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AnTucerneroeslek TpuuHMit BapisaT Monesi nedgpopmoBanoro kpucrasa tumy DKDP 3acrtocoBaHo
[Tt OTTHCY ePeKTiB, BUKJIMKAHWX 30BHINIHIMA THCKAMM, O HE 3HMKYIOTH CHMeTpil cucremu (Timpo-
CTATWMYHUM Ta OHOBICHWM 03), y kpuctaai DADP. ¥V mabmxenni 90THPUIacTHHKOBOTO KJIaCTEPa
pO3paxoBaHO BLIBHY €HEPTiio, BUBEIEHO PIBHAHHS HJIsT TeMreparypu (pa3oBOro Mepexomy Ta sBHI
BUPA3M [IJIs MOTIEPETHOI i MO3I0BKHBOI HieJIEKTPUIHOI MPOHUKHOCTH i TEIJTOEMHOCTU CHCTEMU TK
dyukuiit tucky. Busnageno nabip mapamerpis Teopii, mo 3abesmnedye 3aI0BLIbHEUI OTUC HAABHUX
eKCIIepUMEHTAJILHUX JaHnX. [lepenbadaerhcs, Mo OOHOBICHUN THCK MOBWHEH BILJIMBATH HA (pi3waHi
XapaKTEePUCTUKU KPUCTAJIA, AKU PO3IVIAAAIOTH, HAbaraTo CUJIbHiIIe, HiX rigpocraruunuii. [Toka-
3aHO, IO BILUIUB TUCKY Ha aHTHCErHeToesekTpudHi kpucrtasu tuny DADP rta cermeroesnexrpuani
tuny DKDP moxna onmncarn B paMKax €IWHOL MOIEJIi.

Kurouosi ciaoa: DADP, rinpocrarmannii Tuck, ogHOBiCHMIT TuCK, medopmarnii, ¢pasoBuii me-

pexim, gieJIeKTPUIHA IPOHUKHICTD.

PACS number(s): 77.22.Gh, 77.80.Bh, 77.84.Fa

I. BCTVYII

Cepen crosiyk, sKi OTPUMYIOTH YHACTIIOK i30MOpd-
HOrO 3amimenHs Baxkux HowiB y kpucraai KHaPOy
(KDP), ocobsiuse micrie niocinae murigpodocdar aMmoHio
(NH4H>PO,), oCKifibkE y HHOMY BIODSAKYBAHHS B
HU3LKOTEeMIIepaTypHiil (pasi crae aHTHCEer HETOEIeK TPUY-
HUM.

Y napaenexrpuuniii dpasi kpucrana NHy;H, PO, (ADP)
isomopdumit 1o KDP (mpocroposa rpyna I42d 3 4o-
TUPMa MOJIEKYJIAMU B esieMenTapHiil komipui [1, 2]). Te-
tpaenpu POy 3’enuani Mizk cobor0 Ta 3 aMOHITHIMET I'PY-
mavMn NHy TpuBHMIpHOIO I'DATKOIO BOIHEBHX 3B’sI3KiB.
3p’s3ku O-H...O xopormi, wixx N-H...O, crifikimi ta
MeHIITe 3MIHIOIOThCA 31 3MiHOI0 Temmeparypu. llepexin
y Hu3bKOTEMIeparypHy ¢Gas3y CYTpPOBOMKYETHCSI IIe-
dbopmariero eslemenTapHoi Komipku (IIpocTopoBa rpyna
P2,2,2,) — aromu azory Ta (pocdopy 3MilLy0TbCst nep-
MEeHIUKYJISIPHO 10 c-oci, Terpaenpu NHy ta POy mosts-
PU3YIOTHCS, TPUIOMY CYCimHi B3MOBXK c-oci rpymu NHy
ta POy mogpu3yoThest B OPOTHIEKHUX HAMPAMKAX.
IIpocrexyerbca 4iTko Bupaxkenuil ¢asoBuil nepexin
MEPIIOrO POy, SIKUI CYTPOBOIKYETHCS CTPUOKOMOMiO-
HUMJ 3MiHAMU OOUOBOX HiEJIEKTPUIHUX CIPURHSITINBO-
creit Ta temnoemuocTu. llomepedna CHOpPUAHATIUBICTD
3HAQYHO OlJIbIIa Big MO3IOBXKHBOI Ta CHUJIBHINIE 3aJie-
KUTH Biml Temmeparypu. Temneparypa nepexony Tn cyT-
TEBO 3MIHIOETHLCS 3 AefitepyBanusm — Bim 148 8 ADP
mo 245 K y mosuictio peiiteposanomy DADP. V Bu-
najKy IPUKJIALaHHA rigpocrarndHoro tucky 1 8 ADP,
DADP, sk i B8 KDP, sumkyerhcs cnodarky JiHIHHO 3
0Tx/0p=-3.4 K /x6ap B ADP i-1.4 K/x6ap 8 DADP [3],
IIPU BUIMIAX TUCKAX IIe 3HMKEHHSA CTAE HeJHHIHUM 1 mpu
p=33 k6ap T B ADP nopisHioe HyJ1i0 (3HUKAE BIOPSII-
koBaua (dasza). [lomepedna CUpUIHATINBICTL CHATAE 3
THCKOM y IapaejekTpuuHiil ¢asi i 36iaba1yeTbcs B aH-

THCerHeToeIeK TpuaHiil [4].

BB rimpocTaTrmdHOrO THCKY HA MPYXKHI BJIACTH-
Bocri nmapaesiekrpuanoro ADP nocsimxkeno B npani [5].
Bussnsocs, mo gk i 8 KDP ta DKDP, crami ¢11 Ta ¢33
30LIBIITYIOTHCS 3 TUCKOM JIHIWHO, TOMI AK C44 1 Cgg Ma-
I0Th CyTTEBO HesliHiliny (mpubsusuo mapabosivny) 1mo-
BEIiHKY.

Maiizke HE BUBYEHUM € BILJINB TUCKY HA, KPUCTAJIIYHY
crpykrypy ADP. Bigomo, ognaxk, mo temmeparypa ¢a-
30Boro mepexony, sik i 8 KDP, e niniiinoro dynkmieo
BigcTaHi § MiXK MOXKJIMBUMU IOJIOKEHHSIMU IPOTOHA HA
BomreBomy 3B’s13ky O-H...O Tta mopiHioe HysI0 mpH
6. = 0.2 A [6-8]. Kpim Toro, mpn 0IHAKOBIX 3 TOUHICTIO
10 0.01 A ¢ remneparypu nepexonis 8 KDP, DKDP,
ADP i DADP s6iraroThes.

3BUYAHO AHTUCErHETOEJEKTPUYHNN XapaKTep yIo-
pankyBanuss B ADP mnosicHiooTh, Opumyckaioum, o
OL/TBIT BUTIHUMK € He BEepPXHi 9M HUXKHI, a OidHi mpo-
TouHi KOHMIryparii, B IKUX OOWH MPOTOH PO3MiIIeHMI
6is1s1 BEPXHBOTO, & OMWH Gl/IsT HIBKHROTO KHCHIB [9] (ma-
pamerpy € momeni Ciierepa NpUIUCYIOTH Bijl'€MHE 3HA-
4yenHs). Tpeba, onHAaK, 3a3HAYUTH, IO B CUCTEMI, y
AKif BpaXOBaHO JINIITE KOPOTKOCSXKHI KOPEJISIii, HAABHI
MIEeKiIbKa TPOTOHHNX KOHMIryparliiii 3 ogHi€o eHeprieo,
MPUYOMY JIUIIE OHA 3 HUX € AHTUCEI HETOEJIEKTPUIHOIO
[10]. Onucaru ¢pazoBuii nepexim MOXKHa JIAIIE B TOMY BU-
MaaKy, SIKIIO B3sITH O yBAarW TAKOXK IUMTOJIb—IUAMTOJIHHI
B3a€EMO/Iii MiXK TTPOTOHAMN.

Bes cymuiBy, Takmii xapaxTep IPOTOHHOI KOHpIry-
pauii B ADP symossenuit nasiBaicTio ifiomis NH, Ta
MOXKJTMBICTIO YTBOPEHHSI IOMATKOBUX BOTHEBUX 3B’SI3KiB
N—H...O. dxicHo i#ioro MOXHa TOSICHUTUH TAKUM YH-
oM [11]. Koxnuii aroM KuCHIO NOB’s3aHuii BOZHEBUMU
3B’sI3KaMM 3 iHIIMM aTOMOM KWCHIO cycinuboi rpymm POy
Ta aTOMOM a30Ty cycimHboi amowiitroi rpymm NHy. V
HuU3bKOTeMIeparypHiit ¢asi ton NH, smimyerbca Bin
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[EHTPAJTFHOTO MTOJTOXKEHHSI TAK, IO IBa BOTHEBI 3B 3K,
AKi moB’sA3y10Th atoM N IIi€l I'pynu 3 KMCHSIMHI, CTAIOTh
TIOBIMMY, HEK nBa i [2]. dxmo arom O 3B’s3aHmit 3
N mosrum 3B’si3kom, To mporon nHa O—H...O 3B’sa3ky
€ nobsin3y aroMa KHUCHIO, 1 HABIAKU, MPU KOPOTKOMY
N—H...O 3p’sa3ky mporon Ha 3B’si3ky O—H...O 6impm
Bimmasieruit. OTxke, HAABHICTH TOMATKOBUX BOIHEBUX
3B’A3KiB IPUBOMUTDH [0 3MIHM IPOTOHHOI KOHMIr'ypairi.
Mikpockomiuna Teopisa nmx edekTiB OyJjia 3ampOIOHO-
Bama B [11]; mokasamo, mo ix MOXKHA 3BeCTH IO edek-
THUBHOI aHTUCErHETOEJEeKTPUYHOI B3aE€MOIil MiXK TPOTO-
Hamu, mo nepebysarorh Ha O—H...O 3B’a3xkax — Giuni
KOH(pIrypalii cTaoTh 6iIbII eHePreTUYHO BUTiIHAMMA.

Hasgsuite B8 ADP 6iunnx nporouuux Koudirypariit
y HU3bKOTEMIEPAaTypHiii (pasi BBaKaETbCA eKCIePUMEH-
rasibHO miarBepkenoto [12-14]. Ilo x crocyerbes na-
paestlekTpruHoi asn, To B [13-14] cTBepmKy€ETHC, MO
npu T > Tx rpymu HoPO, (D2POJ ) mators cumerpito
Ca, 106710 mporonu € He B 6iunux (Cq), a y BepxHixX 4u
HIKHIX KoHpirypauisx. Takuii BUCHOBOK 3p00JIeHO Ha
Tiit migcTaBi, MO MO YAC PO3CIsTHHS HE BUSABJIEHO MO,
noszBosiennx mpu cumetpii Cq, aste 3aboporennx nmpu Co,
a TaKOXK BUSBJIEHO MOY, 3a00pOHEeHy mpu Sy.

Toit dpaxr, mo kpucraa ADP y napadasi isomopdumit
no KDP, a Takox gkicHa MODIOHICTH TEMITEPATYPHUX Ta
OapUYHUX 3aJ/1eKHOCTEel Dararbox (PI3UYHUX XapaKTepu-
cruk y KDP i ADP, cBimuars npo norpedy IONIyKY €111-
HOI Teopil (pa30BOro Mepexony B MUX KPUCTAJIAX.

Cooronni € nBa pisui minxomu mo miel mpobsieMu.
Brigao 3 omuum 3 nux [10, 15], dasosuii nepexin Biu-
OyBa€ThCSI BHACTINOK yropsinkyBauHst aumojaiB Ho POy,
MpoToHW po3Mimeni B Oiunamx koudirypariax. Cyt-
TEBY POJIb y IIbOMY BUIAJKY BiMirpaloTb HAJIEKOCSKHI
B3a€MO/III MK JTUIOJISIMH.

Hpyruit migxin [16-19] rpyaTyeThes Ha Momesi mpo-
TOHHOIO BIIOPsAKYBAHHs, B PAMKaX KOl B mpaugax [18-
19] Gysia BHepiue 3ampONOHOBAHA MOCJIIOBHA CTATH-
CTUYHA, TEOPisl CerHeTO- i AHTUCETI HETOEIEKTPHUKIB I[HOTO
THUIY, 1€ B HAO/IMKEHHI Y0TUPUIACTUHKOBOTO KJIACTEPA
pO3paxoBaHa BiJIbHA €HepTrist TPOTOHHOI MiACUCTEMU Ta
BU3HAYEHI MOXKJIMBI THUIU MTPOTOHHOTO BIIOPSIIKYBAHHSI.
YiTko moKasaHo, MO Mepexisl B aHTUCEIHETOSJIEKTPUY-
HUIl CTAH MOXKJIUBUN TIMbKU 3 yPaxyBaHHAM HAJIEKOTI].

Ha Binminy Bin [10], ingykoBaHa 30BHINIHIM eJIeKTpUY-
HIM TIOJIEM TIOJISIPU3AIlisl B3IOBXK AHTUCEr HETOEJTEK TPIY-
HUX OCeil @ um b CTBOPIOETHCS OUMOJBHUMYU MOMEHTAMUT
3B’A3KiB (OBa 3B’A3KHU, WO NiAXOMAATH JO KOXKHOI IDynu
POy, cTBOPIOIOTH MOJISIPpM3aIIiio B3OOBXK OCi a, a ABa, iHTIi
— B3IOBXK OCi b) Ta 3MIMIEHHAMN BAXKKUX HOHIB y TLIO-
e ab, MO CyTPOBOMKYIOTh MPOTOHHE BIOPSIIKYBAHHSI,
roni fk 3rimuo 3 [10] nosspusanio CTBOPIOOTH AUIOII
HyPO4, KOXHUIT 3 AKUX MOXKE TOJIAPU3YBATHUCS JIMIIE
B3IIOBXK ONHIEL 3 oceit ¢ um b. Y pesybTari mboro Bimpis-
HSIOTHCS BUPA3U /151 MOMEPEYHOL AieJIeKTPUYIHOI CIIPUii-
HATINBOCTH, Bu3HadeHi B [16] Ta [10], xoua B 060X BU-
MaIKaxX, AKIO HAJIEXKHO BUOPATH MiAriHHI MapaMeTpu, TO
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MOXKHA OTPUMATH 3aJ0BLJIbHUI ONMUC €KCIepPUMEHTAIIb-
HUX TAHUX.

He BuBueHi, onHak, ABAIIA, MO BiIOYBAIOTHCS il YaC
npukjagania 10 ADP sosuimanoro tucky. Taxi mo-
CJIIKEHHsT JOTIOMONVIA O JTOZATKOBO 3’sICYBATHU IIPUPOILY
¢da30BOro MEPEXOMY B IIUX KPUCTAJIAX.

Mogesnns nmedopmoBanoro kpuctaaa tumy KDoPOy
Gyna sampornoHosana B [24, 25]. Ti npaxTwano peasizo-
BaHO IJIsI BUMOAIKY THUCKIB, IO HE 3MIiHIOIOTH CUMeTpii
cucremn, B [20-23]. Busnaueno wabip mapameTpiB Te-
opii, mo 3abesneuye 33MOBLTHHUN KiIbKiCHMI ormuc 6a-
PUYHEX 3aJIe2KHOCTEl TeMneparypu (pazoBoro nepexoy,
CIIOHTAHHOI MOJIAPU3AIIl Ta MO3H0BXKHBOI dieJIEKTPUIHOI
MPOHUKHOCTY KPUCTAJIA MPY PI3HUX KOHIIEHTPAIISX Ieii-
Tepio.

Hamra mera — 3acrocyBaru 1110 Teopito 10 medopMoBa-
noro kpucraja DADP ta nepeBipuTu, 41 MOXKJIMBO OIIM-
catu edeKTH, 3yMOBJIEHI 30BHIIIHIM THCKOM y CErHETO-
€JIEKTPUYHUX Ta AHTHCEIHETOEJEKTPUUHUX KPUCTATIAX
tuny KDP B Mexxax eamHOro miaxomy.

II. KJIACTEPHUNI IIIXI,

Posrnamemo cucrtemy nmefiTponiB, fKi pPyXarmOThCs
ma BomueBux O-D...0 3B’askax y kpucraai Tumy
ND4D;POy. TpumituBHy KOMIpKY KpHCTAJA yTBOPIO-
0Th OBa cycinui Terpaenpu POy paszom 3 worupma BOMI-
HEBUMU 3B’A3KaMMU, 10 HAJIEKATH JI0 OQHOrO 3 HUX (Te-
tpaenpa tuny “A”). Boguesi 38’s13ku, Aki maxomsars 1o
npyroro terpaeapa (runy “B”), HaJiexarh 4OTUPHOM
HAUOAMKYINM CTPYKTYPHUM eJIEMEHTaM, IO HOoro OTo-
ayioTh (auB. puc. 1). BBaxkaemo, mo 10 KpUCTaja mpu-
KJIAJIEHO 30BHiNIHE Hanpyxeuus op, (I = h, 3), ke He
3HIZKYE floro cumerpii:

03 = (ana _p)

Oh = (_p7 -p, _p)7 (21)

Puc. 1. IIpumituBaa xomipka kpucrasa DADP.

@D,®),®,@d — Bonmesi 38’s3kM; 1, 2 — MOXKJIMBI T10-
JIOKEHHs JIeHTPOHIB HA 3B’A3KaX.

TaMisbTOHISIH OefTpOHHOI M ACUCTEMH, SIKIO HASIBHA,
30BHIiIIHS HANpyra o; Ta ejekrpuuni noss E; (i =
1,2,3), nanpsamiieni B3mOBXK Kpucrasorpadiuaux ocefi
a, b, ¢, mae Taxnii Burstsazn [24]:
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g _ OV (0) 1  (o4s)
H; = - izjcij €i€5 + 3 Zf?luF}
q

2

[2 Fild

g
5 + pyiEs Qf]

2
af

+ Z {6Rq1 Rg 6Rq1 Rg 6Rq1 Ry + 6Rq1 +r2,Rq, 6Rq1 +r3,Rqs 6Rq1 +ra,Rq,

91,92
93,94

Taminbronian (2.2) ommcye KOPOTKOCSKHI KOHMIry-
pariitai B3aemomii mefiTpoHIB MOOIN3Y TETpaempiB TUTY
“A” i runy “B” (nmepuwmii ta gpyruit no6yTru d-pyHK Uit
BLAIIOBiIHO); ry — paliyCc—BeKTOP BiHOCHOIO IOJIO-
JKeHH:A e TPORHOTO 3B’A3KYy B KOMIpIIi; 045 — omepaTop
Z-KOMITOHEHTH KBa3iCIiHy OeiTpoHa, aKuit Hepe6yBae HA
f-My 3B’a3KYy B ¢-if Komipmi, (0,y = %1); ¢ ( ) “3arpa-
BOYHI” MPYKHI CTaJI; £; — KOMIIOHEHTHU TeH30pa nmecdop-
mariit; o = v/kp; v — 00’eM eremMeHTapHoOi KOMipKH; kp
— craja bogbunmana.

Benuuwna F ; — BHYTPINIHI TOJIA, CTBOpEHi, MO—
nepure, epeKTUBHOI NAJEKOCSKHOI B3aEMOMIEI0 MiXK
nefitpoHamu (BpaxoBaHOI B HAOJIMKEHHI MOJIEKYJIAP-
HOTO MOJIsl), sIKA OXOIUIIOE 1 HEempsiMy B3a€MOMIiI0 meii-
TPOHIB Yepes3 KOJMBAHHS I'PATKY, T, TO—IPYTe, 30BHIII-
HiM THCKOM p. Ixmiif Burnan y sunanky DKDP omu-
canuit B [24, 25] — HaJIEKOCSIKHA B3a€MOJIisi, BPAxo-
BaHa B HAOJIMKEHHI MOJIEKYJISIPHOTO TOJISI, TTEPEHOP-
MOBYETbCA IOHAHKAMH, MPONOPIIUHUMU 10 CepenHix
3HAYeHb KBA3ICIiHIB né}) = (o4f) Ta medopmamiit ;.
JlomaHKM TAKOTO TUIY BUHUKAIOTH, SIKIIO B3ATH [0
yBaru medopMarlii KpPUCTAIIYHOI I'DATKH, AJie 3HEXTY-
BATU 3MiHAMHK 3 THCKOM IUIIOJILHOTO MOMEHTY 3B’SI3KY
@ = ed (0 — BincraHb MK MOMKJIMBUMHU ITOJIOKEHHIMU
nefirpona ua 38’a3ky O-H...0). dk 6aunmo, amasoriu-
HUIl Pe3yJabTaT MOXKHA OTPUMATH, AKIIO (POPMAJIHLHO
PO3KJIACTH KOMIIOHEHTH TeH30pa masekomnii Jyp (gq') 3a
nedopMarlisiMu, OOMEXYIOUNCH JIHITHIMI TOTAHKAMMA:

(1)

Fip = > jpad) + 3w,
af J

BanexHiCTh f4 BiJl THCKY BPAXOBYEMO TAKUM YHHOM.
Briguo 3 [27, 28] § B8 KDP 1ta DKDP € niniitnono dyHk-
TIi€T0 TiAPOCTATHIHOTO THCKY . [Ipumyckarotun, mo xapax-
Tep miei 3asexnoctn B DADP Binm rimpocraTudHoro ta
OOHOBICHOT'O THCKiB 03 € TAKUM CAMHM, Ta MAO4YU HA
yBasi (2.1), moxkemo 3anucaru

0= (50 +§1p

Ockinbkn Jpp mpomopiiitre mo w2,
#f0TO B PAM, 38 TUCKOM, OTPUMYEMO

TO, PO3KJIQIAI0YUN

70

_ 70 o1
ff’( )_Jff,(qq’)[l—}—Q%p],

2uFy =

af

a1+ 23 23)

R
<~
~ =
~—
=

+ Z Vi (ad)es | =5
J

Craruuni it quaamiuni Biaactusocti DADP 6ynemo pos-
IJISIOATH, OOMEXKYIOUNCh HAOJIMKEHHSAM YOTUPUYACTUH-
KOBOTO KJj1acTepa. Knacrepunit raminbronisa H, ;f, AKTIO

Jep(qq') = Jff, aq) +waf’ (¢q')e;; HaiIBHI/Iﬁ 30BHIMHAI THCK | eslekTprane mose F;, Mae Ta-

Kuil BUT/TIA:

A . Tg1 Og2 0g2 0g3 0¢3 Og4 Oq4 Oq1

Hlsz[LL Tq2 73 | Tq3 Tq4 LL]

a“ 2 2 T2 2 2 2 2 2

i
Oq1 0gq3 | 0¢q2 O¢g4 Oq1 0q2 0¢3 Og4 2qf Oqf

+U[i—+——]+q>————— Zaf Taf 2.4
2 2 2 2 2 2 2 2 ; g 2 (2:4)
TyrV=(—w)/2, U=(e+w1)/2, ® =2 —8w+2wy; € =¢€5 — €4, W =E1 — Eq, W1 = Eg — Eq} Eqa, Es, €1 1 E9g —

eHeprii OiYHIX, BEPXHIX YN HUKHIX, OTHO- i IBOPA30BO HOHIZ0BaHNX KOHMIryparriil Bignosinno. Braxkaemo eneprii ¢,

w 1wy minidauvu GyHKIIaME qedopMariii £;:
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T <TN T>1TN
e=¢e+ 6,61 + 0562 + 0363, €=¢+0] (e1 +e2) + 53,
w=w’ + 65,61 + 65e0 + O35z, w = w® + 55, (61 + €2) + 53,
wy = w + 03,61 + 03962 + 03363, w1 = w + 83, (61 + €2) + J5z€3.

Besmocepenuho 06UnCITIOYN cCepenHi

Sp {747 exp (-BHI) }
Spexp (—BHE)

(ogr) =

)

OTPUMYEMO

(e _ 2sinh 2,74 cosh 275} + 2bsinh 2714
ql3 D=y ’

ey _ 2sinh 23} cosh 2374 + 2bsinh 23}
q24 Dy ’

(2.6)

(1> _ asinh(zfy + 2i03) +sinh(zf1y — 23) + 2bsinh 27,
Nq14 E )

(1. _ asinh(zg14 + 2753) — sinh(z7y4 — 2553) + 2bsinh z7o4
Mg2s = D=

e
D™¥ = 2 cosh 2374 cosh 237 + 2b(cosh 2% + cosh 23%) + a + d, (2.7
D* = acosh(zgm + 2'523) + COSh(Zgu - 2523)
+2b(cosh 214 + cosh z53) +d + 1,

a =exp(—=fe), b=exp(-pfw), d=exp(=fuw).

Edexrusni noss zfl § MaloTh TaKW BULJISI:

23 = Bl—A5s + 20, (kz)nMeksRa 4 2Va(0)77,§1)3E1 + p1 B,
2t = Bl Al + 204 (kz)n Ve 7 Ra 1 20, (003, 1,
2y = Bl Al + 20, (kz)n Ve Re 4 20, (011}, ], (2.8)
2y = Bl=AYy + 204 (kz)n Ve Ra 1 20, (00}, p, + p2 ),
2ia = Bl A% — 2va (k) De 7R 120, (00D, . + s Bs),
2'523 = ﬁ[_AZm + QVa(kZ)U(l)eiszq + 2’/0(0)775;)3E3 + M3E3]-

(1)i

Mu BpaxyBaJsu cuMerpito GyHKIi posmomity Ny’ Ta TUNOTBHEX MOMEHTIB 3B’sI3KiB

T 1)z, 1, 1)z, 1, 1,
77:51)3 Y= 77(5 ) - 775 ) y, 77(5 ) - 775 ) y 775 ) y,
1)z 1, 1)z 1), 1)z,
77(5121 = 77151) 77,5 ) y7 771522’) 7752) Y 77153) Z/,

M1 = M31 = —p11, M21 = p41 =0,
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Mo = o2 = —p42, 12 = p32 =0,
H3 = 13 = H23 = 133 = 43 (2-9)

(1)i

Ta BI/I)IiJ'II/IJ'II/I B an BHECKN, 3yMOBJ’IeHi CJICKTPUYIHUM TIOJIEM:

(i _ ;Ueiszq + 77(1)

Myg
NV = —p =iV =V = —nf";
1 1 1 1 1 1 1 1
Mg = —Mm Momh = “Mim Ty = ~Mhmes T = ~Miny;
W _ o _ o) _ (1)

ME; = "2E; = 3E; = 4E;-

1 ;
Tyt kz = §(b1 + by 4+ bs), by, by, by — BexTopu o6eprenoi rparku, ek7Re = 41

Briguo 3 (2.3) napamerpu majekomii € GyHKIIAMI TUCKY Ta medOpMaIriii:

(kZ)_V (k)[1+2 p +Zwm 5@)
ve(0) = 2(0)[1 + 22—;p1 + 3 a0

1
0 0) + 279 (0) + 113 (0)],

W) = 00— JP L 20 = 1

Vi) = 061100 — Vg )T 6i0) = § 041 (0) + 2685(0) + i O)],
e k= kz, 0.

Y (2.8) Azf — edexTnBHI O, CTBOPEHi CycimHiMM mMo3a MekaMu KjacTepa 3B’s3kamu. Busmauntn i moss

MOXKHA., fIKIIO CKOPUCTATHUCS Ti€H0 yMOBOIO, IO CEepenHi 3HAUeHHSI (0yr), PO3PAXOBAHI B HAOIMKEHHSX TYOTHPH- i
OIHOYACTUHKOBOIO KJIacTepa, T00To 3 raMinbronisuom (2.4) i 3

i Zapogs

Biamosinuo, noBunHi 36iratuca. Bupasu na z qf OTPEMYEMO 3 (2.8) mwisixoM 3amiHu Al qf HA 2A . OueBunHo, Mo
ixHsA cuMeTpisa 30iraeThcs 3 cuMeTpieio zq Iz ITicsis Toro, ax Al qf BUJTYH€HO 3 (2.8), BemuuunHU Py of Ha6yBa10Tb BUIVIALY

(1

2!113 = 5 In 7?1)?; + ,B[V[L(kZ)n(l)e kzRq + VG(O)TAé)EH + 12 1],
1- Nq13
. 114 15211 (1) .ikzR (1)
Zg24 = 3 In W + Blva(kz)n' e 7+ Va(0)7724E1]a
— Tlg24
2ty = 50 Bl () 4, O (211)
— Nq13
y 1.1 +77,§21 (1) gik 7R (1) p2 B
Zgo4 = Elnw + Blva(kz)n v (0)7724E2+ D) ls
1- nq24
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()=

1. 14+m,y ; 1 u3 F3
254 = 51 ﬁ + ﬂ[_ya(kz)n(l)ezszq + Va(O)nLl)E3 + 5 1,
1—n
ql4
(1)z
2 1 147 i 3 E:

23 = 5 In 17?2)32 + Blva(kz)nWekzRa 4 I/[L(O)’O%)E-3 + 32 3].

— Mg23

Iedopwmarii £; i mapamerp moOpsiaky n(l) BU3HAYAIOTH
3 YMOBU TEPMOIMHAMIYHOI PiBHOBArM:

19f  10f
gan(l) - v 851 pl(l) (2'12)
3 pi(h) = (p,p,p), pi(3) =(0,0,p); f — BimbHA enep-

Tist KpucTaJa, KMo HeMa 30BHITTHBOTO TOJIS:

= % = Zc gigj — [2w — €] 4 2v, (kz)[nM]?

2
2Tln ——M — 2.13
+ n (1 _ [7](1)]2) D’ ( )
1 1 (1)
ne D=14+a+d+ cosh2z+4bcoshz, z = —1n+777
2 1-— 77(1)
+ Bra(kz)n™M.

TepmonuHaMigHM MOTEHITI ST

g™, T,p)=f+0 Y eipi(l)

Cucrema piBHSIHD 171 77(1) i £; Ma€ Takmit BUTJISII:

) = %(smh 2z + 2bsinh 2), (2.14)
205 =65 20ai(k 2M;
ZC 21_ L ¢ _( Z)[n(1)]2+:_’

v v v D

ne M; = 4bé,;coshz + ady;, + db;,. fAx BumHO 3 piB-
uanb (2.14), nedopmallii £; MOKYTH IOPIBHIOBATH HYJTIO

il ¢y i3 00 0
Cly Cpy ¢33 00 0
P = iy 3 cz3 00 0
B 0 0 0d; 0 0
0 0 0 0 0
0 0 0 0 0 cb

Ta
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TIpW HYJILOBOMY THUCKY TiJIbKW B TOMY BUMQJKY, SKIIO
TMPUTYCTUTH, IO TAPAMETPH J2; € 3AJEKHUMU Bil TeM-
nepaTrypu:

4b+ 3a + 2

6; - 63 2a + 4
_ 5Jt4exp(—ﬂw0) + 3exp(—3e°) + 2

2exp(—Pe%) +4 (2.15)

(B rpamuni wy — o0) B mapaegekTpudHiii dasi. B an-
TUCErHeTOeIEK TPpUUHil (pasi mOBUHHO OyJI0 O 3aI0BOJTH-
HATUCS CKJIAHIIIE chiBBimHomenHs. 11 mpocToTH Mu
npunycrusu, mo (2.15) BUKOHYETHCA TIJILKU TOML, KOJIU
T = Tn, Tob6TO

4exp(—fnw®) + 3exp(—fne’) + 2

2exp(—Pne®) +4 » (216)

+ _ s+
035 = 04

(Bn = 1/1Tn); ue osHavae, Mo TPH BCIX TeMmeparypax,
3a BUHATKOM TOYKU nepexomy, mpu tucky 0.001 xbap y
kpucrasi nagsai Masi (~107°) ocrarouni nedopmarii.

Temmeparypa (HazoBoro mepexoiy Mmepiioro poay BH-
3HAYAETHCS 3 YMOBH, IO

g™, T, p) = (0, T, p), (2.17)

mapaMeTrp nopsiaky i medpopManil 3a00BOJILHSAIOTL CH-
cremy pisHsHB (2.14).

III. IPY>KHI I TEIIJIOBI BJIACTUBOCTI

Marpurii mpy:»KHIUX CTAJIAX Ta, 1T’ €30MOIYJIiB KPUCTAJIA,
DADP maoTh Takwii BUTJIAL;

grdrdro oo
daa 00
ij+: cls i3 3 £+ 0 0
0 0 0¢cF o0 0
00 0 0¢cF o
00 0 0 0 c&f
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0 0 0dy 0 0 00 0dFf 0 o0
- - +
=10 00 0d; 0|, d=1000 0dy 0
000 0 0 d 000 0 0 d&f

BiIMOBiHO B aHTUCErHeTOEeKTpUYHiit (rpyna P2;212;) Ta napaenextpudniii (rpyna 142d) dazax. Y namomy mij-
XOIi 3 HEHYTbOBUX €JIEMEHTIB [UX MATPUIL MU MOXKEeMO OOYUCJIUTH JIWIIE C11, Ci2, C13, Ca2, C23 Ta C33. s pos-
PAXYHKY ¥ C44, C55, C66, d14, dos Ta d3g CJII PO3TJIAIATH TUCKU, $IKi 3yMOBJIIOIOTH MOSIBY medopMariiit €4, €5 91
£6-

Hudepenniroouun BinbHy eneprio (2.13), BU3HAYAEMO BUPa3u [Ji NPYKHUX CTAJIUX, 3yMOBJIEHUX NEHTPOHHOMIO

nigcucremoro kpucrana (i,j = 1,2, 3):

2
oDT
4™
oDT

1l MV BUKOPHCTAJIN TaKi MO3HAYEHHS:
@ = [cosh 22 + b cosh 2] — " [sinh 2z 4 2b sinh 2];

t; = —2bd,; sinh z + n(l)M;.

HocmigmMo Temep TEImJIOBI BJIACTHBOCTI KPUCTAJIB
DADP, sxi 3ymoBJieHi geATPOHHOO IiACUCTEMOIO, SIKIIO
HasiBHa Hanpyra o ().

EnTpomnis Ha MOJIb PEUYOBUHN MaE BUTJIAL,

S=R (2 In[1 — (p™M)?] + 21n§

M
+4T Ty + 25> ,

ne R — yuiBepcasibHa razosa craJa,

2
[4bdy;05; cosh z + ady;01; + ddg;05:] + ——5=M; M

[2400i (k7)aj (kz)n™M e + Yai(k2)tj + Yaj(k7)t),

vD2T J

(3.1)

M = B(4wb cosh z + ea + w: d),

T 1

¥ = _ﬁ’/a(kZ)n(l)-

MomnsspHy TemJIOEMHICTh KpPUCTaJIa TpPH  TMOCTiliHOMY
TUCKY, 3yMOBJIEHY HOro MeATPOHHOI0 MiaCHCTeMOI0, 00-
YUCUMO, 0e3mocepenubo  audepeHIionY  eHTPOII0

(3.2):

oS
ACP =RT (=) =AC°—RTY qfo; :
C?=R <8T>p C°*-R : q; @, (3.3)
ge AC® — MoJIgpHA TEIJIOEMHICTD NPU HOCTifiHUX ne-

dopmMmaliax, IpuIoMy

AC*F = RT(—qPE - quP), (3.4)

. M M;
P__=2 J_ Ty, _ A1, (1) L i
% DT { 2Ty 0; 2¢cin [q n M] + A\ } ,
e _v2 ’7[2aeT L (1)1\_4)] p_ s 2 20T0" + (g — 'V M)
q DY e +(@—n , P=00 D~ san :
2 _ i
Pe = — T —p® _
= 2T |22Tp" + 2 in] + N
1 DT{ <P[8980+(q U )]+ D},

@; — KOeMIIIEHTH TEMI0BOTO PO3IMUPEHHS, i

N =14 (%)choshz+ (%)Qa-l- (E)Qd,

T

1
q= 2%() sinhz, \; = T (4wb§;i cosh z + eady; + w1d5§i) ,
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1
n - -
QO - 1 _ [77(1)]2 +ﬁl/a(kz),

IV. OIEJIEKTPUYHI BJIACTUBOCTI

Bigminaa Bim HyJsIst mOJIApm3allisi aHTHUCEI HETOEJIEK-
TPUIHOTO KPUCTAJIA BUHUKAE TiTbKA B TOMY BHUIAIKY,
SKIIO JI0 HHOTO TTPUKJIAAeHEe 30BHINTHE eJIEKTPUYHE T0JIe:

P _ M1 (1) P2:& (1)

1= 77713E1, 24Es>
M3, (1 1
Py = 20y, + i, )- (4.1)

EdexrupHi numoabHai MOMEHTH f1; Ta 00’€M esleMeHTap-
HOI KOMipKW € JiHifHIMI (DYHKIISIMI THCKY:

pi =" + ki, v=00 +k,p.

Hudepenuitooun (4.1) 3a E;, BuU3HAYAEMO BUPA3U IJ1s
BIIMOBIZANX CTATWYHWX CHOPWIAHATIMBOCTE 3aTWCHY-
TOTO KPUCTAJIA:

0P » Bus 5 2z

0.T — ) — )

x1,2(0,T,p) <8E1’2> %0 | D= 2w
2%2
D= 2882@?} !
6P3 ﬂ/.,l,% 2283

T,p)= (253) = BHs__ 2s 4.2

XS(Oa 7p) <8E3> v D—Qaeggog’ ( )

e BBEOEHO TaKi MO3HAYECHHsI:

@y = 1+ beosh z; @, = cosh 2z + beosh z — V]2 D,

&®3 =a+ bcoshz,

Ta

1
n _
[ MO + Ara(0)

1
L/ —
= Topop O

a BiITax i cTaTWyHi MieIeK TPUIHI TPOHUKHOCTI BiTBHOTO
KpHuCTaJsa;

084

0; = 20ai(kz)nM e + t;.

d2
ef(0,T,p) = €100 +47X5(0,T, p) + 47r8—};,
44
d2
£5 (0,7, p) = a0 + 4m5(0, T, p) + 4732,
55

(4.3)

2
F(O,7,9) = e300 + 4TG0, T, p) + 470,
66
e d;; — wesomonyi; s¥ — xowcranTi mpyxwoi momarm-
BOCTHU 3aKOPOTEHOTO KpucraJa [29].
BasnaunmMo, Mo B mapaenekTpudHiit ¢dasi npu armo-
cdhepHOMY THUCKY B Tpanuni w,w; — oo (4.2) 36iraerbesa
3 BimnoBimEumMu Bupasamu [16-17] Ta [19].

V. OB'OBOPEHHA PE3VYJIBTATIB

Bnavenns mapamerpis e, w®, v (kz), v2(0), v2(0), mo
3a06e3MeayioTh 330BLIbHE KiIbKICHEe Y3rOMKEeHHS 3 €KC-
NepUMEHTAJILHIMHI JAHUMH JIJI TEMIIEPATYPHAX 3aJ1€K-
HOCTEl CTATWYHWX 1 AWHAMIYHWX MPOHWKHOCTEH Kpu-
crasia, a TaKoX TeMrepaTypn (pbasoBOTO MEpexomy Mpw
armocdepHOMy TUCKY, BusHadeni panime [19]. Ouinutu
sHadenHs nedopManiiinux noreHuisami d1; 1 Pai(kz)
MOXKHA, AKOIO BUKOPWUCTATH 3HAYEHHS BiIMOBIIHWX Be-
smans s kpucrasna DKDP, orpumani B [20-23], i mpu-
MyCTUTH, IO

£2(DKDP) _ 6,,(DKDP)
e0(DADP)  6,;(DADP)’
(

W(0)(DKDP)  4o;(DKDP)
v3(kz)(DADP) ~ 4,(kz)(DADP)’

(5.1)

[Tapamerpu 02; BusHavyasu 3 piBusuHa (2.16). Busasu-
Jstocs, wo 01;(DADP) i ¢,i(kz)(DADP), BinkopexroBasui
TaK, mo6 orpuMmaTu mpaBuibHuilt kyT OTN/Op, Tpak-
TUYHO He BIIpI3HIOTHCA Bin obunciaennx 3a (5.1).

Buagennsa pedopMalifiHUX [OTEHIIAMIB s KpU-
crasis DKDP [20-23] i DADP, nis gkux oTpumyorh
HaWIIMIIe y3romKeHHsT 3 eKCTIePUMEHTAILHIMI TaHIMMU,
nasemeni B Tabs. 1 1 2. Tlomasbmni exkcrnepuMeHTa IhHI
JOCJTIKEHHS BIJIUBY THCKY Ha HieJIeKTPUYHi, TPYKHL
i TemsI0Bi BJTACTUBOCTI IINX KPUCTAJIIB JALYTh 3MOTy 00-
YUCJIUTU OiJIBIIT TOUHI 3HAYEHHS IehOpPMAITHIX TOTeH-
Iis1TiB.

T. €% w°® §;, 0y 013 0;; 03
DKDP 218 92.0 830 -45 -55 885 -50 800
DADP 235 77 709 -38 -46 741 -42 665

Tab6s1. 1. Tlapamerpu Teopii gyia aBox xpucrasais, K.
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va(kz) v3(0) ve(0) ¥, (kz) ¥or(kz) ¥ys(kz)

jl(kZ) ;3(kZ)

8.5 -b4 -17  -180

-252 112 -239 109

Tabr. 2. Ilapamerpn ganekomnii s xkpucraaa DADP, K.

ExcnepuMenTaibHi 3Ha4YeHHA KOEDILIEHTIB IPYKHOIL
HOIATIUBOCTH §;; napaesekrpuanoro DADP naseneni B
[29]. EnremenTu o6epHeHOL 0 §;; MATPHI GyJIM B3ATI K
3aTPaABOYHI MPYXKHL CTAITL c?f. OCKiIbKI KOIHUX EKCIIe-
PUMEHTAJILHUX JAHWX [IJIsT IPYKHUX CTAJIUX AHTUCETIHe-
roesiektpnaroro DADP y wamomy posmopsimKeHHi He
OyJs10, Mu po3paxyBasu 1N, €; Ta iHIOI XapaKTEePUCTUKH
IpH PiBHUX THCKAX i MPH pi3sHUX OJIU3BKUX 0 c?f poo-
HIX 3HAYEHHSIX cgjf. Habip c?j, AKWi 3a6e3mevuye Habi-
JITIIITE y3TOMKEHHSI 3 eKCIIEPUMEHTAIbHUMU JAHUMU, HA~
BemeHuit y Tabst. 3.

0F 0F O0F O0F 0= 0= 0= 0= 0= 0=
Ci1 G2 €13 C33 C11 Cia Cig Caz Coz Cog

6.59 0.53 1.92 3.28 6.24 0.4 1.66 6.4 1.5 3.48

Ta6s1. 3. BarpaBouni npyxui crasii c?j kpucraaa DADP,
10 murer /et

Kpim Toro, mam HeoOXimHO OyJI0 3amaTu mapamerp
01/00, AiKuil BigmoBinae MBUAKOCTI 3MIHU 3 THCKOM Bijl-
CTaHW MiXX MOMKJIMBUMU TMOJIOKEHHsIMA PIBHOBArM Ieii-
TPOHA HA BOOHEBOMY 3B’sI3KY. Y BUMAIKY TilIpPOCTATUY-
HOIO THCKY BU3HAYUTU HOr0 MOXKHA 3 TAaKUX MIPKYy-
Banb. Ham BimoMmi ekcriepuMeHnTasbHi 3as1exkHocTi TN Bin
THCKY Ta (p):

Tn = Tno + krp; TN = ks(6 — do),
me Tno = 235 K — remneparypa ¢dasoBoro mnepe-
xomy mpu armocdepromy Tucky; kr = O0In/Op =

—1.4 K/x6ap [3]; ks = Txo/(60 — 8.); 6o = 0.45 A; 6,
— BiICTaHI MiXX MOXJIMBUMHU TOJIOKEHHSIMI PIBHOBATM
IedTpoHa Mpu aTMOCHEPHOMY TUCKY i TUCKY, TPU SIKOMY
3HUKa€E BOopaakoBana (asa. 3rigHo 3 [6-8] §. = 0.2 As
KDP, DKDP, ADP ta DADP. Buny4atoun 3 upx cmis-

BimHomensb TN, BU3HAYAEMO

61 kT (Sc

o _ Oy,
do TN0(50 )

Y BUMAJKY K OTHOBICHOTO TUCKY 03 MU MOXKEMO BUKO-
pucrarn Toit dbaxr, mo TN ~ d§1/do, i mpumycTuTH, MO

91/ d0(
(51/(50(0’3, DADP n (51/(50(0’3, DKDP)

Bemmunan  kr(o3, DKDP) = —139 K/xb6ap i
kr(on, DKDP) = —2.67 K/x6ap Gysin Busnadeni B [20,

23] i [26]. PospaxoBaHi TaKMM YMHOM 3HAYEHHS TTapaMe-
Tpa

61/80(0n) = ~3.35- 107 Gap™,

61/00(03) = —1.75-107° Gap ™.

Y Hac BUHHKIN [OesdKi TPYOHOIIL Wix dYac o04n-
CJIeHb, KOJIU MU HAMAraJjiucsi PO3B’SI3aTU CHUCTEMY PiB-
HaHb (2.14) meromom Heiorona—Padcona Gesmocepen-
Hb0. TOMY NIOBOAMJIOCS CMOYATKY MiHIMi3yBaTu TepMo-
muHamiaamii notenmian g(n(V*, T, p) 3a mapameTpom mo-
pPAOKY 77(1)2 i BusHaunTu nedopmarii €; 3 TPbOX OCTAH-
Hix pisasab (2.14). Temmeparypy daszosoro mepexomy
BusHavasm 3 ymonu (2.17). Pesysnbrarn unciaoBux po-
3paxyHKiB mokasani Ha puc. 2—6. Cyuinbhi i mTpuxosi
JIiHIl BiAMOBiZAIOTH XapaKTEPUCTUKAM, PO3PAXOBAHUM
TIpW HAMPYTaxX O Ta O3 BiAMOBIIHO.

Ha puc. 2, a 300pazxkeno 3aj1exkHiCTh Temneparypu da-
30BOro nepexony B kpucrasi DADP sin rinpocrarudaoro
TUCKY Pa30M 3 ekcriepuMenTaabaumu gaaumu [3]. Orpu-
MaHo JiiHiiiHe 3HMKeHHst TN 3 THCKOM 3 kr = 0TN/0p =
—1.4 K/x6ap. Ha puc. 2, b mokasani sanexuocti Tn Bizn
TiIpOCTATHIHOrO 0}, Ta OJHOBICHOTO 03 TUCKiB. BumHo,
mo TN BHUXKYEThCS 3 03 3HAYHO WIBUIIIE, HIK 3 Op
(kT = —9.0 K/k6ap). Anasoriunmit edbekt crocrepirain
ekcrepuMenTasbuo B kpucrajgax KDP, DKDP ra ADP
[20-23].

240 2 X 240 a2 K

235 :3 235 ;K
230§ 230? \\\\\\

225 — 225 — B
220 G pribar 228.07 ) 05 pricbar
Puc. 2. Temmeparypa ¢a3oBoro mepexogy B KpUCTaJIL

DADP sak ¢dyukuia tucky. Exkcnepumenranbpai nani B3aTi 3

[3]-

Puc. 3 imocrpye 3miny medopmauiit €;(l) xpucrana
DADP 3 tuckom. AGcontoTHi 3HAYEHHSA £; 30LIBIIY-
IOTHCSI 3 THUCKOM JIiHiliHO. PospaxyHku He mepembada-
IOTh TIOMITHUX 3MiH B £; 3 TEMIEPATypPOI, 33 BUHSIT-
KOM Pi3kuxX CTpuOKiB y Toumi mepexomy. OnHOBicHUI
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THCK AedOpMy€E€ KpuUCTasl CAIbHIIIE, HiXK Tiapocrarud-
unit: £3(3) /es(h) = 2.2, |e12(3) /e12(h)| = 1.4. O6’em ese-
MEHTapHOI KOMIpKN 3MEHINYEThCA 3 TUCKOM JHHIHO K
v =00 +kyp, ky =00 (e; + 5 +3)/p.

&q Ei

0.001 | : 0.001 F 1,2
~0.000 PSS ] ~0.000 FE 1.2

L \\\ L \\ 3
-0.002 | SN 3 —0.002 AR

- T3s : N3
-0.003 3> -0.003F ~2

r L N
_OOO IR RN _0.00 T ST

80 a) 0.5 p,kbar 8 b) 0.5 p’kbar

Puc. 3. Hedopmanii kpucrasia DADP ak dbyuxuii Tucky
mpu T < Tnx (a) 1T > Tx (b): 1 — e1(l); 2 — e2(l); 3 —
63(l).

Ha puc. 4 3006paxkeno remmneparypHy 3aJ€KHICTH Te-
IJIOEMHOCTH IOeHTpoHHOI migcucremn kKpucrasa DADP
npu pizHUX rigpocTarudHoMy (@) Ta OIHOBICHOMY 03
(b) Tuckax. Bumno, wo xpim 3cyBy xpusux ACP(T)
B 00JTACTh HMKYNX TEMIEPATYD YHACIIAOK 3MEHIIEHHsI
TN, TPUKJIAJAHHST TUCKY TPUBOAUTH OO CYTTEBOTO 3HU-
JKEHHS TKOBUX 3HAYEHH TEMJIOEMHOCTU B TOUKAX MEPe-
xomy. Ieit edpexT y BUIAOKY OIHOBICHOrO TUCKY CHJTb-
Himuit. Y napaenexkrpudatiii dpasi ACP Big remneparypu
YU TUCKY MPAKTUYIHO HE 3aJI€KUTh.

AC®, J/mol K
1

AC®, J/mol K
T

400 400

O

200 200

3

D
:fﬁm°°

) o

900 220 240TK 00 220
a)

/| oo
T =T ™

240 T,X
b)

Puc. 4. Temoemuicts meiirponnoi migcucremu DADP ax
dbyukuis remneparypu mpu pisaux tuckax, p(kbar): a — 1,
o [30] — 0.001; 2 — 5; 3 — 10; b — 1, o [30] — 0.001; 2 —
0.5; 3 — 1.

Ha pwuc. 5 Ta 6 mokaszaHo TemmepaTypHi KpuBi mMo-
nepeunoi ¢1(0,T,p) ta nosnosxubol £3(0,T,p) mienex-
TPUYHUX OPOHMKHOCTel Kpucrasa DADP npu pisnumx
TiIPOCTATUYHOMY Ta OTHOBICHOMY THMCKaX Pa30OM 3 €KC-
MEPUMEHTAJILHUMI TOYKAMHE 17151 ATMOCKHEPHOTO THUCKY .
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Hawm, za xasb, He OyJ10 BiDOMO TIPO KOIHI eKCITepUMEH-
TaJIGHI Tpalli, B AKNX JOCJIIKYBAJN BILJINB TUCKY HA
€1(0,T,p) un e3(0,T,p) came B DADP. Tomy maseneni
rpadiku € Jumie sIKiICHUMK 1 MalThb HAa METi IIPOLIIo-
CTpyBaTU MOXKJIMBI 3MiHH [UX BEJTUYUH 3 THCKOM. K
BUAHO, B mapaesexktpuuniit dbasi €1(0,T,p) i e3(0,T,p)
3MEHIIYIOThCsI, & B aHTHCEIHETORJIEKTPUIHIH — 36i/1h-
MIYIOTHCS 3 TUCKOM, TIPUYOMY 3aJI€KHICTD BiJl TUCKY TPU
T > Tn uabararo cunbaima. e akicHo y3romkyerbcs
3 AHAJIOTIYHUMW pe3yJIbTaTaMy IJis HenedTepoBAHOTO
ADP [4]. TIpote, sikmo 306pasutn 3amexuocti €1 (0, T, p)
ie3(0,T,p) Bin AT = T — TN, TO MOXKHA GaduTu, WO
npu onHakoBux AT €1(0,T,p) 3MeHIIYETbCA 3 TUCKOM
SIK y mapa-, Tak i B antucernerodasi, a €3(0, T, p) 3men-
IYETHCS B AHTUCEIHETOEJIEKTPUIHIH 1 30L/IbITyETHCSA B
napaejaekTpuuHiii gasi.

£,(0,T, £4(0,T,
100 ¢ 1(0,T,p) 100 - 1(0,T,p)
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Puc. 5. Ilonepeuyna mieslekTpudHA CIPUAHATINBICTD KPU-
craia DADP ak dbyukuis remneparypu npu pisHUX TUCKaX,
p(kbar): a — 1, 0 [29] — 0.001; 2 — 5; 3 — 10; b — 1, o [29]
— 0.001; 2 — 0.5; 3 — 1.

~ 53(0,T,P) i 53(0,T,p)
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Puc. 6. Ilo3noBxHA OieJeKTpUYHA CIPUHHATIHBICTL KPH-
crasta DADP sk byHKIis TeMIeparypy TpH PiSHUX THCKAX,
p(kbar): a — 1, o [29] — 0.001; 2 — 5; 3 — 10; b — 1, o [29]
— 0.001; 2 — 0.5; 3 — 1.

Pospaxynku nmpoBonun mpu



BIL/IMB 30BHIIIHBOI'O TUCKY HA ®A30BUN IIEPEXII TA GI3UYHI BJIACTUBOCTI ...

fE=dfo =" v+ khp, fF=dlv= "0 + kL,

7.0, e, =14.0,

€l = €300

(07 — 1035, £OP =854.0,

IIi swauvenms f?i Ta £, 320€3MeUyI0Th 3300Bijb-
Hull KiJILKICHUI OMMC eKCnepuMeHTAJILHAX JAHUX TPU
0.001 xb6ap. 3aznaaumo, Mo f1(0+) ifl(o_) BLAPI3HAIOTLCSA
B JIeKiJTbKa pasiB, TOMIi K f§0+) i féof) 30iraroThCs.

BajtexxHOCTI f; Bim TUCKY OINHIOBAJIM 3 TAKUX Mip-
KyBaHb. BimoMo, 1m0 AWNOJIBHUNE MOMEHT [y YU [i3
MPONOPHiHUI 10 BiACTaHI MiXK MOXKJIUBUMU TOJIOXKEH-
HAMU IeHTpOHa Ha 3B’A3Ky 0. MOMEHT 13 CTBOPIOETHCST
3MIMIEHHAME BaxkKnx HouiB docdopy Ta amMoHiitHOI
rpymu (un kasito B KDP) B3moxk c-oci. Ilonspu-
3allisg B3/IOBXK OCi G CTBOPIOETHCA 3MIIMIEHHIMH BaxK-
KX HOHIB y mIomuHi ab Ta BHOPAOKYBAHHSAM meii-
TPOHIB Ha, 3B’sI3KaX, OPIEHTOBAHUX Y3HOBXK IIi€i oci. Po-
3YMHO TPUIYCTUTH, MO i3 ~ ¢ 1 g1 ~ a. lle mpumy-
[IEHHS Y3MOIKYEThCSA 3 €KCIEePUMEHTATLHUMI BUMIPIO-
panusamn [31] mienexktpuunnx duokryaniii y KDP i
DKDP — swmimennst kaJjio crocoBHO dochopy Az y3-
IIOBXK c-0Ci mim yac mepexony B cernerodasy IpH aTMO-
chepromy tucky: Az(KDP)/Az(DKDP) = 0.76, toni
sk cd(KDP)/c§(DKDP)= 0.78. Otxe, axmo pus ~ dc i
i1 ~ da, TO

10 105 100
ui Op  60p  adp’
10pus 106 10c
7 _ 2
3 Op 60p cOp (5.2)

Iedopmarii & € mpakTuyHO JiHIAHUME OYHKIIAMEI
THCKY, TOMY

€3

19c _ e
cdp p’

&1

10a

adp p’

IIpaBuabHy 3asexHicTh nosapusarnii kpucraiga DKDP
Bl riapocTaTrugHOro TUCKY OTPUMYOTH npu [20, 21]

1 9us

= —1.07%/x6ap,
uz Op t/xGap

Brigmo 3 [27] Ta [20, 21]

194

é Op

= —0.89%/x6ap mpmn250 K,

5.2, &1, =52

0— 0+

09 —256.0, f{"") = 256.0.
€3

—0.12%/x6ap,

10070 (5.2) BUKOHY€ETHCA Mafizke Touno. [Ipumyckaiodn,
o Ie CHiBBimHOmMeHHsa npasuiabhe i 1yia DADP, orpu-
MYEMO

kﬁ:fl(o)pg_l+s1 £ 63]’
0

_ (0)25_1 €3 — &1 — €2
kf3 3 [(50 P ]

IMpu obumnciiennsix Takox cjim Oyao 6 3amaTu 3HA-
yennsa gedopmaliiinux moreHuisiiB 1,;(0) Ta 1. (0).
Ounnak, six Gysio 3ayBazkeno e B [16, 17], £1(0,T, P) ta
€3(0,T, P) neuyrnusi no masux 3min y v,(0) an v.(0),
TOMY HaBITh PN BEJIMKAX THCKAX PO3PAXYHKN BUKOHY-
Basu U1 BUNAAKY Vai(0) = ¢.;:(0) = 0.

VI. SABEPIITAJIBHI SAYBAXKEHHSA

V wiit pobori Mu 3acTOCYBaJIN AHTUCEI HETOEIEK TPUU-
Huif BapisHT Momesi aedOpMOBAHOIO KPUCTAJIA, THILY
DKDP [24, 25] gnist omucy edeKTiB, 3yMOBJIEHIX 30B-
HITHIMT THUCKaMM, MO He 3HIKYIOTH CHMeTpii crucremn
(rizpocTaTUyHUM Ta OMHOBICHUM 03) y HefitepoBaHoMmy
kpucrasi DADP. Teoperuuni pesyJibraru MOPIBHAHO 3
HASBHUMW €KCIEePUMEHTAIbHUMI TaHuMu. BusHadennii
Habip mapaMerpiB Teopii 3abe3mneuye 3aI0BLILHAIN KijTh-
KicHuI ommc GapUYHOl 3a/I€KHOCTH TeMIieparypu (paso-
BOT'O MEPEXOIy Ta TEMIIEPATYPHUX 3AJIEKHOCTEN miesex-
TPUYHUX Ta TEIJIOBUX BJIACTUBOCTEN KPUCTAJIA MPU AT-
MOChHEpPHOMY TUCKY.

Hamoro meroro 0Oy/10 BKasaTh HA MOKJIUBI 3MiHK
xapakTepuctuk kpucrajga DADP y Bumaaxy mpukJia-
JAHHSA TiIPOCTATUIHOTO Ta OMHOBICHOTO THCKiB. Ile-
pendbavaeThCs, MO BILJIUB OIHOBICHOTO THUCKY MOBUHEH
OyTH 3HAYHO CYTTEBIMMM, HiXK Timpocrarwanoro. Ilo-
MAJIBII €eKCTIePUMEHTAJILHI JOCTIIKEeHHS ATy Th 3MOTY
mepeBipuTH HAII mependadeHHsl Ta YTOYHUTH 3HAYEHHA
mapameTpiB Teopii.

ITokasano, mO BIUIMB THCKY HA AHTUCEIHETOEJIEK-
Tpuuni xkpucrasau tuny DADP Ta cermeroesekrpudsi
Tuny DKDP wmoxkna onmmrcarn B paMKax €IWHOI MOIEJT.
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EXTERNAL PRESSURE INFLUENCE ON PHASE TRANSITION AND PHYSICAL
PROPERTIES OF DADP-TYPE ANTIFERROELECTRICS

R. R. Levitskii, I. R. Zachek, A. P. Moina
Institute for Condensed Matter Physics of the Ukrainian Nat. Acad. Sci.
1 Swvientsitskii Str., Lviv, UA-290011, Ukraine

Within the antiferroelectric version of the earlier proposed model for a DKDP—type strained crystal we analyze

the effects of external pressures on a DADP crystal. In the four—particle cluster approximation we calculate
free energy and find the equation for the transition temperature and the explicit expressions for transverse and
longitudinal dielectric permittivities and specific heat as functions of pressure. A set of theory parameters providing
the best fit to the available experimental data is found. It is predicted that the uniaxial o3 stress must influence
the physical properties of the considered crystal much stronger than the hydrostatic ones. We show that it is
possible to describe the pressure effects on the antiferroelectric DADP and ferroelectric DKDP crystals within the

same model.
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