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Pa60T8 BblnOflH8H8 B fla6opaTop1m srnePHb)X npo6neM 

06benimeHHoro 11HCTl1TYT8 srnePHblX 11ccnen0B8Hllll • 

H8Y4Hb1R PYKOBon11Teflb: 

K8Hn11naT T8XHl148CK11X H8YK B.M. fpe6eHJOK 

0(1)11Ul18flbHble onnoHeHTbl : 

noKTOP T8XHl140CKl1X H8YK 

K8Hn11naT TeXHl140CKl1X H8YK 
c.r. Eac11nan3e 
A.H. Kfl11MOB 

BenYlllee H8Y4Ho - 11ccnenoBaTenbc~oe yqpexnett11e: 

HHCTHTYT <l>11311Kl1 BblCOKHX 3Hepr11R, Cepnyxoe. 

38Idl1T8 COCTOHTCSI " 1991 r .. 
B 48C. H8 38CenaHHH cneuttaflH3HPOB6HHOro COBeTa n047.0I.03 

np11 na6op8TOPHH srnepHblX npo6neM 06benHH0HHoro HHCTHTYT8 

srnePHblX 11ccnenoeaHHR, nY6H8,'MOCKOBCK8SI o6naCTb. 

C n11ccepT8UHeR MOXHO 03H8KOMHTbCSI B 6H6fll10TeKe OHnH. 

Y40HblR C8KP8T8Tb CneUH8fll1311POB8HHOro COB8T8 

noKTop CllH311KO - M8T8M8TH40CKHX HfiYK IO.A. 68TYCOB , 

06WAfl XAPAKTEPHCTHKA PA60T~. 

ITpencTaensreMaSI IlHCCepTaUHSI OCHOBaHa H8 MaTepHanax pa3pa60TOK, 

BblnOnHeHHblX aBTOPOM B Jla6opaTOPHH srnePHblX npo6neM ( JlflIT) OHflH B nepuon 

c 1979 no 1990 ron. 

AKTYaflbHOCTb pa60Tbl o6ycnoeneHa ee HanpaeneHHOCTblO Ha pa3pa60TKY 

COBPeMeHHOR 3fl8KTPOHHOR annapaTYPbl, HCOOflb3Y8MOR B, HCcnenoaaHHSIX Ha 

YCKOPHTensrx 3apsr:t:eHHblX 48CTHU: 

- YcnoxHeHHe 3KC08PHM8HTOB 11 aKTHBHOe BHenpeHHe HenocpencTB8HHO B 

3KC08PHM8HT "on-1 ine" ynpaBflSIIOIIIHX 3BM B COBP8M8HHblX HCCnenoaaHHSIX, B 

4aCTHOCTH , OPOBOilHMblX . Ha 6a30BblX YCTaHOBKax OHflH , noTpe6oaano C03IlaHHSI 

YHHB8PC8flbHblX (l)YHKUHOHanbHO rH6KHX nporpaMMHPY8MblX YCTPORCTB nnsr 

CHCTeM npenaapHT8flbHoro OT6opa C06bJTHR. 

- CoapeMeHHblR 3Tan uccnenoaaHHR Ha YCKOPHTensrx 3apS1%8HHblX 4aCTHU 

xapaKT8PH3Y8TCSI ycno.:tH8HHeM 3anaq H COOTB8TCTBYIOIIIHM 00Bbllll8HH8M 

Tpe6oBaHHR K·xapaKT8PHCTHKaM BP8MSIH3M8PHT8flbHblX CHCT8M. 3TO OPHBeno K 

Heo6XOilHMOCTH pa3pa60TKH' npeo6pa30BaTenen BP8MSI - Kon. KaK 061I1ero 

npHMeHeHHSI , . TaK H C xapaKT8PHCTHKaMH, OPH8HTHPOBaHHblMH Ha OTnenbHble" 

3KC08PHM8HTbl. 

- Heo6XOilHMOCTb Ka48CTB8HHOR HaCTPORKH H KanH6POBKH 3fl8KTPOHHOR 

annapaTYPbl nnsr (l)H3H48CKHX HccnenoaaHHR B ~CflOBHSIX ee cepHRHoro 

OPOH3B0IlCTBa .. a ,TaK.:te noTpe6HOCTb onepaTHBHOro nonnep.:taHHSI ee B 

pa6oTocnoco6HoM 

pa3pa60TKaM psrna 

COCTOSIHHH HenocpencTBeHHO B 3KcnepHMeHTe, OPHBenH K 

TeCTOBblX H KanH6POB04HblX YCTPORCTB • 

Uenb pa60Tbl 3aKnl04aeTCSI B pa3pa60TKe H BHenpeHHH 3fl8KTPOHHOR 

annapaTYPbl nn_.11 3KCnepHMeHTOB Ha YCKOPHTen.s1x 3ap.s1J:eHHblX qacTHU, H 

noenHa3Ha4eHHoR nn.11: 

OOCTPOeHH.11 MHOrO(l)YHKUHOHanbHblX nporpaMMHPYeMblX CHCTeM nePBH4HOro 

OT6opa co6blTHR; 

- Ha6opa epeMeHHOR cneKTPOM8TPH48CKOR HH(l)OPMaUHH; 

- HaCTPORKH, T8CTHPOBaHH.s1 H KanH6POBKH H3MePHTenbHblX CHCTeM. 

HayqHa.11 HOBH3Ha H nono:teHH.11 , BblHOCHMbJe Ha 3alIIHTY: 

- Ha OCHOBe lllHPOKOro HCOOflb30BaHH.s1 CTaHnaPTHblX . HHTerpanbHblX cxeM 

3aOOMHHalOidHX YCTPORCTB ( 3Y) OOBblllleHHOR CTeneHH HHTerpauHH enePBble B 

CTPaHe pa3pa60TaH (l)YHKUHOHanbHO 3aKOH48HHblR KOMnrteKT nporPaMMHPY8MblX 

YCTPORCTB KOM6HHaUHOHHOR norHKH . IlJl.11 nePBl14HOro OT6opa co6blTHR. 

YCTPORCTBa 3Toro KOMOJieKTa npenocTaBJI.sJIDT (l)H3HKaM-3KCnepl1MeHT8TOPaM 

OPI-IHUHnl-laJibHO HOBYIO B03MOJ:HOCTb 6bJCTPOro C03IlfiHl1.s1 He06XOil11MOR JIOrHKH 

OT6opa C06b)Tl-lR, KaK onepaTHBHO . 113M8H.s18MOR nporpaMMHblM o6pa30M, TaK 

11 J:8CTKOR. 3TO OCYlll8CTBJI.s18TC.s1· Hfi OCHOBe Manoro 4HCJia THOOB 
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YHH(l)HUHPOBaHHblX YCTPORCTB C IIIHPOKHMH (l)YHKUHOHflnbHblMH B03MO:t:HOCTS1Ml1 • 
YCTPORCTBa He YCTYnatoT 3flPY6e%HhlM pa3pa60TKflM nono6Horo Hfl3Hfl'!eHHSI no 
6bJCTPOJleRcTBHto, BblronHo orn11'!aS1cb (l)YHKUH~Han6ttori nonHOTOR , BKnto'!flSI B 
ce6SI nor114ecKHe MOJlYnH KflK C onepanrnHo 113MeHSleMblMH , TaK 11 C 
(l)HKCHPOBaHHblMH (l)YHKU11SIMH • 

- Ha OCHOBe flHan113a 3a)la'!, B03HHKalOIIIHX B XOJle HCCnenoBaHHfi Ha 
3KCnePHMeHTflflbHblX YCTaHOBKflX mm muu-1 , o60CHOBflHbl TPe6oBaHl1SI K 
naoaMeTpaM . YCTPORCTB nnsi BPeMeHHblX 113M0PeHHR 11 pa3pa60TaH KOMnneKT 113 
Tpex BpeMSl..:U11(1)POBblX npeo6pa3oBaTeneR . (mm) . [lpenno:i:eHHbJe 
cxeM0TexH114ecK11e pe1I1eH11S1 no3Bon11n11 o6ecne'!HTb B ycn0B11~x cePHflHoro 
npOH3BOnCTBa YCTPORCTB noBTOPSleMOCTb BblCOKHX xapaKTePl1CTHK, 
ynoBneTBOPSIIOIIl11X TPe6oBaHHSIM BpeMeHHOR cneKTPOMeTPHl1~ 

rroenno%eHa MeTon11Ka aHan113a cxeM KBapueBblX reHepatopoB Ha 
3neMeHTax 3MHTTePHO-CBSl3aHHOR norl1KH. C ee 11cnonb30BaHl1eM pa3pa60TaHa 
op11r11HanbHaS1 cxeMa nBYXKacKanHoro KBapueBoro reHePaTopa C nBYMSI 
'!aCTOTOH36HPaTenbHblMH uenSIMH , pa60Tato1I1ero Ha BblCIIIHX rapMOHHKaX 
KBapueBoro pe30HaTopa, BnnOTb no onHHHanuaTbR. Pa3pa60TaHH8SI cxeMa no 
HaCTOSll!lero BPeMeHH He HMeeT aHanoroB B n11TepaType. Bb1pa60T8Hbl 
PeKOMeHnau1111 no paCIIIHPeHHIO JlHana30Ha reHePHPYeMblX '!aCTOT npH 
np11MeHeH11H HOBblX 6onee 6blCTPOneRCTBYIOIIIHX HHTer panbHblX cxeM. 

- Pel!leHa 3anaqa aBTOMaTH3aUHH TeCTHPOBaHHSI 11 Kan116pOBKH 3neKTPOHHOR 
annapaTYPbl KaK HendcpencTBeHHO Ha 3KCnePMM0HTanbHblX YCTaHOBKaX , TaK 11 
Ha pa60'!HX MecTax pa3pa60T'IHKOB. llnn 3TOro: 

a) Pa3pa6oTaH op11r11HanbHblR (l)YHKU110HanbHO nonHblfi KOMnneKT Monynen, 
npenHa3Ha'!eHHblR nnSI 8BTOMaTH3HPOBaHHOfO TeCTMPOB8HHSI,. 11 Kan116POBKH 
BPeMSIH3MePHTenbHblX CHCTeM. YCTPORCTBa KOMnneKT8 IT03BOnHnH. OTKa3aTbCSI 
OT r POM03JlKHX TPanHUHOHHblX YCTaHOBOK C IP3Y 11 paJHJOaKTHBHblMH 
HCTO'IHHKaMH, 06bl'IHO 11cnonb30B8BIIIHMHCSI paHee nnsi :non uen11. 

6) [lpenno%eH 11 OCYIIleCTBneH HOBblR MonynbHblfi ITPHHUHIT peanH38UHH 
noorpaMMMPYeMblX YCTPORCTB • BbJnOnHSIIOIIIHX .. (l)YHKUHH cTaHnaPTHblX KOHTPOflbHO 

TeCTOBhlX np116op0B ( reHePaTOPOB CePHR HMnYnbCOB / UH(l)POBblX 
onHOBH6paTOPOB , (l)YHKUHOHanbHblX reHepaTOPOB 11 no. ) • OH OCHOBaH Ha 
11cnonb30BaHl111 3Ha411TenbHhlX (l)YHKU110HanbHblX B03MO:t:HOCTeR Pattee 
pa3pa60TaHHblX aBTOPOM cepHRHblX nporpaMt1HPYeMblX MonyneR KOM611HaU110HHOR 
nor11K11 • 11Mel01!111X B . CBOeM COCTaBe 3Y. IlP11 3TOM • ' noMHMO OCHOBHOro 
Ha3Ha'!eHl1SI 3Tl1X YCTPORCTB; pacl!IHPSleTCSI o6naCTb HX np11MeHeHl1SI. 

IlpaKTH'!ecKaSI ueHHOCTb pa60Tbl COCTOHT B TOM, · '!TO pa3pa60TaHHaS1 
annapaTypa Hal!lna np11MeHeH11e B 3Kcnep11MeHTaX, ITPOBO)ll1MblX Hfl YCTflHOBKflX mum (Hano11Mep, "TPliTOH", "APEC", "MIOCITliH", "fliITEPOH", "MErA", "CIPEPA" 
11 JlP.) 11 npyr11x BeJlYIIll1X 11ccnenoBaTenbCKl1X HHCTl1TYTOB CCCP·(MlilPli, liA~ 
HM. KYP'lflTOBa, Hlili3T, UHliliqEPMET 11 )lp.), a TaKxe CTpaH -.yqacTHHU OliRli 
(HPB, li~li 11 ~3 BonrapcKOR AKa)leMl111 HaYK). 
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Pa3pa60TflHHble npH60Pbl IT03Bon11nH co3naTb KOMnaKTHbJe 11 Hanexttwe 
CHCTeMbl 3neKTPOHHOfO OT60Pfl co6blTl1R , KOTOPbJe 06ycn0B11n11 nony4ett11e 
Bfll:HblX (;)113114eCKHX pe3ynbTflTOB B pa3nl14HblX 3Kcnep11MeHTaX. YCTPORCTBa 
TaKxe npm,teHSIIOTCSI Ha pa60411X MecTaX pa3pa60T'IHKOB 3fleKTPOHHblX Cl1CTeM 
nnSI HaCTPORKH 11 Kan116poBKl1 annapaTYPbl. Pa3pa60TaHHble Monyn11 o6ecne'!eHbl 
noKYMeHTflUtten H , 38 11CKnto'!eHHeM cneuttanH311POBflHHblX YCTPORCTB , 
op11eHTl1POBaHHblX Hfl TPe6oBaHl1SI KOHKPeTHblX 3KCnep11MeHTOB , ITPOl13BOnSITCSI B 
OnblTHOM IlPOH3BOncrne OHRli. K KOHUY 1990 rona BblnYl!leHO H nepenaHO 
nonb30BaTenSIM 6onee 150 6noKOB 17 Hal1MeHOBaH11R. 

B 

Anpo6flUl1SI pa60Tbl 11 ny6n11Kau1111. 
OcHOBHbie pe3YnbTflTbl pa6oT, B01I1en1I1HX B n11ccepTau11to 11 ony6nl1KOBflHHblX 

B11ne XYPHanbHhlX cTaTeR, npenpl1HTOB 11 co061I1eHl1R OHR11 /1-13/, 
06cy:i:nan11cb Ha HaY'IHO - MeTonH'leCKHX ceMl1Hapax Jla6opaTOPl111 nnePHblX 
npo6JieM 011Rl1, n0Knanbrnan11cb Ha 4 Bcecoto3HOM ceMl1HaPe no aBTOMaTl13aU1111 
HaY'!HblX 11cc11enoBaH11n B Sl)lepHOR (1)11311Ke-H CMe:t:HblX o6naCTSIX /5/, Ha 13-0M 
( Baptta. HPB, 1988 r. l /8/ H 14-oM C Bapl!laBa. ITP. 1990 r.) /13/ 
MeXJlYHaPOJlHblX Cl1MIT0311YMaX no Sl)lepHon 3neKTPOHHKe • 

· CTPYKTYPa H 06beM n11ccepTaUHH. 
Il11ccepTaUHSI COCTOl1T 113 BBe)leHHSI, TPeX rnaB 11 3aKJIIO'leHl1~. Pa6oTa 

coneputT 130 CTPflHHU Ma1!111HOITl1CHOrO TeKcTa. 4 Ta6nHUbl. 56 Pl1CYHKOB. Otta 
conep:t:11T TaK:i:e 6116n11orpa(l)11'1eCKl1R CITHCOK n11TepaTYPhl 113 237 Hal1MeHOBaH11n 
11 Ilp11no:i:ett11e, BKJlto'!atol!lee B ce6SI nonHble TeXHl1'1eCKl1e xapaKTePl1CT11Kl1 
YCTPOfiCTB , BOl!le)ll!l11X B MaTep11an mIccepTau1111 • 

COilEPIAHl1E PABOTbl . 

Bo BBeneHHl1 C(l)OPMYfll1POBaHbl uenb pa60Tbl, ee flKTYanbHOCTb 11 Hay'!HaSI 
HOBl13Hfl, npIrneneH KPaTKHfi 0630P coneo:rnHl1SI n11ccepTau1111. 

rnaBa I OCBel!laeT BOITPOCbl pa3pa60TKH MHOfO(l)YHKUltoHanbHblX nor11'!eCKHX 
YCTPOflCTB nnn CHCTeM noenBaP11TenbHOrO OT6opa C06blTl1R. 

B pa3nene I . I • , Hfl OCHOBe 0630Pa mnepaTYPbl, o60CHOBaHa Heo6xon11-
MOCTb H nepcneKTl1BHOCTb pa3pa60TOK 11 BHenoeHlrn MHOfO(l)YHKU110HflflbHblX 
nporpaMMl1PYeMhlX norH'!eCKl1X YCTPOnCTB nnSI 3Tl1X CHCTeM. liCXOJlSI 113 COCTO­
SIHl1SI BenYIIIHXCSI 11 nnaHHPYeMblX B 011Rl1 3KCnep11MeHTOB , 060CHOBflHa 3a)lfl'lfl 
pa3pa60TKl1 nono6HblX YCTPORCTB 11 OTMe'!eHa nepcneKTHBHOCTb HX BbJnOnHeHl1SI 
Ha 6bJCTPO)leficTBYIOl!ll1X 11HTerpanbHblX cxeMax 3anoMHHal01I111X YCTPOfiCTB ( 3Y) 
nOBbllileHHOR CTeneH11 11HTer pau1111. 

Kai( pe3ynbTaT attan113a xapaKTepl1CTl1K COBPeMeHHblX JlOCTYITHblX 
6bJCTponenCTBYIOIIll1X 11HTer panbHblX CXeM 3~, Ha OCHOBe KOTOPblX BbinOnHSIIOTCSI 
nporpaMMl1PYeMble nor114ecK11e YCTPOfiCTBfl , onpeneneHbl napaMeTPhl 
pa3pa6aTblB8eMblX MHOfO<llYHKU110HanbHblX nor11'!eCKl1X YCTPOflCTB 11 o6naCTH 
3(!)(1)eKTl1BHOfO 11X 11cnonb30BflHl1SI. ITpoaHaJllt3HPOB8HB. KOH(l)11rypau11n 
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noTeHu11anbHoro T11na nn.11 BblnOnHeH11.11 3Tl1X YCTPOfiCTB. Ha OCHOBe 

aHan113a cnenaH BblBOn, llTO npm,IeHeH11e MHOfO(J)YHKU110HanbHblX 

nporpaMMl1PYeMblX norH''leCKl1X Monynen, pa3pa6anrnaeMblX Ha OCHOBe 

OTe4eCTBeHHblX 6bJCTPOnencTBYIObll1X 11HTerpanbHblX cxeM 3Y, uenecoo6pa3HO 
6 

np11 11HTeHCl1BHOCT.IIX MOHl1TOPHblX c11rHanoB OT 2*10 I/ceK nn.11 Ha116onee 
6 

6blCTPOnencTBYIObll1X 3Y no I*IO l/ceK nn.11 3Y 60nbblero 06beMa, HO c 

MeHbbll1M 6b]CTponenCTBl1eM ( np11 K03(!)(!)11U11eHTe npOC4eTOB OKOno 5%). B 

cny4ae 6onee BblCOKl1X BxonHblX 11HTeHCHBHOCTen uenecoo6pa3HO BKnJ04eHl1e 

3Tl1X YCTPOfiCTB nocne Tpan11u110HHblX 11MflYnbCHblX Cl1CTeM HaHOCeKYHntton 

norl1Kl1 , nOHl1:taJObll1X 11HTeHCl1BHOCTb no np11eMneMblX 3Ha4emrn • 

KpaTKO PaCCMOTPeHbl Bonpocw COBMeCTl1MOCTl1 on11cwBaeMb1X" B pa6oTe 

nor114eCK11X YCTPOfiCTB C HaHOCeKYHnHblMl1 6noKaM11 11MnynbCHoro T11na 

CTaHnapTa KAMAK cep1111 K300, pa3pa60TaHHblMl1 paHee B mm mum. 
MATPMUA 03Y 
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P11c. I • fPYHKU110HanbHa.11 cxeMa 6noKa "MaTp11ua IO* IO" KJI3I9. 

B pa3nene I • 2.. 113nO:teHbl pe3ynbTaTbl pa3pa60TOK 11 11cnonb3?BBHl1.11 

YCTPOfiCTB , npenHa3Ha4eHHb]X nn.11 pa60Tbl B COCTaBe annapaTYPbl (1)113114ecK11x 

3KcnePl1MeHTOB Hfl YPOBHe npenBaPl1TenbHOro OT6opa C06b1Tl111. YCTPOfiCTBfl 

npencTaBn.llJOT co6on nporoaMMHO - ynpaBn.HeMble MHOfO(l)YHKU110HflnbHble 6nOKl1 

KaK C (!)11KCl1POBflHHblMl1, TaK 11 C onepaTHBHO H3MeH.lleMblM11 (l)YHKUH.IIMl1 , 

Peanl13YIObll1e npOl13BOnbHbll1 Ha6op KOM6HHflUl10HHblX norH4eCKl1X (l)YHKU1111. 

0CHOBY Monynen COCTaBn.lllOT MflTPHUbl 6blCTPOnencTBYIOMHX • 3Y. nPH4eM B 

6noKaX C nporpaMMl1PYeMblMl1 (l)YHKU11.IIMH 11cnonb3YIOTC.II 03Y, C (1)11KCl1POB8HHblMl1 

- Illl3Y ( nOCTO.IIHHble nporpaMMHPYeMble 3flOOMHH8IObll1e YCTPOfiCTBfl) • IlPH 

Pa6oTe YCTPOfiCTB COBOKYnHOCTb onHOBPeMeHHO noCTYnl1BlllHX H8 BXOllbl 6nOKOB 

4' 

CHrHanoB COCTaBn.lleT anpec Ha Bxonax MflTPHU 3Y. JlorH4eCKfl.ll o6pa60TKfl 

BXOnHblX c11rHanOB npo11cxonHT B COOTBeTCTBHH C Ta6nHU8Ml1 11CTHHHOCTH 

(nporPaMM8MH). npenBaPHTenbHO 3flHOCHMblMl1 B 3Y 3Tl1X 6nOKOB. qflCTb 

6nOKOB MO:teT 6b1Tb HCnonb30B8Hfl , noMl1MO CBoero OCHOBHOro Hfl3Hfl4eHH.II , B 

COCT8Be annapaTYPbl flBTOM8Tl1311POBflHHOro pa6o4ero MeCTfl (APM) nn.11 

TeCTHPOB8HH.II H Kan116POBKH 3neKTPOHijblX CHCTeM (CM. rnaBY 3). 

B COCT8B P83P860T8HHblX YCTPOHCTB Bxon.11T KflK nor114eCKHe MOnYnH 

Ooblero np11MeHeHl1.II, T8K H cneuHanH3HPOBflHHble 6nOK11, OPl1eHTl1POBflHHble Ha 

Tpe6oBaHl1.II KOHKPeTHblX 3KcnePl1MeHTOB •• 

8 pa3nene I • 2. I • naHbl on11caHI1.II MHOrO(l)YHKU110HflflbHblX nor114eCKHX 

YCTPOfiCTB Ooblero npHMeHeHH.11. Pa3pa60T8HHble MOnYnH He YCTYnaJOT 

3apy6e:r:HblM 06P83UflM no OCHOBHblM napaMeTP8M ( B KOHUe pa3nena naHa 

Ta6nHua X8P8KTePHCTl1K YCTPOfiCTB B CP8BHeHl111 C 113BeCTHblMH J,13 n11TePBTYPbl 

· P83P800TKflMH), BbJronHo OTflJ-148.IICb Hflfll1411eM B 11X COCTBBe MOnYn.11 C 

(l)HKCl1POB8HHblMl1 (l)YHKUH.IIMH. B KOMnneKT Bxon.11T KflK Ofl0Kl1, no3B0fl.lllObll1e 

OCYbleCTBfl.llTb OTHOCHTenbHO . cno:r:Hble (l)YHKU1111 OT6opa ( HflnPHMeP , , "MaTp11ua 

IO*IO", CM. PHC.I; "MaTPHUa 15*1"), TaK H Mettee (l)YHKU110H8flbHO 

HflCblbleHHble • HO c 6onee BblCOKHM OblCTPOnencTBHeM ( "MflTPHUfl 6*6" l • BnoK 

"M8TPl1Ufl 8*8" KJ1324, BblnonHeHHblR, B 0Tfll14ne OT OCTflflbHblX MonyneR, Hfl 

OCHOBe Illl3Y, noMl1MO OCHOBHOro CBOero ,pex11Ma P860Tbl B KPeRTe KAMAK, 

no3Bon.11eT npo113aon11Tb nor11qecKy10 o6pa6oTKY c11rttan0B no noenaao11TenbHO 

OTP860TflHHOR noorpaMMe B oTnaneHHblX MeCT8X 3KcnepHMeHTflflbHOR 

YCTflHOBKl1 , BHe CB.11311 C 3BM 4epe3 MflrHCTPanb KAMAK. CTaHnaPTHblR Ha6op 

KOM8Hn KAMAK cnoco6cTBYeT YHH(l)l1KflU1111 nporpaMMHoro o6ecne4eHH.II nn.11 

06cny:r:11B8Hl1.II 6nOKOB B COCTBBe annaoaTYPbl 3KCnePHMeHT8flbHblX YCTaHOBOK. 

YCTPORCTBfl BbmonHeHbl B BHi;te 6flOKOB KAMAK enl1Hl14HOR bll1PHHbl. Ilepe4eHb 

xapaKTep11CTl1K pa3pa60T8HHblX YCTPORCTB npencTaBneH B Ta6n11ue I ( CTP .6). 

noencTaBn.11eMble B pa3nene I .2 .2. cneu11an11311poBaHHble 

MHOrD(l)YHKU110HflflbHble nor11qecK11e YCTPORCTBfl pa3pa6aTblBflfll1Cb nn.11 

KOHKPeTHblX 3Kcneo11MeHTOB, nooson11Mb1X Ha YCTBHOBKax JIHil OHHH. B CB.11311 c 

3Tl1M, 113flOJ:eH11e M8TePHflflfl naHo B C04eTflHl111 C KPflTKl1Ml1 on11caHI1.IIMl1 

annapaTYPbl COOTB8TCTBYIOllll1X YCTBHOBOK • Ilp11BeneHbl MaTePl1flflbl , 

11flfllOCTPl1PYIObll1e 3(1)(1)eKTl1BHOCTb HCTTOflb30BflHl1.II pa3pa60T8HHblX YCTPOHCTB. 

8 pa3nene I • 2 • 2 • I • , nocne. PflCCMOTPeHH.11 KOH(l)I1rypau1111 annapaTYPbl 

OT6opa C06blTl1R B 3KcnePl1MeHTflX no MJO-KaTafll13Y, naHO on11caH11e 6noKa 

"BOPOTa" KJI33I /12,*/, noenHa3Ha4eHHoro nn.11 Bb1Pa60TKl1 c11rHana 3anycKa 

B 3KCnepHMeHTaX Ha nyqKaX nono:r:HTeflbHblX H OTPHUaTeflbHblX MIOOHOB • 

HcnOflb30BaHHe OblCTPOnencTBYIOblHX Illl3Y B cocTaBe YCTPOHCTBa no3B0flHflO 

pa3pa60TaTb nocTaT04HO YHHBepcanbHblfi "onoK. H3rOTOBneHO TPH 3K38Mnn.11pa 

* fHneB A.H •• HBaHOBCKHR C.A., 311HOB B.r., PyneHKO A.H., Cen11KOB A.B. 

Coo6bl8HH8 OHHH PIS-90-452, RY6Ha, 1990. 
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Ta6mma I • MHoroCllyHKUHOHa/IbHbJe IIOrHlJeCKHe YCTPOllCTBa o6wero np11MeHeHH51 • 

HaHMeHOB. "MaTPHUa "MaTp11ua "MaTPHUa "MaTPHUa 
\ lO*IO" 8*8" 6*6" 15*1" 

IIapaMeTp KJl3l9 KJJ324 Kfl328 KJJ332 

0praHH38UH51 

_KO/I • BXonoB IO '8 6 15 
Karr • CllYHKUHl IO 8 6. I 

. Tttn . 03Y IIII3Y 03Y 03Y 
HCnO/Ib3YeMO K500PY4l5/ K500PEI49/ K500PYI48 K500PY470 

ro 3Y /K500PY4l5A /K1500PT4l6 

BpeM51 

pe111eHM51. 

He 6orree 40 HC/30HC 40 HC/30HC 25 HC 40 HC 

IlY61IMKau1111 /5-8/ /5-8/ /7,8/ /12/ 

YCTPOllCTBa )l/I51 3KCnepHMeHTOB C OCT8HOBHBIIIIIMHC51 MIOOH8MH, nPOBOllHMblX Ha 

TPex YCTaHOBKax mm mum ( "TPl1TOH" , "MEr A", "MIOCill1H") , W HMelOWHX 

cxonHble TPe60B8HH51 K CHCTeMe npenBaPHTeJlbHoro 3anycKa. B COOTBeTCTBHH 

C TPe6oBaHH51MH 3KcnepuMeHTOB no MIO-KaTaJIH3Y ( YCTaHOBKa "TPHTOH "·) , 6JIOK 

"BopoTa" KJJ33I CllOPMHPYeT HHTePBa/I perHCTP8UHH (CHrHaJI "BOPOTa?) no 

npenBtlPHTeJibHO 3a!IIHTOMY B IIII3Y YCTPOllCTBa YCIIOBHIO H OCYWeCTBII51eT 

6/IOKHPOBKY Hano:teHHll npemJJlYWHX 11 nocnenYIOW11X lJaCT11U· nYtJKa B HHTePBane · 

3a 5 MKC no MOMeHTa OCTflHOBKH MIOOHa (3aw11-ra "Ila") 11 B TetJeHHe IO MKC 

nocne MOMeHTa 0CTaHOBKl1 MIOOHa ( 3aWHTa "Ilocne", B TetJeHHe BOPOT) , 

Om1caHHa51 B pa3nerre CHCTeMa OT6opa C06bJTHll, B COCTaB KOTOPOll BXOnHT 

: 6/IOK "BopoTa" KJJ33I , noKa3ana Hane:t:HYIO pa60TY · B · JllIHTe/IbHbJX 

MHOrOCYTOlJHblX ceaHcax Ha (l)a30TPOHe mm omm np1-1 nPOBenemm P51Jla 

3Kcnep1-1MeHTOB no MIO-KtlTa/IH3Y 1-1 o6ecnelJH/Ia I\OHKYPeHTOCnoco6HOC_Tb pa6or 

Ha Clla30TPOHe C pa6oTaMH mi Me30HHbJX (l)a6PHKax. 

B· pa3nene I • 2. 2 • 2. , nocne paccMOTPeHH51 KOH~1-1rypau1-11-1 annapaTYPbl 
• I 

cneunpoueccopa Jlll51 a1-mn1-13a nP51MblX TPeKoa tJac:rnu 3Kcneo1-1MeHTa no 

HccnenoBaHHIO npoueccos nttoH-51,!lel)HblX B3BHMOJlellcTBl-lll- Ha cneKTPOMeTpe 

"APEC", naHo on1-1caH11e 6noKa "MaTp1-1ua (4*6)*1" KJJ334 /12,*/. 

* K0351llKI-IH Il.B., KYlJHHCKHll H.A., CeJIHKOB A.B., CMI-IPHOB B.C. 

Coo6weH1-1e 011Hl1 PI3-90-l99, IlY6Ha, 1990. 
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6/IOK npe)lCTaBJI51eT co6on cneUl-l8/Il-l31-1POBaHHOe MHOrOCllYHKUI-IOHa/IbHOe 

rror11tJeCKOe YCTPOllCTBO C nporpaMMI-IPYeMblMI-I CllYHKUHSIMI-I OT6opa 11 

npenHa3HalJeH Jlll51 1-1cnoJib30BaHH51 B cocTaBe cneunpoueccopa B KatJeCTBe era 

pe111a10111ell lJaCTI-I. 11cnoJib30BaHHe B MOJlYJie MaTPl-llJHOll norl-lKl-1 Jl/I51 Bb1Pa60TKI-I 

oeweHl-151 no3son1-1no o6ecnetJHTb Tpe6yeMoe BPeM51 peweH1-151 Bcero 

cneunooueccopa Ha YPOBHe 55 HC. MonYIIb no3BOJisteT aHaJIH311POBaTb nP51Mble 

TPeKH lJaCTHU no pe3YllbTaTaM 11X npoxo:t:neHl-151 lJepe3 JlBe ronocKon1-1tJeCKl1e 

nnOCKOCTI-I: XI-YI. H X2-Y2. Ka:t:na51 113 KOTOPblX MOJ:eT coneo:t:aTb no 64 

neTeKTOPOB no KOOPJll-lHaTaM X H Y. OCHOBY 6/IOKa COCT8B/I51eT M8TPI-IU8 

onepaTI-IBHOro 3anOMI-IH810Wero YCTPOllCTBa ( 03Y) • BbJnOJIHeHH851 Ha TPeX 

MHKPOCXeMax Tl-Ina KI500PY470. BbJXOnbl KOTOPblX coen1-1HeHbl MeTOJlOM 

"nPOBOJlHOro 11". IIepBa51 MI-IKPOCXeMa 03Y nooH3B0Jll-lT 8HaJIH3 C06blTI-ISI no 

KOOPJll-lH8TaM X2-XI. BTOP8SI - no KOOPJll-lH8T8M XI-YI. TPeTbSI - no 

KOOPJlHH8TflM YI-Y2. AHaJil-l3 nPOl-l3B0Jll-lTCSI no nporpaMMe (Ta6n11ue 

I-ICTI-IHHOCTI-I), noensap1-1Te/IbHO 38HeceHHOll B 03Y 6/IOK8 B pe:t:1-1Me "3anHCb 1-1 

npoBePK8 03Y ff. B T86/IHUe HCTI-IHHOCTI-I YCT8H8B/II-IB8IOTCSI Bee pa3pei11eHHble 

KOM61-1H8UI-IH lJeTbJpex KOJlOB C nnoCKOCTell X 11 Y MHOronpoBO/IOlJHblX K8Mep, 

onoenen51IOWHX TpaeKTop1-11-1 nooneTa10wen tJacT1-1m1. 

On11caHHblll B pa3nene TPeKOBblll cneunooueccop • B cocTaB 

BXOJll-lT 6/IOK ffMaTPHUa (4*6)*1ff KJJ334. B 3KCnep1-1MeHTe 

K03(l)(l)HUl-leHT OT6opa C06bJTl-lll Ha YPOBHe IO • 

KOTOPOro 

06ecnetJ1-1n 

B rnaBe 2, 

I-IHTepBa/IOB 1-1 

nocne KPaTKoro o63opa MeTOJlOB . . 
113MepeHl-lll BPeMeHHblX 

Ha116onee lJaCTO 11cn01Ib3YeMblX B TeXHHKe stnePHO 

(l)H31-1lJeCKOro 3Kcnep1-1MeHTa Tl-Inoa BUII, 1-13/IOJ:eHbl pe3YllbTaTbl pa3pa60TOK H 

3KcnnyaTaUl-l11 YCTPOJlCTB, noenHa3HalJeHHblX Jl/I51 BPeMeHHblX 113MeoeHHJl. Cpen1-1 

HI-IX - TPl1 npeo6pa30BaTeJist BPeMst - Kon: KA304. KA326. KA330. IlaHO T8KJ:e 

on11caH11e KBapueaoro reHepaTopa KB31I. 11cnoJib3YeMoro B KatJeCTBe 

BHeblHero TaKTOBoro reHepaTOPa Jl/I51 pa3pa60TaHHblX BUII. Bee onl1Cb1BaeMble B 

pa3nene YCTPOllCTBa BblfiOJIHeHbl B B11ne 6JIOKOB KAMA!< .e)ll1Hl-llJHOll IIIIIPl1Hbl. 

3KcnepHMeHTbl, npoBOJlHMble Ha nylJKaX noJIOJ:MTeJibHblX 11 OTP11U8TeJibHblX 

MIOOHOB (HanpMMeP. Ha YCTaHOBKax ffTPl1TOHff. ffMIOCIIl1Hff). npe)lbSIBJISIIOT 

:t:eCTKl1e TPe6oBaHl1SI K Jll1(l)(l)epeHU11aJibHOJl' HeJI11HellHOCTl1 BUII. HaPSIJlY c 
YMeoeHHblM pa3pellleH11eM Ha YPOBHe (5-IO)HC. llnst o6ecnetJeHM51 TaKHX 

3Kcnep11MeHTOB pa3pa60TaH JlBYXKaHaJibHblll BUII KA304 /2.13/ (pa3nen 

2. 2. I • ) , 11cno1Ib3YIOW11ll ClJeTHO-MMnyJibCHblll MeTOJl npeo6pa3oBaHHSI , 

OCHOBaHHblll Ha 3anonHeHl1M M3Mep.11eMoro 11HT0PBana MMnY/IbCaMH reHepaTopa 

CTa6HJibHOJl lJ8CTOTbl C nocnenYIObll1M nonctJeTOJ.I lfX KOJIHlJeCTBa. P51Jl cxeMHblX 

pe111eHl1Jl, cpen11 KOTOPblX - MCnOJib30B8Hl-le B noeo6pa30BaTene ffBPeMst -

cep1-151 ff JlBYXCTYneHlJaTOJl cxeMbl Cl1HXPOHl138.UHI-I , f103BO/II-I/IH flOJIYlJHTh 

JlH(l)(l)epeHUMaJibHYIO HeJil1HellHOCTb Ha YPOBHe ±0,5% (B pa6oTe oueHK8 3TOR 

BeJil1lJI-IHbl JllISI Bcex on11Cb1B8e!l.blX BUil mi.eTC5! :iO 1-18.KCXMa/IbHOMY pa36pocy 

7 



IIIHOHHbl 

YaCTOTe 

KaHanoB H3M80HT8flbH~X xaoaKTeOHCTHK) non MaKCHManbHOfl TflKTOBOfl 
200 Mru. KonHYeCTBO oa30SIDOB BblXODHOro cnosa - 12, OOH48M 12-n 

oa30SID - noH3HaK HHmooMaUHH. noenYCMOTOeHa aBTOHOMHaSI oa6oTa 
HaKOOHTeneM HHmooMaUHH. 6e3 CBSl311 C M8r11CT08flbl0 KoenTa (MK) . 

C BH8IIIHIIM 

B 3KCneoHMeHTax no T8MaTl1Ke M10-KaTan113a, noOBODHMblX Ha ma30TOOH8 
mm 0115111. CTOHT 3aDa4a nonyYeHHSI BOeMeHHblX cneKTOOB HeJlTOOHOB 
nocnenoBaTenbHO oerHCTOHOY8MblX UHKflOB B oeaKUHH SID80HOro CHHT83a B 
ra3006oa3HOM nenTeOHH non T0860BaHHH MHHHManbHOfl nttmmepeHuuanbHOfl 
HenHHellHOCTH H3M80HTenbHOfl xaoaKT80HCTl1KH H oa3oe1I1eHHSI "( 5-IO l HC. 3TO 
o6ycnoB~rno He06XODHMOCTb C03DaHHSI MHOfOCTOOOBoro noeo6oa30BaTensi KA326 
/9,13/ (Oa3nen 2.2.2.) C48THO-HMOYflbCHoro MeTona noeo6oa30BaHHSI. 

YCTOOflCTBO n03B0flSl8T onoenenSITb B08M8HHbl8 nono:teHHSI OT l .uo I5' 
HMOYflbCOB "CTon" OTHOCHTenbHO CTaOTOBoro cHrHana C oa3oe1I1eHHeM 5 HC H 
M80TBbJM BOeMeHeM Me:t.UY DBYMSI cocenHHMH C06bJTHSIMH 40 HC. MaKCHManbHaSI 
YaCTOTa TaKTOBOfl ceoHH - 200 Mru. il11mmeoeHUHanbHaS1 HenttHeflHOCTb 
noeo6oa30BaTensi OOH MaKCHManbHOfl THKTOBOll 4aCTOTe: ±0.5%. Pa30SIDHOCTb 
BbJXODHOro KODa B08M8HHOfO HHTeoBana - I4. 

no11600 noKa3an Hane:tHYIO oa60TY B T848HHe COT8H _ 4aCOB HenoeOblBHOll 
oa60Tbl Ha ma30TOOHe Jl51TI 0115111 OOH nooBeneHHH 3Kcneo11MeHTOB no MIO -
KaTanH3Y. Ha OHC .2 OOHB8D8Hbl nonY48HHbJe BOeMeHHbJe cneKTObl HeflTOOHOB 
nocnenoBaTeflbHO_ o~rHCTOHOY8MblX UHKflOB B oeaKUHH sineoHoro CHHTe3a 
B ra3006083HOM nenTeOHH /*/: 

· ./u.-~ fa-.,. 1J
2 
~ dc(fa ~ n + 

3
Hep -t - ~ n + 3He +f- ( I J 

OCHOBHbJe 083YflbTaTbl 3KC080HM8HTa H3fl0:t8Hbl B oa6oTe l**I . 
TIOSIBfl8HHe MHKOOCX8M 6blCTOODellCTBYIOlIIHX naoannenbHblX AUTI Tttna "f 1 ash" 

OTKOblflH B03MO:tHOCTb C03DaHHSI MHOfOCTOOOBoro .UBYIIIKanbHOro BUTT 
KOM6HHHOOBaHHOfO THOH npeo6oa30BaHHSI KA330 /10,!3/ <oa3nen 2.2.3.l, 
0Tfltt4al0bl8f0CSI OOBbJIIl8HHblM BOeMeHHblM oa3081Il8HHeM OOH ManoM BOeMeHH 
o6oa60TKH ODHOro C06bJTHSI. Ero noHMeHeHHe 3Ha4HT8flbHO 06ner4aeT pelileHHe 
osina M8TODH48CKHX H 3KcneottMeHTanbHblX 3aDa4. 

* 3HHOB B.f ., COMOB 

P4-a4-45, ilY6Ha, I984. 

fl .H,., IPJ1Hb48HKOB _B .B, . HoenOHHT 0115111 

** Bystritsky V.M., Dzhelepov V.P., ••• Selikov A.V., ••• Zinov V.G. 
In: American Institute of Physics Conference Proceedings 181, 
Muon - catalyzed fuzion. Sanibel Island,- USA, may 1988. AIP, 
New York, -1989, p.17-22. 
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PHC .2. BoeMeHHble 

cneKTObl HellTOOHOB 

OT neoBoro (n=ll, 
BToooro - < n=2 J H 

TOeTbero (n=3) 

UHKnOB CHHTe3a • 

Ni - KOflH48CTBO 

C06bJTHll. 

5flOI( KA330 SIBflSl8TCSI nanbH8llblHM pa3BHT118M noeo6oa30BaTensi KA326, B 
KOTOOblfl, C U8flbl0 YM8Hblil8HHSI oa3081Ilal0blero BP8M8HH, BBeneH HHTepnonSITOO 
OCTaT04HOro ttHTeoBana Ha OCHOBe napannenbHoro AUTI Tttna Kll07IlB3A MflH 
KI I07IlB5A. Ycrooncrno no3BonsieT onoenensiTb BOeMeHHbie nono:teHHSI no 15 
HMOYflbCOB "CTon" OTHOCHT8flbHO CTaOTOBOro ~HrHana. MaKCHManbHaSI 4aCTOTa 
TaKTOBOll cePHH - 200 Mru, pa604asi ueHa ~aHana HHTepnonSITOPa Ha OCHOBe­
naoannenbHOrO 6-6HTHoro AUTI - 90 nc., IIfttPHHa annaoaTYPHoro nttKa (Ha 
nOJlYBblCOTe pacnpenenemrn l - 200 · nc. , MePTBoe BPeMSI Me:tnY DBYMSI 
cocenHHMH o6pa6aTbJBaeMblMH C06bJTHSIMH - 50 HC • 06masi pa3PSIDHOCTb 
BblXOllHOro Kona - I6 6HT. 

Ilpo6neMa cornacoBaHHSI T04HOll (IIIKana HHTePTTOflSITOPa) H rpy6oll (IIIKana 
anpecHoro· cYeTYHKa) IIIKan nott6opa pe1I1aeTcS1 Ha nporpaMMHOM YPOBHe ·Bo 
BHelIIHeM Bbl4HCflHTenbHOM YCTPOllCTBe OPH HaxoxneHHH nellCTBHTeflbHblX 
BPeMeHHblX nono:teHHll aHanH3HPYeMblX C06blTHll - OTHOCttTeflbHO cTaPTOBoro 
CHrHana ( Bbl4HTaHHe "pe3ynbTaTa. HHTePTTOflSIUHH C06blTHSI "CTaPT" H3 KODOB , 
COOTBeTCTBYIOhlHX BPeMeHHbJM nono:teHHSIM C06blTHll "CTon"). IIPH 3TOM, B 
npouecce pa60Tbl nptt6opa, OTCfle:tHBaeTCSI H8CKOMneHCHPOBaHHblfl noem1> ueHbl 
KaHana HHTepnonsiTopa. BcnencTBHe :;immeKTa CTaTHCTtt4eCKOro pa3paBHHBaHHSI 
Bentt4HHa nttmmepeHuttaflbHOll HenttHellHOCTH H3MePttTeflbHOR xapaKTePHCTHKH 
nptt6opa COCTaBHna ±1% OPH nummepeHUHaflbHOR H HHTerpanbHOR 
xapaKTepHCTHKax HHTePTTOflSITOPa ±5% tt ±0,5% COOTBeTCTBeHHO. 

5nOKH KA326 H KA330 SIBflSIIOTCSI nePBblMH cepHRHblMH MHOfOCTOOOBblMH BUil B 
Ol151H, npenHa3Ha4eHHblMH nnsi cneKTPOMeTPH4eCKHX BPeMeHHblX H3MepeHHR. 

HeYKflOHHOe OOBbJIIleHHble Tpe6oBaHHSI • K 6blCTPOneRcTBHIO H BPeMeHHOMY 
pa3pe1I1eHHIO BUII, nosiBneHtte HOBblX, 6onee 6bJCTPoneRCTBYIOh(HX cepttR 
MHKPOCXeM, a TaK:r.:e cneuttaflH3HPOBaHHblX C4eT4HKOB B rtt6PHllHOM 11cnonHeH11H 
C YaCTOTOR C4eTa no 350 Mru· .·cTaBSIT BOOPOC O pa3pa60TKaX 
BblCOK04aCTOTHblX KBapueBblX reHePaTOPOB {_Pa311.en 2.2.4.). 
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B pa3nene 2.2.4.I .• Ha ocHoBe npennoxeHHOfl MeTon11K11 aHan113a cxeM 
KBaPUeBhlX reHepaTOPOB Ha 3Cfl-3neMeHTaX, npoaHaill1311POBaHa TPan11u110HHaH 
cxeMa reHepaTopa c 11cnonb30BaH11eM napannenbHoro qacToT0113611paTeITbHOro 
L-c KOHTYPa 11 npennoxeHa cxeMa 

'/13/ (p11c.3). IlOCTPOeH11e cxeMhl 

nBYXKacKanHoro KBapueaoro 
Ha nBY,X yc11n11TenbHhlX 

reHePaTopa 

3neMeHTax c 
BKil104eH11eM nayx 4acToT0113611paTenbHhlX uenen nocnenoaaTenbHOro Tl1na 
np11Beno K B03MOXHOCTl1 HanexHoro B036YxneHl1H reHePaTOPa H8 Ill060fl 113 
Bh1Clill1X raPMOHl1K KBapueaoro pe3oHaTopa, annoTb no on11HHanuaTofl, c 
qacT0TaM11 reHepau1111 no 314 Mru. 

P11c .. 3. IPYHKU110H8IlbHaH cxeM8 
nayxKacKanHoro Kaapueaoro re­
HepaToPa C nBYMH 4aCTOTOl13611-
paTenbHhlMl1 uenHMl1 ' 
DI - 11HTerpanbH8H cxeMa 

K500flll2I6. 

Onl1C8HHaH cxeMa reHePaTopa 11cnonb30BaHa B PHne cePl1flHblX AUTI 
/Hanp11Mep, *·**/. 

Ha ocHoae npennoxeHHOfl MeTon11K11 aHan113a BblPa6oTaHhl peK0MeHnau1111 no 
pac11111peH1110 n11ana3oHa reHep11pyet,tblX qacTOT pa3pa60TaHHOfl cxeMhl 
reHepaTopa np11 np11MeHeHl111 HOBblX 6onee 6b]CTPOnencTBYIOlill1X cepl1fl 
11HTerpanbHhlX cxeM. 

BnoK KB3II /I ,13/ npencTaBnHeT co6ofl cep11flHhlfl MonYnb, reHepaTopHaH 
qacTb KOTOPOrO nocTpOeH8 Ha OCHOBe Ml1KP0CXeMhl K500flMIOI no· 
pa3pa60TaHHOfl nBYXKaCKanHOfl CXeMe C nBYMH 48CTOTOl13611PaTeilbHhlMl1 uenHM11 
(pa3nen 2.2.4.2.). YCTPOflCTBO npenHa3HaqeHO nnH 11cnonb30BaHl1H B 
Ka4eCTBe reHepaTopa cep1111 nnH BUTI 11 AUTI. a TaKXe B Ka4eCTBe TaKTOBOro 
reHepaTOpa B 6hlCTPOnencTBYIOlill1X Cl1CTeMaX c6opa 11 o6pa60TKl1 l1H(l)OpMau1111. 
MaKCl1M8IlbHaH qacTOTa reHepau1111 6noKa KB3II - 200 Mru (7-H rapMOHl1Ka 
KBapueBoro pe30HaTopa) np11 TeMnepaTYPHOfl HeCT8611IlbHOCTl1 He 6onee -6 0 0 I*IO I/CB 11HTepaane TeMnepaTYP (+I0 •.. +60) c. Kon114eCTBO BhlXonoB 

IO, 113 Hl1X 8 - C OCHOBHOfl qacTOTOfl F; on11H - C qaCTOTOfl F/2 11 I 
BblXOn - c qacTOTOfl F / 4. YpoBHl1 Bb]XOnHhlX c11rHanoB - no cTaHnaPTY NIM. 

B rnaae 3 naHo on11caH11e Monynen, 06ecne411Ba10lill1X KaYeCTBeHHYIO 
paeyoTy BUTI. 11X HaCTPOflKY 11 Kan116POBKY KaK _HenocpencTBeHHO Ha 

TaK 11 Ha pa604MX uecTaX pa3pa60Tql1KOB 3Kcnepm-teHTailbHhlX ycTaHOBKaX, 
annapaTYPbl. . Tip11aeneHO TfiK:te on11caH11e P83YJlbTaTOB pa3pa60TOK 11 

* llHHb llh-1 XbeH 11 .llP. Co061!leH11e mum 13-85-817, 1lY6H8, 1585. 
** AHTIOXOB B .A. H no. Coo6h1eH11e mum PI 0-86-854. 11y6Ha, !986. c .4. 

IO 

11cnonh30B8Hl1H YCTPOHCTB. npenHa3H84eHHhlX nnH TeCTHPOB8Hl1H, H8CTPOHK11 11 
Kan116poBKH H3M8PHTeilhHhlX CHCTeM B COCTHBe 8BTOMaTH3HPOB8HHoro pa604ero 
MeCTa ( APM ) )lflH H8CTPOHK11 :rneKTPOHHOH annapaTYPhl . 

8 P83)lene 3.I. uaeTCH KPHTKHH 0630P MeTO)lOB 11 YCTPOflCTB, 
nPHMeHHeMhlX JlHH TeCTl1POB8Hl1H BpeMHH3MePl1TenbHhlX CHCTeM. 

8 P83llene 3.2. npHB8Jl8Hhl on11caHl1H pa3pa60TaHHhlX 6HOKOB JlilH 
TeCTl1POB8HIIH ,H K8flH6POBKH BPeM5!_113MepttTenbHhlX CHCTeM: rettepaTopa 
HMnYHbCOB, cnyqanHo pacnpeueneHHhlX BO BPeMeHl1 KA3l6 11 MHOfOCTonoBoro 
reHepaTOpa "CrnpT-CTOn" KA333. 

BnoK KA3l6 /3,13/ npe)lCTaBnHeT co6on reHePHTOP HMnYHbCOB, BpeMeHHoe 
pacnoeuenetttte KOTOPblX . nouYttHHeTcH 38KOHY TTyaccotta ( pa3uen 
3.2.1. ). B 3TOM YCTPOHCTBe. 11cnOilb3YIOWeM B K848CTBe 11CT04HttKa WYMa 
nonynpoBOllHHKOBWH p-n neoexou. pa60Ta~w11n B oex11Me naBttHHoro noo6oH, 
CT86HJH138UHH cpeirnen 11HT.BHCHBHOCTl1 BblXO/lHblX 11MnYilbCOB OCYWeCTBnHeTCH 
LU1<llPOBOH CXBMOH CT8611fll138l(l111. TTPOCTblMH CXeMOTeXHH'leCKHMH CPe/lCTBaMH 
o6ecne4eHbl cnenyiow11e xapaKTePHcTmrn no116opa: MaKc11ManbHaH 6 11HTeHClfBHOCTb BhlXOJlHhlX HMnYHbCOB - 20*10. (HMn./ceK.). Ml1HHManbH8H 
IO HMn. /CeK. , T04HOCTb nouuepxaHHH cpenHen BblXOJlHOH 11HTBHC11BHOCTl1 -
±5%. llnH YJl06CTBa 3KCnHY8T8U1111 Beeb )ll1Hna30H HHTeHCHBHOCTefl P83611T Ha 
16 nonn11ana30HOB. BHe)lpeHHe 3Toro YCTPOHCTBa B P8MK8X OH~H nnH 
TeCTl1POB8HHH 11 K8fll16POBKH CHCTeM )lJlH B peMeHHblX 113MePeHl1fl 0Q3Bon11no 
OTK838TbCH OT rpoM03/lKl1X TP8Jll1U110HHhlX YCTHHOBOK C IP3Y 11 P8Jll108KTHBHhlMl1 
HCT04H11K8Ml1, 06hl4HO 11cnonb30B8Bhll1MlfCH pattee )lflH 3TOH uen11. 

llnH KflJ1H6POBKl1 P83Pfl60T8HHblX cepmlHblX MHOrOCTOnOBblX BUTT noeuno:t:eH 
MYflbTl1CTOnOBblH rettepaTOP . "CrnpT-CTOn" KA333 /II • I 3/ ( P83)len 
3.2.2.). pa6oTHIOW11fl --COBMBCTHO C 06P83UOBhlM KB8PUeBWM rettepaTOPOM 
KB3II. TTPl1 38nYCKe YCTPOflCTBfl OT 6110Ka KA3l6 BO BPeMH TeCTl1POBaHl1H BUTT 
MO)leHHPYIOTCH YCflOBHH oednbttoro 3KcnepttMeHT8. B 6noKe peaJ1H3Y~TCH JlB8 
pe:t11M8 P860Tbl: pexHM nocTOHHHOfl cep1111 11 peUIM "6erYII111H CTOn". 
3T8HOH8MH JlHH K8J1116POBKl1 BUTT CJ1Y:t:8T BPeMeHHble HHTePBHflbl Mexuy 
Cl1rHai18M11 "CT8PT" 11 "CTon", 8 T8KXe Me:t:JlY CttrHan8MH "CTon". 
MaKCl1M8IlbHOe KOJ1114eCTBO 11MnYilbCOB B cep1111 "CTon" - I 5, M8KCHM8IlbH8H 
48CTOT8 BHelIIHero o6pa3UOBOro reHePBTOPa - IOO Mru ( MHHl1M8JlbHblll nep11ou 
K8JlH6POB04HOfl ceTKH - IO HC). 

6JlOK KA333, COBMeCTHO c 6HOKOM KA3l6 11 KB8PUeBhlM reHepaTOPOM KB3II. 
. 06P83YIOT e)lHHblfi (l)YHKUl10HaJibHO , 38KOH4eHHblfl KOMnneKT nnH TeCTl1POB8Hl1H 11 

Kanl16POBKl1 YCTPOflCTB /lilH BPeMeHHblX 113MepeHl1fl ( PHC .4). TTonOXHTeflbHOfl · 
oco6eHHOCTblO 3TOfl KOH(l)11rypau1111 HBflHeTCH TO, 4TO OHa nocTooeHa no 
MO/lYilbHOfl CTPYKTYPe 11 H8611paeTCH 113 6noKOB, Kaxmm .113 KOTOPblX B 
OT)lenbHOCTl1 npe)lH83H84eH JlJlH CBOl1X uenen 11 06H38TeilbHO OPl1CYTCTBYeT B 
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M11Hl1ManbHO peKoMeHnYeMOM cTaHnapTHOM Ha6ooe np11tiOPOB Htl P~00'11l>-' M(:<:Tfi\( 
pa3pa60T'll1KOB Cl1CTeM nnH apeMeHHblX 113Mepemm. 

KA316 KA333 

KB311 

" 

.sun 

rat4n 

Puc .4 . KoMnneKT nnH Tec­
THPoBaHHH 11 Kan116POBKH 
apeMH - UH<l>POBblX npeo6-
pa3oBaTenen. 
BUIT - speMH-UH<l>POBOfi 
npeo6pa3osaTenb. 

Onl1CbJBaeMble B pa3nene 3. 3. YCTPOfiCTBfl. HaPH)lY c Cl1CTeMOft Kanl16POBKH 
speMeHHblX 113MePHTeneft (CM. PHC .4) , non ynpasnem1eM TI3BM, cocTaBnHIOT 
annapaTYPHYIO OCHOBY APM. no3B0Il5ll0hlero aBTOMflTl1311POBaTb · npouecc 
HaCTPOftKl1 11 KanH6POBKl1 3neKTPOHHOft annapaTYPbl. B 11X cocTaB sxonHT: 
MHOfO<l>YHKUHOHailbHblfl . per11cTP KJ1320; 11MnYilbCHblR U11<l>PO. - aHanoroBblft 
npeo6pa30BaTenb (liAil) KA327; nporpaMMaTOP 3CJ1 - M11KPOCXeM TITI3Y 
( nocT051HHble nporpaMMl1PYeMble 3anoM11Ha10h1He YCTPOftCTBa) KTI3I8. 

5noK MHOfO(!)YHKUl10HanbHOf0 _ per11cTpa KJ1320 /5-8/ (pa3nen 
3. 3. I . ) • COBMeCTHO C. onHl1M 113 MOnY nefi . KOM6HHaUHOHHO~ ' nornKl1 
"MaTp11ua": KJ13l9, KJ1324, KJ1328, (CM. rnaay I l - B cocrnse APM pean113yeT 
<I>YHKUl111 TflKllX nporpaMMllPYeMblX YCTPOftCTB nocnenosaTenbHOfO T11na, KaK 
U11<l>POBOfi onH0B116paTOP, MHoro(!)a3Hblfl rettepaTOP, reHepaTOP cepl1H 
11MnYnbCOB 11 llP. TIPl1 3TOM 11cnonb3YIOTC51 , 3HatJHTeilbHble <l>YHKU110HanbHb)e 
B03MOJ:HOCTl1 paHee pa3pa60TaHHblX cep11RHblX MHOfO(!)YHKUHOHanbHblX YCTPORCTB 
KOM611HaUHOHHOfi nor11Kl1, 11Mel0hll1X B CBOeM cocTaBe 3Y. np11 pacnpocTpaHeHl111 
11x np11MeHeH11H Ha o6nacTb nocnenosaTenbHOR nor11K11. 

IlPHHUHn pa60Tbl CHCTeMbl 3aKnlOtJaeTC51 B nocnenosaTenbHOM CKaHl1POBaHl111 
6nOKOM MHOro<I>YHKUl10HanbHOf0 per11cTpa KJ1320 anpecoB 11 onpoce 3Y 
3aneRCTBOBflHHOfO MonynH "MaTp11ua", B KOTopoe npensap11TeilbHO 3aHOCl1TC51 
Heo6xon11Ma51 nporpaMMa pa60Tbl ( Ta6n11ua 11CT11HHOCTl1). MoMeHTbl noHBneHl151 

. BblXOnHblX c11rHanoB ( B pe::t:11Me MHOro(!)a3HOf0 reHePaTopa) l1 · K0Ill1lJeCTBO 
TaKTOB pa60Tbl (B pe::t:11Me UH<l>POBOfO onH0B116paTOPa 11 reHepaToPa cePl111 
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HMnynbCOB) nonHOCTblO onpenenHIOTC51 3aneRCTBOBaHHOR Ta6n11ueR 11CTl1HHOCTl1. 
KontttJeCTBO TflKTOB pa60Tbl B OllHOM pa6otJeM U11Kne np11 pa6oTe C 6nOKOM 
"MaTp11ua IO*IO" KJ13I9: B pe::t:11Me MHoro(!)a3Horo reHePaTopa - 1024; B 
pe::t:11Me UH<l>POBOro onHOBH6PaTOPa 11 reHepaTppa cep1111 HMnYflbCOB - 10240. 
MHHHMflilbHa51 nn11TenbHOCTb TflKTa OPl1 pa6oTe c 6nOKOM KJ13I9 - 60 HC. 

BnoK KA327 /7,8/ (pa3nen 3.3.2.l npenc1asnHeT co6oR 
(llAil l 11 6bJCTPOlleftCTBYIOhl11R UH<l>PO-aHanorOBblfl npeo6pa3osaTenb 

npenHa3HatJeH nnH nocTpoeHHH nporpaMMHPYeMoro <l>YHKUl10HanbHoro 
reHepaTopa nPH COBMeCTHOR ero pa6oTe,c onHHM 113 MonyneR KOM611HflUHOHHOR 
norttKl1 KJ13I9, KJ1324 11n11 KJ1328 11 6noKOM MHOfO<l>YHKU110HanbHOro per11cTpa 
KJ1320. Monynb MO::t:eT 11cnonb30BaTbC51 CaMOCT051TenbHO nnH (!)OPMl1POBaHl151 
11cnb1TaTenbHblX HMnYflbCOB C nporpaMMHPYeMOR aMnn11TynoR. YCTPORCTBO 
BbmonHeHO Ha OCHOBe Tpex 8-pa3PHnHblX UATI Tl1na KI I I8ITAIA, C He3aBl1Cl1MOR 
nonCTPOflKOH onopHblX TOKOB. B pe3YflbTaTe 6noK 11MeeT n11HaM11tJeCKl1fl 
n11ana30H IO-pa3P51nHoro 11 Hen11HeflHOCTb 8-pa3P5lllHOro UATI Ha YPOBHe 
±0 , 2%. B 6noKe HMeeTC51 nsa ·s1>1xona : "B1>1xon I " - TOKOBblfl , "BblXOll 2" -
noTeHUl1flilbHblfl. BpeM51 YCTaHOBneHl151 BblXonHoro c11rHana no BblXOllY l C 
TOlJHOCTblO no ±0,2% OT MaKCHManbHOrO 3HatJeHl151 IOO MA - 30 HC, BpeM51 
YCTaHOBneHl151 BblXOnHoro Cl1fHana no BblXOnY 2 c TOlJHOCTblO no ±0 ,2% OT 
MaKCl1MflflbHOro 3HatJeHl151 IO B - 80 HC. 

Ha Pl1C.5 npencTaBneHa CTPYKTYPl.la51 cxeMa 6blCTPO)leRCTBYJOhlero 
nporpaMMHPYeMoro (!)YHKU110HflflbHOf0 reHePaTopa Ha OCHOBe 6noKa "MaTPHUa 
IO*IO" KJ13I9. 11cnonb3YeMoro B COCTaBe APM (pa3nen 3.3.2.I.). 6nOK 
KJ1320 OCYhleCTBnHeT BPeMeHHYIO pa3BePTKY nyTeM nocnenoaaTenbHOfO 
CKaHHPOBflHl151 anpecoB 03Y MOllYfl51 KJ13I9. B Ka::t:noM TaKTe pa60Tbl aMnnl1TYna 
BblXOJlHOfO aHanoroaoro CHrHana onpenen51eTC51 I 0-pa3P51JlHblM KOJlOM, 
nocTYnHBhll1M Ha sxon 6noKa KA327 113 MonYnH KJ13I9. Tip11 3TOM B03MO::t:Ho 
nporpaMMHoe ynpaaneH11e napaMeTPflM11 BblXOJlHoro curHana nYTeM nepe3an11c11 
KaK OTlleflbHbIX 51tJeeK 03Y 6noKa KJ13I9, TaK 11 BCeR nporpaMMbl B uenoM. 

r 

KJ\320 
CT2 

10 .n. 

cmpocS 
.n. 

KA327 -0/A Bbtxoa 
10 .11. 

cmeoa .,., 

r.----------- ---, 
, MaaucmpaAb kpeumo ( M. K.) .J1 

----- -- -------

P11c.5. CTPYKTYPHa51 
cxeMa nporpaMM11pye­
Moro <l>YHKUHOHanbHO­
ro rettepaTopa. 

Hcnonb30B8Hl1e nporpaMMl1PY8MOfO · <l>YHKUl10HanbHOro reHepaTopa B 
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COCTaBe APM Jlfl,Sl MouenupoBaHH.sl T8CTOBNX aHanorOBMX CflfHDDOB C 

wparMeHTaMJ1 6NCTPOH Iii MenneHHOH KOMITOHeHT CHrHana C )leTe1nopa 

3Ha'-iltTenbHO COKpanrno BpeM5! 11 YDY4Itlllfl0 h:a4eCTBO nO/_ll'OTOBirn 

MHOfOIIMITYflbCHOll CHCTeMbl ( n-{l pa3uenemrn mi OCHOBe napa:rnenbHOro AUil 

nepeJl ee BKfll04eHl1eM B COCTDB annapaTYPbl OTOOP!'\ C06blTHfl B 3h:Cll8PIIMeHTflX 

no M10-KaTam13y ( ycHJ.HOBKa "Tp11TOH") /*/. 
8 3aKfll0411TeflbHOM pa3nene 3.3.3. DRHO OIIIICHHlle 6noKa-11porpaMMtlTOP8 

KTI3I8 . /7 /. 5!BJJ5!l0bleroc5! cep1111HblM aap11aHTOM 6no1m KIT3I3 /4./. Ycrpo11cTBO 

npeJlHa3Ha4eHo Jlfl,Sl 3aHeCeHH5l HH$0PM8Uflll B 3C~-ITTI3Y (ITOCTORHHOe 

nporpaMMl1PYeMOe 38110MHH!'l.l0h\ee ycniof!CTBO) rnm1 K500PEI4~1 11 KI 500P"r ..j I 6. 

H8bleA1I1ee bIHPOKOe llPHMeHeHl!e B MHOfO!;lYHl{U110Hfl;IbHblX YCTPOf1CTfH1\: 

neoBtt4HOro oT6opa c·oobrrun. 

OCHOBHblE PE3YJ1bTATbl Ill1CCEPTAUIH1. 

I. 06oc1-1oaaHa 3aAa4a co3r1a1-111.si. noorpaMMHPYeMblX MHOI'OIDYHl(lHIOHan1>HblX 

YCTPOHCTB KOM6HHaUl!OHH(Hl Jl()fllf(l1 AJIR CHCTe'I nepH!lljHOl'O OT6opa C06biTHll. 

Ha OCHOBe IIll1POKOl'O IICIIO.lb30B8HHR CTl:l.HA8PTHblX ltHTerpaJJbllbl"c cxe~1 

3allOMHHalOhlllX YCTPOIICTB ( 3Y) IJOBblbl81-HlOll CTeneirn l1HTerpaum1, 

pa3pa60T8Hbl: 

a) KOMnneKT 113 48TblP8X MOAYHefl ( 6JIO!{ll KJ13I9. KJl324.. K:1328. Kfl332 l, 
npeJlCT8BflHIOh\HX co6oH llPOrpaMMHO - ynpasn.sieMwe MHoroOYHKUHOH8JlbHNe 

YCTPOflCTBa J<OM61mau110HHOfl Jl0rl1Kl1 06blero IIPIIMeHe!lllH. YCTPOrICTBfl 3Toro 

KOMnneKTa noeilOCT8BJl5!IOT 0113llKBM-3KCllePHMeHTflTOPaM UPIIHUllrIH8JlbHO HOBYIO 

B03MO:tHOCTb 6blCTPOf'O C03JlaHl15l tteo6xo;111~10n JJOI'IIKl1 OT6opa C06b1Tl1fl, Kl:l.K 

onepaTHBHO l13MeHHeMOH UPOl'P8MMHblM o6pa3oM', Tai( 11 :teCTKOll. 

6) ABa c11eu11aJHl311POBflHHblX 11POl'PflMMl1PYeMblX MHOfO(iJYHhUHOHflJlbHblX 

JJon14ec1rnx YCTPOflCTB8 ( 6Jl0l(ll Hfl33I , KJ1334.) , op11eHTllPORaHHblX Hfl 

TPe60B8HHR oTnenbHNX 3KCnep11MeHTOB II COCT6BflR~hlllX OCHOB~ 11~ CHCTeM 

OT6opa C06b!T11fl. 

2. Pa3pa60TaH .KoMnJJeKT 113 Tpex 11peo6pa3bsaTenen BPeMH-KO.L\, !onoKH 

KA304., KA326, KA330) , 06JI6.L\tl10hll1X BblCOl<HMH 113M8PHTeJJbHblMII ( H!if1Pl1~WP, 

JllHlHi)epeHUHi:l.JlbHaH HemmenHOCTb ±0 ,5% llPH WHPl!He l<aHaJla 5HC.) 11 

3KcnnyaTaUHOHHNMH xapaKT8Pl1CTl1KaMH, Y .L\0Bfl8TBOP5!10IIU1MII TPe6osaHHHM 

BPeMeHHOH cneKTPOMeTPHH. 

* 3HHOB B.r., J1DHUKl1 E •• PYA8HKO A.H. Upe11PHHT OH~H 13-89-466. 

llY6Hfl, 1989. 

;3. Pa3pa/JOTtlHd c:,.,e\lfl reHe,rn.Tl)Prl. p,16ora1(J1J1ero Htl Bb!CblHX 

1rnapueBoro pe30Hl:l.TOPc:I, 811:IOTb ilO O.lllHHfli111RTrH1. Ha 

rapMOHIIK8X 

ee OCHOBe 

cnpoeh:Tl!Pt!Btlll (1,IIJf, ldl<1Pl!ellOl'O 1'8H0Pi1TOPl:l KB3I I. llC[lO,lb3YeMblfl .L\JIH 

Ttll(TIIPOlniHIHl RHB II Allll B (JblCTPOilencTBYIOh\llX CIICT8M6X c6opa 11 o6pa60Tl(ll 

IIHc:lOP\liilll111 31,CIWPll\leHnlJibHblX '.,,CHiHOBOI(. 

4. Pewemi :rn...1,l.'rn i'!B'i'O~ll1TIJ:3flltHf1 TeCTIIPOBclHlt.si 11 1(8;J116POBl(I! 

3JWh:T!)OIIHlli"I 1H1fll:l.PHT~-r,b1 l,rih: Her1ocpe;\(;TBeHHO Ha 3KClleP!tMeHT8JlbHblX 

YCHHIOBKtl,, TRK H Ha Pl:l.00'111\. \1(:CT<1\; P<l3PH60T4l11<0B • .iln.si 3Tor·o: 

al P,up1160Ti"lll OlJIIJ"l!Hfl,lbHblfl KOMILICKT Mo;1ynen, flP8!lH83HR4eHHblX Jlfl,Sl 

TeCTIIPOfl!:IIH!R 11 1rn;111bfHlBKl1 BpemJl13W~PHTeJlbHblX Cl1CTeM: reHeP8TOP 

HMIIY.lbCOIJ, c:iy4a11HU pac:r1pe,QeJJeHHblX 1)0 BP8M8H11 KA3I6 11 ~IHOf'OCTO[lOBb!O 

re1wmnop o6Ptl3ll0Bbl\. IIHT8PHa;JOB Bpe\!()HII l\A333. BHeJwe1l11e 3Tl1X 

YCTPOJlCTB no:rnO.'IILIO 3 IJa411T8:IbHO Yf1POCTl1Tb IIPOUecc T8CTl1D0BflHH5! CllCTeM 

,l/151 BP0M8HHblX 113MepeHIHl. 

b) 0CYh\eCTlliJell HOBblfl MO;.t~·Jlt,Hblfl ll(H!Hllllll peaml:.:Hllllllt nporpR~1MHPYeMblX 

YCTPOflCTB, I!blllOJll!Rl{JldllX lllYHK111111 CTl:lH,lftPTHblX IWHTPOflbHO - TeCTOBblX 

np116opos. Pa3Pfl60H1flbl: 6Jl01( MH(lrOOYHl(Ul!Olll:lJlbHOfO pen1cTpa KJ1320 H 

- 1tMIIYJ1bCHhm u1H!lPO-aHaJJoroBblll npeo6pa3oaaTeJ1b KA327. B co4en1mm c ODHIIM 

113 MOJlYJJefl 1(0~!6l1H6UHOHHOfl J!Ofl1Kl1 OHIL COCHIBil5llOT ammpaTYPHYIO OCHOBY 

APM JlJI,Sl Hi:J.CTPOHl,11 3JJel<TPOHHblX flPll(lOPOB. 

5. OcHOBHl:l.R 4l:l.CTb pa3pabOTHHHWX YCTPOHCTB BH8JlP8Hl:l B cep11nHoe 

11POH3BO.L\CTBO. K IWHUY 1990 roua BblllYh\8110 H nepeJlaHO flOJib30BHTeJl5lM 

bonee 150 6JIOKOB 17 HHl1MeHOB81illH. 

6. C llCIIOJ1b30BHHlleM PH3P<IOOT8HHOH a1mapaTYDbl IIOCTaBJleH PHA 

3Kcnepl!MeHTOB , 11POBO/_tl1MblX Ha YCTaHOBl(HX OHm1 11 CTPl:lH-Y4l:lCTHl111, fl Ta!(Xe 

APYrllX BeAYhll1X HCCJJeUOBtlTe/lbCl,HX. llllCTIITYTOB CCCP. Pa3 pa6oTaHHble 

IIP1160Pbl 110:rnOJIHJIH co:-!Jl8Tb KOMflHl(THble 11 1rnue:tllble CIICT8Mbl 3/leKTPOHHoro 

OT6opa C06blTHH, l{OTOPble 06YCJIOHHJIII IIOJIY48Hlle Ba:tHblX (!lll3114eCKHX 

P83YHbT8.TOB B pa3JH\4HblX 3l(CllfJPHMeHTl:l.X. ITpeJl,'IOXeHHble YCTPOllCTBtl 

COCTaBJIHl{JT OCHOBY 3Jl8KTPOHHOfl annaparypw PHlll:l OH31148CKl1X ycTaHOBOK, 

C03.U8B8fJMblX B HHCTOHhlee speM.si. TeCTOBble YCTPOllCTBa · HCrIOflb,lY.IOTCR Hfl 

3KCrI8PIIM8HT8JlbHNX YCTaHOBKHX H Ha pa604HX MeCT8X pa3pa60T4IIKOB 

3J18KTPOIIHblX CHCTeM AJIR H8CTPOHK11 H Kan116pou1rn annapaTYPbl. 
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