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BBEJEHUE .

laTeHCHBEOS HCCJACHOBEHME DasDANCE HE3KOIC JaBICHMA B Homepeg-
HOM MaIHMTHOM [I0Jie CBASEHO C KX IMDOKMM HCIOJBL3CBEHEEM B MATHETDOH-
HHX YCTDORCTBEX TEXHONOTHISCKOT'O HASHAYEHMS, YCKODHTENAX TNasMH C
SEMKHYTHM JpefiOM SJASKTDOHOB, B KavecTBE I/A3MeHHHY SMHTTEDOR IR
BJIEKTPOHHHX W WOHHHX VHREKTODOB.

ABSJM3 JATEDATYDHHX HRAHHHX IIOK83HBAET, YTO CBO#CTBA DaspAzs B
NONepPeyvHOM MEIHATHOM HOJie C BaMKHyTHM Ipe®doM SJEeKTDOHOB B OONBCTH
Iepexcna OT MArseTPOHHOTC DAsSpAla C DacTyme® BOJLT-aMIepHOR xapax-—
TEPHCTUKOR K HYTOBOMY pasSpafy UpPeKTHYECKE He HByYeHH. OTCYTCTRYDT
OCOCHOBSHHHE DKCHeDHMEHTaJbHHE M TéOpemecme HaHHHEe , HOBBOJAANNHME
OOpeRe AT, INPeZeJibHHE DeMMMH MAUHeTPOHHOTO DaBpARe8 B KOTODHX
¢yEKIMOHEMDYeT COJNLIMHCTBO TeXHOJOTHYECKUX yoTpolicTR. Mochenosanue
MONHHX WMIIyMBCHHX DE3PANOB, HCIOJL3YEMHX JHAA TEHEPSOHHE IUIOTHOR
ONHODOXHO! ILNa3MH, YKe3HBEET HA BOBMOXHOCTh CYMECTBOBSHMA yOTORIHM-
BHX (OpM paspAfa B MBUHMTHOM IOJe, He NeDeXOJAmMX B KOHTDarupOBaH-
HyD $as3y NpH SHAYATEALHHX BOJWUMHEX TOKa, OCHYHO COOTBETCTBYNMMX

ZYTOBO# OCJSCTE BOJLT-8MISPHOM X3pDaKTEDHCTHKY TAKMX Da3DaAICB.

Hesi» padoTH:

HccnenopaEme BOJLT-BMIEDHHX XS8PAKTEDHCTHK M 00JacTell CymecTBO-
BaHEMA CHJBHOTOYHHX OPM KBazHCTAIMOHAPDHOTO paspAia HMBKOIO ASBJCHEA
B MarHATHHX HOOJAX DasYHOR xosfmrypaimm.

OnpelieseEne JIOKAJBLHHX XapPaKTEDUCTHMK IIA3MH yKaSaHEHX $opM
paspsaza.

MccaenoBaEmMe BOSMOXHOCTH MCIOJB3OBE&HMA ILIASMH CHIALBHOTOYHOTO
paapana A%g TEeHEDallA IJOTHHX ILIa3MEeHHHX OCpa3CBaHMMl ¥ HHTEeHCHBHHX

OOTOROB 38DAMEREHHX Y80THll.
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HayuHasa HOBM3HA ¥ IIPaKTHYSeCKas 3HaUNMMOCTL DalOTH:

B mpouecce NpOBeZeHMA DacCTH OHMM MCCASHOBaHH OCNacTH CymecT-
BOBEHMA ¥ DEXMMH CHUABHOTOYHHX (OPM KBaBHCTSLUMOHADHOTC pazpals HUs-
KOT'Q ZE8RJSHMA B MBTHMTHHX ndﬂﬁx pa3HYEc KOH{WIrypalyH.

OCHapyReH2 HOBad CTaCuibHad QOpPMa KBazWCTALMOH2DHOTO DPaspala B
HOMEPeYHOM MareMTHOM IioJe, ABRJANEAACA IPOMeXYyToyHo#t crazuell mepe-
X0L8 OT MarseTPOHHOT'O Daspsalia B IYyroBof (cunbHOTOYHHR mIPDy3HHE Dpe-
®iM) ¥ ¥MEKmASs CJeAyWiMe OCHOBHHE XSPaKTePHCTHKM: HaIpAXeHWe rope-
mua =100 B, BpeMs CYmMeCTBOBaHUA A0 HECKOJBKMX MUAMICEKYHE, I¥arasoH
TOKCB oT I0 A 7m0 2 IOB A. TIpeAJIOKEHA KajveCTREHHEA MOIEJb, NOACHAD-
038 BOSBMOXHHY MEXaHMEM BOBHMKHOBEHNA ¥ CYHECTBOBAHMS yKasaHHOR @op-
MH pazpaza.

YCTaHOBAGHO CYWECTBOBSHME CUIBPHOTOYHOR BHCOKOBGJBTHOR QODMH
KBA3UCTALMOHAPHOTO MABIHeTPOHHOIC Pa3pdla (CHALHOTOYHHY MSI'He TPOHHHMR
pexuM), OTJMuanmefcd BHCOKMM HampaAkeHuweM ropemysa (xo I200 B) B co-
yeTarM ¢ COJNBECE [LIOTHOCTREKN KaTONHOT'O TOKa (Ho 25 A/cmz). Jmarens—
HOCThH cymecTBOBamua 2Toft $OpMH paspaza MOmeT IpesBHmaTh 20 MC.

TloKaseHa BOBMOXHOCTEL IONYYEHHA ILNG3MEHHHX OCDASOBaHMR INIOTHO-

015 CM“B B o0weMe 1o 1000 CM3

2

cteb 5o 1.5 1 , OCRCTIeYHBANMYX SMHUCCHD

HOHHOT'O IyYKa MAOTHOCTHW CBHme I0 A/cM™ C 3Heprue® ze I00 sB.
llokasaHa BOBMOXHOCTH MHTEHCHBHOI'O KaTOZHOTO DPACIHJCHWA M CO3-
IBHMS IIOTOKOB Y&CTHI DACIHHJEHHOI'O MaTepuajsia C BHCOKOR ILIOTHOCTHB.
[lony4eHHEHe De3YJbTATH MCIOJbL30BOHH:
- B HOBOHM ILIA3MEHHON TEXHOJOTMM HOHHO-CTUMYJMPOBSHHOTO TpaBle-
HAS ¥ COBJeHMM ILIa3MOXVMMMYECKOT'C DeaKTopa AAd YCKOPSHHOI'O TPaBJIeHHA
cjoeB (HIIO CyOMIKDOH)
—- B TeXHOJOTMHM ¥MIYJLCHOI'CO pacimjeHus maTepuasos (HIO 3Smepro-

Mam r. Camapa)
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~ llpm ueneceHm® Ce3feeKTHHX NOKPHTERX HE HETeDMOCTONKHME ClHHE-
TIWLNALUMORANE RATUMKA MOHMBHDYIOMMX M3JyYeHEE H OCO00 TOHKHE ILICHKH
(coemecTro MUQH u MBI "Iufdepert” r. MEmck).

Ha 3amuTy BHHOCATCA CJEIyHIMe MONONSHWA:

I. Pe3ysbTaTH SKCHEDMMEHTANLHHX HCCJEHOBEHME CHABHOTOUHHE $ODM
KBaBHCTRIMOHAPDHOT'O pasSpafa HESKOI'C JL8BjeHHs B MeUHHTHHX DOJAdX
Da3JMYHOR KOBJMIypaluME: a. OCJACTH CYMEeCTBOBaHMA H pexmv IBYX QopM
paspsaza:

0. BaBECHMOCTH BOJLT-8MIIEDHHX XApDaKTeDECTHK
0T KBBJCHNWA, BEJMMHAH WHIAYKIMM MABCHWTHOTO TOJ#, DOZa ra3a, MaTepHs-
Jla BJEeKTPOACB, BHZAS DaspagHOTO yorpolicTra.

B. K8YeCTBEHHE8A MOHNSNR, UOSCHADMSS: chm
HHl MeXaHWBM BOBHUKHOBEHWSA ¥ CYMEeCTBOBSHEHA CHMBLECOTOYROHR reffyzmoR
dopMu paspaza.

2. MeTOon VMIyJIBLCHO# S0HIOBOR IAMATHOCTHKH IIOTHON ILIS3MH.

3. Pe3ynpTaTH HCCASORSHMR II8DaMeTpOB ILAS3MH CHJALHOTOYHOT'O
KB83HCTAlMOBEPHOIO mEiQys3HOTO peXuMa Daspaia B cJaCo HeOAHODPORHOM

METIBMTHOM IIOJie.

OCHOBHNHE DPeSyJbTATH ONYCJMKOBSHH B padoTax [94+I041].
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TVIABA I. CWIBHOTOYHHE PASPAIH HUBHOTO HABJIEHUA B MATHUTHOM
TIOAE ¥ WX UCTIOJEBOBAHME ZAfA TEHEPAIMM TUIOTHOM IUIABMH W
WHTEHCUBHHX TIOTOKCB SAPAREHHX “ACTUH.

I.I SxcoepuMeHTaJLHHE MCCASZOBAHUA TaB0BOTO palpaia HHMBKOTO
IoBJEHNA B MAUHWTHOM IIOJie ¥ erC IpUMeHeHHe B COBPeMEHHON TeXHWKe.

CymecTByniMe BUIZ YCTPCHCTB Ha OCHOBE DaspAI2 B CKDENEHHEHX

ExH nmosaax.

MiccnefOBaHME XaDakTePHUCTHK PaspAla B CKDemeHHHX 3JeKTpUYeCc-
KOM ¥ MarHMTHOM IOJAX NDUBEJO K CO3ILSHMK MHOKECTBa ra30paspAlHHX
yCTpO#ficTB, HeXORAEMX UEMDOKOe TpWMEHeHMe B paSJMYHEHX OOCJacTAX
HayK¥ ¥ TeXHMKM, OTJMvapmMxcd Koudurypauwe® E u B nonelt, pesm-
qEHO paspaFHOTO TOKa, HANDAXCHHA, NABAeHMA rasa. C TOKM 3peHus
IPEKTHYEeCKOTC NpUMeHeHWA Haulojee NEPCHeKTHBHHMHE OKa38JMCH -CHC—
Tems ¢ Komdmrypaime#t noyelt, oCeCTeVHBaWIVX 32MKHYTHA Zpedd SAeK—
TPOHCB. K HX YHMCJY OTHOCATCA IDLIMHIDHYeCKUe {I,2] u 1maocKue
[3,4] MarHeTpOHH, auefira Ilemuura [5], KoMOMHMDOBaHHHE YCTPOHRCTBE
C MArHeTPOHOM ¥ TIoJHM Karoiom [6+81, [NaSMEHHHE YCHODHTSJH C
BOMKHYTHM XOJNOBCKMM ToxoM [S9+IIl. B imTepaTtype ¥CCJAeZOBaHH
cBOCTBA pa3pANOR NPEKTHYECKM JJ4 BCeX BOSMOXHHX KOHJMrypaim#
aKCHaJLHO-CYMMe TDHUEEX ExXB moselt. Mccaepopaiua DasSpAZOB C HeBaM-
KHyTHM JIpeifoM DAEKTDOHOB NPOBOZMJMICE C LeJb BHACHOHMA BO3MOR
HOCTHY NOJIyYEeHVA TIOTOK2 TLNAGMH, YCKODEHHOTO CKDeHeHHHMM DJAeKTDHE-
YeCKHM ¥ MarHATHHM IIOJAMM, 2 T28K ¥e MEUHMTHON HI0AAIMM IIasMH H
ACTIOJNBLROBEHEA  TaKUX iaaapfmos B ILI83MOX¥MMMYECKHX peaKTopax
(I2,I3]. Pagpamd B NONSpeYHOM MarHMTHOM I[IOJE HaAWM OWPOKOe
Op¥MeHEHMe JJA CO3XeHMA IIN83MEHHHX BMMTTEDOB ¥ ILIGSMEHHHX XaTo-
JOB. B KaueCTBe IIaBMEHHHX OMMTTEPOB B TeXHHKE MHOJNYYeHHA MONHHX

OyYKOB OCHYHO HCHOJB3YeTCA XLYTOBOR pABpAX, KOTOPHR IoAy4YapT
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IepexOioM H3 TJASKHEro, ONHEKO NOPH HESHOM JSBJCHEE, HeOOXOIMMOM
Ing TOJYYeHWS SJSKTPOHHOTC IYIK& M erC TPAHCIODTYDOBKM, 38%eYb
THEEOME DpaspAf HEBOBMOXHO, MNOSBTOMY B KaYeCTBEe BCHOMOTATeJLHOTO
ECIIONB3YHT Da2DAR C BaMKHYyTHM XpelipOM 3JeKTPOHOB, KOTODHE zaTeM
nepepoyuTCcA B HRyrosoff {14,I5). lipenupuHMMamTCA DOIHTKE HeNOCDeX-
CTBEBHOTO HKCHONbL3CBAHES KOHTDETHPOBEHHOTC DB3pDAAS B CHPeHeHHHX
ExH monsx B xevedBe 8MHTTED8 BSJeKTpoHOB. [(I68]. lemoanzoRaHue
[83MEHBHX K8TOHOB Ha8 OCHOBE HEKOHTDAIEPOBEHHOIO D&3paia B Mar-
HUTHOM [IOJIe K8K B IIOCKOR TeK ¥ B UMIMHADMYECKOR reoMeTpME InA
COXRSEMA HOJHOCTHD YIPaB/AeMHX KOMMYTHDYKEMX SIMAEDATOB IOSBOJIANO
CO3Z48T:k BEHTH/M CHOCOCHHE KOMMYTHDOBaTRTOKHE cBume IS0 xA ¥ Han-
paxesma cBHme 100 kB, npWyeM OCYmECTEHTh 3almpaHue- Hpadopa 3a

?

BpeMena memee 50 mc [I7,I8]1. HenocTaTHOM KpOCCaTpPOHOE: ABRASTCS
TONBKC GoJmmioe =300 B naferwe Ha@@em Ha paspage, olfecmevH-
BaNmeM @ymounpméme ILI83MEeHHOT'O0 KaTogpa. IlnasMy paspaga C
TonepeYHHEM MarHMTHHM [oJeM SQPeXTHBEO MCHONL3YDT LAA NOJyYeHHA
MHTCHCHBHHX MOHHHX IYYKCB, HAIDMMED MYYKOB OTDHIIATEJBLHHX WOHOB
Bogopoxa [I9]

BaxHeMimnM NDaKTHYECKHM [DHJOECHHOM DasDAROB B MarHWTHOM
IoJie ABJNAGTCA COSHAHMEe MATrHETDOHHHX CHCTEM DacIHJCHAR MATepHa-
JIOB, KOTODHE HCIOJAL3YNTCH NIiA HEHECEHHH TOHKOMCHOYHHX IIOKDHTHER
[20+271.

CroffiCTBA DPasDAROB B NONEPeYHOM MATHETHOM MOJe.

CoraacHo [28] B OTCYTCTBER MEIHHTHOTO [OJA B BSREHCHMOCTH OT
FeBJNeHHAA ¥ BeJMUMHH DaspANHOTO TOKAS BOSMOXHH YeTHD® YCTONYHMBHX
BHZ8 paspaZa € XOJOKHHM Ka8TONOM: TeMHHE, HOpMaJbEHE Taexmpal,
8BOMBNLEHE TJewmER ® Jyrosoff. JzEanasoH TOKOB JANA KagROI'O BHAA
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RanpuMeD AN8 paspdla B Ne MeXLy MJOCKOIADAJIEJbHHME SJASKTDORSMA

OpH J8BJEHME =I TOp, COCTaBJAANT COOTBETCTBEHHO 107101074 a,

10741077 &, 1071:10 4, >I0 A. Kauecrmemmes BOJLT-BMIIEPHAA

XapaKTepHECTHMKE palffa NpejcTaBjeHAa HA puECc I.I. K CHIBHOTOYHHM

fopMaM OTHOCATCA OHOMBJLEHER TrHemmMR paspal, OSoHEMANNER BCED
INOBEPXHOCTL KATOAA ¥ X8pakTeDUSYRNM#cA pacTyme#f BOJBLT-aMIEDHOR

XapakTepucTMKOE (BAX) ¥ KyroBo#, NpeACTaBAADEME COCOR KOHTDard-

pOBaHEHE paspai C Tnajempedl BOJALT-S8MIIEDHOM XapaKTeDMCTHKOA.

OCHOBHOR MEXaHWsSM MOZREDReHMA TJACKHerc paspais fABAAETCA HOHM38-

U@ SJEKTDOHHHM YJ8pOM B KAaTOIHOM CJi0e W 3JEKTPOHHEA SMHCCEA C

KaToa, BHBHBAEMaA BTOPHMHOR HOH-BJAEKTPOHHOR smmccuell ¥ QoTO3d-

fexroM. [BMmeHWe 3apANOB B KATONHOM CJoe TJASKUErO Daspaia MIPOMC- .
XOMUT B pexuMe [OXBEEHOCTH, I[PHYEM CKODOCT: HBHNEHHA MOHOB

SHEIUTEJbHO MeHbEe CKODOCTHE BJAEKTPOHOB, OAaroiapd YeMy B OCJaCTH

KaTOZHOTO HPOCTPSHCTBA BOZHWKEET MBCHTOYHHN DOJOXMTENIbHHE 3apdal,

KOTODHIt MCKaXaeT BJeKTPMIECKOe IoJe. B KaTOXHOW OCONaCTH H8xaeT

goJbplasd 4aCThL HAIpANSHAR pas3pdana, TaKkWM O0Pa30oM HOPMaJbEHR H

SHOMAJLHHE TJexmMR paspal ABJADTCA paspaAlaMi C [OJOXHTEJNLHHM

OGHEMHHM 38DANOM.

[lpy HaJMYM¥ OONEPedYHOrO MarHMTHOTC [OJd, CKODOCTL HBASSHAA
9JEKTPOHOB K 8HOLY yMeHbEAaeTCA, 4TO NPUBOZWT K YMEHBLIEHHN KaTOR-
HOTO NS8ACHVA ¥ yBeJMUEeHHN OTPHLATeJbHOIO NPOCTPAHCTBEHHOTO 3a8pfA-
Ia BOJMSH 8HOZAa, T.€. OCPA3OBAHM® BHDAXEeHHOTO 8HONHOTC CJOA.

PexpMu paspana C AHOLHHM CJCEM WM C OTDWIATEJbHEHM OCLEMHHM
BEpPALCM Deasm3y®nTCA B OCHOBHOM IPH HUSHEX X8BJSHMAX (psm‘3
TOp). HamGojee TMIONHOE HCCHENOBaHMe CBORCTB paspaia C 8HOJHHM
cnoeM B IDUMHIApEYECKOM MerHeTpOHe MPOBeZeHC B padorax [29+32].
[lp CoJjiee BHCOKHMX HR2BJIeHHAX U HE CMQM CEABLHHX M@THETHHX IOJAX
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- II -

peaymmayeTCcA paspdal ¢ KaTOoZHHM CJoeM (IIOJOKUTeNbHHM IIDOCTDaHCT-
BEeHHHM 38DANOM). OKCHCDMMEHTAJbHHE HCCJeIOBAHMA DAB3DAA0B B IoNe-
PeYHOM MAarHWTHOM IIOJe Das3jMuHOR KoHMrypalm¥ [oxKazam, YTo
coraacro (33,341 znd Jw0oft MarHeTDOHHOM CHCTEMH C 32MKHYTHM
rpeffoM SNeKTPCHOB BOJBLT- aMIIepHAA XADAKTEDHCTHKE OIMCHBRETCHA
"Bnpameﬁnem IP=RUS, rie Ip - TOX, Up - HamupdAxeHMe paspaza, E,n
(n>I) - BeswuMHH, B3BBBHCANMEe OT KOHCTPYKUMM ycTpoficTBa, poIa
raza, JaBISHMA, WMArHATHOTO HoJs. B padore [351 mnpuBeleHH
DKCIIepUMMeHTaJbHHE BaBUCHMOCTYM TOK2 OT HEIpAKeHMA paspana, Xapak-
TEPHHE, [0 MHEHMBD A3BTOPOB, J4JA Jio0o# MarsHeTpOHHOM CHCTEMH
(puc. I1.2). BuZHO, 4YTO C DPOCTOM HENPAKEHHOCTH MarHMTHOTO IOJdA,
mpy (MKCHPOEB2HHOM TOKE, HalpAXeHWe PODeHNd YMeHbHasTCA. ABTODH
JeJanT BHBOL © NPUMEHMMOCTY MOLSJM SHONHOTO CJOA JIJdA OIMCEHEAA
DKCIEDYMEHTANbHHX X2DPaKTeDUCTHK TPM CPaBHUTEJLHO BHCOKOM IaBlie-
mm (1.5 10 L¢<p<g 1071 rop).

OTKJOHEHMA OT YyKazaHHof KapTIWHH B3BaBHCHMOCTEd HaNpAKeHUA
paspaAfa OT TOK& HalJoRaMCh IpU padoTe C HeoXJakZacMHME KaTOonaMu
(36]. Ilpy MarHMTHHX [OJAX C MHAyKUMe® cBume 2 KI'C ¥ JaBJEHMH
ceame 3 I0™F TOp OWJmM IoJyyeHH BAX paspaza, TIE MOHOTOHHHE DOCT
HAanpAXeHNa OCpHBaETCH, [POMCXOMUT De3Koe ero yMeHbDeHMe A0 YpOB-
HA =200 B, najee Up MPBKTHYECKY He B3a8BUCHT OT TOK2 [0 BeJHMYMHH
TOK2 =2 A. ABTOpPH OCBACHANT IIOABJNEHME VKABAHHHX S-00pPasHHX
XapaKTEeDUCTHK yBeJwyeHVeM KOHIEHTDAlyM ILIasMHd BCASKCTBHE HOHMBA-
UMM DaclHJeHHHX aTOMOB MaTepuala KaTona.

Vccnie IOBAHWA 3aBUCUMOCTER TOKa paspdAfa OT Be WUMHH Hampd-
KEHHOCTH MarHATHOI'O IIOJE OTpakeHH B padorax [37+401. Iloxazsaso,
4YTO TOK paspAis JMOo BO3pacTaeT C POCTOM HABODAKSHHOCTH MAIHAT-

HOTO [CJiA, HEODEMED B DAa3pAxsaX B UWHHIDHYECKOM MErHEeTpOHe K B
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KOMOHHMPOBAHHOR CHCTeMe C IoJHM KaTogoMm [37,381, jwmsc 3aBuCH-
MOCTH Ip(H ) MMEeeT He3HauNMTeabHHR MaKcuMyM [39,401.

Mozesb KaTOZHOTO CJOA TJelleroc paspaia B IIONEPEYHOM MarHMT-
HOM moJie IpelCcTaBseHa B [411. [IoKasaHo, 4YTO BHJWMEHWE MATHMTHOO
TIONA YREJMYMBAaET KATOJHOS MaJeHME IIPY M8JHX [IAOTHOCTAX TOKa M
yMeHBEAeT ero mpH COXbEMX. B pel3yibprarte BAX, TOCTPOSHHAA B KOOpP-
TuHaTax UK—ln J CMemaeTCA HA BReJHMYHUHY B/Zln(zwefra ) B CTODOHY
CONBHMX TOKOB (W - IMKJOTDPOHHAA 4&CTOTa, T — BPEMA DENSKCALMHM
BAEKTPOH2), 4YTO OBHAEYZET COOTBETCTEYHEe YBeJMUeHWE HODMAJLHOR
IJOTHOCTH TOKA. BHBEJEHH YCJOBHMA HNOJOCHA KATORHOTC CJOA B OTCYT-
CTBHE ¥ IPU HAJMWAM MATHUTHOTO nmojd. TeopeTWvecKkasd MCAedb pasp-
A2 HUSKOTO HaBJeHMA C 3aMKHYTHM JpeldoM BJEKTPOHOB, pes/MByH-
HerocA B MaTrHEeTDOHHO® DaCTHJIMTENLHON CHCTeMe ¢ TYIHNYHEME IJd
TEXHOJNOTHIECKOTO [DUMEHSHMA HAMAla3CHOM NapaMeTpoB, NOCTPOSHA B
padore [4Z]1. [lonyyeHH OJHOMEDHHE DemeHMa, OIMCHBANEWE IaDaMeTDH
IAasMd HE DaBJMMHHX YYACTKaX pal3paZHOTO I[POMeXyTKa: TeMHOM
TPHKATOJHOM CJIoe ¥ BOHE IIPHKATONHOT'O CRedeHuA. [IoCTpOSHAa METOIH-
K& pacueTa BOJLT-BMISPHOR XADaKTEeDHUCTHKM paspAna. Kpome TOro
npeLAOKeHa MOIeNib B3amMOAeflCTBUA MOTOKOB DACIHACHHOTO BEEeCTBa H
padovero rasa NPUMBOAANETO K CHUXCHMI KOHLISHTDALUMH ras3a B OoCAacTH
KaTONHOI'O CREYSHWA ¥ DOCTY Da3paAfHOro HalupaxeHMA. PacveT BAX mo
YKa3aHHO# MONSJ M TaK Xe L2eT MOHOTOHHO BORDACTAWNYY 32BUCYMOCTL
Up(Ip) CTaCMMBHDYImMylca Ha ypoBHe 400+600 B mpu ILIOTHOCTH TOKA
0.04+0.1 A/cmz, YTO YIOBACTBOPHTEJBHO COTJACyeTCd C OKCIeDUMeH-
TOM. B TOXe BpeMA BHBHBAEeT COMHEHME ILIOTHOCTE TOK& B CTALMOHAD-
HOM pex¥me (go 0.3 A/CMZ) » HCIOOJb3YyeMad aBTODaMH JAJA CDaBHEHMA C
pacJYeToM.

VaMepeH0 JIOK8JAbHHX XE8paKTeDNCTHK ILNaBMH CTALMOHADHOTO Dal3-

TSMC-1218 / Page 12 of 122



- 13 -

pAng, TaKHX Kay TNOTHOCTE: I[LASBMH ni H SJeKTDOHHaA TeMiIepaTypa

T a Takke DPaiialbHHX pacnpexeﬂeﬁnﬁ DTHX H8paMeTpOB B ZKCHAJBHO

e!
CHMME TPMYHHX CHCTeMAX NOCBAmESH LeJHHE paz paéow [43+4b51. Hampumep
B ILIOCKHX MATHETPOHHHX cHCTemax (43,441 CHAM HOCTHTHYTH [JIOTHOC-

-3

TH HOHOB nizIO1O+3.5 102 oM™> 3AeKTDOHHHE TeMiiepaTypd 20+-5 3B

IIpY HTagJneHusX padoyero raza b 1073+2.5 TOP COCTEBETCTBEeHHO. CXema
pKCirlepyMerTa [43]1 mpeacTaBaeHa Ha puc. 1.3. BesnraHa MarHUTHOTO
IOJs ¥ MOBEPXHOCTHM MarsmTa pocturana 1600 T'c. B xadecTme pasdoue-
PO TPaza MCICJAL30BaJCA 2PrOH IPH JaBJEeHMH 2.5 107%:2.2 TOp. 3JEK-
TPOHHAEA ILACTHOCTL M TeMIeDaTypa W3Mepa/Mich C TIOMOHLK 3CHHa. IIo
TOKY Ha BOHE CLEHEHA ¥ CKOPOCTh ApeWda 3JeKTDOHOB B HalpaBIeHMM
ExH. WoHHaa TemmepaTypa W3MeDANAch C IIOMOHDBI B3JASKTPOCTATHYECKOI'O
gHa/MBaTopa. MexcumaJdbHad SJEKTDOHHAA TeMilepaTypa Hallnaanach B
o0saCcTH NpUMHKaKme! K OCH CHCTEMH Y TOBEPXHOCTH KaToza (~83B).
MaxcumManpHad [LICTHOCTD BJEKTDOHOB COCTEBAANE 3.5 10"%cu™? u Onaa
CpasHMMa € HMOHHOR IJIOTHOCTBW. OCHApPYXeHO, YUTC B OCJNacTW IEpreH-
JVKYJAPDHOCTY SJMEKTPUYECKO'0 ¥ MArHMTHOrO mHoJje# oTHOmeHue Npefido-
BO¥ CKOpDOCTH Vﬂ K TemnoBoR V, 0CTaeTCA NOCTOAHHORA BAOML Z ¥ COC-
TapAaeT ~0.00. ZOHJOBHE U3MEDPEeHMA IIOKalsai, 4TOo VK=7.8 IGS cM/C,
10 ecTh V _=I1.5 108 CM/C, 4TO COOTBETCTCBYeT 2JEKTPOHHOR Temiepa-
Type >6358. l3MepeHMd MOHHOR TemIepaTypH MOKa3asm, 4To TizO.6+I.2
3B, T.e. OTHOWEHWEe OSJEeKTPCHHOR M WOHHOE TeMIepaTyp COCTaBWio
23+D.

B asanorwgHOff cHCTeMe IpesCTaBJieHHON B paloTe [441 paszparn
3aKUTaJCA TIPY CJeIYWIMX YCJOBMAX: HABJeHMe p=5 1073:3 1072 TOD,
padoun#t ras - aproH, MaTepHan KaToka - Menp, Das3paiHuit TOK =~0.1
A. MsKCHMManbHO IOCTUTHYTHE SJSKTPOHHAEA MJOTHOCT: ¥ Temiepartypa

cocTaBiAJL L
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I. p=6 1077 10p, n 10" e, T 220 =8

2. D=2 1072 0P, nezS IOID oM™ . Tez5 9B
TO eCTh INOBHUICHNE HABACHMA HADAAY C DOCTOM KOHUEHTDALMM MOHOB
Op¥BOIMT K CHUXEHVH BJCKTDOHHOM TeMieDaTyDH.

ficcre ROBAHNA 3aBUCHMOCTEH MOHHOH KOHLEHTDAUUM ¥ BJeKTDOHHOR
TeMiepaTypd OT TOKa paspaia B ILIOCKOM MarHeTpoHe [45]1 mokrasam
NPaKTHIECKK SHCIOHEHLUMANLHHR DOCT ni(Ip) ¥ Iajaniyve 3aBHCEMOCTD
ZE(Ip)’ (puc. I.4) ONHAKC y3KMM mMana3cH TOKOB 50+I50 MA He
NO3BOJAAST CHeJaTh o0u#Me BHBOIH. TaM Xe TIPUBOIATCA DpaiUaJsbHHE
pacrpeliesieEnd YKaBaHHHX I9DaMeTpOB, IMOJYYSHHHE BOHJOBHMM M3Mepe-—
HiAMM. FPacipenensxHue n,(r) ¥MEeT MaAKCHMyM B OOJaCTH MaKCHMyMa
Pal#aneHOR COCTaBAAWIEN WHAVKIMM MaTHATHOTO HOJA ¥ BHDAKeHHHR
TpORaA BAOAR OCH CHMMeTDVMM BJeKTDOIHON CHCTEMH. “ SRR

BakHeM [18DaMeTpOM DaBpAlia, BJMAKGNM Ha eI'C BOJAbLT-aMIEDHYD
XapakTepPUCTHKY , ABJASTCH TOJEMHA XKaTORHOTO CJoA. [I0 MHEHHK aBTO-

poB (46] 3aBUCEMOCT: 3TOH BEJMYMHH OT II2DAMETDOB PaspANa MOXeT

_ g1/1071/5
OHTH OPEACTABJCHa B BULE W = 94.7 -mEZ7§—— [cml. B paGorte

(471 menaeTcA IOIMHTKA HAa OCHOBe DelieHMs ypaBHeHua [lyaccoma nnd
KaTOJHOTO CJIOA C yYeTOM M3MeHeMsa IOoNepevyHol MOIBUKHOCTH DJEKTDO-
HOB B MaUHWTHOM NOJE DacCUMTaTh KaTONHOe IafeHMe U, B 32BHCHMOC-
T OT TOK@ ¥ HAaNpAREHWA DazpAla B THIMYHOM LJA MaTrHe TPOHHHX pac-
MHIATEEHEX CHCTEM JHalla30He [apaMeTpoB: Ar, B=700+I300 TIc,
p=IO‘4:—IO“I TOD, Up=250+600 B. 'HnCcleHHHe pacueTH ¥ K3MepeHuA
SHEPreTHYECKOTO CIeKTDa WOHOB IMOKa3aJM, 4YTO KaTORHOe IIajeHue
cocrariaseT 75+90 % OT MHOJHOI'O Da3pARHOTO HAIDAKSHUA.

0C30p WOHHHX MUCTOYHMKOB Ha OCHOBE MarHeTPOHHHX CucTeM [48]

OATBEPRIAET THIIYHHE IapaMeTpH pa3pafa And MarseTDOHOB, padora-
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OIMX B CTIUMOHADHOM peX¥Me, HaUDUMED IJd ILIOCKMX MaTHeTDOHOB
IMAla30H NaBjeHul! COCTaBAAET 10745 107% TOD, UpzSOO B, IpzD.I A

Paz paloT MOCEMHEH DaCCMOTDEHV DasPAficB B CHelUMajbHHX
yotpoficrBax. Haupummep paspazsoe ycrpoftereo puc 1.5 149,850,511
IpeACTaBAAET COCOR CHCTeMy M3 HBYX ILIOCKMX KOJBUEBHX SJEKTDOHORB,
MEXIY KOTODHMM COBJ2eTCA OJHODOIHOE SJeKTPHYeCKOe Mofie. MarsEmT-
HOe TIoNe ¥MeeT KOHIWMTypaiMp THa "AHTHIIDOCKOTPOH" H COIVIacOBZHO
¢ reoMeTpHeft SJEKTDPOJOB Tak, YTOCH B DaspAJHOM IPOMEXYTHe pamm-
anbHad cocTaBMmmas B, oun% MaKCHMaJbHa, [Opu4eM

B»B,; L > 1; L
78y
YrBr V2B,

1 - mApMHAa BJEKTPOXOB, d — DACCTOAHME MeRIY BJAeKTpoZamm. Makcu-

> d, rae

MalbHOe 3HeueHMe B, Ha ocu cucTems mpw 2=0.1 M cocTaBigeT =I1000
Ic, a MakcyMaJipHOE BSHayeHHme B, B ILIOCKOCTH CHMMETDHH . CHCTEMH
cocraBasger =350 Tc. MakcuMmaapHOE padoyee HaIpAKEHHE COCTABAAJO
~3KB. _

B omiCcaEHOM Da3pANHOM YCTpORCTBE B 32aBUCHMOCTH OT IaBJEeHWA
padodero rasa OHAO OCHAPYXEHO TDM BHIA paspdAfga: 1. IPH BHCOKHX
IaRJCHMAX (IpaBasd BeTBb Kpuso# IlameHa) - CHJABHOTOUHHHE Da3pax C
HaIpAXeHWeM TOpeHMA cJaCo 3aBUCANEM OT CWJH TOKa; 2. [P ZaBje-
HUAX COOTBeTCTRYKIMX O0nacTy MiHuMyMa kpusol [lamera, nomnepevsos
MaTHUTHOE [IOJe OKaszHBaeT CHMJALHOS BJMAHME HA HalupaAKeHWe ¥ KDPYyTH3-
HY BOJbLT-aMiepHoM xapaxrepucTHRE (BAX); 3. npm Conee HMBKHEX
IABNCHUAX, KOPX3 B OTCYTCTBME MarHMTHOIO IONA DaBDal He 3a¥ura-
erTcd, KpyTusHa BAX He 33BHCHT OT MarHMTHOTO IOAA. MeToOM Iasa-
WEErO B0HA2 KNS BCEX TPeX DEHMMOB CHAC WBMEPEeHO pachpefefeHye
IOTEeHIMaRa B MEXSJEeKTPOoZHOM B3a3ope. Ha puc 1.6 mOpenCTaBsieHO

pacnpefesieHNe NOTEHLMANA LA CHABHOTOYHOTO DeXWMa paspaia. Bux-
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T
2 @ V]
P
\ 1000 BI‘= . = - B
=
B ESS 7 Y SOy = 70 T'c o 5 °
r o
.-q-m‘/ \ ;—f‘ s ® 200 Te
=Tt j 7 790 I ma : oz s e
N e os ¢
¥ - ¢ s e 300 T'c
N/ 5
8
X : 4
0 1 2 dloml

Puc.I.5 PazpanHoe ycTpo#cTBO C Puc.1.6 PacmpeleseH¥e IIOTeHUMANA
KOJBLUEBHMA 3JEKTPOZEeMH B KBAZDY  INA CHABHOTOVHOTO DeX¥Ma paspdla

NONRBHOM MATHMTHOM Iose [5C]. Ip=50 M4, D=2 IO"1T0p [43].
Uivi | Uivi
o i o
1000 B =0 _ Iyra 800 | _ Cu
-]
» \*m 70 Tc . o
500 b9 ™ n* , o
- 8o e = 140 T'e 400 . . o
2¢ 7 300 Te 4T : ?
Ayra
- IT4]
i S A H i i
o 200 1500 IimAl 1 10 100 1000
Puc.I.7 BAX paspana B KBaIpyIOiAb- Puc.I.8 CHABHOTOVHHE DeiuM
HOM MarHHTHOM IIOJe (CHABHOTOYHHHE paspaga [631.
CTauMOHapHER pexmM) [BI].
U{B] - 1 Ui{xB1] )
500[_ @ = | = s 15 L ] .
- o [a] | S =] g o 1 R .
3 = .
=5 C: e 2 & ©o & & © © & © 02
D -
400;.%: 44 o + o a & e o e ; 6 . ? 3
: «% k4 > = x x 3
* 5 I14] g I14]
300 i H O i i i
500 1000 1 2 3

Puc.I.9 CAIBbHOTOYHHE (2) ¥ BHCOKOBOABTHHE (J) pexivu [(64+66].
a. I-Ar, p=2 10 °Top, B=670 Tc, 2-B=I360 T'c, 3-B=I800 Tc, 4,5-F,,
H,, 6. He p=I 10 ’rtop, I-B=I360 T'c, 2-B=9I0 T'c, 3-B=670 T,
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HO, 4YTC C pOCTOM ME8IHMTHOTC IIOJA OCNACTh KATOZHOTO [I3ZeHHA IK
yMeHbpmaeTcA. MBBECTHO, 4TO 1 JANA SHOMAJBHOTO TJEWHero paspais
VMEHBHGETCA C POCTOM I2BJASHUA, [O3TOMY MOXHO CUYMTaTh, YTO IJA
CHIPHOTOYHOTO DPEX¥Ma CTALMOHADHOTC DaspaAla YBeJMUYSHMe MATHUTHOTO
IO SKBHBAJEHTHO YBeJWMNEHMB HaBJeHuMda paldouerc raza. Karoxmuoe
nafeHre TOTeHIMaj a DU S5TOM TaKke yMeHLmaeTCA, TOTHa KBK RHOJHOe
najeHMe crxado pacTeT ¢ yBe/mdenwe B.,. Pasmep NMPHAHONHOTC CJIOH He
3aBHCAT OT B,, UsyuyeHue B3BaBHCUMOCTER HalpaAXeHMA Daspaia OT TOKA

Up(I y [49] B of0aacTH OOABEKX TOKOB (CTaUMCHSDHHX) IIOKasalo

Haﬂnine DeXUMOB Daspaia BOJbT-aMIepHHe XxapakrepucTuxu (BAX)
KOTOPDHX IIpeXCTaBJeHH Ha puc. 1.7 B ofxact# {(pd) COOTBETCTBYWmEH
MVEMMYMY ¥ T[paBoft BeTBM KpuBO# [lamena. Jns Ar sra o0nacThb
UPVHALNEKUT IUANa30Hy JaBieHuit 2 107 <P<2 Top. OcoGeHBOCTRER 3TOR

rpymmH KDYBHX UP(I ) ABJAAeTCA TO, YTO KpyTHsHa BAX dU/dl ® Ham-

P
pAXeHME TODEHMA pas3pAfa yMeHbHAeTCA C YBeJMYeHHeM MOmepevHoR
cocTaBJAe MHAYKIMM MarHMTHOT'O I[I0Jid. BIMAHME MaTHATHOTO IIOJA
HA XADaKTeDUCTHKM B 5TOM CJydYae TAKOe ¥e , KaK OHJO OCHEDYKEeHO B
CHCTEMaX ¢ TIOJHM KaTOROM B MarHUTHOM Ioqe [52]1. OTMEeUeHO Takxe,
4TO ¢ pocTom B, KDUTHYECKM! TOK INPU KOTODOM DaspaAi NePeXOoIuT B
Iyry BO3pacraeT #, HAUpDWMED, B a30Te IpH Ber4O Fd IZyra He BO3-
HUK@eT BO BCEeM MMAA30HE UBMEDAEeMHX TCOKOB. B TAKOM Da3paie pas-
BHBAWTCH HUBKOYACTOTHHE KONEGAHWA, KOTODHe B HEKOTODHX CJAyYadx
CTal0WMBKDPYNTCA METHWTHHM IIOJEM.

MpyMepoM  CTAUMOHADHHX KOMOMHMDOB2HHHX CHCTEM, HABIAKTCA
ycrpoftcrea (531, coverawmye paspal B TIONEPEYHOM MAarHUTHOM IOJe C
PaspAfCcM B IIOJOM KaToXe. bojbmafd IJIOTHOCTH TOKE JNOCTHIaeTCa IpH
IaBieHMAX paovuero rasa COOTBeTCBYKEMX SQPeKTy NOJOr0 KaToxa.

BOSMOKHOCTE MOJYYeHWA CHJIBHOTOUHHX (ODM CTalMOHApHOTO paspaia
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IpW yCNOBMM COXDaHERMA JOCTATOYHO BHCOKOIO HANpAXSHWA TI'ODEeHUA
{(=300+700 B) Ohas HCCAEJOBEHa B yCTPORCTEe ¢ NPOfMIMDOBSHHEMM
OOJHMY BJEKTDOLaMM, NOMEeMEeHHHMM B MATHHTHOe IOJe ¢ KoHfMrypaumelt
T2 "AHTHIIPOOKOTDOH". [podmabr BAEKTPONOB COBNAZAX € CHIOBOHN
JMHMeR MaPHMTHOI'O IOJA, YTO OCeCHevMBAJC BIaUMHYD IIepPHeHIMKYJAAp-
HOCTD 2JIEKTPHUECHKOTO ¥ MarHUTHOTO IOJe BOJMBH ¥X IIOBEDXHOCTeR.
JCJNOBNE NEDPNEHIMKYJADHOCTH IOJell BOJWBH BCefl IOBEDXHOCTH KATOAR
OPUBOAAT K OCJeTrdeHM UPOCos ¥ YBeJMUYeHWN TOKE paspaia. PadoummM
ra3oM ABJAAACA apror. [Ipy papiemax =0.I+ITop O/ HOAYYEHH CHUIL-
HOTOVHHE CTalLMOHADHHE DEeXVMMH paspalia, XapaKkTeDUCTMKM KOTOPHX
GHaJOTHMHH NOJY4YeHHHM B yCoTpOMCTBE C© JUCKOBHMM 2JKTDOSAMHA,
prYeM IIPM TOKax, TpeRHmapomux I[A, paspar Conee ycToRuMB, 4YeM B
YyCTPOMCTEBE C IIOCKMMM SJeKTpoiamu. [IpM MCCHReZIOBAHMM 3ZaBUCHMOCTU
TCKa palspdna OT HnaBJjeHMA CHJO OCHADYKEHO CYWEeCTBORAHNME ele OIHO-
'O CHJBHOTOMHOIO DEeXMM& DM HM3KUX JaBieHWAX. ( YMeHBHCHMEM JaB-
JAeHRA 10 10”3 TOP B Ar HalJwZalioCk aHOMAJLHOS BO3DACTZHME TOKa
paspaga 0e3 IEepPeXOZa B IYTOBOM DexvM. Pa3paz IpM 3TOM KOHIEHTDH-
POBaACA B LEeHTDE CHCTEeMH M TOK Daspafa HOCTHTaR 2 A.
HeoOX0MOCTh TIOBHHEHMA MOMHOCTH paspaia ¥ IOBHNSHWA ILIOT-
HOCTH IIfa8MH TIOTPeCOBaNO IPMMEHEHMA MMIIYJABCHOTO WJM KBA3MCTALMO-
HAPHOTO DexMa. JKCIePMMEHTH, TDOREJEHHHE XJf MarHeTPOHHHX CHC-
TEM pas3/irMHON TeoMeTpMH, OOKAa3a/W, YTO CYHeCTBYNT DEXMMH pas3pda-
JOB, He Iepexojamie B AYry IIpH 3HAYMTEJRPHHX BeJIYMHAX TOKOB. B
CBEDXILIOTHOM TJenlleM paspale, [HOJYYSHHOM B yéTpoﬁcTBe THIIa
"OODEMEHHHY MATHeTDOH" KO8KCHAJbHOM IIMJHMHIDUYECKON reoMeTpHM

JOCTUTHYT paspAfHHit ToK I1.~70 A mpu U_=~400 B, IAMTEeJbHOCTHEH

p b
WY ABCE TKMHzSO MKC. IIMOTHOCTL ILIABMH IIDH STOM COCTaBARET

n f_mzz oM™S (54].
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[omHTKa MONyYeHHA OIHOPOIHCOH [L1a3MH C ILIOTHOCTHH aIGIE+1014
M2 ¢ OTPHBOM BJACKTDOHHOR ¥ HMOHHON TemmepaTyp C [OMOMbI VMITYAbC-
HOT'C CHJBHOTOYHOIO Daspalia THIIE Heanﬁ%scxoro {65,561 mnokazana
BO3BMOXHOCTE COBJEGHMA B TAKOM Das3pale ILIaBMeHHOrO CTosta ¢ ILHOT-
HOCTBB 15 104 oM. OKCIIEPYMEHTH [POBOJUJMCHL HA YCTAHOBKE
"MHAP", mpeZcTapidlmyn cofofl XBa YI2ASHHHX HA DacCTodHMe 2.4 M
KaTona, DaCHOJOKeHHHX B TPOCKaX MarHMTHOTO NOJA IPOCKOT/poHa. B
UEHTpE CHCTeMH DAaclOoJOKeH KOJblepol aHon. PalouvM Ta3O0M ABAAETCA
BOACDCHE NpU IaBJACHMM 1071074 TOD, HaUANLHOE HampAxeHwe 60 KB
[551 1 20 xB [56], HAUPAXEHHOCTL MATHWUTHOrO moad 25 KI'c # IR Kl'c
COOTBETCTREHHO. TOK paspdAia EMeJ KoJeCaTeJbHHM XapakTep C aMILM-
ryzam 60 ¥ 20 KA ¥ BpeMeHeM NOJHOTC 3aTyxamma 80 u 70 MKC.
YohoRua paspaia OCeCHevYMBAaJM MOHM3ALMOHHYD NLJMHY Nposera BJeK—:
TpOH2 BHAUMTENLHO MeHBUY®L, UeM JAJMH2 paBpAgHOTO [POMeXYTHE.
IMaTHOCTHKA OCYHEeCTBJAANACEH JaB3€DHHMM MEeTOIAMM, C NOMOMbH JBONHHX
B0HEOB # [0 IOTOKY He#TpadcB. B pe3yJbTaTe NONMYYSHE MEKCHMasbHad

KOHHEA IILIOTHOCTH JO nizV 1615 oM™

, OIHAKO BJNEKTPOHHAA Temiepa-
Typa B 9TOM cJy4ae He npeBHmana 1.3 8B.

VYBesWyeHWe peRpPANHOTO TOKA BHBHBEeT I2PEXON AaHOMANBHOTO
TACOEETO PaspAka B AYroBo#l, ONHAKO Haj/Muie HEONHOPOXHOTO SASKT-
PMYECKOTO [OJH, COBJZABAEMOr0 MOJHM KaTOXOM, TEK X6 KaKk U Hamrme
HOTIePeYHOPO MarHWTHOI'C II0J4d, MOBBOJAET HNONYYHTE CHABHOTOVHYER
Gespyroeyn $opMy, T8K HaBHBaeMHE CBEDXILNOTHHR® paspax [(57+601.
CBepXILIOTHHI Da3paAi HUCCAeNOBasCA IPH JaBjaeHwyd 5 I07"+I Top B
UMITyJLCHOM peXuMe IIpM TOKaX IO 2 KA ¥ JUMTEeNBHOCTH MMyJabca 50
MKC. YKasaHHH{l DPaspAi XapakTepU3yeTcds SIHauWTeNbHO Cojpmedl 4eM B
3HOMAJIEHOM TJESKMEM paspale ILIOTHOCTBE TOKa =H0 A/CMz, Hanpaxe-

mieM ropemmsa 300+700 B, axcuaasHO! CcuMMeTpHe# CBeTAmMEroCa KOJb-
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LUEBCTO CJOA Ha KaTome. l3MepeHudA pacHpeieeHMA ILIOTHOCTH WOHHOTGC
TOKZ Ha TIOBEeDXHOCTH Karozs [58] mokazaimi, 4TO OCHORBRHAA NOJA TOKa
IPEXOJUTCA Ha LMWIHADHYECKYW® IIOBEDXHOCTE IIOJOCTH KATOJa. Mewmny
[LIOCKUMM BJSKTPOLEMH IIeDeXOol TJASKHErC paspais8 B CBEDXILIOTHHE He
HalJoR28TCH .

{lpexcrapnfeT WMHTEDeC CINOCOC NOJNYYEHMA CUALHOTOYHHX Daspa-
OB, GOXKJOYRIIMACA B HaJOKSHMM HE PeJBADUTEJbHO WOHW3OBAHHHR
a3 B DasPAZHOM IIDOMERYTKE WMIIyAbCA BHCOKOTC Hanpaxerus [61,621
MccrepoBaHUe peaKimM chaadoToudoro (0.5 A) CTaUMOHADHOTC TJEHmEro
paspaia C CEeKLMOHMPOBAHHHM IIOJHM KaTOXoM [62) B aproHe IpM AaB-
JIeHI p=IO'4+IG’I TOD Ha UMIIYJALC BHCOKOI'O HAIPAKEHMA, MepeBONA-
It paspAZ B CUMBHOTOUHHA (X0 200 A) KBaBHCTAIMOHADHHA peXUM
IoKas3aso, 470 IPM IpeBHHleHMM MOPOT'OBOR aMILMTYIH (=~ 3 ¥KB) Hatmm-
BawTCa aHOMaAbHHE DeXMMH C VHTeHCHBHHMM KONSOaHMAMY TOKZ M Hal-
paxeHrA. CHALHOTOYHaA ¢oOpMa B HUKHEeM [HUAna3oHe  AapieHudt
p=IO‘4-:-ID”'2 TOP YyCTaHoB/MBaeTCA JHEbL DM SHOMAJbHHX DeXUMaXx,
CBABHBASMHX aBTODOM C B3DHBHHME ABJEOHMAMM Ha KaToze.

OcoCHif ¥HTEpeC NPeICTABJISKT WHCCASHOBAHMA CHIALHOTOYHHX U
BHCOKOBOJIBTHHX Pa3HOBMAHOCTE# KBA3HCTALMOHADHOI'C Daspala B CHC-
TéMax C 38MKHYTHM ¥ HeBaMKRYTHM IpeliioM 3JeKTDOHOB B HEOZHODOA-
HHX ExH mongx {63+66]. Ha puc. 1.8 mpeicTaBleHH BOJLT-aMIIEpHHE
X28paKTEPUCTHKY CHABHOTOYHOTO PeXMMa, OCHEDYXEeHHOrQB KO8KCHAJALHOM
yorpotcTBe C 3aMKHYTHM Jpeftfom [63]. OKCHeDMMeHTaJbHHE KpPUBHE
yZajoCk HOCTATOYHO XOPOHO OMMCATH HCXONA U3 IPeNIIOJOKEHMA O
CYmeCTBOBAHMM (OECCTOJKHOBUTENLHOT'C KaTOJHOI'C CJAOA.

HccnenoBauusa, CRABAHHHE C COBHAHUEM WHEEKTOPOB M TAY
[64+66], mOKasamM, 4YTO B YCTPO#CTBaX C HEONHODOIHHMM AKCHAJLHO

CHMMETDHYHHMA MOUHUTHEM ¥ SJCKTDHIECKVM IIOJAMM YEAeTCH IIONYyvYaTh
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MomEHe (~IMBT) BHCOKOBOJALTHHE ¥ CHJIBHOTOUHHE WMIIYJALCHHE DaBpALH,
KOTODHE IEePeXOZAT B AYyTy TDY SHAUMTENbHHX BeJVMMMHAX TOKAa. Paspaj
SRUTAJICA MEeRIAY ILIOCKONApaJIeNbHHMY OJJEKTDOSSMM B IIONepPevHOM,
CHABHOHEONHOPONHOM MarHUTHOM IOje LMBHIDHYECKOTO BJSKTPOMAr-
HWTA, PacloJOXeHHOTO 3a KaToJoM (ILIOCKME MarHeTpoH). HccrnenoBa-
HUS IpPOBOMMMChE B ¥MIOYJBCHOM pexiMe. DBpeMeHHHe XaDaKTeDHUCTUHM
AMIIyALCOB MBTHMTHOTO IIOJA M TOKZ2 Daspaja HOoLCWpaJMCh Tk, YTOCH
BpEMEH2 W3MEeHeHWA HAIDAXeHWA TIOPEHMA Dasdpaza OwimM SHAYATEJNBHO
goJibme BPEMeHM MOHMBALMM ¥ JSHOHMBAlMM B32DARCHHHX 4YacTEll B pas-
PATHOM TIpOMeXyTHe. CHALHOTOUHHI DaspAl HCCReROBajiCs B IMANAB0OHE
TOKOB OT 5 A 10 2 KA InA Da3/MVHHX Xapiaem#t D=5 10725 1072 TOP
JiA Ia30B Ar, NQ, HE’

npeesmana 100 MKC. THWIDIYHHE BOJNbT-2MIIEDHHE X2DaKTE[ECTHKKA paspa-

JmMTeARHOCTE MMIYJIBCA TOKE IIPH 3TOM He

Ja TpexcTaBJeHd Ha puc.l.9a XapaxkTep B2BHCHMOCTH Up(lp)oxnﬁaxoa
ZNA DABJMYHEHX apameTpos p, d, B, ¥ poxa rasa. CHaiajla C DOCTOM
TOKA JO HEKOTOpOrO KDHMTHYECKOTrO 3HaveHus Igp=50 A HanpaxeHue
MOHOTOHHO yReJmMumBaerca Ha 50+I00 B, Barem mupu IP>I§p
H¥e Da3pAla NPaKTWYeCKM He B3BMCMT OT TOKa BIMIOTH JO 2 KA ¥ COX-

HANpAKE -

paHAeT MOCTOAHHYD BeJHIUMHY 300+50C B, xoTopadA CYymeCTBEHHO 38BH-
CHT OT MArHHTHOIO MOJA ¥ pOJa raza. YMEeHbleHVe BeJMYVMHEH MHAYKIMM

MBUHATHOTO IIOJA IIPM 3aZaHHOM TOKe I BHBHBaAeT HPAKTHYECKH JMHeR-

P
HOE yBeJMueHME HaNpAKeHMA Ha paspaie Up. HaxaoH npsamoft U?{B)
COXpaufAeTCA AAA DasJMJYHHX JaBieHMd, HO yMeHbaeTCA DM Nepexole
or AT ¥ H,. BeJoraysa Igp IIPaKTHYECKN He 3aBUCHUT OT MarHMTHOTO
moas. OTMeTHM, YTO B AT CWJBHOTOYHHE Da3pAn I'ODUT DM BHAYUTENb-
HO CoNpUMX Hampamenuax uem B N, ¥ H,.

OTCcyTCTBYE BABUCHMOCTH DaspAXHOTO HampAKeHMA OT TOKa HaCmo-

JaeTCA TaKKe B MOMHHX YCKOPHUTEJAAX C 3a8MKHYTHM XOJJOBCKHMM TOKOM
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_22_

(67,681, JororpadwpoBaHMe pa3pAfa IOKABHBAET, YTO OH 3aHUMAEST
KOMBUEBYKW OCH&CTL C YMEHBMAKHMMCA CBEYSHMEM OT KarToia K aHouy.
Ha ¢QoHe mMQPYSHO pABMHTOrO CBeYEHNA HMEeTCA HAPKOe OJHODPOJHOEe
KOJABLO, 4YTO CBHASTEABCTBYET OO0 OTCYTCTBMM KOHTDEBKLMM Daspdia.
VizmepeH¥e pachpefesieHMA KOHUEHTDAUMM HOHOB IO DAIMyCy CHCTEMH
OOKasa, 4TO MaxKCUMalbHad KOHUSHTDALMA HMOHOR YREJMYMBAETCA C
=9 A 10 ﬂizID1BCM_3 upu I_=I00

P P
A; BO=IOGO Tc. 3r0, mO MHEHU ABTODOB, YKA3HBAET HA BHCOKYK CTe-—

T
n,~[0" 'cM - Ipu TOKe paspaia I

[ileHb HMOHMBAalMM B CHJABHOTOMHOM pazpdAge. [IO-BAIMMOMY IIDM TOKax
=]KA niasMa paspAla HOJHOCTLO WOHM30BAHE. AHAMR IPOCTPaBCTReH-
HOf M KMHETHMYECKOM CTDYKTYDH DaspaAia IOKaszal, 4TO IaBJSHWe rasa,

Hpy KOTOPOM CymecTByeT CHABHOTOUYHa#d $OpPMa C XBasuHEeNTpadbHHM

/MY eB - -
OULEMHEM 32DAIOM Py~ & 35 “ﬁ?B;ﬁ? » THE Vy, V5 ~ WOHUSEUMOH-
Had ¥ [OJHad YacTOTH CTOJHHOBeHVM. [IpM 3TOM MAKCUMAJBbHAA KOHLSH-

TPauHa MOHOB ZOCTHUraeTCA ¥ IOBEPXHOCTH KaToXs U SHCTDO CHAHA8T K

d Sm v, B
8HOHY. B TIPMKaTOXHOM CJoe z<dR=~aﬁfB—, f= R —— m vy npeodaa-

¥ Yo
J2eT NONOKUTENbHHE OCLeMHHt 3apAR MOHOB. AKTMBHAA B0OH& Daspaza,

B KOTOPOX MMeeT MeCTO MHTEeHCHBHEAA WOHMBAaLMA Ia3a ¥ COCPeZOTOYeH
OObeMHHR 38pAx SJSKTPOHOB, 38HUMaET MeCTO z>dK. B mnepexomHoR
o0nacTy QOPMMDYETCHA KBaduHefTDaJbHER choft. CumTad, YTO DPaspARHOE
HampAXeHWe B OCHOBHOM CKJaIHBaeTCA ®3 KaTOOHOTC HAaleHUA

1/3

UK=[—§—§] d§/312/3 ¥ HANPAKEHWSA HA aKTUBHOW 3OHE DPABPALA YpaB-
es P

HeHME BOJNLT-aMIEePHOM XapaKTeDUCTHKM MMEeT BHX

2 .4 2
. 2{ " }1/3 Ip (1 Ni/Ne)
b esg

e V., 2
2z T1/v5(gqv4B)
Ornomerme N;/N_ MOKHO OUEHMTH NOJArad paclpelefeHWe NOTEHLMANA B

a¥/312/3,
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N V5 s} vy
£ 4

Yi eB
Ni;Ne - CpeJHMEe 3HAYEHHA KOHUGHTDALMH MOHOR M BJEKTDOHOB, M;m -

8KTHMEHOM B30HE paspana mnapadomrdecKmM N,/N > rie

MACCH MOHOB M BAEKTDOHOB, £5=9 1074 O/M, B - cpepjHee B3HaueHUS
VHEVKLMM MarHMTHOTO MIOJIA B Da3pafHOM OpOMEXyTKe. OUSHKM NOKalH-
BapT, YTO A Ar B BTOM {Jyuae Uﬁz?QB, Jas Hé ~20B, &naa N2
U, ~45B. MuTepeCHEM CBOMCTBOM CHJBHOTOMHOI'O paspdia #ABJAASTCA
OTCYTCTB¥E BIBUCHMMOCTH XaDaKTEeDUCTHK DaspAra OT JapiedMsa. [ame-
pPeHMA TODMOZHHX Xa8DaKTeDHCTHMK B3OHIOB Ha KaToie IoKaBaim, dYTO
SoJieliad JacTh HMOHOB TIONaZaeT HA KBTCR C SHepruell He NIpeBHmanmel
I00 B . IlpM TaK¥X OHEPruAX MOHH He IIPOWBBOJAT CYWLECTBEHHOT'O
pacimjeHud ¥ IpeoCNsAakiiM IIPOLeCCOM CTAHOBWTCH NECODSLMA Tasa C
TIOBEPXHOCT® KaToZa. OmMH MOHOCJON raza Ha TIOBEDXHOCTH MEeTaiia
COZepXUT 5 10" oM wacmmi u Ip¥ B3BJEHMM =~ 5 1072 Topvadpazy-
eTCqd 33 BpPEMEHa = 1077 ¢, YTO SHEUMTENBHO MeHBEE CHBAKHOCTH
UMIIYJLCOB TOK2 paspasa. T.e. Opy jecoplupy XoTa CH IO MOHOCJOEB
33 VHTEDBaJ BPEMEHH = 1072 ¢ odBeM pa3pARHOTO POMEXYTKE =30 oM
CyIeT B38I0JHeH IO JaBASHMA =~ D 1077 TOp. TaxmM oOpasoM IpH
TPeBHNEHNM HEKOTOPOTO KPUTHYECKOT'O TOKE, KOTZA KOJMYECTEBO Najan-
IMX Ha MOBEPXHOCTL WOHCB 32 BpemA = I/V. CTAHOBUTCA NOPAAKE KOH-
LeHTPALM MOHOCJOH, Da3pAl TOPHT HA rase, »IeCOpPOWpPOBAHHOM C
TIOBEDXHOCTH KaToZa.B oOaacTu Sonee HMBKMX jaBiexmit P < P, paspaj
MepexoiiT B BHCOKOBOJBTHHI De¥uM, IJA KOTODOT'O X8PAKTepPHO Hampd-
KeHWe TOpeHuA B JeCATKH KWJIOBOJBLT, 2 TOKH Ip JOCTHUCENT HEeCKOJAb-
KMX HKEeCATHOB aMileD. SHaveHye P, CYMECTBEHHO 33BHCMT OT MarHMT-
HOTO HOJAA ¥ BRZA raza. HANpEMED 4 AT - Py = 3 1072 TOP, And H,
- Py =0 1072 Top np¥ B=I000 Tc. Bur paspaza onpeXenseTca

BHAKOM [POCTDAHCTBEHHOTO 3apAfa B Da3DANHOM IPOMEXRYTKe. B
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Cliy¥ae BHCOKOBOJBTHOTO DaBpaja TOK OTDAHWYEH OCHEMHHM 3aDAIOM
3ASKTPCHOB. [0 MHEHME 8BTOPOB, 2CJM BOBHMKEST KBABMHENTDAALHOOTH
E paspAlHOM INDOMEXyTKe, TO pa3p4k CT8HOBUTCH CHIBHOTOYHHM. IIpH
yMEHBIIGHIM MAUHATHOTO TIOAA B, pespaf racHeT. 2TO ABMeHWE XapaK-
TEPUBYETCA DeSKUM YBeJIMEeHWEeM HAIpAXeHuA ¥ OCpPHBOM TOKa, IDH
ZOCTHMHEIMY HEKOTODOTO KPHTWYECKOTO BHAYESHMA BOKP cnato 3aBucd-
Eero OT HaBjeHMA ¥ DOXa rass. TeopHMA 2HOMHOTO CJOS LAA MarLeT-
pouHoB [29+32] NOKa3HBRET, YTO NpM YMEHBHEHUMM MaTHUTHOTO HOJ4,
Y1 %o g2

v 0 m

CHCTPO YMEeHBE3EeTCHA TaK, dTO PR BO OMMBKOM K KDUTHYECKOMY
U

KOHLEHTDAIWMA B5JEKTPOHOB B DPaspAZHOM HpOMeXyTke N

pacripejesieHiie IOTEHUMAJNAZ CTAHOBUTCA TOUTH JMBEefHEM ¢(z) = aE Z
» THe d - MERDJEKTPOIHOe DACCToAHMe. MCCIeIOBaHMA XADAKTEDHMCTHK
TOpPeHNA BHCOKOBOJBTHOT'O PaspAia NPOBOJWDICH INA IMaNasoHa Japje—
mit 5 1071 + 5 1077 TOp PasMIHEX rasoB - Ar, H,, He; ana xato-
JoB ¥3 Mo, Al, Cu, Hepxapewme# CTaiy B [MANABOHE MATHMTHHX mnoJeh
I0 & KI'Cc paspaiHHe HaOpAXeHHA U TOKH JocTwrasm 30 ¥B ¥ 30 A
COOTBETCTBEHHO. Ha puc.I.90 mpelcTaBicHH XapaKkTepHHe BAX BHCOKO-
BOJALTHOTO DpaBpAla. OKCHEDMMEHTAaNBHO YCTAHOBASHO, YTO MOMHNDR
BHCOKOBOJNLTHHA DaBpaAj uMeeT Orpaumvyessuil AMANESCH HAIDAKCHV
ropeHud [U‘gin;u’;azL Ugaz ~ Bg T.e. CHCTPO YBEJMIUMBAETCA C POC-
TOM MEBrHATHOT'C NOJA, 8 TaKKe CHJIBHO 38BHCHUT OT MaTepHalia KaToJna.
lfgiﬂ TEKEe CHJbHO B3a8BHCHT OT MaTepmana xaTtofa. TOK MOmHOTO
BHCOKOBOJLTHOTO pPaSpAi2 NUpPeKTHYECKN He 38BUCUT OT JA8RJCHUA M
BHJa rasa, HO CHJbHO 32BUCHT OT MaTepHana KaTola,4TO YKas3HBaeT

Ha TO, YTO CpPemO® CYHeCTBOBAHWA Pazpaze pacCMaTpuBaeMOr'c THra

fABAASTCA B OCHOBHOM DacIHAfmMicA MaTepHas KaToxa.
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1.2 Meromy moAydYeHWA paspAfiOB HUBKOTO IaBReHdA soasmot
MOMHOCTY C ONHODPOZHOW CTPYKTYPOH ILIG3MH.

BOBMOXHOCTE: CORAEHHA pAspAjoB CONLEOR MOWHOCTH C OIHOpONHOH
CTPYKTypofl IjasMH OTPaHWuYMBEETCA HAJMMMYMEM DaBJIYHOTO BHAS HeyC-
rofuMBOCTEH, NPUROIAEMX K KOHTDAIMDOBAHMK DaspAza ¥ [epeX0h B
Iyroeo# pexuM. PaseuTHe I[epeTPeBHOM HEYCTOMMMBOCTH TpesyerT
TIPMMEHEeHNe HMIYJALCHOTO WM KBaBHCTALMOHADHOTO pexwMa padoTH C
LIATeNRHOCTLD UWMIIyAbCA, MeHbmeft XapakTepHOT'C BpeMeHM Harpeea
rasa B DaBpAfHOM NPOMEXYTKe. lnid HCCAeJOBATENBCKMX ¥ TEXHOJO-
THYeCKNX uedelf KBaBSHCTAUMOHADHHE DeXvM ABIAETCHA IPeRIOYTHTENLHHM
BCASHCTBHE OXMIaeMORt CTaCHABHOCTH [8DaMeTpOB Daspala ¥ ILIa3MH B
TeyeHME BCef LMTEeNbHOCTH MMIyabca. CoBjaH#e CHIABHOTOMHOIO!
KBaBUCTAIIONADHOT'C DPeXMa BO3MOXHO NyTeM HAJNOXeHHA HA DaBpAmHuft
IPOMEXYTOK OPAMOYTOJBHOTO MMIIYJbC2 HAIpAKeHWA, MOpUYeM Jmoo
VMITYJABC MOXReT [OJABAaTBCA HA YOTPORCTBO 3anoJHEHHOE Ta30M J0
HEOOUXOI¥MOT'O HABJEHMA, [OCJe 4Yero IPCHCXOIMT IpoOCR ¥ YyCTaHOBJE-
HMe KBASMCTAIMIOHSDHOI'O DEeX¥Ma; JMOO WMMIIYJBC IIOHAETCA HA IPOMEXY-
TOK, GSaloJHeHHHM IpefBapUTENbHC COBZAHHOR IasMoft C HanbHeNmIM
POCTOM €€ NAOTHOCTH ¥ YCT2HOBJSHMEM KBABMCTAIMOHEDHOTO pexmMa.
IUmMTenbHOCTL MEPEeXOIHHX INPOLECCOB B BHAUMTEALHOWR CTENeHM B3aBUCHT
OT MNpeIMOHMBALM pa3pAfHOTO mHpoMexyTxa [63], npuuem IpH ee
OTCYTCTEMM BpeMs YCT2HOBJCHMA HANDAKSHWA Ha Dp&a3pAze COCTaBiAeT
~I00 HC B B8BUCHMMOCTH OT SMILMTYIH MMIIVJLCA, 8 B ClydYae IpeiBa-

3

PHTENBEHOR MOHM3AIMHY 2108 CM - 2TO BpemfA yMmeHbmaerTca B0 3+I0 He.
Ina OLeHKM BeJMVMHH ¥ BPeMeHM YCTR2HORIEHMA KBaSHCTaUUOHaD-

HOR ILIOTHOCTH ILiaGMH B Da3pAfHOM [POMEXYTKe pacCMaTpHBaNach

caeXyomas 3apgua (93]: Ha NpeZBapUTeNbHO HOHMEOBAHHHN Ta3 MI'HO-

BeHHO TIOE2eTCA MMIIYJIbC HaIDAXeHMA IpAMOYTOJIBHOR PopMH . Onpe BeJis—
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0TCA BOBMOXHHE 3HAYeHUd I[LIOTHOCTH ILIA3MH ¥ CKODOCTH ee DOCTa B
SaBHCHMOCTH OT aMIVIITYZH MPUJOXKEHHOIO MMIIYJBCAa, JABJGHHA padoue-
o raBa, ¥ TpeRMOHMBaUVH. B KauecTBe pafovuers ra3a MCILIbBOBaJcH
aproH NDH JaBle iy p=ID“I+I TOp. B ofmeM cJy4ae MDPOLECC HapacTa-
HYA KOHUEHTDAU¥M 3JEKTDOHOE B ILNa3Me NIDM DEe3SKOM NOBHESHWM Halpa-
REeHHOCTH OQMeKTPHYMECKOrO IONA OMMCHBaeTed HeJswmue#noft cucrtemolt
KUHe THYeCKMX YDaPpHeHMH CaJslaHCS, aHAMMTHYECKOrO DeleHMs KOTOopo# B
HacToAmes BpemAa He CYmMeCTEYeT. B padore [69] nocrpoeHa Ipubsm-
KeHHaA MOZeJib HaYaNbHOR CTAIMM WMOHMBALMOHHOM peJaxcaiyy B ILIazMme
UMITyIbCHOT'O paspala MHEDTHHX TaBOB IPH CPelHMX NaBJeHMAX. OCHOB-
HHE TpUOJMEeHMA MOZes chenymmme: I. CoraacHo [69] npu cKauxo-
00pasHOM TOBHNEeHMM E7n1 BpeMa peJakcaiyM (QYyHKIMK pacupeisJeHus
3JCKTPOHOB 1O SHEDIWAM BHAYMTEARHO MEHLHE XADaKTeDHOTC EBDEMeHHM
PasBHTHA MOHM3AIIM, NOSTOMY KHHETHYeCKMe KORQIMUMEHTH SJeKTpPOHOB
HEe 3aBUCAT ABHO OT BpeMeHM ¥ HABIALTCA QYyHKUMAMKM II8paMeTpoB
E’/nw,ne/n1 ¥ copra aroMoB [70). 2. Ha CTazuy DasBATHA HOHMBALMHM
LI 38CeseHHOCTH BOBOYRASHHHX COCTOAHMI BHEE IIEDBOTO IIPaKTHYECKHA
BCETJA BHIOJHAGTCH YCJOBHE KBAaBHCTRUMOHAPHOTCTH. AR HMEHUX
MeTACTAOWNbHHX WM De30HAHCHHX ypoBHe§l 1py CSonbmolt pOJM ILieHeHMA

W3AYIeHA TP HeBHCOKWX f, 8TC YCJAOBHE MOXeT He BHIOJHATHCH.

e
HooToMy OHM OCREEMHAWTCAE B OIMH >OPeKTHBHNN YpoBenp cO cpexuelt
SHEPr¥e# ¥ CYMMapHHEM CTATHCTHYSCKMM BecoM. 3. CpeHHAA HHEDIud,
Ipe#foBag CKOPOCTb SAEKTDOHOB, 0afiaHC SBJEKTDOHHOM SHePruM, KOHC-
TEBHTH CpeJHe# CKODOCTH BOBCYKISHMA ¥ MOHM3ALMM aTOMOB BJEKTDOH-
HHM YZ2pCM M3 OCHOBHOIO ¥ BOBCYRISHHOTO COCTOAHMA HaXOIATCA C
IOMOERI YHCJAEHHOTO pemeHMA ypaBHerwa bBoasumana [711. ToxazaHo
TEKXE, YTO DOCT CTeNeHM MOHM3alVM XO 1074 IDHBOIUT K CYHECTBeH-

HOMY WSMEHEHWD KMHETWIeCKUX HKOSQJWMLMEeHTOB BJeKTPOHOB. 4. Tak Kak
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- 27 -

B paccMaTpuBaeMoM jManasoHe 3=E/n,=30+40 TI DpaBHOBECH2A CTENeHb
MOHUZALMM CYWEeCTBEHHO IIPERHmAeT 10”4, TO IIpPOLeCCcaMil paMauuoHHOR
¥ TpoftHO{ pexOoMOMHELVM MOXHO NpeHelpedb. 5. Ucmosblyd AaHHHE O
KOHCTaHTaX OO0Da3OBaHMA MOJEKYNADHHX MOHCB ¥ OKCHMEDHHX MOJeKy.J
{721, MOXKHO CUWTATbL, YTO BTH IIPOUECCH He CYAYT OKaBHBATh CYHECT-
BEHHOTO BJMAHWA HA CKOPOCTh DBBBUTHA MOHMBALMM NDY CHKavYKoolpas-
HOM HaJOXeHMM IIOJA Ha CJaCOMOHMBOBAHHHE WHEDTHHI Ia3 IpM CpeJHMX
IaBJEHUAX n1<(5+7) 1017 CM—B. ACCOUMATHBHAA MOHM3ALMA MaJjaa 1o
CpaBHeHWN CO CTymIeHyarol [72]. Ucxona #3 BHEEYKaRaHHX IONymeHyd
OpolecC MOHWBAUMOHHOM DelleKCalM¥ MOXHO OIDICaTh Chelymeid cucre-
wolt ypamHem?t (691:

a1 .

e
3F NMeBie * Nolleboe * Nofgfor = ¥V Ta
(I.1)

3n

57 TuleRin = Ngllgkay = MoflgBoy = Moltebog — Tpdp B2y = 7 I
TIe flg, My, M, — KOHUEHTPALMM BJEKTPOHOB, HEATPAJBHHX aTOMOB i
ATOMOB a2proHa B II€PBOM BO3CYXKIESHHOM COCTOAHVM COOTBETCTBEHHO,
RKQ'R21 - KOHCTAHTH CTOJKHOBWTEJNBHHX NepeXomoB I22, B,., B, -
Kos@mxﬁneHTu [IpAMOR WOHMBAlMM C OCHOBHOIO ¥ HEPBOTC BOBCYRIESH-
HOrO ypoBHeR, P . - ofoCueHHEY Ko@dMIMeHT CTYIeHYATOR HOHMB3aE-
UMY C KBasWCTALMOHAapDHHX ypoBHeR (K>2), A21 —~ BEPOATHOCTEL CIIOH-
TEHHOT'O mepexofa 2-I, 6,,- QaKTOp IMeHEeHMA PeBOHAHCHOTO UB3JY-
YeHUA; ¥ Pe, v PE - notoxy mddyzrM BJEKTPOHOB U BOBCYKISHHHX
arcmMoB. Pemeuem cucTeMH (I.I) B Ce3pasMepHHX MNepeMeHHHX ABJA-

eTCA BHpaxeHue IJAA KOHeYHOH 3NASKTPOHHON KOHNEHTDaUuH

2
= 9% ¢ (o~ +1 - DH5 - (c-d)H, (1.2)
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n Mo

roe N= =5 ; M= -5 ; t=tn,R,o; M| _ =¥ : W|. =1
Ttag Moo 112 T=0""0 T=0
r Mo Poe o Pe . 4 1De
ikyo Rio 2P

Wicxoma u3 (I.2) ¥ BHDaXeHMA AJA XaDaKTEeDHOTO Ge3paBdMepHOTO
BpeMEHN DeJaKCall TIOJAYYeH apamMeTp 4 = % - {EO+ Qig } » Xapak-
TePU3YIONM DOCT KCOHUEHTDALMM 3JJSKTPOHOB. ILHBMaz0H ero 3Havdenudt
YKa3HBaeT Ha HaJMYMe JABYX BOBMOKHHX MEXaHUBMOB DOCTE KOHLEHTDa-
¥ BJEKTDOHOB B ILiaB3Me. B mepeoM caydae A>C OCHOBHHM HBJAASTCH
IpoLecc CTYNIeHYaTOR MOHM3aU¥M, I[IPH KOTODPOM POCT N, Ha HAYaJIbHON
CTaivM DPa3BUTH# HNOHWBALUMOHHON peNsKCcauwl MPOMCXOIUT OYeHbL MeZ-
JIEHHO, 38 CYeT TOTO, 4YTO CHavaJa MAEST IIPOLUECC HAKOIJEHMA STOMOB
B NIEPBOM BO3CYKISHHOM COCTOAHMM, 4 3aTeM, HauMHag C OupefeJeHHOR
HX KOHLEHTpalpM mpeoljajanme? CTZHOBUTCA HOHMBALMA U3 IePBOrC
BOBOYXISHHOTO COCTOSHWMA, BHBHBaKMAad CHAYKOOODAzHOe yEeJMYeHMe
IAQTHOCTH SJEKTPOHCB. BO BTOpOM cayuae A<Q, HO bHO+c > dCKODOCTh
pocTa uucCJja aTOMOB B IEDBOM BOBOYKIEHHOM COCTOSHMM OIEpeRasT
CKOPOCTE DOCT2 KOHLEHTDALMM SJEKTPOHOB JMIbL B HAYAJNLHHE MOMEHT.
OnpeZejiaioopM MEeX8HWBMOM DOCTa KOHLEHTDAUMM ABJASTCHA NDAMAA MOHM-
gaimfA. CKOPOCT:L DOCTE KOHNUEHTDalMM BSJEKTDOHOB B 3TOM cJjydae He
IIPEBHWAET CKOPOCTb HAKOILIeHMA BOBCYKACHHHX AaTOMOB M INDOMCXOIMT
0e3 APKO BHPAXeHHOTO CKAauKa ILIOTHOCTHM BJAEKTPOHOB.B cayyae A<O Ho
b, +C < d pOCTE KOHLEHTDALMM He TPOMCXOIMT.

Takoe pasmwy¥ie MeX@HUBMOB DOCTA N, TPUMBOIMT B TOMY, 4TO B
NEPBOM CJy4Yae K MOMEHTY yCTaHOBJEHMA KBaSUCTALMOHADHOTC B3HAYeHHA
Ng» HEPBOHEYAABRHOE pacHpefesieHWe DJASKTPOHOB IO IPOCTPaHCTBY
(CTPYKTYPa NPeABEPMTENLHOIC DaspAfa) CHUABHO TPaHCHODMMpYETCA 4TO
MOXET IDMBECTH K XOHTDArMpOBAHWD 'pazpﬁxa. Bo BTOpOM cCayvae
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NepBOHAYAJBHOE paclpeiefeHMe KCHUHEHTDaUMM UBMeHAeTCA  CJado,
BCACACTBHAE OIpeeanmelt possl IpAMOR HOHMBaLvM, KOTOpPad MIEST MeX-
JIPHHO ¥ DABHOMEDHO O oO0meMy. FPacueT [S3] mOKazyBaeT, YTO IJd
MATHeTPOHHOTO paspAlia B 2prOHE IDH LABJSHMM 107R-1 TOD, VHAYKIMHA
MAUHWTHOrO HoJs no 3 kl'c, aMILMTYIH MMIIyJALCa HAUDAXeHHdA Jo 3 103
B peamsyeTcdA BTOpOR MexammsM. OUEHKa NpelelbHO IOCTHRMMOR IMiOT-
HOCTH IJIa3MH IJd JaBJeHul 10721 TOp HaerT nézIDIS+IDI4 oM.
MIHVMAJLHOS ZHaUYeHWe BMIUMTYRH IMIYJALCE HAUDAKEHWA IIPM KOTODOM
BOBMOXeH POCT KOHUHTDalMM ILNASMH IIpH p=IO‘2+I TOp ¥ HavaJbpHOW
o5~10%10% ow™® U, -650-1000 B. B cayuae
OTCYTCTaHdA UPSABADMTEJbHOW HOHM3SUVH (neOzIOI M3 doHOBOE BHA-

IIIOTHOCTH BSJACSKTROHCE 7

YeHMe ) BpeMSA MOHMSAUMOHHOR peJaKCcalMy MOXeT COCTaBuTh AO I Mc,
YTO MOREeT OHTh CDaBHMMO C IJMTEJBLHOCTL MMITyJAbC&, KOTOpas orpa-
HWYEHA BDEMEHEM Da3BHTHA HeycToMuMBOoCTefl. Kax HOKAa3HB8KT OUSHKH
(S2] np¥ ZFABJEHHAX HO O 1071 TODR, PaspaAl [NDeVMYMECTBEHHO WMeeT
rubdysuonEnft XapaxTep (mpouecc smBdys¥M SJASKTDOHOB MIpeoCnanaeT
Hal oOneMHOM pexkomOuHauwe#), a IpH JI8BieHMAX Cojwme 0.5 TOD
MOKET @EepeXOoiMTh B OOBSMHHE pexiM (IpeolaaisimyM CTaHOBUTCA
mpouecc OOReMHOM pexomOuHamym). Ina OCBEMHOTO DEeX¥Ma XapaKkTepHO
BOBHMKHOBEHME TIePeTrpeEHOR HeyCTORMMBOCTH, KOTOD2A MOEET NIPHBECTH
K HADYIeHM® ONHODOZHOCTH Dal3pAla, ero KOHTDaKU#MM © [NOCJAeLyiiM
HepeXOXOM B IyTy. WHKDeMeHT DaBBUTHA MOHM3aLMOHHO-NeperpeBHOR
HeycroftumeocTH {1 mveeT BHE (731
g - 1;1 d in vy o,
d In(Em)
rge v, - BeJsTiMHA O0paTHadA BPEMEHM BHBOJA TeIlla M3 oCpema, T, -
XapeKTepHOe BpeMd Harpesa rasa, v, - YacTOTAa HOHM3ALM, E/n -

OTHOmEHWE HENPAKEHHOCTH B3JeKTDHYECKOrO IOKA K KOHLEHTDPalMM HelT-
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paJfoB.
nC. T
T = __21_.
T oR?
rie Gp1 TEILIOEMKOCTE Ta3a B pacyeTe Ha OFHY MoJexkyay, T -
TemMieparypa rasa, O - [OPOBOIMMOCTL, IDHYEM B pacuyeTe AJad
ONHOATOMHOTC Tas3a o = 2.53 IDBnQ il" : Vgg — 9aCTOT2 3BJEKTPOH-
ATOMHHX CTOJHHOBSHWHR.
dain v,
YOATHBEA, YTC ————— aB5:I0 (93] §oaydeH VHKDPEMEHT
d In(E-mn)

PasBUTHA HEyCTONIMBOCTH 1072 ¢.

HeyCTOWYMBOCTEL, BH3BAHHAA CTyNeHYaTOl HOHMBauMe® (MOHMBALW-
OHHaf HEYCTONYWBOCTL) BHpaXeeTCA B TOM, YTO 38 CYeT MeHbmel
SHEDPI'¥MM CBAGH 2JEKTPOHa B BOBCYRISHHOM 2TOMe DOCT CKODOCTH WOHW-
38l pH JIOKAJBHOM TIOBHWEHIMN 71, ST OHCTpee ueM ViNg- 9TO
NPYBORUT K NpecCaianyi MeXaHM3MA yBe MYeHyd ng Hal mu@ysuedt u
PexoMOuHalMeR, 4YTO NPUBOMMIT K DAacKavke OPOACABHHX HKoJgeGauult B

nna3zMe  paspAja.  MHKDUMeHT — DasBUTHA  HeycToftamuBoctH (731

Boels Ryon 17 =3 9 -8
(= ¢ THe Mg Pon - Ina n=I0"" oM 75 Ry5=107; Boa7 10

XapaKTepHoe BpeMmsa PasBUTHA HeYyCTONYUBOCTH COCTaBJgeT
Tueyer=10 > © [931. |

BumeyKaZaHHHE HeyCTORYMBOCTH onpexeﬁamT BEeDXHKK® I'DaEMUY
AINTeTLHOCTH VMITYJALCA.

OXHVM ¥3 OCHOBHHX (AKTODOB, ONPeIEJAEUX TEeDPeXOk OT OOBeM-
HOE (HEKOHTPArWpOBaHHOWM) CTaI¥M T[ODEHMA K KaHAJLHON, ABAdeTCH
BOBHMKHOBEHMe IYyTOBOT'O KaTOAHOTO IATHA. KaTozshe mATHA2 O0pasywT-
CA KOTH2a &BTOSMMCCHA C OTAEJBHHX YYaCKOB KATOA8 IEeDeXOIWT BO

B3PHBHYW. HeoOXoguMue IJA 3TOTO OPOLECCA [IOJA MOTYT ZOCTUTAaThLCH
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332 CYeT BHCOKOR KOHUSHTpAUMM MHOHOB B KAaTOFHOM CJOe IDH COJBWKX
IAOTHOCTAX TOKa B ase OOBEMHOIC I'OPEeHMA, 3 TAKKEe 3a CUeT 3apAi-
K¥ HOHHHM I[IOTOKOM OKCHIHHX I[LIeHOK ¥ 3arpqasHeHMil Ha MNOBeDXHOCTH
xarona [741. YueT TOKa AaBTOBMHUCCHH B KaTOIHOM CJO8 NIPUBROHMT K

JOKaJbHOR IMOTHOCTH TOKA HAa MMKDPOHEOZHOPOXHOCTH B Buie [74]

_ ST R 6 1
Jq=abBE, elp{ /EE; } rae a=1.55 10 © &

b=6.85 107@2/3, ¢ - padora BHXOZa B 3B, E - CpejHAn HaNDAKSH-
HOCTb BJAEKTPMYECKOIr'O IIOJiA y IOBEDXHOCTH KaToza B/cM, p - cpelHee
sHavesue KosQduiMeHTa YCUASHMA IIoA#; corsacHo [74]1 f~4+8.

Inga cJayvas MarHeTpOHHOTO Daspala B Ar, Japaexd peID“2+I
TOP, TOJIMHH KaTOBHOTO cjoa [ ~B 16° cM, @b 3B, B26, UszOD B,
CpeZHAA HAIPAKSHHOCTL BJASKTPUYECKOTO MOJAA y IOBEDXHOCTH KaTCLa
COCTaBJALT Esz.S IOB.B/CM,QTO COOTBETCEYET XaPAKTEDHHM BeJWYH-
HaM TIoJedl IpM KOTODHX WIeT aprosmuccua [751, JAokanbHEd TWIOTHOCTH
TOK3 C MMKDOHEOJAHODOIHOCTER COCTaBAALT [, ~10° A/CMB, B TO BpeMd
KaK KDUTMYECKS8d IIOTHOCTL TOKA [EPEeXOia aBTORJEKTDOHHOM SMICCUM
BC B3PHBHYH® C OCpDA30BaHMeM IYTOBOT'O [ATHA COTJACHO [76] cocTas-
agetT jOzID8 A/CMZ. TeopeTUYECKOE DaCcCMOTDEHME CTal#OHAPHOTO
KaTOHHOTO CJ0A C YYeTOM aBTOSMMCCHM, 4 TAaKKe SHCIeDVMeHTAaJbHOe
UCCJeIOBaHMe KOHTDaKLM OOBeMHHX DpaspaloB mpoBeleno B [74]1. HaG-
JOEaeTca caadoe YBeJMUYSHME KDPUTHYECKOT'O TOKa MPH KOTODOM Daspan
IePEXCONT B IYyrCBOR DexyM IpM ymeHbmeHuu Jarjemua. Ana 10 Top
KPUTHYECKI! TOK COCTaBJAeT jxp:I8O A/CME. CpaeHenyte ycaoBult [711]
C BHEEOIMCAHHHM MarHeTPOHHHM Da3pANOM IOBBOJAET IIPEJIIOJIOKMTH,
4TO KPUTHYECKAad IMOTHOCTH TOKa Tepexofa B IYTCBOK DEeXMM TaK Xe
cocTapadgeT ~100 A/cmz.

lccrepoBarma IepeXxofa KaTOAHOTO CJ0A TJeKHerc pazpana B
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AyroBoe MATHO M BJHMAHWE HA 9TOT MPOLECC COCTOAHUA [OBEDXHOCTH
QREKTPOROE, MNOBEASHMA ILIAGMEHHOIO CTOAC2 ¥ NPRAHOIHHX ofJacTel,
¥ Zpyrux ¢axkTopoB [78+8I1 HOBBOSMIM YCTEHOBHTL ¥ TEODETHYECKU
0GOCHOBATE cymec§BOBaHne YOTOMYMEBHX OOpazoBauult € TLIOTHOCTLBD
TOKa no 300 A/CMZ, He ABAANMXCA AYPOBHMM IATHAMM, YTO HOATBEDK—
AaeT BOBMOKHOCThL TOAYYEHMA CUJNBHOTOYHHX HEKOHTDATrMpOBaHHHX opM

paspdaa.

BuBomH .

Ha OCHOBe I@pOBeJeHHOIC aHam3a OyO/MKeImi 0O ceoiCTBaM
ragoBOTC DpaldpdAna B [ONepevYHOM MSUHHUTHOM [OJ8 MOXHO CHSJAATh
Che RyOIHe BHBOIH:

IMpoKce HCHOJNL3OBAHMME B TeXHUKE MarHeTDPOHHHX CMCTEM DAacIH-
JEHNA MaTepHAaJoB CTHMyﬂHpOBéﬂO B [EPBY® OYepen: HCCJAeIOBaHUA
CTEUMOHAPHHX Da3DAROB B CKDEHEHHHX 3JeKTDHYSCKOM M MArHUTHOM
NOAAX, QTJMYAKHMXCA CPABHATENBHO MaJjo# yAeJALHOR MOMHOCTHEK. CBOR-
cTBa 3TO¥ (ODMH MarHe TDOHHOT'O Das3pAla HBYYeHH JOCTATOYHO MOJHO.
B roxe Bpema CBONCTBA Daspaza B oCJaCTH HepPeXOf3 OT MArHe TPOH-
HOT'C pas3paja C pacTyme# BOJBT-aMIOSPHOR XapaKTePHUCTHKOX K RYTOBRO-
My Daspany OpPBKTHYECKM He Hu3y4YeHH. OTCYTCBY®T OOCOCHOBAHHHE
SKCIEPUMEHTaNbHHE ¥ TEOPSTHYeCKHe NaHHHe, NOBBOJAKEME ONpeleJMThb
IpeieJibHHe DEXMMH MarHeTPOHHOI'O Daspaia B KOTODPOM QYHKUMOHWDYHT
COJBUMHCTRBO TeXHOJOIMYECKMX YyCTpO#CTB

MccnepoBaHMA MONHHX MMIYJbCHHX paspANOB OUPaHMMEeHH KODOT-
KMM  ZJMTEABHOCTAMM ¥MIIYJABCA, CBABSHHHMM C paBBHTHEM HeyCToM-
WMBOCTER ¥ [IeDeXOJOM Da3pana B AYTOBOR DEXUM.

fccremoBanuA MOHM3AUWMOHHOR peJaKcalM B Cpelie MHEDTHHX

r'a3oB ¥ COIOCTaBJACHME BLEMEHM De8KI¥ ral3s8 WM ILIa3MH H8 MMIYJRC
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BHCOKOT'O HAUDAKEHMA C XAapaKTeDHHMY BDEMEH2MII DasBUTHA HeflcToR-
GYBOCTE! YKARHBAKT HE BOBMOKHOCTL CYWECTBOBSHMA yCTORUMBHX QOpM
KBABWCTALMOHADHOT'C paspAX8 B MArHMTHOM IOJe He [IeDeXOZAmiX B
KOHTparvpoBaHHyn $as3y IpHM 3HAYMTEJBbHHX BEJMYMHAX TOKa, OCHYHO
COOTBETCTRYWNMX JAYTOBOM OOCAACTH BOJLT-2MIIEDHON XapaKTeDHMCTHHHA
TAKUX PaspaioB.

BHBOIH ¥3 0030pa JUTepaTyPHHX HA8HHHX MNO3BOJAKNT cOopMyJ -
BaTh OCHOBHHE 3a8laYd, DeHEHVK KOTOPHX NOCBAWEHAa HacTodmas pado-
T8:

1. TpoEecT¥ MCCASHOBAHMA CHIBHOTOYHHX QOPM KBaBHCTaLMOHAD-
HOTO Dpa3pAla HMBKOTC NARJCHMA B MarHMTHHX IIOJAX Da3JmMiHOR KOHGWM-
rypammi. OnpezesmTs OCRACTM CYHeCTBOBAHMA ¥ XaDAKTEDUCTHKM YHKa-
3aHHHX opM pa3pana.

2 .JlpouseecTH OUpefefieHNe JOKAJBHHX XaDAKTEDHCTHK ILIAGMH
paspafia MeTOZaMM MMIYABCHON SOHROBOR IWMATHOCTUKKM ¥ J83epPHOR
unuTe pepoMe TPHH .

3. Hcxoma ¥3 aHAMBa SKCICDUMEHTAJbLHHX HaHHHX IIOKa3aThb
BOBMOXHOCTD MCHOJALBOBAHNUA IA83MH CUJALHOTOYHCTC PaspaAka AJid repe-
pauMy IJIOTHHX ILNA3MEHHHX O0DPa30BaHME M MHTEHCHBHHX HOTOKOB 32pA-

XeHHHY 48CTHL.
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T/iABA 2. METOIUKA ¥ TEXHMKA SKCIIEPVMEHTA.
2.1 Oxcriep¥MeHTAaJbHEA YCTAHOBKE.

OKCHIEDVMEHTAaJbHasA YCTAHOBKA JAA HCCAEJOBOHMA CHALHOTOUHHX
$OpPM TrasoBOrC paspAia B MeTHMTHOM I@OJe COCTOMT M3 CJCAVIINX
OCHOBHHX ¥3JIOB M CHCTeM (pHMC.2.1):

I. Paspazude ycTpo#icTRa

2. CucTeM8 HpeZBApMTERbHON HOHMBAIMM

3. CmcTema WMIyJIbCHOTO IMTEHWA DaB3DRAa

4. MarmmTHas cucTeMma

5.\B8KyYMHBH CHCTEMA

6. CucTemMa u3MeDEeHMa BOJBLT-SMIIODHHX XADaKTEeDHCTHK
paspags

7. CHCTema cﬁnxponnzaunn ¥ 3amycka.

8. HMardOoCTHYECKNE CHCOTEeMH

Paspagsme yCTpPOMCTES.

SKCHEDVMEHTANLHHE WCCHCHOBAHWA cu0pH0MmoyHAX POpA paspsaza
HMBKOTO ZLE8BJSHMSA B MArHATHOM IOJe NPOBCIAMMCH C WCHONBL3OBSHAEM
PaspAFHHX yCTPO#CTEB ABYX THIOB - IMISHABPHOIO MArHEeTDOHa ¥ CHCTEMH C
[OJHMKY ITPOMUMPOBaHHEMHE 3JEeKTPOLaMH.

Ilnagapsxlf MArHeTPOH IPeACTABAAET COOOM OTHDHTYD pasSpAZHyD
AIefKy, COCTOAMYy® U3 ILIOCKOTO (KaTOXK) M KOJBLEBOTO (8HOX) 3JeKTpO-
HCB, TNOMEMEHHYR B MaUHMTHOE IoJie [OCTOAHHHX KOJBIEBHX MérHMTOB,
CHECHOHHHX Da3JMYHHMM MATHUTONDOBOJAMM, [OSBOASLEME MEHATL pasMep
OCJIaCTH MaKC¥Myma B . BOSMOXHOCTL PETYJMDOBEHNA MHAYKLWMM MaTHWTHO-
o 1oJiA ¥ TOBEPXHOCTH KaTORa OOeCIEYMBAJAch YCTPONACTBOM Nepememe-

HUA MOCTOAHHOIO MArHNTa OTHOCHTEJBLHO MABrHeTPOHHOX T'ONOBKM, 8 TaKke
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Puc.2.1 BIOK CXeMa JKCISDUMEHTAJNBHOR YCTaHOBKM

I

AN

[P & L I =N ¥

i

pas3pAfHOe YCTDPORCTRO

CHCTEMa TpeXBapHTeNbHOR MOHMBALMM
CHCTEMA MMIIYALCHOI'C IMTAHWA Dazpala
MATHUTHAA CHCTeMa

BaKyyMHAS CUCTEMa

CHCTEME HEMEDeHMA BOJLT-8MIIEDHHX
XapaKTEePUCTHK Dpaspaina

cucTeMa CHHXDCOHWRALMH ¥ 3a&M0ycKa

JVATHOCTYSCKNE CHCTEeMH
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Puc.2.2 Paspamme ycTpORCTEA.
a. IJIaHapHHif Mar”He TpoH
$. yCTPORCTBO C MPOQM/MPOBAHHHMM BJEKTHOLAMA
I - waton, 2 - auonm, 23 - MarsEiTHaaA CUCTEME.
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HCIIONB30ORAHMEM IBYX TVIIOB HNOCTOAHHHX MarHWTOB SmCo5 U NdFeB: Pas-
pAL B TAKOM yCTPORCTBEe MMEeT QODMY KOJBLA ¥ CWUIBHO [IDHX3T K- XKaTo-
Iy . MakcyManbHOe 3HAYeHWe WHIYKUUWE MArEMTHOTO [OOJA BOMMGY TOREDX-
HOCTH KaToja COCTaBJAJO LA Sm005 marsura 800 T'c, zas NdFeB - 1200
Tc. MaTepuanoM KaTOH2 CJAYXAMA WicTHe meTam Cu, Mo, Tl, a Takxe
HEDKABEKWAA CTANR [IOMemaeMde Ha OXJaKHaeMy® MNOBEDXHOCTh. Marepua-
JOM ZHOZZ - HeDXKaBewHas CTalib ¥ aJioMiIHui.

YorpolcTBO © TpOdWVMpOBSHHHMM 3JEKTpOIaMM NpeACTaBhAfeT CoCof
IBa TOJHX B3JEKTPOZa, MHOMENeHHHX B MarHuMTHOE II0Je MHOT'OCJOMHHX
COJIEHOMIOB, BKJOUEHHHX HaBCTpeuy (KORMIrypaums MarHMTHOIC I[0JA
THII2 "aHTanCGHOTpOH"). OreOmeHHe BeJ/WYMHH MAKCHMAJABHOTO SHIYSHHA
VHIVELMM MarsMTHOrO I[I0J8 Bmax(z’o) H32 OCH CUMMEeTDVWM CHCTEMH K.
MaKCHMAABHOMY GHAUYSHMI HHIVKIUMM MarHMTHOMDO IICAd B ILIOCKOCTR CE—:

MeTpmM B, (0,r) cOCTaBAANO Bmax(z’o)/B (0,p)~ 3. Bemroma
max -’

VHAYKIMM M3rHATHOrO [OJid DeryJMpoBajach TOKOM KaTymeK B npeieﬁax 0
- 1000 Tc. Mpofmns 5JEKTPOIZOB cOBHaZan C npoduniem CHACBOR JHMHVHA
MEBUHUTHOTO HOMA, YTO OCECHeYMBANO MEPHeHIMKYJIADHOCTD ExB none#t
BOOJL TIOBEPXHOCTH KaTOX2, 4YT0 B CBON OuYepelb [OBBOJANO I[OJYWTH
- MOHMB3IM0 Padoveroc rasa B COMBEOM O0peMe. Takasa KOHMUYypalHa noJel
[O3BOJHJZ COBMECTHTE CHIBLHOTOYHHEN MaUHeTDOHHHN Da3pAR C paspaioM C
TOJHM KAToZOM. Ha pHe. 2.2 [OKa32HH KOHCTDYKLMM 3JSMEHTOB U Y3J0B
PA3DANHHX YCTPOMCTE ¥ MarHMTHHX CHCTEM.

Pazpazuue ycTpoiicTBa NOMEMAMACE B IBYXOOBEMHY Ba8KYYMEYD Ka-
MEDY. BaxyymsEad cXeMa YCTAHOBKM NpeACTaRJeHA HA DHC 2.3. BaKyymHas
CHCTeMa BKJWYaeT B celf 1. Hamepy C paspAluME ycTpollcTBamH, 2.
Iudep Ana ofecrnedemma mubdepeHiMaApHOR OTKAYUKM KaMeDH AHTHEIPOCKO
TpoHa, 3. BHCOKOBaGKYYMHHR HBCOC TMH—SDD, 4. AROTHY®D JOBYEKY, O.
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Puc. 2.3 BakyymHas CHCTeMa
1,2 - BakyymHHe KaMeDH ¢ DasDANHHME yCTpOACTBAMM,
3 - perymmpyemasa ImdpepeHiManbHasd OTKavKa,
4 - TMH-B00, 5 - BeHTWNB, 6 - 230THAA JIOBYHKA,
7 - BH-I, 8 - HaTexaTte M, S - OUREMH C Tasami
10 - MT-2, II - IMU-2, I2 - G6MAEX4C
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QopBaKYYMEHN Hacoc BH-I. Cosgamuwe HeoOXomvMolt Ta3oBoft CcpemH B
Kamepe OCECHEeYMBAACCEH USTHPEMA MIOALYATHMM HATeKaTelAMM, COeHeH-
HHME C COOTBETCTRYKEMMHM Taz0BHMKM o0peMaMi. HKOHTDOJR BaKyyMa H
COCTaRACHME TA30BHX CMeCell IpPOUBBOIANCA B DaB/WMuHHX [Harnaz3oHax
naBAeH¥M € MCIHOJAL3OBaHMEM IpeodpasoBaTeseft [IMi-2, IIMT-2 u 6MIX4C.
MOnMenEHOe IARJEeHWE OCTATOUYHOrC Tasa, O00eClevydBaSsMOrC BaKyyMHOR
cucTeMolt cocTaBaAeT & ID“S TOp. MCCJAeROBaHUA DaBpAZa TPOUBBOIMIMCH
B H¥Ana3oHe IaBJjervlt 1079-10 TODP B Cpefie Da3JMuHHX T'830B AT, N,
Hz, He, SF6 ¥ ¥X cmecelf.

CucTeMa IMTaEud KaTymeK MarHMTHOTrC NoJA HiAd DaSpARHCIrOo
ycrpotcTBa 1 NO3BOAAST TOAYYMTE DPeTy/MpyeMHe TOKM B KaTymKax B
mpemesiax 0-I0 A ¢ ypOBHEM IyJbhcauuit MeHee I%2 ¥ 0o2BROAAET HBMEHATH
TOK B KATyEKaX KaK OJHOBPEMEHHC, T&8K M B Kagiofl OTIeNLHO (PHC.
2.4).

CucTeMa MpeXBapUTeNbHON WOHMBaLMM IIpefHa3ZHAavYeHa Iad COBJaHUA
HeoSXOIMMOR HauadpHOR KOHISHTDAUMM ILIaSMH (no’” 107{09 CM_S) B
paspamEHX ycrpofcTBax. OHa COCTOWT M3 CTaLMOHADHOI'O HCTOVHMKA
MTaHWA, [OO3BOJSKEErC CCOBIATE: IIPeIBaDUTEJIBHHE Daspal C TOKOM HO
300 ™A, IpeicTaBaswmero cofoft TpexdasHui BHIpAMMTENR C RO
fuALTpOM, KOTOpHRt oCecmevMBaeT HANDAKEHME HA SJEKTPOXaX A0 3 KB ¢
YDOBHEM IyJbcalyft HampAKeHWA U TOKa <1%. YupamjeHue OCymeCTBAAESTCH
¢ ToMombio Tpex(amHOTO peryJaropa Hanpakemma (puc 2.5). HoHTDOMD
TOK8 ¥ HANpAKeHMA CTaUMOHADHOTO DPAaBpPAZa OCYHECTBAAETCA € MOMOMDBH
uuypOBHX NPUCOPOB C IpUMeHeHWeM Jesmresied ¥ WyHTOB. U3mepeHud
XSpPaKTepHCTMK  CTaUMOHADHOT'O  paBpAZa HPOBOKALMICE C  NOMOMBD
IBYXKOOpHMHATHHX TpadonocTpoureseR H-307.

KBaBUCTaLMOHAPHAds CHCTeMa IMTaHMA paBpAa BKIAKYAeT B 0eld

ACKYCTBEHHYK  IJMHHYD  JOHMD, gocroAamyn u3 IS IC  cexumit,
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Puc. 2.4 CucTeMa IHITaBUA KaTymeK MarEWTHOTO IIOJAA

(paspaAgHoe yeTpo#ieTBC ¢ MpOQMJMIDOBAHHEMM 3JSKTPOLAMH )
PHOI, PHDZ, PHiO3 - DeryJAaTOPH HalUpAReHUA,
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Puc. 2.5 CucreMa IIpeABapUTENbHOR MOHUBAIVHK.
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Puc. 2.6 3JeKTpHYECKad CXeM23 YCTAHOBKH
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KOMMYyTHDYEMYI THpUCTOpOM T650-24, corsscymmyn RL USTIOUKY ¥ BHCOKO-
BONBLTHHE BHIIDAMHTENE C [ajakmel XapakTepHceTwkoX TBMI-IS-220-50.
JanyCK JOHMY IPOMBBOMMICH © 32J8HHOR 32JeDXHOR OTHOCUTEJBHO 3alyc-
K& KOHTPOMBHO-M3MEDHTEJBHOI'C KOMILIEKC& OT reHepaTopa I'BU-6. IlpuH-
IMIMaALHan CXeMa YyCTaHOBKM IIDeACTAaBJEH& Ha puc. 2.6.

BuCGOD YaCTOTHHX [apaMeTpoB WMMIYALCHOTO MCTOVHMKE IMTAHHS
[IPOUBBOIUTCH B COOTBE TCTRHM c BPEMEHEM YCTaHOBJSHUA
KBa3WCTaUNOHAPHOY ILIOTHOCTH ILI83MH, & T8KKe ¢ BpEeMeHeM Da3BUTHA
HOMMBBIMOHOR ¥ MOHM3aLUMOHHO-epeTDeRHOR HeycToNumMBOCTH. WCXOZR 3
BEBHCYIMOCTEN MOHMBSLMOHON DPeJsiakcalmy OT HpeiBapuTedbHOR MOHMBALmH,
J2BJeHHA ¥ AaMIUMTYZH WMIIyJbCa HampaAxeHma puc. 2.7 2,06, a
TaKKe ywITHBadA , 4T0 Aad naBaenuit A0 0.5 TOD BpeMeHa pa3BHTHA
UOHMBELMOHHO~TIePeTpeBHOR HeYyCTOMNMBOCTH COCTAaBAALT ™ IO‘B—B.ID“BC,
g HOHWBaIKoOHOR ID“SC [S3]1, BuOWpaeTCA HCTOYHMK, NHO3BOJSOMIAR
QOPMIPOBATL NPAMOYTOJILHHE WMIYJLCH TOKZ ¥ HAUDAKSHWA ¢ BpEMEHEM
HapacTam¥a (IepeH¥M JpPOHTOM UMIYJRCa) 5-60 MKC M AJHTEJLHOCTHD
ILICCKOR BepudEH X0 I.5 MC. AMIUMTYZ2 TOKA MOXET MEHATLCA IO 3KA
DK HANODAKeHM 32DAIKH JIHMM IC <.4 KB. XapaxTepHas dopma MMIOyJbCa
TOKa AJ7 DPasJiIHHX HarpyBSO0K TpHMBefeHa Ha puc 2.8. I8 yMeHbmeHMA
BJMAHNA UCTOYHMKA IMTaHNA M USMEDHTEJBHHX UeNneRl CTAUVOHADHOTO
paspAxa Ha QOpMy M II8paMeTDH [PAMOYTOJBHOTO WMIVALCE, OH OTIeJeH
OT Dpa3pAJHOTC YCTPORCTBA OTDAHWYVBEOEMMM COIDOTHBISHUAMM Rorp’
ofecrievnBamiMe TOK yTe4Kd MeHee 1.5 A (Ipu Toke paspajga ~ 1.5 KA).

BpeMeHHHEe BABUCHMOCTM X8DSKTODHUCTHKM HMMIOYJABCHOIO D2BpAZa
PETHCTDHPOBAJMCE C I[OMOEBI SBalCMHHaKMMX ocuMaaorpados C8-13,
C8-I4, ¢ HCOOJNBBOBAHMEM  KOAKCHAJBHHX WYHTOB, KOAKCHAJLHHI
0e3H2BOZOYHHX JeJMTeell HanpAXeHMA ¥ NOACOB POTOBCKOrO. BolieACTBHE

CONBHON NUTENLHOCTH MMIIYALCE TOK& [OAC2a POTOBCKOTO BHIIOJHEHH HS
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Puc.2.72a BaBUCHMOCT: MOHMB3aUMOHHOR DeJaxcauuy
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Puc.2.78 BaBuCHMOCTE: MOHIBAUMOHHON DpeJaKcailyu
OT AMIMTYJH MMIIYJALCHOIO HAIDARCHUA

LiA pasJuMvyHOR NpeABADUTSALHON HOHWBALMH
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PHc.2.8 OCUMANOIrpamMMHE YMIIYJALCOB TOKA
I——RH=p; B—RH=2 Om; B—RH=5 OM
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Puc.2.9 TI'eHepaTOp pazBepPTKY BOHLA
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$epPPUTOBHX CepIeYHMKax ¥ padoTawT B IHanas3oHe YacToT 10°-108 T,
[TOCTpOSHME BOJBT-BMIIEPHHX XEDaKTeDMCTUK DA3PAZa [TpPOU3BOIMIOCE C
TIOMOWbI0 CTAHAADPTHOI'C axeTa o0paloTky JaHHHX GRAPHER (IBM PC AT).

2.2 30HIOBaA MeTOXMKS OIpeiesieHMA IIADAMEeTDOB ILA3BMH M MOHHHX
[IOTOKOB. |

OrpezeseHde JIOKAJNBHHX X2DAKTeDUCTHK DaspAfa, TAKMX KaK 3JeKT-
pounas TemmepaTtypa (T,) ¥ ILIOTHOCTEL WOHOB (ny) B 1asMe paspaza
TPOBOJAJMCE C IIOMOmBY CTBLUMOHAPHON ¥ UMIyAbLCHOR 30HAOBOM EMAruHoc-
THKH. FPa3pAf pacCMaTp¥BasMoro THIIA I'ODUT B SHAYATENBHHX BJASKTDA-
YeCKOM ¥ MEUHMTHOM IIONAX, ONHE8KO IeoMeTDHA MarEMTHOTO MOJA B OO0OMX
Pa3pANHHX YCTPORCTBAX TAKOBA, YTO IOBBOJAET MCIOCAL3OBATE LIAMMHIDH-
Yokl OIVHOYHHE BOHA 0e3 y4eTa BJMAHMA MEBrHMUTHOTO HoJda. KOHCTDPYK-
TUBHO BOHJ BHIOJHEE B BHEE BOJLQPAMOBOTC CTeDXHA IMameTpom (0.6 MM, - ;
C IMOWARLK OTKPHTOR 4acTy S=I6 MMZ, ZAEMNeHHOTO KepPaMiuecKuM Hu30-
JATOPOM. B paspAzHOM yCTDOMCTBE TVIIA2 SHTMIIPOCKOTPOH OH IIOMEemalcd B
LUeHTD paspaisofl o0AacTy BROJE OCH CHMMETDHM 3JEKTDOLOB Yepel BaKy-
yMEHt BBOE aHOZE.

CTaipOHapHHEe B30HJOBHE USMEDeHMA NDMMeHAJMCH LJ8 OUpelgJieHMs
[HAapaMeTpOB HpeXBaPUTEJbHOTO Daspsdlia C HalpAReHWeM ropeHua Xo 3b0 B
¥ TOKOM ZO 300 mA. CXema u3MEpeHMd He OTJMYaeTCa OT TPaIMLMOHHON
COCTOWT ¥3 DETyJMDYyeMOTo MCTOYHMKA NOCTOAHHOTO Hampakerusa B5-50,
OIVHOUHOIO B3CHNS ¥ pPerucTpaTopa B BHIE JIBYXKOODIMHATHOrC rpado-
nocrpouTessa H-307. HanpaAxenue USMepAeTCA HENOCPELCTBEHHO Ha 3OHIe,
TOK - C IOMOHEBY MYHTA Rm=IDO OM.

IIpy JocTaTodHO# IPOCTOTE ¥ HANEXHOCTH, CTaUMOHADHAdA B0OHIOBaA
I¥arHOCTHKA WMEeT pRE HeXOCTATKOB. K HMM B Y2CTHOCTM OTHOCATCA:
CHCKHOCTL YCTABHOBKM HYyJA HBOpAXEHNWA B2 CYeT BAMAHMA MeDPBOHEYANbL-

HOI'O MOTEeHIMAaNa HW30JMDOBAHHOTC 30HIR, IEDEeTDER 3CHAA IpH Sonpmx
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[INIOTHOCTAX TLI&3MH, HEBO3MOKHOCTL WUCHOJbL3OBaHKA IJA IMarHOCTHUKHA
VMIYABCHOTO DPaspdAla. B CBASKM C 3TUM OHJa Da3padoTaHa W [PUMEHeHa
MMITyIbCHAA BOHAOBag CXema. OHa COCTOMT u3: I.0AMHOYHOTO B3BOHASE,
Z.TeHepaTOpa DPa3BepTKH, 3.M3MEeDUTEeJBHOTO KOMILIBKCA. KOHCTDYKUMA
SOHkE8 He OTJIYaeTCda OT BHISOIMCAHHOR AJA CTAUHCHADHHX K3MeDeRu#.
HOHCTDyKIMA TeHeDaTOpa Da3BepTHM IpeACTaBiAeHa Ha prc.2.9. (OcobeH-
HOCTH CHJBHOTOUHOT'O paspAla NpefBABJAKT K I['©HEPaTODY Da3BePTHH
BeChMa XeCTKMe TpeloBammMA: I. [IpelesIbHO MajOce BHXOIHOE COHNPOTHBJE-
HEe, <. BOSMOXHOCTDL NPOMYCKATh IBYXIIOJAADHHE TOK Xo 50 A, 3. Lm-
TeJbHOCTE WMIyJbCa HENPAREHUA B pPeKMME CHABHOTOYHOIO paspdAla He
Zoyxea npeBHmaTh 100 MKC, 4. OH ZOJREH JOMNYCKaTh OPraHMB3aLMDd TOYKH
SeMIeHMA HA aHOZe paspala. I3TH YCJOBMA He MO3BOJANT IpHMe- HATH
TPAIVMLIMOBHNE CXeMH MMIYJLCHOT'CO [IMT2HMA 30HNOB HA OCHOBE SMHTTEDHHX
¥ MCTOKOBHX MOBTOPHTEJeR. He IIpelCcTaBAAETCA BOIMOKHHM WCIOJL30BATH
B Ka4YeCTBe T'eHePaTOpPOB DaBBEpPTKM CXEMH HA OCHOBE 3aDAXADNmEToCH WM
paspaxapmerocs KOHASHCATODa, TaK Kak AJAA pPerucTpauyy 32 OJHO H3Me-
PeHME 3JeKTPOHHOR ¥ MOHHOR TacCTH XapaKTePUCTUKM CXeMa JOJIKHA WMEeTDh
BOBMOXHOCTL [0JABaTL HA& 30HI HaNpAXEHME K2K BuHIe , TaK ¥ HUXe
IOoTeHIMaNa M3CJMPOBAHHOIO 30HAR (@,), NPHYEM BO K3CeXaHye Heperpe-
Ba, Z0 Havuajna ueMeDeHMA, 30HH JOOJXEH HaXOIUTLCA TOL MOTEHLMAJOM
M3OJMPOBAEHHOI'O 3CHKA. WCXOZA U3 PHIEHU3JOMEHHHX TpeCOBaHMil reHepa-
TOP PaSBepTHKH NPeACTABJAET COCOf [Ba CBAZAHHHX KOHTYpa (I - C
Ry,

TEPHEME KimYeMA VYS! ¥ VS2. 3anyck ¥ nDOAZeDEaHMe CHMMCTEDOB B

H?
vst, G, =» I - C,, Vs2, R,) yhpaBjdemie pesieMHHMM WM CHMHAC-

NPOBCIANEM COCTOAHMH OCYWECTBJAASTCA TUDHCTODHHM KIINYEM, QDPMHPYKJ—
myM CTYyIEeHR HaNDAREHHA LATEJbHOCTHE, [peBHlanmed ,EJIKT&JIBHO@TB
MIyJIbCa CHJBHOTOYHOTO Da3pAna. BJIANYEeHHe 3allyCKampero THPHECTODA #
ASMEDHTEJbHHX LeneR NPOU3BOIMTRECA C 33JaHHHMHK 3aJePXKaMi, OTHOCH-
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TEJNBHO OCHOBHOI'O MMIYJALCHOTO paspaia oOT reHspatopa [SU-6.
TeHepaToOp DPa3BePTKH padcTaeT CJJeXyRIMM OCDal3oM: B HCXONHOM COCTO-
AHV HAKOTMTENEH&R eMKOCTE G 3apAXaeTcd IO OTPHULATEeJPHOTO HNOTeH-
umana ., 2 ofmas eMKOCTE OCOMX KOHTYPOB (., ZAC MOJOKATSJLHOTC
noTeHiMana ¢, OTHOCHTEJ]BHO aHORA. Tax xax o0a Kumoya VST m V82
HaXOJATBECA B HETPOBOAAWEM COCTOAHMM, TO €MKOCTh 30HL-2HOL 3apaxa-
eTcA IO IOTeHIMAasa ¢, 33BUCANErC OT MNOTeHIMana WI3OJMPOBAHHOTO 30H-
Ia. B MOMEHT 3aMHKZHUA KJw4el (OTHKDPHTHA THDPHCTODOB) HaIlpAKeHWe Ha
30HIE @; omperenAeTCH, C y4eTOM BHEKOB DJTMMM TpeMA DOTEHLMANEMM.
Janee, eMKOCTh CK, 3848KENaA HAOpAKeHNe Ha B30HIEe, HAWMHABT 3apd-
KaTbCA OTDULIATEJBHO, KaK 3a CYeT TOKa DaSpAla HaKOIMMTENbLHOR emMKOC-
T 1., TaK ¥ 3a CYeT TOKa HA 30HA. [lapaMeTpH BJEeMEHTOB CXEMH TeHe-
paTopa HOZCHPAMCh B 32BHCHMOCTH OT OXMIAGMHX BJIEKTDOHHHX ¥ MOHHHX
TIOTOKOB HZ BOHI, OIpeIsJASMHX Te, Ti, My. Ina mUaTHOCTUKY [pelnBa-
DUTEJBHOTO pa3pAZa C OKUIeMON MNOTHOCTBH IJIAGBMH T4~ 08:10'9 cn2
1 T, =~ 20 9B - Cy=2 MKOD, C,=0.25mx@, R =500 Om, R,=100 OM. Taras
CXeMa TO3BOJAET NPONYCKaTh [ABYXUOJADHHE TOK 30HA2 no IA, 4To,
IPEBHNAeT BJeKTPOHHHY ¥ MOHHHE TOK HACHNEHWA IJf INAHHHX TeMIepaTyp
¥ naorHOCTER.
Ana ¥MIOYJBCHOTC CHJADHOTOYHOTO Pai3paza nimIOI4 CM_3 " Tezs-z

38, - CH=6 Mg, CE=I.75 MK, R3=IO oM, Rmzo. oTernuyam B 0OO0OUX
cly4asax BHCOWPaWwTCH O™ — 50 - 70 B, P 40 - 60 B. ym- TeJABHOCTH
DasBepPTKM B STUX YCJOBHMAX cocTaBiadAeT 20 MKC. MaxcumanbHu¥ TOK
TeHepaTopa ONpefefalcd B DeXiMe KOPOTKOTO 2aMHKAHKMA W COCTaBJAN IO
40 A. ComporuereHMe R, KOHTypa I mnomCvpaeTcd SKCHEDMMEHTAABHO
HCXOId ¥3 TpesyeMOll BEJMYMHH ITOJOKUTEJBHOTO BHODOC2 HAIPAKSHMA HA
BOHIE B PeXMMe XOJOCTOTO XOJa. OCHMANOrpaMmva UMIIyJbCa HanpAXeHud,

QOpPMMPYEMOTO TI'eHepaTOpOM Da3BeDTHM [peicTaBieHa puc.2.10. Jnd
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Puc.2.10 OciyuuiorpamMma HaIpaxeHud pas3BepTxu 20 B/zen, 5 MKC/Ieq
I - Pexv DaCOTH CXeMH ZAA caydad, KOTAS IOTeHIMaA
[Ia3MH HUXE SHOIHOTO;
2 - PexuM paCoTH CXeMH ILJ# cJay4ad, KOrLa IOTEeHLnaj
[ILN33MH BHEE AHOJHOTO;

(a-6}, (B-T) - padouye YYaCTKH HA KOTODHX IIDOMBBO-

AATCA ¥3MeDeHMd.

{ }- u
I
ﬁ | ;
aHOX

Puc.2.11 Cxema MOAKJIOYEHUA BOHAE-KOJAESKTODE.
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ofeCHeYeHNA PerucTpauMy IBYXIOJADHCOTO TOK& H& 30HZ B KaYeCTBE K-
gyef VST um VSZ HCIOJL30BAJMChH TI'eDKOHOBHE DeJe WM  CUMME TDHYHHE
TUPHCTODH, IIpWYEM B 3TOM CJAy4Yae VSZ WYHTHPOBEH BHCOKOYACTCTHHM
JHONOM .

zMepuTeJbHHE — KOMILIEKC  COCTOMT M3  IBYX  BaNOMUHaKUMX
ocumanorpagor C8-13, wmysTa, uvyBCTBHTEJBHOCTRR I00 B/A mm nodAca
POTOBCKOTO, 4YyBCTBHTeABHOCTHKH IO MB/A. lioac POT'OBCKOT'O BHIIOJHEH HZ
QeppUTOBOM CepIeYHMKe M VMEeT IOJOCYy mponyckamma oT 10 10 108 Tu.
CUHXDOHM3ALMA MMIIYNbCa HAUDAKEHWA Ha 30HL ¥ 3alyCH OCHHANOrpadoB
OCYmWeCTBAASTCH OT HAYAJAa MMIYJAbCHOTO Das3pdaia C 3akaHHON 3aieprKoR
oT reHeparopa ICU-6. Jag 3BamMTH OT HEBOHKH 3anycCK PeHepaTopa
PazsBepTHEY ¥ ocumanorpafoB OCYHECTBJAAGTCA Yepe3 pal3HesiiTefbHHE
TpadCcHOPMATODH .

Ing WEMEeDeHMA pachpelieHdd TAOTHOCTH HOHHOI'O TOTOK2 BACHD OCH
CYMMETDHM pa3DPANHHX YyCTPOHCTB HBIOTOBJNEH BOHLA-KOJMEKTOp puc.2.11
BHIIOJHEHHH{t B BHJE KOHUSHTDMYECKUX KOJBUEBHX 3HSKTDOAOB, KAWIHR U3
KOTOpHX padoTad B peXMMe HOHHOTO HacHmeHuA. C UeJbl yMeHbUleHNA
HCKaKeHNA DHEeDPreTHMeCKOI'o CIEKTDa MOHOB M MOH-SJEKTDOHHOH SMUCCHH,
MOCTCAHKHOE CMemeHWe, [NOZaBaeMce Ha TJIACTHHH 3CHI2 CHJC BHODAHO B
Hayane MOHHOTO HacCHmeHMA (BOJMSH NOTEHUMada MBOJMPOBAHHOIC 30HIA).
VomHuft TOK Ha 3OHZ U3MepAJCA MHYHTaM¥ B CJyYae CTauMOHADHOTO
paspaja ¥ CrhelMadbHO WBTOTOBJEGHHHMM I[OAcCaMM FOTOBCKOTO B CJiydae
UMIIy ALCHOT'C Daspaia.

PacyeT 30HAOBOR CXEMH

PacueT BOJLT-aMIEPHOR XADAKTEDHCTHKY TeHepaTopa DasBepTHH,
HOZAKMEer0 HANpAXeHMe Ha 30HK, IPOWSBOJUTCA DEUCHMM yDaBHeHMM HKupx-
roda zaA OBYX KOHTYDOB I'eHepaTopa, B OJMH M3 KOTODHX BXOZAT MCCJE-

nyemag msasma. JUIA STOr0 peaJbHAd BOHIOB2A XADPAKTEDHUCTHKR ILTasMH
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SaMEeHAGTCA Ha yHDOmEHHyL (pUC.2.IZ) CoCTOAmyw ¥3 IBYX JMHEeMHHX
y4aCTKOB, XAPaKTeDHUBYWIMX COCTOfHME 30HIA B peXUMe HOHHOTO HAaCcHme-
Hia (y4acTCK 1) ¥ B DeXMMe COBMECTHOTO HPOTEKAHMA B3JEKTDOHHOTO H

HOHHOTO TOKA {YYaCTOK 2):
+ -

A
Hac
it < {I+ — [P,
Hac te ’
7o — 2
Laleg) = - . (2.1)
T - Hac
- ==+l ® Z{I + ===
(pf 3T 3 i= J
T
rae {, - TOK Ha 30HL, @, - HOTEHUMAJA 320HA2 OTHOCHWTENBHO CIOPHOTO
3JeKTpOlE, i;a o ~— TOK WOHHOTO HaCHueHud, ¢p - HOTEHUHAN
U30JMIPOBAHHOTC  BOHIA, ii -  SJEeKTDOHHHI TOK Ha  BOHI,

COOTBETCTBYWIM HYJESBOMYy M[OTeHUMAJNY 30HAA OTHOCUTEHNLHO ILAS3MH. . .
N _ ,

Be mrvvHH iHac, (pf, i{I} MCTYT CHTE CIDEHSJEHH OJKCICPDUMEHTAJNERO (B

GTOM CJy4ae pacyeT ABJIASTCA NPOBEPOYHHM) WM OHThL [OPeICTABISHH

HCXONA U3 I[PeIIoNaraeMHX B3HAYEHMW 32JEKTDOHHOR TeMIePaTypH Te "

NAOTHOCTH Tli HeCcaezyeMoRt ILIazMy

s
3 kT
+ . ¥2 e
- iHaC x — eniS/ w (2.2)
2.7
kT P
0r % —2 nf0.77 /—-%- ] (2.3)
= /R
-, ¥z e
iT X :—; eniS i {(2.4)
(439

rze S - maomaizk 3CHAA, M,¥ - MAcCH 3JEKTPOHA ¥ WOHAE.
JKBUBaNEHTHAA CXeMa IeHepaTopa TP DEeTHCTpall S5JeKTDPOHHON
BETBM 30HHNOBOM X2paKTeDHCTUKM [pelcTaBieHa Ha puc.2.I3 Us

ypaBHeHMf! IaleHWA HANDAKSHNA BAOAb BaMKHYTHX KOHTypoB I ¥ II, a
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TEK Ke GajaHCa TOKOB B y3Je 1 TOJAyYMM CHCTeMy ypaRdenvdt InA

KOHTYDPHHX TOKOB i1(t),ie(t)

I af, (1) I
on L, (t) + R —gr— + i [i,(t}+zg(t}} -0

dio(t)
%5 (zf(t)+i2(t}) tr " =0

C HavaJpHEME ycaoBuamu U, (0) = @2 - 0; UCP(D) = @g -

WccrenyeMaa 1iasMa BXOJMT B KOHTYD 11 B ZAHHOM CAyYae KaK HCTOYHMK

{'T

@
9.1.C. cO ClEZyNIMMI NADAMETPaMi S=-(p; r=- I

llpeneOperad He3HAUYUTEJLHHM OKBUBAJCHTHHM COIDOTMBJCHWEM, EHOCHMEHM
nogcom Foroeckoro IIpl ¥ TOKOM YTEYKM Yepe3 JeJMTeNb HaIpAReHMA,
Cp(?) + 03 is(t)=i2{t}

HOJAYyY¥M BpEeMEHHHE 3aBUCHMOCTH TOKa W HaIPAXeHMA 30HIZ2 OO0 €eTo

T.2. CUATadA @E(t) =

Iepexona B DeX¥M HOHHOT'C HACHHEeH!d

0 o
19— b 8,1t
, o I a+l i 1
(patt)=(pp—c B ?ECQ} (I—e }+
P F o .0
LI ber 22—l [t - e‘@et]
bp 62 chw
0 0 o .0
1 - 0% -t at? - 19 -p.t
y(t)=(@ ) fprg—re |+ ) gg—e
P B
O O 8
¢, — @ - @
g BB g g B
7 (2.5)
C_+ - -
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C_+C R -
v = { B T } . 4 T
“p“n ey Colelt @y
F C +C i ]
I H T
By = 5 - o tw
1 & (Jp I p(pf ]
I C C +GH i; T
!3_ = [l - b awvroniins (.L) @
272 UPCHR 00, 4

B pexMe MOHHOTO HACHUIGHMA TOK HA BOHI [IpaKTHYeCKH He 3aBUCHT
0T OOTeHIHana 30HIA, HOSTOMY RIMAHKE HCCASnyemoRt maasmu MCOHeT CHTB
IPpeCTaRJeHO KaK BHJKWYeHMe B KOHTYD I1 HCTOYHMKA TOKa ¢

XapakTepucrTurolt ¢ 3(@3)4:{'8 . CKBYBAJICHTHA# CXeMa HusMepeHuft npuee-

a4
IeHa Ha puc.Z.l4. 3aBUCHMOCTR IOTEHNMANA 30HIZ OT EDEMEHM B 3TOM

Clydae ¥MeeT BUI

al

R o B, (t-T)
I Coan g _ + _ 1
9t = @p(1) ~ - {17(T} * lac C‘%c‘}{l © }* 2.7)

P H T H
+
HacC
o {f‘T)
bp+<JH
rne 11(’5) - 3HAYeHHEe TOKAa B HOHTYpe 1 K MOMEHTY (=T AOCTHREHMA
TOKOM H& 30H7 BeJHYVHH TOK& HOHHOIC HacHmemmg ! S(T)=igac.
, i9 - ot -p,t atd - 19 -pt (2.8)
T et R f
3aBUCHMOCTh OT BPEMEHM BOHIOBOTO TOKZ B DPeNMMe HOHHOTO HACHHEHHA
OTCYTCTBYET iss(tzfc)=i;a o IIpuCim®eHHC BpeMaA Hepexola Ha HOHHYD

BETBb X2DaKTEDHCTHUKM MOXHC OLEHUTHL U3 DaBeHCTB: cps{fs)zxpf.
[IpoBePOYHHA pacyeT 32BHCHUMCOCTe HampaAXeHHA ¥ TOKA B3OHZA OT
BpEMEHM JUIA OXMHA2EMHX [2DaMeTDOB IL1a3MH C YYE€TOM OPDaHMYMBAIGHETO
+ ——
BTHNA BJIEMEHTOB CXeMH reHeparopa 1., .=I1.75 A, cpf=—18 B, {p=12 A

[IOKa3aJl Ka4eCTBeHHOe COBIZAeHNe MOJyYeHHHX 3aBUCHMOCTE# U OKCIepH-
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Puc.2.15 Hanpﬁixelme Da3BepPTKH

30HZ&, - - pacuerT
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MEHTAJBHHY BOHIOBHX XaDAKTeDUCTHK, 4YTO IIOATBEDRIZET DadoTOCHOCOG-
HOCTR TEHED2TOP2 DasBepTKM U I[OBBOJAAET IPOMBBOIUTL BHOOD ET0

SIEMEHTOBR B 38BHCHMOCTH OT BUA2 HCCJeXyeMolt miasmu (puc. 2.I5).

£.3 [IBYXMOZOBaA Ja3eDHARA MeTOIMKE OIpeleJeHud
ILIOTHOCTY ILAB3MH.

Iaa onpeleneHNA BASKTPOHHON KOHUEHTDAUMM ILIA3MH CHILHOTOYHOIO
KBaSUCTalMOHAPHOTO DpalpAZa B CKPeleHHHX ExH moaax HCHoJAb30BaNach
IAETHOCTHKA Ha OCHOBE IBYXMOJOBOTO TDEXBeDKadbHOre He-Ne sazepHOro
vETepdepoMeTpa C QUTOBJSKTPUYECKON perucTpaue®t [83+861.

B InamHHOM METOZWKEe HCHOAL3YEeTCA R22BUCHMOCTE
V3MEeHeHA MOUWHOCTH BJSKTPOMATHMTHOTO M3AYYeHUR, DEeTUCTPHRYEMOTO
QOTONPMEMHEMKOM, OT BesMuuHH (asoBOTO HRCETA IPH TPOXORISHWH
Na3ePHOTO JiyYa 4Yepel3 IIa3MeHHOS OODAB0RAHUe.

MeTon ompeleeHMA KOHLUSHTDALUMM BJSKTDOHHOM KOMIIOHEHTH ILAABMH
OCHOB2H Ha 5QQeKTe KOHKYDEeHLMM 2KCHAAbHHX MO B I'a30BOM Jazepe. B
erc OCHOBe JeXHT JMHeRlHad 32BHCHMOCT: MERILY MOIIICCTLE TeHEepalyH
Jlazepa ¥ IIOKa3aTefieM MDeJIOMIEHWs CpejH BHECEHHOR B DeBOHaTop, 4To
[IO3BOAIAET TIPOBCHATL IPOCTYK O0PaCGOTKY DEe3YJbTaTOB U3MeDeHud.

U3MeHeHVE KOHUEHTDALMM BJSKTDOHHOM KOMIICHeHTH ONpelenAeTCA
BHDakeHMEM 8% ;

AN =An/ (4.49x10"%02)  ron2,
rge  Mn=(A/21)x(AF/Pp . )*(8/(1/2L)) -  UBMEHEHWE  TIoKazBarTeJd
IpesioMeHMa ILAasMH, AP - uUBMeHeHMe MOWHOCTM TremepauvH, 1,L -
COOTBETCTBEHHO JJmH2Z O00J8CTH  3aHMMaeMcll  miesMoll ¥ 1umHa
PeB0HaTOpa, A - RJMHA BOJHH MBAYYeHHA.
IMarsoCTHYeCKy! KOMILIEKC COCTOMT M3 CHCAVEEMX OCHOBHHX

CHCTEM.
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1 -pazparHce yCTpPORCTBO,

2-Ja3epHHit rHTeDpDEepOMETD,

3-CHCTeMa [perBapUTeJbHON WMOHM3ALMH,

4-VMIIYy NILCHBHR CUCTeMa [MTaMud DaspaAna,

5-cucrema uaMepeHMt XapaKTeDHCTHK Daspaza,

6-CUCTEMa CHHXDOHWBALMM M 32IYyCKa,

T-0JIOK YIIPaBJSHUA Aa32DOM,

§-CHCTeMa DETMCTDALMM BHXOJHOTO MBJydexua wurepdepoMeTpa.

KOHCTPYKTHBHO aKTHBHAdA 4acTh uHTeppepomerpa MI-MZ coBmecTHC C
forompuemzmrom Ol BHIIOAHEHaZ B BUIS SIMHHOTO COHOTHKO-MEX8HWYECKOrO
ONOKa Ha OofmeM OCHOBaHMM. OTAeARHO OT OCHOBHOTO OJIOK& Dal3MelaeTcs
orpaxkaTens M3. YUpaBieHME MeKMOZOBHM DacCHeILieHMeM, 8 CJAeZOBATENbHO H
YYBCTBUTEJPHOCTEN WHTepPepOMeTDa, OCYMECTBAASTCA MOBOPOTOM (A30BHX
IAacTVH 3 i I OTHOCUTENRHO Ipyr mpyra B TIICCKOCTH,
T PIeHIUKY ARPHOR HalpaBJeHAD ocH VHTeDpPepOMEe TPA . OrpHa u3
TeHePUDYEMHX JazepoM B32aUMHOODTOTOHANBHEX MO R ABJAeTCA
onopEOR (A=3.39 MxM). OHa EBHIgJdeTCA moJaspuaaropamy M1 # Iz m ¢
moMomEl QOTONPUEMHMKA HSJyYeHMEe Jjazepa Mpeolpa3yeTcdA B BJMEKTPHYe CKul
CUT'HaJl, COOTBETCTByOIME BJAeKTPOHHOR KOHIEHTpauMM Inas3Mu. IIpy arToMm
HeOGXOIMMA  KeCTKad  cTaluiM3auna  JJHMHH 2~ De30HaTopa,  KoTopad
ocyuiecTBAAETCA Ha BTOpOR moxe (A=0.69 mxM). YacToTa ¥ MHTEHCHBHOCTH
UBJyYeHHA BTODOW MOIH, BHZeaAeMOR mojapmaaropamu I u 12, M3MEHAKNTCA
TpY YEBEJWYeHMM WO VYMeHbHEHUM ONTUYeCKOM JJOIHH IPOMEXYTKa MelAy
JazepoM W BHHOCHHM OTpakaTefeM M3, \TO SKEMBaJEHTHO WUBMEHeHWN
JUHEMHOW I[AOTHOCTHM. OTOT CHTH&EJ DpacCorJacoBaHMa C QOTONPHEMHHKE
TIOCTYIAeT B LUenb OOpaTHOR CBABM, ¥ IOCJHe YCUJIeHMd, IOXaeTcA Ha
THE3OKEpaMUYecKre Koppextopk K1 u HZ, BOoBBpamammpe 3epxana Mt u M3 B

[IOJIOKEHVEe COOTBETCTRYWEmEee HadasbHOM A/MHE De3OHaTopa. TaKuM O0pasoM
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Puc.2.I7 BJOK MMIYJbCHOI'O CMemeHHA.
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IIPOUBBOMUTCA CTa0WMMBaIMA ZJMHH DEe3COHATCDa OTHOCHTEJNBHO MeXaHMyeCKHX
BROpaA .

CHHXDOHMBAUMA ¥ 3alycK Jas3epa IPOuM3BOIMJICA OT IeHepaTopa I2i-6
OIHOBDEMEHHO ¢ HAJOKEHHeM Ha Da3pAfHHil ODOMERYTOK IPAMOYTOJBHOTO
MMIOyJbCa HANPAKSHWA W YCTAHOBJGHMEM KBaBWCTAlLMOHADHOTO  DeXMa
paspAza. BS0HAVDOBEHWE Ja3SDHHM HBJAYYSHMEM I[IJIa3MeHHOTO O0pa30BaHMA

IpOBOFMJIOCE B TeYeHMe BCEerc BpeMeHM CYmeCTBOBaHMA CHUJIBLHOTOYHON

pazpaga.

2.4 UMIyALCHOE CMEeIlleHMe.

VCTIONb30BAHMe CHUJBLHOTOYHHX ($OPM KBaBHCTAIMOHADHOTO Da3pAi2 B
IOCKOM MArHEeTPOHE ¥ AHTHIDOCKOTPOHE HJNA DemeHMA 3aKav HaHeCeHMd
HOKpHTHE ¥ MOHHO-CTVMYJMPOBAZHHOTO TpaBJNEHWA MaTepuasoB Tpelyer
fOpMMPOBEHKA MOHHHX HOTOKOB W3 ILIA3MH DaspAna C 3alaHHOR sHeDrued.

OneHKa HCOHHOTO TOXKa HaCHICHUA

/a / kT
Zf:ac ® ‘r)_i entS/ WQ

L

rie S - miomazb KOMIEKTOpa, n, - INIOTHOCTL IIJIa3MH, T, -
3JeKTPOHHAA TeMmmepaTypa, M - macca WOHa IAA Caydad n, = 10t 4em

mpu T~ 55B TIOKaBHBAET, YTO ILIOTHOCTEH MOHHOT'O TOK2 Ha KOJIEKTOD B
3TOM CJiydae COCTaBHAT j+z 2.b A/CME. Hozpepxanue IIOTeHLMAJZ

CMEMEHUA HA KOJJIEKTOpE IyTeM HCHOJBLBOBAHMA OTASJBHOTO IeHEepaTopa
4BAfAeTCA IOCTATOYHO CJCKHON TeXHWYSCKOR Bajadelt. BCBA3M C 3TUM
paspadoTa’  CHOCOC0 TORaYM HeUPAKeHHMs CMemleHMA Ha  KOJJeKTOP
HCIIONB3YA YaCTh MOEHOCTH UMIIyJbCHOI'O HCTOYHMKAa IMTaHMA Dal3pAna.
PaGora OJOKa CMEMeHVs OCHOBAHZ HA HMBMEHEHMM  SKBUBAaJNEHTHOI'O

CONPOTHRJSHMA ILN23MH [IPM TIepeXoZe OT CT2IMCHAPOTO K CHABHCTOVHOMY

HMITYy TLCHOMY Daspazy .
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EJOK WMIIYJbCHOTC CMEHEHWA COCTOWT U3  [OCASIOBATSJBHOTO
KONe0aTeNPHOTO KOHTYpa [ ¥ KOHTYpa B3apaak¥ [I (puc 2.8). Cxema
padoTaeT CJeXyWmMM OCDasOM: IOCJE NOKAYM HANDAKSHMA OT HMCTOMHVKA
[MTaHMA  CTALMOHEDHOT'C  pa3pAza I[POMCXONWT TpoJOR  DpaBpamHoro
MpOMEKYTKa W O0pasSoBeHME  IIa3MH,  JOCTHTrawme!  KOJASKTOpa.
UIHOBDEMEHHO, 4SDe3 CONDOTHBJACHMS KOHTYDE SapANKH RCM KOLIEKTOPD
TaKKe nprocpeTaeT [IOTEHIMAR Karozia @x>>@f TIOTeHUMaNa
W3OJMPOBAHHCOTC 30HKa. B DE3yJapTaTe HA KOAJSKTOD YCTaHARIMBASTCA
TOK MOHHOTC HaCHUWeHUA z;ac, ¥ KOJUIEKTOD HpUOUpeTasT IIOTeHUMAR
$H=@K~i2RCM (TCKOM BapamKu CCM ppeﬁeéperaem, TAK K3K OH CYHeCTRBRYyeT
TOJNBKC BO BpeMA YCTaHOBJEHMA [eMMMA CTALMOHAapHOTO paspana u

DadpHeMmero RJMAHWA HE OKasuBasT), Trie {.x 1 Wcxoma u3

Hac”
BOHROBOHR XB8PaKTePUCTIKY CTAUMOHADHOTO ¥ CHIRHCTOTHODO MMIIYJALCHODO

CTAUMOHAPHOTO Dpaspaia

paspaia BHOHPasM Rcm TaK, 4ToCH I. RCM« ASME BREMBATGHTHODS

o R - YITY ABCHOTO raspsana roe R -
me CM A3MH SKBHBAJEHTHOIO * - ILIA3MN SKBHBSJIEHTHOS
@0
E — OSKBUBBJEHTHOS CONDOTURISHME I[asMu. TOTEA aMILMTYHEA
{
Hac

CMemeHMA OyIneT Clipe EeJAThCA RCM ¥ TlapaMeTpaMH CTaUMOHapDHOrO

pazpaza n, ; T,

Koae0aTeALHOTO KCHTYpPa C YYeTOM ﬂo 51 TE MMITYJBCHOI'C Dpaszpazna.

JacToTa CMemeHud BHOYpEeTCA U3 YCJOBUA 3apAia  KOJJeKTOpa IO

4 4acToTa M 3aTyXaHue - 4acTeToll ¥ ZOCDOTHOCTBHI

nOTeHIMana #ICJWPORBAHHOIC 2CHHAA

T

I 2o -

@E—@fz o J iHaG(t>dt, rre C - eMKOCThL KOJASKTODA.
G

O0oCHOBAHNE KOHKDEeKTHHX II2paMeTpOoB CXeMH CMemieHMs YHXaRaHu

HUXE C yYeTOM COOTBETCTBYWINMX Xa8DaxKTeDUCTUK pazspala.
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TJIABA.2 OBJACTE CYHECTIBOBAHMA U XAPAKTEPUCTUKU HKBAZUCTAIMO-
HAFHHX CHJIBHOTCOYHHX PEXVMOB PAGPAIA HUEKOTO JABJEHUA B MATHATHOM
[IOJIE PASJIAYHON KOHDUI'YPAILAA.

[lpe IRaPUTEALHHE DaBpal.

CoznaHKe CHABHOTOYHOI'C, KBAaBHCTALMOHADHOIO peXMMa  Dazpana
HUBKOTO JABJEHMA B MATHATHOM [OJe HyTeM HAaJOKeHMA Ha DasparHuit
IPOMEXYTOK IPAMOYTOJBHOT'O MMIIYJILC2 HAMDAKEHWA BO3MOKHO IBYMA CHO-
coCav I) MMmoyabc rozaeTcd Ha pPaspAiHOe yOTPOMCTBO, BalofHEHHOE
razoM ¢ ero JanpHefmyM HnpodoeM M YCTAHOBAEHHEM KB3HCTAUMOHADHOTO
pexaMa, 2) UMIYJABRC IOZAeTCA Ha IPOMERYTOK, BaloJHEHHHN [pelIBapn-
TeJPHO COBIAHHOR TLMasMolt, [HOCJe 4Yero IIPOMCXONUT POCT KOBUSHTDaLH
LI83MH ¥ YCTAHOBJAEHME KBa3UCTAUMOHADHOTO Dex¥ma. HKaxk [noxazamr
OlIEHKY BeJWYMHH ¥ BDEeMeHM YCTaHOBJCHMA KBaBUCTIUMOHADHON MAOTHOCTH
IJasMH B DaspaJHCOM yCTDORCTBE, 2 TAKKE BaBHCHMOCTM CKODOCTH DOCTA
KOHISHTPAUVMM OT [EeDBOHavYajpHOM ILIOTHOCTH ILIagMH (931 mpexnoutu-
TeJbHOY ARJAAETCA NOZA4Y2 VMIYJBCA HA MNPeIBAaDUTEAbHO HOHM3OBaHHHHA
ra3, mpuiem corJiacHo rpadwkam puc. 2.7a,0, MIOTHOCTH [PeABADUTEJb-

3

BOI TLRa3MH AOJXKHA COCTABAATE N 107 - IOIO em Y. WCTOYHMKOM Takoi

o™
IpeIVOHM3 ALY MOXKeT CHTh BY-paspazn, aHOMaJjbHHE TAewmVil WM MarseT-
POHHH® pa3pal, SJEeKTPOHHHE HY4OK, OIHEKO eTr0 BOJIbT-aMmIepHasd Xapak-
TEPHUCTUKE UP(IP) IomKHa ¥MeTh ydacTok 4U/dI«l Taxk xak uHaye KpyTad
4aCcTh BAX OTDaHMYMT TOK 4Yepes ILIasMy NP HAJOKeHMM UMIIYJbCa Halpd-
KeHMA ¥, COOTEETCTBEHHO, POCT KOHLUSHTDAUVM IJa3MH.

VccaenoBanma XapaxKTePUCTHMK CJAaC0OTOYHOT'O CTalMOHaDHOTO Marue-
TPOHHOT'O pa3paia B yCTpo#cTBe C MpOJM/MPOBAHHHMH BJSKTDOZaMA U
IJIOCKOM MarHeTpOHe B IMaNa30He JaBJeHyd 1079 - 10 TOD, [OKaszaJju

Hamy¥e CTaIMOHADHHX peX¥EMOB, ofeCceYBAIMX YCJIOBHA pPOCTa ILIOT-
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HOCTH ILMa3MH ¥ TeDeX0XZa pa3psala B KBaSUCTAUMOHADHHN DEeXAM DM
HBJIOKEHMM MMIOYJLCA HampaAweEMA. Ha puc.3.I IIOKa3aHH XapaxkTepHHS
32BMCHMOCTY HaIDAKSHNA DaBpAZa OT TOKAa A4 aproHa, cMeceR aproHa ¢
raloTeHOCOIePRAMVIMY 2K TURHEMKE TazaMy (SF6}, PeJt-BOROPOJHHX CMe-—
ce#f B IM2nascHe AaBJaeHMit 107%-5 TOD, I¥AIa30HE MarHWUTHHX nojae®t 0-1
KI'C, 7TpM TOKax CTalpOHADHOTO paspaia Zo 200 MA. WBMEeDeHW? MOLTBED-
MU HaJIue IOBYX QOpM CTAUMOHADHOTO paspdafa B Ar [5I1 pazmyan-
mxea dU/dl, a TaKke IIOKA323JM CYNeCTROBZHWE AHAJNOTHYHHX DABPAICE B
JpYyTHX TaBOBHX Cperax (SF6, He/H2 CMECH, Nz U T.X4.) UPH HaBASHUAX
o 5 rop. CrlemyeT OTMeTHTH, 4YTO BAX paspAZa B cuCTeMe ¢ Ipodwmipo-
BaHHHMHE BJEeKTDOZAMM M ITLIOCKOM MaTrHeTROHe OTIMYAKNTCH HEeSHAYWTEJNBbHO.
3 ana/mza 3aBuCcHMOCTeR CleZyeT, YTO C TOYKM SDEHMA MaJjof KDY TU3HH
du/dl HawuCoJjee NPHEMIMMHMM ABJAKNTCA DEKIMH C UHIYKIHER MATHUTHOIO
nmoas He menee 400 T'c. PexumvH & puc. 2.1 #ABIAAKTCA BHCOKOBOIRTHHMA
n ofnazand BHCOKVM GSKBUBAJIEHTHHM COIDOTUBJAEHMEM OIDAHWIUBAWT pOCT
KOHLUEHTPELMM ILIA3MH IIpM TIeDeX0fe K KBa3HCTaUMOHaSDHOMY peXuMy. U3
[TPUBE AEHHHX XapaKTeDHCTHK BHEHO, 4TO AAA [PeABAPUTRJAbLHON HOHH3aHM
Hehecoolpa3H0 MUCHOJLBORATE DPEXVMH C ToKam CeBume 20 MA, YTodH
U30eKaTh MepeXOJHHX YY8CTKOB H2 X3DPaKTepUCTVKaX. IleT/m M CTYIeHHM
Ha XapaxKTepUCTHKaX (KpuBasd 4 Ha puC 3.Ia) CBABAHH C NEDEXOIOM pas-
pAna BHYTDBE IIOJIOCTH KATOZa B YCTPOMCTBE ¢ NPOJWIVDOBAHHHME SJACK-
TPOJEMM TIDM ILIOTHOCTAX TOKA, COOTBETCTEYWNMX [EDEMHKAHME ofJacTtelt
TASKHer0 CBeYeHMA BHYTDM IIOJOIO KaTola. HampaAkeHMe T'CpeHUA OpU
3TOM IOHMKIeTCHA HA BeJHYMHY =~ 100 B.

SOHHCBA# IUArHOCTHUKA II8DaMeTPOB ILIA3MH CTAUMCOHADHOIQ DRBpAHA
B UeHpe CHMMETPVMM DaspalfHoro YCTPORCTBA C  [POQMIMPOBaHHHMY
3JeKTPORaMM B IEHAIIA3CHe HaBJaeHMR p=IO_2—I TOP, MarHWTHHX [OoJel

B=0 - 1 xl'c C HempaxemueM ropemua Zo 320 B ¥ ToxoM Jo 200 ™A
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400 3(1) P=0.017ep, B=1eit
4(1) p=0.04 7190 B=O4pk
S5(1) p=0 04 rgp, 8=0.3x¢
200 1(17) p=0.0170p, B-OFut;
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0 100 200
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7 (B Ar/SF
100 10) p<1rap, B-04+1 ki
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I [mAl
A |
0 100 200
B.
U (Bl /5"(1'} 4) He-H,
f s
500 HZ) P=1rmp B=1xte
3 2(Z) p = 11op B=0x/c
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50 L 1a) 4() —u B<0.6xr
~ s@) 1= B =04 /2
T [MA)
4 t
0 100 200

Puc.3.1 BospT-aMiepHHE XapaKTepHCTHKHY CTRUMOHAPHOTC Daspana.

j - DpaBpaAgHOe YCTPOHCTBO ¢ HpOQHAMDOBAHHHMM 3JSKTDOLaMMA
[/ - nnenapuut marseTpoR
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[IOKAa3HBaEeT, YTO KOHUSHTDALMA HOHOB B BTOM CJydae IOCTHIaeT N>
IOII CM“S IIpU SJIeKTDOHHOR TeMIIepartype Te o 20 3B. 3TO YKa3HBaeT
HZ BOBMOKHOCThL I[IOJYYEHHA B CTALMOHADHOM MarHeTDOHHOM DaBpAie C
TOKOM 0.1 A TIAOTHOCTH ILNA3BMH, HOCTATOYHOR A OOeCIevYcHUH DOCTAa

KOHUEHTDAVM HOHOB DM NPWJIOKSeHMM MWMIYJALCAS BHCOKOI'C Hampaxemid.

3.4 PewnMH KBaBUCTSUMOHADHOIO DaBpALa.

CWABHOTOYHHE DABDPAZL MCCASLOBaJACA B MWDOKOM IMAIIA30HE TOKOR Ip
OT 5 A no 1.8 XA ZnA pas MUHNX JaBaenul p=10“3+10 Top rasos Ar,
NZ, SFg, m cMecelt Ar—NZ, Ar-SF; DasJ/iyHOTO IPOUEHTHOI'O COCT2Ba
(I0+90 % ATy, He-H, (80/80 %) ; pas/vyrHX KOHQUTypaiw#® (IIaHapHOTO
MarieTpOHa W aHTHIPOCKOTPOHKa) ¥ BeJMYMH MAPHUTHHX OoJe#t. B
pe3ynbTate IIOAYYEHH BOJDbT-AMIEDHHE XaDaKTeDUCTHKY, WHTEIpaJbHHE
fororpadeM CEBeYSHMA Da3pAZia, 3CHIOBHE XADEKTEDUCTHKM I[LIASMH pas-
pAZa, & Tak Ke YCTAHOBJSHO HaMMYMe ¥ ONpeieieHa WHTEeHCHBHOCTD
[NOTCKOB YaCTWIl 43 [Ja3MH DakpaAia. AHAMS [OJAYIYSHHHX DEe3yJAbTATOB
[IOZBOJIANI YOT@HOBUTH CYMECTBORAHNE HECHKOJBKUX DEeXMMOB, pPasMYamimX-
CA HaOpAKXeHWEM TOpeHWdA, JMala3COHOM TOKOB, a TaK Xe CTDYKTYpo#
paspaza.

Ha puc.2.2 TpPeACTABJSHH X2DaKTeDHHE OCLMAJOIDAMMH TOK2 ¥
HaUPAKEHNA KBABUCTAIMOHAPDHOTO paspaza. Ha OCUMANOTDaMME HAaIpAXCHWA
y4acTok I COOTBETCTBYeT HEBNDARSHMH CTALMOHADHOIO DaspAla (IpeiBa-
pUTeJIbHAA HOHMBalMA). 38TeM HA yYacTKe 22 IDOMCXOIUT HaJoXeHue
OpAMOYTOJBHOPO MMIYJbCA HaNpAkeHUd. [Ip¥ 3TOM IPOUCXOIMT pPOCT
KOHUEHTPALMM ILJIa3MH ¥ YCTZHOBJEHME XEBABKUCTAIMOHADHOM IIOTHOCTH
(y4aCTOK <0 Ha OQCLIAIAOTDaMMe ), B BTO BpeMA TOK DasDALa BOBpacTaer,
[IoCKe 4er0 HalpAkeHWe ¥ TOK paspdAlia JOCTHIakT Ha KBasUCTAUMOHaDHHX

BeJMYMH (y4YacTOK 3). BpeMd yCTaHOBJCHUA KBaBUCTalMOHapHO!  ILIOT-
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Puc.3.2 XapaxkTepHHe OCLMJLIOTPaMMH ToKa(a) M
HampsaxeHua (G) KBa3UCTALKCHEPHOrO paspaia.
180 A/zex, 50 mxc/Zexs; IS0 B/zmen, 50 mxc/Zed.
I-craipoRapHuit paspan, 2-00ja8CTk YCTAHOBJICHMA
KBa3MCTANMOHAPHEOrO HalpAxeHndA (a) ¥ MOEM3aim-

omHOft pesaxcaiy® (0), 3-uIQycHHR peXiM.
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HOCTH COOTBETCTBYET BDEMEHM NOHMBALMOHHOW peJaKcauyyl ¥ COCTaBJAST,

HalpuMeD AJA DaspaAna B AT [pY YpOBHE IpeMOHW3ALMM 7 iﬁ@%t@”

M3 ~50 mmc. Haxpad Tovyka BAX COOTBETCTBYeT IHape OCHMLIOTDAMM
TOK2 ¥ HanpAkeHWA. Hasuwe HeOJHODOZHOCTER B ILNaBMe DaBspAia, a Tak
ke 0CpasoB&HME KATOJHHX [ATeH Oupeielaloch QOTOrpadMpOBAHMEM Daz-
pAla WM BU3yasNbHHM HaCJWIeHNMEeM C MCHOJb30BaHMeM (MILTDOR.

JHCIIEDUMEHTANLHHE BOJLT-8MIIEDHHE XaDaKTEeDUCTHKM KBA3ZHCTaLMO-
HapHOTO paspaZa HUSKOTO [A2BACHMA B MaTHMTHOM [OJE WMEKT YeTHDS
OCHOBHHX  y4aCTK& COOTBETCTBYKHMX ycoToWumBHM QopMaM Das3paia.
Twmyrasd BAX paspafa B AT UpY I2BICHMH 1071 Top ¥ VHIYKLVMA MarHAT-
gOTO moqia U.4 T'c HmpuBeneHa Ha puc 3.3. Ha Hell BHIEJADTCH IBa KJac-
CHYECKMX Y4Y8CTKA COOTBETCBYyWmMe I ~ Ma8rHeTDOHHOMY DaBDREY C TOKOM
no 0.2 A u HanpAXeHHeM ropeHEmsa 260+380 B; 4 - CUABHOTOYHOMY, CBHIE
I 183 4, mMBKOBOJBTHOMY I10+30 B IyrosoMy paspany C KaTONHHM HAT-
HOM. Kpome TOPC BKCIEDUMEeHTH IOKaBaid BOSMOKHOCTL CYHECTBOBAHUA
eme IBYX YCTOWMMBHX (ODM KBaBHCTALMOHADHOT'O Da3pALa COXPaHAKHEroc
mAEDysHElt XapaKTep IIAsMH ¥ KaTOJHOTO CJoA NP IJIOTHOCTAX KATOL-
HOPC TOK2 BSHAYMTEJBHO TDEBHUAKEMI I[JIOTHOCTE TOKA HJA3CCHYECKOTD
MarHeTPOHHOTC paspAza. B muamazose ToxkoB (.2+15 A UMeeT MecTo
CUABHOTOUYHHY MarHeTPOHHHA Dasdpak (yYacToOK 2) ¢ pacTymeRl BOJLT-
aMIlepHOR XapakTepUCTHKCR. OH o0JaZaeT CDaBHWTEJNBHO BHCOKWM HAmpd-
KEHWEM TODeHMA, B IaHHOM cjaydae 350+500 B. IIpm Torax I5+I000 A
BOSHMKAeT CHJBHOTOUHHM IudPysHHM pemmv 3, BAX KoTOporo IpelcTan-
JAeT COCOM NpAMY IIAapaJfiefibHYN OCH TOKA. Ero HalpAKeHWE IOpeHUdA
cocraBafeT =50 B BO BCeM IMANA30HE TOKOB. [MIOTHOCTL KaTOBHOIC TOKa
OpyE B3TOM cocTaBadeT Ao 50 A.

CredyeT OTMETHThL, YTO TIDAHNMLHE DEXUMOB MOTYT CHJILHO BSDLUDO-

BATbCA B BABUCHMOCTH OT yCJOBW{t Daspaia (HaIDUMeD AABJCHWA, BEJM-
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Puc.3.3 BoJabT-aMIIepHEA XapPaKTEePUCTHKE KBABHCTalMOHAPHOTO
pasparna.

YCTPORCTBO C TPOfM/MPOBaHHHMYE 3JEKTPOLAMH,
Ar, p=0.I rop, B=0.4 xrec.
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YiHH MerHMTHOTO IIONA ¥ T.4.), IIOBTOMY Jajee De¥uMH 2 ¥ 3 paccMmaT-
PUBaJIMICE: DA3JENBPHCO C UeJbW OIpeleseHua ofbJacTel CYMECTBEOBSHHA [0
TOKEaM, HAIPDAKEHND, JA2BJCHND, BEJHMUMHE MAIHMTHCIO IOJA INA Kaxnolt
¥3 YKaBaHHHX (ODM DaspAns.

HcenenOBaHMA BHESYK2BAHHHX DEXVMOB TIDOBOMMIMCL K28K B Dazpal-
HHX YCTpPOMCTBAX TWIIa ILIOCKOTO MEPHeTDOHA, T2K ¥ B YCTDRONCTEBE ¢
IpOWMDOBAHEEMA BJSKTDONEMH ¥ IOKa3af¥ BOBMOKHOCThL KX DEamM3ailm
BHE 28BUCMMOCTH OT THII2 ¥ KOHKDEKTHHX I[IapaMeTDOB DaRpAIHON Avelku.

TVIMYHHe BOJBLT-2MIEPHHE XapaKTEeDUCTHKM CHJILHOTOYHOT'O MAarHe-
TPOHHOT'O pa3pala MpeACTaBNeHH H2 DHUC.3.4. OKCIEPHMAHTH IIDOBOIMIMCH
B IMaNascHe JaBiaeHul p=ID”3+ID Top razoB Ar, Ng’ n cmecel AP-NZ
(I0=90 % AT, He—HE(SO/SO %), MATHUTHHX [OoJell B~0.4-7.0 xT'c. B
Ka2YeCcTBe MaTepHasia Kartoza uclosab3oBasmmce Cu, T1, Al, Mo, mepxame—
wlaf cTanb . A yMEeHbMeHMA BJMAHKMA COCTOAHMA [OBEDXHOCTH KaTona
HE [EpaMeTPH paspAla NPOMSBOIWJIACh MHOIOKPaTHad TDeHMpPOBKa yCTROR-
CTE DpaBpalamyt, 00 OYMCTKA TOBEDIHOCTH KaTOZ3 ¥ KOJJIEKTOpa TJew-
IIM paBpAioM B aproHe. XapaxkTeD BaBMCHMOCTH Up{Ip} OFVHEKOB I4Af4
PaBJMYHHX [TapamMeTpoB P, B,, & TaK Xe pPOJa raBa, MAaTepHalioB Kartona,
paspaAfHHX YCTDOHCTE ¥ DaBMepoB paspaAfHolt odnacTu. HanpaxeHWe Ha
paspafe MOHOTOHHO YBEJMYMBAeTCA C DOCTOM TOHZ X0 HEKOTODPOIO MaKCH-
MaJLHOTC 3HAYeHMA Ugaxx5DO+IIOO B, 3aBUCANSTO OT BeJHMYMHH MHIVKUIIM
MaPHMTHOTO TIONAA, poxa raza U Marepualia KaToxa IO Iepexcia pas3pana
B DeXsM 3 WJB CDHB2 eT0 B Oyry. A AJMTeNLHOCTH WMIyabca T go 20
MC TOKM Tepexofa gpocturawT =2B0 A, YTO COOTBETCTBYET ILIOTHOCTH

~y
KATONHOTC TOKa J~25 A/cM™. YMeHDLUCHVR BeJMYWHH WHIVKLMH MATHWTHOTO

max
u
P
TOROTC SHaYeHWd HaIpAXeHHs Ug, 3aBHCHANETC TOJABKO OT MaTepHana

IOAA IPHBOIMT K YBeJMYEHVI0 DaBDARHOTC HanpAReHWUA (B, ) Z0 Hexo-

KaTona ¥ poXa ra3a. JanpHelmee CHUXCHHE BI" IpHBOINT K IHeDeXORy
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Puc.3.4 CHABHOTOYHHE MATrHEeTDOHHHA DaspAn
o - IMaHapHH® MarmeTpoH, Cu, p=5 1073 TOP, AT
w - [asHapHEEit MarseTpoH, T1, p=b 1073 TOp, Ar/N, (80/20 %)
* — TInaHapHEuHit marseTpod, Ti, p=10'2 T0p, N,
x — ycrpoficTBe ¢ mpofmump. Cu, p=5 107% TOP,
He/H2 (80/60 %)
+ - 3JeKTPOIaMHA Cu, p=m"I TOP, AT
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paspAza B BHCOKOBOJBTHHR DeXUM, XADaKTeDHSYXiCR XKDYyTHM DOCTOM
BAX v maymm (fo I A) SHeuYeHWeM DaspANHOTO TOKA.

CHMmeHME MSIHETHOT'C MOS8 KO YPOBHA, OJ/MBKOIO K SHAYEHWD,
Onpe/ie/idimeMy [EePeXOoX paspAna B BHCOKOBOJBTHHR DEXHM, XapaKkTepH-
3yeTCA ILIBBHHM YBEeJMYcHHeM HENDAXSHMA HE paspale C OXHOBDSMEHHHM
YMEHbHeHMEeM TOKA.

Hconelopamme pexpMa CHALHOTOYHOTO MBIHOTDOHHOIC pe3DpAla IAA
IByX Dpa3/iYHHX JAUaMeTPOB DaspAZHOM OO0JaCTH ILIOCKOI'C ME&rHEeTpOHA
TIOK838JHE, YTC BAX KBABHCTEUMCHAZDHOIC Da3pAla He RI8BHCAT OT IMaMeT-
Pa o0JacTH maX Bn..

CresyeT OTMETHTH, YTO IPH NEPEXOHe B CHALHOTOUHYE JODMY pas-
DPAX DacHpoCTDaHASTCA HA CYEECTBEHHO COJREYE O0AACTL KATOXS8, YeM B
cJydae CTaUMOBSPHOPC TPEIBADHTENBHOI'O Daspaia. B cay4Yse ILIOCKOTG
METHETDOHA2 B 32BHCHMOCTH OT KOHCTDYKLMM MBTHMTHOE CHCTEeMM CHABRO-
TOMHH# Daspal 32HMMAN JHOO KOJbLUEBYD OCAECTh BHE OKDYRHOCTH max
Br' JBOO IMCKOBYR 0OCJacTh, OIDaEWYEHHYH OKDYKHOCTBO max BI., qro
Ip¥ COXPaHEHVH IOJHOTO TOKAa pPaspAfia ONpelesMiC CYymeCTBeHHYD pasHM-
Uy B IAOTHOCTE TOK&, ONHEKO He BHECJO paziumit B XapaxTep BAX.
XepeKTepHHE LJOTHOCTH TOKS IP¥ 9TOM COCTABAAKT JJA DaspREE B AT
=4 A/eM® (Up=540 B, Ip=225 A), ® J=25 IV (Up=500 B, Ip=218 A).

l[lepoxoBaTOCTh NOBEDXHOCTH KaTOXA He ABJAETCA OnpeiesAvmeR Aja
CYmeCTBOBAHMA DeXMM3 2, XOTH B CAy4Y8e IPVMMEHEHMA KATONOB € GOJBIOR
mepPOXCBATOCTHD BEDOATHOCTE NEPeX0Oda B AYyTY YBeJMYHUBacTCA.

OcoOeHHOCTEI0 pa3pdia B He-H, cmecu B ycrpo#tcree ¢ mpoduim-
DOB2HHHMM BJEKTpOAaMH ABJACTCA Ha/Mu¥e, BTOPoRX QOpPMH CHIBEOTOMHOIO
MaUrHEeTPOHHOIC DeXMMa C HaIpaRceHHeM Up=400+550 B, He 38BHECANUM OT
TOKa B0 TEePexXoja paspsana B pexmM 3.

XapaKTepHOR OCOUEHHOCTLE peXuMa 2 #ABJASTCA UHTEHCHBHOE 38
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CcYeT BHCOKOR DHEDIVHM ¥ IIOTHOCTH MOHHOTC HOTOKEa DaclHJjeHNe MaTepH-
aja Karoia. MMIyJAbCHAas CKODOCTE OCAaKNeHMA MaTepuana KaToia B ILIOC-
KOM MarHeTpOHe Ha YCTaHOBJCHHHR Ha paccroamwe 120 MM OT KaTOMHOH
MEIEeHM SO0HA-KOMIEKTOD COCTaBaAeT =~ 80 MKM/MHH. (ras - AP, MaTepuan
=654, U_.=S00B) mpe noJsHCoR IJMTENBHOCTH HMIIyJbCa

B P
ToKa 25 MC. MaMepeHMA TOJIMHH HBHOCHMHX [OKDHTHNR IIPOMSBOIWMCE C

Karoga - Cu, I

TIOMOIBI PACTPOBOTO BASKTPOHHOIO MEMKpPocKonia PoM-I0I.
MsMepeHUA MNOTHOCTH TiesMH ;B OCAECTH JIpujerannell K Koanex-
TOPY , C HOMOMBK MOASYM WMIIYJLCHOTO SJEKTPHYECKOTO CMEemeHHA HAE
KOJUISKTODP OTHOCHTENBHC @&HOXa IOKasaiM, Y4TO HAA DpexwmMs Ip=60A,
0I? a2

-

Upz%DB N, COCTaBAAET ~3°1

Xapaxrepune BAX cRJIBHOTOYHOrC PPyBSBHOrO pex¥Ma DaspaAia Iad
Das/MYHHX L8BJeHWHE, Da30B, MaTepHalioB KATORQB, MATHATHHX noaeft #
ycloBuif npersapuTeJbHOR MOHMBALVM IIPUBENSHH HE pUC. 3.5+3.7 (pexuM
3). Awaymz BAX moxazaj, |YTO HanpAkeHWe Dal3pAza chaado 3aBHCHT OT
TEOMeTDMM ¥ HABNDAKSHHOCTH MarHUTHOTO IOJ#, 4 TEKXe OT MarepHana
KaTojza u cokpa&ae'r IOCTOSHHYED EReJmuuHy U,270-140 B B xgranasore

P
TOKOB [ *_~5-:-I.8'I€33 A. CymecTByeT chalad, (B npefenax 50B), 38BHCH-

P
MOCTB ere OT poja rasa. [IpH mepexofie B PexuM 3 DaspdAl PaclpocTpa-
HASTCH HA CYEECTBEHHC OOJbNyw MOOBEDPXHOCTE KaToka YeM B caydae
CTai[MOHAapHOT'O paspaza.

B ycrpo#teTBe ¢ npodMIMPOBEHHEHMM 3JEKTPOXAaMM T'DAHMIE Ilepexoia
paspaAna B pexuM 3 AjA KaREHX KOHKPEKTHHX YCJOEM OIpelesanTca JOC-
TATOYHO YEeTKO, TAKEKe KaX ¥ YCJOBHA CDHE& erCc B IyroBo#f pasparn 4. B
IIOCKOM MarHeTpOHe T'peHELAa MepeXxofid paspAfa B AYTOBOM pexuM Ompe-
[eJfAeTCs 10 COBOKYIHOCTE U3SMEHEeHWA HANDAXKCHMA HA DaspAle H ONTH-
YeCKWX MCCAenoBamuit. [ina OmpeflefieHMsA CTPYKTYPH Daspaza B peswMax 2
i 3 CHll  IHPOBEJEH KOMILIEKC ouTHYE CKUX HccrneZoBaHutt.
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Puc.3.5 BoanpT-aMnepHie XapaKTePUCTUKY KBasWCTaUMOHEPHOTO
paspaza. (pasparHoe yCTPORCTBO ¢ NPOfMIMpPOBaHHHMM
‘BACKTDOASMH ) |
a - p=0.05 Top, paCouwuit ras — Ar.

0 - p=0.1I Top, padoun#t ras - Ar.
x - B=1 ¥I'c, o - B=0.8 l'c, - - B=0.6 l'c,
s - B=0.4 xlc, + - B=0.2 xl'c, + - B=0 xlc
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Prc.3.6 BoJspT-aMIepHHE X2DaKTeDUCTHKM KBas3sUMCTALMOHADHOTO
paspAza. (paspaiHoe YCTPORCTBO C MPOdMMMDOBaHHHMA
3JEKTPOLEMH )

a - p=0.05, 0.1, I Top, B=I kI'c, padownit ras - AT/SF..
6 - p=0.05, 0.I, I rop, B=I xT'c, paCowmt ras - He/H2

o - p=0.05 Top, = - p=0.I TOp, * - p=I TOD
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Puc.3.7 BoapT-aMiepHHe XapaKkTePUCTUKH KBaBHCTAIMOHBDHOTO

paBpana. (InaHapHEHY MarBeTDOH)
a - p=0.0I, 0.I, I rop, B=0.7 xTc, padouuit ras - Ar.
¢ - p=0.0I, 0.I, I Top, B=0.7 x'c, padowit ras - Ar/SFc.

o - p=0.0I Top, * - p=0.I TOp, = — p=I TOp
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QororpadwpoBaHEe pPaspaAla  OCYHEeCTBAANOCE Ueped HeWTDaALHC CepHe
@MNLTPH C PasJWvYHEM KOBQIMUMEHTOM OCJalleHMA. SKCHOBUUMA ¥ (MIABTDH
IoACUPA/MCh TAKMM O0pa30M, YTOOH WUCHIKMMTL DETUCTDALIG HU3AYYeHHd
Ipe IBAPUTEJBHOTO pazpAza. U3 npweeZeHrdX (puc.3.8) gQororpadwdt
BHIHO, 4YTO Da3pAk UMEeT OJHOPOIHYK CTRYKTYDPY [OpM TOKax HC 225
I.5%I0°A COOTBETCTBEHHO. [lpy yBesmveH¥ TOKa CBHIEZ MAKCHMANBHHX
3HaYeHER YKaBaHHHX B Tadx.l, 2, WM AJMTeJNbHOCTH HMIIyabca FOo <+10
MC, HaOJNIaJOCh DasBuTHe HeyCTORUMBOCTH ¥ KOHTPArupOBaHye paspaia
. B ILn8H8DHOM MArHeTpOHe [epPeXOl B DexuMM 3 NPMBOIMA K DasSMHBaHID
KOJbleBO# CTDYKTYDH [PeABADUTENBHOIO paspafa M pPaclpoCTPEHEeHMK
ILNa3MH ¥ TOKa IO BCeRl NOBeDXHOCTH KaToja (puc.d.8). IIpH ype MuerH
TOKA WJH AJMTEeJLHOCTH MMIIyJbCa B 3TOM yCTpoCTBe TaKke HalJKWARJOCH
DPa3BHTHE HeyCTORYMBOCTU C HocJeinywme# JoKamAz3aimeR [a3MH ¥ BOBHH-
KHOBEHMEM ONHOTO WJHM HeCKOJBKMX KaTOIHHX MATEH.

OnaecKt aHAMMB [OBEPXHOCTH KOJANEKTODAa IIOKa3al OTCYTCTBHE
OCaXAcHMA MaTepHMana KaTOHa, YTO YKAaBHBAST H3 OTCYTCTBHE DacTHJeHMA

KaTona.

3.3 IIpyMeHeHWe UMIYJALCHON BOHIOBOM MeTOIMKM I4JA ONpeXeNieHuA
iapaMeTpoOB ILIA3MH ¥ MOHHHX TIOTOKOB.

OnpefesieEMe JIOKAALHHX XADaKTeDUCTHK  DaBpAza, TaKUX Kak
BJAEKTPOHHAA TeMiIepaTypa U ILUIOTHOCTL MOHOB B [LasMe Daz3paza
IpOMBROIAASCE C TIOMOHBK CT2IMOHAPDHOW ¥ VMIYJABCHOR 3OHIZOBON
margocTUk. CTaiyOHapHHEe  M3MEeDEeHMA  IDYUMEeHAJMChH  TOJMBKO  Iad
OTpeIefieHNA [IapamMeTpOB ILIa3MH [IpeIBapUTEJBLHOTO paspdAza.

CemeftcTBa ROJbT-aMIIEPHHX XaDaKTEDUCTUK 30HAA AJ4 Da3pala B AT
pu p=IO_2+I TOD UszOO B, IP:IOO MA B MarsuMTHOM noJje B=I xIc

HOJYYeHHHE C TIOMOmBI TPAIMIMOHHOR BOHJOBOM MeTOZMKM MO3BOJIAMM

7
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Me.2.5s PexyMH CHJALHOTOYHOTO KBABWUCTaUMOHEDHOTO Dpai3piia.
IIaHapPHHR MarHe TPOH

1. CHABLHOTOYHHI MATHETDOHHHHA
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Prc.2.22 PexuMH CHJBHOTCYHOI'C KBa3UCTAUWOHAPHCTC Paspala.
[LaHapHHY MarHeTpOH
2. cunapHOTOYHHDR MDYy 3HEN
3. Ryrosoft
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CLUEHMThL ILJOTHOCTHL  MCHOB nizmg.al
IeBJEHMAL ) .

C ueJab® IPOBEDKH padoTOCICCOCHOCTH VMIYJALCHOM METONMKH OHa
SN2 UCTHOJBLBOBAHA IS OnpeXelieHHMA NapaMeTpOB ILNA3MH NpeXBapHTedb-
HOTO pampaia B p¥anazcEe B=0+I xl'c, p=IO“2:-I TOp, TOKOB #0 0.2 A.
{3 TIONyYeHHHX IOCHE HCKJNYCHMA EDEMEHM XapaKTEeDHCTHK CJAeAyeT, 4TO
BACKTPOHHAA TeMiepaTypa AJdA YKaBEHHOTC CJAyYaf COCTaBaAeT Tez-:ao 3B,
& KOHLEHTpau#d HOHOB nimIOH oM. Moremmas M30JMDOBSHHOTO 3O0HIA
oKasajca cpf-_vZO B. C yMeHbDieHMEM WVHIYKUMM METHETHOTO HOJA HAKJIOH
X8PaKTEePUCTHK YBEeJMYMBAETCA, 4YTO CBHAETEJLCTBYET 00 YMeHELUEHNH
TEMISPATYPH BJAEKTDOROB, MOTEHIMAa] HBOJMDOBSHHOTO 3CHAG IDH 9TOM
yBe/MUMBaeTCA. U3 BeJ/MYMHH WOHHOTO TOK2 HACHUEHHS CJe;yeT, 4TO
ILAOTHOCTL HOHHOTO TOK2 HA B0HL B USHTDEe CHMMETDHE CHCTEME MORET
JOCTHIaTh 3+5 MA/CMB.

OTMed2eTCHA XOpomee COBMN8JeHWe [8PaMEeTDOB IIPeABAPHTENBHOTO
paspaAla, [ONJUeHHHX IIP¥ CTALMOESDHHX ¥ MMOYJbCHHX MSBMEDeHHAX, 9TO
CBHZETEeNBCTEYET 00 OTCYTCBMM 38METHHX WHCKARSHMH, BHOCHMHX 30HIOBOR
cxeMolt.

Crepyer OTMEeTHTL, 4YTO YCTEBHOBKE 30HLZ2 B LUEHTDE CUMMETDHH
BAEKTPOIHOM CHCTeMH, Ile MHAYKIMS MErHMTHOTO NOJif DaBHA HyJ® OO3-
BOJAET ZJajbHelmyk oCpaCOTKY ¥ HHTEDIDEeTalMK De3YJALTATOB IPOH3BO-
IITE 0e3 y4Ye'Ts RIMAHMA MArHATHOI'O IIOJd.

VMIyIbCHHE ¥BMeDeHMS NapMeTpPOB CHIBLHOTCYHOTC KBa3HCTalLMOHap-
HOT'O Paspaza NPOBOZWMCE B Das3pAlHOM yCTpORCTBEe C NpOdM/MPOBaHHHME
DJSKTpOZaMY Zsia Xmaenasona B=0+I1 xl'c, p-—-ID“I-z-I TOP, TCKOB pa3pazia
1o I500 A B pas3)mMuHHX TI'a30BHX cpelax. IlpefBapHTesbHA8A HOHM3alWMa
COBAABAJACE CTALMOHEDHHM Da3pAfOM C TOKOM J0 200 MA. CHHEXpOHW3aIMA

IoZaYd VMIOYJABCAE HA BOHL OCYmMeCTRAANAack C 3azepxxoft 100500 wmxc

TSMC-1218 / Page 77 of 122



- 78 -

OTHOCHTEJIBHO Hadalla WMIYJbCHOrO DaspAza T.e. uaMepeHus T, U n,
IPOMBBOMMIICE TIOCHE yé'raﬁomema KBABHCTALMOHAPHOTO DEXFEMA CHALHO-
TOYHOTO Daspala. XepaxkTepHHe ocmcrpamm TOK8 ¥ HalpaXeHws SOHAA
{(p=0.1 Top, B=0.8 KI‘C,,UP--‘E)O B, Ip=360-:»900 A, padowm raz - Ar)
MpeACTaBNeHH HE puc.3.I10.

[lo pesynpTaTaM B30HACBHX uSMeDeHME OHJM [POBEISHH pACYETH
1IapaMeTpOB ILNASMH. [losiyvYeHHHe 38BHCHMOCTH MOHHOR KOHLEHTDAIMHM B
LeHTPe CHCTEMH OT TOKa KBABKCTALUMOHSPDHOT'O DA3pAZ8 B DeXrMe 3 B Ar
L7 PaBJMvHHX [eBJeHMA ¥ MHEYKIME M8THMTHOTO TIOAA  [OK&3HBaKT
NpaKTHYeCKH JuHeHHME pOCT MOJOTHOCTH IJNA3MH C YBEJMYSHMEM TOKa
pazpaza (puc.3.11) ® cocraBadAeT OT (2-:—2.5).1014 omM™3 PR  TOK&8X
360+540 A o (I+1.5).101° cu™ mpm Tokex II00-T400 A. HamGonemas
uSMepeHHasd IIOTHOCTh ILIABMH CHJBHOTOYHOrC IMPIy3HOTO pPaspans B Ar

FOCTHTEET Tt .5 1a' 50M°3

» OP¥ BJSKTDOHHOE TemeDaType Tg~4+-6 oB
Ans ToKa paspaza II00 A, B=0.8 xl'c, p~0.2 Top. ILIOTHOCTL MOBHOTO
TCKZ HACHEEHWA HB 3OHE B 9TCM CJyYae COCTAaBJAST JHanII A/CMB.
HaCJmepaeTca Tax e POCT KOHUSHTDAIMM MHOHOB IIDM YBeJHWYeHMM IaBieHNA
raza B pPa3pAjHOM IIDOMEXYTKe, KOTOPH# CONPOBOKEAJNCA YMeHLNEHHEM
BAEKTPOHHOR® TemiepaTypH (pmc.3.12).

B pespaze B He-H, comecu Texke HaC/OA2eTCA POCT ILIOTHOCTH
I7a3MH C POCTOM TOK8, OIHEKO MAKCUMAAbHaA KOHUSHTPaUMS MOHOB IpH
BHAJIOTHYHHX ycJaosmax (p=1.5 Top, B=0.8 xTc, IP=IIOO A) cocTaBadeT
np2.4 10 o3,

i BHCOKMX JaBjierylt rasa 3JIeKTPCHHSA BETBb XADAKTEDPHCTHHA
OT/MYAeTCA OT OSKCHOHEeHIMAJNBHOR TeM CHibHee, 4YeM OJHEe MNOTeHLHal
OTPELIaTeNBHOTO 3CHA8 K TOTeHIMaay rmnasMd (821, nosTtoMy zas
OnpenesicHAA  SJEKTPOHHOR  TEMIepaTypH  UCHOJL30B&JMCEHL  YYACTHKH

XapaKTEePUCTHKH, COOTBETCTBYNMME TOTCHIMAJASM, OJ/MSKNM X HOTEHLMAIY
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Puc.3.10 OcimanorpaMMH HaempaAxeHud (a) U Toxa (0) 30HAR

KBE83MCTaIMOHADHHA pa3parn, IupDysHHER pexuM.

p=0.1 Top, B=0.8 xrc, I - IP=860 A,

2 - Ip=432 A, 3 - Ip=720 A, 4 - Ip=900 A,
I0 B/nen, 10 mxc/nen.

0.5 A/nen, IOMKc/nea.
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-3
n, [cm 7}
e

6 1014 L
4 10%4 |
2 1074 L

T[A]

O I i i
0 500 1000 1500

Puc. 3.11 T'padwK 33BMCYMOCTH MJOTHOCTH INASMH OT TOKA Da3paza

(yCTROACTBO C NpOfMIMDOBaHHEMK BJSKTPONAMH )
B = 0.8 xl'c, 4r

@& - p=0.5Top
® _-p=20.3%o0p
X -p=0.{Top
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0.4 g.6 a.8

Puc. 3.12a T'padex 3aBUCUMMOCTH ILAIOTHOCTH ILAA3MH OT BeJWYUHH

MaTHMTHON MHIYKLVM Ip=540 A, p=0.1 Top.

g 1 To feBl
T
5 &
.
-
4- =
®
B [xl'c]
1 i i
0.4 0.6 0.8

Puc. 3.I20 T'padux 32BUCUMOCTH TEMIIEDATYDH BJASKTPOHOB OT

BeJIMMVHE MEUHHTHOR MHAYKIDM Ip=540 4, p=0.1 Top.
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H30/MIDOBaHACTC  BOHZa. B 3ToM  cayvae corqacko (821  naa
BOCCTAHOBJEHHA SJEKTPOHHOR TemiepaTypd JONYCTHMC HCTOAL3OBAHME
METOHROB DPacvieTa [MapeMeTPOB DaBDeXeHHOR ILIA3MH.

3.4 OnperesieHue NapaMeTpOB ILN23MH DABzDAIA METOROM ABYXMOIOROH
Jia3ePHOM MHTepdepOMeTDYHM .

UlpeZesierme B3JEKTPOHHOR KOHLSHTPALMM i, ILAA3MH CHJABHOTOYHOTO
KBaBHCTAIMOHAPHOT'O DaspaAsa MpOMMBBOMATIOCh C HCHOOJbBECBAHMEM Jazep-
HOR JMEaTHOCTHMKHE HA OCHOBE &KTHBHOIC TPEXBEDKaJbHOTO IBYXMOLOROTO
resii-HEOHOBOTO JIA3ePHOTO Ja3epHoro ¥HTepfepoMeTpa C IMpPOCTPaHCT-
BeHHHM H BpeMeHHHM pa3pemeHMeM 1.5 MM ¥ IO MKC CCOTBeTCTBEHHO

[83+86]. PaCouymft mmanaszcH ¥HTepfeOMEeTpa COCTAEBIAET 10145%251016

cm‘z, YTC B COOTBETCTBMM C 3OHACBHMH UBMEDeHMAMM YIAOBASTBODHET
YJCJOBHAM DHKCIEDYMeHTA. W3MepeHMd IPOBONAMMCEL Ha padovell nmme
BOJHH A=3.39 MKM, COOTBeTCTByWme} Omixuemy MHPDAKDACHOMY IMAIA30-
HY .

VisMeperus MapaMeTpoOB CHJIBHOTOMHOI'O KBA3MCTAIMOHADHOTO Daspana
IPOBOIAMMCH B DaspAfHOM YCTDPOBCTBE C NPOJMUMPOBAHHEME BJACKTDOLAMYA
B ZFHMAIIa3CHEe JaBJeHMiA p=b 107%-3 TOP BEJMYMH MHIAYKUMY MarHMTHOI'O
noas B=0,8+Ixkl'c, TOKOB paspana Ip=856+1.2‘103 A. PaGowmt raz -
aproH. 0as30BHM [IOJOKSHMEM JIa3ePHOTO JyvYa NPHHUMANOCL TIONOKEHWE IIpH
KOTOPOM Jiyd I[POXOMMN 4Yepe3 LEeHTD MNJaSMeHHOTO o0pasoBaEdA. Jad
OpeAeJIeHAdA IIPOCTPAHCTBEHHOT'O DACIpEeleJIeHNA BMEKTPOHHOR KOHLEHTpa-
M B pale cJayiaep, HalmpuMep AJ4 pa3pdia B Ar, p=ID'I TOpP,B=IxI'C,
IP=350+IIOO A KOODIMHAETH TOYEK BOHIMPOBAHMA BaDbUPOBAJMCE IO DPaI@-
yCy OTHOCHTEJNDLHO OCH 2JIeKTROINHOR CHCTeMH. 3apeTHCTDHPOBa#C BPEMeH-
HOE W3MEeHeHMe WHTerpadbHOrO (BROJNL BHOPAHHOTO HATDABJEHMA IpOCBe-
YMBAHKA) BHAYeHHA ONTHYECKOrO II0Ka3aTesd NpeJOMICHHMSs B ILIazMe,

OCHOBHOR BKJ&X B KOTODHZ BHOCHT pefpaKuMA H&8 CBOCONHHX SJSKTPOHSX.
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CraakeHHHE B8BHCHMOCTH JMHEHHOR KOHLEHTDaLM SJEKTDOHOE N l B
azMe CHJIBHOTOYHOTO IXGQy3HOTO paspdla OT pajuyca ILIasMeHHOTO
0o0pasOBaH¥a IIpHBeJeHH HE pHCc.3.13 CrasxuBoHMe NPOUSBOIMIACCE METO-
JOM HaVMeHLIWX KB8JPATOR AAA YMEeHLEUSHMA NOTDeNHOCTH IpH JanbHefmel
00paboTKe pel3yJbTATOB.

BoccTaROBASHHE [IDOCTPSHCTBEHHOTO DpaclpeieseHyd BJACKTPOHHOR
KOHUGHTDAIMM 7, IM83MH [POMSBOMMICChE C HOMOWBY VHTEIDANbHOTO
npeotparoBanua ACena MeTozom Ilmpca ([89+911. B aToM cayyae 3azaua
oupefesieHua NpodMAA BASKTDOHHON KOHUEHTDELMH ¢(I') CBOJMTCA K peme-

HUN PHTeTDaJIbHOTC YpaBHeHMA ACend :

T
0 .
tg)=2sf L@@ysr)V (P-y2) Jsar , rme .
y
Ty - Pamiyc TasMH, y - XapaKkTepHOe NpUUSJbHO® paccrodmme, I(¥) -
CYMMBPHOG Hagaydede =3 paam SJeMeHTOR ITAGBMeHEOTO OGP&’BOB&—
HUF, DACOOJOKSHHHX BIOAb OHHOR XOpIH. PemeHme ypeBHeHm# ACend

HBBECTHO;

rl
18] =
o)== (1/m)x] [£* )V (P 2) ]say.

OZHaxo IpVMeHeHHMEe erec HAa NDAKTHKE BaTPYIHUTEJNbHO, YTO CBASAHO C
YYBCTBUTENALHOCTLY BTOTO DEMEHMA K IOTDEmHOCTAM HOCTPOSHMSA BJKCIepH-
MeHTaapHO! Kp¥eoR f(y). lostomy Cuie OpOMBBEZSHA 3aMeHa MHTerpasa
KOHEeYHHMH CyMMEMM B HMCXOIHOM YPaBHeHMH C IDAMEHEHMEM YMCJEeHHOI'C
mMeTopa Impca. CreiyeT OTMETHTB, 4YTO IPUMEHEHWEe OOJEe CJOKHHX ¥
TPYZOSMKEX MeTOHOB alesM3ai He J3eT B38MEeTHHX IPHEMYNMECTB @O
CpaBHEHH®D ¢ MeTOHOM [Mpca.

Merox IlMpca OCHOB&SH H& TOM, YTO CEeUeHWE ILIa3MeHHOW KOHfWrypa-
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Puc. 3.1I1 T'padux 3aBMCUMOCTYM KOHUSHTDALMM DSJEKTDOHOB B TLIABME
OT pamAyca (Apros, p=0.I Top, B=0.8 xTc).
I- Ip=1080 A, 2 - Ip=810 A, 3 - Ip=540 A.

810" [ n. rom ]

© |
o~ p=1 Top o
O~ p=0.3 ToOp /
x- p=0.2 T0 4
6 10%4 | P P «;//// _
e- p=0.I TOp [
. r
o v
o
q,/’/
410" |
X
LT
2 104 | '
Ir4l]
O {
a 1000

Prc. 3.1I DPpedwk 3aBHCHMOCTH KOHIEHTDAUMM SJEKTDOHOB B ILIA3Me
OT TOK&a paspana (Aprox, B=0.8 xl'c).
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1y pas3duBaeTCd HE KOJblLEBHE 3CHH H Dacupefeesye @(T) AMIPOKCHMEA-
pyeTca CTyneHvaTOoR Qyuxipieid. B mpeZenax KaZorTo KOJbLE, OTDaHWYeH-
HOTO . OKPYKHOCTAME C DAIHAYCEMH Ty ¥ Ty y BeJMOMHE qb=const. fpu
BTOM rj—r3“1=r0/m, THE M YMCAC TAKMX XoJjeu. B JaHHOM cJayyae
cevyeHMe ILIA3MEHHOTO OO0pasScBaHuA Pa3CuBaJoCk Ha 10 KONBUEBHX B30H.
XopaH, TNPOBejeHHHE TNEDUSHIMKYAADHO OCH ¥, PasCHBaNT CevYeHWe Ha
TOJOCH PpaBHOX mMpwHH. HKaxgo# u3 [OJOC [pHIDICHBajcA HoMmep 1,
xoropuit meMenaercd oT 1 Ao 10. B HaOmojeemyp BeqMumHy f; BHOCAT
BRASH BEATGHWA @y OT @y 7O @yq, HpMdeM Kakjoe U3 HAX BXOIHMT C
HEeKOTOpHM  KOo(ImmeHTOM ay4- Bl  mpoMBBeNeH  pacuyeT  STHX

Kos@ImieHTOR.
TaxyM oO0pa3oM, BeJIYVHH Ii eCThL CyMMH BHES

10
fy= 2 By 4%y
J=1
3afava HAXORNCHAA BEJMYME @ CBOZWTCA K DENEHMD CHCTEMH anxredpau-
YeCKUX JWHeRHHX ypepHeHwmZ Tna A@=f. COOTBeTCTBYy®EME pacieTr [89]
IPUBOJAT K CHCZyDEleMy BHDA%eHMD IAA OUSHKY BeJMYMHH IOTPEHHOCTH AQ
IpY poBefeHME ale MBalim
Acp1=(1 LA1xm)/ (I'D*aii)*“i'
TIODTOMY IAA yMeHbLHIeHMA [OTPeWHOCTH IPH BOCCTAHOBJACHMM 3JeKTDOHHOR
KOHIEHTPAIME B kauecTBe QVEKIME f(¥) HCIOJL3OBANOChH, CTIAREHHOE
pactpezenerse n,l(r).
loayyerHoe pamanepHoe pacipe jeniegue ne(r) C YIeTOM
HOIPeMHOCTY [O3BOJIAET AINIPOKCHMMIPOBATL €TI0 NPAMOYTOJLHEM HpOQUieM
C X2DaKTSDHHM DPESMEPOM MODRANKA PazMyca SJeKTPOZOB (=5 CM).
[lo pesyapTaram nHTep@epomeTpnqécxnx ¥zMepeHl CHJM TPOBEASHH

pacuYeTH TapaMeTpOB [L1a3MH. IJloJyYeHHHe BaBHCHMOCTH CpejHedl OJieK-
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Puc. 3.1I5 I'padwxy 3aBMCHMOCTEH cpeXHel IMOTHOCTH TLISBMH

OT TOKA KBa3UCTAaLMOHEPHOIO paszpaAza
Aprom, p=0.3 Top, B=0.8 xI'c
O ~ BOHIOBa# JMATHOCTHKE

® — JasepHas IMarHOCTHKA
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TPOHHOR KOHLEHTDSU¥MM I[LA83MH KBABHCTALUMOHSDHOTO DaBDAia B CHALHO~
rouHoM IMDIy3HOM DexXMMe (DeX¥M 3) XAAd DaBJMYHHX Ja8BJSHWH ¥ WHAYK-
U¥¥ MarHMTHOPO HOJA HOKASBHBAKT [IPAKTHYECKM JMHe#HHR pOCT ILIOTHOGTH
IRazMH ¢ YyBeJMUSHMEM TOK2 DadpaAla ¥ COoCTaBIAnT <ne>=(2+8) IOI4

oM IIp¥ TOKaxX paspaja I =350+1.2°10° A (puc.3.14), 4TO YAOBAETBO-

P
DHTEJLHO COIJIacyeTcd C J8HHHME 30HIOBHX W3MeDeHuH.

CpaBHeHMe 3&BUCEMOCTEH <ne>(1p} Lis  JazepPHHX H nt(lp) B
UEHTpe CHMMETDMM OSJGKTDOZHOE CHCTEMH [NA BOHIOBHX W3MepeHuflt
npeicTaBieHEH Ha pHC.3.I5 (p=3 107! top, B=0.8 &kIc, Ar), dTO
HOATBEDKAAET BHCOKY® ILIOTHOCThL ILA8BMH H CTeNeHb HOHMBaLMH
CHNBHOTOUHOTO IwbfysHOrO pex¥Ma paspana HU3KOUO JaBieHMA B
cxpemeHHHX ExH mojsx.

AHaME BaBRCEMOCTEN CpelHe? KOHLUSHTDalM¥ BJEKTDOHOB B ILnasme
OT TOK& MOKAa3ad, 4YTO IpH YBe/MYEHMM J8BJeHUA padovero Trasa yrox
HakJoHa rpafuxa <ne>(Ip) K OCH TOKa yBequuuBasTcA. IIpE BTOM
SKCTPaONALMA BABHCHMOCTER <ne>(Ip) B 00naCcTh MaJHX TOKoB (I_<I0C

P
A) VYHKA3HBAET HA BOBMOKHOCTL CYMECTBOBaHMA KDHTHMECKOW IUIOTHOCTH

-3

mIasMH 1,25 1013 oM™2, pocTmeEMe XOTODOf MO-BHIVMOMY ¥ ONpefefeT

mepeXol paszpang B pPexuM 3.

QGCYyRIeHMe pPe3yJALTaTOB.

Wcxonsa ¥3 SKCIePUMEHTANRHHX BAX paspdAza B PaBiMYHHX YCJOBHAX
[IOCTPOeHa OCO0meHHas BOJbLT-aMIeDHAA XADAaKTeDMCTHKAE KBa3WUCTALMOHAD-
HOT'O PaspAls HMSKOTO A2BJEHAA B MATHNTHOM IOJe (pUC.2.1I6). YIacTKH
1,4 COOTBETCTBYNIME CTAIOHS8DHOMY MArHeTDOHHOMY ¥ JAYTOBOMY paspsa-
I&M IDMCYTCTRYOT BO BCe AMAIa30HE NaBJeHW WM MarHMTHHX nojeR. Ux
CBO#CTBE BOCTATOYHO [IOJHO MpeACTaBiCHH B [28,341.

B mwsnasoHe TOKOB (0.2+250 A ¥MeeT MECTO CHJABHOTOYHHR MBI'He-
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Puc.3.16 OCoCmeHHas BOALT-SMIIEDHESA XapaKTEDHCTHKA

KEBa3UCTAMOHAPHOTO Paspana.

TSMC-1218 / Page 88 of 122



- 89 -

TpOHHHE paspaAl (y9acToK Z) ¢ pacrtyme# 4O HEKOTODOrO KPHUTHYECKOTO
TOKA, 8 38TeM HOCTOAHHOR BOJLT-S8MISDHOM I8DEKTEeDHCTHKOR. Pal3parn
2TOTC BHA2 OCN8A8eT CDABHMUTENRHCO BHCOKMM (l0 1.2 KB) HampareHWeM
TOpeHMA ¥ peasmsyeTcd ¢ HauboJblied BEPOATHOCTLED B IMANABOHE LBBJAE-
ma# 2°107°-107" Top.

Bux B32BACHMOCTH UP(IP) B pemyMe 2, OTCYTCTBHE KOHTDaKLHHM
paspaga, O/MBKMR IUana30H AsBJeHM ¥ MBUHMTHHX [OOJe#l IO3BOJAET
Ipe JICACKHTL, YTO CTPYKTYPE Daspajia 3TOTO B8 CXOFHA CO CTRYKTY-
poit CHABHOTOUHOTO Das3pdAfa [64], oxHaro Conee BHCOKOE HallpAREHME
ropegza 500+I200 B (mpu 300+500 B coraacHo [64]1) IenmeT CymeCTBeH-
HHM BJMAHME PAcCIHJeHUA MaTepHansa KaToza.

HCXOZA ¥3 MBMepeHHHX ILIOTHOCTE® TOK8 ¥ NePBOHAYANBHOR ILIOT-
HOCTE Dpafodero rasa (n,) OWaa CIeJaHa OLESHKA DPEBHORECHOR cpefmHel
ILICTHOCTH 8TOMOB MaTepHala KaTona (nK) B ILI83Me Da3paAlia. YpP2BEeHUEe
oxuzacMol KOHLEHTDRIMM aTOMOB MaTepyaj2 XKaToZa B ILia3Me DaspAla

IIDH 3TOM MMEeT EUX

T T
an v
t K+n =8 n. —I 41 n, — (1)
, at K X S <Vzc> st—zc Bx K <Vrc>

S

(MOMy4eHO W3 OJHOMEDHOTO YDGBHEHMA HeNPePHBHOCTH), TZe S__ ., S .

xOS{IENMEeNTH DACIHJGHMA W CAMODaCIHJESHWSA Marepualia KaToza, V§,V§

CpefEMe TEILIOBHE CKOPOCTH aTOMOB DadOderc Tasa M MaTepwa’a KaTtoza,
<V, >- YODeJHGHH&S TIO YTJOBOMY DacUpefielleHiP KOMIOHEHTS CKOPOCTH

SMATTHPOBAHHHX 8TOMOB, TIeDHeHIMKYJADHAA K [OBePXHOCTH KaToia,

B.» B, - CTeIeHL MORM3SILWH BTOMOB 233 ¥ MaTepHala KaToZa.

CTeumOHapHHM pemeHMeM (I) ABAgeTCA:
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Ouenxa Ana paspAia B Ar, rOpsmeM Ha MeIHOM KaTOIe NDH HaBJe-

mm 1°107% Top, I,.,=65A, U_=900B moxasaja, 4TO COISDKAHME MEIH B

P

IL7a3Me MOXeT xOCT;;aTb B 3THX ycaoBuaAX 30% ¥ pacT¥ C DOCTCOM CTe-
IeHN VOHMBanMuH.

06naCTs CYymeCTBOBAHMA DeXUMa 2 IpUBeleHa B Tada. 1. B radmme
yrazamH IpeXeJsitHHE BHA4YeHM| IO KAKIOMY M3 [IapaMeTpoB Daspals pea-
JH3YOIeCA He3aBHCHMO JPYT OT Jpyra.

IIpp TORax 10:1.8°10° A mosmuxaer CHJBHOTOYHEY IRpPysHHE DeXEM
3, HampAXeHWe TIOPEeHWA KOTOPOrC JEeXUT B Ipelesax Upz’YO-:-Ile B =B
32BHCUMOCTE OT pOZa rasa. PexiM 3 peaiu3yeTcs IDEeHUMYMECTBEHHO B
IM2la30He  HaBJeHuld IO‘2+5 Top =HesapuCHMMC OT BHUZa paBpPAZHOTO
yorpocTBa, pOZa ra3a, MaTepuaiia Karoja. He ABAAeTCA 00938TeNbHHM
¥ HaJude IpeJMOHW3SLMM, XOTA BEePOATHOCThL Nepexolia B IYTY B B3TOM
CJyvae yBe MIEBaeTCA. [LIOTHOCTE KATONHOTC TOK2 CMABHOTOYHOTC Id~
Qy3HOTO paspaAla MOKeT JOoCTHrarte 75 A/cmz.

0CnacTh CYymeCTEROBEHWA DexuMa 3 B OCCHX DaB3PAIHHX YCTPORCTBAx
Lng Pas MIHHX MaTeDHaJiOB KaTofa, NeBJeHMA U DOJ2 rasa IPUBENSHH B
rada. 2.

CrezyeT 0co00 OTMETHTL, YTO TDAHWIH POXMMOB 2 M 3 B BHAYMT-

EJbHOR CTeleHX® 38BMCAT OT IJMTEJILHOCTH MMIYJLC2 TOHKE2 T C ymeHn-

HI
HNeHneM TH IIepexogHHe TOKH BO3DacTanT.

HavecTrerHas KapTuHa Nepexong CHABRHOTOYHOTO MarHeTpPOHHOIO
paspaia B HESKOBOJLTHYN QODMY [O-BHIMMOMY 8HAJAOTHYHA [OBeISHUD

8HOMAJILHOT'O TJCKmEerc pespafa [pW CPeAEMX NABACHWAX ¥ COJNBUMX ILIOT
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PazpazH. |MaTepuan B HaBnexwie |Hampawemme] TOK
yorp-Bo | karoza | 28 KI'c Top B A
I Cu ar  l0.4+1.0] 10°=107Y | 260:990 | 0.2:15
cu He/H, |0.4+1.0] 5 107%-1 | 320-950 | 0.2+36
50/50 %
Cu He/H, |0.8+1.0 5 1072+ | 400:680 | 9-I20
50/50 % |
11 cu Ar |0.3+0.7| 107°+5 1071 540990 | 0.2:72
71 Ar |0.3-0.7| 105 1071| 540-1100 | 0.2:250
71 N, |0.3:0.7 107°:5 1071| 540-720 | 0.2-180
71 AT/N, |0.3:0.7 10725 107L| 540-900 | 0.2+140
50+10 %
AT

Tacoqviia I. OONaCTH CYHECTBOBSHEA ¥ DEXVMH CHJILHOTOYHOT'O

MarHeTDOHHOTC Daspaza.

- ycTpo#icTBO ¢ NPOJMUMPOBSHHHME SASKTDOISMM
II - nneHapHH# MarHeTDOH

I
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PazparH. |MaTepuan B HaBnerme |Hampamesue| Tox
yorp-o | xatoga | 128 KI'C Top B A
I cu Ar  |0.4+1.0| I07%:5 80-110 | I5+I500
cu AT/SF.|0.4-1.0 2 107%:3 80120 | 7+I200
80/20 % i
Cu He/H, |0.8:1.0| 5 10723 70+120 | 7-I800
50/50 %
11 Cu ar |0.3:0.7]  107R-1 65+90 | 4+800
Mo Ar 10.2+0.7] 5 107%-I 65-90 4+1200
Mo Ar/SF|0.2:0.7 1072-1 90+135 | I8+I800
80/20 %
Mo SF,  10.3:0.7 107°:5 1071 90-I35 | 4-1600
Hepx.
craib | Ar/SF10.3+0.7 107°+1 90+135 I18-1200
80/20 %

Tabmmia 2. OCnacTH CYmMeCTBOBAHMA U DEeXUMH CUNLHOTOYHOTC IMEPY3HOTO
paspaza.
I - ycTpoficTBO C HPOJWMIMPOBaHHHMM 3JEKTDOLAMM
11 - nnaHapHHR MarHeTDOH
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HOCTAX ToKa ([28]. B B3TOM cCJy4Yae CTEHOBMTCA CYHECTBEHHHM HEIDEB
raza ¥ POCT BJASKTPOHHOM ILAOTHOCTH, YTO CHOCOOCTEBYET YCTEHOBJICHID
YaCTHYHOTO DaBHOBECTHA B ILiasMe Das3pdAia ¥ Iepexoly B DeXVM C MEHL-
M HAUpAXeHWEeM TODeHud.

JIpomeHHOe KBa3MCTALMOHADHOE YyDaBHEHWMe IJif Tas3opof Temiepa-

TYPH B DEX¥ME & iMeeT BHE
(Tg—TO)Mngvmng (2)

rhe Pg ~ TeIOBad MOWHOCTL DACcXOojyeMesd Ha HBrpeB rasa,Tg - ycra-

HOBRMBmAACA TemiiepaTypa rasa, TO - TeMuepaTtypa 3JeKTPOXOB, yg -
Macca rs3a B DpaspAmHOM OO0BeMe, Gp -~ TENJOEMKOCThL IIPH TOCTOAHHOM

X A
IaBJEHMM, Vgp=—sy — 4aCTOTa TEIJIOCOTBOZR, Y=g - TEMIepaTypo-
AT N gzp
TPOBOJHOCTb, Ap - XapaxTepHas LJWHA TEIJIOOTBOAR, A - TEILIOHOBOI-

HOCTbL Pa38, COOTBETCTRYWEAS YCTaHOBUBmENCA TeMIepartype, ¥ - arom-

Haa M&CGE‘, n, — KOHUSHTPELHMA MOJEKYJ rasa. YpapHeHue faJaHCca 3DHEeD-

g
TYHM TaRa YYNTHB2ET IeOMeTpHE pas3paisEcf oCAacTH, IO3TOMY TIPH OLeHKe
TeMIIepaTypH peanbaHfl Hpoduiik BJEKTPOLOB 3aMeHEeH IUIOCKMM C ILIOMAaKBD
S ¥ MeXBJeKTDOZHHM DACCTOAHMeM L, COOTBeTCTBYWIMM paldoueMy Ceveryw
PV BaJaHHHX peuMex. A IIOCKOTO CJod ToMmMHON 2L Ap=L/T. Tetwio-

BY¥ MOUWHOCTHL DACXCAYEeMYyD Ha HarpeB TIa3a MOXHO OLeHMTh H3 GanaHca

MOMHOCTY
I
=T - B
Felp'p ™ &m
I
rge I U, - TOJHSA NONHOCT: BHIEJAMIAACA B DaGDATEHOM OCLeMe, §% =
=Pyoyp ~ MOWHOCTS BHBOZVMER M3 DasPAZHOTO 0OBeMa 3a CYeT MOHM3a-

U, € - 3apaj BJAeKTpoHa, I/7M - KOHCcTanTa CTOJeTOBa, COOTBETCBYR-
mad BeJmuwHe E/n Xs8pakTepHOR AJA KaTONHOI'O CJCH.

B yCJOBMAX TMIDIMHHX IJA IIEpeX0oZa DaspAia U3 PexuMa 2 B DexuM
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3: prIS A,'U§=BOO B, p=I Top, B=0, padow# ras Ar, s@dexTvsHER
pazmep paspazHoR obaacTe: I~ oM, S~ &0 cmz, TEeMIIepaTypa rasa
MOKET HOCTHI8ThH Té:l.l BB.

3 BupaxemMa (2) cJexyeT, 4TO

% -

P _
i L
T“'y?—z—— B — 3

T.¢. TEMIEpaTypa Trasa He BS8BMCHT OT ero IUIOTHOCTH. JeftcTmue

3l

MarHUTHOTO II0JA CBOZMTCA K OTDaHWYEHMD BJeKTDOHHOR TEILnompoBOA-
HOCTH ¥ O0eCIevYeHM® JOCTATOYHOI'O YUCHA CTOJKHOBeHMR nis sdfexTHR-
HOW TlepeXav¥ DHEDr¥M OT BJAEKTDOHOB Iasy.

Cornacec (281 B cayuae, xorza poJb amOurronapHoll  zuddysuH
Mans, OpM JOCTATOYHO OCJBEMX I[LIOTHCOCTAX ILAS3MH ne>ngp CTeIleHb
VCHM3BIMM MOXeT OIpPefelaThCcA M3 ypepHeHMd Caxa. Beismvuna ngP onpe-
JenqeTcA OKCHEDVMEHTANbHC ¥ BaBHCHT OT DSHEDPreTHYeCKoM BHCOTH
IIePEOTO BOBCOYKESHHOI'O YPOBHA. ‘

B npuCiEmeEMM IWUBIHIPUYECKOTO CHOA CPeAHAA CKOpocTh mmddy-
BUOHHHX [IOTePh 38PAKEHHHX YacCTHI| MOXST OHTb IPEeACTEBJCHa B BULS
{731
Dosny
A2

dr
Laf]@qu aMAn:—anz— n

rhe vy - 9acToTa IMpQYyswd,A - xapakTepHad muQPySUCHHAA IJMH2 3aBH-
camas OT TeOMeTpHMM  paspazHolt ofaacTd. I[IpM Ham¥u¥M  MEIHUTHOTO
HOJiA OH& oOmpefeJAeTcdA HaMOoJbmed #3 4acToT, X8PEKTeDPH3VEEMX yXOZ

(Tg+Ty) (v

. *vei)
Da4 mw§+(v

YaCTHL, H8 SJEKTPOIH V ear

2
[%] ng, ¥ 4epes
ear Vel )p‘iafrvta'r

Tetly)  3.42
JOKOBY® IIOBEPXHCOCTEL DPa3pANHOTC O0BEMa L :niawviaw [2R ] [92]
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rIe R - papuyc paspamHo# o0nacTH, Wy ~ JIapMOPOBCKAaA 4aCTOTa 3JEKT-

POHOB, P ~ ¥aCTOTE BJAEKTDCH-ATOMIHHX SJEKTDOB-MOHHHE H

ear ‘ei*iar
MOH- &TOMHHX CTOJKHOBEHME, g, . - [PHWBeASHHEA Macca. CpaBHeHHe
4aCcTOTH smEdysud, HOHM3aLMM ¥ DeKOMCOHHaIME Mg AT B 0o0JNacTH
CYMEeCTBOBaHEA PeXuMa 3, HONYyCKaeT BOBMOKHOCTE YCTAHOBJCHMA 48CTHY-
HOT'O DEBHOBECHA B ILAasMe paspazia.

Oueskyr  IJAOTHOCTH — ILI&GMH, cooTBeTCTBYHNER — Temmeparype

T=Tg=T{=I.I 5B moxazaJsu, UTO COTJIAacHO

3/2
102 &g n2 gty RT
rhe gi=6 (AT) gg=I - CTATHCTHYECKHN BeC WOHOB ¥ aTOMOB, M — Macca
. n
BREKTPOHE, U; - TNOTeHIMA] MOHMSalK AT, CTeneHbL HORAZAINH O= 5—352
g

usMeHASTCA OT 0~l (p=0.0I Top) Zo o~0.7 (p=I Top), T.e. ILNOTHOCTD
IiasMH IpY Tepexoe DaspAXAa B PeXuM 3 IpeBHmaeT n25 1018 ou3. ‘

Coraaceo [73]1 MeXaHM3M TEeDMCHOHW3ALMM TpefyeT CYmEeCTBeHHO
MeHLIeTO HaNpPAESHNSA Ha paspale AJd NOANEDXaHMA TOKA, YeM HOHM3almd
SJEKTPOHHHM yZa8poM, 4TO NO-BHIEMMOMY OCYCJIABJMBZET MePeXOoX paspana
B HHBKOBOJBLTHYR QOPMY.

TeMiIepaTypy Tas2 ¥ COOTBETCBYOEYD eif CTeleHb WOHMBalFHM B
pexmMe 3 TBKXE MOXHO OLCHWTL M3 ypaBHeHmM (2),(3), yYATHBasg nsMe-
HeBVWe OaJaHC& MOmHOCTH. DajaHC MOMHOCTH, 3aTpavMBaeMOi Ha HarpesB
He#TpanpHOTO I'a3a B CHyYae DeXiMa 3 MMeeT BHUR

I
= 3 3
Pg—IpUp - éE (3 { + §kT9+ §RT{ )

rZe $; - SHEDIWA WOHMBALFM T.K. DOCTOM TOKa B OTJIMuME OT (2) BO3-
pacTaeT IOAA DHEDIMHM YHOCUMOR 3aDAKeHHHMM YacTHLAMM. AHAJOTHYHO
nnasMe CTOR0A IYTH CpefHMX JaBJEHM TeMIepaTypy HOHOB T; MOXHO

TIpUCJMEEHHO CYMTATh [BBHOR TemmepaTtype 2TOMOB Tg {91, BCaeRCTEHE
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TOTO, YTO MACCH MOHOB ¥ 4TOMOB COBIISJA2KT, [NOTEDM SHEDTVH MOHOB Ha
HArpeB AaTOMOB OYeHb BeJMKM (CpelHAd HOJA BHEDIVH, TEDAEMad YMOHOM
P YUPYTOM COYZapeHUH Sigzi),xpome TOTC ¥3-32 JOJLMOR MacCH MOHORB
X HarDEeB BJeKTDUYECKUM I[IOJIeM HEeBEJWK ¥ OCHOBHYK SHEDIUN OHW TaKke
KaKk ¥ HefTpalbHHE ATOMH IOJYYaWT B YIPYTHX CTOJKHOBEHHAX C BJEKT-

T

poHaMi. IIpeHelperasa TemiepaTypofl 3JEKTDOIOR To«T, Bna pexuMa 3

g
s 3
T IpUp -3 (Ei+ §RTe) )
g 3, 'p |
ngva+ §R 5

Ing TWIMYHHX 12DaMeTpOB DaspAla B pewuMe 3 Hampumep I.=540 4,

P
Up=90 B, p=0.1 Top, B=0.8 xI'c TemmepaTypa raz3a COCTABIAET ngs.z

3B, a zna I.=I500 A T ~5.4 3B. Ha OCHOBE COOTBETCTBYWIMX MM 30HIO-

b £

BHX M3MeDeHV MJIOTHOCTH ILIA3MH MOKHO OUEHWTL HAajeHVe HAUDAKSHUSA Ha
niasMe paspAna B STHX Caydasx U ~40+36.5 B, 4TO OnpefenfAer Temie-
paTypy raza Tg:3.2+8.5 3B. OUeHKA2 TeMISDaTYPH Ta3a ABJASTCR HBHO
3aBHEEHHOM 3a CUeT POCTa BKJALA WBJAYYEHNA B IOTepM Tellla U3 paspdA-
THO# O0JaacT¥, OFHAKC CBHIETEJALCTBYET O BOBMOKHOCTH MOJLEDXKAHMA
CTeNeHW MOHMBAUMM ol Ha cTazvul pexumMa 3.

3 BSHCHEDHMEHTAJBHHX [NAHHHX BUJHO, YTO MepeXOoX paspdia B
HABKOBOJBTHYH $OPMYy BO3MOKEH B YCJOBMAX, KOTAa IIOTHOCTL ILIAGMH
MOXeT HOCTHUIaTh HEKOTODOR KDPUTHYECKOR BeJ IIIHH ngp, COOTBETCTBYN-
me#t ZOCTATOYHO MaJoMy neCaeBCKOMY DaIMycy. 3TO IOBBOJAET ITDEHI0JO-
¥WTh OeCCTOJKHOBWUTEJbHHI XapakTep KaTOZHOTO CJoA B pexame 3.
Becaiencreue TOTO, YTC OTDHIATENbHHR NOTEHLMAaN KaToLa B KSHHHX
JCAOBMAX MHCOTO COJhile NOTEHIMAaN2 H30JMPOBAHHOTC 30HEA MOKHO IpeXn-
DOJIOHMTE, YTC HA KaToh U3 ILAA3MH IIOCTYIZ2eT MOHHHY TOK HACHmeHud,

YaCTHYHO KOMIIEHCUPCBAaHHHER SJIQRTPOI‘HOH svmccueft. Torma ToJmMHA CHOH
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MOJOXKMTENLHOT'O OCBREMHOTO 3apAla ¥ NOBEDXHCOCTH KaTona Syper olpele-

JATBCA
1/2 an1/4, 60, \3/4, KT 1/2
W ) ) ®)

CpaBaeEme 1, COOTBETCTBYWHETO 3NeKTPOHHCHE ILIOTHOCTH DM KOTOpDO#

TPOMCXOIMT TepeXOl B pexuM 3 ¢ IJumHOR CBOCOIHOTC Hpofera SJeKTpo-

HOB Ay, Ay (BHCOKME [BBJGHMA) ¥ BHCOTOA TPEEKTODWM 3JIEKTPOHE -
_enc?® B

Haj NOBEPXHOCTHH KaToxa [501] he -

=z IIpH IBMKEHMM B CKDEUeHHHX
r“

NOAAX (HUBKME JABJEHHWA) IMOATBEDIMAO YKA38HHOE IpPeINOJOXKeHHEe BO

BCEM JI¥alla30He TOKOB IEDeXofha, HAaBiemAl, MarHETHHX nojelt, mpideM

yBeJMuSHHe 7L

N

o C DOCTOM TOKa JMb yCAIMBaET yCJOBHE ;sﬂ hear; Aéf;.

Ypapnerwe IlyaccoHa ojad OCeCCTOJKHOBHTEJBHOIO CJIOA Da3DAIA B'

pexFMe 3 TIO-BUIAMMOMY aHAJOTWYHO CJOBD AYTM C XOJONHHM KaTogoMm [73].

d°u

dr®
Jo=5f=en v,

- - 1/2
[ }

=4%e(ni-ne)

(10)

J
Serle=y—5
T T,
7=Tte+7hv - rkofdmimeHT BTOPHMYHOM SMHMCHM OCYCJOBJCHHHI KoK HOH-

BJEKTpOHHOR TaK ¥ QoToBMMCCHel.
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Cuuras, 910 He TpamMue miasmd E_ =0 mpu U=U, mojywM, 4TO Hamps
KeHHOCTh BJEKTPMYECKOrC HOAR ¥ TIOBEDXHOCTH KaTOZa

1/2
EK.—._-{E???_/_,E[“_S)M?/Q_S}R?/Q}} U;:/4J'1/2 (I1)

& BeJuvMHa KaTORHOTO H8IeRuA COOTBeTCReHHO
2/3

_|_1om 1/2_c 1/2 2/3,4/3
UE—{W[(i-S)M -Sm ]} 2o (12)

I3 3BOHZOBHX uzMepeH¥ CHeOyeT IpaKTHIeCKY JHMHeHHas 3aBUCHMOGTDH

1
IJICTHOCTY ILI83MH OT TOK& paspAia, B TOXe BpeMd ZK~“577§- T.€.
)

4/3
UKNJE/B{%}T}§~} He 3aBHCHT OT f, 4TC ¥ HAOJHE2eTCA SKCIeDHMEeH-

TAJLHO .

{3 PHmEYKA38HOrO CHSIYEeT, 4YTO HEYMHEAR C n921013+5 ID13 cmfs‘
CHABHOTOUHHE KBaSWCTALMOHADHHR Daspal XapakTepHu3yeTCcA HaJHmINeM
CeCCTONKHOBUTENIBHOT'O KATOZHOTO CJOA C HAUpAKEHHWEeM CJAa00 BaBHCHANVM
OT TOKa M OOJNACTLY I[LAA3MH, ABJAKMENCA AKTUBHOR 3OHOR pazpaznas c
IpeoCnagzamieM TEePMIYECKOTO MeXAHWEMAa WOHMBAIVHM.

B oOnactn HMBKMX JeBieHuit p<0.0I Top ¥ CpegHMX MaTHNTHHX
mone#t B<I xI'c, mO-BHIVMOMY HeoOXOoHuMas ILIOTHOCTSL ILIA3MH He JOCTH-
raeTcd ¥ CUABHOTOYHHY MarHeTDOHHHE paspal (pexuM 2) CYmecTBYeT B
00JaCTH COJbIMX TOKOB, 4YeM TOKM IIePeXOla, XaDaKTepHHe A 00JacTH
CYHEeCTERORAHMA DeXuMa 3 ¥ MepeXOoiWT HeNOCPeXCTBEeHHO B AVIY.

HccnezoBamua mepexolia KAaTOXHOTO CJOA AHOMSJLHOTO TAeHEero
paspaza B COCTOAHME C ILIOTHOCTEK TOKA IIPOMEXYTOYHOTC MexIy
HOpMaJbHOR MMOTHOCTBEY TOKA ¥ ILIOTHOCTED TOKa AYIOBOro naTHa [8I]
[IOKa3a/¥ HAJMWMe [epPeXOJHHX DeXUMOB TJEHmeI'C paspdia B 430Te,

BO3ZYXe ¥ e IpH Zapiemwax 20-760 Top, mo CROMCTBaM: HANpARSHUD

TSMC-1218 / Page 98 of 122



- 99 —

TOpeHMA, ILIOTHOCTHM KAaTONHOI'O TOK&, OTCYTCTBUR MaTepHaja Xarola B
nasme paspaza, O/MBKMX K CUJBHOTOYHOMY IMQQYSHOMY DeXMMy KBasH-
CTAUMOHAPDHOTC Da3pA’a B CKDEmeHHHX JJEKTPUYeCKOM U MarHUTHOM
HosAx, HeCMOTDA Ha CYMEeCTBEHHYH DasHMUYy B [OJHOM TOke paspaza (I.5
A n 1.8°10° A COOTBETCTBEHHO ), 49TO MOXeT YKasHBaTk Ha IojolHe
CTDYKTYDPH KaTONHOTO CJOA DaspaAla B DexuMe 3 ¥ CTDYKTYDH Ipel-

OYyTOBOTO KaTomHoro rnartua (811,
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TVIABA.4. OMMCCHUCHHHE U PACTHUMATENGHHE XAPAKTEPUCTUEW CUIBHO-
TOYHHX QOPM KBASUCTAITMOHATHOI'C PASPAIIA HUBKOTO IARJIEHMA.

4.1 OCOOSHHOCTH KaTOZHOTO DaCIHJASHUA B KB&BHCTALMOHADHOM
CHIPHOTOYHOM MarHeTDOHHOM DaspaZe ¥ er0 MCHOJbLBOBaHWE B TEeXHOJOTUH
WMITyIbCHOTO DacIHJjeHNa MATEDHAJCB.

IMpoKO HCTOAL3YyeMasa TeXHONOTHA HAHeCEHMA TOHKOINSHOYHHX IOKDH-
THA C [OMOWbO TIa30BOrC paBpala B CKPEHEHHHX DJASKTDUYSCKOM X
MarE¥THCM IOMAX OCecIevYMBaeT BHCOKY® CKOPCCTEL pacClHJIeHHs KaTOIHOX
MimeHy (ILIOTHOCTE TOK2 HA M¥MmEHM MO¥ET mocTurarts 100 MA/CME) {241.
B ormiime OT OCHYHOT'O KATOJHOTO DACIHJIeHWA CKOPOCTH YHOCA MaTepH-
ala MmmeHM ypeJuumBaeTcd B 5+I0 pas. Haymune MarHUTHEOPC OOJA CHH-
¥aeT IOTOX BHéDKOSHepPeTHQHHX BJAEKTDOHOB HA HAaNHAAeMHE MaTepuad,
YTO BHBHBaST yMEHDHEHNE SHEDTMM [IDHHOCKMOR SJeKTDOHEMM HA HOLIOXKKY .
Temmepartypa IOANOXKR COCTaBAAET 50+20000, TOTHE8 HKaK TpH OCHYHOM
KaTOOHOM DaclHJeHMH COHa JOCTHTaeT 300+500°C. Cmenve padodero nas-
JEHNA C OIHOBDEMEHHHM YBEJMYECHHEM CKODOCTM HEIHJCHMA ¥ CHUXCHVEM
TEMIIEDATYDH IOAJOKKHM MOBBOJIAET CYHECTBEHHO IIOBHCHTE: KAYECTBO IOKDH-
THH, OJHEKC BTO ABJAETCA HEeJOCTATOYHHM AR HEHECEHHMS ONHODOXHHEX
XVMUYeCKM HICTHX MOKDHTYHR ¥ OCPadoTKH HeTeDMOCTORKWNX MAaTeDHAaJNoB.
[IpuveHeEMe CHJILHOTOYHOT'O MarHe TPOHHOTGC paspsza (pexsM 2) B TEXHOJO-
TV DaclHJeHWA MBTepHalioB ¥ HE8HECSeHMA IOKDHTH! TIOBBOJAET HE TOABKO
CYmeCTBSHHO MOBHCHTH WHTEHCHBHOCTh IOTOKE OCaXA2eMOTO MaTepHals WM

0l on 3 paspana, eCJ¥ OCaxieHVe IIPOu3-

TIOTHOCTE MJ83MH (CBHme 2°1
BOZMTCA ¥3 ILIABMH, HO ¥ 33 CYeT DeTYJMPOBBHNA BPEMeHM BOBIERCTEMH
[OTOK2 PaClHJieHHHX 4vacT Ha ofpafaThHBaeMH MaTepuan (Hanpumep
yCT2HaBJVBaA BPeMA BOBLENCTEMA MEHbLNE XApPAKTEePHHX BpeMeH TeILIoepe-
fgvd B 00paCaTHB2EMOM MaTepHajie WIM XaDaKTeDHHX BPEMEH XUMITYECKMX

peaxipnt Ha erc NOBePXHOCTH) BHAYWTENLHO IIOBHCHTL XMMIYECKYD WHCTOTY

TSMC-1218 / Page 100 of 122



- 101 ~

¥ OFHODOZHOCTEL HAIHMJASMHX ILICHOK, & TaK Xe JOCTaTOHCO SPPeKTHBHO
OTpeZeIATL TEMIIEDATYDHHE De¥¥M IIOREDXHOCTHM O0padaTHBaeMHX Marepua-
JOB, B TOM WHCJe HeTepMCOCTORKuMX. Ha OCHOBSHMM DeB3YJLTATOB HCCJeZ0-
Bapuft CROMCTB TBKOT'O Da3pAza paspadoTaHa HMIYyJbCHEA  MOHHO-
miasMesHaa texmoaorus [I0I,I041 cymHOCT: KOTODOR BaKO4YaeTCdA B TOM,
4TO B TAB0DasPAIHOM NPOMEeRYTKe COBIAWNT MarsWTHOE NoJe, 3aTeM CO3XAa-
0T UpeABAPUTENBHYD ILIAsMY, B KOTOPOH QOPMEDYNT CHIBHOTOYHHR BHCOKO-
BOJBTHHR IMODysHHN paspal, C HaupAkeHuMem ropemma 350+-1000 B myTem
IPONYCKaHNA 4Yepe3 Hee HMIYJbCOB TOKAa C ILIOTHOCTLE 0.3+100 A/cMz,
LmATeARHOCTED 107 +1 ¢ ¢ YacTOoTO# CHeJOBAHMA OT OFHCKDaTHOTO X0 103
I'i, TIOCJe 4ero IMPOM3BOAUTCA OCaXNeHWe IIOKDHTHA.

XapaKTepUCTHKY ¥ OCJacTH CYHNeCTBOB2HMA DEXUMOB Daspaia (peXdM
2) ,IpMPOZHHX [J Deaju3all¥ IMIyJAbCHOTO HAlHJCHER RIJORSHH BHIE
(Pn. 3), [OBTOMYy OTMETHM JMmEL OCOCEHHOCTH, 3HEWMHE JAIA erg
MPaKTHYS CKOT'0 uCnoabL30BaHKA: 1. XapakTepHEM CBOMCTBOM CUJALHOTOYHOTC
MaIHETDOHHOTO DaBpaZa ABJASTCA COTCYTCBHE HEOHODOZHOCTEH B ILIasMe
paspaia ¥ OCpaSOBaHMA KATONHHX IATEeH; 2. YHKaBaHHHR DeXuM
peayEayeTCs HeBaBHCHMO OT DPOAA T'asa, MaTepuana KaToja ¥ KOHCTDYKUMH
paspagHoro yoTpo#cTBa. YCTRHOBJEHME DeX¥Ma OKa3HBEeTCA TaK e Majo
YyBCTBUTEJLHEM K MNEPOXOBATOCTH IOBEDXHOCTH KaToZa ¥ eT0 COCTOAHMD
BHE BOHH paspaia. WMcrHTaEMA [IOKE3aJM BO3MOXHOCTD UCHIONL3OBEHMA
COCTARHHX KATOIOR, 4 TaKEe COXpaHeHMe paCoTOCIOCOSHOCTH KaTONHHX
mnacTHH C TAyOMHOX 2posMM 10 2 MM (OpH TOJHOR TOJmMHE KATONHOM
INACTHMHH 7O 4 MM). B TO ®e EDEeMA B3arDARHeHWe TIOBEPXHOCTH KAaTOZXAa
OKCHAHON WM MaCJAAHOR ILMeHKOM BHAYMTeJIbHO I[IOBHIAWT BePOATHOCTE
fopMupoBaHMA Iyru. 3. Hamuuue NpefBapUTesbHOR MOHMBalMHM TDOMEXRYTKA
He dBJAETCA OCAS8TENLHHM, OJHAKO BePOATHOCTR IEpeX0ia B HAYroBOR

PexXdM B Caydae ee OTCYTCTBHA BO3pPacTaeT. 4. icTHTaHMA TIOKAa3aJH, 4TOo
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[pd TIepexone B CHABHOTOYHYW QODMY Da3pAL paCHpOCTDaHAeTCA Ha
CYmeCTBEHHC OCoJiee WUPOKYH OOJMACTb KaTOLa, IOBHMAR €P0 PeCype Mo
CPaBHEHWI® CC CTEUMOHEDHHM MaTrHeTDOHHHM DaBDAIOM, a TaKke [OBHmas
DaBHOMEDHOCTE HNOTOKZ DACIHJEeHHHX aTOMOB.

llpepgnaraeMas  TeXHOACIWA OHJA anpoCupOBaHE HA Da3PATHOM
JCTpOHCTBE THIa ILIZHADHOI'C MATHETDOHA AN HAHEeCEeHMA MeTALMISCKUX U
AeKODATUBHHX (OKCHACE, HUTDHICB) [OKPHTHN HA MNONJOKKY U3 JaBcasa,
NOJMBTIIEHS, THaHW, OyMard, IJIacTM&acc, MeTallloB. B MarHeTpOHE 3amM-
rajcd paspan, OCeCHevYMBawiR [IPeIZBADUTEJLHYN WOHABEIME Dadoyerc
o0peMa (nieIO9 GM*B). JaTeM 4e€pel3 paspAll OPOUYyCKaACA MMIYJLC TOKa
Lo 260 A. OOwaa AJMTEJBHOCTD WMIIYJBCA COCTaBJAJAa 10 40 Mcex. Jmama-
BOH HIaBJeHM BHOUDAXCHA E.ID'3+5.ID'2TOP. Padowt ra3 - apros, asor,
BO3AYX ¥ MX CMECH Da3Ji4HOI'C IPOUEHTHOTO COCTABa. CHALHOTOUHHRE
Paspan Tp¥ 3TOM XAPaKTeDUBOBANCHA CJSAVIUWMM [aDaMETDaMU: HalDAKeHUue
ropeHna {Up} S00+1000 B, MaxCHMaJbHHE TOK pazpaza {Ip) 250+120 A
(COOTEBETCTEEHHO ), IJIOTHOCTL TOKa IO 25 A/CMS. Harpumep, IJdA pexvuMa

p=I.IO'2 Top I ~65 A, U ~950 B, marepwan xaToXa - Meb, pacoumit

B p

ra3 - aprod, HMIYJAbCHa# CKOPOCTL HAIHJISHUA MOKDHTHUA HA ITOIJOKKY,
OTCTOAly® OT Karcla Ha paccTodHne 120 MM COCTaBaAda 80 MKM/MMH.
Py AJITeNIBHOCTH MMIYJbCa TOKa <5 MCEK, YTO IpH 4acroTe CJeA0BaHMA
mmyabcoB I0 I'n COOTBeTCTBYET CpemHsl CKCPOCTH HalmHaeHWA I8
MKM/MUH. YBeJM4YeHMe IJMTeJLHOCTH WMIYJABC3 CBHHE I CEK TIPM COXpaHe-
éﬂﬂ YKa3aHHOM TIMOTHOCTH TOKA IPUBOIUT K DA3BUTHN HeyoToRYMBOCTel
¥ KOHTD2KIMM Dpa3pdAna. YMeHbUSHUS IJHTSJbHOCTH MeHee 1075 cex orpa-—
HIYMBAET BOBMOXHOCTL CAMOPacIHJeHHd MaTepuana KaroZa, 4YTC CHMXaeT
3PPeKTUBHOCTE crocofa. YBeJMYEHME ILIOTHOCTH TOKa CRume 100 A/CM2
(KpUTHYECHMt TOK OCDaBOBAHMA KATOIHOTO IATHA) NDUBOIAT K IIEDEXOXLY

paspaia B IyroBOo¥ pexuM C moTepedl IDEUMYmMECTB oODalOTKY C [IOMOEBD
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CHJILHOTOYHOTO MATHeTDOHHOTO pa3pdaia. YacroTa CAeZOBaHAA 103 ™
OTpEHVYMBAETCA  BDEMEHMEM BOCCTaHOBJEHMA 3JEKTPUYECHON IPOYHOCTH
TAz0paspAfHOr0 IIPOMEeXYTKE.

OKCISDUMEHTH [0 MMIIYJBCHOMY DACIHISHI0 amoMMEMA (KOJMIeCTEO
npeMece#t He ceume 0.1 %) B cpeZe Ar [O3BOMIM OTpadoTaTh CpemHvit
TEXHOJOTUYECK DeXUM Up=IODO+I250 B , I.=70 A, Tﬁmn225 MC

B
pea/m3ymIpiicas B IOCTETOMHO EMPOKOM IUaNa3OHe AaBJeHMM D=5 107

3+ID—2
TOp, BaB500 T'c C BepoATHOCTRY NEpEXOXa B Ayr'y IOCJe YCT2HOBJACHWA
pexEMa <5%. [lokasaHa BO3MOXHOCTL HAHECEHWA NMPaKTHYECKH Oe3ZedeKTHHX
aDMAEMERHX [OKpHTHR Ha HeTeDMOCTOMKMEe ILAaCTMBCCH (tHASSDOC) it
TOHKYE ILIeHKH (HAlpWMep Ha JIOBCAH TOJIMHON 10 3 MEM).

Mcoonp30BadMe  MMITYJLCHOM — MOHHO-ILN83MeHHOR  TEXHOJAOTHH B
[epCIeKTHBE [OBBOJAT MNyTeM I0ACCpa YacTOTH CJAeIOBaHMA # AIATE Bhe
HOCTY VMIIVJLCOB YBEJMUYUTL CPeIHKK CKODOCThL HAHECEeHMA IOKDHTHR o
CpaBEEHMY C CyDeCTBYNIVMM CIIOCO0aM# MarHeTDOHHOTO  HEIHJSHNA,
CYLECTBEHEO YMEHLIMTL KOJMYECTBC IpHMece® B HaIHNAeMHX ILISHKEX, &
TaK Xe PeryJMpoBaTh TeMIIepaTypHHE DeXuM MOBEDXHOCTH CCpacaTHBaeMOro

MaTepuana.

4.2 DMECCHOHHHE CBORCTBa ILIA3MH CHJIBHOTOUBEOTC IHQPy3HOTO
pespafa ¥ WX MUCTNOJL3OBAHME B TEXHOJOTMM MOHHO-CTHMYJHMDOBEHHOIO
TDPaBICHEA MATEDUANOB. |

McnoJb30RaHNe CHMALHOTOUHOro MPPysHOro paspana (pexsM 3) AaA

reHepauMK OOJBIAX ObBEMOB IIOTHOR n,>I1.5 101 o3

OLHOPOIHOR
IJIasMH C OTPHBOM TemriepaTtyp 3+20 8B, 2 Takke MHTEHCMBHHX, ZO I0+I2
A/cuz WMOHHHX IIOTOKOB [IOTOKOB C &Heprueft ToHoB JHo I00 3B moseozaer
CYNeCTBEeHHO NOBHCUTH 3PPEeKTMBHOCTEL MOHHO-CTHMKJMPOBZHHOTO TDABJEHHA

B MMKDPOBJEKTDOHMKE, OCYymeCTBAATE TeXHOJOTHD KOHTRCJHMPOBAEHHOTO
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UMIIYABCHOT'O TDABJEHMA CHCEB, 2 TaK X8 IIDUMEHATL ero AAA NOoJyYeHud
Iy9KOB — BEPAYKEHHHX  YaCTHL  DAs3JMYHOR  TecMeToHM (TMCKOBHY,
UAHIDUYe CKIX, TpyO4YaTHX). HpoMme TOoro nozofrasd dopma Pazpaia MOKeT
OHTB HCIIOJAB30BAHA pifite! 0CpasOoBaHNA ILI33MEHHEX CTYCTKOB,
VHECKTUDYEMHX B KBASMCTAUMOHADHHS JIOBYDKM, SJEMEHTAME KOTODHX
ABMANTCA MarHWTHHEe CHCTeMH, CrOVRamme Ing QOpMUPOBaHMA 3TOPC BHIA
paBpAna.

C uUesbw TONTEEDRISHNA BHCOKOR NIMOTHOCTA W HEDAaBHOBRCHOCTH
MAa3MH yKasaHHof QODMH Da3pAfa, & TakKe ONpelelieHUA YCOTORMMBOCTH
OCHEDYKEHHOTO  DekrMa  COHJM  [OPOBEJSHH  OKCIHSDUMEHTH [0 © 870
UCTIONILBOBAHMN B TeXHOJOTHH  MOHHO-CTHUMYJMDOBEZHHOIO  TDABJSHMA
Marepuasos. JKCIeDUMEHTH [DOBOAWMCL B  DaspAZHEX  yoTpoMCTBax !
S8KDHTOTC ¥ OTHKPHTOre  Twiia  (yoTpoficTBRo ¢ npodw/MpOBaHHHEMHA
BJEKTpOZaME U Lo CKUH MarHe TpoH ) B cMecAax aproua C
TaioreHGCONePRAAMA fOOaBKaMi (SF_ ) Das/M4HOIC MPOLUEHTHOTO COCTaBa
(10=100% SF:). B kavecTse 0o0padaTHBAEMOTC MATeDRAJ2 WUCIONb3OBAJUCH
CTaHZAAPTHHE KDEeMHMEEBHE ILIACTWHH ¢ IB0 MM I CHeLMAJLHO U3TOTOBJCHHHE
TRCTOBHE OCD&EBUH ¢ V0 MM C 3aUTHHM TOKDHTUEM BHIOCJHEHHHM U3 OKCHIA
KDEeMHIA, QJUIOMIHVA ¥ DABJMYHHX BHIOE QOTODERHMCTOR, I[IOMeDaeMHe B
ILasMy  paspana [eDIeHMIKYJAADHC OCH  BJSKTDOXHOX  CUCTeMH HS
paccrosm®  I=80+<50 MM OT TIOBePXHOCTH  KaToja, J®OO HA
MB0JMpOBaHHYWw, JHM00 HE HAXOLAWYWCA TIOL TOTEHUMAJOM  CMeHeHHA
MOZJIOKKY .

Ans o0pacoTKM 0CPa3LOB MOHHHM TIOTOKOM C  sHeprue#t I10+20 oB
00pasul MOMEeHa/MCh Ha W3OJWPOBAHHYK IMOLJAOKKY B OOA8CTL ILIA3MH
paspaia. LnA yBeJMYSHWA SHEPTMM WOHOB A0 20+300 5B IDPOBOIMJCCH MX
IOYyCKOpeHMe CHCTeMC{ VMIYJBCHOTO CMeWleHWd, KOHCTDYKUMA ¥ [IPUHIMI

padoTH KOTODOR IpWBeZSH BHmE (paszies 2.4).
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JKCOepMMEHTH [0  HOHHO-CTHMYJMDOB2HHOMYy  TpaBjemm® S1  C
UCTIONLBOBEHMEM B KABYeCTBe TEeHepaTopa ILIasMH CHIBHOTOUHHER rudQysHid
pexuM B ycroficTBe € UPOJM/MDOBAHHHMM SJGKTDOZEMA TIOK&3ajM ero
BHCOKY® o0OJeKTHBHOCT ¥  [OSBOSJM  BHISJATD DAL  DEXVMOR,
OTAMIAKIUXCA BHCOKOR YCTORUMBOCTBY ¥ TOXHHX IJf TEXHOOJIHYECKOTO
npYMeHeHHs HampUMeD paspal B CMeCH A:c'/SF6 (80/20%) 1TIpH IaBJAcHEH
p=0.1 Top, B=0.8 xIc, I =50 M, U ~850-680 B, I, = I000 A,

OTall cTan
u =120 B. JAmTeJbHOCT: WMIYJLCE TOKZ B 3TOM CJy4dae COCTaBiAAeT

VIMII

<1.5 MC, A/MTEALHOCTHL ILACCKOW BepmMHH MMIOyJAbca =~I.2 MC. TpaBnicHmMe
HpOMBBOZUNOCh HEIIOCPeJCTBEHHO B TLIAZsMe DelpAla ¢ HOMemeHWeM ofpasua
3 M30JMPOBAHEYD NONJOKKY, YTO OCEeCIevMBAaJO JHEPI¥ME HOHHOTO HOTOKA
HA TONNOXKY COOTBETCTBYMHYH IIOTeHUMAJNY W30JMDOBAHHOTO BOHIA3. Maxkcu-
MEJIbHO HOCTHTHYTEA MMIYJLCHAA CKODOCTh TDAEWEHEE N[ TAKMX DexMMax
cocTaRafeT 800-I000 MKM/MIH, OZHAKO NpOfMNib WTPUXOB ¥MeeT OOYKO-
oOpasHuRt XapakTep (puc.4.l). CHumeHwe IaBJEHUA CMECH XO p=m’2 TCD

TIOBJAGKJIO YMEHBLEEHME CKOPOCTH TDaBJEHMA ¥ TDHASHWE TPO(WIM HTLHXOB
TPeOYEMOrC HPAMOYTIOMBHOIO WA MPEBMATHYECKOTO mpodmns.

DOKCIePHEMEHTH TI0 OnpejeeH OFHOPOAHOCTH HMOHHOTO IIOTOKA
IPOBOMCE € MOMOMB 30HFZA-KOJMEKTOPa (IJiaBa <) IOCTABAEHHOTC B
pe¥¥M, COOTBeTCTBYHWMH Havasy WOHHOT'O HACHIEHWA, T.e. [OOTeHIHAaX
HOCTOAHEOTO CMEHmeHMs BHOMpanca COJMBKMM K IOTeHIMaNy U30JMMDPOBaHHOPO
30HZa. lBMepeHWA IIOKasaM HEeOZHODOZHOCTR MOHHOTO MyUKa MeHee 5% Ha
Imamertpe 50 mM Ha paccrosHuM 5:10 MM OT TIAOCKOCTH CHMMETDMM Daspal-
HOoro ycrpoflcTma. I[LAOTHOCT: MOHHOTO TMOTOK2 IIPH BTOM COCTaBAAET =5
A/cw? upe Toke paspara 550 A. 0OC0padoTHa TECTOBHX KpPEMHMEBHX ILi&C-
THH, TPOROAMMAs IpH TOke pasdpAa 1000 A He HOKas3asa Pasjuwid B Tiy-
cuHe ¥ npofmne TpaBiaeHuA Ha IMaMeTpe 70 MM. YKaBaHHHE DHCTIEDVMMEHTH

KOCBeHHO HOXTBEDEISKNT HEHHHE J238DHHX vaMepersit 00 OTCYTCBHM Pe3KHX
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Fruc.4.1 Ilpofuym HOHHO-CTUMYJWPOBAHHCIO TPABJACHUSA KpeMamsa

IpH DaB/MYHHX PeXuMax oCpacOoTHH.

Prc.4.2 OcumanorpaMvH HENDAKEHHAS ¥ TOK2 H2 JUBJSKTDHYLCKYD

HONJIOKKY [P padoTe CXEeMH HMIYJLCHOTO CMENeHMS.
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PPAfMeHTOR KOHLEHTDALMM 3JSXTDOHOB B Ipelssiax po oOnacTy,

Gn
(3
T3
PLl
Q
-4,

OPDAHUYSHHCR IMaMeTDOM BASKTPOICE U BO3BMOKHCCTH OCDE30BAHUA NIS3MH
I4_1nlo oy

a

IIOTHOCTBI 10
HegocTaTkoM 3aKpHTOR paspafHed AvclKU ABAASTCA CQUIOKHAA CHCTEM
COBEAHMA MSTHWTHOTO [OJ#A, OUpPaHMYMBANEAA BOBMOKHOCTL 00RAadOTHHA
KDYITHHX U3Ie/mmt, TO3TOMY 2HAJOPHYEHS SKCHSDUMAHTH OHAM IPCBeHSHH B
DaBRpPATHOM YyOTDOMCTBE C OTKDHTOX recMeTpued (IAOCKOM MarHeTpoHe). B
Ka4eCTBE KATONOB MCHOJB3CBAMACE INIOCKAS [AACTVHH W3 MOJMCZSHA, MeIH

¥ gepmapewme® cramt  (IZXIBHOT). PadoumMm razoM  ABJAJNECH  CMECH

Ar/SF. ¢ comepkemmem SF.or 10 a0 I00%. Inanason JaBaeHU COCTARMAAL
-2 -
-1072-1071 10 , WAIYKLUMA MarHEUTHOTO [COJAA H3 IOBSDXHCCTH KaTodz
P

B=400+700 Tc. [o pe3yibTaTaM HCOHTaEW! Ha T2COTOBHX COpasuax ¢ 120
MM B KausCTBe TEXHOJOTMHYEeCKOrO CHR  BHODGH DEKEM  paBpAia <o

-2
CAeNyRUUMA TapameTpami: padowit ra3 - Ar/SF. 50/00%, p=5 IO 7 1oL,

B=Y00 Tc; TUpeABApUTEdLHH{ DA3paAd: IETau=SG MA, UéTau =550 BE;
UMITYIBCHHE  paspai: [ = =720+1100 A4, UKMH=£35 B. Odpadarupasmul

Oofpazel [OMemadcA Ha paccroaHum 1=H0+100 MM OT TCBEDXHOCTH KATOLZ
TpagieHns 0C0pa3lua 3a CYST MOHHOTO HOTOKS U3 ILI&EMH, YCKODASMOTC B
TDUIOBSPXHOCTHOM  CJioe IO SHEDTVW,  OUpelsadeMOl  TIOTEHUUAJOM
W3OJMPORAHKECTC BCHIE, IM[OKa3aJ0 YVIAOBJSTERCDUTSJbHHZ DE3YAbTATH 0O
IMIIYALCHOR CHKCDOSTH Tpamienuia (Ccbuime S0 MKM/MUH). YKaBgHHHR Cnocosd
MORRBONAET TIPOUBBOIMATE OCpadoTHy O0paslCoB Kax ¢ OpoBOJAuvM (Al), TaK
¥ C IMBJEKTpUYeCKUM (5105, pasydmde QOTODERUCTH H T.O4.) SaEUTHHM
QJIDEM, OTIAMYAeTCA MOPCOCTOTOR NOMemeHNA IeTajseft B [asMy paspaja. b
TO K& BpeMd, IpouecC TpaBJeHMA , 3aBUCAmsll OT 2HEDPPMM MOHHCTO
I0TOKZ, OKA3BHEAeTCA 3aBUCAUUM CT pemmma'paapaxa, B YaCTHOCTH OT
IapaeHud padovyero raza.

MoAyYeHye MOHHOIC I[OTOKa 33F2HHCOW OSHEDPIUM IIPOU3BOIANOCE ¢
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[IOMOERE: CHCTEMH VMIYABCHOTO CMemeHMA. [Ina CayHiaa  [poBONAWSrD
SUUTHOTO CJOA CMelleHMe [OLABaJOCh HeNOCPSACTBSHHO HA 00D&a3sl JHMGo
0T OTZSJBHCTO HCTOUYMMKA IMTaHMA, JHMO0 TOCPSACTBOM  BHJKYSHUA
ofpasua B KaTOZHYKW LUeNb 4Yepe3d OTPaHMYMBapies CONMDOTUBACHME R,
BEJMYMHA KOTOPOTO BHOMpanack HKCXOJA U3 TpeCyeMOrO HANDAKeHUA
CMEMEHNA M HOHHOITC TOK& HACHHEHHR, OOeCIIEUYNBASMOIrC I1a3zMmol. B
cny4ae OTEeNBbHOIO WCTOYHMKE, HAIDARSHHe omemeaﬁﬁ BHOUDAJIOCH UCMg—SD
B, xoTopoe ¥ MOMeHTY QODMUDOBEHMSA KBABHCTALMOHADHOTO DAZpALa

YMeHRbBHZJA0OCH IDEKTHYE CHH pite] IoTeHIMaAs U3CMPOBEHHECTO 30RIE

(O]

BCAEACTBME  OCABEOTC MOHHOTO TOK&8, 4YTO TDRESOBAJO [IDHMEHSHUS
MCTOUYHMKE CMEleHHA [0 MOMHOCTY CpaBHMMOIO C HCTOYHMKCM [ATAHUA
paspana. OT ITOrO HEXOCTaTHa CBOOOAHA CHCTEMA UMITYJALCHOIC CMEWeHWA,
HCTIONB3YWHAas YacTh  MOUHOCTM  OCHOBHOT'O  paspaia. JKCIEDUMeHTH
TIOKa3aJul, 4TO JJf paspala B CMecHu Ar/SF6 50/50% mpv LZaBJEHUAX HUHKES
p<5 107° TOD, OTUDaHMuYMBANdes COHNPOTHRJISHNE R MOXeT
usMeHATbCA OoT O o I00 OM, 4To ofecrnevMBaeT HANDAKSHWE CMEWEHHA OT
120 zo 20 B. Taewmuit pas3pag ¢ o6pasua HpW 3TOM He QODPMUDPYETCA T.K.
B MOMEHT [OZ8YM WMMIIYJbC3 BHCOKOTO HANDAKSHWA NOLNOKKA OKA3HBIRTCA
3amYyHTHPOBAHHOM CTALMOHADHHM MArHeTDOHHHEM DAGBDAICOM, UMEKOMM DM
yxasaﬂnﬁx JCJOBHAX MeHbHeS HAIDAKEHVWE TODeHUA.

Ecom ofpadaTHBasMHE OO0pasell WMeRT IUDASKTDUYSCKME 32mWTHHR
cnoft, TO IpH HEMOCPeLCTEEHHOM IMDUAOKEHMM TOTSHLMA2J]a CMemeHMA K
ofpasuy WM  IOLNOKKOZEDRATEJ®  IMPOMCXOZAT  33DAIKA  eMKOCTH
oCpasywme#ca MEROY INa3MOft M KDeMHNSBHM 00pasuoM, YTO TPWBOIUT K
SKPaHMDOBEHME  SJSKTPUYECKOI'O0 IOJA CMelleEMA. B 3TOM  CcJaydas
IP¥MEeHANECh CXeMa MMIYyJALCHODO CMEemeHud, COIeDXamad [OCHAeOBAaTSeAbHH
IC woHTYp (ra.2) CO CJaenywmuMM HDapaMetpamu: I1=26 wxlH,

0=0.5 mxd, R=I0 xOM. PacyYeT 3JEMEHTOB KOHTYpa IDOWSBOIUTCA MCXOIA
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¥3 er0 ZOCPOTHOCTH, BOJHOBOTC COTPOTMBABHUA (BOJHOBOS CONMDOTHUBISHUS
KOHTYpa JOJKHO O0O0eCHevYuTh TOKOCBEM C  [OBEDXHOCTH oépasﬁa),
TpelfyeMoro HAaNpAKSHIA CMemeHMd , BPEMEHH 32pAIKY SMKOCTH
oCpazel-Iia3Ma, W CKBAKHOCTY MMIYJALCOB. B CJjyyae HaIpaAKeHKHA
CTAIMOHADHOTO paspaza 300 B ¥ BOJHOBOTO COMNPOTUBJEHUA KOHTYpa D=7
OM TOK CMelleHMA cocTaBideT =40 A. YacToTa KOHTYPa COCTABUT V=3 10°
I'u, 470  YIOOBASTBOPAET  BHNEYKABaHHHM  TPeCOBAHMAM. [lppmepr
OCLIAZJIOTDEMM TOKa 4eped ofpazell ¥ HaNDAKSHNA CMEmeHMA [PeICTaBJIEHH
Ha pHc.4.2. OKCHEeDHMMeHTH ¢ ODUMeHEHMeM UMIYJAbBCHOrO  CMeleHud
[I0KazajM, YTO IMMOTHOCThL ILAS3MH B ILIOCKOM MarHeTDOHe HA DacCTOAHMM
1=I00 MM OT NOBeDXHOCTH KaToZa B pewsmMe Ar/SF 50/80%, p=5 107%
top, B=700 Tc; IMMH=720+IIOO A, UKMHzIB5 B  COoCTaBhaaeT nzzz
3

2 -
IDIUCM , 4TO IMO-BHIMMOMY B OOBACHAET OoJee HARKYWL PHPeKTUBHOCTE:

TPaBAeHUA B OTKDHTOR DaBpamHOR AvueHKe.
ABTOp OJBrCHApWT HAy4yHOTO DPYKOBOIMTEAA K.Q.-M.H., HOUEHTE

W.K. TerucoBa ¥ K.d.-m.H. ['.B. X0ZauyeHKO 32 COBETH, IDEIJVIOKEHUA U

HPaKTHYeCKYn TIOMOmEb IIpH padore Haj JUCCepTaumed.
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SAKIOIEHVE

1. TlposereHH BKCNEDWMEHTANBHHE HKCCJSIOBEHEMA KBa3UCTaLNOHAD
HOI'O DaBpANA HMBKOI'O I2BJEHWT B MaACHMTHHX [OJAX DaBmYHON Komndury-
patyM. OnpelesieHH OOGJAcTH CYHECTBOBAHUA ¥ DEXVMH JBYX CUJILHOTOYHHX
fopM pazpaza.

<. OCHapY®eH3 HOBaA CTalWAbHad $OPMa KBASHCTALMOHADHOIO paspd-
_ﬂa B [IOUSpeYHOM MATHUTHOM IIOJ€, ABAAKMAACA IDOMERYTOUHCR cTamiell
epexola OoT Marf#eTDOHHOTO paapsﬂa B IYTOBCH ¥ UMEKHaA CJeLyouHe
OCHOEHHE X&aDSKTeDUCTUKU: HalDAKeHNe ropesud ~I00 B, BpemaA cymecTBO-
BaHWUA OO0 HECKOJIBKMX MALMCERYHI, IHaa30H TOKCOR ot I0 1o 2 103 A.
[lpepnokeHa KavyeCTBeHHA# MOARNL [GACHAWHAZ BOBMOKHHE  MeXADURM
BOBHMKHOBEHMA U CYHSCTBOBEHMA YKA3aHHOR ¢ODMH pa3pdana.

3. YCTaHOBASHO CYHECTRBOBAHWE CUNLHOTOYHHX  BHCOKOBOJLTHHY
DPEXMMOB  KBaBMCTaUWOHEDHOTO MaTHeTDOHHOI'C Daspafa, OTJMYanHMXCH
BHCOKVM HaIpAKeHMEM TODeHMA ¥ RJMTEeJALHOCTRR IO 20 MC B COYBTAHMW C
CONMBWOW TJAOTHOCTRI KaTOIHOTO TOKa (o 25 A/CMB}.

4. PaspafoTaBa WMIYARCHAA ROHIORBAA IUAIHOCTHKA IJA UBMEDeHKA
12PaMe TPOR INIasMH TINOTHOCTHE HO 1015 oM 2.

5. [oxazana BOBMOKHOCTDL MOJAYYEHUA [LIA3MeHHHX o0pazopauy#t IJ0T-

olo -3

CM B 00beMe CBHE 00 GMJ, 00eCIIe YU BANIX

O
bt

HOoCTR ZOo 1.5 I
IMIICCH MOHHOTO IIYYK& IWOTHOCTRW CBHue IO A/CMB C smueprue®t no I0O
3B.

6. llOka3aHa EBOBMOKHOCTE WHTRHCHBHOTO KATONHOTO DACIHJSHUA X
CC3HaHA IIOTOKOB YaCTHl, DaCIHJeHHOTO MaTepHasa ¢ BHCOKOR ILIoT-

HOCTRIG.
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