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BBEIIEHME.

I/In-rencmaaoe nccnenonanne paapsuzoa HKSKOPO ,naB.neHna B uoIIepeq—

I-ION Marnnmou none cnsaano c m: mnpomm ncnomaonaunem B M8I‘HeTpOH-

HH1 yc'1-pone’:-Bax Texnonormecnoro Haanaqenna, ycxopmemx rmaauu c

sammywum Jxpemaou anexcrponoa, B Kaqecwae rmaamennwt BMIITTGPOB mm

a.neIc'rpommx n nommx nnxemopoa.

Anama JMTBPBTYPHIH. mmmx nozcaannaer, we cnoncwna paspsma 13

nonepemou Marnnmom none 0 aammywma npempon snewrpénos B ocmacm

uepexona or Mamerpoimoro paapsuza c pacwymen Bo.m:.'r—aM1IepHofi xaparc—

Tepncrmcon K nyronouy paapsuxy upammecm He nayqemi. OTOYTCTBYDT

ooocnoaamme axcnepmaemanbnne H Teopemqecme namme, uoaaonamme

orrpe.ne.:m'rb~ rrpe,zxe.nLnHe pemmu Marnerpounoro paapsuza B xowopux

qiymumormpye-r 6o.nLnnmc'rBo Texnonornqecmm yo-rpofic.1:n.:. Idccnenoaanne

MOIIIHHX KMIUJIBCHHX PEBPHJIOB, KCIIOJIBBYSMHX ,I(JIfi ’ PSHBFBIIZE IIJIOTHOK‘

omiopomion rmaamu, yrcaaunaer Ha Boamoxaocwb cymecrnonanna ycromm-' ’

BHI PBBPHJIB B MEPHHTHOM IIOJIG, I-I8 IIGPGXOIIHIIIHX B KOHTp8I'IdpOBEH-

HY!) QBBY Hpfl BHBWITBJILHHX BBJMTHHEX TOK8, OOLFIHO OOOTBBTCTBYIIIMI

zwroaon o6.nac-m BOJ!I:'1'—aM1'IepI-IOH xapanwepncmm Tazcnx paapsuzoa.

IIBJII: padom:

Mccnenonanne BOJILT-BMIIBPHHX xapemepncwmc n oO.nac-ren cymec'rBo-

B83115! CKJIBHOTCNEHI. (I)OpM Icaaancrauuonapnoro paapsuza Imazcoro nannenna

B MEPBMTHLIX nosmx paamqnofi Icomlnrypamm.

oupeneneune JIOKBJIBHHI xapawrepncwmc rmaamu yxcaaammx cbopu

paapsma.

Mccnenoaanne BOBMOIHOCTK ncnonbaonanna mxaam cmmnowoqnoro

paapsma mm renepauxm nnomnx Imasuemnn oopasoeamm n nmencnzamm

IIOTOICOB BBPSIBHEHX ‘IBCTHLI.



Hayqnaa HoBn3Ha H npaxruqecxaa anaqnmocmb paoowuz

B npouecce nponeneuna paoown Ounn nccnenoeanu oonacwn cymecT—

Bonanna u pexnmu cnnbnowoqnax mopm Hsaancwaunonapnoro paapfina HB-

KOTO nannenna B MBPHHTHHX nonax paannqnon Komnrypaunn.

V Oonapymena Hoaaa craonnbnaa Qopma Kaaancwaunonapuoro paapana B

uonepeqnom MBPHMTHOM none, aanammaaca npomemywoqnofi cwannefi nape-

xona or MarHeTpoHHoro paepana B nyronofi (cnnbnowoqnnn n¢Qy3HHn pe-

mnm) K nmemmaa cnenymmne ocHoBHHe xapaxwepncrnxn: Hanpsxenne rope-

HHH =I00 B, Bpefis cymecwaoaanna no Hecxonbxnx Mmnnncexynn, nnanason

TOKOB ow I0 A no 2 I03 A. Hpennomena Kaqecraennaa Monenb, noacHHn—

man Bosuomann MGXEHMBM BOSHHKHOBBHHH H cymecmnoaauna yxaaaunon mop-

M paapana.

¥cTaHoBneHo cymecwnoaanne cunbnoroqnofi Bucoxoaonbwnon mopmn

KBaancTaunoHapHoro MBFHBTPOHHOPO paapana (cnnLHoToqHHn MBPHBTPOHHHE

pexum), ownnqammenca BHCOKHM Hanpamennem ropenna (no I200 B) B co-

qerannn c Oonbmon nnornocrbm Kawonxoro TOK8 (no 25 A/CM2). nmTenL—

HOCTL cymecTBoBaHna swofi mopmu paapana MOEBT HPBBHMBTB 20 MO.

Hoxasana Bosmoxaocrb nonyqenna nmaamennux oopasosannn nmoTHo—

CTBD no 1.5 I015 cM“3 B oO$eMe no I000 OM3, ooecneqnaammnx amccum

nonnoro nyqxa nmornocmbm caume I0 A/cue c aneprnen no I00 9B.

Honaaana Boamoxnocwb nmwencnnnoro Kawonnoro pacnnnenna n cos-

nanna nowoxon uacrnu pacnnnennoro Mawepnana c Bucoxon nnownocwbn.

Honyqeunue peaynbrawu ncnonbaonanuz

— B Honofi nnaamennon Texnonornn HOHHO—CTHMyflHpOBaHHOPO TpaBne—

HMH H coanannn nmaamoxnmmuecxoro peaxwopa nna ycxopennoro Tpanneuna

cnoea (HO Cyomxpon)

— B Texnonornn nmnynbcnoro pacnHneHua Marepnanoa (HO 3Hepro—

Mam P. Camapa)



— Ilpn Hanecemm deanetpewrmm nonpumn Ha Herepuocwomme cumi-

mmmmonane gamma nomxanpymmx nanyqeum n ocooo TOHICKB rmemm

(coamecmo mm 1: Man ".I[mIrbepeH'r" r. Mnncxc).

Ha aamrry BHHOCfi'1'Cfi anenymme nonoxemm:

I. Peaynyram a1ccnepnMeH'ra.nLm=Ix nccnenonamm cmmnowotmux thopu

xnaancwaunonapuoro paapsuza xmarcoro .11aB.ne1ms B Marmrrnnx noamx

paammnofi Icoflclnrypaxmn: a. ocmacm cymecwaonanna H pexnmi mayx cbopu

paapsma:

6. aanncmocm BOJIb'1'-BMHBPHHI xapamepncwmc

or nasnenna, Benmmnu m-Lzmcmm M8I'HH'1'HOI'O nous, pone Ijaaa, Ma'repna-

.na anewrponos, annaj paapamzoro ycwponcwna.

‘ B. xaqecmemiaa Mo,ne.ms, 1IOfiCEfilllI3fi'.:*EO.3llOI-

nun MEIBHHBM Boaumcnonemm u cymecraoaanna cnJII:HO'1'O‘IEOfl"'.1IKI!]ly'.'-SE01

(DOWN P33Pfi1I8-

2.. Meron nmuynhcaofi somzonofi zmamocwmm 1I.no'rI-Ion Imaauu.

3. Pe3y.nL'ra'rH nccnenoaamm napauerpoa Imaem cmmnoroqnoro

Icaaancwazmonapaoro mrmxyanoro pemma paapsma B c.naOo Heozmopozmom

MBPHKTHOM IIOJIB .

Ocnomme pe3y.m:'ra'm ornvmmzcoaann B paoorax [94+IO4] .
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PJIABA I . CWEHOTOVEIHE PABPHILH HMBKOPO , B MAI'H]/WHOM

HOJIE H EX MCHOJIHBOBAHME IUIH PEI!-IEPAIIMM IUIOTHODI HJIABMH M

I/[HTEHCMBHHX IIOTOKOB BA.PflJKEHHX QACTWI.

I .I Bucnepmaenranbrme nccaxegzosarma raaoaoro paspana HKBKOPO

namxenna B M8I'I-IPITHOM none H ero npmenerme B conpememmfi Texamce.

Gymecrnyronme BYIJIH ycwpoficwn Ha ocnoxae paspsuxa B cxcpememmx

ExH nomzx.

Mccnenonarme xapam-epncrmc paapana B cxcpememmx :->.ne1c'rp1mec-

ROM 12: Mammmom nomzx Irpmaeazo re cosmanmo MHOIKGCTBE rasopaspammx

ycwponcma, naxommmx muporcoe npmenerme B paamumx oonacmx

Hayxn n Texnmcn. owmqamnxca K01-Ictmrwpaunefi E n B ncmen, Bemé

‘IMHOH paapam-Ioro TOK8, Hanpsmerma. JISBJIGI-Ildfi P838. 0 TOKH sperms!

npawrmecxoro rrpmenemxa Hanoonee nepcnewrnzrmmn orcaaaamcn .c:nc- 75 -

TGMH c Icontmrypazmen noaren, ocecneqnaanmn sammywufi zrpemb‘ SJIBK-‘-““

-rponon. K xx qncny omocsrrca 1m.mH,z1pm1ec1cne [L21 9: xmoczme

[3,4] M8I'HeTpOI-IH, aqemca Hemmra [5], Icomommponamme yc'rpono'rBa

c MBPHBTPOHOM n no.nHM xca'ro,noM [6+8} , 1:ma3MeHHHe ycxopwream c

aammywma xomoecmm '1-orcou [9+II1. B mtrrepawype nocnenoaanu

cBonc'rBa paapsuzola npawrmlecml ma Bcex Bosmom-mx KOH£IMI'ypaLIlm

a1ccna.nbHo—cmmeTpm1HHx EXB nosxen. Mccnenonanna paapsmon c HeB8M—

xcnymm Jzpembom anewrponoa 11'pOBO,l!,'P!JIPICb c uemalo Buacuenna Boauox

nocm nonyqemm IIO'1‘0I£8 rmaamu, ycrcopeunoro cxpememamm 9.ne1<'rpn-

qecmm n Mammmum nommn, a were me Mammmon nzaommm IIJIBBMH n

KCHOJIBBOBBHKH Taxmx fiaapanoa B Imazamoxmmzecxmx peawropax

[12,13] . Paspsum B nonepeqnom Mammmou none Hanum umpozcoe

rrpmeuerme mm cosnarma Imaamemmx ammepoa n masmermnx HISTO-

noa. B 1caqec'rBe rmasuemmx :->Mm"repoB B Texnmce nonyqelma MOIIIHHI

nyrncox-3 oommo ncnoubayewca nyrolaon paspsm, Icoropun nomqam



IIBFBXOIIOM H3 TJIGIIIIBPO, OJIEIBKO Irpn ROM JXBBJIBHKK, HBOOXOJIEKOM

JUIH HOJIYQGHHH BJIBICTPOHHOPO HYWRH K GPO TPBHOHOPTHPOBICH, aaxeqb

TJISIIIIHH paapiuz HGBOEMOIHO, IIOBTOLU B I€8‘I8C'.l'Be BOHOMOPBTBJEHOPO

KCIIOJILBYDT PBBPHA C BEMKHYTHM BJIGKTPOHOB, KOTOPHH aarem

nepeaomrrca B nyronon [14,15]. Ilpempnmmamca nonnmn Henocpe,z:—

cmennoro ncnoamsonanna Icowrparzponannoro paapana B crcpememmx

ExH nomx B Kaqeclfie amwrepa enezcwponon. [I6] . Mcnomaaonanne

rnnaauem-mx xa-ronoa H3 ocnone Hercoxrrparnponannoro pa.-apsma B Mar’-

rmmou none nan B lmoczcon T811’. 11 B 1mJmH.n;pn<:ec1cot reouewpnn mm

couamm nomocrm ynpannaemux Icomympymnx annapawon noalaommo

COBJIETI: BeH'rmm cnocoonne Komaympoaarbmlm came I50 gm :1 H811-

paxemm caume I00 KB, upxmem ocymecmnrb aannpamaemnpnoopa aa

Bpeuena Menee 50 HO [17,18] . I-Ie,uoc'ra'n<oM 1cpocca'rp@i*=’aB‘.IuIe'rca

TOJIBKO OOJIBIIIOS =a300 B nanenne Harrpaxenna Ha paapsme,‘ oc$ecrretm- ~' V’ ”

Banneu quymcunounpoaanne Imaauennoro Karena. llnaamy paapsma c

nonepeqmm Marnnmrm nonem aqxbewrnano ncnonbaym ma noJxy<1enna

nmencnnmm nomux nyuxon, Hanpmaep nymcon orpmareamnux nonoa

Bonopona [I91

Bamenmma npawmqeczcm upmxoxezmeu paapsmon B Mamwmom

no.ne anaxaerca coananne Mamerponnnx one-reu pacnrmenna ma-reputa-

JIOB, KOTOPHB ncnonsaymca NIH HEHGCGHEH TOHKOHJleHO‘IHHX IIOKPHTEK

[20-1-2'7] .

CBoitc'rBa paapsuxon B nonepeqnou M81"HE'1'HOM none.

Gonnacno [28] B 0'1-cy'rc'rBm Marmmoro nous B aanncmocm or

nanneana n BGJIBIHHH paapsumoro -1-one Boauoum qempe ycronqmaux

mum paapana c xo.no.umm xca-1-ogxou: Teramm, nopuanbmm memnm,

anomanbmm Manual 11 nyronon. ltnanaaon TOKOB mm Kaxmoro Bmxa



Hanpmaep zum paapsma B Ne Mexmy IIJIOCICOIIBPEJIJIBJIBHHMH snemponamz

npn nannemm =1 -rop, coc'raB.nam' COOTBGTCTBBHHO I0'I0+IO'4 A,

IO‘ +IO'I A, I0"I+IO A, >10 A. Kaqecmnennaa Bo.m='r-armepaaa

IBPBKTGPHCTHKB P888118 lIpe,IICT8BJleH8 H8 PEG I.I. K CHJlI:>HO'1'O‘IHI:fld

(popuau OTHOCSITOH anouanbmm memm! paapsm, aammanmm BOD‘

uonepmocrb Karona H xapamepnaymmflca pacrymen Bo.nL'r—aMnepHofi

xapaxrepncnmon (BAX) H nyroaon, npencrammnuun cocoa 1coH'rpam-

poaaxmm paapsm T c nananuen Bo.nL'r—aMnepHofi xapazc-repncmncofi.

Ocnolanofi Mexannsra nozmepxanns memero paapana a13.nae'rca nonma-

Lma anempouama ynapou B 1ca'ro.n;HoM c.noe H s.ne1c'1'poHHaa amnccna c

KBTOJI8, BHBHBBBMBH BTOPWHIOH HOE-BJIBKTPOHHOH BMHCCHBH H ®'1'OBQ-

@I€TOM. IIBHIKGHHB aapsuzon B I{B'1‘O,lIHOM CJIOB TJIBIIIIBPO PBBPHJIB IIpOH.O-

xo_zm'r B pexme nomammocm, rrpmzeu CKOPOCTI: mamcerma nonoa

anaqnwenbno Memame cxopocm anexmpoaos, Onaronapa qemy B oonacm

KBTOJIHOPO npocwpancwna Bosmncaew naowrormun no.nom-renbnun aapsm,

Igoropnm ncxaacaew snewrprmecxoe none. B Ka-romofi ocmacm uanaer

Oonbmaa ‘IBCTI: Haxrpaxemm paspana, Tamm oopaaom HOpM8JIbHI£l n

anomanbmm Tnennnn paapsm assmmca paapimamn c rxo.nom'renLmm

odsermma aapsmou.

Hpn Hanmnm nonepeqnoro Marmrmoro nous, cxopocrb nannezma

anewrpoaoa K anony yuenbmaewca. trro upnnonm: K ymenbmemm Karon-

HOPO nanenna n ynemmennn o'rpmJ.a're.m=Horo npocmpancmennoro sepa-

na BCSJIEBH anona, 'r.e. oopaaonamm Brrpaxennoro anonnoro cnoa.

Penman paspsma c andmrum OJIOBM mm c o'rpnna're.nbHHM oobemmm

aapsmou peamaymca B ocnonnou npn I-MBKKX ,zzaB.neHnax (psID'3

Top) . Hanoonee nomme nccnenoaanne cnoncna paapsma c anommu

cnoem B Imamzmpmecxou Marnewpone nponeneno B paoowax [29-z-32.] .

Hpn Oonee Bucoxnx nannennax it He CJMEKOM cmuamzx MBPHETEHX nonax
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peamayewca paapap; c Ica'ro,z:rmM c.noeM (no.nonM're.nbHHM npoc'rpaHc'r—

BGHHHM aapsmom) . BKCIIGPMMSHTBJIBHHQ ncc.ne,z1oBaH3m paapiuxoa B Home-

peqnom Mamm-mom no.ne pasmmnon Iconqmrypamm noxaaam, wro

comacuo [33,34] mm motion Maruerpormon cnc'reMH C :3aM1cHy'rHM

IIPBHCDOM 8J'IeKTpOHOB BO.T!bT- SMHGPI-I85! XBPBKTBPHCTYIKB OIMCHBSGTCK

" Bupaacennem Ip=1aUg, me Ip — TOE, Up — Harrpaacex-me paepsma, R,n

. CBHIIIB 3 IO

(n>I) — Be.JIK‘mI-IN, sanncanme or 1coHc'rpy1cu1m yc'rponc'rBa, pone

rasa, 1zaB.neHna, Mammwnoro noam. B paoowe [35] rrpmaelzemi

axcnepnmenranbrme aanucmocm TOK8 0'1’ I-IBIIPHIKGHKH paapsma, xapa1c—

Tepune, no MHeHmo 8BTOpOB, mm Jnooon Mamerponnofi cnc'reMH

(pnc. 1.2). Bvuxao, rrro C poc'roM Hanpmxemaocm MEI’!-MTHOPO 110.113,

rrpn qmccrrpoaannom TOKB, Hanpsuxerme roperma ymemamaewca. AB'1'OpH

,z1e.na1o'r BHBO,I[ o rrpnmemmocm MOJIBJM anozmoro (mos mm ormcamag

axcnepmeawaaxmmx xapawrepncwmc npn CpaBI-IPITEJIBHO BHOOKOM ;1;aB.ne—

nm (1.5 I0'I<p<8 Io‘I Top).

Ormonerma or yxaaarmofi rcapwmm saancmocren Harrpsxerma

paapsma o'r TOK8 HaOJI10,118mrICb npn paOo'1'e c HQOXJIEIIQIBBMHMPI 1ca'ro,zzaMn

[36] . Hpn Marmrn-mx nonax c mmymmefi camne 2 1<cI‘o K 1I8BJIeHIflI

'2 Top GHJM noxyqeim BAX paapsma, rune Monowommfi poc'r

Hanpaxtemm oc$pHBae'rca, npoucxolzwr pesxcoe ero ymenbmelme no ypoB—

H3 2200 B, nanee Up rrparvmtzecm He sasncwr o'r TONE no BBJIWIKHH
TOKB :22 A. AB'ropu ocS'Ls=1cHmo'r noaanenne yrcaaammx S—oOpa:3aHx

xapawrepmrrmc yaemmex-meu Komxenwpawm rmaamn BCJIGJICTBHE Momma-

Lnm pacmuxemmx aToMoB Mawepnana 1ca'ro1:a.

Mccnenoaarma aaancmocrren TOKE paapsma om Benmmm Hamps-

IKBI-IHOCTPI Marrmmoro IIOJIH owpaacenu B pacsowax [3'7+40]. Hoxaaano,

qro TOR paapsma moo Boapacwaem c poc'roM Hanpmxermocm ~Mar1m'r-

HOI"O HOJIB, HBHPHMBP B PBBPHJIBX B  HqBCKOM MBPHGTPOHG PI
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Komommpoearmofi cncweme c nomm Kawonom [37,38] , moo 3aBncn—

MOCTI: Ip(H) nMee'1' He3Haqm'e.m:.1-Inn MBKGPIMYM [39,40].
MOJIQJH: KBTOJII-IOPO 0.7103 Tnexomero paspsuza B nonepeqnom M8I'I-mT-

HOM none npe,z:c'raB.neHa B [41]. Horcasano, rrro Blcmoqexme MBPHPITHOPO

mom yaemtmaae-r IcaTo11Hoe rranenne npn MBJIHX IIJIOTHOOTHX TOKE PI

YMeHbIllaeT ero Irpu CSOJIBIIIHX. B pe:3yJ1L'ra're BAX, nocrrpoennaa B KOOp—

,1mHa'I-ax UK—In j cmemaewca H8 Be-Jlmmfly 3/21n(I+m2't2) B cwopony

OOJILHDIX TOKOB (cu — Lmmowpormaa qacrowa, T — Bpems penaxcamm

e.neIcTpoHa) , trro o:3Ha<1ae'r coo'rBeTc'rBy1om.ee yneamqerme Hopmamanofi

HJIOTHOCTPI Tolca. Bunenerm ycnosna nonoona Kawomoro c.noa B o'rcy'r—

crane Ia npn Hamtnm Marawmoro rzona. Teopewmecxaa MOILGJII: paapa—

gxa rmaxoro ,zxaB.neHna c 3aM1<:HyTuM .n;pemIaoM s.ne1<'rpoHoB, pea.m:3y1o—

meroca B Marnewpomiofi pacrmmwemanon cnc'reMe c T ma

Texnonormecxoro npmeuerma 1:;uana3oHoM 1IapaMe'rpoB, Hocrrpoena B

paoowe [42] . Honyqerm omiomeprme pemerma, oxmcunamme napaMe'rpH

rmaamu Ha paamumx yqacmax paapamzoro upomeacymaz '1'eMHoM

npmcaroznaom c.noe M aone npmcaromaoro caeqerma. 1’IocTpoeHa MeTO,1IlrI—

ma pacqewa Bo.m='r-amnepnon xaparc'repncTmcn paapfuxa. Kpome TOPO

npemxomena Mo,i1e.nL Baanmozzencwana IIOTOKOB pacmmenx-Ioro Bemecma K

paaoqero rasa npmaonfimero K cmmcemno KOHLLBHTPBIJMIPI rasa B ooaxacm

ICBTOJIEHOPO caeqemm n pocrry paspsumoro Harrpamexma. Pacqew BAX no

yxaaalmofi MOJIEJIPI TEE ate ,znae'r MOHOTOHHO Boapacraxomyxo aanncmocwb

Up(Ip) cTaCS1a.IHrI3HPY!€II1ymcH Ha _VpOBHe 400+6OO B Irpn IIJIOTHOOTPI Toxa
0.04+0.I A/CM2, Irro y,noB.ne'rBopn'reJ1bHo corxnacyewca c 3I€CIIepKMeH-

TOM. B TOIKQ Bpema Bu:3uBae'r comierme IIJIOTHOOTI: TOK8 B cwaxmox-Iap—

HOM penume (A0 0.3 A/cmz), KCHOJIBSYEMBH aawopamn mm cpaaneuna c

pacqewom.

MBMBPBHHIO JIOKBJIBHHX XBPEICTOPHCTMK EJIBBMH OTBHHOHBPHOPO P88-
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pana, TSKHX max nmornocrb umaauu nt n anexrpoanaa Temneparypé
Te, 3 Taxme pannanbnux pacnpenenennfi swnx napamewpoa B amcnanbno

cnwmewpnqnux cncweuax nocaameu uenun pan padow [43+45]. Hanpnmep

B nnocxnx MBPHBTPOHHHX cncremax [43,44] Guam nocwnrnyru HflOTHOC-

Tn KOHOB nizIO1O+3.5 I012 OM-3 H anenmponuue Teunepawypu 20+5 33
npu nzonennsx paooqero raaa 5 I0"3+2.5 Top OOOTBGTCTBGHHO. Cxema

9KCHepHMeHTa [43] npencwasnena Ha pnc. I.3. Bennqnua Marnnruoro

nuns y nosepxnocrn MBPHHTE nocwnrana I600 To. B KaqecTBe pa0oqe—

ro raaa uononbaoaanca apron npn naanennu 2.5 IO” +2.2 Top. 3neK—

rpomzaa HJIOTHOCTB H Termepawypa namepsumcb c Iromommo 3oH,na. [Io

TORY Ha aonn oueuena H CKOPOCTB xpemma sneurponoa B Hanpaaneunn

EXH. MoHHaa Temnepawypa namepanacb c nomombm snexwpocrawnqecmoro

afiannaaropa. Maxcnmambnaa anexwponnaa Temepawypa Haonmnanacb B

ocS.nac'm rrpmwmcalomen K 0011 onc'reMH y noaepxnoctm xcawona (28913).

Maxcnmanbnan nnownocwb 9fleKTpOHOB cocTaBn3ne 3.5 IO12cM‘3 K Guns

CpaBHHMa c nonnofi nnornocmbm. Oonapyxeno, qTo B oOnacTn HepneH—

nHKynapHocTn anenrpnqecnoro H METHKTHOPO nonen ownomeane npemmo—

Eon cuopocrn VA K TeflflOBOfi Ve ocTaeTca nocroannon Bnonb 2 K coc-

Tasnsew 20.05. Bonnonue nsmepenna noxasann, qwo VA3V.3 I06 cm/0,
TO BCTB Ve=I.5 I08 cm/c, qwo COOTBeTCTCByeT snexwponnofi TeMnepa—

Type 2633. Mamepenna nonnon Temeparypu nomaaann, qro Ti2O.6+I.2

as, T.e. oTHomeHne snenrponnofi 11 nonnofi Temnepawyp cocraeuno

=~.3+5.

B ananornqnon CHCTGMB npencTaBneHHofi B paoome [44] paspan

aamnrancn npn cnenywmfix ycnonnaxz nasneane p=5 IO’3+3 IO'2 Top,

paooqnn P83 — apron, Mawepnan Karena — Menb, paapannufi TOK =D.I

A. Maxcnmanbno nocwnrnywue 9neKTpogHaz umomnocwb H Temnepawypa

COCTBBJIHJIPIZ
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I. p=5 IO"3 TOp, ne=IOIO cM'3 , T8220 BB

2. p=2 IO'2 Top, ne=5 I010 CM-3 , T625 BB
TO ecwb noBHmeHne naanenna Hapany c pocrom Konuenwpauxn HOHOB

npnaonnr K cnnxennm snexwponnofi Temepawypu.

Mccnegoeanna aaancnmoowen HOHHOH xonuenwpannn H snexwponfion

TeMnepaTypH or TOKE paapana B nmocxom M8PHeTpOHe [45] nomasann

npaxwnqecxn BKCHOHQHHHBMLHHH pocw ni(Ip) u nanammym SQBMCHMOCTB

Z%(Ip), (pnc. I.4) onaaxo yexnn nmanason TOKOB 50+I5O MA em
nosaonaer cnenamb oomne Banana. Tam me npnaonawca pannanbnue

pacnpenenenna ymasannux napaMeTpoB, nonyqeHHHe EOHHOBHMM n3Mepe—

HMRMI/I. PBCIIPBJIBJIBHMB n£(r') MMBST MBKCMMYM B OOJIBCTH MBKCHMYMB

p8,IUrI8JIbHOfi COCTBBJIHKIIIBH PI!-I,BJEl.LPIPI MBPHKTHOPO HOJIH III BHp _

npoaan Bnonb oon cnmmewpnn enexmponnon cncwemu.

Bamnum napamerpom paspsna, Bnnammnm Ha ero Boner-amnepnym

xapaxrepncmnxy, aanaewca Tonmnna Kawonnoro anon. Ho MHBHHD aero-

poa [46] aasncnmocrb arofi Bennqnnu or napamerpoa paapana Momew

1/10 1/5

OHTB npencraanefia B Bane {B = 94.7 Q—EZ7%—— [CM]. B paoowe
[47] nenaeTcH nonuwxa Ha ocHoBe pemenna ypaaneuna flyaccona nun

I K8TO,I[HOI’O CJIOH C y<1e'roM HBMBHBPIH 1'IOl'[9p€‘II-IOH IIOIIBIIIJKHOCTH a.ne1c'rpo—

HOB B MBPHMTHOM none paccqnTaTL Kawoxnoe nanenne UK B 3aBnonMoo-

TM ow Toma n Hanpamenna paapana B Tnnnqxom Ana MarHeTpoHHHx pac-

HHHKTBHBHHX cncTeM nnanaaone napaMeTpoB: Ar, B=700+I8OO F0,

p=IO" +IO'I Top, Up=250+6D0 B. ‘«IncJ1eHHHe pacqem PI nsmeperma
eueprewnqecnoro cnenwpa HOHOB noxasanm, qwo KaTonHoe nanenne

cocrasnaew 75+9O % or nonnoro paapaznoro Hanpamenna.

Ooaop HOHHHX HCTOQHHKOB Ha ocHoBe MaPHeTpOHHHX cncrem [48]

HOJITBBPKILBQT TPIIIPIQI-Iiie IIEPBMGTPH p83p$'-L118 JIJIH MEPHBTPOHOB, PBCOTE-A
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mm B crraunonapnom pezxme, Hanpmep ma mzocxnx MBPHBTPOHOB

maarraaoa 1zaB.neHm coc'raB.nHe'r IO'4+5 IO"? TOp, Up=3OO B, Ip=O.I A
Pan paocrr nocaamen paczcmowpenmo paapsuzoa 13 cneunanmmx

yc'rponcTBax. Hanpmep paspam-roe yc'rponc'rBo pnc: I.5 [49,50,5I]

npe)1c'raB.nHe'r coco?! cncwemy 143 mayx mxocrcnx Konbuenux 3JIeKTpOJ.IOB,

Meamy KOTOpHMId co3,nae'rcH omaopomaoe anercmpnqecxoe none. MEI‘!-MT-

Hoe none nMee'I' 1coHc:m"ypau,mo TmIa "AH'mnpo01co'rpoH" PI connacoaano

c reomerpnefi snewrponoa Tax, q'roc$H B paspsumom rrpomeauyme pam-

EJIBHEH cocmammmaa BI, dung Maxcmanbga, rrpxmeu
Br»BZ; r——r—> Z; ————> d, me

VrBr V232

Z — umpmaa 9.ne1c'rpoJ1oB, cl — p8CCTOHI-IP19 Mexmy 3J1eI€TpO1I8MM.‘MaBZCH-

MBJIBHOQ anaqerme BZ Ha ocn CPICTEMH rrpn z=O.I M co_c:'rén3.n5re'r"—_~—.IC}0O

Po, 3 Marco:/IMa.nLHoe snaqerme BI, B rmocxocrn cmMe'rpIm;cnc'1:eMH

coc'raB.ns1e'r 2350 P0. Maxcmanbnoe paooqee Harrpmxerme coc'raB.na.n_o

23828.

B ormcarmom paspamiom yc'rponc'rBe B aaancmocm or naanerma

paooqero rasa ouaro oomapyxeno Tpn Ema paapsma: I. npn BHCOICHX

JIBBJIGI-DIHX (npaaaa BeTBb Kpmaon Hamena) — cn.nLHo'ro<mHn paspsm c

Hanpsmcermem roperma c.nacSo aasucamem or cmm TOKEI; 2. rrpn 1zaB.ne—

Hnax cooTBe'rc'rBy1oumx oO.nac'.m Mmmmyma Kpmaon Hameua, uonepetmoe

Mammmoe none o1caz3HBae'r CPIJILHOB BJMHHMB Ha Hanpaxcerme PI Icpy'rn3—

Hy Bo.nL'r—aMnepHon xapawrepncmmcn (BAX); 3. npu c$o.nee Hnsrcnx

naanermax, Home E OTCYTCTBPIB Marmarrnoro IIOJIH paepsuz He zaaamr-a-

emca, Icpymana BAX He aasncnw or Mammmoro mom. MBTOJIOM 1I.naBa—

Iomero some ma Bcex Tpex peaamoa ouno name-peno pacnpenenerme

Howemmana B MBIICBJIBICTPOJII-IOM Baaope. Ha ppm 1.6 npe1xc'raB.neHo

pacnpenenerme IIOTBI-IIJYIBJIB 11.113 CPIJIBI-IOTO‘IHOI'O PBJIMMB paapima. EXHI-
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Pnc.I.5 Paapannoe ycwponcwao c Pnc.I.6 Pacnpenenenne noTeHunana

Konbuenumm enexwponamm B xnanpy Ana cnnbnowoqnoro pemnma paspana

nonbnom MarHnTHoM none (501. Ip=50 MA, p=2 I0'1Top [49].
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Pnc.I.7 BAX paapana B KBanpyn0nb— Puc.I.8 Cnnbuowoqnun pemnm

HOM MarHnTHoM none (cnnbnowoqnun paapana [53].

cTaunoHapHHn pemum) [51].
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a. I—Ar, p=2 Io‘3wop, B=670 Po, 2—B=I360 Po, 3—B=I80 re, 4,5-N2,
H2, 0. He p=I IO"3T0p, I—B=I3$D PC, 2-B=9IO PC, 3—B=B7O PC,
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HO, qwo C pocwom MEPHHTHOPO Hons oonacwb Karonnoro Hanenna IE

ymenbmaewcn. M3BecTHo, qwo In nma anomanbuoro Tnemmero paspsna

ymenbmaerca c pocrom naaneuna, noewomy Momno cqnTaTb, qro nma

cunLHoToqHoro pemnma cwaunouapnoro paapana ysennqeune MEPHMTHOPO

nous sKBnBaneHTHo ysennqennm naanenna paooqero raaa. Haroxnoe

nanenne nowenunana npn STOM Tamme YMGHLMEGTCH, Torna max anonnoe

nanenne cnaoo pacwer c yeennqenne Br. Paamep upnanonnoro anon He

3aBMcnT OT Br Msyqeune 3aBncMMocTefi Hanpsxennfi paspsna or Toma

“pap
Hannqne pemumoa paspsna BonLT—aMnepHHe xapaxwepncwnnn (BAX)

) [49] B oonacrn Oonbmnx TOKOB (cTaunoHapHHx) nomaaano

KOTOpHX npencTaBneHH Ha pnc. I.7 B oonacrn (pd) cooTBeTcTBymmefi

MHnMyMy H upanofi BBTBH Kpnnofi Hamena. Ens Ar awe odnacmb

npuaaznemnr nnanaaony naBneHnn 2 IO'1<P<2 Top. OCOOBHHDCTLE BTOH

rpyunu KPMBHX Up(I ) HBHHBTCH TO, qwo KpyTn3Ha BAX dU/dI H Han-P

paxenne ropenna paapana yuenbmaewca c yeennqenneu nonepeqnofl

cocwaanammen nmnyxunn MBPHHTHOPO nona. Bnnanne MarHnTHoro mama

Ha xapaxwepncwnxn B amom cnyqae Taxoe me , EEK ouno oonapymeno B

cncwemax 0 HOHHM Kawonom B MarHnTHoM none £52]. OTMeqeHo Taxme,

.qTo c POCTOM Br Kpnwnqecxun TOK npu KOTOpOM paapan nepexonnw B

nyry Bo3pacTaeT K, Hanpnmep, E a3oTe npu Br;I4O Po nyra He B03-

HHKBGT BO BCBM nnanaaone nsmepaemnx TOKOB. B Tauom paspane pas-

Bnsamwca Hnsxoqacwornue Koneoanns, xoropue B HeKoTopnx cnyqaax

craonnnsnpywrca MBPHMTHHM nonem.

Hpumepom cwaunonapnux KoM6nHnpoBaHHHx cncrem, aanamwca

ycTpoficTBa [53], coqewammne paspan B nonepeqnom MarHnTHoM none 0

paxpanom B nonom Karone. Bonbman nmowaocwb TOK8 nocTnraeTca npn

naanennax paooqero raaa coowaercaymmmx 9¢@eKTy nnnoro Karena.

BOBMOIKHOCTI: nonyqexma CIUIbHOTO’~IHH.X QOPM CTBUJIOHBPHOPO PEBPHJIB I
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npn yonoBnu coxpanenna nocwaroqno BHCOKOPO Hanpnxenufi ropenna

(=800+7OO B) dune nccnenoBaHa B yCTpOflCTBe c npo¢MnnpoBaHHHMu

HOMHM Bnemwponamm, n0MemeHHHMM B MaPHnTHoe none 0 Konmmrypauuen

THEE "Anwunpooxowpon". Hpommnb 3HeKTpOflOB coBnaAan c cnnosofi

nmnnefi MarHnTHoro noun, qTo oOecneqMBano Baanmnym HepneHxnKynHp—

HOCTB anexrpnqecxoro H MBPHHTHOPO none Bonnsn nx noBepxHocTen.

Ycn0Bne nepnennnnyxapnocrn nonefi Boflnsn Been HDBSPXHOOTH KBTOAB

npnBonnT K oonerqeunm npodos H yBennqeHnm TOK8 paspana. Paooqnm

ra3oM flBflfiflGfi apron. Hpn naBneHMHx =O.I+ITop Ounn nonyqenn CMflb—

HOTOQHHB cTaunoHapHHe pemnmu paapana, xapamwepnownnn KOTOPHX

ananornunn nonyqennum B yCTpOfiCTBe c AMBKOBHM anexwponam,

npnqem npn Toxax. npeBHmammnx IA, paapan Oonee ycTofiqnB, qem B

ycTpoficTBe 0 nnocxnmm euexwponam. Hpn nccnenoBaHnn BaBncnMocruB

TOK8 paspana OT naBneHnH ouno oonapymeao cymecTBoBaHne eme onHo-

ro cnnBHoToqHoro pemnma npn HKBKHX naBneHMax. C ymenbmennem naB—

nenna no IO'3 Top B Ar Haoxmnanocb anomanbnoe Bospacmanne TOKE

paspana oes nepexona B nyroBon pemnm. Paapan npu STOM ROHueHTpH-

poBanca B uefiwpe cncTeM H TOR paapana nocwnran 2 A.

Heodxonnmocrb noBHmeHna Momnocmn paapana H noBumeHna nnoT—

HOCTK nnaamu noTpeooBano npnmenenna nmnynbcnoro nan KBa3ncTauno—

HBPHOPO pemnma. Bxcnepnmenwu, npoBeneHHue Ana Marnewponnux onc-

Tem paannqnofi reomewpun, noxaaann, QTO cymecTBymT pemnmu pasps—

noa, He nepexonamne B nyry npm Buaqnwenbnux Benqnnax TOKOB. B

cBepxnnoTHoM Tnemmem paapane, nonyqennom B ycTpofioTBe Tuna

"odpamennun Marnewpou" Koaxcnanbnon unxnnnpnqecxon Peomewpun

nocwnrnyw paspsnnnn TOR I 270 A Hpn U 2400 B, nnnTenBHooTBm
P P

nmnynboa THM=6O Mc. HJOTHOCTB nnasmn npn BTOM COCTaBflHeT

12121012’ cM‘3 [541 .
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HOHHTKQ nonyqenna onnoponnon nnasmu c nnoTHocTbm =IOI3+IOI4

CM-3 c OTPHBOM anexwpoanon M nofinofi Temnepawyp c nomombm nMuynu>

HOPO cnnbnowoqnoro paapana Tnna Hennfiaacxoro [55,56] nouaaana

BOEMOEHOCTB ooananna B TBKOM paapaxe nnaamennoro cwonoa c unem-

HOCTBK) ni=5 I014‘ CM—3. BKCHBPKMBHTH npoaonnnncb Ha YCTBHOBKE

"MHAP", npencwaanammym cooon nae ynanennux Ha paccwoanne 2.4 M

Karena, pacnonomennnx B npodxax MEPHKTHOPO nona npooxomzpona. B

uenwpe cncrem pacnoaomen xonbueaon anon. Paooqnm raaom asnaemca

Bonopon npn naanefinn I0‘1+IO'4 TOP, Haqanbnoe Hanpamenne 60 KB

[55] H 20 KB [56], Hanpzmennocrb MBPHHTHOPO Hons 25 KPC H I2 KPC

COOTBBTCTBBHHO. Ton paapana nmen Honecawenbnnn xapaxrep 0 aMnn—

Tynamn 60 M 20 RA M BpeMeHeM nonmoro aawyxauna 80 u 70 MMC.

ycnoana paspana ooecneqnnann nonnaaunonnym nmmny npoéera 3fleKrT

TPOHE snaqnrenbno Mennmym, qem nnnna paspannoro npomemywxa.

nnarHocTnRa OCYmeCTBflflfl80b naaepnum Meronamm, c nouombm naonnux

aonnoa K no noroxy HeflTp8flOB. B pesynbwame nonyqena Maxcnmanbaas

nonnaa HJOTHOCTB no n£=7 I015 cM"3, onnaxo snexmpounaa TeMnepa—
Type B STOM cnyqae He npeaumana 1.3 9B.

Yaennqenne paapannoro TOKE EHBHBEBT nepexon anomanbnoro

Tnemmero paapana B nyroaon, onnano Hannqne Heonuopoznoro smear-

pnqecxoro noun, co3naBaeMoro nonum Karonou, Tax me KER u Hannqne

nonepeqnoro MEPHHTHOFO noun, noanonaer nonyqnwb cunbaowoqnym

Oesnyroaym qnpmy, TBK Haauaaeuun OBepXHflOTHHfl paapsn [57+60].

Caepxnnornun paapan nccnenonanca npn naanennm 5 I0’ +1 TOP B

nunynbcnom pexnme npn TOKEX no 2 EA n nmnwenbnocwn nynbca 50

MC. Yxasannnn paspan xapamrepnayewca anaqnrenbuo Gonbmefi qem B

anomanbnom Tnemmem paspane nmownocwbm TOK8 =50 A/CM2, Hanpsme—

Hnem ropenna 300+7OO B, axcnanbnon cumerpnen csewzmeroca KOflb-



ueaoro cnoa Ha Karone. Msmepenna pacnpenenenna HJOTHOCTM nonnoro

TOK3 Ha noaepxnocwn Kawona [591 noxasann, qwo ocnoanaz nous Toma

npnxonnwca Ha unmnnpmqecxym HOBSPXHOCTB HOHOCTH Ramona. Memny

nnocxnm enexrponam nepexon Taemmero paapfina B CBepXHflOTHHfi He

Haonmnaewca.

Hpencwasnsew nHTepec cnocoo nonyqenna cnnbnowoqnux pa3pa—

non, zsamnoqaxouumca B HEJIOIKGI-MM Ha npem-3apnTem:.Ho normaoaamnm

raa B paspanaom npouexywxe nmnynbca BHOOKOPO Hanpsxenna (61,621

MccnenoBaHMe peanunn cnaOoToqHoro (0.5 A) craunonapnoro Tnemmero

paspana c cexunonnposannum nomum Kawonom [623 B aprone npn nae-

neunn p=IO' +IO’I Top Ha nwnynbc BHCOKOPO Hanpamenua, nepeBona—

mun paapan B CHALHOTOQHHH (no 200 A) Kaasncraunofiapnun pemnm

nomasano, qwo npn npeaumennn noporoaon amnnnryxu (2 3 RB) 330nm-

IIBIOTCH 8HOM8JIbHHe PQIKPIMH C PH-ITQHCPIBHHMII I€OJlB('581-IVIHMH TOKB M H8I'I- ’

pamenna. CnnbHoToqHaa mopma B Hnmnem nnanaaone naaxennn

p=I0' +IO'2 Top ycTaHaBnBaeTca numb npn 8HOM8flbHHX pemnmax,

CBFISHBBGMHX. BBTOPOM C BBPHBHHMPI HBJIBHPIHMH H8 KBTOJIB.

OCOOHH FIHTBPBC npe,z:0'raB.na1o'r HCCJIGJIOBEHYIH CKJIBHOTOTHHX PI,

BHcoKoBonbTHHx paenosnnnocwen Knasncmaunonapnoro paspzna B one-

Temax c 38MMHyTHM H Heaammnywnm npenmom anenmponoa B HeonHopon—

Hux ExH nonax [68+66]. Ha pnc. I.8 npencrannena BonbT—aMnepHue

xapaxrepncwnxn cnnbnowoqnoro pexnma, oonapymennorgfi KO8ECflaflbHOM

ycrponcwae (3 3aMHyTHM nyenmom [68]. 3KcnepnMeHTanbHHe KPHBHQ

ynanocb nocTaToqHo xopomo OHHCETL ncxona n3 npennonomeana o

cymecTBoBaHnn oeccTonKHoBnTenbHoro Kawonnoro cnoa.

Mccnenonanna, cBa3aHHe c coanannem MHmeKTopoB Ana THY

[64+66], noxaaann, qTo B ycTponcTBax c Heonnoponnumn axonanbno

CMMMeTpPI‘IHHIflrI MEI’!-IHTHHM H BJIGKTPHQBCKHM IIOJIHME ynaewcs IIOJIy‘l8TI:>



Momnue (=IMBT) Bucouoeonbwnne n cnnbnowoqune nmnynbcnue paepanu,

xowopue nepexonsw B nyry npn enaqnwenbnnx Benqnnax TORB. Paapan

aamnranca Memny nnocxonapannenbnumm enexwponamm B nouepeqaou,

cnnbnoneonnoponnom MEPHKTHOM none unmnnnpnqecxoro eneKTpoMar—

HHT8, pacnonoxeunoro ea Hamonom (nmocxnfi MaPHeTpOH). MccnenoBa-

nun npoeonnnneb B nmnynbcnom pemnme. Bpemeanue xapanwepncwnxn

nmnynbcoe MBPHHTHOPO nous n Toma paspana nononpauncb Tan, qmoou

Bpemena nemenenna Hanpamenna ropenna paepana Oman enaqnrenbno

oonbme Bpemenn uonneaunn H nenonneaunn aapamennux qacwnu B pas-

panuom npomemywxe. Cnnbaomoqnun paspan nccnenoeanca B xnaneaone

TOKOB ow 5 A no 2 HA Ana paennqnux naenennn p=5 IO"3+5 I0'2 TOP

nan raeoa Ar, N2, H2. Hmrenbuocrb nmnynbca TOK8 npn ewom He

npeeumana I00 MC. Tnnnqnue Boner-amepuue Kap8KTepMCTHKK.pa3p3—

na npencwaemenu Ha pnc.I.9a Xapaxwep eaancnmoown Up(Ip)onnHaxoB

ans paannqnux napamewpoe p, d, BO H pone raaa. Cnaqana c pocmom

TOKB 110 HBKOTOPOPO Kpnmqecrcoro enatzexma IKp=5O A Haxrpmxerme
P

MOHOTOHHO yeennqnnaerca H8 50+IOO B, 3aTeM npn Ip>I§P Hanpame—
Hne paapnna npaxmnqecnn He aaancnw OT TOKB BHMOTL no 2 RA n cox-

panaew HOCTOHHHyw Bennqnny 300+5OO B, KoTopaa cymecTBeHHo 3aBn-

our OT MBPHHTHOPO HOME H pone raaa. Ymenbmenne Bennqnnu nnnynunn

MBPHHTHOPO nona npn aanannom Tone I BHBHBEBT npaxwnqecmn anaem-
P

Hoe yeenqenne Hanpaxenna Ha paepane U Haxnon npnmon U (B)
P‘ P

coxpanaewca Ana paannquux nanneunfi, HO yMeHLmaeTca npn nepexoae

OT Ar E H2. Benmqnna Igp npaxwnqecmn He saancnw or MBPHMTHOPO
none. OTMBTHM, qro B Ar cnnbnowoqnun paepan ropnr npn 3HaqnTenb—

HO Gonbmnx Hanpsmennsx qeM B N2 n H .

OTcyTcTBne 3aBncnMocTn paapannoro Hanpamenna om TOK8 HaOnm-

JIBBTCH TBICIKQ B MOIIIHI.-IX YCKOPHTBJIHX. C BEMKHYTHM XOJIJIOBCKHM TOKOM
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[67,68]. ¢oTorpa@MpoBaHne paapana noxasuaaew, qwo on 3aHMMaeT

xonbuesym oonacwb c ymenbmamnmca caeqennem OT Karena K anony.

Ha qnne nmdqwafio PBBMHTOPO cBeqeHna nMeeTcH Hpxoe onmoponnoe

Konbuo, qro cannewenbcwayew 06 oTcyTcTBxu xonwpaxunn paspzna.

Mamepezme pacnpenenerma zconuenwpamm KOHOB no pazmycy cnc'reMu

noxasam, wro Mamcmanbnaa Iconuenrpauna PIOHOB yaemitmaaerca 0

=9 A no ni=IO13cM‘3 npn I =IOD
P P

A; BO=IOOO I‘c. 3T0, no MHBHPIIO aB'ropoB, ylcaamaaem Ha Bucoxyxo owe-

ni=IO”cM‘3 npn TOKB paspsma I

Hem: normaaxmn B CIdJIbHOTO'~!HOM paapsme. I1o—Bm:mc>My Irpn TOKC-IX

=I1cA HJIBBMB paapana IIOJIHOCTLIO normaoaana. AHaJM:3 np0c'rpaHc:TBeH—

Hon M mmewmecxon c-rpyrcwypu paspsuxa noxaaan, wro naanerme rasa,

Hpfi KOTOPOM OYMBCTBYBT CHJLHOTOQHBH QOPMB C KB88MHBHTp8flbHHM
m U. ,

/ eB
O6'beMHHM SEPHIIOM PO: E 53' my , I’JIe ‘vi, 720 " HCHK3aLIHQH"1 .

H83 H HOHHBH WHCTOTH CTOJKHOBGHKH. HPK ETOM MEHCHMBHBHBH KOHHeH—

TPBHHH HOHOB AOCTKTBGTCH y HOBBPXHOCTH K8TOfl8 H OHCTPO CHBJBQT K
m 12.

auony. B npmcawomiom cmoe z<cLE=—73-%—5—-. £3= E 7% meg npeoOJza-1

,Izae'r nononmwenblmn odsemmfi aapsm HOHOB. A1c'mBHaH BOHB paapsuxa,

B Iwropon mweew MBCTO IIHTBHCHBHBH normaauna raaa K cocpe,11o'roqeH

ocrbemmn aapan 3.neK'1'po1—1oB, :3aHnMae'r MecTo z>d.K. B nepexom-Ion

omzacm tI)OpMIr1'pyeTCH Icnasnnenwpamanufi anon. Ctmwaa, q'ro paapamzoe

Haxrpmxerme B OOHOBHOM CKJIBIEHBBGTCH P18 Icarromzoro uaxzemm
1/3

U =[—M——] dg/312/3 n Harrpsuxerma Ha a1cTmaHon aone paapsma ypaB—
K egg P

HBHHG BOHBT-BMBPHOH XBPBKTBPHCTHEM KMGBT EMA

2 2

P egg G“ P 2% vi/720 (eovifi )2

O'rI-Iomeane Ni/Ne Moaxno ouerrwrb nonaraa pacnpenenerme noremmana B



'1) “P
O i

m vi eB

Ni;Ne — cpemme anaqemm Iconuenwpamm nonoa n BJIGKTPOHOB, M;m -

amnanofi sone paapsma napaoommecnmu Ni/N82 , me’

Maccu PIOHOB H aJ1e1c'rpoI-1013, sO=9 I014 Q/M, B — cpemiee 31-Iaqerme

mmyxuun Mammmoro noam B paapsumom 1IpoMencyTIce. Ouemcn no1ca3H—

B8IOT, trro mm Ar B 9'foM onyuae Ux2'7OB, mm H2 220B, M2 N2

UK245B. I/IHTepecHHM OBOHCTBOM cnm=Hc>'1'oqHoI'o paapana HBJIHGTCH

OTCYTCTBYIB aanncnmocm xapaxcrepncmx paspana or naanexma. Mame-

perma TOPMOSHHX xapawrepncrmc 3oH,n;oB Ha Karone noxasam, wro

Oomamaa ‘IBCTI: nonoa noIxa11aeT H8 Icawon c auepmen He npeamnaumzefi

100 B . Hpn TBKPIX eneprusix norm He 1'1‘pOPI.'3BO,I[fiT cyu1ecTBeHHoro

pacrumerma n npeoonanamm rrpoueccom cwanoawrca zzecopouym I-a3a’c

noaepxnocm Ica'ro,ua. Oman Mouocmofi raaa Ha noaepxxocm Me'ra.n.na

cogxepxcwr 5 I014 cM'2 qacmn PI npn 11aB.neH1m 2 5 IC)'3 Top odpa:3y—

ems 33 Bpemena 2 IO'3 0, we :3Ha<mTe.nbHo MEHBHIB GKBEJKHOCTK

YDEIYJILCOB TOEQ paspsma. T.e. rrpn necopomm xom (SH IO Monocmoea

:35 mrrepaan Epeuexm 2 ICF5 c o6'5eM paspamzor-o npomeacyma 230 0M3

C>y,11e'r 3aIIo.nHeH J10 ,ILaB.neHm1 2 5 I04 Top. Tara/IM odpaaom npn

npeaumemm HBKOTOPOPO KPHTWIBCKOFO TOK8, xorna KO.7M‘IéCTBO 11811810-

umx Ha IIOBGPXHOCTB KOHOB 3a Bpema 2 I/vi GT8!-IOBHTCH nopamca Kon-

uempamm MOHOCJIOH, paapan ropwr Ha rase, Jzecopcsnpoaamzom c

noaepxnocrm I<a'ro,n;a.B oc5.nac'm c$o.nee HHBKMX naanemm P < PO paspsm

nepexommr B BHCOKOBO.m:THHfi pemm, mm KOTOpOI‘O xapaIc'repHo Hemp;-1-

memae rope:-um B JIBCHTKPI KPIJIOBOJIBT, a TOKH Ip ,z1oc'mI'am'r Hec1com.—

mm necamoa amnep. BI-Iaqex-me P0 cymecreex-mo aaancwr ow Mar'Hm'—

HOPO 110.113 PI BPIJIE raaa. Harrpnmep ma Ar — PO 2 3 IO'3 Top, mza H2

— PO 2 5 ICF2 TOP rrpn B=IOO0 Po. Bun paapana onpenenaerca

snaxcom npoc-rpanowaennoro aapsuza B pa:3pH.11I-IOM npomemyme. B



cnyqae BHCOKOBOJILTHOPO paapmxa TOR orpamxqen OC5'beMHHM sapsuxom

anewrponon. Ho Mnenmo aB'ropo13, ecm BOBHKHBBT maaaunefiwpanbuocn.

B paapamaom Hpomexrywxe, TO paapagx cranoewrcs CPIJIbHOTO'~II-IHM. Hpn

YM9Hbl119I'U.lH Marnnmoro nom BO paapsm; racHe'r. 3'ro manerme xapa1c—

Tepnayerca pesrcrm yaemmezmeu Hanpaxcerma Ir! oopmaom TOK8, npn

Jzocmaxemm Hexowoporo Rpwrnqecraoro anaqerma BOEP cnacio samen-

mer-o om namzerma PI pone vase. Teopna aHo,n;Horo cnoa mm M8I'HeT—

pOHOB [29+32.] norcaauaaer, K1-1'0 rrpn ymeabmemm Mammmoro nom,
U 8

_; 0B2
Koauenrpamaa BJIeR'1'pOHOB B p83pfi,l1HOM Hpomezxyme N8 = vo m

6Hc'1'po yMeHLmae'rca Tax, wro npn B0 c$.m:3IcoM R Icpnrxmecréomy
pacnpezzenerme noremmana cwanoamca noqm mmemmm <p(z) = a9 z

, me d — Memsnexwpomroe paccwoarme. Mccnenoaarma xapawrepncwmc

ropermn BHCOKOBOJIBTHOPO paspsma npoaogmmcb mm maanasorra ,z1aBJIe—

Hnfi 5 I04 + 5 IO’3 Top paaxmnmx ra:3c>B — Ar, H2, He; mm K8TO—

,zzoB 913 Mo, Al, Cu, Hepacaaexomefi cram B manaaone MBPIB/ITHHX nonen

no 3 RFC paapamme Harrpamemm M TOKK ,uocTm'a.zm 30 KB M 30 A

cc>o'rBeTc'rBeHHo. Ha pnc.I.9c’> 1Ipe.nc'raB.neHH xapewreprme BAX BHco1<o-

BOJILTHOPO paspsma. Brccnepmemaaxbno ycwauosneno, trro Mom.H1m'

Bucoxoaonbnmn paapsm meew orpaumaeumm mrxanaaou Hanrpmxemm

ropemm [U‘I’)’in;UgaX], U3“ 2 B3 'r.e. csucrrpo yaemnmaaewcn c: poc-
TOM Marmrrnoro noun, a Tamne Clrmbl-IO aaancwr o'r Marepnana KBTOJLE.

U31“ Taxcaxe CHJIBHO aaancwr OT Marepnaala ream-0,113. Toxc Momnoro
BHCOKOBOJIBTHOPO paspana rrpalcmqecm He aanncwr 01' ,n;aB.ne1ma n

Erma rasa, HO CHJIBHO saaucn-r o'r Mawepnaaxa z+:aTo,z1a,qTo yxcasusaer

Ha TO, wro cpegzofi cymecwaoaamxa paapagza paccmawpnnaemoro Tmxa

fiBfifleTCfl B OGHOBHOM paonunammnnca METBPHBJ KBTOAB.
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1.2 Mewonn nonyqeuna paapanoa HHBKOPO nasnenna Oonbmofi

MomHocTn c onnoponnon crpymrypofi nnaamu.

Bosmomnocrb coananna paapanoa OOHBMOH Momnocrn c onfioponnon

crpyxrypon nmasmu orpannqnnaewca Hannqnem paannqHoro BHA8 Heyc-

Tonqnaocwen, npnnonamnx Ic Konrparnpoaannm paspana 11 nepexon B

nyroeon pemnm. Pa3Bn1ne neperpeanon Heycwofiqnsocwn Tpeoyew

npnmenenne unynbcnoro nan Haasncwaunonapuoro pemnma paooru c

AMHTGJBHOOTLD nmynbca, Mensmefi xapaxwepuoro Bpemenn HBPPBBE

raaa B paapanuom npomemywxe. flma uccnenoaarenbcnnx n 1mxHono—

rnqecnnx uenen KBEBHCTEHKOHBPHHH pemnm aBnaeTcfi npennoqwnwenbnnm

BCJGLCTBHQ OKMABGMOH GT86HflbHOCTH HSPBMQTPOB PBBPHAE H HMSBM B

TBQBHKG B063 flflKT6fiBHOCTH HMMYJBCB. COB£BHK6 CHflEHOTOqHOPO’

KBa3McTauMoHapHoro pemnma Bo3MomHo nyTeM Hanomenna Ha.pa3panHHfi

npomemywox npsmoyronbnoro nmmymbca Hanpzmenns, npuqem nmdo

nmynbc Momew nonaaawbca Ha ycwponcwao sanonnennoe rasou no

Heodxonnmoro nasnefina, nocne qero nponcxoanw npodofi M ycTaHoBne—

Hue KBa3ncTaunoHapHoro pemnma; nnoo uuynbc nonaewca Ha npoMemy—

TOR, sanonenaun npennapnwenbno coanannofi nnaamon c nanbuenmnu

pocToM ee nmornocrn H ycTaHoBneHneM Kaaancwaunonapnoro pemnma.

EflHTeflbHOOTB nepexonnux npoueccoa B 3HaqnTenbHofi crenenn aasncnw

OT npennoanaaunn paapanfioro npoMemyTKa [69], npnqem npn ee

omcywcwann Bpema ycTaHoBneHna Hanpamefina Ha paapane oocwaanaew

=IOO HG B sanncnmocwn OT aMflHTy£H KMMYHBCB, a B cnyqae npenBa-

pnTenbHofl nonnaaunn =I08 cM"3 BTO Bpema ymefibmaerca no 3+I0 HG.

fins oueuun Benqnnn M Bpemenn ycwanonneuna KBa3ncTauMoHap-

Hon nnownoorn nnaam B paspannou npomemyrxe paccmawpnnanacb

cnenymmaa aanaqa [93]: Ha npensapnwenbno nonnaoaannun raa MTHO-

BeHHO nonaemcs HMMYMLC Hanpsmenna npsmoyronbnon @opM. Onpenena-



mwca Bo3MomHHe 3HaqeHMH HJOTHOCTH nnaamu H CKOpOCTH ee pocra B

3aBncnMooTn OT amnnmynu HpHflO$eHHOPO nmynbca, xasnenna paooqe—

PO raaa, M npennoansauun. B Kaqecwae padoqero raga ncnnbaoaanca

apron npn naanennn p=IO'I+I Top. B odmem cnyqae npouecc HapacTa—

HMH Konuenwpaunn 9neHTpoHoB B nnasme npn pesnom noaumennn Hanpn—

KQHHOCTK snenmpnqeoxoro nous onncusaerca Hennnefinofi cncremon

xMHeTnqecKnx ypannennn Oananca, ananmmnqecxoro pemenna KOTOpOfi B

HacToamee Bpema He cymecTByeT. B padowe [691 nocTpoeHa npnGnM—

mennaa Monenb Haqanbnon crannn nonnsaunonnon penaxcaunn B nnaame

nmnynbcnoro paspsna nHepTHHx raaos npn cpennnx naBneHnax. 0CHOB—

HEB npnonnmennn MOABHM cnenymne: I. Cornacno [69] fipn cKaqxo-

odpaanom noaumenmn EVn1 Bpemfi penaxcaunn iwnnunn pacnpenenenna

anexwponoa no aneprnam auaqnwenbno Menbme xapauwepuoro Bpemeun

pasanwna nonnsauun, noaromy Knnewnqecmne xoamfinunenwu anexrponos

He aaancar HBHO or Bpemenn n aanamwca Qynxunamm napaMeTpoB

EVn1,ne/n1 H copwa BTOMOB [70]. 2. H2 owannn paasnrns nonnsaunu

nan aaceuennocwn Bosdymnennux coowosnnn Bume nepaoro npaxrnqecxn

Bcerna Bunonnaerca ycnoane Kaaancmaunonapnowcwu. flan Hnmfinx

MeT8CTaOMflbHHX nan pesonaucaux ypoanefi npn oonbmofi ponn nneneuns

umyqelmn Irpu HBBHCOKHIX. ne BTO ycnoane MO3KeT He BHIIOJH-IHTBCH.

Hbsmomy OHM oozennnamwca B onnn BQQBKTHBHHH yposenb co cpenaen

sHeprMefi n GyMM8pHHM cTaTncTnqecKuM BecoM. 3. Cpennaa aneprua,

npenmoaaa cxopocwb 9neKTpoHoB, Oananc snexrponnon aneprnn, KOHO—

TBHTH cpennen cuopocwn Boacymnenna H nonnsaunn BTOMOB 9fleKTpOH—

HEM ynapom H3 ocnonnoro M Boacymnennoro cocwonana Haxonawca c

nomommo ‘MCJIBHI-IOPO pememm ypaB1-Iemm Bonbumana ['71] . HOKBBEHO

Taxxe, qwo pocw cwenenn nonnaaunn up 10-4 npnaonnr K cymecTBeH—
Homy u3MeHeHnm Knnewuqecxnx KO9@®MuKeHTOB 9neKTpoHoB. 4. Tan KQK
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B paCOMaTpHBaeMOM nMana3oHe 35E/n1s3O+4D Tn p8BHOBeCH8fl CTBHEHB
—4

Honnaaunn cymecTBeHHo npeBHmaeT IO , TO npoueccam paxnaumonnofi

H Tpofinon pexomdnnaunn Momao npeneopeqb. 5. Mcnonbaya naufiae o

HOHCTBHTBX odpasoaanna Monemynzpnux HOHOB H BKCKMGPHHX Monenyn

[72], MOKHO cqnrawb, QTO BTH npoueccu He OynyT OKQSHBBTB cymecT—

BBHHOPO BJHHHH Ha CKOPOCTB paBBHTHH nonnaaunn npn cKaqRooOpaa—

HOM Hanomenun noun H8 cnadononnsoaannufi nHepTHHfi P83 npn cpennnx

OI?naBneHHax n1<(5+7) I CM_3. Accounawnanan nonnsauus Mafia no

cpaanennm co cmyneuqaron [72]. Mcxona K3 Bumeyxaaannx nonymeunn

npouecc nonnaaunonaon penexcaunn Momno OHHCETB cnenymmen onoTe—

Mon ypaBHeHnn £69]:

a
"9

3? =n1nefi1e + n2ne52e + n2nefiCT " V Fe
(1.1)

an2—n n R — n n R — n 5 — n n B — n 9 — V F3? ' 1 e 12 2 e 21 2”e cw 2 e 2e 2421 21 2

rue n n1, n2 — KOHHQHTPEHKH 9neKTpoHoB, Hefiwpanbnux BTOMOB Me!

BTOMOB aprona B DBPBOM BOBOYKABHHOM COCTOHHHH COOTBETCTBBHHO,

R R — KOHCTaHTH CTOflKHOBHTeflbHHX nepexonoa I32, fi1e, Bee -912, 21

Koemmnunenwu npamon nonnaauxn c ocuonnoro M nepaoro Bo3oymneH—

HOPO ypoBHefi, fiCT — oOoOmeHHHfi Kos¢¢MuneHT cwynenqawon noHnaa—

unn c Haasncwaunonapnnx yposnen (K>2), A21 — BBPOHTHOCTB onen-

TaHHoro nepexona 2-1, 921- Qaxwop nnenenns pe3oHaHcHoro Many-

qefina; v P9, V P? — nowomn nnmfiwaun anexwponoa M Boaoymnennux

BTOMOB. Pemennem cncremu (I.I) B Oeapaamepaux nepeMeHHHx flBflfi-

BTCH BHPBEBHKB flflfi Koneqnofi 3fi9KTPOHHOfi KOHHBHTPQHMH

2

N: 9% + (c—d)M +1 — bug — (c-d)M0 (1.2)



n n
. 2 . . .

Pne N: fi:o' H: 530' T=tn1R12' M|m=o=”o' NlT=O=I

_ neo 52a 3 919 . "Yve-
b— ; c , d:

"1512 W "1512

Mcxona MB (1.2) H Bupameuna nan xapaxwepnoro oeapgsmepnoro
BpeMeHn penamcaunn nonyqen napaMeTp A = g — [NO+ Qgg J , xapax—
Tepnaymmnn pocT KOHHBHTPEHHH 9neKTpoHoB. HHana3oH%ero 3HaqeHnn

ymasuaaem H8 Hannqne nayx Boamomnux MGXBHMBMOB pocwa KoHueHTpa—

unn snenrponos B nmaame. B nepaom cnyqae A>O OCHOBHHM asnaewca

npouecc crynenqamofi noHM3aunn, upn KOTOpOM pOCT ne Ha Haqanbnon

cwanxu paaanwna nonnsaunonnofi penaxcauuu npoucxonnw oqenb Men-

neHHo, 3a cqew TOTO, qwo caaqana nneT npouecc Haxonxenna BTOMOB

B nepBoM Bosoymnennom cocwoannn, a 3aTeM, Haqnnaa c onpenenennofi

nx xonuenwpauxn npeoonanammefi cranoanmca nonnaauna H3 nepaoro

Boaoymnennoro cocroanna, Busuaammaa cxaqxooopaanoe yaennqenne

HHOTHOCTH 9neKTpoHoB. Bo BTOPOM cnyqae A<O, HO bHO+c > dCKOpOCTb

pocwa qncna BTOMOB B nepBoM ‘Bo3OymneHHoM COCTOHHMM. onepexaeT

CKOPOCTB pocma KOHHGHTPBHHH 9neKTpoHoB numb B Haqanbaufi MoMeHT.

Onpenenammnm MBXBHHBMOM pocra Konuenwpaunn asnaewca npamaa nonn-

sauna. CEOPOCTB pocwa KOHHGHTPEHHH sneKTpoHoB B ewom cnyqae He

npeBHmaeT CKOPOCTB Hanonnenna Boadymnennux BTOMOB n nponcxonnw

Des HpKO BHpameHHoro cxaqxa nmoTHocTn 3fleKTpOHOB.B cnyqae A<O HO

bMO+c < d pocTa Konuenwpaunn He nponcxonnr.

Taxoe pasnnqne MBXBHMBMOB poora ne npuaonnw B Tomy, qwo B

nepBoM cnyqae K MoMeHTy ycwauoanenna KBa3McTauMoHapHoro anaqenna

ne, nepaonaqanbnoe pacnpenenenne anexrponoa no npocwpancway

(cwpyxwypa npeneapnmenbnoro paapana) CHflbHO Tp8HC®OpMHpyeTCH qwo

MOJKBT HPPIBECTPI K KOHTPQPHPOBBIIPIIO PBBPHJIB. BO BTOPOM 0.1133189



nepsonaqanbnoe pacnpexenerme Honuenrpauun namermemca cnaoo,

Bc.ne,uo'rBne onpeneammen pom npimon normsaunn, ICOTOp8fi mew Men-

.neHHo Ir! paBHoMepHo no oooemy. Pacqetr [93] nozcaauaaer, no gum

Marnewpormoro paapsma B aprone npn nasnemm ID“?’+I Top, mmymnm

M81‘!-IHTHOPO nom gm 3 Km, aMnJm'ry,1:H msurymaca Hanpmxenna no 3 I03

B pea.m3yeTca B1-opon MGXBHHBM. Ouemca HPSJIGJIBHO JIOCTHIMMOH rmou-—

“2 0134014 cM‘3.HOCTK IIJ1a:3MH mm .z:aB.neHmt IO +I Top zxaew nezl

Mmnmamanoe anaqenne ammwyna mmynbca Harrpaaxemm npu 1co'ropoM

BO3MO!KeH poc'r Komnrrpamm rmasmu npn p=I0' +1 Top H Ha'~I8JIbHOl'rI

IIJIOTHOCTH a.neK'rpoHoB neg:-IO8+IO9 cM'3 UmH=65O+IOOO B. B cnyqae
owcyrcwanz IIPBIXBBPHTBJIBHOH fiormsamm (neO=IOI OM_3 qaonoaoe 3H8—
qerme) Bpems noimsaimomiofi penamoaum Moacer CDCTBBIITB no I M0,

In-o MOIKBT OHTI: cpammmo c JIJIPITBJIBHOOTBIO nwmynbca, zcowopaa orpa—

Hmzena BpeMeHeM passwma Heycwommnocwen. Han: norcaausam ouemcn

[93] npn naanermax no 5 IO’I Top, paapsm npemnymeccmaemzo maeew

Jmcmzyauommn xapamep (npouecc micmaysnn aJ1e1c'rpoHoB npeoonanaew

H811 oosemiofi pezcomomiatmefi), a Irpn JIBBJIBHPIHX oonbme 0.5 Top

MOIKBT nepexomrrb B oosemmn penmm (npeoonanamm cranoswrcn

npouecc: oosemion pezcomomiamm) . 11.113 OC5’beMHOI"O penmma xapamepno

BOBHHKHOBBHKB neperpennon Heyomommnoom, rcowopaa MOIRBT rrpmaecrm

K Hapymenmo omaopogmocm paapsma, ero zconmparcunn o noonegxymnwm

nepexozxom B ,z1yr-y. MI-IKpeMeHT paaawms noHm3aLmoHHo—neperpeBHofi

HGYCTOVBIHEOCTH Q mueew am: ['73]

0 = T: —d—1n—1fi— — vi‘
d Zn(E/n)

me 12,1, — Bemmrma oopamaa Bpemetm BHBo,u;a Texma ma OC5'beM8, TT —

xapawrepuoe Bpema Hat-peaa raaa, vi ‘— qacwowa noanaamm, E/n —

OTHOIBBHPIB HBHPHXCBHHOOTH BMBRTPHWSCKOPO IIOJI3 K. KOHHBHTPBIIHH Hen‘!!-
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panoa.

no T
T = i1__

T GE2

rne CP1 — Tenmoemmocwb raaa B pacqewe Ha onny Monemyny, T —

Temnepamypa raaa, o - npoeonnmocwb, npnqem B jpacqewe Ana

OJHOBTOMOPO raaa 0 = 2.53 Ioane 51- ; veg — qacToTa 3fleKTpOH—
a

arommux cwonxnoaennn.

d In vi
Uqnwuaaa, qwo ————————— =5+IO [931 nonyqen nnxpemenw

d ln(E/n)

paaanins HeycTonqnBocTn D=IO'3 c.

Heycwoflqnaocwb, Bu3BaHHaa cwynenqawofi uonnaaunefi (noHn3aun—

onnaa Heycwonqneocwb) Bupamaewca B TOM, qmo 3a cqew Menbmen

aueprnn csaan enexrpona B Boaoymnennou aroma pocw cxopocwn nonn-

aaunn npn noxanbnom noaumeann ne Knew oucwpee qem vine. 3T0

npnaonnw K npeoonanannm MBKBHKBMB ynenmqenna ne Han nmaqwsnen n

pexomonnaunefl, WTO npnaonnr K pacxaqxe npononbfiux Koneoannfi B

nnaame paapana. MHKpnMeHT paaauwua Heycronqnaocru [73]

fl n R1 n _ _
n£= 2: 2 ; rue n23 23%; . Ens n=Io‘7 cu 3; R,2=1o9; 52927 ID 5

' XBPBKTBPHOE‘ BPGMH PSBBPITHH HGYCTOWMBOCTH COCTBBJIHBT

mHeyCT=10”5 c (931. '
Bumeyxaaannue Heycroflqnnocwn onpenehamw Bepxnmm rpaunuy

nnnTenLHocTn umnynbca.

OAHHM MB OCHOBHHX ¢BKTopoB, onpenenfimmnx Hepexon OT oG5eM—

Hofi (nemonrparnpoaannofi) cranxn ropenna re Kananbnon, aanaerca

Bo3HnKHoBeHne nyroaoro xawonuoro nawna. Hawonane nawna o6paaymT—

ca Horne BBTOBMMCCMH c: oTnenbHHx yqacKoB KaTona nepexOnnT BO

Bapuanym. Heooxonnme nan aworo npouecca nous MOPYT nocwnrarbca
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Ba cqeT BHCOKOH KOHHBHTPEHHK HOHOB B KaToxHoM cnoe npn Gonbmnx

nnownocwax Toma B @339 oozemoro POPGHHH, a Taxme 3a cqew 3apan—

KM HOHHHM nowoxom oncnnfiux nmeHom H aarpasuennfi Ha noaepxnocwn

KaTona [74]. VqeT Toma EBTOSMMCCHH B KaTonHoM cnoe npnBoxnT K

noxanbnon nnoTHocTn Tona Ha Mxpoxeonnoponnocwn B BHAB [74]

_ _ —b—. = -61jO—ab6Ek ezp{ V// BE; } , rue a I.55 IO W
=6.85 I07@2/3’ @ , paoowa Buxona B 3B, Ek — cpennaa HanpameH—

HOCTL snenwpnqecxoro Hons y noaepxnocrn mawona B/cm, fl — cpennee

3HaqeHne Ko9¢muneHTa yonnenna nous; cornacno [74] fi=4+8.

fins cnyqaa MarHeTpoHHoro paapana B Ar, naaneuun peID‘2+I

Top, Tonmnnu xaronnoro cnoa ZK=8 I55 CM, $25 3B, aze, Up=3OO B,
cpennaa HBHPHKSHHOCTB 3neKTpnqecKoro noun y noaepxnocwn Ramona

cocraanaew E§=3.5 IO8.B/cM,qTo COOTBeTCByeT xapaxwepnum BenMqu—
Ham nonefi npn KOTOpHX Knew aawoammccna [75], nonanbnaa nnoTHocTb

TOK3 C MKpOHeOflHOpOAHOCTefl cocwaanaew JO 2107 A/CM2, B TO Bpema
KER KPHTIVFIGCEBH IIJIOTHOCTB TOK8 HSPBXOIIB BBTOBJIBRTPOHHOH IBNEPICCIIIPI

BO B3pHBHym c oOpa3oBaHneM nyroaoro HfiTHa cornacao [761 COCTaB—

HHBT jO=IO8 A/CM2. Teopernuecxoe paccmompenne cwaunonapnoro

KaTonHoro cnoa c yqewom aarosmmccnn, a Tamme smcnepnmenwanbnoe

nocnenoaaune KoHTpaKunn ooseumux paspanoa npoaexeno B [741. Had-

nmnaewca cnaooe yBennqeHne Hpnwuqecnoro TOK8 npn KOTOPOM paapan

nepexonnm B nyrcaon pemnm npn ymenbmennn naanenna. flan IO Top
G .

Kpuwnqecxnfi TOR cocwaanaew jKp=I3O A/CM“. CpaBHeHne ycnoann {VI}

c Bumeormcammm Ma1"HeTpOI-IHHM paspsmom 1Io3BoJme'r rrpe,n;uc>.nom'rb,

‘ITO KPKTPFIBCICEH IIJIOTHOCTI: TOK8 HGPGXOILB B JIYPOBOH PBIKHM T8141 me

cocwaanaem 2100 A/CM2.

MCOJIBJIOBBI-IP15 IIGPBXOJIB K8TO,IlHO1"O CJIOH TJIGKIIIBFO PBBPHJIB B



nyrosoe nswao H Bnmanne Ha BTOT npouecc cocwoanna noeepxnocwn

snemwponoa, noaenenna nnaamennoro cronoa H npnanonnux oonacwen,

M npyrnx Qaxmopoa [78+8I} noaaonnnn ycTaHoBnTL H Teopernqecxn

OOOCHOBBTB cymeciaoaaune ycronqnsux oopasoaannn C unownocwbm

TOKE no 300 A/CM2, He Hnnammnxca nyroaumm naTHaMM, qro nonTBepm—

naew BOBMOKHOOTB Honyqenna cnnbfioroqnux HBKOHTPBPHPOBBHHHX Ibpm

PBBPHAB.

Buaonu.

Ha ocHoBe npoaenennoro anannsa .ny6nMxaunfi no cBoncTBaM

raaosoro paapnna B nonepeqnom M8PHHTHOM none Momno cnenawb

cnenymmne Buaonu:

mpoxoe ncnonbaoaanne B TBXHHKB Marnewponnux cucwem p8CHH-

nenna Marepuanos cwnmynnponéno B nepsym oqepenb nocnenoaanns

craunonapnux paspsnoe B cxpemennux anexrpnqecxom H MBPHKTHOM

nonax, ornnqawmnxca cpaBHnTenLHo Manon ynenbnon MomHocTbm. CBon—

CTB8 swan qnpm MBPHBTPOHHOPO paapana nayqeuu nocwawoqno nonno.

B Tome Bpema caoncraa paapsna B oonacwn nepexona OT MaPHeTpOH—

Horo paapana c pacwymen BonbT—aMnepHofi xapaxwepncwnnon K nyroBo—

My paapany npaxwnqeoxn He nsyqefiu. OTcyTcBymT o0ocHoBaHHHe

sxcnepnmenwanbnue n Teopewnqecxne naHHHe, noaaonammne onpenennwb

npenenbnue pemnm Marnerponnoro paapana B KOTOPOM qwnnunonnpymw

OOHBMHHCTBO Texnonornqecxnx ycrpoflcra

Mccnenoaauna Momnux nmnynbcaux paspanoa orpannqeuu HOpOT-

RHMH pmmrenbnocwamu nnynbca, CBHBBHHHMM <3 pasnnrnem HeycTofi—

qnaocwen H nepexonom paapana B nyroaofl pemnm.

Mccnenonanna nonnsaunonnofi penaxcaunn B cpene nHepTHux

PBBOB H COHOCTEBJGHMQ BPGMQHH PBBKHHM P838 Hfln HMBBMH H8 HMMYJLC
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BHCOKOPO HanpHmeHna o xapaKTepHHMn BpeMeHaMn paaanwns HencTon—

qnBocTen ynaagsamm H8 Bosmomnocwb cymecTBoBaHna ycwonqnaux qopm

maaancraxmonapuoro paapazza B Marrmmom none He nepexom‘-mmx B

Konrparnpoaannym imsy npu enaqnwenbuux Benmqnnax TOKB, oouqno

cooTBeTcTBymmnx nyronon oOnacTn BonbT—aMepHon xapamrepncwnxn

TBKMX paapsnoa.

Buaonu M3 ooaopa nmweparypnnx nannux noanonamr c@opMynMpo—

BaTb ocHoBHHe aanaqn, pemennn KOTOPHX nocaamena Hacwoamaa pasc-

Ta:

1. Hpoeecmn uccnenoaanns cnnbuowoqnux Qopm KBa3ncTaunoHap-

Horo paapana HMBKOPO naanennfi B MBPHHTHHX Honax paannqnon KoHmM-

rypaunn. Onpenennwb odnaown CymeCTBOB8HHfi H xapaxrepncwuxn yua-

aannux ®opM paapana.

2.Hpon3BecTn onpeneneflne noxanbnnx xapanwepncwnx nnaamm

paapana MBTOABMM nmynbcnon aonnoaon nnarHocTnKn n naaepnon

unwepmepomewpnn.

3. Moxonn KB anannaa 9xcnepnMeHTanLHHx naHHHx nouasawb

BOBMOKHOCTB Mcnonbaosanua nnaamu cnnbnowoqaoro paspana fiflfi rene-

paunn HMOTHHX nnaauennux oOpa3oBaHnn M KHTBHCMBHHX HOTOKOB 3apa—

IKBHI-IHX ‘IBCTPIH .
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PHABA 2. MTQHMKA M TEXHMKA BHCHEPMMEHTA.

2.1 Smcnepumenranbnaa ycTaHoBKa.

Bxcnepnmeuwanbnaa ycwanoaxa ans nccnenoaauna cnabnowoqnux

Qopm raaonoro paapana B MBPHKTHOM none cocwonw H3 cnenymmnx

OCHOBHHX yanoa H cncTeM (pnc.2.I):

I. Paapannue ycrponcwna

2. Cncwema npensapnwenbnofi nonnaauun

3. Cncwema nmnynbcnoro nnmauna paapsna

4. MarHnTHaa cncTeMa

5. Banyymaa cncrema

6. Onowema namepenna BonLT—aMnepHHx xapanrepncwnm

paspana

7. Cncwema cfinxponnaaunn H aanycxa.

8. Hnarnocrnqecxne cncwemu

Paapannue ycrponcwaa.

Bxcnepmenwanmme nccnenoaarma c'u:/uiomow/A/x qbop/V paspsma

Hnsrcoro ,naB.neHna B M8I’HHTHOM none l'IpOBO,H,'9!JIHCb c KCIIOJILBOBBHKQM

paapsnnnx ycTponcTB nnyx TKHOB — nnanapnoro MEFHGTPOHB H cncwem c

nonm npoannnponaannmm enexwponamm.

Hmanapnu _MaPHeTpOH npenowannaer cooon ownpumym paapannym

aqenny, cocwoamym M3 nnocxoro (xawon) H Konbueaoro (anon) 9neKTpo—

nos, nomemeanym B MEPHMTHOG none nocwoannux KDJBHBBHX MBPHMTOB,

cHa6meHHHx paannqnnmn Marnnwonpoaonam, noaaonammne MeHfiTb paamep

oonacwn Mamcnmyma Br. Boamomuocwb perynnpoaanna Hnnyxunn MaPHHTHO—

ro nona y noaepxnocwn Ramona ooecneqnaanacb ycwpoficrnom nepeMeme—

I-M5 HOCTOHHHOPO MBPHHT8 OTHOCHTBJIBHO MBPHGTPOI-{HOE POJIOBKFI, B TBKIKE
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PMc.2.I Bnox cxema axcnepmmenwanbnon ycwanoexn

I

2

3

4

5

6

-Q

paapaznoe ycwpofiomno

cncwema npennapnwenbnofi nonnsaunn

cncmema HMHYflbCHOPO nnwanna paapana

M8FHHTHaH cncweua

Baxyymas cucweua

cncwema nsmepenna BOHLT-BMMBPHHX

xapamwepncrnx paapana

cncmema CKHXpOHK3auMM H aanycma

.I[V181"HOCT‘I9CKH9 CHCTBMH



   
   I,,,!'/9%,?)

 
P140 .2 . 2 Paspsuuiue ycwponcmaa .

a. rmauapnufi MaI‘HeTpOI-I

O. yC'I‘pOfiCTBO c npocpmmpoaammmu 9J1e1<'rpo11am

I - K8TO,Il, 2 — anon, 3 — Mammwnaa CYICTBMB.
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ncnonbaoaannem nnyx TKHOB nocwoannux MarHnToB SmGo5 u NdFeBi Paa-

pan B TBKOM ycwponcwae nmeew Qopmy xonbua K cunbuo npnxaw m'xaTo—

ny. MEKCMMBHBHOB snaqenne nanyuunn MBPHHTHOPO nona Bonnan HOBepX-

gocwn Hawona cocraanano nan Smcos Marunra 800 Pa, Ans NdFeB — 1200

P0. Mawepnanom Karena cnymnnn qncwue Merannu Cu, Mo, T1, a Taxme

Hepmasemaa CTSJB nomemaemue Ha oxnamnaemym HOBBPXHOCTB. MaTepna-

non aaona - Hepxaaewmaa omens H axmuunun.

Ycwponcmso c npofinnnpoaaunnmn snenwponam npencwanmaer cooofi

nna nonnx snexrpona, nomemennnx B MBPHMTHOG none Morocnonnux

coneaonnoa, Bxnmqennnx Haacwpeqy (noumnrypauna MBPHKTHOPO Hons

Tuna "aHTHnpOOKOTpOH"). Ownomeune Bennunna Maxcnmanbfioro snaqennz

mmymmn Mamwmoro nona Bmax(z,0) ‘Ha ocn cmmewpma C1dCTeMhLE'.;.

Maxcnmaxbnomy aaaqexnm nnnyxunn MBPHHTHOMTO nona B nnocxoct:“clnw¢_%

Mewpnn BmaX(0,r) cocraaaano Bmax(Z’O)/Bmax(O’r)x 3. Bennqnna
I/IH,IlyI{I.UdM MEI‘!-IHTHOPO 110.113 perymrpoaanacb TOECOM KBTYIIIBK B IIPBJIBJIBX U

— I000 Po. Hpomunb anenrponpa coananan c npommneu cnnoaofi nnun

MaPHHTHOPO nona, qro ooecneqnaano nepnennnxynapnocwb EXB nonen

BJIOJIB IIOBBPXHOOTH ICBTOJIB, ‘ITO B CBOID oqepezu: HOBBOJIEJIO 1'IOJIy‘lHTb

Anoansaunm paooqero raaa B Oonbmou oO$eMe. Taxaa Konmmrypaung nonen

noaaonnna coamecwnra cnnbnowoqnun Marnerponnnn paspan c paapanom c

nonnm Kawonom. Ha pnc. 2.2 noxaaanu xoncwpyxunn anemeuwoa n yanos

paapannux ycrpoficra K MBPHHTHHX cncrem.

Paspannue ycrponcwaa uouemanncb B nayxoozemnym Baxyyunyn Ka-

Mepy. Banyymnaa cxema ycwanosxn npencraanena Ha pnc 2.3. Baxyymaaa

cncweua Bxnnqaew B ceca I. Kamepy c paapannumn ycwponcwaam, 2.

moep nus ooecneqennfl nmmepenunanbnofi orxaqnn KEMGPH anrnnpooxo

TPOHB, 3. Bucoxoaaxyymnun H8000 TMH—500, 4. Aaornyn noaymxy, 5.
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I0

I: i

51 51
7 N N 4

Pnc. 2.3 Baxyymnaa cncwema

I,2 — Baxyymnue Hamepu 0 paapannumn ycwponcrsamn,

3 - perynmpyemaa nnmflepefiunanbnaa ormaqxa,

4 — TMH—500, 5 — BBHTKMB, 6 — asownaa nosymxa,

7 - BH—I, 8 — Hawexawenn, 9 — ooaeum c ra3aMM

I0 — flMT—2, II — HMM—2, I2 — 6MnX4C
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Qopsanyymfiufi Hacoc BH—I. Coananne Heodxonnmon raaoaon cpenn B

Kamepe ooeoneqmsanoob qewupbma nronbqaTHMM HaTexaTenHMM, coenMHeH—

HHMM c cooTBeTcTBymmnMM P8BOBHMM OOBBMBMM. HoHTponh Baxyyma K

coowaanenne PBSOBHX CMBCBZ’ nponsaonnnca E paanmqnux nnanasonax

Aasnennfi c ncnonbaoaannem npeoopaaosawenefl HMM—2, HMT—2 H 6MnX4C.

Mmnnmanbfioe naanenne ocmawoqnoro raaa, ooecneqnsaemoro Baxyyuon

cncremofi CO0TaBflfieT 8 I0‘6

-3

Top. Mccnenoaanna paapana nponaaonnnnob

B nnanaaone naBneHnn I0 —I0 Top B cpene pasnqnux PBSOB Ar, N2,

H2, He, SP6 H xx cmecen.

Cncwema nnranna Karymem MEPHHTHOPO moms Ana paspaxnoro

ycrrponcwaa I no3Bo.nae'r nonyqmb perympyeume Tom B xawymcax B

npexenax 0-10 A c ypoBHeM nynbcaunfi Menee I% n noaaonaer HSMEHHTL

TOE B xawymxax Kan onHoBpeMeHHo, TBK 11 B xamnofi ornenbno (pnc.

2.4).

Cncwema npenaapnmenbnon nonnaaunn npennaanaqena Ana coananna

Heocxonnmofi Haqanbnon Kouueurpaunn nmaamu (nO” 107-109 GM_3) B
paapannux ycwponcwaax. Ona cocwonw MB cwaunonapnoro ucmoqanna

IIMTEI-NIH, 1'IO3BOJIfi1Dl118I'O COBJIBTI: rIpe,tzBapn're.m:Hxm PBBPHJI C TOKOM JLO

.300 MA, npencTaBnHmmero cooon Tpexmaanun Bunpfiuwenb c RC

®MflbTpOM, KoTopHfi ooecneqnaaew Hanpfimenne Ha enenwponax no 3 KB 0

ypoanem nynbcaunfl Hanpamefinz H TORE <I%. Ynpaanenne ocymecmanaewcn

c nomombm Tpexqmanoro perynawopa Hanpamenna (pnc 2.5). Honwponb

TOK8 M Hanpaxenna cwaunonapnoro paspana ocymecwnnzewca c nomombm

ummponux npnoopoa c HpHMeHeHHeM nennrenefi K myHToB. Mamepenna

xapaxrepncrnx cmaunonapuoro paspana npoaonnnncb c nomombm

nayxxoopnnnawnux rpaQonocTponTenen H~307.

Ksaancwaunonapnaa cncwema nnTaHna paapana Bmnmqaew B ceda

MCKYOTBGHHYD nnnnnym nnunm, GOCTOHMYD KB I9 LC cexunfl,
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Pno. 2.4 CncTeMa nnmanna Kawymex MBPHHTHOPO Hons

(paapanaoe ycTpoficTBo c npommnnpoaannumn 3meKTponaMn)

PHOI, PHO2, PHO3 — perynawopu Hanp3meHna,

TPI, TF2 — noHnmammMe Tpaficmopmaropu.

PHT

Puc. 2.5 CncTeMa npenaapnwenbnofi Hofinsaunu.
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R75.1M R8510 R95.'IM

HCTO‘II-IHIC

IIHTEHMH

rrpemaapx/I'r .

paapsma

Puc. 2.6 Bxexwpnqecnaa cxema yCT8HOBKH
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Komuywnpyemym THpHCTOpOM T650—24, cornaoymmym RL uenoqxy H BHCOKO—

Bonbwnun BHHpHMHTeflB c nanammen .xapaKTepncTnKon TBMm~I3—220-50.

Banycm nnnnn nponanonnnca c aanannon aanepmxofi oTHocnTenbHo 3anyc-

K8 KOHTPOHBHO-KBMBPHTQHBHOPO Komnneuca or reHepaTopa P8M—6. upma-

unnnanbnaa cxema ycwanoaxn npencwaanena Ha pnc. 2.6.

Bnoop qaoToTHHx napamewpoa nmnynbcnoro nowoqnnxa nnwanna

nponsaonnwca B COOTBGTCTBHH 0 BpeMeHeM ycwanoaneuna

Hsaancwaunonapnofl nmowaocwn nmasuu, a Taume c Bpemenem pasanrua

uounaaunonon H HOHHBauMOHHO—HepePpeBHOfl Heycronqnaocwn. Mcxona M3

aanncnmocwefi nonnaaunonon penamcaunn om npenaapuwenbnon nounaaunn,

nasnenna H aMnnTynH MMyflbO8 Hanpamenns pnc. 2.7 a,o, a

TBKEG yqnwueaa , qTo nan naanennfi no 0.5 Top Bpemeua pasanwna

noHn3aunoHHo—neperpeBHofi Heycwonqnaocwu oocranmamw ” I0‘3—3.IO‘3c,

a nonnaaunonon I0"3c [93], BHOHpaeTCfl ncToqHnx, noasonammnn

qopmmpoaamb npnmoyronbnue nmnynbcu Toma H Hanpamenna c Bpemeuem

Hapacwanna (nepenfinm Qponrom nmnynbca) 5-60 MEG H nmMTenbHocTbm

nnocxofi Bepmnnu no I.5 MC. Amnnnwyna TOK8 MomeT MGHHTBCH no 3KA

npu Hanpamennn sapanxn nnnnn no 2.4 KB. Xapanwepuaa Qopma nmnynbca

TOKB nna paannqnax Harpysox npnaeneua H8 pnc 2.8. nus ymenbmeuna

Bnnnnna ncwoqnnxa nnwanna H n3MepnTenbHHx uenen owaunonapnoro

paapana Ha inpmy n napamewpu npamoyronbnoro HMflYflbC8, on oTneneH

ow paapannoro yowpoficwaa orpannqnnammnmm conpornnnennam ROPP,
ooecneqnnammne TOK yweqmn MBHBB I.5 A (npn TOHE paspana ” I.5 KA).

BpeMeHHHe aaancnmocrn xapamrepncwnxn nmnynbcnoro paspnna

perHcTpnpoBanncb c nomombm aanommnammnx ocunnnorpamon C8-I3,

C8—I4, c ncnonbsoaannem Koaxcnanbnnx myuwoa, Koaxcnanbnux

oesnaaonoqnux nennwenen Hanpamenna H noacoa Poroacxoro. BcnencTBne

oonbmofi nnnrenbnocrn nwnynbca TOE8 Hosea Poroacxoro Bunonnenu Ha
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t[Mc]

360 ° p=I Top

U=6OO B

240 v

I20 ‘

1:.

 J.j

102 104 105 108 neO1cM‘31
Pn0.2.7a Baancumocrb nonnaaunonnofi penaucaunn

OT npenaapnmenbnofi nonnaaunn

7190- IIJIOTHOCTI: BJIEKTPOHOB B IIJIBBM9

npenBapnTenbHor0 paapana.

time]

I2
-8
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Pnc.2.70 BBBHCKMOCTB M0Hn3auuoHH0fi penaucaunn

ow amnnmynu nmynbcnoro Hanpfimenna

Ana paannqnofi npensapnwenbnofi nofinsaunn
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Pnc.2.8 Ocunmnorpamm umynbooa TORB

I~RH=p; 2—RH=2 OM; 3—RH=5 OM

500 A/nen; 200 Mxc/gen

Pnc.2.9 Peneparop paaaepwxn aouna
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¢eppnToBux cepneqnnxax M paOoTamT B nnanaaone qacwor 102-106 Pu.

Hocwpoenne BonbT—aMepHHx xapaxwepnomnn paspana HpOH8BOfiMflOCb c

nomombm cwafinaprnoro naxewa oopaoowxn naHHHx GHAPHER (IBM PC AT).

2.2 3OHnOBBH MBTOJHKB onpenenenna HBPQMBTPOB Hfl3BMH M HOHHHX

noromoa.

Onpenenenne noxanbnux xapaxwepncwnx paapana, TEKHX KER 3fleKT-

ponnaa Temnepamypa (Te) n nmornocmb HOHOB (n1) B nmaame paspana

npoaonnnncb c nomombm craunonapnon H nwnynbcnofl sonnoeon nnarHoc—

THEM. Paspan paccmawpneaemoro THEE ropnw B 3HaqnTeabHHx aneKTpn—

qecxom M MarHnTHoM nonax, onflaxo reomewpna MBPHMTHOPO HOflH B ooonx

paapnnnux ycTponcTBax TEKOBB, qwo nosaonaew ncnonbaoaamb uMnHnpn—

qecmufi onnnoqnnn song oe3.yqeTa BJHHHHH MBPHHTHOPO nona. HOHCTpyK—

THBHO aonn Bunonnen B Bnne BOJBQPBMOBOFO cwepmna nnaMeTpoM 0.6 M,T a=

C HflOm8flbD OTKPHTOH WBCTH S=I6 M2, BBMMGHHOPO KBPBMWQGCKMM M30-

nawopom. B paapannom ycwponcwne Tuna anwnnpooxowpon OH nomemancn B

uenrp paapannon odnacwn Bnonb ocn cnmmewpnn anexwponoa qepes BaKy—

ymnun Baon anona. 0

Craunonapuue soHnoBHe namepefina npnmenznncb nan onpenenenna

napaMeTpoB npensapnwenbxoro paspana c Hanpamennem ropenna no 350 B

n TOKOM no 300 MA. Oxema nsmepenna He oTnnqaeTca OT Tpannunoanon M

coowonr us perynpyemoro ncToqHnKa HOCTOHHHOPO Hanpamenua 85-50,

onnnoqnoro aonna n perncrpawopa B Bane pmyxxoopnunawnoro rpa@o—

nocmponwena H4307. Hanpamefine nemepaewca Henocpencreenno H8 sonne,

TOE - c nomombm myHTa Rm=I00 OM.

flpn nocramoqnon npocToTe n Hanemnocwn, cmaunonapnas aonnoaan

pmaruocwnxa nmeew pan Henocwawxon. K HMM B qacrnocwn omnocawca:

cnomnocrb ycwanoaxn Hyna Hanpamenna 3a oqew BMMHHHH nepBoHaqanb—

HOPO HOTBHHKEHB MBORHPOBBHHOPO BOHHB; HBPBPPBB SOHIB Hpfl UOXBMHX



1I.no'rHoc'1'ax ruIa3MH; HGBOBMOJKHOCTB ncnomasoaarmz 11:13 Jmarnocwmm

HNHIYJIBCHOPO paapalla. B caaan c BTPIM dune pa:3pac$o'raI-Ia H ITPHMQI-{GHQ

mmymcnaa aomzoaaa cxema. OHa coc'rom' n3: I.O.IIm-IO’~lHO1"O aoruza,

2,.reHepa'1'opa paaaepnm, 3.u3Mepn'reJ1LHoro zcomrmercca. Koncrpymma

some He o'r.nm1ae'rca or Bumeormcannon mm c'ran;noHapI-mx nsuepemm.

Koncrpymma reHepa'ropa pasaepmm npez:c'raB.neHa Ha pnc.2.9. OcoOeH-

Hocm cmmnowomoro paapana 1'Ip9J.I'bfiBJIHlDT 14: renepawopy pasaepnm

aecma mecnme Tpedoaazma: I. Hpenenbno Mame BHXOJIHOB conpo'm:B.ne-

me, 2. BOBMOICHOCTB IIPOIIYCKETI: msyxnoampnam TOK no 50 A, 3. mm-

TGJILHOCTI: KMHYJIBCB Harrpaacerma B penmme cxmbnowotmoro paapiuza He

nomcna npeaumarb I00 M420, 4. OH zzomxen noriycxarb opraxmaalmm Toqim

BQMJIGI-IP15! H8 81-10,116 p83pfl,1I8. 3TH YCJIOEHH He I'IOBBOJIF!I0'I' I'IpPlM8- HIITBI

T'p8.1IHI.HdOHHH6 CXGMH MMIIYJIBCHOPO IIPITBI-IHH 301-IJIOB H3 OCHOBB SMHTTSPHHX

H HCTOKOBHX IIOBTOPKTEJIGH. H8 IIPBJICTBBJIHGTCR BOSMOIKHHM HCHOJ1I:8OB8TI:v

B Kaqecwae reneparopoe paaaepmn cxem Ha ocuoae aapaxtameroca mm

pavapaxcalomeroca Icomxeacawopa, Tax K8112 mm pemcrpamm '33 0.1130 name-

perme a.neK'rpoHHon n noxmofl qacm xapawrepncmlm cxema zzonma mews

Boamoacuocrrb nonaaarb H8 aoruz Harrpanterme xarc aume , Tan H Hmce

no'reHunaJIa HBOJMPOBBHHOPO sozuza (cpf) , npwzem BO usoexcaane IIepeI'pe—

Ba, no Havana nauepemm, song: ,z1o.mxeH Haxomarraca non uoremmanou

naompoaarmoro aorma. Mcxozm H3 Bumenanomemmx Tpedoaamn reHepa-

'1’Op pa:3Bep'rKn I1'P9JICTaBJlfieT cooon .u;aa caaaammx Icorrrypa (I — 0

H3,

‘rapt-mun mmqam VS1 u VS2. Banyczc an uomzepacauue cmmcrepoa B

H)

VS1, CR 121 II — CK, VS2, Fgn) ynpaameme peJxen1-mm mm emanc-

npoaonamem cocwommn ocymecwmmewca mpncropmm zuuoqem, cbopMnpy1o-

mm CTYIIBHB Haupimerma IUIKTGJILHOCTBD, upeaumamen JIJMTGJILHOCTB

HMIUJIBCB cmmnoroqnoro paapsma. Bmmesme sanycxaxmero -mpncropa H

HBMGPKTBJILHHX 1.181183 I'IpOIrI3BO.D,'HTbCH C aazzanmmn sanepxxaun, OTHOCH-
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TeflbHO OCHOBHOPO nmnynbcnoro paspfina OT reHepaTopa P8M—6.

PeHepaTop paaaepwmn paoowaew cnenymmnm oopasom: B noxonnom COCTO—

snnn Haxonnwenbnaa emmocwb CH aapamaewca no OTpHu8TeflbHOPO HOTeH—

unana —¢H, a oomafi eMmocTL ooonx KOHTypOB C no nonomMTenbHoroK.

nowenunana on oTHocnTenbHo anona. Tax max ooa Knmqa VS1 M VS2

HaxonaTbcH B Henpoaonnmem coowoannn, TO eMmocTb BOHH-BHOH 3apHxa—

ewes no nomenunana o, saancamero ow noTeHunana HBOflMpOBaHHOPO son-

na. B MOMGHT samuxanna Knmqen (ownpurna THpHCTOpOB) Hanpamenne Ha

301-I119 OITPGIIBJIFIBTCH, C IFIBTOM BHBICOB BTIINM TPBMH IIOTEHUMEJIBMM.

_1[a.nee, GMICOCTI: C , BBJIBIOHIBH H8 HIKGHHG Ha BOI-1,119, H8'~IPIH89'I’ 38 H-K

maTbca oTpnuaTenbHo, Kan 3a cqeT TOKB paspana HaKonnTenbHofi eMKOC-

TH 1H, Tan n 33 cqew Toxa Ha aonn. Hapamempu 9fleMeHTOB oxemu rene-

pawopa nononpanncb B sasncnmocwn OT omnnaemux 3fleKTpOHHHX M nonnux

HOTOKOB Ha 3oHA, onpenenaemmx T9, T1, ni. flma nMarHocTMKn npenBa—

pnwenbuoro paspana c omnnaemon nnomnoowbm nnasmu ni=1O8+1O10 cM'3

H Te 2 20 BB — CH=2 Mmm, CK=O.25M®, R3=5O0 OM, Rm=IOO OM. Taxaa

cxeMa HO3BOflHeT nponycKaTb nByxnonHpHHfi TOE 8oHna no IA, qwo,

npeaumaew 9neKTpoHHHfi H HOHHHH TOR HBCHMBHHH nan naHHHx TeMnepaTyp

M nnoTHocTefl.

12014 cm‘3 n T925-20Han MMMYJBOHOPO cnnbnowoqnoro paapana nix

BB, — CH=6 Mum, CR=I.75 MMQ, RB=I0 OM, Rm=O. Howenunanu B oooux

cnyqaax Buonpamwca mg: — 50 — 70 B, ox: 40 — 60 B. £nn— TBHLHOCTB

paBBepTKH B awnx yCflOBHHX .COCTaBflfieT 20 MKC. Maxonmanbflufi TOK

renepamopa onpenenanca B pemnme KOpOTKOPO aamuxaana H oocTaBnan no

40 A. Conpowuanenne R3 KOHTypa I nononpaewca snonepnueawaxbno

ncxona M3 Tpeoyemofi BennqnHH nonomnTenbHoro Buopoca Hanpamenns Ha

aonne B pemnme xonoororo xona. Ocunanorpama Mmnynbca Hanpzmennn,

qnpmmpyemoro reHepaTopoM pa3BepTKn upencwaanena pno.2.IO. Ema



 
Pnc.2.IO Ocunnnorpamma HanpameHnfl paaaeprxn 20 B/nen, 5 Mc/zen

I — Pemnm paoowu cxemu Ana cnyqaa, Horne nowenunan

nnaam Hume anonnoro;

2 — Pemnm pa6oTH cxemu nan cnyqaa, Korna nowenunan

nnasmm Bume anonnoro;

(a—0), (B—P) — paooqne yqacwxn Ha KOTOpHX npou3Bo—

JIHTCH KBMGPGHKH .

 
Pnc.2.II Cxema nonxnmqeuns souna-Konnexwopa.
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ooecneqemm pemcrpaugmx ,1IByXIIOJIHpHO1"O TOK8 Ha 303;: B zca<;ec'rBe z«:mo—

qefi VS1 n VS2 nc1IoJ1bBoBaJmcB I'epI€OHOBHe pane mm onmmempwmue

Tvrpncwopu, npmem B BTQM cnyqae VS2 myH'mpoBaH Buconzoqacmonmm

mxonom.

Mamepmenbnlm KOMIIJIBKO coorom H3 11Byx Banommazommc

ocU,mmo1"patI>oB 08-13, myHTa, ‘IyBCTBHTeJII:HOCTbIO I00 B/A mm Hosea

POPOBCKOFO, qyBoTBn'reJIbHoc'rb1o IO MB/A. Hoac POPOBCKOPO BHnoJIHeH Ha

¢BppnToBoM cepneqfinxe H MMeeT nonocy nponycxanna OT 10 no I06 Pu.

Cmixpormsauna mmynbca Hanpaxtemm Ha BOHJI H Barryczc ooun.n.norpaq>oB

ocyu1ec'rBJ1Be'rcs1 OT Havana P£MIIyJII:CHOI'O paapsma c 38,1181-H-I07! aazepmcon

0'1’ reneparopa P31/I-6. JIJIB Bamnm OT HaBO,Z[I€H Banycx reHepa'ropa

paBBep'r1~cn Ir! OCUJrI.HJIO1"patI)OB ocymec'rBJ1ae'rcB qepea paBne.m»1're.z1Brme

Tpanccpopmaropu .

ma namepemxa pacnpenemm rmomocwn nounoro nowoxa B11031}: ocu

cnMMe'rpm1 paapazzaux ycTponc'rB nBroToB.neH SOHJI-EOJIJIBKTOP pnc.2.II

Bunomemmn B Bmze Konuenwpmzeoxnx KOJILHGBHX a,z1eIc'.rpo21oB, zcamzun H8

ROTOPHX paOOT8JI B pextmwe normoro Hacumemm. C uemuo ymenbmerma

ncrcaxcerma aneprewmecxoro cnewrpa HOHOB Ia noH—aJzeKTpoHHoD! amnccma,

uocwommoe cmememe, rIo,zzaBaeMoe Ha 1I.nac'm:HH BOHJIB c$u.no Buopano B

Hatzane MOI-II-IOPO Hacumerma (BOJMBH rIo'reHu,na.na HBOJHrIpOBaHHOI‘O 801-1,118).

I/Ionmm TOR Ha BOI-111 namepsmca myH'1*aMn B catyqae crraunonapnoro

paapana H CHBLMBJIBHO KSPOTOBJIBHHHMPI noacarvm PoroBc2<oro B cnyqae

PINIIIYJIBCHOPO paapsma.

Pacqer BoH.noBofi cxemu

Pactzew BoJ1B'r—aMnepHon xapamzepucwmcu reueparropa paBBep'mm,

nogxalomero Hanpaacerme H8 Bonn. HPOHBBOMTCB pememm ypaBI-Iemm HMpx—

roqaa mm nByx KoH'rypoB renepawopa, B omm P13 rcowopux Bxomrr mone-

JIYGMBH HJIEBMB. JIJIH BTOPO p88JU:I-I83 IBOHJIOBBH XBPBKTBPHCTHKB IIJIBBMH
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samenaewcs Ha y1Ipom,eHHy1o (puc.2.I2) cocTosmJ,y1o H3 mayx mmemmx

yqacrrzcoa, xapamrepnaymmyrx cocrrosume some B pexmme nonnoro Hamme-

HMH (YQECTOK I) K B PBJKKMB COBMBCTHOPO HPOTBKSHYIH BJIBICTPOHHOPO H

nomzoro TOKEI (yqacwox 2):

+ (p < + _ (p[I iéaclif-I80 3 11, f
£3(@3) = i- i+ . (2'I)

T — Hac
- i Z IT ‘vs [* r }‘~°r

T

I',11e 113 — TOE Ha BOH11, (pa — 1Io'reHunaJI some OTHOCPITBJIBHO O1'IOpHO1"O

sJIeKTpo1za, igac — TOR PIOH1-IOPO HBOHHIBI-IPIH, (pf — 1'Io'I'eHuHaJI
I(I3OJUrIpOBaI-IHOPO 3c>H,1Ia, ii — 9JIeK'rpoHmm TOK Ha :3oH,Iz,

COOTBBTCTBYIOIIIHH HyJIeBOMy HOTBHLIHBJIY BOHILB OTHOCHTSJILHO HJI88MH..,_,:_:.

Bemqmm {E60, (pf, 1,1, MOPYT OHTI: onpeneaezm {-)ECIIepP1'MeHT8JII:fiO _ (B
STOM cnyqae pac*1eT HBJIHBTCH npoaepoqmim) mm OHTB 1'Ipe,I1CT8BJIeHH

ncxogza H13 npemonaraenmx auaqemm c->.neK'rpoHz-Ion Temnepawypu Te PI

HJIOTHOCTH Tli YICCJIBJWQMOH HJIBEMH

F 22?
gag z 33 enis 79 (2.2)

2.7

221' ‘“

(pf 3 -92 zn[0.7'7 (2.3)

' ~ Q /R 9 (2.4)

me S — mxomanb aomza, m,H — Macon snempona H ‘Mona.

31cBm3a.neH'rHaa cxema renepawopa npu pemcwpamm 9.neIcTpoHHofi

BBTBYI :3oH,uoBofi xapaxcrepncwmm rrpe,z1c'raB.xIeHa Ha puc.2.I3 I/Ia

ypaanemm nanenzvm Hanpmxemla BJIOJIL z3aMKHyTHx 1€OHTypOB I M II, a
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TBK me oananca TOKOB B ysne I nonyqnm cncwemy ypaBHeHHn nan

KoHTypHHx TOKOB i1(t),i (t)

I ‘”1(“ I

C;1.,(t)+ R 37- + C; [z,(t)+z2(t)] = 0
I di2(t)

C; [i.,(t)+i2(t)] + 7" 7fi— = 0

c Haqanbnumm ycnoanam UCH(O} = $3 — O; UCp(O} = $3 — O
MCCJIBILYBMBH IIJIEBMB BXQILPIT B KOHTYP II B ZIBHHOM cnyqae KER P1CTO’~1I-DIR

3.H.C. co cnenymmnmn napaMeTpaM s=—wf; r=— 91-
1T

HPBHSCPGPQH H8BH8‘IPITeJIbI-[HM BKBPIBBJIBHTHHM COHPOTPIBJIBI-IMBM, ABHOCHMHM

IIOHCOM POPOBCKOPO UPI H TOKOM YTEHIKPI ‘IBPGB IZBJMTBJIB HBIIPHIRBHMH ,>

T.e. cqnwaa @3(t) = UCp(t) + O; i3(t)=i2(t)

Honyqnm BpeMeHHHe BaBHCHMOGTH TOK8 H Hanpameflna aonna no ero

IIBPBXOIIB B PGJKHM IIIOHHOPO HBCHIIIBHHH

0 I a+I A‘g‘m? I ‘Wt
‘4’3(“=‘~"p‘ Op 73; “RU;uT"[ ‘9 ]*

O O

+ I b+I “*2 "1 [I _e“32t]
Up 73g.“RC“—pm

z9,—bz° -5: aiO—£O -5:
i3(t)=(a)7c~’.C'T'_1e1+(b)‘R{:3'To'_‘Ie2

P P

O O 0
<9 ~<P - <9

rue 1? = _££7?_JB ; ig — {T [I — Eflq
_ -7 (2.5)

0 +0 0 +0

a=R0pfl1-—8;I—H—; b=Ropg32—$



 

pH 12 PH J’

I 0 +0 i-
E1 = 2 [ Cpcfifi _ Cpgf + m]

0 +0 Z“
I H T

;3, .__-m].
B PBEMMB HOHHOFO HBCHMBHKH TOE Ha 3OH£ HPEKTHWBCKH He BBBMCHT

OT noweuunana BOHJB, HOBTOMY BJHHHHB Hccnenyemon HMBBMH MQKBT OHTB

npencTaBneHo KBK Bxnmqenne B KOHTYP II Hcroqnnxa TOK8 C
+

XapaKTepncTMKon i3(@3)=iHaC. 3KBuBaneHTHaH oxema namepennfi npnBe—

nena Ha pnc.2.I4. 3aBncmMocTL nowenunana sonna OT EpeMeHK B STOM

cnyqae HMBBT BMH

_ R0 + O —@1(t—1)

@3(t) = wp(w) — C515; {z,(m) f zfiac C;EU;}[I—e ]+ (2.?)
{I280

+ U——U (t-T)
p+ H

rne i1(T) — aHaqeHne TOKB B KoHType I H MoMeHTy t=T nocTnmeHna

‘TOKOM Ha Bonn BenMqnHH TOK8 MOHHOPO Hacumenna i3(T)=i;aC.

, 12 ~ oz? -51: azg — 1? -52:’ (2.8)
1 (t) = e + e
1 Rflpw RCpw

BBBHCMMOCTB OT Bpemenu aonnoaoro TOKQ B pemnme MOHHOPO Hacumenns

oTcyToTByeT £3(t2T)=i;aC. Hpnonnmenno Bpema Hepexona Ha noHHym

BeTBb XapaKT9pHCTHKH Momno OHBHHTB us paBeHcTBa @3(T)=gf.

Hpoaepoquun pacqew aaancumocrefi Hanpnmenna H TOK8 aonna OT

Bpemenn nan omnnaemux napamewpoa nnasmu c yqeToM orpannqnaammero

BHMHHHH 9neMeHToB cxemu PeHepaTopa i;ac=I.75 A, @f=—I8 B, i&=I2 A
nouasan KBQBCTBBHHOB COBHBHBHMB nonyqefinux BQBHCKMOCTBH M 3KCH8pK-
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3 I aofin

  
Pnc.2.I2 Monenbnaa sonnoaaa Pnc.2.I3 3KBnBaneHTHaa cxema

xapamwepncrnxa. renepawopa paaaepwxn npn

perncwpaunn BHSKTPOHHOK‘

qacwn sonnoaofi xapaKTe—

pucwnxn.

3 I song @3[B]

  
Pnc.2.I4 3KBHBafleHTHaH cxema Pnc.2.I5 HanpameHne paaaepwxn

renepawopa paseepwun Hpn aonna; » - pacqew

perncwpaunn MOHHOH qacwn — - 9KCH9pHMeHT

3OH.1IOBOfi XBPBKTGPHCTHICK .



-54-

MQHTEHBHHX BOHAOBHX XBPBKTBPHCTHK, QTO HOLTBBPKAEBT p3COTOCHOCOO-

HOCTB PBHBPBTOPB PBBBGPTKM H HOBBOHHQT HPOHBBOJHTB BHGOP GPO

3neMeHToB B aaancnmocrn or Bnna nccnenyemon nnasmu (pnc. 2.15).

2.3 flsyxmozoaan na3epHaH Mewoxnxa onpenexenns

nnownocwn nnaam.

Han onpenenennn anexwponnofl KoHueHTpaunn unasm cnnbnowoqnoro

KBBBHCTBHHOHBPHOPO p83pfi£8 B CKPBMBHHHX EXH HOMHX HCHOflL3OBafl8Cb

HHBPHOCTHKE H8 OCHOBB £ByXMOflOBOPO Tpexsepmanbnoro He—Ne HEBBPHOPOV

nHTep@epoMeTpa c Qowosnexwpnqecxon perucmpaunefl [83+86].

B nannofi Mewonnme HCHOflbByeTCH BBBHCKMOCTL

M3MeHeHMH Momnocrn BfleKTpOMaFHMTHOPO nanyqeunz, perncwpupyemoro

qnTonpneMHHKoM, OT Benqunu Qaaoeoro Haoera npu npoxonnennn

nasepuoro nyqa qepes nnaamefinoe odpaaoaanme.

Memon onpeneneuna KoHueHTpaunn anexwponnofi KOMMOHBHTH nnasmu

OCHOEaH Ha sqqexre Konnypenunn BKCHQHBHHX Mon B raaoaom naaepe. B

ero ocHoBe nemKT nmnennaa B8BMCHMOCTb Memny Momnocwbm renepauun

naaepa H noxasawenem npenomnenna cpenu BHeceHHofi B pe8OH8TOp, qTo

noaaonnew npoaonnwb npocwym oopaoorxy pe3ynLTaToB namepennn.

Mamenene Konuenwpaunn aneHTpoHHofi KOMMOHGHTH onpenenaewca

Bupamermem B3 ;

ANe=AI1/(4.49=r1OMxk2) {cM‘31,

rue An:(K/2l)x(AP/PmaX)x(6/(1/2L)) — M3MeHeHne noxaaawena

npenomnefina nnasmn, AP — n3MeHeHne Momnocwn renepaunn, l,L —

COOTBBTCTBBHHO Janna oOnacTn aannmaemon nnaamon H nmuna

peaoHaTopa, A — nnuna BOHHH nanyqeuna.

Euaruocwuqecmnfl Kommnexc cocwonw KB cnezymmnx OCHOBHHX

CHCTGM3
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1—pa3panHoe ycTpoficTBo,

2—flaBepHHfi nHTep®epoMeTp,

3-cncTeMa HpeflBapHTeflbHOfl nonnaauun,

4—MMyflbCHaH cucTeMa nnwannn paspana,

5—cncTeMa namepennfi xapaxwepncwnn paapana,

6—cncTeMa onnxponnsaunn H aanycxa,

7—OflOK ynpaaneuna nasepom,

8—cncTeMa perncrpaunn Buxonaoro nanyqenna nurepmepomewpa.

HoHcTpyKTuBHo BHTHBHQH qacwb nHTep@epoMeTpa M1—M2 COBMBCTHO c

mowonpnemmnxom QH BunonHeHa B Bnne enMHHoro onTHKo—MexaHMqecKoro

Gnome Ha oomem ocnoaannn. Ownenbno or OCHOBHOPO Onoxa paamemaemca

ompamawenb M3. Ynpaaneune Memmonoaum paomennennem, a cnenoaawenbno H

qyBCTBMTeflbHOCTbw nnwepmepomewpa, ocymecTBnHeTca noBopoToM qmsoaux

HflaCTMH Q1 K we OTHOOHTBHBHO npyr npyra B nnocKocTn,

‘nepnennnnynapnofi Hanpaanennm ocn nmwepcepomewpa. Onna H3

renepnpyemx nasepom BB8MMHOOpTOPOHaflBHHX Mon HBflfieTCfl

onopHon(A=3.39 MM). 0H8 Bunenaewca nonspnaawopamm H1 H H2 H c

HOMOMLD mowonpnemnnxa Hanyqeune naaepa npeoopasyewca B snexrpnqecxnn

.CI/II’H8J1, COOTBeTCTByI0l11YmI BJIBKTPOHHOH KOHHGHTPELIMM IIJIQBMH. Hpn STOM

Heooxonnma mecwmaa craonnnsauna HJHHH peaoHaTopa, KOTOPBH

ocymecTBnaeTca Ha BTopofi Mone (A=O.69 MMM). qacwowa M HHTQHCHBHOCTL

HanyqeHna BTopon Mona, Bunenfiemofi nonapuaawopam H1 H H2, HBMGHHETCH

npn ysennqefinn um ymenbmennn onrnqecxofl nanny npomemywxa Memny

nasepom H BHHOCHHM oTpamaTeneM M3, qTo 3KBnBaneHTHo nsmenennm

nmnenfion HJOTHOCTM. 3TOT cnrnan pacoornacoaanna c ®oTonpneMHnKa

nocwynaew B uenb oopawnofi CBHBH, n nocne ycnnennn, nonaewoa Ha

nzesoxepammqecxne KOPPBKTOPH H1 K H2, Bosapamamne sepxana M1 n M3 B

nonomenne cooTBeTcTBymmee Haqambnon nmnHe pesonawopa. Taxnm oopasom
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nponaaonnwca oraonmnsauna nmnnu peaonawopa ownocnmenbno MexaHnqecKnx

Bnfipaunfi.

Cnnxpounsauua M sanycx nasepa nponsaonnnca OT renepawopa FEM-6

onaoapemenno c HanomeHneM Ha paapannufi ‘npomemyrox npamoyronbnoro

nnynbca Hanpamenna H ycTaHoBneHneM KBaancTaunoHapHoro pemnma

paspana. 3oHnMpoBaHne fla3BpHHM jnsnyqeunem nna3MeHHoro oopaaoaanna

HPOBOHHJOCB B TBWGHHB BCBPO BPBMSHM CYMSCTBOBBHMH CHHBHOTOQHOH

PBBPHEE.

2.4 Mmnynbcnoe cmemenne.

MCHOJLBOBBEMB cnnbnowoqnux qnpm Raaancmaunoaapnoro paspana B

nnooxom MaPHeTpOHe H anwnnpooxowpone nna pemeuna aanaq Haaeceuns

nompuwnn H HOHHO—CTHMyflHpOB8HHOPO Tpaameuna M8TepHaflOB Tpeoyew

QOPMMPOBBHMH KOHHHX HOTOKOB H8 HJQBMH paapana C BBHQHHOH BHBPPHBK;

OHBHEB MOHHOTO TOK8 HZCHMBHHH

,L /3~ S/R5:
Hac"'?7en‘ T

rne S — nnomanb Konnexwopa, no - HMOTHOCTB nnasmn, Te ~

9fleKTpOHHafi Temnepawypa, M — Maoca KOHB nan cnyqaa ni 3 I014CM_3

npn Ta: 593 noKa3uBaeT, qwo HMOTHOCTL nounoro TOKE Ha Konneurop B

STOM cnyqae COCTQBKT J+= 2.5 A/0M3. HonnepmaHne nowenunana

cmemenna Ha Konnemwope nywem ncnonbaoaaana oTnenbHoro renepawopa

HBHHBTCH nocTaToqHo cnomnofi Texnnqecxon aanaqefi. Bcanan c3 STEM

paapacowan cnocoo nonaqn Hanpameuna cmemenna Ha Knnnenwop

ncnonbaya qacwb MOMHOCTH nnynbcHoro ncToqHnKa nnTaHnH paspana.

PaOoTa Onoxa cMemeHHH ocHoBaHa Ha K3MeHeHHu 3KBnBaneHTHoro

COHPOTHBHBHHH HJBBMH HPH HBPBXOAB OT CTBHHOHBPOPO K CHJBHOTOQHOMH

HMHYJBCHOMY PBBPHLX.
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Bnox MMmynbcHoro cMemeHmH cocwonr H8 HOCfleflOB3TeflbHOFO

Kone6aTenbHoro KOHTYpa I I1 KOHTypa aapznxn II (pus 2.9). Cxema

pa6oTaeT onenymmnm odpaaomz nocxe nonaqn HanpHmeHnH OT mcwoqnnma

nnTaHM9 cwauuonapnoro paapana nponcxonnw npooofi paspannoro

npoMemyTKa M oopasoaaune Hnasm, nocwnrammefi KOflfl9HTOpa.

OflHOBpeMeHHO, qepes conpoTnBneHne KoHTypa aapnnxn ROM KonneHTop

Taxme npnoopeTaeT noweuunan HaTona @K>>mf nowenunana

H30flKpOB8HHOPO BOHK8. B p88yflbT8T9 H8 KOJHBKTOP yCT8H8BflMB8eTCH
4.

HBC’
('1

wH=mK—i2RCM (TOKOM aapazxn UOM npeneoperaem, TBK KBK OH cymecTByeT

TOK MOHHOPO HacumeHnH Z M Honnexwop npnoGpeTaeT nowexunan

TOJBKO BO BPBMH YCTBHOBHBHHH PGKHMB craunonapnoro paspana K

nanbneflmero BHHHHMH He oKa3HBaeT), rxe igz Hac.

BOHLOBOH XBPBRTEPHCTMKM CTBHMOHBPHOPO H CHMBHOTOQHOPO MMMyfibCHOPO

craunoaapnoro paapana
naam axsmsanenwfioro

Hcxona H3

paapaza Buonpaem RUM TBK, qwoou I. RCM«
9 V nbcfioro paapaga 2
A” RUM» BISMH SKBHBEJIBHTHOPO ' nae RTIJIESMH BKBHBZJIBHTHDB

Q -0
= E - 9HBMBaneHTHoe COHpOTMBfl9HMe nnasmm. Torza amnnnwyna

tH80

cMemeHMH Oynew onpenennwboa ROM H napaMeTpaMn cwaunonapnoro

paspana no ; Te, a qacToTa M 3aTyxaHne — qacToTofi H nooporaocwbm

KoneoaTenbHoro KOHTypa ‘c yqeToM no M Te HMynbcHoro paapana.

qacwora cmemenna Buoupaerca M8 ycnoena sapaza KOflfleKTOpa no

HOTeHHM8fi8 MBOHHPOBBHHOPO BOHAB

T
3

mxamfz é I iEaO(t)dt, rue C — BMKOCTB Konnexwopa.
O

OOOCHOBBHHB KOHRPGETHHX H8p8M9TpOB CXBMH CMGMQHMH YKBBBHH

HHE9 C YHBTOM COOTBBTCTBYDMKX XBPEKTBPHCTMK p33pHfl8.
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I‘J[ABA.3 OBJIACTB CWUIEZCTBOBAH]/[F1 M XAPAKTEPMCTI/[KM KBA8-MCTAIII/(O-

HAPHLIX CI/IJIBHOTO‘<IHHX PEDKI/IMOB PABPHJIA HMBKOPO JIABJIEIHMH B MAI‘HI/ITHOM

HOJIE PABJH/I‘JIHO}7I I{OH<DI/[['¥PAlMI/I.

Hpenaapnwenbnufi paspnn.

Cosnanne cnmbHoToqHoro, KBaBKCTauHOHapHOPO pemnma paapana

rmsrcoro xzaanerma B MaI’I-IPITHOM none rrywem I-IBJIOJKGHYIH Ha paspr-uumn

npomemywom HpHMOYPOflbHOPO umnynbca Hanpamenns BOBMOEHO ngyma eno-

codamn I) MMnynbc nonaeTcH Ha paapanfioe ycwpoficwao, aanonennoe

Pasom c ero naabfienmnm npoooem H ycTaHoBneHneM KBBHCTBHMOHBPHOFO

pemnma, 2) nnynbc nonaerca Ha npoMemyToK, 3anonHeHHHfi npenBapn-

TBHBHO coanaunon nnaamon, noone Hero nponcxonnw poem KOHueHTpauMM.’

nnaamm H ycwanoanenne KBa3KCTauKOHapHOPO pemnma. Han noxaaanz"

ouenxn Bennqnnu H Bpemenn yCTaHOBfieHHH Haaancwaunonapnofi HHOTHOCTKV

nnasmu B paapanuom ycTpoflcTBe, a Taxme 3aBncnMocTn CKOpOCTM pocwa

moauenwpauxn OT nepaonaqanbaofi nmownocmu nmaamu [98] HpeflHO9TM-

Tenbuon HBflHeTCfi nonaqa nmynbca Ha npenBapnTenbHo noHM3oBaHHHfi

P83, Hpnqem coPnacHo Pp8®HKaM pnc. 2.7a,6, HJOTHOCTL HpeflB3pMTeflb—

Hon nnaamu nonmna cocTaBnaTL no: I07 — I010 GM-3. Mcwoqnnmom Taxofi

npennonnaaunn MOKBT OHTb Bq—pa3pan, aHoManbHHfi Tnemmnfi nan MaPHeT-

poHHHfi paspan, 3neKTpoHHHn nyqox, onnano ero BonbT—aMnepHaH xapaH—

TepHCTHK8 Up(IP) nonmfia nMeTL yqacwox dU/dI«I TEE KBK Mnaqe Kpywaa
qaowb BAX orpannqnr TOR qepea nnasmy npn Hanomennn nmnynboa Hanpa—

means H, COOTBBTCTBGHHO, pocT KOHHGHTPBHMM nnasmu.

MccnenoBaHna xapaxwepncwnx cnaOoToqHoPo CT8HMOHapHOPO Marne-

TPOHHOPO jpaapana B ycwpoficwae c npommmnpoaannum snemwponamm ‘M

3
nmocxom Marnewpone B nmanasone naanennn I0‘ — IO TOp, noxaaann

HBJIMHHB CTELIPIOHEPHHX PBHCPIMOB, OC5eC1'I9‘IPB8IO!IUrIX IICJIOBPIH POCTB HJ1OT-
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HOCTM. nnaamm n nepexona paapana B Kaaanoraunouapuun pemnm upn

Hanomean Mmnynbca Hanpamenna. Ha pnc.3.I nomasaam XapaKT9pHH9

aaancnmocwn Hanpnmennn paspnna OT TOKB nna aprona, cmeoen aprona c

ranorenoconepmamnm aKTnBHHM raaamu (SF6), renMfi—BonoponHHx ome-

cen B nnanasoue naBneHnn IO‘2—5 TOp, nnanasone MaFHKTHHX uonen 0-1

KPC, npn TOKEK cTaunoHapHoro paspnna no 200 MA. Msmepennn nonTBep—

nnnu Hannqne nayx qnpm CTEHHOHEPHOPO paapana B Ar [SI] pa3nnqaw—

mnxca dU/dI, a Taxme noxaaann cymecwaosanne ananornqaux paapanoe B

npyrmx raaoaux cpenax (SF6, He/H2 cmecn, N2 M T.n.) npn naanennflx

no 5 Top. Cnenyew OTMBTHTB, qwo BAX paapana B cncweme o upo®unnpo—

Baunum anexwponam n nnocxom MBPHQTPOHE ownnqamwca Hesnaqnwenbuo.

M3 BHEJIPIBB BBBIIICMMOCTBH CJIGZIYBT, ‘ITO C TO‘IKPI BPGHIIH MBJIOH KPYTPIBHH

dU/dI Hanoonee npuemnnmumn sannmrca pemnmu c Mnnyxunen MBFHHTHOPO’

Hona He Menee 400 Pa. Pemnmu 5'pnc. 3.1 Hanamwca BHcoKoBonLTHHMu

n oonanaa BHCOKHM sKBnBaneHTHHM conpomnanennem orpaHnqnBamT pOCT

KOHHBHTPBHKM nnaamu npn nepexone K HB83HCTauHOH8pHOMy pemnmy. M3

HpnBeneHHHx Xap8KTepHCTHK Bnnno, qwo nun npenaapnwenbaofi nonnsaunn

uenecoodpaano ncnonbaoaamb pemnmu c TOKBMM caume 20 MA, qroda

HBOQRBTB nepexonnux yqacwxoa Ha xapaKTepncTnKax. Hewnn M oryneun

Ha Xap8KTepKCTMKaX (mpnaaa 4 Ha pnc 3.Ia) caaaanu c nepexonom pas-

pana BHyTpb nonocrn Hawona B ycTpoficTBe c npomnnpoaannumn anem-

Tponamn npn nnowuocwax TOR8, oooTBeTcTBymmnx nepemnmannm oonacTen

Tnemmero caeqenns BHyTpn nonoro Kawona. Hanpamenne ropenms npn

BTOM nonnmaewcn Ha Bennquny 2 I00 B.

3oHnoBaH nnarnocrnxa napaMeTpoB unaamu orannonapnoro paspana

B uenpe cnmwewpnn paapannoro ycTpoficTBa c flpO®KfiHpOB8HHHMH

2
anemponamn B nnanaaone naanemm p=IO‘ -1 TOP, MEPIIPITHHX nonen

B=O — I RFC o Hanpaxennem ropeuna no 320 B M TOKOM no 200 MA



1(1) P’-170,0, B=0K/E

2(1) P: /rof, 3: »/x/Z:
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5(1)p =0 01 72¢, 6:05-e

1(;7)p=-0.0/rqa,8=0.‘X;J.'

2(/J)psao/rap, 8-0-31% 
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Pnc.3.I Bo.nm*—aMnepHHe Xapawrepncwmcn cTaLmoHapHoI'o paspsma.

_[ — paapnmioe yc'rpofic'rBo cz  Bamnm anewrpozzamn

[7 — rmanapmm MarHe"rpoH



HOKa3HB8eT, qTo Konneuwpauna HOHOB B STOM cnyqae npcwnraew nfz

IOII CM_3 npn 3neKTpoHHofi Temepawype Te no 20 33. BTO yKa3HB8eT

Ha BOBMOIKHOCTI: nonyqerma B CTaI1MOHapHOM MarHeTpoHHoM paapane 0

TOKOM 20.1 A nxownocwn nnaamu, nocwawoqnon nan ooecneqenna pocra

KOHHBHTPBHKK MOHOB Hpfl HPHJOKBHHM HMYHBCB BHCOKOPO HEHPHKBHHH.

3.2 Pexmmu Kaasncwamxonapnoro pazspsuza.

C-n.m:HoTo<1mm paapsm Mccnenoaanca B umpoxom maanasone TOKOB Ip
OT 5 A 110 1.8 EA ma pasmmmx zzamrenmt p=IO’3+IO Top ra3oB Ar,

N2’ SP6, :4 cue-cefi AI'—N2, Ar—SF6 paaamtmoro I1'pOI.leHTI-IO1"O COCTBBB

(IO+9O % AI‘), He—H2 (50/50 %) ; paamnmx KOH€IMI'ypaU,'P!fl (IIJIBHBPHOPO

MaI‘HeTpOHa PI aHTPIITpOC5ICOTpOHa) H Benmma MEPHPITHHX Irostefi’. B

PBBYHBTBTB HOJYQBHH BOflbT-BMMGPHHB XBPQKTBPHCTHKH, HHTBPPQMLHHBV

cpororpaqwm cseqerms paapsuza, BOHJIOBHB xapawrepncwmcn rmasmu pas-

psma, a TEIK me ycTaHoBJIeHo HBJEWIHB H orrpe,z:eJ1eHa PH-ITBHCHBHOCTI:

noromoa qacmu K3 rmaamu paapsma. Anamxs nonyqemmx peay.nb'ra*roB

noaaomm yCTaI-IOBMTL cymecmoaarme HBCKOJILKHX pexcmvlora, pasmma1onmx—

on Hazrpmxermem ropeuns, Jmanasonom TOKOB, a Tax ace cwpymypofl

paspmxa.

Ha pnc.3.2 rrpe11c'raBJIeHH xapameprme ocmrmnorpammn TOKE1 PI

Hanpmxerms HBa3ncTan,noHapHoI'o paapsuxa. Ha ocummorpamme Haxrpaacemm

y<1acToz<.' I COOTBeTCTByeT Hanpsmcemno crraunonapnoro paapazza (npe11Ba—

pHTeJIbHaH H01-maaum). Ba'1'eM Ha yqacme 2a nponcxomxw HEJIOJKGI-IP19

HPHMOYPOJIBHOPO mvmynbca Hanpaacezmsi. Ilpn 3TOM nponcxo.n;wr pom’

zconuempaumr n.na3MH H yCTaHOBJIE.'HMe 1cBa3HcTau,noHapHofi IIJIOTHOCTK

(ytzacrrom 20 H8 ocumxnorpame), 13 31:0 Bpema TOE‘. paspmxa Bospac-rae'r,

HOOJIG tzero Harrpmxerme PI TOR paspsuza ;1oo'mI'a1o'r Ha maaaucwaunonapnux

Bemqmi (y<IacTo1c 3). BpeMH yc'TaHoBJ1eHMH KBa3m3Tau.noHapHofl l'IJ1OT—
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Pnc.3.2 Xapawrepaue ocxmmorpamm 'rozca(a) n

nanpaxemm (6) Knaancraxmonapnoro paapima.

I80 A/.1Ie.n, 50 mcc/.ne.n; I80 B/.ne.n, 50 mic/.zze.n.

I—c'rau;uoHapmm paapsuz, 2-OOJISCTI: ycwanonnenna

xnaancraxmonapnoro Haxlpaxenna (a) n no1maa1m-

onnon penaxcazmn (O) , 3-mnixbyamm pelmn.
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Hocm COOTBBTCTBYBT Bpemexm PIOI-IPIZBEIJMOHHOH penarccauma M COCTBBJIHBT,

Harrpumep mm paspsuxa B Ar npn ypoBHe rrpezmormaauma n€=1O9+1OH
CW3 250 me. Kaamaa TO'~l'E8 BAX coo'rBeTcTByeT nape ocummorpamm

TOK8 PI Hanpmxerma. Hamrme HeO,I[H0pO,I[I-IOCTBH B Imasme paspsma, a TEIK

me odpaaosarme Icawommx 1mTeH onpegxemulocb qyoworpacimpoaamaem pas-

pana mm BIrI8yaJIbHHM Haonmezmem c ncnonbsoaarmem qmnbwpoa.

Bxcnepmeuranmme BOJILT-8MIIepHHe xapawrepncwmcn KB8BHCTaU,HO-

Hapnoro paapsma I-IHBICOPO nasnermsi B M8171-MTHOM none umem qewupe

OCHOBHHX ytzaoma coo'rBe'rc'rBy1onmx ycronrmaum cbopmam paspsma.

Tmmnaz BAX paapsma B Ar npn ,zzaB.neHrm IO'I Top K mmyrcumx Mamm-

HOPO 110.113 0.4 Fe IIp1»1Be,ueHa Ha pnc 3.3. Ha Hen BHILBJIEIOTCH 1113a KJI8C-

onqecxnx yqacma cooTBe'rcBy1omMe I - MarHeTpoHHoMy paapsmy c. TOKOM

.110 0.2 A P! HBITPHIKBI-IPIGM roperma 2604580 B; 4 — CIrLIIbHOTO'~IHOMy,"CEH1I1e

I I08 A, HHBICOBOJIBTHOMY I0+3O B ,u;yI*oBoMy paapany C KBTODI-IHM IIHT-

I-IOM. Kpome more sxcnepmenmu noxaaam BOBMOIKHOCTI: cymecwaoaarma

eme mayx ycwommaux cbopm 1cBa3nc'raunoHapHor'o paapiuxa coxpanmomero

mxqmyax-mfi xapawrep mxaamu K Raromioro 0.1103 npn IIJIOTHOCTHX Ka'ro;z—

HOPO TOK8 !3H8’~IMTe.IIbHO 1'lpeBhIIflaIOmjIdXV1I.JIOTHOCTI:a TOKE} mnaccmecxoro

M8I'HeTpOI-IHOPO paspsuxa. B gmanasone TOROB O.2+I5 A uMee'r MQCTO

CPIJIbHOTO‘I1-IHH MaI’HeTpOHH!i}'rI paapsw; (yqacmorc 2) C pacrymefi BOJlbT-

amnepnofi xapawrepncwmcofi. OH oOJ1a,uaeT CPEBI-IHTBJIBHO BHCOKMM H8IIpFi-

x<eHneM roperma, B ,z:aHHoM cnyqae 350+5OO B. Up}: Tozcax I5:—IDOO A

BOB!-IPIKEBT cnmgnowotznufi mqmyamfi peamm 3, BAX KOTOPOPO Irpe;:cTa13—

JIHBT cooofi npmyxo napamenbflym ocn Toma. Ero Hanpimcerme rope-rmz

COCTBBJIHBT :90 B B0 BCBM gmanasone TOEOB. HJIOTHOCTI-a Kawomzoro Tmca

npn BTOM coc'raB.nae'r no 50 A.

C.ne11ye'r ormemwb, trro rpamnm pemmoa Moryr CHJILHO B8pI:MpO-

BETBCH B BEBHCHMOCTYI OT YCJIOBHH PSBPHJIB (HBITPHMBP JIBBJIBHPIH, BeJU/I-
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Pnc.3.3 Bonbr-amnepnaa xapaxwepucwnxa xeaancmaunonapaoro

paapana.

Ycrponcwno c upo¢ManpoBaHHHMM snexrponamm,

Ar. p=0.I Top, B=O.4 xrc.
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qunu MBPHKTHOPO noun H T.n.), no3ToMy nanee pemnmu 2 M 8 paCCM8T-

pHBaflHCb pasnenbao c uenbw onpenenenna oonacwen oymecwaoeaana no

TOKSM, Hanpamennm, nannennm, Bennqnne MEPHHTHOPO Hons nan Kamnon

ma Yuaoannux mopm paapana.

Mocnenosanna Bumeyxaaannux pemnmos npoaonnnncb KEK B pa3pan—

HHX yowponcwaax THHB nmocnoro MarHeTpoHa, Tax Ii B yowpoficwae c

npomnnnpoaannnmn anexwponam H nonaaann BOSMOKHOCTB nx peannaaunn

Bne aaanonmoown ow Tuna K KOHKPBKTHHX napamewpoa paapanuon aqennn.

TunnqHue BonLT—aMnepHHe xapaxwepncrnxu cunbnowoqnoro Marne-

TpoHHoro paapsna npencwaeneuu Ha pHO.3.4. Bxcnepnmeuwu npoaonnnncb

B nmanasone naanennn p=IO_3+IO Top raaoa Ar, N2, H cmecen Ar—N2
(IO+9O % Ar), He—H2(5O/50 %), Marrmmmx uonen B=O.4+I.O 1<I'o. B

Kaqecwae Mawepnana xawona HCHOHb3OB8flHCb Cu, T1, Al, Mo, Hepmaaeea

mman CTaflb . flma ymeubmenna BHMHHHH ooomoanns nosepxaocwn Hawona

H8 napamerpu paspana nponasonnnacb MHOPOEPETHEH Tpennpoaxa ycTpofi-

OTB paapanamn, nmoo oqnomxa noaepxnocwn Kawona H KonneKTopa mnem-

mnm paspanom B aproxe. XapaKTep saemcnmocrn Up(Ip) onnHaxoB nna

paannqnux napamerpoa p, BL, a TEE me pona raga, MaTepuanoB Ramona,

paapanuux ycwponcwa M paamepoa paapannofi oonaown. Hanpamenne Ha

paapane MOHOTOHHO yBennqnBaeTca o pOCTOM TOKB no HeKOTOpOPO MaKou—

Manbnoro snaqenna UgaX=5OO+IIOO B, sasncsmero OT Bennqnnu Mnnyxunn
MQPHMTHOPO Hons, pona P838 n Mamepnana Kamona no nepexona paapana

B pexnm 3 Han cpusa ero B nyry. flan nnnwenbnoown Hmynbca T no 20

MC TOKH nepexona nooTnramT 250 A, qwo COOTBeTCTByeT nnoTHocTn

2
KaTonHoro TOKB 3225 A/CM . Ymeubmefine Bennqnnu nnnymunn MBPHMTHOPO

Umax
P

TOPOPO anaqemm Hanpmxemm Ug, BBBPICHIIIBFO TOJIBICO OT M8T9pH8J18

Hbflfi npnaonnw K yBennqeHnm paapannoro HanpHmeHn3 (BL) no HeKo—

Kamna H pona rasa. Jlanbnenmee cnmxerme BI, npmaonwr K nepexony
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Puc.3.4 CMJILHOTOQHHH Mamewponnun paapsm

n - rnnanapmm Mamewpon, Cu, p=5 IO‘3

- — rmanapm Mar-He'rpoH, T1, p=5 IO‘3 Top, Ar/N2 (80/20 %)

Top, Ar

1- - Imanapmm Mamewpoa, T1, p=IO’2 Top, N2
>< — ycwponc-rao c npoqmmp. Cu, =5 I0”? Top,

He/H2 (50/50 56)

+ — anemponamn Cu, p=IO”I Top, Ar



paspsma B BHCOKOBOJILTHHH pexma, xapalcrepnayxmmca ICPYTHM pocwom

BAX M MBJIHM (.110 I A) anaqermeu paapamioro TOKB.

CHHICBHMB Marmrrnoro now: no ypomm, Oamanoro rc anaqenmn,

onpenenamemy nepexon paapsuza B Bucozcoaom-rrnnn pexmm, xapa1c'repn—

ayemca IIJIEBHHM ynemmex-men Harlpaxemm I-I8 paspsme c mzaoapemenmm

ymenbmemxem TOK8.

Mccnenonanne pemma cmxbaomormoro marsewpormoro paspsma gum

mayx pasmmnx ,zmaMe'rpoB paspsmnofi oO.nac'rn IIJIOCKOPO Mamewpona

nonaaam, ‘ITO BAX Knaancraxmonapnoro paapana He aaazoam or .zmaMe'r—

pa omxacm max B1,.

C.ne,z1ye'r oTMe'mTb, ‘mo npn nepexozze B CPIJ1I:HO'1'O‘IHy1D qjopmy 1333-.

PS1! pacnpocwpanserca H8 CYHIGCTBBHHO GOJILIHYD OUJIBOTB ICBTOJIB, ‘IBM B

cnyqae crraugnonapuoro npe,zu3apm-e.‘nLHoro paapana ... B..c.ay!Iae HJIOCKOPQ.

MBPHBTPOHS B BBBHCMMOCTH OT KOHCTPYKIIPIH MBPHHTHOH CKOTQMH

woman paapsuz samman Jmoo Iccmbuenym OOJIECTI: BI-I9 oxpyxnocm ‘max

Br.

IIPH OOXPBHGHIIK IIOJIHOPO TOK8 P88133118 onpe,z:e.nn.no OYHIGCTBGIH-LYD p8BI-IH-

moo xmcxosym OOJ!80'1‘I:, orpammemaym ozcpyacaocrmo max Br, trro

uy B rmomocm TOK8, omzazco He 13Hec.no paammm B xapawrep BAX.

Xapawrepnue IIJIOTHOCTK TOKB rrpn 3'1-on coc:'raB.nsno'r mm paapsuxa B Ar

3=4 A/cmz (Up=54O B. IP=225 A), u 3:25 A/cM2 (UP=5OO B, Ip=2I8 A).
HIQPOXOBBTOOTL nonepmocm Karena He aaamewca onpezzeamnuen mm

oymecwaoaanna peanma 2, xom B cnyqae npmenemm KETOJIOB c Oomamofl

mepoxosarocwbm BBPOHTHOCTB uepexona B Jxyry yaemtmnaemca.

OCOOBHHOCTBIO paapsma B He-H2 cmecn B yc'rpofic'rBe c npo(Imm—

poaammrm anexrponam annaewca Hamr-me, Bwopon cpopmu cmmnowoqnoro

Marnempomtoro pexma c I-Ianpaxenneu Up=400-z-650 B, He aalancamm or

mice no nepexona paapana B pemm 3.

Xapawrepnon OcOOeI-IHOCTLIO pexma 2 m3.nae'rca mrrencnanoe aa
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cqew Bucorcon sneprmr n nnownocm normoro nowoxa pacrmner-me Ma'repn—

ana xcawona. Mnmynbcnaa CHOPOCTB ocaxmerma MaTepna.na Icawona B moc-

KOM Marnewpone Ha ycranoanemibm Ha paccrroax-Ine I20 M or I€8TO.B.'HOfi

Mmnerm aoH.11—-1co.n.ne1c'rop COCTBBJIHBT 2 80 mm/mm. (P88 — Ar, Mamepnan

Icarogxa — Cu, Ip=65A, Up=9OOB) npn nomon JUIPITBJILHOCTH nmnynbca
TOK8 25 MC. I/Iamepenna ToJmmHH HEHOCMMHX nonzpumfl Hponaaommcb c:

nomommo pacwpoaoro 9.neIcTpoHHoI'o MPIKPOCKOIIB F3M—IOI.

Mamepemm n.no-mocm IIJIBBMH nil; oO.nac'm ,npn.nera1om.en K nomen-

Topy , c IIOMOIIILIO nonatm rmrmnbcnoro anewrpnqecxoro cmememm Ha

ICOJIJIBICTOP OTHOCPITBJIBHO anona noxaaam, ‘ITO mm peanma Ip=6OA,

Up=900B nt COCTBBJIHGT =3'IOI2 cM'3
Xapawreprme BAX cmrmowormoro ,z:mp:>y:3Hc>I'o pemma paapagza ma

p83.T|}I‘II-ILIX JIBBJIGI-D13, PBBOB, MBTGPHEJIOB .AM8I'HKTHH.'X HD1131 K

ycnomm Hpezznapwrealbnofi normsamm npmaenenu Ha pnc.r3..5+3‘.'7 (pemm

3) . AHBJIHB BAX IIOKEBBJI, ‘ITO HEHPHIKBHIIG PBBPHJIB 0.11800 BSBKCHT OT

PBOMGTPHH K HBIIPHIKBI-II-IOCTPI M8I’I-IKTHOPO IIOJIH, 8 THERE OT MBTBPPIBJIB

Icawona n coxpaaaew rrocrroanfiyzo BGJIWIMIY Up='70-:-I40 B B xmanasone

TOKOB Ip=5+I.8'IO3 A. Cymecmayew caraoaa, (B Hpenesxax 50B), 3aBncn—
.MOCTL em 01' pone raaa. Hpn nepexone B pemm 3 paapan pacnpoc'rpa-

I-IHBTCH Ha cymecmaenno Oonbmym nonepxnocrh Ramona qem B cmyqae

craunonapnoro paapsma.

B yc'rpofic'rBe c rrpoqmmponam-namm 9.neK'rpo,naMn rpaumzu nepexona

paspsma B pexma 3 mm Icaxzmx KOHKPBKTHHX ycnoann onpe,11e.na1o'rca noc-

1-aroxmo qemo, Tame Kan n ycaxonna cpmaa ero B xwroson paapsuz 4. B

rmocxom M8I’HeTpOl-Ie rpamma nepexona paapana B mrroaon pexma o1:rpe-

nenaewca no conoxyrmocm nauenexma Hanpmxemm H8 paapsme n omn-

tzecxcux nccnenonamm. ,1I.na orrpe,z:e.neIma cwpymypu péapsma B pexmax 2

K 3 OHJI HPOBGJIGH KOMHJIBKO OIITKVIGCICHI PICCJIGJIOBBI-IIIIH.
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Pnc.3.5 Bo.nL'r—aMIIep;me xapawrepncwmcn Kaasncmaunonapnoro

paapsma. (paapam-roe ycTpofic'rBo c  Bamm

Lanexwponam) '

a — p=0.05 Top, padoqm raa — Ar.

0 - p=O.I Top, paaotmn P83 - Ar.

x — B=I KI‘c, u - B=0.8 KI‘c, - - B=0.6 1<I‘c,

. — B=O.4 1cI‘c, ~ — B=O.2 1cI‘c, + - B=O 1cI‘c_
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Pn0.3.6 BonbT—aMepHHe xapaxwepucwnxn HBa3HCTaHHOHapHOPO

paapana. (paapanaoe ycTp0fl0TBO C HP®HfinpoBaHHHMM

anemwponamm)

a — p=0.05, O.I, I TOP, B=I KPO, paooqnfl ras — Ar/SF6.

0 - p=0.05, O.I, I TOp, B=I ETC, paooqnn raa — He/H2

n — p=0.05 TOP, I — p=O.I Top, * - p=I Top



_ 72 _

U {B} , _ 3'
200

I00‘

1 u ‘I tr n ' t at a t
: x - tn ngang

I [A]
___________L_.________J___________L_____L__

0 I0 I00 I000 2000

U [B] 6.

200

I I I r #0 I I

I00 V ' ' x*u!:n*x°*9 3:93:D

% I [A]
__________;__________L__________¢____4___

0 I0 I00 I000 2000

Pnc.3.7 Bonbm-aunepnne xapaxwepncwnxn RBaancTaunoHapHoro

paapsna. (nnanapnun Marnewpon)

a — p=0.0I, O.I, I Top, B=O.7 RFC, paooqnn res — Ar.

0 — p=0.0I, 0.1, I Top, B=O.7 RFC, paooqnn P83 — Ar/SP6.

n — p=0.0I TOP, t — p=0.I Top, I - p=I Top
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®oTorpa@MpoBaHne paapana ocymecwnmanocb qepes Hefiwpanbno cepue

@MnLTpH c pa3nqHHM Koammnunefiwom ocna0neHna. Bxcnoanuna K @nnLTpH

nononpanncb TEKHM oopasom, qwoou noxnmqnwb perncwpaumm nenyqefinn

npensapnweabnoro paapfina. M3 npnBeneHHHx (pHC.3.8) moTorpamfi

Bnnno, qwo paapan MMBBT onnoponnym cwpyxwypy npn TOREX no 225 H

I.5xIO3A COOTBBTCTBBHHO. Rpm yBenMqeHnn Toxavcaume MBKCHMBHBHHX

snaqennfi yxaaaanux B T80fl.I, 2, Han nnnTenbHocTn nmynbca no 2+IO

MC, Haonmnanocb pasanwne Heycwofiqnaocmn M KOHTPEPHPOBBHHB paapana

. B nmanapnom MaPHeTpOHe nepexoz B pemnm 3 npnaonnn K paBMHBaHHD

xonbueaon cwpyxwypu npenaapnwenbnoro paspana M pacnpocmpanennm

nmasmu n TOKB no Been noaepxnocwn mawona (pno.3.8). Hpn yaennqennn

Toma nan nmnwenbnocwn nmnynbca B swom ycrponcwee Taxme Haonmnanocb

pa3BnTne Heycronqnaocwn c nocnenymmen noxannsaunefi nnaamu n Bo3Hn-

Knoeennem onnoro nnn HSCKOHBKMX Kamonnux nawen.

Xhmmqecmnfi ananna noaepxnocrn Konnexropa nomaaan oTcyTcTBne

ocamnenna Mamepnana Karena, qwo yKaaHBaeT Ha owcywcrane pacnnnenna

Rarona,

3.3 HpnMeHeHMe nynbcnofi sonnoaon MeTonMKH Ana onpenenenna

napamewpos nnaaum H HOHHHX HOTOKOB.

Onpeneneane noxanbnux xapaKTepMcTuH paspana, TBKKX KQH

enexmponnan Temnepawypa H HflOTHOOTb HOHOB B nnaame paspana

nponanonnnacb C nomombm cwaunouapnon M nmmynbcnon 3oHnoBon

nnarnocfnnn. Cwaunonapnue nsmepenna npnmenanncb Tonbxo nan

onpenenenna uapaMeTpoB nnaam Hpensapuwenbaoro paapnna.

Cemeflcraa BOflbT-aMepHHX XBPEKTBPHCTHK aonna nun paspana B Ar

npn p=IO'2

IIOJIY‘I91-H-EH9 C HOMOIHBIO Tp8,IIMI.MOI-IHOH BOHJIOBOH MBTOIIJIIKH HOBBOJIHJIH

+1 Top Up=3OO B, Ip=IOO MA B MarHnTHoM none B=I RFC

'70.
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Pnc.3.8a Pemnmw cnnbnomoqnoro RBBBHCTEUHOHBPHOPO paspana.

HJI81-Iapi-Iflfi M8I’HE.‘ TPOH

I. cunLHoToqHufi Marnewponaufi



Pnc.3.8a Pemnmu cnnbnomoqnoro KBEBHCTEHHOHQPHOPO paapana.

nnanapaufl MarHeTpoH

2. CHHBHOTOQHHH Anmmysnufi

3. nyroaofi



PHc.3.8O Pemnmu ‘HIEHLTOQHOPO KBa3ncruxnaHapHoPo paspana.

yCTpOficT:, ' HpO®nnMpoBaHHumu 5neKTponaMH

I.C%%HHE%mfi;m@wmmfi

2. KOHTp3FHpOB8HHHfi (nyroeons
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'3 (npn pasmmmxouemrrb 1I.no'rHoc'rb DIOHOB n.£=I09+IDII cm
JIBBJIBHPIHX) .

0 116.1113!) nposeplm paoorocnocoonoom nmlrymacnon MSTOJDIKK one

Gama ncuomaaonana ma onpenenerma napamempon rmaamu 1Ipe.m3apn'rem.—

HOPO paapsuza B maanaaone B=O+I 1<I'c, p=IO‘2+I Top, TOKOB no 0.2 A.

M3 noJ1yqeHHHx IIOCJIB nclunoqeana BPBMGHH xapaxwepnctrmc c.nez1ye'r, no

snewrpormaa Temnepawypa mm yxaaarmoro cnytzaa cocraanaew Te:-20 9B,
-3

8 KOHHGHTPBIJJIH PIOHOB T1.£=IOII CM . HOTBHIIHBJI H8OJIH.pOB8H.'HOI"O BOEK8

oKa3a.ncH (pf-220 B. C YMGHBBIGHHBM mnyumm Marmmoro rzom HBKJIOH
XBPBRTGPPICTHE YBBJIPFIHBBBTCH, ‘ITO CBKJIBTBJILCTBYBT OC5 YMBHBHIGHHII

TBMIIQPETYPH BJIBKTPOHOB, HOTBHIDIBJI HBOJIKPOBBHHOPO BOHIIB IIPH BTOM

YBSJEWITIBBGTCH. MB BGJIWIKHH KOHHOPO TOK8 HBOHIILGHKK c.ne,1xye'r, ‘ITO.

FIJIOTI-IOCTI: IIOHHOPO TOK8 H8 B01-H‘! B LIGHTPG CMMBTPHK CECTe’l&-

,z:oc'rnI'a'rL 3+5 MA/CM2.

Omeqaewcfi xopomee connanerme napamerpon HPBJLBBPHTBJIBHOPO

pasp.=u1aT,T ”fiE)'fiiemmx npn OTBIIPIOHBPHHX K KM1I;YJII:CI-D.-IX. nsuepezmax, wro

cBn,ne're.nLcTBye'r 00 o'rcy'rcBIm samemux ncxamemm, BHOCHMHX aomzonon

cxémofi.

C.ne,z:ye'r OTMGTFITB, trro ycranomca some B uerrrpe cnmewpnn

3.ne1c'rpo,u;aon cncremn, rune m-myrcmm Marunmoro tom paaaa HYJID nos-

Bo.naeT nanbnemnym _oOpa6o'1'1<y H mrrepnpewaxmm peaymwrawos upon3Bo—

mrrs Oea yqem-a Bmmma Marmmbro IIOJIH.

Mmrrynbcrme nsueperma napMe'rpoB cmrbnoroqnoro m3aanc'ra1moHap-

Horo paapsma npoaomuxncb B paapsumom yc'rponc'rBe 0 rrpo(ImmpoBam=nmn

enemponam mm Jmanaaona B=O+I KI'c, =IO‘I+I TOP, TOKOB paapsuza

110 I500 A B pasmmmx rasoaux cpenax. Hpensapnrensnaa normsaxma

coanaaanacb c'raLmoHapHHM paapsmom c: TOKOM no 200 MA. Cunxponnaamm

nonaqn mnynbca Ha 3011.1: ocymecwamuxacb c aazzepmcofi I00-a-500 MRO
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o'rHocn're.nbHo Ha<Ia.na P£M1'IyJ1bCHO1"O paapsma 'r.e. nsmeperma T6 PI ni

1TpOH3BO,I[K.1IHCb nocne yéranonaerma zcaaancwazmouapnoro peamma cn.nbHo—

Toqnoro paapsma. Xaparorepfiue oczirxmorpamm TOK8 H Harrpaacemm some

(p=D.I TOp, B=O.8 1cI‘c,,Up=9O B, Ip=360-:-900 A, paoowm P83 — Ar)

upencrannezm Ha pnc.3.IO.

Ho peaynbrawam sormonux nsmepemm Gum upoaenenn pacqem

napaMe'I'poB rmasun. Honyqemme aanncnmocm nounon ICOI-11181-ITp8IJ.'IcWI B

uempe cncwemu o'r TOK8 KBBBHCTBLMOHBPHOPO paapsma B pexmme 3 B Ar

mm pazammm ,z1aB.neHxm n mnyxlnm Marmxmoro noam IIOKBBHBBIOT

nparcmqecrcn Jumenmm pom: rmo'rHoc'm rmasmu c yaeamqermem TOKB

paapsma (pnc.3.II) H COCTBBJIHBT or (2+2.5).I0I4 cM'3 up:-1 '1-ozcax

360:—54O A no (I+I.5).I0I5 cM’3 npn Toxax. IIOO+I400 A. Hanoom-.»maa

namepemiaa n.no'rHoc'rb Imasmu CIrIJIbHOTO'~IHOI’O mnixpysnoro paapsma B Ar

JJ;oc'mI'ae'r nt:1 L5 1O15CM_3 , Irpn anewrpormofl Temepawype Te-.~.-4+6 9B

mm TOI418 paspsma IIO0 A, B=O.8 1cI‘c, p=O.2 Top. HJIOTHOCTL nomroro

TOK8 Haclmemm Ha sow: B errom cnyqae COCTBBJIHBT Jfiacz-II A/cmz.
HacS.me,zzae'rca Tax are poor 1<oHueH'rpau,vm KO!-IOB Hpn ynemmemm .zzaB.neHna

raaa B paapamzom npomemyme, KOTOpH]'rI conpoaoamanca yMeH1=meHneM

snewrpomzon TQMHBPBTYPH (pnc . 3 . I2 ) .

B paspsuze B He—H2 cmecn Tamxe Haomonaewca pocrr n.no'rHoc'm

rmaamu c pocrrom TOKB, ozmaxo MBKCKMEJIBHBH ROI-B.1eHTp8IJ,Hfi nonoa npn

ananormnmx ycnosnax (p=I.5 Top, B=O.8 I<:I‘c, Ip:-IIOO A) COCTEBJIHET
niz-2.4 1O140M—3.

mm BHOOKYI1 naanemm raaa anem-pom-Ian BBTBI: xapaxwepncmm

OTJIWIBBTCH ow axcnofiemmaaxbnon TBM cum.-.Hee, ‘IBM Omme IIo'reHxma.n

ompnuarenbnoro aozma K no'1'em.ma.uy mraaun [82], rroawouy mm

onpenenelma enewrpoanofl Temeparypu HCIIOJIBBOBBJMCI: yqacmn

XBPBKTBPHCTHKK, GOOTBBTCTBYIIIWIB HOTBHIDIEJIBM, OJMBKKM K IIOTBHIMBJIY
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 IIIIESIUI

Pnc.3.IO Ocuunnorpammm Hanpamenna (a) n TOK8 (6) aoana

Kaasncwaunonapaun paspaz, nnmmyanufi pemmm.

p=O.I Top, B=O.8 KPC, I — IP=36O A,
—I= ,3—-I='720A,4— = ,2 p432A P IPBDDA

I0 B/zen, IO MR0/nen.

0.5 A/zen, IOMc/nen.
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n [CM-3]
8 I014 1

/

5 I014

4 I014

2 I014

I[A]
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0 500 I000 I500

Pnc. 3.II Ppaqmc aaancxmocm IIJIOTHOCTM rmazsmu OT Tcuca paapsma

(ycwpoficmo c npoqwumpoaannnmn :3.ne1c'rpog1aMu)

B = 0.8 ETC, Ar

A - p = 0.5 Top

0 — p = O. '5 Top

X - p = 0.1 Top
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Pnc. 3.I2a Ppaqmm saancnuocwn flflOTHOCTM nnasm OT Bennqnnu

MarHnTHon MHnyKunn Ip=540 A, p=0.I Top.

6 Té [a8]

5

4

B [ C]

__________________¢_________________L______________.__L_

0.4 0.6 0.8

Pnc. 3.120 Ppamnx saancnmocwn Temnepawypu 3fleRTpOHOB ow

Bennqnnn MaPHHTHOfi nngymunn Ip=540 A, p=0.I Top.
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naomponarmoro sorma. B BTOM cmytzae czomxacno [82] mm

BOOCTBHOBJIGHIKH 9.ne1c'rpoHHon 'reMnepa'1-ypu nonycmmo ncnonbaonarme

MeTo,z1oB pacqera napamerpoa paspeatermon rmasmu.

3.4 Onpenenemae napaMeTpoB rmaamu paepsuza MBTOJIOM mayxmogzoson

Jxasepnofi mrrepcpepouewpnn.

Onpenémerme 2-mezcrponnon Konuempamm ne mzasmu crmbnowoqnoro

maaanowaxmonapnoro paspsma npomanommocb c HCIIOJIBSOBSIDIGM J1a3ep-

Hon maarnocwmcn Ha ocHoBe awmnnoro TPGXBBPKBJILHOPO mayxmogzoaoro

re.mm—HeoHoBoI'o naaepnoro JI88epI-IOFO nmepcbepomewpa c Irpoc'rpaHcT—

Bemmm M Bpememmm paspemelmem I.5 MM M 10 mm coo'rBe'rc'rBeHHo

[88-2-86]. Paaoqvm maanaaofi mrrepcpeomewpa COCTBBJIHGT IOI4sneZsI0I6
CM-2, Irro B COOTBBTCTBPJII c 3oH11oBHMn msuepezmamx y1zoB.ne'rBopae'r

yGJIOBHHM sncnepmema. I/Iameperma npoaomumcb Ha paoorzen xumne

BOJIHH A=3.39 MKM, coo'rBe'rc1-Bylomeit csmmnemy PIH(I)paKp8CI-IOMY .1mana:3o—

Hy.

Mamepemm napamewpoxa cmxbuowoqnoro Kaasncwalmonapaoro paapazza

1'1pOBO,BMJIHCb B paspamiom yc'I'poflcTBe c  Bammm 9.ne1c'rpo,zzaMn

-2
B xmanaaone zxaaaxemrfi p=5 IO -3 TOP Benmmn mlnyxmm Mammmoro

,no.na B=D,8+IrcI'c, TOICOB paspsma I =35O+I.2'IO3 A. Paocmm P88 —
P

BPPOH. OBBOBHM IIOJIOIKBHPIBM JIBBBPHOPO nyqa ITPIIII-HFIMBJIOCB IIOJIOIRBHKB KPH

KOTOPOM .ny<1 npoxomul qepea uerrrp IIJIa3MeHI-IO1"O ocspasoaarma. mm

onpenenerma npocrpancrnermoro paCI1'pe,11e.neHna s.nem-pomion 1coHueH'rpa—

mm B pane cnyqaea, Hanpmwep ms paapsuxa B Ar, p=IO'I 'rop,B=I1cI‘c,

Ip=350+IIOO A KOOPJIPIHETH Torzerc sonmapoaanna Bapbnpoaamcb no pann-
ycy OTHOCMTGJIBHO ocn snewrpozzaon cucwemu. Bapemcwpnponano BpeMeH-

Hoe namenexme vurrerpaalbnoro (BJIOJII: BHOpaHHoro Hanpamxelma I1pocBe—

qmaarma) anaqemm orrrmzecxoro ndlcaaamem npenomlerma B 11.na3Me,

OCHOBHOH BKJIBJI B KOTOPHK BHOOHT PGQPERIJMR H8 CBOOOJIHHX BJIBKTPOHBX.



Crnnaxcenaue aaancnmocm Jmnem-Ion 1coHueH'rpa1m 3JIeKTpOI-IOB nel B

rmaame c:n.m=Ho'ro<moro nncmbyanoro paapsma o'r pamzyca mzaamennoro

oopaaolaalma npm3e,z1eHH Ha pnc.3.I3 Crnaamnarme nponaaommocb Memo-

nom Hanuenbmmt 1cBa,z{pa'roB mm ymefibmeuna norpemnocm npn namanefimefi

ocpaoome peay.nL'ra'1-OB.

BOCCTEHOBJIBI-Me 1IpOcTp8HCTBeH.'HOI‘O pacnpegxememm BJIBKTPOHHOH

KOHLIBHTPSIIHH ne IIJIBBMH HPOKBBOJDIJIOGB c 1'IOMOl11bI0 mrrerpanbnoro

npeodpaaoaamm Adena Mewonom Ilnpca [89+9I1. B BTOM cnyqae Banana

onpenenezma rrpoqmm anempomiofi KOHILBHTPBIIYM cp(r) cBo,zm'rca 14 peme—

Hmn I{HTeI'paJIbHOI’O ypaanemm Adena :

P

r<y>=2v§D[<¢<r>:r>V’?;2:§27 ]*dr . rnew”

I'D — palmyc HJIBBMH, y - xaparcwepnoe I1pmJ,e.nLHoe PBCCTOS-H-IP18, f(y) —

cymapnoe n3.nyV1eI»me K3 paamqrmx s.neMeHToB rmaauenaoro oopa3oBa—

mm, pacnonomermux BJLOJII: omiofi xopgzu. Pemenne ypaanemm Adena

HBBQGTHO;

r’
0 —————-

m(r)=-(1/x)#I [r'<y>V'<y3-r 2) ]-dy.
T

O,n.Ha1<o nplmenenne ero Ha npamrmce 3aTPY.1lB1I'reJ1LHo, ‘ITO oaaaal-Io c

qyBc'rBm'em=1-Iocwbm arroro pemema K nor-pemnocmm nocwpoemm a1ccnepn—

Memasmnon Kpmaon I (y) . Hoawomy Ouna nponaaenena 3aMeHa mrrerpana

Koneqxmmn cymamn B ncxozuaowr ypamiemm c rrpmaenentnem qncnermoro

MBTOJIB Hupca. C.nenye'r OTMGTKTL, trro HPHMGHGHHB oonee cnomnx PI

-rpynoemun Mewozzoa acseamaarmn He .z1aeT samemnx npnemymecwa no

cpasnemm c MeTo,z1oM Hnpca.

Meron Hnpca ocnonan Ha TOM, no ceqenne nnaamemaofi 1comIm*ypa-
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. I

\i-——---i--~i-xi-
0 IO 20 30 40 R [MM]

Pnc. 8.II Ppachmc aaancmwocm Icouuempaumr 3J!eKTpOHOB B mxasme

0'1’ pamayca (Apron, p=0.I Top, B=0.8 1cI‘c). \

I — Ip=I080 A, 2 — Ip=8I0 A, 3 — Ip=540 A.

8 I014 ne [CM—3]~

D — p=I Top 

 

 
 

0- p=O.3 Top

6 1014 x—- p=0.2 Top
0- p=0.I TO}?

4 I014

2 I014

IIAJ

0

0 500 I000

Pnc. 3.II Ppadxnc aaancmaocm rcoHueH'rpau:un 9JIeKTpOHOB B rmaame

01' Tons paspsma (Apron, B=0.8 1cI‘c).
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mm paadnaaewca Ha xonbueaue aomz H pacnpenenerme <p(r) armpoI<omm—

pyewca c'rynem1a'ron ciaymumefl. B npenenax Icaxuzoro Iconbua, orpax-mien-

HOPO oxpyatnocwmm c pamycam rj n rJ_1 BeJ1H‘I}!I-I8 cpJ=const. Hpn

5-rrom rJ—rj_1=rO/m, me m Imczno -raxmc KOJIGH. B ,z:aH1-10M cmytzae

ceqerme rmasmennoro ocipaaonarma pasonaanocb He 10 Konbueaux eon.

Xopmz, npoaenemme nepnenmmyampno ocn y, paaomaam ceqenne Ha

nonocn paanon umpmm. Kaxuxon P13 noaxoc npnrmcuaanca Homep 1,

I£0TOpHfl namenae-rca or 1 no 10. B HacS.mo,naeMym BBJIWIHHY ti Bnocsrr

BK.na,11 anaqemm <93 or (pi no (p1 0, npmem xcaamoe H8 I-DIX Bxozmrr c

HGICOTOPHM Koaqmmmenwom a11. Bun rrponaaenen pacqem smx

Koscmmmenroa.

Tamm oopaaou, Bemmmm I1 BOT}: cywu Erma

10

I1: 2 a1Jn:(pJ.
J=1

Banana Haxonmerma Bearwma cpj claozzwrca K pememm cncreun a.nreOpan—

qecxmt Jmnemmx ypanfiemm Tuna A<p=I. Coo'rBe'rc'rByIoumn pacqew [89]

npmsmmw K c.nem/memy Bupaxemm mm ouemcn BGJIWDIHH norpemnocm Acp

npn npoBe,11eI-mm aoemsalnm:

A<p1=(1 .41 n=m)/ (rO=ra11)*At1.

noawomy mm ymenhmemm uorpemnocm rrpn BOCCTEI-IOBJIBHTHII a.neIc'rpoHHon

1<oHueH'rpa1mn B Kaqecwae cbymcuvm rm IrIC1'IOJIbBOBaJIOCb, cnnamemioe

pacupenenenne neur).

IIo.nyqeI-moe pa,zma.nbHoe pac1Ipe,zze.ne1-me né(r') c yqerou

norpemnocm noaaomew BIHIPOKCMMHPOBBTB er-o npmoyronbmm Irpoqwxeu

c xapawrepmm paamepom nopamca pamyca a.neK'rpo.z1oB (=5 cm) .

Ho pe:3y.nL'ra'raM nnrepcbepomerpnqaczmx namepemm Gum npoBe.neHH

pacqewn napauerpon IIJIBBMH. Hoalyqennue aaancmoc-m cpemzen aneu-



8 I014

6 I014

4 I014

2 I014

Pnc. 3.I5 Ppamnxn aaancnmocwen cpennen nnownocwn nnasu
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ni [CM_3]

 

/ /l/ .«
,l[/[/1

ow TOKB nnaancwaunonapuoro paapana

Apron, p=0.3 Top, =O.8 Kfc

c>— sonnoaaa nnarnocwnna

O - JIBBGPHBH JIKEPHOCTHICB
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Tponnofi KOHHGHTPBHHH nmaamu Knaancraunonapnoro paapana B cnmbHo—

Toqnom nnmmyauom pemnme (pemnm 3) Ana paannqnux naBneHnn H nHnyK-

unn MBPHMTHOPO nona noxasuaamr npanrnqecxn nnnennun poem nnowuocmn

Imaamu c ynemqennem TOK8 PBBPHJIB 11 coc'raB.nam' <ne>=(2+8) I014
cM'3 npn Toxax paapana I =35O+I.2'I03 A (puo.3.I4), qwo ynoBneTBo—

PHTQHBHO cornacyewca c AEHHHM aonnonux namepennfi.

Cpaanenne saancnmocrefi <ne>(Ip) Ana naaepnx M nt(Ip) B
ueurpe cnmmempnn anexrponnon cucwemu nma aonnoeux namepeann

npencwannen Ha pnc.3.I5 (p=3 I0'I Top, B=O.8 RFC, Ar), qmo

nonrnepmnaew Bncoxym nmownocwb nmasuu n cTeneHb nonnaauun

cnnbnowoqfioro nmm¢y3Horo pemnma paapana HMBKOPO naanenna B

cxpemennnx EXH nonax.

Aaanna aaancnmocren cpennefi KOHHGHTPEHKK anenrponoa B.nma3Me

OT TOR8 IIOICBBEJI, ‘ITO Hp]! YBQJIIIFIBI-IKE ILBBJIBIIKK p800‘IE1"G P888” YI"OJI“

HaxnoHa rpaqmma <ne>(Ip) K ocn TOKB yaennqnnaemca. Hpn BTOM

sxcwpanonauna aaaucnmocwefl <ne>(Ip) B oonacwb Manux TOROB (I <IOOP

A) YHBSHBBGT I-I3 BOZBMOIKHOCTI: CYUIECTBOBBHPIH ICPHTPBIGCKOH IIJIOTHOCTPI

-3
unasmu ne25 IOI3 cm , nocwnmenne Kowopon no—BnnnMoMy K onpenenaer
nepexon paapana B pemnu 3.

Oocymnenne peaynbwawoa.

Mcxona us encnepnmenwanbnux BAX paapaga B paannqnux ycnoanax

nocrpoena oooomennaa Bonbr-aunepfiaa xapaxmepmcwnxa KBa3ncTaunoHap—

HOPO paapana HHBKOTO naanenna B MBPHHTHOM none (pnc.3.I6). Yvacrnn

1,4 coownewcwaymmne craunonapnomw Marnewponnouy n nwroaomy paapa-

nan npncywcmaymw BO Bce nmanaaone naanennn K MarHnTHHx nonen. ux

cBoficTBa nocTaToqHo nonno npencwaanenu B [28,34].

B nmanaaone TOKOB 0.2+25D A nmeew MSCTO cnnbnowoqnun Marne-
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U[V]

500-1000

3

70-170 — — — — — — 1j——j——1
I I

I I 4

I5-45 — — — — — — + - — — — — — — — — — — —+——

D I5-250 IO0O—I8OO IIAJ

Pnc.3.I6 Odoomennaa BonLT—aMnepHaa xapaxwepncwnxa

xnasncraunonapuoro paspana.
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rponnufi paapan (yqacroK 2) c pacrymen no HeKorepero KpHrnqecKoro

reKa, a sareu uocreamron BOJIBT-8Mn'epHOfi xapaKrepncrKKen. Paapan

arere Bnna eonanaer cpaannrenbne aHceKnM (no I.2 KB) Hanpamennem

repenna H peannayerca c aaneenbmen BBPORTHOCTLD B nuauaaeue naBne—

mm 2-Ie‘3+Ie“ Tep.

Bun aaancnmecrn Up(Ip) B pemnma 2, orcyrcrane KeHrpaKunn

paapana, omamm nnanaaen naanermn H MSPEHTHHX none?! neaaemer

npennenexnra, are erpyKrypa paapana arere anna cxenna ee crpyKry—

pen cnmbuereqnere paspana [64], ennaKo eenee BHeeKee Hanpamenne

repenza 500+I2OO B (npn 3DO+500 B cernacne E641) nenaer cymecrBeH-

HHM annanne pacnuneana Marepnana Karena.

Mcxena HE KBMBPBHHHX nnerHecren reKa n nepaenaqanbnen nmer—

Hecrn paoeqere raaa (n3) euna cnenaua eueHKa paaaeaecuen cpennefi

nnernocrn arouon Marepnana Karena (nk) B nnaaue paapana. Ypaanenne

eamnaemen Konnenrpamm aremoa Marepuana Karena B nnasme paapana

npn areu Imeer ann

T T

on V V

t “ + n. = S n. I‘ + 1 n “ (I)at K I‘—K gr‘ I‘ > ISK"K fiK K >
K K

(nonyqene ma enaeuepaere ypaanemm Henpepuanecru) , rne SP_K, SIM‘

Keaxmmmenru pacnmlemxa n camopacrmnemm Marepnana Karena, V:,V;‘;

cpenxme rermeaue cKopec-m areuea paeeqero raaa H METSPPIEJIB Karena,

<Vn>— ycpennennaa no yrnoaeuy pacupenenemm KOMIIOHBHTB cKopocrn

aunrrnpeaaz-max areuea, nepneH.mncyJmpHaa K neaepxaocrn Karena,

fir, fix - CTGHBHL nennaamm aromea raaa n Marepnana Karena.

Craunonapmam pemelmeu (I) smnaerca:



 

VTr

% SP'“ fir nr <VK>
nx = VT

1 It

1‘ I SE-K Bx <VK>
Ouenxa nan paapana B Ar, ropamem Ha MenH0M Karone npn naBne—

Hun I'IO'2 Top, Ip=65A, U@=9OOB nomasana, qwo conepmanne Menu B
uuasue Momew nocwnrarb B swnx ycnoanax 30% n pacwn c p0cT0M cTe-

neun nonnaaunn.

Oonacwb cymecraoaanna pemnma 2 npnneneua B T303. I. B Taonnue

yxasaau npenenbuue snaqenna no Kammomy H8 Hapamerpoa paspana pea-

nnsymmneca HBBBBHOHMO npyr OT npyra. L

Hpn TOKBX IO+I.8'IO3 A BOBHMKSGT onabnoroqnufi nmfimysuun pemnm

3, Hanpamex-me rope:-ma KOTOPOPO neamw B npeneazax U =.-'70:—I40 B B
P

BBBFICHMOCTH OT P0118 P838. PQJKPIM 3 PGBJDIBYBTCH npe14Mymec'r1aeHH0 B

-2
nnanaaofie naanefinn IO +5 Top H988BHCHMO OT Buns pa3panH0ro

ycwpoficrna, pona raaa, Mawepnama Karena. He annnewca OOHBBTGHLHHM‘

n Hanqne npennonnaaunn, XOTfl Bep0aTHocTL0nepex0na B nyry B BTOM

cnyqae ynenqnnaewca. Hm0THOcTb Kawonnoro TOE8 cnnbHOT0qH0r0 amm-

mysnoro paapana MOEBT nocmnrawb 75 A/CM2.

Oonacwb CymBCTBOBaHKfi pexuua 3 B ooonx paapanaux ycwpoficrnax

Ana paannqnux Mamepnanoa Ramona, naanenna M pone P888 npnBeneHH B

Tadn. 2.

Cnenyer 00000 OTMBTHTB, qT0 rpannug pemnmoa 2 n_3 B aHaqnT-

GJIBHOH CTGHBHPI BBBHCFIT OT IIJIPITBJIBHOCTPI YJMIIYJIBCB TOIC8 T C y'MeHb-HO

IIIBHHBM Tn nepexomme TOKYI BOBPBCTBIDT.

Kaqecraemaaa RBPTHHB IIBPBXOIIB CHJI'bHO'1‘O‘IHOI'O MSPHGTPOHHOPO

PBSPHJIS B HMBKOEOJIBTHYIO HO-BHJUIIMOMY BHBJIOPHQI-I8 HOBBJIBHIHD

QHOMBJIBHOPO TJIBKIEBPO PBBPHJIB IIPH CPGIEHHX JIBBJIGHIIHX H OOJIBEIHIX IDIOT
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Paapann. Mawepnan B Hasnenne

ycTp—Bo Ramona P83 RFC Top

I Ar :

320+95O

50/50 %

He/H2 : 400+65O
50/50 %

540+99O

540+IIOO

540+72O

540+9OO

Taonnua I. Ooaacwn cymecwaoaanna H pemnuu cnnbnowoqnoro

MarHeTpoHHoro paspana.

I — ycwpoficrno c npommnnponaunum enexwponamm

II — nnanapnufi MarHeTpoH



Paapann.

YCTP-BO

Mamepnan

KBTOEB

Ar

Ar/SP6
80/20 %

He/H9

50/sogz

Ar

Ar

Ar/SF6
80/20 %

SP6

B Haaneane

P33 KPC Top

I 5U‘2+

2 1o‘2+3

5 1o‘3+3

IO'2+I

5 10‘3+1

IO_2+I

I0‘3+5 I0‘

IU_2+I

I

Hanpamefine

B

Tom

A

I5+I5OO

7+I20O

7+I8OO

% 4+800_fl

4+I2OOV

I8+I8OO

4+I6UO

I8+I20D

Taonnua 2. Oonacwn cymecraoaannfi n pemnu cunbaoroqnoro nmmmyanoro

paapana.

I — ycTponcTBo c upoqmnnpoaannuum 3neKTponaM

II — nnanapuun Marnewpon
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HOCTRX TOKB [28]. B BTOM cnyqae cwanoanwca cymecraefiumw Harpea

raaa n poor enexwponnofi nmownocwn, qwo CHOCOOCTByeT ycwanoanexnm

qacwnqnoro paBHOBeCTHH B nnaame paspana H nepexony B pemnm c Mens-

mm Hanpameunem ropenna.

Hhpomennoe KBBBHCTBHHOHEPHOG ypaaneuue Ana raaoaofi TeMnepa-

Typu B pemnme 2 HMBGT Bnn

(T8-T0)! C v5 10 fps (2)

Pfie Pg ~ TSHJOBBH MOMHOCTB pacxonyemaa H8 HEPPBB P838,?g - yCT8-

Hoansmaaca Temnepawypa raaa, To — Temnepawypa enemrponos, lg —

Mecca raaa B paapannom ooweme, Op — Tenmoemmocwb npn HDCTOHHHOM
naBneHnn, vT=;£§ - qacwora Tennooownona, x- nk - TeMepaTypo—

AT H gap

npoaonaocwb, AT — xapaxwepnaa nnnna Tennoownona, A — TennonOBon—

HOCTB P838, coowaewcwaymmaa ycTaHoBnBmencs Temnepawype, M — arou-

Haa Macca, ng - KoHueHTpaunH Monenyn rasa. ¥paBHeHne Oananca 9Hep—
run raaa yqnTHBaeT reomewpnm paspannofi o6nacTH, noaToMy npn ouenne

Temnepawypu peanLHHn npomnnb enexwponon 8aMeHeH.HflOCKHM c nnomanbm

S H Memsnexwponnnm paCCTOfiHKeM L, cooTBeTcTBymmnM paooqeu ceqennm

Anpn sanaannx pexnmax. Ema nnocxoro cnoa Tonmnnofl 2L AT=L/W. Tenne-

BYD MOMHOCTL pacxonyemym H8 HBPPBB P838 MOEHO OHQHHTB H3 OEXBHCE

MomHocTn

I

P=IU --E
8 P P 9W

I

rue IPUP — nonnaa Momnoowb Bunenammaaca B paapfinnnom oomeme, 5% =

=PHeyHp — MomHocTb Bunonnmaa ms paspanuoro o6$eMa 3a cqew noHnaa—
HEM, 6 - aapan BMBKTPOHB, I/U - KOHCTBHTE CTOMBTOBB, COOTBeTCBYD-

M83 Bennqnne E/n XEPBKTBPHOK flfifi K8TO£HOPO CfiOfi.

B ycnoanax Tnnnqnux nan nepexona paapana na‘pemnMa 2 B pemfim
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3: Ip=I5 A,lUP=-300 B, p=I Top, B=0, paootnm P83 Ar, scmeuwnnmm
pa:3Mep paapazmofi ocmacm: I;=I om, S2 60 CM2, Temnepawypa raaa

Momew 11oc'mraTb Tg=I.I 9B.

I/I3 Bupamermn (2) cnenyew, two

.§kJ*P J_ %%‘
Ts‘ pvT ' 7:2 5 jx ‘3’

T.e. Temepawypa raaa He aaancm or ero IIJIOTHOCTH. llencwane

MBPHHTHOPO IIOJIH cBo,1m'1'ca K orparmqemm a.neK'rpoHHofi 'rerz.noIrpoBo1z—

Hocm PI ooecneqemm 11oc:'ra'roqHoI'o mcna cTo.n1cHoBemm 11.113 3cm)e1c'mB-

Hofl nepenarm snepmm or BJIGKTPOHOB rasy.

Comacuo [28] B cnyqae, KOPJIB pom: amomonapnofi zmmcpyann

Mama, upn ,z:oc'ra'roqHo Oonbmux momocmx HJIBBMH ne>n’e‘,p CTBIIBHB

KOHHBBLIHM MOIKBT OHPBJIBJIHTBCH H3 YPBBHBI-IKE CBXB. Be.HH‘lHI-I8 Tliecp 013139-

ILGJIHBTCH SKCHGPHMBHTBJILHO K BEBKCHT OT BHGPPQTKQGCKOH EHCOTH.

nepaoro BOBOYIKIIBHHOPO yposna. V

B npmwmxemm LmJmH.11pmzecKoro cnoa cpemma CKOpOOTb ,zm(m)y—

snommx nowepb sapsmemmx qacwmx Mo:xe'r OHTI: rrpeJ1c'raB.neHa B BPLIIB

['73]

[cm] =D An=-v 722- E n.

we 12D - qacrora mnm>y3Im,A — xaparcrepnaa mqxpysnormaa mama BBB}!-

csnnaa o'r reomewprm paspsuznofi ocmacm. Hpn HBJIINMM Marrmmoro

IIOJIH OI-I8 OHPBJIBJIHBTCH HBHOOJILHIGH P13 ‘IECTOT, XBPBKTSPHBYIBIPIX YXOII

(Te+Ti ) ('1) +”ei)
qacmu Ha 9.ne1c'rpo,zu1 vD3_‘ ..mw2 +(ve

93'!‘ 
2

E] ne 11 qepea
ea'r+ve£ miamviaw

(T +1’ )

Ooxonyzo IIOBBPXHOCTI: p88pfi.I£HO1"O oozema vmon _ute vi8'1‘

 

f%$Q2 [921
tar
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Pne R - pannyc,paapfinHon oonacwn, we

- qacwora BfleKTpOH—aTOMHHX eneKTpoH—noHHHx n

- JIBPMOPOBCKEH ‘IEOTOTB 3JIeKT-

p°HOB' veer ve£’v£aT

YIDH- ETOMHHX CTOJIKHOBBI-IP11, H.151, - ITPHBBLIGI-IHBH M8008. CPBBHGHYIG

‘IBCTOTH IIPIIIIDYBKH, KOI-DVIBEIIPIIII PI PBKOMOHHBLUIIK IUI3 AI‘ B OCJIBCTH

CYIEBCTBOBBI-H13 PGKHMB 3, JIOIINCKBGT BOBMOKHOCTB YCTSHOBJIBI-DIR ‘18C'I'IrI’-l-

Horo p8BHOBeCKfl B nnaame paapana.

011,81-{KM HJIOTHOCTYI HJIEIBMH , COOTBBTCTBYIUIIBH Temnepawype

T=T =Tt=I.I 9B noxaaann, qwo cornacno8

3/2

1_ag gg ha n8+ni ET"

Pne gi=6 (Ar) gg=I — cwawucwnqecxnn Bec uonoa M aTOMOB, m — Mecca. n

snexmpona, U: — uowenunan uounaaunu Ar, cweneuz nonzsann a:'n int
8

namenaewca OT a=I (p=0.0I Top) no a=O.7 (p=I Top), T.e. HmOTHOCT§i

nmaamu npn nepexone paapana B pemnm 3 npeanmaew nezs I013 oM‘3.
Cornacao [73] Mexannam TGPMOKOHHBEHKH Tpeoyer cymeoraenno

Meubmero Hanpaxenna Ha paapane nus nonnepmanna Tona, QGM nonnaauna

9neKTpoHHHM ynapom, qro HO-BHKHMOMN ooyonaansaew nepexon paapana

B Hnaxoaonbwnyw Qopmy.

Temepawypy raaa n coorsewcnymmym en CTBHBHB nonnaaunn B

pemnme 3 Taxme Momno OHBHHTL H8 ypasnennn (2),(3), yqnrunaa name-

Heune oananca Momnocwn. Banana Momnocwn, aarpaqnsaemon Ha Herpes

HefiTp8flbHOPO raaa B cnyqae pemnma 3 nmeew Bun

I

Pg=IpUP — 5905+ §zeTe+ %RTi)

rue 81 — aneprna nonnsaunn T.K. pocrom TOKE B ornmqne or (2) B08-

pacwaew npna aueprnu yuocnmoz aapamennumn qacrnuamn. Ananornqno

nnasme cwonoa nyrn cpenaux naaneuun Temneparypy nonoa Ti Moxno

npndnnmenno cqnwawb paanon Temneparype BTOMOB T8 [9], Bcnencwae
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TOTO, QTO MBCCH HOHOB M ETOMOB coananamw, nowepn sneprnn HOHOB Ha

Harpea BTOMOB oqeHL BBHMKH (cpennaa nous sneprnn, TBPHBMBH HOHOM

npn ynpyrom coynapennn §ig:I),KpOMe TOTO n3—sa oonbmofi MBCCH KOHOB
MK HBPPBB SMBKTPMQBCKMM HOHBM HBBBHKE K OCHOBHYE BHBPPHD OHM TEKKB

KBK H H9fiTp8flbHHfi BTOM nonyqamr B YHPYPHX CTONKHOBBHHHX C 3fleKT-

poHaM. Hpeneoperaa TeMnepaTypon 3neKTponoB TO«T Ana pemnma 38

I

I U — §E(si+ ,-3-RTE)
T8 = (8)

Ma Tmmqzmx II8paMeTpOB paapazza B pemme 8 Hanpmaep I =54O A,
P

Up=9O B, p=0.I Top, B=O.8 KYO Temnepawypa P888 cocTaBnaeT Ié:3.2
9B, a Ann I =I5OO A T 25.4 9B. Ha OCHOBB COOTBeTCTBymHX HM Bonne-

P 8

aux usmepennn HHOTHOCTM nnasm Momno OHBHHTB nanenné Hanpamefins Ha

nnasme paspana B swnx onyqaax UH=4O+36.5 B, QTO onpenenaew TeMne—

parypy P838 Tg;8.2+8.5 3B. OueHKa Temepawypu raaa HBHHBTCH BBHO
3aBHmeHHon 3a cqeT pocTa Bxnana M3nyqeHnH B HOT8pH Tenna K8 pa3pH—

nnon oonacwn, onnaxo cBnneTenLcTByeT o BOBMOKHOCTH nonzepmannn

cTeneHn nonnsaunn asl Ha cwannn pemnma 3.

M3 sxcnepnmenwanbnux naHHHx Bunno, qwo nepexon paapfina B

HMBKOBOflbTHyD qnpmy Bo3MomeH B ycnoanax, Korna HMOTHOCTB nnaamu

MOKBT nocTnraTb Hexoropofi Kpuwnqecxon Benmqnnu nip, cooTBeTcTBym—

men nocTaToqHo Manomy neoaeacxomy pannycy. 3T0 no3BonHeT npeAnono—

mnwb GeCCTOflKHOBHTeflbHHfi Xap8HTep KaTonHoro cnoa B pexnme 3.

Bcnencmane TOPO, qTo owpnuawenbnun nowenunan. KaToAa B nannmx

ycnoBnHx MHOPO Oonbme noTeHunana Haonnpoaannoro aonna Momno upen-

nonomnTb, qwo H8 KaToz H8 nmaamu nocTynaeT HOHHHH TOR Hacumeuna,

QQCTHQHO KOMeHCHpOB8HHHK BJBKTPOHHOH BMMCCMGH. TOPRB TOHMHHB CflOfl



HOJIOJKHTBJILHOPO OCBBMHOPO sapiuxa Y IIOBBPXHOCTPI E8TO,1I8 CYIIGT 0npe1xe-

JIHTLCH

ZK=(§]1/2Phq1/4[_;;?]3/4[ ]1/2 (9)
CPQBHBHHG 1K, COOTBGTCTBYIOIILGPO SJIBRTPOHHOH IIJIOTHOCTH IIPH KO'1’OpOfi

nponcxonnw nepexon B pemnm 3 c nmnon caooonnoro npooera BfleKTpO-

HOB Rem; hat (BHCOKPIB J1aB.neHna) K BHCOTOVI Tpaemopvrn 3.neK'rpoHa~

emce <E%>
I-18,11 noaepxnocwmo Karena [50] he=?- —B—2 npn maxmemm B cxpememmx

r

IIOJIHX (HPIBKPIB JIBBJIBHHH) no,11'rBep.zm.no YICEBBHI-I09 Hpemonomerme BO

BCGM JIYIEIIBBOHB TOKOB IIBPSXOIIB, IIBBJIEHPMC, Mal"!-IZTHHX. IIOJIBH, ITPIBIBM

yaemqerme n A.

he

9 C POCTOM TOK8 JHJIIII: YCHJMBBGT YCJIOBHB IRS 3.

Ypalanerme Hyaccox-Ia ms CSGCCTOJIICHOBPITBJIBHOPO cnoa paapagga; B‘.

pemme 3 no—Bn,znmoMy ananonmno cmoxo mm c xonommm Ka'ro,zzoM I73] .

d?U

dz2

'7e=S'7=e"'eVe

ji=(1—S)j=en£V£  

1/2 (10)

mu]

2e(UK—U)
V1: -"‘Nr“‘"'

=4'n:e(nt—ne)

1/2

= -
‘I +7‘ 79+ 7 t

'y=7te+'ym, — Icommmmenr Bropmmofi smcrm ooycaxoaazernmit REE non-

anexrpormon Tan H qaoroamnccnefi,

ear; et;"‘_ L



CQHTBH, QTO H8 PPBHHHB Hfl8BMH Ehfl=O HPH U=UK nonyqnm, QTO Haflpfi

KBHHOOTB BHGKTPHWBCKOPO HOHH Y HOBBPXHOCTH KBTOJQ

1/2

Ek={?E:%%7§[(1_S)M1/2_Sm1/2]} U;/4J1/2 (II)
8 Benqnfia KBTDHHOPO HBHBHHH COOTBBTCBBHHO

2/3

Uk={?§§%%7§[(,_S)M1/2_Sm1/2]} J2/31:/3 (12)
MB BOHAOBHX HBMSPGHHH CHGAYGT HPBKTHQGCKM HHHBHHBH BBBKOHMOCTB

1

HHOTHOCTK IHHBBMH OT TOK8 PBBPHAB, B T036 BPBMH ZK-;T7§- T.€.
9

4/3

U®~J2/3{—3T;§4} H9 BSBKCHT OT J, QTO H H80flDfl89TCfi 9KCH9pHMeH-
Tanbno.

Ma Bumeynaaanoro cnenyew, qwo Haqnnaa c ne2I0I3+5 1013 cu
cnmbnoroqnun maaancwaunonapnufi paapan xapaxrepnayewca Hannqnem

oeccmonxaonnwenbnoro Kawonfioro cnoa c Hanpnmennem cnaoo sasncamnu

OT TOKB n oonaombm nna3Mu,'aBnammeficH ammnanon aouon paspana c

npeoonanannem Tepmqecxoro MBXBHKBMB nonnaaunn.

B ocmacm rmamx .I£8B.fIeH]d.'fi p<0.0I Top PI cpemmx MaI'Hm'HHx

nonen B<I Kfc, no-Bnnnmomy Heooxonnmaa nnomnocwb nnasm He nocTn—

raewcs H cnabnowoqnnn Marfiewponnun paspsn (pemnm 2) oymecTByeT B

oonacwn Oonbmx TOHOB, qem TOEM nepexona, xapanwepnue Ana oomacwn

cymecwaoaaxna pemnma 3 K nepexonnw Henocpencwnenuo B nyry.

Mccnenoaanna nepexona Kawonnoro. cnoa anomanbnoro Tnemmero

PEBPHHB B COCTOHHH9 C HJOTHOCTBD TOK8 DPOMGKYTOQHOPO MGKEY

~HOpMaflbHOfi nmownocwbw TOK8 H nmornocrbm TOKB nyroaoro nawna [81]

nouaaan HQHHHB nepexonnux pemnmoa Tnemmero paspana B aaowe,

Boenyxe H PGHME npn naanennax 20+76O Top, no cBoncTBaM: Hanpaxennm

-3,
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ropeuna, nmornocrn Kawonnoro TOKB, owcywcwanm Marepnana Karena B

nmaame paspana, Onmaxnx K cnabnowoqnomy nmqqwsnomy pemnmy KBa3n—

cwaunonapnoro paspana B cxpemennux enenwpnqecxom H MarHnTHoM

nonnx, HeCMOTpfi H8 cymecTBeHHym pasanuy B noxHoM TOKB paapaza (1.5

A n I.8'IO3 A COOTBBTCTBBHHO ), qwo MOEGT YKBBHBETB Ha nonodne

crpyrcrypu K8TO,I£E-IO1"O cnoa paspsuxa B peatme 3 H crpywrypn upen-

J.'[yI’OBOI"O KBTOILHOPO mama [81].



- I00 —

FmABA.4. BMMCCMOHHHE M PACHHmmHUEBH XAPAKTEPMCTMKM CMflLHO—

TOQHHX QOPM KBABMCTAHMOHAPHDPO PABPHHA HMBHOPO HABHEHMH.

4.1 Ocooennocrn Kawonnoro pacnunenna B msaancwaunonapnom

cunbnowoqnom MarHeTpoHHoM paapane M ero ncnonbaosanne B Texnonornn

nmnynbcnoro paonunenna MaTepHanoB.

mpomo ncnonbsyemaa Texnonorna HEHBCBHHH ToHKonneHoqHHx nonpu-

Tnfl c nomombm raaoaoro paapana B oxpemennux anexwpnqecxom K

MEPHHTHOM nnnax ooecneqnsaem BHCOKYD CEOp0CTb pacnunenna Kawonnon

Mmenn (HJOTHOCTB TOEB Ha MMmeHn Momew nooTnmaTL I00 MA/CM2) E24}.

B ownnqne or oduqfioro Karonnoro pacnnnenna CKOPOCTB ynoca M8TepH—

ana Mmmefin yaenqnsaewca B 5+I0 pas. Hannqne MBPHHTHDPO Hana CHM-

maer nomou Buéoxosneprewnqnux 9neKTpoHoB H8 Hanunaemun Mamepnan,

qmo Buaueaew ymenbmenne aneprnn npuuocnmofi anexwponam Ha nnnaomuy.

Temneparypa nonnomxn cocraanaew 50+200°C, Torna EEK npn oouqnom

Kawonnom pacnuaennn one nocmnraew 3OO+5OOOC. Cnnmenne paooqero nan-

nenua c onHoBpeMeHHHM ysenmqennem cxopocrn Hanuneaua K cnnmennem

Temnepawypu nonnoxxn nosaonaer oymecTBeHHo HOBHCHTL Eaqecwno nonpu-

Tnfi, onnano are asnaewca Henocwawoqnum Ana Hanecenna onnopoxnux

xnnmqecun qncwux noxpuwun H oopacowxn HeTepMocTonKnx MaTepuanoB.

Hpnmenenne cnnbnowoqnoro Marnewponnoro paafiana (pexnm 2) B TexHono-

run pacnunenna Marepnanon H Hanecenna noxpurnfi nosaonaew He Tonbno

CymBCTBeHHO HOBHCHTB KHTGHCHBHOCTL nowoxa ocamnaemoro METGPKBHB man

013 CM-3) paapana, ecan ocamnenne npon3—HHOTHOCTB naaam (caume 2'1

Bonnmca us nmasmu, HO n 38 cqew perynnpoaanua Bpemenn Boanencwnna

noroxa pacnumennnx qacwnu Ha oapadawuaaeun MaTepnan (nanpnmep

ycwanaannaa Bpema Boaneflcwsna Menbme xapaxrepnnx Bpemen Tenmonepe—

naqn B oOpaOaTHBaeMoM Mawepnane nan xapaxwepuux Bpemen xnmmqecxzx

peanunn H8 ero noaepxnocwn) enaqnwenbno HOBHOHTB xnmmqecnym qncwbwy
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K onnoponaocrb Harnmaemux mlenorc, a Tax axe noc'ra'roqHo acmnewrnnno

onpenenawb Temnepamypmm pemm noBepxHoc:'m oopaoamaaemux Ma'repna-

JIOB, B TOM vncne Hewepmocwomcux. Ha ocnoaamm pe3yJIbTaTOB ncc.neno—

Bamm caoflcrre Taxoro paapana paapadowana murynbcnaa HOI~IHO-

m1a3MeHHaa TBXHOJIOPHH [IOI,IO4] cy1nHoc'rL KoTopofi salcmoqaercs B TOM,

rrro B raaopaapannom Hpouemyme coanam Mammnoe none, BBTEM co3na—

IOT npennapwrenbnym rmasmy, B Kowopofi mopmpymw cmbnowotnnm BHCOI-€O-

BOJIBTHHH nnmtbysmm paapan, c HBIIPHIRBHHGM ropemm 350+IO0O B IIy'reM

nponycxarma qepea Hee mmynbcoa T0328 0 nnomocrmo O.3+IOO A/CM2,

,IUMTeJIbHOCTI:l0 10' +1 c c qacwomofi o.nenoBa1-ma OT onnoxpamoro no I03

Pu, nocne qero nponaaonmca ocaxcnerme noxpuma.

Xapawrepncwmcn K oonacm cymecwnoaarma peacmoa paapana (pexmf__

2) ,1'IpHI'O,1IH'HX JIJIH PBBJIPIBGLIMH KMIIYJILCHOPO THSIIEIJIBHHE EJIOEHH BHIHE"

(PJI. 3), uoawomy OTMBTYIM manna ocooennocm, BI-I8'~IPIMHe nus ere‘

nparmmecxoro ncnomiaonamaa: I . Xapaxvrepnum cBonc'rBoM cmbnowomoro

MBPHBTPOHHOPO paapana aanaerca 'o'rcy'rcBne Heonaoponuocwefi B Imaame

paapsna n ocspasonamm KBTOJIHHX nsrren; 2. Ynasammn peacma

peamsyerca HGBBBPICMMO or pona P838, Mamepnana KBTOJIB n ICOHOTPYKILPM

paspanaor-o yc'rpofic'rBa. Ycmanoanerme pexuma oxaauaaercn Talc me MBJIO

qyBc'rBn'renbHHM K mepoxonawocm noaepxnocm KETOJIB H ero cocrroanmo

EH8 30111.1 paapana. Mcrmwamm nozcasann BOBMOIKHOCTI: PICIIOJIBBOBEHPISI

cocwammx zcaronoa, a TBEJKB coxpaaerme pacso-rocnococsnocrm Icawonx-mx

rmacrrm-I c rnyomion spasm no 2 MM (npn ncmnofi tromnnae rca'ron'Hofi

nnaca-mm no 4 MM). B T0 are Bpema BEPPHBHSHPIG noaepxnoc:-rn KBTOJIE

ozccnnaon mm Mac.naI-Ion mxemcon snaqmensno noaumam BepOfi'1'HOCTb

cpopmrpoaazma nym. 3. Hanwme npenBapn're.nbHofi nonnaamm npouentymca

He m3.nae'rca ooaaarenu-mm, onHa1co BGPOHTHOCTB nepexona B nyronon

pexcma B calyqae ee o'rcy'ro'rBna Bo3pac'rae'r. 4.McIIH'raH:ua IIOKBBBJIH, wro
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npn Hepexone B ounbnowoqnym mopmy paapan p8CHpOCTp8HHeTCH Ha

cymecTBeHHo oonee mnpoxym oonacTb Kawona, noaumaa ero pecypc no

cpaBHeHnm co cTaunoHapHHM MarHeTpoHHuM paapazom, a Taxme Hoaumaa

PBBHOMBPHOCTL HOTOKE pacrmnemmx BTOMOB.

Hpefinaraemaa Texnonorna ouna 8HpO6KpOBaHa Ha pa3pHnHoM

ycrpoficwae TKHB nnaHapHoro MarHeTpoHa ans Hanecenna MeTannnqecKnx K

fleKOpaTHBHHX (oxcnnoa, HMTpHHOB) noKpHTKfi Ha nonnomxn H8 naBcaHa,

nonnaTnneHa, Txann, oymarn, nnacwmacc, Mewannoa. B MaPHeTpOHe samu-

Pancfi paspan, ooeoneqnaamnfl HpenBapHTenLHym uoHHaaunm paooqero

oosema (ni=ID9 oM‘3). BaTeM qepea paapan nponycxanca nMMynbc'Toxa
no 250 A. Oomaa flmMTeflbHOCTb nmnynbca COCTaBflHfla no 40 Mcex. Hnana—

BOH naanenmfl Buonpanca 2.IO‘3+5.IO_2Top. Paooqnfi raa — apron, 880T,

Boanyx H nx cmecn paanHqHoro npoueHTHoPo cocwaaa. CnnbHoToqHHn

paapan npn BTOM xapaKTepuaoBancH cnenymmmmm napaMeTpaMM: HanpHmeHne

) 250+I2D APOPEHHH (U ) 500+IODD B; MaKcMManbHHfi TOR paapsna (I
P P

V A 1')

(coowaewcwaenno), HJOTHOCTB TOKQ no 25 A/0M9. Hanpnmep, nan pemnma

p=I.IO’2 Top I 265 A, U 2950 B, Mawepnan Kawoza — Mans, paooqnfi
P P

P83 — aproH, Mmmynbcnaa CKOPOCTB H8HHflBHH3 HOEpHTMH Ha nonnomxy,

orcwoamym OT Kawona Ha paccwoaane I20 MM cocwaanana 80 MMM/MKH.

npn nnnwenbnocwn nmnynbca TORB 25 MCBK, qwo npn qacToTe cnenoaaana

nmynbcoa IO Pu cooTBeTcTByeT cpennefi cxopocwn Hanuneann I8

MKM/MMH. Yaennqeune nnnTenLHocTn Hmnynbca caume I cex npn coxpaHe—

Hnn yKa3aHHon nnownocwn Toma npnaognw K pa3anTMw Heyowonquaocwen

H KOHTPBKHMH paapana. YMeHbmeHMe znnTenbHocTn Menee 10-6 cex orpa—

Hnqnaaew Bo3MomHocTb camopacnuneana MaTepnana Karena, qTo canmaew

a®®eHTnBHocTL cnocooa. yaennqenme HMOTHOCTM TOK8 caume I00 A/CM2

(mpnrnqecxnn TOE oopaaoaanna KaTozHoro HHTHB) npnaonnw K nepexozy

paapana B nyroaofi pemnm c nomepefi npeuMymecTB oopaoowxn c nomombm



_IO3_

cnnbnoroqnoro MaPHeTpOHHOPO paspana. qacrowa cnenosanna I03 Pu

orpannqnaaewca Bpemennem Boccwanoenenna anexmpnqecmofi zupoquocrn

raaopaapannoro npomemywxa.

BKCHBPHMGHTH no KMHyflbCHOMy' pacnunennm anmmmnna (xonnqecrao

npnmecefi He caume 0.1 %) 8 opens Ar noaaonnnn OTPBOOTBTB opennnn

TBXHOHOPHHQCKHH PQKHM Up=IOOO+I25O B , Ip=7O A, TfiMnz25 MC
peannsymmnnca B nocwaroqao mnpoxom znauaaone naaneunn p=5 IO‘3+IO'2

Top, Be500 Po 0 BepOflTHOCTbD nepexona B pyry nocae ycwanonnenna

pemnua 55%. Hbxaaana aoamoxnoowb nanecenna npaxwnqecxn Oeanewexwnux

anmumnneanx noxpuwun H8 Herepmocwonxne unacwmaccu (tnfls5O0b) H

TOHEHB nnennn (nanpnmep Ha noBcaH Tonmnnon no 3 MM).

Mcuonbaoaanne nunynbcaon HOHHO—flfl83MeHHOfi Texnonornn B

HBPCHGKTHBB HO8B0flET HYTGM HDEOOPB QBCTOTH CHGAOBBHHH I! nnnTena§~

HOCTH nunynbcoa yBenMqnTb cpenamm CKOpOCTb HEHBCBHHH noxpuwnfi no‘

cpaanefinn c cymecraynmnmn cuocooamn Marnewponfioro Hannnenna,

oymecwnenno ymenbmnrb xonmqecrao npnmecen B Hannnaemux nnenxax, a

TEE me perynmpoaarb Teunepawypnun pemnm noaepxnocwn oopaoawunaeuoro

MBTBPHEHB.

4.2 Bmccnounue caoncrna nnasu cnnbnomoqnoro nmdqwanoro

paapana n nx ncnonbaoaanne B Texnonornn HOHHO—CTMMyflHpOB8HHOPO

Tpaaxennn MaTepuanoa. \

Mcnonbsoaanne cnnbnoroqnoro nnmmyauoro paapana (pemnm 3) nan

renepannn Oonbmmx obbeuoa unorxon nt=I.5 IOI5 cM'3 onnoponnofi

nmasmu c OTPHBOM Teuneparyp 3+2O 9B, a Taxxe HHTGHCHEHHX, no IO+I2

A/CM2 HOHHHX HOTOKOB noroxoa c sneprnen TOHOB 20 I00 9B noaaonzew

cymecTBeHHo noaucnrb s¢qexTnBHocTL noHHo~crnMMnpoBaHHoro Tpaaneana

B Mmxpoanexwponnxe, ocymecwnnawb Texxonornn Kouwponponannoro
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nmnynbcnoro Tpaamenna cnoea, a Tax me HpHMeHHTb ero Ana nonyqeHnH

nyqxoa 8apHqmeHHHX qacTuu paannqnofi Peomewpnn (xncmoaux,

unnnnfipnqeoxnx, TpyOqaTHx). HpoMe TOTO nonodaaa @opMa paapana Momem

OHTL ncnonbaoaana Ann oopaaoaanna nna3MeHHux CPyCTKOB,

nHmeKTnpyeMx B KBaaMcTaumoHapHue noaymmn, eneMeHTaMn ROTOpHX

HBnamTcn MarHnTHHe CHCTBMH, cnymamne ans qnpMMpoBaHMH sworo Bnna

paapana.

G uenbm nonraepmneana Bucouofi HJOTHOCTM M Hepaauoaecnocwu

nna3Mu yKa3aHHofi qnpmu paapaga, a Taume onpeneneHnH ycTofiqMBocTH

oonapymennoro pemMMa Guam npoBeneHH amonepnmeawu no ' ero

ucnonbaoaannm E Texnonornn noHHo—cTnMynnpoBaHHoPo Tp8Efl9HHfi

Marepuanoa. BKCHBPMMBHTH flpOEOflMflMCb B pa3pHnHHX ycTponcTBax

saxpuworo H OTKPHTOPO THH8 (ycrponcrao c npomnnnpoBaHHHMn

9neKTponaMn H nnocxun MarHeTpoH) B cmecnx aprona c

ranoreHoconepmamMMm noOaBKaM (SP6) paannqnoro npoueHTHoro cocTaBa

(IO+IOO% SE6). B xaqecTBe oGpa6aTHBaeMoro MaTepnana HCHOflbBOBaflMCb

cTaHnapTHHe Kpemfineaue nnacwnnu Q I50 MM M cneunanbao n3roToBneHHHe

TGCTOBHB oopaauu 9 70 M c 3amMTHHM HOKPHTHEM BHHGJHBHHHM H8 oxcuna

KpéMHMH, annmMmHnH Ii p88flMqHHX Bnzoa mowopesncwoa, nomemaemue B

nnasMy paapana nepnennnxynapfio ocn snexwponnon CHCTGMH H8

p8CCTOHHMH L=80+25O MM OT nosepxnocwm KQTOHB, nnoo Ha

nsonnposannym, mmoo Ha Haxonamywca non nowenunanom cMemeHMH

nonnomxy.

Han oOpa6oTKn oopasuoa MOHHHM HOTOKOM 0 anepruefl IO+2O 3B

odpaaun nomemanncb Ha HBOflMpOBBHHyw noznomny B O6flaCTb nnaamm

paapana. Ema yaennqenna saeprnn HOHOB no 20+3OO BB npoaonnnocb nx

npycxopenne cncwemon nwmynbcnoro cmemenuz, Koncwpyxuna Di npnnunn

pa6oTH KoTopon npMBeneH Bume (paanen 2.4).
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Brccnepmaenwu no IIIOHHO-CTHMyJMpOBaI-II-IOMy Tp8BJI9HmO S1 0

HCIIOJIBBOBBHPIGM B Kaqecmae renepawopa ILTIBBMH OI»!JIbHOT0‘lHHfi mqxpyamm

pemm B yc'ronc'rBe c npochnmrpoaauamm anexwponam noxaaam ero

BHCOKYD :->cm)e1c'mBHoc'rL PI nosaomm BHJLGJIHTB psu: peacumoa,

ommqammutca Bucorcon ycrommmocwbm n rommx mm‘ Texnoonrmecuoro

npmaenemm Harrpmep paapsm B omecn Ar/SF6 (80/20%) upu ,I[aBJIeI-MI!

p=0.I Top, B=0.8 1<I‘c, I =50 MA, U 2650-.-680 B, Imm = I000 A,cvrau cram

U =I20 B. ILIIHTBJIBHOCTB mmy.m=c:a TOKB B BTOM cnyqae cocTaBJme'rHMII

SL5 MC, JIJIPITGJIBHOCTI: IIJIOCKOfi Bepmmm I/IMIIYJIBCE =I.2 MC. Tpamzerme

nponanogmnocb Henocpe,I:c'rBeHHo B rmazsme pespmxa c nomemermem oopaaua

Ha naosmpoaannyxo ncmnomcy, wro ooecnetmaano sneprmo P101.-I!-IOI'O IIOTOK8

Ha nomomy coormaerrcrrayxomyxo no'reHuna.ny naompoaannoro sorma. Marcon-

MBJIBHO ,Izoc'1'nI'Hy'raa nMIIy.nLcHaa CI<20pOCTb Tpéismx-ng_a,._11;nr"1'a1cux.peaur1Max

coc'raB.nae'r 800-z-I000 MKM/Mm-I, 0,11}!-IEKO I'IpOtIMJII: mrpnxoa meew c$o<nco-

oopaamm xapawrep (pnc.4.I ) . CI-DDKBHHB JIEBJIGI-Dlfi cmecn no p=I0'2 TOP -

IIOBJIGRJIO ymensmerme cxopocm 'rpaB.neHna H npnnarme 1'l'pO(IM.)'H0 IIITPKKOB

Tpeoyemoro npamoyrcmbnoro mm rrpnauamqecxoro upocmm.

3KcIIepI»meH'rH no o11pe,z:e.neHmo omiopom-Ioo'm PIOHI-IO1"O no'roKa

Irpoaogxmmcb c nomombxo 3OH,1I8-KOJIJIGKTOPE (runaaa 2) I'£OCT8BJ[eHHOI‘O B

peaam, ooownewcwaymufi Haqaaiy nor-more Hacnmerma, 'r.e. noremman

nocwommoro cmememm BHOHpaJICH omxamm 1+: nowemmany naomponannoro

aomza. Mamepemm IIOKEBBJM HGOJIHOPOJII-IOCTI: uonnoro nytma Menee 5% Ha

mamerpe 50 MM Ha pacctrosrmm 5+I0 MM 0'1‘ mnoczcocwn cmmewpvm pa:3psm—

Horo ycrponcmaa. H.no'rHoc'rL nonnoro rroroxa npn BTOM coc'raB.nae'r =5

A/cm‘? npn TOKB paapsuza 550 A. Oopacoma TBCTOEHX KPGMI-DIGBHX unac-

Tmz, npcnaogmmaa Irpn TOKB paanpna 1000 A He noxaaana paanmmfl B may-

Orme K npoqnne Tpannerma Ha mamem-pe '70 MM. Yzcaaamme axccnepmemu

KOCBGHHO HOJITBBPKIIQIDT JIBHHHS JIBBGPHIDL HBMBPGIIHH O0 OTOYTCBIIIK PBBKHX.



 
PHC.4.I Hpomnxn HoHHo—cTHMynMpoBaHHoro Tpaenenns HPGMHHH

npn paannqnux pemnmax oopaoowxu.

\

Pnc.4.2 Ocunxnorpamw Hanpamenna H TOHE Ha ansmexwpnqecxyw

nonnoxxy npn paOoTe cxemm nmnynbcnoro cmemenna.
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PpanneHToB KoHueHTpaunn anexwponoa B npegenax paapagno OOfl8CTM,

orpaHnqeHHofi nnaMeTpoM snemwponoa H Bo3MomHocTm o5pa3oBaHnn nnaam

HflOTHOCTbD IOI4+IOI5 cM"8.

Henocwawxom saxpuwofi paspannofi aqefixm HBflHeTCH cnomHaH cucwema

co3naHnH MBPHMTHOPO HOHH, orpaHnqnBammaa BOBMOKHOCTE odpaoowmn

KpyHHHX manennfi, noamomy aHanornqHHe emcnepmmenwu Guam npQEegeHH B

p8BpHflHOM ycTpoficTBe c omxpuwofi reoMeTpMefi (nnocxom MaPHeTpOHe). B

>K8q9CTBe EBTOAOB HCHOHLBOBBHHCB HJOCKHB UXECTMHH K3 MOflMCfl9H8, Méflfi

M Hepmaaemmefi cTann (ISXIBHBT). Pafioqmm rasom aananacb cmecb

Ar/SF6 C conepmaanem SFBOT ID no 100%. flmanason naanenmfl cocwaaman

p=IO’2+IO’I Top, mnnyuuna MBPHHTHQPO HOHH Ha noEepxHocTM ‘xawona

B=4DO+7OO PC. Ho pe3ynbTaTaM HCHHTBHHH Ha TSCTOBHX Qépaauax 9 I20

MM B Haqecwae Texnonornqecmoro 65$ BHGPBH pemnm paspana co

cnenymmnmm HapaMeTpaMM: pasoqnfi P83 — Ar/SE5 50/50%, p=5 IO‘2 Top,

B=7DO PC; HpenBapMTenbHHfi paspan: IDTau=5O MA, UcTau=55O B;

Mmnynbcaufi paapan: IHMn=72O+IIGO A, UHMH=I85 B. OGpaOaTHBaeMHfi

odpaaeu nomemanca Ha p8DCTOHHHK Z==D+IOO MM CT H0BepXHocTH KETOLB.

Tpaanenne oopaaua 33 cqeT HOHHOPO nowoxa M3 HnaaMu, ycmopaemoro B

HpHHOBepXHOCTHOM 0309 no saeprmn, onpegenaemofi Howenunamom

H30flHpOBaHHOPO sonna, HOREBBHO ynoanewaopmwenbaue ApB3yflbTaTH no

nmnynbcaofi cxopocwu Tpaanennfi (caame 50 MKM/MMH}. ¥Ka3aHHHfi cnocoo

no3BonHeT nponsaonnwb o6pa6oTKy o6pa3uoB EEK C HpOBO£HmHM (Al), THE

M c gnanemwpnqecmnm (S102, pa3nnqHHe ¢oTepe3ucTm H T.fl.} 3amMTHuM

cnoem, ownmqaewca npooToTofi nomemennz gewanefi B nnasmy paapaga. B

TO we BPBMH, Hpouecc TpaBfleHMH , saamcamem OT 3Heprnn MOHHOPO

nowoma, oKa3uBaeTca aaancamnm OT pmmnmajpaapsza, B QBCTHOCTH OT

AEBHBHHH paooqero Pasa.

HOHYQBHMB HOHHOFO HOTOKB BEEBHHOH BHBPPHM HPOMBBOHHXOCB C
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nomombns cncwemu nnynbcnoro cmemenna. Ema cnyuaa npoaonamero

3amMTHoro cnoa cmemenne nonananocb Henocpezcwaenno Ha oopaaeu nmoo

OT ornenbnoro nowoqnnxa nnwaana, moo uocpencwsom exnwqenns

Qdpaaua B maronnym uenb qepes orpanuqnaammee conpowuaneane R,

Bennqnfia KOTOPOPO Buoupanacb ncxona K3 Tpeoyemoro HanpHmeHn3

cmemeuna n HOHHOPO TOKE HaCHmeHHfl, ooecneqnsaemoro nnasmon. B

cnyqae oTnenbHoro ncwoqnnxa, Hanpamenne cmemeana Bucupanocb UCM=—5O

B, Kowopoe K Momenry qnpmpoaanna Kaaancraunonapuoro paapana

ymenbmanocb npaxwuqecxn no nowenunana nsonnpoaannoro aoana

BcnencTBne_ oonbmoro nonnoro Toxa, qwo Tpedoeano npumeueune

ncwoqnnxa cmemenna no MomHooTn cpaannmoro c HCTOQHMKOM nnranna

paapnna. OT aroro Henocwarxa caodoana cncrema HMHYHBCHOFO cmemeana,

Hcnoabeywmaa‘ qacrb MOMHOCTK OCHOBHOPO paspana. Sxcnepumenru.

noxasanu, qwo Ana paspana B cmecn Ar/SF6 50/50% upu naBneHnsx Hume

ps5 IO'3 Top, orpannqnnawmee conpowuaneune R MOKBT

MBMGHHTBCH OT 0 no I00 OM, qro odecneqnaaew Hanpamenne cmemeunz or

I20 no 20 B. Tnemmnn paspan c odpasua npn 3TOM He mopmnpyewcz T.K.

B MoMeHT uonaqn nmnynbca BHCOKOPO Hanpamennz nonnomxa oxasueaercz

aamynmpoaarmon cwaunonaprmm Marnewpoammm paapmzom, mexomm rrpn

ymaaannnx ycnoanax Menbmee Hanpamenne POPBHMH.

Ecnn oopaoawuaaeun oépaaeu nueew nn9neKTpnqecKun 3amnTHum

cnon, TO npn Henocpencwaennou npnnomennn noTeHuHana cMemeHnn K

odpaauy nan nonnomnonepmawenm nponcxoxnr aapanxa emmocrn

odpasymmefica Mexny nmaamon H Kpemmneaum oopasuom, qwo npnnonnw K

expannpoaannm sneuwpnqecxoro noun cmemenna. B STOM cayqae

npKMeHanacb cxema nmnynbcnoro cmemenna, oonepmamaa Hocnenonarenbnun

I0 Romy? (PJL2) co cnemmmm napamewpamn: L=26% MKPH,

C=0.5 Mmm, R:IO ROM. Paoqer anemeawoa KoHTypa nponseoznwca ucxona
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H3 ero nodpownocwn, BOHHOBOPO conpQTnBneHMa (aonnosoe conpownsnenne

Konwypa nonmno oOecneqnTL TOROCBEM 0 noaepxnocwn oopasua),

Tpedyemoro Hanpamennn omemenna, Bpemefin sapanxn emmocwn

oopaaeu-nnasma, H CKBBKHOCTH nmnynbcoa. B cnyqae Hanpamenna

cTaunoHapHoro paspana 300 B H BOHHOBOPO conpoTMBneHnH KOHTypa p=7

OM TOK cmemeanfi COCTaBflHeT =40 A. qacToTa KoHTypa COCTBBHT v=3 I05

Pu, qmo ynoBneTBopHeT BHmeyK8BaHHHM TpeOOB8HHHM. Hpnmepu

ocunnnorpam TOKB qepes oopaaeu H Hanpzmenna cmemenna npencwaanenu

Ha pnc.4.2. Bmcnepnmenwu c npnmenennem nwnynbcnoro cmemennn

Hoxaaann, qwo HflOTHOGTb nnaamn B nmocxom MarHeTpoHe Ha PBCCTOHHMM

Z=IDD MM OT noBepxHocTM Kawona B pemnme Ar/SF6 50/50%, p=5 IO"2

Top, B=7OO Po; IMM=72O+IIOO A, UfiMn=I35 B cocraaaaer nize

IOI3cM‘3, qmo HO-BH£HMOMy H oosacnaew ooflee HMBKYM 3qqeKTnBHocTb=

TpaBneHnH B oTKpuTofi paapannofi Hqenxe.

Aamop OnaPonapnT Hayqnoro pyxosoxnwenn K.®.—M.H., noueawa

M.K. ¢eTncoBa M K.@.—M.H. P.B. Xonaqenxo aa coaewu, Hp8flflOKBHMH M

npaxmnqecxym HOMOML upn paoowe Han nnccepwaunefl.
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BAHJHOUIEI-U/[E

I. HPOBBABHH 3KCH6pHMeHTaflBHH9 HCCHBEOBBHHMH KBEBHCTBHHOHHP

HOPO PSBPHAB HHBKOPO QBBHEHMH B MEPHHTHHX HOflHX PSSNMQHOH KOH®HPy-

paunn. OHp€fl€fl9HH OGHBCTH CYMBCTBOBBHHE H PBKHMH xsyx CMJBHOTOQHHX

cpopm paspima.

2. OdHapyn-:eHa I-IOBSH CTaC5IzIJ1I:>H{-33 cpopma 1cBa:3HCTaLmoHapHoPo paz3ps2—

£8 B HOHBPBQHOM MBPHMTHOM HOHQ, HBHHDMBHCH UpOM€KyTOqHOfi cwaxnefi

nepexcma ow MaPHeTpOHI-IOPO pa3p5ma B gxyroaofi PI mwezomaa cJ1e,z1,y1oume

OCHOBHHE xapamwepncwnxmz Hanpamenne ropenns 2100 B, Bpema cymeoTBo—

Harms no HBCKOJILKPIX Nl}IJ[JIPICE‘KyH1I,~ gmanaaon TOKOB 0'1‘ ID no 2 I03 A.

Hpenmomena Kaqecwneunas Monenb naacnnmmaa Boamomnufi MBXBHHBM

BOBHMKHOBBHHH H cymecwaoaannn ymasannofi ®0pM paapaza.

3. ¥cTaHoBneHo cymecwaoaaune cnnbnowoqnux BHCOROEOflLTHHX

pemnmos Kaaaucwaunonapuoro MBPHBTPOHHOPO paspflna, oTnMqammMxca

EHCOKMM HBHPHKGHHBM POp6HHfi H HHHTBHBHOCTBB £0 20 MC B COQBTEHMK C
'1

OONBMOH HJOTHOCTLB KBTOHHOPO TOK8 (H0 35 A/OM§)

4. Pa3paC$c>'I'aHa mmynbcnaa 8OH,IIOB8Fi 11;v£aI°Hc>cTmca mm I/I3M9peI-IMF!

II:-3paMeTpoB rmaamu IIJIOTHOCTBIO 110 I015 CM—3.

5. Horcaaafia BOBMOJKHOCTI: Honyqenm rmasmemmx oopasoaamm HJIOT—

'3 B OCYBGMB caume I00 C-M3, c>Oecrre<mBaIoumxHOCTBIO 110 1.5 1015 CM

amnccmo HOHHOPO Hytma HJIOTHOOTLIO came 10 A/CM2 0 9HepmePI 1:0 I00

3B.

6. Hoxcaaafia BOBMOFKHOCTB PIHTBHCI/IBHOPO KaTo1rHor*o pacnmlemm Id

coszzamm IIOTOKOB qacmu pacnunennoro MaTepHaJIa c BHCOKOPI mom-

HOCTBD.
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