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BBEIIEIME.

MH'rechBHoe nccnenonanne paapsmon HKSKOI‘O naBJIeHna B uonepe‘I-

Hon mammom none caaaano c In mom nonomaonannem B name'rpon—

HEX yc'rponc'raax Temonomecxoro Haanaqema. ycrcopm'em rmaauu c

samym npetpou anexc'rponoa, B Kaqec'rae masmemm ammepon m

anex'rpommx n .nonnnx memopoa.

AHaJma mepa'rypnnx .mammx nonaannae'r, qwo cnonc'rna paspsua B

nonepemou mammom none c 539me .npempom snempbnos B oOnac'm

uepexona o'r mamerpomoro paapsuza c pacu'ymefi Boar—amepaon xaparc—

Tepnc'rmcon 1c mommy paapsuxy upaxmecm He nayqerm. O'rcy'rc'rnym

oOocnonamme axcnepmaemanbnne n reopemecme name, uoaaommme

oupenem'rh npenenbnue pemm mame'rpomoro paapsma B Ko'ropux

cpymumormpye'r Oomcrao Temonomecm ycwpoficm‘. Hocnenoname

momma mmcnux paapanoa, nonmmsyem mm ' renepam rmo'mot

omiopomion Imaam, maamaae'r Ha Boamomoc'rb oymec'rBoaaHna yc'rom-' '

BHI mop»! paspsma B mammom none, 39 nepexonam B Kon'rparnponan-

mm (may npn {mama-emu“ nemax Tone, odmmo coome'rc'rayum

meson oOJIac'm BOJm'r—amepnon xapamepncmm Tam paapsuzoa.

Hem: padom:

Mccnenonme Boar-melanin xapemepnc'rmc n oOJIac'rea cymec'rao-

Hanna cmno'roqm (popu masnc'raxmonapnoro paapsma 3113mm namenna

B mar-Hum 110.1131 paammnofi Icomlm'ypamm.

Oupeneneme mum xapax'repnc'rmc ImaaMH yzcaaannnx (Dopm

paapsma.

Mccnenoaanne mammocm nonomaonam Imaam cmno'roqnoro

paapsma m renepaunn mom masuenmx odpasoeam n mmencnmmx

HOTOKOB Bapmmmx ‘IBGTHH.



Haquaa HOBMBHa M npaKTuqecxaa afiaqnmooTb paOOTH:

B npouecce np03eneHHH paOOTH Oman nccnenosaHu odnaCTn cymeom—

BOBaHHfi u pexnmu cnnbnowquux mopM KBaan0Taun0HapHoro paapfina Hus—

KOTO naBneHna B MBPHHTHHX nonax pasnnqnon Konmnrypaunn.

, OOHapymeHa Hoaaa CTaOHflbHaa mopma KBESHCTEHHOHQPHOPO paapana B

nonepequm MaPHMTHOM none, aanammaaca npomemyTquofi cwannefi nape—

xona OT marHeTpOHHoro paepana B nyPOBofi (onnbnowoqnflfi nMQQyBHHfi pe—

mnM) n nuemmaa onenymmne OCHOBHHe xapaKTepncrnxn: Hanpaerne rope—

HHH 2100 B, Bpefis cymeCTBoaaHna no HeCKOflbKHX mnnnnceKyHn, nnanason

TOKOB OT 10 A no 2 103 A. HpennomeHa KaqeoTBeHHaa monenb, noaonfim-

man BosmomHHn mexaHnBM BOBHHKHOBBHHH n cymeoTBOBaHnH yKaBaHHon mop—

MH paapana.

YCTaHOBneHo cymeCTBoBaHne ounLHowquofi BucoxoaonLTHon mopMu

KBaancwaunonapHoro MBPHBTPOHHOPO paapfina (CHMBHOTOQHHE marHeTponnnn

pexuM), ownnqammgnca BHCOKHM HanpameHneM ropeHna (no 1200 B) B 00-

quaHnn o Oonbmon HflOTHOCTbD KaTonHoro Toma (no 25 A/CMZ). Hmnwenb-

HOCTL GymBCTBOBaHEfi aTon mopMH paapfina momBT HpeBHmaTb 20 MO.

HOHasaHa BOBMOKHOCTB nonyquna nmaameHHHx odpasoaannn nmorno—

CTBD no 1.5 1015 CM“3 B 005eme no 1000 0M3, odecneqnaawmnx amnccum

HOHHOPO nyqxa nmoTHOCTLm CBHme IO A/CM2 o 9Heprnen no I00 98.

Honaaana BoamoxHOCTb nHTeHonBHoro KaTonHoro paanneHna n cos-

nanna HOTOEOB HBCTMH pacnnneHHoro maTepnana c Bucoxon nnownocwbn.

HonyquHHe peayanaTH nononbaonanu:

— B Hoaon nnaameHHon Texnonornn KOHHO—CTnmyflHpOBaHHOPO TpaBne—

Hna n cosnannn nmaamoxnmnqecxoro peaKTopa nna ycxopeHHoro Tpaaneuna

cnoea (HBO CyOMHKpOH)

— B Texnonornn nmnynbcnoro pacnnneHna MaTepnanoa (HBO BHepro—

mam P. Camapa)



— [1pm Hanecemm Geaneipenm nonpum Ha He'repuoc'romme cunn—

mmmmonnne na'rqmm nonnanpymmx nanyqem M 00060 Tome Imam

(cosmec'mo W n MBII "Wmm" r. Mmcx).

Ha aamn'ry momma meme nonoxemm:

I. Peaynb'ra'm aucnepmemaummx nowenonamm cmno'romx (popu

masnc'raunonapnoro paapsma manoro namemm B mam'mnx mom

paanmmofi ROI-BIEPYPBM: a. oOJIac'm cymecwaonanna n pem may}: chops

paapsuza:

6. aanncmoc'm BOJIbT—amepm xapamepncm

or namemm, 891mm mum mammoro nous, pone page, ua'repna-

.na anen'rponos, ma paapsumoro you-panama.

' B. Icaqec'rnemiaa Hanan; nozcmam Edam:—

mm Hexannau Boamonem n cymec'raoaam cmno'rom ”Manon

(DOPMH P33133118-

2. Meron mmcnofi 3011.110130]?! mamoc'rm MOI-Hon mam.

3. Peanyb'ra'rH nccnenoaanm napaMe'rpoa maem cmno'roqnoro

masnc'ratmonapaoro Macro pema paapsma B cnaOo Heomopomom

MBI‘HKTHOM IIOJIB .

Genome peayJwra'm orryOmoaaHH B paOo'rax [94+IO4] .
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I‘JIABA I . CWIBHOTO‘HME PABPHIIH HMBHOI‘O HABJIEEMH B MAI'IMI'HOM

HOJIE M 16X MCBOJEBOBAEME IUIH I‘EHEPAIIIM IUIOTHOM IUIABMH M

mmCMBI-IHX HOTOKOB BAPfDKEHm t{AC’I'MIL

I .I Bucnepmeu'ranmme nccaxenonam raaoaoro paspsma HKBKOPO

namema B Marl-DITHOM none 11 em npmeneme B conpememmfi meme.

Cymec'rBymme 13mm yc'rpofic'rB 32 0030139 paspsuxa B CermeI-IHHX

ExH 1mm.

MccnenoaaI-me xapamepncm paapana B cxpemermux snex'rpmec-

ROM n mammom nomx npmaeno K cosnaHmo momec'rBa rasopaspnmmx

yc-rponc'rn, 381:0an mupouoe npmenerme B pasmx oOnacm-x

Ham n Tam, OTquammxca KOHEIMI'ypalmefi E n B nonen, Beanie

mot paapamioro TOK8, Hanpaarerma. nannerma raaa. C m sperms!

npammecxoro npmeuemm Handonee nepcnenmmmn oxaamcn 030- T5 -

Tenn 0 KOHMypaImen 110.3193, odecnemammx saMKHym xpemp‘ anew.”

Tponon. K m: many omoca'rca mmnpmecme [1,2] m mocme

[3.4] mameTpom, aqemca Hemmra [5], KOMOKHHPOBBHHHB yc'rpono'rBa

c mame'rponom n mom KaTOIIOM {6+8} , masmemme ycxopn'ream c

BBMKHYTHM xomoecm TOKOM [9+II] . B m'repa'rype nccnenoaam

CBonc'rBa paapsuzoa npaumecm ,zma Bcex 1303mm KOHIIMI'ypam

axcnaano—cmmewpmnm ExB noxen. Mccnenonarma paapimon c HeaaM—

RHYTHM JIpefliIJOM anempoaoa monomer. c uemalo BHacHeHna Boamox

BOOTH nonyqemm HOTOEB magma, ycxopemoro cxpememm 9.7191:pr-

qecmm n maI'HMTHHM HOJIHMH, a TBK me mammal?! momma IIJIBBMH n

nonomaonanna Tam fiaapnnoa B maamoxmqecm peamopax

[12,13] . Paapsum B nonepeqHOM Mam-MTHOM none Hanum mnponoe

upmueme mm coanarma masmemmx am'r'repoa n masmemmx Ica'ro—

noa. B Kaqec'rBe masuexmux amnTTepoa B Texnmce nomqemm momma

nytncos 06mm nonousaye'rca nyI'OBon paBpfm. ROTopHn nomam'



HGPBXOIION H3 TJIGIIIIBI’O, OMBKO npn “ROM 3831163313, HeOOXOMOM

1U!!! nomem BJIBETPOHHOI'O W8 11 GI'O TPBHOHOPTHPOBKH, 8888?}:

new p831)“ 116308160830, HOBTOW B KB‘IGOTBS ECHOMOI'BTGJBHOI’O

nonomaym paapsm 0 3mm weapon anemponon, Ko'ropun aa-rem

uepeaomca B mono: {14,151. Ilpempnmmam'ca nonnm Henocpen—

c'rnennoro nonomsonam Romamponannoro paapana B cnpememmx

ExH mom B Kaqed'ée am'r'repa enex'rponon. [16] . Mcnomaonanne

rmasuemmx Karonoa Ha ocnone Heuon'rparnponalmoro paapsma B mar—-

HHTHOM none Kan B mocxcon wax n B mummecnon reoue'rpnn mm

couanna HOJIHOOTLD ynpamaem Kommymmx armapa'ron nosnommo

cogna'rb BeHTmm cnocoOHHe Romympoaa'rbmm came 150 gm :1 Han-

paxem came 100 KB, npmem ocymecm'rb sampanne-npn60pa aa

Bpeuena menee 50 HO [17,18] . Henoc'ra'mom Epocca'rpmfi’mae'rca
5*

Toma dommoe 2:300 B nanenne Hanpmnna Ha paapsme,‘ odecneqn- -' " "

Banneu mymmounpolaame Imaaueuuoro Karena. Enemy paapsma c

nonepeqmm mam-mm nonem awen'rmo nonomaaym' ma nomem

mencmm mom mos, Hanpmep nqun orpnna'remnux uonoa

Bonopona {19)

Bamemnm npaxmecmm upmoxemeu paapsmon B mam'mcm

none memos coauame Harne'rponnnx onc'reu pacmmem marepna-

non, KOTOpHe ucnomymca m Hanecenna Tomcormenomx noxpum

[20-1-27] .

CBonc'rBa paapanon B nonepeqnou mammom none.

Gomacno [28] B o'rcy'rc'rm mammoro 110.119 B aanncmoc'm o'r

namem 11 new paapsumoro TOKE 1303mm qempe yc'rofimux

ma paapsma c xonomm RaTOJlOM: Tenant, Hopumm new,

anomanbmm menu! 11 monon. nuanaaon TOKOB m Kenmore ma



Hanpnmep nan paspana B Ne mexny nmocxonapannenbnumn sneKTponaMM

11px namem :21 TOP, coc'raBJlam' coo'rBe'rc'rBeHHo 10-10-9104 A,

10‘ +10"I A. IO"I+IO A. >10 A. KaquTBeHHaa Boan—amnepuaa

XBPBKTGPHCTKKB pasana upeACTaBneHa Ha pnc 1.1. K cnnLHorquHM

@opMaM ornocarca anouanLHHn Tnemmnn paapan, aaanmanmnfi BCD‘

nnBepxnoch Karona n xapanwepnaymmnnca pacwymen sonar—amnepuon

xapaKTepHCTHKon (BAX) n nyronon, npencwannfinmnn coOon KOHTparn~

pOBaHHHfi paapan 'c nananmen BonLT—amnepaofi xapanwepncrnnofi.

Ocnonnon uexannsu nonnepxanna Tnenmero paapana aanfiewca nonnaa-

mm anempoumm ynapom B KBTOIIHOM 0.7109 n snelc'rpormaa amccna c

Karena, Buaunaeuaa Bwopnqnon nou—anenwponnofi amnccnen n woroap—

¢enwom. Hansenne aapanpn B namonnom cnoe Tnenmero paapana upouc— ?

xonnT B pexnme nonnnxnocrn, npnqem cxopocwb nanmenna nonoa

anaqnwenbno menbme cxopocwn SfleKTpOHOB, Onaronapa qemy B oOnacrn

KaTonnoro npocwpancwna BOSHMKaeT naOHToqnun nonoxnwenLHHn aapan,

KOTOpHfi ncxaxaeT aneKTpnqecxoe none. B KaTonnofi oOnacwn uanaew

Commas! ‘IBCTB Hanpaxem paapana, Tam OOpaBOM Hopuamm n

anomanbflnn Tnemmnn paapan annammca paspanamn c nonoxnwenbnuu

odseunum aapanpu.

Hpn Hannqnn unnepeqnoro MaPHKTHOPO nous, CKOpOOTb nanlennn

aneKTpOHOB K anony yuenbmaewca, qTo npnBonnT K yMeHbmeHnn Karon-

HOPO nanenna n yBennqunn owpnuaTenLHoro npocwpancwaennoro 39px—

na Bdnnan anona, T.e. oopaaonannm BHpaerHoro anonnoro cnoa.

PemnMH paapana c aHOnHHM onoem nan c prnnawenbnum OOBBMHHM

Bapsmou peamaymca B OCHOBHOM npn Imam mammal (p510-3

Top) . Hanconee Homoe nomenoaame cnonc'm paapsma 0 930mm

cnoem B unmmnnpuqecxou marHeTpone nponeneno B paOOTax [29+32].

11pm Gonee Bucom namemmx II He CWOM 0mm mammal: from
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peannayeTca paapan c KaTonHHM cnoeM (nomomnweanHM flpOCTpaHCT-

BeHHHM aapanom). BKCHGPHMSHTaflbHHe nccnezonauna paapanoa B none—

peqHOM MaPHnTHOM none pasnnqfion Konqmrypaunn noxaaann, qTo

COPflaCHO [33,34] nun anon MBPHeTPOHHon CHCTeMH c BaMEHyTHM

npenmom aneKTpOHOB Boan— amnepnaa xapaxwepncmnna onnanaeTcs

"BupameHneM IP=RU§, rue Ip - TOK, U? - Hanpamenne paapana, R,n
(n>I) — BennanH, saBncamne OT KOHCTPYKHMH yCTpOHCTBa, pone

P838, naBneHna, MaPHHTHOPO nona. B paOOTe [35] npnnenenu

aKcnepnmeHTaanHe aaBchMOCTu TONE OT Hanpameuna paspflna, xapax—

Tepune, no MHeHnm aBTOpOB, nan nwOofi marHeTponnon CHCTeMH

(pnc. 1.2). Emmo, QTO c pOCTOM Hanpamem-zocm mammor'o 110.113,

rrpn MGHPOBaHImM Tone, Hanpaacerme roperma wenbmae'rca. AB'ropu

nenamr BHBQn o npnmennmocwn monenu anonnoro cnos n33 onncaanag{

axonepxmeHTaanHx xapaKTepncTnK npn cpaBHnTeano BHOOKOM naBne-

mm (1.5 IO'I<p<8 IO‘I Top).

OTKnoneHna OT yxaaaHHon EaanHH BaBnchOCTen Hanpamenna

paapana OT Tone HaOADAaMHCL npn paOOTe c HeoxnamnaeMHMM KaTonaMH

[36]. RPM MaPHMTHHX nonax c nnmyxunefi CBHme 2 RFC n naBmeHnn

.CBHme 8 10-2 Top OHnn nonyquH BAX paapana, rue MOHOTOHHHfi pocw

Hanpameana OOPHBBeTCfi, npoucxonnT pesmoe ero ymeHbmeHne no ypon—

H3 2200 B, nanee Up npaKaneCKn He saBnch OT Toma no Bennqnnu
Toxa 22 A. ABTopu 06$HCHHmT noaBneHne yKaaaHHHx S-OOPBBHHX

KapaKTepMCTHK yBennquneM KOHueHTpaunn HflQBMH BOflenCTBfie nonnaa—

unn paCflHfleHHHX 8TOMOB maTepnana KaTona.

Mocnenoaauna aaBnchooTen Tone paapana OT Bennqnnu Hamps—

meHHooTn maanTHoro nona 0TpameHu B paOOTax [87+40]. HOxaaaHo,

qro TOR paapsna flHOO BOBpECTaeT c pocwom HanpaerHoc n maanT—

HOI‘O HOJIH, HBHPHMSP B paapanax B WMBCKOM MBPHGTPOHG H B
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ROMoHHuponaHHon cucweme c nonHM Karonom [37,38], nude aaaucn—

MOCTb Ip(H) nmeeT HeBHaaneanHn maxcnmym [39,40].
Monenb KaTonHoro cnoa Tnewmero paspaxa B nonepeqnom MaanT-

HOM none upeACTaBneHa B [41]. HDKaBaHo, QTO BKflquHKe maanTHoro

moan yBeannBaeT KaTonHoe naneHne npn maon HJOTHOOTHX Toma n

ymeHbmaeT ero npu Gonbmnx. B peayanaTe BAX, HOCTpOeHHaH B KOOp—

anaTax UK—Zn j cmemaeTca H8 Bennqnfiy 3/21n(I+m212 ) B cwopony

OOflbMKX TOKOB (w — unKnOTPOHHaH QBCTOTa, T — Bpems penaxcauxn

BfleKTpOHa), qwo oaHaqaeT COOTBeTCTBymmee yBennqune Hopmanbnofi

umOTHOCTM Tone. BHBeneHH ycnoana nonodna KaTonHoro 0303 B OTCYT—

CTBKe u npn Hannqnn maanTHoro noun. TeopeanecKaa monenb paapa—

na HMBKOPO naBneHMa c saMKHyTHM npenmom SfleKTpOHOB, peannaym—

meroca B marHeTpomiofi pacmm'renbnon onc'reme 0 TM mm

Texnonornqecxoro npnmeHeHnH AnaHaBOHOM napameTpOB, nocrpoena B

paOOTe [42]. HonyquH onHomepHHe pemeHna, ouncaaammne napameTpH

unaamu Ha paannqnux yqacrmax paapannoro npomemyTKa: TeMHOM

nanaTonHOM cmoe n Bone nanaTonHoro caeqenna. HOCTpoeHa meTonn—

K8 pacqua BonLT—amnepnon KapaKTepMCTHKH paapana. Kpome TOPO

npennomeHa monenb BaanmoneHCTBna HOTOKOB pacnuneHHoro BemecTBa n

padoqero P888 npnnonamero K cnnmennm KOHueHTpaunn rasa B odnacwn

Karonfioro caequnfi n pocTy paspannoro Hanpameflna. Pacqu BAX no

yxaaaHHofi monenn TEE me naeT MOHOTOHHO Boapacrammym aaBncuMOCTL

UP(Ip ) CTaOMflKBprwmyDCH Ha ypOBHe 400—600 B npn HMOTHOOTM Toxa
0. 04-0. I A/CM2, qwo ynoafleTBopnTeano cornacyewca c axcnepnmen—

TOM. B Tome BpeMfi BHBHBaeT COMHeHne HMOTHOCTL Tome E cwaunonap—

HOM pemnme (no 0.3 A/cmz), nononbayemaa aBTOpaMK nna cpaBHeHna c

pacquOM.

MamepeHnm nouanbnnx KapaKTePHCTMK unaamu OTaunonapHoro pae-
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pana, Taxnx REE nmoraocrb nmaamu ni n aneKTpoanaa TemnepaTypa

Te’ 3 Taxme pennanbnux pacnpexenennfi BTHX napamewpoa B aKCKaflLHO

CMMMeTpHQHHX CHCTeMBX HOCBHmeH uenun pan paGOT [43+45]. Hanpnmep

B unocxnx MaPHeTpOHHHX cncremax [43,44] Guam ACCanHyTH nflOTHOC—

Tn HOHOB ni=IO1O+3.5 1012 cm’3 H anenmponnue TeMHepaTypH 20+5 BB
npu nasnennfix paOoqero rasa 5 IO"3+2.5 Top OOOTBeTCTBeHHO. Cxema

axonepnmeHTa [43] npencwaBneHa Ha pnc. I.3. Bennqnna MZPHKTHOPO

nous y HOBerHOCTn maanTa HOOTMTafia 1600 To. B KaquTBe paOoqe-

r0 raaa nonoanOBanca apTOH npn naBneHnn 2.5 IO” +2.2 Top. SneK—

Tpounaa momoc'rb n Temepa'rypa namepaJMCb c nommbm aomxa. [10

Tony Ha Bonn oueHeHa n CKOpOCTb apemma sneKTponoa B HanpaBneHnn

ExH. MOHHaa TemnepaTypa namepanacs c Homombm sneKTpOCTaanecmoro

aHannsaTopa. Maxcnmanbnaa BJBKTPOHHBH TeMHepaTypa HaOnmnanaCb B

oOJIac'm Hpmmalomen K can onc'reMH y noaepxnocm Ka'rona (28913).

Maxcnmanbnas HflOTHOCTb eaeKTpOHOB COCTaBflHfle 3.5 10120M‘3 u Guns

CpaBHHMa c MOHHofi HflOTHOCTbm. OOHapyero, qTo B OOflaCTM HepneH-

nHKynfipHOCTn aneKTpnqecnoro H maanTHoro nonen owfiomenne npenmo—

BOfi cuopocwn VA K TeHflOBOH Ve OCTaeTCH HOCTORHHOH Enonb z n coc—

TaaneT 20.05. Bonnonue namepenna noxasann, qwo VA3V.3 106 CM/C,
TO BCTB Ve=I.5 108 CM/C, QTO COOTBeTCTCByeT BneKTPOHHofi TeMHepa—

Type 2633. MamepeHna HOHHOK Temneparypu nomaaann, qro TizO.6+I.2

as, T.e. 0THomeHne sneKTPOHHofl 1! HOHHofi TeMHepaTyp COCTaBuno

23+5.

B aHaAOPHQHofi CHCTGMS npeACTaBneHHofi B paOOTe [44] paspau

samuraMCH npn Cflenymmnx yCflOBHHX: naBneHne p=5 IO'3+3 10'2 Top,

padoqnn P83 — BpPOH, maTepnan KaTona — menb, paapannufi TOK =O.I

A. Maxcnmanbno nocwnPHyTHe eneKTpogHafi HMOTHOCTL n TeMnepaTypa

COCTBBJIHJIKZ
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I. p=5 10‘3 Top, nezlom cm‘3 , T6220 as

2. p=2 10‘2 Top, 11625 1010 cm“3 , T625 313
TO ECTb HOBHmBHHe naBneHna Hapfiny c pOCTOM KOHueHTpaHKH HOHOB

npnBonnT K cnnxennm aneKTpOHHon TennepaTypH.

MCCHBAOBBHMH aaBMCHMOCTen HOHHofi KOHueHTpannn n sneKTponfion

TemnepaTypH OT Toma paapana B nmocxom MaPHeTpOHe [45] nonasann

npaKanecxn BKCHOHeHuHaflbHHfi pOCT ”1(Ip) u nanammym saBMCHMOCTb

29(Ip), (pnc. 1.4) OflHaKO yexnn mmanaaon TOKOB 50+150 MA hm
HOBBOflfieT onenamb oomne BHBonu. Tam me npnnonaTca pannanbnue

pacnpeneneHna YRaBaHHHX napameTpoa, nonyquHHe aoanofiumn namepe—

HMRMM. Pacnpenenenne n£(r) nmeeT maKchyM B oOnacwn maxcnmyma

pannanbfiofi COCTaBnHmmefi unnyxunn maanTHoro HOflfi 11 BHpaerHufi_

npoaan BAORL oon cnmmeTpnn enexwponfiofi cncweuu.

BamHHM HapameTpOM paapsna, EnnammHM Ha ero Boan-amnepHym

xapaKTepnc'rmcy, HBJIHBTCH Tommie Ica'romoro CJIOH. HO MHGHMIO aETO-

p03 [46] BaBMCHMOCTb BTOfi Bennqnnu OT napameTpoa paspfina momeT

o ‘ 94 '7 UWOIVS { 1 B 6
HT]: HPGIICTBBJIQHB B EMS (J) = . CM . p8 OTB

—“7“345

[47] nenaeTcH HOHHTKa Ha OCHOBe pemeHna ypaBHeHHfl Hyaccona nun

'KaTonHoro 0303 c yquOM namenena nonepeqnofi nonBMMHOCTn sneKTpo—

HOB B maanTHOM none paccanaTb KaTonHoe naneHne UK B aaBnchOC-

TM OT Tone n Hanpamenna paapana B TunanOM nan MaPHeTpOHHHX pac-

HHHKTBHBHHX CHCTeM nnanaaone HapaMeTpOB: Ar, B=700+IBOO To,

p=IO" +IO‘I Top, Up=250+600 B. LIMCJIBHHHB 1330qu H namepema
auepreanecmoro oneKTpa HOHOB noxaaaxn, qTo KaTonHoe nanenne

COCTaBflHeT 75+90 % OT nonHoro paapazfioro HanpameHnH.

0630p HOHHHX HCTOQHHKOB Ha OCHOBe MaPHeTpOHHHX CHCTeM [48]

HOJITBBPMBQT Tm'rmnme napame'rpu FBBPHJIB M3 MEPHBTPOHOB, paOo'ra-j
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101m B CTaLmouapHOM peme, Hanpmep mm mocm MBPHBTPOHOB

manaaon naBJIemm coc'raBJme'r IO'4+5 10-2 Top, Up=300 B, Ip:O.I A
Pan pado'r nocnameH paccmo-rpenmo paspsmoa B cueunanmmx

yc'rponc'rBax. Hanpmep paspam-Ioe yc'rponc'rBo pnc I.5 [49,50,511

npenc'raBJme'r cocoa onc'remy n3 msyx 11.71001ch KonbueBHx anex'rponos,

mew KOTOpHMId coanae'rca omiopomme enempnqecxoe HOJIe. Manam—

Hoe none mee'r Hafimypam TmIa "AHTmIpoOKOTpOH" n comacoaaHo

c reome'rpnen snerc'rponoa Talc, qToOH B paspsumom Hpomexy'me pam—

aJILHafl cocrraBJlmaa Br dung maxcmanuBIa, 1'erqu
BI~>>BZ: 1'__r_> Z; ———-> d, rue

VrBr vsz

Z — umana anemponom c1 — pacc'romme mew snemponam; Ma'ncm

MaJIbHOe BHaqu-me BZ Ha ocn cuc'rewm rrpn z=O.I M COCTéBHfiBT'éIOOO

PC, a maxcmanbfioe snaqerme Br B mocxoc'm cmae'rpm;cnc'£em

coc'raBnaeT 2350 P0. Maxcmanbnoe padoqee Hanpmerme COCTBBJIHJIQ

23%.

B ormcaHHom paspammm yc'rponc'rBe B aaBncmoc'm OT namerma

padoqero rasa 0mm oOHapymeHo Tpn Erma paspsma: I. npn Bucom

naBfiermax (npaBaa 139'er KpMBon HameHa) — cmmo'roqlmn paspsm c

Hanpmermem ropemm 0.11860 aaBuoneM OT 0mm Tom; 2. rrpn 11813.ne-

HMHX COOTBeTCTByIOImx oOJIac'm mummyma Kpmaon HameHa, uonepemoe

mammoe none OKBBHBaeT CHJIbHOB Emma Ha Hanpaxcerme M pr'ma—

Hy BOJIbT—BMHBPHOH xapaKTepnc'rmm (BAX); 3. npu Gonee mam

llaBJIGHMHX, Home E o'rcy'rc'rBue marma'moro 110.115! paepan He Bama—

e'rca, pr'maHa BAX He 3813mm OT mammoro mom. Me'ronom ImaBa—

were some mm Bcex Tpex pemoa Gum name-pane pacrrpenenerme

HOTemmaJxa B memenempommm Baaope. Ha pnc 1.6 upenc'rameno

pacnpenenemxe HOTBHIMBJIB 11.113 GMBHOTO‘IHOI'O panama paapima. BM-
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Pnc.I.5 Paapfinnoe yCTponCTBo c Pnc.I.6 Pacnpeneneflne HOTeHunana

KonbueBHMn eneKTponaMM B KBanpy nan cuanOToqnoro pemnma paapana

nonLHOM maanTHOM none [50]. IP=50 MA, p=2 I0_1TOp [49].

UIV] I UIV]
__ D

1000 Br-O . 1311‘a 800 , D CuI

' \‘D 70 re . a
00 . D D \‘ Z” . . D

5 un . 3 :\:40 Fe 400 . . n
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flyra

_ IEA]
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Pnc.I.7 BAX paapana B KBaflpyHOflb— Pnc.I.8 CHflbHOTOQHHfl pemnM

HOM maanTHOM none (cnanOTquHn paapana [B3].

CTauMOHapHHn pemuM) [51].

UIB} ' 1 UExB] n

500 u " ' ' ' 12 D .D E! D D D D 0

. D 2 1 a
3 n '
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500 1000 1 2 3

Pnc. I. 9 CnanOTquHn (a) n BHCOKOBOHBTHHH (O) pemnMH {64+66].

a. I—Ar, p=2 IOawop, 8:670 Po, 2—B=1360 Po, 3~B=1800 PC, 4,5—N2,
H2, 0. He p=I IO3T0p,II—B=1360 PC, 2-B=910 Pc, 3—B=670 re,
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HO, qTo c pOCTOM maanTHoro noun oOnaCTb KaTonHoro HaneHna 1E

ymeHLmaeTcn. MBBeCTHO, qwo 1K nma anomaanoro Tnemmero paspsxa

ymeHbmaeTca c pOCTOM naBneHua, noewomy momno canaTb, qTo nma

CHflbHOTOqHOPO pemnma CTauHOHapHoro paapana yBennqune MaPHMTHOPO

HOflH BKBHBafieHTHO yBennqunm naBneHnfi paOoqero raaa. HaTonHoe

naneHne HOTQHuHafla npn STOM Tamme yMeHLmaeTcn, Torna EEK aHonHoe

naneHne caado paCTeT c yBennqune Br' Paamep upnaHonHoro 0305 He

BaBMCHT OT Br Msyqune aaBMchOCTefi Hanpsernfi paapana OT Toma

Up(Ip
Hannqne pemHMOB paspana BonLT—amnepnue xapaKTepKCTnKn (BAX)

) [49] B oOnaCTM Oonbmnx TOKOB (CTauKOHapHHX) nomaaano

KOTOpHX upenCTaBfleHH Ha pus. 1.7 B oOnaCTn (pd) COOTBeTCTBymmefi

MMHHMYMy H upaBofi BeTBH KpnBofi HameHa. Ens Ar 3T8 odnach

npuaannemnT nuanaaony naBneHnn 2 IO'1<P<2 Top. OcoOeHHDCTLm BTOfi

rpyunu KPMBHX UP(I ) HBflHeTCfi TO, qTo prTHBHa BAX dU/dI n Han—P

pamenne POpBHHH paapana yMeHbmaeTca c yBeaneHneM nonepeqnon

COCTaanmmefi nnnyxunn MaPHHTHOPO HDflfl. Banafifle MaPHHTHOPO flbflfl

Ha xapaxwepMCTnKn B STOM cnyqae TBKOQ me , EEK OHflO OGHapymeHo B

CHCTemax c nonHM KBTOAOM B MaPHMTHOM none {52]. OTmequo TaKme,

.qwo c pOCTOM Br Kpnanecxun TOK npu KOTOpOM paapan nepexonnT B

nyry BoepaCTaeT n, Hanpnmep, E aaoTe npu Brgl40 Po nyra He B03-

HnKaeT BO BceM nuanaaone namepaeMHx TOKOB. B Tauom paspane paa—

BHBamTCfi Ensxoqacworfiue HoneOaHna, KOTOpHe B HeKOTOpHX cnyqaax

0Ta6nnn3npywwca MEPHMTHHM noneM.

HpumepOM CTBHMOHBPHHX KOMOKHHPOBEHHHX CHCTeM, HBflHmTCfi

yCTpofiCTBa [53], coquammne paspan B nonepeqnom MQPHHTHOM none 0

paapaaom B nonom KaTone. Bonbmaa umOTHOCTb TOKa IOGTKPBGTCH npn

naBneHnax padoqero raga COOTBeTCBymme BQQBKTY nanoro RaTona.

BOBMOKHOCTL nonyquna cumLHOToquux ian CTauHOHapHoro paspana'
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npn YCflOBKK coxpaHeHna BOCTawquo Bacouoro Hanpfimennfi ropeHna

(2800+700 B) dune MCCfleflOBaHa B yCTponcTBe c npoQMAMPOBaHHHMH

HOflHMH aneKTponaMH, nomemeHHHMM B MaPHHTHOB none 0 KOHmMPypauuen

Tuna "AHTMHpOOKOTpOH". Hpomnnb BHBKTpOflOB COBHaAafl c cnnoaofi

nanefi MaPHMTHOPO HOHH, QTO odecneqMBano BaanMHym HepneHxHKyan—

HOCTb aneKTpnqecxoro n MaPHHTHOPO none BOHHBH nx HOBBPXHOCTen.

YCHOBHG nepneHnnKyJHpHocTn nonefi BOflHSK Been HDBerHOOTH KaTOAa

anBonnT K oOnerqunm npodoa u yBeaneHnm Toma paspana. Padoan

Paaom fiBflfifiGfi apron. Hpn naBneHon =O.I+Iwop Guam nonyquH Cfiflb—

HOTOQHHB 0Taun0HapHHe pemnMH paapfina, KapaRTepHCTHKM KOTOPHX

anamornqnu nonyquHHM B yCTpOfiCTBe c AMCKOBHMM aneKTponaMM,

npnqu npn Toxax. upeBHmammnx IA, paapax Oonee ycrofian, qu B

YCTpOfiCTBe c naocxnmn eneKTponaMM. Hpn HOCfleflOBaHflH BQBMOKMOCTK_

Tone paapfina OT naBneHnH Ouno oOHapymeHo cymBCTBOBaHne eme onHo—

ro cnnBHOTquoro pemnma npn HKBKHX naBneBHax. C ymeHBmeHneM naB—

neHna no 10—3 Top B Ar HaOflmnaflOCb aHOMaHbHOG BOBPBCTaHne TOKa

paspana Oes nepexona B nyTOBon pemnM. Paspfin npu BTOM KOHueHTpH-

pOBanca B ueHTpe CKCTeMH n TOR paapana AOGTKPBR 2 A.

HBodxonnMOCTB HDBHmeHHH MOMHOCTH paapana n HOBHmeHHfi HflOT¢

HOCTK HflaaMH nowpeGOBano HpMMeHeHHH MMflyflbCHOPO nan KBBBMCTauno—

HapHoro pemnma. BKCHepHMEHTH, np0BeneHHHe nna MaPHeTpOHHHX onc-

TeM paenanofi reomewpun, noxaaann, qTo cymBCTBymT pemHMH pasps—

BOB, He nepexonamne B nyry npm Buaqnwenbnux Bennqnnax TOKOB. B

GBerHflOTHOM Tnemmem paapfine, HonyquHOM B ychofi0TBe Tuna

"odpameHHHfi MarHeTPOH" Koaxcnanbnon unxnnnpnqecnon PeomeTpuM

nocwnrHyT paBpHnHHn TOR I 270 A npn U 2400 B, nanTeanoowa
P P

nmnynbca Tnaneo MEG. HflOTHOCTb HflEBMH npn BTOM COCTBBflfleT

n121012 cm‘3 [541 .
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HOHHTRa nonyquna onfioponnon HflEBMH c HHOTHOCTLD =IOIB+IOI4

CM-3 0 OTpHBOM anemwpounofi n MOHHofi TeMHepaTyp c Homombm nmnynu}

Horo cnanOToqnoro paspana Tnna HeHnfiaacxoro [55,56] nouaaana

BoamomHOCTb ooananna B TaKOM paapane naaameHHoro CTOflOa c HflOT-

HOCTBK) ni=5 1014' CM—3. BxcnepumeHTH HpOBOflMflMCb Ha yCTaHOBKe

"MHAP", HpBACTaBnammym codofl nBa ynaneHHHx Ha paceTOHHHe 2.4 M

Karena, pacnonomeHHHx B npoGKax maanTHoro nona npOOKOT/pOHa. B

ueHTpe CHCTeMH pacnonomeH KonbueBon anon. Padoqnm raaom HBflfleTGH

Bonopon npn naBneHnn 10—1—z-IO‘4 Top, HaqanLHoe Hanpamenne 60 KB

[55] H 20 KB [56], HanpfimeHHOCTb MBPHHTHOPO HOHH 25 KPC n 12 KFC

COOTBBTCTBeHHO. Ton paapana amen HoneOaTeanHfi xapaKTep c ammun—

Tynamn 60 n 20 RA M BpemeHeM nDnHoro BaTyXBHHH 80 u 70 MMC.

ycnoanfi paspana oOecneanann MOHMBBHKOHHYD nanny npoOera aneur:

TpOHa snaanenLHo meHnmym, qu nanna paspanfioro npomemywxa.

EnarHOCTnKa OcymeCTBflflflBCb naaepHHMM meTonaMM, c nouombm ABOHHHX

BOHAOB n no noroxy HeflTpaflOB. B pesyanaTe nonyqua maxcnmanbnas

MOHHBH HflOTHOCTb no n12? 1015 CM—3, onHaKo sneKTPOHHaa Temnepa—
Type B BTOM onyqae He npeaumana 1.8 BB.

yBennquMe paapannoro Tana BHBHBaeT nepexon anomanbaoro

Tnemmero paapana B nyPOBon, onHaKo Hannqne HeonHoponHoro aneKT—

pnqecxoro nona, cosnaBaemoro nonHM KaTonou, Tax me KER u Hannqne

nonepeqnoro MaPHHTHOPO noun, noanonaer nonyquwb cnanOTquym

Oesnyroaym anpmy, TBK HaBHBaeMufi OBerHflOTHHfi paapfin [57+60].

CBBPXHJOTHHH paapan nccnenonanca npn naBnequ 5 10— +1 Top B

nmnynbcnom pexnme npn TOKEX no 2 EA n flmMTeflbHOCTH nmynbca 50

MKC. YxasaHHHn paspan xapamwepnayewca anaqnwenbuo ooabmen qu B

aHOMaflbHOM Tnemmem paspane nmownocwbm TOKB =50 A/CMZ, Hampsme—

HneM ropeHna 300+7OO B, axcnanbnon cummerpnen caewzmeroca KOflb-



ueBor'o 0.110;! H3 Karone. Mamepemm pacnpenenerma IUIOTHOCTM KOHHOI‘O

TOKa Ha noaepmoc'm Ka'rozxa [59} noxasam, q'ro OCHOBHaH ,IIOJIH Toxa

npmcoma'rca Ha mmnmpmecxyxo noxaepxuoc'rb nonoc'm KaTona. Mexmy

mocxmm enex'rponamn nepexon memero paapsma B CBepmeo'rHHn He

HaOmonae'rca.

Hpenc'raaneT PH-ITBPBC cnocoo HOJIyqunH cmmommx paapa—

.1103, aaIcJIquaumaLfica B Hanomemm Ha npenaapn'renbno normaoBammfi

P83 B paspamom npoueacy'me mynbca Bucoxor'o Hanpsxema [61,62].

MccnenOBaI-me peaKLmn cnaOOToqnoro (0.5 A) CTaxmonapHoro meme-Po

paspana c cemmormposammm HOJIHM KBTOJIOM [62] B aprone npn nas—

JIBI-Dm p=IO' +10.I Top 118 mmynbc Bucoxcoro Hanpamerma, nepeBoxm—

1mm paapan B CMLHOTO‘IHHH (no 200 A) Kaasnc'ralmoriapm pemw

nomaaano, q'ro 11pm npeaumemm noporoaon amm'rym (2 3’ RB) Badm—

,nam'ca aHouaJIbHHe pew c m'rechBI-mm nonecazmm TOKE n Han— ’

pamemm. CMBHOTO‘IHBH cpopma B men manaaone name-mm

p=IO' 40-2 Top YCTaI-IBBJMBaeTOH ML 11pm 3305.18.11me pemmax,

CBHBHBaeMHX aBTOpOM c BapHBHmm HBJIBHMHMH Ha Ica'rone.

060cm! umepec npenc'rammlo'r HCCJIGJIOBEHKH CKJIbHOTO‘IHHX u,

BHOOKOBOJIBTHHX paenoxanmmc'ren RBaBHCTaIMOHapHOPo paspsma B one—

Temax c BaMKl-IyTHM n Heaammym .IIpefllIDM BJIBKTpOHOB B HEOJIHOPOH—

mm 'ExH nonax [63+66]. Ha pnc. 1.8 npenc'ramerm BOJIbT-BMIIepI-Ifle

xapalc'repnc'rm CMJILHOTO‘IHOPO pema, odnapymemzorg‘é KOBECMBJIBHOM

yc'rponc'rBe c BaMKHyTHM npefitbom [68]. BxcnepmueHTamme Kpmaue

ynanocr: ACCTaTquo xopomo omca'rb ncxogm n3 npemonomeI-ma o

cymec'rBoaava OeCCTOJECHOBHTeJIbI-IOI’O KaTOJIHOI'O c.1103.

MCCJIelIOBaHMfi, CBaaamme c coanamaeM meKTOPOB mm THY

[64+66], HOKaanM, qTo B yc'rponc'rBax c Heomiopommmn axonaano

CWBTPH‘IHHIM MEPIIHTHHM H BJIGKTPH‘IGCKHM HOJIHMH ynae'rcs HOJIy‘IBTb



MOMHHe (=1MBT) BHCOKOBOJBTHHQ n CHflbHOTOQHHe nmnynbcnue paBpflflH,

KOTOpHe nepexonaw B nyry npn BHaanenBHHx Bennqnnax Toxa. Paapan

samuraaca memny unocxonapannenbuumn aneKTponaMM B nouepeqHOM,

cnnbnoneonnoponnom MaPHKTHOM none unmnfinpnqecxoro aneKTpomar—

HnTa, pacnonoerHoro Ba HaTonom (Hmocmnfi MaPHeTpOH). MooneBOBa—

HMS np0BonnnnoB B nmnynbcnom pexnme. BpemeHHHe xapaKTepMCTnKn

nmnynBCOB MaPHHTHOPO noun n Toma paspana HOAOKPBJHCL Tan, qTDOH

BpemeHa nameHeHna Hanpamefina ropeHna paapana OHHK snaaneano

Oonbme Bpemenn nonnaaunn n Benonnsaunn BapameHHux qacwnu B pas—

panaom npomemywxe. CnnBHoTquHn paspan nccnen0Banca B gnanaaone

TOKOB OT 5 A no 2 HA BBB pasnanHx naBneHnn p=5 IO"3+5 10-2 TOP

Ana PaBOB Ar, N2, H2. flmnTeflBHOCTB nmnynhca TOK8 npn BTOM He

npeBHmana IOO MEG. TnanHHe BoubT—amnepflue xapammepncrnmn,paapa—

Ba npencwaBneHH Ha pnc.I.93 Xapaxwep BaBHCHMOOTH Up(Ip)onnHaK0B

BBB paannqnux HapaMeTpOB p, d, BO n pona raaa. CHaqana c pOCTOM

Tom no HeKo'roporo Kpn'mqecmoro BHaqemm IKE—~50 A Hanpaxcerme
P

MOHOTOHHO yBennanaeTca Ha 50+IOO B, BaTeM npn Ip>III§p Hanpame—
Hue paapana npaHanecxn He BaBnch OT Toma BHMOTL no 2 RA n cox—

pBHHeT HOCTOHHHyw Bennany 300+500 B, KOTOpafi CymeCTBeHHO 888M-

ch OT MBPHHTHOPO mean u pona raaa. YMBHbmeHne BenonHH HHnyKunn

MBI'HPITHOI'O 110.715! npn EBJIBHHOM TOKe I BHBHBaeT nparcmqecmn men—
P

Hoe yBeaneHne Hanpaxefina Ha paapane U Haxnon anM n U (B)
P' P

COXpaHfleTCH Baa pasnnqnux naBneHnfi, HO yMeHBmaeTca npn nepexone

OT Ar E H2. Bennqnna 15p npaKaneCKn He BBBMCHT OT MaPHMTHOPO
nona. OTMBTHM, qTo B Ar cnanOToqnun paapan ropnT npn anaqnwenb—

HO Gonbmnx Hampsmennsx qu B N2 n H .

OTcyTCTBne BaBnchOCTu paapanHoro HanpnmeHMs OT Toma Habam-

ABSTCH T8339 B MOHIHHX yCKOpHTeJIHX C BEMKI-IyTHM XOJIJIOBCKHM TOKOM
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[87,68]. ¢0Torpammpoaanne paapana noxasuBaeT, QTO OH BannmaeT

KonbueBym OGflBCTb c ymeHbmawmnMCH CBequneM OT KaTona K anony.

Ha qDHe nuddwsno paBMHToro CBequna KMeeTCH HpKOG onnoponHoe

Konbuo, QTO CBnneTenLCTByeT 06 OTcyTCTBKH KOHTpaKuKfl paapzna.

Mamepezme pacnpeneJIeHnH EOMGHTPELW KOHOB no palmycy cnc'reMH

Hoxasam, q'ro maKcmaJIbHafi KOHHBHTpaIma HOHOB yBequnBaeTCH c

ni=IO11CM_3 npn Tome paspana Ip=9 A no ni=IO13cm‘3 npn Ip=IOO
A; BO=IOOO Tc. 3T0, no MHeHnm aBTOpOB, yKaauBaeT Ha Bucoxym 0T9—

neHb normaaunn B cmsno'romom paapsme. Ho—Bummomy 11pm Toxax

=IKA HflBBMa paapana nonHOCTbm HOHMBOBBHB. AHanns upOCTpaHCTBeH—

Hon H KHHeTqucxon CprKTypH paspana noxaaan, QTO naBneHMe P838,

Hpfi KOTOPOM CYMBCTBYBT CHflbHOTOQHafi mopma C KBEBMHBHTpaflbHHM
m 72 v

~ /_ 1 __§§___ -“V _
0659mm aapanom p0. M 120 mm10> , me vi, 120 nonnaamoa

H83 H HOHHBH qflCTOTH CTOJKHOBGHMH. HPM BTOM MERCHMaflbHaH KOHueH-

TpBuHH HOHOB ROCTMTBGTCH y HOBBPXHOCTH KaTOfla M OHCTpO cuanaeT K

d m ”i meB330m. B upma'romiom canoe “115731173" £3: i—0

MM nononm'renbm 0659mm 88pm HOHOB. AKTPIBHBH BOHB paapsma,

 

inpeoOna-

B ROTopon mee'r meo'ro HHTeI-ICHBHBH normaauna P838 n cocpeno'roqea

0659mm?! 38pm BJleKTpOHOB, Bamae'r mec'ro 296.“. B nepexom-Ion

odnac'm (Dopmpye'rca KBaSHHenTpaJILImn anon. an'raa, q'ro paspmmoe

HanpameI-me B OCHOBHOM cmaszaeTca n3 KaTOJIi-IOI'O nanemm
1/3

UK=[1:—82] 4/3112)” n Hanpamerma Ha aKTmaHofi Bone paapsma ypaB—
o

HBHHe BOflbT-BMHBPHOH XBPBKTBPMCTHEM KMGBT EMA

2
1/3 I (1 —Nle/N )2

_ M 4/3 2/3 2U “["”‘J an Ipp 95% 2g vi/v0(s:viB)2
Omomeme Ni/Ne MOJKHO oueHHTL nonaraa pacrrpenenerme no'remnana B
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N1;Ne - cpemme anaqemm RomeHTpamm nonoa n anezc'rponoxa, M;m -

aKTMBHofi zone paapima napaOomecm Ni/Ne2 , Pne'
  

maccu HOHOB n BJieKTpOI-IOB, 80:9 IO14 Q/M, B — cpemiee BHaquue

mum maI'HMTHoro HOJIfi B paapiumom npomemyTKe. OueI—mn nouasu—

Ham, two mm Ar B s'i'OM onwae Ux2'70B, 1mm H2 220B, mm N2

UK245B. MHTepeCHHM OBOHCTBOM CHJILHOTO‘IHOI‘O paapana amae'rca

0Tcy'rc'ane aanncmoc'm xapamepnc'rmc paspana o'r name-Hm. Mame-

peHna Topmosnux xapamepnc'rmc 3031x013 Ha Ka'rone noxasaJm, q'ro

00111311133 qaCTb MOHOB nonanae'r Ha Rama 0 afiepmen He npeamnamefi

100 B . Hpn Tam enepmnx norm He rrponaaonfi'r cymeCTBeHHoro

pacmmerma n npeodnanamm rrpoueccom CTaHOBwi'ca ,necopOum rasa’c

noaepxnocm Ica'rona. Oman monocnofi P388 Ha noaepmoc'm me'raJma

conepm'r 5 I014 can—2 qac'nm PI 11pm namemm 2 5 10'3 Top 0611333;—

QTCfi Ba BPEMEHB 2 10'3 c, we aHatm'reano meHbme chamocm

mnbcma TOEa paapfina. T.e. npn necopOmm xo'm 6H IO monocnoea

:35 HHTBPBBJI BpeMerm 2 IO’5 6 OO’bEM paapamior'o npomemyma 230 CM3

Gyne'r BaHOJIHeH :10 ,naBJlerma 2 5 10‘1 Top. Tara/1M odpaaom npn

HpeBHmemm HeKo'roporo Hpnmecxor'o Tana, KOI’ILB nomec'rao Hanan—

mmt Ha noaepxnoc'rb KOHOB aa BpeMH 2 I/vi CTaHOBHTCfi nopamca KOH-

uempamm 1401100303, paapan ropn'r Ha rase, ,ILSCOpOEIpOBBHI-IOM c

noaepxnoc'm Ica'rona.B odnac'm Oonee mam namemm P < PO paspsm

nepexomrr B 131100140130an pemm, mm Ko'roporo xapaKTepHo Hamps—

memae Popemm B neca'mn KKJIOBOJILT, a TOKH Ip ,uoc'mram' HBCROJIL—

m neca'moa amnep. BHaqu-me P0 cymec'rBeI—mo 3813111ch OT mamm'r—

HOI‘O 110.7151 M Ema raaa. Haupmep mm Ar - PO 2 3 10-3 Top, ma H2

— PO 2 5 10’2 TOP Hpn B=IOOO I‘c. Bun paapana onpenenae'rca

snaxom upoo'rpano'memioro aapsuza B paapam-IOM npomemy'me. B



onyqae BHCOKOBOJILTHOPO paapana TOE orparmqen OO'beMHHM sapazxom

9119pr0303. Ho MHeHmo BBTOPOB, ecm BOBHHKBBT Haaaunefi'rpanbuoc'rb

B paapamom Hpomemy'me, TO paapmx CTBHOBHTCH CMLHOTquHM. Hpn

meHbmemm maerHoro mom Bo paapsm racne'r. 3T0 HMS-HHS xapaK—

Tepnaye'rca peBKHM yaemezmem Hanpamerma n OOPHBOM Toma, npn

nocmemm HeKOTOpOI’O Rpmnqecnoro anaqemm BONp cnaOo 3313mm-

mer'o OT naBJIermr-i n pom P888. Teopna anomoro cnoa mm MEPHBT-

pOHOB [29+32] noxaauaae'r, ‘ITO rrpn menbmemm mam'moro mom,
v 8

_; oBeKeaneHTpamaa BJIeETpOHOB B paspamiom npomexty'me Ne = v m
0

6501130 wensmae'rca TEE, q'ro npn BO OJMBKOM R Kpnmqecréomy
pacnpezenex—me no'remmana c'ranoamca noq'm memnm (9(2) = an 2

, me c1 — memsnex'rpomoe pacc'romme. Mccnenoaarma xapamepnc'rmc

ropermn BHCOKOBOJUDTHOI'O paapma npommmncs mm manasofia name—

Hnfi 5 IO"1 + 5 IO‘3 Top paammmx r8303 — Ar, H2, He; ma KBTO—

1x03 n3 Mo, Al, Cu, Hepmaaemen CTaJM B manaaone mammmx none}?!

J10 3 RFC paapamme HaIrpameHI/m M T0101 noc'rm'am 30 BB K 30 A

coo'rBeTc'rBeHHo. Ha pnc.I.90 npenc'raBJIerm xapawreprme BAX BHCOKO-

BOJILTHOI‘O paapsma. 3KcnepmeHTanbx-Io YCTEHOBJIBHO, q'ro MOH1HLM'

13300140130an paapfin mee'r orpamemm manason Hampamemm

POPEHMH [U’éinmgfl], U3“ 2 BE T.e. Ouc'rpo yBemmBaeTCH c poc—
TOM marm'moro mom, a Tame CKJIbI-IO aanncm o'r maTepnana Ramona.

Uzi“ Tame ammo 333?:ch OT ma'repnana Ka'rona. TOK momHoro
BHCOKOBOJIBTHOPO paspana Hpammecm He 333mm OT namem n

Elma raBa, HO ammo 3:331!ch OT METepHEJIB EaTOJIE,‘lTO yxasuaae'r

Ha TO, ‘ITO cpenofi cymec'rBOBamm paapaaa pacema'rpmaaemoro Tuna

fiBflfieTCfl B OGHOBHOM pacnunammnfica METepflafi KBTOAB.
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1.2 MeTonH nonyqeunfi paapanoa HHBKOPO naBneHna Conbmon

momHOCTn c onHoponHofi CTPyKTypon HflEBMH.

BosmomHOCTb coanaHna paspfinoa Oonbmofl momfiocTn c onHoponHon

CprKTypon nmaamu orpaannBaeTca Hannqnem pasnanoro Buna Heyc-

TonanOCTen, npnnonamnx Ic KOHTpaPHpOBaHfiw paspana 11 nepexon B

nyroaon pemnM. PaaBnmne neperpeBHon HeycwofianOCTn TpeOyeT

npnmeHeHne umnynbcnoro nan RBaBMCTauHOHapHOPO pemnma paOOTH c

AflnTeflbHOOTbD nmnynboa, meHLmefi xapaKTepHoro BpemeHn HarpeBa

raaa B paapanfiom npomemyTKe. flms HCCflenOBaTeflbCKKX n qunono—

rnqecnnx uenen KBaBHCTaHHOHapHHn pemnM fiBflfleTCfi HpBHHOQTMTeflLHHM

BCflenCTBHe omnnaemon OTaOHfibHOCTH napameTPOB paspana n nmaamu B

Tequne Been amnTenLHOCTn nmnynbca. Coananne cnnhHOTquOPO'

KBaBMCTEHMOHapHOPO pemnma EOBMOKHO nyTeM nanomenna Ha.paapanfinfi

npomemywox npsmoyronbnoro nmnymbca Hanpfimennz, npuqu flMOO

nmnynbc momeT nonaBaTbca Ha yCTPOHCTBo BanonHeHHoe Paaou no

Heooxonnmoro naBneHna, nocne qero nponcxoanT npodofi n yCTaHOBfle-

Hue KBBBMCTBHHOHBPHOPO pemnma; nnOo MMnynbc nonaeTca Ha npomexy—

TOR, sanonHeHHHn npenBapnTenLHo coanaHHofi nnasmon c nanbfienmnu

pOCTOM ee umOTHocrn n yCTEHOBfleHHeM KBaan0Taun0HapHoro pemnma.

EnnTeanoch nepexonHHx npoueccoa B anaaneanofi CTeneHn aaBnch

OT npennoanaaunn paapanHoro npomemyTKa [69], npnqu npn ee

OTcyTCTBHK BpeMfl YCTBHOEfleHHH Hanpamefina Ha paapane COCTaBflHeT

2100 H0 B saBnchOCTn OT-aMnfinTynH umnynbca, a B onyqae upenBa-

pnTeanon nonnaaunn .~.IO8 CM—B 3T0 BpeMH ymeHbmaeTca no 3+IO HG.

fins oueHKn BenanHH n Bpemenn yCTBHOBfleHHH KBaBHCTauMOHap-

Hon HflOTHOOTH HflBBMH B paspannou npomemyrxe paCCMETpHBaflaCb

cnenymmaa Banana [93]: Ha npenBapMTeano HOHMaoBaHHHn r33 MTHO-

BeHHO nonaeTcs KMHYMLC HanpfimeHna npamoyronbnon mopMu. Onpenena-



mos Boamomme auaqemm I‘UIOTHOCTH ImaaMH H crcopocm ee more B

Basncmocm OT aMHJMTyJIH Hpmoer-moro mrynbca, namezma pacioqe—

PO rasa, n npemomaam. B Kaqecrme padoqero rasa nonnbaoaanca

apron npn namemm p=IO“I:—I Top. B odmeM onyqae npouecc Hapac'ra—

HHH HomeHTpamm BJIBHTPOHOB B IUIBBMB Hpn peBKOM nommem Hanpn—

mermocrm snempmecxoro HOJIH ormcuBaeTca Hemmemiofi cuc’remon

me'rmecm ypaBHeHnn Caner—ma, anammecxoro pememm KOTOpOfi B

Hac'romnee BpeMH He cymeCTByeT. B 13.30019 [69} noc'rpoena npndm—

IKBHHaH monem: Haqanbnofi mam normaaunoxmon penaxcaum: B Imaame

mynbcnor'o paspsma m-IepTI-IHX raaoB npn cpemm namermax. OCHOB—

Hue npndmema momma caenylonme: I. Comacno [69] upn exaqxo—

odpaanom monumem E/n1 BpeMfi penaxcamm {Dymcmm pacnpenenerma

aneK'rponoa no BHGPI'HHM auaqmenbno meHbme xapaKTepHoro apemel-m

paan'ma normsamm, noa'romy KHHGTWIBCKMB Roamenm BJIGKTPOHOB

He 3213mm HBHO OT Bpemerm n HBJIHIOTCH @ymcunm HapaMeTpOB

E/n1,ne/n1 u come BTOMOB [70]. 2. Ha mam pat-513mm normsamm

ma aacenermocm Boadyauxemmx 000mm 331119 1191380130 IrpaKTmecKn

Bcema Bunomae'rcs yCJIOBfie KBBBKCTEIMOHQPHOTCTK. 11.1151 1mm

meTaoTacmmmx m pesoHchmix ypoanefi {rpm Gammon pom ImeHemm

nanyqemm Hpu HeBHcom ne 3T0 YCJIOBKe momeT He Bunoma'rbca.

Hoe'romy 01m omen/133mm B 0mm smeKTanm ypOBeI-Ib co cpemien

srrepmefi n cymaprmm c'ramc'mqecm Becom. 3. Cpemma GHBPPMH,

npem‘mxaaa oxopoc'rb snemponoa, 053.71ch BJIBKTpOI-IHOII aneprmx, KOHO—

TaHTH cpemaen cmopoc'm Boaaymnerma n nomaamm 8TOMOB afleKTpOI-I—

mm ynapoM m3 OCHOBHOI’O n BOBOYMBHHOI'O momma Haxona'rca c

HOMOmbID mcnemoro pememm ypaBHema Bonbumafia [’71]. Homaaano

Tame, q'ro poc'r c'renexm normaamm 119 10-4 npmaomw x cymec'rBeH—
HOMy HSMBHeI-DHO KPH-IBTI‘I‘IBCKKX KOWBHTOB BJIGKTPOHOE. 4. TQK K816
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B paCCManHBaeMOM nuaHaBOHe BEE/n1530+40 Tn paBHOBeCHBH CTeneHb

MOHnaauMn cymecheHHo upeBHmaeT 10—4 , TO npoueccaMM paflKEUMOHHOfi

n TpofiHon peKOMOnHaunn momHo upeHeOpeqb. 5. Mononbaya naHHHe o

KOHCTBHTBX oOpaBOBaHna monexynfipnux HOHOB u BKCMMepHHX Monenyn

[72], MOKHO canaTb, QTO 9TH npoueccu He OynyT OKaBHBaTb cymeCT—

BBHHOPO Bflnflfinfi Ha CKOpOCTb paBBHTHH nonnaaunn npn CKBQROOOpaB—

HOM HanomeHun HOHH Ha cnaOOKOHMSOBaHHHfi HHepTHHfi P83 npn opeanx

017 CM_3. ACCOHKaTHBHaH nonnsauus mafia nonaBneHnax n1<(5+7) I

cpaBHeHnm co cwyneuqawon [72]. Mcxona n3 BHmeyKaaaHHx nonymeHnn

npouecc nonnaaunonHon penexcaunn MOXHO ouncaTb onenymmen snowe—

Mofi ypaBHeHnn [69]:

a
n9

3? =n1nefi1e + ”EnefiEe + ”Eneficr — v Fe (I I)
an

9- _ _ _ _
5f ‘n1neR12 ‘ ”enek21 n2neficw n2n952e ”2A21921 V T2

rune TL n1, n2 - KOHHGHTPELMH BHBKTPOHOB, HBHTPBJIBHHX BTOMOB Me'

aTOMOB aprona B DBPBOM BOBOymneHHOM COCTOHHKH COOTBeTCTBeHHO,

R12,R21 — KOHCTaHTH CTOflKHOBHTeflbHHX nepexonoa 132, fl1e, 628 —»
Koammnfinexwu npamofi nonnaaunn c OCHOBHOPO u nepBoro Boadymnen—

HOPO yPOBHefi, fiCT — oOoOmeHHHn KOBQQMHMBHT CTynquaTon nonnaa—

nun c KBaBMCTaunonapHHx ypOBHen (K>2), A21 — BBPOHTHOCTB onen-

TaHHOPO nepexona 2—1, 921- maKTop uneHeHna peSOHaHCHoro many—

quna; v Fe, v T? — nowoxn uanWEHn aneETponoa n BOBOyKAeHHHX

aTOMOB. PemeHneM CKCTeMH (1.1) B despaamepuux HepeMeHHHX flBflfi-

BTCH BHpBJKBI-MB .IIJIH KOHG‘IHOfi BJIeKTpOI-IHOH KOHILBHTPELMK

2

N: 95 + (c—d)M +1 — bug — (c-cmO (1.2)



n n
e 2

rne N: —— ; M: —— ; T=tn R ; Ml _ =M ; Ni _ =I
n90 n60 1 12 1—0 0 1—0

_ ”e0 529 = 919 . 7De-
b— ; c , d:

”1512 RE ”1512

Mcxona MB (1.2) n BHpameHHH nan xapaKTepHoro despasmepnoro

BpeMBHK penamcaunn nonyqu napaMeTp A = g — [NO+ gig ]2, XapaK_
Tepnaymmnn pOCT KOHHBHTPEHHH afleKTpOHOB. EnanaaoH‘ero aflaqunn

yKaSHBaeT Ha Hamnqne nByx BOBMOKHHX MGXBHHBMOB pOCTa KOHueHTpa-

unn sneKTpOHOB B nmaame. B nepBOM cayqae A>O OCHOBHHM fiBflHeTCH

npouecc cTynquaTofi HOHKBauHM, npn KOTOpOM pOCT ”9 Ha Haqanbfion

CTanHu pEBBMTHfi nonnaaunonnofi penaxcaunu nponcxonnT oqub men—

neHHo, 3a cqu TOTO, qTo caaqana KneT npouecc HaKOnfleHHH STOMOB

B nepBOM BosoymneHHOM COCTOHHHH, a BaTeM, HaqHHaa o onpeneneHHon

fix KOHueHTpauKfi npeodnanammefi CTaHOBHTGfl nonnaauna n3 nepBoro

BOSOymneHHoro COCTOHHHH, BHBHBammaa CKEQKOOOPBBHOB yBennqune

HflOTHOCTH aneKTPOHOB. Bo BTOPOM onyqae A<O, HO bHO+c > dcxopocwb

pocwa qncna aTOMOB B HepBOM ‘BOBOymneHHOM COCTOHHMM. onepemaeT

CKOpOCTb pOCTa KOHneHTpauHH aneKTPOHOB numb B HaqaanHfi MOMGHT.

Onpenenammnm MexaHHBMOM pOCTa KOHueHTpaunn aBnaeTca npamaa nonn—

aauna. CEOpOCTL pocTa KOHneHTpaunn sneKTpOHOB B BTOM onyqae He

npeaumaeT cxopocwb Haxonnenna BoaoymneHHux aTOMOB n nponoxonnw

OeB HpKO BHpameHHoro cxaqxa umOTHOCTn BfleKTpOHOB.B onyqae A<O HO

bMO+c < d pOCTa KOHueHTpaunn He nponcxonnT.

TaKoe paannqne MexaHMBMOB pOCTB ne npKBonnT B Tomy, qTo B

nepBOM cnyqae K MOMBHTy yCTaHOBfleHMfl KBaBMCTauMOHapHOPO anaquna

n9, nepaonaqanbnoe pacnpenenenne BneKTpOHOB no npocwpancway

(CprKTypa npensapnTeanoro paapana) CMflbHO TpaflcmopmnpyeTca qTo

MOJKBT HPKBBCTH K KOHTPQI‘HPOBBHPHO 1338133118. BO BTOPOM CJW‘ISG



nepsonaqanbnoe pacnpenenerme KOHHBHTPBLLMM nameHHeTca anaco,

Boneno'ane onpenenamefi pom npmon normaaunn, Kori-open mew M611-

.neHHo n paBHomepHo no odoemy. Paoqu [93] nonaauaaer, q'ro mm

marHeTpomoro paapsma B apI'OHe npn namemm I’D-2+1 Top, mam

maer'Horo 110.713 .110 3 RFC, aMHJMTwIH mam/moo Hanpamenna no 3 103

B peamsye'roa BTopon mexaHnaM. Ouemca npeneano noo'rmmmon rmo'r—

"2 0134014 owl—3 .Hoc'm IIJIaBMH mm naBJIemm IO +I Top Item nezl

Wamnoe anaqeme amm'ryzm mnbca Hanpameima npu KOTOpOM

BOBMOSKeH poc'r Hommwpamm mama npn p=IO‘ +1 Top 14 HaanIbHofi

IIJIOTHOCTH SneKTpOI-IOB neon-108409 CM—3 Um=650+1000 B. B onyqae
o'rcy'rc'ranz npemaapn'reJIbHofi fiormsamm (71802101 Cid—3 @OHOBoe 313a—
qerme) BpeMS-I nomsalmomiofl penaxoamm mome'r oooTaBn'rb no I MC,

(no mome'r OHTI: cpaBHmo o mTeanooTbxo mynboa, Ko'ropaa orpa—

HmeHa BpemeHeM paBBPITKfi Heyc'ronmocTen. Han: Homaausam mean

[93] npn naanermax no 5 IO-I Top, paapsm npemymecrraemzo mee'r

mmysnommn xapamep (npouecc mmysm anemponon IIpBOOJIBJIaeT

Ha): oo'bemmn peKOMOMHaLmefi), 3 11px 1131339113431: Oonbme 0.5 Top

momew nepexogzn'rb B 0659mm pew (npeooJanxamm cwanoamca

npouecc oo'beumon peKomomiamm) . mm OO’beMI-IOI‘O panama XapaKTepHo

Boamoaeme neperpeBHon HeycTonmooTu, Kowopaa mome'r npnBeo'm

K Hapymenmo omopomocm paapsma, ero EOHTpaKuMM o noonenymum

nepexonom B nyry. MmcpemeH'r paBmea normsaunomio—neperpeanofi

Heyc'rommaoc'm Q mee'r 13m: [713]

9:1;1dmvi ‘PT
d Zn(E/n)

me 1),! — Bemmaa OOPBTHEH Bpemerm BHBona Team 113 oo'bema, TT —

xapax'repuoe Bpema Harpeaa raaa, ”i ‘— qac'rorra nomaaum, E/n —

OTHOIBBHPIB Hal'ImeeI-IHOOTH BJIBKTPH‘IQCKOI‘O 110.313 1". KOHHSHTPBIW HBHT-



_ 30 _

panoa.

n0 T
'1: = _E1__

T 0E2

rne Cp1 — TenmoeMKOCTb rasa B pacque Ha onny monexyny, T —

TeMHepaTypa P838, 0 —- npoaonnMOCTL, npnqu B jpacque nan

onHoaTOMHoro raaa o = 2.53 loane fil- ; ”ea — qaCTOTa BfleKTpOH-
a

aTOMHHX CTOHRHOBBHHH.

d In vi
yanHBaa, qTo —————-——— =5+IO [931 nonyqu nHerMeHT

d ln(E/n)

paaBnTns HeyCTonanocwn 9210—3 c.

HByCTofianooTL, BueBaHHaa cwynenanon uonnaaunefi (nonnaaun—

OHHaH Heycwonqnaocwb) BHpamaeTca B TOM, qTo 38 cqu meHbmen

aneprnn CBHBH eneKTpona B BoaOymneHHOM aTome pocw CKOpOCTH nonn—

aaunn npn noxaanOM HOBHmeHMH ”e mneT Oucwpee qu vine. 3T0

anBonnT K npeodnanafinm mexaHnsma yBennquna n9 Han nmddwanen n

peKOMoHHaunefl, WTO anBonMT E paCHaqxe npononbfiux KoneoaHKfi B

nnaame paapana. MHKpnmeHT paaauTnH HeycwoonBOCTu [73]

 fieenz R12” 17 —3 9 —a

'XBPBKTBPHOB BpeMH paBBHTHH HeycwofianOCTn OOCTaBflHeT

THeyCTzlo—S c [931. ’
BHmeyKaBEHHHe HeyCToflanOCTM onpenehamT Bepxnmm PpaHMuy

nunTenLHOCTK Kmnynbca.

OAHHM MB OCHOBHHX IEKTOPOB, onpenenfimmnx Hepexon OT OGEGM—

Hofi (HeKOHTparnpoaaHHofi) CTanKn ropeHnfi 1c KaHaanofi, fiBflfieTCfl

BOBHMKHOBeHne nyroaoro RaTonHoro naTHa. KaTonHHe naTHa oOpaaymT—

ca Korna aBTOBMMCCMH c3 OTABMLHHX yqaCEOB KaTona nepexbnnT BO

BBpHBHym. HeodxonnMHe nag aToro npouecca nona MOPYT AOCanaTbca
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33 cqu Bucomon KOHHBHTpauHK MOHOB B KaTonHOM cxoe npn Gonbmnx

HflOTHOCTHX Toma B @839 OOEeMHOPO POpGHHH, a Taxme 3a cqu aapan—

KM HOHHHM HOTOKOM oncnnfiux nmeHox H aarpHSHeHHn Ha HOBerHOCTn

KBTOAB [74]. yqu Toma aBTOBMMCCHH B KaTonHOM cnoe HpMBOflHT K

flOKaflbHOfi HMOTHOCTH Toxa Ha MHKpOHeonHoponHOCTn B BHAe [74]

_ _ —b— . = —6 1_JO—abBEE erp{ / HE; } , me a 1.55 IO (p
=6.85 107m2/3, @ — paOOTa Buxona B 38, Ek — cpennaa HanpameH—

HOCTL snexwpnqecxoro Hons y HOBerHOCTH KaTona B/CM, fl - cpennee

BHaqune K09¢mnuneHTa yonneHna HOflfi; COPflaCHO [74] 624+8.

fins onyqaa MaPHeTpOHHOPO paapnna B Ar, naBneHun pe10‘2+l

Top, TonmnHH KaTonHoro cnoa ZR=8 155 CM, $25 9B, flze, UP2300 B,
cpennaa HanpameHHOCTb BflEKTqueCKOPO nona y HDBerHOCTH KaTona

COCTaBflHeT Ek=3.5 108.B/CM,qTo COOTBeTCByeT KapaKTepHHM Bennqu—
Ham nonefi npn KOTOpHX uneT aBTOBMKCCHH [75], nonanbnaa nflOTHOCTb

Toma c MHKpOHeOflHOpOflHOCTefl COCTaBflfieT jo 2107 A/CME, B TO BpeMH
KER RpHanecxaa HMOTHOCTb Tone nepexona aBTOBfleRTpOHHOfi emnccnn

BO BapHBHym o oOpaBOBaHneM nyPOBOPO HHTHa cornacno [76} COCTaB—

flHeT JO=IO8 A/CMZ. Teopeanecmoe paCCMOTpeHMe CTanMOHapHOPO

KaTonnoro 0303 c yquOM aBTosmnccnn, a Tamme axcnepnmeHTaanoe

moaneAOBaHne KOHTpaKuHH OOBGMHHX paspanoa npoaeneno B [741. Had—

nmnaewcs caadoe yBennqune HpnaneCKoro TOKB npn KOTOpOM paspan

nepexonnT B flyPQBOfi pemnm npn ymeHLmeHnn naaneana. flan IO Top

Kpuanecxnn TOR COCTaBflHeT jxpalao A/CMQ. CpaBHeHne yCflOBHfl {71]
c BHmeormcammm marHeTpom-IHM paapanom nosaonae'r rrpemonom'rb,

‘ITO KPHTH‘IBCKEIH HJIOTHOCTI: TOKE HGPGXOILB B MI’OBOH pemM T8141 1K9

COOTEBflReT 2100 A/CMZ.

MCCJIBJIOBBHYIH nepexona KBTOJIHOI‘O CJIOH TJIGKIBBI'O pBBpfilIB B



nyroaoe HHTHO n Bananne Ha BTOT npouecc cocwoauna noaepxnoowu

sneKTponoa, HOBeneHna unaameHHoro cronda n npnaHonHux odnacwen,

n npyrnx QaKTOPOB [78+81} uoaaonnnn yCTaHOBHTL H Teopeanecxn

OOOCHOBaTb cymeciBOBaHMe yCTofianux odpasoaannn c HHOTHOCTLD

Toxa no 300 A/CMZ, He HBnammnxca nyroaumn HHTHaMM, QTO nonTBepm—

naeT BOBMOKHOOTB HonyqunH CHHBHOTOQHHX HeKOHTpaPHPOBaHHHx IDpM

paapana.

BHBonH.

Ha OCHOBe npoaeneHHoro aHannsa .HYOMMEBHMH no CBOHCTBBM

PaBOBOPO paapflna B nonepeqHOM maanTHOM none MOEHO onenaTb

onenymmne BHBonH:

anoxoe nononbaoBaHMe B TeXHnKe marHeTpOHHHx CECTBM paan-

neHna maTepuanoa CTnmynMPOBéno B nepBym oqepenb nccnenoaannn

CTaunonapHHx paspflflOB B CermeHHHX aneKTpnquKOM n MBPHKTHOM

nonax, 0Tnnqammnxca OpaBHHTeflLHO manofi ynenbnon momHOCTbm. 030n—

CTBa swan QDpMH marHeTpOHHoro paspaga mayquH nocwaTquo nonno.

B Tome BpeMH CBOHCTBa paapana B OOflBCTM nepexona OT MaPHeTpOH—

Horo paspana c pacwymefi Boan—amnepnofi xapaKTePMCTnKon K nyroao—

my paspany npaKanecxn He nayqefifl. OTcyTCBymT OOOCHOBaHHHe

SKCHepHMeHTaflLHHe H Teopeanecxne naHHHe, noaaonammne onpenennTL

npenenbnue pengH marHeTponnoro paapfina B KOTOPOM @yHKuHOanymT

OonbmnHCTBo Texnonornqecmnx yCTpoficTB

MCCflenOBaHMfi momHHx nmnynbcaux paspanon orpannqeau HOpOT-

KMMH nmnTeanocTaMH nmnynbca, CBHBBHHHMH c3 paBBKTKeM HeyCTofi—

anOCTen n nepexonom paapana B nyroaofl pemMM.

Mccnenonanna HOHHBaunOHHOfi penaKcaunn B cpene nHepTHHx

PBBOB H COHOCTEBJIGHMG Bpemezm peammn P838 HJM HJIBBMH H8 PIMIIYJIBC
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BHCOKOPO HanpameHnfi c xapaKTepHHMfl BpeMeHaMH p83BHTMH HenCTon-

qMBOCTen ynaagsamm H8 BOBMOEHOCTB cymeCTBOBBHMfi yCTonanHx dopM

Kaaanc'ralmonapuoro paapana B marHHTHOM none He nepexonanmx B

KQHTpaPHPOBaHHym qmay npu enaqnwenbuux Bennqunax TOKa, oquHo

COOTBeTCTBymmnx nyronon oOnaCTH Boan—amnepuon KapaKTepHCTMKM

TBKMX paapflflOB.

BHBonH M3 OOSOpa flnweparypHHx naHHHx HOBBOflHmT cmopmynnpo—

BaTb OCHOBHHe Banaqn, pemeHnm KOTOpHX nocBameHa HaCTOHmaH p300-

Ta:

1. UpOBECTM HCCflefiOBaHMH cnanOToqnux mopm KBaBMCTaunonap-

HOPO paapana Hnaxoro naBneHnH B MBPHHTHHX HOflfiX paannqnon KOHQM—

rypaunn. OnpenennTb OOflaCTH GymeCTBOBEHHfi n KapaKTepMCTHKK yua—

BaHHHx mopM paapana.

2.HponaBeCTn onpeneneflne noxanbnnx KapaKTepHCTHK unaamu

paapana meTonaMM HMHYflbCHOfi EOHAOBon anarHOCTnKn n nasepHon

HHTepmepomeTpnn.

3. Mcxona n3 aHanMBa axcnepnmeHTaanHx naHHHx HOKaBaTb

BOBMOEHOCTB nononbaozanua unasmu CnfibHOTOQHOPO paspana fififi rene—

paunn HflOTHHX HflEBMeHHHX odpaBOBaHnn M KHTBHCHBHHX HOTOKOB aapa—

Item ‘IBCTHH .
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PHABA 2. METQHMKA M TEXHMKA BHCHEPMMEHTA.

2.1 Bucnepnmenranbnafi yCTaHOBKa.

BxcnepnmeHTanLHaa yCTaHOBKa nag HCCfleAOBafiflfi cnaLHOToqnux

@opM raaonoro paapana B maanTHOM none cocwonT n3 caenymmnx

OCHOBHHX yanoa n CMCTeM (pnc.2.1):

I. Paapannue yCTponCTBa

2. Cncwema upenBapnTeanofi nonnaauun

3. Cncwema nmnynbcnoro nnTaHna paepsna

4. MaanTHafi CHCTeMa

5. BaKyyMHafi cncrema

6. CHCTeME namepeHna BOflbT—aMHepHHX xapanrepncwnm

paspana

7. CHCTeMa ofiprOHuaaan n aanycxa.

8. Enarnocmnqecxne oncTeMH

PaapanHHe yCTpOMCTBa.

BKcnepmeH'ranmme nccnenoaarma éctnwomoq;/ux «may paspsuxa

maxoro ,naBJIeHna B mammom none npoaommob c nonomaoaamxem

paapsnnux yCTponCTB nByx TKHOB — nnaHapHoro MEFHBTPOHB n CKCTBMH c

nonumn upomnxnpoaaannmn aneKTponaMH.

Hnanapnun _MaPHeTpOH npenowaanaer oodofi OTKpHTym paapannym

aqenny, cocwoamym n3 nnocxoro (KaTon) n Konbueaoro (anon) aneKTpo—

non, nomemeHHym B maanTHoe none HOCTOHHHHX KDJBHBBHX MBPHMTOB,

CHaOmeHHHx pasnnqnnmn maanTonpoaonaMH, noaaonammne MeHfiTb paamep

oOnacTn maxonmyma Br. BoamomHOCTb perynnpOBaHna HHnyKan maanTHo—

PO noun y noaepxnocwn KaTona oOecneananaCB yCTpofiCTBOM nepememe-

HMS HOCTOHHHOI'O MBI‘HHTE OTHOCHTBJIBHO MBI'I-IETPOHHOH POJIOBKM, 8 THERE



CO
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Pnc.2.1 BflOK cxema BxcnepmmeHTaanon yCTaHOBKn

I

2

3

4

5

6

-Q

paapanHoe yCTpofioTBo

cucwema npennapnTeanofi MOHnsaunn

cmcmema umnynbcnoro HHTBHMH paapfina

MBFHMTHBH GHCTeMa

BaKyyMHafi CHCTeMa

CHCTeMa namepenna Boan—amnepHHx

KapaKTepHCTHK paapana

cncmema anxpOHnaaunn H aanycma

METHOCT‘IBCKHB CHCTBMH



   
   3<§ I”Wing?

 
Pnc .2 . 2 Paapamme yc'rpofic'raa .

a. rmaHapHHfi MaI‘HeTpOH

O. yc'rponc'rBo c npocpmMpOBammm anem‘ponam

I - KBTOIL, 2 — anon, 3 — maPmTHaa cuc'rema.
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nononbaoaaHMeM nByx TMHOB HOCTOHHHHX maanTOB SmCo5 u NdFeBi Paa—

pan B TBKOM yoTpORCTBe nmeeT Qopmy Konbua n cnano npnxaT K“R8TO-

ny. Maxcnmanbnoe anaqenne nfinyuunn maanTHoro flOflfi Bannan noaepx—

Hocwn KaTona COCTaBflHflO nan SmCo5 maanTa 800 PC, Ans NdFeB — 1200

Pc. Mawepnanom KaTona caymnnn qncwue merannu Cu, Mo, T1, 3 Taxme

HepmaBemmaa cranb nomemaeMHe Ha oxnamnaemym HOBerHOCTb. Marepna-

MOM aHona - Hepxaaewmaa omens n afimMHHKH.

YCTponCTBo c npannnpoaaHHHMK snenwponamn npeACTaBflfleT codofi

n33 nonnx snexwpona, nomemeHHHx B maanTHoe noae MHOPOGflOflHHX

conenonnoa, anmquHHx HaBCTpeqy (Hommnrypauna maanTHoro Hons

Tuna "anwnnpodxorpon"). Ownomeune Bennqnnu MBKchaflBHOPO snaqunH

myxmm mammoro mom Bmax(z'0) _H& 0014 cme'rpm camera/3.1

mancnmaxbnomy aaaqexnm nnnyxunn M8PHHTHOMPO nous B nfiOCKOCEIVCIIB¢KR

meTpHn Bmax(0’r) cocranazno Bmax(z’m/B (0 r): 3. Bennqnna
max ’

unzyxunn maanTHoro nous perynnpoaanacs TOKOM Kawymex B npefienax 0

— I000 Po. npomunb aneKTpoan coanagan c npommnem canonon flHHKK

MaPHHTHOPO nona, qro ocecneqnnano nepnennnxynapHOCTL ExB nonen

axons nosepxnocTn xawona, qTo B caom oqepenb nosaonano nonyanb

‘noansaunm paOoqero P838 B Oonbmom 06$eme. TaKaa Roammrypauna Hanan

noaBonnna cosmecwnra cnnbnowoqnun marHeTponfiun paspan c paapanom c

HOflHM Karonom. Ha pnc. 2.2 noxaaanu KOHOTPYKHMK anemeHToa n yanoa

paapfinHHx ycrpofiCTB u MaPHHTHHx CHCTeM.

Paspsnnue ychonCTBa nouemanncs B nayxodaemnym Baxyyunyn Ka-

mepy. BaKYYMHaH cxema YCTaHOBKK upenCTaBneHa Ha pnc 2.3. BaxyyMHaa

cucweua anmqaew B 0963 I. Kamepy c paapanHHMn ycwpoficwaamn, 2.

mMOep nus oOecnequnfl nnmmepenunanbnofi OTKaqKK Kamepu aHTnnpoOKo

Tpoua, 3. Enconoaaxyymnun nacoc TMH—500, 4. Aaornyn nonymny, 5.
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Pnc. 2.3 BaKyyMHaa cncwema

1,2 - BaEyyMHHe Hamepu c paapanHHMH ycwponcrsamn,

— perynnpyemafi nnmmepenunanbnaa OTKaqKa,

4 — TMH—SOO, 5 — BBHTflflb, 6 - aaowaaa JOBymKa,

7 - BH—I, 8 — HaTeKaTenn, 9 — OOEeMH c rasamn

IO — fiMT—Z, II — HMM-z, I2 — 6MflX4C



_39_

@opBaKyyMHHn Hacoc BH—I. Coananne Heooxonnmofi rasoaon cpenn B

KaMepe oOeoneananOCB quHprR uroanaTHMM HaTQKBTeflHMH, coenMHeH—

HHMH c COOTBeTCTBymmnMH raBOBHMH odaemamn. HOHTpOflb Baxyyma n

COCTaBfleHHe raSOBHx cmecen‘ nponsaonnnca B paannqnux nnanasonax

AaBfleHfifl c MCHOflbBOBaHMeM npeodpaaosawenen HMM—Z, EMT—2 n 6MflX4C.

MMHHMQABHOB naBneHne OCTaToqnoro raga, ocecneanaeMOPo Baxyyunon

CMCTeMOfi COGTaBflfieT 8 10—6

—3

Top. Mccnenoaafina paspfina HpOMGBOflflflMCb

B nnanaaone naBfleHnn IO —IO Top B cpene pasnnqnux P8308 Ar, N2,

H2, He, SF6 u xx cmecen.

CHCTGMB nnTaHna KaTymeK MaPHHTHOPO HOflH Ana paspaxnoro

yc'rponcTBa I HOBBOJIfieT nonqub perympyeme Tom B KaTymcax B

upenenax 0—10 A c ypOBHeM nynbcaunn meHee I% n noaaonaeT HBMeHfiTb

TOE B KaTymKax Kan onHOBpemeHHo, TEE 11 B Kamnofi OTnenLHo (pus.

2.4).

CHCTeMa npenaapnTeanon nonnaaunn upenHaBHaqua nna coanaHna

-3) BHeocxonnmofi Haqanbnon KOHueHTpauKn nmaaMH (no~ 107—109 CM
paapannux yCTpOfiCTBaX. 0H8 cocwonT n3 CTaunonapHoro MOTOanKa

nMTaHna, nosaonammero coanaTb upenBapnTenLHHn paapan c TOKOM mp

.300 mA, upeACTaBnHmmero cocoa TpexmaBHHn BanHMMTenb 0 RC

@nanpOM, HOTopHfi oOecneqnaaeT HanpfimeHne Ha eneRTponax no 3 KB 0

ypOBHeM nynbcaunn Hanpfimefinz H Toxa <I%. anaBneHne ocmeCTBnHeTCH

c Homombm TpeXQEBHoro perynaTopa HanpameHna (pnc 2.5). HOHTponb

Toma n Hanpaxenna cwaunonapnoro paspana ocymeoTBnHeTca c nomombm

ummpOBHx npnOopOB c npnmeHeHneM nennTenefi n myHTOB. MamepeHna

xapaxwepMCTnx CTauHOHapHOPO paapHna npoaonnnncn c nomombm

nByxxoopnnHaTHHx rpaQOHOCTponTenefi Hr307.

HBEBHCTBHHOHEPHEH CMCTema HMTaHfiH paapana anmqaeT B ceOH

MGKyCTBeHHym nunHHym nanm, GOCTOHmym M3 19 LC ceKan,
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Pno. 2.4 CHCTema nnTaHna KaTymeK maPHnTHoro HOflfl

(paBpHnHoe yCTpofiCTBO c npommnnpoaaHHHMM sneKTponaMH)

PHOI, PHOZ, PHD3 — perynaTopu HanpameHna,

TPI, TP2 — HOHnmammMe TpchmopmaTopu.

PHT

 
PKG. 2.5 CnCTeMa npexBapHTenLHofi MOHnBauHu.
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Pnc. 2.6 BfleKTpnqecnaa cxema yCTaHOBKn
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HommyTnpyemym THpHCTOpOM T650—24, cornaoymmym RL uenoqu H BHCOKO—

BoanHHn BHHpHMHTeflB c nanammefi .xapaKTePMCTnKQn TBMM-I3—220-50.

Banycm MMHMH nponanonnnca c BanaHHon Banepmxofi OTHOCMTeanO sanyc-

K8 KOHTPOHBHO—HBMepKTeflbHOPO Romnfleuca OT reHepaTopa FEM—6. HpHH—

unnnabuaa cxema yCTaHOBKH HPBACTaBfleHa Ha pnc. 2.6.

BHGop qacTOTHHx napameTpOB nmnynbofloro MCTquMKa HMTaHHH

nponaaonnwca B COOTBGTCTBHH c BpeMEHeM yCTaHOBfleHHH

EBaancwauMOHapHofl umOTHOCTH nmaauu, a Taume c BpemeHeM paBBnTua

MOHnaaunonon n HQHHBaunOHHo—neperpeanon HeyCTonanOCTn. Mcxona n3

aaBnchOCTefi nonnaaunonofi penancaunn OT HpeABapHTeflbHOfi nounaaunn,

naBnennfi H amnflnTynH nmnynbca HanpameHnfl pnc. 2.7 3.6, a

Taxme yanHBaa , QTO Ana naBHeHnfi no 0.5 Top BpemeHa pasanTnH

nounaaunonno—neperpesnofi Heycwonanocwu COOTaBflflmT ” 10—3—3.IO'30,

a MOHMaaHMOHon 10-30 [93], BHOnpaeTcs MOTOQHMK, noasonammnn

quMHPOBaTL flpHMoyPOflbHHe nmnynbcu Toma n HanpameHna c BpemeHeM

Hapacwanna (nepeanM QmOHTOM nmnynbca) 5—60 MEG n flmHTeflbHOCTbm

naocxofi BepmnHH no 1.5 MG. AMHflnTyna Toma momeT MGHHTBCH no SKA

npn Hanpamennn aapanxn nann no 2.4 KB. XapaHTepHaa @opma nmnynbca

Toxa n33 paananHx Harpysou npnBeneHa H8 pnc 2.8. fins ymenbmeuna

BAHHHHH HCTOQHMEB HHTaHHfi H namepnTeanHx uenen CTaunonapHoro

paapana Ha qppmy n napameTpH npamoyronbnoro nmnynbca, OH 0Tnenea

OT paapannoro yCTpOfiCTBa orpaannBammnMM conporaneHnaMn Rorp'
oOecneanammne TOK yTeqxn meHee 1.5 A (npn Tome paapfina N 1.5 EA).

BpeMeHHHe aaBnchOCTn KapaKTepHCTHKK nmnynbcnoro paspnna

pePHCTprOBaflHOb c Homombm sanomnnammnx ocunmmorpamon 08-13,

08—14, 0 nononbsoaannem KOEKCHBJBHHX myHTOB, KoaxcnaanHx

OesnaBonquHx JennTenen HanpameHna H noncoa POPOBCEOPO. BoneACTBne

GOJImefi MTBJIBHOCTI‘I MYJleB T0168 H0308 POI'OBCROPO BHIIOJIHGHH H8
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Pnc.2.76 BaBnchOCTb MOHHBBHHOHHOfi penancaunn

OT amnflnmynu nmnynbcnoro Hanpfimenna

nag paannqnofi upenBapnTeanofi MOHHBaunn
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Pnc.2.8 Ocmmorpamm myflbOOB TORB

I—Rfl=p; 24%;? OM; B—RH=5 OM

500 A/nen; 200 MEG/glen

U R1 01 V83v -
3 3

- - -

VS HPI

 

Re AI? 3m
_ - - }4 }{ if:

0 Rs V32 ‘ __.
UH H + - 14' can x 001.;

R7
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erpnTOBHx cepneQHnKax u paOOTamT B nnanaaone qacTOT 102—106 Pu.

HOCTpoeHne BOflbT—EMHGPHHX xapaKTePHCTnR paspana HpOHBBOfiMflOCb c

Homombm CTaHnapTHoro naKeTa oOpaOOTKM naHHHx GRAPHER (IBM PC AT).

2.2 BOHLOBaH meTonnKa onpeneneHnH napameTpoa nnasmu M HOHHHX

HOTOKOB. -

Onpenenenne noxanbnux KapaKTepHCTHE paapana, Taxnx Han BfleKT-

pOHHafi Temnepawypa (Te) n HMOTHOCTL HOHOB (n1) B nmaame paspflna

npOBOnHHHCb c Homombm CTaunonapHon n MMHyflbCHOfi sonnoeon anarnoc-

THEM. Paapan pacemannEaemoro Tuna ropnT B BHaaneflbHHx aneKTpn—

quKOM n MBPHKTHOM nonax, onHaKo reomeTan MaPHMTHOPO HOflH B oOonx

paapHnHHx YCTpOfiCTBaX TaKOBa, QTO nosaonHeT MCHOMLBOBBTL unmnnnpn—

qecmufi onnHquHn song Oea.yqua Bananna MBPHHTHOPO Hons. KOHCprK—

THBHO Bonn BHnonHeH B Bune BoanPaMOBoro GTepmHH nnameTpom 0.6 MM,* w=

C naemanbm OTKPHTOH qaCTH S=IS MMZ, aamnmeHHoro KepaMflquKMM M30-

naTopOM. B paapannom yCTponCTBe Tuna SHTMHPOOKOTPOH OH nomemancn B

ueHTp paapanfion odnacrn anonb ocn cummeTpnn aneKTponoa qepes Bany—

yMHHn BBon aHona. 7

Craunonapuue BOHAOBHB namepeHna npnmeHfinMCL nan onpenenenna

HapameTpoa upenBapnTeanoro paapana c HanpfimeHKeM ropeHna no 350 B

n TOKOM no 300 MA. Oxema namepenna He 0Tnnqaewca OT TpaflnuMOHHOfi n

COCTOHT n3 perynnpyemoro MOTqunKa HOCTOHHHOPO Hanpamenua 85-50,

OJMHOQHOPO gonna n pePMCTpaTOpa B Bane payxxoopnuHaTHoro rpamo—

HOCTpOHTeflH H4307. Hanpamefine HBMepfleTCfi HBHOCPQACTBBHHO Ha Bonne,

TOE — c Homombm myHTa Rm=IOO OM.

flpn AOCTaTquon HpOCTOTe n HanemHOCTn, cwaunonapnaa aoanoaan

pnaruocwnxa nmeeT pan HenocwaTKOB. K HMM B qacwnocmn OTHOCHTCH:

cnomHOCTb YCTaHOBKH Hyna Hanpfimennfi 88 oqu BflHflHKH nepBonaqanb~

HOPO HOTBHHKEHB MBORHPOBBHHOPO BOHHB; neperpeB BOHHB KPH UOflbMflX



IIJIOTHoc'mx mama; HGBOBMOJKHOCTL nononbaoaamm 11m marHoc'rm

HMl'IyJIBCI-IOI'O paapana. B 083811 0 9m dune paapaOo'raI-Ia n rrpmeHeHa

mammalian aomoaaa cxema. OHa ooc'ron'r n3: Lona-Iomoro aorma,

2,.reHepaTopa pasaep'nm. 3.x3mepn'renbaoro KOMIUIBKCB. Konc'rpymma

some 39 o'rmae'rca OT aneormcannon mm c'ralmonapI-mx namepemm.

Konc'rpymma reHepa'ropa pasaepm npezzc'raBJIeHa Ha pnc.2.9. OcoOeH-

Hoc'm cmno'romoro paapsma upemaasmm 1c reHepa'ropy pasaep'rm

Becma mec'ncne Tpedoaazma: I. Hpeneano meme BHXOJIHOB coupo'rmme-

me, 2. Bosmomoc'rb nponycxa'rb nymompm TOK no 50 A, 3. mm-

Tenbnoc'rb mmyJIbca Harrpamerma B peme cmmowoquoro paapmza 119

name npeauma'rb IOO MKC. 4. OH nomeH nonycxa'rb oprarmaalmm Tom

aemez-ma Ha anone paapsma. 3m ycnonna He noaaonaxo-r upme— Ham-S

Tpammomme CXGMH WHLCHOPO I‘MTQHHH 301-11108 H8 ocuoae SWTTSPHHX

H HOTOKOBHX HOBTOPKTEJIGH. H8 HpBlICTBBJIHeTCH BOSMOJKHHM HCHOJILSOBaTb

B Kaqec'rBe reHepa'ropoe pasaepmn new 38 ocnoae aapamameroca mm

paapamameroca nomenca'ropa, Tax Kart mm peruc'rpauma 33 0mm Imme-

perme snemponnofl n Helmet qacm xapax'repnc'rm cxema name mae'rb

BOBMOJKHOOTB nonaaa'rb 35 3021.11 Hanpamerme KaK Bume , wax n we

no'remmaJIa uaompoaaaaoro 303.113 ((911) , npmem BO Hademazme neperpe—

133, no Havana nauepem. 30211: 11011393 Haxomrrbca r1011 uo'remmanou

naompoaamloro Box-ma. Mcxozm m3 Bumenanomemmx TpeOOBam reHepa-

Top pasnepm upencrame'r 0000?! 1:33 caaaammx KOHTypa (I — 0

R3,

TepI-nmn mqam V81 3 V82. Banycx In uomepacarme cmc'repoa B

H)

V81, CR 121 II — CK, V82, 1%!) yrrpaBJmeMHe penem-mm mm emc—

rrpononamem coc'rommn ocymec'rmme'rca macropmm KqueM, cpopmpyxo—

mm c'rynema Hanpimem mTeJIbHoc'rbm, npeamnamen mTeJILHoc'rb

mmca cmnomoqnoro paapana. Bumqeane sanycxamero mpnc'ropa u

HBMGPKTQJIBHHX 1.191183 HpOHSBOflHTbCI-I C aanaammn sanepxxam, OTHOCH-
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TBflbHO OCHOBHOPO nmnyanHoro paspfifia OT PeHepaTopa FBM-B.

PeHepaTop paaBepTKn padowaeT onenymmnM oOpaBOM: B MCXOHHOM COCTO—

HHHH Haxonnweanaa eMKOCTb CH sapamaeTca no OTpnuaTeanoro HOTeH—

1358.118 —(PH, 3 0011185! BMICOCTB OOOHX KOHTypOB C 110 HOJIOKMTBJIBHOI‘OK.

HDTeHunana on OTHOCHTeflbHO aHona. Tax max oOa Knmqa V81 n V82

HaxonaTboH B HBHpOBOflHmeM COCTOHHHH, TO eMKOCTb BOHfl—aHOfl aapama—

eToH no HOTSHuHafia o, saBncamero OT HOTeHunana HBOflMpOBaHHOPO 80H-

na. B MOMGHT BBMHKaHKH meqen (OTKpHTHfi THpHCTOpOB) HanpameHne Ha

30Hne @; onpeaenaeToH, c yquoM snaxoe awumn TpeMH HOTEHuMafiaMM.

_flanee, eMKOCTb CK, sanammafi HanpameHne Ha BOHAB, HaanaeT aapa—

maTbca OTpHuaTeflbHO, Kan 3a cqu Toma paspana HaKonnTeanofi eMKoo—

TH 1H, Tan n 33 cqu Toxa Ha BOHn. HapameTpu snemeHToB oxeMH rene—

paTopa HOAOMPEJMCB B 3aBnonmocwn OT omnnaemux BflGKTpOHHHX n MOHHHX

HOTOKOB Ha soHA, onpenenHeMHx Te' T1, n1. flma flHaPHOCTMKM upeflBa—

pHTeflbHOPO paspana c omnnaemon unomnocwbm unasMH ni=108+1010 om'a

n Te 2 20 3B - CH=2 MKQ, CK=O.25MK®, Ra=500 OM, Rm=IOO OM. TaKaH

cxema nosaonfiew nponyCKaTb nByxnoanHHn TOK aona no IA, qTo,

upeBHmaeT oneKTPOHHHn n HOHHHH TOR Hacnmenna nan naHHHx TeMHepaTyp

M unoTHQCTefi.

IoI4 owl—3 n Teas—20flan nmnynbonoro cnanowquoro paapana n12

BB, — CH=6 MKm, CH=I.75 MKQ, RB=IO OM, Rm=O. Howenunanu B oOouX

onyqaax BHOHpamTCfi ¢H= — 50 — 70 B, wk: 40 — 60 B. flan- TenLHOCTb

paBBepTKH B BTMX ycnoanax .COCTaBflfleT 20 MEG. MaxonmaanHfi TOK

reHepaTopa onpenenanca B pemnme KOpOTKOPO BBMHKBHMH n COCTaBan no

40 A. ConpowuBneHne RB KOHTypa I HononpaeTCH ononepnmeHTabuo

ncxona Ha TpeOyemofi BenuanH nonomnTeanoro BHOpooa Hanpamennfi Ha

aoHne B pemnme xonoororo xona. Ocunanorpamma MMHyflbca Hanpnmennn,

gnpmnpyemoro reHepaTopom paaaepTKn upeACTaneHa pno.2.IO. Ema



Pnc.2.IO Ocunnnorpamma Hanpamefinfl paeaepwxn 20 B/nen, 5 MEG/nan

 
I — PemnM paOOTH oxeMH nan onyqaa, Horne HOTeHunan

nnaamu Hume aHonHoro;

2 — PemnM paOOTH oxeMH nan cayqaa, Korna noweHunan

naaamu BHme anonHoro;

(a—O), (B-P) — paOoqne yqaCTKM Ha KOTOpHX npouaBo—

,IIHTCH nameperma .

 
Pnc.2.II Cxema nonxnmqenna souna-Konnexwopa.
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odecnequHH pePMCTpaunn xByxnoanHoro Toma Ha Bonn B KaquTBe unm—

qefi V81 n V52 HCHOHBBOBaflMCb FepEOHOBHe pane HflM CHMMeTquHHe

mpnc'ropu, npmeM B 9mm cnyqae V82 myH'erOBaH Bucozcoqac'ro'rmm

nnonom.

Mamepnwenbnun KOMHfleKC COCTOHT n3 nByx aanomnnammnx

ocunnfiorpaQOB 08—13, myHTa, quCTBHTeanOCTbm IOO B/A Hflfi noaca

POPOBCKOPO, quCTBnTeanOCTbm IO MB/A. Hoac POPOBCKOPO BHHOflHeH Ha

deppnTOBOM cepneQHnKe H HmeeT nonocy HpOHyCKaHHH OT 10 no 106 Tu.

Cnnxponnsauna MMHynbca Hanpamennfi Ha aoHn n 3anycx ocunnnorpaQOB

ocymeCTBflHeTCfi OT Havana HMHYHLCHOPO paspfina c BaflaHHOfi saxepmxon

OT reHepaTopa FEM—6. Han aamnTH OT HaBonKn sanyCK reHepaTopa

paaaepTxn n ocunnnorpamoa ocymeCTBnaeTca qepea paanennTenLHHe

Tpch®opmaTopH.

Ens namepeHna pacnpenenna HADTHOCTK KOHHOPO nowoxa axons ocu

cummeTpnn paspanfiux yCTpOfiCTB HBPOTOBfleH SOHfl-EOMJBKTOP pnc.2.II

BHHOflHeHHHfi B Bnne KOHueHTpnqecxnx KonbueBHx aneKTpOHOB, Kamnnn H8

ROTOpHX paOOT&H B pemnme HOHHOPO HacumeHmH. C uenbm ymeHbmeHMa

ncxameuna aHepreanecxoro CHGKTpa HOHOB M Hon—eneKTpOHHon amnccnn,

HOCTOHHHOB cmemeHne, HonaBaemoe Ha HJBCTHHH sauna Ouao BHOpaHO B

Haqane HOHHOPO HacumeHna (BOflnBH HOTBHuHafla HBOflHpOBaHHOPO Bonna).

MOHHHH TOR Ha Bonn namepfinca myHTaMH B onyqae CTaunOHapHOPO

paspana n cneunanbno M3POTOBfleHHHMH noacamn Poroacxoro B cayqae

nmnynbcnoro paapana.

Pacqu sonnoaofi cxeMH

Pacqu Boan—amnepnon xapaKTepucquu reHepaTopa paBBepTKM,

nonammero Hanpamefine Ha Bonn, nponseonnTca pemeHnM ypaBHeHnfi anx—

roQa nan nByx KOHTypOB reHepaTopa, B onnH M3 KOTOPHX onnnT Keene—

nyemaa naesma. Ema aToro peanbnafi aoHnosafi xapaKTepncwnKa nmaamu
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sameHaeTca Ha ynpomeHHon (pnc.2.12) coc'romnym H8 may): mam-nix

yqac'moa, xapamepnaymm COCTomme 30mm B peme MOHHOPO Hamme—

HMH (Y‘IECTOK I) P! B peme COBMBCTHOI’O npo'reKava BflBKTpOl-IHOPO H

HOHHOPO Toma (yqac'rox 2):

 

 

73+ .

+ (p < I+ ch lcp{H80 3 [ 1T f
13%) = i" 13+ . (2.1)

T — Hac
— +13 2 1+@923 T (93 [ “5- I‘D)”

T

rune 113 - TOE Ha BOHJI, (pa — HOTemmaJI 3011.113 OTHOCHTeJinO OHOpHOPo

sneKTpona, ciao — TOE MOHHOI'O HacmneHHH, (pf — HOTeHuHaJI
HaoJMPOBamIoro Some, 1% — sneKTpommfi TOK Ha Bonn,

COOTBQTCTBYIOM HyJIeBOMy HOTBHHHBJIY 3011.113 OTHOCHTeJIbHO WEBMH..,_,;:,

Bemqmm 1:230, (pf, 1T MOI'yT OHTI: oupeneaefiu axcnepmemamfio :(B
BTOM onyqae pacqu HBJIHeTCH npoaepoqm) mm OHTB upenc'raanem

ncxona n3 HpemonaraeMHx afiaqemm snezc'rpom-Ion TemepaTypu Te 91

HJIOTHOCTH ni MCCJIQMBMOH HJIEEMH

’ RT
+ ~ Y 2 e

1:380 ~ — 97118 T (2.2)
2.7

RT
,9 e A!

_~ _./_5 /Re (2.4)

me S — HJIOIIIBJIB some, mm — maccu sneKTpona H 'KOHa.

3KBHBaJIeHTI-Iafl cxema reHepaTopa rrpn pernc'rpamm sneKTpOHHofi

BeTBn BOHJLOBOH xapaKTepMc'rmm npenc'raBJIeHa Ha pnc.2.13 Ma

ypaBHemm nanemm HanpameI-ma 3110.711. saMKHyTHx KOHTypOB I M IL. 3
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Tax me Oaxanca TOKOB B ysne I nonyqnm CHCTeMy ypaBHeHHn nan

KOHTypHHX TOKOB i1(t).i (t)

I (“1”) I

0; 1.,(t) + R EF— + 0; [1,(t)+zg(t)] = 0
di (1‘)

5; [i1(t)+ig(t)] + r 75— = 0

c HaqaanHMH ycnoanfimn UCH(O} = mg — O; UCP(O} = 03 — O
Mocnenyemaa unasma BXOflHT B KOHTyp II B flaHHOM onyqae KaK HCTOQHKK

3.H.C. co cnenymmnmn napameTpaMK E=—@f; r=- 91—
{"1”

Hpenedperaa HeBHaaneanHM BKBHBafleHTHHM COHPOTMBfleHMeM,IBHOCHMHM

HOHCOM POPOBCKOPO HpI n TOKOM yTeqxn qepea nennTenb Hanpamenna,

T.e. canaH @3(t) = Ucp(t) + O; {3(t)=ig(t)

nonyan BpemeHHHe BaBHCHMOCTH Toxa n Hanpameflna aoHna no ero

HBPBXORB B FGMHM KOHHOFO HBCHMBHMH

(t) 0 I 0+1 12‘“? [I ‘91:]<9 =90 - -e +

3 p CD 737 mph) 0 0
+1 b+I 0‘2“ i1 1—9—63]:0 EW[ ]p p

o o o o
tn—bt 432: at —£ —g3t

iam=m)‘§0?—Ze1+(b)—35T‘Iea
p p

o o o

o (911"? _ o_ — (P

,, (2.5)

0+0 0+0
_ H. _ _ H

a—chfl1-—8;I—, b-Ropfig 08H—



 

pH p pH 1’

0 +0 i—
I H T

3 = [ CBC—Hf - + hi1 2 pH prf

C +0 1"
I E H T‘3'- ?T[ — ‘T___w].a
b p H bp¢7

B pemnme HOHHOPO HacumeHnH TOE Ha aoHn npaRanecmn He aaBuch

OT HOTBHHHBfla BOHHB, HOBTOMy BflHHHHe Hccnenyemofl HflBBMH MQEQT OHTB

HpeflCTaBfleHO KaK BKflwquHe B KOHTYp II HCTOQHKKa TOEB c
+

KapaKTepKCTHKofi £3(@3)=iHaC. BKBMBafleHTHafi cxema namepennfi npnBe-

neHa Ha pnc.2.I4. BaBHCMMOCTb HOTeHunana gonna OT BpQMeHK B STOM

cnyqae HMeeT BER

RC 0 —@ (t—T). 1

Lp(t}=tp('r)— U—g—{i.(T)+i+1U-RC—}I—e +3 p p+ H I Hap p+ H [ ] (2_7)
. 1+mm

+ 0"0 (t-T)
p+H

Fae {1(T) — aHaqune TOKa B KOHType I K MOMeHTy t=T HOCTHmeHHH

'TOKOM Ha BOHn BennanH Toma HOHHOPO HaCHmeHHH 13(T)=i;ac.
O D O O '

i ’t) _ 12 ~ b11 e—B1t+ 012 — i1 e-Bgt (2.8)
1‘ ‘ Rpr Rpr

BaBHCMMOCTb OT BpemeHM BOHflOBOPO Tone B pemnme MOHHOPO HaCHmeHHH

OTcyTCTByeT £3(t21)=£;ac. Hpndnnmenno BpeMH nepexona Ha HOHHym

BeTBb KapaKTepHCTHKH MOKHO oueHnTb n3 paBeHCTBa @3(T)=gf.

UPOBepOQHHfi pacqu aaBHCMMOCTefi HaHpHKeHHH n TOKa Bonna OT

BpemeHn nan omnnaeuux napaMeTpoa unaBMH c yquOM orpaannBammero

BflHHHHH snemeHTOB cxeMH reHepaTopa igac=l.75 A, mfz—IB B, ii=12 A
HOKEBBH KaquTBeHHOG coananeHne HOflyquHHX BBBHCKMOCTBH M BKCHGPK-
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3 I BOHfl

  
Pnc.2.12 MoneanaH sonnosaa Pnc.2.13 BRBMBafleHTHaH oxema

xapamwepncrnxa. reHepaTopa pBBBepTKM npn

pePHCTpaunn sneKTPOHHon'

qaCTn BOHflOBOH xapaKTe—

pMCTHRH.

3 I scan ¢3[B]

  
PMC.2.I4 BKBHBafleHTHaH cxema Pnc.2.I5 HanpfimeHne paaaepTKn

reHepaTopa pasaepTKn Hpn BOHna; . - pacqu

pePHCTpaunn HOHHOH qaCTM — - 9KcnepnM9HT

BOHJIOBOfi xapamepncTHEM .
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MBHTaflbHHX BOHflOBHX XBPBKTBPHCTHK, QTO HOLTBBPKAEET paOOTOCHOCOO-

HOCTB PeHepaTopa FBBBGPTKK H HOBBOHHQT HpOHBBOflHTb BHGOP 9P0

anemeHTOB B aaBnchOCTn OT Enna Hccnenyemon HflaSMH (pnc. 2.15).

2.3 flsyxmozoaan nasepHaH MeTonnKa onpeneerns

HflOTHOCTK HflaBMH.

Han onpenenefina aneKTPOHHofl KOHueHTpauMn unasmu cnanOTquoro

KBaBHCTauHOHBpHOPO paapaga B CermeHHHX ExH nonax HCHOflLSOBaflECb

nHaPHQCTHKa Ha OCHOBe flByXMOflOBOPO Tpexsepxanbnoro He—Ne aaaepnoro,

HHTepmepomeTpa c @OTOBHGKTqueCKOH pePMCTpaunefi [83+86].

B naHHofi meTonnKe nononbayeTca BBBHCKMOCTL

nameHeHMH MomHOCTH BflBKTpOMaPHMTHOPO nanyqennfi, perncwpupyemoro

iDTOHpHeMHHKOM, OT BennquHH QaBOBOPO Haoera npu npoxoxnennn

nasepuoro nyqa qepes unaameHHoe odpaaoaanne.

MeTon onpeneneHnH KOHHBHTpauHM aneKTpOHHofi KOMHOHBHTH HflaBMH

OCHOEaH Ha aqquTe KOHKypeHunn amcnaanHx men B raaoaom naaepe. B

are OCHOBe nemKT nnHenHaa BaBMCHMOCTb memny momnocwbm renepauun

naaepa n HOKaBaTeneM npenomnennfi openu BHeceHHofi B peBOHaTop, qTO

noaaonHeT npoaonnTb npocwym OOpaOOTKy peByflbTaTOB namepeHnn.

MBMGHGHMB RogueHTpaunn sneHTpOHHofi KOMHOHeHTH onpenenaeTcH

BupameHneM BEE ;

ANe=An/(4.49*1 01 4mg) [cm—31,

rue An:(K/21)1(AP/Pmax)*(6/(1/2L)) — nameHeHne noxaaaTenH

npenomnefinfi unasmn, AP — nameHeHne momHOCTn reHepaunn, l,L —

COOTBeTCTBeHHo Janna OOflaCTH aaHnmaemon unaamon u Janna

pBBOHaTOpa, A — nauHa BonHH nanyqeuna.

Huaruocwuqecmnn Romnnexc COCTOHT n3 caenymmnx OCHOBHHX

CMCTQM:
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1—paspanHoe yCTpoHCTBo,

Z—naaepHHfi nHTeerpomeTp,

3-CHCT6M8 npenaapnTeanon MOHnaaunn,

4—MMHynbcaaa CHCTeMa nnTaHnH paspnna,

5—cncwema namepeHnfi KapaKTepHCTHK paapana,

6—CHCTema CHHXPOHMBaunH n aanycxa,

7—OflOK ynpaBneHna nasepom,

8—CHCT9M8 pePHCTpaunn BuxonHoro Hanyqenna KHTBPQBPOMQTPB.

KOHCprKTHBHO aKTHBHafi qaCTb HHTepmepomeTpa M1—M2 COBMSCTHO c

@OTOHPMGMHMKOM @H BHHOflHeHa B Bnne enHHHoro OHTHKo-Mexannqecxoro

Onoxa Ha oOmeM OCHOBaHHH. OTneano OT OCHOBHOPO OnOKa paamemaeTca

ompamaTenb M3. anaBneHne meMMOAOBHM pacmennennem, a onenoaaTeano u

quCTBnTeflLHOCTbm MHTepmepomeTpa, ocymechnHeToa HOBOPOTOM dwaoBHx

HflaCTMH $1 a me ownocheano xpyr npyra B HMOCKOCTM,

‘nepneHnHKynapHofi HanpaBneHnm ocn MHTepQBpomeTpa. Dana n3

reHepnpyeMHx nasepom BBBMMHOOpTOPOHaflBHHX mon aBnfieTca

onopHon(A=3.39 mxm). OHa BunenHeTCH HOMHPHBaTOpaMM H1 H H2 H c

HOMOMBD @OTOHpHeMHHKa Hsnyqune nasepa npeoOpaByeTca B sneKTpnqecxnn

.CMTHafl, COOTBeTCTBymmKH eneKTpOHHofi KOHueHTpauKH nmasMH. Hpn STOM

HeoOxonnma meCTKaa CTEOHMHBEHHH flflHHH peBOHaTopa, KOTOpaH

ocymBCTBnaeTca Ha BTopofi mone (A=O.69 MEM). QaCTOTa u HHTeHCHBHOCTL

Haflyquna BTopon menu, Eugenfiemofi nonapuaaTopaMH H1 H H2, HameHamTca

npn yBennqunn nan ymeHbmeHHn onaneCKofl nanny HpomemyTKa memny

nasepOM n BHHOCHHM OTpamaTeneM M3, QTO BKBHBaneHTHo nameHeHnm

flMHefiHOfl HflOTHOCTM. 9TOT CMPHan paccornaCOBaHna c QOTOHPHeMHMKa

noowynaeT B uenb oOpaTHofi CBHBH, n nocne yCHfleHMH, nonaeToa Ha

nmesoxepamnqecxne KoppeKTOpH H1 n H2, BOBBpamammne Bepxana M1 n M8 B

monomeHne COOTBeTCTBymmee HaqaflLHon amnHe peBOHaTOpa. TaKMM oOpasom
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Pnc.2.17 Enox HMflyflbCHOPO cmemenna.
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nponaaonnmca CTaOHflMBBHMH fiflHHH peaonawopa OTHOCKTeflbHO mexaaneCKnx

BnGpaunfi.

Cnuxpounsauua M sanycn nasepa nponsBonnnoa OT PeHepaTopa FEM—6

OEHOBpeMeHHO c nanomeHneM Ha paapanfiufi 'HpomemyTOK npamoyronbnoro

nmnynbca HanpameHna H yCTaHOBneHneM KBaan0TaHMOHapHoro pemnma

paspflna. BOHAHPOBBHMG nasepHHM :HanyquMeM nnasmeHHoro OOpaBOBaHHH

HpOBOHHflOCb B Tequne BCEPO BpeMeHM OymeCTBOBBHMH CHflbHOTOQHOH

paspana.

2.4 MMHYflbCHOB cmemeHHe.

MCHOJLBOBBEMB cnanOTOQHHx 10pm RBEBHCTHHHOHBPHOPO paspana B

HHOCKOM MaPHeTpOHe H aHTKnpOOKOTpOHe nan pemeHna aanaq HaHeCeHMH

HOKpHTnn n HOHHO—CTHMyflHpOBaHHOPO TpaBneHna maTepnanOB Tp90yeT

@OpMMpOBaHHfi KOHHHX HOTOKOB H8 unaBMH paapana c BanaHHon sneprnefi;

OHBHEB MOHHOTO T038 HaCHMBHHH

i+ Na #51?. ~ -—— en S
Hac 2.7 t T

rue S — anomanb Konnexwopa, nO - nnOTHOCTb nnaBMH, Te ~

eneKTpOHHaa TemnepaTypa, M — macca KOHa nan onyqaa ”i a 1014CM_3

npn Te: 593 HOKaBHBaeT, qwo HMOTHOCTB MOHHOPO Toxa Ha KOflfleRTOp B

BTOM onyqae COCTaBnT J+= 2.5 A/CMZ. Honnepmaflne nowenunana

cmemeHnH Ha KOflfleKTOpe nyTeM HCHOflbBOBaHHH OTneflbHOPO reHepaTopa

HBflHeTCH flOCTaTOQHO cnomHofi Texnnqecxon aanaqefi. BCBHBH c3 STEM

paapadowan cnocod Honaqn Hanpameuna cmemenna Ha KDflfleKTOp

nononbaya qaCTb MomHOCTM MMHyanHOPO HCTOQHHKa nnTaHnH paspana.

PaOOTa Onoxa cmemeHHH OCHOBaHa Ha KBMBHBHHH BKBfiBafleHTHOPO

COHPOTHBMBHHH HflBBMH KPH HBPBXOAB OT CTBHHOHBPOPO K CHflbHOTOQHOMy

HMHYflLCHOMy paapany.
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BACK MMHVHBCHOPO cmemeHnH COCTOHI n3 HQCHeAOBaTeanoro

KoneOaTeanoro KOHTypa I I! KOHTypa BapHnKn II (pus 2.9). Cxema

paGOTaeT onenymmnm odpaaom: H0039 nonaqn Hanpfimefinfi OT ncwquuma

nnTaHMH CTauMOHapHOPO paapana uponcxonnw npoOofi paepannoro

npomemyTKa M oOpaBOBaHHe HflBBMH, EOCTHPammefi KonneHTopa.

OflHOBpeMSHHO, qepea conpOTaneHne KOHTypa Bapanxn ROM KOflfleHTOp

TaKme npKoOpeTaeT HOTGHuflafl HaTona QK>>mf HOTQHHHafia

HBOflMpOBBHHOPO gonna. B pesyanaTe H8 Keanexwop yCTBHBBflMBBETCH
4.

HBC’
Fl

wfl=mK—12RCM (TOKOM Bapazxn UCM upeHeOperaeM, TEE Kan OH cymBCTByeT

TOK MOHHOPO HacumeHHH z n HOflfleKTOp npnodpeTaeT HOTeHunan

TOflbKO BO BpBMH YCTBHOBHBHHH pemnma CTaHHOHapHOFO paapana K

nanbneflmero BflHHHHH He OKaBHBaeT), Fae {oz igac.

BOHflOBOfi XBPBHTEPHCTMKM CTEHMOHBPHOPO M CHHLHOTOQHOPO MMHyfibCHOPO

CTEHMOHQDHOFO paapfina
HEBMH BEBHBBXBHTHDFO

chona H8

paapana BHOHpaeM Rom Tax, QTOOH I. Rem“

 

9 V nbcaoro paapfina =
N' RUM» BSMH SKBHBafleHTHOPO ' FAB RHJBSMH BKBHBaflBHTHOB

@ —O
= E — BHBMBaneHTHoe COHpOTMBfleHMe unasmu. Torna aMnflMTyfla

i380

cmemeHMH GyneT onpenenHTbca ROM n napameTpaMM CTauHOHapHoro

paspflza no ; Te’ 8 qaCTOTa M BaTyxaHne — qaCTOTOH n flOOpOTHOCTbD

HoneOaTeanoro KOHTypa ‘C yquOM no M T9 HMHYJBCHOPO paapflna.

qaCTOTa cmemeHna BHOMPBGTCH M8 YCflOBMH Bapfina KOflfleKTOpa £0

HOTQHHHBfia MBOHMPOBBHHOPO BOHEB

T

I a +
@qufz C I iHaC(t)dt, rue C — eMKOCTb KOflfleKTOpa.

O

OOOCHOBBHHB KOHRPGKTHHX napameTpOB CXeMH cmemeHnH YKaBaHH

BEES C yquOM COOTBBTOTBYDMKX KapaKTepHCTMK paspflna.
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I‘JIABA.3 OBJIACTB CWIECTBOBAIMH M XAPAKTEPMCTWM KBABMCTALWIO—

HAPHHX CWIBHOTOLIEMX PEHG/IMOB PABPHJIA EMBKOPO MBJEEIMH B MAHH/ITHOM

HOJIE PABJH/I‘MOM HOHQVH‘YPAlU/M.

HpellBapHTeJleHfi paspim.

Coaxial—me CHJIBHOTO‘iHOI'O, KBaBMCTaIMOHapHOI'o pema 1388133118

3913mm ,uamermn B marl-MTHOM none nyTeM Hanoxermz Ha paspnmmfl

upomency'rorc npamoyroanoro PIMHYJIBCE Hanpaxcemm BOBMOIKHO mayMH eno—

coOaNM I) Mynbc HOlIaeTCH Ha paapam-Ioe yCTpofiCTBo, BanomeHHoe

Person: c are naJILHemnmw HpoOoeM n yCTaHOBJIeI-mem KBBHCTBLLMOHBPHOPO

pema, 2) mmynbc Renae-T05 Ha Hpomemy'rox, Banomemmfi rrpenBapn-

TBJIbHO COBJIaHHOfi ImaaMOn, HOOJIB qero nponcxomm poem KOHueHTpaum/xk

maam n yCTaHOBJIeI-me KBaBKCTauMOHapHOI'O pema. Haze noxaaam

0119mm Bemmm n Bpemerm yCTaHOBJIeHHH HBaanc'raunonapnon HJIOTHOCTPI '

11.1188be B paspamom yCTpoflc'rBe, a Tame BaBncmocm cxopoc'm poc'ra

HOHueHTpaum OT nepBOHaanIbHofi MOTHOCTM IIJIaBMH [98] upelmoq'm—

Teanon HBJIHBTCH nonaqa HMIIyJIbca Ha IIPBILBapMTeJIbHO HOE/IBOBBHHHPY

P83, npnqu COPJIaCHO I'patbmcaM pnc. 2.73,6, HJIOTHOCTL upemaapmeflb—

Hon I'LHEBMH gamma COCTaBJme no: IO,7 — IOIO ONE-3. MCTO‘IHMKOM Taxofi

npemor—maaum mome'r OHTb BQ—paspm, aHOMaJIbHHfi melon/m mm marHeT—

pOHHHH paapan, anempommn quox, OJIHBKO ero BOJIbT-aMflepI-iafi xapax—

Tepnc'rmca Up(IP) noma HMBTL yqaCTOK dU/dI<<I Talc KaK Imaqe prT88
113ch BAX orpafimm'r TOR qepea masmy up}! Hanomemm mynboa Hanpa—

mama H, COOTBBTCTBGHHO, poc'r KOHueHTpamm IIJIaBML-I.

{11003911038313 xapamepnc'rmc cnaOOTOIIHOPo CTBUMOHapHOPO Niame-

TpOHHOI‘O paapana B yCTpofic'rBe c npocbmmpoaammm snemponam u

HJIOCKOM mameTpOHe B manaaone naBJIemm 10—3 — IO Top, Hoaaaam

Hamme CTELMOHapI-IHX peiKHMOB, odeoneqmaaxozm yCJIOBPIH poc'ra HflOT—
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HOCTM. nnaaMH n nepexona paapana B KBaanoTauMonapHHn pemnM upn

HanomeHMM MMHynbca HanpameHHH. Ha pnc.3.I HOKaBEHH xapaxTepHHe

aaBnchOCTn Hanpfimennfl paapflna OT Toma nna apTOHa, cmeoen apPOHa o

PanoreHoconepmamnMH aKTnBHHMH raaamx (SF6), renMfi—BonoponHHx ome—

cefl B nuanasofie naBneHHn 10—2—5 Top, nnanaBOHe MaPHKTHHX uonefi O—I

KPC, npn Tonax CTauHOHapHOPO paspnna no 200 mA. MBMBPEHMH HonTBep—

nnnn Hannqne nByx quM CTaunonapHoro paapana B Ar [51] paannqaw—

mnxca dU/dI, a Taxme noxaaann cymeoTBOBaHne ananornqaux paepanoa B

npyrmx raaoBHx cpenax (SF6, He/H2 omecn, N2 M T.n.) npn naBneHon

no 5 Top. CnenyeT OTMeTHTb, qTo BAX paapana B CHCTeme o upomunnpo—

BaHHHMH aneKTponaMH n nnocxom marHeTpOHe OTnnqamToH HesHaaneano.

M3 aHannsa BaBncnmooTefi cnenyeT, QTO c Toqnn BpeHHH manon prTnaHH

dU/dI Handonee npuemnnMHMK HBnHmTCH pemflMH c MHnyKunen MBFHHTHOPO’

HOflfl He meHee 400 To. PemHMH 5'pnc. 8.1 HBnflmTca BHCOROBonLTHHMu

n oOnanaa BHCOEHM BKBHBafleHTHHM coupOTaneHneM orpaHanBamT pOCT

EOHHBHTPBHKM unaBMH npn nepexone K HB83HCTauM0HapHomy pemnmy. M3

HpnBeneHHHx KapaKTEPHCTHK BHnHo, qTo n33 upenBapnTeanon nonnsaunn

uenecoocpaano nononbaoaaTb pemnmu c Toxamn CBume 20 mA, qTOOH

HaoemaTb nepexonHHx yqaCTKOB Ha KapaKTepHCTHKaX. HeTnn n oTyHeHn

Ha XEPEKTBPKCTMEBX (EpHBaH 4 Ha pnc 3.18) CBHBaHH c nepexonom pas—

pana BHypr HOHOCTK HaTona B yCTpOfiCTBe c upomnnnpOBaHHHMM anem—

TponaMM npn HflOTHOCTfiX TOEB, COOTBeTCTBymmnx nepeMHKaHnm odnaCTen

Tnemmero CBequns BHyTpn nonoro KaTona. HanpameHne ropenna npn

BTOM nonnmaeTCH Ha Bennqufly z 100 B.

BOHnOBaa AMBPHOCTKKQ napameTpOB unaaMH CTauMOHapHOPO paspana

B uere cnmmewpnn paapanHoro yCTpofiCTBa c npOQHflflpOBaHHHMM

anemponam B nnanaaoHe naanermfi p=IO‘2—I Top, mamm'rHHx none?!

B=O — I ETC 0 HanpameHneM ropeHna no 320 B u TOKOM no 200 mA
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Pnc.3.I BOJILT-awmepmie Kapamepnc'rmm CTaLMOHapHOI'o paspsma.

_[ — paapfimioe yCTpofic'rBo c upommmpoaammm aneKTpozzaMM

[7 — manapm MaI‘He‘TpOH



noxaanBaeT, qTo KOHneHTpauna “0308 B STOM onyqae flDCTMPBBT nfz

IOII CM—S Rpm sneKTpOHHofi TeMHepaType Te no 20 BB. 3T0 yKaBHBaeT

Ha Boamomoc'rb nonyqerma B CTaflMOHaPI-IOM marHeTPOHHOM paapane o

TOKOM 20.1 A HflOTHOCTM naasmu, nocwaToqnon nan oOecnequMH pOCTa

KOHHBHTPBHKK MOHOB KPH upnnomeHnn HMHYJBCB BHCOKOPO Hanpfimefina.

3.2 PemnMH KBa3n0Taun0HapHoro paspana.

GnflbHOTquHfi paapnn nccnenoaanca B mnpoxom nuanasone TOKOB Ip
OT 5 A no 1.8 EA nan pasnanHx zaBneHnfi p=IO‘3+IO Top FBBOB Ar,

N2, SFG, n cmecefi Ar—NZ, Ar—SF6 paBflHQHOPO npoueHTHoro COCTaBa

(10+90 % Ar), He—H2 (50/50 %) ; pEBHKQHHX KOHQKrypaunn (nmafiapfioro

MaPHeTpOHa n aHTnnpooKOTpona) n Bennan MaPHHTHHX Hanan; B

pesyanaTe uonyquH Boan—amnepHHe KapaKTepMCTHKH, MHTePpafibHHev

anorpamnn CBequns paapnna, BOHAOBHe KapaKTepHCTHKH HflaBMH pas—

pana, a Tax me YCTaHOBfleHO Hannqne H onpexeneHa HHTBHCHBHOCTB

HOTOKOB qaCTnu K3 nmaBMH paapana. AHBHKB nonyquHux peayanaTOB

nosaonnn yCTaHOBHTb cymeCTBOBaHne HBCKOflbKHX pemnMOB, pasnnqammnx—

ca HanpzmeHneM ropean, ananaaonom TOKOB, a Tax me GTPyKTypon

paspnna.

Ha pnc.3.2 HpenCTaBfleHH xapaKTepHHe ocunflnorpammu TOKa n

Hanpamenns KBBBMCTBHKOHEPHOPO paapana. Ha ocunnnorpaMme Hanpameflna

yqaCTOK I COOTBeTCTByeT Hanpamennm CTauMOHapHOPO paapana (npenBa—

pHTeanaH HOHMBauMH). BaTeM Ha yqaCTKe 23 nponcxonnw HaaomeHHe

npsmoyroanoro HMHYHBCB Hanpnmefins. Hpn BTOM nponcxonnT pocw

nonueHTpaunn HflBBMH H yCTaHOBfleHfle KBaBHCTaunonapHofi HflOTHOCTK

(yqaCTOK 20 H8 ocunnnorpamme), B 3T0 BpeMH TOE paspfina BoapaCTaeT,

HOCfle QBPO Hanpamefine H TOR paspsna fiOCTHPamT Ha KBBBMCTBHHOHEPHHX

Bennan (yqaCTox 3). BpeMH yCTaHOBflBHMH KBBSHCTaHMOHapHofl flflOT—
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Pne.3.2 Xapax'repnue ocmmorpamm 'roxca(a) n

nanpaxenna (O) Knaam'raxmonapnoro paapima.

180 A/nen, 50 mcc/nen; I80 B/neu, 5o méc/neJI.

I—c'raunonapzmn paapsm, 2—06.!180'1'5 yc'ranomxenna

meanc'ramonapnoro Hanpaxemm (a) n Immanu-

onnon penaxcamm (6) , 3-m8m .pem.
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HOCTH COOTBeTCTByeT BpemeHn MOHnaaunonflon penaxcaunn n COCTaBflHBT,

Hanpmep mm paspmxa B Ar npn ypoaHe Hpemormaaumd 711L2109+10H
CM‘8 250 MEG. Hamnaa Toqxa BAX COOTBeTCTByeT nape oounmmorpamm

TOKB M HanpnmeHna. Hanuqne HeonHoponHOCTen B nfiasme paspaga, a Tax

me oOpaBOBaHne KaTonHHx HHTeH onpenenanocs QDTorpamnpOBaHneM pas—

pana MflH BuoyaanHM Haoflmnennem c KCHOflbBOBaHHEM @nnbwpoa.

BKCHepnmeHTaanHe BOflbT-aMflepHHe xapaKTepHCTMKn KBaBMCTauno—

HapHoro paapana HHBKOI'O naanermé B MaPI-MTHOM none mam qe'rupe

OCHOBHHX yqaoTHa cOOTBeToTBywmnx yCTonanHM Inpmam paspnna.

Tnnanaz BAX paspana B Ar npn naBneHnn IO‘I Top n anyKunn MaPHHT-

HOPO noun 0.4 PC HpuBeneHa Ha pnc 3.3. HB Hefi Bunenamwcz use Knac-

onqeoxnx yqaCTKa COOTBeTCBymmMe I — marHeTpoHHomy paapany c, TOKOM

no 0.2 A n Hanpamennem ropeHnfi 260+580 B; 4 - cuflbHOToqnomy,‘CEHme

I 108 A, HMBHOBOflbTHOMy IO+3O B flyPOBomy paapany o KaTonHHM HHT-

HOM. Kpome TOPO SKCHepHMeHTH noxaaann BOBMOMHOCTB cymBCTBOBaHHH

eme ngyx YCTOEQMBHX ian RBaBHCTauMOHapHOPO paapana ooxpaHflmmero

nnfifiWBHHfi xapaKTep nmaaMH n RaTonHoro cnoa npn HflOTHOCTHX KaTon-

HOPO Toma anaaneano upeBHmammnx VHflOTHOCTb Toxa Knaocnqecxoro

marHeTpOHHoro paspana. B finanasone TOROB 0.2+I5 A HmeeT MeCTo

CHALHOTquHn marHeTPOHHun paapaa (yqaCTox ED 0 paoTymen BOflbT-

amnepHofi xapaKTePHCTMHofi. OH odnanaeT cpaBHnTeano BHCOKKM Hanpa—

meHneM POPGHHH, B naHHOM cnyqae 350+500 B. Hpn Toxax IS+IDOO A

BOBHnKaeT CHALHOTquHfi nmfifiwanufi pemnM 3, BAX KOTOPOPO HpeflCTaB~

nHeT coOon npfimym Hapannenbflym OCH Toma. Ero Hanpamefine POPBHKH

COCTaBnaeT 290 B BO BoeM nuanaaone TOEOB. HflOTHOCTb KaTonHoro Toxa

npn BTOM COCTaBnaeT no 50 A.

CnenyeT OTMBTHTB, qwo rpaHnuH pemuMOB MOPyT CHflbHO BaprpO—

BaTbCfi B BEBHCHMOCTH OT yonoanfi paspana (Hanpnmep naBneHna, Benn—
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Pnc.3.3 Boan-amnepuafl KapaKTepHCTHKa xeaaucwaunonapaoro

paapana.

YCTpOfiCTBO c upo¢manpoaaHHHMK enexwponamn,

Ar. p=O.I TOP, B=O.4 urc.
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QMHH MBPHKTHOPO noun n T.n.), HOBTOMy nanee peKMMH 2 M 8 pacemaT—

pHBaflHCb pasneano o uenbw onpeneneHHa oOnaoTeH oymeoTBoBaHns no

TOKaM, HanpameHnm, naBneHnm, BenonHe MEPHHTHOPO nona nan Kamnon

n3 yHaBaHHHx mopM paapana.

Mocnenoaanna BumeyKaBaHHHx pemnmos npoaonnnnca Kan B paapan—

HHX yCTponCTBax THEE nnocxoro marHeTpoua, Tax Ii B yoTpoHCTBe c

upomnnnpOBaHHHMH aneKTponaMH n nonaaann BosmomHooTb HX peannaaunn

BHe BaBHCHMOCTH OT THEE n HOHKPBKTHHX napameTpoa paapanfion aqefinm.

TunanHe BonLT-amnepHHe xapaKTePMCTHKM cnanOToqnoro marHe-

TpOHHoro paapnna npencwaeneHH Ha pnc.3.4. BKCHepHMeHTH npoaonnnmca

B nnanaBOHe naEneHnn p=IO_3+IO Top P8305 Ar, N2, n cmecen Ar—N2
(IO+90 % Ar), He—H2(50/50 %), mammmmx Hone}?! May—1.0 KI'C. B

KaquTBe maTepnana xaTona HCHOHLSOBBHHCB Cu, Ti, Al, Mo, Hepxaae—a

wmaa CTaflb . Ana ymeHbmeHna BnMHHnH ooomoanna HOBerHOCTH KaTona

Ha napameTpH paspana nponaaonnnacs MHOPOKpaTHaH Tpeanoaxa yCTpofi-

OTB paapanamn, nude OQHCTKa HOBerHOCTH KaTona n KonneKTopa mnem—

mnM paspnnom B apPOHe. XapaxTep BBBHCHMOCTH Up(Ip) onnHaKOB nna

paannqnux napameTpoa p, BL, a Tax me pona raga, maTepuanOB KaTona,

paapanHux YCTpOfiCTB n paamepoa paapanHofi odnaoTn. Hanpamenne Ha

paapane MOHOTOHHO yBennanaeTca o pOCTOM Toma no Hexowoporo MBKCH~

maanoro BHaquna UgaX=500+IIOO B, saBncnmero OT BeanMHH MHnyKunn
MaPHMTHOPO Hons, pona P838 n maTepnana KaTona no nepexona paspana

B pexMM 3 nnn opHBa are E nyry. flna nnnTeanOCTn HMHynbca T no 20

MC TOKM nepexona nooanaMT 250 A, 9T0 COOTBBTCTByeT nnoTHOCTn

2
KaTonHoro Toxa 3225 A/CM . YmeHbmeHMe BennanH anyKuMn MBPHMTHOPO

max
U

P

Toporo BHaqunfi HanpameHna U3, aaancamero Toano OT maTepMana

Hons npnBonnT K yBennqunm paapHnHoro HanpameHna (BL) no HeKo—

KaTona n pone P838. Eaanenmee omerme Br npmaonn'r K nepexony
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Puc.3.4 CnnLHOTquHn MBPHeTPOHHHn paapan

n - unaHapHHn marHeTpon, Cu, p=5 10.3

I — nmaHapHHn MEPHQTPOH, T1, p=5 10-3 Top, Ar/N2 (80/20 %)

Top, Ar

* — nnanapnun marHeTpOH, T1, p=IO’2 Top, N2
x — yCTponCTBo c upomnnnp. Cu, =5 10-2 TOP.

He/H2 (50/50 x)

+ — anenrponamn Cu, p=IO‘I Top, Ar



paapsma B Bucorcoaonbmm pem, xapamepnaymmfica KPYTHM poc'rom

BAX n new (.110 I A) anaqemeu paapamioro TOKB.

Cmeme mammoro HOJIH no ypoann, OMBKOI'O 1c BHaqumn,

onpenenamemy nepexon paapsma B Baconoaonbmun peamm, xapalc'repn—

aye'rca maBHHM yBemex-meM Hanpaxemm Ha paspsme c omoepememm

wemmemem Tone.

Mocnenonarme panama cmao'rormoro MBPHBTPOI-IHOI’O paapsma mm

mayx pasmmx mame'rpoa paapmmon oOnac'm mocnoro name'rpona

nonasam, q'ro BAX KBaanc'raLmonapHoro paapsma He BEBZOHT o'r mame'r—

pa oOJxac'm max Br.

Calemie'r omem'rb, no npn nepexone B cmmo'roqnym (Dopmy 1333—.

pm; pacnpoc'rpanse'rca Ha cymec'rBeHHo 00.1mm 00.713ch Ica'rona, qu B

cmae c'rau‘nonapuoro npennapn'renbnoro paapana ..‘ Enzyme rmocnoro‘

mameTpoua B aaancmocm OT Konc'rpmem mammofi cue-rem crumm-

Toqmm paapsm 33mm JmOo KOJIBHGBYD odnac'rb BHe oxpyamoc'm max

Br.

njpn ooxpanemm Homoro Toma paspiuza onpenemno cymec'rBeImyn peanu—

JmOo mcxosym oOnac'rb, orpamemiym oxpyacaoc'rbm max 3r no

my B rm’o'moc'm Tone, omzaxo He BHeCJIo paammn B xaparc'rep BAX.

Xapamepnue momoc'm Toma npn BTOM coc'rammm mm paapsuxa B Ar

324 A/cmz (UP=54O B. IP=225 A). n 3225 A/OMZ (UP=5OO B, Ip=218 A).
IIIepoxoaa'roc'rL nonepmoc'm KBTOJIB He mamewca onpeneammen mm

cymec'rBOBaHm pema 2, mm B cmqae npmenem Ka'ronoa 0 common

mepoxona'roc'rbm BepOfiTHOCTb Hepexolza B wry yBeJxmmnaeTca.

00069111100er 1383135118 E He-H2 cmecn B yc'rpofic'rBe c upoqmm—

poaammm anemponam fiBJIHBTCH Heme, B'ropon mopmu cmao'ro'moro

mame'rpom-Ioro panama c Hanpamelmeu Up=400+650 B, He Banncmmm o'r

TOKa no nepexona paapana B pema 3.

Xapamepnon ocoOeHHoc'er pexma 2 mama nmencmoe aa
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cqe'r Bucorcon sneprvm n momocm KOHHOI'O nomxa pacmneme ma'repn—

ana Ka'rona. Mmmbcnaa cnopoc'rb ocanmerma ma'repnana Ka'rona B rmoc—

KOM marHeTpone Ha YCTaHOBJIeHHHH Ha pacc'roaHne 120 MM OT mammon

menu aomx—rcomemop COCTBBJIHBT 2 80 MKM/MMH. (P88 — Ar, ma'repnan

Ica'rogxa — Cu, Ip=65A, Up=900B) npn Homon mTeJIm-Ioc'm mmynbca
TOKB 25 MC. Mameperma TOJBIMHH HaHochHx noxpumfl IIpOHBBomJMCL c

Homomblo paCTpOBOI'O anen'rpomioro mpocxona FaM—IOI.

MamepeHnH Imo'moc'm IUIBBMH n in oOJIac'm ,npmeramen 1c nomen—

Topy , c Homomblo nonatm massacre anen'rpnqeczcoro cmememm Ha

KOJIJIBKTOP OTHOCPITBJIBHO aHona noxaanm, q'ro mm pemma I =60A,
12 3 P

Up=9OOB n: coc'raBJmeT 23‘10 CM‘
XapaKTepHHe BAX CMBHOTO‘IHOI’O Wyafioro pema paspana ma

pasmmnx naanemm, r8303, ma'repnanon Emma, Mar-mum none}?! 11

ycnomm HPBIEBapPITeJIbHOfi normsamm IIPHBBJIBHH Ha pnc.:3..5+3‘.7 (pewM‘

3) . AHaJMB BAX nonaaan, q'ro Hanpanceme paapsma cJIaOo BBBKCHT o'r

reome'rpnn u Hanpamennoo'm mammoro mom, a Tame OT maTepuana

Ica'rona n coipaaae'r noc'roamiym Bemmy U =70+I4O B B manaaone
P

TOKOB I 254.8103 A. CymecTByeT 0.3180851, (B upenenax 50B), samen—

.MOCTL eIIJ'o OT pone P888. Hpn nepexone B pem 3 paapan pacnpoc'rpa—
HHGTCH Ha cymecmemo Oomamym HOBepxnoc'rh Ha'rozza mm B cmae

cramonapnoro paapsma.

B yc'rpofic'rBe c rrpoMmpoBam-m aneKTponam rpammu nepexona

paspana B pemm 3 mm Ram KOHKPBKTHHX yCJIOEIm onpenemmca noc—

Taromo qe'rKo, Tame Kan n YCJIOBHH CpHBa are E .ILVI'OBon paapsuz 4. B

rmocxom mame'rpoue I'pamma nepexona paapana B mroaofl pem oupe—

nenae'rm no conoxyrmoc'm Hamel-19mm Hanpmxem H8 paapsme 3 0mm-

qecm nccnenoaamm. mm oupenenem c'rpyK'rypH péapsma B pemax 2

K 3 Om: Hpoaenen KOMIIJIBKO enmecm nccnenoaatmn.



-70..

U [B] a.

200 *

II 13’ D D X D D o

IOU I xx 9.0 DEB-(coal Ix >°<

- I [A]
_._____l_____L__—___J__—_L—___

0 ID 100 1000 2000

U [B] 6.

200

X

100 .5;§xa.. anxlo§§a5xx§ tax0 0 III: IID

I [A]

—————_—____J—___________L_____._____J______L___

0 ID 100 1000 2000

Pnc.3.5 Boan-amnepfiue xapaKTepncwnKn KBBBHCTauKOHapHOPO

paapfina. (paapfinfioe yCTpofiCTBo c nponnnpOBaHHHMH

‘BfieKTpOAaMM) ‘

a - p=0.05 Top, paqunfi raa — Ar.

0 - p=O.I Top, paOoqnn P88 - Ar.

x — B=I Ere, o - B=0.8 KPc, - — B=0.6 RFC,

. — B=0.4 KI‘c, - — B=0.2 RI‘c, + - B=O are
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Pnc.3.6 Boan—amnepnue KapaETepHCTHEH HBaancwaunonapHoro

paapana. (paspfinHoe yCTponCTBo 0 upomnnnpoaaHHHMH

aneKTponaMH)

a - p=0.05, 0.1, I Top, B=I ETC, padoqnfl P88 — Ar/SFE.

0 - p=0.05, 0.1, I Top, B=I ETC, padoqnn raa — He/H2

n — p=0.05 Top, I — p=O.I Top, * - p=I Top
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Pnc.3.7 BonLT-aunepnue xapauwepncwnxn RBEBKCTauHOHBpHOPO

paapsna. (unaHapHHn marHeTpon)

a - p=0.0I, 0.1, I Top, 3:0.7 Ere, paOoqnn res — Ar.

0 — p=0.0I, 0.1, I Top, B=O.7 KPc, paOoqnn P83 — Ar/SFS.

n — p=0.01 TOP, t - p=O.I Top, I - p=I TOP
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QOTorpaQMPOBaHMe paapana OCYflGCTBflHflOOb qepes HefiTpaano cepHe

@flflprH c paananHM KoammnuneHTOM ocnaOneHna. Bxcnoanunfi n @nflprH

nondnpanMCL TaKnM oOpaBOM, QTODH noxnmanb perncwpaumm nenyqefinfi

upenBapnTeanoro paapfina. M3 HpnBeneHHHx (pnc.3.8) QOTorpamnfi

Ennfio, qwo paapan MMQBT onnoponfiym CprKTypy npn Tomax no 225 u

I.5xI03A COOTBBTCTBBHHO. Hpn yBeflquHKK TOKa'CBHme MERCHMaflbHHX

anaqennn yKaBaHHHx B T86fl.I, 2, man nanweanOCTH nmnynbca no 2+IO

MC, HaOflmflaHOCb pBBBMTMe HeyCTofianOCTn n KOHTpaPMpOBaHKe paspana

. B nmaHapHom MBPHBTpOHe nepexoz B pemnM 8 npnBonnn K paBMHBaHnm

KOflbueBOfi CprKTypH upenBameenLHoro paspana K pacnpocwpaHeHnm

nmasmu n Toma no Been noaepxnocwn HaTona (pno.8.8). Hpn yBennqunn

Toma nan nmnTenLHOCTn nmnynbca B STOM yCTponCTBe TaKme HaOnmnaAOCL

paBBnTue HeycwonanOCTn c nocnenymmen noxannsaunefi HflaBMH n BoaHn—

KHOBeHneM onHoro nnn HSCKOHBKMX KaTonHHx HHTQH.

xnmnqecxnfi ananna HOBerHOCTK KOflfleKTOpa nomaaan OTCYTCTBMG

ocamneHnH maTepnana KaTona, qTo yKaaHBaeT Ha OTCYTCTBHB paanneHna

KaTona,

3.3 HpnmeHeHMe HMHyflbCHOH BOHflOBOfi MeTOflHKH Ana onpeneneHna

HapameTpOB HflaBMH n HOHHHX HOTOKOB.

Onpeneneane noxaanHx KapaKTepHCTKH paspana, TaKnx KER

eneKTPOHHaH TeMHepaTypa H HflOTHOCTb HOHOB B naaame paspana

nponaBonnflaCL c Homombm CTauMOHapHOfi n MMnyfibCHOfi BOHflOBOfi

nuarnocfnxn. CTaunonapHHe Kamepefina HpHMeHHflKCb TOflbKO nan

onpeneneHna napameTpoa naaamu upenBapnTenLHoro paapnna.

Cemeflcraa BOflbT-aMnepHHX KapaKTepHCTHK BOHfla nun paspana B Ar

npu p=IO'2

1'10le‘IBHHHB C HOMOIBJJIO Tpammormofi BOHJIOBOH MBTOMCH HOBBOJUNB‘I

+1 Top Up=300 B, IP=IOO MA B MaPHMTHOM none B=I RFC

ryq



 
EMC.3.83 PBMMMH cnfibHOTquOPO HBaBHCTauHOHapHOTO paspaga.

HflaHapHHfl marHeTpOH

I. CHflbHOTOQHHH MaPHeTpOHHHfi



 
FHC.3.83 PemMMH cnanOTOQHOPO KBaBHCTauMOHapHOFO paspflna.

HflaflapHHfl MaPHBTpOH

2. CHflbHOTOQHHfi HMQKWBHHE

3. nyroaofl



 
PMC.3.80 Pemnmu 35:5 TQQHOPO Haasn‘:nxszaapaoro paspana.

yCTpCfl‘Zb ' upcinxnpoaanauuu SEEKTpOflaMM

I. cnfisucr_wuan gmmjyaHHfi

2. KQHTparnpogaHHHH {flyrce;fl-
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-3
oueHnTL HmOTHOCTL HOHOB n£2109+IDII CM (npn paannqnnx
namermax) .

0 116mm nposeplm padowocnocodnoc'm mmyJILCHon ueTomm one

OHJIB ncuombaonana mm onpenenema napame'npon ImaaMH npemaapmenb—

HOPO paspsma B manaaone B=0+I KI'C, p=IO'2+I TOP, TOKOB no 0.2 A.

M3 nonyqelmux Home ncmqem BpeMeHn xapaKTepnc'rmc CJIBJIYQT, q'ro

snempormaa Temepa'rypa mm masarmoro email coc'raame'r Tea-20 9B,

.3. HOTBHIIHBJI HBOJMPOEQHHOPO 803,118a HormeHTpaLma HOHOB ni=IOII 0M

oxasancn (pf-20 B. C wemmemem mum mammoro mom Harmon
xapalc'repncm yBequnBae'rca, q'ro canne'remcmye'r ocs wemmem

Temepa'rypu anemponoa, no'remman naompoaammro sonata npn BTOM

yBeJmmaeTca. M3 139mm normero Toma Haomem oneme'r, q'ro,

ILHOTI-IOCTI: nonnoro Toxa 14:3 3011;; B uen'rpe cme'rpm (momma?

noc'mra'rb 3+5 MA/CMZ.

Omeqae'rca xopomee connanerme napame'rpon npennapn'reJmHoro

paepana’,’ "fiffifiiemmx npn c'raunonapHHx n EMILYJILCHHX namepezmax, q'ro

CBMBTeJIbCTByeT 00 0Tcy'rcmm same'mnx ncxamemm, BHocmm Bomonon

cxémofi.

Cnenye'r ome'm'rh, q'ro yc'ranomca some B ueHTpe cme'rpm

anexc'rpomon cuc'reMH, me mum mammoro fiom paBHa Kym nos—

Bosme'r .naMLHenmym ,oOpaOo'rKy n m'repnpewamm peaynma'ros uponano—

mm. Oea yqe-ra Emma mambro mom.

MmeJILCHHe namepemm napme'rpon cmno'roqfioro masnc'raimonap-

Horo paapsma npoaomca B paapiumom yc'rponc'rne c upodmmponamm

anemponam 11m manaaona B=O+I KI'c, =IO"I+I TOP, TOKOB paapsuza

110 I500 A B paammmx rasoaux cpenax. HpenBapn'reJmHafi nomsauna

COSJIBBBJIBCI: c'raLmonapHHM paapsmom c: TOKOM no 200 MA. Cmpomalma

nonaqn mmca Ha 30m: ocymecwmacs c aanepmofi 100+500 MEG
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o'mocn'reano HaanIa mynbcnoro paapsma T.e. namepemm Te n ”i

nponaxaomzmcz, nocne yé'ranomerma KBBBKCTBLMOHEPHOI’O pema ammo—

Toqnoro paapsma. XapaKTepHHe OCWOI’paMMH TOKB n Harrpaxcerma some

(p=O.I Top, B=O.8 KI‘C,,Up=90 B, Ip=360+900 A, paOom Pas — Ar)

upenc'ramem Ha pnc.3.IO.

Ho DEBlebTaTaM BOHJLOBHX namepemm 6mm upoaenenn pacqe'rH

napameTpOB HJIaBMH. Honyqemme aaEncnmoc'm Hermon KOHHBHTpaLDm B

ueHTpe cuc'rem o'r Tone KBBBHCTBIMOHBPHOI‘O paapsma B peme 3 B Ar

mm panImnmx naBneHIm H mm mammoro 11mm nonaanaam-

nparc'mqecm memmfl poc'r rmo'rHocm mama c yaemermem Toma

paapfina (pnc.3.II) n COCTEBJIHBT o'r (2+2.5).IOI4 CM‘S upn TOKEX

360+54O A .110 (I+I.5).IO15 CM’3 npu Toxax. IIOO+I4OO A. Hancommaa

namepeHHaa MOTHOCTb ImaaMH CMbHOToqnoro MYBHOI’O paapana B Ar

manner ”1:1 L5 101 5014-3 , Hpn anempomofl Temepa'rype Tea-4+6 9B

mm Toma paspsma 1100 A, B=O.8 KI‘c, 1320.2 Top. HJIOTHOCTI: HOEHOI‘O

TOKB Hacmema H8 3011,}: B BTOM CJIyqae coc'raBJme'r JHacz-II A/cmz.
Hadmenae'rca were are poor HomeHTpamm KOHOB 11pm ynemem namemza

raaa B paBleIHOM npomeaxy'me, Ko'ropun conpoaomzanca ymemameHneM

snempommfi Temepa'rypu (pnc . 3 . 12 ) .

B paspsme B He—H2 mean Tame Hammnae'rca poc'r Imo'mocm

mama c poc'rcm Toma, ammo maxcmanbnaa Homempam HOHOB npn

aHaJxormnmx ycnonnax (p=I.5 Top, B=O.8 KI‘C, Ip=IIOO A) coc'raBJme'r
ni=2.4 10‘4om‘3.

mm Bucom naBnemm rasa anex'rpom-Ias BeTBb xapamepnc'rmm

OTquaeTca OT BKGHOHeIflIKBJIbHOfi TeM cmmee, qu Ome no'remman

omnua'renbnoro 301-1118 E no'remmam maam [82] , noa'romy ma

onpenenema anewrponnofi Temepa'rypu ECHOJIBBOBBJMCL yqac'mn

XEPSKTSPXCTHKK, COOTBBTCTBYWB HOTBHLIKBJIBM, OMBKKM K HOTBHDMBJIY
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Pnc.3.IO OcuunnorpaMMH Hanpamenna (a) n Toxa (G) gonna

KBBBMCTauHOHapHHfi paspan, JMQQyBHHfl pemHM.

p=O.I Top, B=O.8 KPC, I — IP=360 A,
- = ,3—I='720A, 4— = ,2 IP 432 A p I1) 900 A

IO B/nen, IO MEG/zen.

0.5 A/nen, IOMKc/nen.
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Pnc. 3.11 I‘pammc BaBHcmoc'm momocm mama OT Tom paapsma

(yc'rponc'rao c npoflrmpoaammmn snemponawm)

B = 0.8 KI'C, Ar

A - p = 0.5 Top

0 — p = O. 5 Top

X - p = 0.1 Top
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B[Mb]
__________________L_________________L_________________L_

0.4 0.6 0.8

Pnc. 3.I28 Ppadmx BaBMchOCTH flflOTHOCTM HMBBMH OT BennanH

maanTHon MHflyKuHH Ip=540 A, p=0.I Top.

6 Té [88]

5

4

B [ C]

__________________i_________________L______________.__L_

0.4 0.6 0.8

Pnc. 3.120 PpaQMK saBnchOCTn TeMHepaTypu BfleKTpOHOB OT

BenanHH maanTHofi Hnfiymunn Ip=540 A, p=0.I Top.
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naomponarmoro some. B BTOM onyqae comacno [82] mm

BOGCTaHOBJIeHMH snelc'rpommn TeMHepaTypH nonyc'mmo nononbsonarme

MBTOJIOB pacqera napame'rpoa paspemermofl magma.

3.4 Onpenenerme napame'rpOB ImaBMH paepsuza MSTOILOM mayxmonoxaofi

JIaBepHon mrrepcpepoue'rpnn.

Onpenémerme aneKTpOHHOH HomeHTpamm nEl HJIaBMH cmmowomoro

KBaanc'raLmonapHoro paspana npomaaomocb c HCHOJIBSOBBHKGM .naaep—

Hon mamoc'rmm Ha OOHOBe BKTPIBHOI'O Tpexaeprcanbnoro maymonoaoro

rem—HeOHOBOI'o naaepHoro nasepnoro m'repcpepome'rpa c Hpoc'rpaHCT—

139mm n Bpememmm paspemelmem 1.5 M n 10 mo COOTBeTCTBeHI-IO

[88+86]. Pacom manasofi m'reptpeome'rpa cocrammew IOI4SneZSIOIS
CM'Z, ‘ITO B COOTBBTCTBPM c BOHJIOBHMH namepeimmm ynomeTBopaeT

yGJIOBHHM ancnepmema. Mameperma npommmcs Ha padoqen mime

30.1mm A=3.39 MKM, coo'rBeTc'rBymefi Omemy mmpaxpacnomy manaso—

Hy.

Mamepemm napameTpOB CKJIbHOTO‘II-IOI'O KBBBHCTBLMOHEPHOI‘O 1383133118

npoaommcs B paBpfim-IOM yc'I'poflc'rBe c upomumpoaammm eneK'rponaNM

-2
B manasone namemm p=5 IO —3 Top 86.1mm W maI'HKTHOI'o

.nom B=O,8+Ircl"c, TOKOB paapsma Ip=35O+I.2'IC)3 A. Padcmm Pea —
apron. 0330mm nonomennem JIBBepI-IOI'O nyqa npmmanocx: nanomeI-me npn

KOTOPOM .nyq npoxomn qepea ueHTp mlasmeHHoro ocpaaoaarma. mm

onpenenem IIpOCTpaHCTBeHI-IOI‘O pacrrpenenerma SJIGKTPOHI-Iofi Homempa-

mm B pane onyqaeB, Hanpmep mm paapsma B Ar, p=IO"I TOP,B=IKI'C,

Ip=350+IIOO A Koopmma'ru 1'0qu BOHMPOBaI-Ififl Bapbfl'pOBaJMCb no pann-
ycy omocmenbno ocn snempomzofi cuc'reMH. Bapemc'rpnponano BPBMBH-

Hoe namenelme PIHTBI'paJIbI-IOI'O (13.1mm: BHOpaHHoro Hanpamem npocne-

qmaarma) aHaquma enmecxoro ndlcaaa'rem npenomeI-ma B 113133149,

OCHOBHon BKJIBJI B Ko'ropun 13110ch pecppamma Ha CBoOomiux snen'rponax.



OrnameHHHe saBchMOCTn finnenfion KOHueHTpaun BfleKTpOHOB n91 B

rmaame cmno'roqnoro mmyanoro paapsma OT pamca maameHHoro

OOPEBOBEHMB npnBeneHH Ha pnc.3.I3 Cmaxmaarme nponsaomocs me'ro—

non Hamenbmm Knama'roa mm ymeHLmeHna norpemHoc'm 11pm namnemnefi

odpado'me peanyL'ra'I-OB.

BOCCTaHOBJIeI-Ifle Hpoc'rpaHCTBeImoro pacnpenenem aneHTpOI-mon

normeHTpamm n9 ImaaMH nponsBomocb c nomomblo mi'rerpanbnoro

IqmodpaBOBaHna A0939 newonom nnpca {89+9I1. B BTOM onyqae Banana

onpenenexma upoqmm anempomiofi Romen'rpamm (Mr) caommca x peme—

Hnm HHTePpaflbHOPO ypaBHeHnfi Adena :

I‘
D ‘

away; [<<p(r>*r>/<7?7 ]*dr , me...

r0 — pamc ImaBMH, y — XBPBKTBPHOG npmeJILHoe pacc'romme, 1’(y) —

cymapnoe namerme m3 paamqmlx enemem’oa Imaauemioro odpaaoaa—

mm, pacnonomemmm 8.1mm: OIIHOfi xopzm. Pemerme ypaBHemm Adena

HBBBGTHO;

r!
O _.___...

Mark—(worn; [r'(y)/(y2-r 2) ]tdy.

Omaxo upmenenne em 33 npammce sanyM'reJleo, no 013333110 c

quCTBnTeJILI-Iocnm aworo pemema K norpemHocmM noc'rpoemm axcnepn—

MBHTBJILHOMI Kpmaon I (y) . Hoe'romy OHJIa nponaaenena sameHa marerpana

KOHB‘IHHMK' cymamn B ncxomom ypaBHemm c HpmeHeHneM monetmoro

me'rona Hupca. Cnenye'r ome'm'rb, q'ro upmeHeIme Oonee mom :1

prnoem me'rozzoa ademaamm 39 11891: same'mnx npnemymec'rn no

cpaBHemm c MeTOJIOM anca.

Me'ron Unpca ocnonan Ha TOM, q'ro ceqenne maamenaofi Hondurypa-
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Pnc. 8.II I‘pachmt aaancmoc'm HomeH'rpamm aneKTPOHOB B means

OT pannyca (ApI'OH, p=0.I Top, B=0.8 KI‘C). \

I — Ip=1080 A, 2 — Ip=810 A, 3 — Ip=540 A.

8 1014 n9 [CM—3]~

D — p=I TOp 

 

 
 

O- p=0.3 Top

x— p=0.2 Top
6 1014

9— p=0.I Top

4 1014

2 1014

IIAJ

0

0 500 1000

Pnc. 3.II I‘paqnn aaancmoc'm HormeH'rpamm SJIeKTpOHOB B meme

OT Toxa paspsma (Apron, B=O.8 KI‘C).
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um paadnaae'rca Ha HomueBHe 301m n pacnpeneneune @(r) amlpoxcmm—

pye'rca c'rynqua'ron QyImuuefi. B npenenax Kenmore KOJIbLIB, orpamen—

HOI’O orcpymoc'rm c pamcam 21:".J n I'J_1 Bemma cpJ=consL Hpn

BTOM rJ—rj_1=r0/m, me m memo Tam Koneu. B ,HBHHOM onyqae

ceqerme masmennoro odpasonamm PaBOKBQJIOCI: H5 10 KOJIbueBHX eon.

Xopgm, nponenemme nepnenmmynfipfio ocn y, pasdxaam cequne Ha

nonocu paBHon umpmm. Ramon n3 110.7100 npmmcuaanca Homep 1,

KOTOpHn Hamenfie'rca OT 1 no 10. B HaOJmnaeMym 136mm 331 311mm

BKJIBJI 3118qu (9:1 OT (91 no (910, npmeM Rance n3 m onmn' c

Hexo'ropma Koammmen'rom 31J' BHJI uponaBeneH pacqe'r 9m

Roammen'roa.

Tam oOpaaou, 139m 11 90m: Gym me

10

I1: 2 813*(93'
1:1

Banana Haxomelma exam (9:, caomTca K pememm CHOTQMH amedpan—

qecm meflrmx ypaBHemm Trina Acp=f. Coo'rBe'rc'rBytoumn 1380qu [89]

npmaomw K anew/mew Bupaxem mm ouemm Beamqmm norpemnocm Acp

npn npoaenemm aOeJmsam:

A<pi=(1 .41 *m)/ (I‘O*311)*Af1-

noa'romy mm ymeHLmemm uorpemnocm npn Bocc'raHoanem anex'rpormon

Homen'rpamm B Kaqec'rae (2mm fly) nononbsoBaJIOCL, crnamemioe

pacupenenelme n91 (r).

IIOJIyqu-moe pamanbnoe pacnpenenenne new) 0 yqe'rou

norpenmoc'm noaaome'r armpozccmmpona'rb ero npmoyronbmm medium

0 xapamepmm paamepom nopamca pamca anemponoa (25 GM) .

Ho peame'ra'raM KHTepcDepome'rpmécm namepemm 0mm npoaeneHH

pac‘ze'm napame'rpon ImaaMH. HomeHEHe aaancmoc'm cpemen amen—
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PEG. 3.15 Ppamnxn BaBnchOCTefi cpenaen HAOTHOCTM unasun
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ni [CM—3]

 

4/0” ..
{I l

OT TOKB Knaancwaunonapuoro paapana

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

ca— soHnoaaa nuaPHOCTnKa

O — JIBBQPHBH METHOCTMKB
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TpOHHofi Konuefiwpaunn nmaaMH KBESHCTBHHOHapHOPO paapana B cnmbno—

TquOM gummyanou pemnme (pemnM 3) nan paannqnux AaBfleHKfl u anyK-

unn MBPHMTHOPO nona nomasunamT npaKanecKn nnHenHHn poor unownocmn

1111331411 0 yBemeHneM TONE paapana n coc'raBmm (ne>=(2+8) 1014
CM—3 npn Tonax paapana I =350+I.2'103 A (puo.3.14), qTo ynoanerao—

pnTeano cornacyewca c AEHHHMH aOHAOBHx Hamepennfi.

CpaBHeHne saBncnmocwefi (ne>(Ip) nan naaepHHx n nt(Ip) B
ueHTpe cmmmerpnn aneKTponHon CKCTQMH nan aonnoaux namepeann

HpenCTaBfleHH Ha pnc.3.15 (p=3 10-1 Top, B=O.8 RFC, Ar), QTO

nonTBepmnaeT Encoxym anTHOCTL nmaBMH n CTeneHb nonnaauun

cnanOTquoro nnmwyanoro pemnma paapana HMBKOPO naBneHHa B

CermeHHHX EXH nonax.

AHanHB aaBnchOCTen cpennen KOHueHTpaunn aneKTpoHOB B.nmaame

OT Tone noxasan, qwo npn yBennquHn naBneHna paOoqero r388 yrcn“

HaEflOHa rpaqua (ne>(1p) K can Toma yBennanaeTca. Hpn BTOM

ancwpanonauna BaBHCHMOCTefl (ne>(Ip) B OOflaOTb manux TOROB (I (IOUP

A) YHBQHBBGT H3 BOBMOIKHOCTI: CWSCTBOBBHHH KPKTH‘IGCKOH IIJIOTHOCTH

—8
unasmu ”925 IOI3 CM , ACCTHmeHne KOTOpOfi Ho—Bnnnmomy n onpenenaer
nepexon paapana B pemHM 3.

OOcymneHHe peayabTaTOB.

Mcxona;n3 ancnepnmenwanbnux BAX paapana B pasnnqnux ycnoanax

nocwpoena odoOmeHHaa BOflLT-aMnepfiafi xapaKTepHCTnKa KBaBHCTaunonap—

HOPO paapana HHBKOTO naBneHna B MEPHHTHOM none (pnc.3.16). ywacrxn

1,4 coownewcwnymmue cwaunonapnomy METHeTpOHHOMy n nyronomy paapa-

nan npncyTCTBymT BO Bce nuanaaone naBneHnn n MBPHHTHHX nonen. MK

GBOHCTBB nOCTaTOQHO nonno HpeflCTaBfieHH B [28.34].

B unanaaone TOKOB 0.2+250 A HMBGT mecwo cnnLHOToqnun Harne-
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TpOHHHfi paapan (yqacTon 2) c paCTymen no HeKOToporo KpHanecxoro

T0328, 9 saTeM noc'roaHHon BOJILT—amepnofi xapamepnc'rmcon. Paapan

eworo Bnna oOnanaeT cpaBHnTeano BHCORKM (no 1.2 KB) Hanpameunem

ropeHna n peannsyeToa c Handonbmen BepOfiTHOCTLD B nuanaaoue naBne—

m 210440“ Top.

Bun aaBncnmocwn Up(Ip) B pexnme 2, OTOchTBHe ROHTpaKHHH

paspana, Omamm manaaon namemm H mamwmux none?! nosnome'r

npennonoxnwb, qwo owpyKTypa paapana oworo Bane cxonna co CprKTy-

pon cnmLHOTquoro paspana [64], onnaxo donee Bucoxoe Hanpnmenne

ropeHza 500+1200 B (npn BDO+500 B cornaCHo [84]) xenaeT cymeCTBeH-

HEM EnnaHne pacnuneHna maTepnana KaTona.

Hexona no KBMBPBHHHX HMOTHOCTSH TOKB n nepBOHaqanLHon Emor—

BOOTH padoqero rasa (n8) dune onenaua oueHKa pannoaecuofi cpennefi

nnownocwn aTOMOB maTepnana KaTona (nK) B unaame paepsna. YpaBHeHne

omaemon Romempamm aTOMOB ma'repuana Ica'rona B masme paspsma

KPH BTOM HMGBT BM

   

T T

on V V
K _ r 1 K

t at + ”K _ Sf—K flr' nr (V > + ESK~K fix "K (V > (I)
x K

(nonyqeno no omouepnoro ypaBHem HenpepHBHocTu) , me Sr—K’ SIH‘

Reameam pacmem n camopaomemfi ua'repnana Karena, Vi]:

cpemme Termoaue cnopoc'm arrouoa padoqero raaa n ma'repnana Ra'rona,

<VR>— ycpenneunaa no ymoaouy pacupenenemm Komoaema cnopocm

smatmponam aroma, nepnenmmympnaa 1c noaepmocm Ka'rona,

fir, fix - cwenem, nor-Imam a'I’OMOB raaa n marepnaaa Ka'rona.

C'raLmonapmm pemelmeu (I) HBJIHBTCH:



 

 

V

1 Sr—R flI' ”P P
I <V >K

n3 = VT
1 1c

1— S B
I E~K n (VK>

OueHKa nan paapana B Ar, ropfimeM Ha menHOM KaTone npn naBne—

Hun I'IO‘Z Top, Ip=65A, U?=9008 nomaaana, qwo conepxaHHe menu B
Haasue momeT nocwnraTb B 3Tnx ycnoanax 30% n pBCTH c p00TOM CTe-

neHn nonnaaunn.

OOflaOTb cymeCTBOBaHKH pemnma 2 npnBeneHa B T303. I. B TaOJnue

yxasaHu npeneanHe sHaquHfi n0 Kammomy H8 napameTpOB paspana pea—

nnsymmneca HeaaBnchO npyr OT npyra. _

Hpn TOKBX IO+I.8'IO3 A BOBHMKaeT OHJbHOTOqHHfi nmgnysaun pemnM

3, HanpameI-me ropemm KOT0p0r0 new/IT B npenenax U 270-9140 B B
P

BBBKCHMOCTH OT P0118 P838. Fem 3 peamsye'rca npemymecwlaemio B

”2+5 Top Hesaancnmo OT saga paspanHoroflHaHBBOHe naBfleHnm IO

yCTpOfiOTBa, pona raaa, MaTepnana Kawona. He fiBflHeTCfl OOHBaTeflbHHM‘

n Hahnqne npennonnaaunn, xowa BepoaTHocTL_nepex0na B nyry B BTOM

onyqae yBennanaeTca. HHOTHOCTB Kawonnoro TONE cnnbnowoqnoro amb—

stnoro paapana momeT nocmnraTb 75 A/CMZ.

DanaCTb cymgchOBaHnn pexuma 3 B ooonx paapanaux ychoficTBax

Ana pasnnqnux mamepnanoa KaTona, naBneHnfi n pone P888 npnBeneHH B

Taéfl. 2.

CMGflyeT 00000 OTMBTHTL, QTO rpaHnug pengOB 2 n_3 B anaan-

GJIbHOfi CTGHBHPI BBBHCflT OT MTBJIBHOCTK MMHXJIBCB TOKa T C y’MBHb-H.

HIGHHBM Tn nepexomme TOKH BOBPBCTBIDT.

KB‘IBCTBEHHBH RapTHHB nepexozza CMLHOTO‘IHOI’O MBI'HGTPOHHOI'O

paapana B HMBKOEOJIBTHYIO CIDPMY HO—BHAMMOMY anamomma HOBQJIBHHID

aHomanLHoro Tnemmero paspana npn cpenanx naBneHnax n Oonbmnx nnow
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PaapanH. MaTepnan flaBneHne

yCTp—Bo Ramona KPc

He/H2 0.4+I;0 : 320+950
50/50 %

He/H2 . : . : 400+650
50/50 %

540+990

540+IIOO

540+720

540+900

 
Tadnnua I. OOaacTn cymeCTBOBEHHfi n pengu cnnLHowoqnoro

MSPHeTpOHHOPO paspana.

I — ycwpofiCTBo c upomnnnponannumn aneKTponaMH

II — HMBHBPHHH MEPHBTPOH



PaapHnH. MaTepnan HaBneHne HanpameHne TOE

yCTp—Bo HaTona B A

,10‘25Ar +5 : IS+I500

Ar/SF6 . : . 2 10‘2+3 : 7+1200
80/20 %

He/HO . : . 5 10‘3+3 : 7+IBOO
50/50‘% '

Ar .3: . 10'2+I : _ 4+8003T
Ar . + . 5 10‘2+1 : 4+1200

Ar/SF6 .3: . 10‘2+1 : 18+I800
80/20 %

SF 10'2+5 10‘I : 4+IBOO
6

IO_2+I : 18+IZOO

 
Tadnnua 2. OOflaCTH cymeCTBOBaHnH n pemnMH cuanOTquOPO nmmmyafioro

paapana.

I — YCTpOflCTBO c HpOdMflHpOBaHHHMH aneKTponaMH

II — unanapuun marHeTpon
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HOCTHX Toxa [28]. B BTOM cayqae CTaHOBHTCfi cymECTBeHHmw HarpeB

P838 n pOCT enexwponHofi nmowHOCTn, qTo cnoooOCTByeT yCTaHOBneHnm

QBCTHHHOPO paBHOBeCTHH B naaame paspana n nepexony B pemnM c M935—

mum HanpameHneM POPBHHH.

anomeHHoe KBaBHCTauHOHapHoe ypaBHeHne nma raaoaofi Temnepa-

Typu B pemnme 2 nmeeT Bun

- a = r 2(T8 TOJMg va fig ( )

rne Pg — Tennosaa momHoch pacxonyemaa Ha HarpeB raaa,qg — ycwa-

HOBKBmaHCH Temnepawypa raaa, TO — Tennepawypa enenrponos, lg —

mecca raaa B paspanfiom odweme, 0p — Tenmoemnocwb npn nocwoannou
X x

naBneHnn, vm=“§ - qacwoma TBHflOOOTBona, x- n - Tennepawypo—
AT H gap

npoaonaocwb, AT — xapaKTepHaa nanna TennoowBona, A - TennonOBon—

HOCTb P838, COOTBeTCTBymmaH yCTaHOBMBmefics TemnepaType, M — aTOM—

H83 macca, n8 — KOHueHTpaunH MOfleEYfi P888. YpaBHeHne Oancha 939p—
rnn raaa yanHBaeT reomeTpnm paspfinnofl DanaCTH, noaTomy npn oueHKe

TeMHepaTypH peanLHHn npomnnb BfleKTpOAOB sameHeH_nnocng c unomanbm

S M memafleKTponHHM paCCTOfiHHeM L, GOOTBeTCTBywmnM paOoquy cequnm

‘npn Banaannx pexnmax. Ema nnocxoro cnoa Tonmnnofl 2L ATzL/n. Tenne-

BYIO MOHIHOCTL FECXOJIYGMYD H8 HBPPGB P838 MOIKHO OHeI-MTI: H3 OEJIBHOB

momHOCTn

I

P=IU "13
8 P P 9n

I

rue IpUp — nonnaa momHOOTb Bunenfimmaaca B paapfinHHOM 00$eme, 5% =

=PHeynp — MOMHOCTB BHBonnmafl n3 paspanHoro od$ema 33 cqu nonnaa—
W, e - 38pm: BJIQKTPOHa, I/T} - KOHCTQHTB CTOJIeTOBa, COOTBGTCBYD—

11185! Bemme E/n XEPBKTGPHOK Mi! KBTOEHOI'O 0.1103.

B ycnoanax Tunnqnux nan nepexona paapana na'pemnma 2 B pemfiM
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3: Ipzls A,IUP=300 B, p=I Top, B=O, padom Pas Ar, smeumm
2

pasmep paapfimmfi odnacm: L21 CM, 82 60 CM , Temepa'rypa raaa

mome'r noc'mraTb Tg=I.I 9B.

M3 Bupamem (2) cnenye'r, q'ro

IU —

T P zLLL (3)
g‘ pv'l' 7:23 A

T.e. Temepa'rypa raaa He 38315ch M are momoc'm. Henc'rmqe

3H"

MEPHHTHOI'O HOJIH 0301mm}! K orpamem BJIeKTpOIfl-Iofi TemIOIIPOBozz—

Hoc'm n 0090118qu noc'raTquoro mcna CTOJmHOBemm 1mm BCDDBKTHB-

Hofl nepenarm snepm OT BJIeKTpOI-IOB may.

Comacno [28] B onyqae, Roma pom: aMOm‘IOJmpHon Wyam

mane, upn noc'ra'roqno 60.11me momoc'mx ImaBMH nemgp CTBIIBHB

nomaam mome'r orrpenem'rbca H3 ypaBHeHna Caxa. Benmmna 72:9 onpe—

neme'rca BKCHepmeHTaJIbI-IO M 381371ch OT 9Hepre'rmecxofi EHCO'EH.

nepBoro Readymemoro yPOBHa. .

B upHOmeemm mmecxoro c.1103 cpemma CKOpOOTb My—

BHOHHHX no'repb Bapmmmx qac'mu mome'r OHTL upenc'raBJIeHa B 3MB

['73]

(“”1 D A D= n=-v n_- —— n

we 12D - qacro'ra Myam,A — xaparc'repnaa Mysnormaa mama Bann—

csnnaa o'r reome'rprm paspsumon odnacm. Hpn 113mm mammmoro

110113 01-18 OHPBJIBJIHBTCH HBHOOJIbmefl KB qac'ro'r, XBPBKTSPHBW YXOII

(Te+Ti)(v Wei)

qac'mu Ha anempomi va _ (”192+ v

9211' 

[I ”e n qepea
ea‘r+veimia'rvia'r

(T +T)e t)

Ooxoayzo noaepxnoc'rb paspmoro oo'bema ”D601; 1’1“.”
 

[Eff [921
ia'r
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Fae R - pennyc,paspanfion oonaCTn, we - napuopoacxaa anTOTa sneKT—

pOHOB, 1) - ‘IECTOTB BJIBKTPOH-aTOMI-IHX BJIeKTpOH—PIOI-H-flix 1!Ear vei’via'r

HDH- ETOM-IHX CTOJIKHOBBHKH, p.151, - HpHBeneI-IHBH M8008. CPBBHGHHG

qaCTOTH nnquann, uonnsaunn n peKOMOZHauKK Ana Ar B OOflBCTfl

cymeCTBOBaHna penuma 3, nonycxaew Bosmoxnocrb yCTaHOBneHnH qacwnq—

HOPO paBHOBeCKfl B unaame paapana.

OueHKn HMOTHOCTK nmaamu, 000TBeTcTBymmen TeMHepaType

T=T =Ti2I.I 9B noxaaann, qTO cornacnog

3/2

3/2 eU$=~fml ”:51: erp{ t} (6)
rue 31:6 (Ar) 88:1 — CTaTucwnqecxnfl Bec nonoa n aTOMOB, m — mecca

ne

TIE-Hit

HSMBHfieTCH CT 021 (p=0.0I Top) no 020.? (p=I Top), T.e. nmownocg§_

013 CM‘BZIVW

 

BJIBKTPOHQ, U1 - HOTBHIMBJI KOHHBBM AP, CTGIIBHI: KW a= '

nmasmu npn nepexone paapana B pemum 3 npeBHmaeT nezs I

CornaCHo [73] mexaHnam Tepmononnaaunn TpBOyeT cymBOTBeHHO

meHLmero Hanpaxefina Ha paapane nan nonnepmannfi TOKa, qu nonnaauna

eneKTPOHHHM ynapom, qwo no-Bnnnmomy odyonaannsaew nepexon paapana

B HKBKOBOflbTHYD wopmy.

Temnepawypy raaa n coowaeTCBymmym en CTBHeHb MOHnaaunn B

pemnme 3 Texas M0830 OHBHHTB n3 ypaBHeHnn (2),(3), yanHBaa name—

HeHne Oancha M0mHO0Tn. Banana momnocwn, aanaanaeMOH Ha HarpeB

HenTpanbnoro raaa B cnyqae pemnma 3 umeew Bun

I

Pg=IpUP- gas“ gm? ngi)

rue 81 — 9Heprna nonnsauun T.K. pocrom Tone B ownnqne OT (2) B03-

paCTaeT npna afleprnn ynocnmoz aapameHHHMH HECTnuaMH. Anamornqno

unasme cwonOa nyrn cpenHux flBBneHKfi TemnepaTypy MDHQB Ti M0830

npndnnmenno canaTL paBHOn Tenneparype aTOMOB T8 [9], BCflenCTBHe
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TOTO, QTO maccu MOHOB M aTOMOB COBnanamT, nowepu BHeann HOHOB Ba

HarpeB aTOMOB oquB Bennnn (CPBEHHH Bong BHepPKH, TBpHeMaH HOHOM

npn ynpyrom coynapennn Biggl),xpome TOPO HB—Ba Oonbmofi MBCCH KOHOB
PE HarpeB SASKTPM‘IBCKMM HOJIGM HBBGJEHE K OCHOBHyIO BHBpPPflO OI-m THREE

K3141 H HBHTPQJILHHH BTOMH nonyqazo'r B VHPYI‘HX CTOJIKHOBeI-MHX C BJISKT-

pOHaMH. HpeHeOperaH TemnepaTypon aneKTpQBOB TO«T £33 pemnma 33

£0 3
T _ I U — 9 (31+ 2.12119) (8)
g _

mm Tmrmnmx napameTpOB paapazza B pemwe 8 Hanpmep I =54O A,
P

Up=90 B, p=0.I Top, B=D.8 ETC TemnepaTypa P888 COCTBBnfieT Ig:3.2
9B, 0 nan I =1500 A T 25.4 BB. Ha 00H0Be 000TBeT0TBymmnx HM Bongo-

P 8

BHx HamepeHHn HHOTHOCTM HflaBMH MOKHO oueHnTB HaBeHMé HanpameHns Ha

nnaame paspflna B BTHX onyqafix UH=4O+36.5 B, QTO onpenenHeT TeMHe—

paTypy PaBa T638.2+8.5 BB. OueHKa TemnepaTypH P388 HBflHeTCH fiBHO
BBBHmeHHOfi 38 cqu p00Ta BKnana naflyqunH B HOTepH Tenfia K8 paspfl—

anon 06nacwn, OBHBKO CBMBBTenLCTByeT 0 BOBMOKHOCTH nonnepmanna

0TeneHH nonnsaunn asl Ha 0Tannn pemnma 3.

M3 sxcnepnmeHTaanHx naHHHx BHnHO, BTO Hepexon paapfina B

HMBKOBOHBTHyD gnpmy BOBMOEBH B YCflOBMHX, Korna HMOTHOCTL unaamu

MOKBT BOOanaTB H9B0T0p0fi Kpuwnqecxofi BBflKQHHH ngp, 000TBeT0TBym—
men BOOTaTOqHO manomy nedaechomy pannycy. 3T0 HOBBOflHeT npennono—

mnTB GBCCTOMKHOBKTeflbHHfi xapaHTep KBTOBHOPO cnoa B pemnme 8.

BCflenCTBfie TOPO, QTO OTpHuaTeflbHHfi HOTBHuKafl. KaTona B BBHHHX

YCflOBHHX MHOPO 00nbme n0TeHunana HaonnpOBaHHOPO BOHBB MOKHO npex—

HonomnTb, qwo Ba KaTOB M8 nmaamu BOCTyHaeT HOHHHH TOR Hacumeuna,

QBCTHHHO KOMHBchpOBaHHHn afleKTpOHHOfl amnccnefi. Torna Tonmnna 0303



HOJIOJKMTBJILHOPO OO’BBMHOI’O Bapma y HOBBPXHOCTK EaTOJIa CYHGT onpene-

JIHTLCH

1/2 1 /4 EU 3/4 RT 1 /2

125(3) ['53 [TIE—1 [Twila-1 ‘9’
CpaBHeIme ZK’ COOTBGTCTBymeI‘O snewrpormofi IIJIOTHOCTH IIPH KOTOPOH

nponcxozmT nepexon B pemm 3 0 mo?! CBOOOJIHOI'O npodera BJIBKTpO-

HOB Rem; Ket (Bucome JIBBJIBHKR) n Buco'ron Tpaemopvm snelc'rpcma~

emce <EK>
Hal: nonepmoc'rmo Ka'rona [50] hf? -—B—2 11pm mamemm B cxpememmx

r

nomx (Imame ,IIaBJIeI-MH) non'rBepmo yxaaaHHoe Hpemonomexme BO

BceM 113431133039 TOKOB nepexona, naBJIermn, MaI'I-IZTHHX nonen, npmeM

c pOCTOM Torca Jams ycmaew ycmoaue 13$ 3. 7VyBequeHue n ear; at? ‘

he

9

.YpaBHelme Hyaccona mm Oecc'romoamenbaoro cnoa paapua: B I

pemme 3 no—Bnmmomy aHaJIoquo 0.71010 mm c xomomum Ka'ronom ’[73] .

d2U

m2

Je=Sj=eneVe

1/2 (IO)

viva

29(UK—U)
V1: *rr’“

 

=4'n:e(nt—ne)

 

1/2

TL”ire—+1;
T=7te+7hv — KOSWLMBHT BTopmmofi swarm odycnomemmfi EEK non—

BJIEKTpOl-mofl Tax 11 (Doroaumccnefi,



CWTBH, ‘ITO H8 rpamme HJIQBMH ETHI=O RPM U=UK HOM‘IHM, QTO HBITpfi

JKBHHOOTB BJIGKTPWIBCKOPO 110.718 y HOBerI-IOCTH KBTOJIa

1/2

_ 16% 1/2 1/2 1/4 1/2Ek-{?§;;T7§[(1—S)M ~Sm ]} UK j (II)
8 BBJM‘M-Ia HBTOIIHOI’O HBABHMH COOTBBTCBBHHO

2/3

_ 121: 1/2 1/2 2/3 4/3UR_{:§EST7§[(1-S)M -Sm ]} J In (12)
MB BOHIIDBHX namepemm 036M813 HpaKTH‘IBCKM meal-188 BBBHCHMOCTB

1

HJIOTHOCTK IIJIBBMH OT TOKa paapsma, B T0116 BPeMfi ZEN—W2— T .6.
9

4/3

UK J {W} H9 BSBHCPIT OT ,1 , ‘ITO H HBOJHQIIBGTGS BKCIIBPHMGH-
Taano.

Ma BumeyKaBaHoro caenyeT, qTo Haqnnaa c n92I013+5 1013 cufa'
CHALHOTquHfi KBaSKCTaunonapHHfi paapan xapaKTepnayeTca Hannqnem

OeCCTOfiKHOBHTEHBHOPO KaTonHoro cnoa c HanpfimeHneM cnaOo BaBncamnM

OT TOKa n GOMEOTbm HflaaMH,IfiBflflmmefiCH aKTnBHon BOHOH paspana c

npeoOnanaHneM TepMquCKoro mexaHnama nonnaaunn.

B oOJIac'm mam 11813119111?! p<0.0I Top n cpemmx mammal:

nonen B<I RFC, no-Bnnnmomy HeoOxonnMaa HflOTHOCTb naaamu He AOCTH—

raeTcs n CHJLHOTOQHHH MarHeTPOHHHfi paspsn (pemnM 2) cymeCTByeT B

oOnaCTn Oonbmnx TOKOB, qu TOEM nepexona, xapaRTepHHe nnfi OOfiaCTH

cymeCTBOBaHnH pemuma 3 n HepexonnT HBHOCpenCTBeHHO B nyry.

MCCfleAOBaHnfi nepexona KaTonHoro. cnoa anomanLHoro Tnemmero

paapana B cocwoaHne o HJOTHOCTbm Toma npomemywoqnoro memny

‘HOpMaanOfi umOTHOCTLm TOKB n HmOTHOCTbm TOKB nyronoro HflTHa [81]

nouaaann Hannune nepexonnux pemnMOB Tnemmero paspfina B aaowe,

Bosnyxe H rennn npn naBneHnsx 20+760 Top, no cnoncwnam: HanpstHnm



-99_

POPGHHH, HmOTHOCTH KaTOflHOPO Tone, OTcyTCTBKm maTepnana KaTona B

nmaame paspana, Omnaxnx K cumbHOTquomy nnqusnomy pemnmy Knaan—

CTaunonapHoro paspana B CermeHHHX eneKTpnqecKOM n MaPHHTHOM

nonnx, HeCMOTpfi H8 cymeCTBeHHym paBHnuy B HOflHOM Tone paapana (1.5

A n I.8'IO3 A COOTBeTCTBeHHO ), qTo MomeT yKaBHBaTb Ha nonodne

CprIcTypu KaTOIfl-IOI'O c.1103 paspsma B peme 3 H c'rpyIcTypH upen—

nyI'OBOPo KaTOIUiOPO mama [BI].
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FmABA.4. BMMCCMOHHHE M PACHHmmHUEBHE XAPAKTEPMCTMHM CMMLHO—

TOQHHX QOPM KBABMCTAHMOHAPHDPO PABPHHA HMBHOPO HABHEHMH.

4.1 OCOOSHHOCTH EaTonHoro pacnunenna B KBBBHCTEHMOHEPHOM

CHflbHOTOQHOM MaPHBTpOHHOM paapane M ero nononLBOBaHne B Texnonornn

nmnynbcHoro paanneHna maTepHanoa.

mnpomo nononbayemaa TeXHonorna HaHeCBHHH TOHKonneHOQHHX nonpu—

Tnfl c nomombm PaBOBOPO paapana B CermeHHHX aneKTpnqecxom n

maanTHOM unnax odecneanaeT BHCOKYD CEOPOCTB pacnunenna KaTonHon

mnmeHn (HflOTHOCTb Toxa Ha mnmeHn momeT nocwnraTL 100 MA/CMZ) [24}.

B 0Tnnqne OT OOHQHOPO KaTonHoro pacnnneHna CKOPOCTB yHoca maTepn—

ana unmeHn yBennanaeTca B 5+IO pas. Hannqne maanTHoro Hana CHM—

maeT ROTOR Buéoxoeneprewnqnux sneKTpOHOB Ha Hanunaemun maTepnan,

qTo BHBHBaeT ymeHbmeHne sneprnn npunocnmofi eneKTPOHaMH Ha unnaoxxy.

TemnepaTypa nbznomxn COCTaBnaeT 50+ZOOOC, Torna EEK npn oouqnom

KaTonHOM paanaeHnn 0H8 nocmnraew 300+SOOOC. CHnmeHne padoqero naB-

neHua c onHOBpemeHHHM yBennquneM CKOPOCTH HaaneHHa H cnnmennem

Temnepawypu nonnoxxn nosaonHeT cymeCTBeHHo HOBHCHTL aneCTBo nonpu-

Tnfi, onnano 3T0 annaeTca HeAOCTaTquHM nan HaHeceHua onnoponnux

xnmnqecxn quowux noxpuwun n oGpaGOTKn HeTepMQCTonKnx METepfianOB.

HpnmeHeHne cnnLHOTquoro MBPHeTpOHHOPO paafiana (peng 2) B Texnono-

run paanneHna maTepnanoa H HaHeceHnfi HOKpHTnfi HOBBOfifieT He Tonbno

cyMBCTBeHHO HOBHCHTB HHTGHCMBHOCTL HOTOKB ocamnaemoro uawepnana man

013 CM-S) paapana, ecan ocamnenne npona—HflOTHOCTb HJEBMH (CBHme 2‘1

Bonnwca n3 nmaBMH, HO n 39 cqu peryanponannn Bpemenn Boanencwana

HOTOKB paanmeHHHx qaCTnu Ha oOpaOaTHBaeMHn maTepnan (Hanpnmep

yCTaHaBflfiBafi Bpema Boanenchna meHbme xapaxrepHHx BpemeH Tenmonepe—

naqn B oOpaOaTHBaeMOM maTepnane nan xapaKTepHHx BpemeH xnmnqecxxx

peanunn Ha ero HOBerHOCTH) BHaaneano HOBHCHTB xnmnqecnym qHCTOTy
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n omopomiocwb Hammaemux IUIeHOK, a Tax me noc'ra'romo amenmno

onpenena'rb Temepa'rypm pem HOBerHOCTH OOpaOaTHBaeMHx ma'repna-

n03, B TOM mcne He'repmoc'rommx. Ha OCHOBaHm pesynb'ra'rOB nomenc-

Bamm CBoflc'rB Taxor'o paapsma paspado'rafia mmynwnaa MOI-{HO-

mxasmeHHaa Temonoma [101,104] cymHoc'I-L KOTOpon samqaeTcs B TOM,

11330 B raaopaapmmom upomemyme 0031mm marm'moe none, BaTeM 0031x3—

IDT npemsapwrenmyn rmaamy, B HOTopofi (Dopmpym cmmowoqmm BHCOKO-

BoanHHn WyBI-fim paapsm, c Hanpamermem roperma 350+IOOO B ny'rem

uponycxama qepea Hee PM'IyJILCOB Tone c mIO'moc'rmo 0.3+IOO A/CMZ,

mTeJILHoc'rLlo 10' +1 c c qac'ro'rofi onemBaI-ma OT om—mpamoro no 103

PH, HOCJIe ‘IBI'O HPOKBBOMTCH OCEMBHHG IIOKPHTKH.

XapaKTepnc'mm n OOJIEOTH cymecmoaam pemoa paapsma (pent;

2) ,npm'omux mm peamsamm mynbcnoro 'HamemA 33mm BEBE"

(m. 3), HOBTOMy ome'mM MB ocoOemioc'm, meme m ero‘

nparc'rmecxcoro nononb'aoaamm: I . Xapanrepm CBonc'rBOM cmmo'romoro

mame'rpomoro paapsuza anmerrca orrcy'rcnne Heomiopolmocrefi B maame

paapsma n ocpasonamm Ka'rommx HfiTeH; 2. Ynaaamnm pew

peamsye'rca HeaaBncmo OT pone rasa, maTepnaaxa KaTona n Konc'rpyxmm

paspfimoro yc'rpofic'rBa. VCTaHOBJIeIme panama OKBBHBaeTCH Talc me MBJIO

quc'an'remmM K mepoxona'roc'm HOBepmocm KaTona 11 em coc'rommo

BHe 301m paapsma. Morm'ramm noxaaam BOBMOIKHOCTI: nononbaoaanna

coc'raamix Ka'ronoa, a Tame coxpaHeHne pado'rocnococsnocm Kamommx

I'LIIBCTHH c I'JIyOm-Iofi spasm 110 2 MM (11pm IIOJIHOfi TOJIIIMI-Ie Ha'romzofi

mac'rmm no 4 MM). B TO axe BpeMfi aarpaanemxe noaepxnoc'm Karena

omcmon mm macmmon memo?! snam'renmo noaumam BepOfiTHOCTb

mopwrpoaalma mm. 3. Heme upenBapmeJIbHon nonnaamm npomexy'ma

He mae'rca odaaa'renbmm, OIEHBKO Bepoa'moc'rb nepexona B moaofi

pem B cmae ee o'rcy'ro'ana Boapac'rae'r. 4.Mcnu'rarma nonaanm, q'ro
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KPH HBPBXOfle B CHflbHOTOQHym QOpMy paspan pECHpOCTpaHHeTCH Ha

CYMBCTBBHHO douse mnpoxym OGJBCTB KETOfla, HOBHmafl 8P0 pecypc HO

CpaBHeHHm CO CTEHHOHBPHHM MaPHeTpOHHHM paspfixom, a Taxme Hoaumaa

paBHOMepHOCTb HOTOKa paCHHfleHHHX BTOMOB.

Hpenaaraemaa TeXHomorna Ouna anpoOMpOBaHa Ha paapHnHOM

YCTpOfiCTBe Tuna unaHapHoro MaPHeTpOHa n35 HaHeceHna meTannnqecmnx n

flBKOpaTfiBHHX (OKCHflOB, HMTpMHOB) HOKpHTKfi Ha nonnomKH H3 nchaHa,

HOHMBTHJEHE, TKaHM, Oymarn, HflaCTMBCC, METaflflOB. B MaPHeTpOHe samu—

ranca paapaz, odecneanammnfl HpeABapHTeanym HOHHBaunm padoqero

OOBema (nizlo9 cm‘a). BaTeM qepea paspan nponycxanca Hmnynbc'Toxa
no 250 A. OOmaa flflMTeflbHOCTB MMHyflbca COCTaBflHfla no 40 mceK. Ename—

80H naBneHMfl BHOHpaflCH 2.10'3+5.IO_2T0p. PaDoqnfi P88 — apron, 880T,

Bosnyx n nx cmecn paaflHQHOPO upoueHTHoro COGTaBa. CHHLHOTOQHHH

paapan npn BTOM xapamwepuaoaanca CfleflyEMHMM napameTpaMK: HanpameHne

) 250+120 APopeHMH (U ) 500+IODD B; maKCHMaanHH TOR paapfina (I
P P

, ‘ r)

(COOTBeTCTBeHHo), HflOTHOCTB TOKa no 25 A/0M9. Hanpnmep, nan pemnma

p=I.IO'2 Top I 265 A, U 2950 B, maTepnan KaToza — mans, padoqnfi
P P

P83 — 8pPOH, MMHyanHaa CKOpOCTb Hanunean HOHPHTMH Ha nonflomxy,

OTCTOHmym OT KaTona Ha paCCTOHHMe 120 MM COCTaBflHfla 8D MHM/MKH.

npn nfifiTeflbHOCTH MMHynbca T038 25 MCBK, QTO npn qaCTOTe onenoaaana

HMHyHbCOB IO Pu COOTBeTCTByeT cpennefi GKOpOCTH HaHHflEHMH IB

MKM/MKH. YBennqune nnMTenLHOCTH HMHynbca CBHme I USE npn coxpaHe—

Hnn yKasaHHon HflOTHOCTH Toxa HpHBOHHT K paBBnan HeyCToonBOCTen

H KOHTpaKunn paspana. YmeHbmeHMe flflMTeflbHOCTH meHee 10—6 08K orpa—

annBaeT BOBMOKHOCTB camopacnuneflnfi maTepnana KaTona, QTO canmaeT

BQQeHTMBHOCTL cuocoda. yBennqume HflOTHOCTM TOKE CBHme IOO A/CM2

(Kpnanecxnfi TOE odpaaoBaHnH KaTonHoro HHTHa) npnBonHT K nepexoxy

paspflna B nyroaofi pemMM c HOTepefi HpeMMyMBCTB OOpaGOTKH c Homombm
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cnanOTquoro MarHeTpOHHOPO paapana. QaCTOTa onenOBaHna 103 Tu

orpaannBaeTca BpeMeHMeM BoooTaHoaneHna aneKTpnqecmofi :upquocTn

Paaopaapanaoro npomemywxa.

BKCHBPHMBHTH no nmnynbcxomy' pacnunennm aanHHna (KOflquCTBO

npnmecefi He CBHme 0.1 %) B cpene Ar noaaonnnn OTpaOOTaTb openfinn

TeXHonornqecxnn peng Up=IOOO+1250 B , Ip=70 A, Thmn225 MC
peannsymmnncs B nocwaToqno mnpoxom nnauaaone naBneHnn p=5 IO‘3+IO'2

Top, Be500 To C BepOflTHOCwa nepexona B nyry nocne yCTaHOBneEnfi

pemnua 55%. HDKaBaHa BoamoxHooTb HaHeceHna npaKTquoKn OeBneQeKTHHX

anmumnneanx noxpuwun H8 HeTepmooTonKne unaCTmaocn (tnflssoob) n

TOHKHe nneHKn (Hanpnmep Ha flOBcaH TonmnHon no 3 MKM).

MononbaoBaHue nunynbcaon nonno—nnasmeHHon TeXHonornn B

nepcneKTnBe nosBonuT nyTeM noncopa qacwowu cnenoaanna 11 nnnwenhs.

HOCTH nunynbcoa yBennanb openHmm CKOpOCTb HaHeceHna noxpuwmn HO‘

cpaBHeHHm o oymecwaynmnmn CHOCOOBMK METHeTpOHHOPO Hannnennfi,

GymeCTBeHHO ymeHbmnTb KonnqeoTBo npnmecen B Hanunaemux nnenxax, 3

THE me pePYMHpOBaTb TennepaTypHHn peng noaerHOCTn oOpaOaTHBaeMoro

ma'repnana .

4.2 Bunccnounue CBOHCTBB nnasuu onanOToqnoro nuddwanoro

paapana n nx ncnonbsoaanne B Texnonornn HOHHO—CTMMyflHpOBEHHOPO

TpaBneHna maTepnanoa. \

Henonbsoaanne cnanOToqnoro nnmmyauoro paapana (pemnM 3) nnfi

reHepannn Oonbmnx osseuoa unorxon nt=I.5 1015 0M‘3 onHoponHofi

nmaBMH c OTpHBOM Tenneparyp 3+20 9B, 8 TaKxe HHTGHCHEHHX, no IO+IZ

A/CMZ HOHHHX HOTOKOB nowoxoa c 9Heprnen TOHOB no 100 9B noaBonseT

cymeCTBeHHo noaucnrb s¢qexTnBHooTL HOHHO-CTHMKHMPOBBHHOPO TpaBneHna

B mpoanex'rpomme , OCYEIBCTBJIHTB TQXHOJIOI‘KD KOHTPOJMPOBBHHOI‘O
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nmnynbcnoro TpaBfleHflH 03093, a Tax me HpHMeHHTb ero nna nonyqunH

nyQEOB BapfiqmeHHHX qaCTuu pasnnqnofi PBOMETpHH (fiHCKOBHX,

unnanqueCKHx, prOanHx). Hpome TOTO HOAOOHBH mopma paapana momeT

OHTL mononLBOBaHa Ana oopaBOBaHMa nnasmeHHHx CPyOTKOB,

nnmexTnpyeMux B KBBBHCTauMOHapHHB nOBymKM, eneMBHTaMn KOTOpHX

HBflHmTCH maanTHHe CMCTBMH, anymamne n33 QDpMMpOBaHHH STOPO Buna

paapafla.

G uenbm nonTBepmneHna Bucouofi HflOTHOCTM n HepaBHOBBCHOCTu

HflBBMH yKaBaHHofi impMH paapaga, a Tamme onpeneneHMH yCTofiqMBOCTH

ooHapymeHHoro pemnma Guam npoaeneHH BKOHepMMEHTH no ' ero

HOHOHBBOBBHHE E TeXHonornn HOHHo—CTnmynnpoaaHHoro TpaBneHna

maTepManoa. BxcnepnmeHTu npoeonnHMCL B paapHnHHX yCTponCTBax

saKpuToro u OTKPHTOPO THEE (ycwponCTBo c HpomnnnpoaaHHHMM

SfleKTpOflaMfi H HflOCKHfl MaPHeTpOH) B cmecax aprons c

rancrenoconepmamnmn noOaBKaMM (SEE) paannqnoro npoueHTHoro COCTaBa

(IO+IOO% SEE). B xaquTBe OGpaGaTHBaeMOPO maTepnana MCHOflbBOBaflMCb

CTaHnapTHHe erMHneBue HflaCTHHH @ I50 MM n cneunanbfio MBPOTOBfleHHHe

TeCTQBHe odpaauu 6 70 MM 0 samMTHHM HOKpHTHEM BHHGJHEHHHM n3 oxcuna

erMHMH, ananMHna Ii pasnnqnux BHAOB @OTOPBBHCTOB, HomemaeMHe B

naasmy paapana nepneHnnKyanHo OCH sneKTponHofi CHCTGMH H8

paCCTOHHMH L=80+250 MM OT HOBBPXHOCTH KaTona, nnOo Ha

HBDHMPOBBHHyw, flMGO Ha HBXOflflmwafi HOfl Howenunanom cmemeHMH

nonnommy.

Han oOpaOOTKn oOpaBuOB MOHHHM HOTOKOM c aneprmen IO+2O aB

oépaaun HOMemaflKCb Ha HBOflHpOBBHHym nognomxy B OdflaOTb HflaBMH

paapnna. flan yEennqunH saeprnn HOHOB no 20+300 BB npoaonnnocs nx

npycxopeHne cncwemon mmnynbcnoro cmemeHMfl, KOHCprKuMH Di npnnunn

paOOTH ROTopon npnaeneH BHme (paanen 2.4).
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3Kcnepmen'm no MOEiO-CTHMYJMPOBal-fl-IOW TpaBJIeHmo Si C

nonomaonarmeM B Kaqec'rBe reHepa'ropa I'LTIBBMH cmmomtmnn Myarmfi

pemm B yc'ronc'rBe c Momma: aneKTponaMn noxaanm ero

Bacorcym amelc'rmanoc'rb n noaaomm BHJLeJMTb p511: peaMMOB,

ormamca Bucoxon yc'ronmoc'rbm n roman: mm Temoomecxoro

npmeHeHna Hanpmep paapsm B CMecn Ar/SF6 (BO/20%) Hpu naBJIem

p=0.I Top, B=O.8 KI'C, I =50 MA, U 2650:4580 B, rm = 1000 A,C'ran c'rau

U =120 B. mTeJIbHoc'rb mmymaca TOKB B BTOM cnyqae GOCTaBJmeTHMII

$1.5 Mc, mTenLHoc'rL Imocrcofi Bepmmm mmnbca =I.2 Mc. Tpamzerme

nponaaomocr. HBHODPQIICTBBHHO B maaMe pespmxa c HOMemeHneM odpasua

Ha naompoaaHHon Homomy, q'ro odecneqmaano sneprmo nommro HOTOKa

Ha nomomy coo'rBeTcTBymmym no'remmany naompoaammro 30mm. Marcon—

MaJILHo nocmny'raa mnbcfiafi cmopoc'rb Tpéiamg_m'wam_pemax

coc'raBJme'r 800+IOOO MRM/MHH, ommno 11pm m'rpnxoa mee'r Ooqlco-

oOpaemm xapazc'rep (pnc.4.I ) . Cmexme nannemm CMeCK no p=IO'2 Top -

Homemo wensmerme cxopoc'm TpaBnerma n npnnarme upoqmm m'rpnxoa

TpeOyeMoro npmoyromnoro m HpnaMamechro upoqwm.

BKCIIepImeHTH no oupezzenemno omiopomioc'm HOHHOI'O HOTOKa

upoaommcz. c 110140111510 Boma-Komemopa (Enema 2) noc'raBJIeHHoro B

pem, ooo'rBe'rc'rBynmfi :13an 1409111010 Hacmnerma, 'r.e. no'remman

noc'rommoro CMememm Budapanca Omamm K no'remmany naomponafinoro

some. Mamepemm noxaaam Heomopogmoc'rb uonnoro nytnca MeHee 5% Ha

mame'rpe 50 MM Ha pacc'romm 5+IO MM OT moczcoc'm cme'rpm paapsm—

Horo ychonc'rBa. ILno'rHoch Homoro HOTOKB 11pm BTOM coc'raBJme'r =5

A/CM2 npn Tone paapana 550 A. OOpaOo'ma TeCTOEHx KPGMHMGBHX unac—

THH, HpOBomaa Hpn Tone paaapna 1000 A He noxaaana paammzm B PHY-

Orme n We TpaBJIeI-MH Ha mame'rpe '70 MM. yxaaamme ancnepmefi'ru

KOCBBHHO HOATBBPMEDT name JIBEGPHHI HBMBPGHM 00 OTOYTCBIIM pesm



 
PHC.4.I Hpomnnn HOHHO-CTHMYflMpOBaHHOPO TpBBfleHHH erMHHfi

RPM FQBHKQHHX FBKHMBX OGPBOOTKM.

 
\

Pnc.4.2 OCHHflflOPpaMMH Hanpfimenna H Toma Ha ansmeprqucxyw

HOEflOEKy Hpfi FBOOTG CXBMH HMHYHBCHOFO cmemefinfi.
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PpaEHeHTOB KOHueHTpaufifl aneKTpOHOB B npegeflax paapannofi odnacwn,

orpaaneHHofi gnameTpoM sneKTponoa H BOBMOXHOGTM oépasaaaHnn unaamu

HHOTHOCTbD 1014+IOIS OM_8.

HBAOCTaTKOM BaKpHTofi paspfinnofi aqefixm HBflHETCH chmHaH cucwema

coanaHMH MaPHHTHOPO HOflH, orpaHquBammaa BOBMOKHOCTE OUPBQOTKH

prHHHX manennfi, noaTomy aHaflOPMQHHE BKCHSPHMBHTH imam HpOEEflBHH B

pBBpHflHOM yCTpOfiCTBe c OTKpHTOfi PeOMeTpMefi (HflOCKOM MaPHeTpOHe). B

>KaquTBe EaTOflOB HCHOHLBOBBHHCB HflOGKME UflaCTHHH K3 Monmogeaa, megn

n HepmaBemmefi GTann (ISXIBHBT). Pafioqmm PaSOM HBflHflaCb CMer

Ar/SF6 C OOflepKaHfleM SFBOT IO KO 100%. HuaHaBOH flaBfleHMfl CQCTaBflflfl

p=IO'gr-IO_I Top, HHflyHuMfl MBPHHTHQPO HOflfl Ha HOEBPXHOCTM 'Kawona

B=4DO+7OO PC. Ho pesyanaTaM HCHHTaHHfl Ha TQCTOBHX oépaauax 9 120

MM B KaqecTBe TeXHonornqecmoro 65$ BHGpaH pemnm paspana co

anenymmMMM HapameTpaMH: pafioqnfi P83 — Ar/SF6 50/50%, p=5 IO‘B Top,

3:700 PC; HpeflBapMTeflbHHfi paspnn: IDTBH=BO mA, UCTau=550 B;

HMHyflbCHHH paapan: IHMH=720+IIGO A, UHMH=185 B. OGpaOaTHBaEMHfi

ocpaaeu nomemanca Ha paCCTOHHnn Z=ED+IOO MM GT HGBerHOCTH KETOEB.

TpaBflEHHe odpaaua 33 cqu HOHHOPO HOTOKa m3 UnaaMu, chopHemoro B

HpHHOBBpXHOCTHOM once no saeprmn, onpegenaemofi HOTBHHHaflOM

HBOflHpOBaHHOPO BOHLa, noxaaano YflOBflBTBOpMTBflbHHe ‘peayanaTH no

HMHyflbCHOfi CHOpOCTH TpaBfleHKH (CBHme 50 MKM/MHH}. yRasaHHHfi cnocod

HOBBonHeT HpOMSBonnTb OOpaOOTKy ocpaauog KER C HpOBOflHMHM (Al), THE

M c gnanemwpnqecxnm {$102, FBBHMQHHB iDTepeBHCTH H T.fl.} samMTHHM

cnoeM, 0TnnqaeTCH upooTOTofl HomemeHMH flBTaflEfi B naasmy paapflga. B

TO we BpeMH, Hpouecc TpaBneHMH , Baancamem OT BHeprnn MOHHOPO

HOTOKa, oxaBHBaeTca BaBMCHmMM OT pmmnma‘paapsna, B qaCTHOCTH OT

flaBfleHHfi padoqero P888.

HOflY‘IBHMB HOHHOI'O HOTOKB BBJIBHHOH BHBpI‘I/fld fl'pOI/IBBOIB‘IJIOCB C
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nomombn: CKCTeMH nmnynbcnoro cmemeHna. Eng onyqaa npoaonamero

aamMTHoro cnos cmemeHHe nonaaanocs HBHOCPBACTBEHHO Ha odpaaeu nude

OT ornenbnoro ncwoqnnxa nnTaHna, mndo uocpenoTBom exanenna

oopasua B KaTonHym HERB qepes orpaannBammee coupOTaneHne R,

Beanana KOTOpOPO BHOHpaflaCb ncxona n3 TpeOyemoro HanpameHna

cuemeHna n HOHHOPO Toma HacumeHnfl, odecneanaeMOPo nnasmon. B

onyqae OTfleflbHOPO noTqunKa, Hanpamenne cmemeana BHDHpaflOOb UCMa—SO

B, KOTOpOe x momeHTy qppmnpoaanna Kaaancraunouapuoro paapaaa

YMeHbmaflOCb npaKanecxn no HOTBHuHafla HBOflMpOBBHHOPO aoana

BCflenCTBHe- Oonbmoro HOHHOPO Tone, QTO TpBOOBaflO npumeHeHne

HCTqunKa cmemeHHa no momHooTn opaBHnmoro c MCTOQHMKOM HHTaHHH

paspnna. OT 3Toro HBAOCTaTEa caoooaHa CKOTEMB nmnynbcnoro cmemennz,

nononbaywmaa~ qacrb MomHOCTK OCHOBHoro paspana. axcnepnmenmu,

noxasanu, QTO n35 paapana B cmecu Ar/SF6 50/50% npu naBneHnsx Hume

ps5 10-2 Top, orpaannBawmee conpowuBneHne R momeT

nameHfiTbca OT 0 no 100 OM, QTO odecneqnaaeT Hanpamenne CMemEHMH OT

120 no 20 B. Tnemmnn paspsn c odpasua npn 3TOM He mopmnpyeTcz T.K.

B MOMeHT uonaqn umnynbca Bucoxoro Hanpamennz nonnomxa oxasueaerca

aamyHTHpOBaHHon c'raunonaprmm marne'rpomflmm paapmmm, memm upn

yKaBaHHHx ycnoanax meHbmee Hanpamefine POpBHMH.

Ecnn oOpaOaTHBaeMHn oopaaeu nmeew nuaneKTpnqecxun aamnTHum

anon, TO npn HeHOCpenCTBeHHOM npnnomennn nowenunana cmemeHnn m

oopaauy MAM nonnomxonepmaTenm nponcxonnT aapanxa eMKOCTn

odpaaymmefica memny nmaamon H erMHneBHM odpaauom, QTO npnBonnT K

ampaanonaHnm aneKTpnqecKoro noun cmemeHna. B STOM cayqae

npnmeHanaCL cxema nmnynbonoro ouemeHnH, conepmamaa HocnenonaTeanHn

LG Konwyp (rn.2) co onenywmnmn napamewpamn: L=26 MKPH,

3:0.5 umm, 3:10 ROM. Paoqu afieMeHTOB KOHTypa nponsaonnwca HCKOflH
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n3 ero noGPOTHOCTn, BOHHOBOPO coanTaneHMa (BOflHOBOB COHpOTMBfleHMe

KOHTypa AOHMHO oOecneanb TOKOCEEM 0 HOBBpXHOCTM odpasua),

TpeOyemoro HanpameHnH omemeHna, BpemeHn Bapanxn BMEOCTM

oopaaeu-Hnaama, H CKBamHOCTH nunynLCOB. B cayqae HanpameHMH

CTauHOHapHOPO paspana 300 B H BOHHOBOPO coupOTMBneHnH KOHTypa p=7

OM TOK cmemeanfi COCTaBflHeT :40 A. qaCTOTa KOHTypa COCTaBHT 4:3 105

Tu, qTo yflOBfleTBOpHeT BumeyKaBaHHHM TpeOOBaHHHM. Hpnmepu

OCHMflflOPpaMM Toma qepes 00paaeu n Hanpfimenna cmemeHnH HpEflCTaBfleHH

Ha pnc.4.2. Bacnepnmenwu c npnmeHeHneM HMHyflbCHOPO cmemeHnH

HOKaaann, qTo HflOTHOGTb HfiaBMH B HMOCKOM MaFHBTpOHe Ha paCCTOHHMH

1:100 MM OT HOBBpXHOCTH KaTona B pemnme Ar/SF6 50/5D%, p=5 10—2

Top, 8:700 F0; IMMH=720+IIOO A, UfiMH=IB5 B cocrasaaeT nizg

IOISCM_3, qTo no—anHMOMy n OOEHCHHGT Gonee HMBKym BQQEKTHBHOCTE*

TpaBneHnH B OTKpHTofi paapanflofi qunxe.

ABTOp OnaronapnT Hayqnoro pyKOBoxMTenH K.@.—M.H., noueHTa

M.H. QBTKCOBa M K.@.—M.H. P.B. XonaquKO aa COBeTH, HpBflflOKBHMH M

npaKaneCKym HOMOML HpH paOOTe Han anccepTaunefl.
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BAKIHO‘IEI—UAE

I. Hpoaeneim BKCHQpMMEHTaflH—me Homemaamma KBaBMCTQUMOI-Iap

HOI‘O paspana HMBKOPO ,ILaBHEI-DIH B mamm'mux 1:0on pasmmofi KOchm'y—

paw. Dupeflenemi odnacm GymeCTBOBaI-DIH H pemm may): CMJIBHOTO‘IHHX

(DopM paspima.

2. OGHapyJHE'Ha HOBaH CTaCHJIbI-IBH cpopma KBaBHCTauHOHapHOPO paspa—

ha B nonepetmom MEI’HMTHOM none, HBJIHIOmcha npomemyrroquofi c'ramiefl

nepexogza OT MaI’HeTpOHI-IOPO paspmza B MPOBOH n memaa CJIEMIOHLHB

OCHOBHHe KapaKTepHCTMKI/I: Harrpflmerme Poperma 2100 B, BpeMH cymeCTBo—

Hal-ME. no HeCKOJIbKMX mmcexym, maHaBOH TOKOB OT IO m3 2 IO8 A.

Hpemomena Kaqec'rBeHHaH molten HQHCHHIOmaf—I Bean/roman mexaHHBM

BOBHMKHOBE‘HMH n cymec'rBOBaHMH ymasarmofl CDCpMH paapazza.

:3. YCTaHOBJIeHo cymBCTBOBame cmmmom BHCOROEOJILTHHX

peaxadMOB KBaBHCTauKOHapHOI’O MBI‘HeTpOHHOI‘O paspma, OTmammeca

EHCOKHM HaHpHKeHKBM POPBHKH H nflflTEflbHOCTbm £0 20 MC B COQGTGHMK 0
r1

OOJBMOH HflOTHOCTbm KETOHHOFO TOKa (H0 25 A/OMé)

4. PaspaCSOTaHa myJILCHaa somoaasi maPHOCTMKa 11.115: MBMepeI-IMH

HapaMeTpOB rmaBMH IIJIOTHOCTBIO no IOI5 CM—B.

5. Homaaafia BOBMOJKHOCTI: Honyqemm masmemmx oOpaBOBam HJIOT-

’3 B 0656MB 013111119 100 0M3, oOecneananumxHOCTBIO 110 1.5 1015 CM

smccmo MOHHOI‘O HY‘IKE HJIOTHOCTLIO 01331119 10 A/cm23 0 BHepmefi 1:0 100

3B.

6. Homaaafia BOBMOFKHOCTB DELHTQHCIIIBHOI‘O KEITOlEHOPO pacmmemm Id

cosnaHna HOTOKOB qacrmu paCI'DiJIBI-H-IOI'O maTepHaJIa c BHCOKOH IIJIOT—

HOCTBM.
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