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BBEMM.

Mwreficmfioe mccizezxoaamxe paapfinoa I-IKSKOPO ,Z{aBJieHPIfi B IIGHep6‘§-

HUM Marmwom 110.719 ceasafio c m Hmpcmm zcnomaasaawem B Mame'rpoH—

mam ycrpoficmax TBXHOJ£0I'K‘IBC}€OI’O Hasnaqemm, ycnopmexm rmaam c

Bammwm Jxpemaou aazempoaoa, B Kaqecwae mnaalaemwz sumwepoa ma

aszempomm Iv! nommx mezcrcpoa.

Asams mrepamypmm namanx IIOKBSHBEBT, no caoficraa paapsuza B

uorxepmmou Marmmou acme c aamcxyfmm xpembom snexwpoaoa B oémacm

nepexcma or M8PE8’1'pOEiOI’O paspsuza c pacmnnefi Bc:.zm'r-—aMHepHofl xapax—-

TGPHZCTIHCOH 1-: miroaouv paapamr npam-mecim H8 Iazsyqesn. Otrcywcwsym

oéocaoaamme sxcnepmaenwanbnne H Teopemqecme zxawe, zzoanosimme

onpegesmwsv npenejmane peamma MBPHBTPOHHOPO paspsuza B xorepsix

Qymumormpyew cSo.m:nIm1c'rBo Texaonormecmm yc'rpofic'2n.. iiccmgxoaazme

MOIIIHHX mazynhcmm paapsuxoa, HCHOJIBBYGMHX 11.112‘ reaepamm women

omzopomcm unaamu, yzcaeuaaew I-I8 BOBMOIKHOCTI: cymectraoaannsi yc'romm—'

BHX qaopm paapazza B MSPHETBOM none, are nepexonw B xoarparxapoaam

mm @335! npn :3H'am*re.zIbBI-ix BeJm<mHax TOK8, comma coo'rBe'rc'rBy%

mrroaofi omzacm BoJxL'r-amepaofi xapaxwepncmm Tazmx paapazxos.

Hem» paoom:

Mccnenoaanne BOJIBT-SMIIGPHHI xapawrepncwmc E omxacrefi cymec'rao—

sauna cmrbnowoqmix (I)OpM Kaasncraunonapnoro paspsma HHBBZOPO namzeana

B M8I‘HFITHH.X nonax paaamszaon Koaqm-ypamm.

Onpezzexeane JIOKHJILHHX xapawrepncwmc rmasmu yxasammx elaopu

paspsuza.

Mccnenoaame Boamoxaocwn ncnomaoaama Imaauu cmmaoroqnoro

paapagza ma I-eaepaum Imormm UJIBBMQEHHX ocipaaoaamm n nmeacnawx

IIOTOROB aapaneamn ‘IBOTKLI.
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Hayqnaa HoBn3Ha H npaKTKqecKaa BHBQKMOCTB paOOTH:

B npoueooe npoaeaenna paoowa Guam nccaenoeaxu ooaacwn cymecT—

BOBEHKH H pexnmu CHflbHOTOQHHX Qopm KB88fiGT8HEOH3pHOPO paspana Ens-

KOTO nasneflna B MEFHMTHHX noxax paannqnofi Koammrypaunn.

Oonapymena H0883 cwadnnbnaa dogma Kaaanorauuonapnoro paspana B

Honepeqxom MBFHMTHOM none, Hanammaaoa npomemywoqnofi owagmefi nope-

xoxa OT MaPHeTpoBHoro paspsxa B nyroBofi (onabnowoqnufi nnqfiwsaafi pe-

xnm) H nmemmaa cnenywmne ocHoBHHe xapaxwepncrnxu: Hanpazenne rope-

Hma 2100 B, Bpefis cymecwsosanua no HECKOHBKHX Mmnnmoexynx, nnanaaox

TOKOB ow ID A 30 2 103 A. Hpennomeaa Eaqeowaefiaaa MOReflb, fi0SCHfim~

mas Bosmoxaan MBXBHHSM BOBHEKHOBBEHH E cymeowaosaana yxaaaaaofi Gop-

M paspaxa.

Ycranosaeno cymecmaoaaune cnnbaoroqnofi Bgcoxoeonbwflon Qopu

KBBBHCTEHKOHBPHOPO M8PH8TpOHHOPO paapaxa (cnnbnowoqnufi Marfiewponnnn

pexnm), ownnqammefica BHCOKKM Hanpameanem ropennn (no 1200 B) B 00-

qeraxnn c Gonbmofi fiflOTHOCTbm Kamogaoro TOK8 (no 25 A/CM2). HflHT8flb-

HOOTL CymBCTBOB8HKH ewofi mopmu paspnza MOKBT npeaumaws 20 MO.

Hoxaaaaa BOBMOXHOCTB nonyqeana nmasmennux oopaaoaasnfi nmoTHo-

015 cM"3 B ooseme no 1000 CM3
2

CTLE no 1.5 I , ooecneqnsawmmx emmccum

MDHHOPO nyqxa nmownocwsm caume IO A/CM c saeprnefi no 100 9B.

floxasaaa BOBMOKHOCTL nnreacnsaoro xawoxaoro paonuneana n cos-

naana nowoxon qacrnu paonunennoro Marepnana c Bucoxon nnowsocwbn.

Honyqennue peaynbrawu ncnonbsoaanuz

— B Boson nnaameaaon Texxonornn HOHHO-CTMMyHMpOBaHHOPO TpaBne—

Hus n cosnannn nmaamoxnmmqecxoro peaxwopa nan ycxopennoro Tpaaneana

cnoea (HBO Cyomnxpon)

— B TBXEDROFKK nmnynbcaoro pacnxmeaua Marepnanos (BED 3Hepro—

Mam r. Cauapa)
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— Rpm Haaecem Geaxemexww noxphrrm Ha Hewepmocromme crm—

Tmmmmomxe Aawm nomaxezpyw nssxyqem Id 00060 Tomme mzemm

(comeomo Wm H MBH "llmxfiepewr" 1°. Pvmcx).

Ha saw-ry Emacs-Iron cszenyme Hommemm:

I. Pesynsram excnepmaeawanmmx Hccnezxoaamm emmnowotm qxzpm

Ksaancwazmonapaoro paspsma mascara gzasszems B Marzmrw Izoézm

paammzofi Icoadmwpaimaz a. ooaacm cymecwaoaamm H pexmau ,zzByx cbopm

paapszza:

0. aanncmocm Bo.nLT—aMnepmix xapamepncrmc

or zamema, Beamqnm Immrmmn M8I'HZfiTHOI‘O 110.115, pozza rfaaa, 1aa'repna—

sxa exewrponos, amza paspsgmoro ycwpoficma.

B. xaqec-mamas Mozxem», uoacmax-. 305%»

mm Mexamsm B0231-IIEICEOBBHPIFI K cymecwsosama c1un=Ho'1'c*mn “nmzrxryanoz

cbopmu paapsma.

2. iéewon mamzmbcaofi 303310303 gmamocrmm momofi mxaamu.

3. P8BYJibT8TH nccnzezzoaamm napamewpoa mxasuu cmmnowoqnoro

Kaaancwalmoaapnoro xmmzysnoro pexma paapsma 8 made HGOJEEOPOJIHOK

MBPHHTHOM H0313 .

Ocnoarme pesyswram onyoanmosam E pascwrax [94-:-I041.
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PJJZABA I. CHJILHOTOVHHE PABPEHB HMBKOFO 2IA;BJ£EH1£F1 B MAITIHTHOM

HOE H MX iIiC110.IE>8OBAH5£E MS I‘E2HEPAIIW/I HJIOTHOH IULABMH 55

IIIEEPEHGIIIBHHX HOTOKOB 8 QAGTMH.

LI Bxcneplmeawanmue 1accJIezzoBamm PBBOBOPO paspagza HEBEOPO

namremxs B Marmxmom none 14 em npxmenemie B coapemem-Ion Texmme.

Cymecwsyzumie Bmza ycwpoficwa Ha OGHOB9 paspsuxa B czcpenzezmx

EXH 1IG.¥i5iX.

Mcc.ne,no1aaI.-me xapawrepncwmc paapsuxa B cxcpememm a.nem'p:mec—-

ROM H Mammmom nomzx npmaeszo K coazzanmo MHOEBCTBE I’830p83pfi,}IHHX

ycwpoficws, Haxomamnx umpozcoe rrpmenemae B p8'.3JD'E‘§I-H-IX OOJBCTSX

Haymz PI TSXHHKE, owsmqamnzxca Kondncrypaimefi E H B nonefi, BeJm—’

tmnofi paspam-Ioro TOK8, Hanpamexma, naaxerma raaa. 0 mm spemm

npammecxoro npmenemm I-1851603189 nepcnewmaamm OKBBBJIKCB .cmc— .3;

wema 0 Bzonqmrypazmen noxefl, oéecnemeammm aamcfiymfi zzpemp 83163.’-'~"“

TPOHOB. K m many omocsrrca Lmxmfigxpmzecime {L2} 91 mocime

{3,43 Marne-rporay, smemca Ilerzmzra E5}, Komdmmposazmue ycwponcwsa

c MEI-'1-IGTPOHOM K IIOJIHM BZETOJIOM {6+8} , IIJIBBMGHIIHS ycxopnrem :3

Bamcnywum xcsmoecmam TOKOM {9+II1. B Jmwepawype Hccnenoaanx

csonctrsa paapagxoa rrpammecxm ma Bcex Boamomax 1~coHs:IMrypau1m

aKcna.nbHo—cnmaeTpmIaHx EXB 110.716-ii. Mocxegzoaamza paapmos 0 sesam-

rcaytmm xpemizom anemposoa Hpoaozmmcb c uenbm BHHCHGI-M3 BOBMOX

HOCTYI noxyqemm IIOTOK8 maam, ycrcopemaoro cxpememamm e.nex*rpm-

qecmm H Marmxrrmm nomzsm, a T8141 me Marsnmofi naommm mzasmu 11

ncnomaaoaamaa TEKVIX isaapazzos B Imaamoxmmtieclmx peamopax

[12,13] . Paspsuza B nonepetn-10M MEPIEITHOM none Hauum nmpoxoe

Hpmeaeme mm coazama mxaamemmx smwrepoa 91 IIJIBBMBHHHX Kam-

zzoa. B xaqecrae IIJIEBMBHHHX smnmepoa B Texamce nomyqezma Moumux

Ixytncos oduxmo ncnomsayewca mrroaofi paspfill. Icowopufi I'IOJIy'¢I8D'1'
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nepexqzzoaa as memero, omaxco npn mama gaazxem, Heoaxommom

mm uommems aneurpomoro znmca K are Tpancnopmpomm, semen.

Tnemm paspsuz Heaozamomo, noamemv B Kaqecme BCHOEJOPSTBJIBHOPO

zcnonbsym peeps-2,2: c aammwma npemom aneuwponos, Icmzopufi sawem

HEPQBOJIHTCH B zwroaoz £14.15} . npempmamca uonumz HerIocpe1:—

cmemoro ncuomsoaama Kompampoaamaro paapana B cxpememzx

EXH 1:05:33: B xaqecie anmmepa enewrponoa. [I63 .. Mcnomaaoaazme

ruraaueam KETOJIOB H8 ocaose HeEOH'1‘p8I'EpOB8HEOI‘O paspsuza B M81’-

mrmou mme Kart 13 mlocxon Tax H B wmmewon reomempm mm

coxszamm HOJTHOCTLD ynpaanaemnx rcomaympymm amzapamz HOSBOJMJIO

cosnaws Bewmsm GHOCOGHHG nomympoaawbmm Game 150 M Han-

paema caume I00 KB, npnqeu OCYIESCTEHTI: aannpamxe-mnpnoopa :33

§\’
spemena Mexee 50 Ho £17,183. Henocwamom 1<pocca'1'p%’~*='aB.1isIe'rc3

TOJIBKO Gosxbmoe 2300 B naneime Hanpafims Ha paapsme, o6ecne'-m- '

Bamxem ipymamounponénne rmasmemzoro KBTOJIB. Blnasmy paapagza c

Ixouepetmma MEPEETHHM E03191! sqrbenwmno ncnomsym gum Hoxyqema

KHTGHOMBEHX momma xxyqnon, Hanpmep runncoa o'rpm1a're.nLHHx nonoa

Bonopona {I9}

Bamefimma npaiczrmecrma Ixpmxoxemxem paapanoa B Marmmou

none aaazzewca coename Mamewponmx cucweu pacunazemm ma'repna-

JIOB, KO'1’O}3H8 HGIIOJIBSYDTCH L713 HSHGCGHEH TOHKQIIJIGHOEEHX IIOKpHT@

[20-!-2'73 .

Caoficwna paapsmon B nonepewaou mamnmom nose.

Oomacao [28] B o'rcy'rc'rBnn Marmmoro 110313 B saancmuocm 0'1‘

JISBJIBEES n semmzmu paspsumoro TOKB Boamomm qempe yo:-ontmnux

EHJ18 paapana c xoJ:o1cmm KBTOJIOM: Teumm, Hopmanbaun nnemnm,

BHOMBJIBBIIR mennzfi I! mrroaon. linauason TOROB mm Kaxnoro Bmza
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Hanpmaep mm paapmza B Ne Memzy mocxonapameahmm aaexrponaam

npzs Jgamzemm 31 Top, cocmammm coowaercmemo IO"’m-:-IO"4 A,

10‘ +I0”I A. IO’I-2-IO A, >10 A. Kaqecraemaa Bo.nL';c—aMuepHas

xapaxwepncwmca pazssma npegcwanneaa H8 pm: LI. K cmzbaowoqama

qnopuam omocawca aaomamamfi Tnemm paapsm, aaamafi Ben

noaepxzzocrb xawozza H xapawrepnaymmca pacwymefi BoJn»*r—amIepHofi

xapamepncmmon (BAX) 2: ,11yI=oBo1t, npencwazxxamm cocoa KOHTpBI'E-

posaxm paspsuz c nanamefi 130.1113’:-—armx=,=-pzzofi xapaxwepncwmcofi.

Ocnoanofi Mexazmsm Ixoxnztepasax-ma memero paapsma s1B.nsie'rca m::m:3a-

um snewrpozmum ynapom B xawoxmom cme H sxercwponfiaa amacczs (3

KBTOJIB, BHBHBEBMSEI Bwopnwcm non-—s.neKTpoHHofi aumocnen K £DOTOBQ—

memo». lhanxenne aapsmon E I{8TO,11;EOM caoe wzemero paspsuza npouc-

xozzmr B pemme nonamaocm, upmem CKOPOCTI: namema KOHOB

3Haqm'e.m=Ho Memame cxapocm anempoaos, onaronapa new B o6.nac'm

K8TO,IEHOI‘O upocwpancma BOQHKKBET HBGHTO‘-IIEIPI uonomwenbxihm aapsm,

xowopm ncxaxaear sxempmecxoe none. B xawomon ocuzacm nanaew

0031511185! qacm; Harrpsmemta paspazxa, TBEHM odpaaom Hopuaazbmifi K

anomanbfiun menmm paapsm anaumrca paapsmamn c HOJIOXETBJIBHHM

omaem-Ian aapsmon.

Hpn HBJIIBIEK nonepeqr-zcoro MSPHKTHOPO mom, GKOpOCTh gmmems

anezcvrpozion K anom; YMBHBHIBGTCH, wro npxmogzmw K ymenbmeimn 1ca'ron—

Horo naneflza n yBe.zm<zemm OTpm18TE.}1I:HOI’O npocrpancmaermoro 38pfi-

ma 1365:2311 aHo,z:a, 'r.e. oopaaoaanmo Bhrpaxemaoro anomzoro cnos.

Penman paapana c andzmram cnoem mm c ompsmawesmaam odsemaum

aapazxom peasmaymcs B OCHOBHOM Hpn I-IKBICEX nasnemax (psIO'3

Top) . Hanooaxee ncmnoe IICCJEBJIOBEHHB caoficma paapana c anozzmsu

omen B  emoM MaI'He'rpoHe npoaexzeao 13 paoowax £29-1-32] .

Hpn Gonee BHGOKIIX ,z1aB.neam-Ix in He cmmcou GEJEBI-IHX uarmwsux 110.1151:
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-143-

UfVJ II‘)
3000 4 1300 F0

1500 3 600 To

1000 K 2

250 To

500 «V .X///
 __._____L____~M___J__.__

1o‘5 1o“3 10*‘ 10 IfAJ 300 600 UIVJ

Pnc.I.I BAX paapsna B Ne Pmc.I.2 BAX paspana B MaPHeTpOH—

p=I TOP. {28}. HEX pacnunnwexbaax CHCTeM3X.[353

 
P33 DTRBQKQ

Pnc.I.3 Cxema MC Ha ocnose

nnaaapnoro MBPHQTPOHS £433

Tefevl a_ ni{m"3} b_
5 ‘o

5

/3 D U‘

"Z'—<~ 2 oaj
2 ?_---s

1 1015
I[mAJ IDEA]

_L._______J__.______L___ _J_________L__.____J____

50 100 150 50 100 150

Pnc.I.4 Baanonmocrn aneurpoanofi Hoauenmpaunn (a) E M03302 unaw-

HOCTH (b) ow TOR8 paspana (nmanapnufi Marxerpoa) £453
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-11-

peannayewca paapaa c Hawonnum cnoem {HOfiOKHT8flbHHM HpOCTpaHCT—

Beaagm sapanom). Sxcnepmmenraxbaue nccnegosaana paspagos B Home-

peqaom MEPHHTHOM none paannqnofi Koamrypanmm noxaaann, qro

cornacno £33,341 ans xmoofi: Marxerpoxnofi cncremu c BEMEHYTHM

npenmom anenwponon BOfibT- amnepuaa xapaxwepncrnxa onncaaaewcs

uaapamefinem Ip=RU3, Pflé Ip — TOR, Up — Hanpaxefine paapsfia, k,n
(n>I) — Bexnqnau, saancsmne OT KOHOTpyKuHK yowpoficwsa, pona

rasa, naaneaua, MBPHHTHQPO Hana. B padowe [853 npnaegexn

axcmepnmenwanbaue aaazcumocwn TOK8 or Hanpsxeana paapsna, xapax—

Tepaue, no MHBHKE 8BTOpOB, Ana nmoofl MarHeTpoHHofi cncremu

(pnc. 1.2). Bmnno, qwo c pocwom Hanpameflfiocwn MSPHKTHOPO H035,

npn qmcnpoaanaom TOKB, Hanpaxexne ropenna ymenbmaerca. Aswopu

aenamr BHBQK 0 npnmefinmocwn Monenn aaoxnoro cnoa nan onncaHza;_

axcnepmmeawanbnnx xapaxwepncwmx npn cpaannrexhao BHCOKOM gasse-

Hm: (1.5 I0”I<p<8 10“: Top).

Owxxoaenna OT yxaaaaaofi KBPTMH aaancumoowefi Hanpaxeana

paapana GT TOK8 Haonwnanncb npn pa6oTe c Heoxflamgaemumn Haronamn

£36]. Hpfi MEPHHTHHX HO£fiX C Mnxyxunefi cBHme 2 KTC xx naanennn

caame 8 IO"2 Top Guam nonyqeau BAX paspana, rue MOHOTQHHHH pocw

Hanpaxennn oopuaaewca, np0HcxonnT pesxoe ero ymeubmenne no ypoB—

H3 2200 B, ganee Up npanrnqecxn He aasncnw or TOKE no Bennqnnu
TOKB 22 A. Aawopu odsacnamr noaaneaxe yxaaanaax S—odpa3HHx

xapaxwepncwnx yaenmqenneu Kofinexwpaunn nnaam BCHBHCTBHB HD3388-

unn pacnaxennnx awomoa Mamepnana Karena.

Mccnenosafins aasncnmocrefi TOKE paapana or Bennqxnu H3HpH-

mennoown MEPHHTHOPO Hons oTpaxeHH B pacowax {87+403. Hoxasano,

qwo TOR paapana HKGO BOBp8CT8eT c pocwom Hanpaxefinoown MarHnT-

HOFO IIOJIH, HBHPHMBP B PEBPHJIBX B  fiq9CKOM MBPHBTPOHB K B
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zcomfimmposazmofi GHCTQMG C HOJIHM KQTOJIOM £37,381, mac 3aB§1c14-

MOCTB Ip(H) KMBQT Heaganrnweszmmfi Mazccmym £39,403.

Mogzeam KETQZIHOPO 0.1109 memero paspsma B Honepeqnom Mamm-

HOM H0319 npencwamefia B E413. Hozcaaaae, two Bnmoqezme Marmzmoro

Hons yBeJzmmBaeT Kawomzoe nazzemde npn MBJIHX IIJIOTHOCTFIX Toma 9:

YMBHBEIBET em npn GOJXZBIEIKX. B IDSBYJIBTETE BAX, 1'IOC’1’pO8HH8H B 2coop—-

gmfiatrax UK—ln J cmemaewca H8 Be.JE‘I‘-IIIIHIJ 3/21n(Z+m2'r2) 23 czvopony

€50.Hbi1iI4X TOKOB (w — Lzmuzo-rpoanan ‘ZBCTOTB, '5 — Bpelvm pexaxcamm

BJIQKTPOHB}, W20 c>3Haqae'r cooraemcmaymmee yaemqeime HOpM8JIbHOH

IUIOTHOCTPI TOK8. Busezxeau yoszoana nozzoona K8'I’O.1IHOI‘O cnoa B o'rcy'r—

mane K Hpn Hammxm marmrmoro 1103151. Teopewmecxaa Monena pasp:=i~

gza Hnsazoro gxamezma <3 3aMa:HyTuM zzpeflqaom a.11e1c'rpoI-103, pea.mayxo—

meroca B Marnewpoanofi pacmmmenbaofi cHcTeMe c T ma

TBXHOJKOFPFIQGKOPO npnmeaemm maanasonom napamewpoa, nccrpoeua B

padowe £42] . Honyqerm OIXHOMSPHHB pememm, Olmcuaalomne napamempu

mama Ha paamrqrmx yqacwzcax paapamioro npomemyma: TBMHOM

npmcawomaom csxoe H BOHQ npmawomzoro caeqemm. Hocwpoena Me'ro,Im—

K8 p3G‘I8T8 BOJZET--EMIIQPHOH xapamepncwmcn paspsgxa. Kpome TOTO

rrpegmomena Mom-3-ma Bsanmogxeficmaxm zzomrcoa paonhmennoro Bemecwsa 1»:

padoqero rasa npmaogmmero K cmmezimo Keane:-rrpamm raga B oc$.nac'm

Karoxcaoro caeqenm PI pocwy paspszmoro Harrpmxemm. Pacqew BAX no

yxaaamaofi Monem TEK axe 1xae'r MOI-IOTOHIHO Boapacwamym BBBPICIKMOCTL

Up(Ip) cTat5I«:.:m8IIPYI€!I1yIocs-7 Ha yposfie 400-2-600 B rrpn IIJIOTI-IOCTH TOKB
0.04+O.I A/CM2, rrro y,11OBJ19TBOpI'ITeJIbHO comacyemcs c 9I€CHepKM9I-I-

TQM. B Tome Bpema BHBHBEGT comnemxe HJIOTHOCTB T0168 13 cTaLmoHap—

HON! panama (.210 0.3 A/CM2) , PIC1'IO.3'iB3}]BM8$i aswopaxsm .2113 cpaaaemm c

pacqewom.

IITBMBPBIIVIIO JIOECBJIEHHX XBPBKTGPPICTKK‘. ILHEBIVIH CTBIU/IOHBPHOPO P83-
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paga, TBKKX EEK HMQTHGCTB HEEBMH Hi H Bfi8KT§OHHEfi T8MH9p8Typ8

T 8 TQKKG PBEHSHBHHX pacnpexenefinfi BTHX H8p8M8TpOB B EKCHBJEHO9.

cnmmewpnqanx oncwemax nocszmex uemmfi pan paéow [43+451. Hanpnmep

B nnocxnx Maraempoanax cxcremax £43,441 damn nocwnraywu HfiOTHOC-

TH HOHOB ni2IO1O+3.5 I018 cM"3 K anenwpoanue Temepawypa 20+5 BB
Hpfi naenennax pafioqero P333 5 IO”3+2.5 Top GOOTBBTCTBBHHO. Gxema

axcnepnmeawa [43] npencmaanena Ha pnc. 1.8. Bennqnna MQPHKTHOPO

ROAR y noaepxnocwn MEPHHTB £OCTMPafl8 I600 Fe. B xaqecwse paGoqe—

PO raaa KOHOfibBOB8flCH apron npn ABBHSHHH 2.5 I0’2+2.2 Top. 3fleK—

Tpofiuaa H£GTHOCTb E Teunepawypa H3MepflflHCb 0 nomombm 30333. no

Tony Ha 3032 oueaena H CKOpOCTb npefima axexwponoa B Hanpaaneann

EXH. M03333 Temnepawypa namepanacb 0 nomombm aneawpocmawnqecxoro

afiannsawopa. Maxcnmaxbnaa 3fieKTpOHH8fi Temnepawypa Haoxmnaxacb B “;

odnaown npmmxammefi K can cncweua y HOBEPXHOCTH Kawoxa (2893).

MEKCKMEHBHBS nnowaocwb enexrponoz cocTaBn3ne 3.5 IO12CM_3 H Dana

opaBHHMa C HOHHOH HfiOTHOCTbm. O6HapyxeHo, qwo B oénacwu HepneH—

nnxyxspnocwn anexwpnqeoxoro H MBPHKTHOPO noaen OTHOMBHMB npen®o~

Bofl cxopocwn Vfl K Tennoaofi V9 ocwaewcz HOCTOEHHOH axons 2 M coc-

Tasnser 20.05. Bonaoaue HBMBp8HKfi noxasann, qmo V£=7.3 I05 CM/C,
TO ECTB Ve=I.5 I08 CM/C, QTO coomaewcwcsyew axexwpoanofi T8M9p8—

Type 2633. Mamepenna KOHHOK Temepawypu noxaaanm, qwo Ti:O.6+I.2

as, T.E. oTHomeHe snexrponnofi 1: HOHHOfi TeMnepaTyp oocmaanao

:.3+5 .

B anaxornqnofi cncweme npexcTaBneHHofi B paéowe £443 paspan

aaxnrancfi npn cnexymmnx ycnoanax: xaanenne p=5 IO‘3+3 IO"2 Top,

paéoqnfi ras — apron, Mawepnax KBTOEB — Mega, paspanaafi TOE 20.1

A. MBHCHMEHEHO mpcwnrxywue sneKTpogHaH nmornocwb H Temnepawypa

COCT8Bfl8flH2
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I. p=5 :0‘3 Top, neziflm 9253 , T8220 as
2. p=2 IO‘2 TOp, ne=5 1010 cM"3 , T825 33

TO BCTB HoBHmeHMe aaanexma Hapsny 0 pocwom monueawpaunn KOHOB

npnaonnm K cHnmeHxm BfieKTpOHHOfi Temnepawypu.

MCCfle£OB8HMH sasncnmocwefl Honnofi KOHueHTpauHH H aneKTpoHHOfi

T8MEepaTypH OT TOK8 paspana E HflOCKOM MEPHGTPOHB £45} noxasaan

npaxwnqecxu 9KcnoHeHuHaxbHHfi poem n£(Ip) H nanammym BBBHCKMOCTB

Zé(Ip), (pmc. 1.4) ogfiaxo yaxnfi HMBHBBOH TOKOB 50+I&D MA He

noaaomew c,z:eJ1aTL odxzme Buaomi. Tam axe I1'_pI»IBC>,115iTCFi pamxanbzme

pacnpexeneflna yxaaaunux napamerpoe, nonyqeanue soanoaumm n3Mepe-

HMHMH. Paonpenexeflne ni(r) nmeew MBKCHMYM B oonacwn Maxcnmyma

pannanbnofl cocwasnammefi mmmymuxn MBPHMTHOFO Hons xi Bapaxefiaufi

npoaan Bfloflh OCH CHMMETPHH BfleKTpOAHOfi cncwemn. “ v.'--

Bamnum Hapamewpom paapsna, Bnnsmmnm Ha ere BOflbT—8MflepHym

xapaKTepncTnKy, sanaewca Toxmnna KaTonHoro cnoa. Ho MHBHHD aera-

poa £463 saancnmocwb srofi Bennqnna OT Hapamewpoa paspnna MOEBT

o ‘ 94 '7 U1/ml?/5 £ 1 B asHT}: HPBJICTEBJIQHE B B35319 {U = . CM . pa GTE‘
““‘7B45

E473 Aexaewcfl EOHHTK8 Ha OCHOBG pemefinfi ypaaaefinfl flyacsoaa xxx

Eawonaoro ones 0 yqeToM namenena nonepeqnofi uoganmnocwn snexTpo—

HOB B MEFHHTHOM none paccqnwamb Hawozaoe nageane UK B 3aBncnMoc—

TH OT TOKB H Hanpaxenna paspana B Tnnnqaom gas MBPHBTPOHHHX pac-

HHAHTBMBHHX CMCTGM znanaaone napamerpos: Ar, B:700+I80O Tc,

p=IO” +IO“I Top, Up=250+6OO B. qncneanfie pacqeTH H nsmepeflna
aHepreTnqecKoro cnenwpa KOHOB noxaaann, qro Karoznoe nafieane

cocwasnaew 75+9O % or nonnoro paapaznoro Hanpamenna.

Oéaop HOHBHX MCTOQHKKOB Ha ocHoBe Marnerpoanux CHCTBM £48}

nogrsepmnaew Tnnnqflue napamewpu paspana nan Marnewponoa, padowaa
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mmnx, B cT3uneHapHoM pexxme, Hanpnmep A35 nnocmnx Maruewpoaos

nnanason nasneamfi oocwaanaew IO'4+5 IO”2 Top, Upzsoo B, Ip=D.I A
Fan pads? nocasmea paccMoTpeHnm paspnnoa B cneumanbfiux

ycrpoficwaax. Hanpnmep paapaznoe yCTpOfiCTBO pnc 1.5 {49,5D,5I3

npexoTaBn9eT cocofi cncwemy KB znyx nnocxnx xoxbuesux anexwponos,

Manny KOTOpHMH coanaewos oxaopogaoe saexTpnqecKoe none. MaPHHT—

Hoe none HMGGT KoH$MPypaunm THEE "AHTHHPOGKOTPOH" K cornacosano

C recmempnen amexwpoxos TEE, qwoaa B paspannom npomemywxe pagn~

axbsaa cocraanmmaa Br Guna Mamcnmanbaa, upnqem

——~———> Z; ——¥§——> d, rne
B B

8952: V 1"
rBr VZBZ

Z — mpnna 3nexTpon0B, d — PECCTOHHKB Memny sneKTpoaaMn. MaKcn~

Manbaoe aaaqenne BZ Ha OCH CKCTBMH npn z=O.I M cocraanzew 21000

To, a Maxcnmanbaoe sxaqenue E§, B nmocxocwn CHMMeTpHH.CEBTeM

coowaaxser 2350 P0. fiaxcnmanbaoe padoqee Hanpaxesne cocwasnsno

23KB.

B onncansou paapagnom ycTp0ncTBe B aaancnmocwn OT nasaenna

paooqero raga dune odnapyxeao Tpn Bnxa paapana: I. npn BHCOKKX

xaeneanax (npasaa BSTBB KpKBOfi Hamena) — CHflbHOTO§HHfi paspsn c

Hanpameanem ropeans cnafio Basucfimem or CHAR woxa; 2. npn naBne-

Hnax coowaewcwaymmnx oonaown Mmxnmyma Kpnaofi Hameaa, Honepeqnoe

MEPHHTHOE none oxaauaaer CHfibHOe axnzfine Ha Hanpameane M KpyTH3—

Hy EOflhT—8MHepHOfi xapaawepncwnxn (BAX); 3. npn ooxee HKBKEX

naBneHnax, Korna B owcyrcwame MQPHHTHOPO Hons paapan He aamHra—

erca, Hpyrzana BAX He seamen? or MEFHHTHOPO Hons. Meronom H3888-

xmero sonna xxx BCEX Tpex pemmmoa 0330 usmepeao pacnpexenexne

nowesnnana B Memenexwpoxnom aaaope. Ha pnc 1.6 HpefiCTBBfieHO

pacnpegzenexme IIOTEBIDIIEJIB 11118 CI*I.III:I-IOTOQI-IOPO pexmma FBBPHJIB. EH12-
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O 1 2 d[cM3

Pnc.I.5 Paapanfioe ycrpoficwao C Pnc.I.6 Pacnpeneneame noweaunana

Konbueaam aaexwponam B Haagpy flfifi cnnbnoroqnoro pemzma paspaga

HOfibHOM MBPHHTHOM none E50). Ip=5O MA, p=2 IO"1T0p €483.

UN} { UEV}
moo B150 ' mm 800 V” D CuI

' \‘D 70 PC .= D
500 E ° D \' Z" n n C’

In 9 3 :\$4O To 400 D O D
5'5’ ° 300 P0 ° .41 ” ~ 1’ E3

,Djyr*a

_ HA]
“__m___._¢___._ IZIIZZL, .___;__H._4.____4_____¢__

0 200 1500 IIMAJ ‘ 1 10 100 1000

Pnc.I.7 BAX paspaga B KB3npYHOflb— Pnc.I.8 Cnnbsowoqnnn pemnm

HOM MEPHHTHOM none (CHJBHOTOQHHE paspfina {S3}.

cwaunonapnxn pemnm) [SI].

U{B] ‘ 1 UIKB3 a

500 . " ' " ' 12 D .
E D :3 0- E] E} 1; D 1 D 0
D 3 B .

I a a a 5 D a o 0 n 9 Q2

at; 4: o o o a 0 0 9 u 1 6 Q 5
3 4 '

‘X X X X X D

x X 5 m 3
I{A3 3 I£A}

300 .._....____L..___....__..____1._._..__ 0 ___...____._L____.______L____..___.__.L..

500 1000 1 2 3

Pnc.I.9 Cmxbnomoqfiufi (a) M BHCOKOBOflbTHHfi (0) pemnmy {84+663.

a. I—AI', p=2 Icrerrop, B=€-3'70 re, 2—B=I36O re, 3~B=I8OO P0, 4,5-N2,
H2, cs. He p=I I0‘3wop, I—B=I36O Po, 2——B=9IO Po, 3—13=e'7o Po,
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HO, QTO 0 pocrom MBPHHTHGPO Hana OGfl8CTb Karozfloro nazeHH3 ZR

ymeabmaewcs. Haaecwno, QTO EX £33 aaomanbaoro Tmemmero paspsga

ymeabmaemca C pocrom naBneHna, noswomy Momno cqnwawb, qwo nma

CHJEHOTOQHOFO pexnma cTaunoHapHoro paspsxa yseflnqeame MBPHHTHOTO

Hana sxansanearxo ysennqeazm nasxennn paooqero raga. Karoxfioe

Hazeane nowenunaaa npn swom Takme YMSHEMEQTCH, Torga KBK anoznoe

nagenne cnado pacTeT c ysennvenne Br. Pasmep HpH8HOflHOPO 0303 He

saBmcMT OT Br_MayqeHne saancnmocwefi Hanpfimefins paapsna or TOK8

UP(IP
Haxnqne pemnmoa paapsxa BOflBT~8M9pHH8 Xap8KTepHCTHRH (BAX)

) £493 8 odxacwn OOflbmHX TOKOB {cTaumoHapHHx) nomasano

KOTOpHX npencwaanefiu H8 pno. 1.7 B odnacmn (pd) coowaewcwaymmefi

MMHKMYMy H Hpasofl BGTEH Kpnsofi Hamefia. Eng Ar swa odnacwb

npnnaxnexnw xnaHa3oHy naasefinfi 2 IO'1<P<2 Top. Ocodeanacwbm smofi

rpynnu xpnsax Up(I ) aansewca TO, qwo Hpyrxaxa BAX GU/GI K Han-P

pfiiflel-HIE POQGHIIH p88pfi,I{8 YMQHBHIBGTCH C yaemmeimem IIOIIBPBQHOH

OOG’I‘8BJIFiI0§118H HI'I,Z[YKI.B/I91 MBPEHTHOPO HOJIH. BJEPIHI-EDIE‘. MEPIMTHOFO IIOJI5!

H8 X8p8HT9pPICTId}C}I B BTOM cmyqae TBKOG $8 , EEK CHJIO QC)!-IBPYIKSHO B

cmcremax 0 HOHHM xawogom E MBPHMTHOM none £52]. Owmeqefio Taxme,

.qTo c pocmom Br Kpnwnqecxnfi TOK npn KOTOpOM paspax nepexoxnw B

nyry Boapacwaew H, Hanpnmep, B aaore npu Br2I4O Fe nyra He B08-

HMRBGT so seem xuanasone nsmepzemx TOKOB. B TQKQM paspsne pas-

BHBQDTCH Hnaxoqacwornue xonedaana, Kowopue B HBKOTOPHX cnyqaax

cTa0usn3npywTcH MEPHHTHHM Honem.

HpKMepoM craunonapuux xomonanpoaanaux oncmem, aanammcs

ycwpoficwsa [53], coqeTammne paspsn B nonepeqnom MBPHHTHOM noxe c

paapagom B nonom xawoxe. Boxbmaa Efl0THOCTb TOE8 npewnraewca npn

gaaneanax padoqero rasa cooweercsymmnx 9@®eKTy nonoro Hawona.

BO8MO1KHOC’I’I:> I'IOJI§"{€HH5i CKJIBHOTOQEIHX CTELLMOHEPHOPO paspszza
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npn ycnoamn coxpafiefima nocwawowao BHCOKOPO Hanpfixenna ropefina

(23OO+7OO B) 5553 nocnenosaaa B ycwpoficwae C npoémampoaafifinmn

HOEHMH anemwponamn, Homemegnumm B MEPHKTHOB nofle 0 KoH@MrypauHeE

TKH8 "AHTfiflpOOKOTpOH". Hpoqmmb anemwponoa coanazam c cnnoaofi

nnnnefi M3PHHTHOPO Hons, qTo odecneqnaano Baanmmym HepneHxnxynHp—

HOCTB snexwpnqecxoro H MaPHKTHoPo Hone Bdnnan xx noaepxaocwefi.

3cnoBHe Hepneafimxyxapnocrn nonefi Boxnan Beet nnsepxaocwfi KETOEB

npKBOxnT E odnerqefinm Hpoéofi H yBexmqeHnm TOK8 paapfiga. Paéoqxm

raaom HBflfiflGfi aproa. Hpn fl8BfleHHHX =O.I+ITop Guam Honyqeau CMflb—

HOTOQHHB cwaunoxapfiae pemxma paapzxa, xapaxwepncwnnn KOTOPHX

aaanornqnu nonyqeannm B ycrpoficwae c xMcKoBHM anexwponamm,

npnqem npn TORBX, npeBHmammHX IA, paapsg Gonee ycTofiqnB, qem B

ycwpoficrae C Hnocxnm snexwpogamn. Hpm Mccnenoaafinn aaancnmocrn

TOK8 paspfina OT gaaneana GHJO odaapymefio cymecTBoBaHne eme 0330-

ro cnnbflowoqaoro pexnma npn HKBKHX naeneunax. C ymenhmeanem gas-

nefins go IO"3 Top B Ar Haaxmganocb BHOMBRBHOE Bospacwafine TOKB

paspana Gas nepexoxa B xyroaon pemnm. Paapsn npn BTOM KOHueHTpK~

poaanca B uenwpe cneremu H TOE paapana gocmnrax 2 A.

Heoéxonnmocmb nosamenns MOMHOCTH paapsna H EQBHEGHHH nmoT-

HOCTH nxaamn norpedcsano npnMeHeHn3 nmnynbcnoro Kfifl EBaBHCT8HHO-

Hapnoro pexnma. Bacnepnmeawa, npoaenennne nan Marxewponnnx onc-

Tem pasnnqnofl reomewpxn, Hoxasann, qmo oymecraymw pemnmu pa3p2—

nos, He nepexoaamne B nyry npn aaaqnwenbaux Beanqnflax TOKOB. B

caepxnnornom Taemmem paspane, nonyqesfiom B yérpoficwae Tuna

"e6pameHHHfl M8PHeTpOH" KO8KOHaflbHOfi unxnaxpnqecxofi PEOMBTDHH

nocrnrnyw paapanflufi TOR I :70 A. npn Z] 2400 B, nnnwenbnocrbm
P P

3'XM1I.YJII:>CB "(SW50 MEG. HJIOTHOCTB HJIBBMH Hp}/I BTOM COCTSBJIHGT

mi:-.1012 (M3 (541 .
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Honxrxa noxyqesna oxaoponfiofi nnasmu c nnowaocwbw aEG13+IDI4

cM"3 C owpuaom BXBKTPOHHOH K MOHHOK Temepawyp c nomombm mmnynbo

Hero cnfibaawoqgoro paspana Tuna fleanfiascaoro £55.56] noxasaaa

BOBMOKHOCTE cosganns B TBKOM paspaxe nnaamefinoro cwoxoa C HflOT-

HOCTBE nizs I014 cM'3. SRCHBPHMBHTH npoaogunucb Ha ycwaaoaxe
"MHAP", npegcwasnawmyw codofi Ana ynanexuux Ha paccroaflne 2.4 M

xaroga, pacnonomeanux B npodxax MBPHKTHOPO nona npooxomzpoaa. B

ueawpe cncwemm pacnoaomeg Hoxbuesofi axon. Padoqnm rasou Hsnaewca

BOflOpGfl npn naaxennn IO‘1+IG'4 Top, Haqanbfioe Hanpnmeane 60 KB

[551 H 20 KB E56}, Hanpamennocrb MEPHHTHOPO Hons 25 are H 12 KPC

COOTBQTCTBGHHO. Ton paspana KMBA Konedawenbnan Xapaxwep c amaz-

Tynamu 60 H 20 EA H Bpemeuem EDHHOTO Bawyxafims 80 K 70 MC.

Hcnosns paapsza oéecneqnsaxn HOHMBEHHOHHYD xmmny nposera snag»:

Tpoaa saaqnwenbno MGHBYE, qem xanfia paapaxaoro npomemywza.

Enarfiocwnxa ocymecwafiaxacb nasepfiumn Mewonam, C HOMOMBD naonfiflx

303303 E no Howoxy HefiTp8fiOB. B pesyabwawe Hoxyqeaa M8KCHM8flbHafl

HOHHafl HfiOTHOCTb no nix? I015 CM_3 , onnaxo Bnexwponaas TeMnepa—

Typa B BTOM cxyqae He Hpesumana 1.3 BB.

Yaennqeane paapsnaoro TOKB BHBHBBBT nepexon axomansuoro

Tnemmero paspaga B xyrosofi, onnaxo Hannqne Heoxaopoxnoro aneur-

pnqecxoro Hflflfi, coanaaaemoro noxum xawoxom, TBK me EEK H Hannqne

nonepeqnoro MBFHHTHOPO nona, noaeonaew uoxyqnws cnnbxowoqnyw

deaxyroaym qnpmy, TEK Hasusaemufi caepxnnowaflfi paapax {57+603.

Ceepxnnowfiun paspax nccnenoaafics npn naanennn 5 10“ +1 Top B

nmnynbcnom pexnme npn Toxax no 2 EA H nmmwenbxocwn nyabca 50

MC. Yxasaufinfl paspan xapaKTepn3yeTcs anaqnrenbno doxbmen Hem B

anowanbnom Tnemmem paapzne nnomfiocmbm TOK8 =50 A/CM2, Hanpzxe-

HHBM ropenna 300+7OO B, ancnanbnofi cnmewpnefi caewsmeroca Ronb~
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ueaoro cmm Ha KBTOILE. Msmepemm pacnpegzemmm zmomocm PEOHEOFO

Tozca Ha nosepxflocm KBTOJIB £593 Hoxasam, two ocnoaaass 1:01:51 Toma

nprrxomawcfi Ha unmmxpnqecuym ncaepmocm IIOJIOCTK Karogza. Mezmy

rmocxmm sxexrpogama uepexozz memero paspsigza B caepxrmommn He

H8UJIIO,I{8E‘TCfl.

fipencwamaew mmepec cnocod nonyqema cmzbnowoqaux peeps-

gzoa, saycmoqaxosimfica B Hanoacemm H8 npegzeapmrexbao noHx«I:3oBaI-mm

P813 8 paspaguaom upomemyme zmI1y.zzb0a BHCOKOPO Hanpsucerms {€1,621

Mccaenoaaxme peazcmm onadowoquoro {(3.5 A) ctramaonapsoro meromero

paspsma 0 ceximomapoaammu "nomad KaTO,IiOM £62} B aproae npm 1153-

Jxemm p=IO"4+IO'I Top H8 mmymac BHCOKOPO Hanpaxcex-ma, nepeBog13—

umn paspsux B cmmzomoqmm (:10 200 A) maazanctrauxonapmm pexcrm

noxasano, ‘ITO npn Ixpelaumemm noporoaon amzmwymg (2 3‘ KB} H&G.!m-

gxazorca BHOMBJIBHHG pemm c xmwencnzanmm Koneoazmmm T0168 :4 Han-

pmxezma. CKJIBI-IO'I’O‘II-iafl qaopma B Hmmem xmanaaoue LLEBJIBHPIFI

p=IO‘ -2-10"?’ Top ycwanaamaaewca Jfldmb Hpn 8HOM5.HbHHX pemmax,

caaamaaemux amopcm c BSPHBEHMH HBJIGHMSNIH Ha KBTOJIB.

Ocociufi mrrepec IIpe,Z[CT8B.!I5§IOT nc:c.ne,1;oBaIm5 CILHLHOTOQIHJX n_

BHCOB‘.OBOJ1bTI-IHX pasnoanmiocrrefi I€Ba!3PIOT81IKOH8pHO1"O paspsma B crac-

TBMBX C aamcnywm H Heaamcnymm J.1;peX8113oM a.neK'rpoHoB B Heo,zm0po11—

I-IHX EXH rIc>.mx {68+66]. Ha pnc. 1.8 npezmwasnexm BOJIBT-EMIIEPHHG

xapawrepncmmm CHJIbHOTO‘!HOI’O pexmma, odnapyxiermorgfs rcoarccnaaxbaom

ycTpoficTBe C 3aMKHyTHM Jxpembom £68}. 3KC1'Iep}IMeHT8JibHbIe Kpmaue

yzxaaxocb ,I1OC’I’aTO‘IHO xopomo OIIPICBTB HCXOJIH KB npegmcmomezms 0

cymecwsoaamm OGCCTOJZECHOBKTEJIBHOPO K8'1’O1lHO1"D 0.31091.

Mccnenoaafima, cBsz3aHHHe c coagzarmem fiH}!<:€-I€TOpOB ma TH}!

£64-:-66}, noxaaasm, we B ycmponcwaax c Heo,zzHopo,z:;m1MH axcnanmo

CmM8Tp M8I’I-IPI’I’HHM PI SJIBKTPKHSCKPRJ IIOJIHMH yxzaewca 1'IOJIY'~18Tb
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Momflue (=IMBT) Bncoxasoxswane-H cnnbncwoqnue HMHYHLCHHB paapfiflfi,

KOTOpH8 nepexogsw B xyry npn snaqnwenbnnx Bexnunnax roxa. Paapaz

3amnrasca Memgy nnocxonapannexbnumm snexmponamm B nonepeqaom,

cnabaoneonmopoxnom MBPHKTHOM none unnnanpzqecxoro 3fleKTpOMaP~

HMT8, pacnonoxeanoro 3a Kawonom {nnocxufi Maruewpoa). HccnenoBa—

HHS fipOBOflHfiKOb B mmynbonom pemnme. Bpemengae xapaxwepncrunn

nmnyascoa marnnwnoro moan n TGKB paapaza nondmpanncb T8K, qwoou

Bpemena nameaeans Hanpgmeans ropenns paapana Guam anaqnwenbao

oonsme Bpemenn nonnsaunn n nexofinsaufin sapamenxux qacwnu B pas-

panaou npomemywxe. Cnmbaowoqaak paspan uconenoaanca B nmanaaoae

TOKOB or 5 A no 2 HA A35 paanxqnux xaanennfi p=5 IO“3+5 I0"2 Top

H335 rasoa Ar, N flmnrexbnocmb nmnynbca Toma npn ewom He2* 2°

npeaumana I00 Mme. Tnnnqane aon5T—aMepHue xapaxmepncTmKn.pa3ps—

ga npexcwaanexn Ha pnc.I.9a Xapaxwep aaancnmoown Up(1p)onnHaKoB

ans pasnnqfiux napamewpos p, d, B0 K pone rasa. Csaqana c pocmom

Toxca 1:0 HeKOTOpOI’O Kpmmecxoro snaqerms IKp25O A H.?zIIp5{}KeI-Iii?
P

MOHOTOHHO yaennqnnaercx H8 50+I0O B, aarem Hpn I >1“? HaHpHR8—
P P

HEB paapaaa npaxmnqecxn He aaancnw OT Toxa BHfl0Tb no 2 EA K c0x~

pafiaer nocwofinnym Beanqxay 300+5OG B, KOTOPBH cymecwseano B8BH~

cum 0? MaPHKTHOPO H033 H pone F833. Ymesbmefine Bennqnfiu Mnnyxunn

MBTEBITHOPO IIO.flFi Hp}! 38,EaHI-IOM TOKG I BHBHBEST I1p8KTPI‘I€CEPI JII{HeH-
P

H08 yaenqefixe Hanpsmefina H8 gmspane Up. Haxnoa npamon U?{B)

coxpaasewcn xxx pasnnqnnx naaneanfl, HO YMQHBEEETCR npn nepexoge

OT Ar K H2. Bennqnna {:9 npaxwnqecxn He seamen? ow MBPHHTHOPO
nuns. Owmewnm, qro B Ar cnnbnomoqnun paapzn ropnw npn 3HaqnTenb—

HO Gonbmnx Hanpaxennax qem B N2 H H2.

Owcywcwane BBBHCKMOCTK paspannoro Hanpnmeuna ow TOK8 Ha5nm—

gxaewcz TBKJKG B MOIICHHX YCKOPHTGJIHX C BSMKHYTHM XOJIJIOBCKHM TOROM
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-22-

£87,683. ¢0T0rpa¢MpoBaHne gmapsza EDKBBHBBBT, QTO {Xi BBHKMEGT

xonsuesym OGHSCTE c ymenbmammnmca caeqeanem OT KSTOEE K aaony.

Ha @039 nm®@ysHo pasmaworo caeqexns HMEBTCH Hpxoe onmopoxnoe

xonbuo, qwo oangewenbcrayew 05 owcywcwaun Konmpamuxn paapnna.

MBMGPBHHB pacnpezeaeana KOHHBHTFBHHH HOHOB no gmnmycy CHCTBMH

fisxaaann, qro Maxcnmanbaaa Konuefiwpauns HOHOB ysenxqmsaewca c

ni2IO11oM"3 npn TOKG paspnxa I =9 A go ni=IO73cM"3 npn I =IOO
P P

A; BO=IOOO Tc. 3T0, no Mefinm aswopos, yuaauaaew Ha Buooxym ewe-

HSHE IHOHKBQHHHI B CHflbHOTOqHOM :p8BpHfl8. HO-BHEKMOMY HPH TOKBX

2IKA flfl88M8 p83§flfl8 HOJHOCTBE KOHMBOBBHB. AHBJMB flpOCTp8HCTB6H'

Hofi H KHHeTHqecKofi cwpyxwypu paapaza noxaaam, qTo naBneHne raga,

KPH KOTOQOM CYMQCTBYBT CHflbHOTOqH8H QOPMB C KBBSHHGHTQEHLHHM

m v. W _

ofizemmum sapaxom pox y’ g 5: -E32753 , rne vi, vo — noHnaaumoH—1

H85 K flOflH8fl QECTOTH CTOHKHOBGHHH. KPH BTOM MEKCHMBHBHEH KOHHBH—

TPBHHB KOHOB nocwnraewcs Y HOB9pXHOCTfl KBTORB K QHCTPO CHBRBGT K

m vi eB_ d _ __
afiony. B npnxawoxnom cnoe z<dE—~5fi5B—, fi— Q yo m vi
gee? nonomnwenbxufi odaemnuz aapfin KOHOB. Axrnanas sona paapana,

npeoOna—

B KoTOpofi nmeew MBCTO nwencnenaa Monnsauna raaa K cocpenoroqen

O5$eMHHfl' Bapan 3£9KTpOHOB, 3aHHMaeT MecTo z>dK. B nepexouHon

OGXBCTK ®opMMpyeTcH KB83HHeHTpaflbHHfi 030$. Cqnwaa, qwo paapsxnoe

Hanpfimeane B GCHOBHOM oxnaauaaewca us KaTonHoro Hanefins
1/3

U =[—§——] G:/312/3 n Hanpameana Ha aKTnBHofl some paspnna ypaB—
K egg 9

Henna BonLT—aMnepHofi xapaxwepncwnxn nmeew BEA

1/3 ,, I2 {1~N./N >2
U =[“P§'“2‘} 53$/3128+ ‘g“'T2‘”"L"§”““2
p eso Zfi i/vO(2OviB)

Oraomeane Ni/Ne Momao OHEHHTB noflarafi pacnpenenenne norennnana B
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‘E V0 m vi 9

"V: eB

Ni;Ne — cpenfine aaaqefina Koauenwpaunn KOHOB K 8fleKTpOHOB, M;m —

BKTHBHOE SOHS paspaxa HapaOonmqecKnM Ni/Ne: Fae

M8085 EOHOB H snexwponoe, 20:9 1014 Q/M, B - cpegnee anaqefine

HHEYKHKH M8PHHTHOFO H035 B paapsfifiom flpOMS$yTK8. Ouenmn HOK83H—

BEET, qwo Ana Ar 8 BTOM cnyqae Uk=7GB, Aflfi H? 2208, 333 N2

UKz45B. Mnrepecflum CBOECTBOM cunbaowoqnoro paspflaa aanaewca

OTCYTCTBHQ aaancnmocwn xapaxwepncrnx paspana ow naaneaua. Mame-

pesna TOPMOBBHX .xapaKTepHoTnK 303392 Ha KBTOEB nouasaam, qwo

Oonbmaa qacTb HOHOB nonanaeT Ha Kawon 0 sfiepruefi He npesamammefi

I00 13 . Hpn Taxnx aneprnsx. HOHH He npon3Bon9T cymecwsennoro

pacnunenna n npeoonanammnm npoueccom cwagosnfca necopounfi raaa C

noaepxnocwn Kawona. Oxmn Monocnofi raaa Ha noaepxnocrn NBTaflfl8

“Q qacwmu M npn naanennn 2 5 IO”3 Top oGpa3y—cogepmnw 5 I014 cm

ewca sa BPSMBH8 2 IO”3 9, qwo snaqnmembuo Menbme cxaaxnocwn

EMYflbCOB TOR8 paspana. T.e. npn gecopaunn xowa 63 ID Moxocxoea

3a nfiwepaan BPSMQHK 2 IO"5 c odsem paspaxgoro npomexyrxa =30 CM3

Gyxew sanoxfien ,zo naenefina := 5 IO‘? TOp. Taxnm odpaaom Hpn

npeaumeann HeKoToporo Kpnwnqecmoro TOK8, Korna Konnqecmao naxam—

mmx Ha HOBepXHOCTb HOHOB B8 Bpemn a I/vi CT8HOBHTCfi nopanxa KOH-

uenwpaunn Monocnos, paapan ropnw H8 vase, neoopcxposannom 0

noBepxHocTn KaTona.B oéxacwm donee HMBKKX xaanesnfi P < PO paspan

nepexonnw B Bacoxosoxbrnun pemnm, 333 KOTOpOPO xapaxwepfio H8flpfi—

meune ropeaua B gecawxn KHflQBOflbT, a TOKK Ip zocwnramw HecKonb—

xxx necawxon ammep. Bnaqenne PO cymecweenno aasncum OT MarHnT~

HOFO HOflfl H Bmga rasa. Hanpnmep A35 Ar — PO 2 3 IO'3 Top, 335 H2

— PO 2 5 IO"2 Top npn B=IO0O Tc. Bun paapaaa onpenenaewca
3HaKoM HpOCTpaHOTBeHHOPO sapana B paapfinnom HpoMemyTKe. B
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emmae BHCOKC}BOJEI:THOI‘O paapazza TOE orpammex omemmm sapsmom

anempcmoa. no Mae:-mo amopos, ecsm Basmmaerr KB3131&HF3§’iTp8flbHOCTb

B paapsagzz-10:4; zrpomexcyme, TO paspazz cwafioamzcs cmbnoroqrmm, Hp:-1

ymenbmenxm Mammrraoro 110.115 BO paapsm racz-lei‘. 3170 amezme xapaxc—

Tepzrzsyewca peexm yeemmermem Hanpsxemm :4 o<3pHBoM TOK8, npm

zzoommefixm HEKQTOPOPO xpmnqecxoro Bnaqemm BO“? made samen-

mero or ,zgaBJ2e-1-ma M pone rasa. Teopma anozmoro ones my: Mame?-

poaoa [29+3.?.1 noxaamaaew, two rrpm ymemamenzmx MBPHHTHOPO mom,
1’ S

_; OB2KOHL'{€HTp8I.IVIFI «’3.3I9K'1’pOI-IDB B paapzmiom HPOMBRYTKG Ne = ,1} 5O

GECTQO YMBHHEBBTCEI T832, ‘ITO Dfpfi BO i5J'K*Il31‘€OM E KpPITYI‘ieCKOMy

pacnpexenerme noremmana CTBHOBHTCSI Howm mmemama <p(z} = 39 2
, me cl — Memsuzexrpomzoe paccwosrme. Mccnezzoaamm xapam-epnomx

ropeum BHCOEOBOJIBTHOPO paspsuza I1pOBO,H}1JI}&CE ma gmanasoaa ,z1;aB31e—

mm 5 IO"? -.- 5 IO'3 Top paammmx raaoa — Ar, H2, He; ma K8TO—-
zxcsa E3 M0, Al, Cu, Hepzsaaeiomefi cwaxm B mzxarsasone Mamsmrax 30319;?

no 3 RFC paapamme Hampfimemia K TOR}! ,Z{OCTPII’aJEH 30 KB 3)! 30 A

cc>oTBeTc'rBeI-mo. Ha pHC.I.9C'J IIpB,I[C'1’BBJ1eHH xapawrepane BAX anemo-

BOJIBTHOPO paspsuza. Sxcnepmwezmasxzaao yc'1'aHoB.n+3Ho, ‘-ITO Monmufi‘

BHCQKQBOMLTHHE paspsui meew orpaimqemmk manages Harrpamemui

ropexma [U‘;m;U'gaX}, Hg” 2 B3 'r.e. oucwpo yaemmxsaemca c poc-
TOM MBPEHITHOPO ncma, a Tame ammo saancwr or MaTepMa.na xawona.

U?“ Tame ammo BSBHCHT OT Mamepnana zcawgxa. Tex Mouznom
BHCOKOBOJILTHOPO paspagza npaxnmecm He sasncm OT nasnemm P1

Ema rasa, HO cpmbno aaaucm or Matwepnasxa HaTO,Z};a,‘iTO ylcasasaew

H8 TO, ‘ITO CPEJIOK CYSEEOTBOBEHHE p88p.Fl,Ix',8 PECCMBTQIIBBGMOPO TYIII8

HBJISBTCS B OCHOBHOM p8CI1IiJIflE!I3Cfi MBTSPHBJI KBTOJIE.
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1.2 Mewon nonyqeans paapsnos HKBKOPG gaanennn Ooxbmofl

Momnocrn c ognopegaofi cwpyxmypofi nnasma.

BOBMQKHOCTL coananns paspazoa Gonbmofi Momnocwn 0 ognopoxflofi

cwpyxwypofi nmaamu orpaflnqmsaewoa Hamnqnem pasnnqfloro EH38 Heyc-

Tofiqnaoowefi, npnaogammx K Koawparuposaanm paapaxa H uepexox B

nyroaofi pexum. Pasanwne neperpeaaofi HeycTonqnBocTn Tpecyer

npnmeflexue nmnynbcnoro nan Hmaancwaunoxapfiaro pemnma padowu 0

££flTeAbHOGTbB umnyabca, Menbmefi xapaxwepnoro Bpemean Harpeaa

raaa B paspannom npomemywxe. fins mconenoBaTenbcKKx K TeXHOfiO—

rnqecxnx uenefi KBa3HGT8HKOH8pHHfi pexnm HB3H9TCH upennoqwnwenbaum

acnencTBne omnnaemofl cwadnxbnocwn napamewpoa paspana n nmasmu B

Teqesne Been nmnwenbaocwn Hmnynbca. Coaganne cnnbnowoqnoro’

KB8BMCT8flMOH8pEOFO pemnma BOSMOEHO nywem Hanoxeana BB paspanfiufi

npouemywox npamoyronbnoro nmnymbca Hanpamenna, npnqem nmdo

nmnynbc MOEBT noxasawbcs H8 ycrpoficwso aanonnesnoe rasom go

Heodxonnmoro naanefina, nocne were nponcxognw npocofi H yCTaHOBfl8-

HHS Ksaancraunonapnoro pemnma; nndo Hmnynbc Honaewca Ha npoMexy—

TOK, sanonnennufi npenaapnwenbno cosnaaaofi nnaamofi C nanbnefimnm

pocwcm ee nmownocrn H yCTaHOBfleHKeM KBa3ncTaunoHapHoro pemnma.

flxnwexbnocrs nepexonnnx npoueccoa B anaqnwenbnofi crenenn aaancnw

OT npexnofinaaunn paapagnoro npomemywxa E693, npnqem npn ee

owcywcwann Bpems YOTBHOBHBHHH Hanpfixenna Ha paapaze cocwasnfiew

2100 H0 B sasncuuocwn OT aunnwyxu Hmnynbca, a B cnyqae npexBa~

pnwenbnofi uonnaaunu =IO8 CM_3 are BPBMH ymefibmaewcfi no 3+IO HG.

HMS ouesmu Bennqnxa H Bpemeax ycwanosnenna KB88HCT8ufiOH8p—

H03 fl£OTHOCTH naaam B paapannom npomexyrxe paccmawpusanacb

onenymmaa Banaqa {93}: Ha npensapnwenano HOHHEOBEHHHH P88 MHO—

BeHHo nogaewca nmnyxbc Hanpamenna npamoyronbnon Qmpma. 0npenen3—
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mrca BOBMOKHHE aflaqefina HHOTHOCTH Hnasmu H cxopocrx ee pocra B

aaencnmocwn OT aMflfiETYEH EpHflO$eHHOPO nmnynbca, gaBxeHn3 pa6oqe~

PO P888, K npennoansaumn. B HaqecTBe padoqero raga HCHfibEOBafiCfi

apron Rpm aasneann p=ID"I+I Top. B ocmem cnyqae npouecc HapacTa—

Hflfi KOHHBHTPBHEM BHBHTPOHOB B nmasme npn peaxom noBHmeHmH Hamps-

meanocwn snexwpzqecmero fiOflfl OHHCHBEBTGH fiennfiefiaofi cacwemofi

Kufiewnqecanx ypaBHeHHfi Gaxaaca, aflannwnqecxorc pemeana Kowopofi B

Hacwozmee Bpema He cymecwsyew. B padowe [E93 nocwpoena npnGxn—

meHHaH MOfi8fiE Haqanbnofi craznm Hoanaaunoaaofi penaxcaumn B nnaame

nmnynbcaoro paspsna unepwnux P8308 npn cpenanx naenefinsx. QcHoB—

HHS npnoxnmefina Monexm cflenymmnez I. Cornacae £893 npn cxaqKo~

oGpaaH0M nosfimeunn EVR1 Bpems penamcaumn qwaxumm pacHpexeneHHa

snexwpoaoa no SHGPFHHM anaqnwenaao Meabme xapaxmepnoro Epemeau

paaanwns noflnaaunn, noswomy Knnewnqecxue Kos@@MumeHTH snexwpoaoa

He aaancaw 3330 0? Bpemean H sanamrcz Qynmunamm napamewpoa

EVn1,ne/nq K copwa aromas [70]. 2. Ha cwannfi passnwnfl KOHHBEHHH

Ana sacexeaaocwn Boadymnennnx cocrosnnfi same nepaoro npaxwnqecxn

Bcerna Bunonflaemés ycnoaue KBB8HCT8HHOHapHOTCTE. fins HHKHHX

Mewaowafinmbnnx nan pesonaficnsx ypoafiefi npn coabmofi ponn nneaeuns

PI3JIY‘I9I-DIE! ITQH HBBHCOKPIX 71. BTO YCJIGBH8 MOEKGT HE! BHHOJII-If-ITECH.e

Hoawomy OHK osseznaamwca B oxnx B¢fiEKTHBHHfi yposeflb co cpennefi

efieprnefi K CyMapHHM crawncwnqecxum BBGOM. 3. Cpennas BHSPPHH,

gpen@oBas CHOpOCTb SfleKTpOHOB, daxaac enexwpefiuafi aaeprnn, KOHC—

TBHTH cpennefi cxopocmn BoaoymxeHH5 H nounaaunn awomoa BfleETpOH—

HM yxapem H3 ocnoaaoro H Boaoymneufloro COCTOHHHH Haxonawca c

nomombm qncnefinoro pemenns ypasfienna Bonbumana E71}. Ebxasaao

Taxxe, qwo poor CTGHGHM nonnsanuz 39 IO'4 npnaoxnw K cymecTBeH—

Homy HBMBHBHME Kmnewnqecmnx KOBQGMHHGHTOB anexwpaaoa. 4. Tax KBK
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_37_

B paccmawpmsaemom nmanasone SSE/n1s3O+4O Tn paaaoaecaaa CTBH8Hb

HOHHSBHHK cymecwseaao npeaamaew IO"4 , TO npoueccamn pagnaumoanofi

M TpOfiHOfi pexomonfiaunx MOEHO npeneopeqb. 5. Mcnonbayz fl3HHH8 0

EOHCTBHTBX odpaaoaaans Monenynspnax KOHOB H BKCMMBQHHX Moxexyn

£72], Momfio cqnwawb, qwo awn npoueccu He dynyw OKEBHBBTB cymecT—

BBHHOPO Bnnzxna H8 cmopocwb paaszwns xofinaaumn npn cKaqKo0Opa3~

HOM Hanoxeflun KOHH H8 GfiaGOHOHKBOB8HHHfl HH8pTHHfi P88 npn cpeznnx

fl8Bfl6HKflX n1<(5+7) I017 cM"3. Accounawnanaa Hofinaauns Mafia no

cpaaneanm co cTyneHqaTofi £72}. Hcxogs KB Bameyxaaaflnx npnymennn

npouecc noHn3aunoHHofi pexexcaunn M0330 OHHCBTB cnenymmefi snowe-

Mbn ypaaaennfi £693:
3 _-.,
n9

3? znfnefife + n2ne52e + n2ne5ew " V Fe
(1.1)

an

5$2=”1”eR12 ' ”2”eR21 ‘ n2ne5cT ‘ ”2”e52e ‘ ”2A21921 ' V P2

P39 ne, n1, n2 - KOHHBHTPEHHK anexwpofioa, Hefiwpanbuax awomoa M

awomoa aproaa B nepaom Boasymgennom COCTOEHKH COOTESTCTBBHHO,

R12’R21 — KOHCTaHTH OTOfiKHOBETeflbHHX nepexonoa 132, $19, 328 —
Koammmuneawu npzmon nonnaaunu c ocnoanoro K nepaoro B0sGymneH-

HOPO ypoanen, ECT — ododmefifiufi Koe¢¢MuneHT cwyneauarofi noHnea—

mun c Kaaancwaunoxapnux yposnefi (K>2), A21 — BQPOETHOCTB onen-

Tannoro nepexoza 2-1, 92,- Qaxwop Hflenenns pesonaacuoro many-

qefinfi; V Fe, v P2 — HOTOKH nmqqwann anemmponoa M BO30y$AeHHHX

BTOMOB. Pemeanem cucwem (I.I) B Oeapaamepuux nepemennux HBflfl~

ewes Bupaxenne Ana Koneqnofi sfiexwpoanofi KoHueHTpaunM

2

N: 9% + {c—d)H +x — bug — (c—d)MO (1.2)
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H n

M8 N: 5:0’. E; Ego; T:m7R12" 351:0‘ 0" ’”r=o‘I

“ea $29 3 fife . d: YDb= ; c ,
"1312 5:5 “i512

Mcxona H8 (1.2) H Bapaxeann Ann xapaxwepaoro Geapasmepfioro
2

., ,,,Mn. -" . - , - 2 .. cwd

Bpefieflh penfifiuaufih fiOa3€efi napamewy A = 5 ~ {hO+ —2— 3 , xapaH—
Tepnaymmmfl peer KOHHGHTPQHKK 9fl8KTpOHOB. flzanasoa are 3HaqeHHR

ymaauaaew H8 Haxmqne nsyx Bosmomaux mexaanamoa pocwa KoHueHTpa~

uxn anexrpoaoa B nmaame. B nepaom cnyqae A>O OCHOBHHM aaaaewcs

HPOHEGC OTYHBHq8TOfi HOHKBQHKH, HPH KOTOPOM POCT fl H8 H8q8flbHOfie

cwaxmn paaanwxs noanaaumonaofl penaxcaunn nponcxoanw oqenb Mez~

fleHHO, Ba cqew Taro, QTO cxaqana uzeT npouecc Haxonxefina aromoe

B nepaom Boaéymgeafiom COCTOHHHH, a aawem, Haqnfiaa C onpeneneflfiofi

xx Konuenwpauun npecdnazammefi CTBHOBHTCE Honnaauns ms nepaoro

Bosdyxnenxoro GQCTOHHHH, Basuaamwaa cxaqxoofipaanoe yseanqesfie

HAQTHOCTH 3fieKTpOHOB. Bo BTOPOM cnyqae A40, HO bHO+c > GSKOPOCTB

pocwa qncxa awouos B nepaom Bosoymnennom cocwoannn: onepemaem

CKOPOCTB pocTa Kofinexwpaunn 3flBKTpOHOB nmmb B Haqanhaun MOMBHT.

Ompenexammnm MQXBHMBMOM pocra KOHHBHTPQHMH asnaewca npamaa nonn-

sauna. CKOpOCTb pocwa Honnenwpauxn anexwpanoa B awom cxyqae He

npeaumaer cxopocwb Haxonnenns Bosdymzenaux ETOMQB n nponcxonmr

Gee spxo Bapamenfloro cxaqxa HflOTHOCTK 9fleKTpOHOB.B cnyqae A<O HO

bHO+c < d pocwa EOHHBHTPEHHK He nponcxognw.

Taxoe pasnnqne MQXQHKBMOB pocTa ne npnaonmw B Tony, QTO B

nepsom cxyqae K Momefiwy ycwasosnenna Kaasncwaunoaapnoro aflaqenna

ne, nepsoaaqanbnoe pacnpeneaenne snenwponoa no npocrpancway

(cwpyxwypa npenaapnwexbnoro paspaxa) CHfibHO Tpaficmopmpyewca qwo

M039? npnaecwn K xQHTparnpoBaHnm ‘paapzna. Bo BTOPOM cayqae

TSMC-1218 I Page 28 of 122



TSMC-1218 / Page 29 of 122

nepsoaaqaxbaoe pacnpenenexme Koauenwpaunn mamegaewcfi C3860,

Bcnexcwsne onpezeaammen poxn npfimon nosnsaunn, KOTOp8fi KneT M8fl~

nefino K paaaomepno no OGEBMY. PaCqeT £933 EDRBBHBEGT, qro nmfl

MBPHQTPOHHOPO paspana B aprone npm nasxeann IO’3+I Top, Hanyxunn

MBPHKTHGPO Hons no 3 ETC, aMflfiHTyfiH nmnyxbca HanpsmeHHa no 3 108

B peannayewcn BTOpOfi MGXBHKBM. Ouenxa npezeasao Aocwnmumon HflOT—

HOCTK zxnasmm ans Aasneanfi IO‘2+I Top nae? né=IOI3+IDI4 cM‘3.
Mmnnmanbaoe anaqenxe amnnnwynu Hmnynbca Hanpameana npn Kowopom

Boamoxex poem KOHHHTPBHHH nnasm npn p=IO’ +1 Top H Haqanbfiofi

nmornocwn anexwpoxos neO=IO8+IO9 cM”3 UfiMH=850+IOOO B. B cnyqae
owcywcwana npenBapHTeaLHofi noazsaunn (neozloi cM‘3 $030309 333»

qeane) Bpema nofinsaunonnon pexaxcauxn Momem COCTQBHTB no I mo,

qwo MO$8T GHTB cpaaanmo c xawexbaocwbm nmnynbca, KOTOp8fl orpa-

Hmqefia Bpemegem pasenwns Heyowofiqnaocwefi. Kan noxasasamw ouesxn

[93] npn £aBfieHHfiX no 5 IO“I Top, paapfin npeumymecwaefiflo HMQQT

nmifiwsnoaaan xapaxwep (npouecc zmfifiwaxn BfleKTpOHOB npeoénagaer

Hag OGEeMOfii pexomdnnaunefi), a npn ,E8BfleHHHX Gonbme 0.5 Top

MOEBT nepexonnrb B odsemaufl pemnm (npeocnazammnm cwauosnmca

Hpouecc odaemofi peuomannaunn). fins oéaemaoro pexnma xapaxwepao

BOBHHEHOBEHMB neperpeanofl HeycTofiqnB0cTn, KOTOp8fi MOEBT npnaecwn

K Hapymefinm onnoponaocwn paspana, ero Konrpaxunn c nooxexywmnm

nepexozom B ,nyry. Muxpemear paasnmna moHnaaunoHHo—neperpeBHofi

Heycwofiqnaocwn R umeew Eng {73}

_1 d In vi
0 = TT ——-———~—- ~ vT

d Zn(E7n)

rne vT — Bennqnna OOpaTH8fi BPQMGHH Baaona Tenna KB oémema, IT —

xapaxwepnoe BPSMH Harpeaa Paaa, vi 5 qacwowa zoflnsaunn, E/n —

O‘1’HOIIiBH}’I8 HBITPHJKEIIHOCTK BXSKTPFYQBCKOFO IIOJIR K HOHLIEHTPEIIHH H93‘?-
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panoa.

n0 T

{T :: —_2L
oz?

PR8 CP1 - TenmoeMMocTb raaa B pacqewe Ha oxfiy Monexyxy, T —

TGMHGPBTYPB P338, 0 - npoaonmmocwb, npmqem B pacqewe xxx

OflHOaTOMHOPO raga 0 = 2.53 Iflann 53- ; vaa — qacToTa 8fleKTpOH—
STOMHHX cTonmHoBeHHfi.

d In vi
yqnwaaaa, qwo -~————-~ 25+IU £933 noxyqea finxpemefiw

d Zn(EVn)

pa3BuTns Heycwofiquaocwn fi=IG‘3 c.

Heycwofivnaoowb, Busaaanaa cwynefiqarofl Koflnsaunefi (HoHn3auH~

oHHas Heycmofiqnsoowb) Bapamaewca B TOM, qwo sa cqew Meabmefi

sseprmm cassn 3fieKTpGHa B BO80yEflEHHOM awome pocw cxopocwu noHn~

saunn npn noxaabaom HOBHEGHMH ne MEET Gacwpee qem vine. Bro

npmaonnm K npeooxanaanm MBXBHHBMB yaennqenna me Hag gmfifiwsnefi H

pexoménnaunefi, qwo npnaognw 1c pacxaqxe npoxombxax Hoxecaxnfi B

Hnasme paapana. Mnxpumeur paaanwna Heycwafiqnsocwu £731

6 n R, n _ _
fl{= 2: 2 : rxe ngz 23%; . Ens n=Io‘7 cu 3; k,2=1o9; 52927 :0 5
xapaxwepnoe Bpema pasanwns HeycTofiqnBocTm COCTBBJEQT

13eyCT=IO"5 c :93}. 7
Bumeyxasannge HeycTofiqmBGcTn onpenefiamw Bepxnmm Ppannuy

Annwenanocwn Hmnynbca.

OAHHM H3 OOHOBHHX qmxwopoa, onpexenfimmnx nepexofi OT 0639M-

Hofi (aexonmparnpoaannofi) owaxxn ropenna EC Kananbaofi, HBHHBTCH

BOBHMKHOBBHHE nyronoro KaTonHoro nawfia. Kawogfine narna o6pa3ymT—

ca Korna EBTOGMHCCKH c oTnenLHux yqacmoa KaTona nepexonnw BO

Bspuaaym. Heooxonnmae Ana swore npouecca Hons Moryw aocwnrarbca
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ea cqer BHCOROfi xofinexrpaunn HOHOE B KaTOflHOM caoe npn doxbmux

HflOTHOCTfiX Toma B Qase oO$eMoro POp8EKH, 3 Taxme ea cue? 3apan—

KM HQHHHM newoxom oacnxuax nxeHoK n aarpzaaennfi H8 noaepxnocwn

K3TOflB [74]. yfiem TOKB aawoammccnn B Kamonnom cfioe npnaognw K

noxanbaofi HAOTHOCTH TOK8 Ha MHKpOHeOflHOpOflHOOTK B Bugs [V4]

_ ‘_ ‘E7 . _ -5 1JO-a.b{3EK e1p{ / SE; } , me cz—I.55 IO (3
b=6.85 IO7@2/3, w — padowa Buxona B 3B, ER — cpezasa HanpameH—

HOCTB anexwpnqecxoro Hons y nosepxaocwn KBTORE B/cm, 3 — epennee

3HaqeHHe Kosqfimuneswa ycnneana Rona; cornacno £74} @=4+8.

Ema cnyqaa MBPHBTPOHHOFO paapaza B Ar, ABBABHKH pmIO‘2+I

Top, Toxmnfia xaToxHoPo ones ZK=8 I55 CM, ¢m5 BB, 628, Up28OO B,
cpennaa Hanpzmenxocwb sxexwpnqecxoro H033 y noaepxnocrn Kawona

cocmasnaew Ek=3.5 108.3/cM,qTo coowaewcayew XBPBKTEPHHM BexnqH—
Ham nonefi npn KoTopHx Knew BBTOBMKCCHH E75}, noxanbnaa HXOTHOCTB

TOH8 0 MHKpOHeO£HOpOflHOCTefi cocraaxsew JO 2107 A/OMB, B TO Bpema

Kax Kpnwnqecxas HflOTHOCTb TOKE nepexoza aBToaxeKTpoHHofi emnccnn

BO B3pHBHym c oépasoaaflnem xyroaoro HRTHB cornacno £76} C0cTaB~

nae? jO2IO8 A/CM2. Teopewnqecxoe paccMoTpeHHe cwannofiapnoro
xamonnoro 0303 0 yqewom aamosmmccnn, a Tanme smcnepnmeawanbnoe

nccnenoaaane Koawpaxuuu oczemmux paspanos npoeeneao B {743. Had-

nmnaewca cnadoe yBenqeHne Kpnruqecxoro Toxa npn xowopom paspax

nepexoznw B nyrcsofi pemnm npu ymeabmenmn naanenna. Ana 10 Top

Kpnwuqecxnfi TOK cocwasnaew jKp=I8O A/CM2. Cpasnenne ycnoemn £71]
0 Bumeoxmcammm Marsewpommm paapsuzom rxoaaomew rrpemxononmwb,

qro Kpnruqecxaa UHOTHOCTB TOK3 nepexoga B xyroaofi pemnm TBK me
2

cocraansem 2100 A/CM .

MCCJI91IOB8HYIfi IIBPBXOJIQ KETOIIHOFO CJIO8 TJIGKJHIEPO IDBBPSJIB B
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gyrosoe HETHO H Bnnsflne Ha STOT npouecc COCTORHHE HOBepXHOCTH

axemwpoxoa, ncaegeflns nnaamegfloro cmoxda H npmanoxaflx OGHEOTEK,

H npyrmx Qaxropoa [78+8I} noaaonmnn ycwaaoanwa Ii Teopewmqecxn

oGocHoBaTb cymecTBoBaHne ycwofiqnaux oopasosaanfi C nnornocwbm

2, H8 flansmmuxcs nyroanmn HHTHBMH, QTO HOKTE9pK-TOKE go 300 A/CM

gaew BOBMOKHOCTB Konyqeana emnbuowoqnux Hexonwparnposauuux qnpm

PBSPHKB.

BHBOflH.

Ha ocaoae nposegennoro axannsa nydnnmaunfi no ceoficwaam

PBBOBOPO paapsna B HOHBPGWHOM M8PHKTHOM HOHB MOEHO CXEHETB

cnenymmue BHBOflHI

mmpomoe HOHOHBBOBEHHB E TGXHMKG Marnerponamx cucwem pacnH~

neama Mawepnanoa cmnmyxnpoaéno B nepnym oqepenb nccnexoaaaa

owaunoaapauz. paspagoa B cxpemeannx axexwpnqeoxom H MEPHKTHOM

nonax, ownnqawmzxcfl cpaBHzTenLHo MEMOH ygenbaon MOmHOCTbm. CBOfl-

CTB8 swofi Qnpm M8FHeTpOHHOPO paapana Hayqefln npcTaToqHo nonno.

B Tome Ep8MH caoficmaa paspsna B odnacwn nepexona OT MaPHeTpOH—

HOFO paapnna 0 pacwymefi BonbT—aMnepHofi xapaKTepncTnKofi K gyrosc-

My paspagy npaxwnqecmn He nsyvenu. OTcyTcBymT OGOGHOBBHHHS

sxcnepnmenwaasnue K TeopeTnqecKne zaHHHe, Hosaonammne onpenennmb

npenenbaue pexnmu M8PHeTpOHHOPO paapana B KOTOPOM Qyuxunonnpymw

Gonbmnncwso Texnonoruqecunx ycTpoficTB

Mccnezoaanna Momfiax nmnynbcfiux paapanon orpaflnqenu EOpOT-

KHMH mmrenbnocwamu Mmnynbca, cBs3aHHHMn c gmssnwnem HeycTofi—

qnsocwefi K nepexonom paapana B nyroaofi pemnm.

Mccnenoaanna noansaunonnofi penaxcaunn B cpexe znepwnx

F8303 K COHOCT8Bfl8HM8 BPQMEHK PSEKHHH P338 Hflfl HMBBM H8 HMYJBC
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BHCOKOPO Hanpfixefinfi C XapaKTepHHMK Bpemeflamn paaanwns H8fiCTOfi—

qnsocwefi yKa3HBamT H8 Bosmomaocwb cymecwaosanmfl ycTofiqMBax qbpm

Haasmzwaunenapfiore paspiuza B MBTHPITHOM none He nepexozzsmmx B

KOHTPEPHPOBEHHYE Qesy npn afiaqnweabfiux Bennqnflax TOKB, ooaqao

COOTBeTCTBymmHX gyroaofl OOfl8CTH Bomb?-amnepnofi xapaxwepncwnxn

TBKKX paspagos.

Busoxa H8 osaopa Anmepawypaax xafinax HQ8BOflfiwT c®0pMy¢ ~

BaTb OCHOBHHS aanaqn, pemexnm KQTOFHX nocasmefia HBCTOKMEH pace-

T8:

1. Upoeecwm nccsenosaams cngbaowoqxsx mopm KBaBfiCTaHHOHap—

HOPO paspana HHBKOPO naaneana B Marfinwnux noxflx pasxnqaofi KoH®M—

rypaunn. OHEBKBXHTB odxacwn cymecwaoaaxns K xapaxwepncruxn yua-

3aHHHx Qopm paapnna.

2.Bpon3BecTn onpenenefine noxanbflax xapamwepncwnx nxaama

paspana MeTonaMn nmynbcnon aounoaofi nnarHocTnxn H nasepnofi

nnwepmepomewpmn.

3. Mcxona ma EHSMKBE 3KCHepHM9HTaflbHHX naanux HORBBBTB

EOGMOKHOCTB ncnonsaoaanns nnasma cuabnowoqaoro paspzna gnz rene-

paunn HHOTHHX nnasmennux ocpaaoaannfl M KHTBHCHBEHX nowoxoa sepa-

KQHHHX QBGTHH.
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PEABA 2. METOHHKA M TEXHMHA BKCHEPMMEHTA.

2.1 SKCHBPHMQHTERBHBH ycTaHoBKa.

Bxcnepnmenwanbsaa yOT8HGBKa ans nocnenoaanna CHRBHOTOQHHX

iepm vassaero paspana B MBFHKTHOM H039 cocwonw H3 cxezymmmx

OCHOBHHX yaxoa H cncwem (pnc.2.I):

I. Paapsnaue ycTpoflcTBa

3. Oucwema npegaapurexbnofi noanaaunz

3. Cncwema MMHYflbCHOPO nnmaana paapana

4. Marnnwnaa cncwema

5. Banyymaa cucwema

6. Gncwema Meuepefina BOflBT-aMHepHHX xapaxTepmcTnx

paapsxa

7. Gncmema ofinxponnzaunm M aanycma.

8. Euarnocwnqecxne cncwemu

Paspfinnue ycwpoficwaa.

Bxcuepnmeswaxbane nccnenoeafina ¢¢uuunmma94uux ¢wwM/ paspana

HMBKOPO nasnexns B MBPHKTHOM none HpOBO£EfiKCb <3 mcnonbaosanxam

paspsxaax ycwpozcwa nayx Tnnoa — nxaaapfloro MBFHBTPOHB H cncwemu c

noxumn npognnnpoaannuum anexrpozamm.

Hnaaapnun _MaPHeTpOH npexcwaanaer cooofi owxpawym paapazaym

aqenny, cocroamym ms nxocxoro (Karen) K KOflBu8BOFO (anon) BfleKTpO—

nos, nomemeanym B MEPHKTHOE none HOCTOHHHHX KOflbH6BHX Mérnnros,

cHa6meHHHx paannqaumn Maranwonpoaonamm, nnasonamne MGHHTB pasmep

odxacwn Maxcnmyma Br. Bosmomnocwb perymnpoaaana nnxyxumn MarHMTHo—

ro nona y Hoaepxnocwn Kawoza oOecn3qnBaaacL ycTpoficTBOM nepeuemew

HPIH IIOOTOHHHOPO MEI’!-HIT8 OTHOCHTBJIBHO MEPHGTPOHHOH POJIOBBZH, 8 T314189
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PMc.2.I Bnox cxema sxonepnmenmanbnofi ycwanoaxn

I

83

‘<2U')U'|»$:CIJ
paspaznoe ycTpoficTBO

cncwema npezaapnwenbnofi HOHHBEHKH

cncwema HMHYEBCHOPO nnwanmz paspaga

MaFHHTH8H cncwema

Baxyymas cncwema

cncwema fiBM8p8HKH BOflLT—aMHepHHX

xapaKTepnoTnK paspana

cncweua cnnxpoanaannn K sanycxa

,I£'fi8I’HOCT‘I€ CKHS CPICTGMH
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V

 
Pnc.2.2 Paspaznae ycrpoficwaa.

a. nnaaapaufi MarHeTpoH

O. ycwponcwso C npo®nnMpoBaHHHM snexwponamn

I - xaTon, 2 — aaon, 3 — Maranwaafi cucrema.
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Hcnonbaosaanem nayx THHOB HOCTOHHHHX MBPHBTOB SmCo5 H NdFeB£ Pa3~

pan B TEKOM ycwpoficrae nmeew qnpmy Konbua M annexe npzxam K KaTO-

ny. Maxcmmananoe saaqeane nazyxumn MBPHHTHOTO HOfifi Béxnsn noEepx—

socmn Kawoza cocwaaxano ans SmOo5 Marunwa 800 PC, ans NdFeB — I200

Tc. Mawepuanem KaTona cnyxnnx qncwue MeTannu Cu, Mo, T1, a Taxxe

Hepmaaemmaa CTBKB Homemaeme Ha oxnamxaemym HOB8pXHOCTb. MaTepua—

now axons - Hepxaaewmaa CT8flb H axmmnnnfl.

yowponcwae 0 npoqmanpoaaannmn anexwpogamn HpeACT&BfifieT cocoa

Asa Hoax enexrpona, nomemeanax B Marfinwaoe none MOFOCJOEHHX

coneaonnoa, Bxnmqexsux Haacwpeqy (xoagmrypauna MEPEKTHOPO HOHH

Tana "aHTnnpcoxoTpoH"). Ownomeune Bennqunu Maxcnmanbnoro saaqefinz

uxnyxunn. MSFHKTHOPO HOflfi BmaX(z,D) Ha con cnmmewpnn CHCTSNEL 34.2

Maxcnmanbaomy saaqenxm Hnzyxunn MSPHBTHOMTO moss B nmocKoczn*cmn=w\i

,0 ~

Mewpun Bmax(O,r} cocwaeaano Bmax(Z 3/BmaX(0’r)~ 3. Benuqnna
Hnzyxunn MSFHKTHOPO Hons perynmpoaanacb TOEOM nawymea B npegesax G

— I000 Tc. Hpommxs snexwponoa coananax c npommnem ouxoaofi HMHKK

Marnnwnoro Hons, qro odecneqnnano nepnesnnnynfipnocwb EXB Hanan

B,I£OJIb HOBBPXHOCTH ICETQIXB, ‘ITO B OBOE oqepegzb IIOBBOJIHJIO l'IOJIy‘1’3*ITI:

~noHnsaunm padoqero raaa B Oonbmom odseme. Tamas Konmmrypaung noxefi

Hosaonnna cosuecwnwa cnnsnowoqnxfi MarHeTpoHHHfi paspzn c paapanpu 0

menu» xawogom. Ha puc. 2.2 noxaaana xoncwpymunn sxemeawoa K ysnos

paapaznux ycmponcwa H MEPHHTHHX cucweu.

Paspszaae ycwponcwaa nDMeman3ca B xnyxodaeuaym BBEYYMHYB xa~

Mepy. Baxyymnan cxema ycwaaonxn npexcraaxena Ha pnc 2.3. Baxyymaa

cncwema Bxnmqaew B 0863 I. Kamepy c paspanxmmn ycwpoacwaamn, 2.

mcep Ana ooecneqennz Anwepennnansaon ornaqnn xauepu aswznpodxo

wpoaa, 3. Bucoxoaaxyyuaafi H8000 TMH—500, 4. Azomnym noaymxy, 5.
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fl 10  

51 5
>4

 {V

L__1  

.  

Pnc. 2.3 Baxyymfiaa cncwema

1,2 — Bauyymnne xamepu 0 paspannumn ycrponcrsamm,

3 — perynnpyemaa nH¢®epeHnnanbHaa orxaqxa,

4 - TMEBOO, 5 — Benwnnb, 6 — asomaaa noaymxa,

7 — BHEI, 8 — H8T9KBT9fiK, 9 — ooaemu c raaamw

10 ~ JJMT-2, II — FM/I~2, I2 — 6M1IX4C
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Qopaaxyymmufi H8000 BH~I. Cosnaane HGOGKOflMMOfi P330303 cpexx B

Kamepe odecneqnsaxocb qerapbms nroxbqawamm HaTexaTex5M, coenHeH—

HHMM 0 c0oTBeTcTBymmnM PBBOBHMM oosemamm. KoHTpoxb Baxyyma H

cocwaaneane rasoaux cmecefi nponssonzncs B paenmqnnx xmanasoxax

xaBneHxfl 0 ncnonbsoaanmem Hpeofipaaoaawenefl HMM—2, fiMT—2 H 6MEX4C.

MMHKM8flbHOe nasneame ocwawoqaoro raga, oéecneqnsaemero Baxyymnofi

cncwemofi COCT3Bfl89T 8 ID'5 Top. Mcoaenoaafinz paspaza npousaoxnnmcs

B gnanaaofie naBneHufi ID‘3—IO Top B cpene pasnnqaux P8808 Ar, N2,

H2, He, SP6 K xx cmecefi.

Cncwema nnraana Kawymex MBFHHTHOFO HOXH nna paspaznoro

ycwpoficwaa I nosaoxaew nnnyqnwh gerynmpyemae TOKfi B Kawymmax B

npenenax 0-10 A C ypoBHeM nynbcaunfi M9386 1% H noaaonaer HBMBHHTB

TOR B KaTymKax K8K OflHOBpeMeHHO, TEE H B Kamzofi oTxenLHo (pus.

2.4).

Cnomema npexaapnwenbaofi Hounaaumu npexxasaaqeaa ans cosnaxna

Heoéxonnmofi Haqanbnofi Roaueflwpauxx nmasma (nO" 1O7~IO9 GM_3) B

paapaxxxx ycmpoficwaax. Ona cocwonw ma cwaunonapnoro ncmoqnnxa

IIKTBI-DIE, HOBBOJIEIBJHIGPO OOBRETL IIPEJIBEPHTBJILHHH p8BpH21 C TOKOM 120

.300 MA, npencwasnsmero codefi TPGXQQBHHH BHHPHMMTSAL 0 RD

¢MnbTpoM, KOTOpHfi odecneqnaaew HaHp3xeHne Ha sxexwpogax no 3 KB 0

yposaem nynbcaunfi Haupamenna H TOKQ <I%. Ynpaanenne ocymecwsnaemca

C nouombm TPBXQQBHOFO perynawopa Hanpamefina (pnc 2.5). Koawponb

TOK8 K Hanpsmennz cwaunonapnoro paspana ocymecwanaewca c nomombm

um$poBHx npnoopoa C Hpnmefiefiuem fiennwenefi H myHToB. MSMBPGHMH

xapaxmepncwnx CTBHMOHEPHOPO paapana npoaonnnncb c nomombm

nsyxxoopnnaamaux rpamonocrponrexefi H9807.

Kaaancraunoaapnaa cncwema HKTBHMH paapana Bxnmqaew B ceda

mcxycwaenfiym nnnnnym nnnnm, cocwoamym HE IS LC cexnnfi,
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Pm. 2.4 Cmrrema rm'raHH53 K8Ty‘I1}€-E Marmmacro H0113

(paapagmoe ycTpofic'rBo 0 npoqaxumpoaammrm sxexwponarm)

PHOI, FHO2, PHO3 — perymmopu Hanpmxemm,

TPI , TF2 —— nommazomne Tpaacziropmawopu.

PHT 131+ DE R If} H

 
P920. 2.5 Cncrrema Hpenaapnwemaofi Hormsamm.
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 L1

:1 .
L19; 0.39100 MKQ 3 KB

Lcoran §E__

P

H C8-I3

1+: cucmexe A V U )
Banycm ‘V; T650 ’: { P

2.: 03-13 Is... 3350 R450“ an
(2: 2 ->:< “F” “P2 :4 as 68-13

P = = (I ,
5:‘ A H K‘. P

3 H307

(Ucmau) R51 SM
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P920. 2.6 Snexwpmlecxas cxema yc'raHoB1m
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KoMMyTMpyeMym THpMCTOpOM T650—24, corxacymyw RL uemoqxy M BHGQKO—

Bonbmxyn .EHHpfiMTe£b 0 uaxammefi .X8paET8pHCTKHOfi TBMm~I3~2ZG~50.

Banyck flMHMK npofiasonnnca C saxanfiofi aazepxxofi OTHOCMTEHEHO Banya-

K8 KOHTpOflbHO—HBM€pMTeflLHGPO KOMfifl8KC8 OT reaepawopa P3M—6. HpKH—

unnnaxbnaa cxema ycTaHoBKn npexcmaaxena Ha pnc. 2.6.

Bsoop qacwowaux Hapamewpoa HMHYHBCHOPO MCTOQHHK8 nnwaans

npomsaoxnwcs B COOTBGTCTBHH 0 Bpemenem ycwanoaneanz

Kaaancwaunonapaofi nmowfiocrn nmasmu, 8 Teams <3 Bpemenem paaanmna

noansannonon K noHnBaunoHHO—neperpeBHofl Heycwofiqmaocwn. Mcxogfi %B

saancnmocwefi HoHn3aunoHofi penaxoaunfi ow npenaapnwenbnofi HOHKBEHKH,

nasnenns H amnanwyxu Hmnynbca Hanpameann pnc. 2.7 a,6, a

Taxme yqnwusaa , qmo Ana naaxeanfi go 0.5 Top Bpemefia pasanwms

MoHMsaunoHHo—HepePpeBHofi Heycwofiqnsocwn cocmaanamw " IO‘8—3.1D"8c,

a noanaaunonofl ID‘3c (933, Buonpaemcs HCTOQHMK, noaaonammnn

qnpmmpoaawb npfimoyronbaae mwynbcu TOK8 H Hanpfixeana <3 BPBMGHEM

HapacTaHnfi (nepenxmm ¢poHToM nmnynbca) 5-60 MES 11 flflHTeflLHOCTbE

nmocxofi Bepmnxu no I.5 MC. Amnmwyga TOKB Meme? M8HfiTbCfi no BKA

npn HBHPHKBHKK sapanxn AHHH no 2.4 KB. Xapaxwepflaa Qopma Mmmyflbca

TOEB A35 paanfiqxux Harpysox npnsenefia H8 pnc 2.8. £33 ymenbmefima

Efiflfiflfifl Hcwoqnnxa nnwanna H Hamepnwenbaux uenefl cwaunonapnoro

paapana Ha qnpmy n napamempu npamoyronbnoro Hmnyxbca, on ownenea

ow p88pH£HOPO ycmpoficwaa oPpaHnqnBammnMM COHpOTEBfleHHHMM Rorp,
oéecneqnsammme TOE yreqxn MBHBG 1.5 A (npn TOE6 paapsna ” 1.5 EA).

BpeMeHHHe aasncumocwn xapaxwepncwnxn nmnyxbcnoro paapzza

p8TKCTpKpOB8flHGb c nouombm sanomnnammnx ocunafierpagos C8—I3,

G8—I4, c ncnofihaoaaaxem KOBKCHBJBHHX myawoa, KOaKCH8flbHHX

desnaaozoqnux neflHTenefi HanpameHna H noacoa Poroscxoro. Bcnexcwnne

donbmofi nnnrenbnocrn nmnynbca TOE8 Hosea Poroncxoro Bunonxenu Ha
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time]

360 ° p=1 TOp

U=6OO B

240 a

:20 °

w 

102 104 105 108 neD£cM“3)

Pn0.2.7a SBBMCHMOCTB Moxnsaunoaaofl penamcaunx

OT npexsapnwexbsofi HDHHBBHHK

neO— HfiOTHOCTb snexwpoaoa B nxaeme

npezaapnreabnoro paapaxa.

7: {Mice}

I2 _3
D O — o - nee: IO CM

D u — neO= IO8cM"3

8 D p=I TOp

D

4 E!
Q o 0

D E}

 

400 I200 2000 2800 U{B3

Pnc.2.76 BEBKCHMOCTE Honnaaunonfiofi penaucaunn

OT 8M1'I.}E‘IT:{,IIH H?vfl'I:y'JI}':OHO1"O HEHPSIKBHHE

Ana paaxnqaofi npegaapnwenbfiofi HOHHBBHHK
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PHG.2.8 Ocunnmorpamu HMyflbCOB TOK8

I~RH=p; 2—Rfi=2 OM; 3—RH=5 OM

500 A/zen; 200 MEG/nan

 
Pnc.2.9 Penepawop paaaepmxn aoana
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qpppmwosfix cepneqflnxax K paOQTamT B nmanaaofle QECTOT 102-108 Pu.

Hocwpoeane BonbT—aMepHHx xapaxwepxcwn paapaga HpOH8BOflHflOCb C

Homombm cwaanapwnoro naxewa oépadowxn naflnux GRAPHER (IBM PC AT).

2.2 BOHnoBaa MeTOfiHK8 onpegefleflna HapaMeTpoB Hfl33MH H noHHax

HOTOKOB. T

Dnpexeneune noxanbaux xapaxwepncmmx paspaga, TBKHX KER BfleKT—

poaflaa Temnepawypa (Te) H nmownocwb HOHOB (ni) B nmasme paspaxa

npoaonnxncb C nomombm cTauMoHapHofi H nmnynbcaofi aoHnoBofi nnarH0c—

THKH. Paspan paccmawpnaaemoro Tana ropnw B afiaqnwenbaux Bfl8KTpK~

qecxom M MBFHKTHOM nonsx, ognaxo reomewpna MBFHKTHOPO HOflH B ooonx

paapsxnnx ycrponcwaax TEKOBE, QTO nossonxew Hcnonbsoaawb HMflKHflpH-

qecxnfi oxnHoqHHn Bonn Oe3.yqeTa BHHHHKH MBPHHTHOPO H033. KoHcTpyK—

TKBHO BOH£ BHHOfiH8H E Bfifle Bonh®paMoBoro CTSFEHE nnamerpom 0.6 MM, «g

c nnomaxbm owxpuwofi qacwn S=I6 M2, samnmefifiora Kepammqecxnm neo-

nswopom. B paspszaom ycTpoficTBe THH8 anwunpoéxowpou OH nomemancn B

ueawp pa3panHofi odnaorn Bgonb OCH cnmewpnn snexrpoxos qepes B8Ky-

ymfiufi Baon aaona.

Gwaumoflapuue 3oHnoBHe nsmepenna npnmenfixncb Ana oupeneneunz

napamewpoa npenzapnmenbxoro paspaaa C HQHPHKBHKBM ropeuna go 350 B

H TOKOM no 300 MA. Cxema nsmepeuna He oTxnqaeTc3 OT Tp3KHHHOHHOfi H

cocwonw KB perynupyemoro HCTOQHKK8 nocwosnnoro Hanpnmefins B5-50,

oznnoqnoro aouna K perncwpawqpa B Bnne nmyxxoopxnaamfioro rpa®o—

nccwponmenz H—807. Haupamenne nsmepzewca Henoopezcwaenno H8 soaze,

TOE — c nouombm myHTa Rm=IO0 OM.

Hpn nocwawoqnofi npocToTe K Haxemnocwx, craunonapaas aoanoaaa

xxarnocwnxa mmeew pan HenocTaTKoB. H HEM B qacwnoown ownocnwca:

CHOKHOCTB YCTBHOEKH Hyfifi HBHFHRGHHR B3 GQET BHKHHHH flBpBOH8Q3£b~

HOPO HOT8HHK8fl8 EEOJKPOEBHHOTO BOHLB; Heperpea BOHXB RPM COflbmHX
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Hxowfiocrfix Hnaam; HeBO8MOfiHOCTb fiCHOflb8OB8HMH xxx nnaraocwnxn

KMMYfiBCHOPO paapafia. B caasn c awnm dune paspaoowaaa K npumefiena

nmmynscaas BOHEOBBE cxema. OHa COCTOKT ms: I.oanHoqHoro sonna,

2,reHepaTopa pasaeprxn, 3.H3MepKTeflBHOPO xomxexca. Koacrpyxuma

sofixa H6 owxnqaewca OT BHm8OHHC&HHOfi Ana cwauneaapxax namepenfi.

Koacwpyxufia Pefieparopa pa3BEpTKfi HpeKcTaBfleHa H8 pnc.2.9. 000663-

HOCTH cnnbaowoqfioro paspana npenfiasnawm K reaeparopy paaaepwxn

BBCBMB xecrnne Tpeooaaana: I. Hpenenbao Maxoe Buxonaoe COHpOTHBfle—

HMS, 2. EOBMORHOCTB nponycxamb xayxnonapnan TQK no 50 A, 8. Han-

TeflbHOCTB nmnynbca Hanpzmexna B pemnme cnmbaoroqfioro paapsna He

gonxxa npeaumarb I00 MEG, 4. OH noxmen zonycxawb opraanaauxm Toqxn

semxenna Ha anone paspana. 3TH ycnoana He noaaonamw npnMe— H8TE

Tpaznunounue cxem nmnynbcuoro nnwaana 303309 Ha ocaoae smwwepaux

H HOTOKOBHX noaropnwenefi. He npencwaanaewca BO8MO$HHM Hcnonbaonarb

B Kaqecrae reneparopoa paasepmxn cxemu Ha ocaoae sapamammerocs nan

paspamammeroca Konneacawopa, Tax Kax xxx perncwpannn sa onao n3Me~

peHHe anexwpofiuofi E Honnoz qacwn xapaxwepucrnxn cxema zoamna umewb

Boamoxaocwb nnnaaawb Ha 3032 Hanpaxeane KBK Bsme , Tan H Hmxe

Howenunana Haonnpoaanaoro songa (wf), npuqem BO usoemaxne neperpe—

Ba, no Haqana nsmepeana, Bonn goxmea Haxonnwaca non norefiunaaom

K30flEpOBaHHOPO aoana. Mcxoxa H8 Bumensaoxeaaux Tpedoaannfi reHepa—

Top paaaepwxn npencwaanaer cocoa naa caaaaanux Konwypa (I - G

R
39

Tepfiuun Kamqamn VS1 H VS2. Banyan K uonnepmaane cnmncwepoa B

H?

VS1, on H II ~ CK, V82, Rm) ynpaanaeuue penennum nan enunc-

nposonamem cocroaxnn ocymecranaerca THpHCTOpHHM Knmqem, ®opuMpym-

mam CT¥H6Hb Hanpaxefinfi flflHTeflbHOCTbm, npeaumammefi nnnwenbaoéws

uunynbca cnnbaoroqaoro paspana. Bnnmqeane aanycxammero Tnpncwopa K

mamepzrenmaax ueuen nponaaonnwsoa c sananaumn aanepxxaun, oTHocn-
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Tenbfio OCHOBHOPO nmnyxbcaoro paspafia OT IeHepaTopa F8M—6.

Peflepawop pa3BepTKH paO0TaeT cnenywmnm odpasom: B MCXOflHOM COCTO-

HHKK Haxonxwenbnas EMKOCTB CH aapamaewca no OTpHHaT8flbHOPO HOTeH—

unana —mH, 3 odmaa BMOCTB ocoux KoHTypoB OK, no nonomnTenbHoro

HDTGHHKBHE @K OTHOCMTBRBHO afiona. Tax EEK Goa Knmqa VS1 M VS2

HaXOfiHTbCH B Henposoznmem COCTOHHKH, TO SMEOCTB 3oHx—aHoz 3apHxa~

ewcz no Howefiunaxa Q, aaancsmero OT nowenumana HBOHHPOBBHHOFO 303-

33. B MOMBHT 3aMHKaHHH Knmqefl (owxpawna TnpncTopoB) Hanpsmefime H8

aoane @; onpenenaerca, c yqewom anaxoa awnmn Tpemz nowesunanamn.

flanee, BMMOGTE CK, Banammaa Haupsmefine Ha sofine, HaqMHaeT 8ap3—

mawbcs OTpKH8TeflbHO, KBK 3a 099? TOK3 paapana HEKOHETBXLHOH eMKOC—

TH 1H, TBK K 3a cue? Toxa Ha soan. HapaMeTpu sneMeHToB cxem rege-

pawopa nonfinpanmcb B saancnmocwn OT omnnaemx 8fleKTpOHHHX H KOHHHX

HOTOKOB H3 BORE, onpegenfiemax Te, Ti, ni. fins flnaraocruxn npegBa—

pnwenbnoro pazapazza c omemaemofl HJIOTHOCTBEO HJIQBMH n1=1O8+1Om CW3

H Te 2 20 BB — CH=2 MMQ, CK=O.25MK@, R3=5OO OM, Rm=IOO OM. Taxes

cxema Hoaaonaem Hponycxarb nByXnonHpHHfi TOR 3oHna go IA, qro,

npeaumaew sxexrpoflxun H uoannfl TOK HacHmeHuH nan xaaaux TeMnepaTyp

M nnownocwefi.

flan KMMyflbCHOPO CHABHOTOQHOPO paapana ni2IOI4 CM_3 H Te=5—2

BB, ~ CH=6 M®, CE=I.75 Mm@, RB=IO OM, Rm=O. HoTeHunanH B odonx

cnyqafix Buompamwca ma: - 50 — 70 B, wxz 40 — 60 B. HflM~ TBHBHOCTB

pasaepwxn B STHX. yCnoBnax .COCTaBflfleT 20 MKC. MaKCmManbHHB TOE

reaepawopa onpezenanca B pemmme Kopowmoro samxaana H COCTaBflflfl no

40 A. Conpownafiesne RB KoHTypa I nonflnpaewcfi axcnepumenraflbao

ncxons ma Tpeéyemofi Bennqmnu HOfiOKflT8flbHOPO Buépooa HanpHxeHnH Ha

BOHILB B PBJKYIMB XOJIOOTOPO XOJIB. QCLDLHJOTPEMMQ I’IMfl'yJZbC8 HBKPSKBEIPIH,

qnpmpyemoro reaepawopom pasaepwxn Hpencwaanena pHc.2.IO. flan
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Pnc.2.IO Ocumnnorpamma Hanpnmefins paseeprxn 20 B/zen, 5 MEG/flefl

I ~ Pemnm pa6oTH oxema nag cnyuan, Korna noweauuan

HHBBMH EH38 anonaoro;

2 ~ Pemnm padowa cxemn gas cnyqafi, Horne n0TeHunan

nnasmm Bume 8HOflHOPO;

(a~6), (B~P) ~ paooqne yqacwxm H3 KOTOpHX np0H2Bo—

,Z{F£’I’Cfl KBMGPGHHFI .

 
PMC.2.II Cxema Honxnmqexna 3oHna~HonmeKTopa.
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oGecneqeHH3 perncwpaumn zsyxnonspaoro TOK8 Ha 3033 B Kaqecwae Knm—

qefi V81 K ‘VS2 HCHOflb8OBafiMCb repxonoase peae xxx cnMMeTpnqHHe

Tnpmcwopu, npnqem ‘B ewom cnyqae V82 mynwupoaau Bucoxoqacwowfium

nnogom.

Msmepnrenbnun Komaexo COCTOHT H8 nayx aanomnnammnx

oounnnorpamoa 08-18, myfira, qyscwamwenbaocmbm IOO B/A Hnn Hosea

Poroacxoro, qyBcTBKTenbHocTbw IO MB/A. Hose Poroscxoro Banoxnea Ha

Qeppnwosom cepneqfinfie H nmeew nonocy HpOflyCK8HHH OT 10 no I06 Pu.

Cnnxpofinsauna HMMYflbOa HanpHmeHHa Ha Bonn H sanycx ocunnnorpamoa

ocymecTBnaeTc3 OT Haqana nmnynbcfioro paapana c 3anaHHofi aanepmxofi

OT reHepaTopa P8M—6. RAH BBEKTH OT Haaonxn sanycx reaeparopa

paaBepTKK H ocunnnorpamoa ocymecwanaewca qepes pasxenfimenbfiue

Tpaacmopmawopn.

Ems namepeana pacnpenenna H$QTHOCTH manners nowoxa B£Oflb ecu

CMMMQTPKH paspanaux ycTpoficTB HBPOTOBfi8H 3OHfl—KOflfl8KTOp pHC.2.II

Bunonaeflflufl B Bane Kofluenwpmqecxnx Eonbuesux azenwponoa, Kamnafi ma

KOTOPHX padowan B gmmnme HOHHOPO Hacnmenns. C) uenbw,yMeHbmeHnH

ncxaxeuma afleprewnqecxoro cnexwpa KOHOB H moH~sneKTpoHHofi smmconn,

HOCTOHHHO6 cmemenne, Hozasaemoe Ha nnacwunu soaga Ouno Buopaao B

Haqane HOHHOFO Hacumennn (adnnan HOTBHHHBHS nsonnposannoro soana).

MOHHHH TOR Ha Bonn uamepanca myHTaMM B cnyqae cTaunoHapHoro

paspsaa H cneunaxbao HBPOTOBJGHHHMK noacamn Poroacxono B cnyqae

nmnynbcnoro paspnna.

Pacqem aonfioeofi exam

PacqeT B0fibT—aMHepHOfi xapamwepncwnxn renepawopa pasaepwxn,

nonammero Hanpaxenne Ha song, npon3BonnTca pemeanm ypaBHeHMfl KHpx-

Po@a Ana nsyx KOHTYPOB reHepaTopa, B Oflflfi H8 KOTOPHX BXOHHT neona-

zzyemaa HJIEBMS. JIJIH STOPO peanbnaa BQHJIOBBH XBPEKTBPHCTHKB HJIBBMH
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BBMEHFEGTCH H8 ynpomemym {pHc.2.I2} cooromuyzo 913 mayx mmemmx

yqacrmatoa, xapaKTepm3ymm:x cocwomme aozma B pemme nomaoro HacHme—

ma (yqacwozc I} 1»: B pemme COBMSCTHOPO rzpowexarmii 3J18KTpOHHOI’O H

140330300 TOKE (yqacwox 2):
+

Z

{gas (p3<{I+ IZEC }{pf
isflpsj = 1- £+T . (23)

_ §:(p3+i; cp3a{I+ 1:? ‘Ff
P218 53 - TOE Ha BOI-LIL, (Q3 — I:OTeH1z}1a.H somza OTHOCETSJEBHO C}1'IOpHOI‘O

S.HE:KTpO,Zia, igac - TOE-C KOHHOPO Hacbnaefiuz, (pf — IIOTeH11}1a.fl
naomrpoaazmoro BOPLZ18, ii — s.rzeK'rpoH1-mm TOR Ha so:-m,

COOTB8TCTByEmHfi Hyneaomy nowenunafly SOHKE OTHOCHT9fibHO Hfl88MH.%-

BBJII/£‘«IIrII-EH 11:60, (pf. 11, Mary? QHTL onpezxenemi axcneplmeflwaiibfia {B
STOM cnyqae paC‘I6“I‘ samewca npoaepoqims) mm <.'>HTI: Hpe,n;c'raB.neHH

I/ICXO,T.iH H8 I1p€',II{IO.)181"8€*MHX afiaqemm 9J2em'poHHofi Temeparypu Te PI

HHOTHOCTH Hi nccxexyemofi Hfl83MH

, _
F‘ 222*

. gag z 1-2 97255 T‘? (2.2)
2.7

221* “‘“

:9]. ‘\4 ._§— zn[o.7'7 //—-,-n——] (ma)

_ rg /RTE,
5T 2 -——— enis T . (2.4)

2.?

me S - mzomama 303213, m,M — Macon enexcwpona PI "#2033.

Bxszmaxeawnaa cxema refiepawopa up»: perzwrpauzm snewrpormofi

BBTBH so:-uzoeofi xapaxrepncwmm npe,zLcTaB.IIeHa Ha ;mc.2.I3 I/I3

ypaanermfl Hanerma Hanpmxemm 3,110,711: aamxuymx Komypoa I P! H,» a
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Tax me Gaxaaca TOEOB B ysxe I nonyqnm cmcwemy ypaeneanfi Ann

KOHTypHHX TOKOB i1(t),i2(t)

I 1 (t) + R d£’(t) + I [1 (:;+z (t3 — 0U; 7 “af“"" 0; 1 ‘ 2 —} ” (G 5}(J.

di2(t)

gg [i1(t)+i2{t)) + r —af~—— = 0

- Q _ - - ~ _ Q _
c Haqaabfiamn yCfiOBKfiMH UGH(0} u @H O, UCp(O} ~ mp

Mccnegyemaa nnaama BXOflHT B Hoawyp II B AaHHoM cnyqae KER HCTOQHKK

(9

3.E.C. co caenymmnm napaMeTpaMM s=—@f; r=- —§—
{T

Hpenedperaa HBBHBHKTEHBHHM E>KBHB8JI8HTHI:IM COHpOTHBJI8I-EIIGM, _BHOCHMHM

noacom Poroscxoro Hpl H TOKOM yweqmn qepes fl9flHTeflb Hanp£meHnH;

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

nonyqum BpeMeHHHe sasncnmoown TOKE H Hanpameanz aonxa go ero

IIGPBXOJIB B pB1i{Id'.M IIIOHHOPO H8CH}I£8I-Ilfifi

, 0 I 0+1 ‘B " bi? ‘51‘
{pa‘U=(9p’Cp‘_57‘RU;~;§3‘~[I_e ]+

I b+I 9‘? " i? ‘$2’

19 - bi? -5 t azo — to —@ t
ia”)=(G)’z‘320‘aI—;91*(b9"2=z§T»"J'92

P P

O O C}
¢ — @ , w

P29 1? = -§~R——9 ; fig — (T [I — $?~]
f (2.5;

C +CE C +GH
0:.-RCp§.§"‘ b =RCgB2——g.I:__
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0 +0 1- ‘ Z
Lu: 9 H _ T 4 T{ “p H Cp@f } + CPZHH QT

__I C/‘+03 Z;

8 pemnme KOHHOPO Hacumenna TOR Ha B031 npaKTnqecKn He BBBHCHT

OT noweaunaxa aoana, Hoswomy Bflflfififle nccnenyemofi Hflasms MQEBT Garb

UpeflCT3BfleHO KEK Bxfimqeane B KOHTYp II ncToqHHKa Toxa C

xapaxwepncwuxofi £3(@3)=i;a . 3EBKB3fleHTH8fi cxema HBMepeHKfi npnBe—C

neaa Ha puc.2.I4. BEBHCHMOCTB HOTBHHMBHE soana OT BPEMBHH B swam

CJWQBB PIMGGT BI/1,11

RC 0 -Q (:—x)
-‘r ‘M 2» ' - * .. 7w3;., @p{T) Cg;g; {z1(m) + 1330 C;§U;}[: e }+ 217)

+ igég {t—T)
{Jp+{JH

F228 i,1{’E) ~ 3Haqe2me TOEB B KOHTYIJS I K MOM81-IT§r' C=T gxocwnaxemm

TOKOM Ha Bonn Benmqnnn TOKE HOHHOPO Hacameanfl i3{T)=i;aC.

I £9 ~ bi? -51: at? — 5? ~52: (2.8)
i (I) = ‘ e + e
1 "RZL'gn-’” "R(7;)E)_"

88BKCHMOCTb or Bpemefin sofixoaoro TOKQ E pemume HOHHOFO HaCHm8HH3_

oTcyTOTByeT £3(t2$)=i;aC. Hpndnnmefino Bpema nepexoga Ha Monnym

BSTBB X8p8HT8pKCTfiKH MOKHO oueanrb ms paBeHcTBa @3{I)ugf.

Hpoaepoqflfln pacqew saamcnmocwefi Hanpaxeflna H TOK8 soflna OT

Bpemenn Ana omnnaemux Hapamewpoe nnaama c yqewom orpafinqnaammero

Bflflflfififi Bfl8MeHTOB cxemu reHepaTQpa z;aC=I.75 A, @f=—I8 B, i§=I2 A
I'£OH8{38JI K8‘IeCTB8HI-I09 COBHBIIBIHIB nonyqemmx BBBKC-HMOCTBH K 3KCII€p}‘I-
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3 I 3021,11

  
Pnc.2.I2 Moxexbfiaa aonnosaa Pnc.2.I3 Bxanaanenwaaa cxema

Xapaxwepmcwmma. reneparopa pasaepwxn npn

perncwpaunn aneKTpoHHofi

qacwn aonnosofl XapaKTe-

pncwmxn.

3 I 301-131

  
Pno.2.I4 Bmanaanenwnas cxema Puc.2.I5 HanpzmeHne pa8BepTKH

resepawopa pasaepmmn mpn sonxa; = ~ pacqew

perncwpaunn HQHHQK qacmn ~ ~ axcnepumeaw

aonxoaofi xapaxwepncwmxn.
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MEHTBEBHHX soagoaux xapaxwepncwnx, qro no£TBepxAaeT pa6oTocnoco6—

HOCTB renepawopa paaaepmxn H noaaonaew HpOHBBOflHTb Bmsop era

anemeawoa E BEBHCEMOCTH OT Bnna Hccnenyemofi nnaamm (pus. 2.15).

2.3 Efiyxmonoaaa xaaepnafl MBTOEHKE onpexexeHma

HflOTHOCTfi Hxaams.

Ema onpegenesns sneKTpoHHofi KOHHBHTQBHHH uxasmu cnnaaowoqaoro

KBaBHCT8HMOHapHOFO paspsxa B cxpemefiaux EXH nonax HCHDflb8OBafiaCb

znaraocwnxa Ha OCHOBB xayxmoxoaoro TpeX88pKafibHGPO He~Ne xa3epHoro_

HHTep®epoMeTpa 0 @TosneKTpnqecKofi pernowpaunefi {83+861.

B xaHHofi Mewoamxe HCHOflb8yeTCfi BSBKCKMOCTE

HBMBHBHMH Momaocwx 3fleKTpOM8PHfiTHOTO Manyqeamfi, permcwpzpyemcro

inronpnemfinxcm, OT Bexnqunu ®aaoBoro Hadera npn npoxomneann

nasepaoro nyqa qepea nnasmeaaoe o6pa3oBaHme.

Mewoa onpenenefins KOHHSHTPBHHM anexwponnofi EOMOHEHTH nnaema

OCHOBQH Ha sémexwe Koflxypeauxn amcmaxbfiux MOK B raaoaom nasepe. B

ere OCHOBB nexnw nnxefiaan BBBHCHMOCTB Memay MomnocTbw reaepaumn

naaepa H HOK388T8fleM npenomxefinfi openu Bnecennofi B pe30HaTop, qwo

HOBBOflfl9T npoaonnwb npocwym ospaoowxy p63yflLT8TOB H3MepeHnfi.

MBMGHBHHB Kofluenwpaunn 9fl8KTpOHHOfi HOMHOHBHTH onpenenHeTc5

Bupamefinem EQB;

ANe=AI1/(4.49*?O14*?\.E) £cm“33,

Fae An=(k/2l)x(AP/PmaX)*(§/(1/EL))
1

n3MeHeHne noxasawena

Hpenomneflns naasma, AP — HBMBHBHHQ Momnocmm reaepaunn, l,L —

COOTBBTCTBBHHO xnmna o6nacTn aaanmaemofi nnaamofi K nmnna

pesoaawopa, A ~ fianaa Bonmu nsnyqenna.

EHarHoCTnqecKnH KOMHfl8KC COOTOKT KB cnezymnx OCHOBHHX

CPICTGMT.
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1—pa3p3nHoe ycwpoficwao,

2~xa3epHHfi mHTep@epoMeTp,

3-cncwema npegBapHTenbHofi HOHH88HKK,

4—KMHynbCH8E cncwema nnwanna paspzna,

5—CHCT8Ma namepeaufl XBPEKTBPHCTHK paapaga,

6~cMcTeMa cuaxpoflnsaunn H Banycxa,

7~GflOK ynpaaneana nasepom,

8~cncTeMa perncwpauxn Buxonnoro nanyqeana nHTep¢epoMeTpa.

HOHCTpyKTHBHO SKTHBHBH qacwb nflwepqepomewpa M1~M2 COBMBCTHO c

Qowonpnemmnxom ®H BHHOJHEHE B EH29 ennnnoro oHTKKo—MexaHnqecKoro

63033 Ha ofimem OCHOBEHKH. OTxexbHo OT OCHOBHOPO Ofloxa pasmemaemca

owpamawenb M3. YnpaBneHne Memmonosum pacmennennem, a cnenoaawenbno H

qyBoTBnTexLHocTbw nnwemepomewpa, ocymecTBnseTcH ncaopowom qmaoaax

HflaCTMH $1 H Q8 OTHDCHTBHEHO npyr npyra B nnocxocwn,

”nepHeHxHKynHpHQfi Hanpaaneanm OCH mmwepmepomewpa. Gnaa ms

refiepnpyemxx naaepom Bsanmnoopworoaanbgux Mon aanaewca

onopHofi(k=3.39 MKM). Daa Bunensercs nonspnaamopamm H1 H H2 H c

HOMOMLE Qoroupmemnnxa nsfiyqenne naaepa npeospasyewca B snexrpnqecxnfl

.curHan, coowsewcwaymmmfi anexwpoanofi Koaueawpaumu nnaamu. Rpm BTOM

HBOGXOEHME E8CTK8fi CTEUHHKBEHKH flflHHH p83OH8TO§8, KOTOPES

ocymecTBn3eTca H8 BTOpOfi Mona (A=O.69 MKM}. qacToTa n EHTBHCHBHODTB

nanyqeHnH BTopofl Menu, Buzenflemofi HOflSpH3aTOpaM H1 H H2, nsmeaamwca

npx yaennqeann mam ymenbmefinn onwnqecxofi nanny npomemywxa Mexny

nasepom M BHHOCHHM owpamawenem M3, qwo smensaneurno namenennm

nnfiefifiofl _nnoTHooTn. BTOT CMPH8fl paccornacoaanns C Qeronpnemnnxa

H0cTynaeT B HERB odpaTHofi CBRBH, H nccne ycnnennn, noxaewca Ha

nzeaoxepamnqecxne Koppexwopu K1 E E2, Bo3BpamammHe Bepxaxa M? M M3 B

HOJOEBHHB COOTBSTCTEYEHBE H8q3fibHOfi KJHHB PBBOHBTOPB. TBKHM OCp38OM
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PHc.2.I5 Cxema gsyxmonoaoro nasepfioro Mfiwepwepomewpa

 
PKC.3.I7 Bnox nmnynbcnoro cmemeana.
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Hpon3BoanTca cfafiuxnsauna zmmnu pe3oHaTopa OTHOCKTeflbHO Mexaanqecmnx

Bnopaumfl.

Canxpofinsauna H BEHYCK nasepa HpOKGBO£KflCfi OT Peaeparopa F8M—6

onaoapemenfio C Hanoxennem H8 paapzgaan npomemywox npamoyroxbaoro

nnynbca Hanpflmenns H yOTaHOBfleHHEM KB83KOTaHKOHapHOPO pemnma

paspaza. BOHEHPOBEHHG aasepfium H3nyqeHneM HHBBMBHHOTO oépasoaaans

HpOBOflHfiOCb B TBQGHKB BCSTO BPEMBHH CYQBCTBOBEHHH CHflbHOTOqHOfi

p83pfi£8.

2.4 MMnynbcHoe cmemeane.

HCHOfib8DB8BKe cnnbnowoqfiax qmpm KBEBKCTEHHOHBPHOPO paspana B

nnocxom Marnewpoae M anwxnpooxowpone nan pemeans aazaq HBHBCEHMH

nompurnfi K HOHHO—CTKMyflHpOBaHHOPO Tpasxenna Mawepnanos Tpeoyew

qmpmmpoaauns KOHHHX HOTOKOB H3 HABBMH paspsza 0 33233303 aueprnefi.

Oueflxa MOHHOTO Toma Hacumeana

1+ /22 /25?
Has ‘* :5 9"zS/ TK;

rne S — Hnomazb Konnexwopa, no — HHOTHOCTL nnasmx, Te ~

9fl8KTpOHHaH Temnepawypa, M — M3008 KOBE nan cxyqaa ni s IU14CM—3

Hpn Te: 593 HOKa3HBaeT, QTO HJOTHOOTB HOHHOPO Toxa Ha Koanexwop B

BTOM cnyqae COOTBBKT j+2 2.5 A/CM2. Bongepmafine Howennnana

CM9m9HHH Ha Konnexwope nywem Hcnonbsoaanna OTfl8flbHOFO renepawopa

HEKHSTCH nocwaToqH0 cnomflofi 5rexHHqecKofi aagaqefi. BCBHSH <3 BTMM

paapacowaa cnocod nmnaqu Hanpameana cmemefina Ha Konnexwop

Hcnonbsya qacws MOMHOCTM Hmmyxbcfioro ncToqHKKa HHTQHHH paspaga.

Pasowa Gxoxa cmemeuna OCHOBEHE Ha nsmeaennn axsnsanexwaero

COHpOTHBfl8HHfi HJEBMH KPH Hepexone OT CTBHHOHQPOPO K CHRBHOTOQHOMY

HMHyflbCHOMy paspany.

TSMC-1218 I Page 57 of 122



TSMC-1218 / Page 58 of 122

Enox Hmnynboaoro cmemefins oocwonw H8 nocnegoaawenbaoro

HOfl9§8T€flEHOFO Kofiwypa I zi Koawypa Bapzzxn II {pus 2.9). Cxema

paéowaew cnegymmnm adpasomz nocxe negaqn Hanpxmeuxa OT mcwoqanxa

nnwanma cTaunoHapHoro paapzga nponcxonnw Hpoéofi paapsgnoro

npomemyrxa M o6pa3oBaHMe nnasmu, gocrnrawmefi Konaexwopa.

O£HOBp9MEHHO, qepea cGfip0TfiBfieHKe Houwypa aapanmm ROM KOflfl6KTOp

Tamme Hpxooperaem noweuuman Karena @K>>mf nomeaunana
K3OHKpOB8HHOFO gonna. B peaynbwawe Ha HDfifi8KTOp ycwaaaaxmaaerca

TOE KOHHOPO Hacameama zgac, K Konnexwop npnodpewaew nowexumafl

@H=@K~i2RCM (TQKQM aapagxm COM upenedperaem, Tax KER OH cymecwayew

TOXBKO BO BQGMH yCT3HOBfl€HKH pemfima CTBHHOHBPHOTO §33p3fl8 K

€+H80’

3OHflOBOfi XBPEKTQQKCTKKK cwaumouapfioro H CHEBHOTOQHOTO HMBYHBOHOPO

nanbaeflmero BHHHHHH He OEBBHEBBT), FEB €?z MCXO£H ms

owaunonapaoro pacapagza
paspsxa Buonpaem RCM T83, QTOGH I. RCM« fiaamfl 3K8MBa£eHTHDPO
.9 R 3.} mmzynbcaoro paapsma PR8 B =
N' CM" BBMH SEBKEBMBHTHDPO ’ H HJBSMH EEBHBBJBHTHOE

@ -0

= E — 8KBKB8fl6HTHOe CGHpOTHBfleHMe nnasma. Torga amnfimwyga
iH80

cMemeHnH Oynew OHPBABJHTBCH ROM H napamewpamn cwauuafiapaoro

paspaza n0 ; Te,

KOHEOBTBHBHOPO KOHTYPB ‘C YQBTOM fio H Te HMHyflbCHOPO p88pfifl8.

qaOTOT8 CMEMBHKH BHGHPBBTCH H8 ycnoaxa sapana KOflfl8KTOp8 A0

a qacToTa H aawyxaxne — qaowowofl H zOOpOTHOCTbD

HOT9HHK8fl8 HBOMHPOBEHHOFO BOHAB

T
T 8

@K—gfz 5 I i§aG(t}dt, FAQ C ~ BMKOCTB KOflfiBKTOpa.
O

OSOCHOBBHHE KOHKPSKTHHX Hapamerpoa CXBMH CMBMEHHH yxasaan

EH39 C YQETOM COOTBBTCTBYEMKX XEPEKTEPHCTKK p88pHfl8.
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I‘JIABA.3 OBJEACTB OXIIEECTBOBAEMH M XAFAKTEPMCTWBZM ’r{BA8M<3TAL{}/E43-

HAPHHX >CM.IFi:HOTO‘~1HHX PEJKMMOB PABFFUIA HI/IBKOID 1IAB.i'[EIH1/Efi B MAFHMTHDM

EOE PABJH/{‘iHOi7{ KDHQPTYPAIHKM.

Hpensapxwexbaafl paspan.

Cosgaane cmabHoT0qHoro, Ksasncwaumoflapaoro jpemnma paapzga

HHBKOPO naBneHn2 B MaTHMTHOM H038 nywem Ha£OEeHHH Ha paspannufi

npoMemyToK npamoyronbaoro nmnyxbca Hanpamenna Bosmomno gsyma cno—

oodamn I) Mmmynbc nonaeTcH H8 pa3pfi£HO8 ycwpoficwao, aanonaeafloe

P83OM 0 ero ganbaefimum Hpodoem H ycTaHoBneHMeM HB3mcTauMoHapHoro

pemuma, 2) mmmyxbc nogaewca Ha npomemywox, 8annmMeHHHfi npexBapn—

TenbHo coaxannofi nmaamon, nocne Hero nponcxonnw pocw KoHueHTpaumM

nnaamu H YCTBHOBHBHMB Ksaancwaunoaapaoro pemnma. Kan Hoxaaamr

oueaxn Beflnqnnn K Bpemeam ycTaHoBneHns HBa3ncTaunoHapHoH nnowaocwx

Hnaama B paspazaom yoTpoficTBe, a TBKEE sasncnmocmn cxopocrn pocwa

xonueawpaumn OT Hepaoaaqaxsaofi nnownocwn nmaamu [93] HpegnoqTn—

Tenbnofi Hanaewca nozaqa nmmynbca Ha nyezaapnwexbno Hoanaoeannafi

P83, npnqem cornacno Ppamnxam pnc. 2.73.6, HfiOTHGCTb npe§BapHTeflb—
—3

Han HEEBMH nonmna COCTEBHHTB n I07 - I010 CM . Mcwoqanxom TaxofiOz

npenMoHH8auHn MOKBT GHTB Bq—pa3pan, aaomanbaufi Tnemmnfi nan MaPHeT—

poHHHfi paapan, snexmpoaflufi nyqox, onnaxo ere BOflBT—aM8pHafi X8p8K~

TepncTnKa Up(IP) nonmna KMGTB yqacwox dU/dI«I TEK KBK mnaqe KpyTas
qacwb BAX orpaanqnw TOR qepes nxasmy npn HBHOKBHHM Mmnyxbca H8HpH—

KBHKR H, COOTBBTCTBGHHO, pOCT KOHueHTpaHKH Hnaama.

I/IC‘»CJie,I£OB8HZPI5i XBPZKTBPHCTKK OJEUOTOWHOPO CTSIIIXOHQPHOFO MSFHB‘

TpoHHoro paapaga B ycwpoflomae C upommxnpoaananmn sneuwponamn Ii
3

HflOCKOM MEPHETFOHG B nManaaoHe zasfiexnn IO‘ - 10 Top, uoxaaaxn

H8J'£?rI’~fi’Ie CTBIEIOHBPEMX p9§KI‘IMOB, O(5€CH€.*‘TfiBaIOi1IHX YCJIOBHFI POCTE II.}IOT-
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HGCTM. HEBBMH H Hepexoga paapsga E xaaswcwaunoaapaafi pexmm Rpm

HEROKBHHK KMEYHECB Banpsmeana. Ha pHO.3.I noxaaasu XapaKTepHH9

sasncmmocwn Hanpsmenna paspnxa QT TOK8 Ans aproxa, cmeoefi aprona c

ranoreaoconepxammmn aKTHBHHMK raaamm (SF6}, PBJKH-BOflOpOflHHX eme-

cefi B nnanasone fl8BfleHHfi IO"2—5 Top, nnanaaone MaPHnTHHx Hoxefi O~I

RFC, flpfi TOKBX CTEHHOHEFHOPO paapnga go 200 MA. Msmepeanz HOflTBEp~

nnxn Hannqne nByx impm cTauHoHapHoro paspsga B Ar £51] pa3flMqam—

mnxcz GU/GI, a Taxme noxaaaxn eymeowsoaaane afianorxqaux paapaaoa B

npyrnx FBSOBHX opexax (SE6, He/H2 cmecn, N2 H T.fl.) npn naaxeamax

no 5 Top. Cnefiyew OTMGTHTB, qwo BAX paapfina B CHCTBMS 0 HpO®HflHpO~

BQHHHMH snexwpogam H Hnocxom Maraewpone owxnqamwca Hesfiaqnwenbao.

M3 aHann3a sasncnmocwefi cnenyer, qro 0 Toqxn apenna Manofi KpyTH3HH

dU/dl Hamdonee npuemnnmam HBRHETCH pemnmu C E£yKHKEfl'M8PHHTHOPO

HOHH He Menee 400 To. Pemnmu 5'pnc. 3.1 HBHHETCE BHCOKOBOfiLTHHMfi

n oomanafi BHCOKKM SKBHBafleHTHHM COHpOTHBfleHHeM orpannqnaamr pocw

KoHneHTpauxn nmasmu npn nepexofie K KBSBHCTQHHOHBPHOMV pemnmy. M3

HpnBexeHHHx xapaxmepncwnx Bnzao, qwo £33 npegsapmweabfion Honmsaunn

uenecoodpasao HCHQflb8OBaTb pemnma C TOKEM csume 20 MA, qwoéa

HBOeK8Tb nepexonnax yqacrnoa Ha xapaxwepmcwnxax. Hewnn M cwynenn

Ha Xap8KTepKCTMKaX (xpnsaa 4 Ha pnc 8.13) cBa3aHH 0 nepexonom pa3—

pana BHYTPB nonocmn Kawona B ycTpoficTBe c npo®MnHpoBaHHuMn anem-

TpO£8M npn HMOTHOCTRX TOK8, cooTBeTcTBywmHX Hepemuxaanm oénacwefi

Txemmero oaeqeflns Baympn nonoro .HaTona. Hanpamenne ropenns Hpn

STOM nonnmaewcs Ha BennqHHy 2 100 B.

3OHflOB8H nnarHocTHHa napamewpoa Hnasmn cTauxoHapHoro paapafia

B uefipe CHMQTPKK paapaxaoro ycTponcTBa 0 fip0®HfiKpOBaHHHMK

8JI8HTpO,I£8MH B gmanaaone naanemm p=IO‘2-I Top, Manmmux none?!

B=O — I ETC 0 Hanpamesnem FOpeHKR no 320 B K TOKOM no 200 MA
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1(1) :D=17a/2’, 8=§K/E

.?.(I} P: 1’T0f=, B2 {:12

3(1) Praflfrap’ B==1'«=fE

-9 (1) p=0.01 rq58=£24w€

.5(1)p=a017q.o, 8&3-5

1(;7)p=0.0/7q0,8=0-7:5

2(1]) p=0.0'{?a,o, 3-asks: 
 

 

 

 

I [MA]

0 I00 200

8.

U {B} \ .17:-/SP5
\\

I000 ~, 1(I)p=1/mp, 3:055-/K/C“
\ 2 (I3/9=0.&’/rap, B: /x/Z:

(0; 3(1) ,0: -r«—-~ .5 = 0. 6»/a

530 4{I)p ‘—‘ """/ 8"0.4:=/"c.
 

/{£7),0=0.0'/rap,B =0. '7-cfc

 
 

 

I {MA}

0 I00 200

8.

He-H2

//I} /’=«/7v/> B==1x/‘c

.207 ,0 = 4'7Z7,o B30!‘-’/2
err) 3(1) p: .5-/a“’rap , 3= M2

950 ,?-''‘''''’= M) 1/0‘ —--—I/ 3.o.6m:
"’ 5(1) ~———/r 8 =é7.4x/Z‘

I {MA}

0 I00 200

Pnc.3.I BOJIBT-aMH8pHH€ xapazvrepncwmcn cwazmoflapnoro paapsma.

1 — paspszxaoe ycwpoficwao c  Bammm snewrpogzanm

[7 — mzaz-Iapazafi Mar*HeTpoH
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noxasusaem, qwo KOHHBHTQBEKH HOHOB E awom cnyqae gocwuraew nix

I011 cM"8 npm snexwpoanofi Temnepawype Te no 30 32. BTO yxasaaaew
Ha BOBMOEHOCTE nonyqenna B craunonapaom M8FH8TpOHHOM paspane 0

TOKOM 20.1 A HfiOTHOCTK nmaama, xocwawoqaofi nnz ofiecueqeama pocwa

HOHH9HTp8QKK HOHOB Hpfi HpKflOK8HHK KMHyflbC8 BHCOKOPO HEHPHKEHHH.

3.2 Pemxmu KBaanoTaunoHapHor0 paapsna.

CnfibHoToqHufi paspag Hccnenoaanca B mnpoxom nnanasoae TOKOB Ip
OT 5 A A0 1.8 EA 333 pasxmqnax xaaxenmn p=IO’3+IG Top raaoa Ar,

N2’ SF5, K cmecefl Ar—N2, Ar~SF6 pasxxqfloro npoueawnoro oocwaaa

(ID+9O % Ar), He—H2 (50/50 %) ; paanqnux KOH®Hfyp8fiKB (nmanapaoro

MEPHBTQOHQ H 8HTHHpOGKOTpOH8) H Bexnqnn MarHHTHHx ucxefiz B

peaynbmawe nonyqena BOflbT—aMHepHHe xapaxwepmcrnxm, zawerpanbnue

¢DTorpa$H caeqenns paspana, 30330259 xapaxwepmcwmxn HEBBMH pas-

pana, a TSK me yCTaHOBfleHO Hannqne H onpezeneaa MHTEHCHBHOCTB

HOTOKOB qacwwu KB nmaama paepsga. Aaaxns nonyqeflnux peaysbwawoe

nosaonnx ycTaHoBnTb cymecwsoaaane Hecuonsxmx pemmmos, pa3nnqammnX—

ca Haupamenneu ropenna, znanaaonom TOKOB, a TZK me cTpyETypofi

paspaga.

Ha pHc.3.2 HpezcTaBneHH xapaxwepxne OCHKflflOFp3MMH Toxa H

Hanpameuna Kaasncwaunonapaoro paapana. Ha ocunasorpamme Hanpamefinn

yqacToK I cooraewowayew Hanpameaum cwaunoaapaoro paspana {npegBa-

pHTeflbHafi HOHHBBHMH). Barem Ha yqacwxe 2a nponcxonnw Hanomenne

npzmoyronbaoro Hmmyxbca HBHPHKBHKS. Hpm swam HpOMCXOflHT pocw

Koauearpauxn nnaamw H ycmaaoanefine xBa3HcTaunoHapHofi naownocwu

(yqacwox 26 H8 ocunnnorpamme), B STD BpeMH TOR paapana BOBPSGTEGT,

HOCfi9 QBPO Hanpamenne H TOE ESBPHHB KOOTHFBET Ha KBBBHCTBHHOHBPHHX

Bennqua (yqacwox 3). Bpemz ycwanosxeunn Kaaamowaunonapaofi nae?-
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Pnc.3.2 Xapawrepaue oczmmorpamm -ro1ca(a) n

Hanpaxemm (CS) xaasncuzarmonapuoro paapana.

I80 A/.z!;e.vx, 50 mac/glen; I80 B/gen, 50 méc/Jxen.

I-crraxmonapmm paspsm, 2-—o6J1ac'rL ycwanomeana

Knasucwaxmunapsoro Hanpaxemm (a) H Homema-

ozmofi penaxcamm (6), 3—.mar1x::y3HH:a pemx.
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HOCTH COOTBeTCTByeT BPSMSHH noanaaunoaaofi penaxoaunn M cocwaanaew,

Hanpnmap ans paspaxa B Ar npn ypoBHe npexnonnaaunn ni21O9+%O¥?
cM‘3 :50 MRS. Kaxnaa Toqna BAX COOTBGTCTEYBT nape ocunnaarpamm

TOKB M HEHPEEBHMH. Haxnqne Heonnopoxnoowefi B Hxasme paapfixa, a Tax

me odpasosanze Hawognux HHTEH onpenenanocb ioworpampoaafinem pas-

pflfla Hflfi Bnayanbnum Haénmnennem c ncnonbaogannem ®HflbTpOB.

Bxcnepnmexwaxbnue BOflbT~8MM8pHH8 xapaxwepncwnxn KB8BMCT8uHO—

Hapaoro paspsma HKBKOPO nasneema B Mari-IPITHOM Hone I/IMBIOT tzempe

OCBOBHHX yqacwma o0oTBeTcTBymmKx ycrofiqnaum Qnpmam paspafla.

Tnnnvfiaa BAX paspsna B Ar npn naaneann 10"} Top H HHflyKuKH M8PHMT-

HDPO Hana 0.4 Fe Hpnaeneaa Ha pnc 8.3. Ha Hefi Buxenamwca Asa Knac-

cnqeomnx yqacwxa cooTEeTcBymmne I ~ MBPHETPOHHOMY paspzzy c TOKOM

go 0.2 A H HanpH$eHHeM ropeHn£ 260+580 B; 4 — CKflbHOTOqHOMy,'CEHmE

I 183 A, HKBKOBOXBTHOMY IO+3O B nyrosomy paapany C KETOEHHM HHT-

HOM. Kpome TOPO amcnepnmeawu noxasanu BOBMOEHOCTB cymecwaoaaana

eme zayx ycwoflqnsux qnpm KBEBHOTBHHOHEPHOPO paapfina coxpaxfimmero

nmgfiwaaufi xapaxwep nmaam H Kawoanoro C303 npz nnowaocrax Karon-

HOPO TOK8 anaqnwenbao npeBumammnx.‘unoTHocTL TOKE Knaccnqecxoro

Marnerponaoro paspana. B gnanasoae TOKOB O.2+I5 A. MMSGT MBCTO

cHnLHoT0qHHfi Marnewpoanufi gmapax (yqacrox Zn 0 pacwymefi BOflbT-

amnepaofi xapaxTepMcTHKOfi. OH oénaaaew cpaBHnTenbH0 BHCOEHM HaHpa—

zxemaem Poperma, B Manon cnytzae 350+5OO B. Hp}: TOKaX I5:—I{30O A

BOBHKKBBT cnnbnowoqnufi nmqfiwsnufi pemmw 8, BAX KOTOPOPO npencTaB—

flH8T 0060! npzmym napannenbflym can TOKE. Ero HBHPHKEHHG ropeanfl

cocwaanaer 290 B B0 BCEM nnanaaone TOKOB. HJOTHOCTL Kawogaoro TOKE

npn BTOM COCT8BflHeT no 50 A.

Gnenyew ormewurb, qro rpaunua pemnmoa MoryT cnnbno Bapbnpo—

BETBCH B 8-BBHCHMOCTH OT YCJIOBPIK p83pfl,ZI8 (HQHPHMQP JIBBJIBHHH, B8111’!-
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2

500.00 -1 X

3 x :
'3

400.00 T

:3 309.00 1

.2, :1‘

“ :30cx.o0 % -
IOOJX} *+————~E———*+w«,

at-x-32:96

0.C)D T"YTTHfi““”T“7”TTTTHT““7-7“TTTTfif‘“7

A
:"'A0.1 1 1:0 100 .1000

Pnc.3.3 B035?-amepxaa xapaxwepmcruxa xBaancTauoHapHoro

paapana.

Ycwponcwno c npocpxumpoaammmi snempogxamz,

Ar, p=0.I TOP, B=D.4 xrc.
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qnnu MBFHKTHOPO H933 H T.£.), HOSTOMY naxee pemnmu 2 H 3 paccMaT~

pnaanncg paaxenbno C uemsw onpegenefina odxacwen cymecwaoaaana no

TOKBM, Hanpameanm, naaxeanm, aexxvmae MBPHHTHOFO HOflfi gag Kamxofl

ma ymaaaasax mopm paapaxa.

Mcexenoaannn Bumeyuasaaaux pemumos npoaognfincb EEK E pa3pax—

HEX ycwpoficwaax THEE nmecxoro Maruewpoaa, Tax za B ycwpoficrae c

HPOQHKHQOEHHHHMH anexwpozamn K noxaaaxn BOBMOHHOCTB HX peanmaaumn

EH8 BBBHCHMGCTH OT TEE8 H ROHRpeKTHHX napamewpos paapazaofi Hqefixn.

Tunnqaae BOflbT—aMH9pHHe xapaxwepncwuxn cHxbHoToqHoro Marne-

Tponnoro paapnna npezcTaBneHH Ha pHc.8.4. Baonepmmeawn HPGBOEHEKCB

B nmanaseae gaaneanfi p=ID”3+10 Top vases Ar, N2’ H cmecefi Ar—N2

(IG+9O % Ar), He-H2(5O/50 %), MEPHKTHHX apnea Ebfl.4+I.O ETC. 8

Kaqecwse Mawepnana KaTona HOHOHb8OBaflKCb Cu, Ti, Al, Mo, HepmaBe~

wan CT8flb . flms ymenbmexna EHHHHKH cocwosnna Hoaepxaocwn Kawoga

H8 napamewpu paspana mponsaognnacb MHOPOKPSTHES Tpesnposxa ycTpofi-

OTB paapaxamm, nude oqncwxa nosepxfiocwn EBTOAE H KOflflBHTOp3 mnem-

mnm paapanom B aproxe. Xapaxwep aaancnmocwn Up{Ip} O£HHaKOB A39
paannqnnx napamewpoa p, BL, a Tax me pone raga, MaTepmanoa xawoga,

paapanxax ycwpoficwa K pasmepoa paapanaofi Q6nacTu. Hanpaxexne Ha

paapane MQHOTOHHO yaennqnzaercs c pocmom TOR8 go Heaowoporo M8KCH~

Manbnoro axaqennn U§aX25DO+IIOO B, saancamero OT Bennqnnu Hxzyxunn
MaPHHTHOFO Hana, page raaa H Mamepnana KETOAB no nepexoga paapaga

B pemnm 3 Han cpusa era 3 nyry. fina flfiHT8flbHOCTH nmynbca T no 20

MC‘ TOKH Hepexona nocwnramw 250 A, qro COOTBQTCTBYQT HHOTHOCTM9‘:

xawogxoro Toma 3225 A/CM“. Ymeflbmeflne Bennqngu nnnyxumn MBFHMTHOFO

Umax
P

TOPOPO BI-I8‘I\‘3HPIfi Hfillpf-I§K8HI’I5'i U3, I38BIrICH1B,eI"O TOJIBKO OT M1-3T8pIII8.H8

Hons npHBoznT K yaennueflum paapszaoro Hanpfimeann (BL) no HeKo—

Kamoxa K poxa P888. Hanbnenmee cnnmexfie Br npnnoznw I€ nepexony
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UIV}

U U U

1000 Q” I a anH
E

U I

8

I

X xxx: not at xv: at :2 xx xx
500 * x

D. + +>< +

+

I134]
 

O ?OO 200 250

Pnc.3.4 CxrI.IILI~1oTo=1HHt«! MBPHBTPOEI-llifl paspsm

:3 - xmaaapmm Mamewpon, Cu, p=5 ICF3 TOP, Ar

. — mzaaapmm MaI*He'1’poH, T1, p=5 ICF3 Top, Ar/N2 (80/20 as)

n: — rmaaapmm Mamewpoa, T1, p=I0'2 TOP, N2
>< — ycwponcwso c npocimmp. Cu, p=5 ICF2 mp,

He/H2 (50/50 95)

+ — anemrponamm Cu, p=IO"I TOP, Ar
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paapsma B Bacoztoaoxbmm pemm, xapamapflayzmmca Kpywma pocrrom

BAX Id MBJZHM (no I A) anaqermem paapsun-Ioro TORE.

Gumcex-me Marzmmoro H0315! no ypoama, dsmaxoro H aaaqermm,

oupenenamemy rzepexoxg paapsma B BHCOI€OBOJZIaTHHfl pexm, xapa3:Tepn—

syerca HJIBBHHM ysemmermem Hanpmemm HE paspsuxe c omoapemezmuu

VMGHBEIBEEBM T0148.

Mccnegmaazme pexma cmmaousotmoro MBPHSTPOEHOFO psapsma ma

mayx PBBJIWIHHK ,Z£KaM9TpOB pazspzzzaofi ooszacm IIJIOCKOPO Mamewpona

noxaaam, we BAX xaaancrazmofiapnoro paapsma He 3832051’: or mane’:-

pa odnacm max B1,.

CJ1e1Lye'1' OTMQTETB, ‘ITO npn Izepexozze B clmbnorolmym qzopmf pas-

psm pacnpocwpaxaewca Ha cymecwsenno GOJILEYD ociszacwb KETOJIB, ‘IBM 8

cnyqae cmaxmcmapnoro npensapmenbgoro paspag1a._. B. .c.nyI:ae rmoczzcoro

mamerpoua B aasucmocm QT szoacrpyxzwm M81"I~}1v!THOfi oncwem cmmna-'=

TO‘-II-ilifi paapsuz BEHPIMBJI moo Konbueaym 06.315011: EH9 orcpymocm ‘max

Br, JIHGO gmcxosym OGJIBCTI:-, orpaanqemiym oxpymzocwbm max Br, two

npn ooxpaaemm HOJIHOPO TOEE paspsma onpenesmno cymecwaermym pa3H11—-

11:; B HJIOTHOCTK TOKE, 0.2133140 I-I8 BHSCJIO paammm B xapamep BAX.

Xaparcrepxme mzoumoc-rm Toma njpn mom coo-ramsnow ma paapsma B Ar

3:-.4 A/cm‘? (Up=54G B, Ip=2.25 A), H ,-1225 A/CM2 (Up=5OO B, Ip=2I8 A).
HIGPOXOBETOCTB noaepxaocm KBTOJIE He 53.1139’:-ca oupegzemtmen ma

cym,ec'rBoBaHnH panama 2, xom B cxgyqae npmesenna Kawozzoa c i50.3IbiI10fi

mepoxoaawocrbm BGPOHTHOCTI: Izepexogza B nyry yaemmnaercs.

Ocodennocq.-mo paapszza B He-H2 cmecn B ycrponcwae c  -

posanmzmx e.ne2c'rpoz1am smnmeros Hamnme, B'1’OpOfi Lpopmu cxmm-Iomoqnoro

MSPHBTPOHHOPO pexnma c Hanpsxezemem Up:-_4OG+55O B, He aasucsmmm or

Toxa no nepexogxa paspsuxa B pemu 3.

Xaparvrepaon ocooemiocwbm pemaa 2 Hmzaewca HBTBHCEBHOB B8
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cqew Bucoxofi saeprnn H nnownocwn KOHHOPO nowoxa pacnunenne MaTepn—

ana xawoaa. Mmnyxbcfias CKOPOCTB acamnefina Mawepnana KaTona B nnoc—

KOM Marnewpone H8 ycTaHoBneHHHfi Ha paccwoaafie I20 MM OT xawoxaofi

MMEBHK 8OHfl—KOflfieETOp cocwaaxaew 2 80 MKM/MKH. (P88 ~ Ar, Mawepnan

=85A, U =90OB) npn nnnofl nmmwenbaocwn nmmynsca
P P

TOK8 25 MC. Msmepenna TOJMHHH HEHOCHMHX nonpuwnfl npouasonmancb c

Karoxa -— Cu, I

EOMOMBD pacrposoro anexrpoaaoro Mmxpocxona P9M—IOI.

MBMEPSHKH HXOTHOGTH nnaamn nis odaacwn ,npnaerammefi K KOflfl8K—

Topy , c nnmombm nnaaqn HMfl¥fibCHOPO sneuwpnqecxoro cmemeana Ha

Konnexwop OTHOCKTeflbHO anoxa noxaaann, qro flflfi pemnma Ip=6OA,
012 cm"3 0

U@=9OOB ni COCT3BflBeT =3'I
Xapaxwepnue BAX cnnbfioroqaoro nmfifiwanoro pexnma paapana xxx

pasnnqafix naaxeazfi, PBBOB, Mawepnanos Ka2o§pa,VuarHHTHax nnaen K

ycnosnn npegaapnwenbaofi nounsaunn npnaexens Ha pnc.A3.5+3;7 (pexmm

3). AH8flfiB BAX uoxaaan, 9T0 Hanpameune paspzxa cnado saancnw OT

reomewpmn H Hanpamennocwn MEPHHTHOPO flOfifi, a TEKXQ OT Mawepnaxa

K8'I‘Ol18 H coxipax-me'r uocrommym Be.IEN.‘m{Y U -_-'70+I4O B B gmanaeone
P

TOKOB I z5+I.8'IO3 A. Cymecrayew cna6aa, (E npenenax SOB), 3aBncn~
P

MOCTB ere om pone rasa. Rpm nepexofie B pexnm 3 paapnn pacnpocTpa—

HRSTCE Ha oymecwneuno oombmyx) noaepxnocwb Ramona qem B cnyqae

cmaunanapnoro paapsna.

B ycTpoficTBe c npofimnmposaxnnmm aaexwponam rpaanuu HSPGXOAB

paspflna B pemnm 3 xxx Kamnux KOHKPQKTBHX ycnoann onpenensmwcz goo-

TETOHHO qerxa, THREE KER H ycnoena opuaa are E nyrosofi paspax 4. B

nmocxom Maraempone rpafinua nepexona paapaza B nyroaofi pexnm 0upe—

nenaercs no coaoxynnocwn namenenns Hanpamenza Ha paspane H OflTK-

qecxnx nccnenoaannn. Han onpenenenna cmpyxmypu péapsna B pemnuax 2

K 3 Gun nposenea Kounmexc onwnqecxnx nccxezoaannfi.
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U {B} 3-

200

I.:><D.¢>Sou X bggoogloix 0x
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U {B} 6.
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"E°l>:§>(ElI° DE><Ib;<>.<D5X>(>B( DX4: :2 filo HIE!

I {A}

$.2____ 

0 I0 I00 1000 2000

Pnc.8.5 BonbT—aMnepHHe xapaxwepncrnxn Haaancraunoaapnoro

paspana. (paapazaoe ycwpofiewso c npmmampoaaaaum

‘3fieKTpOfiaMH) b

a — p=0.05 Top, padoqnfi P88 — Ar.

6 — p=G.I Top, padofimfi F28 - Ar.

x — B=I Krc, a - B=O.8 KYO, - — B=O.6 KPC,

. — B=O..4 RFC, ~ —— B=c2.2 are, + - B—-=0 are
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U £33‘ 3'

200

I00 * I n**DDnIrnD9=k§:§¥§*

I {A}
__________A___________L__~_“_____J_____L__

0 I0 I00! 1000 2000

UIB] o.

200

* ‘fig :33:
I00 aux ax

. I g:*.: Ii‘-*;fl:**$*

I {A}

______W___JWm__w_____J__________J_____L___

0 I0 I00 I000 ‘Z000

Pnc.8.6 BOflbT—8MHepHHe xapaxwepncwxxn KBasHcTauHoHapHoro

paapfina. (paapsanoe yCTpoficTBo 0 Hpo@HmHpoBaHHHMH

anemwponamn)

a — p=0.05, 0.1, I Top, B:-.1 zero, paooqxm raa — Ar/SP6.

O — p=0.05, 0.1, I Top, B=I Kfc, padoqnfl P83 — He/H2

n — p=0.05 Top, - « p=O.I Top, * ~ p=I Top
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U {B} , , 3'
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U {B3 C5.
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I I as 1: #0 It as
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* 

0 I0 I00 I000 2000

Pnc.3.7 BOflbT—aMHepHHe xapaxwepncmzxn unaaucwaunoaapnoro

paapsna. (nnanapnufi MQPHETPOH)

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

6 — p=0.0I, 0.1, I TOp, B=O.7 KYO, paooqnfi P88 — Ar/SP6.

u — =D.OI TOP, 1 — p=O.I Top, - - pal wop
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®0Torpa$MpoBaHHe paapnna ocymecTansxocb qepea Hefiwpanbno cepae

@MflbTpH c paaxnqnmm Koe@®HuMeHToM ocxaonefinfl. Excnosnuns K Qnxbwpa

nondnpaxncb TEKHM ofipasam, qwoéa mcxxmqnwb pernswpaunm msnyqeuna

npegsapnwexbnoro paspaga. M3 npmeexeanux (pMG.3.8) moworpagnn

Buxno, QTO paspax MMeeT ogaoponflym owpyawypy Rpm TOEEX go 225 K

I.5xIO3A COOTBGTCTBEHHO. Hpm yaenmqeflxn T038 caame MaECKM8flbHHX

snaqefinfi yKa3aHHux E T80fl.I, 2, KER fiflHT8HbHOOTK nmmynbca no 2+IO

MC, Haonwzanocb paagnwne Heycmofiqnaocwn H xouwparnpoaanne paspaza

. B naaaapnom Marnewpone nepexoz B pemnm 3 HpHBO£Hfl K pasmmaannm

Koxbueaofi cwpyxwypu Hp6flB8pKT8flbHOPO paapaza K pacnpocTpaHeHKw

Hnasmu H Toxa no BCEH nosepxaocrm Hawona (pHC.3.8). Hpn yaennqefinn

Toma HEM nnnwexbnocwn nmmynaoa B swom ycTpoficTBe Taxme Hadnmnanocb

pasanwne Heycwofiqusocwn c nocnezymmefi aoxaxnsaunefi nnaamm n BO3HH—

KHOBBHKBM oxxoro xxx HeCKOflhKKX Kawoxaax nswea.

Xnmmqecxxfi aaanna noaepxnocwn Hoanexwopa noxaaan owcywcrsne

ooamnenna Mawepnana K8TOfl8, qwo yxaaasaew Ha owcywcweme pacnnneana

KBTOHB .

3.3 Hpnmeaeane nmmynbcnofi Bonnosofi Mewonmxn gas onpeneneHna

Hapamewpos nmaamu K HOHHHX nowoxoa.

Onpexeneane flOK8fibHHX xapamwepncwxx paspaza, TBKHX Han

snexmponnaa Temepawypa H HAOTHOCTB HOHOB B nnasme paspnfia

nponsaoxnnacb C nomombw cwaunoaapnon E nmynbcnofi aofinoaofi

xnarnoownxn. CTQHHOHBPHHQ Msmepenna npnmenanncb Tonbxo ans

onpenenennfi napamewpoa Hnasmu npenaapnwenbnoro paspfina.

Cemeficrsa BOflbT—aM8pHHX XBPBKTEPHCTHK 8OHfl8 Ana paspaaa B Ar

npn p=IO'2+I TOp Up=3OO B, Ip=IOO MA B MEFHHTHOM Hone B=I KY0
nonyqeflfifle 0 nomombw TpaflMuKOHHofi BOHJOBOH MeToxnxn no3BonKAH

W0.
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EMc.8.3a Pemnm cmxbaowoqaoro Kaaamcwaunoaapnoro paspaga.

HnaHapHHfi MarHeTpoH

I. cnxbH0ToqHHfi MarHeTpoHHHH
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}'Mc.3.2~3a Peamma cn.nbHo'ro*~IHoro KB88PICTaU{HGHa‘pHGI’O paapazza.

rmanaprmfi MarHeTpOH

E3. cnnbaowoqxmfi mdrbcpysmzit

3. nyrogofi
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011 cM‘3 (npn gmsnnqsuxOLLBHIITI: IIJIOTHOCTI2 PIOHOB nizIO9+I
gamezmax) .

C LIGJILE} nposepm paoorocnocoénocm mmy.m;.cHofi Mewozzmm cane

cane ncuonbsoaana ms onpenenema napamewpoa mzasmn npexaapmeazir

HOPO paspsma B JMEHBBOHB B:-02-1 1-:}£‘c, p=IO“2:-3: 'I‘C>p, TOKOB .120 0.2 A.

Ms" nomqermm Izocme ncxmqemxa Epemem xapamepxcrmc cnenyew, two

sslercwpozaz-tax Termepawypa ms yxaaazmoro cxytzaa coc'raBJ1ae'1' Te:-20 9B,

3 Koauempaxma 2011013 ni=:.IOH CW3 . Howemman maomzpoaamoro 303.123

oxaaanca (pf-=20 B. C ymenbmezmeu zmnyxmm Marmmoro mom HBKJIOH
xapaxwepzcmnc yaemqrasaemca, two csmeremcmyew 06 ymexbmemm

TBMIISPETYPH aJ1e1-vrpoaoa, IIOTGHIIHEJI Haompoaamzoro 303113 Hpn 9'1-om

ysemtmaaewca.‘ M3 BBJIRFIIAEH normoro TOE8 Hacsmewa c.ne,z£ye'r, two

HJIOTHOCTI: KOEHOPO T0328 H8 303,1: B uenwpe cmmerpnn cnererm none’: "

,zzocmraT1:. 3-:-5 MA/OMB.

Omeqaewca xopomee coanagzerme Hapamecrpon npe,zzaapm'emoHoro

paapazm, fib'3fi*iemmx npn cwaunosapzm Ir! ' mmymaczmx nsmepemax, we

camewemcrayew 06 owcywcaun aamemnx Kczcaxemm, BHOCEMHX 303110302

cxémofi.

Cnezgyew OTMBTHTL, two ycrranomca some B uenwpe cmemewpun

szzempozzaoii cmzrerm, me rmnynuna MEPEHTHOFO IIOJIH passe Hyzm nos-

BOJIEBT Aansnenmym 4oc5pac5o'1*1<y H rmwepnpewamxzo peswzmaros IIpOK8BO-

,I5rITI: ciea ytzera Bmsama M81"HIiTHOI‘O Hons.

£MIy.nI=cHHe zsmepemm IIBPMSTPOB cnnmowoqnoro zcBa3nc:'rauaoHap—

HOPO paapsuxa nposomamcb B paapsmfiom ycrponcme c  Bammm

snexrponam mm gmanaaona B=-O-:-I KI‘c, =ID“I~z-I TOP, TOKOB paapazxa

310 I500 A B paanmtmam rasoeux cpenax. Hpensapnremsaa nomxaamm

co:3,zzaBa.zzacb cwazmoaapmm paapsuzom c women no 200 MA. Gmzxpomsauma

nogzwm mmynbca Ha 30:11: ocymecwazmsxacs c aazzepmcofi I00->500 MEG
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OTHOCHTSJIBHO Hatzasza mmymacnoro paapszza 'r.e. mamepemm Te H 722:

IIpOIvE3BO,I££flIJiCI:» IIOCJIB yéwaaoaaemia Ksaancwamaonapnoro pemma cxmLHo—

’I’O’~II-IOPO paapsuza. Xapamepxme ocxinmcrpamm *1-oxca 1»: Hanpmxemxs: sauna

(p=O.I TOP, B=O.8 KI‘c,,Up=9O B, Ip=36O-3900 A, padouzrm P88 — Ar)
npencraanem H8 pm::.3.IO.

Ho pesyszmawara aoxmoaux namepemm Guam upoaegzeau pacqe-rm

napaMeTpoB rmazsmu. Hoxyqemme saancmaocm not-It-1c>1& Komzefiwpamm B

uempe cncwemx OT TOK8 Kaasncrramonapaoro pazapsma B pexme 3 13 Ar

ma pasmwmx namemm H xmgxyxmm MEPBKTHOPO 110.213 ncxasuaam

I1p8HT’.K‘IeCKH mmefimm pom: momocm rmaamu c ysemmemzem TOK8

paspyma (pHc.8.II) H COCTBBJIHBT or (2-:-2.5).IDI4 CM-.3 npn TOECBX

35o+540 A no (I+I.5).IOI5 om‘3 npn TOKBX II00+:4=a0 A. Hanfiomamaa

nsmepermaa HJIOTHOCTB mzasmu CHJIbHOTO‘IHOI‘O nneimysnoro paspmza B Ar

nocmraew nia-1.5 1O15cM'3, rrpn aaemwpoimofi Texmepawype Te-4+8 313
2.219 TORE paspsma 1100 A, B=O.8 zcfc, po.—O.2 Top. HJIOTHQCTL momioro

T0838 Hacumexma H8 3031.1: B BTOM cmyqae GOCTBBJIHST jflaczll A/BN2.
Hadmezzaewca TEE -are poem Komxeawpamm HOHOB up}: ysemqemm .1:aB.neH1m

rasa E paapsgmom Hpomexyme, I£OTOpHfi conposomaaca yuemamezmem

snexrpomiofl 'reMuepa'rypH (pnc . 3 . I2 ) .

B paspsme B He-H2 czaecn Tascace Hacmmaewca pom nnomocm

rmasmu c pocwora TOKB, omzaxo Maxcmamnaa KOIELBHTPERKH Home npn

aaanommnux ycmsna (p=I.5 Top, B=£3.8 KPC, Ip=IIO0 A) COCTZBJIHGT
ni.~.2.4 m”cm‘3.

mm EHCOKIIX nasnemm rasa 9.nezc'rpoHHaa Be'rBL xapaawepncmm

cmxmaewca OT axcnoaemmanbaofi Ten CHJILEGS, ‘IBM dmme nowemman

OTPHHBTGJIBHOPO some K nowemmany mzaamu £82} , noawomy ms

onpezxediemm enexwpomofi Temneparypa PICIIOJIBBOBEJIEICI: ytzacma

XEPBKTBPECTEICK, COOTBBTCTBYKIIWIB IIOTSHIDIBJIEM, UJDIBKIIIM K }IO'I'9HI.B'!I8JIY
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Pnc.3.IG Ocuunaorpammm Hanpsmeann (a) n Toma (6) sonna

Kaaancwaunonapaufl paspax, xn®$y8HHn pemnm.

p=O.I Top, B=O.8 KPC, E — I =86O A,
P

2 ~ Ip=432 A, 3 — Ip=?2O A, 4 — Ip=900 A,
IO B/zen, I0 Mme/zen.

0.5 A/zen, Iomxc/gen.
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—3

81014 72% [CM 1
/

5 I014

4 I074

2 1014 //f“

I[A]

0

0 500 1000 1500

Pm). 3.11 Ppaczmlc aaancmmocrm rmomocm mzazazvm 0'1‘ ‘FORE paapagxa

(yc'1*pofic:TBo 0 HpocDn.m»Ip0Bam«mnm .’3.II9E€TpO,lI8MH}

B = 0.8 I<:I‘<3, AT‘

A - p = 0.5 Top

0 — p = O. 5 Top

X — p = 0.1 Top
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8 1014 Rt fCM_~3]

2 :0”

Bfmh}
 

0.4 0.5 0.8

Pnc. 3.123 Ppa¢mm BaBHCHMOOTH HflOTHOCTH nmaam OT Bennqnnu

Marfimwaofi nnxyxunn Ip=54O A, p=O.I Top.

6 Te £98]

5

4

B [K 0]

 _m*___*g

0.4 0.6 0.8

Pnc. 3.120 Fpa®KK aasncnmocwn Temmepawypu anexmponos or

Bennqmsu Maranwaofi Hnnymuun Ip=54O A, p=O.I Top.
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xazaomzposamaoro acme. B BTOM cnytzae comacno {823 mg

BOGCTBHOBJIBBEM e.rzeKTpc>HHon Temxepawpu zzozrycwxmo ncnoszbsoaame

METOJIOB pacqera napamempoa paspemezmofi magma.

8.4 Onpegenexme napamewpoa Imazsmu paapagza Me'I'O,Z{C>M mayxmogxoaofi

Jzaaepnofi nH'rep<:>epoMeTpIm.

Onpéfiexeme anefiwpomiofi Kanuempamm ne mzaama cmbaowomoro

maaszvxcmazmonapuoro paepsuza IIpOI&}iBBO,Z{}LIIGOb c ncnoamsoaarmem .naaep—

Hofi ,2Ifi8I'HOCTI4I<‘.IrI I-I8 c>cHoBe axwmaaoro Tpexaepxcaabaoro xzayxmozzoaoro

I’e.711£fi-HeOEOBO1"O Jzaaepnoro Jxasepnoro zmwepmepomewpa c npoc'rpaHcT—

Bemmm H Bpemenmm paspememlem 1.5 MM 3! IO MRO cooweewcwaemio

{88+863. Pafioqlm manaaoa mrrepqzeomewpa cocmaamew Iomsnelslols
cwfz, two B cooT:ee'rc'1=Bmz c aomxoamm mmepeamsmn yzozanewaopaew

ycnoamm axcnepmaema. Msmepezms npoaogmmcb Ha padotzefi gums

BOJIEH 3\=3.89 MKM, cooraewcmymefi Ommnemy mqupaxpacfiomy ,1maIIaso—~

Hy.

Msmepemm rzapamewpoa CILHBHOTO’-I1-lOI’O K8881-ICTaU3§OH8pHOI‘O paapsma

npoaommacb B paapsmaom ycwpoficmse c Hpoqmmpoaanmmm anemponamn

B rnanaaone naanemrfi p=5 IO"2—3 TOp Bemnm mizzyxmm Mammmoro

noun B=O,8-:—IKI‘c, TOKOB paspsgza Ip=35O+I.:«3‘IO3 A. Paficmm P83 —
apron. Gasosum ncmomemiem Jzasepfioro nyqa IIPHI-ImuIBJIOCb nmzomerme npn

KOTOPOM nyq Irpoxomuz tzepes uemp miaamennoro oopasoaazma. Em

onpenenezma npocwpaucmseimoro pacnpegenezma snenwpozmofi KOH1i9H'1'pa-

mm B psme c.ny<zaeB, HEIIPMMBP gma paspsuxa B Ar, 13:10’: 'rop,B=IKI‘c,

Ip=350+IIOO A Koopmmam Toqezc 3oH,zu1poBa1-um Bapmpoaamcb no pam-

ycy O’I'i-IDCJPITBJIBHO ocn axexwpoguaofi cmrremu. Bapemowpnpoaaao BpeMeH—-

Hoe mmexerme nmerpasibnoro (BJIOJIE BHUPEBHOPO Hanpamieflns 111300339-

msanna) BHEQBEHB onrmecxoro noxasawens npenomemm E zmasme,

OCHOBHQR BK.na,z1 B KOTOpHfl BI-IOCPIT peqapaxlma H8 csooommx anercmpofiax.
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Crxamennse saancnmocrn aaennofi Koauearpaun snexwpoxoa nel B

nxaame cunanowoqnoro nnqqwafioro paapaxa OT paanyoa nnasmesnoro

odpaaosaana npnaenesu-Ha pnc.3.I3 Crnaxnaafine npoussognxocs MeTO-

non HBHMBHLWMX Kaagpawoa nan ymenbmeana norpemfiocwn npn ganbaenmefi

ocpadowxe pe3yflBT8TOB.

BoccTa3oBneHHe npocwpancwseanoro pacnpegemeana anexrpoanofi

Koauenwpaunn ne nnasm flpOfiBEOAH£OCb 0 nomombm HHT8Fp8flbHOPO

npeodpaeoaaxna Adena Mewoxmu flnpca [89+9I3. B BTOM cnyqae sanaqa

onpeneneana npomxa aaexwpofiaofi Kofineawpaunm @{r) csoxxwca K peme—

HEB nnwerpaabfioro ypaBH8HHH Aéena :

T

t<y>=2«I{3[<<p<r>sr>/-53-?H) Lair . me...
3

r0 — pannyc nmasm, y — xapaxwepuoe npnuenbsoe paccwoaxne, f(y) —

cymuapnoe Haxyqeflne KB paaxzqfiax axemearoa nxaamefifioro o6pa3oaa—

HES, pacnenoxensux axons onaon Xopnu. Pemenne ypaaneans Adena

HBBSGTHO;

r
0 -—--~—-

<;><r>=~<mm_f [r'<y>/(ye-r 2> Mar.
1'

Onaaxo npumeneane ero H8 npanwnxe 3aTPY£HHTeabHo, qwo OBHBBHO c

QYBCTBHTBABHOCTBD aroro pemenza K norpemaocwam nocwpoefinn 3KCHepK-

Menraxbuofi Kpnnofi I(y). Hbawomy Ouna upouasezeaa aamena nawerpana

Koaeqfiumu-cymmamn B noxoxnom ypaaaennn <3 npumeaezmem qncnennoro

mewona Hnpca. Cnenyer OTMGTETB, qwo npzmenenne oonee onoxnux E

Tpynoemnx Mewoxoa adennsaunn He nae? samewsnx npnemymecwa no

cpaanennm c Mewonom Dpca.

Mewon Hnpca ocaoean H8 TOM, qwo ceqenne nnaameaaofl KoHmurypa~
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I.IO15 3 “-.§__________._.*._————_...{__________iah

Pm). 3.11 Ppaqmt saencmocm Kozmempamm anewrponoa B rmasme

OT pazmyca (Apron, p=O.I Top, B=D.8 RFC). V‘

I — Ip=IO8O A, 2 — Ip=8IO A, 8 - Ip=5-40 A.

8 1034 n reM'3J

 
 

9 I

D- p=I TOp

o— p=O.3 Top

6 I014 x- p=O.2 TO}?
9- p=O.I Top

4 Io‘4

2 1014

I124]

Q I

O 500 I000

Pzc. 3.11 I‘pad,‘m< aaancxmoom Konuearpamm snexrponon B IIJIBBMG

OT TOK8 paapsuza (Apron, B=O.8 RFC).
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gum paafinsaemca Ha KOflBueBHE song K paaupeneneane @{r) aHHpOKGHMfi-

pyewca crynenqawofi Qyaxunefi. B npegenax Kamnoro EOflbHa, orpaHMqeH—

Horo.0KpymHocTHME 0 paxnyoamn rj H rJ_1 Bennqnaa q3=const. Rpm

swam r3—rJ_1=rO/m, rag m qncmo TEKHX Koneu. B zafiuom cnyqae
ceqexne nmasmeaaoro odpaaoaaans passnaanocb He 10 xonbuesux son.

Xopm, Irpoaezzem-me nepneamficynspfio ocn y, paacsmaam ceqemie Ha

Honocu paanon mnpmau. Kaxxon KB HOflGC npunncusanca Homep 1,

Kowopun nsmenaewca OT 1 no 10. B Hadnmnaemym Bennqnxy ii BHOCHT

Bxnan sgaqeann $3 or @1 no $10, npnqem mamaoe K8 aux Bxoznw 0

HGROTOPHM Koammnuneawom aij. Bun nponsaenea paoqew srnx

KOHBQHKBHTOB.

Taxnm oopaaom, Bennqnnu I1 GCTB cymma Enxa

10

if 2 a1;;*‘93-
3:1

Banana Haxomnenna Bennqna Q3 caoznwca 3 pemeanm cucmeuu aAre5pan—
qeoxnx nmaeflaax ypaafieazfi THEE Awnf. GooTBeTcTBymmHn pacqer £89]

npnnoxnw K cnezymmemy Bupamaanm gas ouenxn Bexnqmnn norpemnocwn Aw

npu npoaeaefinn aoennaauxnz

Acpi-=(1 .41:m)/(rQxa11)a-Afi.

nnawomy nma ymeabmeana nnrpemocwu npn Boccwanoaxennn anexwpoaaofl

xosuenwpauua B Kaqecwne qwnxunz t(y) ncnonsaoaanocb, crnameaxoe

pacnpenenenne neZ{r).

Honyqeanoe pannanbnoe pacnpeneneane ne(r) c yqewom

norpemaocwn nosaonaew EDEPOKCHMMPOBBTL ero HpfiMOyFOfibHHM npoqmxeu

o xapaxwepnum pasmepom nopanna pannyca anexwponoa (=5 on).

no peayxswawam nHTep@epoMeTpnqécxnx nsmepesnn Guam npoaeneau

pacqem HBPBMGTPOB IIJIBBMH. HOJIYQBHHHB BBBHCHMOCTH CPQJIHBH 9J'I9K-
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ni [0153]
8 1074

6 :o‘4

O

4 I014 0/ /

 

/ I "
2 10*‘ /’[ ,/”.r////;

/.r‘ 1
I IIAJ

0

0 500 1000 I500

Pm). 3.15 Ppaqmcn aaancnmocrrefi cpemzefi momocm mxaamu

01' TOK8 maasncwauxaoaapnoro paapsma

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

0 — 3oH.z;oBaa xmamocwmca

Q - JIBBEFHEH .1Ud81"HOCTPIE€3
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TPOHHOK xonueawpaxmzai IIJISSMH KB8BHCT8I.IPIOH8pHOI"O P83138313 B G1}§J1BHQ-

Taqxom nmfiqwsaom pexnme ipemzm 3) 333 pasxnqaux A8Bfl8Hfifi H Maya»

mum MEPHMTHOPO H033 nonaauaaww npaxwnqecxn Anxezsafi poem nncwnocwm

nmaama c yaexnqefinem TOK8 paspafia H cocwaanamw <nE>:(2+8) 1014
cM'3 npz TOKEX paapana I =35O+I.2'ID3 A (pnc.3.I4), qwo ygoBaeTBo—

P

PHTGKLHO cornacyewca c naHHHMM aoagoaax namepenzfl.

CPBBHGHHQ aaancmmocwefi <ne>(Ip} Ana xaaepaux M ni(Ip) B
ueumpe cnmmempnn enexrpoguon cncmemu ans aonzosnx namepeuxfi

npencwasmeaa Ha pnc.3.I5 (p=3 IO'I TOp, B=O.8 RFC, Ar), qro

nogwaepmgaem Bucomym nmownocwb nmasma E CTBHBHB nnnnaauxu

CKflBHOTOqHOPO nmmgysnoro pemnma paapana HMBKOPO xasxeana B

cxpemeaaux EXH nonax.

Aaaxna aasucnmocwefi cpennefi KOHHGHTPBHKK anexrposca E nmasme

or TOKE ncxaaan, qro npn yaenueaun naBxeHus padoqero rasa gran‘

Haxxofia rpaqmma <ne>(Ip) K can TOK8 yaennunaaewca. flpn BTOM

axcwpanonsufis saaxcamocwefi <ne>(Ip) B oonacws Maxux TOKOB (I <IOOP

A) YEBBHBBBT H8 BOBMOIKHOCTI: CYKLGCTBOBQHPIH ICPHTYFZGCKOK IIJIOTHOCTH

-3
nnaam ne25 I013 cm , nocwuxenne Kowopofi uo—BugHMoMy H onpegensem
Hepexon paapaxa B pexnm 3.

Oocymneane peaynbTaToB.

Mcxona H3 sxcnepnmenraabuux BAX paspana B paannqnnx ycnonnax

nocwpoeaa ooodmensaa Boxbr-amnepaaa xapaxmepncwnna HBaBKCTaHMOH8p-

HOPO paapana Hnaxoro zasnenza B MBPHHTHOM none (pKC.3.IE). Yqacwxn

1,4 coowaewcwaymze cwaunonapuomy Marfiewpoanomy H zyroaomy pa3pa—

nan npncywcmaymw 30 BCS nnanasone naanennfi M MSPHHTHHX nnnez. Mx

caoficwaa nocwaroqao H0330 npencraaxenu B (28.34).

B amauasoae TOKOB D.2+25O A nmeer MBCTO cnnbfiowoqxua Marne-
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UIVJ

500-1000

3

70-170 — — — - — —— +————————————-————————,
1 1

1 I 4

I5-45 — - — ~ — — + - ~ — — — ~ — - ~ — — —+-——————
i 5

.___________A_______________________L___________

0 15-250 _:000-I800 IIAJ

Pnc.3.I6 Ooocmemas Bo.m=*r~aMnepHaa xapawrepncwmca

HBSBHCTBHHOHBPHOTO paapana.
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TpOHHHfi paspfin {yqacwox 2) C pacrymefi no Hexowoporo Kpnrnqecxoro

TOKE, a sarem EDCTOHHHOK BQflbT~aMH8pHOfi xapaxrepncwnxcfi. Paspan

swore Bnna oénanaew cpaaanwexbxo BHCOEfiM (go 1.2 KB} Hanpaxeafiem

ropeana K peannayerca 0 Hanoonbmen BepOfiTKOOTbB E gnanaaoae naBne—

mm 2-:0“3-z-10*’ Top.

Bun saancnmocwn Up(Ip) B pemnme 2, owcywcwane EOHTPQKHHH

paspsuza, Omxamm zmanaaon ,naB.neI-Hm H Marmxmax noszefi noaaomew

npennonoxnwb, QTO cwpyawypa paepzna emoro Bnza cxonaa co cTpyKTy—

pen cnmbuoroqnoro paspana {S4}, onaaxo donee BHCOKOB Hanpamenne

ropenza 500+I2OO B (npn 300+5OO B coraacuo E841) xenaew cymecTBeH~

Hum Bnnzane pacnunenna Mamepnaxa Karena.

Mcxona H8 HBMBPBHHHX nmownocwefi TOK8 K nepsonaqanbncn unaw-

HQCTH padoqero rasa (na) 0333 ozenaaa ouexxa paaaoaecuon cpenaefl

nxowxocwn amomoa Mamepnasa Karena (AK) 8 nsaame paspana. Ypazsesne

oxnnaemofi KOHHBHTPBEEH BTOMOB MBTSPKEHS xawona B nmaame paspana

ITPH BTOM HMBBT BZJI

- T T

on V V
t “ + n = S n. I‘ + 1 n K (I)

I K I"‘I( fir P > ESE--B‘. fix K >R K

(nonyqeuo EB oxaomepaoro ypasuexna HSHPEPHBHOCTH), Fae SP_K, SK_K

Koaqqanneuwu pacuufieuns n camopacnunexna Mamepnana Karena, V:,V:

cpennne Tennoeue cxopocwn awomoa padoqero raga H Mamepnana xarona,

<VK>— yopeznenaaa no yrnosomy pacnpeneneanm KOMMOHBETB cxopocwn

smmrwnposannux awouoa, nepnefinnxyxapnaa x uoaepxnocrn xawona,

fir, an — CTEHSHB HOHKBEHHK aromas rasa n Marepnana xawoza.

CTEHEOHBPHHM pemeaneu (I) aanaewcfiz

TSMC-1218 I Page 89 of 122



TSMC-1218 / Page 90 of 122

v-3

 

Vfi

nxc = '1‘
V

1 K
1 —- s gs

Z x—x K {Va}
OHBHKB A33 paspaza B Ar, Popsmem Ha Mennom KQTOKG npn gagge-

HKK I'IO"2 Tap, I =65A, U =9DOB noxaaana, qmo conepmaane Mezn B
naasme Momew xocréiamb B ginx ycnosnfix 30% H pacrn c pocwom cTe—
HGHH noflnsaunn.

OGHECTB cymecwaoaafina pemnma 2 npmaeneaa B T363. 1. B Taanmue

yKa3aHH npenenbfiae anaqenna no Haxnomy H3 Hapamewpos paspsxa pea-

nmsymmneca HBSEBMOEMO xpyr OT zpyra.

Hpn TOKEX IO+I.8'IO3 A Bosxmxaew onmbaoroqaufi £m@@Y8HHfi pexfim

3, Hanpsmeflne r0peHna EOTOpOPO nexnw B npexeflax U z70+ImD B E
P

BBBPZCPIMOCTH OT @0218 F888. PBKHM 3 PBEJHEBYSTCH HFEPHHYIEGCTBSHEIO B

znanaaone gasneanz IG‘2+5 Top He3aBncnMo OT Bzaa paapsnnoro

ycrpoflcwaa, poza rasa, Mawepnaaa KETOAB. He Hanaewca oo33aTenLHHM—

K Hannque npennonnsaunz, xowa BEPORTHOOTL nepexona B nyry B swam

cnyqae yBe3KqnBaeTca. HfiOTHOCTb K8TO£HOPO Toxa cnnbfiowoqnoro nan»

Qysnoro paapnna MOEGT nocwurawb 75 A/0M2.

OOHBCTB cymecwaoaaana pemnma 3 B ooonx paapzxnux ycwponcraax

ans pasnnqnax Mamepnanoa Kawona, naaneans H pona rasa npnBeneHH B

Tafifl. 2.

Cnenyew 00060 OTMGTHTB, qwo rpafinug pemnmos 2 MVB B 3HaqHT—

BJIBHOH CTBIIBHIII BBBIIICST OT ILJIHTSMBHOCTM YINEHYJXBCE T0318 '17 C YMBHI:-'fiI

UIBHHBM TH nepexoxsgaue TOKH BOBPECTEIDT.

K8‘I8CTB8HI-Z85 zcapmna fI9pBXO,Z{8 GILXBHOTOQIIOPO MBPHGTPOBHOPO

P83133213 B HHBKOBOJIBTHYIO }.'}.'O-BKJIHMOME 8H8.HOI'H‘IH3 IIOBBJIGHHID

3HOM8JIbHOI'O TJZBKEIBPO P88138118 Hp}! CPBJIFIHX ,ZI8BJ£6‘H]?£fiX K GOJILIIIKX IIJIOT
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B Eaanean Hanpameame Tom

P33 are Top B A

Ar :

  
 

 
 

’Pa3panH. Marepnan

 
 
  
  

 

,YCTp-BO KETOKB  

9

‘I 2eo+990

32o+95o 
 50/50 %

He/H2
50/50 %
 400+65O

540+99O

54D+IIOO

54G+72O

540+9OO

Taoxnua I. Ooaaown cymecwBoBaHna K pemnmu cnmbaoroqnoro

MBPHBTPOHHOPO PBSPHRB.

I — ycTpozcTBo C HpO®MflHpOB8HHHMH snemwpoxamn

II — nxanapnufi Maraewpon
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Paspanfi. Mawepnan B flaanenne Hanpsmefine T03

ycTp—Bo Kawona F33 Kfo Top B A

I E5+I5OO

Ar/SP6 ?+I2OO
80/20 %

He/H2 7+I8OO
50/50 %

II Ar +8OO.T.

4+I2OO

I8+I8OO

4+I6OO

I8+I2OO

Tafinnna 2. Oonacrn cymecwsoaafina H pexnmu cunbaowoqaoro nmfimysnoro

P8813338 .

I — ycwpoflcrso C upomnnpoaaanumn snexwpozam

II — nnanapaufi Maruewpoa
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HOOTRX TOK8 £283. B STOM cnyqae cwaaoanwca cymecwsesxm Herpes

raga H pocw anexwpoafiofi nmownocwm, qwo cnncodcwsyew ycmaaoanexxm

qacrmqnoro paafiosecwna B nxaame paspana K nepexozy E pemnm 0 Mega»

mum Hanpameanem ropeama.

Xnpomennoe KBBBHCTQHHOHEPHOG ypasfienne Ana raaoaofi TeMnepa~

Typu B pemnme 2 umeer Ban

T — C =P 2

rne Pg — Tenxosaa MOMHGCTB pacxozyemaa Ha Harpea rasa,T8 — ycTa—

Hosnamaacfl Temmepawypa rasa, To -— Temnepawypa snexwpozoa, Mg —

M8008 raaa B paapannom ooaeme, Op - Tennoemnocrb npn uocwosnnom
X A

nasneann, vT=—7§ - qaowoma Tenaooowaoza, x- - TeMepaTypo—AT Hngp

npoaoxaoowb, AT — xapaxwepuaa xmmfia Tefl$OOTBOA8, A ~ T9HflDHOBOA~

HOCTB P838, coowaewcwaymmas ycwaaoanamefica Temepawype, M - aTOM-

H83 M8008‘, Tl. - KOHHBHTPEIHIE MOJIBKYJI F838. IVPEBHBIIHB 458318308 SHEP-
8

PM}! T388 YKEHTHEBST FSOMBTFHID p8Bpfi,I1EOfi O5.H8CTI‘I, HOSTOME TYPE CHEERS

Temnepawypu peafibflflfi HPOQMHE enenwpogoa 3aMeHeH,nnocKnM c nnomaxbm

S n Memanexwponnnm paccwoannem L, coowaewcwsymnm pacoqemy ceqennm

npn aanaaxux pemnmax. Ens nxocxoro cnoa Tcnmnnofi 2L AT2L/W. Tenso-

Byifl M01111-IOCTI: PECXOJIYQMYE H8 Harpea P838 MOKHO OLIGETI: H3 58.718308

MOHIHQCTH

I

=1 U - .2Pg p p en
I

rue IPUP — nonnaa MOmHOCTB Bunefiswmaaca B paapanznom oozeme, §% =
=PHeyHp — Momnocwb Buaonnmas KB paspanaoro oosema 3a cqew noHnaa~
unn, e — aapnn anexwpofia, I/n — Koficwanwa Cwonemosa, cooTBeTcBym~

maa Bennqnae E/n xapaxwepnon nan Kamonaoro 0303.

B ycnoauax THHHHHHX ans nepexona paapana K3‘pexnMa 2 B pemnm

TSMC-1218 I Page 93 of 122



TSMC-1218 / Page 94 of 122

-94-

8: Ip=I5 A,_Up=3OO B, p=I Top, B=O, padomfl P88 Ar, smexmmmm
paamep paapfimiofi omaom: .7321 01%,. S2 60 CM2, Termepawypa raaa

MOIRST ,31OCT}‘.II‘8TI:» Tfll 9B.
M3 Bupaxemm (2) cJ:e,z1ye'r, ‘ITO

.53lu"*IU —

T P =i_L__p_}_)____ {3}
3— pl’? 7:23 A

T.e. TBMHBPBTYPQ rasa He saancm cm: er-o zmomocm. lleficwsne

MBPHHTHOPO mom oaozzwrca K orpamqemm anewrpoimofi TB1‘1'JIOflpOBO}I£-

Hoctm 91 odecneqeflmo ,z1oc:'.ra'ro<zHoI'o tmcsza crommoeerfim 21.315 3®q3eKmB—

Rafi nepegxatm zanepmm om aazewrponoe rasy.

Comaoao {281 B cnyqae, 31033118 pom: amcmoampnofi gmmcpyarm

Mane, Hp}: zzocwamoqno UOJIBHIPIX momocmx rmaaxvm ne>n§p CTEIIBHB

Iaormsamm MOIKBT onpeneaxmbca P13 yparaaemas Caxa. Besmtmna :2? o@e—

zzememca excnepmenwamuo PI saancm ow sfieprewmecxofi BHCOTH

nepaoro Boaoyauzezmoro yposna. L

B npmnmemm Iwumnpmecxoro cszoa cpezmsm CI€C}pOCTI:~ zmtmay-—

axaormux 1‘IOTepb sapaxemmx qacnm MOIREET OHTB 1'Ipe,B,CT8BJIeH8 B Ema

€733

fin] =D An=-v 722- -13-?! 77.
6? am? am 33 A2

me 1213 —- qacrowa ;mx:cpysIm,A - xapawrepnaa mtmxyanozmaa gzmnl-Ia sam-

csimaa or reomewpxm paapszmofi odaacm. Hpn Hammlm Mammmoro

IIOJIE one oxrpezzealsiewca Hancomamefl ms *~1ac:'ro'r, xapaxwepnsymnx yxozz

 2

qacmu Ha anenrponu vnw _m2+(v 719 M qepese ea‘1'+ve£ miarrvtar

(Te+T£) 4 2
Eiorcoayn noaepxnocrb paspsumoro odsema ‘UB0-on mi vi [9238'1‘ 3'1‘
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Pxe R - pannyc_paapa£Hofi oomacwx, we — napmopoacuaa qacwowa 339$?-

POHOB, '3) - ‘IBCTOTB SJIBKTFOH-BTOMHLIX SJISKTPOI-Z-I'IOBHH.X Kear vevvtar

KOH— awomnax cwoaaoaenmfi, pig? - Igmmeneanaa M8008. CPEBHSHHB

qacTOTH nnifiwann, Honnsaunn H penoménfiaunn xxx Ar B oonacwn

cymecwsoaaflus pemxma 3, nonycxaew Bosmoxnocwb yewaaosaeana qacTKq—

HOPO paanoaecns B nfiasme paapana.

DHGHKK nmoraocrn naasmu, coowsemcwsymmen Temnepawype

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

3X2

ag = gl ;§E {RTZ3/28 _ eUi (5)
1_ag gg ha ng+ni ET’

rne gi=6 (Ar) gg=I ~ cTaTKcTnHecHHfi Bee KOHOB M ETOMOE, m - Macca. n

enexwpoaa, U1 — Homenuzan neanaaunu Ar, CTBHSHL EORH38flHH a: n fat
8

msmenaewca ow Q21 {p=O.QI Top) 30 a=D.? (p=I Top), w.e. nnoTHocwL_

unaama npn nepexoxe paapzna B pemum 3 npeaamaew ne25 I013 cM"3{
COPAECHO £733 Mexannam Tepmonoanaaunn Tpefiyem cymecTBeHHo

Menbmero Haupaxenna H8 paapane ans Hozgepmaana Toxa, qem Hoansauna

sneuwpoaaum ynapou, qwo no—BnnnMoMw ocycnaannsaew nepexon paspsna

B HMBKOBOflbTHYw Qopmy.

Temepawypy rasa n coowaewcaymmym an CTBHSHL moansaunn B

pemnme 3 Taxxe M0330 OHBHHTB H3 ypaBHeHnH (2),(8), yqnwuaaa Hame-

HBBEB daaanca Momnocwn. Banaac Momaocwn, aarpaqnsaemon Ha HBPPBB

Hefiwpanbaoro raaa B cnyqae pemnMaA8 nmeew sun

I

Pg-—-IPUP — 5381+ §zaTe+ -32213)

rne at — aneprna noanaaumn T.K. pocwom Toma B ownnqne or (2) B08-

pacwaer npna aaepruz ynocnmon sapamesnumn qacwnuamn. Aaanornqao

unasme cwonda nynn cpenanx naaneaxfi Temneparypy zones Ti M0330

npnonnxenao cqnmawb paaaofi Temnepawype awomoa T8 [91, Bcnencwsne
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Tera, qwo MECCH HOHOB H awomoa cosnazamw, HOTepH aaeprnn HOHOB Ha

Harpee ETOMOB oqeab Banana (cpexaaa A033 eaeprun, Tepaemas noaom

npn ynpyrom coynapeann 5£g;I),KpOMe TOTO ns—3a Goxbmofi MBCCH KOHOB

HX Harpes snexwpuqecmnm nonem Hesennx K ocnosfiym aaeprnm oan Taxme

max H HefiTpafibHHfi aToMH nonyqamw B ynpyrnx CTOHKHOBBHHHX C Bfl8KT—

pofiamfi. flpefleéperaa Temmepawypofi axexmpogoa TO«Tg Ana pemnma 3

T = (8)

Has TMHKQHHX flEpaMeTpOB paspana 1 pemnme :3 H8HpHM€p I =54O A,
P

UP=9O B, p=O.I Top, B=O.8 KPQ Temneparypa raaa coowasxser Tg28.2
SE, a Ana I =I5OO A T 25.4 38. Ha ocnose COOTBBTCTBYEHX HM 8OHflO-

P 8

BHX n3MepeHnfi HflOTHOCTH nnasmm MGEHO oueHnTb HBASHKB HanpameHH£.Ha

nnaeme paspflxa B BTKX cnyqaflx UH=4O+36.5 B, QTO onpenensew TeMne~

pawypy raaa Tg;3.2+8.5 BB. OHEHKB Temepawypu raaa HBflHeTCfi SBHO

3aBHmeHHofi 3a cqeT pocTa Bxnaxa Haayqefina B nowepn Tenfla K8 pa3pH—

naofi oonacwn, annexe cannewexbcwsyew o BOBMOKHOCTH Hongepmaans

cweneun nonnsaunn as: Ha cwannn pemnma 8.

M3 BKCHBPKMSHTBJBHHX naHHHX BHKHO, qwo nepexoz paspfixa B

Hnanoaonbmnym gnpmy BoaMomeH B ycnoanax, merge HJOTHOCTB nmasmu

MOKBT nocwnrawb HeKoT0pofi KpnTnqecKofi Benmqnnu ngp, cooTBeTcTBym—

men nocTaToqHo Maxomy nedaeacxomy pazmyoy. BTQ HO8BOflfleT npexnoxo~

EHTL fieccT0nKHoBMTexLHHfi Xapaxrep KaTO£HOPO 0305 B pemmme 8.

BcnexcTBne TOTO, qwo oTpHuaTenbHHfl nowenunax K8TOfl8 B xaanux

yCflOBHEX MHOPO dengue noreaunaxa HBOfiHpOBaHHOPO aoflna Momao npex—

HOHOEKTB, qwo Ha KaTog us nmasmu nocwynaew HOHHHK TOE Hacumeans,

qacwnqno EDMHeHGKpOBaHHHfi snexwponaofi amccmefi. Torna Tonmnaa 0303
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HOJIOHGETBJILHOFO OQEBMEEOPO aapsma Y HOBBPXHOCTIKI KBTOJIB Oygzea? OIIp8,ZI8--

JIHTIJCH

/ U / RT /

Zrc=[.§-J1 2[*r%'}W[~z:a§"]3 4[';:,;,:§‘;;'}? 2 ‘9>
Cpaaaeane ZR, c0owBeTcTBymmer0 3fi9KTpOHHOfl nmowaocwn Hpfi KOTOpOfi

nponcxonnw nepexon B pemnm 8 c nmnnofl caodonnoro npooera snexTpo-

HOB kgaw; Keg (aaooxme naanefina) K BHCQTOfi Tpaexropmn anexwpofia»
277102 (Ex)

Hag noBepxHocTbm Kawona [503 he: 9 «E5 npn nsmxefinn B Gxpemennux
r

IIOJIHX (HPIBKIIEB I£&BJi6HHH) I'IO,IITB8p,I[PIJID YEBBEHHOB HIJEZIHOJIOEIBEEIB BO

BCQM ,Z}}181'I88OH8 TOKOB H8136-X0118, ZIBBJISI-ilifi, MBITMTI-I!:lX 110.7283, HEJPFIEM

XBBJII/I‘i9%B 71.

he

9 c pocwom TOK8 numb ycnmnaaew ycnosne figs heaT; Ae€;.

Xpaanesne flyaccona mma deccwonxaoenmenbnoro cnoa paspana 3.

pemnme 3 HO—BKflKMOMy ananornqno anon nyrn C XOfiOflflHM K8TO£OM E733.

ji=(1—S)j=eniVi

1/2 (109
2eU

"fl »» }
1/2

2e(UK—U)
Vi: ‘_"M"-"“”

J

s=T1—= 9+7 39+?t

7=7£e+7hv — mosqmmuneaw Bwopnqnon amcnn odycnonaeanafi KER EOH~

snexwpoanon TSK H qnroemccnefi.
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Cqnwaa, qwo Ha rpaanue nmaamn Ehfl=O npn U=UK nonyqmm, qwo Hanpa

meHHocTb saexwpuqecxoro noun y noeepxnocwn Karena

1/2

8 B6.KK‘fl’EI8 B‘.8TO,IIHDI’O IIBJIEHIIH COOTBETOBBHHO

2/3

UE={ [(1_S)M1/2_Sm1/2]} J2/31:/3 (12)
M3 Boanoaax Hsmepefinfi cxezyew npaxwnqecnn nnxefinafi BEBECHMOCTB

1

nnowxocwn nnaam or TOKB paapaxa, B Tome Bpems ZK-;77§- T.e.
E‘

4/3

UK”j2/3{%}T;§—} He sasncuw OT J, qwo H Haonmxaerca 3KCHBpHMeH—
Tanbao.

M3 Bumeymasaaoro cneayem, qwo Haqnnaa c ne2IOI3+5 I013 cM73'
cnnbnowoqfixn Keasncwaunoaapnan paspsn xapaxwepnsyewca Hannqnem

GeCCTOflKHOBfiTeflbHOPO K8TOflHOP0 0303 c Hanpamennem cnaéo saancamnm

ow TOR8 K o0nacTLm nma3Mu,T3BnammencH axmnaaofi 30303 paapana c

npeoénanannem Tepunqecxoro MBXBHHBMB nennsaunn.

B ocmacm I~ma1c3z1;: Jxaanemm p<O.DI Top PI cpemmx MBPIMTIIHX

nonen B<I RFC, HO-BK£HMOMy Heodxoznmafi HADTBOCTB nnasm He nocTn—

raewcn n cuxaaowoqnun Marnemponnun paapaz (pemnm 2) oymecmsyer B

oonacwn Oonbmnx TOHOB, Hem roan nepexona, xapaxwepaue xxx oonacrn

cymecweoaaxna pemuma 3 H nepexonnm Henocpencmsexuo B nyry.

Mccnegosanna nepexona Kawonnoro cxoa axomanbnoro Tnewmero

paapana B cocwoaane c HflOTHOCTbm TOKB npoMemyToqHoro Memny

Hopmaxbnofi nmowfiocwsw Toxa H naowxocwbm TOK8 gyroaoro HSTHE E811

noxasanm Hannqne nepexonnnx pexnmon Tnemmero paspaza B asowe,

Boagyxe H FGJMH upn naaxennax 2D+76D Top, no caoncwaau: Hanpsxeflzm
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ropenna, HflOTHOCTH KaTonHoro TOK8, owcyrcwsnm Mawepmana Kawona B

nmaame paapana, dnnaxnx K cnxbfiowoqfiomy nmqfiwsaomy pemnmy K3aan—

cwaunonapaoro paapana B cxpemeaaax anemwpnvecxom H M&PHHTHOM

IIOJIHX, HeCMOTpF£ Ha Cymecwaemiym pas:-may B IIOJEHOM TOKE‘ paapszza (1.5

A M I.8'IO3 A COOTBBTCTBBHHO ), qwo MOKGT YKBBHBBTE H8 nonoéne

CTpyKTypH ,K8TO£HOPO cnoa paspsga B jpemnMe~ 3 Z cwpyxwypa apex-

nyroaoro Kawonaoro HzTHa [8I1.
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PflABA.4. BMMGCMOHHHE M PAGDHXMTEHBHHE XAPAKTEPMCTKKM CMflBHO—

TOQHHX QOPM KBABHCTAHMOHAPHDPO PASPBHA HMSKOFO fiABfiEHMfi.

4.1 Ocooennocwn Kawoznoro pacnuxenns E KBEBKCTBHHOHBQHOM

cnnbflowoqfiom M8PHeTpOHHOM paspane H ere ncnonbaoaanne B Texnonorxn

nmnynbcnoro paonuaenna Mawepnanos.

mmpoxo Hcnonbayemaa TeXHOflOPHfi HZHECGHKH Tosxonnenoqnux HDKpH—

Tmfi C nomombm raaoaoro paspana B cxpemeaaux sxexwpnqecxou H

MaPHfiTHOM Honax o6ecneqnBaeT BHCOKYD CKOpOCTb pacnnxefizs Kamonnofi

MEBHH (flflOTHOCTb TOK3 Ha Mmmenn MO$8T zocwxrawb I00 MA/cmg) [24].

B ornnqne or oéuqfioro Karonnoro pacnnxeana CROPOCTB yfioca M8TepH—

ana MMEBHH yaennqnaaewcs B 5+IO pas. Hanmqne MBTHHTEQPO moan CEH—

maer moron Bnéaxosaeprewnqfiax snexrpoaoa H8 Hanxnaeuufi Mamepnan,

qwo BHBHBEBT YMGHBEBHHG sneprnn npunocnmofi sxexwpoflamm H3 nnnnomny.

TeMnepaTypa HOfl£O$Kfi cocmaanfiew 50+2OD0C, Torna EEK npn OOHQHOM

KGTOHHOM pacnuaennu oHa nocwnraem 3OO+5OOOC. Cnmmenne padoqero aaB—

neana 0 oznoapemeanum yaennqeanem cxopocwn Hananefifia ii canxennem

Temnepawypu noznomxn noaaonfier cymecwseano HOBHCKTL Kaqecrao noHpH—

TEE, onaaxo ewo asnaeros Henocrawoqnum xna HEHGCGHHH onmopoznux

xnmqecnn qncwux noxpnwnfi H oépaéowxn Hewepmocwonxnx Mamepnanoa.

HPEMBHBHHB cnnbHoToqHoro MEPHBTPOHHOPO pasfisza (pemnm 2) B TeXHOflO-

run pacnunegns M8TepHaflOB n HEHGCBHHH noxpuwnfi noasonaew He Tonhxo

cymecTBeHHo HOBHCHTB HHTBHCHBHDCTB KOTOKE ocaxnaemoro Mawepnaxa man

013 cM”3) paapana, ecnn ocaxneune npon3—HHOTHOCTB nnasm (csame 2'1

Bonnmcs H3 nnasma, HO H sa cqew perynnpoaaxna BPGMBHH aoanencmana

noroxa pacnuxennnx qacTnu Ha odpadawaaaemufi Mawepuan (HBHPHMBP

ycranasnusas Bpema Boaneficrena Menbme xapaxwepnnx Bpemea Tenaonepe—

naqn B oopadawusaemom Marepnane nan xapaxwepaux Bpemea xnmmqecxxx

pearwym H8 GPO IIOBGPXHOCTK) BHQVPITGJIBHO IIOBHGHT}: XKMPFIBCKEIO ‘IHGTCTY
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H OEHOPOEHOCTB H8HHflHeMHX nmenox, a TEE me nocwaroqxo sqdexwnaao

onpenexawb TemnepaTypHHfi pemum HOBepXHOCTK oopaéawueaemux M8TepM8—

305, B Tom qncne HBTEFMOOTOHEHK. H3 OCHOEBHHH pesyxbwawoa nccxezo—

BBHKH cBoficTB TBKOPO paapzxa paspadowana nmynbonaa moane-

nnaameaaaa TBXHOHOPKH {IOI,IO43 cymaocwb xowopofi saxamqaewca B TOM,

qwo E raaopaapaxfiom npomemyrxe eosnamw MBPHMTHOE none, BETBM cogna-

ww npensapnwenbnym nfiasmy, B KQTopofi Qopmmpymw CKflbHOTOQHHfi BHCORO—

BOflbTHHfi £M@®y3HHfi paspan, c Hanpfimefinem Popefina 350+IO00 B nTeM

nponycxaflna qepes nee EMMYXBOQB TOKB C nmomaocwbm 0.3+IOD A/cmz,

nnnwenbaocwbm 10" +1 0 0 qacwowofi 3393033328 or oxnoxpawaoro 30 103

PH, noone were nponasoanmoa ocamgeane noxpurnz.

Xapaxwepncwnxn K oénacwn cymecTBoBaHnH pemnmoa paapaza (pemnM“

2) ,npnrozHax nxa pmanmaaumn nmnyxbcnoro Hanuneana 33303233 BHES’

(Pa. 3), noswomy ormewnm RHEB ocoaennocwn, suaqumae ans’ era‘

npaxwnqecxoro ucn0nSsoBaHna: I. Xapaxrepaum caoncwaom cnabaoroqnoro

M3PH9TpOHHOPO paapaza aanaewca owcywcsne HeOflHOpOfiHOCT9fi B nxaame

paapaga H odpaaosaxna RETOKHEX namen; 2. Hkaaafinxn pexflm

peaxnsyerca Hesaencnmo or page raaa, mamepnana Ramona n xoncwpyxuun

paspfiznoro ycwpoficwsa. Ycwaaoaaesne pemmma OR8BHBaeTCfi Tax me Mano

qyaowauwenbflum K mepoxoaawocrn noaepxaocrn Kawona H ero cocrosnxm

EH8 scan paapana. Mcnnwaans noxaeann EO8MO$HOCTb nononbaosanna

cocwaaaux Kawonos, a TBKEB coxpafiefine padowocnccocsocwn KETOEHEX

nsacwxm c Iuzyejntaon 3-posrm no 2 MM (rrpn n<3.m-Ion trommme Kawomaofi

nnacwunu no 4 MN). B TO me BPBMH aarpazneane noéepxnocwn xamoxa

oxcnnfion HAM Macnsxon nnenxofi anaqnwenbno noaumawm BSPOKTBOCTB

Qnpumpoaaana nyrn. 3. Hannqne npensapnwenbfiofi zonnaauzn npomemywxa

He s1BJ1£ie'rc5 OOSBQTBJIH-Elm, ozznaxo Beposmocwb nepexona B mrroaofi

pemnm B cuyqae ee owcymcwana Bospacraew. 4.McnHTaHHa noxaaann, qro

TSMC-1218 I Page 101 of 122



TSMC-1218 / Page 102 of 122

Hpfl Hepexoxe B CHflbHOTOqHyE ®opMy paspax pacmpocwpaaflemcfi Ha

cymecTBeHHo doses mnpoxyw o6nacTb Karena, nosamas ere pecypc no

cpaaaennm co cTauHoHapHHM MaPHeTpOHHHM paapzzom, a Taxme noaumaa

p8BHOM8pHOCTh nowoxa paCHHfleHHHX awomoa.

Hpennaraemaa Texfioxorufl Gaxa anpoénpoaana Ha paspsxaom

ycwpoficwae Tuna nfiafiapnoro MarHeTpoHa 339 Hanecenna Mewananqecmnx H

EGKOQBTHBHHX {OKCHflOB, HKTpHflOB) noxpuwnfi Ha Honnomxn H8 naacafia,

noxnewnflema, THERE, dymarn, nnacTMacc, MET8flfiOB. B MBPHBTPOHB samu-

ranca paspnz, odecneqnsammnfl npexaapuwenbfiym KOHHBauKE paooqero

ooaema {nizlflg GM*3). 3aTeM qepea paspan nponycxanca HMmynbc'ToKa
no 250 A. Oomaa flflKTBflbHOCTB HMHyflbC8 COCT8BflHfl8 no 40 MCBK. Ename-

BOH naaxefinfl Baénpanca 2.1G'3+5.ID'2Top. Paéoqmfl F83 — aproa, asow,

Boanyx. H Mx cmecn paannqaoro Hpouenwaoro COCTBBB. Cnxbaowoqaufl

paapsn Hpfl BTOM Xapaxwepnaoaancfl cxexymmmmm Hapamewpamm: Hanpfimeaxe

Popeama {Up} 500+IOOO B, Maxcmmansaufi TOR paspflga {IF} 250+I2O A
(COOTBBTCTE8HHO}, n3oTHocTb‘ToHa go 25 A/0M2. Hanpmmep, gna pemmmaF‘)

=I.IO'“ TO I 265 A, U 2950 B, METB Han Kawoga — Megs, adoqnfiP P P PP P

P83 — aproa, Hmnynbcaaa CKOPOCTB Hanuxenua noxpawua Ha nonnomxy,

owcroamyw ow xawona Ha paccwoafime I20 MM cocwaznana 80 MMM/MKH.

npn nnnrenbaocmm Hmnynbca TOK8 25 MCEK, qwo npn qacwowe cnenoaaans

HMHYHBCOB IO Tu coowsewcwayew cpenHefl cxopocwn Hanuaeanz I8

MRM/MKH. Ysennqeane £flMTeflBHOCTK Hmnyxboa oaume I cex Hpn ooXpaHe—

finn yKa3aHHon HflOTHOCTH Tone npnaognw K PBBEKTHD Heycwofiqnaocwem

H Konwpaxunn paapsza. ¥MeHbmeHMe nxnwenbaoown M8398 IO'5 cex orpa—

Hnqnsaew BOBMOKHOCTB camopacnfineflma Mawepnana Kawona, qwo oanmaer

BIEBKTKBHOCTB cnocoda. yBenzqeHne HWOTHOCTK TOE8 caame I00 A/CM2

(xpnwnqecxnfi TOR odpasoaaanz H8TO£HOFO HHTHa) npmBoxHT K nepexogy

paapzna B xyroaofi pemxm c HOTGPBH npeumymecwa oopaoorxn 0 Homomsm
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cuabnoweqnoro Marxewpounoro paapnna. qacwowa cnezoBaHnH 103 Tu

orpaamqfiaaemca Bpemennem BOCCT8HOBfi€HKfi aaexrpnqecxonz npoqnoewn

raaopaapanxoro npoMexyTKa.

SKCHBPHMSHTH no Hmnynbcxomy‘ pacnuxefixm BHBMMHKR (KonHqecTBo

npumeoefi H8 caume 0.1 %) B cpene Ar nossoxnnn OTp3GOT8Tb cpenanfi

Texaonornqecxnfi pemnm Up=IODO+I25O B , Ip=7O A, TEMflz25 MC
peannaymmzncs B nocwaroqno mnponom gzanasone xaanennfi p=5 IO"3+I0"2

Top, 82500 Tc :3 Beposwnocwbm nepexona B gyry nocse ycwanosxeamfi

pexnma 55%. Hoxaaana BOSMOXHOCTE HEHSCGHHE npaxwnqecxu Geaneqexwnux

anmmnnfieanx noxpuwnfi Ha HBTGPMOCTOHKKG Hfl8CTM8COH (tnflsfifloc) K

TOHKHG nfiefixn (nanpnuep Ha noacan Tonmnnofi no 3 MEM).

Mononbaoaafine Hmnymbcaofi HOHHO—Hfl83MeHHOfi Texnonornn B

nepcuexwnae nosaounr nyTeM nnnoopa qacworu cnenoaaxna H mmmmeshs

HOCTH MMHYfibCOB yaennqnws cpegnmm cxopocwb HQHGCGHKH noxparmfi nu

cpaaaefixm c cymecTBynmnMm cnocooaun Maraempoanoro Hanuneana,

oymecwseuao ymexbmnwb uonnqecwao npnmecefi B Hanunaemux nmexxax, a

TEK xe perynnpoaawb Temneparypnufl pemnm noaepxnocwn oopaoawnaaemoro

Mamepnana.

4.2 Bunccnonnue csoncwea nnasu cuxbuoroqaoro nnfiqwafioro

paapaxa H nx ucnonbaoaaane B Texnonorun noHHo—cTnMyxnpoBaHHoro

Tpasxeuna Mawepuanos. V

Hcnoabaoaafine cnnbnoroqaoro nmfidwaaoro paapaxa (pexzm 3) xxx

reHepaunK donbmnx obsemoa nxoraon ni=I.5 1015 cM'8 onnopoxaofi

nnasuu c OTpHBOM reuneparyp 3+20 38, a Taxxe MHTSHCHBHHX, no IO+I2

A/CM2 HOHHHX noroxoa nowoxoa c saeprnez TOHOB no I00 9B noasonsew

cymecwsesflo UOBHCHTB a¢¢exTnBHocTL noHHo~cTnMmnHpoBaHHoPo Tpasnenna

B Mnxpoenenwponxxe, ocymecwsaawb Texaonornm Konwpoxzpoaanxoro
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nmnynbcaoro Tp8BHeHHS cnoea, a Tax me npmmeaawb are 233 noxyqefins

Hyqxoa 3apaqmeHHHx qacwnu pasnnqaofi reomewpnm (nmcuosux,

umnnfinpnqecxnx, Tpyoqawmx}. Kpeme Taro HDflOGHaH Qopma paapana MomeT

GHTB ncnoflbaosaaa Ana oépaaoaanna H£38M8HHHX orycwxoe,

KHKeKTKpyeMHX B KBa3neTaunQHapHue noaymxn, anemefiwamn KoTopuX

aanamwca MSPHKTHHB encwemu, cnymamne 3&3 §mpMMp0BaHKH swore Bnna

paapaga.

G ueflbm HO£TEep$fl8HKH Bacouoa nnowaecmn M H8paEHOBeCHOCTfi

nnaamu yaaaannofl ¢mpMH paapaza, a TBKEB onpenenenma ycwofiqnaacwn

o6HapymeHHoro pemxma damn nposegeau sacnepmmeawa no ' ero

ncnonbsoaanmm B TBXBOHOPKK HoHHo—cTmMynnpoBaHH0Po TpaEneHH2

Marepnanos. 3KcHepKMeHTH HpOBOEKflMCb B pa8pfiflHHX yoTpoflcTBaX 2

aaxpuwora K OTKpHTOPO THEE fycwpoficwao 0 npQ@mnnpoBaHHHMM

snexrpogamn H naosxnfi MaPHeTpOH} B QMBCHK aproaa C

raxoreHocoxepmamnMx gooasaamm (SP6) paaxnqnoro npoueawaoro cocmaaa

(IO+IDO% SE6}. B KaqecTBe oépafiaraaaemoro MBTQPHBHE ncnonbsoaaxmcb

CTEHHSPTHHB Kpemaneame HHECTHHH Q I50 MM H cneunansno narowoaneunue

TECTOBHE oapasuu 6 70 M o samnwngm HOKpHTHEM BEHGHHEHHHM H3 oxcnga

KpBMHMH, annmmnuna Id paannqamx BHAOB Qowopeancwos, nomemaemme B

nnasmy paspafia nepneannxyxnpao OCH sAeKTpoxHofi cncwemu Ha

paccToHHnn =80+25O MM OT uosepxfiocwn Kawona, nnoo Ha

maonnposaafiym, JXGO Ha Haxonsmywcfl nag noTeHuH3noM cmemefima

nognomxy.

Ens odpadowmn oépaauoa HOHHHM HOTOKOM c auepruefl ID+2O 9B

oépaaun nomemanncb Ha n3onMpoBaHHym nonxoxxy E OGfl8CTb HHBBMH

paspagza. 33.315 yaemmemda eseprmi HOHOB 110 20+8OO 98 npoaogmflocb H2:

noycKopeHHe cncwemofi Hmmynbcnoro cmemeana, HoHcTpyKunH Ii npnaunn

padowu KOTopofi npMBeneH Bume (paanen 2.4).
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Bmcnepnmearu no KOEHQ—CTHMyflHpOBaHHOMy Tpaanesnm 81 C

KcHonb3oBaHneM B Kaqecwae reaepawopa naaamu cnmbaowoqaufi nnqfiwaflxfi

pemnm B yCTOflCTBe 0 npo®Mnnp0BaEHHM snenwpoxamm noxaaasm ero

Bacoxym BQEBKTHBHOCTB H noaaonnxn Buxennwb pan pemmmoa,

ownnqammnxca BHCOKOfi ycmonqnnocwbm 1: rozfia nus Texfioonrnqecxoro

nppmeaerms Hairpmvzep paapszz B cmeon Ar/SF6 (80/20%) 111315 1:’,8B.}l8I~£flH

p=O.I Top, =O.8 KTC, I =50 MA, U 265O+68D B, Imm = I000 A,CTELZ OTBLI

U =I2O B. fimwenbnacrb nmnynbca TOK8 B swam cnyqae cocwaamaewHMII

SI.5 MC, nmnwenznocwb nmocxofi EepmHHH HMEYHBCE 21.2 MC. Tpaaxeflze

Iiponazaogmnocb Henocpencmemio B rmaame peapsuza c uomemezmem oopasua

H8 nsoamposamwzyzo nomzomcy, ‘:1-o oéecnetzmano snepnm nomzoro noroxa

Ha nomoamy coowaewcweymmym nomemmany naompoaaanoro 301-ma. Marcon-

Manmo xzocmrnywaa HMIIYJIBCHEH GKOpOCTI:» TpsB:rm;,a._mTTaxpm pemmax

cocwamsew 800+I0O0 MKM/MHH, om-Iaxo npotimma mpnxcna meew Gomo-

odpasx-mn xapamzep (pnc.4.I). Cmmcerme gxaanemia cmecn go p=I0’2 Top

naanemo ymenbmex-me crcopocm Tpamemm H npmxazme npoczxmm mmpmcoa

trpedyemoro HPEMOYPOJIBHOTO mm rrpnsma-nmeozcoro rrpoqnma.

Bxcnepmaeam no onpezenemm onaopomzocm zomzoro noroxa

I1'pOBO,ZB?L7I?:ICB c Homommo BOHJIB-KOJIJIGKTOPB (maaa 2) IIOCTBBJIGI-IHOI’O B

pexmm, coowsewcwaymnfi Haqany uomaoro Hacnmemm, 'r.e. nowemman

uoowoszmoro cmemenna Buénpanca Gmsmm K nowemmaay uraompoaaxmoro

303,118. I/ismepemm noxasam fieozmopomiocwb HOHHOPO rxytnca Me-Hee 5% H8

mamewpe 50 MM B8 paccwoamm 5+IO MM 01* mocmocm cmmewpxm paapa,1z—

HOPE) ycrpoficrrza. HJIOTHOCTB mmnoro ncrroxa npz swam cocwammew -_-5

A/0552 npn TOKB paapsma 550 A. Odpacoma TBCTOBHX Kpemmesux 1mac-

TPIH, Irpoaozmmaa Irpu TOKE: paaapna 1000 A He noxaaana pamxmzrm B my-

Gmae K Hpoqmne Tpaanesna Ha xmamewpe 70 MM. Ifzcaaam-me axcnepmefim

KOCBBHHO IIO,Z{’I’B9p$.I£8DT gamma JEBBBPEIHX HBMBPGEIKTH O5 OTCYTCBEM PSBKZHX
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PHC.4.I Hpo®nnn HOHHO—CTKMyflHpOB3HHOTO Tp8B£8HH3 Kpemnns

Hpn paauxqaux pemnmax QGpa6OTKH.

PHC.4.2 Ocunxflorpamm Hanpamenna H TOME H8 nH9AeHTpHqecKyw

noxnoxxy npn padowe cxemu nMnynboHoPo omemefina.
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FFSEHSHTOB KCHH8HTp8HKH SHEKTQOHQE B F§%fl%fl3K EGBFHXHDE GGJBCTK,

BMELL
Qrpaamqefifiofl flM3M6TpOM anemrpoxoa H BQ3MO¥HO;TM C5“53flB*HHH ma

-9
I4+IOI5 CM -

4
HflOTHOCTbE IO

Henocwawxom saxpuwofi pa3pHflHOfi Rqefixm zanzerca cnomnaa emcwema

co3§aHMH MEFHKTHOFO HOflH, orpaamqnsammaa BOBMOKHOCTB ospaéewxn

Kpyunax msgenmfi, noawemy auanormqaaa sxcnepmmeara SHAH upeeezeaa B

paspggnom yCTpoflcTBe C owxpawofi reomewpnefi innooxom Marnewpone). B

IKEWECTBE HBTOHOB KCHOHBBOBQXMCE HHOCKKQ HJECTHHH H8 MOHMCQEHB, MBQH

H Hepmaaewmefi cTanM (I2XIBH9T). Paéoqmm Paéom flBfiHfl8Cb CMECB

Ar/SP5 C conepmafinem SFBOT ID no 103%. 32333303 gaaneumfl CQCT8BflHfl

p=IO”2+IG'I ,Top, Hanyxuna MEFHMTHQFO HOHH Ha Heaepxaecwm Kawona

E=400+?DD PC. Ho pesynbTaTaM Hcnfiwaanfi Ha TECTOEHX oépaauax 0 123

E
MM B Haqecwse Texfioflormqecxoro Gan Bfiflpfi pemxm paspaga 20n

cxegymmmmn napamewpamnz padoqnfi F88 — AEXSFB ED/56%, p=5 I0 “ TO "1"!
3

J‘! (T)82760 PG; flp€flBapKTeflbHHfi paspzg: I :58 MA, U =5-Dswan eTau

E05 B. Q6pa5aTHBaeMafi

(

Mmnynbcaufi paapan: I =720+IIDO A, UKMH

5D+IQQ MM GT Hogepxaocwn KBTOEB.
H

Qcpaaeu nomemanca Ha paCCTOHHMH Z

Tp3Bfl9HHE Qdpaaua 3a cqer KOHHOPQ nowcxa M3 nnaema, ycmopaemore E

HpmHoBepXHocTHoM cxoe go axeprmn, onpegexaemofl HOTeHHH8fiOM

KEOflKpOE3HHOPO aofina, Hoxaaaao ygoaxewaopmwenbaue p88yflbT3TH no

HMHyflbCHOfi cH0poeTH Tpasxeama {caume 50 MKM/MHH}. Exasaflfiufi cnococ

nosaonfiew HpOH3BO£KTb o6pa6oTHy oépaauoa EEK C HpOBOflflmHM (A1), THE

E C gMsneKTpmqeCKMM (S102, pasxfiqaae iBTOp€BKCTH M T.fl.} aamnwfium

cfioem, ownnqaewcn upocToTofi nomemeamz gewanefi B nnasmy paspaga. B

TO me BPBMH, npouecc TPBBHBHMH , aagmcamefi OT aaeprnn MOHHGFO

nowoxa, oxaaaaaewea aaancammm OT pemmmavpaapaza, E qacTHocTm OT

fl3Bfl8HKH padoqero raga.

HOXYQQHHB HOHHOFO HOTOK8 88fi8HHOfi BHBpPMH H@OH3BOflKflOCb C
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nomombms cncwema KMMYHBCHOPG omemexna. £35 cny@3a mpoaozamero

aamnwfiero C303 cmemefine HOfi8B8flOCb Henocpezcwaeaao H3 Qopaaeu flHGO

OT owzenbnoro ncwoqanxa nnrasns, nae mmcpencraom exnmqeanz

Qapaaua B Kawoxxym meme qepea orpaxzqnaammee conpowusnenne R,

Beanqnfia KOTOpOPO Bufiupanacb KOXO£5 ma Tpecyemoro HBHPHKEHHH

cmemefina H HOHHOFG TOK8 Hacamenfis, Gsecneqnaaemoro nxasmofi. B

cnyqae OTH8flbHOPO ncroqamxa, Hanpameane cmemeafia eaonpanocs UCM=—5G
B, KOTOpO6 K Momenry ¢npMHpoBaHna KEa8HCTauHOHapHOPO paepaga

ymenbmanocb npaxwnqecxn go nowenunana nsonnpoaanncro 30533

BcnencTBue_ Oonbmoro HOHHOFO TOKB, QTO Tpefioaano Hpmmenenne

Horoqnnxa omemefina no MOMHOCTH cpaaanmoro c HCTOQEKKOM nnraana

paapzna. OT swore Henocwawma csodonxa cmcwema HMHyflbCHOPO cmemeana,

McnonbBymmasT qacrb Momnocwn ocaoanoro paspaga. Sxcnepumeura

Hoxasann, qro flfifl paapsna B omecn Ar/SP6 SO/50% npm aaaneanax Hume

ps5 IO”2 Top, orpaanqnsammee conpoTnBneHne R MOXBT

K3MeHflTbGS OT 0 no IOU OM, qro ofiecneqnaaew HanpameHHe cmemenmz QT

I20 30 20 B. Tnewmnfi paapan C odpaaua npn awom He Qopmmpyewca T.K.

B MoMeHT nonaqn nmnynbca BHCOKOPO Hanpameans noxnomxa oxaauaaerca

aamygrnpoeannon cwaunoaapxum MEFHBTPOHHHHM paapznom, umemmnm npn

yxasauafix ycnosnax Meubmee Hanpameane ropeans.

Ecxn ofipaoawuaaemafi oopaseu nueew znaxexwpnqecxufi aamwaufi

anon, TO npn Henocpegcwaeanom npunomeaun noweannana cmemennn K

odpaauy nan Honmomxoxepmawenm nponcxoznw aapazxa emxocru

odpaaymmefica Memny Hnaamofi H Kp9MHKeBHM oépaauom, qro UPKBOEHT K

axpaunpcaannm saexwpnqecxoro Hons cmemeans. B STOM cnyqae

Hpxmeaaaacb cxema HMflyfibCHOPO cmemenna, cofiepxamaa nocnezoaawenbaufi

L0 Konwyp (rn.2) co cnenymmnmm napamewpammz L=28> MKFH,

gg0.5 Mmm, R=ID ROM. Pacqew anemenroa Konwypa nponsaonnrca KCXDflH
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H8 are fiOOpQTHOOTH, BOHHOBOPO COHpQTHBflBHHfi {aoxaoaoe conpownameane

xofiwypa gonmao odeoneqnwb TOKOCBEM <3 HOB9pXHQCTH oopasfia),

Tpedyemoro Hanpamennn cmemeflns, Bpemean sapaxxm emmocwu

o6paaeu~nfiaaMa, H cxsamaocwn Mmmynbcoa. B cnyqae Hanp3meHH3

eraunouapaoro paspana 800 B M BOHHOBOPO COflpOTHBfleHHH KOHTyp8 p=7

OM TOK cMemeHMH cocwaanfiew 240 A. flacwowa KoHTypa COCTBBHT v=8 105

Tu, qmo yKOBfl€TBOpH8T BHm8yK838HHHM TpedoBaHnHM. Hpnmepu

ocunnnorpamm TOKB qepea oépaaeu H Hanpzmexna cMemeHns Hpegcwaenenu

H8 pHC.4.2. Bxonepnmenwu C npnmenennem nmnynbcaoro cmemeana

Hoxaaann, qwo nmownocwb nmasmu B HflOCKOM MarHeTp0He Ha paccwoannn

Z=IOO M OT HOEBPXHGCTH KBTOHB B pemnme Ar/SP6 50/50%, p=5 IO”2

Top, B=7OO Tc; IMM=72O+IIOO A, UnMn=I35 B cscwaaxaer nzzz

IDI3cM"3, QTO no-Bfignmemy K 00550339? 00399 Hnaxym 3iqeKTnEHocTb~

Tpaaneanfi B oTKpHTofi paapnnaofi Hqefixe.

Aawop énaronapnw Hayqnoro pyxosognwexz K.@.—M.H., noueuwa

M.K. Qewncosa H E.@.—M.H. F.B. Xozaqexxo aa coeewa, npexxomeHna H

npaxwnqecxym Homomb Hpn padowe Hag gnccepwaunefi.
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BAKHDQEHME

I. Hpoaenesu BKCHEPKMBHTBHBHHE KCCfi8flOBaHHKE HBESHCTBHHOHBP

HOPO paapaga HHBKOPO flaBfi8HKH.B MEPHHTHHX uonnx paannqnofi xoH@nry—

pauym. QHPEILBJIEHH O.’3.}I8CTH CYHLQCTBOBEHMS P1 p6‘1KI’I}v’£H ,I_'x,ByX CK.IIbBOTO‘IHHX

qnpm paapana.
"1

a. Odaapymeaa H0883 cTa6nnbHaH inpma HBaBHCTauMoHapHoro paap9~

LIB B HOHEPEWIHOM MQPHIKITHOM IIOJI8, F£E.}'IHIGfl},8E£CF! ITpC?MEf}K},7TO'~{HOfi CTEEMETH

nepexoga OT MSPHGTPOHHOPO paapsga B ggroaofi Ii Mmewmas cnenymmme

OCHOBHHB Xapaxwepncwmxmz HaHpameHHe Popefina 2100 B, BpBMH cymecTBo—

Baang no HeCKOflbKHX Mmfimcexyag, gfianaaofi TQHGB OT 10 go 2 I03 A.

Hpegxomeaa KaqecTBeHHa5 Monenb ueacaammas BO8MOEHHfi MBXEHKBM

BOBHMKHOBBHHH M cymecwaoaaana yxaaannofl Qopm paspzxa.

3. Xcwaaoaneno cymecTBoBaHne CKHBHOTOQHHX BHCOKOBOXBTHHX

pemmmoa KBQBKCTBHHOHBQHQTO METHBTQOHHOPG paspaga, oTnMqammMxcH

EHCOKKM Hanp3meHneM ropenna K flflHT€flbHOCTEw no 20 MO B ooqewafinn 0

donbmofi HJOTHOCTBE K8TOflHOFO Toma (no 25 A/OMB}.

4. Pa3paOoTaHa HMflyflbCH8fi sonnoaas AnarHocTHKa Ana H8M6p9HKH

HapaMeTpoB nnasma HfiOTHOCTbw no I015 cM‘3.

5. Bbmaaana EOBMOKHOCTB Honyqeflna nnagmeanux oOpa30BaHHfi BHUT-

OI5 CM{3 B OGEBMB csame ZOO CMJ, o6ecHeqmBammnx
"7

amnccnm KOHHOPO Hyqxa nmownocwbw caame IO A/CM“ C aneprnefi go IOU

BE.

HOSTED go 1.5 I

5. HQKBBQHE BOBMOEKI-IOCTB HHTBHCPIBHOFO KSTOJH-IOI‘Q PECIIHJISI-BAH H

CO8,Ii8HMfl IIOTOKOB ‘IBCTHZ1 PECHHJIBHHOTO M<‘3T8p}’I8.H8 C BHCOEOK H110??-

HOCTEIG.
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