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VY po6oTi BCTaHOBJIEHO 3aKOHOMIPHOCTI BHYTPIIIHBOIO PO3MIPHOTO e€(eKTy B elNeKTPO(i3HYHUX BIACTUBOCTSIX
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I. Beryn

Po3mipuuii edekt B enekTpodizuuHIX BIACTUBOCTSIX
TOHKHX IUTIBOK Ta JPOTIB BHUHUKAE Y HACIIIOK
oOMexeHHs 1X po3MipiB B OJHOMY 3 HampsIMKiB, IO B
CBOIO 4Yepry IpH3BOAWTH JO 3MEHIICHHS CeperHbOl
JIOBXUHH BUIBHOTO TIPOOITY HOCIIB  EIEKTPUIHOTO
cTpymy. Po3pi3HIIOTh KIIaCHYHHIA 30BHIMIHIN PO3MIipHIA
epext (3PE), sxuwii mOB’sS3aHWUN 3 PO3CIIOBAaHHIM
€JIEKTPOHIB HAa 30BHINIHIX MMOBEPXHSX Ta BHYTPIIIHII
posmipamii epext (BPE), moB’s3anuii 3 po3ciroBaHHAM
Ha Mexax 3epeH. Jocmimkenns kmacuunoro 3PE Oymo
3aro4yatrkoBaHo PykcoM Ta 3HAHIILIO CBOE MPOJOBXKEHHS
B pobotax 3onnrevimepa, Jlykaca, JlapcoHa Ta iHIIux
(muB., Hampukiag, Jjiteparypy, uuToBany B [1]).
Busuenns BPE posnouanocs B 1970 p. Maitsnacom Ta
[aTukecom micas myOmikamii HuMuH pobotu [2], e

HABOJUTHCA Teopis €JIEKTPOIIPOBITHOCTI
noJliKpucTanigyHoi MetaneBoi IiBku (aii teopis MII).
ABtopu [2] mnpunyckamoTh, L0 MeXl BCIX 3€peH

YTBOPIOIOTHh CYKYITHICTh NMEPHEHANKYJISPHUX 30BHILIHIM
TIOBEPXHSAM IUTIBKM XaOTHYHO PO3MIIIEHMX IUIOIIMH, SIKi
PO3CIIOIOTh €NEKTPOHH, MPHYOMY BiACTaHb MK HHUMH
MIIYAHAETECS TayCOBCHKOMY PO3IOALTY Ta IOPiBHIOE
cepeaHbOMY po3Mipy kpuctamitis (L).

CHmiBBiTHOMEHHS U1 THTOMOI TpPOBigHOCTI (O)
(omopy (p)) B pamkax teopii MILI [1], mae Burisiz:
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ToBcToro 3paska; fla), a=AL"-R(1-R)", R — dyuxuis,
napaMeTp Ta Koe(illieHT 3epHOMEKOBOTO PO3CiIOBaHHS;
k=d/\ - mpuBenena ToBmuHa (d — TOBIIMHA, A — CepeaHS
OBKMHA BUIBHOTO TMPOOIry HOCIIB  EIeKTPUIHOTO
CTpyMy (CABID); e =exp(—kHt™);
H(t,®) =1+ o(cosDV1—1t*)™", (t, @ — 3MiHHI iHTErpyBaHHS,
MOB’s3aHI 3 KyTOM Mi[UIOTY HOCIIB CTpyMy [0
30BHIIIHIX MTOBEPXOHb Ta MEX 3€PEH BiJIMOBIAHO); p; Ta
P> — MapaMeTpu JA3epPKATBHOCTI 30BHIIIHIX MOBEPXOHb
TUTIBKH.

Bupas (1) HeMOXIIMBO 3aCTOCYBATH ISl TOPIBHSHHS
Teopii 3 EKCIepUMEHTOM 3 METOI0 BH3HAUCHHS
napaMmeTpiB enekTporiepeHocy. Haiibinbma 3aciyra B
anpokcuManii crhiBBigHOmEHb Teopii MIIl HamexuTs
rpymi ¢paniy3pkux gocuigaukiB Temse, Toce i [Timapa.
Humu  Oymu  3ampomoHOBaHi 1 OOTpyHTOBaHI
JiHeapu3oBaHa Ta i3oTpomHa Mozeni (momem TTII) [3,
4].

Tak, sKI0 BUKOHY€ETHCS yMoBa L > d, ¢popmyma mis
temneparypHoro koedimienta omopy (TKO) y pamkax
JIiHeapu30BaHOT MOJIENI Taka
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B-d=B,-d-p, -2 I-pH(), 2
ne B — TKO misku, B, = cllirn[?).

VY paMkax MOZeli i30TPOIHOTO PO3CIFOBAaHHSA, SKa

Moke OyTm 3acrocoBaHa y Bumanky L <d,
crisBiguomrenus ;i1 TKO MaroTh BATIISIA;
Bl.d=p; -d+§so“x In(p”). 3)
BBy =[1+1.45L An(r )] @)
RR-1)"=0,97In(r"), )
R(1-R)-1=2(1-r)(1+r)-1. (6)

dopmyna (6) Moxxe Oyt Bukopucrana npu r> 0,3,
Jie T — KoeilieHT MPOXOKCHHS HOCISIMH €IICKTPUIHOTO
CTPYyMY MEXIi 3epeH.

Briepmie onnouacHy amnpo0ariiro JBox Mofeneit 0yio
3pificHeHo B pobotax 10.®. KomHmka Ha mpukimami
HU3pKOoTeMIIepaTypaux (77-300 K) mmiBok cBuHIO [5].
ABtopamu [5] OyB 3poOieHWId BHCHOBOK, IO MOJEINi
TTII n*puOIM3HO OMHAKOBO ONHCYIOTh BIUIMB HAa
eeKTpo(i3WYHI BIACTUBOCTI PO3CIIOBaHHS HOCIIB 3apsmy
Ha MeXax KpHUCTAJITiB, ajlé MaloTh iCTOTHI BIAMIHH Y
BpaxyBaHHI pO3CIIOBaHHS €JEKTPOHIB Ha 30BHIIIHIX
Mexax. [3 amamily oTpuMaHMX JaHWUX aBTOpH [5]
NpUILIUIM 10 BHCHOBKY, IO 130TpOIHA MOJENb B
OCTaHHBOMY BHIaJKy OUIbII epeKTUBHA.

AHaNoriyHi  HHU3BKOTEMIIEPATYPHI  JIOCHIIKEHHS
Oynu BukoHaHi mix kepiBHuLTBOM 3.B. Cracioka Ha
NPUKIal TUIBOK TepexiTHuX d-MeTalliB XpoMy, HIKEINo,
BaHAJIil0, MOJIO/IEHY, CKaH/if0 Ta iH. (IUB., HATIPUKIIA],
[6, 7]). Ilpn Takmx ymoBax OOpOOKH IUIIBKH MAalOTh
npibHO3epHHCTY CTPYKTYpY (L = 6-10 HM) 3 He3zane HIM
Bil TOBHOIMHMA CEpeIHIM pO3MIpOM 3epHa, IO
3a/10BOJIbHSAE€ BUMOraM TeopeTruuHux mozaener TTIL.

Jlineapm3oBana Ta i3otpormHa wmogmeni TTII Oymm
3actocoBaHi Hamu (amB., Hampukmazn, [8-10]) mmsa
00poOKku pesynbTaTiB 3 po3mipHoi 3anexHocti TKO y
IBKax mepeximuux d-meramiB.  BigmitEmo, 110
OCOONMBICTIO IMX JOCHIIKEHb € Te, 10 BOHM
MPOBOIWIMCH B 007acTi MPOMDKHUX TeMIepaTryp, a
IUTiIBKH Mayi TOBIIMHY 110 100 HM.

HesBakaroun Ha 3Ha4uHy TIpOBeleHY poOoTy 3
JIOCITIIPKEHHS] PO3MIpHUX €(EeKTIB y eNeKTPONPOBIJHOCTI
ta TKO 3anumaeTscsi HEBUBYEHUM MUTAHHS NPO BILUIUB
CepeIHBOTO po3Mipy KpucTamiTie Ha Bemunay CIBII ta
KOE(III€HTIB TMPOXOPKEHHS 1 pO3CIIOBaHHA Ha MEXi
3epHa, X04Ya BOHO IMOCTIHHO 3HAXOOUTHCA B TOMI 30py
HAYKOBIIiB.

B poboti T'opdmana Ta iH. [11] y 3aranpHOMY
BUTIAAI  po3B’si3aHo  piBHsHHsA Llpemunrepa s
MOHOOJIOYHHX MOJIKPUCTATIYHUX IUTIBOK. Hum Brmamocs
3B’s13aTH MK COOOI0 CHIIy NMOTEHLIaJbHOrO Oap’epy Ta
Koe(il[ieHT MPOXOIDKEeHHS Mexi 3epHa. Bapkym [12]
cnpobyBaB onucaru BPE B enekrpompoBigHoCcTi 'y
TEpMiHAX  BHCOTH  [MOTCHI[AJbHOrO  Oap’epy Ta
Koe(illieHTa NPOXOUKEHHS MexXi 3epHa. Y poOoTi
B.B.Kyszist [13] po3risiHyTa KBAaHTOBO-MEXaHIYHA 3a/iaua
PO TMPOXOKEHHS Ta PO3CIIOBaHHS E€JIEKTPOHOM MEXi
nonury Oikpucrana. JI.C. bparincekuii Ta [I.A. PomaHoB
[14], s3acrocyBaBIIM KBaHTOBO-MEXAHIUYHHMA  IMiJXi],
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JOCTIIMIA TIPOXOKEHHS HOCIIB 3apsmy dYepe3 Mexy
MOIUTYy JBOX OJHOMIPHHUX METAlE€BUX KPHCTANiB 3
PI3HHM THIIOM penriTku. Humu mokasano, 1mo npo3opicTh
MEXi 3aJIeKUTh Big KoMOiHAIii mapameTpiB, sKi
XapakTepu3yrTh 11 Ta Kpuctaiud. HasBHICTH Ha MeEXi
aTOMIB JIOMIIIKM MOX€ TPH3BECTH JO 3MEHIICHHS
KoedirienTa po3ciroBanHsa. ABropamu [15] mociimkena
3aJIKHICTh IMUTOMOTO OHOpY BiI TeMIeparypu B
JIpiOHO3EpHHUCTHX IUTIBKAX Majiajiifo, BUBYEHA CTPYKTYypa
Mex. [lokazaHo, 110 YTBOPEHHS Ha MDKKPHCTaJIYHHX
MeKax MIKpOIop MPHU3BOAUTD JI0 3MIiHH 3 TEMIIEPATYPOIO
KoedirieHTa poscitoBanHs. Bi.A. Mopryuric Ta iH. [16] B
pamkax teopii MII pospaxyBanu aBTOKOpESLiIHHY
(YHKIIFO Ta CHEKTpalbHYy TYCTHHY pPiBHOBa)KHHX
(aykTyaniii cTpyMy B TOJIKPHUCTATIYHAX METACBUX
IUTIBKaX, TOBIIMHA SKUX € oxHoro mopsaky 3 CIBIIL.
Byno  mokasano, 1m0  30UTBIIEHHA  IapaMmerpa
po3cifoBaHHA Ha MeXi 3epHa (0) NPU3BOAMTH [0
30inblieHHs  (UIyKTyaiiii B 00jacTti BHCOKHUX Ta
3MEHIIIEHHS B O0JNIacTi HM3BKUX YacToT. Y podorti [17]
MOCTIKCHO B3a€MO3B’S30K  €JICKTPOMPOBITHOCTI Ta
MIKPOCTPYKTYpPYM  MacMBHHMX  3pa3KiB  Mimi  micis
BAaKyyMHOTO  €JIEKTPOHHO-IIPOMEHEBOTO  IUIABJICHHS.
Bu3HaueHO BHECOK y 3aJMIIKOBUHA oOmip, SKUH
OB SI3aHUI 3 PO3CIIOBaHHAM Ha JUCIOKALIAX Ta MeXax
3epeH, I0Ka3aHO, M0 BEJIMYMHA OCTAHHBOTO CKJIAJa€e
6inbine 50% Bix 3anumkoBoro onopy. A.B.Jlartumes ta
A.A . YOmkanoB [18] 3HalimuM TOYHWI PO3B’SI30K 3a1adi
PO TPOXO/KEHHS ENEKTPHYHOTO CTPyMYy HYepe3 MExy
PO3ILTY KpHCTANITIB y MerTam. Humu mpoaHamizoBaHO
MUTaHHSA TIPO BIUIMB HAa OIIp MeXi 3epHa pi3HUX
(axtopiB. Tak, mokazaHo, IO 3€pPHOMEKOBHI OMip HE
sanexuTh Big CJIBII B 06’emi 3paska.

[lincymoByI04YM BHIECKa3aHE MOXHA BiMITHTH Te,
mo mpobieMa Npo BIUIMB MEX Ta CEPEIHbOTO PO3MIpY
KPHCTAJITIB Ha 3€PHOMEXOBUIl oImip, Koe]ilieHTH
poscitoBanHs i npoxomkeHHs ta C/IBII e akryanbHOO,
mo 1 BH3HAYWIO Mery uiei pobortu. A came
BcraHoBieHHs 3anexHocti CJIBII Ta xoedimienrta
PO3CilOBaHHSI Ha MEXI 3€pHa BiJl CTyINEHs JUCIIEPCHOCTI
KPUCTAJITiB B YMOBaxX TMPOsBY [il BHYTPIIIHBOTO
po3mMipHOTO edekTy B mriBkax Ta apotax Cu, Ni ta Mo.

II. Metoauka eKClIepUMEHTY

[NonikpucraniyHi IUIBKM METajiB OTPUMYBAJIM 1
BIIIAIOBAIH Y BaKyyMi ~107-10"TTa. Kounmencamis
MPOBOIMIIACH MEeTOIOM TepMigHOro (Cu) Ta eneKTpOHHO-
npomeneBoro BumnapoByBaHHs (Ni, Mo) ogHOYacHO Ha
IaTIduK omopy (momipoBaHAa CKIsSHA TIUTACTHHA 13
BIUIaBJICHUMHU CTprkHIMHK), Bigkon (001)NaCl 3 mapom
BYIJICIIO JUIS MTPOBEICHHS EEKTPOHHO-MIKPOCKOMIYHUX
1 enekTpoHOrpadiuyHMX JOCTIHKEHb Ta Ha CKJISIHI
IUTACTHHU JII1 BHMIPIOBaHHsA TOBIIMHU. OnTHMaibHA
temnepatypa minkiaanku (T,;) Ta NBUAKICTH KOHACHCAIIT
(®) po3paxoByBaJKCh i3 YMOB MaKCHMaJbHOI YHUCTOTH
IUIIBOK, BIJMOBIMHOCTI ()a30BOro CKJIagy MAacHBHUM
3pa3kaM, He BiIIapOBYBaHHS IUTIBKH BiJI MiJKIaIKU MIPH
JIOCUTH BeauKui ToBInuHI Ta ckiaamu ajg Cu 300 1 1,5-3,
Ni — 600 i 0,2-0,5; 700 K i 1 am/c gas Mo. IliiBku Ha
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MOHOKPHCTANIYHAX IIKIamKkax 3 HiodaTy JIiTiio
(LiNbO3;) Oymu orpumani npu T,=570K (Cu) Ta
T,=670 K (Ni). {1t moCHiDKEHHS 3aJIe)KHOCTI OIopy
Big miametpy apotiB Ni Ta Cu MOYaTKOBHM JiaMeTpOM
D=0,5MM iX miggaBagd TPaBJICHHIO Yy PO3YUHI Ha
OCHOBI a30THOI KHUCJIOTH.

BuBYeHHsS CTPYKTYpPHHX XapaKTEPHCTHK 3pa3KiB
MPOBOAMIOCH 3  BUKOPHCTAHHSIM  €JIEKTPOHHUX
Mmikpockonie. EMMA-4, TIEM-125K i PEMMA-102 Tta
pentreHiBebkoro audpakromerpa JJPOH-2.0.

ITI. Kpucraniuaa ctpykTypa

PesynbraTn JOCITIKEHb CTPYKTYPHHX
XapaKTEePUCTHUK TUIIBKOBHX 3pa3KiB HAMHU aHAII3YIOTHCS Y
pobori [19], TyT BiaMiTUMO jwuie HacTynHe. Ha ocHOBI
00poOKHM eleKTpoHOrpaM Oyinu OTpUMaHi HaHi Ipo
IHTCHCUBHICTh AUQPAKIIMHAX JTHIH Ta BETUYHUHY
MDKIUTOITMHHNX BiZICTaHEeHW 1 BIATIOBIAHO — MapaMeTpiB
peumriTka. 3 OTPUMAHUX pe3yIbTaTiB MOXKHA 3POOUTH
BUCHOBKM. BigHocHa  IHTEHCUBHICTH  JIiHIA  Ha
qudpakTorpaMax Bif BIOMOBIAHUX KpUCTagorpagiaHux
IUIOIIMH IS TOJIKPUCTATIYHUX IUTIBOK 1 MAaCHBHHX
3pasKiB OJHAKOBa, WIO CBIJYUTH MPO BiJACYTHICTH
TEKCTypH Ta 130TPOIHOrO pPO3MOAULY KpHUCTAIITIB 32
po3mipamu. IlmiBKOBI 3paskd  MarOTh KpPHCTAJII4HY
pemriTky, sika Bignosinae I'TIK-¢aszi (Cu, Ni) i OLIK-da3i
(Mo) 3 mapamerpamu pemitku 0,3615+0,001 (Cu);
0,3525+0,001 (Ni); 0,318-0,314 um (Mo), ski €
ONMM3bKMMHU 10 aHAJIOTIYHMX HapaMeTpiB y MacHUBHHX
3pa3kax Ta (PakTHYHO HeE 3ajJexarb BiJ TOBLUIMHU Y
JIOCITIPKEHOMY 1HTepBaJli ii 3HaYeHs.

OOpobOka  HaHWX  EIEKTPOHHO-MIKPOCKOITIYHHUX
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Puc. 1. 3anexHicTh CepeAHbOrO PO3MIPY 3epHa Bif
ToBUIMHY 1yt T1iBOK Cu (@) Ta Ni (A)

JOCTIKCHb Jalla MOXIIUBICTh BH3HAYUTH CEPEIHIN
po3mip 3epHa. Sk BuaHO 3 puc. | mmsa mwriBok Ni mpu
d<400 M L=k;d, ne xoediuieHT mnponopuiitHoCTI
ki~ 1. dna Cu L=kyd, ne k; = (1,5-2) mpu d < 180HuMm,
npy OUTBII BHCOKMX TOBIIMHAX CepelHii po3Mip 3epHa
Mae ciaabKy po3MipHy 3anexHicts. Illo crocyerbcs
wriBok Mo, mis Hux npu TommHax d < 100 HM
CepenHid po3Mip 3epHa HE 3aJECKUTh BiJ TOBIIMHU Ta
ckianae ~10 uM, mpu d > 200 am L ~ 20 mm. [Tnieku Cu
ta Ni, axi oTpmmani Ha mimkianmi 3 LiNbO;, marote
MepeBaKHY OPIEHTALI0 3epeH, po3Mip skux y 2-3 pasu
OimplMiA, HDK  UII  [OJIKpUCTamuyHux. PEM-
JIOCITI/DKEHHS] KPUCTAIIYHOT CTPYKTYPH APOTIB MMOKa3ajH,
1o 3pasku 3 Ni 3 cepenHim po3mipom 3epra L=100 Mxm
ta Cu i3 L = 3-4,5 MKM He MaloTh TEKCTypH, Ha BiMiHY
Bil IpoTiB Mo, [Uis sSKHX IIUpUHA 3epHA € Habararto
MEHIIIOO BiJ| JOBKHMHH 1 CKIaaae 4,5 MKM.
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Puc. 2. Po3wmipHi 3anexsocti mutomoro onopy ta TKO must mumiBok Cu(1-3), Ni(4-6), Mo(7,8) ta nporiB Cu(9) i
Ni(10): 1,4-mniBku Ha migkmaamni 3 LINbO;; 2,3,5,6,7,8 — monikpucTaniyHi mIiBKA
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Taoaunua 1.
BinHOCHMI BHECOK 36pHOMEKOBOTO Ta MIOBEPXHEBOI'O PO3CIFOBAHHS CICKTPOHIB Y
nutomuit omip ta TKO.
Marepian Pep x10%, | Bg'x10°, | d,mm, | pgx10°%, | Bax10, | puw'/pa | Bev /Ba
OMM ! D, um OM-M K'
Cu Iomikp. 55 3,39 0,97 0,029 1,6
TUTIBKH 0.1 15 225 1,07 0,26 0,093 5.8
400 0,30 0,03 0,330 50
EniTaxc. 25 0,90 - 0,11 -
ILIIBKU 0,10 - 70 0,15 - 0,67 -
300 0,06 - 1,67 -
JNpotu 0,2 - 0,08 0,10 - 2 -
0,475 0,01 - 20 -
Ni [Mosmixp. 50 6,5 2,53 0,90 1,30
ILTiBKH 5,9 3,3 150 1,8 2,45 3,27 1,34
400 1,08 2,96 5,46 1,11
Emirtakc. - 40 4.9 - 0,48 -
ILIIBKU 2,4 180 0,55 - 4,36 -
220 0,50 - 4,80 -
JNpotu <0,1 - 0,04 1,60 - 0,06 -
0,49 0,70 - 0,11 -
Mo [Mosmixp. 45 25,7 0,14 0,56 19,7
ILIIBKU 15,0 2,8 115 14,9 0,14 1,01 19,7
d<d” 185 7,9 0,17 1,88 16,2
MMomixp. 215 6,15 0,07 0,81 49,3
IUTIBKU 5,0 34 335 1,78 <0,01 2,81 -
d>d" 545 0,97 <0,01 5,15 -
Jllpotu 0,45 - 0,185 0,09 - 5 -
0,30 0,01 - 64 -

IV. Eaekrpodizuuni BJacTUBOCTI

ExcriepuMeHTabHI 3aJ€KHOCTI TUTOMOIO OMOPY Ta
TKO Bijx TOBUIMHY IUTIBKH, CEPEIHBOTO PO3MIPY 3epHA Ta
niameTpy apoty (D) maroTh BUIIISL HaBEJCHUI Ha puC. 2.
Ha Bcix 3aleXHOCTSX IPOCTEXYEThCS — 3arajibHa,
BIANOBIHA 1O TEOPETUYHMX VYSBICHb TEHACHIIS 10
3MIHM TNUTOMOTO OIOpy 1 HOro TemrmepaTypHOro
KoeiIieHTa, 0 MPOSBIAETHCS BIAMOBIAHO Y 3MEHIIICHHI
abo 30UTbIIeHHI iX BeNMYMHH, SKa MPSAMyE 10
ACUMITOTHYHUX 3HAYeHb P, Ta P.. Ha po3mipHHX
3aJIEKHOCTAX B IUTIBKaX MO BHIUISIOTHCS Bl JTUISHKH 3
BIIMIHHOIO TEHJACHIICI0 OO0 3MIHH eIeKTPO(I3UIHUX
BJIACTUBOCTEH, IO OOYMOBIIEHO pI3HHM CEepeIHIiM
pO3MIpOM 3epHa y KOHJAEHCAaTaX TOBIIMHOIO MEHILIE Ta
oinbie d*=190 Hm.

3acTocyBaHHsI METOJMKH, SIKa 3allPONIOHOBAaHA HAMU
y [20] pmamo MOXJIMBICTH pO3paxyBaTH BEIUYHUHY
nuromoro ornopy Ta TKO, siki moB’si3aHi 3 po3citOBaHHSAM
Ha 30BHILIHIX MOBEPXHAX IUIIBKHU (Pg, Bq) T MEXKaX 3epeH
(pgbv, ngv). AHai3 pe3ynbTaTiB HaBeACHUX y Tabmmi 1
JI03BOJISIE  3pOOMTH  HACTyNHI  BHCHOBKH.  Poub
MOBEPXHEBOI'O PO3CIIOBaHHS 3MEHIIYETHCS 13 POCTOM
TOBIIMHU a00 JiaMeTpy, a OCHOBHUM MEXaHi3MOM, SIKHHA
00YMOBJIIOE BTpaTy €HEprii eIeKTpOHaMH MPOBITHOCTI, €
X 3ITKHEHHs 3 MeXaMH 3epeH, (oHOHamH 1 Jedexramu
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KpucTaiiuHoi OynoBu. s TUIiBOK, SKi OTpUMaHi Ha
MOHOKPHCTAIIIYHIA MiIKIaAIi, BEIHYHHA OIOPY, SIKHMA
00yMOBJICHUI PO3CIIOBAaHHSM Ha 30BHIIIHIX MOBEPXHSX,
€ MEHIIA, HK JJS TONIKPUCTATIYHIX, IO MOB’A3aHO 3
OlTbIMM  KOG(IIIEHTOM I3€PKABHOCTI Yy TEpIIOMY
BUMANKy. 3HAYEHHS (g BU3HAYAETHCS CTYNEHEM
JUCTIEPCHOCTI KPUCTAJITIB, TaK BOHO € MaKCHMAaIbHIM
JUIsl TIOJIKPUCTANIYHUX IUTIBOK MOJIOAEHY 1 HiKento Ta
MiHIMaJIBLHUM JJIS1 IPOTIB.

ExcriepuMeHTaIbHI JaHi 3 PO3MIPHOI 3aJI€KHOCTI
nutomoro omopy Ta TKO Oymu 00poOiieHi B pamkax
pi3HHX TeopeTHYHHMX Mozened. Lle nano MoiuBiCTH
BU3HAYMTH MApAMETPH EJIEKTPOIIEPEHOCY, PO BEINUUHY
SIKHX MOXKHa CyIUTH 3 Tabiui 2.

3acrocyBanHs wmogenend TTII,
METOJIUKOIO (nus., HaIPUKIIA, 8D JUTSt
MOJIIKPUCTATIYHUX IUTIBOK ~Mili MPOBOAMIOCH YIS
IutsHKE - po3MipHOi  3anexkHocti TKO, gme cepenmiii
po3Mip 3epHa MOXKHAa BBaKATH HE3AICKHHM BiJ
toBmuHA (d > 180 HM). [Ipm pospaxyHkax xoedimieHTIB
p Ta R Ha ocHOBI 130TporHoi Mozeni y miiBkax Cu Ta Ni
BUKOPHUCTOBYBAJINCh HaHi mpo Bemmumny CIBII,
BU3HAUYCHY B JIIHEAPU30BaHIi y HAOMMKEHHI TU(Y3HOTO
PO3CirOBaHHS €JICKTPOHIB. [[Jist MOTIKpUCTAIIYHAX TTIBOK
Ni cepenniii po3mip 3epHa € (QYHKIIE€I0 TOBLUIMHH, TOMY
HaMU MPOBOJMJIACH OIlIHKa 3Ha4YeHb KoedimieHta R i r B
iHTepBaji po3MipiB 3epeH. JlineapuzoBana moxens TTII
He Moxe Oyrm  3acrocoBaHa I 0OpoOKH
EKCIIePUMEHTAIBHUX JaHUX Yy IUTiBKax MOJIIOJEHY TOMY,

3a  TpaJHIidHOI0
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Taoauus 2.
[MapameTpu eneKTponepeHoCy sl MONIKPUCTATIYHIX TUTIBOK 1 JIPOTIB.
TeoperuuHi Mozeni i CHiBBiIHOUICHHS
JiHeapH30Bara 130TponHa ACUMITOTHYHI Jinr Hop
TTII TTH YK MIII na areu
3pazok Ma
A, R p A, R A, HM R p A, R p A, A,
HM HM HM MKM MKM
Cu | IlmiBka | 83 0,11 0 - 0,05 0,14 85 - 0 85 0,35-0,42 0 - -
0,08
Hpirt - - - - - - 5,9-10° | 0,09 | - - - - 7,7 47
IniBka | 32 | 0,31+ | O - 0,26+ | 0,08 33 - 0 33 0,37-0,46 0 - -
Ni 0,75 0,68
Tpit - - - - - 11,7.10° | 0,10 | - - - - | 174 ] 140
Tiiska | - - - [ 12+ [ 0,66+ | 0,01+ 10 0,69 | - | 10 0,66 0| - -
Mo d<d* 19 0,65 0,05
Tlniska | - - - 28 [ 061> | 0,01=| 12 | 060 | - | 12 0,60 o - -
d>d* 45 0,53 0,05
Tpit - - - - - 0,50-10° | 0,30 | - - - - 2.5 5,6
mo BoHa mnoOyxoBaHa i Bunanky L >d. Ockinbku ciabo  3MIHIOETBCS 3 TOBHIMHOW. [IpupiBHSABIIN

130TpOIMHA MOJIENIb HE J03BOJIE OJHOYACHO BH3HAYUTH
CJZIBII Ta xoediuieHT A3epKaIbHOCTI y BUIAJKY IUIIBOK
Mo n0BOIMIIOCH 33JaBATHCh BEIUYHMHOK P Yy BKa3aHOMY
B Tabmmmi 2 iHTepBati.

Jns morobnournx miiBok Cu Ta Ni 0yJo, Takox,
3aCTOCOBAHO ACHMIITOTMYHE CIIIBBIOHOIIEHHS MOIEIL
Yxninosa-KocaxiBebkoi (Mogens YK) [21] y Burmsiai:

G-dzcw-d—gcw-k (1-p). @)

Ile >k CHiBBIAHOLIEHHS BHKOPUCTOBYBAJIOCH 1 MpPHU
00poO0IIi PO3MIPHOT 3aJIEKHOCTI MUTOMOTO OMOpPY Bij
toBuMHY y utiBkax Cu ta Ni Ha migknaaui 3 LINDO;. ¥V
pesyibrari Oyno oTpuMaHo BenuuuHy A(l-p), sika
cxinaznae 31 ta 27 M, BinnosigHo aist 3paskiB Cu Ta Ni,
0 € MEHIIMM IIOpPiBHAHO 3 TOJNIKPUCTaJiYHUMHU
wiiBkamu. Lleil pe3ysiprar He CynepevyuTb NAaHUM PO
3HAQUEHHA Py y TMOJIKPUCTANIYHUX 1 emiTaKCiHHUX
IDTIBKAX Ta TOB’SA3aHUM 3 OUIBIION J3EPKAIBHICTIO
30BHINIHIX TIOBEPXOHb B OCTaHHIX. BukopucraBmm
BemmuuHy CJIBII, BW3Ha4YeHy [UIA MONIKPUCTATIYHUX
3paskiB y audy3HOMy HAaONMKEHHI Ha OCHOBI MoJemi
YK, 6yno orpumano, o p=0,18 mis maiBok Ni/LiNbO3
ta p=0,6 mit Cu/LiNbOj;. IlopiBHSHHS OJepKaHUX
JaHUX MpO 3Ha4YeHHS KoedillieHTa 3epKaJIbHOCTI Y
IUTIBKOBHX 3pa3kax pi3HUX MaTepialiB MoKa3ye, o Horo
BCJIMYHMHA BU3HAYA€THCA CTYIICHEM IlI/lCHepCHOCTi
KpHUCTAJITIB (IUB., puc. 3).

Pozpaxynok CJIBII Ta koedimienTa R mis mmiBok
Mo OyB npoBeieHHH 3 BAKOPUCTaHHSIM aCUMITOTHYHOTO
cuiBBigHOmIeHHsT Mogmemi YK mms  nmpiOHO3epHHCTHX
MTONIIKPUCTANIYHHUX 3Pa3KiB:

o _p._, 9mA(-R).
G, p 32 L

Ileit Bupa3 n03BoJIslE BU3HAYUTH CEPE/IHE 3HAYEHHS

M1-R) nns ginsiHok 3anexHocti p(d) ne muroMuit omip

®)

R ToHKi MMiPKH

oy

£N

KongeHcaty,

snavenns A(1-R) 3 Bupasom A =o-L-(1-R)-R" 6ymo
OTPUMAHO KBaJpaTHE DIBHSIHHS y SIKOMY HEBiJOMHM
BucTynae R. Po3B’s130k 1IbOr0O piBHSHHS JaB MOXJIUBICTh
3HAWTH BENMYHMHY Koe(illi€eHTa PO3CIFOBaHHSA Ha MEXi
3epHa i C/IBII.

ACHUMITOTHYHI  BHpa3d  JIiHEapU30BaHOI  Ta
i3oTponteoi mozeneir TTII oTpumani B pamkax Teopii
MII, € TOCTIIOBHUMH 1 JO3BOJSIFOTH KOPEKTHO
MPOBOJIUTH PO3PaXyHOK MapaMeTpiB eJIeKTPOINEePEHOCY,
SKIIO TUTIBKOBI 3pa3KH 33/I0BOJILHSIOTH TIPEJL’ IBIICHUM JI0
HUX BuUMoram. Tak, 30Kkpema cepeaHiil po3mip 3epHa HE
IIOBHUHECH 3aJICKaTHu BiI[ TOBIIUHU, aife}
EKCIIEPUMEHTAIILHO JIOCSTTH HE 3aBXIM BIA€THCA. SIKIIO
L € (yHKIi€O TOBIIMHW, TOAI  3aCTOCYBaHHS
JMiHEapU30BaHUX CITBBIIHONICHh HE 3aBXKIH Oyze
OOTpYHTOBaHHM, a 3HAYCHHS mapameTpiB
EJIEKTPOIIEPEHOCY B 1LOMY BHIAAKy OyayTh MaTu
OIIIHOYHUH XapakTep, K Ie € y BHUMagKy IiiBok Cu
Masoi ToBUIMHHU Ta Ni. V 3B’3Ky 3 IIUM y pamKax Teopil
MIII 3 BUKOpUCTAaHHAM cIiBBigHOIICHHS (1) oTpuMaHi
Hamu [22, 23] acCHUMITOTHYHI BHPa3W I MTHUTOMOTO
ornopy Ta TKO mnonikpucTaniyHUX IUIIBOK JUIsi PI3HHX
TpaHUYHUX BI/ll'[aZlKiB 3HA4YCHb HpI/IBe[leHO.I. TOBIIIMHU
(k>>1, k<<1) Ta napamerpa 3epHOMEKOBOIO
poscitoBanus (o0 >> 1, a<<l1), ski  MOXHa
BUKOPHCTOBYBaTH SK (YHKLIIO TOYKM mpH 00poOIi
SKCIIEPHUMEHTAJIBHUX PE3YJIbTATIB y PealbHUX [UIiBKOBHX
3paszkax. Tak, yisi rpaHMYHOro BUMAAKy k >> 1 ta o << 1
SKAWA Biamosimae monoOmounuMm IaiBkamM Cu Ta Ni,
BUpasu st muToMoi mposigHocti Ta TKO BiamoigHo
MaloTh TaKUW BUTIIA;

izp—”:l—éa—ixz_p‘_pz)[l—ga} )

G, P 2 16k 3n
EZI_EQ_M{I_EQ]. (10)
B, 2 16k 7

TpotH
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Honyckaroun yMoBy A =const Ta 3MiHIOIOYH
BEJIMYMHY O, JUIsl KOXKHOI KOHKPETHOT TOBIIMHHM, BJIAJIOCh
pearizyBatu CHiBIaTaHHS PO3paXyHKOBHX i
eKCIIepUMEHTANBHNX 3HAa4eHb Yy MHaHid Ttoumi. Lle
JIO3BOJIHIIO BCTaHOBUTH HACTYIIHE. s
MOJIIKpUCTAMYHUX TUTIBOK  Ni  Mae Micne cnabka
pO3MipHA 3aJEKHICTE KOe(DIlIEHTa 3EPHOMEKOBOTO
poscitoBanHsl (AuMB. Tabn. 2) y iHTepBayi ToBUIMH 50-
400 uM. Y miBkoBux 3paskax Cu B iHTepBai TOBIIHH
55-175um R =0,35-0,42, npu OUIbII  BEIHKHX
3HaueHHsAX ToBIIMHU R =0,08. He3naune 30inbIIeHHS
koedimienta R g maiBok Ni ta Cu, Ha Hamry OyMKY,
00yMOBJIEHE HE 30BCIM TOYHHMM IPHUIIYIIEHHSIM IpO
HesanexHicts CIABII Bix ToBIMHHA (CepeIHBOTO PO3MIPY
3epHa).

OO6poOka pe3ynpTaTiB EKCIIEPUMEHTY Ha OCHOBI
craisBigaomenust (9) mis wiiBok Ni/LiNbO; mokasana,
0 B JOCTI/KCHOMY IHTEpBali TOBIIWH BEIWYHHA
KoedirienTa poscitoBanns ckianae 0,28+0,14.

Hnst IpiOHO3EPHHUCTHIX TTIBOK (a>>1)
cuiBBigaomeHHs i1 TKO, sike MoKHa 3aCTOCYBAaTH IS
PO3paxyHKy KOehil[iEHTy 3epHOMEKEBOI0 PO3CIIOBAHHS
y maiBkax Mo, 3rigHo [23], € HacTynmHUM:

Ezi_w(l_i). (11)
B, Sa 32ka’ 2a

Po3paxyHok KoedillieHTa pO3CiIFOBaHHS Ha MEXKI
3epHa TPOBOJMBCA TP yMOBI, 1o p;=p,=0, 3
BUKOpUCTaHHAM JnaHux a1 CJIBII BusHaueHux Ha
ocHoBi Mozen YK.

Jnst 06poOKy pe3ynbTaTiB €KCIEPUMEHTY Yy poTax
3acrocoByBanuchk ¢opmymu Jinrma Ta Hopareiima
(naBeneHi B [24]), siKi MOXKHA TEpeNcaTH y 3pyYHOMY
BUTISAAL st po3paxyHKy CJIBIT Ha OCHOBI 3aJIeXKHOCTI

p(D):

6-D=0,-D-2io, (12)
p-D=p, D+hr-p,. 13)
[lepebynyBaBmm  3amexxHocti p Big Dy

koopauHatax oD Ta pD Bim D, Oyno Bu3HAUeHO
3HAYEHHS CepPeTHbOT JOBKHUHH BIJIBHOTO MPOOIry.

Ha Bigminy Big ¢opmymu [inrma ta Hopareiima
rpaHd4Hi  croiBBigHOmeHHs  wmoxeni YK marote
MOXJIHMBICTh mopsi 13 BenmumHoro CJ/IBII Bu3Hauuth
Koe(ilieHT po3ciloBaHHS Ha MeXi 3epHa. BinqMitimo, mo
OCKIIBKH Pi3HI aCHMOTOTHYHI CIIBBITHOIICHHS MOJEINI
YK M0XyTh OyTH 3aCTOCOBaHI IS IUTIBOK 1 APOTiB, TOMY
Il MOJENb Tpa€ BAXIMBY PONb INPH aHAII3I BIUIMBY
CepelHbOr0  pO3MIpy  3€pHa  Ha  IapaMeTpu
enekrponiepeHocy. g agporie Ni, Cu ta Mo Oymm
BUKOpHCTaHI criBigHomeHHs (8) ta popmynn

o _p. 3. L (umCu), (14)
s, p 8 AI-R)
izplzl_i (mms Mo), (15)
c, P 8K,

L,  (Lz- Bucora 3epHa).
A1-R)

AHaii3 Ta y3araJbpHEHHS PE3yJbTaTiB HABEACHHUX Y
Tabmumi 2 JaB MOXIMBICTE BH3HAYNWTH 3aJIEXKHICTH
C/IBII Ta koeoirieHTa 36pHOMEKOBOTO PO3CIIOBAHHS Bijl
CEPEIHBOTO PO3MIPY 3€pHA, SKI UIIOCTPYE PHUCYHOK 4.

ae K, =

[Ipu ii moOynoBi Hamu Oy BUKOPUCTAHI TaKOX BiIToMmi
miTeparypHi nmaHi [6, 7, 9, 25, 26] mpo mi mapamerpu
enekTporepeHocy B 3pa3kax Cu, Ni ta Mo.

SIk BUAHO 3 OCTaHHIX PHUCYHKIB Halll JaHi He
cymepeyarb pe3ysbTaTaM IHIINX aBTOPiB OTPUMAaHHX 3
BUKOPHCTaHHSIM MOAIOHUX METOIUK po3paxyHKy. [Topsin
3 1uM, xapaktep 3miam CJIBII mpu 30iibHICHHI
CepelHbOro PO3MIpY 3€pHa Y3TrOJDKYEThCS 3 JaHHUMHU
pobotu [27], ski OTpuMaHi 3 BHUKOPHUCTAHHSAM IHIIOL
MeTomuku. 3rigHo [27], y Tomkmx gporax CJBII
ckinagae 780 HM, a y IUIBKOBHX 3pa3Kax y 3aJe)KHOCTI
Bij 1X TOBIIUHU 3MiHIOETECS Bif 8.4 10 230 HM.

Puc. 5. Mopnens 3epeHHoi OyoBH IUTIBKH (a) , AKICHI
3aJIeKHOCTI €()EeKTUBHOTO 3apsdy Bil IIMPUHH MEXi
3epua (0) Ta  KoedimieHTa  3EPHOMEXKEBOTO
PO3CiOBaHHS BiJ cepemHbOro po3mipy 3epHa (B): 1,
1" — Q* = const; 2, 2', 2" — Q* # const i 30inbIIyETBCS
3 poctoMm L;

3, 3", 3" — Q* # const i 3MeHITy€eThCA 3 POCTOM L.
2',3"— R<1;  2",3" —R=l1.
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V. O0rosopeHHsI pe3yJIbTaTiB

[Mosicautn  otpumany 3anexHicte CJIBII  Bin
CepPEeIHBOr0 pO3MIpYy 3epHa MOXKHA BHUXOASYH 3
AIUTUBHOCTI THTOMOTO ONOPY NPEICTAaBHBIIM IPU

upomy Bupas s C/IBIT HedepoMarHiTHOro MeTaneBoro
3pa3Ky y BUIJISIIL:

I
0 El gb d

ne Ao, Aa, Agy, Ad — BENMYMHM JOBKHHM BiJIBHOTO

npooiry, 00yMOBJICHI PO3CirOBaHHIM HOCIiB

CJeKTPUYHOr0  CTpymMy Ha  (oHOHaX, jgederrax

KpHCTaJiuHOi Oy/MOBHM, MeXax 3epeH Ta 30BHIIIHIX
MTOBEPXHAX IUTIBKU BiAMOBIIHO.

IIpn Mammx 3HAYCHHSAX TOBIUMHH OCHOBHHMM
MEXaHI3MOM pO3CifOBaHHS Oyle B3aeMOJisl EIEKTPOHIB
MPOBITHOCTI 3 MOBEPXHEI0. Y 3B’SA3Ky 3 UM BEIHMYMHA
CJIBII Bu3Haua€eThCs TOBIIMHOK. Y MAaCHBHHUX 3pa3Kax
(3 BeNIMKUMH 3epHaMK ab0 MOHOKpHCTAJIaX) BEIUYUHY
CIBII BH3HAYae (doHOHHA B3aEMO/IIS. Y
MOJIIKPUCTAIIYHUX 3pa3kax 3araipHe 3HaueHHs CJIBII
3aJIeXKHTh B/l CKIIAJIOBOI, sIKa IOB’s3aHa 3 PO3CIIOBAaHHAM
Ha Mexax 3epeH. IIpuuyomy BenuuMHa CepelHbOI
JOBXXHMHHM BUIBHOTO TIpo0Oiry Oyzme 30imbnryBatucs 3
pocToM po3Mipy 3epHa, JOKH (DOHOHHE PO3CIFOBaHHS HE
CTaHe MePeBaYKHNM.

[IpoanamizyeMo po3MipHY 3aJIeKHICTh KoeQilieHTa
po3cifoBaHHA Ha Mexi 3epHa. 3rigHo [2] cuia
moteHuiitHoro 6ap’epy S = U-6L, (U, 8L — Bucora Ta
IIMpUHA TOTEHIIHHOTO Oap’epy BIAMOBIMHO) HAa MEXi
3epHa IOB’s3aHA 3 KOe(ili€eHTOM pO3CIIOBaHHS TaKOIO
nponopuiiiHicTio S2~R(1-R)-1. Bynemo BBakatu, mio
MIPUNOBEPXHEBUI IIap KPHCTANITIB TOBIIMHOIO OL
MicTuTh edeKTUBHUN 3apsa Q* 3 rycTHHOIO pq*, IO
00OyMOBJIIGHO HAsBHICTIO JAWCIOKAIlif, JOMIIIKOBUX
aToOMIiB Ta iHmMX Ae(eKTiB, SKi yTBOPIOIOTh HA MEXKaxX
3epeH  JIOKali30BaHI EHepreTW4Hi piBHI. Bucoty
MOTEHI[IATFHOTO 0ap’epy Ha MeXi KPHCTANIITIB MOXHA
BU3HAYUTU TicIs po3B’sa3yBaHHS piBHSIHHA Ilyaccona.
i Bumanky 3epeH cdepuunoi Gopmu (IuB., puc.5a)
BOHO Ma€ BUIJISIA:

Vig = a7)

- L.i(rza_w] LI
r* or or g’
e (@ — TOTEHIIaN eIeKTPHYHOr0 MO, SKUH BH3HAYAE
BUCOTY Oap’epy; &' =¢-€0 — abcomoTHA IieTeKTpUYHA
MPOHHUKHICTB; I — BUCTYIIAE ¥ POJIi KOOPIMHATH.
KinneBuit po3s’si3ok piBHsHHS (17) 3 ypaxyBaHHAM
rpaHUYHUX YMOB Ta JOMYyIIeHHs, o 0L << L, € Takum:

><L2
(p(r):U(%J:—pq—. (18)

24¢'

I3 BpaxyBanusam (18) cuia moTeHuiansHOrO Gap’epa

Oyze BU3HAYATUCH CITiBBITHOIICHHSM:
prL’SL

S= (19)
24¢'
Ockinbku, 3rigHo [2], S2~R(1-R)-1, To
R(1-R)-1~pq*2(8L)2LA4. (20)
ChiBBiIHOLIEHHS (20) JI03BOJISIE SKICHO

NpoaHali3yBaTH MOXIIMBHH XapakTep 3aJIe)XHOCTI R Big
L. Tak, y Bumanky, konu pq* = Q*/AV (AV- pons
o0’eMy 3epHa, B SKOMYy BiIOyBaeTbcs CTPUOOK
BHYTPIIIHBOTO IOTEHIIaNy), MOXXHAa pPO3IJSIHYTH J1Ba
Bunajakun Mammx (R << 1), ta Benmukux (R~ 1) 3HaueHn
Koe]iIlieHTa 3epHOMEKOBOTO PO3CIFOBaHHS.

Y  nepmomy  Bumaiaky — BeiaumuuHa — R(1-R)-
1 =R(1+R+..)= R, mo cnpaBmkyerbcs mpu R <0,3
MOXXHa 3aInucaTh

R ~ pq*2-L4-(SL)’, 1
ne pq* = Q*/[4n(L3-(L-5L)3/3].
[icns migcranoBku pq* y (21) orpumaemo
R ~ Q. (21"

Y npyromy BHIAQAKY JUIS OTPHUMAEMO aHAIOTIYHUN
pe3yabTar

i - Q*Z
I-R '
C-Q *?2
1+C-Q*’
ne C — xoe(illieHT IpomopLIifHOCTI.
JUts momaneInoro aHalizy MOIIMBOI 3alie)KHOCTI R
Big L HEoOXiqHO pO3TISHYTH TpW BHMaaku: Q* = const i
He 3amexuth Bim L Ta Q* # const i 30impmIyeThCst a0
3MEHILYETHCS 3 pOcTOM L.

21")

i}
I I I I T T I I I I I I
R [ |
06 -H _
0 @
0.4 4 A .
02 A CF —
° b)) e 4
ﬂ,ﬂ ] ] ] ] ||'"|" ] ] ] ] ] ] ]
40 80 01 13 5 7 911
A, HM A s MEM

Puc. 6. 3anexHicTh KoehillieHTY 3epHOMEK0BOro po3ciroBanns Big CJIBII.
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SIxicHa 3anexHicTe R Big L 11g BkasaHUX BHUITAAKIB
mpencraBieHa Ha puc. 5. 3amexnocti 1, 3/, 3"
MiATBEPKYIOTECS HAIIMMHU TaHUMHU (AuB. puc. 4), a 2/,
2" — nanumu pobotH [9]. Xoya B OCTaHHBOMY BUIAIKY
OTpUMaHa  TCHICHINS, MOXJHBO  IIOB’s3aHA 3
JOITYIIEHHAM IIPH PO3paxyHKax Ha ocHOBI mozxeneit TTII
mpo A = const.

TakuM dYuHOM, XapakTep 3ajiexHocTi R Bim L
MOBHICTIO BU3HAYAETHCA CTPYKTYPHOIO OymOBOIO i
EHEepreTUYHUM CTaHOM MeXi 3epHa. Biamitumo, 1m0
aHAJIOTIYHI BUCHOBKHM HaMHu OyJIM OTPUMaHI y BHIIQJIKY

Ha 3aBepiuieHHs1 pO3IJISIHEMO MHTAHHS PO BIUIUB
CepeHbOl JOBXHHM BUIRHOTO MpOOIry Ha BEIHYUHY
Koe(imieHTa 3epHOMEKEBOTO PO3CiIOBaHHA. SIK BUAHO 3
puc. 6 3HadeHHs KoedimieHTa R (akTHUHO HE 3aIeKHUThH
Bix CJIBIT mpu A>40 um. OTpuMaHuil pe3yibTar
MiATBEPIKYEThCA BUCHOBKaMHU pobdotu [18] e mokazano,
0 3ePHOMEKOBHH OMip HE 3aJeKUTh BiaA cepemHbol
JIOBXXHHU MPOOIry B 00’€Mi 3epHa. 3MEHILEHHSI PO3MIpy
KPHCTAJITIB MPU3BOAUTD JI0 BIUIMBY iX MEX Ha 3arajibHy
CJBII i, sax wnacmigok Ha 3amexsicte CJIBIT Bifg
KoediIieHTa 3epHOMEKEBOTO PO3CIFOBAHHS.

(hopMu 3epHa y BUIIIA/I HWIIHIPA YK apayieseine/a.
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Influence of a Degree Crystalls Dispersibility on Parameters of Electrocarry in
Metal Materials
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The thesis is devoted to installation of legitimacies internal size effect in electrophysical properties of Cu, Ni and
Mo metal materials (film by width up to 400-600 nm and wire), which have a different degree of a cristalls
dispersibility in an interval of intermediate temperatures. Accounts of parameters of electrocarry was carried on base
of linear, isotropic Tellier, Tosser and Pichard models, model of Ukhlinov-Kosakovskaya, and asymptotic relations of
the Mayadas-Shatzkes theory. For data processing of experiment in wires were used a model of Dingl, Nordhem and
model of Ukhlinov-Kosakovskaya. The matching and generalisation of obtained results carried out. Is shown, that the
value of grain-boundary scattering coefficient and mean free path of an electrical current determined by a degree of a
crystallites dispersibility.
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