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OBIIA A XAPAKTEPUCTUKA PABOTHI

AKTyaJIbHOCTb TPOOJIEMBI.

BoJIBINIMHCTBO MaTeMaTUIeCKUX MOJeseil CoOBpeMeHHON (DU3WKU TBEPIOro TeJsa
CTPOSITCsI Ha, OCHOBE SKCIIEPUMEHTAIbHO HADJIIOMAEMON ¥ MHOI'MX KOHJIEHCHPOBaH-
HBIX CHCTEM TPAHCIAIMOHHON cuMMerpuu. Hamndame 310l cuMMeTpuu 1aeT BO3-
MOXKHOCTH HCIIOJIb30BaTh TeopeMy bJjioxa mpu aHajn3e COOTBETCTBYIONIUX MaTe-
MATUYCCKUX MOJIeJIe, 9TO, B CBOIO O4Yepe/ib, MO3BOJIACT CYIIECTBEHHO YIIPOCTUTD,
a MHOI'JIa U PELIUTDb IEJbli Psijl 3a/ia4 (PU3UMKKU TBEPAOro resia. Hecmorpst Ha 1o,
4TO TPAHCIAIMOHHAA CUMMETPUA ABIACTCA TUNUIHON JIJI TBEPAOTETHHBIX MO-
JleJieil, HepeJIKKA CJIydau, KOTJa Jijis OIUCAHMS KOHJICHCUPOBAHHBLIX (PU3UUCCKUX
cucreM TpedyeTcsi MOCTPOEHNEe MaTeMaTHIeCKUX MOJEJIeil, KOTOPble TaKOi CHM-
MeTpueil He obsnanaior. s aHaam3a MOJO00HLIX MOJeeil B HACTOsINee BpeMs
He CYIIECTBYET YHUBEPCAJHLHOTO IIOJIX0/a (HO,ZI;O6HOI‘O [IO/IXO/Ty, OCHOBAHHOMY Ha
TeopemMe Bﬂoxa), [MO3TOMY M3Y4YeHUEe TPAHCIAAINMOHHO-HECUMMETPUIHBIX TBEPJIO-
TeJIbHBbIX MOJIeJIeil BbI3bIBAET 1EJIbIA PeAJl TPYHOCTE MaTeMaTu4eCcKoro u MeTo-
JMIecKoro xapakrtepa. [Ipocreitinyue Momenm 9TOro THIaA SBJIAIOTCA ITPEIMETOM
HCCJIEIOBAHKS JIAHHON JINCCEPTAIIMOHHON PAaOOTHI.

K amcsty Takux Mojiesieil IpruHaIesKaT Mpex/ie BCero MoJesn Konewnuir (orpa-
HUYIEHHBIX) TBEPJIOTEJHHBIX CHCTEM, TPAHCISAIMOHHO-HECHMMETPUIHBIX UMEHHO
3-3a2 HAJU4IUs TpaHuIl. Takue MOJeu NPpUMEHSIOTCA TPU aHaJIn3€e TBEPIOTEb-
HBIX CUCTEM HACTOJbKO MaJIOr0 pa3mepa, 4TO NMPUMEHEHHE K HUM Pe3yJbTaTOB,
HOJIYUEHHbBIX JIJIsi OECKOHEUYHBIX TPAHCJAIMOHHO-CUMMETPUYHbBIX CUCTEM I1yTeM
MOCTPOEHNS YAETbHBIX XapaKTePUCTUK CTAHOBUTCS HEKOPPEKTHLIM. K cuctemam
TAKOI'O TUIla MOXKHO OTHECTU KBAHTOBDLIC fMbl, KBAHTOBbIC IIPOBOJIOKU, KBAHTO-
Bble TOYKH, J-arperarbl. TeIJIOEMKOCTb U CIIEKTP ONTUYECKOW BOCIHPUUMUINBOCTH
TAKUX CUCTEM B 3HAYUTEIbHON CTEIIEHN OTJINYIAIOTCH OT COOTBETCTBYIOIIUX YICJIb-
HBIX BEJTMIUH OECKOHEUHBIX CHCTEM W HapyIlleHue TPAHCIAIMOHHOW CUMMETPUH,
CBSIBAHHOE ¢ KOHEUYHOCTHIO 3TUX 00'bEKTOB, JOJIXKHO OBITH YUTEHO IPH TTOCTPOCHUN
MaTeMaTUYEeCKUX MOJIeJICi JIJid UX OIUCAHUS.

K 4gucay TBepJOTENbHBIX MOjeseil, He 00JaJalomnuX TPAHCISIIUOHHON CHUM-
MeTpHeil U BBI3bIBAIOIINX HAWOOJIBIIINE TPYIHOCTH TIPU aHAJNA3E CJEeJyeT OTHe-
CTU MOJIETU Heynopadouennur cucmem. IlepBbiM IpuMepoM Mojesieil TaKoro TH-
a, MOTYT CJIYKHUTb MOJIeJIA, BO3HUKAIOIIUE MPU PACCMOTPEHUN CILIABOB U CTe-
KOJI, TPAHCJIATMOHHO-CUMMETPUIHBIX JINITH B cpegHeM. Ipyrum mpuMepom siBJis-
I0TCS MOJIEJIN, BO3HUKAIOIINE TIPA PACCMOTPEHUN KOJICOAHUI siep B M30TOIMYe-



CKYW HEOJIHOPOJHOM KpHCTaJlJIe, KOTOPbIe TaKyKe He MOT'YT ObITh OXapaKTepu30Ba-
Hbl TPAHCJAIIMOHHON CUMMETPUEN B CUJIy CJIYyYalHOIO XapaKTepa PaclOJIOXKEeHUSs
SJIep € PA3IUIHBIME MaccaMu. B KadecTBe TpeThero (U Jajieko He MOCJIeHEro)
[IpuMepa Mojeseil HeyIopsJ0YeHHbIX CUCTEM MOXKHO yKa3aThb MOJEJN, OIUCHIBa-
IOIME JIBUKEHNE JIEKTPOHOB IO NPUMECHBIM aTOMaM B MOJIYIIPOBOJIHUKAX.

[To MHeHuio aBropa, HayKa O TPAHCJAIMOHHO-HECUMMETPUYHbBIX CUCTEMAX B
HACTOSAIIEE BpeMst HAXOJUTCS B CTAJIMU HAKOILIeHUs HHMOpMaIu (0COOEHHO 9TO
OTHOCHUTCS K TEOPUU Pa3yHOPSTOICHHBIX CI/ICTeM); KOTJIa JIOCTATOYHO yOE IUTe b=
HbI MaTeMaTUICCKUN aHAJIN3 KOHKPETHBIX IIPUMEPOB JlaXKe IIPOCTEHIINX MO/Iesei
IPEJICTABIAETCS EHHBIM W aKTyaJ bHbIM. [IpuMepbl mogobHBIX MOjesiell OMuchI-
BalOTCS B JAHHOM JUCCepTallMOHHON pabore.

Ieau n 3agayum padoTHI.

[eJiblo JlaHHOM JiuccepTalMOHHON pabOThI SIBJISLJIOCH MCCJIEIOBAHUE KJIACCa MaTe-
MATUYCCKUX MOJIEJICA TBEPIOTEJbHBIX TPAHCIAAIITMOHHO-HECUMMETPAIHBIX CUCTEM,
OIMUCHIBAIOIIAXCA TAMUJIBTOHUAHOM, UMEIOIIUM B y3€JbHOM IPEJICTaBJICHUN CJie-
AYIOILYIO MaTPUILy:

<I‘|H‘I‘/> = Hyp = Opp&r + We_pr (1)
Takas maTpuma cooTBeTcTByeT sKcuTony PpeHkesisa, B CHCTEME JIBYXYPOBHEBBIX
aTOMOB, PACIOJIOKEHHbBIX B y3JIaxX I' IPaBUJIbHON PEIIeTKA U UMEIOIIAX Pacllierie-
HUE YPOBHEH Ep, IIPUYEM OTCYTCTBUE TPAHCIIAIMOHHON CUMMETPUU BblpazxKaercs
B HEOJ/ITHOPOJHOCTU JMATOHAJBHBIX JIEMEHTOB Ep, & NMPUYUHON JTBUKCHUA IKCU-
TOHA ABJIAETCS MEXKATOMHOE B3aUMOJECHCTBHE Wy . MaTpHIlbl TAKOI'O THIIA BO3-
HUKAIOT HPU MOJEJIMPOBAHUKM KOJIeOAHMIA SIJIep B M30TONMYECKH HEOHOPOHBIX
KpUCTaJJIaxX, MIpu ONMUCAHUE SJICKTPOHHOIO JTBUXKEHUA B TBEP/IbIX Tejax, IPU pac-
CMOTPEHUU PACHPOCTPAHEHUSA JEKTPOMATHUTHBIX BOJIH B CJIOUCTBHIX CUCTEMax U
JUIMHHBIX JIMHUASX C COCPEJOTOYEHHBIMU TTapaMeTpaMu u ap. MccnenoBanne criek-
Tpa 1 XapakTepa coOOCTBEHHbIX BEKTOPOB TaAKUX MaTPHIL JaeT MHPOPMAIMIO O BCEX
IepednCcJIeHHBIX MOAeNaX. HeoTHOPpOIHOCTh BEIMUNH €, MO3BOJISIET PACCMOTPETH
9THU MO/ICJI IPU OTCYTCTBUE TPAHCIAIIMOHHON CUMMETPUH, & IOJyUIeHre MaTeMa-
THYECKN YOeIUTE/IbHBIX PE3YJIbTaTOB JIJIsi KOHKPETHBIX MO/IeJIel 103BOJIsieT HaKO-
IUTH UHGMOPMAIUIO O TPAHCISAIUOHHO-HECUMMETPUUHBIX CUCTEMAX B IIEJIOM, YTO
U SIBJISLTIOCH IEJIBIO JAHHOH JuccepTalnoOHHOl pabOThI.

st foCTH>KeHusT 3TO# 1eIn peniaanch Caeayionme 3a .

— ObocHOBaHUE 1EJIECOOOPA3HOCTH aHAJIN3a TaMUIbToOHHAaH (1), KOTOpBIil 1a-



eT KOHKPeTHYI0 WHMOPMAIO (KadeCTBEHHOTO, & NHOTIA W KOJNICCTBEHHOTO Xa-
pakTepa) O MUPOKOM KJIACCe TBEPOTEIbHBIX MOJEEH, ONUChIBAIOIIMX IKCUTOH-
HOE, 9JIEKTPOHHOE U KOJeOaTeTbHOE TBUKEHUS B TBEPJIbIX TEJIaX MPU OTCYTCTBUN
TPAHCJAIMOHHON CUMMETPHUM.

— ObocHoBaHwe NMPUMEHEHUs JIJIsT yKa3aHHOTO aHaJn3a armmapara (yHKIUi
['puna, KOTOPBIA B psijie CoydaeB 1103BOJIAET HEINOCPEJCTBEHHO 10JIy4YaTh BaXK-
HEIIe XapaKTePUCTUKY U3ydaeMOoil MOJIe/ Tl (TIOTHOCTD COCTOSIHUN ¥ JIMHEHHY O
BOCIIPUUMYMBOCT ), MUHYsI DEIeHne CeKTPaJbHON 3a/auu JIIsi MATPHUIbl THIIA

(1).

— Obob1menue mpeaaoxkeHHoro JdaiicoHoM MeTo 1a aHaIn3a CIyIaiHbIX MaTPHII
tuma (1) Ha cayvaii Mojesieit ¢ HeOrpaHUIeHHBIM CIIEKTPOM U TOUHOE PETeHIe 3a-
naaun JLoiiga, nintocrpupyioiiee 3hdeKTUBHOCTL pa3paboTaHHOro 00600IIEeHMS.

— @opmysnpoBKa, 00001IeHHOi Mojean JImoiiga, yIuThIBaomeid KOppesiinio
Y3€JIbHDBIX 9HEePruil, U MOoJyUYeHue Jjid Hee TOYHOIO BhIparKeHud JJisd YCPeTHEHHOI
dbyuknuu I'puna.

— Paspaborka merosa pacdera JUIMHHOBOJHOBLIX KOMIIOHEHT (hyHKIMEU ['pruna
raMubToHnaHa (1), OMUCHIBAIOIINX CIIEKTD MOTJIONICHHST U HEJIOKAJIbHYIO BOCIPH-
VMUYUBOCTL U TO3BOJIAIOIIETO TOJYyYATh 3TH XaPaKTEPUCTUKK MOJCJN 6e3 perre-
HUS CHIEKTPaJbHOM 3aa1u Jist Marpuiisl (1) (Meros jguddepennmanbHOro ypas-
HEHUS).

— ITocranoBKa u perieHue 3JIeKTPOJMHAMIICCKON 3a/1auu 00 OTParkeHne u 1npo-
IIyCKaHKE CBeTa IJIOCKOH IJIACTUHKON ¢ HEJIOKAJbHBIM XapaKTePOM BOCIIPUUM YK~
BocTH. POPMYIHPOBKA, YCJIOBHH 711 HAXOXKIEHNA aMIIATY/IbI JJ0OABOYHOM BOJIHBI
IIexapa.

— PasBurne merosa Jlaiicona juisi aHa/M3a, OJIHOMEPHbBIX JIMAINOHAJIBLHO HEYIIO-
PAJOYCHHBIX MOJIEJICd ¢ TaMUJIBTOHUAHOM (1) ¢ B3auMOJIeicTBIEM OJIMZKANIIEro
cocejia. Pacuer craTtucruku Kpaepoii pyHKIMU ['puHa i ciaydaeB OMHAPHOIO U
OJIHOPOJIHOI'O OECIIOPSIIKOB.

— PazButme merona [laiicona g ompeesieHusS TUHAMUKH paclaia Bo30YXK-
JIeHHsI, TIepBOHAYAJIbLHO JOKAJM30BAHHOIO Ha KPAaeBOM y3Jie CIydailHON CHCTEMBI.
DopmyMpoBKa ypaBHEHUs JIJIs COBMECTHON CTATUCTUKK OIeperkaloleil u 3aras-
apiBatoreit dyuknuii ['puna ramuibronnata (1). Iloctpoenue nocsieoBaresbHOi
TEOPUH BO3MYIIEHUH JIJId €TI0 PelIeHusd.

— Pazpaborka MaTpudHOro MeToj1a perieHns ypaBHEHUs! JIJisi COBMECTHO# cTa-
TucTuku pyHkinuit ['puna, 1mo3BoJIsIONIEro POaHAJIU3UPOBATH MOJEU CO CJ1abo



yObIBaOMUMI QYHKIUAMY PACTTPEJICJCHNsT Y3eJIbHbIX SHEPIHil (He NMEIONIX KO-
HEYHbBIX YE€THBIX MOMEHTOB BbIlle HyJIeBOTrO). Pacuer JloKam3aioHHbIX XapakKre-
puctuxk mopenu Jlmoiga.

— O0600611IeHIE PA3BUTOIO B JUCCEPTAIIME METOJA aHAJJIU3a JIOKAJU3AIHMOHHBIX
CBOWCTB HU3KOPA3MEPHBIX CIAYIalHbIX duckpemmoir Mojeneil Ha ciaydait menpe-
PuL6HOT MOJIEI, OCHOBaHHOM Ha juddeperHnnaibHom ypaaenun IIpepunrepa ¢
KYCOYHO-ITOCTOAHHBIM CJIYUIaiHBIM ITOTEHITHAJIOM.

— Obob1IIEeHre TTPEJIJIOKEHHOTO B JIUCCEPTAIUN METO/a COBMECTHOM CTaTUCTUKY
oliepexKaroleit u 3ataz/ibiBatoiieit pyukiuit ['puna Ha ciydait KOppeJnpoBaHHbIX
OJTHOMEPHBIX Mojieseii. [locTpoenne Teopun BO3MYIIEHUI 1T0 OOPATHOMY PaJInyCy
KOPPEJISAIIHN.

— PazBurue merojia Mmanuirysisiuu guarpaMMHbIM pazJjioxkenuem pyukiuit I'pu-
Ha TaMujibTOHHAHA (1), TO3BOJISIONIEr0 KOHTPOJUPYEMBIM 0OPA30M JIOMHOXKATH
O/IIOC/IEIOBATEILHOCTH UArpaMM Ha (DaKTOpDI, HecyIue nHpOPMaIIIo O TOIMO-
JIOTWH JiMarpaMMbl U 00 y3JiaX, uepe3 KOTOpPble OHa, ITPOXO/JIUT.

Haquaﬂ HOBM3HAa N IIPpaKTHN4YeCKad 3HAYNMMOCTDb pa6OTbI.

— IIpousseneno obobienune merona Jlajicona Ha ciydaii cucreM ¢ HeOrpaHUYeH-
HBIM CIIEKTPOM, KOTJIa HEBO3MOYKHO aHAJIMTHYCCKOE MPOJOJIKEHUE YCPEIHEHHBIX
BeJuuIuH Ha obsiacThb crekrpa [amuibronnana (1).

— I[lokazano, 4T0 B paMKax pa3BUTOrO MeTojia JuddepeHnuajbHOro ypaBHe-
Hus Jutd yHKIuu ['prHa, cucrema MaTeprasibHbIX YPaBHEHUN JIJisd HeJIOKAJIbHOM
BOCIIPUUMYMBOCTU 1 ypaBHeHuit MakcBejiia MOXKeT ObITh TOYHO pelleHa, puiemM
TUIUYHASA JJIs1 3aJa4 MMOJ00HOTO THIA TPYJAHOCTH, CBSI3aHHAs C OIpeJIe/eHueM
aMILIUTYIbI JJ00aBouHOI BosIHBI Ilekapa, He BO3HHUKAET.

— IIpejioxken u onucan 3p@PeKT aHTU3EPKAJIHHOTO OTPAYKEHUs OT JIBY MEPHOI
110JIOChI C SKCUTOHHBIM XapaKTEePOM OITUYECKOIO BO30YXK/ICHUS.

— Buepsble u3yuena craTucTuka Kpaeoit byHKIuu I'puHa dunapro pazynopsa-
doMENHOT M PABHOMEPHO PA3YNopAA04eHHOT OJHOMEPHON IENOYKN ¢ B3anMOIeii-
crBueM OJivaKaitiux cocejieit. [lyisi OunapHo pasylops0ueHHON CUCTEMbl yCTa-
HOBJIEH (ppaKTaJbHBIM XapaKTep 9TOH CTATUCTUKHU U IIPEIJ0XKEH TOYHBIN aJiro-
puUTM ee noJydenus. [Ipeniokennplilt aJrOpuT™M JOIMYCKaeT aHaJuTHIeCKOe MpOo-
JIOJPKEHUE YCPEJHEHHbIX BEJUYMH Ha 00JIaCTh CIIEKTPa COOTBETCTBYIOIIEIO CJIy-
JaiHOTO raMuIbToHnaHa. s caydas paBHOMEPHO pas3ymopsiIOUeHHONR Cydaii-



HOI CHCTEMBI Ha HEKOTOPOM (YKa3aHHOM sIBHO) MHTEPBAJIE JIJIS CTATHCTHKN KPae-
BOit pyHKIMKM ['prHa 1OJIyIeHO TOUHOE aHAJIUTHIECKOE BhipaxkeHue. B jgomosrHu-
TeJIbHOI 00JIACTH CTATUCTHKA MOYKET ObITH BHIUMCJIEHA C TIOMOIILIO IIPE I I0KEHHOM
B juccepTanuy 3pOEKTUBHON MPOIEyPhl, TO3BOJISIONIEH IOJYIUTDb s yCPe/l-
HEHHO# KpaeBoii (pyHKIMM ['prHaA 3aMKHYTOE TPAHCIIEHIEHTHOE YPaBHEHHE, a JIJIsI
I'PAHUIL SHEPIETUUECKOI'O CIIEKTPa — aHAJUTUIECKYIO0 (DOPMYJLY.

— Brepsble mojiydeHo TOUYHOE BbIpaKeHue Jiid ycpejHenHoit ¢pyukmuu ['puna
mozenn JIaoiga ¢ KoppeanpoBaHHBIM CIyUYailHBIM TTOTEHIINAJIOM.

— Tlostyuenbl anajiuruydeckue (poOpMyJibl Jijist [IPeJebHON 11pu t — 00 I1J10T-
HocTu BO30yXKaenust D Ha Kpaesom y3ie (kputepuit Anjgepcona)|d| mist caydas
OMHAPHO Pa3yTNOpsIOYCHHOI [EMTOUKH, ONMChIBAEMOi raMusbronnanom (1) ¢ B3an-
MojielicTBreM OJIMKaRIIX cocejieil Tpu TPOU3BOJILHON SHeprun jiedekra u MaJioi
X KOHIeHTparuu. [Ipn aToM obHaApyKeH HeaHAJUTUICCKIH XapaKTep 3aBUCHMO-
ctu D ot sueprun nedekToB. PazpaboTan MeTo 1 BRIYUCIEHNs JIOKATU3AITNOHHBIX
XapaKTEePUCTUK OJHOMEPHON JMaroHaJbHO Pa3yHOPsIIOYeHHON CIIydaiiHOi CuCTe-
MbI CO CJIADOYOBIBAIOIUMU (PYHKIUSMU PACHPEJIETCHIS Y3eJIbHbIX IHEPIH.

— Ha ocnose nipemjioykeHHOTO B IUCCEPTAITUN METO/Ia BEIYUCIEHNST COBMECTHOM
craTucTuku GyHkiuit ['puna Jijisi KOppEIMPOBAHHBIX CUCTEM, BIIEPBbIC TIOJIYYCHbI
aHaJuTuIecKue popMyJibl JIJisd JJOKAJIU3AIMOHHBIX XapaKTEPUCTUK TAKUX CUCTEM.

ITonoxxenunsi, BBIHOCUMBbIE HA 3AMIUTY.

1. CraTucruka Kpaepoit pyHKIMU ['prHa 0JHOMEPHO pa3ylnops0UeHHON CICTe-
MbI, OIMCBIBAEMOI MaTpUIe (1) ¢ B3auMojieiicTBreM OJIMKaNIINX cocejieit, npu
HaJiMuuu OMHApHOro Oecropsijika uMmeer (ppaKTaJibHbI XapakTep, IPUYeM aJiro-
PUTM MTOCTPOEHUS ITON CTATUCTUKHU CPOPMYJIUPOBAH B 3aMKHYTOM BHJIE. Y Ka3aH-
HBI aJIPOPUTM JIOMYyCKAeT aHAJUTUYECKOe ITPOJIOJIKEeHNEe TOJYyYEeHHBIX C ero I0-
MOIIIBIO yCpeHeHHbIX (pyHKIui ['prHa Ha 00J1aCTh ClIEKTPa 1 BHIYUC/IEHUE YCPE/I-
HEHHOW TMJIOTHOCTU COCTOAHUI COOTBETCTBYIOIICH CAYYANHON MATPHUIILI BUIA (1)

2. Jlyist paBHOMEPHO pa3yIopsI0UeHHONl CUCTEMbI, OIIUChIBAEMOI MraMUJIbTOHMU-
anoM (1) ¢ B3ammojeiicTBrEM GJIMKAAIINX COCe/Iell TTOTydeHO mouHoe aHAJH-
TUYECKOE BbIPaXKEHHME JIJIsi CTATUCTUKKM Kpaepoil pyHkuuu ['puna, npumeHumMoe
B YKa3aHHOM sIBHO MHTEpBaJie 3HAUCHMI apryMeHTa. B J0moJHUTEIbHOM UHTEp-
BaJie CTATUCTHKA KpaeBoil ¢pyHKimnu ['pruHa MokeT ObITh MOCTPOEHA C TTOMOIIHIO
ONMCAHHON B JIMCCEPTAIIMOHHON paboTe MOCJIE0BATEIHLHOM MPOIE/LyPhl, TPUYEM
JUIs yCpeHeHHOl KpaeBoil (pyHknun ['puHa MoXKeT OBITH MOJYyUEeHO 3aMKHYTOE



TPaHCIEHJACHTHOEe ypaBHEHUWe, a JiJIs IPaHuI] ClleKTpa 3a/Ja4i — aHaJUuThYeCKue
opmyiibI.

3. Jlnst KoppeanpoBaHHON pa3yHopsA0UeHHON CHCTEMBI CO CYJIalHbIM MTOTEH-
[TIAJIOM, IIOJIyIeHHBIM CIVIa)KUBAHUEM IIOTEHIINAJA TUIA "OeJIbIi myM ~ IpHu CcTa-
TUCTHUKE y3eJIbHBIX Hepruii umeromeil Buj pacipesesenusi Komm (06001enHas
Mojiesib JLIoiia), 110JydeHO mowHoe BbIDAXKEHUE it YCPEJHEHHOH (hyHKIuu
['puna.

4. Ilpenenbuast ipu t — OO yCpeJIHEHHAs MJIOTHOCTH BO30YXKJICHUS Ha, Kpae-
BOM y3Jjie D (KpHTepMﬁ AH,[LepCOHa) 11OCJIE/I0BATEJIbHO pacCcuynuTana 110 pa3BuToil B
JINCCEPTAIMOHHONE PaboTe TeOpUN BO3MYITCHHI JIJIsT COBMECTHON CTaTUCTUKU Olle-
peskaroleit u 3amnasbiBaonieit pyakiunn I'puHa. Pacaers! BuIToJHEHBI 17151 ¢1a00-
Pa3yIopsiIOUEHHOI CUCTEMbBI ODIIEI0 BU/IA, JIJIsi CUCTEMBbI ¢ MaJIoil KOHIIeHTpalreit
nepeKToB (I/I MIPOU3BOJILHON MX SHepmeﬁ), JIJIST CUCTEMBI CO CJIOXKHOW CTPYKTYP-
HOW eUHUIEH, /11 Pa3yHoOpPAJOUCHHON CUCTEMbI C KYCOUYHO-TIOCTOAHHBIM CJIyYaii-
HBIM ITOTEHIMAJIOM, I Mojeseil ¢ (pyHKIMeil pacipejiesieHust y3eabHbIX dHep-
I'uil, He UMeIoIeil KOHEYHbIX YeTHbIX MOMEHTOB Bbiile HyJieBoro. IlokazaHo, 4To
JIJI4 TIOCJIeTHErO KJtacca MOJIeseil 3aBUCUMOCTD JIOKAJN3AITMOHHBIX XapaKTEePUCTUK
OT IapaMeTpa pa3ylnopda 0veHusd (H_H/IpI/IHbI (byHKIME pacipejiesieHus y3eJIbHbIX
3Hepmﬁ) He napaboJsimueckasi. B qacrHocTr Jijisi u3BecTHOR Mosesn JLnoitaa yka-
3aHHAd 3aBUCUMOCTD OKA3bIBACTCA JIMHEHHOIN.

5. llpenyioxkennblit B quccepTanuy METOJT COBMECTHON CTATUCTUKN OTIEPEXKAIO-
et u 3anaszjpiBatonieil pynknuit ['puna 060011eH HaA Ciydail KOpPEJIUPOBAHHBIX
cucreM. Paccunrannast cliekTpaJibHasi 3aBUCUMOCTb CTEIIEHU JIOKAJIU3AIUU COCTO-
SHUI KOPPEJTUPOBAHHDBIX CIYUAHHBIX 1EMOYeK MpU OOJIBINUX paJnycax KOppess-
UM 3HAYUTEHHO OTJIMYAETCS OT TAKOBOW JIJIsi HEKOPPEJUPOBAHHBIX CJIyYaiHbIX
MernovyeK u mpejcrapiser coOoi CriakKeHHyio MJIOTHOCTH COCTOSTHUN PeryssipHOi
eTIOYKH.

Anpobaius paboThl.

OcHOBHBIE Pe3ysIbTaThl, BOMIEAININE B JUCCEPTAIMOHHYIO PabOTy, OmyOJIMKOBAHBI
B PEIEH3UPYEMbIX POCCHICKUX U 3apyOeKHbIX KypHasax. CHucok myOukalmit
IIpUBEJICH B KOHIE pedepara.

PesynbraThl, mpejicTaBieHHble B paboTe JOKJIa IbIBAJINCh HA HAYUHBIX CEMUHA-
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— B HUN Ouzukn nm. B.A.Qoka npu Cankt-lIlerepbypreckom yamsepcuTere,
— B Ousuko-rexuunvaeckom nucruryre um. A.O.Nodde,

- B Cankr-Iletepbyprekom Otesnernne matemarndeckoro nuctutyta (IIOMU)
M. B.A.Creknona.

CrpykTypa m o0beM AuccepTaIluu.

Huccepranus cocront n3 Beemenust, 9-tu riras, 3akmodenns n CIucKa IMUTHPYe-
MOi1 JInTepaTyphl, BKJIOJatotero 112 nanMmenoBanuii. O01uit o0beM jiuccepTalunm
(6e3 criucka Jureparypbl) cocrasisier 230 crpanuil, BKiouast 30 pUCyHKOB.

OCHOBHOE COAEP2KAHUE PABOTDI

Bo BBemeHun kpaTko m3J102KeHbI MPUUNHBI 3HAUUTEIHLHOTO HHTEpPeca K Pas3yIio-
PSIJIOYEHHBIM CUCTEMaM U OIMCHIBAIOIIMM MX MaTeMaTHIeCKUM Mojiesisim. IIpuBo-
JISITCSL IPUMEPHI 3a/1a1, BO3HUKAIONIUX IPU U3YUEHUUM TaKUX CUCTEM, IIPH ITOM
[IOJIUEPKUBACTCA, UTO B HACTOMAINECEe BpeMs HayKa O Pa3ylopsA/IOUYEeHHBIX CHCTe-
MaxX HaXOJMTCsS B CTaJIMM HAKOIJICHWSI MaTepHuaJia, u4TO 3aCTaBJsieT 00paTUThCS
K M3Yy4YEHMIO Pas3ylopsi0UeHHbIX BAPUAHTOB IIPEICJAbHO YIIPOIIEHHbBIX KJIaCCU-
yecKux 3aJad (pU3UKU TBEpJIoro Teja. [IpuBogsaTces apryMeHThl IOKa3bIBaloIe
yJI00CTBO 1 caMOIIeHHOCTh MeToa (byHKIuit ['prna npu anajinse TpaHCIsIIIHOHHO-
HECUMMETPUUHBIX TBEPJIOTEIbHBIX MOJIEIe.

I'maBa 1. OB3OPHA{d YACTD

B sroit riaBe npuBOAATCA HEOOXOAUMBIE JIJIsi TOHMMAHUS OPUIMHAJBHON YacTu
JINCCEPTAIIMN CBEJIEHKSI O TIPUMEHsIEMOl B paboTe MEeTOJUKEe U O Pe3yJbTaTax I10
TeMaTuKe PabOThl, MOJYyYeHHbIX JpyruMu aropamu. Cioja, B HEPBYIO 04epe/ib,
OTHOCSITCsl TaKKe U3BECTHBIE cBoiicTBa (pyHknmit ['puHa, KaK UX CBS3b C JUHEI-
HOM BocpruuMInBOCTHIO (nogpaszesn 0.1.1) u crekrpom morsiorenus (mojpasies
0.1.2), BeIpakenune depes 3Tu HyHKIUKE BDEMEHHOM JIMHAMUKH TIJIOTHOCTH BO30Y K-
JIeHVsT, TEPBOHAYAJIBHO JIOKAJIN30BAHHOTO B Touke (mojpassen 0.1.3) u ypaBHemHue
Haiicona B Teopuu Bosmytenuit aist dbyukmuit [puna (mogpasmen 0.1.4).

Bo-BTOpBIX, B 9TOi IIaBe ONUCHIBAIOTCA PE3YJILTATh, TToJlydeHHble B paborax
Jlnoitnal2] (nogpassmes 0.1.5) u Haiiconal3] (noppaszesnst 0.1.6 u 0.1.7), umeromue



HETOCPEeJICTBEHHOE OTHOIIIEHUE K TIPEJIMETY UCCJIeJIOBaHUS JJaHHO JInccepTalluoH-
HO# pabOThI U UCIIOJb30BAHHBIE ABTOPOM B OPUIMHAJILHON YaCTH.

Hakownern, B 3akiouenue 51oii 0630pHoil riasbl (mogpasmgen 0.1.8) ommcano
IIPOBEJIEHHOE aBTOPOM OPHUI'MHAJILHOE UCCJIe0BaHNE, KACAIOIIeecs CBI3K Mojieiei
Haitcona u Jlioitja. Ilpu srom nokazano, uro ypasuenue [laiicona jiisi crarTu-
cruku yHkiuu I'puna B ciydae mojesn JLioitja Moxer ObITb Moy PEILIeHO.
[TockoIbKY 9TO UCCIe0BAHIE Ha CErOJHSIIHUN JeHb UMEET JIUIIb METOIUICCKU it
CMBICJI ¥ HE TPUBEJIO K CYIIECTBEHHO HOBHIM PE3YJIbTATaM, Mbl MPUBEIN €r0 B
0030pHON YaCTU JIUCCEPTAIIMOHHON PAbOTHI.

I'nasa 2. IPOCTPAHCTBEHHO OI'PAHUYEHHBIE MOJEJIN. ME-
TOA JNPPEPEHIINMAJIBHOI'O YPABHEHMUMS].

B 9T0it ryaBe NPUBOAATCS OPUTMHAILHBIC MCCJACAOBAHUSA ABTOPA, OTHOCAIIAECS
K HPOCTEHIINM TPAHCJISIIIMOHHO HECUMMETPUUHBIM MOJEJISIM — MOJEJISIM OIPaHU-
YEHHBIX CUCTEM. DTU CUCTEMbI OOBIUHO IIPEJICTABJSIOT OO0 KOHEUHBIH (pparMeHT
TPAHCJIAIMOHHO CUMMETPUIHON PEIeTKN U COOTBETCTBYIONAS TAKMM CHCTEMAaM
MoJiesibHast MaTpuiia (1) uMeer cooTBETCTBYIONMM 00PA30M OCTPOCHHbBIE JIHAI0-
HaJTbHBIE d7eMeHTH (hopmyita (6) auccepTaliioHHON PabOTHI).

[lepBoiii mojpasesn Bropoit riaser (mojpasaen 0.2.1) mocssmmen paspaboTke
MeTO/[a pacdeTa, CIIeKTPa, MONJIOMEHUsT TPOCTPAHCTBEHHO OIPAHUIEHHBIX CHCTEM.
OTipaBHBIM IIyHKTOM B 9THX CJlyudasixX siBjsiercs GpopmyJa (34) juccepraiuoHHoi
pabotwl. st purypupytomeii B Heit pynknun ['puna mnonydaercsa auddepeniim-
aJIbHOE yPaBHEHNE, KOTOPOE B PsiJie IIPOCTHIX (HO HE TPUBHAIBHBIX C TOUKH 3PEHMUS
aHasM3a cooTBeTcTByIOMEel Marpuibl (1)) ciydaeB MoKeT ObITH PEIIEHO TOYHO.
Pesynbrarsl, MOJydYeHHbIe B 9TUX pa3ieiaX, IPOBEPSLINCH MPIMBIM KOMIILIOTED-
HBIM 9KCIIEPUMEHTOM, OOHApyKuBas nosHoe coriacue (Puc.l).

B caenyromem noppasgene (nogpasses 0.2.2) pazBuThiii 10/X0/], OCHOBAHHbI
Ha and GepeHmantbHOM ypaBHeHun Jia GyHKIUT [ prna, TpuMeHsaeTcs JJs pac-
qeTa BOCIPUUMUYNBOCTH CJIOUCTBIX CUCTEM U HAXOXKICHUS UX CIEKTPOB OTPaKCHUS
¥ IIPOIYCKaHUs B 00JACTH 9KCUTOHHOIO TIOIVIOIEHNsl, TPU HaJIMIUK J06aBOUHBIX
poJin ITekapa. B npejyioxkennoii cxeme pacuera oTCyTCTBYIOT U3BECTHBIC 3aTPY/I-
HEHWSA, CBA3AHHDBIC ¢ HEOOXOAMMOCTBIO JOIOJHUTENBLHBIX YCJIOBHI I OIpeeie-
HUsl aMILIUTYJL J00ABOYHBIX BOJIH.

B saksounrenbiom nojpasese (nojgpasen 0.2.3) ¢ OMOIIBI0 PasBUTOl Me-
TOJMKHN pacdeTa BOCIPUMMYNBOCTH OTPAHUYCHHDBIX CHCTEM aHAJA3UPYETCS TIPE]-
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Puc. 1: Crnextp mONIOMEHHS MENOYKH CO CKAYKOM HAYAJBHOTO DACHICIUIEHH. (&) — MeTOJ
qucAeHHON Auaronanu3anun, (6) — TeopeTndeckuit pacaer

JIO2KCHHBII aBTOPOM 3P DEKT aHTU3EPKAJBLHOIO OTPAaKCHNA OT KPUCTAJIINICCKO
KBa3U/IBY MEPHOM MOJIOCHI (KBAHTOBOM sIMbI) ¢ 9KCHTOHHBIM XapaKTepOM BO30Y K-
nenuit (Puc.2).

I'masa 3. PASVYIIOPAJTOYEHHBIE OJITHOMEPHBIE MO/IEJIN. CITEKTP
IIOIVIOIIIEHU Y 1 IIJIOTHOCTHh COCTOSAHUI. CTATUCTUKA
OYHKIINN I'PUHA.

B sroit rmaBe guccepTanmoHHON PabOTHI MPUBOJATCS PE3YIbTATHI aBTOPa, Kaca-
OITHEC  pasynopadowentvir modeetdi, ONMUCHIBAEMbIX SKCUTOHHBIM MAMUJIBTOHUA-
nom ¢ Marpurieii (1). Bee pesysbrars! ucceprannm, KacaoIuecst Mojiesei 91Toro
TUIA, OTHOCATCH K 00HOMEPHBIM CUCTEMaM, JIJisi KOTOPbIX BO3MOXKEH HauboJiee
TJIyOOKUI aHAJIHS.

Bo BBOJIHO#T YacTu JUCCEPTAIIMN OTMEYACTCS, UYTO U3YUEHUE HEYTIOPsJIOUEHHBIX
MojieJiell BbI3biBaeT HaubOJIbIINE TPYHOCTH, MOCKOJIbLKY B 9TOM CJydae BCE MH-
Tepecyolye HaC BeJINUUHbI, CBsi3aHHbIe ¢ Marpureii (1), 3aBucsaT oT GOJBIIOro
YUACJIA PA3AUYHOLT JTAATOHAJDBHBIX JIEMEHTOB &, 9TOU MaTpUIIbl, U HaXO0XKJCHUE
SIBHOI'O BUJIA, 9TOW 3aBUCUMOCTH JIJIsT PEAJIMCTUIHBIX ¢ (DUBUUECKOW TOYKU 3PEHMUS

11



q=k COS §

At J\ i ;

0 60 120 180

Pwuc. 2: VryioBas 3aBUCHMOCTD pacCesiHUsI B BEPXHEE MOJIYyIPOCTAaHCTBO IJIOCKOH OJI0COH € 9K-
cntoHoM. Pacder mpoussoanics aas magaomei mox yriaom 450 miockoil MOHOXPOMaTHIeCKOi
postnbl. Hapsany ¢ sepKaabHBIM oTpazkeHmeM mof yriaoMm 1357, BosHmKaeT paccesnme Ha3as —
MaKCUMYM IIPH yTJIaX paccednus ~ 459,

MojIesIeil ejiBa Jin BOBMOXKHO. TeM He MeHee, Ha, JAHHOM JTalle Pa3BUTHs HAYKU O
HEYIOPsI0OYEHHBIX CUCTEMaX, NPEJICTAB/IAI0T HHTEPEC JlaxkKe OTBJICYEHHbIE MOJIe-
JIA, B KOTOPBIX 3aBUCUMOCTL KaKOM-IMO0 OTHOCAIIENHCsT K MOJIeJ HabJII0aeMOoil
BEJIMUUHBI OT IIapaMeTpoB OeCIopsiKa MOXKeT OBLITh IOoJIydeHa 6 AeHom eude. B
nepBOM oJpazjiesie Tperheil riaasbl uccepranuu (mojgpaszen 0.3.1 ) paccmat-
PUBAETCSI TaKasl MOJEb — MOJEIb TUIEePOOTNIecKuX J1eMeKToB, — JIJIsT KOTOPOii
metosiom uddepeHmanbpHoro ypaBuenus i Gyaknuu ['puHa (M310KeHHBIM
B IPEJIBIIYINEH IIaBe) OKas3biBAETCs BO3MOXKHBIM MOJIYIUTh GHAAUMULECKOE BbI-
paXkeHue Jijisl CIIeKTpa HorjoiieHus. B 1ot Mojiesin jguaroHalibHblii 0ecopsiioK
B MaTpuie ramuibTonnana (1) Boibupaercs B Bujie Habopa JedeKToB HEKOTOPO-
r'o CIENUAJLHOrO BUJIA, IPH KOTOPOM (DOPMa, CIIEKTPa IIOLJIOIIEHNsT OKA3bIBACTCSI
HE3ABUCAWET 0OM 83AUMHO20 NOAONHCEHUA Jehekmos, a ero aMILIATYIa OIpe/ie-
JISIeTCA CYMMO# aMIIIUTYL 1e(hEeKTOB.

B caemytomem nogpasgedie (mogpaszes 0.3.2) gaHHO# TTaBbl KCCJIETYIOTCS KIIac-
CUYecKre MOJICJN OJHOMEPHBIX HEYTOPSJI0UYeHHBIX CHCTEM, KOTJa AuaroHabHbIe
JIEMEHTbI £, MATPUIbI (1) CUUTAIOTCSH HE3ABUCUMBIME CJlyYaHBIMU BEJIMUUHAMK
¢ yHKIHeH pacupeesaeHus, COOTBETCTBYIONMEH OUHaAPHOMY WA PAEHOMEPHOMY
TUITaM JraroHajbaoro oecropsiyika. [Ipu sTom Mbr ciieyem padore Haiicona 3|, B
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KOTOPO#l MoJIy4ueHo ypaBHEeHUE Jiist cmamucmuky GyHKIMN ['puHa 1 KOHIIEHTPU-
pyeM yCUJIMsi Ha UCCJIEJIOBAHUE 3TOI0 YPaBHEHUSI JIJIsI YKA3aHHbBIX JIBYX TUIIOB JIha-
rOHAJILHOTO Oecriopsiika. Jlyist OuHapHO pas3ynopsIoueHHON! MOIEBHONR CHCTEMBI
B paboTe MOKa3aHo, YTO IJIOTHOCTH PaclpejieJieHs COOTBETCTBYIOMEN (PyHKITNN
['puna (sra dyHKus sBisiercs perenneM ypasaenus JlaiicoHa jijisi craTuCTUKR)
UMeeT Ppaxmansvnvili XapakTep W OIMUCHIBACTCS TOYHBIA aJTOPUTM MTOCTPOCHMUsI
obJacTeil, rJie MJIOTHOCTH OTJIMYHA OT HYJIA, C YKa3aHWeM 3HaAYeHWUs WHTErpasia oT
IIJIOTHOCTHU II0 9THM O0OJIACTSAM. DTOT aJrOPUTM I103BOJIAeT 3(P(MEKTUBHO BHITUC-
JISITh ycpejHeHHyto pyHkiuioo ['puHa GuHapHO HEYHOPsiIOYEHHON MOJIe/IN ¢ BO3-
MOYKHOCTBIO €€ aHAJUTHIECKOTO TTPOJIOJIKEHUs Ha 001acTh ciekTpa. [IpuBogarcs
IPUMEPBI BBIYUCJIEHUsT CTATUCTUKY (bYHKIWUK ['pUHA W JIOTHOCTH COCTOSHUIT OM-
HAPHO HEYMOPsIOYEeHHOM MOojiesibHOM MaTpuib (1).

AHaJIOrM9IHbIE UCCJICIOBAHUS PABHOMEDPHO HEYIIOPSIOYEHHOW MOJIEIHU, 1PE/I-
CTaBJICHHBIE B 3aKJTIOUUTENbHBIX pasjesax 9TOH IJIaBbl JUCCEPTAIMOHHON pabo-
ThI, TOKa3bIBAIOT, UTO CTATUCTUKA (PYHKIMU ['prHA B 3TOM cllydyae MMeeT JiOo-
KaJIbHO aHaJUTUYeCKuil Bu . B jiuccepraiuu 1mokaszaHo, 4To Jijist 9TOl MOJIe/Id Ha
HEKOTOPOM (YKA3aHHOM SIBHO) OTpEe3Ke perenue ypaBuenus Jlaiicona st craTu-
cTuku PyHKIuU ['prHa MOXKeT OBITH MOJYUYEHO Mo4H0 B aHAJUTHIECKOM BH/JIE.
B jionojiHuTeIbHON K 3TOMY OTPE3KYy 00JIaCTH pelieHne MOXKeT ObITh IMOJIyYeHO
C IIOMOIIIBLIO IIPEJJIOKEHHOH B jiuccepralnoHHOil pabore 3 DekTuBHOM IpoIe/Ly-
PBI, IpUYeM [ yepeaHeHHoi (yHKIuu ['puHa moydaeTcsd 3aMKHYTOE TpaHC-
MeHJIEHTHOE ypaBHEHUE, & I TPAHUIl CIEeKTpa PaBHOMEPHO HEYIOpSTOYeHHOM
CUCTEMbl — aHaJIUTUUIECKas (popMmyiia.

OpauM u3 HamboJiee BaXXHBIX PE3YJIbTaTOB TPEThEil I'JIaBbl SIBJISETCA HCCJIe-
JloBanme KoppeanpoBanHoit mojesnn JInoina. KoppenrmpoBannblil ciydaiiHbIi 1TO-
TEHIMAJI B 9TON MOJEJIHN MOy IaeTCsl CIIaKMBAHUEM HEKOPPEIUPOBAHHOTO TTOTEH-
nuaJja Kiaaccudeckoit mojenn Jhnoipa. st rakoit 06obiennoit mogesun JLnoii-
Jla, B IVIaBe 3 IIOJIYUEeHO TOUYHOE BhbIpakKeHue Jijist ycpeaHenHoi ¢gyuknun ['puna.
[Ipn sTOM OKa3aJI0Ch, 9TO IMJIOTHOCTH COCTOsIHMI 00oOIIeHHOl Momenn JInoiiga
HEe 3aBUCHT OT IapaMeTpa MOJIEIN, KOTOPBIA UI'PaeT POJib PAJIyCa KOPPEJIsIIUN.
[IprMepb! BBIUKCIEHHS IIJIOTHOCTH COCTOSIHNAM MPUBEIEHDLI Ha PUC.3.

Bce I[IOJIYY€HHbIC PE3YJIbTAThI IIPOBEPAIOTCA COIIOCTaBJIEHHNEM C KOMIIbIOTCPDHDbI-
MM 9KCIIEpUMEHTaMMU.
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Pwuc. 3: KoppenmwpoBannas mMomensb JL1oiga Tpu pa3audHbIX pajnycax Koppeasanun R u pas-
JUYHBIX BUAAX DYHKIUUH w(r), ONUCHIBAIONIEH HeJAMATOHAJIBHbBIE 3JIEMEHTHl TAMHJIBLTOHHAHA.
[Manesm (a) u (b) — WioTHOCTH cocTOsIHMIT raMuabTOHHAHA (1) MpU HeMArOHABHBIX 3JI€MeH-
Tax Buga w(r) = 01, + 0-1, (a), mw w(r) = voexp—|r/Ry| (R1 = 1,v9 = exp[l/Ri]) (b).
HTymsimue 3aBucumoctd Ha nanessx (a) u (b) — mosydeHbl YHCIEHHO TuaroHaan3anueil ra-
MUJIbTOHHAHA (1), IIAJKHe KPUBBIE — PACIETOM TI0 AHATUTHICCKIM (hOPMYJIAM, MOJTYIEHHBIM B
juccepranud. [loTHOCTH cocTostiHuil, TOKa3anuble Ha nanessix (a) u (b), moaydens! npu pajuy-
cax koppessun R = 0.1 u R = 30 coorBercrsento. [Nanesn (d) u (¢) — peanmszanuun caydaiiHbx
noTeHIuaaoB npu paanycax Koppexasnun R = 0.1 u R = 30 coorBercTBenno. [lo ocn abemmec
OTJIOZKEeH HOMEp y3Jia 7, 0 OCH OpJMHAT CAYYaidHBIH moreHnuan €,. Bo Bcex caydasx A = 1.
Pasmep coydaitHBIX MaTpUIl pH YucIeHHEBX pacdeTax N = 4000.
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I'mapa 4. BBIYMICJIEHNE CTEIIEHN JIOKAJIN3AIIN B CMBbIC-
JIE KPUTEPUS AHAEPCOHA JISI OJHOMEPHON JIMATO-
HAJIBHO PA3YIIOPSITOYEHHON CUCTEMBI.

B s10ii riaBe usydaercs kKjiaccudeckast Jjisi TeOPUM Pa3yloOpsiI0UEHHbBIX CHCTEM
3aJ1a1a 0 pacraje BO30yKIeHNs, TePBOHATAILHO JIOKATU30BAHHOTO B TOUKe. Ba-
30BBINl MOJIEIbHBII raMuibToRnan (MaTpuna tumna (1)) H umeer caemyionue sie-
MEHTBI:

Hr,r’ = 57‘,7”57’ + 6r,r’+1 + 57‘,7"717 T, TI = 17 ) N7 (2)

IpUIeM MOAPa3yMeBaeTCs TepMoanHaMudeckuii mpejen N — oo. PaBHbIe en-
HUTIE HEJIMArOHAJbHBIE 9JIEMEHTHI MATPHIHI (2) 3a1a10T MACIITAO U3MEPEHNUST IHEP-
N

st Takoit Mojesin paccmarpuBaercs ciaejyomas 3ajada. [lycrs upu £ = 0
kpaitauii arom (r = N) 6611 BO30YXKIeH U TpedyeTcst HallTh BeposgTHOCTH D TOrO,
YTO TOT aTOM OCTAHETCsl B BO3DYXKJEHHOM cocTosiHnue 1pu ¢t — oo. Maremaru-
YECKM 3TO 03HAYAET, YTO HAYAJILHOE COCTOSHUE CUCTEMbI OIMCHIBACTCSA BOJHOBOI
bynknueit (BekTopom-crosbnom) W¥(0) ¢ kommonentamu V,.(0) = §, y, u Tpedy-
ercst naiitn D = (| (¢t — 00)|%), npuuem yriosbie ckobKl 0603HAYAIOT yCpe/l-
HEeHUe 110 peau3alysaM CJydaiHbix pacuierienuii €., 7 = 1, ..., N. 3aBucumocrn
BOJHOBOI (DYHKIMU CUCTEMbI OT BPEMEHH OIPEJIEISCTCA CJASYIONUM 00pa3oM:
W(t) = exp <th)\II(O). Orciona cjemyer, YTO KHTEPECYIONIas HAC BeJuunHa D

MOKeT ObITh BbIPaskeHa depe3 coOCTBeHHble BeKTOPbl W i cOOCTBEHHbIC YnCIIa
Ex,A=1,..., N marpursl (2) ciemyrormum o6pa3om:

D = ([t = 00)) = Jim (S IUNPIWAF expo(By = Ex)t) = (SI1VA[")
(3)

Benmunna D HasbiBaeTcs KpurepueM AHJIEPCOHA U KOHEYHOCTH 9TON BEJIMYUHBI
CBUJIETEJLCTBYET O TOM, UTO CpPeJi COOCTBEHHBIX (DYHKIHMI raMusibroHuaHa (2)
€CThb JIOKAJIU30BaHHbIC.

Jlist OLEHKM CTeleHr JIOKAJIU3alui COOCTBEHHbBIX BEKTOPOB (2) B CHIEKTpaJb-
wom unrepsase [U, U +dU|, sogurcs dbyuxius "yaactus" W (U), onpenensiemast
CJIEIYIONTUM COOTHOIIECHUEM:

WU = > ey, (4)
E\€[U,U+dU]

Ouesuyino D = [W(U)dU. Cubicst hyHKIMU yuacTHsi 3aKJIIOUALTCH B TOM, YTO
ecaint Bce cocrosuns B unrepsase [U,U + dU] nenokammzosaust, To W(U) = 0.
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B nmporusnom ciayaae W (U) ornmana ot nyiasa. Kpome toro, dynkuns (4) maer
KOJINYECTBEHHYI0 MH(POPMAIHMIO O CPeJIHeil BenunHe COOCTBEeHHBIX BEKTOPOB CJIy-
JqaitHON MaTpuIlbl (2) Ha KpaiiHeM y3je B crnekrpaibioM uarepsae [U, U + dU].
C IOMOIIBIO COBPEMEHHDIX EPCOHAJIBLHBIX KOMIILIOTEPOB BO3MOXKHO 33 0003pH-
MO€ BpeMsi TIPOBOJIMThH JMArOHAJIN3AIMIO MATPHIL (2) U B TAKOM YHMCJIECHHOM JKC-
nepumente "nabuogars"Besmannbt (3) u (4) npu N ~ 1000 u 6osee. OcHoBHO
3ajladeil, uccyaeayeMoil B TaHHOW TJiaBe IUCCepTaIun (a Tak>Ke B 4 cJieTyIonmnx
rJIaBax), SBJSETCS TEOPETUICCKUI PACTET STUX BEJMINH.

[Tepeunciium pesysibrarsl, IPUBEJICHHBIE B 9TOW TJIaBe JIMCCEPTAIMOHHOM Pado-
ThI:

1. Tlocrpoena Teopusi BO3MYIIEHUI JIJIsT BHIYUCICHUS COBMECTHOW (DYHKITUU

paciipejiesienust orepexkarolieit u 3anasjpiBatonieit pyukiumii I'puna raMmujibToOHM-
ana (2).

2. Jlyist GuHAPHO pa3ylopsiIOYCHHON OJIHOMEPHON CHCTEMBbI, OIMCHIBAIOIIEHCs
raMUJIBTOHUAHOM (2), B KOTOPOM aTOMHBIE PACIIEIIEHHs] £, ¢ BEPOSITHOCTHIO 1 — ¢
PaBHbI HYJIIO U ¢ BEPOATHOCTHIO ¢ pashbl €, (0 < ¢ < 1) Hosiyuenbl cjejyromiue
BbIpayKeHus Jyist Beauauubl D u dyuxnun W (U):

1) el - () o)

D_47T/ dU (4 — U2 In(

W(U)::W@(Q—\U])(zl U2)3/21n<4 o +1)+ (6)

+eO(|e| — 1)(52 _ 1)25((] - 62; 1) +0(?)

22
Heanammruanocts (5) kak GyHKIWMN € ¢BA3aHa ¢ MOsABICHHEM IpH |¢| > 1 Kpae-
BOrO cocrosinust ¢ aneprueit Uy = (g2 + 1) /e.

3. st mupoKoro Kjacca pasylopsiJIOUeHHbIX CHCTEM, OIMUCHIBAIOIINXCS I'a-
MUJIBTOHHAHOM (2), B KOTOPOM CJIyYailHble ATOMHBIE PACIICIICHUS €, UMEOT
bynkuuo pacnpegenenust sujga Pa(x) = p(z/A)/A (rae p(z) > 0, [ p(x)dx =
1, [p(x)xde = 0, [ p(x)x’de = My < 00) HOJyueHbl CIEJYIONNE BbIPasKeHust
mist Besmauabl D u dbyaknun W (U):

AQZMZ \/4 02+ 0(A%)  (7)

Bce BbIBejIcHHBIE B JIAHHOI TJIaBe JUCCEPTAITMOHHOMN pa60Tb1 dopmyihl TPOBEPSI-

D= +0(A%),  W(U) = (2—|U\)

FOTCst KOMITBIOTEPHBIM MojiesinpoBanueM (puc.(4) u puc.(5)), Koropoe 1moka3biBa-
er, uro npu D < 0.1, snauamue gactu opmya (5) — (7) Ja0OT TOTperHocTh
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Puc. 4: (a) Cayuait 6unaproro Gecriopsizika. 3amryMaeHHbe KDHBbIe — 3aBHCHMOCTH BEJIHIHHBI
D/c or suepruu 1edeKToB &, MOy YeHHbIe YUCIeHHO IPH PA3HBIX KOHIIEHTPAIUAX 1eHEKTOB ¢ =
0.01,0.03,0.1, rajkast KpuBas — TeopeTudeckast 3aBucumMoctb (5). (6): Caydail paBHOMEPHOTO
GecopsaKa. 3aBUCHUMOCTD IIPEIEIbLHON Mpu ¢ — 00 INIOTHOCTH BO3OyxXKaenua [ Ha KpaiiHem
yaie or Beauuannbl Gecniopsaka A. [irajgkast Kpusast mosydeHa ¢ momMomnipio (7)

menbiyo 10%. Ilpu srom crenenn pasynopsijioueHHOCTH CUCTEMbI MOXKET ObITh
JIOBOJILHO DOJIBINOI, Hanpumep, 3navaiiue dacru Gopmyst (7) OKa3bIBAIOTCS PU-
MEHUMBIME KOTJIa €, PABHOBEPOSITHO pacrpejiejieHo B untepsase [—0.25,0.25].

Tnasa 5.CIIEKTPAJIBHA Y 3ABUCUMOCTH CTEIIEHU JIOKA-
JIN3AIINU B OTHOMEPHOI PA3VIIOPSI/IOYEHHOI CUCTE-
ME CO CJIOKHOM CTPYKTYPHON E/JVTHUIIEN

DTa rj1aBa JUCCEPTAIMOHHON PabOTHI MOCBAIIEHA PA3BUTHIO U 0OOOIIEHUIO U3JI0-
YKEHHOTO B TIPEJIBIIYINER TyIaBe TMOX0/a K aHaJu3y JMHAMUKKA BO30YXKJEHUs B
OJIHOMEPHO# pas3ylopsi0YeHHON 11eI0UKe, OCHOBAHHOMY Ha HMCCJIE€JIOBAHUU COB-
MECTHOI CTAaTUCTUKM OIepexKaloleil u 3amas3ibiBaorieil dyHkiui ['puHa. dTor
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0.0010

W(U)du a
0.0008 |
0.0006 |
BwHapHbIi Gecnopanok ,c=0.03, £ =0.8
0.0004 |
0.0002 | U-
0 i R — S ‘Mk
-3.0 -1.5 0 1.5 3.0
0.0010 -
W(U)dU 6
0.0008 t
0.0006 t
BuHapHbIl Gecnopagok , c=0.03, g=1.2
0.0004 }
0.0002 }
MWI U
0
-3.0 -1.5 0 1.5 3.0
_4 .
1.040™ Myyau !
0.8x10™
0.6x10™
0.4x10™
4 PaBHoOMepHbIN
0.2x10 Gecnopagok . 4=0.5 U]
0 . 1 3 )
-3.0 -1.5 0 1.5 3.0

Puc. 5: @yukuus “yyactus’ — cpaBHeHHe Teopuu (riajgkue Kpubble, Gopmyiasl (6),7) ¢ KoM-
IBIOTEPHBIM MOJIETMPOBAHUEM (3alllyMJIeHHbIe KpuBbie). st GHHAPHO pa3ymopsi0ueH O Te-
[OYKH BUJIHO TOsIBJICHHE OCOOEHHOCTH, CBSI3aHHOI ¢ KpaeBbiM coctosuuem: (a) — ¢ = 0.8 < 1,
0COBEHHOCTH BhIpazKeHa c1abo, (6) — e = 1.2 > 1, nosiBisiercst BBICOKHUiT y3Kuil MUK QyHKIUH
"yaactust". (B) — dynknua "ygacrus" 1s1 nenodku ¢ paBHOMepHbIM Gecriopsakom mpu A = 0.5.
Bo Beex cayuaax dU = 1/50.
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MOJIX0J] OKazbiBaeTCs 3(PMEKTUBHBIM BO BCEX CJydasix, KOTJIa NPU YBEJUUYEHUE
JUTMHBI TEMOYKN Ha OJ[HY CTPYKTYPHYIO €JIMHUILY €CTh BO3MOXKHOCTH BHIPA3UTH
kpaeByto dyukimio ['pura (KOI') wooit nenoukn depes KOT' ucxoanoit nemnod-
Ku. B janHoii riaBe paboThl Mbl OIKMCHIBAEM TaKyl MOJIeJib, B KOTOPO#l CTPYK-
TYPHOI eJInHUTIeH sBJIsieTCst (PParMeHT, COCTOAIINN U3 1 CBSA3aHHBIX OJINHAKOBBIX
JIBYXYPOBHEBbIX cucTeM. Pasynops/j0ueHHOCTb 3TOW MOJIeJIU 3aKJIF0YaeTCs B TOM,
YTO PHEPreTUIECKUEe PACIIEIICHUs JBYXYPOBHEBBIX aTOMOB, OY/1yUN OJIMHAKOBBI-
MU JIJIsi @TOMOB, IIPUHAJIJIEXKAITUX OJHOMY (bparMeHTy, MOI'YT MEHSThCA CJIydaii-
HbIM 00pa3om oT ¢grparmenTa K pparmMenty. OCHOBHBIM PE3y/IbTATOM JAHHOM TJia-
BBI JICCEPTAIMN SIBJISTIOTCST cierytontue GpopMystbl st hyuxiwn yaacrus W (U)
U BeJIMIUHBI [, MIpUMeHHMble K OJHOMEPHON CIydailHON TemovuKe ¢ OMUCAHHOM
BBIIIIE CJIOXKHOUW CTPYKTYPHON €IMHUIICH:

02— |U|) A’M, | 4 —U?
W(U) = <7Tm | 4|)_ i 2 sin? [m arctg(U)] + O(AY), (8)
- 2m O(&%)

3rmech Benmmanabl A u My IBIAIOTCS mapaMerpaMi (BYHKIUKA PACIPeIeIeHns
y3eJbHbIX sHepruit P(g) (koropast Tenepb OTHOCHTCA K PACIICIIICHIIO JBYXYPOB-
HEBBIX aTOMOB 1eJI0r0 hparMeHTa JUIMHOM 1) U UMEIOT TAKO YK€ CMBICJI, KaK 1

B opmy.ie (7).

3 dopmyant (8) caeyer, aro npu sueprusx U = &, onpeieseMbIX YCI0BH-
SAMU

= E, /—tg2[%] T 17

dbyukius yaacrus W (E,) obpalaercst B HyJIb ¢ TOYHOCTHIO JIO YJICHOB TTOPSI/I-

V4 — &2 2
arctg<gn) _ E, ==+ &l <2, n—nuenoe, (9)

Ka A3, T.e cocTosAHNA B 9TUX SHEPreTHYecKUX TOUYKAX OKa3bIBAIOTCS B PACCMAaT-
PUBAEMOM MPHUOJIMAKEHUN JIEJTOKAJN30BAHHBIMU., DTOT PE3YJILTAT MPEICTaBISICTCS
CTPAHHBIM, IOCKOJIbKY CIUTACTCS JIOKA3aHHBIM| 1], ITO B OIHOMEPHOI 0JIHOPOTHOT
caydaiiHO# cucreme BCe COCTOsIHMS JIOKAJM30BaHbl. B CBsI3W ¢ 9TUM HaMU ObLI
LPEJIIPUHSIT aHAJIU3 CJIeyIoero diena passioxkenust yukipuun W(U) 1o crene-
HsM A, KOTODBIH MOKa3aJ, 910 310T wieH pacxoputcs npu U = &, (9). Takoe
"mporuBodaznoe' moBereHNe BKIIAIOB PA3JIMTHOTO TOPSIKA JOJXKHO MPUBOIUTH
K TOMY, 9TO P HEOOJIBIION CTENEeHN Pas3ynopsIOYeHHOCTH (T.e. 1P MaJibix A)
dbopmyna (8) mosKHA XOPOITIO PAbOTATE TMPH JIIOOBIX 3HAUCHUSX SHEPIHUH, KPOME
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' 0010 W(U)dU a N=4000, A=0.5, m=2
0.75x10™ ﬂ‘
0.50x10™ ﬂ H
0.25x10™ | AN
0 ! o
3.0 0 1.5 3.0
0.00016
W(U)dU b N=4000,4=0.5, m=3
0.00012
0.00008 |
rl
0.00004 | '| L/Jsf
i Al I'Mr'll
3.0 15 0 15 3.0
-5
2.5%10
_— W(U)dU ¢ N= 4DDD.a=D.2'5.m=3
J
15x10° f' ;'QIL
1.0x10 |
l A,
05x107° | 0 J( \
0 X ‘//NN\“ L/ U
3.0 1.5 0 1.5 3.0

Puc. 6: Pacnpejesenue crenenu JIOKAIU3AIMUN COCTOAHUIT B OJITHOMEPHBIX Pa3ylnoOpPsI09€HHBIX
EMOYKAX CO CJAOKHON CTPYKTYDHOH enuHuIei. 3anryMIeHHble 3aBUCHMOCTH MOJTYy9€Hbl KOM-
IBIOTEPHBIM MOJICIUPOBAHEEM, IVIaJKHe KpuBble — Ipu momorrn dbopmyist (8). Pasmep ciy-
JallHbIX MATpUIl Bo Beex caydagax N = 4000. SuavueHus mpovmx mapamMeTpoB ciemyomme: (a)
A=05m=2,(b) A=0.5,m=3, (¢c) A=0.25,m = 3. Bo Bce ciyuasx dU = 1/50.
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MaJIbIxX obsiacreit BOMsH sHadenuit £,. B arux roukax ( rae nonpaska ~ A? (8)
00OpAIAeTCs B HYJIb) JIOJIZKHBI HAOJTIOJATHCS Y3KIe MAKCUMYMbI (DYHKIIUU ydacThst
W(U), cooTBeTCTBYIOIHE PACXOJAUMOCTH CJIeyomed mompaBku. OnucaHHbli B
3aKJTIOTUTENIbHOI TaCTH 9TOM TJIaBbl JUCCEPTAIMN UCICHHBINH SKCIEepUMEHT (pe-
3yJIbTAThl KOTOPOTO MPUBEJIEHBI Ha PUC 6) MOJTHOCTHIO TOTBEPK/IaeT CKA3aHHOE.

I'naBa 6. CIIEKTPAJIbBHA S 3ABUCUMOCTDB CTEIIEHI JIOKA-
JIN3AIININ B OTHOMEPHON PA3YIIOPIJOYEHHOI MOJE-
JIN JIJIOMITA

B sroit rimaBe jguccepranuu METOJMKA, MCIOJB3YIONAs MOCTPOEHNE COBMECTHOMN
CTATUCTUKK OIEepexKaloleil M 3ama3nbiBatonieil pyaknuii ['puHa, npuMeHgeTcs
JIUTST FICCJIETIOBAHMS JIOKAJIM3AIMOHHBIX CBOMCTB pa3ynopsIOYeHHBIX MOJIee, OT-
JIMIAIOIINXCST OT PACCMOTPEHHBIX BBITIE, KaK TOBOPAT, "KJIACCOM YHUBEPCAJIHLHO-
cru‘. Marpuna raMuabTOHHAHA MOJIEJIel 9TOI0 KJacca MMeeT CTaHAPTHBIN BU
(1), a cnenudpuka 3akmouaeTcs B ToM, 9T0 dyHKIUs pacupesenenus P(e) ciy-
JalHDBIX Y3€JIbHBIX SHEPIUil £, MOXKeT yObIBATH HACTOJILKO MEJJIEHHO, UTO BCE ee
JeTHbIe MOMEHTBI, KPOMEe HYJIEBOTO, pacxoiarcs. IIpumepom momobHON Momenn
MOXKET CJryKuTh Mojiesib JLioijial2], B koropoit P(€) siBiisiercst pacupejiesieHuem
Kommu. B macrosimeit riaBe paboThl IPOU3BOJUTCA ODODIIEHNE METOMUKHU, pa3-
BATOI B MPEJBIIYIINX IIaBaxX, Ha CAydail JraroHaJbHO pa3ynopsijgoueHubix 1D
MOJIesieli OIMCaHHOrO BbIIE KJlacca, KOrjla NpuBejeHHbie panee dhopmydbl (7),
BhIpakaforue Kpurepuit Amgepcona D U CIEKTPAIbHYIO 3aBUCUMOCTD JIOKAJIH-
saruu W (U) 1epe3 BTopoit MOMEHT (DYHKITUH DACIPE/ICJICHUS Y3€IbHBIX SHEP-
ruii [ P(g)e?de, okazbiBatores HenpuMennMbiMu. Takoe 06061eHIe OKazbiBaeTcs
BO3MOXKHBIM, €CJIM 3alMCATh PEJJIOXKEHHbIE B paboTe ypaBHEHUs JIJIsi COBMECT-
HOI craTucTuky HyHKIUE ['puHa B MATpUIHOM BHJE, IpUUEM B KadecTBe Oa-
3WCa B3ATH MPEJIOKEHAYIO B JIUCCEPTAIIMN CUCTEMY CIeNnaJIbHbIX QyHKINA. B
KadecTBe MpUMepa MbI IPUBOJMM pacdeThl juisi Mojesn JLmoiiia n nmokasbiBaem,
YTO 3aBUCHMOCTDL KpUTepHusi AHgepcona oT mapaMeTpa IMIUPUHBI PACIPEIeIeHNs
y3eJbHBIX SHEPIUil B 9TOM Ccjiydae aunelnad, a He KBajgpaTudnas (7), Kak Jyis
OBICTPO yOBIBAIOIINX PACIPE/ICJICHUI.

Ob61mast mocTaHOBKA 3a/1a191 ¥ KOJIMYECTBEHHBIE ONPEJIE/ICHUsT BBITUCISIEMbIX B
9TON IJlaBe JucCepTaluyd BeJUYUH B TOUYHOCTU COOTBETCTBYIOT TAKOBLIM M3 JIBYX
mpeapaynmx riaas. OCHOBHBIM PE3yJIbTaTOM JAHHOM T/IABI UCCEPTAIIMOHHOM pa-
OOThI SABJISIOTCs CJiejlyloiue npuMmeHumMbie 1ipu D << 1 BbipaxkeHusi jijist (PyHK-
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v yaacrus W (U) n kpurepust Aujepcona D:

(4 U2 3/2

W) =S

[ dzP(e) In(1+ 4_52U2),

Ul<2, D= W)

(10)
OTHU BblpaKeHUsl CIIPaBEIUBbI IpKU (PaKTUIECKU JIIOOONH MBICJUMONE (DYHKIUN
P(e). IIpu My < 0o dopmydst (10) nepexogsit (npu masbix A) B dopmyssr (7),
nosyuennnie panee. [Ipu My = oo 3aBucumocts D 0T A Ka4eCTBEHHO MEHSIETCH.
B uwacrnoctu, s Mogenu JLioiiaa, korga P(x) = Alr(A?+22)]7, okasbisaercs
BO3MOYKHBIM sIBHOE Bbluncienue narerpaa B (10) npuuem sesuauna D oka3biBa-
eTcsl IIPOIOPIMOHAJILHON 1epBoii cTernenn A, 94TO MOATBEPXKIACTCS OIMMCAHHBIM B

3aKJIIOUUTEJIbHON YaCTU I'J1aBbI KOMITBIOTEPHBIM 9KCIIEPUMEHTOM.

I'napa 7. CIIEKTPAJIbHA YA SABUCUMOCTD CTEIIEHUN JIOKA-
JIN3AIII COBCTBEHHBIX ®YHKIINIM OTHOMEPHOTI' O YPAB-
HEHUA IMTPEAVMHI'EPA C KYCOYHO ITOCTOAHHBIM CJIY-
YAVHBIM IIOTEHIIIAJIOM

B Teopuun npocreitinmx TBEp0TEIbHBIX Pa3yNoOPsI0UeHHBIX MOJIe/Iel Pa3InyaioT
HelpepbIBHbIE U JIMCKPETHbIE MoJiesin. HelpepbiBHbIe MOJIE/IM UCIIOJIb3YIOT YpaB-
nenue pepunrepa [—d?/dx? + U(z)]yp = E1) ¢ Tem uiu UHbIM CIydailHbIM MO-
TeHIra oM U (), TMCKPETHBIE MOJIEJIN CTPOSITCST HA OCHOBE HEKOTOPOIT CJTy daiiHOi
MaTPHIBI MOJIEJILHOIO TaMUJIBTOHUAHA, HAIpUMeD, MaTpuilbl (1), sBiisioneiics oc-
HOBHBIM OOBEKTOM HCCJICJIOBAHMS Halleir paboThl. B nanHoi riiaBe JuccepTanun
TeOpUsdA BO3MYIIECHUN JIJIsT COBMECTHOI CTATUCTUKU OIEperKaroieil n 3amna3blBa-
torieit pynknuit I'puna, pazsutasi B NPEJbIYIIMX IJIaBaX U C YCIEXOM IpUMe-
HEHHAsi TaM JIJIsl UCCJEJOBAHUS JIMCKPETHBIX MOJIe/Ieil (sABIISIIONIUXC OCHOBHBIM
OOBEKTOM HCCIICJOBAHUS JINCCEPTAIINT ), UCTIOJIB3YETCsS B HACTOSIICH TJIaBe Jist
aHaJIN3a HEMpPEepPbIBHON Pa3yrnopsiIOUeHHON MOJen. DTO MOKa3bhIBAET MHOTOCTO-
POHHOCTD IIpejiiaraeMoro B JIMccepTaliy 1o/1Xo/ia K aHaJan3y JIOKAJIN3allMOHHbIX
CBOVCTB CJIyYalHbIX CUCTEM.

Kparko omnuiieMm 3ajady, UCCICIOBAHHYIO B 9TOH, CEJILMOI, IJIaBe JINCCEepPTa-
IMOHHOI paboTbl. PaccMOTpuM 0HOMEPHYIO HENPEPLIBHYIO Pa3yHnopsa 09eHHY IO
MOJIEJIb C KYCOUHO NOCTOANHbLM CJlydailHbIM HoTeHIagoM U (T), paBHOM U + &€,
BHYyTpu uHTepBasioB = € [b(n — 1),bn|,n = 1,2,...,N. 3nech &, He3aBUCH-
MBIe OIPDaHMYCHHBIC CIyYailHble BeJUYMHLI ¢ U3BECTHON (DyHKIMeH pacupesese-
nust P(e), au < 0— gocrarouno 6osibIinoe oTpuiaresbHoe 1uco, 41obbl U (z) < 0
mpu z € [0, Nb|. dnuna b ssiasgercs 3aganHbIM napaMeTpoM mnortenrnmaria U(x).
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[Tpu x€[0, Nb] Mo otaraem U(z) = 0. Qyuxiwio pactpegenenus: P(g) ciydaii-
HBIX BEJMIHUH £, OyIeM XapakKTepu30oBaTh MUPUHOA A W BO3BMEM B TaKOM Ke
BUJIe KaK W B TPEIbIAYIINX IaBaX. Kak oObrano, mapamerp A siBIsieTcss Mepoi
pagynopsodenust u npu A = 0 dbyukius U (z) npeacrasiser coboil TOTEHIH-
AJIbHBINM SIIIUK C IJIOCKUM JIHOM TuiyOmHoi u u jummHO#i Nb. Berony Huxke, kKax
00OBbIYHO, 110/Ipa3yMeBaeTcs TepMojiuHaMuyieckuii rpejes N — oo.

B mannoii rimaBe quccepTanuy pacCMaTPUBACTCS IBUXKEHNE YACTUIIBI, ONACHIBa-
emoe juddepennnaibibiM ypaBaernueMm [lpepnarepa B TakoM CiydaiiHOM TTOTEH-
nuaJjie, u Bbluucisiercst kpurepuit Anjepcona u gyukuus yuacrus W(U). Tlpu
9TOM ITOKA3bIBAETCsI, UTO ITa 3aJiada MOXKET OBIThH pelleHa ¢ MOMOIIbI0 HaJlIe-
YKaIM 00pa30M M3MEHEHHOT'O METO/1a COBMECTHOI cTaTucTUKy (pyHknui ['puna.
OCHOBHBIMY Pe3yJIbTaTaMi TOH TJIaBbI JUCCEPTAIMOHHON PAOOTHI STBISTIOTCS CJIe-
ayroiue Boipaxkenusi st pyukuuu W (U) u Besimaunbt D:

A)QMQ sin? bv/U — u
2 bvU —u

i)?ﬁ(\/—_u - Sin[QZﬁ]) LO(AY),  (12)

IIPUMEHUMBbIE JIJIsI OITMCAHHON BBIIIE OJJHOMEPHOU HEIIPEPbIBHON MOJIEJIN ¢ KyCOYHO

+0(A%), u<0 (11)

0
D= [ W)U = (
u
ITOCTOAHHBIM CﬂyqaﬁHbIM [MIOTEHIINaJIOM.

Tnasa 8 BBIUNMCJIEHUE CIIEKTPAJILHO 3ABUCUMOCTU KPU-
TEPUS JIOKAJIN3AIIUN AHJIEPCOHA B OJTHOMEPHOU CH-
CTEME TP KOPPEJIMPOBAHHOM JIMATOHAJILHOM BEC-
TTOPSA/IKE.

Bo Bcex riiaBax juccepTaliiy, MOCBSAIIEHHBIM HU3KOPA3MEPHBIM Pa3yTopsI0YeH-
HbIM CUCTEMaM, Mbl PACCMATPUBAJIN HEKOPPEAUPOSAHHVIT JIMATOHAJbLHbBINA OecIo-
PAJIOK, IPY KOTOPOM SHEPTUU COCEJTHUX Y3JIOB MPECTABIISIOT COOOH He3asucumvie
cydJaiiible BEJIUYUHBI C 33JaHHON cTaTucTukoi. llonaTno, 4To Mojenu ciaydaii-
HBIX CHCTEM, B KOTOPBIX DECIIOPSIIOK TTPEJCTABIEH HEKOTOPHIM 0-KOPPEINPOBAHHBIM
cJydaiinbiM npoteccoM [1]) siBisirorest npocrefinmmm u CIeymuM BO3MOKHbIM
maroM Ha TYTU YCJIOXKHEHUs TaKuX MOjiesieil dBJsgeTcs ydeT Koppensdnuii. Bo-
TPOC O BJIMSTHUE KOPPEJISINii SIBJIIeTC TeM 0oJiee aKTyaJbHbIM, 9TO B peaibHbIX
cucTeMax CJeJlyeT 0XKUJaTh KOPpPeJUpPOBaHHOIO Oecriopsijika. B Hacrosiieit ria-
Be JINCCEPTAIMOHHONE pabOThl JIJIs IPOCTEiiIIeil TMaroHaJbHO pa3yIopsI0IeHHOM
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KOPPEJIMPOBAHHON OJTHOMEPHON IEMOYKHU BLIMTOJHEH pacyeT CIeKTPaJbHOW 3aBU-
CUMOCTH CTENEHN JIOKAJU3AIMU B CMbICJIe KpuTepust AHIEPCOHA U ITPOJIEMOHCTPH-
POBAHO CYIIIECTBEHHOE OTJINYNE YKA3aHHON 3aBUCUMOCTH OT CJIyYasd HEKOPPEJIUPO-
BaHHO# Tenodku. g pacdera nCIoab3yeTcs NpeII0KEeHHBIH B INCCePTAITUN Me-
TO/T, OCHOBAQHHDBII Ha MOCTPOCHNN COBMECTHON CTATUCTUKU OIIePEXKAIOIeil 1 3aras-
JibiBatoteit pyukimit ['puna. B npuBojumom B 9T0i 1yiaBe pacdere napaMerpom
MaJIOCTH SIBJISIETCsT OOpATHBII pajuyc Koppessiuu 1/ R, u noydertbie (hopMmyJibl
paboTAIOT MPU 3HATUTEIHHOM ([0 OTHOIICHUIO K HEBO3MYICHHOMY TaMUJIbTOHU-
aHy) YPOBHE Pa3ylopsij0ueHus, Korja oObluHash KBAaHTOBOMEXaHUIECKast TeOpus
BO3MYIIIeHU# HenmpuMeHnMa. [109ToMy mpuBeeHHbIE BLIYUCICHUS eITe Pa3 JeMOH-
CTpUPYIOT 3PPEKTUBHOCT U YHUBEPCAJIHLHOCTD MPEJIJIOXKEHHOIO B JIMCCEPTAIIAN
METOJ/[a COBMECTHOW cTaTUCTUKU (pyHKIui ['prHa, 1MO3BOJIAIONIETO MTPOaHAJIM3H-
pOBaTh IEJIbIA PsAJl 38/a1, HEKOTOPbIE U3 KOTOPLIX ABJIAIOTCA KBAHTOBOMEXaHUIe-
CKH HenepTypOaTUBHBIMU. 1 OcnoBubIM Pe3yJIbTaTOM JaHHOM TJIABDLI JIUCCEPTAIIUA
SIBJISIETCSI CJIEYIOIINEe BhIPaXkKeHust JJisi Kpurepus AHjgepcona D U CIeKTpabHO
saBucumoctu crenenu jokaiusanuu W (U) KoppesnpoBaHHOl JIMArOHAIBHO Pasy-
MOPAJIOYCHHON IEeIOYKKT

deP(e)

+ O(1/R?), (13)

A2
D= [ W({U)dU = — + O(1/R?
J W)U = "= + O(1/R?)
IPUMEHKMMBIE [TPH JIOCTATOTHO OOJIBIIIOM pajnyce koppessiin R. Oynkuus P(e) B
9TOi (PopMyJie UMEET CMbIC/I (DYHKIIUK PACIIPe/ie/ieHUs SHEPIUK y3J1a [IPU HaJInIKre

KOPPEIAINIA.

Tnasa 9. METO/I CJIEOMAIIINX OIIEPATOPOB B TEOPUU K-
CUTOHA ®PEHKEJISI. HOBASI MEPA JIOKAJIN3AIINM BOJI-
HOBBIX ®VHKIINIT I EE TOYHOE BBIYNCJIEHUE 1JIS 0-
COCTOdHUY OZTHOMEPHON HE/IMATOHAJIBHO PA3VYIIOPS-
JTOYEHHOM! ITEIIOYKMN.

Ora ryiaBa JIMCCEPTAIMOHHON PabOThl TOCBAIIEHA TPEJJIOKEHHOMY aBTOPOM Me-
TOJy MAHWITYJUPOBAHUS JUArPDAMMHBIM pasjioKeHueM (yHKuu ['puHa U BBHI-
IIOJITHCHHOMY € TIOMOIIBIO 3TOTO METOMA MOYHOMY PACUYETy CTEIEeHU JIOKAJIU3a-

! Takumu aBAIOTCA paccMoTpenHas B Lmase 6 3amada JImofima mam paccMoTpeHHas B Imase 4 3amada o
OUHAPHO PA3yMOPSITIOUYCHHON ENOYKe P POU3BOJILHOM SHepruu nedeKTa.

24



M1 TaK Ha3bIiBaeMOTo (-COCTOSTHUST OJITHOMEPHON HeIMATOHAJIBHO PA3YTIOPSIJIOUeH-
1ol nenouku|6]. [Ipu 9T0M OCHOBHBIM HHCTPYMEHTOM U OOBEKTOM U3YUEHHUS 110-
npexkaeMy crykuT GyHkinus ['puna Marpuisl Tuna (1), wcciaenyeMast B JaHHOM
JliccepraluonHoii pabore. KpaTko omnuineM IpuBejeHHbIE B 3TOM IJlaBe pe3yJib-
TaThI.

JduarpaMMmubiii c110cod M300parkKeHusi 4JIeHOB paszJiokeHusi pyHKuuu ['puHa,
II03BOJISICT KJIACCU(DUITUPOBATH ST UJIEHBI 110 TOIMOJOIMYECKUM IIPU3HAKAM COOT-
BETCTBYIOIIMX JIHAIPAMM, YTO, B CBOIO OYePEe/ib, JaeT BOSMOKHOCTh HATUCATH (110
Kpaiineil Mepe, GpopMasibHbIe) BbIpaXKeHUst JIJIsi IPAKTUIECKH JIFOObIX YCPEHEH-
HbIX GYHKIUI ['prHa, KOTOpble MOI'YT HpeIcTaBaATh uuTepec. [Ipu aroMm ymomsi-
HyTble (pOpMaJIbHbIE BbIPAXKEHUS OTJIMIAIOTCA OT TAKOBBIX /i (pyHKIUU ['puHa
YIHOPSIA0UYEHHON CHCTEMBI TOJIBKO TEM, UYTO B HHUX Iejble DeCKOHEYHbIE IOJIII0-
CJIEJIOBATEJILHOCTH JMarpaMM, MMEIOIIMX HEKOTOPBIN TOIOJOIMYecKuil Ipu3Hak
U BXOJAIINX B pa3joyKeHue yHnopsjodeHHoit ¢pyHKiuu ['puna, yunThIBAIOTCI C
BECOM, OIPEIeIsieMbIM 3TUM TIPU3HAKOM U CTATUCTUKON Oecropsijka. TakuMm mpu-
3HAKOM MOXKET ObITh YKCJIO Y3JIOB, Y€pe3 KOTOPbIE IIPOXOJUT JiHarpaMma, InUCJIO
MOCEIEeHU TharpaMMoil KaKoro-jiubo yaJa, UHUC/I0 caMOIepecedeHuil JauarpaM-
MbI 1 Jip. [loaTOoMy Ipu moCTpOeHUH pas3/oxKeHui yepeHeHHbIX (YHKIM ['puHa
pPas3ymnopsIoUeHHbIX MOJesell BO3HUKAET »KeJJaHue MaHUIyJInpPOoBaTh JuarpaMmMa-
MU ynopadovenroti dyakiun ['puHa ¢ HOMOIIBIO HEKOTOPOI'O I'MIIOTETHIECKOIO
HaOJII0/IaTe s, KOTOPBI, JBUTAsICh 110 JuarpaMme, caejus Obl 3a ee TONOJIOTHe
UJIM 32 TeM, Yepe3 KaKue y3Jibl JrarpaMMa, IIPOXOJUT, 1 JIOMHOXKaJ Obl ee Ha CO-
OTBeTCTBYOIIMI BecoBoil dakrop. B nepsbix nojgpasjenax (nogapasiesst 0.6.1 u
0.6.2) 9T0ii TIaBBI MOKA3AHO, YTO 3aMEHA MATPUUIHBIX SJEMEHTOB B PA3JIOKEHUN
¢byuknyuu ['puHa Ha HEKOTOpBIE CIEIUAJIbLHBIM 00Pa30M IIOCTPOEHHbBIE CAedAUL e
ONePamopsv, O3BOJISET B Psijie CIAYyUIaeB MOJYINTh MaTeMaTUIeCKYI0 PeaJu3aInio
TaKOI'0 HADJIIOIATEISI.

B mocnennem nogpaszgene 0.6.3 maHHOR IJIaBbI METOJIOM CJIEJSIINX OIIEPaTO-
POB BBIIOJIHEHO UCCJe0BaHUEe HECTAIlMOHAPHOIO CAyYailHOro npoiecca, KOTopblit
BO3HUKAET DK [IOCTPOCHUU BOJIHOBOW (DYHKIMKM TaK Ha3bIBaeMOro (0-coCTosiHUSsI
OJTHOMEPHOI HeMaroHaJbHO Pa3ynopsaI0YeHHON MOﬂeJII/I[G]. [Ipu sTom Kaxkmoit
peasiu3aliu 3TOro CJIy4ailHoro mnpolecca CTaBUTCA B COOTBETCTBUE JIMarpaMma 13
pas3JIoyKeHus yropsijioueHHoi pyHknuu ['puna Marpuibi (1), 3JIEMEHTbI KOTOPOH
BbIOMPAIOTCSI TaK, 4TO BEJMUYMHA JHarPDAMMbl PaBHA BEPOSTHOCTU COOTBETCTBY-
IOIell peaJu3alliy CJIyJaiHOro mporecca. Jlagee BBOIUTCS Mepa JIOKAJIH3aIlH
COCTOSTHWMsI, TIPEJCTABJISAIONast coboit obpaTHOe YNCI0 y3JI0B pereTkn, "Hakpbi-
BaeMbIX " COOTBETCTBYIOINIEH BOJHOBOH (DYHKIMEH M ¢ IOMOIILIO MOJA(MDUKAIIAN
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JMarpaMMHOrO Pa3JioKeHUsd Ha JIeKAIUMU CJICJIAIMMA ollepaTopaMu, POU3BO-
JIUTCA TOYHOE BBhIYKCJEHUE yKazaHHO#N Mepbl st (-cocTosnus HeauaroHaJbHO
pa3ymnopsI0UeHHOi 1enmoukn. Kak u Be3jie B JAaHHON JUCCepTalMoOHHON pabore,
[IPUBOJIATCA Pe3yAbTaThl KOMIILIOTEPHON ITPOBEPKU MOJYICHHLIX PEe3yIbTaTOB.

SAKJIOYEHUE

B 310i1 9acTu Mbl KPaTKO CyMMHUPYEM ITOCTaHOBKY 3aJIa9l JUCCEPTAIMOHHON pa-
OOTHI ¥ TTOJIYyIeHHbIE PE3YJIHLTATHI.

B juccepranyuu n3ydaioTcs HpOCTeRime HU3KOpa3MepHbIe TBEPIOTE/IbHBIE MO-
JIeJTH, OTHChbIBaeMble raMuyibroHranom (1). Kak mokasaHo B UCCEepTAIMOHHON pa-
boTe, necmompAa Ha MPOCTOTY TaMWJIbTOHHAHA (1), HA ero mpumepe OKa3bIBACT-
Cs BOBMOXKHDBIM PacCMOTPETH 1eJIbli PsJl 3a/a4, CBA3aHHBIX C TPAHCIAAIMOHHO-
HECUMMETPUYHLIMUA TBEPAOTEJILHBIMU MOJICJIAMU, IPUYEM BO3SHUKAIOIINE TPYIHO-
CTA METOJIMYECKOrO0 U MaTeMaTU4YeCKOI'o XapaKTepa, [0 MHEHUIO aBTOpa, CBOI-
CTBEHHBI HayKe O HEYHOPsJIOUEeHHBIX cucreMax B mesoM. C JIpyroit ¢TopoHbl, Oua-
200apsA TTPOCTOTE TAMUJIBTOHUAHA, (1), IIPU €ro UCCJIeJIOBAHUU BO3MOXKEH 1IPAMOT
KOMITBIOTEPHBII SKCIIEPUMEHT, KOTOPbIH T03B0JIAeT 33 0003pUMOE BPEMSsI UPE3BhI-
YaiiHO yOeUuTe/IbHO IIPOBEPUTH II0JIydaeMble TeOpeTHuIecKre pe3y/abrarbl. [1oaTo-
MYy HUCCJIeJIOBaAHUE FaMUJIBTOHUAHA (1) [PEJICTABJIACTCA aKTYaJbHBIM JIJIs HAKOILJIe-
HUd, IO KpaiHeil Mepe, KaYeCTBEeHHON (a WHOTJIa 1 KOﬂquCTBeHHOﬁ) JTOCTOBEPHOM
UHGMOPMAIIUN O TPAHCIANMOHHO-HECUMMETPUIHBIX CHCTEMaX.

MaremaTuueckuM UHCTPYMEHTOM, TPUMEHSIEMBIM B JINCCEPTAIAN JIJIsl WCCJIe-
JoBatust ramusibrondana (1), ssisiercs annapar dyskuuit I'puna B ero npocreii-
meM BapuanTe. Bo BBOAHON m 0030pHOI WacTaX JUcCcepTanui 000CHOBaHA -
(EeKTUBHOCTHL TAKOro Mojxoda. llepeancanM ocHOBHBIE pe3yJIbTaThl MOJIYUYEeHHBIE
B pabore.

1. ITpeioxKen u npoaHaJn3upoBaH 3PpeKT aHTH3EPKAJIbHOIO OTPAYKEHUS OT
KOHEUYHOI JIByMEPHOI KPHUCTAJJIMIECKOM OJIOCHI B CIIEKTPaJIbHON 00JIACTU SKCH-
TOHHOT'O pe3oHaHca. [Tokazano, 4To 9Ta 3a/a4a MOYKET ObITH MOCTABJICHA U TTOC/IE-
JIOBaTEJIbHO PEllieHa B TepMUHAX raMuibronuana (1).

2. JInst GunapHO pasynopsIO9eHHON OJIHOMEPHON CUCTEMbI TIOKA3aHO, UTO CTa-
TUCTUKA COOTBETCTBYIOIEH KpaeBoit (pynknuu ['puna mmeer dpakTajbHbI Xa-
pakrep. st pacdyera 9TOi CTATUCTUKU 1PEJJIOKEH AJIPOPUTM, JIONYCKAIOIIUA
AHAJTUTUIECKOE TPOJIOJIKEHNE MOJYIaeMbIX C €€ MOMOIIBIO CPEeIHUX Ha, 00JIACTh
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crieKTpa OMHAPHO Pa3yNopsiA0OUeHHOr0 raMuibTonnana. st paBHOMEpHO pasy-
MOPsIIOYEHHOI OJ[HOMEPHOI CHCTEMbI B HEKOTOPOM (yKa3aHHOM $IBHO) MHTEPBAJIE
obJacTu ompesiesieHns MOJIyUYeHO TOYHOe pelleHne ypaBHenus [laiicona myis cra-
TUCTUKY KpaeBoil byukmun ['puna. [s pacdera cTaTUCTUKY B JIONOJHUATEIHHOM
obJ1acTu npejioyKeH 3PPEKTUBHBIN aJTOPUTM, TO3BOJISIIONINN MOy IUTh 3aMKHY-
TOE TPAHCICHIEHTHOE yPaBHEHUE Jiisd yCpejaHeHHON ¢yHkiuun ['puna u siBHYIO
hopMmysTy T TPAHUIL CIIEKTPA.

3. Jlnst npejioskeHHON B JIMCCepTaImoHHOil pabore 000DIIEHHOW KOPpeJIrpo-
BaHHOM Mojiesin JIo#a 1moJydeHo TOYHOE BhIPaXKeHUe JIJIst YCPEIHEHHON (hyHK-
muu ['puna, mpu 5ToM obHapy»KeHa CBOoeoOpa3Hasi MacIITabHasd WHBAPUAHTHOCTD
IIJIOTHOCTU COCTOSIHUI, 3aKJ/II0YAIONIAsACH B HE3aBUCUMOCTH ILJIOTHOCTH COCTOsIHMIA
OT paJinyca KOPPEJISIIUN CJIydaifHOrO MOTeHITHAIA.,

4. C moMoIIbio pa3BUTOI TEOPUKM BO3MYINEHMH JIJISI COBMECTHOH CTATHUCTUKN
orepexkaroleil u 3amas/biBatoneil GpyHknuit ['puHa MMoJydeHbl aHAJUTHICCKHIE
BbIDpaYKEHUs JIJIsi TTPEeJeJbHON 1pu ¢ — OO TJIOTHOCTU BO3DYXKJCHUS Ha, Kpae-
BOM y3Jie (Kpurepuii AHjepcoHa) Jyist ciaydast OMHAPHOTO Gecropsijika ¢ MaJiofi
KOHIIEHTpale JedeKTOB U MPOU3BOJILHON X SHEPTHei, /sl ciiyuast caadopasy-
IOPs1JIOYEHHOM OJITHOMEPHO CUCTEeMbI ODIIEro BUJia, ¢ 9JIEMEHTapPHOI CTPYKTYPHOI
eJIMHUIIEH U €J1ab0OPa3yopsiI0UeHHON CUCTEMbI CO CJIOXKHOW CTPYKTYPHON e uHU-
1el.

5. Meroy coBMecTHOIt ctarucTuky (pyHKIMi ['prna 0000IeH Ha, ciydaii Herpe-
PBIBHOW Pa3yHOPsiIO9€HHON MOJEIN C KYCOYHO HMOCTOSAHHBIM CJIYyYalHBIM ITOTEH-

U aJIOM. ,ZLHH ITOM MOZEJIN BbIBE€JACHDbI aHAJIUTUYICCKUE BbIPpAXKCHUA JIJI51 BCEX JIO-
KaJIN3allUOHHDbIX XapaKTEePUCTUK, BBEJACHHDLIX paHee JOJIfd JTUCKPETHDLIX MO,ILGJIeﬁ.

6. ITpejiioxkena mojupunimpoBatHasi TEOPUsi BO3MYIIEHUI JIJIsT PEITIeHUsT YPaB-
HEHUI JiJisi COBMECTHOW craructuku (pyHkiuii ['puna, 1103BOJISIONAs 110J1y4aTh
JIOKAJIM3AIMOHHbIE XapaKTEePUCTUKU MoJeseil JuaroHaJbHO pa3yHopsI0YeHHbIX
CHCTEM B TOM CJIydae, Korja (byHKIHs pacipe/iesieHus y3eJIbHbIX SHePTruil He mMe-
€T KOHEUHBIX YeTHbIX MOMEHTOB BbIIle HysieBOro. [IpuMmepom Mosesteit 11000HOr0
KJIacca sIBJIseTcst Mojiesih JLnoimal2]. st rakux Mojieseil oy deHsbl aHaIuTHyIe-
CKMe BbIpaXKeHust Jiist (DYHKINUN yIacTus U Kputepusi AHJIEPCOHA.

7. MeTojy; coBMeCTHOI cTATUCTUKU OllepexKarolieil u 3arasjbBatonieit pyHk-
nuit ['puna 00001IEH Ha cjydail KOpPEJUMPOBAHHBIX CJIyYalHbIX OJIHOMEPHBIX MO-
neneit. JIng mMopeneir 9Toro Tumna B paboTe MOJyUeHO 3aMKHYTOE ypaBHEHUE Ha,
cratrcTuky ¢yukimit 'puna, a Takxke HOPMYIIhl, CBI3BIBAIOIINE 3Ty CTATHCTH-
Ky ¢ Kpureprem Anjpepcona u (ynknueir yaactus. C mOMOIBIO paspaboTaHHOM
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B JIUCCEPTAIMA TECOPUU BO3MYIIECHUI MMOJYyYEeHbl aHAJUTUICCKUE BbIPAXKEHUS I
kpurepusi Aujepcona n (PyHKIUU yIacThsi KOPPEJTUPOBAHHBIX CJIyIallHbIX 11110~
YeK Mpu OOJIBINIOM pPaJuyce KOPPEJAInu.

[IpakTriecKkn Bce MOJIydYeHHbIE B pabOTe pe3ysibTAaThl IPOBEPSIUCH KOMIILIO-
TEPHBIM MOJIEJIMPOBAHUEM, JEMOHCTPUPYS COTJIACHE.
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