKHYTYH CHCTRMY Y DIBHEHHH BHII

d2ifdr® + wii=(y - T Vdijdt - bidT/dt,

(1.15)
dT/dt + T = a(T)i*,
e HCHoNb30BaNE: 0603HauC HIUA®
p=wiSoM — Rofl.. wi= ULC, y=kipa, (7.16)
a(T)=ap *bLT/pq. @ = Rolra.
B B2apaamepHEIX 1ICpeMEHNbIX
x=ai, pE-x, zobTlwy. 7wy, o= (0bpqfwek)ti? (747
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ypaeHeHsa (7.15) npnHAMADT Buy
xX=mx+y -1z m = plwe = weSeM ~ Rolul,
P o=, 2= Yiwo. (7.18)
2= -gr +g1, X = dvfdr.

B TpexmepHo# neynapamertpudeckofi cucreme (7.18) mapamerp m npo-
HOPUMOHAIEH PITHOCTH BHOCHMONW H PacceHBUEMON B KOHTYpe JHepruid, g —
HAIMETP, XAPAKTEPHIYIOIMHA OTHUCHTENBHOE BPEMA PETAKCALKH TCPMHCTOPA.
B sanbeedigeny 71 GylUeM Ha3oBaTh fapaMerpoM BudGyXOCHHA, 3 g ~— Napa-
MCTPOM HHCPUHOHHOCTH TeHepatopa.

PaceMoTpM cxemy. niofpaxeniyw Ha puc. 7.4. KoneBatennuuiit koHryp
8 2OR CxeMe B OTHHWMMC OT KaaccHueckoro ciyvas (puc. 7.3) He cosepnan
feNdHeRRKX JnemMevos. YCHnHTe: b | YNpamiseIcA RONORHHIANBHOA Iiensio
oOpatHON CRAN. CONEPXIIICH INHEHHLIA YCHAHTENL I 1 HHCPUNOHHBIR Npeod-
pasopareiib. Jlipdx peHunanbibie ¥ PABHEHHA TeHEPATOPa MOXHO 3AKHCATD B AB-
AuM Bilde, KOHKPCTHIHPOBAB JaBHCHMOCTD KPYTHIHBI vennuarena [ S (x, V)
H 3248 YPARHCHY AHe ptmonIioro npenbpasoBaHpa V(x).

Anrpoxcamispyem dytkumio $'(x), 1.2, KpyssHy yeuturens 1, 6e3 yuera
150 3UCACTYH A JI0"IONHHTEABHOA GBPATHOR CRASH HOMMHOMAOM

S xy= S, - Six?, (7.19)
ke X -~ Halpikchde Ha exone yewintena f, Sq v §, - NOCTOAHHBIE NOMUKH-
Nt kOIGPUUHeHTEE Ipeanononmm, W0 MexasnisM PoINeHCTBHR UENH
MHe IHOHHOA OGPATHON CRAIN NOLMHHACTCH JAKOTIOME PHOCTH

S$S=S5S'"x)-hV=8; - S, x? - bV, (7.20)

riae V = ¥ (%) - HanpsokeHHe Ha BeIXO/® MRE pUHOHHOTO npeoipasosatens. b -
lapamerp. TycTh iHepUHOHHOS NpeoBipaicBaHMHe OCYUILCTBIAEGTCA 8 COOTBET-
CEBHE © Y PRBHCHHEM

V= -y (). (7.21)
YpapHenHe (K18 TOKA B KOHTY pe Feheparopa (puc. 7 4)
Ldifdt + Ri + C! (i - MSdifdt)dt =0 (7.22)

COBMeCTHO ¢ ypuBheHWAMH (7.20) 1 (7.21) OaeT 3aMKHYTYI0 CHCTEMY, CROGN-
UIVIOCA B De3[a3MEPHBIX e PEMEHHBIX K BHRY

NEmxAy-xz-dxd, yE-x, I=-gzegbx), (723)
rae d = diS,) - napamesp. OTHZYADIIHA CTENEHN KINAHKA IIGTHHeAHGCTH KpPY-
. y(z
Jm* —l
”“ el l--l

IS == LWowpuisny YeannTenw :"'! :“';:::;:b Ly

o L c 1 LI'“ 2 | LI

Pre 7.4, Monshwinpopaian cXoMa MHEPITUPRA ¢ HHEPUHONHON lyHHMTOCTIO
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Puc. 7.6, Cxema RC-IeHEpaTona ¢ HIePUHOHHOH HEAHRHCHHOCTRED

TH3HBE XapakTepucTHKH (7.19): @(x) - dyHRUMA, ONHCHIBIIOWAR CBOACTBY
HHE PUHOHHOTO npeolpasopatens.

B renepatope UEACTBYIOT B2 MEXAHH3MA HCAKMHEHHOIO OTPAHNYSHHH aMILIH-
Tyaet kKoneBanud (cm. (7.20) n (7.23)). fepnbth - GeaniHe pllHOHHBIE H CRAIAN
C HENKHEHOCTBI0 XapdKTEPHCTHKH YCWIKTENIA, BTOpoR ~ MHEPIHOHHBLIA, ubyL-
AUBTIEHHBEL AABHCMMOCTHIO K pyTH2HbL-S oF Haupmxeuna V. Nycte veuantens
paBoTaeT Ha AHHEHHOM YHACTKE XapakTepHcTHRH (5, = (), a MHCpUHOHHKIA
npeoGpasosarent colpan Mo cXEMe ABYXNOMNYHIEPHOSHOIO KBIAPITHYHOTO fe-
tekTopa ¢ RCpusnbTpoM (pHc. 7.5) H onucemasTen ypasHeHHeM

£ = —gz +get,

{TapameTp HHCPUMORHOCTH g paBell OTIOMICHHIO NEPHOLA KoNeBauui KonTypu
To K NOCTORHNOR BpeMerH QUILTPa T4 =Ry Cy,.

llpn caenauHIX NPCAIIONOKEHUAX YpaBHeHHa (7.23) lepcxonnT B ypushe-
HHUA KRACCHYECKOTO reHeputopa (7.15). 3naunt, ecin yowinreib J THHCKYLF,
4 MHEpUHOHHbIA NpeobpazobaTens ynosnernopaer (7.24}, 1o martemarnveckue
MOZefld [eHUPATUPOB, CXEMBbI KUTOPBIX H300pawedn Ha puc. 7.3 u 7.4, Hepa3-
SIHMAMBT. CXeMa ¢ 11eTEKTOPOM B 3KCICPHMEHTLIBHOM OTHOWeHUH Gortes yiob-
ila, TAK KAK HIU3BOARET BAPbHPORATE 1He IMOGHHBIE CBAHCTHA FeHepaTupa pery-
NHPUBKOH NOCTOAHHOH BPeMeHW UIbTPR, YTO HPIKTHHECKH HCOCYIUECTBHMO
i1pH MCNoAb3OBaHHK TepmncTopa [19, 183, 184]).

Bua ypasteruit (7.23) He M3MEHMTCA, eC/iM B KAUCCTBE CCMEKTHHHOIO J12-
MEHTa HCTIONb30BaTE RCUenouxy 8 suie mocta Buna [183, 184]. [lus aGecrie-
YeHHA YCIOBHA TeHepaltHd B JTOM CTYMde HyXHO TIPHM2HHTh 1Bl KaCKA[Ld YUH-
JieHMA, KAaK IT0 nokazano Ha puc. 7.6, JIna cummerputiioro mocta Buxa yupas-
MROUMe TIPAMCTPLT M W g B ypapHeHHAx (7.23) MpocTo M C TONKA IPeHHA
FKCHEPHMENT YIIODHBIM  ofPAIoM BHIPIACUIOTCA YEped JPAMETPLl CXCMUIL:

(7.25)

trite Ko — KODDDHHUMEHT YCHUCHHA BYXKACKAMOTe yeHnHTend, RoCy u 7y, -

{(7.24}

m=Ko -3, g=RoCoitg.,
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MOCINSAHHBIE BPEMCHH MOCTa BHHa W dunstpa uerersopa. B guanveckom axcrne-
pUMCHTE TIPIMETPR M H & IEIKD MCHATL W HIMEPAlo, BIPLHPYR KOIdpy-
uMeHT YCHAE MRS i TOCTOAHUY W BpemerH $HibTpa.

AEMHKD cHETeMb) (7.23) BO MHOTOM 38BHMCHT OT KOHK PETHOID BHAA PyHK-
unn O(x). 3l cBORCTBA MHe puMONHOTO TipeoGpasusatens. HawGonee
CUTa1af KAPTHHY PEXHMON Kole BaHHRK, BRAIOYAA XaOTHYECKHE, W ix Budypxa-
tMi B reRepurope ¢ KHCPUKOHHOR HEJIHHEHHOCTRIO HMECT MECTO B JiyRae, Koraoa
HCNOJb3YSTCH OgdoNoyne pHoSHEM Jetexrop [13, 185]. Oyncuun B {x) mo-
weT BMTh 1M

P{xy=expx - i {7.26)
HIH. 570 Y;I08HD PR YHCIEHHBIX HCCTCSUBAHNAX,

2 [1. x>0,
Qixy=f)et, Ixy=

lo. x<o.

Oupenenus dynkunio $(x) 8 cvothercreur ¢ (7.27), nz (7.23) nonyuaem

VpaccHis MOSWHULLPUSIRRO) 2EHEPRTOPR ¢ URECPUUORNON NEMURCTROCTIO,

npeucragnaume coboll TPEXMEpPHYI0 TP paAME TPHYSCKY 0 NEAHIEANYIO M-

CHIMTHB HYID CNCTEMY :
X=my+y -xz ~dx®, y=-x, 1=-gziglix)xl. (1.28)

(7.27)

Hernioughsem nepeMeHHOll ) YDIBHEHHS [EHEPATOPA C HMHEPUHOHHOA HeNw-
HekHocTeie (7.28) npusonarca k suny (7.2}

X g~z = Judx®)% + || gz +gd(x)|x=0, (7.29)
=g +gd(x).

ABTOMATHHYECKH DeTVIIHPYCMBIR HenmuHeHue ocumnnAtop (7.29) xapaxrepu-
3YeiCH HRCPUMORIOA 3IBHCHMOCTLIO HHCCHITAUMM H YacTOTh OT IIEPeMEHHOR X,
B ctyvat CHILHOA HHEPHHOHHOCTH CHCTCMM (re ® To). xora g -+ 0. nexon-
Hal cHetemd (7.28) BRIPOXKIACTCA B [IBYME PHYIO !

X ~afl -bx¥)x +x=0. (7.30)
a=m-—-13, b=3diim--20). 1o =2(0),

K MewBKcHmo 0T BHIA GvHkuud D(x) coenaader riu $apme 3amMcH ¢ ypus-
HeHuAMY ceneparopa Ban dep floan. Napamerps a u b, xak suano iy (7.30),
IWBKCAT OT HAUATKHBLX ve1oBMi 2 (0).

Jipyrofi acHMmINTIICCKKA CYYYaR — OedbHE IMOHHBIH LeHEPUTOp, COOTBET-
CTRYIOUMH CYPEMICHKID IHIpUMETpa ¢ B OeckodeyHocTb. M3 TpeThero ypasHe-
RHA cerembl (7.23) HpH ITOM yCmoBHM crefyeT anrelipandccKan RIAHMO BRAIb
MEPCMCHHLIX = A X . CBOUMINAA HCXOUHYIO CHCTEMY K SHILY

X~ |m - dix)--3dx?x +x=0, (731

Hojnas srarommy ¢ yparesnem Ban jep flofa B 3tom upciieasHom ciaysae
JAOCTHrACTCR ApH yerosdw Oix) = x: B PetIbHOM I'€HEPATANE & HHE PUHOIIHOM
HCILMHEAHOCTHI DETICTL 3HINEHHH NAPIMETPA MHEUMOITHOCTI Z. B Kutopuil
SHCTeMa BIHCT CeOA NPUHIMBHAILHO KAK TPeXMePHAS , UTPIHINEH] HEKOTOPhIM
HUTCPBANIOM £y S g & g3. 32 ero npeysiama NPUETIOKCHHEIM OIHCIHHEM MO-
FYT Cviith paccMOTPoillible dCHMHTOTHYECKHE YPIEHEHMA Ha GisoBol 1Lloc-
KOCTH.
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7.3. Mepropumeckie peactmnl kKoneGanmit B rereparope
H HX DHdypKAHH MPH BAPHALINN TAPAMETHOR

Chopmysiipyem 8 oBUWHX deprax ueib Gudy pKaMOIHOrG KCCReUOBMIKA W
ANTOPHTM ero NpoBeasHNA. H3 MHOXECTBA BOIMOXHBIX PENHMOE KoneGaHHK
B CHCTEME MONBITICMCH OILHCaTh XApakTepHhle KoseGaHuA H HX MepecTPORAKK
€ HIMeHeHKeM napamerpos. JInA 3Toro ¢ npuMesednc s VBV BBIRCHHM CTpyX-
Typy pazbuenus MIOCKOCTH DAPAMETPOR Ha OfNACTH Ka4eCTBEHHO PANH'MBIX
TUNOB NBIDKEHHA, YKaxeM HX fazogeie noprpersl M KOHKPETHIHPYeM Tunbl
Gedyprayuii pexrmMoe Ha rpadugax obnacrei. Ina apynmapaseTpHYcCKHX
cHCTeM OBIWHA ArOPHTM MOCTPOCHENS Gy PKAUHONHLX AHAIpaAMM COCTOMT
8 cnemyromem [186).

1. HeoBxoaume HalTH OCOORE TOUKM CHCTEMLI, HCCNEIOBATE MX YCTORYM-
BOCTE H BBHIABMTL XapaKiepHule CubYpDKaKMH NMUTEPH YCTOHUHBOCTH, B 4iCT-
HOCTH Grdy pKaLisI0 POKIEHHA fle PHOIHYECKOrU REHNeHMA (eKna).

2. Hecnenopath xapakTep GudypKaUMH PONGIEHHA UMKIA, ONDE e RIOHMA
el YCTOMMBOCTD.

3. {lpoBecTH ONHONAPAMETPHYECKOE HCCHCHOBANNE JROAWUHE UHKAOB 110
IEIPAMETPaM H HAHTH TOUKH XapakTepHmx Gudy praunid.

4. TIpoBecTH NRYMIPAMETPHACCKOES HCCNEAOBAHHE MHMKI08, 33K 0YaKMIIeeCH
B HocTpoeHny OudypKaUHONHLIX JIHHHA, OTBCYINMIMX PAZNHYHLIM T™MNAM G-
$ypranKil KOpasMepHOCTH 1, H HAaATH Ha HHX TOYKH OOTIOMHMTENBHEIX BHIPOXC:
neHMiA — ToYKH Brdy pialtui KO pa3me pHOCTH 2.

Ha >toM KkavecrBeHHOe WCCneNOBaHME ABYMAPAMETPHYCCKHX CHCTEM JaKarl-
YMBACTCA.

B cucremax ¢ TpeMs napaMerpaMH MOBTOPACTCA OBVNUPAMETPHYCCKHIl aHa-
nu3 A euBopouHBIX IHA%EHHNR 3-T0 napameTpa W HeamexyloTen Gudy prausion-
Hale cuTYallud Bonee BLICOKOR KOPa3MePHOCTH.

Maremataneckan monedb MODHGHUHPOBAMHOTO TEHepATOPa ¢ AHE PIRHOKMONR
HennHedHocThio (7.23) ecTh HenMHeHHaA TpexmepHas DMCCHIATHBHAA CHCTEMA
C TpeMA He3aPHCHMBIMM NapaMETPaMH, 3aiamuias notok 8 [R?,

oL gl wwml pL oo, 0% 7< o,

r7c NepeMeHHAA ? ONpefieNieHd HA ROIONHTANBHON NOAYOCH, TAK KAK C $HHIH-
YeCKOH TOYKH 3peHds npeactannacy cofoH NpoeTCKTHPOBAHHOE HANPANEHHE
x{z) ma peixone GansTpa. [MBeprexina BEKTOPHOTO TONA CKOPOCTER NOTOKa
(7.23) 3aBHcHT OT NapaMeTpoB B GaIOBKIX KOOPIAMHAT :

divF=m - g — 3x? - 2 (7.32)

Hecnenosana B KBAIWIHHERHOM NpuGniokeHHd m < g € | CABHACTENECTRYNT
O TOM, 4910 CHCTEMA THOGANEHO JMCCHIATHBHE B IVIA MOGHIX HAMARBHBIX MIHRBIX
13 olinactu onpeaenenud GazoBpIX HepeMEHHBIX BCETRA CNPABCITHBO

divF< 0.

B xpaiwIuHeAHOM HPHENHACHEN 1IEPEMEHHAA 2 552 H HEIABHCHMO OT KOO PIM-
HaTul X OMBEPrcHHUMA OTpuuarensHa. C ypenHuweHHeM DapameTpa m2> g, £ —
KoHeuto  (HawGoiiee MHTepecHans ofNacTh EHEPHPOBAHKS HEJIMHERHWX Kufe-
GaliMi), IHIK [MBCPIEHHH 3aBHCHT OT KOOPIHHAT. YUIOBHEM IHCCHAATHBHOCTH
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MBNACTCH
m - g< z+3dx?, (733)

Jas apToroneGaduin upH ¢ ¥ 0 310 YUIOBHC BCella BBINOAHAETCA. B aToM
cMbiLie TiapaMeTp d ofpeienfet Ge3bHEPUHOMHY K LIHCCHIIMTHBHYH) HENTMHCH-
HOCTh CHCTeMBL Ecnd we yownnTens paBoract Ha JMHERHOM YYICTKe XdpawTe-
pHCTHKH W HefIMHEHHOE OrpalHYeHHe AMIUTHTYIL! 33 CYeT HHE PUMOHHOCTH HaCcTy-
11aeT paHblie, YeM 3HAYEHHA flepeMeHHOH X BBIXQAAT B OMNACTL HellMHEANOCTH
XapaKTepHCTHKA S (x), Bpipaxkenne (7.33) npuuiamaet B,

m-g< z(r). (7.34)

TlocneoHee HepapeHCIBo pasieiadet ¢a3vAce NPICTPAHCTBO CHCTeMbl (7.23)
Ha uBe ofnacri mockocTee 7 = 2° = m —~ g. Ins 2 > 2% cucrema [wiccuna.
THEHa, A4 z < 2° dazosui 0BBEM B AOKINBHOA OKPCCTHOCTH MI000N Tpaex-
TOPHH CHCTEMBbl PaclM pHetcd. CTalHOHADHBIE PEXMMBL ZBT1OKONCGAMHA pean-
SYIOTCH B TOM CHYYae, Kulfla HOAKAYKA JHEPIHI M €8 PAcX0d B CPeOHEeM (10

BPEMCHH KOMI‘[&HCHPY!OTCH, YTO BO3IMOXKHO l'lp}l YCITORHH
m-g<%, (7.35)

rle ¥ — cpedHee II0 BPeMEHH 3HAuYCHUe fepeMennoi 7 (). JInA gocratoyHo
Gonbumx > | HepaBeHCTBo (735) MOXer He BBINGJHATLCA H TPaeKTOPHH
CHCTeMBbl BYIYT YXOIMTE B GECKOHeMHOCTE, eCTH IACCHITATHBHAA HETHMEHHOCTS
OTCYTCTBYET (d =0}

Cucrema (7.23) xapaktepuiyeics eMHCTBeHHOH 0coBO#M TOMKON B Havane
KOOPMHAT. Ecnty $yHiuMA (X} He CONepKHT MHHCHHBIX 10 X WICHOB, NK-
HEAPHIANHA CHCTEMDBI B OCOBOH TOMKe NPHBOUMT K XIPAKTCPHCTHYECKOMY No-
AuHomy [157]

(g+3){s® ~ms+ 1)=0, (736)

cOBCTEEHHEIE JHUNEHHH (KOPHH ) KOTOPOLO CYTh
s12= mf2 G2 E-m R g = g (737)

B oGractn miockocty napametpoe g >0, -2 < m< 0 efcrsuTenbHBIE YaCTH
BCeX COOCTBEHHBIX 3HAYEHHA OTPHUATEIbHBE # vcofiin Touxa yeroRukea. C duan-
HECKOA TUMKH IpeliHN MapamMerp g BCEFNd GONOKWUTCICH KaK OTHOILEHHE Xa-
PAKTEPHBIX BPeMeEl CHCTeMB! {PepHofa KOIeOJHHA Ko ApeMems pe/laKcaliki
Punbipa). MNapsmerp m mMoxeT BpiTb Kak McHblMe Hyns (reHepatop HellOKO3-
Syxper). Tak ¥ GOsblie HYIA B PEXUMAX [EHEPALMH, KOTOPbIE COGCTBEHHO M
fipeacrap: AT uitepec. B oGnactn 0 < m << 2 ocoban rouxa ecrs cedno-poxye
¢ ABYMEPHBIM HEYCTORUMBBIM H GUHOMEPHBIM YCTORMMBRIM MHOTOOGPaIHAMK
(7.37). Jluuna m= 2 — GuypkauMGHHAA W OTBeYaeT cMeHe cenio-hokyca
Ha ceUio-y3en.

B Gudyprausontoil touke m = 0, kak BHAO MY (7.37), coBCcTBeHHBIE HA-
MEHHA § 3 NCPECEKalnT MHUMYK OCh ¢ HEHYIEBOH CKOPOCTREO

dRe sy s(m)fom|,, .o = L2

Tipy stom TpeTee coBCTaeHHOS IMAYCHHE §3 = —£ OTHENEHO OT MHHMON OCH.
Peasuayerca knacchucckad Gudypkawia Anaponuvea—Xouda: Gudypkauus
POXACHUA UHMK'A 13 cigo-pokyea. Sinleiinpf anautns Gudy prauqn posKueHKA
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UMKAA ¢ YYyBCTEMTENEM KiK K HATHYAM JHCCHIATHBHOW HCIMHERNOCTH (co6-
CYBEHHBIE 3HAYCHHA OT KOphuuuenTa J He ZIBMCAT), Tak ¥ K SHAY PYHKIHH
@ (x), KOTOpaA He AGINKHA ;1ML BKNIOYATH MHHSHNBA 10 X wicH. TakuM 06
PA30OM, B DHIHYECKH PeAIH3YEMOR ODNACTH YIPIBIAUKX [1APAMETPOB CHCTe-
Mul, MtpeicTapisiomed coGof RONVAMTENbHLIL KBANPAHT WIOCKOCTH m & (),
g > 0, numua g 2> 0, m= 0 ecTv GudypKaAUHOHHAA IAHAA POXACHHA HKNA,
Biayane npoBeneM HCCHeuoBaHHe cacTeMut (7.28) s enywan o = Q:

X Fmx+y Xz, y=-x, }=-gz+gl(x)x?, (7.38)

OFPEHHMIBUIMCH KBYNAPAMETPHUECKAM aiann3osm. Biusnme GeantepunoHHoi
IMCCAMATBHOH HenpHefinoeTy obeyumm acobio.

Pacter YCIOAMMBOCTH HETIOLBMAHOR TOUKA B MheAHOM TPHGIHKEHUN -
NPAKTHYCCKH eIHHCTBCHHAH 321042, KOTOPYH B OTHOLIEHHH HIYYaeMOA CHCTE-
Mbl YIMETCA PelwmMTh avanwrHueckd. [Mocnenyloume pacucTHhie HCCTEROBAHHMA
npoBedeM ¢ MCMeiib3oBaHueM JIBM, 2 JKCTEpHMEHYXIbHBIC — W3 pAMObHIN-
YeCKOM reHepartope.

fna peurcHHA 3onpoca 06 YCTORMIBOCTH POMIMMUELOCA LHKN) HYXHO
HpoalANHI PORATL XapakTep Gudypkawy Awipokopa — Xouda. Uucnetnne
PUCHeTH! MOKAUNIN, NTO REpaar asnyroacKar geauvura Li(g) B 0coB0R souke
BCIOAY BAOAL STHHIM PONOCHHR WHKG OTPGITEIBHE; POXKIUCUIHECH Mpeseb-
HE KT CHCTeMBt YoToRume (cynepxpuriwecxas Gudypxawa) . Beimicnenne
NEPBOH NNNYHOBCKOH BENHUWMHLD NPpHGINEHHO  MOXHO IIPOBCCIR  ANINTH-
weckH, uencnssya aaropurs H.IL. Baymana [188]*). [ipuGutkerubie anany-
THYCCKHE M WHCNCHHBIE PesyNbTAThL KaYecTBEHHO connanawt. Takum obipazom,
B cuctemax (7.38) u (7.23) vo nunmn p1= 0, g > 0 Marko poxagerca verobi-
wugstii npedeasweli YUK, PAAYC KOTOPOr® PacteT npcmopuuonassdo / m,
@ NEPHOIL, COMAICHO TEOPeMe, PABSH

To = 2mils,2(0)|= M. (1.39)

HaterpupopakreM cucIeasl (7.38) #a IBM yeraiosaeno, Yo MA SHAYeHWR
0< < 2, 0< g < 2 netuenvem 3anauy Kouln ¢ 12w0TsHaME YCNoBHAMI
BTN 0COBUR TONKH B HYNC HRISLETCH YCTOHWMBOE fie poiMvUeckoe Koilebavue
¢ AMITHTYAOH, IPONOPILIOHARBHOR i, it nepuonom Ty ™ 2i. Jlnu sHarteumit
m< 0,5 coorsercrafe ¢ TEOPeMOE 0 PONCICHNH UHKIIA b Npesentax TOYHOCTH
cuera H2 DBM npakTiueckd foskue. C yreanienem m 2> 0.5 NOARIALTCK Ma-
Able OTKNOHENKEA B 3IAHCHMOCTAX aMUDATYIR ¥ liepuona uMkna [o(m) or
TeOPETHYRCKM NPEHCKAILIB AeMBIX.

Ha prc. 7.7a Kpseen2Hst JaHHLIC PACUCTa HOPMHPOBIHHOTO Ha /7 pasmepa
yeIofiumeoro ltpetentHOro A yim) pa g = 0097, B ofaactn 0.5 <7 m <
< 1.1 s8N0 OTKNOHERH? JABHCHMOCTE 0T KOHCTANTH, KOTOPOE lid NpeBhuvet
25-3.0%. Ha puc. 7.76 D2HbI 32BHCHMOCTH HOPMIEPOBAHHONY pasMepa, e ploId
B Hapfonbiuere Mo wOOYNW MYRLTHANHKATOPA HHKIIA OT HAPIMETNa m WIA
HAeHHA ¢ = 0,7 NIPH APOXOACIEHEH MAPAMETPOM TOSKH Gudyprultay YREGEHHN
nepHopa (m* = 0966, .. ).

*}Hy-4u prapuida RYOpoR noowawonkolt @ (x) = Jix)x? & (7.38) suaninake. enoxiovin
B UPHMEHCHMN YRAIFUIOM ddropnms. Eong amipovcasmposats $0x) akcioneirrodl

{xpx - i) F OrPMIMSHTLCH 'ITpEBIMA TTMMA YHONAMH ¢e TEANOPOHCKOM JAATUNKCIIHA,
TU RRMMCICHHS MOXHO QORCCTH D0 XOMIA M 110K322Te. ¥TO L, (¢} < U win tolux ¢ > 0.
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PaMTDa AL G - A3BNCHMOCTE 3MINTYILE gl mr (7, MYHABYHIEITRAYOPD &, (D) M neprura
Ty 13 upkna 1, o HapUMeTPa M EDH DDUSURICHHE MK E SIPYPRALHN ¥ OPOCKHS Do
PHONS

Kak couerembersyws pacueril, SudypKainoiian Teop:Ma AHApOHOBA -
Xonda NOCTATOUND XOPOWO OFKCLIBILT IBOTINHK HPCIEThIOFD RIKIY HE
HHIBKO B M0l OKPECTHOCTH N0 HAPAMETPY BGANIH POKICHHA H HE TOABKO YC-
TOHIHBOTU, HO W CeOBOTO WMkNa T, OTAWYAR tleprofa KoieBaHui v paimepa
WIACNA OT TSOPCTHULCKHX 3114 ICHNE CUCTAWIAIT H 30¢Ch £3 % XOTH NpeRBIlCHHE
3, HOPOTOM FelicPilldi BECHMA CYDISCYBEHHO  COUTHENCTRYET PEedNGIMAM
APHHIHNEUTBHO HETHHC HRBIX KnteDatpi.

[IpoBelieM OIMHOAPAMET PHYCCKOE  HeCU2DOCINNE IBONIOUMI  PUHBLICTOCK
CEMEHCTBA UHKI0B T'g(f2, 8 ) € LEIhI0 HAXORNEHHA FOUSK XapaKTCpHbIX Girdryp-
KaumH. ObeneyeM paamibiluie CeYSHIA ISOCKOCTH I3PAMETPOR M 1 & . drkCH-
PYA (epebii K3 UNX B OCYINECTBIAN Pacie’ UHKIII H €70 MYILTHIHWKATOpOR
JIPH BAPHALIHK BTODOTD.

PacucTsl MOKa3sbmBaoT, YT MEiedyCMOMY cemeictBy ukkion Fo(m. g)
NpMcywn caegyioure Eudbypkaunn: a) 1anGonbUINIA 110 MOJYNIO MYABTHIVIN-
Katop g, 8 GidypRAMOHIOA TouKe 0GpIUICTCH B —1, YTO CUNTBETCTBYCT OH-
bypkans yosoenus nepurda koneGawmi. §) MyILTRILINKITOP P, MK To
PHHH™MACT 3HaveHue +1, 9T0 CONTBCICTRAYCT CIMEHAIC W HCYCIHOBCOHHIO (WM
POXACHHIC) YCTOHUMBUTO i HCYCTORYHACIY UHKNOB] B) HMEIOT MECTO CTYYaH,
KOTHA MPOH3IBEUCHKE MYNBTHIVIHKATOP) UHKA ¢ HIMEHEHHEM T [IMET S YAUR-
NeTBOpRET YONOBUW [o,paf= .
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P w78 BipysKauHOAHAR NWJrPasiMa Ind cemel-
crRa [ IoKvBIN uMkaon creremu (1.38); 1, - e
VMR VABOCHHE WepNaaa, /,, - JAWHAN KpatHoO ./, -
ANHKA HePTPANLHOCTH, A,, A; # @ — Touxe Gy pxa-
UHA KON IMePiiorTH 2

P w79 Kavecrseivull pul SRBMCHMOCTY MYTRTH-
TMKATOPH P, (M) AN whxiz 77, B CedcHEH & * f,.
Kpwiwtockie Totew B, €, D W F cOo0TBercTsyDT yKs-
IEHHLIM Ha pRe. 18

llocneamee yarosiic HadupeMm yCA08UEM HEUTPRABHOCTU, TAK K2<K OHO OTBe-
uaeT ODpALSHHI0 B HYID CYMMm JSHYHUBCKEX noxasavened uuxng [y
A; + A3 = 0. Lcan upn ITOM MYy I6THILIHKSTORM KOMILIEK CHU-CONPRXKCHEBE,
T peuanidyerch GuPYpraiLA poxdcRi’ NRYMCPHOTO Topa. [A eRCTRATEIL-
HBZ MYTRTHINIMKITOPOB Py # 07 GMdYpKILHOHHOR CHTYEIMK Jllech HeT, URKI
ceiaoeoi. A cemeiicraa waxnos To(m, g) oTMedent n6a cy'an, 1.2. udyp-
KalHA poxkaeHUa Topa B sHCTeMe {7.38) 1meeT mecto!

OiipedgeiHe 0coGBIC. TORKH IO HAPAMETPIM, OFBCUAIOUNC AKTCPECYIOLIKM
Hac Oudypraumam nHKGiob To(m, g). apCTYINM K AByRapaMeTpiiecKomMy
AHLIHIY — BROCTPOEHRIO HYPKAKOUHIX NHHEE 1 TPOCT PUHCTEE 113 PAMET OB
Ha pue. 7.8 npuaciiets Sudiypratiiontey Qugzpamag A cemeRciBa |-racrimx
wikiow Cg. poxaawumxen B pesyneiate Gudyprutun Asinporopa — Xonga.
Ha nuevy gy QOHE H3 MYABTHINIHKATOPOR WAKAZ olpausercd B ~§ (1umua
Ouyprxaquu yosoesus nepnona ). BHytpi o1acTy, Ul paHHICHHOR sdineit 1y,
Wl Ty w080, BHE JIMHBH oy GH YCTORMMD, THK Kux 06a 210 MYNbTHIUIH-
K4TOPA NPIHALAERGAT BHY TPEHHOCTH eaHruioro Kovrs, Ha nyiun fya 2y = +1.
30eck MPONCXOANT CHAHKE i ROCTLAYIOILES HCUEHIOBEHHE YCTOUMHBOrIG M cen.
AvBoro wiknop. Jabo, e IBRratecd N0 MapaMeTPaM B HPOTHBONOIIMKHOM
HATPABNICHKN, ) CTYWEHIA TPacKIopuit poxslaeTca napa duxnon. Jluswo 1o,
anee Gyllem HABBIBATE NHHACE KPATHMIX WHKTOBR WK AMRLCE kparwocTu, Buyr-
P OBHACTH, OF PAHHSCHHOR JMHKeE KPATHOCTH, CYILIECTBY LT BOerMG Tpit §-TaKT-
HMIX IAKGA: celyorni Fp o pa vacsa Do w r‘;.xompmc MOIYT OBITh YCTOHYH-
BLIMH HiH CEIUIOBRMMY,

ChTyaunio HOACHAST prc. 7.9, Tl KAYCCTBEIMO H3GHpaNkeHa PacCUHTAHIA
JARUCHMOCTE HARGOABINENY H3 MYNBTHINHKZTOPOR LUMKAZ 0, [pH ABIHNEIMH
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po SlpAMETpY M in qucuwsalmorn £o, YKa3aHHOTO Ha puc. 7.8. B rouke €
poXaaeTca napa waxnos Ty 1 I'g, B T0uke F CRABAKTCR M HCveIawt unkn Ty
u [y, B Touke B nuxn I'p npetepnenaeT Gy pKaltiio YABOSHUR LICPHOAD, CTAHY-
BITCH CEINOBBIM, HO B Touxe D oH BHOBL ofipetaer ycroRwmocts*). Catya-
KA OHKCAHA N YCTOBWE OBHMEMHA [0 lNApAMETpY 71 B CTOpONY €0 YRen-
wena. Xapaktephpie 109K ocobednocteit 8, C, D w F sanecedut 1t Ha puc. 7.8,

JbhiHuA kpatHoCTH foz oBpasyer xapaxtepnm: YrONoK ¢ BCPWWHOR B T04-
xe Q, TIe cHiBawICcA 8 OmMN sce Tph wakena Iy, T k Ty, Touka @ asnnercs Gu-
$YPKAHOHHOA K HMeET KopaaMepHocTs 2. B TeqpuM xaracTpod Ty TOUKY
aspBanT rouxod clopiu, Haiawume clopxr oraeuder ipocrefitues H HasGonee
GICTO BCTPEYANMNEACA KatTacTpode B MHOLONAPAMETPHUECKEX CHCTEMAX M
CHMHCTBLHHO BOBMOXHONR KaracTpode B IBYNApAMCTPHYCCKHX CHCTeMax ofile-
rv nogoxeHnd [48, 49]. BaanmocsAls xaractpodinl COOPKH M IMHAMHEKH HCCIC-
IyeMOR CHCTeMBL OBCY MM HITKE.

Ha puc. 7.8 wiobpaxed ywacrok Gudypkaumosnofd nANRH g3, Hl KO1OpGM
BLINOJIHACTCA YCNOBHE HEHTPANBHOCTH uMKna Fo: | g e2] = 1. Crporo Gugyp-
KILULBOKKOR JIHHHA o3 WBIHETCH HAa YWACTKE OT TOYKH A, o A3 . FHe MYIBTH-
IVIAKATOPBE UHKIA KOMIUTEKCHO-COTIPAXEHHEBIE H BMXOLAT Ha eiMHRNHDIN KpyT .
B rouxax A; n A; oba MynsTHINIMKATODE paBlst Tebo —1 (vouxa .43 ), anbio +1
(rouxa A, ), ¥ro orsevaer pejoHaHcam 1/l (4,) & 1/2 (A;). Kak 4 Touka @,
SndypauwnoHkinie ToukH Ay K A; MMeROT Kopasmepiocts 2. B HKX, nomumo
VCIOBAA BLIXOA2 NAPEI MYNSTHIVIHKATOPOB Ha CMMIMYHBIA KpPyr, YOORIETBO-
PAWTICA YCNOBKA pesonancos. Kax noxaszank pacuerhl, Gady oRauns poxacHHA
TUPR W3 MMKNA [y cyfnpurusecxan. Pexatm ycToRuHBLIX e B ABTOHOMMNYO
cucreme (7.38) ne Hainen. HpyrmapameTpHuecKnd aHATHI XapaKrTepa yCTOHWM-
BUCTH OJHOTAKTHBIX UHKIIOB CHCTEMBl MOOKHO HA 3T0M JaKOMMHTH, TAK Kak
OIPENIeb) THIHYHEE DU YPKAUMK W NOCTPOCHR COOTBETCTBYRILAR Quat paM-
Ma Ma iockoctH (pre. 7.8).

fipH nonxoe K NHHAK yuBOCHHA By, cHHdy WMKN [g YCTOAWMB He B Manom
(MepBanA JANYHOBCKAA BENMUHH B OCOBOR TOMKE CTPOTO OTPHUATENLHA). 3HA-
MT, [EPECEHENHe NHHHH o, 1IPHACIET K MATKOMY pOXICHEIO YCTOHYHBOrO
wkna ), ueplion KOTOPOTo B MMHMCHKOM NpHGIMXCHH sasoe Goaewe (17
= 2T75). Basn B kauecTse Ha%IbHOFC NPpUATHXKEHHA TOUKY Ha uukne (g BAIHIN
ToukM Gudypkauny yopoeHus, Gynoem wckats uukn Iy, KOvopsti xapasropuay-
CIZH JBYNCPHOUMYECKOR HENOUBHKHOR Touxed B oTobpaxerww [Ivankape.
CmecrvBumes e napaMeTpy 33 BudiyprausoHnylw AHHER lo|, SHCASHHLIM
HATCI PHPUBAICM ONpeRetHM UHKD ['y. KOTophiH JCHCTRHTENBHO YCTOHUMD,
AMoeT BUITKMA K yABOCHUOMY HEPHO H B (a30BOM [IpOCTPAHCTAE IRNKIL
0BXoINT 1-TAK THLIM UMK, NOTEPABLIDSS YCTORYHBUCTL.

Puc. 7.10 winwcTprpyer ckadaHuoe (A 3Havenia g = 0.2, Huxke rouxn 6a-
thyprausn m* = 0.966. .. 8 cHcteme YCTOHYMR UMKN [, NOKa3aHMKH Ha
puc. 7,10 mig m = 0,5. Brime 1io napaMerpy (> m*) yCroTumanM A8iTRETCR
ikt yasoeHHoro neprofla Ty unkn Ty CTAHOBUTCA celfToBEIM 1 K3oGpaxked
Ha puc. 7.10 rorpuxoeoH THHACK.

*) Nostobutc FRCHCTEI, TReSy U Nepexoioe B Toykax Cu F uz Hevcrofuikyn uuk g,
S PHBNATT AR, HU BOIMOKMEL APH COOTRETLTUVIOME ! MOIHQHKUDIL LIMOPHTMOE BhYHC-
HAMS MYNATHNAHKITOPOB UKKI0E. OBNHOE WHTCIPHPOBINAE NPHHONKT 3ACCH K NOT- e
WHRLE 4 wecTKof emene pexcamos [S1].
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P e 7.1). Bubypkaunosded SnorpamMma wia cevchcrss 2-raktidas anknos I (o, g);
fyp = ARHHN KPHTHNECKRS 3HuNeHRA IIPpIMeTPOR, [IEPECUCHHI0 KOTOPOH UTRENAET Mepexail
K Sacy

TponerieM aKAICTHIHLIM OGPAIOM OIHOIAPIMET PHIECKOE, 3 3aTeM K ABYII-
PEMETPHUSCKOS HCCICiDBARNE CoMeHcTRBA 2-TaxTHbx wnknos I (m.g). Budyp-
KSUHONHRA aHNIKS NOKAIBBACT, Y10 XapakTep Ghdypraunit o crpyxrypa paay-
MO [ACTIONONEHHA COOTBETCTRYIONMX Gudby PKAHHOHHBIX NHHMA HA MUIOCKOCTH
napameTpoB MAA UKKA0B ) yABOSHHOTO MepHOAA TIOIHOCTLIO NVBTOPRET Kap-
THHY Jns D-TaxTEbIX naKioB (puc. 1.9) ¢ Tod mHum pasHHued, dTo obiHapy»u-
BRIOTCA [BA CAMOCTOATERBHEIX cemeicTBa 2-tawcrinix unknos T} u T3 [12-14,
189]. .

Ha puc. 7.11 n306panera GudypicalMOHUIA ANATCPAMMI OHOTD W3 ceMelcTR
uMnos 1'j(m, g). noarsepwutaciad cxazasrioe seiie. Hamwvuo nByx ce-
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MEACTB JT4KTHBIX (MKNOB OTBEYACT JABHCHMOCTD MYNBTHINIHKATOPA OF Mapa-
METPE Pt 8 BHAS IBYX TeTellb @ OT/IHYHE OT OAHOH METHH JUIA UHKAOE Nepuo-
au Tp. PacueTsl CHHUETENIRCTBYIOT, WTO BHYTPH KaXMoHK M3 vBnactel, orpas-
YMBAEMBIX (KDY PKAUHOHHBIMA JINHHAMH YABOEItA DepHoua unknoe T'i(m. g)
i T(m. g), HMeIOTCA O OB CIMUCTORTETBHBIX CEMERCTEA 4-TAKTHMX UMKIIIB
[189). Moxdio Nonarars, 4re HEPAPXHA PAIMHOMEHHA CCMEHCTB UMKNOB TiPu-
WUEKAETCA 10 GeCKOHeMHOCTH, HX GUdypKaUMUHHBE OMarpaMMBl ABASIGT
cnBOl CHCTEMY TONOJOTHYECKH IKBHBUICHTHBIX 6A0NERHMY CTPYKIYD. KOTO-
PEIM  OTBENAKT YHHUBSPCAIRHBIE CROHCTBA, CGOGILAILIME 3AKOHOMEPHOCTH
wQobuA Tuia PedirenbayMa Ha ChyNad nByx sapamerpos. Jlna uuknon T
nepuona Ty = 25Ty, k =0, 1, 2 n wactuwo ana k = 3. 310 npoBepRAOCH IKCHie-
THMEHTANbHO H KAYECTBEHHO MORTBEPIHNOCh. Koimfyectseninte 33KoHoMep-
HOCTH YCTZHONHUTD TPYAHD, TAK KaK € IT0H Uensio HeOOXOMINMO YHETEHHD dHa-
JNIHPOBATE UMKABE JOCTATOMHO (XMIRIIMX NMEPMOMOE W C BLICOKON CTEHEHBH
TOUHOCTH. 3Ty 3apuvy yuolues paccMatpuBats UPAMEHHTENLHO K ABYIlZpaMeT-
PHYCCKHM JBYME PHBIM MOIIeNLHBM 0ToGpaxeriamM [190] .

Harnsanoe NpeacTaRRSHHE O CNOANOCTH paztHenk:t GU3OROTO NPOCTPANCTBA
1 DaWtHUYHBIC THItB] TPREKTOPHH B OTHOCHTENBHO MPOCToi cucreme (7.3%)
1IET TeoMeTpHYECKOe M30OpaxeHie NMONYYeHHBIX pelynnTatos. Beenem s pac-
CMOTPEHHE KOMBMHMDOBAHHOE TPEXMCPHOC 1IPOCTPIHCTRO, B xoTopoM w3otipa-
M rpaduveckn saBHcHmocTs £ o= E(m, g), ras nog £ GyaeM HoHWMaTh OIHY
W3 KOOPAKHAT HeNOUBHKHOH TouKH B ceveld [lyunkape mist unkna. K upHnie-
py, ecan peectn 8 R® cucremnt (7.38) cekymy®w wrockocts x =0, 1o moa §
MOKHO NOHHMMATE KOOPIHHITY Z OBYMEPHOTo OTOOLUKEHHA H3 CeKymen.

PacueTst NOKAIRBANT, VIO FEOMETPHYECKHM MECTOM TOMEK, OTBeYNONINM
YEIHMBBM B HEYCTOHUHBLIM UHKNAM To(m, £) CHCTCMBI, ABARCTCH CIOKHAN
/IYMepHaf noBepxiocTe SO B yKajaHHOM NpacTpancTBe. wioBpamennas Ha
muc. 7.12. Mosepxnocts S atA £ 3 0 BBIXGIHT W3 THHIH poxcieria uHKnaa 1y
il HMeeT awe ckitalkk M cBopky. Ha puc. 7.12 A sarnamrocT 2aH paipes
#0BepxHOCTH ST mnockncrilo g = g,. BHyTps oGnacTy Meaxay roukamu Cn F
JMEIOTCA TPH JINCTE AOBE PXHOCTH, KOTOPSIC COOTBETCTBYOT UNKAaM T (BepX-

N

0 -‘“'Jl'l y

Puc. 7.12. Fromerpuseckan TpaKTOBKA KPHTINCCKIK ABNCINA B cucTesce (7.38); Torkn
vculicHnocTel Te e, qTo M Ha pik. 7.8 1 7.9
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Huil mnct), Fp (okupil nuer) 0 Ty (8HyTpeHnuii nucr). Npoeumposaline
CIOKHOH IOBEPXAUCTH HA MAGCKOCTH MapaMeTpoB 71 B g Gnaronapa Wanuwio
CICIAIOK R3eT JINHHIG OCOOEHHOCTH {44, COCTOMILYI0 HI BEpKHEA K HIAMHER
BeTBeH. NnepeceKaMUNXCH B TouKe Q. C MBlKeHNEM Mo lapaMetpy m (g =gg)
Hen3BeAHO CBAIANO ABREHWC 2ucTepedce, OGYCHOBISHHOFD “NepeckoKamu™
B To4KaX F (eIH ABHIATLCA N0 m cHI3Y) W C (Iips IBHKEHHK IO 711 CREpXY).
B TeopHH KaracTpod ITH WECTKUE NEPEXTONERUS XOPOWIO HIBECTHM H COCTaR.
AswT, coBeTBenND, cam ekt karacrpodu cBopku. B mpynapaMeTpHueckHx
cemMefcTBaX, KpuMe CKNANKH H cOopii, NHKaKKX ocoleHHoCTeR pH DpOCUH-
POBIHHA NOSEPXHOCTH H3 INOCKOGCTh BT He MOKeT.

Takum obpazoM. GudypKaUHOHHaR AHHMH KpaTHOCTH loy Ha IHarpamMme
prc. 7.8 obA3aHa CBUHM UIPOHCXOAAEHHEM HAMHMKI CKIRNOK B cGOpKH y no-
BepxHocTH S°. KakoBO MpoMcxoxactme GudypKaUMOHHOR NHHH yiBoe-
HiA fg,7 Ecl aHanMInpopats TONbKO OAHOVAKTHbIE WHKIbE [y, TO 312 MTHHHA
COOTBCTCTBYET MPOCKUHM COOTBCTCTRYIMUEH NHHUM Ha noBepxioctH 5%, atpe-
HAICUWICH KPHTHYCCKHM 3HAYCHUAM AMITMTYH LMKAZ, KOTI3 MYNhTHNHKATOP
NPUHHMAET 3HaveHMe —). YduTmiBad, Y10 NIPH ITOM MALKO POXKNICICA UHKA
yneoesHoro nepwona Ty, na puc. 7.12 Hameuena noBepxHocTh S, KoTupasd
nepecexaet osepxHocTs SC o nuWkM yasoewna. IpoeKuna nHEMH nepecede.
HAA loBepxXHOCTH S§ ¢ SY Ha WIOCKOCTL MapameTpos m W g nact Grdypka-
UHOHHYIO NTHHNID g, . KaTactpodbl B OKPECTHOCTH J10H NHHHH He NPOHCXOMMT,
TaK KK MNepexod OT OAHOIC YCTOHMMBUIU PENHMI K APYFoMy YCTOHWMBOMY
BPOUCXOOUT MR2KD.

Hannyne yapoerHdl yenoxHsel ofuyw KapTHHY MMHIMHUCCKHX CBOHCTR
CHCTCMBL FIDH BADHAUMM TIAPZMETPOB, TIK KaK peantHo HaGuionaembl YOibKO
Te NEPeXOfibi, KOTOPLie CONPUBONMIITCA CMeHOH YCTORIHRBIX pexaimos. On-
IAKO HMEHHO YKa3aHHafd CONHOCTD MO3BOIACT MEICTCHHO NpPeNCcTIRHTh cebic
BOIMOWHEIE BAPHAHTHI CMEHBI PeXHMUB B DEAbHOM FEHEPATOPE MpPH HimMe-
HeHUN napameTpd. Tak, ecni NBMIATbCA DO KAPaMeTpy M HI HyJA B OCKOCTH
& % Ro» TO B TONKe B 1-TaKTHBIA UMKN TEPACTCH, CHCTEMA MEPEXOIMT B PEKHM
2-TakTHRIX  KomeGannit, ueMy COOTBETCTBYeT BBIXOM H3 ROBEPXHOCTS S§
{puc 7.12). flB1enMA rMcTepeInca MO OTHOLICHHIO K UKKAY g He Gymer. Tak
Kax y[AmOeHWe NpuH3ofideT panewe. Baanmopacnonosenne Tosex Gudypraimi
B, F, CuDp poxauwibIX CeNCHMAX Mo NAPAMETPY & GYNET MeHATHCH, B CAA3N
¢ 9eM KOHKpetHad HOCNeNOBATCIBHOCTE B CMEHE PEXKHMOB KokeGaHHA n rucre.
PEIMC MOTYT 3auiceTs O PmBopa ceveHua.

B cnyyse Koraa peanH3yercA KICKan HAKIMMHBaKAWMXCA Gudypkawsi ya-
BOCHHA, FEOMETpHUeCKOe W3oGpaxeHHe THIa puc. 7.12 NpaKTHYeCKn 3aTpyn-
Heno. Bonee HamiagHo NocTpoeHne JABHCHMOCTH aMIVTHTYR YCTOAVMBBIX LHK-
OB OT HAPAMETPA — TaK HaILIBaeMOe BUGiyprayuoHnoe depeo BETRACHHA
AMISIHTYLL, KOTOpOe TOJIYYdetrcH, &CHH BMYMCIATH AMANHTYOBM YCTORYMBBIX
UHKNCB B (YHKIWH JIHUIE GAHOTO NapaMeTpa. JBoniouMs aMIiaMtyr KoneGa-
TEIbHBIX PEAMMOB Ha TIePBOM JFalle YABOSHHH B CEWCHAM g = go RHUHA H2
pac. 7,12



TNABA B

JHHAMHKA MOAHWOHIIMPOBAHHOTO T'EHEPATOPA
C WHEPUMOHHOA HEJIHHEAHOCTDY0
B PEXMME ABTOHOMHMWX KOJNEGAHHA

B.1. Deynapamerpiacckuil AHANING NepexXona K Xa0Cy
sepes kacxan Gudypraust ynsoexus nepsona

BudypkaiMOHHAA aHarpamMma ans cemeilicrra 1-raktabix 1mMknos (puc. 7.8)
COMEPAHT TPH XApaKTepHuie GikbyPKANMOHHEIE JIHHHA, OTBEYMOUINE Onpene-
ACHHOMY THNY NOTEpH ycroruneoctH. Hecnemyem poib aTHX Sudypkaimi B
oftIeA KapTHHE CMeHM KOTeOaTelibHLIX pexumoB reheparopa (7.38) u mian-
MOCBA3S MEKLY THNOM DOTEPH YCTOAUHBOCYTM H MEXaHHIMAMH DPONUICHHN H
CRONCTRAMH HTTPAKTOPOB CHCTemb. Hawdem ¢ BuAcHeHMA poym Gudypkauni
YIABOCHHA.

O6mit 3HAIMD CTPYKTYPhI BROMEHHA GHYPKAUHONHEIX AMAIpAMM LHKROB
epHOLA 2¥To*) cMperenscrayer, KaK YKaIMBanoch, 06 YBeNHUEHHH uHCIa
ceMelicTRa IHMKIIOB UpH KAKOOM YABOEHHH B 2 pasa. Ilpoananwanpyem Gudyp-
KAaUWH YAROEHMA NMZPHONIA NPHMEHHTENBHO K CeMeRCTBAM LHKNOB. GHOYypKa-
UHOHHHE AMArpAMMM KOTOPLIX JIeXAT GIMHXE K NHHHM DOXIEHHA iDIKNa
o #1 = (. B 310M criyuae MOWHO OXMOATE NOCNEAOBATEHLHOCTE MATKG pOX-
AJOUIMXCA IHKIIOR YABOCHHOTO NepHOtA. [IpoBeieM uMCHEHHbIR IKCICPHMERT
N0 ONHONAPAMETPHUECKOMY MIYICHAD NOCHENOBATENLHOCTH GHOYPKAIHOHHBIX
3HAWEHHH NAPAMETPA iy, OTBESIUIHX TOYKAM GHdYpKami yA80eHHA NEPHONA
wiicion 25Ty, Bubepem NBa HAUPaRNEHHA ABMACHHA MO [UIOCKOCTH ApPaAMET-
pob: duxcupya g = 0.3, cleciievum ABHKENHE MO MAPAMETDY M, 4 LIpH 1 =
= {45 ~ peMxetMe 1o napaMerpy g. Byllem BuIMHCNATE GHbYpKANKOHHBIE
IHAYEHHA NapAMETPOB Wy, TPH KOTOPbIX MYNbTHIUVIMKATOpP LMKNA MepHONa
2¥Ty ubpawaercs B —1. 3HaueHHA NapIMETPOB M1, H g ONPENENHAHCH € NO-
rpewHocToio € = 107 1w mia k < 4 ceesern B 1a6n. 8.1 [176] .

3HaycHHS ROCTORHHON Qelrenbaymz §, u xpHTHUeckux Todex B Tabn. 8.1
PACCIMTBIBANKCE 1O SCHMITOTHMCCKHM cooTHoweHnAaM (5.7) n (5.18). Jlony-
VeHHBIE JAHHBIE CBMAETENBCIBYIT O TOM, YTO IPH ABHMKEHHK B IOCKOCTH na-
PEMETPUE KaK N0 A1, TAK H N0 g HMEET MECTO CXOHALKIACA NOCHENVBATEIb-
HOCTh GudypKaUMit YNBOBHHA TIEPHOL:, NOANHHAKWMARCA JaKoHY Peitrentayma.

*} Inmwrne nepwons Me encayes NOHMMaTY Syxpanwho, Tak xagk Ty, = Ty(m. g). Ilna
ShgvbepenuManetiyx cHeTemM papcieTRo Ty = 27T, B OTHMNG 01 oTolipaxeHnR B ofulem
CAYYEC He BRINOMIFCTCN W OTPRKACT FADBILIM O6DL1GM TCAONOIHIO TPACKTUPHA.
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Faawmnua X

BEQYPRIUMURHEIE INASEHNA HAPAMETPOB Mig, £ 1y NOCTORNKAN Dellr enfiayma 5, v Kpa-
THHCCKNE TOAKN NPH yomoennAx » cucTeme (1.38) (pacver xa JBM)

—!- reED m= 1.45
I” 4 bk ] m’ £x T by g
..... _._..t..,__.‘ e, - ¢ -em o E aa e Imams ko —— - i v m——— - + - e B e e r—

0 0.7700 B 0.1200 - -
1 1,0200 - 1.0880 0.16898 - 0.18233
2 10713 4.873 1.0853 0.18162 3.876 0,18506
3 1.08216 4,724 1.08511 0,18438 4.58) 0.18513
4 1.08449 4.668% 1.08512 0,18497 4.66836 0.18513

Jnst ABYNapameTpHUECKHX CHCIEM llepeXOLy K CTPAHHOMY 4TTPHKTODY Yepes
YIBOEHAS Ha INOCKUCTH NAPaMETPOB NONXHA OTBeyath GHbY PRALHOHHAYN NHHKS
KPUTHYECKHX IHAYEHMH KOPa3MEPHOCTH 1. 3TV NIMHHIO MOXHO NOCTPORTL, NpRH-
MeHAs OMUCANHEE BbILE OQHONAPAMETPHYECKMA noaxox. Jpyrod cnocoe6,
CYIMECTBEHHO JIKOHOMALIMA MAIHHAOE BpeMA, COCTOHT B PACHCTC NMAMH Ha
TIOCKOCTH UdpaMeTpon, OTBCHAIOIMEH KPHTHYECKOMY JHAMCHHIO MYNhTHIUIHICE-
10pa wukna 25T, k> 1, p% = 160119, .. (cm.(5.21) u 1abn. 5.1). C neob-
XOJMMON [IA NPAKTHUECKHX UeNell TOYHOCTLK JOCTATOYHO B3ATS K = 2, T.€.
OTPAHHYHTECA DACYETOM MYNBTUIUTHKATOPZ  YETHpPEXTAKTHOTO ImK1a*). Pac-
CYMTAHHAR YKA33HHLIM CHOCOGOM NHHHA KPHTKHECKHX 3HAYeHHH Napamerpon
HaHecena Ha puc. 7.1 1 urrpHxom,

[lpoBenenHbif aHANKH3? IMHAMMKK cHeTembl (7.38) B xofie IsonmOUAM ee
K CTOXACTHYHOCTH 4epe3 cepHio GHypxaunit YIBOCHHA MepHONA OCHORHOIO
CEMEHCTB2 LMKNO3 NOACKA3HIBIALT CPABHHTEILHO PeIKYI0 BOSMOKHOCTE JKCNe-
[PHMEHTANHHO He TOMBKO KANECTBEHHO. HO it KOJIHYECTBENHO NPOBEPHTh BRBOILI,
HoAyYcHHEIE dNCTERHO. JIefiCTRMTENBHO, NpH MATBIX 77 1 KOHEUHBIX g WnKn Iy
ARNACICH EOHHCTBEHHLIM MAIKO pOXIZIONIMMCH H3 0cOBOH TOIKH B Hyle
NpeAchedsIM IMXAOM cucTembl (7.38). Kaxapil nocienylowmi uskn yzsoen-
HOrQ TEpHOAZ MATKO POXAACTCH N3 MpenbXyINero B rouxax Oudypkaimm
Mg, £ i H ABIACTCA YCTOHUHMBLIM,

Ecnu cOBCTReHHBIE MiyMLI CICTEMY] NOCTATOYHO Mafsl, TO B panModuaHiec-
KOM TCHEPATOPE ¢ POCTUM Mapamerpa ROIGYKNEHHA MOXHO IIpOCENTE JBON0-
UMD TIpETENEHBIX UNKACR BANOTHE MO KPHIWMCCKOH TOUKH POXEHHH X40ca M
MAANIX UPeBBIMEHRA HAn NOpOroM, TA¢ KacarentHuie GHQypKauHH UHKAOB
CPABHMTCIIBHO MINABIX IICPHOMOB He OYIYT BJAMATS Ha pekHM koneGanuit (Mx
NHHMH KPATHOCTH JIEXDT Bbillleé NHHHH KPMTHNECKHX JHaueludi NapamMeTpoB).
TakoH 3KcnepHMENT He CBAIAH ¢ TOWHBIM 33/IZHHEM HaYUNBHLIX YCNIOBHH, uTO
B GHIHYECKOR CHCTEME OGBINHO TPYIHO 0GeCUCYMTh,

JnA MatypHEIX JxcHepHMeHTOB GbuT paspaGoran M M3roTokNeH RC-redepa-
TOp HHIKOHACTOTHOFO pammoupanasoda [183] (f, = To' = 7 xI'n) 8 coot-
BCTCTBMH ¢ pHC. 7.6. OCHOBHOA reHeparop BKNHMAT (183 KaCK413a YCHAE!HA ¢
DUCTATONHO BONbIUMM YHiCTKUM IHHEHMOH# XapaKTepHCTHKH H CCNeKTHBHLIA

#Tlpn 2Tom KeoSXOAMMa YBCPCHROCTH B TOM. UTQ LCKONKA yapucHHWl GeCKOHCUHA H
KOHTPOIS ¢ NOMOULLIO DM LIPAMEIPHICCKOIO AKANIHIA B BRIGopoUIiBIX TouKax obrsaTencil.
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HIEMUHT B BHIAE CHMMCTPHYAUTO MUCTD Brua. JLONUAHKTeNRHAN UCIth HHCPUHOR-
HOH UTPHLIATENBHOH COPATHUH CBA3R COCTORIZ MY 2HOHOI O OUHONOIYIEPHU.L-
KOO KBAUPATHYOTO detekTopa H RC-GHmetpa. TuareieiuM UOIGNpOM na-
]}.’.IMCT[”B JNEMCHTOR IeHEpPATORd ¥ XApAKTEPHCTHK e1eKTOpE, YCIUIII‘!&HE.'I_( H
DHHILTPA IKCUEPHMEHTAILHC HOCTHIIOCE MIKCHMATBIO HOIMOXKHOE COOTBET-
CTBHE peanbHOR M MATeMaTHYeCKOR Monenes cucremu 183, 191. 192]. Hame-
PUTL.IBHAA YCTRIOBKE B LE)IOM NO3BOASAIA LIE3ABHCHMO BAPRHPOBATE H KOIH-
4OCTHEHHO ONpefenath 1apaMetp ROIGYKACHHA M. WIMEPHA KOBHIEHT
FUIIEHHH UCHOBHOTO YOWIHTENA Ko W AApaMe1pa HHCpUHOHHOCTH §. KOTOpbIA
pRryTTHPORUIICA EMKOCTSHI0 PHIBTPA Ty TOWOCTS B HIMCPEHRH YIDABIIAIOWRX
[apameTpoB m u g Guuia He xyxe £1%.

O1merm OAHY HCKARSKTEIRHYIC OCOGEHHOCTH cHcTembt (7.38) o, creno-
BATCABHO, FEHEpaTOpa: HEIBHCHMAN BAPHALMA NAPAMETPOB 1 H £ BaeT BOd-
MOKHOCTh B DKCHEPHMENTax paseiibHO YHPABIATh CTEUCHBIO CHATHA (§y =
= $3(g)) M PaCTRKEHHA (5, 5 = §; ;(M)) B OKpecTHOCTH cellODOXYCA. T.e.
HUXIRUCUMO YTIPBRIATL CROHCTBAMM YCIodungu2uy H HEYCTOLUUEBNID MHO20-
ofipasu ocoBol ToukH (em. (7.37)).

Hiyvenue pewumob woneBaHMA H HX GHPYPKIUHHA OCYMIECTBIANOCH ¢ MO-
MOUIBI CHCTEMBl OCHMAAOrpadOs. IHAIM3ATOPA CUOEKTPA M CelNeKTHEHONO
MHKPOBONLTMETPA, BXOARIUMX B HIMEPHTCIIBHYI0 YCTAHOBKY.

Ocymecrsim HecrienoBanie IBOMICUHY PEXHMOB KONeGaHUH 1IPH ABHXEHRH
U NApaMeTpy M CHH3IY Ijid pAN2 JMCKPETHRIX 3HaweHuH napamerpa g. Ha
puc. 8.1 wpupeleMa GMypKRAUNONHAA [HArpaMMa peXHMOB KoneBaHHi Ha
VUICTKE TUIOCKOCTH MApaMeTpoR M. g. Kak H OaGUSANOCh, NpH JEBAKEHIK MO m
B JKcnepumetite Habnwiaerca Hakomwieuwe GudypxauHOHHBX NRHHR yHHOe-
HHA ) K IHHHH KPHIMYECKHX 3HAUCHMA napameTpos [y, . YBepeHHO perncypy-
pylorca SupypKalki yapoeHns g & = 0, [, 2, 1.6, snnory uo nepexona 47, -+
+87To.llepexon BT -+ 16T, Taioke Hab-
STGMANCH IKCHEPHMEHTANLHG HO B HEKO- m
Tepeix ofNACTHX TWOCKOCTH napamert-
pub G611 HEYCTORWHB 32 CHET CCTECTRBCH- =3
HbiX M TEXHMYECKHX IMyMOB YCTAHOSB-

KH. Ha puc. 8.1 cooTsercrayrouan Gi-
by prauroHBad nxaR {3, He HOKAIAHA.

llepexon K croxacTHuHOCTH, Bknio- 2.0}
Yad MAME NPEBROUEHHE HaJ NOPo-
FUM, B IKCTIEPHMEHTE OCYUleCIBIANCA
fe3 eucrepeiuca, ykaninee Gidypxa-
UHOHHGE® BHHHH Iy M D, B npe 45
LDeNaX TONHOCTH M3MEPeHHA cOSManANK
KaK fpH [BUXKEHHH TO [HApaMeTpy

Puc. B.1. JkcncpumeHTansian Sudpypkanw 10
OHKaN OHATPAMMI PUAHAMOB KOoAcSaHKA 8 ro-
nepatope: i — IMHMMM Y ROCHEA. Kyp —
NHHHS KPHTHMCCKHX THaWHHA 11apaMe1pon.
Jaurrpuxosanivkie ofAacTH  COOTRETUTRY 0T
X20CY, HOMDITPHXOEIHHBR — OTBCNANT MHO= U o 67 0"3 (,:‘
TOTAXTHRIM YCTORIHBBLIM LMK 3R
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Puv. 8.2, Bru ¢ajosux Tpack-
TORHA # NPOCKIDIN HA M0CKOCTE
ePCMCIiiBIX X, ¥ (3} W COOVBCTOT-
BYIOUE JABHCHMOCTY NROUECTOR
x{¢) (S} npn nepexole K Xaoly
HCPES  TIOCIICNOBATEALHOCTE G-
DyPRAUNH  VIBOCHHE  IIEDHORM
{pHIHSCL KHE JRCUCPHMOHT)

M BBCPX. TaK H BHHI. 3amer-
Hble MPERbRUCHHS Han Nopo-
roM MPRBOHMAH K MECTKHM
NEPexXofaM B PeXHMbBL KONe-
Gakuii  nepuoma p- 2N T,
(p=1,2,3,...,k=1,2,
3,...). koropete yepefoBa-
AIHCh C IOHAMH CTPAHHBIX ar-
TPAKTOPOB  OTNHYAIWIEHCA
crpykryput [183]. B sron
oGnacT THMHYHLIM GbUTO AR-
NieHHE MHCTEpeInca u JalHole
puc. 8.1 oTpaxanr KaprrHY
CMEHBI PEXHMOB MPH XBHKE-
HHH [0 NapaMerpy /m B CTO-
poHY ero yseinHvyenua. Ceoit-
CIB2 CHCTEMBL IMPH  JHAVH-
TeNbHRIX TIPeBbOUCHHAX HAX,
NOPOrOM  CTOXACTHYHOCTH ofCy/iMM B clepyloumMx paifenax, a IEchL co-
CPEHOTOUHM  BHHMZHWE Ha IRpexojle K Xaocy uepes CepHio Oudvprayui
yleocrus.

Ha puc. 8.2 uaHa cepud HUTOTpagUit peXxHMUB KONeBAHKA, WILTIOCTPHDY K-
waA Gadypkaunn yasoeHns 27, ~ 4T, - 8T M BuUA CTpallHOrO arTpakTopa
BO WM KPHTHUSCKOH TOYKH. Pedyilblarsl IKCNEPHMEHTA COOTHETCTRYIOT IHA-
deHnl g = 0.2 M pasnnuHLIM . OQJIHOTAK THBIR IHKA, JIpeIIeCTBYIOUMA Tep-
ROMY YOBOCHHIO, Ha puC. 8.2 He moxaszad. PoTorpadHu OTpas@IoT IBONIOUHIO
BpeMeHHbIX pealin3aumil x (7} W npOrKIUAH GaloBLIX TPAEKTODHI Ha ILTOCKOCTH
NCPEMEHHBIX X, ¥ JUIA PAZAHIHRIX JHAUeHHH m. KauecTReHHAA KapTHHA Mepexosia
BechMa Harianda. JUIA BbEACHEHHH KOTHYECTBEHHLIX 32KOHOMEPHOCTEH [pH-
BEICM  PeIYNILTATH CHEAYIOUIMX YHCHEHHLIX H GHHIMNCCKHX IKCNEPHMEHTOB.

3aukcHpyem 3Hauerwe napametpa g = 0,2 u nocTporm Ha IBM Gugpypra-
yuorROe 0epegu BCIBICHWA AMTUIMYYAL YCTOHYWBBIX UHMKIIOR TIPH JIBHACHHH MO
napamerpy #1. C 3100 Ueibiv BBelleM B $230H0M NpOCTPAHCTRE CHCTEMBI CEKY-
WY NOBEPXHOCTL yCAOBHeM ¥y = 0 # GyNeM perMcTpHpOBaTh KOOPAHHATY X
Ha ceKyuleH. usHrasace 110 napametpy m. Ha puc. 8.3 pesyinratit pacyeros no-
KA3AHP! CIUTOIIHMMY KPHRBIMH. YCTAHOBHR JHaveine g = (.2 B (pH3iccKom
IKCICPUMEHTE, NipOHIBCAEM H3IMCPEHHe AMILTUTYN KONeBaHWH mepemeHHOR
x (). Hopmupopaitunie peayibratel LAA CpaBHeHHA WaHeceHm Ha pue. 8.3
WITPHXUBRIMH K PHBBIMH.

(onocTaBieHHE YACHCHHBIX M OKCOCPHMEHTAIBHBIX JAHHLIX [aeT xoponee
KANECTBEHHOC COOTRETCTEMHE pPEIYNKLTIIUB, OIHAKO pACYETHBIE W HIMEPEHHBIC
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P nc. 8.3. BHpYDKAUHOHIOS DEPERO BETBACHUR FMITMATYI APH YABCSHHREY HepHOa

120 750 W0 uy B

P x c. B4, Jxcnepumentainian BudypkauwioHtasn INSIDIMMAE POKHMOR KoNeSaHHR HA
IWICCKOCTH REPAMETPOR N, bg; A, o CA, -~ aTpaxropwr L B 2-f 30M CTOXBCTHYHOCTH.
Ocranwarsie nBodisveHud Te e, 470 K HApwe. K. 1,



Faguyuna 8.2
CpasHoenise PacdeTHLIX H JKUIIEPHMCHTICBHMX TR Y pKALMOHNBYY, SHINCHRA TlupameTpa it

anrg =02
e e e e ek e el e el ek e e e i e e i aia
I3 i gy (pacueT) ) m, {IKCICPUSIERT) ] &,
; i r———— — r— e e w e e e e i :A e e e
0 0.770: )0°* .77+ 0.M
1 1,020 ¢« 10°* 1.02 + 0.01
2 1.0753 = 1% 107 = 0.01 4, =4873
3 10826 =10 * .08 : 0.0 fpacyet)
1,08516 - 10 1.09 t .01 b, #3502 012
{IKCTIEpHMeNT)

IHAYCHHR JapaMeTpa My B TOukaxX BHdypxauHil yIBUCHWR ke coaradawT!
llpyvrMa. Kak BLIACHHAOCH, KpOeTeA 8 clicayioniesm. H3 ypanHeui Mope:
Cleslyer. YTO XapaKTepHCTHKa netextopa B !x) wnagparusmar {cm. (7.27)).
PeanpHan xapakrepucTika P (X) B rcHepaTope MOAKCT HECKONLKO OTAHYITHCA
OT ANNpoxcHMalMH (7.27), HO NONYCKaeT KUPPEKTHPIBKY MyTeM BAPHALGH
aHOHOTO HANPAXEHHA NeTeKTOPA HHEPIHOHHOT O KacKafl reHepaTopa.

Ha puc. 8.4 npeacrasnens akcnepuMeHTantHan GugypKaUMOHHIA IHATPaMa1a
pekuMOB KONeGaHMH Ha SNOCKOCTH MAPIMCTPOR M. Uiy, IRe Hy ~ HANPRKEHH:
aHOJA JleTekTOPd. INA JRaueHuA g = 0.3. Cricunansiinie HIMEPEHHA TTOKA3WIH,
HTO HaWNydlee COOTRETCTBME IKCNEPUMEHTLISHOA XapaKTepHCTHKH € (X) Teo-
pernieck ol annpoxcuMaiig (7.27) Hocturaercs npy uf = 120 B. Mt u, =
GruIH H3MepeHn BidyprauHONMbIE 3HANEHHR Bapamerpa 'y (K = 0. 1. 2. 1 3)
H M. Peaynnrates ceenens s 1aGn. 8.2,

Tlo neparsM Tpem GHOYPKAIMAM B Npe/teliaX TONHOCTH IKCNEPHMENTA Hatiilo-
DAETCA XOpomiee COOTBETCTUME PE3YIBTATUR, IKCHPPHMEHTAABHOS M YHCASHHOE
3HaueHust 5, rakke GANIKK. GNHIKMMH HBAAKTCR M JHAYEHHA KPHIMMECKOH
rouky. [lonyucHNEle MAUNLIC CBHASTENBCTBYIT € TOM, YTU B HCCHC/YeMOR CH-
CTEME Mepexol K CTOXACYMUHOCTH Yepe3 MOCReUBRTENBHOCTS GHypKaumi
YABOEHNA noduunsercs 3axony Peicenbavmg ¢ KOHCTAHTON NOACGHR § =
=4.669... [13. 176].

8.2. OroGpaweune Myanxape cucremnd
M BOIMONKHOCTE €10 OAHOMEPHOR aIMpoKCHMAaLH

Kpstepnem CTOX4CTHHHOCTH CHYXMT NOSBICHHE MONOXHTCHLHOIO (1OKA3a-
Tena B cuexype JIXTE cucremer. [ cucyem 8 (R? B oBurem ciiydae cHraTypa
coexrpa JIXIT moxer Gute: ™7, -7, "™ . yCTORYHBAA CTAUMOIIApHAR TOY-
Ka, "0, -, 7T - npenennsisid M, T4+, 707, -7 ~ cTpalHi arTpakTop.
Bosumciinm novinwit cnekrp JIXI cuctempy (7.38). nEHranch N0 napaMerpam o
TeX CeveHHAX. [Je UPOBOLUTICK pacteT GuYpInHOHHBIX 3HAYCHMI My M £y
npK yneoeHuax (m =1.45 1 g =0.3). Curratypa cnexrpa JIXM He qyscranTess-
H2 K MEpeCTPOAKAM PeXMMOB MPH ¥/IBUEHHAX BILIVYTE M0 KPHTHYECKOR TOUKH,
UpH MPONOKAEHWH KOTOPOR HORBNACTCA MONOMHTCABHEI MOKA3ATENs B CNCKT-
Pe, CBHIUETENILUTRYA O POXACHHH CTPAHHOTO atrpaxtopa. Touka GMdypxauuu
ciextps JIXTT 1omxHa GprMAILIE:KaTs THHHE KPHTHNCCKMX IHARCHHA Mapame-
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fpna. l]punOC‘IHBJISlcTClI HOIMONKHOCTE HCIABHCHMO ONRCACIRTE KpHFINECKHe
IAUCHHA NAPAMETOB H CPABHUTE HX ¢ JAHHBIMM. NONYUHEHHBMH BUIYHCHCHHEM
MYSBTHIUIHKATOPOR UMKNOBR TpH VIBOEHHAX.

Ha puc. 8.5 nokaiaH yyacTok WIOCKOCTH MAPAMETPOB M H g, COdepXaLuMil
Onihry PKAGHONHBIE SIHHUM YAROEHAH [g ) M { ;| . Hi KOTOPOM KPCCTHKAMH ROMEYE-
Hpl TOUKH TUIOCKOCTH, OTBCHANUEHE HL'IHYMX MONOXHTENGHOI O NOKAIATCHA B
cnextpe JIXI]. B ppyiHX TOMN2X Ha YiasaHHBIX MpAMbix cizex1p JIXI Guin tina
TNV, T cBRIRTRIBCTRYA O6 YOTOHYHBEIX IHEPHOLHYECKHX KO/ieBURAAX B
cHeTeMe. Tipu nBEAENHE Kak 110 mapaMelpy m. Tax K MO g, oBHApYXHBUIOTCS
JABe NMOKNIMIOpaHHBE OQmacTH croxacrwyHocin Gy n CA4,. HecnenosaHus
HOKAJANH, Yre KanllaA HI 30H TaxiKe NperncTaeiifer cobud cToxHbie vinact,
R KOTOPbIX DEANMIYIOTCA PIUHUHBIZ THIGI KAK PEryASPHBIX, TaK H CTPaHIbIX
STTPEKTOPOR. CMCHAKHIIHY APYT HPYTa NP BAPHAUHH NAPIMETHOB W HAVAN BHMX
ycraoBHiA. PesyiibtaTe: pacuesoB X {71} M X (g) MpeacraBicHbl Ha pHc. B.6.

Pacyerst ciiexkypa JIXH ¢ HcnonyIceaHHeM OTHOCHTENBIIO GONBIIAX HHTEpBd-
nop RpeMeHi ycpeadeHn (7 o2 10*) M nuHeliHAM amIPOKCHMALAA JABHCHMOU-
CTH TNOAOKNTEALHOIG [OKA3aTeli% OF NapaMeipd HeMOCPEeNTTBEHHO BEMIIH
TOMKH NepexOny HOLTBEPMLIN pesyneTaTet tafa. R.i: m™ = [,0853 ¢ 5 - j¢*

ma

.,

-

[-“ i N L L
0 87 03 43 ¢
Frc. 8.5 ®parment SudypKatinonkol QHAPAMMEL ¢ YKEIMIHCH THEK © HORONNTENLHON
arpondeR KoaMuropuna {(MoMedeHbl KPeCTHKIMH B coueMmax = 1,45 n g « 0.3}

1 A0 §Aseilf

B

e e e - 018 0 02 g
a [

P :l :.‘ 8.6. Peavapramu pacueTus HokatateaeR ciextpa JIXT B couctimax g = 0.3 (ad won =
=145 (&
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P uc B.7 Ceuenmn lNyankape nnockoctaio X = (@) W mogensioe otrofpaxeine nocneno-
BAHMA (F) . pucCINTIHHLIE U POXHMA CTOXACTHHOCTH M = 1 16 s g = 0.3

win g =03 ng"=01854 %5107 anam = 1.45. Taknm obpazom, xpuru-
Yecxue TOWKU B Mpefenax 3aNaHHOR TounucTH cveta cnekrpa JIXI coorger-
Crayior HARSCHHLIM SHCIIEHHO no 3aKony Qeicenbayma. OTMETHM, YTO B OKpeCT-
HOCTH KDHTHYECKOH TOMKH, [Oe cTapiumd noxalatens cnexrpa JIXT] nperep-
nesaer Gudypxaunm 0" —+ "+, neobxonkma ocoBan TWATENLHOCTE B NpoBeae-
HHM pacveroB BBHAY MeeHHOH CXONAMMOCTH JHaVeMHH WOxalarenedi po Bpe-
MeHH. YMeHbleHHe BpeMeHH YCpeDHeHHWA NpH OTpeteiteHHA A, OpHBONHT
K JHIDKEHHBIM 3HAYEHHAM KPHTHIECKHX TOYEK M0 CPABHEHMIO ¢ TOYHRIMM.

3nanue nossoro cnextpa JIXI cTpaHHoro arTpakropa CHCTCMBI NO3BONAET
ONpeNe/NTh eIt ARNVAGACKII0 PaIMEPHGCTs. B yKalaHHpIX ABYX 30HIX CTOXA-
crivHocTH Dy = 2 + d, npuvem 0 < d < 0,4 4 yMEHLUIELTCH ¢ POCTOM NApaMeT-
pa g£. B Toukax paIBHTON CTOXACTHUHOCTH M = 1.45. g =0.21 um =1.16,¢ = 0.3
PAaIMEPHOCTE PABHA COOTBCTCTBEHHO 2,341 1 2,187.

lpo6Haa wacts d BOAMIN KPHIHYECKOW NMHHH CTPEMHTCA K HYMMO, 9TO
060CH0BRBACT NPUGAIKEHHOC ONHCAHME AKHIMHEKH ICPEXOIA ¢ IOMOIEK OJHO-
mcpHoro orofipaxenus [78. 193). Yncnednble JKCNEpHMEHTH MONTBEPNAAKT
BOIMOXHOCTD TAKOH AMNPOKCHMAUMH. JIBYMepHOe OTOGpaxeHHe Ha CeKylIcH
ANOCKOCTH v, Z (x = () AMeeT BHI GIMIKOA K OJHOMEDHOR KPHBOR THTA (IO
kosel (puc. 8.7a). Moaenshoe oroBpaxesue yn., = ¢(¥,) (puc. 8.78).
MOCTPOLHHOE MHGIEHHY NN NePeMEHHOR ). NpeacTabiafeTca PyHKUMeR. npH-
Haanexawed x knaccy oToBpaxennd Gelirenbayma (OICYTCTBYKOT Pa3phibbl M
HMEETCH ONMH rIanKui MaKcHMym). Kuwropoea CIpYKIypa B HONEpeqHOM
CeMeHHH BNM3KOTO K omHoMepHoMy oToGpakenusn {(puc. 8.7) 3a cuer oTHOCH-
TENILHO CHTRHOH ANCCHTALMK (g = 0.3) B MaciuraGax pHCYHKA He NPOSBAAETCA.
Onnako eciu ymenbumTs 3Havenne napamctpa g < 0.1, 1o otofipaxeHne CHcTe-
MLl HA ceKyueit Gyner BRIrzfEeTh KAK CHCTEMa ANOXKeHHMX GIHIKHX K OOHO-
MEPHBIM KPHBGLIX THNA MOAKOBBI, [AEMOHCTPHPYR KaHIOpoBOC-b faxe Gea
HiMeHcHIS macuraba mioSpaxenua [176].

Ceucnue [lyanxape MOXHO @uIvawuiosars B PUIHIECKOM IKCIEPHMEHTE
[194—-196] . € srofi ucinio HeOBXOMRMO 0BeCHeuHTE BOIMOXHOCTD MONCBETKH
MEKTPOHHOre NYYa OCUMILNOrpada B MOMEHTHI BDEMEIM [POXOACICHHE $a30-
BoOif TpagKTOpHEH 3apAnHON cexywmed nosepxioctd. Hanpumep. moxmo dop-
MHpOBATh KOPOTKHE MMAYHACl NOMCBETKH NPH NPOXONICHHM peandsaunu
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X{r} Yepe3 MyleBDpIe 3HAaucHM®. B 2TUM cmyuae Ha akpaHe ocuMnIorpada xa
FioHe MPOEKUHH ATTPAKTOpA Ha (a30BYr MNOCKOCTh GyNeT OAHOBpeMEHHO
w:oGpaxarsca GOnee APKHMH TOMKAMH H HpOeKLHH ceseHua [lyanxape mnoc-
«crbio X = (0. Ha puc. 8.8 npeucrannenn Gororpaduy LBYx THIOB X40THuec-
£UX ATTPAKTOPOB, Ha OHC KOTOPHIX BHIMBI COOTBETCTBYIOMIHE ceveHun [lyan-
rape. PeskMm KoneGanni Ha puc. 8.84 oTBenaeT 3IMaueHHAM NApAMETPOB, IpH
KOTOphIX NPOBUOHICA pacyeT CedeHHA H (GYHKUMK NOCNENORAHHS, NpeNCTABIEH-
HbIX Ha pHc. 8.7.

KauecrBeHHOE COOTBSTCTBHE Pe3yNbTaTOB (GH3KUECKOTrO M YHCIEHHOO 3KCle-
PHMCHIOB O4eBHOHO. OOpaTHM BHMMAHHE HA 1O, YO B CIOYYAHX, NIPENCI2BIIEH-
HhIX Ha pHC. B.7 W pHc. B.8a, peanniopaHa 2-TAKTHAA [EHTA ATTPAKTOPA, 0TG-
Gpaxexde llyaHkape KOTOpPOro COAepXKHT MBe HeNepeceKaliiMecAd XaOTHYeC-
Kue 30HbI. B Cliyvyae paBBHTof'I CTOXACTHYHOCTH 3TH 30HbLI CAHBAWICH H CeMeHHE
Tlyanxape npuoBperaer xapakTepHui BHA, (IH3KHH K OHOMEPHON KBAIIPATHY-
#OH napaGone (puc. 8.86).

Pe3ynnraTer COBOKYNHOCTH NMpOBeOeHHBIX MMCTIEHHBIX H DHIHUECKHX IKCIe-
PHMEH FOB HarfI#oHO CBHIETENBCTBYIOT O TOM, 410 B audidepeHIHANLHOMN cHeTe-
me (7.38) npu nepexone K xaocy Yepe3 YNBOeHHS CTPOrO BBINONHAETCH VHI-
uepca-ibist it 3akon Delicenbayma.

TpopepHM  KOIHYECTHEHHO 3J4KOHOMEPHOCTH B XA3paKTepe 33BHCHMOCTH
nonoxurensiero cliexrpa JIXI or yposHs HaaxkpuruuHoctH. Kak BHIHO H3
pHC. .6, BOIHIW NOPOTA HMEWT MeCTO HeNlHHEHHEIe ABMCHMOCTH A (m) H
A:(g), TmpepmiBaeMpie PeIKHMH [IPOBANAMH ¢ HIMCHeHMeM napamerpa. Mape-
TAHHOCTD KPHBMX A {r7e) M A (g) OTBevaeT NOABAEHHI0 “"OKOH’' YCTORUMBOCTH
NCPHOIMYECKHX ABHXEHHH (UHKIOB), OGYCMOBTEHHBIX XeCTKHMH GHdypka-
UHHMH, paciUHpPAIOIIMMHCA C YBelHueHHeM napamerpa. OruGaronan rpaduxkos
3aBHCHMOCTER A (m) K X;{g) BOAW3IM NOpOra JUNYCKAET AMIPOKCHMALHIO
COOTHOLLIEHHA

M(m) = ex(m-m), =037 N@EY*<c(g-g"). m=145, (81)

viee, =0,181.m* = 1,085 ¢c; =0395, 27 =0,185,a 7 = in 2/in § = 0,449.
ANNpoxcHMHpYoiLHe Kpueble (8.1) HameceHpl HA pHc. 8.6 NYMKIHpPOM H Nojl-
TBEpAK[ANT KOJIMMECTREHHO TEOPETHUYECKY 10 33BHCHMOCTD A (i), YCTaHOBNeH-
HYW s deAreHBayMOBCKOI0 liepexoUd Ha OCHOBE OHOMEPHRL: OTUGpAKeHHI
[13,117].

e 8.5 Jaa TRIA AAOTHYEUKHX ATTPEKTUPOR, HA PUHY KOTURBIN BHIAHK COUTBETUTRY k-
HIMC NPOCKULEH ceurHHA Tlyankape ($udiuec Kt JKCNCpIMCHT)

T 3.0 AlhiIeHKO 181



PHec 8.9 JBoTcuan cNeKTpos MOutHOCTH 5 (f1 kuncSanuA Ipn yarosiuax: [ - wHK.A
2T 2 - 4T, 3 - 8Ty = 4 M MANOR HATKPWTIMHOCTH. (GiM3Miec KR IKCIEPHMEHT )

Pacc0TpAM JBOJIOIN0 COCKTPE MOUMOCTH KOMeGauuit 110 HYTH K Xaocy
ueped CepHIo GHbypicauMi ynBOeHHA NCPHONA HPH HIMEHEHHH Tapamerpa m.
MocneOBaTENBHOCTH UMXAUB. MePHOA KOTOPHMX MpH NMPOXOKICHHH TOYEX
Gudypraunii ynBaWBAETCH. BIEHMHO ORHUIHIYHO COOTBETCTBYST MOCHed0Ba-
T&THHOCTE B OBOIBUIEHHH HKCKPETHOTU CeKTpa Cyf2dyMORUKu MU, AMILINTY-
Bbl CYBrapMOHHK NOANHHAIOICA  KOJHYSCTBEHHOH JAKOHOMepHOCIM. CeZYI0-
wed H3 MocHITABHO HHBAPHAHTHBIX CBOHCTE MpOUsCCa BOTRICHHA aMILiHTyL
mxiton. Ha pre. 8.9 NoKo3aHB JKcNepdMEHTANBHLIE CIIEKTPBl MOWHOCTH
Sx(f) roneGanwuh. (oOrsetcrBywlMc HM MPOCKIMH HadOBLIN TPACKTOPHHA
H BpeMeHHble peanu3aliiH X () naHb Ma puc. 8.2.

Coextp l-rakripix xoneGaHuwii (Ha puc. 8.9 He npejlcrasned) cOCrour ua
OCHORHON NHHHH [ = Tp' W ee rapMOHHK nf,. B cnekTpe 2-TaKTHoix xone6a-
HHR TOHBJIAIOTCE FAPMOHHKH HOJIOBHHHON MACTOTM Rfofl. MX AMIUIHTYIbI
PACTYT C YBEJIHUCHHEM T 1¥OMHBL MOAYAAINE W JOCTHIIOT HACKILUEHMHA K MU-
MeHTy cllelyomeit GudypKaMH yapoeHHA. B touke Gudyprauni NOABIA0ICH
H MIZBHC YBEIHGMBAITCH ¢ POCTOM HapaMerpa KOMINOHEHTH cnexrpa nfy,/4.
OTBEHAA MATKOMY POXACHMIO LMK nepHola 47,. llna nepexoma 4T, - 87,
KapTHHa nostopietcAa. TulaTenkBeie HIMEpeHHMA NUKIIAIH, WTO OTHOILGHHE
HHTEHCHBHOCTH CYSIupMOHHK [fo/2* k fof2*'' nam k = 0 m 1 cocramnser
10 — 12 nb n pocruraer seanunnsl 13,0 £ 0.3 ab npk & = 2. Pacyern chiektpa
MOWHOCTH peanu3auMn x (r). cocraercraywwed wnkny nepopa 167, (i =
= 1084, ¢ = 0,3}, nposesentble Ha 3BM ¢ moMowmio anropurma GeicTporo
npeoGpazopaHud Pyphe, MR OTHOLIEHHA HHTEHCHBHOCTER CYGrapMOHRK fq/4
K fo/8 mawor Gawsxub pesymprar: 13.03 £ 0.3 ubh. Moxno nonarate, 4To Npu
J0CraToyHo GosuuMx £ AOCTHIEETCH 1eUpETHYSCKOe 3JHaYsHHe okono 13,5 ab.

llpouece oforaienHs cluexTps cyBrapMONMKAMH N0 NYTH K Xaocy uepe?
VOBOCIHA XIpAKTEPHIVETCA MACHTAOND uNagpranTHLIMY ceoificraami. Lony
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PEACCMUTPCT CHEKTR TR O UMKILL. (0 B uh‘peulluuru wdcroipl fy ON
COTEPRHT [HC NWIEHIL MCHBIMEH MINTCHCHBHOCTH: fo % fo/2. LA 4-raxTHOTO
IS MACTHTFOHDR COMHMLECA CIVANT Afa = f3/4 0 B OKPECTHUCTH NIHHYHK
Fai2 CHERTD TAKXKE colepxsl uac BDUKORBIC cOCTapnAsomme fo/2 * foid. B
ipepeiic HaKoneHus GHbYpPRALUHA YAROCHHN NepHOaa & ® | ¢TaHUBHTCA capa-
SCIVIMBOH MACUITABIO MHBAPHAHTHAA CIPYKTYPa CHCKTA B TOYKAX BHypxa-
LB leufiﬂcﬂue maciutaba 110 DCH MacTor COURTBCTCTBYCT Ie/ieHis HHYepBalla
MONClY DIHATHIMME CYOTIpMORHKIMH MOIIONAM. & WHTEHCHBHOCTH BUJIHWK-
ITHX ECTOTHBIX  KOMNONeHT !l,,.." B TOUKAXN ﬁmpypxauuu Mzag HA 135 0B
setibllle, NeM HHTEHCHBIOCTb cYOrapMONHK fo/ 25

Mpr nojpxvge x KPHTHYCCKUH TOYKE YHCNIO npe:wlecrnyloumx YABOCHHH
CTPEMHTCA K BeCKOHEYHOCTH i MHTEPBA! YACTOT Meway Grnxaiwmme cybrap-
MOHHKEME Af, < 0. CllekTp CTIHOBHTCA CIUIOMIHLIM. ().iHAKO HHTEHCHBHOCTH
cvBrapMOHMK ¢ POCTOM & OYEHb De3kO yOuiBaeT i CIPCMHICH K HYIH0 UpH
k oo flosromy peatibHeii 3KCHCPHMEHTAILHBIA CREKTP MpPH KOHSYHOMH TOY-
HOCTH PErucTpallii B KPHTHUCCKON TOUKe Gy7teT IHCKpeTHEM, C upeBbilicHHEM
fI0POT CTOXSUCTHYBOCTH HAURHISTCA MPOUECC YIMHPEHHA CIEKTParbibX JIHHKHA
RBECIUHY. CYBIApMOHHMK. TNPHLOIANMA K pOCTY HHTGHCHEHOCTH CILTOINHOrQ
WYMEBOIe neegecTaia B chiek1pe. C HEKOTOPOTo 3nauelHR mapametpa (gce2da
Sbllic KPHTHNECKUSO YPOBHA) B JIKCHCPHMEHTAX NeHCTEMTENEHIO PErHCTpHpYyet-
CA CIMIOWHOR chekTp. OGIMHO 3TO CNieTKa pasMuITeli clektp (8 — 16)-TakT-
HOIO IIMKNa,

Puc. 8.9.4 HINOCTpAPYET CNEKTP CTPANHONO ATTPAKTOPA PH MAKOM SIPCBL
LfeKHH Hall MOpOroM, KOTOPBIH COOTBETCTBYET PaIMBITOMY Cnextpy §-TaKi-
HOTO IGIKNE. B $a30BUM NPOCTPaHCTBE CHCTEMBb) TRKOH aTTPAKTOp Npe/ICTasnder
B-TaKTHYIO Jienty (pxc. 8.2).

C pOCTOM HAJKPHTHYHOCTH HPOHCXOAMT NOCHENOBATENRHOE CIIKHHE MHOTO-
TAKTHBIX JIEHT STTPAKTOpA, NOPOXIANLICE B HTOTE PAIBUTYH |-TAKTHYIO NeHTy.
PuceMOTpuM nipolece CIMAHMA 2-TUKTHOH NEHTHI B 1-TAKTHYM, NUKasaHHMA
Ha pHc. 8.10. B MOMEHT CIHEHKA 4-TAKTHOA :AeHThi B 2-1aKTiylo (puc. 8.10, J)
B CREKTpe KOAeGAMHI NONHOCTBIO IALYMIEHBI FHHHH CyGrapMOHHK fof2F
(k # 3). BHOHO., K3k paiMbISalTCH CHEKTpaIkHBIe NiHHE nfg/4. [lpn otom
N coexrpa Af 1 afo/2 vpakTaueckH e pasmeiter. € pocTom mapamerpa
GopMUpYeTCE pa3BHTAA 2-TAKTHAA NeHTa arrpaktopa (puc. 7.10.2). cnexrp
K0NeBanuii 1leChb yke He CONCPNKMT BHMAPOCOB HR FAPMUHHKAX YacToTH fo/4.
B MOMeHT CIHAHMA 2-raKTHOil NCHTR B |-rKTHYK GhcTpe (N0 tapametpy)
PAIMBIBARTCH COEKTPATBHBIE THHHH 1o/ 2. K CREKTP pa3nHTOR |-TaxTHOIL J12-
Thi XAapaKTepHIYETCH CILTOHIHBIM NIYMOBMM MbeReCTaIOM ¢ BLIGpOCIMI TUNL-
KO HA OCHOBHOM uacTuTe [ W ee rapMoHuKax (puc. 8.10.3).

MexanussM CIAHILT MNOPOTOKTNBIX ACHT aTTpaKiupd ¢ poCcTOM HaAKPHTHY-
HOCTH, COTIPOBOANIEMbIA NOCHCHOBATENBHAIM PA3MEITHCM CHEKTHLIRHLIX TH-
HuR cyBrapmonsk nfof2% (kK =, ..., 2 # 1), O6YQNOBNHBAETCA TOMOKIEHHY-
deckumy ddexiamn®). B KPHTHYECKOH TOUKe NEPeX0aa IHHAMINECKAA CHCTE-
MB X3pAKTEPHIYCTCH HAIMUHEM GeckOHEWHOTO YHCRA COIVIOBRIX UMKNOB Nepito-
m 25T,. Poct napame1pa s UpHBOIHT K MEPCCENEHHI0 JIBYMEPHLIX YCTOWYH-

bbb s —

*) LierApHRIn SHGYPRAUKOHNILIH 31123 aDCKTE CHERUN X201 HYUCKHN ACHT 21Tpak-
TOpa LtacYed Hake B ra 10
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Pwoc 3.10. llpoexunn @asossiX NopTperuB (CAIBAl N CleKTPBL MOWHUCTH KoheGarui
(crpaBal MpM GHOVPKILUMRN CHHAHNA 2-YaR THOR Tl Bl aTIPaKTOPa B L -TAKTHYI 53 WY HTH
UevkOH ToukON (GHINYCCKAN 3RCTIepHMElIT)

BhIX M HeYCTOMYHBLIX MHOTOOGDPA3MH WHKITOE ¢ OGPI3OBAHHEM rpydbix rOMO-
KNHBHYeCKHX KpHUBblx. B oroGpameimit IlyaHkape Ha ceicyuledl RIGCKOCTH
YCTOHUMBLIE M HEYCTOHUMBRIE CEIAPATPHCHI CEIVTOBBLIX TOYEK. SBTISIOILMECH
NpOVBPAIIMA CHOTBRTCTBYIDHX MHOTOOGPATHI IHKIIOB, (1ePeceKaTCR TpYhio
¢ pOxAeHHEM TOMOKNHHHYECKOH TOYKH M, CITENOBITENBHO, FOMOKIHHHYECK R
CTPYKTYphl. UMeeT MecTo %erkad nocieNOBATENLHOCTE B BOTHHKHOUEHHH TAKHY
CTPYXTYp. OGPATHAA MU OTHOUIEHHIG K JIKOHOMEPHOCTH NPOLECCA HAKONACHHA
Bucbyprani ypeoeHur. C pocrom Ha.mcpumqmn,m FOMOKTTHHHYCCKHE CTPYK-
TYPBI Y CEILI0BBIX HHKIIOB flepHoia 2% T, noaHukaor 8 o6PATHOM ROPENKE N0 K,
B CBAIN € Yem BHQYPRKANMM aTTPAKTOPA B 3AKPUTHUECKON OGIACTH HHOT @ Ha-
MAD2HT OBPATMBIMIE HITH GUBVPR AT MY CBATHOC T,

YHHBEPCANBHOCTD B PACHpeNeNicHWH IHEPrUM KONeGaHMI 110 4acToTe Ha
MePBLIH D3FAAL NPOTHBUDEYHT NpoliecCy APOBReHHA MacHITAGOB AMIUTHTYA A
AGCACAOBTeARHOCIH Brdyprainth yiooeHun Delireufayvrsz. O6patumca K GH-
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DYPRIUMCHROMY TepeBY B-TRASHHR aMEnKTY;1 {pic. 8.3). lIpK xaxaos uocne-
AYWIWEM  YOBROCHEW AMILTITYIL BCYCTOHUNBBIX UMKIGE MepHOia 2"?'3‘ ncye-
20T, YCTYIAR MeCTO YCTORYHMBBIM AMILTHTYOSM WHKIIOB fepwona 2%*!7,.
Kaptilia B pacnpeiLarieHHH JHCPTIHA NU CHEKTPY MHAH: (0218 KAKAOro YBUCHHS
CHEKTPANBLHBIE STHHLEH HOYCTOMNMBRIN NHKIOB COXPaHRIOTCA H NOGARIANICA HO-
BuiC CYOrapMOHNKH. aMIUIHYIYAA KOTOPMIX B Lpeacae Ha 13,5 al menwwe. B
CIUEKTPe KOileBalni peaiaie MPHCYTUTHYNE COBCTBEHHLIE YACTOTHE NEPHO;H-
YCCKHAK MBHXCHII. HOTEPHBILLY, YCTOHYHBOCTL!

JT0 HBNEHAC NerKO NOHATH. PACCMOENeB JAPOKACHHE XIOCA NpM YABOCHHAX
KdaK DIpOUEce YCHOKHAOWCHCR ABTOMONYISIMI HCX0OHOro xojebanun. [pw
Hepaoi Budypicaitkin yNBOCHHR K CUEKTPY aBTOKUIeGUHHM vacToTwH [, N0Ban-
TAWICA BokoBnie cocraansinmme fo £ f3/2 OTBENAIOUME peXIMY pe30HANC-
Hpix Guennit ¢ wactotod Monyaaunu /2. Nonnas JHeprus cHIHaIa BKAQYAET
SHEPIMID HECYIMCil B JHepIWI0 CHreanz moaysasumn. Noteps yeroWunoocrs uc-
KOMMBIM  NEPHOMAKMYECKHM IMIDKHHCM HE OIHAYAET HCYEIMOREHUR Hecymen
YACTOTEI, BUICICTBMZ MCTO 3 OCHOBHAS JIHHHA B CERTpe KOleGaHMH coXpansier-
cf. Kacxan Gadypransii yABOCHHA, NpKBOSAIMA K (10CTICA0B2TCILHOMY YMeHb-
WEHHI0 aMTLINTY/L MOAYAIHPYIOIWMX COCTARAAIGIIX Bee GOnce HHIKHX vactor,
NPHBOIMT K TOMY. 4T 3dMETHAS /004 JHEPIHH ATTPAKTOPA COCPCOTOYeHa Ha
HACTOTE Hecywlei i fepBeIX CySrapmolun. BKizN BbICLUMX CYGrapMOHHK BeCh-
MA M, YTO OBYCTOBJIEHO HOCNCAOBATE IBHBIM YMEHBLICKHEM JHEPIHH MOJIY-
NRUHN Ha vacroTax, NIHIKHX K HY/IK, YasaHHbie CBORCTRA ClekTpa K oneBaHHi
B pexumMe aTTpaKTOpa PeiireHOay Ml NPH MATEIX YPOBHAX HAIKPHTHYHOCTM TH-
[HMHBE M MOTYT CAYKHTS OTIHYHTCABNBIM MPHIHAKOM JIAHHOIO THHA KPA3H-
ATTPAKTODA.

CoBUKYNHOCTD NPENCTAB/IEHILIX 2CCMEPHMEHTATLHBIX JAHHEIX MOIBONRET
CHeMETh BRIBOA O BOIMOXHOCTH NPNGIHKEHHOI0 ONHCAHKA fepexona K Xaocy
? MOPHOHUHPOBAHHOM IEHEPATOpe C MHEPUHOHHON HEIHHEHHOCTHIO Yepes Mo-
CienopaTeNbHOCTh GHYPKAUMA YABOEHWA ¢ NOMOWBI0 GIHOMEPHOTO OTOGpPA-
KeHHN THIG KBAApaTHYHOH napaGosibl. Takoe npeficTaBilelde CRPaBETHEO MO
KpafneR mepe (s 3Hauenni 0,13 g < 0,35 A NMpH MAKIX MPERKILEHHAX Na-
PAMETPOM JIHHHM KPHTHUCCKHX 3HBueNRR [, (puc. 7.11).



FINABA Y

JTIMHAMHKA MOAHOHIIHPOBAHHOT O TEHEPATOPA
C MHEPMIHOHHOA HENHREAHOCTLIO
B PEXXMME ABTOHOMHBIX KONEBAHHH (nponomxesine)

9.1. PoxnMmn koncOaHHA B aKpHTIMeckoR ofinacTw 3naweHnit mapamerpop.
Fucrepesnc ¥ nepexon K XB0CY Yeped NEPEMENIEMOCTS,
HHAYIMPOBAHHYI0 PRYKTYUHAMY

BepHemcs Kk OGCYXKOCHHID pe3yNsTaTOR pacueTa CTapulero NOKalarens cnexy-
pa JIXIl X,(m) (puc. 8.6a) C npepuineHHem MOpord 3a8HCHMOCTE Ny (m)
BKAKWRET IMCKpeTHbie ofiiacTH Mo mapamMerpy m. B KOTOPEIX NOTOXKTE b
HeA nokasarens obpalmaercd B Hylb. BHadane Ay = Q0 B YIKHX HHTEpBATaX
IHaueHHR napamerpa. C poOCTOM HALKPHTHUMOCTH LIMDHHA JTHX HHTEpRaioB
YBO/HUMBAETCA, CHIUETNBCTRYA O HAIMUMH VCTOAVHBREIX NCPHOIHYECKHKX PCXH-
MOB, KOTOpPbIe MONMO H2ONWOOATE B okclicpumente. TloARneHde OKOH yCTOM-
YHEOCTH 33 KPHWIHYeCcKOH TouykoH ofycnosneno mBymA UpuuwBamM. Bo-ucp-
BLIX, JIECh H3 CIYIUCIHA TPACKTOpHi B pedynbraTe Ondypkaumit p = +1 pox-
NAKTCA YCTORIHBRIE H HEYCTOAUMBAIE UHKITbL PAITHYHLIX CeMeHCTR. BO-BTOpBIX.
HCAO/HEIE UMKAK fepuonoB 2Ty, KoTophie B KPHTHYCCKOH TOKe Bee celia-
Bale. ¢ NpeBLIUCHHEM DOPOrd 0BPETAIT YCTORUABOCTL Yeped obparibie GHYp-
KAUHM YOBOEHMA  (MYNbTHINIMKATOP BXOAKT B CAMHHWIBIA KpyVr Yepes —1).
epuny ofinacTedl CYWeCTBOBAHHA YCTORUABRIX IEPHOMHYECKHX PCKHMOB
3 KPHTHYCCKOR TOUXOH MOXNO OHDEfenHTs N0 3ARHCHMOCTH MYMLTHINTHKA-
TOPA COOTBETCTRYIGUIEFO UHKTA OT NApaMerps. HI0OPaMeHHNH KayecTBCHHO
He puc, 1.9, U, cnel0BaTensHo. DU pactionoeluio JIHHHH KPaTHOCTH Ha Jna-
rpammax (pmc. 78u 7.11).

PaccMoTpum B KcadeciBe JIpHMepa IB0IIOUMI0 J-TaKTHOTO wknia Iy, poxaaso-
WeroCA M3 MKKNA [y B pedynsTiTe YNBOCHHH. AHANHI OPOBENEM B CEYCHHH
£ * 0.3, wamMeHan mapametTp m. B Gudypkaumonuod touxe m = 0.77 unka I,
MATKO POXUACTCH K Jaitee YCTOHYMB.

Ha puc. 9.1 npegcrasneda paccuwranHan va IBM 3a#HCHMOCTS MYABTHIUIH-
Katopa p, wuxna I') ot mapamerpa m. Kpusan p,(m) HEOUHOIHAMHA H HMeeT
BHI UeTHH ¢ OCcODEHHOCTAMM B Toukax B, D. F. C u £. ric moayne Mynstu-
INHKATOPd paseH enWHHUe. B touke 8 (mg ~ 1,02) unxn I'; dperepnepaer
Ondypraunio yasoeHun W pance 4o rouxn D (my = 1.257) actaercs cewto-
BaM. B Touxe [) My IbTHIBIHKATOp BXOMUMT BRYTPL e[HHHMHOTO Kpyra deped ~ 1.
a upkn [, mHoBb npHOGpeTacT yoroRdneocTs. B rouxe F (mg = 1.267) unkn I,
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HCHENCT. CIMBANCH ¢ HEYCIOMUHBBIM WHICIOM I} 0 peayibiaze Gy praimun
m =+ 1. TIOHBIIYCE DKHO YUONWBOCTI UK I°; ¢ minpsini 1o 118 paMerpy
e - onmip = 001 Janee. s orecike C g > 1,101 ;. ceiw 21BHrATHEA (o Dapa-
MCTPY 41 B CTOPUHY YRCTHYCHHA, PORLIETCA 1aPd UMKI0B: ycTuiwsmii ]
it ey croiunsuit 1. flossase e BILGPUC DK VETORMHBOCTH. 14K KaK 68 1)
B HHICPBWIE 1O Dapamerpy My - i = 0,22 yorofivme, Waree uusil ) o tou-
we E (mp = 1.32) 1epret yerofiaHBoSTh SOPes YIROCHHS H £ YBENHYSHHCM 2
BUSMUKCH  Kuckal Oupypicnimit 3 mocHns  QofirenBayma i pHMEHHTEIbIY
N CeMcilCIBY 1MKA0B IT] *). Ecin ke paccomutarh JEBHCAMOCIL 2, (M) ana
WICID 1 L TO Ol KA4eCTHEHHD (IOUTOPHT BT Ha phe. 9.1,

Ha rpaMilaX oxKoH yCTOHMMBOCTH. FUe MYNBTHILIMKATOP COOTBCTLTRY KMe-
0 YCTOIMBOro 1K oBpuillueTeR B 1. HABNIOIMIOTCA KECTKEC CMCHBL PeXH-
MoB KoneQanui  (KatacTpoginr) 0 CIOXRHLIC THCTepe3ncHbie Apieunst. Hanpw-
MEP, I C1b HAMXLIBHME YCIMBHA COOTBETCTRYRI WHKAY 7, B ofilecra ero yoToh-
UHBOUTH Mexly Toukanmu D E (pac. 9.0). Npy UsHkeHMH BRCPX 10 1 8 TOU-
Ke F UMK HOHS3SCT H BCPONTHBIM OYyAeT NEpecKox HIOGPAXKAWCA TOUKH
N3 yCTofyMBLH UMKN Ty . € yMeHmueHHEM HapaMeTPL 17 BOIOHY 0 KPMTHYEC
woit rouky C cylIecTBYST yCTOHMMBMIL WHKN 1) . 3 NpH 1o UCYeIHOBEHHH 33
rouKko# C NpelickalaTh PeAHM KONSGAHHE 33TPYiMHTENBIG. BOIWOXKHA PCUTH-
JAUNA OTHOTC HI MHOTOTAKTHBIX LUHKIOB CHCTSMBE KGO CTRaHHOTO aTTpaK1o-
M. TIK K2k HHXKe TouKH C o NipaMeTpy !N YCTORWMBAIX LGHKIOB INe-
prona 2 Ty et

HcecirellyeM BrMAHKEe wevThlx Oudyprayuis pEwan 1ovex C U F Gonee ge-
ransio (puc. 9.1). B 1ouKce me = 110112 cHcTema (7.38) wHTer pHpoBanach

2

P rc 9.1, 3anACHMOCTE MYNKTHILTHKUTUPS B,
TTAKTIOIY QikE Iy UT N2PpaMeTpa At 3 cede-
mug = 0.3

n ) -

Ha ppemchax 7o = 10° N BBIMHCASTHCH CLEKTP MOWHOCTH, 48TOKOPPENALHON-
HaR QYHKUMA, PYHIIMA puctipesicieHna. nontnuit criextp JIXIT u pasmepHoCTh
ATTPEKTUPA. 3aTeM, TipH HALAIBHAIX YCTOBHAX HA WnKite [T) NapameTp m Hedwa-
WHTEALHO YMEHLINIACA M BHOBb MNPOHIBOIMNHCE YKAMHHBIE pacuctsl. Y¢ra-
HoRneHo cnepyiuce. [py Manom ynurenns o1 touku C (m = 1.1010 < m¢)
188A0NANACcs NANTCIBHAR tamunaphan $asa KoneGaMHi, NOYTH NORTOPHICINAR
asmxetHe Ha umksie Ty, OQHAKO B HTOre cHCTEMA “NEPOKIIOMANACE” HA PeXHM
CTP4HHOIC AT1PSKTOPd. KOTOPLIA JIOKAIHIOBAH B (AaNBOM NPOCTPIHCTBE CHE-

*) Heelenobailhe OHGYPRIUKE 3 ABOCHKS BHKAOB 1', D PA3NWUHBIX COMCHIAN L0 Napa-
MAPY £ UOKSBLRY. STO. HAMHNAR ¢ NCKOTUPMN £ < X,. POLUTHIVETON KaCKaL YABOCHWA
DoelrenbuyMa; AN £ > g, A0 VIBOCITIA KOIeSHo.
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Puc 9.2 CocKIpe MOWHECTH KORSAHKA MPH YOANCHMM (U TIIPAMETPY OT TOMKH Kica
TenwHo# Sndyprauwn

TEMBI TAK, YTIO HE COACPHHT B ce6e OKPECTHOCTH HENOABHKKON TONKH WHKna I°
B oroSpuxedny [Iyanxape. NAHTensHOCTh NaMKHAPHOA ¢aInl YMEHBLIVTACH
¢ yaanecHsem MO MapameTpy OT TOMKH C. OfHAKO ABAEHHA NePeMemaeMocTy,
T, CaydaiiHnimM OOpaloM NOBTOPHKLICIOCH BOIBPATA TPAaEKTOPHH B OKpecT-
wocrs uukna Iy, we guxcuposziocs. Hecraunonaphnifl XapakTep IUTHTENbHO-
ro BC BpeMeHR MepexOANOTO (IpoueccE K xaocy BEOIRIH Touxd € npHsOmM:
K Pa3MRITHIO CACKTPAbHMX THBHA HCXOAKOTO UMKAA [} . M C yIaneHueM oT Tuy-
KH kicatensHofl Budypxauul BOIHHKAN CIUTOWIHOA chexTp artpakropa Qe
renfayma.

PeaynsTaTee  pacyetoB HANKCTIpHpyeT pHc. 9.2. Hoxopsbie JTHHMH chexkT-
pa nf, ycrofiuusoro unina I', ¢ yRaIeHHEM OT TOUKH € TOCTENCHHO YIHPAIOT-
cA. B uTOTE NDABNAKTCA HOBBIE IHHHH Af, . CTPOTO COOTBCTCIBYIOWME HeYCTOH-
MHBOKY UMKIY [y OCYUICCTBAACTCR Mepexon K aTIpIKTOPY, KOTOPHIA BO3IHH-
KAeT B PeaynbIare HOCNCAOBATCNBHOCTH YNROCHHA B KPHTHYECKOA Touke m" =
=1.085...

B okpectHoCTH TOYKH F KEPTHHZ B 11eI0OM ZHANOIHYHA, HO fIEPEKIiucHHE
OCYWIECTBANCTICA ¢ MCue3dlowero uwkna [, Ha ycvorwswui usxn ;. Ilony-
YaeTCA, 4TO B TOMKUX KacarensHuIX Subypkausi C u F NpoHcXoOAT 1036K0
xecrxue UepexodmM NHOD K Xaocy, NHGO K YCTORYHBOMY IEpPHOIHYECKOMY
gpHxeHH0 Ge3 IdexTa liepeMeacMOCTH. TV MPHHURNHANLHRA pesynbTar,
HY XBaKUIHACA B CTPOrOM 06LACHEHHH.
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Kok BO3IMHKAET HCTHMHaA itepemedaemMocts? B otobpaxenns [Tyankape ne-
yeiolumsomy wxkny I’y H ycrofimmsomy I’y coOTBETCIBYWOT HeNONBMXHbIE
TOUKH THO8 cemns M yma (WK dokyca) coormercracHno. Jlo HX CTHARMA
HCYCTOHYHBbLIE Celaparpichl Cejlia MOTYT HE HepeceKaThCA ¢ YCTOAYMBLIMH.
llepeMEXICMOCTL PEATHIYETCA, SCTH MOMEHTY celtno-ymobod Oudyprauxu
npeIecTBYeT ofpaoBsaline FOMOKIIHHHKH B OKPECTHOCTH YKa3BHHMX TOMEK.
B MOMCHT CTMAHMA H HCYe3HOBCHKSA CEQNO-YANA FOMOKIIHHHUYCCKAA CTPYKTYpa
CTAHOBHTCH NPHTATHRAIOWEH H HI0GPAKAIOIAA TPACKTOPHA B OTOGPaXeHHN
cAYSafHBIM O0pEIoM BO BPEMCHH BO3BDAINSETCA B OKPECTHOCTE HCUYSIAIOUICH
yCTOHYMBOH TOUKH.

B imuamuveckoll cucreme (7.38) ykasaudnd GHYpPKAUNOHHRIR MEXaHHIM
ne peanuayerca. [loaTeepaMm ITO YHCTEHMBIMKH IKCTepHMEHTIME. BHOBN 00pa-
THMCA K pic. B.6a H cocpeloTONHM BHAMAHHe Ha oGNacTR IHAYeHHH Napamerps
BGIM3M m =1,15, rae CYWIECTBYET OKHO YCTORYMBOCTH. B 3aBHCHMOCTH OT Hi-
YaBHBIX YCMOBHA 3/16Ch BOIMONHB YCTORUHBLIC NepHOMKYECKHE PEXHMBI pad-
nuuHOH CIPYKTYpht. BuniBepeM 4-TakTHMA uwkn B ofo3vamm ero I'. B Touke
(10CKOCTH Mapamerpos m = 1,152, g =03 unxn ' ycroiwms, ero Mynsruivis-
KaTopw paBHM oy = 0,3890, p; = 0,0228. Npoekums unkne I' HA MWIOCKOCTE X, ¥
HioBpaxeHa Ha puc. 9.3. B rouxe m = 1.15231, g = 0,3 MyNpTHIVIHKATOP &4
obpaumaercs B +1. 312 TOUK2 WACHTHYHA ¢ TOUKOH F pHe. 9.1, B B Heil whien
HCYEIALT, CHHBANCE ¢ HEYCTOHUMBRIM.

CMECTHMCA NO MapameTpy m B TouKy m = 1,155, npoHapeneM HHYerpHpoBa-
e cHerempl (7.38) ¢ HAUANLHEIMK YCTOBHAMH Ha uukie [', HCKmK®IM K-
TSIBHBIR NEPHON YCTAHOBSCHHA T, & 10*3 K I8 YCTAHORHBUICTOCH pexHMa

Puc. 9.3 Hernapexrakmiufl yeTolunBmil uMxkn ¢on-
ciemi (7.38) » 3axpurmcckol ofinacru anmetnh
uapasmerpon m = 1,152, g = 0,3

Puc 94 Couenua [Tyanxape npn KecTkom Nepe-
KJINMEHHN 118 PO M CTPAHHOTO STTPIKTOPS 8 pe-
IyNsTaTe GudypKaunn +1: a4 ~ PAYKTYAUHN OTCYT-
LTBYIRT, & — HHTEHCASHOCTL DnykTyaumA D= 10-?

7 2

P G L L sl # L0 Hos
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nocTpoMm cevedue Myankape Ha MockocTh x = 0. Pesylbrates IpHECIEHBI HA
pHC. 944 M CEWICTRALCTBYIOT O XECTKOM MEPeKNoweHn ¢ unkna [M va cTpan-
Heth arrpaxrop. [lepeMexacMOCTH HET. O 4eM rOBOPHT B3AHMOPACNONIOKEHHE
BTTPAKTOPE ¥ HENONBHXHOR TuuXH HKAa [, uGusHavennod Gykanoli Q. Tow
K3 ) H30/IMPOBANA. T.¢. ¢¢ OKPECTHOCTB He BKAIOWACTCR B arrpaxrtop. Eciu
HO PeIyNbIdTamM cucTd CCMCHHA (puc. 9.42) IOCTPOHTE vAHOMEPHYI0 BYHKIHIO
ROCIENOBAHHA ¥ys g = @( V), 10 FpadiK MOACABHOFU OTOBPAKEHHA OKaIL:-
BACICH THNHYHBIM K KacETefAbHOH OHQypKauMH B NOKANLNOA OKPECTHUCTH
TOUKH (2. DIHAKO HeToKanbHule CBOACIBA OTOBPAXCHNA He oBeciTeyHBaloT BOI-
BPAIACMOCTH TPIEKTOPHH B OKPECTHOCTE TOMKH (), HCKMIOMAR 1eM CAMBIM
NepeMexaemocts!

SpdexTil MEPEKTIOUSHIA ¢ PeXHMa HA DPEXNGIM, HOCAIIHS XADAKTep Kara-
Ctpodibl, ILPOABAKIOICA NPH pacwetaX HE IBM ¢ BRICOKUH CTCNEHBIO TONHOCTH
B HMYepBaiax 3MAYCHMA Napamerpa dm = 1073, B panuodMsHYecKOM retepa-
Tope yilpaBifemMes H3MeKeHMe MapaMeTpa Bo30yxfeHWA M OCYLIECTBHMU
¢ norpessdocteio 1%, v.e. Ha uopanuk rpyfee. ChepuBartensio, ACTanbkoe Me-
cncaoBaHie PhexTOR MepEXAWMUCHHA B HATYPHOM JKCNEpHMEHTE 32BEAOMU
werciourerea. Tem de MeHee B GHIHSECKOM IKCTIEPHMEHTE AuNelud MepeKsig-
HEHHA, THCTEPEIMCZ W (CPeMEXACMOCTH yBepedHo Halimwmawred. Kik 310
obpacHuTe?

CywecTsyeT 0o xpaiied Mepe IBE PPHYHHE! BOIMOXKHOTU PaCXOMACHHA
IKCTEPHMESTANBEBIX ¥ PACYeTHBIX JaHnwXx. flepBafs — HecoOTBeTCTRHE MaTe-
MATHYECKOH MOJIENH PeAIBHUMY FCHEPATCPY (PH JHAMEHHAX NapaMerpob 8 3a-
kpurHueckod oBnacTi. UnenenHnie 1 duanneckue Ixcnepumenti ofucHuBanno
OTIJIOHAT TAKOS NpelnunokeHHe, wiv GyneT MpOWUIIOCTPRPUBARD BCeM
NOCAeny MM HIOKeHem. Bropas ppuwiHa — sodnefcTBIe ¢CTECTBCHHLIX
W TeXHHYeCKHX GAYKTYaIMh Ha KuneGaremoliuie Apoueccss ® reHeparope —
ABAACTCA MPHHUMNHATBHOR H J3CHY XHBAST BHHMONHH.

BanuMue eciecreHHnX GAYKTYUHME MUTENIPYETCA COOTBETCTBYIOMEH CHE-
TEMOR CTOXACTHYeCKMX DidrpepeHuHanbHbIX ypaBHeHeH renepatopa [189]:

xX=mx+ y-xz+EdAr.
¥E x4+ E(). (9.1)
z= gz + gIX)X + Ey(1),

roe £,(7) — HOPMANbHO pacupefleneMHblii WM, YOUBIETBOPAIOMHA YCHOBHAM
R =0 (gunken={ o
ir))=0. (Er)E(T )2 = L
! P Doir—1"), i =) 9.2
D~ HMveHCHBHOCTS Benlory wiyma,

Hcehaenyem KoseBateilslbie HpOuecchl B CHCTEME MPH /WK a0duTIEHORC
WwyMd B NPeABVITIOKEHHHY, 10 BHCIZHESE BOIelicIBie ABIASTCH MWIHIM BuiMy-
IUCHHEM MCXOiIHMX ypapiteHHE (7.38). Brcoust ssucHmocts Ay (m) A
g = 0.3, MIMeHsa MHTeHuHBHOCTL wiyMa D Cnyvwaro D = 0 coorserciByer
pHC. 8.6. PUCT HHTEHCHBHOCTH LIYMUB NPHBOHHT K NOCACItOBATENLHOMY HEYe3-
HORENKI HAHMEHAHINX |0 HAPAMETDY OKOH YCTURMHBOCIH MHOTOTAKTHRIX
UHISWE, % 103 D = 1077 arrpakron CHCTEMBI cTarosuTes Kak Gy 2unepionie
yecKuM. T.L. 8 HEKOTOPUR KoHeuHol oGI#:IM N3paMeTpa Am e conepiur
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weTORIHALIX  lepHONECKHX  TpackTDpHH. KpHIHYeCKan TudkKa  pusk/eHHA
STOASCTHUHOCTH IMELBETCH B CTUPOHY MCHLIIAX 1MIJUCHMA MapamMerpa 33 cyeT
ARIUYMITENHE HHKJLOR (18 PHOIL 257, namman ¢ ekoTOphix k > kg

Peakuus cHCTCMbI Ui @A0NFHGHA Y PICWEHHA HOPMLTHHBIA IUYM B PCKHMAX,
FHIKHX IO (EPIMETPAM K TOMK:M Kacafe bibly Slidyprausi, oralbisaerca
NPHHIEHAIBHO  ICHHERIIVH, faBUCAINeit 01 MHTCHCHBIOCTH D U paccionnua
O LAPAMETPY o1 TouKl BipyYpKaUKK o, = +]. BEINIM KPHTHUECKOH TOUKY
MIHTCNBUOCTL NUMTH HEPHOAMUCCKNY KuiieBaHui (TamuHapHoi dua3b) yheanuu-
BUETCR € PUCTOM MHTEHCHBHUCTH 0. a BCTTHMMHG A | YMEHBILMCTCH. YadIeHHe
LT KPHTHYECKOR TOUKH IIPHBOLNT K T1pL THBOOCIOKIOMY PeIYNIBTITY! C pOCTOM
#ETTeHCHBHOCTH VM D Hus0sKGITENbHEA TTOKA3ATEND Ay BOIPACTALT, 4 BpEMH
HAPCKHONEHHA A JIPYTOR YCTOMMMBBIA peiKiM yMenbiaercy. PesynnTarst pac-
SCTGE 10 RAHHHIK AGTMTHBHBIX D IYK1YIUHA HE HRHAMAKY CHCTEMbL KAIOCT-
phpyel puc. 9.5, TakMm uBpaiom, BUINERCTRIE RHELIMIX LIYMUD H3 CHCTEMY
{7.38) BOAMIN TOUKH KdcaFuIbRORA GHOYVPEUGIA DpORRIANICA B TOM, UTo
HPUKTEPHLIE BPOMCHA PCTUIKCAlHMH K HUBOMY VCTCH'IHHOMY POKUMY CRUK-
HEtM OBPIIOM JIBHCAT UT HHTSHCHBHUCTH (uIYKTYIQRUH M SHAYCHWH DapameT-
pes. OHHIKG BHRIUHKC QOMUTURKLIC WIVMbl He WHOVUNPLIOT ABREHHA Depeme-
AWEHCA CroxacrusnocTi!

OB6patumca Kk pHe. 9.40. rhe HiudpuweHu cetenxe Iyanxape s aHaueHHH
1ApaMeTpoB pHc. 9.44. HO IpH BRCHCHWH AMIHTHEHOIO 1yM3 HHTCHCHRHOCTH
2 = 107, bnuskas Kk CIHOMEpHGRE B OTCYTCTBHE WYMOB [1¢HTa arTpPUKTOPA
Dol JeHcTBHEM (AVKTYAUMA “pasByXaer”, CTadHOBMTCH HPHHUHITHAMLHO BBY:
AMEpHOi. HO HIOGPAHKANILKE TOUKH DPAKTHUCCKH ¢ paBiol BCPUATHOCTBIO 3l
MyHART oGNAcTs BGIMIH HEBOIMYWICHHOIO aTTPAKTUDY H He KOHIEHTPHPYIOT-
<5l B GKPeCTHOCTH ToukH (.

Buoee BepHemca K uukny I -(puc. 9.3). [ns ImaueHua napamerpa m £
£ m® =1.15231 pexcum ycToHUMB. YBenuueHue 1ipameTpa mi 2> m® npupomr
K KeCTKOMY NepeKiioveHu cuctembl HA CA (pue. 9.44). Ecnu meanenno
O CPABHEBHIO C OCHOBHBIM epHOUAOM KOAGIHMA TeHepatopy Ty = 2w HaMe-
HATb MAapaMeTp m B Manbx lipedetax % (0L005--0010). 1o cucrTema reMepu-
pveT JMGO nepHUIMYECKHe KoneBanns. sMbBo croxactuyeckne. [pu cnyvadnom
X2PAKTEPe IIMCHEHWH Hapamerpa KoneGanuy RKAI04A0T TAMHHAPHLIE (adnl
LABHKCHHME HA NpeleribiioM udkme M), Heperynapie BO BpeMeHH DepiblisdemMble
TypByilenTHLIMK  (IBHKeHHe Ha CA, KuTlld IHAYeHHA 11APAMETPa TTPeRsILAIoT
KpHTHyeckoe) . Bpemenubie peamisanug nponsccd KofeGauid x(r) He Oyayr
ULIMUATBCA OT THIHYHBIX TIPH fepeMexdeMucTH. Hu aTo He asTukoneGatens-
B Npolecc. 3 MOSYARGUORKBIE, WHOYHUDUAIRKBID HAVITYIUAMY NApIMET-
poa cuctemnl! B utnuude ot cucteM THNA Mupea — CMmeltna, B KOTUpLIX TEXHU-
TECKHC WyMbl TIPHBORAT K YUIHPEHHI CITEKTPANIbHOR JIHHMH reHepHpyeMuro
KojieBuHHA, B CHCTEMAX CU CTUXUCTHUCCKHM [IOHCHCHHCM BO/IHIM JIMHHA KpaT-
HOCTH MAVIhTWILILKGTUGHBIC HIYMBl MOZVT UHOVULPOSTTs REPeMENTNIYUIICR
Xaoc.

MareMaTHeCKad MuNenk. ONHCHIBAUIIA TpORece MOJ) A UHONHOG nepe-
MCHAGEMOCT. MHIAYUAPOBAUHOW TCXHHYECKHMH JUyKTYaURHAMH [1APAMETPUR
reHepaTopa. ¥ oliliem Brie Moxet BelTh JaNKCIHA TaK:

i’*l*""*m(ﬂ]x +v - x2 _1-.'=*-X.
Z=[g° +ml0x? - 2], ©.3)
b |
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rae m® i g% — 3MaJeHNA NAPAMEIPOB, OTHEYUIOLIME HEPHOTMNECKOMY PEXHMY
wofebanHi B TOUKe XacuTeNbHOH GHpYPKIUHK (TOUKH HA BHQYpPHAUMOHHEIX
SAVMEX KPATHOCTH), T{T) — QYHKUHM THRI OCpMONHYECKMX Bu3MYIMCHMI
20 CTYURHMLIMM AMRAHTYAOH W dadoh. HavansHwe ycnoBgn peigeHds 3afnaum
Kuinyt SiuiRHD NIPHHBIENETE HEPHOHYECKOMY pexcamMy KomeGaHui B Hesos-
MYLUICHHOR ccTeme (9.3).

lipesesiom  uMcneHBBIN  3RcnepHMenT ¢ cuctemoit (9.3), szque 7,(r) =
= E(r)sin(p7). ni(7) =0, cymran §(7) GOIRIM (IYMOM HHTEHCHBHOCTH D) K fo-
s p = 0,01, Ha puc. 9.6 npeacrasneHm DaHHsie pacyera cevenua Jlyankape
w CIILKTPpd MOIMHOCTH pexKHMi KoneSaHuit MpH yxalanHeix ycnoBusx. Banno,
uro M30GpENAOUME TOYKH B CEMEHHH KOHUEHTDHMPYIOTCH B OKDECTHOCTH TOY
KR (J, CRIAETEABLCTBYH O HANHYWM 8U3BPAUAEMOCTY TPACKTODHA (TAMRHADHIIE
p2an koileGannit), B 10 xe spema 5 ceveruH [lysikape npucytereyl H3obpa-
HAOMIHE TCYKH B OKPECTHOCTH XAOTMYECKOA ettt (¢M. puc. 9.42, npr P = 0),
4TU CBMOETOIBCTBYET 0 “TypbylieHTHHIX™ $a3ax HpukedMs. CReKTp pexuma,
JHCKPCTIRIA B OTCYICTBME INYyMa, TIpROGpeTdet XapdKTepHud BMI, OTpaxa-
cudi Aponece MUSYNFIHOHHOH NEpEMERUEMACTH.

Puc 97 [Mpoexunu $Hasosux noTperos (C1esa) ¥ CHexTPhl MOUIHOCTA KoneSannf
{ctipam) fpE MOIYNSUNOHHOR Nepementemuctd (GImeckn® sxcnepaMent): ¢ ~ HHKT §°
whman TimkH Sudypkaunn +1 (puc. 9.3}, § — RepeMeraemocts, 8 - CIPRKHLR ATTPAKTOP
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Tenept obGpatiMcH x duanuecKkomy Ixcnepumetty. Ha pae. 9.7a nokasan
YCTORUMBLIA MCPHONHYCCKHA DENCHM BENMIK ToukH Oudypxauun o, = +].
m =115 g=03. Hx puc. 9.76 npeicTasineta npueKuus ¢asonoil TpaeKTopHi
H3 TIIOCKUCTE X, V B DEXHME NCDEMENUSMOCTH, PEANHIYIOUICMCA, CIH YCTAHO-
BHTE MPOMEXYTOUHDE FHAYCHHe napamerpa 1,15 < m < 1.16. lia puc. 9.7a -
CTPANHBIA aTTPAKIOP. Ha KOTUPMHE CUCTCMA NCPEKNIOUAETCH C yBEMHuEHHeM
DapaMerpa m a0 IHaveHWs 1,16, Kak BHAHO H3 COMOCTARTEHIR DACUETHEIX
H JIKCNepHMEeHTANBHLIX O3HHWX, @4 giuzuuecxo.u JKCTIepHMEHTC Ha(i1onaeTCH
HMEHHO MDO_WMHB(JHHHR ACPEMENTeMNCTh ¢ THITHMHBIMH 3aKOHOMEepHOCTAMM
B XapaKTepe clieKTpus 1Ipolecea.

B ikcnepHMeHtax HB/IEHHC MOAYIAUNGHHOH MepemexacMocTH BOIvaw ng-
HHH KParHOCTH MHOTOTAKTHBIX UWHKAOCH YHEPCHIQ DPOTUCTPHPOBANUCK WA 3-,
4- M 5-TaKTHBIX UHKIIOB. AHATHI YCRUEHHRI\ PEAHIAUMA BpeMerlBIX Mpoiec
COB ¢ MOMNUIBIC JANOMHHAKMUETD ocuUMiNorpada TNOATHEpPAMA cayuaiiimit
XApaKTen NORBACHHA H ILTMTENBHUCTH TAMWHAPHBIX had KuneBaHuii. NpepriBaso-
wiHxCcA TypBYNeHTHEIMH BCIIeCKaMM IBMXeHIA H3 CA.

Hanwune ciknanox y nosepxroctd $7 (pue. 7.12). wuclio KUTOPhIX YBETK:
HHBAETCA € POCTOM “TAKTHOCTH™ NEPHUAMUECKHMX KunedaHuH, W Gidyprauwn
YOBOEHHA TMEPHOMA, BLISHBAOMIHE HEPAPXHI0 BETBICHWA NoBepxHocrell (.
OTBEYANLIHX YCTOWYHELIM KOeGAHHAM YABOCHHBIX [EPHOALS, TPHBORNT
K CTOXHBM, NPAKTHYECKH HENPEACKAIYEMBIM THCTEPEIMCTHRIM ABAEHAAM,
DYHAIMEHTAILHOA NPHIHHOH KOTOPEIX ABNSETCH KaTacTpoda cOupKH.

OrpaHu4eHHOCTh HALErD BOUGPIKEHUA, NACYIOWErO MEpel HOIMONKHOCTLIO
MarnAOKOro NpefcTaRieHMd KapTHHBI BecKoHEYHOro BeTsmeHWs DecKUHENHOro
gHCIa GasoBmxX NMEepHOMHUECKNX peleHRni, TOHAUaY TOPORKIAeT yyscTao Bolnie-
XOZHOCTH H COMHEHHH B BOIMUXKHOCTE MPOHHKHYTH B TARHhI OMHAMHKHK Aaxe
npocreieil B yrom cMpicne cucremm 8 B ¢ npyma napamcrpamu. Ha uro we
PACCHMTRIRATD B CAYYae YBEIHYEHHA DAIMEDHOCTH $A30BOI0 HPUCTRAHCTEY
R YACTa YNpaBAHIOIMMX DNAPAMETPOB NMHAMHueckod cHcremmt? B momo6uoi
CHTyauMH B Havane eexa oxadanca A.[Tydnkape, xorga npuwen K shBony o He-
BUSMOXKHOCTH HAINAOHOTO NPEACTARNICHHH TFOMOKAHMHYECKOH CTpPYKTYpBI.
BOMHHKAIOWEH IIPH OEACYBHH BOIMYIIEHHA HB CemaparpcHeli xuHTYp. OF fio-
00GHMX HACTPOEHHIT HEOGXONMMO pPEIMTETEHO UTKAIATBCH, ECITH #METh UETbH
H3yuelHe CHCTEM CU CTOXACTHYECKHM WOBEREHHEM. (N8 KOTOPBIX YKA3aHImIe
ABNEHHA THIHYHLL.

9.2. BAarMoJedicToHE CTPAMHBIX ATTPAKTOPOB.
Iepemexaemocts THis “xaoc — xaoc”

B MACCHMATMBHEIX CHCTEMAX ¢ XAOTHUECKOR NMHAMHKOR B 8BHCHMUCIH
OT NapaMEeTpO¥ M HaYANEHBIX YCNOBMH, KAK MPaBHNo, peanHayerca Heckorkicy-
HOE YHCAO ATTPAKTOPOB. KAK peryfNfipHhIX, TAK H CTPIHHAIX, OTNHYARAIHXCA
no cpoed cTpYKType. OHKCHPOBAHHE YNPIANAIOILMX UAPAMETDOR HE MEHAET
KUPTHHDLL: 37TPaK TOPOB OCTaeTcd GeckoHeuHue MHOXeCTBO, HX ofinacTH npuTs-
AeHHA pajieneHn B $ajusoMm DPOCTPAHCTRE CENAPATPHCHLIMY MOBEPXHUCT -
MH. To OBCTOATENLCTBO, YTU HAPALY CO CYPAHHBIMH ATTPAKTUPAMH B GaioBOM
[IPOCTPAHCTBE CHCTEMEL COCYIMECTBYET MHOUNECIBO PeTYNApPHMX NepHoaHyec-
KHX DPEXHMOB, [ETaeT NpofineMy TEOPETHHECKOID ONHCAHHA [AHHAMHKH OMC-
CHOATHBHEIX CHCTEM YPE3BBINAHHO CIIOXHUM.
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MHOFONNCIICHHB'E  PEIYIBTAM IKCTEPHMEHTON CBHICTHIKCTaYwT, Y10 0f-
AIITH DPHESKSHHN M CYIECTBOBINMA MEPHOINWCKHX [XKHMUB B (a30BOM
HPUCTRHCIBE W UG NSPUMETPAM ¥ MEHMIAKTCA C VBCiTHUEHReM nepHona. B du-
SHWCKHX W YHCTIEHHBIX JKCAEPMMENTIX JTO TPHRVINT K TUMY, 910 WHKIIK
SuiMIIX MepHolod 34 cHeT PAYKTYBUMA e DETRCIPHPYIOTCA. ATTPAKTUD He
RKIEONALT YCTOR-IHERIX NCPROSHYCCKNX 1DAEKTOPHA, T.e. C1IMOBMTCN Kok On
rHneploINMEcKEM, TEUPCTHICCEN ITU YXE HE IMHIMNYECKAN CHCTCME, 3 CTO-
XACTHYeCKEA B ICIacCeHdeeKoOM CMLeie TepmuMa. [(lonoOlise DHHAMGYCCKNE
CHCTEMBL MPEUTONELD MHIMBATL CHCTEMAMM € NGAIUGTIDAKTODEMU (KB
FinepBOIHYECKEMH CHCTEMIMK) . MHOTUNHCASHHEIC IKCIEPUMEHTANLHEE NAH-
Hblé CBHEIC) LIMCTBYIOT, 4T0 MMEHHO KEBRIMATTPEAKTUPHI SBANKTCA HawGunmee
TORHEIM MITEMATHYCCKHY OODAIOM XBOTHUCCKMX KuMeGauKi peansMuIx cHe-
tem. Heaocramuyioe KodwiecTBU CTPUTMX PEIYNILTATOB [0 CTATHCTHYECKOH
H OProfiMNecKuRl TROPRN KBAMMBTTPEKTOPUR (OJKHG CTHMY!INpUBETS, IKCle-
PHMEHTATLHLIC HCGIEA0RBINA.

THIWHOE ARAINHE B KBRINrNNIEPGOIMUECKMX CHETEMEX PaceMoTpeno B 9.1 -
0 MONVARUNOHHIR TIEPEMEMACMOCTE, HEOGXOIMMEIMH YCTOBHAME peaINsa:
WHE KoTOpuit ABamOTLE GTHIKHE N0 IRpAMCTPAM M B hA3UBUN NPLCTPUHCTRE
COCYUIECTROBAHIE NUTH DRl NEYX YCIORUMBLIX PeRHMUB (POTYARPHUTO H CTPaH-
HOTO) W QUYKTYAUDIN RapaveTpos. OSCYIAM eme OfHo THONIHCES IR TAKHX
CHOTEM  ABNICHAS: BIAEMNICRCTBHC CTPOMHBIX aTTPAKTOPUR. NPHBONNLIEE K
AEPEMANGEMOCTU IOROTO THUA “Xgoe — Xaoc™ [197-200. 159].

(Iporees WiCTeHHHR IKCNCPHMEHT ¢ JRHAMKMCCKOR cucTemolt (7.38)
B couetay g = 0,097 DIUCKUCTH NApAMETPOR, HIVIER pexusMbl KuneSanui
¢ nasedscHmerd uapamerpa . OcHORBOR UpemenmMBll KR CHOTEMBL Tie-
paoma T, B peay:IsTar: HaxonneHna Gudypkaunil viBosdHA repHcia 3Bl
UMOHHPYET X CTpatHoMy YITpakTopy (0Ou3Haukm erv O, ). MAMKG pukiake-
HMEMYCH B KPHTHUCCKON TouKe m™ = 2.39. Jrur arTpuKTop 8 cedeuins g = 0,2
A 0,3 yx: nuapoBso paccranrpusaica. B sakputuveckoit ofuacnt m > 239
AITPARTOP CA; PAIOHBICTSR B NGUIOM COUTBCICTBHM & 3aKDEOMSPHLCTAMAL.
PACCMUTPEHHNIMIE BRILIC.

B Sudyprausukiol Tuuke m = 2,31 NI CryweHus TPaCKTOpHit B pesynbra-
1e GudyDkoiMH 3 T +1 WeeTKO pONUCTCA NApa J-TaKTHRIX MUKACR, COLlo-
Bolt u yorolbisami®). YoruiumBMA 3-TaxTHRE UMK € pOCTOM TEpaMeTpa i
TAKKE PSTCPNCBALT GCCROMEUHYR NOCACDUBATENLHOCTE OupypKaumit ynnoc-
HHN 1ePHOIA, NOTUPER IMDOPUNCTCS PONACHMEM ATTpakTup (A B KpHtw-
weckofl youxe My * 2.35. ( pocTOM NAPAMCTPE M [0 JHAvEHMIT, MCHELIRX He
KOTOPOID Kpitimeckoro (2,44 < mg < 245), CA;, xak n CA;. RenMuHCTDR:
PYCT THIIHBIC IAKOHUMEPHOCTH, BKAIOWAN (OABACHHC YIKRX T {IAPIMETPY
OKOH YCTORUABOCTH MHUTUTIKYHBIX UMKCTIOB PAINHWINX cemeficrs. B wutep
BISIE JHUNCHNHR 1apaveTpa 2.40 <in < iy HEIBHCHMO CyiecTBY'or ofd crpad-
Boix arTpaktepd CAy 1 CAjy, 20Mb NPHIAKEHHA KUTOPKIX B GRIOBHM EPOCl-
PHCTBC PAIICHAET CAONMHAN CENRPATPHCHIN MIBEPXLUCTL.

B

*) B aBNCHMOSTE O M M HISRIMMHGIY JLINHA 1 ConeHER £ = 1,097 metTiO Bu HtHKaes
HECKONLKO feos FmawTwX xocieBuirki. Tlepmoe cemeficTRo I-TAKMN UHKAUR pok
ABCTCH UpA M * 1,25 M pusEMBARTCH B CTPIHHLIR ATTPAKTUP Hoped yIACTHRE 8 KPHTHWeL-
KOR .oMwe m* = 1 413 u CCOTBCTCYPUR € *aKosom Pefirendaysin. B unrepuane 14 < m <
< 1.5 oanospeMciNo B pasiuy abiactax PajroRaro MPOCTPatcTEa CYRICTIYCT CTpaliimh
TR KTOP Ha B5a3e 1-TERTILIX UNRAOR o YSTORMMBMA (NKS nepuwoda T, [191, 198].
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Puc 9.8 Cedeuwn Tlyaukape (CNemd) W CUCKTPBI MOIOHOCTH KuileGauuR (crpapa) upu
NEPCMOAIEMOCTHE THNA 7Xaor- xaxe™

Ha puc. 9.8 npHBeaeHs! pesynsratsi pacyera cevenws [lysHxape cHcrems
(7.38) Ha nuckocTH y = 0 M COOTBETCTBYHMUMX CAEKYPOR MOLLHOCTH. Ceve-
Hua [yankape, w3oBpaxeHHble HWa pHc. 9.84,, BRUMCIAATWCH WIA JHAYEHH A
napamerpa m = 241 C HaqaIbHBIMK YCTIOBHHAMH W3 arTpaktopax CA, u CA,
COUTBETCTBEHHO. [0 PaclONIOXEHHI0 TUYEK HA CEKYLHeH BKIII0, 41U CYLIECT-
BYeT [B2 HE3ABWCHMBIX ATTPAKTOPA, NUKANNIYIOUHXCA B pAWtMYELIX 0BlacTAX
dazoBoro npocrpadHcrpa cHeremer {7.38) Ges nepecedeHus. Arrpaktopm CA,
H CA; rpyBeie. TaK KaK COXPAHAT CBUK CTPYKTYDY H CTATHCTHYECKMHE CBOHCT
Ba [pH MANLIX HIMEHEHHAX YMPABIAKUIWX 1NaPAMETPOR H BOILCACTBHH HOp-
MAJIBHUTO (1Y Ma HHYEHCHBIOCTH D & 1072,

C YBENHYEHHCM  NapaMceTpa m ATTPAKTOPbL HAYHHAKT BIIMMOLICHCTBUBATE.
CenapatpucHan noBepxHoCTb, pasfieaswian CA, u CA; 1w Hexkotoporo no-
POTLUBOFU 3HAYEHUA Py, NP TIOCTHXEHHM TIOPOra PA3PYWIICTCH, H aTTPAKTOPKI
criMpaoTcA.  DopMHpyerca ofbelMHeHHBIR aTTpaKTOp CAg, BKIKNANUIHA
B cefa kak CA,, 1a u CA;. Ha pue. 9.86 n306pakeHo CTOXaCTHYECKOC MHO-
XKEeCTBO B CeKYwlel IIOCKOCTH 1A 3HAYCHHA NapaMeTpa m = 245 > mg, KoTo-
poe BKMoaer artpakTopnl CA; U CAjy ¢ yueTOM HX HEZHAVHTEN bHOM IRV IOIHH
¢ pocrom napamerpa m. OGbeaHHEHHBIA ATTPAKTOP PEAIHIYCTCA HEIABHCHMO
OT TOro, IIPHHAINEXKAT JIH HavanbHple YCTOBMA OGnacTAM NpHIskeHHA CA,
Wl CAj, CBUOCTENLCTBYH O PA3PYUICHHM ceNaparpucHoi NosepxHoctH. [lo-Bu-
UHMoMY, NpH oBpadoBanud obvenHHeHHoro arrpakropa CA, MpOUCKOMT
1 obneauicHue obnacTed IpuTAXenHa CA, u CA,.

JetanbHble HCCTICAVBAHMA BPEMEHHBLIX PEAINIALGIA, ABTOKOPPEIIILHH, CRCKT-
P4 MOWHOCTH M HHYErpanbHoH HHTEHCHBHOCTH KoileBauuit B pewusax CA, .
CAy u CAp DOKAIBIRADT, 4TO APH NMPOXOHKAEHUH NAPAMETPOM M K PHTHUCCK O
TOUKH OBLEAMHENHA ATTPAKTOPOB Aty CHCTEMA BHawane Gonee [UTHTEIBIOC
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BpEMA GPOBONKT HELpepbiako Ha C4, - Tlepekniovenue Ha CA; HPOMCXOQAT He-
perYAAPHO BO BPEMEHH H HOCHT XapakTep "typGyneHTHMR"” BCMNCCKUB Kl do-
e OTHOCHTE1bHO Donee piHreamilplX “NAMMHAapHLIX™ a3 IBMKCHHA Ha CA 4,
FHEPTHA KOTOPOTD 3aMETHO MeHbnte Mepruw CA;. [MepexnioyenMe Ha ATTpik-
jop CA3 MUXHO AHArHOCTHPOBATH N0 BPEMEHHOM PEANMIAMH X(T), KOFas
BUIHHKACT UTPHUATCHBHLIE BCNNECK B JABMCHMOCTH X(7), aMIUIHTYAA KOTopu-
1 OPEBR{ILIACT MAKCHMAISHO BOZMOXHLIE NPH IBHKeHnw Ha CA .

CTATHCTHYECKHH AHAIMI OTHOCHTENLHOIO BpeMeHH NpebhIBaHHA CHCTEMb
8 COCTORHHAX "'1ypOYyNeHTHhIX"” W TaMHHAPHBIX " a3 B pexume olibeauHeHHO-
ro arTpaKTuopa NOKA3ad, Y10 [ANA MAIKIX NPEBBIIeHHA Ha) NOPUTOM 33BHCH-
MOCTH CPeHero BpeMeHH 1IpebLIBAHHA CHCTCMBE Ha CA | TONYCKACT NPHETIKEH-
MY OMEHKY B Bijle COUTHOIUEHHA, CHIPABERSIKBOTO JIH NEpeMek3eMUCTH THIA
“uMkn — xaoc™ [198]:

(rid=clm-mg) ™. ¢=180. my=2445, 9.4)

AdnerensHocTs namunaphoi dadel KoneGarui (3gech ¢l COUYBETCTBYET pexum
CTOXACTHUHOCTH, GNHIKHN 1o cTpykType K CA;) YMEHBIIAEICR ¢ pOCTOM Haf-
KPHTHYHOCTH ¢ KPHIMHECKHM HHOCKCUM - |[2, 3 cpeaHsid IUIHIENLHUCTL TYP
ByneHTHRIX BCINECKoB (npuxenne Ha CA3) COOTHETCTBEHHO BO3pacraer.
OuepHAHan AHANOTHA ¢ PEXHMOM MEPEMEXEEMOCTH UMK — Xauce™ MoIBonseT
133BATb ONMHCAHNOE ABIIEHHE RepeMeaemocTsio Tuna “xaoc — xaoce™ [198].

C pocTUM HaK pHTHYHOCTH TYPOVIICHTHSIE BOTRECKH CHENYI0T ale, 'ITC MpH-
BOMHT X YBE/IEHMK) CpPejlHeH 3HeprHM CAgn. JamMeTHo pacteT MHTEHCHBHOCTH
ZBTOKONEGAHKA, CNIEKID MOMHOCTH KOTOPMX Bee Gojiee BIpABHMBAETCA, 3BO-
HUHOHAPY ¥ ONHOR PEMEHHO B 0BmacTs Bolice HH3KKX Y4CTOT. ARTOKOPPENAUHON-
Han yHKuns npounecca Konebanui crpeMuIch K §-06pa3toil, caMaeTenscTaya
O CHIIBHOM RepeMellHBAHKH.

Ha puc. 9.9 npusenean asruxoppensuMonnan GyHKUMA H VCpeaHeHHMR
CNeKTp MOLIHOCIE OFbeANHEHHOI O ATTPAKTOpa T4y, PACCUHTAHHLIE MO PeASIH-
saum x(7) a1 m = 2,55, TpyBy.1eHTHbIE BCNIECKH CileQiYIOT B CpeiHenM yepes
OTHOCHTENBHO Gunbinee Bpems. Jrv H ABNACTCH NPHYMHOA 3BOMOLMM CMEKTPa
MOWHOCTH B 0BracTs Bonee HHIKKX HacToT.

OGue:mHentsIi aTTPIKTOP HE PaIpyIUdeTCH NOS HEHCTBHEM §-KOppenHpoBan-
HOTO I[MYMA, AEMOHCTPHPYA CBOHCTBO rpyGocTH. BIINANME wLIymMa fApH YHC-
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Fic. 9.9 ASTOKUPPEnAUHOHNAA GYHKIMA {d) ¥ CHEKTP MULIKOCTH KoneSan (6} ofre
NuacHAOrD aTTp2KTopa CA, (m = 253, g = 0,097}
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JAEHHOM  MUACTIHPUBUHHE  FAIPUBECER  CTOXACTHYSUKIIMH  YpeBHcHUAME  (9.1)
NPHBOAKIY K HIMEIEHHI0 KOHKPETHRIX MOMENTUB 8PeMEH NEPEKILIOYEHUS CHe-
Tembl ¢ CAy Ha CA4,. oHaKo CpelHHe CTUTHCTHUCCKHE XapaKTepwcThiH CAg
HPAKTHYECKH He WIMCHAINCL. B 3abHCHMUCITH UT HHTSKCHBHOCIH WYMOBOrQ
BOIPEHCTENY HY CAp MOXAC BeUT0 HELYNHDOBATH GoNee CAOXIYI0 OEpeMe-
AACMOCTS THNR “xaoc - yuiot — xaoc™. Takod npouece arToxoncBuHul cny.
Yadpm 0BpauM BRNWHALY OTPEIKH Pewlwsaunfi, npraamnexaume CA4,, CA,
H OMHOMY RITH HECKO/bKHM MHOMOTAKTHMM LKKN2M.

Tlpusenenneie pesyNpriuThl MUMHO, B YBCTHOCTH, TPAKTOBATE KAK IKCNepu-
MEHTABHOE [OKAIATENLCTEY HETPHBHASBHOTO (aKTA BO3IMONHOCTH RETBSO-
HHA XAOTHYECKHX pelfeHHl cHCTEMB HENMHERRMX MuP(epeHIHANLHEX YpiBye-
HHA NpH H3IMEHEHHN YIIpaR/IMIoMIMX HapaMe1 poB.

9.3. Bansuxe auccHnaTHBECD Hermmelnoctd na Gudiypxawim aTipakropos

B cHcremax mMuivil PAIMEPHOCTH XAOTHYECKHE aBTUKUICGAHHA UMEWT Mec-
TO. B SACTHOCTH, B MUJICHNX ¢ JMAHEHHBIMH JXCCHIATHMILIMY WieHAMH B YDaB-
HEHHAX, X8paKTEPHIYIOWIMMH 3aTyXsAHe MOll. ABTOKULEGIHMHN TaKHX CHCTEM
OOYCIUBNEHN, KK MPABHAC, NADAMETPHYECKHM ROIGYRULHNEM K NieHHednof
HHEPUHOHHOH NepeKaukod JMeprdM B JaTyxaluwyso moay {22]. Yrowseuwe
Mufened ¢ ienbl Boiec NPABILMRROTY ONHCAMMA PEABHbIN CHCTEM YacTO Tpe-
OYes yrera HIHHCHUNIX QUCCUnaTUsRsY CHATAEMLIX B NpEBLIX YaltHX HcXofd-
HUX updepeHuHanthieix ypanHeHHii®). [pimepom cnyxdr cucrema ypas-
Henni (7.28), snamomancx ofobmenneM ypasHeRKid Temepatops (7.387 wa
clydai HeNHHERHOH KPYTHINEE XAPAKTCPHCINRH OCHOBHOTO YCHTATE 1A,

Moxaio Oxoipath, 410 OMYpPKAHOHHLIE MEXAMHIMBL PI3PYIUCHHN CTpaK-
HOTO arTpawIOpe ¢ BRencHieM HenHweH:oH jmccinaunk GynyT » onpensned
HOM cMmnicie oBupivm.

fpounutioctpupyem 10 Ha npHMepax Isyx HaHOosnee THINOMBX Tpexmep
HbIX CHCTeM: KMAcCHueckoidl mozend Jlopewius (?.8) w oGobuiekdof momenn
remeparopa ¢ HHEPUHONMOH HermmeinocThio (7.28). Mogum Jloperna s
H2 (R IHHIMKYECKHX CACTEM C WHCDUAOHHBIMY BOIGYxneHuamu {179, 180),
B KOTODLIX PendM CTPAHHOTO TTPAKTOPA BUIMMIEACT XKecTKO. Moaene reMe
PATOPa € HHCPUNOHHON HenMHCHHOCTRIO ~ WEHMED THITA CHCTEM C MHTKHM RO3
GyAMUSHHCM KBAIMInMeploNHueCKOH CTOXS JTHYHOCTH 23 C¥eT HaKonieRHA Gu-
dypKRaKi VIBOCHHA HEPHO/IE.

Knaccuuecxan monens flopemaa (7.8), ONHCHRAa0AA TP2XMOGOBYID KOH-
PEKUNIO BAIKOH XMHXOCTH, ApH Soneiumx micnax Flpannrns (o > 1 + b) yxe
RE COOTBETICTRYET peansHOi KOHBEKUMM, 10 OCTAeTCA MHIEPCCHIR [IAR (QHIN-
k0B (ypapHerMs nasepa {201]). MeXaHMxOR H PamrOPHMKOB (WHEPUHOH-
HBIH TlapamMeTpHacokH O30y KIaemMuit senmneRtati ocunnaatop (7.14) {202]).
# Taxue, € TOUKM 3PCHHA CTPOTOH MATEMRTHKH, WHTEPECH]D KAK CHCTCMI C He
rpyGemm mneplonnvweckum arrpuxropom [1. 2, 43, 83]. Ocreaum » cropo-
He HetUicHoe OOCYXiieHHe BOPOCa O COOYHETCTHHH MIICMATHIECKOR MODS
HM M PCANBHOH CHCT2MB [ DACCMOTPMM CHERYIILHE Y DRRHEHHA:

tTogx—~p) FErr-y—xz, I=-bz-dz’ +xy (9.5)

2} HenmteRHOCTH, CHUCOBCTRYIOUINE IONOARMIIDHOMY XATIG dalonure HoroKa,
OylieM RIS THCCHIT MRH KM K.
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B TpeTbeM YpaBHEHMH cHcTembl (9.5) noGasnew wien -dr?, ywresaw-
wu# B UEPBOM MpHEIMKEHHN HenHHeRHBIT XAPAKTED MHCCHIIAIMH, YIO MO-
et GbTe OGYCNIOBNEHD, HaNpuMep, HETMHERHOCTBIO TEMTOIPOROLHOCTH [203].
JMpepreHUHA BeKTOPHOMO (uNA ckopocred (9.5) 3asucHt remeps OT KOOp-
AHHAT!

JvFe=—(o+ +h+3d27)<0. (9.6)

BuypkauuH B knaccHueckod monend (7.8) xopowo uayvemwm [1. 2, 43,
43]. AnA TpamHuMOHHBIX 3vayeHWd ¢ = 10, 5 = 8/3 apn | < r < r;, = 1392
HMECTCA CE[UIORAH [OYKA B Hauane KOOPUHHAT H IBA YCroRwselx doxyca
Oy ¥ Oy llpu r = 7, cenaparpHchl CTIHORATCA MROAKOACHMITOTHYECKHMH K
ceilly B Hauane KOOPIHHAT, H Nepexon veped GHGYPKAUHOHHYO TONKY r *r;
CONPOBOXKIACTCA POXAEHHEM INapbl CEVIOBLIX MEPHOMMNECKHX NBHKEHMI.
B uareppane r, < r < r; = 24,06 eOHHCTBEHHBIM NPHTATHBLIOUTM MHOXKECT-
BUM CHCTEMBI OcTaw1cA okychl Oy H (. B vHteppane r; < r <ry = 24,74
TOHBNACTCA aTTpakTop JlopeHua, HO clue OCTAOTCA YCTORMMBLIC (POKYChI.
B oroH ofinacTW 3MavenHil napamerpa r 3 3ARHCHMOCTH OT HAWANBHLIX YCNO-
BHH DEANM3YIOTCA TPH ATIPAKTOPE, HO NMpPH £ 3 ry OCT2ETCH NMIUL OfHH — aT-
rpaxTop JlopeHnua,

Peaylbtatel pacyeTd XapaKTepHLIX GMGpYPKADMOHHBIX AHHHI M3 WIOCKOC-
T napamerpos r M 4 cHcrempl (9.5) nns duxkcuposaHeix ¢ = 10 u b = 83
lipencrapnedn Ha puc. 9.10 [182). Jhivma !, paccunTeisanach scxons Ha ye-
[UBHA BOJBPALICHHA CETIAPAYPHCH! B CONO B Hayate KoopiMHar. [Ipy Havane
HLlX YCROBHAX KA CENAparTpuce, ONpeNendecMbiX M3 pelUCHHA NHHEZPHIOBAH-
Hotx BOIM3M Hyns ypasHenui, cucTema (9.5) HHIErPHPOBANACH ¢ BLIBOJIOM Ha
fMEYaTh KOOPHMHAT X M Y B CEKYIUeH, 3a0aHHOH ypasHeHHem Z = 0. C gocnioke-
HHCM TIapaMeTpomM Dy pKaMOHHOTO 3HAYEHHA CENapaTpHca BOIBpan@anach
t CRONO, O UYeM CDHACTEIIBCTBORAAG
NAHUBPEMEHHOE HIMEHeHHE  3HAKA ¥
ROOPAHHIT X H ), BhlILIBIEMOY YXO-
UM CEllapaTpHChl B uBNacTh BTOpUro
fpowyca, Jlna 3naucHHR J B HHIepBane
0< d < 3107 Brnauus HenHHeR-
HOH IMCCHIANHM HA 3Ty GHGYpKalHW
D4R THYECKH  He zamerso. ODbAcHA-
ETCA ITO TEM, Y410 KOOpOMHaTa 2 Nipk &0
dannol OudypKauMk NHIIL He3anauM-
TCILHO TIPEBOCXOINAT BENHYHAY ¢~ |
¥ ciaraemeiM 3dz? B(9.6) MOXHO
lipeHeBpeys.

BnusHnEe  CYAHOBHTCA  33METHBIM 40
i d > 107, BupypKaudoHHas fin-

HHA [, COOTBETCTBYIOMIAN  PEXKHMY
"HUMOTKH™ CeNapaTpucsl Ha HEycToii-
YHBBIH  UHKI, X3apaKTepH3yerca, Kak

~a

80

P we 9.10. BudypkauMonnas aumarpamma
2 NNOCKOCTH MAPAMETPOD 7 H ¢ CHCTeMul ) -
(9.5) 1 pd d- 19
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BHOHO W3 pHe. 910, cnoknoll HenueeRHOR 3nnlcHMocThio 7 (d) . Pacuet mpo-
BOIMACA METOAOM IMXUTUMHHM. ONPCOelIANNCE THIYCKHA 1apaMeTpoR &, K d,
(nwbo r) 1 ra). NeXalHe HO PaIHBIE CTUPOHMB Ot TidUK ;. 1lpH 3TOoM cema.
PaIpHtl BeNnH el NPHHIMMHAALHU paznnuug: tHGo croxacTHueckH, nHbo
cxoanuce B pokyesl. 3atem pasnocte Hd (nHfio Ar} nnasHo yMeHmluanacy
L0 MO 3HWYSHHA. OAPEUCNAWUIETO TOYHOCIE pacieta GudyprannoHnoh
NHHKH

Juvma !y — GADYPKALMOHHIA THHMA HCYEIHOEChiad HEYCTONUKBOIO IHK-
na, KOrHd B CHCTEME OCTAETCH TONBKC JTTPAKTOP JiopeHua. 3a AHHHA pac-
CUHTBIBANACE MYTEM JIMHCAPHIAUAK BCKTOPHOTC NONA b TOYKe papHOBecHA O, :

x=yp=[blr-D+dr~1°)"F, z=ro g, 9.7

H HaXOMQUEHNA YCIOBHH, MPH KOTOPBIX XepaxkTeépHCTHYCCKHA NONHHOM BeKo-
BOIO Y PuBHCHHA

3d*(r—- D49 (o + Ndr—- 1) +d(1 —o+4b)ir-1)° +
+3oF o+ 2b+ 13d(r— 1% +
th(lto+b¥{r— D+(0o+ N1 to+b)b=0 (9.8)

HMECT A2 YHCTD MHHMBIX KOPHA.

AnreGpaMueckoe ypapHerme (9.8) npu GHKCHPOIBAHHRIX ¢ H & 3apaer ue
KOMYHI0 4BHCHMOCTE 7 (), T.e. GudypKILMOKEHY0 AkHn [y, KOTOpat ouperRe-
MRET TPaHHUY OBMacTH YCIrOHWHBOCTH Ha IUTOCKOCTH ftapametpon. [lopenenme
CHCTEMbI HA rpaHHLC OGNAcTH ycrofiuMsoctH tpeGyeT y'wTa BIHHHWA HCAMHeH-
HBIX 'WIEHOE ypasHeHnil (9.3), ssIMCNCHMH 1 OTIpELEnzHUH 3HAKA JIAIYHOR-
CKHX BETHUHH,

Pacict £ ina cacremsr (9.5) nokazan, yro Ha rpadane olnacm ycrofwm.
BOCTH (H2 NUHMK [3) nepead AAMYHOBCKAA BelHYMNA NOIOXATENbHA, YTO [A0-
KaIbBacT COXpaHeHHe CcyBipiiTHYECKOrO Xapakrteps Gudy prausy ARJPOHOBA —
Xnnda, yCraHGBNZHHONO I8 Khaccuyeckon Momeitit (7.8) » [204].

CvBpyTHUecKniz xapakTep Gudyy pauii eue He AOKA3LIBIET POKOEHHA Xao-
C3. Xora rpyBocre CHCIeMM [0 CTHOLISMMI0 K HBEAEHMI0 & ypasHeHua (7.8)
HElANEAHOIO GHOCHMIBTHAHOIO CNaraeMoro IAeY OCHOBANHMA NpeNnonarars Ha-
iIHYME CTPaHHOIMQ ATTDAKTOPA BHY ! pH OGTaCcTH JHAMCHHA NapaMeTpok, OF paHH-
wiBaeMOA By pRIUHORHOR rnumnch /3 (puc. 9.10). ABONIIHLIM KPHTEPH:
€M CTOXSCYHUROCTH CTIVHIMT HAMHYMC TONGKHTISNBHONY IOKalarenn a CrexTpe
JIXTE cucremibl W, Kak cnejcrBhe, polRafd paMEPHOCTL NPHTRIWBAIOILETD
MHOXECTBA. C LENE OMpefe:ieHHHd pasMepiOCTH ATTPAKTOPA PICCUHTHIBANCH
nonHsi cnexrp JIXIT cucremer (9.5) BOons OPAMEBIX H3 AIOCKOCTH NapaMeT-
posB r = A0 ud = 2-107%, Bryrpn ofitacm, orpaHaveiiol Gudy pKauMOHHOR
nHHwMed {3, Tén coekrpa JIXIT coorsercrByet CrpamHOMy aTTPaKIOpY ¢ NANY-
HOBCKOA pasmepuoctsio Dy = 2,065 £ 5 - 1077 u nosoxctTenpHeM NANYHOB-
ckum liokazatestem 0,98 < Xy < 1,06. B rouke 7 = 40, ¢ = 2-10™* crexrp
JAXI preen: +1,032: 0,000; -15,491, vio COGIBETCTBYET paimepHOCTH
Dy =2,0666,

Brixoa w3 oGnactu cToxacmyyHocTd (Mepexo/y uepes NHHKD [3) CONpOBOXK:
naetca Gudypxaned s chexrpe JIXI, KOTOpuIft COCTOMT Teneps W3 TpeX OT-
PHAATENBHBIX NOKAAaTeNeRd, IT0 OBYCHORNEHO CMEHON XAPAKT2pAa YCTONMMBOC
TH CTAUHCHAPOB H BHe OudypPrauMOHHOR NHHUN [; TPaCKTOPHH CHCTEMbI TPH-



TRMHBIIOTCA K OZHOMY W3 WX, Oy viK (1. Ha puc. 1.10 oure ¢ e ncwirreyp-
HOW AETPHYECKOH DJHTPOIMER OTMCUMCHB CHMBONOM '+ (A > (), cmMBUNCM
-7 OMEYEHD TOYKH, CONTBETCTBY I0MIME YCTOAYMBbIM CTLIHGHADAM.

Pactionoxende ¥ xapaktep GiyprauMORHLIX nuiMi Ha puc. 9.10 rarnan-
HO CBHICTENBCTRYET O TOM, YIO ¢ POCTOM MAPUMETPA JHCCHILTHBHOR HETHHCT-
HOCTH o OBMacTs cyIEeCYBOBARHA ATTPAKTOPL JIOPCHIA B APOCTPANCTBE t1apa-
METIOB CHCTEMB TIOCTENEHHO YMCHBUIZCTCH, H B HTODE CTOXACTHNHOCTe WCHe-
38eT, YCTYMHB MCCTO PETYNAPHOMY aTTPAKIuUPY, KOTOPHM SRIFSTH BOTINKE-
HHe YCTOHSMBOID papHoBecnd. DTmemum, wro arrpakrop flopeia paspywsaet-
o8 NpA [QBHACHHKE 110 lapamespy d & peaynbTaze cepHM XapaxTepiinex Gugyp-
KAUH#, PeATHIYICHMXCA B OGPATHOM HODA/IKE B CPABHCHMH ¢ TIOCISIOBANE: b
HOCTRIO KPHTHUECKHX SBIICHMH, NPHEOSUHIX K KCCTKOMY DOMIEHAK J[1DPaK-
m™pa JlopeHua » Kinaccuieckel Mogean (7.8).

PaccMOTpHM BIIHARME JHCCHOATHBROR HEARHERNOCIH da GUpYPKALKE aTTpaK-
Topos 8 cHeTeMe {7.08). UHCReHMLIE JKCMCPHMEHTSL LpOBOBINKEL CleRyio
wHnm oBpazom. Qg swawrwi d = 0, g = 0,3, m = 0,2 naxopUicn oeHOBHOL upe-
oesbHedt HKIT cHCTEMLE 1T IIZPHOSA 271 M OCYHWCIBATOSH CIEKEIHE 32 Iu
MYNETHILIHKATOPAMA ¢ POCTOM napametpa o. [1pn ieHAICH Mupcankelil Brime
HPHCM CHAYANA OHOMATUMETPHYCCKOID, 8§ 3ITEM RBYIIPAMEIPHUCCRGIV 1HI-
NH3a YCTOMYMBOCTH ceMeiicTsa |-TakTHEX WHK:ton ).

PeaynsTarnt pacuetos TpedctasneHel Ha puc. 9.1, budynksuponMas -
MR {5, COOTBRTCIRYET YRBOeHHIw uMkia !y (MYIBMBAMKaop UMKIA Ka k-
M gy paped 1), nusms lo; — GudypxauMoIMas THHUN kparsocte. Rayr-
o CONACTH, OrpaMHMeHHOH JIMIMER [oy. CYWICCTRYIOT AN CAMOCTOS (2iLHMIX
cemeiictea 2-TarTHeX WHKNOB I o ['), GHYPKAWIOLHAE INATPAMMD! KOTO-
PHX RAYECTBENRC MNOBTOPAWT KapTHHY Ny l.rukrthoro wiknma by, Budyp
KBUMOHHAA KAPTHHA B YKAIZHHOM CMBIGTE NONCHHA TOL. KuTOpae noupo(Ho
olicyxaaiace NMPH LBYIAPEMETPHUSCKOM AHLNIIR ¥ PH IHICCKHX ARTEHHII R CHE
Teme (7.38) Ha MNOCKOCTH MAPEMETPOE T U &.

[tacienouatensnocin. Gudrypia-
UHR YABCCHMA R KaKOOTO CC-
MeficTBA  UKKIIOB  NpHBLOANT K
POXJERHID ATTPAKTOPAS B COOTBET-
MM ¢ 3akoHOM Perrenbayma.
Ha pie. 911 HaHecews JiMHMA
KPHTHMECKHX  JNAYeHMiT HapameT-
PoB [\, BHIUE KOTOPOH POKIAET-
CH OIHIT U3 AMPAKTOPUSE CHITEMBI
Ja cueT  Iakonnedsns  Oudyp-
Kaudii  y/IBOCHHA OCHOBHOTO ce-
MERCTBA IPCHTBHEIX UMKITIOB.

Ecan  neuratecr m3  obiac
CTOXICAYHOCTH 1 IAQCKOITH na-
PUMCTDOB il hpAMaH M1 = const

Fuc 9.1} bubypxatmonsas pmay-
PAMME Bl AIIOCKOCTH 043 AMCTPOR M K L 4 : A — -
J eucres (7.28) ¢ 2 4 6 a-10




8 crurony soapacranus o (pre. 9.11). 10 nocne; maan:u.lm IRpReeKanca Gu-
:bvpx.nnmnnm s ynsoowdi wsion nepuoya 2XT wimk = e |

ce il ooy Lo HMceT Mecto nncIonueate b HocTh  Stidypranndl  Cranzo-
anNuaIRus " mundﬂ. Mpn kaxank GudypaiME NEPROL WIKTE  YMEHb-
LWACTCA BABOS, # JAMEPIMEICH HPOLECE YITEHOLISHHEM A OGICTEME PEryaxp
X awroknieGaunil nepeona Ty, Ynennuetile napamMeTps MCOMIATHBHOA Ho-
AMEFHHOCTH o UPHBO.INT K PRIPYLICHENG CTPAHMOIO arTpaxIopa CHCTeAIk:. (IPpH-
WCM TIOCTICIOBATE TBHOCTE KPHTHYRCKKX MBNcHuAi NPy ITOM CTPOM COOTHET-
ciayst ofipatwnli nocicaosarenshocry Gudypraunii, B peyistare KOTOpHX
PONIALTCA CTPANHMA aTTPaxTOp. JIOKGITCHLCTROM ITOMY CLYXAT PCIYNbIA-
TH BHNHCHCHHA CXKOPOCTH NaxnimneHua Oudypkauni ynsoesnus nepHuna no
TAPAMETPY «f, KOTOPLIE CHHILICHMTBYIT O BRTIONHeHUH Takona Qeiirenlayma
c xoncTauToh § = 4.66920, .. f182].

Tlponece paspyieHRA SW-XACTHUHOUTH ¢ YBEIMRIWCM IAPAMCTPR THCCH-
NATHMIOK REMHEHNOUT MOXKHO HRBaiaTs M HOSICA0B3TS B DR IHUCCKOM
Kepepamerte. B o neanHefHOCTH MKk TepreThkt itiworo  peansHoro
VCWIRTCTH creNeth BIHAHR DACOUITHRHON HCGHCARGCTH 38BICHT 0T Nono-
weinn padouell TOMKH O XQPAKIRPHCIMKE, KOTOPOE MUNXHK) HIMCUNTH BHEUF
Hell peryndpomkoR YpOBRHA ROCTORHHOTO cMemtrms. HimeHAR yposenn oMo
WY W chiela isieM OBpajoM RonepAMBAN TOCTOAHHBIM KOXpGHIDIEHT
YCHACHHR OCHOBHOTY YCWIHTEIN TEHEPATOPa, B QMIHVECKOM JKCOepHMEHTE
MONHO FN2BHO BADRHPOBATE CTEUCHL AMKMAHNA HONHMeRHOrO YWacTKa XApax-
TEPHCTEKK S{X). YTO COOTBETCTRYET WIMCHEHMIO mapameTpd o TsaTemMaTHIRC
Koit moaens (7.25).

IxcoepaeHTN TOKAILIN, YTO APH YMCHLICHMK VPOBHA NTPHIATENLHOIC
CMEEHHY  (YREIMICHHE CTENSHH BIMMHMA JUHCCHTATHAHOH HeTMHERROCH )
HaliinaescA paIpYIcHME CIPAHNOTO ATTPAKTOpE. BHauaie yseiuwateacrca
TAKTHOCTD TTEHTH ATTPIKTOPY, 3aTeM DMKCHpYercx B-TAKTHMA uMK!, danee -
O RORMICHRHOCTE Guypratni  TYRONOBMHHBRAHMAT NEPHONRA, IMBCpinaw-
HBHCR OEPEXOIOM B PoAMM 1-TaKTHbX KonelBarMil. IxcnepuMeHTansHbie pe-
By AMEATH NOTHOCIEG AUAIOTATHN MI03pIKEHHLIM Ha puc. 8.2, eciu Hx pac-
CMATPIBSTH B HANPUSSICHMA Y MERDIUCHKA Mapamerpe m [182],

Npoacnentibie TUGICHHLIC R IKCICPUMEHTICIBHBE HCCTICNONAHHA BIMAHUA
HACCENATUBHOA HCIMNCHHOCIXN 1A IMMAMHKY KOHKPCTHMBMX CHCTOM ¢ DaXiHY-
HuMH By PRELHONHMMA  MEXAHHIMEMH POXKICHEN CTPAHHOIO ATTPAKTODE
CBRIETRIINCTEY IO O TOM. W10 MMCCRHMWTHBHAR WenWHeRHOCTL pRIpylwuser pe-
AHM CTOXACTHHHOCTH. B voenu Jiopeiita 310 NpUBOAMT K TePeXONY B CTANHO-
HupHOS COUTORMIIC, R IPHSpaTUPE C WHCPUMOHNON HenHueHnOCTMO — K YCYOR-
MpsM 1-TaKTHEM KoneDamuasm. Budypkaumomrsie MEeXAHMIMB PAIPYILICHHA
CTOXACTHWHOCTH B PICCMOTPEHHMX MOAENEX CIPOTO COOTBEICTBYWT TiM, B
PEIYILTATE KOTOPRIX CTOXACTHYHOCTD BOIHHK 2T, OOHAKO C POCTOM Mapamer-
pa DMCCHIATHRHOH HOAWHCHHOCIM YKIJWHHEIE MEXSMMIMLL PeRIHIYRICH & 06

PATHOM NOPANKE.



I'NABA IO

MEXAHH3MH OBPA30OBAHHA, CTPYKTYPA
A CBOACTBA KBA3HATIPAKTOPOB

H TOMOKJIHHHMECKHE TPAEKTOPHH
ABTOHOMHOH MOJIEJIM TEHEPATOPA

10.]. lanamixa reHepaTOpa B OXPECTHOCTH FOMOKTHHMICCKOR TPICKTOPHH
THTIA IETH CenapaTphenl ceuto-goxyca

[TpRHLUHNMATLHO RANHYI0 POITh B NOHHMAaHHH CTOMHOCTH MHIAMHUSCKEX AB-
JIeHHH B CHCTEMAX C KBAI3HTHNEPOOsHYECKHMH CBOACTBAMM WIpAOT, K4K yXe
CTMEYANOCE BHIUIE, ZOMONAURUYECKUE TPAEKTOPUU, BOIHMKAWIUNS B GKDCI-
HOCTH CeVIOBDBIX TEPHOIHYMECKHX UBHKSIBIH WITH CeO0BBIX TOYEK pasHoORe-
cHR, TOMOKTHHHYECKHE TPaeKTOPHH (YOUKH)} Kak pedynwraT rpyBoro mepece-
JeHHA YCTORYMBRIX H HEYCTOHWMBBIX MIOTOOBpAsHR CEMIOBLIX UMKIOB (YCTOR-
THBBIX H HEYCTOHUMBLIX CENapaTpHC CEVTOBHIX HEMONRHMKHEIX TOMEK ) CO BpeMe-
Hil OTKPLITHA H H3IyueHHA HX A. MMyankape, I'. Bupkrogom i C. Cmeftnom cny-
AT CBOETD PONA CHrHANOM Gedcrsus, NpeABEialoiuMM BOIMOKHOCT CI0XKIHO-
IV ANEPHCHHMECKOTO [RHXEHHA CHLYeMbl, M3 CYILECTRUBAHMA TOMOIGIMHHYCC-
KUX TPaeKTOpPHIt (pH HeKOTODHX OONOMMHTENLHLIX MPEANOIOKEHHAX CTPOro
CEYET HANHYHE B HX OKPECTHOCTH CUCTHOIO MHOXECTBA YCTOHUHBLIX W HeyC
TOAYMBLIX TIEPHODAUCCKHX TPACKTOPHA PIIMHYHBIX NEPHOJIOB. BKIIOWIH KOH-
THHYYM TPacKTOpPHHA, YCroHuMBBIX No Tlyaccomy.

He Oyzet GonbiioW onMBxkOH cuMYars, W10 FOMOKSIHHMYECKAH IPACKTOPHA
He30ekHO NOPOXNAET B CBOEil OKPECTHOCTH [0 Uapamerpas # $aloubuiM Ko-
UPUKHATAM  KBAMATYPaKTOpsl. TIO3TOMY NOKA3aTENKCTYBO CYLLECTBOBAHHA [O-
MOKJIHHHYECKHX TOUEK H TPAGKTOPHA B AMHAMMUECKHX CHCTEMAX ABIAETCH
Se1YCNORHO hyHIAMENTANEHBIM 1ATOM B HCCEOBAHHR CTOXACTH'HOCTH K MO-
HeT DACCMATPHBATLCH B KANCCSBE ee KpHTepua. Crporoe ofacHoBaNHE HA Y pOb-
e TeopeMel NPoGieMsl CYINCCTBOBAKMA NOMOIJTHHHYECKHX TPAeKTUDHI B TH-
LSMHYCCKHX CHCTeMax OGIMEr0 BHAAZ H TeM CAMBIM JOKJI3ATEILCTRO HANIEYHA
CUATHOTO YHOTA UHKAOB -~ 330a43, IOKd He peIlleHHaA. B ¢BAH I ITHM B KOHK-
BCTHRIX  C1yvadXx HeoBixomMo noiberars K NOMOUM  UHCTEHHBIX JKCMe-
PHMEHTO N,

MHOTOCTOPOHHHH  IKCIEPHMEHTATRHLIA AHATH3 MEXAHHIMOB BO3IMKHOUS-
HHH ¥ TOOONOrHYCCKON CTPYKTYPhl XA0THYECKHX ITPHTATHRIKILMX MHOKECTR
5 MOGIDHIHPORAHHOM IEHEPATOPE C MHEePLUHOHHOH HeilMHeHHOCTSI0 OBOCHO-
HAHHO DPHBOMHT K MBIGIH O CYUECTBOBAHHY B ABTOHOMIOH HHHAMMYECKOM
CHOTEME TOMOKTIHHH'WRCKOH TPACKTOPHH TMIA RETAN CEMIPATHUCHT COCTORRUR
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pasnoeecus. OnnaKo, Xak HETPYOHO NOKLath, B cHeTeme (7.38) nerns cena-
paTpucl celo-doKyca 5 Havane KOOPIHHAT He pexiTH3yerca!

Aencrenreisio, ocobas JONKA CHCTEME! XapaKTrepHIYCTCH DEYMEpPHHIM He-
YCIOHUHMBLIM M OJHOMCPHRIM YCTORUMBBIM MHOTOOOPEIHAMH. 3aMCHHM BpeMa
B (7.38) Ha ofbparuoe ¥ 3anapam HavansHere yonosHg x(0) =y (0} =0, z2(0) >
> 0 Ha OHOMEPHOM HEYCTOHUMBOM MHODOOGDAIHK. HiterpMposaHie CHCTEMM
DOATBEPOHT YXOU TPacKTOPMH Ha GeckoHeyHocTe ABONe oc 2. M3 ypasHenui
(7.38) cienyer, 4ro z(r) = z(0)expigr). Tpackropua 1pu 1 - * B ocobiyw
rouKY He BO3Bpaulaercal

Niposenem apyreit skcuepumcHt. Bynmem eurerpupoBate cucremy (7.38)
B MPAMOM BpPeMeHH C HAVANLHAIMM YCIOBHAMM M3 NEHTOUHOM ATIPAKTOpe
H OBHraTRCA NO NIOCKOCTH TapamerpoB B ofnacts HauGosnee paspuToi cro-
XACTHYHOCTM, YMeHBUAA Mapamerp g N ysennuasan m (puc. 7.8). [Ipu uHter-
PHpPOBAHHM Ha GOsBUMX BpcmeHax obecnewM pericrpauso BenHMHLI R, —
HOHMEHBIDEYO DPACCTORMHEA (asosoil TOUKYW O1 O/IHOMEPHOTO . YCTOHNHBOIO
MHOTOOGpaHA cHcTemur (OcH NepeMcHHON 2}, Peayintarel pacueros chepywo-
me:

m=1,16, g=03 - Rpin=0.13;
m=145 g=021 - Ruin=053-1071;
m=245 g=0,] - Rpia =028 -107";
m=38 g=006—Rym=046-10"%,

da30pad TPAEKTOPHA B PEAHME Pa3BHTCH CTOXACTHYHOCTH XOTA H He Kacaer-
CH CIPoro OCHM 2z, ONHAKO MICAXOMMT K HeH ckonb yromuo Gnnsxo. Npw srom
OTMEYaeTCH HeperyRApHaA BO BpeMEHH BO3IBPAMAEMOCTh TPACKTOPHH B Ma-
Y1 OKPECTHOCTD 0coB0A TowKH B Hyne. [letnH cemno-poxKyca Her, HO CHIYR
nust pecrma GnHaxan!

Boamicaer ecrecrseHHas rHLOTE3d: DETNA CENApATPHCR cemno-pokyca cy-
WECTBYET B HEKOTOPOH BOIMYUICHHOA CHCYEME, TIOPOXKAAA ¢¢ XAOTHICCKOE H10-
pefeHHe. CHATHE BOIMYIIEHHN NPHBOIKT K HCYECIHOBEHHIO CAMON NMETRH, HO
CTPYKTYpa pasfuednsn $ajosoro NpoCTPAaHCTBA HA TPAEKTOPHH OCT2eTCH BBH-
ay rpyGocri cucrembl. YroBbt NOMIBEPIHTE 3TH COOGPIKEHHNA, HYXKHO Onpe-
OenHTh BHA ¢1a60 BOIMYIIEHHOH CHCTEME, NOKA3ATH HAMKYME B HeH MeTnK ce-
MAPATPHCH CEIIO-POKYCA, BLINCHHTL CTPYKIYPY BITPAKTOPOB H HIYUHTL HX
3PONIONMIC NPH CHATHA BOIMYWEHHA. PelnerMe yxa3aHHOW 3afauM HEOIHO-
IHAYHO, HO 8 CHNY CpOHCTBA rpyBOCIH KOHKPeIMEN BHA M0N0 BO3MYLIE-
HHA He AOTDKEH HMETh MPHHUMTHANBHOTO JHANCHAN.

JoGapum BO BTOPOC YpaBHCHHE HCXONHOH cHcTembt (7.38) nocromHmMbii
NONONCHTENBHEHE WICH 7Y H PacCMOTPHM BOIMYIIEHHYI0 TAKHM Crocotiom cac-
remy [13):

E=mxty-xz, ypm-x+y, i=-gz+gl(x)x*. (10.1)

OcoGan rouka noroxa (0.1} no-nmpexHeMmy e/HHCTRCHHE, CHEIKA CMELICHA
OTHOCHTENLHO HAYANG KOOPIMHAT H nmpeacrasnser coboft cemno-poxyc. Ee
xooprwHata: x° = v, y® = y(y* - m), 2° = ¥, Cocroanue papHOBeCHA B BOI-
mymeutont arcreme (10.1) ana m > 0 xapaKrepuayerca GEYMepHBIM Heycrol-
YHBRM H OJHOMEDHLIM YCTOMMHBBIM MHOTOOGpaaMaMH. JINA HAXOMIEHHA
versin 1§ B yPABHCHHAX CHCTEMBI NPOM3BENEM 3aMCHY BPEMEHH Ha OGpaTHoe



1 € RAYUIBHLIMMA YCGIOBHAMH Ha OJIHOMEPHOM HEYCTORMAROM MHOIOOGpaIHM
peliAM MHOTOKPpaTHO 3agavy Koumd Ans ¢mxcrposaumnro g = 0,3 ¥ pasany-
upix #t W Y. Botbpap manoe suavete ¥ = 0,1, madgem GudypranHoHHYI0 TOUKY
m” = 1,176..., 8 KOTOPOH peanMiyerca onnoobxoHas neTan ceano-hoxyca
I'}. TpexmepHoe #30BPIXEHHE IBOSKOACHMITOTHYECKOH TpacKTopkl 1 4 ee
NPOCKIMH Ha NSe IWIOCKOCTH Mpeicrapiensl Ka puc. 10.1. Tpaextopur I}
uerpyGaf, H W1g m > m” NeniA paspywacIcd o cropody A, amgiam < m* -
1 CTPOHY B B cOOTBeTCTHMM ¢ 0G03HayeHHAMM HA pHc. 5.3,

NpoBeseM WCICHHO NHBYNAPAMETPHYECKMI aHAAWMI GHOYPKAHOHHLIX ABJIE-
uhil 8 cuereme (10.1), NOCTPOMB Ha MIOCKOCTH NAPAMETPOB Mt M § OCHOBHBIE
OitchyY PKAMMOHHE®  JIHHHW KOPA3MEPHOCTH | Inf GMKCHPOBAHHONO IHAYCHHA
. =0,1. BrdypxkaloHHsa THArpaMMa CHCTEMEI NIAHA Ha puc. 10.2 H coftepxir
WHHo Budypramd AHpoHosa ~ Xonda lgg, THHHH YABROSHHR nepuoma /o
1 KPATHOCTM [o7 INA OCHOBHOTD ceMEACTBA UMKIOBR. PACRONONXEHHE YKa3aH-
N1IX OupypPKEUMOHHBIX THHKA HA IMOCKOCTH DAPAMETPOR KaWECTBCHHO HE OT-
JIHYATCA OT COOTBETCTBYIOIMCA DMarpaMMiul cictemi (7.38), ceuperenscrnys
o rpyGocm nocnendeil B OTHOWEHHH MANIONO BOAMYINEHHA HoTOKA, OTInaMn
CCTh B OTKITOHEHMH NWHMK GWdypraumn poxiienss uHkia foy O HpAMOR m =
= 0. B HEKOTOPOM YBETHYeHHM Gucby prauMOMHIMX FHAVCHMHA napamerpa m npu
YUBOCHHAX H PRCWMPEHHR 30HM yasoehmfi no napamerpy g (cp. oHarpaMmy
na puc. 7.8). OrHOCHTENBMOE NONONXEHNE NHHHH KPHTHICCKHX JHavYeHWIl napa.
METPOS /o, Ha JHArpaMMe TRIOKE COXPAHHNOCS.

Ha miarpamme Hanecens cucrema GudypiauMOHHEIX NHHMIL, XapaKrepusy-
OUMX KPHTHUCCKHE RBACHHS B OTHOUMHMH COCTOSHHA PABROBECHA. JlHHMA
L,', oThevaer yonopMio cymecrsopaHua 8 {10.1) Jdaoaxoscumnroruvecxol
TpaextOpHN ['); nmins m > 2 pasrpamuamsacT ofitacty, rie 0coGan TONKE CHO
TEMBl AWTHETCH HEYCTORUWHBBIM cemmo-poxycom {m < 1) u MeycTORWMBLM
cenom {m > 2); yKasaHsl TAKXKE NEHMK OOp2uieHMA B HYNb CCDIOBMX Pe-
THYHH COCTOSHHA PABHOBECHA 0 W 03 (3.24). Pacverm csmagrenncrayior,
4T0 Ha GYPKRUHOHHON /MHMK [ COIOBEA BENHWMHA ¢y OCOGOA TOUKM CHC-
Tembl (10.1), 3aIMCaHHOR B COOTBETCTBHH ¢ TeOpemoi lilwnbHukosa & obpar-
HOM BpEMEHH, OTTHYHA OT HYNs W OrpHuarensHa. {lemna sanaercAa He onac-
Koii! CnenoBaTenitho, MPH e¢ paIpyileHHH B CTYPOHY A, 410 COOTBETCTBYET Ne-
PeCceNeHHI0 IMHKE 1) CHW3Y BBepX NO NMAPAMETPY m, JOTXEH POXNATRCA EHR-
CTeeHHpI yeroAgunamt uMKn, Pacuetst 310 nomreepxnalor.

Luxn poxaqiactch npH OdeHb MANKIX OTKIIOHEHHAX MAPAMETPOR OT JTHHHM
I, 8 cTpoHy A4 M B y3xoil ofinactn 3uaueHMi NapamMeTpos NPETCprenasT Hanee
Oudypkawin ynpoewna. B uexonHoit cucreme (10.1) (B npamMoOM spemMens)
POXIAWUMACKE H3 NETRH CEMAPATPHCH! IMKIT AGCONIOTHO HEYCTOHYHE W IBOMI0-
HHOHHPYET MO HRPaMETPY B CEWIONOR YABOCHHOID MEPHORA,

Prc. 10.2 BiniouaeT ewe opny GudypxaunoHHyw IHH0 /2, oTBEwIOULYI0
cywecrsosaiiw Gonee cioxiodl dsyxolixoduod DETNH cenapaTpMchl CemIO-
doxyca I'3. Ha 310l nunuu Heycroiumsoe MuorooGpace 00060l TOYKH, IPeXIe
YEM JAMKHYTLCA, Aenaet OBa oGoporta sGmmau ocxosHoi neram I'f. C nomo6-
HblMH HRMNEHHAMH Boe SONCe YAaCTO NPHXOMMTCH CTA/IKHBATLCA MPH PELUCHHH
KOHKpeTHbiX 3apay  [125-127). Budypxaunonnan muwns I3 Geper Hauano
8 Ondypxaumuonnoli Touke (@ KOpasMepHOCTH 2 W HanpasneHa B 067acre, rie
Jeofan TOYKa CHCTEMA! ABNHETCR HeyCTOMMMBLIM cenno-QoKycoM. YucichHnii
avanwa poBneMsl CYURCIBOB2ZHRA MHONOOGXOMMMX NHeTeily wcuaparpiuc [y
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Puc. 102 5.ohypKausoUNSY CRANpamma wis cuctess {10.1)



W KPHTHHECKHMX ABNCHWA B HMX OKPECTHOCTH YPCIBLIMIKHO 3RTPYLHEM, TaKk Kak
p y3KOI oBnacTH aHaverMil mapaMerTpoB peanilyercH BeCKOHENHOE MHOXECTBO
Ouihy pRAAR, H3 KOTODBIX OCHOBHYID HETDHATHOCTE: UPEACTARNANT BHPYpKa-
AR pOXAeHHA (THOGENH) LMKNOB BBHOY HX XCCTKOro xapaxrepd. [o-BHikmo-
My. cywiecrayer GeckoHednoe mHoxecrso ferenn I'f. u3 Kotophix poxaactes
COOTBETCTBYIOIIEE MHOXECTBO MHOTOOGOPOTHBIX UHKNOB, lp2TeplicRATOUIHX
KACKIAB PAXIHIHBIX OHYpKaunii.

B COOTBETCTBHMH ¢ NOJIyd4eHHBIM palbgeHKeM [TPOCTPAHCTRA NAPAMETPOB CHC-
TeMbl TIPOBEIIEM HCUTEAOBAHHE pexMMOB xoneGaHni. Ecni asHraTsca no tapa-
MEIDY P1 B CCUEHHAX g = CONSt BBEpPX, OCTABANCH HHXE NNHHHH OMHOOGXO0MHOM
NeTH £, 10 PHKCHPYETCH NOCTIEADBATENBHOCTE G Y PKAUMA YBOCHHS nepHo-
12 N0 OTHOLICHHI K OCHOBHOMY CeMeHCTBY umknos. Ha nunmm 1, poxmaer-
ca arTpaxtop QeiirenBayma, KOTOPEIA Jance IBONOUHORMPYET ¢ YMEHBUIEHHEM
TAKTHOCTH NIEHTHL, KPHIHCAMH H NepemMexaemMocTeio. JliHaMuka cicrembr (10.1)
TOIONOMHYECKH JKBHBAEHTHa PACCMOTPEHHOH NPHMEHHTEILHO K fEPBOH 30He
xanca 6 cucreme (7.38). Bonee toro, BHO $a3oBuiX MOPTPETOB KONeGaHHi W
pacripenieieHHe WHTEHCHBHOCTH 110 CTIEKTDY MPAKTHYECKH He OTHHYAITCA OT Ho-
“y4eHHBIX B IKCTIEDHMEHTAX ¢ HEBOIMYIIEHHON CHCTEMON. M3yuenne pexmmon
X30THYECKHX KONeBaHKiE B nocneHed nano [ae 30HE) CTOXACTHYHOCTH Ha IO
KOCTH NapameTpoB 7t M g (pic. 8.5), HO MoapoGHO aHATHIHPOBANACH CTPYKTY-
P2 M CBOHCTBA aITPaKYOpos /MHMWL B NepBoi (MMxHeR) aoHe. Tenanocs 510
COIHATENBHO, TAK KaK pa3obpaThCy B MeXaHHIMAX BOSHMKHOBEHHA CTOXACTHY-
HOCTH BTOPOH 30HBI 0€3 H3YHYeHWA PONH OMOIKITHHHYECKHX TPaeKTOPHA He
NPCOCTABNANOCE BOIMONKHBIM,

Obcymum manamuky cueremsl (10.1) 8 oxpecrHocT™M paspymiamomieics
nerny cenaparpichl I'h. TIpH ManoM OTKNOHEHHM 3HAYEHHH NapameTpoB OT
NHHMH /), BHU3 HHTCIPHPOBaHWE ¢ HAYILHBIMM YCIOBHMAMH HA REYCTONMBOM
UHEITE, PORIAIIEMCA HI NETNH, CBHOETENLCTBOBANO O XKECTKOM [epeKioye-
HHH CHCTEMBL HA PEXMM OBYXTAKTHOR JeHTBI aTTpakTopa QedirenGiayma. B ox-
pecthocTH metnH I§ cHeUNdHYECKOTO NPATAIMBAIOWENO IHNEPGONHYECKOTO
MHOXKECTBA TPaEKTOPUA He OGHAPYIHBANOCh, YTO CAMOCTE/ILCIBYET B MOMb3Y
nokaneHod reopemsl linbikopa. THmHuHOE OpHOMepHOe 0TOBpaXeHHe NOC-
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Py . 10.3. Monemuste 0TobpaxeHHa NOCHEOOBEHHA JUTA KBAINATIPIKTOPOR CHCTCMb
t10.1). cooThercrByOLUME OXPECTHOCTH NPTITH §) B OGNACTY JHAYCHHA NSPAMCTOON HDKe
nuiuR i) (2) n BBILIE CE (5)
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AeurmaimA NuAoGNOIo arrpaKToPa fpHeedeHy Ha pHc. 10.33 M MMECT 3HAKO-
MBI SUHA ERATKOH KpaLpaiuiod napabonk.

C yBeMuIHACM JHIUCHHA NapameTpa 71 (yaaieHue OF HuHWH 1) Brepx)
BOINHKAIT ATTPAKTOPHL HECKOJBKO OTIMUHOH CTPYKTYpsl. Bur camux npurs-
FHBAIDWHX MHIXECIB YC10XIgeTed, GalORBE YPICKTOPHM CraHoefircd Govlee
Heperyi® phsivg. [JTOMHUMO XaoTHUSCKOH MOAYNMUMH EMICIHTYAM PerdcIPH-
pYIICE CAyuaiHple cBoM daapl woneSaimA (cnyysAHBA XapakTep nocienn-
BITEIBHOCTH BpeMeH BOZBPATE TPALKTOPHH B CEKYILYX IIOCKOCTE). B Monens
HBIX omﬁpa:mlmsx NOCIHCUCBAWAR  HADYLIWLTCS [MAAKOCTs W TNORBIAICH
paaptiast. Kax npashio, GukcepyloTen Goilee cHiIBHOE NepeMeILBalHE W pOCT
L HITYHOBCKOA pasMepPHOCTH.

Ha puc. 10.37 npeAcrarneso THIYHOS MOACMLHOE OTOGPAKEHHE ATTPAK VO~
pa B 262ACTH 3HINEHMI IIAPAMETPOR BAIIC THHKHH /). BuneH XapakrepHmd pas-
phie B OTOGPAMCINE, NpPHYEM TOMKH ), W g3, NPAHANICKAIIKE NOKINLHOH OK-
PECTHOCTM DCTAK, B OTMYNE OT nyvas Ha puc. 10.3a, 3nech BKILIOYEHbL B AT
TPaKTOpP. 370 AoKaielzaer (EKT XaOTHYECKOrO HO BPEMEHH BOIBpaTa (aizo-
BOH TPACKTOPHH B HUKAIBHYID OKPECTHOCTh PEIPYILMBINEHCH NETIH CenapaTpy-
cut ceito-hoxyca. B oxpecrioct neinn M30GpLKAOIAR TOUKE 3aMEIAET
CKOPOCTL MBMMEHMA [PH MOAXORE K COCTORHMIO PABHOBECHA (Ha meme cxo-
pocTh BETIHIM GRILTa CTPEMHTCA K HYN10), BCNEACTRRE Yero W noAsnnerca oboi
B Gaze xcieGarterbHOTO NPOUECECa; 38TEM CNEAYEY OTHOCHTENBHO PABHOMED-
oe BpauieHHe {BHNEHHE TIO CIMPANH ¢ MOIYARNMEA AMIUTHTYIbI), KOTOpOe
HpH HOBOM Hoaxvnr K 0COBOR TOYKE BHOBbL HCMLITHBIBECT PCIK0e MMEVIEHHE,
1A

Ecne emd Sansule ABMraTbeH [0 NADAMETPY M OT SIMHHH POXICHHA OETIH
[}, TO B JABMCHMOCTH OT HAYAIBHBIX YCHOBHH PeATHIYETCH GeCKOHEUHOE MHO-

GrEIA506 TR WTZ

P uc. 104 [dpyMmeplsie Mpoexuus avsol TRACKTOR UM (d) M BPEMOHHLIE JARHCHMOCTH
yir).x(r) (8) armpaxTopa llnwiskukosz » oncTeme (7.38) (m=1 452 = 0.3)



P ie 10.5. O6mu# pun atTpaxropa lunsunkora puc. 10.4 B " TpexMepHOM™ rI08p RxceHHH

HECTBO PEryNApHMX H CTPAHHBIX ATTPAKTOPCR, CTPYKTYPY H CBOMCTEA KOTO-
PbIX BO MHOTOM €L MPeLCTOUT HCCEAOBATS.

Onscanivan GudypKaunA aTTPAKTOPOR B OKPECIHOCTH paspriunsuieiicn ter-
M4 cepno-goxyca Bbia OTMedeHz B pafie WMcTIEHHEIX PaBOT H AHANHIHPOBAIACK
KJIK Tepexoi OT Xaoca CrupaabHO20 THItA (NEHTOWMBIA arrpaxIop) X Xaocy
SUHTOG020 THNMA (ATTPAKTOP €O CAYYARHOR MOMYTAUMEH AaMITHTYABL H dasn
konebami Hnu arrpaxrop Wuasnukoea). UnciieRnpe M GHIHIECKHE dKCe-
PHMEHTH YOEIHTENBHO MOATREPIUTH, W0 MPH CTPEMICHHK ¥ K Hylo, KOrga
HCueIAeT TOMOKTIMHRYCCKRA TpaektOopHst Iy # cucrema (10.1) nepexonur s
(7.38), Bce onucanube shaue GudypkauMR W cpoiicTa aTTPaKTOpOB BTOPUH
IOHBI COXPAHAIOTCH.

B xavectse npumeps Ha puc. 10.4 n 10.5 npencrasnens npoerimH aic-
BOH TPBEKTUDHH, UTPE3KH BPEMCHHBIX PEANHIAUHA W OBWMA BAN arrpakropa
WunsiHkoBa B cucreme (7.38). nonyueHHme WHCneHHO 1A IHaveWuH napa-
METPOB M3 BTOPOH 5OHM CTOXaCTHYHOCTH. Ha ¢ome xaotHueckon AMIMMTYIC
HOR MOLYNALKA BHIMBI HEPETYNADHO CheMyiouHe BO BpemeHK cfion drasw,
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RADBBIHHLIR JuMCIMEHHCM B OKpecTiecTd ocoBol tourd. (Tamemm, Jro aTrpax-
TOP BHHIOBOIO TAHa B HATYPHBIX IKCHEPNMEHIRY. KOO/ iICBOIMOKEN AHATHA
HerpyBBIX TOMOKNWHHYECKHX TPACKTOPHI, NerKo MOKHO (IPAHATL 33 Mepe
MENAEMOCTB, TAK KaK MBHXCHNE Ha “criapansHofd™ dade xoneGuarnii no siems.
HeMY BHIY H3CT0 HANOMMHACY NaMHHapHyw dasy npu xacareisnoh Gudypkas
nHH (puc. 10.4).

Urolni OKOHYATENBHO YBCIHTLCH B TOM, YTO YHRHYRBIC pexHMbl KoncGaro
B cucremax (71.38) u (10.1) TONDIOTHYECKH IKBEBATCHTHB, MOPATHMCA K pe.
AYJBTALAM WHCICHHMX H $RaHvecknx axcliepumenton. Ha pue. 10.6 npeacras.
JEHBL Pe3yNIbTATH WHTCIPHPOBAHMA cHevemel (7.38) ® poxnme NeHTOUHOTO
ATFPAKTIOp), HANICCYPHPYIOIME PRIBHTYI0 CTOXACTHMHOCTE NepBOW 30MM. Bue
GSopom 3HaueHdi npametpos m = 1i7. g =0,3. v = 0,1 a npi yex xe Hawne
Hux yenospax x{0) = 3.5, »(0) = 0, 2(0) = 1,0 B poamyweHnol cHcTeMe
(10.1} yaoaercA peaIn3IOBATL PEAGIM XAOTHYCCKHX KonebGaumi, fipaKTHwecKM
He OTAHYAWMLUMACK 01 HWioBpaxeHiory Ha pue. 10.6. Yrcro sHertuee CXOACTRO
PEAHMOE [IBHNECHHA TIONYBEe PXIACTCA NeTanshbiMH pacyetamsl {§3}: coextpu
JIXI, asrokoppenmiis B Gypbe-cTeKTPh! PEXHMOB KONHYeCTBAHHO GHaKu.
OGumi BaD xaoTueckoro arrpakropa puc. 10.6 npencrasned Ha puc. 10.7.

JKCNepHMEHTH HE  PaIMOBHIHWCCKOM TEHEPATOPE YBEPERHO MO3BOAARR
Halnnate X3OTHYECKHE ATYPAKTOPL! NEpsoil W BTOPOH 30K, & MPH CHCUMRIL-
Hom ehillope HaNpABNCHMA ABMKEHHMA HO MNOCKOCTH YHPABNAIOIUMX NApAMET-
POB — TAABIENE NEPEXO] OT JICHICMHUOIO arrpexrops k arrpaxropy Ubwrewu-
xoBa. HX TOTIOROIMUSCKAA CTPYKTYPR KANCCTBEHHO OOOTBETCTBYET AAHHBIM
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Puc (06 HOeymepine npoexand drioaon TACKTOPHH (2} K BpeMlHEle JURNCAMOCTH
J_rg;.'x(r) {5) X30THIECKOID RTTPAKTOPA NePBOR 30HW B cHcTeMe (738} (m = |5, ¢ =
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Prc. 10.7. OGnd sua JieHTONIGEO aripaktops pitc. L0 B Ipexatoprom ™ moBpoKkesii

SHCTEHHBIX IKCNepMenTon. JUIA WulICTPauMHd CKa3aHHoro Ha puc. 10.8 apu-
SCAEHBL NPOCKUMH JIEHTOVMOrG ATFPAKTOPA HA OAOCKOCTH NEPEMEHHBIX X, ¥
# X, 2. CHOIOTPahH POBAHMEIC € IKPaHA OCUMAIOTPacha. CPaBHEHHE IK CIIC PHMEN-
TwibHBIX H pAcReTHBIX TPaeK TOpHit ¢ roMoxaHHHueckoi Tpaexropseii 'y u co-
UTBEICTBYOlUAX ce Irpuekunii Ha IKOcKkoCcTH (puc. 1014, 4) He ocTaBnser
COMHEHMA 8 Onelke (YHIaMeNTAIRSCR pONH NMETNM cenaparpicsl ceno-do-
KYCa B CTPYKTYT¢ Habjo/1a¢ MAIX STTPAKTOPOR B PRCLIM PEHHONH €€ OKPECTHOCTH.

Ontodl H3 HaHBO/ (e BEPORTILIX NPHYHH NANLHEANIEr0 HIMEHCHHN Xapak-
regm anToko elaHni ABNRETCH HAMN'ME MHOZOOOXOOHbIX DRICHE CEUBPETPHC
To B xax ciencyene - Gonec cNOXMAA CTPYKTYPA MPHTATHBAOUIMX MHOXECTD
B a0BOM FIPOCTPIHCTBE CHCTI MBI B BX OK DECTHOCTH.

Kax CBA3aTL MONYUWCHHBIC PE3YILTITM C BLIBOJAMM TCOPHH O AKOHOMCP-
HOCTAX JITHAMHKH SICTEAE ¢ HerpyGOH TOMOKITHHHYECKOH KPHMBOH ceiio-go-
Kyca? YHCICHHBE IKCIEPHMEHTR) C CHeTCnMOl PEccnepa w pasoOM ApYrHX CHe-
TOM  KACAHHCh KIIACCHYECKOH CHTYaUAM, KOraa netas coano-poxyca Gulia
ongerodt (0, > 0) [125. 126]. Catm 08ST0ATeARCTROM ABTOPBI YKAIZHHBIX
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Puec. 10.8. lpoekunn dainsolt TPacKTOPHH JCHTOUMHOTY ATIPUKTOPA HA TUIOCKOCTH fe-
PeMEHMMX X, ¥ (@) WX, 2 (8) (pHawveckul axciepument. m= L3, g = 0.2)

paboT ecrecTBeHHLIM 00Pa30M CBRIWBANH MOABIcHHE BWHTOBOTO Xaoca. To,
YTQ B YKAZAHHBIX IKCIEPHMERTaX CTPAHMELE aTTPAKTRp NOKWILHO B OKpecr-
HOCTH pPa3PYIHBUMEHACH NETIH HE PETUCTPHPOBANCH, HE BRIIHBANC CCPLEIHLIX
BONpOcOs: reopemd IBIBHIKOBA HE MAPsHTHPYET TOI0, YT manepbonuyeckoe
nogMHOXecTRO BB Nenn Bynst UpuTATHRAOLIMM. B HYOre, CrICLMAN BHLX
HCCTIENOBAHKA MO HIYUHMD CTPYKTVPL H CHOACTE HERPHTHATHBAKILETO rMOeD-
BONHYECKOTO NOUMHOXCCTBA B DKPECTHOCTH OfacHOR Newii He OPOBOIWIOCE.
He BCIOIK0MEHO, NTO aHANH3 JHHAMHKK CHCT2M IpH YOAICHHH NO NApaMerpam
OT JIMHHH CYUICTBOBEHHA MeTnH UOTpeGyeTr NpHBNEYCHHA CYWIECTBEHHO He-
JAOKUIBHOIO MoOxoia K npolneme. B 3T0M HAMpEBieHHH YXKe NOAYYEHEL He-
KOTOpw: 0GHanewHpalowMe pesynsrarat [13.127],

BedycsioBHO ACHO MWL TO, YTO FOMOIGIHHHYECKHE TPASKTOPHEM THMID cena-
PATPHCHBIX NETeNs BHE JABHGRMOCTH OT 3HaKa CeIOBOH BEnHWMHM ocoBoi
TOYKH HIPuioT GYHIAMCHTUILHY) DONTh B MeXaHN3IMaX oGpazopaHus KBa3H-
aTrpaKkTopoB. KOHCTPYKTHBHBIX TCOPSTMUECKHX P2IYIALTATOR, CNMOCOOHLIX B
Oonee oOuUMX CiyUIREX ONHCUTS TMHAMHYECKHE CBOHCTSA CHCTEM C FOMOKITHHN-
YECKHMH TPIEKIODHAMA THND LETMH cenno-hoKyca, MOKHO OXKIATSH, PAIBH-
BAA KNACCHYeCKM MOixoA JUINNLHHKOBE Ha CIYVaR HECKOSKHX MApaMETpoB,
T£. MCChe Ay CHYPKAUROHHEIE CHTYSIHH KOPAIMEPHOCTH 2 H BbIlnE.

10.2. Porys roMOK/MNIOMNECKUX TPALKTOPKH CEWIOBMX BAKAOR
B Gudypraunax XaoTHHeCKHX STTPAKTOpOB

C opepoliUeHHEN NOPOTA CTOXACHIHOCTH [lansHeiilliee yBeNHYENUE HANKPH-
THYHOCTM BCHET, KAK YXe YKISHIBANOCH, K BHYTPeHHUM OupypKAUHAM X10TH-
MECKHX ATTPAKTOPOH, B YACTHOCTE K KACKANy OGLEIMHeHHA NeHT aTTpaKIopd
¢ O5PAIOBAKHEM PUIBMTOR CTOXAUIMUHOCTH. IT0 #BUCHHE THNHUHO DNA CHCICM
¢ YHBOCHHAMHE NEPHOIA H OGBACIALTCH JUKOHOME PHOCTAMHA TOMOKITIHAYECKHX
GHYPKRURIT CEINIOBLIX HEPHD, HNECKKX [IRIKEHRA.

Pacemotpim cedenHAa Tlyaukape 3 CleKTpsr MOUIHOCTH KoneOGaHHR B cHCle-
Me (7.38) npH aHaYeRWAX HUPAMSTPOB, YK33AHHLIX B nomimcH Kk pHc. 10.9.
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i{a pre. 10.92 ceueHHe BKOUAET HETLIPE OTISMBHBIX HECBAIAHHBIX X90THUECK KX
MHOXECTBE, HA puc. 10.96 ~ Totbko npa. B COOTHETCTBHM ¢ 3THM ATTPAKTODHI
NepBOro THNA HAIOBEM 4-TAKTHhIMH, BYOpOre — 2-TAKTHBIMH. C TaKTHOCTLIO
JNEHT ATTPAKTOPOB OHOIHAYHO CBASAHE CTPYKTYP2 PACIDENENCHHA IHEPIHH
no uactoram (cnexTpos MOMHOCTH S, ( f) woneGauunid). Ha puc. 10,92 cnexrp
COACPHT PEICHAHCHbIC NTHHUHA H2 YacTOTAX nfo, nfgf2 M nfof4, a wa puc. 10.96
spIBpOCE! Ha vacTOTaX nfp/4 (=1, 3, 5,...) paMuIBaKTCR,

B uurepparie H3MeHewms mapamerpa 1,09 << m < 1,10 xaorHueckuii aTTpaK-
rop nperepnen GadypkauM CAHAHKS 4-TaKTHOH NeHrht B 2-rakrHyro. Ha
prc. 10.9 B cevennn IlyaHxape ykaszaHbl TOUKH ), 7 4, OTBEY2IONIHE miepecede-
HHAM € CEKYNICH COOTBETCTBYIIUMX cennoBeIXx uwknos I'), I'; u T'y, more-
PABILMX YCTOWUHEOCTD B peaynbrare Guypkauuu yasoeHusa nepuora. Kak
BHIHO H3 pHC. 10.9a, TOYKH 4-TAKTHOTD RHKNA g4 BKIIOYEHE] B Xa0THYCCKOE
MHOXECTBO, 3 TONKH f),2 — HeT. B pesynbrare Gudypxausn crusHust newr
TOUKH 2-TaKTHOTO LMKNAS §3 OKAIUIHCH BKIKYEHHBIMH B ATIPAK 1O,

Kax BHINCHMNOCH, K SHYTPCHHUM BUPVDKayUAM CIMAHUS JTEHT arTpaK-
10pa OPHBOIAT M3MEHEHHS B XapaKTepe HeYCTOHYMBLIX MHOroobpaHi cemio-
BeIX UNKnoB. [lpoavanuanpyem npumep GHGYpPKAUMH CAMAHME 4-TaKTHOR
NeHTbl ATPAKTOpa B 2-TAKTHY.

Cemnosoit muxn I; Hmeer QBYMEDHRIE YCTOHYHBOE M HEYCIOHUHBOE HH-
BapHaHTHbic MHorooGpasua. OnH nepecexaior cexymiyio [Myankape x = 0 no
ORHOMEDHBIM KPWBbIM, NpEACTARNAOIINM COB0H YCTOMMHBYID H HEYCTOHYH-
BY0 CeMaparpHchl CEAIOBOR HENOABHIHON TOUKH ¢; . HaspaHHuIe cenapaTpucel
MOXHO paccymrarh We IBM [205]. Pesyneratm npHmenenm wa puc. 10.10.
llpw m = 1,09 (prc. 10.10a) cenaparpHchl He MepeceKaloTcA, a MpH m = 1,10

0 0307  0Bi4 0,921
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Puc. 10.9. Cevenna [yadikape (cnesa) M cHEKTphi MODINOCTH (CAPAB3) MW AP OXOXKILE-
HHH MapaMeTPoM TONKW GudYPRALNH CBAIHOCTH B cHCTeme (T.38): a - m = 109, 6
m=1,10; g+0,3
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Prc 10.10. ¥Yoroludnme B He CIOMMBRIC CONBPATINCH  COAADBIIX UHKNUB CHCTEMG
(7.38) wz cexynied MiuckocTH x <01 —~m = 109, uMxn IF,: 6 m= LI, unka 27T,:
s -m=109 wka T,

(prc. 10.)00) nepecexawtca ¢ OBPAlOBERHEM TOMOKITHHHUECKHX TUNCK®),
Jlo  NORBieMHS TOMOKIHMMKW CENAPATPHCHBIC NOBCPXHOCTH  CelfIOBORY
ukkne Tz oTRenmwT 8 Gas0BOM NPOCTpaHcTBe cucremst (7.38) oGracm, rhe
CYwecTeyeT NoToK (Ba3oBLIX TPACKTOPHR. POXIIEHHE TOMOKIIHIIECKOH TpaeK-
TOPHH NPHBOJMT K NEPeCTPOiKE CIPYKTYPH pabuenya (a3losoro MpocTpaHcT-
B3 Ha TPaEKTOpPHH. B wacTHOCTH, peuH3yeTcH GudiypKayus CAUAHUR NeNT
XBOTHYECKOI® ATTPIKTOPA, OBYCNOBNCIHAH pPASPYINCHHEM COOTSETCTBYHOUIHX
CellApaTPHCHIX AogepxHocied. Ilpn JtoM ® arrpaxropy “nomkniouserca’
BHOBL 00Pa3OBRHHAA FOMOKNWHMMECKAR CTPYKTYPS, YTO BCNeT K POCTY 10~
NOXKHIENNOre noxalatena cnextpa JIXI, koTopmA yeenHyweaetcs ot Iuave-
HHA Xy = 0,006 (1 = 1,09) no awauenna Xy = 0,026 (m = 1,10). Hddexr mon
KTNIOCHHE HOBOR TFOMOKIMHKYECKOH CTPYKTYPHI KAUSCTBEHHO BLIPAXKACTCH
8 TOM, 410 tocne GAQYLKaUMH OOHa M3 ReYBed 2-THKTHOH NEHTM aTTpaKTOpE
B ceweiin  [iyaHkape MOBYOPHET XOH NEYCTORIHBOR CenApaTPHCHLI CELIOBUN
TOUKH ¢z (cp. puc. 10.5 v 10.10). OxpecrHocts HeycTORYHBOTO MHOrcOGpa-
MR B peIyNsTare TOMOKNHHHUCCKOR Gudypxauwu crans npursrspasomedt,

QukTy cywecTsossHis 4-TaKTHOH NTEHTHI ATTPaKTOpPa NPH M = | 09 oTBeYa-
EF HAMHYME FOMOKJIHHWNECKOR TPAEKTUPHH ¥ ceonnra unknz Iy, Orcyrerane
]-YAXTHOR NeHTBI (SCHH HAIIM PACCYAICHHA BepHR) A0IKHD Gnirs 06ycnos-
TIEHO OTCYTCYBHe TOMOKAHHHMECKOR TpaekropHH ¥ |-raktworo wnkna [,
Pacuerii 310 nopmepxnator, Kak siino w3 puc. 10,104, yeToRIHBaR K HEYCTORN-
YHBBA CCHAPATPHCBI TOUKK 4, NpH m = 1,10 ewe Be nepecexawred. B 10 we
BpeMA hOpMa HeyCTORWBOH  comapatpuckl |-TAKTHOR TOWKH ¢ DpelcKain-
BaeT RHA cevenuA Ilyanxape, peanssyiouleTocA B peayisTare ClHAHHA 1-TaxT-

*)He puc. 10.10 28HM peayisrati PACNETE HAVUILHMX B8eTocH HEYCTORMRRRIN CoTlapar-
PHC, MPAROCIAILUNE K IO MBIICHEI e PBMA TOMOKANHRYCCKHX TO4CK.
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HOR HEHTHI B |-TAKYHYIO, 4TO TIKNE [OZTBEPNJIALTCH IKCNEPHMEHYANTEHO
[205, 206] .

Ibin Boccoatamma Gonee nonHoRt xapruner GuypKaMOHHKX ABREHHH,
OBYCNOBNEHHLIX TFOMOKAHHHKOR CRITOBHXY UHKNOB, €CTECTBEHHO IKENgHHe
noctponts GupYpralHOHHY hMarpamMy cncremm (7.38) Ha miockocTH
napamerpeB. OIHAKO 370 YpeIBMVAITHO TPYDOEMKHI MYTh, TAK KIK PacueTHYR O
HPOLEAYPY UENPOCTO ABTOMATHIHPOBATL, H B nGoM cnyvae oHa norTpebyer
GONBIUHX JATPAT MAHHHOrO Bpemend. Buibepem npyrof cnocol, ocHopaHHBEH
Ha CIENYWUHX Ka¥ecTBeHHBIX coobpaxeniax. Kak Guno ycranopiewo Buuue,
AMHMAMHKA NEPEXOHA K Xa0Cy veped cepHio OHOYpPKIAUMA yabBoeHME nepHona
B TEHEPATOPE NONYyCKAET NPHOIHXKEHHDE UNHCEHKE C NOMOLIBIO O[HOMEPHOrO
KBaipaTHdHoro orobpaxenud. bonee deransho KapTHHA NEPEXO/I MOACANDYET-
cA neymepHhim oToGpaxendem. Taxum orobpanenneM, KK NOKAIMIH 3K CRe-
PHMEHTBE, MOXCT CHYXHTE KRACCHYECKOE JIHCCHNSTHBHOS oroBpaxenne Xe-

HoHa [74,7].
Ypanuenns MoaeTH XeHOHa Cneay Kue :
Xpeg =1 —ax3 4 V9. Vyuy =bx,, {10.2)

rae NapaMerpsl @ H b B DH3NNECKOM CMBICIC IKBHBAICHTHE 113DAMETPAM M H
g revcpatopd. YCrawossmewo, W10 [LICKPETHAR MOfCIL XeHOHA B ONpEIeNeH-
HOM CMBICHE HBNACTCA aHLIOrOM AH(GepeHuManiMod cucremm (7.38), fe-
MOMCTIPHPYS HR WIOCKOCTH YRPARIKIOMIMKX NapaMeTPOR 4 H B COROKYHHOCTD
Oudypraumii, KaYCCTBEHHD K BHBANEHTHMX PEATHIYIOIUMMCE B OTOGPINMEHKH
[lyauxape mogenu (7.38).

BHdYpKAHOHHEIE NHHEH MOTEPH YCTOHUHBOCTH HEROABMWHLIMH TOYKAMH
kpatHOCTH 1, 2, . . ., 6 ANA cucTeMbl XeHOH SHARHTHYECKH paccunTausl 8 [207].
Nokasato, Y10 Ha HEKOTOPOH NUHNK [y POXAAINTCH ZBE IENOABHKHEIE TOHKH:
go (councsan) w ¢, (ycroPuspax). B janeveiimem Ha nHuMu [, TouK3 ¢,
npercprepaey OuPYPKAUHI  YRBOSHHA (MATKO pOXKIICICR  YCTOH' MBI
2-unkn §2). Manee cnenyer Kackal YHBOCHHH, NOAYHHAWSHACA YHHBEDCATh-
HOMY 3aKoMy QelircHiayma.

@parmenT nonpolHoH GHOYPKAHOUMOA [THITPAMMM PEXKHMOB CHCTIEMB)
XewoHa npencrawned Ha puc. 10.11, rie TOMHMO JHHHA YIBOCHMA ) 4 4 %
A¥HIK KPHTHUECKWX JHaueliMil napamerpoR [, p, OTHCUBIOWEH POXKieHHIO aY-
Tpakiopa  XcHOHa, HPENCTUBICHL! PUCCUHTIHHbIE 1D YPKAUHOHHBIE TIHHYH
20MOKAUNUNECKOO KOCaHum 1 | 3 4 DPHMEHHTETBHO K CEUTOBBIM HENONBINK-
HBIM TOYK3M o 1.2.4 oroﬁpu(enna (10.2).

BrOYPKILNA HENOMMHKNEIX TOYEK ¢y OTOBDAXIMA KIUECTBOUNO COOTBET-
CIBYIOT  AUCNEADBATENBHOCTH ﬁurbypxam{ﬁ HDENenkHEIX  UMKITOB  CHCTE-
Mm {7.38). Cnpaea of :oBoft w3 nuewir /) KMeCT MeECTo rpy6oc rOMOKAWHN-
YECKOC TNCpeledeHHe YCTOHWABBIX M HEYCTOWUMBEIX CCHApaTpHC CCIOBLIN
TOMEK ify, JCBHBEICHTHOR OOpPasoBaunw rpyfpix rOMOXNIHHEYECKHX TpaeKTo-
PHH CCLUIOBLIX NEPHONMYECKHX TPIEK TOPHA cHeTemBs {7.38). Dro uonrsepaute-
HO Pacier.MH CCMApUTIMC CEVIOBLIX TOMEK .y [ETA PIVIANMLLY IHAYCHHRA uzpa-
Merpos a o b, Cenaparpuenr BeflyT cebn KavecTBEHHO IKBHBANCHTHC B CpaBHe-
HHM C JAKHRIMH, OpencrapncHubmd Ha pue. 10.10. llna pedx cewnoppx T10-
yex y; otofipukenna (10.2) BpnoHawIcR yorosds Teopemnt [J08] (wax,
BIPGYL M. H U0 CCUORBIX HWKNOB cHeTeMut (7.38) ), K10 MoarRep®NZeT KBATH-
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rine pBONHYHOCTL aTTPaKTOpa XeHOHAa H €10 adeKBATHOCTE B 3TUM CMBIC/E
ACHTOMHBIM 3TTPAKTOPAM cHCTeMm (7.38).

3aduKcHpyem JHauende uapamerpz b = (.3 B piaccmOTpHM pAR IHaMeHHH
HUPAMETPA 4, TIOCNENOBATENBHO PRCOOMOKEHHRIX Mexay GudypKILMOHHBIMH
THHAMH [ o I:' C pOCTOM NAPaMETPa & peandayeTcA NOUIEOOBATEITHOCTD
SubYPKILHHE CTHAHMA AEHT arTpakTopa ¢ obpazopaHHeM B HTOre 1-TaKTHOH
cHTBL IPH & = |,17. JIHHH FOMOKNHHHYSCKOrO KACUHRA [f HBNAKTCA, TAKHM
nOpa3zoM, BHPYPKIUKOHHBIMHE AHHHAMK CIHAHHA MHOFOTAKTHBIX NEHT arTpak-
repoB orobpaxednn XeHowa. Ha puc. 10.12 npedcrannedbl YHCIEHHbIE peIyib-
TaThl, HANWCIPHPYIOLIKE ClHAHHE 4TAKTHOA NEHTHl artpakTopa B )-TAKTHYIO
TPH RPOXOKACHHH RAPAMETPOM d BHdYPKANIOHHOA NHHHH .

Kik H Ons reHeparopa, XaOTHYECKHE MHOXKECTBA ATTPAKTUPOB B MOMAENH
XcHOHZ CKOHUEHTPHPOBAHLI B UKPECTHOCTH HEYCTOHUHBBIX CENaparpHe CeAno-
BlsX  TOWEK, HMZIOIIHX TOMOKiHHHYeckde CrpyKTypel. flns npdmepa Ha
puc. 10,13 nupHsefiedbl peIynbIaTLl PACUSTOB YCTORMHROA H HEYCTOHMMBOH
COMIAPATPRC CEANIOBBIX TOUEK o M ; B PeXHME CYWCCTBOBAWHA MOMOKIIHHH-
kH. Kax BHOHO HI rpabHKOB, reoMeTpHA HEYCTOHYHBOH CeriapaTpHChl onpede-
naer GOPMY XA0THIECKOro MHOXKECTBA PA3BHTOTO aTTpaKTopa XeHoHa,

OTMeTHM Baxkroe mnA NpHIOKeHHH obcroatenscrso. EcnM avamHauposate
HONOXHTENBHBIA JIANYHOBCKHA MoxasateNk aTTpakIopad B COBOKYINHOCTH ¢
4BTOKOPPENAUHONHON yHicuHed npouecca, TO BCKphIBaeTCA chcnytowtee. s
PA3IBHTOH |-TAKTHOM JIEHTHI ATTPAKTOPA, KOF[A CYWIECTBYHT [OMOKHHeCKHe
OpOHTH! BCEH COBOKXYTMHOCTH CEIOBEIX UMKIOR mepwoma 2515, cnpasemnuso
$yHnaMeHTIIBHOE COOTHOLIEHHE

AI =Txln (10.3)

The T, - BpeMA YMEHBILEHHA 3aBTOKOPPenALHOHHOH dykuwn B e = 2,718 _ ..
pa3, T.e. BPEMHA KOPPEIAUHA. IHTponHs KonMoroposa B DaHHOM ciyyae cTporo

Y4

I"me. 10,13, ¥YoroBaMBuie B HevotofiNHBRIC CONAPATRHCK CCATUBLIX UKKNOB ¢, W ¢, oT06-
Pk eHHA X eHoHA
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UNPENENIACT CKOPOCTH CHANANNA BPEMENHEIX KOppensiuit npouecca. s Muoro.
TAKTHLIX JCHT arrpaxmpa YEEQ3IaHHOE COOTNOIIEHME HEeNOCRENCTREHHD HC BbI-
nonHserca. Jieno B ToM. Y10 NORBNKIOTCH NETEPMMUHEPOBAHHLIE N6 PHOIHYECK He
KOMNOHEHTEI HBHXeHHA. Jvrponun KoiMmoroposa, pasHas NOSOKHTENLHOMY
noxassrenw crextpa JIXIL, ceHneTenscrbyer o Nepemewseanut. Ho nepeme-
WHMBAHHE B CNY43& MHOTOTAKTHBIX NEHT ATTPAKTOpA OCYUIECTBIAEICR B HEKO-
TOPO OKPECTHOCTH CRVIOBOTO UHKNA COOTBETCTBYIOIIEH THKTHOCTH H He CBA3A-
HO C HAalMYHCM NEPHOSHYECKHX KOMIOHEHT. ABTOKOPPEIAIHA KaK XapakTe-
PHCTHKA BPEMEHHOIO NPOLECCA OOHOIHAYHO CBRIAHA ¢ BHUOM BPEMEHHLIX 38-
BHCHMOCTE M ECTECTBEHHO OTPakaeT HANMHYHE (EPHOMHYECKHX KOMMOOHEHT
npouecca. Pasercrso (10.3) mns MHOrOTaKTHRIX NEHTOMHLIX STTPAKTOPOB B
obwem cnydae we BanonxfercA. OMHAKO eCnNH AHAHIMPOBATH MEpEMELUHBA-
Hue (A;) W CKOpPOCTE CMANAd KOPPENSUMH (7.'), HCKIIKNHB H3 PACCMOTPEHHA
COOTBETCTRYIOILUYI0 NEPHOMHYECKYID KOMIOHeHTY, To coortomrenne (10.3)
OKa3bIBAETCH CcrpaseInBeM. Hanpumep, ecnu newra arrpakropa 2-raxtHas,
TO HYXKHO AHATHIHPOBATH XBOTHYECKOE MHOXECTBO TOYex B CeyeHMH [lyanxa-
pe, NONYYAIOIIEECH DErHCTPAUMEH KKIOH BIOPOH TOUKH MHepeceucHHH ¢aso-
BOA TDHEXTOPHMH ¢ CeKYUIEH NOBEPXHOCTRIO. Pe3yILTaTh UMC/IEHHBIX JKCNEPH-
MEHTOB, TPOBeleHHLIX ¢ cHeremol (7.38) M ¢ naymepHsim oToBpaxeHnem Xe-
HOH2, NOATBEPXKABIT CKAIAHHOE BHILE K 0GCYNNAITCH B NANLHEHLLIEM.

MoxHo npenionaraTs, §T0 aHATOTHYHAS KapTHHE ‘peanu-syercn B B cnyude
paIpylIeHHE mMHorooGxonHmx netens cemapatpuc . Tlepwommueckme kom-
AOHEHTBI IBHXEHAN HI ROIWHKAOLLKX NPH 3TOM ATTpaKTOpax B ofieM BHOE
OTHEYAINT CEMAIOBBLIM UAKNAM TEepHONOs p - 2%T,, roe p=1,2,3 ...,
k=0,1,2,...,.

10.3. DnIumecKan HHTepNPeTALNS BOI0YKACHMN CHOMMAIX
KonebaTeIEARX IIPOUECCOB
B MOTRPHUUHPORAHHOM TEHEPATOPE ¢ HHEPILS (HHOMN HETHHEHHOCTEK

OBHApYXCHHE W MCCHENOBAHHE TOMOKIAMHKYECKHX TPRCKTOPHA B BOIMYUICH-
HOH MOIEITH TeHEpaTOpPa ¢ WHEPUHONWHOH HENMHHEHHOCTBIO NO3BUMACT ¢ ofilel
PHIMNECKON W KAYECTBEHHORW TOUCK IPEHHA MORCHUTL PEeIViIbTaThl MMOFO4MC-
NEHHLIX JKCREPHMEHTOB, MOCNCACBATENGHO ONMHCAIHKBIX Bhiule. Kax BLifcHu-
noce, cHerema (7.38) ABRseTCH CTPYKTYPHO YCTORMMBOR 10 OTHOLIEHMHIO K
MAIBIM _BOIMYINEHWAM NoToKE. TONOIOrHYecKH SKBHBATEHTHBIE PENMMA!
xosieBankii COXPaHAIOTCH NPA BBEJIEHHW NHCCHIIATHBHUR HeoMrernocTH (7.28),
npa gedoepMaMd prna dyrknyy P (x), ONUCHIBAILLH X4PIKTEPHCTHKY TUTCK-
TOpa VHEPITHOHHOTO KacKanmd. NpH sBo3MyuleHHH Broporoe ypasHenwn (10.1)
JoBaBAeHHEM TOCTOAHHOTD CNAIAEMUID,

Janmwesm ccremy (7.38) B Buue mMBGCPEHIHANNABIX YpPIBHEHHR JUIN

HHEPUHOHHOIO HeTHHERHOTO ociwnisitopa (7.2):
F+{z-m¥+[1 —gz+elx)x*]x =0.
_ ( | - gz +y ] 10.4)
I=..gztglix)x*.

HetpynHo BHICTD, YTO FefepdpORAHNC CTAULMOHIPHIY aBToNONAGaHHA RO3-
MOXHO JHUIb B cnyyae, korna xoagdHuseHr pi n2pBoi JIPOHIRONHOR 2 ~ m
B CpefiHCM 3a nepuon 7 oGpauaercd B Wynms. Bo apoenmenn 3107 koadpmunenr
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~kuMan aotokonebaini

GyUeY 3HAKONEpeMEHHOH byHKuueh. B ofinactn 2 < m pgexiuBHbIE NOTEPH
B koneBare Lol CHCTeMe OTPHLATENbHEL!, CUCTEMA HeYC rUAYHBA H NPH MaRoM
ROUSMYMICHAA BLIXOUMT M3 COCTOANHA PaBHOBECHR. 3a cuey HelkHefiHoii e pe-
WaWicH JHCDIHH HI{MHACT BO3PACTaTh H YPOBEHL CHI'HATA OTPHIATENsHOH o6part-
HOM CBHIM, pacTeT Mepsmeunan 2{7). Korjua z npeBoIcHT 3aa4cHHe (apaMerpa
BOICYNIIEHHA 1l CHCIEMA MIDLCBPANTICH B HETIMHEAHLIA JMCCHITATHBHLIA KOH-
1¥p ¥ KoneBaHnA nipeKparares,

B xBasunnueriviom cnyyze (€1, g€ 1) z(r)MeHaeTcH no sakoHy, Snus-
KOMY K TdPMOHHYECKOMY, HMEe[ MANYI0 aMIUTHTYAY H nepHol, [eHepHpylotcs
HOUTH TapMOHHYECKME KONCBaHWA, a JO/IH NoCTYnawiled H  pacceHBIeMON
SHEPrHH B CpetheM 33 OJMH MepHojl KONCHaHMA NOTHOCTBIO CKOMNEHCHPO-
BaHnl.  pocTOM HENMHERHOCTH KoneGaHusa yconoxuawres, yro ofycriosneHo
CHHXPOHH3AUHEH RO BPEMEHH MpOueccor OOMEHA epTHeHR ¢ GONBLUHMH Bpe-
MEHaMK yopelticHun, [lepuon wo.ieBadki ysennunsaetca. Hakowen BoaIHuka-
©T CHTYAUMA, KUINA HNA CHHXPOHWIALHK dHeprooGmena rpebyercR MeorpaHu-
‘teHHo  BosbUIVe BPEMA - pOXLAETCA X10TWueckad reHepauws. Ha puc. 10.14
DaHBL PeIyNBYAYH! PACYETA PAIHOCTH ZL(T) -- M OANA NBY> HPCOCIILHBLIX eXH-
MOB, HUTICTDHPYIOUIME CRataHuoe Bulure [13, 209],

MogoBHble paccywileHHA MOXHO NPOBECTH R TcpPMHHAX TEOPHM YCTORUM-
nocTn. PervnaphocTs (RepuomMuNoOcTh) pexuMa  kKoaeGauwit  rpefiyer  pa-
REHCTBA HYIW CTAPUIETO STATIYHOBC: OTO TOKA3aTena CIOEKTpa A, B cpemlieM
BUOIIL TPa<K10pPHH 33 nepuol. B ofnactv z <, rie cucTeMa WoycToHuMBa,
CTAPINMG MOKIIATENb SYNET NONOKUTETBHBM, LUK Z 2 — QTPHUATENbHBIM,
3 cpeawem 90 nepwoa xoneGanmit (X)) nonxeu ¢Tporo oBpaTHIBCH B IlYNb.
XaoTHYECKAD POKMM Ped'IMIYETCA B TOM (IvYae, €ClTH HEYCTORYHBOCYB CHC-
YeMLl BOTH3H UCTOUNMKE B TOYKC pPaBHOBecHM “llcpecHnur™ craGunusupyro-
HiCe NEACTBHE AMCCHNATHBHLIX 3MeMEHTOR Ieweparopa B obnmacTd z > m, yna-
NeHHoR & $aJ0BOM MPOCTPAHCTBE OT WCTOYHHKZ, YCpelHCHHE Ha CKONIBKO
¥TOIH) DOMBIIAN BPEMEHAX HACT JIOJOX¥HTEIIBHOE JHAUCHHE X, MO ATTpaxTopy
THCTEMBY,
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Puco 1005 AMEWIYIHBI SNES [epie iy
HEHC PUHOIHAIY  YCHIMTRITH  JUIR TapMeiing-
CKOIY CHINAMG pudaHInCHON SeroTel Ha BX0ge

A [IQITREPAILCHHA CKAJAHHLTO
IIPORCICM BECLML 1IPOCTOE, HU HHTEpec-
HbIH YHCICHHLA JKcemepumedt. B anro-
puTM pacueta coexrpa JIXIT Beepsem
MAMANHATENEAVE ¥ CAQBHE HEJdBHCHMOTO
YCPEeIHGHHA MO BPEMeHH 1A ABYX
06nacTed $uzuBOro NPOCTpUMCTBA, pad-
dencHHWX wiockucTee 2 = i Paccun-
racM CpefHHC 3HAUEHHHA MOKA3ATENEH 1O
nepeod, Bropod ofaactaM it haiosoMy
- APOCTPaHCTBY B wemom.  Pesynbrarthl

cheiywwre, [UIA peryTApHbIX PeKHMOB
NOKU3ATENH B NCpBol M BTOPOH obnacTax pasHbl Mexuy cobuil 1o Monyitw
H OTIMYaOTCA IHAKOM, Kak H npeanonaranock. CyMMapHeIA noxasarens,
eCTeCTBEHHO, HYJIEBOR.

B pexHMe CTOXACTHUHOCTH MNONOXKHTENMBHLIN MOKalaTens MNpeBaTHpyer,
CYMMapHblid NoKazaTeilb ONPeNLINeTCH COOTBETCIBYIOIEH PAa3HOCTHIO H OKA3BI-
BaeTCH MONOXHTENLHLIM. HETepecHo, 410 MOLy AN Dokanareried olenx olinacred,
KaK MpaBHNG, 3aMETHO OpPeBLILLAKT 3HAYEHHE NOKAIATENA, YCPENHEHHOrQ No
BCEMY ATTPAKTOPY. 310 OGMIHA 2¢bexT VA CeHepHPYLIHX CHCTEM ¢ 3ABHCA-
ueR oT $aloBeiX KOOPOMHAT OMBEPreHUMed BEKTOPHOTO HONA. AKTHRHOE
fepeMellIHBaHHE NOTOKA OCYLLECTBIAETCH He N0 BeeMy (hajoBOMY MPOCTPAHCT-
BY, 3aHATOMY 3TTPAKTOPOM, 8 NOKANH3IOBAHO B 0GNACTH MCTOYHHKA.

HakoHen, nonwitaemca oO6LACHATE APHYHHY TOTO, YTO YCNOXKHEHHE PEXHMOB
woneGannit B reHeparope CONpPOBONUIAETCA NOCAEAOBATENBHOCTRIO OHdyprauni
yaboeHHs nepwofa. C 3TOH uensi paloppeM e B CXEMe reHeparopa
(pHc. 7.4) Ha BXOOE HEPBOLO YCHNHTENA H PACCHHTICM AHANHIHUCCKH KodrbH-
UHEHT MepedayH PIIOMKHYTOR CHCTEMBl 1A AMAIHTYOL TAPMOHHYECKOrO
CHI'HANA pe30HAaHCHOR wacrotsl. [Tonyunm seipaxense [13, 185]

X

X 1 m)|| F()WX:’ X (10.5)
- + — .- ) . )
BhiX ( b g b ax
rie
FlgY = (1/4) - [ng(@ +g*)) (1 + e "5) (1 — ¢~ "8),
b — nocroanueiil ko3HLUHEHT, 3ABHCADIME 0T DAPIMETPOB KOHKPETHOro

CeNEKTHBHOIC afieMchTa renepatopa. Herpynwo sunets, wro (10.5) npu dpHkcn-
POBAWHLIX IHAYEHHAX (MAPAMETPA g ONHCBIBAET VHHONAPAMETPHYECKOE CeMeRCT-
BO KPHEBIX THNA napafionel.

InAa HexoTOopeIX IHAYEHHH Napamerpa m u g = 0,2 COOTBETCTBYIOILMC 3ABH-
CHMOCTH NpHBeeHh Ha pHe. 10.15. AMANHTYAHAA XAPAK TEPHCTHKE HHEPUHOH-
HOro YCHAHTENS MNPHHAANLKHT Knaccy oroOpaxkeHHi GeiirenGayma. C pocrom
Mapamerpa m KpyTH3HA Mafaiollero yyacTKa IMILTHTYIHOH XapakKtepPHCTHKH
AOCTHIACT KPHIHHECKOTO JHIYCHHA W PCRHM KOJICGAHKA TepReT YCTUAUHKOCTD
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yepu3 YIBOEHHE. J10 OGYCNOBACHO TEM, YTO CHCTEMd, HEYCTUHUMBAR B TOUKE
fnbypraunn, of6nanaeT CCNEKTHRHON YYBSTBHTENBHOCTBIO K BOIMYLUEHHSM
yIUROCHHOTO NEPHOA.

C ofiMX noIMUMA CORPEMEHHBIX TPEACTABRCHMHA U NOBEACHHH CHCTEM,
CONEPKAWMNX NOKANbHbte O6J2CTH JIKCHNOHEHUHANLHON HeyYCTORUWROCTH, BO3-
MOKHOCTE "HEMPEACKA3YEMONR™ 3BONOIMM YXKe He MPeCTABNHETCH 3arafou-
HOH. B OKPECTHOCTH OBNACTH CHNBHOR HEYCTOMMKBOCTH (Ha BepuIMMe HIapa,
HANPHMEP) PEAKIHA CHCTEMBI XOTH M CTPOFO ACTEPMWHKPOBAHE, IO YPEIBHI-
YAHHC YYBCTBMTENBHA K ManeAHIMM OTKITOHEHHSM B HAYanbHbIXx JaWHeix. Ha
JTOM CBOACTBE 6GasHpyercAa BCA “IKOHOMHKA™ MHAYCTPHH MIDANbHbIX ABTO-
MaroB. B rexcparope ¢ MHePLMOHHON HEMHERHOCTBIO poNk OBNACTH CHITBHOA
HCYCTOHYHBOCTH HIpaeT NOKaNbHaA OKPECTHOCTh 0COBOR TOUKH B HYJle KOOPIH-
var. Hanuume netmin cemo-poxyca ¢ Gusudeckol TOUKH 3peHHA OTHauder,
4TO HeJIMHeRiHble CBOHCTBA CHCTEMEl 0BHAMAT JBTOHOMHOA BOIMUNKHOCTBED
“aabBpacsiBate” $a30BYI0 TpaekTOpHIO B OKpecTHOCTh ocoBof ToukH. [loito-
MY D3CCMOTPEHHBIA TeHepaTtop ecTb B MPAMUM CMBICNC PANHODH IMECKHI
4HAIOT HTpPaNBRHOrO 4B TOMATA.



riasa il

BIMAHUE BHEWHHX ONYKTYALMUA,
CTATHCTHYECKHE CBOACTBA W PAMEPHOCTD ATTPAKTOPOB
CELNIO-@OKYCHOTO THNA

11.1. Budypxaipan anpakTOpos B NPHCYTCTBMN INYMOB

Bosnehcraide quiyxtyaitui Ha PexaiMbl COXHBIX aBrokoneCaHuil B K-
rHaepOOIHIECKEX CHCTEMAX NPHMBOIHT & adepewTam nsyx tknos [92]. (loa
DAACTEHEM BHEIIHErO iyMa MOxeT HaGnomaTies cdau2 b NPOCTPAUCTSC yTIpaB-
NAPLIMX NapaMeTpoR JOf WH HHOR BRYPKAUHOHHOH SHHHK (TOBepXHOCTH),
4 WNOT# W fudbypKayucunoil duarpummyt B ucrioM®). Iipy arom e wexnioue-
HO WCYEIHOBEHWE OMpeIenetiol MeTKOMESINTaCHOR cTpyK ryphl Gidypraumon-
HOR DMArPAMMD: HeTEpMUNHPOBAHROA CHCTEMBI, HO BaX(HO, UTO B0 AEHCTRIEM
uIyMa He BOIHHKEIT NPHIHNAWIEHO HOBBIC FEXHMBL, KOTOPhE OTCYTCTROBR-
MK B 16 TePMHTMPOBAKHOR CHCTeMe.

Upyroii 1un GHpPYPKAUMOHRLIX AdnerAilk CAAH O undyRUpOSAIHLIMU TION
BOINCACTBHEM UTyMB (I306MMU NCPEX00GMU, KUTUDEE 8 RETCPMHHHPOBEN-
RO# CHCreme BoBCC He MMeior Mmecrd. KonxperHnim npuaepos nonotiHoro
THNA ISPEXCHA HBNALTCH MpDeRT MOKYNHUWOHHON LCPEMEKAIMOCTH, HHOY-
NEPOBIHHOH MYTETHNIAKATHBHLIM MiyMOY,, JOYCROBNEHHRIM TEXHHUECKHMM
dIYKTYAURAMH napaMerpor cAcreMet (1. 9).

CheayeT TaKxe PadHyars OBe CHTYLIMH: [RIXKEH:HC 710 13PAMETPAM B JIPH-
CYTCTRIH BHEILHMX HMIYMOB JANAHHOH WHIJHCHRNOCTK M B3OHSUKEA WHISHUHBHO-
CiAd WYM2 REH BECCHPORTNHHLIX SHAYCHHAN TEpaseTpoB cicrerml, Ecin cne-
DINTh. K NPHMEpPY, 33 0CHtHOBATCIBHOCTRE Gid yPHAUMH yaBOeHMA 116pMODa
B CPUCYTCIBFH PNYRKTYIUKA FOCTONHYOW MNTEHCRABHOCTH, 10 Haimwnaesan
oMo AWpYERANWA YNROSHWH OKAKIYCE KOHEYHOH, 4 NSPeXo K ¥aocy
OCYINECTBAISH IPH MCHLALCHK 3HIMEHWN yhpasrswomero napamorpa. Peainayer-
CH THIMMMHeIR ciydal sosHreg DAGVPKIANHOMOH JuslpaMMEL & HCYeTHOBENHEM
¢t MUKOMBCIWITZGA0R CTPYRXTYPH: DAIMBIBANICH OHDYPKIUHOHNBE THHMK
VYABUCHHR AEPBOII? MHOTOTAK FUBIX UMKAUE o CMCUACICH [IHHHA KPRTHHECKHX
THAYCHWH TAPaMeTpa.

DIMCeIdHce ARNCHAC B UDHHIHIE HE PEATRIVITCR UPK GHKCHAPORIHNK ¥Ipab-
HAOLIMX MZPOMETPOR CHUTEMBI ¢ YRENHUCHHEM HFYCHOHMBHOUTH QYK TVALHA.

*, llehcTene BAYETYAUHE TPHEIGAT TOKXE K A*0O0X0THMOCTH BMeCTO ToYKAd (RAUWI
GuynKNIIE SHATAINPONATR HONEtiyL CLIacT), sNaNeHul (fpaMeTRa, B KOTCLON Kacwe
XOONT WIZBHAS CMUHA DEAHMYL TRR-CAR A CHOTIRM,
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Kacxat Oapypxaumi yIBOEHHS HelkIa HHAYUHPOBATh YBCIHHYCHHEM HHTCHCHE-
JIOCTH LIYMOBOTO BOANeCHCTRHA®). B 10 xe BpeMs MmeeTcH pan apyTex Gudryp-
KULHOHHBIX ABMCHHE, KOTOPLIE KAYECTBCHHO BOCMPOHIBOARYCH KAK 33 CHET
HIMCHEHHA TIAPAMETPOS B OTCYTCTBHME WYMOB, TaK H NPH YBEIHYCIIHH HHICH-
CHBIOCTH BHEUHHX nyKryaunii Qs (GUKCHPOBAHHLIX 3IHAYCHHH Nupamer-
poB. HHTeHCHBHOCTL myMa B ONpPENENcHHOM CMRICNE 3IeCh HFpEET pony
YIPAB/IA0Wero Agpamerpa [210 - 217).

Npupenctunie cooBpaXkeHnA NMONE3HO WMETH B BHAY NMPH TPAKTOBKE HHXKE-
HYIArAEMBIX JKCNE PHMEHTATbHAIX PEIYTLTRTOB.

PaccMOTPHM CHCTEMY NAKEBEHOBCKHX CTOXZCTHYCCKHX YPABHCHHH reHepa-
10pa (9.1), (9.2) u nponefeM pajl THCNCHHBIX IKCNIEPHMENTOB B X3PAKTEPHEX
FOMKAX TIOCKOCTH NapaAMETPOB BPH PAVIHYHBIX MHTEHCHBHOCTAX Inmyma®*).
Ha puc, 11.]1 nmpupepeHpr pe3ynbrarel pacdera CTapiliero MOKaIaTens CEKT-
pa JIXI] B 3aBMcHMOCTH OT HHTeHCHBHOCTE WyMz D npu ¢ = 0,3. Buano, yro
IABHCHMOCTH OF [APAMAIPOB YBEJIHUCHKE MHTCHCHBHOCTH LIYMR BHILIBIET
KaK YBelHueHHe X;, TAK H YMEHbUIEHHC €ro BINOTL o Hyad. lym moxer
HHAYUHPOBRTE” HEPEXOA K PeryNsipHOMY NBHXEHHIO (NpenenbHER KMKA
B cnydge pe. 11.1, kprpas 3), MOXET HE OKAILIBATL UPAKIHYECKH 3IAMETHO-
TO DPACTBHR, @ MOXET H YBEIMYHBATE CTENEHs X0THIHOCTH pexnma (pue. 11.1,
xpusnte /, 2).

B veM TpHWMNE TAKHX NPHHUHTIMANBHBIX PAVIMUMA B PEAXUHH CHCTEMBi N3
wymosoe soineicTane? Kak 6u010 neranbio YCTAHOBICHO, OTKITHK CHCTEMBI
Ha BHEIUMMA WyM ONpefesinercs Xapak TepoM GHYDPKIUHOHWONH HBrpaMMBI
HeBO3MYUIeHHOH# cHCTeMsl. ECiH nop neficyBHeM IyMa HE MPOMCXOOHY BHYT-
peutMx Gudypxaiwit aTTpaKTOpos, CeNeHh NepemeluHBaHMA cnabo 3aBmcHY
OT MHTCHCHBHOCTH dayxTymunii. B cnyvae GiHI0CTH NO napaMerpam K TOYKEM
KacaTenbix Gupyprxaupii  (BOMHIM AHHHA K pATHOCTH MHONOTAKTHEIX GHKITIOB )
wyM nepefpachipaer $aloBylo TPECKTOPHId B OGNAacrs NMPHTHXCHHA LMKAA,
Peannayerca nepexol THRA "Xa0¢ — nopagoxk™ B cayuadx korfga nop neder
BHEM LIYME OCYIIECTRARETCH OHYpKiumOHHLIA nepexos B X#oce OT artpak-
10p2 ORHOW CTPYKTYDPH K STTPAKTODAM KHOH CTPYKTYPBI, BOIMONHO YBEfHUe-
Hi#e WIH yMeHbliewne (B JABHCHMOCTE OT KOHKDPETHONR CHTyauMW) cYefleHw
fepeMEiUMBAHHA. MOXHO YTBepXIATh, 4TO NpHBeElieHHBe Ha puc. 11.1 Jxcne-
PHMEHTANLHEIE PLIVIIBTATH CYTE BpAMOE oteficTene addexta copura Gudyp-
KallWOHWHOH OHarpammel, oGYCNOBIEHHORO LIYMOBBIM BOIMYIUeHMeM MHHAMH-
4EZKOH CHCTEMBIL.

PaccMOTpHM  MONPOGHO OIMY M3 ROIMOXHbIX BHYTpeHHMX Gudypicammwi
4TTPAKTOPOB, HITIOCTPHPYWIUMX CKEI8HHOE BRI, & MMEHHO Sud)yprayino
CAURKUA XAOTHYECKHX JeHT ATTPAKTOpPa, OOYCNOBNCHHYI0 OeACTHHOM ALIMTHE-
HBIX MIYMOB MaloA BHTeHCHBHOCTH. Ha pic. 11.2 npeacrannedn cevenwsnt TMyan-
K2pe M CHEKTPH MOWHOCTH aYTPAKTOPR cHeTeMst (9.1) um m = 1,09, ¢ = 0,3
NPH IBYX 3HAYEHHAX WHYEHCHBHOCTH uryma [2**°). Rlyn urtencHeNocTn D = 0,01

*JP pasHOA CTCNEHN 3TO YTBEPXACANE CHPABENNNAO KAK B OTHOUEHNE OTASMLNLIX B
dypraunit yomoeuna, Tax n Gndyprauan Ansposopa - Xonda.

**) BuSOp MHTEACHBHOCTN MUTMTHEHLIX IYMOB, OTHEUANLLMX YCIONHAM DPEANRHOLD
“KCTEPAMENTS, [TPOROMRNCS HA OCHOBE CONMOCTABRACHAN MIHNMX QHIRYCCKOID B uNGIeR-
HOMO JKCHOPHMENITOR NPH MCCICNDLANER ROCHESOBATENMOCTH fndypRILRA ynsoems
fepwona.

***)Cnyuan D = 0 nonpobuo obcyxnntca » 10,2 (puc. 10.9).
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i P uc. 11.1. 3asHcHMOCTS CTRpUIErO NOKASATE-
1 NR COEKTPE OT HHTCHCHBHOCTH (IYM3 GpPR pas-
NHHBIX 3HBYCHMRX Mapamerpa m1: 109 (1),

0.03 L16(2); 1.16 (D

aoz

no

Pwc L2 Pexum anraMmneckofl croxacTwg-
HOCTH, Mpefivranienubft e puc. 109, npw vos-
NCACTEMH ifyma payIMIHOR  HETCHCHRHOCTE
D 0,01 {a), 0,05 (M)
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WRAYRFpYCT OHOVPKMIII0 OIBSHAA 4-TAX1H0I TEUTH ATTPUKIOPa o 2-Takht-
uyw (pue. 1.20). Qnyxryaiid MInod MKICHOHBIOCTH ¢ GmHvecknfi TORKK
IPCHRA PABHOCHILITH 3,18CH MUNOMY YRCAHTCHAND TIAPAMCTPE M (370 M eCTh
pdext cmewra Gmbypxmoicwnod mrerpammet’}. Yeenmweime wiareHcmuo-

cTH JIyma 1o D = 0,05 npusome; X poxickyi [-TAA1THON NeH i aripexropa
(pxc. 11.26)%,

"nepgmu % 1-TaKIMOH  eRTe ATYPAKIONE oMW OIUNCUIDAMETPENECIOM. BRENNI UM
£ 09 owcreste 19.1) acwdmercr, DLmsco OR CTRHOUN¢N PrafraM [P0 DNYTAPY-
METPATCHOM PACGMOTDEANN, IO Jlir PRI CRUDCNNMCTRYSD of Jddexte qmam Sndyp-
SCREMOIEEO N JB0a rPEki M B nesoM [0S, 206] .



NMomvepxHeM THOMYHOS WTH KBa3HTHNepOONMYECKHX CHCTEM CHOACTBO,
HAFARIHO NPOABISIOILECH B [ANAOM KOHKPETHOM cnepumente. OTKIHK
HEIMHEAHOR CHCTEMBL Ma HIOTPOMHOE UIYMOBOC BOIMYLUICHHME XAPAK TEPHIYETCH
teM, UTO 32 C98T NPEeHMYIISCTHEHHOTO CKATHA Ga3loBore NOTOKa PrNyKTYALLHM,
TPAHCBEPCAIbHBIE K MATIPABNIEWHAM HEYCTOHMHBLIX MHOTOOGpasHR, YMeHbILE-
wo1cs. 2ddexT REACTBHR WyMa NPAKTHYCCKN TPOABAREICH B YRENHIEHHH
XAOTHUECKOTO MHOMCCYBA BIONE MEYCTOHMWBEX cemaparpuc. B peaynprare
noN BAHAHAEM IIYMA arTpaxrop B (GA30BOM NPOCTPEHCTRE YHBEIHIHBALTCH
HMEHH: P HIMNPABNCHEM HeYCTORIHBMX MEHOTOOOpasull # BE/IHIM TONEK IOMO-
wiiHHHIeckux  Gudyprauwii o6ycniBiHBaer AWICHHA, KAYECTRCHHO 3IKBHBA-
AcHrHbie  OwhYPKAIHAM ATTPAKTOPOS AeTCPMHHHPOBBHEOR aucyemnt (3d-
QERT CTHAMHA NEHT ATTPAKTOPA B PACCMATPHRIEMOM MPHUMEDE).

Bnusune $nyxryaumit wa Gudypkausy MEHIOYHBIX ATTPAKTOPOB HCCHEND-
BAIOCH IKCHEPHMEHTANEHO HA PEATBHOM TEHEPATOPE ¢ HHEPIMOHHON HenHHeR-
HOCTBIO TIPH PeryNHpYEMOM YPOBHE BHELIHErO IWIYMA. INCNcPHMEHTE NOAHO-
CThi0 NONTREPJANH PEIyNsTRTH BrMcienuid [205, 206]. Kpome roro, omwcan-
Hble BBIE PeIYNbTATEI KAYECTHBCHHO BOCHDOWIBONAICA H B MOJeNH XeHOHa,
1A KOTOPOH AhDeKT CMAHHA XAOTHYECKHX MEHT YIAeTcA NPOAHANHIHPOBATS
< HCTIONMBL30BAHNEM IBYXTIApAMETPHTECK OTO noaxosa [205].

11.2. Bpems KOppe/MIME B IHTPONNS XAOCK
npu oGparERX BAdYpP KANANX YABGERHS HEPHONE KRAINRITPAKTOPOR

CraTucTiueckHe CHOHACTBA IMHAMMYECKOHR CHCTEMM MOXBO aHARHIHPOBATH
00 JABHCHMOCTH 3BTOKOpPenAuHoHsod ¢ymxmu (AK®) ¥, (r) or mpeme-
it T, Jina crpaddeix atrpakropoe AKD 80 BpeMeHn CTPEMHICA K HYM:0, MpH-
YoM YOBIBICT IKCHOHEHLHANBHO, CORACTENLCTRYA O GNUIOCTH CHCTEMEN K KOHE-
HoR uenx Mapicosa [91]. [lokssarens IKCITOHEHTHI CBAILIBAETCH €O BPEMEHEM
KOPDENALUMH T,, KOTOPOE HOMKHO 3JABHCETS OT CTENCHH NEDEMELIHBAWHA.
i runepGonmsecknx cHCTEM T, ofparHo MPONOPIUMOHRNEHO JHTpOonHH Kon-
mMoroposa [6, 57] 1 MOXeT, CACOOBATENLHD, ORITh OMEHERO KiK

) ~1

rx=(2)\,) * (]ll)

=1

fae Xy — DONOKHICHBHBIE MANYHOBCKME IIOKAIATENH XAOTHUCCKON TPREK TOPHH.

CymecTBYeT IH H KRKOBa BIZHMOCBA3L BPEMEHH KOPPERAUNM T, ¢ IRTPO-
NHeA XAOTHHECKWX ATTPAKTOPOB B HHHAMMYECKHX CHCTEMAX ¢ KRAIMrdneplio-
JIHNECKHMH CROACTRAMH? MOXHO NpPMBECTH DRI NPHMEPOB, CBHAETENLCYBYK-
nmx o orcyrcroHn zaBrcuMoctr (11.1) MpimMeHHTENNHO K KBaaMarrpaxrn-
paM; OpH BAM3KNX IHAYCHHEX HHTPONHHM BPEMeHL KOPPEIALHY MOFYT CYULeCT-
BCHHO OTAHYATRCR.

Heenetyem BI3aHMOCBAIL BPeMeHH KOPPCNALAN 7, H OONOKHTENBHOIO I'O-
K2337€:18 A, arTpak1opos orobpaxenns XeuoHa NpH Sudypkaunix csA3IHO-
e ¢ yneroM dnykTyanui [215):

Xppp =1~ al: tyntbi(n), ypor = bx, +§1(n), (11.2)
rne £(n) — d-woppennposavisii ym uHreHcusHocTy D. Qrobpaxenue Xeno-
Ha — THRHYHAA KBa3HranepBonsdeckad cHcTema ¢ aripakropom Oehrenbay-
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P 1 c. 11.3. 3apucHMocTs spemMeHl KOPPensuus T, 0T flapaMerpa a4 oTolpaxeina X eHoHa
# OTCYTCTBHE WiYMa: [ — a* = |, 185; 2 ~a* = 1 ,0B8: 7 —a* = 1,064

ma. Orubamoman 3asHeHMocTe A, (d) wiA caydan D = 0 ynosnersopsier yHusep-
CaNsHOMY JBKOHY

A\ 2el@—-a®)?, y=In2/ns, (11.3)

8 KotopoM iR b = 0,3 ¢® = 1,058, ¢ = 0,836, 3aBucumocte (11.3) xopouio
NONTBEPHRUACTCR IKCNCPHMEHTANBHO 10 Jkavelnk a < 1,16.

EchH npemonoxurs, 4T0 BpeMA KODPENAUMK T, = Ay', TO COOIHOLe-
Hue (11.3) onpenennT TeOPETHYECKYi¢ 3ABHCAMOCTE T, (4). NDEACTaBAEHHYIO
Ha pHc. 11.3 cnnomHod kpHBoH. KpyxoukaMy YKaIaHb pesyithraTbl NPsMbLx
sormcnesdi [, (@)]7!. Pacuers sasucumocth AKQ 01 Napamerpa @ MpHBENR
K ABHOMY HECOOTBETCTBHI) PeIY/BYATOR C NpemnoNaraeMbiMK. Bnnors mo
3HadMeHuid ¢ € 1,155 (no MOMEHTA pOXNECHHA PAIBHTIOH ONHOTAKTHOR JISHTEI
atrpakropa) AK® ocraercs BnMIkod K nepHOMMUecKOA K OrHGaIoNIan K HYMO
He crpemurcH! 10 ABNeHHE OBYCIIORNEHO CNOXHOCTHIO MMCKPETHOR nocieno-
BaTensHocTH {x,}, comepuanedl KaK NEPHONMYCCKHE, TAK H X30THUECKHE KOM-
TIOHEHTB OB HXMEHHA, ATTPAKTOpR, NPEACTARNAIOHA cOBOR MHOXeCTBO Hemepe-
CEKAIUAKMXCA XAOTHYECKHX 30W, MOXKHO OIHCATH CYMEDNO3HUNCH NEPHOIH-
yeckHX KoneBanwit (Mexny 3oHaMH) u myma [7)

?
Xp ® & A, exp(jw,n)+E(n). (11.4)
w=1

Cnepcranem (11.4) Gyner xapaxTep pacnpencneHus w,, CNEKTPaTLHOR [UIOT-
HOCTH MOLUHOCTH, collepx@iueid 6-BerfipOckl Ha yacToTax Hz GoMHe CrNOIHOTC
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cruakTpa wyma. flu reopeme Buxeps -- Xunuuna AKQ

k

ey T MmO (xy - X)(Xkep - F) (11.5)
Ll n=1

EICTABAPET COGOR CYMEpUOIALNIG HEDHODNNCCKHX # 8 KOppenupuBanHeIX

NOMIIOHENT,

Bocnoneayemct NPOUCHYPOR HCKMIOMEHHA [IEDMONMYSCKHX  KOMIIOHCHT
JPHXCHEA M BRISCHHM XapaKrep 83awMOcPAdn W, (7) ¢ IHTpONMHeA A, NpH-
VEHKFEABHO K OTIC/MsHBM XBOTHYECKHM 30Ham arrpaxtopa [7, 218, Jlun
JIOFS B IABHCHIMUCTH OT TAKTHOCTH MEHTHI arfpakIopa CrATHCIMuCCKOH of-
paboTKe OygeM [OABEPraTL NOCNEXOBATENRBHOCTS (OYEK, MPHHAIUIERMUHX
KOHKPEINOH XaorHueckod 3oHe. K npumepy, B cnydse 2-rakrHoit fCHTH B
uamate IBM vyaHo HabMpars NOCHEDOBATENMHOCT: H3 KEXNOH BTOPOH TOY-
KH MTepaiy wexoHoro otobpaxerna (11.2).

Pesyiia1arsl pacueToB Takwe SIPEACTABNCRNE ida pie. 11.3. 3naverma 1. (to-
KI34HB! KPECTHKEBMHE) RBIMHCIANCD KaK GYUKIIAH IADAMETPE @ ¢ YNEeTOM No-
SIEAOBITENISHOCTH OMQYPRauUWH CORIBOCTH. 3aBHCHMOCTD T, (@) EMeeT pe3-
xne pubpock B Youkax o, Gmakux x 1,064; 1,088 u 1,155, 3 xuTOphIX T4
pe3Ko BOIpaCIaLT. B npomexyTkax moiily Bubpocasu 1, IKCOOHETIIHARS-
PO CHALAST, CIPEMACE K ALMPOKCHMHPYIOUIEH JBBHCHMOCTH T, = A;' (cnnow-
itad KPHBaA). YCTALORTEHO, 410 3ABHCHMOCTD T, (d) HMEET palpeiBnl CTPOTG
8 Toyrax Ouypratlil CRH3HOCTH, Tde TPOMCXOIMT ObneDIHCUNE X20 THYCCKHX
304 ATTPEK TOPA.

B npomexyTrax Mexiay 1oukamd Gubdypxauni cHAIMOCTH BpEMH XOppans-
UHH C BBRICOKOR CTEHEHEIO TOYHOCTH AMMPOKCHMHDPYCTCA YHAREPCARLHEIMH 3a-
BHCHMOCTEMA

Te = Cif@~aly™™, 7 =in2né, (11.6)

rie af — XKpATHYecKHe 104MKE Bwpypraumit cBAINOCTH, ¢y - COCTBETCIBYIO-
uIBe KOHCTARTBL PacvaTri NOKA3aIH, 910 IR 8-, 4 0 2-TAKTHOR MCHT SITPIKTU-
pa M [(APAMCTREL AMERT ciledylute JHageHun: af = 1,064, ¢x = 1,04:
a4 = 1 0B, ¢ = 1,07; a7 = 1,155, ¢2 = 1,79, AINpoKCHMIIPYIOLLIE IABHCHMO-
¢t (11.6) nanecenwn: HE pH., ! 1.3 I0TPHXOBSLIMH THHEAMM H NORTHPASENT
CKAIIHHOE BHIUK:.

NonyueHybie PeayHbTRThI AHTEPLCHRI ¢ KECKOMBKHUX TO9eK IPEHNA,

1. MoxHO YTBEpPAIATD, RT0 SuyTpexnue Sufyprayiu ITTDIKTOPOR QKA
B2I0T NPHEUMIHAIIGEOE BIARANME M CTITUCTUVECKi® CHOUCTEA X30Cd, KOIOphie
OHPEACARIOTCH HE TONBKO M HE CIDNLKO JHTPOIHER, CKOIILKY TudypRatHive
PORIEHHA  (MCHEIHOBCHMH) TCPHOIMYICKKX KOMDOHEHT MBHNKCHHA. Bprema
KOPDESALMA DE3KO BOIPACTAST B TOMKAX GAdYPRINHA CBRINOCTIL.

2. BHYTPH XAOTHNECKHX J0H QTTPAKTOPRE BpPEMA KOPPLIKINUH YHHBePCasib-
yptm oBpasoss (11.6) 38BHCHY OT NapaMcTpa,

3. B orxpecrancmy tovex OHbypxaumii CERZHOCTH WMECT MECTD THNWMHAA
KapTHHI B PACIIDEITACHNH JHEPIRH [0 CNEKTPY, OTPAAAINIES IOARIICHUC HHIKD-
IRCTOTHRIN KOMIOHEHT, AapaKTepHsin ANA guinkkep-uymd, TlpuHBsoi SBnter-
CH PEIKOE YU THYCHHE IVTHTEIBHLCTH KODPENHLHA.

HoGasnerne smanbiX aUAWTHBHoIX soaMyrueHwR (11.2) cnsdraetr nopor
Xa0TIYECKOr0 PEXHMA B CTOPCHY YMOHsHIewHA mapamcrpa a [Ipw D = 0,01
KUHTHYECKOE JHaveHHe @ B (i1.3) cranosuTca pasanim 1,034, 3asucumocTs
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AP (2) coxpanser sun (11.3) u ampoxcumupyerca Gopmynoit
Aa) = @ -a* ), L7

rae kK ywxe He cOBNAMALT ¢ YHHBepcaNbHOM xoucrantod ¥ B (11.6). Tak, onn
b =03, D= 0,01 xoucrautet B (11.7) npuuumalot vaveuua ¢ = 1,57, k = (0,82,
a® = 1,034, B saxonomeprocTax Jsoiiounn AK® ¥y (7) wabniopaerca xaprH-
Ha, KAYECTBEHHO WJCHTHYHaa cayvaw D = 0. B rouxax Gudypkami ceazmwo-
CTH BpEMS KODPENALMA TePIHT Pa3phbiBhl, [OCTE YEro 3ABHCHMOCTH T (4)
IKCIOHEHMHANTRHO CRAKANT, CTPEMACE K 0GPATHOMY ITHAYEHRIO NOIIOKHTEITBHO-
TO nokalarens X, (a).

Peaynbrarst YHCNEHHBIX 3xkcnepuMedTos nax b = 0.3, D = (0,01 npencrasne-
HB! Ha puc. 11.4. Moxazansl QB¢ 3KCNOHEHUHANBHBIC BETBH JABHCHMOCTH T, (7)),
oTBevaioulHe 1-TaKTHOH (KpHBaA I) W 2-TAKTHOM (xpHBaA 2) NEHTAM arTpak-
ropa XeHods. [puBepcuueie rpapHKH XOpINO ONHCHIPANTCA 3IBHCHMOCTAMM
m™na (11.7), B xXOTOPBIX 3IHAYCHHA BCEX KOHCTAHT ONPeAEHIOTCH MHTEICHB-
HOCTBIO LUyMa.

B nemoM MOXHO CK438Th, 910 NPH HANHYRK GNYKTYAUHA ONACAHHBIC 3AKOHO-
MEPHOCTH B NoBeneHuM 7, (2, D) BeipaxeHkl Gonee HPKO, IHCTEHHLIE JAHHBIE
MeHes OTKNIOHATCH OT ANMPOKCHMHDYIOUINX Teoperwieckux Kpueeix (11.7),
YeM B CY§ac OTCYTCTBHA WIYMOB. Tak KaK WIYMOBOS BOIMYIICHHE CHCTEMBI
OFpaHHYMBALT THCHO OHPYPKANHA CIHANMMA XS3OTHICCKHX NMEHT ATYPAKIOPOB,
T0 B OTNHYHE OT ciydas D = 0 (puc. 11.3) kONHYIECTRO PaIPLIBOB B 3ABHCHMO-
CTH 7, (8) NPH KOHeWHBIX WHTEHCHBHOCTHX QUYKTYIUHA OTpaMMUYeHO
(puc. 11.4),

YcTaHOBNEHHNE 3AKOHOMEPHOCTH BRINONHANITCA He TONRKO HnA oroGpaxe-
1A XeHOHA,a ABNAOTCH THIIMUMBIME JJTH CHCTEM ¢ KBAIHATTPAK TOPIMH Ceftno-

a0

20
13

10

P uc 114 3apucHmocTs speMeHn KOPPeNALHN OT NapaMerpa 2 OToBDLXKEHHS XeHOHE
MpH DeACTENM WyMa HHTCHCHBMOCTH D = 0,01, OSo3HaneHra Te xe, wro H He pue. 11.3
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POKYCHOTO THNA, BOIHHKAKIUWMH Yeped Kackan ymsoeHud (QedrenGayma,
B 43CTHOCTH, PHAOM CHEMHANLHBIX IKCACPHMEHTOB BHIIICORHCIHHBIE ABJICHHA
RONIHOCTHIO NOATBEPXUEHD! WIH CAvYan G ypKALKH 4-TAKTHON NEHTH ATTPAK-
ropa B 2-TaKTHYW B TeHeparope (7.38) [205, 206].

11.3. THIHOMLIE 3JAKOHB PUCHDEACTEHHS H HX 3BOMOLHA
€ HIMEHeHHeM NAPAMETPOB K HHTEHCHBHOCTH Gty Kryamtsit
KBAZHATTPAKTOPOR CEMNO-POKYCROTO THITA

Bynem 6asupopaThcH HA NPEANONOKEHMH CYIMECTBOBAHHA WHEADUAHTHONH
Aepst, COCPEHOTONCHNONW HA aTTPAKTOpPE, Y0 MUIBONHT NPHMEHHTS Ip2oduvec-
XK¥0 TeOpu0 K HeMMHEHHEIM JMCCHITATHBHBIM cHCTeMAM. Tax KK cHCTeMsl ¢
CPEMEIHBAHHEM 3aBefIOMO 3PrONAuHbL, MOXHO NpPeNONArarb HAIMUHe HHBa-
PHAHTHOTO PAcrHpenencHHd H IUIA KBaJHATTPAKTOPOR, ONHCHIBAIOMIMX CTANMO-
HApHBIE Xa0THMECKHe ABTOKOTeBaHHA.

IpoaHanusnpyeM IBONDUNK OONOMEPHBIX IKOKOE PACTIpeAETICHHA NpR Nepe-
X00e K X40Cy Hepe3 NMoCIeJoBaTeibHOCTh GugypKauMit yIBOSHAA Nepuond Ha
tipaMepe MOOHOHUNPOBAHHOTO TEHEPATOPA C HHEPUHUHHOR HeNWHeHHOCTHID.
PacnpelieneHHa CTpOHTHCh YMCTICHHBIMH MCETOMAMH HE OCHOBE PacdeTOB OTHO-
CHTENTEHOrO BpeMeHH NpelnBaHuA ¢a30BOH TPACKTODHH B 3aaHHKIX OGIACTAX

p P
t a m=055 t. 4 m=1,0%
1,0 10F
= 0 2o 42 g 2
6 m=085
| M‘_‘ ) -
i -2 D 2 JL "'2 4] 'Z
o -
d m= 1'05 x m;-_j'gg
Loy LT D=0,
'- ;m——k
i 2 0 2 $ 2 0 2 -
i z mw1,083 i 3 mm1,09
1,0} F 10r D=0,05
-2 0 2z -2 o 2 =z

P #c. 115 Jponmomne ofHOMEPHOTS pacpenencHia p (x) B cicteme (7.3R) MPH BIYHA-
UHH nepaMeTpa m
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$Ha30BOr0 NPOCTPAHCTBA. T.2. B NIPRANONC.KEHHAX CTAMHOHAPHOCTY # IPrOfY-
HOCTH NPOLIECCOB ABTOKONEHAHHA.

Peaynerares pacuercs yHKUHH pacnpenemetidf p(x) b 3aBiCHEMOCTH OT
napamerpa m B ceveHHH g = 0.3 npexcrasnennl Ha puc. 11.5. Ha yoroiiuasom
NpesensHOM LMKIIe AepdAona 1| GyHKUMA pacnpefenedns p(x} GAHIK4 K 3aK0-
dY arcsin X, oAHAKO B CHNY HEHHeRHOCIY KONeGAHKA He FBNACTCA CHMMETDHY-
HOH. XOpoluec cOOTBETCIBHE A€ 2NOPOKCHMALHA p(x} f-pacnpenenersem
(pacripene;tetsiem Tlupcona 1-ro tua [219] ):

[uz";ﬁz;(u+xf'7(ﬁ—x)’?
p(x) = ox) = l(mm'*ﬁ*‘ B(#i, )

1 x E[”"as 6}!

(11.8)
0, < x< .

3nece o, B, 71 KT — PapamerTpsi pacupenenenna. B (m, n) = MM D)/ T +
+ i+ 1). Ha prc. 11.6.2 H30Bpaxennl p(x) (cluiomman kpusas) M ¢ (¥) (ITpy-
XOHAA KPHBAR) MNA 1-yakrHore uMKIA OpH IHaNedunax fapamerpod (11.8)
a=13.p=16l.m=-050n=-041.

Puc. 11.56 wamoctpupyer HameHeHMe PachpeficicHHA B pe3ynetate Gudyp-
KALMH YOBOEHHSH fiepHona. Pacnipefieneke vd 2-TAKTHOM HMK.1e MOXHO aILIPOK-
CHMAPOBRTE NDTYCYMMOR NBYX f-pacnpelie/ieHHi NIpH COOTBETCIDYICINEM BbIGO-
pe napamerpoB. Pesyntiatel aNOpOKCHMAUHE fpeacraBiiebn Ha pHe. 11.66.
Kaxpas nochiejtyontast GubypKaiHsd ylEOeHHA NEPHOME YUTONHheT GOpMy
pacnpeaeiich:A NO BROIHE GiIpENe:cHHOMY YHHREPCAIMEOMY 38KOHY, ¥ 3
npeiene GOpMUpYeICH CHOMHOE MHOZOMOA080¢ PacTpe/lencHHe. OTBevdines
PURIEHHIO XAOTIUECKOrO aTrpaKTepa (prc. 11.52).

3a kpuTHUeCcKOH TOUKON 3BONWIMA GYHKUHR pacnpeneneltd p(x) Kadect-
BEHHO MHad M OTpaxaeT 3pdexThl, oSycnopnesnwe GudyprKAUAAMA COAIHOCTH.
CoceHHe MONW C POCTOM /M NOCTENeHHO ¢ORHNKAIICA B CNiMBaIcA. B urore
dopMupyerca  pacupedencHie p(x) paspuToR  2-TaXTHOR fMeHTBL ATTPRKTOpA
(pHc. 11.5¢) Tak kax B ceusitnn g = 0,3 1-raktvHAs NeHTa B OTCYTCTBHE GUIVK-
Tyaurit He peaTu3YeTeH, ee pacnpefielleHHe PACCYMYLIBAIOCE B ceuenuu § = 0.2
(rr = 1.5) PacnpefeneHHe p(x}. OTBCYaloltee pazBMTCR 1-THKTHOA Nedte '10-
THYeCKKOr0 aFTpeiTCpa, ABSIASTCH YNIMOQQILHBIM ¢ XapakTepuoR ocryoi dop-
MO JKccTpemyma sGiHan x = 0 (puc. 11.68, cnownas kpueas). B kavecTse
CIAHTAPTHOIO GajcHnro anipOKCHMHDYIOmeld pacnpeieneHEs 3iech HaRbONse
AOAXOMHT pacnipenenenve Jlannaca (mpohnoe sxXcnoHeHmWanpHoe) |

[ By exn [-Bifa - x)] /2. x<a,
plx) = ‘143(J|:)=J (1.9}
l By exp |- falx — )2, x>a.

Pesyintatet KOMHY2CYBeHHOR anfipoKcuMatin px) wis m =135, g =02 ¢
nomontsio {11.9) fipeacragnedipl  WITPHXOLOR KpHBoit Ha puc. 11.68. basopoe
pacnipeneniedre {11 ©) MOKHO DpWMeHHYh K ONHCAHHE) RNOTHOCTH poenpe-
NeNeHUA REepORTHOCTEH Ha -TaKTHOM NedTe arTpakvopa (m = 1.1.g = Q.3
prc. 11.5¢) [llepHooducexas KOMTOHCHTZ [BHXEHHA 5O2BOMAET NOCTPOWTH
pacnipefenedua p;(x) U po (X} TR KIWHOH HI HelepeceKAIOUMMCH XAOTHYE. -
KHX 30H STTRAKIOpA. PCS}’JIbTHPYIOlueE pACHpenerieHle, Kaw H B CAYYdC Y/IBO2-
HHIT MM, HpelicTaBAAeTCH B BMIle BOMyCyMMB [p, (x) + py(x) }/2, B woTUpOR
20
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¥ nc. 1L6. ColocranneHne MANHRIX YHCNEHHOrO cdera piC. 11.5 ¢ TeopeTiueckimy an-
IROKCHMAUMIMH

pi(x) uw py(x) mamrca zaxoHom (11.9) ¢ cOOTBETCTBEHHO BEGPAHHKIMH Napa-
MeTpamH. Pesynurarn JKCHEPHMEHTa H TEOPETHYCCKON AIUITPOKCHMALIHH fpef-
CTaIeHs Ha pHe. 1].62. AHANOTHYHBIM OGPa’IOM MOXHO NOCTPOHTL pacipele-
‘IeHHA JuoBO# H3 MHOSOTaXTHBIX JIEHT XA0THYECKOr0 ATTPAKTOpE.

Hconenyem BHHAHME BHEUIHErO ANIHTMBHOTO MIyM3 Ha GOpMY ONHOMEpHBIX
JAKOHOB pacnpenesieHua. PacdeTsl B 30eCh NONTBEPIMIN yCTaROBNEHHbIe B 11.2
3aK0nOMepHOCTH. ECTTH HHTEHCHBHOCT LIYMa MaNa HACTONBKO, YTO HE NIPHRO-
AMT K BHYTPeHHHM OWYpPKALAAM aTTPAKTOPOB. TO WX AeHCTBHE CBOOMTCA K
CINaXHBAHUI0 MEelIKOMACIITAGHOH CIpyKTypr! pacnpenenedua. C pocToM HHTEH-
CHBHOCTH UIYM3 HHUYUMPYIOTCH BHMpYpKauHu CRAJHOCTH. YTO BefieT K COOT-
BETCYBYWOIAM NEpecTpONKAM 3aKOHOB pacmpenenedus. K npumepy. nedcrsne
utyMa HereHcHpHOcTH D = 0.0] Ha 4-TuKTHYI NEHTY ATTRAKTOPS NPHBOIMT
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K MEPEXO/Y HA Z-TAKTHYIO. @ YBEJIHNEHHE MHTEHCHBHOCTH MIyMa 10 D = 0,05 an-
AYUMpYET TiepexOd K pa3BHTOH |-TakTHCR ReHTe arrpaxropa (puc. 11.5x, 3).

B omiMuMe ©f runcpGONAYECKHX CHCTEM. DCAKNKA KBaIRATIPAXTOPOS Ha
BHelIHUE 1IYM CYL(ECTBEHNO JABHCHT OT BO3ZMOWHLIX GHdYpKalyik aTrpakTo-
pOB. PeaSIHIYIOMIBXCR nON NefcThueM ¢mykTyaumid. Echn ypoBeHs ryma we
DLIILIBALT BHYTPEHHRX GHYPKaUHRE, TO CTATHCTHYECKHE CBOHCTBA ATTPAKTOPOR
r/1aBHeIM O6pa3oM ONpeNeNtHOTCA NHHAMHK O | CT260 I2BHCAT OT BOIMYILCHHIR.
Zunamuveckan CTOXGCTURHOCTS B TAKHX CUTYALMAY. CICA3HIBAETCA CHABNEE H-
RA3BIBIEMOH H3AHe! 3pech MpaxkrTHyeckH HAGIAIONAe1CH AHANOIHA C runep6o-
Nvueckumy artpakTopamd [90]. [lpa yposHAX UIyMOROrO BOIMYIEHHA, CNO-
COGHOTO BbIIBATL BHYTpeHHNe GHYPKAIIK aTTPAKTOPOB, KAPTHHA CYIIECTREH-

Yoo 11T Onsomeprite pactipeleneHna p(x) (CherL) i COOTRETCHS Viollive anToKOppenn-
M (crpasd) (PA3HILCKAR SKCTIep nveHT)
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Ho HHaA. HHTEHCHBHOCT: WIYM3 HTpaer [IpH 3TOM pOlls YIAPABIKKWIErY 11aps-
MeTpa €O BLEMH BbITEKAKNMUHMH NOCAELCTERAMM,. CTIHOBHTCA SCHBIM, KK Ole-
AHBATSE CTEMEHL MANIOCTH Y POBHA WYMOBOTO BOMIEHCTBHN : YeM MeHblle obrtacTs
JHaueHHA NapamMerpOB CHCTEMBI, OTBENAWIAA CYLIECTBOB4HHIC TOH WM MHOA
KOHKPETHOR CTPYKIYpHl aTTpaKkTOpa, TéM (pd MeHbLURY. 3HAYEHHAX HHTCH-
CJHBHOCTH IMyma Habiopawtca undyyupoadgnnste wiymosm OndypKdiHoHHble
ABJICHHA,

[TpuBenextibie pe3ysIbTaThI MaTeMAaTHYECKOTO MONEIIHPOBAMUA KAYeCTBEHHU
BOCAPOM3ROAATCE H B GHIMNECKOM 3KcIepHMeHTe, € LLOMOWBIO H3MCDHIETA
MIOTHOCTH PAaclpefelicHUA BepOATHOCTER W aBrOKOpEANANHORHBIX DyHIKOH#E
X2-6 IHWIHIHPOBANHCE CTATHCTHYECKHE XAPAKTCPHCTHKM X-KOMAOHCHTBL KQ-
-1eB4TRNIBHBIX PEMHMOB TeHepaTopa ¢ HHEPIHOHHOH HEAHHIZRHOCTRIO B 3aRHCH-
AICTH OT mapameTpa m ¢ (pHKcHpoBaHuem g. IIOCTOHHCTBOM JKClepHMIHTA
ANAALTCA TO, NTO MCCNENOBAHMK NOABEPTANCH peAllbHLIf MpOllecc 2BTOKGIe-
Garmi x(1). copep¥apinid WHOOPMAUHIO O CIOXKHEIX MNpoUeccax BO3NeHCTBHS
bayrTvaimi. B cunty orpannueHnedl (W manoil B cpaBHenus ¢ IBM) namAti
jsmepurens X1-6 [e12NsHOe KOIMMECTBEHHOE COMOCTaBJicHNC TEOPE TMHECKHN
it JXCMCPHMEHTANIBHBIX UAHHBIX, BOOGLIE TOBOPA. HeBOIMOXHO. [luyramy npo-
iBefleM CONOCTARSIEHHE P2ayAbTaTOR Ha Ka4eCTBEHHOM Y pasye.

Ha puc. 11.7 npHBeAgHbl GCUMITNOTPAMME 3BONKIUMK OHOMEPHNX GYHKUNA
pacripenenetinn p(x} H COOTBETCTBYIOUIMX HM aBTOKOPDCIALMOHNRIX dyHK-
st Wy (1) Npy nepexOne K Xaocy Yepes YIBOCHHH NpH BapHALIH ITApEMeTpa 7.
¢ paBHeHHE JKCNEePHMEHTANBHBIX pACNpeOeeHHi p{x) C pacueTHBINMH. H306pd-
KeHHbIvK Ha prc. 11.5. He TpeByer ocofbix KOMMeHTapHeB. OTMETHM [iHIHb,
HTO [BE HUKHHX OCUMANOIpasMMel OTBCUAIGT PEXHMAM - W L-TakTrofl neHT
STTPAKTOpA.

Tax kax B npuGope X2-6 cTarvcTHYecKad ofpaGoTKa pedNd3auKeE Y (7Y ocy-
ICCTBIARTCA, ecTeCTBEHHO, B3 CHeUNanLIUN NPOUCHY PBl HCK. TUEHINR 17¢ PHOLH-
IECKMX  KOMIOHSHT ABMKeHrA. 170 W, (T} U1 2-TaRNTHUOR NCHIBL 4TIpIKTOpd
iemoucTpupyeT obcyxaapiuKecs B 1.2 addexT. Kak 81uaHO H3 CCUMILIONpaMM
iTpeThA Crepxy cepHx napuc. 11.7). AK® ¥, (r) mna 2-rakrHoM JeHTs anipax-
TOpa ABHN COAEPAMT MEPHOIIMNCCK YU KOMIIOHCHTY ¢ TepHONOM 2 H 23 BpeMR
POTHCTPALH K HYJUD He cTpemMiTcA. B cnyvae pasBHTOHR CTOXACTMYHOCTH ilepe-
MENMBAHKE OCYWeCTBAAETCH MO BCeMY ATTPaKTOpY, M CICOCTBHEM HBIACTCA
JICIVHEHLMATRHOE YMeHbilieHe W, (1) (rouree — oruGarolaed ¥, (1)) npakru-
42CKH 10 HYJIK B NIONHOM COOTBETCTBHH © MAHHBIMK YILC/IEHHOTO JKCAEPHAICHT,

3HuHne DHHOMCPHBIX 32KOHOB paciipelefieHHa XCTA K MOIPONIKET Nath UThe-
11 HI DAL OPAKTHYECKHX ROAPNCOB (BLIMHCNICHHE CPETHAY. SHAUCHHA, HHICHCHD:
HOIH, SBTOKOPELJIHINM) . TeM HE MeHee ¢ TCORRTHYeCKOH TOW:t Ipoina, Ges-
YCAORNO. He pemder TpOGHeMB! CIATHCTHUCCKOUTO OIHMCAHHR  XaUTHUECKOIO
strpaxcenpa. Ao 37000 HeOBXO MO HMETL B pacriopskeHun V- -MepHEIl 32KOH,
XIPAKT2PRAVIOILHI PACHpeieneHne BepOUTIUCTER [0 BoeMy PaluBsoMy 1lpo-
CTDANCTYY CHCToMDbL.  3HanMe N-MepHUH  ILIOTHOCTH pacnhpesefcHUA BEPOAT-
HOCTel MDIRCITHT Yuet1h Uenbid pail fonec TOHKH: aKTOpoR. 4 wicTHOCIH
CLA FIHUBIX H € o UEAHBCM SHCUIHHX MIYMOBBIX BOIMYLIEHIIL.

C eBI0 W00 PAHKK NPHBEIEM Pe3yMbFaTh SHCLEHAGHT prCictd Jo1Mep-
Holl GYUrEME pactpedeNicHrd p(X, /). UpCBCIEHHOrD [LIH PEKHMA DITHWION
CICXACTHYHOCTH B 1eHepaTupe |, 3a13BACMOM CHeTeMOR (7.38) upu 1 = [.5,
© = 0.7 (oM. pue. 10.7) . Ha prc. 11.8 n1o6pameta GYHKHKA pucdy e cliondn
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P uc. 118 [TeymMepHar paciipeficfticHue p (X, V1 BEHTOYHOTD ATTPAKTOPA, HIOGPAKCHHOI O
Ha pue. 10.7. 8 OTCYTUTRHE LIYMA

Fowc 119 ddibekt 403 12ACTBRA YMA Ha OBYMepHOe Pacipeneneitie 7 (x, v1. niobpa-
MEHHOE Ha pHc. 118



px ¥) B orcyrcIBae wayma. CeueHue ee moGOA M3 mWIOCKOCTeR X = 0 WIN y=0
naer GITH3KHE K NMPERCTas/ieHHuIM Ha pHc. 11.64 peaynnrarsi. Moxuo monarars,
uTO B CHIY CHMMETDHA [BYMepHOH QyHKUMK pacnpepenieHss puc. 11.8 onmo-
MepHOe pacripentenehne BoOBue He Gyaer CKONML-HHGYNh 3AMCTHHM 0Bpas’om
3aBHCeTh OF BHIOPAHHOH CeKyeH.

Mpst Hanuuun cnaboro uIymMoBoro BoO3NeRCIBAA 310 yxe He Tak. Kax BuiHO
n3 puc. 11.9, opyMepHOe pacnpeflesieHHe BOZMYIUEHHOH CHCTEMBI CTAHOBMTCA
33METHO ACHMMETPHUHEIM H OOHOMepHbIR 3axod Gyper B GonsiueH creneuu
JABHCETH OT HANDABJICHHA NpOeKTHpopannd. HakoHew, oTMetusM BaxHyio fe-
rasib. JJoyMepHar naoTHOCTS PacnpeneneHus BepoATHOCTEH p (X, ¥) arrpaxTopa
eIO-hOKYCHOIO THNA KOKKCHTPUDYETCR Had Touroil cedav-Pokvea B wavane
KOODIMHAT, CBHOCTENLCTBYA 06 OTHOCHTENLHO GONbUICH DONH BpeMeHH, KOTO-
py®© $RIOBIA TPaeK TOPHS MPOBOMHY BEMHIK Hy/TR. 310 ABNieHMe ORHAPY*GBACT-
CA TIpH MCCTIeROBAHHMAX pANA NPYTHX CHCTEM ¢ MIOROGHLIMH KBAIMATIPAK10pa-
MH. B YaCTHOCTH, Ka9eCTBEHHO aHATOIWYHBIE PeayNbTathi NONYRAMWICA HpH cTa-
THCTHYECKOM aHAJIHIE TpaexkTOpuit aTTpaxTopa Péccnepa.

11.4. O pasmeprocTn eTTpaKTOpa

T'eomeTpuueckie ¥ BEepOATHOCTHBIE CBONCTBA XAOTHUECKHX aTTPAKTOPOB Xa-
PAKTEPRIYIOTCH PAVTHYHBIMH PAsMEDHOCTAMM, IKKONHYECTBCHHOE BITHMOCOOT-
BETCTBHE KOTOPLIX MOKZ AAETCH ONCHKEMMH THNE HepapeHCTB H B obweM ciy-
Ye TpeSyer crenMANLHBIYX TEOPeTHUeCKHX HCCHefoBanMii. COBOKYIHOCTh Bbi-
ARIEHHBIX ITANOHHEIX CBOHCTE MMHAMUuecKOH cucremm (7.38) nouckasnipaer
BOIMOXHOCT NPOBEACHKA CEPHA MHCIEHHBIX IKCTIEDHMENTOR NO pacuery pas-
AHUHBX PAIMEPHOCTEH XBOTHYECKOID Arrpakropa M HX HeTANLHOTO KOJMYecT
BEHHOI'O COMOCTARIIEHAA,

C 310 Lensi0 PacCMOTPHM peXHM pPAIBHTOR CTOXACTHYHOCTH B CHITeMe
{7.38) npu 3HaveHWsax mnapamerpoB m = 1.5, g = 0,2, KOTOPOMY OTBevaeT
ArTPAKTOp CeMI0-HOKYCHOTO THNA, HIOGpaxeHHsl Ha pHC. 10.7. BHavane pac-
CYHTEEM DA3MEPHOCTH ABYMEPHOrO XAOTHIECKOrD MHOXKECTBA 8 ceueHHH [lyau-
Kape naockocTbio x = {). EcrecrseHHO NpeAnonarars, 4T0 paiMepHOCTS B CHIY
HENpPEPLIBHOCT (HA3OBOTO NOTOKE He 3ABHCHT OT Bufopa cexymed. onuan
Pa3MepHOCTE D 2TTPAKTOPA, BIIOKEHHOTO B TpeXMepHOe $alcBOe NPOCTPAHCT-
BO CHCIEMBI, NIOMYHaeTCH N06aBNIeHHEM eHHMULI K paIMEpHOCTH d Xa0THYECKO-
TO MHOXECTBA B CEYEHHH:

D=1+d (11.10)

HucneHHbIM UHTErpHpoBakHeM cHcTeMbl (7.38) ¢ HAauaIbHBIMK YCTOBMANH
R ATTPAKTOPe GOPMHPOBANCA MACCHP MaHHBIX M3 3,18 - 10* Toyex Ha cexymich
anockocre x = 0, KOTOphE pacCMATPHBANCH K&K ABYMepHsii arrpaxtop. s
BHMYUCICHHA paIMEPHOCTEH BTIPAKTOP NOKPMIBAICA KBANPITHKAMK CO CIOpO-
HOH € H PACCUNTHLIBATTHCD CHIE/YTOMIKE BETUYHHEL:

d, = Iimo [In M(e)Inf1/e)].

,H!l)
dy =~ lim 2-[ Pinpdin (1/e), (11.11)
LRl N
. M)
de = - llmo Iln(’E P ) (1/e)],
 — =1
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vite M{g) - YHCNIO ANCCK, AOKPBIBAGLIAN ATTPEKTOPR, p; - BCPOATHOCTH TOrO,
YTO TUMKE STTPAXTO[E HPUHALICKHT §-A suciice NOKPRITHH . df Hd, — mer-
PUMCCKT@Y, MHHOPMBULORREY W KOPPEIT{UCHHAY PDIIMEPHUCTH aTTpakTupa Co-
OTBCTCTESIHO.

Tun KaK npy € = Q pacuicThi BPOBOILTH HERBIA. 10 BLINHCHANICH OLHKE €O-
OTBETCIBYROEH PAIMEPHOCTH . 3aBHCAIERA OT LJAHA BENHUHHM €

F= 1

de = He [In(tie)]™". (i1.12)
rIC B J4BUCHMUCTH OT ofipencietua (1111)
(e Mie}
He = inMe). He = -~ L pilnpi. H,=-In( I p?). (11.13)
F i=

an JIOCTATOUHD M3JIBIX € MOXKHO CUNTdTh, 4Ty

exp H, = ce™ Y, (11.14)

Tjle € - HEKOTUpan MOCTORHHAA, 3 J ~— JHAYCHHE COOTBETCTBYWINCH paaMep-
HocTH. Torzu

He = Inc+dlin(lfe). (11.15)

Takum 0Bpasom, J anHeino sasucnr or {in(1/€}]™ u B npesiene npu e +0
CTPEMHICA K TOUTHOMY 3HAYCHMIO paiMepHOCTH arrpakTopa. B axcnepumenre
HCOBXOUMMO OrpasHyNTbCA HHTICPBANOM MaIbIX FHAUEHHH €, B KOTOpOM NpH-
fUIMNeHHO clpage/UiMBa BHCAHAA 3asucHmocts (1115}, W ANA HaXxOWOeHHA
PAIMEPHOCTH ¢ IKCTPANONIHPORATH JTY JARHCHMOCTh B 081acTh € 0.

Kak BHAHO M3 DE3yNBTATOB pacyeToB. MpHBEleHHKIX Ha puc. |1.10, axcae-
PHMEHTANBHBIE JABUCHMOCKH GiM3KKH K fiMHednbiM B HHTepBane 0,01 < e <
< 0.30. KonuuectBenHan oleHKE KOIQPHUUHEHTOB NHHEAHBIX 3JABHCHMOCTEN
METOIOM HAKMEHBIUMK KBAAPATOR M afIAPOKCHMAUMA COOTBETCTBYIIUMX NpA-
MbIX JI0 € = 0 JaNH CneilyouHe pesyeTarhl:

d, = 1,306 £ 0,015, “dy =1300£0013. 4, =1277+0017, {11.16)

rae NOTPElHOCTs XAPAKTEPHIYLT CPellHEKBALPATHYHLE OTKJIOHEHHH TeopcTH-
YECKHX AMIPOKCHMAWMA OT 3KCHEePHMEHTANBHBIX AaHHblx. Tlonubie pazmep-
HOCTH D slerko nonywuTh, 1o6asue eamnany (cm. {11.10)}.

[lonyuenHbie pesynbTarsl yAOBNeTBOPAIOT TCOPETHYECKMM OueHkam D, >
> Dp > D¢, ofHako ¢ yueToM OLUCHKH NOTPeutHOCTH CYeTa BO3MOXKHO | NOJIHOE
papeHCTRO

D, =Dy = D, = 229 (11.17)

MMpopeneM pacder KOPPeAtUUONROT DAIMEPHOCTU, UCTIONBIYA JHCKPETHYIO
NOCAENOBATENBHOCTE OMHOH W3 KOOpPUWHAT URYMEPHOro aTTpaKIopa B 0TOGpa-
XKeHMn, merodom [pacctepeepa - Taenca. € ITOR UeNblo M3 HAGpaHHOTO Mac-
CHBA [JAHHBKIX HCHONb3IYEM IIOCNEHOBATEThHOCTE KQOpOHHATRL ). .[[ﬂﬂ paimep-
HOCTH [RPOCTPAHCTEA BIOKEHHA, PABHOH 4, pe3yiibTaThi JIKCNEpHMEHTA Cle-
HY I0MIHE

do =129240041; D, =1+d,. (11.18)

Kax upno w3 conocragnenus (11.18) u (11.16), u 3101 MeTou naer pesyne-
TATLI, NOIBOIIAIGLIHE TIPSIUTONAraTE cnpasesmaoctes (11.17).
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2,0

1,5

1,0

3

B3 05 ficvel”

P uc. 11.10. PACCYHTaNHBIC PAIMEPHOCTH ATTPAKTOPA cHCTeMEr (7.34) B oTolfipakeHKn Ha
cexyied niockorm x=0 (= 1,5, g =0.2)

0,1

Anroputm T'paccBeprepa — TakeHca ATA pacueTa KOPpEeNALHOHHOR pasMep-
HOCTH MOXHO NPHMEHHTE W HENOCPENCTBEHHO K MOCHeNORaTebHOCTH IHAYEHHI
OOHOU U3 XOOPOUHAT TPEXMEPHOTO aTrpakTopa cHeteMnl (7.38). C aroit nenkio
HOPMHUDPOBANICA MACCHB NAHHbIX KOOpUMHaThiX (i , Af).i =0,1,2,...,2-10%,
A1 =0.25. lInA pa3mMepHOCTH NPOCTPEHCTBA BIIOXKEHHA, PAaBHOR 5, K BpeMeHH
JANEPNKKH kAL = 2 pe3ynbIaThl CEfyomme:

D. = 2,214 £0,026. (11.19)

HaxoHel, BLIMHCANACH ARNYHOBCKAR Pa3MepHOCTE Dy Ha OCHOBE NOJNHOTO
cnexktpa JIXI[] arrpaktopa no dopmyne Kannana — Hopxa. Pesynbrarer cne-
ayoImHe:

Ay #0062, A, =0,000, A =-0,187, D, =233. (11.20)

Pesynerarel pacyera xoppeldauMoHHoin (11.19) u msnywoncxoi (11.20)
pa3MepHOCTEA ATTpakTopa cHcteMbl (7.38) nawr HeCKONBLKO IAHMKEHHOE 3HA-
deHne D, 1 3aBBIUIEHHOE 3HAveHWe [y B CPARHEHMH ¢ MAHHBIMM, NONYYEHHBIMH
Hd OCHOBE paCueTa pa3MEpHOCTER aTrpaKtopa B OTOGpAXeHHH. ECTb OCHORAHKA
NOJarith. YTC YKA3aHHBIE PAMTHYHA, He ripeBhiarwme 3%, oGycnopieHsl
OTHOCUTENPHO MAIOK JIKHOH aHANM3HpYeMOW peanusaumu x(7) (1A D.) w
MAIbIM BpeMEHEM YCPeIHEHHA (WiR [y ), KOTOpBIE B IKCIIEPHMCHTE OFpPaHHIH-
BAJIMCH BO3MOXHOCTAMH KCMONB3YEMOH BRIMHCIHTETLHOR TEXHHKH?) .

*) HapansRaHKe MaccHBA LAHILIX H BPEMEHH YCPERHCHHA I[CMOHCTPHPABATO HBHYIO
TEHREHLMIO K v BeAHNEHII0 De o ymenbuierio Dy .
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tHooMOTPH Ho HEKOTUDHIE PAINHYHA B KOJRYECTBCHHBIX 3HINECHMRX paiMep-
HOCTEH, BbBIBC;L] MOXKHO COelaTh OAHO3IHAYHO: C TOYKH IpeHHA dJli?vHK}l 2TH
UT. LYW HC CYUecTacnbl. B UaCTHOCTY, MAIA pelueHHHA BOMPOCA O YHCIte AKTUB-
HBIX CTeileneit cBOBOILI, 330eRCTBOBANHLIX B KOHKDETHOM peXMMe aBTOKOse-
OuHHH CHCTEMEI. MCXKHO HCITOMbIOBATH NWGOH THII PAIMEPHUCTH, PACYeT KOTO-
pOi MO TeM HNM WHbIM TIpHuMHAM HauGoitee YHOGEH B KOHKPETHOH CHTYALUHM.

Y10 1acaeTcs paccMOTpeHHOFD KOHKPETHOrY NpHMepa artpakropa Cemio-
¢$OKYCHOIO THNIA B TPEXMEPHON CHCTIZME, 1O He HCKILHOMEHO, 9TO BCe MCCHeno-
BAHHLIC THIBI PIIMEPHOCTER TEOPETHYECKH HMEKT OAHHAKOBUE KONHYeCTBEH-
Hoe 3HaueHne. Kuk wapceTHO. UM TpeXMEpHBIX MOTOKOBLIX CHCTeM ¢ [IHBep-
reHiifeR BEKTOPHOrO HONA, 3aBHCAIMEH 01 $a30BLIX KOOPOHHAT, B TeOpeTH-
YeCKOM MNaHe 19T BONPOC A0 CHX MO OCTASTCH OTKPBITHIM.



THABA 12

PASPYMEHHE HBYXYACTOTHHX KOJIEGAHWA
B HEABTOHOMHOM I'EHEPATOPE

C HHEPIIHOHHOA HEMMHEAHOCTHIO.
TOP-ATTPAKTOPM H MX CBOACTBA

12.1. Ofmag nocTanoBKS 3804

flepexopaM K XaOTHYECKOMY ILPHNECHNIO B HC/HHCHAHMX pacTpedesieHHBIX
CHCTEMAX H CPENAX, KAK OPABWNO, MPELMICCTBYIT PeNMMbl YUTORKHAIOMeHCH
4BTOMOAYAAINH. CnexTp KONeGaHRH ¢ POCTOM YNIPARNAKILCIO MAPAMETPA 050-
FAUALTCA HOBLIMH ¥ KOMUHHAUKOMHBMYE YACTOTIMM, YBERHUHPACTCH WX YHCNO
K WHTEHCMBHOCTH. PACTCT TMCTIO ADMOHMK, H B WTOTe CHEKTP CTAHOBHMICK
CILTOIHBIM, CBHACIENGCTBYA O HeperyANpHOCTH KoneBauuf. Heropusecky onpa
M3 NEpBHIX TEOPETMHCCKHX MONenel paIsuTHA TypSyneHTHOC™M NO JlaMmay
HAMHOTO OTIPCACITANIA XOil PAIBHINA TEOPHM NHHAMMYECKOrO X#0Ca M B JIKCHe-
PHMEHTAIMIOM IUIAHE OTBENANE PealbHO HADMO/AEMBM IBOTICUKOHKBIM 11PO-
1eccaM HOPMMPOBARMA CNIEKTpa pasBHTOR cTOXACTHUHOCTH. OmHaKo ata Guilee
HETaNbHBIX HCCNENOBAHMA GHOYPKAUROHHBIX ABICHWI, NPHBOIAHX K PoxDe-
HRI0 X20CA NPR PAIPYLUEHMH KRA3HIICPHOIMYECKHX KONMEeGAHUA, B TO BpeMA He
Guc1o  pa3paboTaHO GYHOAAMCHTAABHLIX MATEMATHUCCKHX KOHuemmmuil. Heno-
CPRUCTBEHHOE HHITPMPUBAHKE CTONKHMY MM depeHIia ThHLIX ¥ PABHOHRA TAKKE
COBPAKUBANOCE OFCYTCTBHCOM HeOBXOHWMOR BRUHCNMTANLHOK TexHmkn. Ortme-
THM, 9T0 H GHINICCKHE NPeICTanIeHHA O CTOXACTHYHOCTH i0 60-x rogoB Gau-
DOBATHCh B OCHOBHOM HA CTATHCTHUECKMX ABEHMAX, OGYCTOBACHINMA BOIACH-
“TBHEM YK TYRUHA.

llosnoxenne wamMecHUNOCh MoCie NYGIIUCAUMN IHAMEHRTHIX paGoT 3. Jlopen-
ua [26] , . Proanda u ®. Taxenca [27] u pesyneTuror GysNAMEHTATLHRIX He-
clejiopakuit cosetckmx yyenmx [6, . 15, 20, 22, 23, 32, 37, 46, 52. 53,
5¢6--58, 60, 79, 80, 82-84, 90, 91, 93, 94, 104, 105, 120, 121, 137-139].
BaefieHa KOMUSTIUMA CYPAHHONN ATTPAXTOPA M KBaJHATIPAKTU A, CHOPMUpPOBa-
Hbl HODBIE METOUR KAYECTBCHHOTO 2HANKIA, NOIBONHIOLUC B METAAX MO0M-
T K HCCASIOBAHNIO NPOHECCNB BOIHHICHOBEHHA W CTPYKTYPhE (IPHTHHBAIOLINX
"uneplOomMecKHX NOSMHONECTE B (ha30ROM MPOCTPAHCTEE MHOCUMEPHLIX fH-
HAMASECKAX cHCTeM. JOCTHXEHUH TeOPHE B COBOK YRHOCIH HUHMMIHMA ¢ pad-
HUTHEM MdTeMarHweckoro ofiecnieucina k Guctponcictsan 3BM Ha npunuing-
UAKHO HOBOM YPORME CHENANH BOIMOXHBIM  BuUIBpallleHHe K HCCHENUBAMAI
ipoinemM HenHHeHHOR GHINXH. CHANNHLIX ¢ GAGYPKAIMAMY KRAIMICPHONH-
HECKHX KONE(HHAR B POXLEHHEM AMHAMINCSKOIO XA0CA.
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3a woneaHue [0 NCT DUABHAOCH MHOTYO HHYEPECHLIX 3IKCNEpPHMEHTATBHDIX
H I[eOPETHYECKHX pﬂﬁfﬂ N0 HeCJIEIOBAHHIO MEXAHHIMOB Mepex0fa K CTOXACcTHY-
HUCTH Ycped [A8YX- H TPEX4acTOTHble KONeGaHWA. MOXHO BLINENUTE TPH HANpAB-
HEHWA 8 HIVYCHHM YKA3aHHOH npofinemsi. Bo-nepsrix. cTpOrii TeopeTHiecK it
JUANIH3 M3 OCHOBE JHATHTHYECKHX METOJ0B KauecTBEHHOM TeOpHH JAHHAMH-
ucckux cHerem [17, 20, 37, 40 - 43, 46, 52, 53, 120 — 123, 137 - 139] .. Bo-
BTOPbIA, MOUE/IBHUE ONMCAHWE HENHHeHHBIX ABNEHHHA, WPHBOMHWHX K pa3-
PYLUEHHN WHBADHAHTHBIX KPHBBIX B [MCKPETHRIX OTOOpaXeHHAX ¢ MpHB-
JIEYEHHCM METOMIOB PCHOPMIPYIMOBLIX NpeOBPa30BAHHI H UMCNIEHHOrO Cueta
[140 — 145]. H, HAKOHEL, YHCTICHHBIE H PHIHUECKHE IKCHEPHMEHTHI IO Heclle-
JOBAHHIO NEPeXOHOB K Xaocy uCped KBAIWNepHOMMuecKHe KoNeGaHuA B KOH-
KpeTHHIX KOHeYHOMEpHbIX H pacnpepefieHHbIX cucremax {1 - 14, 22, 32, 85,
135 — 136,220 - 234].

AHAIH3 H CONOCTABIEHHe MNONYYEHHBIX IKCHEPHMEHTANLHBIX H TeOpeTH-
YeCKHX pe3yabTaTOB YKA3hIBAKT Ha NeNbiA pAfd YHHREPCANbHBIX KAYECTBCHHBIX
JAKOHOMEPHOCTEH, NPHCYINHX MEpexofaM K Xaocy ueped KBAIHNEPHOMHIECKHE
peAHMBL BHE 33BHCHMOCTH OT KOHKDETHBIX CHCTeM. Bonee toro, 3tu peaynn-
TUTBl CBHASTENLCIBYIOT O TOM, YTO N0 KpaHHeH Mepe ApH OTHOCKTENBHG HeGonk-
104X TIDEBBUIIEHHAX HAd NOPOroM KPMTHYHOCTH [HHAMHKKA paclipelcNeHHbiX
H XOHCYHOMEDHBIX CHCTEM BO MHOIOM CXO[HA.

Jr0 upe3BLINAAHO HHICPECHO M MPAKTHYECKH BAXHO, TAK KAK BCENHET Ha-
HexIsl Ha CO3AAHME TEOPCTHHECKHX OCHOB aeKBATHOIO MOJENHPOBAHMA NpO-
HeCcOB pazBHTHA TypBy:IeHTHOCTH CRUIOWHOR CpelBl ¢ NIOMOLUbIO CHCTEM OOBIK-
HOBENHBIX IHMGDGhEPEHUHANILHBIX YPABHSHHI H IMCKPETHBIX OTOGpaxerHH, uTo
CYLUECTBEHHO YIPOLUAET pacyethl.

Kax 6u10 noxasado g ri1. 10, HaiHuHe Herpy GOl rOMOKIHHIYECKOR KpUBOH
THNA NetnH celio~hoKyca W rpyBbix FOMOKIHHHUECKHX TPACKTODHH ¥ ceto-
BBIX MEPHOMMUECKHX [BHXEHHH ABNAETCA NMepRONpPHYMHOR Pa3IPHTHH KBAIMAT-
TPAKTOPOB COOTBETCTRYIONIEH CTPYKTYphl. B cyuae nepexopioB K xaocy depe3
KBA3HIEPHOIMYECKHE KONEBaHNA MONOGHBIM UCHTPANbHLIM 06beKTOM ABNAET-
CA FOMOK/IKHHYECKAA CTPYKTYPa, NOPOKNAEMAR HeTHHEHHBIMH MPOLeCCAMH pa3-
PYLUEHHA NBYMEpHOTO TOpa.

B orofpaxenud TlyaHxape peiOHAHCHOMY NBYMEPHOMY TOpY OTREYaeT MH-
BAPHAHTHAA KpHBAA, OGPA3IOBAHHAN 3AMBIKAHHEM HEYCTOMUMBRIX CenapaTpuc
NepROINHIECKHX CEMIOBBIX TOWeK Ha ycroduMpeie yanel. Ecnu anmanuamposats
TIOKANLHYH OKPECTHOCTh OO M3 CEQUIOBLIX TOYEK HA HHPADHAHTHOH KpPHBO#H,
TO OKAKETCA, U0 MEXAHWIMB! PIIBHTHA MOMOKITHHHKH Ka4eCTBEHHO CXOIHDI C
NPOLUECCAME B OKPeCTHOCTH CENOBOR TOYKH MEPHOAMUECKOrD NBHKEHUA B 010-
Gpaxenny [lyadkape. B 10 ke BpemMa HanHuMe KOHEWHOrO YMCNa CelIOBLIX
TONEK W HX MPHHRLIEXKHOCTD HMBAPHANTHOH 3aMKHYTOH KpPHMBOH NpHBOOAT K
XAPaKTEPHBIM OTIIHNMAM B CTPYKTYpe TOMOKNHHHYECKHX TDRCKTODHMH M Kak
CNEACTBHE — K CHeIHGHYECKHM CBOHCTBAM POJHHKAWMX KBAZHATIPAKTOPOB
(rop-aTTpaK1OpoB).

Pexumbl ABYXHaCTOTHBIX KONeBAHHA PEATHIYIOTCH H HCCNELYIOTCH 1ipu De-
PHOIIMUECKOM BHeluHem BOIeHCTBHH Ha YCTOHMHBLIA NpenenbHbiH UHKN aBTO-
HOMHLIX CHCTEM, B CHCTEMaX NBYX Bsaumoneﬁcrayloumx AKTHBHLIX HE/IHHEH-
HbIX OCUMANATOPUB, 4 TAKXe B aBTOHOMHBIX HelIMHEAHMX MHOTOMCPHBIX H pac-
NpefeTeNHbIX CHCTEMAX, CNOCOBHLIX paloTath B peXHMAX ABTOMOLYIALHH.
JNA H3yueHHA PAOA MPHALATHAILHLIL ABNCHAHA NONE3HO HCIONLIOBATE MOLeNb-
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Hple TMpPEACTABICHHA B BHIE JMCKPETHBIX CHCTEM ¢ MHBAPHMAHTHOM JaMKHYTOR
}:pHBOH, ABIRIOUIEACH IPOOSPAIOM ABYMEPHOIO TOPA B OTOGDAKEHKH.

Cnocobul  BOIBYXKIEHHA UBYAMACTOTHRX KONcGAHMRE NMOACKAILIBAWT BOI-
MOMHOCTh PERNIHIILMK PEXNHMOB ¢ TPEMA HeIABHCHMMME yacroramu. Hanpw-
mep, NPH cARGOM NePHOIMNECKOM BO3GYKACHWH CHCIeMBL ¢ ATTPAKTOPOM B BH-
Ag NBYMEPHOrO TOpa MOXHO OXHUATL BOIHHKHOBREHHA TPEXYaCTOTHBIX KO-
GaHi.

Heoneponadue GHdYpkaOHibIx ARMEHRA, CONPORCKOANIMX NEepexon Ot
peAKHMA [IRYXHACTOTHRIX KOMeBaHei K TOp-xaocy, npouwle HATHHATH ¢ AHANH3A
HpOIecCcOR B ABTOreHepdTOpe, BO3GYRIIEMOM BHEWHCH NepHOMHNECKOA CHITON.
flpewMyulecTBa TAKOIC NOAXONA CBA3AHLI ¢ MANOR (BIIOTL 10 MHHMMAJIBHO
HOIMOXHOA) paIMEPHOCTBID HHHAMMYECKOR CHCTEME i PICTOTOR H3IMEHERHR
yucna ppaedns JlyanKape ryTeM BapHalHi 4acTOTHI CHIHATA HAKAYKH,

B ra. 12, 13 Hz pape HecHOMHLIX SBTONOMHBIX W HedBYOHOMHEX MHbdepen-
UHANIBHBIX B HHCKPETHBIX CHCTEM pPaiHOGH3IHKH PacCMATPHBAIOTCH OCHORHLIE
MEXIHHIMEL YlEpeXO4a M CROHCTBA XAOCA, pOMIAIOMIErOCA NIpH padpylileHHH
IBYX- H TPEXWACTOTHRIX KBAIHNHEPHOMHYECKHX KONEGaHHI ¢ NPHBNETCHHEM LUH-
POKOr0 KOMIUIEKCRE TEOPETHUECKHX, YHCNMEHHBIX H 3KCNEPUMEHTAILHBIX METO-
aos. Ba30poit MOfenso ZUIA UeNeHANPIBNCHHLIX YCTOXKHEHHH BOIMONHEIX
JHHAMMMECKHX ABNECHHH B HCCHEMYEMBIX CHCTEMAX CIYXHT SBYOHOMMAR CHCTe-
Ma - MOMHGHIAPOBAHNLIA FeHEpaTOpP ¢ HWHEPLUHMONHOR HenwHeitrocTho. CTpyk-
TYpPHEA YCTOHIMBOCTb 3TOH MOMENH B COYMETAHMM ¢ OTHOCHIENMbHOR MpOCToTod
HHCHEHHRIX M (PHIHGECKHX IKCOEPRMEHTOR NOIBONHeT B JETaNAX NMPOARITTHIH-
pOBATE BEChbMA CTIOXHBIE HHHAMHYECKHE ARNEHHA H BLIABRHTHE THIHIHAIC 3AKOHO-
MepHOCTH.

12.2. BdYPKaMONAAS THATPAMMSE HEABTOHOMNOIO NeHepaTOpa
B OKPECTHOCTH OCHOBHOIO pe30HAHCE. YHOICHHEIR SKCITEPHMEHT

BelSop MCXOMMOH ANA HAINEH 33a4H CHCTCMBI ¢ OpelefbHbiM LHKIOM He
Geapasnuved. Tax, HanpHmep, MHAMHKA TeHeparopop rHna Baw mep Tlons non
NeHCTBHEM NEPMOJMYECKOH CWIbl XOTA H OTPaxaeT HEKOTOpble OCOGCHHOCTH
NepexoHOB K XAOCY Hepes pesHM GHeHMit, HO JANeKO He DONHOCYBIO, YTO 3ABH-
CHT OT CrocoBa 3ajiaHMA HelHHeAHKIX XapaKTepHCTHK Momenn [134]. Pasym-
Hee B KA4eCTBE 3BTOHOMMON CHCTeMB! PACCMOTPETE He NPOCTO reHepaTop Nepuo-
IpveckHx xoneGamuil, a cHcTemy, cnocoGHylo paGorark B peXxHMax Kaxk pery-
SAPHBIX, TAK H XAOTHMZCKHX ABTOKONeGaNMR, T.2. CHHY M3 NPOCTBIX CHCTEM CO
cnoxHoli muHaMukon. TlodTOMY H3ydeHHe MeXaHM3IMOB palpyulerHa [pyMmep-
HOro TOpa UeMecoObpasHo Hauath ¢ HCCMEROBAHHA NEZETONOMNO20 TeHepaTopa
¢ HHepIMOHHON HenuHediHOcTRIO [13, 235 — 242], 33/mBpaemMOrQ ypaBHeHHHMH

x=mx+y—xz+Bysinpr, y=-x, i=g[lx)x? -z], (12.1)

riae B cpapHeHHH ¢ (7.38) B nepBOe ypapHEHHE BBENEHO rapMOEMYECKOe BO3-
MyuleHHe (BO3MEACYBHE) aMIVIMTYIRI By M YAacTOTM p, T -~ HOPMMpOBARHOE
BpeMiL.

JInA uayveHHA BO3IMONHBIX PeNCHMOB KONEGANHH HCABTOHOMHOH CHCYoMBI
BHOBb LPHMEHHM KOMIUIEKC METONOB, HCNOILIOBAHHLIA IIPH AHANH3C ABTOHOM-
Hpix KONeGAHMA B TeHeparope: NocrpocHme GudypKAUHOHHBIX AMArpaMm Ha
BulBpaHHOH NNOCKOCTH YNPaB/NIOUIMX [APAMETPOB H H3ydeHHe THIHYHLIX pe-
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P uc 121, Bndypxsunoniny auarpamma cuctemer (12.1). Hsicnewindfl 3xcicpHMcHrT fipo-
mene ang £ * 0,3 ¥ nsaensd 8,: 0.1 (@), 0.5 (N

AKHMOB KOMEBaHHT B X SHpYpKaHi C MOMOIIBIO YRCITEHHOTO H GUIHIECKOrD
MogenHpopamus. JLas mayveHHd OHpYPKALHOHHMX ABACHME KOPLIMEPHOCIH
1 ¥ 2 P /MHAMMNECKHX CHCTEMAX C YMCNOM napaMerpon GOnee ABYX BAXHO
HaNTH YNOGHVIO B 3KCNEPRMEHTATEHOM OTHOMICHMA K HawGosee HHpOpMaTiG-
HYI0 JBYMEepPHYI NOBEPXHOCTD B MAPAMETPHICCKOM NpocTpaHcTae. Buibepem B
KauectTBe TAXOBOH [IOCKOCTh YIPRBAAKUHX NAPAMETPOB M H p. 3uPHKCHpO-
eup g = 0,3, # paccMOTPHM AMHAMHKY chcrembl (12.1) mnA suGOPOYHKX IHa-
ScHMA aMINHTYI BO3NeHRCTBHA By [239, 241, 242].

Ha puc. 12.1 upipeneHb peay:Israrul pacieros SudypKAuHOKHKX ARHIH HA
INOCKOCTH N3pamerpos »e, p. OBNACTH CYmeCIBOBAHNA YCTORMBKIX KONSGAKYIA
LACTCTLI BHEWIHETO BOINeHcTHHR (cexrop /) orpasmyena GudypKaHOHHbIMA
A HafipsnsnocTy 1y, KpaTHOCTH ) W YpOcHHS I5. Hpu nepecesenyun
NHHAM 7y HI BHKNE BUEIHEH CHHXPOHKIBUHM MACKO pOXIaerca OsyMepHbIR
TUP, BOIMKKART IBY XUBCTOTHLIC BUEHAN. BUonb AHHIK [o IRCIO BPRLLEHHS § MO-
HOTOHHO M3MeHzeTcA. [locueloBaTeNtHO MPOXOANTCR ToekH GHpypxamyil Ko-
PA3MEPHOCTH 2, COOTHETCTBYIOLIME Ciuiptbim pesonancam A (1/4), 8 (1/3)
M MHOMXECIBY cnabumix ¢ = v/g. ¢ 3 5. B Gudypxamuonnsx todkax ) nomumo
NAph] KOMANEKCHO CONPANKEHHBIX MYILTMIUIAKAFOPOS HA eOMHWWIYI0 OKPYX-
HOCTH BBIXOANT TperHit MYNsTHMINAKATOP p3 = +1 W NKMMA [4 NpepaiBaerch.
Buuiie Towex D permerphpyercs mamust [,. [lepexom ma 30MW pe30HSHCHLIX
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voneBaHHA 49eTel SIHHHI KPaTHOCTH cOOTReTcTBYeT GHypKALMH CNHAHMA M
UCYeIHORCHHA YCTOAMHBOUTO H GXIVIOBOTY LMKNOB La Tope. [lpH BpIXODe M3
ceKTOpA . Ueped aMHAK !} MCXCHHBLIA UMK YepfieT YCTOWUMBOCTL ¢ MAFKHM
pONAEHAEM YCTOHUHBUTO UMKNA YABOEHHOro nepuupa. Mlansheiilnee OBHXKEHHE
pBepX M0 NApaMcTpy M IIPHBOJMT K CXONAWEACs NOcneaoBatensHoct Gugyp-
KAWHH YIABOSHHH NCPHULA PeIOHAHCHOrO WHKNA, JABEpLUAKILICACH POXK/ICHHEM
CIPAHHOrO aTTPaKTOpa NneHToMHOTO THNA CA | (cexrop 6).

Ha puc. 12.1 HatieceHn NHHWH YOBOEHKA 1% (k= 1,2,3) 5uHnu KpHTHYCC-
KHX IHIYEHWI HapameTpoB pomasHua CA, l',(p. Toukamy £ 0603HAYCHB Nepe-

cedeHHs munni 1§ u ). Ipu By = 0.1 (puc. 12,14} GudypraumoHHaH THHUA
pOXNIEHHA IDIKNIA YABCEHHOTO NEPHDIA CORNATAET HA ydacTke £ ~ £ ¢ IHHASH
visoeHxA nepHoma /3. [le wMKiI0B GONBUMX KPRTHbIX REPHONOB KapTHHA
AHANTUTHYHA. YRennucHee B, no ypoewa 0.5 (puc. 12.16) npupomur K ycnox-
HeHHI0 [HarpaMMsl. Siunna 1} COBIANALT ¢ JiMHHER ] Ma yvactke E - G. Ultpn-
xOBOH JIHHMeH 0GO3HaYeH YYACTOK /), Ha KOTOPOM MPOHCXOMHT CITHAHKME YCTOR-
YHBOTO LMKJIA [epHONA BHEIMHEre BOINCHCTBHA ¢ HEYCTORYHBBIM LMK/IOM
yasoeHHoro nepuona. Kpome toro, B 3roM criyuae HMEETCH elife ORHA JIHHHA
y:oeHua /4, orpannymeanuan cexrop / ciena.

Ha GudypranmoHHre TOUKH A H B ONHpa:0rcA  pe3OHAHCHbie “KIIOBLL™,
OBpasopaHALIe IHHHAMYE Cef1o-yNTOBbIX GHdypikalti, BHYTPH KOTOPBIX HHCAO
BPALICHHA NOCTOAHHO H PABHO IHAUEHHI0 B TOYKAX pCIOHAHCA H3 JIHHHH HeR-
TpantHOCTH. Ecnu NpOC/enMTh 32 YHCNOM BPAIICHMA ¢ BEITHIH M HECKOObLKO
BBIlE JIMHHH 1eHTPANbHOCTH {g, TO BAONL Hee HAEIONZeTCA ONOIHAYHAN CTY-
AeHYATAR 3ABHCHMOCTH ¢ (/n, p) THOA “YepTOBOR NMecTHHUB!" 34 CueT paclumpe-
HYA pe30HaHCHBIX KJIOBOR, KOTUPHIE Elile HE NEPEKPhIBAWTCH.

Ha puc. I2.1 noxkazaWa crpykTypa GudypKalHOHHBIX NHHBH B B-ximope.
Tlpy nBHXeHWH BBEPX MO /7 BHYTPM K7HOB3 HAa [MHMK NEHTPUILHOCTH [y, KOTO-
P2d MeCh HMEET OTHOWIEHHE K CHHXPOHHOMY IMKIY Ha TOp?, H3 peioHaLCHOTO
MHKIA MAFKC pOXJUIBercH HOBBIH YCTUAMMBRIN OByMepHpi Top! [LnA sHaweHHs
By = 0,5 muuua [y B B-xmoBe TepnHT paspels B TOuKax K. COOTBETCIRYIOUHX
peaoHancy 1/2. M3 uux Bepyr Havano [Be NuHWM {, W [4, HA KOTOpBIX OHHH
H3 MYZbTHILTHKATOPOB CHHXPOHHOTO IHKJIa paBeH —|. Bolite munuu [y B B-imio-
B& NPOHCXOQMT pa3pylleHHe BHOBb POMMBIUIEIOCH TOpA ¢ OGPASOBAHHEM ’TOp-
arrpakropa” CA3 (cexrop 5).

Kax Bupso u3 puc. 12.1, Hmemrca ewe A2 THN2 Gy PICALHOHNLIX JIHHHA [
H lfq,, KOTOpHe paclioNoxkenipl B OBNACTH IprofmMyecKux GHeHHE H cnabeix pe-
3oHancop. Ha numHuw /3% p» KOTOpam B HEHACIBHTENBHOCTY XAPAKTEPHIYETCH
CNOXHOH $paKTambHOH CTPYKTYPOH, (PHKCHPYETCA Mepexon K CrOXACTHYHOCTH
Yepe3d cepH0 MHOrOYHCiIeHHBIX Gudypkaumi, 3aBeplUaluMXCH pRIPYLIEHHEM
Topa ¢ ubpazoBaktem arrpakTope (A, . TipH By = 0.5 Ha muuuH 17, paspyumer-
cH "ogMOTakTRE" T0p (1-10p}. C yMeHblUeHHeM MILTHTY[H BO3eHCTRBKA
Pa3pYEHHK TOpa NpelecTBYET KOHeYHAN NOCIeNOBATENbHOCTL Budyprayui
yoaoenus ropos. Tak, nnn By = 0,1 BMeeT Mecto ONHO yuBOeHHe TOPA, TIPOHC-
XONAuzee OpK IepeceYcHHH NHHHH [, CHHIY BBepX MO Dapametpy '7i, H Ha NHHHH
I%p paspymaerca 2-1op.

Kak noxasany PacuyeThl, ¢ YMEHBLUIEHHEM HHTEHCHBHOCTH BOZJICHCTBHA
WHemo Gudypralmit YABOBHMA TOPOB pacreT, KO OCTAETCH KOHEUHBIM VA
KOHENHbIX aMIUJIHTY N Bo BHELIHETO CHIHana.
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HphstuwmuLiuae Howas Badypxrausd yapoeHds TOpIB Syner ofcyxmarscy
CUELHINIBHO, 3 CEAYAL NOJBCUEM KDATKHH HIOT RO pe3yNbIaraM YHCIEHHRIX
IKcAepaMeHTOR. Juynapamerpiuecktid anaina cuereMbl (12.1} Ha naockoctu
NapametrpoR /M H P NOIBOJIKA ONpeHe/IT: THITHYHDIE GHgYPKALHH Neproaudec-
KHX W KBAaJHNEPHOAWYECKKX PEXKMOB H BLIABMTL XapaxKiepHme 0GMacTH TONO-
NUCK-COKH OTARTAIMHNCA TRICH xOneBatuid. OcHOBNKME peXxHMbL KONneGaHuk
B HCABTOHOMHOM [CHEDATOPE € HHEPUHOHHOR HEAMHEHHOCTLID CelyI0line:
I -~ 0GnacTe MeprkORMYCCKHX KONcGaHAR 4acrornl BodnedcrowA; 2 - obnacm,
peIONAHCHBIX 2-TEXThBIX KOleBaHKA BOIKMIM p > 2 (ua puc. 12.1 ITa ofinacte
He H30bGpaxeHa). Xapakrep GMypraIME PeIOHAHCHBIX J-TAKTHRIX KoseGaHud
# YK232HHOR OGAECTH © WWCIOM BpawleHus ¢ = 1f2 BO MHOIOM HIEHTHYEH
cnyuuio pesonatca 1/1. B oBoux ciyvaax mMeiorcsi; 3 ~ 0GNacTh NPaKTMIECKH
IProMuecK X BHEHNH ¢ pa3aviiniMK YHCNAMA BpauleHuA, 4 — obinacmm cyurecr-
BOBaHHA 2-TOpoB, § — OGNALTH CipAHHBIX ATTPAKTOPUR, NOPOXKIAEMEIX paIpy-
SIEHHEM IBYMEDHREIX TOPOB. § — CONICTE CTOXSCTHYHOCTH, BOIHHKAMICH B pe-
IYNBTaTe HAKONNEHHA GHQYPXMMA yABOCHHA JCPHOGR Pe3OHAHCHRIX (MKIIOR
Ha geyMepHbix ropax no QeirenBays:y. BHyTp pe3oHANCHRIX 30H, Ol PRIOUINX-
€A Ha BHdypKaNMOHHDBIE TOMKH KGPAIIEPHOCTE 2 12 IMHHE HeATPRILHOCTH, pea-
NMIYITCH CHHXPOHHBIE LMXJIBI © COOTBCICTBYMUMMM PRUHOHANBHBIM YHCAOM
BpaileHun. BHYTPH XNIOBOB CHHXPOHHISUHY DpH RBMKEHHH MO MAPAMCIPY M
(c ynaneHMeM 0T HX OCHOBAHHSH) po3OIAHCHEE LMK/bI 1CpAIOT YCTORUMBOCTh
¢ POMUIEHHEM HNPHTATHBAIOUIMX JBYMEpPHBIX TOPOB, Da3pYUICHHE KOTOpPHX B
HATEHeRIIEM BHOBL NIPHHOMNT K CTOXACTHYHOCTH.

12.3. IxcnepHMeHTANLHAN JUArpaMMA paifiesiia IN0CKOCTR
mpamerpos cucrems (12.1)
HE CEKTOPH C PAINANHAIMH KONeGaTebHLIMN PEXGIMAMN

YHeneHHOE NOCTpOeHUMe BMpy pKAUMOHHBIX JHarpamm (pHc. 12.1) rtpeGyer
GONBILKX 38TPAT MAWEHHOTO BpeMeHH, i IANbHCHLIHE MCCNENOBAHMA [1pOBe-
NeM Ha  PasHO(BHINYECKOM HCABTOHOMMHOM reHeparope, ofpamascs k IBM
TONBKO B CREMARNLBEIX ChYy'anx. PAnHOGIamuecKmil IKCepHMEHT, KaK 110Ka3an
OfbIT, MOXET HE TONLKO HIpaTh pOlTh KOHTPO/A A1EKBATHOCTY MAaTEMATHYECKOR
M pu3HUecKOR MOJIEER, HO M CTYAMTE CAMOCTOATENbHEIM METGROM HCCNEHOBE-
HMA CHONHBIX GHAY PKAIHORHBIX RBJICHHH,

Hitrepliperaime IKCNEpHMEHTAIBHRX JAHHBIX TIPOBENCM B TEPMUHAX TEOPHH
BHuypKaydiR, B CBAIN C YeM QAOWM KPATKHE NOACHEHMA 110 METONMKE HIMEpe-
Heid. B bHIHYecKOM 3IKCNEPHMEHI: NApaMETP M peryNIMpOBSACH IHAYEHHEM
CONMPOTHENEHHA R, ™ m, yUpaRAmwiiero KoahpumieHTOM YCWICHEN B USNH
NONONHTENBHOH 0GpaTHOR cBAIH reHeparapd. [lapametp p BapsHpuBancs nime-
HCHHEM 4acTOTH BO3GYRAAIULIEIO feHeparopa f; & p, aMIVIMTYAR BOMIeHCT-
BHA B, onpelennnach HanpRXKeHHEM CHTHANA BHEUIHETO TeHeparopa: Vo = B,.
[apamerp g, KaK H 0pH pacueTax. 5uin JagHICCHPOBAH Ha ypopHe 0,3.

Ilnu onpenenewnsa xapaxrepa nOTepH YCTORYHBOCTH peXHMAasMH KojeBGaHuii
HCTIONL3YeM OCUMANOrpad M aHWIMIATOD CHEKTPd. ¢ MOMOILLIC KOTOPMX MC-
clieflyeM fnepectpOHKY tinoe koneGakMik 0 BHAY BpEMeHHMX peAH3AUMA,
UpOekUMi HajoBLIX TPAEKTOPHE HA BLIGPAHHME ILTOCKOCTH KOOPHWHAT H COOT-
BETCTBYIOUHX CHEKTPOB MOIHOCTH. JIHATHOCTHKA IMAWA HeHIpaAbHOCTH M
YOBOEHHA B CiIyYae CYNEPKPHTHMECKHX GR(YpPKAUHHA, COOTBEICTBYIOLMX MATKO-
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? wc. 122, Budypxaunohwen muarpamwma cicremsl (12.1} (dmmiecknit SxchepRAMeHT
i Vo = 0,5 B). OGoanavenns Te me, 1o o Ha puc. 12.1

MYy POXIEHHI0 YCTOHMMBEIX TOPOR W LHMKJOB YABOEHHOTO NepHONs. HE fpes-
CTABMACT OCOGKIX CHOWHOCTeH. JluHHM KpPATHOCTH ONpPERENATH HeCKONBKO
CAOXHEe, OCOGEHNO B OGMUCTAX C CHIBHBIME THCTEPEIHCHBIMM HBACHUAMM,
DIHAKO TOXE BOIMOXHO. Bidypkalnu yHBOCHHT W Pa3pYINEHHH TOPOR Mpu
MATKOM HX XApAKTepe YETKO GHKCHPYIOTCH IIpH CONOCT4BJIEHHH GA30BRIX
TEpOCKLHA | COOTRETCTRYIOMIMX CIICKTPOB KONeGANMEA 1IPH NepexOanx.

Ha pue. 122 npeacrapnen oparment GudypKauMOHKON ARArPAMMEL Ha
IIOCKOCTH NMApAMeTpOB R, f1 JUIA IMANA3CHE YACTOT BOIAcHCTAHA 6 K f, <
& 15 kT'n, yro coorsercrayer ofmacru 0.75 < p K 2.0 (p = filfo. fo =
= 7,18 xT'u -- cobeTBeHHan WACTOTA TCHEpPATOpPA NMpH MANLIX IH2YEHHAX R,, ).
Jiwarpamma BrIOYaET GONBINMHCTRO XADSHTEPHBIX PEXKHMOB KONeGaHMM, Ki-
YeCTBEHHO NOBTOPRIOWMXCA C PACUSHpeHHEM IMANA3OHA yacror Af, npu pas-
SMHBIX 3HAYeHHAX Fy. PasBuerne nnockocrn napamerpos puc. 12.2 noarsep-
KOALT, YO IKCOCPHMEHTANBHO OfHapymenybie Guypxalun 8 OKPECTHOCTH
OCHOBHOTO peIOHAMCH COOTRETCTBYIOT PACYETHRIM NAWHMIM puc. 12.1. Jxcne-
PHMEHTRTbHAA Anarpamma puc. 12.2 conepxur capne 30 cexropos, 06pazosan-
HHX nepeceucHuAMK BudypicauMonnbix muuui [ (F =0, 1,2, 3) n 1} Kok
H HpH pacietax, IKClepAMeHTVIBHO obHapy&eHsl GudypraunonHue IuHuy |4
n l%,. OTBevaloume ynsoeMmAM TOpa B ero pRIDYIICHHID ¢ OGpAIOBAHMEM
arrpaxkTopa CAd;. OTPawRHLIHE HETPHBHANbHbIC tudypkauun. IuHua lf‘p
XOpaKTepHIYETCA CIIOXHOH PpaicrainHoR crpykiypoi. Bomuan Iip duxcupyer-
<R Pa3IpYIIEHHE TOPOR C NEPEXOICM K CTOXACTHUBOCTH.

[lepecesichun BripypKauMOHHBIX NHHKA !, HA IKCHEPHMEHTANLHOM hvarpam-
Me ONpellENsT OCOBLIE TOUKH KOPAIMEPHOCTH 2, KOTOpSIX Ha puc. 12.2 cBui-
e 40. Ilan tovex, NPHMAGACXAWHX JIHIUM HERTPANLHOCTH o, 3IKCREpUMEH-
TRIIBHO MOXKIIO ONpENESTHTE YHCTO BPAUIEHHA K. CIEAOBATENIBHO, MOPANOK peio-
HIHCOB B OBIACTHX CHHXPOMM3auMu. BONLIIMHCTBO ApYrHX OCOGMIX TOYEK
Hudypkauui B OBUIEM COYHIE C MOMOWbLO IKCHEPHMERTA JHATHOCTHKE He
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nopparcl. BHyprauHOHHEE TOYKH KOPAIMEPHOCTH 2 Ha NHHHM HeATpans-
HOCTH [y BRIOENHIOTCH AONOIHHTENBHBIMH YCIOBHSMH PalHOHAILHOCTH YHCIa
BPALUEHHA H MOPOXNANT KNOBH CHHXPOHHBIX KOneGaHWi ¢ cOOTBETCYBYIOLIM-
MH ¢. Tak, BHYTpH A-K/110Bd, KOTOPSIA ONHPAaETCA Ha TOYKY A NTHHHH HeRTpaIL-
HoctH, ¢ = 1/4, 8 Bxmope ¢ = 1/3. JoHu cnabrix pesoHaHcos (g & 5) xors
HACTHYHO W HaltiofsioTCH B IKCNEPHMEHTAX, HO € GOMhUINMK MOCPELTHOCT SMH
32 CUET WYMOB H ¢ UeNbl0 COXPAHEHMS HAIrTAAHOCTH Ha pHe. 12.2 He
NOKAIAHBL,

AHANHI PeXHMOB B PAWIHYHBIX CEKTOpaxX [Mal paAMMEI NOIBOIACT BERUAENKTS
7 TONMOCNOLHYECKH OTNMYAIUBIXCA PeXHMOB KoneBaHuA, ofitacrH (CexTOpH)
CYWIECTBOBAHHA KOTOPBIX NOMeUeHbl H3 PACUETHOH H IKCMEpMMEHTANLHOR ZiHa-
rpaMMax apaGoxumi usdpamu. B cexrope ] cucTemMa HaXOOWTCH B pesHMe
BLIHYXAeHHMX KOJeGaHuii ¥acToThl BHeumMel cHnnt f. BEninsn pesoHancHoi
wactotsl fo A R, > 33 «OM OCYURCTEBNACTCA 3aXBAaT WNACTOTH H CHHXPOHH-
331N Ha OCHOBHOM ToHe. [lepwon xoneGaHuil 3nech paneH 1/pf,. Ha vacrorax
BOINEACTBHA f,, BNH3KMX K yopoeHHOR COBCTBEHHON 2fq, OCYIlecTBIIsETCA
CHHXPOHHIAUMA Ha BTOpOA rapmorHke (cexktop 2, Ha puc. 12.2 He mokasau).
HATepecto, 4TO UMKN BHEIUWEH YACTOTHI TipH NepeXxofe wepes mHHMio [§ CHHIY
B88nKIN p = 2 nperepresaeT GudypKaHio yAROCHHA Nepuojia, Nocie Yero ocy-
LI CTRIASTCH 3axBaT yactoTsl. [lepuon uMKiia B cexrope 2 paeel 2/pf, .

B cexropax J perHCTpMpylOTCA YCTORUMMBLIe JHCHASA C DAINHYHBIMK YHCNAMH
spamieHua (¢ > 5), KoTopele MOTYT NMPHHHMATL M PAUHOHAMBHBIE 3HIMEHHH,
OTBEYAIOUISE YIKHM 3I0HAM DE3DHAHCHRIX KoneGauwii. OrpaHHYeHHOS IMYMaMM
paspeLieHie HIMCPHTEAbHOH YCTAHOBKH He MOJBONHNG NMPOBECTH aHAMHI 3THX
pexHMOB. B cextopax 4 TpackTopHm cHCTeMil B (a3oBOM [POCTPAHCTHE pac-
NONONEHb! HAa MOBEPXHOCTH 2-TOPa. — YABOCHHOLO 10pa, KOrAd OfMH W3 cob-
CTBEHHBIX MepHofon Bueruil nperepren Gudypwawsio ynwoeHua [153, 236,
136, 237-244]. MHOXECTBOM Y3KHX IOH DE30HAHCOB, PEANUIYIOUHXCH MPH
BAPHAHYA NApaMETPOB, MHHAMMKA CHCICMBL B CEKTOPaX 4 CXOAHA C MMUHAMHKOH
B CEKTOPax 3, HO OTNHYALTCH TEM, YTO PEIOHAHCHBIE ABNEHHA HMEIOT MECTO Ha
2-topax M NPOABNAKTCA B emie GOnee YIKHX 30HAX IIOCKOCTH NApaMeTpos
[241].

B cextopax 5 peanmdyerca arrpaxtop CAI, KOTOpH# BOIHHKAET NPH Nepe-
ceuesnH GudyPKALACHHBIX TTHHMA /%, 73 CYeT HECKONBKHX PaIHYHBIX MEXa-
HK3IMOR, NPHBOIAUMX K PAIPYIMCHAK TOPA ¢ 0OGpAIOBAHHEM CTOXAaCTHHOCTH.
JsusxeHro BHYTpe OGTAacTel 5 COOTBETCTAYIOT NPOUECCHL YUTONKHEHHH CTPYK-
Typht CAY, cONpOBOXAANUWIKECA BHPARHHBAHHEM CITIOIMHOTO CAEKTPA, Craja-
HWEM ABTOKOPPENAUAM H POCTOM HHTETPaNbHOK MOUMNOCTH KoneGakni. B cex-
Topax 6, pacioONOXeHHHIX B OIACTHX OCHOBHOTO PE3OHIHCA B PEeIOHAHCA HA
BTOpPOR rapmMoHuice, peanidyetcA CA, — CTpaHHbIH ATTPaxKTOp, BOIHHKAIOLIHH
B pedynbrate HakomeHHH OudypkalH YHABOCHHMA 1HEPHOMA CHHXPOHHBIX LKK-
nos no Geiirenaymy [241].

Cexi0p 7, e NepexpuiBantca A- n B-KMI0BM ¢ PANIHYHLIME YHCTAME Bpa-
WEHHSA, XAPAKTEPUIYETCH MHOKECTBOM PANIHYHBIX PEXHIMOB C [HCTEPEINCAMH,
Me peMEXAEMOCTBIO THIIA “HMHKIT-X20¢™ B "Xa0C~Xa0¢”, YyBCTBHTEMBHLIX K BO3-
neiscterie nyxTyaumii. Hanbonee THIHYHBIM B IKCNEPHMEHTAX NIPH BXONE B
CeXTOp 7 CHH3Y GBUI PeXHM NCPEMENAEMOCTH MEXKIY CHHXPOHHBIM 3-4HKNOM
A-xenopa n CAI, KOTOpRA poRIAETCR W3 ABYMEPHOrO Topa Ha Gaze 2-4Mkna
Bacrnona (cextop 5 B B-kutione).
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e 123 [lpocKunH aTTpakTopos Ha MNOCKOCTE X, ¥ B XIPIKTEPHLIX cexTopax Gudyp:
KLMOHHOA AHArpaM~bl PHc. 12,2 (GHIHHCCKHR JKCHEPHMEHT)

Pexnmbl xoneGaHMB 8 ODHCAHNBIX Bhile CCKTOpax GHdYpKaHOHHON AMa-
rpaAMMBl HANKICTPHpYET pric. 12.3, copepkaumit npoexnHd (1aloBbIX TpPaeKTo-
PHH Ha INOCKOCTh X, P, coror padmponannme ¢ axpana ocumuinorpada. Orme-
THM, 9T0 TOMKH IIOCKOCTH TapamMeTpos W Maciutabint H3oGpaxeHdit pexamos
4 1L1IGpalbl H3 cOOBPaXeHHH HarnALHOCT.

o maarpaMmam puc. 12,10 12.2 prHaMHYECKOR CTOXACTHYHOCTH OTREYAIOT
ABY THIEA CeKTOPOR: 5 K 4. ONHAKO BOIMOXKHBIX THNOD GudypKIUKOHHBIX Nie-
PEXOOOB K XA0CY B A3YyYaeMoH cucteme ueThipe. Ieprpmi tuit — deitrendaymMon-
CKHE YAROEHUA DEIOHAHCHBIX UHICNOB BHYTpH ofilacTed cuHxpoHnsaumn I w 2,
PEATHIYETCA NPH ABHXEHHH 1O IUIOCKOCTH NapaMetpoB TpawcBepcansio (ion
HCHYNEBBIM YITIOM) K NUHUAM yanoeknin 15. Bropoit TI nepexonos ocymect-
BAACTCH NpH NepecedeHHi [%, CHU3Y M OBYCNOBACH MAFKHM paipyuleHHeM
UBYNEPHOIHYECKMX [BHXeHHA Ha |-Tope (wnM Ha 2-Tope, eCIH MepeceKarTcs
cexropel 4). TpetHil THN Nepexenos K CA UMeeT MeCTO MpH IBHKEHHH BHYTPH
noboR w3 ofitacTedt CHHXPOHK3AUKH 8 HNIPABNEHHH CeKTOPOB J TpancBepcanbHo
STHHWAM KpaTHOCTH /. CTOXACTHYHOCTD BOIHWKAET ApH 3T0M *ecTKO. Bfimuan
MHHA ) 0TMEYIIOTCH TiepeMexaeMOCcTh Mexaly CAJ M LMKNAMH CHHXPOHHIALNM
H rucTepesuc. YeTsepruil THI NepexoNoB peasiHAyeTCH NpH ABMKEHHH WY CeKTO-
poB 5 B ceKTOpb & ¥ HaoBOPOT. 3¢k OTMEYAOTCA CJIOXKHbIE ABMNEHUA B3AHMO-
NEACTBHA ATTPAKTOPOB, MEpeMENTeMOCTy Tung “xdoc-xaoc” [241, 197-200].
TlonoGnas KapruHa moxer HafTOUATLCA B OGNACTAX HENHHCHHOTO BIAHMODEH-
CTBHA KoneBGanuit ¢ paanuwieiMH yHcnamu BpamieHuA [Myankape (B o@nactu
HEPEK PLITHA PeIOHAKCOB, ceKTop 7).
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12.4. Brudypxaums yAB0CHHA DEHOTO H3 NEPHOLOR TBHKCHHA
Ha OBYMEpPHOM Tope.
MArKHfi nepexon K Xaocy NPH f0Tepe TOPOM [NAAKOCTH

Paccmotpum noapoGuee nepexon k CAT UpH OBHOKEHWH 10 NMapameTpy m,
pHKCHPpYA palTHuHbie 3HaYeHHA TlapameIpoR p W Ho. [lpumepom moxer cny-
AHTH AHANKI TEPecTpoeK pexHMOB koneBaHuii B ceverwn f, = 13 klu
(puc. 12.2). Ha fnHHK 15 M3 UMKIIA BHELUHETO BOIUEHCTRHA MATKO POXKIISTCA
1-TOp, KOTODLIH C POCTOM M NPOXOAMT cepuio crinBbIX Pe3oHAHCOB H B IKClle-
PHMEHTAX BRINJIAIMT TIPAKTHUYECKH Jprofmdeckum. [Tepeceuctue Jimimn [z wi-
ILIBAET Nepexon 1-Top -+ 2-10p, T.C. O3yMepHbil TOp yOgausgerca. ¥YBoeHue
3ProIdMeCKOTO TOpa BIle poble 3KCIEPHMEHTAILHO YCTaHORTeHo B [236). B or-
JIMyHe OT YABOEHWHA DPE3OHAHCHOTO UMKNA Ha Tope 313 OGudypkiunms noka de
COBCEM NMOHATHA ¢ TOYKH 3peHHA TEOPHH YcToRunBOCTH. Tem He MeHee B nochel-
HHe rofbl OHa Gbul2 NIORTBePXIEHa PANOM HHCIEHHBIX H BHIHNECKHX IKCLie pH-
meHton [85, 100, 136, 153, 241-244].

Ha puc. 12.4 nawbl cevenns Tlyanxape M COOTHETCTBYIOMUINE CHICKT phi MOLL:
HOCTH KoMeBaHuA NpH NMPOXOXAEHHH TOUKK GHdY PKALMK YAROEHHA Ipromye-
CKOr0 BRYMEPHOTO TOpa, paccuntaddpie Ha IBM mua p= (0,111, By = 1,2 u
YKa3aHHpix 3HaueHMH napametpa m. Her coMHeHMA B ToM, 4To B npegenax
TOYHOCTH CHETA YJROEHHE Topa ilponcxoanT Ges peszonanca. B otoGpawcHmuu
coliepKHTCH Bostee 10° 1OUeK, IPHUEM HCKNIOUCH IUTHTE HBIH HHIEepBan speme-
HM YCTaHOBAEHHA.

[Ipoxoxacrie Toukn Gudypraunn 0.7745 < m* < 00,7750 conponoxqiaerca
MATKHM PA3fIBOCHHCM HCXOAHOR HMHBADHAHTHOH 3aMKHYTOR KpMBOH Ha /Be
CaMOCTOATELbHBIE WHBAPDHAHTHBIE KpPHBhIE, KOTOpbIE C POCTOM NapaMeTpa m
WIABHG YAXTAKYCA NPYr OY [pyla, OCTaBafAch Iprofuueckdmu. HucieHHoe
NOCTPOEHHE OUHOMEPHOTO MOJCHIBHOTO OTOBPRIKEHHA W HCCHEOBAHWE er0 JR0-
NWCUAR ¢ POCTOM TIEPAMCTPA 7t HanM aHanoTHuHbid pesynutar. OroBpaxeuye
NoCAeOBAHHA, HpelcTaBaAuee CUBOH CHMMETPHYHYI0 OTHOCHTEIBHO OHe-
CEKTPUCHL 3AMKHYTYH0 KPHBYI0 THIIA JUTHNCA, UPH NPOXOXJICHUH ToOUKM Gudyp-
KauMk m° pA3lBAHBAeTCA Ha ABC IAMKHYTHIC KPHBHIC, IUIUAHG PACXOUALIMECH
CHMMOTPHYHO OTHOCHTEBHO HCXOMION.

YdcneHnpic MO DH3HNECKHE 3KCNBPAMEHTHI CBHOETEIBCTBYIOT O TOM, Y10
yucao Gudyprayuli yoeoenus ropa, npemulecTeywuee nepexomy k CAl, xo-
HeYNe W ONpedg/ifeTCH YpoBHEM BUINEHCTBHA By M CrelicHnl yaameHus 110
YacTOTaM. fi OT pe3OHAHCHON HacTOTM fg- JI0 CHX NOp OCTIETCA HESCHBIM,
ROIMOXKHE MM TEOPETHYCCKH OCCKOHEYHAR IOCHEIOBATENLHOCTE CXOAAMMNNCH
Gupypraumii yapoeHts TopuB RoAoBHO Kackady yasoenui nepumona Qeiiren.
Gayma? Ckopce BCETO, Het, fdK KAK IKCHCPHMEHTB) CBMACTENBCTRYIOT O TOM,
YTO YO0 YABOEHHA PACTET ¢ YMEHBIICHHEM WHTEHCHBHOCTH BOINEHCTBHA W,
BHIMMY, CTPpeMHTCA B DeUKOHEMHOCTh NpW cTpemMienn B Kk dHy:ito. Ho azece
peanH3yeTCA [IpefeTTbHbIA CIYYal nepexofa Topa b UMK A KoHeuHbIX sHA.
YeHMA AMIUTHTYA BO3OEHCTRHA B, yOBoeHA TOpa COMPORO.XIAKT NEPexvit K
Xa0CY, GOHIKD MeXaHHIMONM poiziiHA CAT He rpimoTCH.

Ha puc. 12.5 pansl dHarpaMMel peadiMOB KoneBaHMi HA TOCKUCTH {14 pd-
MerpoB R,.. Vi AnA GHKCKPOBIHHELX IMANCHHA YACTOTBI HO3NCHCTRHA £,
NOAYYEHHBIE JKCHEPUMEHTWIRHY. 3TH HGHATPAMMEL HATIIAQHO IIOACHHIOY . 4Ty
nenoyxa Gupypicauuil YABOEHHA TOPOB KOHCYHa W o0priBaeTCH TeM patimie,
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P e 126, Palevrie CA,1r Nepes ROTEPR IFAAKACTH 4-TOPOM. YHCICHHRM N JKCHC AMEHT
npancied o B, =0,3.p =011 2503

yeM BOSIbiLie AMIVIMTYIA BUZLEACTBHA. KakoB ke B JefICTBHTe/IbHOCTH Dudryp-
KAUMOHHBIA MeXatinaM poxaetnns CAL?

Ilna OTBETR Ha 3TOT BOIPOC PACCMOTPHM PEIYABTATH YHCICHHOIO IKCEPH-
MeHTa, NpOBEIEHHOrG B cewcHWW p = 0,111 mnia By = 0,3. Ha puc. 12.6 npe:r-
CTABNEHA IKONDILIA OIHOH M3 BYX WHBAPHAHTHBIX KPHBLIX ceveHun Hyauwupe
2.Topa MAOCKOCTRI X = 0 ¢ poCTOM MapaMeTpd m. JProfuuccxui I-rop
(puc: 12.6a) ¢ BOZPACTAMMEM M ClE Pa3 YABAMBACTCE (pHC. 12.66), ipk ITOM
BIUIHO HAGANY 1TPONECCR HCKAKEHWA HHBAPHAHTHLIX KPHBBIX. PHC. 12.60 - ie-
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HOUKE YOBOCHMA 1pCpLIBAeTCH, HHBADHUHTHEIE KPHBIC TEPAOT TIAKOCTh,
pblitie Mo napameTpy m > 1.06 AByMepHOTU TOpa yXe He cyuwecTByeT. B ero
OKPECTHOCTH  (pHc. 12.6¢) BO3HMKAeT CTOXICTHYECKOe MHmkectno C4% —
TOPRTTPEKTOP, JBONHWUMOHHDPYIOUMA lunee K padRHToMy xaucy (puc. 12.69).

PacieT NOAHOIC CHSK TPa IANY HOBCKH X NCKAaTeneH 1A nepexoda (pHc. 12.6)
Hokasan, 4Te AAlYHoBckad pasMephocte £ ua K-ropax (K =1,2.4) pagua 2,
satem B ofnacte 1,06 < m < 1,10 GeicTpo HApAcTaeT, OCTARAACH B WHTEpBANe
2 < Dy < 3w nanee 1peBocxoMT 3. AHaNN2 ciekTpo MowHoctH SE (f)
CBHIIETCIBCTBYCT TAKKC O JBYX CTAMMAK B HePCXOAe K XA0Cy Yeped ABYMe pHbIA
rop. Ha nepsoll cramuu aBHXXEHWA 110 1apaMeTpy M1 33 CYeT YIBOEGHHit 1IOKB-
JAKTCA TAPMOHMKH MOMOBHHHOH vacTuTet fof/2 (2-Top), 3ateM rapMoHKKH
Jof4 (4-Top). Bropas CTagdA HAaUMH2ETCA HOCTENleHHBIM pa3autTHem dddekTa
noTepu 2Aa0K0CTY 4-TOPOM ¢ NOCAEIYIOUWHMM ero palpyluchdem. B ciiexrpe
MOUHOCTH KOMeDIHME MATKO BOIHHKAOT JTHYKH MHOTOMMCIIEHHBIX KUMOHHA-
(MOHHBIX YaCTOT, GIHAKO MO MOMEHTA DPAIPYUIEHMA TOpA CIeKTP OCTaeTeA
JMCKPETHBRIM, pa3MepHocTs Dy = 2, xoTd ceueHue [yaHkape BBUTTAIAT cnox:
Heim {puc. 12.6a).

[foARneHne MONONUTENBHOIC [IANYHOBCKOMO Nokalatena o crnextpe JIXI
CONPOROX(IACTCA BOIHHIKHOBCHHEM B CTIEKTPE MOLLHOCTH CIUTOULIHONQ MbelecTa-
Aa, KOTOpBIl ¢ POCTOM TNIAPAMETPR 71 IUTABHO YBEIHWHMBAETCA, O YeM CBHfe-
tENBCTBYST MOHOTOHHBIA pOCT MHTerpansHOro cnexrpa S; = [S{f)df. Iu
/IWHHBIE B COBOKYIHOCTH CBHOSTENTLCTBYIOT O M22KOM posieHHn CAY npa pay-
PYLICHAY TOPa 33 CUeT MOTepH UM THAOKOCTY.

Hexopnas aproHomuas cHeteMa (7.38) meMOMCTPHpYeT hepexofi K Xaocy
HPH HIMEHCHHH NapaMeTpa m Yepe3 NOcHeI0BATEIBHOCTE Oudyprauun yinoe-
HHA NepHodz 4 BEIM3K ToUKH Nepexoid NPHEMHKEHHO MONETMPYETCA OQHOME P-
HeiM oToBpaxemem Taia napabonut (ri1. 8). CoBepuieHHO eCTECTBEHHA TONMLIT-
Ki MOCTPOEHHA TEOPHH YHHBEPCANLHOCTH, N0 aHanoruM ¢ teopued Pedrenbay-
Ma, cnocoGHOR ONHCATh SBASHHA NIPH (1€ PHOIMYECKOM BOIMYIUIEHHH CHCTEMBI
¢ yraoeHdAM). Tak KK CYLIECTBCHHBIM MapdMCTpOM 33Uauy ARIAETCH ONMH
{1115 HAlWeEH CHCTEMB! 3TO M), TO CAGHYET H3YUHTh BIHAHHE Tie PHOIHYECKOTO
N3MEHEHHA HMEHHO 31010 NapameTya, MPpoaHAIHANPORAR NPOCTERIWYI0 AMCKpeT-
HYW MOOEeNb — NePHOIMYECKH BO3MYIaeMoe OHHoMepHOe oToGpaxetne Oeit-
reHbayma

Xpey =@+ Beos(2nng +§) - 13, {12.2)

re @ - NapaMeTp, KayeCTBEHHD 3eKBATHBIR TPERLIUEHAK HALl NOPOroM re-
Hepaunu, B - amMimuTYOa, ¥ - HavanbHaA $ada BoIMYLUEHHA, § — W0 Bpa-
weHHA Tlyarcape, CHHXPOHHBIM WHKIIAM HA TOpe B ITOR MONENH COOTRETCTBY-
T | PALHOHANIbHEIE 3UAYCHHS ¢, IPrOMMYecKHM GHEHMAM -~ HppauUMOHanbHble.
Teopernueckoe M UMCReHHOe Mconeloparde cHetemut (12.2) Bnepsnie npose.
acHo B [245] M, HECMOTPA HA CYLIECTBCHHOE YIpOLIEHME MOLENH NG CpaBHe-
I ¢ DHddepeHIHanbHoi, NOATBEPIMNO DAL OCHOBHLIX IddieKToR, Halmo-
HASMRIX IKCNEPHMEHTANBHO B cucteme (12.1). B vactHocTH, B Monenw {12.2)
TAKNE YCTAHOBACHO HRICHAC YMIBOCHHY TOPOH i OBOCHOBAHHO NPEATIONAraeTcA,
yro wicny Gudypralkil YAEOEHHA BO3IPACTAET, CTPEMACE K GeCKOHEYHOCTH NpH
YMEHbUIeHHH aMILTHTY bl BOAEACTBHA 10 HYTIA,

OrpaHuyeHHA OIHOMEPHOTO ONMCIHHA MPOUCCCOB IRONIOHHA HHBAPHAHTHBIX
KPHBBIX ¢ HIMEHEHHEM ilapAMETPOB, K COMAMECHHK, HCKIIKIUAKT BO3IMOXKHOCTD
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AHATHIA MEXAHMIMOB DAI PYINEHHA IBYMCPHO IO TOD, KOTOPKIR Tpedy'eT LpHRA;ie-
YeHMH MOJLEHBHBIX OTOBPINCHHA KOJMBIUA KM FUIOCKOCTH,

BidypralHOHHLIE ABNCHAA, KaYeCTBCHHY JHANOTHYHBE PACCMUTDEHHBIM,
HMEIBT MEcTO H BHYTpM ofitacted cHAXpoHM3aumH (B A- v B-xnwbax, HInpH-
mep) . Pe30OHIHCHBIE LMKNLL CNOAKHOA C1pyKTYpEl (pHe. 12.3) wa GHgy pxaunox-
HBIX NHHHAX [ TEPAOT YCTIOAWABOCTh ¢ MATKHM POXIEHWEM COOTBETCTBY-
WA X TOPOB, xo-ropue PAIpYVIIAOTCA NPH ME PECRUCHHH NUHHA KPHTHYECKKX 3Ha-
ueHui napamerpon I3

Burma 3axououepnum B NOCICNONATEILHOCTH K PHTHUCCKHX ABIICHRHA.
CRHXPOHHBIE UMKABL TCPAIT YCTOAMMBOCTh HA IJHHHAX Hemparunocm lo.
B 6udypKansoOHHEIX TOMKAX KOPA3MEPHOCTH 2 Ha JIHHHMAX Iy, e ¢ pamo-
Haj1bHO, BOJHHKAIOT KAIOBK CHHXPUHHIZIHH, BEYTPH KOTOphIX Bulice CloxHsle
Pe3OHENCHBIE WK BHOEL TEPAT VCIOAMABOCTE ¢ POACACHHEM HBYMEPHEBIX
1opoB. [lepuoabt CHHXPOHHBIX UMIVICR JIpH KAKIH Gudypxaupi nogobioro
THII2 YBEJIMYHBAKWTCA 8 ¢ Pa3d, Tie § — NOPAJIOK PEIOHZHCD, # B HTOTE pOXla-
101CA LIEPHOIMYCCKAE PENGIMEL C MEPHOLOM, CTPRMAIHMCH B BeckoHewIocTs.
Kackan KpHYHUECKHX HBAEHMA CIyINdeTcH N0 MapaMeT[RiM H MpeacTiIBNAeT
cofoit xauecivendoe ofobueRKe 3akoHoMenHoCcTed nopobia @eiirenBayma
HA chywail Jny)apaMeTPHUECKHX CeMeACTB.

PaccMoTpeNHas 3atadd ¢ TOUKH 3peHMA DPAIHOGMIMKH ecThk wacrs afined
npofineMnl CHHXDOMAIAUMH HEAWHeAHNX KomefauMil NpH CHWILHLIX B3RHMO-
AeRCIBHAX B JMCCHIDTHBHBIX CHCTemax. 3geck npoapnawrca addrenrul, xoro-
Phlé [DYABD WIH HEBOIMONHO PACCHMTALE HAMNTHYCCKM H B HOIMIMAHMH KOTO-
PbIX IOMOTAWY ‘BiCNeHHbIE H GHIHYECKAE MOJENLHEBIE KCITEPHMENTR, OMHCAK-
HEIE BhKeE.

llepeuncanM ocHOBMEIE HeTHHEAHLIE HHMeHMA, 06Ha Y Kentbie IKCCpHMEN-
T2hHY B HEABTOHOMHOM IeHepaTupe ¢ MHEPUMOHHUI! HEJNHHEHHOCTHIO: MpdekT
3AXBAT) TACTOTHI B OGMACTA OCHOBHLIO PeICHMICA Ha CyGrapMoMHKax [y =
= pfol2® (k=1,2...), GudypKauns yUBoSHIA IPro;W4ecior) 10pa, HAKaIIH-
BERURACA DO uapame'rpau NPOUCCT PONUEHHA TOINB W Le3LIZHCHEIX EHKIOB
B OBIACTAX CHHXPOHH2AUMH ¢ DAUAVHATBHEIM WHCHOM Bpauienny Ilyawxape,
BOIHHKHOBEHITE CTOXACTKMHUCTH “eped YBO2HHA CHHXPOHHSIX IMKIIOB 1 padpy-
WEHKE JBYMEPHEX TOPOB, KOTOPOMY NpEU:eCIBYIOT NIOTCPR MIAKOCTH i pe-
JOHAHCHI, 3 TAKKE HEPEMENICMOCT THIIA "UHKN-Xa0C™ 1 "xaoc—xaoc™. CHCTe-
Mz (12.1), KaK H ORMUANOCE, PEANTHIYET NPAKTHIESKH RCC THOMYHBIE fie DEXOIM
K X30CYy, HBAAACE HarGomme e ITPOCTOR 13 RONOBHOTO KGIACLA CHITENM.

12.5. BrdypKaupuonssle MEXAHNIMb] POKACHHN TOP-XA0CA
TIpH PR3PYILICHHM TBY XHSCTOTHMIX KOTeOaman

Cuctema (12.}) npeucrapndgeTcy RECHMR ORXOHAINER JUTA DETAMLHWX HC-
clepopatui NpofiIcMer papyiesMs NDYMEPPLIX TOROB W ofipasoBatKA cTo-
xactHocTi. Pesynsiatnl ONWCAHHBIX JKCTIRPHMCHIOR, [0 CYTH 0ena, yXe
HoctaTouoll CTENeHn 1OATHEPXNAKT CTpoTHil peaynsTar [137] o mexanmimax
Pa3pPYiLEHAA AByMepHOro Topa. Tes we MeHee WeltateIsHO HiposectH Gofee TOH-
KHE HCIHEMOBAHKA © UEHK0 RHTERIDPETANA KAaYecTB2HHRIN BLIBOMOS HA AIbIKE
PAruOGHIHICH, B YACTHOCTH, GIHCAR MEXARAIMBI PaaDyliewia Topa ¢ ofpasosa.
HeM CAT B tepMutax ClEKTPOS MOLIHOCTA KoneGanuit 241, 242},
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P e 12.7. Kpermueckde RBieHHA B cHcteme (12.1) B oxpecTHocTs petonanca 1 /3 (ume-
e HHBI A DKCTIEpRMEHT)

C sToit tenmpio HeaneayeM Gonee noapofiHo COMNACTE CHHXPOHHIUNH ¢ THCTOM
spawennd llyankape ¢ = 1/3 — (B-xknior Ha puc. 12.1¢), npeactanneHHyo B
yBenuveHHoM macurrabe Ha puc. 12.7. TlpoaHankaHpyem 2BONICIMIC DEXAMOB
KoNeBAHHA MHCACH:O, MBATAACh B YiKa3aHliex Ha puc. 12,7 crpenxkaMyi Hampap-
nenusax A, B, B, C u D. Paccmorpum iipoexiin ctpoBockonuveckoro otodipa-
MEHHA Yeped NMePHOM BHEWNHEH CHbl HA MNOCKOCT MEPEMEHNBIX X, ', CIEKTPBI
MouHCeTH dpasosoro notoxa SE (f) u CNEKT P MOLIHOCTH COOTBETCTBYIOIUETO
otobpaxenua SE(f). IIna paceers MocneMHMX MAcCHB [aMHbiX HaGapanca
HyTeM JafOMHHEHHE NOCTEAOBATE/IPHOCTH TOYEK fICPECEYCHHA ¢ CEKYUieR MIoC-
KOCTBIO C NOCASAYIOLEM PACHETOM CHEXTPd Sf ().

Ha puc. 12.8 npencrapnena 3po/I0LUHSA YKAJAHABLX XADAKTCPHCTHK TIPH MAT-
KOH TOTepe TNaZXoCTH 1-TOpOM, COOTBETCTBYIOMIAA (BIOKCHHW 00 nyma D
pue. 12.7. Mupapuantian kprpas I, rmapkan BGIHIH THHEE POXICHRA Topa /,,
C yHaneHHeM B TPAHCBEPCANbHOM K [g HAMpaBNIeHHH MOCTeneHHO HCKaxaercH,
TepAeT IMAAKOCTs H PAIPYINAETCA C NePeXomoM depea NMumnuio 1% ,. B okpect-
HOCTH Pa3pVILKBILCTOCH TOPA POXJIAETCA CTOXACTAYECKOS NIPHTAMHBAKILEE MHO-
WECTRO — TOP-aTTpaKTOp CAJ, 06pasoM KOTOPOTo SBIALTC MHOXECTBO TOYEK
crpoBocKonmnyeckoro cegeHua npy m = 0,625, PaipywieHHe HHRAPHAHTHOM K pH-
8o L B otobpaxeHsn conpoBoxgiaercd oforaieHHeM crieKtpd SE () vom-
GHAQUMOHHBIMA YacTOTAMH, PacTeT AX YHCNO, MTABHO YBENTHUMBANTCH AMIUIH-
TYIpl, H poxaesHio artpakropa CA) cOOTBETCTBYET MOABMEHHE CTUIOLIMOID
npenecrana. OcoleHno HamAnMa W HAGOPMATHBHA KAPTHHA IBOITIOIHH CNEKT-
pos otobpaxenns Sf (f), OIpakKAIOIAA HIMCHEHHA B HAIKOWACTOTHOH YaCTH
cnexTpa ¢ Gonee BuicoKoi paspeinaionted cnocobnocreio. Cnekrp oroGpaxe-
HHS ¢ HHINYECKOH TONKH IPEHHA COOTBETCTBYET CHEKTpY oruGamnnei Bpe-
MEHHOW peanmy3aldi x(7), T.£. CHEXTPY HpPOLeTEK THPOBAHNOLO CHIHANA.

IBoMOUMA peXHMOB KoNteGaHui, COOTBETCTBYIONIAA ABHXKCHHIO NO nyTH A
(puc. 12.7), KavecTBeHHO DOBTOPAST Ka2pruHY, K30GpIXKeHHYI0 Ha puc. 12.8.

233



-20f Lde 3o0mhh

5,457
.D ...‘o-. - "a '.‘ﬁ ty
r} e '&n
Pa¥ N mloes o
- bt . r“o f
- " aee 1
8 o ok -20
s *
*s K L+ —4D
ﬁl'-. _'I GI-I ‘z‘
gL T e
. N LA &b
B LR ] "s S:, N

P w128 Jnonmoun oTolGpacinR Myaixaps M CREKTPUN MOUMIRTH Kulichaiwit fpu
noTepe FARIKOCTH ABYMCPHMM topom. Tonkun 3, (). D, (6) v D, (#) coorseTCTRYOY
YKaIaHHIWM Ha pac. |17

Ouinuna ecrs B PacnoinseHun CICKTPLIbHBIX JIHHEA H1 oCH YaCToT, KOTo-
pot JADACTCA MHCAOM BPILUCHHH ¢ A MOCTE JEPECCNCHMHA JINHHH HEf rpansHo-
ct¥ g no nytu A.

Beixod H3 OlIACIH CHHNDGHIIALING B HANpPaBIIeHIM ., 06 IMEYCHIION HI THa-
rpamme (puc. 11.7) cipenxoR &, conporoagacren nepexuaosm K CAY npu
CTHAHAH CeIO-YRIOB ¢ HX NOCISAYIOWMM  HCUEIHOBCHHEM, KOITA Top B BH-
GYyPKAKNHHOR TOUKE Ha [IMHNK /| yXKe He CNankuil. ITOT MCXaHHIM nepe-
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xOld BOIMONECH OpPH YCUIOBHHM, Wro  GudypKauHOHHas fMHHA HerpyGoro ro-
MOKATHHHUECKOFO KACAHMA paclioNOKeHa Bbille KPHBOW HBHKCHUA MO NyTH B,
if0 oBocHoBpBaeTCH Hixe. Ecn Brixon w3 ofnacTy CHEXPOHHIAUMH OCYLUe-
JTBHTB No Hanpannewao B’ (puc. 12.7), te. B OGNACTL HHKE KPHTHYECKOM
a1} xp PA3PYWEHHH TOpa, TO HaMIONLTCA NEPEXON K IPrOIHUECKUM GHe-
MHAM C JMCKPCTHBIM CMIEKTPOM HACTOT. UHCIO M MHTEHCHBHOCTE KOMGHHILH-
UMHBIX Y3CTOT B CHEKTpe IIPH ITOM OfpefeNlfeTCA CTEneHbO YAANEHHOCTH Of
Buchy PRAUMOHHON JIHHAK [

JIBnsceHne H3 OBnacTH CHHXpOHM3alkk No HampasfieHHw C B ofinacts pas-
AHTOH CTOXACTHYHOCTH NPHEOOMT K MECTKOMY THIY NepeXod "CHHXPOHHBIA
ikt — xaoc”. [Ipr noaxope x mubs [, To TytH € 3a CueT FOMOKITHHH-
KH GOPMHEpPYETCH HeTpHEHATIbHOC TIHNephONNYecKoe MOOMHUKECTBO TPIEKTO-
[HA, HO NIPHTATHBAKIMHM DENHMOM 34eCh  ABIHETCH CHHXPOHHBIM UHKN H4
Tope. [IpH CNHAHHN Cea M YUla WHWKM HCue3aeT, @ X40THYECKOE TOAMHOXKe-
«TBO CTRHOBHTCH MpPHTAIHBAOUMM, W0 H MPHACIMT K WECTKOM) NEpEXOdy
K paiBHTON CTOXACTHHHOCTH. BGAKWIKM TOUKK NepeceyeHUs ¢ THHMeR [y THOMYHBI
RBIiEHNe 2UCTEPEIUCa W NEpeMexaemMocTs MeXRy CAT M CHEXPOHHEIM UHKIIOM
Ha Tope {pHc. 12.3).

MexaiiniMpl Hepexofa K CTOXACTHYHOCTH, COOTBETCTRYMWIUHE YKAIAHHBIM
HATIPABIEHHAM JBHXEHHA 10 IUVIOCKOCTH MapaMeTpoB OHGypKaUMOHHOH AMa.
rpammept (puc. 12.7}, yBepeHHO perHCTPHPYRITCH H B (PHIMYECKOM IKCIE PHMEH-
te. Homepenus npoBomMNiMck B OKPeCTYHOCTH pedoHaHca 1/3 (B-xnwoB Ha
pHC. 12.2) ¢ COXpaHEHHEM HAlPARIEHAR JBMAXERMH [0 TNOCKOCTH MapaMeTpoB,
YKa3aHHbIX Ha pacueTHOH AHarpamMme.

Ha puc. 12.9 gaMu 3KcnepHMEeHTwIbHBIE CHEKTPbl MOWHOCTH KonebGaHwi,
COOTBETCTRYIOLIME [ISKM¥EHHI B HanpapneHun D. Yerko dmkcnpyeTcea MATKHR
nepexol kK CAY uepes moTepw IMAOKOCTH, COIPOBOKRACMBIA OGOTuLLEHHEM

Pooe. 129 Cuekrpsl MollHoorH Konebaduf mpi QRIDKEHHH {10 HILWKOCTH NapaMeTpon
tpde YOTY o omADaRTeHHH D@ - CHeKIp raaukora Topa, 2, J - paisurue skt
Sarepa! NAMKOCTH, J - enekTp ToR Xaocd” Mpd Manod HAKpHTHUHOCTH
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Pue 12.10. I80H0UNX CNcKTPR MOUMOC K KOLeDaHUA NPH BKX ulte #3 OSIACTU SHEXP GHH
JAUNK B Hapanneunu B ([ a B’ (4--6)

STIEKTPa KOMBUHAMHORHEIMA YACTOTAMM ¢ TOTEIYIONIMM POCTCM KX HHTEHCHS:
HOCTH K 0BpasoBaRuem CIIOUMOrD criekrpa ¢ 5-pailipocamy Ha BaJOBBIX YACTO-
rax Guenmi. [ocnemuas ocoBeHBocTs 3 hopMuponansK crextpa CAY MKW
H MOMET CIYNHTE JKCHEPHMEHT 215HBIM KPHTEDHEM PONCHEIHA TOP-aTT paKTopd.
TIDAHOCTHIO AHANOTHUKAN KAPTHER KMNECTBEIN'G JAPHKCHPOBIHA 3 HpH DBMNe-
H{Y 10 HANPABALHUK A TCAHCECPCAIBHO K NUHKH HERT PAIBHOCTH BUYTPH 30K
CHHXPOHH3BLUHH.

HoMeneHrA B cneKTpax KONeGiHER, KMCIOUIME MeCTO NP JIF GKEHAM B Ha-
upamieHnAx B n B’ (puc. 12.7), ninmcrpupyer puc. 12.10. B nepsom ciy-
yae OCYUISCTRNAETCH abixol B ofnacts CAL, BO BTopoM — B 06.:13CTH BCKANEH
HOPD JProfMUSCKOre Topd, KOIJA OH eme He pajpyinen. ECIR ocymectsute
AppxeHve B Hanpapnengn C, 10, KK I [PeNcKasaHo BRIHCICHHEMM , PETHITPH-
PYSTCA XeCTKHH fNepexo]t K pasBRiIoN CTOXACTHYHOCTH Seprd HEPEMCHREMOCTD
FPH HANHYNM TWCTCPEIHCHEIX HBNIeHMH. Jletanshuie conocTanineima IKCnepiMe-
TANLHEIX H PACUSTHBIX HAHHBIX TIO3BOAAKT YTRCPHIIATE, Y10 BCE MEXLANIMBI
nepexona Kk CA} B KEABTOHOMHOM FEHCUTOPC 2 HHEPAMOHHOR HENHNUCHHOCTEIO
PEITHIYIOTCH CTPOTO 8 COUTRETCTBHH ¢ T2ODe MUl O PAIPYWICHITH Opa.
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G HpHBCHeAMBIX BHIME PEIYNbLTATAX YHCHICIHHBIX H ¢IH3H‘IGCKHK IKCHEPUME -
+08 HOTEPA IMALXKOCTH TOPOM JMATHOCTHPOBANACH N0 HCKAeHHAM HHBAPHUHT -
qpi KPUROH M CODTBETCTBYMUIER DAONWIKH CIEKTpa NpH ABHXEHM Biniky «
AKKEK CEIND-YINOBOH By pKralin, HO BHE, 4 He BHYTPH 30HK CHHXPOHA SaUMHK
Ho t€opeMa O paspviieHilk Topd ¢HOPMYNHPOBAHA DAK OfNIACTH DEIIEHCE K
ONZPHPYRT C IROAIOMUHER FIMBIKAHHA HCYCTOHMMBLIX MHOKOODDUIKA CruiuBory
AMKA HA YCTORWMRBI, xoTOpoe, SOGCTBEHHO, H 0GpaIyeT MBYMEPHAIH rpyGbiit
TG)n

HonossinnaHueil B JKCICPHMCHIAX  ApheM  uHcneHnol  (oToOpaschus.
CHERTPBI) A dHItecKoR (MPURKdHii GAIOBLIX TPAeKTOpIiH, CCKTPLI) BH3Y &) 4
1auHHd IddeKTs NOTEPH MANKOCTH TOPOM GIINPYETCA HA TUM, UTO Pe30MaHCHYE
WIRAPHAHTIIO: MIIrooGpasie Npy NepecedeHuin THRHA Ceanc-yinoselx Gudyp-
KeUWH KIK Oir He TEPNHT patpniBa, Hacileiys <Bol GopMy B OGASCTS Iprouy-
yeckMX Geenid. BEom ronoBipl HCcCnelonaHMA NpoBOIUTL ANA 0GMacTs IMdye-
HUH NAPIMETNOR AHYTPH ICHHI CHHXPOHMUAMH, TAE CYIIECTBYET YCTOHUMBLIA
NpCACNbHBH UHKT, 10 Ih@exT HOTEPH FNAAKOCTH OKAMETIA “HEBHIAAMbIM ™.
3nzch HeOOXOIHMO BBMHCHATE ASYCTORSHABIE MAQTO00 (pasHa CAIUTOBLIX RMKICE
IWIH HEYCTOMUHBLIE CenapdTpichl CEMIOBRIX TOUYEK B OTOUPANKEHAH, KOTODhE
By iyt "NPoHRIAT HEBRITEMBIE B CNyYae peIOHANCE ABYMEPHLIH Top.

12.6. ¥YruBepcankiinie KONRICCTREHNBE FAKOROMEPHOCTH MATKOI'O NEpeXoia
K X20CY 4epe3 Pa3IpylLIeHHE ABYMEHOTO TOpA

lepexon K TOP-Xa0CY OT PeKMMA JIBYXHACTOTHHIX Konebamuil nomumo xg-
HECTAEHNbIX 3AKCHOME PHOCTEH, YCTAHOBISHHBIX TEOPEeMOil O pA3pYLUEHHH Topa
[137]. onHcbiBaeTcA TaKAe PRICM YHUAEDCAAOHBIX KOAUVECTEEHNLIX XapeKTe-
puctux. Mx cyulecTeOnAHME MOKA3AHO TePETHHECKH NPUMCHHTENBHO X ODHO-
MEPHBIM OTOOpaXeHHsM OKpyHsocs [140--145}, U ecTecTRem:O enape
BbIABKTH, HUCKOALKO BLIBOIL! (0 YHHACPCANBHOCTH NpuMeHnmMbl k midipe pen-
ILHUTBHBIM CHCTEMAM ¢ HHBAPHAHTHOH 33MKHYTOR KpHBoR B oroOpaxerun Tlyau.-
Kape.

Hecneposanne ofumx 3aKoHOMepHOCTEH MATKOrO Nepex0fa K TOp-xaocy
TPOBOIANIOCh METOUAMH WHCNEHHOIO H (PHINYECKOTO IKCMEPUMEHTOR Ha pAne
JnddepeHUNATFHBIX, CHCTEM H oTobpakermit mmockocm {13, 246, 247]. Nony-
YeHHBIe Pe3yNbTaThi B IPelenaX TOVHOCTH IKCTEPHMEHTOB TIPAKTHYESCKH HIACH-
THbL TloToMy OTPaHKWHMMCA H3TTOKEHHEM HCCTEOOBAHMA KOMHNECTBEHHBIX
JAKOHOMEPHOCTEH Nepexpfa K TOP-X40Cy B HEaBTOHOMHOM FeHepatope ¢ HHep-
UHOHHOH HesinHeAHoCTR0 {12.1).

Ha puc. 12.1! npeacTasneds) pe3ynbrartel QRIMYECKOTU IKCNePHMEHTA 00
HCCNeNOBAHAK PexXHMOB KoneBanui W ux Gudyprammil B2 TPAUMUMOHHOA ana
HeABTOHOMHBIX CHCTEM MIOCKOCTH NApAMeTpoB Vg (aMIUTHTYAS HaMpskKeHWA
BHemmero cursana), f; (Yactota cursama Hakauki). KavectBeiHO IKBHBA-
NEHTHYI KapTHHY Al W 4cneMHsti paceeT GudypKanMoHHOE OMar paMMel
cucremul {12.1) npu COOTEETCTBYMMUMX AKCNEPHMEHTY 3HAUSHKAX YTPaRIsio-
HIAX MaPAMETPOB.

OGnactd peIOHaHCOB [MarpamMmbt pHe. 12.11 MoxHO KiacCHOHUHPOBATL B
COOTBETCTBAM C npasunomM GOeitpu {247] . Pesorancel, OTBEHAIOIHE THCNAM BPa-
WwedHa ¢ = 1/ (n + 1), NpyHamexar K 1aK HI3MBACMOMY TIEpROMY ApYCY “ne-
pesa Qefipu™. flo npapuny cnoxeHHA Peiipi pesOHAHCH! LIEPROTO APYCH NOPOX-
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Puec 1211 bubypKalHONHEN OHATPAMMA HEABTOHOMHOIO TeHEPATODA C KHepUmOHHOM
HeTHHERHOCTRI

JAI0TCA [BYMA PAUHOHAILHSIMA SHCTAMH®) :
1jn+1)=1/nedfl, n=0,1,2,... (12.3)

Bropoit spyc nepesa Qeitipu GopMHpyeTCA “CnoXeHHeM™” JBYX PRUHOHLTS-
Hbix npobeit a/b® c/d. Npobe (z + ¢}/ (b + d) ABNACTCA CAHHCTREHHBIM PALKO-
HATBHBIM YMCIOM © MHHEMANbLHBIM 3HAMEHATE/leM HA OTPEIKE MEXILY HCNAMU
a/b u ¢/d. Ecla Npu 7T0M BHINOTHACTCA YUTOBHE YHUMOOYnApHOCtH |ad — bel =
= |, TO 3Haj%eHHe ITOH PAHOHATHHOH NPOGH NENHT B CepelpHe YKaIAHHOTO OT-
pe3Kd H HAIWBALTCA Meduan roil.

Mepmanta (g + ¢}/ (b + d) yAMMOIYNApHA ¢ KOKAOH HA MO POMIALIAX Da-
nuoHaneHex apofeii a/d n cfd, aro obecnewinieT NocTpoenHe MOCTEYIOIIHK
MeNMAHTHBIX BETREH fepena Pedpu:

Ra+c)/(2b+d)=(a+c)/(b+dyealb,
(@ +2c)/(b+2d)= (@ +c)(b+d)ec/d

ImoGanbHan CTPYKTYpa PAacnONOXeHHA pe3cHaHCoR Ha GudypraunoHHoR
marpamme cucremel (12.1) NONHOCTRIO cOOTBETCTBYET Nopaaxy Peiipy (12.3),
{12.4). Pe3oHaNChi, OTBEUAIOIME BTOPOMY, TPETbEMY H NOCTEAYIOIHM ApYCaM
nepesa Qeiipu, cTanoBATCA Bee BONEE YIKHMH NO NAPAMETPaM, PANIHYATE WX
LDOBONEHO TPYIIHO JiaXe B HHCNEHHOM JKCile pUMEHTE.

M1 Teopru MoaensHex oTobGpaxeHHiH OKPYKHOCTH CliedyeT YHHRE DCAUTBHOCTD
B NOBEAEHHH LUIMPMHb! PEIOHAHCHBIX OGNACTEH HA JINHHA KPHTHYSCKHX IHAUCHHA
napameTpoB !}, B OKPECTHOCTH MPPANHOHANBHBIX HCeN BpatieHHA [140--145].

(12.4)

*) CamBon & odnawaer: 11 o 0f1 = (] + Mt 1)={n+1)".
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YHHA¢PCRIBHOCTE 1IPOABARETCH B TOM, YTO [AIA WHPHHED O6MACTit CHHX pOHWIa-
UHH. HEJIBHCHMD 0T KOHKPETHOTO Bz OTUDpameHWA CKPYAHOCTH, cllpased-
AHBU CODTHOLLICHHE

5=68(@)= lim [(Qu_, — L, - 20, (125}
ﬂwﬂ

roe $2,, = WMPHHA OGITACTH CHMXPUHH LN, OTBEYAGILAR ANKPOKCHMAINM PAC-
CMATPHBAEMOTO HPPALUHOHATBHOMD YHCIHA @ A-M WICHUM N0TIeR0RATENLHOCTH
PAUHOHAABRHBIX WiCeSl, CXOAAWEACA TIPH N+ K ¢ . YHHBepCL1hHAA KOHCTAHTA
6 32BMCHT TOI1BKG OY WACIIA BpauleHus W pasHa: b, = 2,833.. . (301010e ceve-
me, 0=05(v 5 ~ 1)) 8, =6,799... (cepeBpance cevcHue, ¢ = N 1}.

Ha puc. 12,11 NnokalaHe! 3KCIEPUMEHTATLHO NOJYYeHHLIE OJHOMEPHbIE KpH-
Brie P 1 Py, HA KOTOPLIX YAC/IU BPAIMEHHA NOCIORHHO M PABHO 30I0TOMY H
cepeGpHHOMY CeuEHHAM COOTBETCTBEHHO. B OKpecTHOCTH cepeBpAHOry ceueHus,
KAK !OKAJANK PacyeTsl, 3HaueHHe & = 6,25 £ (0.5, 4r0 ynoBneraopHTENLHO COTMa-
CYETCA C TEOPeTHUECKHMH TIPEICKASAHHAMH ,

Ha 'MHHUK KPHTHUYECKHMX 3HAYeHWH f1apametponr !fq, MHOKeCTBG iprGenos
MeXLY 30HAMY Pe3OHAHCOB, DOTIONHAIOUIEE MHOXIECTBO PCIOHIHCHBIX OTPe3KOR
Ao HOpMHPOBAHHOM feferoBod Mepkl 1, HMeeT KAHTOPUBY CTPYKTYpy. Mepa
MHOXeCTBY >TMX NpoBenos Nynesad, HO QpakTaIbHas pasMeproctTs Dp Ko-
HedHa. B OKDECTHOCTH 30M0TOFO CCYEHHA, COrMACHO TEOPHH, 3HIYEHHE palMep-
HOCTH Dp = 0867. .. [L1a pacveta Dp 00 pe3yibratamM SHCACHHBIX H (PHIH-
YECKHX IK CIE PHMEHTOB MOXNO MCMONBIORATH COOTHOLLIEHHE

lim £ [R,-(n)]DF("}= 1, {12.6)

nerm |

i1 Ry(n) = L;(n)/L (n), L (n) — mwmHa npoBena Mexay peloHaHcamu a/b
4 cfd Ha n-m spyce fepena Qedpu, L;(n), i = 1. 2, . ... - snmder npoienos
MEHILY KM W3 ITHX Pe30HAHCOB W UX MeManToR (g + c) (b + d).

Ha ocHose cooTRowchuA (12.6) N0 HanHbIM QHIMYECKOTO M YMCheHHOFO
IKCTIEPHMEHTOB Ha DHME CHCTEM ONpelensinuch 3HadetHA HPaKTATEHOA pa3.
MepHOCTH D, B vacTHoctn, ollelka Dp 110 A3HHBIM GHMIMUECKOTU IKCHCPH-
MeHTa puc. 12.1), NpoBENeHHAA H3MepPeHHEM [UTHHB! fpalenion Mewdy pedo-
naticame 1/2, 3/4 1 2{3 (B OKPeCTHOCTH 3QT0TOND cedenHA P Ha RN (i.p}
a7 Havenne Dy =0,78. B okpecTHow i cepeGpANOIO codeHus {NpoBenbl Mex-
1v pe3oHaHcHbiMK 1/2, 1/3 1 2/5) IKCNepUMEHTH X1 YV IMBHTCHBHLIN peaviih-
it Dp = 086! {lomroe cOOTBETCIBHE ¢ pacueTHnIM 3HIUCHKeM O0RACHACICH
1eCh CROpee (NYYaRHBIM COBNAEHMeM 3a cveT oumOoK IKCnepume:itd, obyc-
TOBJEHHBIX ANTNPOKCAMANHEH K PHBONHHEHHOR [ palMik Iip TOMANOA nrMen
i UTHOCHTENBHO TONBILORA MOTPEILHOCTEI0 WNPENeTtHMA FPEHHIL PeINHAHCHBIX
civiacteR. BIHI0CTE NMONYUEHHBIX DKCICPUMCHTATEHO IHAYCHHA PasMepHOCTH
Dy ¥ pacueTROMY 3HaueHHI0 HBHO He CiyvaRiia. B 310m vBeaciuoT vesynsrarsl
PHCHETOB, TipoBEREHHLIX ¢ BoNlee BBICLKOH B CPABHEHIK ¢ JKCIIEDHMEHTOM Tou-
HocTeio. PacucTHue 3uatcHud pasMeprocty Dy B JaBMcHMOCTI OT Wmcaa apa
IUCHWA, PACCMTFPHBAEMOTO APYCA PEICHAHCOR Tepena DeApPH Y KOMKpeTHarO
#Hid MOCTIEIYEMOH CHCTEMS! HE BBIXOAAT Ja radnUbe HT-pRais 085 < . <
<2 0,90 [247). Ecnn yuects, uto aBeol'0THaA NOFPeiHOCTs fICHETOS [a3viep-
HOCTH Dp Me npegsnudta sead@tint 0,05, 10 NOnyYeHHRE JLAHHBIF DU KYAHCH
MePe He TIPOTHBO peYaT TCIpHi.
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B [141} meiron0om peHOPMEPYINBI NOKA3AHO, 91O CHEKTP MOIHOCTH OToGpa.
HEHNSA OKPYXKHOCTH B KPHTHHECKOH Touke oflaliaeT pAfOM YHHBEPCWIbHBIX
CHOHCTE. XAPaKTeD cOCKTPA ONPENLAACTCA IHAUCHHEM YHCNa Bpanenna ¢ . Foru
¢ MOMGIO NPeQCTIBHTE B BAfie NeproMHieckod uenmHoi apobi, To crexrp obina.
raer csuiicteoM Macwmatinoi HHpapHaHTHOCTH. HawGonee npocreM pauioxe-
HEeM B NEPAUIHYECKYR UenHyw Lpobh XApAKTePHIYETCA J0S10TOE CeYEHHE
$ = ¢ =05(v/3 ~ 1) =(1, 1, 1,1...). B310M cly¥ae npupe/ieHHxle FACTO-
Tl CHEKTPANBHBIX MUHAR ¥ = f[f, B MuTepmane {0,1] ynosnersopsor cooTHo-
WeH IO

l”’lﬂ;qs—ﬂl!, 3 >n1;
e 7z, Ry ~ NOCIEJOBATATBHKE WIEHBL OUHOTO K3 padoa Pubonawwu. Tax, nnx
TNABHOA CHESKTPUIBHOH CEPHH, COACPA@uieil MHHIH HanGonblred aAMIUTHTYARL,
Nz, Ry — NOCHEAOBATENbHRIE YHCT2 OCHOBHO(O pAn2 OUBOHAYH C OCHOBAHHEM
(,1). Hanes, cnexrpatpivie Cepuy, pacTioNoNeHsLe B KO pANKe YORBARKA HX
aMItIATYL, COUTBETCTRYIOT pANAM PWGOHANM ¢ OCHOBAHMAMM: cepua 2 -~
(22),3 - (1,3).4 - (33),5 ~ (1,4), 6 — (2.5) u T, CREKTpanbHAR MO
HOCTh [N JTHHMA KOKAOH CepyH S;’ TPONOPANOHATSHE KBAIPATY YacTOThi:

S1=Cp (i), (12.7)

tAe i — HOMEp CEPHH, j — HOMEp JIHHHH [(AHHOK cepun. JUTA nnHMA xaxmoR

gy -2 -G53
i L
J 1 ez 3
: i
. 1
231 i
4

I .
U WA L

aj 2% &

Puc. 1212 Crexxp koiiefoHni HeaBTOHOMHOMO FeWepatopa BOnKIK GudypKAUNOKHORA
TTHHHA DAIDYLICHB TOPa [UTA JHauennh £: 0.1 (g) 1 0.4 (&)
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CEPMH OTHOLUEHHE S;'fv’(}) npd BonbuMX J AOCTOAHKO (MPAKTHRECKH ANA
TOCPIEEHHA OKPYAHOCTH OHC CTRHOBHTCA NOCTONHWMM ywme Tipy f = 2, 3),

HutepecHo HCCIEDOBAT: KONHWECTBEHHEE COCTHOWECHWA B CHEXTpE MOl
HOCTH KoReGaHHA npw paspyleHHK IBYXSacTOTHLIX GHesHi B peanbHod noro-
KOBOH [HHAMHTECKOH cucteme. B 7IHX Nenax reHepator ¢ RECITIKM TapMONI-
qockumM poapeficreHem (12.1) npeacrasnmics HamGosee ynoGHoR moenswo.

DCIEPUMERTANBHO R3MEPRITRCH TACTOTH cneicrpmwmc RUHHK B WMTepRAOC
[0, f1] B3 TouKH paspywcHnA Topa (BGAW3H My 12 p) TTPH PATTHYHEIX
mawIMax napamerpa g. Pesynbrarer aassepenwit nmeneuu Ha pie. §2.02
BMECTE C GOTOrpadRAMM COOTHETCTBYIUIMX CHEKTPOR C IXAAHA WHAIHISTOPA.
Pacnonoxenue cnexTpansHuX NUHNA 00 OCK WACTOT IKHOCTLI COOTBETCTBYET
reopin! Uro KacarTcs aMILIMTYT CIEK TPRIBHBIX IHHMA a{ = 101g |8/51#2(/)]).
TO BPEOCKAHHOR 32K0HOMEPHOCTH He MaGimonaeTca. OTHOMCHHE MOILIHOCTH X
YECYOTE ANN IHHUA ONHON CCPMH HE OCT2ETCH NOCTOMHHIM, 8 YORmaer ¢ yMer-
eHNEM YaCTOTH. XapaKrTep NMOBSACHHA CHCKTDMIMHLIX JIMHHE KAECTBEHHO He
MEHACTCE NPH H3IMEHEHHH NBPAMETIA §.

Ilin cpaBReHRS PeIYILTATOR DHIHNECKOTO IKCIICPHMENTZ © HAHHAIMK HCCe-
NOBaHKMA MatematH9eckofi Monsnn (12.]1) NpomenaHm pacueTl CHEKTP: MODE

0 40 80 f 0 00 200 300

I
—ie T . e -

4y

24
M{'!?Mnn_a 4
04} "\ 1"’."‘-_\‘?.,. g
" e
. &"‘a
™, “
1 v
3 ¥
o‘:'-.“: E R “‘ "
0t AN : —
0 20 3y

Pwe 1213 Crexspul notoks (o), oroBpawenmi (6} M leqcude NMymnxape (@) pfimon
Ep ATAREC KO TOUKH PAIDYIICHAR TOP'E (IBRCHENTLIA JxCiepRMeT. g = 0.3)
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HOCTH BISIHIA Aepexola k Top-atrpakropy CAJ npH MHcne BpAleHHA, paBHOM
JoforoMy cedeHs0. Tlapametp HHepuaoHHocTH BHGHpanca passum 0,3. Napa-
Merp soaliyxaena m = 0,7, w0 COOTBCTCTBYET |-TAKTHOMY NpelenbHOMY
UHKINY B 3BTOHOMHOM FeHepatrope. AMINKTYA BHEWHETO BO3MIEHCTBHA YBERK-
WBanackh A0 IHAYEHHA, NEIKOre K KpHTuuecxomy. Pacyetr npoBoaunca npu
By =024, p=2nf, 50,62192 (f, — HOPpMHPOBAHHAR NACTOTH) .

Ha puc. 12,13 npuseneMbl pe3ynsTaTel YHCTEHHOIU I3KCIEpHMEHTd: 4 —
cicktpa notoka S (f), 6 — cnextpa oroGpaxerun S (f) B cevennu noroka
LIoeKOCThIO X = (I, & — WHBAPDHAHTHAN JAMKHYTAA KPHBAH B CCHEHHH TOPd B MO-
MEHT paspyumicHua, Kak BIHO W3 pCYHKE, CIEKTD NOTOKE HE [aeT NOCTaToMHofR
HHODMALIMA [VIH AHANHIA CREKTPATLHBIX NKHMA. Boanukna HeoSxonmmocts
IEPEHTH X PacCMOTPEHHIG CIEKT P4 OTOGpaXeHNA.

B citity orparnueHHocT namaTtr IBM 0xasanoch HEBOIMOMHLIM MOCTPOUTH
CAeKTP uToBpRKEHHN B [HANAZONE, BKIIOVAIMEM HASTOTY BHOLUHETO BO HICHCT-
#Hn fy. [odroMy npwirocs orpaMHwmTECA sHTepBaiom [0, Ag] u Basm 8
KagecTee BaloBEIX HACTOTHI Ag B &, = f) -~ Ay, OTHOWCHKE KOTOPBIX TAKXKE
PABHO 307M10TOMY CeYeHMIC (TAK KaK 3T0 YACTOTH COCENHKX THHHH OCHOBMOM
cnekTpaisao#t cepu). C uenmw Gonee NeTATBHOTO CpPaBHEHHA pPCAYNLTATOBR
WAGTEHHOTO H QE3UCCKOFD IXCNIZPUMEHTOB NOCHEINME OHbT NOBTOpPEH Npw
£ =0,3 B couTBeTCIRYIOE M jMalias0He vacToT [0, A¢].

loy -1,0 -0, 0 6
T L . -“1
. .
1 =7 4-20
1 3l A
23123 1-40
Il ‘&Eo
24
gy -1p -0.5 o
] N 1 1. 2' b fut
3 5 43 h
2 3 [ 2 ¥ 2
o4 TIATIR] {20
4 4
1-40
1- 60
_ gy
d al ih

P wc 12,14, JxenepumenTaitehint i chex1p NoToxa (@) # pactetwniR cliexTp orobpax eHiA
(&) aBAMIK KPHTHHECKOR TONKM PAIpYILEHEA Topa; g = 0.3
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flonywcHHbie pesynbiatbl npuBeiedst B Tafn. 12.1 (dusmueckuil xcnepH-
MeHt) B Tabii. 12.2 (wcnesdntit cuet). Tam e npupeneHs! OUEMKH 1OIpeiU-
HOCTH W3MePeHHA dactoTil | 48] W amiimryam |$84] cOEKTIpUIRHBIN 1HHKA.
i} UENAX HCKINIOHEHHH CHCTCMATHUYRCKON NOTPELHUCTH, CBA3IHION ¢ HETUYHBIM
JAUBHHEM WMCIA BPAIGCHHR @y, B TafAMUAX YUieHb TC CHSNTPLIBHLIC JKHHMH,
.PHBEOEHHBIE YACTOTLI KOTOPBIX OTAHYAMICH 0T TEOPCTHYECKHX  IHAYEHMH
:1¢ Donee HeM Ha OIEHEHHYIO MOT PEILHOCTD HIMCEPEHHN.

Bortee HarnAgHo pe3ynbrarsL Npeacraenens Ha prc. 1114, Xapaktep akcue-
DHMEHTAIBHO NOTYYeHHOTO Chick7pa (puc. 12.14a) ror e, uto m na pwe. [2.12.
AMIUTHTYRb! COCKTPAIBHBIX THHKA @) YMCHBUAKWTCR 1DH LBHXeHHMA 3 0fiacrs

UH3KHX WICTOT. 10 ABNEHHE He MOXET ObtTh OGBLACHEHO NUTPeIHOCTLIO B CHAY
MOHOTOHHOIO XapaKTepa HIMeHeHHs amiuTyd. Kpome Toro, nepenan amnnu-
YA CIICKTPAbHBIX JTHHRR 3HANKTIBHD NECDBIELT MO PeUHOCTE na_mepetmﬁ.
Napuaktep pacuzivoro criektpa (puc. 12.146) wuoil. AMIIMTYRW g He yObk
BA0T € yMeUbLimiem 4actorhl. QU Kone@nioTCA OKONO HEKOTOPOTY MOCTOHH-
HOTG YPOBHA, SIDHYEM Pa3fpoc HX 3HAYCHHA HEBEIKK H CPARHMM ¢ NOTpeus
#0CTI0 H3Mepenuii (~5 nB). Tlucnemnec nywle COOTBETCTBYET BLBONAM TCO-
MM, 4EM pe3ynbTarel GHIMYECKHX IKCTIepHMeHTOR. AMINMTYAsL 2 U 3 cepuit
B (PH3HYECKOM IKCRACPHMEHTE HIKE AMILTHTY/ MHHHA OCHOBHOA CepitK B Cpej-
iiem Ha 30 aB, B To BpeMA Kak B YHCICHHOM — Ha 15 nb.

Pacxoxgiesne peryibTaToB (BHIMYCCKOTO M BHCHEHHCTO IKCMEpHMEHTOB
MG AHO OBRACHATE TeM. 9T0 NEPBBIE DTHOCATCH K CMICKTRY 1I0TOKA, 4 BTOPLIC —
K CHexTpy oToGpukesHi. Jlepexol ot HOTOKOBOH CHCTEMBI K UTOGRIMEHHIO
SHR33H C HeIWHCAHBIM NpenBpasopaddes CUSKT DA, HEIMBUTYATHRIM JLTA K3%-
7ol KOHKDETHOH JMHAMHYECKOR cHeTembt, Kpome Toro, Kax NoKaIsmawT we-
NeRHBIE MCCNENOVAHHH, JAXE [UiA UHHOMEPHEX JTOOpaXeHHA COOTHOLIEHHE
UMITIHTY CHEKTPANBIMX JIHHHA $3BHCHT 0t GopMal otoGpaxaemoi KpHBOR.
HABADHAHTHAA JUMKHYTA? KPHBOA B CEYEHMK KOHKPETHOH [HHAMHYSCKON
SHUTEMBL HMCET CBOR OCODRIA Xapakrep HCKAMCHME Ha NMYTH K Pa3pyilieHKIO.
YroGe npeoGpazopalh ITY KPHEYIO B OKPYKHOCT, TpelyeTcA HeKOTOpad He-
MHelHaA (2 B KPPTHUECKORA TOUKE M HEFIARKAA) 3aMeHa KoopuMHaT. Coor-
BeTCTREHIIO AMIUIHTYS! CHEeKTPAIBHEX JTHHHI TAK®WE 1pevepreRanT HelTHHeR-
#oe npeobpasoBanye. MHBIPHAHTHAS KPUBAA B CSUCHMK PACCMATPHBAEMOR
IMHAMHYECKOW CHCTeMbl (12.1) B MOMeHT pajpyuieHKA BechMa Janexa oT
OKPY®HOCTH . ({pHc. 12.13¢). TioostoMy ™MUNNG HpemIonarate, Yro oTTdme
CHEKTPa, NPLUCTABIERIOID Ha pHC. 12,148, 1 cMekTpa OTOGPARCHAA OKpYX-
HOCTH OBBACHALTCA HEe CTONBKO MOYPeLUMUCTBI0 BEIMMCIEHHA AMIVTHIYIL CNEKT-
PANBHAIX JIHHHI, CKOJIBKO HCKaMeHHeM (OpMEl HHBAPHANTHON KPHBOH B ce-
HeHHH.

Taxum ofpazom, 41o6e MepefTH OT CNEKTPE HOHKPETHON THMAMKYECKOK
CHCTEMBl B MOMEHT PAJpyIUeHEA TODA I ¢ = ¢ K YHHBEPCAIBHOMY CTICKTRY
0To0paxeHHA OKPYAHOCTH B cel, HeOGXOAMMO TPONENaTs HEKOTOPOE HETH-
ueiHoe npeofipazopanne AMIVIMTYR ClEKTPAIBHLX COCTARI AKX N8 KAKROH
KOHKPETHOR CHCTeMBI. UTO KdCAETCA HACTOTHRIX COOTHOIUCHHA pH ¢ = @y, TO
OHY XOpoiLe HAaGMILAAKTCH Ha MOBLIX MONENIAX, TAK KAK NOAHOCTHH vllpene-
JTHIOTCA 3HAYCHHEM MU B PRLIEHUA,

flpencraBnentbie pe3ynbraTet IKCHEDHMEHTOB CBHASTENBCTBYIOT O TOM, YTO
PAD  YHMBeDCAIoHBIX  CBOHCIR  OJHOMEPHBIN  OTOGPAXEHHE  OK PYKHOCTH
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coApaHAercR ¥ % ipdie peHLKaNbHBLX cheTem. HanBoree yeTkoe cOOTBETCTBHE
HMEET MECTO B OTHOIEHHH CEKTPAILHOTO COCTaRA KONMeGaHWH B KPUTHUSCKOR
Touke M1A WHCNA BpaUEHHA @ = @, . JlaHHbe TEOPHM H IKCUCPHMEHTA COBMA-
N0T B paMKiX OTHOCHTENTBHO BRICOKON TOUHOCTH CREKTPATbHBIX MIMEPEHU.
Xopouiee coBNaneHue ¢ TCOPHEH MOXHO KOHCTATHPOBAThH H B OTHOUIEHHH (paK-
TAABHOR PaIMepHOCTH KAHTOPOBA MHONECTBA HPPAUMOHAIBHLIX  JHAYCHHA
\MCRa BpanleHUA aONHIH KPHTHYECKOH NHHUK pa3pyWeHHa Topa.

[oBanbHan cTPYKTYPa pacronoxeHua oGnacted pe30HAHCOB HA TOCKOCTH
YA AIOILIX NMAPaMeTpoB, KIK CIeyeT M2 MPHBENSHHLX Pe3yNhTATOB, TAKKe
COOTBEICTBYET TEOPETHYECKH OIMCIHHOR W Ofipedensercd npasuiom Qeipu.
YHHBe pCanbHOMH, I0-BHAMMOMY, ABIACTCA M FeOMETPHIECKAR CTPYKTYPa pe3o-
HaHCHbIX OB1acTed BOANIY KPHTHYECKOH NIMHAH !Kp. onpefenaeMan cooTHOWE -
aeM (12.5). Hyxaio oTMerHTs, YTO MpHREACHHBIE HTOTUBbBIE PE3YsILTATH HB-
JAWICA BAKIGIME H JAIEKO He OYCBHAHKMA. leno B ToM, Hto Mexny ortobpa.
AeHueM llyankape H NOTOKOM B3aHMOCBA3H MPHHUMIHANLHO He OAHOIHAUHA.
Hmenno B oty nocaendere ofCToATENnbCTRd MacirabHad WHBAPHAHTHOCTD
AMIVIHTYIIHBIX COOTHOWEHHA B CTIEKTPE KBAMMEPHONMYECKHX KoneGauui He
noarsepxiactTes WA OudQepeHIMANbBHUX CHCTEM, XOTA A OJHOMEPHBIX
OTOGPaXEHNA OKPYXHOCTH OHA, Be3ycnoBHo, HMeeT MecTo.



'JTABA 13

JAKOHOMEPHOCTH PAIPYIHEHMSA
KBA3IHNEPHONHMECKHX KOJEBEAHHH
C ABYMSA M TPEMA HE3ABUCHUMBIMU YACTOTAMM

13.1. epexoan K TOP-XA0CY B SBTOHOMHON CHCTEME
ABYX CBAIAHHEIX FEHEPATOPOB

IBONOUAR 110 NAPAMETDAM [IBYXYACTOTHRIX KOIEBAHHR B HEZBTOHOMHEOM fe-
lieparope ¢ HHeleHOHHOH HENMHEAROCILIO JACY LOGTATOUNG HarAALIIY 0 K pIK-
Y BOIMOKHBIX MeXaHHIMOB PAa3pYilleHHA PCKHMA GHEHHE # Nepexonus K Xaw-
+¥. HO HC J3TparHsaet pag3s HHILpeCHLIX ABNEHHH, XapaKTepHbIN LN E ABTOHLM-
HLIX JIWHZMHReCKHX Chctem. Kpome Toro, ¢ dusnueckal TOUKH IpeHHA Kel-
TeNBHO HMCTh OBOCHOBANIHBIE apTYMENTRI 8 MOMb3Y KAYCCTHRIHOR aHAHOTHH ©
NOSEACIHH 8BIUHOMHRIX H HEABTOHOMHBIX CHCICM, YNMTAIBAXN HAXHOCTL aBTO-
lIOMHBIX CHCi{eM B [NTOHHMAUHH MEXaHNIMOB PA3IBHTHA Typﬁ}ncmnucrn Ciiowi-
HUH cpefni.

s sroro paccmorpnm IBOIOLHIG KBATHIIEDHUNKYCCKHX KOleHaHNnih B aB-
IOHOMHOA cHCTeME ¢ OncHUAMMK. ECTECTBCHRO OBPATUTRCR K MOIENH JIRYX Ka-
KuM-TIG 06pasoM caszanisix Teleparopos, cHOCOGHBIX HHMBROYAILHO pa-
BOTATH B pEAKAMAX CIOKNBIX 3810KNTeBaHHIl.

Oﬁpamm.n K cHCTeMe OBYX MMOYKTHBHO BAHHBLIX ICHepaTOpuB ¢ KMep
IHOHHOR HENMHEANOCTBIL, CTPYKTYPHAR CXeMa KOTOpOit apHneliena Ha puc. 13,1,
Cunras napamerpet MapUHanbHb:X TCHEPATOPOB MACHTHYEBIMH, 33MHIIEM VpaB-
Hewua cucTeMst [237]:

{1 - 93)ky =y, +x,0m - 2,) +y[ p2 +X3(m ~ 25)],

(1Y ks =yg +xa(m ~22)+ 7l y, +x,(m ~1,)], (13.1)

Y= Xy, 3 “g[l{x.)x? -~z ).
Y3 = %3, iy=gl{xs)xi - 2,1,

e d Ky < | - koaphHUHEAT CBRIN.

Crywait v = O rpusnasied. [lpn v . 0 DOIMOKHBI O8a sapuckra pemeHnii:
UOLIHA cilyaik, KOrdd Mpy JH0BOM CKONE YFONHO GONBLIOM BPEMCHH T BMITON-
fleHO XOTR Gb1 OIHO M3 YCIIOBHIA X, # Xz, )y # vy, 2] # 23,H Bhi PO IEHHBLIR

CIVHIH ABKXENUA B HHBAPHIHTHOM NCLNIPOCTPAHCTBC PAIMEPHOCTH TPH LUECIH-
MepHOro ¢asosoro NpocTpaHiTea cueremer (13.1), 8 KotTopoM Npu NoBLIX T
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BLIMONHAIOTCH PaBeHCTBA X; = X3, V) = ¥z, 21 = 23 . Ouumit cnyvai HaszoBem
acummerpuvnnim (ACM ) . BoIpORICHHMA — cumacerpuunsim (CM).

NpoBeaeM MCCnenoBatne KPHTHICCKUX ABNCHKA QA NEPHOMMNECKHX pelles
HHA cHcYemul nipd BapHanud ee mapamerpos. B CM-caynae ypapaenns (13.1)
BBIJOKIANTCA B TPEXMEPHYIO CHCTEMY!

1 -y*)x=y+x(m-~2),

(1 -9 )ie=y +x( ) , (132)

y=—x, z=-gz+ix)x?,

HOJBONAWLIYIO MPOAHANMIHPOBATL BIHAHHC CBHIH HA OHHIMMKY flapUHANLHOrO

Puec 13.). CrpyxTypHas cxcme OBYX WHAYKTHBHO CRASMHHBIX (EHEPATOPOB: [ + aCHOR-
Hhie yoHAMTCH, J ~ AHMCHHMC YOHAHTEAH HHEPUNOHHEIX KACKII08, J ~ ofHONONynepMon-
HMiC KBAAPATHUHER AeTeRTOPM ¢ ROCGMASTpAMY

redepatopa. Jlunelinod 3aMeHOR NEpEMEHHBIX H NAPaMeETpoB
x2l =X, y=( -7y, 1= -9z
re(len), me( M, = -G

ypanrenun (132) no dopMe CBOSAICA K Cryysaso OICYTCIBHA caam; v = 0,
Moaromy ausamuka cactem (132) u (7.38) maeHTrena. Bansnue c8asu npuso-
AMT K H3MeHeHpAM Gudy pkauMOHMLIX IHaNCHHA NAPAMETPOB M K £, 3A8 HCALLAX
01 "y B COOTBCICIBHM ¢ 32meHoR (13.3)%).

MpeacTasanerca paxMbIM HechieRoBaHBe CM-pexuma B NIOTHOR CHCYEMeE
ypastennin (13.1). Pacver myistHIMKatopos CM-IMKNIOB B WeCTHMEpPHOR
CHCTCMe YDAasHelhH B 3ABMCHMOCTH OT MAPAMETPA M IpH PATIMNMBIX £ H 7Y NO-
Ka3ai, uro fpH BApHEUMK M rpyObiM 06paszoM HMeeT MeCTO MCPEXOfl OLHOro
#3 MYNBTHINHKATOPOB CM-UNHKIa Yepes +1, MPH KOTOPOM HCCReDyeMbil LMKA
He Heuedaer! CM-unkn TepAcT yeTONNHBOCTS 8 HENPABNECHHAX , TPRMCBEPCANBHBIX
K HHBIPHAHTHOMY TpexmepHoMy fonnpoctpadctsy. [lpn s1ol GudypralmH o1
CM-umkna orpersnscrca mapa: ACM-UMKIOB, 3¢pKAbHO-CHMMETPHYHKIX OTHO-
CHIEBHO NOTepasitere yeroAunpocts CM-amxna. B jaBMcumocT oF 3HaVeHUA
NMapaMeYpoB £ My 312 OGnpYpPKAUMA OTHOCHYICA RHEBO K YCTORIMBOMY, NHOG K
Heycroiuksomy CM-upkny. CooTBercTReHHO OrBeTENmomanca napa ACM-unk-
#0B ByZReT YUTORYNBOI Wi Heycroiuunod . Ha pHe. 13 24 npencrasnens: Tunuv-
Hble PEIYBTETEE PACYETOB MYIbTHIAMKATOPOR py(m) 2-raxtHoro CM-unkna ana

{133)

*) O1CI00A CEAYET NPAHUNNKOAMAMN BEIBOML ¢ BOTMEKHOCTH TIOAHOR CUNXPORL IS
PENHUMOD XAOTUNRCKUX QQTOKOAEDINUE B CHCTEME ABYX BIRHMONCHCIBYIOLIMX FeHepaTo-
PO¥. XaoTHHeckad CHMIXPOHMIAINA GYXET PEanwIoUuMBATICE B IKCTICPMMERTAX HpH Yoio-
BHK YCTOMMBOCIN CM-X80CH 110 OTHOWCHMD K BOIMYLUCH M B Tpascaepeaniimx kK CM.
NOANPOCTPAHCT BY HANPABICHHNX .,
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g =035 1 v = 0,3, xoraa Gudyprxaums +1 malmonsercs oid YCTOAYNBOro
ZTHKTHOTO IMKIIA M PUXIAOMBHCE npH 5TOM napa ACM muxnop ycrodumsa
(puc. 13.26}.

Isomonna ACM-uvxnos npH BapHAMME NapaMerpos cHcremn (13.1) oka-
IbIBACTCA NPHHIMMHANLHO MHOA B cpaBHeHWu ¢ 3somwmmed CM-uuxnos. Pac-
4eT JABMCHMOCTH MYJILTHIIRHKATOpOR A;(rm) ACM,-umxna noxazan, wic ¢ pog-
TOM NapaMeTpa 7 NMOTEpA YCTORYHBOCTM DCPHOIMNCCKMM DEXMMOM Ofycnan-
MHBAETCA  BHIXOAOM MApPW  KOMMIEKCHO-CONPIDKEHHRIX  MYRETHIIMKATOPOB
Ba eTHHHUHYI0 OKPYXHOCTS. [IpH 370M B WecTRMepHOM $HB20BOM NpOCTpaNCTBE
CHCTEMBI POXKIAETCA YCTOIMMBBIN [OBYMCPHMEA TOp — GadrypKauMs cynepxpi-
TidecKad. AHATOrMYHAA KapTWHa Hafimonaerca u ona ACM; -uuxna,

BHypKansa poagieHnA ABYMCPHOTD TOpa B HCUIEAYEMOR CHCTEME, KAK H B
obleM cayvse, ABNHETCH THIHVHOH OAHOMAPAMETPHYECKOR, MMemitiel Kopay
MepHOCT: ]|. Maneie HIMEHEHHA NADAMETDOB NPHBONAT K TOMY, W10 B APOCT-
PaHCTBE MAPAMEIPOB M, £ M Y 31a BHPYpKAUMR He MCUeISET, A HECKOMRKO CARM-
FaeTCA MO TrHAEpHOBEPXHOCTH, OTBevualomlel [AHHOMY TMRY TNOTepH YCTON-
YHBOCTM.

Ha prc. 13 32 npubeseHn J2BHCHMOCTH MOMYNA MYNSTHIUIMKATOpPOB 2;(M)
Z-raxmioro ACM -uukna gnA g =03 u vy=03. B GudypkaupoHHod rouxe

: 2y
RBP‘_“ 4L ACH,

Pac 132 2 - Myamsramnuxarops 2-Taxrdoro CM-ussca cicremm (13.1) 3 32BRCHMOCTH
or epaMerpa m. £ -~ [Tpoexitin 2-rakTHMX ACM-IIMKNOB K3 IROCKOCTR TEPEMEHNRLX X, . X,

IP‘“ Im P1'2 h
| 1Pzl !
N N G < £
' A1 -
Re py o
(.
..1 ] -
0 10 15 m* m

PHc 133 g~ Mymsrimnexeropw I-Taxtaoro ACM, apocm encremid (13.1) 5 3a8KCH-
MOCTH OT MispameTba m. § — MyALNTHINHKATOPM 2| 3 B KPHTHUECKOR TouKe m*
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Puec 114 72— Bubyprauncuiuss QymIpaMma cHetemil {13.1)p6nmH peaonanca 1/5.
6 - CDEKTP MGUHOCTH Pe3nHaHCHOre tnkma [ ¥ Ha Tope, pACCINTantL i 1A Todxn O

m® = 1,57979. .. 1,58 napa MynsTHIUIHK2TOPOY BRIXOSHT Ha e/AHHMHBHH K py L
P12 = oxp(t fe)orre lol = 1, ¢ = 1450958°. . . (puc. 1336). Peomanc or-
cyTeTuyeT (p He xparHo 360°), oiHaxo cHTYanms GaM3Ka K cnaBoMmy peso-
Hercy 2/5, wem ynobHO BOCTIONG30B2TheR. H3BecTHO, ¥T0 npu criabuix peIoHaH-
cAx B ABTOHOMHRIX CACTEMAX TOp cywectsyeT Beerpa [52]. Tlepron pesonasc-
HOIO UMKMA HA TOpe 3aBHCHT OT MKCAd PPIMUERHS k WA ¢ = 2/5 oH OTHOCH-
TeNBHO HEBEAHK. JTO A3eT MPaKTHYECKYIC BOIMOXKHOCTE YHCHEHHO NpOaHANHIN-
poBarh BuyDKaUMH POWASHHA W NOTEPH YCTORVHBOCTH YK233HHOIO CHHXPOH-
HOYO IJIKIT2 HAa ABYMEPHOM TODE.

{lpoaHanuanpyem GuypKaUHH HRYMEDHOIO TOpA 8 OKPECTHOCTH pEIOHAHCA
2/5. Mcnonsayn B KadecThe HCXOAHOH TOMKY HA NHHHR HeRTPaNbsHOCTH, H2HIeH-
Hy10 BbilNe, NIOCIPOMM CEMY NIHHHIO |, H2 TWOCKOCTH DAPIMETPOB M, 7 ANA
g = 03, nnpeacnHM Ha NHHHH HeRTpaneHOCTH GHYpALHOHHYI0 TOUKY KOpad-
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MEpHOCTH 2, OTBEUAOILYI0 pe3oHaHcy 2/5, M DocTpouM SudypKAUMOHNYIO TH-
arpaMMy B et OKpecTHOCTH. Pe3yNbTaTl pacucTOB NpelcTARNCHN! Ha puc. 13.4a.

B oBnactd pelomanca cumxponsmit wukn I'Y wa tope umeer cnextp S5(f)
¢ GazoBeivH Yactotamu [ [fo = 2/5 1 ux rapmonnxamu. Hamwame ycroiunsoro
umicna I’ BHYTDH 30HBI CHHXDOHH3ALIM MCKNIOWAET BOIMOXHOCTE HAGRIONATY
3hdexT UDTEPH ITAAKOCTH TOpoM no BUAy cnextpe ST(/ ). Beony B Pe3OHaKC-
HOM KTIOBE ClexTp UMKNA ['* KaueCTBEHHO MOCHTHYCH [OKAIZHHOMY Ha
pHc. 1346. OnHeko eUIH OBUIETCH TO Nyt D, rue TOp 3progMuecKuit, To
NOTEPA TNANKOCTH TOPOM NPOABNACTCA B XAPAKTEpHOH 3IBONOMHE CNEKTPOB
n orobpaxenni [lyauxape.

BEsneaw TOUKH K H BHE KMIOBA CHHX POHHIMUMHE HHBAPHAHTHAS K PHBAR MpOeK-
LMY OTOGPaXeHHA HA TUIOCKOCTh — [AAKEA KPHRAN THIA JIUTAOCA, CREKTp KONe-
GaHW/ AMANOrHMEH CNEKTDY PeIOHAHCHOIO LUMKINA, HO COOTHOWCHME  YACTOT
Iy 1 fy Hppannonaneio, C yIAnEHBEM OT JIWHKH pOXICHMA TOpa /o RHEAPHAHT-
HaA KpHBAA [ HAMKMACT HCKAXATHCA H B CNEXIpax NOMMAAKWTCH 5-aniSpocsl Ha
KOMGHHANMOHHWX YacToTax kfy + If, (puc. 13.5). Kak BraHO m3 pucyhka,
b Touxe D3 3aMCTHO BO3IPACTAIOT CHEKTPANIbHLIE TIHHMH 42CToThl ' = fo — 2f)
H BOKOBMIX COCTABNAWILHX fo T £ . BOHMKIOT HOBEIE KOMGHHAUHOHHRIC YACTO-
™ fo ", me f” = 8f; — 3/,-Uactora £7 23 CueT OrpAHWYCHHOR TOYHOCTK
cuera b odKe Dy He BHAHA, HO NOABNAETCH OTYCTIMBO B Touke Dy (puc. 13.5).

Ha stym o1 Dy x Dy xpuas L ewtie Gonee HCKAMILTCR, VIO CONPOBONXK IACTCH
pansHeduM oGorsuieHHeM criekipa KOMOMHALMCHHNME JAaCTOTAMR H pOCTOM
HX MHTCHCHBHOCTH. BGnuad touxm [y xpusas L nepectaer Gurh TODONOrHdec-
KH OKPYXHOCTEI0 (PAIPYINSETCH) H B £¢ OKPECTHOCTH MArKO poxaaetca CAS --
TOP-aTTPAKTOP, paiMepHOCTs Kotoporo Dy =2+d, d €.

Nlpu npxenMn B HanpanneHmn A aHarpammst (pHc. 134a) K3 CHHXPOHHO-
TO UMKJIA HA JIHHHK HEATPANBHOCTH POXIRETCA HOBLIR TOp, KoTOphill tanee MAr-
KO pazpyuiaeIci depes NOTEPI0 THAAXOCTH, K BOIHHKAET CTOXACTHYHOCTB, KaK
4 8 cayuse OBICKeHHA NO MyTH D, [lyts B NpMaOmMT K HOYCIHOBEHKIO H3 IIHHMM
KPATHOCTH {; flepHOMMYECKOrO jIBMKEHHA THIA JeIO-Y3en H ROIHMKHOBEHHIO
CAJ, 1ax xax Bsuwe rouiu Dy 1op yxe paspyunviea. {lyrs 8’ npusomur x
nepexcay 8 OfnActs CyUIECTBOBANMA 3IProOHNecKoro ropa. JIBmmkeHme uepes
J0MY CHHXPOHHISIMHK 0T TOUKH D3 K TouKe Dy NPHBOLHT BHEUATE K HCYEIHOBE-
HHK B CUEKTPs KOMOHNAUMOHNEIX HACTOT (pe3OHAHC), KOTOphie B Touxe [,
8HODE NORBJAAIOTICK. CYLIECTREHHOR nEpCCTpoiku  pexnmos 3pece Hetr. He-
IAIKHA TOp BHYTPH KIIIOBA CHHX PUHHIAUMYN CE6R NMPUKTHYCCKH He MPOASIALT.

B MHOTOYHCHCHHBIX 3KCICPHMEHTAX ¢ HCITONIhIOBAHHEM ONHORAPAMETpHYeC:
KOIo_HOAXo0a ¥ IHCKpETHOTG Hiara cueta 1o napaMerpam ofndMo HaGnwooaer-
oA KAPTHHA {IOCIEUEHHOTO HCKAKCHHA HHBAPHAHTHOR KpHBON, KoTopaa cnyvai-
HeiM 0GpaiOM IpephIBACICH DAIAMMHEIMM pesoHancaMi. PeauHaHCu! BBICOKHX
NUPARKOB, KAK NPansno, YMyCKAKNTCH HI BHIOA B CHLY MX Y3KHX pe3CHAHCHHIX
KNWBLB M KCHEYHOrO LUAFA NHCKPETHIALHM YHpabnAwwero napamerpa. B aa-
BHCHMOCTH 0T BHOODPA CCYCHMA NPH DAHONAPAMCTDHYECKOM HCCNENUBANHH MO-
TYT HAGMOAATHCA DANIHNHBIC TIOCNEA0BITEBHOCTE O YPKINNOHHMX ABNCHHA,
KOTOPbIE JHILb 3aNYTHBaT ofiuyw xapinny. Kaik BHOHO H3 PECCMOTHCHHA
GHYDPRALHOHNLIX [HAFPAMM HA TUICCKOCTH, NIPH (1B YLHADAMET DHUSCKOM AHZTH-
3¢ TaKHX HeRCHOC e/l He BO3HHKaeT.

Haxuiten, HOIL3HOBEHME CEANO-YARA HA NHMHMK [, Tipy BasuiHa [ py GOk romo-
KITMNHEH Bhlile JNHHHH KPHTWYSCKHX 3HIUCHHA 11apaumerpoB !fq, NPHBONAT K
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Fuc 116, Kecrud Mepex ol K CTOXACTHMHOCTH 1P H BRIXu/Ie K3 06HACTH CHHXPOHISALINM

ACCTKOMY [IEPEXORY B [OKHM PasBHION CTOXACTHUHOCTH Yepel Nepemexae-
socth. Ha puc. 13.6 3101 THA nepexo/1s NPpOWUIIOCTPUPOBAK JUIR CEJUI0-Y WOBONH
Suypkaumn wasa 1 ¥, pmeiomero rpyGyn roMOKITHHHYECKYW KPHBYIO, HpH
Bpxone u3 ofinacm craoro pesouanca 2/14. HaMeHenne napaMeTpa m BCero Ha
Am =5 - 107" npuBOOMT K PEIKOMY CKIWKY B CMEKTDPE MOWIHOCTH H B MHTER-
CHBHOCTH abTokoneGangii. B oToBpameHny 4eiko BHIHO DOXASHHE PAIBKFOM
NPUTAFHBAOILEA CTOXACTHMHOCTH H 3dexT uepeMmexaemocti (0GnacTh nNpoek-
it oroBpwkennn Iyapkape, ofoznauennas Ka puc, 13.6 Gyxeoit A) [239].

13.2. KsmecToemioe onucasue S ypranuontsix sanesad
B CHCTEME CAASAHNMX NeHEPATOPOR
€ NOMONMIEO MOlIeMIoro oTolpmxesms

Kax ‘Goio noareepxneso B tn. 10, ouiaMuueckas cucrema ¢ 1,5 crenenn
MH cBOGoast (¥ = 3}, peanuiyolda KBE3HETTPIKTOp CeAno-hOKYCHOro THIA,
NOPOXZAET B CeKYLMeR jayMepHoe oTobpaxente Knacca XeHoHa

Xney S PXp, @)+ Yy, Yoey = BXa, (13.4)

rae P(x,, a) -~ ogHomMepioe napaSomuueckoe orofpaxeine Knacca Gerrentay-
Ma, § — xo3ddHtHeHT, XapaKTepHIYIOMHA IKBHBANICATHOE CxarTHe $asuBoro
HOTOK) B HCXOAHOH aHb¢epeHumantHoid cucTeme. Pacueral CHHREIENLCIRYWT,
Yo B obmem cryuae orobpanxeHne chcreMei (7.38) B cexyumieit mnockocTH
K4YecTBCHHO cooTBeTcTBYex (13.4). B cusuM C 3THM pazyMHO HCCTENOBETR
TMHAMHEKY CHCTEMEl IPYX CBAIINHAX [eHepaTOpOB, NpRGNHXEHHO ONHCAR o¢
¢ TOMOWLIO QHCKPETHOR CACTEMBI CBA3AHHBIX OToGpaxcHwid. JIMCKperHas CHc-
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TeMa, MOILENHPYIOLURA PIAMMONSHCTBHE HBYX TeHeparopos ¢ lll‘lepl.lHOHHOii
HeNMHERHOCTLIO , AMEET BN

Xn+e1 =Py, 0)+ 1o (X0, ya) + &5,
Yory =P(yn, @)+ y02(Xn.¥n) + 1n, (13.5)

Ener =8xn, Tiney =8¥n.
Iite & — NAPAMETD, ANEKBATHAI NPEBbILICHKIO HAJ TODOroM reHepaumk, 0 < ¥ <

< | -~ IKBHPANieHTHME Ko3pdHUHeHr oA, v(xp Vo) — dysxuma,
OmMCuIBAIOIAA  XapakTep CBa3M, < | - IKEMBANeHTHRIR Ko3pdHuMeHT
IBCCHIBUHN,

B cnyude OYHOCMTENIBHO CHLABHOTO CMATHA HCXOLHOTO $a30ROro moroKa B
MONeIBHOM ciicTeme § € | H cHeTeMa cBOARICH K HeoSpammmoMy nByMepHOMy
otobpaxetwo. Bubpap KoHKperHMA Bun NapaBondyeckKoro OTOGpPANMCHHA
P(x,, &), sarmuuem cieremy (13.5) B Bune

Xney =1 = ax} + W (X0, Vn),

Yne1 =1 —ayh + 10s{Xn, ¥). (13.6)
NpeacTapnAKIUEM cOBOR ABa CBA3AHKRX oTabpaxeHus GefireHGayMma.

JIAHAMNEKE AHCKpeTHEX cicreM THHA {(13.6) M3ywanach MHOIHMM ABTOPAMH
H ¢ paviRiHEIMKA uesAMUA. Hac HHTepecyeT BOIMOMHOCTE HIUTIOCTDAIMM Mexa-
HHIMOB DpA3IpYIICHHA HHBAPHAHTHOH KpHBOH OpPH COXpPAHEHHE KAaYeCTBEHHBIX
AMANOrNA B TIEPEXONAX B CPABHEHHH ¢ HCXOMHOH mHddepeHuHansHOR cHCTeMOR
{13.1). B [136, 225, 248] ofcyXAAICA NEPEXOJL K XAOCY S€PeI PRIPYILCHHE RuBa-
pUAHTHOH KDHUBOA, OIHAKO B CMATY NPHMEHEHHS ONHONAPAMETPHYECKOrO AHAMM-
33 ASTAMN MEXAKHIMOB POXREHHA CYOXACTHNHOCTH MCCACAOPAHB HELOCTATOTHO.

CpanHuTENBHLH AHANRI JMMAMHKKH cacrem (13.5) u (13.6) mokasan, wro nx
OudypKaUHOHNbIE NHArPAMMBI HA IIOCKOCTH YHpPABNAWNIMX HADAMETpOB B
cnywae NuHeHHOR, GHnunecliHoR [248]) M uHepumonroi [249-251] cBA3m Ka-
RECTBEHHO MOTYSL He OBNMUTHCA. JUIN HOCTHOKEHHA JIOCTABNCHHOR UENH 0Ka3a-
NOCh JOCTATONHWMM  OTrPAHMMHTRCA MIyveHMeM HawGonee npocrod cHcreMsl
(13.6). Bonpoc 0 BAMAHMM THIIOR CBAIH, 33laBacMbix HYRKIUHEMY @{X,, V),
aasieko He TpusuaneH [251, 252}, HO B DAHHOM cliywde MOXHO OCTAHGEHTB
BLGOp Ha HHEPUHOKHOA cBa3n [251], xorna ¢y 3 =% (¥, — X, ). Coxpanserca
CYWIECTBEHHOE TpeGoBAHKE J3JaUH -~ CHMMETPHE MOAEnsHOro orofpakeHun
(13.6). Hrax, npcananiusnpyem GudypKauuoHHeie ABNEHHA B MOTENBION CHCTS
me [246]

Xp+y =1 ””u: +y(yn ~ xn)s
Yna1 =t —ayh +y(xy — ya),

C OBYMA YTDARNAIIUMMEA NApaMETpaMH, CYMICCTBCHHBIMH JUIA HAILCH 33540 !
@ -~ HApaMmelp, HIPALIHA DUlth NAapaMeTpd M, K 7 — NAPAMETpP, AHANOTHYHLIE
KOMpBHIUMENTY CBAIM B cHcreme MM pepeHUHABHBIX YpaBHeHrH (13.1).

Orofipaxenne (13.7) CHMMETPMYHC OYHOCHTENBHU 3aMeHs! MepCMeHHBIX
X, Y Ha ¥, X H HMCET e Henonsmwkimie CM-TOUKH

xy,3=py2=Q0) " [« 1 £(1 +4a)'/?] (13.8)

(137
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H JiB& HEMOMBHKHLIE ACM-ioukH
~ (1 +27) (1 - 47 +4a)'?

X347 .
2a (13.9)
— (1 +27)F(1 ~4y% +4c)*/?
2a

JluHeRHLIA aWanM3 YCTORYMBOCTH M3ET BRIPRKECHHA NA MYNLTHINIKKATOpOB He-
NOABHAKHREIX TOYEX:

Y3a

pra=—alx+y) -yt -y +r)2 (13.10)
flogcrasue B (13.10) xoopouHaTu Touex (13.9), nonmyusm
pra=1+7%(l ~37 +4a)'f? (13.11)

otkyna crenyer, wro ACM-TOUKHM Heycroiumsel Npu nwbnix 3HadeHmdAx napa-
merpes. Jina CM-touex HmeeMm

py =1 ¥ (1 +4a)'/?, p. =131 +40)'/? — 29, (13.12)
Bugno, uro y otofpaxennn {13.7) cywmecteyer eanncraeanss CM-Touks
x=y= () [~ 14(1+40)' /%], (13.13)

YCTORMMBAN B HEKOTOPOH OLNACTH IWIOCKOCTH MAPAMETPOR, UCCIEROBANNEM KO-
TOpoR Mbl OrpEHHIMMcH. OTMETHM, UTC AMCKPETHRIM 3HMABOrOM $azosoro
MPOCTPAHCTBA MIECTHMEDHOH cuctemb (13.1) ABAseTCA NNOCKOCTH TiepemMeH-
HBIX Xy, Yy, & cHYvaW Butpoagieana (13.2) oxeevact oIHOMEPHOE IPOCTPAHCTAD
8 BANE NPAMON X, = ¥, HA STOH THIOCKOCTH.

HeroppaxHas TuNKa TIEPHONA | POXMAETCA WA TWHM 1) npu a = - 0,25
¢ MYNbTHIUIMKATOPIMH 2y = 1, 0y #* 1 — 29, C YBENHWHNEM NapaMmeTpd ¥ 3T2
TONKA TepHET YCTOHYMBOCTL Hepe3 yasoeHme. Ha mrockocts ynpasnmoutix
NapaMerpoB 3To# BHppYprItKH OTBeNacT NHiMal; Npu a=0,25 (47" — 8y +3).
Obe TnHuK H30Gpaxchy Ha puc. 13.7.

B peaynsrate Ghdypkanan yABOCHHA BEpHONA MACKO POMKEASTCH fIBYNEPHO-
IMYCCKas TOUKa (2-UHKN) OTOBpameHus, paciioOKeHHAR CHMMETPHYHO OTHO-
CHTJIBHO GUCCEKTPHCH X, = ¥y C yBeTMUCHHEM 1APAMETPE @ MYTIBTHILIRKETOPD
T-UHKNG CTAHOBATCH KOMINTEK CHO-COTDHKEHHBIMH, 3 3aTeM Hi NhHHMA [y, NOCT-
poeHHOR MuciieHHo (pHc. 13.7), BBIXOAAT KA €/MNHYHYIC OKPYXHOCTH, T.C.
peanuayeTca BHYPKIIHA pOXACHHA MYBIPHANTHOR Kpusoi. B okpecTHOCTH

2

L2r

08

04}
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P n ¢ 13.8. budypkauMoHHAR NMAIPAMMA CHCTEMBI (13.7)B OKPECTHOCTH peaoHanca 1§

ABYNEPHOOHMECKHX HENOABHXHEIX TOUYEK, NOTePHABINHX yc‘l‘Oﬁ'ﬂlBOC‘l’b. MArKQ
POMAAOTCH YCTOMMKEBIE MHRApHAHTHble Kpuibie L, K L. JlaneHedwee yBenu-
YeHHe NapamMerpa & [PHBOMHT K PAIPYUISHHIO HHBADHANTHLIX KPHBBIX ¢ POWMIE-
HHEM CTDAHHOI'O aTTPaKTOpa (WTPHXOBAA NHHAA [ , Ha puc. 13.7).

Hecrnieyem MeXaHMIM paspylIeHHA HHBAPWAHTHHIX KpHBMX L, u L,, AB-
AHOWUMXCH MOIEIbHBIMA 00pa3aMH JIBYX ABYMEPHBIX TOPOB, POXAZIOWIMXCA H3
ACM-imknos B guddeperunansHon cucreme (13.1) [237, 246]. Jina sroro
HalQEM YACNO BPAIICHHA ¢ MHBADHAHTHBIX KPMBBIX BOONE GW(YpPKAUHOHHOH
MK 1, KOTOpOe 32/138TCA BbI paxkeHnem

¢ = arccos (Re p)i2n, (13.14)

rAe p - MYNbTHINIHKATOD 2-MHKNa OTOGPAMEHHA, PABHEIR N0 MOAYNIO empMHLe
Ha JIHHKH HeRTpanbHOCTH

Ha nnHu [, YMCRO BpAIEHHA MEHACTCR HEMPEPHLIBHO, MPHHWMAA 3HAYCHHR
B uHTepsaste 0,5 < ¢ < 10. Onpenenus Ha nuuuk /, Touky X pelonanca 2/5,
NOCTPOUM GHYPKAUHOHHYIO [IHAYpaMMY [UTH PEIOHEHCHOrO [MKNA HA MHBa-
PHAHTHOH OKPYXHOCTH. PedyneTaTm pacieTos Npencrasiedst va puc. 138 u
Ka4eCTBEHHO HAXOLATCA B COOTBETCYBHH ¢ MAHHLIMH pacueros puc. 13.4. Mpoc-
NegHM 332 MEXAHM3IMAMH PI3PYLICHHA pEeIOHAHCHOI'D TOpa, HCCREYA YHCICHHO
nopencHue HCyCTOﬁ'{.HBb[x CENApaTpUC CeMI0BLIX HEIOUBHMKHBIX TOYEK HA pe3a-
HIHCHO#H KpUBOA L ; , WillocTpupyemoe puc. 139,

HuBapuanTHOEe MHOIOOGpasHe Npu pe3onance 06pasUBAHU IIMBIKIHHEM He-
YCTOAMBRIX Cenapatpuc WY ceioBnix toveK {J; Ha ycroHuMBLIE Y3ilbI
P (i, j=1.2,...,5). BEnHad ocHOBAHHA PEIOHAHCHOTO KnmwBa (rouka K Ha
puc. 13.B) 570 3aMBIKAHHE OCYLLIECTBNACICA [IAKO, NPOM3BOAHAA B yane
He TepnuT paipeiBd. [lsuxeHWe no sanpasneHuio C puc. 138 BbiabiBact Kome-
GaHMA ONHOM M3 BETBEH HEYCTOHUMBRIX cenaparpuc {rouku C; W C; puc. 13.9),
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pPRIBHTHE KOTOpbIX NMpHBOGHT K 3¢u¢exry HX NEepeceucHHA ¢ HEBEAYUIMMH Ha-
HpaBIeHHAMH Yoe (puc. 139, rouka Cy).

Iina HeoBpaTHMOR CHeTemsr {13.7) MOXHO paccUHIATh TOBKO HEYCTOHYM-
HbiE CEMAPATPHCRI CEANIUBBIX TOMEK H BCKTOpBI, KacareNbHbie K YCIOfl'{KBbIM
cenaparpucaM. C pocToM NapameTpa & NPOHCXOMMT BHavane HerpyGoe xacanue,
a 3aTeM H 2pyHoe nepecevenue HeyCTOIMMBLIX H YCTOHUYMBBIX Cenapaypuc Ceuio-
BbIX HEMOABHMHBIX TOUEK — ¥ UMKNA Ha PeIOHAHCHOM TOpe BO3HMKAaeT apyﬁa.ﬂ
coMOKAuNuecKkas xpugas. MomeHT poxaeHHA HerpyBOl roMOKIHHHKH ABNA-
ercd GudypKauMOHHBIM. HHBApHAHTHAR KpPHBAA NPH 3TOM palpyINaercs, a B ee
UK PECTHOCTH  POXOAETCA HETPHBHANBHOE elneplioAuiecKoe MHOXKECIBO -
NPEABECTHHK CTPaHHOrO ATTpakT1opd. BHPYpXauMOHHAR ITHHHA HA IVIOCKOCTH
napaMcTpos (puc. 13.8), OTBeYaMAA pPOXKEHHIO HErpyBoi FOMOKIMHMKH,
obodnavena 1y . Benue GudypiauHonHoA MMHUH [, HHBAPHAHTHOA 3aMKHYTOH
KpHBOH L, yxe HeT. B nuddepeHumantsHoi cucteme 310 COOTRETCTBYET paipy-
WeHHK Topa. OUHAKO YCTORUMBAA HENORHXHAA TOUKE (MIIH NpeenbHpi UMKN)
BHYTPH 30HbI CHHXPUHHIAUMH CYWECTBYCT. BLIXOM K3 0GMacTH peaoHaHcd B Ha-
npaenennn C' NpHBEOET K HCYEIHOBEHHIO YCTONYHBOH HEMOJBHXHOM TOMKH Ha
JIMHHK  cenno-y3nosol Gudypraunn [,, M NPOH3OHAET XeCTKWA lepexon B

Wi R a=0639 VY
: 1,4

=715
11,40
&
d 1.8
. 1,36
] A | L | L 1'405 0.65 0|60
0643 - 0,647 0645
1,41
Wi 11,40
Wy @a0,702 - 3
11,408 A
41,39
c A 11,404
3 'y
' A i ; i . 4
0,646 0,644 042 l : . 1,38
0,64 0,63 0,62

Fuc 13.9 380n0uUnn ableneHHBIX yRacTKOB HHRAP HAMTHOR kpuBo# otolipaxenna (13.7)
B nGAaCTH PeIOHAHCZ 2/5 TIPH NAIKCHRH b HANPABACHHN C [RarpamMmel pue, 13.8
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PEKKM CTOXBCTHYHOCTH, TAK KaK THunepSOIHYECKOE MHOXKCCTBO CTAHET NPHTA-
IHBANOILHM.

Ecnn Tenept McC/NeNoBITh ANHSMHKY oTuOpowenwa (13.7) mions nym D,
rRe 1op Ipromuveckni {puc. 13.8), 10 apdexT NOTEpH (NANKOCTH HHBADPHANT-
HH{M MROTOOGpaIHeM MOAHO GyneT HAGNIONATE NU BUAY CAMOFO OTOOpLXEHKA
M IO IBOTIOLNK CEKTPOB MOLIMOCTH.

Ha pw¢. 13.10 npelcTanneHsl pesyfistarThi pdcuerOB BLUICHEHHLIX, ATA HA-
EAANHOCTH, YNACTKOBR nmapmmoﬁ KpHBOR L, M COOTBEYCTRYIOUDKX CIEKTPOR
MomHocTH orobpaxeHns S%(f) npu mpuxersm no nym D SucypKauMOHNoi
OMBRFpAMMES. BHaHo, UTO ARHMEHHE NO IIOCKOCTH NEPAMCTPOS B HANpanneHH
D IDHBOJIKT K MA2KOMY PAPYLICHHIO HHBADHAHTHOA Kpuaof L ; 34 CReT noTepH

rnaaxocti. FddeKt conpopoxasercs oboramennem caekTps S 4 (f) KomGuna-
UMOMHLIMH 42CTOTAMM, N npn nepecedeHun GudypKAMOHNHOR Ny 1 o BOIHK-
KaeT croxacTHyHocTe CA Y.

OnWH K3 OCHOBHBIX PEIYNLTRTOR NPOBEHEHHOTO THCICHHOrO HCCHeXOBIHUA
HMCKpeTHOR MonensHoR cueTeMnl (13.7) COCTONT 8 IKCNEepHMEHTANLHOM 0B0C-
HOBEHHM HCClenOBAHER MPdeKTa NOTEPH TAYIKOCTH TOPOM 110 IBONNIMN 3pIO-
mMueckoll HHBAPHAHTHOR KPHBOA BHe OBNACTH CHHXpOHH3AIH . CpaBHeHMe Nan-
HbIX pacNeTOB AIx pawdoMansHoro (puc. 139, C3) H HpPALHOHANBHOrO
(puc. 13.10, Dy) 3HaueHWH YHCNA BPALICHNMA ¢ HACINIHO CHBMACTENBCTBYEY O
TOM, YT0 MHEAPHAHIHOE MMOTOOGpaiMe ¢ nepecewsHueM OGidypRasnoHHoA nx-
HMH KpATWOCTH [, He Tepnrr paspeiga®). B citylne OTCyTCTBHA BOIMOXHOCTH
paccmaTaTe HeycroRuusnie MROTOOODSING CEONOBOYO twkna 8 ofinacTd pero-
HaMca (B 270 TMITMURAN OIONKHOCTS B MIYNCHMH MHOTOMEpPHLIX HNdnbeperimane-
HBIX CHCTEM) MOXHO YBEPEHHO OMAFHUCTHPORATE 3peKT Noreps IMAAKOCTH
TOpoM DO cedeHrAM Tlyaskape M CieKTpaM A0WNOCTH KoneCanmit elauzu
Aunui xparnocru !, Ho eHe OBIACTH CUNXPOHHIMKA.

dHIgecKoe olpacHeHHe BOIMOKMOCTH TAKOH “'BHIYSLHIALME' COCTOMT B
ciegywomem. $as0Bad TPICKIOPHA Ha WCKKEHHOM 30 cuet Konehaimi Heye
TORUMBRX MBOFoOGpasKii (Ho pedosancoM!) Tope we oceuider Bee ofinacti 1o-
pOMBARBHOH MOBEPXHOCTH, B SaCTHOCTH ofinacTh Haubonswieh ee “rodpHpoBuN-
HOCTH™ BOAIKIN YanoBMX TOWeK B otobpaxenun {puc. 139,C; u Cy). Moaromy
CNEKTp MOMMOCIM ‘He OTpaxaeT xpdiek1on, oSYCHOBNEHHMX HENMHOAHLIMA
MckBXcHRAMY Topa. Camo otobpaxernme 3 pelonalicHOM KHIOBC CONCpPXKMT
KOHeuHu 100D HEMOMPHKHLIX TOVEK H Takike HCKIHONACT BO3IMOAMOCTL HAG-
MoKATL HHBApHANTIOe MHOrooBpasne (OCTacTcH HeAcCHBIM, KBK H/YT cenipar-
PHCLI MOKAY BHIKMBEMM YCTOHYMBBIML: NCTIONBHMABIMH TOTKUMK) .

B 0fa0cTH IprofimyeckKHx GHSUMA KapiuHi GPHHUWHIHATEHO MeHneTcs. $a-
30B8M TPACKTOPHA 3Neck cedy MAOTHO TOKpLIBECT TYOPOWIANLHYW MOBCLX-
HOCTD, M, C'ICIUOBATCIBHO, BPEMCHHAR peanpiauna 11060l HI $as0BuX KOOPIU-
HAT copnep:uT HipopManuio 06 “He:axeHKAX™ HHBAPHANTIOND MHOTCOBpUsHA.
Orcio2 BeITEXBET BOSMOKHOCTE AMIFHUCTHKN JBONUME TGPa IO NYTH K pa3-
pVINCHHIO ¢ IOMOLIbIO CTIEKTPOs 31 otobplxednh flyankape,

Ao, ¥YO ¢ POCTUM NOPANKA PEOHANCUD ¢ 3 5, KOTIA NepHONB CHITL POK-
HMIX UMRAOB JOMETHO Bt 3PECTHIOT, PEdOHAHCHME @GA30BKIE TPACKTOPHH [10CC-
UWIAI0T BCe YRCANUMBSIOLIMECA OULACTY HA MCKLKCHEOR nopepuHOCIR TOPA 1 MX

*) C wIMcHEHHEN NAPAMETDA IIBINO0 HAUICRY w1cH CIME GOPMA KEBIRMIATHON: MNOIO-
ofpainy, TpH FIoM MCHIEICH IPYETY P TpucTooni da Hom. PeaonmhicialR wskn otolpu-
MEHER VCTYIZUT MICTO BCIOAY NIGTHOR Droqwsscko® Xpusot L, .
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Puc 1310 MNMoTeps FAAAKOCTH H PAIP IUCHAC HHBID WAHTHOA KPHBOR NP M uBHXEHHA B
HamaRnecHHKY D nuarpammel pre. 1 3.8

CNEKTpbl BYHYT HapalMEaTb HHPOPMALKIO ¢ CTENeHH rod pHpOBAHHOCTH TOpA.
UmeHHo 310 OBCTOATENLCTBC B COBOKYRHOCTH ¢ HENPEPLIBHOCTBIO HHBAPHAHT-
HbIX MHOrOOBpaInK OGBACHAET IBOMOLHIO CREKTPOB KoneGaHnh B pape MHOTO-
YHGEHHBEX JEcliepHMeHTOR. HabnwdaeMpl jiHilb poakue o6BnacTd $azoBed chl-
XPOHNIAUAN ¢ OTHUCHTRNLHG MANBIMKE TIEPHOOIMMH PE3OHAHCHBIX UHKIIOB (01-
IIOCHTENDIG BbiCUKHMH Ga30BLIMH 1ACTOTAMM), HMCIOUIMC JIMETHYI LIHDHHY
K/MOBOB CHEXpUHHIaUMA. BHe 3THX 308 QHKCHUPYWICH 3pronndeckic GHeHKs
1 HCLINHX (0pax, cHeKTpL KOTOpbIX coucpkar GONbIIoe YHCIO HHTEHCHB-
HBIX KOMOUMAUMOHMBEX YACTOT. PCIOHANCHBIE WHKIbI BLICOKHX NOUPALKOB, Xit-
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paKTEpHIYiopAecH BONLIUHMH e PHOJAMM, H¢ PETHCTPHPYIOTCA 38 CYET LIYMOB
H HEOTAMYHMAI B JIKCNEPHMCHTOX OT IPrOUHNeCKMX GucHHit. llammexbuas w3
IBYX GazHCHMIX HBCTOT B KOQOGHBIX PEXHMAX CTPEMHMICA K 3HadeHHAM Blnuay
HYJIA, 3aTPYAHARA YBEPEHHLIC MIMCPERHA .

Hecmorpa Ha 10 ¥T0 KecaeaoBaHMe NPOGREMULL pA3PYIIEHHS TRYXYACTOTHBIX
KoneBauni ¢ HepeXOABMR K CTOXACTHYHOCTH tipoBeaeNo Ha KONKPeTHLIX IHHA-
MUECKHX CMCTeMaX, MORYYeHHbi¢ PelyNbTatel HOCAT ofwui Xapakrep H or-
PLXRIOT ABJICHME, THAWYHME INA MHOTOMEPHEIX M PACAPEUENEHHBIX CHCTEM.
B 2toM HeTpynHO ySepuThCA, CONOCTARARA MOMYMEHHRIE PEIYNIBTATEL C BHIBO-
NAMK K2TECTBEHHOH TEOPMM, ¢ MHOTOYMCIEHHBMH AAHHKMA pacicton Ha IBM
NIPHMEHHTENBHO K CIMBIM PANIHUIEIM CHCTEMAM M, HRKOHEN, ¢ pe3ynsraTamu
paza 3KcnepumeHTAIbHLIX pator [13, 85, 134, 137, 253].

B ‘WCTHOCTH, MOXHO YKA33Th THTHYHC KAYCCTECHHME IJAKOHOMEDHOCTH
B JBOAIUMH ¢NEKTPOB MOUIHOCTH KONeGaHi, OTHEUNMHE KOHKPeTHBIM
GuhYPKAUHOHHKM MEXAHMIMAM  PASPYLICHHA [IHYXWACTUTHBIX . KBa3HilepHo-
meyecKEX KoAcBaHMA, KoTopee MOTYT SWTh HCMOJMBIOBAHBI NPH AHATH
IKCTEPUMEHTTLHBIX PEIyNbTATOR.

1.0pu nepeceseiy GRPYDPKALUHOHHLIX fHHMH NOTCPH YCTOAUHBOCTH pe-
FOHANCHBM UMKIOM HA TOpe {NpH [MM¥eHEH B Hanpaoienun A Ondypa-
IMOMROH jpaarpammii pHe. 13.8) JBONIOIHA COEKTpOR MOWHOCTR BOErHd
GYOeT OTPAKATL 32KOHOMEPHOUTH, FPHCYLHE MEXAHHIMIM [MEpexos K
xaocy vuepes npedenshsdi tmcsi. Hanpumep, yimuepcaisibie  Gudypraumu
cmexTpa npn nepexofe no OeAreHBayMy, €M BHYTPH 30HBI CHHXDOHWI
UBH pea)HIveTCA Kackan Biigypraumit yapoelom nepruosa.

2. Echs BBIXOR W) 30HBI CHHADUHHIAUMK OCYWSCTRIACTCA B HANDABICHHH
C GupyprauHoHHOR IHarpaMmal puc. 13.8, T0 3BORMLKMA IEKTPOB CONPO-
BOMGIAETCH MECTKHM [EPeX0JOM 0T IHCKPETHOIC BHYTPM KNIOBA (MeKIpd
K CclROMEHOMY, OTBEYaiINeMY  pU3sHTOMY ToparTpaxropy. O6nacrs mepe-
XOJA XApaKTepuIyeIcA fEch PPeKTIMH NepeMexacMUCTH M FHCTEpEIMCa.
Tuauyuas raptiHa TtpanoGOpMINIGT CHSKTIPOB B ITOM ¢IYYie Npenctan.tena
Ha pue. 13.6.

3 Markui  GeariiCTepesHCHBA MEPLNON K TOP-XA0LY  XapPEK TEPH3IYETCR
MaBHAM ODOTALCHHEM IMCKPETHOTO CHEKTPa IProfHueckux OHewmi wom-
GHHaLMOHHMMHE mactorami. HaBnionaeica DOCTEncHHLA pOCT MX YHCRA H IH-
TEHCHBHOCTH.  3aBcplideTca iepixod v6palosaisieM ¢1aGod IAOWHOA KuM-
NOHEHIN B ClIEKTIPE Kk 310 HocTpHpyeT prue. 13.10. ¥Yazanumi mexaimam
PELIKIYETCH pH HBMKCHHH NO wWanpaaneinio D GudypraudonHod amarpam-
mbs prc. 13.8.

HeoGxomimMn ACHO co3vanats, 9TO HAGNKIEHHE YKA3AKHMX 3aKOHOMCD-
HOCTEH B ZBONKNMH CheKIPOD OT JMCKPETHOMO K (IGTOMIHOMY PCsiBHO AMLTb
mpu 8HCPe CTLOMD CBUMAPBHLIX HAMPSBICHME JBIUKEHHN B NPOCTPAHCTRE
YIPABHHIOUIAX NAapAMeTPOB cUcTEMEL. KOHTPONMPYEMbIX TAFEMETPOB AONXK-
HO Spire He meHee n8yN! B bH3HueCKHX WKCEPHMCHTAX. KO3 pesihHO
OCYIMeCTRHME BOIMUMNUCTL BIPHILKH /ML OZHOTO NADAMETPd, IBOICLMA
CNEKTPOB MPit MEPEXCIE K X30CY OT IBYXYACTUTHMX KOneBauui mMoXer oka-
JATRGA YPEIBMGAAHO CROKNOA. B 228MCHMOCTH OF 1010, B KaKOM HANpABNE-
HAW Tepecexawtcn GudypkannoHide rHNepROSEPXIVCIN B NAPAMETPHICCKOM
NpPOCTPAHCTBE CHCTeanl, OyilyT HAGNMOATHCY MHOTOLHCICHHBIE BAPHANTE lte-
PECTPORKH CIPYKTYDE CTex {pd MOULHOCIH.
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i3.3. 3aKOKOMEPHOCTH B HEPEXOAAX K X2OCY

wEpes PEXHM KBAZHNCPHOANIECKHX KoteGauwit
C TPEMS HEJABHCUMEIMMH TACTOTAMH

Heonegosakite npobneMet paapyuenns ABYXUACTOYILX KONECGIHHIE pacCIIHPH-
1O MPERCTARNIEHHE O MEPEXOHAX K XA0CY B LUMCCHUGTHBHBIX MHOTOMEPKLIX CHC-
TemMax, NpUBIAINE HaC K MOHHMAHWIO MEXAHHIMOB 3apOXICHMA PA3BHION TYp-
GyneHTHOCTH CIIOIHOW pacTipelieeHHOR cpefhl. JtoMy crocobLTROBANH CTPO-
THE PEIYIBLTATRI KAUECTREHHOH TeOpHM [MHAMMYCCKEX cHeTeM. Omiako sddek-
THI, PETHCTPHpYEMEIE TIPH pa3pyLleHiH NBYMAPHOTO Topa, He HCUEPILIBAIOT BCe-
16 MHOrOVOPAsHA KPHTHHECKHKN ABNEHWH, HAGNIONAEMbIX IKCUEPHMEHTANBHO .
[HpHMepoM cTyXUT NEpeXOn K Xa0Cy wepes pexnm OHermit ¢ Tpema Gasmcuut
MK YBCTOTaMH.

Boupoc o6 ssonousn rpextacrorHbix KONeGaHAR NpH M3MEHEHHH llapamer-
poB CHCTEMBI, B MAaTCMATHYSCKOR MOCTAHOBKE CBOJLALIMACH k' HIY4eHHI0 mose-
AeHux HajoabIX TPAEKTOPHA B OKPECTHOCTH TpexmepHoro Topa (7 ), ABnHETCA
BAKHLIM, HO. K COMAUTEHMIO, MAIO H3YHHHBIM. 3TOMY €cTh CHBEKTHBHBIC IIGH-
wHbl. flojton x npoBneme pazpyicHMS MBYMEpHOTO TOpa CBOIMICA K Ka-
YECTBEHHOMY HIYUEHHI0 KPHTHYECKHX HBNeHHH OpHMEHHTeNbHO K rpyfod
CYPYKTYPE ka TODE B BHIC CHHXPOHHBIX UHKIOB M, CNENOBATEIBHU, MOXET
yenexuM GazsHpoRaTRCA Ha TEOPHH YCTORUMBOCTH MEPHMOMHYCCKHR  PEXMHMOB
xkoneGaswit. Petuenme xe BONPOCA O HeNHHEAHBIX RPATHYECKHX ABACHHAX 1'a
TpeXMeEpHOM Tope Tpebyer HNONBIOBAHHA TEOPHH YCTOHWMBOCTH KBasHne-
PHO/MYECKHX pexcsmop koneBaxwA. 3uecs OCHOBHAR TPYAHOCTh: YKA3amHan
12O pHA MOXA Y10 He CO3NaHa B BHAE, YIOGHOM QiR HPHAOKETHA.

lamHepix 5o HCCNeQOBaHHI MMMAMHKE CHCTEM C© TPeXYAaCTOTHMMAH Konela-
HYAMH 4PCIBRIMORHO M0, OHM KACAIOTCA PaTIMYHBIX KOHKDETHBRIX CHCTEM,
ie o6peaBHeEHB! OBlETEODE iIMHCCKHMH NPEACTARNEHHAMM H HOCAT B OCHOBHOM
YHCTO IMIMPMYECKME Xapakiep. JKCNEpHMEITaNbiebie HCCIEROBAHHA J3KO0HO-
MEpHOCTEH 3JROMIOLME TPEXYACTOTHBIXN KolleGaHHA, 5aIHpYIOUHMECA Hi HEXOTO-
PhIX KAYECTREHHMX aHANMOTHAX WM, valli¢ BCEro, Ha HHTYHUMH Hccaefosare-
nefl, ceiisac mamBonece e THBHEIR, ¢CTH e CHHHCTREHHBIA, My Th H3Y4CHUA
YKAHHHOH npofuieMel. MOXHO NAID HAOCATLCH, O YETKHe 3AKOHUMEPHOCLH
ofiuero Mnana, yBEpeHHO YCTAHOBIIEHHLIC B PANTHUHBIX MOMENbHLIX H diiH-
YCCKHY IKCTIEpPHMEHTaX, TIOCHYMAT XOPOIMM OCHOBEHMEM MR NHOCTDOSHHA
CUOTBETCTBYIOUIEH TCOPHH.

PaccMOTpHM KpHTHUECKEE ARJIEHKA MPL TIePHONHYECKOR MO ALY JeyX-
NACTOTHALX KoAeZgnuil. JipH HEeKOTGPBIX OrpaMityeiMax [OOKAIAHA CIPYKTY[-
Had HCYCTOHUNBOCTL PEWHMa TpexnacToTHBIX KONsGaHEE (TpexmepHoro Topa
T), nopoxmaiowas B OKpecTHocTH T* pewnm crpanoro artpaktopa [130).
Ho B ofwem ciyyae TpexwacToTHbIC KOMEGaHHA, HECOMHEHHO , BOZMOXKNDI, O YCM
CBUDETETbCTRYIOT wacneHwble [131, 136, 254]) u duanveckue IxcnepuMeHTh
[134]. Bocnonpsyemca coobpaxeBHAME anatoeui. JUIA peann3alMu poxdma
GMed ¢ MBYMA YaCTOTaMK HEOGXOOHMO H IOCTATOMHO NiepHOUECKOEU C/va-
GOro BOIMYLUEHHA aBTOHOMHOA CHCTEMBL C TpYGBbIM YCTOAUMBBIM TIPEOCABEBIM
WhaoM. OBecrieyuTs pexdM YCTOHUMBLIX KONeGaHHA ¢ TpeMA uvacToramu,
BWIHMO, MOXHO, ECIH TIO 2HANOIMK MOABEPIHYTD BOMICHCTEHIO HE3aBHCHMOH
NEPHONMYECKON CANK BHHAMHIECKYI0 CHCTEMY € YCTOHUHBBIM peXHMOM aBTo-
HoMHBIX Guemi. Takad cucreMa sBplile 6bUIA PICCMOTPSHA — 3TO ABTOHOMHAR
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MOZENb ABYX CBAJAHHBIX EHEPATOPDE C HHEPLUMOHHOR HenMHeRHOCTRI. Hoane-
ayem lyvaldl HeaBTOHOMHBIX KONEOAHHA, BBENX [apMOIMYCCKOE BOIMYWULC-
HHe B TpaBY YaTh NEPBOTO YPABHEHWA ABTOHOMHON cHcreMul (13.1):

(1 ~¥*)x= y; + x,0n-2,) + ¥ [y 7X2(m ~ 23)| + Bosin 2w f,,7),

(1 =72)x; =y + xa(m —23) + {yy +x3(m - 2,}],

Vi = Xy, 27y = ~gzy + gl(xy)x}, (13.1%)

Vi =X3, 23 = -g23 + glxy)xi.

o cpapnennio ¢ (13.1} noBaeunock BBa NapaMeTpa: aMwIHTYOa By H ¥acToTa
f sy BHELLHETO CHIHANA; ABHO BOLMNO BpeMsA 1.

Hna By = 0B (13.15) K3 aCHMMETPHYHOTO NEPHOIMYECKOTO PEKIIMa MIATKO
poXaeTcs ycroutmnuu ABYMepHu TOp T?. Ha tockocTH uapaMeTpoR MUy
poxziennio T2 orpewaer nuwns Gudyprawim [, kopasmeproct | (pHc. 13.4a)
Ha KOTOpOH Tapa KOMIDIEKCHO-CONPAXEHHBIX MYyHbTHILIHKATOpUB UMKTa P’
BBIXOMT HA eAHHKIHEA Kpyr. B nantHefiuem jadvKcupyeM SHANECHNA nApameT-
poB m = 159,g =03 1 y = 0,3, cootseTcIRYIOMMX 1pH By = O pewwmy T2 ¢
HBYMA PAUMOHANBHG HEe CBHIAMHBIMH YacToTaMmu 2nf, = 0684 . . . u 2nf, =
= 0,283 ... . K OyleM YHCHNCHHD H3YUaTh HEABTOHOMHBIE PEXHMYI KONEGAHHI
Ha THAOCKOCTH fapametpos By o fu, BoOnac 0 €8, <0750, <fp,<1,1
[132].

Ha puc. 13.11 pad dparment ﬁmpypxal.muuou AHArPaMMEl B OKpECTHOCTH
OHOH W3 coBerBennnix wacTor T2 f, oTpaxanoumi HanBonee BEPOATHBLIE pe-
KHMbl KOneGaHal. B cexTope J HaBNomawTes TpexvacTOTHbIE KoNebanms ¢
$a30BbLIMH YacTOTaMH [, f3, fuu. TIpH HENIPEPLIBHOM H3MCHEHHH [y, B / BO3-
MOXHB! pe3oHanchl Ha 7. THNMuHLIE CReKTp MANYHOBCKKX XAPAKTEPHCTH-
YeCKHX LIOKA3aTesned B cexTope [ CONepHMT TpH CTapumX HyneBwix. B cexto-
pe 2 OCYIMECTBIIAETCH 3aXBAT 4acToTwl f; ¢ ACHIXPOHHBIM NOJIBNEHHEM BTO-
pOR M3 cobeTBEHHBIX YacTOT 3, CHeTema B cekTope 2 CHHXPOHHIYCTCA RHELTHHM
CHYHRIOM (O8yXkpaTHue gelpoxdetue).

CexTop J OTBEYACT ABYXMACTOTHBIM GHSHHAM, KOTOPBIE BOIHMKAWT NHGo 33
CYeT NMONABHEHHA YacToTel f; Ha Gude wactoT f, M fy,.1M60 32 cyer peanHaHca
MEXY f3 A fyy, KOFOa COOTHOLIEHNE YACTOT f, [f 5, PAUHOHANBMO, HMpH sapua-
UMK By # fyy B CCKTOPE 3 BO3MOKHBI PEIOHAHCHBIC iHKNHI Ha T, T.e. CHHX-

poHH3ausa 72 -~ Tp Ha rparmie mexcay cexropamut 3 u 4 iy MepHiil 70p pas-
PYLWAcTCA ¢ obpazoBaHieM TOp-aTTpaktopa CAy, MEXIHHIM POXICHHA KOTOPO:
T0 MATKHA, OGYQTOBNEHHBIH WoTepeR pexumom T° rnaaxoctw. Cnektp JIXIT
B ceKTOpe 4 BIOIOYAET OJHH YOJIOKMTENBHBIA TOKA3ITCNE, IANYHOBCKAN pad-
MCPHOCTL aTIpaKTopa CA3 aneck 2 < D, < 4,

Ha rpannue mexay cekTopamn 4 u 5 ocywecTsnsercs Sugdypkaius @ Xaoce:
CA; — CAZ, npn kotopoh n cuexTpe JIXI fosBnAerea BTOPCH LONOKUTCNE
HLI TIOKA3ATEND ¥ BOIPACTACT DAZMEPHOCTL TITPAKTOpa 3<D; <5 Buxoa
B CEKTOp 4 iR 3Hauewnn Imf,, > 0,9 ocywecTnigetes Ha cektopa /. dukcn-
pyeren nepexoa T2 —~ CAY. Pasmephocts cTpanunix arTpakTopos ek 3 <
< Dy < 4. He HOXMIOUAloOTCR YIKAC 30HB PEIOHARCOB, OTAZUAOUIHN OMHOK paT-
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Puc 1311 a- PabincHne nnocxoct napaMerpor B,, p cucremel (13.135) Ha cexTopm!
€ PAAK INWIME DeXHMAMHM K0Tclaue. 6 — CReKTpsl MOIHOCTR OPK MAIKOM PAIPYILCHHN
T* (nepexoawa ! p Sz = 0,911)

HEIM ¥ OBYKDATHLIM BHIPOKAEHHAM. CHEKTPE! MOIMOCTH peatyM3aumy x, (1)
(pc. 13.116) BATOCTPHPYIOT YKAIKHBIR THR NEPEXOA.

PacemoTpim 3BUIIOUMI0 peXHMOR KOMeGAHKA NPH YBCAHUEHHH AMIVTHTY W
PCIOHENCHUTO BOJNEHCTOMAR Ha wacTole fy, * f;, MPOEKUMH OIOGpaxeHus
Nyamcupe # cHeKYpei MONIHOCTH KOTOPLX AaKel Ha puc. 13.12. C pociom
0 <'Bg < 005 NBKO yMCHLIIACTCA GMIVIMTYN2 HACKOTH 3 B CIISKTpE MO
HOCTH KosieGatmil, M TIDH MIO/IHOM ACHHXDOMHOM HOMapneldd f; Puknsercd
YCTORMHBEIA PE3OMaHCHBIH HMXN MACTCTHI [y, = f,. YBenuuense B, 1o 3uave-
WA 0,19 BpHRONMT x XECTKOH TIUTEpe YCTOHTMBOCTH DPEIUHIHCHLIM [AKTIOM
€ pOXOeHHEM pexMMa Iprojmueckux Ouewnit 77 (nepexox H3 cextom 2 B
cekTop ¥ na puc. 13.114). llobepxuccts uBymMepnoro tope 77 yxe dedopmsi-
poBata. WO AHMPApHAHTHAA KpUDan B otobpaxennd [lyankape ewe ue pazpywu-
A3k, CBEACTENBCTBY® O CYUIECTBOBAHHA DPEXHME ANYXUACTOTHLIX BHEHMI.

B oucny yakok olitacti 3uavcunh amimnryn s6nuza By > 0,2 3adukcupo-
R pesoMsnc Ha T2, = 16, [laree, 8 KpHIKMecKOR youke B = 0,201, . . ocy-
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WCCTRAAETCH nepexon K CAJ. JpyMepHMR TOp pajpyulaeTcR 33 CHeT MCHCIHO-
BEHHH TEPHONHYECKOTO ABHMCHMA THIA cefno-ylen, KOrda rop B Gadypka-
IMONHOA Touxe Heragichid. Crexrp SIXTI npx srom nepexone OTAHYEET ARG
HHE OHHOTD MONIOWHTENBHOTO ToKazaTenk. CexTp MOmHOCTR KoneGaHKit cTa-
HOBHTCA CHRIOIINLIM ¢ HHTEHCHBHBLIMHY BHIGPOCEMM HavacTorax fy W f7, KX
FAPMOHHKAX H MHOIVHMCTIEHKRBIX KOMOMHANHOHHEX Sactorax, BOZHHKIHX
JpH TOTEPE TOPOM ITIAAKOCTH. 38 KpHTHUECKOR Youkod By > B3 paimepHocTh
artpaxropa CAJ peaxo pacrer ot 2 +d(d €1) mo D =3,14 upk B, =0,20154
aamee 3 < Dy < 4. C poctoM aMIMIHTY AR Bo3aeRcTBaR By <035 B cuexTpe
JIXIN nosBAAeTCH BTOPOA MWVIONXHTENLHLIR NOKasarenk, paimepuocts Dy noc-
THTRET BEHYMHB 4 + d, OCYUISCTRNALTCR liepexon B xaoce CA; + CAY (nepe-
X0 N3 CEKTOpa 4 B CeKTOp 5 Ha phe, 13.11).

B cexrope 5 walinionarnrcs MHOTOWHCTCHHBIC PE3OHANCH B BMOC PEan-
UK ABYMEPHAX TOPOB HAH PeIOHANCHBIX IKKIOB (0gpo- BIOM  JIBY-
KpaTHEIE BLIpOXAeHWs), OOGPACTH WX CYWECTBOBAHHA HE TWIOCKOCYW NApa-
METPOB OTHOCHTENBHO Ml B CPABNEHMN ¢ OMMACTEMH XZOTHYECKOR [STHAMM-
©H. ¥rnyGrneude B CexTOp 5 ¢ pocTOM AMITIHTYAM BOIACACTBAR By COnpoBom:
JACTCH YBE/IMUEHHEM WHICHCHBHOCIM XBOTHYECKHMX mymbcaunid. Cnextp momt-
HOCTH CTRHOBHMTCA Gouiee passomepHsim (puc. 13.12, By = 0,35). Paamepnocts
ITYPaKTOpPOB B CEKTOpE 5 HE HpeBLileT 3usdeHHA [; €5, a wMcio nanoxs-
TenpHpIX noxazatesielt cnewxtpa JIXIT menbine wi paBHo 2. YBeMueHHe aMOnM-
Tympt BoaieficTeEa By > 1,0 NpHBOMMT B HTOTE K CHHXPOHHIALMH CHCTEMR
B PEMKME NEPHOIMYECKHX KonefiaHui.

MNonyueHime pesynsraThl AOHYCKAWT CIEIAYOLYR TPAKTOBKY. Tpexeacror-
#p1e Konefamua B OfNACTAX HHTCHCMBHEIX BIAHMOICHCTBHH, ONpenenAeMLLX
TH30CTHIO WBCTOTH! BO3BYMUCHNA K OOHOR M3 COOCTBEHHMX YICTOT CHCTEMEI,
3 TAKXE BMIOTHYYAOH CHIHANG BHELIHETD BOMICHCIBHSE, HMCIOT APKO BBIPANEH-
Y0 TCHACHLEIO K CHNXPOHHISNAM nubo B pexum OGMewHill ¢ Hpyms qacrora-
vH T?, m4G0 B pexciM NONHOH CHHXPOMHISUMM B PE3OHAMCHBIR TpenerbHuit
UKICT Ha TpexmepHoM Tope, ConocTapneHHe NOAYMEHHBIX Pe3y/IbTATOB ¢ [aH-
HaMW . 12 10 MeXaMMIMAM paspylIeHHA LBYMEpDHEIX TOpOB NO3IBONAET
CUENaTh BHBOA © TOM, ¥TO B YXa3aHHOR 0GRAcTH JRaveHMIl mEpaMeTpoB Mexa-
HMIMB! NIEPEXONA K X80CY Me OTMHWANICH, B MPHHUHNE, OT OMHCAHHLO( Bhile.
Panirua sMmis B roM, Y10 IPHEXTY DAIPYUEHUR TPEXMEPKOZO TODE BHANANE
npeguectByer. cunxponuszayus T* + T, nanee soamoxaim mepexonsr x xaocy
KBK NEpe3 PEXHM NRYXTICTOTHBIX JprofMuccKMx Guenwfi, Taxk M depes peso-
HIHCHBIA LUMKT B PEIYNRTATe cemno-ynonoil GudypKauHH, BKIIONAN H WXKecT-
KKE NCPEXOBE C TEPEMENIEMOCTEIO 1 THCTEPETHCOM.

Mpu cnalisix B3OMMOPSHCTBHAX, KOTEA HaCTOTH! BO3OYMUEHHA yJANCHB TO
CHEXTPY OT COGCTBEHHMX Y3CTOT 3B YOHOMMNEIX GHCHHA, B Npesenax HeNISEMHLIX
OWKBOK THUCKPETHIAUHA B MALMBHOM CHETE PEIMCTPHPYETCR HEMOCPEHCTBEH-
Huill EPEXO K X80CY OT PeXMMA TPEXYACTOTHBIX KONeSAHNWH — Tpexaepunti
Top paspyiugerca. B JKcrepAMeHTaX PEMIH3YETCH MEXAHHIM DOXASHMS Xa0Ca
o Pwanw-—Taxency. He ucinwuawores ddexTsl cHHXPOHRIAUMK B ABYMEp-
fibIe TOpL! ¥ PEIOHAHCHBE LMIGTEL. OfHAKO MEpHONM UAKROB 3ALCH, KK Tpa-
BHA0, OYCHD BEIHKH, ¥ B IKCICPHMEHTAX PEIOHIHCHI MPAKTHYCCKK HE peri-
Crpupywtca. Kpome Torp, oGRacTH CYUIeCTBORSHHA pE3OHAHCOB B TPOCTPHH-
cTBe ilmpameipon Mansl. Mo aHANOTHH CO CRY9Y4EM PRIPYLUCHHA IPrOHYECKO-
TO ABYMEPHOIU TOPA MOXHC NNLIL BRCKAZATSH NPLANQIOKMEeHHe, YTO NEpexon
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T? -+ CAJ crporo BOIMOXEH, HO Da3IpCHIANICH CTIOCOGHOCTH YHCTEHHOTO
THETA VIR N0A0GHOID YTBEPKNSHHA HENO TATOYHO .

Hakoueu, obicyimmm aepexod THIY “xaoc—xaoc™, caR3gHrpil ¢ Gudypraimed
CUrHaTypu! chexTpa JIXI] M BO3PacTsHHeM PaTMEPHOCTH ATTPAKTOPOB. YCTaHOR-
AeHNDE ARNCHHE THITMYHO IR CTOXACTHYHOCTE B MHOTOMEDHSIX CHetemax. Bron-
He eCTECTBCHHO, YTO AMEHHD B LUCCTHMEDHOM Clydse OHO cel ¥ MPOABHIO.
B nuraMuueckax cHCTEMaX © paIMepHOCTEK ¢a30BUI0 MpocTpaMctea V> 3
HalmloflneTca uenoyKa yonoxHAlowMxcs Sudypraurii B xaoce mHna CAL
+CAL,, (K=3,4,5,...), 03ycionennan nepexo nn epes Hynesoe ua-
4YeHMe B OLAACTb NMOJAGAMTENLHOID BCe SOMBUIETO HHCTE NMOKA3RrSed TKIHOIO
cnexipa JIXIL To-BrmMoMy, WMEHHO T4KKM O5pu30M GOPMItpYeTCH pajBrTat
TypBylieHTHOCTb B CTIOCIUHLIX HEJVHHEHBIX CLOlaL M pacnipeileneHBbIX CHCTEMAX,
[ipHHUMNHAILHO Ba%HO 3Neck ApYroe: GYNeT KU PA3MEPHOCTD AITPAKIOPOB BOI-
pactare w0 OCCKOHESHOCTH, W0 KOHEHLIX, HO OWCHB GOIBIUMX IMAYEHHA, WIH
BOAMOXER KT MacLIENUR B X0OCE, XAPAKTEPHIYIUDRECH CTalHinda-
UMER PAIMEDHOCTH HA YPOBHE CpaBHHTENRHU UeSOnbumX 3Havenwii? K smm
BAXHBIM BONIPOCAM BEPHEMCA B . |4, rag NposHanxaMpyem uUeNouKll cBa-
JaHHEIX PEHEPATOPO® H HEKOTOPLI® THUBL piCNpedtfieHHLIX CHCTEM H cpefl.

Nomemo omicannore amule cHOCOGE PEANHIRUKH  TPEXMACTCTHBIX KOMe-
Gauuii Jepe3 NEpHO/MYECKOL BOIMYIUAHHE DEiXiMa IPFo,IMNecKKX RBYXQICTOT-
HbIX UMEHHA B pandCHHIMYCCKOM IKCTIEPHMEHTE Oka3anock Gonee yaoGHhiM
HIVIATE  3POJIOWHN0  TPEXHUCTOTHRX KoRelflanMil, BOIMMKAIOUIKX KpH IHOnawe
BHEITHAX TEDHCIIHYECKHN CHTHAIOR MRYX HEAABHCHMMX 4acToT HA reHeparop
¢ HHEPUNOHHOA HEAMHERHOCTHI. OCHORHOE NPCHMYWSCIRO TAKONG  METUA
peanisauHH peacisia T COCTONT B HPEXTHYECKOM HCKIUKNEHNST BOIMOKHOCTH
TBYKPATHMX BHPONCGICHHA NDH BEPHEUMK DNAPAMETPUB, 1.0, CHHXPOHHIHIMM
B npeessKuii i [255] .

Jlsyxuacrotioe BHelIHee BOIJCHCIBAC upelcTaangdeT cobod CyMMYy rapMo-
HHYECKHX CHIU&I0B By sin(2af 1) + B,3in (21f,1) He3MBHCAMUX HCTOYHHKOB,
BOINEACTBYIOUIY0 AJAMIMBHO Hi IEHEPATOD C HHEPOHOHHON HENMHCHHOCTHIO,
TapamMeTphs ClOMHOIO BREIHETC BOINERCTRHR B, . B1, [ ¥ [; MOXEO HEINBHGH-
MO MEHATH B MMPOKMX fipeaenax. B Kasecine yNpaBIAGIMKX HA[METPOS CHCTe-
Mpl BRGHpUIAGE R,y & 1 — mapameTp BodByXKIeHWR renepatopa H f, - Clac
TOTA ORHOFD H3 CHTHRAOH WHERIHEIO BOILeHCTRHN. JIpyrue mapamespsl cMcTe-
MEL IpH DOCTPOEHHH Uy pRALMOHHLIX MHATPAMM B 3KCHEPAMEHTAX NHOLIep-
AHEANHCS MOCTOAHHLIMH Hy DRVTHUHBIX 38aHHBIX ypoiuax. [lapametp Huep-
HUHOHHOCTH & Bcopy Gour pasen 0,3, Kak o 8 npegpiayuidy MccreaoBsruax,
HMATHOCTAKD DeXMMOB Kanelauid W iix Gupypkausiii ocyuecTansrace fo
CHIEKEPAM MOUTHOCTH, BpEMEHERIM DEANHIBLUMAM H NIPOEKLIHAM haloBhIX TpazK-
TOPHA id HHTCPECYINUEE TUTOCKOCTH JBYX iICPEMEHHDIX.

Ha puc. 13.]13 moxasan y<aCTOK IKCRCpHMEHTWILHON fidvypammornod
MMRIpAaMMBI HE WIOCKOCTH NMApaMerpon Ry, , [y BUIHIK peIOHSHCHOR Y4CTOTHI
reHepatopa fg- Branmopacnenoxenue SiudypPKIUMOHREIX NHIBA H2 IOTOCKOCTH
KAYOCTBEHHO TOBTOPAST YKe H3BECTHYW KSpPTHHY [UIF OLKOYRCTOTHOTO BO
syiieHss revepaiope (12.1). wooSpaxermyw wa puc. 12.2. Oanaro cMECT
GHOYPRALMOHHBIX HKHMAR K XapAKTED PEXHMUB 80 BIHEUHE NOACHHBIX CeK™O-
PEX MTIOCKOCTH LAPAMETROE TIPHAIKITAATBHY KHOH. 18 Gy praum ool nivHuiL,
KOTCpds nO-IpowteMy ufosnavens [o. PONURWOTCE rpexwicrornse GhieHua
BCACUCTBHE  BO3IBYMIeA4d  coficteeHHuIX  KoneGaHuit TeAepaTopa “aCTOTHE,
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Puc. 1313 Sxdypraumomnias nuarpamMma poxmmon 72 B T, Giamieck AR IKCTIEP AMERT
wmaf, =897« 8, =0,8B. 8, =0,158

npuGIEIMTenE0 papBoil . Hixe numm sefrpunssocs [, (cexrop 1) cywe
CTBYET OBYMEDHBIH TOP Tg, OTBEUAMUME pexcuMy GHeHuit, COANHOMY BHE-
HHM BOAciCTRHEM, Brnne nwmmn [y (cexrop 2) pacnonoxeta o8nacts Cymect-
SOBEHNR TpeXMepHoro Topa T2,

B GuypicalMOKHEIX TOUKAX D THHHA HERTDIILHOCTH [ NEPEXO/AMT B AMHHIO
KparHocTa /,, cMIICT xXOTOpO# cheyoumii. B cexrope 1, orpauiueHsoM cnesa
sl CpaBa NAHKAMY [, OCYINECTRAACTCH 3axBaT COBCTREHKON TacToTht [y BHEWN-
HHM CHTHAROM YacTOTal f), HO TMPHCYTCIBME BTOPOTO BHEUTHEIO CHIHANA Hela-
4HcHMOR ¥acTOTH [ BRUINIBaeT Oueuns T2 . Taxum oBpasom, b cextope | kmeer
VCTO OJHOXPETHOS BRIPOKACHHE — WCTUNKbE DEIOHaNe HE TPEXMEPHOM TOpE,
«OFA COBTAJAIOT ABE M3 Tpex GaiMcHuix wactoT KoneGanmd. B ofmem cryuse
VACTHUNBIH DE30OHEHC BOIHHKECT NPW PAUMONAISHOM COOTHOMICHRH MEXIY NBY-
MA uacroravm pewsma T3 Tlepexon uepes nuuum [y B cextope 2 NPHBOANT K
PACCKHXPOHHIAMH HACTOT fp W f) — KECTKO BOIHKKEET pexHm T *).

IccnepMMEHTAIAHO NEPexonnl B CeKTOp 2 Yeped GudypKaUHONHES RKHHH [
¥ [, DASIHOCTHPOBANIMCE TIO MIMEHCHHAM b XAPAKTEpE CAEKTPOR MOUSHOCTH
¥ ¢aonnx noprperos KoneSauni. He prc. 13.14 npencrasnenn dotorpadum
SHEKTPOB MOUIHOCTH KO1eGaMHE, COOTBETCTBYIOUME NPOXOMASHHN Yeped JIH-
HHIO HeRTpanbHOCTH Ig (1—3) W muuM0 KpatHocTh [, (4--6). B nepsom cnyuae
K wactoram Boafeicrens [, H f; noBaBnsercs cEK TPATsHAA AMHME Y8CTOTH fg,
HHTEHCUBHOCT: KOTOpPDH B CHITY MATKOTO xapakTepa Sitdypramuyu AHADOHORI -
Xonda nraBHC BOIPACTHET OT HYNEROIrO YPUBHA HA JIHHMR HEHTpansHOCTH.
YUMIEHHEM OF JtHHiH {5 B EyBe cextops 2 mOCHEN0BATENEHO NOKRTAIOTCA W
KOMORHAIMONHEIE YacTOTH Ha Gase oCHOBHOH [ .

*} Nepexo sepes MU [, W3 CEKTOPA / B CCKTOP 2 TAKKE BLITWMBICT DOKACHAE -
M T3, o 313 SwdyprauMa cynenpuruvecca, O8YCIOBNICHHAR MATKHM PEXHMOM BO3-
HHKHOBRSHHA COBCTREHNRIX KoneDaHRN YacTuTH |, -
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tlepexou vepes NHHH.0 KPATHOCTH COTPOHIKEICTCH [HTABHOH PRCCHHXDOHH-
aMHEA YacToT fp ¥ Fp, COBMWEOILAY B 0OHE peioHamca (CekTop ), M Ko.
HEYHBIX JHA'ICHHAX HHTEICHBNGCTeR. B 3TuM omplcte  vxXaJEHHGEH 1EPeXON
M CTICITH,

basupyach HR KaueCTRCHHON AHAROYHH KAPTAW OHDYPKENHOMHLIX HANE.
Uit B PACCMJTPHBAEMOH CHCTEME § @ ClIyUae HEABIUHOMHOIO TCHEPATOPN
(12.1) (c yuetoa: oTMCUCHUBIX FIPHIHMNIIALHNMX OTAMNWIN, pATYMECTCH), MOX-
HO JIpelileRuraTk, YT IBYMEDHBH TOP BHYTPH 06nas i YaCTHYHONO peavdanca
{cextop 1) nexnt Ha TpexmepHom Tope. Pesonanciinie gBNeHrA Ha T jomuso
Xapak TepilaoBaTh LBYMA MHCIAMM BPJlUcHHA: @, = [, /o K ¢r =[3/f0. YacHe
MR pe3ogerc B cexktope [ ofyCioBieH naluRARHGCTRID MCTE BpPalCHRN
¢y = 1/1 (ochHoBNOR vacTHMRLE pedokatc) . iTONHBE pesuline, Korha u6a et
BPALISHAN PAIGIOHANBESL, B MCUMEDYEMOM CiYYEe HPaKiMYeCKE HoKumoued. C
HIMEHEHAEM OfIHUR M2 ACTOT BOINCACTRHA B CYCTHOM MNOXEC IBE TOHCK HA OCH
WICTOT BO3IMOXHS caNxponw2anus §y /f, = p/q. Omnano Hekmouaerca adipexr
SATATUPRNMA RACTOTH (B CHTY OTCYTCTBHA cEAIN MCXKAY PEHEPATOPAMH YACTOY
Jy HJ3) M 30HLI CHEXPOHIt3AKHM B IKCTIE PHMCH re He HafilIoI0TCs.

ilpi: soixode u3 cextops [ B cex1op 2 wepea Gidy pi AUHOHHYE 1'PEHKIY Yac-
THYHOTO pe30Hanca !, J@yMEpHBIE TOP XecTKO npeolpasyercR € 1pEXMepyni,

Prec 1304 Marsae (-2 0 xecrxen (4-6) Sudypiatnn poxieeis ToxmepHon
Topa
258



B cuny ol xe aHNIONN ITa SudYPKAINA MOXET OPEACTARNATD cofof CTHRUNC
1 TIOCHENYIOUREE ACHESHOBEHNE YCTORMNROID R CEANIONOIC BYMEPHLIX TOPOS Ha
DANOKPATIO BMPOXJICHMOM TpexMepHoM Tope. B yxasaannmM cumbicne nmma [,
Th AU cedno-yssoeol Cudypxayu Oam daymepusix mpos. Crpororo
onpeneneHns nosobuoll Sudypxanm noxs He cymecrayer. Her napamerps, <a-
MUK TEPMIYIDIIETO YCTORMBOCTS KBRITMIEPHOINWECKONO KONefaHKE, MAEKBAT)-
M) MYTSTHRANKETOPY Groors. Crapul nanysoBckuil xapaxrepacTHReckmit 1o-
K4JaTeNb TPAEKTOPHR WE TOpPE JINUIL NSCTAVHO OTPAXEET CHOHCTBA ycroRusoc-
. OH HE JyBCTBNTENEN K JHEKY, & CBN3AH AWIUS ¢ HIMCHOHUEM MOTY/IS BEKTO-
M MANOMD BOAMYIISHHE BOOMS K BETMIICDROINICKOR YDECKTOPNN.

Ecnu manramca sHyrps pesowascoll ofnacrm 72 Baepx no napamcrny
Ry ® m, 10 Puxcapymrcs Sufvprayuu yosoenun 1mymephnx vopos. [lpn
e peceueMuH Sudypecanmonuch nuHMN I3 B clieKTpe MOIUMOCIA KOoNeBannE: Ha
7 marxo poxgemren cySropMoEHKE NOTOBNHHORA wacTCTM 2fa /2. Hezanucnmo
WECH PEINCTPHPYETCA TAKXe pdexT oSoTaIEHNA CUCKTPA KO MAMHALBOMMBAK
HACTOTOMN — CBIUIETENIBCTBO ROTEPH IMSAXOCTH IMYMEpHMm TOpoM. Licnousa
yasoennit Topos 72 roneuna. Uncio Gudypxauni BHCH! OT AMILIATY! BuT-
achcreus By w By. Ha ik |2, anysephsic 2-TOph paspyuruorca. Mexamn:s
PA3PYIEHRE — TIOTEpA TOPAMMN TAAANOCTH. MAIKO POXCIRETCA PEXHM TOpP-2T-
rpaxvops CAJ. CTPYKTYp4 LIEKTPA KOTOPOTO NOANOCTAIN COOTRZICTRYET Q1Y AN
MAIKOTO paspyiueina T npooHRMIRPOBAMHOTO pakce.

Ecan npouicasirs 3 JBOK0OMEA TPEXMCPHOIU IPIOLJSECRUl: Tuph LHE
VBIECTH CHHXPOUAMINH, LOHFRECE BBCPX U0 MApAMCTPY R, . 70 pELACTpHpYe:-
cx ddext 1ecenuis rpexmcpuozo topa. Cuexktp konetanudl npu aiaucyy.
AX MpaMeTpor hu.ke Gudyprauworuod srimnu iy (puc. §3.13) ancwperemi ¥
BKAMET WaCTOTY Nfy + kf, + pfa (1, k. p - uennie wicna). flepecevenne an-
DN {, NPHBOIIY K MACKOMY BOJHHKHMOBEHMID 'WCTOTHBIX COCTAWIRIOUDIY
1fo/2. YORaHBACTCE OAMN M3 TPEX XAPIKTEpHBIX Nepwonor koieGauni wa T4,
Hanee. ¢ uepecevenneM fndypxesuHONHOR NHHHA fxp MArKe poxcisyce ICp-
atrpaxtop CAJ. oBycion:subMit prapyusenem Ipic/meeckor Tope 7> aepes
fOTECPID MM EAKOCTH, CIPYKTYPA CTEXTPOB MOMHOCTH uTTpaxTopa CAT slan-
U POKACHHA HOBTOPNET XAPEX | CPHYIO IR peaiMa (A ] ¢ TOR JIMIUL PuadTtited,
1o §-06pame BuGpocn 8 criekTpe (A HAGTIOLAXTCN HA TPEX HCIIRNCKMEIA
MICTOTAX. COOTBETCIAYWUIMY TpeM BaTHCHLIM TICTOTIM TAIPYUMBIIEIOCA pe-
wxmn T2, B enyuse Ga30Roit CHRXPOMNIQIMH, KOTIA ;I8¢ HI TPEX YECTOT OKA-
INREOTCA PAIMOBANSHO CHNIIHHBIME, cnexTpel CAJ # CAJ nepaanmzamsl. fle-
pexost Kk CAX ueped viBoeHNne OONOTO N3 MICPHORDB KONCGAHNE M3 TPEXMEDHOM
TOpe RATIOCTpHpYer pHc. F3.15.

Apwxcaane paons T “weilpanssocmn” | o wewaGexno npsBOART K nodte-
AORATETIRMOUTH DEJOHAHCHMN ARNCHWI, OGYCHODICHREYX TPOXOXICHNEM THCHTY
BpAMICHHS ¢ vepes puUMOMENSEME TOuKW. Hy J1W YOuUKM ONMpEIOTCA XNrBM
HSCTHVHO PEIOBENCHEIX TPEXMEDHMY TOPOS. RHYTPH KOTODMX PeaMMb KOnels
fN DPCOCTRRAAICICS B BHAS APYXMACTOTHIX Oucimit. i anec mmeer mec1o
CXONCTEY B GHOYPKIMOHNHIX NRTNCHNEX B CPARHENRH ¢ HEUBTOHOMMBIM MeMe-
MTOPUM, 2CIH TIPHHATL 5O BITHMAHNE BOZPOCIIYI0 CTONHOCTR COUTBCTCTBYIO-
utax Swdy/pxaumii.

IKCHEPHMENTI BHBIE RAHHNE DO RAGAIACHASM NEPEXORS OF PERITME KBIIN-
HEPHONNECKMX KONESEKi C TPEME RHATANE HEJABHCUMMMI YCTOTAMH K CTO-
XECTHUIOCTH, PONYHENHME WHCNCHHO M HA PRASODNINMCCKOR CHCTEME. KMEIOT
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P wc 1315 Mepexon x xaocy (CA }'), coMpoBOX aAuiHicH Gudypraunel yoroeHns ne
PHOLOA TPEXMEPHOID TOPY

obwnA xapakrep. B 3rom Hac yDBexgaeT conocrapienue Hatinrogaemntx GHgyp-
KAUHOHHBIX RBACHHEA C JIHTEPaTyY PHBIMH SAHHBIMH MO YHCHEHHOMY IKCNE pHMEH-
TLHOMY H TEOPETHYECKOMY HCWISJ0BAHNAM JTOH npobnemsl. Hecmotpa
HA Pa3NIHMHA MEXULY 3HANH3UPYEMBIMH CHCTEMAMH, B JaKOHOMEPHOCTAX Oepe-
x0ma o7 pexuma T K xaocy OueHb MHOTO CX0HOIO. OCHOBHOW MEXaHHIM
VEPCXOMA 3AKTIONAETCH B NOTEPe TAAIKOCTH TOPOM, KOTOpaA CONpOBOXIACTCH
YACTHYHBIMH NHBO NOJTHBIMA PE30HAHCAMH IIpH H3MEHEHMH napaMeTpus H
3ABEPIIIETICA POKOCHHEM KBAIMATTPAKTODOR B CHIEY TOMOK!IHHHYECKHX 3¢-
$eKxI0B,

Ecnn Gudypxaunonuble SBIACHHA Ha TpexMEPHOM Tope paccMaTpHBark B
orobpaxesnn [lyaHKape, CHAXAIOUIEM PaIMEPHOCTL CHCTEMB) Ha EIMHMLY,
T0 IMHaMmHueckHM dpdexTaM Ha T ONHO3IHAYHO COOTHRETCTBYET IBONIOUHA
ABYMEPHOIO TOpd B OTOOPaXMEeHHH CO BCEMH BMITCKAHMUMMH NOCTENCTBHRAMK.
XOTH No CoOBpaXeHHAM CTPYKTYDHOH YCTORWMBOCTH cam (aKT peanHsaitn
pexuMa T* B aBTOHOMHBIX CHCTEMAx HE THIMYeH (Bonee ecrecraendo rpyboe
ABIEHHE BHYTPEHHEH CHHXDOHH3AUMH), JKCHEPHMEHTANBHLIE pPe3yibTarhi
Tpefy0T HX HIY4eHN A H OGBACHEHHA.

BHOBL BO3HKKaet yxe OGCYXKNABIMACH NPUMEHHTENBHO K pexaimy T2
BONPOC: OGA3ITENEH Ji NOSIHBIA PEIOHAHC H MOCNENYHIMMA 11epeXoil K Xaocy
YEPE3 PEIOHAHCHBIA AMKA? OMHUX IKCHEPHMEHTANBHBIX AIHHLIX LI HCYEp-
NBIBAKILEre OTBETA HY HETO ABHO HEAOCTATOYHO, OQIHAKO BRWBOJI O He[lpepblﬂ~
HOCTH HHBAapHAaHTHO¥O MHOrooGpasHA [IpH  NPOXOWOEHHK  Ce/AN0-yINOoBbIX
OnypKAUMOHHBIX TUNEPNOBEPXHOCTEH, K KOTOPOMY Mul WpPHUINH, Hiy4ad
oNIMIo pexiMa T2, nodsuiRer ¢ IKCMEPHMEHTATLHOR TOGKH 3PEHHR He
nenark 30eCH APTHUHNHANBHBIX PAWIHYHA. CHHXPOHHBIE UMKIib BONMBWIHX 1Ie-
PHUOJOR MpawTHYECKH NOMHOCTbLIO MO KPLIBANT HHICTpanbHoe MHOI‘OUﬁpa'.'iHe,

270



Syme 10 T2 unn T2, 1 8 JKCHEpUMERTAX He OTTHYHMB! O JVIOIHYECKHX GHEHMIL,
MeKkIIOYEHRE  COCTABIAIOT peanbHo  HalmonaeMmple OGHECTH CHHXPOHNIZUMH
¢ OTHOCHTENbHO MaNTbiMH NEPHONAME [IE30HAHCHBIX UHKI08, JBIXOA K3 KOT0-
pLIX MPHBOIAT K xecTkuM Gadypxammsam. Flpeamectsyomas IroMy Buxony
AOTEPA INATKOCTH AHBAPHAHTHLIM MHOTOOGDA3NEM He BCEr/a BUAMA N0 CMEKT-
paM MOWHGCTH M oToBpaxenwanm [yanxape, Ho, Kak GRITO IKCTICPHMENTAN LHO
JBOCHORAHD, OHA HMECT MECTO.

NcTaeTcA HEACHLIM OIMH M3 BOMDUCOB: PAIPYINACTCA IIH TPEXMEDHMR TOp
upH nepexopax T - CAJ win crpykrypa $a3oBbix TPaeKTOPHA Ha Hem cro-
XaCTHIYEICA TIDH COXPBHEHMH HHTerpwibHoro Muoroolpaina? HonyweuHnx
@HHRIX {01 VBEpeHHEIX BRBOAOR HEJOCTATOYHC W HA OCHOPIHHH 8ceii TOR we
GHRIOTHE MOXHO TIPSANONOXKHTE, 4T0 B THIMUHLIX CHYHERX POKICHHE X20Cd
cOyQIoBNeRo paspyIeHHEM TpeXMEpHOro TOpa.

13.4. Bmuauue sneimmx drayxtyausit
H CTACTHWECKHE XaPRKTCPHCTHKH TOP-ATTPAKTOPOS

3KcnepUMeEHTISHBIE pPe3ybTaTel, ONMCaHHme B . 12,13, nosponswor
YTBEPKITh, YTO MPOLECC PA3PYUIEHHA MHBAPHAKTHNX [HYMEPHRIX YOPOB C
OGpd20BAHHEM TOP-X80CA OCYIECTRNNETCH B NONHOM COOTBETCTEHH ¢ TEOPeTH-
9ecK MMM BaBOdaME [137, 253] vhe 3aBMCHMOCTE OT BHAAS KOHKpPETHO# cHCTe-
ME!, PEATHIYIWCH ABYXUACTOTHEIE KoNeGanHA. B cooTBeTcTBMN ¢ MM itpoBe-
AeM HCGieNDRaHHE SNHAHMA QUIYKTYBLMA HA TIPHMEpax JIMHAMHYCCKHX CHCTEM,
Bolee yAoGHSIX B IXCNEPHMEHTANBHOM NAdHE, HO B PABHON CTENEHK LOIBOANIG-
LIMX BRIRBHTYS MPEHUKIHATbHLIE B THIKSHHE 3AKOHOMCPHOCTH.

Kax n B criyyae apTOHOMHOIO relieparope, HAHBOMEE KHTCPSCHLIE KBIEHAN,
BRIILIBAONAE KAYECTBEHHY NEPECTPORKY CTPYKTYpPLI ATTpAKTOPOB, HMEIOT
MECTO UPH HAMHYAH B CHCTeme Tpybialx FOMOKIIHHHYSCKHX CIpyx1yp. B xave-
CIBE NPHMEPE PaCCMOTPHM DEIYALTUIM MCUIEHHOMND 2HUIH3 CTOXSCTHISCKOH
IMCKPETHOH CHCTEMBi, ONWCHBALIIEA BIAMMOACHCTBHE MRYX OCUMLIATOPOB
Oefirenfayma npu ReCTEHM JJUMTHBHOID §-KOPPEIMPOBAHHEONG YMa HHTECH-
cusocth D [256, 257],

Xpsq =1 —ax?, + ¥(rn—x5) + 51(n),
(13.16)

Vas1 = 1—aph + 9 (x, —yy) + Ea(n).

bidyprauHONKAA AHATPaMMA HEBOIMYWENHOR cucTeMat (13.16) B oxpecthoc-
™™ _pesosanca 2/5 nogpobuo oScyxumisck nmme (CM. puc. 13.8). Moraacuue
HerpyGoRk roMoxinHMxm, KOrAa MHeyCTOAWMBbLIE MHOroOGpasHA CeloBOrO
S-TAKTHOMM NHMKTA Ha MHBADWaHTHON xpuBoi ortoGpaxewnn (13.7} xacawrca
CEOMX YCICPuuBnx sHoroobpazuit. otBewer BUdYpKauUMOHHIA RHHMA f; Ha
puc. 13.8. B ofnactH pe3oHANCE, OFPRHMUEHHOR NMRUAMA [, H {4, O uI
S-TaKTUBIN UAKAOD CHCTEMEBI BOIOIY YCTOfiuMm (K2K HHXC, TAK H BuUle THHHK
). Cuexrp [EXTI, oTsevalousii yCTORWHBOMY 5-TOKTHOMY MMKANY, COCTOMT
H3 JBYX OTPMIATEIILHLIX IOKSIATEACH.

KicerenyeM XapakTepHCTHKH PEXQUIMOR LIpH BO3REHCTBHH IIYMOB OTHOCH-
TOIBED MAIAUH HHTEHCHBHOCTH D <t 1. Curmarypa crexrpa JIXI1 pesorancio-
VO yCTOPEMBOLO iUn<NTd B2 HEBADHMAHTHOW KpuboR & ofinactH, Buaakoit K ocHO-

271



a 3B/ 035 7

Pue 13,16, g - EndypkaunoHdas nxarpsMma orobpaxeuns (13.7): [, — nwins poxne-
HMA HOIBIPHAMTHOR XpWROH, /, — THHAA Ceno-ynsux S#Gyp KauuH pe3oHIHCHOTO UHKAL,
I, — nyHua oBPaLEHNE MYNLTHILIHXITOPOR yCTORINSOIO UNKAS § KOMITIEKCHO-CONp ADKeR-
Hue, {5, ~ mimd Subypraunn Xonga ang yCToNMROTO WAKNE, [ — NRHERA HerpyOod
TOMOKIIWHAXH, l’.’q, — YIRCTOX SINHNH pAIpYILCHRAT WHBSPWANTHOR wpunoft Bue pelcHAHCL

& - InpscHiocTs A, (D) W Touex [/ M 2 GHATPEMMBE

BANKIO K:T0BA CHHXpOHK3auHit (Touxa K), He YyBCTBHTENTRHA K WIYMOBOMY BO3-
MYIUEHMID JOCTATOSHO BaICOKOM MuTeRcHBROcTR D = 0,1 m octaerca tna ",
V7 XapakTepucTHKE JRHKEHHA 3/ech OTHEHRIOT KNACCHYSCKOH CHIYA1HH YIUR-
PeHHA CNEKTPanbHLIX SHHHA Konebanui NOI ACACTBHEM LIYME.

B rouxkax IIocKoCtH yupaensiouwux napameTpoB, GmHakux x Gudyprcannon-
HOM JIMHHM TOMOKIIMHHUECKOIO KaCAHMA [, KAPTHHA KE9CCTBEHMO MEHSETCH.
BoaneficTRME 1YMOB ManoH MHTSHCHMBHOCTH undyyupyer CudiypKauuio B cHr-
narype cmexrpa JIXH: -, V-0 e TN TN cuuOerenhcTRYR O pa3BHTHM
IKCTIOHEHIMANBHOR MCYCTOAYMBOCTH HHIMBMAYWILHLIX TPaCKIOpHA B arrpax-
rope. Peaynstar wimwcrpapyer puc. 13.16 6, oTpaxaioni 3aRHCHMOCTE CTap-
mero noxadarena cnextpa JIXIT A, ot mHTeHcHBHOCTH miyma D mnR apyx
TOYEK MIOCKOCTH RAPAMETPOB CHCTEMSt, BIATHIX Brilte (J) H wixe (2) nHmn
In Ha puc. 13.164. B ofinactt spmue JMAAK [y, Tl€ CYmecTsyer rpybas  romo-
IJTHHMYECKAS CTPYKTYPS, kiyMas: ManoR uuvencusBoctd (D < 0,005) undyyu-
PYIOT XJOTUNECKOE nOsadenue, OTBEuAIOUICE pexuMy TOp-xaoca (KpHean ).
CroxacTMUHOCTh B TOUKAX [(DIOCKOCTH TApaMeTpos Hixe GHd ypraumoHHo#
AMHMK [, TaKke BOIHAKECT, HO HBACHME HOCHT APKO BLIpAXEHLI nOpozoastil
xapakTep (KpMBax 2).

COBOKYTHOCTE XAPSKTEDHCTHK XAOTHYECKOID PEXMMA, MHAYUHPOBAHHOIO
HeHcTBMeM BHEUNMX daykryanuil (CIUIOMIHOH XaApaKTepHRIR CIEKTP, IKCIIOHEH-
UMANBHOS CHAZIAHHE KODpENAUMA, HRTHWHE AOAOXMTCABHOIO TOKAIATEIA B
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Puc 1317 g - OroSpaxenne cncremud (13.16) na dazosoR nnockecTh g D = 0 (rouxk
¢, — q5) 1 D=0,0] (xsoTwaeckoe MHOXecTBO} . § - COOTBETCTRYIOWME CIIEKTHR MOLLHOC-
TH NMpoUECCOB

criexrpe JIXIL B oGUIMA BHO XAOTHYECKOTQ aTTPaKTOpa B Ha3oBOM NPOCTpaH-
CTRe), MOATBEPXNALT GaKT POXACHHA TOP-X20Ca, HHRYUHPOBAHHOTO BHELLIHAM
wymem. JIna unmectpanus ckasanuoro He puc. 13.17 npepcrapnerst gaiopbie
noprperel cucTembl {13.16) H cOOTBETCTBYIOWME ClEKTPbl MOUIHOCTH, OTBeE-
valoume ycroduweomy wikay (D = 0) n top-arrpakropy (D =0,01). CpanHe-
HAE pe3ysIbTATOB C AaMHbIMK pHe. 13.10 He OCTAB/AET COMHEHHA B TOM, NT0 NOJ
AeACTBHEM BHELWHMX LWIYMOB B CHCTEME peaIW3YETCH XaOTHUECKHH DPEWHM,
IKBHBANEHTHEIA TOP-XA0CY.

ObsacHelse HaBmonaeMoro SRNEHHS SOCTATONHO NpocToe. Boiwte nHHKK [y
MHBAPHAHTHAR KpPMBas pa3pyluaeTcs, OfHaKe (B OTCYTCTBHe BHeurHMx ¢uyk-
TyaiMiA) CYIMECTBYET YCTORUMBBLIA S-IMKN OTOGpaXCHHA, T.€. PE2yAApHLI aT-
1paxTop. BMecTe ¢ HHM COCYIMECTBYET NEnPUTA2UAGIOWAR 20MOKAURLUNECKAA
cTpyxTypa, 0BpajoBABIIARCA 334 CHET llepeceyeHMs Muoroobipasuii cemlosoro
WHKNa. 3apanHe TpOH3BOALHLIX HAUAIBHEIX YOUIOBHA 33 CHET CYILECTBOBAHHA
TOMOK/IHHHKH BHI3bIBACT NIMTEAbHLIN TIEPEXONHBIA [IPOMecC BBIXQHA Ha pe-
TYNRPHBIH ATTPAKTOP, OTMENABIUHACK H panee B pAlde IKCHEPHMEHTUB 1t HA3-
BaHHBIW MeTacrafuaskoi croxacTéutocteio [1]. Wymosoe BOIMyuwleHns npw-
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BOMNAT K TOMY, 4TO B IKCACPHMENTE BPEMK IEPEXOQHOTO IIPOLECCE CTPEMMTCH
K GeckoneurocTd. Qasomas rtpaekTopus “Gnyxnser” B ofNacTM NOMOKNHEN-
NCCKUH CTPYKIYPb, HPOABNAK e reoMerpuic B $a3oBOM Npoctpakcrae. Jva
IKCTIOHEHUHANBHO HEYCTOAYHBER CTPYKTYpd HON HEHCTHHEM 1UYME CTAHOBKICA
KaK Gu NpaIArssawiuedi B eQHHCTBEHHBIM “aTTPAKIOPOM™, TEK KAK YCTORYK-
BLIA UHKN yXe peaiM3oRaThca HE MOXCT.

flpeacrasiienupie pe3ynbTaThl OTPAMAKYT HPHHUMITHANBHLE RWleHHA  ofute-
TU X2PpAKTZPA W CBMIAECTENBCIBYIOT O TOM, YTO pe2yaspNele BITPAKTOPH, CO-
CYINECTBYIOLIHE BMeCTe € rpyBLIMH HCIIPHTAIHBAKUMMHE 2OMONIUHUNECK U-
My TPICKTODMAMH, B IKCHEPHMEHTAX N¢ MOZYT peatu3oBaThes. Tlon neicTBn-
¢Mm QIYKTYausi CKOMTs YIOGHO MANoH MHTEHCHMBHOCTH peansHO GyAyT Hafliw-
AATMA XBOTHWECKME PEXMMEI KONEGANMH, 1O CBOMM X2PIKTEPHCTHKEM He OT-
JHYAIOUIMCCK OT PEXHMOB NHHAMHYECKOH CTOXacTHMHOCTHY) .

B Tex cnyWanx KOII# HpAMbIE DACYETH! FOMOIHHHNECKHX TOYCK RO Ka-
KHM-NHGO TIpHYHAEM JEYPYLHWTENEHL, HO OOGOCHOBAHHO [peNonarietca MX
CYLIECTROBAHNE, HHAYMHPOBAHHAA LWyMOM 3KCNOHEHIHANHAA HEYCTOHYKBOCTD
CHCTEMB! KBNIAETCH SKCHEPHMEHTATAHBM KPHTSPHEM OMErHOCTHKH CIPYKTYpb
ec dazopuix Tpackropuit [257]. B ECcTHOCTH, IKCHEPHMEHTANBHBIE M YHCIEH-
Hple WCCNEQOBENMA [MHAMHKH HERBYONOMHOrO reHeparopa B oB6nacTAx peso-
Ha!UCOB NpH NEACTBHH BHElOHEro UIyMa HANMH peIyNbIars:, KAYECTHOHHO CXON-
HBi2 ¢ APUBSHCHHLIMK BhIle. MOXHO CUMTHTL 3TH RaHMME CHEACTHHEM [pYy-
GOl TOMOKNHHAKH CEINOBMX UHKNUB KA PE3ICHAHCHOM TOpE, CYLIECTBORAHMNE
KOTOPO#H YCTAHOBNZHO TEOPETHHECKH.

PaccMOTPHM  JBONIUHIC OIHOMEDHBIX JAKUHOB pACTIpENenieHHA TipH Me-
pexone i TOp-XaoCy Ha ApHMEpE HCABTOHOMHOTO FeHepaTopd, YYHTHBEA BOY-
MOKHOCTE MPOBEUCHHA KAK WHOICHAKX, TAK H HIHYECKAX IKCICPHMEHTOB.
Wcenenyem npollece GopMMpopskus Top-arrpaxropa B cucreme (12.1), msu-
Fascs B HanpasicHHW D GadypicauoHHOR marpammut puc. 12.7. Paccumran-
Hult B XAPAKTCPHLIX TOUKAX NAOCKOCTH IAPAMETPOR ONIHOMEpHLE MIOTHOCTH
pachpe (eltertus BepostHOCTeR (hyHKuywm pacnpenenchusn) p(x) npepcrasie-
Hh H2 pic. 13.18. McXODHBIM DEXEMOM UETIONKK Gadypxanii  HRIACTCS
YCTOHWABAIN NpeAensistl IGIKA ¢ PaCTpeieneHKeM p (X ), AMFIPOKCHMMpPYEMBIM
mxorom (11.8). Markoe poxgiemie yClroRWRBOIO IBYMCPHOrO TCpa comnpo-
BOXJIACTCA nepecTpofiofi paciipeniencids. Mo pacnpemeneHum cMemaior-
CH ¢ pOCTOM IIapaMeTpPa 17 OF Kpaeh K UeHIpY (cMm. puc. 13.182, &), dymemns
pacnpesenieMa p(x) upnoGperaer clenmupuvecKylo ANA ABYXYACTOTHBIX Koje-
Ganvit Gopmy. JsoNOUHA QBYMEPHOTO TRAJKOIO TOPE NPMBORMY B HTOTE K
GOpMUPOBAHUID yNuUMOOZIYN020 pacTiperenerus p(x) (pme. 13.188), xapax-
TEPHOTO IR GHEeHMA B DERMME MHTEHCHBMOR MOIYIIMUMH, KO SMIUIHTYIM
HECYUieR YACTOYH M WCTOTH MDAYNAIUGS COMIMCPHMM N0 penmukne. JannHek-
Iee YROSIHUCHHE NADAMEYPA 71 BAIIbBACT 3hPeKT DOTCPH ITETKOCTH TOPOM.
B pactipenenerunt p(x) BOIMMKAIOT MHOTOWMCIEHHME 3IKCTpeMyMml, opma
P(x) CTAHOBRTCH JOCTATOHO COMMOW (cM. puc. 13.182). Ommaxo B pansheh-
feM npy OGPRIOBAMI PAIBITOTO TOP-XI0CA BHORE GOpMEpYCcTes Gomee rnajt-
xoe, GNMIKOE K YHUMOIRNLHOMY, paciipelIeHHe, DMYCKAOIIEE TEOPETH-

*} MoxHo SONAINTH, TO 32 NCT MOSWICHHA TOMOKHHHIECKAR CTPYKTYD Pe3dHaH-
CHMX UKKIIOB HA MALOMCpPHRX TODAX B INCACPHMENTRX PCAMMIBMA NEpPCXOMd K Xaacy
o cueANpHc Jlanaay — Xonda SpAKTUNCCHN MCKITKHSET .
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Puc. 13.18. OnsoMepHLle MIOTHOCTA pachpensneHKs BEPORTHOCTER p{X) ¥ HeaRTOHOM-
NoM TeMepaTope [PH IBHMEHHH B HanpapncHuk D mparpammel puc. 12.7 (paceet va IBM)

YECK Y0 AMIPOKCHMALMIO IOr HOPMATBHEIM 38K0HOM [219];

w2
I(Zﬂ)‘””’(ax}"‘exp {W@%‘?{l , x>0,
o

plx) = p(x) = (13.17)

lD. x <0,
The Noj X HeOBXOMHMO NMDHMMATL PATHOCTE X — Ypin, Xinjia — MEHUMANBHOE
IHZUCHHE KCOPIHHATRL X B OJTHOMEPHOM pacnpeneieHsd p(x), X u ¢ — naps
METphi PaclipeeneHui,

PesynsraTsr anmipOKCHMAIMM PAcdeTHRIX JAHHEBIX (puc. 13.189) reopeiw-
yeckmu (13.17) npencrasnenn Hz pue. 13.08e. TeopetHueckoe pachipeme-
AeHmue (Kpupag 2) OTBeYacT IHAYeHHAM lapameTpos o = 0,40, ¥ = 0,965. Bua.
HO, IO TEOPETHIECKDE DACTIpE/IENeHHE YAORNCTBOPHTENLHO ONMCRIBALT OFHGaK-
LY IKCNepHMeHTANBHOTO pachipenciierna (xpusas [). Kauecteo anmpokch-
MBIHHM CTAHOBHTCH xyxe B o8nactn "XBoctos" pacnpengieHtR, Y10 B cOuTBET-
cTBMH ¢ (13.17) ecrecrnevnn.
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Fuc. 1319 3ponwusd oQHOMPHO! O DACTPCACTSHHA (CTeR11 A COOTHE TCTRY KIWCID code-
Hud TlyaHxape (CipaBal MM Nepo<Did K Xaoey w@pet SAYMeprbtR Yo {(ussdecivufl axc-
nepUMent)

Kak W B ciyuae aTTpaKTOp3 ceMIo-GOKYCHOIO THITA, BNHARME MaTbIX Gnyx-
TyauHd (ecnu He HHAYUMpYIwicH GHdypKAUMOHHbE NMepeXoppl} NpPHBOOHT K
CITAXKHBARHI0 MeNKOMAcLITAGHRIX CTPYKTYp pachpenenchui p{x)}. B wactHo-
CTH, 3KCNEPHMEHTAILHLIE M TEOPETHUECKHE KPHMabie p (X) B peXHME pa3sHToO-
IO TOpP-ATIPAKTOPa MpH HAAHNSHH IIVMA OKazhisalrcA Gonee Giwakumu. [lis
wutlocTpauny pdexka anHAHMA MaThX GAYKIYAMH Ha odnuMepkale STO -
HOCTH DPaChpEOesIeHHA BEPOHTHOCICH yi0GHO PacCMOTPCTL pPCIYABTATRI HIME-

peHHil p(x) B IKCUEPHMEHTE, KO BOJAEACTRHME LOYMOS HEH30eKHO (PHCYT-
CTBYeT.

276




B

¥ H oo 1320 DavmepHoe pacipefeniedke p (v, ¥) Ha rmagkom rope {2} i B pexihe T0p-
Xo0ca (6) (MHeTcHHWIR 3KcitepHAICHT)



Ha puc. 13.19 paua cepua ¢ororpaui, colepxamas oHOMepHbIE TNOT-
HOCTH pactipefiefieHHsl BEPOATHOCTEH p (X} W oTRedaupe HM cevema Tlyanka
pe PeXHMOB KoNeBamuil NpH Nepexofe X TOp-xaocy. BupHa 3BO/IOUKA BHAYANE
K YHEAMOJAIBHOMY PACIpefeNieHMI0 HA ITaJKOM JBYMEDHOM TOpe, 3 3reM
yepe3 TOTEpI0 IMAAKOCTH -~ K YHHMOJANBHOMY NIOSHOPMAITBHOMY JAKOHY B
peXHMe DAIBHTOTO TOP-X30ch. KaueCTseHHDE COOTBETCYBHE DelY/bTaTOE He
PHIIBIBAST COMHEHMIH, NOATBEPXKIAR DCHOBHWbIC PCIYNSTATEI MHIEHHOLO CNetd
M BBIBOTIM O BIHAHAH GNYKTYAUMH.

CoBepUISHHO SICHO, NTO ONHOMEDHOTO pacupeigmeHHs p(x) InA orsera
HA pAQ BOMPOCOB, CCTCCTBEHHBIX HPM CTATHCTHYECKOM OMNHCAHHMH PEXHMOB
TOp-Xaoc¢a, HeapeTaTouHo. Bolxixaer noTpeGHOCTL 3HATH MHOYOMEDHOE pac-
npeneiexue. 313 3a[aya NOKA He PELIeHA H BLABIBACT RIONHE NOHATHBIE TPYQ-
HocTH. HekoTopble NONEIHBIE BLIBOIE MOXHO COENATh, AHANMHIKDYA dsyMep-
Heie 3aKOHBI, B kauecrse TpHMepa TpaBeeM DE3VHBTATH PacyeToB ABYMED-
HRIX MAOTHOCTell pacfipefiefieHMy BEpOATHOCTeR p{X. y) ONH DOXHMOB THap.
KOTo gByMepHoro topa {pec. 13.204) ¥ palpmTore TOop-xaoca (pHc. 13.206).
HM oTBevasr OJTHOMepHBE [DIOTHOCTH DACHDENieNleHHS BEepOATHOCTER, Noka-
sakHpie Ha pHe. 13.186, 0. XapaktepHuiM CBOHCTROM ABYMEPHEIX 31KOHOR
ABNACTCA HX GNH30CTL K CHMMETPHYHBIM, YT0 0GYCIOBIEHO FeOMETPHYCCKON

CTPYKTYpO# TOpa H TOp-aTYpaKTopa.



TAABA M4

{TEPEXCIbl K XAOCY B PACTIPENENCHHNX CHCTEMAX
H CTPAUHHBIE ATTPAKTOPH

14.1. Crparonue arTpaKropst # TypBynenraocm

Orkpermie CTpAHNBIX STIPAKTOPOB HPOSCHWIO MPHPONY BOIHHKHOBEHMA,
CIPYKTYPY M CBONCTEA [HHBRMHYECKOIO X30CA B HOMHHEHHBIX IMHCCHITATHBHEX
CHCTEMAX ME/IOH pazMEPHOCTH. MOXeT /M KOHIEIIHR CTPARKBLIX ATIPAKTOPOB
Gorre nome3nodl B H3YYCHHH CIOXHOA HeperynfpHOHl THHAMAKK HETHHEHHNX
PACTIpeEieHHRMIX CHCTEM M CILIOUMBIX cpefl ¢ BECKOHEYHMIM MHCTOM creneHeH
csoGoym? CyDIecTRYeT MM M K8KOBE BIAMMOCBAIL CIPAHHBIX STTPAKTOPCD
¢ MRApOMUAAMINeCKoll TYpOyerTHOCTRIO? BOT OCHORHEIE BORPOCK, Y8y e s
HOTO OTBETE HA KOTOPRIE TOKA HeT,

Cuuraerca, Yo OHOR H3 NPHHIMIMANBHEEX 9EPT XHOTHYECKOIO MBHMEHWA
B pacnpeieieHHWX CHCTeMax FwiAercd Gonbune WMATO KOeGaTeNBHED MO,
3MCHCTROBANHLIX B MekaeHux [30). Ina mapormuamumeckoll rypOystemr-
HOCTH MONYSEHA TCOPETMRECKAN NIEHKA N YHCOTIA SKTMREMYX CTeNieHeli ¢Bo-
S0, KOTOPOE DICTET C YBETHTCHAEM WHCNA  PeflHONMBMCA No CYCMEHWOMY 33
KOHY. B pesknme patpuToi TpyGVIIeHTHOCTM WMCNO MEACTBORAHNMX CTeNeHeR
CROBO B KOHEHNO, HO ONEHb BEIKKO.

lpegerannenus Jlanpay o 1ypSyneHiHOCIH KaK KBAJHICDHOGMUECKOM HEW-
MEHHW C MMONECTBOM HBECOHIMEPHMBIX HECTOT (MOS) OTBENANT YKAZAHHMM
caoiicteaM TypBynernioro meuxernun. Monesno ofpamrsca X GyHIAMEHTANS-
HHIM HIEAM TEOPHM BO3IMMKHOBEHKA TypGyneRrnocmk no Jlanwpay [88), paseu-
THEM KOTOPRIX N0 CYLIECTBY ARTHKTCA COBPEMEHHWE NMPENCTABNEHHA O JMME-
MESCKOM Xa0ce. Brmorm Jlarmy crenyoume .

1. Cymecrsenso nonessyo HEGOPMANKI O TYPSYNEHTHOM IBMKEHHM JReT
HCCIenBaHMe Sufdy PHayUOHNLY MEXIRLUIMOS €10 BOIHHK HORCHHA,

2. Pazsuraa rypbyneHrHocrs QOPMHDYETCR B peaynbrare OccKonewnod
uepapxuu Sudiyprayui, CAAIAMHMIX ¢ MOrepel YCTOMGIBOCIH BROBL BOIHH-
KEIOIWMMH PeRKMAMY 4 BIOKONeBannA.

lpencrawnemis Jlanpay ywactemosann B Kouuempm Proana-Takewcs w
CHTATCH caMH coBoi paavMemtuMMucs. OHEKO HyXHO TOMHKTL, 970 2TH
Hpey Geunu Bpickazaum Jlawpay » 1944 r., re. zanonro po paGorm (27},
MpEACTARRAIMCE B 1O BPEMR [RNEKO HerpHBIAMbHbIME. Kpumka Teopuu Jlan.
may Pwoanem i Taxencom HeoGOCHOBAHHO OYBIIEKNI BHHMAHME OT NOIMTHRE-
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HBIX WIEMEHTOR KapTuihl Jlanmay, KOTophie NpasunsHel Gumo Gbl paceMarTph-
BaTh KaK HCXOMAbe DYHIAMEHTUIbHbIE PEACTABNCIMA O MEXAHHIMAX PA3BU-
THA XA0THYCCKHX KOl Barnia.

Hobsie peaynstathl Proonst — TakeHea B CPaBHeHMH ¢ KoMuented Jlawmay
CBOJIATCH K GIefyIuiemMy .

1. XaotHueckoe IBHARHHE He RGARETCR KEAIUNEPUOOUNECKUM.

2. JTOMy DBHXEHHIO NPHCYWA NEYCTOUNuaocTs o JIanynoay HEIHBRIOYA1b-
Hbix, TPaeKTOpHR B hajoBOM MPOCTpaHCTRE.

3. Yucao Gugypxauuii. CONPOBOMIANUINX Nepexol K XA0CY Yeped KBain-
MePHOIHYECKCHE PEKNMDE, KONEUND.

Oripoire Powiem M TAKCHCOM CTPAHHOTO aTTPRKTO pa, 6e3yCTOBHO, ABNAET-
CA QYHAAMENTANLHBIM LIATOM b M3YWCHMM TypOyneHTHOTO mpHkenua. Oppa-
KO # KOHUermuA PromA - TaKencs yAIsuMa [WiA KPpUTHKH. TaK, KOHEYHRIM
RBAACTCA He wicno Badypkaunii, a W0 CyluecTBeHHLIX MO, obecnenipalo-
WHX Nepexoa K Xaocy. Kpume TOro, HeNh3s HrHOPHPOBATL 3KCIIEPHMEHTAN b-
Hbie Pe3yNLTATE! A0 HAGNIONEHUI0 MHOTOME PHEIX TOPOB .

B npHmeHeHMH KOHUERUAM CTPaHABIX ATTPIKTOPOB JTA aHANKIA TypByment-
HOCTH CYWIECIREHHA PAIMEPHOCTE BPHIATHBAKINEID XAOTHHECKOrD MHOXECTBZ
B $3a30BOM NPOCTPAHCTBE CUCTEMBL. 3H2HHEe PAIMCPHOCTH aTTPAKTOpe NOIBONA-
eT KOJHYeCTBEHHO OUEHATH WICNO 3a/IcHCTBOBAHMMX B [BHXCHMHK CTeneHeH
cBoBo/mi. ECTH paaMepHOCTh KOHCWHA M OTHOCHIENIBHO MANA, 1O MOJEITHpO-
BaHHE NPONECCOB B PACHPENIENIEHHBIX (HCTEMAX BO3IMOXHO C NOMOLIBI0 KOKeY-
HOTO HMCIa OBBIKHOBeHIMX Tidbepent-an BHEIX ypaBHeH Ui .

3a nocne/Me S ner B yKalaHHOM HANPABNEIkM MOMYNEHBI BIKHBIC Pe3yNlk-
TATH, BCEMAKLIHE ONTHMKIM B OTHOMIEHHH KOHCTPYKTHBHOIO HCNONK3CHS-
HHA NOCTHXCHHA TEOpMH THHAMMYECKHX CHCTEM B M3YUeHHM oGuteit rponemn:
TypOYNEHTHOCTH CIULHOA Cpempt. YHCTO OpPHIHHANBLHBIX paGoT Mo AAMHOMY
BOTIDOCY 3AMETHO DacTer H NO3ROAAET CefiYac NO-HOBOMY WHONOHTH K aHANTHIY
H HHIEPN D¢ ALHA HONVYEHHBIX PAHEe JKCIe PHMEHTATLHAIX JRFHEBIX.

3nech ONMMCAHB HEKOTODHIC DPE3YNBTATAI TEODHH M IKCTIEDHMEHTOB NO Hi-
NOABIOBAHHIO IHHAMHYECKOIO MOAXONI K MOJCHHPOBAHHI0 PAIBMTHA Typhy-
NEHTHOCTH,

14.2. lepexon k xaocy 9epes ManoMepubth aTTpaKTOp
B reuenny Kysrra — Teltopa

BoamoxHOCTL OMMCAHMH TYpOYIEHTHOLTH BA3KOH WKOKOCTH NpH Manoi
HAJK PHIHYHOCTE ¢ NOMOLIBI0 KOHeYHOYO YHCNa OGLIKHOBeHMBIX fHpbepeH-
UHAIbHBIX YPABHEHHA B NDHHUMNE He BROLIBA'TA COMHEHWA naBsko [23, 258] *).
HenameMHO BO3IMHKAJI BONIPOC: CKONBKO H KAKHE YPABHEHHA HeoGXOHMO HC-
TONG30BATH VIR YHOBNETROPHICNLHOID ONMMCAHMH KOHKPETHBIX TEUEHHW MpH
pasnuuHBIX wicnax PefiHonbica? JeTanbhee Te0 peTHYecKHe H 3K CICpHMENTAN b-
Hble HCCMENOBAHUA HEKOTOPhIX KOHKPETHBIX TeueHMA (Hanpwmep, Temopas

KOHBEKUMA B AueHKe Xeie - oY) IPHBOOMMM K YOORNCIBOPHTENBMLIM pe-

*) s oPHCAHWA PAIBHICH TYPOYNCHTHOUTH MCNOABIVIOTCH YPaRNeHHH DonvipcHo-
MEHOTOrMUeCKOR TeopHH. B OTIWYRG O VPIBHEHHA OMHAMPKH OHH RKAIOMAOT SBHME
XAPAKTCPHCTHKH, OTPAMAWLHE CHCKHUCTE TYRSYNEHTHONG J8HKCHHS (rypSyncxnian
BHIKOCTh, K IPHMEPY) .
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IYNSTATAM, TONYYeHHe XKOTOpmX GbUI0 COMpAXEeHO € YpesBBIVAHHBIMM TpYA-
HOCTHMN .

Kax crano sicHO ®3 JKCHEPHMEHTOR., DA 6OM6e CHOXHEIX TEYeHHHA YHI0
ypanHeHHA AMPOKCHMAIDN CTRHOBHTCA BechbMi (ombumM. J10 3aTpynMAel
JHANH3 NpH COTIOCTAWICHHN MHOIEHHMIX H GHIKYECKHX IKOIEPHMERTUB, TAK
KAK ANPHOPH CTPOTO KE HIBECTHO YHUIC 3AJEACTBOBIHHMYX CrelicHel cpobomtl.
Kpome 1oro, deipManrioe OTpaHA'CHAE pANUS ANNPOKCHMUPYIONMY (byHKIHI
MeToadMu THN2 [aepikiHa, Kak NpaRdwIc, NDHBOOMT K H3MEHEHHAM TOHKHMK
TORONOIHYECKAX XAPAKTEPHCMMK 3TTPAKTOPOE, KOTOphIE MOIyT HMETh Mano
OfLErD ¢ YCTAHOSHBLUIMMMCA JBHNKSHMAMH B HCXOJHOR PAciipeRiieHHon CHe-
Teme. YKa3aHHbE SHOKHOCTH CTARHT 110N, COMHEHHE B3UHMOCBHIE (ICCT POSHHLIX
nyTeM KOHeMHOMEPHBIX AUMPOKCHMAHA SITPAKTUPOB C pedllbHbIMH (IRHXKe-
HHAMH TypRyneHT o cpejiL: [258].

CYWICCTOEHHLIM OFVICTHEHICN! PEWEHHA 233 KOHeYHUMEepHOR -~ anilpok-
CHMANHE MOXKET JOCTYXHTS HHPODMAUGIA O PAIMEPHOCTH ATTPAK1ApE TIOTO-
Ka XHOKOCTH B KDHKDITHOM pexdime TYpGYICHTHOTO ABMXEHHA. 3HavelMe
PAIMEDHOCTH, CGIH OHO H3BECTIO, [AET ONpEOENEHHY ACHOCTL B UTHOWe-
HHEE BICIA MOMOENBHBIX YpaBHe t#i M NO3PONHEY COKPATHTE OfbeM BBIYMCIH-
e+ HRiX paBoT va 3BM, nproas um Gonee HeTEHANIPaBI¢HHBO! XapaKTe.

C yxa3zanHoll TOYKM 3peHWMA BaxHGH sBnmercs pabOrm KONIEKTHBA 3BYO-
pos [102], B koTopoit Ha nphmepe Tewenns Kvatra — Teiiopa yGemurensho
HOKAZAIBAETCA, YTO, MO-IEpBBIN, NMEPEXOH X TYPOYNCHTHOMY JBHKCHMIO B Te-
EHIH  KHAXKOCYH TMPOHCXONMT 4epes AITPAKTOp MauMensiceid bpakTansHOR
TAIMEPHOCTH 2 + 4 W, BO-BTOPRIX, HAXC iIPH 33METHOM NPEBRIUEHHM MOpPOrs
BOSHUKHOBEHHA TyplivnenTHocTH (Gonee uem Ha 30%) pazuepuocre CTpaH-
HOTO aTTPaKTOPd OTHOCHTENLHO Mana (e Ganee NATH)

Tevene Kvarma ~ Tefinopa sgiifer cofoil MpUMED TAK HAINBEEMBIX BHYT-
PEHHMX (WIH OFpAMANCHHBIX) TE4CHHA H yIDGHO FJIA 3K CITEPHMEHTATBHRIX Hi-
CISHOBAHMA MAIKOTO MO3TENENT TIepeX0pd K TYPGYNEeHIHOCTH B IAMKHYTOM
MOTOKE MBHXYWEHCH XHUKOCTH. JKCIEPHMEHTANBHOS YCTPOHCTBO RKNIOYACT
GBA KOAKCHANBHLIX 1NKHAPE PAMIYCIMH 7§ # [y, IPOCTPEHCTSC MEXDY KOTOPAI-
MH JANONHACTCH BOMOR NOCTOAMHON Temmepatypbl. JIBHXeHHE MHIKOCTH 06ec-
NEYMRIETCA BPAICHHEM BHYTPEHHErS IMILHHIPA C YACTOTOH (i, . H3ameHeHue
CKOPOCTH BPALICHAS MIOIRMIACT BAPbH POBATH WHCIO PelHoibrca

Re = wy,(r: ~ r))n, {14.1)

FIE B - BRIKOCTH.

CKOpoCcTd ABHKEHHH KHIKOCIH PCTHCTPAPYETCA € HCMIONbIOBANN:M Fa3ep-
HOTQ  [OWICPOBCKOrO  HIMepiteila, He BO3Myluidiomero noyok. O6paBorka
AAHHIAX K3IMEDEHHE OCYLIECTRIACTCSA aBTOMATHIHPOBANHOR M(TEMOA, HaIH-
pyiowieicn Ha 3BM.

flpy mampix umcnax PedHONbHCA Teweke NaMMHapHo (Tewerne Kysrra).
[io mepe yReinuesus YacTOTH BPAILCHAR w, 06padylorcH suxpu Teinops, ko-
toprie ¢ poctoM Re yolmoXxaimores, W Daltee TeueHue CTAHCBHTICA Typlynesrt-
HBIM.,

OcraHopHMCst KPaTKO Ha OCHOBFBIX pe3ynbratax [102]. Hameperms nposo-
IUTHCh A 3HayeHWi Re 8 unreppane 10Re* < Re < 15Re”, rue Re® — 3uave-
HHe wmoia PeHonbgca, COOTRETCTBYIVIIEE MORBACHNIO B CHCTeme Buaxped Ted-
nopa. J1MepATAcE N AHATAIUPOBANACH DAMAIbHAH KOMIOHEHTd BEKTOPA CKO-
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P e 14.2. 3apscHMocTs eTapiicro moxasarens chiekTpa JIXI (8) # ppaxramuol pasmep-
HOCTH {6} OT YNCNa PeRHONMICE IPH NEPeXolte K TYPOYIEHTHOMY DOMuMYy B TeueHnN Kyarma
[102]

POCTH Tesenns v (1), roe ty = kAr, k=1,2,..., 32768, At = 6 mc. Cuannio
KaNeCTBEHHOIO aHanu3a fepexois K TYPHYNCHTHOMY IRHACHHI0 CfPOHIMCEH
ero MOZenbHue HAIOBLIC MOPIPETH! pPa3MEpHOCTH m NyTeM BReASHKA dazo-
BMX NepeMEHHLIX B

R™ {v(t), vitx + 7) v(te + 27)..., 0(tx + [m - 1]D},

rie ciBMI HO BpeMCHH 7 MOXET EniTh TpodasaibHsiM. Ha puc. 14.1 manst npy-
MepHhie  ceveHrA [Tyakkape MOZEABHOTO (hRI30BOTO MOTOKA [GIA PRIHKIX -
cen Peitronsnca.

B peaynbrare aHRIH3Ia 3BOMIOUMH CREKTPOB MOLMHOCTH PEANM3AIR B CO-
BOKYITHOCTH C J3KOHOMEDHOCTAMKR TPIHChOPMEIEM (aloBEIX NOPIPeTOB aT-
TPRAKTOPOB CHCTCMBI YCTAHORIEHO, 910 MNEpeXoNy K Xxaocy B reveisid Kynmn
npequIecTByeT pEXHM OJaYXWICTOTHMX Ouenud (3AMKHYTaH HHBAPHAHTHARA
kpupas B oroGpawemdu ilyeznxape — pwc. 14.16) M pOXHEHHE CTOXACTHUHO-
CTH OGYCIORNEHD paIpyiuenuesM O8YMEDHO20 TOPA. ITOT HHTEPECHBIA Peaylrs-
127, pooBme rosopn, Beri mapecTed ¥ patee [23, 258, 139]. Ha ocHoBaHHK
€T0 MOXHO NpPEJIONAraTh, YT0 Pa3MEPHOCTE TOP-aTTPAKTOPY NI0/IKHE OBITh He
Gutsie 2 + d. Omiaxo yreepanats nocnegiee Gu10 Hin cpoMeTRBe .

Asropsl [102] npemmpuHAnH NONBITKY HENOCPEOCTBEHHON OUCHKH paIMep-
HOCTM aTTPAKTOPOB. HCHONMLIYA OJKCHEPMMCHTANIBMLIC pe2THIMNIMH U (f;) K
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MOTON paCYeTd PasMEpHOCTH 1o Vpaccheprepy — Takelicv. 713 000WTKa yita-
nace. Ha pue. 142 npeacTdssiednt penydibYathl PACYETd CTAQLUEDO TIOKAIATEN R
cnextpa JIXIT Ay W mokHe# rpamnts! ¢ pak TUTBHOR paaMepHocTH 2, B 3aBK-
cHMUCTH OF wHCna Peiimonspca. Kak siafgio M3 rpadiikos, mepexod K Xaocy
{(MOMEHT NOWBACHHA NONOMHTENHLHORD HOKA3aTenH) OCYILECTRAREICH uepes
TOPATTpEKTOP, KOTOPEIR ¢ pocToM wiaia Re NMTasHO JBONIOUHOHMpYeT, yBe-
AHWMBAA PA3MEPHOCTL. 3aMeTHOR TIPERBILEHEE TIOPOrd KPHTHUHOCTH XapaKTe-
PHIYETCR KOHEUHOH W Mafof paaMepHOCTBI0 AITPAKTOP, KOTOpast iR Re =
= 1IRe” umeer anaienme 4+ < 5,

TakuM 06pasoM, IKCEEPHMEHTAIBHBIME paboTaMH TIOATBEUMICHA Npen-
NONATALMAR  DAHER QITUMOCEAIN CYDUNNGIX UTTPAKTUPCS ¢ 2udpodungmutio-
exCit TVPOYICHTHOCTHY N0 Xpafied Mepe JTIR BHYTPCHHHX TEYCHHH W MANCH
Happumiviocts [102, 103].

14.3. Paauntve H colictBa xaoca B nonybecKonevHodl
OIHOMRN PARIEHHO CB A3AHHOA UCAOUKE NreHePaTOPOR

KoHewHoMEPRER TIDHPOIA NEPEXOTA K TVPSYNEHIHOCIH B OrpaHKueHHBIX
TeWeHHAX MOXET OMTh CBAZEHA o 3aTYXAHHEM BRICOKOWACTOTHLIX MOJ 33 CYeT
TypOYNENTHOH RHIKOCTH, DE3KO CHHXAMIUEH YMCMO BKTHBHO 3a71eACTROHAN-
HMX B ABHXEMMM creneneii chobopil. Ho otciops Bosce He cremyer, 410 H 8
BGe3r pAHHKHBIX HIM MONYOT PAHKYEHHEIX THAPOMMHAMMYECKHX TEUYCHMAX KIprYH-
Ha Gyner aHanorwuHoii. Kpome TOID, BOIMOKHOCTE H MEXIHHIMB! CAMONPOH3-
BONBHOTO PASBHTHA XAO0THUECKOID MUHMACHHA B TAKHX CpedaX B OTCYTCTEHE
mobGanesoil 00paTHOH CBAM TIOKA OKON@TENHHO He BRIACHEHE, B caam ¢
3THM YPEIBBIMARKYID BAXHOCTH NpMoGpeTalor MoNeNbHEle YWCTIeHHRie M -
HeCKHe 3IKCIeDHMENIB, ROJBONAKLIME HMHTHPOBITL HyXGTYX CHIYAUHKIO M
TeM caMbiM HANIPARIIEHHO MPOBEPATE $OPMAPYIOIMECA NPEALTdBIICHUS © BOS
MOXHBIX TIYTAX paIBHINA B TPOCTPAHCTBE XZ0THUECKH X KonieBanui. B atom mna-
He PAMOBHIYECKHE IKCTIEPHMEATLT OGNAJAI0T PAZIOM NPEUMYLLIECTS B CpaBke-
HHI C CMNIPO/TMHAMHYeCKHME .

lleppast NONMTKA WMLICHHO CMOMEIHPOBATH NMONYGECKOHEUHYH HEpaRBHO-
BECHYI0 IMCCHNETHBHYIO Cpedy C NMOYOKOM GhiNg YnauHe NpeMIPHHATA a870-
pami [260] ma npumepe uencyxu OTHOHATPARICHHO CRIBAHMMIX 2€NEPATOPOS
Tung Ban oep flonn. [Ina onucanma Nosn B NONYOTpaHHYe HHOR HeR3aHMHOR cpe-
A MCROAPIOBAHA DHCKPETHAA MONSTLHAA CHCTEMA BHOA

l}f + CIA!JJ' = Hf(l - B quiz), ;‘.\H_,' Uy U, {14.2

tef=1,2,3,.... @, an b - KOMIUTEKCHBE BETTHWHHE, / — NOPANKOBLIH
HOMCP A'CiKK. B UMCISHHBIX JKCTEPHMCHTAX HCCIENPBUTACH CHCTEMA YpaB-
vewwit (14.2) ma a=o'(1 —ia"),d =1 - if, rne o', a" — nOnONHTENBHELE
BERCTBHTRTHNBE YHCNA., AHATHMPOBWIHCE CHEKTPH MOUIHOCTH dMILTHIYIb!
H Qasnl w4;(f) M BRMMCIANACH SAMYHOBCKAA PAIMEPHOCTS BTTPAKTOPOR CHe-
Tembl B BHCMMOCTH OT / (BADTh (ENOWKH) MDY puITHYHBIX pexHMax paGo-
ThT MAPIMANBHEIX MEHEPATOPOR H CTETIEHH MX BIAHMOCERIR ).

*) ATTPAKTOPOM CTIUNKH M1 [ CBNIAHHEIX CHCICM 30ech. W fddter SYQcM KAIMBEATH
HHEAPHBITIIOE PHTANHBIINIET MHONECTO0 B QU3I0BOM ICOCTPAHCTHE [V HIMCOpeHME;
N — pasmeplocTh TIpUHINEHOR CHUTEMB.
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IKCTepHMENTS; [HOKA3AIN, 970 TpH Mankix KoxpduuMertax caamt (o’ ma-
A0) B UEROIKE YCTAHABNHBANTCH peryNHApDHLE HEMRHCHMBIE KoNcGaHMA HA
wacrore jw| = ff, cocTRETCTRYIMUME STOKUILHEM BO3JYWIEHHAM IcHAD2TO-
pos. PocT cremers CBAJH MPHBOMHT K CHHXDOHWIAIME TeHEPATupOR UHOWKHK.
HauHiar ¢ Hexoroporo / = § >1. llodn pansueditieM yBelIMMEHMH CBAM CHCTE-
M3 [EpEeXOAMY B PeNBM NPOCTPAHCTHEHHO HEOIHOPOIHLIX MEPHOINICCKUX
Ko 1eCaHnil, CMEHSTOUMXCA [aNee PeXHMOM NP YXSSCTOTHERIX Gueni. HenuHei-
HOe BMAHMOJICHCTBHE KOMLISKTHBHBIX M NOKANELIX BOIGYKREHMIt NPUBOAMT

P

C 4

3 —
P u e, 143, HIMelicHRE Pe3mcpHIITH STIPAK-
ks TOpa Enolh uenodke {14.1} mpy apaveumsx
Mapametpos o’ =05, o" = 1,71, 7= 5,0 {260]

B HTOT® K YCHAHORJICHHI) peXMMA XAOTHISCKHX aBTexonefami, obyciopnen-
HOTO paipvikentesm pewuma Suentii (1B MenHaro 1opa) ¢ ofpasoBaHueM Top-
ATTPRXTUPA, KOK i B (Tywme Tevelma Kyyra~Teiopa.

Brarogapr HANHYHIO CBAZH 9HCTO cTenenedl cROBOIN [MHAMHYECKON CHCTE-
Mul ¢ POCTOM j YBRITHWBACTCH (pacTer w0 JHGMpepeHIMwIBHBLX Y pPalHe-
Hui) . Kasanoch eCTECTPEHNEIM NPCHSIONONMTE, YO PAIMEPHOCTH C1PIHHBIX AT
TPAKTOPOE BAONAD NMENDUKHE TOXE GYNET HACTH ¥ Tipk CTPEMUICHWH [ ~* o0 IOJIK-
Ha bl YBENHGMBATRCH HEOTPAHHYEHHO B COOTRUTCYRHM C OMHNIEMOR 'Gecko-
HeuyroMephoit™ TypGynenTioctsi (OHEKO 3TUTO He RPOMCXOIMT! 3nagck BRep-
Bpie Haiilojiaetca mGonbrTHeG! ad«beKT: MpocTpaHcTeEHHOE DEAIBHIHE TYP-
OVAEITHOIO peXHMA KONeBaHMIT B UENMOUKEe CBRIANHLIN TEHEPITOPOB HCHEITLY-
BACT BUONG ULTIOVKH TMOCTENEHHCE “Nackiwgentte’ . JIOCTMIBETCA PEXtM CTALMO-
HRPHOH TTPOCTPAHCTBEHHO OHOpoNof ryplynerrHocru™,

HameHeHHe NATYHOBCKOR paiMepHocTH [Ip BODAE LETIOUKH, OTBEHR:INes
OITHCAHHOMY | peXEMY, NPEDCTABICHO Ha puc. 14.3. B neperix Tpex remeparopax
PA3MEPHOCTD ATT{AKTOPOB eIMHUUA (MpeleiibHbdl THKI), B rescparopux 4 <
S/ K9 Dy =2 (Guedua, apymepHLii TOp): B IIOCTENYHWINX reHeparopax
j »10 < Dy < 4 (Toparrpikrop, Xaoc, 08yCIOaNeHHRI paIpyILIeHHCM B Y-
MEPHOTO TOPH) .

PexumMy NMPOCTPAHCTBEHHO OLHOPONHOTO X30Cd COOTBCTCIBYET cIRELINGayt
PAIMEDHICTH 8TTPAKTOPOR HA OTHOCKMTENTBHO HEBBICOKOM ypopHe Dy < 4. Ta-
KMM 0GpaIoM, 8 paccMOTPEHHRH MOIEIH NMONYHECKUHCYROR UeNOYKH, Bo-Nep-
BBIX, ICPEXOI K PeiHMY XarCad OCYIIECTBNHGICH Mepes (Up-ITTPIKIop paimep-
Hoows Dy = 2 + d: BO-BTOPEIX, PAISHTAR “YPGYNEHTHOICTD KONEYHOMOPRA
(D; -7 4) %, b-Tpetaux, Halnomaercy IdrexT NPOCTPARCTICHROIO HACHule-
MW PAIMEPHUCTH, YEMY COOTBETCTBYCT CHAUMOHIPIAAN MTPOCTPAHCTBEHHY QUHO-
PORHAA CTOXACTHMHOUTE B paccmarpupiemod  “cpenie™. HlosnemmA Bubog
MLV ALBACT 0C0HUTO EMMMAHHA.
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B 3xcrnepumeHTax Ha fedeiivi Kystma - Tewnopa adubekTa HachmueHua He Ha-
SILOAAIOCk, B CAAI € YeM OCIANOCh HE ACHLIM, OYLET IH pasMepHOCTL Xao-
THYECKHX ATIPAKTOPOB ¢ POCTOM 4ucna Pefitonn/ica M nanee YBEIHMBATLCA HITH
BOIMOXHO ee orparuuenHe? He noomodeHo nocienses. B rakom orywe nony-
YcHHBIE HA MOZSNH (14.2) pesynbTaThl, MOXET OKA3ATHCH, HMEXIT NOCTATOYHO
oGup4it, 2 ue vacTHRA xapakrep. [loxa AcHO OMHO: A OTHETA HA BOIHHMKAKIIME
BOTIPOCH HEOBXOMMMBL JATBHEHIIME TEOPETHYECKHE M IKCIEMMEHIATbHBIE HC-
CReNDHaNUA,

14.4. lpocTpascTermag cHHEXpoHMsmnA H Gudypkeunn passHing xaocs
B WE/TOYKE CBRIAHHBIX ICHEPATOPOB ¢ HHEPUHOHHOH HEMHHEAHOCTRO

Hnes HmurHpoRars nonyBecKOHEWHYH HepaRHOBECHYIG Cpendy ¢ MOTOKOM
USTIOHKOA O[HOHANIDABIIEHH) CBAJAHHBIX TEHEPATOPOR ¢ HEMLI0 HIYWHHA Me-
XAHU3IMOB DONJICHHS, 3AXOHOMEPHOCTEA M CBOHCTH MPOCTPALTBEHHONO PalBH-
THA XH0C3 pEIDLMAAHO HHTEpecHa H WroaoTsopHA. OTIKPLIBAKITCH LMK POKHE
BOIMOXHOCTH UENEHATPABIIEHHON0 MODIHPOBAHHA DANIHWMEIX cpel Mytem
BHIOH3IMCHEHHE JOICKDETHBIX WTEMEHTOR  (TAPUHATHHBIX FeHEpITOpoB) M Xa-
PEKTepa HX BISAMOMCHCTBAA, IPOBEMEHHA HROAITY C UMCTCHRRIMHE JKCIEPHMER-
TANBHBIX HCCNEACRANMIA, GaTPYIUHMXCA, K 7Iphhiepy, HA DPAIMOGHIYECKOM
MOIENHPOBAKMM. [IpH ITOM He BO3ZHMXACT CIOKNOCIH B 0GOCHOBAHHY TTpHMe-
HAMOCTH SOCTHREHWA [MHAMMYECKON TEOPHH, TAK KAK 4 OCHOBE NEXHT KOHeY-
HOMEPHOE TIPELICFABNEHHE NPOLECCOR B CHCTEME.

PaccmorperHsie 8 14.3 pesviibiarel, ecitd NOUOHIH K HMM KPMTHUECKH, He
10T OKOHMATENBEDTO OTBETA N0 KpaiHed Mepe Ha eCTeCTBCHNO BOSHHKAKILUMA
BOTIpOC: He ABNALTLY N bdekT CAGKINIIUMK P2RIMEPHOCTH A1TPAKTOPOB
B HEMORKE CTEACTEMEM OTHOCHTENLHOH MpOCTOTH HADUHANBKOrG reHepatopa?
Teneparopy mma Bam pep llons ormevaer ¢as0Bad IOCKOCTL, CYUIECTBEHHO
OTPAHMYMBAIOWIAA BOIMONMHBIE THHAMAYCCKHE PERHMEL H MCKRIONAKAA Xa0C.
HearToHOMHRIA TreHepartop cHocobeH peanHIoBATh CTPAHMBIR ATTPEKTOP, HO
BIOIIHE BO3MOXKHO, Y10 ULTIOYKA TAKHX IeHepaIoOpob, fMpeicTaBAKMEas coboR
HOENeHpBATENBHOCTL CBAZAHHBIX AKTHBHEIX UTCMEHIOB C ONPEHE/ICHHBMH pe-
JOHAHCHRIMK H UNBTPYIOLIMA CEORCTBAMM, B CHITY NOCIEQHEr? oOGCTOATEND-
CT8a MIKTYET TpeHen B RO3MOMHOCTH YBRIHMUYSHHA PA3MEPHOCTH NPMTAIHBAK-
HIErD MHOXECTBA, ICHCTBYH KaK JKBHBXTEHTHBIA nonocosol dwmeTp. Bricica-
3AHHAA FHICTE3d XOPOLIA TEM, HTO MOXeT GLITh MpOBEPEHA TCOPETHYECKH H IKC-
NepHMEHTANLHO .

CoBepUItHHO CCTECTBEHHS MDICHL PACCMOTPETh [MHAMMKY WERMOWKL OOKO-
HANPAGACHHO CARIGHHLIX 2€HEPATOPOE ¢ HHEPUHOHHMOA HenmHeRHocTew. [Tap-
UHAMTPHMM WIEMEHTOM TaKOH uenoukH GyleT pMHAMMYECKan cucrema, citocof
Haf peandORaTh faXe B ABTOHOMMOM pexciMe GECKKOHEYHOE MHOXECTBO ARTO-
KOARGATEMBHBIX (POUECCOB PAMHVHON CIOXKHOCTH, BK/II0YaA xaoTHwecxHe. Kpo-
Me TOID, JHHAMHK 2 KdK aBTOHOMHOTU, TaK H HEARTUHOMHEOTO MAPIHANbLHEIX Te-
LEpATOPOR yie NOMPOGHO HCLenoBaHa, 4IO0 eCTECTREHHO YNpOulaeT 3amayy.
lipHMeHAA B KAUeCTRE [APUHANLHOTO AMEMEHTA [HCK PETHOTO MOASITHPOBAHUA
noJIYGecicOHEYHOR Cpebl MMHAMMYECKYD CHCTEMY €O CTPUHHEIM aTTPAKTOPOM,
MOXNHO OXHIATD GOnet CNOMHBIX KONEGATENLHEIX ABNCHAN HADHNY C THIHY
HbIMH, He 33AHCAUMMH OT KOHKPeTHBIX fucek XphEKTIMH, ECNH OHK HMEKT
MECT2.



PacCcMOTPHM PEIYTIATATHL PAHOGHIMNECKATO IKCTIEPHMEHTE, JIKCHEPUMEH-
TaEHBIE MCCTENOSANKMA TIPOBOMTHCE C HCNONBIOBAHHEM [SCATH MAEHTHUHBIX
ABTOMOMHEIX TEHEPATOPOB HMMIKOWACTOTHOIO [MENAIOHA ¢ HHEPUHOKHBIM Me-
XAHWIMOM OTpIHHYCHHA aMITHTYQM KoneGaunf, KaxApR M3 KOTOPMX ONH-
CHBAETCH GHCTEMOA HeTMHeAHbIX ypaslienit (7.38).

B mapuHaiBbHOM reHEpPaTUpe, K4K YCTHHORNEHO, MOTYT Pew/IH3IOBLIBATHCH
PA3nHYHBIE THIB! ATTPUKTOPOB. B YAacTHOCTH, NpH JBMXEHHH 1O NapaMerpy

! 1 1

. .

Puc 144, BAox-cXeMa UeNDUXKH FeHepatopon: | — GApUKWiBMBIR reseparop, ! — Ka-
TONHKA NOBTOPKTENR, § — NHHEAHLIH YCHnHTENL

mmA g < 0,4 minopaercA CXORAUANCH NOCTeNOBATeIBHOCTE Gy praumil
YABOCHAA NEPHOA2. JKCTIEPHMEHTANILHAA  CHCTEMA CXEMATHUECKH H3olpaxce-
s K puc. 14.4. Omiosanpasnennp xapaxrep CBA3SH 0GecnevwBaeIcA BKAW-
YeHHEM KaTOMEIN NOBTOPMTENSH H KOMDEHCHPYROLUHX IKKPOKONONOCHBIX JTH-
HeHELIX youndrened mexny resepatopamy. KoxdHimienT cassn peryupyercn
yCUIeHHMeM CHIHANA MeXTy TeHepatopamu [261, 262].

JHarsocTHXa B HIySeHHE KONeGATENEHBX PEAMMOB CHCTEMEI UIDOBOIHAOCH
nyrem mafinopgias npoexiMit GazoBax TpaekropHil Ka noGyw W3 peipsH-
HBIX MMOCKOCTe! NEPeMEHHEIX X;, J; ¢ MOMOWBK OocuMANOrpada, 4 TaKxKe
PETHCTpaIM CREKTP2 MOMHOCTH KONCOIHKHA IeHepaTOpd  AHATM3ATOpOM
CIEKTpa.

YpapHeHHA, MOOAMHPYIOILHE NPOUECCHE B iENOYKE, € YUETOM OMMCAHHA 3KC-
TIePMMEHTANEHOH CHCTEML), MOXHO JANMHCATH TaK:

x', = mXy +y, — X§Zy +YX_v.

. d 2 (14.3)
y, = -»X;, Zf = —-SZ,J "’gf(le).'ff,

raej = 1,2, ..., 10, xo =0, [lapamerp m xapaK1epHlyer crefieHh HEPABHOBEC.
HOCTH CHCTEMBL B LENOM, g — HHEPUHOHHOCTh LIAPUHATLHOTC TeHepaTopa, ¥ -
Ko3pduunenT cBs3n, B IxcrepMMEHTaX IHauenme napamerpa g ¢GuicHpoBa-
nocs ua yposse 0,3, IHuICHMe TNRPAMETPE Mt HIMEHANOCE B fIPELeNaX
0 < m £ 1.6, xo3pduneHT CBA3H SaphRPOBAICA B wnTepsane 0,05 €y <0,38,

[lonyuennsie pesynsrars 0TpaxaeT GudypKauRauHaa quarpamma puc. 14.5,
coiepxcaian palbHedke NNOCKOCTH napaMerpod R, j Ha obnacre ¢ painwi-
HLMH pexHMaMy KoneBawnil, cHares Wi xoapdunuent caam vy = Q0,15
Ry = 3KCNEpHMEHTAILHO WoMepAeMbil MapaMerp, NpAMG NPODAPUHOHAND-
Hufl MAPAMETPY TeHepaillHW /M. Bunent miects aGnacred 1ONOAOrHYECKH OIMH-
YRWUMXCA PEXHMOB, OTPAHKIEHHBIX OHQYpPKIUHOHHMIMR NHHEAMK [y, B 06-
nacty [ cHeTeMa He BO3GYNUIEHR B pefcIRBIAeT coboi UEHOUKY CBAIGHMAIX
pereHepaTHBHIX HENWHEAHBIX KoHTYpoB. lepexon uepes rpaauuy l; ©00T-
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P uc 14.5. BHOYPKALMOHHIA THATDAMMZ DOKHMOB KoneSannRt uenouxu ((HHImiecKnn
IKCTIEPHMENT)

BETCIBYET MArKoMy BOICYxzeHWIo aprokoncOeHmit, u B o6macTH 2 cHCTeMa
reHepHpyet perynapHele konebauua nepwona To(fo = 6,0 k). Yeennyemne
R,,, cOOTBeTCTRYIOIIEE NepeXONAM Seped rpaHHust {; u {3, IPHBOONT K ycra-
HOBNieHM0 KoneBanwi ymmoesHoro nepiona: To <+ 2T, (4}, 2Ty = 4T, (1)

Hansweiiini  pocr CTENEHH HEPABHOBECHOCTH — lepexofl 4epe3 rpauuuy
lxp ~ MPHBOAMY K BOIHMKHOBEHHIO XBOTHUECKMX KOneGammi, 06pa’oM KoTO-
PHIX CHYKHT CTPaHHbIH arrpakrop jicHTOwHoro tHna CA, ¢ meBoanwof dpax-
TabHOA pasmepHocTbio Dy =2 + d, d € 0,3. B cneKTpe MOIBOCTH 3THX KOJTE-
GaHuil TPHCYTCIBYIOT HETKO BRIPAKEHNbIe THKH HA OCHOBHOM uactorte fo = Tg',
NONOBHHHOW HacTOTE fo/2 M MX rapMOHWKAX, OMHPAICUIHECH HA OTHOCHTENBHO
MWIOro YPOBHA CHAOUMOH (LymMoBO# npenectan. BuGpocht B cmexTpe Hcvesa-
0T MIpH Nepexofe yepe3 rpaHnny / fq,, YeMY COOTBETCTBYET POXKACHHE ATTPAK10-
pa Hunsunxosa (UA;) Gonee canoxnofi crpyxtypsl, 31 Gudypxaiis caa’ada
¢ nerned cemo-<hoKYCd H OTBEYALT POXEEHHIO XA0¢4 BTOPOH 30HEI MAPUMANL-
HOTO reHeparopa.

MMpu duxchpoBaunbix R, »10ne uenoyxH HaGNwpanHch Cemyomue ycra-
HOBUBLUHECH DEXHMBI: 2} 1A 1 S R, €2 -~ peitIM IPOCTPAHCTRENHOM CHH-
XporH3auny KoneSauni HAa yacrore fo; 6) WA 3 KR, €45kj > 3 ~ npo-
CTPAHCIBEHHANA CHHXPOHHIAUMA B pexciiMe KoneGaMuil yOBOEHHOTO NepHOZa;
B) min 4,5 <R, K355 0j 2 5 - NPOCTPAHCTBERNAA CHHXPOHH3AUMA Koneba-
HWA nepHona 47,; r) AnA R,, = 7 H | > 3 B HellOuKe YCTAHEBNHBANCH PEXHM
IPOCTPAHCTREHHO OQHOPOIHOTO Xxaocd. Crexip MOIWMHBOCYH CTOXACTHYECKHX
KONeGaHMI NPAaKTHYCCKA HE JABHCHT OT f; PeAlHIYETCH PeXHM X30THYeCKOd
CHHXPOHH3IAIMKA B MpocrpaHcTee. CHEKTpHI MOMIHOCTH (CNeBa) M POSKIUMH
DA30BRIX TPaeKTOPHA (CTpaBa) B nepBRIX UYETBIpEX TeHEPATOPAX USMOMKH
npH R, = 7,0 npeacrasnens: Ha pre. 14.6.

B cnyvae Sonsumix Ry, (32 12) kamupiit ¥3 reHeparopoB B OTCYTCTBHE CBAIMN
H3XOAHTCH B pedtiME CTOXACTHYeCKAX KonelSaHuit. C BeefeHueM CBAIM UpH
OBHXKEHNA BIONL HENOYKH Habmwonaercs RPOCTPDAMCTRENNAR 3GOAMYUR XZOCH.
HutencnnwocTe Kos1eBauui HecKONBKO RO3pACTaet, 4 CNEKTP CIN2XHBAETCH
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P uc 14.6. Jnomonds coekTpoB Kome(aHHE (CMeBal W MPocKIME GAIOBLIX TPACKTODHE
(crpana) NpH ABMKSHHM B Hpapschan £, AHaIpammel phe. 145




Puc t4.7 Jsonmuni crextpon KoieGalunh i SBAKCHMIT M10NE HCTONKH 8 HAND aBAC-
uHK P, awarvamee pue, 14501 0 5 cnectpel kevieGaHui B nep s MATH FeMeparopas .,
6 - olnbBaio1 e eile i oa KoneSannil g wMavcuft7; 1 (2}, 4 (6.6 (8}, 10 {2)

forc, 14.7). Yke upn i 2 4 Habawusercs IQDEKT XAOTUYLCKOE CUHXPONUIY-
glat, Cnexipbl MOWHOCTH xaulHUECKHX TIVIBCALMA He MeHRIOTCA BIOILL TENOY-
HH CyllecTBedtbiM ofpasom, Bapsuposauuc xodgdHumenta cRR2H Mexay
reHepaTopaMi B oGIacTH IHRYeHA 0,05 € £ 0,30 KayeCTBCHHO HE HIMEYR'10
XapaKTepz aBTOKONIEGATENLHBIX DRKUMOB, CHRACTENLCTBYA O rpY(actn Habinio-
JAEMBIX PEAHMOB,

Hcuonnsosanke B OKCIEPHMCHTEX KOHCYHOHM (UCTIOUKH M3 [ecHTH reHepu-
TOROB NIA MORENHPOBAHHA “nuivBeckoHewnodt cpemwst™ B ofitleM chyyae He-
JvcTatouio. OQHaKo IKCICPHMENTH!, IDOBEMSHHBIE ATA BHLACHEHHS BITHAMMS
YHCHA TCHEPATOPOB Ml XapukTep YCTEHDBIEHHBIX JAKOHOMEPHGCTEN, MONTHED-
THIH OCHOBHOW DeIyIihTaT: HADIIWIACILC THHAMMUCCKHE HRRNEHHS COXPaHIIOT-
CH ¢ YBCIHUCHHEM WHCi3 1@HCPATCPOE Lelluukd § 2> 10

1lpAMOR Nyrh HAPAIMHBAHWA HCIA TCHEPATOPOB B UelTOYKE HAECT IFpaHinhl,
OOYSHOBJICHHEIE TCXHHUCCKHMU TPYIHOCTAMM (HH31L CIBCTOTHEN MAPLLAE ThH b
ECHEPATOR - OTHOCHTOIIBHD CAOKHOE palovcerpoictea). bonee addexrye-
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HOE peiteHne npeioxeno HamM B [263]. Bmecro / reHeparopor ans monenn-
POBIHHS [pOUECCOB B OSHONANPABIIEHHONK uenouke RocTarowso opMoro (V)
TeNepaTopa.

He nenty MarHMTOPOHZ € HHIKHM YPOBMCM LIYMOB 33MIHCLIBAETCH CHI-
HEN C BLIXOMA TEMEPATOPS. 3AAMCH 110 BPEMEHH JONNHE HPERBIIETE HIMTEL-
HOCTD NEPEXOIHEIX NPOLECCOR M BRI QOCTATORHOR HAN PErHCTPAINN CICKTPOD
H GAIcBKX NOPTPEroB KoNeGaiui. 3arcM T8 KACCETA NEPCKRAMBIETCH BO
BTOPOA MariHYopoH u 068 omHoRpemeHiio nxnoualorex. Tleperli refeps 3anw-
CLIBACT CKTHANT ¢ BRIXOMA HCRBTOHOMHOTIO FeNEpaTOpS, B03IGYACIIEMOI0 CHI-
HENOM J40HCH C0 BIOPOre MarHmrodora. HMutirpyerca npouece anroxosnesa-
HHA B KenouKe M3 ABYX CBR3IAHHEIX Teweperopor, ClemeHb CBAIN PErynupyct-
CX YPOBHEM BOCRPOMIBEACHHN CHIHATIA MAIHMIOPOHOM HR BXOSE.

TlocneioBare/IbhO NEPEKIMNLIBAN KACCETH ¢ AMUCHIBAIOLIENG WA KOCIpC-
HIBORAIUNA MArHMTOQOHRI, MONHO NPOCACHMTE JBONIONHI0 PEXKHMOB BROIH
UenoyKH redepatopos. OrpaHMNeHKe WHena / B Taxoil "nenoyxe™ nepexnye-
HUii CRA3AHO TOMLKO C IFYMBMH MariUTOQOHHOR 3AMHCH W BOCNPOH3BENCHUA,
YI0 NEET BOIMONHOCTS HMAUTAUMH Ienouck ¢ j > 10. [Ipu rom otnamger ueol-
XONMMOCTE KPODOILNBOR PErYINpO#KH CHCTC MW ¢ UENE 0becredeHns HaeH-
- THUHOCTH NApUHAIILEAIX TeHe PATOPUS.

3xcnepHMENTR, JIPOREZCHNAIE YKAJAHHBIM MEYOLOM, NOATBEPUUNM, IO
OCHOBHEe IhPeKTh, 3EPEIH-TPHPCHAKKLIE MPH HCCTENORSHAAX HA PLANBHOH
UeHONKE CHAIZNHLIX IeHepaiopos, COXPARAIOTCH ¢ YBAIISEUHEM [ »> 10,

ITepeiinem K reOpeTHUECKOMY OTHCARMIO MiHamMWuecknx hdexTon 8 te-
loyke. B napuManbHoOM reHepaTope B 3aTBMHON OBNACTH Rapamerpos Mt K g
PCASH3YETCH TLPEXOK K XAOCY TEPEd MErKYI0 MOCICIOBATENBHOCTS yOHOE-
wnit nepiuona. Kax noxasaso B 7. 8, NaHHuR MEXGHHIM NEPeXOiR NPH MATHIX
APEBMLUICHHAX MO MOPCTOM NOTIYCKACT MONEITBHOC ONHCAHME OOHOMEDHBIM
oTofipeseHHes THA3 xaaapavevHoR wapaoam. JInm reopernmueckoro omuca-
HHA HAONWIBEMBX B USOOUKE OPH OTJOCHTENEHO MANOH CISTIICKH MOPIRHOBEC-
HOCTH HERINEHWH MOXHO DACCMOTPETh MOJSTIBHYIO CHCTEMY U BIIE OHHOHAIPIM-
SICHHO CBAJANHBIX 0106paskermdil THNA

xp(n+ 1) = 2Kx;(n) - 2x}(n) + yx; . {n+ 1), (14.4)

e xo{n) =0, #=1,2,3,...,n - guckpernoe spema, K > ¢ — anior napa-
METPa HEPRBHOBCCIIOCTH MeTIoUKR a1, Y & {0, 1] — xoddubiruseRrT craan.
Duvamua mopeta  (14.4) tcopermtecku uccnenosava n [262]. Pac-
CMOTPHM OCHOBHRIE PEAY;IbTRTLL
Peaginy fipocTpaHcTBelrdo oAKOpoAHBIX KojeSaunii B (14.4) orucuaer
YOIOBHE Xy _ ) =X;, KUTOPOMY COOTHCTCTBYET OTOBpAREHNE

U -vxtntl) = 2Kx(n) - 22304,
3amenoit K’ = K/(1 ~ T}, ¥ = x/(1 ~7) vocicntes OTOGPLKCHNE NPAROINTCR

Kk orofpaxenie UeRresnfayma
pln+ 1) = 2K5(m) - 25 {n) (:4.5)

- - . - L
C KPMTHYECH U TUKOR PUNGISHWR arvpektopa RA'™ = 17847, Tuntarax X' > K'°,
MOXKHO HAATH xedhdusicHT CBRIR ¥, IPH KOTOPOM LIPOCTPRHCTBCHHO OfHO-
NOMHLE XADTHHECKHA pedmM Yeroiive  YoroBue YOTORMMBOCTE MMeeT 8K/l

Wl -7+ K - K M €0 g =ing nd. (14.6)
0



Taxum oBpasom, npn K’ > K’ 0 < y < | BPOCTpaNCTBEHHO OIHOpOBII
PeXHM BOIMOKEH B ycroiwms. Us yonoans (14.6) cremyer, uTo una peanuia-
LHH PCHHME XBOTHYSCKOH CHHXDOHHIAUHH CER3s He [OMHE GHTH CAHIKOM
MENOH, TAK KAK B NOQIETHCM chydac NapuMaibible Asefikn “cpenm” crawo-
BATCA NPAK THYSCKH He3dBHCHMBLIMM,

MpocrpascTnennbing GHOYPKANHOHHBM NEPEXOIAM, PCUIHIYKIIHMCH OpPH
OTHOCHTENIEHO ManbIX Ry, (puc. 14.6}, cOOTBETCTBYET IBOMIUMA HENOTBAHX-
HLIX TOUCK HHIHBHAYANBHOTO OTOGpaeHns Bnodb uenouxH. Ilycrs B nepsom
I'EHCPAIOPE Ppeainsyercs pexM L-TaktuniXx KoneGaHMuR nepuoia ¥,. Emy
COOTBETCTBYST HEMNOIBHXHAA TOMKA WHIHBHUYRIBHOTO OTOOpaXEHHA ICpHO-
ma ], ycrokunsan i obnacty anavernit 05 €K < 1,5, Tonoxus x;(n + 1) =
= x;(n), 13 (14.4) HAXOOHM O/IHOMEPHOE OTOGpAKEHHE, OMHCHIBAKLICS HEO-
HOPOIIHBIH DCXHM HI RENOABHRHBIX TOIRK,

x} = 2Kx] - 20e) P Fyx5. . (14.7)

Baoits UeNOUKM [pH | -+ ¢ YCTAHABIHBACTCH OPOCTPIHCTREHHO. OMHOPOIH bR
PEXHM, KOTOPOMY OTBeNaeT HenonsHxHax toukax® =05 - (1 - ) — K, ycro#i-
yHBaA npu yororun | 2K + 4::}'| <1, ;j=1,2,3,... Tk ofipasom, npu
ceasH BoJbLIe KPHIHYECKOR (Y > Yyp = 0,5 -~ K) peanmayerca npocreiiami
PEXHM MPOCTPIHCTBEHHON CHHXPOHHIAUMH (l-TAKTHAR HeROIBHXHAA TOYKE).
Ecnn ke ymeHbumTh cBA3b {7y < Yip), TO LPH HEKOYOPOM j *= j° |-TuxTHRA
TOMKA CIBHOBHTCR HeyctoHuusoil. flpn 2TOM, B CHAY KBANpaTHWHOCTH OToOpa-
WEHHH, pexciM T B UENONKe CMEHASTCH W - NEPHOAHYECKHM PEXHMOM,
rae /= 1,72, 3,... 3aBAcAT OT napamctpoB. Ecnr cBA3L MaMd, TO NEpBBEIM
NepexofoM BUONL llencdkH Gyner viaBoeHWe SCpPHOI2. AHZNONWYHBIE PACCYX-
HeHHR MOXHO Tenepes MPOBECTH IUIA f = §* W, HOBTOPHE PACKETHI, HAHTH yC-
AOBHA CYUIECTBOBAHHA H YUTOWUHBUCIH PEXHMY CHHXPOHMIAUMM H3 aCTOTE
Q) nrn

DTMeTMM CHHO APHHUKITAANLHO BIKHOE LIR CUCTEM B BHAC LEeNOYEK CBA-
sanabex orofipakennii QeirenGayma oficrostenscigo. ECIn napamerpnl cHCYe-
Mn! BHIDPaTL TAKMMH, HTO MPOCTPAHCTBEHHIR CHHXPOWIZUNA B PEXKHME pe-
TYJAPHBIX kOJIeBaHWA HC PEANH3YSTCA, 1O YHCHO MPOCTPIHCTEeRHWX yodoe-
Kuil nepuodd NO NYTH K PEXMMY XE8OTHIECKON CHRXpOHHIaUMK GyneT crpolo
XoneuHstM B OTHHNHE 0T BGECKOHCUHON COPHM YNBOCHHEt B WHAMBHIYZNLHOM
OTOGPSKEHIH. ITO MOXHO TNOKA3aTL IRUNNTHIECKH ¢ HCMONLIOBEHHEM METONA
peHOPMTIpYRNLL, w10 W coenave B [26!]. Kak chnemyer W3 teoperwyeckoro
ananuia, nocae Kaxooi Gwypraudd vasocHHR IPGEKIHBHER CRAIL MCKOY
TEHEpPRTOPAMIt BOIPacTaeT RABOC, BoueNcTRHE ITOrc BCerpa HARACTCR taioe
Plaronaji;iie reseparopax GyayT yeTaHZBINBATECA PEXHMbl PETYNADPHRIX
xoneGanmit 21T, 1= 1,2.3, ..., an (7' + 1)-M renepaTope peanuiyerca nch.
TU4HBIR gTTpaKTep CA4,, KoYOpOMY NPEMNECTBYET PEryNApHLIA MHOTOTAKT-
bt unkn nepwonz YT, B f'-M reneparope.

HencHue npuctPancTaeHnOb XAOTUNECKOE CHNXPORNIAYLUL, YCTAHOBIIEHHOE
ICCNEPHMEHYATBHO H IIOATBCPAJIENHO: AHANHTHUCCKH HE JMCKPETHOR MOIETH,
CONPORONCIAETCH  CTUBLAUIAQUCE  (fIUNECKUX  XAPZKTCRUCTUK  KOReDaHui
BOOTE HeNOYKH. B (ranueckom Jxcnepumenre MO MPOSBIACICA B HACHIUME
HHY CTIEKTPOR MOMIHOCTH W ICTORMCTRE TEOMETPHYCCKOR CTPYXK YR ATTPAK-
TOPOB. AUAIHOCTHPYEMDE NG BHZY MpoekuMi 2I0BLIX TPICKTONHR HY MIOC
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KOCTh NEpeMeHHBIX X;, ¥y . JKENATENbHO NDOBEACHHS WHCIICHHBIX IKCHEPHMEHTOS,
nossonsonMx Goines NETANBHC HCCIENOBATE D10 ABNEHHE.

Uncnennptii avanns cucremisl (14.3) [4eT BOIMONKHOCTD MOTYYEHHN BobHIR-
YK238HHBIX X4PEXTCPHCTHK KomeBamti M NO3RONALT HCCNCAOBATS NPOCTPAHCT-
PEHHYID JBOTIONMIO N0 f JIMNYHOBCKOH PAIMEPHOCTH AYTPAKTOPOB, MNOTHOCTH
pacnpene/teHnR BEPOATHOCTER M ABTOKOPPENAUMOHHOR (QYHKINM IS PAIAHY-
HBIX IHAYCHWH YNPABAHNOWHX NApamerpoB, Kpome 1000, BLAMCHSHHS MOXHO
NPOBORATE C Y¥eTOM BIHANMA IyKTYaumfi, BCerNs TPHCYTICTBYIOUIRX B dHIN-
qecKOM IKCTEpHMENTe. OGpaTHMCA X NAHKEBCHOBCKHM YPABHEHHAM UCNONKH
CRAIONHLIX TEHEPATOPOR, YUMTHBAIIINX BAHAHHE MAnuIX cofcrBewnnx $myk-
TYauMi,

X = mxptyp - X2ty X +Ei(r),
5 = —x B, (148)
7= gz +gl fx.')-"lz +E3(7),

rac B cpasvennn ¢ (14.3) noBasnen §-KOppeNHPOBEHHLIA KIYM HHTCHCHBHO-
cti D ¢ Aynesmm cpenHum ssavcumuem. Tlonarar 8 (14.8) D= 0, umeem asma-
MEeCKYI0 cBeTeMy (14.3), B 10 BpeMA KaK pelieHHs CTOX4CTHUECKHX YpPaB-
HeHli (14.8) MopenHpy®oT OpOleccH B PeanBHON CHCTEME, MONBEPXEHHOH
AeAcTan0 hAyX TYSIHiA.

C uenno IKOHOMMH MALWHWROIO BPEMCHH B KAUECTBE HCXOMHOrO pexitva
paboTh! HHAMBHOYANLHEIX TEHEPATOPOD UENOYKH BRIGEPEM PEXHM XAOTHUECKHX
xoneBGanui, saduxcHposas wapamerpm m = 1,16, g = 0,3. B arom cniyvae ar.
TPEKTOP B MapIMAILHOM reHepeTope Apiaer cobioll 2-raxTnyw neuty. B cnexrt-
Pt MOWHOCTH BHACNEHE TAPMOHHKH OCHOBHOR ¥ NONOBHMHON YaCTOT, €ro
AANYHOBCKaA pasmepHocts Dy, coortsercraywowas cnextpy JIXI (+0,0376,
0, —0,203), parna 2.187 *+ 0,005. Ipu 4ucneHioM MONETHPOBIHHH B KIYECT-
Bt HCXOIHOre yaolHO PROpars penim XE0THYeCKHX Konefanwil, Tax xak -
$EKT CHHXPOHMIBUHK C BBEHEHWEM CBAJH HACTYTIZeT 3/eck MPH OTHOCHTENS
HO Maumsix [ > 5,

IKCNEPRMENTS! NMOKASANA, YTO DPHMEHCHNE OOHLINHOTO ANCQPHTMA pacdera
nonvoro crexipa JIXI sucremer (14.3) B cnyvasx cnafoit cegan ¥y < 0,1
K > 1 #e xpdexrusro. Tpebyerca neoGuNRAHO MHOTO NECOB MAIIHHAOLO
ppemesd. OMROHANPABNCHHOCT: CBAJM B 1eNCAKC, NMPHBOARUIANA K YHPOUIEHHIO
PHNOA NHHEADHIOBAHHOH MATDHUBI CHCIEMBI, MOJHONACT A JHHHOLO Kilacca
38089 YCOBEPLICHCTBORATE ANTOPHTM BhMHCICHHX Ronworo cnexypa JIXI
(%, cnesosaATEALHO, PA3MEPHOCTH 1)), 410 COKpaaeT S4YPAre! MAlIMHHOIO
BPEMEHN Bojlee 4eM B JeCATS PA3 1 YBE/IHUKBALT TOYHOCTL [263, 264].

Ha pHc. 14.8a npejcTaBlieHB! peIVNbhIathl [ACETOR pasMepuoctH Dy (/)
WIS PRIIMUHBIX 3HaveHnR koadiprnuenta cBRA3M 7. BuaHo, yro anw ¥ > 0.1
HMetT MecTD et CTabutulayuu PaRIMEpNOCTU ATYPIKTOPOB 64016 KLe-
ROYKN, YPOREH: KOTOPOH ONpeleNAercd CICUSHBIO CBA3H M YMEHBLIAPTCH ¢
pocroM 7. Puc. 1480 wrLioCTpitpyer 3aBHCHAMOCTH HOPMHMPOBAHHKIX IHTPO-

-

"

v Koamoroposa iy, = 'E A} /Ay, nanyHorcxok pasmephoctk Dy (1)1, (0)
=1

H YMCIIE NOJIOKHTENBEBLX UDkulatened noaHoTo citexrpa JIXIT n*(y)/n* (1)
oF ¥ONDOHIHELTE CHASM DR eroYKM H3 0 reHepaTopoR. YBenuveme CRAdu
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Prc 14.8 2 - 3aPHCHMOCT: AANYHOBCKOR PAIMEDHOCTH OT ITHHIL LEMOUK K TCHEpATOPOB
MK Pa2mMHOR CBEIK. 6 -~ IAUKCHMOCTE HOPMMPOBANHIIX aHTpomwa Konmoropona (kpk-
Raf ). PRIMEDHOCTH (KpHBAR 2) M YHCTE MIONOMNTENRIX MoKalaTereR crextpa JIXII
(kpusast ) o1 KodPOHUALHTA Cal3N

MEXY TCHEDATOPEMH NPHBONHT K DPE3KOMY CHAMY BOEX YKA3aHHRIX XapaK-
TEPHCTHIC, CBHAETENILCIBYS OO YNOPALNOYHBZHHH XZOTHUECKOTO [RHKEHMS ¢
TONKH 3peHHA YMEHBIUEHHA YHCHA cTentHed chobOMI, AKTHBHO JaneicTaoBaH-
HBIK B [TRHXKEHHH,

Cranopnrca sciM, YTO HpdexT CraGHIIMIANMM Xa0TINECKOrO NBHKECHHS
BAOE UEMOYKH CBAJAHHWIX EHEPaTOPOB CONPOBOXKUIETCH BRIXOQOM pa3mMep-
HOCTH AT1PAKTOPOB Ha NOCTOANNKIE ypOBEHD, ONpeneiAeMatit Koapduunertom
ces3n. Tax, wanpumep, it v = 0,2 B reHeparopax c j # 6 paiMcpHoOCTs
Dy = 35,85 £ 0,005 1 He 3BHCHT 0T NOPAAKOBOTO HOMEPA IFEHEPATOPA ;.

Pacuer OCHOBHMBLIX CTATHCTHWECKMX XAPAKTEPUCTHK STTPAKTOPOB MENOYKH
amj =67, ...10 (v = 0,2) nonrsepxuseT pesynsTaThl GHINYECKHX IKCNEPH-
MEHIOB: CNIEKTP MOWHOCTH, QYHKLKA PachpefeNelds ¥ ABTOKQPPENRIHOHHAR
DYHKIMA B PEXHMEX X3OTHUECKOR CHHXPOHMIAUMM IPAKTHYSCKH HHOCHTHYHB!
And BeeX TeleparopoB UenodYxkH, HauHHER ¢ Hexkoroporo ' Habmonaorcs
MellkoMuclITabhpie  pasnuuHd, OOGYCroBlicHHBIE KOHEWHOH [NHTEITLHOCTLIO
HCTIONB3YEMBIX JU'A  CTATHCTHNECKOH ofpaBoTke peandisunii mpoleccos BO
Bpemens. Ecnu e NIPOBECTH PoacyeThi YKa3aHHLIX XapaKTEPHCTHK ¢ Boc/ieHHeM
Manoro UIyMa HHTIEHCHBHOCTH D ™ 1077, 10 ykaizsuubie PRMTHYHA HCYEIAT
BOBCE.

flocaennee OGCTOATENLCTBO BECHMA CYWIECTHEHHO, TAK KAK CBHIETC/ILCTBY-
€T 0 IPYBOCTH X0THYECKOTO PEXMMZ BTOKONEGANHA B CHCTEME H O IAIHVHO-
CTH HCUeiyeMAIX peilicHHH, JTOKANMIYOWNXCH B KOHeYHOH ofitacth ¢a3oso-
ro ipoctpancrea. OF 370M Xe CHHAETENECTBYET MOCTORHCTAO OCHOBHEIX CTa-
THCTHRECKHX CBOHCTR pPelIeMMA (IPH BADHALMW HAYANEHLIX JAHHLX B HEKOTO-
poit KuHewHoH O6nact ¢ra3oBoro mpocrpascrRa. [IposencHnbie pacvers tio-
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CHEKTP MOWHUCTL 5 f (f} aprowoneGanyi. BuySicudsle 100 PeArNIaUm <, (7] a1 m =

S 116203 ¢ 02amE=0 (o), 0= 10 (&)

Ka3dIK, YO PAIMEPHGCTL ATTPAKTIOPOR £); M XAPAKTOP &8 3ABHIUMOCTH OT
NODpDHUHENTR CBAIH MPH MEILIX  CHYY3RHBIX BOBHCHCTREHX COXPARAKITCS,

Haz puc. 14.9 ripencraBaeHsl uCHOBHBIE XAPAKTEPHCTHKH AIFPAKTURA 3 Le-
fOuKe H2 6 reHEpaTOPOB, BRIMHCICHHLIC B OTCYICTBMC lyma {(a) ¥ 1pH HAM-
UMY WIYMa HHTeHcHBHOCTH ) = 107 (A). IIna vesiovew ¢ j =7, 8, 9 & 10 pe-
3YNMeTaTHi WACHIHIHEL A 2T0 OJHauder. NTO WA ACCIeNyeMOl UENOUKH B pe-
MHME XBOTHYECKOH CHHXPOHMIALAH HEOBXOIMMYI0 HHGOPMILHIC MURHD HORY-
NHTL, peitian, Hanpemep, 18 ypapvedudl cucremns (14.3) amecro 3G, cooTrercr-
Byounix ; = 10.

To, uro dpdekTy KA0THYECKOA SHHXPOMUIALML (TBEYACT CTA0HNWIAMA pay-
MEPHOCTH ATTPRKTUDY, HBIILIBEST GCTECTBEHHI COAPOC: GVAYT AN CXCUHBIMH
uIMtecKie XAPIKTEPHCTHKK XAOTHYOCKUY KONeBUHHA, KOTOPBIM COOTBETIT-
BYIOT 2TIPAKTOPL ORHASKOBDH padmepyoctn’ B oGulem caywac He iy 1avT.
Meno 8 TOM, 4r0o DAZMEPHNCTD CCTh YHCHO, XapRKTEPU3YIONIEE I'COMETPHRL
CTPAHHNOTO BTTPAKTOPA Kak obGuexTa B DA30BOM HPOCTPAHCTRE [THHAMHYCCKOMH
chcremit. MndopMaiisd. 2aK.109eHHa% B GUIUNSCKHX XAPAKTEPHRCTHICAX, ONpe-
NENAEMBIN N0 BDEMCHHBIM DEWIHIAUMAM BPOUCCCOB, HecomMsenHo, Gomse G-
ravan, Tipneeness npocroi apumep. PaccMeTpus aproauseckie GrneHHa BOHIN
MOMEHTZ HX po4iesna. § $230B0M UPCCTPARCTRE WM OTBEvaeT [I3ANHH TOp —
AOBEPXHGCTS, MMEOIAS pasMepHocTs 2. (reryp xonefauui B 210M Ctyyac
COMEPXHT APKO BhIpaXeHHbIe B2 HEABBHCHMBIZ Y4CTOTHL,

TapMOHRImcH .1 KOMOHHIUHOHHDbIC NACTOTH BBICIMHX HOPRIKOB NMNEHCBPEKE-
MO Marhl O yBeNWUEHHOM CTENSHH HEPARMOBCCHOCIH CHITEME: HORBIARIOTCH
CYMIECTREMHEIE HenHeliHbe HeKakenwR. [opepxwocts Tot Bulencraune atoro
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craneT rodpiporIntoE, cMOPLIEHHOA, HO TODP IIPH ITOM CULS HC Pa3PYWHTCH.
Hernaawuit B8 yKIIBHHOM CMEICHE TOP NO-IpEXHEMY KMeeT [E3MEPHOCTE DO-
REPXHOCTH, paBllywo 2. OgMako cuekTp KONeGuTSIRHOIG APOUEICE PeiIKo H3-
MEHHTCH : GABRICH MHOTOYHCHICHHBIE TAPMCHHKHR M X OMOGHHALHONHEIE YaCTOTH
CPABHWMOH HHTEHCHBHOCTH. DU CKHE cBORCIBA KONMeGiMR CTAHYT, HecoM-
HEHHO, HHBIMK,

Taxpm o0praom, CTIGHAM3EUNN GHIHYECKHX X3DIKTEPUCTHK KoneGaHWA
NPy GIMEKSHWH YLPIBNZIOWHX MAPAMETPOB CHCTEME! O/IHO3HASHO COOTBETCT-
Byer crabwuiama paaMepHocTM aTrpaktopa. O6panioe ue BepHO: aTTPAKTO-
paM OJMHAKOBOH DPRIMEPHOCTH MOIYT {H ITC MOATBCPALMETCA YMCHEHHbIMM
IKCACPHMENTAME) OTHEHAT PANIHTHLIS DHIMMECKHE XADAK TEPHCTHKH.

¥ka3annoe OCCTDRTEIBCTEO Gle Pa3 TOROPHT O YPeIBLMAKHOA CROXTIOCTH
RpolsiemMbl KOHEYHOMEPHEIX INMPOKCHMuHA. 3HalHe paamepHocTi {); artpax-
TOPOB NO3BOJIALT IUIUL OUCHHTH YNCIO IAALICTROBANHEIX B ABHMENHN CTeneHek
€800kt CLCIeMB {KONMYECTRO HOPMANBHBIX KOOP/MHAT} M, XuK CIeICTBHE,
HHCAO YPUBHEHMH BUIMOKHON MUJeNsHOR AHHAMKUSCKOR cHcTeMbl KoWkper-
HEIF BMIL YPSBICHAR alRPOKCAMAIINE OCTACTCN HEH3NECTHMM.

CucycMa B B TICTOSKCH OPHOHATIPABITCHHO CBAIGHHLIX EHEPATODOS, B ONpe-
JICJICHIIOM CMbICTIC DMNCHIBAOLIAR MpOlIeceH B MoNySeckoHeunodt cpene ¢ noTo-
KOM, MOWET CMONBIOBATLCH 1AM MOASTHPOBIHMA TedeHWd rhHnma Kyirra —
Tetnopa. C >1of uebio HeoGX0 MO WMKHYTE LENOYKY B KONBUO, COENHHHB
BRINOJ QOICIHErO FEHCPATOPA OO BXOOM MEPROIO, YCTAHOBHBIMBCCK PEXHMbI
OBWXEHMA i KOJMICAOH CHCTCME CTAHOBATCE THIPOCTPAHCTRENHN T OIHOPOIHDI-
MM 2BI0KONEDANHA !DPUHAIBHEIX TeHEPSTOPOR TONOTOTWYSCKH JKBHBANIEHT-
Hut. Hapuatzm ynpasAfwmIMX N2pIMETPOB MPHBOIIMT K OUPERENCHHOR MOcie-
AORATCIBHOCTE OXQYpratind PeTYRAPHLIX SHauane vHnoB KoneGamud. Ocy-
WECTRIACTCA BEpPeXUll K Xaocy M piee perHCTPHPYIOTCH Gonee cnomukie Hn-
YPKAUINA CIPRHILX aTTpaxropos [13].

14.5. MexanuMu BO3HHKROBERUA N IBAN0UME X20CE

8 HMIKO TEMIIEPATY pAOR INasMe
CTPRTHPNIHPOBANHOTO NOJIOHTEIRNOTO CTONGA 2308010 paIpAI4

MThasma peiwe GRBACT B CIOXONNOM OHOPORHOM COCTORMIM. B peaysra-
Te LIOABMENME H PAIAHTHA HSYCTOMGIBOCTR B Hell BOIHEK20T Gerytune WONHLL
HLR MPOCTPRUCTHEHRO HEOIMOPOIHLE CTANMOHADHLE CYPYKTYpPH  pavIMuHO#N
Npupoasl. B HR2K0veMTe DUty pROA MN2IMe, peanwlyomeiicR B NONOAHTENBHOM
C1r2I08 TICIUErS M0N0 PAIDAMEL, THIGIMAY TAK HEIBIBACMEXN HOH RRUHOHHAA
HeYCTORUHMBOCTS. NPHBOZAIIAR K BOICYNCICHHIO MORUITLLORRO-OUPBHYIUOHHBLX
Beryuinx Wi CTUAMIX 80N, HAIBAWHLIX CTpgraMi, C MOMEHTE OGHAPY KEHUA
CIPRY B I143M4e TR30BOIO Pa3pALA B KOHlie NPOUNIOND BEKA 4 JO HACTOMUEND
BpeMeHi BOIIPU-AM JROMICUMK WOMHMIANHOHHON HEYCTONUMBOCTH NOCHAWMEHO
GOnLINoe KO:THUZCTEO TEOPETHUCCKHX H IKCNEPHMEMTAILKWIX pabor, O1HAKO K
veHYac yKasanxsa UpnfneMs o0 KOWUA He WCCHENOBARE M OCT2eTCA AKTVAilb
Ho# J265, 266],

Peagiym Geryupix CTpaT B HYCPTHRIX 834X MONHO DEWIMIOBATH K4X B ABFO-
HOMHOM C.FY'/@e, TEXK H TipH BHelldeil MOQyTUAIIMH TOKA pAIPANA B YACTOTHOM
OMANAIONE UX YOUHeHHA [266]. YacroTs H YMcno BOGyKNaeMBiX MOl ONTpede-
RAWICA DIBICHECM [a3, TOKOM PaIpRAA W reoMerpHeR paspsIHol TpyGku. Or-
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HOCHTEALHAA TIPOCTOLE PCrHCTPAlHH LYpET o BUOIMONKHOCTH 3¢¢CKTHBHOI‘O yu-
PABNEHHA HMH C NOMOUIBIO WIMCHEMHA DUIMYCCKHX YCTOBHA B paRpAUsOH
rpyGKe NeAAT CTPATHOHULHAPOBAUHBIA NOMOKUTENBHBIA CYONG ra30B010 PA3pAa
OueHb YAOGHBIM PAIMODHINICCKHM OFBEKTOM JLTA H3YUYEHHA HCTHHEANBIX KO-
nebBatelisHbIX ABJICHHA B paciipefeNeHHbIX cHeTeMax.

YKaszanHpKke CROACTRA CHCTEMBI DOIBONTIOY NPOBECTH (pAMEe IKCTEPHMEH-
TaNLHplE MCCHeOBANHA MeXaHriIMoB BOIHHKHORCHHA M 'Ja‘.KUH(lMCpHUCTeﬁ
JRONIOIMM XAOTHUCCKUX PEAHMOU KoMeBanuil B HEMMHCHRON pacripeReneHHoN
cpese. CpaBHeHHe pe3)yTbTarToB C WONYUCHHBIMM id UHHAMHYCCKHX (KOHEYHO-
MepHBIX) MOOENAx no3sonser UHOCHOBATH BbmoNs 06 0BWHOCTH OudYpraum-
OHHbiX ABAEHHA, 6CHIH OHK HMEIOT MELTU, H MpPONCHHTL CTeneHb BO3IMONHOCTH
JUIHAMHYECKOT O ONHCAHH A I'lpOlI.eCCOB B pacnpenensHHLIX CHCTOMAX.

Heorietyem Geryume woHMIAUMOHHBE  BOMNGBI B HEQHE [PH NaBICHHH
0.2—3,0 MM pT. CI. B ra3zopa3IpaAmHbIX Tpybrax anaresrpom 10-40 mM, Tpybxu
HMENH NMOROrPeRHAd KaTOA H NONBHKHEMA 8HOM JUIA U3MEHEHH S [UIHHm pa3pia-
HOTO NMpomexkyTka L. CnieusannHan reoMeTpUs aHONA NPAKTHYECKH MCKNiova-
13 OTPAMEHMA HOJH, OﬁpaTHBSI CEH3G OCYIUECTBAANACE TONBKE 10 TNIY paIpA-
pa. CTparpt PErMCTPHPOBAIHCH 110 AEPEMEHHON COCTARTMIOIIER HHTTHCHRHOCTH
CBEUEHHA C HCAONRIOBaHWEM CRE10BOHA H ¢0T01=[8K‘IFOHIIOI‘0 YMHOKHUTIA,
Curiast ¢ OIY aHaMH3HPOBANCH HM3IMEPHTENBHOH YCTAaHOBKOH. CONEpAIMER
OCUMMNIOrPathEl ¢ IATOMHHAHMCM, CEICKTHBHLIE MHKPOBOHBIMETD, JeCTOTOMED
K aHUIM3aTOp CAEKTpPa BHICOKOH paipcwawmiel cnocoGroctw. ILis nonyue-
HHA NpoeKuHA $aloBoil TPAEKTOPHH H3 GECKOHEUHOMEDHOIO MPOCTPRHCTRA
Ha ICTOCKOCTD ABYX TEpeMEeHMBIX MCHONBIOBANCA HAPALY ¢ curianom PIY no-
MOIHHTENBHBIA CHIHAN, MHAYWADPYCMBLA HI METANTHUECKOR Gonbre, KOAbIOM
OXBATLIBAIOIIEHR MANBE YUBCTOK PaIpaiusHol rpy6xu. HeabroHoMHLEL pexam
xoneGamuil peaMIOBLBATCA NYTeM BHEIUMETO BOIUEHCTBHA HA MUIa3My CHHYCO-
HIATRHBIME KOJ1eGaHHA ME HUIKOYACTOTHOIO [EHEPATOPA CTANMAP YHHLX CHIHATIOB .
3a rCKAWUEHHEM ONlpefienieHHON ClelGHKH HeCedyeMoTo ofbeKTa, B ICTOM
METOMMKE IKCNEPHMEHTANGHOTO HCCIEHOBANMA PEXHMOB KoneBGaHui W Hx Ou-
dypiayuil Gp01a MNEHTHYHA ONMCAHHONW B T, 12 NpMMEHHTENLHO K H3YYeHH10
HEABTOHOMHBIX KONeGAHHA reHepatopa ¢ HHEPUMOHHOM HelTMHEAOCTS10.

MpH BO3OEHCTBHH HA NNA3MY MEPUOLHYECKHM CHTHATOM MANCH AMILTHTYAbI
B pe3ynbTate BIAMMOMALHCTRHA CIpaT ¢ RHEUIMMM nONeM BOaBYRIaNMCh Citox:
HbIE, HO PEryNIApHbIE BONHBL, ECIH aHANA3 BeCTH B HEKOTOPOH (HKCHpOBAHHOR
rouxe L=L; 10 mWinHe TpyGKAH, T0 perHCTPHPYIOTCH KBAIMMEPHOMKYECKHE BO
BpeMEHR KONEGRHHA HHTEHCHBHOCTH cBeueHHA, [Ipoeximu (aioBsix TpaekTopHi
Ha NIOCKOCTb B COBOKYIHOCTH ¢ [AHHBIMH K3MEPCHHA CMexTpos koneGauui
CBHAETENBLTBYIOT O PONJICHMH pedtiMa GHeHHR ¢ ABYMA YACTOTAMH, KOTOpPHM
OTBENHET ABYMEPHBIA TOP. ITO ECTECTBEHHO, TAK KAK YCTOHMMBOMY pexmmy Ge-
TYIWMX cTpaT B Touxe L=L, COOTBEICTBYET Iie pHOLHUECKOE HIMEHEHHE UHTEH-
CHBHOCTH WIM TIpefieTbHLI HMKA B $alonoM ApoctpdHcrse. [apMoHHuecKoe
BOIMYIUEHHE NOCHEAHETO HA OCHOBAZHMH CTPOTHX pPe3yNlbTaTOB KAueCTREHHOH
TEODHH NPHBOMHT K DPOXNCHHIO YCTORMBLIX Guernit. Cnextp GHewmit mHoKpeT-
HBH M ORpelenHeTcH [ByMA GasMCHBIMK MACTOTIMU : YACTOTONH CTPAT B ABTOHOM-
HOM pextiMe (g H HACTOTOH BHEIHEH MODYITAIHH ()

B xauecTae yNpaBAROIHX NAPAMETPOB TIPH HCCITER0BARUA SHY PKAUMOHHLIX
ABAeHHA B cHcTeme GbUin BuiGpaHel aMITMYYAA BO3OCACTBHA § H YACTOTA wy.
Ha puc. 14.10 npwseneHs: parmeltsl Gy prauMOHKOR IMarpaMMul pexH-
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Pore 14,10, BAdypKauMoitiAA LHATPAMAND POKHMAN wKoneGanul B HeaRTORIMHOR Ta30-
PAIPAINOA NNATME HA IUTUCKOCTH MOPAMEIDOR ¥ A w, ‘w, (BOIHIYEHHN COOTACTCTRYIOT
IPUHATEIM Ha pue. 1.2

MOB KONeBAMA D3 IBIOCKCUTH YKASGHHMY, NapaMet B, MOMyReHHei K CIe pH-
MEHTANBNO MpR Ioke paspiadl 34,2 MA b Tpy6ke WIHHCA 142 MM, THAMETPOM
10 MM, HANCIHEHHOH HEDNOM jI0 JABTeHME > MM pr. ot. Brutcnesbl oGricTH
SHYTPEHHEA CHHXPOHM3ALMH, COOTBCICTBYIOWNA PR30HAHCHRIM LHK! M Ha TOope
¢ wwenamu Bpawerus Tlyanxape o= i/2 ¥ 2/3. Boxctopumerte HaGiodanuce
TAKKE MHOFOVHIEHHLIE Y3KHe 304 pe30HAHCOB Gomee BuiCOKHX [ pAIKOB,
KOTOphe Ha ndypamMrde HC Tpencradnedbl ¢ LE B0 COXPpaHeHMH HaITHIHOCTH.
C KayeCTBCHNOW TOMKH 3peHMsA Gy pKAUHOHHAA KAPTHHI NEPECTPOCK PeXH-
MOB B HeaBTOHOMHOR f1a1Me TaJNBOTO DAIPHI2 HACHTHUHA ¢ pa3Gherues mtoc-
KOUTH 112PaNETPOB HEABTOHOMHOTO TEHEPATOPA ¢ UHEPUHOUHOM HeNIHHEAKOCTBIO
(puc. 12.11).

MeXaHH3ME TIEPEX0[IA OF PeIOMANCHBIX K0AeGaiii B OfIacTAX CHHXPONH3A-
UMM K TOpAITpakiopsM (A} NOJIHOCTHIO CCOTBCTCTBYSOT TCOPETHUECKH YCTa-
nossieHHsIM {137] B JKCOCPHMEHTAIBHO DOUTBepXACHHLIM 13 MOIEH HeapTo-
3 GMHOTO TeHepaTopa B 1. 12, C 1eIbI0 HTS HCT ALK CKA32HIION0 OBpaTHMCH K
CEIACTH CHEXDOHWIALUMK ¢ TheoM Bpamternst 9= 1/2 (puc. 14,10). Innwerne
B _HANpABNeiMH, 0B03HAYEHHOM Ha JIHATpaMMe CTpenkoi OA, conpoBoxIacTcs
nepexosioM k xaocy (A, uepe: cepHio MArKHX GHdypxanMi yIBOCHHA (e pHONIA
DeIOHAHCHRIX BMKAOB. PerucTpupyoTca IKCIepMMEHTAIEHO TPK NOCTe10BaYesib-
Astx GHPYpKaHH. BrXOA H3 JOHBI CHHXPOHHM3AMH B HANDABICHHAX O8 H 0B’
C mepecedeHMeM JNHMHHH CElVIo-yITOBOR OHQypKaUMU MPHBOIHT K pOXJICHHK0
Iprofmyeckux Guesmit Wa rmagkor (OB) u tepaomeM [IAAKOCTh (0B8")
AByMepHOM Tope. B HOCSeAHeM Cnyvae CMeKTp OHCKperHbii ¢ Gonsumm Habo-
DOM I'ApMOHHK H KOMBGHHAUMOHMBIX UACTOT. BHIXOA B HALPaBieHHH OC nemMou-
C1pHpYeT MATKHH Nepexoi K Top-atTpaktopy. CileKTp CTaHOBUTCH CTLIOUIHSIM
¢ BLIBPOCAMH, OTHEVAOUHMHA KOMOHHAMOHKEIM ¥ GaIHCHBIM YACTOTAM TOpR B
Touke B.

20, £.C. AHMINEHKO 297



Fuilh ke OCYUBCTBMTE BLIXO W3 OfUBICTH CHHXDOHI AWM B 0G5a:Th PAIBH-
TOM CTOXACTAUHOCTH B Hanpawier OC ', TO PEANMIYETCA WECTKHTT NEPEXON K
X40CY uUeped NepersekaeMocTs BGIMIM stHiuu 1. Halee B cMekTpe Wewe3ant
GA30BLIE YACTOTHN GHCHMIL, OK CrAHCKKICH HPDAKTHYSCKH PARHOME pHhiM. JBUC/IH-
NHA CReKTpoB Konelamuil, COOTBETCTHYIOUIAR MEXANMIMEM PasSpYLvHYA ABY-
MCPHOLO TOPA, B HCCHEAYEMOR CHCTEM2 YIHUHTANBHO TOUHO AGHIOPART CITywal
HC4BTOHOMHDTO TeHEPATOpE C© HHEPUAOHHON HETMHERHOCTbIO # OIMCada B
F267]. 3uecs Ke OTMETHM TNABHBMM, C HAIMEH TOMKH IPEHNA, Pe3ylInTal: B pac:
TpeAeNeHHOH CHCTeMe B peasime Berynwx CTpay mpl BHe IR MOJYNRLMH TOK2
PAIPAI Iiepﬂllml%CKH-M CHIHAIOM peanUIyCTCA ncpt'xod XK Xaucy 4epez rop-
FJEIPANTOP B NOIOM CODTBETCTBHH © TeUpEMOH O pudnylleiiln A5 VMEPHOTO
Topa. He3asacHmo ¥ OHOBPEMERHO C PCIYITLTRTAMH, IONYHCHHAIMH T1DK HeCé-
ACBIHHH PEPHOLHMYECKOTD BOIASHCTEHA Ha pexHM (o ry X CTpaY B HA3KOTEM-
nepatypHON W1a3Me Ta30BOre pajpsuld [267]. wpoaxe OfikcantitbiME Bhiute,
rpyntioit A. JTkGxabepa (CIIA) Gbrra npeicTab: (eha B MEWSTL 3aMevaTelhHan
B JKLMEPAMEHTLIEHOM OTHOINEHHA paﬁ)‘l'ﬂ No KOAHYECTReHHOMY MCClei0Ba-
HLK: NEpeNONa K XA0CY ¥epe3 pewKM IRYXUACTCTHBIX KOJIeSaHHi B HedRTARIM-
HOR sueixe Pyt ~ BoHapa € PIYTBIU, ROPHOIHYECKW BO3GYHRAIEMCH HIBHE
nepeMennnin Yokoa [268). Xaparrep Gudy pKAURCHHBIX HMATMA H JBOII0
UK CRerpoB KONcOJMUA NPH PAIPYIUCHHI JRYMEPHOTO  Iopa I KOIREKLHH
Piier - Bewapr 48 mva3mMe ralOBOIO Pa3piia iiJCHTHHnL, STC €1UC Pa3 CBH-
deFe BTRVET © KIYECTHEHHOR OCUMOCTY MIyuaeMhlx #Rielmi. © yueTOM pac-
APGSIpAHetiA KoleGaHdiE B MPOCTPANHCIBE KAPTHHA OYACT MPeliCrBRATLCA KK
NIFTZNHOE y CIOKHEBHE AMIUTHIYAHOA MOOYNRIHH BONHBL, JATeM  [OABATCH
UpHItHKH 30400 MOLYIRUME Y, HAKOREN, OCYWECTBHICA HepeXa.l B peaHM
FelYUMX XETTHYECKH X BONH [IPOCT FNCIBCHHO OAKOPOUHLR CIPYRIY pbi.

Tipiseae e PesvAbTaThl IO PA3YLIEHHIO [BY XHACTOTHMX KOneGaMii B Ac-
a5 ICHOMIOA T30 DAIPANHON 1TA3ME 5 03TRINT BOee METATRHO NUHATh 32K0-
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Purc 1412 2sosnouna crnexipow KonelSaunit § MA3opAIDARHOR MAXIME C YBEIHVCHKeM

AHHE PA3PUEHONO TPoMeKYTKE {(PHIMCcCKHA JRCTIED KMEHT JUTH PR ANA B HEOHE P OAS-
Nevnm 0,2 MM pTST.)

HOMeDHOCTH NIEPEXOMIA K A80CY B 2BTOHOVHOM Ta3l0BOM PAIDPHIE ¢ YBEIHYCHIEM
€10 JUIMHBL B icavecTpe yNpaBisiowmx NEpEMeT pOB ABTOHOMHON CHCTEMBI Bbi-
Bepem 0K paspaas [, NpONOpUHCHANBHLEA KOIHOUUHEHTY YCHNEHHN CTPAT, K
npoctpaKcTaEHHYI0 KOOpaMHaty L paspamnrol TpyGun, onpeaenAwinyio THHEY
BOJIH 8O36YMIeHHLIX ZBTOKOMEHaTANEHEX MOX.

Ha nnockocTH ykaszaHHuX MapemeTpoB Ha pHe. 14.11 M306pameHm IKcne-
PHMEHTANLHEIE pe3yNbIaTLl B BHIe GRdypKalHOHHOR DHANPAMMSL DENHMOR
KoneflaHui IR Tas0paspamioll 1pylku mameTpoM 20 MM. RANOIIHEHBOR Heo-
HoM o Jasienad 0,2 MM ptr. or. Ynano KoneGarenskimx Mo, TONATANLIKX 8
HACTOTHBIR JHKANAIOH YCHACHHA HEMHHEHRHOW Ccpeibi, MOXMI0 peLYNHpOBaTh
IKCIEPHMEHTANEHD, A3MEHRN UTHRY PA3PANHOTO NPOMeXYTKA. JJIA OTHUCHTENb-
10 HeGONBUIIX JWIKH pa3paaa (B ycuosiax puc. i4.11 L < 30) noa xouryp yeu-
ACHMA nonapaey e Bonee Tpex Mo,

CmeHa peaMOB TeHepEUHH CYPAT © pOCTOM TOKa paspana Upw L = const
TPORCXOIHT ChedyoUHM OBpasoM. CHawna BOINHKAET ONHOMOIOBNH PeXHM
(obnactH [ Ha adarpaMme), aTem BOIDYACIHETCH BTOPAA MOGA U KOMeGaHMA
CTAHOBATCA KBaIMilepH:uHuecKiMu (ofinactn 2). [anece ¢ yneltHueHBeM TOKa
PAIPANA HE ABYMEPHOM TOpEe BOIHMKANT PeIOUBHCH KIK CIERCTBHE pOMIEHHHA
rpySoft crpyxTypas (OGTHCTH 3 mMarpaMMLi) . H 32TeM OCYUIECTBRACTCH Nepexos
K X80¢Yy, OGYCHOBNEHHLIA MMM K3 MCXZHIIMOE PA3DYINCHHR [BYMEDHOIU 10~
pa (o6nactk 4).

Kax Bu/mio n3 pHe, 14,11, mMOMED peslu3oBayh Nepexoanl K THHAMY U CKG -
MY XAOCY HEPe3 PCNMMLL PeIOMAHCHRIX WA 3PrOJHuecKHX OHeHHE, TBHIIACH
NO* CRELHAMLHO BHOPAHHLIM HANPERIICHHAM B IAUCKOCTH YOPABAAIMKX Hapa-
MeTpos. TuaTeNsHLtl aHATHI IBOMOUMKH CTEKTpOB KOneGaHWA, perucTpapye-
MBIX TIpM TOM, NOKA3AN, YTO B ABTOHOMMOM CIIY Hi¢ 34KOHOMEDHOCTH B HIMeHe-
HHAX CHEKTPANBHOID COCTaBa KoneGanui NOMTHOCTBI0 HANOIHYHEL PACCMOTPEH-
biM BhiUle MPHMEHHTEABHO K HEaBTOHOMHOH TMasMe. Bonee TOTO, YKa3aHHme
JAKOHOMEPHOCTH B HCTANAX COOTBETCTBYNT GHYPKAUHONHBIM RBICHHAM,
CONpOBOXAIPURM NEPEXOnb K TOpATrrpakropy (43, HCClefoBaNHble B
r. 12,

Hurepecno HeoIeSORATH IPOMIDUMIC PeXHMOE KOMeGAHKH B ABTOHOMKOH 1230~
PAIPHIHON IEIME, IKCHEPMARHTRNLHG YRCIKUMBAA NHHY Pe3PAOHOr0 TpoMe-

e Fa



XYTKA TIPY TOCTONHBOM TOKE pu3pAad. C DHIUICCKON TONKH IpeHHA ITHM OGec-
MEVHBIETCR IUIERHOE BOBJEUERNE B Npniece ioe Gonuivero wicna xoneGarens-
Hu Mon” ). BYIyT TH OHM KTHBHAL, HALILBSA HIMEHEHNN XADRKTCPHCTHX &7
TPAKTOPA, HIH “cpaoTaer”™ npHILMA MOMYUKEHHA A YHoeIHuCHME WACHE MON
Ha onpejeneHHOR CraM HETHHERHE'X “BIANMOOTHOLIEHHR ™ MEXITY WHMU He
ByneT cKeaaMBaTCA?

C st0ft yenmo npoananusHpyesm Sudypxanuy arTpaxropos, ABArafc: B AS-
npasneHuk P oparpammm pec. 14.11. Yeenwuenue AitiiH PRIPASHOTO BpoMe-
&xyrxa b gATepsaie 0< L < 40 npHBOIHT K cnoxaiolt MocnenpBaTeLEocTR G-
GYPKAIMOHHE ACPEXOA0R: KBAIMNCPHOIMNCCKHE RACIMbI CMEHAKITCH pesc-
AsuCHBIMK Bxevsnat, HafiioaanTc Budy prauun ysoeHHA, YTPOCRYS MTepHOna
CHEXPOHHLIX RMKITOR, BOINMKAGT JORK! TOP-ATIPSKTOPOB, KOTOPHE BHOBL £+
HAWTCA KBAINNCPHOSMWCKAMA KONESINMAMM ¢ pRUHNHLIME WHINAMY B patle-
Hua Onpaxo Bs gumex L > 40 ycranapnupaercs (ApeHMYUleCTBEHAD XAOTHIEO
kil pexm, olychonmennsdt paspymicHHeM IBYMEpPROTO Topa. O yBsenssunen
L b cnexrpe xoneBanyll ToparTpaKTopn NOCTENEHHED Acyesamt Brbpocn B Ga-
2085X WCTOTAY. MHTEACHBHOCTS XAOTHRCCKMK GYIACAIMA BOIDACTAET B Janec
CneXIp NPEKTHWCKH REPECTIET MERTTLCR. PeUINIYSTCH pEXNM XoOTUECKOT
CUNX PORNIGYIUL

Ha puc, 14,12 npencramienn TRUATHLC CHOKYPOTPRMMBI, OTBEUBIIOAE MOC-
AIeMOBATCTLMG BOJPACTAIORWMM IGIHHANM PIIPATHGTO MPOMEXYTKE, KOITIA Boe
RpPYTHE MapaMETPH CHCTeMEE duKCHpoBannl. Fie H¢pROM J1afle YRSTHNEHRA JK-
Hb paspaiis, Xorfid B0 BIANMOACHiCIAnG NUCHEAOBATHILHO BOBICKAKTICR NBE,
38¥eM TpH MOAL, JAMETHL HIMeneHnA B xapaxtepe konclauni (puc. 14.12,
ciexrps 1 ¥ 7). Jance onNiMaHe CIEHOBATCA MEHES CYLUeCTBCHHENMM. (hextp,
nomevehHR undpol 3, Kok no dopme k cnextpy 2 (Ly > Ly). Haxouen,
DanvHERIUCE YBEMHNEHHS JUTH:IN PASPAINOTO HPOMEKYTKE NPAK THIECKH He BAR-
AeT N3 pacnpensnenme dnepran wodeSapnil no cnexrpy (puc. 14.12, crexrpu
4--6). BORTEwHKC HOBBIX MON, RASHHAR ¢ MATH - MECTH, TPAKTHICCKH N BRI~
BaeT H3MeHeHuH B X3pakTepe ABHAEHNA. PerscTpupyerca sdexT xaoTHRCKOM
CRHXPOHKIBIMM.

Kexe 518 MeNouKH ¥ KOMIUS CBRIAHHMX FEHEPETOPOR, CKOPOCTh RACKIMEHNA
CHEKTPS ¢ YBOIHWHHSM [UIHIE! Pa3PHIHMOIY NPOMEXYTKA JMBMCHT OT APYIHX
napameipoB ckcremn. Hanpusmep, © yBenn®unem fapieuns ra3a oHs BOIpac-
T9eT. JBBHCHT OT UAPAMETPOD B XAPAKTEP RPCOLHHIOTO PCAHMA XEOTHISCKHX
xoneGehpi. TpuauHIMATIAMM ARNACICN TN, EIO PEIYALTHPYIOWLS SBRWCKNE
dopMHpyeTCA 30 CHET HIBNMOISEHCTBHA AKTHUBHMIX MO, YHCIO KOTOPE'X KO-
HWHO H CYUICCTBEHHO MeHhe ofiiuero uncna Boayxraskwx crenenedi caobo-
I CHCTEMBL. YKEMHHOS SBACHHE OKAIBIBACTCA E PanmOR Cremeli THLHUHBIM
K3K TN SHEMEICCKAX KOHCHHOMCPHEIX CHCTEM T NEN0SK, TAK M IUIA pac
npemEReHubX. ET0 poannsiius oGy cnoBneRa MexaHKIMAMA , CYMMYTTHDY KHIXH ME
FOCT MACIA AKTERRLIX, HEMBHCHMLIL BRAYANC KONEGATE LKL, MORL HX B3sK M-
neficTong B peayTITAYE HAIIANNG JEMOKCTDYDYET CHSBEIVINBOCID O(IMere
NPpHHUMGS CAMOOPIIHUIY IIWMXCA CHCISM —~ DpHHMIHNa DOMGiHeimR, C oGutel
TOWKH 3pCHUN NP OKTH CAMOODTUHWIATHN 'k MPOCTPAHCTEE” ¢ POCTOM JUMMILM
F uenowxe reHeparopoB M ¢ MIMEHEHHEeM RApAMETPa KO CBOSH CYLHOCTH HE OT-
THIRIOTCN,

TS MeRMOgORI1 WHICPRLTLL MBCTOF © POCTON £ YNCHILMOTCR, HitN0 MO Mt WOl 1y
PIM YEIMICHUN CPeRLt paien.
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