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MarnitHi Ta kKiHeTn4Hi BaactuBocti Hg; . Mn,S

Yepniseyvruii Hayionanvhuil yHisepcumem imeni I0pis ®edvkosuua,
eyn. M. Koyiobuncekoeo, 2, 58012, Yepnisyi, (037)22-4-68-77, e-mail:p.maryanchuk@chnu.edu.ua

MarsitHa cripuitHATauBICTh ()) KpuctaniB Hg, . Mn,S nocnimxena B inrepsani temneparyp T = 77-300 K npu
H = 4 xE metronom dapanest 10 i miciist TepMo0OpOOKH 3pa3KiB B Mapax KOMIIOHEHT. BCcTaHOBIEHO, IO 0COOIMBOCTI
00yMOBIICHI HAsBHICTIO B KpHCTalaxX KiaacTepiB THILy Mn—S—Mn—S pi3HHX po3MipiB, B SIKHX MK aToMaMd Mn uepe3
aTOMH XaJIbKOTCHAa 3JIIHCHIOETBCS HempsiMa OOMiHHA B3aeMOJis aHTH(epOMarHiTHOro xapakrepy. TepMooOpoOka
3pa3KiB B Iapax KOMIIOHEHT IIPHBOJWTH JIO 3MIHM pO3MIpiB ICHYIOUMX B KPHCTali KJIAacTepiB 1 HaBiTh 0

“pO3CMOKTYBaHHS BKJIIOUCHB JpyToi (hasm.

JocipkeHHsT KiHeTUYHHMX Koe(ilieHTiB KpucranmiB mpoBeaeHi B iHrepBani T =77-300K i H=0,5-5 kE.
Koedimientr Xomna (Ry) B HocmijukyBaHMX KpHCTajdaX Maibke HE 3aJISKHTh BiJ| TEMIIEpaTypH, IO BKa3y€e Ha
BUPODKCHHSI €IEKTPOHHOTO ra3y. EJIeKkTporpoBiaHicTh (6) KpUCTaNiB Mae METaliYHHN XapakTep, 10 00yMOBICHO
3MEHILICHHSIM PYXJIHMBOCTI elneKTpoHiB (L) npu 30inbienni T. Tepmo-epe (o) 301bIIY€ETHCS 3 POCTOM TEMIIEpaTypH,
1110 00yMOBJICHO 3MEHILICHHAM BHPOJDKEHOCTI €IEKTPOHHOTO rasy.

Ku1ro4oBi c10Ba: HalliBMarHiTHUH HaMmiBIIPOBIIHUK, KPUCTAI, KJIACTEP, CNEKTPOIIPOBIIHICTb.

Cmamms nocmynuna 0o peodakyii 30.05.2007; npuiinama 0o opyxy 15.09.2008.

Beryn

Teepni po3umam  Hg, . Mn,S mnoBunHI OyTH
HAIIBOPOBIAHUKAMH 31 3MIHHOK B 3aJICXKHOCTI Bix
CKJIaxy mmpHHOIO 3a6oponenoi 30uu (E,) i Hanexats 10
HaniBMarHiTHUX  HamiBIPOBiAHWKIB.  HasBHicTh Yy
KpHCTajax aToMiB Mn 3 HECKOMIIEHCOBAaHMM MarHiTHUM
MOMEHTOM JIa€ MOJKJIMBICTh KOHTPOJIFOBATH CKJIan (x) Ta
HASBHICTP y 3pa3Kax BKJIOUYEHb IPYTol (a3u MarHiTHUMH
MeTojamMu (30KpeMa 3a JOIMOMOTO BUMIpIB MarHiTHOL
CIIPHUHHATIMBOCTI KPUCTAIIB).
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Puc.1. TemmepaTypHa  3al@XHICTH Yy JUIA
Hg, Mn,S (1-x,=0,017; 2 - 0,046; 3— 0,069)

HamiBMarHiTHI HariBOpOBITHUKOBI TBEpIi PO3YMHHU
Hg . Mn,S (obnacts icuyBanns akux (0 <x <0,375) [1]),
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olepkaHi HamMM MeToioM bpimkMeHa, BOJOAIOTH
NPOBIIHICTIO  N—TUNy  (KOHLEHTpalis  eJIEKTPOHIB
n~10"cm™).
I. Pe3yabTatu gociigkeHb Ta ix
00roBOpeHHs
JocmimKkeHHsT MarHiTHOI — CIIpHUHAHSATIUBOCTI  (Y)

3paskie Hg; Mn,S mnposeneno meromom Papaznes B
inTepBam T =77-300 K i H=0,25-4 kE. Bcranosieso,
mo 3anexHocTi Yy = f(T) (puc. 1) cknamaroThes 3
NPSMOJTIHIHUX JUISTHOK, SIKI OIUCYIOThCS 3aKoHOM Kropi
abo Kropi-Beticca:

C
=7, )
ne C — mocriitHa Kropi:
C xN,g’S(S+1)u; : @)

3k,M,

Bin’emni 3HaueHHs NapaMarHiTHOI TemIepaTypu
Kroopi (0<0) BKkazyroTh Ha Te, IO B KpHCTalax
Hg,xMn,S w™ikx atomammr Mn BuHHKae oOMiHHA
B3a€MO/JIisl aHTU(EPOMArHiTHOTrO Xapakrepy. PosrisiHemo
MOXIIMBI THUNHK BHIUIEHb Apyroi ¢asu 1 xiacrepiB (sKi
nozi6Hi 1M (azam no xapakrepy OOMIHHOI B3aeMOii,
aje Ha BiAMIHY BiI (a3 He BOJIOJIIOTH BIIACHOIO
KPHCTAJIIUYHOIO CTPYKTYPOIO, a YTBOPIOIOTHCS B paMKax
KPHUCTAJIIYHOT CTPYKTYpH KpHUCTaly, B SKOMY BOHH
icHytoTb) B kpucranax Hg; ,Mn,S. Jlo Takux a3, sxi
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Puc. 2. TemneparypHa 3ajexHICTb XMn-l st Hg.
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Puc. 3. TemmnieparypHa 3anexHicTh koedinienty Xoiura Hg,.

Mn S (1 — x,=0,025 no Bigmamy; 2 - x,=0,025 Mn,S 1 - x, =0,069 2 - x, =0,046;
micis Bimgmany B mapax pryTi; 3 — x,~=0,046 no 3 -x,=0,025;4-x,=0,017.
Bignany; 4 — x,= 0,046 micns Bimnmamy B mapax
cipkn).
Taoauns 1
MarniTtHi mapamerpu 3pa3kiB Hg ,Mn,S
Xwar. ®s K l-'l-ed),(uB) TC3 K
0,017 0 5,92 -
-12 5,05
0,046 125
-63 6,05
-15 4,81
0,069 135
-85 5,90

MOrJH O YTBOPUTHUCS B JOCHIIKYBAaHMX KpHUCTanax,
BimHOCATECST MnS, (Ty=60K, 6=-592K), MnS
(Tx= 155K, 6 =-982 K), Mn (Tx= 100 K) (da3za MnO 3
Tyx= 120 K, abo BianmoBiaHi iif Ki1acTepu MEHII HMOBIPHI,
HDK po3risiHyTi). Bei 1i dasu € antudepomarHitHuMy i
gkmo 6 BoHm Oymm mpucytHi B Hg; Mn,S, To 1e
npuBeao O 10 ocoOnMBOCTEH Ha TeMIepaTypHil
3aJI©KHOCTI MarHiTHOI CIPUUHSATIMBOCTI IPH BKa3aHUX
temniepatrypax Heems (Ty). B kmacrepax, siki
BIINOBiNaroTh IUM  (pasaM, OOMiHHA  B3aEMOJIA
aHTU(EepOMarHiTHOro xapaxkrepy (aHrudepomarHitHe
BITOPSZIKYBAaHHS ) TIPOSIBIISIETHCS Ci1a0IIe abo CUIIBHIIIE, B
3aJIe)KHOCTI Bil pO3MIpiB KJIACTepiB i TemmepaTypu. I3
30UIBIICHHSIM ~ PO3MIpiB  KJIacTepiB  MapaMarHiTHa
temneparypa Kropi (0) i temmneparypa smamy (Tc) Ha
3aNeKHOCT] Yy = f(T), sAKi IX XapaKTepu3ykoTh, OYIyTh
3pOCTaTH, HAOIMIKAIOYKChH 0 BIAMOBIIHUX MapaMeTpis,
SKMMH BOJIOMIIOTH BIAMOBIZHI UM Kiactepam (asu:
MnS,, MnS, Mn, a npu BuaLIeHHI 1ux (a3 mapamerpu
chiBnanytk. Tak ocobmuBicTh Ha 3anexHocTax x= f(T) Ta
= f(T) (puc. 2, 3anexuicTs 1) 3HAXOXMTHCS INPH
T~155K, 110 MOe CBiJYUTH MPO HASIBHICTH BKJIFOUCHHS
npyroi ¢azu (MnS) B kpuctani Hg; ,Mn,S.

BpaxoByroun BHUIllecKa3aHe, MOXKHA IOMYCTHTH, IO
HalOUTPI WMOBipHUMH B Kpuctamax Hg; Mn,S €

kjmactepu THIy Mn-S-Mn-S, sAKki 32 XapakTepom
oOMiHHOI B3aemonii momiOHI (azi MnS, ocKiTbKH
YTBOPIOIOTBCA BOHM B Kpucrtamax Hg,Mn,S B

pe3ysbTari 130BaJIEHTHOrO 3aMillleHHs aromMamMu Mn

aTOMIB PTYTI.

OTKe HasABHICTh 371aMiB HA 3AIEKHOCTAX Yy = f(T)
(mpu T=T) oOymMoBIeHa MEPEXOAOM B MapamarHiTHUN
CTaH TIpH MiJBUIIEHHI TEMIIEpaTypH KiactepiB THIy Mn-
S-Mn-S (pi3HOro po3mipy), B SKMX MiX aroMamu Mn
4yepe3 aTroOMHU CIPKH 3IIHCHIOEThCS HempsiMa OOMiHHA
B3a€EMO/Iisl aHTH(EPOMArHITHOTO XapaKkTepy (aHaJIOTi4HO,
sk B Hg Mn,Se [2, 3]). 30inbmeHHs eQeKTHBHOTO
MarHiTHOTO MOMEHTY (lley.) aTOMiB Mn, NIpu MifABUIIEHH]
TeMIepaTypH, HMiATBEPDKYE Te, mo mpu T=T¢ Kimactepu
MEPEeXOIsITh i3 “aHTH(EepOMAarHiTHOrO” B IMapaMarHiTHHHA
craH (Tabum. 1).

Excrpanosuiss 10 HyJs ycepegHEHHX B 00JacTi
BHCOKHX TeMIepaTyp 3alexHocTell v =AT), AKi
onucyroThesi 3akoHoM Kropi—Beiicca, nae 3HauenHs 0
JUIS 3pa3ka 3 CKIagoM ‘X, , OJEpXaHWM Ha OCHOBI
3anexuocTei yvn = AT) 1 bopmy (1, 2).

ABTopu poboTu [4] B pamKax
BUCOKOTeMIIepaTypHoro HabmmwkenHs (kgT>>¢ey, ne €4
— eHepris OOMIHHOI B3aeMOAIl MK aroMamH, SKi
BOJIOJIIOTh ~ BJACHUMHM  MAarHiTHUMH ~ MOMEHTaMH)
OllepKaIM TaKUil BHUpa3 Ui BEJIMYMHHA MapaMarHiTHOI
temrepatypu Kropi:

=0x,

0(x) = —ng(S +1)>J, z (3)

7
kE

e Jp — iHTerpaJl OOMIHHOT B3a€MOIIi JJIsI TAPH CYCIJiB, Zp
— KUIBKICTh KaTIOHHHX CTaHIB Y p-KOOpAMHALHHIM cdepi.

KoncranTa 0() BianoBigae rpaHu4Hii BenmuuuHi O(x) s
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Puc. 4. TemneparypHa 3aJeXKHICTh €JIEKTPOIPOBIIHOCTI
Hg; \Mn,S 1 - Xy = 0,017,
2 —x,, = 0,025; 3 —x,, = 0,046; 4 — x,, = 0,069.

rIOTETMYHOT0 MATHITHOTO HAIIBIPOBiZHMKA 3 x=1 i

CTPYKTYpPOIO HaIliBIIPOBITHUKIB THITY AUBVL
Bupaz (3) no3Bossie BU3HAUUTH BENMYMHY OOMiHHOTO
iHTerpama (J;) mapm CycimiB y mepimiii KOOpAWHAIIHHIN
coepi (Z=12):
J o

1 0

=3 )
k, Z-S-(S+1)

ExcniepumenTanbHa 3anexHIicTh 0(x), ska onepkaHa
mrs Hg \Mn,S e mpsimoro miHiero. Excrpamomnsis miei
3amexkHocTi g0 x=1 mae ©p=-990 K. Opnepxane
3HaueHHs 0 103BOJIsIE BU3HAYUTH BEIMYMHY OOMIHHOTO
irTerpany (it nap Mn—S—Mn) Ji/kg = -14,1K.

B Tabnumi 1 HaBeaeHI mapamMeTpH, SKi BU3HAUYCHI Ha
OCHOBI 0JIep KaHUX XMn'l = f(T) nns 3paskiB Hg; ,Mn,S, a
caMme: BMICT MarHiTHOI KOMIIOHEHTH (X,,) (OxepKaHui Ha
OCHOBI “‘ycepelHeHnX” BUCOKOTEMIIEpaTypHHUX AIISTHOK
= AT) mpu T~300 K ), mapamarsiTHa TemmepaTypa
Kwopi (0), Ttemneprypa 3mamy (7¢), 3HaueHHs
e()EeKTHBHOTO MAarHITHOTO MOMEHTY aTOMIB MapraHIlo
(Mep). Myt naHoro X, HWXKHIH pAJNOK TNapamerpis
BITHOCUTBCS 1O OLIBII BHUCOKOTEMICPATYPHOI IUISHKH
3anexHoCTi Yy = AT).

[pu TepmooOpobumi kpucramiB  Hg Mn,S, sxi
BOJIOZIIOTH JOCUTHh BHPAXKEHOI K Ae(PeKTHOr, Tak i
KJIACTEPHOIO MiZICHCTEMAaMH, CTBOPIOIOTHCS MOXIIMBOCTI
it audy3ii B KpUCTan aTOMIB MapiB KOMIOHEHT (Ipu

F RH~6~10’3,CM2-B’1~C’1

100 200

300 TK

Puc.5. TemmepaTypHa  3aleXHICTP  PYXJIMBOCTI
enektpoHiB B Hg ,Mn,S 1 —x,, = 0,017; 2 —x,, = 0,025; 3
—xy = 0,046; 4 — x,, = 0,069.

BiZmayi) 1 BUPUBAHHS 3 BY3JIB Ta Mirpauii aToMmiB 10
KpuCTaly 1 3aliMaHHS HUMH pI3HUX Miclb B
KPHCTAJIIuHIN IpaTIi: BakaHCii, MXKBY3JIiB, By3JIiB.

JHedekTHa crcTteMa B IIbOMY BHUIAJIKy MOXE CHPHUSITH
SK 3MEHIICHHIO, TaK 1 30UIbIICHHIO PO3MIpIB KIilacTepiB
Ta YTBOPEHHIO HOBHX KJIACTEPIB, IO MPOSIBISETHCS 5K Y
3MiHI KiHETHYHUX Koe(illieHTIB KpHCTadiB (nedexta —
CJIEKTPUYHO AaKTHBHI), Tak 1 B 3MiHI MarHiTHHX
napaMeTpiB 3pa3kiB (mapamarHiTHoi Temneparypu Kropi
(6) i edexTHBHOrO MAarHITHOTO MOMEHTY aTOMIB
Mapraiiio (lep)) (Tabn. 2), a 3HaYNThH i 3aJeKHOCTEN
Yt = AT) (puc. 2), Ha OCHOBI SIKHX BOHH BU3HAYAIOTHCA.

Otxe TepMooOpoOKa 3pa3KiB B Mmapax KOMIIOHEHT
MPUBOANUTE 1O 3MIHH PO3MIpIiB ICHYIOUHX B KpPHCTAIi
KJacTepiB (po3Mipu KiacTepiB MPONOPLiHI BeTHduHi 0)
1 HaBITH OO0 “pO3CMOKTYBaHHS~ BKIIOUYCHHb Apyroi daszm
(To0TO 10 3MEHIIEHHS iX PO3MIPIB 1 IMEPETBOPCHHS
BKJIFOUEHb Jpyroi ¢asu MnS y kiacrepu Mn—S—Mn-S)
(puc. 2, 3anexHocTi 11 2).

JocnikeHHs] KIHETHYHUX KOe(Dil[leHTIB KpHCTalliB
nposeneni B intepBaimi T=77-300K 1 H=0,5-5kE.
Koedinient Xomna (Ry) B mocmijpkyBaHuUX KpHCTajlax
Maibke HE 3aJeXHUTh BiJ Temneparypu (puc.3), mo
BKa3ye Ha  BHPOKEHHS  CJIEKTPOHHOTO  rasy.
EnextpomnpoBigHicT (G) KpUCTaNiB Mae€ MeTaTidyHHA
xapakrep (puc.4) (TOOTO 3MEHIIYETHCI 3 POCTOM
TeMIepaTypH), o 00yMOBIIEHO 3MEHIICHHSIM

Taoaunsa 2

MarHniTHi napamerpu 3pas3kiB Hg,  Mn,S

n, em” (mpu T=300K) 0,K Ueg» s (Ha aToM Mn)
Y Ao . . . . . . . .
] micist Bigmany | JI0 Bimany | micis Biamanmy JI0 Biamaiy Ticist Binany
BiAmany
10 1 TCTIs BiAmary B mmapax pTyTi
0,025 - s -15 -18 5,08 5,41
8,6-10 1,2-10
-29 -54 5,75 6,03
JI0 1 TicJist Biajy B rapax Cipku
0,046 . - -12 -30 4,96 5,01
8,7-10 3,1-10
-63 -146 5,95 6,31
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Puc. 6. TemneparypHa 3ajJeXKHICTb TepMOEpC B
Hg;,Mn,S 1 —x, =0,017; 2 — x, =0,069; 3 —
Xy = 0,046; 4 —x,, = 0,025.

PYXJIUBOCTI €NeKTPOHiB (W) mpu 30inbmenHi T (puc. 5).
Tepmo-epc (o) 30LTBIIYETBCS 3 POCTOM TEMIEpaTypH
(puc. 6), mo 0oOyMOBJICHO 3MEHIICHHSM BHPOKEHOCTI
€JIEKTPOHHOTO Trasy.

Tepmoobpobka 3paskiB Hg,Mn,S B mapax cipku
MPUBOAUTEL 1O MOHIKCHHS KOHIICHTPAI[l €JEKTPOHIB i
70 30inbIIeHHS IX PYXJIMBOCTI, a BiAman B mapax pTyTi
301IIBIIIy€ KOHIIEHTPALIIIO EJIEKTPOHIB B 3pa3Kax.

BucHoBku

1. HasBHicTh 37maMiB Ha 3aEKHOCTAX Yy = f(T) (pu
T=Tc) obymoBiIeHa mepexoJoM B IapaMarHiTHUHA

[1]
(2]
[3]
[4]

A"BY!. Haykopa nymxa, Kues, 168 c. (1982).
124 (1984).

Heopean. mamep. 23(8), cc. 1271-1274 (1987).

CTaH TpPU MiABHIICHHI TEMIIEPaTypH KIACTEPIiB THITY
Mn—S-Mn-S (pi3HOTO po3Mipy), B IKHX MiIX aTOMaMHu
Mn 4yepe3 aTroMHm CIipKH 3IIHCHIOETHCS HeEmpsMa
0oOMiHHa B3a€MO/Iisi aHTH()EPOMArHITHOTO XapaKTepy.
2. 30inbuieHHss e(EeKTHBHOTO MAarHiTHOTO MOMEHTY
(Mep.) aToMiB Mn mpH MiABHINEHHI TeMmepaTypu,
ninTBepaxye te, mwo npu T = T¢ kiacrepu nepexosTh
i3 “anTH(dEpOMarHiTHOr0” B napaMarHiTHUN CTaH.

3. ExcrnepumeHTanbHa 3anexHicte 0(x), onepikaHa
mis Hg Mn,S, € npsaMoro IiHi€0, €KCTPAIOIAIIER0
skoi 10 x =1 oxmepxamu 0y=-990 K, mo mo3sosuio
BCTaHOBHTH BEJIWYMHY OOMIHHOTO iHTerpany (s map
Mn—S-Mn) Jy/ks=-14,1 K.

4. TepmooOpoOka 3pa3kiB B TMapax KOMIIOHEHT
MIPUBOAMTE 1O 3MiHH PO3MIpPIB ICHYIOUHX B KpPHCTal
KJIaCTepiB 1 HaBITh 0 “PO3CMOKTYBaHHA BKJIIOUEHBb
apyroi dasm.

5. Koeopimienr Xomna B IOCHiIKyBaHHUX KpHCTallaxX
Maiike He 3aJeKHTh BiJl TEMIEpaTypH, L0 BKa3ye Ha
BUPOJKEHHS €JIEKTPOHHOT'O razy, a
€JICKTPONPOBIHICT,  KPUCTATIB Ma€  METaTiuyHHMA
Xapakrtep, 10 OOYMOBJIEHO 3MEHIIEHHSM PYyXJIMBOCTI
€JICKTPOHIB 11pH 301bIeHHi T.

Map’anuyk I1.J]. — noxrop (i3.-mar. Hayk, mpocgecop,
npodecop kadenpu eneKTPOHIKH i eHEPreTHKH;
Andpywiak I'.0. — acnipadTka Kadeapu eIeKTPOHIKH 1
SHEPIreTHKY;

Maiicmpyx E.B. cTapmmii  Jlabopant Kadeapu
EJIEKTPOHIKH 1 EHEPreTHKH.
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