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®A30BASI IEPEKPUCTAJUIN3ALINA
U PACITYXAHUE ®EPPUTHOI HEPKABEIOIIEN CTAJIU,
OBJIYUEHHOI B PEAKTOPE BH-350

HccnenoBanbl m3MEHCHHS MUKPOCTPYKTYPHl U CBOWCTB HepikaBetorel depputHoi ctanu 12X13M2BOP (BI1-450) — mate-
puasa ImecTUrpaHHOTO Uexiia oTpaboTaBImeil TEIIOBB NSOl c6opky peakTopa Ha ObICTPLIX HeliTpoHax BH-350. YeranorneHo,
YTO TIPH CPABHHUTENLHO HU3KUX Temmeparypax obmyuenus (~300°C) u uHTerpansHoi moBpexaaromei no3e 40,3 cHa B cTalnu
npeobnajaeT Iporece pacmajia NepBUIHOTO EMEHTHTa ¢ 00pa3oBaHUEM XPOMHCTOTO GeppuTa U pacTBOPEHHOI'O B HEM YITIEpoJa.
O6cysxnaeTes BIUsIHIe (a30BOil MepeKprcTAUIM3AIMK Ha paJHal[iOHHOE paclyXaHue U yAENbHYIO MIOTHOCTh (peppUTO-MapTeH-

CHUTHOM cTaju.

Hepxaseromue cramu sSBASIOTCS OCHOBHBIM
KOHCTPYKITHOHHBIM MaTCPHAIOM ISl YCXJIOB H
obosouek TemnoBbiAeasomux coopok (TBC) pe-
aKTOPOB Ha OBICTPBIX HEHTPOHAX H B 3TOH CBA3U HE-
00XOIMMO TINATEIBFHO HCCICAOBATh 3aKOHOMEPHO-
CTH MX PaAMALHOHHON MOBPEKIAEMOCTH B IIPOLICC-
CC DKCIUTYATALNH, & TAKKE TAKUC MPAKTHUCCKH BaXK-
HbIe 3¢¢EKTHL, KaK paIHALIMOHHOEC YIPOYHECHHUE, OX-
PYIUUBAHUE, MOA3YICCTh U, 0COOCHHO, BAKAHCHOH-
HOE (ra30BO¢) pacnyxaHue. ITH MPOOICMBI, TPUME-
HUTEIBHO K atoMHOMY peaxropy BH-350, moapob-
HO paccMaTpUBAOTCA, HanmpuMep, B [1-4].

Kak mpasuto, npu usyucHuu pacmyxanust 00Jb-
II0¢ BHUMAHHC VACSICTCSI CKOPOCTH PaIHALHOHHON
nospexaacmoctu (radiation flux [dpa/s] — cmernge-
HUH Ha atoM B CekyHay, cHa/c) [5]. INomarator |2,
3], aro, KOrAa CKOPOCTh PaTUALIMOHHON OBPEIKAA-
€MOCTH YMCHBIIACTCS, B 3HAYUTCIBHON CTCIICHH CO-
KpalnaeTcs HHKYOAMOHHBIN MIEPHOA IpoLiecca pac-
MyXaHML, T.C. IPU YMCHBIICHUH (p1akca CleayeT 0xKu-
JaTh YBEIUUCHHU I PACIYXaHHSI PCAKTOPHBIX CTAJICH.
910 ocobenno Baxkuo At bBH-350, tak kak cpeau
M3BCCTHBIX HA CCTOAHAINHHUI ACHB OBICTPHIX Peak-
TOPOB OH XapaKTCPU3YCTCS HAMMCHBIICH TeMIic-
paTypoll KUAKOMETAIHYCCKOTO TCILIOHOCHTENS
Ha Bxo¢ (280°C) u HU3KOH CKOPOCTHIO HA0OPA O3B
—10%*— 10 cna/c. OueBMAHO, YTO PA3THIHOC COUCTA-
HHC BEITIYMH CKOPOCTH PAIUALIMOHHOH MOBPEXIacMO-
CTH ¥ TEMITCPATYP OOIYUCHHUS MOJKET TPHBECTH K
PasHOoOOPA3HBIM TTOCICACTBUAM BIUAHUA HEHTPOH-
HOro 00myucHus Ha pacnyxaHue. OCOOCHHO 3TO Ka-
CaeTCs CIOXKHBIX CIIABOB C METACTAOHIbHOU
CTPYKTYPO#, B KOTOPHIX BO3MOKHBI CTPYKTYPHO-
tazosric npespameHus nog obnydeHueM. Ctpyk-
Typa, 00pa3yIoIasics Ha Pa3TUYHbBIX 3Taax 3THX Mpe-
BpALICHHUH, 10 Pa3HOMY CKa3BIBACTCS HA pacryxa-
vun. Hanpumep, pacnaz nepechIueHHOro TBEPA0ro

pacTBopa, 3aTAHYTHIH BO BPEMEHH, OCOOCHHO Ha
CTaAUAX NPEABBLACICHUH, OJarONpPUATHO BIHCT HA
3axXBaT BAKAHCHH U B PE3yIbTATE YMCHBIIACTCS Be-
POSTHOCTD 00OPA30BAHMS X CKOTIJICHHH, a TAKKE BE-
JUYHHA pacIyXaHus ciuiasa [6].

B 10 x¢ Bpems, coriacHO [7], B ayCTCHUTHBIX
HEPIKABCIOLIMX CTATSAX HauOoee KPYIHBIC MMOPHI
cBsi3aHbl ¢ BbLAencHUAMH. [Ipu 5TOM moBepxHOCTB
MPELAITUATATA CIY>KHAT JOTIOTHUTCIBHBIM CTOKOM IS
BakaHcHH, AU GYHAUPYIOIMX MO HEH, B opy. B atom
clydae pacraj TBEPAOro PacTBopa CIOCOOCTBYET
pacyxanuio 8], KOTOPOE COMPOBOKAACTCI HEOOPa-
THMBIM H3MCHEHHEM pa3Mepos U popmer TBC.

N3BecTHO Takike, YTO HAUMEHBIINM (OPMOH3-
MEHEHHEM TNPH SKCIUTYaTaAlUH B OBICTPBIX PEAKTO-
pax XapakTepHu3yITCs mecTurpantbie uexiisl TBC,
H3TOTOBJICHHBIC U3 HEPIKABCIOIINX (PEPPUTHBIX CTa-
nel. Tak, mo xaHHEIM, PUBEACHHBIM B [9], s dep-
puto-mMapreHcutHOH cramn JI1-450 pacnyxanue npu
noBpexkaromei no3e 90 cHa He npepsimact 2%.
JTa BeMHYHHA SBILIETCS IPAKTHYCCKH IPUEMIICMOH,
HO TeM He MeHee ans paspadorku TBIJIos peak-
TOPOB CICAYIOLWIECTO MOKOICHHUS HCOOXOAUMBI CHC-
TEMATHYCCKUE HCCIICAOBAHMS BITUSHHS PaJHALUOH-
HBIX U TEMIICPATYPHBIX MOJICH HA CTPYKTYPY U u-
3UKO-MCXAHUICCKHE CBOMCTBA MATEPHANOB SACP-
HO-3HEPreTHYCCKUX YCTAHOBOK.

B nacrosmeli ctarbe mpUBEACHBI U 00CYXKIA-
FOTCA PE3YJIBTATHl MATEPHAIOBEAUYECKUX HUCCIEA0-
BaHUH HEPIKABCIOMIECH CTATH, 0OIYUYCHHOH OBICTPHI-
MH HEUTPOHAMH, BBIIOJIHCHHBIE B paMKax padoT mo
Jexomuccun peaxropa BH-350.

Oopazubt u memoodwt uccinedosanus. Vccre-
JOBAJIH COCTOSHHC MaTepraa yexia otpaboTaBuieii
TeIIOBRI ACsttOIeH coopku 715.17003.1188 peaxro-
pa BH-350 — Hepxkaseromyro crane depputo-Map-
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teHcuTHOTO Kiacca 12X13M2BOP (3I1-450) cie-
ayromero cocrasa; C-0,13; Cr-12,83; Ni-0,14; Mo-
1,62; Nb-0,45; Si-0,4; Mn-0,34; V-0,16 (Bec.%).
CranpHagd pagHOaKTHBHAS IJIACTHHA Pa3MepoM
5x5x2 MM, oOnyucHHAs A0 MOBPEKIAIOMECH O3B
~40,3 cua npu Temneparype ~300°C, Obina BeIpe-
3ana u3 rpanu yexsia TBC Ha ormetke «—375 mm»
B “ropsueii” kamepe peaktopa BH-350, a 3atem ne-
peBe3eHa Mo KETIC3HOU JOPOTe B 3AIUTHOM KOHTCH-
Hepe u3 r. Akray (MADK) B r. Amvarter (UA®D). B
«ropsaeiny kamepe peakropa BBP-K crampnas nma-
cTrHA ObLNIA pa3pesaHa Ha 00PasLibl, KOTOPHIC B 1aJIb-
HEHIIEM UCCICIOBATH B MAaTCPHAIOBEIUESCKON na-
6oparopuu. [IpoBeneHo H3yueHHE pagUaLIMOHHBIX
HU3MCHEHHH CTPYKTYPHI, MPOYHOCTH U IIOTHOCTH
cramu. C 3TOH LETbIO HCTIONB30BATH ONTHUCCKHH
mukpockorr MeF-2 u anexrponHsiii Mukpockorn JEM
100CX. BsgemuBanue o0ay4CHHBIX 00pPa3loB HA
BO3IYXC U B BoAc mposoaunu Ha Becax BJIP-20 ¢
ToIHOCTBIO £0,05 Mr. MuKpOTBEpAOCTE OmpeacsI-
mu Ha npudope [IMT-3 npu Harpy3ke Ha HHACHTOP
50T,

Ixcnepumenmanvrole pezyivmamol. Mertan-
norpadUIecKue UCCICAOBaHHUA OOHAPYKUIH, YTO
MukpocTpyktypa ctamu 12X13M2B®P, HeoOny4eH-
HoU n o0ny4yeHHoM B peaxrope BH-350, cymectsen-
HO pazmuaetcs (cMm. puc. 1). Eciau B HeoOnyueHHOM
CTaITH COACPIKaHUE COPOUTHOH U (PEPPUTHOM CTPYK-

TYPHBIX COCTABJIAIOIUX cooTHOocHuTCd Kak 1,55:1
(puc. 1, a), To B 0ONYUCHHOM CTAIH 3TO COOTHOLICHHUE
H3MCHSCTCS B MOJMB3Y (HEPPHUTHOH CTPYKTYphI: 1:2.5
(puc. 1, 6).

OrMeruM Takke, YTO B HCOOIYUCHHOM CTaIH
(deppuTHBIC 3¢pHA PE3KO OUCPUCHBI, T.C. HA BCEM
MPO-TSHKCHUH I'PAHHLIBI 3¢PEH HE MPEPHIBAIOTCS U XO-
POLIO BUAHBI, B TO BPEMS Kak 3¢pHa copOUTa MENb-
4e, ¢ PasMBITBHIMH OYCPTAHUAMHU U C OOPBIBAIOLIU-
MUCS HEJOCTPOCHHBIMH IPAHULAMH.

PaccmoTrpeHne MUKPOCTPYKTYPHI OOITyHUCHHOU
CTamy C MPUMCHEHUEM GONBIIETO YBETIHYCHUS 00-
HAPYKHAJI0 HATHYNAC MAKPOLETOYCK LIEMEHTHTHOH
(hasel, KOTOPBIC PACIIONATAIOTCS KAK BHYTPH 3€PECH
(deppuTHBIX ¥ COPOUTHBIX), TAK H [0 UX TPaHHLIAM
(cMm. puc. 1, B). HekoTopbie BBIICIUBIINECS YACTH-
LBl HEMPEPBIBHBL, APYTHE BHITSHYTH B JIMHUIO, HO
BHYTPH Hee 000cobneHsl. MHTEpECHO OTMETHTS,
YTO LEMOYKH YACTHL BTOPHUIHBIX (a3 HAO TF0JATUCH
TOJBKO Ha OOKOBOH IMOBEPXHOCTH I'PaHH YCXJIa U HE
ObLTH OOHAPVKEHBI HA TOPLICBOH MOBEPXHOCTH.

UNamepenus mukporsepaoctu Hm oOpasios
craau 12X13M2B®P nokazanu, uro 10 o0nydeHuUs
Hm=280 xr/mMm?, mpu<eM MUKPOTBEPAOCTh TOIBKO
(heppUTHOI COCTABIISIIOLICH HE TPEBBILIANA 225 Kr/Mm?,
Ioc e peaxropHOro obayucHus oOas (T.¢. deppura
U copbuTa BMECTE) MHUKPOTBEPAOCTh CTAIH OKa3a-
Jach PaBHOH 355 Kr/MM?, TOTIA KaKk TBEPAOCTh TOJIb-
k0 oaHOro (epputa — 365 kr/mmv?. Mcxoas u3 momy-

2000

Puc. 1. Mukpoctpyktypa dbepputroit ctanu DI1-450: a — HeoOnydeHHas; 6 — 0OMydeHHAS, B — IETIOYKA [EMEHTHTHOH (ha3bl
B o0OMyueHHOH cTamy (yKa3aHbl cTpelkaMK), T — dpopMa OTIeUaTKa alMas3Hol MUpaMUIKU B GepprTe HEOOMyIeHHOMN CTalH,
I — opma oTreyaTka amMazHON MUPaMHUJIKHA B o0NydeHHON HeliTpoHamu ctamu DI1-450
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YEHHBIX PE3yIbTATOB OLCHUM 3G EKT paanaioH-
HOTO VIIPOYHCHUS STHX CTPYKTYPHBIX COCTABIISIO-
WX B OTACIBHOCTH. YHpouyHeHHE deppura:
225DH, = =365-2254100% »60%.
ITpourocts copbura Haiinem u3 coorHomenns: 2H
= H, tH_, HAus HCOOJIYVUCHHOW CTaIH:
2"1285=225+H00p6., OTCIOZA Hcop6>>340 kr/mm?. B To sxe
BpeMst it 00 TydaeHHOM cTamu: 2U355= =365
+H, . wm H_»340 kr/mm?. Takum oOpazom
MPOYHOCTh COPOUTHOM COCTABISIOLICH CTATH B pe-
3yIbpTaTe OOIYUCHUS HE U3MCHUIACK, TOTAA KaK 3ep-
Ha (eppura ynpouHuircek Ha 60%.

OopararoT Ha ceOst BHUMAHUE HEKOTOPBIE OCO-

0,60

OGEHHOCTH, KOTOPBIC BBUIBUITUCH B XOE IKCIICPUMEH-
TOB IO OMPEACICHUIO MUKPOTBEpAocTH cTanu. OKka-
3270Ch, YTO OTHCYATKH alMa3HOH MUPaMHIKH
npudopa [IMT-3 B obnyueHHOH cTanu UMEIOT He-
MPaBHIBHYIO (hOpMY, IpHUIEM HaOIIOJACTCS KaK YBe-
JWYCHHUE AUATOHANCH KBAIPATHKOB IO CPABHCHUIO
¢ “HOpPMaJTBHON ~ JAJTHHOH, TAK U HX COKPAIICHUE (CM.
puc. 1, n). Ilpu a3Tom kaxoi-mub0 pasHULBI MEKIY
OTIEYaTKaMH B COPOUTHOH U GEPPUTHOH COCTABILA-
fomei He 3aMeucHo. B 1o ke BpeMs B HEOOTyucH-
Howt cranu (omkur 600°C, 1 u) orneyarku UMETH
MPaBUIBHYIO GOPMY KBaIPATHKOB (CM. puc. 1, r).
OnpenencHue TUAPOCTATHUCCKON MIOTHOCTH
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Puc. 2. ®opmousmenenne mratHoi mMopepuusupoBantoit TBC 715.17003.1188
u3 pepputo-MapreHcuTHOM cTamu DI1-450, Beiropanue 7,4% t.4. (I[aHHbIe HpO(l)I/IJ'IOMeTpI/II/I [4])

x 50000
Puc. 3. Tlopst B ctamu DI1-450, oGnydeHHOM
B peaktope BH-350 (mpuBeneHa cTpykTypa obpasia
¢ MaKkCHMalbHBIM H3MEHEHHEM TIIOTHOCTH)

3THX ke 00pasuos cramu I1-450, mposeacHHOE B
padote [10], mokazamo, 4To MpPHU HUCCACTYEMBIX IMa-
pameTrpax OOIYyUCHUS €€ YMCHBIICHHUE IO OTHOLIC-
HUIO K ITIOTHOCTH HEOOMYUECHHON CTall COCTABILA-
er~10%. Oguako, cTons OOIbINHE H3MEHEHHS ILIOT-
HOCTH HE COTJIACYIOTCS C AAHHBIMH aBTOPOB CTa-
1pH [ 1 1] 1 APYTHX, OLIEHUBABIINX IFIOTHOCTH KOCBCH-
HO — IO U3MCHCHUSIM Pa3MepPoB “mof Kawd (CM.
puc. 2). K Tomy e npoBeaeHHOE HAMH 3JICKTPOH-
HO-MHUKPOCKOMUISCKOE (“Ha MPOCBET ) MCCICA0BA-
HUE MUKPOCTPYKTYPBI 3TOro o0pasua crand oOHa-
PYKHIIO HATUYHE B HEM TIOP (CM. pucC. 3), KOHIICHT-
pauys KOTOPBIX WM pacHpeacicHHE MO pazMepam
00ecIeunBaOT U3MEHEHNE 00beMa, HE TPEBBILIA-
roriee ~0,2%.

Taxum 00pazoM, UMEETCS CYIIECTBCHHOE pas-
JIMYHE JAHHBIX IO H3MEHEHHIO ITOTHOCTH cTanu I -
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450, oMy4IEeHHBIX B PE3YIBTATE THAPOCTATHIECKO-
rO B3BCILIMBAHHS C OHOH CTOPOHBI, & TAKXKE JJICKT-
POHHOMHKPOCKOITHYCCKUX UCCIICAOBAHUI H H3MEPe-
HUH pa3MepoB “TOA KU~ — C IPYTOH.
O06cyxaeHHne MoJIy4eHHBIX pe3yabTATOB

st 0ObSICHEHHUS TOTYUCHHBIX SKCIICPUMEHTATb-
HBIX JAHHBIX I10 CYIECTBEHHOMY H3MEHEHHIO CTPYK-
TypsI cTamu (cM. puc. 1), MOXKHO MPEANIONOKUTE, YTO
BO Bpemst obnyucHus uexjiaa TBC GbicTpbiMu HEi-
TPOHaAMH B HEKOTOPBIX €TI0 YIACTKAX PEANTU30BAIINCh
VCIOBUS, OIArONpPUATHBIC AT TOTO, YTOOH B (pep-
PHUTO-MaPTEHCHTHOM CTAIM MHAITUFPOBAITICH IIPOLIEC-
cbl (a3oBO MEPEKPUCTAITH3ALNH, & HMECHHO, IO
BO3JCHCTBHEM PaJyalliy IEMEHTUTHAS (aza U3 cop-
OHUTHOM COCTABIIIOIICH HAadana PacTBOPATHCS B
teppurte. Bo3aMoKHBIE MEXaHH3MBI 3TOTO SBICHHUS
paccMoTpeHH B [12], Tae OOKa3pBacTCs, UTO MPHU
OIIPEAEIIEHHBIX SHEPTUAX HEUTPOHOB, CKOPOCTH pa-
JUAITHOHHOMN TIOBPEXAAEMOCTH U COOTBETCTBYIOIIIX
(ckopee BCETO HU3KHX) TEMIIEPATypPax BO3MOMKHBI
JUHAMUYECKUE MEPECTPOUKU BBLACICHUN BTOpHUY-
HBIX (pa3. DTH mepecTpodKH MOTYT MPHUBOIMUTE. K
(hOPMON3MCHEHHIO BELACIICHUH (HATIPUMED, TIACTHH-
yaras (aza MOXKET MEPECTPOUTHCS B 3EPHUCTYIO),
K YMEHBIIEHHUIO Pa3MEPOB BBLACICHUN U, HAKOHEIL,
pactBopenurto BeiacncHui [ 13]. [puanmas Bo BHU-
MaHUE NOCICAHUN cay4aii B ctanu II1-450, mo-u-
JUMOMY, oOpa3oBaiack BTOpHUYHAS (eppUTHAL
CTPYKTYpPa ¢ BBICOKOH KOHLICHTPALMEH pacTBOPEH-
HOTO B HeH yriepoaa. Takuv o0pazoM, IKCiepuMeH-
TalbHO HAOMIOJAEMOEC YBEIHYCHHE KOTUYCCTBA
(epputHOi dazel B 00IYICHHONW CTATH MOTIO MPOo-
H30HTH 3a CUET MPOLIECCOB pacaja [MEMEHTHTHON
(hasel U PACTBOPEHUS YIICPOIA, T.C. B KOHCUHOM CUC-
TC 3a c4eT oOpazoBaHMs ‘BTOPHUYHOro (Qeppura,
XapaKTEePU3YIOLWIErocs BHICOKOW KOHLIEHTpalueu
PacTBOPEHHOTO B HeM yriepoaa. Panee ormedanocs
[14], uro B obOpasuax yriaepoaucteix cranci (Y7,
V8), UMITAHTHPOBAHHBIX ['CIHUCM HA ITUKIOTPOHE U
MOJBEPTHYTHIX MOCICPATHALIMOHHOMY OTXKHUTY (IIpH
TEMIIEpPaTypax aJIOTPOIIUYCCKOrO MPEBPALLCHHS),
HabmoaaeTcs yBenmiIeHue qoiau depputHor (assl
U pa3MeTIbucHHE QePPUTHO-TICPIUTHON CTPYKTYPBL.
ABTOPBI IPEATONOMKHUITH, YTO OOHAPYKEHHOE SBICHHE
CBA3aHO C OCOOCHHOCTSAMHM MOBCACHHS YIJICPOJA,
00OVCITOBIICHHBIMH BBICOKHMH VPOBHSIMU I'PaAHCHTA
THAPOCTATHYECKOTO HANPSYKEHS HITH CKOPOCTH I10-
BPCIKICHHS B 30HE JICTHPOBAHHS TETHEM (CTPOTTIIHH-
ra). BoamoxHo 3 dexrsr hazoBO-CTPYKTYPHBIX U3-

MEHCHHUH B PACCMOTPEHHBIX YIJICPOIUCTHIX U BbI-
COKOJICTUPOBAHHOM CTaIl UMEIOT obiee (puzndec-
koe Tonkosanue. He mckmoueno, uro Habmroxac-
MBI 3G (EKT CYLMIECTBEHHOrO N3MEHEHUs (a30Bo-
CTpyKTYpHOrO coctosuus craimu I1-450 cesazan ¢
JIOKaNbHBIM MieperpeBoM y4yactka yexiaa TBC Ha nc-
caeayeMol orMerke ‘=375 MM” OT LICHTPA aKTHB-
HOMU 30HBL

ITo-BuammoMy, HE UCKITIOUEHO TAKKE, YTO Of-
HOBPEMCHHO MO OONYYCHHEM HACT U OOpaTHBIH
MPOLIECC — BHLACTICHUE LIEMEHTUTHOH (a3l U3 mepe-
CBILIICHHOTO TBEPAOTO pacTBopa. OxHako ¢e obpa-
30BaHUE MPOHUCXOAUT HE XAO0TUYHO, KaK B CIy4ac,
KOTOPBIH UMEJ MECTO MPH KPUCTATIM3ALMHA B MO-
MEHT HPOU3BOACTBA CTANH, & B YCIOBHAX HAIPAB-
JCHHOTO BO3ACUCTBUSL BHYTPCHHUX HAIPSDKCHUU,
00YCIIOBICHHBIX IPAINCHTAMH PaJHALIMOHHBIX H TEM-
neparypHeix moned (puc. 4, a). B pesynprare yrie-
POXA CBA3BIBACTCSA B LICMCHTUTHYIO a3y, YaCTHLBI
KOTOPOH BHINIAAAI0T OPUCHTHPOBAHHO, 00pa3ys rpa-
HULB HOBBIX COPOUTHEIX 3¢PCH WITH OPHCHTHPOBAH-
HBIC LENOYKH (puc. 4, 0).

Mo:KHO PEATIONOKUTE, YTO OJHOU N3 Hanbonee
BEPOATHBIX HPHIHH BOZHUKHOBCHHS I'PAAUCHTOB Ha-
npspxeHni B Marepuane uyexia TBC aemsercs pas-
HOCTb TEMIICPATYP >KHIKOTO HATPHUS HA BXOAC H
BBIXOJIC KaHANA TCIUTOBRLACIomEeH coopku. He nc-
KIIIOUCHO TaKKe, YTO OOIBINYIO PONb UIPACT HEO-
HOPOIHOCTB PAAUALIMOHHOH MOBPEKAACMOCTH CTAITH.
Bosnukaromye B pe3y1bTaTe HAMPSXKCHHS JCHCTBY-
IOT BJONb OCH YCXJA U B 3TOH CBA3H MOXKHO OXKH-
JaTh, YTO LICTIOYKH BTOPHYHBIX LICMEHTHTHBIX (a3
Y TPaHHULBI BTOPHYHBIX COPOUTHBIX 3¢peH OYAyT pac-
MOJATaThCH MPEUMYLICCTBCHHO MEPIICHAUKYISPHO
PACTATHBAIOIINM HAMNPSIKCHHAM B IIOCKOCTAX,
MapaJICIbHBIX TOBEPXHOCTH YEX 1A BAOIb €r0 OCH
(cm. puc. 4, a). QueBHIHO, YTO CIACAYET OXKHUAATH
H3MCHEHHH Pa3MEpoB YeXJa B BEPTHKAIbLHOM
HAIPaBJICHUU, MO KPaifHEH Mepe, B TeX 00nacTsx,
¢ HAMPSKCHUS MPHU SKCILTYaTauy ObLTH MaKCH-
MAaJIbHHI.

OpuentrpoBaHHOE 00pa30BaHHE B CTAIH BTO-
PHYHOH cCOpOUTHOH (a3bl MPUBOIUT K TOMY, UTO OHA
dopmupyer B QEPPUTHON COCTABIAIOIICH POXOTI-
rOBaTHIC 3CPHA M CO3JACTCH BICYATICHHUE, YTO B
MaTepHAIE B PE3YIbTATE OONYUCHHS BBHITAHYIHCH
cTapeie, epBHUHbIE, 3epHa (eppura (puc. 1, B, 4,
0). Ha camom gene atot addekr sBmsercs caea-
CTBHEM OPHUCHTHPOBAHHOTO BHIMAACHUSA VIICPOAa
(LeMEHTHTA) U3 HACKHIIIICHHOTO TBEPAOrO pacTBopa
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Puc. 4. Cxembl: (2) OpUCHTHPOBAHHOTO BBHIMAJICHUS BTOPUUHBIX (a3 BAoIs ocH yexia TBC
U obpa3zoBaHus o0nmacTell pelakcalliy pacTAIMBAIOMUX HaNpsKeHUH; (6) o6pazoBaHus BRITAHYTHIX 3epeH (eppuTa
3a cUeT OPHCH THPOBAHHOTO BhIMaACHIS BTOPHYHBIX (a3, (B) oOpasoBaHue IenoUek BhiiehneHuit u nop B ctamm OI1-450
B mporiecce (Ha30BOTO IEpPepacTBOPEHUS

yraepoza B deppure. B urore B cranu I11-450 mox
OONMy4YeHHEM B ONPEICICHHBIX VCIOBUAX MPOUCXO-
JUT TCPEpacTBOPEHUE COPOUTHON COCTABISIOIICH
U 3TOT IMPOUCCC NPUBOAUT K SHAYUTCIbHOMY U3MC-
HEHUIO MUKPOCTPYKTYPHI © MUKPOTBEPAOCTH MaTe-
puana.

B 0 ke Bpems, eciy MpeaIonoKUTh, ITO THITOTE-
32 OPHCHTHPOBAHHOI'O O0PA30BaHUS B CTATH BTOPHY-
HbIX (a3 Moa ACHCTBHEM PaTHALINN, TEMIICPATYPHI
Y PaCTATHBAIOIINX HANPSKEHUH BEpHA, TO HE HCKITIO-
YCHO, YTO MO TOH K€ CaMOW MPUYHMHE B 001aCTsIX

x 2000

Puc. 5. Boigenenus BTOpUaHON (asbl
(cBeTbie 0Opa30BaHUA) U TIOPHI (TEMHBIC TOUKH)
B cranmu DI1-450 nocne HEUTPOHHOTO OOIYUCHUS U OTXKUTA
npu 600°C, 1 yac

BBIJICJICHUHA BTOPHYHEIX (a3 MOTYT 0Opa3oBbIBATh-
¢Sl TAKKE HECILIOMIHOCTH (Topsl) (cM. puc. 4, B).

[Tpu omkHre 3TN HECIUIOITHOCTH MOTYT Pa3BUThCS
B OONBINKE HOPBI, BUAUMBIC JAKE B METAILIOrpa-
¢uueckuit muxpockon. Ckopee BCero UMEHHO Ta-
KHE TIOPBI HAOMIOAAIUCH HAMH B 00pasie 00 yUucH-
HOM ctamu III-450, BEIpE3aHHOTO ¢ OTMETKH «-
375mm» mocne omkura npu 600°C B TeucHHE yaca
(cM. puc. 5).

TakuMm 00pazoM cIeayeT OXKHAATh, YTO B TOH
gactu uexya TBC, rae pabouas temmneparypa mo-
MaJacT B COOTBETCTBYIOIINI HHTEPBAJ, KOTOPBIH CO-
BMECTHO C OMPCACACHHBIM (HU3KUM) 3HAYCHUEM
CKOPOCTH PaJHALIMOHHON MOBPEKAACMOCTH obecte-
YHBACT NpPOTEKaHue npouecca (azoBol mepeKprc-
TAJUTM3ALUN B CTAJIH, BO3MOXKHO 00pa3oBaHHUE HE-
CIUTOLITHOCTEH, MPUBOLIIINX K CHHYKCHHUIO TIOTHOC-
H Matepuana. [lpu 3Tom mox meHcTBHEM BO3MOXK-
HBIX JIOKaJbHBIX PACTATHBAOLIIX HANPSIKCHUH, OT-
PKAOMUX HATHYHE, MPEKAC BCETO, IPAaJUCHTOB
TEMIIEPATYPHBIX HONCH, 3TH HECILIOIIHOCTH OVAYT
OPUCHTHPOBAHEI TaK, YTOOB 00CCICUNUTE MAaKCH-
MaNbHYIO PENaKCALUI0 HANPSDKCHHH U VITHHCHUE
Marepuana BIOIb OCH Yexia. T.¢. mpuHHUMAas BO BHU-
MaHHE PE3YIbTATH VMCHBIICHUS INIOTHOCTH CTAIH,
MPaBHUIBLHO FOBOPUTH HE O €€ PACIYXaHUHU (KOTOPOE
n3oTponHo!), a 00 JokampHOM mM3MeHeHuHU Dr/r 3a
cueT 00pa3oBaHU OPUCHTHPOBAHHBIX HECIUIOIIHO-
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CTCH, MPUBOAAIIMNX K H3MCHCHHIO Pa3MEpPOB COOPKH
TBC, B ocHOBHOM, B OCEBOM (a HE B paguaapbHOM!)
HAIPABJICHHH.

Takoe npeacraBicHHE HE MPOTHBOPEUUT TOMY
(hakTy, 4YTO NPH U3MEPCHUHU Pa3MEPOB “TIOA KITFOY
JAHHOM COOpKU HE ObLT0 00HAPYKEHO KaTacTpodu-
ueckoro popmonsmenenus [11], mockonbky Makcu-
ManbHOE U3MEHEHHE pasMepos uexaa TBC umeno
MECTO BJOJb, & HE TOMEPEK €ro OCH.

Uro xacaercsa [IOM-ucciaenoBanuii, He oOHa-
PYKHBLIMX KPYITHBIX TIOP B CTAJIH, TO MOKHO TIPS~
MOJIOXKUTH CICAYIomee. BrionHe BO3MOXKHO, 4TO H3-
MeHeHue wiotHocTH ctanu II1-450 nox obnyueHu-
em B uaTepBane Temneparyp 310-370°C cBsazano ¢
00pa3oBaHUEM KPYIHBIX TCIHEBHIX MO Pa3MepoM

>250 A . Ilopsl menbmnx, uem 250 A pa3mepos, B
OCHOBHOM, BAKAHCHOHHBIC U 32 CUCT HMX H3MCHE-
HHE IIJIOTHOCTH MOKET OBITH TOIBKO ~0,5%. 3a cuer

KPYITHBIX, TENUEBHIX, TIop pazmepom ~3000 A | He
BHIUMBIX Y3KE B 3ICKTPOHHOM MHUKPOCKOIIC, HO 3aTO
XOpomo HaOIIAaCMBIX B METaIOrpad)nuecKui,
MOkHO obecnieunTh Dr/r»2%. B 310# ¢BsI3u MOXKHO
MPEAOIOKHUTh, YTO OCHOBHOM BKJIaJ B U3MCHCHHC
mwiotHocTu craqu JI1-450 B mpouecce 3kcmyara-

LMW JAAyT TEIHEBBIC TOPHI pazMepom ~1500 A | T.e.
V)K€ HEBHIMMBIE HA “TPOCBET”, HO €IIEC HE HAOMO-

N

KommuectBo mmop

T o

300 A d

300 A

Puc. 6. IlpennonaraeMoe OuMoanbHOE pacmpesieficHrue
mop 1o pazMepam B obmyueHHoM ctanu D11-450:
a — BaKaHCHOHHLIE TOPBI, O — relneBbIe MOPBI

JacMblc B OnTHICCKUH MuKpockor. Ckopee BCero,
B OOJYYCHHOW CTAJH CYIIECTBYST OMMOIATBHOC
pacmpeaencHue nop (cM. puc. 6). 3a IIUTCIBHOS
Bpemst paboter peakropa bH-350 reaucesic mopsl,
BEPOSITHEE BCETO, PACIIONOKATCS OIIKE K BHYTPEH-
Hew nosepxHoctH uexna TBC, a no Bricote — 6mu-
JKE€ K HIDKHEMY KOHITY YeXJa.

B 3akmioucHHE TMOAYEPKHEM, YTO BCE BBICKA-

3AHHBIC MPCATIOJIOXKCHUA HYXAAKOTCA B AOINOTHU-
TCIbHBIX UCCIACAOBAHUAX.

Jakaroyenue

Ha ocHoBaHnu aHammsa 3KCHEPUMEHTAIBHBIX
JAHHBIX, MOTYYCHHBIX B HACTOAIICH paboTe, MOMKHO
MPEATIONOXKUTh, YTO B Mpouecce oOnyICHHS TPH
cpaBauTensHO HU3KHX (~300°C) Temmeparypax u
CKOPOCTH Habopa moBpexk arormeit 1o3st (-10° cHa/c),
B ctanu JI1-450 nporcxomuT pacnaj MepBUTHOTO
LEMEHTHTA ¢ 00pa3oBaHHEM XpoMHCTOrO (eppura
U PacTBOPCHHOrO B HeM yriepona. Ipu atom BOIU-
3W pa3pyILIAOIICHCS MIACTUHBI IEMCHTUTA KOHIICH-
Tpaums VIiaepoda MOMKET OKa3aThCsl CTOMb BBICO-
KOH, UTO HE UCKIIOYCHO 00pa30BaHHE 30H, OKaAHM-
JSFOLINX IJIACTHHY HEMCHTHUTA, B KOTOPBIX INIOTHOCTb
Omu3Ka K IUIOTHOCTH rpadura, T.c. OUCHb HU3KASL.
(3amernMm, YTO NIOTHOCTE (EPPUTA BHILIE IIOTHO-
CTH LEMEHTHTA). Benencteue pactBopeHus yriie-
poza B (eppHTE TBEPAOCTH MOCICAHErO MOBBIIIA-
€TCS1, HO OTHO-BPEMEHHO MOXKET YMCHBIIUTHCS JHEP-
rus aedekra YIakoBKH CTaTH, YTO YBETHIHBACT
CKJIOHHOCTB (heppuTa K pacnyxaHuro. Takum obpa-
30M 3TH ABa akTopa: 00pa30BAHKUEC B MATPHILIEC 30H
€ HU3KOH MIIOTHOCTHIO M PaJHALIIOHHOE PAcITyXaHUe
00OVCIIOBIUBAIOT, B OCHOBHOM, CHHJKCHHE TIIOTHOC-
TH cTamu moa ooayucHueM. OQHAKO AaKe cyMmap-
HOC JCHCTBHE 3THX (HAKTOPOB HE MOMKET MPUBECTH
K CTONb CYIIECCT-BEHHOMY HM3MEHCHHIO IIOTHOCTH
CTau, KOTOPOE OBIJIO 3apPErHUCTPUPOBAHO SKCIICPH-
meHTanpHO B padore [10] — 10%. B 3Toit cBsi3u He-
00X0IUMO TPEANONOKHUTE TAKKE, UYTO B obIydac-
Mo ctanu mpu Temneparypax ~300-350°C napsaay
€ pacmajgoM NEPBHYHOTO LIEMCHTHTA MPOTCKAIOT
MPOLIECCHI BRIMAACHHUS YITIEPOJA U3 MEPECHILECHHO-
ro TBEPAOrO pactBopa (deppura. ITO NPUBOIUT K
00pa30BaHHUIO OPUCHTUPOBAHHEIX B MOJIC BHYTPCH-
HHUX HANPsDKEHUH LHENOYEK BTOPUYHON EMEHTUTHOM
(hasel B MATPULIC KPUCTAITHTOB WJIH I'PAHUL] HOBBIX
3epeH copOuta. BepostHo, Hanbo016e HHTCHCUBHO B
3TH BHOBb 00Pa3yeMbIC YYACTKH MHTPUPYIOT HE OJH-
HOYHBIC ATOMBI YIJICPOJA, & KOMIUICKCHI “YITICpOX
— BAKaHCHUS — TeMui~ U B PE3YIbTATS 3ASCh, Haps-
IV C BBLACTICHUSAMH BTOPHYHBIX (a3, oOpasyrorcs
TeIMEBBIC NOpPEl. B KOHEUHOM cueTe MOXKHO Tpen-
MOJIOXKUTD, YTO IPU CPABHUTCIBHO HU3KHX TEMIIC-
parypax B QeppuUTHOM CTaIM 3apOoXKIAIOTCA U pac-
TYT OPUCHTUPOBAHHBIC MAKPOIIOPEI C CPEAHHIM pPas-

mepom 1500 A , npuBoadIze K aHU30TPOITHOMY W3-
MmeneHuto dopmel uexna TBC u karactpoduuecko-
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MY YMCHBIICHHIO IIIOTHOCTH MaTepHaia B OTACIb-
HBEIX VYACTKAX.

Taxum 06pa3oM, BEICKa3aHHBIC B paboTe Ipea-
MOTOKEHUS MTO3BOJLSIIOT B HEKOTOPOU CTETIICHH 00bsIC-
HUTb, MIOYEMY JAHHBIC, TONYUCHHBIC PA3TUYHBIMU
METOAAMH — HM3MCPCHHEM Pa3MEPOB MO KU,
THIPOCTATHUCCKIM B3BCIINBAHHUEM U 3JICKTPOHHOU
MHKPOCKOTIMEH — MOTYT HE HMPOTHBOPCYHTH APYT
apyry. JelcTBUTEIBHO, U3MEHCHUE TE€OMETPHYICC-
KHX Pa3MEpOB LICCTUTPAHHOTO YEXJa MPOUCXOAUT,
B OCHOBHOM, BJIOJIb €r'0 OCH, a He nomnepek. [Ipocse-
YHBAIOIIAS SJICKTPOHHAS MUKPOCKOMIHS “HE BUAHUT
MaKpomnop, KOTOPHIC, B JAHHOM CIYy4ae, SBISIOTCS
OCHOBHOM NPUYHMHOMN YMEHBIICHUS ITOTHOCTH CTAJIH,
(uKCHpPYEMOU B3BEIIUBAHUEM B PA3THIHBIX CPEAAX.

Tem He MCHEE, €IIE pa3 MOTUCPKHEM, UTO TONb-
KO CHCTEMATHYECKHUE HCCICAOBAHNS PAJUALINOHHBIX
3¢dextoB B cramu I1-450 oxoHuarempHO paspe-
AT PA3HOTJIACHS, BO3HHKIIHUE IO TOMY BOMPOCY.

Creayer oxkuaaTh, 4TO MPH HOBBILICHHBIX (380—
420°C) temmeparypax OOIYUICHHS HPOLICCCHI BOC-
CTaHOBJIEHUS pa3pylIacMoil HEHTPOHAMU LIEMEHTHUT-
HoU (ha3bl Oy IyT IPEBATUPOBATE, B PE3YIIBTATE YETO
MakpocTpykrypa odnayucHHoi cramu Il1-450 He
Ovaer oranuaTthes ot ucxoauoi. M3menenne mnor-
HOCTH cTaju OyAeT OOYCAOBJCHO JIUIIb PATUAALIN-
OHHBIM PAacIyXaHHEM U O BETUYHHE HE IPCBHIIIATD
1-2%. Tlo-Buaumomy, STOT Ciiydad, peasnu3yeMblil
BO MHOruX OpicTphIX peaktopax (EBR-II, dennxce u
T.A.), TOCTY>KUT OCHOBOH JTs1 YTBEP>KACHUSL, UTO HE-
pkaBerompe (peppUTHBIC CTATHM PACIyXAIOT B 3HA-
YUTEIBHO MEHBIICH CTENCHHU, YeM ayCTCHUTHEIC.
Ty TUNOTE3y MOXKHO HOATBEPIUTH WM OIPOBEPT-
HYTh, B YACTHOCTH, HA OCHOBE aHAJN3a JAHHBIX IO
XapaKTePHU3ALMH COCTOSHUS 00pa3LoB CTaH, BEIPE-
sanabix u3 yexjaa TBC BH-350 ¢ Goace BhICOKHX
OTMETOK.

Ckopee Bcero, KapTHHA U3MECHCHHS CTPYKTYPBI
U CBOHCTB (eppHUTO-MAPTCHCUTHOU CTAIH B ACH-
CTBHTCIBHOCTH CIOKHEE U B JCTANAX MOXKET JaXKe
OTIHYATHCSA OT OMUCAHHOH BhImE. OUEBHIHO, YTO
Ut O0Jiee KOPPEKTHBIX MPEACTABICHUH 00 9BOIMIO-
LUH CTPYKTYPBI CTATU HOX 0OIyUIeHHEM HE0OX0 MU~
MBI HOBBIC 3KCIICPUMCHTAJIbHBIC JAHHBIC. Takue
JAHHBIC OMOTYT ri1y0:ke moHsTh 3 deKTh paaua-
LUOHHOT'O PACIYXAHUS U CIPOrHO3UPOBATH ITOBEAC-
HUe (HEPPUTO-MAPTCHCUTHOM CTAITH B YCIOBHAX OJ-
HOBPEMEHHOTO HHTCHCUBHOT'O BO3ACHCTBHS TEMIIC-
PaTypHBIX, CHIOBBIX M PAJHALIMOHHBIX TOJICH.

JIUTEPATYPA

1. Maksimkin O.P., Tsai K.V., Doronina T.A., Turubarova
L.G..Garner F'A. Void swelling of AISI 321 analog Stainless
Steel irradiated at low dpa rates in the BN-350 reactor // Journal
of Nucl. Mater. 2007. V. 367-370. P. 990-994.

2. Maksimkin O.P., Gusev M.N., Tivanova O.V., Garner
F.A. Correlation of yield stress and microhardness in
08Cr16NiMo3 stainless steel irradiated to high dose in the BN-
350 fast reactor // Journal of Nucl. Material. 359 (2006). P.
258-262.

3. Maksimkin O.P., Turubarova L.G., Tsai K.V., Doronina
T.A., Garner F.A. Characterization of 08Cr16Nil 1Mo3 stainless
steel irradiated in the BN-350 reactor // Journal of Nucl.
Mater. V. 329-333, (2004). P. 625-629.

4. Maxcumxun O.11. AHanu3 pe3ynbTaToB W HOBas KOH-
LEMINs HccIeJOBaHIS MaTepHaIoB TEILTOBBLACIMIONIX cO0pOoK
peaktopa BH-350 // COopHHK MaTephajoB MEXIyHApOIHOU
KoH(epeHIun «SepHas u paguaiinontas pusmnkay, (26-29 cen-
Ta6ps 2005 1.). Anmatsl, 2006. T. 1. C. 98-134.

5. Garner I'A. Trradiation Performance of Cladding and
Structural Steels in Liquid Metal Reactors // Material Science
and Technology. A Comprehensive Treatment. V. 10A (Nuclear
Materials). Part 1. Chapter 6. VCH Verlagsgesellshatt mbH.
Weinheim, Federal Republic of Germany. 1994. P. 419-543.

6. Hlapuwun AM. CTpyKTypa W pajiHaliioHHOE pacmyxa-
Hue cTajel u craBoB. M.: DHeproatomusgart, 1983. 345 c.

7. Mansur LK., Hoyns M .R., Lee E.N. Mechanisms affecting
swelling in alloys with precipitates / The Metallurgical Society
of AIME. Warrendate. Pa-1981. P. 488-495.

8. Opnoe A.H., Tpymun IO.B. Mozaenu pacnaja TBEpJbIX
pacTtBOpOB oA obnydeHneM // OBM u Moxenuposanue nedek-
TOB B Kpucrtaiiax. Jlenunrpaz, 1982. C. 51-67.

9. Cononun M.U., Hommyxoeckuii A1, Bubunaweunu 10.K.,
Jleonmvesa-Cmupnosa M. @. u np. [Ipobrembl coznaHus © MO-
JICpHU ALY HEPIKaBEIOINX cTajleH JUis AeTanel ak THBHLIX 30H
SEPHBIX PeaKTOPOB Ha OBICTPBIX HeliTpoHax // DU3MKa U XUMHS
obpaboTku MaTepuanos. 2001. Ne 5. C. 5-13.

10. Kaowipacanos K. K., Aitmxoocun 3.C., Yymaros E.B.,
Typrebaee T.0., Kucnuyun C.b. Paciyxanue peakTOPHBIX Ma-
TepHaJIoB MPH BhICOKOA03HOM oOmydennn // [Ipenpunt UIAD
HATT PK. Ne 23. Anmmarter, 2003. C. 70.

11. Kapaynos B.H., Bavincxuii A.11., Axoenese U.JI., 'ono-
eun C.B., JlamGepm J]. Uccnenosanre N3MEHEHHS KpaTKOBpe-
MEHHBIX CBOMCTB MaTepHaitoB UexiioB oTpaborapmux TBC pe-
aktopa BH-350 oT BakaHCHOHHOTO pachyXaHud // SlnepHas u
pannanuonnas ¢usmka. T. 1 (Matepuansl 2- MeXIyHAPOI-
HoM koHpepeHImH, 7-10 mrons 1999 r., r. Anmartsi, PK). Anva-
te1: 51D HALT PK. 1999. C. 44-54.

12. Hbpacumos IILIII., Kupcanoe B.B. ]lnnaMuueckue me-
pecTpoiiku BIJIeTICHUH BTOPOi daswl Mo obnyueHneM // Peak-
TopHoe Marepuanosenenune. M. ITHUM, Aromuadopm, 1978.
T. 3. MexayHaponHast KOH(epeHIUs 110 peakKTOPHOMY MaTe-
puanoBejgenuio 29 mas — 1 wuions, 1978, r. Anymra.
C. 353-368.

13. Ipunuyx I1.11., Kupcanos B.B. Jlunamuieckoe pas3py-
menue 308 [ uabe—IIpecTona B mporiecce obmyuenus // GMM.
1974. T. 38. C. 756-765.

14. Reutov V.F., Turubarova L.G., Silnyagina N.S.
Influence of post-irradiation phase recristallization upon
structural changes in carbon steel irradiated by high energy alpha-
particles // Scripta Met. 1993. V. 29. P. 807-810.

24




Paouayuonnas dhusuxa u pusuxa mgepoozo mena

Pezrome

BH-350 manimay HelTpoHAapaFbl KbUTy MIBIFAPFBII KU~
HaKTBIH ’YMBIC ICTETeH aJIThI KaKThl KAIIIBIFEIHBIH MaTepUaIbl
12X13MBOP (B11-450) ToTTanGalThiH GHEeppUTTIK OOTATTHIH
MHKPOKYPLIILIMBIHBIH ©3Tepyl MEH KacHeTTepl 3epTTe/reH.

Coyneneny/ iy calabICThIpMabl TOMEH TeMIlepaTypaiapbiH-

VK 621.315.592

na (~300°C) xone 40,3 cHa MHTErpalbIK OYAMIpYIN Jo3a1a
Oonatta XpoMIbsl QEpPpHUT KoHE OHJAFBl €pIreH KOMip-TeK
TY3UTYIMEH aJIFaliKhl eMEHTUTTIH bIAbIpay MpolieciHiy 0ackiM
OonaThiHBl TAOBUTFAH. PaguarmsnblK iciHyre jKoHe QeppuTiK
0ONATTHIK MEHITIKTI THIFBI3/bIFbIHA (a3anblK KaliTa KpucTania-
HY/IBIH BIKITABI TATKbITAHADI.

Summary

Investigations of changes in microstructure and properties
of 12Cr13Mo2BFR ferritic stainless steel (EP-450) served as
hexagonal shrouds of fuel assemblies in the BN-350 fast reactor
were performed. It was established that at relatively low
temperatures of irradiation (~300°C) and integral dose of 40.3 dpa,
12Cr13Mo2BFR ferritic steel experienced mainly decom-
position of former cementite resulting in the formation of
chromium ferrite and carbon dissolved in it. The influence of
phase recrystallization on radiation swelling and specific density
of ferritic steel was discussed.

Huemumym sadeproii ¢pusuxu

HAIL PK, 2. Aamameor Hocmynuna 20.11.07e.
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0. I0. IPHXOJIEKO

CIEKTP JIOKAJIN30BAHHBIX DJIEKTPOHHBIX COCTOSHUIA
B AMOPO®HbLI X MIEHKAX As,Se,, MOITUO®UIIUPOBAHHBIX Bi

IIpuBeaeHbI pe3ynbTaThl UCCIIEOBAHUS DTIEKTPUUCCKUX M ONTHUCCKUX CBOHCTB M HHEPIeTUUECKOTO CIIEKTpa JIOKaIN30BaH-
HBIX COCTOSHMH aMOP(MHEIX MITEHOK CENEHH 1A MBIMbAKA (As,Se,), MOAHIMPOBAHHBIX BUCMYTOM. KOHIIeHTpalus npuMecH BUC-
MYTa B IIEHKAX COCTAaBIANa 15 aT.%. YCTAaHOBNEHO, UTO TpEMeCh Bi co3/la€T B 3alpelmeHHol 30He MIeHOK As,Se, JOHOPHBIH
ypoBeHb ¢ TiyOouno# 3aneranus 0,1 »B. CriekTp NoKaTH30BaHHBIX COCTOSHHUHN, ONpeelCHHLIH U3 aHalN3a TOKOB OrpaHHYCHHBIX

MPOCTPAHCTBEHHBIM 3apsIOM, BKIIFOYACT JIBE TPYIIIIBI JIOBYITICK:
MOHOSHEpreTHYecKie ¢ KoHIeHTpanueit 4-108 em?, pacromno-
skeHHble Ha 0,56 5B oT kpas BaJeHTHOW 30HBI, U DKCIIOHEHIIH-
albHO paclipejieieHHble B MHTepBane sHepruit ot 0,11 1o 0,19
5B BBIIIE MOTOJIKA BaJICHTHON 30HBI.

Beenenmne. M3BeCTHO, UTO OTHUM U3 TICPCHCK-
TUBHBIX MCTOIOB YITPABJICHUS CBOMCTBAMH XaJIbKO-
TEHUIHBIX CTCKIOOOPA3HBIX MOJYITPOBOIHUKOB
(XCII) sBasieTcs UX JACTHPOBAHUE ITyTEM COBMECT-
HOT'O MOHHO-TITA3MCHHOTO BBICOKOYACTOTHOTO CO-
PaCHBLICHUS KUCXOAHOTO MOy IPOBOAHHUKOBOTO Ma-
Tepuana u npumec [ 1-3]. Tak, Hanpumep, B pado-
Tax [3-5] ObLIO YCTAHOBIICHO, YTO B aMOP(HBIX IICH-
Kax CCICHUAA MBIIMIbIKA ¢ TPUMECHIO BUCMYTa
(a-As,Se,<Bi>), moly4eHHBIX METOJOM BBICOKO-
YACTOTHOTO MOHHO-ILIA3MEHHOTO COPACIbIICHHUS
HaOII0AACTCS CYIIECTBCHHOE VBEIHMUCHHC POBOIH-
MOCTH U U3MCHCHHE THIIA MPOBOAUMOCTH C AbIPOU-
HOrO (p) HA 3ICKTPOHHBIH (n). BeiBoa 0 cMeHE THIA
MMPOBOAUMOCTH, KOTOPBIH MPOUCXOAU ITPH KOHIICH-
TpaLK BUCMYTA B IICHKAX, IPEBbIIaoNIei 4 at. %,
ObLI CACIaH HA OCHOBAHHUH U3MEPSHNH K03 dunu-
CHTA TCPMOC B LITHPOKOM TEMIICPATYPHOM HHTEP-
Basie (ot 100 10 450 K) [5]. Cmemmenue yposus Dep-

MH AEF OTHOCHUTEJIBHO CEPEANHBI 3alpEeIICHHON
30HBI B IIEHKaxX As Se <Bi> nae npu MakcHuMab-
HOW KOHLEHTpaluu npumecu Bi, pasHoii 9,8 at.%,
obu10 HesHauutenpHbIM ( ~0,1 3B) [3]. Ha ocHoBarMM
3tux (axTos B [2-5] ObL1 cACTaH BBIBOJ O COOCTBCH-
HOM XapakTepe MPOBOAUMOCTH N-TUIA B IUICHKAX
As, Se,<Bi>. B pabote [6] Obl1a npeanoxeHa MHUK-
POHEOTHOPOAHAS MOJCb JICTHPOBAHUS XaJIbKOTC-
HUIHBIX CTCKI000pPa3HBIX MOJIYIPOBOJIHUKOB
(XCII), ocHOBBI KOTOPOU OBbLITH 3a0KEHBL B [2].
C no3uiuu >ToM MOACIH U MPOBSACHHBIX PACUCTOB
OBLTH MPOAHATU3UPOBAHBI IKCIICPUMCHTAIbHbIC
pe3ynbtaTsl o Mogudunuposannto mcHok XCIL
B gacrHocTH, Ob1T0 TOKA3aHO [6], UTO, HECMOTPS Ha
PacTIONOKEHUE YPOBHS £, BOMM3M CEPEAMHBI 3arpe-
IICHHOM 30HBI B IUIEHKAX ASZSe3<Bi>, UX TIPOBOIH-
MOCTB ABIETCS puMecHOU. [IprumecHBIN ypOBEHD,
CO31aBaCMbIF aTOMAMH BHUCMYTa, PAcCloiarajics B
3TOM CITy4ae, TAKKE Kak H YPOBEHb L, B CEpeaUHE
sanperenHo 30ub1. OqHako, B padortax [7, 8] ObL10
YCTaHOBJIEHO, UTO B IIeHKaxX As,Se,<Bi>, nomyueHHbIX
HMOHHO-TUIA3MECHHBIM BBICOKOUACTOTHBIM COPACIIBIIC-
HHUEM, C KOHLIeHTparwmei Bi, mpesbimatormeii 10 ar. %,
HaOMIOIACTCS CYIIECTBCHHOE CMeIIeHHe ypoBHA Depmu
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OT CEPEMHBI 3AMMPENICHHOM 30Hb K 30HE TTPOBO/IM-
MOCTH, TO €CTh TIPOBOJIAMOCTb B 3THX IJICHKAX SBJIS-
eTcd mpuMecHoi n-trma. OIHaKo MOAPOOHBIE HCCITe-
JIOBAHWS 3JICKTPOHHBIX CBOMCTB M CIIEKTPA JIOKAJTH30-
BaHHBIX COCTOSIHUI B 3THX TJICHKAX HE TIPOBOTHITHCH .

Jlns wccnenoBaHms CIEKTPa JIOKATH30BaAHHBIX
COCTOSTHHIM B TBEPIBIX TEIaX MPUMEHSIOTCS Pa3HBIE
MeToabl. OMHUM W3 HUX SBJISAETCS METO.T TOKOB, OT-
PaHMUCHHBIX MPOCTPAHCTBEHHBIM 3apsaaoM (TOI13)
[9, 10]. s cozmanmsa pexuma TOII3 B mierkax
n-As,Se,<Bi> Heo6x0omMo obecreduTs ShdexTrB-
HYI0 WHXeKnuio asipok. Kak Opito mokazano B
[7, 8], apdexkTuBHYIO MHKEKIHIO ABIPOK B TUICHKH
n-As,Se,<Bi> MOKHO 00ECIIEUM TS, €CIIH B KAYECTBE
OJTHOTO W3 AJICKTPOJOB B COHJBHY CTPYKTYpPEC
p-Si/n-As,Se <Bi> ucnons3o0BaTh KpUCTaIIAYEC-
KW KPEMHUH ¢ p-THUIIOM MPOBOAMMOCTH. Takas
CTPYKTypa SBJIAETCA aHU3OTHITHON T€TEPOCTPYKTY-
poii (I'C) ¢ pe3kuM reTeponepexooM ¢ MaKCHMAaTh-
HBIM K03 durmentom BeimpsmiaeHus ~10% mpu
KOHITEHTPAITHHA aTOMOB BHCMYTa, paBHo# 15 ar.%.
WrkeKms 3JIEKTPOHOB U3 MIIEHOK N-As,Se,<Bi> B
KPEMHMUI B 3TOM CJIydae 3aTPyAHCHA U3-32 BHICOKO-
r0 TIOTEeHITaIbHOrO Oapbepa Ha rpanuie ['C [8].

B nannoii pabote aHanM3UPYIOTCA paHee MOIy-
YCHHBIC U IPUBOJISTCS HOBBIC PE3YJIbTATHI HCCIISIO-
BAHHUH 3JEKTPUUYECKUX U ONMTHYECKUX CBOWCTB U
CIIEKTPa JOKAIM3OBAHHBIX COCTOSHHUHA METOIOM
TOI13 B MoauHIIMPOBAHHBIX BHCMYTOM aMOP(HBIX
TJIEHKaX CENIEHN/IA MbIIIbAKA As, Se,, comepKalmx
15 ar.% Bi.

Metoanka 3xcnepruMeHTa

[Tnenkn TommuHoM d ot 0,2 mo 0,3 MKM mony-
YAJIUCh METOAOM MOHHO-TIA3MEHHOTO BBICOKOYAC-
TOTHOT'O COPACITBICHUS KOMOMHHUPOBAHHOM MHUIIIE-
HH U3 CTEKI000pasHOro As,Se, H METALTMIECKOrO
BHCMYTa B aTMoc(epe aprona npu gasnennu ~1 Ila
Ha gactore 13,56 MI'11. Meroauka momydeHus mie-
HOK ObIjIa aHAJIOTUYHOM HCNONb30BaHHOM B [2]. KoH-
eHTpalis npuMeckd Bi B MeHKaX OMPeaesiiach
TPU TIOMOIMA PEHTTEHOCTIEKTPATFHOTO MUKpPOAHA-
nu3a. [y cTabman3anuy SIEKTPUICCKUX W ONTH-
YECKUX CBONCTB CBEKEMPUTOTOBJICHHBIC TUICHKH
omkuranuce npu temneparype 440 K B TeueHue
30 MuH. AMOPGHOCTH CTPYKTYPHI TICHOK KOHTPO-
JTUPOBAJIACh METOZIAMH PEHTTEHOBCKOM U DJIEKTPOH-
HoW jupakiuu. Jnst uccrenoBanus 3JeKTpayec-
KUX M ONTHYECKUX CBOHCTB mneHku As,Se,<Bi>
0CaXTAJTACh, COOTBCTCTBEHHO, HA MO JIOMKKH TTOJTH-

MEPHOTO AMAJIEKTPHKA «KANITOH» C YACIBHBIM CO-
NpOTHBJICHHEM, TpeBbimaronmm 10° OMecwm, u mo-
JTIUPOBAHHBIC CTSKISIHHBIC TIOJTTOMKKH.

CriekTp JIOKaTM30BaHHBIX COCTOSHHM B TICHKAX
As,Se,<Bi> onpenenaics U3 aHaau3a npsAMod BETBH
BOJIbT-aMIIepHO# Xxapakrepuctuku (BAX) rerepo-
CTPYKTYyphI P-Si/n-As, Se <15 ar.% Bi>. B kauectse
WH)KEKTHPYIOLIETO ABIPKH AJIEKTPOAa MCIONb30Ba-
71ach MOIOXKKA U3 MOHOKPHUCTAJUIMYECKOrO KpPeM-
HUS P-THIIA C YASTBHBIM corrpoTuBiaeHueM 10 Om-cm,
MPEABAPUTETHHO OTIIOJIMPOBAHHAS M OUHTIICHHAS OT
cnost okuena Si0,, DNeKTposaMK Kak K IJIEHKaM
As,Se,<Bi>, Tak 1 k I'C cnysxnnmm Tonkwme cion Al,
OCAKACHHBIC TCPMUYCCKUM HUCITAPCHUEM B BAKYYMEC.

PesynbTaTtsl 3kcniepuMeHTa
| UX 00CYy:KIeHIe

HccrnepoBanus 3eKTPUYECKAX U ONTUYECKUX
cBoiicte amopubx mieHok As Se, <15 ar.% Bi>
MOKa3aJIH, YTO BEIMUYMHA MPOBOAMMOCTU G TPH
T=300 K, m3MepenHas Ha TOCTOSHHOM TOKE, COCTaB-
qsier 0,1 Omlecm!. 3aBUCHMOCTE G TUIEHOK OT TEM-
niepatypsl B obmactu ot 300 1o 440 K xapakrepusy-
€TCsl SKCTIOHEHITHATLHBIM 3aKOHOM & = C-exp(-Fo/kT)
¢ ontHOM 3Heprueit akTuBaruu £c, pasHoi 0,1 3B.
OnTHueckas MMPHUHA 3aMPEICHHON 30HBI L, pac-
CUMTAHHAS W3 CIICKTPAIHHBIX XapPaKTCPUCTHK MPO-
MYCKaHM: C UCTIONb30BAaHMUEM COOTHOLIEeHH: Tayna
ohv ~ (hv — £ )* nipu 3HaueHUAX KOIDPUIIMEHTOB
normowenus o > 103 — 104 em!, cocrasser 0,9 5B.

Kak Ow110 ycTanosieno B [7, 8] BonpT-ammep-
Has xapakrepucrtuka I'C p-Si/n-As,Se, <15 at.% Bi>
ABJISICTCS CYIIECTBEHHO HenuHelHoi. Ha puc. 1 mo-
Ka3aHa NpsAMasi BETBh BOJIbT-aMIICPHON XapaKTepH-

-3

Lg(L.A)

-9 L 1
0 Lg(U,B)

Puc. 1. Ipsvas seter BAX I'C p-Si/n-As Se. <15 ar.% Bi>
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cruku I'C p-Si/n-As,Se. <15 ar.% Bi> npu 7=295 K
B JIBOWHOM JIorapu(pMuueckoM MacinTrade.

MOHO BHJIETh, UTO MPH YBETUUEHUH HANPsIiKe-
HUSI Ha JIBA C TIOIOBUHOM MOPSIKA BENUYUHBI HA0MIO-
JlaeTcs cylecTBeHHoe, B 10° pa3, yBeauyeHue ToKa.
Kpome toro, BAX umeeT ClOsKHBIA BUI U MOKET
OBITh OMHMCAHA CTENIEHHBIM 3aKOHOM [ ~ U™ C YeTKO
BBIPAKEHHBIMH YETHIPbMSI YYACTKAMM C Pa3HbIMU
HOKa3aTe/IsAMK CreneHu m. IlepBbiii yuacTok ¢ m, =
= 2,0 Habmoaaercs npu HanpsokeHusx U < 0,14 B;
BTOPO# yuacTok ¢ m, = 4,4 peanusyercs Ipy Hanpsi-
aenusx 0,14 <U < 0,40 B; tperuii ¢ m, = 3,0 - npu
0,40 < U < 0,80 B u uerseptoii ¢ m, = 2,0 - npn
U > 0,80 B. Takas 3aBUCMMOCTh TOKa OT Hamps-
KEHHUS MOKET ObITh 00YCIIOBJIEHA OrpaHUYEeHHEM
WHKEKIIMOHHOTO TOKA JIBIPOK U3 KPEMHUsSI IPOCTpaH-
CTBEHHBIM 3apsi/IOM, BO3HUKAIOIMIMM B IJICHKE
n-As_Se <Bi>. Tak kak JAbIPKY ABJIAIOTCS HEOCHOB-
HBIMU HOCUTENISMH 3apsiia B IIEHKax n-As Se . <Bi>,
TO BIOJTHE PA3yMHO MPEAIOI0KHUTE CYIIECTBOBAHHE
TOII3. Ilpoeenem ananu3 npsimoii Betsu BAX na
ocHoge Teopun TOII3 w1 TOKOB MOHOIOJSIPOHOIA
umkekuuu [9, 10].

Kak Buano u3 puc. 1, nepssiii yuactok BAX ¢
nokasarejnem creneHu m, = 2,0 (Tak Ha3bIBaCMBblii
KBaJpatvuHbIiii yuactok) Hadmoaaerces pu U<0,14 B
¥ CMCHSETCSl BTOPBIM Y4aCTKOM C m, = 4,4, Ha KOTO-
POM IPOUCXOUT OBICTPOE HAPACTAHUE TOKA U KOTO-
pbIii, B IEPBOM NPUOIKEHHUH, MOYKHO CUUTATH «I10-
YT BEPTUKANBHBIMY». JTO 03HauaeT, uto BAX Ha
MEPBOM YHACTKE MOKET OBITh 00YCIIOBIIEHA KaK MO-
HOYHEPreTUUECKUMH JIOBYIIKAMHM, TaK U «O€3J0BY-
MEYHBIMY» MEXAHU3MOM MPOXOXKAEHHUS Toka [9, 10].
B npucytcteun noymiek BAX onuckiBaeTcsl ypas-
HeHueM [9, 10]

J=9/8 [0/0+ Ve U/, . (1)

rie J — MIOTHOCTh TOKa, U — MpUIIOsKEHHOE HaMpsi-
JKCHHE, p, — MONBIKHOCTD JBIPOK; & — AUANICKTPH-
4ecKasl MPOHULIAEMOCTD; d, . s dexTuBHas TO-
wuHa nnenky; 6/(0 + 1) = p/(p + p) — bynkuus,
NOKa3bIBAIOLLAsl OTHOLIEHUE KOHUEHTPALIMKU CBOOO -
HBIX HOCUTEJICH p K MX MOJHON KOHLEHTpALKu (p +p,),
T.€. CBOOOJHBIX 1 3aXBAaYEHHBIX p,. B CBOIO Ouepe b,
0 IKCNIOHEHLIMAJIbHO 3aBUCUT OT Temneparypsi [9]

0= (N/gN) exp[(E~E)/KT] . 2
rae N - o5pdexkTnBHas MIOTHOCTE COCTOSAHUI B Ba-
JIEHTHO 30He, g — GaKTOp BBIPOIKICHHS JIOBYIIIEY-

HBIX COCTOSIHUM, N, — KOHIIEHTPALIKsl JIOBYIIIEK, £ —
DHEPIEeTHYECKOE TI0JI0XKEHHE YPOBHA JIOBYIIEK, £ —

OHEPrus, COOTBETCTBYIOLIAS MMOTOJKY BaJICHTHOM
30HBI, k— mocTtosHHas bonbimana, 7' — abcomoTHas
TeMreparypa.

Ilpu 0 = p/p, << 1 otnomenue /(0 + 1)~ 6, n
TeMIepaTypHas 3aBUCHMOCTh TOKa Ha MEPBOM
yuacTke BAX nomkHa onpenenstbes TeMneparyp-
HOl 3aBUCHMOCTBIO 0. B 3TOM cilyyae U3 TaHreHca
yria HakjioHa 3asucumocti lg J ot 1/7 moxHO on-
PEIAENIUTL SHEPIETUUECKOE MOJIOKEHHE JIOBYLIEK F,
B 3alpeleHHON 30He aMop(QHbIX MJIEHOK
n-As,Se.<15 ar.% Bi>.

Ecnm noyuku oteytetByior (p, = 0), o 9/(0+1) =1,
1 BAX onmuchIBaeTCA «O€3TOBYINEIHBIMY KBAAPATHY-
HBIM 3aKoHOM MotTa-I'enpu [9]. TemnepaTypHas
3aBUCUMOCTh TOKa B 3TOM Cydae Onpeaensercs
TEMIEPATYPHBIMU U3MEHEHUSIMU € U i, KOTOPHIE HE
SIBJISIFOTCSL CTOJIb CYIIECTBEHHBIMH.

Ha puc. 2 (kpusbie 1 u 2) noka3aHsl TeMIIepa-
TYpHBIE 3aBUCUMOCTH TOKa Ha nepBoM yuactke BAX

S
o i I
-5 _\
<
Rl
e
7
2
1
8
1 1 1 1 1 1 1 1 1
26 2.8 30 32 1071.51{-1

Puc. 2. TemneparypHbIe 3aBUCHMOCTH TOKa
npu pasHbeix cMmemenuax U Ha I'C:
1-0,07B;2-0,13B;3-04B;4-08B;5-20B

npu cmemenuu U nal'C, pasnom 0,07 u 0,13 B, co-
OTBETCTBEHHO. MO)KHO BUAETH, YTO TOK CYIIECTBEH-
HO YBETUYMBACTCSA C TEMIIEPATypol MO SKCIOHEH-
LHATLHOMY 3aKOHY, & pacCUMTaHHas BEIWYUHA E,
coctasiaer 0,56 »B.

[Tony4yeHHbIEC pe3yabTaThl CBUIAECTEILCTBYIOT O
HaJIMYUH B 3aMpelieHHON 30He aMOp (PHBIX IIJICHOK N-
As Se <15 ar.% Bi> MOHODHEPreTUUYECKHX JIOBY-
IEK JUIs IBIPOK, pacnonokeHHbIX Ha 0,56 3B Bbllie
MOTOJIKA BAJICHTHOM 30HBI £, T.C. 3HAYMTE/IbHO HIDKE
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paBHOBeCHOTO ypoBHA Depmu F, . Tocne samonne-
HHS OTHX JIOBYIICK HAOIIOAACTCS CYIICCTBCHHOS
yBeMUYICHUE TOKA. KOHLICHTPALIMIO TAKUX JIOBYIICK
N, MOJKHO OLIEHHTb U3 COOTHOWEHUs [9] (B mpakTu-
YECKHX €IMHHULAX) B MPEANOIOKEHUM, uTo d , ~ d

b
N=1,1110%U_ /dPew? 3)

rae N, — KOHIIEHTPAIHS JTOBYIICK, & — OTHOCHTETb-
HAS CTATHYCCKAS TUAICKTPHUCCKAS TIPOHHITACMOCTD,
U — HaupsuKeHHE, IPH KOTOPOM IPOMCXOAUT Hpe-
JETbHOC 3aMOMHEHUE JIOBYIICK, d — TOJIIHMHA TIICH-
kH (B canTumeTpax). Ouenka Benuuunbl N, s nie-
HOK n-As Se <15 ar.%Bi>npue=10, U =0,14B
u d=0,2 MKM gaet 3HaucHHE ~ 4-10' e,

Tperuii yuacrok BAX ¢ m, = 3 npeanonaraer
SKCIIOHCHIHMAIBHOES PACIIPEACICHUC TIOBYIICK B OII-
PEIACICHHOM DHECPTETHYCCKOM HHTEPBANC B 3aTpe-
IIEHHOM 30H€ MIeHOK n-As Se <15 ar.% Bi>. Taxoe
paCTIPEACICHUE JTOBYINCK MOXET OBITH OMHCAHO
COOTHOWICHUEM [9]

N(E) = N exp[(E, — E)/A] , (€))

rae N(E) — IIOTHOCTD TOBYIICK HA CAUHUYHBIN HH-
TePBAJ SHSPTUH, A — XaPAKTCPUCTUUCCKHUIA MAPaMETP
pacnpeaenenus nopymek, N = N/A. B stom cyqae
Tperuii yuactok BAX 10/KeH OMUCHIBATHCS BBIPA-
sxerueM [9, 10]

J~Neue/Ne) (UM /a), (%)

rae e — 3apaj dnekTpona, [ = (m, — 1) = A/kT [9].
PaccunranHOe 3HAUCHHUE TApPAMETPa PaCcIpPeaCACHHUS
aosyiek A mpu 7'= 295 K cocrasusier 0,05 3B.

DHEPTETHUCCKOE MOJOKCHHE JIOBYIICK, PACTIPS-
JCIICHHBIX B 3AMPEIICHHON 30HE MJICHOK IO 3KCIIO-
HCHI[HATBHOMY 3aKOHY, MOXET ObITh OMPEICIICHO U3
TeMIepatypHoli 3aBucumMoctH Toka 1gl ~ A1/7) no
TAHTCHCY YIJ1a HAK/IOHA MTPU HAMPSKCHUSAX, COOTBET-
cTByIOLIUX TouKaM usruda BAX, orpaHuuuBaromx
tperuit yaactok [9, 10], re. mpu U=0,4 u 0,8 B,
OOTBETCTBCHHO. JTH 3aBUCHMOCTU MPHUBCACHBI HA
puc. 2 (xpuseie 3 u 4). M3 pucyHka crexyer, 410
sasucumoct lg/ ~ A1/T) noguuHSIOTCS SKCIOHCH-
LUATBHOMY 3aKOHY C SHCPTUSIMH aKTUBALIUH, COOT-
BeTcTBEHHO, 0,19 11 0,11 3B. TomyucHHBIC 3HAYUCHUS
OMPEACISIOT SHEPTECTHUCCKUI HHTEPBANT SKCIIOHCH-
UUAIBHOTO PACIPEACIICHUS JIOBYIICK B 3AIMPCLICH-
HOH 30HE MIEHOK n-As,Se.<15 ar.% Bi> ornocu-
TENBHO Kpas k.

BAX Ha 4eTBEpPTOM y4aCTKE, TAKKES KaK M Ha
[ICPBOM, IOTUUHSICTCS KBAAPATHIHOMY 3aKOHY (PHC.
1). Oanako, uz 3aBucumoctu lg/ ot 1/7 Ha 3tom yua-

CTKE, IPUBCACHHON Ha puc. 2 (kpuBas 5) mpH Ha-
npspxeHun ememenns U = 2.0 B, caexyer, 910 TOK
HE3HAYUTETIBHO 3aBHCUT OT TEMIICPATYPHI MO 3aKO0-
HY, OIH3KOMY K 3KCIIOHCHIIMAITBHOMY, C SHEPTrUCH
AKTHBALIUH B HU3KOTEMITEPATYPHOH 0ONACTH, paBHOU
~0,04 3B. IlockombKy 3aBHCHMOCTH € U M, OT TEMIIE-
patypel [UI U3YIACMBIX IUICHOK HE HCCIICAOBAHBI,
TO HE MPEACTABIACTCS BO3MOKHBIM JaTh OJHO3HAY -
HOC 3aKTIOUYCHHC O MEXAaHU3ME MTPOXOKACHHS TOKA.

Ecnu npeanonoxurs, 9To TOK Ha y4acTKe /1,
BAX orpanuuuBactcs TOBYIIKAMH, PACIIONOKCHHbI-
mu Ha 0,04 5B BhIIIC TOTOMKA BAICHTHOU 30HBI, TO
OICHKA MX KOHTICHTPAITHH JACT 3HaucHHE ~3¢ 1017 ev,
YTO MCHBIIEC 0’KUAACMOI BEIMYHHBI AT TNIOTHOCTH
JIOKAJN30BAHHBIX COCTOSHUH B OONACTH «XBOCTa»
BaJicHTHOH 30HHI [6, 11]. B npeanonoskenuu «6e3-
JOBYIICYHOr'0» MEXaHU3Ma MPOXOKACHHUS TOKA
(0 = 1), uz pucyHka | u 3akona Motta-I'eHpu
J=9/ 8(8,upU2/d3) MO3KHO OLICHUTH APCH(OBYIO MO -
BIDKHOCTB ABIPOK NPH MOIHOM 3aIlOJHCHUH JIOBY-
mek. [lpu U=1B, I=7,6'10" A, ¢ = 10¢_ (¢, -
TR JICKTPHYCCKAs TPOHULIAEMOCTb Bakyyma), d = 0,2
MEM B S = 1 Mm?, }4, COCTABIISCT ~10* em?(B-c).
Takast BenuunHa Apei(OBON MOABUNKHOCTH IS
«0E3MOBYLICYHOr0» MEXaHU3Ma NIEPEHOCA ABIPOK B
nneHkax n-As,Se.<15 ar.% Bi> aBnsercs Becbma
MAaJIOH.

AHaATU3UPYS PE3yAbTAThl APYTUX UCCIACAOBAHUN
XCITnmeromom TOIT3 [6, 11] MOKHO 3aKIFOUIHUTE, YTO
B CIICKTPE JOKATH30BAHHBIX COCTOSHHH MICHOK
n-As Se <Bi> B uaTepBane sHepruii BOMM3M Kpas
BaJICHTHOU 30HHBI IPHUCYTCTBYIOT JOBYIIKH, KOTOPBIC
OrPaHUYIMBAIOT MOABHKHOCTH JBIPOK, HO HE BIIHS-
ot Ha TOI3.

BaxHO OTMETHTB, YTO €CH MPOBECTH JKCTPa-
HOJIALUIO KBAAPaTUIHOro yuactka 7, Ha BAX B 00-
Jacth Maneix cMemeHuit U (puc. 1), To oH G6vaer
PACIONIOKEH 3HAYUTEIBHO BHILIC KBAAPATUIHOTO
y4acTka 71, . ITOT (hakT TaKKe SABIAETCA JOKA3ATENb-
CTBOM CVIIECTBCHHOTO OTPAHUYCHHS JTOBYIIKAMHU
MPOXOXKACHH TOKa Ha mepBoM yuacTke BAX.

[TonyueHHbIE pe3yabTATHI MO3BOJAIOT IIOCTPOUTD
30HHYIO AMarpaMmy /s mieHok n-As,Se . <Bi>, ko-
TOpas NpUBEJCHA Ha pUC. 3.

OTHOCHUTENBPHO MPHUPOAB! TOKATH3I0OBAHHBIX CO-
CTOSIHU, BeIsBICHHBIX Ipu momoru TOI13, MmoxxHO
MPEATIONOKUTh, YTO MOHOIHEPTCTHICCKHE JIOBYIIKH
¢ rimy6uHoi 3aneranus 0,56 3B mMoryT ObITh 00y CIOB-
JICHBI KaK COOCTBCHHBIMH 3apsDKEHHBIMH aedekra-
MH cTpyKTyphl THHA D [6, 11], Tak u anexrpudeckn
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E,=0,90sB

0,563B

E,

Puc. 3. 3onnasn auarpamma meHok n-As Se,<15 ar.% Bi>

HEAKTUBHOW 4acThIO MPHMECHBIX aTOMOB Bi, co-
3MAIOIIUX TBEPABIN pacTBOP ¢ aToMamMH As U Se.
OKCIOHEHLHAIIPHO PacTpEAeTIeHHbIE JTOBYIIKH B
sHeprerrueckoM uHTEpBaie 0,11 — 0,19 3B ot kpas
BaJICHTHOU 30HBI, TIO-BUAUMOMY, SIBIITFOTCS YACTHEO
«XBOCTa» JIOKAJTU30BAHHBIX COCTOAHHUH BaJCHTHOH
30HHI [6, 11], B popMuUpOoBaHUH KOTOPOTO, IIOMHMO
HETO/ICNICHHBIX Map 3JIEKTPOHOB ATOMOB Se, MPHHH-
MAFOT yYaCTHE M 3JICKTPUYECKH HEAKTHBHBIE aTOMBI Bi.

Takum 00pa3oM, B pe3ybTaTe MPOBEIECHHBIX
HCCTIETOBAHUH OBLTO yCTAHOBIICHO, YTO B PE3YIbTa-
Te 3 (PEeKTHBHON HHKEKIMH IBIPOK B aMOpQHbIE
meHkd n-As Se <Bi> n Mx nocnemyromero 3axsara
HA JIOBYIIKH CO3JAI0TCs YCIIOBUA JJI1 BO3HUKHOBE-
HUS B IUIEHKaX TOKOB, OIPAHHUYEHHBIX MPOCTPAH-
ctBeHHBIM 3apsaoM. Aramus TOIL3 mo3BosseT BoI-
SBHUTh OCOOEHHOCTH CIIEKTPa JIOKAJTH30BAHHBIX CO-
cTosHuH nmieHok As,Se., MOTM(pHIMPOBAHHBIX BHC-
MYTOM B OOJTBIIMX KOHIIEHTPAIUIX.

Aemop svipasicaem onaeooaprnocme C.A. JDica-
Keogy 30 NOMOULb 8 NPOGeOCHUY SKCREPUMEHINOG.
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Pe3zrome

BucmyTtnien MoauMKaupsITaHFAH MBILIBSIK CEJICHU IBIHBIH
(As,Se,) 60CKBIT KaOBIPIIAKTAPBIHAIH 3CKTPITIK 3OHE ONTUKA-
JIBIK KaCHETTEPIHIH JKOHE JIOKAIJAHFAaH KYWIEPIHIH CIIEKTPIHIH
3CPTTCYNCPIHIH HOTKEICP] KSATIPUITeH. BUCMYT KOCTTaChIHBIH
KaOBIpIIakTapeIHAarsl KOHUCHTpawsIcel 15 at.% 6onran. Buc-
MYTTBIH KOCTIaCHI AS Se, KaObIPIIaKTap /IbIH TEIHBIM CATTbIHFaH
sonana teperairi 0,1 9B moHOpIBIK AeHrelial )kacalTIHBI TA0BI-
nrad. KeHICTIK 3apsaneH MIEeKTeIreH TOKTapAbIH TaJIKbLIAY {aH
AHBIKTAIFAH JIOKAIIaHFaH KYMIEPIHIH CIIEKTPl €Kl TOI ayiay-
JapBIHAH TYPaabl: KOHIEHTpawscel 4-10'° cm™ MOHOSHEpreTH-
KaJBIK, 0J1ap ThIMBIM CabIHFaH 30HaHbIH meTiHeH 0,56 5B opHa-
JIACKaH, J)KOHE BAICHTTIK 30HAHBIH TOOECIHEH JKOFaphl YHEPr s
unrepeanst 0,11-1eu 0,19 3B aetiin sxcrioHeHIMAT BT Ta-
PAaThLIFaH.

Summary

The results of electrical and optical properties as well as
an energy spectrum of localized states study in amorphous
arsenic selenide films modified by Bi have been presented. Bi
content in the films was 15 at.%. It was found that Bi impurity
create a donor level with depth 0.1 ¢V in the band gap of As Se,
films. Analysis of space charge limited currents in the films
shows that there are two groups of the traps in localized states
spectrum of the films. These are monoenergetic traps having
concentration 4-10% cm and located at 0.56 eV from edge of
valence band and the traps distributed by exponential law from
0.11 to 0.19 eV near the top of valence band.

KasHY um. ans-@apabu,

2. Anmamol Hocmynuna 25.12.07e.
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PaduauuoHHasi gbusuka u ¢pusuka meep0o2o mersa

YK 535.37:535.34:539.19

JM KUM, T. A. KYKETAEB, 2. K MYCEHOBA

BJIMAHUE ITOJIMMOP®HBIX ®A30BbLIX IIEPEXO/10B
B MOHOKPUCTAJUIAX LiKSO,
HA PEKOMBUHAIMOHHYIO JIIOMUHECHEHIIUIO

PacemoTpeHbI pe3ynbTaThl HecleoBaHN M BIMSHIS MTOTAMOPHBIX (ha30BLIX NEPEX0/0B Ha peKOMONHAIIMOHHYIO TIOMUHECIISHITAIO B
kpuctamnax LiKSO,. YcTanosneno, 4To nepecTpoiika KPHCTAUIMYECKOH PEINETKA OKA3bIBAET BIMAHHE HA PEKOMOMHAIMOHHYIO
JIOMHUHECISHITHIO TTOCPeICTBOM HU3MEHEHNS SHEPTUH €¢ TepMHUUecKoil akTuBaimy. 1lokasaHo, uto nomuMopdHbIi ¢azoBsit mepe-
XOJ1 MOJKeT OBITh UCTIONb30BaH IS OTYICHH S IOTIOTHUTENbHOW HHpOPMALUK O IPOTEKAHUH B KpUCTAIAX paJUallHOHHO-CTUMY-
JIMPOBAaHHBIX IIPOIECCOB B paMKaX TpaJUIMOHHBIX METONOB HCCIIEJOBAHIH.

Kpucranner LiKSO, otHocaTcs rpymme Kpuc-
TaJJIOB C HOHHO-KOBAJICHTHBIM XapaKTePOM XHMH-
qeckoit ¢Ba3u. KoBancHTHAs CBA3R peaiu3ycrcs B
TeTpasapuyeckom annone. Ocobennoctrio LIKSO,
ABJIICTCA HAINYUC B TEMIICPATYPHOM AHANA30HE
80-300K mByx momumogHBIX (Pa30BEIX Mmepexona:
mpu 180K 1 250K B pexxnve Harpesanns [1]. B na-
CTOSIIICE BPEMsI HET OOLICTPUHATON Moaeu (haszo-
BbIX nepexonos B kpucramie LiKSO,. Cuuraercs,
YTO OHHM CBS3aHBI THOO C MIEPECKOKOM HOHOB JIUTHUS
MO0 HESKBHBAICHTHEIM Y371aM, THOO C MOBOPOTAMH
TETPa3 APHICCKUX aHUOHOB HA OMPEACICHHBIN Yol
[1]. HarHOC COCAMHCHUEC OTHOCUTCS K ITUPOKO30H-
HBIM JU3ICKTpUUccKUM MaTepuanaM. OQueHka mu-
PHHBI 3apeImeHHON 30Hb cocTaBiaeT §8-9 3B [2].

IIpm mepectpoiike KPUCTATIMYECKOH PEIIETKH
HaOMIOAArOTCS N3MCHCHUS ONITUYCCKUX, JTIOMHHEC-
LICHTHBIX, SMCKTPOPHU3NICCKUX CBOHCTB KPUCTAIIOB.
Hampumep, B aMMOHHITHO-TaTOMTHBIX KPUCTAILTAX
H3YYCHO BIHUSHUE TOMUMOPQHBIX (a3oBEIX mEpexo-
JIOB Ha CBOICTBA MPUMECHBIX IIEHTPOB CBEUCHHH [3].
Hamepenns quanekTpuieckoil MPOHULIAEMOCTH SB-
JISIFOTCSL OMHUM M3 CTAHAAPTHEIX METOJOB H3VUCHHUS
noauMOp(GHEIX (Pa30BBIX MEPEXOAOB.

B nanHO#1 cTaThe paccMOTPEHBI HEKOTOPBIC ac-
MCKTHI BIUSHUS CTPYKTYPHBIX (a30BEIX HEPEXOAOB
Ha PCKOMOHHAIIMOHHYIO TIOMHHECLICHLIIO B KPHC-
tamnax LiIKSO,.

Bri6op 06bekToB HceaeoBanus 00VCIOBICH He
TOJBKO HATHYHEM B YAOOHOM TEMITCPATYPHOM AHA-
Ma3oHe ABYX NMOTMMOPGHBIX ($a30BEIX MEPEXOAOB,
MPOCTOTON MONYICHUS MOHOKPHCTANIOB, HO M M-
romuMucs ananoruamu mexay LiIKSO,u K SO,.
[Nocneauumii ¢ TOUKK 3pCHUS NPOTCKAHUS paIHAaLU-
OHHO-CTUMYJIMPOBAHHBIX MPOLICCCOB SIBJISCTCS HAU-
boJice H3YUCHHBIM.

Monokpucramisl LiIKSO . OBLITN BBIPAIICHBI U3
HAaCHIIIEHHOT0 PaBHOMOJIBHOTO BOJHOTO pacTBopa
cyaedara kanusa ¥ autug np remneparype 40°C,
T.€. 1O B35TOM 13 paboTsl [4] meToauke. PertreHo-
(ha30BBII aHATN3 IOKA3AJI, YTO MONYICHHbBIC KPUC-
TaNXNbl MPEACTABISIOT coboM oxHOda3HOEe Coequ-
HEHHE.

NayueHue pekoMOWHAITMOHHOW TIOMHHECLICH-
uuu B MoHokpuctaatax LiKSO , TPOBOJMIIOCE B
temneparypaoM uatepsane 80-350K, B qnanasone
anve BoaH 200-800 aM. B xadecTBe mMCcTOUYHMKA
MOHHU3HPYIOIEH pagualiyl UCTIOIb30BAJICS PEHT-
reHoBckui ammapat YPC-55a. Jlossr obnyucHus
ONIPEICIITUCh ¢ MOMOIIBI0 XUMHUECKOTO (eppo-
cynbdarroro nozumetpa dpuxe [3].

[NonyueHHBIC MOHOKPHCTALTBI OBLITH MPO3PAYHBL
BO BceM ontuueckoM auanaszone. [locie obnyueHus
PCHTICHOBCKUMH KBAaHTAMH NPH TEMICPATYPE KUA-
KOTO a30Ta OHHU He okpamnBatTcsa. OTCyTCTBHE pa-
JUAITMOHHO-HABEACHHBIX T0JIOC OTITHYECKOTO ITOTJIO-
LICHHUS B 00IACTH MPO3PAYHOCTH KPUCTAIIOB CYIIE-
CTBEHHO OTPAaHHIHUBAIOT BOZMOKHOCTH IIPUMEHEHHU
ONTHYECKUX METOJOB HUCCIIEIOBAHAA.

JU1s 9UCTBIX MOHOKPHCTAIUIOB JTUTHUH-KaIUH
cynbdara HamMu OBLITH H3MEPEHBI KPUBBIC TEPMOCTH-
myauposannoii mromuHecueHmu (TCJI). Ha puc. 1
npuseaeHa kpusas TCJI ana xpuctanna LiKSO,.
ITonytena nocTaTovHO CI0KHAS KAPTHUHA, HMEIOINAS
MAaKCHUMYMBbI PECKOMOWHAILIMIOHHOT'O CBCUCHHS TPH
125K, 150K, 205K, 260K. Kpome Toro, B obaactu
170K-180K nabarogacTess BO3PACTAHUS JIFOMHHEC-
LEHIINH, COMPOBOXKIAIOIIEEC] CTOXACTHUIECCKUMH
BbIOpocaMu MHTECHCUBHOCTH. [locnennuii muk cBe-
YESHUS ABISETCA CIOXKHBIM, IIOCKOIBKY Ha BBICOKO-
TEMITEPATYPHOM KPBIIE UMEETCS (IIEI0», KOTOPOES
CBUICTENIbCTBYET O HATM4HE euie oauoro muka TCJI
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Puc. 1. Kpupag TCJI LiKSO,. [lo3a obmyuenuns 150 x['p.

C MEHBIIEH CBETOCYMMOM U CHJIBHO NEPEKPHIBAIO-
merocs ¢ moMuHecreHnuer mpu 260K.

Bua xpusoii TCJI va puc. 1 BeIBIACT psag aHO-
Manui B TeMneparypHbix odnactax 180K u 250K.
[Tpu 180K MHTEHCHBHOCTH PEKOMOWHALIMOHHOMN
JTIOMHHECLEHITNN PE3KO MAJaeT A0 HYIA, C APYToH
ctopounsl nipu 250K HabmogaeTcs aHOMaIIBHO pe3-
KOC BO3PACTAHHC HHTCHCUBHOCTH PEKOMONHAITHOH-
HOTO CBEUCHM:A. TeMIepaTypHOE IMOI0KEHUE 3THX
aHOMAJIMKA XOPOIIO COBMAJAIOT € TEMIEpaTypaMHu
nonuMOp(HBIX (Pa30BBIX MEPEXOAOB B KPHUCTALIAX
LiKSO,. ITosToMy BHOTHE €CTECTBEHHO CBA3ATh
HAOTFOIACMBIC SBJICHHUS C MEPECTPOHKON KpUCTa-
JAWYECKOU PELICTKH.

Y cTaHOBJIEHO, ITO M30TEPMHUECKHII OTKHUT IPH
175K xpuctannos, oOIyUCHHBIX PECHTTCHOBCKHMHU
KBaHTaMH IIPH TEMIIEPATYPE KUAKOTO a30Ta, MIPH-
BOJUT K HCUC3HOBECHUIO €1a00r0 CBEUCHHUS B 00I1ac-
tn 205K. CBetocymma muka PeKOMOWHAIMOHHON
JTIOMUHCCIICHIMH ¢ MakcumymoM Tipu 205K cymect-
BEHHO 3aBHCHT OT CKOPOCTH HarpeBaHus IPH H3Me-
pennsx kpuebix TCJI. D10 nokas3pIBacT, YTO TFOMHU-
uectennus B oogactu 170-180K u 205K o0ycios-
JICHa OJJMHAKOBBIMH PEKOMOWHAIIMOHHBIMH MPOLIEC-
camu. Mx TemnepaTtypHoe pa3aencHue MOYKHO 00bsIC-
HUTH TEM, UTO B pe3ynbrare nomuMopdHoro daszo-
Boro nepexona npu 180K yeenmunBsaeTcs sHEprus
AKTHBALH PEKOMOUHAMOHHBIX riporieccos. [ Tonobroe
SBJICHUC HAOMIOJAIOCE PAHEE B KPUCTAILIAX TaJIOH-
JIOB AMMOHHS, AKTHBUPOBAHHBIX HOHAMH TAJUTUA [6].

Croxactuueckue Boidpocsl B oomactu 170-180K
MOBTOPSIOTCS OT IKCHEPUMEHTA K 3KCICPHUMEHTY.

JKCIECPUMEHTATBHO VCTAHOBICHO, YTO HUX YHUCIO,
HHTCHCHUBHOCTH, TEMIICPATYPHOE MOJIOKECHHUE OT-
JETBHOTO BRIOpOca MEHAIOTCA caydaiiHo. Hensmen-
HBIMH OCTAIOTCS TEMIICPATYPHBIHM JHAMA30H HX Ha-
OITIOACHUS U TIOJIOKEHUE mocienHero. OTMEeTHM, YTO
B HEOOIYYCHHOM KPHCTAIIJIC 3TOTO SIBICHHUS HET.
CraenoBarenbHO, OHO UMEET PEKOMOMHAILIMOHHBIH
xapaxrep. BenmbImky pekoMOHHAITOHHON TIOMHHEC-
ueHnuy B odnactu temmeparyp 170-180K B xpuc-
taanax LiKSO, n ux croxactudeckui Xapaxrep
OOBACHAIOTCS, €CTH MPEANOIOKUTD, YTO CTPYKTYP-
HOMY (dazoBomy mepexoay npH 180K npeamecrByer
oOpa3zoBanue “3apoabiiicii” HOBOH (asbl. Da3oBbIit
nepexon npu 180K sBasercs da3oBbIM mepexoaom
MEPBOTO POAA U CONPOBOKAACTCS BBIICICHAEM TEII-
na [1, 7]. Toraa CTaHOBUTCS MMOHATHBIMH JKCIICPHU-
MEHTATbHO YCTAHOBJICHHBIC 3aKOHOMEPHOCTH: TEM-
MEPaTYPHBIA HHTECPBAT UX HAOMIOACHUS, CIyIaliHOe
TEMIIEPATYPHOE MOMOKEHUS KAXKAOH OTACIBHOMU
BCITBIIIKH U CITYYAHHBIC H3MCHEHHS WX WHTCHCHB-
HOCTH CBEUCHUS, HEU3MECHHOCTh TEMICPATYPHOTO
MOIOXKCHUs nocaeaHei Benbinku. OOpasoBaHue
“zapoapimeili’” HOBOW (ha3bl HOCHT CIYYAHHBIN Xa-
paKkTep M CONMPOBOXKIAACTCS BBIACICHUCM TEILIA.
Beigensromasics TeriaoBas SHEpTUs IPUBOJMT K aK-
THBALUH PEKOMOHMHALMOHHON JTFOMHHECIICHITHH.
AHanu3 TUTEPATYPHBIX JaHHBIX MOKA3aJl, YTO CBE-
JeHul 06 obpazoBaHuH “3apodplcii” HOBOH (asbl
B xpuctanne LiIKSO, B mannom TemmeparypHoM
nuanasoHe Het. Ckopee BCero, 3TO CBS3AHO C TEM,
410 (ha30BBIC IIEPEXOABI B CIOKHBIX CyIb(aTax nccre-
JIVIOTCSl B OCHOBHOM IO HHTCTPATbHBIM ONTHUYCCKHM,




Paouayuonnas dhusuxa u pusuxa mgepoozo mena

MEXaHHYCCKHM U TCILUIOBBIM XapaKTCPUCTHKAM KpH-
cTaioB, daekTpodusndeckumu meroxami [ 1]. [pu
TAKOM METOAUICCKOM MOAXOAE IKCIICPHUMEHTATbHBIC
PE3VIBTATH HECYT HHPOPMALUIO O KPHUCTAIJIC B
nenoM. PekoMOMHALIMOHHBIE MPOLECCH UMEIOT
OTIICYATOK O DOIIEE JTOKANBHBIX MO MacmTabaM xa-
PAKTCPUCTUKAX KPHUCTANIA, a BJICKTPOONTHYCCKHC
METOIBI PETHCTPALIH 0012 20T BEICOKOH YyBCTBU-
TENBHOCTBIO.

Beime yike yka3pBaaock, YTO MUK TEPMOCTHMY-
JTHUPOBAHHOTO CBCUCHHUS OOIYUCHHOTO PEHTICHO-
BCKUMH Tydamu kpuctaiia LiIKSO, ¢ makcumymom
pu 260K Ha HU3KOTEMITEPATYPHOM KPBLIE HMEIOT
AHOMAJBHO PE3KOC BO3PACTAHHC WHTCHCHBHOCTH.
ITO OOBACHACTCS TEM, UTO B PE3VIIBTATE NEPECTPOH-
KH KPUCTAJUIMICCKON PEIIETKH MPH MOTUMOppHOM
(haz0BOM mEPEXOC MPOUCXOTUT YMCHBIICHHIE YHEP-
UM AKTHBALIMH PEKOMOWHALIMOHHBIX MPOLIECCOB.
PaccunTtaTh sHepruio akTuBaLMH AN JBYX PA3HBIX
¢a3s u3z skcnepumentanbaor kpusod TCJI e npen-
cTapsieTcs BO3MOKHBIM. Ho 310 MOXKHO mpoBepuTh
SKCIICPUMEHTANBHO. B pexnmMe oxnak ieHns1, KoTopoe
JOCTUTAIIOCh PETYIUPYyEMON MmoJadedl B KpUOCTAT
MapoB a30Ta, 3TOT (Ga30BBIA MEPEX0] MPOUCKOTUT
mpu 200K [1]. ITpy 3THX ycnoBHAX HAMH KPHUCTAIT
LiKSO, obay4ancs peHTreHOBCKUMH KBAHTAMH PH
temneparype 215-220K. Uamepenus kpusbix TCJI
MOKA3a/0, 4YTO CBETOCYMMA B 3TOU TEMIIEPaTyPHOU
o0nacTt He HaKaruBaeTcs. TakuM oOpa3zom, MOK-
HO CAENATh BBIBOA, YTO MAKCHMYM BBICOKOTEMITCPA-
typHbIx mukos TCJI ams cnoxuoro cynbdara mutus
U KaJus CMEIIACTCS B CTOPOHY OO0Jee HU3KUX TEM-
mepaTyp B 3T0H kpuctannnueckoil gasze. Craenosa-

TENBHO, YMCHBIIACTCS SHCPTHS AKTHBALIMKA PECKOM-
OHHAIMOHHBIX MPOLICCCOB.

PexomOuHanmonsoe ceeuenue B odmactu 170-
180K 1 205K 06ycroBiIeHs MpoueccaMu OXHOH IpH-
POABI M MX TEMIICPATYPHOE PA3ACICHHUE CBA3AHO C
MEPECTPOUKON KPUCTAUNINUECKON PELIETKU NMpHU
180K. 10 co3gacT CUTYyaIHIO, KOTAa BO3MOKHO
OKUJATh SIBJICHUS «XOJOJHONY BCIBIIIKH, T.€. BO3-
pacTaHUC UHTCHCHUBHOCTH PCOMOMHALIMOHHOMN JTFO-
MHUHECICHLIUY TPHU MOHUKCHUH TemrepaTypel. Ha
pHC. 2 mpeacTaBieH 3TOT pesynbTar. CTpenkamu
MOKA3aHbI HAMPABJICHUS U3MCHCHUS TEMIICPATYPHI B
IKCIepUMEHTE. “X0a0/4HasT BCIBIIIKA HAOIOAACT-
Csl, eC OOMYUCHHBIH KPUCTALT HATPET A0 TEMIIC-
parypsl BBIIIIEC TEMIICPATYPHI (ha30BOrO MEPEX0/a, HO,
MPH 3TOM HE MPOUCX0AUT TepMooTkura nuka TCJI
mpu 205K. Torzpa B peskuMe OXTXKACHUS HAOTIOAA-
€TCS PCKOMOUHAIIMOHHAS TFOMHHCCICHIIUS B BUIC
CHJIPHO aCHMMETPHUYHOrO MuKa. Ero acummerpus
CBSI3aHA C TEM, YTO MPH OXJAKACHUU MPOUCXOTUT
AHOMANBHO PE3KOE BO3PACTAHUE WHTCHCHBHOCTU
JAIOMHUHECLCHIIUN, JTO AHAJOTUYHO TOMY, YTO Ha-
omonacres st muka TCJI Taxoke ¢ MAKCHMYMOM MTPpH
260K. D101 (akr, JOMOIHUTEIBHO MOATBSPIKIACT,
4TO Tpu TOTUMOPGHOM (Ha30BOM MEPEXOAL, KOTO-
psrit umeet mecto npu 180K n mpu 250K, B pesxrmve
HArpeBaHMS IPOUCXOIUT CKAIKOOOPA3HBIC H3MCHE-
HUSI SHCPTrUH aKTUBALUN PSKOMOHHAIIMOHHBIX TIPO-
ueccoB. M3 puc. 2 BUAHO, 4TO MOSIBICHUE ““XOJI0A-
HOW~ BCIBIIIKH MPOUCXOUT MPH TEMIICPATYPE HE-
MHOT0 00Iee HU3KOH, YeM TeMIepaTypa HoJIuMop-
(HOTrO (ha30BOrO MEPEX0Aa B PSIKUME HATPCBAHUS.
ITO COraacyeTcsi ¢ TeM, YTO MO JINTSPATYPHBIM
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JAHHBIM B PEKUME OXTIKACHH S OTOT CTPYKTYPHBIHA
($ha30BEI MEPEXOA MMEET TUCTEPE3UC B Mpeaenax
5 rpanycos [1]. Ceerocymma muka TCJI B cnioskHOM
auTUh-Kanmui cyiaedarte ¢ MakcumymoM npu 205K
HEOOTBINAA U CHIIBHO 3aBHCUT OT CKOPOCTH HAarpe-
BaHu. [ Ipy oxnak ieHun KpucTania cioKHOTO CYJlb-
dara, oonyuennoro npu 80K, u narperoro mo 185-
195K, BozHHKarOIIEE PEKOMOHHALIMOHHOE CBCUCHHUE
MOJIHOCTBIO HCUEPTBIBACT cBETOCYyMMY mka TCJl ¢
maxkcumyMom ripu 205K. Ecrin mposecTu TepmMooT-
skur maka TCJI ¢ maxcumymom mipu 205K, “xomoa-
Has~ BCIIBIIIKA HE HAOMIOmaeTes.

AHOMAJTBHBIN €A PSKOMOWHAIIMOHHOH TFOMH-
Hecnenuuu B oonactu 180K u aBaenue “xonoauoii”
BCHBIIIKK HabmoaatoTes B kpucramax Li, K, SO,
mpu x g0 0.15. M3MeHeHHe CTEXHOMETPHIECKOTO

COCTaBa KPHUCTANJIOB HPUBOJUT K MOHHMKCHHUIO
TEMIIEPATYPBI EPBOro monuMopHoro ¢Gha3oBoro
MEPEX0Aa, YTO COrIaCyeTCs ¢ MHOTOYUCICHHBIMH
auteparypubiMu ganabeiMu. Bug kpussix TCJI ka-
YECTBCHHBIX H3MCHCHHH HE MPETCPIICBACT.

IMux TCJI npu 260K B xpucranie LiKSO, ne
MeHSCT (GOPMY MPH YBCIUUCHUH A03BI OOIYUCHHS.
ITO MO3BOMACT MPOBECTH U3MEPEHHS MO HAKOILIC-
HHIO CBETOCYMMEI B 3aBHCHMOCTH OT TEMIICPATYPHI
o0yucHuUs 6€3 pa3aeIcHUs Ha OTACTbHBIC KU, Ha
pHC. 3 IpUBEACH PE3YIBTAT 10 HAKOILICHHUIO CBETO-
cymmsbl B mukax TCJI B o6nactu 260K B 3aBucnMoc-
TH OT TEMIICPATYPBl OOAYUCHHS. JDTH HU3MECPCHHUS
MPOBOJMIUCH NPH HEU3MEHHBIX MapaMeTpax PeHT-
TCHOBCKOI'O anmapara U I¢OMETPUH SKCICPHMCH-
TaJIbHOH YCTAHOBKH.
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Puc. 3. 3apucumocTs HakoreHus ceetocymMmbl B ke TCJI mpu 260K oT TemmepaTypbl o0myUeHHS

W3 puc. 3 BUOHO, YTO BETUINHA HAKOILICHHOM
cBetocyMMEI n3yuaeMbix mikoB TCJI He 3aBHCUT OT
TeMrepaTypsl o0ayucHus Biiote 10 180K, Beime
TeMIIepaTypsl (pazoBoro mepexona OHa CKauKOM Cy-
MICCTBCHHO YMCHBINACTCS. 3ABHCUMOCTD CBETOCYM-
met tukoB TCJI mpu 260K ot Temmeparyper 06yte-
HUS, KOTOpas MOSBISCTCS MOCIEC MOTUMOPHHOro
(haz0BOro mepexoaa, CBA3aHa, BEPOSTHO, C YACTHU-
HBIM OTKHTOM PAJAUAILIHOHHBIX JC(EKTOB BO BPEeMs
obnyuenus. Takoe moBeACHHE CBUACTENBCTBYET, UTO
3a nuku TCJI mpu 260K B cmemanuom cynbdare
JUTHS U KaJTus OTBETCTBCHCH pacmaja AC(CKTOB,
BOSHHUKAIOIIKX [TPH IPeoOpa30BaHUN MEPBUYHBIX. B
KPUCTAIIIAX CO CIOKHBIMH AHUOHAMH WIN KaTHO-
HaMU PaIUALHOHHBIC ASESKThI MOKHO YCIIOBHO Pas-
JICIATH HA TICPBUYHBIC U BTOprdHbIC. K IEepBBIM OT-

HOCHT T€ AeEKTHI, KOTOPBIC 00PA3VIOTCS B PE3VIIbTa-
TE pacnaja 37ICKTPOHHBIX BO3OYKICHHUH, BTOPEIC - B
pesynbpTate mpeoOpasoBaHus nepsbiX. QueBHIHO,
YTO MUTPALIMOHHBIC IPOLIECCHI SBIISIOTCS CTPYKTYP-
HO-YYBCTBUTCIBHBIMH.

N3 Bcex M3BECTHBIX paJUaLIMOHHBIX ACPCKTOB
B CyJbdarax METOUHBIX METAIIOB BTOPHIHBIM SIB-
JIACTCS CAMHCTBCHHBIH - SO [8]. Ot0 mo3BOMISIET
vrBepkaate, uto nuku TCJI B obmactu 260K obye-
JIOBJICHBI PACIIaJOM 3TUX PAIHKAIIOB.

Takum 00pa3oM, NPUBEIACHHBIC PE3VIBTATHI MO-
Ka3bIBAKOT, UTO NEPECTPOUKA KPUCTANTUIECKOH pe-
LICTKH OKA3bIBACT BIMSHUC HA PCKOMOHHALIMOHHYIO
JTEOMUHECLICHLIHIO TTOCPEACTBOM H3MECHECHHS SHEPTHU
ee repmuucckor aktusauui. [lomumopdusiii pazo-
BBIH MEPEeX0 MOXKET OBITh HCITOIB30BAH LIS MOV~
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YCHH JOTOITHATEIbHON HH(POPMALMH O MPOTCKAHUH
B KPHUCTAINaxX PagualHOHHO-CTHMYIHPOBAHHBIX
MPOLIECCOB B paMKaxX TPAAWLIMOHHBIX METOAOB HC-
CICAOBAHHH.

Jlannaa paboma evinoineHa npu noOOepIcKe
epanma Ne OH-4.7/2006 Munucmepcmea obpaso-
eanusa u Hayxu PK.
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Pestome

LiKSO, xpucTanuapeiHaarel HoTuMopdThl hasambik
aybICyJIap/(blH PEKOMOMHAITMSIIBIK JTIOMAHECIIICHIIHAFa 9CePiH
3epTTey HOTHIKENepi KapacThpbliraH. KpHUCTaIbIK TOPJbIH
KaiTa KypbLIybl TEPMHUSLIBIK AKTHBTEHY SHEPrHACHIHBIH 63Tepyi
apKLTBI peKOMOHMH aITHSITBIK JTIOMUHECTICHITHSIFA 9¢ep TETIHIr
tarail biHabL. TTonuMopdThl (azanbik aybicy Kpuctanjapia
paguanuanbl-CTAMYIIK MPOIECTePAiH OTyi Typaibl AdCTY i
3epTTeyY SJICTep/IiH TOHIPETIHe KOChIMINA aKmapat aiy YIniH
KOJaHyFa GONMAThIH/IBIFEl KOPCETIIICH.

Summary

In this work the investigation results of the influence by
polymorphic phase transitions to recombinational luminescence.
It is established, that the reorganization of a crystal lattice
renders influence to recombinational luminescence by means
change of its thermal activation energy. It is shown, the
polymorphic phase transition can be used for reception of the
additional information about course in crystals radiation-
induced processes within the framework of researches by the
traditional methods.

Kapazanouncxuii 2ocydapcmeennviii

ynugepcumem um. K. A. byxemosa Hocmynuna 20.11.07e.
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11 i CAPCEMBUHOB, H. E. KOPOLOBA

OCOBEHHOCTH ITPOUECCA CYHIKH SJIEKTPO®OPETUYECKHUX
I'EJIEBBIX OCAAKOB ITPU ITOJTYYEHUHU TOHKHUX IIVIEHOK

PaCCMOTpeHLI OTACIILHBIC SIBJICHU S, COIIPOBOKAAIONUC CYIIKY BHGKTpOCbOpCTI/I‘IeCKI/IX OCaJKOB, U3y4YCHaA UX CBiA3L IIPU MO~
CTOSIHHBIX 3HA4YCHUAX NMapamMeTpOB peiKUMa (TeMnepaTypa BO3/lyXa, €ro BJIAXHOCTL U CKOPOCTL INECPCMCIICHUA, TCMIIEpaTypa

HOBerHOCTeﬁ, HaxoJAmMUuXCsa B KOHTAKTC C MaTepI/Ia.]'IOM).

XapakTepHbele OCOOCHHOCTH MPOLIECCA CYLIKH
HATJILAHO BBICTYIAKOT IJTs IPYO0 KAMWIIIPHBIX Ma-
Tepuanos. Ecnu B Havane CymKH MaTepHal UMeeT
3HAYUTCNBHYIO BIAYXKHOCTb, TO B OOIBIINHCTBE CIV-
YaeB OYCHb CKOPO VCTAHABIMBACTCHA TEPMHUUYCCKH
CTaLIIOHAPHOE COCTOSIHUE, T.€. TEMIICPATyPa B Kax-
JOH TOUKE COXHYIIETO MaTepuana CTAHOBHTCH HE-
3aBHCHMOU OT BpeMeHU. [1oka cHbl KanmnIIpHOTO
BCACBHIBAHHUS JOCTATOYHO BEIMKH IS TOTO, YTOOBI
00eCIeYNTs HEMPEPHIBHYIO MOJAYy KHIKOCTH HA
MOBEPXHOCTE MaTEpHana, ¢ KOTOPOH MPOUCXONT €€

HCHapEHNE, CKOPOCTh CYIIKH IPAKTHIECKH OCTACTCS
MOCTOSIHHOH M Onaroxaps ToMy, UTO TEMITEparypa Ha
MNOBEPXHOCTH MATEPHUAJIA TAKXKE OCTACTCS MOCTOSH-
HOH, JaBJCHHE Mapa 346Ch OKA3bIBACTCS PaBHBIM
JaBJACHUIO HAckieHwust | 1-3]. DTo nepseiil nepuon
CYIIKH - IEPHO]] €€ TIOCTOSTHHOM CKOPOCTH g, KI/M>1ac.
B tedenne 3Toro neprnoga CKOpOCTh CYIIKH 3aBUCHT
TOIIBKO OT BHEIIHHUX YCIIOBHH, YIHUTHIBAs KOTOPHIC,
MOKHO JOCTATOYHO IMPOCTO PACCUUTATh BEC BJIATH,
HUCMAPHUBIICHCS 32 U3BECTHBIM IMIPOMEXYTOK BpeMe-
Hu [4-5].
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0. I0. IPHXOJIEKO

JJIEKTPOHHBIE ITPOHECCHI B AMOP®HbLIX IIJIEHKAX As Se. S,
IHOJIYYEHHBIX PAZHBIMHU METO/AMU

O600matoTes pe3yIbTaThl HCCICAOBAaHUN AIEKTPUUECKUX U ONTHUECKUX CBONCTB, MPOIECCOB NepeHoca HOCHTENeH 3apsia 1
(poTonporogrMOcTH B aMOPPHBIX MeHKax As,Se,S,. MOTyYeHHBIX METOJAMH TEPMHYECKOTO HMCIAPEHHS B BAKYYME U HOHHO-
M1a3MEHHOI'O BBICOKOUACTOTHOTO PACTBLICHUS. Y CTAaHOBICHO, UTO NJICHKH, IIPUTOTOBICHHLIC Pa3sHBIMH METOJAaMH, OTIHYAIOTCS
SIeKTPOHHBIMH [IapaMeTpaMy M UMEIOT CYIIeCTBCHHBIC pa3/IMiMs B HEPaBHOBECHBIX Ipolieccax. [lokazaHa Bo3MOXKHOCTE dddek-
THBHOTO YIPaBICHUS HIEKTPOHHBIMH CBOMCTBAMHE IIJICHOK ITyTeM WX CTPYKTYPHON MOAM(pUKALUH.

Beeaenue. [Ipobnema ynpaBicHuUs! 3ICKTPOH-
HBIMH MPOLIECCaMH B aMOPQHEBIX TIICHKAX XaJIbKO-
TCHUJHBIX CTCKIO0OpPa3HBIX MOTYIPOBOIHHKOB
(XCII) stBisieTcst OAHOM U3 aKTyaIbHBIX TIPOOICM B
(uznKe HeYynopsI04eHHBIX CTPYKTYP [1-3]. OHuM
13 ICPCICKTUBHEIX HANPABICHAN €€ PCLICHUS SBJI-
€TCs CTPYKTYPHAS MOAU(DHKALINS MATCPUATA. H3MC-
HEHHE ATOMHOH CTPYKTYPBI MaTepHalia Ipu coxpa-
HCHUH XHMHUYCCKOTO cOCcTaBa [4], - KOTOPVIO MOXK-
HO OCYIICCTBUTD IyTEM M3MCHCHUS YCIOBHH HCIIa-
PCHUS ¥ KOHACHCALINY 2TOMOB Ha TIOATIOXKKY IIPH 10~
JYUCHHUH TUTeHOK. O THAKO UCTIONB30BAHKUE STOTO MO~
X0Ja B PaMKax METoJa TCPMHUYCCKOTO HCIApCHHUS
B BaKyyM€ HE MPUBOIUT K CYLICCTBECHHOMY H3Me-
HECHHIO 3JICKTPOHHBIX CBOMCTB MIICHOK. bonpmmmu
MEPCICKTUBAMH B 3TOM HANPABICHUH 00IagacT
METOJ HOHHO-TIIA3MEHHOTO PACTIBLICHH I, TIO3BOIL-
IOIIUH MONyYaTh MJICHKH MBIIIbIKOCOACPKAIUX
XCII ¢ cyIIecTBEHHO OTAMYHBIMH OT TEPMOOCAK-
JCHHBIX IICHOK BJICKTPOHHBIMH MAapaMeTpaMu H
HEpaBHOBECHBIMH Tporieccamu [5-8]. B wactHOCTH,
B [5-8] mpm cpaBHUTETBEHOM HCCIEIOBAHHUH JJICKT-
poHHBIX porieccoB B amMopdubix mieHkax XCII cu-
crembl As-Se u coctaBa As S, MONTy4EHHBIX METO-
JaMH TepMudeckoro ucnapeHus B Bakyyme (TH-
IIJICHKH ) 1 HOHHO-TIIA3MEHHOT'O BEICOKOYACTOTHOTO
pacnosiicHus (BU-meHkn), Obiir 0OHAPYKEHBI pas-
JWYHS B TAKUX 3JICKTPOHHBIX MapaMeTpax IJICHOK
KaK IPOBOIUMOCTb, SHCPTHs aKTHBALIHMH MPOBOIH-
MOCTH U OIITHYCCKAS IIHPUHA 3aMPCIICHHON 30HbI, a
TAKXKE CYLICCTBCHHBIC OTIMYHS B MPOLEccax mepe-
HOCA HOCHUTEIICH 3apsiaa u poronposoaumoctu. Taxk,
Hanpumep, v THU-nIeHOK CTEeXHOMETPHUUIECKOTO
coctaBa As,Se, UIMEET MECTO MOHOMOJIAPHBIH JIbl-
POUHBII MEPEHOC HOCUTEIICH 3apsiaa U MOHOIOAP-
Has ApipovHas porornposoanmMocts [ 1-3] (u3-3a 3Ha-
YHUTEIPHOTO PEBBIICHUS MOABHKHOCTH JBIPOK HAJ
MOABHKHOCTB IO 3JICKTPOHOB). OAHAKO, TS TIICHOK
3TOrO COCTABA, MOTYICHHBIX METOAOM HOHHO-TIIA3-

MEHHOT'O BBICOKOYACTOTHOT'O PACIBIIICHHS, B IPOTH-
BOMOJIOKHOCTD TU-TmeHKaM, yCTaHOBICHBI OUIO-
JSIPHBIN IEPEHOC U OumoJsIpHast POTOMPOBOAMOCTE
[5, 6]. UccaenoBaHms CTPYKTYPHI ITHX IIEHOK T10-
Ka3aJI¥ CYLICCTBCHHBIC PA3INYMS B TAPAMETPE CPeI-
HETO MOPIKa aTOMHOH CTPYKTYPHI L B B CTpyKTYp-
HBIX ¢AMHULAX, (hopmupyromux mieHku |7, 8]. Ta-
KuM 00pa3om, ObLIIO YCTAHOBJICHO, YTO H3MCHCHUC
cnocoba nonyueHus mieHok XCIT cucremsbr As-Se
u coctasa As,S., MPHBOAUT K CYLIECTBEHHOMY H3-
MEHCHHUIO B UX aTOMHOH CTPYKTYpPE U, KakK Cleq-
CTBHE, B CIICKTPE 3ICKTPOHHBIX COCTOSHUH, T.¢. Obla
VCTAHOBJICHA BO3MOXKHOCTH 3 (PEKTUBHOM CTPYKTYP-
HOU MOAM(]HKALINHT HX 3ICKTPOHHBIX CBOWCTB.
Urto0HB! BRISICHUT, SIBISIOTCS JTH YKa3aHHBIC Pa3-
JIMYHS B 3NICKTPOHHBIX MPOLIECCAX B AMOP(HBIX IICH-
kax XCII cucremer As-Se u cocraBa As,S., npucy-
mUMHA ¥ apyruM Meitnbkocogepkamum XCIL, mo-
JYYCHHBIX Pa3HBIMH METOJAMHM, B JAHHOU padore
00001IAI0TCS KaK paHee MOMYUCHHBIC PE3yIbTaThI,
TaKk U OPUBOIATCS PE3yIbTAaThl HOBBIX HCCICAOBA-
HUH 3JICKTPOHHBIX cBOHCTB amopdHbIx rureHok XCI1
cocraBa As,Se.S., npurotosnenusix TH- u BU-me-
togamu. Ilnenxku XCII cocrasa As,Se.S,, mpea-
CTaBJLIOT OOIBINON MPAKTUICCKHH HHTEPEC AT O~
TUYCCKOH 3amucu HHPOPMAIIUU B BULY JTAOUIBHOC-
TH UX CTPYKTYPBI H BEICOKOH (POTOUYBCTBUTEIBHOCTH

[91.
MeTtoanka 3KCHepHMEHTA

ITpm nmonyuennn mrenok THU- u BU-meromamu
MapaMeTPsl TEXHONIOTHICCKHIX MPOLIECCOB NOAOHpa-
JHMCh TaKUM 00pa3oM, YTOOBI MOTYYATUCH IIICHKH
COCTaBa, COOTBETCTBYIOWIETO COCTABY HCXOAHOTO
XCI1, amopdHO# CTPYKTYPBI, H ¢ MAKCUMATBHOH Be-
JTUMYUHOHN ApetihoBOi MOIBHKHOCTH HOCUTENCH 3a-
psAma, KOTopasd, Kak W3BECTHO, SBIAETCA CTPYKTYP-
HO-IYBCTBHTEJBHBIM mapamMerpom [10].

ITpn mony4uernn naenok BU-meromom pacmsl-

30
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JICHUEC OXJIAXKIACMOU MHUIIICHU, U3TOTOBJICHHOU U3
maccuBHoro XCII, ocyimecTBisiock Ha YaCTOTS
13,56 MI'n B atmocdepe aproHa mpu JaBICHHU
» 1 I1a. IlpurorosiaeHue ICHOK METOAOM TEPMU-
YECKOTO MCIAPEHHUA OCYIIECTBIAIOCH B BaAKyYME
» 1,44107 I1a.

Jng nccneaoBaHUS IIEKTPHUIECKHX CBOMCTB,
MPOLIECCOB MEPEHOCA HOCUTENEH 3apsaa u porompo-
BOJMMOCTH 00pasLibl, IMCIOIIHE KaK IIAHAPHYIO, TAK
U «COHABHUM) CTPYKTYPY € IMEKTPOAAMHU U3 ATFOMH-
HUS, IPUTOTABINBAJINCH HA AUIICKTPHIECKUX TIOA-
JIO’KKaX M3 TOMHAMHTHON TUIEHKH «KAITOH» C VAEIb-
HBIM  CONPOTHBICHHUEM, NPEBHIIIAIOIIAM
10'® OMYcm. UzyueHne ONTHYECKUX CBOHCTB MPO-
BOJAWJIOCH Ha IIJICHKAX, OCAKICHHBIX HA IOJIMPOBAH-
HbIE CTEKJISHHBIE IOTOKKHA. B 3aBucnMocTH oT
HUCCACAYEMBIX CBOHCTB TojimuHa miacHok XCII
mmeHanack ot 0,5 mo 10 MxMm.

Jns ctabumm3anny CTPYKTYPHI H CBOHCTB CBE-
JKETIPUTOTOBIICHHBIC TIJICHOYHBIC OOPA3IIBI OTHKHra-
nuck B TeucHue 30 MUHYT IPH TeMIeparypax, Omu3-
KUX K TeMmeparype pasmsrdycHusa. [lo maHHBIM
PCHTICHO-(TyOPECLICHTHOTO aHATH3a COCTAB MONY-
YAEMBIX IUIEHOK OTIMYAETCS OT COCTaBa MCXOTHO-
ro marepuana He oonee yeM Ha 3%. AmopdHOCTD
CTPYKTYPHI IUICHOK KOHTPOIHPOBAJIACh METONAMH
3JICKTPOHHOH M PEHTTCHOBCKOH TU(PaKLIH.

TemneparypHas 3aBHCHMOCTB JJIEKTPOIIPOBOI-
HOCTH 00pa3uoB M3MEPAIach B HHTCPBAJIC TEMIIC-
paryp ot 300 K no Temmepatypsl pazmsrdcHus 1 .
Marepuana micHok. CriekTpatbHBIC XapaKTePUCTH-
KM IIPONYCKAHMS U OTPAKEHHS CBETA PETHCTPHPO-
BaTKCh B HHTCpBANC AH BOITH OT 0,40 10 0,75 MKM.
[To 3TuM maHHBIM, C YUETOM TONIIHUHBEI 00pPa3LOB,
onpeaensics ko3(pPUIueHT ONTHYECKOro NOrIoLIe-
Hust a. ONTHYECKas IHPHHA 3aTPCLICHHOM 30HbI [,
IJICHOK PacCUHUTHIBAJIACH U3 CIEKTPATbHBIX XapaK-
TCPUCTHK MOTJIOMICHHS CBETA MPH ko3 duureHTax
a, COOTBETCTBYIOLINX KParo MOJIOCH PyHIAAMCHTAb-
HOTO ITOTJIOIIEHHS C CITOIB30BAHUEM COOTHOIIECHHUS
Tayua [4]: 6hn ~ (hH — Eg), rae sn — sueprust GoTo-
HOB.

[lepenoc HocuTenel 3apsaaa B 00pa3uax «cIHA-
BUY» cTpyKTypel npu 7' = 300 K uccnexosancs mo
BPEMSIIPOJIETHON METOAMKE, MO3BOJAIOMEH pas-
JETBHO OMPEACNATh APCH(OBYIO MOABHKHOCTD
BJICKTPOHOB M, ¥ JBIPOK M B MATCPHAIAX, y KOTO-
PBIX BPEMS MPOJIeTa HOCUTEIICH 3apsiaa MEHBIIIE Bpe-
MEHH Am3eKTprueckoii perakcaruu [10]. Mmkek-
U HoCHTENCH 3apsaaa B obpasen ocymeCTBIIsIaCh

AMITYJTBCOM CHJTEHOTIOTTOIACMOTO H3TYICHHS J1a3¢-
pa ¢ amuHO# BoHEI 0,337 MKM U ATATETBHOCTEIO 10
HC. Bpems mposera Hocurenel 3apsia uepes oopa-
3e1 £ OPEIENANOCH U3 3aBUCHMOCTEH MEPEXOJHBIX
(hOTOTOKOB 3JICKTPOHOB U ABIPOK OT BpemeHH [ 10].
3HaueHue AperoBON MOABHUKHOCTH M PACCUUTHI-
BaJ0Ch U3 cooTHOMmEHUs v = d/({ YE), rae d — Ton-
Ha 00pasia, £ — HanpsKEHHOCTh JTCKTPHUSCKO-
ro noist. PoTonmpoBOANMOCT IICHOK M3VYATIACH B
MPOJOIBHOM U TIOMCPCTHOM PEXKUMAX IO CTaHAAP-
THOU metoauke | 10]. boaee noapoOHO BhItie-
VKa3aHHBIC KCIICPUMCHTATBHBIC MCTOAUKN OTTUCA-
HBI B [11].

Pe3ynbrarel 3KcnepumMeHTa
H HX 0o0cy:kgeHHe

W3 nccnemoBaHuil TEMIIEPATYPHOH 3aBUCHMOC-
TH TEMHOBOU HPOBOIUMOCTH U CIIEKTPATBHBIX Xa-
pakrepuctuk npomyckanusa csera THU- n BU-me-
HOK a-As,Se.S, OblnM OnpeaeneHsl MPOBOAMMOCTD
o0pasios npu komHaTHOH Temnepatype (7=300 K)
S - PHEPT sl AKTUBALIUH IPOBOAUMOCTH £S, 3HAUECHU s
MPEASKCIIOHCHIMATBLHOrO MHOXKUTENT (' B 3aKOHE
H3MCHCHHS MPOBOAUMOCTU C TEMIICPATYPOH (s =
=Cexp(-Es/kT)), onTrudeckas HIMPUHA 3aMMPEIICHHON
30HBI Eg U TIOJIOKCHUC YPOBHSA DEpMHU OTHOCHUTETh-
HO CEPEIMHBI 3aNPEIECHHOHN 30HbI [, = Eg/2 -k,
VYka3aHHBIC TApaMETPhl MJICHOK MPUBEACHHI B Ta0-
aure. OmuOKy B ONPEACACHUH MapaMeTPOB OMpe-
JCISLINCh X pasz0pocom or obpasiua K obpasiy u
COCTABJIA/IU MOTOBMHY MOPSAKA BETHYHHbI 1A S , +
0,02 3B ana Es u £0,01 3B ga Eg.

W3z Tabauus ciaeayer, uro BU-nmeHku a-
As,Se.S. nveror 6071€€ HU3KUE 3HAYCHUS TPOBOU-
MOCTH, XapaKTepU3VIOTCS OONBIIMMHU 3HAYCHUSAMHU
SHCPTUU AKTUBALIMK MPOBOJUMOCTH U MCHBIIUMHU
3HAYECHUAMH ONTUYECKON IIMPHUHBI 3aMPELICHHON
sonbl. Bemmuuna J1F, y THU- u BU-nnenok nmeer
Manbie 3HaueHus, uy BU-nnenok J1£, < 0. 9o npo-
THBOPCUHE MEXK Y COOTHOLICHUMH N1apaMeTpoB k£
u Eg/2 BY-micHOK MOXHO OOBSICHUTH, 00paInasch
K MPEACTABICHUAM (QH3UKH aMOPQHBIX TIONYIPOBO -
HUKOB 00 aHTUNAPAUICIBHBIX YHEPTCTHICSCKHUX (ITyK-
Tyalusx KPacs 3ampeuieHHOM 30HbI [ U [, KOTO-
PBIC CBS3aHEI, COTNIAcHO [ 1], ¢ moxanpHBIMU HCOTHO-
POAHOCTAMH CTPYKTYPHI.

C npyro#l CTOpPOHBI, U3 CPaBHEHHS 3HAYCHHU
SHEPTHUU aKTHBALUHU NPOBOAUMOCTH M ONTHUCCKOH
LIMPYHBI 3ANPEIICHHON 30HB MOYKHO 3aKITFOUHTE, UTO
kak ang TU-, tak u ama BU-ineHok cripaBeamBo
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MOJIy4eHHbIX PA3HBIMH METOJaAMH
Meton G, E, C, Eg, AE,,

HPUTOTOBICHHUS (Om-cm)! B (Om-cm)! B B
™ 1109 0,96 4.10° 2,08 0,08
BY 6-1071¢ 1,02 3-10° 1,89 - 0,08

cooTHolieHue Es » Eg/2. OTo 03Hayaer, YTo ypo-
BeHb DepmMu y MIEHOK HAXOIUTCS MPUMEPHO B Ce-
pearHe 3anpeleHHON 30HbI.

[Ipn m3yueHun nepeHoca HocuTelnel 3apsaa B
TH-nnenkax a-As,Se,S, oOHapyeH TOJbKO mepe-
XOAHOM (POTOTOK JABIPOK (MIEPEXOAHOM POTOTOK 3J1eK-
TPOHOB YPE3BbIYANHO Mall), & B TJIEHKAX, MOMyYeH-
HeiXx BU-metonom, nepexonHsie pOTOTOKH 37eKT-
POHOB U IBIPOK CPaBHUMBI IO BenHuuHe (puc. 1).

OTU pe3ynbTaTbl CBUACTENLCTBYIOT O TOM, UTO
B niepeHoce 3apsaa B TH-mieHkax y4yacTBYIOT TOJb-

La(l -A)
&

-5 -4 -3 Lg(t,c)

Puc. 1. Ilepexoansie poroToku asipok (1, 2)
1 3NIEKTPOHOB (3) B menkax a-As Se.S,,
MOTYy4YEHHBIX METOJaMH TepMUIecKkoro ucrapenus (1) u
HMOHHO-TITA3MEHHOTO BBICOKOYACTOTHOTO pacmblicHus (2, 3)

-10 = a

| | |
0,5 0,6

0,7 A,MKM

KO JIbIpKH, a B BU-meHkax - Kak JIbIpKH, TaK U dJeK-
TPOHbI. XapakTep 3aBUCUMOCTel HaOI01aeMbIX Te-
PEXOAHBIX (POTOTOKOB COOTBETCTBYET AUCIIEPCHUOH-
HoMmy mnepeHocy. Pacuer mokasbiBaet, uro y BU-
TIGHOK M ~ M, ~ 10 cm?/(BUc) npu E = 10° B/cm
u T =300 K v cpaBHUMa MO BEIHMYUHE C
noABUXKHOCTBIO Ablpok B TH-nnenkax. Otcrona
caenyer, uro B BU-tuienkax umeer mecto Oumo-
JISIPHBIN MepeHoc HocuTenel 3apsaa B OTJIMYMe OT
MOHOTIOJISIPHOTO AbIpouHoro nepeHoca B THU-meH-
Kax.
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HMH METOJIaMH, W3MEpPeHHas B PeXUMe MPOAOJib-
HOU OTONMPOBOAMMOCTH MPH PA3HBIX MOJIIPHOCTAX
ocgetlaemoro aiiekrpona npu 7 =300 K, npusene-
Ha Ha puc. 2.

MoskHo BUeTh, uto TH-nnenku o6nanator ¢o-
TOBBINIpsIMIIEHHEM (pUC. 2 a), T.e. BeNUuYMHa oTO-
TOKa B KOPOTKOBOJIHOBOM obnactu cnekrpa (0,45 —
0,60 MKM) CYLIECTBEHHO 3aBUCHUT OT MOJSPHOCTH
HaNpsDKEHUs Ha OcBelaeMoM dJiekTpose. B npotu-
BOMOJIOXKHOCTB 3TOMY, Y BU-nneHok C3®II He me-
HSIeTCSl MPU U3MEHEHHUH MOJISTPHOCTH OCBELLAEMOTr0
anekrpoaa (puc. 2 6). Ucxons uz cummerpun C3DI1

La(ly.A)

1 I 1
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A,MKM

Puc. 2. Cniexrpanbras 3aBUCHMOCTE (poToTOKA B amopdubx THU- (a) n BU-nnenkax (6) As,Se,S,
U NONOXKUTENEHOM (1) ¥ oTpunaTe sHOM (2) MOTEHIMANE OCBEIAeMOT0 MEKTPoIa
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U U3 OUNOIPHOCTH NIEPEHOCA HEPABHOBECHBIX HO-
cutenei 3apsana 8 BU-nnenkax a-As,Se S, moxHo
3aKITIOYHUTD, YTO B 3THX IUICHKAX UMEET MeCTo Ou-
noJspHas HOTOMPOBOAUMOCTE.

Taxum 0OpazoM, U3 MOIYICHHBIX PE3yIbTATOB
CICIYCT, UTO HCPABHOBCCHBIC IpoueccH B BU-mieH-
kax cocraBa As,Se.S, CyIECTBEHHO OTIHHYAIOTCA
ot mponeccoB B TU-mIcHKAax 3TOro cocraea, uTo
AHATOTUYHO PE3YIbTATAM, IOTYUCHHBIM HA aMop Q-
HBIX MIEHKaX coctaBoB As Se, u As,S, [3, 6, 8].
IMockoarky HepaBHOBecHbIC mponecchl B XCII or-
PEOCTAIOTCS JIOKATH30BAHHBIMY COCTOSHHSIMU B X
3anpeLIcHHON 30HE, OTJIMYHE B XapaKTepe HEPaBHO-
BECHBIX MTPOLICCCOB B IIJICHKAX, TOTYICHHBIX Pa3HbI-
MH METO-AaMH, CBHACTCIBCTBYET O TOM, UTO
CHEKTP JIOKATU30BAHHBIX COCTOSIHUHN Y 3THUX IJICHOK
cymecTBeHHO pasnudactcsa. COrnacHo CyIecTBY-
omuM mpeactasicHusM [ 1-3, 10] crekrp mokamu-
30BaHHBIX cocTosHUN y THU-TIIIIEHOK CONEPIKUT TIy-
GOKHE TOBYIIKH JJ15 3IEKTPOHOB, UTO U 00YCIOBIH-
BacT MOHOMOISAPHBIN XapakTep YKa3aHHbIX MPOLEC-
COB B 3THX IUICHKaX. bunongapHeI i xapaktep Hepas-
HOBCCHBIX MporieccoB B BU-nicHKax CBHACTCIBCTBY -
€T 0 TOM, YTO B 3TOM CIy4Yac 3aXBaT JICKTPOHOB
Ha r1yOOKHE JIOBYINKH HE HMEET MECTA, H JIOBYLIKH
JUTSL BNIEKTPOHOB M ABIPOK OAWHAKOBO PaCIPEICICHBI
o sueprusiM. Habmrogaemoe cxonctso B ocoOeH-
HOCTSIX IEPEHOCA HOCHUTENCH 3apsaa B IUICHKAx a-
As, Se, M MCCIETyeMBIX HaMu TICHKaX a-As,Se.S,
MO3BOJACT MPEAIONOKUTh, YTO U3MCHCHHS B CITCK-
TPE TOKAMU30BAHHBIX COCTOSHIU BY-miecHOK 3THx
XCIT umerot oauHakoByio npupody. Ilpucyrcrue
aToMOB cepel B cocTaBe As,Se.S. He BIUsAeT Ha
Xapaxrep HabII0JaeMbIX H3MEHEHUH, TIOCKOTIBKY aH-
THCBS3BIBAOIIUC OPOUTATH aTOMOB S JIeXaT MO
SHEPIHH BHIIIC TETepo- U roMocBased As u Se, a
HecBsspBaue - HUke [10]. AHamuz pe3ynbraros
O M3VUCHHIO APei(OBON MOABHKHOCTH HOCUTEIICH
3apsaa, IPOBCACHHBIN B pAMKaxX MOJCTH COOCTBCH-
HBIX 3apsDKCHHBIX JedekToB cTpykTypsl (U?-1eHT-
poB) [10], mokazas, 4TO OCHOBHBIC OTJIHYHS B SHEP-
TETHYCCKOM CIICKTPE IJICHOK, MONYYCHHBIX Pa3HbI-
MH METOJAMH, CBSI3AHBI C PA3THIHEIM MCXaHU3MOM
(hopMHUpOBaHUS Kpas 30HBI MPOBOJUMOCTH U JIOKA-
JIM30BAHHBIX COCTOSHUHN, KOHTPOIHUPYIOLINX MEPEHOC
3JICKTPOHOB [ 12], 4T0, MO-BUANMOMY, SIBJISICTCS CIICT-
cTBHEM paszmuuni B crpykrype BU- m THU-tureHOK.

3akmrouenne. Amopdusie miaenku As,Se.S.,

MOy UICHHBIC METOMOM HMOHHO-TIIA3MECHHOTO BHICO-
KOYaCTOTHOTO PACHBIJICHUS XaPaKTCPHUIYIOTCA
3JCKTPOHHBIMH TAPAMETPAMH M HEPABHOBCCHBIMH
MPOIIECCAMH, CYIICCTBEHHO OTIHYAIOITUMUCS OT
TAKOBHIX B TUICHKAX ITOTO COCTaBa, MOJYUCHHBIX
TEPMHUUCCKUM UCTIAPCHUEM B BakyyMe. Pazmuavis B
JNCKTPOHHOM CTPYKTYPE IICHOK, TIONYUCHHBIX Pa3-
HBIMH METOJAMH, BHIUMO OTIPCACSIOTCS PasIHuyH-
SIMH B UIX ATOMHOM CTPYKTYPE, 00YCIIOBJICHHBIMH CY -
MIECTBEHHO PA3HBIMU YCIOBHAM TAapO0OpasoBaHMs
HCXOMHOTO Marepuana u GOPMHUPOBAHUSA TBEPIOH
daspr. Ionyuenue nuenok a-As,Se.S. MeTo10M HOH-
HO-TITA3MCHHOTO BBICOKOUACTOTHOTO PaCITbLICHHS,
MO-BUAUMOMY, TIO3BOJIACT PEaTH30BaTh HOBOC MC-
TaCTabHIILHOE CTPYKTYPHOS COCTOSHHE amMopdHOi
MATPHITEL U, TCM CaAMBIM, OTKPBIBACT BOZMOKHOCTH
VIIPABICHHS DJICKTPOHHBIMH CBOMCTBAMH aMOPQHBIX
TIOJTY ITPOBOJHUKOBBIX TJICHOK METOIOM UX CTPYKTYP-
HOM MOIU(DHUKALINH.
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Bakyymaarbl TEpMUSLIBIK OYJIAHABIPY *KOHE MOHIBIK-LIA3-
MAaJBIK KOFAPBDKUUTIKTI IIAMBIPay SICTEPIMEH aJBIHFAH
As 4Se3S3 0OCKBUT KaOBIPLIAKTAPBIHAAFBI 3aPsI TACYLIBLIAPIBIH
TachIMaaay >koHe (POTOSOTIMILTIK MPOLIECTEPIHIH IIEKTPIIIK XKOHE
OIITHKAJIBIK, KACHETTEPIHIH 3ePTTCYICPIHIH HATIKEICPl KOPHI-
THUIAHFAH. OPTYPJl OQICTEPMEH KaCaIFaH KaObIpLIaKTapablH
HIIEKTPOH/IBIK TapaMETPIICPIHIH AMBIPMAIITBIIBIKTAPEL Oap sKoHe

OJIapAbIH, TEMe-TeHCI3AIK NPOLEeCTepAe MAHBI3AbI aAHbIPMALIbI-

JIBIKTApbI 6ap eKeHmirl aHpIkTaFan. KypeumbiMasr moguduka-

¥t JKOJIBIMEH KaOBIPITaKTapabIH JICKTPOHABIK KAaCHeTTePiH

JKOTIKENl OacKapyra OONAaThIH MYMKIHILLTINT KOPCETUINeH.
Summary

The results of the electrical and optical properties, charge
carriers drift and photoconductivity investigations in amorphous
As,Se,S, films prepared by thermal evaporation in a vacuum
and by RF ion-plasma sputtering are generalized. Differences
in electronic parameters and essential differences in nonequlib-
rium processes have been established. Opportunity of the films
effective electronic properties control by means of their structure
modification has been shown.

HUHUDT® KasHY um. anv-Oapadu,

e Aamameor Hocmynuna 25.12.07e.
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H M. AXMETOB

MOJEJIMPOBAHUE MTPOLIECCA OXJAXKIEHMS TOPMO3A
BYPOBOJW JIEBEJAKM C LEJBIO ONTUMUW3ALIUU
PABOUYMX IAPAMETPOB

[IpuBoastcs pe3ynbTaThl MHOrO(aKTOPHOrO aHAIM3a YPABHEHUM PErpPecCHM, COCTABICHHOIO C LEbI0 ONTUMHU3ALIMU KOHCT-
PYKTHBHO-PE)KHMHBIX [ApaMEeTPOB OCHOBHOTO TOpMO3a OypoBoii jebeaxu. JlaHsl MaTemMaTndeckoe U rpadgudeckoe BBIpasKCHUL
MOJENY MPOLEcca OXJIAKASHUs TOPMO3a OypoBOM JieGe Ky, MO3BOJSIOLIME ONPEASIUTh ONTHUMAJIbHBIE APAMETPHI.

B pa6ote npuBeaeHs! pe3yabTaThl MOACTHPOBA-
HUS TIPOIIEcca TEIUIONEPENaud MEKIY TPYLIIHMUCS
3JIEMEHTaMU TOPMO3HOH CUCTEMBI OypoBoOil JeOea-
xu (puc. 1 u 2). Jlanras crcrema, TOMHAMO OOBIU-
HBIX pabovHX JIEMEHTOB IEHTOYHOTO TOPMO3a HMeE-
€T JIONOJHUTEIFHOE TETIOOTBOJIAINEE YCTPOICTBO.
HecoMHeHHO, Ha mapaMeTphl TEIIO0TBOAA BIUSIOT
OJIHOBPEMEHHO U BO B3aMMOCBS3M HECKOIBKO (haK-
TopoB. ClleI0BaTEIbHO, ISl IOJIYYEHUS PE3yIbTaTa
IKCIIEPUMEHTA, ONMCHIBAIOIIETO PEeaTbHBIH (U3H-
YECKHH CMBICII IPOLECCa OXJIAKIEHHS TOPMO3HOM
CHCTEMBI, HEOOXO0IMMO pacCMaTPHUBATh BRIOPAHHBIE
(hakTOpHI BO B3aHMOCBSA3H.

3\

104

ARy
Ra

”

/y

Jlnst mpoBeieHHs OTHOro (JaKTOPHOTO YKCIIEPH-
MEHTA, COTTIACHO METOINKE, IPUBEACHHOM B pabo-Tax
[1-3] 6b1M OTOOPAHBI HECKOBKO (haKTOPOB, OKA3BIBA-
FOIIVIC HA HAIM B3TJI/T, HANOOITBIIIEE BIMSTHIE Ha KOI()-
(PMIIUEHT TETUIONPOBOHOCTH paboyeil MOBEPXHOCTH
IIKMBA JICHTOYHOIO TOpMO3a OypoBoi nebenxu A,.
VYxa3aHHbIi KOI(PPUIUEHT, B COOTBETCTBHH C pHC. 1 1
2, B OOJIbIIEH CTEIICHHU 3aBUCHUT OT COOTHOILICHMS TOJI-
IIWHBI CEYEHHST OCHOBHOTO M BCIIOMOT aTEBHOTO IIIKH-
BOB k,, yriia MEXy TEILIONPOBOIAIIMMHA pedpamMu
BCIIOMOTATENHHOrO MKKUBA ¢, OTHOIICHUS IPUBE/ICH-
HOHM TOMIMUHBI pedep K pa3Mepy TEIIOOTBOIAIICH
HOBEPXHOCTH BCIIOMOTaTENLHOrO MKABA K .

Puc. 1. [IpononbHbIil pazpes OXNaKIAOIIEH CHCTEMBI
TOopMO3a OypoBoit nebeaxu u 0003HAUCHHUEe PA3MEPHOCTEH
COCTABHBIX 3JI€MEHTOB. / — TOPMO3HOW (OCHOBHOM) LIKHB,

3 — TOpMO3HAA CTaJIbHAL JICHTA, 4 — KOJIOAKA TOPMO3HOH
JIEHTBI, 5 — BCIIOMOTaTeIbHbINA LIKUB, 6, 7 — OOJITHI,
JUIA KPETUICHUA BCIIOMOTATCIIBHOTO ITKUBA,
8 — pabo4as HOBEPXHOCTh BCIIOMOIATEILHOTO IIKHBA,
9 — MOMONMHWTENBHAS TEIUIOOTBOMAIIAS JICHTA,
10 — ¢ukcaTop DOMOIHUTENHHOMN JIEHTHL,
12 — TeToOTBOAAIIHIA TTATPYOOK, M3TOTOBICHHBIA
W3 MaTepuaia ¢ BBICOKOU TEILIONPOBOIHOCTHIO
M COAep KL BHYTPH 0J10BO, 2() — TeruooTBo psimue pedpa
BCIIOMOT'aTCJIbHOIO IKHUBA
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Puc. 2. INonepeunsiii pazpes mo A-A oxnaxaaromeit
CHCTEMBI TOpMO3a OypoBoii ebeaku mo puc. 1

U 0003HAUCHUE PA3MEPHOCTEHl COCTABHBIX 3JICMECHTOB!

|/ — OCHOBHOH IIKHB, 3 — TOPMO3HAs CTAJIbHA JICHTA,

4 — KONOAKA TOPMO3HOM JICHTHI, 5 — AONOIHHUTEIBHBIN IIKUB,
19 — BuyTpeHHsI pabodas IOBEPXHOCTH
JOTIOJHUATEIIBHOTO IIKHBA, 20 — TCINIOOTBOIALINC peOpa
JAOIIOTHUTCJIIPHOTO IIKHUBA

B coorserctBum ¢ puc. 1 u 2 xoapdunuenr i,
OTIPENENSETCA U3 BBIPAKEHUA

k=R RY(R-1"), (1)
1, IO (PU3MUECKOM CyTH, ONPENENIeT MPOIecC Tel-

JIoTIepeIaur MKy OCHOBHBIM M BCTIOMOTATEIIHHBIM
INKMBAMH. A KO>(DMUIIMEHT &, BEIYMCIIAEM 110 (hOPMYJIE

k. =Sn/(r’-r"), )
TJIE 71 — KOJUYECTBO TEIIOOTBOJIAIINX pedep.
3apadeit pakTOPHOTrO aHAJM3a PE3yIbTATOB SKC-
MMEPUMEHTATBFHOTO MCCICAOBAHUS NOIKHO OBITH
MoJy4YeHHE MaTeMaTHUECKOH MOJIENTH CIEAYIOIIEro
BHA

3)

TJIE A, IMEET Orpanmdenus B penenax 40 8m /(v- K) <

Ap =Mx,, X5, X)) —> max,

< A <£80Bm/(m- K) . BBIXOI 3HAYEHUA A, N3-38 PAM-
KM YKa3aHHOT'O TIpeiesa eIaeT CUCTeMy Hepadoueit
1 OECCMBICICHHO.

U3 (3) BuaHO, 9TO A TOCTHKEHUA LS HE00-
XOAUMO OMPENCTUTh TaKHUE 3HAUCHHS (PaKTOPOB
X,, X, ¥ X, TIPA KOTOPBIX 00ECMEUMBAETCA MAKCH-

IS

R e

ONCEDR BSIOTPN

,.;‘;\;’;@,‘:!&-’" Wi
=,A‘ > '

MaJTbHBI! TETUTOOTBOJ OT Haubolee HATrpeToi TMo-
BEPXHOCTHU OCHOBHOI'O IIKKWBA.

C 11eJI610 TIOCTPOEHHUS MAaTEMATHIECKOH MOJIEIH
TEMJIOOTBOMSIIETO yCTPONUCTBA B BUAC Py HKIIMU KPH-
TCPpUA ONTUMHU3ALHNK OT 3HAYMMBIX IIapaMETPOB,
OblJ1a MOCTPOSHA MaTPHIIa OPTOTOHATBHOTO TITAHH-
POBaHMS YKCIIEPUMEHTA, HA OCHOBE KOTOPOH CTPOH-
JIaCh MaTeMaTHUECKasi MOJIEIb BTOPOTO MOPSI/IKA:

n n n
- " 2 "
y=a,+ E ax, + E a,x; + E a.xx,, (4)
i=1 ik ik

TIC y - KPUTCPHIi ONTHMH3ALMK, X, , X, - HE3aBHCH-
MBIE TIEPEMEHHBIC (PaKTOPEL; d), a,, d,,d, — TEOPEeTH-
yeckne K03 (UITUEHTH PETPECCHH.

Brlnenennble, Tak Ha3plBaEMBIE MPEOOIANAl0-
e (GakTopbl, BAPbUPOBAIUCH HA MATH YPOBHSAX.
WnTepBaibl 1 ypoBHU BapbUPOBaHUs (PAKTOPOB MpH-
BeZIeHBI B Ta0mI. 1.

[To cpenHUM SKCIIEPUMEHTANILHBIM 3HAYCHUAM

CTEMEeHN V onpenensi Ko3(pQUuImeHThl perpeccu.

[ToncraBuB mocaenaue B (4) MONyYNIN YpaBHEHUE
PErpPeCcCHH B YCIOBHBIX KOOPAWHATAX !

Tabnuua 1. YpoBHH BApbHPOBAHUSI H HHTEPBAJIbI BbIAEJIEHHbIX (haKTOPOB

O6o3Ha- VposHu Hurepsan
dakTopsl
YCHHUE -1,215 -1 0 1 1,215
OTHOIICHUE TOJIIUH CCUCHUI OCHOBHOTO
U BCIIOMOTATCIbHOTO LIKUBOB kR X, 2.84 8 16 24 29,16 8
VYrom Mexay TenooTBoAsIAME pedpamu, ¢ X, 1,77 5 10 15 18,23 5,0
OTHOILICHNE NPHUBEICHHON TOIIIHUHBL pebep
K pa3Mepy TeIUIOOTBOAALICH KPYIVIOH MOBEPXHOCTH
BCIIOMOTATCIPHOTO IIKHBA, k[ X, -0,04 0,5 1,5 2,5 3,04 1,0
$ B
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V =5145+598X, - 1.805X, +0,615X, -
~5,625X,X,- 10.875X X, + 295X X, -

~ 10,445 X] 14592 X2 2711 X7 . (5)

[lepeBoa ycnoBHBIX KOOpAWHAT B (HH3HUCCKHC
coriacHo Tabu. 1

X =(k,-16)/8; X,=(¢-10)/5; X =(k —1.5)0.5,
ITO3BOJNUII HOJ'Iy‘H/ITb

X,=0,125k,-2; X=02¢-2; X=2k 3. (6)

ITytem coBmecTHOro pemichus (6) u (5) momy-
YCHA MATEMATHYECKAsI MOJCb MPOLIECCA TSILIOMPO-
BOJHOCTH B BU/C 3aBUCHMOCTH K03 durrieHTa Tem-
JOMIPOBOIHOCTU OT KOHCTPYKTHBHO-PEKUMHBIX IMa-
paMeTpoB ICHTOYHOTO TOPMO3a GYPOBOI TeOeIKHU:

A, =-160.54 + 11,447k, + 11,21¢ + 73,43k —
—0,14k.&- 2,72k k + 1,188 - 0,17k 2 —
— 0,582 10,8k 2.

(7

Ha ocuoBanuu moxenu (7) ObLINM HOCTPOCHBI
JBYMCPHEIC CCUCHHS, KOTOPBIC O3BOIWIN YCTAHO-
BHTb 3aBHCHMOCTH KPHTEPHS ONTHMHU3ALUHU OT CH-
HEPTeTHYECKUX KOOPIUHAT H ONPEACITUTD ONITHMATb-
HBIC 3HAUCHUS TPeX BHIOPAHHBIX (AKTOPOB, T.€.
k., =9,6;, ¢=14,2; k =0,75.

Hcnonb3ys sHaueHust kK03QPUIHMEHTOB &, k 1 &
o dopmysaam (1) u (2) onpeaeasiu KOHCTPYKTUB-
HBIC IAPAMETPBI BCIOMOTaTEIbHOTO ITKHUBA MTPHMe-

HUTEIbHO TOPMO3HOM CUCTEME HEKOTOPBIX JCHCTBY-
1o1uX OypoBbIx 1ebenok. Pesynbrare! pacueTos npu-
BEICHHI B TaOII. 2.

Tabmuna 2. KoHCTpYKTHBHBIE TapaMeTPbI
TeNMJI00TBOSINET0o MIKHBA

Mapxa ITapameTpsl, MM

nebea Kk r, r’
JIB -750 240 107
¥2-5-5 290 157
JIBY - 1100 265 132

Ha puc. 3 mokazano rpaduueckoe BEIpakeHHE
MATEMATHYECKOH MOJAETH MPOLECCA, XapaKTepH-
3VIOLICH MOBEPXHOCTh M3MCHEHUS KO3(dHLUHeHTa
TEMIONIPOBOAHOCTH B 3aBUCHMOCTH OT PaccMaTpH-
BaeMBIX (JaKTOPOB.

BriBoabl.

1. TMonyueHs! ypaBHEHHS PErPECCHH, Xapak-
TEPU3YIOIIUE MATEMATUUECKYIO MOJAENID MPOLIECCA
TEIJIONEPEAAYH B TOPMO3HOH cucTeMe OypoBoOM
7eOCKH ¢ YYETOM JOTOHUTEIBHOTO OXTAXKIACHUS,
KOTOPBIC MO3BOIUIN COKPATUTH YHCIIO OITBITOB U OTI-
PCOCTUTDh ONTUMAIBHBIC 3HAYCHUSA OE3pa3MEpPHBIX
HapaMETPOB K, kU ¢, COOTBETCTBYIOIMX K SKCTPE-
MaJbHBIM 3HAYCHHAM KPUTCPHU ONTHMH3ALUHM A

k,=9.6:k =075, =142,

2.60
2.40
2.20
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20

Puc. 3. I'paduueckoe n3zobpaxkeHne MaTeMaTHIECKOM MOJIENH Mpoliecca TEINIOOTBOAA
B 3aBHCHMOCTH OT OCHOBHBIX IapaMeTpOB
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2. Hatinennvie 3HaueHusd kR, kr U ¢ cOOTBETCT-
BYIOT PEATbHBIM KOHCTPYKTHBHO-TCOMETPHYCCKUM
pasMepaM TOPMO3HBIX CHCTEM JACUCTBYIOIIMX Ha
MPaKTHKE OYPOBBIX 1EOCTOK.

JIMTEPATYPA

1. Aonep FO.I1. Brenenue B MIIaHUPOBAHUE HKCTICPUMEH-
ta. M.: Metamunyprus, 1969. 159 c.

2. Egooxumos F0.A., Konecnuxos B.H., Temepun A.U.
IInannpoBanue u aHaNN3 HKCIEPUMEHTOB NIPU PellleHAN 337124
TpeHus u usHoca. M.: Hayka, 1980. 228 c.

3. Hanumos B.B., Yepnosa HA. CtatucTHUYECKIE METO-
Il TIJIAHMPOBAHUS DKCTIEPHMEHTALHBIX YKCIIEPUMEHTOB. M.:
BUCXOM, 1974. 116 ¢.

Pezrome

Byprrinay ngebekachlHBIH HETi3T1 TEXKETIMIiHIH KOH-
CTPYKTHBTI-PEKIMIIK MapaMeTpiepiH OHTalTaHbIpy MaKca-
ThIHJIA KYPBUIFAH perpeccHs TeHJEYiH KorpaKTopibl TOCIMEH
capamnTay/blH HOTHXKeTIepl KeNTipulreH. bypreinay nebenkachl
TEIKETIITIH CATKBIHAATY TIPOLIECi MOICTIHIH MaTEMATHKAIIBIK KOHE
rpaduKanbK Typiepi OepiireH.

Summary

The results of the multifactorial analysis of the regress
equation, made with the purpose of design data-regime
parameters optimization of the basic brake winch are given in
the work. The mathematical and graphic expressions of cooling
model of process of a brake drilling winch are given, allowing
to define optimum parameters.

Hocmynuna 24.12.07e.
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V]IK 533.9.01

P. K AMAHI'AJIMEBA

PACUET HEKOTOPBIX TAPAMETPOB IIBLJIEBO IJTA3MBI
B PA3PAAE IIOCTOSAHHOI'O TOKA

Brruncnens! akcuanbHoe W paJualbHOE paclpeAelIeHHs MEKTPUIECKOro Mo, GYHKIUS paclpeeleHUs SJIeKTPOHOB IO
SHEPTHsIM M MaKpOCKOIMUECKHe TapaMeTphl IBUICBOH Ia3Mbl cTpaTH GUIMPOBAHHOTO TICIOIETO pa3psiia HU3KON NMIOTHOCTH
B BEPTUKATLHO PAcTIONOKCHHOM IUIMHAPHIECKO paspsaHoi TpyOke.

IMocneanue roAbpl MBIICBAS MJIA3Ma MPUBJICKACT
00/IpII0C BHUMAHHUEC UCCIICAOBATEIICH KAaK CHCTEMA,
MPEACTABIMIOMAS COOOH OTKPHITYH) HETMHCHHYIO
JUCCUMIATUBHYIO CTPYKTYPY, B KOTOPOU BO3MOKHO
00pa30BaHKE MBLICBBHIX YIIOPSAOUCHHBIX CTPYKTYP.

IeineBas mmasma MpeaCTaBIsSCT COOOW HOHH-
30BaHHBIN ra3, COACPKALIUI 3apAKEHHBIC IIBITICBBIC
YACTHIIBI MUKPOHHBIX pa3mMepos. leieBas mnasma
HIUPOKO pacmpocTpaneHa B npupoae. OHa cocras-
JSICT KOJTbLIA [TAHCT-TUTAHTOB, XBOCTBI KOMET, MEK-
IIAHETHBIC M MEK3BE3aHBIC oOmaka [1].

IbineBas mmasma SBISCTCS MPEIMETOM HHTCH-
CHBHOIO M3YYCHUS B TCUCHUC MOCICAHETO ACCIATH-
aeTus. AKTHBHOS UCCJICIOBAHUE HAYATIOCh B CBSI3H
C LEJIBIM PSIIOM MPAKTHYCCKUX TPUIOKCHUM, TAKHX
KaK 3JICKTPOIUHAMHUKA MPOAYKTOB CTOPAHHUS, 3ICKT-
podusuka MI'Jl reHepaTopoB, a TAKKE C UCHOIB30-
BAHUCM TCXHOJIOTHH MIA3MCHHOTO HAIBIICHUS U
TPaBJICHUS B MUKPOSJICKTPOHUKE M PA3BUTHEM TIPO-
M3BOJCTBA TOHKHUX IJICHOK U HAHOYACTHII.

[TeineBas nnasma B n1abopaTOPHBIX YCIOBHAX
AKTHUBHO HCCIICIYCTCS B CTPATAX TICIOIICTO pa3psiaa
MOCTOSIHHOT'O TOKA U B TIPUAJICKTPOHOM CJIOS EMKOCT-
HOTO ¥ HHIYKTUBHOTO BHICOKOYACTOTHBIX PA3PSIOB.

Paccmarpusacrcs nonoskurenbabiii ¢ro0 (I1C)
TACIOLIETO pa3psaa B aproue. M3secTHo, uto B pas-
PsAaxX UHEPTHBIX TA30B HU3KOTO AABJICHUS (DYHKITHS
pacnpenencHus 37ISKTPoHOB Mo 3Hepruam (OGPII)
peako ObIBaCT PABHOBECHOM . JIBHMIKEHUE 3JICKTPOHOB
MPH HU3KUX MJIOTHOCTSX ra3a OMpeACIseTcs Habo-
POM DHEPTHHU B JACKTPUUYCCKOM IMOJIC U MOTCPEH
SHEPTUHU B HEYIPYTUX CTOJKHOBCHHSX, TaK KAK I10-
TCPU SHEPTUH JJICKTPOHOB B YIIPYTUX CTOIKHOBCHH-
ax Manbl. YroOw1 onpeaenuts f,(r,z,U) ®PII B ocu
TPYOKH U aKCHAIbHOE PACIPEIACACHUS DIICKTPHYICC-
KOTO TOJIst ObINIa UCMONb30BAHA KMHETUYICCKAS MO-
gens [2]. Moaenr OCHOBaHA HA OAHOBPCMCHHOM
PCIICHUN KUHETHYCCKOrO ypaBHEHus bonpimMana
g OPI3D u ypaBHenus aperida-auddysnn nasa

pacnpeencHUs HOHOB, a Tak ke ypasHenusd [lyac-
COHA JJISI SICKTPHICCKOTO IOJIS.

Hmxe npeacraBneHs! pe3yabTaTsl MOJCTHPOBA-
HuA 4714 pasneHus aprosa p = 0,4 Top u cpexnero
3neKTpUYeckoro mons £, = 2.5 B/cm. Paspsaanbiii
npomMexxyTok paseH L = 10 oM, karoxHas cropoHa
THOJIOKUTEIBHOTO CTOI0a COOTBETCTBYET z,= () cM.

Ha puc. | npeacraBicHO pacnpeacacHie H30T-
poriHo#t yactu ®PII Ha ocu paspsna. Jlorapupm
nzotponHoii yactu ®PII mpencrasnen B Buze 3a-
BHCHUMOCTH OT aKCHUAJIbHOI KOOpAUHATHL Z U DHCP-
ruu U. BugHo, 4to ¢ npuOnumkeHHUEM K aHOIY ropd
®PI3 nepuoantecku cMemaeTcd B 00nactb ¢ OOmb-
el KUHETHHIECKOH 3Heprued. JIocTHrHyB 3HEprum,
TPH KOTOPOU 3JICKTPOHEI B COCTOSHAH BO30OYAUTE Tep-
BbIC YpoBHH (~20 3B), ropd ®PI3 Bo3HuKaeT B oOna-
CTU ¢ MAJICHPKUMU SHCPTHUAMMU. I[anee TaKad KapThuHa
NCPUOANICCKHA IOBTOPACTCA B Uncz KOOpAWHATax.

Ha puc. 2. mpeacTaBiacHO akCHANBHOE pacmpe-
JCTICHUC 3JCKTPUYECCKOro MO HA OCH Pa3psIHOi
TpyOKu. BHAHO, 4TO akCHATBPHOE MTONIC HMEET HECH-
HYCOUJAIBHYIO CTPYKTYPY € CHJIBHO BBIPAXKEHHBIMUA
MUKAMHU-CTPATaMH. DTO TOJE B CTpaTax o0ecreuu-
BACT YCJOBHE JICBUTALIUU OTPULIATCIBHO 3apsKCH-
HOM NBUIEBOW YaCTHULIBI B HEKOTOPOM CEUCHHUH CTpa-
TBI, TA€ TOJIE TSKECTHU, ACHCTBYIOIIEE HA YaCTHULY,
YPaBHOBEIIMBACTCS 3JIEKTPOCTATHUECKOM CHIION.

CrpatuduuupoBaHHBIHA TACIOIUH pa3psx UHTE-
PECceH AT peann3aliy NbUICBOU MIa3MBbl TAKKE H C
TOW TOYKH 3PCHHUS, YTO B Pa3psAIHOH TPYOKe U3-3a
MPOLIECCOB aMOUTIOsIpHON AuhdHy3uu BOIHHUKACT
PaanuanTbHOE MEKTPHUYCCKOE MONE, HATTPABJICHHOE OT
OCH K CTCHKE TpyOKku. PamnanpHoe mone yckopseT
HOHBI, 00pa3yIoLIHECs PH HOHU3ALMH B Pa3psIHOH
TpyOKe, U 3aMEIIISICT YXOJ 3JICKTPOHOB HA CTCHKY.
HmeHHO 5T0 Tomne NpersITCTBYET YXOAY OTPULATEITh -
HO 3apAKCHHBIX MBIJICBBIX YaCTUL] HA CTCHKU Tp}/6-
KU, OCYHICCTBJIACT UX 3aXBaT B HeHTpaHLHOﬁ qacTHu
TPYOKH.
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Puc. 1. IlpoctpancTeHHOE pactpenencHie u3otponHoi yactu GPOD Ha ocu paspsaaa
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Puc. 2. AxcuanbHoe pacnpeacacHuc CaMOCOTIIaCOBAHHOIO JJICKTPHUICCKOTO MOJIA

B Hacrosiiee BpeMsi CaMOCOTIACOBAHHOE pe-

8(p(r,z)
HIEHWE B JBYMEPHOW 00NacTh pa3pAmHON TpyOKH E, (” > Z) = T a ~
oTcyTcTByeT. [loaToMy At ompeneneHus paguab-
HOT'0 PaCIPeIeIeH s HJIEKTPHUECKOTO MO UCIOJb- kT 1 on, kT o J, (alr / R)
30BaJI0Ch NPUOIIKeHNe aMOunoaapHoi quddysun == n o R TRY (1
- i Tov6- e, n, or 2, 3 (alr )
POHOB U MOHOB Ha CTEHKY Pa3psgHON TPy

ku [3]. B aTOM ciydae paanaabHOE SJIEKTPHUECKOES

MOJIC W SJICKTPHUCCKUN MMOTEHIIHAN BBIPAXKAOTCS qo(r) = (p(r,z) —(p(r =O,Z) ~ kT, ln(J0 (alr/ R)),
yepe3 GyHKIHMIO beccens v paBHBI: % 2)
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Puc. 3. Pacnpez{eneHI/Ie paanualbHOrO SJICKTPUYCCKOrO MOJIst

rae o, = 2,4048 — nepsriii kopeHsb GyHkmu becce-
aa,J, (o) = 0.

Ha puc. 3 BugHO, 9TO paanamsHOE 3JICKTPHYIEC-
KO€ I0JIe MEHSIETCSI CHAYAJIa TUHEHHO ¢ PaguycoM,
a 3aTEM PE3KO BO3PACTACT NMPH MPUOIFKEHHIH K CTCH-
K€ paspsIHOU TPYOKH.

MaxkpockonraecKkre mapaMeTpsl IIa3MBbl, TAKHE
KaK IUTOTHOCTb M CPERHSAS TEMIIEPaTypa 3IMEKTPOHOB
OIIPEIENAIOTCS UHTErPaATaMH HU30TPOITHOH YacTH
OPI3:

7,00E+009

6,00E+009

5,00E+009

400E+009

3,00E+009

n (1/R), oM’

200E+009

1,00E+009

0,00E+000
00

n(r,2)= [ £,(r,2,0)U"dU . 3)
I(r z):ELTUS/Zf (r,z,U)dU (4)
o 3n,(r,z)y o

Ha puc. 4 u 5 npexcrasneHsl paguanbHBIE U
aKCHAITbHBIE 3aBUCHMOCTH IUIOTHOCTH M TEMIIEpa-
TYPHI 3JIEKTPOHOB B pa3psAie MOCTOSHHOT'O TOKA.
Hazo ormetuts,ut0 B cTpaTHHIHUPOBAHHOM

9oEm - 0
- 04/R
8wEe | - 04K

7,00E+009

6,00E+009

5,00E+009

n(z), em™

4,00E+009

3,00E+009

2,00E+009

1,00E:000

0EH0 : ' ; L - L
0

Puc. 4. PaZ[I/Ia.]'ILHLIe 1 aKCHAJIBHBIC pAcCpeAC/ICHUS IIJIOTHOCTHU SJICKTPOHOB
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Puc. 5. Pagnanbuble U akcHalbHbIe paclpe/ielcHHUs TeMIEpaTyphbl HIICKTPOHOB

MOMOKUTEIBHOM CTOI0E TEMIIEPATYpa 3IEKTPOHOB
B aprone ipu » = (0 Mensercsa ot 2 1o 5,23 3B, urto
TOBOPHT O CUJIbHOU HenmokaabHocTH OPIJ.

ITonydenHbie pe3yapTaThl MO3BOJLIIOT ONpPEIE-
JMTh ABYMEPHOE IPOCTPAHCTBEHHOE PACTIPEACIICHUE
IITABAOLIEr 0 IIOTEHIHNANA, 3aPsLa MBLICBBIX YaCTHUI
B CTpaTax U ABYMEPHOE paclpelciIcHue Cuil, Aei-
CTBVIOLINX HA 9aCTHLY (3JCKTPOCTATHYCCKON CHITBI
Y CHJIBI HOHHOTO VBIICUCHHS).
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Pezrome

Beprukans opHamackaH IUIHHJPIIK pa3psAThl TYTIK-
meseTi TOMEH THIFBI3LIKTEL CTpaTTalFaH CONFBIH Pa3psATarbl
SNEKTpP OPICIHIH aKcHall JKoHe paJyan Tapaaydapsl, HIEKTPOH-
JapIblH SHEprusuapsl GOWbIHINA Tapaly (QYHKIMSCH XKOHE TO-

3aHJAbl NJasMaHbIH MaKpOCKOIIUSJIBIK napaMeTpnepi

€CCTITEIIHICH.

Summary

The axial and radial distributions of electrical field, electron
energy distribution function and macroscopic parameters of
dusty plasma of stratified glow discharge in vertically located

cylindrical tube are calculated.
KazHY um. anv-@apabu, o. Anmamor;

AT'Y um. K. XKybanosa, 2. Akmobe Hocmynuna 20.12.07e.
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JL V. TAHUMYPATOBA

IMPOAOJBHOE MATHETOCOIMPOTUBJIEHUE KPEMHUA p-TUITA
B CWJIBHBIX UMITYJIbCHBIX MAT'HUTHBIX ITOJISAX

[TpuBencHO mOAPOOHOE HCCTIEAOBAHKE PA3TUIHBIX
CITy4acB BOBHUKHOBCHHS OTPHLATEIEHOTO MATHETO-
CONPOTHBIICHUS, 00YCIIOBICHHOTO MEXAaHU3MOM pac-
CCAHMS U OTPULATEIBHOH 3 (EKTHBHON Maccol Ibl-
pok. B mureparype [1] paccmarpuBamics pa3miaHbIC
MEXaHU3Mbl BOBHUKHOBCHHS OTPULIATETILHOTO MarHe-
TOCONPOTHBJICHUS. HexoTophIe H3 3THX MEXaHU3MOB
OBLITH OATBEPKACHBI SKCIICPUMEHTATIBHO Ha Pa3iny-
HBIX OJYIIPOBOXHUKOBBIX KprcTasiax. OqHako Ham
HE H3BECTHO, KaKUE-TUOO paboThl, B KOTOPBIX HC-
CIICIOBANIOCh OTPHLATEIFHOC MArHETOCOMPOTHBIIC-
HHUE KPEMHHS P-TUIIA B CHIIBHOM MAarHUTHOM IOJIC.

B sr1oii cratee OyayT mpeacTaBICHBI aHATUZ
3KCIICPUMCHTATBHEIX PE3yIbTATaX MOMYICHHBIX IPH
H3VUCHHH SBJICHHH IICPEHOCA B KPEMHHH, B 4aCTHO-
CTH, OTPULATEIBHOC MArHETOCONPOTHUBIICHHE, BO3-
HUKAIOLICE 33 CYCT MEXaHU3MOB PACCEIHUS U HETa-
PpabOTUIHOCTH BAICHTHOU 30HH! (MIOSIBICHHUE OTPH-
LATEIBHBIX TONEPCUHBIX 3P PEKTUBHBIX MACC).

30HBI TSXKETBIX U JIETKUX JBIPOK KPEMHUS BHI-
poXxaeHsl B Touke skcTpemyma k=0, a Tperps 30Ha
M3-3a CIIHH-OPOUTATIBHOTO B3aMMOJCHCTBHS OTLICH-
JICHA OT 30HBI TSDKEITBIX M JIETKUX ABIPOK HA BETHYIH-
Hy A= 0,04 3B.

10 HEOOBIIOE 3HAYCHHUE A IPUBOAUT K HEma-
pabomuuecKkoMy 3aKOHY AUCIICPCHU B 30HAX TSIMKE-
JBIX W JCrKuX Abpok. HemapaGonmanocts BaneHT-
HBIX TIOA30H KPEMHHS OKA3bIBACT OLYTHMOC BJIHS-
HUE Ha ranbBaHOMAarHuTHHIE 3 dekTh, B 0coOeHHO-
CTH Ha MarHETOCOMPOTHBIICHHC.

B nnTepeane remneparyp 50-100K nabaronaet-
€4 CICAVIOWAs 3aBUCUMOCTD MOABHIKHOCTH ABIPOK
B KPCMHHH OT TeMIepatypsi i, ~ 1"1%. 910 orkio-
HEHWE 3Ha4YeHHA mokasarend — 1,9 or 3HaueHmd —
1,5 COOTBETCTBYIOIIECTO PACCCIHUIO HA aKyCTHUCC-
KHX KOIEOaHUAX PELICTKH B 3IEMCHTAPHOH MOJCTH
chepuueckol 30HbI, 00YCIOBICHO HEmapaboInyec-
KHM 3aKOHOM JMCIICPCHH B IOA30HE.

Kak n3BectHO, epBbie, IpaBHIbHBIC CBCICHUS,
o ¢opMe 30H NPOBOIUMOCTH H BAJICHTHBIX 30H Iep-
MaHHUS M KPEMHHS ObLTH MONTYYCHBI U3 U3MCPCHHUS
marHeToconporusiacHus [1-3]. U3 omeiToB 1muk-
JOTPOHHOTO PE30HAHCA MOKa3aHo B pabdote [4, 5].
B pabore [3] ObL1O 3aMEUCHO MPOAOJIBHOS MAarHe-
TOCOIPOTHBIICHHUE HA KPUCTAIIAX KPEMHHUS P-THIIA,

CBUJCTE/IbCTBOBABIICE 00 AHU3OTPOITHH U30IHEPTE-
THUICCKOM moBepxHOCTH. KauecTBeHHAS MHTEpIIpE-
TaLHs 3TOMY SIBICHHUIO Obljia mana B padore [7].
OnHAKO 3KCHECPUMEHTHI 10 MArHETOCOIPOTHUB-
JCHHUIO KPEMHUS P-THUIIA, MPOBEACHHBIC B CIA0BIX
MAarHUTHBIX TOMIX [3, 6] pacxoxarcs ¢ BEIBOJAMU
Teopun [7].

Tak kak aHH30TPOITHS SHEPTCTHUCCKOTO CIICKTPa
HOCHTE/ICH TOKA IIPOSIBJITFOTCS HAUOO/IeE OTUCTIIHBO
B CHIIBHBIX MArHUTHBIX IIOJIAX, TO €CTh B OONMACTH
HACHIIICHUS MAarHCTOCOMPOTUBIICHUS, TIOSTOMY LIC-
J€CO000Pa3HO UCCICAOBATh MATHETOCOIPOTHRBIICHHUS
B 00TaCTH CHIIBHBIX MATHUTHBIX MOJICH. B 5T0MH CBsI-
31 B padote [8] ObL10 HCCACI0BAHO MAarHETOCOMPO-
THBJICHUC KPCMHHUS P-THIIA B CHJIBHOM TTPOJIOIBEHOM
U OOTICPCUYHOM MArHUTHBIX TOJITX TIPH TCMIICPATY-
pe 77 u 295K u BnepBbie ZOCTUTHYTO HACHIIICHHE
MAarHeTOCOMPOTHBIICHU.

IIpoaosibHOE MAarHETOCONIPOTHBJICHHE KPeM-
Hus p-tuna npu J||H||[001], J||H]||[110], J|H]|[111].
CormacHo KIacCHYECKOU TCOPUH B CHIIBHBIX
MArHUTHBIX MOJIIX MarHEeTOCONPOTUBICHUE JOMK-

H

HO HACBIIATHLCA. JleHcTBUTENRHO, Koraa U— ~ 4
C

HaOII0AACTCA TOMHOE HACBHIMICHUE MPOJOIBHOrO
MarHeroconpotusicHus (B cayuasx J||H||[[111],
J|H||[110], J||H|[[001] He3aBrCcHMO OT TeMmEpaTy-
PBL, KprcTaIIOrpaduuecKoro HanpaBICHUS H KOH-
LCHTPALIMHA HOCUTEICH TOKA).

[To3nHee Ha Gomee YUCTBIX KPHUCTATLIAX KPEM-
Hus (P, = 300 Om-cMm) Ham yaanoce HabmroaaTh
[9, 10], xpoMe HACHIICHUS H OTPHULIATCIIBHOC Mar-
HETOCONMPOTHBICHHUE B cnyyasx, korga J|[H||[[111] u
J||H||[110], oOycaoBaecHHOEC HEHapaOOIHUIHOCTHIO
BasIcHTHOH 30HHI | 1 1], HO HE HAOMOKASTCS B CIyUae
J|H||[001] — oTpunaTensHOE MarHeTOCOMPOTHBIIC-
uue (puc. 1-3).

BcrnencTeue HenapaGOMTHYHOCTH MOA30HBL TSI-
JKETBIX ABIPOK 3 peKTHBHASL Macca 3ICKTPOIPOBOI -
HOCTH BO3PACTacT ¢ TEMICPATYPOH, TaK KaK B pe-
3yJbTATE YBEAUYCHHS CPEAHEH TEIJIOBOU SHEPTUU
JBIPKU 3aHUMAIOT TC¢ YPOBHH B MOA30HE, IAC HEma-
padonuuHocTh Goble. HekoToprie aBTOpPEI BBICKA-
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Puc. 1. 3aBucumocts =f (H ) KPEeMHHUs P-THUIIA

0
IJIsl OCHOBHBIX KpHCTaUIOrpagu4eckix HarpasiIeHUN.

(Pye0x = 70 Omeem, T'= 77,4K)

3aJi, 4TO HenapadOJMUHOCTh 30HbI MOXET MPUBEC-
TH K TIOSBJICHHIO OTPUIIATENBHOTO AN( hepeHIIHalb-
HOTO COMpoTUBjIcHN. OTHAKO, 3TO ABJICHUE B KPEM-
HUU pP-TUTA HEe ObLIO HAOMIOEHO 0 HAMUX PadoT.
OKCMEPUMEHTAIBHBIC PE3YNbTATHI, MOJIYUYCHHBIS
HAMU Ha KPUCTAJIaX KPEMHUS P-THUTIA U3MEPEHUEM
MIPOMIOIBHOTO MATHETOCOTIPOTHUBIICHHS 110 KPUCTAI-
norpagudeckim HarpaaeHusm [111], [110] u [001]
MOKa3aJii, YTO aHW30TPOIUS MarHETOCOTPOTHRIIC-
HUS CBUJIETENLCTBYET B MOJIb3Y HenapaboarnuecKo-
0 3aKOHa JTUCTIEPCUU B TOI30HE TKEIBIX JIBIPOK.
CorJjlacHO KJIaCCUUYECKON TEOpUHM B CUJIbHBIX
MArHUTHBIX MOJIIX MAaTHETOCOPOTUBJICHHE J1OJIK-
HO HAaChINAThCA. JeHCTBUTENEHO, HAOMFOMAETCS TI0JT-
HOE HACHIIICHNE MAarHETOCOTIPOTUBJICHUS B 00iac-
TH CUJTFHBIX MATHUTHBIX TOJIEH BO BCEX KPUCTAILITH-
4YecKuX HampasjeHusx (puc. 1-3) npu 7=77,4K.

[i11]

100 200 300 H,k2

0,2 [i10]

1 L
100 200 300 H,k3

0.3 [oo1]

100 200 300 H,k2

Puc. 2. ITpononsHOe MarHETOCONPOTHUBIEHUE KPEMHI
p-runa (p,,,, = 300 Om-cm, 7'= 77,4K)

Kak BUIHO U3 PUCYHKOB B CUJIBHBIX MArHUTHBIX
TMOJIX MAarHETOCONIPOTUBIIEHHE HackIaeTcs. [lonnoe
HACBILICHUE MArHETOCONPOTUBJICHUS ObLI0 HAOJIFO1E-
HO ¥ Ha 00Jiee HU3KOOMHBIX KPUCTAJIaX KPEMHUSL
p-tuna u [12, 13]. OnHaxo, B OTJAMYKHE OT HU3KOOM-
HBIX KPUCTAJJIOB Ha BRICOKOOMHBIX KPHUCTAJIIaX Ha-
OroTaeTCs HEKOTOPBIN CTajl MarHETOCOMPOTHBJIC-
HUS TIOCJIC HACBITIICHUS IS KPUCTAILTOTPAhMUSCKIX
Hampasienuii [110] u [111], Torna kak aj1s Harpas-
nenus [001] Takoi cman OTCYTCTBYET, Ha000pOT
Ha0I0NAETC HEKOTOPBIN MOABEM.

OueBUIHO, TAKOE MOBENEHUE MArHETOCOM POTHB-
JICHU S SIBJISIETCS XapaKTEPHOUM OCOOEHHOCTHIO JIaH-
HOT0 KpHUCTajutorpaduueckoro Hampasneaus [001].
Coo01maercst HanmpuMep, 9TO TPOAOILHOE MarHETO-
COTIPOTUBIICHNE TEPMAHUS P-THUIIA HE HACHIIIACTCS
B HanpasicHuu [001] [14]. Takue pe3ynbTarsl HA
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Puc. 3. 3aBucumMocTb = f(H) KPEMHHs P-THIA

0
JUISL OCHOBHBIX KPHCTA/IOrpa)MIeCKUX HAIPABICHHUH.

(P3p0c = 2200 Omecm, T'= 77 4K)

KPEMHHH P-THIA HaMu cO00IIanucsk B [12] emme padb-
nre yem B [14]. Tlostomy pesynpTaTl padots! [14]
ABIITIOTCA KaK OBl MOATBEPKACHHEM NAHHBIX HATHX
JKCIEPUMEHTAIBHBIX UCCiemoBanuii [8].
['anpBaHOMarHWTHBIE ABICHHUA B KPEMHUH
p-THIIa B HEKOTOPBIX OTHOMICHHUAX OTIMYAIOTCSA OT
AHAJIOTHYHBIX SBIIGHUNA B T€PMAaHUM p-THHA. DTO
OOBSACHACTCS TEM, YTO DHEPrus OTIISILUICHHOW Ba-
JIGHTHOM TIOA30HBI B KPEMHHUH COCTABIIAET BCETO
0,04 5B (a B repmanuu — 0,28 5B), uto 1 npuBoaUT
K HermapabOoTMdecKoMy 3aKOHY THUCTIEPCHH B TI0/130-
HaX TSOKENBIX M JIETKUX JbIpoK. HemapabonuaHocTsb
B Hanpasjernd [110] craHoBHTCS CymEeCTBEHHOM
[IPH SHEPTHAX B HECKOJIBKO MUILTUDIEKTPOHBOJIBT,
a mpu OONBIIMX YHEPTHAX H30dHEpPreTUYecKas
MTOBEPXHOCTH TOJ30HBI TSKENBIX ABIPOK B TAHHOM
HaIIpaBJICHHUH BCIIyduBaercs [ 14].
H303HepFeTI/I‘ICCKI/Ie HNOBCPXHOCTU TAMKECIIBIX U
JIETKUX JBIPOK MMEIOT BOTHYThIE Y4acTKH (puc. 4),

&€ - const

Puc. 4. BorayTble y4acTKu HU309HEPrETHICCKUX
TOBEPXHOCTEH TSHKENBIX ABIPOK B Si B mockocTd &, = 0,
(3awTpUIXOBaHBEI), CIpaBa MMOKA3aHA 3aBHCHUMOCTH s(ky)
BIOJb JUHUH PP’ 1519 (PUKCHPOBAHHOTO 3HAYCHUA kx

[€ Peaqu3yloTcs OoTpuuaTeabHbie >(PPEKTHBHbBIC
maccsr [15].

Korna k0 BeiposkaeHre OI30H TAIKEBIX U JIer-
KHX JBIPOK CHUMAETCS U PacyeT 3aBUCUMOCTH &(k)

h2
k)=
2 (k)=

X

(1.1)

4 AR i[sz“ +C (K22 + K2R +k§kj)]% :

rJe 3HaK IUTIOC Mepen KOPHEM COOTBETCTBYET 30HE
JIETKAX JBIPOK, MUHYC — 30HE THKEIBIX IBIPOK,
A,B,C — Ge3pasmepHbIe KOHCTAHTHI, PaBHBIE COOT-
BercTBeHHoO uis kpemuwus 4,04+0,1; 1,1£0,4; 4,1+0,4.

Kak criemyer u3 dopmyusr [1.1], unen ¢ C? ot-
BETCTBCHEH 32 OTKIOHEHHE HM309HEPTeTHYECKHUX
MOBEPXHOCTEM OT chepruecKom PopMBbI, a 3HAYUT U
34 TOSABJICHUS OTPULIATETBHBIX MONEPSIHBIX 3 heK-
TuBHBIX Macce. [Ipu C? > 0 pacmieruienue MexIy
JIBYMs HEPreTHYCCKUMH 30HAMHU HauOoNbIIiee B
Hanpasyienud [111] v HaumeHsbIIee B HANPABICHUU
[001]. CnaenoBatenbHO, 0OPa3yrOTCA BOTHYTHIC y4a-
cTKH BOMM3u Hanpasjienuii Tuna [001], Tak Ha3pIBa-
eMBI KOHYC OTPHIATEIbHBIX 3(PPEKTUBHBIX Macce
(HenapaboMMIHOCTB ).

Asropsi [16, 17] mokasanu, 4To HenapadoIU4-
HOCTb 30HBI MOKET ITPUBECTH K TOSBIICHHIO OTPH-
naTenbHOTo qU(EepEeHITUATBEHOTO COMPOTHBIICHUS.
CrnenoBaTtenbHO, BIOJIHE BO3MOYKHO MPEIIIONOKUTD,
YTO MOSBJICHHE CNafa HA MarHEeTOCONMPOTUBICHUH
(oTpumaTenbHOE MArHETOCONMPOTHBIICHHUE), B CIIy-
gasx J||H||[[111], J||H|[[110] , cBa3aHO c Hemapa-
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Qusuxa naasmvl, 2a3oe U JHCUOKOCmetl

00 THIHOCTH IO 30HBI TSKEIIBIX ABIPOK H MEXAHH3MOM
paccestHuUsL.

Bo3M0OHO, OHO CBA3aHO M ¢ KBAHTOBAHUCM
JSHEPrUU HOCHTEICH TOKA, TAK KaK B JOCTUTHYTOM
MAarHUTHOM TI0JIC YCJIOBUE KBAHTOBAHMSI BBITIOTHSI-
STCS JUTsl OTPULATSIBHBIX 3(PPEKTUBHBIX MACC.
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Pezrome

p-tunreri J||H||001], J||H||[110], J||H]||[111] xaFnaiinaret
KpeMHHUIIH Tepic MarHETOKEAEPTICi 3ePTTeNi. AYBIp TECIKTIH
napabonanbik eMec 30HAChIMEH Oali TaHBICThI, MATHETK €/ICPTiHIH
KaHBIFYBI OakblnaHjiel. bepinren OarbiTra Tepic 5pdeKTuBTI
MaccaMeH OalimaHbicKaH, MarHeTOKEJCpriHiH Tepic Oeiri
KyIneife i, o7 MarHeTKeepriHiH IaMackIH YII ecere azaifTabl.

Summary

This article considered an influence of uniaxially stressed
on magneticresistance. It also considered that it decreases
longitudinalof magneticresistance three times and increases the
negative part of magneticresistance, depending on negative
effective mass in this direction.

Axmaycruii 2ocyoapcmeennuiii

yrueepcumem um. I1l. Ecenoea Hocmynuna 10.03.07e.
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@u3uKka amoMHO20 si0pa U rIeMeHmMapHbIX Yacmuu

V]IK 539.12

H.IT. AH/IPEEBA, A. Il TAUTHHOB, H. A. JIEFEJIEB,
B. U CKOPOBOI'ATOBA, B. H. CJIAJ[HEBA

®PATMEHTALMS JIETKUX SITEP
B KPAIHE MEPU®EPNUYECKNX B3BAUMO/IENCTBHSIX
U B COBBITUAX KYJIOHOBCKOW JMCCOLIUALIUUA

IIpencraBneHsl pe3ynbTaThl CPABHUTENLHOTO aHANM3a SKCIIEPUMEHTAILHBIX JaHHBIX 1O (pparMeHTAINH JIETKUX SIep-CHApSIIOB
B KpaiiHe nepr(eprIecKUX B3aNMOACHCTBUSKX U KYJIOHOBCKOH AW cconMaliiy IpH NepBUuHOM sHepruu 3,7 AI'B ¢ 11enbIo BBIsBIIE-
HUSI CTPYKTYPHBIX ocoGeHHOcTel saep (anbda-KiacTepusariis).

Hccnenosanne npouecca gparmMeHTany pems-
TUBUCTCKUX JICTKHUX SICP-CHAPSAOB B HEYMPYTHUX
B3aUMOJCHCTBHSIX C SIIPAMHU-MHUIICHIMH HPU OUCHb
MAJTBIX IEPEAABACMBIX 4-HMITYIIBCAX MOXKET OKA3aTh-
Cs MPOAYKTHBHBIM HUCTOYHHKOM HHpOpMALHU O
CTPYKTYPE HAJCTAIOINETO AApa, B YACTHOCTH, O Ha-
auunu anbda-kmactepos | 1-3]. His 3108 nemu Obutn
M3YUCHBI KpaiiHe nepudepuaeckre B3anMOICHCTBHUS
nerkux sagep Li% C¥, 0%,  Ne”  Mg”  Si**n
12 ¢ aueprueit 3,7 A-I5B ¢ aapamu doTosmys-
cun. Creayer OTMETUTB, UTO METOA SACPHBIX ¢o-
TOSMYJIbCUN BIIOJHE MOIXOMIIIMN AT TOTYICHUS
XapaKTECPUCTHK (pparMeHTalny sSApa-cHapaaa Ona-
rojaps BBICOKOHM pa3peluaroineii CrocoOHOCTH,
4T-reoMETPUHN PKCIICPUMEHTA, HAICKHOCTH H3MEpe-
HUA 3apAA0B parMenTa, a TakKe OTCYTCTBHIO SHEP-
FETUYCCKHUX MMOPOrOB UX PErUCTPALIUH.

Hna orGopa kpaline nepudepraeckux B3auMo-
JIeHcTBUI OBLIN UCIIOJIb30BAHEI HA OCHOBE UACHTH-
(hHKaLMH BTOPHUIHBIX YacTUL (S-, g- 1 b-uacTu) cie-
JVIOIIHNE KPUTCPUH: YHCTIO S-4aCTHUL (THOHBI U TIPO-
B3aMMOJCHCTBOBABIINC TPOTOHEI SApa-CHAPSAA) HE
HPEBBIIIAO TPEX — N < 3, YMCIO g-9acTull (IpoTo-
HBI OTJAYU SAPA-MHULICHH) — n, < 1, uncno b-uacTun
(wacTuupr sapa-mumenu ¢ Z > 1) —n, > 0 u cymma
3apsa0B QparmentoB O = X7 = Z *1, rae Z —
3apsA sapa-cHapaaa.

CpaBHEHHE XapaKTEPUCTHK MPOAYKTOB pacnaia
JETKUX SAEP-CHAPSIAOB B IPOIECCE KYJIOHOBCKOH
muccormaruu (KJ1), mpoucxoasiieii npu oueHs Ma-
JI0H mepeaaye SHEPrHH (Y-KBAaHTOM) C aHATOTUYIHBI-
MH XapaKTCPUCTUKAMH (hPArMEHTOB TEX KE SCP B
kpaitne nepudepuucckux Bzanmoaeicteusx (KIIB),
BO3MOXKHO, MO3BOJHT BBISIBUTh CTPYKTYPHVIO OCO-
OCHHOCTb — KIIACTCPU3ALHIO B BO3OYKICHHBIX S~
pax, yuurteiBad, 4uro nepenada sHepruu B KIIB, B

otamaue ot K/I, mponcxoaut Hermocpe ICTBEHHO IPH
HEYIIPYrOM CTOIKHOBEHUH YACTHUIL SAPA-CHAPIA U
MHIICHH.

K cobbrtasam npouecca K1 6p1mm oTHECEHBI €O-
OBITHS, B KOTOPBIX N = n=0,n2>0n Q=27 =7 *1.
W3 tabn. 1, rae npeacrasneHsr qanabie a1 KIB u
K1, cneayer, uto goast cobwituii KJI mo orHote-
HUIO K OOIIEMY YHCIY BCEX B3aUMOJCHCTBUN IS
paccMaTpUBACMBIX SIACP OKA3aAIaCh MPAKTHUCCKU
OAMHAKOBOU (4-6)%, 32 UCKIUYCHUEM IS sapa
,Li® = 11%, T.¢. moutu B ABa pasa Oomkime, 4TO,
MO-BUINMOMY, CBSI3aHO C YK€ OTMCUCHHOH paHee
CPBIXJIOCTBIO» 3TOTO sAapa [4].

Tabmuna 1. Yncsao (moss) codbITHil B mpomeccax K/

u KIIB u cpennsisi 1imHa cBoGOHOTO MPoGera A

PA3THYHBIX siAep AJISA 3THX NponeccoB

Sapo | N, Kl KITB

& - N, ) | Ao N, ) |A.em
~3,7AT'3B)

Lie 469 |50 (11%)| 109215 | 44 (9 %) | 124419
7 | 1487| 58 4 %) | 297439232 (16 %)| 7445
O |2127]100 (5 %)| 246225 | 260 (12 %)| 9546
Ne2 4275|159 (4 %)| 264421 | 607 (14 %)| 6943
Mg | 1817]109 (6 %)| 210420 | 215 (12 %)| 7744
LS5 1209(49 (4 0) | 16824 | 156 (12 )| 7948
S [1033] 56 (5 %) | 154421 143 (14 %)| 605

Homs coberruii KIIB mo otHOImMEHHO K 00memMy
YKCITY BCEX B3AUMOICHCTBHM 0Ka3aiach B OCHOBHOM
B npeaenax (12-14)%, a ana (Li® cocrasmaer 9%,
T.€. OIATh OTIMYACTCS OT OCTAIBHBIX PACCMATPUBA-
CMBIX JICTKUX SIEP.

W3 tabn. 1 Bugno, uro aua KJI sHauenne A ¢
YBEIHMYEHUEM aTOMHOTO BECA SAEp MaaeT
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L SLi® 12Mg*

22
18 - wNe

Puc. 1. Pacnipesienenue cpennero ucna pparMeHToB <n>
[0 WX 3apsigaM IJIs KaXkJoro sipa-cHapsizia.
Crnomnast nunus — KJI, nyaxktupnas nunus — KI1IB
(Ha MoceAyIOMmUX pUCYHKaX 0003HAUCHHUS TE JKE)
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~(300+150) cm, Torma kax gma Li® — 10915 cm,

T.6. 3AMETHO MEHbINE. 3HAUCHUE A st KIIB s
BCeX siaep Koaeoaercs B mpeaenax (60-90) cm, a as
,Li® oxazanmock GOMIbIIE — B CPEIHEM B TIOITOPA Pasa.

Takum oOpazom, u3 maHHbIX Tabn. 1 MOXKHO
OTMETHUTH BBIJCICHHOCTh MPESICTABICHHBIX XaPaK-
TEPUCTHK s spa ,Li°, 4To, Kak yKe ObIIO OTME-
YCHO, CBI3AHO, MO-BUAUMOMY, C TEM, YTO HYKJIOHBI
3aHUMAIOT OTHOCHUTEIbHO X YHC/IA 3aMETHO OOTb-
A 00BEM.

XapakTepHCTHKH N0 MHOKeCTBEHHOCTH
¢pparmenTtos sipep-cHapsinos B KIIB u K/I.

U3 puc. 1, roe npeacrasieHsl pacupencieHUsI
CPEIHEro uMcaa (hParMeHToB Ho 3apaaam (<n>) Ams
Beex aaep kak i K/, tak u ma KIIB, Buano, uto
dparmentsr aaep (0'° — | S* BeIENEHE B ABE TPYTI-
mel: a) ¢ 3apsgamu 1 u 2 u 6) — Bce OCTaNbHBIC CO
CBOMMH MaKCHMyMaMHM Jnisl JaHHOTO sapa (,0'° -
7=6; Ne*-7=8; Mg*-7=10; Si*-Z7Z=12n
& —Z=14), npuuem <n> a1 pparmenTos Z > 3 ¢
MAaJbIM 3apSIOM 3aMETHO MEHBIIE, YeM ¢ OOTbIIU-
mu Z. bpocaerca B rmasa, 4To <n> [t COCETHUX
1o 3apsaay ¢pparMeHToB ¢ Z=2 u Z=3, OTIHYaIOTCS:
<n , > CymECTBEHHO Gombiie <n ,_>.

3nauenue <n ,_ > B KIIB 14 Bcex saep npesbi-
maet, 4eM B KJI. 3nauenue <n , > Beaet ceds mo-
passomy: ams anep Li°, (O'°, | Ne* B mpememax
onm6ok coragaot (kpome (C'2), nms Mg u | Si*®
HECKOJIBKO OOMbINE, a A1 | 57 — GombIe 3a mpeae-
JaMH OIIHOOK.

3HaueHus <n> 17151 MHOTO3aPSTIOK € OOJIBIIUMU
Z B KI1B cucremarnuecku menbine, gem B K/I. Ipu-
uuHa 3tix otraud <n> B KJI ot KIIB, BeposTHee
BCETO, B PA3HBIX MEXaHHU3MAaX MCPEIAYH SHCPTHH.

B zaBucuMocTH cpemHero uncna (parMeHTOB
<n> OT MaCCOBOTO YHCIa SAEP-CHAPSIOB A, (puc. 2)
naonronactes oranuue KIIB or K. Eciu mas K]
3HAYCHUS <N> HC 3aBUCAT OT Ac, 1o 11a KIIB »ra
BEJIMYMHA BO3PACTACT € YBEIMYEHHEM A, UTO CBs-
3aHO ¢ Oonee 3¢ dekTHBHBIM oOpasoBaHueM ¢par-
MEHTOB C 3apsaJaMu | 1 2 B HEypyrux B3auMOJeH-
ctBuax. [lpu 3TOM cnenyer OTMETUTB, UTO B 000UX
nporeccax (K, KIIB) smauenns <n> s Li° u
\,/Ve** OKasanuch 3HAYMTETLHO MEHbIIE. JTH JIBa
SPa OTIIMYAOTCS OT OCTaIbHBIX. 00 0COOCHHOCTIX
saapa ,Li® Beime GBIIO yiKe OTMEUEHO, a aapo | Ne™,
B OTJIMYHE OT APYIHX, SABISCTCS U30TONOM, B KOTO-
poMm uucio HelTporoB Ha 20% Gombine. BomoxHO,

<n>

0 | 1 | 1 | 1 | |
Ne M Si S
. Ac

Puc. 2. 3aBHCHMOCTb CPEJIHETO YUCIA (PaTMEHTOB <n >
OT aTOMHOIO Beca A siipa-cuapsina, 8 KIIB (')

u BKJ[ (@ ). 3nech U Ha NOCICAYIOMMX PUCYHKAX JTUHUN
IIPOBEJICHBI 110 METOAY HaNMEHBIINX KBaJpaToB

3TH 0COOCHHOCTH BIHUAIOT KAKUM-TO 00pa3oM Ha
3HAYCHUE <N~ ITUX AIEP.

Ha puc. 3 mpeacrasieHa 3aBHCHMOCTE AOJH CO-
Owrtuii (AN /N ) oT unc1a oqHO3apaAHBIX (pparmMeH-
ToB N, — B npoueccax KJ[ n KIIB ana xaxmoro
aapa-cHapsga. M3 pucyHka BHIHO, 4TO pacmpeac-
nenue AN /N_oT n, | Ka4e€CTBEHHO OIU3KHU A7 000-
nx npoueccoB. KonuuecTBeHHO ke MOXKHO OTMe-
THTb, YTO, BO-TICPBBIX, MAKCUMAIBHOE YHCIO OXHO-
sapsaubix pparmentoB K mensbine, uem B KI1B u,
BO-BTOpHIX, pacnpeaencuue AN /N B KIIB casuny-
TO B CTOPOHY Oonmpmux 3HaueHud n,_ . [ocneanue
JBa (haKTa YKa3eBAKOT Ha OONbIIEe APOOICHUE Sapa-
cHapsaa B KI1B, uto cBsA3aHO, MO-BHAUMOMY, C MCXa-
HU3MOM U OOJIbIICH nepeaauei sueprud, ueM B K/

Teneps paccmorpum pacnpeaeneaue AN /N s
JBYX3apsaaHbIX (PParMEHTOB, NPCACTABICHHOC HA
puc. 4. Hyxnuo ormeruts, uto st K1 u KIIB pac-
MPEACTICHUS OKA3alINCh KAYCCTBCHHO OMU3KHMHU
TOJNBKO AT wacTu sizep: | Mg>,  Si**, §$°uormma-
HBIMH J7151 ocTanbHbIx saep (L6, (12, 0'°, | Ne®),
MPUYEM HHIUBUAYATBHO AT KAJKIOTO U3 3THX SAEP.
Hanpumep, u3bbnITOK Jomu COOBITHH ¢ YHCIOM
dparmenros, pasaeiM 3 (3a) ama aaep C'° B K,
OYCBUIHO, CBA3AHO C 3AMETHOM nobaBkor quddpax-
LIMOHHOW JucconHanuen 3Toro sapa.

Snapo 0" 8 KMl pacmagaercanan, =l un, =4
oxotHee, 9eM B KT1B, n naobopot, Han, =2 un, =3.
W, nakonen, ans , 0Ne22 pacmaa Ha n, =1 B KJI
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AN/N,
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22
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AN/N,

24
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AN/N,

28
1450

075 -

32
075 = 168

Puc. 3. Pacnpenenenue nonu coObITHiA
o uuciy hparMeHToB ¢ 3apsigom Z=1
IUIS1 Pa3NIMYHBIX siAep
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AN/N,

1

o,

o.

0.

s -

6

Y

JLi®

AN/N,

0.1

22
1woNe

04

ANG/N.

12M@

24

AN/N,

.28
1491

Puc. 4. Pacnpeenenre 1oy cOOBITUHN 10 YHUCTY
¢$bparMeHTOB ¢ 3apsaoM Z=2 I pa3iddIHbIX Saep
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npeanourureasuee, ueMm B KIB, u HaoGopor, HaO1r0-
JAIOTCS Yame COOBITHS, B KOTOPBIX OTCYTCTBVIOT
aByx3apsaneie pparmeHTsl. [Ipu vkazanHbIX pa3nu-
UUAX CJIICAYCT OTMCTUTD, UTO MAKCUMAJIBHOC YUCTIO
oOpa3oBaHHBIX (pparmMenTos ¢ Z=2 aaep Li°, C* u
/Ve** oxazanoce B K]l u KIIB oguHakoBEIM, H€TO
HEITB3s CKa3aTh T AeP, Y KOTOPBIX Pachpeacic-
Hus AN /N coBmaiaroT B 3TUX JABYX Imporeccax

(121\/Ig24, 14Si28> 16S32)'

<M=y > <Namp>

Bce BrImeykazanHubie 0COOCHHOCTH, BOBMOKHO,
CBSI3aHBI C PA3THYHON BEPOATHOCTHIO 00Pa30BaHHUS
U pacnaja o-KIacTepoB BHYTPH KAXKIOTO M3 pac-
CMaTPUBACMBIX SLIEP.

Ha puc. 5 npeacrasneHo cpeauee uncio dpar-
MEHTOB, IPUXOIAIICECS HA OTHO COOBITHE, C 3apsi-
nmamu Z=1, Z=2 u cpexnuii 3apsa pparMeHTOB ¢ Z>3
B KIu KIIB (<n,_>,<n, >, <Z>3>) 11 BCEX A1€P.
s 000uX MpoLeccoB, Kak U OXKHAATOCH, 3HAUCHUE

<z23>
16

Ne Mg Si 3 i Li c
C

oF + <«

Puc. 5. 3aBucHMOCTb cpeiHero ucna pparMeHToB <> OT ATOMHOTO Beca A ¢ 3apsjom Z=1, 7=2
W CpeJIHEeT0 3HAUCHH 3apsna MHOro3apaaHeiX ¢pparmentos Z23 BKIIB ( w)u s K/ ( @)

<n,_>cyBenuueHueM A Bospactaer, Ho B KIIB ono
CHCTEMATHYUCCKH 3aMETHO OoJibIie, ueM B K], v Bo3-
pacTaet ¢ yBeauueHHEM A HECKOIbKO Kpy4e. Oco-
OGeHHO OpocaeTcs B ria3a 3aMETHOE OTKIOHCHHE OT
0OmIEH 3aKOHOMEPHOCTH 3HAYEHUH <n,_ > OMATD A7s
anep Li° u | Ne>, mpudem A7 IEPBOTO BHIIIE, YEM
JUTSL OCTAIBHBIX SIACP, a AL BTOPOTO, HA0OOpPOT,
Hke. [lo-BuauMoMy, 34¢Ch TAKKE CKA3BIBAKOTCS
VK€ OTMCUCHHBIC BBIIIC OCOOCHHOCTH STHX SIICP.

bonemme snauenns <n, > B KIIB, gem B K/I,
MO-BUAMMOMY, CBSI3aHBI C OONTBIICH MEPeaadci SHep-
THH B 3TOM MPOLIECCE, MPUBOSIICH K 3aMCTHOMY
«APOOIICHHUIOY SITEP.

CoBepiicHHO pazmuuHbiMU okazanuchk B KJ| u
KIIB 3aBucumoctu <n, > 0T A : ¢ yBenuueHUEM A
B K/l <n,_> ymenpmaercs, Torga kax B KIIB - oc-
TACTCs MOCTOSIHHBIM, YTO, BO3MOKHO, CBSI3aHO C
MEXaHU3MOM TCPCAAYH DHCPTUH MPH B3AUMOACH-
CTBHH. 31€Ch TAK XKC, KaK JJIs <n,_,>, HAOMIOAAETCS
OTKJIOHCHUC 3HAYCHUS <nZ22> P11 58291 (570) 3Li6 OT 3aKO-
HOMEPHOCTEH AJis OCTajbHBIX sacp. Ha aTom ke
PHUCYHKE MPEACTABJICHBI 3aBUCHMOCTH CPEIHETO 3HA-
YCHUS 3apsaa MHOTO3apsaHbIX (parMeHToB (<Z>3>)
oT A, BHJIHO, YTO 3Ta BEIUYMHA BO3PACTAET € YBE-
mriaeHueM Ac npaktudecku oanHakoso B K1 u KI1B,
YTO SIBJBICTCS TPUBHATBHBIM PE3YIbTATOM.

HHTepecHON XapaKTEPUCTUKOH ABISETCA OTHO-
LIEHUE <1, _, >/<nZ:2>, OTPAKAROILCE KAK COOTHOCATCS
B COOBITHH YHCIIO OAHO3APIIHBIX U ABYX3aPSAHBIX
(hparMCHTOB HJTH KaK MPOUCXOTUT «APOOICHUS) TS
pasnunbIx saep-cHapsaos B K u KIIB (puc. 6).
Cpocrom A <n, >/<n, >Bospactaet kak B K/I,
tak u B KIIB, nmpuuem B K/I 310 OTHOIIIEHNE MEHBITIE

4~

<Ny >/ <>

0 1 1 l L1 l 1
i NeMg S S
Ac
Puc. 6. 3aBrucuMOCTh OTHOINEHUS CPEAHErO YUCa
(parMenToB ¢ 3apanoM Z=1 — <n, > K Cpe/iHEMY YHCITy
(parmenToB ¢ 3apanom Z=2 — <n,_> OT aTOMHOTO Beca A
BKIIB(v )usK/[(®)
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1S Beex saep, 3a uckmodenueM |, Si*° n | §7°, gem B
KIIB, T.e. «xapobnenue» snep-cHapsnor B K/ MeHs-
mIe, 4TO, IMO-BUAUMOMY, CBSI3aHO C MEHBIIEH mepe-
nmadeti sHeprun GpotoHom, uem yactuiamu B KIIB.
ViKe Hey TUBUTENIBHO «BHITIaAaHUe) OT OOLIIel 3aK0-
HOMepHoCTH sinep ,Li° u , Ne*.

Hanee paccMOTpUM KOPPEJISILIMOHHBIEC XapaKTe-
PUCTHUKHU [JIT MHOKECTBEHHOCTEH (pparMeHTOB C
PasTUYHBIMU 3apsiaMu B 3aBucuMoctd oT Ac. Ha
puc. 7 mpencraBiieHa 3aBUCUMOCTD <n,_,> Ans buk-
CHPOBAHHOTO YHCJIAa MBYX3aPAOHBIX ()ParMEHTOB
(n,_) or A Tak, nns coOwiTHH, rae HeT ¢pparmeH-
TOB ¢ Z=2, 3Ha4yenue <n,_> B KJ[ He 3aBucHT OT A,

T.e. ocTaercs moctossHHOM, Toraa kak B KIIB Bospa-
craet (ecth TeHaeHIMs). B ciayuae <n, = 1>, kak
BHJTHO U3 PUCYHKa, B 00oux mpoueccax, K/ u KIIB,
HAOMIONAETCA POCT 3HAYEHUH <n,_ > C yBETMYEHHU-
em Ac, npuuem ansa KJI <n, > cuctemaTuyecku
auxe, yeM B KIIB. bosiee ciioxHas 3akOHOMEPHOCTb
oKasanace, Korgan, , = 2: ¢ yBenu4eHuMm A <n, >
CHAuasa Majaer, a HauuHas ¢ | Mg™ — Bo3pacraer.
Taky1 3aBUCUMOCTb, [O-BUIHUMOMY, MOKHO TTOJTY -
YUTHh B pPacueTax KOHKPETHOM MOJENH, TIpexyCcMaT-
puBaroiieli o0pa3oBaHUe U pacaj o-KJIacTepoB C
paanqui/'I BEPOATHOCTBIO HHANBUAYAJIBHO B KaXK-
ZIOM sifpe.

LN, > <n _.>
4551 fsll? s 4s’F
3ol n..= 4l n,_,=1 ar
35 F 35 L 35 |
3 - 3 3r
25 F 25 5 25 F
¥ ..
15 F A ' LS -
1F 1F | = + 1
05 05 - L] @ 05 |
0 l‘ 1 L1 [ 1 1 0 L 1 L1 1 L 1 ) 1 1 L1 1 1 1}
cC O NeMg Si S cC O NeMg Si S cC O NeMg Si S
Ac Ac Ac

Puc. 7. 3aBACAMOCTE CPEJIHETO YUCIa (PParMEHTOB ¢ 3apanoM Z=1 — <n, > OT aTOMHOIO Beca A B COOBITHSIX

¢ (PMKCHPOBAHHBIM YHCIOM (PpaTMEHTOB ¢ 3apsafom Z=2:n, , =0,n, , =1 un

J1itst Tex ke COOBITHIA ¢ (PUKCHPOBAHHBIM YHCIIOM
n,_, CpenHee 3HaYeHHe 3apsina MHOr03apsi/THbIX (par-
MEHTOB <Z.>3> yBeIMYHBAETCS B 3aBUCHMOCTH OT A

,,=2BKIB( ¥)usK/JI(®)

JIMHEWHO, TpakTidecku oauHakoBo B KJI u KIIB, u
He 3aBUCHT OT 1,_, (puc. 8). Cnenyer n06aBUTh, UTO
<Z2>3> cuctematuuecku Mmenblie B KIIB, uwem B KJI.

1
Si S ¢ 0

Ac

Puc. 8. 3aBHCHMOCTD Cpe/iHETO 3apsjia MHOTO3apSTHBIX (PparMeHTOB <7>3> OT aTOMHOTO Beca A B COOBITHSIX
¢ (UKCHPOBAHHBIM YHCIIOM (DparMeHToB ¢ 3apsom Z=2:n,_, =0,n, , =1un, , =28 KIB ( ¥)usK/I(®)
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YrioBble XapaKTepHCTHKH ()PArMEHTOB.

Ha puc. 9 npencrasnenst guddepeHuuanbHbie
VYIJIOBBIC pacmpencicHust GpparmMeHToB ¢ Z=2 aas
anep 0" u | Ne** 8 KJ u KIIB, Tummdssie a7 Beex
OCTaNbHEIX paccMaTrpuBaeMbX gaaep. BuaHo, uto B
npeaenax omnOOK PaclpeeICHUs COBMAJAIOT, B

An/n
035

0.3 —

16
0

0.25 —

'
015 — {
01

:
0.05 *T

i
'y
v

JE:

tTve
0—‘.Hm.umHJ"H'..\Y;J\.".\.H.mH.\HH\
0 1 1.5 2 2.5 3 3.5 4 45

ez=2

TOM 4HCIC U MakcuMmyMmbl (0 = 0,5°), 3a uckiroue-
HHEM TOT'O, ¥ 3TO OUCHb BaykHO, uTO B KIIB HaOmI0-
Jarorcs (pparMeHTH ¢ HOTIBIINMHU VIJIAMH BbLIETA (IO
4°), rorga kax B KJ| pacmpeaencaue 3aBepiuacTcs
yike mpu ~2°. O 4eM 3TO CBUACTEIBCTBYET — OYACT
PACCMOTPCHO HIDKC.

An/n
035

22
03 — 10Ne

0.25 —

S

v

L ] e
. "' b 4
O ot o o e oy o L oe o oy oo T TG Y ] s T W TR Wl o
0 1 15 2 25 3 35 4 45

ez=2

Puc. 9. lnddepennuansHoe yrioBoe pacmpesenenne GpparMentos ¢ Z=2 aa saep O'°u ( Ne? s K[ ( W) uKIIB ( @)

PaccMmorpuM, kak 3aBHCUT CPEIHUI YOI BBIIC-
Ta <0> s $pparmento ¢ Z=1u Z=2 B 3aBUCHMOC-
1 0T atomHoro Beca A_ B K/l u KTIB.

U3 puc. 10 cneayer, uro 3sHaueHue <0, > npak-
TUYCCKH (B MPEAeaax OMMO0K) HE 3aBUCHT OT AC IS
AHATHM3HPYEMBIX A1ep, KpoMme Li°, uTo cBa3aHo, Ho-
BHANMOMY, C «PBIXJIOCTBIO» 3TOTO siApa. JHAUCHHE
<0,_> nns AByX3apsAaHOTO (hparMeHTa HE3HAUMTE b~
HO BO3PACTACT ¢ YBEIHUYCHHEM A .

<0,.>

ZS5

[ 1 1 |
Ne Mg Si S
Ac

0 I I I
Li c O

Otmernm, uto B porecce K/ kax ams pparmen-
TOB ¢ Z=1, Tak u ¢ Z=2 3Ha4ucHHue <0> cucTeMarmdec-
KM MEHBIIIE I KaXKI0T0 sapa-cHapana, gueM B KI1B.

IIprMeuaTenbHBIMH OKa3aINCh WHTETPATIbHBIC
pacrmpeaeiacHus yriioB BeiieTa pparmeHros ¢ Z=2.
ITo cBoeMy BHIY OHM OKA3aTHCh OAMHAKOBBIMH IS
BCCX SACP, HO CYIIECCTBCHHO oTmuHbIMU B KJ[ u
KIIB. IlpuBeaem B KauecTBE MPUMEPa PACTIPEACTIC-
Hus ana saaep O0'°, | Ne* n  $°°. Jlna Bcex Tpex sanep

L™

12 =

0 =

0 1 1 1 | | 1 1 |
Li C O NeMgsS S
Ac

Puc. 10. 3aBrcuMocTh cpefiHero yria Beuteta pparmentos ¢ Z=1 <6, >u7=2 <0, >or A BK/[( W)u KIIB ( @)
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Puc. 11. MuTerpansHoe yIIOBOe pacnpesienienue GparMeHToB ¢ sapaaom Z=2 ans suep O, | Ne” u | S§*%

KIIB — neBvie pucynku, K/ — npaBsie
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B KIIB B pacnpenencHin HabmogacTcs H3IOM —
(puc. 11), rorga kak B K| uznoma HeT.

IIpencraBisaercs BaKHBIM ITOHATH, C UEM CBA3a-
HO HATMYWE U3JI0Ma B HHTETPAIbHOM YTIIOBOM pac-
npeaeneHun B KITB. D10, BO-nIepBhIX, IPHUCYTCTBUE
cpeau pparmeHToB ¢ Z=2 ¢ OONBIIUMH YIJIAMH BbI-
aera (unu ¢ 6onpimumu P1) U, BO BTOPBIX, YTO AJIs
HUX YIJIBI HAKJIOHA B PACIIPEACICHUH OKa3a/IiCh OT-
JUYHBIMU — OONee MOJIOTMMH, YEM Al OCHOBHOM
Jgonu ¢parmenToB. Yuuteiad, uro B K/ Het namo-
Ma B paCIpPEACICHUH, MOXXHO CUUTATh, ITO-BHINMO-
MY, YTO MEXaHU3M 0Opa3oBaHus GparMeHTOB ¢ Z=2
COBIIAJACT C TEM, UTO U A ()PArMEHTOB C TEM JKE
3apsaa0M, VIOl BBIJIETA KOTOPBIX HPUXOANATCS 10
nznoma. A nmenHo, kak B KIIB, tak u B K| ¢par-
MEHTBI BBIJICTAIOT U3 BO30OYKICHHOTO AIpa MOCIE
B3aUMOJCHUCTBHA.

COBEpIICHHO IPYTUM MEXaHHU3MOM MOYXHO
00BsicHUTH HAOMIOACHUE (HParMeHTOB ¢ Z=2 ¢ 6Ob-
LIMMH VIJIAMH BBLIETA (VIJIBI TIOCTE H3TI0MA): OL-KJ1ac-
TEP sApA-CHAPAAA, BO3HUKIIUU C HEKOTOPOH Be-
POSATHOCTBIO B MOMCHT COVAAPECHHUS, PACCCHBACTCS
Ha HYKJIOHAX WU KIacTepax 1Ipa-MHLICHH, a OC-
TadbHBIC PPArMEHTHI B 3THX COOBITHAX 00pa3yroT-
€41 YK€ OT OCTABLICHCS YacTH BO3OYKICHHOTO s Apa-
cHapszaa.

B 1abn. 2 npuBeacHb HEKOTOPBIE XapaKTCPHC-
THKH, CBs3aHHbIC ¢ u3ioMoM B KIIB. M3 manHbIX
TaOMHLBI CACAYET, UTO VIO O, IpH KOTOPOM Ipo-
HCXOIUT H3JIOM B PACHPEACICHUH, BO3PACTACT C
yBenuaeHHEM A . MOKHO OTMETHTS, UTO 414 AAEP
,Li® 3TOT yron HECKOABKO MEHBINE, a A AAEP
1o/Ve?> — 3aMeTHO GOombIIe, YEM 3TO COOTBETCTBYCT
pocty A_A7s ocTanbHbIX saep. OTiaudue ans 3THX

Tabmuna 2. Xapakrepuctukn ¢pparmentoB ¢ Z =2 B KIIB 10 n mocsie n3noma.

AC (37) ﬂﬂpo ZHZZZ eol/lsnoM (AHZZZ/ nz:z)% <PJ_> J10 M3 <PJ_> nocne u3n
(E=3,7AT5B)
Li Li® 38 0.75 1847 0.13 0.44
C " 260 1,25 1042 0.18 0,57
0 0" 204 1,30 742 0.18 0.60
Ne Ne? 555 22 1,8+0.6 022 1,06
Mg Mg 222 145 842 022 0.56
Si S8 110 1,60 642 021 0,63
S S 121 1,70 3415 023 0,75
axep Habmroxaerca U B gone (%) $parMeHToB OT BeiBoabi

MX MOJIHOTO YKc/Ia mocae uzaoma. Ecau aist siaep
L1, 0, Mg*, | Si*®* n 57 sta nons xonebrer-
csa B ipeaenax 5-10%, To ams 3Li6 - 18%, a mma
Ve —1,8%.

PaccmoTtpum cpenHee 3HAUCHUE MOMICPEIHOTO
nmnyneca <PL> ning ¢parmentos ¢ Z = 2, nonaja-
FOLIMX TI0 WX YTy BBIJICTA B HHTCPBAJ 0 H3IOMA U
MOC/IC M37I0Ma. JHAYCHUC MOMEPECIHOrO UMITYJIbCA
onpeaengercs no popmyne: <P1>= 27 P Sin<6>,
rae Z.— 3apsana pparmenTa, P — uMnynbc sapa-cHa-
psiaa Ha HykiioH. M3 Tabmuust BuaHO, uto <P 1> no
M370Ma JJIS1 BCEX SIACP OKA3aiock B Mpeaciax
(0,18+0,23) I'sB/c, 3a ucknouenuem ,Li® —
(0,1340,04) I'3B/c, a mocae u3moMa CyHICCTBSHHO
sospacraet (20,6 ['3B/¢), 3a nckmouennem as Li°
u , Ne*: 3nauenne <P1> qma .Li® HECKOTBKO MEHb-
me (0,4 I'sB/c), a ana | Ne* — 3ameTHO GonbIIE
(1,061+0,37 I'sB/c), uem a1 oCTAABHBIX SACP.

Nayuenune xapaktepucTik GparMeHToB, 00paz3o-
BaHHBIX B KpaliHe nepu(pepHuccKux B3auMOICHCTBH-
sx (KI1IB) u kymonosckoi auccouunanmu (K1) mer-
KHX s17ep ¢ Maccoit Ac = 6+32 u sueprucii 3,7 [3B
Ha HYKJIOH, IO UX MHOXKCCTBCHHOCTH H YTy BBLIC-
Ta NOKAa3alo, 4To:

— YacTh XapaKTEPUCTUK (parMeHTOB B 00OHX
mporeccax OMM3KH U OTPAXKAOT HUX BBIJICT U3 BO3-
OY:KJICHHOTO sApa-CHapsaa, a HMCIOIUECS pas3iu-
YU CBIA3AHBI C MEXaHU3MOM U BETHUMHOM mepeaa-
BACMOU 3HEPTUH B 3THX MPOLIECCAX;

Jpyras 4acTh XapaKkTCPUCTHK (ParMEHTOB ¢ 3a-
pazom Z = 2 B KIIB oOpa3yercs, mo-BUANMOMY, B
PE3VIIbTATE B3aUMOACHCTBHS OL-KIIACTEPa 1apa-CHa-
pAaa ¢ HYKIOHOM WM O-KJIacTepa sapa-MHLICHU.
006 sTOoM, HANPUMEP, CBUACTCABCTBYIOT HAIMIUC
H37I0Ma B HHTCTPATBHOM YIJIOBOM PaCIpPEACICHUH
¢dparMeHTOB C Z = 2.
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SIApoHBIH KYPLUTBIMABIK epeKIeNirin (anbda-kiacTep-
JICHYIH) aHBIKTAY MaKcaThiH/la OacTankel sHeprusice 3,7 A I'aB
aca mepu QepUsIIbIK dPEKeTTECTIKTEP/IC KOHE KYJIOH/BIK JIHC-
coIHAIM A JKEHIT CHAPSI-SIPOCHIHBIH Y3iHaiIeyl OOUBIHITIA
TOXKIpUOEITIK MOMTIMETTEP/Ii CATTLICTHIPMAITBI TATIAY IBIH HOTH KEC
KeJITipiireH.

Summary

Results of the comparative analysis of experimental data
on a fragmentation of light nucleus-shells in the extremely
peripheral interactions and Coulomb dissociation are submitted
at primary energy 3,7 A GeV with the purpose of revealing
structural features of nucleus (alpha-clusterization).
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A. C. FAHTYBEKOB, H. H. 3ACTPOKHOBA, H. C. MAPTHAHOB, T. X. CAJIBIKOB

O BJINSTHUU Y®PEKTA BbIBOPKH COBBITHI
10 BEJIMYUHE X E, HA OIIPEJAEJEHUE NAPIIUAJIBHOI'O
KOO®OUIUEHTA HEVIIPYT'OCTUK,

IIpoBeneno uccneoBaHNE COBMECTHOTO BIMSHUS 0TOOpa cOOBITHI 1O BeTUUMHE X E, # 5HEPreTHuecKoro CreKTpa KOCMH-
JecKHX Jydell Ha dddeKkTuBHOE 3HaUeHUe KO PUIUEHTa HEYIPYTOCTH - K, . Hokasano, 410 B 9KCIIEPHMEHTAX ¢ PEHTICHOOMYITh-

CHOHHBIMH KaMepaMU BCJIMYINHaA K’Y 3aBbIIMIACTCs B JIBa pa3sa.

N3BecTHO, 4TO MPAKTHUECKH BO BCEX IKCICPH-
MEHTaX C PEHTICH-3MYJIbCUOHHBIMH KaMEpaMHu
(POK) orcyrerByer nadopmarus o0 3HEPruu nep-
BHYHOM JIMBHEOOPA3yOLICH yacTuibl. B cuty cBo-
et cnemuduku PIK peructpupyior Tonpko kacka-
JBl OT Y-KBAHTOB WJIH 3JICKTPOHOB BBICOKOM SHEp-
ruy, T.¢. IPK ¢ E = (1-2) ToB. Bonee Toro, nanu-
YUC CBEACHHUH TOIBKO 00 SHEPTUU, BBIACTHBIICHCS
B MATKYFO KOMIIOHCHTY KOCMHUECKHX Ty4cH, BBIHYK-
JAeT HKCIIEPUMEHTATOPOB HCIIOIb30BATh NIPH aHAIIH-
3¢ pe3yNbTaTOB M3MEPEHUM HE 3HAYCHHE IOJTHOH
SHEPruM B3aumoeckcTeus E |, a nume cymmapHyro
3Hepruro 3apeructpuposanieix PIK ramma-kBan-
T0B-XL E,

IIpm aTom nepexon ot BenwunHbI 2 Ey k momHOH
sHeprun E; ocymecTBnseTcs ¢ HCMOMb30BaHUEM
3HAUCHUS MAPLHUAIBHOrO Kod(hduimeHTa HEYynpy-
roctu K, ONpeACICcHHOro B yCKOPHUTCIBHBIX JKC-
MEPUMEHTAX, T.€. B YCIOBUSAX, IAC HET BEIOOPKH CO-
Oprtnit mo Benuuuae X E,. OGban0 nemonssyemoe
3HAYCHUC K/ =0,2-0,25[1, 2].

OnHako BKIIOUCHUE B AHATH3 JIUIIb TEX THBHEH,
B KOTOPHIX X Ev > EHop HEH30CKHO MPUBOTUT K OTOO-
py cobpiThii ¢ OONBPIIUMU MEpeaavaMu SHEPTHH B
HCHTPAIBHYIO KOMIIOHCHTY, T.€. T’ — ME30HaM.
BecbMma cymecTBEHHOE 3HAUYEHHME B ITOM CHTYa-
OUH UMEET KPYTONAJAKINUN 3HEPTeTHUCCKUMI
CHEKTP KocMHUECKHX Ty4ei. CornacHo JaHHBIM
B. C. Myp3uHna [3] cOBMECTHOS BO3ACHCTBHUE
BBIOOPKH COOBITHH U KPYTONAJAIOIICTO CIICKTPA
MIPHUBOIUT K UCKAKEHHIO CPETHUX XapaKTEPHUCTHK
B3aUMOJICUCTBHS.

Uuncno perucTpupyeMbix COOBITHN Np HIpomnop-

Y o
LUOHATBHO BeMUUUHE < K - >, ACUCTBUTEIBHO:

XE,
K

- -7 _ —
N » N, E7 =N, ( ) 7.
70
¥
Orcrona N , ~< K o > | T Y - HOKA3ATE/Ib HH-
TErPaIbHOTO SHEPTETUIECKOTO CiekTpa, K 0 =K,
Beneacteue 3Tmoro, u3MepeHHas B SMYJIbCHOHHOM
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Dusurxa amomnozo }zdpa U oeMeHmapHblx Hacmuy

SKCICPUMCHTE Benr4nHa X E, NPeBbIIacT CPeAHIO0
JHEPTHIO, IEPEJaBAEMYIO B raMMa-KBaHTHI.

C 1enpIo OLCHKH BIMSHUS BHIIICIPHBEACHHBIX

XE
axropos Ha Bemmumny K, = — MBI IpoOBETH
0

MPEABAPUTEIBHBIN pACUET OXKUIAEMBIX 3HAUCHUN K/
B 3aBucumocty ot L E, n E . Tlpu atom 3agasanocs
anpuopnoe pacnpeaeneaune no K, (K, = 0,24) [4],
ITOKA3aTeNNb HHTETPATBHOTO YHEPTETHIECKOTO CTIEK-
Tpa ¥ = 1,8 1 moporosas HEPT U PETUCTPALIIH T'aM-
Ma KBAaHTOB. 3aTEM, MPOUCXOTUI PO3BITPHILI THBHEH
10 BO3MOJKHBIM 3Ha4eHUAM Ky ¢ yIeTOM BEpOATHO-
CTH peaTn3aIiii KOHKPETHBIX 3HAUCHUH, BBITCKAO-
IIMX U3 3a7I0KeHHOr0 pacnpenencaud. [Ipu otdope
COOBITHH IO BETHYHHE CYMMAPHOH SHEPTHU, BBIAC-
NCHHOM B ramMa-kBaHThl - L E , yantsiBanace 1ac-
TOTA IPUXOAA NIEPBUIHBIX YACTHI] B COOTBETCTBHH
€ HAKJIOHOM SHEPTETHUECKOTro crekTpa. Pesynpra-
ThI pacueTa 3HaueHui K npuseacHs! Ha puc. 1.

Ky -

0,60} -2
*‘% {

ol 4 H
020!

a - . : ; .

0 5 0 15 20
Z£( T8

Puc. 1. 3aBucumocts KY = ZEY /B, ot ZEy:
1 —oKenepumMeHT; 2 — pacuer

Kak cneayer w3z npeacrasienHoro rpaguka, Ky
HE 3aBUCHT OT BenmnuuHbl X Ey , paccmaTpusaemom
JauanasoHe 3Heprud. MHBIMU croBamMu, MpH HAH-
YMU ONPEACICHHOro nopora perucrpauuu X E P
ot6op coberTnii B obnactu Gonpmmx 3HaueHui X E,
HC BEJACT K YMCHBIICHHIO CPCAHMX 3HaucHHH K.
IMpudem cpeanee 3HaUCHUE HapUUATBLHOTO K03 du-
uuenTa Heynpyrocrtu <K >= 0,54 +0,05.

Ha 3Tom ke puCYHKE MPUBEACHBI 3KCICPUMEH-
TaJTbHBIC JAHHBIC, TOTYYCHHEIC HAMH HA KOMILICKC-
HOW ycTaHOBKe, BKTrouaroineii PIK u nonusaimon-
HBIH KanmopumeTp. HeTpyaHO 3aMeTHTH JOBONBHO
XOpOIIee COrJacue PACcUCTHBIX OLEHOK M JaHHBIX
SKCIICPUMEHTA. 3AECh CIEAYET OTMETUTD, UTO IKC-
IICPUMCHTAIIbHBIC PE3yIbTaThl M3MepeHuii K Ha ye-
TaHOBKAX, ocHamCHHEIX POK 1 moHM3aIMOHHBIM

KaJIOPUMETPOM, HMCIOTCS JHUIIb B MHUPE B IBYX
rpynnax — Hamel u corpyaaukos H.JI. I'puroposa
(HUHUAD MI'Y), nonyuennbix Ha rope Aparar [3]. [o
AausbiM HJL I'puroposa Bemrvna <K > =0,63 £0,05.

Taxum 00pa3oM, Kak pe3yiIbTaTH pacyuera, Tak
U SKCIECPUMEHT MOKA3BIBAIOT, YTO MPH OTOOPE CO-
Oprnit o Benmuuue X E, cpennnii addexruBHbIi
ko3 purment neynpyroctu <K >*** mpepprmaet
HUCTHHHBIH K03 ()UIIHCHT MUHUMYM B JBa pasa.

Tak Kak MOHW3AIIHOHHBIHN KAaJIOPUMETP AAaET BO3-
MO’KHOCTB OIPEAETNUTD TOJTHYIO JHEPTHIO TS KaK-
JOT0 B3aMMOAECHCTBUA, HMPEACTABIAET WHTEPEC
COMOCTABJICHUE PACUETHOM U 3KCIEPUMEHTAIbHOU
sapucumMocTH Ky ot monnoii sueprum E .

Ha puc. 2 mpuseaeH rpaduk 3aBHCHMOCTH pac-
YCTHOTO 3HAUCHUS K/OT senuunnbl B Kak Buano
U3 paccMoTpeHus rpaduka, sHaueHne K, magaer mo
mepe pocra E| n B obnactn E ~ 30 TaB K, ~ 0,35.
AmnanoruuHbeli TpaduK, MOCTPOCHHBIN 0 JAHHBIM
HAINET0 SKCIIEPIMEHTA, TIPUBEICH HA TOM JKE PHCYHKE.
[Nosenenne Kynpu namenennn E, mpaktnaecku co-
BITaJIAET C PE3YIBTATAMH PacieTa.

Ky { ,
- o -
Qeot J X -2
040 }( % Ii
020F
o ] ] 1 1 ] 1 1
5 15 2% E,TsB B

Puc. 2. 3aBucumocts KY or B
1 — skeniepuMeHT; 2 — pacuet

Takum 00pa3zoM, MOKHO KOHCTATHPOBATh, UTO
MIPH PETUCTPAIIIN TUBHCH TONBKO C TIOMOIIBIO PCH-
TTCHOAIMYIBCHOHHBIX KaMcp, KOTAa OTCYTCTBYET
vHpOpMALHI O MOJTHOM SHEPTOBBIACICHUU, HE-
HM30CHKHO 3aBHIIICHUC BEIUNUNHEI K/ B KaKOH OBl 00~
nactn BenmanH X E, mpu dukenposanHOM nopore
peructpanmu Mbl HE padoranu. B 1o ke Bpems, 3Ha-
HHE YHEPTUH B3auMoaeHcTBHs E mossonseT mposo-
JUTh AHATN3 COOBITHH, OTPAXKAIOIIUX CPCIHUE Xa-
PAKTCPUCTHKH aKTA ITYTEM PACCMOTPCHHS JTUBHCH C
SHCPTUAMH, 3HAYUTCITEHO MPCBHIIIAIOIIIMH ITOPOTO-
BYIO 9HEPTHIO perucrparuu X Ey™P. B aTom acniexkte
ucnoas3oBanue POK coBMECTHO ¢ HOHM3AIIMOHHBIM
KQJIOPUMETPOM JACT CYIIECCTBCHHOE MPCUMYILCCTBO.

Hanmmune nagHBIX 0 CYMMAapHOH 3HCPTHH raM-
Ma-KBaHTOB X Ev U TIOJTHOM 3HEPTOBBIACICHUN E0
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Puc. 3. 3aBucumocth ZEY oT E0

TO3BOJISICT HCCaeaoBaTh 3aBucuMocts L E or E) Ha
pHcC. 3 mpeacTaBiIcHa 3Ta 3aBUCUMOCTE JJISI CEMCHCTB
raMMa-KBaHTOB, T.¢. st CoObiTnii ¢ N, > 3.

Kax Bugno m3 rpaduka sasucumoctn ZE, = o
E, k03 (hpuLIECHT O, CB3BIBAIOIINI MEXKAY COO0H Be-
mauunel B on 2 Ev’ mensteres ot 1,9 mpu <E >=7TsB
1o 3,1 mpu <E >=43 T>B. Habmoxaemas koppens-
LU HAXOAUTCS B COTTACHU C XOJOM 3aBHCHMOCTH
napuuansHoro ko3pduumenra veynpyroctn K, or
E., npencrasnennoli Ha puc. 2.

[ToxBoas WUTOr BEIMIECKA3AHHOMY MOYKHO CAC-
JaTh CICAYIOLIMNA BBIBOJ — COBMCCTHOE BIHSHHE
BEIOOPKH coObITHI N0 X E, 1 KpyTONanaromero sHep-
TETHYCCKOrO CIICKTPa aAPOHOB KOCMUYECKOTO U3 -
YCHUS MPUBOANT K CHCTEMATHYCCKOMY 3aBBIIICHUIO
3¢ eKTHBHOrO MapIHaIbHOrO KO3 PHIIHCHTA HEVIT-

pyrocta K, T.¢. K IPCUMYIIECTBEHHON perucTpa-
MU B3aUMOJCHCTBHI ¢ OONBIIMMH MEpPeAaAdaMHu
SHCPTHUHU B HCUTPATBHYIO KOMITOHCHTY.
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Pezrome

Cepmimcizfiik KoapUIeHTiHIH Kg THIMIUIIK MOHIHE S Eg
[aMacel KOHE FaphIlll COYICTICPIHIH SHEPIEeTHKAIBIK CIEKTpl
OofibiHIa OKWFamapAbl 1pikTey[diH OiplieckeH ocepi
3epTTeliHIeH. PeHTIeHOIMYIbCHs KaMepallapbIMeH JKYpPri3ii-reH
Toxipubenepae Kg mamMachl €Ki ece 6ceTiHI KopCeTUIreH.

Summary

Combined effect of event sampling by a value 2 EV and the
cosmic ray energy spectrum on the effective value of the
inelasticity factor KY is studied. It is shown that in X-ray emul-
sion chamber experiments a value KY is twice overestimated.
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®A30BbIIl AHAJIN3 TU®P®EPEHIMAJIBHBIX CEUEHHI YIIPYTOI'O
p"”C PACCEAAHUS [TPU ACTPO®U3SNYECKUX DHEPT HUSIX

TIpoBezieHo dKCIepHMEHTATEHOE HeeleoBanue yipyroro pl2C paccestus mpy sHeprusax 213, 317, 371, 409, 422, 434, 478,
689, 900 u 1110 k9B (c.ar.M.) B o6macta yrios 10°-170° (c.i.M.). TTo 5THM J@HHBIM BBITTOJIHEH (HA30BLIH aHATM3 U TOCTPOCH
TOTEHIMAN B3auMOAeHcTBUS p'2C cHCTeMbl B S-COCTOSIHHH, 4 TAKIKE TPOBEJCH CTAHAAPTHBIN aHATN3 W3MEPEHHBIX VITIOBBIX

pacnpez{eneHHﬁ MO ONMTHYECKOW MOJIEIIH.

Beeaenue. DKCIICPUMEHTAIBHBIC JAHHBIC MO
CCUCHUSIM SIACPHBIX PCAKIIUH U UX AHATHU3 B PAMKax
Pa3IUYHBIX TCOPETUUCCKUX MOJCICH SIBJISIFOTCS OC-
HOBHBIM HCTOYHHKOM HHGPOPMALMH O CTPYKTYPE
syIpa, CBOMCTBAX M MEXAHU3MAX SUIPO-SIICPHOTO (Kac-
TEp-KIAaCTEPHOro) B3anuMoAcHcTBH. B saepHoii ac-
TPOHU3UKE UCCICIOBAHUS OCIIOKHECHBI TEM, YTO BO

MHOTHX CITy9asX TONbKO TCOPCTUUICCKUE MPEAcKa-
3aHHS MOTYT BOCIOJHHTH HEAOCTAMOLIVIO JKCIIC-
PHUMCHTAIBHYIO HHPOPMALTUIO O XapaKTEPUCTUKAX
peakiuii. IT0O CBA3aHO € TEM, UTO SHEPTHS B3AUMO-
JCUCTBHS BEIECTBA B 3BE3/1aX CPABHUTEITEHO HEBC-
auka (0T 10Je A0 coteH k3B), u mosTOoMy HET BO3-
MOYKHOCTH AJISI IPSAIMOTO H3MEPEHH I TPEOYEMBIX TS
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TO3BOJISICT HCCaeaoBaTh 3aBucuMocts L E or E) Ha
pHcC. 3 mpeacTaBiIcHa 3Ta 3aBUCUMOCTE JJISI CEMCHCTB
raMMa-KBaHTOB, T.¢. st CoObiTnii ¢ N, > 3.

Kax Bugno m3 rpaduka sasucumoctn ZE, = o
E, k03 (hpuLIECHT O, CB3BIBAIOIINI MEXKAY COO0H Be-
mauunel B on 2 Ev’ mensteres ot 1,9 mpu <E >=7TsB
1o 3,1 mpu <E >=43 T>B. Habmoxaemas koppens-
LU HAXOAUTCS B COTTACHU C XOJOM 3aBHCHMOCTH
napuuansHoro ko3pduumenra veynpyroctn K, or
E., npencrasnennoli Ha puc. 2.

[ToxBoas WUTOr BEIMIECKA3AHHOMY MOYKHO CAC-
JaTh CICAYIOLIMNA BBIBOJ — COBMCCTHOE BIHSHHE
BEIOOPKH coObITHI N0 X E, 1 KpyTONanaromero sHep-
TETHYCCKOrO CIICKTPa aAPOHOB KOCMUYECKOTO U3 -
YCHUS MPUBOANT K CHCTEMATHYCCKOMY 3aBBIIICHUIO
3¢ eKTHBHOrO MapIHaIbHOrO KO3 PHIIHCHTA HEVIT-
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pyrocta K, T.¢. K IPCUMYIIECTBEHHON perucTpa-
MU B3aUMOJCHCTBHI ¢ OONBIIMMH MEpPeAaAdaMHu
SHCPTHUHU B HCUTPATBHYIO KOMITOHCHTY.
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MHOTHX CITy9asX TONbKO TCOPCTUUICCKUE MPEACKa-
3aHHST MOTYT BOCIOJHHTH HEAOCTAMOLIVIO HKCIIC-
PHUMCHTAIBHYIO HHPOPMALTUIO O XapaKTEPUCTUKAX
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acTpoM3HIECKUX PACUETOB CEUCHUU ICPHBIX pe-
akui. OOBIMHO H3MEPEHUS CCUCHUH MPOBOAATCS
mpu 6oJee BEICOKUX DHEPTUAX, & 3aTEM OHH K-
CTPANONUPYIOTCA B DHEPIETHUYECKYIO 00IaCTb,
MPEACTABIIOIIYIO HHTEPEC AN SACPHOM acTpo-
du3uKy.

HaznexHocTs Takol mpoueaypsl onpenenseTcs
KaK KaueCTBOM TCOPECTHUYCCKHX MOJCICH, TaK H
3KCIEPHUMCHTATBHONU TOYHOCTBHIO U3MEPCHHUS DKC-
TPanoOTHUPVEMBIX Xapakrepuctuk. [loaTomy moBsI-
LICHUE TOYHOCTH HU3MEPEHUH, a TAKXKE pacluupe-
HUC KJ1acca M3MEPICMBIX PECAKLHMH, TPOTCKAOIIUX
HAa OJHUX U TEX XKE AApax MpU 3aJaHHOW SHEPIHH,
MOJKET YMEHBIITUTE HCOAHO3HAYHOCTh TEOPETHYCC-
KOTO aHAJIU3a U CY3UTh HECONPEIACTICHHOCTH TAKUX
SKCTPAIOIALUH.

C 5Toli LENBIO HA YCKOPUTEIE TSUKEIBIX HOHOB
VKII-2-1 (USAD HALL PK) 66110 BRIIOIHEHO H3ME-
penne qud hepeHIMATBHBIX CCUCHHUH (YTIOBBIX pac-
npeacncHUui U QyHKIMHA BO3OYKACHHS) YIIPYTOro
p'’C paccesHUs MPU MATbIX SHEPTUSAX B HIMPOKOM
auamazone yriaoB paccesuus [1,2]. IIposeacua
CTaHAAPTHAS ONITUYECKAS MOATOHKA IOTCHIINAJIOB,
BBITIOJTHEH (Da30BbIH aHATN3 3THX AAHHBIX U JAHO €T0
CPaBHCHUE C JPYTUMHU U3BECTHBIMH PE3YIbTATAMH.

IKCnepUMeHT

IKCIEPUMEHTHI 10 U3YICHHUIO MPOLIECCOB YIIPY-
TOrO PaccesHus MPOTOHOB Ha sape “C B SHEpreTH-
geckoM uHTEpBANIC OT 231 10 1050 k3B nposeacHw
Ha 3ekrpocTarmacckoM yekopurene Y KIT-2-1. Ka-
TUOPOBKA YCKOPUTEILS IO SHEPIUH OCYIIECTBIIAIACH
C HCIIOIb30BAHUEM XOPOLIO H3BECTHBIX Y3KUX PE30-
HaHcoB peakuuu - Al(p,y)*™Si npu E =632, 773,
992, u 1089 k3B u peaxim F(p,ay) °0 npu E
= 340 x3B. DHepreTuueckuii pa3dpoc MPOTOHOB B
my4Ke cocTasisan He bomee 1.5 kB.

B kauecTBe MHUIICHH HCIIOIB30BATIACH TOHKAS
naeuka >C tommuHoi ~ 20 pr/em”. Jlas onpeaene-
HUSI TOJIIHHBI MULICHH HCIIOTb30BAIACh PE30OHAHC-
Hasl KaMepa, YCTAHOBIICHHAS B IPOTOHHOM KaHAJIC
yexoputens YKIT - 2 — 1 UA® HALL PK, ¢ nomo-
B0 KOTOPOW M3MEPSUTUCh MOTCPH SHCPTHH MTyUKa
MPOTOHOB MPH MPOXO0XKICHHH CKBO3b CAMOHECYILYIO
MUILICHb, HAXOSILIVIOCS B LICHTPAIbHOH Kamepe.
Hdnag 3Tod 1menu HCHonbp30Banach peakLud
’Al(p,y)**Si ¢ y3xum pesonarncom npu E =992 1B
W PETHCTPHPOBATHCH Y-KBaHTHI ¢ 3Hepriek Ey=1779 1oB.
TonuuHa UCTIOIB3YEMBIX MHUIICHEH ONPEACTSITHCD
0 CABHUTY PE30HAHCA 32 CUYCT MOTCPH DHEPTUU

MIPOTOHOB TIPH IPOXOKICHUH Yepe3 IIICHKY. Taxoi
METOJ TO3BOJSIET OMPEACIATE TOMIIUHBI IUICHOK B
untepsane 10 + 100 MKr/cM® ¢ TOYHOCTBIO HE XYIKE
5 %.

Hns perucrpanyiy paccessHHbIX MPOTOHOB HC-
MOb30BAJCA MOBEPXHOCTHO-OAPLEPHBIN KPEMHIC-
BBIH JeTeKTOp 3apspkeHHBIX YyacTul upmsl ORTEC
(ZrameTp YyBCTBUTCIBHON 0OIACTH § MM, TOJIIH-
Ha — 0.2 mm). JleTexTop OBLT PacmoioKEH HA pac-
CTOSIHUH 24 CM OT 00J1aCTH PACCESIHUS H HMEN BO3-
MOKHOCTb TICPEMEIIATHCA B YIJIOBOM AMAIMA30HE OT
10° 1o 170° B maboparopHoii cucTeMe oTcueTa. DHEp-
TETHYCCKOC Pa3peIICHUEC AETEKTOPa COCTABIAIIO
15 x3B.

[Tyuox npotoHOB (HOPMHPOBAICS C MOMOLIBIO
JBYX KOJUTMMATOPOB AHAMETPOM 3 MM U (hokycupo-
BaJICA HA MHIIEHH B IIATHO JUAMETPOM ~ 3.5 MM.
s Toro Y00 MUHUMHU3HPOBATh HCIIAPCHUE MU-
LICHH, TOK MyYKa cocTaBsi1 He Oonee 20 HA.

B xoze skcnepuMeHTa OBIIH U3MEpEHB! PYHK-
1M Bo3OykaeHus yrpyroro paccesaus “C(p,p)'°C
nox yriaom 170°B cucTeme 1EHTpa Macc, € TOU-
HocThio 10%, B nHTepBasie sueprau 231-1050 x3B.
A TaxKe U3MEPEHBI YIIIOBBIE PACTIPEACTICHHS VIIPY-
roro paccesHUs OpU SHEPTUAX Ec_m_ =213,317,371,
409,422,434, 478, 689, 900, 1110 k3B B Ananazone
yros 10° - 170° (n.c.x.) ¢ marom 10°[1].

Onruyeckasa Moaenb

Ha ocHoBe momyueHHBIX 3KCIIEPUMEHTATBHBIX
JAHHBIX [ 1] BBITIOTHCHA MTOATOHKA MAPAMETPOB OI-
THYCCKUX TTOTCHIHUANOB [3 |, KOTOPBIC IPUBCIACHBI
B Tabu.1. OHHU MaJI0 OTAMYAOTCS OT OJOOHBIX PE-
3YJBTATOB, MOYICHHBIX B PabOTe [4 | U HE UMCIOT
SHEPreTHYCCKOW 3aBUCHMOCTH, MOCKONBKY pac-
CMaTpPHBANACh CPABHUTCILHO Y3Kas SHEPreTHICC-
Kas 00nacTh.

IMpumepHoe kauecTBo onucanus quddepeHm-
aTpHBIX ceueHUH npu 3Heprusax 213 u 1110 3B
(c.u.m.) mokazaHo Ha puc. la u 10 B cpaBHCHHH C Ce-
yeHueM Pesepdoprosckoro paccesnns. Habmona-
€TCs MPUEMIIEMOE COTTIACHE PACUCTA U IKCIICPHMEH -
Ta A7 BCEX PACCMOTPEHHBIX B paborax [1,2] suep-
ruii, kpome sHepruu 457 koB (422 B B c.iim.),
KOTOpPas MPAKTUYCCKHU MOMAAACT B 00NACTb PE30HAH-
ca *C(p,y)""N mpu 461(3) x3B (1.¢.). [Tpu 3101 5HEP-
I'HH PE30HAHCHAS YacTh CCUCHUH, KOTOpas HE ONH-
CBIBACTCS ONTHUYCCKOH MOJCTBIO, BHOCHT CYIIE-
CTBCHHBIH BKJIAJ B IIOJHBIC CCUCHUS VIIPYTOro pac-
CCSTHHSL.
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Mertoasl pazoBoro ananuza

Ilpu paccMOTpeHUH paccessHUE B CUCTEMC Hac-
THII C TIOJTHBIM CIIMHOM 1/2, T.€. KOrma oHa YacTuiia
HUMEET HYJICBOH, a BTOpasi HOJYLEAbIH CIIUH, YUTEM
criuH-opOuTanapHOe pacuemieHue das. Takoe pac-
CCSIHHC MMCET MCCTO B SACPHBIX CHCTCMaX THIIA
N'He, *H*He, p'*C u 1.1. Ceuenue ynpyroro pacces-
HUS SACPHBIX TACTHI] IPCICTABIICTCS B BUAC [ |

do(0) 2 2
a0 - [A(B)[ +[B(0)| (1)
Tac
1 & + _
A(0)=1 (8)+ ﬂ];){(L +1)S; +LS; -
— (2L +1)}exp(2ic, )P, (Cosd) , ()

B(0) = —k Z (St - S, )exp(2ic, )P} (Cosb) .
L=0
3nece S| =17 exp(2id;) - Matpuua paccesns,

ee_| c¢
N, - MapaMeTPsl HEYNPYTOCTH, & 3HAKK ~E COOT-
BETCTBYIOT ITOJTHOMY MOMEHTY cuctembl J =L £ 1/2,
f - KyJOHOBCKAs aMIUIUTY A, IPCACTABICMAs! B BUIC

£.(8) _[ ]x

x exp{inIn[Sin~>(8/2)] + 2ic,} ,

n
2kSin’(0/2)

P” (X) - mpuCOeMHEHHBIE MOTMHOMBI WU (YHK-

unw JIexkanapa

m m2 7P (x
P (%)= (1-x%) TIE)

KOTOPBIC MOHO BBIUUCIISITh TI0 PEKYPPEHTHBIM (hop-
MyJ1am

2L +1)x L+1
L0 =EE b - EE R )
C HAYAJIbHBIMH 3HAYCHU MU
Plo=0. Bl =0-x)"

P;(x) =3P} (x) .
1 - KYJOHOBCKHI MapaMeTp, M - IPUBEICHHAS Mac-

ca, k - BOTHOBOE YHCIIO OTHOCHTEIHLHOTO JABHKCHUA

2 2
gactui k =2uE/ h”E- SHCPTUS CTATKABAIOTIXCS
YACTHUI[ B CHCTEME LICHTPA Macc.

UYepes Benmuuntst A 1 B (2) MOKHO BRIPA3UTh U TI0-
JIPUBALNIO B VIPYTOM PACCCIHUH TAKUX YACTHIT [ 5]

2Im(AB")

AP <8

PacnmceiBas Beipaxkenue (2) mist BemuuauHbl B
MOy UM

P(0) = (€)

ReB = 21_1( S [aSin(2a, ) + bCos(26, P! (x). (4)

L=0
mB = —— > [bSin(20, ) —aCos(20, )P, (x)
2k {5

i ()
a=mn;Cos(28;)—n; Cos(25;)
b =n,Sin(28; ) —n,Sin(23,) .

AHAJTOTHYHBIM CHOCOOOM TSI aMILIUTY bl A
MOKHO HAWTH CIEAYIOITHE BEIPAKEHHUS [6 |

ReA =Ref, + i Z[cSir(ZGL) +dCoq20,)IP, (x) .

L=0

®)
ImA =Imf, + L i[dSiI‘(ZGL) —cCoy20; )P (%),
2k

i ()
c=(L+1)n; Cos(25; )+ Ln; Cos(28;) — (2L +1)
d =(L +1)n;Sin(28; ) + Ln, Sin(28;) .

HJ’IH BBIYUCJICHUA HOHHpI/ISaHI/II/I MOXKHO UCIIOJIb-
30BaTh CJIICIYIOIIUC COOTHOMICHUS
B=ReB+ilmB=C+iD, A=ReA +ilmA =G +iF

AB =CG + FD +i(FC - GD)

Im(AB) = FC - GD = ReB ImA - ReA ImB ,

KOTOPBIE HETIOCPEACTBEHHO IIPUMEHSIOTCS TS I C-
JICHHBIX KOMITBIOTEPHBIX PACcUETOB.

JU1s MOTHOTO CEUeHUs PeaKkUui CYIECTBYET
BBIPKEHHUE, AaHAJIOTMIHOE CUCTEME C HYJIEBBIM CITH-

o [5]
5, :%;[(LH)(I— : 2)+L(l—\SL\2ﬂ, 6)
-

o, = 3L o0 (o Fre Lo Ff-
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JU1s TIOJTHOTO CEUeHMs YIPYTroro pacCesHHS
HMeeM

5, = %Z[(L +DI-S)
L

2 2
+L‘1—SL” )
HIIN
4n +Qi st 12 -Q -12
o, :PZ{(LJJ)[T} Sind" " + L[n Sind ™ ] }
L

3Had SKCHepuMeHTaTbHEIC AN PepeHInaTbHEIC
CEUCHMSI PACCESHHS MOXKHO HAMTH HEKOTOPBIN Ha-

J . v <
6op a3 Oy , CIIOCOOHBIH ¢ TOH MM HHOIT TOYHOC-

TBIO MEpeaTh MOBEACHUE 3THX ceucHu. KauecTBo
OTHCAHUS IKCICPUMEHTATBHBIX JAHHBIX HA OCHOBE
HEKOTOPOH TeopeTHueckoi GyHKIUH (PyHKIHOHA-
Ja HECKOJBKUX MEPEMCHHBIX) MOKHO OLICHHUTH IO
METOAY %, KOTOPbIH MPEACTABIAETCS B BHAE

2

1 Y| c'(0)-c°(6) 1 X
PN | ==Yy,
N5  Ac*(9) :

Ni5

[AC G° U G' - BKCIICPUMEHTAIBHOC U TCOPETHIECKOE,
T.€. PacueTHOE MPU HEKOTOPBIX 3aJaHHBIX 3HAUE-

J
Husax (a3 Og | PaccesHus, CEMCHHE YIPYToro pac-

CEeSIHU S SACPHBIX YACTHI IS 1-TO YIJIa PACCESHHS,
Ac®-ommubKa IKCICPUMEHTANBHBIX CCUCHUU HpPH
3THX yriax, N-4ucio H3MEPEHHH.

YeM MeHbLIE BETMUUHA ) , TEM Ty4IlE OMHUca-
HHUE IKCIICPUMEHTANBHBIX JAHHBIX HA OCHOBE BBHIO-
PAHHOTO TEOPETHUSCKOTO npeacTaBacHuUs. QOOBIYHO
PE3YIIbTATHL PACUCTOB MOXKHO CUHTATD BIIOIHE VOB~
NETBOPHTENbHBIMH, ECITH ¥ TIOPSI KA €AMHMIIBL, T.€.
OTKJIOHCHHUE PACUCTHBIX U SKCIICPUMCHTAIBHEIX BE-
JIMYVH B CPEJHEM PABHO BETUYHHE YKCIICPUMEHTAITb-
HBIX OIINOOK. XOpOIIHM MOKHO CUHTATh OITUCAHHE,
TPU KOTOPOM KayKA0€ MAPIUATbHOE ¥, ATs KaskK10-
IO yIjia paccesHHs MCHBIIC CIUHULEI, a 3HAYUT,
cpeaHee y° Beeraa OyAeT MEHbIIE ¢AMHHULIBL.

Boipaskenust (1,2), mo CyTH, SIBISIFOTCS PA3JIOKE-

y do(0) y
HUEM HEKOTOPOH (QyHKUMH 4 B MCTIOBOH

PAI, ¥ HY)KHO HAWTH TAKUC BAPHUALIHOHHBIC TAPaMET-
DBl PA3IOKCHUS 1, U 8 , KOTOPBIC HAUTYHIINM 00-
pasoM onuckIBaIOT 3Ty GyHKIUIO. [Tockomeky mpu-
BEACHHBIC BhIpakeHUsI (1,2) SABIIFOTCS TOYHBIMU, TO
npu yBenuueHuu L 10 GeCKOHEYHOCTH BEMUUMHA )
JOTDKHA CTPEMHTBCH K HYTIO. DTOT KPUTEPHHA HC-
MOJIb30BAJICS /Il BEIOOPA OMPEACICHHOrO Habopa

(a3, MPUBOAAIIETO K MUHUMYMY ¥, KOTOPBIH MOT
ObI IPETCHAOBATH HA POITL TTO0ATFHOTO MUHHMYMA
MHOTOIIAPaAMETPHUIECKON BAPUAIMIOHHON 3a,1a4H.

s moucka saepHBIX (a3 paccessHus Mo IKCIe-
PUMEHTAIBHBIM CEUCHMSIM BBITIOHAIACH MTPOLIERY-
pa MUHMMu3aKKU (QYHKIMOHANA ) , Kak (QYHKIUH
2L mepeMeHHBIX, Kaxaas H3 KOTOPBIX SBIsgeTcs da-
301 § OIPCACICHHON MapLUaIbHON BOIHBI PACCes-
HUSL M HOYNIPYTOCTBIO M, B 9TOH Bomue. [Jlms perme-
HMS 3TOM 331241 MIIETCS MHHEMYM )~ B HEKOTOPOM
OrPaHUYCHHOU O0JACTH 3HAYCHHUH STHX MCPEMCH-
HBIX. B 4acTHOCTH, BEIMYHMHA 1), MOXKET IPHHAMATH
TOIpKO 3HaueHus o1 0 10 1, a paser 5 0bpruHO Ha-
xomsites B oonactu 0°-180°. Ho u B 3T0M obnactu
MO’KHO HAaWTH MHOKECTBO JTOKAJIbHBIX MUHUMYMOB
¥’ ¢ BETMYMHON TOPAAKA €IMHHIbI. BriGop Hau-
MEHBIICTO U3 HUX MO3BOJISICT HAACATECA , UTO OH OV-
JET COOTBETCTBOBATH INTOOATBHOMY MUHUMYMY, KO-
TOPBIU SBISIECTCA PELICHHEM TAKOU BapUALIMOHHOMU
3aJa4u.

TekcT HammeW KOMIBIOTEPHONW IPOTPaMMBI AT
pacuera moNHBIX U JUGEPCHUHATBHBIX CCUCHUH
VIPYTOTO PACCESHHUS YaCTHI] C TIOTYIETBIM CITHTHOM
u (a3oBoro aHanusa, nporecTupoanHol Ha p‘He
cUCTeME, IpUBEACH B padore [7].

31ech MPUBEAEM TOJMBKO OAMH BAPUAHT KOHT-
POJIBHOrO CHETA IO 3TOH MpOrpaMMe, KOTOPBII BbI-
nonHen A7 p'He paccesHus ¢ AaHHBIME U3 PaOOTHI
[8], rae BeimOIHEH ha30BBIA AHATU3 A1 SHCPTHH
9.89 M>»3B, B KOTOpOM IMONYUECHBI MTOIOKUTEIBHBIE
D ¢daswer paccesnus u cpeguee 3 =0.60. B stom
aHAJTN3E UCITOIB30BAHbI 22 TOYKH IO CEUCHUAM M3
paboTsi [9 ] mpu 3uepruu 9.954 MsB (B [8] He yka-
3aHO, KAKHE UMCHHO 22 TOYKH OBIIH B3STH U3 24-X,
MPUBEACHHBIX B paboTe [9]) U HECKONBKO TOUCK IO
nomspusanysaM u3 pador 8,10 ]. B mocneanem cay-
Yae, No-BUANMOMY, HCITONB30BaHbI JAHHBIE IIPH YT-
nax 46.5°,55.9%,56.2°, 73.5°, 89.7°, 99.8°, 114.3°,
128.3"u sneprusx 9.89, 9.84 u 9.82 MaB.

®azbl u3 padotel [8] mpuBeacHH B TaOm. 2, a
cpeaHee XZG (¢ 2% 3KCIEepPUMEHTAIBHBIMH OLITHOKA-
MH) U 3TUMH (Ha3aMHu 10 HAIICH MPOrpaMme ¢ yde-
TOM 24 TOUCK TOJIBKO MO CCUCHUsIM U3 [9] (ripu 3HEp-
raun 9.954 MsB) monyuaerca pasabiv 0.586, kak
Moka3aHo B Tadm. 3.

JI71s 3KCIEPUMEHTAJIBHBIX JAHHBIX U3 PadoT |8,
10] mo nmomapm3zarisaM npu sHEprusax 9.82-9.89 MaB
Y BOCBMH YIJIaX paccesHus ¢ dazamu u3 [8], MoxHO
MOJYYHUTh PE3YIbTATH, IPUBEACHHBIC B TA0M. 4 mpu
sz =0.589 (yrnsl B gaHbI rpagycax, MOJIPU3aALHN
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Tabmumna 1. [lapaMeTphI ONTHYECKAX MOTEHITHATIOB
V., MaB 1., OM a,, Om W,. MaB Top> OM a,., Om Vo MoB Iy DM a,,, DM
53 14 0.75 2 1.25 04 7 14 0.5
Tabmuma 2. ®a3wl paccessnns n3 padoTeI [8]

E, M»B Sy TPaj P,,, rpan P, tpan D,,, rpax D,,, rpax
+2.0 +3.5 +2.7 +1.6 +1.6

9.954 119.3 1124 65,7 5.3 3,7
-1.8 52 -3.2 2.5 2.8

Tabnuiia 3. IrcnepuMeHTAILHLIE H TeopeTHdeckune Auddepenuaabupie cedennsn p*He paccesmust

00 o, MO. o, MO. *vs 00 o, MO. o, MO. *vs
25.10 371.00 366.85 0.31 109.90 21.00 20.70 0.51
30.89 339.00 331.54 1.21 120.60 23.00 22.59 0.79
35.07 305.00 308.40 0.31 122.80 24.50 24.19 0.40
49.03 232.00 230.61 0.09 130.13 31.90 3191 0.00
54.70 205.00 199.10 2.07 130.90 33.20 32.90 0.21
60.00 176.00 170.56 2.39 134.87 37.80 38.44 0.71
70.10 124.00 120.59 1.89 140.80 47.30 47.69 0.17
80.00 82.00 79.77 1.85 145.00 54.00 54.62 0.33
90.00 49.20 48.82 0.15 149.40 61.60 61.88 0.05
94.07 39.10 39.44 0.19 154.90 70.60 70.54 0.00
102.17 26.20 26.39 0.13 160.00 78.40 77.71 0.19
106.90 22.00 22.15 0.12 164.40 83.00 82.94 0.00

Ta6mmra 4. Hoaspuzanmn B p*He paccessanm. 31eck P_ - skclepaMeRTAIbHbIC OISPH3AINH,
AP, - skcnepaMeRTaNbHbIE ONAGKH 1UIst TIosApu3anuii u P - pacdeTnbIe nonspuzanam
6° P, % AP, P, % 1
46.50 -32.30 2.10 -33.11 0.15
55.90 -41.30 2.20 -42.50 0.30
56.20 -44.40 0.90 -42.81 3.11
73.50 -62.60 3.00 -62.84 0.01
73.50 -64.80 1.90 -62.84 1.06
89.70 -76.10 3.60 -76.33 0.01
89.70 -75.50 2.40 -76.33 0.12
99.80 -59.30 2.50 -58.55 0.09
114.30 48.20 3.20 51.03 0.78
128.30 99.40 3.30 97.66 0.28

B IPOLEHTAaX, a 3HEPIus,

pasHoii 9.954 MaB)

Ecmu yepennuTs ” 1o Beem Toukam (24+10=34),
PE3VABTATHl ISl KOTOPHIX MPHUBCICHBI BBILIE, T.C.
HCIONb30BAThH BHIPAKCHHC

2

X

P

N
i=1

1

T(N,+N,)

P

T(N,+N,)

t
Ao,

i=1

1

2

e
— 0

G. .
)3 Evenran

Lo+

{2

MTO-TIPEKHEMY, 3aaCTCA

+%2)

TO monmy4aeTcs Beamauna 3 = 0.5875 ~ 0.59 B non-
HOM COOTBETCTBHH C pe3yibTrataMu padoTsl [§],
rae ans 3HaueHus - npuseacHo 0.60. 3aech N u
N, - 4uCI0 AaHHBIX 1O ceucHUAM (24 Toukm) u
nomspuzanusm (10 Touek), o°, P°, o', P' - skcnepu-
MEHTATbHBIC M TCOPCTUUCCKHUE 3HAYCHHS CCUCHHH
u noysipu3aunii, Ac u AP - ux omudkw.

Ecnn BBITIOJIHUTH JONOTHUTETBHYIO MI/IHI/IMI/ISa-
IUIO  TIO HAIIEH MPOrpamMe, TO AJs x o ceue-
HHUSIM HOJ‘Iy‘II/IM 0.576, nnsa nonspuzanuit X =0.561
u nonHoe ¥~ = 0.572 npu creayromux JHAMCHIAX

dasz
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S =11901,P,_=112.25 P _=65.39,
0 3/2 1/2
D._=524,D, =363
5/2 3/2

KOTOPBIEC MOTHOCTBIO JIOXKATCS B MOJOCY OIMMOOK,
MPHUBCICHHBIX B padote [8] u mokazaHel B Ta0M. 2.

®azobbrii ananus B p>C cucteme

Panee dazoseiii anamu3 GyHKIHI BO3OYKACHMUS,
m3mepeHnbix B [11 ]| mpu sneprusx B odmactu 400-
1300 k3B (11.c.) 1 yrmax 106°-169°, 6511 BHIOTHEH B
pabore [12 |. Ha puc. 2 moka3zaHs! GyHKIHH BO30YK-
JEHH, MOMydcHHbIC B pabote [12] ans yraa 169.2°
¥ HAIIIK HOBBIE pe3yabTartsl |1, 2] mpu 170° (c.i.m.).

109 E v I v 1 v 1 v 1 v 1 v 1 v I v | E
F = Optical-model calculaion 1
il 5 T Rutherford |
i ® Experiment ]
oF 1
5 v} “Clpp)°C .
S F E  =231keV ]
~— L P, lab. L
g OF 1
ke E 3
s wF 1
10 r 1

102 [ M [ M 1 M 1 M 1 M 1 M 1 M [ M 1 M

0 2 o 6 & 10 10 10 60
0 -(degree)

pcm.

a

W3 mpuBeaeHHOTO pUCYHKA BUIHO XOPOIIEE COTIa-
cue 00eHX Pe3yNbTATOB MPH BCEX COBMAAAIONINX
sueprusix B oonactu 350-1000 k3B (c.u.m.).

B pa6ote [12] mony4eHo, uT0, HAMpUMEp, NPH
E =900 x3B S-dasa nomkna nexars B obaactu
153°-154°. C Temu ke SKCIEPUMEHTATbHBIMU JaH-
HBIMU Hamu nofy4deHo 152.7°. Ceuenus paccesHust
Opanuck u3 QyHKIMHA Bo30YxkacHUA [12] mpu sHEp-
risix 866-900 k3B. Pe3yabraThl HAIIMX PAacueTOB G,
B CPABHCHHUU C OKCIICPUMCHTAIBHBIMH JAHHBIMH G_
MpHUBEICHE B Ta0n. 5. B mocieanem cronlue Tad-
JMLBI JAHBI MAPLHHAATBHEIC Xzi Ha KQXKIYIO TOUKY [IPH
10% ommOKax B SKCICPUMCHTAIBHEIX CCUCHHX, a
A1 cpeAHero y° Oblaa motyueHa semuuuna 0.11.

—— Optical-model calculation
— Rutherford
® Experiment

120(p,p)120
E = 1203 keV

p, lab.

do /d€2 - (mbr/sr)

100 120
epyc_m_ - (degree)

140 160

0

Puc. 1. Jluddepennuanpubie ceuenns ynpyroro p'?C paccesmus. HelpephiBHas KpUBas - ONTHUECKAs] MOIEIb,
ToueuHas KpuBas - PesepdopaoBckoe paccesHue, TOUKH — dKenepuMenTa [1, 2]

10

Puc. 2. ®yukiuu Bo30yxaeHus pt2C
npu yoiax 170°[1,2] u 169.2° [12]

do /dQ2- (br/sr)

01 E

o H.L. Jackson et al.
—— Rutherford

® Present experiment

O po ooopo ooHO)]

o

100 200 300 400 500

600 700 800 900 100011001200130014001500
E.,. -keV
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Tabmuna 5. CpaBHeHHe TeopeTHYECKAX
H IKCIIePAMEHTAIBHBIX cedenmii p>C
yupyroro paccessuust npu saepruu 900 k>B

Tabmuna 6. CpaBHeHHEe TeopeTHYECKAX
H IKCIIePAMEHTAIBHBIX cedennii p>C
YIPYIroro paccestuust npu saepruu 750 koB

00 o, M6. o, Mb. *vs 00 o, M6. o, M6. *vs

106 341 341.5 1.90E-04 106 428 428.3 3.44E-05
127 280 282.1 5.76E-03 127 334 342.8 6.91E-02
148 241 2512 1.80E-01 148 282 299.1 3.66E-01
169 250 237.5 2.50E-01 169 307 279.9 7.82E-01

Hoist sueprun 751 k3B (1.¢.) B pabore [12] ans
S-aser 6b110 MomyueHo 155°-157°. PesyabTaTsl, mo-
JyiaeHHbIe HaMu U1t 3Heprun 750 k3B, npuseaeHsb
B Tabm1. 6. lanHbIC IO ceucHUIM Oparuck u3 QyHk-
uui BO30OYXKACHUS B JHAINA30HE >Heprui 749-
754 3B, a mas S-azer Hamu HAHICHO 156.8° npu
cpeanem x° = 0.30.

Bce aTH pes3yapTaTE XOpOIIO COrNIacylTCs
MEKAY coOOH M MO UCHONB3YEMOW HAMHU MPOrpam-

Me [6, 7] Obin BBIOAHEH (ha30BbIM aHAIH3 HAIIUX
HOBBIX 9KCIICPUMCHTATIBHBIX JAHHEIX 10 AU depeH-
1UaIbHBIM cedeHusM p'°C paccesHus B IUANa30HE
suepruii 230-1200 k3B (n.¢.) [1].

Pesynprarer Hamero (azoBoro aHanauza mpea-
CTaBJICHBI TOUKaMH Ha puc. 3 1 Tabia. 7 B CpaBHCHUH
¢ AaHHBIMH padotsl [12], KoTOpEIC HA PUCYHKE HO-
Ka3aHbl HENPepsIBHOM auHUEeH. M3 prcyHKa BUIHO
XOpOIIIEe COTIache MEKAY Pe3yIbTaTaM{ HaIlero

180 ———F——F—"——F——T——T——

160F S et TP

140 |

120 |-

100

—-Jackson H.L. et. al.
® - Our results for S - phase shift onl

Puc. 3. S-¢haza p'’C paccesnus
IPU HU3KUX SHeprusx. Touku -
pe3yibTaThl (asoBoro aHanMza

O - Ourresults for S - phase shift witly P - phase
s F  fmm--- Resalt from obtainrd potential MﬂOTSK_CbaSH ¢ YHCTOM TOIILKO S-BOIHLL,
0 ! _ PBITHIC KBAJPaThl - Pe3yIbTaThI
60 [ - (a3oBoro aHanmza AL S-asbl ¢ yIeTOM
] S u P-BonH, HenpepbIBHAs KpUBas -
40 [ ] pe3yabTaThl U3 padoThl [12], NyHKTHPHAS
20 | _ KpHBas - pe3yIbTaThl pacueTOB
1 ¢ HaliIecHHBIM MOTEHIIHATIOM
ok- Im] s .
_ M [ M 1 M 1 M 1 M 1 M 1 M 1 ]
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

E_ .. keV

lab?

Tabmuia 7. PesynsTaTsl ¢pazoBoro anaianza p2C
YIPYTOro paccesiHHsI MPA HA3KHX YHePrusix

E_. kB S, rpaj,. Y2
213 2.0 1.35
317 2.5 0.31
371 7.2 0.51
409 36.2 0.98
422 58.0 3.75
434 107.8 0.78
478 1533 2.56
689 156.3 2.79
900 153.6 2.55
1110 149.9 1.77

(dazoBoro aHamza u AaHHBIME pabotsl [12]. B Ha-
IIEM aHATH3E BETHYUHA | BhraUCIAnach mpu 10%
3KCIEPUMCHTAIBHBIX omubkax auddepeHumnans-
HBIX CEUCHHH.

Ha puc. 4 npeacrasnacHs! quddepeHunaIbHbIC
ceucHus B 00j1acTu pesonanca mpu 461(3) k3B (n.c.),
PE3yIbTaTHI pacyueTa 3THX CCYCHUN Ha 0CHOBE (op-
MyJsl Pesepdopaa (Toueunas kpusas) v Haw dazo-
BbIH aHanU3 (HENpEphIBHAS THHHSA), YIHTHIBAFOLIHHA
Toabko S-dasy. LltpuxoBoli THHUCH IOKA3aHBI pe-
3vIeTaThl $Ha30Boro aHanu3a A S-asel npu yuere
S- u P-onn.
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a E T T T T T T T T T T T T T T T
S Rutherford
3 ® Experiment
0F S-Phase shift 4°=0.98 1
i - --- SP-Phase shift y°=0.31]
& f “Cp.p)"C
8 b E = 443 keV (409 KeV inc.m.)
E p, lab.
! 10' £ E
a E
T
b
© 3
10" F 3
10° F 5
1 L 1 L 1 N 1 N 1 L 1 N 1 L 1 L 1 L 1
0 20 40 60 8 100 120 140 160 180
ep,c.m. - (degree)
6 10’ FE T~ T~ T ~ 1T ~ T ~ T T 1T " 17T " 1
E e Rutherford
L ® Experiment
10°¢ S-Phase shift y°=3.75 3
: - --- SP-Phase shift v°=0.79
g A\, crpc
IIZ)I/IC. 4. JTubdpepeniinaababic cEUSHUS = E ? £ = 457 keV (422 KeV in c.m))
p"*C paccesinust. HenpepriBHas kpuBas — 1S P lab.
(a30BBIN aHATH3 € YICTOM TOJLKO S-BOJHBI, ' 10 b i
ToueuHas Kpuas - PesepdopmoBckoe paccesHue, g E E
NYHKTHP — Pa30BbIf aHATH3 ¢ YUETOM S H 5
P Bonn, Touku — skenepumenTa [1, 2] © 10 L ]
10° | _
1 N 1 N 1 L 1 L 1 N 1 L 1 N 1 L 1 L 1
0 20 40 60 80 100 120 140 160 180
ep om " (degree)
8 T T T T T T T T T T T T T T T T T T T
------- Rutherford
. ® Experiment
0 S-Phase shift ;°=0.78 3
- - - - SP-Phase shift °=0.15 ]
@ 10° - 12C(p,p)12C 3
-g b E, w = 470KkeV (434 KeVinc.m.)
% 10t £ 4
b
T
10° | E
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| Puc. 5. P - paza p'’C paccesnust
] Ip HU3KKX sHeprustx. Touku P, u kBajgpathl P, -

r ) v ] r ) v ) v ) v ]
30 P n -
L P1/2 d
20}k 4
| - )
10 | .
| u m ]
(=]
w0 |
0 —-—'—'
L . ' o
10 F L .
L [ ] o o
P312
= . -
20 N 1 N 1 A 1 N 1 N 1 . 1

pe3ynbTaThl (azoBoro anammsa ays P-daszs
¢ yueToM S u P-onn

E_. keV

lab?

N3 pucyHkoB BUAHO, 9TO B 00IACTH PE30HAHCA
HE YJAETCsl OMHUCATh CCUCHHE TOTBKO HA OCHOBE
oaHOH S-(aspl. 3aMETHYIO POJb HAYHHACT UTPATh
P-BomHa, mpeacTaBICHHAS HA PUC. 5, YUET KOTOPOM
(trTpuxoBast TUHUS HA PUC. 4a) 3AMETHO YIYUIIACT
OTIHCAHHE PKCIICPUMEHTATBHBIX JaHHEIX. B wacTHOC-
T, npu dHepruu 457 k3B (;1.¢.) ee yuer ynyuimaer
Bemuuuny ° ¢ 3.7 g0 0.8 (puc. 46), uto 3aMeTHO
CKa3bIBACTCS HA KAUCCTBE onucanus JuddepeHIu-
AJIbHBIX CEUCHHH.

pn Husknx sHeprusix P dasa uzer sbiue, uem
P_ . HO ipu sHEpruy nopsiaka 1,2 MsB onu nepece-
KAIOTCA U janee P, uAeT BBIIE B OTPHUATCIBHOM
obnacru yryios [13, 14 |. Benuuuna S-ga3zsr mpu yue-
Te P-BomHBI mpakTHUeCcKH HE MEHseTCs U e hopma
ITOKa3aHa Ha pUC. 3 OTKPHITBIMH KBagpaTamu. [Ipn
HEKOTOPBIX SHEPTHAX TOUKHU H KBAIPATHI IOTHOCTHIO
HAKJIabIBAOTCS APYT HA IPVYTA.

VYyer D-ponHe! B (pazoBoM aHATH3E IPUBOIUT K
¢e BeanunHe nopsaka 1-1.5 rpagyca B obactu pe-
30HAHCA W MPAKTUYCCKU HE BIHSCT HA MOBCACHUE
pacueTHBIX JuddePCHINATHHBIX CCUCHUH.

IMoTeHUHAIbLHOE ONUCAHHE YIPYTOr0
p"*C paccessHust

Ipencragacunas Ha puc. 3 S-daza MoxeT ObITh
OIHCaHa Ha OCHOBE MPOCTOT0 rayCcCOBOrO MOTCHIH -
ajia ¢ TOYCUHBIM KYJIOHOBCKUM IIOTCHIUAJIOM BU A

V(1) =V exp(-ar’) + V_

rae V =29.87 MaB, 0=0.22 ®dm>, a kynoHOBCKHMIt

IIOTCHIHAJ chl OPpUHUMAJICA B OOBITHOM BHUAC C

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

R_ =0]5]. 3aech koHcTanTa h*/m, = 41.80159,

m, - ATOMHAsI CAMHHUIA MACChI [15].

Pesynbrarer pacuera S-asbl ¢ TAKMM HOTCHIIH-
aJIoM MPEACTABJICHE HA PUC.3 NYHKTHPHOU TUHH-
eif. @asa nocTuraet cBoero sHadeHus B 90° mpu sHep-
ruu 467 3B, ITO J0BOIRHO XOPOIIO COTTACYETCH C
SKCIICPHUMCHTAIBHBIM 3HAUCHHECM PE30HAHCA TPH
461(3) k3B (a.c.) [16].

[TonHble ceyeHMs VOPYroro paccesHus, MOmy-
YCHHBIC HA OCHOBE BBIpaKCHUA (7), MPEeICTABICHBI
Toukamu Ha puc. 6. OHU pacCUNUTaHBI HA OCHOBE U3-
BIICUCHHBIX M3 3KCIICPUMEHTATBHBIX JU(depeHIH-
anpHbIX ceucHuii [1] S-das paccesuus. 3aech xe
HEMPEPBIBHON TUHUEU MOKA3aHbI MTOHBIE CEUCHUS,
MOJYYCHHBIC HA OCHOBE (a3, BEIYUCICHHBIX C IPH-
BEACHHBIM BbILIC MOTCHIHATOM. OTKpPBITHIC KBaApa-
THI IPEACTABJISIIOT HOJHBIC CEUCHHS, TIOTYICHHEIC U3
dhazoBoro anaau3za padcotsi [12].

IToryueHHBIN TOTEHIMANA UMEET MPOCTEHIINH
BH/J U HE COICPIKUT CBA3aHHBIX paspeueHHbIX (PC)
ninu 3anpeumeHabx cocrosauii (3C). OcHOBHOE
cocrosare (OC) aapa °N uMeeT CIUH U YeTHOCTh
J¥'=1/2" u aexur va 1.94 MaB nusxe nopora p'°C
kanana [16]. TloaTomy, ecmm paccMaTpuUBaTh CBI3aH-
noe coctosuaue (CC) aapa “N B p'°C Monequ, T 0HO
AOMKHO mpucytcTBoBate B P -onne p C moren-
Haa ¢ YHEPTruc cesasu -1.94 MsB.

Ha puc. 6 B obiactu suepruii 200-300 k3B (n1.c.)
HaOJIFOJACTCA I71ATO B MOTHBIX CCUCHUSX PACCETHUS,
a 3Ha4uT U B S-hase paccesaus. B 1aHHBII MOMEHT
HE THOHATHO, BRI3BAHO OHO 3KCIICPUMCHTATbHBIMH
HETOYHOCTSIMHU, HENPEABUACHHBIMHU OIINOKaMH (a-
30BOrO aHATW3a MU JEHCTBHUTCIBHO CYIIECTBYET
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100 g T T T T T T T T T T T T 3
10 3
1F 3
01E 3
o) £ 3
Puc. 6. Ilonubie ceueHus ynpyroro N ° ]
p'*C paccesnus. HenpepbiBHast KpuBas — - 001 g 3
pe3yNbTaThl PacieTOB Ha OCHOBE TTOJYYSHHOTO g F 3
HOTEHIIMANA, TOUKH — MOMHBIE CEUCHUS © 3L . -
i ) B3¢ —— From potential
HaliJiecHHbIe U3 a3 paccesHus pabot [1, 2], E ] E
KBazpaThl — TOsKE 1% pabot [11, 12] el o results from experiment [1,2] ]
TE o results from experiment[10,11]
1E-5 .
1E-6 [ | L 1 2 1 . 1 L | L 1 ]
0,2 0,4 0,6 08 1,0 1,2 1,4
E., MeV
ab

MPH 3TUX SHEprusax. s BBIICHEHHS 3TOr0 BOPOca
TpeOVIOTCS HOBBIC M3MEPCHUS YITIOBBIX pacnperc-
nennii npu dHeprasax 100-350 k3B ¢ marom no 3uEp-
ruu nopsaka S0 k3B nnmu GyHkumi Bo30y:KaACHN TpH
Pa3sHBIX yIiax.

JKCIEPUMCHTAIIbHAS YACTh PaOOThI BHIITOTHCHA
o npoektry MHTC K-497 npu ¢unancosoit moxa-
JeprkKe rocynapcreeHHoro aecnapramenta CLIA.
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Pezrome

p'*C cepmimai mamisipayst 10%170° (M.11.5k.) 6ypeIIn apa-
JbIKTapbeinaa sHeprusmapasiy 213, 317, 371, 409, 422, 434,
478, 689, 900 sxone 1110 x3B (M.I1.5K.) MoHJIEpiHJIE TOXKipHOE
KY3iHAe 3epTTenai. Ochl AepekTepi KOMAaHbl da3aibik ca-
parnTama jkacasbiH/bl KaHe S-Ky#zeri p'2C xkyitecinin aceprecy
aneyeTi KypacThipbiizbl. COHBIMEH KaTap eJneHUIreH Gyphiii-
THIK TAPATBLIMIAPIBIH O THKAIBIK MOJEIBIIK CapanTaMachl jKa-
CAITBIHJBI.

Summary

Using the earlier obtained experimental data on the p'2C
clastic scattering at the energies E -~ = 213,317,371, 409, 422,
434,478, 689, 900, 1110 keV and"in the range of angles 6
10°-170° the phase shift analysis has been made and“the
interaction potential of the p'?C system in S-state has been
constructed. The standard optical model analysis of the angular
distributions has also been carried out.

I
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2. Anmamui;

3

Komumem adepnvix mamepuanos,

Kaup, Ecunem Hocmynuna 3.12.07e.
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K. C. TAKHDGAEB

KOHCTPYKTUBHBIE PASPABOTKH 110 YBEJIMYEHUIO
IOPEKTUBHOCTHU COJIHEYHO-DOHEPTETHYECKHNX YCTAHOBOK

IIpenosxeHo HeCKOIBKO KOHCTPYKTUBHBIX pa3paboToK AT yIydmeHus b ek THBHOCTH TpeobpasoBaTerei CoMHETHON SHepTUn
IpU TTIOMOIM NapabolHuecKO-IUITHHIPUIeCKUX KOHI[eHTpaTopoB. 1lokazaHo, 4To coBMecTHOE HcMob3oBaHKe (oTonmpeobpa-
30BaTenst B POTOTEPMOIMHAMHUIECKOTO MPUCTIOCOOIEHNS B 3aBUCHMOCTH OT YCIOBHH MOTPeOUTENS DHEPTUU IIPECTaBIsIeTCS

NMpeANOUYTUTCIIEHBIM.

B Hacrosiee BpeMs BO MHOTHX CTpaHaxX MHpPa
(CHIA, I'epmanus, P®, Snonwust, U3pauns, u.1.1.)
paspabaThIBAOTCsl KOHCTPYKLHN PA3HOTO THIIA COJ-
HEYHO-BOJAOPOJHBIX THOPUIHBIX VCTAHOBOK |1, 2]
WJTH COTHCYHBIX KOMOHHUPOBAHHBIX (DOTOTEPMOIH-
HaMHYECKHUX YHEPTOYCTAaHOBOK |3, 4].

B nmarmeit maGoparopuu (cm.§ 2, T'n. VII) Blpas-
padaTeiBanach KOHCTPYKLUS KAMEPBI, HA €€ TIOBEP-
XHOCTH, OOpaIICHHOH K COTHLY, PacloNaraiuch

dorompeoOpazoBarenu. Uepes Ty kamepy mpo-
MyCKaJNach BOJA, KAK TCIIOHOCUTENb. Boxy Mox-
HO 3aMCHHUTh HEKOTOPBIMH OPraHUYCCKUMH KU -
KOCTSMH € TEMIICPATYPOi KUNICHUS TP HOPMAaJb-
HoM naasjcHuu nopsiaxka 30°C. B Hamwmx ombrrax
PE3yIbTATH HCMBITAHUN € TAKUMH JKHIKOCTIMH
OBLTH HE OYCHD YTCIIUTEIBHBIME, TO3TOMY padbora
BElach TONBKO ¢ BoJoH. Cxema mIockoi kamepsl
Jaercd Ha puc. 1.

4

Puc. 1. Cxema mockol Kamephl:
1 — Boga (map), 2 — doto-npeodpazoBatenu, 3 — COMHEUHOE U3NyUCHHUE, 4 — IIIOCKas Kamepa

Bwmecto cenexrusHoro noryorureist («1» puc. 1)
[5] pasmemanuce doTonpeodpazoBaTei, HO BIOC-
JICOCTBUU BRLICHUIOCH, uTo ¢ro KI1/] cunprO yMEHB-
MAeTCA ¢ POCTOM TEMITCPATYPHI M TIO3TOMY (hoTO-
npeobpasoBaTenn CIEAYET pa3Melarb I'Ie-TO Ha
MOBEPXHOCTH MAPAOONIOIMITHHAPHYCCKOTO 3epKaa,
rJe TeMreparypa MeHbine, yeM B (okyce. [Toka or
TAKOH 3aTCH COBMECTHOT'O MITH I‘I/I6pI/I,Z[HOI‘O HUCIIOIb-
30Banus ¢oronpeodpazoBaTess U pororepmou-
HAMUYCCKUX MPUCTIOCOOICHUH MBI PEIIHIN BO3ACP-
KATbCA.

IMrockas kaMepa, g4epes KOTOPYIO MPOXOTUT TIap
WM BOJA MO OOBIYHOM TPyOe, 00aydanack CoMHEH-
HBIM CBCTOM KOHIICHTparopoB. Ha oty kamepy pac-
nosiararoT (HOTO-MpPeodPa3oBATEIN B BUAC ILTHTKH
(nnenku). B pesynbrarte, COMHEUHBIN y4 rPECT BOAY
¥ OJHOBpPEMEHHO 00yuacT poTompeobpasoBareip,
KOTOPBIH BHIPAOATHIBACT DIICKTPHUCCKYTO SHCPTHIO,

a nap (WM ropsyas BOAa) UCIOIb3YIOTCS MO 00bIY-
HOM cXeMe, B Cllydae yJadd, map ¢ TeMIIepaTypou
~150°C eCTeCTBCHHO MPEATIONATATIOCh HUCIIONB30-
BaTh JUIA MTOJTyUeHU dIekTpdecTsa. B tpyansie 90-
¢ rogsl XX Beka (pacnag CCCP) pabGora Oblia npe-
KpallecHa, X0Ts MU3epHOE (PUHAHCUPOBAHKUC MO BO-
npopoxnoit rematuke B Kasl'V eme Hekoropoe Bpe-
M1 TIPOJOIIIKAIIOCK.

Taxum 00pazom, pa3nUUIHEIE CIOCOOBI (CM. PHUC.
6.4) |5], ucnpoOoBaHHBIC CIIE B TC 3KE TOJBI, B Ha-
CTOSIIIECE BPEMSI MBI IIBITAEMCS BHGIPUTD B KOMMEP-
Yyeckyio aedarenpHocTh [lapka MHbOpMaIHOHHEBIX
Texuonoruii B . Anaray BOnm3u Aamarsr. O0mas
cTapas cxeMa HE NMPETePIECBACT CYLICCTBEHHBIX
n3MeHeHull. Kamepa pacnonaranace B dokyce ma-
padomoUuIH ApuIecKoro KoHmeHTpatopa. Kamepa
HCTBITHIBATIACH TUIIb B OOIIEH Tpacce TEIIIOHOCH-
TeNS U pasMemanace B Gpokyce napabosouuInHI-
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puucckoro 3epkana. B psae ucneitanuii gorto-npe-
00pa30BaTeny MOMEINATINCH B HCKOTOPBIX MECTaxX
MOBEPXHOCTH CAMOTr0 3¢pKana, ¢ TEMIICpaTypa He
o4cHb Bricokas. OnbIT ObLT npepBaH B 90-¢ TOABL.
Byaymiee mokakeT, HACKONBKO KOMOWHHPOBAHHAS
SKCIUTYaTALH BHIPOTHA U MOYKET JTH OHA JATh CYIIC-
CTBCHHOC HApAIWBAHUC B MOJTYYCHUH DSHCPTHH.
Onnaxo B padotax [3, 4] coo0IAeTCsI MOMOKUTE/Tb-
HBIA PE3VIbTAT KOMOWHHUPOBAHHOH DKCILTYATALINH,
ONTHMH3M ABTOPOB 3THX PA0OT, MO-BUIUMOMY, IO~
TBEPAAT SKCIICPUMCHTHl B OVAYIIHX HCHBITAHHIX.
OueHbp MHOTOE 3aBHCHT OT MOAOOPA MaTepraa Ka-
MEPHI U TEITIOHOCHTENS, KOHEYHO Ka4eCTBa KOHLICH-
TPATOPOB U camMux GOTO-PEoOPA30BATEICH.

Pa3paGotka cosiHeUHO-3HepreTH4eCKOii ycTa-
HOBKH C KOMNBITEPHBIM YIIPABJICHHEM,

Ilepeuwiii sman. TenmnoBoi COTHETHBIIN KOIIIEKTOP.

Kak n3BectHO, B HacTodIiee BpeMs BONPOC pas-
BHTHS PaOOT MO UCTIONTB30BAHUIO BO30OHOBIISIEMOrO
WCTOYHHUKA SHCPTHH SIBJSICTCS BEChbMA aKTYaIbHbBIM.
[TosToMy Oyzer 0vecHb CBOCBPEMEHHEIM MPOAOLKHTh
paboTy MO KUCMOIB30BAHUID COTHCUHOH, BETPOBOM
SHEPTHH, & TAKXKC SHCPIHH OHOMACCHI.

B HauagpHBIN EpUoa, HEOOXOAUMO BHEAPUTH
HOBBIC pa3padoTku B camom [lapke Mudopmarimron-
ubix Texuomorwuii (IIAT) B . Anmaray. s 3ok tenu,
MBI MPEATIONAracM YCTAHOBUTh COTHCUHBIC TTAHCTH —
GaTaper U TEIIOKOIICKTOPBI HAa KPHIIIAX HECKOIb-
kux noMerncHui TTUT u mokazars BO3MOKHOCTH
TOYYECHUS JEKTPUUECKOUN U TENIOBOM SHEPTUH AJIA
Hy)a [TAT. Taxoit koMIIIeKC CTPOSHHUH TTOCTYKUT
o0pa3uoM IJ1s BCCH CTpPaHbl U MECTOM I PeKia-
MBI, U JAJbHEUIIEH KOMMEPUECKON LIETH.

Jns Hayana oCyIIecTBICHUS 3TOTO MEPOIPHS-
g HeoOxoauMO BhLAenuTh [TMT ¢ nienesbiM Ha3HA-
uerreM B 2007-2008 rr. 2 000 000 (aBa MuanHOHA)
nponnapos CLIA ams co3maHus MPOEKTa, 3aKYIKH
COJTHEUHBIX MAHEJCH (ITpeodpasoBaTeicii COTHCIHON
SHCPTUU B SJICKTPUUCCKYIO M TCILIOBYIO SHCPTHH)
momaaeio okoao 500 kB.M.. B a1y ke cymmy BXO-
JISIT PACXOAbI HA OPTAHU3ALHMIO MPOSKTHO-KOHCTPYK-
TOPCKOTO OIOPO, OMIATY TPYAA PAOOTHHUKOB, OCYIIC-
CTBJISIFOLIMX LUK PA0OT MO HIPOCKTY .

Bmopoii sman. TecTnpoBaHue U pelicH3NPOBa-
HUC MPOCKTA CO3JaHUsI (U CTPOUTSIBCTBA) COTHCY-
HOU 3NCKTPOCTAHLIUN MOLTHOCTBEO HECKOIBKO MHII-
auonoB Barr (Merasarr), 4to SBISCTCS HAYAIOM
3(HEeKTHBHOTO UCTIOIH30BAHUS COTHCUHOH SHEPTUN
B PecniyOauke Kazaxcran.

e

Puc. 2. HoBeili conmHeUHO-TTapabONOIIHHIPAICCKAN
KOHIIEHTPATOP ¢ KOMIILIOTEPHBIM YIIPaBICHUEM:

1 — nonepeunsiit pazpes. [lapabononunuHaprueckoe
3epKajio (KOHIEHTPATOP), TUCT HIIEKTPOIIOIUPOBAHHOIO
AIIOMUHHUS WA TOHKUN OKCHIMPOBAHHBIA aIIOMHHHI;

2 — ¢dokyc 3epkaia-KoHIeHTpaTopa;, 3 — MOJBMIKHON MPOCTOi
MONYIUJIMHJP-KPBIITKa, 4 — NaJaloyii Ha YCTaHOBKY
COJIHEUHBIN Tyu; 5 — TprcnocobIeHHE AT TOBOPOTa

MONyIUIMHpa. J[BUKEHUE YIIPaBISETCs KOMILIOTEPOM

5

HoBerit conmHeHo-napabononHmHAPHICCKIH KOH-
LICHTPATOP ¢ KOMIIBIOTCPHBIM YIIPABICHUEM (PHC. 2).

Ha mpaxTuxe BO BpeMsI SKCITIyaTaluy COTHEY-
HBIX YCTAHOBOK, TAKXKE KaK ¢ MapabonouInHAPH-
YECKHMU KOHLICHTPATOPAMH, BO3HUKAET HEYJOOCTBO,
CBI3aHHOE C YUCTKOH M yOOpKOH arMocgepHbBIX
OCAAKOB C YCTAHOBKH, OCOOCHHO B 3UMHEE BPEMSL.

Mei mipu paboTe ¢ mapaOo OLUITHHIPHICCKUMU
KOHLICHTPATOPaMH HITH TTOCKUMH 36PKaTaMy YHCT-
Ky OT CHEra, A0 UJIH OOBIKHOBCHHOM ITBITH BbI-
MOJTHSUTH TIPOCTHIM MTEPEBOPAYHBAHUEM TAKOTO CTH-
HUYHOT'O KOHLICHTPATOPa. JTY ONCPALMIO COBEpILA-
a1 OOBIYHBIM OTOPHO-TIOBOPOTHBIM MEXAHHU3MOM,
OpUCHTUPYOIUM KOHIICHTpaTop HA ConHie. DToi
pabote 0co0Oro BHUMAHUS HE VACTSIM, TaK KaK B
71a00paTOPHOH PabOTE ¢ OMHUM MPOCTCHIIIMM KOH-
LICHTPATOPOM ObLIIO SIIEMECHTAPHO MPOCTO, HO B CITyYAC,
KOTJa MX OYCHb MHOTO (COTHHU WU JAXKE THICSIUH),
MO-BUANMOMY, OVICT CIOKHO WIIN TPYIHO MOBOpa-
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quBarh HAa 90 ° win GOBIIEC B MACCOBOM HOPSAKE.
Ho camoe rnaBHoe mpH Takol orepaiiy 3epkana-
KOHLICHTPATOPbI YacTO BRIXOAAT U3 cTpos. Onepa-
LU0 MTOBOPOTA KOJUICKTOPA MOJKHO 3aK/IabIBATE B
00IIYI0 MporpaMmy paboThl OMOPHO-TIOBOPOTHOTO,
crnepsmero 3a apwkeHneM ConHua, MexaHn3vMa. Mut
MPEANOIAracM HCIOIb30BaTh MPOCTOC MPHUCIIOCOO-
JIeHWE, IPUBEACHHOE Ha puc. 2. Takoe mpocToe mpu-
cnocobneHne oueHb 3G GEKTUBHO PEIIACT 3TV 3aa-
gy. Kprimika (3) xaxkaoro napaGonouuminHapuyec-
KOTO KOHLICHTPATOpa CHaOXECHA MAJICHbKUM JIBHIK-
KOM (5), yIpaBIsieMbIM KOMITbOTCPOM AUCTICTUCPA.
Ero paGota 3akirouaercs B IpOCTOM BKITIO-UCHHH/
BBIKJTFOUCHUH JBHKKA KPBIIIKU: B CIYIAC HE00-
XOAMMOCTH 3aKPBITHS KOHLICHTPATOpA U3-32 aTMOC-
(hepHEIX 0CATKOB KPBILIKA, AECNAS CKOIb3SIIC-KPY-
rOBOEC CMELICHUE, HAKPHIBACT €T0; a B CIIy4ac HeoO-
XOAMMOCTH OTKPBITHSI KOHLICHTPATOPA I IpHEMa
COTHCUHOTO Jiy4a (4) KPBIIIKA, TAKUM 3K JBUKCHH-
eM (TOBTOPHBIM) B OOPATHOM MOPSAKE OTKPHIBACT U
IIPH 3TOM CHET JIETKO CXOJUT C KPBILIKH KN MPOBH-
CacT BHH3 U Cpa3y OKa3bIBACTCSA HA 3eMJIC WM CO
BPEMECHEM YIAACT C MOBEPXHOCTH KPBIIIKH.

Ecnu npeactaButh ceOC OKOMO THICSYH TAKUX
KOHLICHTPATOPOB B IOJEC CONHCYHOW CTAHLIUH, TO
OJUH CMCHHBIH ONIEPaTop, B COOTBETCTBUH C MOCTY-
MAIIeH HHOOPMAIUCH, HAPUMEDP C COCTOSIHUEM
MOTOABL, CMOKET YIPABIISITh 3TOH NPOCTON MAHUITY -
JSUHEH C HOMOIIBIO KOMITBEOTEPA HA MYITBTE YIIPaB-
neHus. Tak pemaercs Bompoc ¢ YOOPKOH 0caaKoB
IO BCCH NOBEPXHOCTH, PUHUMAIOLICH Ha ceds comn-
HeuHbIe yun. Onepanus OTKPHITHS/3aKPBITHS KO-
JICKTOPAa MOYKHO CBA3aTh C HHTCHCUBHOCTBIO Ha TIPH-
EMHHUKE COTHCUHOT'O JTy4a, YTO B 3HAYUTECIILHOH MeEpe
VIIPOCTUT YIPABICHHE PAOOTOH COTHCUHON CTAHIIMH.

CHabxeHHBIE TapaOoIOLINHIPUICCKIMH 3ep-
KaITbHBIMH KOHLICHTPATOpaMH KOMOWHHPOBAHHBIC
COJTHEYHBIC YHEPTCTHUYECKHUC YCTAHOBKH, HALICICH-
HBIC HA MONYYCHHUE MOIIHOCTH DHEPIHH MEra Bart-
THOU 061acTH, OE3VCIOBHO HMEIOT JOCTATOYHO IPHU-
BIICKATCTIbHBIC TICPCIICKTUBBI, HO K COXKAJICHHUIO B
Hacrosiee Bpems (2007 r.) OHH OYCHB AOPOTOCTOSI-
IIHE ¥ MO3TOMY HOKA HE HMONYYUIH AOCTATOYHOTO
pacnpoctpaneHus. JloporoBru3Ha cBs3aHa B IEPBYIO
o4epep ¢ MATCPHATIOEMKOCTBIO YCTAHOBOK, TO €CTh
C 3aTpaTaMH Ha H3TOTOBICHHC 3CpKaji, TPYO s
SHEPrOHOCUTENCH, MEXaHHUECKUX MPUCIIOCOONCHUH
JUTSL YCTPOHMCTBA OMOPHO-TIOBOPOTHOTO MEXaHU3MA,
opHeHTHpYoLero konueHTpaTopsl Ha ConHie. Bee
310 TpeOyeT B OONBIIOM KOIHYCCTBE ATFOMUHUI,

CTEKIIO, U caMoe IaBHOE (hOTO-IpeoOpa3oBaTeIin
BBICOKOTO KauecTBa. Ho Bce paBHO CO BPEeMCEHEM MBI
yOCTUMCS, ITO UCTIONB30BAHUE COTHCUHOM YHCPTHH
OyIeT Jaxe Mo CPABHEHHIO ¢ IPYTHUMHU BHAAMH SHEP-
THH ACHICBJIC BO BCCX OTHOIICHHUAX. HaHpI/IMep,
aTOMHAs SHEPTHS OYACT AOPOKE, ECIH C CAMOro Ha-
YaJa YUUTHIBAThH 3aTPaThl HA YKOJOTHICCKHE O€30-
MACHOCTH U HAa YTHUIIU3ALHIO OTPA0OTAHHOTO SIACP-
HOTO TOTIJIMBA M HA BO3MOXHBIC YIICPOBI B CTydac
karactpod tuna YepuoOsutst. B ciyuae coaHeUHBIX
CTaHIUH TAKUX YKACHBIX TIOCACACTBHH HE Oy ICT.

PacnipocTpaneHHe mpoCTOro TenJaoIHepreTH-
YeCKOro yCTpoiicTBa JJisl HArpeBaHHUSA BOAbI A1
ObITOBBIX HYK].

Takue MPOCTHIE COMHEYHBIE BOJOHAIPEBATENb-
HBIC YCTPOMCTBA A WHIWBUAYAIBHBIX OBITOBBIX
HY’KJ MOITHOCTH 3Hepruu rmopsaka 2—6 KBT okaza-
JIMCh B HACTOSIIEE BpeMs 00JIee BOCTPEOOBAHHBIMU .
ITO caMoe MPOCTOE U APEBHEE UCTIOIb30BAHKE COJ-
HEYHOM SHEPruu A MOJYYCHUS TEILNION U Jaxe
ropsied Boabl. B Hamm qHU cTaparoTes co3aaTh Coml-
HEYHBIC, BOXOHATPEBATEIBHBIC YCTAHOBKH, MTOBBIIIAS
ee KITJ u temmeparypy Boaer xo 40-90°C pazmuy-
HBIMH CHIOCOOaMH, MPUMEHSSI COBPEMCHHBIC MaTe-
PHAITBL 7151 MOBBILICHUS CTETICHH MOTTIOIIECHHUS COJT-
HeuHoro nyva. M3panneckue u Hemenkue GupMsl B
3THX paspaboTkax JOOHUBAIOTCS OMPEACICHHBIX Pe-
3yIIBTATOB B UCTIOIB30BAHUH COTHETHOM SHEPTHH AT
OBITOBBIX HYKJ B HCOOMBIINX YACTHBIX JOMAX WU
IPYINax JOMOB. 3aMETHBIC YCIEXH B COBMECTHOM
HCTOb30BAHUH COTHCYHOH SHEPTUH, IHEPTUH BET-
pa u Onomaccer nodbusarotces B [ epMaHuy, TAC Ha 3TH
LN BBIACTSIOTCS AOBOIBHO OONBINHE CPEIACTBA.
Hampuwmep, peruon Hopaxsu-Bectdannen no cyme-
CTBY 00CCIICUHBACT BECh PETHOH BO30OHOBISEMBIM
HCTOYHHUKOM 3HEPTHH, 3TO 00pa3el BCeM APYTHM
peruoHaM cTpaHsl U gaxe Mupa. DKOIOTHYECKH
YHUCTBIH 3HEPTETHUCCKUM HCTOUHHK — BOT camast
TJIaBHAA [ETTb.

Waes ocBoeHNs mycTHIHHBIX TeppuTOpuii Mupa
MyTEM CO3AaHUs OOJBIIOTO KOTUIECTBA COTHEUHBIX
snekrpoctaHiuii (CIC) NOMHUMO reHEPUPOBAHUS
SHEPTHH MOJKET UMETh JATEKO HAYIIHE, BEChMA IMO-
JIC3HBIC TOCIEACTBUA. BaxkHOCTE Takux pabot He-
CpaBHHMA HHU C KAKHIMH BRKHBIMH OTKpbITHAME. Kak
H3BECTHO, HCKOTOPBIC TAKUE OTKPBITHS IPUBOIAT K
00LICYCTIOBEUECKON TPAreJHH, MPUBEIIIHE K MacCOo-
BOMY YHHYTOKCHHUIO BCETO JKUBOTO B IICPHOJ BOCH-
HOTO KOH(}IMKTA, HAMPUMED, Tparcaus XUpOoCHMEI
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u Haracaku. 5 umero B BUIy n300peTeHHUE MOPOXa,
aTOMHOH OOMOBI U JIp.

[NocTeneHHOE OCBOCHHUE IMYCTBIHHBIX TCPPHTO-
pHii yTeM cTpouTenbcTBa Ha HUX rurantckux CIC
NPUBEACT K YMCHBUICHUIO MYCTBIHB, BO3HUKHOBC-
HHUIO )KMBHUTCIBHBIX 0A3HCOB, IAC MOA3CMHAS BOAA
H3BJICKACTCA CaMOU COTHCUHOM sHepruci. Ho camoe
HHTEPECHOC MOCICACTBUC — H3MCHCHHE KIIMMAaTa 32
CUCT MOCTCIICHHOTO OXJAXKICHUS IIaHeTh. Bexp
TEMNIO, NocTynaromee oT conHua (Q,) 6yaer oueHb
MEJICHHO, TO €CTh B OUCHB JTUTCIBHOC BpeMst (HC-
YUCISIEMOE CTONETHAMHU M OOJBINE) YMEHBIIATHCS,
TaK Kak 4acTh 3TOr0 Teria OVACT MEPCBOIUTHCS B
ANEKTPUICCTBO CONHCUHBIMH JJICKTPOCTAHLIUSIMH.
Ota yacTh Hepruu (Q,) HCIOMB3yETCs A pasaud-
HBIX LIENCH, HO HE MICPEBOAUTHCSI TOTHOCTHIO 00paT-
HO B TEIUIO, Kak B cay4ae otcyretBus cetu CIC.
JpyruMu ClioBaMu, €CIH TEIUIO, MOCTYMAIOIICE B
OIPEACICHHBIN PETHOH NYCTEIHU 0003HAYHUTD YCPE3
Q_. Toraa npu Hamuuuu CIC OyaeT pacnpeaenaThb-
¢4 TaK, uto oaHa 9actk Q ucnonrssyerca CIC, a Bes
ocTabHas 4acTh Temna Q Moraomaercs OObIMHBIM
obpasom, T.¢.: Q = Q +Q_, npuuem Q_ moutu He
BO3BpalnacTcs B Terio. B pesynprate daxruucckoe
MOTJIOIICHUE COTHEYHOrO Teruia OVACT YMECHBINAT-
CsI, TAK KaK OKOHYATCIbHOC KOJHUYCCTBO TCILIA TI0-
ayaeHHOE 3THM HOKpBITEIM COC pernoHoM myCThI-
Hu 6yaer Q ~Q < Q

Ecnu Bce myCTBIHHBIC U MTOTYITYCTHHHBIC 36MITH
co BpeMeHeM Oyayt mokpeitel CIC, T.€. moBcemec-
THOC MOTPEOICHHE COMHCYHON SHEPIUH B MYCTHIH-

HBIX TEPPUTOPHAX OYJET OOBIMHOW HOPMOH, TO 3TO
NPUBEIACT K MYCTh JAKE B IIEPBOC BPEMSI HE3aMET-
HOMY YMCHBIICHHIO MOTCILICHUS TUIAHETHI U YCTI0-
BCUYCCTBO OYICT Pa3BHBATHCS JIYULIC, U TIOAH 325K H-
BYT JIyYINC B XOPOIIUX 3KOIOTHYCCKHX YCIOBHSX.
Haunbine uenoBeuecTBo caMo Oy aeT periars npooiie-
MY [ICPCHACEICHHUS TJIAHCTHL M KaK XKHUTh B TapMO-
HHH € IPHPOAOH.
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Pezrome

KyH coyseci KyaThlH Jypbic NaiijjanaHy KepeKTiriH Taj-
KbIJIall, KeNeIeKTe napabononuInHp-KOHI[EHTPATOPIapb]
($oTOTY pACHAIpTIITepMEH Oipre SHepTHs OepeTiHIH Ko37eHai.

Summary

In this paper a number of design models to improve the
effectiveness of solar energy converters by means of parabolic-
cylindrical concentrators are proposed. It is shown that joint
utilization of a photo converter and a photo-thermodynamic
device depending on energy consumption conditions appears
to be preferable.

Hocmynuna 29.11.07e.
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YCHH JOTOITHATEIbHON HH(POPMALMH O MPOTCKAHUH
B KPHUCTAINaxX PagualHOHHO-CTHMYIHPOBAHHBIX
MPOLIECCOB B paMKaxX TPAAWLIMOHHBIX METOAOB HC-
CICAOBAHHH.

Jlannaa paboma evinoineHa npu noOOepIcKe
epanma Ne OH-4.7/2006 Munucmepcmea obpaso-
eanusa u Hayxu PK.
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Pestome

LiKSO, xpucTanuapeiHaarel HoTuMopdThl hasambik
aybICyJIap/(blH PEKOMOMHAITMSIIBIK JTIOMAHECIIICHIIHAFa 9CePiH
3epTTey HOTHIKENepi KapacThpbliraH. KpHUCTaIbIK TOPJbIH
KaiTa KypbLIybl TEPMHUSLIBIK AKTHBTEHY SHEPrHACHIHBIH 63Tepyi
apKLTBI peKOMOHMH aITHSITBIK JTIOMUHECTICHITHSIFA 9¢ep TETIHIr
tarail biHabL. TTonuMopdThl (azanbik aybicy Kpuctanjapia
paguanuanbl-CTAMYIIK MPOIECTePAiH OTyi Typaibl AdCTY i
3epTTeyY SJICTep/IiH TOHIPETIHe KOChIMINA aKmapat aiy YIniH
KOJaHyFa GONMAThIH/IBIFEl KOPCETIIICH.

Summary

In this work the investigation results of the influence by
polymorphic phase transitions to recombinational luminescence.
It is established, that the reorganization of a crystal lattice
renders influence to recombinational luminescence by means
change of its thermal activation energy. It is shown, the
polymorphic phase transition can be used for reception of the
additional information about course in crystals radiation-
induced processes within the framework of researches by the
traditional methods.

Kapazanouncxuii 2ocydapcmeennviii

ynugepcumem um. K. A. byxemosa Hocmynuna 20.11.07e.

11 i CAPCEMBUHOB, H. E. KOPOLOBA

OCOBEHHOCTH ITPOUECCA CYHIKH SJIEKTPO®OPETUYECKHUX
I'EJIEBBIX OCAAKOB ITPU ITOJTYYEHUHU TOHKHUX IIVIEHOK

PaCCMOTpeHLI OTACIILHBIC SIBJICHU S, COIIPOBOKAAIONUC CYIIKY BHGKTpOCbOpCTI/I‘IeCKI/IX OCaJKOB, U3y4YCHaA UX CBiA3L IIPU MO~
CTOSIHHBIX 3HA4YCHUAX NMapamMeTpOB peiKUMa (TeMnepaTypa BO3/lyXa, €ro BJIAXHOCTL U CKOPOCTL INECPCMCIICHUA, TCMIIEpaTypa

HOBerHOCTeﬁ, HaxoJAmMUuXCsa B KOHTAKTC C MaTepI/Ia.]'IOM).

XapakTepHbele OCOOCHHOCTH MPOLIECCA CYLIKH
HATJILAHO BBICTYIAKOT IJTs IPYO0 KAMWIIIPHBIX Ma-
Tepuanos. Ecnu B Havane CymKH MaTepHal UMeeT
3HAYUTCNBHYIO BIAYXKHOCTb, TO B OOIBIINHCTBE CIV-
YaeB OYCHb CKOPO VCTAHABIMBACTCHA TEPMHUUYCCKH
CTaLIIOHAPHOE COCTOSIHUE, T.€. TEMIICPATyPa B Kax-
JOH TOUKE COXHYIIETO MaTepuana CTAHOBHTCH HE-
3aBHCHMOU OT BpeMeHU. [1oka cHbl KanmnIIpHOTO
BCACBHIBAHHUS JOCTATOYHO BEIMKH IS TOTO, YTOOBI
00eCIeYNTs HEMPEPHIBHYIO MOJAYy KHIKOCTH HA
MOBEPXHOCTE MaTEpHana, ¢ KOTOPOH MPOUCXONT €€

HCHapEHNE, CKOPOCTh CYIIKH IPAKTHIECKH OCTACTCS
MOCTOSIHHOH M Onaroxaps ToMy, UTO TEMITEparypa Ha
MNOBEPXHOCTH MATEPHUAJIA TAKXKE OCTACTCS MOCTOSH-
HOH, JaBJCHHE Mapa 346Ch OKA3bIBACTCS PaBHBIM
JaBJACHUIO HAckieHwust | 1-3]. DTo nepseiil nepuon
CYIIKH - IEPHO]] €€ TIOCTOSTHHOM CKOPOCTH g, KI/M>1ac.
B tedenne 3Toro neprnoga CKOpOCTh CYIIKH 3aBUCHT
TOIIBKO OT BHEIIHHUX YCIIOBHH, YIHUTHIBAs KOTOPHIC,
MOKHO JOCTATOYHO IMPOCTO PACCUUTATh BEC BJIATH,
HUCMAPHUBIICHCS 32 U3BECTHBIM IMIPOMEXYTOK BpeMe-
Hu [4-5].
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B nepBoM neprioae CyIIKH NPOUCXOTUT MEpepac-
MPEACTCHUE BIArH BHYTPH Marepuana. Kanunmsap-
HBIH IEPEHOC BIard H3HYTPH MaTepHala Ha ero mo-
BEPXHOCTb MPUBOAMT K MOABICHUIO PA3HOCTU BIla-
TOCOACP KAHUS B PA3NUYHBIX TOUKAX MaTepuana.
B 3aBucHMOCTH OT TOTO, HACKONBKO BETIHKO 3HAYC-
HHE g, & TAKKE OT TOrO, KAKOC 3HAYCHUE UMEET
K03)PUIUCHT KAMHIUTAPHOH BIArOIPOBOIHOCTH,
yepe3 HU3BECTHHIH MPOMEKYTOK BPEMCHH IOCTE
Havaja CYLIKH HACTYHACT TAKOW MOMEHT B XOJE IPO-
Lecca CYWKH T, , IPH KOTOPOM BJIaKHOCTh Ha M0~
BEPXHOCTH MaTepHala CTAHOBHUTCS PABHOU HYIIO
(T.c. MPOUCXOANT NOCTHKCHHIE PABHOBECHOU BIIaXK-
HOCTH XPZBH_ = 0). C 3Toro MOMEHTa CKOPOCTh BBIIC-
JICHUSI BIIArd ¢ OBEPXHOCTH HE MOXKET OCTABATHCH
NOCTOAHHON M PAaBHOH g, T.K. TIPH JAIbHCHIICM
MPOTEKAHUH CYLIKH I'PAIUCHT BIArOCOACPKAHUS, &
B CBSI3H C HUM M BEC KHIKOCTH, MOCTYMAIOMEH H3-
HYTPH MaTepHana o HampaBICHHUIO K €ro MOBEPX-
HOCTH, OyayT ymeHbmarbcs. C Opyrod CTOPOHBI,
YCIIOBHSL, onpeae/siome Auddy3uro napa ¢ moBep-
XHOCTH MaTepHana B BO3AYX, OCTAIOTCS PEKHAMHU.
[TosTOMY CHIKEHHE CKOPOCTH CYIIKH ITOCIE TAK Ha-
3BIBACMOM KPUTUUIECKOH TOUKU BO3MOKHO TOJIBKO B
TOM CJIY4ae, €CIM UCTIAPCHUE BIArH IPOUCXOANT HE
Ha MOBCPXHOCTH MaTcpHaa, a BHyTpH Hero. Teneps
BIIara BHYTPH MATCPHANA B )KUAKOM BHIE IBHUKCTCS
TOJBKO IO 30HBI HCHAPEHHUS, OT STOH 30HBI A0 MO-
BEPXHOCTH MaTepHasia oHa 3a cuet auddy3uu napa
MEPEMEIIACTCS YePe3 CYXUE CIION MaTepuana [Ko3d-
¢unueHT conporusicHus Auddy3nun onpeaesaeTcs
kak W = p / ‘W] u, HakoHeN, B Pe3yabTaTe Maccood-
MCHA 3TOH MOBEPXHOCTH C OKPYKAIOLICH Cperou
BlIara nepexoauT B Bo3ayX. Ecnu n3sectHa 3aBucu-
MOCTb KO3(PHIMEHTA BIArOMPOBOIHOCTH MATCPH-
aja OT €ro BIArOCOACPIKAHUS, TO MONOKCHUE 30HBI
HCHapeHus B Tr000H TaHHBIH MOMEHT MOXKHO OITpe-
JCTUTh JOCTATOYHO mpocTo. B ofmmem Buze 3Ty 3a-
BHCHMOCTb YCTAHOBUTEH TPYAHO, HO A KXKAOTO
KOHKPETHOT'O MPAKTHICCKOTO CIIyYas €€ MOXHO YC-
TAHOBHTB, €CJIH U3BCCTHO COCTOSHUE MATEpHUAa B
KOHLIC Cymku [5-7].

s onpeaeacHus CKOPOCTH CYLIKKA HEOOXOau-
MO 3HATh HE TOJBKO MECTO PACIONIOKCHUS 30HBI
HCMAPCHUSL, HO H YCIOBHSL, ONIPEACIAOIINE CKOPOCTh
JudY3UN U TEIIONPOBOIHOCTb.

Becr mpouecc cymku npu NOCTOSHHBIX BHE-
IIHUX YCIOBUAX MPOXOJUT B CICAYIOLIEM TOPSIIKE.
B nepBom neprosie CKOpocTh CYHIKH g, MOCTOSHHA
U 3aBHCHUT TOJNBKO OT BHEIIHUX ycnoBui. [locne

JOCTYDKCHHSI KPUTHICCKOH TOUKH, (KOTOpas 3aBH-
CHUT TONBKO OT KaIMJIISIPHBIX CBOHCTB MaTepHana),
BO BTOPOM IEPHOJE CKOPOCTh CYIIKH CHIKACTCS.
B koHI1Ie mporecca CyIKH €€ CKOPOCTh g, OMpee-
JSIeTCs CKOPOCThIO nuh(hy3un napa B MaTCpUaIe, €ro
TEIIONPOBOJHOCTHIO M BHCIIHHUMH YCIOBUSIMH.
Eciu H3BeCTHA KPATHYCCKAS TOUKA T, T.C. MOMCHT,
KOTAa KOHYACTCS MEPBbIH NEPHOA CYLIKH H HAYHNHA-
€TCsl BTOPOH, TO BECh MPOLECC CYIIKH 10 HEKOTO-
POH CTENECHU MOYKHO CUUTATh BBISICHCHHBIM, TAK KaK
B 3TOM CJIy4ae MPOCTO ONMPEACIICTCS KaK Havallb-
Hasl, TAK U KOHEYHAS €ro CKOPOCTH.

HccnenoBanne KamuamsapHOro MEpeHoca BIaru
MOKA3BIBACT, UTO BJIATOCOACPIKAHHE THOOOr0 MaTte-
pHaia B KPUTHICCKOW TOUKE OJHO3ZHAYHO OINpPEIc-
JSIETCS IPOU3BEACHAECM HAUaTbHON CKOPOCTH CYIIKH
g,, Ha TOMIMHY Matepuana (Ipu ABYXCTOPOHHEH
CYLIKE HA TMOJIOBHHY €r0 TOJIIUHBI). JTa 3aBHCH-
MOCTb OTIPEACTACT COOOM TaK HA3BIBACMYIO KPUBYIO
KPUTHUYECKUX TOUEK. TS KasKA0ro ONpeacicHHOrO
MarepHaia e MOXKHO MONYYHTh IKCICPUMCHTAIb-
HBIM TyTeM. BiusHue TemmepaTypel Ha XapakTep
3TOH KPHBOU ONPEACIICTCS BA3KOCTHIO KU IKOCTH,
COCTaBJIIONICH Bary Matepuana [7].

[lepron, npu KOTOPOM CKOPOCTH CYIIKH CTpE-
MUTCS K HYJTIO, HA3BIBACTCS TPETHUM IICPHOAOM CVII-
ku. B 3TOM mepuoe nposBisSroTCs APYrHe 0COOCH-
HOCTH IPOLIECCA, OTIHYHBIE OT TEX, KOTOPHIC XapakK-
TEPU3YIOT IIEPBBIN U BTOPOH ee niepuoasl. [pu cymm-
K€ BCE TPH IIEPHOJA UMEIOT CBOU OCOOCHHOCTH, 3HA-
HHUE KOTOPHIX 00ECIICUYNBACT BO3ZMOXKHOCTb CPaBHU-
TENBHO MPOCTO PACCUUTATE Beck mpouecc. B Hacto-
AmIed paboTe MPEKAE BCETO PACCMATPHBACTCS CBS3b
MEKAY KAMHUTIPHBIM IEPEHOCOM KHIKOCTH U TU(-
(dy3ucii mapa B IpOCTOM MOAC/H, 3aTCM H3IATAKTCS
PE3YABTATHI IKCICPUMEHTOB CYILIKH 3JICKTPOdOpeTH -
YECKHX OCAJKOB H MPOBOJUTCS WX HHTCPIPETALHS .

Y cTaHOBUTH 3aKOHOMEPHOCTH MPOLIECCA CYIIKU
Pa3THYHBIX MAaTCPHATIOB MOXKHO HA OCHOBE JKCIIC-
puMeHTOB. [IpH 3TOM ONMBITHBIM MYTEM JOKHBI
OBbITh BBUIBICHBI CICAYIOIUC JAHHBIC!

1. TTocrosHAOE 3HAYEHNE HAYAIBHON CKOPOCTH
CYIIKH g, ;

2. 3aBUCHMOCTb CKOPOCTH CYIIKH OT BIaKHOCTH
JTr000r0 MaTepUana B KPUTHICCKOH TOUKE, BRIpaXac-
Mas cooTHoleHHeM (1), koTopas xapakTepusyercs
KaHUTSIPHBIMHA CBOMCTBAMH MaTepHaia U 3Haduc-
HHEM BEJIUYHMHBI Gy, /M;

3. Koneunas cKOpOCTh CyIIKHM g .. 3aBUCAINAS
ot yciaoBul quddysum.
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I’ITO6I>I OOJYyYUTDh 53TU JAHHBIC, SKCIICPUMCHTAJIb-
HOC UCCICIOBAHUE CYIIKY CIACIYCT IPOBOJINUTE TTPH
MOCTOSHHON TEMIIEpaType COXHYIIErO Marepuaa.
Ecmu cymmika MaTepuana mpoBOAUTCS TAK, UTO MCTIa-
PCHUC BJ1aru nmpoucxoaur ¢ O,Z[HOI\/'I Cro CTOpOHEI, TO
NOCTOAHCTBO TCMIICPATYPHI MaTCpHraIia MOXKCT 6LITL
00ECIICUCHO TOMBKO B MEPBHIA mepuox cymku. Bo
BTOPOM €€ MECPHOAC 3TO MOKET OBITh JOCTUTHYTO
TOJBKO € HCKOTOPBIM HpI/I6J'II/I>KeHI/ICM ABYM: CJIC-
JOVIOIIMMU MY TAMHE: THO0 MOABOAOM TEIlIa, HEOOXO-
JTUMOTO JIJIS HICIIAPCHUS BJIATH U3 MATEPHANA, 33 CUCT
OOMyUCHHS €rO MOBEPXHOCTH, JTHOO MyTEM OXJTakK-
JCHUS MaTepHaIa 10 TEMIICPATYPH MOKPOTO TEPMO-
metpa [7].

Ha puc. | nokazana cxema skCiepuMEeHTATIbHON
YCTaHOBKH, HpeﬂHaSHaquHOﬁ A4 UCCICAOBAHUA
cymku. B cymmuapHbIN KaHAT 0 BEHTHILTOPOM TIO-
JACTCS CMECh BO3AyXa MOMEIICHUSA ¢ HAPYKHBIM
Bo3ayxoM. COCTOSHHE ITOM CMECH MOKET TIOAACP-
KUBATHCA NOCTOAHHBIM ITYTCM U3MCHCHUA KOJTNUYC-
CTBA BJ1aru, HO,Z[aBaCMOﬁ B HCC YBJIAKHUTCJICM 6, a
TaKKE PEryJIUPOBKOU XOJOIUIPHUKA 6 U HATpEBaTe-
s 0. ITpoGer BceneayeMoro MaTepuana x,, x,, ix,,
K 4o HaxXoadmuecda B KPYIJIbIX MCTAUIMYCCKUX UITU

CTCKIISHHBIX COCYAAX €, YCTAHABIHMBAIOTCS HA ILIO-
IIAJKU NPYKUHHBIX BECOB U BBOASATCS B OTBEPCTHS
KaHala d TaK, YTOOB! UX BEPXHSA OTKPHITAS MOBEPX-
HOCTb Pacroiaraiach Ha ypOBHE BHYTPCHHEH KPOM-
kH KaHana. ITocTosgHCTBO TeMmepaTyphbl MPOOHI
MOJACPKUBACTCS TEM, UTO COCYA €, B KOTOPOM OHA
MOMEIIECHA, OXJIAKIACTCS BOISHON pyOaIko.

IToBepXHOCTH MPOGHI K, MOMYYAET SHEPTHIO
H3MYYCHHS OT JJICKTpHUecKor crupanu u. [1poda
YCTaHOBJICHA TaK, UTO MO HEH Ha CIELIMATIBHOM MTPHU-
JKUMHOH IITUTE UMeeTCs 000rpeBaTenp K. ITO JacT
BO3MOXKHOCTb M3YUUTh BIUAHUC KPATKOBPEMCHHO-
ro BO3JCHCTBHA Harpesa Ha cymky. IIpoba x, He
HUMECT KaKUX-THOO0 MPUCTIOCOOICHHH, KOTOPBIC MOT'-
A OBl U3MEHHUTD PEeKUM cymKH. COCTOSHHE 3TOH
poObl B THO00H AAHHBIH MOMEHT ONPEICIACTCS TEM,
YTO TEIIO, HEOOXOAMMOE AJI MCIIAPEHHS U3 Hee
BIIATH, MOJYYAECTCS 32 CUET TCIIONPOBOAHOCTU H
H3TYYCHUA OT OKpyzKraromux nosepxuocteil. Cocros-
HHE BO3AYXa, T.. €r0 TEMICPATypa U BIAKHOCTH,
OTIPEACTACTCS MOKA3AHMIMU CYXOro TEpMOMETpa t
1 MOKpOTO t .

TeMnepaTypa Ha HOBEPXHOCTH HCTIAPCHIS 00pas-
LIOB M HA IPOTHUBOIIOIOXKHBIX MOBEPXHOCTIX U3ME-
pseTcs TepMOIIapaMu, COOTBETCTBYIOIIMM 00pa3oM
MPUCOSTMHCHHBIMH K 3THM MOBepxHOCTsSM. Bec 00-
Pa3LoB ONPEACIISICTCS B3BCIIMBAHUEM C TOYHOCTBIO J0
0,1 mr. Ha puc.e 2 npuBeaeHs! KPUBBIE, IOCTPOCHHBIC

150
1] .

[uioln)
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Puc. 1. Cxema YCTaHOBKHU JJI UCCIICIOBAHU A IIpOIecca CYIIIKN
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Puc. 2. JIByXCTOPOHHSS CYITKA HIEKTPOPOPETHIEKAX
0CcaKOB OMMETAUTHIECKUX ATKOKCHIHBIX KOMIJIGKCOB
¢ TOJIIMUHOMN ¢Jiosl 2 MM TIpH TeMIepaTtype Boszayxa 25°C
A OTHOCHTENILHOM €ro BlaxkHocTu 53,7 %.

Ocp abcemnuce - cpeaHsas “cBoOoAHAA™ BIAKHOCTE XM, Bec. %o
OCh OpJMHAT - CKOPOCTh CYIIKH g, I/eM™.
O603HaUeHUS KPUBBIX:

(1) — cxopocTh Bo3ayxa 1 cm/c;

(2) — cxopocTh BO3yXa 2 cM/C;

(3) — cxopocTh BO3yXa 3 cM/c;

(4) — cxopocTh Bo3AyXa 4 cMm/c

[0 PE3yNbTATAM HCCACAOBAHUN CYIIKH MIOCKHUX
IJIACTHH B MOTOKE BO3AyXa, TEMIICPATYPA, OTHOCH-
TEMBHAS BIAKHOCTh H CKOPOCTh KOTOPOT'O MOTJTH ME-
Hatecst. CoAepikaHue «CBOOOIHOM BIArH» JAHO B
MPOLICHTAX K BECY CYXOro Marepuaja, MpHIeM BEC
«CYXOro MaTepuasnay ONMPEICICH MO H30TepMaM
COpOLIMH MPH PABHOBECHH € BO3AYXOM TaKOrO CO-
CTOSTHHSI, KAKOC OH MM TPH OTbiTax. PesyapTars:
KCCICAOBAHUS LIOCKUX IMJIACTHH C Pa3MepaMu
20 x 20 MM ¢ pa3IUYHON TOIIIHHOHN 3JIeKTpOodope-
Trdeckoro ocaaka (ot 0,5 10 2 MM) B CYIIHUIBHOM
KaHAJIC MO3BOIMIN BBHISIBHTh CICAYIOUIHUC 3aKOHO-
mepHocT. He cmotpsa Ha pasmuuune snexrpodope-
THYECKUX OCATKOB (MPOCTHIX WK OHMETATIHYCC-
KHUX KOMITICKCOB) BCC KPUTHUICCKUC TOUKH YKIIAbI-
BAKOTCS HA OJHY O0IIyI0 KpuByr. OIHAKO MpocTas
SKCTPATTOSITUS KPUBBIX CKOPOCTH CYIIKHM HE TIPH-
BOJAUT K CKOPOCTH, PABHOH HYJIIO IPU BIAroCOACP-
skaauu X = 0. OueBHIHO, 34ECh TAKKE HMEET MECTO
TPETUH NEPUOA, CYLIKH.

B sTHX ombITax YCKOPCHUE CYIITKH TTPOUCXOIH-
JI0 IIPH HOBBIICHHOH TeMIepatype Marepuaa. [Ipu
KCCIICAOBAHUM CYIIKH BCEX DJICKTPO(DOPETHUCCKAX
OCaKOB B MECPBOM ICPHUOAC TCMIICPATYPA BHYTPH
Marepuana Onu3ka OblIa K TEMICPATYPE MOKPOTO
TepMomeTpa. Takue e pe3yabTaTel ObLITH MOTYUICHBI

——1
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Puc. 3. J[ByXCTOpOHHSS CyITKa HIEKTPOPOPETHIECKOTO
ocajkxa OMMeTaNTMIEeCKAX AIKOKCHIHBIX KOMILTEKCOB
B M30IpOIaHoNIe ¢ TOJNIUHOM cnos 2 MM TIpU TeMIlepaType
MoKporo TepMometpa. Ock abeluce - cpeHss “crodomHas’
BIAKHOCTh X , Bec. %, OCh OPAMHAT — CKOPOCTh CYIIKH g,
r/em’u. Temmepatypa Bosyxa t, = 25°C,
€ro ckopocTh W = 2 em/c. (1) - KPUTHUECKUX TOUEK
npu Temmnepatype obpasiia okono 19 °C; (2) - temiepatypa
Bo3/yxa 45°C, temnepatypa obpasifa okono 35°C;

(3) - Temnepatypa Bo3myxa 35°C, TemiepaTypa oOpasiia
okono 26°C; (4) - temnepatypa Bozayxa 25°C, temneparypa
obpasiia okoio 19°C; (5) - Temmepatypa Bosayxa 15°C,
Temmepartypa obpasiia okoio 10°C

MPH CYLIKE ¢ MOCTOSHHOM TEMIIEPaTypOH BO3AyXa,
HO MIPU PAa3HOU €ro OTHOCHUTEJIbHOHN BJIA’KHOCTU.
Temneparypa MaTepuaia Takxke Moaydyanach pas-
JAYHOU.

Ha puc. 3 u 4 mpeacTaBneHsl KpUBBIE, TPOXOIS-
IIHE Yepe3 KPUTHUCCKHE TOUYKH MPH TEMICPAType
matepuana 19°C, cormacho puc. 2.

Tam ke JaHBl KPHBBEIC CKOPOCTH CYIIKH MPH
Jpyrux Temmeparypax marepuana. Kak BugHO w3
rpadukoB, npu Oonee BEICOKOW TEMIEPATYPE BIAK-
HOCTb MaTcprana B KpUTHYCCKOU TOUKE OKa3bI BACT-
cs MEHBIIE, & MPH HU3KHX TEMIEPATypax - BBILIC.
W3 npyrux uccneaoBaHui, 31¢Ck HE ONTUCHIBACMBIX,
ObLIO HAWJCHO, YTO OPAMHATH KPUTHICCKUX TOUCK
MPH Pa3HBIX TEMIICPATYPAaX U3MEHSIOTCS C H3MCHE-
HUEM BS3KOCTH TUCICPCHOHHOW CPEAbI, MPUUYEM
00paTHO MPOIMOPLUOHATBHO.

Uccrnenosarmnsa mokazanu, 4TO KanvLIApHAL
MPOBOJUMOCTb TeM OOIbINE, YeM OONbIIC pa3MEpPh
HMCIOT YaCTHYKH OCAAKOB, & CICIOBATEIBHO, UTO
KPHUTHICCKAs BIAKHOCTh MaTEpHAa TEM MCHBIIE,
yeM OomblIE pasMepsl ero dacTuduek. Brarooraaua
0CAIKOB MPOUCXOANIA C TIOCTOSHHOU CKOpPOCThIO. [lo
MEpe CYIIKH MPOCTIOHKH BIATH MEXKIY YaCTHLAMMU
Jenanuck Bee ToHbLIe. [Ipu JocTikeHIH HEKOTOPOH
BIQYKHOCTH CKOPOCTh YIOAJICHUS BIArd MepecTacT
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1 - KpuBast KPUTHUECKUX TOUEK
Mpu TemmepaType obpasiia okono 19°C;
2 - oTHOCUTeJNbHAS BIaXKHOCTh Bo3zjyxa 18,7 %,
TemIepaTypa obpasia okono 12°C;
3 - oTHOCUTENbHAS BIIAXKHOCTEL Bo3ayxa 21 %,
Temmepatypa obpasiia okono 12.5°C;
4 - oTHOCHUTeNbHAs BIAXHOCTL Bozayxa 53,7 5,
TemIepatypa obpasia okono 19°C;
5 - OTHOCUTENbHAS BIaXKHOCTh Bo3ayxa 75,8 %,
TemImepatypa obpasiia okoio 22°C.

0 5

10 15 20 25 30 35 40 45

Puc. 4. J[ByXCTOpOHHSIS CYIIKa BIEKTPOPOPETUIECKOTO ocajika OMMEeTAIINUECKNX alKOKCHIHBIX KOMILICKCOB
B M30IpOIIaHoJIe ¢ TONIUHON ¢I0sl 2 MM IpH TeMIlepaType MoKporo TepMoMeTpa. Ock abemuce — cpegHsst “cBobogHas™
BIaKHOCTh X, Bec. %; OCh Op/IMHAT — CKOPOCTh CYIIKH g, I/eM™u. TemmepaTypa Bosnyxa t, = 25°C, ero ckopoeTh W = 2 eM/c
B »1mx ombITax yekopeHHe CYIIKH IPOMCXOMIIO TIPU NOHMKSHHOH TeMIepaType MaTepHana

OBITh MOCTOSIHHOH. JTO HACTYMAIO TOTAA, KOTAA
OCAJKU 3aTBEPACBAIH H IPEBPALLAIUCE B MATEPHAT
€ AOCTATOYHO CTAaOUIBHON KAMMJIIIPHOW CHCTEMOH,
HUMEIOLIEH ONPEASICHHYIO BETUYNHY KA/ UTAPHON
npoBoanMocTH. Jlo 3TOro MOMEHTa JOCTaTOYHO Ca-
MOH HE3HAYHUTEIBHOU PA3HOCTHU BJIArOCOACPKAHUS
JUTS TIEPEHOCA BIIary K MOBEPXHOCTH MarepHuana. Bo
BTOPOM IEPHUOAE CYLIKU, KOTOPBIH NMPOXOAUT C
VMEHBIIAIOIICHCS CKOPOCTBIO, B JIFOO0H MOMCHT HET
YCTKO BpraX(CHHOI\/'I 30HbI UCMTIAPCHUA BJIATH, U IICPC-
Xon4 oT FHFpOCKOHH‘ICCKOﬁ BJIAKHOCTH K PABHOBCC-
HOI DPOUCXOAUT MOCTCIICHHO B TCUCHUC AJIUTCIIb-
HOTO IIPOMCKYTKAQ BPCMCHH.

Cywika anekmpogopemuieckux ocadxkos usz
CBENHCENPUZOMOBIEHHBIX 30€l AIKOKCUO06 Me-
manios. DnexTpodOpeTHICCKUE OCATKH H3 CBEXKE-
MPHUT'OTOBIICHHEIX ATKOKCHI0B METAIIIOB OTIIHYAOT-
€5l OT PACCMOTPCHHBIX BBIIIC MATCPHAIOB TEM, UTO
B HHX HET MOP, 3aMOTHEHHBIX BO3IYXOM, B KOTOPBIX
Moria 6b1 poricxoauTs AnGdy3us mapa. ITo CBOK-
CTBO MOJKHO OXapaKTCPU30BATh TEM, YTO MPHHATH
3HaveHue ko3¢ dunuenTa conporusicHus auddy-
3UH |\ paBHBIM OCCKOHEUHOCTH. Brinie 6b11o moka-
3aHO, YTO B 5TOM CITy4ac CYIIKa IPydo KA PHBIX
MaTEPUAJIOB XapaKTCPU3YETCsl KPUBOM, MPOXOAAIICH
yepes kputrucckue Toukn. Ho tak kak anekrpodo-
PETHYCCKHE OCATKH HE SABIIIOTCS IPY00 KaIHILIIIp-
HBIM MaTEPHAIIOM, TO MPH CYLIKE 3TOr0 MaTcpraa
HEOOXOAUMO VUECTh CICAVIOIINE MONTOKCHHUS.

Iepenoc Baaru B xuaAKoH ¢haze noa ICHCTBUEM
KaIlTUJUTSPHOTO BCACHIBAHUS, PA3HOCTH OCMOTHYCC-
KOTO AABJICHUS WU APYTOH aHATIOTUUHOW CHIIBI MO-
JKeT OBITh OIUCAH BHIPAKCHUEM

drl,
dz

[Tpu 3TOoM Ge3pasnuyHo, YeM onpeeseTcs 3Ha-
yeHue K03 ((UIUEHTA BIArOIPOBOAHOCTH: IICPECHO-
COM MOJ ACHCTBHEM KAIMUTSIPHOTO BCACHIBAHUS HITH
Juddy3ucH KUAKOCTH U3 OTHOU YaCTH BELICCTBA B
apyryro. OUeBUIHO, YTO MEPEHOC BIATH 31ECh MPO-
HUCXOTUT HE MOX ACHCTBHEM IPaJUCHTA AABICHHUS
napa dP /dz, a moa aeficTBUEM rpafueHTa KOHLIEHT-
pauuu Braru dI' /dz.

Cymka MatepuanoB, BHYTPU KOTOPBIX HEBO3-
MoxxHa Juddyaus napa, MPOUCXOINT TaK, YTO MOCIE
JOCTHKCHHS KPUTHYECCKOH BIAKHOCTH MPOLIECC Xa-
PaAKTEPU3YETCS KPUBOH KPUTHUECKHX TOYCK. B mo-
JMABJSIFOIIEM OOJBIIMHCTBE CIy4acB mpu 0oJiee
BBICOKOH TEMIICPATYPE U CKOPOCTH BO3AyXa SKCIIC-
PHUMCHTAIBHEIC TOUKH JISKAT BBILIC, YEM TE TOUKH,
KOTOPBIC XapaKTEePU3YIOT MPOLIECC CYIIKU IpH Oosee
HU3KOH TEMIEPATYPE U MEHBLICH CKOPOCTH BO3IYXA.

Kpurnueckne Touky B JaHHBIX 3KCICPUMEHTAX
HE HecnenoBatuck. Temneparypa MaTeprana Beeraa
Obla MPAKTHYCCKU PaBHA TEMIECPATYPE BO3AYXA.
ITO MOKHO OOBSCHUTH TEM, UTO MPH JTIOOBIX BHE-
IIHUX VCIOBUAX HA MOBEPXHOCTH MATEpUANA YCTa-
HABJIUBACTCS PABHOBECHAS BIAXKHOCTh, COOTBETCTBY-
oas u30TepMamM copOLIUU IPU JAHHBIX BHEIIHUX
VCIOBUAX (KOJHYCCTBO CBOOOJHOUW BIArd paBHO
HYJIIO), ¥ BECh IPOLIECC CYIIKH OMPEACTIACTCS KO-
YECTBOM BIIATH, KOTOPAs MEPEHOCHTCS M3HYTPH Ha
MOBEPXHOCTh B 3KUAKOU (aze [4].

N3 ananmza pe3ynapTaToB 3KCIICPUMEHTATBHBIX
HCCTICAOBAHHUN TAKUX MATCPUATIOB, BHYTPH KOTOPBIX
HE MOXKET MPOUCXOANTD nuddy3usd napa, ClIeayer,

2

ng-m
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YTO YISl HUX UMECTCS O/IHA KPHUBAsI CKOPOCTH CYIIKH,
KOTOpPas COBMAIACT C KPUBOH KPUTUUICCKHX TOUCK.
CKOpOCTh CYIIKH, COOTBETCTBYIOLIAS KAKOMY-THO0
3HaueHuIo oTHOIEHU X /X, 06paTHO MPONOpLKo-
HAJIbHA TOJIIIUHE MaTepuaia s. B ¢Bs3u ¢ atum 1iu-
TENPHOCTH CYIIKH PACTET, KAK M KBAPAT TOMIIHHBI.
VBeAHUCHUE CKOPOCTH CYIIKH TAKUX MATCPHANOB 33
CHCT YBEIMUCHHUS CKOPOCTH BO3AYXa JIMOO HEBO3-
MOXKHO BOOOIIE, JIMOO OUCHb HE3HAYUTEIILHO. ITH
CBOMCTBA XaPaKTEPHBI HE TOTBKO [l HCCICTYEMBIX
MaTCPHUAJIOB, HO U JUTS TJIMHBI, KCJIATHHA U AHAJIO-
TUYHBIX MaTepuasios [7-9].

Ananusz npoyecca cywixu. PaccMOTPEB pe3yiib-
TaThl 3KCIOCPUMCHTATBHOTO HU3YYCHHUS MPOLICCCOB
MEPEHOCA TUCTICPCHOHHOHN KUAKOCTH B 3IEKTPOdO-
PETHUCCKUX 0CATKAX MPU CYIIKE, KOTJAA B CYLIHTb-
HOM KaMepe MOAACPKUBAIACH TTOCTOSIHHASL, HE MPE-
soimaromas 50 °C remneparypa, a OCHOBHBIMH MPO-
ueccamu Obin auddysus mapa U KamHUTSPHBIHT
MEPCHOC JKUAKOCTU, OBLIN HAHJACHBI CIICAYOIINC
3aKOHOMEPHOCTH, KOTOPHIC B JAJTbHEHIIEM OBITH
KICIIOIb30BAHBI AJIS1 POCTHIX PACUCTOB MAPaAMETPOB
cymiku: 1) Ha9aabHON CKOPOCTH CYIIKHM g, IEPBOTO
HEpHOAA; 2) KOHEUHOH CKOPOCTH CYMIKH g BTOPO-
ro ¢¢ mepuoaa, 3HAHUE KOTOPOH BMECTE ¢ M3BECT-
HBIM TOJIOKCHUEM KPUTHYCCKOH TOYKH MO3BOJISICT
JOCTAaTOYHO TOYHO OXAPAKTCPU30BATH BTOPOU IIEPH -
O CYWIKH; 3) U3MCHCHHUSI CKOPOCTH CYIIKU B TPE-
ThEM TICPUOJC B MATCPHAIAX CO CIIOKHOHN KAITUJLLIP-
HOH CHCTEMOH, NPH KOTOPOH BTOPOH NEPHOJ CYIIKH
MPOIOIKACTCS TOJBKO MO HM3BCCTHOM BIAKHOCTH
Marepualia, Koraa JJOKaIbHAS BIKHOCTh BO BCEX €r0
TOYKAX HE MPEBBHIIIACT rUrpockomuucckoi. Ilpu
JOCTH)KCHHU PABHOBECHOU BJIAXKHOCTH CKOPOCTh
CYILIKH MAAACT 0 HYJIS.

3HAHUC ITUX CKOPOCTCH MAaeT BO3MOMKHOCTH,
XOTS U OPUCHTHUPOBOYHO, HO MPOCTO OMPEICIUTD
JUIATSIBHOCTH CYIIKH MAaTepHANa MPH JOOM CIIo-
co0Oe cyuiku. OnpeacneHue NePeInCICHHBIX CKOPO-
CTCH OKa3BIBACTCS JOCTATOYHO MPOCTBIM, TaK Kak
OHO TpeOYeT ydeTa HE BCEX BO3MOXKHBIX MEPSHOCOB
(Teria, ’KUAKOCTH U Mapa), a TOIbKO MEPEHOCA TCIT-
na u mapa. Kpome Toro, npu onpeaeneHuu g, Mox-
HO HPUHSTH, YTO B MICPBOM MIEPHOAS CYLIKU KAKIbIH
M3 3TUX MPOLISCCOB SBISCTCS CTalOHApHBIM. Tou-
HO TaK 7K€ U TP ONPEACTCHHH g . MOKHO CUUTATh,
YTO B KOHIIE BTOPOTO MEPHUOAA CYIIKH 00a STHX MPO-
LIECCa TAKKE OKA3BIBAIOTCS CTALHOHAPHBIMH,

Jst ompeneneHust CKOPOCTH CYIIKA B TPEThEM
MCPUOAC MOMKHO MPUHSTH AOMYIICHUE, YTO OHA M3-

MEHseTCA IO NPAMOTHHEHHOMY 3aKkonHy [3]. Braua-
JIe paccMaTPUBACTCs MEPBbII NEPHOA CYIIKH, KOTAa
CKOPOCTB CYIIKU C HEKOTOPBIM NPHOIKCHHEM MOK-
HO CUUTATh MOCTOSHHON M 3aBUCSIIEH TOJIBKO OT
BHEIIHUX ycnosui. [Ipu pasHeIx crocobax cymku
CO3JAI0TCS PA3NUYHbIC BHEIIHHUE YCIOBUS TEIIO- U
maccoodmeHa [4]. B 3aBUCHMOCTH OT YCIOBUI TCII-
7000MEHa CIEAYET pasnuyarTh CIACAYIOIINE CIIOCO-
OBl CYIIKU:

1. KonBekTHBHAA CyIIKa, IPH KOTOPOH TEIIIO-
HOCHUTETb SBISETCA OTHOBPEMCHHO U CYIIUJIBHBIM
areHToM. C10a OTHOCATCS BO3AYIIHAS CYIIKA, CYII-
Ka MpU HEOOJBIIOM BaKyyMe, CYIIKA MEPErpeThiM
MapOM U CYIIKA JIMOBBIMH Ta3aMH.

2. PagnanpioHHas CyIKa, KOTIa Iepeaata SHep-
MM U3IYYCHHS JOMOMHACT TSIUIONEPEaAayy W SB-
JSETC CAMHCTBCHHBIM HCTOYHHKOM CHAOXKCHHS
JHCPTHUCH, HCOOXOTUMOM JJTS CYIIKH.

3. KonTaxtHas cyimka, Korga HeoOX0AUMOE AT
CYIIKH TEIIO TOABOAUTCS K MATEPHAITY 33 CUCT KOH-
TakTa ¢ 00OrpPeBaACMBIMH HMOBEPXHOCTAMH (BATIBLIO-
BBIC U OapabaHHbIC CYINMIKY, BAKYYMHAs CYIIKA C
KOHTAKTHBIM O0OTPEBOM U AP.).

Jns Bcex 9THX cnocob0B CKOPOCTD CYIIKH B IEP-
BBIH MEPUOA MOMKET ObITh MOJACYUTAHA JOBOJBHO
npocto. Konen mepsoro mepuoaa cyiiky, T.€. KpH-
THYECKAS TOYUKA, MMOJIOKEHHUE KOTOPOH 3aBHUCHT OT
KamWIUIIPHBIX CBOHCTB MaTepuana, B HACTOSLICE
BPEMS MOKET OBITh OMPEACIICH TOMBKO SKCICPHUMEH-
TanbHO. MOXHO C HEKOTOPOU CTEMICHBIO MPHOTHKE-
HUS MOIYYUTh KOOPIWHATH KPUTHYCCKOW TOUKH,
€CITH M3BECTHA 3Ta TOUKA JUIA APYroro Marepuasia,
OGIU3KOro MO CBOHCTBAM K HCCICAYEMOMY (HCITOMb-
3vs KPUBYIO KPUTHUECKHUX TOUeK). [ lonoxkenue aToi
KPUBOU CYIIECTBEHHO 3aBUCUT OT (POpPMBI MaTepHana
(muTockast MIacTUHA, HUTHHAD).

Konen cymky, 3aBUCAIIMN OT TOMIIHHBI MaTe-
puana u ycaosuil auddy3un U TEIooOMeHa, TakK-
JKe paccunTeIBacTCA. g MaTeprasos co CloKHON
CMEIIAHHON KaMWISIPHON CUCTEMOH, BKITFOUAROIICH
KaK TOHKHE, TaK U IPyOble KAIMHIULIPB TPEOyeTcs
MOJCYUTATE CKOPOCTh CYLIKH BO BTOPOM NEPUOJC,
TOTJa MOKHO TIONYYHUTh MPEACTABICHHUE O BCEM
MMPOTEKAHHUH IPOLIECCA CYITKH BO BTOPOM TIEPHOE.

TpeTuii mepruoA CYyIIKH MATECPHATIOB CO CMEIIAH -
HOW KanWJIAPHOM CUCTEMOMN, C OJZHOH CTOPOHBI,
3aBUCHT OT JU((PY3HOHHBIX CBOMCTB MaTepuana u
BHEIIHUX YCIOBUH, a, ¢ APYTOH CTOPOHBI, TAKXKE U
OT BIarocoepskanus Marepuaia. Tak kax auddy-
3HOHHBIC CBOICTBA TAKHX MATEPHANOB B MPOLECCE
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CYIIKH MPAKTHIECKH HE MEHSIIOTCS, TO MOXKHO JOC-
TATOYHO MPOCTO MATEMATHUYECKH OMHUCATh MPOLIECC
CYIIKH B 3TOM nepuozae. Taxum oOpa3oM, mposeas
aHATU3 HEKOTOPHIX BUJOB CYIIKH, MOKHO MMPHUHUTH K
CIICAVIOLOUM BBIBOJAM.

Beimy u3ydeHBl BCE BHABI CYIIKH C BHELTHHM
MOABOJOM TEINA (CYIIKA H3TYICHAEM, KOHBCKTHBHAS
cymka). Hailineno, 4to Bce TpH HepHoaa CYIIKH B
BaKyyME IPOTEKAIOT TaK Ke, KaK U MPH BO3IYIIHOH
cymke. B kpuTHUECKOH TOUKE 3aKaHIMBACTCS TEp-
BHIU Meprof. B cooTBeTcTBHY C HANpaBICHUEM TIepe-
Ja4u Terria (1o HanpaBICHHUIO MEPSHOCA Napa UK B
MPOTUBOIIOIOKHOM HAIMPABICHUH) BHICYIIHBAHUEC
HAUYUHAETCA C TOM CTOPOHBI, C KOTOPOIl MPOBOAUTCA
TEIUIO, T.€. NIPU KOHBEKTUBHON U paJuallMOHHOMU
CYIIKE Y TOBEPXHOCTH, MPUMBIKAIOIIECH K CYIIUIBHO-
MY arcHTy, a PY KOHTAKTHOH CYIIKE Y TOBEPXHOCTH,
HNPOTUBOMIOJIMKHOM TOM, KOTOpast MPUMBIKAET K Cy-
IIUTBHOMY areHty. [lepeHoc BIIaru B uIKOM COCTO-
saHUH 1 Juddy3us napa moJIHHIIOTCS 306Ch TEM JKE
3aKOHOMEPHOCTSIM, YTO U KOHBCKTUBHAS CYIIKA.

[Tpu Takux cmocobax CYLIKH MOPUCTHIX MaTe-
PHATOB, MPU KOTOPHIX BBIICTICHUE TCIIIA TPOUCXOAUT
BHYTPU MaTepuana (BBICOKOUACTOTHAS CYILIKA U -
PHOAMUCCKAS CYIIKA B BAKYYME), HPH COOMIOICHUN
M3BECTHBIX YCIOBHH MOXHO JOOHTBCS TOTO, YTOOBI
HCMAPEHHUE BIATH MPOHUCXOIHUIO0 OJIMHAKOBO BO BCEX
TOYKaX MATEPHANIA TIPH PABHOMEPHOM ITOJIC BIIAYKHOC-
TH B HeM. Tor1a Ha KPUBOH CYIIKH KPUTHIECKOH TOTKH
He nony4actcs. CKOPOCTh CYIIKH HPH 3TOM OKA3bIBa-
€TCH 3aBHCAIICH OT HHTCHCUBHOCTH MOJABOAA TCIIA.

[IpoBeacHHEIN aHATH3 SKCIIEPUMCHTAITBHBIX Pe-
3VIBTATOB BBISBWI BIUSHUC (OpMEI 00pas3loB Ha
CKOPOCTb CYIIKH: 4eM OOIBIIEC OTHOIICHUE MOBEPX-
HOCTH Marepuasa K 00beMy, TeM OBICTPEE MPOUCXO-
mut cymka. [Ipy oauHaKoBOW CKOPOCTH CYIIKH B
TIEPBOM €€ MEPHOJE g, CKOPOCTh CYIIKH Ha MPOTS-
JKCHHH BCEro IMmpouecca npu OONBIIOM 3HAYCHHH
OTHOIICHUS MMOBEPXHOCTH MaTEPHAIA K €ro 00beMy
Moay4aeTcs OOoNbIIE O CICAYIOUTUM NPUINHAM:

1. Yem Oonpiie OTHOIICHHE TOBEPXHOCTH MaTe-
puana K ero oObEMy, TEM MCHBIIC KPUTHUCCKAS
BIQXKHOCTb. JTO 3HAYUT, UYTO MAKCHMaTIbHAS CKO-
POCTb CYIIKHM g HMEET MECTO B GOMBINEM UHTEPBA-
JIe BIYKHOCTH MaTepuana.

2. Ha Gonpiuei yacTy BTOPOro NEpHOAa CYIIKH
CKOPOCTb OKa3BIBACTCA 0ONIEe BHICOKOH .

3.Yem OOMBIIE OTHOLICHHE MOBEPXHOCTH MATEPHA-
7a X ero 00beMy, TEM MEHBIIE TOYYACTCS BIAr0Coacp-
JKaHHE MATEPHANA B HAYAJIC TPETHErO MEPHOA CYIIKH .

Cmpyxkmypa 31ekmpoghopemuieckux ocaokos.
[Ipeumymecta 3nexkTpodopesa B BOIMOKHOCTH
BEChMa TOHKO PEryJIHPOBATh TONIIMHUHY MMOKPBITHA,
PaBHOMEPHO HAHOCHTH MOPOIIOK PAa3NMHYHOH IHic-
MEPCHOCTH HA U3ICTHS CIIOKHOH (POPMBI, TIOBBIIIATb
MMPOU3BOAUTEIBHOCTH O1arogaps OOMbIION CKOPOC-
TH OCKACHHUS, COKPAILIATE PACXO MATCPHAIIOB - BCE
3TO MO3BOJIET VACIATH 3TOMY METOAY OOIBIIOE
BHHUMAaHHE [ §].

CBolicTBa OCAXACHHBIX CIIOCB ONPEACISIOTCI UX
COCTABOM, a CIICA0BATEIBHO, BBOAS B TIOKPHITHE Pa3-
JMYHBIC KOMITOHCHTHI, B IIMPOKHX MPEACTaX H3Me-
HATb UX CITyKeOHbIe XapakTepucTuku. QIHaKO mpu
3TOM HEOOXOAUMO YIHTHIBATh TAKHE OCOOCHHOCTH
JHUCIICPCHBIX YACTHLI KAK BEIMIHUHA IIOBEPXHOCTHO-
ro 3apajga, KOTopas 3HAYUTCIBHO BIMICT HA UH-
TCHCHBHOCTD 3IICKTPO(OPETHUECKOTO OCANKICHHSL.
Henocratkom 3nextpodopesa siBasieTcs ciadboe
CLICTIJICHUE 0CaKa C MOBEPXHOCTBIO OCHOBHL. Hau-
6onee 3¢ dexTUBHON GOPMOH YIPOUHCHUS SBISACT-
¢ KUAKO(PA3ZHOE CICKAHUE IIEKTPO(HOPETHICCKIX
0CaAKOB, KOTJa KuaKasg ¢aza MOACTYIACT U3 MOJ-
crog. B Hamem cnyuae mpu TepMooOpadoTKe Mpo-
HCXOTUT 2 TPoLecca: PACcIiaB 0CaaKa U €ro TepMo-
JCCTPYKLHsL. B KOHEUHOM HTOTe KHHETHKA ITHX IIPO-
LIECCOB B 3HAYUTCIbHOW CTCICHH OMPEACISICTCS
CTPYKTYPOH 3IeKTPOdOPETHUCCKUX OCATKOB, UX
MOPHCTOCTEIO, (POPMOH, Pa3MEpOM U paclpeeICHH -
em nop. OgHOH W3 33724 JAHHOTO HCCIICAOBAHHUS
OBLITIO M3YYUTH CTPYKTYPY OCAAKOB U MApamMETPhI
3nekTpodopesa 301eH aTKOTOIITOB METAILIOB, IIPEA-
CTAaBJLIOLINX HHTEPEC ¢ TOUKU 3PCHUS NOTYICHHUS
H3HOCO-, 3IIEKTPO- H KOPPOIHOHHO- CTOHKUX OKCH -
HBIX ITOKPBITUH.

OcHOBHBIMH HapaMeTpaMu 31ekTpodopesa, on-
PEACTSAIOIMMH HHTCHCUBHOCTh (DOPMHUPOBAHUS U
CTPYKTYPY OCAAKOB, SBISIOTCS HAMPSIKECHHOCTb
3NEKTPUIECKOTO TONS W ATHTEIBHOCTE MpOLecca.
[Mpeaensr U3MEHEHNS HANPSKCHHOCTH OIS 3aBUCAT
OT COCTaBa CYCHECH3HH, 3NCKTPOKUHETHICCKOTO O~
TCHLHAJIA YACTHLI, JICKTPOIPOBOAHOCTH AUCIICPCH-
OHHOH cpeapl. OnTUMasbHASL HANPSKCHHOCTD OIS
U1 PACCMOTPEHHBIX AUCICPCHBIX CHCTEM COCTaB-
asiet ot 75 B/em 1o 100 B/em. Eciu npu manoii Ha-
MPSDKCHHOCTH CYLIECTBYET MPOMOPLHOHATBHAS €e
3aBHCHMOCTD € BBIXOIOM ocaxa, To mpu U > 100 B/em
CKOPOCTbh POCTa OCAJKOB YMCHBIIACTCA. JTO, KaK
VIKE OTMEUANIOCH BBILIE, MOYKHO OOBSICHUTh MPOTE-
KaHHEM MOOOYHBIX KOHKYPHUPYIOIINX HICKTPOXUMH-
YECKUX MPOLIECCOB. AHATOTHYHBIH XapaKTep NMEET
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3aBHCHMOCTh BBIXOJA OCaJKa OT MIHTEIbHOCTH
OCAXKACHUSA 3JICKTPOPOPE30oM, IPUIEM Pa3THINC B
WHTEHCUBHOCTH OCAKICHUS MaTEPHAIIOB Pa3IMTHON
OPUPOIEl BO3PACTACT ¢ YBCIHICHUCM BPCMCHH
mporiecca.

HNaTencusHOCTS mporiecca, xapakTrepuzyemas
BBIXOJOM OCA,IKa HA CAWHUITY MOKPEIBACMOMH TTOBCP-
XHOCTH, CYIICCTBCHHO 3aBUCUT OT BUIA JUCTICPCHBIX
YACTHILI, ¥ HYKHO MPUHUMATH BO BHIMAHHC TTOTHOCTh
ocaxaaeMoro marepuana. OTHOIICHHUE BBIXOJA
0CaJKa K ITIOTHOCTH MaTepHaia XapakTepHU3yeT TOMI-

IMUHY KOMIIAKTHOI'O ITOKPBITHUA. I[J'[H HUCCICOIOBAHHBIX
COCOWHCHHUN OHA WM3MCHIIACH B Mpeaemax OT
(100450) mxrm. [TockoapKy TOPHUCTOCTD IACKTPOPO-
PETHUCCKUX OCAIKOB U3 MATCPHANIOB TAHHOTO KJIac-
ca cocraBsieT (55 + 5) %, daxTuueckas TomUHA
¢10¢B B 2-3 pasa Brme pacuctHoi. [Ipn HaneccHun
JBYX KOMIIOHCHTHBIX BNCKTPOPOPETHUESCKUX MTOKPHI-
THH UX TOJIIIMUHA USMCHACTCA B CPABHUTCIIBHO Y3KUX
Mpeaeaax HeCMOTPS HA TO, UTO COOTHOIICHHE KOM-
MTOHCHTOB B KOMITO3MITHAX BAPBHPOBAIOCH JOCTATOY -
HO mHPOoKo (Tadm. 1).

Tabmuna 1. XapakTepucTaka 31eKTPodope THIECKAX 0CATKOB

Ocanok CooTHOIICHUE AjauTUBHAS Brixon, Tonmuna,
KOMITOHEHTOB IUIOTHOCTh, I/cM? 107 r/em? oM
Al(OR), - 6,4 832 0,13
Zr(OR), - 6,5 910 0,14
Ti(OR), - 5,8 754 0,13
Ba(OR),+ Ti(OR), 1:1 6,1 671 0,11
Ba(OR),+ Ti: (OR), 1:4 5,7 627 0,11
Zr(OR),+ Y(OR), 1:1 6,0 600 0,10
Zr(OR), + Y (OR), 10:1 5.4 594 0,11

Craanu ob6pa3oBaHUs CTPYKTYPHI THIPOTENS U
€ro IIPEBPAIIEHHS B KCEPOTEIIb ABISIOTCS BAKHBIMH
stanamMu GOPMHUPOBAHUS YACTBHON MOBEPXHOCTH U
TTOPUCTOCTH Tend [9], mpruteM Bo BpeMs CYIIKH 'H-
porenel, IMEIOINX arperaTHBIE CBOHCTBA MUKPO-
TTOPUCTHIX KCEPOTENNEH, YMEHBIIAIOTCS WX YACTbHAA
MOBEPXHOCTh U OOBEM MOP, 4 B MPOLECCE CYIIKH
ME30- 1 MaKPOIIOPHUCTBIX TENEH — TOMBKO YACTIbHAA
noBepxHOCTh [10]. Bepxuuil nmpenen u3MeHeHUA
3THUX TapaMETPOB ONPEIACIICTCA AUCTIEPCHOCTHIO
THAPOTENS, HIKHUN — CTENEHBIO 3apaCTaHMS KOH-
TaKTOB MEXKIY YaCTULIAMH B IIPOIIECCE CYIIKH U 3a-
BUCHUT OT XHMHYECKOTO COCTaBa AWUCIIEPCHOHHON
CpeJbl, BpEMEHHM U TEMIIEPATYPBI CTAPEHUS, YCIIO-
BUH BBICYIINBAHUA. Y MCHBIIECHUS XapaKTEPHUCTH-
YECKOTO pa3Mepa BTOPHYHBIX YaCTHIl IIPH 3TOM HE
HabIrOMaeTCs.

B Hacrosmeii pabote mokazaHo H3MECHCHHE KOOp-
JUHALMOHHBIX YHCEIT U Pa3Mepa BTOPHIHBIX YACTHII,
a Taxxke o0beMa Nop U YACTbHOM MOBEPXHOCTH Te-
aed. g u3MepeHns yaeaIbHOM TOBEPXHOCTH ! T10-
PHUCTOCTH MONYUCHHBIX TEJICH UCTIOTb30BAIN I'PaBH-
METPHUCCKUE COPOLIUOHHBIN METO/], OCHOBAHHBIH Ha
KOHACHCAITUH NAapOB TETPaXJIOpHAa VIIepoaa. Jek-
TPOHHO-MHKPOCKOIIMYECKOE HCCICIOBaHUE 00pas-
LIOB MIPOBOJMIN METOMOM OTTEHEHMS IMOPOINKa Ha
mpudope JEM 100 CX co ckaHupyoiei npuctas-

KOH. JKCIEPUMCHTAIBHBIC JAHHBIC MOKA3aTH, YTO
OCHOBY 2)KYPHOT'O TIOPUCTOTO CKETIETA TEIICH COCTAB-
JSEOT chePONAATBHBIC YACTHLIBI M MX arperarsl mpo-
H3BONBHOU (POpMBI. AXCOPOUHUOHHO-CTPYKTYPHBIC
CBOMCTBA YaCTUI OCYIICCTBISAIN C SICKTPOHHBIX
mukpodororpaduii pazmepom 18 x 24 cMm mpu yBe-
mraeHusx 90 000, 120 000, 180 000, 210 000 wa pu-
oope Leitz ASM (®PI'). B pacuer Brawouanu He
meHee 200 gactun. KoopamsammonHoe 9ncemo z yoa-
KOBKH YaCTHUI[ OIPESACIISLIN [0 YPaBHCHHUIO (3), mipu-
BeACHHOMY B nuteparype [11].

€=1,0-0,12z+0,00043 22,
LJC € - IOPHCTOCTb.

AHaJH3 NONYUCHHBIX JAHHBIX MOKA3BIBACT, YTO
BEIMYHHBI HIPEACIBHOTO aJCcOPOLUOHHOrO 00beMa
MOP U YACTbHOU MOBEPXHOCTH el ¢ POCTOM KOH-
LCHTPALMH BELICCTBA BO3PACTAIOT, B TO BPEMS Kak
KOOPAHHALIMOHHBIC YHCTIA YACTHL B KCEPOTeIIX Ma-
maror (tabir. 2).

CuMOaTHBIH XapakTep HOCAT 3aBUCHMOCTH TICpH-
meTtpa P u mutommanu ceweHus S yacTum OT UX coaep-
JKaHHA B pacTBope. M3 nanHbIX Tabn. 3 BUAHO, UTO C
POCTOM MaTEMAaTHUYECCKOTO O’KUJAHNS 3HAUCHHUH TIe-
PHUMETPOB H IUIOIAACH YACTHI PACTET COOTBETCTBY -
IOLIEE CTAHAAPTHOE OTKIOHEHHE G, H G, T.€. HCCIIE-
JIYEMBIC O0pa3iibl CTAHOBITCS 00JIeC MOTHAUCIICPC-
HBIMH, MCHEE OAHOPOJHBIMHU IO Pa3MepaM YaCTHL.

€)
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Tabmuma 2. Axcop6nnoHHO-CTPYKTYPHEIE CBOiicTBa reseii

Ne PH 3ob C V- 107, S, z
obpasia Mac. % M3/Kr M%/KT
1 3.0 Al (OC,H), +C H,COOH 0,1 0,13 216 12,0
2 N (1 0.1 0.15 356 12,0
3 03 0,24 444 8.5
4 60 Al (OCH), ) 0,7 0,34 572 7.0
5 1.5 0.41 585 6.4
6 3.0 0,57 590 5.4
7 ) | 5.0 0,44 561 6.2
8 3.0 Ti (OC,H,),+ C,H.COOH 0,1 0,64 200 5.0
o | 1 o1 0.67 232 49
10 03 0,80 320 43
11 L 62 Ti (OC H,), { 0,7 0,90 371 40
12 1.5 1,00 442 37
13 3.0 1,08 516 35
14 | J 5.0 1,11 512 34
15 3.0 BaTi (OC H,), + C,;H COOH 0,1 0,60 200 48
16 | 1 ox 0.96 306 38
17 03 1,00 420 37
18 (L 64 BaTi (OC H,), { 0,7 1,15 5.1 34
19 1.5 1,30 600 32
20 3.0 1,63 648 2.8
21 | y 50 1,52 600 2.9
2 3.0 7rY (OC,H), + C,H,COOH 0,1 0,58 145 5.1
23 ) 1 o1 062 311 52
24 03 0,70 290 48
25 |U 63 7rY (OC,H), { 0,7 0.86 402 4.1
26 1.5 1,03 467 36
27 3.0 121 556 33
28 |/ y 5.0 134 590 3.1

B pesyabrare mpokanuBaHus CTAHIAPTHOE OT-
KIOHCHHE YBETHIHBACTCS, CPEIHUH pazMep YacTHI]
VMCHBIIACTCS, KOMUYCCTBO MEIKUX YaCTHI C pa-
guycoM a0 (45 + 5) HM BO3pacTtaeT, a KpyIHBIX
(c paguycamu Gombruvu, ueM 50 #M 1 10 90 HM)
VMCHBIIACTCHL.

CpaBHeHuE aaCcOPOLMOHHBIX JAHHBIX C IIAPAMET-
paMu 3aKOHa PACIIPEACIICHUS YaCTULI IO 3HAYCHUIM
P u S moxazeiBaet, UTO BENUYHHBI TECOPETHUECCKH
PacCUHUTAHHBIX YACTBHBIX IIOBEPXHOCTCH M3 COOTHO-
LICHUS

6-10°
S = , “4)
2pr

rae p = 2,2 1/cM?, OKa3BIBACTCSA MCHBIIIE, UEM U3ME-
pennbie no aacopOruu napos CCl, 1 paccauTaHHbIE
meToaoM BIAT. D10 rOBOPUT O TOM, YTO YACTHILIBI
reseH, KaKyIHecsl KOTSPEHTHBIMU Ha IEKTPOHHBIX
MUKpodoTorpadusx, B JCHCTBUTEIBHOCTH SIBILIOT-
¢4 KacTepaMH 0oee MEITKUX MICPBUYHBIX YACTHUILI.

HzBecTHO, 4TO mMonuMepuU3ausl aTKOKCHIOB B
pacTBoOpe MPHUBOAUT K OOPA30BAHHIO KOJJIOHIHBIX
YACTHII C PATUYCOM T = 2 HM, HO TIPH 5TOM HE MOTYT
UATH HPOLICCCHl UX arperauyy HWiH rexeodpasosa-
HUsL, KaK mpu Oosnee Hu3kux 3uadeHusx pH. Ognako
B MPHUCYTCTBUHU BOJbI YACTHUIIBI arpErupyIioT, odpa-
3Vsl IOPUCTHIC MUKPO TCIICBBIE KIACTEPHI, W BTO-
PHUYHEIC YaCTHLBI, BEIPACTAIOIIHE A0 PAIUYCOB OT
10 um g0 60 BM [11]. 3a 3TUM mPOLIECCOM CIECAYET
BTOPHYHAS arperamus KIacTepoB — BBICOKO KOOPAH-
HHPOBAHHEBIX arJIOMEPATOB MIEPBUYHBIX YaCTHLI, PH-
BOJAIIAS K 0OPA30BAHUIO Ielsl.

OcHOBHBIMH (pakTOpaMHy, KOHTPOIUPYIOIIMMU
€ro MOPHCTYIO CTPYKTYPY, OYAYT pazMepsl BTOPH-
HBIX YaCTHUL U YUCIO Z UX MOCTICAYIOIECH KOOpAH-
HALIFH B arperaTbl MUKPOHHBIX pa3MepoB. [ Ipu stom
HAJ0 UMETh B BUAY, UTO, IOCKOIBbKY 00IaCTH IJIOT-
HOYIIAKOBAHHBIX MEPBHYHBIX YACTHL IMCIOT Pa3iny-
HYIO KOHPHUTYPALTHIO H pa3Mepbl, popma BTOPHIHBIX
YACTHI] MOKET OTAHYATHC OT chepuuecckoii. Coot-

15




Hsgecmua HAH PK. Cepus gpusuxo-mamemamuyeckas

2007. Ne 6

HOLICHUE MEKIY 0OBEMOM MOP U YACTbHOH MOBEP-
XHOCTBI0, H3MepeHHoU MeToxom BT, mpu pazmuy-
HBIX KOHLICHTPALMIX AUCHICPCHON (a3bl 1 3HAUCHU-
ax pH nokaseiBaet, 4TO BO BCEH M3VUCHHOM 0o0mac-
1 pH ¢ pOCTOM KOHIEHTPAIINN BOABI TPOUCXOIHUT

BO3pACTAaHHE 00BEMA MOP C BO3PACTAHUEM YCITBHON
MOBEPXHOCTH, YTO JOIKHO COOTBETCTBOBATh YMCHbB-
HICHUTO pasMepoB dactuil. OTHAKO pa3Mep KIacTe-
POB, KaK BUAHO U3 Tabj. 3, CUMOATHO 3aBUCHT OT
KOHIICHTPAIUH 30715t ¥ 3HaucHui pH.

Tabmuma 3. XapakTepHcTHKH pacnpefeeHHsI BTOPHIHBIX YaCTHIT T'e/Isl IO pazMepaM

No P, Gy, S, o, f o,
obpasiia HM HM HM? HM?
6 225 94 2653 1925 0,68 0,19
10 225 76 2749 1771 0,67 0,14
14 294 102 4425 2543 0,64 0,15
22 165 67 1317 815 0,62 0,16
27 265 93 3881 2008 0,67 0,12
28 334 165 4748 3092 0,60 0,25
27* 285 70 4046 1839 0,64 0,16
*CoOTBETCTBYET HENPOKATIEHHOMY 00pasiy reis, Moaudupoantomy 3,0 mace. % CH.COOH. P u S — snauenus nepu-
METpa M IIIOMAA CEYEHHA YACTHIIBI, G, — CTAHIAPTHOE OTKIIOHEHHE COOTBETCTBYIOMMX BeMMIHH, { — daxTop GopMer.

——1
__.._ 2
—&—3
—x—4
150
a
0,45
0,4
0,35
0,3 *—1
0,25 —m—2
0,2 —A—3
0,15
| :,%
0,1 4
0,05
0 e
3

Puc. 5. Jludpdepennuanbible U HHTeTpaTbHbIe KPUBBIE paclipefelIcHHs Op MO pa3zMepaM B NIEKTPOPOPETHIECKUX OcaKax.

(a) Ochb abceruce — napnenue P, Mlla, ock opAnHAT — OTHOINCHHE

Ob6osznauenus kpuBbix 1 - AI(OR),; 2

p

obp

- Z(OR), ; 3 - BaTi(OR), ; 4 - ZrY(OR),

AV

(6) Ocp abeiuce — AuamMeTp mop, d MKM, OCh OPJIMHAT — H3MEHEHHE 00beMa ——.

Ob6osnauenns kpuBbix: 1 - Al(OR),; 2

52

- Zr(OR), ; 3 - BaTi(OR), ; 4 - ZrY(OR),
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Kpome Toro, 3a cueT MOHMMKECHUS CHIT MOBEPX-
HOCTHOTO HATSDKCHHS B MPUCYTCTBUH CITUPTA I'ellb
CTaHOBUTCA OONIEEC YCTOHUHBBIM K YCATKE BO BpeMs
CYIIKH. Y CHJICHUIO CTPYKTYPBI BJIAKHBIX TEICH
THEPE MPOLIECCOM BBICYIMMBAHHA U POCTY V cro-
cOOCTBYET TakXkKe YBCIWYCHHE TUAPOPOOHOCTH
roBepxHOCTH ¢ poctoM pH. JlormunsiM kaxkercs
VBETIMUCHUE MTOPUCTOCTH I'ellsl H BO3PACTAHUE COOT-
BETCTBVIOLIUX CTAHJAPTHBIX OTKIOHEHHH (Tabm. 3).
JHelicTBUTEIRHO, KIACTEPEI OAHOTO pa3Mepa JOJK-
HBl VIIAKOBBIBATbCS 00JIee PAaBHOMEPHO W ¢ 0olee
BBICOKUM KOOPAWHALMOHHBIM YHCJIOM TIO CpaBHE-
HHUIO CO CMEChIO YacTHI PA3HBEIX Pa3MepoB, KOTIa
o0pa3yercs refb ¢ 00716e IMHUPOKUMHU TTOPAMH.

MeToaoM pPTYTHOHM MOpPOMETPHH Ha OpHOOpE
«MUKpPOMEPHUTHKC» Obla OMPEACICHA OTKPBITAs
MOPHUCTOCTH 3TCKTPOPOPETHICCKUX OCATAKOB H OLIC-
HEHO PaclpeACICHUE TOop N0 pa3MepaM B BUAC UHTC-
rpaibHbIX U JuddepeHIHaIbHBIX KpuBbIX puc. 5 [12].

[TopucTocTs MOKPBITHI ONPECTIIN HETOCPE-
CTBEHHO IT0CIE NCKTPOPOPETHUCCKOTO OCAKACHHSL.
[To mHTErpanbHEIM KPUBBIM BHIHA Pa3nudHas IMO-
PHCTOCTEL IOKPHITHEH, YTO CBA3aHO, TIO-BHIAMOMY, C
(hOpMOIi YACTHI] THAPOTH3OBAHHBIX ATKOTOJIATOB: Y
aJTFOMUHMS Uronbuatast GopMa; y THTAHATOB Oapws -
OKpYIJIAsl; Y IUPKOHHEBBIX COCTABOB - KBAAPATHASL.

Bce 310 craspiBacTCS Ha YKIAIKE UX B MPOLIEC-
ce aaekrpodopesa. BepTukanbHBIH y4acTOK HHTE-
I'PATBHBEIX KPUBBIX CBUICTEIBCTBYET O HATHMYHH IO~
POBBIX KaHANOB (PHCYHOK 5 6) pazmepom 2,7; 2,4 MM.
Komuuectso ux B ocaake Al(OR), cocrasnser 50 %,
aB Zr(OR), mpumepno 30 %. Ionoruii yqacTox kpu-
BBIX OTPaXKACT CYIIECTBOBAHHUC TOHKUX MEPETSIKEK
TYIMUKOBBIX U mieneBrIx mop (30 % u 20 % cooTset-
ctBeHHO) pazmepoM ot 0,01 xo 0,10 mxm. MeTozom
PTYTHO mopoMeTpHH OBLITH ONPEICICHBI YACTbHAS
MTOBEPXHOCTH U pasMep dactun [12]. Tlpumenenne
KPVIIHBIX YaCTHL IPH 3IeKTpodopese, He UBMEHSIS
00IIeTro XapaKTepa HHTCTPATbHBIX KPUBHIX, MPHBO-
JUT K YBEIUUCHHUIO pa3Mepa Mop B KaHANAX.

Taxum obpazom, BEICYIICHHBIE 3eKTpodopeTn-
YECKHE OCAIKU TMAPOIN30BAHHBIX ATKOTOMATOB
METAJUIOB SABISIOTCS OPUCTBIMHU C IPEoOIa aHueM
MPOHULIACMOH MTOPUCTOCTH. MakCHMAaTbHBIN TPOHU-
LACMBIN pa3Mep MOp COCTABIISICT HECKOIBKO MUKPOH,
T.€. K HUM MIPUMCHHMBI 3aKOHbI KAMUUIPHBIX SIB-
JCHHH.
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Peziome

DnexTpodepoTHKATIHIK TyHOamapAblH kKeOyiHiH Kkeibip
KyOBLIbICTAPBI KaPACThIPBUIFAH, OJaPJbIH PEKUMJEr] mapa-
METPIEPIiH TYPaKThl MOHJICPiHAeT1 OaliaHbIChl (MATEpHAIMEH
JKAJIFACKAH TYPFaH Ke3Jeri aya TeMIIepaTypachl, OHBIH blIFal-
JIBLITBIFBI MEH OPBIH ayBICTBIPY XKbUIAAMIBIFBI, OCTTEPAIH TeM-
HepaTypachl) 3€pTTEIreH.

Summary

Some features of drying process of electrophoretic gel
deposits were considered. The relationship between constant
regime parameters such as air temperature, humidity, and shift
velocity, temperature of surfaces contacted with materials and
drying process was studied.

Hocmynuna 12.10.07e.
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0. I0. IPHXOJIEKO

CIEKTP JIOKAJIN30BAHHBIX DJIEKTPOHHBIX COCTOSHUIA
B AMOPO®HbLI X MIEHKAX As,Se,, MOITUO®UIIUPOBAHHBIX Bi

IIpuBeaeHbI pe3ynbTaThl UCCIIEOBAHUS DTIEKTPUUCCKUX M ONTHUCCKUX CBOHCTB M HHEPIeTUUECKOTO CIIEKTpa JIOKaIN30BaH-
HBIX COCTOSHMH aMOP(MHEIX MITEHOK CENEHH 1A MBIMbAKA (As,Se,), MOAHIMPOBAHHBIX BUCMYTOM. KOHIIeHTpalus npuMecH BUC-
MYTa B IIEHKAX COCTAaBIANa 15 aT.%. YCTAaHOBNEHO, UTO TpEMeCh Bi co3/la€T B 3alpelmeHHol 30He MIeHOK As,Se, JOHOPHBIH
ypoBeHb ¢ TiyOouno# 3aneranus 0,1 »B. CriekTp NoKaTH30BaHHBIX COCTOSHHUHN, ONpeelCHHLIH U3 aHalN3a TOKOB OrpaHHYCHHBIX

MPOCTPAHCTBEHHBIM 3apsIOM, BKIIFOYACT JIBE TPYIIIIBI JIOBYITICK:
MOHOSHEpreTHYecKie ¢ KoHIeHTpanueit 4-108 em?, pacromno-
skeHHble Ha 0,56 5B oT kpas BaJeHTHOW 30HBI, U DKCIIOHEHIIH-
albHO paclipejieieHHble B MHTepBane sHepruit ot 0,11 1o 0,19
5B BBIIIE MOTOJIKA BaJICHTHON 30HBI.

Beenenmne. M3BeCTHO, UTO OTHUM U3 TICPCHCK-
TUBHBIX MCTOIOB YITPABJICHUS CBOMCTBAMH XaJIbKO-
TEHUIHBIX CTCKIOOOPA3HBIX MOJYITPOBOIHUKOB
(XCII) sBasieTcs UX JACTHPOBAHUE ITyTEM COBMECT-
HOT'O MOHHO-TITA3MCHHOTO BBICOKOYACTOTHOTO CO-
PaCHBLICHUS KUCXOAHOTO MOy IPOBOAHHUKOBOTO Ma-
Tepuana u npumec [ 1-3]. Tak, Hanpumep, B pado-
Tax [3-5] ObLIO YCTAHOBIICHO, YTO B aMOP(HBIX IICH-
Kax CCICHUAA MBIIMIbIKA ¢ TPUMECHIO BUCMYTa
(a-As,Se,<Bi>), moly4eHHBIX METOJOM BBICOKO-
YACTOTHOTO MOHHO-ILIA3MEHHOTO COPACIbIICHHUS
HaOII0AACTCS CYIIECTBCHHOE VBEIHMUCHHC POBOIH-
MOCTH U U3MCHCHHE THIIA MPOBOAUMOCTH C AbIPOU-
HOrO (p) HA 3ICKTPOHHBIH (n). BeiBoa 0 cMeHE THIA
MMPOBOAUMOCTH, KOTOPBIH MPOUCXOAU ITPH KOHIICH-
TpaLK BUCMYTA B IICHKAX, IPEBbIIaoNIei 4 at. %,
ObLI CACIaH HA OCHOBAHHUH U3MEPSHNH K03 dunu-
CHTA TCPMOC B LITHPOKOM TEMIICPATYPHOM HHTEP-
Basie (ot 100 10 450 K) [5]. Cmemmenue yposus Dep-

MH AEF OTHOCHUTEJIBHO CEPEANHBI 3alpEeIICHHON
30HBI B IIEHKaxX As Se <Bi> nae npu MakcHuMab-
HOW KOHLEHTpaluu npumecu Bi, pasHoii 9,8 at.%,
obu10 HesHauutenpHbIM ( ~0,1 3B) [3]. Ha ocHoBarMM
3tux (axTos B [2-5] ObL1 cACTaH BBIBOJ O COOCTBCH-
HOM XapakTepe MPOBOAUMOCTH N-TUIA B IUICHKAX
As, Se,<Bi>. B pabote [6] Obl1a npeanoxeHa MHUK-
POHEOTHOPOAHAS MOJCb JICTHPOBAHUS XaJIbKOTC-
HUIHBIX CTCKI000pPa3HBIX MOJIYIPOBOJIHUKOB
(XCII), ocHOBBI KOTOPOU OBbLITH 3a0KEHBL B [2].
C no3uiuu >ToM MOACIH U MPOBSACHHBIX PACUCTOB
OBLTH MPOAHATU3UPOBAHBI IKCIICPUMCHTAIbHbIC
pe3ynbtaTsl o Mogudunuposannto mcHok XCIL
B gacrHocTH, Ob1T0 TOKA3aHO [6], UTO, HECMOTPS Ha
PacTIONOKEHUE YPOBHS £, BOMM3M CEPEAMHBI 3arpe-
IICHHOM 30HBI B IUIEHKAX ASZSe3<Bi>, UX TIPOBOIH-
MOCTB ABIETCS puMecHOU. [IprumecHBIN ypOBEHD,
CO31aBaCMbIF aTOMAMH BHUCMYTa, PAcCloiarajics B
3TOM CITy4ae, TAKKE Kak H YPOBEHb L, B CEpeaUHE
sanperenHo 30ub1. OqHako, B padortax [7, 8] ObL10
YCTaHOBJIEHO, UTO B IIeHKaxX As,Se,<Bi>, nomyueHHbIX
HMOHHO-TUIA3MECHHBIM BBICOKOUACTOTHBIM COPACIIBIIC-
HHUEM, C KOHLIeHTparwmei Bi, mpesbimatormeii 10 ar. %,
HaOMIOIACTCS CYIIECTBCHHOE CMeIIeHHe ypoBHA Depmu
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