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B CBfl8H C WHpoRHM HCll0Jll,80BaHlieM MSJIHX SR~ TpeTI>ero IlOKO~e

HH.li oprarui:sau:im 8.BTOMaTH8.HpOBaHHliX nsMepeHHii B ~asnqecRott ~a6o

paTopnn CY111eCTBeHHo H8M6HHJiac1,. M8.71He SBM HCll0.1U,3YJOTCJI RaR 'laCTI, 

a~eKTpoHHOii annapaTypa TaKHX OT~enI>HUX ycTaHOBOK, RaK cneKTpoMeT

pu ~H8HRH BUCORHX SHeprnii H ycROpRTe~l'I qacT~ /I-t?/. :HsMeHHJICJI 

n xapaxTep o6u'IHofi a~eRT,poHHofi annapaTypu, ncno~i,syeMoii wm ~n

snqecKHX nsMepeHHfi. Ilpexne Boero noHBHJiaci, Heo6xo;a;HMOcTI> B opraHu

sar.urn COllpHX6!IHll KOMIIJieRca. a~eRTpoHHOii annapaTypli C SH.i. Mo,rry~H 

SJieKTpoHHOii annapaTypli CTaJil'I nporpBMMHo-ynpaBJllleMUMll. CaMH ~YHK

UHOHaJll,HUe MO,lJy~H B CBH8H C nporpeccoM a~eRTpoHHRH CTaJIH BunonHRTb

CJI Ha IDITerpanI>HHX cxeMaX. 

IlporpBMMHo-ynpaBnReMaR SJieKTpoHHM annapaTypa wnsn'lecKHX 

8KcnepHM6HTOB, BUilO~HeHHall Ha OCHOBe MHRpocxeMoTe.ianmH,MOXeT .6UTI, 

oxaprutTepnsonaHa KBR a~eRTpoHmta 3-ro noKo~emm, H ee cosnrume 

HBMeTCJI HOBUM STallOM B pa8BHT.llH RnepHOH a~eKTpoHHKH. 

B !a6opaTopHH BliCOKHX 8HeprHii.rOIDlli 6~H nocTHrHyTU onpeie

~eH!We ycneXH B cos~aHIUI COBpeMeHHOii annapaTypa TpeTI>eI'O llORO

~eH.IIJI, COOTB6TCTBYJ)llle! TeXHo~orHH H ~H8H'l6CKKX ycTaHOBOK Ha OCHO-

Be 8JI6RTpoHHRH 3-ro IlOKO~eHWI. B 1970-1974 rr 3~6Cb BnepBue ~nn 

conuaJIHCTH'leCKHX cTpaH 6una paspa6oTaHa H mupoKo BHeApeHa. nporpaM

MHo-ynpaBJllleMall SJieRTpoHHall annapaTypa B cncTeMe KAMAK H opraHR-

30BaHO ee Me~ocepliliHoe npOH3BOncTBO. OnucaHHe 3THX 3TaITOB pa60TU 

cocraBnRDT ocHOBY Hacron~en ~uccepranuu.B ~nccepraQHD TaKxe Bomnn 

pa60TU no cos~aHHD Ha6opa MO~ynen sneKTpOHHKH C'l6T'IHKOB 2-ro IlOKOne

HHR B CHCTeMe"Bnman",BUITOnHeHHUe B 1968-1970 rrl8191.Paspa6oTaHHUn 

Ha6op BUilYCKaJICR MenKHMH cepHRMH (Bun~eHO ~o 3000 WTYK) H Hcnon1,

syercn B cneKTpOMeTpax, ycT~HOBneHHUX Ha CHHXpOgJ8.30TPOHe, aa ycKo

PHTene Ha 76 r3B B HPB3 H pn~e ~R3H'leCKHX HHCTHTYTOB CCCP. 

,llHccepTBUWI coneplltllT BBeneHne, qernpe r~a.Bu, saKJIIO'leHae H 

npHJio:zemi:e. 
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B I-tt rJIB.Be paCCMaTp:miaeTCJI COCT8.B SJieKTpoHHoi annapaTyp!,1 

cneKTpoMeTpoB <pHSHKH BllCOKWC aHeprmt, sana,qH, pemaewe eil, H Tpe-: 

6oB8HHli K Hen. ·eoooKynHOCTI, aJieKTpoHHo:li annapaTypl:l II SBM cneKTpo

MeTpa o6p83YIJT ee IISMepl!TeJI:&Hlilt MO,nyJII,. lfuMepHTeJII,Indl: MO,nyJII, 

cneKTpoMeTpa o6ecneq:miaeT CeJieKTHBHlilt npHeM Hl:l<pOpMSIUIII c neTeKTO

poB ycTSHOBKH H BHnaqy OT<pHJII,Tp0BaHHOi SKCnepHMeHTaJII,HOit HHqx>pMa

Ulm 06 HCCJie,nyeM!:lX co6uTR/IX IlOJllIOCTl,il .wm jlJilI na,JII,He~eit o6pa6oT

KH Ha 60,lII,IDHX SIM. 

HaMepHTeJII,Hlilt MO,nyJII, ;IlOJillteH conepxaTI, BCe Heo6XOnHMHe <pYHK-

· UHOHaJII,Hl:le 6JIOKH SJieKTpoHHKH neTeKTOpoB: Ha6op M:>,nyJieit aJieKTpOHH

KH cqeTtfHKOB )lJilI MOHHTOpHpoBaHWI co6HTd c 6HCTpof! JIOrmtei OT6o-, 
pa, cneKTpoMeTpHqecKO:li K BpeMll-npoJieTHoi SJieKTpoHHKOI, .MO,nyJIH 

nponopQHOHaJil,Hl:lX, HCKpoBHX K npeiqx>BHX KaMep 11,1I.ff. KOOpnHHaTHHX HB

MepeHR:li, 6JIOKH KOHTpoJI!I YCTaHOBKH H MO,nyJIH COnpruteHM C S:PM. B 

COCTaB HSMepHTeJil,HOro MO,nyJifl ;IlOJilllla BXOnJa:TI, MaJlali S:PM TpeTi.ero 

llOKOJieHRli C IlOJIH!:lM Ha6opoM BHelllHHX ycTpoiCTB II cpencTB npencTSBJie

Hlill p;amwx. lfaMepHTeJII,HHI MO,nyJII, noDeH HMeTI, 6JIOtfHYil CTIJ1KTYPY 

jlJilI ycKopeHR!l CpoKOB IlO,D;I'OTOBKH SKCBepHMeHTa, BOBMO:EHOCTH MOp;H<pH

RSUd llpH HBMeHeHHH YCJIOBd axcnepHMeHTa H jlJilI IlOBTOpHoro HCilOJII,-' 

BOBaHlill B npyrwc SRCUepRMeHTaJII,HHX YCTaHOBKax. MO,nyJII, noJIXeH 6HTI, . 

TpaHCUOpTa(5eJII,HHM 11,1I.ff. llOBTOperuta: SKCllepHMeH_Ta Ha ycKOpl!TeJiflX 

qacTHU c p83JIHtfHHM.H nia:anasoHaMH aHeprlii. 

B STOit rJIB.Be Tmute ~OPMYRHPYDTC8 sa,n;aqu aBTOMaTHqecxoro KOHT

POR8 H ynpaBReHHa_ Oa30BliMH ~H3HqecKID.l'.H ycTaHOBKaMH, .T~KHMH KaK 

'ycxopHTeJIH qacTmt BHCOKWC SHeprmt' .H Tpe6oBaHM K 8.BTOMaTHqecxoi 

CHCTeMe H3Mepemm napaMeTpoB H ynpB.BJieHM Y'CKOPIITeJieit. SJieKTp0:

HHKa CHCTeMH ;IlOJillala 06ecneqn1,: I) 9'L0M nHarHO~Tl!tfeCKOit HHqx>pMa-
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UHII,aHaJIOr0BllX H UH<ppoBHX CHrHaJIOB C COTeH nB.TtfHKOB H KOHTpoJII,

HHX ycTpoiCTB YCKOpHTeJill II nepena.qy CHrHaJIOB Ha paccTOJIHRli no

pa;mta neCSITKOB-COTeH MeTpoB Ha perlICTPHPYJO!!IYD annapaTypy, 2) ne

penaqy aHaJIOroBHX H UII<pp0BHX Clll'HaJIOB Ha ynpaBJifleMHe HCTOt{HmtH 

llHTaHWI H ~HraTeJIII, 3) MO,nyJII,ffYil CTpYKTYPY )lJilI BOBMOlKHOCTei MO

n:H<plIKSUIDi CIICTeMH IlpH wnepHIIBSUHII ycTaHOBKH II jlJilI ynpo~eHM no

HCKa OTKaBOB H HX ycTpa.HeHWI. CacTeMa ;IlOJ!ll!Ha -coneplKaTI, O;D;Hy HJIII 

HeCKQJII,KQ MaJIHX SIM TpeTi.ero IlOKOJieHM H HarJI!InHHe cpencTBa jlJilI 

npencTSBJieHM pesyJII,TaTOB HSMepeHmt a cpencTBa aKTRBHOro BBam.10-

neicTBM )lJilI onepaTopoB -. nia:cUJieH co cBeToBHM nepoM, ltll8.BIIIIIB&e 

nyJII,Tbl, xacaTeJII,HHe llaHeJIH H Hl:l<pOl)MauHOHH!:le Ta6Jro. 

Bo 2-it rJiaBe paccMB.TpHBaeTCJI paspa6oT8Hmtlt HaMH HaOop MO~ynell 

aJieKTpoHHKH CtfeTtfmtOB 2-ro llOKOJieHK!I )lJilI Cll6RTp0M6TpoB <pHBHKH 

BHCOKHX aHeprd. Tpe6oBaHHe MO,tzy'JII,HOCTII. jlJilI SJieKTp0HHKH cneRTpo

MeTpoB M>rJio 6HTI, o6ecneqeHo Bu6opoM onpeneJieHHoro cTaHASpTa. 

PaccMaTpHBaJiaCI, BOBMOllHOCTI, npHMeHeHM CHCTeM Nm /IO/ H. "BH!llWI" 
/II/ • .1t1IlI BHilOJIHeHK!I m,nyJieit 6uJI BH6paH :e: HCilOJil,BOBaH CTaHp;apT 

/I2/ 
"Bmmlll C. MOnH<p~. HCllOJil,BYJJ(ilHMH npeHMYU1eCTBa CHCTeMH NI!v! 

H ycTpa.HJUlilitM}I HenocTaTKH CTaHASpTa "BmnH.a:". a RJ,'leHHO, - 6HJia 

BBeneHa enimaa: BHCOTa uo,nyJIH - IGO CM H HCTOqHmt llHTaHH8 no

MeCTWIH 1nosania: xacceTbl ~ pasMe~emm: m,eyJiel. Paspa6oTaHHl:li Ha-

6op m,eyJiel npencTaBJIJI8T co6ol <pYffKUHOHaJil,HO llOJIHHi Ha6op 6JIOKOB 

HnepHoit SJieKTp0HHKII HS 22-x MO,nyJiei H npe,DJi83HatfeH, B OCHOBHOM, 

11,1I.ff. ctfeTqJmoBoit qacTa cneKTpoMeTpoB H )lJilI BWIOJIHeHM Jior:e:qecxwc 

a B.HaJIOro:tmx onepaud /Bl. Ha p:e:c.I IlOK838.Ha cTpYKTYPHM cxeMa 

SJieKTpoHHRH CUHHTHJIJtllIU(OHHHX neTeKTOpoB cneKTpoMeTpa. B- Heit MOl!HO 

BHne.DITi.' ~e qacu ~ JIOrHqecR.YD, IlpHHKMBlllllYD pamemi:e II BH;llBXl!llYlJ 

Tp.Hl'I'epHHit HMIIYJII,C 11,1I.ff. sanycKa YCTaHOBKH, H ronocKOilHtfeCRYJl, npo

HBBO~ perHCTpalUD co6liTJIII. 

Bee 6JIORH paspa6oT8.HHOI'O Ha6opa COnpHraDTCJI no CHrHaJiaM B 
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COOTBeTCTBHlf c Tpe6oBaHRl!Mlf ClfCTeMU NIU .11 "Bmllllli". OHH o6e- · 

cneqHBa.JOT MaKC.IIM8Jll,H,YlO qacTOTY perHCTpaIUUt co6HTIDi 11.0 IOO MrQ.·· 

.KaK nprum.1.10, Bee CBJI3.II BliIIOJilieHl.i B ID1J.YJIIIX no. llOCTOSiliHOMY TOKY • 

,UlmTeJU,HO CTI, nepena,noB CHI'HaJIOB COCTa.BJIJteT 2 · HC. F,oJIJ,mHHCTBO 

6JIOKOB BlillOJIHeHo Ha Tpru!3HCTopax H TOJU,KO ·oTTI.MI>Hlie - Ha IDITerpaJII,, 

HliX cxeMaX, IIOBTOMY .IIX B ne~M r.DlKHO xapaKTepn:aoBaTI> ItaK MOTI.YJI.11 

2-ro noKoJiemm. 

--c11r11anu 110.11a10Tcll II cm!MaDTcSI qepea 11epe.111rne 11a

nem1 dJIOKOB qepe3 BUCOKOqacTOTHUe pa3'!J8Mhl Tl•llla BM:. . 
Jiorn:qecKlfe M01J.YJI1f no.npas_neJIH.ilTCR Ha ;m3e · no.nrpyIIIDl - 6JIOKlf 

npe,nBaplfTMI>HOro npeo6pasOBaHWi ClfrH8JIOB (6 MJ1J.YJiei!i) n: 6JioKH Bli

IlOJilieHWi Jiorn:tJecKn:x onepanIDi (5 M01J.YJieli). B nepBYJJ nonrpynny Jio

rn:qecKn:x M01J.YJleH -BXO,WIT: I) C,ltBOeHHl:dl: qx>pMlipoBaTMI> HMIIYJU,COB OT 

CUHHTHJIJIIIUlfOHHliX cqeT'IHKOB 2~IOO; 2) CTI.BOeHmdt qopMHpoBaTMI> co 

CJie,WllllHM noporoM ZiIICIIIOO; 3) pasMHOllll!TMI> JIOrHirncKHX ClfrH8JIOB 

4PIOO; 4) cMeCHTMI> Jior:aqecKHX ClfrHaJIOB CIOO; 5) 6no1t sa11.eplltKH -

HaHoceKYHTI.HOro ,nn:anasoHa·E3IOCM H 6) 6JIOK sa,nepll!IUI MlIKpoCeKYHTI.HO

ro ,nn:anasoHa.· K 6JIOKaM BTOp0H llOTI.rpyIIIDl OTHOCRTCR: I) qerupex

KpaTHa/1 cXeMa COBila,neHIDi c KaHaJIOM aHTHCOBIIa,neHlrli 4CCIOO, 2) qe

TUpexKpaTHa/1 MruKOpHTapHaR cxeMa COBna11.eH1m 4MCCIOO, 3) c,nBoeHHaR 

cxeMa .nBYXKpaTH!.iX coBnaTI.eHlm 2CCIOOM, 4) 4-KaHaJII>HaR cTpo6:apyeMaR 

cxeMa coBna,neHim CCTIOO H 5). 24-KaHaJII,HaR cxeMa BOpoT ,It1lJI ro11.0-

cKonoB Ha HHTerpaRI,HliX CXeMax24I'CBIOO /I3/_ 

Jt,m cneKTpoMeTpH'IeCKRX .IISMepeHd aMIIRHTY;n!,1 BlillOJilieH'Ha6op 

JIHHeimlix 6JIOKOB . (? MO 1J.YJieA) ,It1lJI. ycHJieHWI ;- CJIOllteHWi' pasMHozemm 

H OT6opa aHa.noroBl.iX ClfrH8JIOB. :B 'Ha6op BXO,WIT CJie1J..Yl)lltllle JI.IIHeibme 

6Jrmin::. I) c.nBoelIHl:di JI.11He:limdt··c,YMM.1IPYJ)utd ycHJinTem, .2JIYIOO, ,,; _ 

2) JI.IIHeimlli! pasMHOlKHTeJIJ,. JIPIOO, ,3) Jl.lIHeimlli! CYJ,!MaTOp 2JICIOO, , 

4) mHeimlie BopoTa 2JIBIOO, 5) c.nBoemma aTTeHmTop :aAIOO; :6) ~HH

TerpaJII,H!.il 11.HCKp.lIMHHaTop.,llHIOO If?). ~peHIUJaJII,H!.iH 11.HCKp.lIMHHa-
'. . .. ... -· . . -· ~ - - . ,• ,, . . \ -
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COOblTUA 

Pnc.I. CTpYKTYPHaR cxeMa BJieKTp0HHKH CUHHTWIJl/IUHOHHliX ,neTeKTOpoB 

cneKTpoMeTpa qJHSHKH BliCOKHX BHeprlfH. 
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JJ;]lll ROHTpo.na: H ynpaBJieHR!i peQMBMH paOOTI,I cneKTpoMeTpa 11 AlIII 

npeo6pa30BaHRli BpeMemw:x H aHBJIOI'OBWC ClII'HBJIOB B UliippoByD qx)pl,\Y 

;IJ.lill Bli.ztaqa Ha 8Blvi npHMeBSLJIOCI, 5 OCHOBHHX MOA,YJieii npeo6pasoBaHRli 

H ynpaBJieHR!i /S,I4/: I) BpeWI-&mJIHTy;mmi! KOHBepTop BAKIOO, 2) aHa-

JIOro-UH~poBOR npeo6pasoBaTeJII, EAIII024C, 3) reHepaTop ynpaBJieHltll 

I'YIOO, 4) I4MIIYJII,CH!ie BOpoTa HBIOO H 5) 22-KaH8JII,Hliit reHepaTOp m.t

IIYJII,COB ;IJ.lill CBeTO,ItE:O]lOB 22TIIlfC. 

IJo CBOHM xapaKTepacTHKBM MOJJYJIH paspaOOTaHHOI'O Haoopa He ycTy

ll8lOT aaaJioraqHHM 6JroKBM sapy6eltmlx ~HJJM /I5+IB/,_ qTo o6ecneqliJJIO 

C0BM6CTHOe HCilOJII,30BaHHe roe B cneKTpoMeTpax / 3/. 

B 38JCJID4HTeJII>HOa qacTH 2-a rJiaBH pacCMa.TpHBaDTCR ¢H3Hll6CKHe yc

raHOBKH,BHilOJIHeHHHe C HCilOJl!,30BaHH6M paspaOoraHHOrO HaOopa uo~yneR 

2-ro IlOKOJI6HHR.CHcreua H3 300 MO~yJieR HCil0JII,30BaJiaCI> B MarHHTHOY HCK

pOBOM CfI6KTPOMerpe Ha JIHHHH C 3BM E3CM-4 ~JIR H3yqeHHR pereHepaJlHH 

K0-Me30HOB 161 Ha YCKOpHTeJie Ha 76 raB (CepnyxoB) (cM.pHc.2). CHC

TeMa OCJllleCTBJillJia npaeM Clll'H8JIOB OT cqeTqHKoB, OTOOp ey;JQmX co6H:

TEii C IIOMOUU,ID JIOrHqecKHX 6JIOKOB H opraHH3aQHID sanycxa AlIII HCKpoBWC 

KaMep. Ee qyBCTBHT6JII,HOCT!, COCTaBJIRJia no BXO~aM 30 ! 20 YB, 
, /19,20/ 

pa3pemaID~ee Bpeun - IS± 2 He H ueprBoe apeMH - 30 He. 

Jf,}liI sanycKa OT CUHHTWLJIHIUl'.OHHHX cqeTqHKoB H JIHBHeBliX qepeHitOB

CKHX cqeTqJiIKoB Ha OCHOBe 6H:cTpoii 8JieKTpoHHoi JIOrHKH B MaI'HHTHOM 

HCKpoBOM cneKTpoMeTpe Ha JI.l!HHH c 31111 HP2II6B ;u,na: ,1rnyqeH1m: ynpyroro 

Il-e pacceJIHR!i / 3/ Ha.ycxopaTeJie Ha 76 raB B CepnyxoBe HCllOJII,SoBa

Jiac1, CHCTeMa H3 120 MO)JyJieii COBMeCTHO C MOJJYJlflMH ~HPM EGG /I5/ 
I.RS /16/ H Gl1ronetics /I7/ • . 

Ha OCHOBe paspa6oTaHHHX 6JIOKOB - JIOr.a:qecKHX, JIHH6HHHX H ynpa

BJI6HR!i-6wla cos;na.Ha 3JieKTpoHHKa 2-KaHaJII,HOI'O qepeHKOBCROI'O MaCC

-cIIeKTpoMeTpa AlIII lICCJie;noBaHWI e + e - - pacna;noB HeRTpaJII,mil Bex

TOpHHX Me30HOB Ha cruupoqiasoTpoHe omn/211• PaspemeHHe cneKTpoMeT

pa C)HJIO He xyxe ;t 5% AlIII MeKTpoHOB C 8Hepr.11eii 4 raB. Jf,}llI a>llpllZ8-
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HlUI ClleKTpOMeTpa c 8BM HP2II6B 6wra paspa6oTaHa cneUHaJll,HaJI HHTep-

qie:iicmUI wraTa 1221. ,-
Jtn.a HsyqeHWI IlOTeph llpOTOHOB BO BpeMeHH C neJU,D onpene.neHWI 

HCXO;JlHHX )laHHblX ~ pacqeTOB Ball!HTI:l H paAHaIW:OHHO:ii o6cTaHOBKH Ha 

CHHxpoqiaBoTpoHe 6wra paspa6oTaHa I9-RaH8.Jll,H8JI CHCTeMa ROHTpoJill 

noTeph qacT~ c·perHcTp~He:ii Ha UHqiponetJaTh / 23 ,24/(cM.pac.3). 

'CHcTeMa per11cTpHpoBaJia noToRH qacT~ ~o ro5 11acT ./cu
2• B MeTo-

. AH'leCRHX l!CCJie,ItQBammx ,ItJIS! C03,It6HHSI .1te:reKTOp8 HeilTpOHOB HCilOJIL30-

B8JIH~L BpeMII-npoJ1eTH11e M),IJyJIH paspa6oTaHHOl'O Ha6opa /
25/ c BW!OAOM 

Ha 8MI1JIHTYAIIWi aH8Jil!8aTop.- CJ1e,eyeT OTMeTHTL, 'ITO paspa6oTaHH!ill: Ha-

6op o6ecnetJHBaeT C'I,8M RHqx:>p~H c neTeRTOpoB, HO He conep.lltHT YHH

BepCaJII,HliX cpencTB ~ conpruteHRli c ycTpo:iicTBaMH BHBona HHqx:>pMa

UHH l'l 811.1. CJ!e,eyDll!H:ii 8Tan pasBl'lTWI CHCTeM!,l MO,IJyJleii qJH81'l'leCRoA Jla-

6opaTop:wi: 38KJIIO'l8JICH B C03AaHHl'l YHHBepcam,IIW{ cpencTB COnpruteHWI c 

YCTpo:iiCTB8M.H BHBO,na HHqx:>p?v~l'lH c 8BM Ha OCHOBe CHCTeMU KAMAK"26
•
27

{ 

B 3-:ii rJ18Be paccMaTpliBaDTCH oco6eHHOCTH np~eH8HWI M8JJHX 8BM 

TpeT:r.ero llOROJleHHJI B sa,naqax qJH8H'l8CROii Jla6opaTOpHl'l H Tpe6oBaHWI 

R HHM. BosMOlt!IOCTH nponeccopoB, CTp,YKTypa H rH6ROCTL BBOn&-BlillO)la 

8Tl1X 8BM Il03BOJISll:)T WHpoKO HX HCil0Jll,30BaTh -~ qJH3H'leCRWC HBMepeHd , 

B peMI,HOM BpeMeHH H ~ neJ1eii :vnpaBJl8HM/5/. ,!J,ocTHllteHM TeXHOJIO

rm:1 HHTerpaJIL!illX cXeM TTJl, B qacTHOCTH,paspa6oTRa JIOrH'leCKHX 8Jle

MeHTOB C BHCOKOI Harpyso'IHO! cnoco6HOCTLIO Il03BOJIHJIH npm.ieHHTh Ma

rHCTpaJILHYD CTP.YKTYPY opraHH8~HH SH,! C BOSMOliiHOCThD IlOnKJID'leHRII R 

MarRcTpWIH ;no 20 H 6oJ1ee OTAeJlbHHX MO,IJyJle! /2S/ • .u,nma CJIOBa B 

8THX 8BM COCTaBJifleT o6H'IHO I6 pasp11noB, 067,eM IlaMIITH OT 4R ;no 32K. 

BpeMlI mm.na Il8MIITH - OROJIO I MKC8R. Ma,raa: wnma CJIOBa SIN 06yCJ1a

BJIHBaeT CTPaHH'IHYD oprrums~ llaMIITH, BBe,neHJa:e llpl'IM)it H ROCB8HHOii 

a;u;pec~:im R Heil H iasneJ1eHne CHCT8Ml:l ROMaHA Ha rpynlll:l ltOMaHA C 

06pal!leHHeM R llSMR:TH, o6MeHa H BBOn&-Bl:alBO)la. llliipoRO HCilOJil,SyeTCH 

Mmtponporprua.mpoBaHHe ~ 6HcTporo BHilOJIHeHHJI MHOrHX onepamnl 
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BHYTPH onii:oi:o UIDtJia Il8MflTH SBM. BaJKHoii oco6eHHOCTI,IO SBM 3-ro no

KOJleHWI SiBJijl8TCH BOSMOlltHOCTI, IlO,tKJIIO'l8Hllli MHorwc BH81IllUIX o<n,eKTOB 

(OT 48 no 256), TO eCTI, HMH'lll8 COOTB8TCTByIOOtero 'lHCJla ypoBHeit 

npep1-.rna.HIDI. BpeMfl pe~HH na npep11BaHHe cocTaBJl.!IeT e,nrnmn,i Mm,po

ceKy1ui:. Ha6op CTaH;o:apTHHX BH8lllHWC ycTpoliCTB MMOii SH/I BitJil!l'laeT B 

ce6SI TeJleTaiin, O11CTplili C'lHT11BaTeJ1I, 8-AOpOXe'lHOfl nepp:>Jl8HTH ll Jl8H

TO'lHHH nepp:>paTop, ;o:HCKOBOe 3Y, 9-;o:opolKeqHHii Ma.I'HllTOqlOH co cnoco

OOM samrnH 1:HZI /
5/, JIHHeihzyIO neqaTI, H ;o:HCilJlei/

29/. C SBl'I no

CTaBJI.IIIOTCSl CJlyJKeOHHe nporp8MM!1, Tpa.HCJJJ!TOpH-acceMOJlep, cKJPTPAH H 

nporpaMMa-;o:HcneT'lep HJIH ;o:HCKOBall onepaIU!OHHall CHCTeMS.. 

O6MeH ;!l:aHHHMH MelK;o:y BH8illHliIMH ycTpoitCTBaMH H SBM OCYITl8CTBJI/I8TCSl 

qepes MarHCTp8JII, SBrl'I, IlOSDOJIJiIOiliYlO opraHHSOBaTI, KaHaJIH OOMeHa. Ka

Ha.JI o6MeHa opraHHsyeTCSl IlO,tKJIIO'l8HH8M K Ma.I'llCTpa.JIH SBM llHTeppeitCHHX 

IlJlaT ll KOHTpoJIJlepoB BH8lllHWC ycTpoitCTB HJIJ11 CaMWC BH81IllUIX ycTpoitCTB 

K HHTeppeitCHHM IlJlaTaM. HMeeTCSI ;o:Ba THila Ka.HaJIOB OOMeHa - O11CTplifi, 

IlpllMOro ;o:ocTyna K Il8MflTH H M81J.]18HHHit - nporpaMMHHit. 'iHCJIO CBO6o;o:

Hb1X M8CT B Ma.I'HCTpaJlll )J,lill opraHHSauHH Ka.HaJIOB OOMeHa onpe;o:eMeT 

xaprutTep COilplllK8HWI C SBM - pa;o:H8JII,HW1 IlpH OQJII,lllOM 'lHCJle M8CT H 

MaI'HCTpaJII,HIDi - npH MMOM. MMHe pasMep11 npoueccopa ll Il8MflTII II Ha

;n:elKHOCTI, MaJillX SBM TpeT1,ero IlOKOJleHWI IlOSBOJ1ff!OT IICilOJII,SOBaTI, HX Ka.R 

qacTI, annapaTypu qiHSII'l8ClUIX ycTaHOBOK II CBeCTH K MllliHNJYMY 06-

CJIYlK,!Bamrn. 

3ana'lH MM11X SBM TpeT1,ero IlOKOJleHWI npll llCilOJII,SOBaHllll B_cneKT

poMeTpax qiHSllKH Bl1COKHX ,meprllfi 4ioPMYJIITTJYIOTCSI _GJ18AYIQl!IRM o6pasoM: 

I) npoBepKa n KOHTpoJ11, HaJia,mrn annapaTyp11 npH no;n:roToBKe aKcrrepH

MeHTa, 2) npHeM, nporpaMMH11it O't6op, Ha.KOilJ18HIIe' sanHCI, HHqJOpMauHH 

Ha MarHHTHHe Jl8HTl1, KOHTpoJII, pa6oTl1 anrrapaTyp11 H Ka'leCTBa aKcnepu

MeHT8JII,HOR HHql()pMauHH B xo;n:e l)RCIIepHMeHTa, 3) aBTOMS.TH'l8CKOe yrrpa

BJl8Hlie pelKHM8M.11 pa6oTl1 ycTaHOBKH H 4) o6pa6oTKa qacTH saperHCTpH

poB8HHHX C0O11Tllfi. ,lJ,Jui Bl1IIOJIHeHWI l)TWC sa;n:aq KOHqiHrypauWI HCIIOJII,Sy-
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eMOii SBM nomma ynoBJ1eTBopaT1, onpe;o:eJiemru:M Tpe6oBmmfIM. · IlpelK;o:e 

Boero oHa ;o:OJDma l!IMeT1, nocTaTo'llllle o6~eM onepaTHBHoii IIaM&TH H 

CROpoCTI, RaHB.nOB OOMeHa. O<n,eM 03Y M CKJlaJ]1il3aeTCSI HS TpeX COCTa

BJ.lfWltHX: ~ - HHqlOI)MaTHBHOI qacTH IIaMliTH )J,lill npHeMa CJIOB COOHTd, 

Mru qacTH )J,lill 88.llllCH nporp~ OOCJIYlKHBaHHII YCTaHOBKH H 

A\i2- qacTH )J,lill SanHCH CTaH;n:apTHHX·nporpaMM: 

M=Ma+Mnr+Mn2 (I). 

MaxCJ!MaJ.11,HO BOSMOlEHOe 'lHCJIO c.noB, nocTyn8XllltWC C YCTaHOBKH sa 

HMJIYJU,C YCKOpHTeJIII .N onpe;o:eJI!IeTCSl q:m:CJIOM CJIOB, cwwaeM!1X C ycT&-

HOBKH sa O;o:HO COOHTE:e m HJil1 ee HHqlOPMauHOHHOi 0MROCTI,JD H 'lHCJIOM 

co6aTd B HMIIynce n 

N = m • n (2). 

ltmt npaeMa :ace§ HHqX>pMauHH c yc,aaoBD Heo6:xo;o:HMO, qTo6H B11noJIRfl

.noc1, yc.noB11e: J,f,S:MH• (3). 

Jt1lll cne:ttTpoM0TpOB ~liISHKH BHCOltltX 8Heprmt ~ BHOHpalDT no Bit. 

C ,i:pyrol C'l'OpoHll,BCH HHqJOpMaIUIJI, no.izyqeHHaa: C YCT8HOBKH sa 

HMJIY.lll,C yCKOpHTeJIII, ;o:omma 6HTl> BBe;o:ena B 03Y 313M sa BpeWI WIH

TeJil>HOCTH IlaysI,i 11ezpynmync&m YCKOpllTeJUI T: 

n • ( v np + t •♦ m ) ~ T (4), 

r;o:e t np.- BpeMS: peamum Ha npepHBaHHe H t - BpeMS: saITHcH o;o:ao

ro CJIOBa :e 8Bil B peQMe 6.no'lHOi nepe;n:aqH. tJacTI, ll8MllTH Mnr onpe;o:e

Jllie'l'CSI o6~eMOM YCTaHOBltH H ee sa;n:aqaz.m. 

B sa;n:aqax ROH'l'poJ!Ji II ynpaBJieHJV! 6asoBHMH ycTaHOBltaMH /j}HSH

qecioi .m6opa'l'OpHH, uanpoep yc1t0pHTe.llllli!H ,SBM ;o:o.DHa nplrIHlln sa. 

Bpe'(ll mm,ynca ,YCJtOp:a:TeJ!Ji imq:opuawm H ero napaMeTpSX, co~eplrBIIIYJ) 
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mc.imr CJ.IoB; 11 B nayae MelKh,v HMIIYJII,CaMH ycKOpHTeJIH o6pa6oTaTI, 8TY 

HHqopMatillJ!) H BH7]:aTh yrrp~Jill!OUtHe. CllI'Ha.m/3□/ • HecMOTpll Ha paaJI~•ni:e 
. . 

B aanaqax npl'I HCflOJll,80B8.H!,{H SBM B cneKTpoMeTpax H B CHCTeMaX yrrpa-

BJiem!Jl 6oJII,WRliCTBO Tpe6oBai!mi K HHM .f!BJ.IJIJOTCJI o6mm,m. s:w no.mma 

HM6TI,: I) o<n,eM nru&I±H He MeHee "32K, 2) HecKOJII,Ro nec.il~oB ypoBHeii 
. . . 

npepl:lBamm C annapaTypHllM l'I nporpaMMHllM np1'!0pHTeTOM, 3) HeCKOJII,KO 

nporpaMMHWC H He MeHee 2-x BBTOHOMHHX KaHBJIOB o6MeHa, 4) CKOpclCTI, 

o6MeHa no KIUl 3• ro5 
-t ro6 

CJI~B , BpeMII peaKIJ;HH Ha npepl:lBaHHe 

5 -t IO MKC, 6) B08MOlKHOCTI, opraHH88UHH pa7J:HaJII,Horo conp.RXeHIIR, 

"7) CTaHnBpTHOe MaT06ecnetJeHHe, OCHOBaHHoe ~a CHCTeMe pa6oru B peaJII,

HOM BpeMSHH ·c paa71:eJieHHeM BpeMelUI; 8) IlOJIHlll,l: Ha6op iHemmIX ycorp;l,l:cTE 

BKJ!DtiaKJIUlfX He Me Hee .l{Byx MarHttTO(jlOHOB' CODMeCT!fMllX C HMJI ClOJibilllfX 

SRil,11 7lHCI1Jieii 8aIIOMHH8.IOII(ero TWia JIH6o peUHPKYJIHUHOHHim C co6cTBeH

HOll Ilru&ITI,IO, 9) cepBHCHOe 06CJIYlKHBaHHe. 

.lvIH aanatJH ynpaBJieHWI ycKopHTeJillMJr nonoJIHKfeJII,HllMH Tpe6oBa

HWIMH .f1BJI/mTCJI: I) 06'.beM 03Y 6oJiee 64K, 2) MYJII,THnporpaMMHJ:lit nHC

neTtJep, 3) IlOJIHll:li Ha6op BHSlllHHX ycTpoiiCTB c nHCKOBllM HBKOilHTeJieM 

eMKOCTI,Kl 7 ,25 M6aiiT H 6oJiee H c nHCIIJieeM co CBeTOBHM nepoM H npy

rllMl!: cpencTBBMH B88JrM07lettcTBWi. B aanaqax HaMepeHml napaMeTpoB 

YCTaHOBOK THna CTeH.nc>B M:>llteT ®TI, HCilOJll,80BaHa MHHHMBJII,HWl KOHqJH

rypauWI a:w. 
Han6oJiee IlOJIHO BCeM Tpe6oBaHWIM, npe7l'.b.f!BJUie.MHM K SBd cneKTpo

MeTpoB,Y7lOBJieTBOplIJia SHA HP2II6B B noJIHott KoHqlllrypauim, n'cnoJII,ao

BaHHWI B 7l8Jll,HefuneM /
3 • 21 ,

3I/. .D;pyrott MaJiott SHl1, BH6paHHott wm 

sanaq \IlzanqecKOii Jia6oparopmr; 6HJia S:W EC IOIO 1321 B noJIHoil KOH-

4Jill'YPBUHH. OrpaHHtJemre Ha HCilOJll,30BaHll~. i;ITOil s:w HaKJia7ll:lBaeT OT

CYTCTBHe KIUl npH CKOpoCTH o6MeHa no nporpBMMHOMY KaHBJiy .no 

2 • I05 
6aiiT/ C • }vLll He6oJII,lllllX H8MepHTeJII,HllX ycTaHOBOK llCIIOJII,80Ba'°" 

JIHCI, SBM TPAIOOI z TPAIOOii / 33/ c IIB.MiITI,Kl 4K, TeJieTai!noM H 6ucT

PHM C'IllTimaTeJieM. 
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B 4-ii rJIBBe paccMaTpHBaKJTCJI paapa6oTaHHll:li · Ha6op umiipoBllX 

q>yttKUHOH8Jll,Hl:lX MOnyJiett, YHHBepCaJII,HWl CHCTeMa COIIplllKemm C SBM 

lf ycTaHOBKH qJH8ll'IeCKOii Jia6opaTOp:im, Bl:lITOJiHSHHlle Ha OCHOBC MOnyJieii 

B CHCTeMe KAMAK. BCJI HHqopMBUWi, IIOCTYIIaJOU!Wl OT MOnyJieii 8JISKTP9HH

KH neTeKTOpOB B CIISKTpoMeTpax H OT ;ztaT'IllKOB B _CHCTeMax ynpBBJICHWi 

ycTaHOBKa.MH,npe,nBapHTCJII,HQ·8aIIOMHHaeTCJI ll npeo6pa80BHBaeTCJI B Ull

qipoBllX M07lYJIH.X, a OTTyna C'IHTUBaeTCJI. B SBM. ~yttKUIIOH8Jll,HO Ull\Ilpo

BHS M07lYJill nonpaaneJIH.KJTCJI Ha rpynnu: C'IST'IllKH H perHCTpll, npeo6pa-

80BaTeJIH, HHTe!xiie:licH HSCTaHnBPTHllX nepnqiepmiHllX npn6opoB ll M07lYJIH 

B8aJIMO,IteiiCTBRII, 6JIOKH COIIplllKSHWi C SRi!. Ha6op \IlYHKUHOH8Jll,HllX UH<ppo

BllX MO.l{yJie~ 7]:0JOKSH co,neplKaTI,: I) ,nBOH'IHlle C'IST'IllKH (noCJie,noBaTeJir,

HllC perHcTpll) Ha I6 H 24 paapa;na co CKOpoCTI,Kl C'IBTa IOO Mr-u, ne

CJITll'IHlle C'IST'IHKH C HH,ltllKBUHeii, peBepCHBHllS C'IST'IHKH, reHepaTOpl:l 

TBKTOBHX CHHXpoHH8YJO!!lHX HMIIYJII,COB ll Bpe~eHHllX ,HHTepBBJIOB, napaJI

JICJII,HllS BXO,ltHlle 11 BllXO,ltHlle perHCTpll H npaiiBepH JIHHHH CBH8H; 

2) npeo6paaoBaTeJIH KO,ItOB H ypoBHeii CllI'HaJIOB, aHBJioro-UH<ppoBHe H 

Ullqlpcl-aHaJIOroBHe npeo6paaoBaTeJIH, aHBJIOroBlle 3Y H MYJII,THIIJISKCOpl:lj 

3) HHTe!xiieiicu UHqipoBl:lX BOJII,TMSTpoB. BMIIJIHTY.nHllX aH8JIH8aTOpoB. UH

qiponeqaTH, 7lHCI1JISeB, JIOHTO'IHllX neixiiopaTOpoB, maroBHX ,nBHraTeJieii II 

T.,n.; 4) 6JIOKll BDO,Ita KOHCTaHT, perHCTpll-HH,ltllKaTopu. 

3anaqa COilpllllteHR/I paapa6oTaHHUX ifJYHKUHOH8JII,Hll.X MOnyJiett 2-ro 

IlOKOJieHHH K Kal[,l{OMY OT,l{eJibHOMY ClJIOKY pemanacJ:. nyTeM C03,l{aHHR OT~SJ!b

HUX HH,l{HBH.l{YaJibHUX 1rnrepqieltcoB,I<aK IlOKa3aHO Ha pttc. 11. HanpttMep, 

,lJ,l1il cneKTpoM:Tpa ;r7JllI H8YtJSHRII panHBUHOHHllX pacna.noB pe80HaHCOB Ha 

JIHHHH c SBd HP2II6B l 2I/ 6HJia paapa6oTaHa cneQHaJII,HWI HHTe!xiieiicHWI 

nJiaTa, no~etlllleMWI Ha MarHCTpaJII, o6MeHa SB;! 132
~ wm BBo,na HHqopMa

~u C AUIT H CtJeT'IHKOB IIYTeM panHaJII,HOro COIIplllK8HRII. Taxoe pemeHHe 

61:lJIO npnMeHlfMO TOJII,KO wm YCTaHOBOK c He6oJII,mott HHqopMBUHOHHOtt SM-
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xocTI,D ( - IO CJIOB). Tpe6oBamt11, npe~eM!ie It a.neitTpOmme cneit'fo

poMeTpoB lil CHCT8M ynpaBJiemtll, BH3Bamt Heo6XO;r.tml)CTI, pemeHKS:. BB.Jta

qH conpuemtll SBd c YCTBHOBitaMH, nocTB.BJllllllltHMJ Iif - 104 lm40~ 
IUIOHllllX CJIOB B OA}!OM COOOTlUl. B CBSiBH C BWJ:YCitOM IHT8rp&n,HHX CX81l 

m H ac.n nOJ1Bwrac1, BOBr.l)JmocTi. BWIOJIHeHK!I HS. ma: :ecex cpymaum
Hanr,mu: MOJzy'Jiel ;It1tll «pH388CltHX &Itcnepm.teHTOB. 0DHT paspa6oTKH H8-

;tteltHOI MBI'KCTpSJm o6lleHa Ha OCHOBe MlmpoCX8M m ;It1tll MKiq)OltOMIIl>l)Ta

po:e noSBOJlHJI peDIJITl, sa;ttaqy conpuemtll Slit C <.QYBKIUIOHaJil,moot )l);tty'Jlll

WI Ha JmT8rp8Jll,HHX cxewax Ha OCHOB8 ymmepCaJil,HOI'O KHTepcpelca-itOHT

ponnepa (cM. pHc. 5). ~YHK~HOHMLHH8 MO~ynH pa3Me~anTCff 

B xpelTe-ma.CCJI C MBrKCTpSJII,ll 06MeHa. ltJm COIIpUeHJillt C SBd lllCilOJ.II,

syeTCSI JlJilllll, oJtKH :ecnol'&)raTeJil,HHfi i.towm.-1t0HTpOJLltep ;ttamrol am. B 

CBSl3lil C HCilOJil,80BaHH8M Mllltp0CX8M H HeoOXO;ttHMOCTl,ll WII'KCTpamt o6Me

Ha 3HaqHTenLHO yiienHqMOCL qHcno ~yHK~HA, BanonHaeJWX MO~yneu, H 

CBff38A Me:r,Jty MO~ynaMH, IlOCKOnLKY OHH CTMH nporpawmo-ynpaBnae

MHMH. HH O~HH H3 c~eCTBOBaBmHX B 1970 ro~y CTaH-

;ttap'l'OB SI;ttepHol 8JleKTpoHmtH, B TOM qRCJie NIM /IO/ z "BllllRl:I"/II< He 

Y1tOBJI8TBOpa:JI HOBOM,Y 8'1'8.IIY pa8BHT1itll, 8JI8KTpoHHO:lt annapaTypu c»HSJA8CKia; 

YCT8HOBOR TpeT1>ero no1tOJI8HHlt. Ilo&TOMY B 1970 row im Bl:l6pa,. 

nH CHCT8MY KAMAI( 1121 ltSK OCHOBy Wlll COS;ttamtll YHK@ll:nlpoBamroro Ha,;. • 

dopa ~Bax MOJU"Jiel qiasHqecKOtt Jiadoparop:m. llll!po1t0e pacnpocTpaKe

HHe czcTeMH KAM.AK :a 1tpynHeiimll!.~ qiaszqeCitHX nadopaTopHax r.mpa nos:eo

JlHJIO coxpaTRTl> &Tail paspa6oTOK H H8KOnJI8Iml! ODHTa H npm.teHRTl> anna

paTypy, paspa6oT8.HHYJ) B ;ttpyrHX JiadoparopHltX, o6ecneqJ[Ball COBM8CTJI

MOCTl> annapaTypu npz com.tecTHHX HHTepH8IUIOHaJI1,HHX &xcnep&eHTax. · 

B ;ttanr,HelmeM npHMeHeIUie &TOI ClilCTeW 00811(8JIO BOSMOlllIOCTI, zcnonso

B8HHS: npoMW11JieHHOI annapaTypu CTpSB-yq&CTIUtll HHCTHTYTa. C1tCT8Wl 

KAMAK SIBJISI8TCSI COBOK,}'IIHOCTl,ll C'1'8H;ttapTHHX Tp800B8Hd It JIOrmte o6lle

Ha, ypoBRSM CllI'H8JlOB :e: KOHCTpjlt'l'IIBHWC /34f:dG/. CllcTeMli c ZH\[lopM&, 
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PRC .4. CTpyitTypHaJI cxeMa opraHHSaIUIH COµpsllK8HlilI c 3H,! MO .uyJieii 

3JI8KTp0HHKH 2-ro llOKOJI8Hlill. 

8HelLJH!le 
f!Cm/Joiicmta 

Ko11mpo.A11ep 

---,JBM 

PHc.5. CTpyitTypHaJI cxeMa ymmepcam,Horo COIIpS!llt8Hlill MO;i:J;,YJieii 3JI8KTpo

llliKli 3-ro llOKOJI8Hlill Ha OCHOBe HHTepqieiica-KOHTpoJIJiepa H BH

HeceHHoH MaI'HCTpaJIH 06MeHa. 
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QHOHHOH 8MKOCTJ:,JO 'JJ.O 368 CJIOB llblllOJIHJmTCSI B O]nIOM xpeitTe. 06MeH 

HHqlOpMBUR8i B xpeitTe OCYil!8CTBJill8TCH qepes KOHTpoJlJlep no ROMBH}laM 

Tmra nAF , r'J].e N - HOMep MOTJYJIR. (I + 23), A - cy6a'JJ.l)ec BHYTPll 

MOTfYJIR. (0 + 15) H F - ROMaH'JJ,a 24 paspll)J;Hl,IMR CJIOB&m. IIpepimaHRe 

OCYII!8CTBJIR.8TCH no cnrHany sanpoca OT MOTJYJIR.. Kalt no'JJ,TBepllt'J].eHRe 

npueMa ROMaH~ MOTfYJU, Bll'JJ,aeT CRl'HaJI x(5/. BpeMll i:um:na Ha MBI'HCTpa

JUI t n MOllteT 6b!Tl:, paBHb!M l MKC n CROpoCTl> o6MeHa c uarJ'lC'l'pa.JI:bD 

xpeii'l'a MOllteT 'JJ,OCTHraTJ:, 24 M6HT/c. llil:gopMaIU'IOHHaa: eMROCTl> m ci]nIO

xpeHTHOH CHCT8Mbl paBHa: 

}!,...,... A,.""'c. 
m. = Z:J 2.j Ni. Aj· . 

1 1 ~ 

(5) 

H npH N MB.KC. =23 H AMSXC. = 16 COCTa.BJIR.eT 368 CJIOB. Bpe!Wl C'!,6Ma 

HHqlOPMaIU'IH c xpe!Ta B 3Hvl t c pa.BHO: 

t C ~ t np + 2t Q • m • (6) • 

~ BHnOJIH8HRlI CHCTeM C 6oJU,mei HHqlOpMaIU'IOHHOi 8MKOCTJ:,JO Bb!IlOJIHli8T

CS{ B8TBl>, CO'JJ.8Pl£8lll8H ;no C Rpeil:TOB (C = l + 7). 06MeH B B8TBH opra

HlISyeTCH qepes cneQllaJIJ:,mrli ROHTpoJ1Jiep-'JJ.l)aimep BeTBH, coilpllraeMlill 

C SH'll. llil:gopMaIU'IoHHaa: 8MKOCTJ:, B8TB}1 ~ p8l3Ha: 

c,._c, J/1111ic. A 1"14'#,!C 

me = 2"' Li- LJ' C,r N;. ,4J (7) 
1 1 1 

n npn c,..=,. 7, N,.~;_23 n A,..;,_16 COCTa.BJIR.8T 2576 CJIOB. BpeMiI cqnTbJ

B8HWI C B8TBH t C pa.BHO: 

t C =t np +m B t B (8), 

l''JJ,8 t B - WIRTeJII,HOCTl> IUmJia B8TBH. 

Ilpn H806XO;nm.tJCTll BHllOJIH8HZfl CHCTeM C 6onmei HHgQ!)MSilROHHOI 

8MKOCTJ:,JO oprmmsyeTCH CHCTeMHlii xpeiT,nOSBOJUD:llltlrli no'JJ.RJIK)qHTJ:, ;no 

18 

I 
i 

't · 

I 
i 

l 
-~ 

I 
il 

I. 
)1 

i i 
,I, 
,f, 
I 

:f 

~ 
i 

I ,, 
i 
~' 

• 

II BBTBeii wm HCTOtlHHKOB ynpaBJ.Iemm. llHCJIO CJIOB, ROTOpoe MOllteT 

- 6HTJ:, Ilpli'IHSITO TaROi CHCTeMOii O]nIOBpeMOHHO,'JJ.OCTllI'aeT 28336. ~ 

c6opa ll ynpaBJI8HRlI CllCTeM&m, 38HHMalOU!llMH 6oJU,myIO TeppHTOpm:>, RC-. 

nOJll:,SyeTCH IIOCJ!C'JJ,OBaTeJII,Hall CTaH'J].apTHaa: MarHCTpaJU,, OXBaTUB8IJIIia!I 

;no 63 OT'J].eJII,HllX xpeiTOB / 37/_ 

B ItaJlt1tOM MJTfYJI8, Bb!IlOJIH8HHOM Wtll HCnOJU,SOBaHRlI B CHCTeMe 

ymmepcaJIJ:,Horo COIIpllllteHRJI, M>ll!l:IO B~l'lmtTI> ;ttae qacTH: fPYHRIUIOHam.

Hym, B!iUOJIWIIOllzy'IO OCHOBHyID sa'JJ,aqy VJ)TfYJIR., n qacTl>, o6ecneqHB8JDl!IYD 

o6MeH llHqlOpMBIUieii C ROHTp0JlJI8poM. 3TO ;nonoJIHSHHe K o6HqHOMY MO'lJY

.mo JiBJille'l'CH neHoii YJIHB8pC8JIJ:,HOCTH COIIpllllt8Hlm H ;nommo o6ecneqH--

BaTl> IlpH8M H ;nenrai.PPaIU'IIO KOMSH~ NAF · , B~atJy qHrH8JIOB L , X H Q /
5/, 

IlpH8M H8a'JJ.l)ecyeMWC ROMaH,lt H BBO~BHBO;n HH4X>PMBIUIOHlllll CJIOB Ha IIIH-

Hbl MaI'HCTpa.n:He 

IlpHM8H8Im8 YJ!lilB8pCaJU,HOl'O COIIplllK8Hlit!I BJleqeT sa co6oi cos;na

HHe cner.wam,ma M0'1JYJl8ii COIIplllK8Hlm RpeiTOB C 3Hvl, K KOTOpblM OTHO

CHTca:; l) MO.D:YJil'I seTBH: 'JJ.PalBep1,1 B8TBH (.UB) A1I!I Bcex ncnoJII,syeM!JX 

THilOB _3:m! H pyqHHe, ROHTpoJIJiep Tmia A, COl'JlaCOBaT8JII, BeTBH, mm.[lpa

TOp sanpocoB, 2) KOHTpOJIJiepu O;nHORpeiTHllX CHCT8M! ;!llifI Sm!, pyqHHe 

n nporp~e / 38 ,39/. Ha6op M::>'1JYJI81 JmTepipeiicoB HSMepltITeJll,HWC npH-

6opoB H BHemHHX nepH\Pepdlmx ycTpoiicTB ;noJillteH 06ecneq:e:saT1, RX co

IIplllK8HHe c xpelrrou:. JlB o6ecneqnBaeT coIIplllltem.te c 8BM, nponycxaeT . 

Ha B8TBJ:, ROMSH'lJY BH;ita CNAF , IlpHHHM88T sanpocu L OT M:>'1JYJI8it B 

BR'JJ.8 CHI'HW!a B,I{ H nocwraeT sanpoc BG IlpH8Ma RO;ita L • KoHTpoJlJlep 

Tima A o6ecneq:e:saeT CBJiSl:, B8TBH C Mal'HCTpaJll,D xpelTa - npeo6pasyeT 

;ttayCTOpoH!mi o6MeH }T,BHHIOOl TIO 06DtHM WHH8M qTemm-sami:c:e: BRW B8TBZ 

· Ha mmi:ax qTeHWI R R san:e:c:e: w . xpelTa, opraHHSyeT reHepamno IUI

XJia B8TBH H np:e:eM CJIOBa KO;ita sanpocoB GL • ~paTOp sanpocoB L 

KOJn!PYST BOSMOllCH08 tlllCJIO sanpocoB C•N B 24-pa8pll1tti08 CJ!OBO. KoHT

p0JlJI8pH 01tliOKpelTHRX CHCTeM o6ecneq:e:saJOT COIIplllK8Hll8 Mal'HCTpaJIH 

xpeliTa c Mal'HCTpa.7.[I,IO o6MeHa am. OHR BHpa6aTlmaIOT KOMmlTJY HAF , 
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npn:mmalOT CHI'HaJJH L , X, Q H reHepn:p,YlOT D;liKJI MaI'.llCTp8JIB. IIporpaM

MJWe KOHTpoJIJlepH KpeiiTa npHMeWIIOTCSI WI.ll opraH.ll38I.U1li OecKOMnLDTepHUX 

He60JII,llJHX C.llCTeM. Bee gJYHK!lliOH8Jll,lille .ll cneD;.ll8Jll,l:We MO)zy"Jill 3-ro no

KOJiemm BlllIOJIHJilOTCSI B B:l!Jte O;nHOH-llBYX IIJiaT, pasMemaeMl:lX B KpeiiTe • 

,ltJrJI BllBOM RHqx:>pMaD;li.ll co cneKTpoMeTpoB <pHSliKH BllCOKRX 3Heprn:ii 

.ll .llSMepn:TeJII,HllX C.llCTeM 6uJI paspa6oTaH Ha6op MO)zy"Jieii npoo;eccopHoii 

nepmJ)epn:n: B C.llCTeMe KAMAI<, BKJIRJ!i8.IOlltlii1 B ceM 30 TlilIOB OCHOBHllX r.~

cyJien"40+45/. BHelllHn:ii BHJ:t paspa6oTaHHllX MOWJieii lIOKasaH Ha pnc.6 • 

MocyJIH lIOJIHOCTI,IO COOTBeTCTBYJOT Tpe6oBaHMM C.llCTeMU KAMAK. Cn:cTeMa 

MOcyJieii aH8JIOrH!iHa Ha6opaM, paspa6oTaHHllM B CERII /
46/ n: Bll:IYCKaeMUM 

sapy6elKHllMH <pHpMaMH / 47/. Mocy;m Ha6opa noJ:J;pasneJIJIIOTCSI Ha KJiaccu 

138 ,391; I) npeo6pasoBaTeJieii, 2) perHcTpoB H ctJ:eT!iHKOB, 3) HHTep<peii

coB npH6opoB 11 MO)zy"Jieii: BSaliMOJ:J;eiicTBIDI, 4) KOHTpoJIJ1epoB MHOroitpeii:Tlllil 

CHCTeM. 

B I-IO rpynny BXOMT 5 ClJIOKOB: npeo6pasoBaTeJII, Jior11qecKRX 

ypoBHeii TT.JI - M>)zy"JIH 2-ro noKoJiemm - IlYE303, 8-paspa,mme All[}-332 

H UAII-34!, npeo6pasoBaTeJIL 1to.n-BpeMiI UBil--35! H npeo6pasoBaTeJII, 

/lBOHtJ:HOro Kona B /lBOllliHO-necsi:TH!iHllii Jm[I-371 / 48/_ 

BTOPYIO rpynny o6pasyJOT 8 MO)zy"Jie!: /lBOllliHlle cqeT!iliKH eMKOCTI,IO 

24 paspsi:na co cKopocTLIO clieTa 70 Mm IC1I-4II H IC1I413, BUnoJIHeHHUe 

Ha cxeMax 8C1I n: ,u!JI n: 8C1I n: TTJI, COOTBeTCTBeHHO: )JJ30.lllil:We cqeT!iliKH 

2CII4!2 n: 2C1I414 eMKOCTI,IO 2 x 16 paspanoB co CKOpoCT!,IO ClieTa 20 r.1ro;, 
BlllIOJIHeHl:We Ha cxeMax .zcrJI H TT.JI, COOTBeTCTBeHHo: reHepaTop T8KTOBUX 

HMnyJILCOB I'Tll-74! C 38;11;8.llllll;eii qacTOTOii l Mro;, CTa6HJIH3HpoBaHHUii 

KBapo;eM, C BllXOJJ;l:WM.ll liaCTOTaMH OT l .Mmt no ! rD; qepes neKacy; ycTa

HOBOtJ:l:WH ctJ:eTtJ:HK YC1I-43I c Ha6opoM JII06oro liHCJia OT l no 9,9•!07 

BpytJ:HyJO H KOJ);OM c qacTOTOii: CtJ:eTa l Mm; nap8JIJleJII,HO CTpo6n:pyeMW!: 

BXO;nHOii perHcTp I'CB-44! Ha 16 BXOJJ;OB NII.'. H nap8JIJleJII,Hllii n,yJlJieKO-

Hllii 24-paspaJJ;l:Wii perncTp EC,IH30I Wlll pa6oTU Ha ;a;,JlliHHhle JIRH.llH CBSIS.ll. 
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Pnc.6. BHel!IHd BB1t paspa6oTammx ~mu: MO)zy"Jtei KAMAK. 
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B TpeTJ,JO rpynny MO,eyJieii BXO,IUIT IO OJIOKOB : OJIOKI! Hadopa KOH

CTaHT BHK-5II H BHK-5I:149 , 5□/ WI!I BBOM 3 KOHCTaHT Ha MarHCTpaJib 

KpeHTa B 4-pa3pH,l\HOM neca:TnqHOM H ~oHqHo-necaTnqHOM KO,l\ax,cooT

BecTBeHHO; HH,IUIKaTOpH!ill perncTp MH,U-52I WI!I BliBOM qnceJI c Mal'HCT

pWin B BH;lle 8 necaTnqHHx 3HaKOB Ha rasopaspa.znwe mi.zumaTopl:l; HH.rm

KaTopHHii perncTp llHM-59I WI!I BllBO,l\a HHqX)pM81U!H c MarHCTpaJIH B 

~onqHOM Bnne; OJIOK COllplllKeHWI C UHq>poBHM BOJlbTMeTpoM BK7-IO.A/I 

THna BCB-53I; HHTeppeiicu unqiponeqaTn B&-I5 TIDIOB BCII-54I n BCII-543, 

BllllOJIHeHHUe Ha mtTerpWibHHX cxeMaX JU'] H TT], COOTBeTCTBeHHO; HHTep

qieiic nepqiopaTopa Illl-I50 B~542; llHTeppeiic 8-KaHWibmn! CHCTeMl:l 

.AilII n UAII BCJI-56I H HHTeppeiic SIii BSCM-4 THna ill<B-58I, npeo6pasyio

uurli 45-paspanaoe CJIOBo SBM B 24-paspanaoe n nepenaIOuurli Bee Heo6xo

,IUIMI,le ynpaBJiliillltHe CllrHaJill B KOHTpoJIJiep. 

Paspa6oTaHO 6 KOHTpoJIJiepoB KpeiiTa WI!I co~eHWI KpeHTOB c SBM 

]adopaTopnn H WilI opraHH3aUHH aBTOHOMHHX (e3KOMIU,IOTepHI:lX CHCTeM: 

KOHTpoJIJiep WilI nporp3MLruoro KaHaJia SBM TPA IOOI THJia KT-sof50;5I/; 

KOHTpoJIJiep WilI KIJJ! SBM TPA IOOI KT-6II; KOHTpoJIJiep SBM HP'2II6B 

KTP-604; KOHTpoJIJiep SBM BSCM-4 Iffi-603; KOHTpoJUlep nporpaMMHHii WilI 

opraHH3SUHH aBTOHOMHI:lX CHCTeM .KII-64I WI!I BllBOM I6 CJIOB Ha unqipo

neqaTb, nepqiopaTop, HH,lUlltaTop H pyqHoii KOHTpoJUlep PK-63I WilI aBTO

HOMHOH HaJia;nRH H llpoBepKH MO,Izy"Jiell KM1AK. 

~ op:nrur:e:saunn BHdopo~oii pa6orn cncTeM no 7 xpeiiToB paspa-

6oTaH M,VJlbTllIIJieKCOpHHa ,npaimep SBM HP'2II6B .lUIP-82I. 

~ BllllYCKa MO,eyJieii 3-ro llOKOJIOHlt/I 61:lJIO opraHH30BaHO 

TeXHoJiornqeCKoe nponsBO;llCTBO 6eJIKoB MOHTamrux cxeM arrrrnrucaunoHH!ill 

MeTO;llOM, HeraTHBOB neqaTHl:lX nJiaT, ~ycTopOHHHX neqaTHl:lX IIJiaT C MO

TBJIJlli3SUHeii OTBepcTmt B COOTBeTCTBHH C TpedoBaHW!MH Te.lOIOJIOrHH TTJI 

/ 52/ n 3oJIOqeHHeM KOHTaKTHliX pas'l,eMOB, BllXOWIII!HX Ha MarHCTpWib 

Kpeil:Ta. Eun oOecrreqeH BllITYCK 250 MO,l\yJien B ro,l\. 
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B 3aKJiroqHTeJlhH011 qaCTH 4-n rJiaBU paccMaTpHBaIDTCH pa3pa0oTaH

Hlle ycTaHOBKlt B CltCTeMe KAJAAK. Paspa0oTaHHU11 HaOop uncfipOBllX MO,l\y

Jieil npaKTltt{OCKH Y.l\OBJIOTBOpHeT OOJihlllHHCTBY TpeOoaam1w K opram1sal\Hl1 

lt3MepnTeJihHhlX MO,l\ynen crreKTpOMOTpOB cpH3llKH BllCOKHX 3Heprnn H 113Me

pnTeJlbHllX CHCTeM Ha JIKHHH_C a:m1. Ha OCHOBe KOHTpoJUlepa KII64I H 

HHTeppeiicOB BCIT-543 n BCII-542 61:lJia opraHH30BaHa CHCTOMa perncTpa

UHH napa.MeTpoB 2-MeTpOBOl1 CTpID.lepHOH Ka.Mepu. 

~ c6opa H o6padoTKH HHqiopMarum o rrapaMeTpax cnHxpoqiasoTpo

Ha 61:lJia paspadoTaHa CHCTeMa HS 2-x KpeHTOB Ha JIHHHH c SBM TPAIOOI 

/ 53 ,54/. OnnH H3 KpeiiTOB ~o)UtJIIOqeH K.KIJJ!, a ,l\pyroll - K rrporpaMMHOMY 

KaHaJiy SBM qepes KOHTpoJUlepu KT-6II n KT-60I, cooTBeTcTBBHHo. ~epes 

aHaJIOroBUH KOMMYTaTop Ha-15- BX01lOB llp0H3BOnHTCJI H3MepeHHe H KOHT

poJib llOCTO.fIHHllX H Men;reHHO MeH.fIIOII!HXCJl ypoBHeH HallplllKOHWI BOJibTMeT

poM BK-7-IO, cB.fl3aHHliM q~pes ~OK BCB:-531 c KpeiiToM. Ha AIUl BllBO

nHTCB: 3HaqeHne HHTeHCHBHOCTH. BllcTpoMeH.fIIOII!HOCB: HallplllKOHWI H3Mep,IJOT

CJI cToiiKoii ns 8 AIUI, CB.fl3aHaoii P KpeiiToM qepes HHTepqieiic BCJI-561. 

,UiIJI MHOrOKaHWibHoro'qepeHKOBCKOro CllOKTpoMeTpa 6Wia paspa-

60TaHa qeTllpeXKpeiiTHa.fl CHCTeMa perncTpSUllH naffHI:lX Ha JIHHHH C SBM 

HP2II6B / 55 ,55/ •. CTpYKTYPHa.fl cxeMa cncTeMl:l npHBOnHTCJI Ha pnc. 7a. 

CncTeMa coneplKHT 6.AilII, 24 ~onqHI:lx cqeTqHKa H ,npyrne q>JHKUHOHWib

Hl:le MO,Izy"JIH. CollpllllteHlrn c SBM ocymecTBMeTca: qepes ,npaimep ,lUil'82I 

n KOHTpOJIJIOpll HP-KTP-604 B KaJK;llOM KpeiiTe. BHeWHHii Bli;ll CHCTOMl:l rro

KasaH Ha pHc. 76. 

,U/IJI CB.fl3H SBM.BSQ\i-4.c aKcnep!rMeHTaJII,HblMH YCTaHOBKB.MH, ynaneH

HHMH Ha 1;2 KM,6Wia BllllOJIHeHa napaJIJieJibHaJl JIHHWI CB.fl3H H CHCTeMa 

COilpllllteHH.fl / 57 /. CTpYKTYPHa.fl cxeMa CHCTOMl:l noKasaHa Ha pnc .8. 

CHCTeMa COAeplKHT 2 KpettTa. B KpeiiTe, pacnoJio~eHHOM pll;llOM c SBM,Ha

XO,!tffTCB: 6JIOKH corJiacoBaTeJiett ypOBHeil IJYB-303, liHTeppettc SIii ill<B

-581 H Ka6eJibHl:le perm:cTpu BC)H30I. Yna.neiIHlltt KpeiiT conep?KRT xa60Jlb-
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Pl!c.7. 4-xpeiTHall CKCTel&l Ha JIWW1 caw HP2II6B: 

a) cTpyxT,ypHaii: cxel&l 

6) BHelDHd Ba;o;. 
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_;. 

,/ 

ti ... 

PHc,8, CTpJKTYPHrul cxeMa CHCT8Mli WJ.fl opraHHzaIJ:HH ynaJieHHHX SRcne

pHMeHTOB Ha JIHHHH c SBlil IxlCM-4. 
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HHe perHcTpH EC,IH30I :a KOHTpoMep 1tpeiTa KB-603. CHcTeua oeiecneqH

BaeT npHeM 45-paspa:J.tHoro CJIOBa HHqX>pMaIUUI B pel!WMe CiJrotraoii nepeJt&f' 

qH sa BpeM!I 8 MKC. Ha H3M8H8HHe HanpaBJleHWI paeiom TpeeiyeTCH 

IOO MKC. CJ!e~ mar B HanpaBJleHHli pa3BHT.liUI CHCTBM Ha OCHOBB pas

paeioTaHHHX MO)lyJieii saEJIIDqaeTCH B COSJ:Ullll!H CHCTeMHWC itpelTOB WllI 

COnpruiteHWI co MHOrRMH BBTBHMR H 3BM, M:>)lyJiei BBTBH H ,YBeJlllqeHWI :rm

qiopMB.I.UIOHHOii eMitOCTH <pYHltQHOHBJII,HHX MO)lyJie:ll nyTBM npm.reHeH.liUI HHTe

rpa.za,HHx cxeM cpeJ.tHei meneHH.HHTerpamm, JIHHeiilmx rHCipH,11,HliX·II M:>

HOBTHHX AilII H UAil, CimIOJmpHOI llaMIITl,l !,I 0031-tB-HllH pacnpe;itMeHHOI 

npo:tteccopHOI cpe)lll B BH;ite qlymcIUIOHB.lll,HHX MO)lyJiei C mmponpo:tteccopa-

MH. 

PaspaeioTaHHasl CHCTeMa M:>)lyJiei 3-ro llOitOJlBHWl Dt88T T8RJlte Ciom.

moe npm1J.IaJ,tHoe sHaqeaae. YmmepcSJII,HasI cRCTeMa conpruiteHl!II :a M:)"IJY

JIR wryT ®TI, HCllOJlI,SOBaHH B HeH;itepHHX HaY"'IHHX 1,ICCJIB;ltOBaHW, WllI 

COS;na.HWI CHCTeM KOHTpoJI.H H ynpaw:reH.liUI llpoMHIIIJIBHHHMH YCTa.HOBRBMH 

H TBXHOJIOr:aqecxllMl! npo:tteccm.m: H ,ll;Xli 8J3TOM8.TH38IUUI B OCiJra.CTH MB.umut-

HH. 

OCHOBHHe pesynTaTl:l ;u;RCCepTamm SaitlIJlqaeTCH B CJIB;eyI)ll!eM: 

I. Cqio})MY.ztHpoBaHH TpeeioBaHWI It 8Jl8ItTp0BHO:il annapaType Tp8TI>ero no

KOJlBH.liUI WllI sa;Itaq qlHSHqecxol JiaeiopaTOpHH H npoBe;iteH BHCiop CTaH

;ItapTa H 8Jl8M8HTHOi CiasH ,WllI nporpaMMHO-ynpa.BJilleMWC CHCT8M H . 

ycTpoiCTB COnpruiteHWI c 3BM. Iloxasa.Ho e;itHHCTBO TpeeioBamm It MO

JIY.lt!IM 8JleitTpoHHOI annapaTYpH cnexTpoMeTpoB ip:e:smca BHco'xwc saep

rd H sa;Itaq HsMepeHWI H ynpaw:rewm CiasoBHMR ycTa.HOBitaMH. B xa

qecne CTaH;itapTa BHCipaHa c:11coreua KAMAK. IlpoBe;iteHH o:ttemtH HHqX>p

MBIU!OHHO:ll eMitOCTH CHCTeM, BblllOJlH8HHHX B 8TOM CTa.H;ItapTe. 

2. CqiopM,y.ztHpoBaHH TpeeioBaHWI x r.m.mD4 3BM TpeTiiero llOROJieHWI WllI 

cnexTpoMeTpoB qiHSmtH BHCOXHX saeprd 11 sa;itaq HsMepeHWI H ynpa

BJieHWI YCTaHOBlt8Mlilo IloitasaHa BOSMOEHOCTI, HCllOJII,SOBaHWI e;itHHOit 
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ltOHqllll'YPBltHH 3B.~ ~ OCHOBHHX npRMeHeHmi B qi:as~qec1toii Jia6opaTOpHH. 

IlpoBe;iteH BHCiop M8JJHX 3BM TpeTiiero llOROJleHM. 

3. PaspaeioTaHa BllePBHe B COQHaJWCTHqeCKHX CTpaHax CliCTeMa_nporpar.lMHo

ynpaBJllle~_MO)lyJiei TpeTiiero llOKOJieHRll WIil qlli3H~8CKliX 8KCnep:l!MeHTOB 

H sa;itaq YllP,aBJleHHJI B CHCTeMe KA!v1Al{,. co;iteplKalllall 30 TIDIOB OCHOBHHX 

CiJIOKOB. 

4. BHe;itpeHa TeXHoJioraa: npoHSBO;ltCTBa H 6wr opraHli30BaH BnepBHe B CCCP 

MeJIKOcepHiiHHH BblllYCK QHippoBHX nporp8MMHO-YJIP8BJlll8MHX MO-,ryJieii H ycT

poHCTB COIIpHJKeHRll _c 3Hvi B CHCTeMe KAl.iAK. 

5. Ha OCHOBe paspaeioTaHHHX MO"IJYJ18H KAMAK COS;itaH pa:;it ycTaHOBOK WIil npH

MeHeHHll Ha CHHxpocpasoTpOHe owrn,a TOM •mcJie arrepaue .paspaeloTaHa MHO

roxpeilTHall Cl'ICT8Ma perHCTpaUHl'I MHOrOKaHa.JibHOro qepeHKOBCKoro cneKTpo

MeTpa Ha JIHHl'Ill C 3BM J-ro ITOKOJieHHll H CHCTeMa ,ltJlll qJH3Hqec1rnx :mcnepl'!

MeHTOB Ha Jll'IHHl'I c 3BM E3CM-4, Y.ztaJieHHall Ha I, 2 KM. PaspaeloTaHHall 

CHCTeMa MO,ItyJieU HCITOJ!b3yeTCll B Pll.zte l'IHCTllTYTOB CCCP. 

6. CqiopMyJIHpOBamI TpeeioBaHWI H npoBe;iteH BHCiop CTaH;uapTa WIil cos;uaawi: 

YHHBepca.za,Hoi CHCTeMH ~~,ey-Jiei 2-ro IlOKOJleH.HJI a~eKTpoHHKH C.UHHTHJI

~HOHHHX ;ueTeKTOpoB cneKTpoMeTpoB ~HSHKH Bb!COKHX 8Heprmi. 

7. PaapaeioTaHa YHHBepcam,HalI CHCTeMa MO)lyJieii WIil cqeTqmtoBO:li qacTH 

cneKTpoMeTpoB qJHSHKH Bb!COKHX 8HeprHii H BnepBH8 B CTpaHe opraa:aso

BaH MeJIKOCeplllllilil BHIIYCK 8THX MO;ityJl8H {BHITYll!eHo OKOJlO 3000 MO)lyJiei). 

8. Ha OCHOBe paspaeioTaHHHX MO"IJY~el cos;uaaa 8Jl8KTp0HHKa cneKTpoM8TpoB 

no HsyqeHHD pereHP.P~H K°-_MesoHOB H II-e-pacceJIHWI WIil 8KCIIepH

MeHTOB Ha YCKOpHTMe Ha 76 raB B ~B3, ;u;By:x:KaHaJU,HOro qepeHKoBCKOro 

cneKTpoMe.Tpa WIil 8KCnepHMeHTOB Ha CHHxpoipasoTpoHe H CHCT8Ma KOHTpo

M IIOTepii IlpoTOHOB Ha CHHXpoqla30TpoHe. PaspaeioTaHHHe M>"IJYJIR HamJIH 

npRMeHeH:e:e B pa;ue qJHSHqecKHX HHCTHTYTOB CCCP. 

OCHOBHHe paeioTH, HSJlOJKeHHHe B ;itHccepTao;HH, AQKJia;itHBaJWCI, Ha Mellt

;ityHapo,11,mlX cHMIIOsHYMBX no H;itepHoii a~eKTpoHmte B BapHe {1962 r), Bapma

Be {I97I r), By;itanemTe {I973 r), onyeiJrmtOBWW B BB;itYIIUIX COBeTCKHX H 

sapy6elKHliX nep:ao;rutqecKHX HS;ItaHRlIX R MOl!OrpaiplltlDC anTOpa. 
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