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HccneA osanne noneAennn nonynponOAHHKOnbiX npnoopoB 

HMeeT cymecTBennoe anaqenne Ann xoncTpyuponannst anexTpouuoA annapaTypbl, paoOTaro

meA B CllllbBbiX paAH81liiOHHblX UOJIS!lt ( annapazypa AJIR CnyTHBKOB, opOIITbl KOTOpblX uaxo

,IUITCSI n paAnannoBHbiX nosreax 3eMnu, KOCMnqecxBx xopaoneA, sxcnepBMeBTaru.Bble npn

oopw nnst 113MepaBIIA Ha peaKTOpax II YCKOpi!TenSilt, annapaTypa, periiCTPIIPYIOIIl8l1 SI.Il9Pllhle 

B3pb!Bbl). npoTOHH8SI KOMllOH9HTa pallll£11liiOHHbiX ITOSICOB H KOCMBqeCKHX nyqe!! MOlKeT Ohl1'b 

CMOll9llHpOBaHa Ha yCKOpHT9J!Silt qaCTHil BbiCOKHX SBepriiA (nBTepeCBbiMH RBnRIOTCH nyqKII 
. 5 . 2· 

npOTOHOB C SHeprne!! B llll£11l£130Be OT 10 no 650 ~SB C IIHTeHC:HBHOCTSIMH 10 qaCTK!lfcM•tex), 

noaToMy nccneAOBanne noneAeBHst nonynponoABHKOBbiX npnoopos n cxeM npu ol)nyqenHn nx 

npOTOH8MII BhiCOKIIX SBeprll!! none3BO He TOilbKO C TOqKn apeBHst BOilpOCOB KOHCTpyupo-

nannsr annapaTyphi Jlllst axcnepnMeHTOB ua caMnx ycxopnTennx, no TaxlKe n c Toqxn ape

ann paapaoOTKH aneKTpOHHhiX npnoopOB /lJISI KOCMHqeCKIIX IICCJ19/lOBaHIIfi. 

Jlel!CTBlle II3JiyqeHl!SI Ha C£1MH nonynpononHHKOBble MaTepllaJibl nOCTaTOq!IO XOpOIIlO 

ll3y'IeHo. Paanli'IBIOT OO'heMHhle II noBepXIIOCTHble, oopaTHMble H neoopaTHMble s<jxpexThl 

HOH1!3llpyromero iiany'le!IHll. nosepXHOCTHble a<jl<jleKThl, xax BOOOIIle noBepxnoCTIIhle smne

HIISI B nonynposonnnxax, SIBnHIOTCSI H3y'Ie11Hh!MII CpaBHIIT9nb!IO Cnaoo. nonepXHOCTHble llOR

pelKA9HHll MoryT obiT& oopaTIIMhiMH n nc'leaaTh qepea uexoTopoe npeMst nocne npexpame-

HHll oonyqennn. HeoopaTl!Mble UOBepXl!OCTHble HBJieHHSI CBOARTCSI x nostBnennro nononnn-

TeJibHbiX 9HepreTnqeCKHX yPOBHel! Ha llOBepXHOCTH, 'ITO npHBOliHT K ynennqe!IHIO OopaTHOrO 

TOKa qepea pn -nepeXOAo K oopaTHMhiM oO'beMHbiM a<jl<jlexT£1M OTHOCHTCH npOTexaiOIIlHl! 

qepe3 nonynpOBOliHIIK 3ll9KTpH'I9CKHl! TOK, OOYCJIOBll~Hbll! oopa30B£1Hli9M 9JI9KTpOHHo-nhlpO'I

HbiX nap B ycnonnsrx nonnanpyromnx nany'Iennfi. 11t>nnaannn nc'IeaaeT c nocTORHHol!, pan

noll BpeMe!IH lKH3HH HeOCHOBHhiX HOCHTenel!. K OopaTHMbiM a<jl<jleKTaM OTHOCHTCSI T£1KlKe 

nonbimenne TeMnepaTyphi nonynponoAHHxonoro nemecTBa ncneACTBne aneproBh!AeneBHst 

npn o'IeH& oon&mnx noToxax 'IaCTHil. 

B nanuol!. paooTe nccneAonannch naMeneHHst nexoTopbiX napaMeTpoB nonynponoAHH

KOBhiX npu6opon, S1Blllll011lii9CR, B OCIIOBHOM, pe3ynhT£1TOM Be06paTHMbiX a<jl<jleKTOBo npOTo
/1/ 

Hhl c aueprnsrMn OT 10 no 500 ~9B Bhi3hiBaroT CMemennsr aTOMOB pemeTxn (a<jl<jlexT 

<l>pelll!;aJisr).. 'ITO npl!BOAHT K OopaaonaHIIIO Ae<jlexTHblX yponuefi B o6naCTH aanpemeHIIOl! 
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30Hbl nOJTyllpOBOJlHHKll, 3TH neljleKTHble ypOBHH ynenH'lHBB!OT CKOpOCTb peKOMOHHBilHH Heoc

HOBHblX HOC.rTenel! H YMBHbWB!OT BpeMSI HX lKH3HII1 llOCKOllbKy CKOpOCTb peKOMOIIHBiliiii 06-

paTHO nponopnKoJian&na npeMeHII JKH3HB, YMeH&meaue npeueau lKB3BB u H3Meneaue conpo

THnneaaH SIBOSI!OTCSI OCHOBHblMH o6beMBbiMH He06paTBMblMII acjxpeKTllMB oony'leBBSI, BpeMSI 

lKH311B CBSI38HO C nponymeBHbiM BOTOKOM 'lllCTIIIl cne)ly!OI!lBM COOTBOWeHHeM: 

+ c ~ 1 (1) 
ro 

,-ae ~ nOToK a 1/cM
2 

1 r 0 - BpeMB >KH3HB JlO oony'leBHSI1 C - nOCTOSIHHllSI1 KOTOpllS! 

38BHCIIT OT Bl!Jl!l l! SHeprHH 'lllCTHil, THUll nonynpOBO)lBHKOBOrO BemeCTBll ( repMllBHll1 KpeM

HHli H T,Jl,) 1 npOBCJliiMOCTH1 TeMnepaTypb11 THOll npOBOJlHMOCTH (p1n ) 1 THOll HpHMeCel!1 

Bl]OTHOC·TH HepllBHOBBCHb!X HOCHTene!l, TO eCTb OT BBOH'lHHbl npOTBKlliOIUero TOKll H T,)l, 

rJpO!IBOeHHe HOCOe)lCTBHH oony'!eHHSI B CHllbHOH CTeneHII 38BIICHT TaKlKe OT pelKHMa II3Me

peHHli, Bee nanHhw, KOTOpbie 6ynyT npaneneBbi nnlKe1 nony'leHbl npn nacCIIBHOM o6ny'lelmH1 

a ll3MepeHHSI npOBOJlHOHCb B llKTHBHOM p9lKHMe, rJoCTOSIHHaSI C )lOS! KPOMHHSI HB nopSI)lOK 

MOHbWe, '19M )lOS! repMaHHSI, 'iTO KacaeTCSI ll3MBH9HHSI ConpOTHBOOHHSI C Oolly'leHHeM, TO 

)lllSI KpeMHHSI HBOO!OJllleTCSI ero yBeDH'leHHe, anSI D -repMBHIISI TllKlKe HllOO!O)laeTCSI ynenn

'leHIIe COllpOTHBneHHS11 HO BOll )leliCTBHeM Oony'leHHSI OH MOJKeT nepeXO)lHTb B p -repMllBHli, 

J!.nSI p -repMllHHSI 91jl<!JeKT ynenH'leHIISI COBpOTHBneHHSI BblpaJKeH He TllK CHllbHO, KllK )lOS! 

KpeMHHSI II D -repMllHHSI, 

J13y'la00Cb noneneHHe nHOIIOB1 TyHHenbHb!X IIHOIIOB H TpaH3HCTOpOB npH oony'leHHH 

npoToHaMH c 9HeprHeii 68u Men Ha cnHxponuKnOTpoHe OHHI1. Tlony'leHHbie naHHbie cnenyeT 

C'liiTaTb npennapHTeObHblMH H O!leHO'lHb!MII1 TaK KaK OHH He llO)lKpenneHbl CT8THCTH'l9CKH 

no 'lncny o6nyqaeMbiX npu6opon (nccnenonanncb enHHH'lHbie xomi'leCTBa o6paanon xaJKnoro 

Tllna, a noneneHne npn o6nyqeHHH xapaxTepaayeTCSI paannqueM oT o6paana K o6paany J 1 

KpOMe TOro, HOJ10)K9HHe npnoopOB B CBMOM npOTOHHOM ny'lKe KOHTponapoBaOOCb HenOCTll

TO'lHO TO'IH01 'ITO MOr'OO npiiBeCTH K 3Ha'lHTeObHblM OTKOOHOHIIHM peaObHO npomenmero no-

TOKB OT ll3MepeiiHOro; T8KJKe HanO OTMeTHTb OTHOCIITeObHO aeBbiCOKY!O TO'lHOCTb H3Mepe

l!HSI HOTOK8 (nOTOK II3MepSIOCSI B OOObWIIHCTBe OHb!TOB no an!OMHHH!01 a B 'l8CTH OBbiTOB no 

yrnepony onpeuensrnaCb HHTeHCllBHOCTb, 3aTeM no CnHHTHllOSI!lHOHHOMy C'leT'lHKy KOHTpOnH

ponanaCb OTHOCIITellbHaH HHTeHCHBHOCTb B Te'leHHe Ollb!Ta), TO'lHOCTb H3MepeaBli napaMeT

pOB He obtna nbxcoxoll ncneACTBIIe HenocTaTO'lHoll TO'IHOCTH H3MepnTen&HbiX npn6opon (nc

ncn&aonamicb 6on&mell 'laCTbiO xapaxrepnorpaljlhl) 1 a TaKJKe ncnencTnne Toro1 'ITO npoxonan 

3l!B'll1Tenbllblll nepnon BpeMeHH MelKnY MOMeHTOM ll3MepeHHSI XapaKTepHCTHK H YCTaHOBKH 

npn6opa Ha nan&Helimee o6ny'leHHe1 TaB: 'ITO Morno HMeTb MeCTO 'lSCTH'lHOe BOCCTaHonne

Hne napaMeTpon npn6opa, npeMSI excnoannna 6blno 6on&WHM (cyTxu), a 38 eTOT nepnon 

npoucxonnnu H3MeaeHHSI TeMnepaTypbi1 H3MeHHIOmne napaMeTpbl npn6opon n T.n. 
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rJOTOKOM OTK83ll C'lBTllOCSI llOTOK llpOTOHOB1 npH KOTOpOM KllKOH-nHoO napaMOTp HCllbi

Tb!BllBMOrO npu6opa Bb!Xonnn 38 npeneliLI1 yKa3anBNe n cnpaBO'lHblX naBBbiX, Ta~~:oll KpHTe-

pull OTK838 SIBOSIBTCSI BeCbMa CTpOrBM1 llOCKOJlbKY n xoaxpeTBbiX cny'laBx ncnonb3oBaHBn 

npu6opon n cxeMax MOJK9T ob!Tb nonymeno ana'lBTen&no 60Jlbmee oTitnonenne nannoro napa

MeTpa1 OCOoeBB01 Korns llpBMeBSieTCSI OTpB!lllTellbHS.SI OopllTHBSI CBSI3b, rJOTOK 0Titl138 onpe

)leOSIJICSI C TO'lHOCTb!O llBBellnoro npn6nlllK81IlH! MBlKJlY SKCnepBMeHTllllbHbiMB TO'lKllMB, 

HaMeneaae napaMeTpon naonon 

ana JlHO)lOB.npH oony'leHHH XllpaKTepHO OObSICHSieMoe HOBepXBOCTHb!MH 9cjxpeKTllMH 

ynenH'leHne o6paTnoro npo6nnnoro nallpS!lKenan n npnMoro corrpoTHBnennH. 06paTBblll TOK 

ynenH'lHBaeTCSI nanny poeTs 'IRena neHTpon aaxnaTa u nonopxnocTnoro TOKa1 noeTOMY o5-

paTnoe conpoTnnneHHe, Klllt npannno1 nanaeT c pocTOM nponymeHHoro nOToKa 'lllCTHil, 

11cnbiTbiBancH PS!ll nuonon, repMaHneBbiX H ItpeMHBeBbJX. B ocuoBHOM naMepRIICSI Ton&

KO oopllTHblli TOK )lHOJlOB1 XOTSI H3MeaeHHe BpSIMOro COnpOTHBOeHHSI MOlKeT TllltlKe cnylKHTb 

JlOBOOHHTellbHO npH'lBHOli OT!tl13a, 

HnlKe npunonSITCH OCHOBI!bie nOJTy'leHHble peayn&TaTbl nna nnonon. B non3arOJTOBKaX 

B CKOOKaX ylta3aHO 'IHCOO HCDb!TaHHblX Oopa3non, 

fepMaHBeBblii Bb!llpS!MHTen&Hblll cnnaBHOJI )lHOA a7 ( 1) 

06paTHblll TOK He Bb!XOIIHT H3 nonyCTHMb!X npenenOB OTKDOBeHHSI llpH nOTOKe 

1015 
p/cM

2 
(eM. puc. 1). TlpsrMoe cOJ:ipOTnnneHHe He naMepeHo, Bon&mnii BOTOK He 11pony-

CKaOCSI, 

fepMaBHeBhle TO'le'1Hb19 IIHO/Ibl 

ae o) 
15 2 

06paTHbli! TOK OCTaOCSI B llOBYCTHMbiX npenenaX llpH DOT~Ke J 0 p/ CM ( CM, PHC, 1 ) , 

TlpHMoe conpoTHaneHne He H3Mepeao, BOJlbmall· DOTOK He llpOnycxanca. 
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.!llQ..ill 
15 2 

nOTolt OTKa3a no o6paTHOM)' TOKY HaXO.QKTCR MelK.!ly 0,3- 1 •10 p/CM (CM.pHc.1). 

npHMOO COnpOTKBIIeHKe He H3MepeHOo 

All (l) 

nOToK 
15 2 

OTKa3a 110 npRMOM)' COnpOTHBIIeHKIO 611H301t It 10 p/CM (eM. pHCo 2a). 

npn 3TOM noToKe o6paTBhlll TOlt Be npeBhiWaeT .QOnyeTKMOro. 

Jll§...lll 
14 2 

nOTOK OTKa3a no o6paTHOMY TOKY paaea 3"10 p!eM (eM. pBCo 1). npiiMOO eonpo-

TBBIIOHlle npll 3TOM nOTOKO 38MOTHO YBOIIll'l:liBaOTCII1 110 OCTaOTCII MORbWO npe.QellbHO 

nonyeTaMoro. 

KpeMBKeBhlll TO'I:e'I:Bhlll .QHO.Q A103A ( 1) 

15 2 
06paTBb!l! TOK He npeBbiWaOT npe.QellbHO .QOnyeTKMOrO npB nOTOKe 10 p/eM 

·(eM. pne. 1) 1 O.QHaK01 yaenB'I:OHBO npHMOrO COnpOTHBIIeHBSI yJKe npB nOTOKO MORee 8•10
14 

npUBOnBT It OTKa3y (eM. pae. :46). Bon&WHII nOTOK npOTOHOB 'l:epe3 .QBOn He nponyexaneH. 

noae.QOHBe TYDDellbHbiX nnonoa 

I13BOeTBO, 'ITO TYHBOIIbBhie nuonhi 601100 eTOliKH It o6ny'I:OBHIO, '!:OM nuonbt H Tp8H3H

CTOpbl0 TSK Kalt npHHIIHn IIX pa60Tbl 6a3npyeTeH Ba OCBOBHbiX HOCIITOIIBX H Be 3SBHeHT OT 

BpOMeHH JICII3BII HeOCHOBHhiX HOCHTellOllo J13MOBBBTOII TOK MIIHHMyMa II .QHijJ¢y3HOHBaH BOTBb 

aene.QeTBIIe Obp830BaHHB IIOBYWO'I:HbiX IIOHTpOB B 38npemeHHOI! 30He non nelleTBHOM o6ny-
/3/ . 

'l:eanu • YKaaannhle 113Meaexau up11 o6ny'l:eHHH npoToHaMH He Ohlnll o6napyJKeBbt, TaK KSK 

He Ciblll .QOeTHrByT npPllOII panllaiiHOHHOll eTOIIKOCTIIo 06ny'l811Heb D -repM8Hll0Bblil TyHHenb

Hbiii .QHO.Q THUS 1H302 e TOKOM M8Jte11MYM8 8,5 MS II TyHHOIIbHblil .QHO.Q 83 apeeBH.QS rannHH 

15 2 
e TOKOM MSKeHMyMa 3,5 MS H OMKOCTbiO 5 mp DOTOKOM 3•1Q p/eM 1 a TSKJK8 TyHHOIIb-

HbiO JlHOnhi Ha p -repMaHHII (2 06pa3U8) C TOKaMH MSKeiiMyMa 4,85 B 9,55 M8 B OMKD

eTHMB 19 H 23 DK«!J, eoOTBeTeTBeHH00 H o6pameHHble niiOJlbl Ba p -repMSHIIB e TOKSMII 

14 :4 
MaKeHMyMa 68 II 73 MKa H eMKOCTbiO 2 nK«!J HOTOKOM 3,7 X 10 p/eM 

J13MOHOHHO napaMeTpOB Tp8H3HeTopoB 

Haa6onee BhlpaJKeHBbiM a~KTOM o6ny'l:eHHH nn11 TpaH3HeTopoa HBnHeTeH yMem.we

HHe Kos«!J<!JBHHOBT8 yeaneHHH, eBH38HHOe e YMOHhWOHHOM BpOMOHB JKH3HH HeoeHOBHhiX 

HOeaTenell 
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a •a.- t K'~ • (2) 

rna t - Cpenaee BpOMII npO."IOTS HOCBTonell 'l:ep03 .1Sa3y 1 a K'·- nOCTOIIHB8R1 smnmomaBCII 

«lJYBKIUIOll TeX JKO IIOpeMeBBhiX1 '!:TO H C B BhlpaJKeBBK ( 1) •. B 'l:aCTBOCTB1 3aBBCHMOCTL a 

OT "(! MOJKeT 6h1Tb BellBHOllHOll BCnenCTBBe Toro, '!:TO K' 3aBBei!T OT THII8 npOBO.QHMo-

eTa, a npu o6ny'l:enl!l! D ~epMaBBll nepexonaT B P -repMaHKll1 noaTOM)' lt03~BIIBOBT 

ycnneHBB .MOJKOT .QaJKe paeTn npu onpe.QeneHHhiX .Qo3ax. TaK Klllt 

naru.aa 11 t , TO MOJKHO aaixncaT& AnSI a 

fa -oCipaTno nponopuo-

a•a.-·~ "(! • (8) 
fa 

nocKOIIbltY npenellbBbiO 'l:aeTOTbl TPaH3nCTOpOB HaxonRTCli B nnana30HO 1 Krll-.1 frn, TO 

noTOKH 'l:aCTllll, npn KOTOphiX npoliCXO.QRT OTKS3hi, MoryT pa3nB"'aTbeH aa 6 nopsm:s:oa. B~>tco-

KO'I:aCTOTHbiO TpaBBDCTOpbi MOryT BbiXO.QHTb B3 eTpOSI p8HbW01 '!:OM npellCK83biBSeTCII Bbl-

paJKOHBOM ( 3) 1 TSK KaK IIPB 06ny'IOHKII }'BOIIB'IHBSOTCSI eonpOTBBIIOHHe nonynpOBO.QBBKOB H 

MOryT DMeTb MOCTO D3MOHeHHII BOllll'lHB1 CBSI3aHHbiX C npOBO.QBMOCTbl01 TaKHX, KaK OMKOCTb 

nepeXO.Qa, HallpBJKeJme llpOKSnbiBSHBH, naneBHO Hanp.!IJKOBHII Ha TpaH3HCTOpe. B eOCTOIIBBB 

aaehimOHBB, paenpeAOIIOIIIIOO eonpOTDBIIOHIIO 6a3bl D T.n. BhiXO.Q 113 eTpOSI MOJICOT 6h!Tb TaK

JKO o6yenOB11eH IIOBepXHOCTHbiMH a¢<peKTSMB1 KOTOpbiO npOSIMBIOTeH B YBOnB'I:OHBB o6paTHoro 

TOKS H · YMOHhWOHIIB np061!BHOrO HSnpBJKeHBllo npOTOHSMH 061ly'la11Cil psm MSIIOMOmHbiX TpaH-

3HeTOpon, repMaHKOBhiX n. xpeMHHOBbiX. Koa¢qmuaenT yenneHHil1 B nenoM, B3MOHSieTeH B 

eOOTBOTCTBHH e BblpB.lKOHHOM t3), 110 .QIIB BhleOKO'I:aeTOTIIbiX TpaH3BCTOpOB H86niO.QanBeb 

3118'1:HTOilbHhiO OTKIIOHOHHH1 KOTOpbie KpOMO BOTO'lBOeTH H3MOpOBHll MOJKIIO OObHCBBTb 38BB-

eHMOCTbiO HOCTOIIHHOII K 

.QeileTBHOM 06ny'l:eBIIIIo 

0T TBna npOBO/:IBMOCTII II H3MeHeBHeM THna npOBOllHMOCTB no.Q 

Aanee .QSHhl pe3ynbTaThl, nony'leHBhte .QIIH TpaaaaeTopoa. KaK a .Qnsr .Quonoa, B no.Q-

3aronosKax B eJt06KSX yK838BO '!:Reno aeene.QOB8HHhiX o6pa3nOB. 

fepMSHBOBbiO MSHOMOmHble BB3KO'laeTOTHbiO Tp8H3BeTOpbi 

n9A(2) 

Kos«!J«!JanneHT nepena'I:B B exeMe e o6mell 083011 - a CTSHOBHTCH MeHbWO npe.QOilbHO 

.QOnyeTIIMOrO 3HS'leHIIll npH HOTOKO HO 6onee 5•10
12 

p/cM
2 

(eM. pae. 3). nOTOK OTK838 

.QIISI o6paTBOrO TOK8 KOillleKTOpa JlteHO noeTHraeTCH npH llaAeBHB a .QO 0 (eM.plle.4). 

K/fa 5·10-
14 

eM
2

1p.eex. 

nt3(1) 

0TK83 H8eTYnaeT 113-38 yBellB'!:BHHB 
14 2 

JKo npH ttOTOKO 2,4•10 p/eM (eM. pae. 4). 

npa TSKOM nOTOK8 (eM. pne. 3) a OCTaeTCH eme B npe)lenax JlOnyeKOB. B03MOlKB00 '!:TO 

.QSilllbiO no a 38BbiW810T nOTOK OTK8380 Klllt BHIIBO 83 p03yllbT8TOB no n14 H n15 Jl8IIOO. 

·17 2 
K/ fa - 7,5·10 CM /p.eex. 
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nt4(2) 

• 13 2 14 2 
nOTOit OTJta3a DO Jlt - 2,5 10 p/CM (pHC, 4), DO a - 2,2•10 p/CM (pHC,3). 

0 
-15 2 

nocTOSHI!aH K/fa 3aJtmoqeaa B npettenax 1-1,9 •10 CM /p,Celt, 

nt5 (1) 
13 2 14 2 

nOTOit OTJtaaa DO JKo paaeH 6•10 p/CM (CM, pUC, 4), a DO a - 1,75•10 p/CM 

(puc. 3). K/f HaXOAUTCll B AUaDa30HB 5-9·10-17cM
2

/p,CeK. 
a 

KpeMHUeBhiA ManoMOWUhiA HU3KoqacTOTHhiA TpaH3UCTop n103 (1) 

0TKa3 HaCTyDaeT H3-3a DBABHHSI a 12 2 
DpU DOTOKe 1,2•10 p/CM (eM, puc. 3), 

no J OTJta3 He H8CTYnaeT U DpH D8ABHUH Ke a AO 0 (eM. pac. 4). 

-14 2 Kif a • 5•10 CM /p.ceK. 

repMaUHeBble AHti><I>Y3HOHHhle BbiCOKoqaCTOTHhle TpaH3~ 

n403A(2) 

14 2 0AHH H3 o6p83DOB cnyqaiiHO BhiWen H3 CTpOSI DOCne 9KCD03HDUU 2,38"10 p/CM 

{1-ll TOqJta Ha pUC, 3 U 4), HO ylKe DOCne 9TOA 9KCD03HDHU TOK JKo 118HI!Oro Tp8113B-

CTOpa npeBh!Wan npettenbHO AODYCTBMhlli, D09TOMy DOTOK OTK83a MOlKHO cqBT8Tb paBHbiM 
14 2 

2,4•10 p/CM • noTOK OTK83a AnSI BTOpOrO 06pa3D8 0 no-BHAHMOMy, 3aBb1WeH - no J OH 
, 15 2 K• 

He IIOCTHraeTCH AalKe npu aau6on&weM nponymeHHOM noToKe - 3;1 •10 p/cM , a no a 
15 2 

nOTOK OTKa38 paBeH 2•10 p/CM • 

-17 2 
K/f a a 3,4"10 CM /p,CeK. 

n416 (3) 

13 2 011UH o6paaen cnyqaliHo Bhlwen B3 cTpos npu aaMepe Ha noToKe 4,3•10 p/cM , 

D09TOMy npn 60DbWHX nOTOK8X B3MepeHHll BenBCb Ha ABYX 06pa3D8X0 OAH8KO, nOTOK OTKa-
13 2 

3a no a 6btn AOCTHrHyT paHbWe B COCTaanseT 3•10 p/CM (eM. pHC, 3). no JK 
14 2 ° 

nOTOK OTK838 paBeH 1,4•10 p/CM (puc, 4). nocTOllHHaS! 

If -15 2 
K a a 1,3 - 2,4·10 CM /p,Celt. 

1T308 (5) 

noTOK OTJta3a no a 13 2 14 2 
cocTasnseT 8•10 p/cM (puc. 3), a noJ -1,5•10 p/cM 

Ke 
(puc. 4) 

-16 2 
K/fa = 5,5•10 p/cM • 

1T303 (2) 

Y OAHoro H3 o6paauoa aa6n~Aanoc& asoMan&aoe yaensqeane Kostl>tl>snueHTa ycuneaus 

C POCTOM nOTOJta nponymeHHbiX DpOTOHOB (CM, pHC, 3), npHqHHhi KOTOporo MOryT 38KD~-

8 

']' l !. 
J 
,/ 

tf 
{ 
l 
I, 

qaT&Cll a nepexotte n·Ge _13 2 
B p•Ge • noTOK 0Tit83a He 6btn IIOCTHrHyT npH 1,86•1u- p/CM 

60n&WBM nOTOKOM 9TH TpaH3HCTOpb1 He o6nyqanHcb), 

-15 2 
K/fa =. 1,6 ··10 p/cM • 

n418 (3) 

Tolt Jlt aoapaCTan, a Kos<!Jtl>uuuenT a nattan, DpH o6nyqeliHB AO nOToKa 
15 !'. 

3,1•10 p/CM , 110 nOTOK OTK838 AOCTHrHyT He 6btn, Y o6p83DOB Ha6n~ttanoCb BHOMBnb-

HOe B03pBCT8HHe K094>ti>HDB6HT8 a HB HaqanbHhiX 9TanaX o6nyqeHHH (pHC, 3), JtOTOpOe 

MOJKHO o6'bHCHHTb nepeXOAOM n - Ge B p - Ge • no-BHABMOMY H3MepeHBH A8DH 38BhiWeH

Hy~ Benuqnay pa~K8DHOHHOA CTOHKOCTH, nocTOHHHBH 

K/ -19 2 
fa =5,6•10 CM /p,CeK. 

KpeMHHeBblli AH4><&3HOII~blli Bbi.£2!<~!,2!.!!!'1A TP,81I3HCTOp 

n5o3 (1) 

nOTOK OTK838 no a 12 2 
COCTBBDS!6T 1,4"10 p/CM (eM, pHC, 3), npn 9TOM He 6hJDO 

38MeqeHO H3M6HBHHH JK., 

-13 2 
k/fa =5,3'10 CM /p.ceK. 

11TOrH H3MepeHHA CBeAeHbl B Ta6nHDhi 1, 2 H 3, 

3 a 1t n ~ q e H H e 

HeCMOTpH HB He60DbWOe KonuqeCTBO HCCDeAOBSHHbiX o6p83DOB K8lKIIOrO THna npu6o

pOB H HeAOCTaToqay~ TOqHOCTb H3MepeHUA napaMeTpOB H3 peayn&TaTOB o6nyqeHHH MOryT 

6htTb CAeDaHbl KODnqeCTBeHHhte BbiBOAhl H A8Hhl onpetteneHHbte peKOMeHllBUHH no HCnODb-

30B8HH~ 9THX nps6opoe B annapaType, pa6oTa~meA a ycnonssx o6nyqeans npOToRdMU 

Bh!COK!IX 9HeprHA, repMaHHeBbte nnOCKOCTHbte H ToqeqHhle llHOllhi He BhiXOllHT H3 CTpOH 
. 15 2 

DO 06paTHOMy TOKY AO DOTOKOB 0,3- 3"10 p/CM • npsMoe CODpOTHBDeHne, K8K npaBHD0
0 

He H3MepHDOCb 0 HO ORO MOlKeT cnylKHTb npHqliHOli OTK838 (JU 1), KpeMliHeBhlii AHOll 

n103A BhiXOllHT H3 C!POH BCnBACTBHe yeensqeHHH DpHMOrO conpOTHBneHHH npH noTOK8X 
14 2 . 15 2 

MeHee 3•10 p/CM • noTOKH OTK838 TyHHen&HhiX H o6pameHHhiX AHOllOB BhiWe 3•10 p/CM 
14 2 

( D -repMaHUA, apCeHUll rannHH) - 3,7•10 p/CM ( P -repMaHUii), repM8HHeBhte nnocKo-

CTHhle H AUti><I>Y3HOUHhle M8nOMOWHhlB TpaH3HCTOpbl THD8 pnp BhiXOAHT H3 CTpOH B 06-
12 14 2 

naCTU DOTOitOB 5•10 - 2,4•10 p/CM BCnenCTBHe yaensqeHUH ]lt
0 

U yMeH&WeHHH a , 

9 



CTollxocTb BhlCOKO'ffiCTOTHbiX TpaH3BCTopoa OK83NBaeTCR Bhlllle, xaK npaanno, 'laM UB3KQ-

qaCTOTHhiX. KpeMnneahle TpanancTophr Bh!XOJlRT na CTpOlt acnencTane naJieHHII a npn 

nOTOKBX MeHee 1,2 •10
12 

p/cM
2

, •ro eCTb ltX CTOllXOCT:b HltlKe, '19M y rapMAIIJI&BblX TpA11-

31JCTOp0Bo Pannannonnalt CTOliKOCT:& cxeM MOJKOT flhiT:& o6ecne'lena aa c'leT npl!Menenng 

5onee BhiCOKO'IaCTOTHbiX nonynpOBOilHDKOBhiX npn6opOB, npHM9H9Hillt UOHltlKeHHbiX BliUpltlKe

Ililll nnTaBH!I nnn yMen:&III9HHH BlUIHHHH pOCTa JKo B BB9Jl9HHH OTp!InaTen:&aoA OopaTBOli 

cesran Jlnsr KOMneacannn naneang a • Tianeane Jtoscp<jlnnneBTa ycnneHRlt a MOJKBO npen-

CKa3hiB8Tb UplX H3B9CTHhiX IIOTOKaX, non:&3y>IC:b nony'leHHhiMB UOCTOSUIHbiMB K/f B 
a 

B aaxnroqenrre aa~op non:&ayeTC>I aosMOJKUOCT:&ro noonaronapnTb 3.r.nnTnnaoay, 

A.r .Mopoaoaa n E.n. Ocmr,enxo oa noMolllb a H3Mepenn=. 

nuTepa~·ypa 

!Wertheim Gunter. Radiation Effects in Semironduc!ors., Nucleonics, :D, no.7, 47 (196~. 

2. James W_.Easley. Radiation Effects in Semiconductor Devices. Nucleonics, at~, no.7 (1962). 

3. W•A.Boban, A.J~Wager. The Effects of Steady~State and Pulse Radiation on GaAs Tunnel Diodes. 

IRE Trans., Ns-9, no. I, 346 (1962). 

4. Radiation .Effects on Transistors for Space. Nucleonics, ·21, no. 7, 56 (1963). 

Pyxonnc:& nocTynuna B na)laTen:&eKBll OT)len 
4 OXT>Ifipg 1965 r. . 
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Ta6nnna 3 

TpaaancTopbl 

MaTepHan Tnn KoiiH- TIOTO!t OTK838 TiapllM0 

'IBCTBO (a p/cM 2 ) OTK838 

Cnn.repM. TI9A 2 5•1012 a 

, 
nl3 1 2,4•10

14 
JKo 

n14 2 2,5•10
13 , -

-·- nt5 1 6"10
13 

Cnn. KpeMH. mos 1 1 .2·10
12 a 

repM. liH<jl. TI403A 2 2,4·to
14 

JK• 

, 
TI416 3 3·1013 a 

-"- 1T308 5 8·10
13 

, 
1T303 2 6onee 

1,86·to13 

-·- TI418 3 i5onee
15 

3,1·10 

KpeMH.An<fJ. nso3 1 1,4•10
12 a 

12 

TipnM9'18HH9 

~ 

no a nOTOlt 0Tlt838 

2,4•1o
14 

no a nOTOK Traa 
1,75•10 

no a nOTO~ oTKaaa 
2•10 5 

no JKo nOTOlt OTK838 
1,4•1014 

no 1x noTOK OTK838 I 
l,5·1o

14 

HM910TCH liOIIYCTHMb19 
naMeHeHHH o6onx napa-
M9Tp0B 1z: • a 

0 

HMBIOTCH liOIIYCTHMbl9 
OTKIIOH9HHH o6onx napa-
MBTPOB J • Ke a • 
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I ---
1 /ll8 -------
I -- , 
I I 
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103 I I 
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II 

10
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0 1015 2·10 15 lfJ, %,.,2 

Pnc. 1. 3aanciiMOCTb o6paTnoro TOKa liHOJlOB oT nponymeHHoro noToKa 
npOTOHOB. 06paTHOe H81Ip.HlKBHHe H3MepeHHH liii.H liHOJl8 niB 

- 10 B, Jlii.H OCT81IhHblX - 11,5 Bo 
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