
.., L; Lt ', 
I , 

OB'hE.DiWHEHHbJfl WHCTWTYT H.DiEPHWX WCCJIE.DiOBAHW:A 
flAEOPATOPIHI .RLlEPHb!X nPoEnEM 

13 - 4381 

M. H. OMeJ1bJ1HeHKo 

3REKTPOHHAH AnnAPATYPA 
~RH HEKOTOPHX 3KCnEPHMEHTOB 

C OTPHQATERbHHMH MIDOHAMH C nPHMEHEHHEM 
CTABHRH3AUHH cnEKTPOMETPHqECKHX TPAKTOB 

CneQH8JlbHOCTb 300 - npHMeHeH~e 3Jl0KTpOHHKH 

B eayqHNX HCCJleAOB8HHXX 

ABTOpe~epaT nHccepTBUHH, rrpencTaBneaaoA Ha COHCKBHHe yq~aoA 
CT0Il0HH KBHaHaaTa T0XHHqecKHX HayK 

lly6aa 1969 



-:_ 

-, ; 

I 

,· 

. / 

' . ' . 
,Pa6,oTa BbrnonHeHa B '1la6opaTopn.n sinepHbIX 11po6neM O6'he-

/lHHeHHoro HHCTHTyTa-H/lepHhlX HCCnenoB~HHH, 

Hay'IHhIH pyKOB0A!lTenb: 
. ! I 

irnHnn_naT, !pH3HKO_;MilTeMaTH'leCKHX HayK· lO,K,AKHMOB 
.· ' . 

OcpnunanbHbie OIIIIOHeHTbI: 
. . . 

noKT0p.TeXHH'IeCKHX HayK r.H.3a6HHKHH,r 

KaHnnnaT TeXHH'IeCKHX HayK H.C.KpaweHHHHHKOB, 
I :- •. 

~ - • ,._. i . :. -

BenymE:e Ha!'IHo-nccnenoaaTenbCKoo • yqpei1cneH~e: opneaa 

neHHHa HHc~nTyT aT~~HoH aHeprnn HM, H,B,Kyp'IaToaa. 

ABTopecpepaT paaocnaH 
,,. '1969 rona 

3amnTa·'nnccepTaul!'n cocT.a'nTcsi_ " " .1969 rona ~1!a aa-

cenaHnri Y'I~Horo C0BeTa na6opaTopnn ·gnepHbIX 11po6ne~·, OHHH,' 
.\ 

' -., ..,. 
r, ily6Ha, MocKoBCKOH o6nacTn, 

' C llH.c,cepTa3nett M0ll<H0 oaHaKoMHTbCH B 6116mwTeKe OHHH,. 

Y'IeHbIH ce_KpeTapb"I C\lBeTa 

Ka_H:1:H!/laT !pH3HKO-MaTeMaTH'IeCKHX aayK 

f 

\ 

....... 

~ O,A,3attMni:topora 

·, 
. ·.r 

.\ 

·I 

~ 
<s~ 

~ 
0 
'-0 

·, 
ti 

J 
•i', 

ii, 
J~ 

··-

I, 

13 - 4381 

M.H.OMeJI&snenKo 

3REKTPOHHAH AITITAPATYPA 
ARH HEKQTOPMX 3KCITEPHMEHTOB 

C OTPHUATERbHMMH MMOHA~H C ITPHMEHEHHEM 
CTABHRH3AUHH CITEKTPOMETPHqECKHX TPAKTOB_ 

CneQHaJlbHOCTb 300 - npHMeHeHHe 3JleKTp0HHKH 
B nayqe~x HCCJieA0BaHHBX 

ABTope~epaT nnccepTSUHH, npencTaBneHHOA Ha COHCKSHHe yqaaoA 
CTeneHH K8HIIHil8T8 T8XHH'I8CKHXHayK 

00'be.mmer1m:Q rm~~ 
~et'l1:Xt ia"-'lel\00.'.lL,!['IJ 

~nMOTEH[t · 



nocT8HOBK8 H0BblX 381'.18'1 B SIA8PH0I! tpll3.l!Ke BbIJ:lBllJ"'8.eT Bee 

6onee BbIC0Klle Tpe6oB8HllSI K Heo6xOAl!MOI! AnSI !IX BbIII0nHeHllSI 

aneKTp0HHOI! 8IIII8p8Type. K 'll!Cny T8Kl!X 38/:18'1 0TH0CSITCSI IIp0B0-

Al!Mbie B n860p8TOPll.l! SIAepHblX IIpo6neM 011.HM l!CcnenoB8Hl!SI B38-

. l!MOAei!CTBl!i! 0Tpl!U8TenbHbIX MIO0H0B C TSIJKenbIMll SIAP8Mll ll 1"'830-

o6p83Hb1M B0A0p0A0M, 

J13yqeHl!e nene1inSI TSIJKenbIX 8T0M0B II0A B03A8i!CTBl!eM 0Tp.l!U8-

TenhHbIX MIO0H0B l!HTepeCH0 TeM, 'lT0, KaK 6bin0 npeACK838HO 

~_.4>.3apeUKl!M/ 1/. HapSIAY C o6bI'1HbIM neneHl!eM, CBSI38HHbIM C 

SIAepHblM 38XB8T0M, B 8T0M rrpou~cce A0nJKeH H86n10A8TbCSI 6onbWOI! 

BKn8A 6e3p8All8Ul!OHHOI"'O neneHl!SI SIAep. 

Oco6eHHb1l! l!HTepec nnSI Teopl!ll cn86oro B3al!M0Aei!cTBl!SI­

rrpencT8BnSieT 38XB8T MIO0Ha B ra3006pa3HOM B0A0pone B peaKUllll 

ManaSI aepoSITH0CTb 38XB8Ta ll ee B38l!M0CBSI3b C IIpenwecTBYIO­

Wl!Mll µ - BT0MHbIMll ll µ - MoneKynSipHb!Mll rrpoueccaMl! ycnolK­

HSIIOT 8KCIIepl!MeHT, T,K, onpenenSIIOT oco6hJe Tpe6oB8HllSI K aneKT­

poHHOI! annap8Type, COCT8BneHHOI! !13 AOBOnhH0,60nbWOJ"'O K0nll'18CTB8 

_cxeM pa3nll'1H0I"'0 <pyHKUllOH8nbHOI'O H83ll8'18Hl!SI, K TaKl!M Tpe6o­

B8Hl!SIM M0lKII0 0Tll8CTll rrpeiKne Bcero CT86l!nbllOCTb ll II0BTOpSI­

eM0C::Tb xap8KT8pl!CT!IK. p83Hb!X 8K38MIInSip0B 0AII0Tl!IIHblX cxeM, 

npocToTy B 11acTpol!Ke, 6no'1HOe Hcrromiealle, 06ecrre'1l!Ba10mee 

6bICTpylO B38llM038M8HSI8MOCTb cxeM, CnenyeT 0TMeTl!Th, 'lT0 C 
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npo6neMoil:_ nony'leHIIH BblCOKOit CTa611nbHOCTII cneKTpoMeTpl!'IeCKIIX 

.aMnn11TYllHblX II apeMeHHblX TpSKT0B npl!XO)ll!TCH CTanKIIB8TbCH 11p11 

nocTaH0BKe MH0rllX I <pl!31!'lec·KIIX 3KCIIep11MeHT0B. _ EcTeCTBeHHO, 'ITO 

C p0CT0M 'll!Cna cneKTp,pMeTpl!'IeCKIIX KaHanoB annapaTypbl ace 

TpyllHee nony'll!Tb-CTa611nbH0CTb ee fiOK83SHIIH B npouecce )lnll­

·TenbHOH sKcnnyaTau1111. 3Ta 38/lS'la M0)KeT 6bITb ycnenrno peweHa 

BBe)leHl!eM Cl!CTeM 8BTOCTa611n113au1111. 

B 1111ccepTSUIIII paCCMSTp11B8IOTCH K0MnneKC TpSH311CTOpaoll 

annapaTypbl nnH apeMeHH0ro II aMrln11TyllHOro aHam13a 11Mnynbc0B 

B 3KCIIep11MeHTSX C 0Tpl!USTenbHblMII MIO0HSMII, a TSK)Ke CIICTeMbl 

CTa611n113SUIIII cneKTpoMeTpl!'IeCKIIX TpSKT0B, pa3pa60TSHHbl8 B na-
6opaT0pllll H/lepHblX npo6neM O1-HIH a 1963-1968 rona IIpll Y'ISCTIIII 

a·aTopa. 

1l11ccepTau11H cocTaaneHa 113 Tpex rnaa. llnH Toro 'IT06bl He 

neperpy)KSTb OCHOBHOH _TeKCT )ll!CcepTSUllll,HeKQT0pbie paC'leTbl Mb! 

Bb1Hecn11 B f1p11no)KeH11e. 

flepBaH rnaaa nocaHweHa annapaType nnH 11ccnenoaaH11fi nene-

Hllfi ~!llep 239 Pu 0Tpl!USTenbHbIMII MIOOHSMll/2-:-5/. OCHOBOH an-

napaTypbl HBnHIOTC_H. sneKTp0HHbte cxeMbl HaHoCeKyH/lHOro miana-

30Ha. 

B Ha'lane rnaBbl 0IIIICSHbl 6noK-CXeMbl II o_co6eHHOCTII <pll311-

'leCKOH annapaTypbl B SKCIIep11MeaTax, npoaelleHHbIX C yqaCTlleM 

1111~cepTSHTa. OCHOBH8H TPYllH0CTb 3KCIIep11Me.HTOB 6bin8 Bbl3B8H8 

He06X0llllM0CTblO perl!CTp11p0B8Tb c Bb!COKOH s¢<peKTIIBHOCTblO OCKOn-

KII neneHIIH 239 Pu , IIp0IICX0/lHWero 110/l )leHCTBHeM OTPIIU.aTenb-

HblX, MIOOHOB np11 Han11ii1111 6onbworo qioaa a -'laCTIIU ( ""108ceK-l) • 
11 qioaa pa3nll'IHbIX conyTCTByromnx co6b1T11fi, coanana10m11x no ape-

Mea11 C MOMeHT0M np11xona MIO0H8e llayxMepHblH aHan1!3 nan B03-

M0)KH0CTb TlllaTenbHO nccnenoaaTb <pOHOBbte ycnoimH, B TOM 'll!Cne 

<pOH a .-'ISCTIIU II <pOH np11MeCHblX 11- -Me30H0B B MIO0HH0M IIY'IKe, 

Aa_ann3y nonaepran11cb onHoapeMeHH0 aMrrnnTyna nMnynbca co cu11a­

T11nnHu11oaaoli KaMepbt, per11cTp11py10meli ocKonKH 11enea11H, 11 apeMH 

npnxolla 3T0ro HMnynbc.a nocne 0CTSH0BKH MIOOH8 B MllllleHII, 
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H3MepeHHOe BpeMH )Kll3HH M830ST0M0B 
239Pu C0CTSBHno 

67±.8 HCeK, a OTHOlllea11e 'll!Cna 6e3pS)lllSUIIOHHblX.)leneHl!li K 'll!Cny 

)leneanli 38 C'leT 06b1'IHoro MexaanaMa 0,28±.0,04. 

B cne1ly10m11x naparpaqiax 1 rnaBbl 0IIHCblBSIOTCH HSH0CeKyH)l­

Hbte cxeMbl, HSlllelllllHe np11MeHeHne KaK B annapaType, paCCM0TpeH­

H0li B 1.1, TaK H B annapaType nnH )lpyrnx 3KCIIepnMeHTOB. 

B. 1.2 OIIIICSH. lllllpOKOII0nocHblli !'MnynbCHblli ycnn11Tenb HSH0-

ceKyH/lH0rO lll!SII830Ha/6/ C BpeMeHeM HapaCT8HIIR H cna)la HMnynb-

COB 5 HCeK, Taxne xapaKTepHCTIIKII )lnR OTH0CHTenbH0 

MenneHHbIX TpaH3HCT0p0B ( f1417) 6blnll /l0CTHrHyTbl 6narollapg npn­

MeHeHIIIO K8CKS/lHb!X cxeM BKnro'leHl!R TjJ8H3HCT0P0B II BBeneHl!eM 

HH3KO'ISCTOTHOli, a B 0llllH 113 K8CKS)l0B - II BblCOKO'l8CTOTHOli K0ppeK­

UHII, XapaKTepHoli oco6eHH~CTbIO ere RBnHeTCH T8K)Ke H_anll'IHe Ha 

BX0)le uen0'IKII C 11110/l0M, npenoxpaHHIOllleli yc11n11Tenb OT aMnm1Tyll­

HbIX neperpy3oK, Kos<p<pnu11eHT ycnneHIIR ycnn11TenH - 15. 

Yc11n11Tenb C o6paTHOli CBR3bro
171 

( 1.3} srnnReTCH 6bICTpbiM 

ycnnHTeneM C BpeMeHeM HSpSCTaHHH 3-.4 HCeK. OH npe/lH83HS'leH 

nnH ycnneHIIH K0p0TKHX CllrHanoB, K0T0Pb!e MoryT 6b!Tb nony'leHbl 

HanpnMep, Ha Bb!X0/le 6bICTpb1X neTeKTOp0B 11nn nocne <popMnpoBa­

Teneli Ha TyHHenbHbIX lll!0llax. Yc11nnTenb pa3pa60TaH aa nayx Bb1co­

K0'laCToTHbIX TpaH3IICTopax THIIa IT3 l l ll ITS 13 II l!MeeT KOS<p­

¢11u11eHT yc11neHHH, paBHblli neCHTH, Bo3MO)KH0 K8CKSllHp0B8Hlle nayx­

Tpex yc11n11Teneli llnH nony'leHIIR 6onbI110ro Kosqiqi11uneHTa yc11neH11H. 

XapaKTepHbIMII oco6eHHOCTHMH yc11n11Teng RBnHIOTCH ranbBSHll'leCKHe 

CBH3H II paBeHCTBO Hynro · BblX0/lH0ro noTeHu11ana. 

B naparpaqie 1.4 onncaHa HaHoceKyHllHSH cxeMa coananeHnli 

H SHTIIC0BfiS)le~Hli, pa3pa6oTaHH8H C ncrronb30B8HlleM TpaH3HCTOp0B 

II TyHHenbHblX /lHO)lOB/ 8/. Cxe_Ma l!MeeT Tpll KaHana- C~BIIS/l8Hllli II 

0llHH Kaaan SHTIIC0BIIaneHIIH. cf>opM11poBaTen11 KaHanoB C0E-naneHl!li 

COCTOHT H3 KSCKS)la Ha Bb!C0K0'ISCT0THOM Tp8H3HCT0pe, BKnIO'leH­

H0M no cxeMe ·c o6meli 6aaoil, nocnenoaaTenbHoro 1111011Horo orpaH11-

'll!Teng II OllHOBH6paTopa Ha TYHHenbH0M llll0)le c IIH/lyKTIIBH0CTbIO. 

3neMeHTbl OT6opa coarraneH11il II aHTIICOBIIanea11il nocTpoeHbl Ha TyH-
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HenbHOn11onHblX onHOB116paTopax. OcHOBHblM nocTOl!HCTBOM cxeMbl 

coananeH11ii srnm1eTcS1 Manoe pa3pewa10wee BpeMsi 2+3 HceK, KOTo­

poe MOlKHO H3M8HSITb pelKHMOM sneMeHTa OT6opa coananeH11ii no 

6 HC8K np11 BblCOKOH Stj>¢eKTHBHOCTH. 3#eKTHBHOCTb KaHana aHTH-

coananeHHfi Ha nyqKe rr+ -Me30HOB CHHXPOUHKnoTpOHa np11 cqeTe 

TpollHblX C0BHaneHl!H 170000 CeK-1 nyqwe 99,99%. 

Ha 6a3e nayXKaHanhHOfi cxeMbI coananeHHH'C03JWHa cxeMa 

nornqecKHX ( BpeMeHHblX) BOpOT c perynnpyeMoll OT 20 no 300 HCeK 

nnnTenbHOCTbJO H apeMeHeM HapacTallHSI. 1 HceK. 3To 06ecneq11aa­

eTcsi 6naronapsi. npnMeHeHHJO cneunanhH0ro ¢opMHpoaaTensi, ncnonh-

3y10mero TyHHenbHblH nnon C KOpOTK03aMKHYTblM Ka6eneM. 

B 1.6 OilHCbIBaeTCSI HHTerpanbHblH nHcKpHMHHaTop nnsi HaHo­

CeKyHnHblX HMnynbCOB/9/, a TaKlKe pa3pa6oTaHHblH Ha ero OCHOBe 

nn¢¢epeHUH8nbHblH nncKpHMHHaTop, KOTOpblH ncnonb30BanCSI al 151. 

B IIHTerpanbHOM nncKpl!MHHaTope npHM8H8Hbl naa noporOBblX sne­

M8HTa- HMnynbCHblH nnon H OAHOBl!0paTop Ha TYHHenbHOM Al!OAe, 

qTo o6ecneqnaaeT xopowee ¢opMnpoBaH11e BXOAHhIX 11Mnynhc0B, npn 

KOTOpblX pa6oTaeT npn6op. Ecn11 ncnonb30BaTb CAB08HHblH noTeH­

UHOMeTp, 'lTO0bl OAHOBpeMeHHO H3M8HSITb noporn O0OHX sneMeHTOB, 

TO nnana30H AHCKpHMHHaUHH, HaqnHaJOWHHCSI C 0,5 a, AOXOAHT AO 

20-t30 a. llncKpHMHHaTop.o6nanaeT TeMnepaTypHofi HecTa6Hnh-
o . . 

HOCTblO nopora 0,05%/ c. Ecnn yaennqHTb HHAYKTHBHOCTH a uensix 

TyHHenbHblX AHOAOB, TO nl!CKpHMHHaTop MOlKHO 11cnonh30BaTb B 

MI!KpoceKyHnHoM nnana_3oHe. 

nono6Hbie xapaKT8j)HCTHKH HMeeT gn#epeHUH8JU,Hb!H n11cKpH­

MHHaTop. lliHpHHa OKHa M8HSl8TCSI B npenenax OT 50 MB no 1,5 B. 

llaa _aapnaHTa cMecnTenell ( cxeM 'nn11•) onncaHbI B 1. 7. 

B onHOM H3 HHX MaKCHManbHbill BblXO/:{HOll CHrHan COCTaBnSleT 5 Bo 

llo MOM8HT8 nocTHlK8HHSI ;;)Toil BenH'lHHbl npOHCXOAHT nnHeilHoe 

cyMMHpOBaHHe- BXOAHblX ,HMnynbcoB. CMecnTenn BblilOnHeHbl Ha Bbl­

COKO'l8CTOTHblX TpaH3HCTOpax THila 1T31 l H HM8IOT CO0CTBeHHOe 

apeMsi nepexonHoro npouecca 2-t 3 HCeK. B npyroM aapnaHTe cne­

unanbHO BBeneHa nncKpHMHH8UHSI BxonHhlX HMnynbCOB B npenenax 

0+ 1,5 B. 
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B KoHue nepaoll rnaa1,1 onncaH apeMsi-aMnnnzynHhil! Ko"Haep­

Tep H8 500 HCeK, BbmOnHeHHb!ll Ha TyHHenbHblX nnonax H BblCO-­

KoqacTOTHblX Tp8H311CTopax. Ero xapaKTepHoll oco6eHHOCTblO SIB­

nsieTCSI 01:{HOC~OpOHHSISI xapaKTepHCTHKa npeo6pa30B8HHSI, a TaK)K8 

BblilOnHeHHe ero BXOnHblMH ycTpoilCTBaMH ( onHOBpeMeHHO. C ¢opMH­

P0B8HIIeM) ¢YHKUHII BpeMeHHblX BOPOT. 

Pa3pewe!fHe KOHBepTepa B pa6o'IHX ycnoBHSIX Ha ny'!Ke MIO-

OHOB/5/ COCTaBHno - 1 HC8Ko 

Bo BTopoll rnaae pe¢epnpyeMoll nnccepTaunn paccMaTpHBaeT­

csi. 6noK-cxeMa H sneKTpoHHasi annapaTypa nnsi sKcnepnMeHTa no 

II3y'leHHIO B38HMonellcTBIISI OTpHU8T8nbHblX MIO0HOB B ra3oo"6pa3-

HOM Bonopone, 

<l>yHKUHH, KOTOpbie AOnlKH8 BblilOnHSITb sneKTpOHH8SI annapaTy-

pa npn H3yqemrn -Bb!WeyKa38HHOil peaKUHH B .ra3oo6pa3HOM BOAO-

pone, cneny10mne: 

1) Bbll:{8neHHe B03MOlKHO 6onhwero qncna OCT8HOBOK MIOOHOB 

B BOAOpone IlpH MIIHHManbHOM qncne ¢oHqBb!X OTcqeToB; 

2) perncTpaunsi aMnnnTyAHoro H apeMeHHoro cneKTpa Hei!Tpo­

l!OB - nponyKTOB A8Hllofi peaKUHH; 

3) ocymecTBneH11e nornqecKoro oT6opa Heo6xonnMbIX co6hl-

THH H3 nolK!lblX CO0blTHll H conyTCTBy10mnx srnneHHll, Hanp11Mep, 

KOHKyp11py10meil peaKU_III! 

µ ➔ e + vµ + V 
e 

ITocnenuee oco6eHHo BBlKHo, TaK KaK nccnenyeTcsi npouecc 

C AOBOnbHO·ll113KIIM ceqeu11eM •. 3aTpynHeHl!SI T8X!lll'lecKoro xapaK­

Tepa Obin!! Bbl3BaHbl TaKlKe Heo6xoAIIMOCTblO HCilOnb30B8Tb C'leT­

'll!KH co CUl!HTl!nnsiTOp8MI! ·. Tllna Cs] ( Tl), 06nana10m11M11 6onbWl!M 

apeMe!leM BhICBeq11aaHm1, B pe3ynhTaTe- qero B03pacTaJOT sarpys­

KII B Kauanax cqeTq11Koa. llnsi onpeneneHl!SI axonsimero B Ml!WeHb 

nyq1ca MIOOHOB IICilOnb3Y8TCSI CUIIHTHnnsiTop 113 Cs J ('Tl) Ton-

Wlll!OH Bcero "' 200 MKM II B03./:IYWHblM CB8TOBOAOM, 'ITO nonon­

HIITenbHO yxynwaeT cBeToc6op, T.e. ycn0B11e onpeneneunsi ocTaHoBoK 

MIOOHOB B rase. nosToMy H8MII npennolKeH II IICITOnb3yeTCSI MeTon 
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BbineneHHSI 0CTaH0B0K B raae, OCHOBaHHblH Ha paa/IH'IHH xapaKTe­

pa nosianeHHSI HMny/lbCOB Ha BhlXOAe C'IeT'IHKa C KpHCTa/l/IOM TH­

na CsJ (Tl) nocne npoxmKAeHHSI MeaoHa H B ero OTCYTCTBHe, 

T.e. npaKTH'IeCKH paBHOMepHOI'O OAHOS/leKTPOHHOI'O ¢oHa. 

Eo/lblllHHCTBO cxeM, paccMoTpeHHhIX B nepaoii rnaae, Hcnonb­

ayeTCSI H B 9TOH annapaType. norH'IeCKHH OT6op, aHa/IH3 HCKO-· 

Mb!X co6b!THH H OT6poc · /IOlKHb!X npOH3BOASITCSI npH nOMO!llH cepHii 

pa3/IH'lHbIX cxeM coanaAeHHii, sneKTpOHHh!X H Ka6enbHhIX nHHHH 

aanepJKeK, paaaeTBnTeneii, cyMMaTopoa, nepec'IeTHhIX cxeM, 

apeMSI-aMnnHTyAHOI'0 KOHBepTepa H T.n. CneuHanbHO paapa6oTaHa 

CX8M8 .paaAeneHHSI HeHTpOHOB·H I'8MMa-KB8HT0B no ¢opMe'cuHH­

THnmIUHOHHOI'O HMnynbca, pa6oTaromasi OAHOapeMeHHO OT neBSITH 

AST'IHKOB. 

Bo BTopott rnaae paCCMOTpeHbl TSKJKe oco6eHHOCTH Hcnonb-

30B8HHSI annapaTyph! A/ISi AaHHOI'0 ,sKcnepHMeHTa,· AnnapaTypa 

npO!ll/18 HCllbITaHHe Ha . nyqKe µ -M830H0B, OTpa6oTaHa MeTOl{HKa 

perHCTpaunH OCT8HOBOK B raaoo6pa3HOH MIIIlleHII, 3Ha'InTenbH8SI 

'18CTb annapaTyphl llpHXOAIITCSI .Ha cneKTpOCKOIIH'IeCKOe ycTpoii­

CTBO nrisi perncTpaunH HeHTpOHOB, pa6oTaromee OT neBSITII CUHH­

TII/lnSIUHOHHhlX C'IST'IHKOB, 3anaqa nony'IBHIISI CTa6nnbHOH IIH¢op­

M8UIIH OT cneKTpOM8TpH'IeCKOI'O ycTpOHCT88 pellleHa,., BBeneHHeM 

aBTOCTa6nnH38UHH acero AeBSITIIKaHanbH0I'O TpaKTa/101. C y'Ie­

TOM BoapacTaIOillHX Tpe60B8HHH K_ cTa6HnbHOCTH cneKTp0MeT~H'IeC­

KIIX Tp8KTOB npn nocTaH0BKe paanH'IHbIX 9KCll8p!IM8HT0B HSM Ka­

aanocb uenecoo6paaHhIM paccMoTpeTb - aonpocb1 cTa6nnnaaunn n 

CIICT8Mhlo paapa6oTaHHble 8BTOpOM/ 11/ I 6onee neTS/lbH0 H OTBeCTH 

!IM oTnenbHyro ( TpeTbro) rnaay,. 

TpeTbSI rnaaa Ha'I!IHaeTCSI o6aopoM pa6oT 110 CIICTeMaM CTa-

6nnnaaunH1 121• Llanee 9TH c~cTeMbl paccMaTpHBaIOTCSI C T0'IKH 

apeHHSI Te0pHn aBT0MaTH'IeCK0I'0 perynnpoBaHHSI, 

Qqeam:rno, ·'ITO no npnHuimy ycTpottcTaa no'ITH ace cTa6)mH-

3HpoaaHHbie cneKTp0MeTpH'I8CKHe CHCTeMbl SIBnSIIOTCSI HMnynbCIIhl­

MII CHCTeMaMH aBTOCTa6H/IH3aUHH, qiyHKUHIO HMnynbCHblX MOAY/'JSI­

T0p0B B K0T0pb!X BhmonHSIIOT HCT0'IHHKH penepHblX CHI'H8/IOB, Pe-
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nepHoe Hany'IeHHe (Hany'IeHHe c aapaHee HaaecTHhIM, o6hI'IHO 

MOH0Xp0MaTII'Ie~KHM, cneKTpoM) IIOAa8TCSI Ha axon cneKTpoMeTpa 

napannenbH0 HccnenyeMoMy Hany'IeHnro, B cHcTeMe CTa6nHaauHn 

npenycM0TpeH0 .II3MepeHne aMnnnTyAhl penepHblX CIII'H8/I0B, 'ITO 

AaeT HHQJOpMSUHIO 0 aenlI'IHHe K09qJQJHUHeHTa ycHneHHSI, Ecnn 110-

cneAHIIH H3MSHHncsi, Bbipa6aTbJBaeTCSI ynpaB/ISIIOilllIH cnrHan, K0T0-

pblll B03Bpa!llaeT K09QlqJHU!IeHT ycnneHIISI K H0MIIHanbH0MY'3Ha'Ie­

HIIIO. CpaaHeHne 6noK-cxeMbI co cTpyKTypHOH cxeMott, nocTpoeH­

HOH B COOTBeTCTBIIll C Teop1Ieii aBT0MaTII'IeCK0I'0 perynnpoaaHIISI, 

II03B0nSieT 6onee TO'IHO ycTaHOBIITb, KaKne onepaunn Bb!Il0/IHSIIOT 

a CIICTeMe CTa6nnnaaunn Te II/III IIHbie 6/IOKII annapaTyphI, n HS 

OCHOB8HIIII 9T0I'0 oueHIITb !IX ponb B AOCTIIJKeHIIII Han6011ee 9qlqJeK-

TIIBH0H CTa6HnnaaunlI, Bbipa6oTaTb Tpe6oaaHnSI K annapaType 

II nocTpOIITb CIICTeMy C npnMeHeHneM Han6011ee np0CTblX TeXHII­

'IeCKIIX cpencT.B. no np1IaHaKy, Han6onee o6meMy Ansi c1IcTeM 

aBToperynHpOBaHIISI C 3aMKHyTOH o6paTHOH CBH3bIO - 11p1IHUIIIIY 

pa6oThl acero aaMKHyToro K0HTypa,- npo~eneHa KnaccnqiHKa­

UHH'CIICTeM CTa6nn1IaaUHII cneKTpoMeTpOB Ha CHCTeMbi aHanoroao-

ro II penettHoro TIIII0B, B aHanoroBhIX c1IcTeMax perynsiTop pearlI­

·pyeT Ha c1IrHan paccornacoaaHIISI (1IaMeHeane Kos¢¢nu1IeHTa:yc1Ine­

H1IS1) B .aHanoroB0H qiopMe C Y'ISTOM ero aenn'IIIHhl II 3HaKa, B 

penettHhIX CIICTeMax cymecTaeHeH nHillb 3HaK paccornacoaaHnsi. 

CooiaeTCTBeHHO nnsi aHanoroBhIX CIICTeM perynnpyromee aoanett­

,CTBIIe nponopunoHanbH0 II3MeHeHIIIO KOSqlqJIIU!IeHTa ycHneHIISI, a 

A/IR peneilHblX - IIOCT0SIHHO no Be/III'IHHe aa KaJKAblll nepnon pa-

60Thl penepH0I'0 CIII'Hana II OTnH'IaeTCSI T0nbKO 3HaKoM, Korna 

llp0IICXPAIIT perynnpoaaHne B Ty II/III Apyryro CTOp0Hy. B auanorOBhlX 

CIICTeMax MOJKHO BbIAennTb IIOArpynny aHanoro-umppoBb!X. CHCTe_M, 

y K0T0pbIX CTa6nnnanpyeMaSI aen!I'IIIHa npeo6paayeTCH B 'IHCnoayro 

noc'neAoaaTenbHOCTb ( KoA) II cnrHan paccornacoaamrn nosToMy 

npnxonnT B BIIAe KoAa. 
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B nocneny10m11x pa3nenax o63opa paccM0Tpe110 ycTpOHCTBo 

11 np11Me11e1111e KaK peneHl!bIX, TaK II a11anorOBbIX Cl!CTeM, a TaKJKe 

MeTOllhI peryn11poaa11m1 Kosq>cjmu11e11T0B yc11ne1111S1 cneKTpoMeTpoB. 

IToKa38110 noaene1111e 3Tl!X Cl!CTeM Ilpl! B03/leHCTBl!I! Ha cneKTpO--~ 

MeTpbl pa3nl!ql!b!X .B03MYIU810lllHX B03/leHCT.Bl!Ho 

A11an113 a11anoro-umpp0Bb!X 11 -peneHH!,IX Cl!CTeM IlOK83bIB8eT, 

qTO o6a Tl!Il8 Cl!CTeM M~ryT 06ecneq11Tb Bb!COKYIO CTaol!nhl!OCTh 

11 xopomee a11epreT11qecKoe pa3peme1111e. HeKoTopoe 3aTpyn11e1111e 

B nocTpoe111111 T8Kl!X Cl!CTeM BbI3bIB8eT OTCyTCTBlle COOTBeTCTBy­

IOIUl!X C.T8llll8pT11bIX l!CTO'IIIIIKOB penepl!b!X CllrHanoB, 06naaa10m11x 

Bb!COKOH CTaollnhHOCThlO. 

B TpeTbeH rnaBe o6cyJKA8IOTCSI cymeCTBYIOilllle MeTOAbl nocT­

poeHIISI reHepaTopoB penepHblX CllrHanoB II aenaeTCSI Bb!BOll O He­

OOXOllllMOCTI! pa3BIITl!SI penepHbIX CIICTeM C 11cnonh30B81!11eM nony­

npoBOAHl!KOBbIX l!MnynhCHbIX IICTO'IIIIIKOB CBeTa. BonpOCbl pa3pa­

OOTKII II npl!MeHeHIISI aneKTponIOMIIHecueHTHblX llCTO'lllllKOB CBeTa 

B annapaType nnSI gaep11on ¢113.IIKII Ha116onee nonHo ocaeme11w all31. 

C ~'laCTlleM AIICCepTal!Ta Obinll Bb!IlOnl!eHbl paoOTbl no .11ccneAOB8HIIIO 

CBOHCTB nonynpOBOAHllKOBbIX llCTOqHllKOB CBeTa lt C03A8HIIIO Ha 

OCl!OBe llX reHepaTopoB CBeTOBbIX llMnynhCOB/ 14, 15/. Ebm C03A8H 

re11epaTop C llCTO'IHIIKOM CBeTa .113 apceHIIAa ranmrn, KOTOpblH 

a a11anaa0He TeMnepaTyp lQ445°C .11Men 1111TerpanhHy10 HecTa611nh-

11ocTh He 6onee 1%. BpeMel!Hhle xapaKTepllCTllKII llCTO'IHIIKOB CBeTa 

.11ccneAOBan11cb OAHOaneKTPOHl!hlM MeTOAOM Ha annapaType C pa3-

pemeHlleM nyqme 0, 72 l!CeK ( TBKYIO AnllTenbl!OCTh IIMen cBeTOBOH 

l!Mnynhc, 1!3Mepel!l!blH - OT OAl!Oro 113 IICTO'IHl!KOB) • B Al!CCepT8Ulll! 

on11ca11h1 pa3pa60Ta1111bie · aaTopoM re11epaTopb1 c11r11an0B Anll cneKTpo­

MeTp.11qecK11x CUl!HTl!nnsiu110HHblX C'l8T'll!KOB/ 16/, 11cnonh3Y!Ollll!e 

11cTO'IH11K.11 cBeTa 113 ¢oc¢.11aa rann11S1 11 Kap6.11na KpeMHnn. re11epa­

Topb1 np11Mel!SIIOTCSI B aeBS!TllKal!anbl!OH CIICTeMe CTa611nl!38IIl!llo 

BaJKl!OH oco6e1111ocTblO re11epaTOpOB llBnneTCSI Illl!pOKl!H peryn.11py­

eMbIH llll8Il8301! aMnnllTYAbl CBeTa, KOTOpbifi COOTBeTCTByeT aMnn11-

TYA8M CUl!HTllnnllIIllH npl! per11cTpau1111 aefiTpOHOB no npoTol!aM 

oTnaq.11 c anepr11en l ➔ 15 Maa. 
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'-iacTb TpeTbeH rnaBbl IlOCBllIUel!a Cl!CTeMaM CT801Illl!38Ul!ll 

OAIIOKaHanhllbIX cneKTpOMeTpOB. nepBOll pacCMOTpe11a CIICTeMa CTa­

ol!nlI38lll!ll apeMe1rnoro cneKTpoMeTpa 11a11oceKy11n11oro n11ana30-

na117 I. 

B Ka'!eCTBe penepnwx .1111Tepaan0B apeMe1111 nnn cTa611n113au1111 

nopora II Kosq>¢11u.11e11Ta nepenaq11 cneKTpoMeTpa 1Icnonh3YIOTCll 

l!HTepBanhI apeMeH.11 MeJKlly BCnbIIIIK8MI! ~MnynhCHbIX llCTO'llll!KOB 

caeTa .113 cjioc¢.11na, rann11n. lln.11Tenb11ocTb apeMe1111h1x IInTepaanoB 

3anaeTcn n1Illl!S1M11 3anepJKK11, ·Bhmon11eHHhIMII 11a oTpe3Kax Kaoenen.-

CIIcTeMa CT80l!llll38Ulll! llBnlleTCll CIICTeMOH penefi11oro Tllna, 

'!TO no3BonsieT Bb!IlOnHl!Tb ee C noMOlllhlO AOBOnhHO npoCTbIX pa­

Al!OTeXl!l!'leCKIIX cxeM. 11MnynhCbI, COOTBeTCTBYIOIUlle penepHbIM 

IIHTepBanaM BpeMen11, per11c~pIIpyIOTCll y rpaHIIU (1111JK11efi II Bepx­

neii) paoo'lero n11ana3011a aaan.113aTopa AH-256 11nii AH-4096. l1a­

¢opMau11n o Benll'll!He Kosq>cjmu11e11Ta npeo6pa30Ba1111n 11 .. nopora 

nonyqaeTcn c noMOlllhIO c1111MaeMoro c a11ann3aTopa _c1Ir11ana, yKa-

3bIBa10mero, nonJKeH n11 penepHblH l!MnynhC _per.11CTp!!pOB8TbCll BHYTPII 

pa6oqero\.1111Tepaana (aan11q.11e c11raana) nn11 ane ero (oTcyTCTBne 

c11raana). 11Me·eTcn eme CBll3h ~ a11an1I3aTopoM, no KOTopoii nonae.T­

cn 11anpnJKe11ne nnn ynpaBne111Ill Ben11q1111oii nopora. CxeMa, onpene­

nsi10man 11eo6xoa11MocTh .113Me11e1111n Koa¢¢11u.11e11Ta yc11ne1111n ( nopora) 

11 ai,1pa6aTbIBa10man cooTBeTCTBy10mee ynpaBnn10mee 11anpnJKen11e, 

COCTOllT Bcero nHIIIb 113 ABYX OAIIOBl!opaTopoB, npocTefiIIIIIX ane­

Mel!T_OB c0Bnaae1111ii 11 8HTllCOBnanen.11ii ll_ Tpllrrepa C lll!TerpaTopoM. 

HecnOJKl!blM SIBlllleTCSI II 6noK C ynpaBnneMhIM Koa¢¢.11u11el!TOM yc11-

neH11S1, KOTOpbIH coaepJKl!T ABB 3MIITTepl!bIX noBTOp.11Tenn C nen.11Te­

neM MeJKAY HllMn. B Ka'leCTBe on11oro 113 nneq aen11Tenn 1Icnonh-

3yeTcll ¢oTope3l!CTop, Benl!'ll!Ha conpoT.11ane11.11S1 KOToporo onpenem1-

eTCll CBeTOM C naMnO'IKI! 11aKannB8llllll, Ill!T81ClIUeHCll 11anpS1lKel!lleM 

c 1111TerpaTopa. 

0 K8'1E!CTBe paoOThl CllCTeMbl MOlKIIO CYAl!Th 118 OCIIOB81!llll 

cneAyIOIUl!X ¢aKTOB. TaK, np11 BOCbMll'l8COBOM ceaace 1!3MepeHllM 

ue11Tp TnJKeCTI! n11Ka 11eK0Toporo -BpeMe1111oro pacnpeaene11nS1 cMe-
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mancH 6e3 cTa611m1aaium Ha· 400' HCeK, a co cTa611n11aau11ell -

He 6onee, 'IeM Ha :!:_3 HceK. 

C11cTeMa cTa611n11aau11n, paapa6oTaHHaH aBTopoM/18/ nnH 

8MIInllTy!IHOI'O aHan11aa HMIIynbCOB1 aHanOI'll'IHa !IpHBe!leHHOfi Bb!llle. 

ansi. BpeMeHHblX 113MepeH11ll, PaaH11ua aaKnIO'IaeTCH TOnbKO B TOM, 

'ITO CTa611n11a11pyeTCH nlllllb Ko9ljxp11u11eHT ycnneHHH. 

llnsi' o6ecrre'IeHl!SI CTa611nbHOCTII IIpll ycnoBl!H 6onblllHX aa­

rpy30K BBO!IIITCH 6nOKHpOBKa, naromaH rrp11op11TeT IIPOXOJK!leHIIIO 

perrepHbIX CHrHanoB. 

TpeTbH rnaaa· 38BepwaeTCH paCCMOTpeHl!eM CIICTeMbl CTa6n­

n11aau11n MHOI'OKaHanbHOI'O crre.KTpoMeTpa, B OCHOBy KOTOpoll rrono­

JKeHbl !Ip!!HUIIIIbl, IICIIOnb30B8HHhie !lnH CTa611nnaaUHII O!IHOKaHanb­

HOI'O crreKTpoMeTpa. 

C11cTeMa CHHXpOHH311pyeTCSI OT ycKopHTenH H BKnIO'IaeTCSI B 

Te MOMeHTbl 
0

BpeMeH11, KOI'!la OTCYTCTByIOT nccnenyeMbie co6bl­

TIIH, C IIOMOII!b!O 6noKa CHHXpOHllaau1111, peI'HCTpa CIIHXpOHll3aUHII, 

newncjipaTopa II KOMMyTaTopa rrocnenoaaTenbHO aarrycKaIOTCSI reHe­

paTopbI perrepHbIX CHI'HanoB, TaKHM o6paaoM, Ha cfioTOYMHOJKHTenn 

IIOO'Iepe!IHO IIO/WIOTCR perrepHbie BCIIbllllKH OT aneKTpOIIIOMIIHecueHT­

HblX !IHO!IOB. O6paTHaSI CBSl3b C a_Han11aaTopa IIOCTyrraeT Ha, 6noK 

yrrpaBnE!HHH, · C KOToporo 3aTeM qepea crreu11anbHbIH KOMMyTaTOp 

naIOTCH KOMaH!lbl 'yaenll'IHTb' 11n11.'yMeHbllll!Tb' Koa#nu11eHT yc11-

neHl!SI B .COOTBeTCTBYIOII!eM KaHane, 

XapaKTep!!CTIIKH onHOKaHanbHOfi II neBHTl!KaHanbHOfi CHCTeM 

rrpaKTH'leCKII O!IIIHaKOBbI, T,K, IICIIOnb3YIOT onH11 II Te )Ke 6noKH, 

KOTOpbie orrpenenHIOT Ka'leCTBO CTa611n11aau1111, CMemeHne Ha!IpSI­

lKeHl!H IIHTaHl!SI cjJOTOYMHO)Kl!TenH Ha 100 B !Ip!! pa60Ta10mefi CIICTe­

Me cTa611nnaau11n rrpnaon11T K naMeHeH1110 Koacficfi11uneHTa ycnne-

Hnsi rrpnMepHo Ha 1%, B To apeMH KaK 6ea cTa6nnnaaunn Koa#n­

uneHT ycnneHl!H H3MeHSieTCH,IIO'lTH BnBoe, 

CncTe~a HMeeT 6nO'lHYIO KOHCTPYKUIIIO n MOlKeT 6bITb rrepecTpo­

eHa Ha n106oe qncno C'IeT'lHKOB KaK MeHbwe, TaK n 6onbwe ne~ 

BHTH, 

12 

KpaTKO, HTOI'H pa60Tbl caonSITCSI K cnenyromeMy: 

1, Paapa6oTaH KOMIIII9KC cxeM HaHOCCKyHnHoll aneKTpOHHKH, 

Ha ocHoBe KoToporo CKOHCTpynpoBaHa arrnapaTypa ansi nccnenoaa­

Hnll aaanMonefic~ansi oTpnuaTenbHhIX MIOOHOB c sinpaMn 
239 

Pu. K 

3TIIM cxeMaM OTHOCSITC.SI: 

a) nMrrynbCHbltt ycnnnTenb HaHoceKyHnHoro nnarraaoHa c rrono­

cofi rrporrycKaHHSI 70 Mru n KoacjicjinuneHTOM ycnneHHSI paBHbIM 15; 

6) ycnnnTenb C o6paTHOll CBSl3bl0 C BpeMeHeM ycTaHOBIISHHSI 

344 HceK n KoacficfinuneHTOM ycnneHHSI - 10; 

B) cxeMa TpexKpaTHblX coBnaneHHH n KaHanoM aHTHCOBIIaneHHH 

c paapewaromnM apeM_eHeM 24 6 HCeK; 

r) nornqecKaSI cxeMa nponycKaHHfi c wnpnHofi 'aopoT' oT 20 

no 300 HCeK, aanaaaeMOH yrrpaBIISIIOII!HM HMIIYIIbCOM c BpeMeHeM 

HapacTaHnSI II crrana., l HCeK; 

n) HHTerpanbH~IH II nn¢cfiepeHuHanbHblH nncKpHMHHaTOpbl nnsi 

HaHoCeKyH!IHbIX HMIIYIIbCOB; 

e) CM9CHT91Ib C co6CTB9HHblM apeMeHeM HapacTaHHSI 2-t3 HCeK 

n nnHefiHhIM cyMMnpoaaHneM no 5 a; 

JK) BpeMsi-aMrrnnTynHhIH KOHB9pTep C nnarra30HOM 500 HCSK n 

paapewaromnM apeMeHeM "' l HceK, 

HHTerpanbHaSI HenHH9HHOCTb KOHBepTepa He npeBbllll89T 1%, 

2, C yqacTneM nnccepTaHTa nccnenoaaHo neneHne sinep 
239

Pu 

oTpnuaTenbHbIMH MIOOHaMH, 3KcrrepnMeHTanbHO 6bmO IIOKaaaHO, 'ITO 

Hapsiny C o6bI'lHblM nene11neM, CBSI3aHHblM C SI!lepHbIM aaxBaTOM, 

Ha6n10naeTCS1 6onbwofi BKnan 6eapannaunoHHoro neneHnSI sinep, 

, 3, Paapa6oTaHa aneKTpoHHaSI arrnapaTypa ansi aKcnepnMeHTOB 

no nay'leHHIO B38HMOJ:19HCTBHSI OTpnuaTenbHbIX MIOOHOB C raaoo6paa­

Hb!M BO!IOponoM. 

TipennolKeH MeTO!I BbIneneHHSI ocTaHOBOK M930HOB B raae C 

yMeHbllleHHeM cjioHa, CBSI3aHHOI'O C xapaKTepoM BbICBe'l_HBaHHSI CU~H­

THnnSITOpa Tnrra Cs J ( Tl ) • 

Paapa6oTaHa neBSITHKaHanbHasi cxeMa paaneneHHSI HellTpoHOB 

H raMMa-KB8HTOB no cfiopMe CUHHTHnIISIUHOHHOI'O HMJiyIIbCa, 
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'B annapaType ncnonbayeTcH cneunanbHO coanaHHaH CIICTeMa 

CTa61In1IaaU1IH neBHTIIUaTqlIKOBOrO CUIIHTIInnHUIIOHHOro cneKTpoMeT­

pa HeilTpOHOB; 

4. ilnH cTa61In1Iaau1I1I n Kan1I6poBKII cneKTpoMeTp1IqecK1IX TpaK­

ToB, npenHaaHaqeHHhIX KaK nnH aMnnlITYUHhIX, Tak II BpeMeHHhIX 

II3MepeHHil, paapa6oTaHo HecKonbKO TUnOB reHepaTopoB CBeTOBhIX 

IIMnynbCOB. 

5. ·no CIICTeMaM cTa61In1Iaauuu cnenaH o6aop II aHan1Ia IIX 

pa60Tbl c ToqKII apeHUH Teoplin aBTOMaT1IqecKoro peryn1Ip0B8HIIH. 

no nplIHUIIny neilcTBIIH CIICT0Mhl Knaccmjmu1IpOBaHbI Ha peneil­

Hh!e U aHanoroBbi0 II paCCMOTpeHO IIX noBeneHUe nplI Han1Iq1IU Ha­

.1I6onee. xapaKTepHbIX B03Myma!OIIllIX BoaneilCTBUil. 

6. Paapa6oTaHHhie aBTOPOM CX0MhI, TaKIIe KaK yc1In1ITenu, 

IIHTerpanbHbie UIICKplIMIIHaTOphI, CM0CIITenlI, CX0Mhl coBnaneHIIil 

II T.n. HaWnlI nplIM0HeHue He TOnbKO B 3KCnepUM0HTax, onucaHHh!X 

B nucc·epTauuu, HO u B npyrux sKcnepuMeHTax Ha cuHxpounK_noTpoHe 

fla6opaTopuu HnepHhIX npo6neM 0115!11. 

Ha ocHoBe ciicTeM cTa6unuaauu1I, onucaHHhIX B n1IccepTauun, 

paapa6oTaHa u aanymeHa B pa6oTy nByxKaHanbHaH.CII?TeMa cTa6n­

nnaauun cneKTpOM0TpuqeCKIIX TpaKTOB annapaTyphI, Ha KOTOpoil B 

11HCTl!TyTe cpnanKn AKaneMnu HayK HPE aenyTcH 1IccnenosaHnn 

y-y yrnOBhIX Koppennunil. 

CoanaHa TaK:>Ke cncTeMa cTa6nnnaaunn apeMeHHoro cneKTpoMeT­

pa nnn naMepeHIIH apeMeHU )Kl!3HII BOa6y:>KneHHbIX COCTOHHl!il nnep 

Ha OCHOBe CUIIHTl!nnHUIIOHHOil ycTaHOBKII y -'-Y COBnaneHIIil. 

B ocHoay nnccepTaU1III nern1I MaTepuanh1, ony6n1IKOBaHHhie 
· /3-12 14-18/ 

a pa6oTax ' , 6onbWIIHCTBO na KOTOph!X noKnanhIBa-

noCb Ha paan1IqHh!X KOHcpepeHUIIHX II CIIMn031IyMax: C1IMnoa1IyMe 

no HaHOC0KYHUHOil nnepHoil sneKTpOHIIKe; lly6Ha, 1967_ r.; 

HayqHo-TeXHIIqecKoil KOHcpepeHUIIII no nnepHoil sneKTPOHIIKe, MocK­

aa, 1967r.; C1IMnoa11yMe 0115!11 no pan1IosneKTpoH11Ke, AnymTa, 
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1968 'r; MelKnyHapOUHOM C1IMnoa11yMe no CTpyKType nnpa, ily6-

Ha, 1968 r; 11 itp. 
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