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AHAJIM3 YCJIOBUM CUHTE3A
CBEPXTBEPIBIX IIVIEHOK IUBOPUIA TAHTAJIA
B MATHETPOHHBIX PACTIBIVIMTEJIBHBIX CUCTEMAX

A. A. Tonuapos', A. H. IOuna', A. B. 3bikoB?, B. . ®apeHux’,
H. B. lexect', B. B. Bypanny'
'Cymckoil cocyoapcmeennulil ynusepcumemn,
Cymel, Yrpauna

2Xapwvkoeckutl hayuonanvHulll ynusepcumem umenu B. H. Kapasuna,
Xapwvkos, Ykpauna

3SHayunwiii ¢husuxo-mexnonocuueckuti yenmp MOH u HAH Ykpaunwt,
Xapwvkos, Ykpauna

[Toctynuia B penakuuro 09.10.2017

B nmanmo# pabote MpoBeeHbl NCCIEI0BAHUS MTapaMeTPOB CHHTE3a TOHKUX IIEHOK JUOO0pHIa TaHTama,
nomy4deHHbIX B cicteMax BU- u [1T-maraerponnoro pacnbiuienus. CaenaH cpaBHUTENBHbIN aHaIA3 SHEP-
TeTMYECKHX YCIOBUH CHHTE3a 9THX IUIeHOK. [I0Ka3aHo, 9TO B 3aBUCUMOCTH OT METO/A, UCIIONIB3yEMOTO
qurst iomydennst tieHkn (BY v 11T), cymecTBeHHO MeHsieTCsl KOTMYECTBO M SHEPTUsl HOHOB U HEWT-
PaJBHBIX YaCTHULI, KOTOpPbIE NPUHUMAIOT yYacTHE B OCAXICHUM M (POPMUPOBAHUM IIJICHKH Ha IOBEpX-
HOCTH TIO/JIOKKH, YTO TIPUBOIUT K (POPMUPOBAHHIO TIOKPBITHI B PA3IHMYHBIX CTPYKTYPHBIX COCTOSHHSIX
0T aMop(hHOIOAOOHOTO 10 HAHOKPUCTAIIMYECKOTO € TEKCTYPOH pocTa MEePIeHIUKYIISIPHON TIOCKOCTH
(00.1).

KnioueBble ci10Ba: MarHeTpOHHbIC pacTIbUTUTEIbHBIE CUCTEMBI, IUIEHKH AUOOpHIa TaHTala, ycio-
BUS OCAXKJEHMSI, CTPYKTYpPa, HOTEHIIMAJ CMELEHMSL.

AHAJII3 YMOB CUHTE3Y
HAATBEPAUX IIJIIBOK AUBOPUAY TAHTAJY
Y MATHETPOHHUX PO3ITUJIIOBAJIBHUX CUCTEMAX
O. A. I'onuapos, A. M. FOnaa, O. B. 3ukos, B. I. ®apenik,

I. B. Illlenect, B. B. bypanuu
VY naniii poOOTi MPOBENICHO OCIIHKEHHSI TapaMeTPiB CUHTE3y TOHKHX TUTIBOK JTUOOPHUIY TaHTAay, OT-
pumanux B cuctemax BY i [IT-marnerpoHHOro po3nuieHHs. 3po0ieHo MOpiBHIIBHUN aHai3 eHepre-
TUYHUX YMOB CHHTE3y IIMX IUTBOK. [ToKkazaHo, 110 B 3aJIeKHOCTI BiJl METO/Y, BUKOPUCTOBYBAHOTO JIJISI
orpumannst wiiBku (BY a6o I1T), icToTHO 3MiHIOETBCS KUTBKICTD 1 €HEpris i0HIB Ta HEUTpaIbHUX YacTh-
HOK, 5IKi OepyTh y4acTh B OCaKECHHI 1 (hOpMyBaHHI IUTIBKM Ha MOBEPXHI MiJKIAIKH, IO MPU3BOIUTD 10
(opMyBaHHS IOKPUTTIB B Pi3HUX CTPYKTYPHUX CTaHaX Bill aMOpP(HOMOAIOHOTO IO HAHOKPHCTATIYHOTO
3 TEKCTYPOIO 3pOCTaHHs NepreHAnKyIsipHOro roromuHi (00.1).
Kuio4uoBi ci1oBa: MarHeTpoHHI pO3NWITIOBAIBHI CUCTEMH, ILTIBKH JHOOPUIY TaHTATy, YMOBH OCal-
JKEHHS, CTPYKTYpa, MOTSHIIiall 3CyBY.

ANALISYS OF SYNTHESIS

CONDITION OF HARD TANTALUM DIBORIDE
COATINGS IN MAGNETRON SPUTTERING SYSTEMS
A. A. Goncharov, A. N. Yunda, A. V. Zykov, V. 1. Farenik,
I. V. Shelest, V. V. Buranich

Study of the synthesis parameters of tantalum diboride thin films obtained in RF and DC magnetron
sputtering systems was carried out in this paper. A comparative analysis of the synthesis energy
conditions of these films was performed. It was shown that the amount, energy of the ions and
neutral particles, participating in the deposition and formation of film on the surface of substrate,
changes significantly depending on the method (RF or DC) used for film obtaining, which leads to
the formation of coatings in different structural states from an amorphous to nanocrystalline with
growth texture perpendicular to the plane (00.1).
Keywords: magnetron sputtering systems, tantalum diboride films, deposition conditions, structure,
bias potential.
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AHAJTH3 YCITIOBHH CHHTE3A CBEPXTBEPJBIX IVIEHOK JHEOPH/]A TAHTAJIA B MATHETPOHHBIX PACIBUTHTEIBHBIX CHCTEMAX

BBEJIEHUE

Tonkue miIeHKH OOPUIOB MEPEXOTHBIX METAII-
JIOB, UMEIOLIUE BBICOKYIO TEMIIEpaTypy IJIaB-
JICHUSI U TBEPJOCTh, HAXOJAT Pa3HOOOpa3HOE
NIPUMEHEHHE B KaueCTBE KOPPO3UOHHO-
CTOMKHMX, TEPMOCTOMKHUX U U3HOCOCTOUKHUX
3aIUTHBIX MOKPBHITHI B Pa3IMYHBIX OTPACIIAX
npomsluieHHocTH. Hanbonee mmpokoe pacrpo-
CTpaHEHHE NMPU HAHECEHUH TAKUX MOKPBITHI
MOJTy4rJI METO/I HEPEaKTUBHOTO MarHETPOHHO-
rO pacrblJIeHUs] KOMIIO3UIIMOHHBIX MUIIIEHEH
C ydacTHeM HMOHHOU OomMOapIUpPOBKHU
(nonreactive magnetron sputtering (NMS) of
composite target with ion assistant bombardment)
[1]. U3MeHss BHELIHUE MTapaMeTphl MPOLECCOB
MarHeTpOHHOTO paciblUieHus (pabouee naBie-
HUE, MOIITHOCTh pa3psa, TeMIepaTypy HOATIO0XK-
KU, PACCTOSTHUE MEXK/Ty MHUILIEHBIO U TTOJIOKKOM,
MOTEHIIMAJI CMEIEHUs Ha TIOJIOKKE), MOXKHO
U3MEHATH B IIMPOKOM JMaIa30HE MapaMeTpbl
I1a3Mbl B POCTpaHCTBE MaccorepeHoca. Coot-
BETCTBEHHO, U3MEHSIOTCS MOTOKHU 3apsHKEHHBIX
U HEUTPaNTbHBIX YaCTHUIl, KOTOPbIE IPUHUMA-
I0T y9acTHe B OCAXJCHUU U (POpMUPOBAHUU
IJICHOK Ha MOBEPXHOCTHU MOAJIOKKH, YTO JIaeT
BO3MOXKHOCTB TMOJIy4aTh MOKPBITUS PA3TUIHON
CTPYKTYpPBI U COCTaBa C pa3IUYHBIMHU (PUZUKO-
MEXaHHYEeCKUMHU CBoMicTBamu [ 1-3].

B paGorax [4-7] MeTOIOM HEpEaKTHBHO-
rO pPaclblJICHUS] KOMIIO3UIIMOHHBIX MUIICHEH
OBUIN TTOJTyYEHBI IOKPBITHS U3 OOPUIOB XpoMa,
TUTaHa, TaHTasua, radpuus. CucremaTudyeckoe
HcCclIeJ0BaHUE CTPYKTYPhl U MEXaHUUYECKUX
CBOMCTB THX IUJICHOK MOKAa3aj0, YTO MJIECHKU
¢ Tekctypoit pocta (00.1), cocrosimiue u3 3epeH
¢ pasmepamu ~20 HM, OBLIIH CBEPXTBEPABIMHU
C BBICOKMMH 3HAYCHUSIMA HAHOTBEPAOCTHU: HV =
44 T'Tla (CrB,), 44 T'Tla (HfB,), 48,5 I'Tla (TiB,),
44 T'Tla (TaB,). Uccnenosanus cocrasa 1o 6opy
nns TiB,, TaB, u HfB nokasanu yBenudyenue
OTHOIIIEHUsI KOHIIEHTpaIuii 6op/metamn = 2,2—
2,6, 4TO IO MHEHHIO aBTOPOB CBSI3aHO C 0COOEH-
HOCTSIMU DJIEKTPOHHOW CTPYKTYPbI ATHUX IJICHOK.
B pa6ore [5] menku TiB, Obutu mosy4eHs! npu
OTHOILIEHMH TIOTOKOB HoH/MeTamn [, + /I .= 0,4
1 3Hepruu noHos aprona 30 »B.

B nmpenpianymux Hamux pabotax [8—12]
OBLIM MOJYyYEHBI MJIEHOYHBIE MOKPBITUSA U3
O6opunoB TaHTasna U radHUA (CTPYKTYpPHBIN
Tun AlB ) MeTONOM HEPEaKTHBHOTO
pacHblIeHUs] KOMIO3UIIMOHHBIX MUILIEHEH

B BY u IIT (moctossHHOTO TOKa) MarHETPOHHBIX
cucremax. Mopdonorust 1 ¢$pa3oBbIil cocTaB
MOTYYEHHBIX IJICHOK TaKkXkKe ObLIN TECHO CBA3aHbI
C MapaMeTpaMHy paclblICHUSI U TEXHOJIOTHYeC-
KUMHU yCIOBUSIMU. Pe3ynbraThl MpOBEIEHHBIX
UCCIIEZIOBAaHUM MOKa3ajM, YTO 3HAK U BEJIMYMHA
MPUIOKEHHOTO MTOTEHIMAaJla CMEILIEHHS] Ha T10-
JUI0KKY UMEET ONpe/esisitolee BausHue Ha (op-
MHUPOBaHHUE CTPYKTYPbI U CyOCTPYKTYpBbI IUIEHOK,
YTO B KOHEYHOM UTOTe, ONPEIEsIo uX (PU3NKO-
MEXaHUYECKUE CBOWCTBA.

Tak gns nnéHok aubopuaa TaHTala,
noJy4yeHHbIX MeToaoM [IT-marmerpoHHOrO
pacnblieHus, HauboJsiee ONTUMaIbHbIE YCIIO-
BUSl BO3HUKAIOT NIPU MOTEHIIMAJIE CMEIIEHUS
—50 B, a nina BY pacnbuieHus, Kak 1oka3zaHo
B padotax [12, 16], mpu nmoTeHIaNe CMEIICHUS
+50 B u Temneparype noanoxku ~500 °C. Hc-
CJIeZIOBaHMS 3aKOHOMEpHOCTEH (OPMHUPOBAHUS
CTPYKTYpBl, COCTaBa MU CBOMCTB IJIEHOK IOKa-
3aJly, YTO MPU ONPEEIICHHBIX YHEPreTUYECKUX
YCJIOBUAX OHU O0JIaJal0T CTONOUYATON CTPYK-
TYpO#l U TeKCTypoi pocta miockocTbio (00.1)
U UMEIOT TBEPAOCTh B 1,5-2 pasa Bhlllle, YeM
JUTSl MACCUBHOTO COCTOSIHUSA JTUOO ISl TUICHOK,
He 00Magaronmx JaHHOM CTpyKTypoi. B paborte
[12] Obu1 IpOBeieH aHaMu3 PU3UIECKUX TPO-
1eccoB GOpPMUPOBAHUS CTPYKTYpPbl U CBOMCTB
NJEHOK AUOOPUIOB MEPEXOJHBIX METAJJIOB
U CIIEJIaH BBIBOJ, YTO IS KQXK10T0 COEINHEHUS
CYIIECTBYET ONpPEAEAEHHBIA NHTEPBAJ IHEPT U
OCaXXJJaeMbIX YaCTHUI, B KOTOPOM B3aUMOKOHKY-
pUPYIOLIHE TPOUECCHl 3aPOKIACHUS MPUBOAAT
K HanboJiee COBEPILECHHOM CTpyKType. M3mensis
SHEPTrUI0 OOMOapAUPYIOIUX MOHOB, MOXKHO
YIPaBJIATh pa3MepaMu 3€pEeH U KPUCTAJIUTOB
(cy03épeH) B HUX.

Cornacuo pesyinbratram pabotsl [13],
OCHOBHBIMHU MapaMeTpaMH, KOTOPbIE BIMSIIOT Ha
MOJBUKHOCTb aTOMOB U COOTBETCTBEHHO OIPE.I-
eJISII0T MEXaHU3M POCTa U CTPYKTYPY IIIEHKHU
[P MarHETPOHHOM pacCIbUIEHUH HA TOCTOSH-
HOM TOKe, SIBJISIETCS TIOJJOTPEB MOJIOKKH T. €.
ornomenue T/T (tnel m T — Temmeparypa
MOJIJIOKKH U TeMIlepaTypa IJIaBJIeHUsI MaTepu-
ajia MJIEHKU, COOTBETCTBEHHO) U MOHHAsI OOM-
OapaupoBKa pacTyiiei mieHku. Dueprus Eb,
JOoCTaBysieMas pacTylIeMy MOKPBITUIO OOM-
0apAMpPYIOIMMU MOHAMH, OKAa3bIBAET OCHOB-
HOE€ BJIIUSIHUE Ha CTPYKTYpY, MUKPOCTPYKTYDY,
AJIEMEHTHBIN U (Da30BBIA COCTAB M PU3NUECKUE
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CBOMCTBa. B MarHeTpOHHBIX PacHbUIUTENbHBIX
cUcTeMax BeJuuuHa Eb MOXET KOHTPOJIUPO-
BaThCs MOTEHIIMAJIOM CMEIIEHUs, T0ABAEMbIM
Ha TMOIOKKY U, U TIIOTHOCTBIO HOHHOTO TOKa
Ha MOUIOKKY j,[14].

B nannoii paGore mpoBeneHBI MOMOJI-
HUTEJIbHBIE UCCIIEOBAHUS [TapaMETPOB CUH-
Te3a TOHKHMX IUIEHOK aubopuaa Tanrana TaB,,
MoJIy4eHHBIX MeTooM NMS komMmo3uTHOM
MUILIEHU NPU y4acTUu 60MOapaUpOBKU HOHA-
MM aproHa, cJieJlaH CPaBHUTEJIbHBIM aHAIU3
SHEPreTUYEeCKUX YCIOBUN CHHTE3a 3TUX IJIe-
HOK B BU- u IIT cucremax-mMarHeTpOHHOTO
pacnbUIeHUs, IPEICTABIEHAa YCOBEPIIEHCTBO-
BaHHAasi MATHETPOHHAs paCHbUIMTEIbHAS CUC-
TeMa Ha MOCTOSSHHOM TOKE ISl JaJibHEeUIINX
uccieq0BaHuN pU3NYECKUX 3aKOHOMEPHOC-
TeW BIUSHUS MOHHO-IUIA3MEHHBIX IOTOKOB Ha
nportecchl (HOPMUPOBAHMS TOHKHUX TJICHOK JIH-
Oopuna ranrana TaB,.

METOJAUKA KCIIEPUMEHTA

B nanHolt paboTte B KauecTBe MOIOKKH ObLITH
BBIOpaHbl 00pa3lbl U3 HEpIKABEIOUIEH CTaln
12X18H9 pasmepom 10 x 5 x 1 mm. [ToBepx-
HOCTb 00pa310B Obljla BPYYHYIO OTIIOJUPOBA-
HA, a 3aTeM Ipolllia YIbTPa3ByKOBYIO OUUCTKY
B AalleTOHE M 3TAHOJE Iepe] yCTAaHOBKOU
B PACIBUIMTEIBHYIO KaMEpY.

JUist osty4eHus: MOKPBITUN ObUTH HCIIOJb-
3oBabl BU- u IIT-marmerponHoe pacnbuieHue
crieyeHHO Mumenu TaB, tnamerpom 120 MM
B aTMocdepe aprosa.

B BYU-MarseTpoHHOM pacHBUIMTEIbHOU
CHUCTEME MOAJO0XKKH OBLIN pa3MElIeHbl Ha
paccTosHuu 65 MM OT MUILIEHH, JaBJIEHHUE Ar
u Mo1HocTh BY paspsiga Bo BpeMs pacribUICHUS
61t paBHbl 0,32 [1a u 500 BT cooTBeTCTBEHHO.

B MarHeTpoHHOM pacHbBIINTEIBHON CHUC-
T€Me Ha MOCTOSIHHOM TOKE MOJJIOKKHU ObLIN
pasMelieHbl Ha pacctosHuu 200 MM OT Mu-
LIEHU, JaBieHUuEe Ar 1 MOUIHOCTb pa3psia BO
Bpemst pactbiieHus ObutH paBHbl 0,1 [1a u 3 kBT
COOTBETCTBEHHO.

Hanecenue moxkpeITUi MpOBOAUIOCH O€3
JOIIOJTHUTENIBHOTO TOI0rPEBA MOMAJIOKKU. Pa-
30TpeB MOJJI0KKHU 10 TemmepaTtypsl < 200 °C
IIPOUCXOIUT 3a CUET BO3JECHCTBUSA Ha HeEe
BBICOKODHEPIe€TUYECKUX UOHOB.

beinu monyueHsl qBe cepuu 0oOpa3loB
nokpeitus TaB, Tommmnoi 0,8-1,5 mxwm. [lepsast

cepus Oblna monydyeHa BU-marHeTpoHHBIM
pacnblIEHHEM, BTOpasi — € MOMOIIbI0 MarHeT-
POHHOM PacnbUIUTEILHOU CUCTEMBI HA MTOCTO-
SHHOM TOKe. B o0eux cucremax mapameTpom,
KOTOPBIN MU3MEHSJICS B IpoLeccax HANbUICHUS
B nuanasone (—100)—~(+100) B, sBusics moreH-
L[1aJ1 OAJI0KKY OTHOCUTEJILHO CTEHOK paboueit
KaMephl.

Ctpykrypa, pa3oBbIii cocTaB U HAHO-
pa3mepHbIe MOP(OJIOTHUECKHE XapaKTePUCTUKN
IUIEHOK OBLIN OTpeeTIeHbl METOJIOM PEHTTEHOB-
ckoil nudpakuun (poxycuposka no bparry-
bpentano, CuKo usnydyenue). 3HaueHUE CHIIbI
TOKA U HANpsKEHUsI HAa PEHTI€HOBCKOW TpyOKe
coctaBisii 20 MA u 40 kB. Cremka o0pasios
IIPOBOJINJIACH C TOPU3OHTAIBHBIMU LIENSIMU 4
MM Ha TpyOke U 1 MM Ha JI€TEKTOpE B peXKU-
M€ HEeIPepbIBHON pPErucTpaluu co CKOPOCThIO
1°/mun npu quanasone yrios 26 ot 20° go 70°
(20 — OpoarroBekuii yrom).

AHAJIN3 OKCIIEPUMEHTAJIBHBIX
PE3YJIBTATOB

Pe3ynpTaThl peHTIEHOCTPYKTYPHOTO aHaIu3a
IICHOK, ITOJy4YEHHBIX METOLOM HEPECAKTHB-
Horo BY u [IT-mMarHeTpoOHHOrO pacublUICHUS
B cpene Ar, moka3zanu, 4To (a30BBIH COCTaB
CHHTE3UPOBAHHBIX IJIEHOK Onu30K ¢asze TaB,
(ctpyktrypHbIii THII — A1B,, npocTpancTBeHHas
rpynmna cummeTpur — P6/mmm). OcraHoBuUMCs
noApoOHel Ha 3aBUCUMOCTAX B JOPMUPOBAHUN
CTPYKTYpBbI, COCTaBa U B UTOTe (PU3UKO-MEXAHU-
YECKUX XapaKTEPUCTUK CHHTE3UPYEMBIX IUIEHOK
OT MOTEHLMaJNa NoAN0XKKHN B pexumax [IT-
n BY-marHeTpoHHOro pacnblIeHUs, NPHU
KOTOPBIX OBLIM MOTY4EHBI IIEHKH.

BY-marnerpoHHoe pacnbLIeHHe

Pe3ynbTarhl peHTI€HOCTPYKTYPHHUX UCCIIENO0-
BaHUM, NMPEICTAaBICHHBIX HA pHUC. |, mOKa3zaau
MIPUHIUIHAIFHOE BIUSHIE TOTSHIIMAIA CMelIe-
HUS Ha (OPMHUPOBAHUE IIJICHOK.

* B ciryyae 3a3eMJIEHHOTO MOIOKKOEPIKaTeNs
(moTeHIMaN CMEIIEHHS PaBeH HYJIIO0) TPOUC-
XOZIWJI POCT TEKCTYPUPOBAHHBIX HAHOKPUCTAJI-
maeckux mieHok TaB, (puc. la). B mpouecce
(hopMupOBaHUS TTOKPHITHN yY4aCTBOBAJIHM BCE
YaCTHUIIBL, IPUCYTCTBYIOIINE B TIOTOKE Macco-
nepeHoca. DHeprys 4acTHll B IOTOKE Macco-
nepeHoca ObL1a MPONOPLMOHATIbHA CPEAHEN
ANIEKTPOHHOM TEMITIEpaType Iia3Mbl pa3psiia.
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+ [lpu nmomave Ha MOIOKKOAEPKATEIb TOTEH-
nuana cmenienus +50 B crenens TeKCTyphl
IUIEHOK yBEIMYMBaach (puc. 10), mpu sTom
MPOMCXOANIIO CMEILICHUE MOJIOKEHUS JIMHUIN
(00.1) u (00.2). ITogaya MOJTOKUTETBHOTO
MOTEHIIAAIa CMEIICHUS TTOBBICHIIA YHEPTUIO
[aIa0LUX YacTULl (MIOHOB U 3JIEKTPOHOB),
CTUMYIHUPYS IPOLIECC KPUCTAITU3AINHI, YTO
CIOCOOCTBOBAJIO POCTY CHJIBHOM TEKCTYPBHI.

* Ilomaua Ha MOJJIOXKKOAEPKATENb OTPU-
aTEJbHOrO HANpS)KEHHUS CMEIICHUS
(=50 B) oka3biBaeT Hanboee CyImecTBEH-
HOE BJIMSHUE HAa MEXaHU3M 00pa30BaHM
HOKPBITUI — (QopMupoBanack aMop¢pHo-
nonoOHas ¢asa TaB_ (puc. 16).
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Puc. 1. ludpaxrorpaMmbl HAHOKPUCTANINYECKHX TIJICHOK
TaB,, nosyueHHbix BH-MarueTpoHHbIM pacIibUIeHUEM TIPH
norenmane cmemenns: a — 0 B; 6 — +50 B; 6 — —50 B.
S — pedreKchl TOIIOKKH

Takum ob6pazom, npu noTeHIUaIaX CMe-
meHuss 0 u +50 B Ha moanoxkomepkare-
ne npu BU-MarHeTpOHHOM pacHblIEHUU
(GbopMHUpPOBATIUCH TEKCTYPUPOBAHHbIE IJIEHKU
C IPEUMYILECTBEHHBIM POCTOM IO HOPMAaJIHU
k uiockoctH (00.1) (puc. 1a, 6). Hanmuaue otpu-
narespHoro norenuana (—50 B) nmpuBoauino
K 00pa30BaHMIO0 HETEKCTYPUPOBAHHBIX HAHO-
KPUCTAJNINYECKUX MTOKPBITUH (puc. 186).

[TapameTpbl peleTKy MIEHOYHbIX TOKPBITUI
CYLIECTBEHHO OTJIMYAJINCh OT TaOJUYHBIX 3HA-
yenuit (a = 0,30981 um, ¢ = 0,32266 HM):
napameTp «a» u3MeHnsics B npeaenax 0,3157—
0,3244 um, napametp «c» — 0,3271-0,3333
HM, YTO BEPOSATHO CBA3aHO C 0COOEHHOCTSIMU

(opMHPOBaHMS CTPYKTYPbI  CYOCTPYKTYPBI I1JIe-
Hok TaB,. Pasmep HaHOKPHCTaJUTUTOB U3MEHSLICS

B npeaenax oT 24 no 42 um. C yBeJIMYeHUEM
pa3Mepa HaHOKPHUCTAJUTUTOB POCIO COBEPILIEH-
CTBO TEKCTYPBI C(HOPMHUPOBAHHBIX MTOKPHITHH.

UccnenoBanme pu3nko-MmexaHUUeCKUX
CBOWCTB IOKa3aj0 CYLIECTBEHHYIO pa3HU-
1y XapaKTEePUCTUK MJIEHOK, OJIYYEHHBIX TIPU
pa3IUYHBIX MOTEHIMANIaX CMEIICHUS, U UMe-
IONIUX Pa3IUUHYI0 CTPYKTYypy. [lomydueHHbIe
TEKCTYpPOBaHHBIE MOKPBITHS CO CTOIOYATOM
CTPYKTYpPOU JAEMOHCTPUPOBAIU MOBBIIICHUE
3HAUYECHUSI HAHOTBEPIOCTH U, COOTBETCTBEHHO,
Moy ynpyroctu oT 35 u 266 I'Tla (3azem-
neHa nmoaiokka) o 44 u 348 I'Tla (moTeHman
cmemenus +50 B) [12]. AmopdHOTOTOOHBIE
MOKPBITHS, TIOJIyUCHHBIE TIPH MMOJa4e Ha MO~
JIOKKY OTPHILIATEILHOTO MOTEHIAIA CMEILICHHS,
M0 CBOMM (PU3UKO-MEXaHUYECKUM XapaKTepuc-
THUKaM CYIIECTBEHHO OTJIUYAIIUCH OT MOKPBITHIA,
ONMMCAHHBIX BbIIE. TBEPIOCTH MOKPBITUM
11,5 I'lTa (mpu notenmuane cMmemenus —25 B)
OKa3ajach MEHbIIIE IO CPABHEHHIO C €€ 3Haye-
HHUEM JJIsi MACCUBHOT'O COCTOSIHUS quOOopua
TaHTajla cTexruoMeTpuieckoro cocrana (25 I'Tla
[15, 16]). OqHako mpu 3TOM MOJYNb YIIPYTOCTH
IJICHOK OKa3alicsi HeCKoIbKo Huke — 232 ['Tla
u 262 I'Tla cooTBETCTBEHHO.

II'T-MmarneTrpoHHoOe pacnbliIeHHe

B cnyuae, xorja ans HaHeCEHUS OKPBITHIA
UCIIOTh30Bajach MarHETPOHHAs CHCTEMa Ha
MOCTOSIHHOM TOKE, PEHTT€HOCTPYKTYpHBIE
UCCIENOBaHUs MOKa3aJik, 4YTO MPHU 3a3eM-
JEHHOW MOIJIOXKKE, MJIaBAIONIEM TMOTEHIU-
ajie ¥ Mpu Mojadye Ha Hee MOJIOKUTEILHOTO
WU OTPUIATEIBHOTO MOTEHIINANa CMEIIeHHS
(dbopMHUpOBATUCH TEKCTYPUPOBAHHBIE TNIEHKU
C IPEUMYIIECTBEHHBIM POCTOM II0 HOpMAaJu
K iockoctH (00.1), 6iu3Kue mo cocTaBy K CTe-
xuomerpudeckoi dase TaB,.

* Ilpu 3a3eMJICHHOM HOIJOXKKOAEpKaTe-
7e GOPMHUPOBAIUCH MJIEHKH C TEKCTYpOit
pocta mmockocthio (001), Habnroganach
cnabas acummetpus nukos (001) u (002),
IPY 5TOM UMEJTH MECTO TIHKH CO c1a0oi hH-
teHcuBHOCTHIO — (100), (101), (111), (102)
(puc. 2a).

* Ilomaya oTpUIATEJBHOTO MOTEHIHA-
na cmemenus —50 B (puc. 26) npuBoaur
K YCHJICHHIO CTENIEHU TEKCTYPHI IJIOCKOCTHIO
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(00.1). [Tpur 3 TOM UMETTH MECTO TOIBKO MUKU
(00.1) u (00.2).

* Ilpu nnaBaromem noreHuuaie (puc. 20),
B OTJIMYHE OT OTPUIIATEIbHOTO, CTENEHb
TEKCTYpPhl CYIIECTBEHHO yMEHBIIAETCH,
MIPU 3TOM MPOSBIISICTCS THPPAKITUOHHBIN
MUK, COOTBETCTBYIOMIMH rockoctu (101).
DTOT MUK UMEET Pa3MBITYI0 POopMy, Xapak-
TEPU3YIOIIYIO0 HAHOCTPYKTYPHOE COCTOSTHUE
TUICHKH, TakXKe 00Jiee MHTEHCUBHO TPOSIBIISI-
10T cebst mudpakmmonnsie uku (100), (002)
u (111). Crenens acummetpuu riukoB (001)
u (002) ycunusaercs.

* Ilogaya mogoXMUTENHLHOTO MOTEHIIMAIA CMe-
IIEHUS TAaK)Ke MPUBOIUT K 3HAUUTEITLHOMY
MOBBIIICHHUIO CTEIEHU TEKCTYpPhI, HaOII0-
JAETCS CYIICCTBCHHAs] aCHMMETPHS ITHKOB
(001) u (002), uTo yka3bpIBaeT Ha ACHEKTHI
YIaKOBKH.

B Tab6n. 1 0000111€eHb! peX1UMbl MArHETPOH-
HOTO PacHbIJICHUS U COOTBETCTBYIOIIHE UM
MapaMeTpsl MOTyYEHHBIX TUICHOK.

CUITbHO TEKCTYpPUPOBAHHBIE TIJICHKH, MOITY-
YEHHBIC TIPH OTPHUIATEITBHOM H MOJIOKUTEIb-
HOM MOTEHIMalIe cMenenus, (Tabn. 1) umenn
napameTpsl pemetku: a = 0,3114-0,3117 uwm,
¢ = 3,3317 uM, KOTOpBIC OBUIH CYIIECTBEHHO
6ombie, yem Tabmuunbie (a = 0,30981 uM, ¢ =
0,32266 uMm).

B nieHkax, momydeHHBIX MPH 3a3eMIICHHOM
MOJTOKKE, MapaMeTphbl YMEHBIIIAIUCH, IPUIEM
nmapameTp «a» MOYTH COBIAIAI ¢ TAOTHMIHBIM,
a mapameTp «c» YMEHbIIAJCSA M0 CPAaBHEHUIO
C MPeIbITyIIUMHI 00pa3amMu, HO OTHOCUTEIIEHO
TaOJIMYHBIX JAHHBIX OBLI OOJIBIIUM T10 BEJIMYHU-
He. [Ipu miaBaronieM MoTeHIMale 3HaYCHUS
MapaMeTPOB PEUIETKU «a» U «C» HE3HAYUTEIb-
HO OTJIMYANIUCh OT TaOJUUYHBIX — B paMKax
MTOTPEIITHOCTH.

[IpoBenem cpaBHUTEIbHBIN aHANHU3 MOJY-
YEHHBIX HaMU PE3YJIbTATOB C MOCICIHUMU pPe-
3yJbTaTaMH, TIOTYYCHHBIMU JPYTUMHU aBTOPAMU
TIPY OCKJICHUH TVICHOK TMOOPH/Ia TUTAHA C TIOMO-
mpt0 BU- u [1T-MarHeTpOHHBIX pacibUTUTELHBIX
cucreM. [Inenku nubopuia THTaHa BEIOPAHBI IS
CpaBHEHHMS KaK HAHOOJIee N3yUCHHBIC U3 BCEX MU~
OOpHIIOB MEPEXOTHBIX METAJIIOB.

Pesynbratrsl, moaydeHHbIe B pabo-
Te [17], moka3bpIBalOT, YTO yBEJIHUUYEHUE
OTPHIIATSIIEHOTO TOTEHITMAIA CMEIIICHHS, TT0/1a-
BAEMOI0 Ha MOAJOXKKY IpH nonydenuu TiB,

=S &
s | g5 &

S | | S

N JIU"L A S
/ T P
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=

25 30 35 40 45 50 55 60
26, rpag.
Puc. 2. TudpakrorpaMmMbl HAHOKPHUCTAIUTMYECKUX TDICHOK
TaB,, nosTy4eHHbIX MArHETPOHHOM PACIIbUIMTENBHOM CHCTE-
MO Ha TOCTOSIHHOM TOKE IIPH TMTOTEHIMAJIE CMEILCHHS: a —
0 B; 6 — —50 B; 6 — maparoniuii morenuuyai; ¢ — +50 B.
S — pednexchl MOATIOKKN

mwieHoK [IT-MarHeTpOHHBIM pacHbUIEHUEM,
MPUBOAUT K MOCTENEHHOMY H3MEHEHUIO
MHUKPOCTPYKTYpPBl OT aMOp(HOI A0 CHUIBHO-
tekctypupoBanoit (001). B nannom ciyuae
Haubosiee cuiabHasi TEKCTypa HabIromazach
npu nmoTeHuuanax cmemenus o —100 B
u Temieparype nomioxku 175 °C, npu atom
OBILIIN MOJYYEHBl CHIIBHOTEKCTYPUPOBAHHEIE
CBEPXCTEXMOMETPUUYECKHE MJIEHKU C COCTa-
BOM 2,3—-2.,4, KOTOpbIE€ UMEJIM HAHOTBEPAOCTh
48,6 + 3,1 u monyns ynpyroctu 562 + 18 I'Tla,
YTO KOPPEJIUPYET C paHEe MOITYyUYEHHBIMU pe-
synsTaramu. B pa6ore [18] TiB, mienku 6buim
nony4eHsl [IT-MarHeTpOHHBIM paclblLICHHEM
Ha kpemHueBbie (100) moaIoKKU Npu KOMHAT-
HOU TeMmIleparype U MOTEHILIHajle CMEUIEHUS
—100 B. IIpu >TOM TJICHKH OBLTN CBEPXCTEXHO-
METPUYECKUMH U UMEJU CUIBHYIO TEKCTYPY
¢ npeumymecrBeHHoll opuenranueit (00.1).
Takske CHIIbHOTEKCTYpUPOBAaHHbBIE CBEPXCTEXHO-
METPHYECKHE IIEHKU ObLTH MOTy4YeHbI aBTOPaMU
[19, 20] npu pacnbUIEHUU COCTABHBIX MULIICHEH,
ripu 3toM EDRS 1151 osryyeHHBIX MIEHOK MTOKa-
3an Ti:Al=0,71:0,29, (Ti + Al):B = 1:3.08.
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Tabmmma 1

Pe:knMBbI MArHETPOHHBIX pacnblINTEbLHBIX cucTeM (MPC)
U COOTBETCTBYIOLIME UM MapaMeTpPhbl MOJYYEeHHbIX IJICHOK AU00pHAa TAaHTAIa

Ton- | Iloren- Pasmep | Ilapamerpsl pemerku,
Temme-
Obpa- Mom- | muHa | muan parypa HaHO- Texery-
MPC | HoCcTB, | TUIEH- | cMellIe- KpH-
3€L MOAJIOMK- a c c/a pa
kBT KU, ans U, CTAJLIN-
2 | knT,°C
MKM B § Ta, HM
crabas
L1 0,5 | 0 500 24 03157 | 03271 | 1,04 | 0
amopd-
L2 | BYU 0,5 | 50 140 3.5 . . — | momo-
00Has
L3 0,5 | +50 110 42 03244 | 03333 | 1,03 | “HH
(001)
[TmaBa- cnabas
.1 3 0,8 | rompumit 150 | 32293 | 03089 | 032452 | 1,05 | "
17B) (001)
1.2 3 0,8 0 150 | 32,668 | 03096 | 033041 | 1,07 | c720
IIT (001)
1.3 3 08 | —50 200 | 32293 | 03114 | 033317 | 1,07 ”(‘g(‘;‘fj"‘
1L 4 3 08 | +50 200 | 27,798 | 03117 | 033317 | 1,07 %%61*‘)"
Kaproreka JCPDS | 0,30981 | 03226 [1,04

PentrenoctpykTypHbIii aHanu3 B padore [21]
ToKasal, 4To Bee NokpeiTus TiB,, momydennbie
npu HU3KkUX BU-MOMHOCTAX, IEMOHCTPUPY-
I0T IIUPOKUN TU(PAKIMOHHBIN MUK, COOTBET-
crByrommii pasze TiB, ¢ npeumymecTBeHHON
opuentanueit (101). Tak kak miockocts (001)
MMEET HaUBBICIINN KOA(PPHUIUEHT YIAKOBKH, TO
JUIsl CO3/1aHMsl TAKOW OpUEHTALMM HEOOXOAUMBI
sHepreTudeckue agatomsl. [Ipu yBennueHun
MOIIHOCTH pactblieHust 10 350 BT, remneparypbl
nofiokku 710 400 °C 1 BpeMeHHU pacIibUIeHUs 10
3 4acoB IJICHKa HAYMHAET OPUEHTHPOBATHCS B Ha-
npasiieduu (001). Pa3Butre cumbHOM TEKCTYphI
(001) B MOKPBITUYM MTPOUCXOUT MPHU YMEHBILIEHUH
PacCTOSHUSA MKy MUIIEHBIO U TIOAJIOKKON OT
100 mm 10 60 MM ¥ IPH MOIIHOCTHU PACHbUICHUS
200 Br.

[IpuBeneHHbIE pe3yabTaThl KOPPEIUPYIOT
C pe3yJIbTaTaMH, OJYyYEHHBIMUA HaMU JUJIS TUIe-
HOK Ju00pua TaHTaja.

OBCYXKJIEHHUE
[TpunuunuansHoe paznuuue B pexnmax I1T-
1 BU-MarHeTpoHHOro paciblICHUs IIPU KOTOPBIX

OBLTN MOTYyYEeHBI CUILHO TEKCTYPUPOBAHHBIE,
¢ Tekcrypoit pocta (00.1), cBepxcTexuoMeTpu-
YyecKue IIeHKU Aubopuaa TaHTansa (o0pa3ibl
I. 3 uIl. 3 B Tabn. 1), cBsI3aHO CO CBOMCTBAMU
nnasMmel 11T u BY paspsanos.
BY-pacnbeuieHrne MUIIEHU NMPOUCXOIUT
Oyiarogapsi BOSHUKHOBEHUIO Ha HEll oTpuia-
TEJIbHOTO OTHOCUTEIBHO IUIa3Mbl IOTEHIIMATA
aBrocmenenus [22]. MexaHu3M BO3ZHUKHOBE-
HUS OTPUILIATEILHOTO CMEIEHUS MOTEHIaIa
CBSI3aH C Te€M, 4TO pu nojnaye BU-HanpsxeHus
Ha MOMEILECHHYIO B IJIa3My MUIIEHb Ha €€ MO0-
BEPXHOCTh HAUMHAIOT [TONIEPEMEHHO MOCTYTATh
JIEKTPOHHBIA Y MOHHBIN TOKU. B 3TOM City4yae
3JIEKTPOHHBIN TOK B MOJIOKUTEIbHBIN MOJTyITE-
puon BU-HanpskeHUs 3HAUUTENBHO NPEBOC-
XOJIUT UOHHBIN TOK B OTPULIATENILHBIN MTEPUOL,
YTO OOBSICHSETCSA 3HAUUTENIbHO OOJNbIICH MOJI-
BUYKHOCTBIO JIEKTPOHOB 110 CPABHEHUIO C MOHA-
MHU, BCJIEICTBUE YEr0 Ha IOBEPXHOCTU MUILIEHU
HAKaIlJIMBAaeTCs OTPULATENIbHBIN 3aps] U, clie-
JI0BATEJIbHO, PacTET OTPULATEIBHOE HAIpPs-
KeHue. B TeueHne Oomblieil yacTu mepuoza
BY-HanpsikeHue OTpULIIATEIbHO OTHOCUTEIIBHO
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IJ1a3Mbl, @ €r0 MOCTOSTHHAS COCTaBJIsIONIas (aB-
TOCMEIIEHUE) MPU COOTHOLICHHUH TIOMIaaei
MOTEHIUAJIBHOTO M 3a3€MJIEHHOIO 3JIEKTPO/IOB
MeHbIe | paBHa MPUOTU3UTEIBHO AMIUTUTY/IE
BUY-nanpsoxenus [22].

COOTBETCTBEHHO, pacIlpeesIeHHe MOTEHIU-
aja B IOCTOSIHHOM ¥ BU MarHeTpoHHBIX pa3ps-
JaxX OTJIMYAETCS M3-3a PA3TMYHBIX MEXaHU3MOB
yIAepKaHHUSI AIEKTPOHOB B 3JIEKTPOMAarHUTHOM
nosyuike. B BYU paspsae nna3zma obnanaer
HEKHUM TOCTOSIHHBIM TOJIOXKUTEIIbHBIM MTOTEHITHU-
anoM U 10 OTHOLICHHIO K 000MM 3JIEKTpoJIaMm,
a IUIOTHOCTH IIJIa3Mbl BO3JI€ MOJJIOXKKN MPHU
BY paspsine cylecTBEHHO BbILIE, YEM B pas3-
pane nocrositHHoro Toka. B I1T-mMarueTpoHHOM
CUCTEME MOTEeHIMA T1a3Mbl OJIM30K K MOTEH-
LMagy KaMephl U MOMAJIOKKH, 8 MAKCUMYM IUIOT-
HOCTH IIJIa3Mbl HaOMrOIaeTCss BOIM3U MUIIICHU
MarHeTpoHa. [loaTomy cienyer oxunarh, 4yTo
SHEPTHUsl, MOABOAUMAs K IOJIOKKE HOHAMU ap-
rona B BY paspsne, Bbillie, uem B paspsiie no-
CTOSIHHOTO TOKA.

Pa3znuuus 3TUX CBOWCTB TaKXKe Xapak-
TEPHU3YET OTHOUIEHME j/j TMOTOKOB MOHOB,
0OMOapIMPYIOIIKX TIEHKY, j, ¥ aTOMOB j, , KOH-
JEHCUPYIOLIUXCS HA MOBepXHOCTHU. B paborax
[23-27] sKCrIepUMEHTAIbHO U TEOPETUUYECKHU
MOKa3aHo, YTO BBICOKOE OTHOIIEHUE MMOTOKOB
HMOHOB K aTOMaM BBITOJTHO JJIs1 SITUTAKCHAJILHOTO
pocTa MOKPHITUS MIPU HU3KHUX TeMIepaTypax.
BY paspsin xapaktepusyercst 6ojiee BHICOKUM
oTHOWIEHUEM j/j (npumepno B 4-10 pa3s)
10 CPaBHEHUIO C pa3psoM Ha MOCTOSIHHOM
TOKE.

[Tocnennue uccnenoBanus [14] npoxae-
MOHCTPHUPOBAIH, YTO KPUTUUECKUM NapaMeT-
pOM BIUSIHUSA HA MUKPO- U HAHOCTPYKTYDY,
AJIEMEHTHBIN 1 (ha30BbIN COCTAB U (PU3NICCKHE
CBOICTBA MMOKPBITHI, €CTh CyMMapHasi SHEeprusl,
KOTOpasi MOCTYIAET Ha MOJIOKKY MPU OCaXKIe-
HUU OHOTO atoMa. CyMMapHBIi MOTOK YHEPTHH
claraercs us3:

1. paBHOBECHOro HarpeBa o0pasia;

2. HEpaBHOBECHOI'O HAarpeBa MOBEPXHOCTH 3a
CYET peJIaKcallui KUHETHYECKOW YHEPTUU
HIOHOB, 2JIEKTPOHOB U OBICTPBIX HEUTPATTLHBIX
YaCTHIL;

3. DK30T€pPMHUUYECKON HIHEPIrUU XUMHYEC-
KUX PEaKIMi MPU CUHTE3€ CIOKHOKOM-
MO3UILIUOHHBIX COETUHEHMUI];

4. paaMalMOHHOM HEPTrUU N3TYUYCHUS IJ1a3MBbl.

Kak moxazanu namm nccnenpoanus [28—-30],
HE3aBUCHUMOE yIpaBJIC€HUE MOTOKAMU HOHOB
U pacnbuieHHBIX atoMoB B BY u IIT mar-
HETPOHHBIX CUCTEMaX BCTPEYALT CYIIECTBEHHbBIE
TPYAHOCTH.

Heo6xoauMo OTMETUTH, YTO, HECMOTPS
Ha mupokoe ucnonbzoBanue BU u I[IT MPC
B MIPOMBINIJICHHOCTHU JJI MOJYYESHHUS HOBBIX
MOKPBITUM, PyHIaMEHTAJIbHbIE HCCIEIOBAHUS
CBOMCTB ra30BbIX Pa3psi0B B MArHUTHOM TMOJIE
OCTaroTCcs akryaiabHOU 3anadeit [31-34]. K Ha-
CTOSILIEMY BpeMEeHHU C(HOPMUPOBAIHUCH TOIBKO
KaueCTBEHHbIE KapTUHBI IPOLIECCOB B Ira3o-
pa3psIHON MIa3Me MarHeTPOHHOTO pa3psija,
a KOJIMYECTBEHHOE OIpE/IEICHUE MapaMeTPOB
ITOTOKOB 3apsI’KEHHBIX YaCTHI] B KaXKJ0U TeX-
HOJIOTUYECKON CUCTeMe TpedyeT crelraIbHbIX
AKCIIEPUMEHTAIIbHBIX UcchaenoBanuil. [Ipuunna-
MU 3TOTO SIBJISTFOTCSI:

* CWJIbHAsI aHU30TPOIHS TAPaMETPOB IUIA3MBI;

* 3HAYUTENbHBIC KOJIEOAHUS U IIYMBD» IMO-
TEHIIMaja MiIa3Mbl, KOTOpbIe 00YyCIOBIEHbI
AHOMAJIbHOW MOJABUKHOCTBIO JIEKTPOHOB
MOTEPEK MarHUTHOTO MOJI;

* HHTEHCHUBHBIM MOTOK aTOMOB MeTajJia
C MUILIEHU MarHETPOHA, KOTOPHIN 3aIlbl-
JeT DUBJIEKTPUUECKHE U30JISITOPBI, YTO
CYILECTBEHHO 3aTPYAHSET 30H0BBIE U 3JICK-
TPOTEXHUYECKHUE U3MEPEHUS MMapaMeTpoB
3apsSUKEHHBIX YaCTHIL,

* B BY cucrtemax BeanumHa peakTUBHOIO
TOKa BO BHELIHUX JJIEKTPUUYECKUX LEMAX
JIOCTUTAET JECATKOB aMIiep, YTO MPUBOIUT
K CWJIBHBIM «HABOAKaM» B U3MEPUTEIIbHBIX
npudopax.

[TosTOMy 111 OTIpEenEeneHus] COCTABIISIOIINX
HEPABHOBECHOTO HarpeBa MOBEPXHOCTH HEOO-
XOAMMO HMCHOJIb30BaTh HE3aBUCHMBbIE NCTOYHU-
KM MOHOB U TUIa3Mbl C pa3HbIMU IIapamMeTpamu,
COBMECTHMbIMU C napameTpamu MPC.

B 0630pe [14] [Ix. Mycun o606mun 3a-
Jaud, KOTOPbIE HEOOXOAUMO PEIIUTh JJI pa3-
BUTHUSI HOBBIX MEPCIEKTUBHBIX CBEPXTBEPJIBIX
HAaHOKOMITO3UTHBIX MOKphITUH. K HUM, B yacT-
HOCTH, OTHOCATCSL:

* JIETAJIbHOE UCCIIEI0BAHNE B3AUMOCBSI3U MEXKTY
CBOMCTBaMHU IIOKPBITHS U SHEPTUEH TOCTaBIIA-
€MOI1 MOHAMU PaCTyILEH OBEPXHOCTH;

* pa3BUTHUE HOBBIX PACHbUIMTEIbHBIX CHC-
TeM, pabOTaIOIINX MPU HOBBIX (PU3MUECKUX
YCIIOBHSIX.
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J1J1s BBITIOJTHEHUS ATHX 3a/1a4 MOKHO UCTIONb-
30BaTh KJIACTEPHYI0 MHOTO(YHKIIHOHAIBHYIO
YCTaHOBKY, pa3pabOTaHHYIO JJIsl PEaKTUBHOIO
cuHresa [35].

MHuorodyHKIIMOHATbHAS KIacTepHas ycTa-
HOBKa CXEMaTHYEeCKU M300pakeHa Ha puc. 3.
Cucrema cOCTOUT U3 MarHeTpOHa HU3KOTO JjaB-
neHus (2), pacmonokeHHOTo Ha TOPIIE KaMEepBl,
BY MHIYKIMOHHOTO UCTOYHMKA IJIA3Mbl ap-
rosa (3), pacrnoyio)KeHHOr0 BHYTPU KaMephl,
Y HIOHHOTO UCTOYHUKA (7), pacmoioKeHHOTo Ha
6okoBoM (hraniie kamepbl. OTHOCUTENIBHOE pac-
TIOJIO’KEHUE ITUX KOMIIOHEHTOB BHIOPAHO TAKUM
00pa3om, 94ToOBI 00ECTICUNTh OTHOBPEMEHHOE
BO3/ICHICTBUE HA MOTy4aeMyI0 IOBEPXHOCTD T0O-
TOKOB aTOMOB M€TaJjljla U NIOHOB NHEPTHOTO ra3a.

BY uHAYyKIIMOHHBIA UCTOYHUK TJIa3MBbI (3)
MIPOU3BOJUT MOTOK 3aPsKEHHBIX YACTHII, COJIEP-
KalMi MEJJICHHbIE MOHBI aprOHAa C dHEprueit
20-40 5B u snexTpoHbl. B TakomM ucTOUHUKE
1a3Ma CKOHIIEHTPUPOBaHa B pa3psAIHON KaMe-
pe, U3TOTOBJIECHHON U3 KEPaMUYECKOU TPYOBI.
Ha BpIX0J1€ M3 UCTOYHMKA CMOHTHPOBAH 3KpaH
13 nepGpOpPUPOBAHHOTO JTUCTA METAJIIA JJIS 3a-
JIePKKU IJ1a3Mbl U CO3JJaHUS Ta/ICHUS JaBICHUS
MeXIy 00beMOM MCTOYHHMKA U TEXHOJOTHUYEC-
KON KaMepOu.

Hctounuk mia3Mbl MOMEIEH BHYTPHU BaKy-
YMHOI KaMepbl, 4TO T03BOJIIET BEIOUPATh ONTH-
MaJIbHOE€ COOTHOIIEHUE MEXIY PAaCCTOSHUEM
OT MarHeTpoHa (2) ¥ UCTOYHHUKA I1a3Msbl (3) 110
o0pasioB Ha nmomnoxkkoaepxkarene (9) (puc. 3).
K ucTouyHuky ¢ MHIYKTHUBHO CBSI3aHHOM Tia3-
Mot nogaercst BU momnocts 1ol kBt (wacrora
13,56 MI'n) or BY reneparopa (4), koTopbIil
MOJIKJIFOYEH K KaTyIIKe HHAYKTUBHOCTH 4epe3
COTTIacyolee yCTPOUCTBO (5).

MHoOroKaHaJIbHbI HOHHBIM UCTOYHHK «Pa-
nukan My (7) renepupyeT Iy4oK HOHOB aproHa
co cpenneit aneprueit 0,51 k3B [36] u npume-
HSETCS JJIs1 OYMCTKH U aKTUBALIUU TIOBEPXHOCTH
o0pasia nepen nporeccoM HarbUICHHS.

Hcrnonb3yst UMITYITbCHBIN HCTOYHUK MTATAHUS
WJIM UCTOYHMK MUTAHUS MOCTOSTHHOTO ToKa (9)
JUTSI TIOJIsipU3aiuu 00pasiioB, MOKHO MOJaBaTh
MIOCTOSIHHOE€ WJIM UMITYJIbCHOE HaIpsiKEHHE
C pa3jau4YHbIM paboYuM IIMKJIOM Ha Bpallaro-
muiicsa noainoxkonepxkarens (10). KoroueBoit
HOBHM3HOW HACTOAIIEH CUCTEMBI 110 CPABHEHUIO
C IPyTUMH U3BECTHBIMU CUCTEMaMU SIBISETCS
nuara3zoH padouero gasnenus (0,4-2) mTopp,

10 ’*

10 cm

Ar
— ]

€= K Hacocy

1

Puc. 3. Cxema MynbTU(YHKIIMOHAIBHON KIIACTEPHOM yCcTa-
HOBKHM: | — MCTOYHMK MUTAHUSI MarHETPOHA MTOCTOSTHHOTO
TOKa, 2 — MarHeTpoH, 3 — BY UCTOUHMK ¢ UHYKTUBHO
CBsI3aHHOH Iu1a3Mol, 4 — BY-reneparop, 5 — comacyto-
miee ycrporctBo BU-reneparopa, 6 — 3ona Jlenrmiopa,
7 — WOHHBINA UCTOYHUK, 8 — MCTOYHUK MUTAHUS [TOCTOSIH-
HOTO TOKa, 9 — WCTOYHWK MUTAHUS Ul TIOJISIPU3AIIH 00-
pastioB, 10 — cucrema BpameHws oOpasmos, 11 —
3aCIIOHKA

IIPU KOTOPOM JIBUKEHHE NOHOB U PaCIbLIICHHBIX
aTOMOB IIPOUCXO/IUT B PEKUME CBOOOAHOIO Ta-
JIEHUS. JTO TIO3BOJISIET YBEITUIUTh PACCTOSTHUE
MEK1y MarHETPOHOM U TMOJI0KKOAEpKaTeIeM
110 3040 cM, CyIIeCTBEHHO YBEIUUUTh IUIOMIAb
HaNbUICHUS U pab0TaTh ¢ ICTOYHUKOM C MH]TYK-
THBHO CBSI3aHHOM IIJIa3MOM M HICTOYHHKOM HOHOB
«Panukaimny.

BbIBO/1bI

[IpoBeneH CpaBHUTENbHBIA aHAJIU3 dHEP-
FeTUYECKUX YCIOBHN CHHTE3a MJIECHOK JH-
Oopuja TaHTajla, NOJYYEHHBIX METOJaMU
BY- u [IT-marnerponHoro pacnsuienus. 11o-
Ka3aHo, YTO B 3aBUCUMOCTHU OT TOr0, KaKoi
IIPOLIECC UCIIONIB3YETCS ISl OJIy4EeHUS IJIEH-
ki (BY unnum IIT), nocTtaroyHo cyuiecTBEH-
HO MEHSETCS KOJIUYECTBO M IHEPrusi HOHOB
U HEUTpaNbHBIX YaCTHUIl, KOTOPbIE TPUHUMA-
I0T HEMIOCPEJCTBEHHOE YUacTUE B OCAXKACHUU
U (HOpMHUPOBAHUH TUICHKH HA TTOBEPXHOCTH
MOJIOKKH, YTO MPUBOJIUT K POPMHUPOBAHUIO
NOKPBITUM B Pa3JIMUHBIX CTPYKTYPHBIX CO-
CTOSIHUAX — OT aMop(}HOMOJ00HOTO 10 Ha-
HOKPHUCTAJIMUYECKOTO C TEKCTYypOo# pocTa,
nepneHAuKyIsipHoi mmockocTH (00.1).
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