BeeneHune NMpobnema onncaHnsa asoBbiX MepexonoB ogHa U3 Hanbonee CNOXKHbIX U
aKTyasibHbIX 3a4a4 CTaTUCTUYECKON Teopun. Habnogaemble No Mepe NpnbamxxeHums K
To4Ke (ha30oBOro nepexona aHoMasbHO BosblUME N [ONTOXUBYLLME DAYKTyaunun
HEKOTOPbIX TEPMOANHAMUNYECKUX MEPEMEHHbIX XapaKTepU3yTcsa 3PPeKTNBHO
CW/IbHbIM B3aUMOAENCTBNEM Mexay cobon. [Lng TeopeTn4eckoro aHasmsa rnoBeaeHuns
TaKuUX cucTem paspaboTaHbl C/I0XKHbIE METOA4bl PEHOPMIPYMNMNOBOro U TEOPETUKO-
MoJsieBOro onmcaHus. icnonb3syembie Npun 3TOM NpubnmxeHns, Kak n B caydae gpyrux
CUCTEM C CUIbHbIM B3auMogencTBnem, TpedbytoT A4nsg nx o6oCHOBaHMUSA CONOCTaBIEHUS
OOCTUMHYTbIX pe3yNbTaToB C pe3ysibTaTaMn PU3NYECKOro Uam KOMMNbIOTEPHOIO
3KCnepmMeHTa. KoMmnbloTepHoe MOAENMPOBaHUN faeT BO3MOXHOCTb NOJyYeHUs
HarnaaHom nHgopmMaunum o pocte PAYKTyaUnn HaMarHU4EeHHOCTU U KPUTNYECKOM
3aMeasieHUn NPoLEecCoB penakcaunum B heppoMarHMTHbIX CUCTEMax No Mmepe
npubnmxeHnsa K TemnepaType Pa3oBOro rnepexona, 0 NPOABJIEHUN aHOMasIbHbIX
CBOMCTB B NOBEAEHNN TEMNJIOEMKOCTU N MAarHUTHOW BOCMPUUMYNBOCTIU. Mpun n3yvyeHun
(ha30BbIX MEPexonoB N KPUTUYECKUX ABNEHUN BoNbLLIOe BHUMaHME yaenseTcs
onpeneneHnto 3Ha4eHUn COBOKYMHOCTU NoKa3saTesien, KOTopble NoNy4Ynan Ha3BaHue
KPUTUYECKNX NOKa3aTeNen n KOTopble ONUCbIBalOT 3P PEKTUBHOE CTEMNEHHOE
rnoBeneHmne pasiIn4yHbiX TEPMOONHAMUYECKNX N KOPPENALMOHHbBIX QYHKLMNIA BOAMN3N
TemnepaTypbl ha3zoBoro nepexonga. OCHoOBHasA YaCcTb ACUMNTOTUYECKUN KPUTUYECKNN
rnokasaTenb Habngaemonm pmnanyeckonm BenndnHbl onpegenseTcsa B 6am3n
KpuTnyeckom TemnepaTtypbl TC npegenom, (1) roe - npuBeneHHasa TeMmnepaTypa,
XapakTepusyrouwasa cTeneHb yaaseHnsa tTemnepaTypbl OT KpUuTu4eckon. NoeeneHmne
psoa PU3NYeCKnxX Benn4nH B3N KPUTUYECKON TOYKN TC MOXKHO 3a4aThb
onpeneneHHbIM HabopoM KpUTUYECKUX MHOEKCOB. Hanpnumep, KpUTUYECKNIN MHOEKC
015 MarHUTHOW BOCMPUUMYMBOCTIU , (2) KpUTUYeCKNin NHOeKC onga napamertpa
nopsaka, HaMarHNYEHHOCTU A1 PeppoOMarHNTHLIX cucTeM, , (3) Ana onncaHus
dyKTyaumm napameTpa nopsaka BBOONTCA KPUTUHECKUA NHOEKC , onpenensaiowmnmn
TeMnepaTypHY 3aBUCUMOCTb KOPPENALUMOHHON ANnHbI , (4) CTeneHHOW 3aKOH Tuna
(2) ABnAeTCca TOYHbIM JINLWb B aCUMNTOTUYECKOM pexnme . B aTom pexnme
KPUTUYECKNE MOoKa3aTeNn NpUHMMAlOT NOCTOSIHHbIE 3HaYeHus. CornacHo rmnoTese
YHUBEPCA/IbHOCTU OHN OMPEenensaATCs TONbKO rnobanbHbIMM NnepeMeHHbIMU. Ona
KOPOTKOAENCTBYIOLWEr0 B3aUMOLAENCTBNSA TaKOBbIMU ABAAIOTCA MPOCTPAHCTBEHHAS
pa3MepHOCTb U TEH30pPHbIE CBONCTBA NapaMeTpa nopsaka. B HeacuMnToTnyeckom
pexume NpnbnmxeHme K KpUTU4HOM 061acTn xapakTepusyeTcss HeyHUBEepPCalbHbIMU
3(hhEKTMBHBIMU KPUTNYECKNMU MOKa3aTeNAMN, KOTOPbIe BBOAAT A1 ONMUCAHNSA
rnoBefeHns BeJINYNH B HEKOTOPOM TeMrepaTypHOM UHTepsane [1,2]. SdhheKTUBHbLIN
KPUTUYECKNIA NOKa3aTeslb BOCAPUMMHYMBOCTU nmeeT Bug , (5) CteneHHbie
CUHTYNIAPHOCTU PU3NYHECKNX BESIMYNH NOSABAAIOTCA TOJIbKO B TEPMOANHAMNYECKOM
npepene, korga o6bLemM CUCTEMbI N KOJIMYECTBO YacTUL, CTPEMATCA K BeCKOHEeYHOCTH.
Taknm obpa3omM, 04eBUAHOE NPENATCTBME B KOMMbIOTEPHbIX 3KCMEPUMEHTAX COCTOUT
B TOM, YTO MOAEIMPOBATb MOXXHO TOJIbKO CUCTEMbI OFPaHNYEHHbIX pa3MepoB. bonee



TOro, B KOMMbIOTEPHbIX 3KCMEPUMEHTAX HEBO3MOXXHO AOCTUMHYTb aCUMNTOTUYECKOWN
TemnepaTypHon obnacTu, Tak Kak TC Kak TakoBas He CyLeCcTBYeT A1 KOHEYHbIX
cucTeM. B ToO )Ke BpeMs NOJIOXKEeHNEe KPUTNYECKOW TeMnepaTypbl UMeeT pellatouiee
3Ha4YeHune gnsa onpenenieHna KpUTu4eckmnx rnokasartenen. JaHHble MOXHO
3KCTpanosmpoBaTb K TepMOANHaAMNYeCKOMY npeneny, npeanosiaras, 4To pexumm
MOCTOSAHHOIN0 KPUTNYECKOIro NoKa3aTens yCTaHaB/IMBAETCS, HAa4YNHAA C HEKOTOPOro
KOHEYHOro pa3mMepa CMCTEeMbI, B Npeaesiax HEKOTOPOro HeHYJ1IEBOIr0 MHTepBasa
BOKpyr Tc. NocnenHee npefnosioxXeHne, NCNoJib3yeMoe B KOMMNbIOTEPHOM
MOOe/IMPOBaHNN, BeJeT K Ype3BblHaNHO Y3KOMY TeMnepaTypHOMY UHTEPBaNy HUXeE U
Bbile Tc, NnocTasnsoLlWeMy HafexHble AaHHble. OrpaHn4YeHnsa CBepxy onpenensaiTcs
TeMrnepaTypown, Korga BCTynaeT B Urpy NMonpaBka K CKENANHIY. HMXHAA rpaHMua
cnenyeT 13 3PPEKTOB OFrPaHNYEHHOr0 pasMepa CUCTEMbI B MOAEIMPOBAHNN METOLOM
MoHTe-Kapsio. [1o3TOMy nokasaTenu, nosy4yaeMble onNMcaHHbIM cnocoboM, 4acTo
OKa3bIBAOTCA IPPEKTUBHLIMN KPUTUYHBIMU MOKa3aTeNIAMU, XapaKTepusyoLwmnmm
KpUTnyeckoe nosegeHne B Habnogaemom temMnepaTypHOM nHTepBase. C apyrom
CTOPOHbI, AVUHAMUKA YNCTbIX U HEYNOPAAOYEHHbIX CMTUHOBLIX CUCTEM
obycnosnmBaeTCs pa3IMYHbIMN BpEMEHHbLIMN MacwTabamu. No3ToMy B Cyvae
nocsiegHNX TOJIbKO O4Y€Hb ANINTESIbHOE MOAeNIMPOBaHMe NO3BOJIAET MNOJIYYUTb
HageXHble faHHble. BpeMsa penakcaunm CUbHO yBEIMYNMBAETCH He TOJIbKO Npu
npubnmxeHnn K Tc. B paHHUX KOMMNbIOTEPHbIX 3KCNEPUMEHTAX OHO TakXXe
yBe/IMYMBaSIoCb C POCTOM pa3baBneHuns, nepexonsa ot 4yuctom p=1.0 cncrtemsol K
pa3basneHHon p = 0.6, bosblMe BpeMeHa penakcauun. laHHoe sABAeHMe Noay4nno
Ha3BaHME KPUTUYeCcKoro 3ameaneHmsa. CyMmmMmapHoe yBeImn4eHne BblHNCINTENbHOIO
BPEMEHU NPONCXOOaNT MMeHHO 6arogapsa KOHPUrypaunoHHOMY ycpeaHeHuto. B
pe3y/sibTaTe TOYHOCTb OrpaHU4YeHa MMEKLLMMCA B PACMOPsSXXEeHUN BPpeEMEHEM
npoweccopa, C OAHON CTOPOHbI, U KOJIM4ecTBOM 06pa3LL0oB, NO KOTOPOMY MPOBOAUTCSH
KOH(UrypaumnoHHoOe ycpeaHeHune - ¢ gpyron. iccneposaHne KpUTNYECKOro
noBefeHns HeyrnopsAaao4YeHHbIX CUCTEM OCTaeTCs O4HOM U3 rNaBHbIX Npobnem B
PM3NKe KOHOEHCUPOBAHHbLIX Cpe N Bbi3biBaeT 60NbLION MHTEPEC, MOTOMY YTO BCe
peasibHble TBepAble Tena cogep>xaT aedekTbl. CTPYKTYpPHbIN 6ecnopsaaok HapywaeT
TPAHCAALNOHHYIO CUMMETPUIO KpUcTasisla N TeM CaMbIM CYLLLECTBEHHO YCJIOXKHSAET
TeopeTu4eckoe onmcaHne Mmatepmana. Y4eT BAnsaHNA gedekToB ocobeHHO BaXkKeH
BOM3M KPUTNYECKOW TOYKMU, rae noBefeHne CMCTEMbl XapakTepusyeTcss aHOMaslbHO
bonbWNM OTKNKOM Ha ntoboe fake cnaboe BosmylieHue. MNMpn TeopeTn4eckom
OMMCaHNN NOBEAEHMNSA CUSIbHO HEYNOPAAOYEHHbIX CUCTEM C KOHLUEHTpaunen CnmHoB
p=<0.60 y>Ke Hesib35 CHMTaTb KOHUEHTpauuo aedeKToB Masion BeJIMHYUHOW. HTO
CWJIbHO 3aTpyaHAET Win fa)ke AeflaeT HEBO3MOXHbIM NX TeopeTnyeckoe onncaHume.
Ona onncaHusa Takux cuctem paspabaTbiBaloTCa crieunasbHble YAC/IEHHbIE METOAbI,
LeSIblo KOTOPbIX ABJIAETCA HAaXOXKAEHNe KPUTUYECKUX MHAEKCOB AAaHHbIX CUCTEM B
3aBMCUMOCTU OT KOHUEHTpaunn gedeKToB CTPYKTYpPbl. YTO BNOCNeACTBUN MO3BOANT
BbISCHUTb BOMNPOC O CyLLEeCTBOBaHUM HOBOIoO KjlacCa YHMBEPCAaJIbHOCTU AJ18 CUJIbHO



Heynops4o4YeHHbIX cucteM. B naHHoOM paboTe BnepBble nccnenyeTcs Kputudeckoe
rnoseneHme TpexMepHom CUbHO Heynopsaao4YeHHOW CMMHOBOW CUCTEMbI C JINHENHbLIMNA
nedekTamMm CTPYKTYpbl, onncbiBaeMon moaensto NenseHbepra, ¢ raMuibTOHMAHOM ,
(6) roe - 3To TpexMepHbIN eAUHUYHbIN BEKTOP B y3e i, J>0 xapakTepusyeT obMeHHoe
B3amMogencTeue 6amxanwmx CNmMHoB, Hocslee eppoMarHUTHLIN XapakTep, pi -
C/lyqanHble NnepeMeHHble, XapaKTepusyrowme 3aMOPOXKEHHbIN CTPYKTYPHbIN
becnopsanok B cucteme (pi=1, korga y3esn i 3aHAT cnuHoMm, u pi=0, Korga y3en nycr).
ObLas cnnHoBas KOHUEHTpaunsa B cncteme bbina BoibpaHa pasHon p=0.6. B kavecTBe
MeTOo[a YNCJIEHHOro nccaenosaHmsa 6bl1 ncnosib3oBaH MeTon MoHTe-Kapio,
NCcnosb3yeMbln 418 NPSAMOro MoAeNMpoBaHUA eCTeCTBEHHOW BEPOATHOCTHON MoLeNN,
Mo3BOJISET OOBOJIbHO NPOCTO BbIYUCANTbL CPpeEAHNE B KAHOHNYECKOM aHCcaMbne. [ns
OMUCAHNS CJIOXKHbIX MPOTSAXKEHHbIX Aed)eKTOB BBOAATCA pa3/In4yHble Moaenn
CTPYKTYypHOro 6ecnopsiaka. B gpaHHon paboTe nccnepgyertcsa mogenb BenHpunba-
fanbnepunHa C Tak Ha3blBaeMon JasibHOOEUCTBYOLLEN N30TPOMHOW Koppensaumnen
negekTos [3], Korga napHasa KoppensaynoHHasa pyHKUMsa g(x-y) cnagaet
pacCTosiHMEM MO CTeneHHOMY 3aKOHY C g(x-y)~|X-y|- a , rae a - napameTp Koppenaummn
neeKToB CTPYKTYpPbI. [Tpy Hann4nm B cMctemMe npoTaXKeHHbIX Aed)eKTOoB -
ONCNOKaUMA NAKn Na0CKOCTEN, OPUEHTUPOBAHHBIX Cy4anHbiM obpa3oMm, ee
KPpUTMYECKOe noBeaeHme MoXeT BbiTb Tak)Xe OnncaHo B paMkax moaenu BenHpunba-
fanbnepunHa npu 3Ha4YeHnax napameTpa koppensaumm a = d-1 wan a = d-2,
COOTBETCTBEHHO, rae d - pa3MepHOCTb cucTembl. B nposeneHHOM B paboTe [4]
TeopeTUKOo-NosIeBOM UCCNeLOBaHNM TPeXMEPHbIX CUCTEM C AaJIbHOOENCTBYOLWLEN
Koppensaunen neekToB B ABYXNeTNeBOM NpudamxxeHmnm 661110 NokKasaHo, 4To
negekTbl, obnagatouwme CBONCTBOM AasibHEN NPOCTPAaHCTBEHHON Koppensauun,
N3MEHSAIOT KPpUTNYECKoe noBefeHne He TOJIbKO CUCTEM C OAHOKOMMOHEHTHbIM
napamMeTpoM MopsaKa, Kak B cjlydae ToYeYHbIX edeKTOB, HO U CUCTEM C
MHOFOKOMMOHEHTHbIMWN NapamMeTpamMm nopagka. lNonaraercs, 410
AanibHOOENCTBYOWME SPPEKTLI KOPPENALUNUN MeXAY TOYEYHbIMU fedheKTaMun
peann3ylTca B BUAE C/yHanHO OPUEHTUPOBAHHbLIX JINHUN C KOPPENALNOHHbLIMUN
XapakKTepucTmkKamm, crnajgamwmmMmmy rno CTeneHHoMy 3aKOHYy C nokasaTesieM a=2. [inqa
3TOoro 6b1s1 NCNONb30BaH cefywm cnocod co3gaHnsa NPUMECHbIX KOHUrypaumia:
N3 3aMN0JIHEHHOW CNMHaMKN TPEXMEPHOW peLlleTKn ciyyYanmHbIM obpa3oM yaananucb
NINHWW, NapaJssiesibHble 0CAM KOOPAMHAT, 40 OOCTUXXEHUS 3a4aHHON KOHLEeHTpauun
npumecen. Ona obecnevyeHns N3oTPONHOCTU pacnpenesieHns AeeKToB B Kpuctanne
YUC/O0 yAaNAeMbIX JIMHUW B KaXXKA0M U3 Tpex Harnpas/eHN NOoAAEPKNBANOCH
oAonHaKoBbIM. B paboTe [5] ona nonyvyeHns KpUTnYeCckom TemnepaTtypbl onsa cnabo
Heyrnopsa4o4YeHHON TpexmepHon moaenun MenseHbepra ¢ AIMHENHbIMK AedeKTamMm C
KOHLeHTpaumen cnmHoB p=0.8 Mbl NpUMEHANN MEeTOL KYMYNAaHTOB buHaepa u
MeTOOUKY nepecevyeHns KpMBbIX . Bolpa)keHne onsa KymynsHTa buHaepa MoXXHO
npeactaBuTb B BUAe , (7) roe ckobkm ob6o3HavaloT CTaTUCTUYECKOE yCcpeaHeHune, a
CKOBKMU - ycpeaHeHne no pasIMyHbiM KOHpUrypaumsam npumecu. Onsa



Heynops4o4YeHHbIX CUCTEM BblYUCNEHNE K-rO MOMeHTa HaMarHUYeHHOCTH
ocywecTtsnseTca B suae (8) , (9) He cogep>xalLyto My/IbTUMJIMKATUBHOW 3aBUCUMOCTU
oT L. [laHHasa CKeNINHrosasa 3aBUCMMOCTb KYMYJISHTa NO3BONSET onpenensaTb
KpuTuyeckyto temnepaTtypy Tc(L=w) Yepe3 KoopANHATY TOYKU NepeceyeHns KpuBbIX,
3ajalWwmx TemnepaTypHyIO 3aBUCMMOCTb 4118 pa3findHbiX L. Bonee Toro, nerko
rnokasaTb, 4TO B KpuTudeckom obnactu npu T-Tc (10) n cnepoBaTesibHO, MO
MaKCMMaJIbHOMY HaKJIOHY KYMYJISHTOB, COOTBETCTBYOLWMX pa3inyHbIM L B Nnpepene
L—co, BOAM3N TOUYKM NX NEepecevyeHnss MOXXKHO onpeaennTb KpUTUYECKUN NHOEKC
KOppensaunoHHON ONnHbl . Onsa yMeHblweHUA SpPeKToB KPUTUYECKOro 3amMmesieHns
BbIYNC/IEHNA MPOBOAATCA Ha CYNepKOMMbIOTEPHbIX BbIYUCINTEJIbHbIX CUCTEMaX C
NCNoJsib30BaHMEM 3(hHEKTUBHbBIX aJIFOPUTMOB, TaKNX KaK KJlaCTEePHbIE aJiIrOPUTMbI
Bonba [6] nnmn CeBeHaceHa-BaHra [7]. OTan4me 3TUX aropnTMoB 3akJ/lo4aeTCs B
TOM, 4TO B CJly4ae O4HOKJ/IAaCTEPHOro aaropnTmMa Bonbha cTponuTCca oaAnH KnacTtep,
KOTOPbIN NepeBopavYnBaeTCsa C BEPOSATHOCTbLIO paBHOWM 1, a B ciiy4ae
MHOroKfnacTepHoro anroputma CeeHaceHa-BaHra cncrtema pasbmeaeTcs Ha
MHO>XECTBO KJIaCTepoB, KaXKAbll U3 KOTOPbIX NepeBopavynBaeTCa C BEPOATHOCTbIO Y.
B xo4e 4ncneHHbIX nccnenosaHumim 6b110 yCTaHOBJIEHO, YTO B HU3KOTEMMNepaTypHON
obnacTn gns cnnbHO HeynopsaodYeHHon moaenn MenzeHbepra C IMHENHBIMA
nedeKkTamMm KnacTepHbIi anropnTMm MoaesiMpoBaHnsa gomkeH obsa3aTenbHo
MOONPUNLMPOBATLCA MHOIMOKJ1AaCTePHbIM anroputMmom CeeHaceHa-BaHra. Ha nepsom
3Tane 415 OUEHKN 3HAYEeHNS KPUTUYECKON TeMnepaTypbl Oblsla paccynTaHa
TemMnepaTypHas 3aBUCMMOCTb BOCAPUNMYUBOCTU AN PA3INYHbBIX JIMHENHBIX pa3MepoB
peweTkn L = 32, 48, 64. 10 N0N0XKEHNIO MaKCMMyMa TeMnepaTypHON 3aBUCMMOCTH
BOCMPMUMYNBOCTN Ha BblNla oueHeHa 061acTb 3HAYEHNIN KPUTUYHECKON TeMnepaTypbl
Tc=0.90 J/kb. NS yTOYHEHNS 3HAYEHNS KPUTNYECKON TeMnepaTypbl Obiain
paccyuTaHbl TeMNepaTypHble 3aBUCUMOCTU KyMYyidHTa buHaepa aonsa passimdHbixX
JINHENHbIX pa3mepoB peweTkn L= 32, 48, 64, nsobpakeHHble Ha puc. 1. 3Tn KpuBble
OblIn NonyyeHbl ycpeaHeHmem no 1500 koHgpurypaumam npmumecn gna L=32, no 1100
onsa L=48 n no 300 gna L=64 onda Ka>x4on N3 KoTopbIX ycpeaHeHne NpoBoanaoch rno
25 nporoHkaM. 1na pacyeTa O4HOW KOHPUrypaLnum CUCTeMbl C JIMHENHBLIM pa3MepoMm
L=64 Ha CcynepKoMMNblOTEPHOW BblYUCANTENIbHOW cucTteMe ceMenctea CKND ¢
NCnosib30BaHMEM MeTOL0B Napasi/iesIbHOro nporpaMmmMmmnpoBaHmnsa Tpebyetca okono 100
YacoB. Yepes KoopaMHATY TOYKU nepeceveHns kpusbix U4(L,T) un (L,T),
npeacTaB/eHHbIX Ha PUCYHKe 1, Oblin onpefeneHbl 3Ha4YEeHNS KPUTUYECKOWN
TemnepaTypbl Tc=0.8867(50) n Tc=0.8891(13), cooTBeTCTBEHHO. B Ka4ecTBe
NTOrOBOIro 3HA4YeHUSA KPUTUYECKON TemnepaTypbl Ob1s10 B3ATO cpegHee 3HavYeHme
Tc=0.8879(50). Ucnonb3ys BbipakeHue (10), 6biam NonyvYeHbl 3HaYEHUS
KPUTNYECKOro MHAEKCA AJ15 Pa3J/INYHbIX JINHEWHbIX pa3MeposB L=32, 48, 64 n gn4
pPa3/INyHbIX 3HAYEHUN TeMNepaTypbl Bblle KPUTUYECKON. I3BECTHO, 4TO (Da30BbIN
rnepexon BTOPOro poAa MOXXET MPOSABUTLCS JIUWb B TEPMOANHAMUNYECKOM Mnpeaene,
Korga o6bemM CUCTEMbI U KOIMYECTBO YacCcTUL, B HEN CTPEMUTCH K BECKOHEYHOCTMN.



Takum obpa3oM, 3hPeKTUBHOE 3HAYEHMNE KPUTUYECKOIrO NoKasaTeNns MOXKeT ObITb
Han4eHo Npu B3ATUM Npenena u . Peannsaumna gaHHom npouenypbl 4ns
npeacTaBleHHOM Ha pPUC. 2 3aBUCUMOCTM NO3BOJIAET paccyMTaTb aCMMNTOTUYECKOoe
3HavyeHne nHaekca =0.821(14). B paboTte [8] ana ogHOPOAHON TPEXMEPHON MOAENN
en3eHbepra O6b110 Nosy4eHo 3HaYeHne =0.7048(30) n B paboTe [5] ana TpexmepHomn
cnabo HeynopagoyYeHHoW Mogenu NenseHbepra c IMHENHbIMU aedekTamm Obino
nosy4yeHo 3HavyeHne =0.770(74). CpaBHUBas NoJsly4eHHOe HaMu B 3Ton paboTe
3HaYeHne Co 3HAYEHMNAMUN NOJIYHEHHbLIMU B BbilLE YKa3aHHbIX paboTax, MOXXHO
caenaTb BbIBOA, YTO AAaHHbIe CUCTEMbl NPUHaANexaT K pa3HbiM KJlaccaMm
YHUBEPCasIbHOCTU, TO eCTb KPUTNYECKMNEe UHLEKCHI, ONUChIBAlOLLIME MOoBeAeHNe
OaHHbIX CNCTEM B KPUTUYECKON TOYKE, MEHAIOTCHA C MU3BMEHEHNEM KOHLIEHTpaLuunmn
cnunHoB. B paHHom paboTe nccnenoBanack penakcauma HaMmarHU4eHHOCTU, KoTopas
Mnpn KPUTUYECKON TeMnepaType XapakTepmnlyeTcs CTENEHHbIM 3aKOHOM . [1ns
He3aBMCUMOro ornpeaesieHnsa oUHaMUYeCKOro KpUTNYECKOro NHOeKCca Z UCnoJsib3yeTcs
KYMYJISIHT BTOPOro nopsfka co CKeMJIMHroBOM 3aBUCMMOCTbIO , rae d - pa3aMepHoCTb
CUCTEMBbI, Z - ANHAMUYECKUN KPUTUYECKNIN UHOEKC, XapaKTepm3yoLLni
ACMMMNTOTUYECKYIO 3aBUCUMOCTb BPpEMEHU peslakcaumm CUCTEMbI U BPEMEHN
Koppensaunum COCTOSAHUIN OT NMpuBeeHHON TeMrnepaTypbl N0 Mepe NpubanxxeHns K
KpuTnyeckom temnepatype . Ana mooennposaHmsa 6ol NnpMMeHeEH anropuTMm
MeTpononunca. Ha puc. 3 npeactassieHbl BpeMeHHble 3aBUCUMMOCTN KyMmynaHTa U2. C
MOMOLLbIO JIMHENHOW annNpPOKCUMauUnn Ha nHTepeane [260; 1330] MCS/s 6binn
MoslyyYeHbl cnepyowme 3Ha4eHnsa nokasatenenm =0.176(4), = 0.691(30) n
COOTBETCTBYOLME 3HAYEHNS KPUTNYECKNX MHOEeKCoB z = 4.343(188), = 0.765(42).
NHTepBan, Ha KOTOPOM BbINIM NONYYEHbI AaHHbIE NHAEKCHI, BbiIBUpancsa n3 MMHUMyMa
cpefHeKBaApPaTUYHOW MOrpewwHOCTN annpoKCMMaunum nccnenyemolx BesiIM4nH. bblnnm
nccnenoBaHbl SPeKThbl CTapeHns, NPoABNSAlOLWMNECA B ABYXBPEMEHHOW 3aBNCUMOCTU
KOPPENAUNOHHON PYHKLUN N PYHKLNK OTKANKA OT BPEMEHN NPUroToBaeHns obpasua
tw n BpemeHun HabnwogeHnsa t-tw, a Tak>xe B HapyLeHnn ayKTyaunoOHHO-
ONCCUMAaTMBHOMO OTHOLIEHUSA, KOTOPOE CBA3bIBAET AMHAMUYECKYIO PYHKLNIO OTKJINKA
R(t, tw) n KoppensaumoHHyo pyHkuuo C(t, tw): , (11) roe X(t, tw) - payKTyaumnoHHo-
anccmnaTtmBHOE OTHoLWeHKue. B cocTtoaHnm paBHoBecus X(t, tw)=1. XapakTepuctuka
HepaBHOBECHOI o NMoBefAeHNs cucTeM C MeasIeHHON AVWHAMUKOW . [TaBHOW
0C06EeHHOCTbIO HEPAaBHOBECHOI0 NOBEAEHNSA CUCTEM C MeOJIEHHON ONHAMUKOM
ABNSAETCA HapyweHne TPaHCNAUMOHHON NHBAapPNUaHTHOCTM BO BPEMEHU 3a CYeT
00JITOBPEMEHHOI0 BJIMAHUSA HEPAaBHOBECHbIX Ha4aslbHbIX COCTOSHUW TaKUX CUCTEM.
ITO Haxo4UT NPosABAEHNE Npexae BCero B ABYXBPEMEHHbIX XapaKTepucTukax
CUCTEMbI, TaKUX KaK KOppensaunoHHbIe PYHKUUN U PYHKLUN OTKANKA. B Taknx
cuctemax HabnwaalTCa CBONCTBA CTapeHUs U HapyLweHnsa QayKTyaunoHHO-
anccunatmeHoM TeopeMsbl [8]. Moa npoueccomM CTapeHns MaTepuasioB MNOHUMAlOT
SIBJIEHNE POCTa BPEMEHU penlakcaunum CUCTEMbl K COCTOSHMIO PpaBHOBECUS C
yBesm4eHnem «Bo3pacTta» MaTepuana, T.e. BpeMeHM npowleguiero nocne



npuroToBsieHns obpasua [9]. ABneHne cTapeHnsa NpoaBAAeTCsS MaTeEMATUYECKN,
npexne Bcero B AABYXBPEMEHHbLIX XapaKTepUCTUKaxX CUCTEMbI, TAKNX KaK
KoppensaunoHHble PYyHKLUN N PYHKLNN OTKMKA. [1pyn HepaBHOBECHbIX NpoLeccax 3Tu
PYHKLMKM 3aBUCAT OT ABYX NEPEMEHHbIX BpeMeHHOW npupoabl: t n tw, npn t > tw, n He
TONIbKO OT UX Pa3HuLbI, HO U OT Ka)XA0N B OTAENbHOCTU. [pnyeM 3Ta 3aBUCUMOCTb
CoxXpaHsaeTCcsa n Npu aocTaTo4Ho 6onblInX BpeMeHax HabnogeHnsa t. BpemeHHas
nepemMeHHas tw xapakTepusyeT Bo3pacT obpa3ua, T.e. Bpems, npolwiellee rnocse ero
MPUroTOBJIEHUS, N HAa3bIBAaEeTCHA BpEMEHEM oXXnpaHus. MNpun aBneHnmn ctapeHuns
npouecc penakcaunm cMcTemMbl Kak QPyHKLNK BpeMeHn HabntogeHns t 3ameannsaercs
TeMm bonblue, 4eM bosiblle Bo3pacT obpasua, T.e. C yBeJIMYeHNEM BPEMEHMN OXULAHUSA
tw. B paboTe ocywecTBnanca pacyeT aBTokoppensaunoHHonm dpyHkumm A(t, tw) , (12)
npencraBNeHHON Ha pUC. 4, © MarHUTHOW BOCMPUMMHYMBOCTHK , (13) YyepTa O03HavaeT
ycpeOHeHue No peasnsaymnsaMm MarHUTHOINO NoJA Ha pewéTke. 1719 BblHUCIEHUSA B
MOMEHT BpeMeHU tw K raMuibTOHNaHY A400aBAA/I0Ch BO3MYLLEHNE , FAe MarHUTHoOe
noJsie Cly4anHo 3a4aBasioCb B y3/1aX pPewéTKkM ¢ bumopasnbHbIM pacnpegeneHmem xh
ONa KaXK4on ocu. bbin ocylecTssieH pacyeT (pAyKTyauMoHHO-ANCCUMATUBHOIO
OTHOLWEHNA ONA Pa3/IMYHbIX BPEMEH OXXnaaHusa tw anasa CMabHO HeynopsgoYeHHOoM
cucTtemsbl. NMokasaHo, 4TO B HEpaBHOBECHOM nosefeHnn mopenu ensenbepra ¢
NNHENHbIMU aedekTaMm HabnoaaTca ahdekTbl cCTapeHus. NpoBeneH pacyeT
PAYKTYaUNOHHO-ANCCUMNATUBHOIO oTHoweHns Xinf=3.38(30). lNMNonyyeHHOe 3HavYeHune
Xinf B HepaBHOBECHOM pexume ansa HeynopsanodeHHon monenun Nensenbepra c
JIMHENHbIMU OedeKTaMN HOCUT YHMUBEPCANbHbIN XapakTep[1l2,13].



