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8W.

MHTeacmce mocaezxoaame paapfinoa HKSKOI‘O 338.56% B Homepag-

HUM mamwom 110319 0838830 0 EX mom ECHOJmBQBaImeM B mame'rpon—

m yc'rpofic'max Temonomecxom Hasfiaqem, ycxcopm'em mama 0

38mm npefibou BJIBKTPOHOB, B Kaqec'rae masasem sm'repoa 13m

BHBKTpOBHHX a new mexmpoa.

AHaJms mepamypm gamma: noxaauaaew, no caonc'maa paapsuza B

uonepe‘mou mammou Home 0 38mm mama snexwpoaoa B ofinacm

Hepexona GT mame'rpomioro paspsma c pac'rmefi BQJIb'r—amepnofl xapax—

Tepncmon K mommy paapmy Hpaxmecm Be EBY‘ZEEI. OTGYTCTBym

05003023119239 sacaepmemanbme H Taopemecme name, noaaome

onpezeamwsv npenemane pew mame‘rponnoro 1333me B 1‘50?me

Momma? cement: Temonomecm yc'rpofic'm.‘ HomemBazme

momma mmcm paapsmoa, Honomayem ma renew {momma

omopomcn mama, Hammer 38 Boammoc-rb cymec'raoaam yc'rom-'

Bill @1331 paapana B mammom none, 39 nepexonmm B Koamampom—

m @333! npn anam'reamm semax Tom, came coomewcwayxm

moaofi OOJIECTH BOJILT—amepaofi xepamepncm Tam 1333333303.

Hem. padom:

15003630138339 BOJIBT-SMHGPHHI xapamepncm :1 camera?! cymec'rao—

983115! OKJIBHOTO‘IBHI Qopm masncramonapaoro paspsma 3113mm namem

B mamm 1103131 paamofi Rom-mam.

Onpeneneane nonempm xapazcrepncm mama YKBBBEFIHX Qopu

paspsma.

Mccaxenoaanne mammoc'm KCIIOJIBBOBBHKH mamas cmno'roqnoro

paapana m reaepazmn {mom masmemmx oapaaoaam n unreacnaaux

EOTOROB aapanem 380m.
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Hayqnaa HOBHSHa n npaKTflquKaa BHBQKMOCTB paOOTH:

B npouecce HpOBBflEHKH paGOTH Guam necxenosaxu odaacwn cymecw—

BOBaHns a pexnma cnflbnowoqnux finpm KBaafiCTaufiOfiapHOPO paspana Ens-

KOTO nasneflna B maFHMTHHX ndxax paaannofi Koamurypaunn.

OGHapymeHa Hosea CTEGHflBHafl ampma KBaBHCTauKOHapHQro paspana B

Honepeqfiom MQFHMTHOM mane, 3333mmaaoa npomemywoqnofi cwannen nape—

xoxa OT MBPHeTpOEHOPO paspfina B flyPOBOK (enabHOTquHfi fiMfifiWBHHfi pe-

EKM) n nmemmaa onenywmne OCHOBHHe xapaKTepncTnHu: Hanpazenne rope-

Hma 2100 B, Bpefis cymecwaoaaana no HECKOHBKHX mnnflmcexyfix, ananaaox

TOKOB OT ID A 30 2 103 A. Hpenxomeaa anecTBeHHaa MORSflb, nosCHfim~

mas Bosmoxflan mexaflnam Boannxaoaeana n GyMBCTBOBaHKH yxaaaaacn mop—

MH paspaxa.

YCTEHQBfleHO GymeCTBOBaHKe CKflbHOTOQHOfi BECOKOBQflbTHOfi QOPMH

KBaan0TaunoaapHoro MBPHBTpOHHOPO paspaxa (CHflLHOTOQHHfi maPHETPOHHHa

pexnm), 0Tnnqammeficz BECOKKM HanpameHMeM ropennfi (no 1200 B) B 00—

quaHnn c Gonbmofi fiflOTHOCTbm KaTOflHOPO TOKB (no 25 A/CMZ). Hanrexb—

HOCTL GymBCTBOBEHKfi awofi mopma paepaga moxem upeBHmaTb 20 MO.

Hexaaaaa BOBMOXHOCTB nonyquHH nmasmeHHHx capaBOBaHnn nmorxo-

015 0M“3 B odseme no 1000 0M3
2

cwbm no 1.5 I , odecneqnsawmnx smmccum

MDHHOFO nyqxa nmoTHocwhm caume IO A/CM c saeprnefi no 100 9B.

noxasaaa BoamoxHocwb HHTSHCHBHOPO Kawoxnoro pacnunenna n cos—

naana nowoxoe qaCTnu pacnunennoro marepnana c Emcoxon Knownocwbn.

HonyquHHe peayanaTH HCHOflBBOBaHH:

— B Hoaon HflaBMeHHOfi Texxonormn HOHHo—cwnmynnpoeannoro Tpaane—

Hus n cosnannn nmaamoxnmnqecxoro peaKTopa nan ycxopeHHoro Tpaaneanfi

cnoeB (EDD CyGMfiEpOH)

— B TBXHDfiOFKn nmnynbcaoro pacnxneuua marepnanos (BED BHepro—

mam r. Cauapa)
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— Rpm HaHecem {59:32:me ncxpum Ha Hewepmocwome cum—

meme germ nomanpymm 113.313,?qu a 08060 Tome imam

(comeomo W H MBH "MEET" 1”. Mon).

Ha awry moo-mm meme momma-m:

I. Pesynwam axcnepmemmm HGOJISJiOBfiHKfi cmno'roqm (bow

maancwamoaapaom paspsma msxoro ESBJEGHKB B mamm How

paamofi mammam: a. 06330:}! cymecmoaamm n panama .21st (Dow

paapsuza:

o. samcmocm BomT—amepm xapamepncm

OT ,EBBJIBEKfi, 39m mum: mammoro 110.115, page raga, Hamma—

.na exemponos, ma paspmoro ycwpofictma.

a. KaquTBeI-Iaaa moneJib, mamas: mm»

mm Hexanzsm Boamoaefina n cymec'rsosama cmaowm “Wagon

@opmu paapsma.

2. KBTOfl mmcaofi 3033101303 mamoe'rm momofi mama.

3. PeaymaTaTH nccnezzoaam napamewpoa mama cmno'roqnoro

masnc'ralmoaapnoro Maseru pema paapsma B 0.11360 Heomopogmom

MBPHHTHOM H0516 .

Genome peayswram onydmosami E paso'rax [94404] .
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I‘JIABA I. CWILHOTOIEME PABPFLBB EMBKOFO W B WHOM

HOE H ViX MCHOMOBAEME IDES mm MOTHOH IULABMH 15

mmcmm HOTOKOB 8W QAGTM.

LI Bacnepmemanbme HccnegaoBaxma PaBOBoro paspagza marten:

namemxa B mammom Home 14 em npxmenerme B soaps-memo?! Tame.

Cymec'rsymme Em ychoficTB Ha OGHOBe 13233138213 B cupememx

EXH 1mm.

Mccnenoaaxme xapamepucm 1383139118 E cxpememmx anempmem

ROM H mammom HOJIfiX npmaem K 0031mm momec'rsa rasopaspsmm

ycwpefic'rs, Haxomnm meme npmenemxe B mam ofinacmx

Ham H mm, owmammca KOHMy’pazmefi E H B 1103193, Bean:

moi! paspam—xoro TOKB, Hanpaxcema, 35133193143 raaa. 0 mm 399mg

npammecxoro npmeziermfi Handoxee nepcnexmm oxaaamcb 633— 5;

TSMH c nomypazmefi noxefi, oéecnemamm 83mm 221393113 93629”

TpOHOB. R :51 many omoca'rca mmecme {1,21 m momma

{3,4} mame'rporm, sqefixa Rama [5}, KOMGEHKPOBSHHHG yowpoficTBa

c mame'rponom n mom EETOROM {6+8} , masmemme ycxopn'rem 0

38mm xomoecmm TOKOM {9+II} . B MTepaType Hccnenoaanx

CBozc'rBa paapagxoa Hpammecm ma Bcex Boamomax KOHMypamm

aKcnabeHo-cmewpm EXB 110.7183. Mocxegoaaima paapmos c 3938M—

RHYTHM npeflrbom BJIeKTpOI-IOB HpOBomeCL 0 119mm Buacnemm BOSMOX

Hoc'm nomezms no'roxa mam/m, ycrcopemoro expemem 9319mm-

qecmm :1 WWW HOHHNM, a TEE are marmofi momma macaw n

nonomaoaama Tam fiaapfizzoxa B maamoxmmqecm peamopax

[12,13] . Paspsma B nonepetmom mammom none Ham nmpoxoe

upmeneme mm coazama maamemx sm'r'repoa a MBSMBHHHX Ram—

1103. B Kaqec'rae ImaBMel-IHHX sm'r'repoa B TeXHPme 11031:;qu mom

mime}; 0611x130 nonomayewca ,Lw'mBon paspsm, Ko'ropafl nomam'
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nepexomm ma memero, 031.3830 0133 33322010 gamem, 3900mm

m5 uomem anempomoro ma n are Tpancnop'mpom, saxeqs

mam 1383135111 Heaomoxso, 009mm B Kaqec'me scnomora'remfioro

30110353513: paper. 0 38mm mm axeu'rponos, KOTOpHfi saTeM

Hepeaomca B mono: {14,15} . npempmamca 110mm Henocpex—

cmeanoro neuomsosam Romampoaamcro paapana B cxpememm

Ex}! 110m B xaqecfie am'repa enex'rponoa. [16] .0 Mommaaosame

maauem—mx narrows 33 0021039 Heuoa'rpampoaamoro paspana B war-

RETRO!!! mme Kate B 113100301! Tan H B macaw reome'rpm m

comm 00330053513 mamem Rommymmx almapa'roa nosmmo

cosna'rb 1393mm 011000631118 nom'mpoaa'rbmm came 150 m m Han—-

pagans cBHme IOU KB, npnqeu ocmecmm Bampafine-:.--npn60pa :33

?
apemena NeHee 50 ac {17,183. Henoc'ra'mom @0003:me memos;

TOJIBKO 00bemoe 2300 B nanemie Hammem Ha paapane, ofiecnem— '

semen immomponme meant-macro 3.8590128. £1118an paapsma c

nouepem MWTHHM 130.3191! awenmno MCHOJIBBYDT m numerals

menmm mom W03, Hanpmep won onwa'remom HOHOB

Bonopona {I9}

Bantam npanmecm upmoxeanem paapanoa B mammou

110.319 memes comma mamewpomx cuc'reu pacmem ma'repna-

JIOB, KOTOpHe ECHOJIBSYDTCH M3 Hanecem TOHKQMGHO‘IHHX HOKPHTM

(20-3-2?) .

000301-133 paspsmon B nonepemou mammom 110.313.

Oomacao {28} B o'rcy'rc'rm mammoro 110313 B samcmocm o'r

neutering :1 39m paapannoro TOKa 300mm qempe yc'ronmux

Ema paapsma c xenomm Harmon: Tam, Hommm mam,

33001331193113 memmfi a mason. Enauasoa TOROB mm Kmoro ma

TSMC-1107 I Page 8 of 122
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Hanpmep m paspsma B Re new mocxonapamemamm ammponam

11px gamem :1 Top, cocmamm COOTBBTCTBSHBO IO‘IG+IO"4 A,

10‘ +IO’I A. IO’I-z-IO A, >10 A. Kaqecwaemian BOJILT—amnepgas

xapamepncma 33335113 npegc'ramiefia 38 pm: LI. K cmaowoqmm

(bopuau o'mocazrca 8501;333:333 mam paapan, swam Eon

noaepxnoc'rb xa'mzza H xapamepnaymmflca pac'rymefi BomT—amepuofi

xapamepncmon (BAX) a MPOBOK, n‘penc'ramam cocoa KOHTPEI'E"

pozam paspsm 0 Hammer! BomT—amepzofi xapax'repncmofi.

0030mm Hexannsm nomepxam memero paspsma mama 1103338-

um 3393mm ynapom B gamma»: c.2109 H snemponfiaa 95130633 0

Ka'rona, BHBHBEQMSH B'ropman non-vafiemponfiofi smegma K momm—

(Demon. liazxeme aapsmon B Karromou caoe memero paspmza npoxm-

mam! B peme Homocm, npmem CKQPOCTB naming 150303

anam'refibao memme cxopocm anempoaoa, Gnaronapa new B oéaac'm

Kammoro upoc’rpanc'ma Boamae'r HBGHTOW uoxoxa'renbm 33pm,

Kowopufi Rename? snempmecxoe none. B Ka'rogxaofi oéxacm name?

Gamma qac'm: Hanpmm paspana, Tam Odpaaom Hopuamam n

anomaJIbBHn new paapan W08 paapazxam c nonomexbmm

ofiem aapsmon.

Rpm Ham nonepemoro mammoro 110.118, CKOpOCTh mm

anex'rponoa K anon wensmae'rca, wro npusomm K meabmem Ica'ron—

BOPO nanemm n memem omma'remaaoro npoc'rpanc'raemoro zaps!-

na 86.711131! 830,118, me. odpaaoaamm BHpaerHoro anomoro c.7103.

Penman: paapana c and/2mm camera mm c OTpIma'reJmHm odsemm

Bapmom peamaymcs B OCHOBHOM Hp}! Imam mammal: (1310—3

Top) . Handonee 30.11309 newenoaame caofic'm paapana 0 330mm

0309M B weaken mame'rpone npoaeneao B paOo'rax {29-1-32} .

Hpn 60.1199 Bacom 3883952311 E He CMOM 0mm MBMTEHX new

TSMC-1107 I Page 9 of 122
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-10..

IIA]UfVJ

3000 4 1300 F0

1500 3 600 To

1000 , 2

250 PC

500 ‘\-*‘ 1 {/ "’flfl’,,,—**”"fififl'
 __.__~_fli____~*~__4_____

10’5 1o“3 10‘1 1o IfA] 300 600 UIV}

Pnc.I.I BAX paapana B Ne PHC.I¢2 BAX paspana B MBPHBTPOH—

p:l Top. {28}. HEX paCfiHflHTeflLHHX cnowemax.[853

 
Pas DTREQKQ

Pnc.I.3 Cxema MPG 33 003089

unauapnoro maraempona {433

-3
TefeVJ a. nifm J b.

5 \~
5

4 \ 4
3 "‘”_“.wa—

3 °\ 2 ..n/a
2 Bar.

1 1015
IImAJ IfmA]

.L.—______J__..____~L___ _J_________L_..__..J____

50 100 150 50 100 150

Pnc.I.4 Baancnmocwn sneKTpOHHofi KOHHEHTPBHHH (a) m HOHHofi unaw—

BOOTH (b) OT T038 paspana (nmaHapHHfi marHeTpoa) {453
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-11-

peannayewca paapaa c H8TO£HHM Cfloem (HOHOKHTeflbHHM HpOCTpaHCT—

BeHHgM sapanom). BKCHGPKMGHTaflbHHe Keenegoaafina paspfiflos B none-

pQQHOM MBPHMTHOM noxe paanfiqaon Koamnrypauzn HOEBBQflE, qwo

COPflaCHO {33,34} gas fimfiofif MSPHeTpOHHOfi CKCTGMH c aaMKHyTHM

npefiéom aneKTpoHOB BOfibT- amnepnafi xapaxwepncTHKa onncgaaewcs

”Expamefinem IP=RU§, Fae Ip — TOR, UP — Hanpaxefine paapsfia, k,n
(n>I) — Beflnqnau, saancamne OT KOHBprKuHK yowpoficwga, pona

F388, naBfleHua, MBPHHTHQPO Hana. B padowe [85} npnseflefin

BKCHepHMBHTaflbHHe BaBKCHMOCTH TOKE OT Hanpsxexna paspflna, Kapax~

Tepaue, no MHeHnm BBTOpOB, xxx nmdofl marHeTpOHHon CHCTSMB

(pHC. 1.2). BHnHo, qTO c pOCTOM Hafipflmefifiocwn MBPHKTHOPO H035,

npn QMHCHpOBaHHOM Tone, Hanpsxenne ropeana ymenbmaerca. ABTOpH

aenamT BHBQK o npnmefinmocwn moxefin aHoxHoro 0303 £33 onncaazax,

BKCHBPEMGHTBXBHHX xapaKTepncwux Hpfi CpaBHMTBfihHO BHOOKOM gagge—

PEPE/I (1.5 10’I<p<8 Io“I Top).

OTHfiOHeHMH OT yKaBaHHon KaanHH aaBHCHMOCTefi Hanpflxeana

paapfina OT TOK8 HasnwnaflHCL npn paGOTe c HeOXflamgaeMHmn HaTOflaMH

[86]. KPH marHHTHHx HOflfiX c MszKunefi CBHme 2 HTC 3a naBneHKH

CBHme 8 {0‘2 Top Dunn nonyqeau BAX paspana, FAB MOHOTQHHHK pOCT

Hanpaxeflnfi oOpaaaeTca, nponcxonnT pesxoe ero ymeHLmeHHe no ypoa—

H8 2200 B, ganee UP npamwnqecxn He aasncnw OT Tana no Beannfiu
TOKB 22 A. ABTopH odgacnamw noaBneHMe yKaaaHHHx S—odpaaanx

xapaxwepncwnx yaennquMeM KOHHBHTPEHEH unaams BCflBfiOTBHB moanaa-

HRH paCHHfleHHHX ETOMOB mamepnane Kawcna.

Mccaenoaafinfl aaancnmocrefi Tone paapana OT Bennqxna Hamps-

meHHOCTM MEPHHTHOFO Hons 0TpaerH B pacowax [87+40}. HexasaHo,

QTO TOE paapfina nude BoapaCTaeT c pOCTOM Hanpaxefinocwn marflnw—

HO‘PO HOJIH, Hanplmep B paapanax B WMBCKOM MBPHBTPOHB K B

TSMC-1107 / Page 11 of 122
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KomfimmpOBazmofi momma 0 110mm Kawomm {37,38}, 3mm sawm-

MOCTb IP(H) KMBQT ReagamTeabm maxcmym {39,403.

Momma Kawomoro c.1103 memero paspma B nonepeqaom mammw—

HOM acme npenc'ramefia B [413. 11024213330, q'ro meoqezme marm'mom

Hons yBeJIanBaeT Ka'romme Kazerme npn mam MOTHOCTFIX Toma 9:

ymeHbmaeT em up}! 6035mm. B pesynb’ra're BAX, noc'rpeemiaa B HOOP-

mawax UK—ln J cmemaeTca KB 39154me 3/21n(1+m212) B cwopoHy

(5035113411 TOKOB (w — WOTPOHHEFE qac'ro-ra, 'r — Bpems penaxcamm

sxempofia), W20 OBHaqaeT coomemcmymee yaememe HOpMaJIbHOH

momocm TOKE. BHBQJIQHH yCJIOBKH momma KBTOJIHOPO 03103 B o'rcy'r—

CTEEG n Hpn 33mm marmmoro 1103151. Tecpemmecxaa MGREJH: paspa-

1:8 BHBKOI’O namemm (3 33mmmi npemzaom BJIGKTPOHOB, peamaym—

meroca B maI‘HeTpomiofi paCIIHJMTeJILHofi CHCTeme 0 TM ma

Temonormecxom npmeaema manasonom napame'rpoa, mcmoena B

paGOTe {42] . HOJIY‘IBBH omomepme pemeimsi, Olmcuaalcmne HSPBMQTPH

{Imam Ha pasmmx yqacmax paapamoro npomewma: TSMHOM

npmca’rommm c.3109 H 30:19 npmawogmoro caeqemm. Hoc'rpoena mamm—

K8 pacqua Beam—amepmfi xapamepnc'rmn paapsma. Kpome Taro

npegmomena momma Baamoneficmm momma pacmflemoro Bemec'rsa n

padoqero rasa npmaonmuem K cmemm Enamel-Imam raga B 0631mm

Kamoxcaoro caeqelmfl 11 may paspamiom Hanpamermsa. Pacqe'r BAX no

yxaaamqofi monem TEE me nae? MOHOTOHHO Boapac'ramym SEBPICKMOCTI:

UPGP) CTaémBprmonm Ha ypoaae 4OD-z—SOO B 11pm momoc'm Torca
0.04+O.I A/CMZ, q'ro ylzoane'mopmexmo comaoye'rcs c encnepmea—

TQM. B Tome Bpema BHBHBae'l’ comemie momoc'rb Toma B cwaunoaap—

HON! panama (:10 0.3 A/CMZ) , ncuoxbayemaa aBTOpaMH mm CpaBHeI-IKH c

pacquoM.

MEMBPEHMJO JIOKBJIEHHX XBPBKTEPPICTKK MEBMH CTalU/IOHBPHOI'O pas—
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page, TBKKX EEK flmOTHGCTb HEEBMH fli H BR8KT§OHHE£ TewnepaTypa

T a Taxme pennanbfiux pacnpexeneHMfi BTHX HapameTpoa B 8KCHaflbHOe’

CHMMeTpHQHHX oncwemax HOCBHmeH HBMHH pan p860? [43+45]. Hanpnmep

B unocxnx MaFHeTpOHHHX cxcwemax {43,441 dung flOCTHTHYTH HflOTHOC—

TM HOHOB n121010+3.5 1018 0M"3 x BflBKTpOHHHe TeunepaTypH 20+5 BB
Hpfi naenefinax pafioqero P333 5 IO“3+2.5 Top GOOTBeTCTBeHHo. Gxema

BxcnepumeBTa {43} EpeflCTaBflefla Ha pno. 1.3. Bennqnna MaPHETHOPO

HQAH y HOBerHQCTn MaPHHTB fiOCTMPafla 1600 To. B Kaqecwse paooqe—

TO P338 ECHOfibBOBaflCH BPPOH npn AEBHSHHH 2.5 EO'2+2.2 Top. Bxex—

T903335 HflGTHOCTb x TennepaTypa HamepaaMCb c Homombm soafia. Ho

Tony Ha Bonn oueHeHa n caopocwb npeflma axexwpoxoa B HanpaBneHnn

ExH. M93333 Temnepawypa HBMBPHMECL c Hangman aneKTpocmaTqucxoro

afiaflHBBTOpa. Maxcnmaxbnaa EfieKTpOHHafi Temnepawypa HaéfimfiaflaCb B “a

OGflECTH npmmuxammefi K can cucwema y HOBerHOCTH Kawoxa (2893).

MaKCKMaflbHaS HflOTHOCTb BfleKTpOHOB COCTaBflHfle 8.5 IOjECM-B n 6333

OpaBHKMB c HOHHOH HfiOTHOCTbm. OGHapyero, QTO B OGflaCTK nepneH—

nnxygspnocwn anexwpnqeoxoro n MaanTHoro nonefl 0THomeHne npen®o~

Bofl cxopocwn Vn K TBHflOBOfi V9 ocwaewcz Hocwoannofi 33035 2 n coc—

TEBflfieT 20.05. BOHAOBHG HBMBpBHKH noxasafln, qTo V£27.3 105 CM/C,
TO eCTb VS=I.5 108 cm/c, QTO COOTBBTCTCByeT afleKTpOHHOfi Temnepa—

Type 2693. MBMepeHna HORROR TeMHepaTypu noxaaafln, QTO Ti:O.6+I.2

as, T.e. 0THomeHne sneKTpOHHofi I! HOHHOE TBMHepaTyp OOCTaBHflO

2.3+5 .

B aflafiornqnofi CKCTBMQ HpéflCTaBfleHHOfi B paGOTe {443 paspan

BBXKPBHCH npn afiexymmnx ycnoanax: xaanefine p=5 10‘3+8 IO"2 Top,

paéoqnfi P83 ‘ apron, METepfiafl KBTOEB — mega, paspanaufi TOE 20.1

A. Maxcnmanbno fiDCTKPHyTHe sneKTpogHafi HmOTHOCTB H Temnepawypa

CQCTaBflfiflKZ
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I. p=5 :0‘3 Top, 11821010 «3:53 , T8220 as
2. p=2 10‘2 Top, 0825 1010 0M“3 , T825 BB

TO BCTB HOBHmEHHe fiaBfleHHH Hapsny 0 pOCTOM KQHueHTpauHH KOHOB

HPHBOAKT K Caneme BfiEKTpOHHOfi TeMHepaTypH.

MccxegOBaHnH sasncnmocwefl HOHHOfi KGHueHTpauMH H BfleKTpOHHOfi

TEMfiepaTypH OT TOKa paapana B nfiocxom MEPHeTpOHB {45} noxaaafln

npaKTqucxu SKCHOHeHuHabuHfi pocw n£(Ip) H Hanammym BaBHCMMOCTb

2%(Ip), (pnc. 1.4) OflHaKO yaxnfi gnanaaofi TOKOB 50+103 mA 30

HOEBOJKRQT 0.128118% 0012350 BHBOIXH. Tam axe npnsom‘rca pamaanae

pacnpexenefixa yxaaaunux Hapamewpoe, HonyquHHe BOHAOBHMH namepe-

HEHMH. Paonpenefleflne ni(r) nmeew maxcnmym B OOfiaCTH maxcnmyma

pannaanofl COCTaBflmeefi nfimyxuun MaTHHTHOPO Hons x1 BflpaerHHfi

npoaan BfiOflb 00K CHMMQTPHH sneKTpOAHofi cncwemu. “ '07,,

BamHHM HapameTpom paapfina, Banfimmfim Ha 9P0 Bobe—amnepaym

KapaKTepncTuxy, aBnHeTca TOfiMHHa KaTonHOPO 0x05. Ho MHeHnm aBTO—

p03 {46} BaBKCKMOCTb BTofi BennanH OT HapameTpOB paapnna M039?

_ U1/1011/5
OHTB flpeflCTaBfleHa B ane cu = 94.? “"337?“‘ {CM}. B paOQTe
{473 ABXEGTCH HOHHTKE 33 003030 pBMEHflH ypaBHeEHfl HyBCCOHa £33

EaTO£HOPO CflOfi c yquOM nameHena HOHepSQHOfi HOEBHEHOCTH enexwpo—

HOB B MBFHKTHOM none paccanaTb KawozHQe nagefine UR B aaBncnmoc—

TH OT TOKB H Hanpfixenna paspaxa B TMHKQHOM 335 maPHeTpOHHHX pac-

HHAMTeanHX CMCTeM nnanaaoae napameTposz Ar, B:VOO+ISOO To,

p=IO‘ +IO“I Top, Up=250+600 B. fineneHHHe pacquH H namepeana
afiepreanecxoro cneKTpa KOHOB noxasafln, QTO KaToxnoe nafieane

000TaBnHeT 75+90 % OT HoxHoro paapflznoro Hanpfimefinx.

0080p HOHHHX MCTOQHKKOB Ha OOHOBe MaPHeTpOHHHX CMCTSM {48}

HOETBBPMEBT Tme napame'rpfi paspiuxa ME MEPHBTIJOHOB, paco'rae
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mmnx, B CTauneHapHQM pexnme, Hanpnmep ans EflOCKHK marHeTpQHOB

Enafiason nasneanfi oocwaanfiew IO‘4+5 IQ“2 Top, Upzsoo B, Ip=D.I A
Fax p300? nocaamea paccmowpeHnm paapnnos B cneunaxbfiux

ycwpoficwaax. Hanpnmep paspazfioe yCTpofiCTBo pnc 1.5 {49,50,513

npencwasnaeT cocoa cncwemy KB RBYX Hmocxnx KOflLueBHX anexwpozos,

memny KOTOPHMH coanaemog onfiopognoe afieprnqecxoe noxe. MaanT—

Hoe noxe HMGBT Kouémrypaunm THEE "AHTHHPOGKOTPOB" K cornacoaano

C reamempnen amexwpoxos Tax, qwoéa B paspsnaom npomemywxe pagn~

axbsafi cocTaanmmaa Br Sana maKchanLHa, npnqem

——~———> Z; ——¥§——> d, FAB
B B

BREE: V 1" v B
rBr z z

Z — mfiana afleKTpOflOB, d — pECCTOfiHKS Nexny sneKTpoaaMH. Maxcn~

MaflbHOS aaaqenne 82 Ha OCH CKCTSMH npn z=G.I M cocTaaneT 21000

To, a maxcnmanbaoe sHaquKe E&, B nmocxocwn CHMMETPHH»CEBT8MH

CQOTaBflfieT 2350 To. fiaxcnmaflbaoe padoqee Hanpaxesne cocwasnano

23KB.

B ouncaHHOM paapagaom ycwponche B BBBKCHMOCTH OT gasfieHna

padoqero rasa dune odnapyxeao Tpn Buga paapana: I. npn BECOKKX

xaBfleHnax (npaBaa BSTBb KpHBofi Hamefia) — CHflbHOTOHHHfi paspsn c

Hanpfimeanem POPEHKH cnafio BaBHCHmeM OT CHflH TOKE; 2. Hpn £8838-

Enax CDOTEBTCTBymmHX oonacwn MHHKMYMa KpnBofi HameHa, HOHEPGQHOG

MEPHHTHOG Hone oxaaflsaeT CfiflbHOe Bfififififie Ha Hanpameane n prTHB—

Hy EOflhT—EMHBPHOfi xapaKTBpHCTnKH (BAX); 3. npn Cones HKBKHX

naBneHnax, Korna B OTCYTCTBKB maanTHoro Hons paspan He samura-

BTCH, prTHBHa BAX He aaancnw OT MaTHHTHOTO HOfifi. MeTonom nmaBa—

xmgro sonna x33 BCEX Tpex pemmmoa Gage namepeflo pacnpexenexne

nowesnnana B memefieKTpoxHOM Baaope. Ha pnc 1.6 HpeRCTaBfleHO

pacnpenenenne HOTeHunaxa nag cnanQToqnoro pemnma paapsna. Bax—
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O 1 2 diam]

Pnc.I.5 Paepfinfioe yCTpofiCTBQ c Pnc.I.6 PacnpeneneHme noweaunana

KOflbueBHMH aaeKTponaMH B RBazpy flfifl cnnbnowoqnoro pemzma paapfiga

noxsaou marHHTHOM 0009 E50). Ip=50 mé, p22 10’1T0p {49}.

HIV} i UN}._ D

1000 Br_0 ' Eyra 800 , D CuI

' \‘D 70 P0 ., a
600 m ’3’ D \' Z“ a .. D
‘ In 9 g 3340 To 400 a a D

‘3? ‘ 300 P0 ’ A! ° ~ 2 23
flyr‘a

_ HA]
“_0m___._L___fia 221222;» .___;__fl._4_____J_wmfl_¢__

0 200 1500 IimA] ‘ 1 10 100 1000

Pnc.l.7 BAX paapaga B Kaanpynonb— Pnc.I.8 CMflbHGTOQHHfi pemnm

HOM METHHTHOM none (CHflbHOTOQHHfl paspfina {63}.

cwaunonapnxn pemnm) [51].

MB] ' 1 Him) a

500 n " ' " ' 12 D .
I D E! U. E] D I; D 1 D 0

3 a *

I C: a a a a a a a a a o 02D o

400 g: 4: o a o a n o o 0 A; 6 g 3
. X ‘K X x X X L?
X 5 HA) E? ' NA]

300 “W1.“ 0 __......___.L_.__._.____L_______..L_..

500 1000 1 2 3

Pnc. 1.9 CMfiBHOTOQHEB (a) n BHCOKOBOXBTHHfi (0) pemKMH {84—66}.

a. I—AI', 1322 IO200;), B=670 1‘0, 2—B=1360 To, 3—B=IBOO P0, 4 ,S-NE,
132,0. He p=I 103T0p,I—B=1360 PC, 2~B=910 Po, 3—B=6'70 I‘c,
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HO, QTO c pOCTOM MEPEHTHGPO 3033 oéflaCTL KBTOEHOPO HaneHuz ZR

ymefibmaeTcH. HBBeCTHo, QTO EX £33 EHOMBfibHOPO Tmemmero paspsga

ymeabmaewca C pOCTOM naBneHna, neswomy momfio anTaTb, QTO 3mg

CHflEHOTOQHOFO pexnma CTBHEOHBPHOPO paspaxa yBeflnquMe MBPHKTHOTO

Hana BHBKBafleHTHO yBennquKm naBfieHHfi paOoqero raga. Karozfioe

HageHKe HOTBHfifiafla npn STOM TaKme ymeabmaewcs, Torga EEK aHozHoe

naaefine 03360 pBCTeT c yaennuenne Br' Pasmep HpflaHOflHOPO cnoa He

saBncMT OT Br Mayqenne saBHGnMOCTefi Hampsxefins paapsxa 0T TOKE

UP(IP
Hafinqne pemHMOB paspsga BOflBT~8MHepHHe KapaKTepHCTHRH (BAX)

) {493 B OGflaCTH deflbmnx TOKOB {cwaunoaapaax} nomaaaao

KOTOpHX HpenCTaBfleHH Ha pKO. 1.7 B OOJBCTH (pd) COOTBBTCTBymmefi

MMHnmymy H UpaBofi BeTEH KpHBofi HameHa. Eng Ar 8T8 0033075

npnfiaxflexnw flfiafiaBOHy flaEfleHfifl 2 IO_1<P<2 Top. OCOUSHEDCTBE 9Tofi

Ppynnu KpnBax UP(I ) aaneTca TO, 9T0 prTHBHE BAX dU/GI'H Han—P

pameane ropegna paspana ymeHLmaeTca C yaeanefinem HOHGPEQHOH

cocraaflawmefi MHAyKuMH MaPEHTHOPO Hons. BnHaHKe MEPHMTHOFO Hoax

Ha xapanwepMCTnKn B swam anyqae Taxoe me , EEK OHflO odxapymefio B

CKCTBMaX c HOHHM KaTOflOM B MaPHMTHOM none {52]. meeqefio Taxme,

.qwo c pOCTOM Br KpHanecxnfi TOK npu KOTOpOM paapax nepexoxnw B

myry BoapacmaeT n, Hanpnmep, B aBOTe npu Br3140 Pd fiyra He BOB-
HKRBGT BO BGeM guanasoHe nemepzeMHx TOKOB. B TaKQM paspsne pas-

BHBamTCfl Ensxoqacwowflae noneGaHHa, Kowopue B HeKOTopHx cayqaax

CTaOKflHBprwTCH maanTHHM Hogan.

Hpnmepom cmaunoaapHHX KOMOMHHPOBEHHHX CHCTeM, HBflfimTOH

yCTpOfiCTBa [53], coquammne paapfin B Honepeqnom MBPHHTHOM noae c

paapagom B xenon KaToxe. Boxbmafi EflOTHOCTb TOEB npewnraewca npn

fiaBfleHKflX padoqero rasa COOTBeTcBymmKX BEQeKTy unnoro HaTona.

BOBMOKHOCTB Honyqefinz CHflbHOTOQHHX impm cwaunoaapaoro paspsna
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npn ycnoamn coxpaHeHHa ACCTaTQQHQ BHCOKOPO Hanpfixeana FOPEHHH

(2300+700 B) 6538 Hoaxenosaaa B yCTpoRCTBe c DQQQMflKpOBaHHHMH

HoaHMM BfiEKTpOflaMfi, nomemeHHHMK B MEPHKTHOB noxe c KOH®HT¥p8EHeE

Txna "ABTEHPOOKOTPOH". Hpodmmb axexwponoa COBflaflafl c cnfloaofi

BKHHefi MngHTHoro HOHS, QTO odecneanano BBEKMHym HepneHxnxynap—

ROUTE afleKTpnqecxoro n maPHKTHOPo Hone Bdnnen MK HOBerHOCTefi.

3030339 nepnefifinxyfiapfiocrfi nonefi BOXHBH Beet HDBBPXHOCTE KaTOfia

npfiBoan E odnerqefifim HpOGOH H yaexmqeflnm TOKE paspfiga. Padequ

raBOM HBflfiflGfi aproa. Rpm gaBfieHnax =O.I+ITop Sana flOflyquH Cflflb—

HOTquHe CTaHHOHapHHe peEKMH paspxxa, Kapaxwepnowfinfi Koropux

aaanoPMQHu noxyquHHM B ychofieTBe o xMQKOBHMM anexwpogamn,

npnqem npn Toxax, upeBHmammux IA, paspsg cones ycTofian, qem B

yCTpOfiCTBB o nnocxnmn SfleKTpOflaMfl. Rpm Hoaxenoaafinn aaancnmocru

TOKB paspfina OT gaanefina Sane oGHapymeHO cymECTBOBaHne eme 0330—

PO cunbflowoqaoro pexnma npn HMBKHX gaafiefinax. C ymenhmefinem A83—

fiBHflfi 30 IO”3 Top B Ar HafifimflaflOCB BHOMBflbHOE BospaCTaHHe TOKa

paspaza 093 nepexoxa B zyroaon pemnm. Paapan npn BTOM KOHHEHTPK~

pOBaflCfi B ueHTpe CHCTeMH n TOE paapaxa gocmnrax 2 A.

Eboéxonnmocwb nosamefins MOMHOCTH paapsna H EOBHmeHHR HmOT—

HOCTH nxaamu norpedcsaxo HPKMSHGHKH mmnyxscaoro xxx KBaBMCTauno-

HapHoro pexnma. Bannepmmefiwa, HPOBeAeHHHe fiflfl MBFHBTpOHHHX onc—

TeM paBflKQHOH reomeTpxn, Hoxasann, qwo oymeCTBymT pemnmu paspfi—

nos, He nepexoaamne B nyry npn afiaqnwenbaux Beanqnfiax TOKOB. B

caepxnnowHom Taemmem paspaxe, nonyqeafiom B ydTpoficwae Tuna

"cfipameHHHfl M8PHeTpOH" £08KCHaflbHOH unflfianpnqecxofi PeomeTpnn

nocwnrHyT paapanflufi TOR I :70 A, npn Z] 2400 B, flflHTeflbHOCTbm
P P

Hunyxbca mnmnzso MEG. HflOTHOCTb HflBBMH npn BTDM COCTaBflHeT

71121012 cm‘3 [541 .
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HOHHTKa noxyqeana oxHoponHofi flflBBMH c nnowaocwsm 21013+1014

CM”3 C OTpHBOM anemwpouflofi K MOHHOK Temnepawyp c Homombm KMHYHBG

HOTO cnfibHQToqgoro paspana THEE fleanfigscaoro {55,561 noxasafia

BQBMOKHOCTE coagaxns B TaKOM paspaxe HfiaBMBHHOPO CTQan e 330?—

HOCTBE nizs ID14 CM‘B. BKCBBPHMGHTH npoaoguxnca Ha yCTaHoBKe
"MHAP", npegcwasnawmyw COGOH fiBa yxafieflnux Ha paccmoanne 2.4 M

KaTOfla, paCHOfiOEEHHHX B npodKax MaPHKTHOPO HOflH flpOGKOT/pOHa. B

ueHTpe CHCTBMH pacnoaomeg KOflbueBOfi axon. Padoqu rasou fiBflSeTCH

BOflOpGfl Rpm naafleHnn IO—1+IG‘4 Top, Hagansfioe Hanpfimeane 60 KB

[551 K 20 KB {56}, Hanpfimeanocwb METHKTHOPO HOflfi 25 RFC H 12 KPC

COOTBBTCTBGHHO. TOE paspfina amen KOfleGaTeflhHHfi xapaxwep c amnfln—

TynaMH 60 H 20 EA H BpemeHeM nnnfloro BaTyXQHMH 80 n 70 MEG.

ndOBHH paapfiza ofiecneanaxn HOHMBauHOHHym meHy npoéera aneari

Tpoaa saaqnwenbno menfimym, qem fiflfiHa paBpfiflHQFO npomeuyTKa.

EHaTHOCTKKa OCYflBCTBfiRHBCb flaaepHHMfi meToxaMH, C Homombm naonHHx

BOHflOB n no HOTOKy HefiTpafiOB. B pesybeaTe Roxyqefia maKcnmaanafl

HOHHBH HfiOTHOCTb no nix? 1015 CM_3 , OflHaKO sneprOHHas Tawnepa—

Typa B BTOM oxyqae He upeBumana 1.3 BB.

YBennquMe paapanaoro Toxa BHBHBaeT nepexon axomanbuoro

Tnemmero paspaga B gyrosofi, annexe Hannqne Heoxflopoznoro aneur—

pnqecxoro HOflfi, coaxaaaemoro noxHM Kawoxom, TBK me EEK u Hannqne

HOHBPGQHOPO MEFHHTHOPO nona, 50320339? uoxyanb cnanOToqnym

Gesxyroaym inpmy, TEK HBBHBaeMHn caepxnnowafln paapag {57+603.

CBepxnnOTHHn paapgx HCCfieROBafiCS npn naaaeHfin 5 IO“ +I Top B

MMHyflbOHOM pemnme KPH TOKaX no 2 EA H anTeanOCTn flMyflbca 50

MEG. YKasaHHHn paspan xapaKTepnsyeTca anaanenbno ccxbmefi qu B

axowanbfiom Tnemmem paapzne nnomfiocwbm T038 :50 A/CMZ, Hanpfixe—

HHQM ropeHna 300+?OO B, axcnanbflofi cnmmeTpnefi caewsmeroca H035—
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HBBOI’O 0mm 213 Karma. Msmepema pacnpefieaemm momocm momma

”mica Ha noaepmoc'm KBTOJIB {593 Hoxasam, qTo 0031033353 1mm TOKa

nprrxommcs Ha unmgpnqecflym noaepmoc'rb 1103100554 Kawoga. Mam

momma afiempcmam nepexox memero paapsma B CBepmowm He

Hadmolzae'rca.

fipencwamse'r Pfi-ITepeC 030006 HOfly‘IEHHfi cmnowom 1383;»;—

A089 saxmoqamca B Hanoacemm Ha npemapmexwo HomacBaI-mnfi

P88 8 paspfimmm upomemyme mama Bacozcoro HaHpREEI-EHS {61,621

Homemaaxme peaxmm cnadomtmoro (0.5 A) cmammnapfioro memero

paapmza c cexmomapoeam new KBTOflOM {62} B BPPOHB 11pm 11513—

Jxemm p—-—I{3v'4+IC}'I Top Ha mmynbc 3300mm Hanpamex-ma, 11913950113—

umn paspsm B cmmomoqm (110 200 A) Haasncrammfiapm pew

noxaaam, we up}: npexaumem nopomaon ammwymi (2 8‘ KB} 386m-

,Ixam'ca aHOMaJIle-ie pew c m'reficmmm gonadarmm T0168 34 Ken—

pfimeima. meo'ro‘man Chopma 8 men manaaone naBJxem

p=ICF +10“2 T09 yc'ranamae'rca m1: IIpH 88031831:me pemax,

CBHBHBaem aBTOpQM c 133me HBJiBHHfiMH Ha KaTOlIe.

000mm mmepec upenc'ramzm'r necnegwazma CMLHOTOW n‘

BHCOKOBOflbTI-IHX paBHOBmoc'refi KBBBKCTBHKOHEPHOFO paspsma B 01/10—

TBMBX c Bamy'mm n Heaamym 111383113056 BJIEKTPOHOB B Heomcpon—

Hax ExH nomx {68+66]. Ha pnc. 1.8 npezzc'rasnexm BOJIBT~8MHEPHHG

xapamepnc'rmm CMBHOTO‘EIOI’O panama, odHapymermorgfi KOBRCHBJIbl-IOM

yc'rpofic'rBe c BamyTHM apt-3mm £68}. BECHepImeI-ITEJIBHHE KpnBHe

mama}: noc'ra'rquo xopomo omea‘rb chona KB npemoxomezma o

cymec’rsoaamm Oecc'romnoameflbnoro KETOJXHOPD c.3103.

Mocnenoaaima, 0333333118 9 coanamxem memopoa 3,313 THE!

{644-66}, noxaaam, we B yc'rpofic'rsax c Heomopommm aKCHaJIbHO

CWBTFH‘EHHNM mamm PI wenwpmecm HOJIEMH ynae'rca HOJIY‘ISTI:

TSMC-1107 / Page 20 of 122



TSMC-1107 / Page 21 of 122

momHHe (=1MBT) BHOOKOBOXBTHHB'H CKflbHOTOQHHe HMHyflbCHHe paapfixa,

ROTopHe nepexogsw B xyry npn snaqnwenbnflx Beannnax Toxa. Paapan

sammraflca Maggy unocxonapanneabflamn snexmpoaamn B Homepeqaom,

cnflbHoHeoAHopoxHoM MaPHKTHOM none unnfifinpzqecxoro saeKTpomar—

HnTa, pacnonomefinoro 38 KETOfiOM {anocxufi MEPHGTPOH). Hocxenoaa—

HHS npoaonnxncb B nmmyxbonom pexnme. Bpemefigae XBPBKTSPHOTKHK

HMHYflbCOB MEPHHTHOPO HOXH n T038 paapaga nonOmpanncs Tax, qTooH

BpemeHa nameHeHns Hanpgmeans POPBHKB paapana Guam anaqnwenbao

Goxbme Bpemenn nonnaaunn n nexoansaunn sapameHHHx qacwnu B paa~

panaom npomemywne. Cnnbaowoqaan paspan neonenoaaxca B finanaaoae

TOKOB OT 5 A go 2 RA A35 paaflMQHHx ABBfieHfifi p=5 ID'3+5 IO"2 Top

H335 P8303 Ar, N flmMTeflbHOCTb nmnynbca Toma npn BTOM He2’ 2’

npeBHmana IOU MEG. Tunnqane BOflbT-BMHSPHHS xapaxmepncwnxn.paaps—

ga npexcmaanefin Ha pnc.1.93 XapaKTep aaBnchQOTn Up(1p)onnfiaxoa

Ana paBEHQHHX napamewpoa p, d, BO n pone rasa. CHaqana c pocmom

mica .110 HSKOTOPOI‘O Kpmmecxom 333993.149 IKP=50 A Hampfimerme
P

MOHOTOHHO yBenonBaeTcx Ha 50+EDO B, aaTeM Hpn I >1“? Hanpfixe—
P P

HEB paapaaa npaxanecxn He aaancnw OT Toxa BHnOTb no 2 HA K cox~

paHaeT HOCTOEHHym Beflnquy BOO+5OG B, KOTOpafi cymeCTBeHHo aaBH~

GMT OT MBPHKTHOPO HOME K pone P838. VMEHbmeHne Beflnqnfiu onyKan

marm'moro 110.113 KPH BafiaHI-IOM TOKe I BHBHBEBT IlpafiTquCEfl men—
P

H08 yBennquHe Hampsmegna Ha gmspfine Up. Haxnoa npamon U?{B)

COXPBHHBTCH £33 paanQHHx naaneanfl, HO YMeHbmaeTCfi npn nepexoge

OT Ar K H2. Bennqnfia ESP npaanqecxn He seamen? OT MBPHHTHOPO
Hoax. OTmeTnM, qro B Ar CKflbHOTOQHHfl paapzn POPHT npn aaaqnwenb—

HO Gonbmnx Hanpameanfix qu B N2 n H2.

OTcyTCTBne BBBHCKMOCTK paspannoro HanpfierHa OT TOKB Haéflmw

gae'rcz TBKJKe B MOHIHHX YCKOPHTGJIHX C BBWYTHM XOJIJIOBCKW TOKOM
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{87,683. QUTOPpaQMPOBaHne gmapsza nmxaauaaeT, QTO <x1 BBHMMEQT

Ronbueaym odnaCTb c ymefibmammKMCH CBequHeM OT Hawoga K aaony.

Ha @039 EMQQyBHO pBBMHTOPO CBequKH HmeeTCH proe ozfiopoxnoe

KOfibflO, QTO CBKfleTeflbCTByeT 06 OTCYTCTBKH KQHTpaKuKn paapfixa.

Mamepefine pacnpegeneflna KOHHEHTPBHKH MOHOB DD gmnnycy OHCTBMH

fiORBBQflH, QTO maxcnmanbaaa KOHueHTpauHH HOHOB yBeflKqHBEETCR C

nizlflqqom“3 npn Tone paspfiza 19:9 A go ni21073cm"3 npn Ip:IOO
A; BO=IOOO To. 3T0, no MHeHnm aBTOpOB, yKaBHBaeT Ha Buooxym ewe—

HERB ZHQHHBQHHBZ B cnfibaowoqnom jpaapflne. Ho—Bnnnmomy Rpm TOKaX

zlflA nxasma paapsna HOflHOCTbm HOHMBOBaHa. AHBJMB HpOCTpBHCTBEH-

Hofi H KHHeTqucxofi CprKTypH paapfiza noxaaafl, qTo naBneHne P838,

KPH KOTOpOM cymeCTByeT CHflbHOTOQHafi @OPMB C KBEBHHBHTPEHEHHM
m v- .

fl / i 98 _" _
OSEQMHHM BapflflOM po— M v0 “E2625; , PKG Vi, VD HCHHBBHHOH
385 K flOflfiafl HECTOTH CTOHKHOBGHHH. KPH BTOM MBKCKMBHBHEH KOHHBH—

TPBHHB KOHOB AOCTEFfiGTCH y HOBEPXHOCTK KBTOflB fl OHCTpO CHBRBGT H

m :1 meBafiony. B npnxawoxflom 0308 z<dE=~—fifB—, B: ——
M v0

gee? fiOflOKflTeflbHHfi OGEBMHHfi aapfix KOHOB. AKTHBHafi BOHB paapaga,

 

inpaodxa—

B ROTOpofi KMBQT mecwo HHTeHCHBHaH MOHHBauHa P838 K cocpenoroqefl

OfifieMHHfl' Bapan BflBKTpOHOB, BaHHMaeT MBCTO z>dK. B Hepexonfion

odxaCTn mopmnpyeTca KBBBHHefiTpaflbHHH oxen. anTaa, QTO paapfixfloe

Hanpflmeane B QCHOBHOM oxnaaaaaeTca KB KaTOflHOPO Hanefinfi
1/3

UK=[—g—§] dg/313/3 n Haflpfimeflflfl Ha aKTnBHofl soHe paspnxa ypaB—88
O

Keane Boan—amnepnofi KapaKTepHCTHKH nmeeT BEA

2 82
p 98% p 2% vi/v; (a:12113)2

OTHomeHHe Ni/Ne MOKHO OHEHHTB noxarafi pacnpenenenne HOTBHHHBfia B
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’3 v0 m vi 9

vi eB

Ni;Ne — openfine aHaqunfi KoaueHTpauMK HOHOB n aneKTpOHOB, M;m -

  

aKTfiBHOfi 3039 paspflxa napadonmqecxnm Ni/Nez PAS

M8085 EOHOE H aneKTpOHOB, 80:9 1014 Q/M, B - CpegHee afiaqefine

Hfifiyxuxn M8PHHTHOPO 3035 B paspsfifiom npomemyTKe. OueHKn noxasu—

BamT, qTo Ana Ar 8 BTOM anyqae Ukz7OB, Aflfi Hé 2208, 333 N2

UK24BB. finTepeCBHM OBOECTBOM cuanOToqnoro paspflaa RBflHeTGH

OTCYTCTBfie Baancnmocwn xapaKTepMCTHK paspfina OT naBneHua. Mame-

pesna TQpMOBBHX ‘xapaxwepnownx 303393 Ha KBTOEE noxaaafin, QTO

Oonbmaa qaCTb HOHOB nonanaeT Ha KaTon c sneprnefi He upeBHmammen

100 I3 . Rpm TaKnx BHepPHflX. KOBE He HpOEBBOflHT cymeCTBeHHoro

pacnunennfl n npeoOaanammHM npoueccom CTaHoBMTca necopdunfi P838 0

HOBerHOOTK KaTona. 03KB MOHocxofi P838 Ha HOBerHOCTH NBTaflfla

”2 qachu M Rpm naBfleHHn 2 5 IO”3 Topvoépasy—cogepmnw 5 1074 cm

ETCH sa Bpemefia 2 IO"3 0, qwo BHSQHTSABHO menbme CHBBKHGCTH

nmnynbcoa Tana paspfiaa. T.e. npn gecopcunn XOTE 63 ID monocxoea

38 HHTepBafl BpeMQHK 2 10'5 c 0659M paspanfioro npomexyTKa :30 0M3

nyeT BEHOflHeH ‘20 naenefinfi := 5 IO4 Top. TaKHM oGpaBOM Hpn

npeaumeann HeKOToporo KpnwnquKoro TOK8, Reyna KonnquTBG Hagan—

mnx Ha HOBerHOCTb HOHOB ea BpeMH : I/vi CTaHOBHTca nopanxa KOH-

ueHTpaunn monocnofl, paapan ropnw Ha vase, necopcxpoaafinom o

HOBerHOCTH KaTona.B odxacwn donee HKBKKX fiaBflBHKfi P < PO paspfin

nepexonnw B BHOOKOBOfiLTHHfi pemKM, 333 Kowoporo xapaKTepHQ Kampa—

manna POPEHHH B fieCfiTKK KHflQBOflbT, a TOKK 1p nocwnramw HBCKOEB—

xxx flBCHTKOB amnep. BHaqune PO cymeCTBeHHO BSBMCHT OT MQPHKT“

HOFO HOflfl H Hana raga. HaanMep gas Ar — Po 2 3 10’3 Top, 335 H2

— PO 2 5 IO"2 Top npn B=IOOO To. Bun paapfiaa onpenenaeTca
BHEKOM HPOCTPEHOTBQHHOPO sapana B paapfinxom HpomemyTKe. B
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efiyqae BHOOKOBOfibTI—IOI‘O paapazga TOE orpaHmeH osgemm sapsuzom

anempoaoa. no max-mo amopoa, 905m BQBI-Emae'r KBBBKHBFITpaflbI-IOCTI:

B paapflm-IOM Irpomexy’me, TO paspsm CTEHQBETCH cmsnowoqm, {1135i

weabmem marmmom Hosts BO paapsm ram-zen 3T0 Hmezme xapaxc—

Tepnsye'rca pesm yaemermem 3811133391545 n 0613212302»! TOKQ, n‘pm

goou‘mem Hemwopom Hpmmecmro 8331183111}? BOmp 051860 38131403-

mero OT 3833293543 n page was. Teopna afiomoro 0303 m3 meme?-

pOHOB [2%32} HOKBBHBaeT, two up}: YMSHmeElS/m M8I'HHTHOI'O mom,

”1 30 Be
130 m

(5301330 YMBHHEBBTCfl TEE, ‘ITO KPH BO GERBECOM E KpHTH‘IeCKOMy
U

KOEISHTPBLMH mempozioa B paapmmom npomexiyme Ne =

pacnpexenerme noremmam CTaHOBmca noq'm mam 09(2) = 52 2

, me d — memanempomoe pacmome. Mccnemaamm xapamepno'rzm

Popema BHCQROBOJILTHQPO maps-ma upasommca ma manasoaa 11313319—

M 5 10“1 + 5 10'3 Top paamx r3308 — Ar, 32’ He; ma Kam—
1:03 913 Mo, Al, Cu, Hepxaaemefi mama B mafiasozie mamwm Home?!

gm 3 RFC paapflmme Kamfimemm 91 Tom AOCTHI’aJm 30 BB K 30 A

COOTBeTCTBeI-mo. Ha pnc.I.90 npencwaanem Kapamepmie BAX 330030—

BOJIbTHOI’O paspsuza. Bxcnepmemanbfio yCTBHOBJIBHO, q'ro MOW‘

32.100301301132333 paspsui mee'r orpamemm manasefl Hanpamemm

ropelma [UgmmgaxL Hg“ 2 BE T.8. Oucwpo yBemmBaeTca c poc-
TOM marm'moro mom, a Tame ammo 333mm OT maTepMaJIa xamona.

If?“ Tame ammo 3813mm OT ma'repnana KETOJIE. TOE momma
BHCOKOBOJILTHGI’G 13331351133 npaxmqecm He aamcm OT gamemm n

1331118 P888, HO ammo BEBKGHT OT ma'repnana HaTOfla,‘iTO yKaBHBaeT

H8 TO, ‘ITO CPEJIOH CWEOTBOBEHHH FBBPHJXB PEACCMBTIDHBBGMCPO THEE!

HBJISBTCS B OCHOBHOM FSCIIHJIWCH MBTSPHBJI KBTOJIB.
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1.2 MeTcxn nonyqeanz paspflnos HKBKOPG xaBneHKH OOflmefl

MQMKOCTH c ognopegaofi GprKTypofi HflEBMH.

BOBMGKHOCTB COBAaHns paspaxoa Gonbmofi momaocwn c ognopoxflofi

GprKTypofi nmaamu orpaflnqmfiaeTOH Hamnqnem pasangoro Enga Reye-

TofianocTefi, npnaogammx K KOHTpaeroaaHHm paapaxa H uepexox B

nyroaofi pexHM. PaBBnTne HeperpeBHon Heycronanocwn Tpecyer

npnmeHeHMe HMflyflbCHOPO nan Hmaancwaunoxapficro pemnma paOOTH c

naneALHochm HMHyflbGa, menbmefi xapaxwepnoro BpSMGHM Harpeaa

P888 B paspafinom npomemywxe. fins HconexoBaTeflbcmnx K TBXHOfiO—

Pqucxnx ueflefi KBaBHCTauKOHapHHfi pemnm HBfifleTCH EPBAHOQTHTBJBHHM

BCflGflCTBfle omnnaeuofl GTaOHfibHOCTK Hapamewpoa paspana n nmasmu B

Tequne Boefi nmnwenbaocwn Hmnynbca. Coagaane cnxbaowquoPO'

KBBBMCTSHMOHBPBOPO pemnma BOSMOEHO nyTeM Hanomeana BB paspfinfiufi

npomexywox npamoyranbfloro Hmnyflbca Hanpflmegna, npuqem flMOO

nmnynbc MOEBT HoxaBaTbca H8 yCTpoficTBo aanonHeHHoe rasom go

Heodxonnmoro xaaflefina, Keene qero Hponcxoznw npoOofi H YCTaHOBflS-

HHS KBaaKCTauHoHapHoro pemnma; nude Hmnynbc HOflaETCH Ha npomexy—

TOR, BafiDflHeHHHfi npegBapnTeano cosnafinofi Hxaamofi C nanbnefimnm

pOCTOM ee HflOTHOCTM H yCTaHOBfleHKeM KBEBHCTauxonapHOPO pemnma.

flflflTefibHOGTB Hepexonnnx npoueccoa B BHEQHTEfiBHOfi CTeneHM aaBKch

OT apexHOHnaaunH paapfignoro npomemyTKa [693, npnqem npn ee

OTcyTCTBHK BpeM5 yCTaHOBfleHHH Hanpfixefina Ha paapaze COCTaBfifieT

2100 HO B BBBHCKMOCTH OT aMflflMTyflfl Hmnynbca, a B onyqae upenBa~
_O

pHTefibHOfi HOHHBBHKH 2108 CM “ 8T0 BpBMfl yMEHbmaeTCH no 3+IO HG.

HMS OHQHKH BenanHH H BpeMSHK yCTaHOBfleHHH HBBBMCTEHHOHBP-

HOB HfiOTHOCTH naaamu B paapanfiom npomexyTxe pacemanKBanBCE

Cflefiymmaa Banaqa {93}: Ha npenBapnTensno HOHKEOBEHHHH P88 argo—

BeI-IHO HOfiBBTCH HMIIyJIbC Hanpamemm prflMOYI’Oflbi-IOK QOPMH. OIIPGJLGJIE-

TSMC-1107 / Page 25 of 122



TSMC-1107 / Page 26 of 122

mrca BOBMOKHHE BHaquHa HflOTHOCTH HHEBMH H CKQpOCTK ee pOCTa B

BaBHCHMQCTH OT aMHHKTYEH fipflflCfieHHOPO Hmnynbca, AaneHns padoqe~

PO P888, K npennoansauxn. B HaquTBB paéoqero P838 chxbaoaanca

apron Rpm aaBneHnn p=ID"I+I Top. B oneM cnyqae npouecc Hapacwa~

HHS ECHueHTpauEn BfleHTpOHOB B nmaame KPH pBSEOM BOBHMBHKH Rampa—

KGHHOCTH sneKTpnqecxcro fiOflfl OHHCHBBBTGH fiexnfiefiflofi OHGTEMOH

KMHeTquCme ypaBHeHHfi Gaficha, aHanHanecxorD pemeana Kowopofi B

Hacwozmee BpeMH He cymeCTByeT. B padowe {893 HOCTpoeHa npnéxn—

meHHaH MOflefib Haganbflofi CTaflHH HOHnBaHMOHHofi pexaKcauKH B HflEBMQ

nmnynbcaoro paspsna uHepTHHX r8303 npn cpennnx LeaneHnsx. QCHOB—

HHS npndxnmeflnfi MOAexH aflenymmne: I. Corflacae {893 npn cxaqxo~

OGpBSHOM HOBHmeHKK E7n1 BpeMs penaxcaumn Ewfixuum pacnpexeneHna

BfleKTpOHOB no egeprnfim anaanenLHo meabme xapaKTepHore BpemeHu

pBBBHTHS HOHKBEHKH, HOBTOMY KKHeanecxme HerQnumeHTH BfleKTpOHOB

He aaBncaT 5330 GT BpemeHH n HBflfimTCfi @yHKunaMH HapaMETpOB

EVILwne/n1 H copTa aTOMOB [701. 2. Ha GTaxHH paBBKTHfl KOHHBEHHH

flflfi saceerHocwn BOBnyneHHHx OOCTOHHHK same nepgoro npaxanecxn

Boerfia BHHOflHfieTCfl yCflOBMe KBBSHCTEHHOHBPHOTCTE. £33 HHKHHX

MeTaCTafififiLHHX Mflfl peBOBBHCHHX ypoafien npn doabmofi pOflK nfiefieunfi

HSJIY‘IGHHH KPH HBBHCOKKX 71. BTO YCJIGBHB MOEKBT HE! BHHOJIHHTECH.e

HoaTomy OHM OOEGEKHHETCH B 0333 BQfiEKTHBHHfi ypOBeHb co cpefinefi

afieprnefi fl GyMMapHHM CTaTKCTquCKHM BBCOM. 8. OpenHHH BHepPHH,

ApEfi¢OBaH exopocwb BfleKTpOHOB, 683330 SEBKTPOHHQfi saeprnn, KOHC—

TBHTH cpennefi CKOpOCTH BoaOymerHH n nonnaaunn aTOMOB snexTPOH—

HEM yxapom KB OCHOBHorO n BoacyxneHfiorQ COCTOHHHH Haxonawcs c

ncmombm qncnefinoro pemennfl ypaBHeHna Boxbnmana [71}. ECKEBEHO

Teams, HTO poor CTeneHM moansanuz fig 10—4 nanoan K cymeCTBeH—

HOMY HBMBHSHME KnHeTqucmnx KoemmfinneHTos sneKTpQHOB. 4. Tax KBK
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B pacemanMBaeMOM flflafiaBOHe SSE/n1530+40 Tn paBHOBeCHBH CTBHeHb

HOHHBBHHH cymeCTBeHHo npeBHmaeT IO"4 , TO npoueccamn pagnaumoanofi

m Tpofifiofi pexoménfiamnx MOEHO npeHeOpeqb. 5. MCKOflbByfi flBHHHe 0

KOHCTBHTaX oGpaBOBaHns monexynfipnax KOHOB H axcnmepHHx moxexyx

{72], MoxHo canaTb, QTO 3TH npcueccu He dynyT OKaBHBBTB cymecw—

BBHHOFQ BAMHHKH Ha cmopocwb pBBBHTHfl HOHHBauKK Rpm exaqxooépaa~

50M Hanoxeflun KOHH Ha OfiaGOHOHKBOBSHHHfl nHepTHHfi P88 npn cpeznnx

naBaeHnflx n1<(5+7) 1017 CM_8. AccounaTnBHaa KOHMEBEHH mafia no

cpaBHeHnm co CTynquaTofi {72}. HCXOfifi ma BHmeyKaaaHHx apnymgann

npoueco nosnsaunoanofi pexexcaunn M0330 OHHCETB cnenymmefi GHCTe—

Mbfi ypaBHeHHfi {693:
a ,U

“’9
3? :nfnefife + n2n952e + ”Enefiem ” V Fe

(1.1)

an

Efg=n1nek12 ' ”eneRE1 " ”Eneficw ‘ n2nefize “ ”2421921 ‘ V F2

Fae ne, n1, n2 — KOHHGHTPEHHK afieKTpOHOB, Hefiwpaxbuax aTOMOB n

8TOMOB aproaa B nepBOM BoaéymgeHHOM COCTOEHKK COOTBeTCTBeHHo,

£212,1221 — KOHCTaHTH OTOfiKHOBKTeflbHHX Hepexonoa 1:2, fi1e, 329 -
Kosmmxfineawu npamon nonnaanzn c OCHOBHOPO K nepBoro Bosdymnen—

HOPO ypOBHen, ECT — ododmeHHHfi HoeqfimuneHT CTyHquaTofi noanaa—

nun c KBaBMCTauKOHapHHx ypOBHefi (K>2), A21 — BepOfiTHOCTb anon—

TaHHOPO nepexoza 2—1, 92?- QaKTop Hflefiefififi pBBOHaHCHOFO many—

qefins; v P9, v P2 — HOTOKH nnquann BfleKTpOHOB n BOBOymAeHHHx

BTOMOB. PemeHneM cucwems (1.1) B Oeapaamepaux KepeMeHHHX HBflfl~

eTca Bupaxeflne nfls KOHEQHOH afieKTpOHHOfi KOHueHTpaunn

2

N: 9g + {o—d)! +1 — bxg — (c—d)u0 (1.2)
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Tl. n2:9

FAQ N: —— ; E: —— , thn R ; M: * = ; N§ M =1
n90 Rec 7 72 T-O O T~O

n90 $29 = Q19 . d— TEEb: ; c 7
““312 RE ”W12

Mcxons KB (1.2) H BHPEKGHHH nan xapaKTepHoro GBBPBSMBPHOPO

spemefifi peflafifiafififi fiOflyqu napameTp A = % ~ {E0+ gig jg, xapax_
Tepnaymmnfi pOCT KOHueHTpaunn aneproHoa. HMBHBBOH are BHaqunfi

yKBBHBBET Ha Haflmqne nByx BOBMOKHHX mexafinemoa pocwa KOHueHTpa~

unn BflEKTpOHOB B nmaame. B nepaom cayqae A>O OCHOBHHM saxaewca

npouecc cwynefianofi Hoanaaunfi. HPH KOTOpOM pOCT n Ha Haqanbflofie

cwafinn pEBBfiTfifl HOHKBaHKOHHOfl penaxcaunn nponcxoanT oqub mex~

flSHHO, 33 cqu TGFO, QTO CHaqana KneT npouecc HEROflfieHHH aTGMOB

a nepBOM BOBGymfieHHOM GOCTOHHHH, a BaTeM, HaqHHaH C onpexeneHHofi

xx KOHueHTpauun npeodnaxammefi CTBHOBHTCE HOHHBauHH KB nepaoro

Bosdyxxenfioro GQCTGHHHH, BHBHBamwaa cmaqxoofipasfioe yBefiquHne

fiflOTHOCTH sneKTpOHOB. Bo BTOPOM onyqae Ado, HO bHO+c > dCKOpGCTh

pocwa qncxa aTOMOB B nepBOM Bosfiymneflnom COCTOHHMMZ onepexaem

CKOPOCTB pooTa KOHneHTpaunn axexTPQHOB flfimb B Haqaflbfiflfi M0M9HT.

Ompexeflammnm mexafinsuom pOCTa KOHueHTpaunm fiBnfieTCH npamaa nonn—

saunfi. CKOpQCTL pocwa KOHHeHTpaHKH BfleKTpDHOB B BTOM afiyqae He

npeBHmaeT exopocwb Haxonfiennfl Bosdymzeafiux aTOMQB n nponcxonmw

693 fipKO BupameHHOPo cxaqxa HflOTHOCTK SfleKTpOHOB.B onyqae A<O HO

bflo+c < d pocwa ECHueHTpaan He uponcxognw.

Taxoe pasnnqne MexaHMBMOB pOCTa ”e npKBonMT B Tony, QTO B

nepBOM oxyqae K MOMeHTy yCTaHOBneHKa KBEBKCTBHMOHapHOPO aHaquKa

n9, nepaonaqanbfioe pacnpenenenne sneHTpOHOB no npocwpancway

(cwpyxwypa upenEapnTebuoro paspaxa) CHflbHO Tpaflcmopmnpyewca QTO

MO$9T HpKBeCTH K EQHTparnpOBaHKm 'paapfina. Bo BTOPOM cayqae
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nepsoaaqaxbaoe pacnpeneflefine Koauenwpaunn HBMQHESTCE 03360,

Benegcwsne onpegeflammefi ponn npfimon KOHHBBHKH, KOTOpafi KflBT men~

fleHHO n paBHomepHo no ofizemy. Pacqu {98} EDRBBHBEGT, qTo nag

marHeTpOHHoro paspana B aprone npn xaneHnn 10’3+I Top, anyxunn

MaPHKTHGPO Hons no 3 RFC, EMHfiHTyfiH HMHYflbCB HanpameHHH no 8 108

B peannayeTCH BTOpOfi mexaxnau. OueHKa npegeabfio gocwnmumon 330T—

HOCTK ILHBBMH n33 gaBneHnfi IO‘2+I Top nae? n921013+1014 CM_3.
Mnfinmanbfioe anaqenxe amnfinwyna HMnynbca Hanpamefina npn KOTOpOM

BOBMOXQH pOCT KOHuHTpauHH nxasma npn p=IO‘ +1 Top H Haqanbfiofi

BJOTHOCTH afleKTpOHOB n902108+109 CM’B UgMH=85O+IOOO B. B cayqae
owcywcwanfi EpenBapHTeflLHOfi noxnaaunn (7290210I CM_3 QDHOBoe 333—

qune) apema nognsaunofigofl pexaxcauxn M0391 COCTaBHTb no I we,

qwo momew GHTb cpaaanmo c xmnTebuocwbm nmnyxbca, KOTOpafl appa-

Hfiqefia BpemeHeM paBBfiTfifi HeycwofianOCTefi. Kan HOKaEHBamT oueHKM

{93] npn fiaBfleHHflX no 5 IO“I Top, paapfifi npeumymeCTEeHHo HMQQT

fiflquBHOHHEn Kapaxwep (npouecc finfifiwsxn aneKTpOHOB npeoénagaeT

Hag OGEQMHOH: peKoMOKHaunefi), a HpH .naBneHHzX Gonbme 0.5 Top

momeT nepexonnrb B OGfiSMHHfi pemKM (npeofiaafiammnm CTaHoBKTca

upouecc OGBEMHOH peEOMGHHaHHK). £35 OQEGMHOTO pexnma xapaxwepao

BOBHEEHOBSHHS neperpeBHofi HeycwonanOCTn, KOTOpafi MOEBT HPHBBCTH

K Hapymefinm ognopozaccwm paspana, ero EOHTpaKuHH c nooxexywmnm

nepexozom B ,nyry. Mnxpemeaw pEBBHTKS moanaaunoanowneperpeaaofi

HeycwofiqHBOCTn n umeeT Eng {73}

’1 d In vi
0 = IT ———~—————- « vT

d Zn(E7n)

Pne VT — Bennqnna OOpaTHEfi BpemeHn Banana Tenna n8 0538MB, IT —

KapaKTepfioe BpeMH Harpeaa P838, vi 7 KacTOTa HOHMBaan, E/n —

OTHOIBBEE’IB HBIIPHJKEHHOCTH BJISKTPDI‘IBCKOI‘O H033 K KOHHEHTPEIW HEWI-
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paflOB.

no T
’E :: __21_.

T 0E2

r29 Cp1 _ TenmoeMKOCTb raga B pacque Ha oxHy monexyxy, T —

TeMHepaTypa F888, 0 —- npoaonnmocwb, npmqem B pacqewe gas

OflfioaTOMflOPO raga o = 2.53 IUBnQ 5;" ; vaa * qaCTOTa BfleKTpOH—
STOMHHX CTOflKHOBQHHfi.

d In vi
yanHBafl, qTo ~«~————-~ 25+10 {93} noxyqea fiHermeHT

d 1n(EVn)

paSBMTHs Heycwofiquaocwn 9210—3 c.

Heycwofiqnaoowb, BHBBaHHaa Gwynefiqarofl HOHKsaunefi (HOHHBauH«

OHHas HeycmofianooTL) Bapamaewca B TOM, QTO 38 cqu meHbmefl

afleprnm CBQBH axeKTpoHa B Readymgeafiom awome pocw cmopocwn nonn—

saunn 3pm flQKBfibHOM nosamefinn ”e BEST Gacwpee qem vine. 3T0

HpflBOKHT K npeodxanaHKm mexaHnama yaennqenna n9 Hag gmfigwsnen H

pexoménnaunefi, QTO npnBogHT 1c paoxaqxe HpOfiOflbHKX HOREGaHKfi B

Haaame paapana. MHKpHMeHT paBBfiTfifi HBYCTOKQKEOCTM £731

 529mg R12” 17 —3 9 —a
fli= 2 . Fae n3: 235; . Ens n=IQ em , R72=IO , @2827 ID
KapaxwepHoe apema paBBKTHH HeyCTofianOCTm COCTBBflEET

mfieyCT210“5 c {93}. ,
Bumeyxasaflxge HeycwofiquGCTn onpenefiamw Bepxnmm PpaHHuy

AflMTefibHOGTH HMHyflbCB.

OAHMM n3 OOHOBHHX QBKTOPOB, onpexexfimmnx nepexefi OT OGESM—

Hofi (HeKOHTpaerOBaHHon) CTaxxH POPGHHH re KaHaanofi, HBHSBTCH

BOBHMKHOBBHHE AyPOBOPO KBTOflHOPO HflTHa. KaTogHHe HfiTHE OcpasymT-

ca Korna aBTOSMHCCKH c OTfleflEHHX yqaCKOB KaTona Hepexonnw BO

BapHBHym. HBOOXQnMMHe zfia swore npouecca HOJH moryw aocwnrawbca

TSMC-1107 / Page 30 of 122



TSMC-1107 / Page 31 of 122

- 31 -

Ba cqu BECOKOfi moanefimpaunn HOHOB B KBTO£HOM CflOB npn doasmnx

HfiOTHOCTfiX Toma B @839 OGEeMHOPO POpEEKH, a Texas ea cqu sapan~

RH HOHHHM HOTOKOM oacnxfiax fierOK H Barpzaaeflxfi Ha noeepxnocwn

KaTOfla [74]. yfieT Toxa aBTOBMHCCKK B KaTonHom 0309 npnBognT K

nOKaflLHofi HflOTHOCTH TOKa Ha MHKpOHeOflHOpOflHOOTK B Bflfie [?4}

~ '_ 77 . z —6 1JO-abfiEK em{ /5E; } meaIfiS IO (9
b=5.85 IO7QE/3, w — paéowa Buxona B 3B, Ek — cpexafia Banpagen—

HOCTb aneKTqueCKOPO Rona y noeepxaocwn KaTona B/OM, fi — cpennee

BHaquHe KOSQEMHHeBTa ycnfieana HOflfl; cornaCHo {74} 524+8.

flag anyqaa MBPHBTPOHHOFO paapflna B Ar, aaBneHxfl paIO‘2+I

Top, TOHMHHH KaTonHoro caca ZK28 155 CM, was BB, 628, Up28OO B,
CpGflHfifl HanpfimeHHOCTb sflexwpnqecxoro 3033 y noaepxnocrn KaToxa

CQGTaBnHeT Ek23.5 IOa.B/CM,QTO COOTBETCByeT KapaETepHHM Beann—
Ham HOflefi npn HOTopHX Knew BBTOBMKCCHH [75], HOKaflbHaH EXOTHOCTB

TOHa c MHEpOHEOflHOpOflHOCTefi COCTaBflfieT jO 2:07 A/CMB, B TO BpeMfi

KaK Kpnwnqecmas HflOTHOCTb Toma nepexoxa aBToaxeKTpOHHOH BMKCCKM

BO BapHBHym c oépasoBaHHeM xyroaoro Hawaa cornacno [78} COCTaB~

nae? j02108 A/CMZ. Teopeanecxoe paCCMOTpeHHe OTaflfiOHapHOPO
KBTOHHOFO 0303 o yquOM aBTOSMHOCKH, a Tanme smcnepnmeawanbfioe

HOCflEfiOBaHHe KOHTpaKuKK OQBGMHHX paspHnOB Hpoeeneno B {74}. Had—

xmnaewoa cnadoe yBeflquHne Kpfiruqecxoro Toxa npn KOTOpOM paspax

nepexoznw B nyrQBofi pemnM npn ymefibmenfln flaBfleHKE. EAR 10 Top

KpfiTqucxnfi TOK COCTaBflHET jxp2180 A/CME. CpaBHeHne ycnoanfi {71]
o Humeormcammm MarHeTpommM paspsnom noaaome'r npem‘ronom'rb,

QTO Kpnwnqecxaa HHOTHOCTB TOKE nepexega B xyFOEofi pexnm TBK me
2

COCTaBflfleT 2100 A/CM .

MCCJISJIOBEHMH HBPBXOJIQ KETOJIHOFO 0.1108 memero 1388:0519 B
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gyrosoe Hawao H BHMRHHE Ha BTOT npouecc COCTORHEE HOBerHQCTH

afleKTpOAOB, nnaegeflna nflaameHHoro CTOflOa H npmanoxsflx GGnaOTefi,

H npyrmx @aKTOpOB [78+811 HOBBOXHJH yCTEHOBflTb Ii TGOPQTMQBCKH

OOOGHOBaTb cymecéBOBaHMe yewofiqnsflx oOpasoBaHnfi C HflOTHOCTbm

2’ He fiBflSflMflICfl flyFOBHMH HETHBMH, QTO HOKTBSPK—Toma no 300 A/CM

gaeT BOBMOKHOCTB noayqeana CKfibHOTOQHHX EEKOHTpaPHpOBaHHHX ian

paepaxa.

BHBOEH.

Ha OCHOBe HpOBeneHHoro axannaa nydnnflaunfi no CEOfiCTBBM

PBBOBOFO paapflna B nonepeqHOM M8FHKTHOM none MOEHO CABHETB

cxenymmue BHBOflHI

mnpomoe HCHOHBBOBEHHB B TeXHMKe MBPHQTPOHHHX CECTBM pacna—

fleflflfi mawepnafloz cmnmyxupoaéflo B nepnym oqepenb necxexOBaHna

cwaunonapaux. paspanoa B CermeHHHX SfiEKTqueCKOM H maanTHom

Honax, OTflfiqawMKXCfl cpaBHnTenLHo M8303 ygenbaon momHOCTbm. GBOK—

CTBa swan QDPMH M8FHETpOHHOPO paapana HayquH flDCTaTOWHO nonno.

B Tome BpeMH CBOfiCTBa paspflna B odnacwn nepexona OT MaPHGTpOH—

HOFO paapflna c pacwymefi BonLT—amnepnofi xapaKTePHCTHKofi K xyroao—

my paspaay npaKTqucxn He mayqefiu. OTcyTCBymT OGOCHOBQHHHS

SECHepKMGHTaflLHHe n Teopeanecxne xaHHHe, nosaonammne onpenenumb

npeneanHe pengH MEPHeTpQHHQPO paapaga B KOTOpOM @yHKHHOanymT

GOflmeHCTBO TeXHoaornquKHx ychofiCTB

Moonexoaanna momHax MMflyflbCHHX pBBpHEOB orpaflnqefiu EOpOT-

REM“ JmMTeflbHOCTHMK nmnynbca, CBHBaHHHMH c gmanTneM Heycwofi—

QMEOCTBH H nepexoaom paapana B nyPOBofi pemHM.

Mccxenoaanna moansaunonnofi peflaxcaunn B cpexe MHepTHRX

PBBOB K COHOCTBBHGHMB BpemeHn peaxunn P338 Hflfi HflB8MH H8 HMHyflbC
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BHOOKOPO Hanpfixefina C KapaKTepHHMK BpeMSHaMH pBBBKTKH Heficwon—

fifiBOOTEfi yaaausamT H8 BOBMOKHOCTB cymeCTBOBaHnfl yCTORqMBHx QDpM

KBBBKCTBLLKOHEPHOPG paspmza B MBTIMTHOM moxie He nepexommmx B

KQHTpaPHpQBaHHym Qmsy npn afiaqnweabfiux Befinqnflax Toxa, OOBQHO

COOTBSTCTBymmHX gyroaofl OOHECTH Boan-amnepnofi KapaKTBpHCTHKH

Taxnx paspagos.

BHBOfiH H8 oéaopa flHTepaTypHHX flaHHHX HQBBOflfiwT c®0pmy¢ ~

BaTb OCHOBHHe sanaqn, pemeHnm KOTOPHX nocasmefia Hacwoamaa p860—

T8:

1. Epoaecwm necaegosaams CEEBHOTOQHHX mopm KBBBECTEHHOHBP-

HOPO paspaxa ansxoro naenefina B maanTHHx HOflflx paBfiHQHOH KOHQK—

rypaunn. Onpexexnwb odxacwn cymecwaoaafins n xapaxwepHCTuxn yxa—

BaHHHX mopm paspfina.

2.BPOHBBBCTK onpenenefine noxaanax KapaKTepKCTKK HfiEBMH

paspana meTonaMH nunyxncnofi BOHflOEOfi AKBTHOCTKKK H nasepaofi

KHTepQBPOMeTpHK.

3. Mcxona H8 aHannaa SKCHepHMQHTaflbHHX naHHHx nouaaaTb

anmoxaocwb ncnonbaoaanns unaBMH enabnowoqxoro paspzna xxx P838-

paunn HHOTHHX nflEBMeHHHX ocpasoaannfl M KHTBHOHBEHX HOTOKOB sepa-

KSHHHX HECTMH.

TSMC-1107 / Page 33 of 122



TSMC-1107 / Page 34 of 122

_34._

PEABA 2. METOHMKA M TEXHMHA BKOHEPMMEHTA.

2.1 chnepnmenwaxbflaa yCTaHOBEa.

BxcnepnmeHTaanaa yOTBHGBKa ans nocnenoaafina CflflbHOTOQHHX

impm ?BBCBC?O paspana B MBFHKTHOM 3039 COCTOHT n3 cxezymmfix

OCHOBHHX yaxOB H CHGTEM (pnc.2.1):

I. Paapfinaue yCTpoflcha

2. CHCTBMB npegsapuwefibfiofi noanaaunz

3. Cncwema mmnynLCHoro nfimaana paapfina

4. MEPHMTHEfi oncTema

5.‘BEKyYMHBH cucwema

6. CHCTeME HBMepeHHfl BOflbT-EMHBPHHX xapaxwepmcmnx

paspaxa

7. CHCTBMB ofinxponnsaunn M aanycxa.

8. Euarnocwfiqecxne CHCTBMH

Paspfinxue yowpoficwaa.

Excuepnmefiwafibane nccaenoaafina taunvnwnogvuux ¢w¢ur paspana

HHBKOPO nasnexns B MBPHKTHOM none HpOBOEEfiKCb (3 mononbaosannam

paapsnaux yCTPQECTB nByx THEOB — nxaaapfioro MarHeTpoHa n CHCTBMH c

noxamn npognxnpoaannumn BRBKTPOfiaMH.

Hfiafiapfiflfi _M8PHeTpOH npexcwaanaer cocci owxpawym paapazaym

fluenxy, cocwoamym m3 nxocxoro (Kawon) n KOflbflBBOFO (anon) eaexwpo—

£02, nomemeanym B M8PHKTH09 none HOCTOHHHHX Konbueaux MéPHMTOB,

CHaOKBHHHX paenanHMH MngnTonpoBonamn, nussomsmmne MGHHTB pasmep

OGfiaCTK maxcnmyma Br. BosmomHOCTb peryMHPOBaHna nnxyxunn MaPHMTHO-

r0 HOflH y HOBBPXHOCTH Kawoaa oOeananaaacs yCTPOHCTBOM nepeMeme*

Hfifi HOO'I’OHHHOI’O mamm’a OTHOCHTBJIBHO MEI’HGTPOHHOH POJIOBKH, 8 T314189
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PKC.2.I Bnox cxema smcnepnmeHTaanofi yCTaHOBKn

I

«1‘3

0701.303
«'2

paspflznoe yCTpofiCTBO

cmcwema upexBapHTeanofi noansaunn

cmcwema fiMHYflbCHOPO HHTEHMH paspflga

marHMTHaH CHCTema

BaxyyMHaH CHCTema

encwema namepeanfl BOflbT—BMHBPHHX

xapaxwepuoTnK paapana

cncweua cnfixpOHnaannn K sanycxa

METHOCT‘IB SKIES CPICTGMH
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”Ar/2%,)“

 
Pnc.232 PaspgnHHe ycwpoficha.

a. nnaHapHHfi MaFHeTpOH

U. yCTpQHCTBo C HpOQMflHpOBaHHHMH enexwponamn

I — KaTon, 2 — aHon, 3 — MaPHMTHafi cucwema.
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HCHOflbBGBQHKEM nByx THHOB HOCTOHHHHX MBFHBTOB SmCo5 n NdFeBi Pas~

pan 3 TQKOM yCTpOfiCTBe nmeew inpmy Konbua M CHflbHO npzmar K KaTO-

3y. Maxenmanbnoe afiaqeane mafiyxunn marHHTHQPO H033 Béxnsn noaepx—

300mm KaTona GOCTanaxo nag Sm005 maanTa 800 PC, flflfl NdFeB — IZOD

To. MaTepuanom KaTona cxyxnfix qncwue meTannu Cu, Mo, T1, 8 Taxxe

Hepmaaemmaa swans Homemaemue Ha oxxaxgaemym HOBerHOCTb. Mawepua—

new aHoza ~ Hep$aaewmafi CTaflb H ameHHxfi.

yCTpOfiCTBQ c npofimmnpoaaannmn SflGKTpQflaMH upeACTaBfifieT 00003

333 nonux eneKTpona, HOMGmeHHBX a maanTHoe none MHOFOCflOflHHX

coneaoznoa, anmquHHx HaBCTpeqy (xoagmrypauna maanTHOPo Hoax

Tana "aHTnanGHOTpOH"). Ornameune Befinqnnu maxcumaasfloro saaqefinz

nxfiyxunn. MaFHKTHOPO fiOflfi Bmax(z’0) Ha con cummewpnn CHCTBREL 34.2

maxcnmanbfiomy aaaqexxm Enzyxunn marflnwnomro 3035 B nmocxocznvcnluwRK

MBTpEH Bmax(0,r} cocrasaano Bmax(Z’O)/B (0 r): 3. Bennqnaa
max ’

HszKunn maranwfioro HOflfi QBTYflMpOBafiECB TOKOM Kawymex B npefiefiax G

— 1000 PC. Hponxs anexwponoa coananax c upomnaem 0339303 flHHKK

MaPHHTHOPO HOflfi, qTo odecneqnaano HepneflflfiRyflfipHOCTb EXB Hogan

axons nuaepxnocmfi xawona, qro B 020m oqepenb nosaoxsno nonyqnwb

-Hoflnsaunm padoqero raaa B Gonbmom odfieme. Taxes Koammrypaung nonefi

nOSBoana cosmecwnwa CnflBHOTOQHHfi MngeTpOHHHfi paapan c paapanpu c

HOHHM Kawogom. Ha pus. 2.2 noxaaafia KOHCprKuKK axemeawoa n ysnoB

paapannux yCTpOflCTB u maanTHHx cucweu.

Paspsxfiae ycwpoficwaa EDMemaflKCb B zayxodaeuaym Baxyymxyn Ka—

mepy. BaRYYMEBH cxema yCTaHoBKH npexcraaxena Ha pnc 2.3. BaxyyMHaa

anorema anmqaew B 0663 I. Kamepy c paspanfimmn ycwpoacwaamn, 2.

mucep ans odecneqennfi anggepennnanbaofl ornaqnn Kauepa aHTznpooxo

Tpoaa, 3. Bucoxoaaxyyuaafi Hacoc TMH—SOO, 4. ABOTHYB noaymxy, 5.
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650‘QVa)AM

a m I

Iw
51

Pnc. 2.3 BaKyyMHaa snowema

1,2 — BaKyyMHHe EEMGPH c paapaxaumn yCTpOfiCTBEMH,

— peryflnpyemaa nnmmepefinnanbnaa orxaqxa,

4 - TMHFBOO, 5 ~ BBHTKflb, 6 - aBOTHaa nosymxa,

7 — BHEI, 8 — HaTeKBTBfiK, 9 — odaemu c PEBBMK

10 ~ AMT—2, II — HMM~2, {2 — BMEX4C
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QQpBaKyyMHHfi 38000 BH~I. CosnaHHe Heeéxoggmofi P330303 cpexx B

Kamepe OGSCKBQHBBXOCL quHprS KroquaTHMM HaTexaTeflfiMfl, OOBflHHeH—

HHME c COOTBBTCTBymmBMH PBBOBHMK OOEEMBMH. KOHTpOflb BaxyyMa n

cocwaafieane rasoaflz cmecefi nponaaonzaca B paexHqHHX nmanasoxax

naBneHKfi c nononbsoaanmem HpeofipaaoBaTenefi ENE—2, fiMT—Z H SMEX4C.

Mnfinmaflbaoe xagflefine OCTQTOHHOPO P888, oéecneqzsaewcro BaxyyMHofi

CHGTemofi COCTaBflfieT 8 10—8 Top. Mocnenoaafinn paspaza npouaaoxnxmcs

B gnanaBOHe naneHufi 10'3—10 Top B cpene pasnnqnflx P8808 Ar, N2,

H2, He, SF6 K xx cmecefi.

Cncwema nnTaHna KaTymeK MBTHHTHOTO Hoax flflfi paspazaoro

ycwpofiCTBa I noaaoxfiew unnyanh geryflmpyemae TOKfi B KaTymKax a

upeneflax 0—10 A c ypOBHeM nynbcaufifi M9386 1% n HOBBOflHeT HBMBHHTB

won B KaTymKax KaK OflHOBpeMBHHO, TEE H B Kamzofi OTxenLHo (pus.

2.4).

Cnowema npexaapnwenbaofi Hounaaumu npenxaaaaqua flfifi cosgaana

Heocxonnmafi Hananbfiofi ROHueHTpaEKK nmasma (nON 107~109 om‘g) B

paapaflgxx yCTpoficTBax. OHa COCTOHT n3 cwaunonapnoro MCTOHHBHQ

UMTBHHH, HOBBOflflmmePO ooanamb HpEflBapHTeflLHHfi paapnn c TOKOM ED

,300 mA, npencTaBnHmmero cocoa Tpexwaanafi BHHpfiMMTSflb 0 RD

imanpOM, KOTOpHfi odecneqnaaeT HampsmeHne Ha BRBKTpO£aX no 3 KB 0

ypOBHeM nynbcaunfi Haupamefina n T033 <I%. ynpaaflenne ocymgcwanaewca

C Homombm TprQaEHoro peryflawopa Hampsmefina (pas 2.5). KOHTpOflb

TOK8 n Hanpamenna CTauMOHapHoro paspafia ocymecwanaewca c Homombm

HW$pOBHX npndopoa c HpnmeHeHHeM fieflnTenefi H myHTOB. Msmepennfl

xapaKTepncTnx CTauHOHapHOPO paapana npoaonnnnca c HOMmem

ngyxxoopnnHaTHHX PPEQOHOCTpOfiTeflefi 89307.

KBSBMCTBHHOHEPHBH encwema HHTBHMH paspana anmqaew B 0963

HGKyCTBeHHym nnHEHym nnnnm, cocwoamym MB 19 LC cexnnfi,
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Pm. 2.4 CKCTGMB I'MTBHHS KaTy‘meE marm'moro new

(paapagmoe yCTpofic'rBO 0 npoflmpcaammm BHeKTpQAaMM)

PHOI, F802, PHD3 — perym'ropa Hanpfimemm

TPI , TF2 —— Tomxiamme TpaHCQOpmaTopH.

D1+ D6 R If} H

  
P920. 2.5 (momma Hpemaapmenmofi Hormsamm.
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p I

H mega . K 08—13
mm v T650 a (Up)

a: 08—13 -:‘_I n R350 R450: 2 a.
v P7 p ‘7 _.

(1p) -I>.:_< é xgsfs
>2 A H ’3 p

E H307

woman) He” 5M
'- - —

b: H307 1351508:
(Icmau)

375.11% 38510 R95.1M

' MCTDW
HH‘I‘BHKH

e - rrpemapwr.
R O1Ox paspagxa 3.31103:

Pm. 2.6 Snexwpmecxafi oxema yCTaHOBKH
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KommyTpremym THPMCTOPOM TESS—24, corfiacymmym HL uenquy n BHGOKO—

BOflbTHHfl .EflflpfiMKTeflb c magammefi ‘XapaETepHCTKKOfi TBMM~IB~220~50.

BanyCK flMHMK npomasonnaca c saxafifiofl sanepxxofi OTHOCMTeano Banya-

K8 EOHTpOflbHO—KBM8pKTeflLHGPO KOMEflBKCS OT PeHepBTOpa P3M~6. HpKH~

unnnafibHaa cxema yCTaHOBKK upeACTaBfleHa Ha pnc. 2.6.

8300p qacTOTHHx HapameTpOB HMHYHBCHOPO MCTQqHMKa HHTBHHH

HpQKBBoancs B COOTBGTCTBHH c apemeHeM yCTaHOBfleHHH

KBaafiCTauHOHapHOH nmowaocrn nmasmu, 8 T8339 (3 BpemeHeM paBBMTfifl

KOHHBBHMOHOn a MQHMBBHHOHHO—neperpeafiofi Heycwoflqnaocmn. Mcxonfi as

saBHcHMOCTefi KOHKBBuHOHofi penaxoaunn OT HPEABapKTefibHOB MOHMBauKM,

flaBfleHHS H aMHfiETyflH HMHYflbCB Hanpaxeanfl pnc. 2.7 8.6, 8

Teams yqnwusaa , QTO Asa naaxeanfi go 0.5 Top BpSMSHa pasBfiTMfi

HOHHBBHHOHHO—HBPBPPEBHOH Heycwofiqnsocwn COCTBBflHmT N 10—8—3.10“83,

a noanaaunonofl 10‘30 [931, BHOnpaeTcs HCTOQHMK, noaBonammnfi

inpmnpoaawb npfimoyreflbaae HMHynLCH TOKa n Hampsxeanfl (3 BpemeHem

HapaCTaHnfi (HBPBEHKM QmOHTOM MMHYflbCB) 5—60 mxc 11 flflHTEflLHOCTbm

nmocxofi BepmnHH no 1.5 MG. AMHflKTYAa Toxa M038? MEHfiTbCfi no SKA

npn HBHPHKBHHK sapflnxn AHHHH no 2.4 KB. XapaETepHaa Gopma HMflyflbCB

TOEB £35 paafiKQHHX Harpyaox anBeneHa H8 pnc 2.8. Egg yMBHbmeHma

EfiKHHHH MCTqunEa HHTaHHH H namepuwenbflux uenefl cwaunonapnoro

paapaaa Ha inpmy n napamempu npamoyronbfloro Hmnyxbca, OH OTAEfleH

OT paapsnfioro ycmpoficwaa orpaannBammnMM COHpOTHBfleHHHMH Rorp’
oOecneanammme TOE yweqxn M8398 1.5 A (npn TOKS paapflxa N 1.5 EA).

BpeMBHHHe BBBHCMMOCTH XEPBKTQPHCTHKK KMHyflbCHOPO paapzna

pBTKCTpMpOBafiHGb c Homombm sanomnnawmnx ocunamorpaéos 08—13,

08—14, c KCflOflhBOBaHKeM KOEKCHBJBHHX myHTOB, Koaxcnanbxux

Oesnaaozoqnux fiBflHTeflefi HanpameHna n HOHCOB POFOBCKOTO. BCflBACTBMB

donbmofi flfifiTBflbHOCTH MMHYfibGB Toma H0508 POPOBCKOPO BHHOflHeHH Ha
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timxc]

860 ° p=1 Top

U=BGO B

240 a

120 °

w__L_________L________.._..._.J—_____...L____.

2 4 6 8 —3
1O 10 1O 1O nafcm )

Pnc.2.73 BaBMCHMOCTb Hoanaaunoaaofl peflancaunx

OT HpeflBapMTeflbHOfi nonnaaufin

”90‘ HfiOTHOCTb sneprOHoB B nflaeme

npezaapnTeanoro paapaza.

1: {mac}

12
_ —8

a a - . - ”90‘ IO CM

D a — n60: IGBCM“3

8 D b p=I Top

D

4 D .,
D a o

D E}

____________x___..__.____z_______......L___

400 L200 2000 2800 U i B 3

Pnc.2.76 BEBKCHMOCTE HOHHBauHQHHofi penaxcaunfi

OT BMHJE‘ITYM WMBCHOFO Hampsmemfi

ans paannqaofi npezBapuTenbfiofi MOHMBaunK
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Pflc.2.8 Ocunflmorpamms HMHYflbCOB TOKa

I~Rfi=p; 2—3522 OM; B-RH=5 OM

500 A/zen; 200 MEG/nan

 
Pnc.2.9 Penepawop paBBepTKK aoana
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qupMTOBEX CSpflBQHMHaX K paOOTamT B finanasone QECTOT 102—108 Pu.

HOCTpoeHne Boan—amnepaux KapaKTepKCTHE paapfiga HpOKBBOflKflOCb C

Homombm CTaHflapTHOFO HaKeTa oGpaGOTKM flaHHHX GRAPHER (IBM PC AT).

2.2 BOHEOBER MGTOfiHKB onpefiefleflna HapameTpos HfiQBMH M HOHHHX

HOTOKOB. r

anexeneHne fiOEafibHHK XEPEKTSPKCTHK paBpaAa, TaKKX KER BfleKT—

pOHHaH Temnepawypa (Te) n nmownocwb HOHOB (n1) B naaame paspfiga

npoBonanCL c unmombm CTauMOHapHofi H KMHyHLCHOM BOHAOBOH nnaraoc—

THKH. Paspan pacemawpnaaemoro Tuna POpKT B afiaaneflbHHx BflBKTpH~

quKoM n MBFHKTHOM nonsx, OflHQKO reomewpnfi MBFHKTHOPO HOflH B OOQHX

paBpHxHHx yCTponCTBax TEKOBE, 9T0 nossonxew HononbsoaaTb mnmnnxpn—

qecxnfi ORKHOQHHfi Bonn Oes.yqua Bflfififififi maPHnTHoro HOflH. KOHCprK-

TKBHO BOEfi BHHOfiHBH E Bflfle BOflpraMOBOPQ CTSPKHH AnameTpOM 0.6 MM, e;

c nacmanbm OTKpHTofi qacwn 8:16 mug, Bamnmefifiora Kepammqecxnm n30—

flHTOpOM. B paBpfifiHOM yCTpQfiCTBe Tnna BHTHHPOGKOTPOH OH Homemaficn B

ueHTp paBpfiflHOfi odxaown agonb OCH cnmmewpnn exeproxos qepea Baxy—

yMHHfi BBOE aHona.

CTaHMOflapHHe 80330339 namepenna npnmeHHJHCB gag oupenexeunfl

napameTpoa npenfiapnwenbxoro paapfifia C HaHpHKSHKBM FOPBHHH go 850 B

n TOKOM go 300 MA. Cxema namepeHnfl He OTflflanTCH OT TpaxnuHOHnofi H

GOCTOHT KB perynnpyemoro HCTOQHKKE HOCTOHHHOFO Hanpamefins 55-50,

OBMHOQHOPO aofina n pernoTpaTQpa B 3239 flmyxxoopxnaawfloro rpamo—

HOCTPOMTeflfi H—BOV. Hanpameflne Hamepfiewca HenocpeACTBeHHo Ha Benze,

TOE — c Houombm myHTa Rm=IDO OM.

fipfl nocwawoqnon flpOCTOTe n Hafle$HOCTH, CTQHMOHapHafi BOHAOBafi

EMaFHOCTHKB nmeeT pan HexocTaTKOB. H HEM B qaCTHOCTM ownocawca:

CHOKHOCTB YCTBHOEKH Hyfifi Haflpfifleflflfi 83 099T BHHHHHH HEPBOHBqafib~

HOPO noweaunana EBOflKpOEBHHOTO BOHEB; HQPSTPBB 80833 RPM COflbmflX
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momocmx magma; Hesosmomoc'rb MCKOJIBSOBEXHPIH 1:313 mamoc'mrm

WfiBCHOI’O paapfifia. B CBHBH 0 9m (Elma paspaOOTaHa n upmeHeHa

mmcaas 801130335 cxema. OHa 000mm :43: Lemomoro 30mm,

2,.reHepa’r0pa pasaepm, 3.1«13M6pmenbaor'o Romance. KCHC'I'pymma

303m 36 o'rmae'rcs! OT sameormcaI-mofi mm c'ralmcaapI-mx namepemm.

£0301??ny reHepa-Topa paBBE‘pTK‘fi nine/2100333319223 Ra pnc.2.9. 000663—

Hoc'm cmao'mtmom paspsna npemafiamm 1c reHepawopy 3333139me

BBCBME meme TpeOOBamm: I . Hpegzemaxo M83108 BHXOMOB conpo'mme—

me, 2. Boamomoc'rb IIpOIIyCKaTb ,EByXHOJIHpHHfl T025 110 50 A, 8. mm—

TEJZBHOCTB mama Hanpamerma B peme CMBHOTG‘IHOI‘O paepsma me

some npeauma'rb IOO MEG, 4. OH 1:0me zonycxa'rb Opramaaam Tom

semenna 53 chme paspsuza. 3m ycnoana 39 0033031510? npme— H3TE>

mammome cxeMH mnbcmro m'ramm 3031109 213 008039 sma'r'repzmx

n HCTOEOBHX noa'ropn'renefi. He Hpencwamae'rca 503mm 30110353013873}:

8 Kaqecrae refieparopoa pasaep'rxn exam Ha OCHOBE sapmamerocs m

paapamameroca Homefica'ropa, Tax Kare mm pemc'rpamm 33 01:30 n3me~

pGI-IKG anezc'rponuon n HORROR qacm xapax'repuc'rm exema name mews

BOBMOEKHOCTI: 11033133?!» 33 30321 Hanpmexme Kan Esme , Talc P! we

Howemmana Haemaamoro 30mm ((4):), npmem BO Hademame Reperpe—

Ba, 30 Emma nsmpem, 301m 110mg HaXOJIKTbCR 11012 HOTemmamM

Kaompoaazmoro some. Mcxoxa H8 Bumemflomemx Tpeéoaamm reHepa-

Top paalaep'mn upenc'rame'r 0000:! 11133 caaaammx Kon'rypa (I - G

R
39

Tepmmn mqam V81 a V82. Banyan K nomepmaime cmc'repoa B

H,

V81, CK M II —- GK, V82, Pg“) yrrpameuue penemm mm emc-

fl'pOBOJIfiIHSM COCTOHHKH OCYMBCTBAHBTCH 'mpuc'ropm KJHO‘iSM, (EPW13310-

W CTWGHB Hammm WTQflBHOCTbm, upeamnamefi MTGJILHOdTB

mmca CMBHOTO‘IBOI‘O DBBPSES. BKJIIO‘EBHHQ aarrycxamero Tnpnc'ropa K

flBMepKTSJIhHHX 1181192 HpOKBBOlIPITbCH 0 33113331961 sanepmam, OTHOCPI-
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TBflbHO QCHOBHOPO HmnybeHoro paspfifia OT IEHBpaTOpa FEM—6.

PeHepaTop paaaepTKH paOOTaeT caenymmnm OOpaBOM: B HCXOflHOM DOCTO-

HHKK HaKOHHTeflEHaH eMKOCTb CH BapamaETca no OTpHHaTEfibHOPO HOTeH—

unana —@H, 3 Games BMKOCTB OOOHX KOHTypOB OK, no HOflOKKTEflbHOFQ

HDTEHHKafla @K OTHOCMTeflbHO aHOfla. Tax KaK 003 Kflmqa VS! M V52

HaXOflflTBCfl B Henpoaogflmem COCTOHHKH, TO GMEOCTB BOHfl—aHOE 3ap3ma-

eTCH £0 HOTEHHHBAE @, aaancsmero OT HOTeHumaxa HBOHHPOBBHHOFO 303-

38, B MOMBHT BaMHKaHHH Kflmqefl (OTKpHTHH TMpflCTDpOB) Hanpsmefime H8

aoane @; onpenefiaeTca, c yquOM BHaKOB awnmn TpEMH HOTGHuMafiaME.

flanee, eMKoch Cx’ Banammafi Haupfimefime Ha BOHfle, HaanaeT Bapfl—

KQTBCH OTpfiflaTeflLHO, Kax Ba cue? Toxa paapfina HaKOHfiTefibHOH eMKOC—

TH 13, Tan K 38 049T TOKa Ha BOHA- HapameTpH enameHTOB oxeMH rege—

paTOpa HORGflpaflMCb B aaancnmocwn OT omnxaemux aneKTpOHHHx n KOHHHX

KOTOKOB Ha BORE, OEpSflefiHBMRX Te, Ti, n1. flag flKaPHOCTHKK upeflBa—

pHTeJIbHOI’O paapazza c emaemofi HJIOTHOCTHO mama 11121084010 «cm—3

H Te 2 20 9B — 03:2 MKQ, CK=O.25MK®, R3=500 OM, RmleO 0M. Taxes

oxema HOBBOflHeT HpOHyCKaTb nByXHOfiHpHHfi TOR BOHfla go IA, qTo,

upeBHmaeT BfleKTpOHKHfi n £03332 TOK HaCHmeHHH Ema ABHHHX TemnepaTyp

M HfiOTHOCTefi.

flan KMHyflbCHOPO CflflbHOTOQHOPO paapfina n121014 CM_3 H Tezfi-B

8B, — 03:6 MKQ, CE=I.75 MK@, R3=IO OM, Rm=0. HOTeHunanu B odonx

Cflyqafix BHOflpamTCfl @H: - 50 — 70 B, wxz 4O — 60 8. Han» TeanOCTb

pasBepTKn B BTHX. yCflOBKHX .COCTaBnHeT 20 MEG. MaKCKManBHHB TOE

reHepaTopa onpexeflanca B pemmme KQpOTKoro BaMHKBHKfl n COCTaBflflfl no

40 A. Conpownsfiesne RB KOHTypa I nozflnpaewca BKCHepHMSHTaflbHO

ncxons n3 TpeéyeMofi BeanMHH HoxoanTeanoro Budpooa HanpfimeHnH Ha

BOMB B peme XOJIOCTOI’O XOJIa. Ocmmrpama Wflbca Hanpamezmfi,

quMpreMOPO reHepaTopOM pBBBepTKfl upeficwaenena pnc.2.IO. flan
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PHO.2.IO Ocumnflorpamma Hanpamefins paSBepTKn 20 B/zen, 5 MKc/nen

I ~ Pemnm paGoTH CXBMH nag cnyqafi, Korna nowefiuuax

finaBMH HERB aHoxHoro;

2 ~ PemMM paOOTH CXBMH gas onyqafi, Korna HOTBHuHafl

nnasmx Bume aHORHOPO;

(a«c), (B~P) ~ paOoqne yuaCTKM Ha KOTOpHX HPOHBBO-

ARTCQ KBMepeI-IHH .

 
PMC.2.II Cxema Honxnmqeana SOHfla~ROflflGKTOpa.
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odecneqeflnfi perncwpaunn szXfiOASpHOTO Toxa Ha 3033 B KaquTBe Knm«

qefi V81 n ‘VSE chonbsoaafiMCb FepKOHOBHe pefle Hflfl cummeTpfiqnue

Tnpncwopu, npnqem ‘B BTOM cayqae V82 myHTHpOBaH Bucoxoqacwowfinm

gxonom.

Mamepnmeanufi Romnaexo COCTOHT H8 RBYX aanomnnammnx

oounxfiorpamoa 08—18, myHTa, quCTBKTefibHOCTbm 100 B/A Hflfi H0808

POPOBCKOTO, quCTBKTeanOCwa ID mB/A. Hogs POFOBCKOPO BHnoxHeH Ha

@eppKTOBOM CEPHQQHHKB n nmeew nonocy BpOHyCKaHHfi OT 10 no I06 Pu.

CHprOHMBaunfi HMHYflbOa HanpfimeHHa Ha BOHK H sanycx oounnnorpamoa

ocymeCTBnaeTcs OT Hagana KMHYfibCHOPO paapana c BaflaHHOfi sanepmxofi

OT PeHepaTopa PBM—S. RAH BEEKTH OT HaBOflEK aanycx reHepaTopa

paBBepTKK n ocunnflorpamoa ocymgchnaeTca qepes pEBfieflfiTeflbHHe

TpchmopmaTOpH.

Has namepeana pacnpeneflna KaoTHOCTn HDHBOPO HOTOKB BflOflb OCH

CMMMBTPKH pBBPHflHHX yCTpofiCTB HBPOTOBfieH BOHfl—KOJHBHTOP pnc.2.II

BHHoxHeHHHfl B Bflfie KOHHBHTPM§SCKHX Konbuesux BASKTpOflOB, KamnHfi m3

KOTOpHX paGOTan B gmmnme HOHHOFO HaCHmeHHH. C) uenbw,yM9HbmeHma

ncxameans aflepreanecxoro oneKTpa KOROB n HOfifisflBKTpOHHOfi SMMCCHM,

HOCTOHHHoe cmemefine, Hozasaemoe Ha HflaCTKHH SOHfia cane BHGpaHo B

Hagane HOHHOFO Hacameanfi (Bannan nowefiunana KBOflHpOBEHHOPO BOHfia).

MOHHHH TOR H3 3033 usmepaaca myHTaMM B cnyqae CTaunonapHoro

paspflaa H oneunaflbao HEPOTOBfleHHHMK HOECEMH POPOBCKODD B Cflyqae

HMHyflbCHOPO paspana.

Pacqu sonfioeofi CXBMH

Pacqu BOfibT—aMflepHOfi KapaETepKGTHKK reHepaTopa pasBepTxn,

nagammero Hanpaxeane Ha song, nponssonnTca pemeHnM ypaBHeHnfl Kpr~

P0$e flfifi xByx KOHTypOB reHepaTopa, B OKHH as KOTOpHX onan Hoaxe—

MGMEH M88558. 11m STOI’O peaanaH BQHJIOBEH xapamepnc'mma HJIBBMH
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sameHHeTca Ha prOHie-HHyIO {pnc.2.12} coommuym us 1113311: 11342219me

yqacmoa, KapaKTepHBymm 000110530129 303113 B pemme 9101010100 Hamme—

mm (yqaCTQK 1} Id 13 peme COBMSCTHOI’O upowexamfl SJIBKTpOHHOI’O fl

KOHHOPO T0318 (yQBCTOK 2):

 

 

N
+ < 1+ Hac{Has (93 { i; {pf

253093) = i“ 1* _ (2.1)
T — Hac

._ W93”? cpSZ{I+ '5‘ iapf
T .

P118 {3 — TOE Ha 30m, cps — 3:103:93me soma OTHOCETBJEBHO OHOpHOI‘Q

SJIGKTpOfla, igac - TOR fiOI—IHOI‘O Haemaemm, (pf — HOTeHuHaJ!
naemrpoxaamoro Emma, ii — SfleKTpOEH-mfl TOR Ha 301-113;,

COOTBBTCTBE‘W HyJIBBOMy 1101183112121ny BOHJIE OTHOCHTefibI-K) “88W.,_1..
+ ,

39mm 1360, (pf. 1T MOPy’I‘ GHTL OHpBJIE‘JIGI—EH EECHBPHMQHTEJIBHQ {a

STOM cayqae pacqe'r HBJIHeTCH npoaepoqm) m GHTI: upenc'raanezm

chozza H8 npemloxaraemux afiaqemm axempomiofi Temepa'rypu Te 12:

IIJIOTHOCTK Hi HCCJIEJWEMOH IIJIESMH

,- —
r“ RT

+ ~ V 2 e
. iHaC ~ ‘— 972.55 T (2.2)

2.?

RT ““

(9]. a: 79—2 17293.7? /—%-] (2.3)

- '25 M;
5T 3 :7 eniS T . (2-4)(a.

me S - momma 303113, m,M — M30052 BJISKTpOI—Ia PI #2033.

BKBHBEJKBHTHafl cxema refiepamopa up»: perncwpamm BJIGKTPDHHOfi

BeTBH 3031:0302 xapamepucmu npezLCTaBJIeHa Ha pn0.2.13 M3

ypaBHem fianerma Hanpmemm 131mm: Bamy'mx KOHTypOB I M II, a
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Tax me Gaxaxca TOKOB a ysxe I nonyqnm cmcwemy ypaBHeHHfi 335

KOHTypHHX TOKOB iwft),ia(t)

I 311(t) I
a; 11(t) + R “a?“"" + 3— [17(t}+zg(t}} = 0

P <2.5>

312(1)
§~ [21(t)+i2{t)) + r ‘5?“‘" = 0

p

- Q _ - - ~ _ Q _
c Haqaabm ycmBnm {Imam} a <pH O, UCPMJ - gap

Mocxelzyemaa magma BXOJIHT B HOHTyp II B gamma onyqae K8}: MCTOW

(p

3.32.0. co 039mm napameTpahm s=—q>f; .7":- 4;—
f"I”

HpeHeOpePaa HBBHBQKTGHBHHM BKBKBaHBHTHHM COHpOTHBflBHHGM, BEOCHMHM

macaw Poroacxoro um 11 TOKOM yweqm qepea JIBJMTGJIB Hanpaasema,

me. 01mm?! (pan) z 00pm) + O; {3%}:ng

{£031qu Bpememe Basncmoc’m Toma H Hanpfimemrm Boma 1:0 em

HBPSXOEB B FBKKM KOHHOTO HBCHmeHMH

, o I 0+1 12‘3”; “‘31:

o 0

+1 b+I “2‘32 [I_e’@2t]
Up 73; war;

0 O o o
in - bi. -5 t ai — i —g t

is(t):(a)’§0_w—Ie1+(b)"R§—J’lea
p p

o o (3

o_ ‘95"? . o_ - “fl
me£1— ———R—B,12 1T [1— {pf}

(2.6}

0+0 0+0
__ __ H. z _ H

a - chg1 —5;—— , b chfi2 ‘8;"*
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0 +0 6— ‘- 7:—

Lu 2 "RUTH — Ci } + 4 WT{ “p H p@f p H 9f

_ _ I C +GH i;

B peme KOHHOI‘O Hacmeima TOR H3 303;: fipaKTK‘IBCKK H8 333311:ch

OT KQTeHuHaJKa 803115, HOSTomy BJMHBHB HCCfleflyeMOfi HJIaBMH MQJKBT GET}:

HpeflCTBBJIeHO KaK meqemxe B KOHTyp II Know-ma Tom; C

xapamepnc'mxofi £3(<93)=1;a . SEBKBBJIBHTHEE cxema Hamepemm upwe—0

119113 Ha pm.2.14. BaBHCHMOCTb HOTeHlmaJia 80mm OT BpeMeHu B BTOM

CJIyqae FINEST 8121,11

HO O —Q (t~I). . '1

wfigr) = @ (I) - "“"5“ {i—(Tfi + 1+ 2 g—En-} 1‘9 +o p up+ H I Hat. p+UH E: } 3‘7)
£+Hac

+ ‘r—‘w (FT)
LP+LH

F229 1195) ~ BHaquHe TOEB B KOHType I K mommy i=1? (HOCTHEBHHH

TOKOM Ha 30m 89mm Tom HOBHOPO Hacamefim {8(I)=i;ac.

, i2 — at? —61t at? — 1? ~52: (2.8)
if t ) = W e + W e
BaBKcmoc'rb QT Bpemema 3031103010 Tom B peme HOHHOI’O 21305111911113

OTcyTCTByeT {3(tzr5)=€;ac. Hpfidmemm Bpema nepexozza Ha momma

BeTBb xapax'repnc'rmn MOKHO ouezm'rb n3 paBeHCTBa cpsmmpf.

prepowfi pacqe’r Baancmoc'refl Hanpaxemm 1‘! Time} BOHJLa OT

Bpemem 1mm omaem HapaMeTpOB mama c yquOM orpax—mmaxomero

Emma BJIBMQHTOB oxeMH reflepa'ropa {$304.75 A, (pf—18 B, 1&4}: A
{1014.888}! KE‘IGCTBGHHOG COBHEABIHIB HOJW‘E‘BHIMX BBBKCHMOCTBH K BKCIIBPH-
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3 I 303,11

  
Pnc.2.12 Mogenbfiaa BOHEOBEE Pnc.2.13 BKBHBafleHTHaH cxema

KapaKTepMCTHEa. renepaTOpa pBBBepTKH Hpn

pePHCTpauMH afleKTpOHBofi

qaCTH BOHEOBOfl KapaKTe-

pHCTHKH.

a I 301-13:

  
PHO.2.I4 BKBKBaneHTHaH cxema Puc.2.15 HanpfimeHne paaaepTKn

reHepaTopa pasaepTKn HpH gonna; . w pacqu

perncmpaunn HQHHOE qacmn ~ ~ BKCHepHMeHT

aonxoaofi KapaKTepKCTfiKK.
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MEHTBHEHHX BOHEOBHX xapaKTepHCTKK, qTO HOETBBPKAEET pafiowocnocoé—

ROUTE reflepawopa paBEepTKH K HOBBOAHBT HpOHBBonHTb 8360p era

anemeHTOB E BEBHCKMOCTH OT saga ficcnenyemofi unaBMH (pus. 2.15).

2.3 Efiyxmoxosaa xaaepfiafl meTozHKa onpexefleHHa

HflOTHOCTfi HfiBBMH.

flflfl onpegeneans afleKTpOHHofi KoaueHTpaunn HaaBMH cnflaaowoqfloro

KBaBHCTaunOHapHOPO paBpfifla B CermeHHHx EXH HOflfiX fiCHOflbBOBafiaCb

finarfiocwnxa Ha OCHOBe flByXMO£OBOPO Tpexsepxafibfiaro He~Ne fiasepfloro_

HHTSpQBpOMGTpa c @OTosneKTquecxofi pernoTpaunefi {83+86].

B fiaHHOfi METOAHKQ HCHOflbByeTCfi BQBKCKMOCTE

HBMBHBHMH momHOCTfi BflEKTpOMQPHMTHOFO nanyqeanfi, perncwpzpyemcro

imTonpKeMHnKOM, OT BSflHQHHH QaEOBOPO Hadera npn npoxomneann

nasepaoro nyqa qepea unasmeHHoe oépaBOBaHme.

MeToa OHPSEEHEHKH KOHHSHTpauHM BHBKTFOHHOfi EOMHOHEHTH HflaBMH

OCHOBaH Ha aimeKTe KOHKypeHuKn aKCHaflbEHX man B PBBOBOM naaepe. B

are OCHOBB £93K? flflfiefifiafl BBEHCHMOCTB memay MOEHOCTBD reflepaunn

naaepa H HOKasaTefleM HpEHOMfleHKH opexu BHeceHHofi B peBOHaTop, HTO

HOBBOflflET npoaonHTb upocwym odpaOOTKy peayflbTaTOB HamepeHnfi.

MBMGHBHHB KOHueHTpauHM BfleKTpOHHOH HOMHOHBHTH onpenenaeT03

Bupamefinem E29;

AN8=An/(4.49fi 014mg) {mfg},

FAB An=(A/21)*(AP/Pmax)*(§/(l/EL))
l

HaMeHeHne HOKBBaTEflH

HpeflOMfleHHH HflSSMH, AP — MEMBHBHHe momHQCTH PeHepauMH, l,L —

COOTBeToTBeHHo annHa OGflECTM aaHKM3eMOH nfiaamofi n nflnna

pesoHaTopa, A — nmuHa BOflHH nsnyqenna.

HHBPHOCaneCKHH KOMHflEKC COOTOKT n3 onezywmnx OCHOBHHX

CHCTGM:
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1—pa3pflnHoe yCTpOfiCTBo,

2~xaaepfiufi KHTepQQpOMeTp,

B-cncwema npegBapHTeanofi moanaaumfi,

4~Kmnynbcaaa OKCTEMB nnTaHnH paspaxa,

5—cncwema namepeaufi KapaKTepHCTHK paapaga,

6~CMCTema CMHXPOHMBauHfl H Banycxa,

7~GflOK yupaaxeana nasepom,

chncwema pePMCTpauxn BHXOAHOPO Hafiyqeana HHTBPQBPOMSTPE.

HOHCprKTHBHO aKTHBHaH qacwb namepQBpomeTpa M1—M2 COBMBCTHO c

@OTOHPHGMHHKOM @H BHHOJHEHE B Bung ennHHOPo OHTKKo—Mexaanqecxoro

éfloxa Ha oneM OCHOBEHKH. OTASflbHO OT OCHOBHOTO OfiOKa paamemaewca

OTpamaTenb M3. praaerne memMOAOBHM pacmenfleHHeM, a CflenoaaTenLHo H

quOTBnTexLHOCwa Hfiwepmepomewpa, ocymSCTBnfieTCH HGBopoTOM QEBOBaX

HflaCTMH $1 H QB OTHDCHTBHEHO npyr gpyra B nnOCKOCTM,

~nepHeHfiHKympHOfi HanpaBneHKm OCH HHTepmepomeTpa. GgHa m3

TBHepEpyeMHX flBBBpOM BBBHMHOOPTOPOHaflbHEX won aanaeTca

onopHofi(A=3.39 MKM). 0H8 BHREHHBTCH HDflHpHBaTOpaMH H1 H HE E c

Homombm QOTOHpKeMHKKa Hafiyqenne flasepa npeospasyeTca B sneKTpnquKHfl

.CHPHafl, COOTBeTCTBymmKfi aneKTPOHHofi KOHfleHTpaufifi nnaaMH. Rpm BTOM

HBOCXOJIHME meo'maa CTBUPLHKBEHHE W peBOHa'ropa , KOTOPES

ocymBCTBnaeTca Ha BTopofi M038 (A=O.69 MKM}. QaCTQTa n EHTEHCHBHODTB

naflyquna BTopofl menu, BHzenHeMOE noxspnaaTopaMH H1 H H2, HameHHmTCH

npx yBeflnqunn nan ymeHbmeHnH OHTquCKofi fiflKHH npomemywxa memfiy

nasepom n BHHOCHHM owpamaTeneM M3, QTO BKBfiBafleHTHO nameHeHnm

flflfiefifiofl ’HflOTHOCTM. STOT cnrHafl paccornacoaanns c @OToaneMHMKa

HOCTyHaeT B Hens odpaTHofi CBSBH, H nacxe yCKMGHHH, noaaewcfi Ha

HBGBOKSPEMHQQCKKB KOppBKTOpH K1 n H2, BOBBpamammHe sepxaxa M? n M3 B

Homomefine CQOTBeTCTEymmee Haganbflofi nfluae peBOHaTopa. TaKHM capasom
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.18 Cxema JiByXMOJlOBOI’O nesepfloro MHTeptbepomeTpa9wPKG.

 
PMC.2.I’7 Ema mynbcflor‘o menial-1:915,
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111303330me CTafimaaLma W peBOHaTopa orfiocmemm mexamecmx

Endpaunfl.

Cmpomsamm H 8311ch flasepa HpOYIEBOflUlCR OT PeHepaTopa FEM—5

omoapememao C 3330391515955 33 paapfimmn Hpomemy'rox Hpamoyromfiom

mama 3811133393145 K yOTaHOBJIeHHEM KBBEKOTEIIKOHapI-EOI‘O pema

paapazxa. Bomoxaarme flasepm Kanyqezmem masmermoro oOpaBOBaHm

HpOBOEHfiOCb B TBQGHKB BCSTO BPGMBHH GymeCTBOBEHfiH CflflbfiOTOQHOfi

paspfigga .

2.4 MMKYJIBCHOB cmememe.

MCHOfibBDBal-me cnnbflo'romx @opm KBasnc'raimozzapfiom paspsma B

HflOCKOM M8PH8TpOI-Ie H aHTPEIIpOOKOTpOHe my; pemeI-ms aagzaq HaHeceme

HOKpHTI/Ifi n Homo—cmmympoaamioro TpaBJzerma maTepnaJIOB Tpecsye'r

@OpMKPOBaEIi/Ifl new HOTOKOB n3 maam paspaza 0 3311831103 aflepmefi.

OHQHKE KOHHOTO T038 HECHMBHHH

1+ ,6; M;x ——-enS
Has 6.? t/ T(a

me 8 — Imomazzb KomeKTopa, no — IIJIOTHOCTI: magma, Te ‘

BJIEKTPOHHEH Temepa'rypa, M — mecca KOBE} mm CJzyqaa n1 2 Iowan/1'3

Irpn Tea 5913 HOKBSHBaeT, W130 MOTHOCTB HOHHOI'O TOKa Ha KOJUIBKTOP B

BTOM cnyqae COOTBBKT fa 2.5 A/"CMZ. Bomepmame HOTeHImaJIa

cmememm Ha Romemope nyTeM HOEOJIBBOBQHHH OTfleflbHOFO Penepa'ropa

HBJIHeTCH KOCTaTO‘IHO memo?! TeXI—mqecmfi Bagaqefi. BCBHSH G 3mm

paapacorrafi 0110006 Renata! 3213;333:9333 CMBHIGBMR 33 24031119333013

chonbsya qacrtb momoc'm myxbcrioro mammal mwarma paspazza.

Pasowa 6mm amalgam/m 003013833 Ha namefiem BKBKBaJIeHTHero

COHpOTKBfieHKfi HflEBMH KPH Hepex0fie OT CTEHMOHQPOPO K CfiflbHOTOQHOMy

WHBCHOMy paspalzy .

TSMC-1107 / Page 57 of 122



TSMC-1107 / Page 58 of 122

EJIOK mmboHoro cmememm 000mm 213 nomegoaawenbmm

azounefiaTEflBHoFo KOHTypa I a HOHTyya Bapzmfi H. {pm 23.9). GXBMa

paéo'raew cxegyxomma GGPBBOM: E08318 303.3% Hampmemm OT mmfima

III/{Tami}? CTauMOHapHom paapmza Uponcxozm'r 1113000?! paapsgmoro

Hpomemyma M ofipaaoaamae mama, mamramefi KOMEHTOpa.

Omoapememo, qepe-B cafzpaTKBfieHI/ie Romypa aapfimm ROM KOJMEPCTOP

Tame HpHoOpeTaeT HOTQHm/Iafi Ha'rogxa <93»qu HOTSHuHaJIC-i
KBOJMpOBBEfiiOFO some. B peayfibrrarre Ha Homemop yCTBHaBJfi/EBEETCB

TOE HOHHOPO HaCHmema 13:80, K Komemop npnodpe'rae'r HOTSHLLHEJ?

(\C’wa'izp‘w (TQKQM Bapfilfifld COM ”IrpeHeéperae-M, Tax Kay. OH cymecmye'r

TOJIBKO BO Bpema yCTaHOBflEI-mfi pemma CTauHGHapHoro paapfizza PI

namaeflmero Emma 39 OHBBHEaeT), P318 6,32 a Mcxogz m3H80.

BOHflOBOQ KapaKTQQKCTfiKfl OTEHHOHEPHOPO H OHJBHOTOQHOPO KMflyfibOHOPO

CTauHOHapHoro paapaxa
paspflxa BHOPIpaEM Rem Talc, wow 1. Ram“ MSW ammafiemmm

 

.3, R 3.} myflbCHDI‘D paapsma F778 B =
N' CM” 331%! SEBKEBJIBHTHDI‘O ’ H IIJIaSMH SEEKEaflBHTI-IOE

(p —O

= if — BKBKBBJXEHTHOB ccnpommezme masrm. Toma amm'ryga
2: H86

cmemeHnH OYfleT OHpBfiBflHTbCH ROM H napamewpamm CTEHHGHBPHOFO

p88pfi'218 n0 ; Te'

ROMEOaTefibHOPO KOHTypa ‘C yquOM RD H Te HMHyflbCHOPO paapflga.

anToTa cmemeHnH BHGHpaeTCfl H8 yCflOBME sapfina EOflflSKTOPB A0

a ‘IaCTOTa H BaTyxaHne — qaoTOTofl n JIOOpOTHOCTbIO

HOTSHufiafla HBOMHPOBEHHOFO BOHfla

”E

I 3 + -
CPR—{pf C I iHaGUmr, me C ~ BMKOCT}: Homemopa.

O

OSQCHQBBHHE KOHKPQKTHHX HBPBMSTPOB CXBMH cmemefinfi YEaBBHH

Hfifie C YQETOM COOTBETCTBYEMKX XEPEKTEPHCTKE paapfina.
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I‘JIABAfl OBJEAOTB CMCTBOBAHMH M XAPAKTEPMCTWM KBAEMCTMMQ—

HAPHHX CWHOTO‘M PEEMMOB PABPEEA EMBKOFO MW 8 MATH/{THEM

HOE PAWMOM KDH‘IJMIWPAW.

Hpefisaprefimmfl paspmz.

COBflaHI/ie CMEHOTO‘IHOI’O, KBEBHCTELMOHapHOI’O pema paspmza

HHSKOPO llaBJlei-MR B maTHMTHOM none nyTeM Hammezma Ha paspammfi

upOMezxyTOK IIpHMOyPOJIbI-ICI‘O mymca Hanpflxcelmsx BOBMOKHO JIByMH eno—

COGBMM I) MMIIyJEbC 11031883303 35 paapfimioe yCTpQfiCTBO, BaHOJfl-IE‘I-fiiOe

Paaom c 9P0 ,zzanbHemmm HpodoeM H yCTaHOBJIemzeM KBamoTauMOHapHom

pemma, 2) mynbc Hogae'rca Ha HpomemyTOK, sanomemmfi upenBapn—

TBJIBHO coaxial-mom mesmofi, Home were rrponcxonm pOCT KOHueHTpaumd

ImaaMH H yCTaHoBJIemxe KBaBHCTauKOHapHOPO pema. Kare HOKaaamr

Guam 139mm 34 BpeMeHH ycTaHOBneHns HBaBHCTaumHapHOH mowoc'm

rmaaMH B paspazmom yoTpofiCTBe, a Tame saBncmmc’m cxopoc'm pOCTa

KOHueHTpamm OT HepBOHaqamHofi momocm magma [98] upegmoqm—

TBJIbHOfi HBJIHGTCH nozaqa mmnbca Ha npezBapnTeano Homaoeamfi

P83, npnqem comacno Ppaiimcam pm}. 2.73.6, HJIOTHGCTI: npegzsapmeflb“
8

Hefi magma name} COCTEBJIHTI: I1 I07 - 1010 0M" . Mcmqmmom Taxofio”

Hpemdormaamm meme? {SET}: BQ—paapan, aHomaJIbm mama/m mm maPHeT—

pom paspsm, snempommfi BENCH, omaxo em Boan—amepfias xapaw

Tepnchca ZIP(1?) acme-Ia mew: yqac'rox dU/dI<<I TEE KEIK image prTafi
qac'rb BAX orpamm TOR qepes masmy {rpm Haflomemm mmbca Hamm—

RBI-IP13 H, COOTBeTCTBeHHo, pOCT KOHueHTpamm magma.

MccxemBama xapamepuc'rm wadormtmoro CTaImOHQpHoro M8FHE!‘

TpOHI—IOPO paBPagza B yc'rpoflc’rae 0 Warsaw snemponam H

I'LHOCKOM MaI’HBTpOI-Ie B maHaBOHe 2183mm 10-3 — 10 Top, Hoxaaam

Heme CTBLE‘IOHEPHHX pBWOB, OGSCHSQMBBWX YCJIOBHH poc'ra HJIOT-
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HQCTM. finaama H Hepexofia paapaga B EBaBHCTaunQHapHHfi pemfim RPM

HaROKBHHK Kmnynbca Hampsmeflna. Ha pno.8.l HOKaBaHH xapaxTepHHe

BEBECHMOCTM Haflpfimeflflfi paspaxa QT TOKB £33 apTOHa, cmecefi apFOHa c

Panoreaoconepxamnmn aKTHBHHMK rasamm (SF6), TGflKfi-BOflOpOflHHX OMB-

083 B gnanasone flaBfleflfifi IO‘Z—S Top, finanaaone MaPHKTHHX HOflefi O~I

RFC, flpfi TOKaX CTauHOHapHOPO paapaga go 200 MA. Mamepeanz HOETBEp~

flMflK Hannqne nByx impm CTamHOHapHoro paspsga B Ar {51] pasflmqam—

mnxca dU/dl, a Taxme noxaaaxn cymeoTBGBaHne aHanorxqaux paapRflOB B

npyrnx FEBOBHK Cpexax {SF6, He/H2 cmecn, N2 n T.fl.) npn fiaBflEHflHK

no 5 Top. Cfieflyew OTMeTfiTb, QTO BAX paspafla B CHCTBMS c HpOQHflnpo—

BaHHHMH BfleKTpOflaMH n HflOCEOM MBFHBTPOHB 0T3anmwca Hesfiaqnweflbuo.

M3 aHaflnaa BaBHCMMOCTefi onenyer, 9T0 C TOQKH apeHMH manofi prTHSHH

dU/dl Handonee HpHeMflHMHMn HBmeTCH pemKMH c EBJyKHKEH'MBPHKTHOPO

H035 He meHee 400 PC. PemHMH 5’pnc. 3.1 HBnHmTca BHCOKOBOflLTHHMK

n OOflaflafi BHCOKHM SKBHBafleHTHHM COHpOTHBfleHfieM orpaanHBamT pOCT

KOHHeHTpaan Hmaamu Rpm nepexoge K KBEBHCTQHHOHBPHOMV pemnmy. M3

HpHBefleHHHX KapaKTepHCTHK Enzao, qwo £33 HpeflBapKTeflbHOfi Hoansaunn

usaecoodpasao HOROflbBOBaTb pemKMH C TOKaMH ceume 20 MA, QTOGH

HBOemaTb nepexonHHX yqacwxoa Ha KapaKTepMCTHKBX. Hewnn n CTyHeHH

Ha KapaKTepKCTMKaX (KpHBafi 4 Ha pno 8.13) caaaaHH o nepexonom p33—

pana BHypr Honocmn KaTona B yCTpofiCTBe c npo®M£HPOBaHHHMH SfiBH-

TpOEBMH Hpfl HMOTHOCTRX TOKB, COQTBeTCTBymeX Hepemuxaanm oQHaCTefi

Txemmero CBequnfi BHyTpn Honoro .KaTona. Hanpameflne PQpeHHfi npn

STOM nonnmaeTcs Ha Bennany 2 100 B.

BOHEOBEH flKaFHOCTKKa HapaMBTpOB HABBMH CTauKOHapHOFO paapafia

B uefipe CHMMQTPKK paapaxHoro yCTpOECTBa c fipO®HfiKpOBaHHHMK

mampogam B manaaone namemfl 13:10—24; Top, marmmflx Hone]?!

8:0 — I ETC 0 HanpameHMeM FOPEHKR AG 320 B n TOKOM no 200 mA
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1(1) £22170?» 5=§Kl§

20719: {Ta/c, 82 {:12

3(1) Praflfrqp’ 8:19:53

4(1) p=0.01 795842405

5(I)p=a0179a, 82mm

1(L7)px00/7qo,8:£27zr<

2(1]) psamrap, 8-0.3:1'65 
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O 100 200

S.

U [B] \ flr/SFB
\\

{DOB \ «Updmp, 8:0.45/K/c‘
\ 2(1'}p=afifmp, 6: {It/é

((7) 3(1) ,0: -//-—-~.3=0.6ua

500 4(IJP2 -—~I/ 8"0.4xrc.
 

{(17) ,0 wadiragfl =0. 7m;

 
 

I EMA}
MW

0 :00 200

B.

Lie—Hg

WI) P=¥7vp 3*1x/Z

2a) ,0 = {mp awn/z

2(2) .5“) ,0: 5-la‘arop 1 8: v’x/E

950 / 1(1) ‘NI —--—/x 8 «0.6m:
N 5(1) //-————~ 6 .2524”;

 

I {MA}
__________.______.__..L_______...____.__._____1_____..._.

O IOO 200

P3033 Boan—amepme xapamepnc'rmm CTEHHOHapHOPO paapma.

1 — paspszmoe yoTpofiC’rBo c Waam aflex'rponarvm

[7 — max-13pm MaI‘HeTpOI-I
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HOKBBHBEBT, qTO KOHneHTpauKH HOHOB B BTOM onyqae gocruraew mi”

1011 CM"8 npm SHBKTPOHHOH Temnepawype Te no 30 3E. 3T0 yxasasaew
Ha BOBMOEHOCTE noxyqefina B CTauHOHapHOM MEFHSTPOHHOM paepfine c

TOKOM 20.1 A HfiOTHOCTK HMBBMH, AOCTBTOQHOK 3&3 ofiecueqeama pOCTa

HOHHSHTPBQHK HOHOB KPH HpKflOKBHEK KMHyflbca BHCOKOPO HEHPQKEHHH.

3.2 PemKMH KBanoTaunoHapHora paapana.

CnfibHOTOqHKfi paspfix HCCfieflOEaflCH B mnpoxom gnanaBOHe TOKOB 1p
OT 5 A no 1.8 EA 335 pEBfiHQHHX EaBfieHKfi p=IO‘3+IO Top F8808 Ar,

N2, SFE, K cmecefl Ar—Nz, Ar~SF6 paBXKQHOTO npoueHTHoro OOCTaBa

(16+90 % Ar), He—HZ (50/50 %) ; paannanx Konmxrypaufln (nmafiapfioro

marHeTPOHa H aHTHflpOGKOTpOHa) H BEflKqHH marHHTEHX chefi: B

pesyAbTaTe nonyquH Boan—amnepflfle KapaKTepKCTHKH, KHTerpaanHe

iDTorpaQHH csequHa paspana, 30330239 KapaKTepHCTHKH HfiaBMH pas—

pflna, a Tax me ycwafioafleHo Hannqne H onpezeneaa HHTechBHOCTL

HOTOKOB qacwwu KB nfiaaMH pBBQEEB. Aaaxms nonyqeflnax pEByEBTaTOB

HOBBOflHfl yCTaHOBnTb cymeCTBOBaHMe HSCKOflbRMX pEMHMQB, pasanammxx-

CS Haupamenneu ropennfl, gnanaaoHOM TOKOB, a TZK me CTPyKTypofi

paspaga,

Ha pnc.3.2 upezCTaBneHH KapaKTepHHe OCHKflflOFpBMMH TOKa H

Hanpameuna KBBBKOTEHHOHEPHOFO paapaga. Ha OCHKflfiOFpBMMB Hanpfimefinfi

yqaCTOK I COOTBGTOTByeT Hanpameanm CTQHMOHapHOPO paspana {npegBa—

pHTeflbHafi HQHHBauMH). BaTeM Ha yqaCTKe Ea nponcxoanw nanomenne

npzmoyroxbfloro HMHYflbca HBHPHKBHKE. Rpm BTOM uponcxonnT pOCT

KOHueHTpaunm HflaBMH H yCTaHOBAefime KBBBKCTBHHOHBPHOfi HflOTHOCTH

(yqaCTOK 26 Ha OCHMflflOPpBMME), B 8T0 BpeMfi TOR paapflfia Bospacwaew,

H0039 QBPO Hanpamenne H TOE paspfina noownramT Ha KBBBHCTBUHOHEPHHX

Bennqxa (yqacwox 3). BpeMH ycTaHOBflBHfifi KBBBHCTaHKOHapHOfi unaw—
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Pnc.3.2 Xapamepmie ocmnorpam TOK8(a) n

Hanpaxem (CS) masnc'ramonapnoro paapsuza.

180 A/JIBJI, 50 MEG/219.71; IBO 3/393, 50 Mice/gen.

I-c'ralmonapimfi paspsm, z-odnac'rh ycwanomeana

maencwazmonapaoro Hanpaxem (a) n nonmem—

ormofi penaxcamm (<5), 3-m3m pew.
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BOOTH CQOTBeTCTByeT BpeMeHH HOHHBaHMOHHofi penaxcaunn M COCTaBnaeT,

Hanpumap n32 paspaxa B Ar npn ypOBHe upexMOHnaaunm W210i“)H
cm‘8 :50 MRS. Hamnaa Toqna BAX COOTEGTCTByeT nape OCUHflflOFpaMM

TOKB n Hampserna. Haanne Heoxfiopoznocwefi B HfifiBMQ paapfixa, a Tax

38 OGpEBOBaHKe HaTogHux HaTeH onpenenanoCb ioTorpamnpOBaHneM p33—

pflfla Kflfi Busyaxbnum Haénmnennem c nononbaoaaunem ©HflprOB.

BKCKGPHMBHTaflLHHe Boxbw~amnepHHe XBPBKTBPHCTHKH KBEBMCTEHHO-

Hapnoro paapsma 3143mm mam-381m B maTHHTHOM Hone mam qempe

OCHOBHHX yqaCTKa COOTBBTCTBymme yCTofianHM inpmam paspfifla.

THHHVHBH BAX paspfina B Ar npn flaBfleHHH IO”I Top H fiHflyKuKH MQPHHT-

HDPO HOflfi 0.4 PC HpHBeneHa Ha pnc 8.3. Ha Hem BHRGflHwTCH H88 Knac—

cmqeoxnx yqacwxa cOOTEeTCBymmMe I ~ MBPHETPOHHOMY paspazy c TOKOM

go 0.2 A K Hanpaxennem FOpEHKfi 260+580 B; 4 - cnflbHOToqaomy,'CEHme

I 188 A, HKBKOBOXBTHOMY IO+30 B nyrosomy paapany c KaTOflHHM HHT-

HOM. Kpome TOPO ancnepnmefiwu noxaaanu BOBMOEHOCTB cymecwaoaaana

eme gByx yCTonanHX QDpM KBEBHOTBHHOHEPHOPO paapfina coxpafifimmero

angfiwaHHfi xapaKTep nmaama n KaToaHoro 0x03 npz HflOTHOCTflX Hawog—

HOPO TOKB anaqnwenbno HPBBHmaEmHX.VHflOTHOCTb Toxa Knaccnqecxoro

MaFHETpOHHOPO paspana. B gnanasofie TOKOB 0.2+15 A. HmeeT mecwo

CHABHOTquHfi marHeTPOHHufi ymapax (yqaCToK 2n 0 paCTymefi BOflbT-

amnepaofi xapaKTepHCTHKcfi. OH OGflEflEET cpaBHnTeano BHOOEHM Kampa—

semen POPBHHR, B MHHOM anyqae 350+500 B. Hp}: Toxax I5+IOOO A

BOBHKKaeT CKflbHOTOQHHfi flflEfiWBHHfi pexmw 8, BAX Kowoporo HpeflCTaB—

flfieT COGOfi npfimym napanfienbflym OCH Tone. Ere Hanpfimeane PopeHfifl

COCTaBflfieT 290 B BO BoeM nnanaaoae TOKOB. HMOTHOCTL R8T0£HOPO TOKa

npn BTOM COCTaBflHeT no 50 A.

Cnenyew OTMBTHTB, qwo rpaHHuH pemHMOB moryT cnano Bapbnpo—

BaTbCH B saBHCHMOCTH OT yCflOBfifi paapsna (Hanpnmep flaBHBHKH, BGHH-

TSMC-1107 / Page 64 of 122



TSMC-1107 / Page 65 of 122

_55_

2

500.00 a x

3 x '
400.00 '

:3 300.00 1
.5 3‘

“’ 2.00.00 % -
3

100.00 HM,

Him

0 . 00 T17TT‘R‘F"WF‘T”WTFTTTTTMT

A
1"“0.1 1 1:0 100 .1000

13510.3.3 BOJIbT-aMIIepI-IBS xapamepnc'rmca KBaanc'raImOHapHoro

paspsuta.

D'c'rponc'rno c npocpmmpoaammm sneKTPOAam,

Ar, p=0.I Top, B=D.4 KPO.

TSMC-1107 / Page 65 of 122



TSMC-1107 / Page 66 of 122

QHHH maPHHTHOPO nqnfi H T.£.), HoaTomy naflee pemnMH 2 n 8 paCCMaT~

pHBaflHCE paexefibao c fiBflbE onpegenefina odxacwen cymeCTBoBaHHH no

TOKaM, HBHPHKGHHE. naneHHm, Beflfivxae MBPHHTHOPO HOflfi £33 Kamxofl

n3 yEaBaHHHX iopm paapaxa.

MCCEEEOBafififi BflmeyKaBQHHHX pexMMQB HpOBORHflHOb max 8 paepsx—

HEX yCTpofiCTBax THEE nmecxoro marHeTPOHa, Tax Si B ychoficTBe c

HpOQHflHpOEaHHHMH anexwpozamn n noxaaafin BOBMOHHOCTB HX peanmsaumn

BHe BEBHCHMGCTH OT THEE H ROHerHTHHX napameTpOB paapsxfiofl aqefixn.

THHHQHHe Boan—amnepxue KapaKTepHCTKKH cnfibHOToqaoro MarHe—

TpOHHOPO paapfina HpeflCTaBfieHH Ha pHc.8.4. BECHBPKMBHTH HpQBOflHHKCb

B Enanasaae gaBneHnfi p=ID”3+10 Top PaBOB Ar, N2, H cmecefi Ar—N2

(18+90 % Ar), He-HE(SO/50 %), maPHKTHHX Eflfiefi Ebfl.4+1.0 ETC. 8

Kaqecwse maTepnana KaToxa Hononbsosanan Cu, Ti, Al, Mo, Hepxaae~

wmaa CTaflb . Ens ymeHLmeHna EflHHHKH COCTOHHHH HOBerHOCTH KaToga

Ha napamewpu paspzna nponsaoznnacs MHOPOKpaTHBH TpeanOBKa yCTpofi-

OTB paspaxamn, $360 OqKCTKa HOBerHQCTn HaTOfla H KOflflBHTOpB mnem—

me paapHflOM B aproxe. XapaKTep BaBnchOCTH Up{Ip} ozHHaKQB £39
paBflMQHHX napameTpGB p, BL, a Tax me pone raga, maTepmanoa KaToga,

paapanxgx YCTpOfiCTB n pasmepoa paapanaofi OGflECTH. Hanpaerne Ha

paapane MGHOTOHHO yBeflnanaeTca c pOCTOM TORE £0 HBKOTOPOPO M8KCH~

mabuorc BHaquHH U§BX25DO+IIOO B, saancamero OT Bennqnflu Hflxyxumn
M8PHMTHOFO Rona, p033 P888 H mamepnafla KaTOfla no Hepexona paapsxa

B pBKKM 3 HflH cpHBa era 3 nyry. flflfl fiflHTEflbHOCTM HMHynbca T no 20

MC' TOKH Hepexoxa ACCTHramT 250 A, QTO COOTBeTCTByeT HHOTHOCTMn

Kawogfioro Tana 3225 A/CM“. Ymeflbmeflfie Bennqnfiu fiflflyKflMH MaFHETHOFO
max

U
P

TOPOPO BHa‘IEiflifl Hanpaacermfi U3, EBBKCHIRBPO TOJHDKO OT ma'repuana

HOflfi anBoan K yBennquHm paBszHOPO Hanpfimeanfi (BL) no HERO—

KBTOJIQ K pom P888. Hanmeflmee 033391-549 BI" HPKBOM’IT K HBPBXOM
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Pac.3.4 Cmao'rom mame’rpom paspsm

:3 - rmaaapmm mamewpon, Cu, 33:5 10‘3 Top, Ar

- — magapm MSPHBTPOH, T1, p=5 10"3 Top, ANN2 (80/20 95)

t — Hflafiapfiflfi marnewpoa, T1, p=IO’2 TOP, N2
>< - ycwponc'rBo C W. Cu, p=5 10‘2 T01),

Hue/Hg (50/50 55)

+ — anemponam Du, 13:10"I TOP, Ar
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paapsgza B Exceztoaoxsm pew, xapamapflaymmca prm poc’mM

BAX u mam (no I A) afiaqermem paapam-Ioro Toma.

(Emeralds mammoro mam no ypoana, dmaxoro H aaaqem,

onpenemmew nepexoxg 1333133118 E BHCOKOBMMHHR pem, xapamepn—

syerca maam yaemermem 551113339315 HE paspane c omoapememmm

memmemiem T0148.

Mccnegeaame pexma cmaozrotmoro maraewpommro paapmza ma

may}: pasm maamerpos paspfizmofi 00.3mm mocxoro mame'rpoxa

noxaaam, we BAX masncrraumaapfioro paapsma 39 383mm 0')? mane?—

pa 0631mm max Br.

CJIeJLyeT ome'm'rb, we 21pm nepexone B CHJILHOTOQHYE (Dom pas—

psm pacnpoc'rpaxae'rca Ha cymec'raemio 6031mm: oGJIacTL KETOJIE, Hem B

cayqae cmaxmogapnoro npemsapmemgoro paspmxa ... B. Acmae mocxoro

mame'z'poaa B aamcmocm QT mac'rpyxm mam'mofi momma-.3 came;

Tom paapm: BEHPIMEJI mac KOJHDIIBBYB Canaan Elie oxpymiocm max

Br, £360 moxosym 063130325, orpamemiym oxpymocwbm max Br, 11m

npn ooxpanemm HOJIHOI'O Tonia paapsma onpeaemo cymec'rBeimon pawn——

11:; B momocm Toma, ammo He BHBCJIO paammm B xapamep BAX.

Xaparc'repmie momoc'm Toma npn BTOM coo-rasmm ma paapfizza B Ar

324 A/OM‘?’ (Up=540 B, Ip=225 A), H 32:25 A/CM2 (Up=500 B, Ip=218 A).
inepoxoaawoc'rb nonepxaocm Ka'rona He mama onpeaezmmefl mm

cymec'rBOBaHm panama 2, mm B cwqae npmesema KBTOJZOB c 60.3mm?!

mepoxoaa'roc'rbm Bepoamoc'rb nepexogza B nyry yaemmnaez'cs.

OCCGGHHOCTHO pazpana B Ila-fl2 cuecn B yCTpofic'x-Be c upm-

poaamm snempozxam memos Heme, BTOpOfi @opMH CmHOTO‘H-IOI‘O

mame'rpomior’o pema c Hanpsxezmem UP=4OG+550 B, He 8813ch UT

Tana no nepexona paspsuxa B pew 3.

Xapan’repaon ocoOemioc'rbm pexma 2 memos mreflcnaaoe 38
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(3qu BHCOKOfl agepm n momoc'm 150321230170 momma pacrmxeme ma'repn—

ana Karma. WJIBCHBH CKOpOCTb 0033;193:2151 ma'repnana KaTona B moo-

KOM MQI'HBTPOHG Ha yCTaHOBJIemm Ha pacc'romme 120 MM OT xaTom-Iofi

mam aom—xomemop CGCTaBJmeT 2 80 hum/m. (P88 ~ Ar, MSTBPKEJI

=65A, U =BOOB) 11pm IIOJIHOH mwenbaocm mnsca
P P

TOKB 25 MC. Mamepemm TOJIIHHHH Hafiocmx 1103mm npouasommcs 0

among — Cu, I

Homombm pac'rpoaom anempox—moro mmcpocxona P3M¢IOL

Mamepemm momocm magma: n58 odfiaom ,npmeramefi 2c KOJIJIGK—

Topy , c 1101410171510 mozza‘m WJIBCHOI’O snempmeczcoro cmememm Ha

Homemop omocn'renbfio 81-10118 110383831291, q'ro 1.1.715 panama IP=GOA,
012 cm“3 o

UP=SOOB ”i cocmmae? 2-131
Xapamepme BAX cmmoquoro WyBHoro pema paspsma mm

1321sz namem, PBBOB, METepfiaflOB 2cm, ,uammmax m1 a

yawn?! upegaapm’enbfiofi nomaam upmaxefia Ha pnc.A3.5+3'.’7 (pemm

3). AHBJMB BAX HOKEBBJI, 9T0 Haupaficeme paspsma 051860 88314ch OT

reomewpxm 3a Hanpamemmcm mammom mom, a Tame OT ma'repnajza

Ka'rogza H coxpafiae'r noc'rommym Rem U £70440 B B manaeone
P

TOKOB I 25+I.8'103 A. Cymec'rByeT 0.313688, (B npeneaiax SOB), salmon-—
P

MOCTB ero OT pone raga. Rpm nepexoze B peng 3 paapan pacnpOCTpa—

HRSTCE Ha oymecTBeHHo Oonbmyxy HOBerHOCTb KaTona qu B onyqae

cmaunaaapfioro paapsna.

B ycwpoficTBe c upomumnposafianmz afieKTponaMH rpaanufl Hepexoza

paspflna B pemnm 3 xxx Kamnnx KOEerKTBHX yCHOBnn onpenenamwca goo—

TaTquo quKa, THREE KER n ycaoens CpHBa are E nyrosofi paspax 4. B

nmocxom MaPHeTpOHe rpafinua napexona paapana B nyroaofi pexnm supe—

ngnfleTcs no coaoxynnocwn nameHeHnfl Hanpamefiza Ha paspane H onwa-

qecxnx nccnenoaaann. Han onpenenefina cwpyxmypu péspana B pexzuax 2

K 3 Gun npoaenea Romanexc onaneCan nccnenoaannfi.
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0 IO :00 1000 2000

Pnc.8.5 Boma’r—amnegme xepamepnmm Kaaancrazmoaapaoro

paspma. (133313311309 yCTpofieTBo c: npoabmmpoaammm

‘aneKTpoAam) ’

a — p=0.05 Top, 9300mm Pas — Ar.

:5 — p=G.I Top, padotmfi F83 - Ar.

x — B=I RFC, a — B=O.8 RFC, - — B=O.6 RFC,

. — B=O.4 14170, ~ —— 3:02 ETC, + - B=O are
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_.___....._.._,__L._...___.________.L_______L_—}____

o m 100 1000 2000

ch.8.6 BombT—amnepnue xapaxwepucwnxx EBEBHCTaHHOHapHOPO

paapfina. (paapflafioe yCTpofiCTBo o HpOQHfiHpOBaHHHMH

aneKTponaMn)

a — p=0.05, 0.1, I Top, 8:1 RFC, padoqnn P83 — Ar/SFE.

0 ~ p=0.05, 0.1, I Top, B=I RFC, padoqnfl P83 - He/H2

n — p=0.05 Top, I « p=O.I Top, * - p=I Top
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Puc.3.7 Boan—aunepsne xapaxwepncwzxn RBBSHCTEHKOHBPHOPO

paapsna. (unaHapHHfi MaPHETpOH)

a — =0.0I, 0.1, I Top, =D.7 RFC, paéoqnn P88 — Ar.

6 — p=0.0I, 0.1, I Top, 3:0.7 are, padoqnfi r38 - Ar/SFG.

a — =D.OI TOP, * — p=O.I TOP, - - me TOP
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QGTOPpampoBaHHe paapfina 00ym80TBflfiflOCb qepea HefiTpaano cepae

@MflprH c paafianHM KOBQQHHMEHTOM ooxaéxefinfl. BKCHOBHHMH n @HflprH

HOfldfipaflHCb TEKHM OGpaBDM, QTOSH moxxmqnwb pernswpamnm manyqeunfi

npengapmwexbnoro paspaga. M3 HpfiBefleHHHX (pnc‘3.8) @oworpagnn

Buxao, QTO paspag MMBBT ogaoponflym owpyKTypy Rpm Tomax go 225 n

1.5xIOSA COOTBeTCTBeHHO. Hpfi yBeHquHxn T033 CERES MaECMMQflbHHX

enaqefinfi yKaBaHHHX B Tadn.1, 2, xxx flflHTeflbHOOTK nmnynbca no 2+IO

MC, HacflwzanOCB paanTme HeyCTOEQHBOCTK n KOHTPETKPOBEHKB paspfifia

. B HflafiapHOM METHBTPOHG nepexox B pemnM 3 HpflBOflHfl K paBMHBaHnm

KOflbueBOH CprKTypH HpeflBapHTeflbHOPO paapaza K pBCHpOCTpaHeHKm

Hnasmu H TOKa no 306% HOBerHOCTK KaTOfla (pHC.3.8). Hpn yaeflxqefinn

TOKa Kflfl flflKTeflBHOCTH nmnynbca B BTOM yCTpofiCTBe Taxme HafiflmflaflOOb

paBBKTMe HBYCTOHQKBOCTM c nocnezymmefi fioxaxnsauxefi finasma n BOBHH—

KHOBBHKBM OEHOPO xxx HBCKOflbKKX KBTOXHHX HfiTBH.

Knmnqecxnfi aHanna flDBBpXHOCTK KoaneKTopa noxasan OTCYTCTEKE

ooamnenna maTepKana KaTona, qTO yEBBHBaeT Ha OTcyTCTBEe pacnaxeana

KBTOHB .

3.3 HpnmeHeHne HMHyflbCHOfi BOHflOBOfi MeTOAKKH £33 onpexeneHna

HapameTpOB Hmaamu K HGHHHX HOTOKOB.

Onpenenefine fiOKafiBHHX KapaHTepKCTKH paspaza, Taxnx Rafi

afleKTpOHHaH Temnepawypa n HflOTHOCTb HOHOB B Haasme paspsxa

nponsaoxnaaca c Homombm CTauMOHapfion n Hmnynbcnofi BOHnOBofi

gnarHooTnKH. CTauHOHapHHe namepefina HpfiMeHHfiHCb Tonbxo nag

onpeneneflnfi Hapamewpoa unasmu npexBapHTeanoro paspfifia.

CBMGHCTBa Boan—amnepfiax XBPBKTEPHCTHK 30Haa flflfl paspaaa B Ar

npn p=IO_2+I Top Up2300 B, Ipzloo MA B MaPHMTHOM Hone B=I RFC
nonyquHHe c nonombm TpaflfiufioHHofi BOHAOBOE M9TO£HKH HOBBOHKAH

r70.
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5340.3538 Fem CHJIBHOTOVIHOI’O KBEBHCTELMOHEPHOFO 1358138123.

HflafiapHHfi MaFHETpOH

I. cmwmoqmm marHeTpomm
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@0333 Few CKJKBHOTO‘IHOPO KBBBPICTaLMGHapHGI’Q paspflzza.

max-1813mm M8I’HETpOI-I

E}. cmwowoqm marbzbysmfi

3. nyrogofi
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PKC.3.80 Pemma .1'1‘;5£L‘?~3*4HOTO H3332:'::;;:;,:»£ap:~:oro paspszxa.

 
agiwufpagagEarn: EiEL’l‘pO/ZIEJMH
 

 mmyawi’z
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”7'7...

011 CM_3 (0px gmsnnqsux0119me MOTHOCTL HOHOB nizmgd
game-max) .

C LIGJILID HpOBepm paOoTocnocoéfiocm MYJXBCHOZ memmm 0H8

(Sana ncuoabaoaana ms: onpenenema napameT-poa magma: npenaapmem-

301:0 paspsma B mama-3039 B=O+I RFC, 33:10‘2z-1” Top, TOKOB :20 0.2 A.

M3 nonyqemx 1100.115 1103.100qu 308M933 xapamepxcm 039mm, no

saercwpom—zafi Temepawypa gum yxaaamoro cmaa 000TaBJIae'r Tea-20 9B,

3 HomeHTpamm 203013 nizlon 051.3 . Howemman HaemoBamom 303.118

oxasancs! (pf—~20 B. C memmefivzem W mammoro IIOJifl HBKJIOH
xapax'repncm yBemaeTca, mo eBmeTenLcTBye'r 06 met-112mm

TBMIISPETYPH anempofioa, HOTeHImaJI HBOMIPOBaHHOI’O 303,113 npm 9mm

YBBJM‘IKBBSTCE.‘ M3 Rem 302130170 33035 Hacmem mama's, (no

momoc’rb nommro mica H8 303,1: 8 uen'x'pe cme’rpm (mnem- mm'r "

goc'mra'rb 3+5 Mix/0MB.

Omeqaewca xopomee 001538118338 napamewpoe npemapmemaaoro

paepazxa', fibfiemmx 11pm cwamoaapm n ' mmxbcm namepemmx, 2T0

camewenbc'raye'r 00 owcy’rcam BEMBT‘HHX Kcnamm, BHOCEMHX 301330302

cxémofi.

Cnenye'r OTMQTHTL, q'ro yc'ranomca 303113 B ueH'rpe ome'rpm

anempomiofi cnc'reMH, me mm mammom 11mm paBHa Hymn nos-

Boxae'r naxbfienmym loGpaOo'my H Imwepnpe'ram pesszLTaTos 111303330—

3?be Oea ytze'ra 8.7mm mammoro Hons.

Mam-me namepem napmerpoa cmaowomoro masncwamxoaap—

Horo paapsma nposomumcr: B paspflxaom yoTponCTBe c HPOIIIWMPOBW

afiemponam m 55181133038 B=G+I KI‘c, =ID“I+I TOP, TOKOB paapazza

no 1500 A B paam rasoaux cpenax. Hpegmapmemsaa 1103113313151

0082183831805 maimoaapm paapazzom c TOKOM no 200 MA. mepomalmfi

110an mmmeca Ha 30:11: OCYBIGCTBJIRJIBC}: c aaxepmcofi ICE->500 MEG
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OTHQCHTSJIEHO Haqajia myfibcnom paapsgza Le. usmepex-ma Te H 7221

nponaaozmmcs HOCJIB yé'raaomema KBaanc’rammHapHero pema ammo—

Tquoro paapsuza. Xapax'repmie ocxfimmrpam TORB H Harrpflmerms: 30mg

(p=O.I Top, B=O.8 KI‘C,,UP=90 B, Ip=360+900 A, padom P88 — Ar)
upenc'ramem Ha 133563.10.

Ho pesszbTaTaM BOHILOBHX namepemrfi 0mm upoaezefia pacqe-m

HapaMeTpOB magma. Hoxyqefimie Baancmocm nor-moi! HomeHTpamm B

uempe oncwem OT TOKB KBEBHCTBWOHBPHOI’O paapsgza B peme 3 B Ar

mm mam namemm H mm mammoro 110.713 HGKEBHBSIOT

npaxmecm mam pom: momoc'm IIJIEBMH c yBememeM Tom

paspaga (pHc.8.II) E COCTBBJIHBT OT (Es-2.5).IDI4 mfg npn 1'0an

860+54O A np (I+I.5).IOI5 cu‘3 npn TOKax IIOO+I400 A. Hanfioxbmaa

namepermaa MOTHOCTI: maam cmmo'ro‘moro Mysaoro paspmza B Ar

2103mm? 27,521 5 10150M—8 , {rpm aaempormofi Temepa'rype Tea-4+8 SE

mm mm paspsma 1100 A, 1320.8 RFC, 12210.2 Top. MOTHQCTL nomioro

T0338 Hacmemxa 33 303m B BTOM CJIyqae GOCTBBJIHST Jflaczll A/CMB.
Hadmezzae'rca TEE are poc'r Homea'rpam nor-1013 up}! ysememm namema

rasa E paapsmom Hpomexyme, ROTopHn conpoaoxmaflca yMeHLmemeM

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

B paspmxe B 319ng cmecn T831139 Hadmnae’rca poc'r momocm

mama c pOCTOM Tone, 0.1114330 maxcmamnaa Kamempamm HOHOB npn

aaammmux ycmsm (p=I.5 Top, 13:0.8 KI‘C, Ipauoo A) coc'ramaew
ni22.4 10‘4cm‘3.

H.713 Encom namem raaa eaempomiaa Be'rBL xapaa'repnc'rm

owmaewca OT axcnoaemmaxmofl TQM CMLEGS, qem dme nowemman

orpma'renbnoro some K nomemamr mama [82} , noaz'omy mm

onpenenemm axexwpomofi TemepaTypH neuomaoaamca yqacm

xapamepnc'rm, COOTBBTCTBYWB HOTemmanaM, {imam K nowemmajzy
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Pnc.3.IG Ocuunflorpammu Hanpflmeanfi (a) n Toma (d) BOHna

KBBBHCTauHOHapHHfl paapnx, xn®®y833n pemKM.

p=O.I Top, 8:0.8 KPC, E ~ I =360 A,
P

2 ~ Ip=482 A, 8 — IP=V2O A, 4 - Ip=900 A,
IO B/nen, IO MEG/nan.

0.5 A/nen, IOMKc/nen.
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—3
72 [CM 1

/

e 1014

4 1074

2 1014 l’f“

I[A]

0

0 500 1000 1500

Pm). 8.11 I‘pacbmc aaancmocm momoc'm 1150:3113 OT T0818 paapsma

(yc'rpofiCTBo c Hpommpoaammm memponam)

B = 0.8 KI‘C, A?“

A - p = 0.5 Top

0 — p = O. 5 Top

X - p = 0.1 Top
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—3
8 10M 771 {CM 1

2 :0”

BIMMJ
"ML—W;

0.4 0.5 0.8

Pnc. 8.123 Ppa¢mx BaBHCHMOOTH HflOTHOCTH HfiaBMH OT Bennqnfiu

marHHTfiofi MHflyKHKH Ip=S4O A, p=O.I Top.

6 Te {887

5

4

B [K 0]

WM

0.4 0.6 0.8

PKG. 3.120 PpaQKK BaBMCHMOCTK TeMHepaTypH aneKTpOHOB OT

Beflfiqflflu maanTHofi HHflyKHfiK Ip=540 A, p=O.I Top.
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HBOJMpOBaHHom Home. B 3mm cayqae comaCHo {82} mm

BQGCTaHQBJIemm BfleKTpomion Temepa'rypu nomc'rmo nonomaoaazme

METOJIOB pacqera HEPBMETPOB paspexezmofi masmx.

3.4 Dupexeaeime Hapame'fpoa mazm paapagza meTOAOM mymogmacfi

naaepflofi m'reptbepome'rpxm.

Oflpéflefieme snempommfi Homefiwpamm 73.9 115133th cmmmomoro

KBEBKCTQLIKOHBPHOI‘O paepmza Hpomaaomocb c nanonhsoaarmem .naaep—

Ham mamocwm 38 0011088 aKTnBHoro Tpexaepxaabaoro .IszmomBoro

ramifi~aeoaosoro Jzaaepfioro JIaBepHOPO mwempome'rpa c HpOC'I'paI-ICT—

mm H Bpememmm paapemeflnem 1.5 MM 31 IO MEG COOTBBTCTBBHHO

{88+863. Pacom 154833305 m—rremeomewpa cocmame'r 1014snels10l6
CM‘Z, ‘ITO B COOTBeTCTBmz c aomoamm Hamper-mm yIiOBJIBTBOpHeT

ycnoanm ancnepmema. Mamepezms momma}: 35 13260393! we

80mm A=3.89 MKM, COOTBeTCTBymefi (imam mapaxpacriomy 1358:1880—

Hy.

Mameperms Hapame'rpoa CHJILHOTO‘IHOI’O Kaawc'razmoaapaoro paspsma

upoaommacza B par-3133mm yCTpofic'rBe c EPWBW snexmzxam

B manaaone ,naBJIemm 13:5 RTE—3 Top Rem mmyxmm mamoro

mom: B=O,8—:~IKI‘0, TOKOB paspalza Ip=350+1.2‘103 A. P3601119! P83 —
apron. GBBOBHM mammalian nasepfioro nyqa npmanocs ncfiomenne npn

KOTOPOM nyq Epoxomn qepea ueHTp maamenaoro 06333301331123. Em

onpenenezma HpOCT‘pBHCTBeIfiiOI’O pacnpeaenezma snempozmofi KOHHBHTPE-

mm B pane cayqaeB, Hanpmaep gum paspsma B Ar, 13:10'I Top,B=IKI‘c,

Ip=350+IIOO A Koopmma'm 1'0qu aonmosamfi Bapmpoaamca no pam-

ycy omoomenbao ocn mammofi cucwemu. Bapemc’rpnpoaaao BPQMEH“

Hoe nameneme nmerpanmoro (Enema BHUpaBHOPO Harmamem upoCBe-

mama) 8381191913 onmecxom noxaaa'rens npefiomxem E mama,

002101330?! BKJISJI B Ko'ropm‘a 3330ch peszamma Ha OBDOOZCHHX anempozia’x.
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Crxafiennae SBBHOHMOCTE flfifiefifiofi KOHHBHTPBHH sneKTpGHOB n91 B

ufiaame CHnLHOTOQHoro nnfigwafioro paapaxa OT pafinyoa unasmesnoro

odpaaosafina npnaeneHH-Ha pnc.3.13 Ornaxxaafine nponssognxocs meTo—

fiQM Hammeabmnx KBagpaTOB nan ymeHLmeHna HOPpemHOCTH npn nanbfienmefl

ocpadowxe peayflhTaTOB.

BOCCTQBOBAQHHe HpOCTpaHCTBeEHoro pacnpefleerna aneKTpOHHon

KOHueHTpaan n9 HflBBMH nponaaoanxocb c Homombm HHTGTpaflbHOPO

HPQOGPEBOBBHHH A6933 MSTOfimfi flnpca [89+913. B BTOM onyqae aanaqa

onpeaeneana npo®nxfi BaeKTpOHHofi KOHueHTpaunfi @{r} CBOKKTCR K peme—

HEB nHTerpaanoro ypaafienna Aaena :

1"
O .

What; Mann/‘52:; 1N1? , me”.

To — pannyc nmasmu, y — xapaKTepHoe npnuenbfioe paccwoafine, f(y) _

cymuapnoe maxyqeflne H8 paaxzqfiax anemearoa fixaBMeHHoro odpaaoaa—

HES, pacnenoxefigux BnOflB onHon xopnu. Pemenne ypaBHeHnH Adena

nsBecTHo;

Fl
0 “”*-qr“

$(r)=“(1/'E)*; [i'(y)/<y2—r 2) My.

Onaaxo npumeHeHne are 38 HpaKTKKe BBTPYEHHTefibHO, 9T0 CBHBBHO c

quCTaneanooTbm aToro pemeflna K norpemsocwzm HOCTpOBHHfi aKcnepK—

meHTanLHofi KpnBofi I(y). Hbawomy 6333 uponaaeneaa sameHa HHTerpaxa

KOHBQHHMH-CyMMBMfl B KCXOAHOM ypaBHeHnn c3 npumefieznem qncerHoro

mewona anca. GnenyeT ownernmb, QTO npmmeHeHne Gonee onoxflax u

prnoemnnx mewozoa aOennsaunn 39 £39? BaMeTEHX npnemymecwa no

cpaBHeHnm c meTonom anca.

MeTon flnpca 0080385 33 TOM, QTO ceqenne unaamenaofi Konmurypa~
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1*: \iwimémim

PKG. 8.11 I’pam saencmoc'm Romempamm aneKTpOHOB B masme

OT pagmyca (ApI‘OH, p=0.I Top, B=0.8 are). u

I - Ip=1080 A, 2 - Ip=810 A, 8 — Ip=540 A.

8 1034 n reM'3J

 
 

9 l

D- p=I Top

O~ p=0.3 Top

x« p=0.2 TOP
6 1014

9— p=0.I Top

4 1014

2 1014

I124]

0 l

0 500 1000

PM. 3.11 rpm aaancmocm normempamm snexrpoHoB B magma

0‘]? mm paapsma (Apron, B=0.8 KI‘C).
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uan pSBGEBaBTCH Ha KOflbueBfie 3035 a pacnpeneaeane @{r) annpoxcnmm-

pye'rca CTynqua'rofi @fimufiefi. B npegenax KBMOPO Hanbua, orpaI-mqea—

HOFO. onpymocwm c pamcawm r: H 3034 Bemm—Ia cpfconst. 11px

333cm rj—rjflfiier/m, me m tine-am mm 25203911. 8 9132mm onwae
ceqerme masmeaaoro 0013830331515 paséxaamcr: He 10 Koxbuesax son.

X09113, Irpoaeaemme nepneammympfio OCH 1], paadxmam ceqeme Ha

HOJZOCH paBHofi 1111mm. Ramon KB HOJIQC npmcuBama HOMBP i,

Kampala nameme'rca OT 1 110 10. B Hadmnaemym gammy :1 330cm

Brena}: 3331193913 <91 OT <91 3:0 (pm, 113315qu magma K8 mm onmm c

Heno'ropma mammemom 313. BHJI nponsaenen 1330qu am

moaiximmemoa.

Tam odpaaom, new 11 ech CYMMH Ema

10

£1: 2 aijtwj.
3:1

Banaqa Haxcmnefina Bennqna $3 CBOEKTCH g pemeHHm CHCTBMH afireapan—
qecxnx nnHeflHHx ypaafieazfi THEE Amnf. COOTBeTcTBymmHfi pacqew {89]

HpHBonnT K enezymmemy BHPEEEHME £33 oueHKH BexMQMHH norpemaocwn Am

npn npoaeaefinn adenmaauxn:

Acpi=(1 .41 *m)/(r0*311)*fii'

unawomy 3mg ymenbmefina nnrpemnocwn npn BOCCTaHOBfleHHH anexwpoaaofi

KOHHBHTPBHEE B KaqecTBe IWHEHKE {(y) ECHOJBBOBaflOCb, ornameafloe

pacnpeneneflne neZ{r).

Hoayqefinoe pannananoe pacnpexeneflne ne(r) c yquOM

norpemaocwn nosaonflew annpoxcnmnpoaawb ero npamoyronbnum HpOQMfleM

O xapaxmepHHM pasmepom nopfinfia pannyca aneKTponoa (:5 0M).

Ho pesynLTaTaM HHTePeromeTpnqécxnx namepefinn Oflfifi npoaeneflu

pacqem napame'rpoa Imaemi. HomeHHHe Beancmoc'm spanner! BJIBH-
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n5 [CM—’3]
8 1014

6 1074

C

4 10‘4 ///// ’0 /

/

1 IIA]
O 500 1000 I500

 

PKG. 3.15 Fpafimm aaancmocwefi cpemaefi momocm mama

OT TOKE RBBBHCTBHMOHBPHQI’O paspana

Aproa, =O.3 Top, B=O.8 ETC

0 — 3011301383 mamocma

Q - 388813385! MBPHOCTKKB
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Tpoaxofi Rogueawpaufim HflESMH KBaBHcTaunoHapHGro paapaga B cnmLHo—

TQqHGM nyfifiwsfiom pexnme {pemzm 3) 333 pasfinqaax ABBflBHMfi H Hflxyx~

mum MEFHMTHOPO noaa noxaaaaaww npaanqecxn AMHefiHHfi peer flfiOTHOCTE

nmaaMH c yBefiquHHeM TOKB paspafia a cocmaaxflmw (ne>=(2+8) 1014
cm’3 npz Toxax paapaga I =350+I.2'103 A (pnc.3.l4), QTO ygoaaeTBo—

P

pnwexbao cornacyewca c naHHHMH BOEflOBHX namepenzfl.

CpaBHeHHe aaBncmMOCTefi <ne>(Ip} flag fiaeepanx n ni(1p) B
ueHTpe cnmmempnn BABKTPOEHOH CKCTBMH ans BOHfiOBHX Kamepeuxn

npencwaBAeHH Ba pnc.3.15 (p=3 IO'I Top, B=O.8 RFC, Ar), qTo

nogwaepmgaem Bucoxym HmOTHOGTb nmaama n CTBHBHB nnnnaauxu

CKflbHOTOQHOPO EEQQyBHOPO pemnma paapaxa HMBKOPO xaBneHMa B

QermeHHHX EXH noxax.

AHanna aasucnmocren cpenaefi KOHHGHTPEHKK anexrposca a nmasme

OT Tana nnxaaan, QTO npn yaennqeaun naneHus padoqero r333 yrcx'

HaKxOHa rpadmxa <ne>(Ip) K can Tona yBeflnanaeTca. flpn BTQM

excwpancnsufia BBBHGKMOGTefi (ne>(Ip) B OGflECTB maxux TOKOB (I (100P

A) YEBBHBaeT Ha BosmomHQCTb GymeCTBOBaHKfi HynaneCKofi HmOTHOCTH

-3
HflBBMH ”925 1013 cm , nocwuxefine KOTOpOfi uo—BuxHMOMy n onpegeflzeT
Hepexog paapaxa B peEHM 8.

oocymnenne peayanaTOB.

Mcxona H3 BKCHepHMBHTaflbHHX BAX paspaxa B paannqnnx YCflOBHHX

nocwpoefia ododmeHHaa BOfibT~BMflepHafl xapaxmepncwnna HBasncwaunonap—

HOPO paapana Hnaxoro zaBneHza B MaPHHTHOM none (pnc.3.16). yqacwxn

1,4 coowaeTCTBymmHe CTBHHOHBPHOMy marHeTpoanomy n zyrosoMy paapg—

nan npncchTBymT BO ECG finanaaone naBaeHnfi M MSPHHTHHX 30392. MK

CBofiCTBa nocTaToqao fiOflEO npencraneHH B [28,343.

E 313353039 TOKOB 0.2+250 A EMQGT mecwo cn£LHOTOQHHE marfie—
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U[VJ

500—1000

3

70~170 —————— +~————————-—————u—-——-——1
: 1

c ‘ 4

15—45 —————— + ——————————— —4-——-—————
a c

_____________~¢_____________________..___L__“__________

0 15—250 . 1000-1800 IIA}

Pnc.3.16 Ododmennaz BonLT—amnepfiaa KapBKTepKCTHKB

HBaBHCTauHQHapHoro paapana.
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TpOHHHfi 133333311 {yqac'rozc 2) c pac'rymefi no HeEOTonro Kpnmecxoro

TOKE, a SBTBM nocwoaflxofi Befibw~amnepfiofi xapaxwepncwnxofi. Paspan

swore Bnna oénanaeT CpaBHHTefibHO Bacoxam (no 1.2 KB} Hanpaxegfiem

ropennfi n peannayewca c Handonbmen BapOHTHocTLm E gnanaaoae naafie—

mm 2'10‘3+m*’ Top.

Bun saancnmocwn UP(IP) B pexnme 2, OTCYTGTBHB KOHTpaKunH

paspsuza, swam manaaon namefim H MBI’HKTEHX 1103199: noaaome'r

npenuoxoanb, QTO CprKTypa paspsna swore Bung cxonaa co cmpyxwy—

pen cnflbflowoqnoro paspana {641, onaaxo Gonee Bucoxoe Hanpfimenne

ropenza 500+IZOO B (npn 300+500 B coraacuo [64]) nexaew cymecTBeHu

HEM Ennzfine pacnnfleana mamepnaxa Kawoxa.

Moxona H8 namepeHHHx HmOTHocwefi TOKB n nepsonaqafibncn HAOT—

HGCTK padoqero raga (na) 6333 oxenaaa oueHKa paBHOEecHon cpenaefl

HAOTHQCTH STOMOB uawepnafla anona (RR) 8 naaame paspanaa YpaBEeane

oxanaemofi KOEHBHTPEEEH STOMOB maTepnaaa Ramona B nmaame paspana

KPH BTOM HMBBT Em

  

- T T

on V V
x - r 1 K

t at + ”K ‘ SP—K fir ”r (Vic) + K—zc BK RE (V > (I)

S(nonyqeno n3 ogaomepnoro ypaBHBHEfl HBHPEPHBHOCTH), Fae SP_K, K_K

Koaqqanneuru pacuufienna n camopacnunefina mawepnana Ramona, v§,v§

cpennne Tennoaue cgopocwn awomoa padoqero raga n mamepnana xawona,

(VK>— yopeznenaaa no yPAOBomy pacnpeneneanm Romnoaenma cnopocwn

BMMTTEPOBBHHHX awouoa, nepnefinnxyxapnaa x flOBerHOCTK xawona,

6P, 5K — crenexb nosnaaunn aromas Page 3 mawepnana xawoza.

CTEHEOHapHHM pemeHneM (I) HanaeTCH:
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Vi

K P‘“ fir n? (V >
K

”K: T
V

1 K
1* s :3

Z K-R R (Va)
OueHKa Aflfi paspfiza B Ar, Popamem Ha menHOM KaToze npn gagge—

KKK I'IO"2 Tap, I =65A, U =QDOB noxaaafla, qwo conepmaane Mega B
naasme momeT £OCT;:3TB B £23K ycnosnfix 30% n pacwn c pOCTOM GTE—
HeHfi HOHHBEHKH.

OGflaCTb cymecTBOBaHnfi pemnma 2 umeeera B T363. I. B Taannue

yKasaHH npenenbfiae anaquKa no Haxflouy H8 HBPBMBTPOB paspsxa pea—

nfisymmneca HBBEBMCKMO xpyr OT zpyra.

Hpn TOKax IO+I.8'103 A BOBHHKaeT OKflbHOTOQHHfi xmflzysfiun pexfim

3, Henpamefifie ropeHna Eowoporo nexnw B npexenax U 270+IM3 B E
P

BBBPICHMOCTH OT @0218 P888. Pam 3 peamsyewcz HPQIWYBIGCTBSHHO B

znanaeone gasxexnz IG‘2+5 Top HesaBHCHMQ OT Raga paapflnfioro

ycrpoficwaa, poxa P888, maTepnafla Kawona. HE fiBflfleTCH odaaarenLHHM~

n Haflnque npennonnaaunz, XOTS BepoaTHOCTL nepexona B flyry B swam

cayqae yBeflnanaeTCfi. HflOTHGCTb Kawonaoro Toxa cnflbHoTquoro 33E»

@ysnoro paapana MOEQT nocrurawb 75 A/CME.

OOflBCTb cymecwaoaaana pemnma 3 B oOonx paapfixuux ycwponCTBax

n33 pasnnqnflx maTepnanOB KaTona, naBneHns n yoga P888 npnBeneHH B

Tafin. 2.

CnexyeT 00060 OTMGTHTB, QTO rpafinug pemHMOB 2 Eva B aaaqnw—

8.1173303 CTGHBH‘H BBBKCST OT MTBMBHOCTM mmca TUBE T C WEE}:-HI

UIBHHBM TH nepexomme TOKH Bospac'ram'.

KBHBCTBSHHEfi HEPTHHB HEPBXOEZ GMHOTO‘IHOPO MBPHGTPOBHOI'O

paspazza B mBKOBOflbTHYIO @013th HO~BWOM¥ 8383101391113 HOBBJIBHHIO

aHOMEAbHOTO Tfiemmero paspana npz cpennnx naBAeHnax n GOBLMHX n30?
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EBBHBHKB Hanpameame TOR

ETC B A

'IUI . :260+990

320+950

 
 

 
 

 

  
 

‘Paapafifi. Mawepnan

 

 
.yCTp-Bo KETOAE

0. 4+1 0

He/H2 O.4+I;O
50/50 %

He/H2
50/50 %

 
 
 

 400+650 

 
 
 
  

 

540+99O

540+IIOO

54D+720

54D+SOO

Tannua I. OOJaoTu GymeCTBOBaHHfi a pengH cnmbaoroqnoro

MBPHBTPOHHOPO paspana.

I — yCTpozCTBo c npoGKAHPOBaHHHMH sneKTpozaMH

II — Hflaflapfififi marHeTpon
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Paspanfi. MaTepnan

YCTp-BO KETOJIB

I

Ar/SF6
80/20 %

He/HO

50/50“%

II A?

-92..

flaaneflne

Top

 
Hanpsmefine T03

B A

15+1500

?+IBOO

7+1800

4aa13:_

4+:200

18+1800

4+IGOO

IB+IZOO

TaOnnna 2. OdflaCTfi GymECTBOBaHKfi n pexnmu CKflbHOTOQHOPO HafizyaHoro

paspaga.

I — yCTpoflCTBo c upannnpoBaHHHMH sneKTpozaMH

II — nnanapuufi MBPHGTPOH
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HOCTRX TOKa {283. B STOM anyqae CTaHOBHTOH oymgCTBeHHmM HEPpEB

P838 n pOCT anexwpoafiofi anTHOCTfi, qwo cnncodcwsyew yCTaHOBfleHKB

qacrmqfioro paBHOBeCTfifi B HfiBBMS paspfifia H nepexozy E pemnm c MERE“

mum Hanpameanem POPBHHH.

thomeflfioe KBBBMCTQHMOHEPBOG ypaBHeHne Afifi Paaoaofi Temnepa~

Typu B pe$nme 2 KmeeT Bfifl

T—T 07):? 2

rne Pg — TBHflOBafl momHGCTb pacxozyemaa Ha HarpeB rasa,Tg — ycwa—

HOBanaHCH TemnepaTypa $838, To —— Temnepawypa BflBKTpOflOB, Kg —

mecca P833 B paspanfiom OOEGMG, Op - TenfioeMKOCTb npm HQCTOHHHOM
X A

naBneHnn, v =——~ - qacwowa Tenaooowaona, x- ~ TemnepaTypo—T 2 71
AT H gap

HpOBOflHOCTB, AT - xapaKTepHaa flmflfia TeflfiOOTBOAB, A « TBHJDEOBOA~

HOCTB F838, CQOTBeTCTBymmaH yCTaHOBMBmefica TemnepaType, M — aTOM—

HBH M8008, TL - KOHHBHTPEIMH MOJIBKXJI F838. ypaBI-IBHHS (58518308 939;}—
8

m T338 yanHBae'r TSOMBTPKID paspamofi OGfiECTH, HOBTOMEI TYPE CHEERS

Temnepawypa peaflbHHfi npoénnb enenwpogOB Bamefien,nnocxnm c unomaxbm

S n memanexwponnnm paccTOfiHEeM L, COOTBBTCTBymmHM pacoqemy ceqeunm

npn Baflafififlx pemnmax. Kan Exocxoro cnoa Teamnflofi 2L ATzL/w. Tenac—

By'fi) MOM-100T}: FECXOJIYGMYE H8 HEPPGB P838 MONK) 01192-11in H3 58.318308

MOmHQCTn

I

:1 - .2Pg pup 9n
I

rue IpUp — HOJHBH MOmHOCTb Bunefifiwmaaca B paapfinHHom OGEEME, §% =
=Pfieynp — MOmHOCTb BHBOEHMBH KB paspangoro oo$ema ea cqu nosnaa~
unn, e — sapsx aneKTpOHa, I/n — KOHCTaHTa CTOfleTOBa, GOOTBGTCBYB*

mas Bennqnne E/n xapaKTepHon nma KaTonHoro 0303.

B ycnoanax THHHQHHX n33 nepexona paepana Ka'pemnma 2 B pagan
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8: Ipzls A, UE=BOO B, p=I Top, 8:0, padoqnfl P88 Ar, sQQBKTnBHEn
paamep paapfinnofi OUfiBCTK: Dal CM,.52 60 0M2, TeMKepaTypa P883

Momew xocwnrawb T3:I.I 9B.
M3 BHpaerna (2) caefiyeT, QTO

£31m“IU —

g‘ va 7:23 A.

T.e. Temepa'rypa rasa 219 333mm OT ero momocm. liefic'rmxe

mammoro Hum CBomTca K orpamem enezc'rpomiofi Temonpoaon-

Hoc'm n 0690116qu AOCTaTquoro Emma CTomosemm 21.313 Empezcm—

Hofi nepezam snepm OT axempcmoa rasy.

Comacao [28} B cayqae, Roma pom: amémompnofi Wyam

Hana, 5px noc'ramoqno {imam momocmx mama nemgp CTBIIeI-H:

nomsam meme? OHPBJISJIHTLCH n3 ypaBHeHHs Caxa. Rename n? cape—

,zzeme'rcsz exonepmeI-ITMLHO n BEBKCHT OT snepre'rmecxofi BHOOTH

HepBOI’D Readymemoro ypOBHa. _

B upmmemm Wmecxom c.3103 cpemm CKGpOCTb lumpy—

BfiOI-IHHX HOTepb sapmemmx qacmu moate'r OHTB upegc'ramefia B Ema

{’73}

[tin] D A DeM— n=—v n_.- ~— 77.

HT 5214‘} am D A2“

me ”D - qacro'ra Mysxmm — xapamepnaa Wyamomaa ma sam—

csmaa OT reome'rpnn paspfim-Iofi odaac'm. 11px Ham mam'rfioro

mom (ma onpenemewca Ear/160313111913 1713 113mm, xapax'repnsymnx yxozz

(T +T )(v +7; )

qac’mm Ha anempom 1333.4 77192 (e i ea? at+ v

 

[I 77.9 K qepea
Ear+vei )p‘iamvtar

(T...__‘_9______+Ti)5503:0313!!!) HOBerHOCTB paspmoro odfiema deon~——————miwvifl ['Z'R’f E92}
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PR8 R - pannyc,paapafiuofi odnacwx, we — napmopoacuaa waCTOTa 339$?—

pOHOB, W - HECTOTB SflBKTpOH-BTOMHHX BfleKTpOH—HOHHHX Kear vei’vtar

KOH— aTOMHax CTOAKHOBeHKfi, “law - IQREeneHHaa mecca. OpaBHeHne

QBCTOTH nnqflwafin, HOHHBBHHH K FBKOMSKKEHHH £33 A? B OUflECTH

CYMQCTBOBBHHX FGEHMB 3, KOHYCEEGT BOBMOKHOOTB yGTaHOBfieHHH qacwnu—

HOPO pBBHOBBCKfl B Haasme paapana.

OueHKK EmOTHOCTK 3388MB, coowaemcwsymmen Temnepawype

T=T =T{=I.I BB noxaaann, qwo cornacno8

3/2

2 g {R 23/2a 2 =51 2} ngSn exp‘ ;} (5)g h i1—a

rne gi=6 (Ar) gg=I * CTaTKcTHHéCHHfi Bee KOHOB M aTOMOE, m - M8008
”e

ng+ni

nameHfieTca OT azl (p=0.0I Top) go azfl.7 (p=I Top), T.9. flfiOTHOCTL-

HflaBMH npn nepexoxe paapzna B pemzm 3 npeaamaew ”925 1013 CM“3Q

 

eneKTpOHa, U1 — HOTeHuzan KQHKBauHH Ar, cweneHL nonzafinnn a:

Corsacao £733 mexaHMBM Tepmonoanaannn TpefiyeT cymecTBeHHo

menbmero Hanpaxenna Ha paapane x33 Hoxgepmafina T038, qu Hoansauna

BfleKTpOHHHM ynapoa, QTO no—Bnnnmomy oGycaaBfinBaeT nepexon paspsna

B HMBKOBOflbTfiym @opmy.

Temnepawypy raaa n coowBeTCBymmym en CTBHBHL moansaunn B

pefinme 3 Taxxe M0330 oueHnTb H3 ypaBHeHnK (2),(8), yqnwuaaa name-

HBBEB defiance MOMHOCTE. Banafic MQmHOCTH, aanaQHBaemon Ha Happen

HenTpanbaoro P838 B cnyqae pemnMa.8 MMQBT 333

I

138:1}:sz éflwfi nge+ ngi)

rne 31 ~ afleprna nonnaaunn T.K. pocwom Toma E ownnqne OT (2) 203-

pacTaeT npna aaeprua yHocnmofi BapaerHHMH qacwnuamn. AHanorano

unasme cwonda nynfi cpenanx naBneHKB Temneparypy ECHOB Ti M0830

npnOflHXBBHO canaTL paafiofi Tennepawype aTOMOB T8 [9}, Bonencwsne
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Tore, QTO M3003 HOHOB H aTOMOB COBHBEBBT, HOTepH aaeprnn HOHOB Ha

HaneB aTOMQB oqub BBEHKH (openaaa gong eHepPHn, Tepaemafl KOHOM

npn ynpyrom coyxapeann Sigai),mpome TOTO ns—sa Goxbmofi M8003 MQHOB

H3 HarpeB sneKTquecmnm Renew Heaennx K OCHOBHym BHBPPKE can Taxme

max K HefiTpafibHHfi aTOMH nDnyqamT B ynpyrnx CTOHKHOBBHHHX C BfleKT—
"7

pOHQMH. HPEHEGpePaH TeMHepaTypofi BHBKTPOAOB TO«1g nag pemnma 3

T = Q Q 9 i a e (8)

flag TMHKQHHX flEpaMSTpOB paspana 13 pemume :3 Hanpmmep 1'=54O A,
p

UP=SO B, p=O.I Top, 8:0.8 RFC Temnepawypa P888 COCTaBfifleT T828.2
BB, 8 flflfi I =ISOO A T 25.4 BB. Ha 003039 COOTBeTCTBymmHX HM SOHXO-

P 8

BHX namepeHnfi HflOTHOCTH HflaBMH M0330 oueHnTb HBREHKB HaflpHEEHH£.Ha

unasme paspflxa B BTKX onyqaflx UH=4O+°6.5 B, QTO onpexeflHeT TeMHe~

paTypy raga Tg;3.2+8.5 BB. OHEHKB TBMHBpaTypH raaa HBflfieTCfi SBHO

saBHmeHHofi 38 cqu pOCTa anafla HBflyquKH B HOTepH Tenfla K8 paapa—

nfiofi OOflaCTfl, annexe CBKfieTeflbCTByeT o BOBMOKHOCTH HongepxaHns

CTeHeHH nonnaaunn as: Ha CTanHH pemnma 8.

M3 BKCHBPKMBHTBJBHHX flaHHHX BHHBO, qTo nepexoz paspfifia B

EMBEOBOflbTHyw inpmy Boamomefl B yCflOBKHK, KQPHE HflOTHOCTB nmasMH

MOKBT flOCTMPaTb HeKOTOpOfi KpnaneCKom Benmqnfiu ngp, COOTBeTCTBym—

men nOOTaTOQHO maxomy neanchomy paxnyoy. 3T0 HOBBOflfleT npexnoxo~

mnTb fieCCTOHKHGBMTebuHfi xapaETep H8TO£HOPO 0308 B pemnme 8.

BOfleflCTBfie TOTO, QTO OTpHuaTeanHfl HOTeHuMax KaTOfia B flaHHHX

yCflOBHEX MHOPO deflame HOTeHunafia HBOfiHpOBEHHOPO BOHna MORfiO npex—

nonomKTb, QTO Ha KaTOfl n3 nma3MH nocwynaew HOHHHfl TOE Hacumeanfl,

‘IaCTH‘iHO EOWSHCKPOBBW SJISKTPOEEOH BMJ‘ICCHQH. TOPJLB Toma CJEOH
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HOJIOHMTBJILHOI‘O OCE’BBMHOPO aapsuza y HOBBPXHOCTPI KBTOJIB Oygze'r OIIPBES“

JIHTLCH

1/2 1/4 9U 3/4 RT 1/2

1x: [‘3'] [4%] [if] {m} {9)
CpaBHeHne ZR, CGOTEQTCTBymmGPO BHBKTpOHHOfl HMOTHOCTE Hpfi Kowopofi

nponcxoznw Hepexon B pemnm 8 c flflHHOR CBoOonHoro npodera snepro-

 

HOB Agar; Res (Bacoxme naBneHna) K BHCQTofi TpaeRTOpfin aneKTpOBa»
Emca <E§>

Rafi HQBepxaocrbm KaTOfia [503 he: 9 ~55 npn nBKernn B GermeHHHx
r1

HOJIHX (mama EBBJTBHHH) nomBepmo YKBBBHHOG HIDEZEHOJIOIKBHHB BO

BCBM manasoae TOKOB nepexona, 12833193141, MBMTHHX 110.7283, Hpfi‘lEM

YBSJMQGHEB 71.

he

9 c pOCToM TOK8 numb ycnmnaaew ycnoane 23$ ABaT; Aéf;.

YpaBHeHne HyaccoHa 3mg CeCCTOflKHOBKTeflbHOPO CflOH paspana B-

pemnme 3 Ho—annmomy 8Ha£OPHQHO 030m nyrn C XOflOflflHM KBTOHOM £733.

(120

(1242

je=Sj=eneVe

28H 1/2
H m }

 

=4%e(n£-ne)

(IO)

 

1 /2

29 (UK—U)
Vi:T

J

S=T1—= 9+7 7'93;

7=T£e+7hv — Eosqmmnnefiw BTopnqnon BMHCHH OOyCflOBfleHHHfi Kan zon~

sneKTpOHHon wax u gnroamnccnefi.
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anwaa, qwo Ha rpaanue nmasMH Ehfl=0 npn U=UK noxyqum, qwo Haflpfi

KeHHOCTb afleKTpuquKoro HOflH y HOBerHOCTH Kawona

1/2

EK={Efi7§[U_S)M7/2_Sm1/QJ} U;/4j1/2 (II)
8 BGWB KBTORHDI’G {181183913 COOTBE‘TOBBHHO

2/3
~ 12'}: 1/2 1/2 2/3 4/3{IE—{Ww-sm ‘57}? 3} ,7 1x (12)

M3 BOEEGBHX HBMepeHnfi cxexyeT npaanqecnn flHHefiHafi BEBECUMOCTB

1

flflOTHOCTH HflBBMH OT Toma paapflxa, B Tome BpeMfi ZK-ET7§- T.e.
9

4/3

UKNJE/3{%}T;§~} He SBBHCMT OT j, ETC a HaOflmnaeTca BxcnepnMeH—
Tanbao.

M3 BHmeyKasaHoro caenyem, QTO Haqnflaa 0 n921013+5 1013 0M73'
GHABHOTOQHRR KBaBKCTauHOHapHHn paspsn xapaKTepnsyewca Hannqnem

GeCCTOflKHOBfiTeflbHOPO KETOflHOPG anon c Hanpaxeflnem 03060 saancamnm

OT TOKE n OOflaCTBB Emasmu,raanammen03 aKTKBHOH 30303 paapaza 0

npeodflanagxem Tepunqecxoro mexaanama Hoansaunn.

B 0031mm Imam naanem p<0.0I Top n 0138mm mammx

flOfleH B<I RFC, Ho—annmomy Heodxoznmafi HADTBOCTB naasMH He fiOGTfi—

PSQTCH n cnflLHOTOQHHfi MarHeTPOHHHn paapzz (pemnm 2) oymecTByeT B

oonacwn Oonbmnx TOHOB, qu TOKM nepexona, xapaRTepHHe £33 OOflaCTfl

CymeCTBQBaHHH pemuma 3 n nepexonnT HenocpeACTBeHHO B nyry.

Mccnegoaafina nepexona Kawonxoro 0303 aHOMaflLHOPO Tnewmero

paapfina B cocwoafine c HflOTHOCTbm T033 HpOMexyTOQHOPO memny

Hopmaxbfiofi HmOTHOCTLm Toxa n HflOTHOCTBm TOKE gyroaoro naTHa [81]

noxasaxn Hannqne nepexonnnx pemnmoa Tnemmero paspaxa B asowe,

Boagyxe n Peflnn Hpn naBneHnax 20+760 Top, n0 CBORCTBaM: Hampsxeflzm
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ropeHKa, HflOTHOCTH KaT0£Horo TOKB, OTcyTCTBfim maTepnafla KETOfla B

nmaame paspana, OAHBKHX K CHAbHOTquomy flmmdwaaomy pemnmy 3388K-

cwaunoaapfioro paapana B CermeHHHx sneHTpnquKOM H M8PHHTHOM

mmnx, HBCMOTPR Ha cmec'raemiym pasmny B HOJIHOM Toxe paapfizza (1.5

A M 1.8'103 A COOTBeTCTBeHHo ), QTO moxeT yKaaHBaTb Ha nonodne

CprKTypH ,KaTOfiHOPO CflOR paspsfla B jpemnme~ 3 z CprETypfl apex—

nyPOBoro KaTonHQro HRTHB [81].

TSMC-1107 / Page 99 of 122



TSMC-1107 / Page 100 of 122

— EGG —

PHABA.4. BMMGCMOHHEE M PAGHHXMTEKBHHE XAPAKTEPMCTKKM CMABHO—

TOQHHX QOPM KBABHCTAHMOHAPHDPO PASPHHA HMSHOTO EABHEHMR.

4.1 OCOOBHHOCTH Kawozfioro pacnuerHs E KBEBKCTBHMOHBPHOM

CHALHOTOQHOM maPHeTpOHHOM paspane H are ECHOflLBOBEHKe B TeXHonorxn

HMHYflBGHOPO paCHHflBHKfi MaTepflaflOB.

Empoxo chonbayemafi TBXHOflOPKfi HEHSCGHKH TOHKonneHquHX HDKpH—

THE c Homombm PEBOBQPO paspana B expemeHHHx afieKTquecxou H

maanTHOM HDfiflX odecneanaeT BECOKYD CKOpOCTb p80flflflefififi KBTOEHOfi

MHmeHn (HflOTHOCTb T033 38 mnmenn momew nocwxraTb IOO mA/cmg) [24].

B ornnqne OT OSHQHOPO KaTOfiHOPO pacnnxeana cxopocwb yHoca maTepM—

afla unmean yBeflnanaeTcs B 5+IO p88. Haamqne METHHTHQPO 3033 GEM—

maer moron BHéDKOBHepPeTHQHHX sneKTPOHOB H8 Hanxxaemufi mamepnan.

QTO BHBHBaeT YMGHBEBHHQ SHEPPEH npufiocnmofi sxeKTPOHaMH Ha unnnoxxy.

TemnepaTypa noggommn COCTaBnHeT 50+ZODOC, Torna EEK npn OOHQHOM

KETOHHOM pacnflfiennx 0H8 fiOCTfiraeT 300+SOOOC. CHHKGHHQ padoqero naB—

nefina c OflHOBpeMBHHHM yaeflnqeflnem CKOPOCTH Hananefifia ii CHMerHeM

TBMfiepaTypH HOflfiOEKH noeaomfier cymecTBeHHo HOBHCHTL KaquTBo HORpH~

THE, OflHaKO 9T0 fiBfifieTCfl HenocwaTquHM nag HaHeceHHa ozaopozHHx

xnquecnn qxcwfix HOKpHTHfi n oépaéowxn HeTepMOCTOBKMx maTepnafiOB.

HPEMSHBHHB cnanGToqaoro MEPHBTPOHHOPO pasfiaza (pemnm 2) B Texnono—

run pacnuxegns uaTepnaaoa n Hafiecenfla nopoTKfi noasoaaeT He TOfiLKO

cymecheHHo HOBHCKTB HHTechBHDCTb KOTOKE ocaxnaemoro maTepHaxa man

013 0M”3) paapana, scan ocamfieflne npon3~HHOTHOCTB naasmu (CBHme 2'1

Bonnmcs H3 unasma, HO n 33 age? perynnpoaaxua BpeMeHH BoanezcmBna

HQTOKa pacnuerHHx qaCTnu Ha odpadaTHBaeMHfi mawepuan (Hanpnmep

yCTaHaBnuBaH BPEMH Boanencrena meHbme xapaxrepHHx Bpemea Tenaonepe—

flaqn B oOpaGaTHBaeMOM maTepnane nan xapaxTepHHx BpemeH xnmnqecxnx

peaxunn Ha ere HOBePXHOCTn) BHaqnweano HOBHGHTB xxmnqecxym qncwcwy
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u omepomoc'rb HWHQWX meHOK, a Tax ate noc'ra'romo smexmfio

onpezzem'rb Temepa'rypmm pemm HOBerHOC'm oOpaQamBaemix mawepna—

.5013, B TOM mane Hewepmocwomm. Ha OCHOEamm peByJIETaTOB HCCJISJIO-

38mm CBOfiCTB TBKOPO paapsma paapado'rafla mnboHaa HORRO—

maamem-Iaa Temonorm {101,104} CYBIHOCTB KOTOPOH samnoqae'rca B TOM,

11330 B raaopaspamiom Hpomemy'me 008mm marm'moe none, 3819!»! 008,118—

}:0? Hpemapnwenbfiym masmy, B HOTopofi @opmpym'r cmsaowoqmm RECORD-

BOJILTBHH Mysm paspym, c Hanpfimeimem mpem 3504000 B HYTSM

Hponycxarma 1193393 399 mymooa T033 0 EXOTBOCTBIO 0.3+IOO A/GMZ,

m’rexmoc'rmo 10' —:-I c c qac'ro'rofl; caenoearma OT omexpamoro 3m 103

m, HOOJIB were nponasomm'oa ocaxmefine Hoxpumz.

Xapamepnc'rm K oénacm emeCTBOBaz-ma peanmoa paapaga (pemr

2) ,upm’ommx mm peamasamm mmcxom Hammem mano$fis BHHIB’

(m. 3), HOBTOM}; omem ms occGemmcm, sname 1:315 eI'O'

npammecxoro HGHOJIL’SOBamm: I . Xapamepama CBOfiCTBOM cmao'romoro

mameTpOI-IHQPO paapsuza ammewca momenta Haemopomaocwefi B magma

paspsma H odpaaosaI-ma Ka'rommx IIHTGH; 2. Ream-m pem

peaamsye'rcsi HesaBncmo 01' page raaa, mamepnaxa Karma 3»: Koncwpyxmm

paspfimoro ychofic'rBa. 30733033193919 pema OREBHBaeTCfi were are mam

quc'an'reJIbm K mepoxomwocm Hoaepmocm Karma 1: em coc'msmm

EKG 301m paapaxa. Morm'ram noxaaam Bosmomioo'rb nonoazbaozaanna

COCTBBHHX Ka'ronoa, a TaKKe coxpafieme paOOTOCHOOOGI-IOCTH 38mm

mac'mm c myémion spasm no 2 MM (Hpn Hem-Ion Tommie gamma}?!

11318ch 1:0 4 MM). B TO me BpeMH aarpfiznemxe noéepmoc'm Ka'roma

ammo?! mm memoir memoir afiaw'renbflo nomam Bepoa'rnoc'rb

@opnmpoaama mm. 3. flame npemaapn'rexbfiofl nomaam npomemyma

He mama odaaaremm, omaxo Bepoa'moc'rb nepexona B wroaofi

panama B CJLY‘IBB 88 OTCYTCTBHH Bospac'rae'r. 4.1501'13'1‘881’18 HOKQBEJIH, ‘ZTO

TSMC-1107 / Page 101 of 122



TSMC-1107 / Page 102 of 122

3pm Hepexoxe B OHflBHOTOQHym @opmy paapax pacnpocwpaaaercx Ha

GymBCTBeHHO doses mmpoxyw QfinaCTb KETOfia, nosumaa ere peeypc no

cpaBHeHHm co CTauHOHapHHM MEPHeTpOHHHM paapzfiom, a TaKme HDBHmafi

paBHOMepHOCTh HOTOKB paCHHflBHHHX aTOMOB.

Hpenflaraemaa TSXHOEOPHH 6338 aflpOGKpOBaHa Ha paspstOM

yCTpoficTBe Tana rxafiapHoro METHBTPOBB x33 HaHeCBHKH meTananqecxnx H

EGKOPBTHBHHX {OKCHflOB, HMTpEflOB) Hoxpuwnfi Ha HOflflOKKM KB 3880838,

HOJKBTMflEHa, THaHm, dymarn, HflaCTMEGO, METaflfiOB. B METHBTPOHB samu—

raaca pa3pfin, odecneqnsammnfi npefiBapKTeanym KOHHBauKm padoqero

OO$6M8 (nizIOB GM*8). BaTeM qepea paspan nponycxaaca HMHYfl C T033
no 250 A. OOmaH flflMTeflbHOCTB Hmnyflbca COCTaBflHfla go 40 MCBK. Ename—

80H flaBfiBHMfl BHéfipaflCfi 2.10'3+5.IG'2T0p. Paéoqxfl F83 — aprOH, 880T,

Bosnyx. H MK cmecn paannqaoro HPOHSHTHOFO COCTBBB. CHEEHOTOQHHE

paapfifi mph BTOM KapaKTepKBOBaflCfl exexymmmmm Hapamewpamn: Hanpflmeflfie

Popeama {Up} SOO+IOOO B, MEKCHMBHEHHfi TOK pEBPHfla {1p} 250+120 A
(COOTBBTCTBBHHO), nfiOTHQCTb‘TOHa go 25 A/CMS. Hampmmep, gag pemnma

p=I.IO'2 Top I :65 A, U 2950 B, maTepHan K8TO£8 — megs, padoqnfi
P P

T83 ~ apPOH, HMHYflbCHafi CKOPOCTB Hanuerua HOKpHTHH Ha nonnomxy,

OTCTozmyw OT KETOfla Ha paCCTOHHme 120 MM COCTaBfiflfla 80 MKM/MKH.

KPH flflHTeflbHOCTH HMnynbca TOKE 25 MCEK, qTo npn qaCTOTe cxenoaafina

HMHyHbCOB IO Tu COOTBETCTBYET Cpéflfléfl CKGpOCTH Hanufieanz 18

MEM/MHH. yBeflnqune flflMTeflBHOCTE HMHYflBCE CBHme I USE HpK ooxpaHe—

HEM yKaBaHHOn HflOTHOCTH TOKa HpflBOflKT K paBBmTHm HeyCTofiqKBOCTefi

H KOHTpaKuHH paspaga. yMEHbmeHme flflMTeflbHOCTH M8398 IO‘S cex orpa—

HKQKBaeT BOBMOKHOCTB caMopaCHHneHKH mawepnana KaToaa, qTo CHnmaeT

BIEBKTKBHOCTB cmocoOa. yBeflzqeane HflOTHOCTH TOEa CBHme IOU A/CM2

(KpKaneCKnfi TOR OGpaBQBaHMfl HaTonHoro HHTHa) npnBoan K nepexogy

paapana B flyPOBOfi pemKM c HOTGPBH npenmymecwa oOpaOOTKn C Howombm
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cuanOTeqsoro M8PHeTpOHHOPO paapnna. QaCTOTa OflBfiOBaHHH 103 Tu

orpaanqfiBaeTCR Bpemesnem BOCCTaHOBneHME afiexwpnqecxon: npoqnoewn

Paaopaapanfioro npomexyTKa.

BKCHepfiMeHTH no HMHYJBCKOmy' pacnuflefiflm aflwMEHKR (KonnquTBo

npumecefi He CBHme 0.1 %) B cpexe Ar nosBoxnnn OTpBGOTQTb cpenanfi

TeXHonoquecxnfi pEKHM U =IODO+1250 B , I =70 A, TEMHzZB MC
P P

peannaymmzfica B AOCTBTOQHO mnpOKOM gHaHaBOHe gaanennfi p=5 ID"3+IO—2

Top, 83500 Tc (3 BepoaTHOCTbm nepexoxa B fiyry Keene yCTaHOB£EEEfi

pexnma 55%. HoxaaaHa BOBMOXHOCTE HaHeceHna npaKTquCKK GeaneQEKTHHX

anmmnflfieaax noxpuwnfi Ha HeTepMOCTofiKne unacwmaccu (tHJSSDOG) K

TOHKHe HfieHKE (HBHpKMep Ha AOBCEH Tonmnnofi no 3 HEM).

MGHOALBOBaHne HMHyflbCHOfi HOHHo—nnasmeanofi TBXHOfiOPKH B

ancneKwHBe HOBBOHHT nyTeM nogdopa qaCTOTu onenoaaxna n gunmenhs

HOCTH mmnyxbcoa yaennquwb cpegHmm CKOpOCTb HafieceHKH HOKpHTEfi fin

cpaBHeHKm c cymeCTBynmnMK CHOCOGEMK marHeTpOHHOPO Hanxneana,

oymeCTBeHHo ymeabmnwb KonnquTBo npxmecefi B Hanunaemux nmeHKax, a

TEK me perynnpOBaTb Tennepawypflufl pemnM noaepxnocwn oOpaOaTHBaemoro

maTepnana.

4.2 Bunccnonnue CBOnCTBa naaauu CflflbHOTOQHOFO nyfifiwafioro

paapana u xx HCHOflbSOBSHKe B Texnonorun KOHHO-CTfimyflfiPOBEHHOPO

TpaBfieHKfi MBTBpHEflOB. V

HCHoabaoaaHne CfifibHOTOQEOPO nmfldwaaoro paapana (pexzm 3) xxx

reHepannn donbmnx Obsemoa HflOTHOfi nisl.5 1015 CM-8 onfiopongofi

unaamu c OTpHBOM TeunepaTyp 3+20 38, a Taxxe MHTBHCHBHHX, no IO+IZ

A/CM2 HOHHHX HOTOKOB HOTOKOB c saeprnefi TOHOB no 100 SB HOSBOflfieT

GymeCTBeI-IHO HOEHCHTB WKTHBHOCTB HOMO-CWBBHHOI’O TPBBHQEZH

B MPGBJZBKTPOMG , OCyEIGCTBJIHTb TSXHOJ'IOI‘HE KOHTPOMPOBEEIGI‘O
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Hmnynbcaoro TpaBfleHHS CflOSB, a TBK me HPKMGHHTB erg £33 noxyqefinfi

quxoa BapflqKEHHHX qaCTmu paannqaofi FBQMETPKH (flHCKOBHX,

umnnfigpnqecxnx, prdanHX}. erme TOTO HDflOGHafi Qopma paapana MOKQT

GHTB HCHOflbBOBaHa gnfl oGpBBOBaHMfi HSBBMBHHHX cryCTKoB,

MHKEKTpreMHX B KBEBKCTaunQHapHHe flOBymKH, BflGMEHTaMK KOTOpHX

HBnHmTCH MaPHKTHHB CHCTEMH, oxymamne 3&3 impMMpOBaHKH BTOFO ana

paapafia.

C ueflbm HOfiTBBpEflEHKfl Bacomofi HflOTHQCTfl M HepaBHOBeCHQCTfi

HflBSMH yaaaaHHofl impMH paapaxa, a TBKEB onpeneneHKH yCTOHQHBQCTH

odnapymeHHoro pemnma damn Hpoaegefiu EKCHBPKMEHTE no ' BFO

nononbaoaanmm B TeXBonoer KOHHO—CTfimyflKpOBaHHOPO TpaBfleHflfl

maTepMaHOB. BKCHBPKMEHTH BpOEOfiKflMCb B paapfiflHHX ychoflcTBaX 1

BaKpHTQPO u OTKpHTOPO THEE {YCTpOfiCTBO c HpQ$KflnpOBaHHHMH

SfleKTpOflaMH H HfiOCKHfi marHeTp0H> B gmecax aproaa C

raflOFeHocoxepmamnmx EOOaBKaMfi (SP6) paaxKQHoro HpoueHTHoro COOTaBa

(IO+IDQ% SEE)“ B KSQECTBB OfipafiaTfiBaeMOPO Namepnafla nononbaoBaxMCB

CTaHnapTHHe KpBMHKeBHe unaCTMHu @ ISO MM n cneunanbao HBPOTOBerHHe

TECTOBHE Oapasuu a V0 MM 0 samMTHEM EOKPHTHEM BEHGHHEHHHM H3 oxcnfla

KPBMHMH, ananans Ii paaflHQHHX BHAOB @OTDPEBHCTOB, HomemaeMHe a

nflasmy pagpafia nepHeHnnxnypHo OCH BHBKTpOflfiOfi CHCTEMH Ha

paCCTOHHnn =80+250 MM OT HOBerHOCTK KaTOfla, fiKOO Ha

Haonnposaafiym, flfiGO Ha HaXQflfimwaH nag HOTEHHHBROM cmemefima

Hoxnomxy.

Ema odpadowxn ofipaauoa KOHHHM HOTOKOM c SHepPMefl ID+2O BB

oépaaufl HDMBMBHHCB Ha HBOflMpOBaHHym nonxoxxy E OfififiCTb naaaMH

paspana. £315 yBemqemm 3%me HOHOB ,zzo 20+800 BB HpOBOJIHJIOCb m:

noycxopeHHe cncwemcfi HMHYHBCHOPO cmemeanfi, HOHCprKunH Ii npnaunn

paOOTH KOTopofi anBeAEH BHme (paanefl 2.4).
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SRCHepMMSHTH no KOEHO-CTfimyflHpOBaHHOMy TpaEfiefiflm 81 c

KCKOflBBOBEHKeM B Kaqecwae reHepaTopa nflaamu cumbHoTquHfi nnfifiwaflxfi

pemum B yCTOflCTBe c HpO®KflHpOBaEHHME afleKTpozaME Hoxaaamn ero

Bacoxym EQfiBKTnBHOCTb a nozaonnxn BuxeanTb pan pemMMOB,

omnnqammzxca BROOKOfi yCToonBocwbm I! roxfiux nus TeXHoonrnqecxoro

upmeflem Hammep paspsz: B ween Ar/SF6 (BO/20%) KPH 1183mm

p=0.I Top, =0.8 KI‘C, I =50 MA, U 2650+680 B, Im = 1000 A,man man

U =120 B. EmnTefihHDCTb HMHYflbca Toma B swam cnyqae COCTaBfifieTHMII

$1.5 MC, mTeJIL‘Hoc'rb 1171003011 Eepmmm mama 21.2 MC. Tpaaxezme

uponaaomocs Henocpenc’raemio B MBBMG peapmza c Rommel-men oOpasua

Ha memosamyzo nomamcy, qwo 06901199133310 snepm fiQHI-IOI‘O 110mm

33 1101151033437 COQTBeTcTBymym nmesmaziy nsompoaaa‘fioro SCI-ma. Magen—

MEMBHO ,zzocmnywaa WJILCHES cxopoc'rb Tpam_mwam panama}:

cocwamse'r 800+1000 bum/mm, omam We mTpHXOB mee'r Gomo—

oCSpaax—mn xapamep (pnc.4.I). Cmerme game-mm mean go 5340’2 T01)

namemo wenbmeI—me cxopocm TpaBJIeImfi H upmaime npoimm mrrpmoa

Tpedyemoro HmeYPOJIBHOI'O mm Hpnsmameouoro W3.

Bxcnepmeam no omens-name omopommcm 2031:0110 noroxa

Hpoaoxmmcs c HOMOIRLIO soma-Komemopa (mesa 2) HOCTBBJIGHHOI’O B

pew, coo'rse'rc'raymmfi Haqany KOHHOI'O Hacmem, axe. Howemman

noc'rommoro cmemem Budnpanca Gmsm K no'remmmy uaomposaxmoro

303.118. Mamepemm noxaaam geomopomocwb HOHHOPQ nyma M91199 5% Ha

mamewpe 50 MM 38 pacc'roamm 5+IO MM OT moczcocm cme'rpm paapmz-

Ham yc'rpofic’ma. Hmmoc’rb HOHHOI‘O HOTOKa 11px 9mm COCTBBJIHBT =5

MOM2 1113:?! TOKB paapagia 550 A. OOpaCSOTKa TBCTOBHX ermesax mew

THE-I, Irpoaomaa Hpn Tone 133339118 1000 A He Hoxaaana paam B my-

6239 n We @8339an Ha mame'rpe ’70 MM. yxaaamme amnepmefim

EOCBSHHO Hon'rBepmam game Jiasepm KBMBPQHKH 05 OTcyTCBm pQBKHX
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PHC.4.I Hpoénfin HOHHO—CTmmyflHpOBBHHOTO TpaBfieHHH erMHHH

Hpn paaflxqaux pemnmax QGpaGOTKH.

 
Pnc.4.2 OcunxfiorpaMMH Hanpamenna H TOME Ha fifiBflEKTqueCKyw

noxnomxy npu paOOTe CXBMH Hmnynbofioro omemefina.
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rpaMiHTOB KCHHEHTpaHHH SHEKTPOHQB 3 {QEAEflaK gaapagHQ; GGJBCTK

orpaHquHHGfl flMBMSTpOM 3;HEKTPOQQB n BQBMJKHOCTM oafissmBCHma flfl.8Mfi
14_IOISW

LL

1
HflOTHOCTbE IO

HBflOCTaTKOM BaKpHTQfi QBBPHflHOfi Rqefixm HBAHBTCH 3anHaa CHCT2M

CFBEBHHH MBPHKTHOPO HOflH, orpaquusammaH BOBMOKHOCTB onaGQTKH

prnnax MBQEflfifi, noaTemy BHBflQFHQHHE BKCHBpHMBHTH SHAH EpQEEflEHH B

paBpHflHOM yCTpoflcTBe c OTKpaTofi Peomewpnefi {HHOOKOM MaPHETpOHB). B

‘Kaqecwae Hawoxoa HCHOHBBOBaflMCE unocxne nflacHRH H8 monmégefia mean

M Hepmaaewmefi CTaflK (IZXZBHQT). Paéoqmm Paéom 33333805 CMSCB

Ar/SF C cogepmafinem SFBOT ID no 100%. HMBHEBOH gaafleamfi 000333333
(*30’1

p=IO’ +IO-I ,TOp, HHflyKUMH MBFHMTHOFO $033 53 HQEerHGCTM KaTOfla

B=400+TDD TC. HO pesyflbTaTaM chfiwaanfi Ha TECTOEHX oépaauax 0 123

MM B HaquTBe TBXHOflOFKQECKOPO 65$ BHQPEH pemxm paquaa so

cxegywmmmn napamewpamn: padoqnfi F88 — A?SF EO/EG%, p=5 IQ “ Top,

8:
' l

l:JD To; HpEflBapKTeflbHHfi pQBPRfl: I_ =58 MA, U; =550 B;

MMflyflbCHHfi p88pH£I IKMH=72O+IIDD A, UKMH=E35 B. QépaOaTHBaeMHfi

QCpaaeu nomemaflca Ha paCCTOHHMH 1:50+100 MM CT HQEerHOCTM KETO

TpflBflBHHE deaaua 38 cqu KOHHOFQ HQTGHB M3 anaema, ycxopaemore a

HpmHOBerHOGTHOM afloe go axeprnn, onpegexnaemofl Howeaumafiom

m3fifipOEEHHOPO BQHflB, HOKaEBflO yflOBflETBOpfiTeflbflfla pesyanaTu HO

HMHyflbCHOfi CKGPOQTH TpaBfleHMfi (CBHme BO MKM/MHH}. ERaBaHHHfi CHOCOO

HOBBQnReT HpOHBBOflKTb odpaéOTHy oépaauca EEK CHpOBOflflMHM (Al), TEE

CTH M T.JI.} BQQMTEEM(T)
KC MBMHQM%mmm HS€E,Immmwwes33c;

CHOEM, ownnqaewcn HpOCTOTOfi Homemeng EETBEBH B Haasmy paspaga. B

TO me BpeMH, Hpouecc TpaBfleHMH , BaBHcamefi OT SHEPFKH MOHHGFO

HOTOKE, OKBBHBBBTGfl aaamcammm OT pemmma'paapaza, E qaCTHOCTn OT

gaBAeHns padoqero raga.

Roxyqefifie HOHHOFO HOTOKa aagaHHofi BHBpPMH HpOHBEOflHflOCb C

TSMC-1107 / Page 107 of 122



TSMC-1107 / Page 108 of 122

~ 108 —

Homombme CHCTEMH KMHYHBCHOPO cmemeana. £35 cn'%33 upoaozamero

aamHTHGro 0303 cmemefine nozazanocs HBHOCpBflCTBéHHO H3 capaaeu fiHGO

OT omzenbfloro choqanxa nnTaHHH, nnfio UDCpEflCTBOM anmqeanz

qépaaua a Kawoxxym uenb qepea orpaganaammee conpOTMBneHHe R,

Beanqnfia Kowoporo BHOKpaflaCb HOXOfifi n3 Tpecyemoro HBHPHKEHHH

cmemeflna H HOHHOFG TOKa HBCEMGHHE, GGecneanaemoro Haaamofi. B

anyqae owzexbaoro Horoqanxa, HanpameHne cmemeafia eaonpanocs UCMg—SO
B, KOTopoe K momeHTy ianHpoBaHna KEEEHCTEHHOHSPHOFO paepaga

yMEHbmaflOCb npaanqecxu go nowefiunafia msonnpoaaagoro 3053a

BonenCTBue OOfimePO HOHHOFO Tone. QTO TpEGOBaflO HpmmeHeHHe

HCTQQHnKa omemefina no MQMHOCTH CpaBHHMOPO c HCTqunKOM HHTBHMH

paapana. OT aToro Henocwawma caeéonHa cmowema HMflyflbCHOPO cmemeana,

Kcnoxbaymmas' qacrb momaocwn OCHOBHOTO paspana. chnepnmeara

Hoxasafln, qwo flfifi paapana B cmecn Ar/SF6 50/50% Hpm flaBfleHMHX'HKHE

ps5 10’s Top, orpaHMQMBawmee conpownaneHne R moxeT

KBMQHETLGS OT 0 no IOU OM, qTO ofiecneqnaaeT HanpameHHe cmemennfi GT

120 go 20 B. Tnewmnn paspan C odpaaua npn BTOM He mopmnpyewca T.K.

B momeHT Honaqn nmnynbca Bucoxoro Hanpameanfi noxmomxa oxaaaaaerca

aamyHTnpOBaHHon cwaunoaapnnm MarHeTpoHHHHM paapfiflOM, umemmnm Rpm

yxasannfix ycnosnfix meHbmea Hanpameane POpBHHH.

Bean ofipafiaTHBaeMHfi oépaaeu nmeeT gnafiexwpnqecxufi aamnTHHfi

030%, TO npn Henocpencwaegaom npuaoxeann HOTeHnMana CMemBHHH K

oépaauy nan Hoxmomxozepmawenm nponcxoznT aapazKa BMKOCTM

odpaaymmeHCQ memny finaamofi H erMHKeBHM ofipaauom, qTo UpKBOEMT K

BKpaHEpGBaHHD SfleHTpflquKOPO Hons cmemeana. B STOM oxyqae

HpflMéHfifiaCb cxeMa Hmnynbcnoro cmemeflna, cogepwamaz HOCEBflOBaTefibHHfi

L0 KOHTyp (rn.2) co caenymmnmn napameTpaMM: L=26 MKFH,

0=0.5 umm, R=ID ROM. Pacqu anemeHToa EOHTypa nponsaoxnmca KCXQRH
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H8 9P0 godpoTHocwn, BOflHOBOFO COHpQTfiBflBHHR {BOflHOBOB COHpOTMBflEHMe

KOHTypa Aonmao oOeoneqHTb TOKOCBEM <3 HOBerHQCTH odpasfia),

TpedyeMQro HanpfimeHMH cmemeflns, BpemeHn Bapflxxm emxocwu

oépaaeu~nnaama, H CKBaKHOCTH HMHyflbOOB. B cnyqae HaHPRKEHHfi

CTaunoHapHoro paspflfla 800 B M BOflHOBOPO COflpOTHBflEHHH KoaTypa p27

OM TOE cmemeHmfi COCTaBflHeT 240 A. HaCTOTa KOHTypa OOCTBBHT v=8 105

Tu, qwo yKOBfleTBOpHeT BumeyKBBBHHHM TpeGOBaHHHM. Hpnmepn

ocunnnorpamm T033 qepea oépaeeu n Hanpfimegna cmemeHnfl upencwaaerH

H8 pHC.4.2. BKCUBPHMBHTH C BPMMBHEHHBM HMHYflbCHOPO cmemeHHH

noxaaann, QTO anTHOCTb nfiasma B HfiOCKOM marHeTpOHe Ha paCCTOHHHH

2:100 MM OT HOEBPXHGCTE KaTona B pemnme Ar/SF6 50/50%, p=5 IO“2

Top, B=700 To; IMMH=720+IIOO A, Unmnzla5 B CGCTBBflBBT nzzz

IDISCM”3, qTO nO—Bfignmomy K OGEECHfieT 60399 HHBHym BifiBKTfiEHOCTb'

TpaBfleHHH B OTKpHTOfi paBpflflHOfi qufixe.

ABTop éflaronapHT Hayqnoro pyKOBogHTeflfi K.@.*M.H., EOHBHTa

M.K. QBTHCOBa H E.@.—M.H. F.B. XoxaquKo Ba COBBTH, HPEfiflOKEHHfi H

npaKTqucxym HOMGmb Hpfi paGOTe Hag anccepwaunefl.
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BAKED‘EEHKE

I. HpoaeneHH emcnepnmeHTaanHe KCCfiBflOBaHHKE HBaBKCTaflHOHap

HOPO paapana HHBKOFO flaBHBHKH B MEPHHTHHX HOEHX paannqaofi Refimnry—

paunn. DEPEflBKEHH OfiflBCTH OymeCTBOBaHMH H pEKMME EByX CHflbBOTOQHHX

quM paspsaa.

2. OdHapymega H0839 CTafinfibHaH impma HBaBHCTauHOHapHOPQ paapz~

_ga B HOHBPEQHOM MQPHHTHOM noxe, Hangmmaaca npamexyToqaofi cwaxmefi

nepexoga OT MSPHeTpOHHOPO paapafia B gyrogofi 1a mmewmaa onenymmme

OCHOBHHe KapaKTepmcwmxm: HampaKEHne POPBHHH 2100 B, EpEMH GymeCTBO—

Baang go HeCKOflbKMX MfiflflKCEKyHfl, flfiaHBBOH TQHGB 0T IO go 2 103 A.

Hpegnomeaa KBQECTBBHHEH MOfleflb Beacgfimmag BOBMOEHHfl MBXEHKBM

BOBHMKHOBeHHH H cymBCTBOBaHHH yKaBaHHofl @opMH pBBPHEE.

3. yCTBHOBflEHO cymeCTBOBaHne CKflbHGTOQHHX BECOKOBOXLTHHX

pemmmos KBaBMCTauHOHapHoro M8TH9T§OHHOFG paspafla, OTnnqammeca

EHCOKKM HanpaerHeM ropeHKH n fiflflTEflbHGCwa go 20 MC B ooquaHHK c

doabmofi HflOTHOCwa KBTOEHOFO Toma (£0 25 A/CME}.

4. PaapaOOTaHa HMHYflbCHaH BOHnOBaH flHQFHOCTKEa Ana HSMBpBHKfl

HEPSMBTPOE HflaBMH HfiOTHOCTbE go 1015 CM‘B.

5. BbKaBaHa EOBMOKBOCTB Honyqefina HflaBMBHHEX OOpaBOBaHHfi HHOT—

015 0M{3 B OGEBMB csame EGO GMJ, ofiecneanammnxHOCwa go 1.5 I

SMHCCKE KOHHOPO quxa HflOTHOGTBE CBame IO A/CMB C aneprnefi go 100
BB.

6. HDKaBaHa BOBMOXHOCTB HHTBHCHBHOFO RaToaHoro paCHHfleHMH m

COBflaHMfl ROTOKOB qaCTHu pacnaerHoro maTepHana C BHCOHOK HflOT-

HOCTEE.
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