['JIABA 111
JAHAMHUYECKHE CBOHCTBA MECCBAYJ3POBCKHX SAJEP

J1s moGoro MeccOay IpoBCKOTO CIIEKTpa CYMECTBYET CBSI3h WHTEHCHUBHO-
CTH (IUTOIIAJH) CIICKTpa W €ro CABUIa IO JOINICPOBCKON IMKale CKOPOCTEeH ¢
TUHAMUYECKUMH CBoMcTBaMu sjep. PaceMoTpuMm konebaHue sijpa B TREPOM
TeTe B TapMOHUYECKOM TIPUOTIKEHUH.

§1. KoJiebaTe IbHDLII ClIERTP S1/Ipa B TBEPAOM TeJie

1Ipy KIaccUYeCKOM PACCMOTPEHUH IIPOU3BOIILHOE COOCTBEHHOE (CBOOOI-
HOe) KoyeOaHne JTHHEHHOU JUHAMHIeCKON CUCTEMBI (C TIOCTOSHHBIMU HE 3aBH-
CAIITUMH OT COCTOSHHS CHCTEMBI IIapaMeTpaMu) IpejcTaBisier cobol cyneplio-
3UITUIO HOPMaJIbHBIX KosieOaHWil 5To# cucrembl. HopmajibHble koJiedanus
(HOpMAaJIbHBIE MO/JIbI) — 3TO COOCTBCHHBIC FAPMOHHYICCKUE KOJICOaHus.

IlyTeM 3aMEHBI EPEMEHHBIX BCEI/Id MOXKHO IIEPEHTH K TAKMM HOBBIM
HOPMAJILHBIM KOOpPJAUHATaM {E;}, 3aJlafOIAM COCTOSIHHE CHCTEMBI, KOTOPHIE
COBEPIAIOT HOPMalIbHbIE KOJIeOaHUS ¢ HOPMAaJbHBIMHA HacToTamMu {@;}. Ilom-
HOE YHUCJIO HOPMAIIbHBIX KoNeOaHHH (4acTOT) paBHO TONTHOMY YHCIY CTelleHel
cBOOOIBL — s = 3N, r1e N — uncio aroMoB (sijiep) B cucreMe. [Ipu nToM Koopau-
HATEL #{f) U CKOPOCTU Ui(f) aTOMOB (S11€p) OTHOCUTENLHO UX PABHOBECHOIO 110-
TOKeHWsI Oy Ty T MEHSATECS CO BPEMEHEM T10 3aKOHAM

u (1) = Y0, €, (0= Y n,a, c050,+ ), @3.1)
= =
0,(0) = i,(0) = Y, 0 = =3 mya,0, sin(@,i + ), (3.2)
=1 =1

T7ie {775} — paclpejelieHue KOOPJAUHAT aTOMOB TI0 HOPMAalIbHBIM YacTOTaM, Tak
Ha3bIBa€MbIE CIEKTPHhI KoJeGaHuil atoMoB;, i, j=12.... 5 {a;} 1 {@} — am-

IUIUTY (bl U HAYAIbHBIE (Pa3bl HOPMAaJIbHBIX KOJICOaHUA.

HopmallbHBIC 9acTOTHI CUCTEMBI { @} TaK K€ KaK U CIICKTPbl KoJIeOaHiA
aTOMOB {7}, OIPEEISIIOTCA TapaMeTpaMH CcHUCTeMBl. [IpH IIPOWM3BONBHBIX
Ha4daJbHBIX YCIOBHSIX B OOINEM ciydae Bo30YKJAlOTCsI BcE HOPMAILHBIE KOJe-
Oanusd. CreruaibHbIM BEIOOPOM HAYaIbHBIX YCIOBHH, OT KOTOPBIX 3aBUCST aM-
IUIMTY AbL {@;} ¥ HadaJabHble ga3bl { @} HOPMaIbHBIX KOJCOAHUHA, MOKHO BO30Y-
JTATh TOIIBKO OJTHO, IF000E M3 BCEX CBOMCTBEHHBIX CHCTEME HOPMAIBHBIX KOIle-
Oannii. [Ipyr HOpMaTEHOM KOTeOaHUH CHCTEMBI BCE BIIEMEHTHI CUCTEMBI KOIeO-
JHOTCA ¢ OJIHOM W TOM e 4acTOTOU — HOPMAIBHOM 4acTOTOH. B 3TOM CMbICIEe
HOpMaJIbHbIE KOIeOaHWsI He3aBUCUMBL JIPYT OT JIpyra. DHEPTHs OT OJHOU MOJTBI
BO BpEMEHH He MepeXoJUT K Apyroil. [Ipu 3ToM OTAenbHBIE YacTH CBSI3aHHOU
CHUCTeMbl OOMCHUBAIOTCS SHEPrUCH.
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C yueroMm (3.1) u (3.2) Jerko 1mokKaszarh, YTO IIOJIHAS SHEPIUA JBWKCHUS
cucTeMBbl F (yCpeJHEHHas 3a BpeMsl, ropazo Oolblliee MePHOJ0B HOPMAaIbHBIX
kosebanuii 7;) paBHa CyMMe IIaplMalbHbIX SHEPIUil [ OTAeIbHBIX HOPMAaJIbHBIX
koebanuil. JIeHCTBUTEIBHO, HOMHYIO DHEPrHI0 CHCTEMbI MOYKHO 3allicaTh B
BHJIE€ CYMMBI 3HEPTHI, COOTBETCTBYIOMUX HOPMAJIBHBIM KOJIeOaHHSIM:

";" (v} ())+ Zl ];<u )=
5 m;‘ 5 ) ki k;‘ 5 B
S

5 Zszmlﬂj Zszk‘n; s
:; =z 5 <§j>+ﬂT<§j> =>E,. (3.3)

E=ly +E, =Y
i=1

3neck m; M k; —Macca ¥ KO3(pGUITHEHT YIPYTOCTH AT i-TO aToMa (A7pa).

Taxum 06p8.30M, CHCTCMa BCACT ce651, KakK Ha60p HC3aBHCHUMBLIX I'apMoO-
HHYCCKHX OCITIJIVIATOPOB ¢ HOPMAaJIbHBEIMHA TaCTOTAaAMH.

IIpy KBaHTOBO-MEXaHWYCCKOM ONMCAHUM KoJIeOaHHH aTOMOB BBOJAT B
PacCMOTPCHHC HOPMAJIBHBIC KOOPAUMHATEL TaKHUM O6p330M, qToOBI TAMHUIIETOHH-
aH CHUCTCMBI KOJ'IC6J'IIOIHI/IXCH aTOMOB (TB.K ARC, KaK 1 €€ SHCPI'HA B KIIACCHUYCCKOM
paCCMOTpeHI/II/I) pacliajgalicia Ha CYMMY cCllalraCMbIX — I'AMHUIIETOHHAHOB HC3aBH-
CHUMELIX OCLHHJUEATOPOB, COOTBCTCTBYIOIIUX OTACIIEHBEIM HOPMAJ/IBHBEIM KOOPJIHHA-
TaM:

AN §on
H=YH;. (3.4)
=
HpH OTOM BOJ/IHOBaA (I)YHKHI/IH AL CHCTCMDIL KOJIG6JIIOH_[I/IXC£[ aTOMODB 6YI[€T
HMCTD MYHBTI/IHJIHKB.THBHI:Jﬁ BHA:

5
w=T1v;- (35)

=1
rje iy — BoinoBasg YHKIMS, OIMCLIBAIOMAi cocroauue j-ro (=1, 2, 3, ..., 5)

HE3aBHCHUMOTO OCIILISITOPA.
PaccMoTpuM 0ITHOMEPHBIIT TapMOHHYECKN KBAaHTOBBIN OCIIJIISATOP
¢ 4acTOTOH @. MI3BECTHO, UTO ero MollHas SHeprus F,(®) KBaHTyeTcs U paBHa:

E (0)= n+% ho (3.6)

rae n=0,1,2,3,... — KBaHTOBOE YUCJI0 (KBAHTOBBIE UMCIA {r;} JISI pa3iInd-
HBIX OCIULBITOPOB C YacTOTaMH @; HA3BIBAIOTCS YHMCIaMH 3aTOJTHEHHS ),
OTPEJIEIBIIONIEE COCTOSTHUE (BOTHOBYIO (DYHKITHIO) OCIIHULBITOpPa ¢ SHeprHei
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(). 1lpu s1oM kubetnueckas Lk (@) 1 HoTeHIUalIbHas Ky (@) SHEpruu oc-
ITAIIBITOPA B COCTOSTHAU #1 PABHBI:

Ek,n<w>=Ep,n<w)=;En<w> {n +§]h§’ 3.7)

d UX CPCITHHUC 3HAUCHHUA B MaKPOCKOIIMICCKOM COCTOAHHH BCEH CHCTEMBI ATOMOB
— TBCPIOI'O TClA:

hao

Ep(aJ):Ek(aJ):<Ek’n(w)):(<n>+%J7. (3.8)

PaCCMOTpI/IM I‘apMOHI/I‘IGCKI/IfI KBaHTOBBLIN OCHUILLATCOP B TBCPACM TCIIC
KaK RKAHOHHYCCRYI0O CHCTEMY, T.C. KBAHTOBOMCXaHHICCKYIO CUCTCMY, HAXOIA-
MyOCid B TCPMOTHHAMHYCCKOM PABHOBCCHH C TCPMOCTATOM IIPH TCMIICPATYPE
T BepOHTHOCTB P, pPeal3allii JaHHOTO YHUCIIa 3alIOJTHCHHA #2 (a, cIaeaoBaTceiib-
HO., H €10 IOTHOM SHEPTHHU En) 6y,ueT 3dBHCCTHL KaK OT YaCTOTHI OCHIIIIEITOPA @,
TaK U OT TEMIICPATYPHI TCIIa T. BOCHOJ’IBBYGMCH AL 5TOTO CIIvYad KaHOHHYIC-

cknM pacnpegeaenneM I'mooca (cM. . 5 B [Ipmioxenun 1):
E, (@)
 kgT

(3.9)

B pesyibrare (¢ y4eToM W3BECTHOH (POPMYJIBL JJII CYMMBI OCCKOHCHUHON
reOMETPHYECKON nporpeccuu; cM. 11. 4 B llpwioxenuu 1) g cpejguero 3Have-
HHSL YHCIIA 3al0JIHEHUS <> NoiayuuM popmyry [linanka:

" 7E,1(a)) B 1) w 7?‘1_0)?1 o as
. Zme P T Z”e kT Znefﬁn B a(ﬂﬁ)
_ _ n=0 _ n=0 _ n=0 _ _
<n>—2nPn = AT e . e = = S =
" Se e N, Wit e
n=0
1n=0 n=0
e*ﬁ
N S 510y
- 1 _1—efﬁ_eﬁ—1_ LR .
l—e ”? ekl _1
ho 2 1
e f=—— HS(ﬂ)zZe_ﬁ" =
kBT n=0 1—8 p

CretoBaTelbHO, ISl CPEeTHIUX KAHETHUECKOU W MOTEHITHATLHON SHEPTrui
OCITIIBITOpa MPH 3aJJaHHOI TeMIlepaType Oy1eM UMeTh (cM. pHc. 3.1):

B
Ek(@:T)=Ep(@>T)=[<n>+ljhw:[ 1 +ljha):ha).e +1_
22 \ef-1 2)2 4 %1
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£ P
2 2
:ha)‘eﬂ+e :hwcth(ﬂ]:ha)cth ho . (3.11)
4 £ _g 4 2 4 2k, T

3n1ech cth(x) — TUTIepOONUIEeCcKAM KOTAaHT€HC, OIIPeIeNIeHHe U CBOMCTBA KOTOPO-
o IpuBeleHbl B 11. 5 [Ipunoxenus I1.

By (@.7)

0 T

Puc. 3.1.3aBHCHMOCTh CpeTHUX KHHETHYSCKOH H TOTEHIHAJILHOM SHEPTHHI
OCIIJLIATOPA OT TeMIISPATyPhl

[Ipn Hu3KkuX TeMueparypax 1’ << Zj) (f>>1):
B

ho ho ha
E(o.T)Y=E (0.,7)= cth = —, 3.12
p(0.7)=E,(0.T) A [ZkBTJ 4 (3.12)
ha
a IPH BLICOKHX TeMIepaTypax (B KiIaccHdeckoM Ipubmmkenun) 1 >>E
B
(f<<l)
h 2 ho 2T kT
Ef.T)=E 0.T)=""cthl = |="2. =B _HBT (3.13)
4 \2k,7 )T 4 ke 2

kgT
Kaxk BHJIHUM, Ha KaXKAYIO CTCIICHD CBO60,I[BI IIPUXCIHUTCA SHEPTHUA BT .

3ameTnuM, YTO IPU OLEHKE BENWYMH CPEAHETO KBajpaTa CKOPOCTH WIH
CMeITeHusT aToMa (siipa) JUIl HU3KUX TeMIepaTyp HeoOXOJUMO TOIb30BaThCS
XapaKTepHLIM 3HAYCHUECM 4acTOTbI KoJIebanuii u gopmyioit (3.12), a 1l BbICO-
KHUX — 3Ha4YeHUeM TemIiepaTypbl 7' u dopmyiioit (3.13).

C Jpyroil cTOpOHBI KMHETHUECKAs] SHEPTHS] OJHOMEPHOTO OCIHIIBITOPA
MOXKeT OBITh BhIpa)KEHa Yepe3 Maccy U CKOPOCTh aTOMOB:
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32 i h
o= mr) Bl te ) i
B

rie <(t);,£ )2> — cpejiHee (110 BpeMeHH WIH 1o aHcaMOMIO OTMHAKOBBIX OCITHILIII-

TOPOB) 3HAYCHHE KBaJpaTa CKOPOCTH JBHKCHHS aroMa (siipa) U7 ¢ 4acToTo @
H ToJsipH3anMei j (IPOeKIMd CKOPOcTH ¥, Ha Hampapnenwe j). M3 (3.14)
HEIOCPEICTBEHHO CIIEYET, UTO:

((u;;f):m oth| 2| (3.15)
2m \ 2k,T
Ecimu YUCCTh, YTO B I'apMOHHYICCKOM HpI/I6.HI/I}KeHI/II/I
(CARECARELR(TADE (3.16)

rje < (ui)2 > — CpejlHEEe 3HAYCHUE KBaj[paTa CMEIICHU aToMa (spa) ¢ 4acTo-
TOR @ W noJsipu3anue j (T.e. CMEICHUs B HAIIPABJICHUU j ), TO

h ho
(AR mecth(szT} (3.17)

Teneps caenacM JOIOJIHATEILHOE YCPEIHEHUE 110 BCEM HOPMAaJIbHBIM Ya-
cToTaM KoJiebaHus aToMa (spa) (110 aHcaMOIIO pa3IMIHbIX OCITUILISITOPOB):

()= !Zi th[zijjgj(a))da), (3.18)
(@) =Z2’Z@ cth[z’Z’T]gf(w)dw | (3.19)

31ech ¢(w) — IJIOTHOCTH pacnpeaesieHuss (HOPMAJIbHBIX) YaCTOT KOJIe0aHHA
(ClekTpajibHAsl IVIOTHOCTH KoJIeGaHUI) siipa B/0JIb HANPABJIEHUN j HWIH

KroJiedaTe/IbHBII  CHIeRTP siipa  BJAOJIL  HanpaBJjeHusa j. llpu »rom

o0

J. g7 (0)dw =1. Tloppmrerpansibie Bolpaxkenus B (3.18) u (3.19) apmiored
0

CIICKTPAJIBHBIMHA I[IJIOTHOCTAMH KBaJdpaTa CROPOCTH H CMCINCHHUA HApPa
BJ10JIb HallPpaBJICHHHA J COOTBCTCTBCHHO.

§2. Bepositnoctn 3¢ derra 1 KoJiedbaTeJIbHDII CIIEKTp siIpa

BepostHoCTh nh(eKTa B rapMOHUHECKOM HPUOIMKSHUH IS £-0T0 4/ipa B
KpUCcTae (JUIs peryIsIpHOTO KpucTainma (=1, ..., r, TJe » — YUCIO aTOMOB B

k
DIIEMEHTApHOHR A4eliKe) IIPU U3JIyUCHUH BJIOIbL HALIPABICHUS J = k—"{ paBHa (CM.

¥
(1.56) B I'nase 1):
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Y= il ’
oW, =k, -m, ).

C yueToM u, = Zu;’ J (G =x,y,z) nokazartenb >KCcIOHEHTH! 27 MoxHO
i
IIpeICTABUTE B BUJIE:

W“((k u)) ky-[gu;’jr = [ Ky J)’J
=<§(kv‘i)(kv‘ j)u;u¢> ke, - ifk, - jYuiud) = g NIRCONE
() zo-arl) 62

)

3ameTHM, UTO TOCTe HEee BRIpaKeHHE TIOYUYeHO B TIPETIONOKEHIH, UTO B
KauecTRe ocell KoOpAWHAT { j } BHIOpaHHBI TJ1aBHBIE OCH CUMMETPUIHOTO TeH30-

pa ememenuii u,;u; (u,u; =0, upu i # ;). BoiOpanmsie ocu { j } coBHaaioT ¢
KpHUCTaINToTpadpUIecKUMH OCSIMH TIPU CUMMETPHH KPHUCTalla HE HUXKE POMOU-
geckoil (a = b #c, o= =y =90°). B 5TOM ciIydae »jeMeHTapHas sSUeiika 3a-

JaeTCs IEKapTOBOU CHCTEMOM KOOp THHAT.
B rapMoHH4EeCcKOM NPUOIMKEHHH, €CIIH BOCIIONL30BAThCA pe3y/IbTaTaMu
Lpe by mero naparpadga (M. (3. 19)) LOJIYIUM:

w3 T o o

ho ) _
=R, -j)zjhw cth( @ Jg;’(a))da) =S gy, (32D
J 0

e T y

rae g/ (®) — INIOTHOCTL pacupe/ie/ieHust (HOPMaJIbHBIX) YACTOT KoJ1ebaHust

t-ro siapa (aroMa) BJ0JIbL HANPaBJIeHUs j, WIK RoJiedaTe/IbHbII ClIeRTp £-10

) ch E;
siIpa BJ0JIb HANIpaBJieHHs j, A= T’ R, = s — DHEPI'Hd OTIaYH CBOOOI-
0 m.c

HOTO sjipa (cM. §3 B [ mage I).
JUIsT MOHOKpHCTAIUIA 3aBUCUMOCTh BepOSITHOCTH 3(dekTa OT HamnpapIisi-
IOMIUX KOCHHYCOB ) = (COS(/,COS f3,C08Y) BOJHOBOIO BEKTopa K., B COOTBET-

cTBHUH ¢ (3.21) Oy mer:

7t =(r )Gr A )COSZB . (fl)?’ (3.22)

PaceMoTpyMm  wacTHBIM ciaydait oceRoit CHMMeTPHHM JIMHAMHUYECKHX
cBoHcTB aroMa. HanpaBum ock 7 BjoJb OCH cuMMeTpuH. B cdepudeckoil cu-
cTeMe KOOPMHAT, BBEJS IIOJBSIPHBIA ¢ U a3UMY TAIBHBIA @ YIIIbL, 3AIAIICM
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¥y =(cosac, cos f3,cosy) =(sin Jcos @, sin Fsin @, cos ). (3.23)
Takkax f° = f7 = £, f7 = f, 1o (em. puc. 3.2)

2 2 L2 g2 2 2 2
_ (fL)sm Gcos” @ ‘(fl)sm @sin © g '(f”)cos 4 _(fj_)sm U '(fH)cos 4
- 1 H H - H H E

1= f;{ﬁJ - (3.24)

-90 -45 0 45 90 4°

Puc. 3.2. 3apucumocTts BeposiTHocTH ddderra Meccbayspa ot yria
BbLJIETA Y-KBAHTA

JUI ONMKPUCTAIIMIECKOTO 00pa3lia HeoOX0UMO [IPOBECTH YCPEIHECHUE
TIoKa3aTens SKCIOHeHTH 2/, 1o TenecHOMY yTiy £2:

f= e (3.25)

>

_ \ _ L hao i)V o =
2, =(2m]) =R, o th(szK;(? i) (w)>gdw
]?hi [ Jg (w)dw , (3.26)

0
rie

g;<w>z<2(w-j)2g;’<w>> =S {(z-J)) gl (@ - (3.27)
J o J

— KoJledaTe IbHbII CHeKTp t-ro siapa (aroma). YUuThIBasi, 4T0
m2r

(F(p.9),=— j j F(p,$)sin(:$)dgpd 9 (3.28)

Y BLIPaKCHHE I eJIMHUYHOIO BeKTopa y B cheprdueckux koopaunarax (3.23),
TTOTYUHM
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g, (@)= (sin2 Jeos? gp)ggf (w) + <Si112 9sin* @)Qg,y () + <cos2 3>ng (),

g(@)=, Ye/ @, (3.29)

§3. TemmepaTypHBIH CABHT H K0JIeGaTeJTbHBIN CIEKTP s1/Ipa

YuTeM pensSTHBHUCTCKUM dekT m3MeHeHN Macchl sipa U3-3a YMCHBIIIC-
HIA €TI0 DHCPIHHA Ha Ko IIpHA 1ICpCXOaC U3 B036y}KI[eHHOFO COCTOAHNA B OCHOB-
HOE!

me® =E, dme’ =0 =-F,,
om=—-—-. (3.30)

HaiigeM Terepb W3MEHEHHE KHHETHYCCKONH DHEpruu sjapa Ey Ipu U3iyde-

HUW Y-KBaHTa Oe3 orgaud sjipa (P — const) IpU PEISTUBUCTCKOM W3MCHCHUH
Macchl:

2 2 2 2
mo P P P’ E, E
8y =8| ——|=68| — |=——Fdm=——7- 2 =100, (3.31)
2 2m 2m 2m° ¢ 2c
raic v — MOAYJbk CKOPOCTH TCILIOBBIX Kolledanuit aroma. CHQ,I[OB&TGJIBHO, H3Me-
HEHUE DHEPrUM Y-KBaHTa IIPH 5TOM Oy JIeT paBHoO:
E
3E, =—8, =——L0", (3.32)
C
3aMeTI/IM, UTO BpeMA JKHU3HHW Alpa 7B B036y}K,I[eHHOM COCTOAHHH 7 I'cpas-

27
10 OOJIbITIe XapaKTepPHBIX IEpHOIOB KosleOaHMiA artoMa (spa) 7, = a)—’ rjae @p
D

— nebaeBcKast yacToTa (cM. janee 1. 4.2). JIeMcTBUTEIBHO:!
o L2z 2 6.28-1.05-107"
"Top kS, 138107400
B cpemnreM 3a BpeMsl :KW3HH s/Ipa 7 I3MEHEHHUE SHEPTHH Y-KBaHTa PaBHO:

K
(32, ) =-—2(v). (3.33)

2c
CleIoBaTeIbHO, PE3OHAHCHAS JIMHHUA OyJeT MCIBIThIBATH TaK Ha3blBae-
MBI TeMIlepaTypHblil CABUI J, MeccOaydpOBCKOH ITHMHUHE (COOTBETCTBYIOILE-

~12-10 P c<<r~14-107 ¢.

e IapivalbHOTIO CHCKTpa) BAOIIbL IMKATBI JOIINICPOBCKHX CKOpOCTefI Ha BCIIH-
YHHY
C 1 9
5 —E—0<8E;,>———(U ). (3.34)

Tot xe pe3yiibraT MOMKHO IIONVUHUTL, CCIIH VUCCTL PCJLITHBHCTCKOC 34-
MCIJICHHUC BPEMCHH B ,I[BH)KYH.IGFICH CHCTCMC OTCUCTA.
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HYCTB Tuly— IICPHUOALL, 4 VH VW — YdCTOTHI KoJIeOaHus JIICKTPOMAI'HHUT-

h h
HOT'O IOJISL Y-KBAHTOB ¢ DHEPIWIMU Fy =hvy=— u E, =hv = 7 OTHOCHUTEIIb-

0
HO IIOKOSIICHC (Ha60paTopH0171) CHCTCMELI OTCUCTA M CHUCTCMLEI OTCUCTA., CBA3aH-
HOM C ABHKY IITUMCA ATPOM COOTBCTCTBCHHO, TOT'Ia C YUCTOM

T:Ti0 (3.35)
L, TO,EO U 2
1-| 2
/ [Cj
IIpH CKOPOCTIX TCILIOBOIO JBICKCHUS
> 0~ 102103 << ¢ =3-10° M/c Oy JIeM UMETh
L By T oY 1{vY
E =E,2=E, 1-|=| =zE,|1-=|=| |. (3.36
v 0 0 (C] 0 Q[C] ( )
1y,
A 3HAYUT, ¥ B DTOM ClIydae o. :——<1) )
2c

OneHNM BETHUUHY TEMIIEPAaTYPHOTO CIBHTa Or MeccOay pPOBCKOU JTHHHHU
na aaep >'Fe (pu Ip = 400 K cKopocTh TEIIIOBOTO JBIKEHH L = 340 M/¢):
2
o7 = —1<02> = —(340)8 = 0.2 Mmm/c.
2c 2-3:10
Kak BuguM, TeMmiepaTypHBIN CABHAT Or CPaBHUM C IMAPWHOU Pe30HAHCHOU ITH-
HUU B ciiekTpe (eM. §5 B I'maie 11).

B rapMoHmUeckoM MpUOMIKEHUH IS {-TO aToMa B 3JIeMEHTapHOU sSaelke
TEMIIEpaTy PHBIA CABUI corlacHo (3.34) paBeH:

Lty o1 i\ __ L §phe ho | _
Ors = 2c<0’>_ 20§:<(UI) >_ 2c¥‘~£2m16th[2kBTjgr (@)do =

3 % ho
_ E[ha)-cth(m]gt(w)dw. (3.37)

4m,c B

Tak e Kak U B cilydae ¢ BEpPOSTHOCTHIO 3dexTa JI HOIUKpUCTalIa fr
TeMIIepaTy PHBIA CIBUIL Or; 3aBUCUT OT KOJIeOaTeILHOTO CIIEKTpa -1o spa (aro-
Ma) g{ @), HO HIpH 3ToM OoJee «IYBCTBHUTEICH» K BBICOKOYACTOTHOHM YacTH
CIIeKTpa M3-3a MHOXKUTeNsT A (cM. (3.37)). HanmpoTuB, BeposTHOCTH f; Oonee

., 1
KYUYYBCTBHUTCIIBHA» K HH3KOUYACTOTHOM YdaCTH g(&)) H3-3a MHOXKHTEIIN h— (CM.
@

(3.25)u (3.26)).
3ameTuM, 4TO B ClIydae TEIUIOEMKOCTH Tella B PACCMOTPCHHE BBOJUTCH
Tak HazbiBaeMbIi (GoHOHHEIA criekTp. CpejlHee 3HaUeHMe TIONHOM BHYTpEHHEH
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BHEPIUU Tenna [, NPUXOJUINEHCIS Ha BIEMEHTAPHYIO SUYeHKY, coriiacHo (3.18)
MOJKHO 3alIicaTh B BUJE:

) =33 (=5 YR ) -

=1 j=1 =1 j=1
r 3 ]

:ZZm,<(UI) > ZZj—cth gl (o)l =
t=1 j=1 =1 =17 kgT

:3—rjha)-cth o o oyio, (3.38)
21 2%, T

3,[[er ¥y —4dHUCIIO aTOMOB B BHeMeHrapHOﬁ H"IefIKe, a
g(@) = Zzgz () = Zgz(@) - (3.39)
o= 1 j=1

— tbOHOHHinfI CIEeRTp Kpuctasmwa. [[pu sToM TernoeMKoeTh KpucTauia (B pac-
UeTe Ha AJIEMeHTapHYIO SUelKy) IpH MOCTOSHHOM 0o0heMe MoKeT OBITh HalileHa
o popMyTe:

60\ _(9E)) | 5 T(hoo)zsh_z o (3.40)

= - = o)l .
Po\er), \or ), ak,T 2T g(©)

§4. OanonapamMerpuuecKue NpudJIMKeHUs

4.1. InHaMHKa aTOMOB B TBEP/IOM TeJle

B ciygae 1pon3BoIILHOrO TBEpAoro Tefa (ogpoduee o0 »ToM M. 11. 8.1 B
[punoxenuu I), cocrodmmero w3 N aTroMoB, B ITapMOHHYSCKOM IIPUOIIKCHIN
JTWHAMHAYECKHAE CBOMCTBA BTHX aTOMOB OIpeJeIsIoTess HabopoM 3N 3HauYeHHH
HOPMAJIBHBIX YacToT {@;}, r7ie j =1, 2, .., 3N. DTH 4acTOTHI ABIBIIOTCS PEIlie-
HHEM COOTBETCTBYIOIIEH CHCTEMBI YPABHEHHH pazMEpHOCTBIO 3N, B KOTOPYIO
BXO/IAT CUJIOBAsl MaTpPHIlAa, OITHUCHIBAOITAS B3aUMOJIEHCTBHE aTOMOB JIPYT C JIPY-
TOM W Macchl 3TUX aTOMOB.

B cnyuae peryasipHoro (NepruoutecKoro) KpHUCTAWIa CYITIECTBYET
TPAHCIBIIIMOHHAY CUMMETPHS B PACIIONIOKEHUA aTOMOB, W KaK/bII aTOM Xapakx-
TepmsyeTcs BMecTo ofHoro (i=1,2, .., N) mBymMsa uHjaekcamu: [=1,2,....n —
HOMEPOM BIEMEHTapHOM AYelku (Bcero » sueek) U f=1,2, ..., ¥ — HOMEPOM
aroMa B BIIEMEHTapHOH f4elKe (Bcero » aToMoB B suelike). [Ipu 5ToM oueBHIHO
N =nr. B atoM ciyuae xoinebaHre aTOMOB MOKHO TIPEJICTABUTH KakK X ydacTHe
B pacIpocTpaHeHUH YIIPYTHUX TIOCKHX BOIH B KpHCTaIe

. o ot i
ur (O =uje’™ =u/e™ "™ ¢ pasMIHBIMI HOPMAIBIBIMHI YACTOTAMHI @ U BOJI-

HOBBIMH BEKTOpPaMH ¢ , 33/IalONUMK HallpaBIeHWe paclpocTpaHeHUs] U JITHHY
BoMHH A (A= 27m/qg) B xpuctanie (moapodHee o0 3ToM cM. 1I. 8.2 B Ilpunoxke-
tuu 1), TIpu 5T0M B KasK[0# U3 INIOCKUX BOJIH AMILIATY 14 KOJIeOAHHS aTOMOB 1)
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OJIMHAKOBA B Pa3]IMYHBIX 3JICMCHTAPHBIX SUCHKax, MOIOKCHHE KaXKI0H U3 KOTO-
PBIX 3a/iaeTcs THO0 HOMEPOM [, MO0 BEKTOPOM 1.

B mo6oM neprojiHueckoM KpUCTaJlIe IIPH 3aJaHHOM BOJIHOBOM BEKTOpE
¢ ©CTb CHUCTEMa YPaBHCHUH PasMEPHOCTBLIO 37 JUIL OLIPEJCIICHUS 9acTOT HOP-

MalbHBIX KoneOaHud @(qg). [[oCKONBKY HacTOTHI 3aBUCAT KPOME BOJIHOBOTO
BEKTOpa ¢ OT HOMepa permeHnsa o= 1, 2, 3, ..., 3r — @_(q) , TO TOBOPAT O BETBAX
koinebanuii. BeTBb KoJiebaHHSI — 5T0 KOHKPETHAH JUCHEPCHOHHAS 3aBUCH-
MOCTD YacTOTBI KojIeOaHusa @ OT BOJIHOBOIO BEKTopa ¢ — @, (g), KOTOpas co-

OTBETCTBYET OIIPEEICHHOMY HOMEpY «r pEllleHWs YpaBHEHUs JABWXKeHUs. JlaH-
HOMY BOIIHOBOMY BEKTOPY ¢ (JaHHOU JTWHE BOJTHBI W HANPaBIIEHUIO €€ pac-
IIPOCTPAHCHKS ) COOTBETCTBYET B KpUCTaLle B oOIeM ciydae 37 pa3iIuuHbIX
HOPMAJILHBIX KOJICOaHMH, YHMCIIO KOTOPBIX PABHO YHCIY CTeleHed cBOOO bl
aTOMOB B DIEMEHTAPHOH STUCHKE.

OnpejennM, Kakue 3HAYEHHUS MOXKET IIPUHAMATh BEIUYHHA BOIHOBOIO
BekTopa ¢ . B ciaydae TpaHCISITHOHHOH CUMMETPHUU BOJHOBOH BEKTOp ¢ + 27,
rne g=mb, +n,b, +nb, — moboit BekTOp 0OpaTHOM pelmeTku ¢ Tpoiikoit Oa-
3UCHBIX BEKTOpOB b, b, 1 b; (0 cBoOlcTBaX BEKTOPOB OOpaTHOH PEIIETKH CM.
1. 8 B lpuwnoxenuu 1), u BekTop ¢ dusuduecku skuBajieHTHLI. Tpoiika 6a3uc-

HBIX BEKTOPOB 00paTHO pelieTKy (1apaMeTpbl o0paTHoil peerkn) b, b,
1 b, onpesensieTcss COOTHONEHUSMU:

1 1 1
b, E—[a2a3], b, E_["3"1]: b, E_["1“2]>
v v v

rie a,, a,, @, — napamMetpsl 1 v = (a,[a,a, ) — oGveM sneMenTapHOi AuCHKYL
BOJHOBEIE BEKTOPA ¢ U ¢ + 27g OIPEEIIOT OJUHAKOBBIE 3HAUCHU JIIS
HOPMAaJBHEIX 9acToT @, . Bee QU3MYeckn He3KBUBATCHTHBIE BOIHOBBIE BEKTOpA

¢ JekaT BHYTPU 30HbLI Bpujuiwwena — sdeliku Burnepa-3eiiiia, 0cTpOCHHON

Ha BeKTopax oOpaTHol pemerku 27h,, 27, u 27b; (eM. 1. 9 B [Ipunoxenun I).

Hueitka Burnepa-3eiina — o0macTs NpocTpaHCTRa, OTpaHUYIEHHAs TUIOCKOCTSI-
MU, IPOXOJIIIUMHA Uepe3 Cepe/IMHY BEKTOPOB TPAHCIAIANA W MEPIICHIUKY IISp-
HBIMH 5THM BEKTOPaM.

YacToTa JUId Ka)kJ0il W3 BeTBeil SBISIETCS HepHOJNUYEcKO (DYHKITHEH
BOJHOBOTO BEKTOpA:

w,(qg+2mg)=,(q). (3.41)
Kpome Toro, gactoTa sBisieTcs deTHOH (pyHKITHEH BOTHOBOTO BEKTOpa —
o, (-q)=0o,(q). (3.42)

B ciyuae gocraroddo OONBIIOre KpUcTalia (KPUCTAILL, Pa3Mep KOTOPOIo
ropazfio GONBITIE MHTEPECYIONUX Hac JITWH YIPYTUX BOIH) MCTUHHBIE TPaHUI-
HbIC VCIOBHS Ha HOBEPXHOCTH KPHUCTAIUId HE WIPAIOT POIU. YUET HCTHHHBIX
I'PAHUYHBIX VCIOBHA — 3TO NMOBEPXHOCTHBIA 3(h(EKT 110 OTHOIMECHUIO K 00BheM-
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HOMY (CYIIECTBYIOT HOBEPXHOCTHBIC BOJHBI, KOTOPBIC 3aTyXaroT BIIYyOb Kpu-
ctann a). I[losroMy Bcerja MOXKHO BHIOpaTh TakMe TPaHMUIHBIE VCIOBHS, KOTO-
pbIe y IOOHDL.

BoibepeM nepuojudeckue rpaHu4dHble YCJIOBUS, TO €CTh HIPUHY AUTCIIb-
HO 3aCTaBHUM aTOMbL, PACIIOIOKCHHbIC Ha IPOTUBOIIOIOKHLIX I'PaHsIX KpUCTal-
7a, IMETEH OJIMHAKOBBIE CMeIeHUs. [IpH 3THX TpaHIIHBIX YCITOBHIX

;) (Li) = ule Ml = u;f,(O) I
e L =Li (i =i, iy,iz); Li =Ly, Ly, I — TiHeliHBIEe pa3Mephl kpucTalia. Cre-

JOBaTCIIbHO., JOJLKHO OLITH

9L, =2m,;,
riemn:;=0,1,2,.. 1
2z 2z
Ag. =" An, =2 3.43
9= = (3.43)

1 !

Kax BujmuM, py BBIOPaHHBIX IPAHUYHBIX YCIOBUSX IPOCKITUN BOJHOBOI'O
BEKTOpa IIPUHUMAIOT SKBWIMCTAHTHLIC JUCKPETHBIC 3HAUYCHUS, PABHOMEPHO 3a-
TTOJTHSIST IPOCTPAHCTBO BOJTHOBHIX BEKTOPOB.

W3 (3.43) ciexpyer, 4ro Ha KaXJ0€ BOJIHOBOE COCTOAHUE LPUXOJAUTCH B

3
oOpaTHOM IpocTpaHcTBe 00BEM (271') IV, tae V — oObeMm kpuerainia. CoorBer-
CTBYIOIIHE BOJHOBBIE BEKTOpAa ¢ PABHOMEPHO 3allONIAIOT 30HY bpmimosna ¢

ITOTHOCTRIO 1/ (277:)3. TaxkmMm oOpazoM, ollliee YUCIO COCTOSHUN ¢ (PU3HTIECKH

Pa3MIHLIMKE BOIHOBLIMHE BEKTOPAMH B JleMeHTe 00beMa d-g paBHo:
d’g

Qzy v’

a TIOJHOE YUCIIO COCTOAHUN ¢ (PU3UUECKU pa3IMdHbIMU BOJHOBLIMH BEKTOPAMH

T KpUCTallla ¢ pasMepaMi /., [, 1 [ paBHO TIOTHOMY UYHCTY 3JIeMEHTapHBIX
SAYECK B KpUCTAILIC:

Ve 2z) /v
@z 1y @Y iv

dn = (3.44)

=n. (3.45)

(27)°
3,[[605 11 — YHUCJIO 3JICMCHTAPHBIX AUCCK, Vy =—%
U

— o0beM 30HBI bpuiioeHa,

a v— 00beM PIIEMECHTAPHON JUCHKH.

C Jpyro#l cropoHbl CYIIECTBYET Bcero 3y B o0mieM cliydae paziIdaHbIX
BETBEH, CJeI0BaTeLHO, TTOTHOE YUCTO (PU3MUECKU pa3HbIX KolleOaTelbHBIX CO-
CTOSHUM (YHPYIHX BOJIH) paBHO 371 = 3N — HOJIHOMY YHCIY CTelCHEH cBOOOIbI
KpUcTalia.

ARYCTHYECKHE U OIITHYeCKHe BeTBU KoJebanmii. PaccMoTpuM Teniepb
CBOMCTBA YIPYIUX BOJH IIPU |q|Eq —0 (A — o0, JIMHA BOJHBLI BEIMKA IIO

CPaBHCHHIO C MCKATOMHBIM paCCTOHHI/IeM).
BoaMmoxHEL JABad CIIydad.
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1. B nepBoM ciayyae perieHHe COOTBETCTBYET 4HacTOTE, PABHON HYIIIO
@, (q — O) =0, ¥ CMEMEeHIO TIeHTpa Macc RIIeMeHTapHOH SUelkn (TIOCTOSTHHO-

My CMEITIeHHIO aTOMOB B 3TIeMeHTapHoH sueitke npu A >> {a;}). Takue xomneba-
HUS HA3bBAIOT AKYCTHUYECKHMH (3BYKOBBIMH). AKYCTHUECKWUX KoleOaHmit
MOXKET OBITh TPH, HOCKOJIBKY HE3aBHUCHMBIC OJIMHAKOBLIC CMEHICHUS aTOMOB B
nIeMeHTapHOH sueifke MbI MOKEM B3STh IO TPEM HaMpaBIEeHUSM (pazIaHasI
TIONSIPURAITUS YIIPYTOH BOTHEBI TIPH OJTHOM BOITHOBOM BEKTOPE ¢ ).

[Ipy MaoM BOIHOBOM BEKTOPE ¢ =gj BJOJb IPOM3BOILHOIO HallpaBiie-
HUS j (HampuMep, OCH JISKapTOROM CHCTEMBI KOOP/IMHAT) ST HOPMaThHOH Ua-

CTOTLEI aKyCTHHYCCKHX Konedanuii (,I[JISE[ Ka}K,I[OfI W3 BCTBCU dKYCTHUCCKHX KOJIC-
OaHMiT) MOYKHO 3aIMCcaTh:
w,(g—0)=c,(j)g. (3.46)
Kak BuguM, B cilydae akycTHISCKUX Kojebanuil pu g — O gacrora 1po-
HOPITMOHA/IBHA BOJHOBOMY YHCIY ¢. llpu sTOM (pazoBass CROpOCTH BOJIHBI
@, (q) ( ) 5
- =C, J) KoHCUHAa W B OOIICM ClIYyYaC aHM30TPOIIHOIC KpHUCTaJllla 3aBHCHUT
OT HalIpaBJICHHWA PaCIIpOCTPaHCHI BOJIHEIL. rpyHHOBaH CROpPOCTL BOJIHBI OKa-
Ow,(q) (J)
———=c,\J)
0q

3bIBACTCS paBHOH (Pa3oBOH CKOPOCTH:

2. Bo BTOpOM ciydae yacToTa He oOparaercs B HYJIb IIPU CTPEMIEHUN
BOJIHOBOI'O BEKTOPa K HYJIO — @, (q —>O) # (0, IpU BTOM IICHTP Macc BIIEMCH-
TapHOM SIMeMKU TTOKOUTCS, U aTOMBI KOJIeOMOTCSl OTHOCUTENBHO €€ TIEHTpa Macc.
Konebanust npoucXo T BO BceX 3MEeMEHTapHBIX suelkaxX oJMHakoBo. Taxwe
KoIeGaHus Ha3bIBAIOT O THYECKUMH,

[Ipy MaoM BOJIHOBOM BEKTOPE ¢ =gj BJOJb IPOU3BOILHOIO HAlIpaBlie-
HUSL j U1 KaxJoW M3 BeTBeH onrTudeckux koiebanuwii nmpu g — 0 ugacrora

CTPEMHUTCA K HOCTOSHHON BEIIMUUHE:

w,(g—0)=w,(0). (3.47)
HpI/I S3TOM (baBOBaH CKOpOCTB BOJIHBI CTpGMHTCH K 6CCKOHGUIHOCTI/I —
o
M—)w,arpyHHOBaﬁ—KHYJHOZ %@90.
q q

Kak BuauM, B pelieTke KpucTallla, UMEIOIero Oojee OJHOrO aroMa B
DIIEMEHTApHOH sSUeliKe, CYIIECTBYIOT TAK Ha3bIBAEMBIC aKyCTHUYCCKUE U OlITHYC-
CKMe BeTBU KoleOaHUH. AKYCTHUECKNM BETRSIM B JUIMHHOBOJTHOBOM IPUOTIKE-
HUW COOTBETCTBYIOT COBMECTHBIC KOJICOAHHS BCEX » aTOMOB DIIEMEHTapHON
SUEHKM Kak 11eroro. CHexTp 5Tux KoneOaHui IpocTupaeres OT HYJS IO HEKO-
TOpOH MaKCUMalThbHOM HacTOTHl @m, KOTOpas COOTBETCTBYET MHHHMMAILHOU
JUTMHE BOJTHBI 3BYKOBBIX KolebaHUWH (ompejernseMast JUCKPETHOCTHIO CPEJIBI),
PACIIPOCTPAHSIONIUXCS B TBEPAOM TeJIe.
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Orrrrdeckre KoiedaHus COOTBETCTBYIOT CMEIICHUIO aTOMOB OJIHOIO COP-
Ta OTHOCHTEIIFHO aTOMOB JIPYTOro COpTa B BIEMEHTAPHOH dUeike, IIPU 3TOM
LIEHTP Macc BCEH DIIEMEHTApHON A4elKu ocTaeTcs Hello ABWKHLIM. CIIEKTp 3THX
KoJIecOanuilt HAUMHACTCH ¢ HEKOTOPOH IPaHMYHON YaCTOTLI (.

AxycTudecKkre konedaHusI COCTOSIT BCeT/la W3 TPEX BETBeH (PO JONBHON U
JIBYX MOIIEPEUHBIX ), & YACTIO ONITHIECKHNX BeTBel koleOaHWN paBHO UHCIY CTe-
1eHeH cBOOO Bl ATOMOB B 3JICMEHTApHOU gueiike 37 Oe3 umcia crereHei cBodo-
JIBI BIIEMEHTapPHOHN STUeHKH Kak TIeloi: 37—3 = 3(r—1).

B xauectBe mpuMepa Ha puc. 3.3 TPHBEICHBI JUCIEPCUOHHLIE KPUBHIE
(BeTBH KoJllcOaHWH) U1 aKyCTHUECKUX M ONTHYCCKUX KOoJIeOaHW B JIBY XaTOM-
HOHM OTHOMEPHON TUHEWHOH ITEITOYKE ATOMOB.

@ Onrudeckast
[ BETBE I
Oy Lﬁ_m -
L I
o !> . T
o i _\ - - - - - - - - B - - - - - - - - — I -
~ -
| X L~ I
|
Axycrrdueckas
' BETBb '
i i
—Tt/a 0 +n/a g,

Puc. 3.3. JIHCTIepCHOHHBIC KPUBBIC JIUTA aKyCTHUCCKHX H OITHICCKHX KoJIeOaHui
B JIBYyXaTOMHOH OJIHOMEpPHOH JIMHEHHOH 1eroYKe aTOMOR

4.2. lebaeBcroe MpHOJINZKEHHE

PaccMoTpyM T.H. VIMHHOBOJHOBOE WU aKycTHUeCKoe MPHOJIHKEHHE.
B sroM npubimkeHur OpejioaaraeTest, 9YTO 4acTOThl BCeX BeTBEH KolieOaHuH
KpHUCTaJlla OJMHAKOBBIM 00pa3zoM MPOHOPIHOHAIBHO (KaK 7TO HMEET MECTO IIPH
MalbIX YacToTax I aKyCTHUECKHX BeTBei, cM. 1. 4.1) 3aBHUCAT OT MOJAYISI ¢
BOJIHOBOT'O BEKTOpa ¢ MW HE 3aBUCHT OT €ro HAIpPaBIICHUS (CIyUail 0JHOATOMHO-

T'O H30TPOITHOTO KpHUCTalIa):

Dl q) = a(q) = cq. (3.48)
3nech x=1,2 3, ..., 3r — HOMep BETBH KoJeOaHWUM (¥ — YHUCIO aTOMOB B 3JIe-
MCHTapHOM f4eiike), ¢ — IOCTOSHHAS BEIWYHHA, MMEIOIAd CMBICI CKOPOCTH
pacrpocTpaHeHus 3BYKOBOK BOJIHBL. JI1 ¢usudecku OeCKOHSUHO MaIoro U3Me-
HEHMS YaCTOTHI

dw = c-dg.

BeneacrBue IepHOAUUCCKUX PAHUYIHBIX YCJIOBHM W aTOMHOM JIMCKpET-
HOCTH KpHCTaJUIa # (1 — YHACIIO 3JIEMCHTApHBIX d4€CK B KPUCTAILIC) KOHIIOB BOJI-
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HOBBIX BEKTOPOB ¢ PABHOMEPHO 3all0IHAIOT 30HY bpriunoena (eM. 11. 9. B [pu-
JOKEHUH ).
Yucnoo gacToT B mHTepBaie (@, @ +d@) B cooT-
q BeTCTBUM ¢ (3.48) OyAeT PaBHO YHCIY BOJIHOBBLIX BEKTO-
g+dg POB, KOHITHI KOTOPHIX NOMNAJAOT B cPEepUIeCKHH CIIOU
TOIIUHKI dq B 00OpaTHOM IIPOCTPAHCTRE (CM. PHC. ):
glo)do ~ ¢*dg ~ *do, (3.49)
rje g(®) — IWIOTHOCTh PaclpelelCHIs 4acToT Koleda-
HUsL WIKM KoJieOaTelIbHBIA clIeKTp atoMa (¢M. §1).
B cuny xoHeuHOTO, XOTS W O0ABIIOro uncia (3N = 3rn) HOpMalIbHBEIX Ha-
CTOT KoJIeOaTelIbHbIA CIIEKTP JOJIKEH OBITh OIPaHUYEH HEKOTOPOH Tak Ha3bIBa-
CMOH JIe0aeBCKOI YacToTol (b, CIICA0BATEIILHO

g(w) =const-a*, 0 < 0 < (. (3.50)
H3 yermoBUst HOPMUPOBKH CHEKTPAJIbHON INIOTHOCTH KOJICOaHHHA g(® ) IOy YhM
2 2 3
Qo

jg(a))da) = const - j @*dw = const - -2 =1, const = — (3.51)

0 0 3 D
g(@)= - o (3.52)

P :

Ilycrb g/ (@) u g @) — Koebare)IbHbIC CICKTPBI ATOMOB OIIPEJICIICHHOTO
copra f TIpu kolledaHWsIX BJIOIh HAIIpaBIeHUS j U Oe3 ydeTa HalpaBJIeHUs Koe-
Ganmit, a ¢(@) 1 g( @) — KonebaTeNbHbIE CIIEKTPHI BCETO KPUCTAlIA IPH Koteba-

HUSIX aTOMOB ¢ y4eToM U 0e3 ydera ((DOHOHHBINA CIICKTP KpHUCTA/LIA) HalpaBlie-
HusI KoaedaHmH, Tora (cMm. §1-3):

3 3
g, (@)= ;zg;" (@), g(@)= %Zg"(w); (3.53)
=1 J=1

@)= Y/ @). @)= Y@ (3.54)
=1 =1

B cnydae mokanmmzalmiy criekTpa B 00JIacTH HU3KHX (aKyCTHYECKHX) Ha-
CTOT (JIMHA BOJHBL BEIMKA 110 CPABHCHHIO CO CPEJIHHM PACCTOSHUEM MEXKITY
aTOMaMM OJIHOTO copTa), Kak IoKaszaHo B padore [32], a1 MakpOCKOIMICCKH
OJHOPOJIHOMN, PaBHOBECHOW W CBOOOJHOM OT BHYTPEHHUX HAIPSKEHWH Cpejbl
MOKHO YCTAHOBUTD B3aUMOCBSI3b MEHKY 3THMH KOJIeOaTeIIbHBIMU CIICKTPAMM:

g/ (@) = %g%m, 2.(@) = %g(@, (3.55)

I .. ..
rae m :—Zml — CPpCAHA 11O 3JICMCHTAPHOU AYUCHKE KPHCTalllla BCIIMYMHA
F =1

MacChl aTeMa.
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Ilyers £2,. £2,, €Y. 2, — neGaeBcKkue YacTOTHI aTOMOB U KPHUCTAII-

Ja, COOTBETCTBCHHO. OCHOBBIBASCH Ha OLpe/eIcHUH Je0acBCKOM YacTOThI
(3.50) 1 coornomenusix (3.54) u (3.55) B ciyuae JIoKaJIM3alllu ClIeKTpa B 001a-
CTH HIBKHUX YacTOT, OIIYIHUM B3aUMOCBSI3b Pa3IMUHBIX JIe0aeBCKUX JacTOT:

11 1 11 1

_1 , oy 3.56
@ 3 (o] @) 3% () 339
L _m 1 L _m 1 (3.57)

(“Qf;,r)3 n (Qﬂ )3 ’ (QD,:)3 " (—QD )3
3aMeTHM, ITO B paccMaTPHUBaeMOM NPHOIIMKEHUH, KaK dTo cleayeT u3 (3.57):

(QD,tl)amrl = (QD,rzymrz : (3.58)
Kaxk BHUJIHUM, B 06H_ICM ClIydace HU3KOYACTOTHEIC Konebanms dHH3OTPOITHO-
e Kpucrajijla OIIMCBIBAKOTCA TPCMI ,[[e6aeBCKI/IMI/I gacToTaMu {2 J . d HAYaJILHBINA

(HHBKOqaCTOT}EIﬁ) YHacTOK CIIeKTpa aTOMOB JIAHHOTO COPTa f 3aBHUCHUT JIIHIIbL OT
€TI0 MacCChI #ix, HO HC OT Y3Jla PCIICTKH, B KOTOpOfI HaXOOHUTCId T MOXKET OBITH

OIIMCAaH € IIOMOIILID TPCX COOTBCTCTBY IOIITHUX CMY ,I[G6&€BCKI/IX qacroT — Qf]) ‘-

CI[CH&HHBIC BHIIIEC VTBEPEKIACHUA OTHOCATCA, B YACTHOCTH, H K IIpHMEC-
HBIM aTOMaM, IIPHYCM BO3MOKHOC H3MCHCHHC CHIIOBBIX KOHCTAHT BKIIHOYACTCA B

j o
I[C6&CBCKI/IC HJaCcTOTEI QD,:' B CIIVHac aCMMITOTHYCCKH MalIOW KOHICHTPAITMHM

CIIEKTP KoJeOaHUH IIPUMECHBIX aTOMOB B 00JIACTH MaJIbIX YacTOT OLPECIICTCS
JHITH X Maccod U edaeBCKUMH 9acTOTaMU MaTpHUIlBl (B o0IMeM clydae MHO-
TOKOMIIOHEHTHOM) [32]. du3udecku 310 oOyCIOBICHO TeM, UTO H3MEHEHHE CH-
JIOBBIX KOHCTAHT CYIIECCTBEHHO MEHSIOT KapTHHY KoyeOaHMH IIPUMECHBIX aTo-
MOB TOJIBKO B clIydae, ecid (azbl KoJaeOaHuH MPUMECHOTO aTOMa U €T0 cocefled
CYITIECTBEHHO OTIHYAIOTCS JIPYT OT jApyra. OJHAKO 3TO HaOMIOJaeTcs TOIBKO
JUI1 HOPMAJILHBLIX KoJleOaHul ¢ JOCTATOUHO KOPOTKUMH BOJIHAMH, TO €CTh C BbI-
COKMMH "acToTaMU. FIMeHHO ¢ Takol pacha3zupOBKOH cBsI3aHa, B JaCTHOCTH, Pe-
30HaHCHasg ¢gopMa koledaTellbHOTO CHeKTpa IsI OTHOCHTENHHO TSKETBIX WU
JIETKUX aTOMOB, KOIJIa BO3HUKAIOT KBa3WIOKAJILHbBIC U JIOKAJIbHbIE KOJIeOaHus ¢
MaKCHUMYMOM IIpH dacTtoTe [33, 34]

~ {m 12

27 =4 mi : (3.59)

KonebaTensHblE CIIEKTPHI aTOMOB B 00J1aCcTH JIOKAILHBIX H KBa3WIOKAITh-
HBIX 49acTOT HUMEIOT "»HHINTCHHOBCKUA" BUJ (cM. 11 4.3) U CYIIECCTBEHHLI 1IpH
ONUCAHUH TeMIepaTyPHOU 3aBUCHMOCTH BepOSTHOCTH »(pdekra Meccdayspa
T TPH IOCTATOYHO BRICOKHAX TeMIIepaTy pax.

Hrak, B 1ebacBCKOM NPUOIIMKEHUH UHTEPECYIONIUE HAC IIapaMeTphl Mec-
cOay3pOBCKOTO CIIeKTpa paBHHI (cM. (3.22)(3.33)):
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21 heo 3R P ho

2W=Rj cth g(@)do =-——; jw-cth do, (3.60)
> ho \ 2kT hex 2k, T
3 % ho

O, =— hiw -cth oXlo =

! 4mc’£ [ZkBT]g( M

QD
___n - [0 cth "o 1o (3.61)

dme 2y 2kpT

Eciu BBecTH B paccMoTpenue TeMueparypy Hebdasi Yp:

he
ko =hedp: 9y == D (3.62)

B
TO aHAIIOTHYHO (3.56) u (3.57) mmsa Temmepatyp JleGast, cOOTRETCTBYIOIHX pa3-
JTUTHBIM KOJe0aTeIbHBIM CIEKTPaM, TIOTY THM

1 1 1 1 1 )

3 ’ BE) ’ 3.63

(9, f 3 ; (9,] ) 3 ; (9) (3.63)
Loom L1 __m 1 _ o

@_ m (‘%)3 ’ (‘QD;)3 7 () ’ (‘91),11)3111,1 (!9[),,2)371/112 (3.64)

BripaxkeHust ST TIoKazaTelsl SKCIOHEHTH 2JF7 BeposTHOCTH 3(dderTa
MeccOayaspa U ciBAra MeccOayspoBckoit THHNM o7 (cM. (3.60) u (3.61)) mocne
3aMEHBI LIEPEMEHHBIX U ¢ YUETOM (3.62) IpUMYT BHJL:

%
=R et X Jax: (3.65)
B¥D 0 27
%
Sy = - Ok Sk -cth[ijdx_ (3.66)
dme 3y 2T

Ha puc. 3.4 u puc. 3.5 1upejcTapiIcHbl TEMICPATYPHBIC 3aBUCUMOCTH 110-
Kazatenst >kcnioHeHTH 2W(T), BeposTHocTH »(hdekTa A7) U TeMIepaTypHOTO
caura Meccbayspobekoil muunn (T i auep °'Fe IpH pas3IduHbIX TeMIIEpa-
Typax Jlebag Ip.

OO0paruM BHUMaHHE Ha TO, YTO [PH Temueparypax 7' >> 9p Hadmogaercs
TaK Ha3bIBAEMbIA KiIacCHUecKUd Ipejer. lIpu >Tux TemMieparypax nokazarelb
SKCIIOHEHTHI MPAKTUUIECKHU THHEHHO 3aBUCHT OT TeMIlepaTyphl (puc. 3.4) ¢ TaH-
I'€HCOM YITIa HAKJIOHA

tgor = 6R 1
ks Iy
3aBHCAIIHAM OT KOJIEOATEIBHOIO CIIEKTpa aroMa (sjpa).

B 3roii e o0macTu TeMIeparyp TeMIIepaTyPHBIM CABUT Takke MEHSIETCS
JTAHEHHO (pHC. 3.5), HO ¢ TAHTEHCOM YTJIa HaKIIOHa

(3.67)
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3ky

tgf = ——=, (3.68)
2mc

KOTOPHIH He 3aBUCHUT OT KonebaTeThHOTO CIIeKTpa aToMa (SI7jpa), a OTpeienseTcs
TOJIBKO €0 MAacCOM.

W
M50k 300K

1.0 ;

D& 2W(0)~1/9

0.6 450K
1 #

] $,=600K

0.2 - = .
ez = tgo~1/9,2 . 150K

OO—FI I | I | 1 | 1 | 00 T | T | T | T |
0 200 400 600 800 0 200 400 600 800

T.K TX

Puc. 3.4. TemnepaTypHbIe 3aBUCHMOCTH TOKa3aTeNs 3KCIIOHeHThI 21V (T) n
BeposTHOCTH dddexta 77 Ang aaep °'Fe mpu pazTuuHbIX TeMIIepaTypax Jebag I

OAT), mm/c
0 300 600 T.K

Puc. 3.5. TemnepaTypHas 3aBUCHMOCTD TEMIIEPATYPHOTO C/IBUTA MeccOay3pOBCKOH JIMHHH
Sr(T,9p) ana saep *'Fe npu pazTHuHBIX TeMIepaTypax Jebas Jo

[Ipy HIM3KUX TeMIlepaTypax IoKazaTelh HKCIIOHEHTHI CTPEMHUTCS K KOH-
ctanTe (puc. 3.4), oOpaTHO TPOMOPITMOHATEHO 3aBUCSINEH OT JebaeBcKoi TeM-
1IepaTyphbL:
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3 1
Wy=—-—.
2k &g
B 3710l k¢ 0o0nacTu TeMmepatyp TCMIICPATYPHBIH CABHT TAKKC CTPCMHUTCI K
KOHCTaHTe (puc. 3.5), KOTOpas, OJAHAKO, MPOMOPLUHOHATBHA Ac0ACBCKON TeMIIE-
patype:

5T (0)=-

(3.69)

Ok . (3.70)
l16mce

Heckonpko cn0B O YYBCTBHTEIBRHOCTH TMAPAMETPOB MeECCOAY3IPOBCKOTO
criekTpa (f 1 Or) K u3MEeHEeHHI0 KkonedaTeabHOTO criekTpa sapa. Ecau cpaBHUTS
TeMricpatypueie 3apucuMoctH f(7,90) u or(7,:9p) mpH pasTHUHBIX 3HAYCHHAX
Je0aeBCKOH TEMITEPATYPHI Ip, TO MOXKHO JAXKE THUCTO KAUECTBEHHO OIPE/ICITHTS,
YTO HauOOJIeC UYBCTBUTCIBHBIMH TCMIICPATY PHBIMH OONACTAMHM SBISFOTCS. JUIA
BeposTHOCTH [f—T1>~8p, mma temmeparypuoro casura oOr—1 <~8>. Ha
puc. 3.6 MPCACTABACHBI TCMIICPATYPHBIC 3aBHUCHMOCTH CKOPOCTCH H3MCHCHHS
BEPOATHOCTH 3(dexra of /08, u TeMnepatypHoro cagura 0o, / 09, ¢ H3MeHe-

HHEM Ae0aeBCKOH TEMIIEPATy PhI A MeccOay3pOBCKHX Aaep > Fe.

Ay ﬁ'f;i st JE
?:zc: | ~§ 2 _
® S|
2 2 g
T w0y
g . 4pp. 80 LK F 400 800 [,

Puc. 3.6. TemnepaTypHble 3aBUCHMOCTH CKOPOCTH H3MEHEHHS BEPOSITHOCTH
sddexta f / A9 n Temnepatyproro casura Oy / A% ¢ nameHeHneM
JeGaeBCKOl TeMIlepaTy pbl U1 MeccOaypoBeKHX gaep ° Ie [9]

3aMeTuM, ITO eOaCBCKUE TCMIICPATYPHI Jp, TIOMYUCHHBIC TPH HCTIONB30-
BAHHH PA3THUYHBIX (PU3HUYCCKHUX BCIHUYHH (HAMPUMEP, BEIUUHHBI d(pPekra mec-
cOayapa f, TeMIepaTypPHOTO CABHTA JTHHHH J7, TCTUIOSMKOCTH TPH TOCTOSHHOM
00BCME Cr) JaKEC B paMKaxX OZHOTO H TOTO ¢ (PH3MUCCKOro MCToAa B 00IICM
CJIy4ac pa3IuYHBL

Bo-niepBriX, pasHble (DH3HUYECKHE BETHYHHBI, HCIIOIb3YEMBIC TS OIpeIe-
JMeHUsA Yp, CBA3AHBIL, Kak NMPaBHIO, C Pa3HBIMH KOJEOATCIBHBIMH CIIEKTPAMHM
(cpaBau (3.21), (3.37) u (3.40)). Bo-BTOpHIX, 0gHOMapaMeTpuieckoe acOaeB-
CKOE MPHOMKCHHUE HE BIIOTHE OJHOZHAYHO OIMHCHIBACT OCOOCHHOCTH PeaIbHO-
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ro KoJaedaTeIbHOIO CICKTPa, & Pa3iuiHble (PU3UUECKUC BEIMYHUHbL [IO-Pa3HOMY
"qyBCTBYIOT" pazHble 00IacTH KojdedaTelbHBIX CIIeKTpoB. M Tak, B o0ImeM ciy-

qae Ip(or) # So(f) # Jo(cr).

4.3. diinreHHoBCcKoOe HPUOJINIKEHHE

B ciygae npenMyIIecTBEHHONM JIOKaIW3alui KOJIeOaTeIbHOTO CIIeKTpa
g(@) B omruueckoit ero dactu (cM. 1L 4.1), CICKIp alpOKCHUMHUPYETCH o-
dyHKITHE:

g(@) = & — L&), (3.71)
rje (& — siHITeilHOBCKasi yacToTa. B 3TOM ciydae Tak Ha3bIBAEMOTO HUH-
HITEHHOBCKOTO IPUOIKCHUS TIOJTY UM

© hQ
2W=th1 et " o(oydm = T e M|
Yho  \ 2T Ry \ 2kyT

__R cth(‘g_E} (3.72)

fep Y 2T
2 3R he2
Oy =— 3 J.ha)-cth ho (0)do = - E cth E 1=

dmce 2k T dmc 2k T

:_3kBlgE cth o _ (3.73)

4mc 2T
he2

£ — remneparypa Jiinmreiina.

3nech F; =
B
JUtst SHHINTEHHOBCKOTO TIPUONIKEHNS XapakTEPHEI Te ke OCOOeHHOCTH B
TEMIIePaTyYPHOM 3aBHCHMOCTH BEPOSITHOCTH f, MOKa3aTelsl 3KCIIOHEHTH 2, u
TEMIIEPaTyPHOTO CJBUTA JIMHUM Or, 9TO U AN JIe0aeBCKOTO MPUOTITKEHUS (CM.
puc. 3.4-3.6). B yactHOCTH
R 1 2rR 1

2Wh=— —, tgx=——, 3.74
0) PRy g PR (3.74)
3k 3k
5p(0) =L 9 rgfi=—=L (3.75)
dmc 2mc

OjHaKo, Kak BHJIMM, 3TH 0COOEHHOCTH COOTBETCTBYIOT HECKOIBKO Oollee HU3-
KWM 3HAUEHWSIM TeMIlepaTyphl DiHINTelHa e, 1eM Temmepatyprl JleGast Fp:

s 20 (0) — 8 =§19D, i tga — 9 :\3619[); (3.76)
st o7 (0) — % =319D. (3.77)
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§3. BepositnocTb 2 derTa U IJI0MAAL MeccOaydpoBCKoil JIMHUH

JLst onpejienienus BeposaTHOCTH ddhdekra Meccbayspa B UCTOUHMKE fs U B
HOIJIOTHTENE fi MOKHO HMCIIONB30BATH KaK WHTCHCHBHOCTL CHeTa Y-KBaHTOB

N(v), Tak 1 Bemuuuny »ddekra 7(v) B KakoM-IMO0 13 KaHalioB (cm. (2.20),
(227yu(2.21)):

N@)=N, - N[ (1 _ e XS () )/V (E,0)dE, (3.78)
0
n(w) = Ny =N@) _ A (1 —ezfa”ﬂ%“ﬂ@)}r/s(ﬁ,u)dﬂ, (3.79)
XN 5
J_' Pa a
o, (Ey="°23%" P = (3.80)
1, e E-E,-Ew}/c
I.12

Ecim monws3oBaThed HEHOCPEACTBEHHO IIPUBEACHHBIMU (POPMYIIAMH, TO
HeOOXO/IMMO 3HATH KaK MOKHO OoJiee TOYHO, BO-IIEPBBIX, JOIIO ¥ "MeccOayn-
POBCKUX" Y-KBAHTOB B OOIMEM IIOTOKE PETHCTPUPYEMBIX Y-KBAaHTOB H, BO-
BTOPBIX, (pOPMY CeUeHMs PE30HAHCHOTO TOIOMEHHs aa(F). UTo KacaeTcs ToId
%, TO OJIUH M3 CIIOCOOOB €€ OIpeIelIeHusI s clIydas aep ° Fe OIMUcaH BBIITE
(cMm. T'mapa II, §7). CnoxkHee oOCTOUT fenno ¢ gopMoit ceueHus ou(F). B sToMm

clydae HeoOXOMMMO 3HATh BCe OCTAlbHbIC IapaMeTphl cliektpa { fp, vp, 14},

4TO JalleKo He TpocTo. B yacTHOCTH, HEOOX0MMO OBbITH YBEPEHHBIM B BBIOpaH-
HOW MOJIETd W MpaBWIBHOCTH 00padoTKU. EcaW Hac HWHTepecyeT, HallpuMeD,
TeMIIepaTypHas 3aBUCHMOCTh BepOsTHOCTH 3 dekra, To 310 TpedoBanue Oy aeT
OTHOCUTBLCS KO BCEM CIIEKTpaM IIPH Pa3IM4HBIX TemIieparypax. ECTb CMBICI
ITOJIB30BaThCS STHM CIIOCOOOM TOJNBKO B ciyuae "ToHkoro oOpasma” (cm. (2.28)
1 (2.29)):

Nw)=N_ - ZNoostfa”anTOfa(E)Ws(EaU)dE> (3.81)
0

W)= f; ) fin,0y [ (EW(EL0)E, (3.82)
0

KOI'JIa HaM TpeOyeTcs TOIBKO HPOQHIb 3aBUCUMOCTH BEPOSTHOCTH OT TeMIIepa-
TYPBL, HO IIPH 3TOM OUCHb BayKHA IPABWIbHAS "HacTpoiika" Ha KaHal, KOTOPBIH,
Kak TIPaBWIO, COOTBETCTRYET MAaKCHUMAaITbHOMY (D eKTy.

OT MHOIHX HEJOCTAaTKOB CBOOOJCH JPYIo#l criocod olpele/ICHIS BeposiT-
HOCTH — coco0, OCHOBaHHBINM Ha BBIUUCIICHUM (IIPUBEICHHON) IUIOMAIN (UH-
TEHCHBRHOCTH ) MeccOay 3pOBCKOTO CIIeKTpa S:

S = Try(t))dt) =Eifsojo(1 - fzfﬂ”ﬂ%“a@))ﬂ; . (3.83)
—w 4] 0
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B ciyuae "Tonkoro obpasna”

S:ZSa :i-ﬂ:]:‘—f;ZfanaGO,
E, 2
T,
S, SRS f fn,0, =const- f.n, . (3.84)
E, 2

Kak Bujum, B citydae "ToHkoro o0Opasia', HaM BooOIIe He HaJ0 3HaTb, YTO CO-
OO TIpeIcTaRIsAeT TOHKAsI CTPYKTYpa cliekTpa. YTo ke kacaercs "TolIcToro oo-
pasia", To 3/iech HeOOXOAMMbI JOTIOJHUATEIbHBIC HCCIICIOBAHM.

B oxHonapamMerpudeckoM IpHOIHKEHHH KOJIe0aTeIbHOTO CIIEKTpa aToMa
(cM. §4) ompenenuTh > PEKTURHYIO JeOaeBCKYIO (PHHINITEMHOBCKYIO) TeMIIEpa-
TYpY (& 3HA4UUT ¥ BeposTHOCTH dddekra Meccbayspa B IOIIIOTUTEINE fi TIPH JIO-
O0H TeMIIepaType) MOKHO 110 IPODUIIO TeMIIepaTy PHOH 3aBUCHMOCTH IO AN
Sa(T) maprmanpHOTO MeccOay3pOBRCKOro CIIeKTpa (MITH CIBHTa O.(1) MeccOayn-
porckol muHUM, cM. 1. 10.1 B ['maBe V). I[Ipu 3ToM, 0THaKO, IPUXOTUTCS TIPEI-
IoJIaraTh, 4To KoJeOaTelIbHBINA CIIEKTP sjiep U ¢ dekTuBHas JedacBcKas TeMIle-
paTypa He MEHSIOTCSI B UCCIelyeMoil o0acTH TeMIepaTyp (He HaOIoIaroTes,
HaIpuMep, "MarHuTHBIE aHOMaTHH" [9] WK SIBIIeHHAE aHTapMOHM3MA ).

3ameTnM, 4TO HaubdoIIee MPOCTO OIIPEICIUTh BEPOSATHOCTL 3 deKra B HUc-
TOUHHKE fs, TaK KaK B popMyIe IS IIIOIAa A MeccOay 3pOoBCKOTO cIiekTpa (3.88)
OHa BBHICTYIIAET B KadecTBe MHOXKUTETSI — S = const:fs. KoHcTanTa, 3aBucsmas
TOIBKO OT HCIIONB3YEMOTO TOTIIOTHTETS, MOKET OBITh OIpe/IelIeHa B OIBITE C

STATOHHBIM HUCTOYHHUKOM, AJEI KOTOPOI'O H3BCCTHA BCPOATHOCTDL f:t, IIpHA 3TOM
MOTTIOTHUTETh MOKET OBITh IIPAaKTHYCCKH TIOOBIM TIO TOJIITHHE. B sTom clydae

et S
f.o=/ R (3.85)

§6. P derT HachIIeHN

[Tox 3¢pdpexToM HachimeHHs OyJeM MMOHAMATh BIMSHUE TONIMHEI 00-
pasna Ha ¢opMy U IapaMerpbl MeccOayspoBckoro crexrpa (cm. §4 B [iase II).
PacemoTpyM BIHsStHUE TOIIMHBL 00pa3lia Ha IDI0MA b MeccOay3pOBCKOro CIICK-
Tpa S B BeIuuuHy 3ddexTa 7.

B cooTBeTCTBUH ¢ ompejleleHreM ILIOMAH cliekTpa S B o0IeM cliydae
(1Ipy HEe OYCeHDb "TOHKOM o0pasle”) CBI3b MEAKAY S U BEPOATHOCTLIO d{deKkra B
MIOTJIOTUTENE fa SBIsIeTCS HempocTo (3.83). [tomans S, kak yHKIII >3ddek-
THUBHOM TOIITIUHLI 00pa3a-IOTIOTHTENS fy = falaCp, CHadala B COOTBETCTBUU C
(3.84) MMHENHO 3aBUCHUT OT fa, a 3aTEM MCIIBITHIBAET TEHJICHITAIO K HACHIINCHUIO
IIpH f, —> <o (puc. 3.7).

IIpu TOM TaHreHC yIJia HaKJIOHA Of KacaTeJIbHON K KPUBOU 3aBUCUMOCTH
S(7) ipu ManbIxX ToNMUHAX 00pa3la OKa3bBacTCd PABHBIM
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c 7l
texx=f — —%. 3.86
g LﬁEO 5 (3.86)
S n(vi)
’ /
/
, A 7
p /
/ /
/ /
/ /
/ /
/ _ e ml. / I,
tgo{‘ - SEO 2 th _j;Bkrmp
a p
0 t 0 t

Puc. 3.7. 3apucumMocTs TUIOMIATH cTieKTpa S W BeIuHbI 3ddexta 77 k)
oT > deKTHBHOH TOIMHUHLI 00pasia fa

Yro kacaercs Benuuunbl dddexra 7(v) (puc. 3.7), TO 1IPU MaJIbIX 3HAYC-
HHSIX {3 B COOTBETCTRHUH C (3.83) ee 3aBUCUMOCTH OT f, Tak:ke OyJeT TUHEeHHOI.
Ecmm dopMa ceueHMs] pe30HAHCHOTO TIOTTIOMEHU ou(F) 1 popMa THHHUK W3ITY-
qeHusI UCTOUHMKa W(F,v) MOCTaTOUHO XOPOIIo OMUCHBaioTces (yHKIMei Jlo-
pentia (1.29), To ipu ta — 0

W)= 1.2 fin0, ]f > &

2
ep k=l - [ F (v-v})/c
1+
Iy /2
rie [ixp =13+ 7, — MUpHHa pe3oHaHCHON TMHUA B DKCIICPUMEHTATILHOM Mec-

cOayspoBckoM crekTpe. Jlg renuanH >hdekTa B JoKaTHHBIX MaKCUMyMaxX TIpH
U= U TIOY IAM

: (3.87)

I
N = B ==, finaoy (3.88)
Lo
Kax BuuM TaHTeHC yIila HakloHa /3 KacaTelbHON K KPUBOM 3aBUCUMOCTH 7)(fs)
I
TP MalBIX TONIUHAX oOpaslia OKa3bBaeTcs PaBHEIM tgff = [ f3, FT
exp

IIpr ta = oo (M. (3.79) u puc. 3.7) ¢ y4eTOM HOPMUPOBKH JTUHUH W3IIY-
yenust Wy(l,v) Oy 1eM uMeTh

(ok) = fs. (3.89)

C IOIYyYEeHHBIM COOTHOIICHUEM (3.89) CBsI3aH METOJ| OLIPEICIICHHAS BEPO-
STHOCTH PE30OHAHCHOTO TOTIOMICHHS fs B ICTOYHUKE — TaK HAa3bIBAEMBIH "METO]T
YEPHOIO IOTIIOTHTEI", KOra HEIOCPEACTBEHHO 10 MAKCUMAIbHOH BEIUYHHE
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ndhdexra, HadbmOIAEMOTO B MeccOay3pOBCKOM CIICKTPE OUEHb TOJICTOIO Pe3o-
HAHCHOTO IIOTIIOTUTENSI, OIpejielsieTcsl BeposiTHOCTh 3pdekra MeccOayspa Ha
s/pax B UICTOYHHUKE.

M3 dopmyinl (3.83) ciejnyer, 4To CTElleHb BIMSHUS >PPEKTUBHON TOJI-
IITAHBI 00pa3lia Ha INTOIAIb CIIEKTpa B CYIIECTBEHHON Mepe 3aBHUCHT OT (DOPMEI
CEUEHHUS PE30HAHCHOTO TIOTIIOMEHHS .

UYem MeHBIIIE CBEPXTOHKOE pacIICIUICHUE CIEKTpa (BEIWYWHA KBajpy-
IIOJIBHOTO CMEIEeHHd & Wik d(pdexTuBHOrO nois Hy B 00acT pacloIoKeHHUS
sapa; moapodHee o6 sToM cM. ['maBy IV), TeM cumbHee cka3pBaeTcs ekt
HACBHITIEHUS (pUC. 3.8).

S g0 S H #0
;) ,
/ /
/ /
/ /

/ e=0 / H =0

/ / "

4 y
o = & L o = 15 L
& Ho 2 & o 2
o o

0 t 0 t,

Puc. 3.8. 3aBUCHMOCTH IUTOMATH CICKTpa S oT 3 eKTHBHOH TOIMMUHBI 00pasIia
HPH PazIIHYHOM CBEPXTOHKOM CTPYKTYpe CIEKTpa

Ipumep. Pacuer TeMnepaTypHOH 3aBUCUMOCTH TIPUBEJIEHHOM ILTOIAIH
MeccOaydpOBCKOro CIEKTpa S, HOPMUPOBAHHON Ha IMOBEPXHOCTHYEO INIOTHOCTD
MeccOaydpOBCKUX SJEP #a, I ToJICTOro obpasiia BOIWM3H TeMIlepaTyphl Mar-
HHATHOTO YIOPSIIoueHus 7.

JUIs OIIpeieJIEeHHOCTH OIIUINEM TEMIIEPATYPHYIO 3a8BUCHMOCTD BEIIMYMHEL
spdexTrBHOrO MaruurtHoro nois fIn(7) BOMM3H TeMuepaTypbl MarHUTHOIO
yHopsaaoueHus 7c B paMKax cTaTHUecKoil TeopHH Moo0us (TeopuH "cKeUITHH-
ra") ¢ IOMOIILEIO KPUTHIECKOro UHIekea f (puc. 3.9):

Hy=D(1 = TITcY

[Ipr sToM BBIOepeM mapamMeTphl 7c =045 K, D =618 kD u f=0.33, xo-
TOPBIC XapaKTePHBL I PEAKO3EMEIbHBIX OPTO(EeppUTOB. 3ajaJ UM BEIMYHUHY
spdexkra Mecchayspa pms uctounuka fs = 0.74, adpdexTuBHYIO AedacBCKyIO
TEMIIEPaTypy, OMUCHIBAIONTYIO KOIeOaTEeNbHBIA CIIEKTP aTOMOB B IOTIIOTHTEIE
Hp =400 K, mpumeM Taxke [, = /1 1 KBaJpylIOIbHOE cMeneHue ¢ = 0.
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H=D-(1-T/To)F

ﬂ T T | T T | T 1
0 300 600 TK

Fuc 3.2 TewnmepaTypHad 3aBHCHMOCTE CEEPETOHKOIO [IOM HA A0pe Hy
LA Xap AKTepHoro oy 4ad MalHHTOVIIOpANoUeHHOT O Bell[2CTEA

Teneps npoeeaeM BbMHCIeHHS 110 dopmyie (3.88). Ha puc. 3.10 npHee-
JleHb] pesy/bTaThl pacieTa 3aBHCHMOCTH HOPMHPOBAHHOH IUIOM[aAH MeccOay:s-
POBCKOI0 CIIEKTPa 5/fa OT TeMIIepaTyphl IPH pasHYHLIX TOMIIHHAX o0pasLa.

S :
fai :
i wik? 'l Fg b
; Tk | I
| Ll L
2 ?
24 v 2. -
- BT | !
i {
) i i
i A I .
) AR A
2 e dnd T i,
- L ! 4
) ,.a"’"" i a1

-
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Figy ot PR et

Fuc 3.10. Buouman "MarHMTHaA aHOMAIMHA" TeMIepaTyPHOR 3aBHCHMOCTH IO M{ATH Mec-
chaysp OBCKOTD CIIeKTpa S, IPHEENeHHOH K TONIHHe 0bp a3l Ma,
obyenoBneHHad sdderTon HackleHHs [9]

PHCYHOK JaeT HaJIsAHOe MpeJcTarlieHHe O TOM, HACKOJIBKO BaXKHO MpPH
aHaTH3€e JaHHBIX O TeMIlepaTypPHOH 3aPHCHMOCTH IUTOM[aAH MeccOayIpOBCKOTO
criekTpa S{T) ydecTb MolpaBKH Ha 3 {eKT HacbOleHHsl. Pe3koe yMeHBIIeHHE
BEeIHYHHLI IUTOMAaAH BOMH2H T¢ JUIs JOCTaTOYHO TOJICTOTOo ofpasila MOXKHO
OMHOO0YHO MPHHATE 3a MATHHTHYK aHOMATHIO, 00y CTORIEeHHYI0 H3MeHeHHeM
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K0J1e0aTelILHOTO CIIEKTpa aToMa [PW WU3MCHCHHH MArHUTHOIO COCTOSHHUS 00-
pasma. Ha camom Jiere aHOMallbHOE MOBeJIEHUE IUIOMan crekrpa S(7') BOmm3u
tTouky Kropu Tc cBi3aHa ¢ M3MEHEHUEM CTEIICHU BIUSHUA >(PdeKTa HaChITICHUS
W3-3a U3MCHCHUS (POPMBI CEUCHHUS PE3OHAHCHOTO HOMIOIICHUS Oy

JUIsT Takol KaKyTelcss aHOMaIUN XapakTepHO, OJHAKO, UYTO OHAa IPOSB-
JseTcd B BechbMa Y3KOM HHTepBane Temmnepatyp (~1+2°K). Kpome Toro, oHa
BCEr/la COOTBETCTBYET KaXKYIEMYCS H3MEHEHHIO Je0aeBCKOM TeMIlepaTyphl
AYp =957 — 95" <0 npu Lepexolie U3 MarHUTOY IOPSIOYCHHOTO COCTOSHUS

o0pazna B mapaMarHUTHOE, UYTO B psjie ciIydaeB (0cCOOeHHO TIPU UCTHHHOM H3-
Menemud A%, >0) MoxKeT OOIETYHTh aHAIM3 DKCICPHUMEHTaIbHBIX JAHHBIX

(cM., HaIpumep, |9, 35]).
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