Jlekmia NelO

B3aemonist Mmixk (poHOHAMH

Ha mnomepenHix JdeKisX poO3IJsAANUCS €JIeMEeHTapHI 30yKeHHS KpHCTaly -
(GOHOHM, IO BIAMOBIMAIOTH KOJHMBAHHSM aTOMIB, TOTEHIIAJIbHA CHEPTrisl SKHUX
MICTHJIA JIMIIIE YJICHHW, KBAJApPAaTHYHI 3a 3MIIICHHSAMH aTOMIB 13 PIBHOBKHHUX
MOJIOKEHb. Y IIbOMY HAOJNMKEHHI, SKE€ MPUHHATO HA3WBATH TapMOHIYHUM,
oneparop ["'aMibTOHA KpHCTalIa Ma€ BUTIISIT

A :éhw(m(ﬁ:s&,s%), (1)

nie b’ b, s - omepaTop uncna GOHOHIB S-i TifKM 3 XBHILOBMM BEKTOPOM K y CTaHi
|Vis) - Omepatop uncna ¢oHOHIB ﬁ:ysti's KOMyTy€e 3 ramigbToHiaHoM (1), Tomy
yuCciI0 (POHOHIB y KOKHOMY CTaHi € IHTEeTrpajoM pyxy, To0To 30epiraetbes. OTxe,
y TapMOHIYHOMY HaOJIMKEeHH1 (POHOHHM HE3aJIeKHI 1 HE B3aEMOJIIIOTH MiX CO0OI0.
Taka mpocra KapTHHa TOPYIIYEThCS TPU BpaxyBaHHI B  PO3KIAJaHHI
MOTEHIIAJIbHOI €Heprii KpucTaja 3a CTYyNEHSIMH 3MIIIEHh aTOMIB 3 TOJIOKEHb
piBHOBAru KyO14HUX YJICHIB 1 BUILIOTO CTYIEHS.
Haranaemo y 3B’ 513Ky 3 MM MaTepiall HOMEpeaHbO1 JIEKIIil, a came:

[lomapna B3aeMomisi aTOMIB y m -My ¥ n BY3Jl KpPUCTaNIuyHOI I'paTKU
JA€ThCSI HACTYITHUM BUPA30M JIJIs BIATIOBITHOT MOTEHITIAIbHOT €HEPrii;

W :%ZW(Rn = Rm),

7ie CyMa 10 7 1 n BUPaxXOBYETHCS 3a BCIMA By3JaMM KpHUCTaliuHOI IpaTku, R, -

Q - a KOMIIOHEHTa B JEKapTOBOMY MPOCTOpl pajiyca - BEKTOpa MOJOKEHHS
JAHOTO By3J1a. SIKIIO po3ryigaaTy Mail 3MIIEHHS ¥, aToMa B 72 -My BY3Ji Bij Horo

ctany piBHosaru R
—po 0
Rn - Rn o ‘Rn

>|r|,
1 BpaxyBaBIIH, 110
(-1 0 _RO
W 2%;W(Rn RY)

B1J1 3MIIIIEHb HE 3aJICKUTh 1 Ma€ (PI3MYHUI CEHC EHEeprii COHOBHOIO CTaHy,
a moxiaHa

OW(R,-R,)
aRwa R,=Rp
Rn,=R

OCKIJIbKM MOBa #/1e PO PiBHOBKHUIA CTaH, IPUUIEMO 10 HACTYITHOTO BUPA3y IS
MOTEHIIAJIbHOT €HEePTii KpUCTamy:



W=%ZW(Rn—Rm):W(°)+U w4+ (@

Z V (n m)rnarmﬁ’ z aﬁy(m n,I- )narmﬂrly’

nam/? ﬂﬂmﬂ

Jie KOMIIOHEHTH TEH30PIB APYroro i TPETboro paHris V,, (n - m), BU3HAYAIOTHCS

dbopmynamu
aRnaaRmﬁ R,=R?, aRnaaRmﬁaRy E"mzzi%m’,
Rm=Rm R, =R/

Jonanku, BU3HaueH1 BeauuuHO. U Ha3MBaIOThCA TAPMOHIYHUMHU, a JOJIAHKU THITY

3 .
W nasusatorses AHrapMOHIYHUMU ITOITPABKAMH.
SIK1o B OCTaHHBOMY BHPa3i 3aMiHUTH 3CYBH I, omeparopamu f,, (MaTepian
HOTEePEIHBOT JIEKIIIT)

—‘)

dsexp(ink), (4)

e
bs = h<,s + 6—+k,5’ (5)

TO OTPUMAEMO OTEPATOP aHTAPMOHIYHOTO 30ypEHHs

= ZVSS’t (q’k’k')é—qtéksék’s’l (6)
ne
Ves: (0K k') = 112 21i?sNazvﬂﬁy(nJ)ey(_q)egs)(k)e(ys)(k')eXp[i (kn+k™)], 7)
1
q=g+k+k'. (8)

BexTop g abo mopiBHIOE HYIO, a00 TaKOMYy BEKTOPY 3BOPOTHOI PEUIITKH, IpU
SKOMY XBHJIbOBHI BEKTOP ( 3aJIHMINAETLCA B mepiiit 301 bpintoena. Jlomanku (7),
10 BIJINMOBIIaI0Th 3HAYEHHIM ( MpH g # 0, BIJAMOBIAQIBHI 32 IPOIIECH, SK1 T1CTAIN
HA3BY NMPOIECH MEPEKUIY.



«Jlippuamit» Bigctynm. Ilpomecm mepekumy - TPOIECH 3ITKHEHHS MIK
KBa3iyaCTUHKAMH B KpHCTallaX, MPU SKUX 3aKOH 30epekeHHS IMITYJIbCY
BUKOHYETBCS 3 TOYHICTIO JJO BEKTOpa 00CPHEHO1 IPaTKH:

K, = 1K, +hg

ne h - 3BeaeHa crana Ilnanka, K, - CymapHUN NOYATKOBUM XBUJIBOBHM BEKTOP
yCiX KBa3l4aCTUHOK, K, - CyMapHHW KIHIEBUIA XBUJIHOBHU BEKTOP YCIX

KBA314aCTUHOK, ¢ - JOBUIbHHI BEKTOp oOepHeHOi rparku. IIporecu mepexumy
B@KJIMBI, HANPHUKIAA, JUIS TAaKOTO SIBHINA, SIK TEIUIOMPOBIIHICTH JIiCIEKTPHUKIB.
3aBIsSK{ UM MPOIECaM KBa3idaCTHHKH MOXKYTh PO3CIOBATHCS MPH 3ITKHEHHSIX Ha
BEJIUKI KyTH.

€ nuIe YOTHMPU THIM MATPUYHUX eneMeHTiB omepatopa W Ha dynkmisx
BiJ] 4¥CENT 3aII0BHEHHS |V,s) . HUMU € MaTpuyHi enemMeHTH

Vss:t (CI, k!k')\lvqtvksvk's' <V—qt _1’VkS - 1’Vk’S’ - 16-(4@5@3 ‘V—qt Vis Vk'S’> ) 9)

Vest (q' k'k')\/(vqt + 1) VisVis <V—qt + W = Wis ~ iqut@S}i’S’ ‘V—qt Vs Vk'3'> (10)

Ta €pPMITOBO CIIPSDKEHI M.

Matpuuni enementd (9) BIAMOBIIAIOTH IpoOLECaM 3HHUIICHHS TPhOX
dboHOHIB. MarpuuHi e€JeMEHTH, iM CHpPSDKEeHI, BIANOBIIAIOTh  IIpoliecam
HApOJKEHHS TPhOX (DOHOHIB. YCi Il IpollecH 3a00pPOHEHI 3aKOHOM 30epeKeHHS
eHeprii.

MatpuuHi enement (10) OnUCYIOTh MPOIIECH 3IUTTS JBOX (DOHOHIB B OJIHH;
NOB'SI3aHI 3 HUMH MaTPU4HI €JIEMEHTH OMNHCYIOTh MPOIECH PpO3Maay OJHOTO
¢oHOHY Ha JBa iHIMX (HaBeCTH MaatoHKH). [IporecH 3IUTTS Ta po3mamay MOXYTh
B1IOYBaTUCS TUIHKU MPU BUKOHAHHI 3aKOHY 30€pEeXEHHS eHeprii

«(a) =y (k) +ay (k') (11)

Axmo npu oMy =k +k', To 30epiraeTbcs ¥ kBaziiMmyiabc (HOHOHIB. SAKIIO X
3MIMCHIOETHCS TIPOIIEC MTEPEKUY,

q=k+k'+g,

Jie g - BEKTOp 0OEPHEHOT IPATKH, TO KBa31IMITyJIbC HE 30€pIraeThes.

TakuM jxe YMHOM MOXHa IOKa3aTd, 110 BpaxyBaHHA B MOTEHIANbHIN eHeprii
YJIEHIB 4YETBEPTOro MOPSAKY 3a 3MIMIEHHAM AaTOMiB  MPU3BOIUTH 10O
YOTUPU(POHOHHUX MPOLECIB, Y AKUX JBa (POHOHU PO3CIIOIOTHCS OJUH HAa OAHOMY,
a00 (hOHOH pO3MaTAETHCS HA TPH 1HIINX, 00 Tpu (POHOHU 3TUBAIOTHCS B OJIMH.
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AHrapMoHI4YHI OOYpEHHS 3YMOBIIOIOTH TEIJIOBE PO3IIMPEHHS KpPUCTATIB Ta
BCTAHOBJICHHSI TEPMOJMHAMIYHOI piBHOBaru cepenl (oHOHIB. BoHU BinmoBiganbHi
3a TMOSIBY CKIHYEHHO! TEIJIONMPOBIAHOCTI TBEpAUMX TUI. SK ymepiie mnoka3as
[Taifepic, CKiHYEHHA TEIUIONPOBIIHICTh HEMPOBIJIHUX KPHUCTATIIB OO0OyMOBJIEHA
npolecaMu MepeKuay.

MOHOHHA TEIMJIOEMHICTH TBEPAUX TLI.

VY kpucraini B KO)KHOMY KBaHTOBOMY cTaHi k,S Moxe OyTHu 30y/>KeHa Oy ib-
sSKa KIJIbKICTh V, ¢ (oHOHIB. OTxe (HaMH Iie BXX€ HArojouryBaiocs), (HOHOHU

YTBOPIOIOTh «Ta3» KBa314aCTUHOK, MIO MiAMOPSIKOBYIOThCS CTaTHCTUIl bo3e.
UYepes B3aemoito Mix (OHOHAMU, 3yMOBJIEHY aHTaPMOHIYHUMH e(PeKTaMH, YUCIIO
GboHOHIB y KpuCTaji He 30epiraeTbcsa. BoHU Mepepo3noaiistoThCs 3a PI3HUMU
KBAHTOBUMHU CTaHAMHM TaKUM YHHOM, III0 HACTa€ TEIJIOBa pPIBHOBAra, SKIIO
KPHUCTAJl 3HAXOUTHCS 3 MEBHOI TEMIIEPATYPH.

Jis  oOuucieHHs cepeiHiX eHeprii (OHOHIB MHpH TEPMOAMHAMIUHIN
pIBHOBa3l CIiJ HarajgaTd JOesKl TIOJOXKEHHS CTaTUCTUYHOI (I3UKH, SKI Y
MOTIEPEIHIX JIEKIISIX PO3TISAATUCS JOKIIAIHIIIE.

Cran cuctemH, 10 3HAXOAUTHCS B TEPMOAMHAMIUHINA PIBHOBA31, OMUCYETHCS
HE XBWJIBOBOIO (DYHKIII€I0, 2 CTATUCTUYHUM OIEPATOPOM UM MATPHUIICIO TYCTHHH.
Matpuiis TYCTHHH JUISI CUCTEMH, 110 3HAXOAUTHCS MPU MOCTIHHINA TeMmepaTypi Ta
TUCKY, BU3HAYAETHCS BUPA30M

w= exp_T_/”lN O =«T, (12)

e ©, sk 0aunMo, € TeMIIepaTypol0 B €HEPTeTUYHUX OJUHUIIX, H - omeparop
["aminpTOHA cucTeMH, N - ONepaTop YKcia YaCTUHOK, 4 - XIMIYHUI MOTEHIIal, @
- TEPMOJIMHAMIYHUHM TTOTEHIIIAT Y 3MIHHUX 4 1 O.



Matpuls TYCTHHHM ONHCYE CUCTEMH, SIKI MOKYTh OOMIHIOBAaTHCSI €HEPTI€I0
Ta YaCTUHKAMHU 3 HABKOJMWIIHIM TEPMOCTaTOM, TOOTO CHCTEMH, IO 3HAXOIATHCS
IpH MOCTIMHIA TeMmIeparypi Ta THCKY P (BeJIMKHH KaHOHIYHHMI aHCaMOJIb).
TepMoauHaMiuHUN TOTEHITIA BU3HAYAETHCS 13 YMOBH HOPMYBaHHS MAaTpHIIi
T'YCTHHH:

A

Sw=1, ®=-0In So{exp%}. (13)

XiMIYHUHN MMOTEHIIaT CUCTEMH BU3HAYAETHCSI YMOBOIO

ﬂ:(aﬁj
oN O,P,

ne N -3arajbHa KIJIbKICTh YACTHHOK Y CUCTEMI.

3a [OMOMOro MaTpulll TYCTHMHM, SIK MM BXE BiJ3Ha4yald, MOXKHA
00UYMCIUTH CepeHE 3HaUeHHS Oyab-sKO1 (PI3MYHOT BEMUYUHU A, SKIIO BIJOMHM ii
orepaTop A:

A:SpWA.

30kpema, cepeHsl KUIbKICTh YaCTUHOK Ny CHCTEMi BU3HAYA€THCS BUPA30M

N = SowN .
SIKIIIO YKCII0 YACTUHOK Y CUCTEMI 30€pIraeThCs, TO IIE€K0 PIBHICTIO BU3HAYAETHCS Y
HESBHOMY BWIJISAAI XIMIYHMM MOTeHIian y TepMiHax N 1 ©. SKmo 4Yucio

YaCTMHOK Yy CHCTeMl He 30epira€rbcs, TO pPIBHOBOXHUH CTaH CHUCTEMH
BU3HAYAETHCSI YMOBOIO MIHIMyMY TE€PMOJMHAMIYHOTO MOTEHLIANy IMI0J0 3MIHU

/j = (aij =0.
N o

TakuM YMHOM, y PIBHOBXHOMY CTaHI CHUCTEM 13 3MIHHMM YHCJIOM YacTHHOK
(manpuknan, y cucreMi OHOHIB) XiMIYHHIA TMOTEHINAN TOPIBHIOE HYIO. Y OMY
BUMAJKY BUIbHA €HEPrisi F cucTteMu 301ra€Thes 3 TEPMOJMHAMIYHUM MTOTEHIIAIOM
®, TOMy 110 B 3araJIbHOMY BUIAKY

F=d+uN.

OTxe, 3BijcH i 3 (13) BuIuInBae:



=-0lIn Sp{exp{—gj} : (14)

3Harouu BibHY eHeprito (14), MoxHa 00UNCIUTH CepPeIHE 3HAUCHHS eHeprii

e=F-0% - eza(j (15)
90 PRI

Sk 1 panimie, y monepenHix JEeKIifX, TPUILyCTUMO, 110 CTaHH YAaCTHHOK Y

A

CUCTEMI XapaKTepU3yIThCsl HAOOPOM KBAHTOBHUX YMcCed S 1 omeparopu eHeprii H
Ta YKCJa YaCTUHOK N HaAJaroThCs BUPA3aMHU

A=Y H., N=YK.. (16)
S S

VY momaHHI YMcen 3alMOBHEHHS CTaHIB S Il 4YaCTUHOK bo3e XBWIJIHOBI
dynkuii |vs) € BracanMu GyHKuisMu oneparopis H i N, To0To,

|:|S|VS>:ES|VS>, Ns|vs>:vs|vs>.

Tomy sik HamMu Bxe poOmIIocs,

Sp{exp/”lsi} 3 expL {1— exé%}_l.

vs=0

Toxi repmoanHaMiyanii oTeHmian ®¢ crany S 3rigHo 3 (13)HaOyBae BuTISAY:
®, =0In {1— exp’u_TEs} :

CepenHe 4ncno V, YaCTUHOK Y IIbOMY CTaH1

go=-%s- 1 (17)
OH eo -1

3acTOoCyeEMO OTpHMaHI CITIBBIIHOIIEHHS 10 (POHOHIB y KpHUCTaii. [xHI cTaHu
XapaKTEePU3yIThCS XBUIHOBUM BEKTOPOM K 1 BKa3iBKOIO T'UIKM KOJNHMBaHb a . [lpu
IIbOMY, BBRKAIOYH, IO €HEPrisl BiAPaxOBYEThCS BiJ €HEPrii OCHOBHOTO CTaHy E,,

oneparopu ['aMinbTOHA i YKCIIa YaCTUHOK MOXHA 3aliCaTH B BUTIISII

H = Zhw() b/ b, +W, N = mebw



ne W - olepaTop aHTapMOHIYHMX MonpaBok. 1eif omepaTop po6HTH MaHil BHECOK
B cHeprito (GOHOHIB, MpOTe BiH 3abe3leuye BCTAHOBJIEHHS TEPMOJAMHAMIYHOI
pIBHOBAru B CUCTEMI 1 BIIMOBITAIbHUH 3a He 30epekeHHs uncia GoHoHiB. Hagami
MU BpaxOBYBaTHMEMO IIEH OnepaTop HESBHO JIMIIE TUM, 1110 TTOKIagaeMo 4 =0.

Orxe, Baxaroun B (17) =0, mpuiiieMo 10 HACTYNHHMX BHUpPa3iB IS
cepeiHbOro uncia GOHOHIB y cTaHi |v, ,)

Vea = T (18)

F=0=Yo,, =03 {1— expihw@(k)}
k,a k,a

Oco06MBO MTPOCTO MOKE OyTH OOYMCIICHA BiIbHA €HEPTisl 130TPOMHUX KPUCTAIIB Y
IPaHUYHHUX BUTIAJKaX HU3BKUX T4 BUCOKUX TEMIIEPATYP.

Hu3bki Temneparypu.
[Ipunyctumo, mo Temmneparypa Taka, o 30yIKYIOTbCA TUIBKH (HOHOHU
aKyCTHUYHOI T'JIKU 3 €HEPri€ro, IPOMOPIIHHOI0 XBHIBOBOMY BEKTODY.

ha, (K)=hV,k,  ak_ =01,

ne V, - MBUAKICTh 3BYKY BIAMOBIAHOI TJIKU KOJIMBaHb. [l0 MOpSAKY BEIMYHUHU
V, ~10°cMm/cexk. Skmo a~10°cwm, T0 hw,, =hV, k _=10"epr. k _ OOYHCITIOETHCS 13

a” "max

BUMOTH K a~1, Ie @ BeIMYMHA MOPSAKY CTaynol IpaTKH (IpaHuIls MOPYIICHHS
JIOBrOXBUJIBOBOTO HAONWKEHHs). TakuM YHMHOM, IIOCTaBJICHI BHIIE YMOBHU
BUKOHYIOTBCS, AKILO TEMIIEPATypa KpucTajaa MeHia 3a 10°K .

3a Benukoro unciaa N eJIeMEHTapHUX YapyHOK Yy KPUCTAaJIl MiJICyMOBYBaHHS
k y dopmyni (18)moxe OyTu 3aMiHEHO IHTEIpPyBaHHSIM

max

5y T

k,a

ne Nv - MoBHUM 00’ €M CUCTEMH, V - 00’ €M eJIeMEHTapHO1 KOMIPKH KpucTainy, N
YHUCJI0 TAKUX KOMIPOK Y KpHUCTaI.
SIK1I0 BBECTH Jalli IO3HAUCHHS

VE=IYV

BUpa3 Il F MOXKHA 3aITMCaTH B BUTJISI



3vNO hw
F=—~—|dwIn{1-exp—},
272\/3{ { 9}

Jile BEpXHS MeXa B I1HTErpajii MOIIMpEHa 0 HECKIHYEHHOCTI, OCKUIbKHM BEJIHUKI

JaCTOTH BHOCATH 3HCXTYBAHO MaJInii BHECOK. yBOI[H‘{I/I HOBY 3MiHHy

hw
X=—
©

Ta IHTETPYIOUU YaCTUHAMHU, OTPUMAEMO

__WN 7o!
30(hV )

3BijcH MOBHY €HEPrito (POHOHIB MOXKHA 3HANTH 32 HaBEIEHOIO BUIIIE (POPMYIIOI0

Ez_ezi(Fj_anze“

0\ 0) 10V )’
10 Aa€ MOKJIMBICTh BU3HAYUTH TEIUIOEMHICTh OJUHHUII 00'€eMy KpHCTaITy

1 6E_a®3 = 2IrK

- 5(h\7)3 ! (19)

e k - nocrinaa bonpimana.

Bucoki Tremneparypu.
SIKIo BWIKOHYETBCS HEPIBHICTh haw, (k)< ® s Bcix (oHOHIB, To (18)

MO>KHA 3aMIHMTH HAOIHMKEHUM BHUpPa3oM

F=0YIn{Aaw,(k)/6}. (20)

VY 11poMy BUIIAAKY MTOBHA €HEPTis HATAETHCS POPMYIIO0

E=—92%(gj=3(No——1)e: Noo,

Jie 0 - YMCJIO aTOMIB B €JIeMEHTapHIi KOMIpIll KpucTaia. TernmoeMHICTh OJUHUII
00'eMy KpucTana

Cepenni remnepartypu.

[Tpu cepeanix Temmneparypax oOYHCIEHHS BUTbHOI €Heprii (POHOHIB 3a T0IOMOT OO
HaBeIEHUX BUIIE 3arajbHUX (OpMYJ BUMara€ 3HaHHS SBHOTO BHJYy 3aJIe)KHOCTI
w, (k) . Habmmxene oOuncneHHs 6a3yeThCsl HA TAKUX CHPOILEHHIX



a) [Ipu oOumcieHHi BHeCKYy B F onTWYHHX ()OHOHIB HEXTYIOTh 3aJEKHICTIO 1X
YaCTOTH BiJ XBUJIBOBOI'O BekTopa (HaOmkenHs EifHinreiina)

w,(K)=w,,,

F =ON>In {1— exp(——hg"o j} :

7€ T1ICYMOBYBAHHSI OLIUPIOETHCA HAa 30 — 3 TUIKA ONTHYHUX KOJMBAaHb KPHUCTaja,
10 MICTUTh N €JIeMEHTapHBIX KOMIPOK 13 0 aTOMaMH B KOKHIH.

0) Ilix wac oOuucieHHS BKJaxy 10 BUIBHOI €Heprii aKyCTHYHUX (POHOHIB
BUKOPHUCTOBYIOTh HaOmwkeHHs Jlebas. lle HaOmwkeHHs moisrae B TOMY, IIO
eHeprist (GOHOHIB TPhOX aKYCTUYHMX T1JIOK KOJHMBaHb BBAXKAIOTHCS PIBHUMU

VK, ecru k<, IV,

(0 { (21)

0, ecru k>aw,, NV,

JAc

-1
v=12,1
3LV v,

- cepellHs MIBHJKICTh aKyCTHUYHUX (DOHOHIB, a BENMYMHA ), BHU3HAYAETHCA 32
YMOBH, 1100 1X TIOBHE YHCJIO, 0 O0YHUCIIOETHCS 32 JIOIIOMOTO0 IHTErpary

3UN e W2,

2 | 9 =

nopiBHIOBai0 3N (T00TO, Yy 30Yy/)KeHHI NpPUHAMArOTh Yy4YacTh YCi HasBHI
eJIEMEHTapHI KOMIpKH KpucTaiy). [3 miei ymoBu 3100yBaeMo

1/3
W, :\7(%) )

\Y

Toni BinbHa eHepris F,, aKyCTUYHUX (OHOHIB OOUHCIIOETHCS 3a JIOMOMOIOIO
Bupasy (18)

_9WNO “F oo _hw
Fac_af jdwafln{l exy{ @j}

max 0

3anpoBaJKyOUH 3MIHHY X=hw/© Ta aAe0aiBChbKy TemiepaTypy O, =ha,,,, Micis

max?

IHTErpyBaHHs YaCTUHAMH OTPUMYEMO OCTaTOUYHUIN BUpPa3



F, =wo{3In(1-e¢)-D(¢)}, £=0,/0
Jie BBEJEHO 10 PO3IiIsify cremiansay GyHknito D (&)

3 < x3dx

D(f)E? o1

10 HOCUTH Ha3By QyHKIii Jlebas, 1 ika Mae HACTYITHI ACUMITOTHUKH

1—§f+2—1052, f<1,
o= > %
—+0(e™), 1.
50, &>

IToBHa eHepris akyCTUYHUX (DOHOHIB Y KPUCTA1 JAETHCS BUPA30OM

E =3vNGOD(¢),

3BIIKM MOKe OyTH 00YHCIICHA TeTJIOEMHICTh OJIUHUII 00'€EMY KpUCTaTy

CV=3K[D(5)+96[;—((j)j, 5=%.

(22)

[IpoctoTta nebaiBChbKOro HAOJIMMKEHHS TOJIArae B TOMY, WIO BECh CIEKTp
aKyCTUYHUX (DOHOHIB KpUCTala BUPAKAETHCS Yepe3 OAUH mapaMerp — Ae0aiBChbKy

temreparypy O, = kT, (©, =hw),

ax

TEMIEPATYPHU I JESIKUX KPUCTATIB!

). ¥V Tabnuili HaBeACHO 3HAYCHHS 1e0aiBChKOT

Kpucrami Pb KBr NacCl Canmas

T,, K 90 180 280

2000




