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BseAeHI.1e· 
/ 

np1.1 ~roTOBI16HI>II>I Jq>eMHI>IeBbiX "' APyrii!X nonynpoBOAHI>IKOBbiX 

lJ,eTeKTOPQB B HaCTOSill\ee BpeM~ Wl>lpoKO I>ICnOilb3Y6TCSI nnaHapHa~ 

TeXHOilOI"l'l~ 1>1 o6opylJ,OBaHI>Ie, np!>IM6H~eMoe npl>l,. npo~BOll.CTB6 

MI>IKpoCXeM, 0nbiT COBMeCTHOi:l pa6oru DCBS C npell,npi>I~TI>I~MI>I 

3116KTpoHHOi:1 npoMbiWJ16HHOCTI>I CCCP 1.1 Poce1.11.1 noKa3an, 'ITO 

paspa60TKa 1.1 npo1.13BOlJ,CTBO HOB~X rnnos nonynpoBOAHI>IKOBbiX 

lJ,eTeKTOpoB 6y,llyT cyll\eCTB6HHO yCKOpeHbl, 6Cill>l OT,IlellbHble 

rexHonor~>~'lecK!>Ie onepal\1.11.1 "' ~>~CnbiTaHI>I~ onbiTHbiX o6pasuos 6yAyT 

nposelJ,eHbl · B na6oparopHbiX ycnoB~>~AA. KpoMe sroro, recrosble 

CTPYKTYPbl Heo6xQAI>IMbl AilS! ~>~ccneAosaH~>~Il P3A113l\I>IOHHoi:1 croHKocrn 

nonynposolJ,HI>IKOBbiX Marep~>~anos "' ,UereKTopos [ 1]. AeTeKTOPHble 

CTPYKTYPbl All~ palJ.I>Ial\I>IOHHbiX recros MOryT 6b1Tb ~>~sroroBileHbl s raKoi:l 

na6oparop1.11.1. 

~3f0TOBI16HI>I6 nonynpoBOAHI>IKOBbiX lJ,eTeKTOpoB no nnaHapHOH 

T6XHOI10fl>ll>l Tpe6yeT OC060 'II>ICTOH TeXHOI10f1.1'16CKOi:1 CpelJ.bl "'II>ICTbiX 

30H" (B03Ayxa, lKI>I,IJ,KOCT6H 1.1 ra30B, npi>IM6H~6MbiX B T6XHOI10fi.1'!6CKOM 

npouecce). 3arps!3H6HI>I~ Ha nosepXHocrn- nonynpoBOAHI>IKOBoro 

Marep~>~ana (nOAflOJKKe) TB6PAbiMI>I '!acrnuaM~>~ 1.1111.1 nocropoHHI>IMI>I 

8611\eCTBaMI>I, ocali(AaeMbiMI>I 1>13 TeXHOJ10fi.1'16CKOH Cpell,bl, MOryT 

Aei<cTBoBaTb KaK Aecj>eKT MaCK~>~ np~>~ cj>oron~>~rorpacj>~>~~>~ 1.1111.1 napasi1THbli< 

I>ICTO'IHI>IK ll,l>lcj>cj>ysl>ll>l B 06beM nonynpOBOAHI>IKa npl>l TepMI.1'16CKI>IX 

onepal\I>IAA, "'li>ICTble" np01.13BOlJ,CTB6HHbl6 noMell\eHI>I~ ( KOMHaTbl) 

AOillKHbl COOTB6TCTBOBaTb CTaHll,apTaM, OnpelJ,ellSIIOll\I>IM liiX KllaCC, 1.1 

6b1Tb npl>lrOli,HbiMI>I All~ 1>13fOTOBI16HI>IIl np1.16opos C 3all,aHHbiMI>I 

napaMeTp3MI>I. 0cHOBHbiM I>ICTO'IHI>IKOM BHOCI>IMbiX Aecj>eKTOB [2] npl>l 

~>~srorosneHI>II>I np1.16opos ~Bn~erc~ o6cnYJK~>~BaiOll\I>IH nepcoHan - 35% 

OT 0611\ero KOill>l'!eCTBa peri.1CTPI>IPY6Mb1X <I>?KTOpoB. no 25% BHOCSIT 

XI>IMP63Kl\l>llol rexnpouecca 1>1 o6opyAOBaHI>Ie C OCHaCTKOi<, 8% -rasbl 1>1 

XI>IMio!KaTbl, 7% - B03ll,yx B nOM6ll\6HI>II>I npl>l rpe6yeMOM Knacce 'li>ICTOTbl. 

Ae<l>eKTbl Moryr 6b1Tb KaK MexaHI>I'!ecKI>IMI>I HapyweHI>I~MI>I 

nosepXHOCTHbiX CBepXTOHKI>IX cnoes, TaK 1>1 pe3YilbT3TOM cf>~'!ai>IKO

XIo!Miol'leCKOfO B3aloiMOAei<cTB~ot~ HeJKenaTellbHOH nP~o~M6CI>I C B6ll\6CTBOM 

noAilOlKKI-I. KaK noKa3blsaer npaKrnKa, 80% Ae¢>eKTOB np~o~ nnaHapHOH 

TeXHOilOI"l'llol S!Bil!liOTCSI M6XaH1.1'16CKI>IMiol HapyweHioi~Miol, Bbl3b1Ba6Mb1Miol 

MellKOAio!CnepcHbiMiol '13CTI>IU3MI-I, B3BeweHHb1Miol B TeXHOilOfW!eCKOH 
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1. KOHCTPYKU.1151 "YI1CTOi1 30Hbl" 

,lJ.nR pa3Mell.leHioiR TeXHOJ10rlol4eCKOfO o6opyJJ.OB3HioiR 1o1 

CTa6lolllbHOro noJlAeplKaHioiR napaMeTpOB TeXHOJ10flol4eCKOt\ cpeJJ.bl Ha 

Heo6XOAioiMOM ypoBHe B Kopnyce 215 JlC83 6blll0 C03JJ.3HO 

cneUI1allbHOe noMell.leHiole C CloiCTeMaMiol 04loiCTKiol B03JJ.yxa 1o1 BOJJ.bl 

('4loiCTaR' KOMH3Ta). 06ll.llolti BiolA noKa3aH Ha ploiC. 1 ( cpoTO 

IO.A.TyMaHoBa). 

P1o1c.1. 06ll.llolti BiolA "4loiCToti 30Hbl" 

,lJ.nR nOllY4eHioiR OC060 4loiCTOfO B03JJ.yxa nploiMeHeH 30HallbHblti MeTOA 

04loiCTKiol rnna 'o6beM B o6beMe". BHYTPiol o6bi4Horo noMell.leHioiR 

C03JJ.3HO repMeTioi4HOe nOMell.leHiole ("41o1CT3SI" KOMHaTa). B KOTOpoe 

H3rHeTaeTCR KOHJJ.IoiU110HiolpOB3HHblti 1o1 04lolll.leHHblti OT nbllllol B03JJ.yx. ,lJ.nR 

04loiCTKiol B03JJ.yxa nploiMeHRIOTCR ceploi~HO BblnyCKaeMble 6JlOKiol 1<"-4. 

CxeMa 04loiCTKiol B03JJ.yxa no~a3aHa Ha p~o~c.2. B "4loiCToti" KOMHaTe 

pa3Mell.leHo npOMbiWJleHHOe o6opyJJ.OB3Hiole AJlR C03A3HioiSI H3 
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nonynpOBO,UHI'IKOBbiX nOAJlO)!(KaX nllaHapHbiX np1'!60pOB M8TOAOM 

)!(I'!,UKOCTHOi:l cpOTOJli'ITOrpacpl'!l'l. "'ii'!CTaH" KOMHaTa COCTOio1T 1-13 ABYX 

noMeiJ.leHI'!~ o61J.lei:l nllOIJ.laAbiO 75 M2, coeAI'!HeHHbiX "'1VICTbiM" 

KOPI'!AOPOM. nonaCTb CHap~l-1 B "YI'ICTbl~" KOPI'IAOP MO)!(HO TOilbKO 

Yepe3 Wili030BOi:l TaM6yp noCJle o6,uysa YI'ICTbiM B03AYXOM. 8 OAHOi< 1'13 

"Yio1CTbiX" KOMHaT, C OOJlee BbiCOKI'IMI'I rpe6oaaHI'!HMI'I K YI'ICTOTe B03Ayxa 

(Kllacc nyYwe, YeM 100), pa3Mell.leHO o6opy,uosaHI'!e AilH 

cpOTOJlV1TOrpacpl'!lo1, B ,upyroi< • Al'!cpcpy31'10HHble neYI'! 1'1 ycTaHOBKI'I AJlH 

o6pa6oTKI'I nonynposoAH\IIKOBbiX nOAflO)!(eK s )!(li\AKocrllX. B "YI'ICToM" 

KOPI'!AOpe I'IM88TCSI WKacp AilS! cneUOA8)!(Abl. npi'!M8HSI8MOe 

o6opy,uoaaHI'!e no3BOillleT nonyYaTb ,uei'!OHI'I30BaHHYIO so,uy c y,uenbHbiM 

conpoTI'!BileHI'!eM 15+ 18 MOM·CM, cso6oAHYIO or Yacmu pa3MepoM 

oonee 0,5 MKM (Kllacc "A"), 1'1 ,uocTaBilllTb ee K ycraHOBKaM no rpy6aM 

1'13 npeccosaHHoro nOil1'!3Tio1IleHa. Ha nepsoM arane OYI-1CTKI-1 

so,uonpo80AHall 8o,ua nocrynaer a AI'ICTI-1IlllHTOP, a 3aTeM OAHOKparHo 

npoxo,u1-1r Yepe3 I-10Hoo6MeHHble CMOilbl 1-1 nocrynaer s 6aK·HaKonl'!renb. 

Bo.nonposo.nHaH 
BOAS ~ ~"CTHnllHT 

Ll:...._-ll.u~.::c~r;-:":-:n-:n:-:.::-::~-:":-::"lj..L.r 111 o " " "' ~ 
· - o6MeH 1 

B 

I I HaKonneHHe BOJlbl 

T T 
Knacca ·s· (2+3M OM-eM) 

V=1M 3 

KOHTP011b 

K8"1eCTB8 

0Tpa60T8HHO~ rr Peua.u:~n ~OHHbdl 06MeH, 

BO.llbl "'HCTOK MexaHH"'eCKSH 

BOJlbl 4> 1111 bTP at.pt fl 

l 
HaKonneHHe BO,D,bl 

lnorpe6HTenb r K118CC8 • A" 
( 1 5 + 1 8 M 0 M -C M ) 

Plo1c.3. CxeMa oYI'ICTKI'I BOAbl B "YI-1CToi< 30He" 

B nocne,uyiOIJ.lBM, Henocpe,ucr8eHHo nepe,u l'!cnonb3oBaHI'!eM, 8o,ua 

Kllacca YI'ICTOTbl "B" (3 MOM·CM) nocrynaer 1-13 6aKa-HaKonl'!renll 

4 

Ha ycrpOi<CTBa cplo1HI'IWHOi< OYI'ICTKI-1, rAe MHOrOKpaTHO npOXOAI'IT Yepe3 

I'IOHOOOM8HHbl8 CMOilbl 1'1 cpi'!JlbTpbl TOHKOi< OYI'ICTKI'!; lt1cnOJlb30BaHHall 

so,ua, B 3a81'!CI'IMOCTI-1 or creneHI'I 3arpll3HeHI'ISI nocrynaer m-16o B 

6aK·HaKOni'IT8Ilb, Ili'IOO 8 KaHaJll'!3aUI-110. CxeMa OYI'ICTKI-1 BOAbl noKa3aHa 

Ha pi'!C.3. 
CreneHb Ylo1CTOTbl 803AyXa Ha pa60YI-1X M8CTa~ COOTBeTCTByeT 

KJlaccy 100 • MBHee 100 nbllllo1HOK pa3MepOM OOilbWB 0,5 MKM B 

KYDI'!YecKOM cpyre · (27;8 n) B03AYXa 1-1 KJlaccy nyYwe 1000 • 8 

OCTaJlbHbiX nOMBLU8Hio1HX. 0Yio1CTKa pa6oyero 06beMa "YI'ICTOi<" KOMHaTbl 

OT nbllll-1, BHeCeHHOi< IliOAbMI-1, npOio1CXO,UI-1T 3a 30+50 MI-1H. Pe3yllbTaTbl 

3aMepOB Ylo1CT0Tbl 803AYXa B pa3HbiX MecTax "Yio1CTOi< 30Hbl" nplo18BA8Hbl 

Ha pi-1C.4. 

3aMepbl npoBOAI-1Illo1Cb CY8TYI-1KOM a3P030IlbHbiX 4aCTI'!U 

nK.rTA-0,3-02. CreneHb YI-1CTOTbl XI'!MpeaKTI-1808, nplo1M8HS!eMbiX npl-1 
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PasMep nbi11LIIHOK (MKM) 

Pl'lc.4. Pe3YilbTaTbl 3aMepo8 41'1CTOTbl 803AYXa B "YI'Icroi< 3DHe" 
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i'!3rorosneHi'!i'l Ae;reKTopos AOillKHa coorsercraosarb Kilaccy OCY 

(oco6o Yi'!CTble). npi'!MeHeHi'!e asroMaros Ha onepal.li'!~X 

<jlOTOJliATOrpa<jli'!IA n03BOJ1~eT CHV131ATb AO MV1Hi'!MyMa BpeM~ KOHTaKTa 

oneparopa c o6pa6aTbiBaeMbiMIA nnacri'!HaMVl, YTO cnoco6crsyer 

YM8HbWeHi'IIO KOJ1V1Yecrsa Ae<jleXTos Ha roTOBbiX AeTeXTopax. 

PacnonolKeHVle TeXHOilOr!AYecKoro o6opyAoBaHV1~ BHYTPV1 

"YV1CTO~" KOMHaTbl CXeMaTV1YeCKV1 noKa3aHO Ha PIAC.5. 

3a npeAeJlaMIA "Yi'ICTO~' KOMHBTbl pacnoJlOlKeHbl: 

• ycraHOBKa i'IOHHo-nyYesa~ 'Beays~<~~-1' Ail~ VlMnilaHTBL.li'li'l VlOHOB 

ner~<~PYIOll.leil npi'!Mec~A a nOAflOlKKY; 

• BaKYYMHbl~ YHi'!BepcanbHbl~ nocT "BYn-5', 2WT., Ail~ HanbiileHi'l~ 

MeTBJ1J1V1Y8CKi'!X CJ1088 Ha nOAJlOlKKY; 

• nonyasToMaT CKpai15V1posaHV1~ nnacmH • AilMaa-M' Ail~ peaK~<~ 

nnaCTV1H Ha OTAeilbHble npi'160Pbl; 

• ycraHOBKa ynbTpaasyKOsoil csapKV1 YC3M-2,5 Ail~ coeAV1HeHV1~ 

KOHTaKTHbiX nflOll.laAOK A8T8KTOpOB aJliOMi'!HIAeBO~ npOSOJlOKO" 

AVlaMeTpoM 27 +50 MKM; 

• 
,lJ,aHHbli< KOMni18KC o6opyAOBaHi'!~ no3BOil~eT: 

o6pa6aTbl8aTb nilaCTV1Hbl KpeMHVl~ TOilll.lV1HOi1 300+500 MKM, 

AVIaMerpoM 60+ 100 MM 8 pacrsopax c peryni'lpyeMoiA reMneparypoi< 

OT 20 AO 200 °C; 

• npoBOAVITb B KBaPL.l88biX peaKTopax npi'l npOAY88 C8epXYVICTbiMV1 

raaaMVl (02, N2, Ar) onepal.li'IIA OKIACJleHVI~ V1 OTlK~Ara KpeMHVIeBbiX 

nnacTi'IH npi'l reMneparype AO 1200°C; 

• coaAa8BTb 8 KPeMHV188biX nnacmHax ner~Ap08BHHble p +- V1 n + -cJlOIA 

IAMnilaHTal.l~Ae!A V10H08 6opa V1 <jloc<jlopa c 3Hepr~Aeil 8 A~AanaaoHe 

50+150 KaB; 

• Hanbiil~Tb M8TaJ1IlV1YeCKV1e CJlOVI HB no8epxHoCTb 

nonynp080AHi'IK08biX nilaCTIAH; 

• npoBOAi'!Tb npol.lecCbl lKi'IAKOCTHOil <jlOTOJliATOrpa<jl!AVI Ha 

• 
KpeMHV18BbiX nilBCTVIHBX; 

COBM8ll.l8Tb C TOYHOCTbiO ±1 MKM i'1 3KCnOHVIp088Tb Yepea 

creKil~HHbli< <jlorowa6noH cnoi< <jloropeai'lcra Ha no8epXHOCTV1 

KpeMHIA8BOi1 nilBCTIAHbl. 
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Pi'!c.5. PacnonolKeHi'!e 

o5opyAOBBHV1~ 8 "Yi'!CTOiil 30He' 50 M
2 

1. YcTaHOBKB C08M8ll18HIA~ i'1 3KCnOHVIP08BHV1~ "3M-576A'. 

2. MIAKPOCKOn "MCn::l-1" 3. CTon 4. JlV1H11~ <jloTOJ111TOrpa<jli1VI 'JlaAa-

125'. (ABTOMBT HBH8C8Hi'l~, npo~8J18HVI~, ~K-cyWKi'l <jlorope3VICTa). 

5. lloMellleHI1e Ail~ <jloromHorpa<jli'!l1. 6. A8TOMaT r~-tAPOMeXBHi'!YecKoiil 

OTMbiBKI1 nnacTVlH "04'-lUJ.-125-005'. 7. ABTOMaT r~-tAPOMeXaHI1Y8CKOiil 

OTMbiBKi'l <jlorowa6noHos "04'-lW.-127 -006'. 8. Wn10a. 9. WKB<jl. 

10. "411CTbli1" KOPI-IAOP. 11. YcTaHOBKa XI1M05pa60TK11 "JlaAa-212' Ail~ 

OpraHI1Y8CKI1X 88ll.l8CTB. 12. llOM8U18H11e Afl~ XVIMI1Y8CK11X 11 

repMio1YeCKI1X onepal.ll1i1. 13. YcraHOBKa OTMbiBKI1 11 cyWKVI nnacmH 

"YnBC-0/1500'. 14. CTeJlilalK. 15. YCTaH08Ka Xlo1M06pa60TKI1 "JlaAa-

212' Ail~ HeopraHi'!YecKVIX 8ell.lecrs. 16. YcraH08Ka Xi'!Mo6pa50TKI1 

"JlaAa-202' Aflll nila81'1KOBOi1 Klo1CJ10Tbl. 17. ::lneKTpOneYb OAH030HHall 

A11<i><I>Y3110HHa!l "C,ll,0-125/3" 
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20 nnaHapHaS1 TexHonon1S1 Ha KP8MHI!1111 

0CHOBHbiMii1 npOUeCC8Mii1 nllaHapHoii TeXHOJIOfli11i1 (pli1Co6) 

~BJI~IOTCH: 

• OKt4CJ1eHL.1e; 

o cjlOTOJII'ITOrpacjll'!~; 

• li1MOJI8HT8Uii1~ li1 Al-1¢cjly3!-1~ Jler!-1py10Uii-1X np!-1Mecei1; 

o H80bllleH!-le MeTaJIJIIi1YeCKI-1X CJIOeBo 

nnaHapHa~ 

npel-lMYUiecrsaM!-1: 

T8XHOJI0ri-1~ o6naAaer ClleAYIOUII-lMI-1 

10 BbiCOKa~ cra61i1JibHOCTb napaMerpos nollyYaeMbiX np1-16oposo 

2o 803M0)1(HOCTb OAHOBpeMeHH0£1 o6pa60TKii1 MHOf!-lX npi-160p0Bo YTO 

no3son~er nonyY!-lTb np1-16opb1 c 6!1!-13Ki-1MI-1 xapaKTep!-1CTI-1KaMii1o 

3o Bo3MO)I(HOCTb asroMaT!-13aU!-11-1 npoueccoso 

4o YH!-lBepca!lbHOCTb rexHonor~-11-1 (pa3Hble np1-16opb1 Ha nnacmHe, 

!-13rorosneHHble s paMKax OAHOro npouecca)o 

5o Bo3MO)I(HOCTb co3A8HI-1~ li1HTerpMbHbiX CTPYKTYP l-13-3a npocTOTbl 

C08AI-1HeHI-1£1 Me)I(Ay npl-16opaM!-1 Ha n!IOCKOCTI>Io 

K HeAOCT8TK8M TeXHOJIOfl-11-1 OTHOC~TC~ BbiCOKI>!e Tpe60B8HI-1~ K 

KaYeCTBY OOAfOTOBKI'I nosepXHOCTI-1 n118CTI>IH~ (nOJII>IPOB8HHa~ 

nosepxHOCTb K!lacca 14}o 
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1 0 Kli1cTeBaS1 111 Xli1MI!1'lecKaS1 

O'lli1CTKVI nosepXHOCTI!1 Kp8MHI!1S1o 

20 TepM1!1'lecKoe OK1!1CJJeHI!1e 

KP8MHI!1S1o 

30 ¢OTOJ11!1TOrpa¢1!1S1 no OK1!1CJJY 

KP8MHI!1S1o 

40 lt10HHaS1 111MnnaHTauli1S1 

o6nacTei1 (p-n)-nepexoAa 111 

OMI!1'l8CKOrO KOHTaKTao 

50 nocnei!1MnnaHTau1110HHbiC1 

0T)I(Ii1r 1!1MnJJaHT111pOBaHHOi1 B 

KP8MHI!1C1 np1!1M8Cii1o 

6o Hanblfl8Hii18 M8TMflao 

7 o ¢OTOflVITOrpa¢1!1S1 no M8TMJJY 

(¢opMii1POBaHVI8 KOHTaKTOB)o 

Pli1Co6o OCHOBHble npoueccbl nnaHapHOC1 TexHonorli11!1 
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2.1. 0KVICJ18HI>!e 

8 OCHOBe nnaHapHOl1 TeXHOllOrl-11>1 llelKaT CBOl1CTBa OKI>!Clla 

KpeMHI-1~ (Si02) ~>~ npouecc cpoTon~>~Torpact>~>~~>~. AeyoK~>~Cb KpeMHI-151 Si02 

( KBapu) ~BJ1~eTC51 XOpOWVIM A1>13JleKTp1>1KOM 1>1 06llaAaeT CBOl1CTBOM 

naCCVIBVIpOBBTb nosepXHOCTb KpeMHVI~, yMeHbWa51 JlllOTHOCTb 

noeepxHOCTHb\X COCTO~HI-1!1 (ypOBHI-1 TaMMa) C 1015 CM-2 AO 1011 CM-2 

KpoMe roro, Si02 ~sn~eTc~ KaYecTBeHHOiii MacKoiii np~>~ A~>~<I><I>Y3~>~VI VI 

V~MnnaHTaU~>~~>~ s KpeMH"iii ner~>~pytOw"x np~>~Meceiii 6opa, cpoccpopa, 

MbtWb~Ka, cypbMbt VI AP· 

B ycnos~>~~x AaHHol1 TexHonor~>~YecKoiii na6opaTop"VI MOlKHO 

BblpalU"BaTb nneHKI-1 Si02 TOllWI>IHOiii AD 1 MKM KaK 8 CYXOM, TaK 1>1 8 

ysnalKHeHHOM K~>~cnopoAe c renep~>~pytOw~>~M~>~ A06asKaM~>~ napes HCI 

MeTOAOM TepMI>!YeCKOrO OKI>ICJleHVI~ 8 Al>lcpcpy31>10HHbiX neYaX 

CAO 125/3. 

2.2. <POTOJli>ITOrpacpl>!~ 

<PoTomnorpacp"~ no3son~eT ccpopM"posaTb Heo6xoAVIMbtiii 

p~>~cyHOK Ha nosepxHOCT~>~ o6pa6aTbtsaeMoro cno~ nnacmHbt c 

noMOtUb\0 cseTa VI cTeKJ1~HHbtX cporowa6noHoB. P~>~cyHOK, sHaYane 

nonyYeHHbtiii Ha nneHKe HaHeceHHoro cseToYyscTB~>~TellbHoro non~>~Mepa 

( cpoTope3~>~CTa) TpasneH.,eM, snocneACTB~>~~>~ nepesOA~>~Tc~ Ha 

o6pa6aTblsaeMbtiii cnoiii noAJlolKKI-1. Pa3pewa10wa~ cnoco6HocTb 

cpoTOllVITorpacpVIVI onpeAen~eTc~ All~>~Hol1 sonHbt ~>~cnonb3yeMoro cseTa. 

<PoTon~>~Torpacp~>~~ - cosoKYnHocTb cpoTo 1-1 <!>~>~3~-tKo-x~-tM~<~YecK~-tX 

npoueccos, np~-tMeH~IOW"XC~ All~ cpopM~-tposaH~-t~ CTPYKTYPbl AeTeKTopa 

Ha nosepXHOCTVI nonynpOBOAHI-!KOBOiii nnaCTI>!Hbl. npVI 3TOM 

1-!CnOJ1b3yeTC51 H6CKOJ1bKO onepau~-tiii, KaK npaBI-IllO, He 3BBI-!C51WI>IX OT 

o6pa6aTbtsaeMoro cno~ VI mna ~-t3roTasn~-tsaeMoro np~-t6opa. 

0CH08Hbl6 onepaUL-11-1 cpOTOlli-\TOrpacpl-\1-\: 

• HaHeceH~-te cpoTope3~-tcra Ha nosepxHOCTb nnacmH c noMOtUb\0 

ueHTP~<~ct>yr~-t; 

o CYWKa cpoTope3VICTa 1-!HcppaKpaCHb\M 1-!3llyYeH"eM; 

• 3KcnoH~-tposaH~<~e cporope3~-tcTa ynbTpacp~-toneTOM Yepe3 

cpoTowa6noH Al151 cooTseTCTBytOwero cno~; 

• npo~sneH~>~e cpoTope3~-tcTa; 
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• 3aAy6n~-tsaH~-te cpoTOPe3VICTa; 

• TpasneH~-te o6pa6aTbtsaeMoro cno~ nnacT~-tHbt Yepe3 MacKY 

cpoTope3~-tcTa; 

• yAaneH~-te cpoTope3~>~cTa. 

<PoTope3~-tcT - cseToYyBcTB~-tTenbHbtiii non~-tMep, KOTOpbtiii a 

lKI-IAKOM BI-!Ae HaHOCI>ITC~ Ha nosepXHOCTb o6pa6aTb\BBBMOiii nnaCTI>!Hbl 

ueHTp~-tcpympoSaH~-teM. np~-tMSH5110TC~ 11031-\TI-\BHb\6 cpOTOP831-!CTbl 

<Pn-51WB 1-1 AZ-1350,, y KOTOpbiX np~-t npo~slleHVIL-1 YAaJ15110TC~ 

3acseYeHHbte o6nacm. B npouecce cyWK~>~ npo~-tcxoA~-tT YAaneH~>~e 

paCTBOPVITell~ 1-\3 TOHKOiii (0,5<-1,0 MKM) nneHKL-1 cpOTOP83VICTB. 

npo~BJ16HI-!e 3aCB6Y8HHb\X o6nacTeiii npOBOAI-!TC~ 8 wellOYL-1, np~-t aTOM 

CKOpOCTb pacTBOpeHI-\~ 3BC86YSHHbiX 06JlacTeiii npi>IMBpHO 8 1 0 pa3 

BbtWe, YeM He3acseYeHHbtX. 3aAy6n~-tsaH~-te - TepM~-tYecKa~ onepaUI-\51, 

npl-1 KOTOPOiii npOI-!CXOAI-IT cWI>IBKa MOllBKYll nOlli>!Mepa. TaKI>!M o6pa30M, 

Ha nnacmHe C03AaeTc51 MacKa, He YyscTB~<~TellbHa~ K HeopraHVIYecK~-tM 

TpasV~Ten51M. nocne TpasneH~-t51 o6pa6aTbtsaeMoro cno51 nnacTI>!Hbl 

cpoTope3~-tCT MOlKeT 6btTb cH51T a opraH~<~YeCKOM pacTsop~-tTene. Bo 

speM~ cpoTOll~-tTorpacp~-t~-t BalKHO o6ecneY~<~T.b xopowy10 aAre3~-ttO 

cpOTOP831-!CTa K o6pa6aTbiBa6MOMY Cll0\0 Si02 1>1 MBKCI-!MallbHO YI-\CTb\6 

ycnoBVI51 Ha scex aranax. 

2.3. liiMnnaHTBUL-151 (1-!0HHOe ner~-tposaH~-te) 

Cyu;HOCTb M6TOAa 1-!0HHOrO ner~-tpOBaHI-\51 3aKJ110YaeTC~ B 

60M6apA1-!pOBKe o6pa3Ua (Kp6MHI>18BOiii nllBCTI>!Hbl) cenap~-tpOBBHHbiML-1 B 

MBrHI-ITHOM none 1-1 ycKopeHHbiML-1 AO aHepr~-t~-t 50<-150 KaB 1-!0HBMI-\. np~-t 

aTOM B npl>lnosepXHOCTHOM 

pacnpeAellSHI-\8 KOHUBHTPBUI-!1-1 

cnoe c03AaeTc51 onpeAeneHHOe 

ner~-tpytOweiii npVIMBcVI. rny6V~Ha 

ner~-tpOBBHHOrO CJ1051 3881-!CI-\T OT 3Hepr~-t~-t nyYKa, T~-tna I>IOHOB 1-1 mna 

MI-IWBHL-1, a KOHUBHTPBUL-151 - OT A03bl 1-!MMBHTBUI-\1-1. Jler~-tpOBBHHbliii 

cnoiii nonyYaeTc~ Cl-lllbHO AecpeKTHbtM ( c HapyweH~-t51M~-t 

Kpi-ICTaJllli-!YBCKOiii peWeTKL-1), noaTOMY Heo6XOAI-IM AOllOllHI-\TellbHbliii 

OTlKI-Ir ( 600+ 1 000°C) B neYI>! CAO - 125/3. An~ ner~-tposaHI-\51 

onpeA6J18HHb\X o6nacTeiii nnacTI-\Hbl npVIM8H5110T MBCKL-1 1-13 OKI-ICJlB 1-1111-1 

non~-tMepa (cporopes~>~cra). An51 C03AaH~-t51 p+-o6nacr~<~. a n-KpeMHVI~-t 

npVIM6HMBCb 1-\MnllaHTBUI-\51 VIOHOB 6opa C aHepr~-teiii 53 K36 1-1 A030iii 
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50 MKKn/cM2, a All~ C03JJ.aHI4~ n• -o6nacm npoBOJJ.14Jlacb 14MnnaHTaU14~ 

140HOB $oc$Opa C )J.030i:1 1 00+ 150 MKK11/CM2 Ha 140HHO·Jly~esoi:1 

ycTaHOBKe "6e3yBI4i1 ·1 ". 

2.4. HanblneHI-!e 

HaHeceHI-!e MeTann!-1YecKI!IX nneHoK npo!-13BOAI-1TC~ s ycTaHosKax 

BYn-5 lilcnapeHI4eM e BaKYYMe HaseCKI-1 Heo6xoA!-1Moro MeTanna 

3JleKTpOHHbiM llYYOM C 3Heprl!lei:1 10 1<36. 3TI!IM cnoco60M MOlKHO 

nonyYaTb nneHKI!I npaKTI!IYeCKI-1 11106blx MeTannoe. Tpe6yeMbli1 PI-ICYHOK 

MeTanll!-1YecKoro cnoR TaiOKe co3.o.aeTc~ onepau1-1ei1 c!>OTOJli-1TOrpac!>l-11>1 

no MeTanny. 

0CHOBHbl8 npo(J.eCCbl nnaHapHOi:1 TeXHOJlOfl-11-1, np!4MeH~8Mble B 

HaCTO~Ulee speMR B AaHHOM TeXHOJ10f!-1YeCKOM KOMnlleKCe, noKa3aHbl 

Ha p1-1c 6. STill onepaU141>1 Moryr HeCKOllbKO pa3 Lli-IKll!-1YecKI-1 noeTop~TbC~ 

B 3aBI-1CI-1MOCTI!I OT KOHCTPYKUI!II-1 np1116opa. 

3. 3KcnepliiMeHTaJlbHble pe3ynbTaTbl 

0CHOBHOi:1 Ll8Jlb10 T8XHOJ10fi-IY8CKI-1X 3KCnep!-1MeHTOB B "~1>1CTOi:1 

30H8" 6b1Jla HaJla,IJ.Ka T8XHOJ10fi-1Y8CKOfO o6opyAOBaHI!I~ All~ nnaHapHOi:1 

TeXHOJlOflill!l 1-1 C03AaHI-1e crapTOBOi:1 TeXHOJlOflillil 1>13fOTOBJ18HI-1~ 

nnaHapHbiX KpeMHI!IeBbiX AeTeKTopoe I!IOHI-13111PY1011li!IX 1!13llyYeHI-!i1. 

AeTeKTOPbl 1-13rorasnl-!sanl-!cb 1-13 BbiCOKOOMHoro KpeMHI-1~. 

Bblpal!leHHOfO MeTOAOM 6eCTI!If8JlbHOi:1 30HHOi:1 nnasKI-1 (53n • KpeMHI-Ii1, 

l!llll-1 FZ • silicon). An~ 1!13roTosneHI!IR AeTeKTopoe npi4MeHMC~ 

MOHOKP>~CTallll>~YecK>~i1 KpeMH>~i1 MaPK>~ KAA. >13rDTOBJleHHbli1 B CCCP 

(3anopOlKbe, 3TMK), CO cneAYIOUl>IM>l napaMeTpaM;,: 

• YAellbHoe conpoT>~BneH>~e or 1 .o.o 6 KOM·cM; 

• opl-!eHTal.l>l~ Kp>~cranna • < 111 >; 
• T>ln npoBOA>IMOCT>l • n • 3JleKTpOHHbli:1; 

o epeM~ )!(i-l3H>l HeOCHOBHbiX HOC>IT8Jlei:1 3ap~,IJ.a • OKOJlO 0,5·1 0'3 c; 

• MaKC>~MallbHa~ HeOAHopoAH·ocTb yAellbHoro conpoTI-!BJleH>~~ Ha 

nllaCT>IHe AO 50%. 

B KalKAOM ceaHce e rexHonor;,yecKI-!i1 U>~Kll 3anycKanacb napr~-1~ 

nnacr>~H KPeMHI!I~ e KOll>~Yecree 5+8 wryK, nnacri-!Hbl 6bln>~ c 
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ABYXCTOpOHHei1 nOlll4pOBKOi1, TOJll!li4HOi:1 320±20 MKM, npi4MeH~Jli-!Cb 

nllaCTI4Hbl ABYX A148MeTpOB • 60 14 76 MM. 

KoHTPOllb napaMeTpoe AeTeKTopoe npoBOJJ.I-!llC~ Ha nnacTI4He, Ao 

14 nocne pe3KI-I nnacmHbl Ha OTAeJlbHble AeTeKTOPbl, 143Mep~lli4Cb 

cTaTI4~eCKI-!e I·V (eonbT·aMnepHble) 1-1 C·V (BOJlbT·c!>apaJJ.Hble) 

xapaKTepi-ICTI-tKI-1 All~ Ol.l8HK!-1 BeJl!-1~1-!Hbl TeMHOBOfO TOKa YTe~KI-1, 

HanpmKeH!-1~ npo6o~ 1-1 Hanp~lKeHI4~ nonHero o6eAHeHI-!~ AeTeKTopa, 3TO 

OCHOBHble 3KcnnyaTaUI-IOHHble xapaKTepi-!CTI-!KI-1 AeTeKTopoe. ToK YT8~KI4 

A8TeKTOpa ~Bll~eTC~ OAHI-IM 1-13 fJlaBHbiX 1>1CTO~HI-IKOB WyMa np!-1 

I-!3MepeH!-11>1 3HepreTI-!~ecKoro pa3peweH1-1~ AeTeKTopa 1-1 CJlYlKI-IT 

xopoW14M 1'1HA~-!KaTopoM "3arp~3HeHI-1~" AeTeKTopa e npouecce 

1-13roTosneHI4~. Hanp~lKeHI-!e npo6o~ (U8) AaeT I-IHc!>opMaUI-110 o 

Ka~ecTee 1-!HlKeKTI-!PYIOl!lero (p-n)-nepexoAa 1-1 o Ka~ecTse BbiPal!leHHoro 

OKI-!cna Si02. Hanp~lKeH!-1e nonHoro o6e.o.HeHI-1~ (UFO) no3son~eT TOYHO 

3HaTb YAenbHOe conpoTI-1BJleHI-Ie e o6beMe KpeMHI-1~. M14HI-!ManbHYIO 

reoMeTpi-!YeCKYIO eMKOCTb AeTeKTopa 1-1 OUeH!-1Tb KaYeCTBO OMI-!YeCKOfO 

KOHTaKTa n•n. Ecn~-1 np~-1 Uo=UFD HeT pe3Koro yeen!-1YeH!-1~ o6paTHoro 

TOKa (HeT 1'1H)!(eKLll-ll-l C OMI4YeCKOf0 KOHTaKTa), TO MOlKHO fOBOPI-1Tb, YTO 

KOHTaKT ~-!MeeT nnocK!-1~ npoc!>l-1nb ner1-1posaHI-!~ 1-1 xopowo OTO)!()!(eH. 

CTPYKTYPa (p•nn•)-AeTeKTopa np1-1se.o.eHa Ha p!-1c.7. 

40 10000 MKM 50 

;: j I .~ db~r ~:;:.::~, 
~ -- - . ! p (0,7 MKM) 

- 1;~~0~~- -- -·- ~ 

n+ (1,0 MKM) 

AI (0,7 MKM) 

P;,c.7. AeTeKTop c <-~MnnaHr>~poeaHHbiM (p·n)-nepexo.o.oM 
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T!-1ni-1YHble (1-V) 1-1 (C-V) xapaKTep!-1CTI-lKI1 AereKTopos, 

l-13rorosneHHbiX np~-1 OTJlaAKe o6opyAOBaHI1SI 11 rexHonoml-1, noKa3aHbl 

Ha p1-1c.8. 

~ 
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:I: 
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1 

.l],ereKTOp 1X1 CM2, TOJ1LW1HOI:% 340 MKM, 

c 1-iMnnrurntpoBaHHbiM (p-n)-nepexOJJ.OM 
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06paTHOe CMeweHI-le (B) 

P11c.8. BonbT-aMnepHast ( 1) 1-1 BOflbT·¢apaAHaSI (2) xapaKTep!-1CTI-1KI-l 

A8T8KTOpa C 11MnnaHTI"POBaHHb!M (p-n)-nepeXOAOM 
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,Ll,/1SI YAo6crsa orr.aAKI-1 rexHonorl111 !-1cnonb3oBani-1Cb 

<jlOTOWaOJlOHbl, n03BOJ1HIOIJ.ll-1e Ha OAHOi:l nnacn1He A11aMeTpOM 76 MM 

nonyYaTb OKOJ10 20 WTYK (pin)· <jlOTOAI-lOAOB pa3MepoM 10x10 MM
2. 

Hani1Y11e Ha nnacmHe 20 wTYK AeTeKTopos no3BOnsteT oueHI-1Tb 

nosropsteMocTb napaMerpos no nnacr11He, npi1YI1fjbl Ae¢eKTOB 1-1 

OAHOpOAHOCTb Marepl-lana:· Ha p11c.8 nerKo onpeAenmb Hanpstll<eHI1e 

nonHero o6eAHeHI-1~ no sonbr-¢aPaAHOi:l xapaKTepl1cmKe. 3To 

HanpS!li<8HI1e coorsercrsyer reoMerpi1YecKoi:l eMKOCTI1 AereKTopa 11 

cocrasnS!eT oKono 65 B, Yro coorsercrsyer yAeflbHOMY conpor1-1sneHI-IJO 

f,ICXOAHOfO KpeMH11SI 6onee 6 KOM·CM. noseAeHI1e 11 B8J11-1Y11Ha 
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TeMHOBOfO oopaTHOfO TOKa AeTeKTOpa CBI-1AeTeJ1bCTSyeT 0 TOM, YTO 

KPOMe oobeMHoro ToKa YTeYKI-1, onpeAenHeMoM 1-lCXOAHbiMI-1 

napaMeTpaMI-1 KpeMHI-lH, npi-1CYTCTBYJOT 1-1 APYrl-le cocrasJ1HJOLUI-1e 

(nosepxHocTHbii:l roK 1-1 TOK, Bb13BaHHbli:l Apyrl-lMI-1 1-lCTOYHI-lKaMI-1 

Ae¢eKTOB). ,Ll,/1H onpeAefleHI-lH CTeneHI-1 yxyAWeHI1H 1-lCXOAHb!X 

napaMerpos s oobeMe KpeMHI-lH nocne nposeAeH!-1H 

BbiCOKOTeMnepaTYPHbiX npot.~eccos nnaHapHoi:l rexHonorl-11-1 Oblfll-1 

l-13rorosneHbl AereKTopbl c 1-lMnJlaHTI-lPOBaHHbiM nepexoAoM 1-1 

AeTeKTOPbl c nosepxHOCTHb!M 6apbePOM Au-Si 1-13 nnacTI-lH, 

npi1HaAflell<alU11X OAHOMY CJ111TKY KpeMH11~. 

nosepXHOCTHO·oapbePHble AeTeKTOPbl l-13fOTaBJ111BaJ111Cb 6e3 

11CJ10Jlb30BaH!-1H ( BbiCOKOTeMnepaTYpHbiX onepal.ll-li:l 1-1 OObeMHble 

CBOi:lCTBa MaTepl-laJ1a y Hl-lX He AOJlli<Hbl Ob!J111 MeH~TbCH. 

Ha p1-1c. 9 npi1BeAeHbl 1-V 1-1 c-v xapaKTepi1CTI-1KI1 raKl!lx 

nosepxHocrHo-oapbepHb!X np1-16opos. ToKI-1 YTeYKI-1, npl-lseAeHHble K 

eAI-1H11l\e oobeMa AeTeKTopa, oKa3b!SaJOrc~ cpaBHI-1Mbl, a 3HaYI1T, np11 

BbiCOKOTeMnepaTYPHbiX onepal.ll-lHX napaMeTpbl oobeMa KpeMHI1H He 

yxyAWaJOTCH, 1-1 TeXHOJlOfl-lYeCKI-le onepal.ll11-l npOBOA~TCSI OTHOCI-lTeJlbHO 

"YI1cro", 6e3 nonaAaHI-lSI s oobeM AeTeKTopa Ob!crpo

AI-1¢¢YHA11PYJO!U11X npi-1Mecei:l. 
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AereKTOP 1 x1 cM2 ronUl~Ho~ 340 MKM 

C ~MnJl~HT~poBaHHbiM (p-n)-nepeXOAOM TeClOBbl~ c•rHan 

3000 T reHeparopa 
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AMnn1<1ryAa c~rHana (B KaHanax Al..\n) 

P1<1c.10. CneKTp CL -1<1CT04HI<1Ka 241Am (Ec,=5,4858 M3B), 1<13MepeHHOro 

AeTeKTopoM c 1<1MnnaHTI<1poeaHHbiM nepexoAOM 

Pa3H1<1Ua e sen1<1Y1<1Hax Hanp~lKeHI<1f1 nonHero o6eAHeH~f1 AJlfl 

AeTeKTopa c ~MnnaHmpoeaHHbiM (p-n)-nepexoAOM 1<1 noeepxHoCTH0-

6apbepHoro AeTeKTopa o6bf1CHfleTc~ reM, YTO ABTeKTopbl 6b1Jll<1 

~3rOTOBJleHbl H!3 nnacmHax Kp8MHI<1~ C pa3Jl~YHbiM ~CXOAHbiM 

YAenbHbiM conpomeneHI<1eM. 
Ha pl<1c.10 npi<1BeAeH cneKTp et-1<1CTOYHI<1Ka 241Am 

(Ec.=5,4858 M3B), ~sMepeHHOro AeTeKTopoM c ~<MnnaHT~posaHHbiM 

nepexOAOM. I'I3MepeHI<1f1 npoeoAL<Jli<1Cb np~ Hanp~)l(eH~I<1 Ud=50 B, 

pa3Mepbl AeTeKTopa 10x10x0,3 MM3, epeMfl ¢>opM1<1POBKI<1 (c6opa 

sap~Aa) ¢>opMI<1PYIOUlero yc1<1n1<1renf1 paeHflJlOCb 500 He. AereKTop 

06JlyYanC~ CL-YaCT1<1l.laMI<1 CO C)'OP,OHbl p+-KOHTaKTa, 1<1CT04H~K pa3MepoM 

3x3 MM2 crae1<1ncfl HenocpeACTBeHHO Ha noeepxHOCTb AeTeKTopa. WyM 
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:JneKTpOHL<K~< np~< noAKniOYeHHOM AeTeKTope ~<3Mep~nc~ no penepHoMy 

mucy, OCHOBHO~ BKnaA B WYM 3Jl8KTP,OHI<KI< AaBan AOBOJlbHO 60JlbWOii! 

o6paTHbliil TOK AeTeKTopa (0,8 MKA/50 B). Co6CTB8HHOe 

3Hepren1YeCKOe pa3peW8HL<e AeTeKTopa paBH~eTCfl 30 K3B. nepBble 

L<3rOTOBJleHHbl8 o6pa3l.lbl nnaHapHbiX ABTeKTOP,OB MoryT pa60TaTb KaK 

AeTeKTOpbl CI<JlbHO~OHI<31<PYIOUli<X YaCTI<l.l C HennoX~M pa3peweH~eM, 

OHI-1 MeHee 4YBCTBI<1TeJlbHbl K YCJlOBI<~M 3KCnnyaTaUI<11<1 (BaKYYM, 

BJlalKHOCTb), YeM noeepXHOCTH0-6apbepHble A8TeKTOP,bl. 

1 . 

2. 

3. 

4. 

BbiBOAbl 

B na6opaTOPHOM KOpnyce nCB3 C03AaHa "YL<CTa~ 30Ha" c KnaCCOM 

41<1CTOTbl. 100 1<1 nnOUlaAbiO 75M2
• 

PasMeUleHHoe e "41<1CToiil 30He" o6opyAoBaHI<1e no3eon~er 

1<13roraen~eaTb KpeMHI<1eBble AeTeKTopbl no nnaHapHoiil rexHonom~. 

l'l3rOTOBJleHbl OnbiTHb18 o6pa3l.lbl KpeMHI<1eBbiX AeTeKTOP,OB C 

1<1MnnaHT~POBaHHbiM~ nepeXOAaMI<1 Ha BbiCOKOOMHOM KpeMHI<1~ 1<1 

1<13MepeHbl ~X xapaKTep~CmKI-1, npOAOJllKaiOTCfl 1<1CCJleAOBaHI<1f1 C 

UeJlbiO ynyYWeHI<1f1 napaMeTpOB AeTeKTOP,OB ( CHI<1lKeHI<18 TeMHOBOrO 

TOKa). 

nepBble OnbiTHble A8T8KTOpbl noKa3anl<1, 4TO OHI-1 MOryT 6b1Tb 

1<1CnOJlb30BaHbl KaK AeTeKTOpbl Anfl CI<1JlbH0-1<10HI<131<1py10Uli<1X YaCTI<1l.l 

(CL-YaCTI<l.lbl, flApa, ~OHbl). 

5. KoMnneKc o6opyAoBaHI<1~ n03BOJlfleT npOI<13BOAI<Tb C60P,Ky 1'1 

AeTeKTopoe, BKniOYa~ cneAYIOUll<1e KOHTP,OJlb napaMeTpOB 

onepa1.11<11<1: 

• 

• 

• 

• 
• 

pe3Ka roTOBbiX nnacT~H C AeTeKTOP,aMI<1 Ha OTAeJlbHble 

AeTeKTopbl anMa3HbiM pe3l.IOM; 

npi<1C08A1<1H8H~e TbiJlOBbiX KOHT3KTOB 

npoBOAflUleiil nacroiil Ha ocHoee cepe6pa; 

AeTeKTOPOB 

npi<1COeA1<1H8HI<1e KOHTaKTOB AeTeKTOP,OB aniOM~HI<1eBOii! 

npoeonoYKOiil c noMOUlbiO ycraHoBKI<1 Anfl 

ynbrpaseyKoeoiil pa3sapK~; 

repM8TI;13al.ll<1f1 KOHT3KTOB AeTeKTOP,OB KOMnayHAOM; 

KOHTP,OJlb napaMeTpOB ABTBKTOP,OB - BOJlbT-aMnepHble 1<1 

BOJlbT-cjJapaAHble xapaKTep~CT~KI<1, aMnn1<1TYAHble 

cneKTpbl or PaAI<10aKT~BHbiX ~CTOYH~<KOB. 
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