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1. B B e JJ. e H 1:1 e 

dE 
MeTOJJ.HKa lrx x E c JJ.BYM.H nonynpoBOJJ.HHKOBhiMH JJ.eTeKTopaMH npH-

MeH.HeTC.H /J.Jl.II H3Y"'8HH.II npoJJ.yKTOB .II/J.8pHbiX peaKI.{I:IH B 9KCnepHM8HT8X Ha 

ny"!Ke yCKOpHT8J1.11 MHOI'038p.IIJJ.Hb!X HOHOB, 00'b8/J.I:IH8HH8 9TOH M8TOJJ.HKH C 

JJ.OnOJ1HHT8JlbHbiM Mai'HHTHbiM 8H8J11:130M I 1 I paCIIII:IpHJ10 B03MO.lKHOCTH OOOiiX 

MeTonoB: no3BOJ1Hno Hane.lKHO pa3nen.HTh H30TOnbi 9JleMeHTOB BnnoTh no Na , 

M g 1:1 npOBOnHTh 9KCnepHM8HTbl no nony"!eHHIO 1:1 H3Y"'8HI:IIO CBOHCTB H8HTpo-

HOH30hlTO"'HhlX 1:130TOnOB J18I'KHX 9J18M8HTOB, 

3J18KTpOHH8.11 annapaTypa, npHM8H.II8Ma.II B T8KHX 9KCnepHM8HTaX, nOJl.lKHa 

ObiTh JJ.OCTaTO"'HO yHHBepcanbaoil:, T,K, caMa MeTOJJ.HKa no3BOJ1.HeT pewaTh 

llll:lpOKHH Kpyr 3anaq, 00bl"'HO KaK MHHHMYM nBa cneKTpOM8TpH"'8CKHX TpaKTa 

paoOTaiOT B pe.lKHMe COBnaneHHH. K. pa3p8lli810lli8MY BpeMeHH CX8Mbl COBIIa

JJ.8HHH .lK8CTKHX Tp800B8HI:Iii: He npeJJ.'b.IIBJ1.118TC.H (pa3p8lli8l0lll88 Bp8M.H 

"' ( }+.'4) X 10-7 CeK), 3HeprH.H perHCTpHpyeMbiX "'8CTHU M8H.II8TC.II B lliHpOKHX 

npeJJ.enax 1:1 B 0/J.HOM 9KCnepHM8HTe B03M~~Ha perHCTpaUH.II npOJJ.YKTOB C 

9HeprH.HMH oT 4-5 no 150-170 M9s, MepTBoe speM.H annapaTypbi JJ.OJl.lKHO 

Ob!Tb 1 no B03MO.lKHOCTH 1 MHHHM8J1hHbiM, TaK KaK paOOTa B8/J.8TC.II C Bb!COKH

MH CKOpOCT.IIMH C"'8Ta (no (3 +- 5) X 103 HMn/C~K) 1:1 nn.11 YM8Hhlli8HH.II OTHOCH

T8J1hHOH norpeWHOCTH 9KCnepHM8HTa ero H800XOnHMO TO"'HO Y"'HTbiBa Th, nn.11 

ooecne"!eHH.II "'8TKOI'O p83JJ.8J18HH.II H30TOnOB np1:1 paOOTe C 0/J.HOii: M8TOJJ.HKOH 

dE X E 
d7 (6e3 Mai'HHTHOI'O 8H8J1H3a) H800XOJJ.HMa TO"'HOCTh npeo6pa3o-

B8HH.II 8MnJ1HTynbi HMnyJ1hCa B UHcppOBOH Kon "' 0,1% 121• l13y"'eHHe H8HTpOHO

OOOI'8lli8HHbiX H30TonoB nerKHX 9J1eMeHTOB HanaraeT cson, cneun<jJH"!ecKHe 

TpeooBaHHH Ha arrrrapaTypy. Manoe ce"!eHHe peaKI.mii, JJ.aiOmHx TaKHe rrponyK-

~ 
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Tbl, Tpe6yeT anlnenbHblX 9KCil03HUHH anSI H8KOnneHHSI aoCT8TO'iHOrO KOnH

'i9CTB8 HH<jJOpMaUHH 0 nony'i89MOM H30TOil9 H, cneaOB8T9nhHO, BbiCOKOH H8-

ae)I{HOCTH H CT86HnbHOCTH Cll9KTpOMeTpH'i9CKHX Tp8KTOB. l.IT06bi HCKnlO'iHTb 

nonaaaliH9 nO)I{HblX HMilynbCOB B HHTepecylOUIHA HaC Y'i8CTOK aBYXMepHOrO 

cneKTpa, Heo6xoaHMO yMeHbWHTb B9pOSITHOCTb HenpaBHnbHOrO npeo6pa30B8-

HHSI aMnnHTyaa - KOa H HenpaBHnbHOA 381lHCH nony'ieHHOrO KOaa B perHCT

pHpyroureA annapaType, nocKonbKY cKopocTb nocTynneHHSI "noneaHoA" HH<jlop

MaUHH nopSiaKa 1 38 'i8C npH o6ureA 3arpy3K9 BXOaa B HeCKOnbKO aeCSITKOB 

HMnynbCOB B ceKyHay. KaK noKaaana npaKTHKa HCnonb30BaHHSI B MeToaHKe 

__!]__ x E cTaHaapTHbiX aaanoro-uH<jlpOBhiX npeo6paaoeaTenel!: BATI-5 
dx 

(EAf1-i624), npOCTOe 06'beaHH9HH9 aByX cneKTpOMeTpH'ieCKHX TpaKTOB anSI 

pa6oTbi B aeyxMepaoM aa:anHae He aaeT yaoeneTeopHTenbHbiX peaynbTaToB. 

BonbWHHCTBO owH60K npoHcxoaHT ecneacTBHe He'ieTKOA B38HMHOA CHHXpOHH

aauHH ycTpoAcTB ynpaeneHHSI o6oHX TpaKTOB. TiosTOMY 6hwa npeanpHHSITa 

nonbiTK8 C03a8HHSI CaB09HHOrO KOaHpOBUIHK8 C o6mel!: CX9MOH ynpaeneHHSI. 

8 npeanaraeMOH pa6oTe onHCbiB89TCSI TSKOH KOaHpOBUIHK, KOTOpb!H CKOHCT-

pyHpOBSH B OCHOBHOM H3 pa3pa60T8HHb!X paaee CXeM /
3 •
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C y'ieTOM 

BbiUI9H3nO)I{9HHblX Tpe60B8HHH, 

II. EnoK-cxeMa KOaHpOBII1HK8 

BnoK-cxeMa c.aeoeHHoro aMnnHTyaaoro KOaHpOBWHKa co cTa6HnH3auHeA 

TpaKTOB no aBYM TO'iK8M noKa3aHa Ha pHC, }, KoaHpOBUIHK COCTOHT H3 aeyx 

cneKTpOMeTpH'ieCKHX TpaKTOB, o6weA CX9Mbl ynpaBneHHSI H KOHTpOnSI H TpaK

Ta MOHHTOpa. Ka)l{abUI: cneKTpoMeTpH'ieCKHR TpaKT BKniO'iaeT B ce6SI ycHnHTenb 

( Y) 
1 

HOpManbHO 3aKpb!TbiA nHH9HHbiA nponycKaTenb ( flTI), aHanoro-UH<jlpoeoA 

npeo6paaoeaTenb ( AUTI), 6y<jlepHbiA aapeCHhiA C'ieT'iHK - perHcTp perHcTpa

UHH ( PPer), aononHHTenbHbiA aapecabrA C'ieT'iHK - perHcTp cTa6HnHaauHH 

(PCT), cxeMhi cpaeHeHHSI KOaOB ( CCK), TyM6nepHbie perHcTpbi ( T6P) H 6no

KH CTa6HnH38UHH "nopora" (BCTTIJ H "ycHneHHSI" (ECTY ), florH'i9CKHH 

TpaKT coaep)I{HT cxeMy coenaaeHHA l CC), 6noK KOMaHa l EK), 6nOKH <jlopMH

poea Ten elf ycTaHOBKH B "0" H "1" TpHrrepOB C'i9THblX perHCTpOB H reHe

paTOp STanOHHblX HMnynbCOB (foYf) • CBH3b C BH9IllHHM perHCTpaTOpOM 

4 .,. 

r----------------------, 
I ~I : l L ~: 
I 
I 

I 

L.---- --------------..1 

PHc, 1. EnoK-cxeMa caeoea:a:oro aMnnHTYAHoro KoaHpoBUIHKa co CT 
uHeA xapaKTepHCTHK no ABYM TO'l:KaM. D-1 - neTeKTop ynenbHOA He 
D-2 - neTeKTOP rrona:ol!: sHEllprHH, D-3 - MOHHTopHbrl!: neTeKTop, TIY 
Tenb, Y - ycHnHTenb, flTI - HOpManbHO 38Kpb!Tb!H nHHel!:HbiA npony 
AUTI - aHanoro-uH<jlpoeoA rrpeo6pasoBaTenb, P Per - perHcTp per!'! 
P CT - perHCTp cTa6HnHsauHH, CCK - cxeMbr cpaea:ea:Hst Konoe, ':i 
TyM6nepa:brl!: perHcTp, ECTTI - 6noK cTa6HnHsauHH. "nopora", ECTl 
CT86HnH38UHH ycHneHHst 1 r8J1 - rea:epaTOp 8TanOHHblX HMilynbCOB 1 

1 

Ma coerranea:Hl!:, EK - 6noK KoMaa:n, Y "0" - <jlopMHpoeaTenH ycTa 
y u 1 u - <jJ'opMHpOBaTenH ycTSHOBKH B u 1,. K - KOMMyTaTop, nn -
peHUHanbHb!il: llHCKpHMHHSTOp. 
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9KCII03HUH~ AnH H8KOIIneHHH AOCT8TO'IHOrO KOnH

O nonyqaeMOM H30TOIIe H, CneAOBaTenbHO, BbJCOKOif H8-

HOCTH cneKTpOMeTpH'IeCKHX TpaKTOB. '-ITOObl HCKniO'IHTb 

HHTepecyiOUJHi!: HaC Y'IBCTOK ABYXMepHoro 

yMeHbWHTb BepOHTHOCTb HenpaBHnbHOrO npeoop830B8-

H HenpaBHnhHO~ 38IIHCH nony'leHHOrO KOA8 B perHCT-

' IIOCKOnbKY CKOpOCTb IIOCTynneHHH 'none3HOi!:' HH~Op

a qac npH oomea aarpyaKe Bxoaa B HecKonhKO aecHTKOB 

• KaK IIOK83ana npaKTHK8 HCIIOnb30B8HHH B MeTOAHKe 

HaapTHhiX aHanoro-uH~pOBhiX npeoopaaoBaTeneA EAn-5 

oe oobeAHHeHHe ABYX cneKTpoMeTpH'IeCKHX rpaKTOB ang 

M 8H8nH3e He aaeT YAOBneTBOpHTenbHhiX peaynbT8TOB. 

npOHCXOAHT BCneaCTBHe He'leTKOif B38HMHOif CHHXpOHH

noaTOMY Obina npeanpHHSITa 

oomeA cxeMoA ynpaBneHHH. 

OTe OIIHCbiBaeTCH T8KO~ KOAHpOBJUHK, KOTOpblif CKOHCT

OM H3 pa3paoOT8HHbiX paHee CXeM 
13•4 •5 •

61 
C y'leTOM 

TpeoOBBHH~. 

II . EnoK-cxeMa KOAIIpOBIUHKa 

8MIInHTYAHOrO KOAHPOBJUHK8 CO CT80HnH38UHeif 

M IIOK838H8 Ha pHC. 1. KoaHpOBJUHK COCTOHT H3 ABYX 

TpaKTOB, oomei!: CXeMbl ynpaBneHHH H KOHTpOnH H T~aK-
cneKTpOMeTpH'IeCKIIH TpaKT BKniO'IaeT B ce6'g ycHnHTenb 

Tb!i!: nHHei!:Hbii!: nponycKaTenb ( fln), aHanorO-UH~pOBOi!: 

) , oy~epHbii!: aapeCHbii!: C'leT'IHK - perHCTp perHCTpa

TenhHbl~ anpeCHbii!: C'leT'IHK - perHCTp CT86HnH38UHH 

HeHHH KOAOB ( CCK)' TyMonepHbJe perHcTpb! (ToP) H ono

"nopora" l ECTn) H "ycHneHHH" l ECTY). norH'IeCKHi!: 

coBnaneHH~ l CC), 6noK KOMaHA ( EK), 6noKH ¢lopMH

B "0" II "1" TpHrrepoB C'leTHhiX perHCTpOB H reHe-

HMnynbCOB (r311 ). CBH3h c. BHeJUHHM perHCTparopoM 

4 

... 

r----------------------, 
I 
I 
I 
I 
I 

L.---·-

PHc. 1. EnoK-cxeMa CABOeHHoro aMrrnHTYAHoro KOAHpoBIUHKa co cTaoHnHaa

uHel!: XapaKTepHCTHK ITO ABYM TO'IK8Me il-1 - AeTeKTOp ynenbHOi!: HOHH38UHH, 

il-2 - AeTeKTOp ITOnHOi!: 9HeprHH1 il-3 - MOHHTOpHbYi!: AeTeKTOp, OY - npenycHnH

Tenb, Y - ycHnHTenb, flU - HOpManbHO 38Kpb!Tb!l!: nHHei!:HbJi!: nporrycKaTenb
1 

AUn - aHanoro-uH¢lpoaoa rrpeo6paaoBaTenh1 P Per - perHcTp perHcTpauHH, 

P CT - perHcTp cTaoHnHaauHH, CCK - cxeMbi cpaBHeHHSI KoaoB, Tf' P -

TyMonepHhii!: perHcTp, ECTn - 6noK cTaoHnHaauHH. 'rropora', ECTY - c6noK 
CT86HnH38UHH ycHneHHH 1 f3Jil - reHepaTOp 9T8nOHHbiX HMITynbCOB, CC - cxe-

Ma coarraaeHHi!:, EK - 6noK KDMaHa, Y "0" - <fJopMHpoaaTenH ycTaHoBKH B "0", 
Y "1" - <fJopMHpOBaTenH YCT8HOBKH B "1 " 1 K - KOMMyTaTop, llll - AH<fJ<fJe
peHuHanbHb!l!: AHCKpHMHHaTop. 
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ocytUeCTBnSleTCSl qepea KOMMyTaTop (K), TpaKT MOHHTopa BKmoqaeT B ceoSl 

ycHnHTenb, AH¢J¢lepeHUHanbHblft AHCKpHMHHaTOp H C'I~T'IHK HMITynbCOB, 

3neKTpH'18CKH8 HMITynbCbl OT A8T8KTOpOB ITOCne ITp8ABapHTenbHOrO yCH

neHHSl ITO KaoenSIM I!OCTyiTa~T Ha KOAHpOBtUHKo 3AeCb 0 B CIT8KTpOM8TpH'18CKHX 

TpaKTax HMITynbc ITocne ycHneHHSl PocTyiTaeT Ha nHHei!:Hbii!: ITpoiTycKaTenb, 

yiTpaBnSleMblft norH'I8CKHM HMI!ynbCOM CO CX8Mbl COBIIaAeHHft 0 a 38T8M - Ha aHa

norO-UH¢lpoBoft ITpeoopaaoaaTenb Ha 1024 KaHana, 0IThlT aKciTnyaTaUHH axoA

HbiX ycTpoftcTB ITOKaaan, 'ITO pauHoHanbHO aaecTH a cocTaB AU IT 6y¢lepHbii!: 

aAp8CHb!ft C'I~T'I,HK 1 B KOTOpOM 3aiTOMHHaeTCSl 'IHCnO ( aApeC-HOMep KaHana), 

ITpoiTopUHOHanbHOe aHanHaHpyeMoft aMITnHTyAeo 3To 'IHcno ITepeAaeTcSI ITapan

nenbHbiM KOAOM a aApecHbii!: perHcTp aaiTOMHHa~mero ycTpoftcTaa. TaKaSI op

raHHaauHSI CBSI3H BXOAHOrO yCTpOftCTBa C 3aiT9MHHa~IUHM IT03BOnSleT ITpOH3-

BOAHTb paanH'IHbl8 OITepaUHH C UH¢poBOft HH¢opMaUHeft1 TaKHe KaK C)KaTH8 0 

o6pa3oaaHHe KoMOHHHpoaaHHbiX KOAOB oT aecKonbKHX AUIT, ITepeKOllHpoaaaHe 

ITpH HCITOnb30BaHHH "UHtPPOBb!X OKOH' 0 ITepeAa'la B H8CKOnbKO aaiTOMHHa~IUHX 

ycTpoftcTB. OITHCbiBaeMbii!: KOAHPOBIUHK HMeeT AnSI Ka)KAOro AU IT HHAHBHAyanb

Hbii!: 6y¢epH:bift aApecHbiA C'I~T'IHK-perHcTp perHCTpauHH. BbiXOilHbie UIHHbi 

perHcTpoa perHcTpauHH oooHx AUIT IToAcoeAHH8Hbi Ha BXOA KOMMyTaTopa MaT

pH'IHoro THITa1 C ITOMO!Ub~ KOTOporo ¢JopMHpye.TCSl BXOAHOft KOll aApeca aHa

nH3HpyeMoro coobiTHSl. KpoMe Toro Ka)I{Abii!: ITpeoopaaoaaTenb caao*eH AOITon

HHTenbHbiM aApeCHbiM C'I~T'IHKOM, C KOTOpb!M CBSl3aHbi UHtPPOBbl8 CX8Mb! cpaB

H8HHSl KOAOB CHCTeMbl CTaoRnH3aUHH, TaK08 paaneneHHe perHCTpOB H800XO

AHMO AnSI HeaaBHCHMOft OOpaoOTKH KOAOB HMITynbCOB CTaoHnHaaUHH H HMITynbCOB 

aHanHaHpyeMoro ciTeKTpa. CTaoHnHaauHSI xapaKTepHCTHK ciTeKTpoMeTpH'IecKoro 
I 

TpaKTa ITpOH3BOilHTCSl onoKaMH cTaoHnHaauHH ( ECT) ITocne cpaaaeHHSl B CCK 

KOAOB peiTepHbiX HMITYnbCOB H3 p CT C HX O)KHAaeMbiMH KOA8MH1 38ITHCaHHbiMH 

a TyMonepHbiX perHcTpax ToP. 

ITpH MHOroMepHOM aHanHae ITOCTYIT8~1UHX Ha BXOil COObiTHA OC008HHO 

OCTpO BCTaeT BOITpOC ¢aaHpOBKH H CHHXpOHH3aUHH paOOThl OTJl8nbHhlX ycT

pOi!:CTB1 HX B3aHMHOft OnOKHpOBKH, B OITHCbiB88MOM CllB08HHOM KOJlHpOBUIHK8 

ITp8AITPHHSITa ITOITbiTKa B03MO)KH0 oonee ITOnHoro 00~8AHH8HHSI tPYHKUHH yiTpaB

neHHSl OOOHMH Tp8KTaMH B OOIU8M KOMaHAHOM onoKe, 

ITporpaMMa KOJlHpoaaHHSl H perHCTpaUHH HccneAyeMoro coobiTHSl aaiTyc

KaeTcSl B MOM8HT OTKlpbiB8HHSl moooro H3 HOpManbHO 38KpbiTbiX nHH8i!:HblX 

6 
,;a:. 

ITpOITYCKaTeneft H COCTOHT 113 cepHH KOMaHAHb!X HMITynbCOB, Bb!pat: 

B CaMOM 6noKe KOMaRA H CHHXpOHH3Hpy~II!HX pa6oTy OTAenbHbiX yaJ 

HOrO KOAH pOBII!HKao flepBb!M KOMaHAHb!M HM~ynbCOM 3aiTyCKaeTCSl aa· 

Ta 'MepTBOro" BpeMeHH, KOTOpoe Cpaay )1{8 ITOAaeTCSl Ha onOKl 

Haqano oTc'I~Ta apeMeHH ITpeoopaaoaaHHSl AUIT; AaeTCSl KoMaHAa 

a '0' acex TpHrrepoB P Per H P CT B ¢opMHpoaaTenb 'ycTaHc 

qepe3 2 MKC8K Ha tPOpMHpOBaTenH "ycTaHOBKH B "1' cneAyeT KOMI 

HOBKa a "1 "o ITocnencTBHSl BbiiionHeHHSI aToll: KOMaHilbi 6yAyT pl 

HH)Ke, B peaynbTaTe cpaBHeHHSI ITO cxeMe "VInYl"' apeMeH npeo 

o6oHx AU IT BbiOHpaeTcSI aaHoonee AnHHHoe apeMSI ITpeoopaaoaaHHSI 

Tb!B88TCSI KOMaHAa "KOH8U cepHH" o B KOMMyTaTope OHa ITpeoopa3~ 

MaHAY *paapemeHHe perHcTpauHH', a B ECT - a KOMaHAy " paape 

OHnH3aUHH', ITocne OKOH'I8HHSI perHCTpaUHH KOil8 BO BH8UIH8M 

H OKOH'IaHHSI CTaoHnH38UHH onoKaMH CT80HnH3aUHH CHHM88TCSI 

"MepTB08 Bp8MSI" 1 H KOAHpOBIUHK rOTOB K aHanHay 0'18p81lHOrO 

AnpecHbie c'I~T'IHKH AUIT ITOMHSIT ITpeAbiAYIUHi!: KOA AO Haqana o6r 

cneny~mero HMITynbca. BHayanbHOe aaon~neHHe aToro Kona ITO 

HHAHKaUHH oonerqaeT KO.II:TpOnb 3a I!paBHnbHOCTb~ pa60Tbl KOAHpOBU 

qaeT I!pOB8A8HH8 KanHopOBOK H CaMOrO tPH3H'I8CKOrO 9KCI18pHM8HTao 

llnSI yM8Hblli8HHSI OTHOCHTenbHOft ITOrpeUIHOCTH H3MepeHH 

CllB08HHOrO KOilHPOBII!HKa CMOHTHpOBaH TpaKT MOHHTopa, M OHHTOpfl 

C yCHnHT8nSI ITOCTyiTaeT Ha AH¢¢epeHUHanbHb!ft AHCKpHMHHaTop, '1T1 

MO)KHOCTb MOHHTOpHpoBaHHSI ITO qacTH 8MITnHTyAHOrO CIT8KTpa H 

C'I~T'IHK HMITynbCOBo flepC'I~T HMITynbCOB onOKHpyeTCSI Ha "Me~ 

CHCT8Mblo KOTopoe MOlK8T Ob!Tb 3H8'1HTenbHbiM ITpH 6onbii!Oft 'IBCT 

neHHSI cHraanoa. 

Ill . CTa6HnHaauHSI xapaKTepHCTHK ciTeKTpoMeTpHqecK 

TpaKTOB 

XapaKTepHcTHKa cneKTpoMeTpa N = f( E ) * npeft'¢yeT" acnenc 

paTypHb!X H Bp8M8HHb!X H3M8H8HHft ITapaMeTpOB ycTpoftCTB0 BXOilSIIU 

pOM8TpH'18CKHi!: TpaKT: ll8T8KTOpOB0 ITpeAyCHnHTeneft H ycHnHTene 
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SI qepe3 KOMMyTaTOp ( K) • TpaKT MOHHTopa BKmoqaeT B ce6SI 

peHUHanhHbiH JlHCKpHMHHaTop H C'I~T'IHK HMnynhCOB, 

a----·-e HMnynhChl oT JleTeKTopoB nocne npeJIBapHTenhHoro ycH

rrocTynaiOT Ha KOJllipOB!IlHK, 3Jl9Ch 0 B Cl19KTpOM9TpH'I9CKHX 

ycHneHHSI POCTynaeT Ha nHH9HHbiH nporiycKaTenh, 

HMllynhCOM CO CXeMbl COBlla)leHHH 0 a 3aTeM - Ha aHa-

1024 KaHana. OnbiT aKcnnyaTaUHH BXOJl

noKaaan, 'ITO paUHOHanhHO BB9CTH B COCTaB Allfl 6y4JepHbiit 

•"'~"'"' 0 B KOTOpOM sanOMHHaeTCSI 'IHCnO ( a)lpeC-HOMep KaHana) 0 

oe aa:anH3HpyeMoit aMnnHTyJle, 3To 'IHcno nepe)laeTcSI napan

B a)lpecHbdt perHCTp sanoMHHaiOmero ycTpoll:cTBa, TaKaSI op

BXOJlHoro ycTpOHCTBa C 3an9MH.!IaiO!IlHM no3BOnSieT npOH3-

bl9 onepaUHH C UH4JpOBOft HH4JopMaUH9H 0 TaKHe K8K C)!{8TH9 0 

KOJlOB oT a:ecKonhKHX AUn, nepeKOilHpoBaHHe 

"uH4JpOBbiX OKOH' 0 nepeJla'lfa B H9CKOnhKO 38110MHH8IOIIlHX 

llnSI Ka)!{noro All n HHilHBHilyanh

perHCTpauHH, BbiXOJlHbie wHHhi 

o6oHX Allfl nOilC091lHH9Hbl H8 BXOil KOMMyTaTopa MaT

nOMO!IlhiO KOTOporo 4JopMHpye.TCSI BXOilHOH KOtl anpeca 8H8-

C06biTHSI, KpoMe Toro Ka*llbil!: npeo6pasoBaTenb caa6*eH nonon

pecHhiM C'I~T'IHKOM 0 C KOTOpb!M CBSI3aHbl UH4JpOBbl9 CX9Mbl CpaB

CTa6HnH38UHH, TaKoe paat~eneaHe perHcTpoB aeo6xo

o6pa6oTKH KOilOB HMnynbCOB CT86HnH3aUHH H HMnynbCOB 

cneKTpa. CTa6HnH38UHSI xapaKTepHCTHK crreKTpoMeTpH'IecKoro 

cTa6HnHsauHH ( ECT) nocne cpaBHeH~SI B CCK 

p CT c HX 0)KHJl89MbiMH KOil8MH, sanHcaHHbiMH 

pHoM aaanHae nocTynaiOI!lHX aa BXOll co6biTHA oco6eaao 

4JaaHpOBKH H CHHXpOHH38UHH pa60Tbl OTllenbHbiX ycT-

6nOKHpOBKH, B onHCbiBaeMoM cnBoeHHOM KOllHpOBIIlHKe 

B03MO)!{HO 6onee nonHoro o6~ellHH9HHSI 4JyHKUHH ynpaB-

6noKe, 

KOilHpOBaHHSI H perHCTp8UHH HCCnenyeMOrO C06biTHSI aanyc

M9HT OTK\pb!BaHHSI n106oro H3 HOpManbHO 38Kpb1Tb!X nHH9HHbiX 

6 

__. 

'· 
.\I 

nponycKaTenel!: H COCTOHT li3 CepHH KOMaHilHbiX HMnynbCOB
0 

Bb!pa6aTbiBaeMbiX 

B CaMOM 6noKe KOMaH)l H CHHXpOHH3HpyiO!IlHX pa6oTy OTJlenbHbiX ysnOB CJlBOeH

HOrO KOJl!ipOB!IlHKa, flepBbiM KOM8HilHbiM HM~ynbCOM 3anycKaeTCSI Ha'Iano OTC'I~

Ta "Me.pTBOro" Bp9M9HH 0 KOTOpoe Cpaay )1{9 nonaeTCSI Ha 6nOKHpOBKY flfl; 

Haqano OTC'I~Ta BpeMeHH npeo6pa30BaHHSI Allfl; ll89TCSI KOM8HJla "ycTaHOBKa 

B "0' Bcex TpHrrepoB P Per H P CT B 4JopMHpoBaTenr:. "ycTaHoBKH B "0", 

qepe3 2 MKC9K Ha ¢opM!ipOBaTenH "yCT8HOBKH B ")" cne)lyeT KOM8HJl8 "ycTa

HOBKa B "1 ", flocnellCTBHSI Bbll10nHeHHSI 8TOH KOM8HJlbl 6yJlyT paCCMOTpeHbl 

HH)!{e, B peaynr:.TaTe cpaBHeHHSI no cxeMe "I1fll1" BpeMeH npeo6paaoBaHHSI 

o6oHx Allfl Bbi6HpaeTcSI aaa6onee JlnHHHoe BpeMSI npeo6paaoBaHHSI H Bbipa6a

ThiBaeTcSI KOM8HJl8 "KOH9U cepHH", 8 KOMMyTaTope OH8 npeo6paayeTCSI B KO• 

MaHJlY "paspemea:He perHcTpauHH", a B ECT - B KOMBHJly " paapemea:ae eTa 

6HnH38UHH", flocne OKOH'I8HHSI perHCTpaUHH KO)la BO BH9WH9M yCTpOHCTB 

H OKOH'I8HHSI CT86HnH38UHH 6nOK8MH CT86HnH38UHH CHHM89TCSI 6nOKHpOBKt 

"MepTBOe Bp9MSI", H KOJlHpOBIIlHK rOTOB K 8H8nH3Y O'lepeJlHOrO C06biTHSI, 

AJipecHbie C'I~T'IHKH AUTI noMHSIT npellbiJlYIIIHl!: KOJl JlO Ha'lfana o6pa6oTKH no

cneJlyiOmero HMnynbca, BHayanbHOe aa6niOJleHHe aToro Kona no naMnO'IKaM 

HHJlHK8UHH o6nerqaeT KOHTpOnb 38 npaBHnbHOCTbiO pa60Tbl KOJlHpOB!IlHKa
0 

o6ner

'I89T npoBelleHHe KanH6pOBOK If CaMoro 4JH3H'I9CKOrO 8KC119pHMeHTa, 

DnSI yMeHbweHHSI OTHOCHTenhHoit norpewa:ocTH HaMepeHHit B cToil:Ke 

CllB09HHOrO KOJlHpOB!IlHK8 CMOHTHpOBaH TpaKT MOHHTOpa, M OHHTOpHb!l!: HMnynbC 

C ycHnHTenSI noCTynaeT H8 JlH4J4JepeHUHanbHbil!: llHCKpHMHH8TOp, 'ITO Jl89T 803-

MO)!{HOCTb MOHHTOpHpOBaHHSI 110 'I8CTH 8MnnHTyJlHOrO cneKTpa H nanee - Ha 

C'I~T'IHK HMnynbCOB, flepC'I~T HMnynbCOB 6ROKHpyeTCSI Ha "MepTBOe'BpeMSI 

CHCT9Mbl, KOTOpoe MO)!{eT 6b!Tb 3H8'IHT9nbHb!M npH 6onblllOi!: 'IEiCTOTe llOCTyn

neHHSI CHrHanOB, 

Ill . CTa6anHsauHSI xapaKTepHCTHK cneKTpoMeTpH'IeCKHX 

TpaKTOB 

XapaKTepHCTHKa crreKTpoMeTpa N = f( E ) "JlpeA4JyeT" BcnencTBHe TeMne

paTypHhiX H BpeMeHHb!X H3M9H9HHil: napaMeTpOB ycTpolkTB 0 BXOilSI!IlHX B ClleKT

pOM9TpH'I9CKHH Tp8KT: JleT9KTOpOB 0 npeaycHnHTenel!: If ycHnHTeneit, nHH9HHbiX 

~ 

7 



rrporrycKaTenetl: H AUn. EcnH arrrrpoKCHMHpOBaTb xapaKTepKCTHKY CI19KTpO-

M9Tpa B pa60"'9M JlHarra30H9 0Tpe3KOM 11pSIMOti:1 TO mo6bi9 H3M9H9HHSI 110JIO

lK9HHSI xapaKTepHCTHKH B K,OOPJlHHaTaX 9HeprHSI-HOMep KaHana MOlKHO rrpeJlCTa

BHTb B BHJl9 CyMMbl llBYX rrepeM911l9HHti:: 

a) cMemeHHe rrpSIMOti: rrapannenbHO caMotl: ce6e , 9KBHBaneHTHoe H3Me-

HeHHIO • rropora •; 

6) IlOBOpOT rrpSIMOti: BOKpyr H9KOTDpOti: TO"'KH, 11pHHa!lJI9lK81!l9ti: 9TOti: IlpSI-

Mot!:, 9KBHB8JI9HTHbiH H3M9H9HH!O " HaKJIOHa' • 

8 CHCTeMaX CTa6HJIH3aUHH JlJISI KOMI19HCaUHH H3M9H9HHH CTa6HJIH3Hpye

Mb!X rrapaMeTpOB xapaKT9pHCTHKH ("rropora" H 'HaKJIOHa") HCITOJib3yeTCSI 

oTpHuaTeJibHaSI o6paTHaSI CBSI3b. nonolKeH~e xapaKTepHCTHKH orrpeaenSieTCSI 

110 JlBYM perrepHb!M ITHKaM1 11pH"19M B Ka"'eCTBe perrepa 06bi"'HO HCI10Jib3YIOTCSI 

9JI9KTpH"19CKH9 HMilYJibCbl OT reHepaTopa 9T8JIOHHb!X HMilYJibCOBo 0HH IlO!laiOT

CSI Ha BXD!l rrpeJlyCHJIHT9JISI qepe3 ll03HpyiOI!lY!O 9MKOCTb rrapannenbHO C HMilYJib

caMH OT Jl9T9KTOpa. MH~OpMaUHSI 06 H3M9H9HHSIX B 110JIOlK9HHH pa6oqeil: xapaK

TepHCTHKH ITDJiy"'aeTCSI rryTeM cpaBH9HHSI KOJlOB aHaJIH3HpyeMb!X 9TaJIOHHb!X 

CHrHaJIOB C OlKHJla9Mb!MH K0Jl8MH 9THX CHrHaJIOB, ITOJIY"'9HHb!MH BO Bp9MSI 

rrpenBapHTenbHOH KanH6poBKH. OaHaKo rrpH TaKoM crroco6e cTa6HJIH3aUHH neTeK

Top ocTaeTCSI He OXBa"'eHHb!M o6paTHOH CBSI3b!Oo H 9KOT0pb!9 yrrpomeHHSI cxe

Mbl cTaOHJIH3aUHH/7 I, CBSI3aHHbie c rrpHMeHeHHeM reHepaTopoB sTanoHHbiX 

HMI1YJibCDB, orrpaB)laHbl B y -crreKTpOM9TpaX C repMaHH9Bb!MH Jl9T9KTOpaMH, 

paooTaiOI!lHMH B YCJIOBHSIX rny6oKoro OXJialKJl9HHSI H cpaBHHT9JibHO He60JiblllOH 

paaHauHH. OnHaKo rrpH crreKTpoMeTpHH c KpeMHHeBhlMH rroBepxHOCTHo-6apbep

HbiMH Jl9T9KTOpaMH SIJl9pHOrO H3JIY"'9HHSI H9110Cp9JlCTB9HHO Ha Ily"'K9 ycKOpHTe

JISI M3H aMrrnHTyaa BbiXOJlHoro cHrHana aeTeKTof)a !ll.o:lKeT 3Ha"'HTeJibHO H3-

M9HSITbCSI rrpH IlOCTOSIHHOH 9HGprHH perHCTpHpyeMOH "'aCTHUblo '4TOObl OXBaTHTb 

oopaTHOH CBSI3b!O B9Cb TpaKT llOJIHOCTb!01 
B OllHChlBaeMOM KOJlHPOBIIlHKe 

rrpeayCMOTpeHa B03MO:lKHOCTb CTa5HJIH38UHH xapaKT9pHCTHKH TpaKTa C HCI1DJib-

30BaHH9M B Ka"'9CTB9 perrepOB xapaKT9pHb!X ITHKOB HJIH OC06GHHOCT9H H3yqae-

MOrO ~H3H"'9CKDrO CI19KTpa. 

~yHKUHOHaJibHaSI cxeMa 6noKa CTa6HJIH38UHH OJlHOH TO"'KH xapaKTepHCTH-

'~ll crreKTpoMeTpa rrpHBeaeHa Ha pHc. 2. CxeMa cpasHeHHSI KOJlOB, SIBJISIS!Cb 

rroporoBbiM aneMeHToM, aaeT Ha BbiXOJle rroTeHuHan - 12 BOJibT, Korna KOJl 

B p CT 60Jiblll9 KOJla, Ha5paHHOrO Ha COOTB9TCTBYIOI!l9M TyM6nepHOM perHCTpe. 
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B npoTHBHOM cny'lae aa BhiXOile CCK rrpHcyTCTByeT ayneBoll: rroTeHuHan. 

BbiXOilHOll: rroTeHuHan co cxeMbi cpaBHeHHSI KOilOB ( CCK-2) nocTyrraeT ae

nocpeJlCTBeHHO B SI'I9Jl:Ky CT85HnH38UHH H orrpeJlenSieT T8M 3H8K rrpHpaWeHHSI 

KoppeKTHpyromero aarrpSI)KeHHSI. B cny'lae cTa6HnH38UHH xapaK-

TepHCTHKH OT HMITynhCOB f311 MO)KHO orpaHH'IHTbCSI~OilHOJl: CX9MOJl: Cp8BH9HHSI 

KOilOB
1 

T,K, 9TanOHHbiJl: HMITynhC nerKO OTJlenHTb OT BC9X OCT8nbHhiX CHHXpO

UH38UHeJl: pa50Tbi T311 H CHCT9Mbl CT85HnH38UHH. JlpH CT86HnH38UHH xapaK

TepHCTHKH OT HMrrynhCOB peanbHOI'O ~H3H'I9CKOI'O CIT9KTp8 -aeo6XOilHMO H3 

BC9I'O crreKTpa Bhlll9nHTb K8KOll:-nH50 ITHK HnH Y'I8CTOK ("o5naCTb CT85HnH38-

UHH"') 
1 

pacrrpeJleneHH9 HMrrynhCOB B KOTOpOM orrpeaenSieTCSI nHWb CT8THCTH

qeCKHM pa36pOCOM H He JlOn)KHO M9HSITbCSI B T9'i9HHe 9KCII9pHM9HT8, ilnSI Bhi

JleneHHSI "o6naCTH CT86HnH38UHH"' KOM8Hil8 "KOH9U cepHH"' IIOCTyrraeT H8 OllHH 

H3 BXOilOB CX9Mbl "11-1"', K llBYM llpyrHM BXOJl8M "11-1" ITOJlKniO'i9Hhl BhiXOil 

CCK-1 H 'lepe3 !jla30HHBepTop ct>11-1 - BhiXOil CCK-~. 11Mrrynhc aa BhiXOile 

"'11 -1" ITOSIBHTCSI TOnhKO B TOM cny'i89 1 ecnH KOil 8H8nH3HpyeMOI'O HMrrynhC8 

6onhW9 KOil8
1 

aa6paHHOI'O H8 TyM6nepHOM perHCTpe T5.P-1 H M9HbW9 KOil8 

aa T6. P-3, TaK o6pa3yeTCSI "'uH!jlpoBoe OKHo"' 1 aKBHBaneHTHoe Bhr6paHHOMY 

y'laCTKY !jJH3H'ieCKoro crreKTpa, CxeMa "11-2" ocywecTBnSieT oT6op rro speMeHH 

H qacToTe cTa6HnH38UHH, B 38BHCHMOCTH oT nono*eHHSI TyM6nepa T5-1 cTa-

6HnH38UHSI pa3pewaeTCSI BO BpeMSI ITOil8'1H Bt{ H8 llY8HTbl UHKnOTpOH8 

HnH BO Bp9MSI OTCyTCTBHSI 8'4 CHrHana 1 nH60 orpaHH'I9HH9 H8 BpeMSI CTa6HnH-

38UHH He aanaraeTcH. TpHrrep 'IBCTOThi "'pa3pewaeT"' npoxO)KJl9HHe cHrHana 

'!epe3 "'11-2"' COCTOSIHHeM "'1' B KOTopoe OH B3BOJlHTCSI ITO CXeMe "'11nl1" 

C '18CTOTOll: 50 I'U OT BHyTp9HH9I'C reaepaTopa HnH OT CHHXpOHH3HpyiOWero 

HMIIynhC8 f9J1.11MrrynhC C Bh!X0Jl8 "11-2" 1 rrpOll:llSI ','llBOll:Holl: !jla30HHB9pTOp cl>l1-2 1 

B03BpamaeT TpHrrep 'i8CTOTbl B COCTOSIHHe "'0"' H 38ITYCK89T OllHOBH6paTOp OB. 

100-MHKpoceKyHJlHhill: HMrrynhC OB nocTyrraeT aa cxeMy 'MepTBoro' BpeMeHH 

H CJ1y,)KHT KOM8HJl,Oll: "'pa3pemeHHe CTB,6HnH38UHF:" • Pa60T8 H'lell:

KH cTa6HnH38UHH 6onee noapo6ao 6yaeT pacc.r·10TpeHa HH)Ke, ilnH CTa6HnH3a

UHH X8p8KT9pHCTHKH CII9KTpOM9TpH'i9CKOI'O Tp8KT8 ITO llBYM TO'iK8M llCIIOnh3y-

IOTCSI JlB8 Hll9HTH'IHbiX 5nOK8 CT86HnH38UHHo 
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IV. KoaKpeTHhie 6noKH H cxeMbi1 Hcrronb3yeMbie B casoeHHOIII 

KO;::mpOBWHKe . 

a) YcHnHTenH 

11cnonh3YJOTCSI nHHell:Hbie ycHnHTenH C KOa!jl!jJHUHeHTOM yc 

1001 cxeMa KoTopbiX npellnO)KeHa B pa6oTe/3/. 

6) CxeMa coBrralleHHll: 

3a ocaoBy 6hrna rrpHHSITa cxeMa 1 orrHcaaaaH Bl 7 I. llo6asne 

K8CK81l8 JlH!jl!jlepeHUH8nhHOI'O ycHnHTenSI 'lyBCTBHTenbHOCTb CX9Mbl e 
aeHa llO 0, 2 BOnhTa. Pa3pewa10wee BpeMSI cxeMbi orrpeaenSieTCSI 3 

nHHHSIMH 38Jl9p)KKH n3T -01 1-600 H B H8W9M cny'lae p8BHO 0,4 MKC 

B) nHHell:Hhlll: rrporrycKaTenb 

B pa6oTe/4/ B pasllene "Bxoaaoe ycTpoll:cTBO aHanH3aTopa HI 

aana" orrHcaaa cxeMa nHHell:Horo rrporrycKaTenH, srrocnellCTBHe aec 

HcrronhsoBaHHoro B pHae aHanH3aTopoB pellKHX co6hiTHll: - MAPC. : 

)KllnO OCHOB8HH9M JlnSI Bhi6opa yK838HHOH CX9Mbl JlnSI CllB09HHOI'O KO 

cl>yHKUHoHanbHaSI cxeMa nnaell:aoro rrporrycKaTenSI rrpHBelleHa aa pH 

MBnbHO 38Kpb!Tb!H nHH9HHhiH rrporrycKaTenb OTKpb!B89TCSI HMrrynhC 

BH6paTopa OB-1 B TOM cnyqae 1 ecnH BXOilHOll: HMrrynhc yaoBneTBo 

BHSIM OT6opa ( JlHY 1 JlBY) H 38KOH'I9H aHanH3 rrpeJlUI9CTByiowero 

Co6CTB9HHO nHH9HHblH rrporrycKaTenb COCTOHT H3 llBYX IIOCn9JlOB8T9J 

'19HHhiX KniO'Ieii: K-1 H K-2. TaKoe BKniO'IaHHe rrosBonHeT cymecTJ 

3HTb aMrrnHTYilY rroMeXH rrpH 38KphiTOM rrporrycKaTene. Ha BhiXUil' 

mecTBnSieTcSI HMrrynhcaoe Bhi'IHTaHHe "ITheJlecTana" ( uerrh R t 1 R : 

JleTanhHoe HccnellOBBHHe pa60Thi TaKoro nHaell:aoro rrporrycKaTenSI 

'ITO ero CX9M8 o6n8Jl89T pSIIlOM cymecTB9HHhiX H9]:10CT8TKOB, 

1, 113-38 9MKOCTH CBSI3H B 6a30BOH U9IIH nHHell:Hb!X KniO'IeJl: 

B03HHK89T 38BHCHMOCTb 6a30BOI'O IIOT9HUHana OT 'i8CTOTbl cnellOB8H 

COB, 8TO rrpHBOJlHT K TOMY 1 'ITO nHHell:Hb!e KnJO'IH H8'1HH8JOT UI;)i 

CII9KTpOM9TpH'IeCKHfi Tp8KT H BHOCHTb 3H8'1HTenhHhl9 HCK8)1{9HHSI 

Mbiil: crreKTp. 

2. no aaanorH'IHOll: )Ke rrpH'IHHe BenH'IHHa Bhi'IHTaeMoro "'m 

T8K)K9 38BHCHT OT 'i8CTOThl Cn9JlOB8HHSI BXOilHhlX HMITynhCOB H TO)!{ 

H3y'laeMbill: crreKTp, 
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TIIBHOM cny"!ae Ha Bbixo.oe CCK rrpHcyTCTByeT HyneBolt rroTeHuHan. 

Holt rroTeHullan co cxeMbi cpaBHeHHH KO.llOB ( CCK-2) rrocTyrraeT He-

CTa611Jlll3aUIIH II OIIpe.oenHeT TaM 3HaK IIpHpameHHH ~CTB8HHO B H"!81Ky 

KTHPYJOWero HarrpSI;>K8HHSI, B 

IIKH OT IIMIIYJlbCOB f3J.1 MO)I(HO 

cny"!ae CTa6HnH3aUHH XapaK-

orpaHII"'IITbCH~O.llHOlt C~9MOI CpaBH9HHH 

T,K, 3T3JlOHHbii IIMIIYJlbC nerKO OT.ll9J111Tb OT BCeX OCTanbHhiX CIIHXpO

el pa60Thl T3J.1 II CIICT9Mbl CTa6HnH3aUHIIo IIpll CTa6HJ1H3aUIIH XapaK

TIIKII OT IIMIIYJlbCOB peanbHOrO ~113H"'8CKOro CII9KTpa "H906XO.lliiMO H3 

cneKTpa Bbi.ll8JlHTb KaKOI-J11160 IIIIK IIJlll Y"'8CTOK ("o6naCTb CTa611J1113a

pacnpe.oeneHII8 IIMIIynbCOB B KOTOpOM onpe.oenHeTCH JliiWb CT8TIICTH

pa36pDCOM II He .ll0Jl)I(H0 M8HHTbCH B Te"!9HIIe 3KCnepiiM8HTa, LlnH Bbl

H "o6naCTII CTa611JlH3aUHH' KOMaH.oa 'KOH9U cepiiH" nocTynaeT Ha O.lliiH 

.llOB cxeMbl "J.1-l", K .llBYM .llpyrHM BXO.llaM 'J.1-l" nO.llKn!O"!eHbl Bb!XO.ll 

1 11 qepea <jlaaoHHBepTop <P.H-1 - BbiXO.ll CCK-!:l. HMrrynbc Ha BbiXO.lle 

IIOHBIITCH TOJlbKO B TOM cny"!ae 1 9CJ1H KO.ll aHaJ1H311pyeMoro IIMnynbCa 

e KO.ll8 1 Ha6paHHOrO Ha TyM6nepHOM perHCTpe T6,P-1 II MeHbWe KO.Qa 

P-3, TaK o6paayeTcH 'uH<jlpoBoe OKHo' 1 8KBIIBaneHTHoe Bbi6paHHoMy 

y ljJII311'IecKoro cneKTpa, CxeMa "H-2" ocywecTBnHeT oT6op no BpeMeHII 

OTe CT8611J1113aUIIII, B 3aBIICIIMOCTII OT IIOJlO)I(eHIIH TyM6nepa T6-1 CTa

UHH paapemaeTCH BO BpeMH IIO.Qa"'H Bt{ Ha .oyaHTbl UHKJlOTpOHa 

BpeMH OTCYTCTBIIH BY CllrHana 1 nH6o orpaHH'I8HIIe Ha BpeMH CTa611nH

He aanaraeTcH, TpHrrep "!aCTOTbi "'paapemaeT' rrpoxO)I(.ll9HHe c11raana 

"H-2 .. COCTOHHHeM "I' B KOTOpoe OH B3BO.llHTCSI ITO CXeMe "'YfnYf"' 

OTOI 50 ru OT BHyTpeHHerc reHepaTopa HJlH OT CHHXpOHH311pyJOWero 

ca f3M. HMnynhc c Bhixo.oa "H-2" 1 rrpolt.oH .llBOltHolt cjlaaoH¥BepTop <PH-2
1 

IUaeT TpHrrep "!aCTOTbl B COCTOSIHHe '0"' H aarryCKaeT O.llHOB116paTop OB, 

KpoceKyH.llHhii I!Mrrynhc OB rrocTyrraeT Ha cxeMy "'MepTBoro" BpeMeHI! 

HT KOM8H.ll~ti "pa3p9UI9HHe CTB,6HnH38UHY.q o Pa6oTa SI'Iet!:-

61!nH38UIIH 6onee rro.opo6Ho 6y.oeT paccr1oTpeHa Hl!)l(e, llnH CTa61!nHaa

paKTepRcTHKII Cil8KTpOM9Tp11"!9CKOrO TpaKTa no .llByM TO"!KaM IICITDnb3y

Ba ll.lleHTII'IHhiX 6noKa CTa6HnH3aUI!H, 
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IV. KoHKpeTHhie 6noKH 11 cxeMhi, l!cnonhayeMbie B c.oBoeHIIOM 

KO;::tHpOBWHKe . 

a) Y CHJlHTenH 

Yfcrronb3YIOTCH JlHH9tiHbl9 YCHJlHTenH C K08<jl<jlHUH8HTOM ycHneHIISI LIO 

1001 cxeMa KOTOpbiX rrpe.ono)l(eHa B pa6oTe/3/, 

6) CxeMa coBrra.oeHHH 

3a ocaoBy 6hma rrpHHHTa cxeMa 1 oniicaHHaH B/7 I, llo6aBneHI!eM 1-ro 

KaCKa.oa .llH<jlcpepeHUI!aJlbHOro YCIIJliiTeng "'yBCTBI!TeJlbHOCTb CX9Mbl 6biJ18 .llOBe

.lleHa .oo 0, 2 BonhTa, Paapemarowee BpeMH cxeMhi orrpe.oenHeTcH aarraHHHhiMII 

JllfHIIHMH aa.oep)I{Klf n3T -01 1-600 If B HaWeM cny"'ae paBHO 0,4 MKCeK, 

B) nHHeiHhlH rrporrycKaTenb 

B pa6oTe/4/ B paa.oene "Bxo.oHoe ycTpolcTBo aaanH3aTopa Ha 1024 Ka

Hana" orriicaHa cxeMa nHHelaoro rrporrycKaTenH 1 Brrocne.ocTBHe Heo.oHoKpaTHo 

HCIIOJlb30BaHHoro B pH.oe aHanH38TopoB peaKHX co6biTIII - MAPC, 3To nocny

)l(lfno OCHOB8HHeM .llJlH Bbi60pa YK838HHOI CXeMbl .llnH C.llBOeHHoro KO.llHpOBWHKa, 

<PyHKUHOHanbHaH cxeMa JlHHeiHoro rrporrycKaTenH rrpHBe.oeHa aa piic, 3, Hop

ManbHO 3aKpb!Tb!H JlHHeiHh!if nporrycKaTenb OTKpbiBaeTCH IIMIIYJlbCaMH O.llHO

BH6paTopa OB-I B TOM cny"!ae 1 ecnlf BXO.llHOH HMIIynhc y.ooBneTBOpHeT ycno

BHHM OT6opa ( LlHY 1 LlBY) If 3aKOH"!eH aHaJ1II3 IIpe.omecTByiomero HMIIynhCa, 

Co6CTBeHHO JliiHeHHbiH rrponycKaTenb COCTOHT lf3 .llBYX IIOCJ19.llOBaTenbHO BKni0-

"!9HHbiX KJliO"!eif K-1 If K-2. TaKoe BKJliO"!eHIIe TI03BOnHeT cyUieCTBeHHo CHH-

3HTb aMIIJlHTY.llY IIOMeXH Ilplf 3aKpbiTOM rrporrycKaTene. Ha Bb!X:.J.lle nrr ocy

mecTBJlHeTcH HMrrynhcHoe Bbi"'HTaHHe "IIbe.oecTana" ( uerrb R 
1 1 

R 
2 

) , Bonee 

.oeTanbHoe IIccneaoBaHHe pa6oTbi TaKord nHHetiaoro rrporrycKaTenH rroKaaano
1 

"'TO ero cxeMa o6na.oaeT pH.llOM cywecTBeHHbiX ae.nocTaTKOB, 

1, I1a-aa eMKOCTH CBH3H B 6aaoBofi uerrH nHHeHHhiX KJliO"!elt K-1 If K-2 

B03HHK8eT 3aBIICHMOCTb 6a30BOro noTeHUHaJla OT 'I8CTOTbl CJle.llOBa!IHH HMnynb

COB, 3TO IIpHBOLIHT K TOMY 1 'ITO JlHHeltHbie KJl!O"'H Ha'IHH810T UiyHTHpOB8Tb 

CIIeKTpoMeTpH"!eCKHil: TpaKT If BHOCHTb 3H8"'IITenbHbie HCKa)l(eHHH B H3y'lae

Mbilt CIIeKTp, 

2, ITo aaanorH"!Holt )l(e rrpH"'HHe BenH"!HHa Bhi"'HTaeMoro "rrbe.oecTana" 

TaK)I(e 38BHCHT OT "!aCTOTb! CJle.QoBaHHH BlW.llllbiX IIMIIYJlbCOB H TO)I(e HCKa)l(aeT 

Hay"!aeMhilt crreKTp, 
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3, llHCKpHMHHaTop HH.lKHero YPOBHSr" Ha M8JibiX 8MITJIHTynax BXOJJ.Horo 

HMITYJibC8 pa6oTaeT K8K YCHJIHTeJib 0 6e3 pe3KO~ OTCe'!KH, B pe3yJibT8Te H3-

MeH51eTC51 3anep.lKKa cpa6aT:piBaHH51 OB-1, 'ITO 38Tpyna:ReT CTbiKOBKY cxeMbi 

coBnanea:Hfi co cxeMofi JIHHefiHoro nponycKaTeJI51, 

qTo6bi ycTpaHHTb aTH HenocTaTKH, p>.n y3JIOB cxeMbi npHUIJIOCb nepepa-

6oTaTb, TaK, ynpaBJI51JOIUa51 uenb JIHHefiHbiX KJIJO'Iefi 6biJia cnenaa:a raJibBaHH

qecKo~, B CXeMy JJ.HCKpHMHH8TOpa HH.lKHero ypOBH51 6biJI BBeneH ITOpOrOBbifi 

aneMeHT Ha TYHHeJibHOM n~rone, ~bi'IHTaHHe "nhenecTana" B aHanoroBofi ~opMe 

6biJIO 3aM9HeHo UH~pOBOfi aHCKpHMHHaUHe~ ( 6onee nonpo6Ho 8TO pacCMOTpeHo 

ITpH OITHC8HHH KOMMYT8TOpa) o 3Ha'!HTenbHO HaJJ,e.lKHee pa6oTaeT CXeMa 6e3 

nHcKpHMHHaTopa Bepxa:ero ypoBH51, Ero ponb TaK.lKe BbiiTOJIHS!eT un¢poBoe orpa

HH'!ea:~re DepxHe~ rpaHHUbl perHCTp8UHH, llJI51 6onee .lKeCTKO~ CHHXpOHH38UHH 

pa6oTbi nByx JIHHei!:HbiX nponycKaTene~ npHHS!Tbi nononHHTenbHbie Mepbi, Ha 

JIOI'H'!eCKHfi ~JIIO'I K-3 CO CXeMbl COBnaneHHH ITC•J-laeTC51 ITOCTOSIHHblfi 3aiTHpa10-

UIHfi noTea:unan H Tenepb K-3 nponycKaeT He HMnynbc llHY, a HMnynbc c o6-

mefi ami TpaKTOB CXeMbl COBITaneHHH ITpH H8JIH'IHH HMITyJibCa C llHY, 

M3MeHeHHaH npHHUHITHanbHaH cxeMa nna:e~a:oro nponycKaTenH noKa3a-

Ha Ha pnc, 4, 

CxeMa pa6oTaeT a:ane.lKHO no 'lac ToT 106 HMn/ ceK, OcTaJibHhie xa-

paKTepHCTHKH, B OCHOBHOM 0 COBITaJJ,aJOT C XapaKTepHCTHK8MH CXeMbi
0 

OITHC8HHOH 

B/4/, 

r) AMnnHTyna:o-un¢poBoil: npeo6pa3oBaTenb 

B KaqecTBe AUIT HCITOJib3YJOTC51 KOJJ.HpOBll!HKH a:a 1024 KaHana, cxeMa 

KOTOpbiX OITHCaHa B/4/, q8CTOT8 HMITyJibCOB !lyra KOJJ.HpOBIUHKOB "' 10 Mru, 

n) PerHcTpbi perncTpaunn H cTa6HnH3aUHH 

C'I~T'IHKaMH HMnynhcoB B P Per H P CT HBnHJOTCH nepec'!eTHhie neKa.rhi, 

H3roToBnHeMbie U8M OM.HMI 5;, 

TaK KaK aa:aJIH3aTop AM-4086 npHHHMaeT TOJibKo nBOH'!HbiH Kon, To ne

KaJJ.bi 6bmH nepenenaHbi a:a JJ.BOH'!HbiH nepecq~T HMITyJibCOB, McnoJib3oBanacb 

HMITYJibCH851 ycTaHOBKa B "0" H "1" TpHrrepOB 8THX JJ.eKan, 

e) KOMMyTaTop 

B Ka'!eCTBe KOMMyTaTopa MO.lKHO HCITOJib30B8Tb Ha6op TYM6nepoa HJIH 

KHOITO'!HbiX nepeKJI10'18TeJiell:, ~ OITHCbiB88MOM KOJJ.HpOBll!HKe HCITOJib3YIOTCSI 

a:a6opHbie ITJI8Tbl H3M8pHT8JISI JI8MITOBblX xapaKTepHCTHK ( n 1-2. n I-3} • 
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KaM.QaSI TaKaS! nnaTa HMeeT 72 ( 12x6) napb! H30JIHpOBaHHb!X KOHTaKTOB, TaK 

KaK o6hl"!HO npHXO.QHTCSI HMeTb .QeJio C aanoMHHaromHM ycTpO~CTBOM Ha 408H 

KaHaJIOB1 TO Bb!XO.QHOH KO.Q 6b!JIO perneao orpaHH"'HTb 12 paapsr.QaMH, KoMMy

TaTOp IIpH 9TOM HMeeT 20 BXO.QHh!X H 12 Bb!XO.QHbiX lliHH H no3BOJISieT. B 9THX 

npeaenax npoHaBo.QHTb c nonyqeHHhlM "aapecoM" nro6hle npeo6paaoBaHHsr. 

0.QHOBpeMeHHO B KOMMyTaTope npe.QyCMOTpeHa B03MOMHOCTb Bhl6opa o6JiaCTH 

cneKTpa, B npeaenax KOTOpO~ 6y.QeT paapernaTbCSI perHCTpaUHSI, npH 9TOM 

aa.QaiDTCSI HHMHHe rpaHHUbl H lliHpHHbl o6naCTH perHCTpaUHH B KaM,llOM H3 

TpaKTOB. TaKoe Bhl.UeneHHe o6nacTH perHcTpauHH seo6xo.uHMo, sanpHMep, 

npH MeJiaHHH "paCCMOTpeTb" "!aCTb cneKTpa 6onee noapo6HOo ilonOJIHHTeJibHhlll 

KO.Q "'HCJia, Ha6paHHOrO Ha KOMMyTaTope H paBHOrO "HHMHe~ rpaHHue" 
1 

no KO

MaH.QB "ycTaaoBKa B "I" aasocHTC.H B P Per H aaTeM cyMMHpyeTc.H TaM c Ko

aoM npHrne.urnero HMnynhca. B cnyqae nepenonsesHsr a.upecsoro C"!eT"'HKa 

( 11-tf TpHrrep p Per B COCTOSIHHH "I" ) KOMaH.Qa "KOHeU CepHH" npeo6paay-

8TCSI B KOMaH.Qy "pa3perneHH8 perHCTp8UHH", CneayeT OTM8THTb 1 4TO perHCTpH

poBaTbCSI 6yaeT pB3HOCTHbiH KO.Q 

:II = n- a , 

rae n - .KM npnrnearnero co6biTHSI, a - KO.ll HHMHeH rpaHHUbl 06JIBCTH 

perHCTpaUHH1 n,O.Q06HO TOMy, KBK 9TO npOHCXO.QHT npH BHBJIOrOBO~ .QHCKpiiMH

HBUHH HHMHero ypOBHSI, ilonoJIHHTBJibHhl~ KO.Q rpaHHUhl 38HOCHTCSI B 5-10 pa3-

pSI,llbl p Per, a HHMH.H>l rpaHHUB perHCTpBUH.II MeHSieTCSI npH 9TOM CKa"!KBMH 

qepe3 16 KBHBJIOB oT 16-ro ao 1008-ro KaHana. To, "'TO aonoJIHHTeJibHbJ~. 

KO.ll He aaHoCHTCSI B nepBwe "'BThlpe paap.Haa P Per noasonsreT: 

a) o6'he.QHHHTb HX c nei•BbiMH qeTblpbM~ paapsraaMH P CT; 

6) npOH3BO.QHTb ycTaHOBKY 10nOJIHHTeJibHOrO KO.Qa cpaay nocne o6rnetf 

KOMBH.Qbl "ycTaHOBKa B "Q" 1 noKa uyr npeo6pa30BaTeJISI nepeC"!HTb!BaeTCSI 

qeTblpbMSI nepBb!MH pa3pSI.QBMH 1 He 38HHMBH .QOnOJIHHTeJibHOrO BpeMeHH, 

B peayJibTaTe o6'he.QHHeHHH BbiXO.''.''hiX WHH P Fer c noMombro KOMMy

TaTopa no cxeMe "l1nl1" Bbi6HpaeTCH "OKHO" per.HCTpaUHH, lllHpHHa "OKHa" 

perHCTpaUHH MOMeT 6b!Tb Bbi6paHa paBHOH .~ m 1 rae m MBHHeTCSI OT 4 

ao 10. EcnH aapec N npeBbirnaeT 2m 1 T,e, npHrne,llWHH KO,ll npeBb!U'aBT 

ycTaHOBJieHHyiD BepXHIDID rpaHHUY perHCTp8UHH 1 TO aanpernaeTCH npoXOM.QBHHe 

KOMBH.llhl "perHCTpBUHH" H 1 COOTDBTCTBeHH0 1 rrepe,lla"!a KO.UB H3 p Per 

B AH-4096, 

~ 
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m) CxeMa cpaBHeHHR KOJlOB 

OoTeHuHanhHaR cxeMa cpaBHeHHR KoaoB, rrpeanomeaaag B pa6oTe/71, 

H8ITOMHHaeT cxeMy KOHTpOnR qeTHOCTH rrocnenoBaTenbHOrO THITa, qaCTO HCITOnb-

3yeMyJO B Bbi'IHCnHTenbHOH TeXHHKeo C xeMa CO)lepmHT n R'leeK ITO 'IHCny 

pa3pRnOB Cp8BHHB89Mb!X KOnOBo ¢lyHKUHOH8nbH8R H sneKTpHqeCK8R CX9Mbl onHOH 

R'lell:KH rrpHBeaeHhi aa pHCo 5ao 3aech JlHOJlbi ll-1 H ll-2 o6pa3yJOT cxeMy 

"YI-1", a nHOJlhi ll-3 H U-4 cxeMhi "YinYI-1"o TyM6nep T6 yrrpaBnReT rrpo

xomaeaHeM cHrHana 'lepe3 "YI-2" HnH 'lepe3 "YI-3" 1 a TaKme BbmonaReT 

ponh cMecHTenR ( cxeMa "YiflYI-2") o norHqecKaR cpyHKUHR , ocymecTBnReMaR 

gqell:KOH cpaBHeHHR 0 HMeeT BHn: 

Dt = c x(A
1 

xB
1

) +C 1 x(A 1+B 1), 

3Jl9Cb B 
1 

= D 
1

_ t 
1 

A - HHcpopMaUHOHHbiH i -bill: paspRJl rrpHmeamero 

KO)la
1 

(; I - HHcpOpMaUHOHHbiH i -biH, pa3pRJl JlBOH'IHOrO KO)la 1 Ha6paHHOrO 

Ha TyM6nepHOM perHCTpeo 

UnR orrHCbiBaeMoro KOJlHPDBIUHKa 6bma pa3pa6oTaHa rre'laTHaSI rrnaTa 

cxeMbl cpaBHeHH51 KO)lOB H8 12 pa3pRJlOBo lln51 yMeHbUieHHR qHCna COe)lHHH

TenhHblX rrpoBDJlDB OT CCK K TyM6nepHOMY perHcTpy cxeMa H'lell:KH 

cpaBH9HH51 6bma BHJlOHsMeHeHao Ha pHCo 56 rrpHB9Jl9Hbi cpyHKUHOHanbHaSI H sneKT

pHqecKaR CX9Mbl rrpHH51TOrO B8pHaHT8 Sl'lell:KH cpaBH9HHSio 3aecb B KaqeCTBe C I 

BM9CTO COCT051HHH TyM6nepa HCITOnb3Y9TC51 sneKTpHqeCKHll: ITOT9HUHan, rrpHHHM8!0-

UIHll: 3HaqeHHe 0 BOnbT { COOTB9TCTByeT "I" B naHHOM pa3pHne TyM6nepHoro perHCT

pa) 
0 
HnH- 12 BOnbT ( COOTBeTCTByeT Bbi6opy "0") o 0pH 8TOM K KamnoMy TyM6nepy 

nonxonHT nHUib I npoBDJl
1 

BMecTo Tpex no eTa poi! cxeMeo llHonbi ll-1 H ll-2 BbmonHSI

JOT ponb"YI-l",JlHOJlbill-4Hll-5- ponb "YiflYI.:_1"ollHDJlll.-6 H conpoTHBneHHS 

H. o6pasyJOT cxeMy "11-2" 0 a JlHOJl ll-3 BXOJlHT B "YinYI-2" o florH'l9CKaR 

cpyHKUHSI
0 

ocyiUeCTBnReMaSI R'l9HKOH 1 Tenepb HMeeT BHJl 

0 1 =A 1 xB 1 +Ct x(At+ Bt) 

Ha sTall: me nnaTe pasMemeH H JlBofiaoll: cpasoHHBepTop, qTo nosBonHeT 

CTaH)lapTH30BaTb BbiXOJlHOH noTe HUMan { 0 UnH - I2 BOnbT) H HCITOnb30BaTb1 

rrpH aeo6xoJlHMOCTH
1 

aymHbiH rroTeHuHan { CMo CCK-1 H CCK-3 aa pHCo 2) o 

BhiXDJlHQll: noTe HuMan cxeMbi cpaBHeHHSI KOJlDB noHBnHeTc51 qepes 0, 2-0,5 MKCeK 

nocne ycTaHOBn9HHSI KQ)la Ha BXOJlaX CXeMblo 
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s) H~eltKa cTa6HnHsaUHH 

ct>yHKUHOH8llbH8S!: cxeMa S!:~eitKH CTa6HliH38UHH npHBeJleHa Ha pHCo 6, 

a sneKTpH~ecKaH cxeMa - Ha pHc. 7. 

YrrpaBliS!:!OUlHit IIOTeHUH8110 IIOCTyiia!OUlHit CO cxeMbl cpaBHeHHS!: KOilOB, o6y

Cll8BliHBaeT rrpoxo~JleHHe KoMaHJlhi "paspemeHHe cTa6HnHsaaHH' qepes KnarraH 

"H-1" HliH KnarraH "J.1-2'o ~ pesyn&TaTe 6yJleT OTKpb!T BepXHHit (CT-1) HliH 

HH~HHit (CT-2) CTa6HliH38TOpbl TOK8 H 6yJleT IIpOHCXOilHTb liH60 sapHJl, 111160 

paSpS!:Il HHTerpHpy!OUlero KOHJleHCBTOpa. nerKO BHJleTb 0 ~TO CXeMa pa6oTaeT 

K8K paS.ItOCTHbilt HHTeHCHMeTp. Hs TeOpHH paSHOCTHbiX HHTeHCHMeTpOB HS

BeCTHO, qTO HaiipS!:~eHHe Ha HHTerpHpy!OUleM KOHileHCBTOpe CBS!:38HO C qaCTO-

TaMH Dt H D 2 IIOCTYIIB!OillHX Ha ero BXOJlbl CHrHBliOB ypaBHeHHeM: 

U(t) t R£ ( n
1 

Uo at 

r t 
- 02 

U o a2 · 

r 2 

t 

) ( l - e- ""ii""fC 

rile R £ - sKBHBaneHTHOe corrpOTHBneHHe, myHTHPYJOUlee HHTerpupyJOmHlt KOH

JleHcaTop, a t H a 
2 

- K09$!fJHUHeHTbl rrepeJlaqH IIO TOKY TpaHSHCTOpOB Bepx

Hero ( CT-1) H HH~Hero ( CT -2) cTa6HnHsaTopoB ToKa, r 1 H r 2 - corrpo

THBneHKH, orrpeJleliHIOUlHe aMIIliHTYilY TOKa 38pS!:Jla-pa3pS!:Jl8 IlpH HMIIYllbCHOM 

H8IlpH~eHHH lJ 0 Ha BXOJle, 

eMKOCTb KOHJleHCBTOpa. 

EcnH 

TO 

u ( t) .. T 

a 
~ 

r t 

R£ u 
0 

T - JlliHTen&HOCTb UHKna sapHAa-paspHJla, C -

a a 
!l-- = -

r 
2 

r 

t - ----
a 

( n - - n ) ( l a e ) 
r I 2 

- e 

TaKHM o6pasoM, HaiipH~eHHe Ha HHTerpHpY!OUleM KOHJl8HC8T'ope 6yJleT HSMe

HS!:TbCS!: rrpOIIOpUHOH8llbHO pa3HOCTH CKupOCTeit cq~Ta perrepHbiX HMIIyllbCOB "cne

sa" H "crrpaBa" OT rpaHHUbl 0 ycTaHOBlleHHOit Ha CXeMe cpaBH8HHS!: KOilOBo 

0JlHaKO aTa saBHCHMOCTb HenHHellHaH. HenHHellHOCTb o6ycnosneHa myHTHPYJO

UlHM lleltcTBHeM corrpoTHBneHH.II Re , B pesyn&TaTe KOToporo rroSJBnHeTcH: 

saBHCHMOCTb H OT cyMM8pHOit•, ~aCTOTbl CllellOB8HHS!: penepHbiX HMITY llbCOB. 

noaTOMY o6b!~HO cxeMy CTpOS!:T TaK, qTQ6bi o6ecrreqHTb M8KCHM8llbHO B03MO~-

HOe "Re 
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:s: 

0.. 

B OI!HCbiBaeMOi!: CXeMe B Ka"i9CTBe CTa5HnH3aTOpOB TOKa HCI!Onb .:JYJOTCSI 

KpeMHH9Bbl9 TpaH3HCTOpbl 2T30 I l T9} H n 106 ( T 10}. )!(enaTenbHO, "iT06bi 

J KO STHX TpaH3HCTOpOB 6binH paBHhlo l1HTerpHpyJOIIIHi!: KOH.ll9HCaTOp 3T0-2 

(300 MK~ 25 B) OT5HpanCSI H3 5onbiiiOi!: rrapTHH H HM99T TOK yTe"iKH ~10-7a. 

TpaH3HCTOPhi T12 - TI6 (Bee 2T301} o5pa3yJOT 6y~epHbii!: KacKa.o, rrpellCTaB

nSIJO!llHll: co5oi!: COCTaBHOi!: 9MHTTepHbli!: I!OBTOpHTenb C llHHaMH"i9CKHM BXOilHblM 

corrpoTHBneHHeM ~ 50 MOM. BxollH09 corrpoTHBneHH9 an 1!0 I!OCTOSIHHOMY TOKY 

eme Bhillle H orrpellenSieTCSI TO"iHOCTbJO 6anaHCHpOBKH BXOila corrpoTHBneHHeM R * . 
c I!OMOIIIbiO Tp8H3HCTOpGB T8 ( TI416} H T 11 ( 2T30 1) I!Oilll9P)KHBaeTCH 

I!OCTOSIHHOe Ha!!pSI)K9HH9 I!HTaHHSI CTa6HnH3aTopoB TOKa 1 BHe 38BHCHMOCTH OT 

Ha!!pSI)K9HHSI Ha HHTerpHpyJOIIIeM KOHil9HCaTope. YKaaaHHbie M9pbl 1!03BOnHnH 

yMeHblllHTb 3aBHCHMOCTb KOppeKTHpyJOutero Ha!!pSI)K9HHH OT "iaCTOTbl I!OCTYil

neHHSI sTanQHHhiX HMrrynbcoa. MaKCHManbHoe "crronaaHHe"' perrepHoro rrHKa 

38 C"i~T pa3pSI.Oa HHTerpHpyJOIIIero KOHil9HCaTopa !!pH BhiKnJO"i9HHH KOMaHilhl 

~a3pelll9HH9 CTa6HnH3aUHH" COCTaBnSieT 1 KaHan 3a 3 MHHo nHal!a30H H3MeHe

HHSI KOppeKTHpyJO!llero Ha!!pSI)K9HHSI Ha BbiXOil9 SI"i9i!:KH CTa5HnH3aUHH 0 of + 10 B. 

CKopocTb H3MeHeHHSI KoppeK THpyJOmero HarrpSI)K9HHSI 1 orrpellenSieMaSI· HMrrynbc

HhiM TOKOM CTa5HnH3aTopoB TOKa H llnHT9nbHOCTbiO CHHXpOHH3HpyJOIII9rO HM

rrynbca, pacc"iHThiBanacb TaKHM o5pa3oM, "iT05bi rrpH rronHoM cornacoBaHHH 

SI"ieti:KH c yrrpaBnSIJO!llHMH BXOilaMH AUn H nn CHrHan "KoppeKUHH" 5bm paBeH 

0, 1 KaHana Ha Ka)Kllblll: HMI!ynbC CTa5HnH3aUHHo flpH STOM YlllHpeHHe I!HKOB 

3a C"i~T CHCT9Mbl CTa5HnH3aUHH 5yll9T M9Hblll9 1%/6/ 1 a CKOpOCTb OTpa5oT

KH "paccornaCOBaHHSI" I!pH "iaCTOTe I!OCTynneHHSI HMrrynbCOB f3l1 - 50 ru 

6yll9T HaMHOrO !!p9BhllllaTb O)KHJlaeMyJO CKOpOC~b Bp9M9HHOrO llpei!:~a xapaKT9pH-

CTHKHo 

H) l1aMepeHH9 M9pTBOrO Bp9M9HH KO.OHpOBIIIHKa CTpenO"iHhlM npH5opoM 

TaK KaK KOilHPOB!llHK o5bi"iHO pa6oTaeT rrpH H3MepeHHSIX HerrocpellCTB9HHO 

Ha llY"iK9 yCKOpHTenSI M3l1, TO HMnynbCbl aHanH3HpyJOTCSI TOnbKO BO BpeMSI 

"pa50Tbl" CaMoro yCKOpHT9nSI H "MepTBOe' Bp9MSI KaK 5b! MOilynHpoBaHO UHK

noTpOHOMo Ho npH HaCTpoi!:Ke ycKopHTenSI Ha onpelleneHHYJO HHTeHCHBHOCTb 

BbiB91l9HHOrO lly"iKa M9HSI9TCSI "iaCTOTa I!OCbinOK MOilynSITOpa H HX CKBa)KHOCTb 1 

I!OSTOMY OKa3biBaeTCSI H9B03MO)KHblM HCI!Onb30BaTb B H3MepHTene HHTerpaTop 

05bi"iHOrO THna. nnSI H3MepeHHH " M9pTBOrO"' Bp9M9HH 5bma H3rOTOBneHa 

~ 

21 
/7 

~ 



, I 

\~ 

CXeMa, rrpencTaBneHHaSI Ha pH Co 8, l1MrrynbCbl "MepTBOro" BpeMeHH, IlOCTyiiaJO

WHe aa sxon cxeMbi, cpopMHpyiOTCSI no aMnnHTyne cpa30HHB9pTopaMH T 1, T2, 

T3 H HHT9rpHpy9TCSI aa eMKOCTH C. HanpSI)I{9HH9, no KOToporo 3apSI)I{a9TCSI 

KOHJl9HCaTop C, q9p93 COCTaBHOA 9MHTTepHhlA IIOBTOpHT9nb (T4-T7) C 6onb

mHM BXOJlHbiM COITpOTHBn9HH9M H3M9pS19TCSl H9ITOCp9JlCTB9HHO CTpenoqHblM 

npH6opoM. Oco6eHHOCTbJO CX9Ml>I SlBnSl9TCSl To, qTo eo epeMSl BbiKnJOq9HHSl 

Bq CHrHana UHKnoTpOHa 3aiTp9Wa!OTCSI H 3apSIJl, H pa3pS!Jl H8KOITHT9nbHOft eM

KOCTH C H 9TO nep9M9HH09 1 B ITpHHUHITe, Bp9MSI K8K 6bi HCKnJOqaeTCSl H3 

H3M9peHHSl. CorrpoTHBneHH9 R * BbmonHSI9T Ty )1{9 ponb, qTo H conpoTHBn9HH9 

'R * B CX9M9 Siq9ft)(H CTa6HnH3aUHH ( CM, pH C. 7) • 

V. HacTpoAKa H npos9pKa pa6oThl CllB09HHoro 

KO)lHpOBWHKa 

~CITOnb30BaHH9 KOJlHpOBWHKa JlnSl pelli9HHSI 3a)laq, Tp9by~WHX ObHapy

)1{9HHSI 9JlHHHqHblX HMITynbCOB B HHT9p9Cy!OW9il: HaC o6naCTH Ha JlByXM9pHOM 

none perHC'PpaUHH npH 6onblliOM qHCn9 BOo6me 3aperHCTpHpOBaHHbiX HMnynbCOB, 

noTp96osano aoeoro nonxona K npoB9pK9 aaJl9)KHOCTH H 6e3omH6oqaocTH pa-

60Tbi KOJlHpOBWHKa, l1cnOnb30BaTb 3Jl9Cb o6brqHbl9 M9T0Jlbl npOB9pKH 1 Korna 

CTaTHCTHq9CKH pacnp9Jl9n9HHbi9 BO Bp9M9HH HMnynbCbl HMHTHpy!OT pa6oqHe 

ycnOBHSI JlnSI Ka)KJlOrO TpaKTa, OKa3anOCb SIBHO H9JlOCTaToqHb!Mo qp93Bb!qail:HO 

Tpynao BhrnenHTb Manoe qHcno onm6oqao o6pa6oTaHHbiX HMnynbcoe aa tjloH9 

o6mero qHCna 3aperHCTpHpOBaHHblX HMnynbCOB, T,K, JlnSI 9TOrO qHCnO OlliH60K 

nomKHO, ITO KpaftH9H M9pe, npeBbilliaTb CTaTHCTKq9CKYIO OlliH6Ky OT npaBHnbHO 

3ap9rHcTpHpoeaHHbiX B naaaoil: o6nacTH HMnyJJbcoe. TaK, MO)I{HO o6aapy)I{HTb 

OlliH6Ky t ITOBTOpS!!OWYIOCSI H9 p9)1{9 1 q9M HeCKOnbKO pa3 3a CeKyHJlY • Korna )1{9 

peqb HJl9T 0 aeo6XOJlHMOCTH H369)1{8Tb Il0Il8Jl8HHSI B HHTepecyJOWYIO H8C 

o6nacTb cneKTpa enHHHqHbiX omH6oqHbiX HMnynbCOB 3a H9CKOnbKO qacoB pa6o

Tbi CHCTeMbi, TO TaKH9 M9TO!lbl nposepKH SIBnSIIOTCSI SIBH.O Hey!lOBn9TBOpHTenb-

Hb!MH. 

0mH6KH qame BC9ro B03HHKaJOT H9 B aaanoroBbiX uenSix, a npH on9pa

UHSIX c UHtjlpoeoA HatjlopMaUH9A. Ebrna np9JlnO)I{9Ha H onpo6oeaaa MeTOJlHKa 

JlBYXM9pHOrO aaanH38 C06b!TH:II:, IT03BOnHBlli8Sl 6b!CTpO OTna)lHTb KOJlHpOBWHK 
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Sl Ha pHCe 8. l1MrrynbCbl 'MepTBOro" BpeM9HH 1 IIOCTYII810-

¢opMHpy!OTCSI rro aMrrnHTyJie ¢aaoHHBepTopaMH T 1, T2, 

Sl Ha eMKOCTH C. HarrpSI)!(eHHe, JlO KOToporo aapSI)!(aeTCSI 

cocTaBHOH 9MHTTepHbifi IIOBTOpHTenb ( T4-T7) C 6onb

OTHBneHH9M H3M9pS19TCSI HerrocpeJICTBeHHO CTpenO'iHhlM 

CTbiO cxeMbl SIBnSieTCSI T0 1 'iTO BO BpeMSI BbiKnroqeHHSI 

aarrpemaJOTCSI H aapSI)l 1 H pa3pS1Jl HaKOIIHTenbHOfl: eM-

., _ --..-------- • • Obi HCKnroqaeTCSI H3 

HHe R * BbJIIOnHSieT Ty )!(e ponh, 'iTO H corrpoTHBneHHe 

CTa6HnH3aUHH ( CMe pH C. 7) • 

H rrpoBepKa pa60Thl C)lBOeHHOrO 

KO)lHpOBlliHKa 

e KO)lHpOBlliHKa JlnSI pemeHHSI 3a)la'i 1 TpebyJOlliHX ObHapy

HMIIynbCOB B HHTepecyJOmefl: HaC oonaCTH Ha JlBYXMepHOM 

'IHCne B006me aaperHCTpHpOB8HHbiX HMIIynbCOB1 

rrpoBepKe Ha)le)!(HOCTH H 6eaomHOO'iHOCTH pa

OObl'iHbie MeTOJlbi rrpoBepKH, Koraa 

rrpeaeneHHbie BO BpeMeHH HMIIynhCbl HMHTHpyiOT paoO'iHe 

TpaKTa 1 OKaaanOCb SIBHO H9)lOCTaTO'iHbiM. t.fpe3Bb!'laii:HO 

anoe <JHCnO OH!H60'iHO oopaooTaHHbiX HMIIynhCOB Ha <jloHe 

TpHpOBaHHbiX HMIIynbCOB1 T.K. JlnSI 9TOrO 'iHCnO OlliHOOK 

Mepe, 1Ip9Bbilli8Tb CTaTHCTH'i9CKYJO omH6Ky OT IIpaBH'nhHO 

B )laHHOii: o6nacTH HMIIYilbCOB. Tax, MO)!(HO ooHapy)!(HTb 

SI He pe)!(e, qeM HecxonhKO pas aa cexyHay. Koraa )!(e 

XO)lHMOCTH H30eJoKaTb IIOIIa)laHHSI B HHTe pecyrouryro HaC 

JlHHH'iHbiX OmH60'iHbiX HMIIynhCOB aa HeCKOnbKO 'i8COB pa6o

H9 M9TO)lbl IIpOBepKH SIBnSIIOTCSI SIBHO HeyJIOBneTBOpHTenb-

Bcero B03HHKaJOT He B aHanoroBbiX uerrSIX, a rrpH orrepa

HH<jJopMauHeil:. Ebrna rrpeano)!(eHa H orrpoooBaHa MeTOJIHKa 

a co6biTH11: 1 rroaBonHBlllaSI ObiCTpo oTnaJIHTh KOJlHpoBliiHK 
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H rrpoBepHTh ero paOOTY B yCllOBHHX anHTellbHOrO 8KCITepHMeHT8, B OCHOBe 

MeToaa aByxMepaoro aaannaa ne*HT paaaeneane MeeT perncTpaunn rrpaBHllhHo 

o6pa60T8HHbiX C06biTHH H C06biTHil:,, o6pa60T8HHbiX C OlliH6Kofi, rrpH'IeM ITO aape

cy perHCTp8UHH HerrpaBHllhHO o6pa60T8HHOrO C06biTHH MO*HO OaH03H8'IHO 

cyaHTh 0 MeCTe B03HHKHOBeHHH OlliH6KH 0 a ITO 'IHCny H8KOITneHHbiX "OiliH60'I

HbiX" HMITYllhCOB - 0 'I8CTOTe ITOBTopeHHH c6oeB, OpoBepKa pa60Tbl y3110B 

crreKTpOMeTpH'IeCKHX Tp8KTOB KOaHpOBiliHKa rrpOHCXOaHna B HeCKOllhKO 8T8ITOB, 

Ope*ae Bcero rrpoBepHnach rrpaBHnbHOCTb perncTpaunH KoaoB aapecoB B rraMH

TH aaanH38Topa A¥!-4096, .Qng STOrO C noMOIUhiO ST8llOHHOrO HCTO'IHHKa paano

aKTHBHOrO H3ny'IeHHH HMHTHpOB8llHCh pa60'!He ycnoBHH OllHOrO H3 CITeKTpOMeT

pnqeCKHX Tp8KTOB KOaHpOBiliHKa, Ka*abiH pa3pHa nepBOH8'I8llhHOrO aapeca 

H8 KOMMyTaTope "paaaBaHB8llCH" H nepeaaB8llCH anH perHCTpaUHH B naMHTb 

aaannaaTopa oaHOBpeMeHHO K8K aBa pa3pHaa ( MiaamHil: -i H CT8piiiHH - j 

ITO CBOHM K8HanaM CBH3H, EcnH Bbi6paTh 

+ 
K 

2 

K 
rae i = l , 2, 3 ... -, K - paspHaaocTb naMHTH ( K = 12 anH AH-4096), 2 . -TO n106aH npaBHnhHO 38perHCTpHpOB8HH8H HH¢opM8UHH 6yaeT 38ITHC8H8 Ha 

"anaroaann" asyxMepaoro rronH perncTpaunn, T,e, B gqeil:Kax c aoMepaMH 

N = 65x £ + l • 

rae £ = 0,1,2 .... ,63, 

fl106oe rroHBneane aaperncTpHpoBaHHhiX HMrrynhcoB BHe "anaroaann" 

CBHileTenbCTByeT 0 c6oe npH perHCTp8IIHH, Oo anpecy aenpaBHnhHO 3aperHCTpH

pOB8HHOrO HMITynhC8 nerKO H8HTH MeCTO C60H B aaanH38TOpe, npH'IeM HMeHHO 

B aaannsaTope, T,K, ni06bie B03MO*Hbie c6on B pa6oTe ysnoB caMoro cneKTpo

MeTpnqecKoro TpaKTa ae MoryT nepeMeCTHTh HMnynhc H3 "anaroaann", .Uanee 

rrpoBepHnach pa6oTa TpnrrepoB perncTpoB perncTpaunn, Pa6oTa perHcTpa 

perHCTp8UHH K8K C'I~T'IHK8 HMITynhCOB uyra CKnaabiB8eTCH H3 HeCKOnhKHX 

orrepauntl: 

1 ) YCT8HOBK8 B COCTOHHHe "0" BCeX TpHrrepoB perHCTpa; 

2) yCT8HOBK8 B COCTOHHHe "1" Bhl6paHHhlX TpHrrepoB H 

::S} rrocneaosaTenhHbifi aBOH'IHbiil: rrepecq~T HMrrynhCOB uyra. 

24 
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MeTOAOM asyxMepaoro aaannsa OKasanoch B03MO*HbiM nposeJ: 

speMeHHYID rrpaBHllhHOCTh pa60Thl TpHrrepoB perHCTpOB perHCTpaU 

cTaanHx. nposepKa rrpaBHnhHOCTH rrepecq~Ta. 3arrperuanach rroa~ 

"yCT8HOBK8 B "0' H 'yCT8HOBK8 B "1' H8 ¢opMHpOBaTenH ycTaH 

n "1 '. l1MrrynhCbi uyra oaaoro H3 AUn rroaasannch oaaospeMeJ 

p Per, nepBbie HllH mo6bi9 apyrne oaHH8KOBbi9 6 pa3pSIAOB K 

BbiXOAHhiX KOaOB o6pa30BhiB8llH, KOA ABYXM9pHOI'O aapeca perHcT: 

KaK nepea aaqanoM perncTpannn see Tpnrrephl P Per ycTaHasnnsa 

TO rrpH rrpaBHllbHOM rrepecq~Te HMITYllhCOB uyra TpHrrepaMH perHC1 

co6biTHil: senach orrHTh-TaKH B 'anaroaanh'. Ecn~ *e s TaKoM I 

60Th! npOH30AaeT XOTH 6hi OAHH c6oft, TO BCH AanbHeAruaH perHCT] 

HJlTH B "nHHHIO', rrapannenhHYIO 'llHSI'OHanH' o no paCCTOHHHID OT 9' 

ao "nnaroaann' MO*Ho onpeaenHTb MecTo (paspHn), rae STOT c6oA 

.UnH nposepKH npasnnbHOCTH ycTaHOBKH 8 '0" Tpnrrepos pernc 

paUHH paaperuanOCb rrpOXOlKJl9HHe KOMSHJlbi "'yCT8HOBK8 B "'0' H I 

npellhiilYIIlaH rrpoueaypa. "BbiMbiBaHne' HMrrynbcos H3 "anaroaann' 

CTByeT 0 HeKOppeKTHOft ycTaHOBKe B '0' 1 rrpnqeM H9ITp8BHllbHO 

Tpnrrep onHTb nerKo Hail:TH no aapecaM TaKHX HMrrynbcos, nocne 

sanocb aHanorH'IHbiM o6paaoM rrposepHTb ycTaHOBKY ·a "1". 3aTeM 

pa6oTa scero KOAHpOBIIlHKa ITOllHOCTbiDe l'fMITYllbCbi C aeTeKTOpf 

noaasanHcb Ha o6a ycnnnTenH cneKTpoMeTpH'IeCKHX TpaKTOB H sec 

KOaHpOBIIlHK pa6oTan ITO ITOllHOft rrporpaMMe, PerHCTp8UHH npaBHn: 

T8HHblX HMITynbCOB npOHCXOaHT B o6naCTH
1 1 6nH3KOA K "anarOH811H' 

nposepKe CJlBOeHHbiil: aMMHTYJlHbiA KOJlHpOBIIlHK aasan 10-15 cnyqaE 

UHH ITO OIIIH60'IHbiM aapecaM H8 5• 106 3aperHCTpHpOB8HHblX C06biTH: 

Heft aarpysKe no BXOilY 400-500 HMIT/CeK, MecTopaCIT011Q)K9HHe ! 

H8 asyxMepHOM none perHCTpaUHH JlOBOllbHO ITOCTOSIHHOo Hau6one• 

npH'IHHa B03HHKHOBeHHSI OIIIH60K - H90AHOBpeM9HHOCTb OKOH'I8HHS 

oaHOBH6paTOpOB B cxeMaX nn 138 C'I~T qero HanaraiOIJlHeCH apyr Ha 

Hb!e HMITYllbCbl perHCTpHpyiDTCSI K8K OIIIH60'IHO 38KOJlHpOB8HHb!e, 

CasoeHHbiA aMITllHTyaHb!A KOAHPOBIUHK XOpOIIIO aapeKOMel 

rrpn rrposeaeHHH $H3H'IeCKHX sKcrrepnMeHTOB, Ha pnc. 9 B Kaqec· 

npnBeaeH OllHH H3 rronyqeHHbiX s pa6oTe/ 1/ asyxMepHbiX crreKTJ: 
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ero pa6oTy B ycnOBHHX anHTenbHoro aKcrrepHMeHTa, B ocaoee 

pHDI'O aHaJIH38 Jl8*HT p83U8JI8HH8 M8CT perHCTp8UHH rrpaBHJlbHO 

X co6biTHif H C06biTHif, 1 06pa60T8HHbiX C OIIIH6Koif1 ITpHT.J8M ITO aape

H8ITp8BHJlbHO o5pa60T8HHOI'O COOhlTHH MO*HD OUH03H8'1HO 

B03HHKHOB8HHH OWMOKM 1 a ITO 'IMCny H8KOITJ18HHhlX "oWMOOT.J

OB - o T.JacToTe rroBTopeHMH c6oee, ITpoeepKa pa6oTbi y3noe 

eCKMX TpaKTOB KOUHpOBiliMK8 ITpOHCXOUMJia B H8CKOJlbKO 8T8ITOB, 

0 rrpoBepHJI8Cb rrpaBHJlbHOCTb perHCTp8uHH KOUOB 8Up8COB B IT8MH

pa AJI!-4096, flnH 3TOI'O C ITOMOllibiO 3T8JIOHHOI'O MCTO'IHHK8 p8UI!O

yqeHHH HMI!THpOB8JIHCb p800'IM8 YCJIOBHH OUHOI'O H3 CIT8KTpOM8T

TOB KOUHpOBIIIMKa, Ka*UbiH pa3pHU rrepBOH8'18JlbHDT'O aapeca 

H rrepeaaBaJICH UJIH perHCTp8UMM B IT8MHTb 

OUHDBpeMeHHO KBK UBa pa3pHU8 ( MIT8UIIIHH - i M CT8plliMH - j 

K 
'2' 

EcnM Bbi5paTb 

+ 
K 
2 

K - pa3 pHaHocTro rraMHTM ( K = 12 anH A l1-4096), 

8BHJlbHO 3aperHCTpMpOB8HH8H MH¢DpM8UMH 6yneT 38ITMC8H8 Ha 

llBYXMepHOT'O ITOJIH peT'MCTp8UHM, T,e, B H'lefiKaX C HOMepaMM 

N = 65x Jl +1 ' 

ITOHBJieHHe 3aperMCTpMpOB8HHbiX MMITYJibCOB BHe "UMBT'OHBnM" 

o c5oe rrp11 peri!CTpauHH, ITo aapecy aerrpaBI!JibHO 3aperl!cTpH

HaiiTM MeCTO COOH B 8H8JlM38TOpe, ITpHT.JeM HM8HHO 

1 T,K, JII06bi8 B03MD*Hbie COOH B pa5oTe Y3JIOB C8MOI'O CIT8KTpo

He MoryT rrepeMeCTHTb HMITyJibC H3 "UH8I'OH8JIH", flanee 

pa6oTa TpMrrepoB perMcTpoB perMcTpaUMM. Pa5oTa perMcTpa 

KBK C'leT'IMKa MMITYJibCOB uyra CKJI8JlbiB8eTCH M3 HeCKOJlbKMX 

HOBKa B COCTOHHMe "0" BCeX TpHrrepoB perMCTpa; 

HOBK8 B COCTOHHMe "1" Bbi6paHHbiX TpMrrepoB M 

eaoBaTeJibHb!H UBOM'IHbiH rrepec'leT MMITYJibCOB uyra, 

24 ...,. 

MeTOJlOM llBYXMepaoro aHaJIH3a oKaaanocb B03MO*HJ:>IM rrpoaepi!Tb JlO~ro

apeMeHHYJO npaBHJlbHOCTb pa60Thl TpMrrepoB perHCTpOB periiCTpaUIIII H8 BCeX 

cTSJliiHX. ITpoaepKa rrpaBIIJibHOCTII nepec'I~Ta. 3anpemanacb nonaqa KOMSHJl 

"yCT8HOBK8 B "0" II "yCT8HOBK8 B "1" H8 ¢opMIIpOB8TeJIII YCT8HOBOK B "0' 

M "1'. l1MnynhCbi uyra onHoro H3 AUIT noaaeanHcb onHoepeMeHHO Ha nea 

P Per. ITepBbie HJIH JIJ06bie JlpyrHe O.llHHSKOBbie 6 pa3pH.IlOB K8)K.IlOro 113 

BbiXO.IlHbiX KOJlOB o6pa30BbiBBJIH, Kon JlBYXMepHoro anpeca perHcTpaUHHo TaK 

KaK nepeJl Ha'lanoM perllcTpall:HII see Tpllrrepbi P Per ycTaHaBnlleanHCb B •o•, 
TO npH rrpaBIIJlbHOM rrepeC'I~Te HMnyJibCOB uyra TpHrrepaMII periiCTp8UIIH BC8X 

C06b!TIIi!: B9Jl8Cb onHTb-T8KH B 
6

JlH8I'OH8Jib", Ecn~ )Ke B T8KOM pe*HMe pa

OOTbl rrp01130i!:JleT XOTSI 6bi O.lliiH c6oi!:, TO BCH .ll8J1bH9i!:WaH pei'IICTp8UHH 6yaeT 

H.llTII B "nHHIIJO"', napannenbHYJO • aHaroHanH"'. ITo paccToHHIIJO oT aToA "'nHHIIII" 

UO '.llii8I'OH8Jlll
6 

MO*HO onpeJl9JIHTb MeCTO ( paapH.Il) 1 I'Jl9 9TOT c6oA np01130lli9Jlo 

llnH rrpasepKII npaBIIJibHOCTH ycTaHOBKH 8 "'0"' Tpllrrepoe perHcTpa perHcT

paUIIII paapewanOCb npOXO*.Il9HIIe KOM8H.Ilhl "yCT8HOBK8 B "'0"' II ITOBTOpHJ18Cb 

rrpeJlbiUYIII8H npoue)lypa. "Bb!MbiB8HRe"' HMnynbCOB H3 "'.llH8I'OH8JIH"' CBH.Il9Tenb

CTByeT 0 HeKoppeKTHOi!: ycTaHOBKe B "'0", npH'19M H9ITp8BHJlbHO pa60T810IIIHA 

Tpllrrep orrHTb nerKo Hai!:TH no aapecaM TSKHX RMnynbcoe, ITocne aToro ocTa

aanocb aHanorR'IHbiM o6paaoM rrpoeepHTb ycTaaoeKy B "'1"'. 3aTeM npoeepsnacb 

pa6oTa BCero KO.IlHpOBIIIHK8 nOJIHOCTbiOo l1MnyJibCbl C ,lleTeKTOpa H3JIY'I9HHH 

ITOU8B8JIHCb H8 o6a YCHJIHT9JIH CIT9KTpOM9TpH'19CKHX Tp8KTOB H BeCb CJlBOeHHbiA 

KOUMpOBIIIHK pa6oTan no nonaofi nporpaMMe. PerRcTpauRH npaBRJibHO o6pa6o

T8RRbiX RMrrynbcoe npoRcxonRT B o6naCTR
1 

, 6nR3Koi!: K "'aRaroaanR'. ITpR TaKoi!: 

rrpoaepKe C.llBOeRHb!l!: aMITJIHTY.IlHblfi KO.IlRPOBIIIHK .ll8B8J1 10-15 cnyqaeB perRCTpa

UIIH no ow116oT.JHbiM aapecaM aa 5• 106 aaperllcTpllpoeaRRbiX co6biTIIi!:, rrpH cpell

Hei!: 3arpyaKe no exony 400-500 RMn/ceK. MecTopacnono:>KeHIIe aTIIX owR6oK 

H8 llBYXMepHOM none perRCTp8UHH .llOBOJibHO nOCTOHHHOo HaH6onee BepOHTH8H 

rrpR'IIIH8 B03HHKHOBeHRH OWH60K - H90.1lHOBpeMeHROCTb OKOH'18HHH HMITYJibCOB 

OllHOB116paTopoe e cxeMax nn ,sa C'I~T qero aanaraJOmllecs Jlpyr Ha apyra exoJl

Rbie IIMITyJibCbl periiCTpllpyJOTCH K8K OWIIOO'IHO 38KOJlllpOB8HHbi9, 

CnaoeHHbii!: aMrrnHTyJlHhifi KO.IlRPOBIIIRK xopowo 3apeKoMeHaoean ce6s 

rrp11 npoaeneHHR !jJR311'1ecKIIX aKcrrepiiM9HToB. Ha pHc. 9 B KaT.JeCTBe npRM¢pa 

rrpRBe)leH O.lliiH H3 rrony'leHHbiX B pa6oTe/ 1/ UByXMepHbiX cneKTpOB, 
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Pac. 9. nByXMepHbiH cneKTp, noJiy'lel!Hblll B 8KcnepHM9HTe npH o6nyqeHHH 

MIUI18HH H3 232 Th HOHaMH 22 Ne /1/, OnowaJJh Ka)KJJQT'O 3aqepH9HHOT'O Kpyra 

nponopUHOHaJihHa KOpHID KBaapaTHOMy H3 'IHCJia OTC'!eTOB B KaHane, 
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B 3aKJIID'I9HH9 aBTOpbl Bblp8)K8IDT 6naroJJapHOCTh n.n. YeJIHC 

UOJI93Hhl9 06Cy)KJJ9HHH H UOMO!llh B pa6oTe, 

flHrepa.rypa. 

I. A,G. Artukh, V,V, Avdeichikov, J, Era, G,F', Gridnev, V.L. !I 

v.v. Volkov, JINR Preprint, E?-4857, Dubna, ~969. 

2. H. na.Hr, B. H. Ba.Ka.TOB, H. 3pe. IIpeiipHHT OHRH p 10-4587, ll.yt 

3. M.H. ll.pa.JKeB. Aaropef!epa.r aHccepTBUHH HB coHcKBHHe yqijHoR 

KBHJ1H/1BTB reXHH<leCKHX HBYK• 0J1.HJ1, lJ.y6HB 1 1 988, 

4. a.r. J1Ma.eB H ap. lipenpHHT Ol1.fl_l1 p 10-3332, .[ly6HB, 1987 

5. A.r. rpa.qijB, c.c. KHpHnnoB. lipenpHHT 011RI1, 1822, lJ.y6J 

B. B.l1. lipHxoabKo, B.r. THillHH. lipenpHHT OI1RI1, 2707, £1y61. 

7. c.r. Ea.cHna.aae. nTa, 1888, M5, 123. 

B. n.II. llenHOKOBo AaropecjJepa.T JlHCcepTBUHH H8. COHCKBHHe yqeHOJ 

KBHJlHJ1BTB TeXHH<leCKHX HBYK• 0J1.flJ1, .[ly6HB1 1988, 

PyKonac& nocTynana B aanaTen&cKHA oTnen 

3 iiiOBll 1970 rona. 
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Th HOHaMH 2 2 Ne Ill. nnomaab KalK,[Ioro saqepHeHHoro Kpyra 

KOpHID KBa,l:lpaTHOMy H3 'iHCJia OTC'ieTOB B KaHane, 
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B 38KJIJO'ieHHe aBTOpb! Bbipa:lKa!OT 6naroaapHOCTh n.n. 4eJIHOKOBY sa 

IIOJie3Hbie 06CylK,QeHHH If IIOMOWb B pa6oTe, 

nHTepaTypa 

1. A.G. Artukh, v.v. Avdeichikov, J. Era, G.F'. Gridnev, V.L. Mikheev, 

V. v. Vo.lkov. JINR Preprint, E7- 4857, Dubna., 1.969. 

2. H. nasr, B. H. BaKBTOB, fl. 3pe. llpeiipHHT OHH/1 p 10-4587, .ayoHa' 1969. 

3. M.H. ,apaJKeB. ABTOpet/JepaT .QHCCepTBUHH HB CDHCKBHHe Y'I~HOJl CTeiieHH 

KaH.aH.aara rexHH'IeCKHX HByK. OHHH, .ay6sa, 1 968. 

4. a.r. HMaeB H Jlp. llpeiipHHT OHH_H p 10-3332, .ay6sa, 1987 • 

5. A.r. Tpa'I~B, C.C. KHpHnnoa. llpenpHHT OHHH, 1922, ily6na 1 1985. 

6. B.H. llpHxo.ahKo, B.r. THwHn. llpenpHHT OHHH, 2707, fly6na, 1988 • 

7. c.r. EacHnBJl3e. nTa, 1988, M5, 123. 

B. n.n. 'lfenHOKOB. AaroperjlepaT .aHccepTBUHH HB COHCKBHHe yqesoJl cTeiieHH 

KBHJlHJlBTB rexHH'IeCKHX sayK. OHHH, ,ay6sa, 1989. 

PyKonHcb nocTynHna B Ha~aTen&CKHA oT~en 

3 i!IORB 1970 ro~a. 
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