of Go-1/593- &

MOCKOBCKIM T'OCYIAPCTBEHHHN WMHXEHEPHO-OUSUYECKUM MHCTUTYT
(TEXHWIECKIAN YHMBEPCUTET )

This material may be protected by Copyright law (Title 17 U.S. Code)

Ha mpaeax DyKOIMACH

MOSBI'PUMH ImuTpui! BuTanneBNY

SKCHEPMMEHTAHBHDE WCCJIENOBAHME CUIBHOTOYHHX $OPM
KBABUCTAIMOHAPHOT'O PASPAIIA HUSKOI'O JABJIEHMH
B MATHUTHOM IIOJE

0I1.04.08 - {meuxka »n XM ILI23MH

Iucceprauma
HA COMCKAHWE yueHO® CTereHw

KapmunaTa (M3MKO-MaTeMaTHYeCKUX HayK

/"/ )/,
ABTOD ,%7&7 Hayusuit DYKOBOZMTENbL -
. KeHZWAAT (WMSAKO-MATEMATVYECKUX HAYK

moueHT dPeTnCcoB Uropb HOHCTAHTHHOBHY

MoCKBa - 1994 T.

INTEL 1107



COINEPKAHUE
CONEPKAHUE......... Gsecseesseanadacaanssaarnsantnnasananass
BBEIEHME...... g ceeeesecaccncs ces
FnaBa I. CHABRHOTOYHHE paspANH HMBKOTO XaBJeHMA B MAIHUTHOM

I.1

1.2

T'naBa 2.
2.1

2.2

mone ® HX HCNOJNL30BAHME JMAA TeHEepaumMM ILIOTHOM
ILIA3MH ¥ MHTEHCHBHHX TOTOKOB YACTHI. . ceveeaeeennn.
JKCIepPMMEeHTAJNbLHHE MCCASJOBaHMA I'a30BOTO paspaxa
HHBKOT'O HaBJIeHMA B MarHMTHOM NOJie M UX NpUMEeHeHHe
B COBPEMEHHOR TeXHMKE....... cesesase ceescaanenanne
MeToxH mNOJyYeHMA DA3PAAOB HM3KOI'O JNABJeHMA OOJBHON

MOIfHOCTH C OJHOPONHOR CTDYKTYDOH IJIB3MH....eceeess

MeTOMMKA ¥ TEXHMKA SKCHEDHMEHTB...ccacscaccnccanns
DKCOePUMEHTSJLHAA YCTAHOBKA IAA NOJYYSHHA MOMHHX
KBa3MCTAlMOHAPHHX $opM T8B0BOTO paspaia B CKpemeH-
HHX BJEKTPHAYCCKOM ¥ MArHMTHOM TIOJAX....... ceeees .
MMIOyJbCHAA BOHAOBAA METOINWKA ONpeleJieHHA IIapameT-

POB THIB3MH. e evesesccnns ssssecsnacssncnssnse sssses ces

2.3 IByXMojOBas Jia3epHas MeTONMKa OIpefieJieHMd ILNOTHOC-

2.4

I'napa.3.

3.1
3.2

VMITY TbCHOE CMEMEHME ... ..cvveeennncccccnnnnncscsans
OGjacTH CYNEeCTBOBE8HMA M XapaKTePHCTHKM KBa3Hu-
CTALMOHADHHX CHJLHOTOYHHX DPEeXMMOB DaspAfia HH3KOTO
LaBJeHMA B MAGrHATHOM IIOJie PasjMYHON KOHIMTYypalMH..
PexuMH KBASHCTALMOHAPHOI'O PA3DANA.c.ceveecaasaenns

[IpiMeHEeHMEe FKMIIyJALCHOR apnnoaon METOIMKH IJA
ollpeXeJeHMA TApameTpOB ILIA3MH ¥ HOHHHX NOTOKOB....

25

32

34

34

45

54

57

59

89

74



3.3

3.4

TnaBa.4.

4.1

4.2

OmpereJjeHMe IapaMeTpoB ILasMH DAa3paAla MEeTOIOM
IBYXMOJOBOfRt JlazepHOR MHTepPPepOMETPHMM. . vceereceeess
OCCYRICHNME DEBYJbTATOB.ccueecsccascacssccssnssnnsss

OMICCHOHHHE ¥  DacIHJMTEJbHHE  XApaKTePHCTHKH
CHABHOTOYHHX (ODM KBASUCTALMOHADHOIO paspajia HM3-
KOTO JOBJOHMA. . e eeeronanccssnanssnnssansnsosanasss
OCOCEHHOCTH KaTOZHOTO DaCIHAeHMA B KBASWCTAlLMOHAp-
HOM CHJILHOTOYHOM MarHeTDOHHOM paspafe U ero
MCIIONF30BAHAE B TEeXHOJOTMM WMMIYJLCHOTO pACIHJCHRA
METEDHANOB . « c c e ossesscncncssssossansssassnnssnsans

IMMCCHOHHEHE CBORCTBa ILIa3MH CHJIBHOTOYHOTO JIupdys-

HOT'C pa3palia ¥ X WCIOJL30BAHNE B TEXHOJOI'ME HMOH- -

HO-CTHMYJHMPOBEHHOI'O TPaBJICHHA MaTepHaJOB...veecee..

T T P AT  PA . o v eeeeesescscasessnnsasascassassesssanensasnens

82
g7

100

I00

1038 .-

1I0
III



BBEJIEHUE.

HTeHCHBHO® HCCJHeJOBaHWe Da3DANOB HHM3KOI'O JABJEHMA B IOmepe%-
HOM M8rHMTHOM [IOJie CBASAHO C MX IMDOKMM HMCIOJb30BSHMEM B MarHe TPOH-
HHX YCTpORCTBaX TEeXHOJNOI'HMYECKOro HasHAYEHMA, YCKOPHUTEJAAX IINasMH ©
SEMKHYTHM Jpe#oM SJEKTPOHOB, B KaueCTBe IJNA3MeHHHX SMATTEDOB AAA
9JIEKTPOHHHX ¥ WOHHHX HMHXEKTODOB.

ABaJM3 JMTEPaTYPHHX JNAaHHHX IOKA3HBAET, 4YTO CBONCTBa paspaia B
[OMepe¥HOM MAUHUTHOM IOJeé C 3aMKHYTHM Xpeihbom s.nen'rpbnos B o0JaacTu
Iepexola OT MarEeTPOHHOTO DaSpAZa C pacTymeR BOJbT-aMIIePHOR Xapak-
TEPHCTUKON K AYIOBOMY paspaly HOpaKTHYeCKH He HSYYeHH. OTCyTCTRYDT
OGOCHOBaSHHHE SKCHEPUMMEHTANbHHE U TeOpeTUYeCKHMe JaHHHe, MO3BOJANEMEe
ONMpele/MTh TpefeJibHHE PEeXdMH MarHeTpOHHOTO paspdAfa B KOTODHX
¢yHKImOHMpyeT OCOJREMMHCTBO TEXHOJOTMYECKMX ycTpo#icTB. UcclexnopaHue
MONHHX WMIyJbLCHHX DPa3pAloB, MCIONL3YEMHX XJif TI'eHepaOWM ILIOTHOR
OIHOPOXHOR ILNasMH, yKa3HBaeT HAa BO3MOXHOCTL CYNMECTBOBAHMA yCTORMM-
BHX (OpDM paspAfia B MarHMTHOM [OJe, He NepPeXOAAMX B KOHTPArnpoBaH-
Hyp Qasy NpHd SHAYATENHHHX BeJMYMHAX TOKA, OCHYHO COOTEBETCTBYIEMX

IYTOBOR OCA2CTH BOJLT-aMIePHOR XApaKTEePHCTHKM TaKUX Pa3pANOB.

Heas padoTH:

JccnenoBanue BOJILT-8MIIEPHHX XapaKTePUCTHK M odJacTe® CymecTBO-
BAHMA CHJILHOTOYHHX (OPM KBaBHCTALMOHAPHOT'O pa3pAja HMUBKOI'O LSBJCHHA
B MAarHATHHX [OJAX DAa3JMYHOR KOBIMTypalH.

OmpeliejieHMEe JIOKAJLHHX XAapaKTepUCTMK IIasMH yKasaHEHx Qopm
paspszna.

MccnenopaHMe BO3MOXHOCTH MCIHOJB3OBEHMA ILIA3MH CHJIBHOTOYHOI'O
paspana And TeHepalMM IJOTHHX ILIasMeHHHX OCpa3OBSHMR ¥ WHTEHCHBHHX

IIOTOKOR ZapAXEeHHHX YacTHI].



HayuHasd HOBU3HA ¥ IPAKTUYECKAss 3HAYMMOCTL paCOTH:

B mpouecce NpoBeZeHNA pPacoTH CHMM MCCJEXOBaHH OGJACTH CYmecT-
BOBAHUA ¥ DEeXMMH CHJBHOTOYHHX (ODM KBaB3HCTALMOHaPHOI'O paapﬁna HU3-
KOTO A2BJIEHMSA B MaGrHMTHHX NOJAX pasJmyHoM KoHMTypaipm.

- OCHapy®eHa HOBad cTaluabHas opMa KBaSHCTALMOHapPHOTO paspala B
nomepevyHOM MarHMTHOM [oJe, ABAANmMaAcA POMEXYTOYHOR crazuell mepe-
XoZa OT MarHeTPOHHOT'C paspdla B LYroBoR (CHMALHOTOYHHR IuGPysHHE pe-
¥UM) ¥ VMekmas CJeAyoiie OCHOBHHE X8DaKTeDHUCTUKM: HanpaeHWe Iope-
ma ~I00 B, Bpeﬁﬂ CYymMeCTBOBAHMA IO HECKOJBKMX MWLMCEKYHK, XUala30H
TOKOB OT 10 A 10 2 10° A. [lpeanoxeHa KavecTBEHHAsA MOZEJb, NNOACHAWD-
mad BO3MOXHHI! MEXaHM3M BO3HWKHOBEHMA ¥ CYNECTBOBaHMA yKasaHHoO#t op-
MH pasparna.

YCTaHOBJIEHO CYHECTBOBAHME CHMJIBHOTOYHON BHCOKOBGJABLTHOR (QOpMH
KB&3MCTAlMOHAPHOT'O MarHe TPDOHHOT'C paspdja (cnﬂLHOToqnﬁn Mar'He TPOHHHI
pexum), oTJMuanmeidicA BHCOKMM HampaAXeHMeM ropemma (Zo 1200 B) B co-
YeTaHMm C COJNBMOR MJNOTHOCTHI KATONHOT'O TOKA2 (A0 25 A/cmz). Jmreas—
HOCTb CYymECTBOBaHMA 3TOM (OpMH paspaza MOXeT NpeBHmaTh 20 MC.

[lokazaHa BOBMOXHOCTEL IIOJyYeHMA ILNa3MeHHHX OCpa3OBaHMit IJIOTHO-

¢t JO 1.5 IO15 CM°3 B o0eeme no 1000 0M3, ofecrieyramx 3SMICCHN

MOHHOI'O IIyYKa MJOTHOCTRY CBHme 10 A/oM2

c sueprve# mxo IGO0 3B.
[loka3aHa BO3MOXHOCTL MHTEHCHBHOI'O KaTOZHOT'O PAaCIHJEHMA M CO3-
JaHud [TOTOKOB YaCTHIl DACIHJeHHOI'O MaTepuasia ¢ BHCOKOR ILNOTHOCTHD.
[lonydeHHHEe DPe3YJbTaTH HUCIOJb30BAHH:
- B HOBO{t ILNasMeHHOR TEXHOJOTMM MOHHO-CTHMYJWMPOBaHHOT'O TpaBJje-—
HMA ¥ CO3JSHWM IINa3MOXMMIYeCKOT'O DeaKTopa AJAA YCKOPEHHOrO TpaBieHMA
choeB (HIIO CyOMMKDOH)
- B TexHoJOT¥MM MMIYyJBCHOT'C DAaCIHJeHud MaTepuanoB (HIIO SHepro-

mam r. Camapa)



- Ilpm HaHeceHEMM Oe3Ze(eKTHHX MMOKPHTHN HA HETEpPMOCTONKHMEe CHLMH-
TIWLIALMOHHHE BATYMKY MOHMBVDYOOMX H3JIyYeHM# M OCOGO TOHKHME ILNeHKH
(coemecTHO MDY u MBIl "nffepeHT” r. MEHCK).

Ha zamuTy BHHOCATCA CJACAyHmMe NOJOXSHMA:

I. Pe3yapTaTH SKCHEPMMEHTAJLHHX MCCJEJOBAHMR CHIBLHOTOWHHX fopM
KBaSHCTAlMOHADHOIO paspdla HW3KOI'O JaBAeHAS B MArHMTHHX DOJAX
pasJMYHOR KOHIWMrypaumM: a. OCJacTH CymeCTBOBAHMA M DexuMH XBYX QopM
paspaza:

0. 38BHCHMOCTH BOJBLT-SMIIEDHHX XapaKTepPHCTHK
OT K8BJIeHMA, BeJMYMHH MHIYKIME MArHMTHOrO TOJdA, pOXa rasa, MaTepHa-
Ja 9JeKTPOXOB, BHUAA paspAfHOro ycTpollcTma.
| B. KavyeCTBeHHAA MOJEeJb, IOACHANMAS: noéuo:—
HHR MeX8HHMSM BO3SHMKHOBEHMA M CYMEeCTBOBAHMA CHJILHOTOTIHOR ~IADIy=2HOZX
GopMu paspaza.

2. MeTon MMIIyJBRCHOR 30HAOBOM IMArHOCTHKH ILJIOTHOM ILNA3MH.

3. Pe3yanpTaTH HCCHEeIOBAHMZ I[apaMeTpPOB IIAS3MH CHJILHOTOYHOI'O
KBa3HuCTalMOHAapHOIO JumpPy3HOTO pexmMa paspdfa B cJaC0 HeOJHOPONHOM

MEreEiTHOM HOJe.

OCHOBHHE Pe3yJbTATH ONyOJMKOBAHH B padoTax [94+I041].
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TJIABA I. CWIBEHOTOYHHE PASPAIH HUBKOI'O ITABJIEHUA B MATHUTHOM
OIE ¥ UX WCHOJML2OBAHME IJid TEHEPAIIAM IUIOTHOM IUIASMH ¥
WHTEHCUBHHX MOTOKOB SAPAXEHHX YACTMII.

I.I 9xcrepMeHTaJbHHE MCCJeIOBAHMA Ia30BOrO paspAna HABKOro
JaBJIEHUSA B MAIHMTHOM IIoJie ¥ erc IpMMeHEHMe B COBPEMEHHOt TeXHMKe.

CymecTByWIMEe BUIH yCTpOHCTB Ha OCHOBE paspAfa B CKPEmMEeHHHX

ExH nonsax.

MccaenoBauMe XapaKTePUCTHK PasSpAla B CKPENMEHHHX BJeKTpuiec-—
KOM ¥ MarHuTHOM IIOJIX IIPMBEJIO K CO3JAaHWH MHOKECTBa I'a30paspARHHX
yCTPO#iCTB, HAXOZAMX MNMDOKOE IpUMEHEHMe B PaSJMYHHX OOCJaCTAX
HayK¥ ¥ TeXHMKM, OT/MYamIvxcAd KoHjurypaime# E m B mnoJeit, Besm-

9nHO# paspAmHOrO TOKa, HANDAKEeHNA, JABJCHMA Iasa. C Tokm 3pennd

NPaKTMYECKOTO NPVMEHEHMA Hamdojee NEPCIeKTHBHHME OKA38JMCh CHC— -

TeMd C KOH(mMrypaime#l noJefl, oCeCnevnMBammiX 3aMKHYTH® Jpeld saer--
TPpOHOB. K uX uMcay OTHOCATCA IMmMHIpwyeckwe [I,2] ¥ ImnocKue
(3,4] mMarseTpoHH, AdYeixa Ilemmnra (6], KOMOMHMDOBAaHHHE YCTpOXCTBa
C MarseTpoHOM ¥ IIOJHM KaToioM [6+81, NNa3MEeHHHE YCKOPHTEJM C
SaMKHYTHM XOJMOBCKMM ToOKOoM ([S+II1l. B JmTepaType wuccJeOBaHH
CBOMCTBA pas3pAkOB NpaKTWIECKM JNA BCeX BOSMOXHHX KOHJWMTyparwit
aKCHaJbHO-CHMMME TPMYHHX ExB moseft. lccreioBaHma PaspAfOB C He3aM-
KHYTHM JpeffoM BJEKTPOHOB IMPOBOIMJMCHL C LEeJbl BHACHEHMA BO3MOX
HOCTHM IIOJyYeHMA IIOTOKE ILaSMH, YCKODEHHOTO CKPeHEeHHHMM SJAeKTDH-
YEeCHKMM ¥ MarHMTHHM IIOJAMM, 8 Ta8K X MarHdMTHON WBOJALMM ILIasMH ¥
HCIONBb30BEHUA  TaKMX i)aapfmoa B [Ia3MOXMMMYECKMX peaxTopax
{I2,1I3]. Paspazd B IONepevYyHOM MarHMTHOM IIOJe HAIUM MNWMPOKOe
OpMMEHEHNe HANA CO3HaHMA [JAGMEHHHX BMMTTEDOB M ILISSMEHHHX KaTO-
JOB. B KaYeCTBe MJa3MEHHHX SMUTTEPOB B TeXHWKE NOJYYSHHA MOIHHX

IyYKOB OCHYHO MCHOJb3yeTCA HyroBof Dpas3pAX, KOTOPHZ IfOJy4YamT



mepexonoM H3 TJENHEero, OAHBKO NpH HM3KOM JaBJeHNAH, HEOOX0 IMMOM
INa TIOJNy4YeHMA SJEeKTPOHHOTO IyYKa M er0 TPaHCIODTWPOBKH, 3aXeYb

THeIM paspAl HEeBOSMOXHO, IOSTOMY B KaieCTBe BCIIOMOTaTeJbHOI'O

HCTIOJE3YDT PAspAf C BaMKHYTHM JpefioM BJIEKTPOHOB, KOTODHX 3aTem

nepeBoMTCA B Xyroeoft [(I4,I5]. IlpeAnpMHMManTCs HNONHTKA HEHIOCDeX-
CTBEHHOrO HCHOOJBL3OBAHMS KOHTPArMpOBAHHOT'O pas3pafa B CKPemeHHHX
ExH mossx B xavedBe oMMTTEpa SJeKTpoHOB. (I6]1. Mcmoan3oBanme
[LI83MEHHHX KaTOXOB HE8 OCHOBe HEKOHTDAUMpOBSHHOI'C paspAfa B Mar-
HMTHOM MoJle KaK B ILIOCKOM TeK M B IMAJMHAPMIECKOR reoMeTpMM Iid
CONNAHMA TOJHOCTBLY YIpaBJIAeMHX KOMMYTHDYXHMX S8IMIapaToOB NOSBOJMIO
CO3JaTh BEeHTWM CHOCOCHHE KOMMYTHPOBATBTOKM CBHHEe IS0 KA ¥ Ham-
paxeHma cBume 100 KB, mpHYeM OCYMECTEHTR 3aIlMpaHde- Hpacdopa 38
BpeMera meHee 50 Hc [I7,I8]1. HepocTaTHOM KpoCCaTpOHOB- ABRASTCH

!

TOJBKOQ GoJblioe ~300 B mafenMe HampaAXeHMA Ha paspane, ofecrewdA-

BammeM (YHKIMOHWDOBAaHME ILIG3MEHHOr'O Karoxa. Iliasmy paspaga C
HONepeYHHM MArHMTHHM noJjeM 5QJeKTHBHO MCHOJB3YDNT IAA HOJyYeHHA
MHTEHCHMBHHX MOHHHX IYyYKOB, HANpPUMED MyYKOB OTPHIATENHLHHX WMOHOB
ponopoxa [I9]

BaxHellllMM NpPaKTUYECKMM MPUIOXEHMEM paSpAjOoB B MarHATHOM
noje dABAASTCA CO3JAHMe MArHeTDOHHHX CHCTEM DAaCIHJeHMSs MaTrepua-
JIOB, KOTOPHE HCHOJL3YNTCA INA HBHECEHMA TOHKOILIGHOUHHX NOKpHTAR
(R0+271.

CeoficTBa pas3pAloB B NONEPEeYHOM MATrHATHOM IOJE.

CorsacHo [28] B OTCYTCTBHR MABIHATHOrO IMOJA B S8BHCHMOCTH OT
HaBJeHMA H BeJHMYMHH paspAAHOIO TOKA BOSMOXHH 4YeTHpe YCTORYMBHX
BHJS paspAZa C XOJOJHHM KaTONOM: TEMHHA, HODMaJbLHHR TaexauMit,
8HOMAJNBHHZ TJexmM# B Ayrosoff. JMamasoH TOKOB HIJS KAXAOTO BUAA



HampuMep AJA paspdafa B Ne MexAy ILIOCKOIApasUlefibHHME SJeKTPOREMA
IpE JRaBJeHM® =] TOp, COCTaBJAADT COOTBETCTBEHHO 10710:107¢ a,
10741071 A, 107T:10 A, >I0 A. Kauecrsemmas BOJIbT-aMiIepHas
XapaKTepHCTHKA DasfAfa TpeAcTaBieHa HA puc I.I. K CHABHOTOUHHM
fopMaM OTHOCATCA 8HOMAJLHHR TJepmuM? paspaR, SaHEMaKmAR BCO
NOBEDXHOCTh KaTOAa ¥ XapakTepusymupitcs pacTymeR BOJbLT-aMilepHON
xapakTepucTHKOR (BAX) m nyroBof#f, NpeACTaBAANIMA COCOR KOHTparu-
POBGHHHR paspdal C HOagamome#t BOJLT-aMIIEDHOR XapaKTepPHCTHKON.
OCHOBHOR MeXaHM3M MOAACDXaHMA TJeOmero paspdia ABJNAeTCA HOHA38-
IMA SJEKTPOHHHM YA8pOM B KATONHOM CJioe ¥ 3JEeKTPOHHAA SMHCCHA C
KaToXa, BH3HBAeMas#s BTODMYHOR MOH-BJEKTPOHHON sMuccHeR u Qorosd-
dexroM. JBMNeHNe 3apANOB B KATONHOM CJoe TJSNMETO paspAxa IPOMC— .
XOZMT B DexuMe [ONBUXHOCTH, IIpHYEM CKODOCT: JBMXEHMA WOHOB
SHAUMTEJHHO MEHBHNEe CKODOCTH SJEKTPOHOB, GJaroxapd 4eMy B oCJacTH
KaTOZHOT'O NPOCTPaHCTBA BOSHMKAET M3CHTOUHHI MOJOXMTENLHHR 3apan,
KOTODHt MCKaxaeT BJEKTDHYECKOe moJe. B KaTomHofi oGjacTd magaer
doJbilad 4YacCTh HaOpPAXeHWA pas3pAna, TaKMM o00pa3oM HODMAJbHHER X
QHOMAJLHHR TJexmMit pas3pal ABJIAKTCA DA3DANAMH C I[OJIOXHTEJHHHM
OCOBEMHHM 38DANOM.

[Ipy Ha/JMYMM NONEPEeYHOTO MAarHMTHOTO HOJA, CKOPOCTh HBARSHHA
3JIEKTPOHOB K 8HOAY YMEHBbHAETCA, YTO IPHBOIWT K yMeHLIICHMN KaTOA-
HOPO NAJeHNS ¥ yBeJWUYEHW) OTPHLATEJHHOIO NMPOCTPSHCTEEHHOI'O 3apfA-
Ia BOJW3HM aHOJAA, T.e. oopaaoaaunm BHPSXeHHOT'O @HOJHOT'O CJod.

PexuMH paspAfia C QHOKHHM CJOEM MM C OTPULATEJEHEM OGHEMHHM
38pANOM pEeaJMBYyNTCA B OCHOBHOM IpM HUBKHMX XAaBJICHMAX (psID'3
TOp). HamGoJee IIOJNHOe MCCHAeAOBaHMe CBOMCTB paspdAia C aHOJHHM
CJOEM B INUMHAPHIECKOM MarHeTpOHe MpOBENEHO B padorax ([R29+32].

[lpn GoJiee BHCOKMX HABJCHHMAX M He CJMNKOM CHABHHX MAGrHMTHHX [OJAX



- 10 -

I[4]
| ULV]
2000 ¢} 1300 Tc
1500 } 3t 600 I'c
1000 } -2 F ‘
' , 250 I'c
500 } Tr /
i ] i | | J 1 i 1 i
107 1072 107! 10 Ir4] 300 600 U[V]
Puc.I.I BAX paspana B Ne Puc.I.2 BAX paspana B MarsHe TpOH-
p=1 Top. [28]. HHX DaCIHJMTeJbHHX CcHCTeMax.[35]
A
i *
l 30HZ
K
N N
S S
— T "
ra3 OTKAYKA
Puc.I.3 Cxema MPC Ha OCHOBe
nJiaHapHOro Mar’HeTpoHa [431]
-3
Tolevl] a. ngfm =1 b.
5 P -
5 L
. L \ 4 }
31 //
37 h\ 2 _../"
2 = 2 oy
11 1012}
IfmA]l Ifmd]
i | 1 1 i |
50 100 150 50 100 150

Puc.I.4 3aBUCEMOCTH BJEKTPOHHON KOHUEHTpaly (Q) ¥ MOHHOR MAOT-
HocTH (b) OT TOK&a pald3paAja (ILIaHAapHH MarseTpoH) [45]
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pea/mm3yeTcd pa3pal C KaTOOHHM CJOeM ([IOJOKUTENALHEM ITPOCTPaHCT-
BEHHHM 38pANOM). JKCIEPHMMEHTAJbHHE KCCJeZOBAHMA DPa3pANOB B IONe-—
pevYHoOM MarHATHOM [IOJie Da3JM4HOR KOHJMTypalym [OKazasmm, YTo
cornacHo (33,341 pnAa JmoCoft MarHeTPOHHOR CHCTEMH C 3aMKHYTHM
IpettfoM SJEKTPOHOB BOJLT- aMilepHAad XapaKTepHUCTUKA OIMCHBaeTCHd
" BHpaXeHMEM Ip=kUg, rge I, - Tox, U, - Hampagesue paspaia, k,n
(n>I) - BeJMYMHH, S38BHCAIME OT KOHCTPYKLMM ycTpoficTBa, poha
rasa, JH@BJEHWA, MarHATHOTO TmoJd. B padore ([35]1 mnpuBeZeHH
BKCIIEDMMEHTAaJIbHHE 3aBHCHMMOCTHM TOK2 OT HaIlpAXeHNd paspAna, Xapak-
TepHHe, I[I0 MHEHMW AaBTODOB, JJad JioGoft Mar€eTpOHHOR CHCTeMH
(puc. I.2). BumHO, YTO C pPOCTOM HaNpPAKSeHHOCTH MATHATHOrO IOJ4,
mp¥ (MKCHPOBaHHOM TOKE, HAIpAKEHVWE TIODeHUA YMEeHbLHAeTcA. ABTODH
IenanT BHBOL O IPUMEHUMOCTM MOJEJM SHONHOT'O CJOA ILiA OmMCaHmMa
OKCIIEPMMEHTAJbPHHX XapaKTepUCTUK I[IpPM CPaBHMTEJLHO BHCOKOM JaBlie-
mm (1.5 10 L<p<g 1071 Top).

OTKNAOHEHMA OT YKa3aHHOR KapTHHH 3aBHUCHMMOCTel! HanpaAkKeHHA
paspaza OT TOKa HAOABAAMMCH DM pacdoTe C HeOXJaKA3eMHMH KaTOXaMH
[(36]. Ilpy MarEMTHHX IIOJIAX C MHAYKIMe® cBHme 2 KI'C M ZJ8BJCHMH
. CBHme 3 10'2 TOp COHJM NOJy4YeHH BAX paspana, I'Je MOHOTOHHH{t POCT
HalpAxeHNA OCpHBAaeTCA, NPOUCXOIMT pe3KOoe eT'0 yMeHbleHMe IO YpPOB-
HA ~200 B, pgpanee Up NpaKTHYeCKU He 38BHCHUT OT TOK2 O BeJMYMHH
TOKa =2 A. ABTODH OCBACHAKNT IOABJEHME YKa38HHHX S-0Cpa3HHX
XapakTepPUCTHK yBeJW4YeHMeM KOHUEHTpalMH INa3MH BCJACNCTEME NOHM3a-
¥ DACIHHJEHHHX 8TOMOB MaTepuaja KaTola.

MccaienopaHMA 3aBUCMMOCTER! TOKa paspafa OT BeJMUMHH HaOpa-
KeHHOCTM MATUHUTHOI'O IIOJif OTpakeHH B padorax [37+401. IlokazaHo,
4YTO TOK paspaia JmO0o BO3pacTaeT C pPOCTOM HANPAKEHHOCTU MArHMT-

HOT'O IoJif, HanpuMep B pas3pAjax B IMJMHAPDIYECKOM MarbHeTpoHe M B
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KOMOMHWPOBAHHOR cCuCTeMe C NOoJuM Karogom (37,381, mGo 3aBucu-
MOCTb Ip(H) nMeeT He3HaunTeJbHHII MaxkcumyMm [39,401.

Mozesb KaTOZHOTO CJOA TJACKMETrO paspala B NONEpPedYHOM MarHMT-
HOM noJie mpexcTaBJeHa B [41]1. [Ioka3aHo, YTO BKJIOYEHME MATHMTHOTO
NoJiA yBeJMUYMBAET KaTOLHOe MafeHME IIPM MaJHX I[LJIOTHOCTAX TOKA M
yMeHBlIaeT ero mnpu CONbEMX. B pesyanTarTe BAX, HOGTpOeHHaﬂ B KOOp-
IMHaTax U -ln J cMemaeTcA Ha BeJMIMHY 3/2ln(I+m e ) B CTOpPOHY
GOJLIMX TOKOB (W - IMKJOTPOHHEA 4acTOTa, T — BpeMA peJiaKcaiuu
BJEKTpOHa), 4YTO O3BHAYaET COOTBETCTBYWMUEee YBeJMYEHHWEe HOpPMaJbHON
ILIOTHOCTHA TOKa. BHBeXeHH YCJOBMA HNOJOCHA KATONHOTO CJOA B OTCYyT-
CTBME Y IIPM HaJM4YMM MarHWUTHOTrO nojd. TeopeTM4Yeckad MOZEJb paspd-
Ja HUBKOrO JH2BJEHWA C 3aMKHYTHM Jpefi)oM BJIEKTpPOHOB, peajmM3yl-
merocd B MarHeTpOHHO® pacIHJMTeJLHOM CHCTeMe ¢ THIMYHHMM Jada
TeXHOJNOTWYECKOTO INpMMEHeHNA MMAanasOoHOM [apamMeTpoB, IIOCTPOeHA B
padore [42]. IlosyvYeHH OZHOMEDHHE pelleHMs, OIMCHBAKWWe [apaMeTpH
ILIa3MH HA PaBJMUYHHX YYaCTKaX pas3pafHOro IPOMEeXyTKa: TeMHOM
IPUKaTONHOM CJIoe ¥ 30HEe NPHMKAaTONHOT'O CBedeHMA. [locTpoeHa MeToIm-
Ka pacvueTa BOJbT-aMIIepHOM XapakTepUCTUKM paspaza. HKpome TOrO
NpeLJOKeHa MOIEeJb B3amMOAEMCTBMA IOTOKOB DACIHJEHHOTO BEemeCTBa H
padovero rasa NpUBOAAMETO K CHMXSHVWI KOHUSHTDalLMM ras3a B o6JacTi
KaTONHOT'O CBEYEHMA M DPOCTY palpaAfHOr'O HaupAkeHua. PacueT BAX mo
YKazaHHOM MOEeJM TaK e LaeT MOHOTOHHO BO3DacCTalyl 38BUCHMOCTD
p(I ) cTaduyMsupywmybcd Ha ypoBHe 400+600 B mpu MJIOTHOCTH TOKa
0.04+0.1 A/CM2 YTO YIOBJIETBOPUTEJBHO COIJIAaCyeTCA C SKCIepHIMEeH-
TOM. B TOXe BpeMda BHBHB3ET COMHeHMe I[LIOTHOCTE TOKa B CTALMOHAap-
HOM pexyme (go 0.3 A/cuz), HCHOJE3yeMaa aBTODaMM INA CPaBHEHMA C
pacueToM.

A3MepeHMB JIOKaJbHHX XADPaKTePUCTHK ILIA3MH CTAUMOHADHOT'O Dpas-



- 13 -

pana, TAKMX KaKk [MOTHOCTb ILAA3MH N, U BSJEKTDOHHaA TemIeparypa
Ty, 2 Takxe pajMasibHHX DacrpejefieHiil STHX [apamMeTpPOB B aKCHAJLHO
CHMME TDMYHHX CHCTEeMaX MOCBAMEH LeJHN paxn paGOT (43+45]1. Hampumep
B INOCKMX MarHeTPOHHHX cHCTeMax [43,44] OHJM JOCTUTHYTH ILIOTHOC-
TH HCHOB ni=1010+3.5 10" oM™ u BJIEKTPOHHHE TEeMIIepaTypH 20+5 3B
DA nagJeHMAX padovuero rasa 5 1073:2.5 TOP COOTBETCTBEHHO. (CXema
BKcrepMMeHTa [(43] mpejAcTaBjeHa Ha puc. 1.3. Beswumua MarHMTHOrO
[I0JId y NMOBEepXHOCTH Marsmra jocturana 1600 I'c. B xavecTee padoue-
ro ra3a UCIOJNBL3OBAJCA ApTOH IpH JaBlemM 2.5 IO'2+2.2 TOp. 9JEK-
TPOHHaA NJOTHOCTL U TEeMIIEpPaTypa U3MEepAMMCh C TIOMOEBD 30HKa. [o
TOKY Ha 30HJZ OLUEHeHa ¥ CKOPOCTb Apeitda 3JeKTPOHOB B HAaMPaBJCHUM
ExH. WoHHasa TeMmepaTypa #M3MepaJach C IIOMOMBIO 3JEKTPOCTaTHYeCKOI'o
aHaJM3aTopa. MakcumaspHad BJeKTPOHHAdA TemilepaTypa HalJnrzajach B
obnacT NpUMHKawomell K OCH CHCTeMH ¥ IIOBEepXHOCTH KaToha (~83B).
MakcuMalbHaA ILIOTHOCTE SBJEKTDOHOB COCTaBjadse 3.5 10"%eM™3 u ouna
CPaBHVMMA C MOHHON ILIOTHOCTHW. OCHapykXeHO, YTO B OONAaCTH IEpIeH-
IVKYJAPDHOCTY 3JIeKTPMYECKOr'O ¥ MarHMTHOTO MoJiet oTHomeHue XIpeido-
BO CKODOCTH Vn K TersioBo} V, oCTaeTCd MOCTOAHHOR BAOJL Z ¥ COC-
TaBpaseT ~0.05. 30HLOBHEe N3MEpeHMA [IOKa3aJm, 4TOo VA;W.B 105 cMm/c,
TO ecTh V ~I.5 168 CM/C, 4YTO COOTBETCTCBYeT 3JEKTDOHHO! TeMmieps-
TYype ~63B. /EMepeHMsA MOHHOR TemIeDaTypH IIOKAa3aJM, 4TOo T.~0.6+1.2
3B, T.e. OTHOUEHME OSJEKTPOHHON ¥ WOHHOX TeMIepaTyp COCTaBHIO
23+h.

B aHanorwvHOM cucTeMe IpeACcTaBieHHOM B pacdote [44] paspazy
3aKUTalcA OpH CJSIyWIMX YCJOBHAX: HABJEHME D=5 10733 107° TOD,
padoust ras - aprod, MarepMan KaToZa - Melb, DPaspAmHHit TOK 0.1
A. MaKCHMMalbHO JOCTUTHYTHe BSJEKTDOHHAEA I[JIOTHOCT: M TEMIIepaTypa

COCTaBJAJN L
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I. p=6 107> rop, n~10%0 oM™ | T 20 om

2. p=2 1072 10p, n_~5 1010 e , T =5 om
TO eCTh [OBHUICHME J3aBJASHUA HAapALy C POCTOM KOHUEHTDAalLMM MOHOB
MPYBOINAT K CHUXEHM BJEKTDOHHOM TeMIepaTypH.

Viccyie zoBaHMA 3aBUCHMOCTElt MOHHOR KOHLEHTpaLMM ¥ 3JeKTPOHHOR
TeMIepaTypH OT TOKa pa3pdAla B ILIOCKOM MarHeTpoHe [45] mnoxazam
MPAKTUYECKY BKCIOHeHUMANLHHE pOCT ”i(Ip) ¥ II24200YI0 33aBUCHMOCTE
Ib(Ip), (puc. I.4) omHaxko y3kult mmanaszoH TOKOB 50-I50 MA He
NO3BOJAET CHAEeNaTh OOWMe BHBOAH. TaM Xe IPUBOJATCA DpaIMalibHHE
paclipelleJleEMd YKa32HHHX [ApaMeTpoB, NOJy4YEHHHE aoanoéumn uEMepe-
HAAMI. PacmpelefieHue n,(r) MMeer M2KCHMyM B OGJIaCTH M2KCHMyMa
pamyajbHOl COCTaBAAoNel MHIYKLVMM MarHMTHOTO IIOAA M BHpa¥eHHHN
IpoBad BAOJL OCH CHMMeTDMM 3JEKTDPOXHOR CHCTEMH.

BaxHHM [apamMeTpoM paspdfia, BJMAKINM Ha ero BOJbT-aMIEPHYD

XapakTepHUCTHKY, fABJAETCA TOJIMHA KaTORHOI'O CJOd. [lo MHEHUIO aBTO-

poB [46] 3aBHCHMMOCTE 3TOR BeJMYMHH OT [apaMeTpOB paspdAla MOXeT

s O = 94.7 g'/19r"/5 lcMl. B pad
HTH Hpe,HCTaBJIeHa B BHZAE W = - CM1I. paooTe
TG/

{47] HmenaeTcA MOMHTKA HA OCHOBe pemleHMsA ypaBHeHMA [lyaccoHa nuda
KATONHOTO CJOS C YYETOM MBMEHeud TIOTIePEeYHO! MOABUXHOCTH SJEKTPO-
HOB B MarHUTHOM IIOJe PaccuMTaThb KaTOHHOEe MazeHme U, B 3aBHCHMOC-
TH OT TOKa ¥ HaNpAXeHNd pa3pala B THIMYHOM AJIA MarHeTPOHHHX pac-
[LJMTEeJbHHX CHCTeM [IMala30He I[apamMeTpoB: Ar, B=700+1300 TIc,
p=IO'4+IO_I TODR, Up=250+600 B. UncineHHHe pacieTH ¥ HN3MepeHud
SHePr'e THYECKOT'O CIHEKTpa WOHOB IIOKAa3ajM, 4YTO KAaTOJHOe TajeHue
cocrasjdeT 75+90 % OT HOJHOTO Pa3pAZHOTO HAapAKEHMA.

0630p MOHHHX MCTOYHMKOB HA OCHOBE MAarHeTDOHHHX cucTeM [48]

[IOATBEDKAGEeT THMIIMYHHE MapaMeTpH pas3palia Ins MarreTpOHOB, padoTa-
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OIMX B CTALMOHADHOM peXuUMe, HampuMep IJAd ILIOCKUMX MarHe TPOHOB
IMana30H JaBJeHMt COCTaBJAET 10745 1072 TOD, Up=300 B, Ip:O.I A

Pap paCoT mOCBAmNEH DacCCMOTDEHMI0 pPASPAACE B CHISLMAJLHHX
ycrpoficTBax. Hampumep paspapHoe ycTpoltictBo puc I.5 ([49,50,511
IpeACTaBAAeT COCOM CHCTEMy M3 HBYX ILNOCKMX KOJBLEBHX S3JEKTPOIOB,
MEXLY KOTOPHMM CO3H86TCA OFHOPOZHOE BSJEKTPUYeCKOe moje. MarmmuT-
HOe TOJe UMeeT KOHMTrypauvw Tira "AHTHIpOOKOTPOH"™ M COIJIaCOBaHO
C reomeTpuelt BNEKTPOJOB TaK, YTOOH B DaspAIHOM IIPOMeXyTKe paim-
aNkHAf COCTaBMomasd B, Ouﬂg MaKCHUMaJibHa, [pudeM

B
. r iy

_> 1; ———> d, rae
YrBr V2B

| - mMpMHAa 3JeKTpOROB, d - pacCTOoAHME MeXAYy SAeKTpojaMy. Maxcu-
ManbHOe B3HaveHMe B, Ha ocu cucTemd mpa z=0.1 M cocTaBaeT ~1000
I'c, a MaxkcMaJbHOE 3HavYeHue Br B ILIOCKOCTH CUMMETDHH . CUCTEMH
cocraBasgeT =350 I'c. MakcuMajabHOe padodee HaNpAKeHWE COCTERJAIO
~3KB.

B oImICaHHOM pas3pAXHOM YCTpPOJCTBe B 3aBHCHMOCTH OT XRABJEHUA
padodyero rasa OHAC OCHADYKEHO TpM BHJAa pas3pana: 1. IpM BHCOKUX
IaBJeHMAX (MpaBasd BeTBb KpMBoft [lameHa) - CHUJABHOTOYHHI paspaln C
HanpAXeHNEM TI'OpPeHMA cJado 3aBUCAmEM OT CWJH TOKa; 2. IpH LaBJe-
HUAX COOTBETCTBYWIMX OOJacCTHM MMHMMyMa KpHMBON [lamieHa, mnonepevHoe
MATHUTHOE MOJE OKA3HBAeT CUIbHOE BIMSHME Ha HanpAXeHWe M KpyTHU3-
HY BOJIbT-amIepHol XapaKTepHCTHEM (BAX); 3. npu CoJee HHMBKHX
IaBRJeHMAX, KOTA3 B OTCYTCTEME MarHWTHOrO MOJA paspaAX He 3aXura-
ercd, KpyTv3Ha BAX He 3aBUCHT OT MarHMTHOTO Ioad. MeTomom mnaBa-
OHETO B0HAS AJA BCeX TPeX peXuMOB COHJC UBMEDEHO pachpeieseHue
IOTEeHIMaNa B MeX3JeKTpomHOM 3asope. Ha puc 1.6 mnpepcTaBleHO

pacnpeiesyieHMe NOTeHIMAJNa L4 CHUIBHOTOYHOTO DeXuMMa paspana. Bugp-
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o+ 0. He p=I I0rop, I-B=I360 I'c, 2-B=9I0 I'c, 3-B=670 Tc,
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HO, YTO C pOCTOM MarHATHOI'O IMOJ4 ocﬂach KAaTOIHOTO MHAaneHUA lE
yMeHbaeTCA. MBBECTHO, 4YTO 1 INd 8HOMANBLHOI'O TJEKHEro paspana
yMeHBII2ETCA C DOCTOM JaBJeHMA, I[O3TOMYy MOXHO CUMTaThk, YTO IJA
CHJABRHOTOYHOrO DEeXUM2 CTalIOHADHOI'O pas3pAla yBeJMYeHMe MarHUTHOTO
IOJIA SKBMBAJEHTHO YBeJMUECHMD [aBJeHMA padovyero rasa. KaTozHoe
najeHne TIOTSHIMAakAa IIPM 5TOM TaKKe YMEHLMaeTCA, TOrZAa KaK aHOTHOe
mafleHye cJaado pacTeT C yBeJwveHWe B.,. PasMep NMpHAHOMHOTO CJOA He
3aBUCHT OT B, llayueHue 3aBuUCHMOCTe!t HalpAXeHMA Dpaspdfa OT TOKa
UP(Ip

HaJMyile DeKMMOB Ppas3pdla BOJbT-aMIepHHE XapakTepucTMku (BAX)

) [49] B o6aacT OOJBHMX TOKOB (CTaLMOHapHHX) IOKa3aJo

KOTOPHX IIpeACTaBJIeHH Ha puc. 1.7 B o6jacTH (pd) COOTBEeTCTEykmel
MnMyMy U mpaBolt BeTBM KpuBoW IlameHa. Jna Ar 3Ta o0AacThb
OPMHALNCKAT IMANA30HY HaBlemt 2 107 <P<2 TOp. OCOGEHHOCTBH STON

IpYIOH KPUBHX UP(I ) 4BaseTca To, 4TO KpyTu3Ha BAX dU/dI u Ham-

P
PAXeHME TOpeHMA pAa3pdAfa YMeHbUAeTCA C YBeJWYSHNEM IIONepevHOl
COCTaBJANNL] MHAYVKUMM MarHUTHOI'O IIOJAd. B/MAHME MarHNTHOTO IIOJd
H8 XAPaKTEepUCTMKM B 5TOM CJyYae TaKOoe e , Kak OHJAO OCHApYXEHO B
CHCTEeMaxX C TIOJHM KaTOAOM B MarHMTHOM ImoJje {52]1. OTMe4YeHO Taxxe,
- 4TO C pOCTOM B, KPUTUYECKM! TOK IIDM KOTODOM DaspdX NepeXOiUT B
IyTy BO3pacraeT M, HampuMep, B a30Te npH BriI4O I'c ayra He BO3-
HUKaeT BO BCEM IMalasOHe U3MepAeMHX TOKOB. B TaKOM pas3paze pas-
BHBaWTCA HMBKOYACTOTHHE KOJeGaHMA, KOTOPHE B HEKOTOPHX CJy4Yasx
CTaCWMBUPYWTCA MABIHUTHHM IIOJIEM.

[lpuMepoM  CTAUMOHAPHHX KOMOMHMDOBAHHHX CHCTeM, ABIAKTCA
ycrpoitcTea [53], coueTammye Das3pal B IONEPeYHOM MATHWTHOM [OJe C
pa3p4aioM B IIOJOM KaToie. BoJbmas IJIOTHOCTL TOKAa HOCTHAraeTcA IIpU
JaBleHMAX paGovyero rasa COOTBeTCBYWIMX SQPeKTy moJoro KaToia.

BOBMOKHOCTE I[OJYYEHMA CHJIBHOTOUYHHX ($OPDM CTAUMOHADHOTO pa3paia
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IIpM YCJNOEMM COXPaHEHMA JOCTATOYHO BHCOKOTO HaNpAXeHWA TODPeHMA
(~300+700 B) Ohna HCCJeJOBAaHA B YCTPORCTBe C IPOJMIIMPOBAHHHMY
[MOJHMM 3JEeKTPOJamMM, IIOMENSeHHHMM B MArHMTHOE IoJie C KOHJMTypaumeit
tvria "AHTHIIDOOKOTPOH". [IpodMias B3JeKTPOZOB COBIaJanl C CHIOBOR
JMEMet MAaTHUTHOTO THOJA, YTO OCeCHevyMBAJO B3AUMHYH HepIeHIVKYJAAD-
HOCTh 3JIEKTPUYECKOTO ¥ MArHMTHOI'O [I0Je BOJMBM MX IIOBEpXHOCTefl.
YCNOBME IMEepIEHIMKYJAAPHOCTH Nosell BOJM3U BCelt NOBEPXHOCTH KaTOAR
IPUBOIUT K OGJNervyeHMio IpoGos W yBeJMYEeHM0 TOKAa Dpazpana. Padowm
rasoM dABJdAJcaA aproH. IIpm gaBieHuAx =~0.I+ITop OHIM HOAYYEHH CUMb-
HOTOYHHE CTALMOHAPHHEe peXUMH pas3pAfa, XapakTepUCTHKM KOTOPHX
OHAaJIOTVMHH TIOJNyYeHHHM B YCTpOMCTBe € JHUCKOBHMM 3JeKTPOAamM,
IpUYeM IIp¥ TOKaX, peBHmamwmux IA, pasparn coJjee YCTORUMB, 4YeM B
ycTpoffcTBe C MAOCKMMM SJeKTpoAami. [IpM HCCaeICBaHMM 33BHCHMOCTH
TOKA pa3pala OT LaBJeHMA CHJO OCHADYKEHO CYmMeCTBOBAHME elie ONHO-
'O CHUABHOTOYHOT'C PeXUMa IIpM HMBKUX JaBieHUAX. C yMeHbUleHMeM JaB-
JeHua Jo 1073 TOp B Ar HalJ®A3JOCh AHOMAJLHOE BO3DacCTaHMEe TOKa
paspana 0e3 lepeXxoia B AYrOBOit pexM. Paspal DM 3TOM KOHIEHTDHM-
poBajcA B LEHTDE CHCTEMH M TOK Daspana mocTuran 2 A.

HeoGXOMMMOCTEL IOBHMEHMA MOMHOCTHM Ppa3pAla ¥ MOBHMEHMA ILIOT-
HOCTH ILIA3MH NOTPeCOBAJO NMPMMEHEHWA VMITYJBbCHOTO WM KBa3WCTALMO-
HapHOTO DPeXuMa. OKCIEPMMEHTH, MPOBeJieHHHE XAJfA MArHeTPOHHHX CHC-
TeM pasJiMyHOl reoMeTpMM, MOKa3aJM, YTO CYMECTBYKT DEeXMMH paspd-
IOB, He IepeXOjANMe B Ayry [pM 3HAUYMTEJbHHX BeJIYMHAX TOKOB. B
CBEDXILIOTHOM TJepleM paspale, TMOJYyYeHHOM B YCTpPOHCTBe THIIA
"OCpameHHH MarHeTpOH" KOS8KCHAJbHOR [IMIMHIADUYSCKON TIeomeTpHM
JOCTUTHYT pas3pAfHHR TOK Ip=70 A mpum Up=400 B, ZIJMTEJbHOCTHI
WMIIyJbCa T, -~60 MKC. ILIOTHOCT: ILIAGMH Ip¥ 3TOM COCTaBJAET
n~10'% oM™ (541. |
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[lomHTKa ONy4YeHUda OIHOPOXHON miasME ¢ mioTHocThh ~I0C:1gt4
oM ¢ OTPHBOM 3JIEKTPOHHON ¥ HMOHHOM TemrepaTyp C IIOMOHbI WMIIYJBC-
HOTCO CHJIBHOTOYHOI'O paspaZa THia HeHHﬁ%BCKOPO [65,56] mnokazsana
BOBMOXHOCTbL CO3Z8HMA B TAKOM paspdle IJIa3MeHHOT'o cTojda C ILAOT-
HOCTBI N5 10'4 oM73. JKCIIEDUMEHTH I[TDOBOJMJBICH HA YCTaHOBKE
"VHAP", NOpeIcTaBJANNYH COCON IBAa YHAJEHHHX HA DacCToAHME 2.4 M
KaToZa, PacCIOJOKEeHHHX B IIPOCOKAX MarHWTHOI'O IMoJd IpoCKOT/poHa. B
UeHTpe CHCTEeMH DAaclOJIOXeH KOJBLEBROR aHox. PacdouvM Tras3oM ABRJAeTCH
BOJLOPOX IIpHM IaBJCHVM 1071074 TOp, HayaJbHOe HampaxeHue 60 KB
(561 u 20 kB [56], HaNpAKeHHOCTL MATHUTHOIO HoJd 25 KI'c u I2 KI'c
COOTBETCTBEeHHO. TOK paspdla mMeJ KoJieCaTeJIbHHN XapakTep C aMim-
ryZam 60 u 20 KA ¥ BpeMeHeM MOJHOrC 3aTtyxasma 80 u 70 MKC.
Ycaoeua paspaja ofecnevyMBaJM MOHM3ALMOHHYW IJVMHY HOpodera 3sJeK-—:
TPOHE GSHAUUTEJLHO MeHbUY, YeM JJMHA Da3pafHOTO IIPOMEXYTHAE.
IMaTHOCTHKA OCYWEeCTBJAAJNACE Jla3epHHMM MeTORaMM, C IOMOMbI0 ABOMHHX
8CHZOB ¥ IO NOTOKY HeRTpajsoB. B pe3yabTaTe MNOAYYEHE MEKCHMAaJLHAA
VOHHEA IJIOTHOCTB JO 1,7 10'° cM>, omHako 3JEeKTPOHHaaA Temiepa-

Typa B 3TOM cJiy4ae He nperumasa 1.3 9B.

YBeJMYeHUEe pa3pAmHOTO TOKA BH3HBAET IIEPeX0k aHOMAJLHOTO
THENEeTO paspAia B JyroBo¥, OJHAKO HAJM4YMe HEOXKHOPOJHOT'O BJAEKT-
PUYECKOTO TOJAA, COBAABAEMOTO MOJHM KaTOAOM, TaK ¥e KaKk U Hajuuue
[IOTIePEeYHOrO0 MarHMTHOrO I[0Jd, MO3BOJAeT MNOJYYMTh: CUJIBLHOTOYHYK
cesnyroeyn ¢opMy, TaK HABHBaeMHIt CBepXILNIOTHHER pasparn [(57+601].
CBeDXMNOTHHA pa3pAl HCCAeHOBajCA IIpM HAaBREHMM O 10721 TOP B
UMITYyJILCHOM peX¥Me IIp¥ TOKaX JO 2 KA ¥ JJMTEeJBHOCTH MMyanca 50
MKC. Yxas3aHHH{l pa3pAl XapakTepU3yeTCdA SHAUMTENbHO CoJbme#t 4eM B
8HOMaJbHOM TJelmeM paspdAle ILIOTHOCTBHD TOK3a =50 A/CMZ, Hapage -

HMeM ropemma 300+700 B, axcuajpHON cCVMMeTpHeR CBeTAmMEIroCA KOJb-



IIeBOT'O CJIOA Ha KaTome. laMepeHMA pacnpelelieHMA ILJIOTHOCTH MOHHOI'O
TOK2 H3 TOBEPXHOCTHM KaToha [58] rnoxkasaym, 4YTO OCHOBHAA HOJA TOKa
IpUXOIATCA HAa LWHMHIDWMYECKYH MOBEDXHOCTH IOJOCTH KarToha. Mexrnmy
IUIOCKVMMM 3JEeKTPOJaMM IepeXok TJelmero paspsia B CBEDXILIOTHHE He
HalJIonae TCA.

[IpeECTABAAET UHTEpeC CIOCOC HOJYYeHMA CHIBHOTOYHHX pas3pdA-
JOB, 3akjoyawomyitcd B HaJOKEHMM H& IDEXBADUTEJLHO MOHN30BaHHHMR
ra3 B Da3DAJHOM IIPOMEXYTKE UMIYJAbCa BHCOKOT'O Hanpaxemua (61,621
HccaegoBaHre peakim cJjadoTo4Horo (0.5 A) CTauUMOHapHOTC TJEKHEIO
paspdla C CeKUMOHMDOBAHHHM ITOJHM KartoioM [62] B aproie mpH IaB-
Jie p=IO"4+IO'I TOP H8 UMIIYJbLC BHCOKOI'C HaIpAXEeHUA, IIepeBOAA-
Il paspdX B CUJABHOTOYHHE (o 200 A) KBaSHCTALMOHAPHHA peXvM
IoKasano, YTO NpM MpeBHmEHWM INOpOroBoff aMILMTYIH (=~ 3 KB) Halmm-
JaTCA ZHOMAJLHHE DeX¥MH C WHTEHCHUBHHMM KOJEGaHMAMM TOKa ¥ Hal-
paxenua. CuapHOTOYHaa ¢opMa B HMKHEM IMana30He  JaBJjeHuft
p=IO'4+IO’2 TOpP YCTaHAB/MBaeTCA JMIbL IIp¥ SHOMAJBHHX pexuMax,
CBASHBAEMHX SBTOPOM C B3DHBHHMHM fABJEeHUAMM Ha KaTOJE.

OcoCHt WHTepeC MPeACTaBJAANT MWNCCASIOBAHMA CUJBHOTOYHHX ¥
BHCOKOBOJILTHHX Pa3HOBUIHOCTel KBa3HUCTALMOHAPHOI'C pas3pAfa B CHC-
TeMaxX C BAMKHYTHM ¥ HEe3aMKHYTHM ApefoM 3JEKTDOHOB B HEOHHOPOA-
HuxX ExH mosax (63+66]1. Ha puc. 1.8 mpeicTaBieHH BOJILT-aMIIeDHHE
XapaKTepUCTHKM CUNRHOTOYHOT'O PEeXMMa, OCHADYReHHOTQgB KO8KCHAJLHOM
ycrpoficTBe C 3aMKHYTHM Jpeitfom [63]. OKCIepMMeHTAaJbHHE KPHUBHE
yEajochk JOCTATOYHO XOPOmO COIMCATh HCXOAA U3 MpeIlIoJOXeHMA O
CYmeCTBOBAHMM OeCCTOJKHOBATENBHOTO KaTORHOrO CJOf.

lccrenopanua, CBA3aHHHE C CO3JaHMEeM MH¥EKTOpoB And THY
[64+66], moKazasm, 4YTO B yCTpoifcTBaX C HEOJHOPOSHHMM AaKCHAJLHO

CMMETDMYHEHMM MarHMTHHM K SJeKTPUYeCKMM IIOJAMM YHAaeTcA IMOJyvaThb



MoifiHe (~IMBT) BHCOKOBOJLTHHE ¥ CWJILHOTOYHHE MMITYJLCHHE DaspalH,
KOTOPHE TIePeXOoZAT B JAYTY NpM SHAUNTENbHHX BeJWVMHAX TOKa. Paspsaq
3a¥UTajiCA MeXAy ILIOCKONapaJuiesIbHHMM BJEeKTPOIaMM B [OHNEPevHOM,
CHIBPHOHEONHOPOZHOM MArHUTHOM [OJe IMJMHIPMYECKOTO B3JeKTpoMar-
HUTa, PAacHOJOXeHHOT'O 32 KaToloM (ILIOCKME MarHeTpoH). Ucchaernopa-
HUS TMPOBOIMJMACHL B MMIIYyJBLCHOM pe¥¥Me. BpemMeHHHe XapaKTepDUCTVEM
VMIIyJbCOB MBrHUTHOrO MHOJA ¥ TOKa paBpang NOACWpAaJMCh T8K, YTOOH
BpEMEeHA WN3MEeHeHWs HalpAKeHNMd TrOpeHUs paspala CH/M 3HAYUTEJBHO
goJibme BpEMEHM MOHM3aUMM ¥ JeMOHM3aLMM 3apARSHHHX 4acT¥l{ B pas-
PANHOM IIpPOMEXYTKe. CHMALHOTOUHHI pas3pafd HMCCAejoBajCcA B JMAaNaloHe
TOKOB OT 5 A JO 2 KA HNA Pa3/MYHHX JaphaeHult p=5 10735 1072 TOp
InA rasoB Ar, N,, H,. JUMTeJBHOCTh WMIYJbCAa TOKa IIDH 2TOM He
inpeeHmana 100 Mxc. THIMYHHE BOJABLT-GMIEPHHE XApaKTEPACTUKHN paspd-
Ia TpeACTABRJeHH Ha puc.l.Sa XapakTep 3aBHCUMOCTH Up(Ip)onnHaxon
Ins pas/MYHHX IapamMeTpoB p, d, B, ¥ poma rasa. CHauaja C DOCTOM
TOK2 JO HEKOTOpOro KpMTHYeCKOro 3HavYeHMd I¥Px50 4 HANpAKSHUE

B

MOHOTOHHO yBeJmunBaeTcd Ha 50+100 B, 3arem npu Ip>Igp HanpAxe—

HMe paspAla NpaKTHYeCKM He 3aBMCHT OT TOKa BILIOTL JO 2 KA M COX-
paHdeT MOCTOAHHY® BeJwumHy 300+500 B, KOTOpas CYmMECTBEHHO 3aBH-
CHT OT MArsiTHOI'O NOJA ¥ pPOJ3 r'aza. YMEeHblleHVWe BeJMYVHH WHAYKLAKM

MarmMTHOTO IIQJifA IIpM 338H3HHOM TOKe I_ BHBHBAET NPaKTHYECKH JMHEN-

b

HOe yBeJVVEeHMe HanmpaAxXeHuda Ha paspsage U Hakjor npamolt U_(B)

P’ p
COXpaHAeTCA LJA Das3JMYHHX JLaBJeHu!, HO yMeHbllaeTcd IIpU MHepexole
OT AT K H,. Be/muwma Igp NPaKTUYEeCKN He B3aBUCUT OT MarHWTHOIr'O
nosd. OTMETVIM, 4YTO B AT CHJBHOTOYHHI! pas3pAX IOPUT HIPH SHAYUTENb-
HO COJBUMX HampaxemmuAx dem B N, u H,.

OTCyTCTEME B3aBMCHMOCTH DPaspANHOTO HaNpAKEHMA OT TOKa HAGJmo-

BaeTCa TaxKke B MOMHHX YCKODHTEJNAX C 3aMKHYTHM XOAJOBCKMM TOKOM
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(67,68]1. JororpafmpoBaHMe paspAna IOKA3HBAeT, YTC OH 3aHMMAaeT
KOJbLUEeBY® OGAACTb C YMEeHLNAKIMMCA CBEYEeHMEM OT KaToha K aHOLY.
Ha ¢orHe mnpdy3HO pas3MHTOrO CBeYeHMSA MMeeTCA fApKOe ONHOpDOJHOe
KOJBLO, YTO CBHUIETEJbCTBYeT OO0 OTCYTCTBMM KOHTDaKLMM pas3paia.
/iaMepenye pachnpefeJieHuA KOHLEHTDAIMM MOHOB IIO pal¥yCcy CHCTEMH
[IOKaza, 4YTO MaKCUMaJbHad KOHLEHTDaUMaA WCOHOB YyBeJMYMBAeTCA C
=9 A Jo ng~10"7cw? mpu I =100

P P
A; BO=IOOO T'c. 9To, IO MHEHME 2BTOpPOB, YKaB3HBAeT HA BHCOKYW CTe-

T LA
n,~I0" 'cM -~ mpu TOKe paspaza I

IeHb MOHMBalM¥ B CHJBLHOTOYHOM paspafe. I[O-BUEMMOMY IpPM TOKaxX
~IKA [JIa3Ma paspaAlla HOJHOCTL WMOHM30BaHA. AHAMME POCTDAHCTREH-
HOMt ¥ KWMHeTWYeCKON CTDYKTYPH paspafia NOKasaj, YTC JaBlieHue rasa,

Ipn KOTODPOM CylieCTByeT CHABPHOTOCYHAad gopMa ¢ KBasuHeTPaNbHEM

m V. .
. /1 __€eB - _
O0BeMHEM 3apAIOM po_ > vo m(oiv> y 0HE vi, vo NCHN3alMOoH
Had ¥ MOJHaA YaCTOTH CTOJKHOBEHMI. HPK 3TOM MaKCHUMaJbHaA KOHLEeH-
TpaUMA NOHOB JOCTHUTraeTCA Yy NOBEDXHOCTH KaTOJ2 MW OHCTPO CHAakaeT K

__d _ /MY eB
8aHONYy. B IpMKaTOJHOM CJOoe z<dﬂ-——(m—ﬁ—, p= r_ﬂ v—o m g Ipeodna-

IaeT IOJOXATENbHHE OOBeMHHI! 3apal MOHOB. AKTWBHAA 30H& pas3paza,
B KOTOpOMt MMeeT MeCTO MHTeHCHMBHAaA MOHMB3alMaA ra3a ¥ COCpeHOTOYeH
00beMHHY 3apAX DBJASKTDOHOB, 38HVMaeT MeCTO z><1ﬁ. B nepexomHoRt
otaactu fopMpyeTCA KBasuHeNTDaJbHHE cjaoft. CuuTasd, YTO pas3pAgHOE
HallpAXeHWe B OCHOBHOM CKJ3NHBAeTCA M3 KAaTOHHOTO NaieHUA

1/3
U= (2—82] d;t/ 3112)/ 3 u HaNpAKEHNA Ha AKTWBHON 30He pas3pdAza ypas-
0

HeHNEe BOJLT-aMIlepHON XapaKTepHCTVKM MMEeT BUZ
2 2
u-[X 2]1/3 4737273, 1p U Ny/Me) .
P o e v,
egy Zm 1/v0(soviE)

OrHomerve N,/N, MOXHO OUeHMTH IOJiaras pacrpefiefeHMe NOTeHLMana B



V.

v :
aKTUBHON 30HEe pas3paAna mnapacdomrdecKiM N./N ='/ O L, rre
i'“e mv; .p

N;;N, - CpeIume 3HAYEHNA KOHLEHTDALMM MOHOB X SJEKTPOHOB, M;m -

MaCCH MOHOB M 9JEKTPOHOB, £4=9 1074 @®/M, B - cpermHee B3HavueHue
VHIYKLMM MarHMTHOrO NOJA B Da3pAXHOM IIDOMEeXYTKe. OLUEHKM IIOKaB3H-
BawT, 4YTC IJAA Ar B s'i'OM cayvae UK=-'70B, and H2 ~20B, &maAa N2
U ~45B. lHTepeCHEM CEOMfCTBOM CHABHOTOYHOTO paspaja ABJIAETCA
OTCYTCTBME 38BHCHMOCTM XapaKTepPUCTHMK pas3pAfa OT AaBJeHud. [ame-
peHMs TODMO3HHX XapaKTeDUCTHK B30HJOB Ha KaTo@e I[OKasass, YTo
Conbmad 4aCTh MOHOB TONajzaeT HA KATOX C SHeprueit He mnpeBHumapmelt
I00 B . Ilpu TaKkuX OHEPruAX HOHH HE I[POM3BONAT CYylieCTBEHHOTO
PaclHJeHNa ¥ IIpeoCJajaimyM IIpolie CCOM CTAHOBUTCH Jecopouusa rasa ¢
IIOBEePXHOCTH KaToja. OmMH MOHOCJOR rasa Ha MOBEepDXHOCTH MeTallla
COZEPKHT 5 10'4 eM™® vacTmy ® IpU ZaBJeHuH = 5 1072 TOp OOpasy-
eTcd 33 BpEeMeH8 = 1077 ¢, 4TO BHAUMTENEHO MEHBIE CKBEKEOCTH
VMIIyJIBCOB TOKA pas3paia. T.e. opu pecopCuyM XoTA OH 10 MOHOCJOERB
38 MHTEDBaJ BpeMeHH = 1072 ¢ oGBeM paspamHOro IIPOMEXYTKa =30 oM
OyneT 3a00JHEeH JO JHaBAeHMA =~ 5 107" TOp. Takum oO0pasoM OpH
TPEBHIEHA HEKOTOPOTO KPUTHYEeCKOr'O TOKa, KOTAa KOMMYECTBO Mazan-
WX Ha NMOBEPXHOCTH WOHOB B8a BpeMA =~ I/V. CTAHOBUTCA NMOPAZKE KOH-
LEHTpali MOHOCJOf, paspAl TOpUT HA rase, JIeCOPOHPOBSHHOM C
MIOBEPXHOCTH KaTola.B obGnacTu Cojiee HMSKNX HaBieHmit P < PO paspan
NePexXoUT B BHCOKOBOJLTHHR DeXiM, IJA KOTOPOI'O XapaKTepHO Hampa-
¥eHWe TOpeHMA B JeCATKM KWJIOBOJLT, A TOKHM Ip JOCTUI'apwT HeCKOJb-
KMX JeCATKOB amiep. SHaveHwe P, CYMeCTBeHHO 3aBMCHT OT MArHMT-
HOTO TIOAA ¥ BMAa ra3a. HalpuMep M AT - Py >~ 3 1073 TOP, AnaA H,
- Py =5 1072 Top npu B=I000 I'c. Bup paspaia oIpeleJjaeTcd

SHAKOM IIPOCTP2HCTBEHHOT'O 3apAfia B  DaspDARHOM IPOMEXYTHe. B



CJy4Yae BHCOKOBOJBTHOTO pa3pAfa TOK OTpPaHMYeH OOCLEeMHHM 3apAIoM
BASKTPOHOB. IO MHEHMI) 8BTODOB, ©CJIM BOBHMKEET HBAaBUMHEeRTDaALHOCTH
B paspAmHOM IIDOMEXYTKe, TO pPa3pAl CT8HOBUTCA CUJIBLHOTOYHHM. IIpn
yMEHbIeHIM MaTHATHOTO NOJA B, paspan racHeT. 9TO ABJEHWe XapaK-
TEepUByeTCA DE3KEM YBeJMYSHMEM HANpAKSHWA ¥ OCPHBOM TOKa, IIpH
JOCTHXEHMM HEKOTOPOI'O KDUTWYECKOT'O 3HAYeHMA BOKP cJado 3aBHCA-
mero OT H@BJAeHMA ¥ poXa rasa. Teopus AHOFHOTO CJOA I8 MarLeT-
poHOB [29+32] MOKa3HBaET, 4YTO IIP¥ YMEHBOSHMM MarHMTHOT'O MOJd,
KOHLEHTPalMA BJSKTPOHOB B DaspAZHOM IMpPOMEeRyTke N, = f—% ;O B®
CHCTpO yMeHBH@eTCA Tak, YTO Ipu B, C/MBKOM K Kpn'mqecréomy
pacHpefeieHVe [OTEHLMAaja CTAHOBUTCA HOUTH MMHEWHHM ¢(Z) = HR z
, e d — MEeXnBJeKTpOXHOe paccTodaHMe. McchnenoBaHNA XapaKTeDMCTHK
TOpeHMA BHCOKOBOJBLTHOTO DAa3pANa MPOBOJWIMCL IJs IUANasoHa NaBie-
mit 5 107 + 5 107> TOD pasiTiHHX rasoB - Ar, H,, He; Ana karto-
IoB u3 Mo, Al, Cu, HepXapewme} CTamM B JIMANA30HE MarHWTHHX nojel
o 3 kl'c paspazHHe HanpAKeHWA M TOKM pocTMram 30 kB ¥ 30 A

COOTBeTCTBeHHO. Ha puc.I.9C mpeXCcTaBJieHH XapakTepHHe BAX BHCOKO-
BOJLTHOTO pa3pafa. JKCHEePMMEHTAJALHC YCTaAHOBNSHO, YTO MOMHHEY
BHCOKOBOJLTHHR paspal ¥MeeT OrpPeHMYSHHHI! MUAMa30H HalpAReHut
rOpeHyd [Ugin;Ugax], U;’ax ~ Bg T.€. CHCTPO YBeJMYMBAETCA C pOC-
TOM MBrHMTHOTO IOJIA, 8 TakKKe CHALHO 3aBHCHT OT MaTepuala KaToia.
Ugin TAKKe CHJBHO B38BUCHT OT MaTepraja kKatoia. Tox MomHOTO
BHCOKOBOJBLTHOT'O pPa3pAka NPBKTHYECKM He 38BUCUT OT JABJACHHUA ¥
BUJ2 I'a3a, HO CWJIbHO S38BUCHT OT MaTepuaia KaToza,YTO YKasHBaeT
HA TO, YTO CPeNOR CYymeCTBOBAHMA pas3pdAfa paccMaTpUBaeMOTO THIA

ABNAETCA B OCHOBHOM pacIHadwmyiicqd Martepuan KaToja.



- 25 -

I.2 MerTomd mnoJayYeHMa pas3paROB HHNBKOrC JasjeHuda OoJasmolt
MOMHOCTM C ONHOPOIZHOR CTDYKTYDONR ILIas3MH.

BO3MOXHOCTbL CO3J2HUA pas3pAloB OOAbHON MOHHOCTH C OXHOPOXHOR
CTPYKTypoll IinasMH OTpaHMYMBEETCA HaJM4YMeM DaBJ/M4HOTO BHEA2 HeyC-
ToftyMBOCTER, IPUBOIAMMX K KOHTDArvMpOBAHMI paspaja M Iepexol B
Byroeolt pexmM. PasBuUTHe TeperpeBHOM HEYCTOMMMBOCTH TpedyerT
NpMMEHeHNe UMIIYJbLCHOTO WM KBaSUCTALMOHAPDHOI'O pexMa pasoTH C
IJATENEHOCTLD HUMIIyJAbCa, MeHbEell XapakTepHOr'o BpeMeHM Harpesa
raza B paspAgHOM IpoMeXyTKe. JaA UCCHeOBaTeAbCKMX ¥ TEXHOJO-
TMYEeCKNX Uefielt KBAasZUCTaALMOHADHHA DEX¥M ABJAETCA NpeIIOoYTHTENbHHM
BCJAEACTBHE OXunaeMoit CTACUALHOCTY I18paMEeTpOB paspdAla M ILNasMH B
TEYeHMe BeCell AJUTEJNBHOCTH uMIyJabca. Co3janue CHARHOTOYHOTO
KBaBUCTAaIMOHAPDHOI'O pPeXMa BO3MOXHO IIyTEM HAJOXEeHWA HA paspamHuit
ITPOMEXYTOK IPAMOYTOJBHOT'O MMIIyJbCA HANDAKEHWA, IpUYEM JHMO0
UMIIyJBC MOXeT I[IOXABaThCA HA YCTPOMCTBO 3aIOJHEHHOe Ta30M JO
HeoOXOIUMOT'O IAaBJeHMdA, IIOCJe 4Yero IPOMCXOAWT poSoft ¥ yCTaHOBJE-
HYE KBa3WCTALMOHADHOI'O peXiMa; JMGOO VMMIYJbC IOXAeTCA HA HMPOMEXKY-
TOK, S3aMNOoJHEHHHI NpeJBS8pHTEJbHO CO3AaHHOW InasMoll ¢ JanpHefmMM
POCTOM ee TLAOTHOCTM ¥ YCTSHOBJEHMEM KBa3SHCTAlMOHAPHOT'O pexuMa.
LM TeNEHOCTE IIePeXONHHX MpOLEeCCOB B 3HAYMTEJbHON CTeNeHM 3aBHCHUT
OT [peiMOHM3aUMM pa3paAfHOTO IpOMexyTKa (681, puiem INpH ee
OTCYTCTEMM BpEeMA YCTAHOBJCHMA HANDAKSHNWA HA paspale COCTaBJAAeT
=~I00 HC B 3aBMCHMMOCTHM OT &MILMTYJIH VMIyJbca, & B CJydYae IpejBa-

PHTEJBEHOR MOHM3ALIM ~108 om™2

3TO BpeMA yMmeHbmaeTcd XO 3+I0 HC.
Ina OLEHKM BeJMYMHH U BPEMEHM YyCTeHOBJCHMA KBaBUCTalLMOHap-

HOM TIJNOTHOCTHM ILIA3MH B pPaspamHOM IpOMEXYTKE DpaccMaTpuBaJach

clelynmasa 3agada [93]: Ha NpeXBapUTeNIbHO HMOHMSOBAHHHI Ta3 MI'HO-

BEHHO TIOJAETCA WMIIyJbC HANPAKEeHUA MPAMOYIoJbHOM gopmu. Ompegens-



lorcad BOBMOXHHE 3HAYeHMA INIOTHOCTH INA3MH M CKOPOCTH €e pOCTa B
38BUCHMMOCTH OT aMILMTYJAH ITPUJIOXEeHHOI'O MMIIyJbCa, LaBJEHMA padode-
ro rasa, ¥ OpejyOHM3alymM. B KauecTBe padovero rass KCILILROBAJICHA
3apr'OH NP J2BJeHMA p=IO"I:—I TOpP. B ofmem cuiydae IIpouecc HapacTa-—
HUA KOHUEHTpall 3JEeKTPOHOB B ILNa3Me TP PeBKOM IIOBHMEHVMM HalpA-
KeHHOCTH OSJIEKTPUYECKOr'O MOJA OMMCHBAeTCA HeJ mHeWlHOR cuctemolt
KNHeTHYECKNX YpaBHeHM GajiaHCa, 2Ha/MTUYEeCKOrC pemeHMsa KOTOpO#t B
HacTodAmes BpemMd He CymecTByeT. B padore [69] mocTpoeHa npudJm-
KeHHadA MOAeJb HAaYaNbHON CTAIMM WMOHMBALMOHHON peJaxkcalMM B ILIasMme
VMIIyJbCHOI'O pa3p4lia MHEPTHHX I'aBOB NpH CpelHMX IaBJeHMAX. OCHOB-
HHe TPUCJMEEHMA MOJesM clepywnme: I. Coraacuo [69] ITpH CKauKo-
0o0pasHOM MOBHIIEHM E/n1 Bpema penakcalpm QyHKUMM pacipejeJieHud
3JEeKTPOHOB MO SHEDrudAM B3HAYMTEJBHO MEHble XAapPaKTepHOrQ BDEMEHW
PA3BUTHA MOHM3aIMM, IIO3TOMYy KMHETHYECKMe KOS({MUMEHTH SJeKTPOHOB
He 32BUCAT ABHO OT BpeMeHM U dABJANOTCA (QYHKUMAMM [IapaMeTpOB
E/n,,ng/n, W COPTa 8TOMOB [(701. 2. Ha cramm pas3BUTHA UHOHM3ALMM
LJs 3aceJIeHHOCTH BO3CYXISHHHX COCTOAHMII BHlle MeDBOTO IPaKTUYECKHU
BCETrZa BHIIOJNHASTCA YCJOBHE KBA3WUCTAUMOHAPDHOTCTH. JNA HMKHUX
METACTACUALHHX WM PEe3OHAHCHHX ypOBHeRl mpu Coabmoll posM INeHeHMsA
UBNYyYeHMA IpU HEeBHCOKMX 7, BTO YCIOBME MOKET HE BHIOJMHATHCAH.
[losToMy OHM OOREIMHAWNTCA B OIMH 3¢0PeKTHBHHE YypOBeHbL CO CcpefHel
SHepryeft ¥ CyYMMapHHM CTATUCTHYECKMM BecoM. 3. CpeluAa BSHepru4,
IpeitpoBad CKOPOCTHL SBJEKTDOHOR, GajidHC 3JeKTPOHHON 3Heprus, KOHC-
TAHTH CpejHell CKOPOCTH BO3CYKICHMA ¥ WOHM3alMM aTOMOB SJEeKTDOH-
HHM YHA3apOM M3 OCHOBHOTO ¥ BO3CYRKIASHHOTO COCTOAHMA HAXOJATCA C
NOMOHBI0 YUCJAEHHOTO pelleHMA ypaBHeHua boJsbipmana (711. I[loxasano
TaKke, YTO DOCT CTeNeHM MOHM3alMM X0 1074 IpUMBOIAT K CYWeCTBeH-

HOMY M3MEHEHMI KWHEeTWYeCKHX HKOS3QJMIMEeHTOB BJEKTPOHOB. 4. TaK Kak
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B paccMaTpuBaeMOM IuanasoHe 3<E/n,=30+-40 Thn paBHOBeCHAd CTENEHb
MOHN3aLVM CYymeCTBEHHO NpPeRHHaeT 10'4, TO IpoHeccamMyl DpaIValyoHHONR
1 TpoiHOM peKOMOMHALIMM MOXHO IpeHeOpedb. 5. UcHONbB3yA HaHHHE O
KOHCT8HTaX 0Cpa30BaHMA MOJIEKYJAAPHHX MOHOB M SKCHMEDHHX MOJEKYJ
(721, MOXHO CYMTAaTb, YTO 3TH NPOUECCH He OYIAYT OKAa3HBATH CYWECT-
BEHHOI'O BJMAHUA HA CKOPOCTL DA3BUTHA MOHM3BLMM IIPM CHKavkoolpas-
HOM HAJIOXKeHMM II0Ji4 Ha CJIa0OMOHM3OBAHHHN MHEDTHHI a3 IpM CpeXHMX

ol7 em3. ACCOLMATHEHAA MOHM3ALMA Majaa [0

ZaBneHMAX n,<(5+7) I
CpaBHeHMI CO cCTyreHdaToit [72]. lcxols ¥3 BHEEYK338HHX JOIymeHM
MpOLECC MOHMBALMOHHOM pesleKcauy MOXHO OIIICAaThb CJenywime#t cucte-
Mot ypapHewm (691:

an

e—- —_
a7 “NMaBig + NMoehog + MofgBon — V g T

an
2_ - _ _ _
af TMeRyp = MollgRoy = MNP g — MolBpg — ModpyBpy - 9 I

rae n n1 » TL2 - KOHLEHTpaluMM BJASKTPOHOE, HeWTPANBHHX aTOMOB ¥

)
8TOMOB AaproHa B II€PBOM BO3CYKISHHOM COCTOSAHVMM COOTBETCTBEHHO,
R12,R21 ~ KOHCT2HTH CTOJKHOBMTEJBHHX IepexoxoB I»2, ﬁ1e, BEe -
KosmmnﬁneHTu IpAMOR MOHMB3IMM C OCHOBHOI'O U HEPBOTO BO3COYRIEH-
HOr'O yposHeH, ﬁCT - 00o0meHHu® KOSPIMIMEHT CTyIeHYaTol MOHM3a-
I C KBas3UCTALMOHapHHX YpoBHelt (K>2), A21 — BEpOATHOCTEL CIOH-
TAHHOT'O Mepexofa 2-1, 8,,- (aKTOp MJEHeH!d De3OHAHCHOTO MU3J4y-
YyeHusd, ¥ Pe, \ Tb - noToKN Ifys¥M SJeKTPOHOB ¥ BO3CYXISHHHX
atoMoB. PemeHueM cucTeMH (I.I) B Ge3pasMepHHX IepeMeHHHX ABJA-

€TCA BHpaKeHne HnJa KOHEeYHOR 3JeKTPOHHON KOHIEHTPaLMH

2
= " (c-dN +1 - OME - (c-d)N, (1.2)
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Ucxons n3 (1.2) ¥ BHDakeHMa IJA XapaKTepHOrO Ge3pasMepHOro
BpeMeHM DeJiaKcalM IIoJiyueH IapaMeTp 4 = % ~ [NO+ Qgg ] » Xapak-
TepU3ylmvif pOCT KOHUEHTDAIMM 3JeKTPOHOB. IMenasoH ero SHAYeHMH
VKa3HBaeT HA HaJM4YMe JABYX BOBMOKHHX MEXaHHM3MOB DOCTa KOHLEHTpa-
MM SJEKTDOHOB B ILia3Me. B mepBoM caydae A>Q OCHOBHHM HABJAeTCH

IPOLIECC CTYNEHYATO! VMOHW3AlUMM, [P KOTODPOM POCT N Ha HaYaJbHOR

e
CTai¥y pPasBHTHA HNOHM3ALMOHHOM peJaKcauvy I[POMCXOIUT OYEHb MeX-
JIEHHO, 33 CYeT TOro, YTO CHayaja MAET IPOLECC HAKOILIEHMA &TOMOB
B NIEPBOM BO3CYXISHHOM COCTOAHMM, 2 3aTeM, HAUMHAg C ONpeleJeHHON
MX KOHLEHTpamuM ImpeolJafawmei CTAHOBUTCA MOHM33LMA U3 IepBOrO
BO3CYXISHHOI'O COCTOAHWMA, BH3HBAWAA CKAUYKOOODPasHOE YBeJMYeHue
IMOTHOCTH 3JEKTPOHOB. Bo BTOpoM cayvae A<Q, HO DM +C > dCKOPOCTB
pocTa 4YuCJa 3TOMOB B IEPBOM BO3CYXKISHHOM COCTOAHMM OIEepexaeT
CKOPOCThL pOCT2 KOHLEHTpauu¥ SJAeKTDOHOB JMEL B HAYANLHHI MOMEHT.
Orpe ZeA0O¥MM MEX8HW3MOM DOCTA KOHLEHTDpaUMM ABJASTCA IpPAMasA MOHM-
3aiMa. CKOpOCTHL DPOCTa KOHLEHTPAUMM B5JeKTDOHOB B 5TOM CJAy4Yae He
[I[PEBHEAET CKOPOCTL HAKOILIEHMA BOBCYKASHHHX aTOMOB M ITPOMCXORUT
0e3 ADKO BHPAXeHHOI'O CKadKa INIOTHOCTH 3JIeKTPOHOB.B caydae A<Q HO
b¥y+c < d pocra KOHLUEHTDalMM He MPOMCXOJHT.

Takoe pesmriMe MeXaHMSMOB DOCTa n, NPUBOIMT B TOMYy, 4TO B
IepBOM CJiy¥ae K MOMEHTY YCTAHOBJIEHMA KBa3MCTALMOHAPHOT'O SHAYEHMA
Ny, MEPBOHaYANEHOE pacHpeleJieHle OBJEKTPOHOB IO MPCCTPaHCTBY
(CTPYKTYpa [DEeRBADMTEJBLHOTO Pas3pdla) CHIbHO TPaHCJODMMpPYETCA 4TO

MOxeT IIpHBECTHM K KOHTDarvpoBa8HWK pazpdrns. Bo BTOpOM cJyuae



[epBOHAYaJbHOS paclpeieJieHMe KOHHEHTpaLM¥ u3MeHAeTCA CJaso,
BCJeACTBHE OIpeliesdmelt posm MpaAMON MOHM3aU¥MM, KOoTOopad WOET MeX-
JEHHO ¥ DABHOMEDHO IO o0meMy. PacyeT [93] noxaswBaeT, 4TO JaAd
MarHeTPOHHOT'O palpdAka B AprOHE IPM LaBJeHMM ID'2+I TOpP, VHIYKLMM
MarHMTHOrO noJd fo 3 KI'c, aMIMTYIH MMIIyJALCE HanpAXeHUA #O0 3 103
B peammayeTcs BTOpOR MeXxaHMsM. OueHKa OpelelbHO IOCTUXKMMOR ILIOT-
HOCTH IUIasMH Jis XRaBJeHuft 107%:1 TOp HaeT ne=IOIB+IOI4 oM,
MiiMMaibHOEe 3HaYeHMe aMILUMTYZH VMIIyJbCa HaUPAXKSHMA IIPM KOTODOM
BOBMOXEH POCT KOHUHTpauyM miasmMd Impe p=I0 ®+I TOop M HavajbHOH
TIOTHOCTH SJIEKTPOHOB neO=108+109 CM'B Um=650+1000 B. B cayuvae
QTCYTCTaud IpenBapuTeJbHON ﬁormaamm (neozIOI cm_a $OHOBOE B3Ha-
YeHNe ) BpeMs VOHM3AUMOHHOM peJakcalyy MOXeT COCTaBUTh Jo I wMmc,
9TO MOXeT OHTh CPABHMMO C IJMTEJBHOCTRI WMIIyJAbCa, KOTOpas orpa-
HYEHa BPEeMEHEM pasBHTHA HeycTolumBocTeft. Kak MOKA3HBAWNT OLESHKU
(93] mpu jaBieMaAx Jo 5 R TOP, Paspal HNpeUMYmMeCTBEHHO HMEeT
InppycuoHHHRt XapaKTep (mpouecc IMPPysSu¥ SNEKTPOHOB IIpeolaagaeT
Hax oOBpeMHOR pexkoMOuHaume#f), a npU JAaBaeHuAx OJoxawme 0.5 TOp
MOKET IepeXOoJUTE B OOBEMHHIt pexM (mpeolaaiaiomyM CTaHOBUTCA
mpouecc odheMHOM pexoMOMHaIWM). [Ina OOBEMHOTO DeXMMa XapaKTepHO
BOBHMKHOBEHMe TleperpeBRHOX HeyCTONWUMBOCTM, KOTOpad MOXET IPMBECTH
K HapyueHMI ONHODOAHOCTH paspdna, ero KOHTPaKLp C IOCJe Ly oM
IepeXOZOM B JAyry. MWHKpeMeHT pasBUTHA WOHM3aLMOHHO-TIeperpeBHO)
HeyCTORUMBOCTH Q mMmeeT BUE (73]
Q=1:;1 dlnvi _,
d In(Em)

rfie v, - BeJquuuHa oCpaTHad BPeMeHM BHBOJS Telna ¥3 oCbeMa, T, -
XapaKTepHOe BpeMA Harpesa rasa, v, - YacToTa HOHM3aMM, E/n -

OTHONEHNE HAIMPAKeHHOCTH B3JEeKTPHUYeCKOIrC IIOAA K KORUESHTDPALM HelT-
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pajioB.
nC._,T
T = _ET__
T OE"
rhe Gp1 - TeILIOEMKOCTRE ra3a B pacuyeTe Ha OFHY MoJekyay, T -
TemilepaTypa rasa, ¢ - I[IpOBOMMMOCTL, IIpHYeM B pacuyeTe AJdA
OJHOATOMHOTO T'a3a 0 = 2.53 108ne 5l— i Vgg — YaCTOTA 3JEKTPOH-
a
8TOMHHX CTOJKHOBEHMM.
dlin vy
YyuTHRad, uYT0 ——— ~5:I0 (93] noayveH WHKDEMeHT
d In(E-m)

PasBUTHA HEYCTOWYMBOCTH Q1072 ¢.

HeycToWIMBOCTEL, BHZ3BAHHAA CTYIeHUaTOW MOHM3aUMel (MOHMBALWM-
OHHAdA HeyCTONYMBOCTBL) BHpaxaeTcd B TOM, YTO 38 CuYeT MeHbmeh
SHEPrMM CBA3M 2JIEKTpOHA B BO3CYRISHHOM aTOME POCT CKOPOCTH MOHW-
3alpMl MPM JOKaJbLHOM MOBHWEHMM i, WAET CHCTpee UeM V,n,. 3TO
IPUBOJUT K MNpeoCialaHdl MeXaHusMa yBeJmdeHWs Mo Halk mnddycueit u
pexoMOuHauuet, 4YTO INPYMBOIMAT K DpAacKavyke IPOJOJbHHX KoJeCamuit B

miasMe  paspaja. UMHKpUMeHT  DAsBUTHA  HeycTofumBocTH (73]

Boglto kyon 17 -3 9 8

- XapaKTepHoe BpeMS Pa3BUTHA HeyCTORYMBOCTH COCTaBJAST
Tuoyor™=10 ° C [981. '

Bumeyka3aHHHEe HeyCTORIMBOCTH onpenehﬁmT BEePXHKKW I'PaBuLy
I TEeJEHOCTH VMITyJbCa.

OmEMM U3 OCHOBHHX (PAKTOPOB, OIpeleJAEUX IIepeXol OT OOBeM-
HO! (HeKOHTpParvpoOBaHHOR) CTamMM IOpPEHMA K KAHAJABHON, dABAAETCA
BOBHMKHOBEHME HYTOBOTO KaTONHOI'O NATHA. KaTojHHe NMATHA OCpasywnT-
C4 KOTZA aBTOSMMCCHA C OTAEJbHHX YY4CKOB KAaTOAa nepexbnnT BO

B3pHBHYy®. HeoOXOIuMHE IJAA 9TOrO Ipolecca HOoAA MOTYT JOCTHIaThCH
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32 CuYeT BHCOKOM KOHLEHTDALMM MOHOB B KaTOZHOM CJIOe IIPH OCOJBIMX
IJOTHOCTAX TOKA B ¢aze OOBEMHOTO IODeHMA, 3 TaKKe 32 CYET 3apaAj-
K VOHHHM IIOTOKOM OKCHJIHHX ILACHOK M 3arpA3HeHM HA I[IOBEePXHOCTH
katona [74]1. YyueT TOKa aBTOSMMCCHM B KaTOIHOM CJIO€ NPUBOIUT X

JOK3JBHON IIJIOTHOCTH TOKa Ha MMKPOHEeONHOPOIHOCTH B Buie [74]

_ /v . ) 6 1
Jo=GbBE,_ erp{ / BE } ; Tze a-1.55 1070 1

b=6.85 107¢?/3, @ - padora BHxoZa B 9B, E - Cpelufs HanpAKeH-
HOCThL BJEKTPMYECKOT'O TIONA y MOBEpPXHOCTM KaToza B/cMm, p - cpemmee
3HaYeHNe KOooQJMiMeHTa yCHAeHMA IIoNA; coraacHo (741 p=~4+8.

Ina cayvad MarHeTPOHHOT'O paspaia B Ar, JaBjeHult peID‘2+I
TOP, TOJHUHH KaTOJHOI'C CJOA ZK=8 14° cM, ¢=5 3B, f=6, Up=300 B,
CpelHAA HAIpAKeHHOCTb BJESKTPHYECKOTO IOAA y [OBEDPXHOCTH KaTOAa
COCTaBJIAET E%=3.5 IOS.B/CM,qTo COOTBETCBYeT X3pPaKTeDHHM BeJM4YN-
HaM TIoJielt Ip¥ KOTODHX WIET aBTosmuccHA [75]1, JOKasbHasA IMAOTHOCTDH
TOK3 C MUKDOHEOJHODOIHOCTER COCTaBAAET J, ~107 A/CMZ, B TO Bpem#d
KaK KpUTHYeCKasd [JOTHOCTL TOKa IEPeXCHa aBTOSJEKTDOHHOR BMUCCHM
BO B3PHBHY® C 00pAa30BaHMEM IYyrOBOTC IATHAa corJsacHo [76]1 cocTaB-
JdeT JO=IO8 A/CMZ. TeopeTuyeckoe pPacCMOTDEHME CTAUMOHAPHOTO
KaTOFHOT'O CJIog C Y4YeTOM aBTOBMMCCHMM, & TaKkKe 3KCIepMMeHTaJbHOe
UCCHIeIOBEHME KOHTDaKUMM OOBREeMHHX Da3pANOB IMpOBeZeHO B [74]1. Had-
JIOLaeTCA cJadoe YBeJMYeHMe KDMTUYECKOTO TOKa I[P KOTOPOM paspan
IepeXCIUT B AYIOBOR pexuM NpM yMeHbmeHVMM XaBJeHud. JIna IO rtop
KPUTUYECKIO! TOK COCTABJAET jxpzlao A/cMe, CpaBHenue ycJaoBmit [71]
C BHI€OIMCAHHHM MAarHEeTDOHHHM Dpas3pAloM I[O3BOJAET IIpeHOJOKUTH,
YTO KDPUTUYeCKad ILIOTHOCTL TOKa IMepexofa B JIYTOBO pexuM TaK Xe

2

cocraBafgeT ~I100 A/cMm”.

Hccae noBammna Iepexona KaTOZHOTrO CJCA THACKHEero paspaga B



JyroBoe MATHO M BJMAHME HA B3TOT NPOLECC COCTOAHMA [OBEDXHOCTH
3JeKTPOJOB, MOBEISHMA ILIA3MEHHOTO CTOACAa U [PWAHONHHX ofjaacTtelt,
¥ gpyrux $axTopoB (78+8I1 MOBBOMMAMM YCTSHOBUTL M TEODPETUYECKU
0G0CHOBATH cymeciBOBaHne yCTOMUMBHX OGpa30BaHMi! C I[OTHOCTLHW
Toka Lo 300 A/CMZ, He ABJAWIMXCA LYTOBHMM NATHAaMM, 4TO HOATBEDXK-
JaeT BOBMOXHOCTL IOJYYeHMA CUJABHOTOUYHHX HEKOHTDArMpOBaHHHX QopM

paspsaza.

BHBOIH .

Ha OCHOBe NpOBEREHHOI'C A4HAM3a NyOJMKaIwlt 10 CBONCTBaM
Ta30BOTO paspAfa B [ONepeYHOM MArHUTHOM I[IoJle MOXHO CHeJaTh
cleLywiie BHBOJIH:

IMpOKOe HNCHOJL3OBAHME B TeXHUKE MarHeTDOHHHX CUCTEM paclH-
JIEHMA MaTepuaJoB CTnmynMPOBéno B [epBy® oYepels MHCCJeIZOBIHMA
CTALMOHAPHHX paspANOB B CKPENEHHHX DJJSKTPHYECKOM M MATHUTHOM
[IOJAX, OTAMYAWHMXCA CPaBHUTEJBLHO MaJol yAeJbHOR MomHOCThI. CBOR-
cTBa SToRt OPMH MArHe TDOHHOT'O pPa3pAia U3YYeHH INOCTATOYHO MOJHO.
B Toxe BpeMA CBOMCTBa paspdAja B 0oCJaCTH MepPexXOha OT MarHeTpOH-
HOTO pPaspdla C pacTyme$t BOJMLT-aMIepHO#t XapaKTePUCTUKOR K AYyTroBO-
My paspally DpaKTHYeCKM He WU3YyYeHH. OTCYTCBYWT OCOCHOB2HHHE
SKCIePMMEHTAJLHHE U TeOpeTHYECKHe NaHHHE, IMO3BOJAMINE OINpeleJMTh
IpeAeJibHHE PeXMMH MarHe TPOHHOT'O paspaAfka B KOTOpOM (JYHKLMOHMDYKT
COJBUMHCTBO TeXHOJOTMYECKMX YCTpOH#CTB

Viccaenopanua MONHHX WMIOYJLCHHX paspaloB OrPaHUYEHH KOPOT-
KMMM JJMTEJLHOCTAMM MMIIYJbCA, CBASSHHHMM C Da3BHTHEM HeyCcTOR-
YMBOCTEN M IIepexoloM pal3pasa B AYroBOR pexuM.

ccremoBaHMA MOHM3AUMOHHOK peNaKCcalyM B Cpelie HHEDTHHX

ra30B ¥ CONOCTaBJieHMEe BpeMeHM DeaKl¥ ra3s Wi IAasMH Ha MMITYJLC
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BHCOKOI'O HANPAKEHMA C XADaKTeDHHMM BDEMeHaM¥M DAa3BUTHUA HeRCTOR-
YMBOCTE! yKABHBAKT HA BOBMOKHOCTL CYWECTBOB&HMA yCTONMMBHX (OpM
KBaBUCTALMOHAPHOTC pPAa3pdAka B MarHWTHOM II0Je He [ePeXOnAIX B
KOHTparupoBaHHynw $asy npu S3HAUMTEJLHHX BeJMYMHAX TOKa, OOCHYHO
COOTBETCTBYHIMX JYrOBOR OOCNACTH BOJLT-aMIIEDHOM XapaKTepMCTHKN
TAKVX pas3paioB.

BHBONH u3 0030pa JMTepPaTYpPHHX JIAHHHX [O3BOJAAKNT cHOpMYyJMpo-
BaTh OCHOBHHE 38J84YM, pelleHMi0 KOTOPHX IIOCBAmEHa HacTodmaa pado-
Ta:

I. [poBecTH UCCHASHOBEHMA CHABHOTOYHHX OPM KBa3WCTALMOHAD-
HOT'O pAa3pAla HU3KOr'o HABJSHMA B MArHMTHHX [OAAX Pa3JMYHOW KOHmM-
rypaipm. OnpeleJMTh OCGJACTH CYHECTBOBAHMA WU XapPaKTEPUCTUKM YHKa-
s3aHHHX fopM paspdazna.

2 .llpousBecTH orrpe,nenei-me JOKSABHHX XapaKTePUCTMK I1Na3MH
paspAia MeTOXaMM MMIyJbCHON GSOHIOBOR IMAarHOCTMKM M Jia3epHOR
VHTeppe pPOMETDHH .

3. Hcxoma u3 aHaJM32 DBKCIEDMMEHTAJABHHX JaHHHX IIOKa3aTh
BOBMOXHOCTEL UCHOAL3OBAHUA IJISGMH CMALHOTOYHOT'C paspAia JAd reHe-
paly¥ IJOTHHX IJa3MEeHHHX O0Opa30BaHM! M MHTEHCHMBHHX IIOTOKOB 3a8pd-

XeHHHX 48CTHL.
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IJIABA 2. METORMKA U TEXHMKA SKCIEPVMMEHTA.
2.1 SxcrnepuMeHTaNbHAA yCTaHOBKA.

JKCIIeDUMEHTANbHAA YCTAHOBKA AJd HUCCHSIOBAHMA CHALHOTOYHHX
opM rasoBOrCc paspala B MAIHUTHOM IOJie COCTOMT H¥3 CJeAyomMX
OCHOBHHX Y3JIOB M cucTeM (puc.2.1):

I. Paspamme ycTpoliCTBa

2. CucreMa NpeABApATEJbHOR MOHM3AIM

3. CucTemMa MMIIyJAbCHOTO IMTSHMA Das3paza

4. MarsmTHaa cucTema

5. BakyymHada cmcTema

6. CucTeMa ¥3MeDeHMA BOJLT-SMIIEDHHX XAPaKTePHCTHK
paspais

7. Cucrema cﬁprOHnsaunn ¥ 3amycKa.

8. IMarfocTu4yeCKue CHCTEeMH

PaspanHHe ycTpoficTBAa.

JKCIepMMEHTaJbHHE MCCJe JOBaHNA CUILHOMOY HEIX POPM paspsaza
HM3KOI'O J8BJeHUMA B MarHATHOM MoJie MPOBOAMMACE C WCHOJb3OBAHWEM
paspArHHX yCTpPORCTB HBYX THIIOB - IJIaHEDHOT'O MarHeTpOHE UM CHCTEMH C
[IOJHMY MPOPMJMPOBAHHHMY 3JIEKTDPOLAMM.

[lnaHapHAuif MArHeTPOH TIIpejcTaBadAeT CcoO0oOff OTKPHTYD paspamHy®D
AYeliKy, COCTOAMYD M3 ILNOCKOr'O (KaTOXR) ¥ KOJABLEBOrO (8HOX) 3JeKTpO-
HOB, TOMEMEHHY® B MArHATHOE IOJIé [OCTOAHHHX KOJBIEBHX MArHHMTOB,
CHaOKeHHHX DPa3JMYHHMM MarHMTONPOBOLAMM, [IO3BOJAKMEME MEHATh pasmep
0o6JacTH MaKCHMyMa Br. BOSMOXHOCTL PETryJMPOBaHMA MHAYKIM MarHMTHO-
PO NOJA Yy TIOBEPXHOCTH KaTOZa o0ecleuMBasiaChk YCTPONCTBOM HepeMeme-—

HMA NOCTOAHHOI'C Mar"HuTa OTHOCHMTEJNBHO MarHeTPOHHOR IOJIOBKM, & Takke
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Puc.Z.] BAOK cXema 3KCISDMMEHTAJNbHON yCTaHOBKH

I

2
3
4
5
6

~2

paspazHoe yCTpoRCTBO

CHCTEMA IIPeXBapUTeJLHON MOHWBALMK
CHCTEM8 MMIYJALCHOTO IUTAHNA pas3pana
MarHUTHAaA CHCTeMa

BaKyyMHAA CHCTeMa

CHCTEMa MBMEePEeHMA BOJILT-aMIIePHHX
XapaKTepPUCTHUK paspdna

CHCTEMa CHHXDOHU3AUVM ¥ 32IycKa

INarHOCTYeCKNe CHCTEMH



a. =
1
7 7
E =
V////[///[I/[jj/ﬂ-4lfmnljf/fullld ':PJ

=171

Puc.2.2 Pa3panHHe yCTPORCTEA.
a. IJaHapHHA MarHeTPOH
0. YyCTPOHCTEBO C IMPOYQMJMPOB2HHHMM 3JEKTDONaMU
I - KaTox, 2 - aHOL, 3 - MarHUTHaA CUCTeMa.
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MCHIOJNB30OBaHNEM IBYX THWIIOB MOCTOAHHHX M2rHUTOB SmCo5 ¥ NdFeB: Pas-
pPAL B TakoM ycTpoficTBe uMeeT POpMYy KOJBLA M CUALHO [PMXAT K- KaTo-
4y . MaxcyManbHOe 3HAYCeHWE MHAVKLUMM MArHMTHOTO [OJA BOJMSH HOBEpPX-
HOCTH KaTOZa COCTaBaANo And SmCo, marmura 800 I'c, Xna NdFeB - I200
Fc. MaTepMasoM KaTOHa CJAYXAJMMA 4YMCTHe MeTasuH Cu, Mo, Ti, a rakxe
HepKaBemas CTajdb MOMElaeMHe Ha OXJakKaeMyp [MOBEpXHOCThL. Marepua-
JIOM 8HOZA - HEeDXapewmad CTaNb ¥ AJOMITHVE.

YcrpoitcTBO C mpodMUMpOBaHHHMM 3JEKTpOoZamMy NpeACTaBadAeT coCoRt
IBA TIOJHX B3JEKTDOZAa, I[OMEHNeHHHX B MarHUTHOe [IOJie MHOT'OCJOMHHX
COJNCHOMAOB, BKJKNYEHHHX HaBCTpe4y (KOH(MIypaima MarHMTHOTO IOAA
TUII2 "aHTWIIPOCKOTPOH"). OTHOmMeHWEe BEeJWYMHH M3KCHMAJBHOT'O 3H3YeHHUA
VHIYKLMM MarsMTHOr'O IOJA Bmax(z'o) 'H&8 OCH CHMMETDMM CHCTEMH K. .,
M3KCHUMEJbHOMY 3HAYEHMI0 MHAYKLUMM MarHUTHOMPO IOJA B ILIOCKOCTR CEWE~= .

meTpm B, (0,T) COCTaBAANO Bmax(z’o)/B (0,p)~ 3. Bemroma
max '

MHAYKIMM MarsATHOTO [OJId DeryJmMpoBafiach TOKOM KaTymeK B npeienax 0
- 1000 T'c. Ilpofmnp 3JdeKTPOZOB COBNaZAR C NpodmieM CUJOBON JIMHMM
M8PHUTHOTO MOJA, 4YTO OCECHeYMBAJO MEpPHeHIMKYJNADHOCTE EXB mojeft
BIOJE TIOBEDXHOCTH KaToXa, 4YTO B CBOK OYePEXb IOBBOJAJO IOJYMMTH
" MOHM38LM padodyero rasa B OoJbiloM 00beMe. Taxasa KOHJUIypaima noJeft
[I03BOJIANIA COEMECTHUTH CHMJBHOTOYHHIY MarHeTDOHHHN pa3pAX C paspaAloM C
MOJHM KaTOZOM. Ha puc. 2.2 MOKa3aHH KOHCTDYKUMM 3JEMEHTOB K Y3J0B
Pa3pAIHHX YCTPOACTB ¥ MArHMTHHX CHCTEM.

PazpazHHe ycCTpoilCTBa NoMema/mMck B JBYXOOBEMHY BaKyYMHYD Ka-
MEDY. BakyymHas cxema yCTaHOBKM IpefCTaBlieHa Ha puc 2.3. BaxkyymHas
cucTeMa BKJmodaeT B celfa 1. Hamepy C paspazuuMu ycTpoitcTBamm, 2.
lméep Ana oCecnevyerma IvfPepeHIMaNbHON OTKAYKM KamMepDH aHTHIPOOKO
TpoHa, 3. BHCOKOBaKyyMHHX HAcCOC TMH—SOO, 4. A30THYD JOBYHKY, 5.
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Puc. 2.3 BakyymHasa cucTeMma
I,2 - BakyyMHHe KaMepH C Da3pAOHHMM yCTpo#CTBamM,
3 - perympyeMas mifepeHIMasbHan OTKAYKa,
4 - TMH-500, 5 - BeHTHNb, 6 - aBOTHaA JOBYHKA,
7 - BH-I, 8 - HaTexaTresM, 9 - O0BEMH C ra3am
10 - JMT-2, II - IMU-2, IZ2 - 6MIX4C
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QopBakyymuutt Hacoc BH-I. Cozpamve HeoOXomvMo#l Ta30BOR CcpeiH B
KamMepe COO0ECHevYdBaJIOCh YEeTHPHMA UI'OALYATHMM HaTeKaTelnAMM, COeIMHEeH-
HHMM C COOTBETCTBYOHVMMM T2a30BHMM OO0BeMaMii. HOHTDOJ:L Bakyyma Hu
COCTaBJeHMEe TAa30BHX CMeCell MNPOUBBONANCA B DABJMYHHX JUara30Hax
JaBJaeHy! C MCHOJb30BaHMeM NOpeofpasoBareseit [IMiA-2, IIMT-2 u 6MEX4C.
MmManpHOe HARJEHNe OCTATOYHOrO I'aza, O0eclevdyBaeMOro BaKyyMHOR
cucTemMolt cocTaBsdAeT 8 1076 TOp. lcchneRopaHMA pa3pARa MPOM3BOIMIBICH
B IMarnazoHe JaBJeHuH 1072-10 TOp B CpeXe Dal3J/MUHHX Ta3oB Ar, N,
Hz, He, SF6 ¥ X cMecelt.

CucremMa IMTaHUA KaTYymeK MarsuTHOI'O INOJA A9 pPaspAagHOTOo
ycrpofictBa 1 [O3BOJAAET MOJYYWTE peryJMpyeMHe TOKM B KaTymkKax B
mpegesax 0-I0 A c ypoBHeM myJbcaumit MeHee 1% M MO3BOJAST UBMEHATH
TOK B KaTymKaX Kak OJHOBpPEMEHHO, TaKk ¥ B Kaxgoit OTIeJbHO (pHC.
2.4).

CucTeMa NpeXBapUTENBHON MOHMB3AlM I[MpefHA3HAYeHa IAd CO3LAHUA
HeoOxommMol HavyalnpHON KOHUEHTDALMM ILNA3MH (no“’ 107—109 CM_B) B
pasparHNX ycTpoficTBax. OHA COCTOMT U3 CTAlMOHADHOI'O WCTOYHMKS
MMTaHnA, [OO3BOJADMErO CO3ZATh NpeIBAapUTEJIbHHR paspal C TOKOM XO
. 300 MA, TIpeicTaBaAlmEer0 coboft Tpexdal3HHE BHOpAMUTEN:L C RC
uabTPOM, KOTOpHt oCecleuMBaeT HalpAXeHNe Ha 3JEeKTpolax Ao 3 kKB ¢
YPOBHeM IyJbcaiit HalpAkeHMA U ToKa <I%. YOpaBieHMe OCYmMECTBAAeTCH
¢ romombid TpexPas3HOrC peryjadTopa HanpaxeHMa (puc 2.5). HOHTpoJb
TOK@ ¥ HAIUpAXeHMA CTALMOHAPDHOTO Ppas3paia OCYMeCTBAASTCA C IOMOmbLD
1uypoBHX NOpUOOPOB C IIpPNMEeHeHMeM JeJMTesiel M WYyHTOB. M3mepeHud
X3paKTePUCTHK  CTAalLMOHAPHOTO  paspafa [POBOZMMCHL C  IOMOmbD
IBYXKQOPIMHATHHX Trpadonoctpoutesneit H-307.

KBasucTauMoHapHad CHCTEMa IMTAHMA paspaza BKJANYEeT B celd

UCKYCTBeHHYN IJMHHYH JMHMD, COCTOAmy® ¥3 I9 I cexuml,
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Puc. 2.4 Cucrema miTaHWA KaTymeK MarHuTHOTrO HOAA
(pa3pamHoe yCTpO#CTBO C NPOQMJMDOBAHHHME 3JEKTDOLAMM )
PHO;, FHO5, FHOg - peryJATODH HampAKeHUd,
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Puc. 2.5 CucTemMa NpeABapHTeJbHOR MOHMBALMM.
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Puc. 2.6 JJeKTpHYECKAA CXeMa yCTAHOBKH
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KOMMYy THpyeMy® TUpucTopoMm T650-24, corsacymmyn RL UelOYKY ¥ BHCOKO-
BOJBTHHII BHIIDAMMTEJNE C IaJanmeRt XxapaxkTepuctuxo#t TBMI-IZ-220-50.
SalnycK JMHMY IPOM3BONMAICA C 38K8HHOR 3aIepXKOE OTHOCHTENBHO 3aMlyc-
Ka KOHTDOJLHO-M3MEDUTEJBHOT'O KOMILIEKCE OT TreHepaTopa I'BU-6. IpuH-
pImMaNbHad CcXeMa YCTaHOBKM IpeACTaBJieHa Ha pUc. 2.6.

BHOOp 4acTOTHHX IIApPAMETPOB WMIYJAbCHOTO MCTOYHMKE IMTaHUA
ITPOU3BOIUTCH B COOTRBE TCTBUM C BpEMeHEM yCTaROBJIEHUA
KBaSHCTaUMOHAaPDHON IJOTHOCTH ILNA3MH, & TAKKEe C BpPEMEeHEM pa3BUTHA
VOHM3aIMOHON ¥ MOHMBAUMOHHO-TIepeTpeBHOft HeycToluMBOCTH. lCXoXa us
BaBHCUMOCTe! MOHM3aIMOHON peJiaKcalMM OT IpeABapUTeJBLHOR MOHMBAalpm,
LaBJeHMA ¥ aMIUMTYIH WMIIYJbCa HanpAxemMa puc. 2.7 a,0, a
TaKke YUMTHBAdA , 4YTO LA JaBjesmt jo 0.5 TOp BpeMeHa pa3BUTUA

VOHN3ALUMOHHO-TIeperpeBHO! HeyCTONYMBOCTH COCTaBAANT ™ 10"3—3.10"30,

8 WVOHM3aLMOoHO) 1073¢ (93], BHOUpaeTCA UCTOYHUK, NO3BOJAIIHN
¢opMMpOBATE [PAMOYTOJIEHHE WMIIYJALCH TOK2 U HAUPAKEHUA C BPeMeHeM
HapacTamma (ONepeldyM (QPOHTOM MMIyJabca) 5-60 MKC ¥ HAMMTEJbHOCTHI
ILMOCKOR BepuHH ZOo 1.5 MC. AMILUMITYZa TOKa MOXET MEHATBCA O 3KA
IIDH HAIpAKEHNMM 3apAfKH JMHMM JO 2.4 KB. XapakTepHad gopmMa ¥MMIIyJbca
TOKa JAJid Dad/MYHHX HATPY30K IpPUBeJeHa H8 pUC 2.8. Jlna yMeHbEEHWA
BJMAHMA MCTOYHMKE IMTAHMA ¥ USBMEDHTEJBHHX Lelell CTaluMOHApHOTO
pa3paza Ha ¢opMy ¥ MapaMeTpH IPAMOYTOJABHOTC MMIIyJAbCa, OH OTHeJieH
OT DpaSpAZHOro yCTpORCTBA OTDAHWUMBAKIMMY CONPOTHBJCHUAMA Ropp'
ofecrieynBammye TOK yTe4YKM MeHee 1.5 A (IIpy ToKe pa3paza ~ 1.5 KA).
BpeMeHHHEe 38BUCHMMOCTM XS8pDaKTEeDHCTHKM VMIIYJALCHOTO Das3pAna
PETHCTPMPOBAJMCE C [OMONBKW 3amoMMHAMUX ocumaaorpafos C8-13,
C8-I4, ¢ HCOOJBL3OBAHMEM  KOAKCHAJBHHX MYHTOB, KOAKCHAJbLHHX
0e3HABOJOUHHX JeJMTejet HanpakeHNA ¥ I0ACOB POrOBCKOr'o. BeaencTBue

gonpmo#t HJMTEJBHOCTH MMIIYJLCA TOKA II0fica POrOBCKOrO BHIIOJHEHH HA
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Puc.2.7a 3aBUCHMMOCT: MOHM3ALMOHHON peJiakcauym
OT MpelBapUTeJLHOR HOHM3aIM
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Puc.2.76 3aBUCHMOCTL MOHM3ALUMOHHOR peJakcalym
OT AMIMTYIH WMIIyJLCHOI'O HAMPAKeHU:

IJd pas/MyHOl NIpeIBapUTSJLHON MOHM3auum
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Puc.2.8 OcuMunorpamMMH MMIIYJILCOB TOKAa

I—RH=p; Z—RH=2 Om; S—RH=5 Om

500 A/peq; 200 mMxc/pea

Puc.2.9 I'eHepaTOp pas3BepPTKH 30HHEA
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QePPUTOBHX CephevYHMKax M padoTawT B JMAala30He YacToT 10°-10° Tu.
[locTpoeHMe BOJBLT-E8MIIEPHHX XADaKTepPHMCTHK paspAia I[POM3BOIMIOCE C
[IOMOMbI CTaHAAPTHOT'O NHakeTa o0padoTkM IaHHHX GRAPHER (IBM PC AT).
2.2 30OHEOBAA METOIMKA OIpeAeJieHMA II2paMeTpOB IIA3MH M MOHHHX
[IOTOKOB. |
OrnpegesieHye JICKAJbHHX X4DAKTePHCTUK pas3pAna, TAKMX KaK 3JeKT-
POHHAA TemiepaTrypa (Te) ¥ TJOTHOCTH MOHOB (ni) B ILIa3Me pazpana
[TPOBOJAJMCE C I[IOMOMBbI CTaLMOHAPHOR ¥ MMIYyJBLCHOR SOHAOBOM IMarHoc-
THKM. PaspAx paccMa8TpMBaeMOrO THIIA TOPDUT B 3HAYMTEJBLHHX BJeKTPU-
YEeCKOM ¥ MarHWTHOM IIOJIAX, OFHAKO I'eOMeTDHA MarHUTHOTO IIOJA B OOOMX
Pa3pAmHHX YCTDORCTBAX TAKOBA, YTO IO3BOJAET MCHOJB30BATH LIMJMHIDU-

YeCcKM! oZMHOUHHN 30HZA 6e3 yYyeTa BJMAHWA MATHMTHOTO IoJd. KOHCTPYK-

TUBHO B0HJ BHIIOJHEH B BHIe BOJLPPAMOBOTO CTEpXHA IMameTpoM 0.6 MM, - ;

C MJOWARRN OTKPHTOR 4YacTu S5=16 MMZ, 3alMIeHHOrC KepaMM4eCKM N30-

JATOpOM. B paspamHoM ycTpoffcTBe THIIZ SHTMIIDOCKOTDOH OH IIOMEmaJicA B
LeHTp paspamHoR o6AacTH BAOJbL OCH CHMMETDMM B3JEeKTPOLCB Yepes Baky-
YMEHt BBOZ aHOZA. '

CraiioHapHHe 30HNOBHE U3MEPEeHUA NPUMEHAJNCH IJA OIpeleJieHWA
[1apaMeTpoB NIpeXBapUTENbHOTO paspdlla C HalpaAkeHueM ropema o 350 B
1 ToKOM Ao 300 mA. Cxema U3MepeHUA He OTJMYaeTCA OT TPAIZMLIMOHHOR M
COCTOMT U3 peryJMpyeMoro HNCTOYHMKA I[IOCTOAHHOI'O Hampaxemmda BE5-50,
OIMHOYHOrO B30HJA M perucTparopa B BHIe JIBYXKOODIMHATHOrO rpado-
noctpourena H-307. HanmpaxeHMe M3MepaeTCS HEIOCpe ICTBEHHO HAa 3CHZE,
TOK - C IIOMCH[bI MYHTAa Rm=IOO OmM.

[Ipy  JOCTATOYHOR IPOCTOTE M HANEKHOCTH, CTALMOHADHAA 30HIOBadA
IMarHOCTUKE WMeeT pAX HeJOCTAaTKOB. K HMM B 4YAaCTHOCTM OTHOCATCA:
CJAOKHOCTh YCT2HOBKM HYJiA HaNpAKeHNA 3a CYeT BJMAHNA NEepBOHAYAJb-

HOT'O MNOTeHL|aJka M30JMPOBAHHOT'C 30HHNA, NeperpeB 30HZA IIpU COJABHMX



[NIOTHOCTAX I[LNa3MH; HEBO3MOXKHOCTEL MUCIOJB30OBaHWA IJA IUATHOCTUKH
IMIIYJECHOTO paspaZa. B CBA3ZM C 3TMM OHJ3 paspadoTaHa U IpUMeHeHa
MMIIyJIbCHaA 30HZOBad cXeMa. OHa COCTOMT u3: I.OMMHOYHOrO 30HIA,
2.reHepaTopa pas3BepTKH, J3.M3MEPUTEJBHOIOC HKOMILIEKCAa. KOHCTpYKLMA
B0HZ8 HE OTJMYaeTCA OT BHIIEOIMCAHHOR /A CTAUMOHAPHHX H3MepeHM.
KOHCTpYKUMS IeHEepaTopa pa3BepTKM IIPelCTaBJEeHAa Ha pHc.2.9. OcoleH-
HOCTM CHMJBHOTOYHOT'O pas3pala I[pedpABJANT K TI'eHepaTOpy pa3BepTKH
BECEM2 ReCTKMe TpedoBaHMA: I. [IpefesibHO Majoe BHXOJHOE COINpOTHBJE-
HMe, 2. BOBMOXHOCTER MpOIyCKaTh IBYXNOJApDHHR TOK nO 50 A, 3. Im-
TEAPHOCTh MMIIYJbCA HalNpAXKEHMA B DeXUMe CHJILHOTOYHOTO paspsdia He
DonxHa rpeeuHmaTh 100 MKC, 4. OH JOJIKeH JOITyCKaTh OPraHM3alyil TOYKH
3eMJEHMA HA aHOZe pas3pAla. 3TU YCJOBUA He [O3BOJANT IpUMe- HATH

TPamMIMOHHHEe CXeMH WMITYJbCHOI'O IMT3HHA 30HAOB Ha OCHOBE SMMTTEPHHX

¥ MCTOKOBHX MOBTOpUTeJeR. He mpeAcTaBsAeTCA BO3MOXKHHM HCIOJAL30BATE ..

B KayeCTBe I'eHepaTOPOB DPa3BepTKM CXEMH HA OCHOBe 3apaXamierocs Wim
paspaxapmerocd KOHAeHCaTopa, TaK Kak IAA DPerucTpaly 32 OJHO U3Me-
pEHMe BJEKTPOHHOR ¥ MOHHOR YacTH XApDAKTEPUCTUKM CXeMa JOJKHA MMeTh
BOSMOKHOCTL IMOJ3BaTh HA 30HK HanpAXeHWe KaK BHme , TaKk ¥ HUXe
MOTeHIMana W30JMPOBAHHOTO 30HAA ((,), IpAYeM BO M30eXaHNe Meperpe-
Ba, IO HAyaja HU3MEepeHHMRA, 30HX JOJKeH HAXOMUTLCA MOA MNOTEHILMAJOM
H30JMPOBAHHOIO 30HZAa. MCXOXA M3 BHMEUIJNOXEHHHX TpeCSOBaHMt reHepa-
TOpP Pa3BepPTKM IpeACTaBiAeT cofoff IBa CBA3AHHHX KOHTypa (I - C
Ry»

TEepHEME KJw4daMH VS1 u VS2. 3anmyck U OOAZZepXaHME CHMICTEDOB B

H’
vst, C, = II - C., VS2, R,) ympaBnaemue peJieMHHMM WM CHMHC-

IIPOBOZANEM COCTOSHMA OCYWECTBJAETCA TUPUCTOPHHM KJmo¥eM, GOpMMpYl—
VMM CTyNeHb HeNPAReHMA [LJMTEJBHOCTHD, [peBHEawme® IJMTEeJNbHOCTD
UMIyJbCa CHABHOTOYHOr'O paspfAla. BKIKNYEHM® 3aMyCKapmero THPHCTOPA U

K3MEPHTEJIBHHX Lernet MpOM3BOIUTECA C 33aRaHHHMM 33JEDXKaMM, OTHOCH-
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TEJbHO OCHOBHOI'C MMIYJbCHOTO pas3pfia oOT TreHepartopa [3U-6.

I'eHepaTOp pazBepPTKM padoTaeT cJaeywmyM O0pasoM: B UCXOHHOM COCTO-
AHVY HAKOTMTEJEHadA eMKOCTh Cp 3apAX&eTCA IO OTPULATEJBHOTO MOTeH-
ugana —p,, 2 O0Was eMKOCTh OCOMX KOHTYPOB C., A0 MHOJOKATEJBHOTO
moTeHimana ¢, OTHOCHTENLHO aHOZa. Tak kKak oCa Kmoeua V31 n V32
HaXONATHCA B HEIDOBOJAWEM COCTOAHMM, TO EMKOCTb 30HI-2HOXL 3apAXa-
eTcd IO MNOTeHLMana ¢, 3aBUCAMNETO OT MNOTeHLMAaN3 H30JUPOBAHHOTIO 30H-
Ia. B MOMeHT 3aMHKaHMA KJw4Yelt (OTKDHTHUA TUPHCTOPOB) HaIlpAXEHME HA
30HZE @; onpejendeTcsd, C YyYeTOM B3HEKOB 3TUMM TpeMA NOTEHUMAJNSMA.
Jlanee, emxocTb C, 3ajapmas HalpAKCHWe HA 3OHIE, HAYMHAET 3apa-
¥aThCA OTPMLIATEJBHO, KaK 3a CYeT TOKa Das3pAla HaKOIMTEJbHON eMKOoC-
Td 1., TaK U 32 CUeT TOKa Ha 30HXA. [lapaMeTpH BJIEMEHTOB CXEMH TeHe-
paTopa oiCWpaJMCh B 32BHCHMOCTH OT OXMIA2EMHX 3JEKTDOHHHX ¥ HOHHHX
[IOTOCKOB Ha 30HJL, OIpelfJASMHX Te' Ti’ n,. ILnf HAMarHOCTUKM ITpeXBa-
PUTEJBLHOTC paspalia C OKUAaeMOlt NJIOTHOCTHK INIAaBMH n1=108+1010 M2
n Te ~ 20 3B - CH=2 Mrd, CK=O.25MK®, R3=5OO Om, Rm=IOO Om. Takras
CXemMa I[IO3BOJAET IIPOIMyCKAaTh JBYXIMOJADHHR TOK 30HZa 1o IA, uTo,
[IPEBHMAET 3JEKTPOHHHI ¥ MOHHHI TOK HACHENEHWA AJA AOHHHX TEMIepaTyp
¥ maoTHOCTEHR.

10t4 v n T,~5-20

Jns MMIYJABCHOTO CHJBHOTOYHOrO paspaia ny=
3B, - (=6 ved, C,=I.76 mxd, R,=I0 Om, R =0. IloTemmmay B OCOuX
cllydasX BHOMpawTcd @~ - 50 - 70 B, @~ 40 - 60 B. Jmi- TeJbHOCTS
Pa3BEPTKM B 3TUX YCJAOBHAX cOCTaBJadeT <20 MKC. MaxkcumanbHHR TOK
TeHepaTopa OIpeleJAica B DEeXMe KODOTKOIO 3aMHK2HMA ¥ COCTaBJAAJA IO
40 A. Compormenemme R, KOHTypa I mOACWMpaeTCA BSKCHEDPUMEHTAJBHO
UCX0JA U3 TpedyeMoll BeJWYVHH ITOJIOXKMUTEJNBHOTO BHODOCA HampAXeHWA HA
30HAE B DPeXUMe XOJOCTOrO X0ZJa. OCLUAnorpamMma MMIIyJbCa HaIpAXeHUd,

OpMMPYEMOT'O TIeHepaTOpoM Da3BePTKH I[peAcTaBseHa puc.2.I10. Iaa



Puc.2.10 Ocumainorpamma HampaAxeHua padBepTkM 20 B/nes, 5 MKC/Hedn
I - PexuM pacoTH CXeMH IJf cJydasd, KOrJa NOTeHLMan

INa3MH HIIXEe aHOIHOTO,

2 - PekuM padOTH CXeMH IJAd CJy4ad, KOTZa NOTEeHLMAJN

[LJ1a3BMH BHHEE aHOHIHOTI'O,

(a-6), (B-T) - padoume YyYacTKM HAa KOTODHX ITPOM3BO-
HATCA UBMepeHMd.
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Puc.2.11 Cxema IOAXKMOYEHVA SO0HZA-KOJAEKTOpA.
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o0eClevYeHNa peruCTpaLMil ZBYXIIOJNAPDHOTO TOKA HA 30HI B KAYeCTBE KJw-
yeff VSt ® VSZ2 HCHOJB30OBaJMCh TI'epPKOHOBHE DeEJe WM CUMMETDHYHHE
TUPMCTODH, TPMYEM B BSTOM CJaydae VSZ mYyHTUPOBAH BHCOKOYACTOTHHM
JUOIOM.

IBMepUTEeNLHEHN  KOMILIEKC  COCTOMT U3  IBYX  3aIIOMMHAKMUX
ocuuanorpagor CE8-13, wWyHTa, YYyBCTBUTEJBHOCThHW 100 B/A wmr nodca
Porosckoro, uyscTBUTeJIbHOCTH I0 MB/A. IloAc POTOBCKOI'O BHIIOJNHEH Ha
(QeppUTOBOM CEDISYHMKE M MMEeeT MOJIOCY HpomyckanMa oT I0 mo 108 Tu.
CHMHXpOHM3AaLMA VMIIyJbCa HaNpAREeHUA Ha 30HL ¥ 3alyCcK ocuanorpados
OoCymecTBJASTCA OT HavaJa UMIyJbCHOTC Pal3pdalna C 3aJ3HHON 3aZepxKoi
oT reHepatopa I3U-6. Jna 3amITH OT HAaBOAKM 3alyCK I'eHepaTopa
Pa3BepTK U OCLMAAOIpadoB OCYMECTBAASTCA Yepe3 pa3feJMTeJbHHE
TpaHcHopMaTOpH .

I8 uUBMepeHMa pachpefieHMd TMJOTHOCTH MOHHOI'O MOTOKA BJACHAL OCH
CHMMETPHM paspAIHHX YCTPONCTB MICOTOBJAEH 30HA-KOJJIEKTOP pHc.2.11
BHIIOJHEHHH{t B BUJIE KOHLESHTDUYECKMX KOJBUEBHX 3JeKTPOAOB, KAXKIHIE U3
KOTOpHX padoTaJ B peX¥Me HOHHOTO HacHmeHMA. C LeJbl yMEHbHIeHUA
UCKaKeHNA DSHEpreTHYECKOT'O CIIeKTPa MOHOB M MOH-3JIeKTDOHHON sMuCCHM,
MOCTOAHHOE CMemeHue, [ION8BAEMOE HA IIACTHHH 30HH2 OHJO BHODAHO B
Hayajile VMOHHOI'C HACHUWEHMA (BOJM3M INOTEHLUMaJ2 NBCJMPOBAHHOT'O 30HKA).
VoHHHI TOK Ha 30HAL U3MEpANCA MyHTaMM B CJAyYae CTaUMOHAPHOTO
paspaia ¥ CIelMaJjJbHO H3TOTOBJNEHHHMM IOACaMM POTOBCKOTC B CJyYae
UMIIy ILCHOTO pa3paza.

PacueT 30HROBOR CXEMH

PacyeT BOALT-aMIIEDHON XapaKTEePUCTUKM TeHepaTopa pPa3BepTHH,
noxanmer0 HalpAXeHWe HA 30HN, IIPOM3BOIMTCA peleHVM ypaBHeHMt HHUpX-
rofa naa IDBYX KOHTYPOB T'eHepaTopa, B OIMH M3 KOTODHX BXOIMT MCCJE-—

Iyemas mnasMa. JiA 9TOTO pealbHAf SOHIOBaA XAPAKTEPUCTHKE IL1a3MH
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ZaMeHAETCA Ha YHOPOmMEHHY® (pUc.Z2.IZ) cocTodAmylw 3 JBYX JMHENHHX
y9aCTKOB, XapaKTEeDHUBYWHMX COCTOAHME 30HLA B DPEXMME WOHHOIO HACHIMEe-
HMaA (y4acToK 1) ¥ B pexuMe COBMECTHOI'O IIPOTeKaHMA SJIEKTPOHHOTO M

UOHHOTO TOKa (YYaCTOK 2):

+ ® <rI+ i:’ac \(p
L 3 i; J 7
— (]
L (@) = - S (2.1)
R ‘nac
(Tcpsﬂt T @ = I+ = (pf
\ r
T
rie {, - TOK Ha 30HA, @, - TOTEHIMAaJ 30HA OTHOCHTEJBHO OMOPHOTO
3JEKTpold, i:;ac - TOK WOHHOTO HACHNEHMA, ¢p - [OTSHIMAN
M30JMPOBAHHOTO  BOHIA, iy - SJeKTPOHHH TOK Ha  30HL,

COOTBETCTBYIWHMI! HYJEeBOMYy MHOTeHLMANY 30HE3E OTHOCUTEARHO NIJNa3MH.. . ..

+.
Bem4iHH iHaC,

STOM CJy4Yae pacyeT HABIAETCA IPOBEPOYHHM) W OHTHL I[IPEeICT2BIEHH

Pps ip MOTYT OHTb OIpeleJEHH SKCIEPUMEHTANBEO (B

HCXOJ4 W3 MpeIiioJiaraeMHX 3HaYeHM! SJEKTPOHHOR Temieparyps T, ¢

IIJAOCTHOCTHN ni uccae ZyeMot ILNIa3Mu

o RT

+ . Y2 e
iHaC X — eniS » ' (2.2)

2.7

RT
0px -2 nf0.77 /% ) (2.3)
o (2o ) e .0
T 2‘7 i / m * *

rae S - miomamb 3CHAA, M,¥ - MECCH 3JEKTDPOHAa ¥ HOHA.
JKBUBAJECHTHAA CXemMa TeHepaTopa [pM DpPerucTpauyy SJeKTPOHHON
BEeTBM 3OHINOBON XapakTepHCTUKM IIpelicTaBjieHa Ha puc.2.13 U3

VpaBHeH! MaZeHWA HANPAXEHWA BAOJL 3aMKHYTHX KOHTypoB I u II, a
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TaK X¥e O0ajaHCa TOKOB B yB3Je [ IOJyYMM CHUCTEMY YDaBHeHMR nJd

KOHTYDHHX TOKOB {,(t),{,(t)
dif(t)

af,(t)
[i1(t)+i2(t)] tr =0

[z,(t)+zg(t)] =0

o™ T
o

C HAYANbLHHMK YCJIOBHAMK UCH(O) = @g -0y UCP(O) = wg -0

Hccaenyemaa mnasmMa BXOIUT B KOHTYDP 11 B ZaHHOM cJy4Yae KaK HCTOYHMK

3.0.C. co caenyouyMe I1apamMeTpamy s=—wf; r=- ?1—

tT
[IpeHeOperada HE3HAYWTEJbHHM OJKBUBAJCHTHHM CONPOTHUBJEHMEM, BHOCHMHM
nmoAcom PoroBckoro IIpI M TOKOM YTEYKM 4Yepe3 IeJMTeJNlb HaIpAReHMA,
T.e. cuMTad @ (i) = Ucp(t) + 0; ia(t)=i2(t)
[IOAYYVM BpEMEHHHE 348BHCHMOCTH TOKa ¥ HaIpAXeHUA 30HZA J0 €ro

nepexona B PeXrM HMOHHOTC HaCHISHNA

0 _ 4,0
19 - 1S B, t
0 I ail f2 1 1
¢5(t) = @f - c, B, RO® [I - ° ] ’
) 0
LI ber %2 — 1l 1 - e‘ﬁat]
Cp B, - chm
0 _ ;0 o _ ,0
9 - 019 -p.t at2 - 9 gt
4(t) =@ ) grg—e | +O® ) pgg—e -
1Y) b
0 8 0
¢y - ¢ ; ¢
o - B % g o &)
B 7 (2.6)
C_+C C_+C
— H . H
a = RCB,~ —8;—- ; b= RO, _5;__
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B pexviMe MOHHOI'O HACHUHEHNWA TOK HA 30HJ IIPaKTHYECKM HE 3aBUCHT
OT TOTEHLUMAJ2 30HAA, [HO3TOMYy B/MAHNE HCCAelyemoll IIasMH MOXET OHTh

NpeACTaBJEHO KaK BKJWYEHMe B KOHTyp II uCTOYHMKAa TOKa C

+

XapaKTepucTUKOR ia(@3)=iHaC.

OKBMBaJIeHTHAadA CXemMa HU3MepeHyit IpuBe-
IeHa Ha DPHUC.z2.I4. 3aBUCMMOCTEL NOTeHIMANA 30HAZ OT EPEMEHM B 3TOM

chydae ¥MMeeT BUA

RC C B, (t-T)
) 1
O(t) =@ (T) - C——‘B—{i.(T)+i+1U—RC—}I—e +
3 o) p+ . ! Hac p+ H [ ] (2.7)
. o+
Hac
+ o (t-7)
pn
rie i1(T) - BHAYEHME TOKA B KOHTYpe I K MOMEHTY (=T IOCTUXeHMA
TOKOM HA2 30HA BRJNYUHH TOKA HMOHHOTO HACHUEeHUA 13(1)=igac.
0 0 O 0 °
iz - b11 —B1t aiz - 11 —Bet (2.8)

ii(t) = —RCEG——— e + —RCEQ——— e

3aBHCUMOCTL OT BPEMEHM 30HIOBOI'O TOK2 B DPeXVMMe MHOHHOTO HaCHHMEHUA

OTCYTCTBYET ts(tzm)=i;ac. [lpuC/mkeHHO BpeMmA MepeXoZa HA MOHHYD

BETBb XapPaKTEePHCTUKY MOKHO OUESHWUTb W3 PaBEHCTBA @a(T)zgf.
[IpoBepOYHHR pacyeT 3aBHCUMCCTEll HaNpAKEeHNA M TOKa 30HHA OT

BpEMEHM IJid OXUA3eMHX II2DaMeTPOB IIJa3MH C YYeTOM OTrDaHMYMBAIOMEIO

BJNAHMSA BJEMEHTOB CXEeMH I'eHepartopa i;ac=l.75 A, @fz—IB B, ii=IZIA

[I0Ka3aJ KavyeCTBeHHOE COBIAJeHMe NOJYYEeHHHX 3aBHCHMMOCTel M SKCIepH-
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Fuc.2.14 3KBUBaJNeHTHAA CXema
I'eHepaTopa pasBeDTKH IIpH
perucTpamym MOHHON YacTH

BOHACBON XapaKTePUCTUKHA.

Puc.2.15 Harrpﬁixe}me PasBEDTKH

30HHa, - — pacuer

- - JKCIeDHUMEHT
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MEHTAaNbHHX 30HIOBHX XapaKTepHUCTHK, 4YTO IOLTBEDRI2ET pPalGOTOCHIOCOS-
HOCTR TI'€HepaTopa pa3BepPTKM M [O3BOJAST IIPOUBBOMUTE BHOOP €T0

3JIEMEHTOB B 3aBHCHMOCTH OT BHAA HCcJelyeMmol mijasMH (puc. 2.I5).

2.3 [ByXMOJOBaA JazepHasd MeTOIUKa OonpelefieHusd
IJIOTHOCTH ILJIA3MH.

I ompeResieHMA BJIEKTDOHHOM KOHHEHTDAaLMM ILNa3MH CHABLHOTOYHOI'O
KBa3KUCTaMOHAPHOT'O paspdAla B CKpemeHHHX ExH noaax HCIOAL30BaNach
IMarHOCTHKA HA OCHOBe NBYXMOJOBOTO TpeXxs3epkaJjbHOro He-Ne sasepHOTro
vHTepfepoMeTpa ¢ foTOBNEKTPHYECKOR perucTpaumelt [(83+861.

B gnasHOl MeTOAMKEe WCIOJbL3yeTCA 38BHCHMMOCTDH
UBMEeHEeHHA MOUWHOCTH 3JeKTPOMarHMTHOTO HBJy4YeHNA, DETUCTPHPYEMOIO
QOTONPMEMHMKOM, OT BeJMYMHH ¢QasoBoro Halera IpyM [TPOXORISHIM
JlaZepHOrQ Jiyya 4epe3 IIa3MeHHoe Oo0pasOoBaHue.

MeTon omnpelieNieHMA KOHUESHTDALUMM 3JeKTDOHHON KOMIIOHEHTH ILIa3MH
OCHOBaH Ha 5(QJeKTe KOHKYPeHIM AaKCHaNLHHX MOZL B I'a30BOM Jazepe. B
ero OCHOBE JeXMT JMHeilHag 3aBUCHMOCTR MEXIY MOMFIOCTLD TIeHepailim
Jiazepa ¥ IIOKa3aTeJieM IpeJIoOMNeHNdA CpeiH BHECEHHOM B pe30HaTop, YTo
[IO3BOJIAET MPOBOJATL IIPOCTYW OOPacOTKY pe3yJAbTAaTOB UBMEepDeHM.

/aMeHeHMEe KOHUEHTpauMM BJJEKTPOHHOR KOMIIOHEHTH Olpelefdercs
BHpakeHMeM 83 ;

AN =An/(4.49x10'4a%)  1ow,
rie An=(K/El)x(AP/Pmax)*(6/(1/2L)) - USMEHeH e I0K8a3aTeiq
HpenoMeHMA ILIas3MH, AP - ‘M3MEHeHMe MOWHOCTM reHepamw, 1,L -
COOTBETCTBEHHO JJiHa OOJacTH  3aHMMaeMofl I[aasMoft ® JUmMHAa
pe30HaTopa, A - AJMHA BOJHH U3JyYeHUA.

JIMarHOCTHYeCKMY KOMILIEKC COCTOHT M3 CASAVKEMX OCHOBHHX

CHCTEM:
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1 -paspamHoe yCTpoRCTEO,

2-J1a3epHHit MHTepdepoMe TP,

3-cucTeMa IpeZBapUTeNbHON HMOHMBALMM,

4-VMIIyNbCHABA CHCTeMa IMT2HMA paspaia,

5-cucTeMa M3MepeHIn! XapaKTepPUCTUK paspaza,

6-CHCTeMa CHHXDOHM3ALMM ¥ 3aIycka,

T-CJOK YIPaBACHUA JIAaZepoM,

8£-CHCTeMa DeruCTpall BHXOJHOT'O M3Jy4YeHMA HHTepPepoMeTpa.

HOHCTDYKTHBHO aKTHMBHad 4acTk MHTepdepomerpa MI-M2 coemecTHO C
gorormpuemMakoM QI BHIIONMHEH2 B BUAe EIUHHOTO ONTHKO-MeXaHUYeCKOTrO
dnoxa Ha OOmeM OCHOBaHMM. OTZeJBHO OT OCHOBHOI'O OJOKE& pasMeliaeTcH
oTpakaTesbr M3. YrnpaBieHMe MeKMOZOBHM PaCHIEIIEHMEM, 8 CJeJOBATEJbBHO M
YYBCTEUTEJBHOCTEN MHTepPepOMETpa, OCYHeCTBJAASTCA HNOBOPOTOM $a3s0BHX
miacTie ® u 32  OTHOCHTEeJBRHO APYyr  HApyra B ILIOCKOCTH,
TIEPHEHIVKYJAADHOM  HBOpaBJEHM0  OCH MHTepPepomMeTpa. Omua u3
reHepHMPYEMHX Ja3epoM B3aMMHOODTOT'OHAJbHHX MOJR ABNAeTCA
OropHON (A=3.39 MKM). On2 BHISJAeTCA Hoaapusartopamy M1 n [I2 m c
noMompl QOTONPHEMHMKA U3MyYeHHNe Ja3epa npeo0pasyeTcaA B SJAeKTpWYe CKUl
- CUT'HaJl, COOTBETCTBYWNMII BSJSKTPOHHOM KOHLEHTpau¥yM HJa3MH. [Ipy 3ToM
HEeOOXOAMMa  XeCTKad  CcTaluiM3auud  LJMHH  pe30HaTopa, KoTOpasd
OCylWeCTBAACTCA HA BTOpPOR MoZe (A=0.69 MKM). YacToTa U MHTEHCHUBHOCTBH
UBJYyYeHMA BTOpOW MOZH, BHIeaAeMoft noaapm3arcpamut II1 u II2, usMenawTcA
pH yBennqunn W YMEHbHEeHVMM OINTHYEeCKON [IJ/MHH IPOMEXyTKa MeXKLy
JazepoM ¥ BHHOCHHM OTpaxaTejeM M3, 4YTO B5KBUBAJEHTHO W3MEeHeHUD
JuHeMHON IMAOTHOCTH. OJ3TOT CHTHAN paccorjacoBaHMa C QOTONpHeMHMKSE
MOCTyN2eT B Uelb OCpaTHOR CBABM, W IOCJAe YCHJeHMA, [OZAeTCA Ha
ITre30KEepaMIYeCKMe KOoppeKTopH Kt n HZ, Bo3Bpamawomme 3epkaia Mt u M3 B

MIOJOKEHVE COOTBETCTBYMIEEe HAvasbHON L/MAHE De30HATOpa. TaKkuM o0pazoM
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Puc.2.I7 BJOK MMIIyJLCHOI'O CMEmeHHA.
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[IPOUBBOINTCA CTalMiM3alMA IJMHH DEe30HATOPa OTHOCUTEJBHO MeXaHNMYEeCKHX
BUOpanuit.

CMHXDOHM3alMA ¥ 3aMOyCK Jia3epa IIPOMBBOIWJCA OT reHepatopa IBU-6
OJHOBDEMEHHO C HAJOKEeHMEM H2 Da3pAIHHN NPOMEXYTOK IIPAMOYI'OJNBHOTO
HMIIyJbCa2 HEOPAKEHMA M YCTAHOBJGHMEM KBaBHUCTAUMOHADHOTO peXuUMa
pas3pana. SOHIMPOBAHME Ja38DHHM H3JAYYeHNMeM IIIa3MeHHOTO O00pas3oBanuA
[IpOBOIMNOCE B Te4YeHNe BCETO BpPeMeHM CYmMEeCTBOBAHMA CHMALHOTOYHON

paspana.

2.4 IMIIyJbcHOE cMemeHMe.

Mcmosib30BaHME CHJBHOTOYHHX (POPM KBa3HCTaLMOHADHOTO Das3pala B
ILIOCKOM MarHeTpOHe ¥ AHTWIIDOCKOTPOHE ANA DelleHMdA 32434 HaHeCeHHd
MOKPHTHR ¥ WOHHO-CTHMMYJMPOBAHHOI'O TPaBJeHMA MaTepHasOB TpelyeT
fopMIMpOBaHKA MOHHHX MOTOKOB M3 ILIA3MH pas3pala C 3aXaHHOW 3Hepruefl.

OueHKa MOHHOTO TOKa HaCHmeHUA
it '/—E en,S /RTE’
. Hac o o t/ N 8

Tge S - IJomanzk KoJJexTopa, no - INIOTHOCTBL IIJIa3MH, Te -

BJEKTPOHHAA TemmepaTypa, M - macca WOHa IJA caydad n, ~ 10" 4cm™3

®

mpn T~ 53B NMOKa3HBaeT, YTO MNOTHOCTh MOHHOTO TOKA Ha KOJJEKTOD B
5TOM CJy4ae COCTZBHT J'~ 2.5 AoMR. llogzepkamye IOTEHLMANA

CMemeHMA Ha KOJUIEKTOpe IIyTeM MKCIOJb30BaHMA OTAEJBHOI'O I'eHepaTtopa
ABAAETCA IOCTATOYHO CJOKHOR TeXHM4YeCKOM B3anaveft. BCBABM C OSTUM
paspadoTaR cmoco$ TOJAYM HAUDAKEHMA CMEmeHuA Ha  KOJJIEKTOp
UCTIONB3YA Y8CTh MOMHOCTH MMIIYJABCHOI'O MCTOYHMKA IMTAHUA Das3pana.
Padora OJoOxKa CMEmMeHWdA OCHOBAHA Ha H3MEHEHMM  OKBHMBaJEHTHOI'O

COINPOTHMBJCHNMA ILNa3MH IIDHM IepeXode OT CTauMoHapOro K CHABHOTOYHOMY

IMITY ILCHOMY Das3pany .
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EJIOK UMIIYyABCHOTO  CMeleHud COCTOMT ¥3  TMOCJRJOBATENBHOTO
KoJNe0aTeJBHOTO KOHTYp2a I ¥ kKoHTypa 3apazxkm II (puc 2.9). Cxema
padoTacT CASAyOEYM OCPaBoM: [OCJe MNCHAYM HANDAKSHMA OT HCTOVYHMKA
DITaHMA  CTAUMOHApHOTC  DpaspAza IMPOUCXOFUT IIpoCoft  paspAmHoro
MPOMEXYTKE ¥  OCpa3OBaHMe  ILIa3MH,  JOCTHrawmeX - KOJAMeKTOpa.
OIHOBDEMEHHO, Yepel3 COIpPOTHBJCHME KOHTYpa 3apAlKd RCM KOJNEKTOP
TaK¥e npuospeTaeT IO TEHUMAN KaToza @K>>@f [IOTeHIMAaJa

U3OJMPOBAHHOIO 3CHAA. B DpEe3yAbTaTe HA KOJAJSKTOP YCTaHABMMBaeTCA

+
Hac’

I

wH=@K-izRCM (ToKOM 3apazku G, TpeHeCperaeM, TaKk Kak OH CYWeCTBYeT

TOK WOHHOTO HAaCHmEeHUA ! ! KOJMIEKTOD IPUOODPETAST MOTEHLMAN

TONBKO BO BpeMA YCTaHOBJEHVA DpPeXMa CTalCHapHOTO Dal3pAda U

LanpHeMmero BJMAHMA HE OKaBHBaeT), TXe (% igac.

3CHHEOBOW XapaKTePUCTVKM CTalWuOHAPHOTO ¥ CHABHOTOYHOTO WMIIYyALCHOrO

CTauMIOHaPHOI'O Da3pana
JIa3MB S KBHBaJEHTHCOIO

Hcxoma u3

paspaza BHOWpaeM R., Tak, 4ToCH I. RCM«

2 , JIBCHOTO pa3pdaga -
he HCM» Aa3MH SKBUBAJIEHTHOIO ! rag HHH&SMH DKBHMBAaJICHTHOE
@_—C
= f - OSKBUBAJEHTHOe COMNpPOTURJSHME [Ja3Mu. Torza aMILMTYAa
i
Hac

CMemeHMd OyIeT ONpejenaTbCs R, ¥ I[apaMeTpam CTaLMOHADHOTO
paspaza n, ; Ty, @ 4acToTa M 3aTyXaHWe - 4acTOTO! ¥ ZOCPOTHOCTRHK

KoJneGaTeJdbHOI'O KOHTYypa C YYEeTOM no n Te UMIIYJABCHOT'C pas3pdana.
YacToTa CMelieHMd BHOMpaeTCA U3 YCJOBUA 33pdAla HKOJUIeKTOpa JXO

TIOTEeHIMAana NI30CHANPOBaHHOIO 30HIAA

T
I 2+
@Kﬂ@fz T I iHaC(t)dt, rige C - eMKOCTb KOJJEKTOpA.
]

OCOCHOB2HNE KOHKDPEKTHHX [12DaMeTpPOB CXeMH CMelieHNd YKa32HH

HIXe C y4YeTOM COOTBETCTBYWHMX XapPaKTepPUCTHK pas3paia.
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IVIABA.3 OBJACTE CYWECTBOBAHUMH U XAPAKTEPUCTUKU KBASUCTAHMO-
HAFPHHX CWIBHOTOYHHX PEXVMOB PASPHIA HUMESHOI'O HJABMEHWA B MATHUTHOM
[IONIE PASJIMMHONM KOHTMI'YPAIMHK.

[lpe ABApUTEALHHE pazpan.

CospamMe CHABHOTOYHOI'O, KBAa3NMCTALMOHADHOTO peXMMa  pa3pana
HU3KOTO IaBACHMA B MarHMTHOM IIOJie MyTeM HAJNOKEHWA HA pas3pPAIHHNR
[IDOMEKYTOK IIPAMOYT'OJILHOI'C MMIIYJLCAa HANPAKSHWA BO3MOKHO HABYMA CHO-
cotam 1) Hmmysbc TI0ZaeTcA Ha pa3pAfHOe YCTPOMCTBO, 3alOJHEHHOE
rasoM C ero JgajpHeimmM npodoeM M YCTAHOBJSHMEM KB3WCTaLMOHAPHOIO
pexiMa, 2) MMIIYJABC NOJAeTCA Ha MIPOMEXKYTOK, 3aloJHEeHHHN MpeaBapr-
TeJIbHO CO3JaHHOW Mmnasmoft, MHocJe 4Yero IpOMCXONUT POCT KCOHLUEHTpauuy -
IIJ1Ia3MH ¥ YCTaHOBJCHME KBa3WCTALMOHADHOI'O DpexuMa. Hax [oxKazamm
OLeHKY BeJMYMHH ¥ BPEMEHHM YCTAHOBJEHMA KBaBHCTALMOHAPHOM IAOTHOCTH
[Ia3MH B Pa3pagHOM YCTpOMCTBE, 2 TaKKe BaBHCUMOCTM CKODOCTM DOCTA
KOHUEHTPaAUMM OT [IepBOHAYaJbHOM IWMOTHOCTH MAazMH (931 npermourn-
TeJIbHOR dABJAeTCA IOJAYa VIMITyJbCa HA MpeABaDUTEJbHO HOHM3OBaHHHN]
ras3, IpuyeM corjacHo rpafwxkaMm puc. 2.7a,0, IJIOTHOCTEL [PeJBapUTeNhL-

OIO CM-B. MCTOUHMKOM TakKolt

HOW IINasMH [OJKHA COCTABJAATDH I, IO7 -1
[Ipe JMOHM3alM MOXeT OHTh BY-pas3pal, aHOMAaJbHHI TACHIy! WM MarseT-
pOHHHII pa3pak, “JeKTDOHHHE Iy4OK, ONHAKO €r0 BOJbT-aMIIEDHAadA Xapak-
TEePUCTHKE Up(IP) JOJIKHa MMeTh yyacToK dU/dI«I Tak Kak uHauye KpyTad
4acThb BAX OrpaHMYMT TOK Yepe3 IJadMy IDM HAJAOKEeHWM WUMIIyJbCa Halpa-
KeHUA ¥, COOTBETCTBEHHO, POCT KOHUEHTPAUVM ILNA3MH.

MccnefoBanna XApaKTEeDUCTUK CJaCOTOYHO'O CTAUMOHADHOT'O MarHe-
TPOHHOI'O paspAfa B ycTpoilcTBe ¢ IpofWMJMPOBSHHHMH 3JSKTPOLaMM U
[LIOCKOM MarLEeTpOHE B IMANa30He JaBjeHMl 10° - 10 TOp, lOKa3aJu

HaJM4yNe CTalMCOHAaDHHX pPeXdMoB, ofecrevYBaMX YCJIOBMA pOCTa IJOT-
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HOCTHM IIJIA3MH ¥ IIEPeX0ja paspdAlia B KBAaBUCTALMOHADHHN DeXAM IIpH
HaJIOKeHMM MMITYJbCa HanpaAkeHMa. Ha puc.3.I ImIOKa3aHH XapaKTepHHe
33BHCHMOCTY HANDAKEHUA DaspAfa OT TOKA AJdA aproHa, CMecelt aproHa C
rajoreHoCONePRamyMY AKTUBHHME I'a3aMM (SF6), reJyif-BOLOPOSHHX CMe-
ceft B IMamas’oHe NaBJeHM 10'2—5 TOp, JMANa30He MAarHUTHHX noJeft O-1
KI'c, nmp¥ TOKax CTalMOHApPHOTO pas3pania o 200 MA. M3mepeHMA NOATBED-
U HaJmdne IByX ¢oOpM CTaLMOHapHOTO paspAZa B Ar [5I1 pasmuan-
mixca dU/dI, a Takke ITOKA3a/M CYmMeCTROBAHME AHAJOTWYHHX DA3ZPAIOBR B
ADyTHX Tas30BHX cperax (SFg, He/H, cmecu, N, U T.X.) 1P AaBACHMAX
Io 5 top. CaegyeT OTMETHTb, 4TO BAX paspAaia B cHCTeMe C mpodmmpo-
BaHHHMM BJACKTPORAMM U TIIOCKOM MarHeTpOHEe OTJMY2ANTCHA He3ZHAUUTEJBHO.
Iz apa/mza 3aBUCHMOCTEN crelyeT, YTO C TOYKM 3DEeHMA MaJjol KpPYTH3HH
dU/dl nHaubojee IMPUEeMJIIMHMHE ABJAKTCA PEXVMMH C UHIYKIMEW MArsMTHOIO -
roJsa He MeHee 400 T'c. Pexvvu & puc. 3.1 ABJAAKWTCA BHCOKOBONETHHMMU
1 o0Jazad BHCOKMM 3KBHBAJCHTHHM COMNPOTHUBJEHMEM OTDAHWYMBAKWT pOCT
KOHUEHTpaLMM IIMa3MH IIpM epexofe K KBa3HCTAlMIOHaDHOMY pexmmy. U3
IPUBeJEHHHX X3PAKTEePUCTHK BUEHO, YTO LiA [DeIRADUTEALHON MOHW3aUMM
1enecoo0pa3Ho MCHOJL30BaTH DPEeXMMH C TOKamMM CBHmEe 20 MA, YTOGH
N30eKaTh MepeXONHHX YYSCTKOB HA XaDaKTepHMCTHKaXx. [leTM U CTYIIeHM
HAa XapaKTepUCTHKaX (KpuBad 4 Ha DUC 3.I1a) CBABAHH C MEPeXOJOM pas3-
PAL2 BHYTPbL [OJOCTU KaToZa B YyCTPONCTBE C NpOQMJMDOBAHHHMM SJASK-
TPOZaMi TpM ILIOTHOCTAX TOK8, COOTBETCTBYWIMX MeDEMHKAHMB odJacTelt
TJSKHeroc CBeveHMA BHYTDU I[IOJOI'0O KaToza. HampAkeHwe TOpeHMa OpH
9TOM IIOHMK2ETCA Ha BeJMUMHy =~ I00 B.

30HAOBaA IUaUHOCTHKA IApaMeTpOB ILIasMH CTAalUMOHAPHOTO pas3pana
B UeHpe CHMMETDVMM Das3pAfHOTO YCTpoO#CcTBa ¢ NOpOUIMPOBAHHHMU
DJEKTPOZAaMM B IMANa30He JOaBjcHmt p=IO'2—I TOP, MAarHUTHHX moaelt

B=0 - I kI'c Cc HampaxkeHMeMm ropemua Ao 320 B u TokoMm Jo 200 MA
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Puc.3.1 BoJabpT-amepHHE XapaKTepUCTHKM CTALMOHAPHOI'O paspala.

_[ - Das3pAmHOe YCTpOUCTBO C NpPOJMMIDOBaHHHMM 3JASKTDOXAMM
/| - nnanapus MarHe TPOH



MOKa3HBaeT, YTO KOHLEHTPAUMA MOHOB B 3TOM Chy4ae NOCTUTEeT n.~
IOII CM_S IIp# 3JIEKTPOHHOM TeMIepaType Te o 20 3B. JTO YKa3HBaeT
Ha BO3MOKHOCTL IIOJyYeHMA B CTalMOHAaDHOM MArHeTDOHHOM paspAle C
TOKOM ~0.I A NNOTHOCTH ILAA3MH, JOCTATOYHON AJA OOCeCIeYeHUA pOCTa

KOHLUSHTPaUMM NOHOB IIDH MNDWJIOKEHM VMIIYJbCa BHCOKOI'O HAIDAXEHUA.

3.2 PexMH KBa3uCTaLMOHAapHOT'O pal3pdaza.

CHUABHOTOYHHI paBpdAl MCCASIOBAaJCA B WHPOKOM IMANA30HE TOKOB Ip
oT 5 A mo 1.8 KA zna pas/MvYHHX HaBJjeHu p=ID'3+IO Top rasoB Ar,
N2, SFg, ® cMmecelt Ar-N,, Ar-SF; pasJMYHOTO ITPOUEHTHOrC COCTara
(I0+30 % Ar), He-H, (50/80 %) ; pas/MyHHX KOHQMIrypaiwi# (ILIZHADHOrO
MarHeTpoHa ¥ AaHTHIIPOCKOTPOHa) ¥ BeJMYHH MarmMTHEX HDoJeff. B
pe3ynbTaTe IMOJyYeHH BOJbT-aMIIEDHHE XAapaKTePUCTHKM, WHTerpafbHHEe
gororpadsy cBeveHMA pas3pdAla, 30HLOBHE XADaKTEDHUCTUKM ILIA3MH Das3-
pAza, a Tak Xe YCTAHOBAGHO HaMMuMe U ONpeiesieHa WHTEHCHUBHOCTL
TIOTOKOBR YacTul] 43 I[LIa3MH paspdAfa. AHA/M3 [OJyYeHHHX pe3yabTaToR
MIOBBOJIAT YCTAHOBUTL CYmeCTBOBAHME HECKOJLKMX DPeXUMOB, pas3 mMYaniyx-
CA HaIpAXeHWEeM T[OpeHWA, JIMANaB0HOM TOKOB, a TaK Xe CTPYKTypolt
pas3paza.

Ha puc.2.2 mNpelcTaBieHH XApaKTepHHE OCUWJIOTDAMMH TOKa M
HapAKeHUA KBa3UCTALMOHAPHOrO paspAZa. Ha ocuuAnorpamMMme HampAKeHUA
y4acToK I COOTBeTCTBYET HaNpAKSHMK CTALMOHADHOI'O Das3pAia (IpeiBa-—
pUTeNBHAA MOHMBAlMA). 3aTeM Ha Yy4YaCcTKe <a I[IPOMCXOJUT HaJlOXeHMe
IPAMOYTOJBHOTO MMIIVAbCA HalpaAkeHud. I[Ip¥ 5TOM ODOMCXOMMT DOCT
KOHUEHTpaM¥ IJIa3MH ¥ YCTAHOBJEHME KBABKHCTALMOHADHOM NJACTHOCTH
(y4acTOK 20 Ha OCUMANOrDamMMe ), B 3TO BpeMd TOK paspAla BOBPACTaeT,
[IOCHe 4YeT0 HalpaAKeHWe ¥ TOK pas3pala AOCTHIalT HA KBA3HCTAaLMOHApDHHX

Be/MYMH (Yy4acTOK 3). BpemA YCTaHOBJEHMA HKBaBUCTaUMOHApDHOM ILAOT-
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Puc.3.2 XapaxTepHHe OCHMJLIOTpamMMH ToKa(a) M
HanpAxeHua (0) KBaSHCTaLMOHADHOrO paspdra.
180 A/men, 50 mxc/men; I80 B/xes, 50 Mxc/Zel.
I-cTaipoHapHH? paspax, 2-006J8CTh YCTAHOBJCHMA
KBaSMCTALMOHAPHOTO HanpAxeHMA (a8) ¥ HOHMBalM-

OHHORt penaxcaimm (6), 3-mudPysHHE pexn.
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HOCTM COOTBETCTBYeT BpeMeHM MOHM3alMOHHOM pelakcaluuy ¥ COCTABJART,
HanmpyMMep JJa paspala2 B Ar [pM ypOBHE IpeIOHM3aLMH n€=109+10”
M3 50 MmmC. Kaxnaa touka BAX COOTBETCTBYET I[ape OCLMLAOIDAMM
TOKa ¥ HampaAxeHNA. Ha/muue HeOTHOPOJHOCTER B IMJNa3Me DPa3paAna, 3 Tak
¥e 00pa3OBgHME KAaTONHHX MATEH OIpelelianoch QoTorpadMpoBaHMeM pas-
pAlla W BU3YaJdbHHM HalloIeHWeM C JCHOJL30BaHMEM (MALTPOB.

JKCIEePVMEHTANEHEe BOJbLT-SMIIEDHHE XapaKTepHUCTHKM KBazuCcTalyo-
HApHOI'O pas3pala HUBKOIo naB.neI-mﬁ B MarHMTHOM IIOJIe UMENT 4YeTHpe
OCHOBHHX y4YacTKa COOTBETCTBYWHMX ycToRuMBEM (Jopmam paspaza.
Trrmynas BAX pa3pdAna B AT IpH IaBJCHMHM 1071 Top ¥ MHEYKLVIM MarHUT-
goro rnoya 0.4 I'c UpuBeXeHa Ha pUC 3.3. Ha Hel BHISAAKWTCA IBa KJac-
CHYECKMX yYACTKA COOTBETCBYWNME I - MBrHeTDOHHOMY Pa3paLy C TOKOM
o 0.2 A un HanpaxedweM ropeHysa 260+380 B; 4 - CUNBHOTOYHOMY, CEHIE
I IO8 A, HU3KOBOJbTHOMY I10+30 B nyroBoMy pa3pdly C KaTOOHHM IIAT-
HOM. Kpome TOro BSKCIEPUMEHTH IIOKa3aJ/M BO3MOXHOCTL CYHECTBOBIHMA
eie IBYX ycToluuBHX ($OpM KBaBUCTALMOHAPHOI'O pa3pAla COXPaHABMETO
InpPysHHE XapakTep MJNa3MH U KaTOHOTO CJIOA IpM IJIOTHOCTAX KaTOL-
HOPO TOKA 3HAUMTEJBHO [PEeBHAKNMX ILIOTHOCTE TOKA KJAACCUYECKOTO
MarHeTPOHHOT'O pas3paZa. B mmamazone TOKOB 0.2+I5 A uMeeT MecTo
CUNLHOTOYHHI MarHeTPOHHHZ pas3pal (y4acToK <) C pacTtymel BOJBT-
aMIIepHOM XapakTepUCTHMKOR. OH OOJajeeT CPABHMTEJBHO BHCOKWM HAampdA-
KeHMeM TOpeHMdA, B IgHHOM cJaydae 350+500 B. Ilpm Tokax I5+I000 A
BOBHMKAET CHMJBHOTOUHHE InddysHuit pexmv 3, BAX KOTOpOro mpeiCTaB-
JAeT coCOft IpAMy® MapaJuiedbHY® OCHM TOKa. Ero HampAXeHWe TOpeHUA
cocTaBnseT ~90 B BO BCeM IMANAa30He TOKOB. ILIOTHOCTh KAaTOHOTO TOKa
Ipy 3ToM cocTaBadeT xo 50 A.

CnenyeT OTMETHTbL, 4TO I'DEHMLUH PEeXVMOB MOTYT CHUJLHO BapPbLUPO-

BaThCA B SaBUCHMOCTHM OT YCJOBMIl paspAna (HApMMED ZAABJEHMA, BeJM-
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Puc.3.3 BoJbT-2MIIePHasA XapaKTEePUCTHKA KBa3UCTALMOHADHOTO
paspazna.

YCTPORCTEC C MpOofM/MPOBaHHHMM 3JieKTPOXam,
Ar, p=0.1I rop, B=0.4 xrc.
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YMHH MaTHWTHOT'O IIOJIf ¥ T.J.), I[IOBTOMY Hajee DEXMMH 2 U 3 DaccMaT-
pHMBaJMCh Pa3JeJIbHO C LeJibl OlpefeieHMA o0nacTell CymeCTBOBaHMA IO
TOKaM, HaNpDAKSHWIO, JaBJSHUH, BeJHWYWHE MACHWTHOTO IIOJA ILJAA Kaxiol
U3 yKaBaHHHX {$opM paspazna.
ficcaenoBaHMA BHECYK2R2HHHX DPEXWMOB TPOBOIWIMChL KaK B paspal-
HHX YCTpORCTBAX THIIA IIOCKOTO MATrHeTPOHA, TAK U B YCTPOUCTERe C
npofUMpPOBSHHEMM 3JEKTPOJAMM ¥ [IOKa3aJM BO3MOKHOCTL WX Deasm3aiiy
BHE BABHCHMMOCTHM OT THII2 ¥ KOHKDEeKTHHX IIB8paMeTpOB DaspAzHOl Avelxu.
TIWMUHHE BOJBT-aMIIEPHHEe XapaKTeDHUCTHKM CHALHOTOYHOT'O MAarHe-—

TDOHHOT'O paspala [peACTaBJSHH H3 DUC.3.4. SKCISPMMEHTH NPOBOIMIMCH
B IMana30He HaBheHmt p=IO'3+IO Top razoeB Ar, NZ, n cmecelt Ar—N2
(I0=90 % Ar), He—HZ(SO/BO %), MarmMTHHX [OOoJelt B~0.4:-1.0 kI'c. B
KavyeCcTBe MaTepuasa KaToja ucroar3oBamcy Cu, Ti, Al, Mo, Hepmape—.
omad cranb . g yMeHbHeHWs BAWAHUA COCTOAHMA [OBEDXHOCTM KaToAa
Ha TapaMeTpH pas3pdAfa [POM3BOIWJIACh MHOTOKPAaTHad TDEHMDOBKa yCTpoft-
CTE paspaiamy, JMO0 OYNCTKA [OBEPXHOCTH KAaTOJ2a ¥ KOJNEKTOpa TJeKn-
I¥M pa3paioM B 8proHe. XapakTep 3aBMCHUMOCTH Up(Ip) OIVHAKOB I
Pa3JMvYHHX [8pamMeTpoEB P, B, & Taxk xe poja rasa, MaTepualioB KaTona,
paspAlHHX YCTDONCTBE M padMepoB paspapHoft odnacTu. HampakeHwe Ha
paspAke MOHOTOHHO YBeJMYMBAeTCA C DOCTOM TOKZ IO HEKOTODOT'O MAaKCH-
MAJBHOTO RHAYEHUA Ugaxz500+IIOO B, BaBUCANETC OT BeJMYMHH MHAYKLAA
MarsMTHOT'O [OJ4, poxa ra3a ¥ MaTepyana KaToja I0 IepexoZa pas3paza
B peXuM 3 WM CpHBa eT0 B Ayry. A IMTeJbHOCTH MMIIyJAbca T 1o 20
MC TOKM Iepexofa HocTHrawT 250 A, YTO COOTBETCTBYET INOTHOCTH

KaTOIHOTO TOKAa J=20 A/CM2

. YMeHblIeHVe BeJUYWHH UHAYKIWM MAaTrHUTHOTO
max
U
P

TOPOTC 3RaveHNda HalIpAKeHHA Ug, 3apuCcAmMErCc TOJABKO OT Marepnaa

[IOJA IPUBOMUT K YBeJWYEHND DPa3pAJHOTO HAaNDAKSHMA (B,) ZO HEKO-

KaTola ¥ poia rasa. JanpHefilee CHEXeHMEe B, IDUBOIMT K MePeXOLy
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Puc.3.4 CMALHOTOYHHI MABrHeTDOHHHI pPaspax
o - [NaH&pEH# MarseTpoR, Cu, p=>5 1073 TOp, Ar
s — [89HSpDHHR MargeTtpod, Ti, p=b 1073 TOp, Ar/N, (80/20 %)
x — [LaHapHHYt MarseTpoH, Ti, 1:»=IC)’2 T0p, N)
x — ycTpo#tcTBO ¢ mpofmmp. Cu, p=5 107% TOP,
He/H2 (60/50 %)
+ - 3JIeKTPOJaMHA Cu, p=IO“I TOp, AT



paspaza B BHCOKOBOJLTHHI DeXuM, XapakTepusyomuitcd KpDYyTHM POCTOM
BAX m maysuM (Fo I A) 3H2YeHWEM Da3pAFHOTO TOKA.

CHM¥eHMEe MArHMTHOIO I[IOJfA HJO YpOBHA, OJM3KOTO K 3HAYEHWD,
opefie/iANEEMY TEPeXOX PaspAia B BHCOKOBOJLTHHI DeXwM, XapaKTepH-
3yeTCA IJISEHHM YBeJMYeHMEM HalpAReHNA HA Dpaspdale C OXHOBPEMEHHHM
YMeHLIIeHNEeM TOKA.

MccrneporaHme pexuMa CHUILHOTOYHOIO MAarHETPOHHOrQO Dpa3pafa AJd
JBYyX Da3JMYHHX JI¥aMeTpOB paspagHO# o0JacTH ILIOCKOI'O MarHeTpOHa
[IOKa3aJm, 4YTO BAX KBaSHCTALMOHSPHOI'C paspdafa HE 38BHCAT OT AUaMeT-
pa oGaacTH max B...

CnefyeT OTMETHThH, 4TO IIpM NEpPEXojie B CHILHOTOYHY® (JOpMy pas-
PAA pacIpoCTPaHASTCA Ha CYMECTBEHHO COJLEYP OCJAACTh KaTona, 4YeM B
clydase CTALMOHADHOTO NpeXBADUTEJLHOTO paspafa.. B chydae ILIOCKOTOC
MarsEeTpOHA B 3aBHCUMOCTM OT KOHCTDYKLMM MASIHMTHOR CHCTEeMH CHNERO-
TOYHHIt paspal 38HMMAA JMOO KOJBLUEBYD OCJACTh BHE OKDYKHOCTH maxX
Bp»
[Ip¥ COXPaHEeHMM IIOJHOT'O TOKa paspAna OINpeleJiio CymeCTBEHHYD pasHM-

JMG0 IUCKOBYD oOOCJNacTh, OI'DEHMYEHHYW OKDYXHOCTBHO max Br' 4TO

Uy B IJIOTHOCTH TOKa, OIH8KO HE BHECJO pasjoriil B xapaxTep BAX.
XapaxTepHHe IJIOTHOCTH TOKa IpM STOM COCTABJADT AJA paspana B AT
J=4 A/cM? (Up=540 B, Ip=225 A), ® J~25 A/cH? (Up=500 B, Ip=218 4).

[lepoXOBATOCTEL NOBEPXHOCTH KaTOA3 HE ABJACTCA ONpelejammelt nna
CYmeCTEOBAHMA DeX¥M8 2, XOTA B CAyuae NDHMEeHeHMA KATOZOB C CoJbmolt
mepoXOBAaTOCTHED BEDOATHOCTL NEPEXOA8 B IYyTy yReJMu#BaeTCA.

OcoGeHHOCTEID pas3pafa B He—H2 CMecH B ycTpoficTBe C mnpofmm-
DOBESHHHMH SJEKTpPOAaMHE ABJAAeTCA Ha/MuMe, BTOpOR QOpMH CHNLHOTOYHOT'O
MarHETPOHHOT'O DEeXMM8 C HANpPAXKCHMEM Up=400-:-650 B, He 38BHCANMM OT
TOKa J0 Iepexoia paspsala B pexuM 3.

XapaKkTepHOR O0COCEHHOCTHD pex¥Ma 2 #ABJACTCA MHTEHCHBHOE 3a
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cueT BHCOKOR SHeprMM ¥ ILIOTHOCTHM MOHHOT'O TIOTOKS paclHJeHMe MaTepu-
ajla xatona. !MIyJbCHad CKODOCTE OCakKISHMA MaTepuasa KaToxa B ILAOC-
KOM MarsfeTpOHe HA YCTaHORJEHHHN Ha paccroamMe I20 MM oT KaTomsmoit
MUNEHM 30HI-KOLIEKTOD COCTaBJAeT =~ 80 MKM/MMH. (Tra3 - AT, mMaTepuan
Karoza - Cu, Ip=65A, Up=900B) Ip¥ TOJHOR JAJ/MTeJbHOCTH UMIIYJbLCA
TOKa 25 MC. l3MepeHMs TOJMVHH HAHOCHMHX IOKPHTHI! IIDOM3BOAWJMCL C
[IOMOI{bE DacTpPOBOI'C B3JEKTPOHHOT'O MMKpOCKoma PoM-IOI.

MaMepeHua IUIOTHOCTH ILIASMH 7 ,B OCNacTH ,IPUieTanmel K KOoJneK-
TOPY , C IIOMOEBK IOJAYM MMIYJALCHOI'O DBJEKTPHYECKOT'O CMemeHMsa HA
KOMNeKTOP OTHOCHTENBHO AaHOa IIOKasaJM, |YTO A4 pexumMa Ip=60A,

oI? o3

Up=9OOB n, cocTaBlgeT 371

XapakTepuHe BAX cunpHOTOYHOro IMpPysSHOrC pexwma Daspajza Iaid
PasJMYHHX LaBjemt, as30B, MaTEepMaliOB KaTOROB, MATHATHHX Oogedt
yCJOoBM! mpeXBapMTeJbHOR MOHM3ALMM IIPUBEJEHH HE pHC.-3.5+3.7 (pexuM
3). Amammsz BAX mokazsaj, 4YTO HanpAkeHMe paspAna caato BaBHUCHT OT
TeOMETPMM ¥ HAIPARKEHHOCTW MAaTHMTHOTO IIOJA, & TaKke OT Marepuana
KaToia ¥ ooipaaae'r MOCTOAHHYD BeJMuMHY U,.~70+140 B B mmanasoHe

P
TokoB I ~5+1.8°10° A. CymecTByeT cJiadaa, (B mpejesiax 50B), 3aBHCH-

'MOCTB eII)'o OT poxa rasa. [Ipm mepexofie B pPexuM 3 paspdal pacrpocTpa-
HAETCA Ha CYMeCTBEHHO OCOJLEYH® I[OBEePXHOCThL KaTOKa 4YeM B caydae
CTaLMOHApHOT'O paspazna.

B ycTpo#tcTBe ¢ MpOIMIMPOBAHHHMM SJEKTDOXEMM TDaHMIH Iepexoia
paspana B PeXmM 3 A KaKIHX KOHKDEKTHHX YCJOBHMIY OIpelesAnTCA AOC-
TATOYHO YEeTKO, TaKke KakK ¥ YCJOBHA CDHB& €rCc B JAYTroBOM pas3pan 4. B
IIOCKOM MarHeTpOHe I'DaHMlla Iepexoja paspaia B AYI'OBOM pexuM omnpe-—
JeNifeTCA IO COBOKYIHOCTM W3MEHEHMA HANPAKCHMS HA paspAfe ¥ ONTH-
YeCKMX WCChenoBaHMit. A onpejeseHMa CTPYKTYPH paspaia B pexuMax 2

" 3 OHJ MpOBeieH KOMILIEKC OIITHYE CKMX ¥ccane foBaHmit.
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Pnc.3.5 BoabT-aMilepHHe X8peKTePUCTHKM KBa3WCTAUMOHAPHOTO
paspana. (paspamHOe yCTPORCTBO C IDOM/MPOBaHHHMI
‘BJIEKTPOLKAMHM ) |
a - p=0.05 Top, padoumit ras - Ar.

6 - p=0.I Top, paCoumit raz - Ar.
= - B=I KI'c, o - B=0.8 wI'c, - - B=0.6 Kl'c,
= - B=0.4 xTc, + - B=0.2 &l'c, + - B=0 kIc
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Puc.3.6 BoanT-aMrnepHHe XapaKTePUCTHKM KBa3MCTALMOHAPHOIO
paspaza. (paspamHoe ycTpolfcTBO C MpOdMJMpPOBaHHHEMM
3JIEKTPOASMH )

a - p=0.05, 0.I, I Top, B=I kI'c, paGouuit ras - Ar/SFG.
6 - p=0.05, 0.I, I Top, B=I kI'c, paGouutt ras - He/H2

o - p=0.05 Top, ® - p=0.I Top, * - p=I TOp
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Puc.3.7 BoapT-aMIlepHHE X8pPaKTePHCTHKM KBa3HCTAILMOHADHOTO
paspAza. (INaHAPHHR MarHeTpOH)
a - p=0.01, 0.1, I Top, B=0.7 xl'c, padoguuit ras - Ar.
6 - p=0.01, 0.1, I Top, B=0.7 kl'c, paGouuit ras - Ar/SFG.

o - p=0.0I T0p, * - p=0.I TOpP, = - p=I TOp
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doTorpaMpoBaHMe paz3pala OCYmMECTBJANOChL 4Yepe3 HefTpalbHO CepHe
(uALTPH C Da3JMYHHEM KO3QIMIMEHTOM ocJasheHMA. JKCHo3uLMA U JuABTPH
NOACUPAJMCh TAKMM O0pas3oM, YTOOH MCKINYNATL DPETUCTDPalM USAyYeHUd
[Ipe IBApPUTEJBHOTC Das3paia. U3 npMeBeleHHHX (puc.3.8) QoTorpademt
BHJAHO, 4TO pal3pAl ¥MeeT OFHODOJHYK CTDYKTYPY IIpM TOKax A0 225 #
I1.5%I0°A COOTBETCTBEHHO. [lpM yBeJMYEHWY TOKA CBHIEE MSKCHMAJBLHHX
SHa4YeHU! YKa3aHHHX B Tadja.l, 2, WM JJUTeJLHOCTH UMIIyAbca Ao 2+10
MC, HalmoAajoCh PasBUTHE HEYCTONUMBOCTH M KOHTPAarupOBaHME pas3paia
. B mnaHapHOM MarHeTDOHe MepeX0k B DPeXMM 3 IDUBOIMA K pPasSMHBAHMD
KOJbLIeBOR CTDYKTYPH IIDEABAPHTENBHOTO Dpaspala ¥ DPacHpoCTpPaHeHWD
ILMIa3MH ¥ TOKa II0 BCell IIOBEPXHOCTH KaToza (puc.d.8). [Ipw yBe MYeHVH
TOKa WM AJUTEJBHOCTH VMIIYJALCA B 3TOM YCTPORCTBE TaKKe HACAKZANOCH
PasBUTHE HEYCTONYMBOCTH C HOCJefybilefl JoxkammM3aumenR [IAa3MH ¥ BOSHHM-
KHOBEHVEM OJHOTO WM HECKOJNLKMX KaTOIHHX IIATeH.

Xmvuveckl! aHa/mM3 IIOBEPXHOCTH KOJMEKTOpa MOKa3aldl OTCYTCTBHe
OCakIeHMA MaTepuana KaToha, YTO yKaBHBAST Ha OTCYTCTBUE paclHJeHMA

KaTona.

3.3 IlpvMeHeHue WMIIYJAbCHOM 3OHAOBOR MeTOIMKH AJA OHNpeleNieHHs
IIapaMe TpOB ILNa3MH ¥ MOHHHX IIOTOKOB.

OupefeJieRMe JIOKAJLHHX XapaKTepUCTUK DpaspAia, TakUMX Kak
3JEeKTpOHHadA TeMIepaTypa ¥ TIAOTHOCTL HMOHOB B IJIa3Me paspazia
IIPOMBBOIANACH C I[IOMOHBW CTALUMOHADHOM ¥ VIMIYJALCHOM BOHLOBOMR
xnarnocfnxn. CraiMOHapHHe W3MEepeHMA IPUMEHAJMCh  TOJBKO  LJf
ompeIeJieHUA MapameTpoB ILNAa3MH IIPeNBapUTENBLHOTO paspaza.

CemeficTBa BOJIbT-aMIICPHHX XapPaKTEDUCTHUK 30HAA AJA pa3pala B AT
pH p=IO'2+I TOP UszOO B, IP=IOO MA B marsmTHoOM none B=I kI'C

IIOJyYeHHHEe C IIOMOmBK TPaIVIIMOHHON SOHIZOBOR MeTOIVMKM IIO3BOJIIM

o



Fuc.3.8a PexuMH CHJBLHOTOYHOTO KBaBUCTAUMOHADHOI'O paspdla.

[IJIGHApHH MarHeTpOH

1. CHJNBbHOTOYHHI MAarHeTDOHHHHA



Puc.3.8a PeXuMH CHJBHOTOYHOI'O KBal3WCTAalLMOHApPHOI'O pa3pAza.

ILTaHaPHHIT MarHe TPOH

A

2. CUJBHOTOYHHR INGDy3HHML

3. HyroRoit
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Pnc.3.80 PexatMu ii:iITOYHOTO KBAZiCT:lLIOHAPHOTO paspana.

yCcTpofCTE ' 1[;.'&@21551*1}3“3832‘13{2;"'.'.! SJIeKTpodaMit
I. CUNLHOTOUHHR I 0
CUNLHO TS HHEY Py 3HHN

2. KOHTPaIrYMpOBaHHHA (IyTosoft)
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-3 (Ip7  pasMYHHX

OUEHMTL ILIOTHOCTL MOHOB ni:109+IDII CM
IaBJeHNAX ).

C uesbP NpPOBEPKM palGOTOCIHOCOCHOCTH WMITYJbLCHOM MeTOMNMKH OHa
OHNa MCIOJB30BAHA ILJA oNpelelieHMA IIapaMeTpoB ILNIA3MH IIpefBapuTelb-—
HOT'O pa3para B mmenasone B=0+1 xi'c, p=IO‘2+I TOp, TOKOB R0 0.2 A.
3 moJyyeHHHX MOCHe WUCKJNYEHMA BDEMEHM XapaKTeDHUCTHK CJeAyeT, 4TOo
SJIEKTPOHHAA TeMIePaTypa LAfA yKasaHHOTO CJydas COCTaBJdeT T <0 9B,
a KOHUEHTpalMa HMOHOB ntzIOII MO, [lorTeslMaly N30JMPOBAHHOT'O 30HIA
oKaszaJica (pfazo B. C yMeHbIIEHMEM WHEYKUMM MACHATHOTO IIOJA HAKJOH
X8DAKTEePUCTHK YyBEJMYMBAETCH, 4TO CBHLETEJIbCTBYeT 00 YMeHBHCHHAHA
TeMIIepaTypH 3J€KTPOHOB, IMOTEHUMAJA H30JMDOBSHHOIO 30HRKA IpPH STOM
yBeJMuMBaeTCA. /3 Be/MUMHH MHOHHOT'O TOKA HACHHEHHS CleAyeT, YTO .
ILIOTHOCTL MOHHOT'O TOK& HA B30HK B LEHTDe CHMMETDHM CHCTeMH MOXET
JOCTUrarTe 3+5 MA/CMZ.

OTMevdaeTCA XOpoWlee COBHaleHNe M[apaMeTpoB IIpeXBapATEJIBLHOTO
paspafa, MOAJYEHHHX [PY CTAUMOHADHHX ¥ WMIYJLCHHX MBMEDeHHMAX, 4TO
CBUZeTeJECTBYET OC OTCYTCBMM 38MeTHHX HCKageHMll, BHOCMMHX 30HZOBOR
CXemott.

CreayeT OTMETHTb, 4YTO YCTAHOBK& 30HA2 B LEHTPE CHMMETDHH
SJEKTPOJHOR CHCTEeMH, IJe MHAYKUMA MarHMTHOTO noaA PaBH8 HyJ0 NO3-
BOJfieT ZaJbHeMuyw oOpaGcoTKy ¥ MHTEpNpeTalMD De3YyJLTATOB NPOU3BO-
IATb 0e3 yueTa BIMAHMA MATHATHOTO TOJA.

MITyIbCHHE W3MeDeHMs NapMEeTPOB CHJABHOTOYHOTO KBASHCTalMOHapD-
HOT'O paspAla MpPOBOIMJMCH B Pa3pAmHOM YCTpORCTBe C IpodMsMpOBaHHHMK
SJeKTpoxamM¥ Ins mmenascna B=0+I kl'c, =10"1:1 T0P, TOKOB pas3pdja
Jo I500 A B Daz3JmuHHX TIa30BHX cpelax. [IpexBapUTelNbHAS HMOHU3ALMA
CO3JaBajiach CTalMOHapHHM pas3pafoM ¢ TOKOM Fo 200 MA. CHHXDOHM3aIMA
OOEaY! MMIIYJbCE HA 30HL OCYmeCTBIANACh C 3aZepxxoRl I00+500 mKcC
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OTHOCHTEJIEHO Havaja WUMIYJbCHOTO paspaja T.e. MaMepemua T, M n,
IIPOMBBOMIMCE IIOCHE yéTaHOBne}ma KBaBNCTAIMOHAPHOT'O DEXMMa CHJILHO—
TOYHOTO paspfAna. XapaKTepHHe ocmﬂorpam TOK& ¥ HENpAXeHWA B0HKA
(p=0.1 TOp, B=0.8 KI‘C,,Up=90 B, Ip=360-:-900 A, padowt raz - Ar)
npeJcTaBJieHH Ha puc.3.I0.

[lo pesysrTaraM 30HAOBHX UW3MEPeHMH OHIM TIPOBEJEHH PAacYeTH
[apaMeTpoB IJasMH. [loJyvYeHHHE 38BMCHMOCTH HMOHHOR KOHLEHTpalM B
LIeHTpe CHCTEMH OT TOK& KBA3WCTALMOHAPDHOI'C pas3pAls B pexmMe 3 B Ar
I DasJMYHHX JeBJeHMl ¥ MHAYKUMM MarHMTHOTO IIONA  [IOKa3HBaWT
IpaKTHYEeCKN JHHeMHHEt pOCT MJIOTHOCTHM ILIAa3MH C YBEeJMYEHMEM TOKa
paspara (puc.3.II) ¥ cocCTaBJsAeT OT (2+2.5).10M4 on~3 OpM TOKax
360540 A mo (I+I.5).IO15 CM“?’ nmpn Tokax II00-I400 A. HanGoJrmasa
UBMepeHHasd INOTHOCTh ILNa3MH CHJBLHOTOYHOrO IMfdysHOro paspdAna B Ar

HOCTHT8eT M1 .5 1019%cu~2

, UpH BJEKTDOHHOM TemiepaTrype Te=-4+6 3B
Ina Toka paspara 1100 A, B=0.8 xI'c, p~0.2 Top. ILIOTHOCTHL MOHHOTO
TOKa HACHNEHMA Ha 30HA B 2TOM cJyvae cocraBider J_ . ~IT A/cmz.
HaGmezngeTcA TaK ¥e DOCT KOHIEHTPalW¥ MOHOB IPM yBeJMYCHMM JaBJACHMA
raza B paspAfHOM IDOMEXyTKe, KOTOPHI COIIDOBORAANCA YMEeHBLHIEHHEM
BJEKTPOHHOR TeMmrepaTypH (puc.3.I12).

B paspane B He-H, cmecH Takke HaOJWIaeTCA POCT ILIOTHOCTH
[L1aSMH C POCTOM TOKA8, OXHAKO MaKCuMaJbHad KOHLEHTpal#s HOHOB IpH
8HAJIOTMYHHX ychoBmax (p=1.5 Top, B=0.8 kTc, Ip=IIOO A) cocTaBadeT
ngs2.4 10" 4en 3,

IinA BHCOKMX JHaBjieHMit rasa DdJEeKTPOHHAA BETBL XapaKTePHCTHKH
OTJMYaeTCA OT OKCHOHSHLMAJNBHOR TeM cCuJbHEe, YeM OJMKe IOTeHLMak
OTPHIIATENILHOTO B30HAS K NOTeHIMaNy T1iaasME (821, mosToMy Ind
ompelelleHMA  DJASKTPOHHON  TeMIepaTypH  HMCIOJAL30BAJMCH  YY8CTHH

X3apaKTEePHUCTHKE, COOTBETCTBYWNME I[IOTEHIMAaJjaM, CJM3KMM K IOTeHIMaJy
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I .

i “*"""""‘““l

!.-

Puc.3.1I0 OcumnnorpaMmvH HanpdaxkeHUda (a) ¥ Toka (0) 30HAA

KBasuCTalMOHapHEN Daspax, IMPPy3HHE peswM.

p=0.I Top, B=0.8 xrc, I - IP=360 A,

-I= , - I_=7 , 4-TI= ,
2 Ip 432 A, 3 D 20 A Ip 900 A
I0 B/gen, 10 mxc/meat.

0.5 A/zen, IOMKcC/zed.
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-3

n, [om 71
sot4 | ™

7
6 1014 |
4 10%4 L
2 10'4 L
I[4]
O ] i 1
0 500 1000 1500

Puc. 3.II Tpafwx 3aBHCMMOCTM ILJIOTHOCTM IIa3MH OT TOKa paspaza

(ycTpoitcTBO C HpOMJNIDOBaHHHMM 3JEKTPOLAMM )
B = 0.8 kI'c, 4r

A - p-=20.5Top
® _-p-=0.3Top
X -p=20.1Top
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3 1014 L ni [CM_

2 1014

T

B (KI'c!

1 1 §

0.4 G.6 0.8

Puc. 3.I2a T'padux BSaBUCYMOCTH ILIOTHOCTH ILA23MH OT BeJMYMHH

MaTHUTHON MHAYKLVM Ip=540 A, p=0.1I Top.

6  Ip [eBl

B [xl'c]

i i }

0.4 a.6 0.8

Puc. 3.I20 I'padux 3aBUCHUMOCTH TEMIEDATYDH BSJASKTDOHOB OT

BeJMYVHH MArHMTHOW VHIYKIAM Ip=540 A, p=0.1 Top.
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M30JMDOB2HHOTC 30HZA. B 2ToM cayvae corsacHo (821 nmaa
BOCCT2HOBJICHMA BJEKTPOHHON TeMmIepaTypH JONYyCTHMO MCIOJb30BaHHe
METOZOB pacueTa HMapaMeTpOB Da3peXeHHON ILaBMH.

3.4 OnpelefieHye INapameTpOB ILNa3MH pas3paAZa MeTONOM IBYXMOIOBON
JazepHOR MHTepdepoMeTPIH.

Orpe ne e rme 3JIEKTPOHHON KOHLUEHTPalMy n, IJIa3MH CHJILHOTOYHOrO
KBaBHCTALMOHAPHOTO DAa3pAla NPOVMBBONAJIOCE C MCHOJBE30BAHMEM Ja3ep-
HOM IMAarHOCTMKYM H&8 OCHOBE 8KTUBHOTO TPEeX3epPKajbHOrC IBYXMOIOBOTO
reJMit-HEOHOBOT'O JIa3ePHOTO Ja3epHOro MHTepfepoMeTpa C IIPOCTPaHCT-
BEHHHM W BpeMeHHHM paspememueM 1.5 MM ¥ I0 MKC COOTBETCTBEHHO
[(83+86]. PaGoymt mmama3oH MHTepfeoMeTpa COCTaBJAAET IOI4sneZsIOIs
cm'z, YTO B COOTBETCTBMM C B3OHAOBHMM W3MEDEHMAMM YIOBJAETBODAET
YCJOBMAM OKCIIepMMeHTa. lIBMepeHMd IMpOBOIMJMCEL Ha padovyell npsme
BOJHH A=3.39 MKM, COOTBeTCTByWmel® C/rkHeMy WHJpaxKpacHOMY IMamnaso-
HY.

liaMepeHus IapaMeTpOB CHJBHOTOYHOI'O KBa3UCTALMOHAPDHOI'C pas3paxa
[IPOBOJMIMCE B paspalHOM yCTpolfcTBe ¢ NPOfMJMPOBSHHHMY 3JeKTPOXAaMM
B JHana3oHe JaBJjeHm p=b 107%-3 TOP BEJMYMH MHIYKIMM MarHWUTHOI'O
‘mona B=0,8+:IkC, TOKOB DAaspALa Ip=350+1.2'103 A. PaGowt® ras -
aproH. Cas3’0BHM IIOJIOKEHMEM JIA3epHOT'O Jiy4a MPMHYMAJOCh IOJIOREHME IpH
KOTOpDOM Jy4 I[IDOXOIWJ d4Yepe3 ULEeHTP INJasMeHHOro o0pa3oBaHMA. a4
OlpeieJIeHUA MPOCTPAHCTEBEHHOT'O paclpeliefieHMs SJEKTDPOHHOR KOHLEHTpa-
MM B pale cJyvaeB, HanpuMep AJd paspdaia B Ar, p=IO'I Top,B=Ikl'c,
Ip=350+IIOO A KOOpPIMHATH TOYEeK 3OHIMpOBaHMA BapbMpOBAJMCH IO pamy-—
yCy OTHOCHTEJNLHO OCH 3JEeKTDONHON CHCTEeMH. 32peTHCTDUPOBAHO BDEMEH-
HOe N3MeHeHMe WHTEerpalbHOrC (BIOJbL BHODSHHOT'O HallpaBJeHMd IIpOCBe-
qUBAHAA) GSHEYEHWS ONTWYECKOTO IOKA3aTess [IpeJIOMJCH¥A B ILIa3Me,

OCHOBHOH BKJaJ B KOTOpH{t BHOCHT pefpaKiiMa Ha8 CBOCOZHHX SJEKTpOHaX.



CryiaxeHHHEe 38BHCHMOCTH JMHENHON KOHUEHTpAlM 3JeKTDOHOB n,l B
IL1a3Me CHJIBLHOTOYHOTO MpPy3HOTO paspaia OT pamnuyca ILIa3MeHHOTO
0o0pa30BaHUA IIPMBEACHH HA pHc.3.13 CraaxMBaHMe IIPOM3BONUNIOCH METO-
JOM HaWMEHBIMX KB3APATOB AJA YMEHLECHWA INOTPEMHOCTH P JanabHeimelt
0o0paCdoTKe pPe3yJabTaTOB.

BocCTarOBNeHME IPOCTPAHCTBEHHOT'O pachpeledeHud 3JMeKTPOHHON
KOHIIHTpalgm n, Ia3MH [POMSBOJMJOCh C TIOMOMbE WHTETDaJbHOTO
npeoOpa3oBanMaA AGena MeTomoMm [mpca [89+911. B sToM chaydae 3azaua
onpejeJieHua nNpodmia SJAeKTDOHHON KOHUESHTDaINM (P{(I') CBOIMTCA K peme-
HME) MHTeTpPaJibHOTQ ypaBHeHMA AGend :

T
0 .
t)=esf [or)er)V P-2) Jsar ,  rae

I'g — Pamiyc IiasMd, y - Xa8pakTepHOe NpHLIEJbHOEe pPacCcTOAHME, f(y) -
CYMMapHOe WU3Jy4YeHNEe M3 pas3/MYHHX B3JEeMEeHTOE ILIa3MEeHHOI'O o0pa3oBa-
HMA, PACIOJIOKEHHHX BIOJL OOHOR XOpiH. PemeHMe ypaBHeHMH ACens
U3BECTHO,

rl
0 ——
Q(r)=-(1/m)8 [£' &)V &P-r 2) Jnay.

OpHaxko IpUMeHeHMe eT0 HA NpPaKTHKe B3aTpYFHMTEJRHO, 4YTO CBASAHO C
YYBCTBUTEJALHOCTHD 3TOTO DelleHMA K NOrpelHOCTAM MOCTDOSHMA BKCHepH-
MeHTaapHOR KpmBo#t f(y). [loaToMy OHJa DPOM3BeASeHa 3aMeHa MHTeI'pana
KOHEYHHMH: CyMMaM¥ B HNCXOZHOM YPaBHEeHMM C IpVMMEHEHMEM YMCJEeHHOrO
merora Impca. ChaexyeT OTMeTHTh, YTO IpUMEHeHMe OoJiee CJIOXKHHX M
TPYZOEMKMX METONOB adeJM3aly He J8eT 3aMeTHHX NpPMEMYmMEcTB IO
CpaBEeHMD C MeToZOM [Mpca.

Meron IlMpca OCHOBaH Ha TOM, 4YTO CEvYeHME ILIasMeHHOR xorfwmrypa-
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0 I0 20 30 40 R [mm]

Puc. 3.1II T'pafux 33BUCHMOCTH KOHLESHTPALMM 3JeKTDOHOB B ILNIa3Mme
oT pamayca (AproH, p=0.I Top, B=0.8 kI'c). \
I - Ip=1080 A, 2 - Ip=810 A, 3 - Ip=540 A.

g 10"4 | Mg [em™3] l

O- p=I Top a

O- p=0.3 Top

x - p=0.2 TOp
6 10'4 |

e - p=0.I TOp
4 10" |
2 10™4 |

0 ]
I[A]
8] i 1
o 500 1000

Puc. 3.1II Tpefwk 3aBHCHMMOCTH KOHLIEHTPaLMM 3JEKTPOHOB B ILIaszme
OT TOKa paspana (Apros, B=0.8 kI'c).



-85 -

UMM Das30MBaeTCA H3 KOJLLEBHEe 30HH M pacnupeleeHme ¢(r) amIpOKCHMMA-
pyeTca crTyneH4YaTo# QyHKiMel. B mpejesax KeXEOTr0O KOJblA, OrDaBMYEH-
HOTO OKPYXHOCTAMM C paIZuycamu Ty @ Ty, BeJMIMHA cpJ=const. Ilpu
9TOM T4-T4 4 =Tg/M, THAe M YHCHO TAKMX KOJel. B JjaHHOM cuayuae
ceveHMe ILNA3MEHHOT'O OCpaB3OBaHMA pastuBasioCck Ha 10 KOALUEBHX 30H.
XoprH, TMpPOBeJeHHHE TEPHeHIUKYAAPHO OCH ¥, pas3CMBanNT CevYeHMe Ha
IIOJIOCH paBHO¥ mMpMHH. Kaxkzgoft u3 @OJOC [pPUIMCHBaJACA Homep 1,
KOTOpHM #3MeHAeTCA OT 1 70 10. B HaAOHOK8eMyD BeJMYMHY ri BHOCHT
BKJ&J SHAUEHHA (@4 OT @y IO ¢, OPMIeM Kaxjoe W3 HUX BXOJMT C
HEKOTOPHM  KOS(WIEHTOM &y 1 BHll  npoM3BeleH  pacyeT  BTHX

KosdmieHTOR.
TakuM OCpasoM, BeJHYHMHH Ii eCTh cymu BHEA

10
;=) ay %0y
J=1
Banada HAXORACHMA BeJITYMH ¢y CBOZMTCA K DONEFVN CHCTeMH aJredpan-—
YeCKNX JHHeRHHX ypeBHeHME Tvma A@=f. CooTBeTCTBywmmMit pacdeT [89]
IPUBOJAT K CJACAYHMEMY BHDaXeHMD LJA OUSHKM BEeJMYMHH IIOTDEMHOCTH AQ
IIpY [TPOBEJEHUM a0eJmM3alM :
Apy=(1 -41xm)/ (rg*ayq)*ALy.
TO9TOMYy ZAJA YMeHBLIeHWS MOTPENHOCTH MpPH BOCCTAHOBJEHMM BJeKTPOHHOR
KOHLeHTpalM B KavecTBe (Qymxuwl® f(y) HCIOJL30BAJNOCH, CrJa8XeHHOE
pacmpezeterse nl(r).
losyueHnoe  pamManrHOE  paclpeleJieHue né(r') C  yueToM
TIOTPemHOCTH MOBBOJIfAET AINIPOKCUMMPOBATEH €r'0 IPAMOYTOJLHHM HpodmieM
C XapaKTepPHHM Pa3MEDOM MOPAIKA DAIMyca SJEeKTPONOB (=5 cM).
[lo pesyabraram nHTepcDepome'rpmécm u3MepeHMit CHJM TpOBeJEeHH

pacueTH IapamMeTpoB ILNasMH. I[IOJNyieHHHe BaBHCHMOCTH CpeXHeR SJeK-
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Puc. 3.1I5 T'pafmxy 3aBUCUMOCTE} cpeXHeRl ILNOTHOCTH ILIA3MH
OT TOK& KBa3MCTAUMOHapHOTO pas3paja
AproH, p=0.3 Top, B=0.8 xI'c
O -~ BOHIOBAdA INATrHOCTUKAE

© — Jas3epHaa AUArHOCTHKA



- 87 -

TPOHHO! KOHUESHTDaLMM I[L83MH KB83WCTALMOHSPHOTO pasSpAia B CHJbLHO-
TOYHOM MPPYySHOM pexMMe (peXuM 3) AAd Pas3/M4YHHX LaBJAeHUMR ¥ MHIYK-
¥ Mar=MTHOTO NOJA MOKA3HBAWT NPaKTHIEeCKU JMHeMNHHI pOCT ILIOTHOCTH
IIa3Md C yBeJMYSHWEM TOKA DaspAna U COCTEBJANT <N >x=(2:8) 1014

CM'3 IIp¥ TOKax paspaga I —350:1.2°10° A (puc.3.14), 4TO YROBIAETBO-

P
PUTEJNILHO COTJacyeTcsa C JI8HHHMM 30HLOBHX W3MEepeHM!.

CpaBHeHMe 3aBuUCHMOCTEl <ne>(Ip) IJasd Ja3epHHX ¥ nt(Ip) B
IeHTpe CHMMETPMM DBJAEKTDOJHOR CHCTeMH JIiA SOHJOBHX W3MepeHMft
IpeACTABJNEHH HA pHCc.3.I5 (p=3 IO'I Top, B=0.8 xI'c, Ar), uTO
IMOATBEpKAAeT BHCOKY® TIMOTHOCTL ILA83MH ¥ CTeNeHp HOHM3AIM
CHUNpHOTOYHOrC AMPPy3HOrO peXMMa paspAla HU3KOrO JaBJeHMA B
CKpemeHHHX ExXH mnoasax.

Anaym3 3aBHCHMOCTe} cperiHefl KOHUEHTpalMM 3JEKTROHOB B INA3Me
OT TOKAa IIOKa3al, YTO [p¥ YBeJMYEHMM JHABJCeHUA paCCcvYerc rasa yrox:
HAKJOHA TIrpaduka <ne>(1p) K OCH TOK& ypeqnuuBaeTcda. IIpE B3TOM
SKCTPAalONALMA 38BHCHMOCTENR <ne>(Ip) B O0JaCTh MaJHX TOKOB (Ip<IOO
A) yXas3HBaET HA BOBMOKHOCTH CYMECTBOB2HMA KDUTHMYECKON ILIOTHOCTH

-3

IL1a3MH n625 IOI3 CM -, HOCTHUNEeHME KOTODOR HO-BMIMMOMY M OlpejeideT

IlepeX0l paspAna B pexM 3.

OGCcyxmeHMe pe3yJbTaTOB.

Mcxopa w3 BKcomepMMeHTaNEHHX BAX paspaza B pas/MUHHX YyCJAOBHAX
OCTPOeHa OCOOHmeHHaA BOJbLT-8MIIEPHAA XaDaKTepDHCTHKE KBasMCTalMOHAD-
HOT'O paspAla HM3KOI'O LaBJeHWdA B MarHMTHOM moje (puc.2.I6). Y4acTku
1,4 COOTBETCTBYHNME CTALMOHSPDHOMY MarHeTpPOHHOMY M XHYTrOBOMY paspa-
JaM TpUCYTCTBYWT BO BCe IMalas3cHe [8BJeHM! ¥ MarsWTHHX noJe#t. Ux
CBOZCTBA JOCTATOYHO IIOJHO NpPeACTaBJeHH B [28,341.

B mmarnazone TokOB 0.2+-250 A yMeeT MeCTO CHILHOTOYHHE Marse-
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urvi

500-1000

70-170

I6-46 | - — - - — - — = - — = — - — — — —

I000-1800 IrAl

Puc.3.16 OCoCmeHHaA BOJLT-SMIIePHAdA XapaKTepHCTUKA

KBa3HCTaUMOHaPHOT'O paspana.
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TPOHHHI pas3pAn (y9acTok 2) C pacTyme® LO HEKOTODPOI'O KPMTHYEeCKOTrOo
TOKA, 8 3aTeM HOCTOAHHON BOJLT-aMIEPHOM XapakTepucTHKON. Paszpan
3TOrC BHIA OCJaZaeT CPAaBHMTEJLHO BHCOKMM (Zo 1.2 KB) HampamxenmeMm
TOpeHUsA ¥ peammsyeTcd C HauloJblle} BEPOATHOCTLD B IMAIIAZ0HE JaBie-—
mtt 2°107°-10"" Top.

BuE 38BHCHMOCTH Up(Ip) B pexuMe 2, OTCYTCTBMEe KOHTPAKLMM
paspaza, OJ/M3KM IMANA3CH J8BJCHM ¥ MarEMTHHX IoJelt nospoaseT
IPeNTIOJIOKATEL, YTO CTPYKTYpa paspAka BTOre BHIA CXOZHA CO CTPYKTY-
PoR CHJABHOTOYHOIrO Dpas3pafa [641, opHako GoJiee BHCOKOe HalpAXeHHNe
roperua 500+I200 B (mpm 300+500 B corJaacrHo [64]1) HJesaeT CymeCTBEeH-
HHM BJMAHME DPacIHJeHMA MaTepUana KaTtoza.

cxons U3 MBSMEpPeHHHX ILIOTHOCTEeR TOKA M NepBOHAYAABHOR ILNOT-
HOCTM padodero rasa (n,) OHA3 CZeJiaHa OLUEHKA DaBHOBECHOR cpejmelR
ILIOTHOCTH 8TOMOB MaTepuaje Karoxa (n,) B IasMe paspafia. YpaBHeHUe
oXmjaeMoll KOHIEHTpDaUuM¥ aTOMOB MaTepuaja KaTroia B I[LMasMe paspans

IIp 3TOM MMeeT BUX

T T
an Vv Vv
b3 _ by 1 K
t at + nx - Sf—x ﬁr L <V > + ZSK—K ﬁx nx VS (1)
K K
(HOJIy4eHO M3 ONHOMEPHOTO YpaBHEHWA HeNPePHBHOCTH), TAE Sr-x?’ Skx

xKos(fWIMeHTH PACIHJCHWA ¥ CAMODAcIHJCHMA MaTepuaja KaToza, V?,V:

CpefHMe TeILIOBHe CKOPOCTH aTOMOB pacodero rasa ¥ MaTepmMalia KaToja,
<V, >- ycpeJHeHHas IO YIJOBOMY DA&CHDPEZe]EeHVD KOMIOHEHTZ CKOPOCTH
SMMTTHPOBEHHHX 4TOMOB, NEPHeHIVKYJAPHAA K IIOBePXHOCTH KaTOXa,

B.,» B, — CTeleHb WOHM3AIMM 8TOMOB I'a3a M MaTepHaja KaTona.

CraumoHApHHM pemeHmeM (I) aBnAeTcA:



VT
by
% Sr—x Pr Tip V>
K
Ty = =
1 X
1- S 8
f “g-x Mk <Vn>

Ouesxa AzndA paspafa B Ar, rOpAmeM Ha MeJHOM KaToXe IpH JaBie-
mm 1-I107° Top, Ip=65A, Up=9ODB [IOKas3aja, 4YTO COIEepXaHMe Memd B
ja3me MOXeT JOCTHMI'aTh B 3THX yCJOBMAX 30% M DacTM C POCTOM CTe-
[IeH! MOHMBAalMH .

OCnacTe CYmMEeCTBOBAHNA DeXuMa 2 IpMBeJeHa B Taljx. 1. B ralCme
yKa3aHH IpelelibHHe 3HAYEHMA [I0 KakIOMy ¥3 IIapaMeTpOB paspAza pea-
JHBymAecs He3aBUCHMMO JAPYyr OT Ipyra. |

IIpy TOKax IO+I.8'ID3 A BO3HMKE2eT CHJLHOTOYHHY IWpiysHHE DexXuM
3, HanpaAxXeHWe TOPEeHMA KOTOPOTrO JeXWT B IIpeZeax UP=VO+I4O B B
32BHCHMOCTH OT pOJa rasa. PexuM 3 peaJM3yeTCA IPEeUMyHEeCTBEHHO B
IMana30He HAaBJeHu# 107%:5 Top He3aBMCMMO OT BHIS pa3pagHOro
ycrpoficTBa, poia rasa, MaTepualia Karona. He ABNAETCA OGABATEJLHHM
id Hahnqne ITpe IMOHM381MM, XOTA BEepPOATHOCThL IIepexofia B AYTY B B3TOM
cJgyvyae yBeJMUMBaeTCA. [LMOTHOCTE KaTOXHOTO TOKA CHJABHOTOYHOTO Ind-
dysHoTo paspAaia MOXeT JOCTHraTh 76 A/cmz.

OdnacT: CYymMECTBOBaHMA pexvMa 3 B OCOMX pasSpAmHHX ycTpo#fcTBax
ANg Da3/MYHHX MaTepHaNoB KaToXa, NABJEHMA U POje rasa NpUBeNeHH B
TabkA. 2.

CnejyeT oCO0O OTMETHTL, YTO TPaHAiH DPeKUMOB 2 ¥ 3 B SHaUNT-

eJIbHOIl CTelleHM 38BMCAT OT IAJMTEJbHOCTH VMILyJbCa TOKa TH.

C ymenb-
MeHeM T, TepexofHHe TOKM BO3PacTawT.

KavdecTBeHHaad KapTHMHa T[epeX0oja CHALHOTOYHOTO MAarHeTPOHHOT'O
pa3pana B HUSKOBOJALTHY® (QOpMy [O-BHAVMOMY AaHANOTHMYHA MNOBEISHMD

SHOMAJLHOTO TJEDHero paspaja NpU CpefHMX GABJCHMAX ¥ COJBEMX ILIOT
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PaspanH.

MaTtepran B HaBaerye |Hampsaxerwe| Tok
yCcTp-BO | KaToza Tas KI'c Top B A
I Cu Ar  |0.4+1.0] 10R+1071 | 260990 | 0.2+1I5
Cu He/H, |0.4+1.0| & I07%-1 | 320:950 | 0.2:+36
50/50 %
Cu He/H, |0.8+1.0| 5 102+I | 400:650 | 9+I20
50/50 % |
II Cu Ar |0.3+0.7] 10™°+5 1071| 540-900 | 0.2+72
71 Ar ]0.3-0.7| 10™°s5 107L| 540-1100 | 0.2-250
T4 N, |0.3:0.7 1073:5 1071| 540-720 | 0.2-180
T4 AT/N, {0.3+0.7 1072:5 107!| 540-900 | 0.2-140
90:10 %
AT

TaGmuia 1. OGNacCTH CYHeCTBOB2HMA M PeXVMH CHABHCTOYHOIO

Marse TPDOHHOI'O pa3paina.

- YCTpORCTBO C NDOJMJ/MPOB2HHHMM SJSKTDOAaMM
IT - nnsHapHH# MarseTpOH

I




Pazpazgd. |MaTepnan B Iapnenne |Hampaxemwme| Tok
yorp-Bo | maroza | 128 kI'C Top B A
I Cu Ar  |0.4-I.0] 10725 80-II0 | I5+I500
cu AT/SF |0.4:1.0| 2 1072-3 80120 | 7+I200
80/20 % )
Cu He/H, [0.8:1.0| 5 107%-3 70+120 | 7+1800
50/50 ®|
II Cu Ar |0.3:0.7]  107R-1 65+90 | 4+800 .
Mo Aar  [0.3-0.7] 5 10721 65+90 4+1200
Mo Ar/SF|0.3:0.7 1072=1 90+135 | I8+I800
80/20 %|
Mo SF, |0.3:0.7 10725 1075 90-135 | 4-I800
Hepx.
cramp | Ar/SFg|0.2:0.7 1072-1 90+I35 | I8-I200
80/20 %

Tadmmia 2. OCJacTU CyHmeCTBOBAaHMA ¥ PEXMMH CUJBHOTOYHOTC IMQPysHOTO

paspana.
I - ycrpoficTBO C IpOMIMPOBAHHHMHM 3JEKTPOIAMM
IT - mnaHapHH® Marx€eTDOH
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HOCTAX TOoKa [28]1. B B3TOM cJayvyae CTAHOBUATCA CYHECTBeHHHM HarpesB
rasza ¥ PpOCT DBJEKTPOHHOR IIOTHOCTH, YTO CHOCOCCTBYET YCTaHOBJCHMN
YacTHUYHOTO P@BHOBECTHA B ILIa3Me pas3pana ¥ NepeXoiy B PeX¥M C MeHb-
MM HalpAXeHMEeM rOpeHusd.

yropomeHHOe KBA3MCTALUMOHADHOEe YPaBHEHMe [JA Tra3oBoft Temepa-
TYPH B peX¥Me < KMMeeT BHJ

(Tg—TO)MngvT g : ()

rie P_ - TeILIOBag MOMHOCTL pacxolyemasd Ha Harpes rasa,?, - ycra-

g g

HOBMBIIGACH TeMmiepaTypa rasa, T; - Temmeparypa B3JeKTPOZOB, Hé -

Macca ra3a B pas3pAIHOM OOCEEME, Op - TenJOoeMKOCTh IIPH TIOCTOAHHOM

X A
JaBJenml, V,=——= -— 4aCTOoTa TelJo0o0TBOAA X= - Temepa'rypo—
P A% ’ En;Up
IIpOBD,IlHOCTB, A‘I' — XapakTepHaa IJMiHa TEILNOOTBOAA, A - TBIUIOII()BOJ.I—

HOCTH r'a3a, COOTBETCTByWEaA yCTaHOBUEIe#cA TemiepaTtype, M - aToM-
Had Mmacca, ng -~ KOHILIEHTpaLMA MOJEKYJ rasa. ¥YpaBHeHHNe OajiaHca 3Hep-
TV I'ada yYMTHBAeT IeOMeTpHi paspafHoft o0JacTH, IOBTOMY TP OLSHKe
TeMlIepaTypH pealbHHR IMpofMib SJEKTPOJOB 38MEHEH ILIOCKMM C ILIOMAXBLD
S ¥ MeX3JEKTPOTHHM DAcCTOAHMEM L, COOTBETCTEBYOIHM pacouyeMy CeveHMo
TpY 32a@HEHX pexMMax. LA IIOCKOTO CJoA TOJEMHOX 2L Ap=L/%. Temno-

BY®0 MOIHOCTR pa&CXOLyeMyD H& HarpeB ra3a MOXHO OLEHMTL M3 OajaHca

MOMHOCTH
_IU _E
& PP em
L
TIe IPUp — TIONHAas MOWHOCTHL BHIEJANHAACA B DPa3pAXHHOM oCLeMe, 5% =
=PH9YHp - MOMHOCTEL BHBOIMMAA M3 pas3panHoro ofheMa 3a CUeT HOHNBa-

pm, e - 3apal SJAeKTpOHA, I/m - KoHCTaHTa CTOJeTOBa, COOTBETCBYK—
mad BeJmuuHe E/n X8pakTepHO# IJA KaTOXHOTO CJC4.

B ycaoBuMAX TMIMYHHX IAsA IepeXOoXa paspdaja U3 pexmma 2 B pemﬁM
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3: IP=I5 A,lUszOO B, p=I Top, B=0, paGowmt raz Ar, sddexTVBHEHR
pasMep pazspagHot obaacTu: I~I oM, S 60 CM'?', TEMIIEpaTypa rasa
MOXeT HOCTHIAaThb Tg=I .I 3B.

/3 BHpakeHMA (2) cJaenyeT, 4TO

3k

P ILU. -
Lt v
T.e. TemepaTypa ras3a He 38BHCHT OT ero IJIOTHOCTH. J[ellcTBHe
MarsMTHOTO IIOJid CBOJWUTCA K OTDaHNYEHMD 3JIEKTDOHHOX TeILNOIpPOBOX—
HOCTH ¥ OCeClIeYeH! JOCTATOYHOI'O WMCJa CTOJKHOBeHM #ja SQPeKTHB-
HOR MepeRayd SHEPrMM OT 3JIEKTPOHOB I'a3zy.

Coraaceo (28] B cay4yae, KOrZa pOAb aMOHMIIONApHOM Iuddysmm
maja, Op¥ JOCTATOYHO OCOJBOMX ILIOTHOCTAX ILIA3MH ne,>n‘e";p CTeIleHb
MOHMBAIMM MOXET OnpelesiATbCA U3 ypaBHeHMa Caxa. BesmvumHa n‘efp ompe-
JendeTca DOKCISDMMEHTANBHCO M 33BHCHT OT DHHEPreTHYECKO® BHCOTH
NIEPBOTO BO3OYRISHHOI'O YPOBHA. ,

B NOpunCimxeHMM UM/MHEDWYECKOT'O CJOA CpelHAd CKOpoCTh Iuddy-
SHOHHHX I[IOTepPh B8pAREHHHX YaCTHl MOXeT OHTL MpejCTaBlieHAa B BUIE
(731

dre D

[df] oup p A=~V Aaﬂ n
TAe vy - 9acTora Tapysvm, A - xapakTepHad JuPPy3UOHHAA AJMHA 3aBU-
cAmasd OT TeOMeTpMM  pas3pafHoit ofaacTH. IIpM HAJMIMM  MarHMTHOTO
oA OHA onpeledeTcA HauCoJbme# U3 YacCTOT, X8PEKTEPNIYHEMX YXOX

(TgtTy) (v

wei)
98CTHL Ha BSJEKTPOMH Vp,, = (
mwz+ v
e

ear

[ﬂane I 4epes

[?-ﬁé]a [92]

ear?Vet )“iafrvta'r

(T_+T,)
e "1
COKOBYD IOBEDXHOCTH Pa3pAfHOTO OCEEMAE VYhooxr “HiarViar
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rZe R - pamuyc paspaiHOR o0nacTh, W, - JapMOPOBCKas YacTOTa BJeKT-

pPOoHORB, V - 4acToTa BJEeKTPOH-aTOMHHX 3JICKTDOH-MOHHHX M

ear Yet'Viar
WOH- &TOMHHX CTOJKHOBeHMH, p.t atr [IpUBe IcHHAaA Macca. CPBBHGHHG
YaCcTOTH ,u'mmay 3K, NOHM3aUHE H pexoudxmamm ang Ar B o0nacTu
CymeCTBOBaHMA pPeXaMa 3, JOIIyCKa8eT BO3SMOXHOCTEL YyCTZHORBJSHMA 4Y8CTUY-
HOT'O DaBHOBeCHA B ILIasMe paspaza.

OLeHKn ILUIOTHOCTH ILa3MH , COOTBETCTBYHmEH TemMieparype

T=Tg=TizI.I 3B 1Ioxazam, 4TO COTJAaCHO

3/2
3/2 el
{RT) {
[ZM'] n +ni l'p{— ET'} (€)

rae g;=6 (AT) gg=I - CTATHCTUYSCKM! BeC MOHOB ¥ aTOMOB, m — Macca
n

SNEKTpOHA, U; - NOTEHIMAN MOHUGAUWH AT, CTENeHh WOEMISINM O= 'ﬁ—%z
4
u3MeHdAeTCca oT a~I (p=0.0I Top) Ao a~0.7 (p=I Top), T.e. INOTHOCTBH

IMas3Md [pY IepeXoZie paspAfa B peXuM 3 IpeBHmaeT n 25 1018 oM.

Cormaceo [73] MeXaHMBM TEDMOMOHM3alMM TpelyeT CymeCTBEHHO
MEHLEEr0 HANpAXEHUA HA paspafe LA NOXAEPXaHMA TOKa, YeM MOHMU3ALMA
BJEKTPOHHHM YZ8pOM, 4TO MO-BHIMMOMY OCYCJIaBJMB3eT IMepeXoX paspalna
B HM3KOBOJBTHYDL QOpMy.

TemiiepaTypy rasa ¥ COOTBETCBYDLNYyD et CTeleHbh MWOHMB3ALMHE B
pexiMe 3 TaKKe MOXHO OLCHMThL W3 ypaBHeHmit (2),(3), yYMTHBas H3Me-
HeHve OasiaHCa MOMHOCTH. BajiaHC MOMHOCTM, 3aTpaviBacMOll Ha Harpes
He@TpaJIbHOT'O T'asa B CJydae peXuMma 3 UMeeT BHZ

£p 3pm L 3
g“IpUp (8,+ 5RT+ 5RT;)
rne %; — SHePrWA WMOHMB3aIMM T.K. DOCTOM TOKa B OT/IrdMe OT (2) BO3-
pacTaeT HOJA OJSHEDIr¥MM YHOCWMOM 32pAKeHHHMM YACTHLaMM. AHAJOTWYHO
nnasMe CToN0a IYTH CpefHMX JaBJEeHMR TeMmIeparypy MOHOB T, MOXHO

IpUC/IIKEHHO CYMTAThE DABHOM TemmepaType aTOMOB Tg (91, Bcaexcreme
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TOT'0, 4YTO MACCH MOHOB ¥ aTOMOB COBII2J2aKT, [MOTEpM BHEPIMM MOHOB Ha
HarpeB aTOMOB OYEHbL BeJMKH (CpelHAA JOJA SHEDr¥d, TepAeMad WOHOM
[P yOpYyroOM COYIapeHnH Gig;I),Kpome TOTO ¥3-3a COJbIOR MaccH MOHOB
KX HAarpeB B3JeKTPUYECKUM IOJIeM HeBeJMK ¥ OCHOBHYW BHEDI'YMI0 OHM TaKKe
KaK ¥ Hef{TpaJbHHI aTOMH IOJAYYaWT B YHODYTI'MX CTOJKHOBEHMAX C BJEKT-

poHaMi. [IpeHeGperad TemiepaTypolt 3JeKTpPOIOB TO«T IJA pexvma 3

g
o, .3
r - IpUp -3 (si+ §RTe) @)
g~ 3, o
Mgppvm+ §R a

Ind TWIMYHHX II2DaMeTpOR Daz3pAZa B pexuMe 3 HampuMep I =540 A,

b

Up=90 B, p=0.I Top, B=0.8 xI'c TemmepaTypa rasa COCTaBAAeT 1@:3.2

3B, a mgna I_=1500 A T ~5.4 3B. Ha OCHOBe COOQTBETCTBYKINMX WM 30HIHO-

P &g

BHX M3MepeHVit MJAOTHOCTY ILIA3MH MOXHO OLEHUTH TafeHue HApAXSHIA Ha
[J1a3mMe pPa3pdala B 3TUX CJaydadx UH=4D+36.5 B, u4TO oupelendeT TeMie-
patypy raaza Tg;3.2+8.5 3B. OueHKa TeMIIePATYPH I'aza ABAASTCA ABHO
3aBHEEeHHORX 328 CYeT POCTa BKJALa H3JAYYEHUA B IOTEPH TEINa M3 pas3pda-
IHOR oO0nacTH, OJHAKO CBULETEJBLCTBYeT O BO3BMOXHOCTH IIOLAEDXKAHUA
CTeleHd HMOHMB3aU¥M asgl Ha cramy pexMa 3.

M3 BSKCIEePUMMEHTaJbHHX MLAHHHX BUIHO, 4YTO [IepeX0l pas3paia B
HU3KOBOJABTHY® (ODMYy BOBMOXEH B YCJOBMAX, KOTZAA ILNOTHOCTEL ILNAS3MH
MOXeT OOCTHUraTh HeKOpron Epuwnqecmoﬂ Be JIMYMHH ngp, COOTBETCTBYIO-
me# ZOCTATOYHO MaJoMy IeCaeBCKOMY palyycy. 3TO NO3BOJAET IIpemIIoJio-
KATb OeCCTOJKHOBUTEJLHHN XdpakTep KAaTOEHOT'O CJiod B pexume 3.
Bcaencreue TOrO, YTO OTPULIATEJIbHHR NOTEeHUHMaJ] KaTOZa B JaHHHX
YCHAOBUAX MHOT'O OOJblle IMOTEHUWAaNA H30JMPOBAHHOI'C 30HA2 MOXHO IpeX-
[IOJIOKHTE, YTO HAa KaTOL M3 ILIa3MH TIOCTYIIaeT HOHHHE TOK HACHMEHMHA,

YaCTUYHO KOMIIEHCHPOBAHHHI 3JeKTpDOHHOHN smuccueft. Torza TOJHMHA2 CJOA



IIOJIOXHMTEJPHOTI'O OCOBEMHOr'O 33paAla ¥ IIOBEDXHOCTH KaToja CyHeT oipele-

JIATECA
1/2 1/4 . el 3/4, RT 1/2
WB) R ) ) ©)

CpaBHeHMe ZK’ COOTBEe TCTBYHIIETO BﬂeKTpOHHOﬁ ILIOTHOCTH IIPM KOTOpO#

IPOMCXOZMT MePeXOX B PeXuM 3 C IJMHO# CBOCOIHOTC Ipodera BJeKTpo-

HOB ?‘eafr; xet (BHCOKME JIABRJCHMA) UM EBHCOTON TpaeKTOpMM 3JEeKTpPOHA -
omee <Bi>

HaJ NOBepXHOCTLH Karoxa [50] hezT‘ —8—2 IpU IBMXCHIM B CKpPEemeHHHX
r

noJAX (HWSKME [JaBJieHMA) MOATBEDIMNC YKa3aHHOe M[pelyIoJIOXeHMe BO
BCEM IMalla30He TOKOB Iepexoia, LaBJeHMl!, MardATHHX [oJel, IpuyeM

yBeJHMYEeHNe 7 oam? A’et;'j ‘

Mg

e C POCTOM TOKa JMiib yCHIMBaET YyCJOBHe ZRS

YpaBHeHMe IlyaccoHa 174 OeCCTOJKHOBMTENLHOT'O CJIOA Paspaia B |
pexuMe 3 TIO-BHEMMOMY aHAJIOTHMYHO CJIOK AYI'M C XOJOXHHM KaTOHOM 731.
d°u
dr°
Jg=SJ=eng¥q
. 1/2 (10)
v | 2eU ]

=4'n:e(nt—ne)

e m

, 1/2
2e (U )

Visl—w —

.

7 Tt Ty
T=TietThy — Koo{MiMeHT BTOPWYHOR SMHECHHM OCYCJIOBJICHHHN KAK MOH-

3JIeKTPOHHOZ Taxk u foroammccuelt.



Cuurad, 4YTO HE TpaHMlie ILJIa3MH EI'IJI=D mpn U=UK [IOy4YM, YTO HAIIpA

KeHHOCTh SJIEKTDM4YeCKOI'O IIOAA ¥ TICBEePXHOCTH KaToza

1/2
_j__1éxm 1/2_op1/2 1/41/2
Ek—{z55777§[(1—S)M ~-Sm ]} Uk J (I1)

8 BeJMYMHAa KaTCHHOI'C IIajeH¥a COOTBEeTCBEHHO

2/3

_J_ 12w 1/2_q,1/2 2/374/3
Uﬁ—{i5;377§[(1—S)M -Sm ]} J7 T (I2)

i3 3OHNOBHX M3MepeHMI! cJeXyeT IPaKTHYECKM JMHelHad SaBUCHMOCTDH

1
ILIOTHOCTH ILIGBMH OT TOK& pad3pdArg, B TOXe BpeEMA ZKN—WQ' T.€.
e

4/3
UK J {Wa—-} He 3aBUCHT OT J, 4YTC ¥ HalJworaeTcd JKCIIepMeH—

TaJILHO .

i3 BHEEYKa38HOI'C CHenyeT, 4YTO HaYMHad C n921013+5 IO13 cufa'
CUABHOTOVYHEY KBa3WCTAUMOHADHHR paspAl XapaKTepu3yeTcds HaJmIueM
0eCCTONKHOBUTEILHOI'O KaTOHHOI'O CJOA C HaOpAXEHWEM CJA00 3aBUCAIUM
OoT TOKa u o0nacTew nﬂaBMH,'HBnammeKCH S8KTUBHOR BOHOR pa3zpana c
IIpeoCnafaHNeM TEePMMYECKOrO MEXaHWu3Ma WMOHM3AaLMH.

B olaactn HM3KMX JaBieHuit p<0.0I Top ¥ CpeZHMX MAarHMTHHX
noJe B<I xI'c, MO-BMIOVMOMY HEOOXOIMMAad ILIOTHOCTEL ILIA3MH HE JOCTH-
reeTcd ¥ CUJILHOTOYHHIY MarHeTPOHHHIY paspal (peX¥M 2) CYmeCTBYeT B
o6aacT! COJNBIMX TOKOB, 4YEM TOKM IIEPeXOka, XapaKTepHHe LA 00JacTH
CYHeCTBOBAHMA pexuMa 3 ¥ [IepeXOIUT HellOCPeACTBEHHO B AYrY.

VccrnenoBanua Iepex0ja KATONHOTO CJIOA AaHOMaJLHOTO TAEHmero
paspAZa B COCTOAHME C ILNOTHOCTBN TOKa IIPOMEXYTOYHOTO MeXRIy
- HOpMaJBHOR TLJIOTHOCTERK TOKAa M IMIOTHOCTBHW TOKA AYyroeoro nATtHa [8I1
[IOKazajM HaJMYMe IepeXONHHX PpeXMOB TJewmero paspAana B asoTe,

BOBZYyXe ¥ TeJMd Opd XaBneHMAX 20+760 Top, mO CBOMCTBaM: HaNpARSHHUD
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ropesud, ILIOTHOCTM KAaTONHOI'O TOKA, OTCYTCTBMR Marepuaia KaToia B
ia3Me paspana, OJM3KMX K CHILHOTOYHOMYy IUQPy3HOMY peXuMy KBa3W-
CTAlUMOHADHOI'0 pa3pdala B CKpemeHHHX 3JJEeKTDMYECKOM M MAarHuTHOM
[IONAX, HECMOTpA Ha CYmMeCTBEHHYW DasHMIY B IIOJHOM TOKe paspana (1.5
Anu I.8'IO3 A COOTBETCTBEHHO ), 4YTO MOXET YKAa3HBaTh Ha MHOJO0He
CTDYKTYPH K&8TOIHOTQ CJIoA pas3pala B pexiMe 3 ¥ CTDPYKTYPH Hpen-

IOYyTrOBOI'C KAaTORHOTO MATHA [(8I1].
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TJABA.4. SMUCCUOHHHE ¥ PACTHMTENEHHE XAPAKTEPUCTUKYM CIWIBHO-
TOYHHX TOFM KBASUCTAIMOHATHOT'O PA3PHIIA HUBKOI'O IABJEHMUA.

4.1 OcO0eHHOCTM KATOJHOTO PpaclHieHMd B KBa3UCTAalLMOHaDHOM
CUNBPHOTOYHOM MAI'HeTDOHHOM paspane ¥ eTo MCHOJb30B2HME B TEXHOJOTUM
VMIIyJIbCHOT'O DaclHJieHNsa MaTepHaJioB.

lmpoxo #cIoJb3yemasa TEeXHOJOTWA HaHeCEeHWA TOHKOILNSHOYHHX IHOKDH-
TH! C TIOMOHWbH Tas30BOT'O paspAia B CKPEMEHHHX 3JeKTPHYEeCKOM ¥
MarHMTHOM TIOJAX oCecrevMBaceT BHCOKYKW CKODOCTb DacCIHJeHHMA KaToZHOR
MUmeH (IIIOTHOCTH TOK& HS8 MMMEHM MOXeT pocturats 100 MA/CMz) [241.
B orsmupe OT OCHYHOI'O KaTOZHOTO pPACIHJEHMA CKOPOCTEH YHOCA MaTepH-
aja MMIeHM yBeJsm4mBaeTcA B 5+I0 pas. Hajmyme MarsMTHOrC IOJAA CHH-
XaeT IIOTOK Buéoxoeneprewnqnux SJIEKTPOHOE HA HANHJAEMHE MaTepuad,
YTO BHBHBaET YMEHbIIEHNE 3HEDPrHM MPHMHOCHMOM 3JEeKTPOHaMHM H3 HNOLJIOKKY .
TeMepaTypa MOAJIOKKM COCTaBAAECT 50+200°C, Torza ®ax TP OCHYHOM
KaTOIHOM DAacIHJIeHMM OHa HOCTHUIaeT 300+500°C. Crumerme padovero pas-
JEHMA C ONHOBDEMEHHHM YBeJMYeHMeM CKODOCTH HEIHJEeHMA W CHUKEHHMEM
TEMIEPATYPH NOZJOKKM ITOBBOJAST CYmNECTBEHHO IIOBHCHUTL KaveCTBO ITOKDH-
TUl, OZHAKO 3TO ABAACTCA HEJOCTATOYHHM AJIA HAHECEHMA ONHOPOIHHX
XVMMYECKY BICTHX TIOKDHTVM ¥ OCpaCOoTKM HeTepMOCTOMKMX MaTepualioB.
[lpyMeBeHNe CHMJLHOTOYHOT'O MArHEe TPOHHOT'O paaﬁana (pexim 2) B TeXHOJO-
I'M¥ paclHJeHMsA MaTepHaJiOB ¥ HAHeCeHMA ITOKPHTHR TMO3BONAET HE TOJBKO
CYHECTBEHHO TOBHCHUTh MHTEHCHBHOCTHL MOTOK8 OCEXKISEMOr0 MaTepuans Wim

013 CM_S) paspana, €CJ¥ OCaXieHMe IIPOU3-

ILUIOTHOCTE IJIa3MH (CBHEE <°1
BOFUTCA W3 ILNasMH, HO ¥ 38 CYET PEryJMpOBAHMA BPEMEHM BOBHeRCTBUA
IIOTOKE PpaclHASHHHX 4YacTWli Ha o0padaTHBaeMHi MaTepuan (HamnpyMmep
yCTaHaBJMBafA BpeMd BOBASACTBUA MeHBLIE XapAKTEPHHX BpeMeH TeIlolepe-—
Jaud B 00paCaTHB2EMOM MaTepHUajie WM XapakTepPHHX BPEMEH XMMITYeCKHMX

peakuyit H8 €r0 IOBEPXHOCTH) 3HAYMTEJLHO IOBHCHTDL XMMIYECKYD IMCTOTY
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¥ OZHODOFHOCTL HAIHMAEGMHX ILIGHOK, 8 TaK Xe JocTarTouyHC SHPeKTHBHO
ONpeneJATh TEeMIeDATYDHHI peXWM IIOBePXHOCTH OCpadaTHBaeMHX MaTepua-—
JIOB, B TOM WICJe HeTepMOCTORKMX. Ha OCHOBaHMM pPe3yJbTaTOB HCCJAEIO-
BaHM CBO#CTB TaKOro pas3pARa paspaCoTaHa MMITYJbCHEA MOHHO-
IL1a3MenHan TexHojaorud [(I0I,I04] CymMHOCTE KOTOpPOR 3aKJWYaeTCA B TOM,
4YTO B Ta30paspdaiHoM MpOMEeXyTKe CO3AaT MarHUTHOe [oJje, 3aTeM Co3ja-
0T IpeABapUTEJbHYD ILNas3My, B KOTOpO¥ (OpPMMDYWT CUABLHOTOYHHI BHCOKO-
BOJIBTHHR 1wpdysHHR paspaZX, C HanpAxkeHueMm ropemma 360+I000 B myTem
[IPOITyCKAHMA 4Yepe3 Hee HMIYJbCOB TOK& C ILIOTHOCTER 0.3+I00 A/CMZ,
LMATEeJbHOCTED IO'6+I C C 4YacToToR clelOBaHMA OT OJHOKDATHOrO X0 103

'y, moche 4ero NpoM3BOAUTCA OCaXIEHME IIOKDHTHA.

XapakTepHCTUKM M OCJaCTH CYMECTBOBSHMA DPeHVMOB pasdpdAfa (pexmM

2) ,IpUTOZHHX XAA peajM3alMM UMIIYJLCHOTO HelHJeHNS RBJOXEHH BHIE
(rn. 3), [OITOMy OTMETAM JMOL OCO0EHHOCTH, 3HAUWMHE HIA eTro
MPAKTHYECKOTO MCIOAL30BaHMA: 1. XApaKTepHHM CBOMCTEBOM CIIBHOTOYHOTO
MarHe TPDOHHOTO Da3paza dBJAeTCA OTCYTCBHE HeOXZHODOJHOCTE# B ILnasMe
paspaia W OCpP830BaHMA KaTOIHHX TIATeH; 2. YKaBaHHHR pexM
peaiM3yeTCA He34BHACHMO OT pOXa rasa, MaTepuasia KaTofa U KOHCTPYKLMHN
pa3pagHoro ycTpo#icTBa. YCTEHOBJEHME DeXMMa OKABHBASTCA TaK Xe MaJo
YYBCTBUTEJELHHM K MEpPOXCBaTOCTH IOBEPXHOCTHM KaTONa M €ro COCTOAHMD
BHE B30HH pas3pana. MCIHTaEMA [OKA3aJM EBO3BMOKHOCTL UCIOJIL30BaHNA
COCTABHHX KATOJZOB, & T8KKEe COXpaHEeHMe padOTOCIOCOCHOCTH KATONHHX
ILIGCTHRE C TAyOMHOR o2po3MM 1O < MM (OPM [OJHON TOJMHE KaTOIHOR
ILIACTYMHH JO0 4 MM). B TO Xe BpeMA 3arpASHEHMe IOBEDXHOCTH KaToxAa
OKCHIHON M/IM MACHAHOM TINeHKOR B3HAYUTENLHO T[IOBHIAKT BEpPOATHOCTL
fopMmpoBaHMA AYyr¥. 3. Hamwuwe IpeABapUTelbHOR MOHM3AUMH TPOMEXyTKa
HEe dABJAETCA 00A3aTeJbHHM, OAHAKO BEPOATHOCTh MHepexola B XYyrosof

peXMM B Cly4ae ee OTCYTCTBMA Bo3pacTraeT. 4.lcoHTaHwAa nmoxkazajM, 4YTO
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[Ip¥ Tepexofe B CUJBHOTOYHYKW (QOPMYy pas3pal paclpoCTpaHAeTCcA Ha
CymeCTBEeHHO CoJee MMPOKY® o0JacTb KaTona, IIOBHmaA €rc pecypc Ho
CPaBHEHMK CO CTALMOHADHHM MarHEeTDOHHHM Da3pAZOM, 2 Taxkke I[IOBHmAas
DAaBHOMEPHOCTE IOTOKA DAacClHJeHHHX aTOMOB.

[lpegnaraeMad TeXHOJOTUA OHJA anpoCupOBala HA  pa3pALHOM
yCTpo#iCTBe THIIA TLJIGHADHOT'O MaTrHEeTpOHa IAA HaAHECEHMA METaMYeCKUX U
JeKOpaTHBHHX (OKCHUIOE, HWUTDUIOB) TIOKDHTHN Ha IOLJOXKKM M3 JaBcaHa,
[IOJMSTUNEHA, TKaHM, OyMaru, OJacTMacC, MeTaJIOB. E MarHeTpOHE 3aKu-
rajica paspar, oCecHeYMBamiMil NPeIBADUTSJLHYN WOHM3aUMw padovero
o0pemMa (ni=109 CM"B). SaTeM YEepel3 paspdald MPOIYyCKAaJCA HMIIYJALC TOK&
o 250 A. Oomag IJMTeJbHOCTH MMIIYJILC2 CCCTapiAna Ino 40 mMcek. JImamna-—
30H JaBJeHVMi! BHOUpaJcd 2.10'3+5.IO_2Top. Padoumt ra3z - aprod, asz3oT,
BO3AYX M MX CMeCH pa3JW4YHCI'O I[IPOUSHTHOTO COCTaBa. CHUABHOTOYHHH
pas3pal Ipy 2TOM XapakTeDU3OBAJNCA CJeIyOlMMM NapaMeTpaMd: HalpAXeHHe
) 250+IZ20 A

roperma (U)) 500+I000 B, MakcHMaJbHHE TOK pazpana (I

P B
) ) [»]
(COOTBETCTBEHHO), IIOTHOCTL TOKa O 25 A/cM™. Hampumep, ANA pexvMa

p=I.}EO'2 top I ~65 A, U ~560 B, marepuan xaroia - Menb, pacouuit

P P

ra3 - aproH, HUMIYJAbCHad CKOPOCTb HAIHJCHUA IOKPHTUA HA [IOLJOKKY,
OTCTOAMY® OT KaTola Ha paccTodArue 120 MM cocTaBaana 80 MKM/MIH.
Ip¥ IJATEJLHOCTH UMIIyJbCA TOKa 25 MCeK, YTO MpM 4acToTe CJelOBaHMA
mvyabcoB 10 I'i COOTBeTCTBYET CpenHel CKODOCTH HamHJeHMA I8
MKM/MUH. YBeJMYeHMe IJUTEeNbHOCTH VMMIYJbCa CBHHle I CeK NpU COXpaHe-
HAY YKa3aHHOW IAOTHOCTH TOKa [IPUBOAUT K Pa3BUTHD HeyCTOWIMBOCTel
¥ KOHTpaKUMM pas3pala. YMeHblleHMEe IJITEeJNBHOCTH MeHee 1070 cex orpa-
HMYMBAeT BOBMOKHOCTbH CaMOpacIlHleHUA MaTephaja Karola, 4YTO CHUKaeT
3@PeKTHBHOCTEL cCrocofa. YReJHM4YeHUe ILIOTHOCTU TOKa CBHme I00 A./CM2
(KpUTHYeCKMt TOK OCpAZ0BAHMA KATOZHOT'O IATHA) NDUBOIWT K IMepeXony

pa3paia B IYToBoll peXuM C roTepell MpeuMyHECTB OOpPaCOTKM C IIOMOMBLE
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CUALHOTOQYHOI'O MaTrHeTDOHHOrO pa3paja. YacroTa CchaelOBaHWA 103 '
OrPaHMYMBAETCA  BPEMEHMEM BOCCT2HOBJEHMA 3JEKTDUYECKOR IIPOYHOCTH
rasopaspajHOro MPOMEeKYTHA.

JKCIIEDMMEHTH [10 WMIIyJbLCHOMY DacCIHJSHM0 aoMMHMA (KOJMYeCTBO
npuMecet He cBume O.I %) B cpelle Ar MO3BOJMUM OTPadOTaTh CpeXHuf
TEeXHOJOI'MYECKt pexvM Up=IODO+I250 B , Ip=70 A, Tﬁmn225 MC
peamsymiticd B NOCT8TOYHO MMPOKOM JMana3oHe JaBieHuit p=5 IO“3+IO'2
TOp, B~500 I'c C BepOATHOCTHK Nepexoha B Jyry IOCJe YCTAROBJEeHMA
pexaMa <5%. [lokazaHa BO3MOXHOCTH HAHECEHMA NDAKTHYECKH Oe3ledeKTHHX
aJMOMHHUEBHX I[TOKPHTHMR Ha HEeTepMOCTOMKMe IL12CTMACCH (tnﬂssoob) u
TOHKME ILNEHKN (Hanp¥Mep H3 JIOBCAH TOJHMHOR IO 3 MKM).

lcnoJsbp30BaHMe  MMITYJBLCHOR — MOHHO-ILNA3MEHHOR  TeXHOJNOTMM B
IepCIeKTHEE NOBBOJMT MYyTeM NOACOPAa YacTOTH CJENOBAHMA ¥ AIHTERh—
HOCTH VMIOYJLCOB YBEJMUYUTL CpeIHWK CKODOCTH HaHECEHWA IMOKPHTHR 00
CpeBHEHM C CYmMeCTBYNIMMM CIIOCOGAMHM MarHeTDOHHOT'O HelHJeHWd,
CYMeCTBEHHO YMEHBUMThL KOJMYECTBO TpUMeceR B HAIHNAeMHX ILIEHKax, &
TBK ¥e peryJMpoBaTh TeMIlepATYPHHII DeX¥M MNOBEDXHOCTH O0pacaTHBAeMOTrO

Matepuana.

4.2 OMHICCHOHHHE CBOHCTBE TLIa3MH CUJILHOTO4YHOTC JMpPy=3HOTrO
pespaia ¥ UX UCMOJL30OBAHME B TEXHOJOTMM WOHHO-CTHMYJMPOBAHHOI'O
TPaBJEeHUA MATSpHAJIOB. |

Hemosnb30oBaHMe CHIBHOTOYHOrO IMPPy3HOro paspdana (pexuM 3) AAdA
reHepaipm COJBEMX OBBEMOB [LIOTHOR nt=I.5 IO15 CM"3 OFHOPORHOR
ILI83MH C OTPHBOM Temrepartyp 3+20 9B, a Takme HMHTEHCHBHHX, B0 I0-I2
A/CMz MOHHHX IIOTOKOB [IOTOKOB C 3ZHepruefl ToHoB Jo 100 3B nozsosaeT
CYmMEeCTBEeHHO NOBHCUTb 3QPeKTHBHOCTL MOHHO-CTHMKJMPOBEHHOTO TDABJCHHA

B MUKDOBJIEKTDOHMKE, OCYyHNeCTBJAATE TEeXHOJOTME KOHTDOJMPOBAHHOT'O
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UMITYJABCHOT'O TPAaBAeHHA CJOeB, a TaKk Xe IIPUMEHATL ero LA IIoJaydeHud
IY4YKOB 3apAYKEHHHX YaCTHL, pasJmyHoi TeOMaTErH ( IMCKOBHX ,
IMMHIPUYE CKUX,, TPYOYATHX ). KpoMe TOrO NOROCHAA $opMa paspajl MOXeT
OHTB HKCIIONBL30BAHA Ina 00pa30BaHuA TLI83MEHHHX CT'YCTKOB,
VHKSKTUDYEeMHX B KBaS3UCTALMOHADHHE JIORYDKM, 3JEMEHTaMH KOTODHX
ABNAWTCA MarHUTHHE CUCTEMH, CJayXamye IJg QOpPMUMPOBAHMA 3ITOTO BHIA
pas3pana.

C 1esbl TONTBEDKISHMA BHCOKOR I[JNOTHOCTH ¥ HEDPABHOBRCHOCTH
nna3vMH yrasaHHol QopMH paspaia, a TaKKe OUpeJelieHMA YCTOWIMBOCTH
OCHADYKEHHOTO  pexuma  OHMM  TPOBEZRHH  SKCIEPUMEHTH [0 ~ ero
UCIIONB30BAHMK B  TeXHOJOTMM  MOHHO-CTUMYJMDOBSHHOI'O  TPaBJeHMA
MATEpUAJIOB. OKCIEDWMEHTH I[IDOBOIWJIICHE B  Da3pAfHHX  yCTpolcTBax
3BKPHTOT'O W OTKPHTOI'O Tuma  (yCTpOMCTBCO €  IpOJWMPOBAHHEMA
SJAeKTPOLaMI i TLIO CKUA MarBeTpOoH) B cMecAx aprosa C
raforeHoconepkamMi foCaBkami (SF.) pasJsm4HOrO MPOUEHTHOTO COCTaBa
(I0+I00% SFB). B KauecTBe o0paCaTHBAEMOTO MaTepyasa UCIOJb30BAJMCH
CTAHIAPTHHE KPeMHMEBHEe IMAacTHH ¢ 150 MM ¥ CHeUMaJbHO U3TOTOBJAEHHHE
TeCTOBHe O0pasud © 70 MM C 33UMTHHM NOKPHTUEM EHIICJHAHHHM K3 OKCHIA
KpeMHMA, aJUIOMMHUA ¥ Da3JMYHHX BULOB QOTOPEe3UCTOB, I[IOMELasMHE B
Aa3My paspafa [epHeHIUKYJAPHO OCH  BJEKTPORHOR  CUCTEMH  Ha
paccroamM  I[=80+250 MM OT TOBEDXHOCTH  KaTogna, JUCo  HA
N30JMPOBAHHYW, JHI0O HA HaXOHAWYKWCA [OJ IOTSHUHAJOM CMEemeHud
TIOAJIOKKY .

Jdnd ofpafoTKM OO0pA3LOB WOHHHM [OTOKOM C 3Heprueft I0+20 3B
O0pasid IOMEWAaJMCE Ha W30JMPOBAaHHYW [OZNOKKY B OAGJACTh ILIa3MH
paspaia. Ina yBeJM4yeHUd BHEPTMM UOHOB 10 <20+300 3B IPOBOIMJOCE MX
JOYCKOpeHMe CHCTeMORl UMIYJLCHOT'O CMeljeHWA, KOHCTDYKUMA W IIpUHLAI

pacoTH KOTODO#t NpWBeJeH BHINe (pasied 2.4).



- I08 -

JKCIIepUMeBTH 10 MOHHO-CTWMYJMDOBSHHOMY TpaBJieHMB S1  ¢C
KCIOJBh30BAHMEM B KaYeCTBE T'eHepaTopa INasMH CHJALHOTOYHHR IuddysHul
pexuM B ycTOHCTBe C TpOJMJMPOBAHHHMM 3JIEKTDOAEMA IIOKasajM ero
BHCOKY® S{{eKTHBHOCTL ¥ TIOBBOJMJIM  BHAGJMTL DAX  DEeKUMOB,
OTJMYADMMXCA BHCOKON YyCTONUMBOCTRY ¥ TOAHHX JIJAA TEXHOOAMYECKOTO
IpUMEHEeHNA HANpUMep paspar B cMecw Ar/SF. (80/20%) TpE InaBieHMH
p=0.1 rop, B=0.8 wl'c, I =50 M4, U ~650+680 B, I = I000 A,

cTalL cTaLn
U =120 B. JJMTeJbHOCTHL VMIIyJABCA TOK& B BTOM CJy4ae COCTaBJAeT

¥IMII

<I.5 MC, ILMTEeNBRHOCTEL INOCKOR BepHMHH MMIyJAbca =~I1.2 mc. TpaBreHme
IIPOMBBOMAOCH HEINIOCPeACTBEHHO B ILNIa3Me pe3pAja C NMOMemeHMeM odpasna
Ha MBOJMPOBAHHYW MOAJOKKY, YTO OCECIeUMBAJIO SHEPTMN HMOHHOTC MOTOKAa
Ha TOJJOXKY COOTBETCTBYHMYK NOTEeHUMAaJy HM30JMPOBAaHHOI'C 30HAA. MaKcH-
MaJbHO IOCTHTHYTAA WMIYJbCHAA CKOPOCTh TDPABMSHMA H[EE TaKMX DeXuMax
cocraepsdgeT 800+-1000 MxM/MMH, OFHAKO HpOfMAR WHTPHMXOB ¥MeeT OOYKO-
o0pas3HHR xapaxkTep (puc.4.1). CHMKEHMe HIaBJAEHHA CMECH HO p=IO'2 TOp
TIOBJEKJO YMeHBINEeHWe CKODOCTM TPaBAeHMA ¥ NpHAgHWEe TpOoJM0 WTDUXOB
TpedyeMOro IIPAMOYIOJIBHOI'O MJM IIDUSMaTHYECKOTo mpodmnd.

JKCIIepMMEeHTH 10 OIpefeJjeHNd OJHOPOJHOCTM MOHHOI'O IIOTOKAa
IpOBOJILMCE C IOMOMBI 30HA2-KOJJISKTOpa (rjiaBa 2) MOCTEBJSHHOT'O B
PexyM, COOTBeTCTBYDHME HayajJy WOHHOTO HAaCHmeHWdA, T.e. MIOTEHIMAan
HOCTOAHHOTO CMemeHMA BHOMpaicA OJM3KMM K MNOTeHIMAJy US0JMPOBARHOTO
30HZa. /EMepeHmda NOKa3aJ/¥M HEOZHOPDOZHOCTL WMOHHOIC Myuka MeHee 5% Ha
Imametpe 50 MM Ha paccTosmm 5+I0 MM OT IJIOCKOCTM CHMMETDMM paspdan-
HOTO ycTpoflcTBa. ILNOTHOCTE MVOHHOTO IIOTOK2 IIPH B3TOM COCTaBAdeT =5
A/c:m2 IpH ToKe pas3pana 550 A. OCpadoTKa TECTOBHX KpeMHMEBHX ILI8C-
THH, IDPOBOAMMAA HOpM TOKe pa3dApra 1000 A He IOKa3aja pa3Juiil B Iiy-
OovHe ¥ npofwmne TpaBJeHMa Ha IuMamerpe 70 MM. YKa3aHHHE BKCIEDAMEHTH

KOCBEHHO NOATBEDRIAKT AaHHHE JA3€PHHX M3MepeHm! o0 OTCYTCBUM PESKIX



Pruc.4.1 Npodwi WMOHHO-CTUMYJMPOBAHHOTO TDAaBJCHHS KDEMHMSA

IIP PaBJIMIYHHX DeXMax 0CpatoTKH.

1

Puc.4.2 OcumanorpamMMH HEINDAXKEHUA M TOK2 Ha JUBJEKTDHYECKYD

NMOJJNOKKY IIpU p&OOTe CXeMH MMIIYJBCHOI'C CMEHIEHMA.
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PPaISHTOR KOHLUEHTpAUMM 3JeKTDCHCB B IIpeledax pazpazHoit odnactH,

OTpaHUYeHHOR IMEMETDOM BASKTPOLCE U BOBMOKHOCTH COpa3cBaHWA [Ja3MH
maotsocThio 1014:10M0 o3,

HepocTaTKOM B33KpHTOR paspalHoll avyelKM ABJAAETCA CJOKHAA CHCTEMA
COBLAHMA MarHWTHOTC I[IoJd, CTDaHUYMBAWEAad BO3SMOKHCCTL OCpadoTHHU
KDYIHHX W37e/oit, [I03TOMY 3HAJOTWYHHE 2KCISPMMeHTH OHJM IIPOBEISHH B
pPa3pATHOM yoTpOHCTBE C OTKDHTON TeoMeTpue®t (IJOCKOM MarHeTpoHe). B
KAausCTBe KATONOB MCMOJL30BAMACE ILIOCKMe MAACTUHH U3 MOMCISHZ, MeIn
1 Hepkapewome® ctam  (IZXIBHOT). FPadovyuM Ta30M ABAAJEChE CMeCh
AT/SF C COIEDKIHNEM SFeor I0 mo 100%. Imana3on LaBJeHUR COCTABJAJ
p=IO'2+IO_I TOp, WHIYKUMA MATHHTHOTO [OAA HZ [IOBSDXHOCTH KaToLa
B=400+700 T'c. [lo pesyapTaraM UCIHTAHM! HA T2CTOBHX ofpazyax o 120
MM B Ka4YeCTBe TEXHOJOTWYSCKOrC OHJ BHOpaH pPeXAM pas3pdia <o
CRelyIAMY T1apameTpami: padowmt ra3 - Ar/SF, 50/50%, p=5 1072 TOD,
BE=Y00 TI'c; T[peXBapUTEALHHII pas3pAz: IGTBH=BO MA, UcTau=550 B;
yMITyIbCHER  paspan: I =720+1I00 A, U =135 B. OdpadaTuBasvaH}
o0pazel [NOMemanica Ha paccToammy 1=50+100 MM CT TICBEDXHOCTH KATOIZ.
TpapneHue 0o0pa3ia 33 CUYST MOHHOTO HOTCKA U3 I[JIA3MH, YCKODASMOTD B
MPWIIOBePXHOCTHOM  CJoe IO DSHepruu, ohpelsideModl  TIOTEHUMAJOM
N3OJMPOBAHHOTO B30HZA, I[IOKa3aJ0 YIAOBJRTRODUT2JBHHS ‘peayﬂbTaTH 1o
VMIIyABCHOM CKCOPOCTHA TpapjeHuad (CeHEE o0 MKM/MUH). YKAB3aHHHR CHOCOO
[IO3BOMAAET TPOU3BOMUTEL OOpadoTKy OOpal3lCB KaK C OpoROoZAmMM (Al), Tak
1 C IMsJeKTpudecKmM (S10,, pas/mIvHHEe QOTCDElUCTH ¥ T.4.) JAUUTHHM
CJioeM, OTJMYaseTCA IIPOCTOTCR IICMeleHWA IeTajeft B [1a3My paspaza. B
TO ¥Xe Bpemd, IIpOLeCC TpaBJeHUA , 3aBUcCAlell OT 3HEPIMM UMOHHOTO
[IOTOKA, OKAa3HE28TCA ZaBUCAUUM OT ;Emmma‘paapﬁxa, B YaCTHOCTH OT
IaBiceHMA pabovyeroc rasa. "

[TonyyeH®e WOHHOI'O IIOTOKa 33JaHHOW 3SHEDPIMM [TPOUIBOFMIOCH C
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[TOMOMbPK: CHCTEMH VMIIYALCHOI'O CMemeHMA. [nd cay4ad [OpOoBOLAWLErO
33UMTHOTO CJIOSA CMEeMeHWe MOZABAJOCH HEIOCPRACTBEHHO Ha 0dpalel JmMOo
OT OTZeJNBHOT'O MHCTOYHMKA IMT3aHMdA, JMOO TIOCP2ACTBOM  EBKJKYSHUA
ofpasya B KaTODHYK® UMb 4Yepe3 OrPaHMYMBAKWIEe CCIPOTUBJSHME R,
BeJMYMHa KOTOpPOr'O BHOMpajach HCXOAA U3 TpeCyeMOro HalpAKeHUA
CMellleH s ¥ MOHHOI'O TOKa HaCHmeHUA, Oo0ecleuuBaeMOro ImnasMoft. B
Cayvae OTHAEABHOTO MCTOYHMKA, HalpAKeHMe CMemeHMA BaOWpanock U ~-50
B, xoTopoe K MOMeHTy QODMMDOBAHMA KBA3WCTALMOHAPHOTO Da3pAna
YMEHBHAJOCh IIPAKTUYEeCKM [0 [OTeHLMAasNa  WU30JMPOB3IHHOI'O  3CHAA
BCJENCTBME OOJNBEOTO WOHHOTO TOKa, YTO TPeSOBANO  IIDUMEHSHMS
UCTOYHMKA CMelleHMA II0 MOMHOCTM CpPaBHMMOIO C MCTOYHMKOM [MTaHUA
paspana. OT 3TOrO HEZOCTAaTKa CBOCOIHA CHCTEM3 MMITyJbCHOI'O CMElleHUA,
HCIONAL3YWHAA 4Y8CTh MOHHOCTH OCHOBHOTO pa3pAZa. JKCIADUMEHTH
moKasayi, 4TO LJf paspaja B cMecu Ar/SF. 50/50% npu JaBleHMAX HIKe
p=5 10"2 TOP, OTUPaHNYNBaiee CONDOTUBJASHME H MOXeT
usmesATeca oT O mZo I00 OM, 4TO ofecClevMBaeT HANpAKEeHMe CMeMeHUA OT
120 mo 20 B. Taepmuit pa3pan ¢ o0pal3na IIpyM 3TOM He QOpMUMpYeTCa T.K.
B MOMEHT M[OJ2Y4 MMIYJbC3 BHCOKOTO HANpAKEHMA MNONJOKKA OKa3HBAeTCA
3aWyHTUDOBAHHOM CTAUMOHapDHHM MarHeTDOHHHHM DAa3paicM, VMEKEMM IIpH
YKA33HHHX YCJIOBHAX MeHEllee HalpAKeHWE TOpeHWd.

Ecom ofpadaTHBaeMHIf oO0Dazel, ¥MeeT IMRJSKTPUYSCKUY 32mWTHHR
cJaoft, TO IpH HENOCPeLCTBEHHOM I[IPUJOKSHMU TIOTeHUMAaJla CMemeHMA K
o6pasuy WM [OAJOXKKOAEDKATEJ0  IPOMCXOIMT  33pALKa  eMKOCTH
o0pasypmeitcad MeXmy Ina3moft ¥ KpeMHHEeBHM 0O0pas3luoM, YTO IIPUBOIUT K
SKPAaHMPOBAHMI BJEKTPUYECKOrc IOoJA CMelleEmMa. B 3ToM  caydae
IPUMEHANACh CXEM3 VMIIyJLCHOT'O CMEmeHMA, COepXKamad MOoCJeA0BaTeNbHHMA
IC koHTYP (PX&.2) cO cClenyouyMd MapameTpamu: I1=26 MxIH,

0=0.5 mxp, R=I0 KOM. PacyeT 3JEeMEHTOB KOHTYpa MHPOM3BOIUTCA MCXOIA



- 109 -

M3 ero NOCPOTHOCTH, BOJHOBOTO CONPOTMBJEHMA (BOJHOBOS CONPOTHUBJSHHS
KOHTYpa OOJIKHO OO0eCHeYMThL TOKOCEEM € [IOBEpXHOCTM  odpasua),
TpeSyeMOro  HalpaAXeHUA CMelmeHud, BpPEMEeHH 3apAmKA  E©MKOCTH
o0pa3ey-mAasMa, W CKBAXHOCTH UMIYALCOB. B cjayyae HamnpakeHUA
cTalMoHapHoro paspaza 200 B ¥ BOJMHOBOTO CONPOTHMBJSHWA KOHTypa p=7
OM TOK cMmeumeHMA cocTaBjadeT =~40 A. YacToTa KOHTYpPa COCTaBUT V=3 10°
'u, Y70 yIOBJAETBODAET BHIIE YKA3aHHHM TpeCOBaHUAM. [IpyMepH
OCUMJJIOIDAMM TOKA 4epes3 ofpasel] ¥ HalpAKeHUA CMelleHUs I[IpeACTaBJEHH
Ha pUc.4.2. OKCIEDUMEHTH C [IpUMEHEHMEeM UMIIYJALCHOI'O CMeleHuA
[I0Ka3am, 4TO ILNOTHOCTEL IIA3MH B IMIOCKOM MarHeTDOHE Ha pPacCTOAHMHM
1=I00 MM OT MOBEPXHOCTM KaTola B pexmMe Ar/SF, 50/50%, p=5 1072
Top, B=700 TI'c; IMMH=720+IIOD A, UﬁMH=I35 B cocraBager nizz
IOISCM_B, YTO MO-BUIMMOMY ¥ OO0BACHAET OoJee HUBKYD SPPeKTUBHOCTEL"

TPaBACHUA B OTKDHTOM DaspamHoR Adueiike.

ABTOp OJarcZapMtT HaAyYHOTO DpyKoBOIMTEeNd K.P.-M.H., IJOLUEHTA
U.K. TetncoBa ¥ K.p.-M.H. I'.B. XOoZaYeHKO 32 COBETH, MpeAJIOKeHUA U

NPaKTWYeCKYl0 TIOMOMb TPH padoTe HAaX JUCCEeDTauMel.
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SAKJIOEHUE

I. TlpoBeIeHH BKCIEDMMEHTAJNBHHE MCCJSIOBAHHMA  KBal3UCTaLMOHAD
HOT'O PaspAla HMBKOTO HLaBASHMA B MaTHMTHHX [OJAX Da3JMUHOM KonUTy-
pauyy. OmpefeieHH OGJNacTH CYlieCTBOBaHMA M DeXVMMH JIBYX CUIABHOTOYHHX
fopm paspazna.

<. OCHapykeHa HOBadA cTaluibpHad opMa KBa3HCTalIOHADHOrC pa3pd-
Ia B MONepevHOM MAarHUTHOM I[IoJe, ABAAKNAACA MPOMEXKYyTOYHOR cTamvelt
epexoia OT MarHe TDOHHOTO paspfma B IOYyTOBOR ¥ UMEewHaa CJeLyoiue
OCHOBHHE X&DaKTeDUCTUKN: HalpAkeHWe ropemud ~I100 B, BpeMA CymecTBO-
BaHUA O HEeCKOJBKMX MIJJMCEKYHZ, IManas3coH TOkOB oT I0 1o 2 10° A.
[lpepnokeHa KavyeCTBEHHAd MOJSJb [OACHANNAA BOSMOXHHI MEXaHU3M
BOZHUKHOBEHMA W CYHEeCTBOBaHMA yKasaHHoN QopMH pas3paza.

3. YCTaHOBJSHO CYUECTBOBaHWE  CUABHOTOYHHX  BHCOROBOJMLTHHX
PeXUMOE KBaBUCTALMOHSDHOIO MarHeTpOHHOT'CO pas3pdaia, OTJMYANHKXCA
BHCOKVM HaNpDAKEHWEM TODEHNMA W AJMTEJBHOCTBI O 20 MC B COYETaHMM C
%)

JoJnbmoRt IJIOTHOCTBI0 KATONHOTO TOKa (HO 25 A/cM

4. PaspafoTaHa WMIYJBLCHAA B30HIOBAaA JUArHOCTUKA AJA USMEDEeHHUA
rMapaMe TpOB ILIAa3MH MJIOTHOCTBE XO IOIS om S,
5. Iloka3aHa BOBMOKHOCTH MNOJYyYeHNA ILNA3MEeHHHX OCDaBOBaHMi MJOT-

-3 B 00Beme cCeHme I00 C-MS, 00e CIIe Y NBAKINX

HOCTRH HO I.5 IC)I5 CM
SMMCCHI HOHHOT'O IIyYK& IMNOTHOCTRKW CRHue I0 A/’CM2 c sHepruelt mo 100
3B.

6. Homasaﬁa BO3MOKHOCTb MHTEHCHBHOI'O KaTONHOT'O PpAaCHHJISHMA H
COBLAHMA [IOTOKOB YacCTHUl, PpAacClHJJEHHOIO MaTepuasa C BHCOKOR IJOT-

HOCTEK.
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