IL.3. FHAPOIMHAMHYECKHE H OB'BEMHBIE B3AMMO/IEHCTBHA
H BHYTPEHHEE TPEHHE B MOJIUMEPHON LIEMH

I1.3.1. F'nopoannamudeckHe u o6beMHble apdexTs
M BpeMeHa PEJIAKCAlHH B OTIeJIbHOH LenouKe

JIns aHanusa BpeMeH penaKcaluyi NOJIMMEpHOH LEMH ¢ THAPOdHHAMHYEC-
KM B3aMMOJAEHCTBHEM ¥ NpH HaNW4nH 06seMubiX 3$PexToB yrobuo Henons-
30Barb ypaBHenus nBwkeHua ans npoexuuid [CIL [cm. ypaerenua (1.14),
(1.15) u ([.20)}. B 3THX ypaBHCHHAX IHIPOQHHAMHYECKHE B3AHMONEHCTBUA
BKJIKOYEHbI B 1€H30p MOABHXHOCTH /1, a o6beMHble 3PPEKTbI YIHTHIBATCH
npu oMo ¢ ek THBHOT 0 MoTeHuuana Uy, . _

B xayecTtBe repBOro NpHONWKeHHA A ONEHOK 3aBHCHMOCTH BpeMeH
peNnakcauuMu OT NPOCTPAHCTBCHHOrO Maciurtaba nBsrkeHusa (OT BOJHOBOIO
aucna k) MOryr 6bITh MCMONBIOBAHBI HOPMAIIbHblE KOODAMHATHI (MMM cOb-
CTBEHHbIE BEKTOpbI) [UIA OMHAMHYECKON MOMCHH GECKOHEYHO [UIMHHON (MK

wuKnHueckoi) uenu [cm. ypasreHue (I11.4)]:

w;~ OV M) Y exp (ijk) g (k) exp 1—4 (&) 1] (11.17)
4

3agaya O YMCICHHOM OTpelde/IeHHH TOYHLIX JHAYEHHH COBCTBEHHEBIX BEK-
TOPOB M COOGCTBEHHBLIX 3HAYCHHH MATpuub! HA DA IMHAMHYECKHX MOJelIeR
Ueny C THEPOAHHAMHUYECKHM B3aUMOJEHCTBHEM, B KOTOPBIX YYMTbIBAIACh
KOHEYHOCTh LENH M MEHANCA NapaMeTp THAPOAMHAMHYECKOro B3aMMOJIeH-
c1Bus, pewianack -B paGorax [61, 85, 88, 89]. Peaynbrarei 3THX pacueros
HALLAM NpUMEHeHHe B TEOPHAX AMHAMMYecKO# BaskocTH [90] u BHYTpuMO-
NeKYNAPHBIX CTONKHOBeHu#A [85]. OAHAaKO QIS KayeCTBEHHOI O M HArIAHOro
CYXKOEHUA O BIAHMY O6beMHBIX M CHIPOIMHAMUYECKHX B3aUMOJEHCTBHH Ha
BpeMeHa pelakcallid MOXHO HCHONb30BaTh Gonee mpocroe npuOmkeHHe
(1.17). '

HogcraBasa (11.17) B ypaBHenus (1.15), HaxoQuM BpeXieHa peslak Calum
7(k) B popme '

TR = A (k) = 2Ry (k) hyyg, (B) (1 — cos k) ¢!

TRe Af M Ay, ¢ ~ COOCTBeHMLIe JHaveHUSA TeH3opa MousmxHOCTH M 1 MATDHILI
‘TMBHOrO noTeHuyana {4, (cm. pasn. 1.3).
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(B paMKax MaHHOM JMHAMMYECKOH MoO-
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Brppoe cnaraemMoe B (I1.18) oTtpumarensho u, CNEJOBATENLHO, MOMBMK-
HOCTh NIAHHOH MENTKOMAcITabHOR HOPMANBHOX MOEI NpH ,,BKJII09EHHKH "
THIPOMHHAMHYECKHX B3aHMOIEHCTBHIT nmanaer. B [91] TIOKa3aHOo, YTO HAYAJL-
HO¢ BpeMR PEeTAKCALMH Ty /1A NOKANBHBIX ABIDKEHHH BHIIEICHHOrO JIeMeH-
Ta uemn [cm. pasp. (11.1.3)], COOTBETCTBEHHO, PacTeT NPH YBENHYEHHY Napa-
METpa FHAPOIMHAMHYECKOIO B3aUMONEACTBHA A=A *s (cm 7l =
= 1/ra (R =0) (1 —/2%). (em peop. 13) 7, =
A KpynHOMACIUTAGHBIX [{BDKeHH
YECKHX M 06beMHEIX B3aHMOneHCTBHIE

(k<m) npu HanmuMK rugpomMEaMH-

N

Aot () ~ L[

# (k) ~ 1 + const Y; I—;;mssk (11.19)
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B CWIy 3aBHCHMOCTH Tjp = v’Z_ir"/[(rj:p 3]
HoOro rensopa Iy p or (r,;p).
ACHMITOTHIECKOE ,,JUTMHHOBOJTHOBOE”? (k—~0)
, moBeficHHe futa A (k
cpa3y nonyyaerca u3 (I1.19) npu N— <, Beogsa Oeapasmepuyo nepemenli(yxl
y = sk, Docne wHterpuposanua (11.19) noayvyaem :
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KOMMIOHEHT MpejyCcpeHeH-

M (k) =
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dna CaMO#i KpyNHOMACIHTa6HOMH Bf'{y_};pxueuﬂoﬁ MOJBI CO BpeMeHem
Tmax, T. €. NyJbCAIMH fr_poemmﬁ BEKTOpa /1, HMcCM K, ~n/N. Torma mwia
RMHHOM uenu (const/k”~¥> 1) nonyyaem dakrop Ay (Kmjn) :
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Ina sroporo daktopa Ay_. 8 r(k)~! mo amamormx ¢ (II
(1L14) Honmer . (k) ¢ (IL11) wm
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Mg (K) = ksT/[M* (R)IN ]y, (11.20)



LG 7
M (k) ~ Y exp (ijk) e~V Ng (&) (11.21)
-

qk) - N-Mepﬂun‘nexmp k- HOpMannHO# KOOPAMHATHI (?;=qx€x+4y;+q;gz).

Ecny pellaTs 3amavy, HCHOMAb3YA B KaueCTBE NHHAMHISCKHX nepeMEHHbIX

koopauuatst LIBC (x;), a He camux I'CIL (4), TO B TEOpHM MOABATCA CXOA-

usie ¢ (IL20) u (11.21) nuHediHble KOMOHHAIMH, HO He OT i}, 2 OT X; [s2].
B pasn. 1.3 yske oBeyxnanacs B3aHMOcBA3s MatpHu Fj p = (wjup) v Usg, B cn-
ny (1.16), (11.20)- u (I1.21) TaKxe NpOCTO CBA3AHBI M HX COOCTBEHHLIE 3HA-
yenus wiA gansoro &k {B npubmokennu (11.17)]:

My = kgThy ' ()
i
Tpx Hanrom 06beMHBIX apdexTor [3, 21, 61] ¢ (N ~s*"; ¢ nenoms-
3oBanHeM (1.11), Haxogum (nonaras |f — pl=s):

‘2 (u (0) u (s)) ~ 2v (2v — sF U=V (11.22)

Mpoctseie puenxu (11).20) npu yuere (11.22) NpuBOJAT K 32aBHCHMOCTAM:
(M? (k) [Ny~ 1/k?*Y ! u 1U3¢ (k) ~&*""1.

OGbenumAR pe3ymsTaTsl YieTd THIPONHHAMHYECKHX [B Ay (k)] 1 06vem- -

b [B Ay, (k)] 3ddexrop u pxnan axropa (1—cosk) ~k?[2 mns rup-

pogx?i;;f’mecxn HEMIPOHHMIIAeMbIX JTHHHbIX KIyOKOB nonyuaem: (k)" ~
~Ty .

Iins menpotexacmoit I'CLL (mpu N> 1) Ge3 obbemubx apdexron v =
= %, mosyuaem u3pectHOe cootHowenue [S9]: 7(k) ™! ~75 k2,

" HakoHel, Q/If MAaKCHMANLHOTO BpeMeHH penakcauuu (kK ~n/N) B pac-
CMAaTpPHBAaEMOM NPHOMKEHHM HMECT I THIPORHHAMHYECKH HENpOHHUae-
w0t TCIL: Tiygx ~ToN? Y WIH Tryax ~ Y.

Momyvetple pe3ynbTaThl VA AMCIIEPCHOHHOH 3aBHCHMOCTH 7(k) MOryT
GBITE JIETKO IMOHATHI M NPOMIUTCTPHPOBAHLI Ha AMHAMMUECKOH BA3KOYNpY-
rofi ranTensHoi Momemd (puc. I1.5) . ConocTaBUM xax ol HOPManbHOH MO[Ie
BAIKOYNPYTYIO FAHTEb, pA3MepPhl KOTOPOH HMEKT NOPAJOK 0GRacTH epHO-
O¥HOCTH JaHHOM HOpMaibKO# MofIst [T. e. A(K) ~7(k)].

Hanuuke ryapOSMHAMMIECKHX B3aHMOgefictauil (mpu Gombiunx N v ma-
neix k) 3KBHB&JIEHTHO 3¢ QeKTHBHOMY YBIICYEHHK PACTBODHIENA, I. €. He-
npotekaemoctu B Macmrabe A(k). Torpa kaxqmoe 7(k) MOXHO pacCMarpH-
BaTh KAK XapaKTepHOe BpeMA TaHTE]M H3 1Uap0B ¢ THIPOMMHIMHYECKHM
PAIIHYCOM, [pONOPUMOHANBHBIM; Ry (K) ~ (/(h? (NNP ~INV (k) ~IA¥ H Co

‘ CTATHCTHYECKOH KBasHynpyroi cuiloi ¢ KOIQQHu-
umenTom  yupyroctu: K (k) ~ [kpT/(h* (k)] ~
~ kg T/ NP (k)] ~ ks T/ A"].

Puc. [L.5. DpdertnBibie KOIPPHUEHENTH TpeHus { (A)
H yupyroctH /C{A) AN HOpMANBHOR MOIL! RMPOTANEH-
HOCTBIO B A =71 /k 3/1¢MeHTOB emu.

v(A)~L(A)/K(4)

Kgacbd:mem TPeHHA KaXOOTO ,,IIapa” raHTeNH, COOTBETICTBYIOUIErO
AdHHOH HOPMANBHOM MOJE, COTMAacHO COOTHOiLeHMIo Crokca, pasen {(k) ~
~6mMK.(k), 3 BpeMA peNaKCallHi COCTaBIAeT

TR~ (L RVK ()]~ (B ()Y~ nih " — R ()

. [ .

JKBHBallEHTHbIE CKEANUHIOBbIE PACCYX/IEHHA OCHOBAHBI Ha TOM, YTO JANA
O/THOMApaMeTPHYECKOH MOMENH XApaKTepHOe BPeMA UIA LBHXKEHHHA, HMe-
IOWEro [pOCTPAHCTBEHHLIH MaciTab A (K), He 3aBHCHT OT JJIMHBI BCEH LeMH

@) e A2 =
1 D(A) ksT C(A)"’:D kBT "’Cﬂ ka.kBT

¥xasanusle npocrb{e COOTHOUICHHA YXe He MOTyT GhITh Henocpencmeiuio
NpHMEHEHb! K CIIY4al0, KOrJa MOABIAITICA [JPYTHe BHYTPHIEIHEIC B3aHMO-
REHCTBHA, HAPHMED, BHYTPEHHEE TPEHHE U COOTBETCTBYIONIHE HX XapaKTep-
HbI€ MPOCTPAHCTBEHHbIE, IMCCHIATHBHLIC H IPYTHE [IAPAMETPEI. '



