1.4.2. JxHaMHYEeCKHEe MOJE/TH Leme#H,
obnajanIHX TepMOTHHAMHYECKOHN HECTKOCTRI0

B nuHaMHYeCKHX MOMENAX MOJMMEPHBIX LeNei CeayeT pacCMaTpUBATh
B 06weM ciyyae aBa ¢eHOMEHONOr HYECKHX THIA TEPMOIHHAMHMYECK O JKeCT-
KOCTH, HE3ABHCHMO OT KOHKPETHOTO MEXaHM3IMA XECTKOCTH (KpYTHIBHO-
KonebaTeNbHOro WiM NOBOPOTHO-H3OMEPHOrO) : XeCTKOCTb Ha H3ruG [29,
30, 64, 65} u xectkocts Ha kpyuenue [34, 35]. s HEKOTOpPBIX MOJeser
LeNK 3TH ABA THIA XECTKOCTH KOHTPONMHPYIOTCA GaKTHUECKH OfIHHM M TeM
e BHIIOM JIOKa/IbHbIX fehopmanni (HanpuMep, HAKOIUIEHUEM MAaJIbIX KOJie-
GarTeNibHBIX CMEIUEHHH YTJIOB BHYIpEHHeEro BpaineHus). MHorga oHum Moryr
KOHTPONIHPOBATECA PA3HBIMH (PAKTOPAMH M KOJIHYCCTBEHHO XapaKTepu3o-
BAaTbCA HE3ABHCHMBIMH CTATHCTHIECKHMH MapaMerpamu |34-36] .

Hanpumep, B M30TAKTHYECKHX 1IOJIMMEPaX, COCTOAIUMX H3 OTPE3KOB Jie-
BBIX M MPaBLIX CHpane#, MOXHO I'OBOPHIbL O MapamMeTpax, ONpemesIAILIMX
KPYTHIIBHO-KOJIebaTeNbHOe KpyYeHKe B IIpefleNlax CIMpalIBHOTO y4acTka, 06
H3rHOHBIX -1epOpMaLMAX, ONpEIeNANINHUX B3AUMHBIH NOBOPOT COCENHHX
CIHPAJIbHBIX YYacTKOB, H O MOBOPOTHO-H3OMEDHBIX NEPEXO/laX Ha CTBIKAX
ClHpaIeH, NPHBOMAILNX K IEPEXOy U3 JIEBbIX KOH(GOPMEPOB B NpaBhbie, T. &.
K POCTY HNH COKPALICHHIO [UTHH CITUPAIBHEIX MOCIeA0BATEIbHOCTEN,

Ms1 H3noKuM HauGoee IIPOCTYIO0 THHAMHYESCKYH MOe/b, O6MaTaoulyo
KECTKOCTHIO HAa W3rHO M ABJIAILIYIOCH QHCKPETHBIM AaHATOTOM MOJIENH Niep-
CHCTEeHTHOH uenmu. Mopens nmopo6Horo pona 6s1a BrepBLIE NpeJIOKEHA
XepctoM K XappucoM [64], a 3aTem B pasIHYHBIX MOIM(UKAIMAX TPHMEH:A-
Jlach ApYruMH aBTOpaMu [66, 70-72].

MopensHas uens NMpENCTaBAAETCA B BHIIE NOCTENOBATENPHOCTH AKCHAIb-
HO-CHMMETPHUHBIX KHHETHYECKHX 3/IeMelTOR ANTUHOM /, 4TO 3aaeT MHHHMAJTb-
HbIH XApaKTepHbIH MacuiTab B MelM, MeMsIUMA JUIMHEI CTATHCTHYECKOr'O CCr-
MECHTA A. Paamep KHHCTHYCCKOTO 3JIEMEHTA MOXKET NpPEBbLIIIATH pa3MeEp 3BEHA,
H (AaKTHYECKH ABNAETCA NAPaMeTPOM MONeNH. Takas qUHAMHYECKAST MOJENb
AB/IACTCA NPOMEXYTOUHOH MeX1y TOYHOH JHHAMMYECKOH ,,KOMHeH” peanb-
HO# LelH, B KOTOPYI OOKHBI BBOOHTLCA KECTKHE BAIIEHTHBIE CBA3IH H ¥rhbl
W DOKOBbIE FPYNNBI, © MOJIENbI0 CTATHCTHYECKH HelaBucumsix T'CL| (Momens
Kapruna — Crnonumckoro — Paysa). 3Ta MOgens, eCTeCTBEHHO, OMHCHIBAET
MpOJONbHBIE pelaKCaUMOHHbIE IIPOLECTH! JUIA KOMIIOHEHTOB BEKTOPHBIX HITH

TEH3ODHBIX XAAKTEPHCTHK WCTH, HANDAaBJNECHHLIX BAOML CKEJIET2 UEMOYKH.
BBepeHue MpOJONEHEIX KHHETHYCCKHX EAHHHIL,GOMBLMX YeM PAR3MEPEI MOHO-

~ MEpHOro 3Bena,orpauugmaer NPpHMCHHMOCTh TE€OpHH CO CTOPOHBI MAJBIX

BpEMEH penakcauuu H O0pe3aeT peakCaUHOHHLIH CNEKTpP CHH3Y, HO IpH
MEHBLIHX BpeMeHax, ieM B Mopenu I'CII.

UBC, xak u mopmemu I'ClLl, pacnonaraorcs Ha KOHILAX 37IEMEHTOB, 1. €.
B y3/1aX LENOYKH H XapaKTepH3yKIca KO3)QHIUMEHTOM BHELLHEro TpeHus {.

CrarncivieckHe CBOWCTBR BBEEHHOH Bbhlle OMHAMHIECKOH MO[EnH
NpOJONIBHBIX PEeNaKCAUHOHNHLIX NpPOLCCCOB 3aJaA0TCA JAKOHOM CTATHCTHYEC-
KOH KOppenauuyu (WIH JHHERHOM MAMATHIO) MEXOY 3BeHbAMH UermH. Jiia
BBeICHHOH MOJEIhHON 1(eIIH; :

R -
roe & — eNWHHYHLIC uempl.;‘_nnm SCMCHTOE MOMAMLRON HerH, A N OpoeKmult
WIEMCHTOB Uj <X + | —Xj HA BRIIENEHHOS HANPABITESING B POCTPAHCTBE
(upp)= () Pg =21 vy, (1.21) -

H AHANOIHYHO UIN ABYX APYIHX HpoeKuudl (¥j H wy) ; mapaMerp ¢ — Mepa TepMOJHHE-
MHIeCKOMl K eCTKOCTH B DACCMATPHBAEMOR &N, MNT KOTOPOH BRICHTHBIN Yron Mexay
COCE[HHMH 3NiEMEHTAMA He QWKCHPOBAH; MNA ¢BOGOMHO-COUIEHEKHOR MONENbHOR MemH

A=l TEpMOAMHAMUICCKH XECTKHM, HANONKOOGPA3HLM UENAM OTBeqaeT ¢ — 1, memam
CO IHATHTENIBHOR NKeCTKOCTRIO (HONYXECTKHM) B DaHHON Mopem cooTBeTcTayer A4 —/

Cpennue KBaJpaTHYHble pa3Mepsl MOENbHOM tem {h%) u3 Z 3neMeHTOB
ONpeneNnAnIca BbipakeHneM [24, c. 34)
L+§ 20 2"
l—g (-3 (I1—29)

Ifie § ~ CPCIHMA KOCHHYC YT MeXAY COCTHUME 3JIEMCHTIMH,

(k) = ZI2

M3 comoctapnieHHs CO CpegHHMHM KBAaJPATHIHBIMH Pa3sMepaMH peasLHOM
nenu (h*)~LA=2la (rne L — KoHTypHas muHa) M u3 ycnosus L=2ZI
HaxouM: A =I[(1+q)/(1 ~q)]. 310 daxTHIecKu ABNAETCA ONpeNeneHHem
BeJTHYMHBI- MAapaMeTpa O/DKHErQ OPHEHTAHORHOTO MOPATKA ¢ MPH 3aTAHHLIX
Aul. :

(A —1  s—
TEmFTT ST

rae = (A/M=(1+q)/ (1 —g) — UHCIO KHHETHYECKHUX JTEMERTOB B CErMERTe DUmHROR A,

_BriBesieHHbIE BEIIIE COOTHOIICHHS HENOCPEACTBEHHO NPHMEHAMSBI, eC/IH
I<A. B npuHummne He HCKINOYEHA BO3MOXHOCTh DEATMIAIMH KHHETHYECKH
XECTKHX (¢ BBICOKHMH 3Heprernaeckumu Gapsepamu U>kgT), 5o Tepmo-
OHHAMHIECKH CBEpHYTHIX (TepMONHMHaMMYeCKH IMOKHX) KiIybkoB. B 3ToM
cnyuae [> A, H 3¢ PeKTHBHBIA KHHETHYECKHH 3MIeMeHT caM SIBJIAETCH CTATHC-
THHECKH 3AKPYYEHHBIM YYACTKOM LIETIH.

PaccmarpusaemMoii MomenH Mmoxer ObiTh CONOCTaBNeH 3¢ eKTHBHBIH
noteHunan Usq [eM. ypasrenma (1.10)]. Kax yxe ormevanocs, cwioBsie -
KO3 PulneHTh Uy 38a210TCA TAK, UTOOBI MONYWHTh MPABKIBHYIO IJIA HAHHO#



"Puc. L7. [iumaMmiecKas MOMens ety c
ahPexTHBHNM MOTEHURANOM Uygyy ORHCHI-
BAIOIMM WeCTKOCTb HA M3rHO  (BA3XO-
YUpYTas ¢XeMa MOJeNH) .

MOZIe/IH CTaTHCTHYECKYH KOppelf- )
UHI0 MeXTY OPHEHTALMAMHU 3IeMEH-
TOB LeMH (3KecTKOCTh Ha H3rHG) wid, 3
YTO IKBHBAJIEHTHO, PABHIIbHY0 38BH-
CHMOCTb CpeIHHX KBaJpaTHYHBIX pac- T
OSHMA Me KaXK[IOH Mapo# y3nos uenk (pHc. 1.7).
g n;f{lcm{nonb:g nppmeneﬂnqup B pasp. 1.3 caase mexny Usg n U H Oﬁpai;laff
Matpuuy [66], nonydaem pripaxcerne i Usg, B BHIe CHTOMHOH Marpgubl.
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YpapHeHus npivkeHuA A KoopauHat HBC x; pac_:cmarpusaewzﬁ MopeTH
HellH HaXO[IHM C NOMOIBK ypaBHeHud Jlarpanxa c NOTEHUHANTLHOR xby}gcun-_
eit U, ¥ puccunatupioi ¢pyuiimed R(x;) B obpraioit popme R={ X (xj/2) :

L (dxsfdt) + (Uap/0%;) =0 (1.22)

Ina panbHeiunx npeofipasoBatiuii HCmOMb3yeM T0, uro U,y — ABHas

dyHKuma o1 4y = x;+ 1 — X;, TOIHA
L (dxj/dl) — (0Usq/duj) + (0U5q/0u;_1), = 0

MOCKONBKY: ofox; = —(0/du;) + (d/&u,— ~1)- )
YpasHesine (1.23) MOXHO TakKe 3alIHCaTh B MaTpHIHOH dhopMe

L(dxy/dt) + (3T 1) Y] Cjprp=0
7]

(1.23)

(1.24)
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@, — TPAHCIOPTHPOBAHHAS MATpPHLA.
Ilna matpuie C HMeeMm:
.. -U+q) q 0 {(1.25)

C= ’_I—q? *(1+q) Q\F?q,i—}lf:‘(ltqz)__g:\‘_\_‘g
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Bbruuras nomapro YpasHeHua i X; (1. e. s UBC), nonywaem ypaBHe-
HHA VLA NPOEKUHH 3IEMEHTOB i&;

(duyfdt) + (2 (QUag/ouy) — (0Ung/0uj_y) — (OUa0/Bu s = 0 (1.26)
KOTOpLIC 1A10T HaM Yp2BHEHHA WA ;=L (4;), B TOVHOCTH COBIANAMLHE C
YPaBHEHWAMH X; =L(xj) (xpoMe KpaeBbix ypaBHeHwuii i KOHUEBLIX 3BCHBEB ),

Marpuna C gna amueuex ueneit moxer OBITH CBA3AHA C YKe YTIOMMHAB-
luefic matpuueit Pay3sa 4, pashoii: Ajp=25p -85, p—6i+1, p,a HMEH-
HO: C=AU,4. -

Iis onMuCanMA penaKcauMOHHBIX CBOHCTB Ueny Ha ewe Goslee ZeTaNbHOM
H METKOMACIUITAGHOM YpOBHe, Hanpumep, Ha YPOBHE IBEILEB C YYSTOM CTa-
THCTHYECKHX KOpPpeAuHiA, HAKNATMBAEMbIX HATHYHEM pHIKCHpOBAINBIX Ba-
JIEHTHBLX yTJIOB H 3aTOPMOKCHHOCTBI0 BHYTPEHHErO BPALLCHUA, BROAT I HHa-
MHYECKHE MOJIENH C 6OJIee CIIOXHBIM Usg. '

BexTopHEBIE KOppesIMM B Takoil menH NpH CHMMETPHIHBIX B3aHMOHEa-
BHCHMBIX BPAUICHHAX B COCEHMX 3BEHbAX, KK H3BECTHO M3 KoH}pOpMauHoH-
HOM CTATHCTHKH, YBLIBAIOT Kak CYMMa [IBYX 3KCIIOHEHT:

- Vie~ ()= i " 1 gl (1.27)

B stom cmyuae, xax 6bu10 moxasano aBTopamu [73], moreHnmMansuas
dynuua Usy (47) copepxur otnwmiste ot Hynsa KomnoHerthl U ;;
Ujst; Upjea, a Usg (xp) xak dynxuua or Xp 6yner comepxkars ewe u
Up, p + 3. Huawe rosops, 3bdek THBHAR- KBa3HyNpyran Mofeib, HMHTHpY-
IOLaA 1emb ¢ GHKCHPOBAHHBIM BANCHTHBIM YTJIOM M 32TOPMOXEHHBIM BHYT-
PEHHHM BpaluenneM, OYZeT comepxaTh KBasHyTpyrue TPYXHHKH, COEMHA-
foumde p- u (p+3)-i LBC, B ornmyue o1 Mogenu I Cl, rae npy>xuubI coemu-
HUTH cocefiHne LIBC, u ,,ipomexyrowion” MOJIENH C XKeCTKOCTBI0 HA HIruG —
THg NPYXMHEBI CBA3BIBATH P- ¥ p + 2-it [IBC.

[loctpoenne Usg, nna uenm ¢ oBbemubivy pdexramu (cM. pasn. 1.3)
Oyaer nmpusonuts K AambHOpeHcTRyMOWeMY KBa3sHynpyroMy noTeHuuany,
CRA3BIBANOINEMY Y[IATICHHbIE IO LemH 38eHsA (win LIBC).

B 3axmouenune HanomuuM, yro 3¢ PCKTHBHBIE HOTEHUMAN Us¢ ,,mopcrpo-
CH” IO NpPABKILHYI0 CTATHCTHKY JUTS BEKTOPHBIX CBOHCTB 1enH (T. e, BTO-
PBIX MOMEHTOB OT KOODAMHAT YCDCIHEHHBIX ¢ MONHOW (ByHK e pacnpege-
JICHHA B KOHQOPMAUMOHHOM MPOCTPAHCTBE) M NPHBOJHT K aleKBaTHOMY
OMHCAHKIO JIMHCHHBIX PETAKCALMOHHBIX CBOJCTE. Onmako, Kax 6bIno moxasa-
HO aBTOpamu [66, 72], fipumMenAcmbiA MeTOR maer ¢ TOYHOCTBIO IO YHCJIEH-
HbIX MHOXHTENEH NpaBWiIbHbIE Pe3y/IBTaThl H JUIA pAna PeNaKCcalHOHHbIX
CBOHCTB KBajipaTHUHBIX 110 KOOPRMHAaTaM TEH3OPHDBIX BEJIHYHH, HANpUMep,
B TEOPHH NBOHHOIO JIYMENpPeOMIEHHS H TeOpHH NONAPH3OBAHHOM JIIOMHHEC-
UeHIMH. (ITHM BENMYMHAM OTBEYAET CTATHCTHKA YETBEPTBIX MOMEHTOB OT
KoopauHaT ~ (h*); (u:'u;) HT1.01.)



