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)/(YPHAJI cJJH3J1lJECKOfJ XHMHH m. XXXI, 8btn. 2 

OIIPE,L\EJIEHlIE TEIlJIOT.bI «l>A30BOrO llEPEXO,L\A ~Epn.H 
IlO,L\ .LlAB~EHlIEM 

jl:[. J.'. rOnttu6epl, r. II. maX06CUOU, B. H. Bym'Y806 

OTKPLITLIf[ Bpup;ameHoM [1) «pa30BLIu ncpexop; B MeTammQeCKO:\l ~eplllJ 
nop; BLICOKnM p;aBJIeUUCM npep;CTaBJUIeT 3Ua'lUTCJIhllhIU TeOpeTIIqeCKnU nHTC
pec. B HaCTORru;ee Dpe~IR YCTaHOBJIeHO [2], 'IT-O npn nOM nepexo;J.e npollcXO
P;UT YMeHhmcHIIe nOCTORHHOll a rp1}Hen;cHTpupoDalIHou Ky611qeCKOU pemenm 
UJIOTnO}[ ynaKoBlw C 5,14 p;o 4,84 A, 'ITO COOTBcTcTByeT YMeHhmeHIIIO 06'be:\la 
Ha. 16,6 %; Tun KpIICTaJIJIHqeCKOU pemeTKII npu aTOM HC 113MeHReTc,R. 

MMeIOTCR OCHOBaHHR npep;nOJIaraTh, 'ITO paCCMaTpllBae~IOC npeBpa-
llI.eHIIe ~epnH 06YCJIOBJIeHO ' nepexop;OM 4/-aJIeKTpOHa Ha ypoBeHh 
5 d, T. e. npeBparu;eHneM n;epUR I13 Tpex- B qeTLIpCXBaJIeHTHhIll. CorJIac
HO paCqeTaM 3axapua3eHa , (CM. [21), HOHHlile pap;IIycLI Tpex- II qeThI-

. peXBaJIeHTHOro n;epII~ npII KoopAIIHau~oHIIollf 'lIlCJIe 12 paBHlil cOOTBerCT
BeHHO 1,85 ± 0,01 A H 1,71 ± 0,02 A, 'ITO BeChMa 6JIII3KO K 3HaqeHIIRM 
IIX, BhIqIICJIReMhIM Ha OCHOBaBlln Ha6mop;eHHLIX IIapaMeTpOB pemeTKl! 
«05hl'1BOU» II «nJIOTHOU» «pa3. I1pep;nOJIOIKemre 06 YKa3aHHOM 3JICKTPOHHOM 
nepexop;e nop;TBepmp;aeTcR TaKme p;aHHhIMU [3] 0 npollcxoAH~e:\l npu aTOM 
pe3KOM YBeJIllqeHllIJ aJieKTponpOBop;HOCTn n;epllH. 

,I1;aBJIeHne nepexop;a B n;epnn B pa3JInqHhIX llCCJIep;OBaHIHIX On;CHUBaeTCR 
no-pa3HO:\IY. Bpnp;m~reH B 1927 r. 06HapymUJI nepexop; npu30° n 7600 KZ/ C.u2; 

npH 75° p;aBJIeHIIe nepexop;a COCTaBJIRJIO 9400 KZ/C.u2 • IT03p;IIee [3]. p~60Tafl 
C n;epneM HeU3BeCTHOH qUCTOThI, OH onpep;eJInn; p;aBJIeHlle nepexop;a paBHhlM 
12430l>z/c.lt2 . HalioHen;, B 1951 r. [4) H B 1952 r. [5], npIlMeHRR BeChMa 'lRC
Thli'!: n;epuu, B pnp;mMeH Ha6JIIOP;a;r nepexop; n pn p;aBJIeHIlH OKOJIO 7000 'lLZ/C.I£2. 

Beml1JIIHa YMeHhllleHIIH 06'be:\Ia npn nepexoAe TaKme Be YCTaHOBJICHfl 
TOqHO. ITpnqIlHa OToro 3aRmO'laCTCR B TOM, qTO e~e ,ll;0 p;OCTumCHIIR 06JIaCTI! 
nepexOAa crJm~iaCMOCTh n;CpIlH C YBCJIII1IClIlleM p;aBJIel1llH HaqlIHaeT 6hlCTPO 
paCTll, 'ITO 3aTpYAHHeT ('OTCC'lCUUe» BCJIUqUIIhI YMCHhmClIl1R OO'bC:\la, npn ca 
MOM nepexop;e. ITo OU;CHlW BpnA/H:\wna [4] aTa BemrqHlIa COCTaBJIHeT OIWJ10 

8%; o6~ee YMCHhIllCHUC OO'bCMa npu Ir3~lenelJllH p;aBJIClUrn OT anlOc«pcpuoro' 
AO 15000 KZ/C.u2 COCTaOJIRCT 16,55%. 

¥Ka3aHnaH HcOnpCp;CJICl1llOCTb DCJlUqrfllbl YMCHbUlCIUHI 06'bCMa npll nc
PCXOAC 3aTpyp;IUICT nponc,Ucmrc TO'lIIoro pac4cTa CI~PblTofr TCnJIOThI paccMaT
pl1Da e~roro npcn palll.cIHm no ypaDIlCH HJO HJIaY311yca - HJIanc{rpoHfI . 
Mem,ll;Y TCM onpcp;CJIcmrc nOlr DClIIl'WIILI IlpC,ll;CTanJICT IICCOMIICUIlLIU IIIITC
pCC. HaCTOfllL(aH pa60Ta 1I0CDHu.r.ClIa cc ;:)IicncprrMCIITaJIhIIollry onpC],(CJICIHIlO 
8 YCJIOTJHHX RLICOrwrO nanllerlllH . 

()HCIl ErlJ~1 ElIT A.-1 r,lIAlI tJACTI, 

i l:1IT onpOi\C; IOIIIlIl TC II.10TLI <fiu30Boro JlCPCXOJ(U I(CpnH 110) \ HaDJIOIIIlOM .IILI DOCIIE>JIl> -
30BU:II!C/, }1C'I'O; (ml Tc p~!Orpa)1.\1 ((,)1. IGi). f1PII .\ICIICIIIIC MCTOHU TCPMII'ICClwro alla;lIlaa IIpn 
DI,ICOK IIX ; Wll; rcllUHX Ollll c allO D pUUOTax /7, 8J. CYUI II OCTIo fQH1 .I[CII CIIIIOI'O MCTO:IU 33 -

KlIlO'laeTCH D COIIOCTaDJIOlllllf 1I : !OlI lallcfr IllfqJ(IJt'(ii.·III\lfa . II . lI oii :JUl fII CIl Tep.I(()I'fW~f.11 IJC II II'CTIl3 
C U3IJCCTIfI,I.\\ 1'CII:IOUI.I.\1 3(P(IJC!I\1'Oo\[ t/Ja30nOI'O JlpCU p alllC lllfH II HCGJ ICIlYC.I!OI'O n CII(l!l''J'lla . OU I,I'I -
11 0 D l\a'ICC1' IJ C 3Ta:IOU3 DI.IUllpaIO'f n CIIIPcTIIO , qJU:J OIJO() IIpe llp<lIIICIIII O IWTOPOI'O 1I[l()'J'('r;UCT 
IlpH 1'C~llI c paTypc. lie pUUlloii, 110 1I0C'fU1'O'11I0 G: II! :If , oii f( TC~fIl C pa1'Y[lc IIpe upalllC' lflfH If('r iJ{~ 
:\)'e.\lOrO DIJIUCCT fl3. JJ 3 ,'IIX YC:lomwx (npu fl OCTO HlllfOii CIWPOCTlf lfarpeUUIfIl H) 1f :lOlIlfin rf 

flll4>r~c pC lllllla:If.1I0ii 3J IlIICIl Tc p~!Urpa~t.\1 IIPOIIOP IIII OIIU; II,II!.1 :relu/oTa.11 IIpClJpalHCllllii II 
1\0illl'WCTBa~1 D:JIIl' WX !! UIIIUl:TD . flo IIPIIlllll Oii IIU~lII MU'fOHIIIW llCC.1C'I\Oua IlIl C UPOllO;\II.'IOCI: 

T a nJlOTa 4>aaODOI'O ncpcxo,na ~Cpllfl 1I0A ,naDJIOIIRCM 

--------------------~--------~------~----------------------------

apn IIOCTOflllllOil 'fClIUCpa'fYpc, 110 nOD['IlIIaIOLqClICf{ J\aB"CIIIIH; II0aTO~IY B l,a'ICCTBC :)'ril 

JOlla MLI ,nOJ1)f(IIb1 6['lmI B['16paTb BCII\CCTBO, B ROTOPOM 4>aaOB/,II[ ncpCXOA npOTCKa;l 61>/ IlJm 
laBJ1eH1IH, lie paBIIOl[,II0 6JUla[lOll :K ,naBJlemUO ncpcxoAa ~Cpnll. B Ral/CCTDC TallOro JTiI 
Jona Mbl npHMCIII[ i m PTYTb. RpHBan IInaBlIelllIfi PTYTH AOCTaTO'I1/0 xopomo 113Y'ICHa (C.\I . • 
aaopHMep, [9,101). B pa60T~ BplIAm~cHa [9J lIa OCIIOBapHHaTOHKPUBoHH.naHHblX 0 cmlf
lIaeMOCTII TBCPAOU H IfHlA1\OU PTYTII B[,('IlIC:lClla 
reonOTa ec nnaBJlCllHfI npH .naBnCUlInx ,no ' 
12000 X2/C.,,2 ('ITO COOTueTCTDYCT TeMnepaType 
ailaBJlCnHfI 22,2°). '. 

Ha~lH npUMCIIHJICfI I(CPHH 97% 'lHCTOTbi *. 
l\a1\ 6y.I(CT IIOl<aaaIlO mlmc, 4>a30Boe npCBpaU(e
sne :nol'O I(epun npoHCxOAHJlO npH ,naBnclllInx, 
6.'lHaKHX K Halr,nCllllblM ,nJlfl '1UCTOI'O n;CpUIl 
6PII,n)f(MCHOM B CI'O nOCJle,nmlx pa60Tax [4, 5]. 
Upn pac'IeTax TenliOThl IIopcxoAa BIlOCHJlaCb 
ooopaBKa Ila 3% «HllepTllhlX» npnMeceii. 

OnhlTLI npOHaBo,nIIJlHCb 8 MYJlbTHnilHKaTO' 
pe CBCPXBhlCO:KOI'O .naBlIelllIH C ,nHaMCTpOM pa· 
60'101'0 Kallaila 25 ,\1.1£, nOaBO!IflIOLqe~1 COa,!laBaTb 
aeo6xo.nHlIOe rH,npaBJlH'IeCKOC (neHTall) II raao
Boe (aaoT) ):IaBJleHHC. Ha alleKTpoBBo.ne 1 
(pRC . 1) MOHTHPQBa;rcfI MeAllblu 6:XOK 5. Jilccnc 
lyeMLIe 06paan;bl n;epnfl Ii pTyTH 3 H 6 nOMell(a-
10Cb B ,!IBa o.nHHaKOBblx CTaKaa'lnKa na IIne /{· 
clII'Jlaca (C TOnll(nHOlr CTellOR 1,5 .At,lt n BHYT
peHHHM ,nHaMcTpoM 6 .AUt), lInOTHO BCTaB:XCII· 
IIb[e B 6noK 5. llOBLIll(CmrC TCMlIepaTypbl npn 
~aaoBLIx lIcpexo,nax (3aTBcp,noBaIlHe pTyTII, 
uepexo.n n;Cplln B Gonce nnoTH)'IO MOAH4>nna
IlIm] H3MepllJlOCb lIpH nOMOII\H 1ll!<P4>CPCHI(lI
a.'lbHOH Tepl'<IOUa pbl mellcao'IllJXpOM 7, nOKp['ITOH 
TOHKHM CJlOC!'.! IIIeJI.'la.Ka, 11 pcrncTpHpoBanoCb 
IlIIpo~leTpoM . H. C. RypHa.KOBa. (, rOpll'lHe» 
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PHC. 1. CXeMaTll'leCKRH pa3pc3 cocy,na 
CBepXl!blCOKoro AaBneHIlH. 1 - 3J1CK1'
POBBO.n; ~ .. MaHOMeTp conpoTllBne-
HHIl; 3 - CTa:KaH'lIlK C I(epneM'; 
4 - Kopnyc cocY,!Ia; 5 - Me,[{HbiR 
6noK; 6 - CTaI{uHqRK C pTyTblO; 7-
TepMonapa; 8 - a60HHToBall BrYJlIia 

~naH Tep~IOuap n;ellTpnpOBaJIHCb B CTaKall'lnKaX npH UmIOII\H a60HHToBblX BTynoK 8. 
CKOPOCTb UOBl>IWCIIUfl ,naBJ1CHUfi GblJ1a BO BCOX onWTax OJ,lHHa1\OBoll. Boapac'J'aBHe·,UaB.1 C' . 

flllf! OT 4U()1) ~o 13 000 J;2ic,\t2 (npn onhlTax C rH,npaB11H'IeCK1IM ,naB:lenueM, COa,!laBaellhlM n e ll · 
TaIIOM) LlOCT.lITanOCb aa 11 MIIH. ,[(aBJlC~lHe na~t:epflJlOCb MaHl'anlIHOBhlM :\laHoMeTpo~1 COlIPOTIIB
.1eHlIll 2 C 'PO'IIIOCTblO ±30 J>2/C.A12. CKOPOCTb nOBblmcmUI ,naBJICHllH nCCIionbIiO BoapacTa.-11l 
B npollcccC CmaTHH Bcne,!(CTBIIC YMelibIlIclHifi cmnMaCMOCTIl cpe,nhl, ncpc,nalolI\eii l.IaBnemlc . 
3TO MOI'no {)GYCJlOBHTb norperuHocTb npH H3McpenlIH TelIJlOBb[X 3<I>4>C1\TOB aa C'leT H3)ICHeIlI1IT 

---

YCJlOBHii TClIJlOnepe,na'lH. ,[(.In BblHCHcmm BCJln'l.llIlbi 
aToH BOaMOmf[oii norperuHocTII Mbi lIPOBeJIH onblTbI no 
aaTBep,neBatUIIO pTYTn no.ll .naBJIem:re)1 ra3a (aaoTa) 11 

neHTana. llJlOlI\a.nb AII4>cpepenn;nanbHoii aanlIclI Tep~lO 
I'paMM .nJlH o,nnoii n TOll mc HaBeCRn PTYTH B <lTnX onbl
Tax Ol{aaanaCb npa1\Tn'lCCKH OAHHaKOBOll (pacxom,,\C" 
IlHC 3%). ,[(aJIbHOiimne Onb/Tbl BCC npoBoAnnlIcb C' 

aanOJlHCHnCM KaHaJia MYllbTnnnUKaTopa neHTanOM. 
,[(mr BhlllCllcrllI1l TO'lIlOCTlI MeTO;\I1KII 6b1JIo, KPOM C 

Toro, npOBe):lellO 15 onhlTOB, B KOTOPLIX B 06a CTa
Kan'uma aaJlIIBaJlOCb o.nlIIlal\OBOe I<Onn'lCCTBO pTYTn . 
n nOBblmC[IIIC Te~wcpaTYpw llpH ee aaTBOp.leBanrlll 
n3MCpllJlOCb AByMIl .nn4>q,cpOIlI(UaJIbHW)tII TCp)lOna pa 
Mil, npnCOC,!IllIICllllblMII K ,nBY)! 3cpKallbllbl)( rUJlbBatlO
MCTpaM C 4>oT03amlCblO lIa OAIIO!'.! 6apa6anc. npl! 

Puc . ~. Tllnll'lllfifl TCpMOl'pa~IMa, 3TOM Hail\t\all TCp)IOnapa np"coc,nlI/lIlJlaCb TO K 01.1110-
(' /lIlTall np" .1l011W[uCIlJ!II AauJ1C- MY, TO Ii .npyrOMY raJlbllUHO.I/cTPY. H a OCIlOBallll1l 
1I1If! JI nO(·.TOHIIIIOrl TCMUCPUTYpC 3Tnx O~l[,J1'OD Mh! Ol(CIIIlDaCll Ma"CII~la;ll>nylO D03)JOiK

HYIO norpl.'1lI1l0CT[' l!pl! 00 PCJ\CJ1Cl!IIf1X TcunOBoro 3CP . 
4>Cl(1'a 4>(l30D01'O n cpC XOJ\a B ±5%. 

,[(JlfI OllpCHC~CIIIIIl TC'I/JIOTLI (~a:tODO I'O lIC'pcxOi\u D I(CPUII 1I0C:IC; \III1I[ npC'JlBapnTCJlloIll) 
paCllnUBnllllCIl II nUI(YYMC n H/lil PI\I' uoii T(lj'G"C 11 3aTCM oGTu'lIIDaJICll TO'1II0 00 pU3Ml'P ~' 
CTal(U/I'II!/(l\. TI.'P~IOIIUpU WI01'II0 DCTUUJllIJIUCI. D 01'DC'pe 1'IIC, D/,I CDC'PJlClIIIOO D 1\I.'IITpC 06pu :I' 
lIa. Oll/,Il'W IIPOUOj\II .' IIICL C OHIIO!I HfJ(p(pCP I.'II I\HUJlh lluii rcpMonnpoii. cnalllw1'opoii nOlICIIU\' 
II lle)., D 06pUJI\L1 pl'Y'fIll! qCpllH . lIuucclw pT)'Tl! plIlllIllJHlCL DO DCCX onhlTax 2,00~, l\OpnH -;-
1, 1.,~. , 

TIIUII'IlJaJl TCPMOl·IHlMr.1U 1130GfHUlw lfa W\ pnc. 2. I1epnhIii CIW'IOI, T<'~lIIeJla · 
'rYfJLr (clIc lla) Ol'UC'lac'1' qW:JOIJOMY ncpcxOHY n;Cpllfl) ul'opoii (cnpalla) - 311 -

'rIlCp.cWllllllIIIO pT)'TII. • 

* OJ[ COAcp,/{n; 1 1,5% lICOj\mln, 1,3% npu3Conmla, 0,1 % . ClllIlIun II 0,01% .0JlODO. 

GONI-MG 57-0071 
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