IL1. PEJTAKCAITHOHHBIE CBOHCTBA JHHAMHYECKO#A
MO/IE/TH I'Cl{ BE3 T'HIPOAHHAMHYECKHX B3AHMONEACTBHHA

IL1.1. Hopu;mume MOZBI H BpEMeHa peNaKcauHH

Peutenwe nuHeiinvix ypaBHeHu# newxeHus (1.19) mna guHaMuyeckoi
mopenu I'CH npencrapnsaercsa B BHAC HOPMAIBHBIX KOOPAHHAT, T. ¢. B hopMe
JIMHEAHbIX KOMOHHAUMH gp OT MHHAMHYECKHX MEpeMEeHHbIX X;. COOTBETCTREH-
HO, H X; OKa3bIBAKTCA JIMHEHHbBIMH KOMOHHAUKAMH OT HOPMAJIbHBIX KOOPIH-
HAT gp. , .

KaxqoH BEeKTOPHOH HOPMAIbHOH KOODHMHATE ¢ OTBEYAKOS TPH HEIABH-
cHMble TpoeKuHn § (¢x, Gy, qz), ABIAIOUMECA IKHEAHBIMH KOMOUHAUAMH
coorsercTBY0oLMX npoekiun LIBC uenn (1. e.X;, yj, zj) Haocu x, y, z %

Cornacuo |59], HopManbHble MObL UL NPOCTEHIIETO CNYYasn IHHEHHON
tielx ¢O CBOGOAHBIMH KOHUAMH NPEACTABNAIOTCA B dopMe NHHEHHbIX KOMOH-
HAUMH qp (X;). COOTBETCTBEHHO, KOODJIHHATBI X; BbIDAXAKTCA 4epe3 (p:
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(R¢) onnopono# uenu: Ry ¢=1/N Z xp,.
m=1

Ipu nepexone K HOpMaJibHbIM MOJIAM NPHBOAMTCA K CyMMe KBaApaToR
(MMaroHaTH3yeTcA) mNoTeHuMansHad dSHeprua (1.17) W coxpaHsAercA OMaro-
HAJIBHOR KBafipaTHyHaa ¢opma JUIA AuMccHnatHBHONR dyHrkumy (1.18), 1. e,
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* Mer B nansHefilueM Hcnonb3yem o6o3HadeHne ¢ Ge3 HHAEKCOB X, ¥, Z, MOApalyMe-
BaA ONpeAeNICHHYIO MPOCKUHIO, HANPHMEP ¢x = 4. :

A
roe Kip = Ap, [/ coOCTBEHHbIE 3HAYCHA IOTCHIHANKHON (yHKIMK enu K3 (V + 1) yanos:

Jtp=2(1~—cos—n£— (11.2)
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~JKaxpof p-i HOPMANBHOA MOfe OTBEuAET ypaBHEHHe HBIDKEHHA' {qp t+
+KApqp =0. Hopmanrmaa Moma gp kak QyHKIMA BpeMeHH 3aTyxaer no
IKCITOHEHITHATILHOMY 32K OHY

Ty (1) == gy (0) exp (—1/T5) = ¢, (0) exp | (/D)1

Toe 7p — BpeMA DENAKCalzMA ANA p-# HOpMAaNBHOK MObI:
' Tp = Uhpy= UK

Koopnunara g, =¢q c= f;_*{. ABNACTCA ,,UMCTO BAIKOH", H COGCTBEHHDE

(I1.3)

3HadeHne Ag =< 0. B nuccunmaTuBHOM GYHKUMH eii OTBeuaeT cnaraemoe: % fﬁﬁﬁ .
=u{ (NV+1)Xc* Tpu yuere GpOYHOBCKOrO IBMKEHHA CpeHUH KBagpar
CMEINEHHA [UIR KOOPOMHATHI 4G (WM X¢) u3MeHAeTeA N0 auGy3IHOHHOMY

3K OHY
([Xg () — X6 (0)]*) = 2Dgt

roe DG — koadpuument mudipyruu UEHTPa HHEPUHK (WIH DEeHTPa BA3KOIO CONpOTHBIIe-
HHA /1A NpoTeKkaemok Ueu) ;
De= kgTINH D) L

Hopmansusie xoopaxmam qp j17x ypasHeHui apwxkeHna (1.20) mia npo-
exuun I'CI (s 4;)Guumu nonpobHo pacemoTpenst B [8, 68, 84] . deiokesnse
LeHTPa BA3KOTO CONPOTHBIIEHUA He BXOOMT B YHCIIO [IHHAMHYECKHX TIepeMeH-
HBIX Uj H, COOTBQICTBEHHO, OTCYTCTBYeT HOPMANbHAA MOJA C HYJ/IEBBIM COG-
CTBCHHbLIM 3HAUYEHHEM,

Hopmanbhple MONB! ANA OUHAMIMECKHX IepeMeHHbIX 4j HAXOLAT ¢ MO-
MOLUBI0 OPTOHOPMHPOBAHHOIO CHMMETPHYHOTO Npe06pa3oBaHHA:
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Bns storo npeofipazosanua 8 ' =B u, cieqosarensHo (3 0606 UweHHOM
MATpPHYHO-BEKTOPHOI GopMe)
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THE U eCTh N-KOMIOHEHTHRIH ReXTOp: ¥ = (4,, ..., up) .

CoGcrBeHHble 3HAYEHMA (WIH BDEMEHA peNaKCaliH) cHCTeM YpaBHeHus
(1.20) mna u; u (L19) mna xj, ectecTBenHo, coBmaIalT {ep. (ALY (xpome
Ag =0). Tenepsn:

vl = Ak = @KIL) (1 — cos k) = (4K7T) sin? —Q(NL:—T)



KoadduumenTst MaTpHu npeoGpa3’oBaHHA K HOPMAJISHBIM KOOpOHHATAM

H COGCTBeHHBIE 3HAUCHHA Rp U MOTYT OBITb MOMyYeHsI MyTem NpAMOrO petie-
HHA BEKOBOrO ONPEENUTENA MATPHIDI U H HAXONIEHHA COBCTBEHHBIX BEKTO-
POB MaTpHiibl Ipeobpa3oBaHA K HOPMANbHBIM KOUpPIOHHATAM.

Petrenve x; (1) (wimn up (£)IMOXKHO Takxke HCKATD B dopme npeoGpazopa-
Hu Oypoe

x; (&)= [C*exp (i) -+ C exp (—ijk)] exp = (Ak/-;) ! (11.4)

TIe k — BOJHOBBIE WHCNA B 06IeM cnyyae kp=np/(N+1),p=1,2, .. .; Ak) - cober-
BeHHEIE JHAYCHHA. .

INoactaenan x,-* (m x;-) B CTaHJapTHOe (HEKpaeBOe) YpaBHEHHe BHKe-
HHSA, CPaly HAXOHM:
(k)TN = ARIG = (2K/L) (I — cos )

Mna onpenenenns C* u ¢ u paspewrennoro Habopa k ACIONb3y0T Kpae-
Bble ypaBHEHHA. 3aMETHM, YTO KPaeBble YPaBHEHHSA IS X 1 HX) IJKBHBANEHT-
Hbi CHeNYWOUMM YCIOBHAM: X, =Xy H XN+ =XN+2 HIH X; -Xa=0
(M Xy +1—xy+2=0). ITH YCIOBHA ABAAIOTCA AHATOrOM COOTBEICIBY-
IOUMX yCTIOBHH JITA CMEILEHHH KOHLOB CBOBGOIHON CTIpyHbi [0x (5)/05] x =0, N,

'TAE § — KOOpIIMHATA, OTCYHTHIBAEMAA BIIOJIb KOHTYPA CTPYHDL

Moncranorka (11.4) B Kpaesbie YPABHCHHA [PHBOOHT K OMHOPOOHO
CHCTeMe OBYX JIHHEHHBIX YpaBHeHHH min C' 1 €, y3 YCIIOBHA Pa3pellHMOCTH
KOTOpO# (paBeHCTIBa HyIuO ONpPeeTHTEN) HAXOMHTCH L0y CTHMBIH Habop k.
B ypaBHeHWsX JUIA 4 HeCTAHAAPTHHM KpaeBbIM YPaBHEHHAM [UIA LENOYKH H3
N TCU {wm (V+1) UBC] orsevarwt KpaeBble YCIIOBHA Uy =My 4 1 = 0. Tl
YCIIOBHA COOTBETCTRYIOT IPAHHYHBIM YCIOBHAM IUIf nedpopmarmu 4 = (9x/0s)
KOHTHHYaJIbHOH BA3KOYNPYTOH CTPYHsI (T. e. 1l o, =0).

B cooreercieuu ¢ (IL3) u (I1.4) mpemena penaxcawuu 3apHCHT o1 napa-
Metpos I'CLL K u § ¥ BonHOBOTO wHcna (win ,,HOMepa”’) HOPMATTBHOM MOMIBI.
EcrectBento, 4T0 HammeHbluMe BpeMeHa pelaKcallHH 3aBHCAT OT cnocoba
pa3OueHHA Lemu Ha cy6uenu, 1. e. OT pamepoB cybuenn. Hnaye o6ecrour pe-
70 ¢ GONMBUIMMY BpeMEHAMM PENAKCALHH, KOTOpbIe B GH3IHYECKH CAMOCOrIa-
COBAHHOH TEODHH He JOJDKHBbI 3aBHCETh OT cHocofa pa3buenuA enH Ha cyG-
Uemu. [leficTBHTENsHO, BGOMBUDE T (k) moryr GuiTh NpHBemeHBI K phopmMe,
HHBAPHAHTHOH OTHOCHTENHHO Menenus Ha I'CIL [59].

JIna xpymHOMacIUTaGHBIX ABHKeHMd k <7, a P<(N+1)
rorna

To ~ (L/K) 14 (N + 1)¥/a2p?]

Ho Bemmunma (N +1) = {oq5 €CTH He yTO HHOE, KaK MNMOJHLIR K03ddH-
UMEHT TpEHHA V1A TMOPOUKHAMMUECKH MPOTEKAEMOil el . Cneporaremsho,
mpu N>1: 1p ~ [Snonu ¢h* )k Tp?], tne (h)=NP — cpemmuii KBajpaT
paimepoB uens B Mmofenu F'CLL

Yucmo I'CH, lamaromree XapaKTepHbiH NPOCTPAHCTBEHHBIN MacLITal OaH-
HOH HOpMANEHOH MOmBI (I. e. ANMHHY TIePHONHUHOCTH B EQHMHMIIAX I'Cil),
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Puc. 1L.1. Hopmansueie MOABI NOAMMEPHOK terik:
k=0 — mBHXeHHe KaK Hemoro; k = (n/N) — pacTsoxeHHe 33 KOHUB (IyNHCALHA 1cHH) ;
k= — meaxomMacirTabHoe IpoTHBOGA3HOE ABKKEHHE (UTbTEPHHPYIOLIME MPONOTBHEE

HMIIONH)

yao6HO onpenenuts Kak (cMm. puc. I1L.1): A(k) = afk. pu T2KOM Olpefierie-
HUM CaMOH MEIJICHHOH M KDYIHOH Mone ¢ k= (m/N) orpeuaer Ap,x =N, a
HaHBOJee MeJIKOil (NpH JAaHHOM pa3BHEHMH) — T. €. IPOTHBO(AIHOMY IBHKeE-
Huwo coceaunx HBC —[A(7) = 1. ) )

Torpa p= (N/A) XapakTepusyer OTHOLUEHME NEpHONA CAMOH JUTHHHOM
MOMbI K MpOCTPAHCTBEHHOMY NE€pHOOY PacCMATPHBAEMON MOBI. TakHM 06-
Pa30M, KPYIHOMACIUTA6HbIE BpEeMeHa penaKCAlUHH [UTHHHBIX MPOTEKaeMbIX
I'CLy, (6e3 FHAPOUHHAMMYECKHX, 00BEMHBIX H MIPOYHX [IMHAMHYECKAX na.umou-
OeACTBHI) ONpPeesIoTCS TONBKO TNMOGANBHBEIMH CBORCTBAME nonumepﬂgm
HeMH, WHBAPHAHTHLIMH OTHOCHTGIBHO pa3GHeHMA Ha cyﬁuermvs‘ monu HSC A
H OTHOLIEHHEM XapaKTePHOIo Maclraba NAHHOH HOPMAITBHOH MOMBI K Max-
CHMANTBHOMY (T. €. TAp2ZMETPOM p) . _

3ameTHM TaKoKe, YTO T () TpedcraBUMoO B hopMe

Ty = Cnonn () kg T - (h? n)

e {nom (P) B &F (p)) — monmplf ko3 HUKEHT TPEHHUA B CpeAHUR KBAOPAT paIMEpOB
QparMeHTa LEMH, paimMepbl (HAK YHCNO 3BeHBeB) KOTOPOFO COOTBEICTBYIOT Mazcurraﬁy
OasHOH HOpMATEHOR/ MOJIBI, TIOCKONBKY A NpoTexaemuix I'CL {p =$nonn/P,8 h (=

=h*)/p (ana I'CLD,

Ecnu yuects cooTHoluenue JitHumTeinz Mexy Kodbdummentamu nuddy-

3wl Dpu Tperna {p: Dp = kg T/8p, 10 Mita 7y nonyvaem:
' T = (h*(p))/D,

(11.5)

{11.6)

PaKTHYECKH , lieMOAesBHbIH’’ BHI cooTHoLeHuA (I1.6), crenyrouusii jiumus
H3 COOOpaXeHHH PaIMEPHOCTH M CYHIECTBOBAHHMA XAPAKTECPHBIX MAaciTabos

{ Wbt A73 u K03 hrmHenTOR mddysun unu tpeuua [D(p) wm ¢ (p)]},'
IO3BOJIHT NPHMEHATH €0 B JANTbHEHIIeM He TONMbKC K npoTtexaemsiM ['CL, Ho



H K GOMNee¢ CIOXKHBIM CITyuasM, IIpH HATHIHH FHIPONHHAMHYECKHX U O0GBheM-
HBIX B3aHMOMEHCTBHA. JTO COOTHOUIEHHE HMeEeT , CKelIUNTOBLLL"™ CMBICITY,

¥e B cryuae HanMMYHA BHYTpEHHEro TPEHHA HIH HECKOBKHX MeXaHH3-
MOB NOABIKHOCTH (cM. pasfen I1.3) curyawna yenoxaures.

Jnst oTHHEBRIX FHOKHX MAKPOMOJIEK YIT MAK CHMATBHO BO3MOKHAA LUKPHHA
PEIaKCaunoHnoro cnexTpa Ha yposte I'CLl 3aBucut o1 Monexkyna PHOH Macch
H MOXET GbITh BeChMa Benuka. Tai, [UTA rHGK OnenHbIX [IOJIHMEPOB & MOREKY-
JIAPHOHA Maccoi MOHOMepa =~ 100, YHCOM 3BEHBEB B CTATHCTHUCCK OM CerMen-
Te ~ 10 ¥ uncnom cermenros B ['CI] ~ 5 NpH CyMMApHOHR MOJIEKYIAPHOM Mac-
ce 10°-10% ornomenye Tmax/Tmin B WIKane lgr COCTaBHY:Ig(Trm ax/Tmin) =
~21gN=~2,6-4,6. Yuer Gonee MeIKOMAacHITAGHBIX IBIDKCHHH — MeEHBILMX
Ammnbl T'CL — eute Gonee pacumpser CIeKTp.

HauGonee npocrhim, »(PYHIAMEHTATLHBIM” KpYTNHOMAacIITaOHbIM peJiax -
CaIHOHHbIM NpOLECCOM ABIALTCA PACTAXKEHHE LENOUKH 33 KOHIIBL.
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