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CHHXpo-

Toro1 HMe-

nynbCHpy!OLUHA pe)I{HM pa60Tbl CHHXpOUHKnOTpoHa onpellensieT 6onee )l{eCTK1e 

Tpe60B8HHSI K pa3peW810LUeMy BpeMeHH perHCTpHpyiOWel\ annapaTypbl no cpasHeHHIO c 

Tpe60B8HHSIMH npH pa60Te C Henpepb!BHbiM HCTO'IHHKOM H3ny'!eHHSI TOft )l{e HHTeHCHBHOCTII, 

8 TO )l{e BpeMH HanH'!He nay3, HMeiOLUHX 3H8'1HTenbHO 6onbWYIO llnHTenbHOCTb, qeM Bpe-

MeHa H3ny'leHHSI 1 OTKpb!B8eT nyTH K HeKOTOpOMY ynpoweHHIO 

paTypbi. CornacosaHae pa6oTbi peracTpapy10rueA annapaTyphi c uaKnoM CHHxpoUHKnoTpo-

H8 B pHlle cnyqaeB MO)I{eT 3H8'lHTenbHO yny'lWHTb ee B03M0)1{HOCTH. 

8 H8CTOSILUee BpeMSI onHC8HO HeCKOnbKO KOHCTpyKUHA aMnnHTY llHbiX H BpeMeHHbiX 

8H8nH38TOpOB 1 B 6nOK8X H8KOnneHHSI KOTOpbiX HCnOnb3yiOTCSI 3anOMHH810LUHe ycTpoA

/1 2 3 4/ 
CTBa Ha noTeHuaanocKonax ' • ' • 

0aHHM H3 OCHOBHbiX HellOCT8TKOB 38nOMHH810lUHX ycTpOACTB H8 aneKTpOHHo-ny

'leBbiX UpH60p8X HBnHeTCSI He06XOllHMOCTb nepHOllH'!eCKOrO BOCCT8HOBneHHSI Xp8HSILUHX

CSI ll8HHbiX. 80 BpeMSI pe)I{HM8 BOCCT8HOBneHHSI 1 KOTOpbll\ HHOrlla 38HHM8eT 110 20% 

pa6o'lero BpeMeHH 1 perHCTp8llHSI UOCTynaiOLUHX HMnynbCOB npOH3BOllHTbCII He MO)I{eT, 

'ITO npHBOllHT K llOnOnHHTenbHbiM noTepSIM B C'leTe. flpH pa6oTe OT nynbCHpy!OITlero 

HCTO'lHHKa H3ny'leHHH 3TOT HellOCT8TOK MO)I{eT 6biTb ycTpaHeH. HaMH 6btn0 ocyme

CTBneHO cornacOB8HHe pa60Tbl 38nOMHH810LUero ycTpoil:cTB8 C pa6oTo.A CHHXpOUHKnOTpo-

Ha. Bo speMH H3nyqeHHH CHHXpOUHKnOTpOH8 npOH3BOllHTCII perHCTp8UHII no-

CTynaiOLUHX HMnynbCOBt BpeMII )l{e nay3bl OTBOllHTCSI llnH BOCCT8HOBneHHII .Xp8HIIUlHXCSI 

ll8HHbiX. Bso11 HOBbiX HMnynbCOB B 3anoMHH810LUee ycTpoil:cTso npoH3BOllHTCH cpa3y 

nocne HX UOCTynneHHSI. TaKOA pe)I{HM pa60Tbl o6ecne'IHB8eT T8K)Ke B03MO)I{HOCTb 

Henpepb!BHOrO Ha6nl01leHHSI 38 npOUeCCOM H8KOnneHHII ll8HHblX 6e3 llOnOnHHTenbHhiX 

noTepb B c'!eTe. Tpe6osaHae o npellOCTasneHHH aToll B03MO.iKHOCTH 'l8CTO BhillBHraeT-

CSI CO CTOpOHbl 3KCuepHMeHT8TOpOB. 

0nHCbJB8eMbiA pe)I{HM pa60Tbl 38UOMHH810LUHX VCTPOACTB H8 OOTeHlUfa;;ucKonax 

U03BOnHeT npHMeHSITb HX llnSI perHCTp8UHH H3ny'leHHSI He TOnbKO OT nynbCHpy!OLUero 
1 

HO H OT HenpepblBHOrO HCTO'lHHKa, 

nocKOnbKY UOTeHUH8nOCKOU HBnHeTCSI npH60pOM 1 cepHilHO BbiiTYCK8eMbiM npOMbiW-

neHHOCTbl0 1 6nOK H8KonneHHSI C noTeHUH8nOCKOUOM MO)I{eT 6biTb CllenaH B na6o-

paTOpHH 6biCTpee H C MeHbWeA 38Tp8TOA CHn, '!eM 6noK H8KOnneHHSI 1 HCnOnb3yiOLUHA 

s Ka'lecTBe 3anOMHHBIOLUero ycTpoAcTsa MaTpauy Ha cjleppHTOBbiX ceplle'IHHKax. Heo6-
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XO)]HMO OTMeTHTb TaK)he, 'ITO .UJlSI Henpepb!BHOro Ha6mo)leHHSI 38 npor\eCCOM HaKonne

HHSI )laHHblX nepHO)lH'leCKaSI 6nOKHpOBK8 BXO)la CHCTeMbl Tpe6yeTCSI H B 6noKe HaKOIIne

HHSI H8 ¢eppHTOBhlX cep)le'!HHKax. 

2. EnoK HaKonneHHSI 

CKeneTHaSI cxeMa pa3pa6oTaHHoro 6noKa HaKonneHIHI c 3anoMHHaiOUlHM ycTpoikT-

BOM Ha IIOT0HUI1anoCKone 113 o6pa)KeHa Ha pHC. 1, a BpeMeHHaSI )]HarpaMMa HMnynb-

COB B OT.UeJlbHb!X y3nax CXeMbl - Ha pHC. 2. KaK 11 06b!'IH01 )]JlSI KafK)]OrO KaHana 

OTBO)li1TCSI OT)l(!JlbHbiti BepTHKaJlbHbiH CTOJ16HK Ha MUWeHH IIOTeHnHaJlOCKona. 3allUCb 

'lHCc?Jl B KaHanaX npoH3BO)lHTCSI B .UBOH'lHOti CHCTeMe. 3anaiOIUHH reHepaTOp reHe-

pHpyeT HMllYJlbCbl C '!aCTOTOti 110pSI.UK8 100-200 KHnorepu. V13 9THX HMnynbCOB, ¢opMH

py!(lTCSI HMIIYJlbCbl noncneTKH. 0TKJlOHeHHe Jlyqa l!OTeHnHanOCKOna KaK no BepTHKanH, 

TaK H no ropH30HTaJ1H ocytt\eCTBJlSieTCSI C<>OTFlCTCTBYIOillHMH reHepaTopaMH pa3BepTKI1 1 

)lai01l\HM11 Han pSI :<KeHHe CTyneH'!aTOti rtlOpMbl; 3TO HanpSIIKeH11e IIO)laeTCSI Ha OTKJlOHSIIO-

lll11e nnaCTI1Hbl IIOTeHUI1aJlOCKOIIa. [ lpH BKJ1IO'leHHH IIO.UCBeTKH ny'l nonanaeT Ha TOT HJlH 

HHOH pa60'li1H 9JleMeHT MHIUCHH B 3aBUCHMOCTH OT COCTOSIHHSI reHepaTOpOB pa3BepTKH 1 

H npOHCXO)lHT rrpouecc C'lHTb!BaHHSI. 3HaK HMnynbCa, B03HUKaiOIUero Ha CHrHalibHOH 

nnacTnHe, 3aBHCHT OT Toro, 'ITO paH ·e 6bino Han11caHo Ha 9TOM yqacTKe. Hyn10 cooT

BeTcTsyeT OTpHUaTelibHbiH UMnylibC 1 a e.UUHHUe - IIOli0)K11TenbHblH. Bo3HHKaiOUlHH HM

nylibC 11MeeT aMIIJlHTY.UY IIOpS!.UKa MI1Jlfli1BOlibT 1 OH rrpOXO)lHT qepe3 CXeMy Hei\TpanH3a

UHI1 H ycHnHsaeTcSI ycHnHTeneM. B 38BHCHMOCTH oT 3HaKa nocTyrrHBIUero HMnynbca 11 

IIOJlOfKeHHH nepeKJliO'laTeJlSI pe)KI1Ma reHepaTop HMIIYJlbCOB 3aHHCH reHepHpyeT OTpHI\a

TeJlbHblH HJlH IIOJlOffiHTeJlbHhl.H HMIJylibC 1 KOTOpl.IH '-!epe3 CXeMy HeiiTpanHB8UHI1 nonaeTCSI 

Ha CHrHaJlbHYIO nnaCTHHy. 0TpHI\8TeJlbHhlH HMIIYJlbC COOTBeTCTByeT 3anHCH HYJ151 1 a rrono

fKH'J"eJlbHb!il. - 3an11cw e.aHHHUbi. CxeMa HeiiTpanw3al\HH nperrSITCTByeT nocTynneHI1IO HM

nynbCOB 3ani1CH 1 aMnJ111TY.Ubl KOTOpblX HMe!OT llOpS!JlOK .UeCSITKOB BOJlbT, Ha BXO)l ycHnH

TenSI. nocne OKOH'laHHSI npouecca 3aiiHCH no.ucseTKa abiKmoqaeTcSI, H nyq nepesonwT

CSI Ha cnenyiOillHH pa6o'-!11H 3JleM8HT MHlllCHH. 

KaK yiKe ynoMHHanocb, 6noK HaKonneHHSI HMeeT nsa peiKHMa pa6oTL>I: peiKHM 

BOCCTaHOBJlOHHSI ( nepe3aiiHCH) H peiKHM 38~HCH HOBOrO HMilYJlbC8. I I pH OTCYTCTBHH 

Ha sxone cwcTeMtoi HMnynbca, no.uneiKaiuero perwcTpauww, scerna ocyiLteCTBnSieTcSI 

pe)KHM BOCCTaHOBJleHHSI. 3TOT peiKHM H306p8iKeH B nesoti '!aCTH pHC. 2, IIpH'IeM 3a 

T.e. Ha 

¢pOHTY 

ro 

npH 

onpe.uenge1 

mero 

c nepaoro 

HaXO.UHTCSI 



HaKorrne-

6noKe HaKorrne-

Ha OTKnOHSIIO-

IIOLlaeTCSI 

HynH, a rrono- I· 
I 

, Ha BXOLl ycHnH

H ny'l rrepeBO.[lHT-

pa60Tbi: pe)KHM 

llpH OTCyTCTBHH 

yll\eCTBflSieTCSI 

• 2, !IpH'leM 38 
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Ha'lanbHhiJi MOMeHT IIpHHSIT MOMeHT H8XO)K.[leHHS1 nyqa B neBOM HH)KHeM yrny MHWeHH 1 

T.e. Ha rrepsoM pa6oqeM aneMeHTe rrepsoro KaHana. YlMrrynbChl OT 3a.na10wero reHe

paTopa IIO.[laiOTCSI Ha reHepaTop IIO.UCBeTKH, YfMrrynbCbl 1 COOTBeTCTBYIOJ.UHe 3a,nHeMy 

ljlpOHTy Hlvi!IynbCOB IIO.[lCBeTKH 1 IIOCTyiiaiOT Ha reHepaTOp sepTHKanbHOrO OTKnOHeHHSJ, 

ripH B03BpallleHHH reHepaTopa sepTHKanbHOrO OTKnOHeHHSI B rrepBOHa'lanbHOe IIOnO)Ke

HHe HM:IynbC C Hero IIOCTyrraeT Ha reHepaTop ropH30HTanbHOro OTKnOHeHHSI, TaKHM 

o6pa3oM, aneKTpOHHbiA nyq rrocne.nosaTenbHO o6xo.nHT see pa6o'!He aneMeHThi Ka)K.no-

ro CTon6HK8., riepeKniO'l8Tenb pe)KHMa H8XO.UHTCSI B IIOnO)KeHHH 'soccTaHosneHue"; 

IIpH 9TOM HMIIynbC 1 C03.UaBaeMhiA reHepaTOpOM HMIIynbCOB 3aiiHCH 1 HMeeT TY )Ke 

IIOnHpHOCTb, 'ITO H HMIIynbC, B03HHKaiOI.UHA Ha BXO.Lie ycHnHTeng, Cne.LIOBaTenbHO, 

Ha MeCTe rrpO'IHTaHHOrO HynH 6y.LieT BHOBb 3aiiHCaH Hynb1 a Ha MeCTe IIpO'lHTaHHOJi 

e.[lHHHUbl - e,LlHHHUa, 

Pe)KHM BOCCTaHOBneHHSI rrpeKpamaeTCSI IIpH IIOCTyrrneHHH Ha CHCTeMy HMrrynbCa, 

rro.nne)Kawero perHCTpauHH, HnH TO'!Hee rrpH rrocTyrrneHHH cne.LiyiOwero rrocne ero rrpH

xo.na CHHXpOHH3HpyiOlUero HMIIynbCa _!, COOTBeTCTByiOlUero 3a.LIHeMy tPPOHTY HMIIynbCa 

IIO.[lCBeTKH, 8 8TOT MOMeHT Ha'lHHaeTCSI pe)KHM 3aiiHCH HOBOrO HMIIynbCa, C 6noKa 

pacrrpe.neneHHSJ rrocTyrraeT HMrrynbC BhJ6opa KaHana, KOTOphiA rrpeKpawaeT pa6oTy reHe

paTopa rro.ncseTKH. riepe.nHHA ¢poHT aToro HMnynbCa KpoMe Toro rrepeBO.LIHT rrepe

KniO'laTenb pe)KHMa B rrono)KeHHe "3aiiHCb", BKnJOqaeT 6nOKHpOBKy BXO.Ua cqeKTpOMer

pa H OCylUeCTBnHeT c6poc o6eHX pa3BepTOK 1 TaK 'ITO nyq CTaHOBHTCSI HarrpasneHHhlM B 

neBbiH HH)KHHJi yron MHWeHH (eM. pHC. 2), flpH Bb!60pe KaHana IIO.[laeTCSI CepHSI HM-

nynbCOB Ha reHepaTop ropH30HTanbHoro OTKnoHeHHH, cne.LiosaTenbHo, nyq 6e3 BKniOqe

HHH IIO.UCBeTKH HarrpaanseTCSI ITO HH)KHeA ropH30HT8nbHOA CTpoKe, T,e, IIpOXO.LIHT qepe3 

nepshie pa6o'!He aneMeHThl KaHanos, Ha'lHHas c rrepsoro, 4Hcno HMrrynbCoB B cepHH 

OIIpe,nenHeT HOMep KaHana, YfMIIynbChl cepHH MoryT IIO.L18BaTbCSI HnH OT CHHXpOHH3HpyJO

lUero reHepaTopa, HMeiOmero rrepHO.LI B HecKonbKO pa3 MeHbwe, '!eM 3a.LiaiOwHA reHe

paTop1HnH OT crreuHanbHOro reHepaTopa, HaXO.LIHmerocH B 6noKe pacnpe.neneHHH, EcnH 

)Ke He npe.U'bHBnHJOTCSI )KeCTKHe Tpe6oaaHHSI K BenH'lHHe MepTBOrO speMeHH 1 TO HM-

nynbCbl CepHH MOryT IIO.[laBaTbCSI H OT 3a,LlaJOlllero reHepaTopa BO speMSI HanH'lHSI HM

nynbCa Bb!60pa KaHana, rJocne BhJ6opa KB.Hana HMIIynbC C 6noKa pacrrpe.LieneHHSI 

rrpeKpawaeTCH, 3aTeM BKniO'laeTCSI HMIIynbC IIO.LICBeTKH 1 H IIpOHCXO.LIHT C'lHThiBaHHe 

c nepsoro pa6oqero aneMeHTa Bhi6paHHOro KaHana. riocKonbKY rrepeKnJO'laTenb pe)KHMa 

HaXO.[lHTCSI B ITOnO)KeHHH '3a!IHCb" 1 TO IIOnHpHOCTb HMIIynbCa Ha Bh!XO.[le reHepaTopa 
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HMIIynbCOB 3aiiHCH 6y aeT npOTHBOIIOnOJKHa IIOnRpHOCTH HMnynbca, B03HHK8IOW.ero H8 

axoae ycHnHTenn. TaKHM o6pa3oM, Ha MecTe npoqwTaHHoro Hynn 6yaeT 3anHcaHa 

eaHHHUa, a Ha M8CTe eaHHHUbl - Hynb. llocne 9TOro nyq nepexoaHT Ha BTopolt 

pa6oqHJt aneMeHT Bb!6paHHOrO KaHana, TaK KaK HMIIynbCbl OT reHepaTOpa IIOaCB8TKH 

nocne OKOHqaHHSI HMnynbCa Bb!6opa KaHana HaqHHaiOT IIOCTYII8Tb H8 reHepaTOp B8pTH

K8nbHOrO OTKnoHeHHR. Pe)KKM 3aiiHCH HOBOro HMITynbC8 38KaHq!faaeTCSI nocne IIOCTynne

HHSI nepaoro IIOiiO:lKHTenbHOrO lfMnynbCa OT reaepaTopa HMrrynbCOB 38IIHCH. 8 aaoaq

HOlt CHCT8M8 CqHCn8HHSI 9TO COOTB8TCTByeT IIpH6aaneHHIO eaHHHUbl K qHcny, paHee 

38IIHC8HHOMy B K8 Hane. YK838HHb!lt HMIIyJibC rrepeaoaHT nepeKniQqaTenb pe:lKHMa B 

IIOnOJKeHH8 "BOCCTaHOBJl8HHe" 1 BXOa CHCT8Mbl p836JIOKHpyeTCSI 1 H CO cneayiOW.ero 

pa6oqero 8neM8HTa TOrO .>!{8 K8Hana HaqHH88TCSI pe:lKHM BOCCT8HOBJleHH51 aaHHbiX. 

C 9TOrO MOM8HTa 6noK HaKOIIn8HH51 rOTOB K rrpHeMy HOBoro HMIIYJibC8. 8 T8KO!t CHCTe

Me perHcTpauHSI rrocTyrraiOW.HX HMrryrrbcoa HapywaeT rropHaoK o6xoaa pa6oqHx aneMea

TOB anSI BOCCT8HOBneHH51 aaHHbiX. nn51 H8a8JKHOlt pa60Tbl IIpH n1060Jt cpopMe CII8KTpa 

H HHT8HCHBHOCTH H~myqeHH51 HYJKH0 1 qTo6bi B TeqeHHe KaJKaolt nay3b! npOHCXOaHJIO 

BOCCTaHOBn8HH8 aaHHhlX H8 BC8X pa6oqlfx 9JI8M8HT8Xo 

noraqHee 6biJia 6bi CHCTeMa, B KOTOpolt perHCTp8UH51 IIOCTyrraiOWHX HMIIyJibCOB 

TOnbKO rrpepbiBaJia rrpouecc BOCCTEtHOBneHH51 1 HO He Hapywana IIpH 9TOM nopSiaKa o6-

xoaa pa6oqax aneMeHTOB. 8 9TOM cnyqae ITOCJie OKOHq8HH51 perHCTp8UHH llOCTyiiHBWe-

ro HMIIynbCa BOCCTaHOBneHHe aaHHbiX aonJKHO H8qlfH8TbC51 C aneM8HTa, CJieayiOWero 

H8IIOCpeaCTB8HHO 38 TeM 9JI8M8HTOM, H8 KOTOpOM rrpepB8JIOCb BOCCT8HOBn8HH8 H3-38 

rrocTynrreHH51 perRcTpapyeMoro HMnynbca. Toraa aaHHbie Ha acex 8neMeHTax 6yayT 

BOCCT8H8BJIHBaTbC51 C OaHH8KOBOlt rrepHOalfqHOCTbl0 1 H838BHCKMO OT cfJOpMbl CII8KTpa; 

OTITaaaeT H aeo6xoaHMOCTb rrpOH3BOaHTb BOCCT8HOBneHH8 H8 BC8X pa6oqlfX 9JI8M8HT8X 

a TeqeHwe KaJK.aolt nay3hi. Ho T8KO!t MeToa Bbi3biBaeT ycJIOJKHeawe 6noKa HaKoime-

HHSI B CBSI3H C Heo6xoaHMOCTb!O 38IIOMHH8Tb COCTOSIHHe, B KOTOpOM H8XOaHJIHCb 

reHep8TOpb! p83B8pTKif rrepea perHCTpauReit ITOCTYIIHBW81''1 HMIIYilbC8. Pa3p860T8HHbl8 

H8MH 6nOKH H8KOIIJl8HifSI pa60T8IOT ITO rrepBOMy M8TOLtY 1 T8K K8K lfX X8p8KT8pHCTHKif 

y aoaneTB0pSIIOT IIOCT<lB.'l0HHb!M Tpe60B8HI{SlMo 

3. OcaOBHhie xapaKTepHCTHKH 6noKa aaKorrneHH51 

MepTaoe apeM51 6noKa HaKorrneHHSI r orrpeaenSieTcH K8K H B o6bJqHbiX CHCTe-

/1/ 
MaX C rrpHM8H8HH8M ITOTeHUH8JlOCKOITOB o 0HO 6yaeT CKnaabiB8TbC51 H3 BpeMeHH Bbl-

rae [( -

KaK 

OTCyTCTBH 

Bp8M51. 

rrynbCoa, 

qeM S • 

rae 

py10wero He 



HMITynhCOa 

nop!!aKa o6-

nocTynHawe-

X CHCTe-
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6opa KaHana H apeMeHH perHCTpauHH HMnynbca a KaHane. BpeMH Bbr6opa KaHana onpe-

aenHeTCH HHTepaanoM t1 Me:1Kay HMUynbCaMH, llOCTyll810lUHMH H8 reHepaTOp ropH-

30HTanbHOrO OTKnOHeHHSI 1 H HOMepOM Bb!6HpaeMOrO KaHana K n • VlHTepaan t l M0:1KeT 

HMeTb llOpHaOK aeCHTblX aoneA MHKpoCeKyHabi, BpeMH perHCTpaUHH UMnynbCa a KaHa

ne onpeaenHeTCSI BpeMeHeM t
2 1 ll0Tpe6Hb!M anSI cq!fTb!BaHHSI If 3allHCH aaHHhlX H8 

Ka:1KaoM pa6oqeM aneMeHTe H nepexoae Ha cneayJOwHA aneMeHT, a TaK:1Ke HOMepoM 

aneMeHTa, Ha KoTopoM 6yaeT 3anHCaHa eaHHHua. BpeMH t 2 COCTaBnHeT 2- lC MKCeK 

B 3aaHCHMOCTH OT THUa UOTeHUHanOCKOUa, CpeaHee apeMH perHCTpaUHH HMllVnbca 
!II 

a KaHane He npeabiwaeT aenHqHHhi 2t
2 

. I'< nonyqeHHOq aenHqHHe cneayeT npH6aBHTb 

ewe t/2- cpeaHee apeMSI Me:1Kay npHxoaoM perHCTpHpyeMoro HMnynbCa 1:1 HaqanoM 

abi6opa KaHana. TaKHM o6pa30M, anSI paaHoMepHoro cneKTpa cpeaHee MepTaoe apeMSI 

rep 
2 

5 + -~~~t I 
2 2 

rae l( - qHcno KaHanoa CHCTeMbl, 

KaK H3aecTHo, pacnpeaeneHHe noTeHuHana Ha MHweHI:! noTeHuHanocKona rrpH 

OTCyTCTaHH 6oM6apaHpOaKH K8KOro-nH60 aneMeHTa M0:1KeT COXp8HHTbC5I oqeHb aonroe, 

apeMSI, OaHaKo noTeHuHan pa6oqero aneMeHTa, He noaaepraJOwerocH 6oM6apaHpoaKe, 

HO HaxoaSiwerOC!I a6nH3H 6oM6apaHpyeMblX aneMeHTOa, 6yaeT UOCTerreHHO H3MeHHTbC!I, 

3THM H OITpeaenHeTCH Heo6xoaHMhlA nepHoa aOCCTaHoaneHH!I aaHHhlX 

Ha Ka:1KaOM pa6oqeM aneMeHTe, 06biqHQ llOTeHUH8nOCKOUbl xapaK<repH3yJOTCH aenHqHHOA 

S , UOK83biaaJOLUeft CKOnbKO p83 M0:1KHO 6oM6apaHpoaaTb ace pa6oqHe 3neMeHTbi 1 OKpy-

:1KaiOwHe aaHHhiA aneMeHT, qTo6hi H3MeHeHHe noTeHuHana Ha HeM ewe ne rrpHaeno K 

HCKa:1KeHHJO xpaHSiwerocSI qHcna, BenHqHHa S !!MeeT llOp!!aOK TbiCSiq, 

EnoKH HaKonneHHSI cneKTpoMeTpoa y ao6Hee 6bwo 6bi xapaKTepH3oaaTb qf!cnoM HM

nynbCoa, KOTOpoe M0:1KHO 3aperHCTpHpOa8Tb 6e3 npoaeaeHHSl aoccTaHOaneHH!! aaHHbiX, 

Qqeal:!aHO, qTQ 3TO qlfCnO 38aHCHT OT <j:JopMbl ClleKTpa, HO aceraa 6yaeT 6onbwe, 

qeM S , EcnH ace :1Ke anH nonyqeHHSI rpy6oA OUeHKH HCXOaHTb H3 3HaqeHHSI S , TO 

MaKCI:!ManbHbiA HHTepaan apeMeHH Me:1Kay aayMSI COCeaHHMH npouecCaMH BOCCTaHoane-

HI:!!! aaHHhiX H8 K8:1KaOM pa6oqeM aneMeHTe, T,e, M8KCHManbHblft rrepHoa ITOBTOpeHHH 

npouecca aoccTaHoaneHHH 6y aeT orrpeaenSITbC!I KaK 

, 
T ITOBT.MaKC, 

s 
n 

CeK , 

rae n - qHcno HMnynhcoa, perHcTpHpyeMoe cneKTpoMeTpOM a ceKyHay. llnH nynbCH-

pyJOwero HCTQqHHKa H3nyqeHHSI 
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s 
T rr·JBT. MaKe. = ,,~ ~-

rAe Nu 'IHCJIO HMITYJibCOB, peracTpHpyeMOB CITBKTpOMBTpOM 3a OAHH rrepHOLl H3ny-

'IBHHS!j I 
- 'IHCJIO rrepHODOB H3ny'l:BHHH B CeKyHAy. 

Lln'i! HaABA<.HOt!: paooTbi CITBKTp0!\19TpOB aenwmHa T ~OE'T, MO)KeT HMBTb rroprr-

AOK CeKyHLl HnH MHHyT, Ecrm A<.B liCXOA!iTb H3 HE06XOAHMOCTH Henpepb!BHOrO Haomo

ABH!i'i! 3a XOAOM Ha6c)pa CITBKTpa ITO 8KpaHy 9nBKTpOHHo-nyqesofi Tpy6K!i ( TaKoe Tpe-

6oBaHIJ:9 <!aCTO ITpBAMIBJ1HlOT 3KCrrepHMBHTaTOpb!) 1 TO Ka)KAblfi pa60<!Htl: 3JlBMeHT AOnn<eH 

orrpaWHBaTbC'i! He pe)l(e 5 pa3 B CBKYHAy, T,e, 

,, 
T nosT.MaKc. =0,2 ceK. 

BpeMH, noTpe6Hoe An'i! soccTaHosneHHSI ABHHbiX Ha acex pa6oqax aneMeHTax, 

6yABT OnpeAenSITbC'i! Bb!pa)I(BHHBM 

T BOCCT. = t2 r "" t2 K m J 

rAe t2 - BpeMSI 1 UQTpe6HOf> AJ!'i! BOCCTaHOBnCHH'i! AaHHb!X Ha OAHOM pa60<i9M 9JIBMeH-

Te; r - o6wee qacno pa6o'l:HX aneMeHToa; K ..,. 'IHCn0 K8Hanoa; m - •-mcno pa3-

pHAOB B Ka*AOM KaHane. B 6onbWHHCTae cnyqaea AJISI Ka*Aoro KaHana AOCTaTO'l:Ho 

}6 pa3pS!AOB 1 <ITO COOTBBTCTByeT C<!BTHO.l!: BMKOCTH 2 16 -} = 65,535 HMnynbCOB, 

B 06b!<!HO npHMBHS!eMb!X CHCTeMaX C 3aiTOMHHalOLUHMI1 ycTpO.l!:CTBaMH Ha ITOTBHUHa

nOCKOnax, B KOTOpb!X OTCYTCTByeT COrnaCOBaHHe MB*AY ITOCTynneHHBM perHc-rprrpye

MbiX HMITYJibCOB H ITpOBBA6H!1eM p9)!{J1Ma BOCCTaHOBJieHa'i! AaHHbiX
1 

K09cpcpHUHBHT HCITOJib-

30BaHHS! BpeMeHH AJISI perHCTpaUHH 11MITynbCOB COCTaBJISieT (6e3 yqeTa MBpTBOrO BpeMe

HH CITBKTpOMeTpa) 

T ITOBT. - T BOCCT. 

'1/ = T ITOBT, 

B pa3pa6oTaHHOfi CHCTeMe npH pa6oTe C ITYJibCHpy!OLUHM HCTO<!HHKOM H3nyqeHHSI
1 

KaK y )!{e rOBOpHnOCb 1 K03cpCfJHUHBHT 11CITOnb30BaHH'i! BpBMBHH AnSI perHCTpaUHH lfMITynb

COB paBeH BAifHHUB, B ClfCTBMe C HapyWeHHBM ITOpS!AK.a 06XOAa pa60<ii1X 9nBMBHTOB 

AnSI BOCCTaHOBnBHHS! AaHHb!X MaKCHMan bHO AOITyCTHMOB BpBMSI BOCCT8HOBnBHifSI orpaHR

<iHBaBTCS! BpeMeHeM nay3hl 1 T,e. T BOCCT,MaKC. = T nay3 bJI Ta.'{ KaK An'i! HaAB)!{HOfi pa6o

Tbl Upli n106ofi cpOpMe CITBKTpa H HHTBHCHBHOCTH perRCTpRpyeMoro lf3nyqeHR'i!
1 

Tpe6yer 

CS! 1 <!T06b! B T9'19Hif9 KB)I(AOfi nay3bl npORCXOAHnO BOCCTaHOBnBHHe AaHHb!X Ha BCBX 

I 

pa6o'l:HX 

MBJibHOe 

pa6oTbi 



Tax, 

pa6o

Tpe6ye-r-

BC9X 

11 

pa6oqHx aneMeHTax. 3To Tpe6oBaHHe HanaraeT orpaHHqeHHe Ha qHcno KaHanoB. ~aKcH

ManbHOe qHcno KaHanoB 6yAeT paBHO 

Pe:lKHM pa6oTbl CHHXpOUHKnoTpoHa OVIHVI TaKoB, qTo AliHTenbHOCTb HsrryqeHI!il 

T Hsn. He npeBbiWaeT 500 MKCeK, a qacToTa noBTopeHHSI I He 6onee 100 ru. CneAo

BaTenbHO, Ka:lKAaSI naysa HMeeT AliHTenbHOCTb T nay3>I OKOJIO 10 MC9K, npH HCIIOnb

SOBaHHH IIOTeHUHaJIOCKOIIa nH-4, AJISI KOTOporo t 2 = 10 MKCeK, nonyqHM KMaKCo =64; 

rrpH HCII01Ib30BaHHH IIOTeHUHanOCKOIIOB nH-8 H nH-11 MaKCHMaJibHOe qHCJIO KaHanOB 

MO:lKeT 6h1Tb yBeJIHqeHO, npH 64 K8Hanax CpeAHee MepTBOe BpeMSI T cp 50 MKC9K, 

qTo II03BOJISieT perHCTpHpOB8Tb B TeqeHHe Ka:lKAOrO rrepHOAa HsnyqeHHSI AO !\' = 10 HM-
U 

rrynbCOB, nepHOA IIOBTOpeHHSI npouecca BOCCTaHOBJI9HHSI OIIpeAenSieTCSI pe:lKHMOM CHH-

XpOUHKliOTpOH8, OH paBeH T noBT. = T nays hi+ T Hsn. = 1!1 = 0,01 ceK, qTo 3HaqHTenbHO 

MeHblll9 MaKCHManbHO AOIIYCTHMOrO apeMeHH, 

EcnH HCCJieAyeMbie CIIeKTpbi HMeiOT xapaKTep, 6nHSKHlt K paBHOMepHOMy 1 HliH 

ecnH CIIeKTpOM9Tp npeAHaS HaqeH AnSI perHCTpaUHH peAKHX C06biTHlt 1 KOTOpb!9 BOSHHJ!:~

IOT He B Ka:lKAbiit nepHOA HSnyqeHHSI; TO M8KCHMaJibHO AOIIYCTHMOe BpeMS! BOCCTaHoB

neHHSI AaHHbiX T BOCT.MaKC, a a,cneAOBaTenbHOI H qHcno KaH·anoB MO:lKeT 6hiTb yBenHqe

HO, 8 IIOCJieAH9M cnyqae pe.>KHM pa60Tbl CHCTeMbl 6yAeT IIpH6nH.>KaTbCSI K pe:lKHMy 

pa60Tbl OT Herrpepb!BHOro HCTQqHHKa HSnyqeHHSI, 0 KOTOpOM rOBOpHTCSI HH.>Ke • 

.[lnSI CHCTeMbi, B KOTOpO!t perHCTpaUHH IIOCTynaiOWHX HMIIyJibCOB He HapywaeT 

IIOpSIAKa o6xoAa pa6oqHX aneMeHTOB AnSI BOCCTaHOBneHHSI ASHHbiX, MaKCHManbHO AOny

CTHMOe BpeMSI BOCCTaHOBn9HHSI 6yAeT· SHaqHTenbHO 6onblllHM npH n1060M qHcne HMrtynb

COB, perHCTpHpyeMbiX B TeqeHHe Ka.>KAOrO nepHOAa HsnyqeHHSI, 6yAeT cnpaBeAnHBO 

cneAyiOwee Bbipa.>KeHHe: 

Trr,aysbi + THsn. 
T =T • ceK. 

noBT.MaKc. soccT,MaKc. T nayshi 

npeAITOnaraeTCSI, qTQ BpeMSI HsnyqeHHSI uenHKOM SaHSITO AnSI perHCTpaUHH IIOCTynaiO-

WHX HMnynbCOB, a BpeMSI nays- AnSI BOCCTaHOBneHHSI ASHHbiX, .[lnSI CHHXpOUHKnOTpOHa 

T rrayshi +T Hsn 
OVIHVI = 1,05. EcnH, HCXOASI HS rrpHBeAeHHbiX Bblllle COo6pa:lKe-

.T nay3hi 

HHA, rrpHHSITb T noBT,MaKc. =0,2 ceK, TO T BoccT.MaKc. 6yAeT B 19 pas 6onbwe, qeM 

AnSI CHCTeMbi 0 B KOTOpOJt HapywaeTCSI nopSIAOK BOCCTaHOBneHHSI ABHHbiX, 8"0 CTOnbKO 

:lKe pas MO:lKeT 6biTb ysenHqeHo H qHcno KaHanos. 



npe.z::waraeMbie pe;.KliMbl pa60Tbl 38IIOMHHa10tL{ero ycTpolicTsa MoryT Ob!Tb IIpH

MeHeHbl H LWH uccnenoBaHHH H3ny'!eHHH OT Henpepb!BHb!X HCTO'IHHKOS. npH 9TOM 

TaK:>Ke He 6y LlYT HMeTb MeCTa IlOTepH S C'leTe SO speMH pe:>KIIM8 SOCCTaHosneHIIH, 

HO HOHBIITCH OrpaHH"!eHHe Ha MaKCHManbHOe 'llfCno HMIIynbCOS, KOTOpOe MO:>KHO 

perHCTpHpuHaTb B enHHHUy BpeMeHH. 

PaCCMOTpHM CHCTeMy 1 B KOTOpOH npn perncTpBUHH IIOCTyiiaiOW:HX HMIIynbCOS 

Hapyw:aeTCH IIOpHL!OK o6xona pa60'IHX 9neMeHTOS nnH SOCCTBHOSneHHH. llnH ee Hane:»:

HOl\ pa6oTbi rrpn n106oa cj:JopMe crreKTpa Heo6xonnMo, 'lT06bi soccTaHosneHHe naHHbiX 

Ha scex pa6o'!HX 9neMeHTax rrponcxonnno rronHOCTbiO 3a speMH onHoro H3 HHTepsanos 

Me:>Kny LlBYMH IlOCTyiiaiOW:HMH HMIIynbCaMH. CnenosaTenbH0
1 

senH'lHHa TBKOIU HHTep-

sana non:>KHa 6biTb He Menee T soccT. + r Ecnn HMIIynbCbi, IlOCTyrraiOlllHe Ha BXOLI 

crreKTpoMeTpa, pacrrpeneneHhl so .speMeHn no 3aKoHy flyaccoHa H n3-3a MepTsoro 

speMeHH crreKTpoMeTpa 3TO pacrrpeneneHne cyw:ecTsenHo He Hapyw:aeTcH, TO seposrT-

HOCTb TaKoro HHTepsana pasHa 

W "'e -n(T BOCCT. +,r) 

rne n - CpenHee 'lHCnO HMrrynbCOS, perHCTpHpyeMb!X CIIeKTpOMeTpOM B enHHHUy 

speMeHn. CpenHHH rrepHon rrosTopeHHH rrpouecca soccTauosneHHH Ha scex pa6o'lllx 

gneMeHTax 6yneT paseH 

T IIOST. 
l l 

n w n 

+n (TSOCCT.+r) 
e 

OTc10na MO:>KHO orrpenenHTb MaKCHManbHO norrycTHMoe 'lHcno n Maxc. Bbrpa:>KeHne 

crrpasennnso nnSI Toro cnyqag, Korna 6onbWHHCTso HMrrynhcos rrocTyrraeT s onHH n 

TOT :>Ke KaHan. EcnH :>Ke CIIeKTp HMeeT paBHOMepHb!H xapaKTep, TO 'lHCno n MaKe. 

MO:>KeT 6hiTb ysenH'leHo. EcnH, KaK n rrpe:>Kne, npnHHTb, 'ITO T soccT. + r 0,01 CeK1 

a T IlOBT.MaKc. =0,2 CeK, TO H3 SbiWeiipHseneHHOrO Sb!pa:>KeHHSI cnenyeT, 'ITO n MaKe:" 

450 HMrr/ceK. 

llnSI TOro, 'lTOOb! HMeTb B03MO:>KHOCTb pa60Tbl IIpH 6onee Sb!COKHX HHTeHCHBHo

CTSIX Herrpepb!SHoro H3nyqeHHSI, He06XOL!HM0 1 KaK If S OObl'lHO IlpHMeHSieMbiX CHCTi!M8X
1 

HMeTb 6noKnpy10mee ycTpoRcTso. Pa3pa6oTaHHoe 6noKnpy10w:ee ycTpol!cTso xooomo 

cornacyeTCSI C OIIHCBHHb!M pe:>KHMOM pa60Tbi; ero OCHOBHOH 'laCTbiO SIBnSieTCSI HHTerpH

pyiOW:aSI Sl'lel!Ka R c . npn perncTpaunn Ka:>Knoro HMrrynbCa Ha 3Ty SI'leii:Ky rronaeTCl! 

J 

I 

I 
~ 
~·· 

I 
I 

IIPR:>KeHHe 

pyeMbiX 8 

npH 

MSI, pasHoe 

ycTpoltcrno 

ny, 

MeHbWee 

HHe Ll81fH&IX Ha 



HMilYRbCOB 

)lnSI ee HaLJ.e)l:-

LJ.8HHbiX 

HHTep-

H8 BXOLJ. 

TO eepOSIT-

B eL!HHHUY 

pa60'IIIX 

n M8KC. 

0,01 ceK, 

HHTeHCIIBHO-

CHCTeMaX1 

I 

( 
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onpe.neneHHoe HarrpsnKeHHe. KaK H3BeCTHO, rrpH 1/n <<RC YCT8HOBHBWeecH Ha-

npSI~eHHe Ha gqeAxe 6yLJ.eT IIpOIIOpUHOH8RbHO cpeLJ.HdMY 'IHCny HMIIYRbCOB1 perHCTpH-

pyeMb!X B eLJ.HHHUY BpeMeHH. 

npH n > n BKni0'18eTCH ycTpOltCTB0 1 6nOKHpyiOWee BXOLJ. CHCTeMb! H8 epe-
M8KC, 

MH, paBHOe T BOCCT. C '18CTOTOA IIOBTOpeHHH T IIOBT.' npH n <n MSKC, 6nOKHpyiOI.Uee 

ycTpOltCTBO B006I.Ue He BKRIO'I8eTCH 1 H IIOTepH C'leTa 113-38 He06XOLJ.HMOCTH BOCCT8HOB

neHHH .naHHhiX rro-rrpe~HeMy He HMeiOT MeCTa, B n106oM cnyqae HMeeTcH B03MO:>KHOCTb 

Henpepb!BHOrO H86RIOLJ.eHHH 3 8 XOLJ.OM perHCTp8UHH CIIeKTpa, 

CHcTeMa1 B KOTopoA IIpH perHCTp8UHH IIOCTyii&IOI.UHX HMIIynbCOB He HapywaeTCH 

nopSILJ.OK 06XOLJ.8 pa60'IHX aneMeHTOB LJ.RH BOCCT8HOBneHHH 1 II03BORSieT perHCTpHpOB8Tb 

3H8'1HTenbHO 60nbwee 'IHCRO HMIIYRbCOB B e.LlHHHUy BpeMeHH 1 He38BHCHMO OT xap8KTe

pa HX pacnpe.neneHHH eo apeMeHH H <i:JopMbi cneKTpa. B aToM cnyqae H3 K&:>KLJ.OA eaH-

HHUhl BpeMeHH LJ.RH BOCCT8HOBReHHH LJ.8HHhiX HCnOnb3yeTCSI apeMH 1 p8BHOe 

CneL!OB8TeRbH01 6yaeT HMeTb MeCTO COOTHOWeHHe: 

l 
T =T 

IlOBTo BOCCT, 1 _ nr 

1- nr 

)lnSI T8J(Oro CIIeKTpOMeTpa npH npe:>KHHX 3H8'1eHHSIX napaMeTpOB 1 BXO./:lHI.UHX B <i:JopMy-

ny1 n = 19.000 HMilYRbCOB B CeKyHLJ.Y 6e3 6nOKHpOBKH H8 BpeMH BOCCT8HOBReHHSio 
M8KC, 

0IIHC8HHh!A BbiWe pe:>KHM pa60Tbl 6nOK8 H8KOnneHHH H8 aneKTPO!fHo-ny'leBb!X npH-

6opaX1 IIpH KOTOpOM BOCCT8HOBneHHe LJ.8HHhiX npoH3BOLJ.HTCH B Te"!eHHe BpeMeHH 1 cao-

6oLJ.HOro OT perHCTp8UHH HOBb!X HMilYRbCOB 1 MO:>KeT 6h!Tb npHMeHeH He TORbKO LJ.RH 

IIOTeHUH8nOCKOilOB 1 HO H LJ.RH 06b!"!Hb!X OCUHnnorpa<i:JH'IeCKHX Tpy6oK. 8 ne'I&TH HMeiOTCH 

C006LUeHHH 0 npHMeH-eHHH B 6nOK8X H8KOnneHHH TORbKO UHKRH'IeCKHX 38Il0MHH8IOI.UHX 

/5/ 
yCTpOAcTB Ha OCUHnnorpa<i:JH'IeCKHX Tpy6K8X o HaMH B H8'18RbHhiA rrepHOLJ. pa60Tbl 

6hln C03Ll.8H 6nOK H8KOilneHHH C HeUHKRH'IeCKHM 38IlOMHH8101UHM ycTpOACTBOM H8 OCUHn

norpa<i:JH'IeCKOA Tpy6Ke 1 pa60T8IOI.UeA B OIIHC8HHOM Bb!We pe:>KHMe, .lJ.ng 38IlHCH 6h!n8 

HCIIORb30B8H8 CHCTeM8 KORbUO (Hynb)-TO'IK8 (eLJ.HHHU8). Ha CT8HLJ.8pTHbiX OCUHnnorpa

tPH'IeCKHX Tpy6KaX THil8 13n037 HRH J8n040B Yll8B8R0Cb nony'IHTb TORbKO 512 pa6o-

16 
'IHX y'laCTKOB 1 'ITO COOTBeTCTByeT 32 K8H8n8M CO C'leTHOA eMKOCTb!O K8:>KLJ.OrO 2 -1. 

Pacnpe.neneHHe noTeHUHana Ha SKpaHe Tpy6KH npH pa6oTe coxpaHseTCH 3H&'IHTenbHO 

MeHbillee apeMSI 1 "!eM H8 MHWeHH IlOTeHUH8ROCKOII8j B CBH3H C STHM BOCCT8HOBne-

HHe Ll.8HHb!X H8 K8:>KLJ.OM pa6o'leM Y'I8CTKe H8LJ.O npOH3BOLJ.HTb He pe:>Ke HeCKORbKHX 



-

14 

.necSITKOB pa3 s ceKyH.ny, T.e. T rroBT,MaKc. =0,02 ceK. OcTanbHhie xapaKTepHCTHKH 

6110Ka HaKOIIJieHHSI C 3aiiOMHH810llU!M ycTpOHCTBOM Ha OC!lH11110rpaqJHqeCKOH Tpy6Ke 

He OT11H'i810TCSI OT xapaKTepHCTHK 6noKa HaKOITJieHHSI C 3aiiOMHH810ll.lHM yCTpOHCTBOM Ha 

ITOTeH!lH8JIOCKOIIe, .[lJISI 060HX 6JIOKOB HaKOIIJieHHSI rrpHrO,LlHbl O,LlHH H Te )Ke 3JleKTpOH

Hbie cxeMbi c He6onbWHMH H3MeHeHHSIMH ( CM, pHc, I ) . .[lpyrHM .non)KeH 6biTb Tonb-

KO reHepaTop HMITYJlbCOB 3aiTHCH, KOTOpblH BO speMSI C'IHTbiB8HHSI H IIpH 38IIHCH Hy11SI 

.LlOJI)KeH reHepHpOB8Tb BbiCOKO'i8CTOTHOe CHHYCOH,LlaJibH~e HaiTpSI)KeHHe 1 rro.nasaeMoe Ha 

rOpH30HTaJibHbie H sepTHKaJibHbie IIJiaCTHHbl CO C.LlBHrOM cpa3bl H8 90° (,LlJISI IT01ly'leHHSI 

KOJl.b!la H8 3KpaHe Tpy6KH ). 

Ha.ne)KHOCTb B pa6oTe 61lOKa HaKOIIJieHH.SI Ha OC!lHJIJIOrpacpH'IeCKOH Tpy6Ke HH)Ke 

HS,Lle)KHOCTH 6JIOKa perHCTpa!lHH Ha ITOTeH!lHSJIOCKOITe, 8 HaCTO.SllllEle BpeM.SI B CBSl3H C cepHJI:-

Hb!M BhiiiYCKOM ITOTeH!lHaJIOCKOIIOB HCIIOJlb30B8HHe 3aiTOMHHaiOwero ycTpolkTsa Ha OC!lHJl-

1lOrpacpH'IeCKOH Tpy6Ke Heuenecoo6pa3HO, 

HaMH pa3pa60T8HO HeCKOJlbKO 6JIOKOB H8KOIIJieHH.SI, B KOTOpblX npH perHCTpa!lHH 

IIOCTyrraiOll.lHX H·~rrynbCOB HapywaeTC.SI ITOp.SI,LlOK 06XO.Lla pa60'IHX 3JieMeHTOB .LlJl.SI BOCCTa· 

HOBJieHH.SI 1 B TOM 'IHCJie 64-:rtaHaJibHbiH 6JIOK HaKOIIJieHH.SI C 3aiTOMHHS!OlllHM ycTpoikTBOM 

Ha IIOTeHUH8JIOCKOIIe nH-4 H 256-KaHaJlbHbiH 6noK H8KOIIJieHH.SI C 3aiiOMHHa!Oll.lHM ycTpoit

CTBOM Ha IIOTeH!lHaJIOCKOITe nH-8, Ha Bbi60p O.LlHOrO KaHana B pa3JIH'IHbiX CHCTeMaX 

3aTpa'IHBaeTC.SI OT 0,2 .LlO 10 MKCeK, 8hiBO.Ll .naHHbiX C 6noKa HSKOIIJieHH.SI ocyweCTBJI.Sie'T-

/6/ . 
C.SI Ha 3JleKTpOHHO-Jiy'lesy~ Tpy6Ky 1 asTOMaTH'IeCKHH IIOTeH!lHOMeTp H UHcpporreqaTaiO-

ll.lHJI: arrrrapaT , Ta1me CHCTeMbl IIpHMeH.SIIOTC.SI B aMITJlHTY .LlHbiX 0 BpeMeHHbiX H MHoro-

MepHbiX aHaJIH3aTopaX, B MarHHTHbiX rrapHbiX CIIeKTpOMeTpax H B K8'ieCTBe MHOrOKaHaJib

HbiX C'leTHbiX CXeM, HH:lKe paccMaTpHBSIOTC.SI 6110KH pacrrpe.neneHH.SI 3THX CHCTeM, 

4, BnoK pacrrpe.neneHH.SI aMrrnHTY.LlHoro aHaJIH3aTopa 

YrrpomeHHaSI cKeneTHa.SI cxeMa 6noKa pacrrpe.neneHH.SI aMIIJIHTy.nHoro aHaJIH3aTopa 

H306pa:lKeHa Ha pHC. 3, a BpeMeHHaSI ,LlHarpaMMa HMIIYJibCOB B OT.LleJibHbiX y3Jiax 8TOrO 

6JIOKa - Ha pHC, 4, 

PerHcTpHpyeMbiH HMrrynbC, nocTyrraiOwHll: co sxo.nHoro 6noKa, rrpoxo.nHT qepe3 

JlHHeli:HYIO cxeMy rrporrycKaHH.SI 1 H rro.naeTC.SI Ha 3aiiOMHHBIOlllYIO eMKOCTb H LlHCKpHMW 

HBTOp HH:lKHero ypoBH.SI, ECJIH aMIIJIHTy.Lla HMIIYJibCa 60Jibll.le rropora .LlHCKpHMHHaTopa, 

l 

CHHXpOHH3HJII 

rrynbC 

HHe; 

6eneM, 

COCTaBJISieT 



UO.ll8B8eMoe H8 

.llnli nonyqeHHH 

Tpy6Ke HH)Ke 

B CBH3~ C cepHA-

ycTpoA-

8H81IH38TOp8 

y3nax 8Toro 

T qepe3 

H LlHCKpHMH' 
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TO Cpa6aTbiB8eT O.llHOBH6paTOp 1. YfMI1Y1IbC OT O.llHOBH6paTopa 110.LlSeTCH HS CXeMy 

nponyCKSHHSJ: 2. Ha Hee TSK)Ke C 6JIOKS HSKOI11IeHHSI 110.Ll810TCH CHHXpOHH3Hpy!Oll{He 

HMI1Y1IbCbl .!_. COOTBeTCTBYIOW:He 38.LlHeMy cppOHTy HMI1Y1IbCS 110.LlCBeTKH. nepBblit CHHXpO • 

HH3Hpy!OWHA HMI1Y1IbC 1 11pHWe.LlWHA 110C1le Cp868TbiB8HHSI O.LlHOBH6p8TOpa, 11pOXO.LlHT HS 

Bb!XO.ll CXeMbl rrporryCKSHHH 2 H 3811YCKSeT O.LlHOBH6p8TOp 2. J.1MI1Y1IbC OT 8TOrO O.LlHO

BH6paTOpa SIBJISieTCSI HMI1Y1IbCOM Bb!60pa K8H8118. npH Cp868Tb!B8HHH O.LlHOBH6paTopa 1 

38Kpb!B8eTCSI CXeMa paapSI.Ll81 H 38110MHH810W8SI eMKOCTb 38pSI)K8eTCH .LlO 8MI11IHTy .LlHOrO 

3HaqeHHSI perHCTpHpyeMoro HMrrynbCa. B .Ll81IbHeAweM C¥.eMa paapSI.LlS ITO.Ll.Llep)KHBaeTcs 

B 38Kpb!TOM COCTOSIHHH HMI1Y1IbCOM O.LlHOBH6paTopa 2. 0TCIO.Ll8 cne.LlyeT, qTQ .Ll1IHTeJib

HOCTb HMI1y1IbC8 O.LlHOBH6paTopa 1 .LlOJI)KH8 HeCKOJibKO rrpeBbiWSTI.. BeJIHqHHy rrepHO.Ll8 

CHHXpOHH3Hpy!OWHX HMrrynbCOB I· nocne OKOH"'SHHSI HMnynbCa OT O.LlHOBH6paTopa 1 

BKJIJOqSeTCSI 6JIOKHpOBK8 1 T.e. 38Kpb!BSeTCSI CXeMa nponyCKSHHSI 1. YfMnynbC OT O.LlHO

BH6p8TOpa 2 OTKpb!BSeT CXeMy nponycKSHHSI 3 1 qepea KOTOpy!O HS"'HHSIOT npOXO.l'{HTb 

·.cHHxpoHH3Hpy!OWHe HMnynba>I II • nocTynaJOmHe c 6noKa HSKonneHHSI. Ka:lK.Ll&IA HMnynbC 

Bbl3biB8eT H3MeHeHHe HanpSI:lKeHHH HS Bb!XO.Lle reHepSTOpa CTyneH"'STOrO HSUpSI:lKeHHSI 

Ha O.LlHY H TY )Ke senHqHHY. HanpSI:lKeHHe c reHepaTopa cTyneH"!SToro HanpSI:lKeHHSI 

110.ll8eTCSI HS BXO.Ll cxeMbl CpasHeHHSI. Ha .LlpyroA BXO.Ll 8TOA cxeMbl 110.Ll8eTCSI HanpSI

)KeHHe C 38110MHH810ll!eA eMKOCTH. npH paseHCTBe 060HX H811pH:lKeHHA CXeMa CpSBHeHHSI 

nepeXO.LlHT B .Llpyroe COCTOSIHHe 0 'ITO Bbl3biBaeT Cpa68TbiB8HHe O.LlHOBH6paTopa 3. J.1M-

11Y1IbC OT 8TOrO O.llHOBH6paTopa B03BpamaeT O.LlHOBH6paTop 2 B nepBOHaqaJibHOe COCTOH" 

HHej npH 8TOM paapH)KaeTCSI 38110MHH810ll!aH eMKOCTb1 aaKpb!BSe1'CSI CXeMa rrponycKa-

HHSI 3 H B03BpawaeTCSI B HCXO.LlHOe 1101IO:lKeHHe reaepaTop CTyneH"!8TOrO H811pSI:lKeHHSI. 

HoMep Bbi6paaHoro KaHana onpe.LlenSieTCSI qHcnoM CHHxpoHH3Hpy!Oll!HX HMnynbCOB II 1 

nonyqeHHbiX BO speMSI HSJiHqHSI HMDY1IbC8 BbJ6opa KSHana. 

5. npHMeHeHHe 61IOKa H8K0111IeHHSI BO BpeMeHHOM 8Ha1IH38TOpe 

BnoK H8KOI11IeHHSI HCI101Ib30B81ICSI T8K)Ke COBMeCTHO C 6JIOKOM pacnpe.LleneHHSI 

speMeHHoro aHanHaaTopa, paapa6oTaaaoro B.r.3HHOBbiM H YI.<P.KonnaKOBbiM. 3ToT 

6JIOK pacnpe.LleneHHSI OCHOB8.H Ha 11pHHUHI1e HOHHyca. 8 KaqecTBe reHepaTOpOB HCI101Ib-

3YIOTCSI )K.llyWHe 6nOKHHr-reHep8TOpbl 1 rrepHO.Ll pa60Tbl KOTOpbiX onpe.LlenSieTCSI KS-

6eneM, HMeJOWHM .Ll1IHHY OKano 230 MeTpos. MaKCHManbHOe aaanHaHpyeMoe speMSI 

COCTSBJISieT 2 1 4 MKCeKj ll!HpHHa KaHana .LlO 10 HCeK. 
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Ha pHc. 5 H3o6pa)!(eHa CKeneTHaSI ·cxeMa 6noKa cornacoBaHHSI pacnpe,llenHTenb

Horo ycTpolkTBa BpeMeHHOI'O aHanH3aTopa C 6nOKOM H8K0nneHHS1 1 a Ha pHC. 6 - Bpe

MeHHaSI ,llHarpaMMa HMnynbCOB B OT.llenbHh!X y3nax 6noKa cornaCOBaHHSI. 

nycKOBOli HMnynbC 3anyCKaeT O,llHOBH6paTop 1A. ViMnynbC OT 9TOI'O O,llHOBH6pa

TOpa oTKphiBaeT cxeMy nponycKaHHSI A, Ha KOTopyiO no.llaiOTCSI CHHxpoHH3HpyiOmHe 

HMnynbChi l• cooTBeTCTByJOmHe 3a.o:HeMy cppoHTy HMuynbCa no.llCBeTKH B 6noKe HaKon

neHHSI. nepBbi:lt HMnynbc, rrpowe.llwHA qepe3 cxeMy rrponycKaHHSI A, Bhi3hiBaeT cpa6a-

ThlBaHHe OllHOBH6paTopa 2; 

Bhi6opa KaHana. 

HMIIynbC OT 9TOI'O O,llHOBH6paTopa SIBnHeTCSI HMIIynbCOM 

PerHCTpHpyeMhili HMrrynbC 3anycKaeT O.llHOBH6paTop 16; HMnynbC OT 9TOI'O j.J 

---O,llHOBH6paTopa OTKpb!BaeT CXeMy nponycKaHHSI 6. B pe3ynbTaTe nepBblli CHHXpOHH3H

pyJOlllHli HMnynbC II , npHWe.llwHA rrocne cpa6aThJBaHHSI OllHOBH6paTopa 16 3anycKa- .t1 
,/ 

eT OllHOBH6paTop 3. ViMnynbC 9TOI'O OllHOBH6paTOpa B03BpamaeT OllHOBH6paTOp 2 B 

"' rrepBOHo!lqanbHOe COCTOSIHHe. Bo BpeMSI HanHqHSI HMnynbCa Bbi6opa KaHana C 6noKa ": 

pacrrpeneneHHSI BpeMeHHOI'O aHanH38TOpa Ha 6nOK HaKOII.1leHHSI ITOCTynaeT cepHS! HMnynb~ 

COB, onpeneJJ.SIJOlllaSI HOMep Bbi6HpaeMOI'O KaHana. nepHOLl HMITY1lbCOB cepHH COCTaB-

nHeT 0,2 MKCeK. 

6. 6nOK pacnpeneneHHSI MHOI'OMepHOI'O ( aMITnHTy LlHO

BpeMeHHOI'0)8H8nH38TOpa 

B aMrrnHTynHo-speMeHHOM aHaliH3aTope HOMep KaHana .nng perHcTpHpyeMoro 

HMnynbCa Bbi6HpaeTCSI B COOTBeTCTBHH C LlByMSI ero !JapaMeTp8MH, a HMeHHO, B COOT

BeTCTBHH C aMnnHTY LlOli H BpeMeHeM B03HHKHOBeHHSI ITO OTHOWeHHJO K nyCKOBOMY HM

nynbCy. Pa3pa6oTaHHhlli aHanH3aTop HMeeT 256 KaHanoa. YHcno speMeHHhiX KaHanoB 

MO)!(eT 6biTb ycTaHosneHo paBHhiM 4,8 HnH 18. AMnnHTY LlHhili cneKTp B Ka)!(LlOM H3 

9THX BpeMeHHhiX L1Hana30HOB 6yneT H3MepSITbCSI COOTBeTCTBeHHO 64, 32 H.11H 16 KaHa

naMH. 8hi60p BpeMeHHOI'O KaHana npOH3BOLlHTCSI ilpH IIOMOlllK BpeMH-aMnnHTy.llHOI'O 

rrpeo6pa3oBaRHH; sTo no3BOnSieT rrpHMeHHTb B 6noxe pacrrpe,lleneHHSI pSILl o6mHx y3-

noB .llnSI Bb!60pa KaK apeMeHHOI'O, T8K H aMnnHTYllHOI'O KBHanoa. MHHHManbHaSI WHpH

Ha BpeMeHHOI'O K8Hana HMeeT nopSILlOK 1 MKCeK. CxeMa ,llOITYCKBeT npHCOe,llHHeHHe 

6noKa pacnpe,lleneHHSI OT,llenbHOI'O BpeMeHHOI'O aHanH3aTopa C MeHbWeli WHJ>HHOli 

KaHana. 

' 

TYLlHOro. 

rrycxoaoa 

nocTynaeT 

~Ha 

"-.._He 

H8qHHaiOT 

xorrneHHH. 

reHepaTopa 
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YnpollleHHaH CKeneTHaH cxeMa 6noKa pacnpeneneHHH aMIInHTynHo-speMeHHoro 

SH8nH3aTOpa H306pa)KeHa Ha pHC. 7, a BpeMeHHaSI LlHarpaMMa HMnynbCOB B OTLlenb

HbiX y3nax cxeMbi - Ha pHC. 8. B sepxHelt qacTH cKeneTHolt cxeMbi pacnono)KeHbi y3-

nhr, npenHa3HaqeHHhre nnH Bhr6opa speMeHHoro KaHana, a s HH)!(Helt qacTH - aMnnH

TYLlHoro. Co sxonHoro 6noKa Ha 6noK pacnpeneneHHH nocTynaiOT nsa HMnynbCa

nycKosoA HMnynbC IHMnynbC A) H HCcnenyeMhrlt HMnynbC (HMnynbC E). VIMnynbC A 

nocTynaeT paHee HMnynbCa E, 3TH HMnynbCbl nOLlc!liOTCH COOTBeTCTBeHHO Ha cxeMbl 

nponycKaHHH lA H IE. CxeMa nponycKaHHH IE LlOn)KHc!l 6h!Tb nHHeltHoA. npoALlH qepe3 

cxeMbi nponycKaHHH, HMnynbChi 3anycKaiOT OLlHOBH6paTopbi lA H IE. VIMnynbChi aTHX 

0LlHOBH6paTOpOB nOLlaiOTCH Ha CXeMy nponyCKaHHH 2, npH OLlHOBpeMeHHOM HanHqHH 

' o60HX HMnynbCOB OT 0LlHOBH6paTopos qepe3 CXeMy nponycKaHHH npOXOLlHT CHHXpOHH3H

~pyiOWHe HMnynbChi I, KOTophre cooTseTcTsyiOT 3anHeMy cppoHTy HMnynbCOB noncseT

~ KH s 6noKe HaKonneHHSI, nepshilt H3 HMnynbcos, npowenwHx qepe3 cxeMy nponycKa

~HSI, 3anycKaeT OLlHOBH6paTOphl 2, 2A, H 2E. VlMnynbC OT OLlHOBH6paTopa 2 SIBnSieTCSI 

.>... HMnynbCOM Bhr6opa KaHana • .UnHTenbHOCTb HMnynbCos OLlHOBH6paTopos lA H IE non)!(

~ Ha 6b!Tb pasHa MaKCHManbHOMy H3MepHeMOMY HHTepsany speMeHH. EcnH Bhi6HpaeTCH 

"-...._ He nocneLlHHit KaHan , TO 9TH 0LlHOBH6paTOpbl npHHYLll!TenbHO B03BpaWaiOTCH B nepso-, 

HaqanbHOe COCTOSIHHe nocne OKOHqaHHH BbJ6opa KaHana, npH HanHqHH HMnynbCa OT 

OLlHOBH6paTopa lA 3anHpaiOTCSI cxeMbi pa3pHna 3anoMHH8IOWHX eMKOCTeA A H E. 

B MOMeHT cpa6aTbiBaHHH OLlHOBH6paTopa lA HaqHHaeTcH speMSJ:-aMnnHTYLlHoe npeo6pa-

30BaHHe, 3aKaHqHsaeTCSI oHo s MOMeHT cpa6aTbiBaHHSI onHosH6paTopa IE. HanpH)Ke

HHe, nonyqHBWHeeCH B pe3ynbTaTe BpeMH-aMnnHTYLlHOf'O npeo6pa30BaHHH, 6y!leT npo

nopUHOHanbHO HHTepsany speMeHH Me)Kny HMnynbCaMH A H E. 3To HanpH)KeHHe c 3a

noMHHaiOweA eMKOCTH A nonaeTCH Ha cxeMy cpasHeHHH A. VIMnynbC E 3apSJ:)KaeT 

3anoMHHaiOWYIO eMKOCTb E no csoero aMnnHTy LlHoro 3HaqeHHSii HanpH)KeHHe c 3ano-

MHHaiOweA eMKOCTH nonaeTCSI Ha cxeMy cpasHeHHH E. EcnH HMnynbC E OTCYTCTsyeT 

B HCCnenyeMOM HHTepsane BpeMeHH, TO nocne OKOHqaHHH HMnynbCa 0LlHOBH6paTopa 

lA cxeMa B03BpawaeTCH s nepsoHaqanbHoe cocTOSIHHe H roTosa K npHeMy cnenyiOWHX 

HMnynbCOB, 

VfMnynbC OT 0LlHOBH6paTopa 2 OTKpb!SaeT cxeMy nponycKaHHSI 3, H qepe3 Hee 

HaqHHaiOT npOXOLlHTb CHHXpOHH3HpyiOWHe HMnynbChl fi , nOCTynSIOWHe C 6noKa Ha-

KOnneHHH, Ka)!(Llbllt H3 9THX HMnynbCOB Bbl3hiSaeT nOHH)KeHHe HanpH)KeHHH Ha BhiXOLle 

reHepaTopa cTyneHqaToro HanpSI)KeHHH Ha OLlHY H TY )Ke senHqHHy. HanpH)KeHHe c 

""--"'=~~-.---' .--
'-' -.·· 
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reHepaTopa cTyrreHqaToro HarrpsDKeHHH nonaeTCH Ha o6e cxeMbi cpaBHeHHH A H E. 

B 3aBHCHMOCTH OT napaMeTpoB perHcTpHpyeMoro HMnynbca paBeHCTBo HanpH)!(eHH!1 Ha 

060HX BXOllaX K8/Kll0H H3 CXeM cpaBHeHH51 MO)KeT llOCTHI'8TbCSI B pa3HOe BpeMH, flpH 

llOCTH)!(eHHH paBeHCTBa HanpH)!{eHHi!: Ha 060HX BXOllaX CXeMbl cpaBHeHH51 OHa rrepexo-

llHT B npyroe COCTOHHHe; npH 8TOM cpa6aTbiBaiOT COOTBE'TCTBeHHO OllHOBH6paTOpb! 

3A HJIH 3E. YIMrrynbCbi OT aTHX OllHO:?.u6paTopoB B03BpaiuaroT B rrepBoHaqanbHOe 

COCTOSIHHe COOTB8TCTB8HHO OllHOBH6paTOpb! 2A H 2E, rJpH HaJIHqHH HMnyJibCOB OT OllHC ~ 

BH6paTOpOB 2A H 2E 6ynyT OTKpb!Tb! COOTB8TCTB8HHO cxeMbl noonycKaHHSI 4A H 4E, 

H qepe3 HHX npOXOllHT Ha 6JIOK HaKOnJieHHH, CHHXpOHH3HpyiOWH8 HMllyJibCbl JI, LJ:HCJIO HMnyJit • 

coB, npowenwHx qepe3 cxeMy nponycKaHHSI 3A, onpenenHeT HOMep BpeMeHHoro KaHa

na, a qHCJlO HMITYJibCOB, npoWellWHX qepe3. cxeMy nporrycKaHHH 3E, - HOMep aMITJlHTy.O

HOI'O KaHana·. YIMITYJibCbl CO CXeMbl rrponycKaHHSI 3E nonaiOTCSI Ha BXOll ( nepBbiH TpHr

rep) reHepaTOpa ropH30HTaJlbHOI'O OTKJIOHeHH51 B 6JIOKe HaKOf!J18HH51 1 a HMllYJlbCb! CO 

CXeMhl nporryCKaHHSI 3A - Ha OllHH H3 cpeDHHX TpHrrepoB reHepaTopa rOpH30HTaJlbHO

ro HJIH BepTHKaJibHOI'O OTKJIOHeHHR (a 3aBHCHMOCTH OT pacrrpeneJieHHH qucna KaHaJIOB 1 

OTBODHMblX llJlSI BpeMeiiHOI'O H aMnJIHTY llHOI'O aHaJIH3a), 

riocne TOI'0 1 KaK cpa6oTaeT BTOpo!1 H3 OllHOBH6paTopOB 3A H 3E, HMllfJlbC C 

cyMMaTopa B03BpawaeT B rrepBOHaqanbHOe cocTOHHHe OllHOBH6paTopbi 2, IA H IE. 

3To Bbi3biBaeT, B csoro oqepenbt pa3pHn 3aiTOMHHaiOWHX eMKOCTei!: A H E, 3aKpbiTHe 

cxeMbi rrponycKa~HH 3 H B03BpameHHe reHepaTopa cTyneHqaToro HanpS1)!{8HHH B nepso

HaqanbHOe COCTOHHHe, EnoK pacnpeneneHHSI 6y llCT I'OTOB K npHeMy HOBb!X perHCTpH

pyeMbiX HMllYJlbCOB ll0CJ18 npeKp&WeHHSI HMllfJlbCa 6JIOKHpOBKH 2 llOllaBB.eMOI'O C 6JIOKa 

H8KO!IJ18HH51, 3TOT HMriYJlbC B03BpawaeT T8K)!{e B nepBOHaqaJibHOe COCTOHHHe OllHO-

BH6paTOphl 3A H 3E, 

rJpH npHCOellHHeHHH OTlleJibHOI'O 6noKa pacnpeneneHHH BpeMeHHOI'O aHaJIH3aTOp8 

CTaHOBSITCSI HeHy)!{Hb!MH f3Jlbl, oqepqeHHble Ha CK8JleTHOH CXeMe nyHKTHpHOit JlHHHei!:. 

7. EnoK pacnpeneneHHH MHoroKaHaJibHO!l cqeTHO!l cxeMbi 

llJ151 MHOI'Oll8TeKTOpHblX CHCTeM 

B pSine aKcnepHMeHTOB, npoBOllHMbiX Ha CHHXpOUHKJIOTpoHe, npHMeHSIIOTCH 

MHOI'OKaHB.JlbHbie CHCTeMbl 0 HMeiOI.UHe llJ151 K8.)!{ll0I'O KaHana OTlleJlbHI:ltH neTeKTOp 

H3JiyqeHH51 (Ha!!pHMep, rrpH HCCJlellOBaHHH yrJIOBb!X pacnpeneneHHH qaCTHU, rrpH H3Me-

i 
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peHIHI 9HepreTHqecKHX cneKTpos c noMOlllbiO M8rHHTHoro cneKTpoMeTpa H T • .U.). B 

9THX 9KCil8pHM8HT8X cqeT qHCJ18 HMilYiibCOB OT K8:tK.UOrO .[l8T8KT0p8 .UOJI:tKeH npOH3-

BO.UHTbCH OT.U8JlbHOi!: nepecqeTHOi!: CX8MOi!:, flpH 'IHCJ18 K8H8JIOB Il0pH.UK8 HeCKOJlbKHX 

.U8CHTKOB CT8HOBHTCH uenecoo6p83Hb!M np_HM8H8HH8 6JIOKOB H8KOilJ18HHH H8 Il0T8HUH8J10-

CKOII8X B K8qeCTB8 MHOf'OK8H8JlbHhiX cqeTHbiX CX8M, 

Ha p11c. 9 H306pa:tKeHa CKeneTHasr cxeMa 6noKa pacnpe.ueneHHsr, npe.aH83Ha'leH

Horo .UJIH Il0.U8'1H H8 OllHC8HHhii!: Bbllll8 6JIOK H8KOilJ18HHH HMilyJibCOB 0 38perHCTpHpOB8H

Hb!X MHOf'O.[l8T8KTOpHOi!: CHCT8MOi!:, Ha CK8J18THOH CXeMe IlOK838Hhl 4 K8H8J18 CHCTe

Mhi. Ha pHc. 10 npHae.ueHa speMeHHasr .UHarpaMMa HMnynbCOB B oT.uenbHhiX y3nax 

9TOrO ycTpOi!:CTB8 np!! perHCTp8UHH HMilYJibC8 OT Tp8Tbero .U8T8KTOp8. l-1MllYJibCbl OT 

K8)K.[lOrO .[l8T8KTOp8 H3JiyqeHHSi YCHJIHB810TCH H 38T8M Il0.[1810TCSI H8 00 lllHi!: .[lHCKpHMH

H8TOp. B OllHChiBaeMoM sapHaHTe cxeMbi npH o.uHoBpeMeHHOM cpa6aThiB8HHH .usyx 

HJIH 60Jiblll8f'O q'HCJI8 .[l8T8KTOpOB .UHCKpHMHH8TOp npellSITCTByeT IlpOXO:tK.[l8HHIO HMilYJib

COB B .U8JibHei!:WH8 U8IlH 0 H T8KH8 CJiyqaH He perHCTpHpy!OTCH, flpH IlOCTynJieHHH HM-

IIYJibC8 OT O.[lHOro .[l8T8KT0p8 H8 Bh!XO.[le .[lHCKpHMHH8TOp8 IlOHBJ1H8TCSi HMilyJibC 0 no

CTYil810lllliH Ha cxeMy npo~ycKaHHsr 1. 3Ta cxeMa nponycKaHHH ocywecTBJISieT 6noKH

poaKy CHCT8Mbl H8 BpeMsr perHCTp8UHH llOCTYilHBlll8rO HMilYJibC8. Ha Hee :tK8 MO:tK8T·., 

IlO.[l8B8TbCSi HMilYJibC OT CHCT8Mbl C8JI8KUHH ( H8 CK8J18THOi!: CX8M8 He llOK838HO). Tor

.[18 liMilYJibC OT .[l8T8KTOp8 6y.aeT perHCTpHpOB8TbCH TOJibKO IIpH Cp868TbiB8HHH onpe

.[l8JI8HHOi!: KOM6HH8UHH CX8M COBil8.[18HHi!: H 8HTHCOBil8.[18HHH B CHCT8M8 C8JI8KUHH, J.1M

nyJibC C Bh!XO.[l8 CX8Mbl nponyCK8HHSi 1 38IlYCK88T OAHOBH6p8TOp }. l-1MllYJibC 9TOrO 

O.[lHOBH6p8TOp8 Il0.[188TCSI H8 CX8Mbl llponyCK8HHSi K8H8JIOB H CXeMy nponyCK8HHSi 2, 

VIMilJJibC C yCHJIHT8JISi K8H8JI8 npOXO.UHT qepe3 COOTB8TCTBYIOlllYIO CXeMy nponyCK8HHSi 

H nepeBO.UHT COOTB8TCTBy!OlllHlt TpHrrep B HOBOe, Bb!.[l8JI8HH08 ITO Cp8BH8HHIO C oc

T8JibHb!MH TpHrrep8MH 0 COCTOSIHH8, B p8CCM8TpHB88MOM CJIY'I88 (eM. pHC. 10) B Bbl

.[l8JI8HH08 COCTOSIHH8 nepeJt.aeT TpHrrep B Tp8Tb8M K8H8JI8, Qqepe.UHOJt H3 CHHXpOHH-

31ipJ!OlllliX I!MllYJibCOB !• Il0.[18B88Mb!X C 6JIOK8 H8KOilJ18HHSi ( OHH COOTB8TCTBYIOT 38.[1-

HeMy cppOHTY I!MilYJibC8 IlO.UCB8TKII) 0 IlpOXO.UI!T qepe3 CXeMy nponyCK8HHSi 2 H Bbl3 bi

B88T cpa68Tb!B8HH8 O.[lHOB1!6p8TOp8 2, l-1MilJJibC 9TOro O.[lHOB116p8TOp8 OTKpblB88T 

CX8MJ nponyCK8HI!SI 3, 11epe3 KOTOpy!O H8'1HH810T npOXO.UHTb CHHXpOHH3HpJ!Olllll8 I!M

IIJJibCbl n , 3TH HMilYJibCbl ll0.[1810TCSI H8 CI!CT8MJ TpHrrepoB K8H8JIOB, KOTOpbl8 o6pa-

3YIOT C.UBHf'810WI!i!: perHCTp. CliHXpOHll~IIPYIOillH8 I!MllYJibCbl n Hrpa!OT ponb HMilYJib

COB. C.UBI!ra, Ka:tK.[lbiH T8KOJt HMilJJlbC B03Bp8Ul88T TpHrrep, H8XO.USillll!ltCsr B Bbl.[l8JleH-
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HOM COCTOSIHHH, B HOpMBilbHOe COCTOSIHHe H nepeBOLlHT B BblLieneHHOe COCTOSIHRe 

TpHrrep, HMeiOII.lHft HOMep HB eLIHHHUy MeHbl.lle, 8 LlBHHOM BBpHBHTe cxeMbl B BhiLie

neHHOM COCTOSIHHH He MO)KeT HBXOLlHTbCSI OLIHOBpeMeHHO oonee OLIHOf'O TpHrrepa, 

npu B03BpaweHHH B HOpMBilbHOe COCTOSIHHe fiOCJieLIHero TpHrrepa (cOOTBeTCTBYIOI.llero 

nepBOMy KBHany) 1 OLIHOBH6paT0p 2 llepeXOLIHT B HCXOLIHOe COCTOSIHHe
1 

H CXeMa npo

IIYCKBHHSI 3 38Kpb!BBeTCSI, 4HCJIO HMIIYilbCOB 1 npOI.lleLII.ll!IX qepe3 CXeMy nponyCKBHHSI 3, 

6yLieT onpeLienSITb HOMep KaHana, 3TH HMIIYilbChl SIB.'lHIOTCH HMIIYilbCBMH cepHH
1 

KOTO

pb!e IIOLIBIOTCH HB OilOK HBKOIIJieHHH 110 OLIHOMy OOll.leMy KaoenJ0
1 

He38BHCHMO OT 'IHCna 

LieTeKTopos usny'leHHSI, 

B onucaaaoA cxeMe MepTsoe speMSI, Bhi3hiBaeMoe perHCTpauueA nocTynHswero 

HMnynbCa, oyLieT TaKHM )Ke, KaK H B npeLibiLIYI.llHX CXeMaX, EcnH )Ke Tpel5yeTCH peru· 

CTpHpOBaTb 'laCTHUiol 1 npHXOLIHll.IHe Ha HeCKOilbKO LieTeKTOpOB H3ily'leHHH OLIHOBpeMeHHO 

HJIH qepe3 O'leHb Mailh!e npOMe)KyTKH speMeHH 1 TO MO)KHO npH IIOMOll.IH CHCTeMbl Tpur-

repos KBHanoa B nepHOLI H3ily'leHHSI CHHXpOUHKilOTpOHa npeLIBBpHTenbHO ·3aliOMHHBTb 

nocTynaJOwHe HMnynbChi, a s Te'leHHe nayshi - nepeLiasaTb LIBHHble Ha 15noK HaKonne

HHSI, npu :3TOM Ka~ B CKeneTHYIO CXeMy OilOKa pacnpeLieneHHSI (pHC, 9)
1 

TBK H B CKe

neTHYIO CXeMy OiiOKa HBKOnneHHSI (puc, }) Tpe6yeTCSI BHeCTH HeKOTOpble H3MeHeHHSI, 

no cno)KHOCTH ycTpoftcTsa o6a sapuaaTa pasHoueHHhi, Bo sTopoM cnyqae cxeMhi npo

nycKaHHSI KaHailOB ( pHC, 9) CTaHOBSITCSI HeHy:lKHbiMH, BMeCTO LlHCKpHMHHaTopa LlOJI)KeH 

ObiTb IIOCTBBJieH LlOIIOJIHHTenbHbift OLIHOBH6paTop, HMe!Oll.IHft LlilHTeilbHOCTb HMnynbCa
1 

p8BHYIO LlilHTeilbHOCTH H3ily'leHHSI CHHXpOUHKJIOTpOHB, 0LIHOBHOpBTOp cpa6aTbiBaeT npH 

IIOCTynneHHH HMIIYilbCB OT OLIHOf'O HilH HeCKOilbKHX LieTeKTOpOB, Ha CXeMy nponyCKa

HHSI } BMeCTO HMnynbCa OilOKHpOBKH 1 KOTOpaS! CTaHOBHTCSI HeHy)KHOft
1 

IIOLIBeTCSI HM

nynbC, CBHLieTenbCTBYIOlliHA 06 OKOH'IBHHH H3Jiy'leHHSI CHHXpOUHKJIOTpOHB, npH HBJIH'IHH 

HMnynbCa OT LlOIIOilHHTenbHOf'O OLIHOBHopaTopa :3TOT HMnynbC 3anyCKBeT OLIHOBH6pa

TOp }, J..1MnynbC OT OLIHOBH6paTopa 2 (HMnynbC BbiOOpa KBHana) OCyll.leCTBJISieT B 6no

Ke HaKoimeHHSI TOilhKO c6poc passepToK (eM. puc. 1 ). J..1MnynhChi cepuu c 6noKa pac

npeLieneHHSI Ha reHepaTop ropH30HTBilbHOf'O OTKJIOHeHHSI OJIOKI!l HBKOIIJieHHSI He IIOLlo!IIOT

CSI, nocne c6poca passepTOK s 15noKe HaKonneHHSI npoLIOJI)KaeTCSI npe)KHHft pe*HM 

paoOThi 1 T,e. nyq nooqepeLIHO OOXOLIHT sepTHKBilbHbie CTOilOHKH
1 

HB'IHHBSI C nepsoro, 

H OCyl.lleCTBilSieT BOCCTBHOBneHHe LlBHHhiX, Ponb CHHXpOHH3Hpy!Oll.IHX HMnynhCOB ll 
1 

S!BilSIIOI.llHXCH HMllyilbCBMH CLIBHf'B LlilH OJIOKB pacnpeLieneHHH 1 Hf'pBIOT HMIIYilbCbi
1 

no

LlBBBeMbfe C reHepaTopa sepTHKBilbHOf'O OTKJIOHeHHH HB reHepaTop ropH30HTBilbHOf'O 

i 
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'iHena 
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·3 anoMHHaTb 

6nOK H8KOIIIle

)1 T8K H. B eKe-

H3M9HeHHSI, 

.llOll>KeH 

B 6no-

6noKa pae-

He IIO.llSIOr 

n. 
no-
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OHH B03HHKaiOT noene OKOH'i8HHSI 06XO.lla ny'iOM O'iepe.llHOrO eTOl16HK8 

( K8H8ll8), 8 STOll: ePJeTeMe B Bhi.lleneHHOM eoeTOSIHHH O..llHOSpeMeHHO MOryT HaXO..llHTb

CSI HeCKOllbKO TpHrrepos. YlMIIyllbChi 1 eSPJJ;leTellbCTBYIOll\He 0 B03BpameHHH TpHrrepa 

nepsoro KaHana ( pHe, 9) S HOpMallbHOe eoeTOSIHHe
1 

IIO..ll8IOTeSI He H8 O..llHOSH6paTOp 2 1 

8 H8 nepeKIIIO'i8Tellb ·pe>KHMa 6noKa H8KOIIIleHHSI, nepeBO..llSI erO S IIO'JIO>K9HH9 • 38IIHeb', 

B MOMeHT npHXO..lla HMnynbCa e 6noKa paenpe..lleneHHSI sneKTpOHHhil!: nyq H8XO..llHTeSI 

H8 nepBOM pa6o'ieM Sl19M9HTe eOOTBeTeTBYIOll\ero KaHana. ,[l,anee IlpOHeXO..llHT o6bi'iHbllt 

npouecc npH6asneHHSI e.llHHHUbl K 'iHeny HMnynbCOB 1 npe>K..lle 38perHeTpHpOSaHHblX S 

3TOM KaHane, H eHOS8 H8'iHH8eTeSI npoueee SOeeTaHOBl19HHSI, 0..llHOBH6paTOp 2 S03Spa

IU8eTCSI B HeXO.JlH09 eoeTOSIHHe HMnynbCOM 1 S03HHKaiOll\HM noene OKOH'iaHHSI 06XO..ll8 

ny'ioM rrocne..llHero KaHana, noene sToro exeMa nponyexaHHSI 3 3aKphiBaeTeH; see 

TpHrrepbl perHCTpa OKa3b!SaiOTeSI :B HOpMallbHOM eoeTOSIHHH, 

TaKHM o6pa3oM, see HMnynbehi, nony'ieHHhie oT ..lleTeKTopos 3a nepHO..ll H31ly'ieHHSI 

CHHXpOUHKnOTpOH81 6y LlYT nepe..llaHbl B eoOTSeTeTSYIOll\He KaHan hi 6noKa HaKOIIIleHHSI 

B Te'ieHHe nepsoro UHKila ero pa60Tbl noene OKOH'iaHHSI nepHO..lla H31ly'ieHHSI, He..llOeTaT• 

KOM 3TOl!: eHeTeMbl no epaBHeHHIO e nepsolt SISJISieTeSI HeB03MO>KHOeTb perHeTpaUHH 

6onee O.llHOro HMnynbCa S Ka>K..llOM KaHane 3a O..llHH nepHO..ll H31ly'ieHHS1 1 'iTO MO>KeT 

npHBeCTH K HCK8>KeHHIO pe3yllbTaTOB SKenepHMeHTai npeHMyll\eCTSOM >Ke SIBIISieTeSI 

OTCyTCTBHe MepTSOrO speMeHH ..llnSI HMIIyllbCOS 1 noeTynaiOll\HX B pa3Hble K8H81lbl, Cpas

HHT9llbHOit xapaKTepHeTHKOit STHX eHeTeM MO>KeT eny>KHTb TaK>K9 ~aKeHMallbHOe 

'I.HCJIO HMIIYJibeOB 1 KOTOpoe OHH enoeo6Hb! 38perHeTpHpOBaTb 3a O..llHH nepHO..ll H3nyqe-

HHSI, Ami nepsol!: eaeTeMbi STO 'iHeno pasHa 

n 
!MaKe. 

T H3n. 

T 
cp 

rne TH3n- nepHO..ll H3ny'i9HHSI eHHXpOUHKnOTpOHa; 

OHO pacTeT e ysenH'ieHHeM 'iHena KaHallOB, 

T - epe..llHee M9pTBOe BpeMSI i 
cp 

Y.HcnoBhie oueHKH TaKoA eaeTeMbl npHMeHHTenbHO K eHHxpouHKnoTpoHy OYIH VI 

AnSI sTopol!: eHeTeMbi n2 MaKe:" K , r..lle K - 'iHeno KaHanos, Ha..llo TaKme 

y'iHTb!B8Tb PI B03M0)KHOe HeK8)KeHH9 pe3ynbTaTOB SKenepHMeHTa, Cne..llOBaTenbH0 1 

BTOpyiD CXeMy ueneeoo6pa3HO npHMeHSITb TOnbKO B eneuHallbHblX eny'iaSIX HnH IlpH 

O'ieHb 60nbWOM 'iHene KaHallOB - nOpSI..llK8 HeeKOnbKHX eoTeH, 
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8, BnoK pacnpeaeneHHB MarHHTHoro napHoro y -cneKTpoMeTpa 

B napHoM Y -cneKTpoMeTpe SHeprHB KBaHTa onpeaenBeTCll nyTeM H3M9peHHR 

CYMMapHOlt 9HeprHH KOMnOHeHT 06paayJOWeltCB sneKTpOHHO-n03HTpOHHOlt napbi; pac-

npeaeneHHe sHeprHH Me:iKay KOMnoHeHTSMH napbi HecywecTBeHHO, KoopaHHaTHhie 

aeTeKTOpbl H3nyqeHHR napHO~O y -cneKTpOMeTpa aenRTCB Ha aBa p8BHbiX pgaa, 

B OaHOM H3 KOTOpbiX perHCTpHpyiOTCR aneKTpOHbl, a B apyrOM - n03HTpOHbl, nycTb 

B Ka:iKaOM H3 pRaOB HaxoaRTCH no !'(f2 aeT9KTOpOB ( KOOpaHH8THbiX KaHanOB) t KOTO

pble perHCTpHpyiOT aneKTpOHbi H n03HTp0Hbl C OTHOCHTenbHOlt 9HeprHelt OT 1 ao [(/2 • 

Toraa OTHOCHTenbHSB SHeprHR Y - KBaHT8 6yaeT onpeaenRTbCR CyMMOlt HOM9POB 

aeTeKTOpOB, H8XOaRWHXCll B 060HX pBaax, qepe3 KOT0pb19 npoWnH COOTB9TCTB9HHO 

sneKTpOH H n03HTpOH, l..J.HCnO peaynbTHPYIOWHX K8 Hanos cneKTpOM9Tpa, T,e, KaHanos 

perucTpupyiOWHX sHeprHJO y -KBSHTOB 6y aeT pasHo K- 1 • 0HH perHcTpHpyiOT y 

KB8HTbl C OTHOCHTenbHOit SHeprHelt OT 2 ao. K , npH pa6oTe C TaKHM cneKTpOMeTpOM 

aeo6xoaHMO .Y'IHTbiBaTb, 'ITO y -KB8HTbl paa"HbiX 9HeprHit perHCTpHpyiOTCll C paanHq

HOit cyMMapHOit scpcpeKTHBHOCTbiO, TaK J Y -KBaHTbl C OTHOCHTenbHOit 9HeprHeft 2 HnH 

K MoryT perHcTpHposaTbCll TonbKO oaHolt KOM6HHauHelt aeTeKTOpos ( 1+1 s nepsoM 

cnyqae H L+ _K_- so BTopoM), a y -KsaHThi c OTHOCHTenbHOlt aHepruelt _.K_+ 1 
2 2 K 2 

MOryT perHCTpHpOBSTbCll -- KOM6HHaUH!iMH aeTeKTOpOB ( M8KCHManbHall CyMMSpHall 

scpcpeKTHBHOCTb), 

2 . 

CKeneTHaB cxeMa 6noKa pacnpeaeneHHB napHoro y -cneKTpoMeTpa, HMeJOwero 

no 4 aeTeKTOpa B Ka:iKaOM pRay t H306pa:iKeHa Ha pHC, 11 ( Ha CaM OM aene CneKTpo

M9Tp HM99T no 12 aeTeKTOpOB B Ka:iKaOM pRay), 3Ta CHCT9M8 RBnReTCR KaK 6hi 

casoeHHOit MHOroaeTeKTOpHOlt CHCT9MOit 1 H306pa:iKeHHOit Ha pHC, 9. 8 Ka'leCTBe aeTeK· 

TOpOB Hany'leHHB HCnonb3yiOTCR raaopa3pRaHhl9 C'I9T'IHKH C 6onbWHM raaOBbiM ycHne

HHeM, HanonH9HHbl9 napaMH M9THnanR, TaKHe C'I9T'IHKH HM910T acpcpeKTHBHOe M9pTB09 

-7 
Bp9MB 1 He npeBbiWaiOW99 10 CeK; OHH yao6Hbl B pa6oTe, HM910T CT86HnbHb19 

xapaKTepHCTHKH H He Tpe6yJOT aawHThi OT pacceHHHoro MarHHTHoro nonH, CneKTpo-

M9Tp perHCTpHpyeT Te cny'laH, KOraa HMnynbChl oaHOBp9M9HHO B03HHKaiOT TOnbKO 

B OaHOM H3 C'I9T'IHKOB 1 KaK aneKTpOHHOro (A), TaK H no3HTpOHHOro (B) pgaos, 3TO 

ocywecTBnBeTcR cneayJOWHM o6paaoM, YlMnynbChi oT C'leT'flrKOB Ka:iKaoro pRaa 

yCHnHBSIOTCR H cpopMHpyiOTCR ycHnHTenRMH H aaTeM noaa!OTCR COOTBeTCTB9HHO Ha 

aHcKpHMHHaTOPhi A H B. Ha BhiXoae aHcKpHMHHaTopa noRBnReTcB HMnynbC Ton&Ko 

" 
} 

'ITO 

COB 

HOM 

pRaa 

H8'1SnbHOe 



,llO 1(!2 • 

HOMePOB 

T,e, K8H81IOB 

{ 1+1 B nepBOM 

sHepraeA __K_ + l 
2 

CyMM8pH8!1 

aMeJOwero 

KS'ieCTBe ,lleTeK" 

raaoBbiM ycane-

CT86HllbHble 

CneKTpo-

TOllbKO 

HMIIYllbC TOllbKO 
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B cnyqae IIOCTynneHHH HMnynbC8 OT O,llHOro C'l:eT'l:HK8 COOTBeTCTBYJOUlero pH.ll8, 3TH 

HMnynbCbi aanycKaJOT cooTBeTCTBeHHO O.llHOBH6paTOpbi lA H IE. YlMnynbCbi c O,llHo

BH6paTopoa nO.ll810TCH H8 CXeMy COBna,lleHHA, KY.ll8 38BO.llHTCH T8K:tKe HMnynbC C CHc

TeMbl ceneKUHH, 3Ta :tKe cxeMa ocywecTBIIHeT 6noKHpOBKY cneKTpoMeTpa Ha speMSi 

perHCTpaUHH nOCTynHBWHX HMnynbCOB, YlMnynbC O.llHOBH6p8TOpa no,llaeTCSi Ha CXeMb! 

nponyCK8HHSi K8H81IOB H cxeMy nponyCK8HHSi I. npH 3TOM HMnynbCb! c yCHIIHTeneA 

K8H81IOB npOXQ.llSiT qepe3 COOTBeTCTBy!OlUHe CXeMbl nponyCK8HHSi H nepeBO.llSiT TpHrre

pbl K8H81IOB B HOBOe7 Bbl.lleneHHOe no Cp8BHeHHIO C OCTallbHblMH, COCTOSiHHe, QqeBH,llHO, 

'iTO B Bbi,lleneHHOe COCTOSiHHe nepeA.lleT no O.llHOMY TpHrrepy B K8:tK,llOM pSi.llY, 

4epe3 cxeMy nponycKaHHSi .!. npoA.lleT oqepe.llHOA H3 CHHXpOHH3Hpy!OlUHX HMnynb

COB I, IIOCTynaJOIUHX C 6nOK8 H8KOnneHHSi, 3TOT HMIIYllbC aanyCTHT O.llHOBH6p8TOp 2, 

VfMnynbC O.llHOBH6paTOpa IIO,ll8eTCSi H8 6noK H8KOnlleHHSi 1 a TaK:tKe OTKpbiB8eT CXeMy 

nponyCK8HHSi 2, qepea KOTOpy!O H8'l:HH810T npOXO.llHTb CHHXpOHH3Hpy!OlUHe HMnynbCbl 

fi 1 IIOCTynaJOIUHe C 6noKa HaKOIIlleHHSJ, YlMnynbCbl, npoWe,llWHe qepea CXeMy nponycKa

HHSJ 2 (HMIIYllbCbl cepHH) 1 nO.ll810TCSJ Ha CXeMbl nponyCK8HHSJ 2A H 2E, CxeMa npony-

CKSHHSi 2A ynpaBnSieTCH TpHrrepoM A, npH nOCTynneHHH Ha TpHrrep HMnynbca C 

O,llHOBH6paTopa 3, OH nepeXO.llHT B Bb!,llelleHHOe COCTOHHHe H OTKpb!BaeT CXeMy npo

nyCK8HHSio CHHXpOHH3Hpy!OIUHe HMIIYllbCbi II , npowe.llWHe 'l:epea cxeMy nponycKaHHH 

2A, IIO,ll810TCH H8 CHCTeMy TpHrrepOB K8H81IOB pSI,lla A, KOTOpbie 06paayJOT C.llBHraJO

WHA perHCTp, CHHXpOHH3HpyJOIUHe HMnynbCbi II .llliH perHCTpa SJBIISJJOTCH HMnynbCaMH 

C,llBHra, Ka:tK.llbiA HMIIyllbC C.llBHra B03BpawaeT TpHrrep, H8XO,llHIUHACSI B Bbi,lleneH-

HOM COCTOSJHHH1 B HOpM8llbHOe COCTOSIHHe, a TpHrrep, HMe!OlUHft: HOMep Ha e,llHHHUy 

MeHbllle, nepeBO,llHT B ~bi.lleneHHOe COCTOSIHHe. YlMnynbC, B03HHKa!OlUHA npH B03Bpa

weHHH B HOpM8llbHOe CCCTOSIHHe IIOClle,llHero TpHrrepa pSI,ll8 - TpHrrepa lA, B03Bpa

waeT B nepBOH8'l:8llbHOe COCTOSIHHe TpHrrep A, npH 3TOM CXeM8 nponyCK8HHSI 2A 

38KpbiB8eTCSi, YlMnYllbeo B03HHK810lllHA npH B03BpaweHHH B nepaoHa'l:allbHOe COCTOSIHHe 

TpHrrepa A, nepeBO,llHT B Bbi,lleneHHOe COCTOSIHHe TpHrrep E, KOTOpbiA B CBOIO 

oqepe.llb OTKpbiBaeT cxeMy nponycKaHHSI 2E.· CHHXpOHH3HpyJOlUHe HMnynbCbi II , npo

we.llWHe qepe3 CXeMy nponyCK8HHSJ 2E, IIO,ll810TCSI H8 CHCTeMy TpHrrepOB KaH81IOB 

pH.ll8 E 1 KOTOpb!e TaK>Ke o6paayJOT C,llBHrc!l!OlUHA perHCTp, pa60T810IUHA 8H81IOI'H'l:HO 

C.llBHraJOweMy perHCTpy pSI.lla A. YlMnynbC, aoaHHKaJOlUHA npH soaspameHHH a Hop

ManhHoe cocTOSIHHe nocne,llHero TpHrrepa pSI.lla - TpHrrepa IE, aoaspawaeT a nepso

Ha'l:anbHOe COCTOSJHHe TpHrrep E, npH 9TOM CXeMa nponyCK8HHSI 2E aaKpb!B8eTCSI1 
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8 T8K)K9 B03Bp8lU89TCR B HCXOaHoe COCTORHHe OaHOBH6paTop 2
1 

nocne qero 38Kphl

aaeTCR H cxeMa nponycxaHHR 2. HoMep KaHana onpeaenReTcR qucnoM HMrrynbCoa, 

npolUeawux qepe.'3 cxeMy nporrycxaHHR 2. 
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