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P. Aa~en 

CHCTEMA · f!YHKUHOHARoHYX · MO,&YRER 
norHIJECKoR 3REKTPOHHKH MArHHTHoro · 

HCKPOBOrO CfiEK~POMETPA 



B .B e lt e .11 H. e 

Coopy:H<:aeMbiA B. na6opa·TopHH HltepHbiX npo6neM OHRH MarHHTHbiA 

HCKpOBOti cneKTpOMeTp npeltCTaBnHeT co6oA yHHBepcanbHYIO ycTaHOBKY Aml' 

H3y'I9HHSI WHpOKOI'O Knacca HeynpyrHX npOll9CCOB npH BbiCOKHX ::mepi'HHX. 

CHc~eMa ynpaeneHHSI cneKTpOMeTpa, COCTOSIWaSI H3. lt9T9KTOpOB aneMeH

TapHbiX 'laCTHll H MOJ;tyneti norH'I9CKOti sneKTpO.IIHKH, .O.On:H<:.IIa o6ecne'IHTb . 

perHCTpallHIO B3aHMonetiCTBHSI TOnbKO onpeltene.IIHOI'O BHlta. 

Ha pH c. 1 DOKa3aH. OltHH H3 BapHaHTOB 6noK-CXeMbl CHCT9Mbl ynpas

neHHH. HCKpOBbiM cneKTpOMeTpOM, D03BOnHIOillHA perHCTpHpOBaTb Heynpyroe 

saaHMOlteACTBHe rr -MeaoHos, . K""" -MeaoHos H aHTHnpoToHos c npoToHa

MH BOltOpOltHOA MHW9HH. CHCTeMa ltOn:H<:Ha Bb!pa6aTbiBaT:&. ynpaBnSIIOillHA CHI'-

. Han ltnH aanyCKa HCKpOBbiX KaMep TOnbKO B TOM cny'lae, KOI'lta npOH30Wno· 

B38HMOlteACTBHe 'ISCTHll Dy'IKa C MHWeHbiO .H BCe BbineT8IOillHe H3 Hee 'lac-

. THllbi nonaltaiOT 6 HCKpOBbie KaMepbi cneKTpoMeTpa. KpoMe sToro CHCTeMa . 

l{On:H<:Ha pei'HCTpHpOBaTb COOTBeTCTBYIOillHM KOltOM Ha $oTonneHKe ·c· TpeKaMH .. 

HH$OpMallHIO 0 THne nepsHil.lloti '18CTHilbi 0 Bbi3BaBWeti ltaHHYIO peaKilHIO. 

D.nSI' BbinOnHeHHSI STHX 'Tpe6osaHHA HCDOnb3yiOTCSI 4· rpynnbl . .o.eTeKTOpos, 

a HMeHHO: 

.1. 3 CllHHTHnnSIIlHOHHbiX lteTeKTOpa D.
1

, D.
4 

H D.
5 

B CXeMe COBDalteHHA, 

ycTaHosneHHbie B ny'IKe. 
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Pu~~ 1. E~bK-cxeM·a cucreMhL~~np'aaneHHSI uc~po~~IM Ma;~HT;biM cneKTpo
..MerpoM. 



2.~ CuHHTHnnSIUHOHHbie Ct.zeTt.zHKH. n6.' n7! n8 H ng. OKpy)Karour~e 
' . . 

MHWeHb 1 pa60TaiOUIHe .~ pe)KHMe ,aHTHCOB~aJleHHH H pei'HCTpHpyiDUIHe sapsr

)KeHHbie t.zaCTHUbi H raMMa-KBaHTbi OT. 1T () -Me30HOB
1 

He nonaBWHe B pa-

60t.zHH 06'beM .cneKTpOMeTpa. 

3 •. YnpaBnSIIOUIHe JleTeKTOpbi' nlO H. r.r.ll': BKniO'IE)~Hbre. Ha coana]leHHSI. 

3TH ]leTeKTOpbi Jl8IOT .HHljlOpMaUHIO 06 o6pa30BaHHH, no KpaiiHeil: Mepe, 
' .. ·· .··. : . 

JlByX. sapSI)KeHHbiX t.zaCTHU 1 nonaBWHX B · cneKTpOMeTp. 

4~ naa .t.zepe~KOBCKHX C'leTt.zHKa C BbiCOKOH. paspewaroureil: CriOC06HOCTbi0
1 

pas]lensrrourHe rr ~Mes OHhr, K- -MesoHbi H aHTHnpoTOHbr H ycTaHoaneHHhre 

B ny'IKe. 

noi'Ht.zeCKaSI 06pa60TKa .,HHljlOpMaUHH C() C'leTt.zHKOB npOH3BOJlHTCSI CHC

TeMOH nOI'Ht.zeCKOil: aneKTpOH~KH, B COCTaB KOTOpoil: BXOJlSIT cne]lyiDUIHe 

OCHOBHbie tPYHKUHOHanbHbie MOJlyn~: 

I. tPopMHpoaaTenb-pasaeTBHTenb tPP. 

2. ·.·11HT~I'panbHbiH JlHCKpHMHHaTop-ljlopMHpoBaTenb tP. 

3. CXeMa. HSITHKpaTHbiX COBria]leHHil: .CC. 

4. CMeCHTenh c HHBepCHe.ii: CM. 

5~ J1HBepTOp 11. 

6. PasaeTBHTenh P. 

7. <;:xeMa oT6opa co. 
8. Y CH~HTenb-ljlOpMHpOBaTenb YIP. 

9. CxeMa HHllHKaUHil CMH. 

· MoJlynH conpsrraroTcsr Me)KJlY co6oil: ranbBaHHt.zeCKH. BbiXOJlHOe conpoTHBne-. . ., . -- . . . 

HHe acex MOJlyneil: paaHo 50' oM. 
'· . .· ' . 

11HTei'panbHbiH JlHCKpHMliHaTop-ljlopMHpOBaTenb npeo6pasyeT BbiXOJlHOil: 

CHI'Han C tPSY B nOI'Ht.zeCKHH CTaHJlapTHbiil: ypoBeHb HanpSJ)KeHHSI OTpHUaTenb

.. HOM nonRpHOCTH 1 'COOTBeTCTBY~UIHil: nOI'Ht.zeCKOMY CHI'Hany "Jla "• 

. 31-oT oTpHua;~nb~hril: ypoaeHb. nepeKnrot.z.aeTCSI. Ha ·n~nO)KHTenbHbril:, 
COOTBeTCTBYIDUIHH nOI'Ht.zeCKOMy CHI'Hany "'HeT" 1 HMnynf:.,C::OM c6poca, HOCTy-
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naiO!IlHM .118 OTJleJlb.llblH BXOJl H onepeJKSIOIIlHM BXOJl.IIOH CHI'llall .liS.· BpeM5l, 

Heo6XOJlHMOe Jlll5l OKOH'ISllH.5l BCeX. nepeXOJl.llblX npo~eCCOB BHYTPH CXeMbl 

npH nepexoJle ee c ypoB.H5l ."i:la" aa ypoBeHb "aeT". 

J:'l~llYllbC c6poca llOC~ynaeT CO C'li!lT'IHKS n 5 , C?T05l!Ilei'O B ny'IKe. 

3TOT HMllYllbC 4JopMHPY~TC5l B _CTliHnapT.IIblH HMllYll!>C cGpoca 4JopMHp<maTe

neM-pa3BeTBHTeneM cpp H ·no~aeTc5l· OJlHOBpeMeH.IIO · Ha BCe BXOJlbl · c6poca 

HHTerpallbHblX JlHCKpHMHHSTOpOB cp} of ct>9• 

nn5l nony'leHH5l COOTBeTCTBYIOIIlei'O onepeJKeHH5l HMllYllbCS c6poca 

OTHOCHTellbHO CHI'HSllOB1 nocTynaiOIIlHX HS BXOJlbl HHTerpallbHblX JlHCKpHMHHa-

TOpOB1 cny~aT llHHHH 3a)leplKKH "3". 
I1MnyllbCbl CO C'IE:!T'IHKOB n

1
, n

4 
H n 5 npeo6pa3yiOTC5l tP<?PMHP.OBaTell5l-

MH ct>
3

, cp 
4 

H ct>
5 

B lJOI'H'IeCKHe ypoB.IIH "lla" H nocTynaiOT Ha BXOJl CXeMbl 

coBnaJleHHH CC-1. Pa3pemaiOmee BpeM5l cxeMhl coBnaJleHHH 3aBHCHT oT 

JlllHHbl. BKlliO'IeHHblX napalllleJlbHO BXOJlSM 4JopMHpyiOIIlHX Ka6eneii:. CHI' Hall 

C BblXOJlS CXeMbl COBllaJleHHH "CC-1" no)laeTC5l Ha BXOJl CXeMbl COBllaJleHHH 

· "CC-2" H Ha nepec'leTHyiO cxeMY TIC-1, perHCTPHPYIOIIlYIO o6mee 'IH,cno .'lac

THU ny'IKa. 

I1MnyllbCbl CO C'leT'IHKOB n
6

, n
7

, n 8 H n 9 4JopMHpyiOTC5lHHTerpallb-

.llblMH JlHCKpHMHHSTOpaMH-tPOPMHpOBaTell5lMH ct>6 , ct>7 , cpS H_ cpg B lJOI'H'IeCKHe 

CHI'HSllbl "JlS" • 3TH CHI'HSllbl llOI'H'IeCKH cyMMHpyiOTC5l . H H.HBepTHPYIO'l'C5l 

B cMeCHTene CI1-1. Tiony'leHHhlH Ha BblXOJle cxeMhi CI1-1 cHrlian "HeT ... 

nocTynaeT Ha BXOJl cxeMhl coBnaJleH~H CC-2. TaK KaK HCHOJlb30BaH.IIble 3JleCb 

CXeMbl CC xapaKTepH3yiOTC£ TeM1 'ITO Ha HX BblXOJlSX BCei'JlS ll051Bll5le'l'C5l 

CHI'HSll "HeT", eCllH Ha lJI060H BXOJl llOCTynaeT CHI'.IISll "HeT"1 TO H Ha Bbl-... " ···. . ., ... · ., . 

xoJlaX cxeM CC-2, CC-4; CC-5 · no51Bll51IOTC5l, B JlSHHOM cny'lae, CHI'HSllbl 
': .. i',' • • r 

"HeT" •· 

3TH CHI'Hallhl cyMMHpyiOTC5l B cMeCHTene c HHBepcHeii CI1-3. Ha Bhl-
. ~ ·; ••. ·,·. . ' ': ~': ! ·, . . . . : ., • • : . . : ' • . ·. . '. 

XOJle C_XeMbl CI1-;3 no5l_Bll5leTC5l OTpHI,IaTe1IbHhiH CHI'.IISll~ ... HO TSK .KaK Jlll5l .. 3a-

nycKa reHepaTOpOB, nHTSIOIIlHX HCKpOBble KaMepbl. cneKTpOMeTpa, Tpe6yiOTC5l. 

llOlJOJKHTellbHble HMfiyllbCbl 1 TO B JlaH.IIOM Clly'lae 3anycK He COBepiiiHTC5l. 

6 



Ecnlr :na Mliwemi BbineTHT B pa6o'l:nit o6-heM cneKTpoMeTpa HecxonbKo . 

aapsr~~H!IbiX '18CTHII~ . T6 OT .z:teTeKTopoB LllO H Llll' K8)!{~blil: H3 KOTOpbiX 

c'ocT.C>HT H3 DSITH rpynn nponopiiHOHanbHbiX C'I~T'IHKOB1 nony'IHM CTOnbKO )!{e 

HMnynbcoB. 3Tn HMnynbc~r ycnn:nBaiOTCSJ H cpop:MnpyroTcsr ycnnnTensrMn Y<P-l-1 

.., Y<P-10 n nocTynaror Ha BXo.z:ti>r cxeM oT6opa CO-l n C0-2. Ha ~br.io.z:te 
cxeMbi oT6opa nony'laeTcsr OTPHIIaTen:bHbiil: HMnynbc Tor.z:ta, xor.z:ta Konn'lecT

Bo _COBD8.z:t8IOIUHX BXO.z:t!Ib!X HMnynbCOB He MeHbUle aapaHee YCT8!!0BneHHOf'O. 

CHrHanbr c Bbrxo.z:toa CO-l n C0-2 cyMMHpyroTcsr n nHaepT~pyrorcsr 
B CMeCHTen~ CH-2. Llnsr nony'leHnsr norntiecxli_x C.Hf'Hanoa· ;, Tl.a" 9TH. cnrHa

nbi :lfHBepTnpyiOTCSI em.e paa B lfHBepTope H-3 If DOCTynaroi Ha ?XeMy CC-2 •. 

BbrxciilHoil: cH~··ua'ii·ifa cxeMbi CC-2 nocTynae~ Jla a~o.z:tbr · cie~. co'an~n~H:nsr 
'CC.:..3,. CC;;.4, ''cc.:..5~ 3TJ{ CXeMbi JlBIOT HHifJOpMaiiHIO 0 TOM, K8KOB 6bin THD 

nepB.H'IHbiX '18CTHII ny'IKa, Bbi3biBarom:nx saanMo.z:teiicTBHsr. B MHWeHn •. Bbi.z:tene

HHe ._THna '18CTHII DY'IKa OCyiUeCTBnSJeTcsr .llBYMSI DOpOf'OBbiMH 'IepeHKOBCKHMH 
C'I~T'IHKBMH ~ lf Ll

3
• 

Ilp:n npoxo*.z:teH:n:n· aHTHnpoToHa Ha BbiXo.z:te .z:teTeKTopoa Ll
2 

if L1
3 

HM

nynbCbi oTcyTCTayro.Z.. Ilp:n · nponei'e K-.:..MeaoHa nonyqaeM HMnynbc c .z:teTex

Topa _.n3 , a np:n nponeTe 11- -Mea~~a - HMnynbcbr c .z:teTeKTopoa .n
2 

H .n
3

• 

3T:n · HM!!ynbcbr ycHn:nsaroTcsr yc:nn:nTensrM:n Y -1 ~ Y -2 :n . nocTynaroT Ha axo

.z:tbr cpOpMHpoBaTeneil: <f>-1 H '<t>':"'2 COOTBeTCTBeHHo. 

· · · B cny'lae a'aa:nMo.z:teiicTansr 11- -Me3()HOB Ha BXO.z:tbi cxeMbi coana.z:teHnil: 

. CC-3 nocTynaroT Tpn coana.z:taiomnx c:nrHana:. 

1-il: - c Bbrxo.z:ta iflopM:npoaaTensr <P-1, · 
. . ' ' 

2-ii - c iflopM:npoaaTensr <P-2 'Iepea paaaeTBHTenb P, 

3-ii - co cxeMbi coana.z:teHHil: CC-2. 

BbiXO.z:tHOil: Clff'Han CXeMbl COBna.z:teHnil: DOCTynaeT O.llHOBpeMeHHO Ha CMe

CHTenb .CM-3, Moaynb HH.llH~aiiHH CHH-1 H nepecq~THyro cxeMy ITC-2. 

~O~ynb HH.l!HKBIIHH f'eHep:npyeT BCDhlUlKy CBeTa, KOTOpasr s:anae KO.llo

BOil: MeTKH pef'HCTpHpyeTCSJ Ha TOM )!{e Kaape ifloTonneHKH,. Ha KOTOpOM 
38CHSITO ll8HHOe C06biTHe. 

7 



Konu'leCTBO 9THX co6biTHit C'IHTaeT nepec'I~THast cxeMa _nc-~ •. 

nnst npenoTepamenHst cpa6aTbiBB.HHSI cxeM coenaneHHit CC-4 H. CC-5 

Ha· BbiXOilbi HX nonaeTCSI HHBepTHposaHHbiit · (l1-1) curaan c <tJopM~poeaTenst 

4>-1. 
llpH esauMoneitCTBHH K~ -Mesoaa aa BXOJlbi cxeMbi coenaneaHA: .CC-4 

nocTynaiOT TPH coenanaiOIUHX curaana:. · 

. 1-A: c Bbtxona 4JopMHpOBaTen5l .4>-2 'lepes· paseeTBHTellb P, 

2-A: HHBepTHpOBB.HHbiit (l1-1) C BbiXOil8. <iJopMHpOBB.Tenst 4>1, 

S-a co cxeMbi coenaneHHA: CC-2. 

BbiXOilHOil CHI'Han cxeMbl coenaneaHA .cc-4 paseeTBnSieTCsl TB.K >Ke, 

KB.K nnst cxeMbi cc-s. nnst npenoTBpameHHSI cpa6aTbiB8.HHSI cxeMbi CC~5 ''. 

·H8. ee BXOil nonaeTCSI 'lepe3 pa3B9TBHTenb p JIH,BepTHpOBB.HHbiii CHI'Han C Bbl.;. . 

- ·xona <iJopMHpoeaTenH 4>-2. 

llpH ssaut.mneA:cTBHH aHTHnpoToaa Ha cxeMY coenaneaHA: CC.;.5 nocTY-

naeT cHraan co cxeMbi CC-2 H . HHBepTHpoeaHHbie cHraanbi c <iJopMHpoeaTe

nH 4>-1 H. 4>-2. AaanOI'H'IHO, KaK H B npeJlblllYIUHX cny'laSIX, BbiXOilHOii CHI'Han 

cxeMbi coenaneHHii CC-5 nocTynaeT Ha MOJlYllb HHilHKB.IlHH, nepec'I~THYIO 

CX9MY H CM9CHTenb.· 

BbiXOJlHOA curRan cMeCHTenst Cl1-S sanycKaeT HMnynbCHbie reHepaTo-

pbi, nHTalOIUH9 CHCT9MY HCKpOBbiX KaMep cneKTpOMeTpa • 

. KoHCTpyKTHBHO · CHCT9M8. MOJlyneii BbtnOnHeHB. B BHil9 CMeHHbiX 6nOKOB 

CT8.Hil8.PTHbiX CTOeK. Bee MonynH caa6>KeHbi CXeMB.MH HHilHKB.IlHH. :3TO n03BO

nsteT ocymecTBHTb aanallKY eceA: cucTeMbi H KOHTponb 3a pa6oToii oTnellb

HbiX MOJlyneit no 38.>KHI'8.HH10 HHilHKB.TOpHbiX naMn npH nocTynneHHH H8. 9TH 

MO)lynH BXOJlHbiX HMnynbCOB. :,J 
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1. cJ>opMHpOBaTenH 

B CHC_TeMe cf>YHKUifOHanbHbiX MO.Qyne:il: nOI"H'I9CKO:il: aneKTpOHHKH MSI"HHT

HOI"O HCKpOBOI"O cneKTpOMetpa npHM9H9Hbl .QBa THna cf>opMHpOBSTeneA: HR..; 

TerpanbHbl:il: .tlHCKpHMHHSTOp-cf>opMHpOBSTenb- <I> H cf>opMHpOBaTenb-pa3B9TBH~ 

Tenh <I>P. 

HaTerpanbHbi:il: .tlHCKpHMHHaTop..;.cf>opMHpoBaTenb <I> 

HHTerpanbHbi:il: .tlHCKpHMHHaTop-cf>opMHpoBaTenb npeo6paayeT HMnynbc 

C <1>3Y B CTSH.QapTHbl:il: ypOBeHb HanpiDKeHHSI OTpHUSTenbHO:il: nongpHOCTH, 

COO'l'B9TCTBYIOIIIH:il: nOI"H'IeCKOMY CHI"Hany ".Qa ". 3neKTpH'I9CKSSI CXeMa _cf>op

MHpOBaTenSI noKaaaHa Ha pHc. 2. 

HMnynbCbl c <1>3Y noccynaiOl' 'lepea aMnm(Ty.QHbl:il: orpaHH'IHTenb {aHo

.tlbi n1 H_ n2 )- Ha 6aa~- TpaH3HCTopa T 1. pa6oTaromero B ycHnHTene c OT

PHUaTenbHO:il: o6paTHO:il: CBSI3biO (R7 ). BbiXO.Q YCHnHTenSI CBSI38H ranbBSHH

'19CKH C 6HCTa6HnbHblM Tp~rrepoM, llOCTpOeHHblM Ha TyHHenhHOM- ltHO.Qe {n
6

). 
- -

EHcTa6HnbHbi:il: pe:lKHM pa6oTbi TpHrrepa o6ecne'IHBaeTCSI BbiCOKOOMHo:il: Ha-

rpyaKo:il: TYHHenbHOI"O .QHO.Qa. 

Ha pHc. -~ Hao6pa:lKeHa sonbTaMnepHaSI H aarpyao'IHbi~ xapaKTepHCTHKH 

, TyHHenbHOI"O .QHO.tla, a Ha pHC~ 4 - 'ISCTb CX9Mbl cf>opM.HpOBSTenSI, .OTHOCSIIU8SI-

CSI K TpHI"I"epy • 

lfepea TyHHenbHbi:il: .tlHO.tl npoTeKaeT TOK I T.tl = I
2 
-I 

1 
-I 

3 

ToK I 8 npoTeKaeT 'lepea- TyHHenbHhiii .tlHO.tl . TonbKO B TOM cnyqae, 

KOI".Qa .tlHO.Q n 5 OTKpbiT. 3TO HMeeT MeCTO TOI".Qa, KOI".Qa pa60'I8SI TO'IKa 

TyHHenbHOI"O .tlHO.Qa HaXO.QHTCSI Ha .tlHcf>cf>yaHOH B9TB~. 

nonyCTHM, 'ITO B Ha'lalibHOM COCTOSIH.HH pa60'I8Sl TO'IK8 TyHHenbHOI"O 
- - . f - . 

.QHO.tla HaXO.tlHTCSI 6 TO'IKe A. lfepea TyHHenbHblii: .tlHO.tl npoTeKaeT paaaocT-

HbiH TOK I =I 2-I 1 • llpti nocTynne~.H.H Ha 6aay TpaH3HCTopa T
1 

_ 
T.Qa 
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. OTpHUSTenbHOro. HMnynbca TOK I 1 yMeHLwaeTCSI, scneACTBHe ~:~ero pa6o- . 

':18$1 TO':IKa c A'nepeMewaeTCSI B HanpasneHHH TO':IKH P. npH onperieneHHOA 

aMnnHTyAe BXOAHOro HMnynbca CYMMapHblA TOK,. npoTeKaiOlllHA ':lepe3 TyHHenb

HbiA AHOA1 CTaHOBHTCSI paBHb!M DHKOBOMY1 H npOHCXOAHT nepeKniO':IeHBe AHO

Aa B TO':IKY B. YposeHb nopora ABCKpHMHHaUHB MO>KHO B AaHHoA cxeMe Me

HSITb B npeAenax 0,25 ~ 0,6 B npH DOMOWH nepeMeHHOro. conpOTHBneHHSI 

R-14 , ':ITO AaeT B03MO>KHOCTb ycTaHOBHTb OAHHaKOBbie noporu AHCKpHMHHallHH 

y BCeX ~OpMHposaTeneA. 

Tox, npoTexaromHA ~:~epea TyHHenLHbiA AHOA, xorAa ero pa6o~:~ag TO':Ixa 

HaXOAHTCSI B B, paseH 

I =I ; .-I 1 -I '3 , TAB 

rAe I 'a ":" TOK, KOTOpbiA npoTexaeT ':lepe3 AHOA .n5 H co~pOTHBneHHe R II 

scneACTBHe Toro, ':ITO ABOA_ .n5 ClTI<pbiT ua-aa pa3HHUbi aanpSI>KeHdA Me>KAY 

TyHHenbHbiM .llHOAOM (+0,9 s) H 9MHTTep,oM TpaH3HCTopa T
2 

(+0,8 s). 

npu DOCTynneHHH Ha BXOA CXeMbi c6poca. OTpHUaTenbHOrO HMilYnbCa. 

Ha 9MHTTepe TpaH3HCTOpa T 2 DOSIBnSieTCSI C~OpMHpOBaHHbiA BCDOMOraTenb

HOA cxeMoA ( TpaH3HCTOpbl T 7• T 8 H ~opMHpyromuA xa6enb <J>K) OTpHua

TenbHbiA HMDYnbC C aMnnHTYAOA 1 B H AnHTenbHOCTblO .10 HCeK. B Te':leHHe 

aToro speMeHH TOK ]~ aoapacTaeT _npu6nHSHTenbHO Aci 10 Ma H pa6o~:~ag 
TO':IKa Ty.HHenbHOro AHOAa nepeMemaeTCSI C B B C. nocne OKOH':IaHHSI HM

nynbca c6poca pa,6o~:~ag TO':IKa soaspamaeTCSI s To~:~xy A. B aToM cocTOSIHHH 

cxeMa roTosa K cneAyromeMY uuxny. ·pa6oTbi. 

HMnynLc c6poca c scnoMoraTenbHoA ~opMHpyromeit cxeMbi noAaeTCSI 

OAHOBpeMeHHO Ha TpH AHCI_<pHMHHaTopa, CMOHTHpOBBHHblX .Ha OAHOA MOHTa>K

·_HOA nn~Te • 

.fing. ycToA':IHBOA pa6oThi ~opMuposaTeng AOruKHbi BhmOnHSITbCSI cneAyiO-

· Wife ycnOBHSI: 

11 



~-

~'. 

. ""'I 

•,,: 
-. ' :;: , .. l. ·: 

,. . -' . ~ ' ' ~ . 



PHc, 4. 3neKTPH'leCKali cxeMa TpHrrepa. 
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1. Kor.ua pa6o'laSI TO'IK8 TYHHenbHOro .UHO.Ua HaXO.UHTCSI B A,' nono.,.. 

)KHTenbHhie nepe6pochi, nocTynaromHe Ha TpaH3HCTOp T 2 , He .UOJI)KHbi nepe

MeiiiaTb ee B TO'IKY P. B npoTHBHOM cny<Jae npOH3ofi.ueT nepeKJIIO'leHHe 

.UHO.Ua .n
6

, H Ha Bb!XO.Ue _ <jlopMHpOBaTeng OOSIBHTCSI JIO)KHblfi CHI' Han. 

2. Kor.ua pa6o'laSI TO'IKa TYHHenbHoro .uHo.ua HaXO.UHTCSI B B, nonO)KH

TenbHhie nepe6pochi, nocTyriaromHe Ha 6aay TpaH3HCTopa T 1, ,He .uon)Kllbi 

· yMellbiiiaTb TeKymero 'lepea .UHO.U TOKa 6onbiiie '!eM aa !l I , r.ue_ fli=Ib-Iv. 

B npoTHBllOM cny<Jae HaCTynHT o6paTaoe nepeKniO'leHHe Tyaaenbaoro· 

.uHo.ua, KaK 6y.uTo 6hi Ha sxo.u cxeMhi c6poca nocTynHn HMnynbc. 

3. · C6poc <jlopMHpoBaTeng .uon)Kell 6hiTb aa.ue)KllbiM '.ua)Ke B · TOM cny'lae, 

ecnH o.uHospeMellllO c npoTeKaHHeM · npouecca c6poca Ha sxo.u .tiHCKPHMHlla

Topa nocTynaeT cny'lafillhifi HMnynbc. 

YcnosHe 1 BbmonaSie.TcSI B cxeMe 6naro.uapg npHMeaellHIO .uuo.ua .n5, 

KOTOpbifi OTCOe.UHllS!eT !Ienb 9MHTTepa Tpall3HCTOpa T 2 OT TylllleJibllOI'O .UHD

,ua, KOr,Ua TOT ll8XO.UHTCR B o6naCTH HH3KHX llanpg)KeHHfi, 

,Ung Bb!OOJIHellHSI ycno:ElHSI 2 qepe3 TpaH3HCTOp T 1 B pe)KHMe OOKOSI 

npoTeKaeT TOK ( I = 1 Ma) MellbiiiHfi, '!eM !l I ( !ll = 2 Ma). 
9 

,Ung Bb!OOJillellHR. ycnOBHSI 3 aMOJIHTY.U8 TOKa c6poca ( :; 10 Ma·) t 

no.uasaeMoro B Tyaaenbllbifi .uuo.u, )lOJI)Klla 6biTb 6onbwe, '!eM MaKCHMaJibllO · 

B03M0)Kll8SI aMOJIHTy.Ua TOKa ( ;; 2,6 Ma), nonyqaeMaSI C BbiXO.Ua YCHJIHTe

JISI (T 
1

) • BeJIH'IHll8 9TOI'O TOKa OI'pallH'IHBaeTCSI C OOMOIIIb!O KOJIJieKTOpllOI'O 

conpoTHBnellHSI R 6 Tpall3HCTopa T 1• 

Curaan c TyHaeni,aoro ·· .uHo.ua nocTynaeT aa ycHJIHTenb, nocTpoellllbifi 

xapaKTepH3yeTCSI Bb!COKOOM-aa TpaaaucTopax T 
3 

H T 4 • 8ToT ycHnHTenb 

HbiM BXO.UOM, llH3KOOMHbiM BbiXO.UOM· H rny60KOfi OTpHU8T~nbllOfi o6paTllOfi 

CBSI3b!O, C Bb!XO.Ua ycHJIHTeng CHI'll8Jl pa3BeTBnSieTCSI 1!8 .UB8 9MHTTepllbiX 

iiosTopuTenSI (T 
5 

H T 
6 

), KOTopbie cornacosallbi c 50-oMllhiM Ka6eneM. 

KaK 6hmo cKaaaao Bhiiiie, rnasaofi qacTbiO <jlopMHposaTeJISI SIBJISieTCSI 

6HCTa6HJibllblfi TpHrrep, KOTOpbifi B nepsoe yCTOfi'IHBOe COCTOSillli:e npHBO-

14 



JlHTCSI HMIIynhCOM C6poca, a no nTopoe - HMIIynhCOM, IIOCTyiiaiOIIlHM na ero 

nxoJl. JlnH nopManhnoii ·pa6oTbi cxeMbi HMrryni:.c c6poca JlOn}Ken orrepe}!(aTh 

nXOJlnOii CHI"Han. MHnHManbHO n03MO}!(naH nemPmna orrepe}!(enHH panna 

10 HCeK. 

CHrnanbi c6poca renepHpyroTcH <flopMHponaTeneM-paaneTnHTeneM Tonh

KO TOI"Jla, KOI"Jla DpeMeJJHOH HHTepnan Me)!(Jly. HMIIynhCaMH, IIOCTyiia!OIIlHMH 

. C· <f>3Y, 6onbiiie orrpeJlenennoii tPHKCHponannoii nemPIHnbi. 

0IIHCannbiH IlpHnUHII pa60Tbl HnTerpanhn()I"O JlHCKpHMHnaTopa-<flopMHpona

TenSI HMeeT PS!Il IIOnO}!(HTenhnbiX cnoiicTn, OC06enno IlpHI"OJlHbiX JlnSI TpHrrep

noii nOI"HKH, a HMeHHO: 

1. J1CTHHnbiH HMIIynhc, eCnH ero nenH'IHna rrpenbiCHT IIOpor JlHCKpHMH

naUHH, ncei"Jla IIepeKn!O':IHT <flopMHp(:maTenb na nOI"H':IeCKHH yponenh "lla". 

Cny':laHnbiH HMIIynhC, orrepe}!(aJOIIlHH HCTHnnbiH, MO}!(eT panhiiie HCTHnnoro 

IIepeKn!O':IHTh <flopMHponaTenh, HO H n STOM Cny':lae rrocne IIOCTyrrnenn:SI 

na nXOJl HCTHHnOI"O CHI"nana nbiXOJlnoii yponenh naiipS!)!(eJIHSI 6yJleT naXOJlHTh

CSI Ha norH'IeCKOM yponHe "lla". BnaroJlapSI aToMy a¢$eKTHnnocTb perHcT

paUHH aHTHCOniia]leHHH panHa 100%. · 

06bi':IHbie .tPOPMHponaTenH C tPHKCHponaHnoii JlnHTenbHOCTh!O nbiXOJlHOI"O 

HMIIynhca o6na]l~IDT neKOTOpb!M MepTnbiM npeMeneM, n . Te':lenHe .KOTOporo 

MO}!(eT 6b!Th IIOTepSIH CHI"~an aHTHCOniia]lenn:ii. 

2. BXOJlHbie CHrnanbi 6onhuioii JlnHTenhnOCTH He nh!3biBa!OT renepHpo

naHHH <flopMHponaTeneM cepHH ne}!(enaTenbHbiX HMIIynhcon. 

3. ilimTenbnOCTb. HMIIynhCOn na nXOJlaX CXeM COniia]lenn:ii-aHTHConrra

JleHHHi OIIpeJlenSIIOIIlaSI paapeiiiaiOIIlee npeMSI STHX CXeM, MO}!(eT 6b!Th nbi6pa

Ha n JlOnOnhHO. IIIHpOKOM HHTepnane. 

Ha pHc. 5 rroKaaana aanHCHMOCTh aaJlep}!(KH nbiXOJlHoro cHrnana · . ( 

<flopMHponaTenSI· OT aMIInHTYJlbl nXOJlHOI"O. 3aJlep}!(Ka CHrnana c6poca panna 

7 HCeK. BpeMSI HapacTanHH cilrnanon Ha nhiXOJle <flopMHponaTenSI 3-t 5 nceK. 

TeMrrepaTypHbiii Koa$$HUHenT HecTa6HnhnocTH rropora JlHCKpHMHnaiiim panen -

0,55%/rpaJlyc. 
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PHC. 5. 3aBHCHI\.iOCTb 38Jlep:lKKH BbiXOJlHOI'O CHI'Hana <f>opMHpOBaTenst OT 

aMnnHTYJlbl BXOJlHOI'O HMnynbca. 
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a) 

B) 

c) 

. Pac, 6, OcuannorpaMMbi· BXOAHbiX a BbiXOAHbiX HMnynhcoB 4JopMapoBa'l'enS!;. 

CKOpOCTb pa3BepTKH 10 HCeK/CM. 
LiyBCTBHTenbHOCTb 1 BICM · 

a) Ha BXOAe cxeMbi c6poca 

B) Ha BXOAe ~OpMHpOBSTenH 
c) Ha BbiXOAe ~OPMHPOBaTenH 

17 

\ 



Ha pHCo 6 npeACTaB1leHbl OCUH11li?I'paMMbl BXOAHblX H_ BblXOAHbiX 

HMnynbCOB <iJopM!ipOBaTensr. . . .,. 

,/. 

Q>'opMHpOBaTe1lb-pa·saeTBHT-e1lb _ cpp. 
' . : _ ... _: ,_\ .. . . . 

«PopMHpOBaTe1l~;.;paaBeTBHTe1lb npeo6p~syeT. CHJ\Hall C AeTeKTOpa, CTQ-

srmero Ha ny"!Ke, B ·HMnyn!Oc ·c6po~a: 
J 

Dnsr npaBH1lbHOH pa60Tbl CliCTeMbl cp,;.cpp AOlr>KHbl 6biTb ·.Bbin011HeHbl 
:~ : ~- . '· . . . 

/ , .. ,_.,._ .. 
OnHCaHHbie HH>Ke BpeMeHHbie COOTHOIIIeHliSI Me)!{i:{y' HX CHI'HS1laMH 1 , a TaK>Ke 

COOTBeTCTBYIOIIIee-- COOTHOIIIeHHe Me>KAY BellH"'HHaMH nopoi'OB 9THX CXeM, . 
- , ' • I 

a- HMeHHO: 

1) l1Mnynbc c6poca Ab~>KeH ollepe>K·aTb' o>KimaeMbiH_ ciiraan, nocTynaro-

IIIHH Ha BXOA HHTerpa11bHOI'O AHCKpHMlpiaTOpa..:<lJopM!ip~BaT'e,11SI Ha BpeMSI1 

aeo6XOAHMOe A11SI nepeK11IO"'eHHSI 4JopM,IipOBaTe11SI H.a, 110I'H-"!eCKHH ypoEEHb 

"HeT,; H OKOH"!aHH·SI·. CBSI3a,~HJ;>IX. C 9~HM nep~XOAOM:npoUeCCOB. BHYTPH cxe;.. 
-· . . . 

Mbl. MHHHMallbHOe onepe>KeHHe A11SI oriHca!IlibiX Bbiiiie ·HHTerpa11bHbiX AHCKpli-

MHHaTopOB-:<iJopMHpOBaTelleft paBHO' 10 HCeK •. 

2) l1Mny1lbC c6poca A01l>KeH .Bhipa6aTbiBaTbCSI T01lbKO TOI'Aa, KOI'Aa 
. ·:.r>.":"t, 

BpeMeHHOH HHTepi:lan Me>KAY CHI'HallaMH, nocTynaiOIIIHMii C AeTeKTOpa, 601lb-

we onpeAeneuuoli <iJHK~Hpo~aunoli aenH"'Hlibi r npH"'eM A01l>KHO Bbin011-

HSITbCSI ycllOBHe:. 

r 
:c6. 

> T .+ T 
sc· u 

rAe r - saAep>KKa C:Iiri-Iana, ·'TwcTynaromer'o iia axoA HHTerpanbuoro 
3C ·· · · . - · · · 

AHCKpHMHHaTopa J ~TH~cilre1lbu6 cooiaeTcTsyro~ei-o eMy cHrnana c6poca, 
- '•.· 

T - BpeMSI uapacTaHHSI 'cHI'Ha1IOB Ha -BbiXOAe UHTerpa11bHOI'O AHCKpliMH-
H 

uaTopa. 

EcnH T = 
c6 

T li nocrie HCTHHOI'O CHI'Halla ClleAyeT KaKOH-HH6YAb 
3C 

BTOpOH HMny1lbC 1 3aAep>KaHHbiH Ua apeMSI T sc' :TOi'Aa BC1leACTBHe COBna-
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ll9HHst HCl'HHHOI'O CHI'Hana C HMnynbCOM copoca, Bbi3BBHHOI'O ,Bl'Opb!M 

cHrHanoM, HacrynHna Obi norepsr coobiTHst. 

nooaBO'IHbiH HHTepBan T HeOOXOllHM llnH ·roro, 'ITOObl BbiXOllHOH 
H 

CHI'Han cpopMHpOBaTenst llOCTHr nonHOH BMfinHTYllbi. 

T CO )K9naTenhHO C TO'IKH 3peHHH HanallKH CHCT9Mbl 

nOI'HKH, HO MBKCHManbHBst ee BenH'IHHB orpaHH'IeHa ycnOBH9M nony'leHHH 

Xopoweii acpcpeKTHBHOCTH COBfiBll9HHH npH llBHHOH cpenHeii 'IBCTOTe cneno

BBHHst 'IBCTHU fiy'IKBo 

3) nopor llM~KpHMHHBUH~ cpopMHpOBaTensr-pa3BeTBHTensr 

HeOOXOllHMO YCTBHOBHTb BbiWe nopora llHCKpHMH~BUHH HHTerpanhHOI'O 

llHCKpHMHHaTopa-cpopJ\mpoBaTensr U ncp· 

EcnH Obi U nljlp·< U nljl' _rorna Bee cHrHanbi, aMnnHTYllbi KOTOpbiX 

Haxonsrrc H B npenenax U ~ . - U ~ , nepeKmoqanii: Obi HHrerpanbHbie 
n'f'p n'f' · 

llHCKpHMHHBTOpbi-IjJOpMHpOBBTenH TOnhKO Ha. norH'I9CKHH_ ypOB9Hb "HeT" • 

CnencTBHeM aroro Obmo Obi,. yMeHhWeHHe aljlljleKTHBHOcTH coBnaneHHii H aH

THCoBnaneHHii. 

4) Pa3HHUa Me)Kny noporaMH ljlopMHPOBaTensr paaBeTBHTensr H HHTer

panhHoro llHCKpHMHHBTopa llOn)KHB . Ob!Tb H900nhWOH, TBK KBK .B npOTHBHOM 

cnyqae BXOllHble CHI'Han bl, BMfinHTYllbl KOTOpb!X HBXOllHTCH B HHTetlBane 

U ~ - U ~· MoryT ObiTb norepstHbi. 
n't'p n'f' · 

Ha pHc. 7 .noKa3aHbi BpeMeHHbie llHarpaMMbi, HnmocTpHpyiOWHe onH-

caHHbie. BbiWe ycliOBHst paOOTbl CHCT9Mbl 4>P-4>. 

Ha pHc. 8 · np·~.f:!CTaBneHa aneK;pH'IeCKasr cxeMa ljlopMHpoBarensr-paaBeT

BHTensr. nocrynaiOWHH Ha ero BXOll CHI'Han nonaeTCst OllHOBpeMeHHO Ha 

SMHTTepHbiH fiOBTOpHTenb (T 1 )., cxe~y, reHepHpyiOIIIYIO,; · HMnynbC 3anpeTa, 

H ljJOpMHpOBBTenb HMnynhCOB COpOCa. 

3MHTTepHbiH fiOBTOpHTenb Cny)KHT llnH nHH9HHOI'O nepeHoca BXOllHOI'O 

CRI'Hana Ha OllHH H3 BbiXOllOB ljJOpMRpOBBTenH-pB3B9TBHTenst~ 
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TenSI <1!, C - HMnynbCbi Ha BbiXO.[le 4JopMHpOBaTenSI <II. . 
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. B cxeMe .popMHpOBaTeliSI· HMnyn&COB c6poca HMeeTCSI 'lyBCTBHTellbHbiit ,, • · 

. ~~HOBH6paTOP. aa TyHHellbHOM .llHOI;te n3. nopor cpa6a~h!B8HHSI KOTOporo 38-. 

,: .naeTCSI TOKSMH, npoTeKaromHMH ,'lepes .llHO.Il ~ H_ HH.IlyKTimHOCTh· L·· •. :· • 
' .· . 

Ha sxo.ne .popMHpOBaTeliSI HMeeTCSI aMnliHTY.IlHbiA· orpaHH'IHTenh,. nocT-· 

poe~H~Ift aa .llHO.Il~~ nl H -n2 •. O.nHOBHOpa~op, HOeTpOeH~hiA ~a .;-yHaelib_HOM 
.. .· . . /• . 

.llHO.Ile .n
4

, .nononHHTellbHO 4JopMHpyeT· no .llliH~ellbH·O~TH H ~aM~nHTy.ne HMnrn&:--

Chi. C 'n
3

,· KOTOpbi~ 3aTeM ,yCHliHBS~TCSI yCHliHTene.M, codpa!IHhiM Ha ~paH- . 
' ' .- ."' ' '·· ; 

: 3HCTOpax T 2 H T s· c YCHliHTeliSI carHallhl no.naroTCH. O.llHOBpeMeHHO aa 5 
• ~· • • I 

aMHTTepHb!X nOBTOpHTeneA, Bb!XO.Ilhl KOT.Opb!X cornaCOBSHhi·C 50-0MHbiM 

Ka6eneM.·· 

nocTynaromHA aa.cxeMy aanpeTa cHraan nocne orpa~H'leH~SJ <ns>• 
. ~CHlleHHSI (T 

9
) H .llH4J4JepeHUHpOB8HHSI (C9 ) aanycKa~T O.llHOBH6paTop~ • 

· ~OCTpOeH~bllt HS TYHHelxhHOM .llHO.Ile n9• C4JopMHPOB8HHbiA :o.UHOBH6p~TOpo~. 
HMnyllhc ycHnHsaeTCSI .llH,.P.PepeauHallhHbiM ycHnHTene~ (! 10, T ~ 1.> H .qepes 

. 3MHTTepHbiA nosTOpHTellh' (T 12) 3apst1KaeT. eMKO~Tb c1o· B Te'IeHiie. spe- .. 

MeHH r P , · onpe.nengeMoro paspSI.IlOM eMKOCTH CtO .no aan~SI>KeHHSI, paB

aoro. nopory cpa6aT~IB8HHSI TpHrr~pa lli'MH.IlTS, Tp8H3HC.TOP T Hi' pa6oTaJO

mHft B pe>KHMe aneKTpoaaoro KliJO'Ia, 3aseMnsteT ... ToqKy A. 

EcnH HHTepsan speMeHH Me>K.ny ~XO.IlHhiMH HMnyn&caMH MeH&we speMe

~; 

I 

. HH. r P. , , TO. eMKOCTh. c
10 

no.nsapg»<aeTC~ KS>K.IlhlM • HMnyn&COM .llO M8KCHM8llb- . , 

aoro Ha~pst>KeHHSI, H .popMHpOBaTellh H.MnyllhCOB copoca OCTaeTCSI see speM5l 

3anepTblM ,no BXO.IlY• TOllhKO TOr,lla, Kor.na HHTepBall Me>K.IlY BXO.IlHbiMH HM-
•.,; 

nynhCSMH 60llhWe r , BXO.Il OTKpb!BSeTCSI H CXeMa reHepHpyeT CT8H.Il8pTHblii 
.. P. . . . 

H_Mnyllhc c6p~ca. HpH yKa3aHHhiX fia pHc. 8 HOMHHanax aneMeHTOB cxeMbi 

speMSI r P pasao 200 acex. 11Mnyllhc ·aanpeTa, no.nasaeMb!A s TO'IKY A, 
•! 

38.1lep>K8H HS 10 HCeK no OTHOWeHHIO K BXO.IlHOMY CHrHSliY•. 

8Ta 3a.nep>KK8 .llOCTSTO'IHS .llliSI HOpMallhHOro 3anycKa 4JopMHpOBSTeliSI . 

HMnyn&cos c6poca. 
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AMn~HT~Jla HMnyni:.coa, cljJopMuposaHHbiX cxeMoii c6poca Ha aarpysKe . . ' .~ 

50 OM,· paaHa 2,2 B H He . MeHHeTCH. npH H3MeHeHHH .a'MI!n!(I'Yll BXOilHbiX CHI';.; ' 
. • I 

H~noa· OT O,S :Jlo 30 a,, llnuTenbHOCT~· abiXOJlHOI'O HMITynbCa (13 HCeK) H. ero 

'~~eM~ Hapac'T~HHH (3,5 H<?eK)'. TO:>Ke' He MeHHIOT~H I!p~. H3Me~eiiHH .aMITnHTYJl 

BXOJlHbiX CHI'HanoB a yKa38HHOM HHTepaane, 
•: 

. Ha pucyHKax Q,10 H. 11. npeJlCTaaneaa saaHCHMOCTh ·MepTaoro apeMe

HH H. Sa)lep:>KKH. OT aMITnHTYJlbl CHI'Hanoa IlpH OTKniOtteHHOH CXeMe sanpeTa. 

3~aHCHMOCTb ··MepT~~~o :BpeMea~ T · y ljJopMHpoaaTenH <I>P CHHMan~cb nim . . M ., , 

ljJHKCripoaaHHOH aMnnHTyJle nepaoro CHI'Hana, p~BHOH 0;5 ·a (puc, 9); npH : 

qlliKCHpoaaHHOH aMITnHTYJl~, aTopor:o HMITynbca?paBHOH 0,5 a (pHC, 10) 0 H I!pH ·: 

.. paBHbiX 8MITnHTYJl8X (pHC, 11) •. 
; . . . . l 

Ha pHCYHK8X 12,13; n 14 noKa38Hbl ocuunnorpaMMbl BXOJlHblX H BbiXOJl-
.< ~ 

~IbiX HMnynhcoa; cooTaeTcTayromne npeJlCTaam:iHHbiM ahiiiie saaHCHMOCTHM. 

,·,.· 

~; : .. 

:·· . 

.. 
CpeJlHHH' aenH'IHHa TeMnepaTypHoro KosljJijJuuHeHTa aecTa6HnhHOCTH nopo- '\ . . \ 

ra' PflBH8 +2,5 '%/rpaJl. 

CxeMa ITHTHKpaTHbiX coanaJleHHii CC 

CxeMa ITHTHKpaTHbiX COBil8JleHHH, npeJlCTaaneHH8H 'H8 puc, 15, HBnHeTCH · . .· . ' 

ocHOBHbiM sneMeHTOM cucTeMbi ljJyHKUHOHanhHbiX Mo)lyneii nornqec.Koii sneKT-
~ ; . : • ·' ' • . , ·.' . I ~ .~ 

poHHKH MarHHT»oro ucKpoaoro 'cneKTpoMeTpa. CxeMa Mo:>KeT perucTpnpo-

aaTb JlBYX-
0 

Tpex-, 'IeTbipeX-. H ITHTHKpaTHbl() COBIT8JleHHH 6es Kf:1KHX-riH60 

· J;Iep_eKniO'IeHHii~ KpaTHOCTb coBnaJleHHfi, pern:cTpn:pyeMbiX cxeMoii; saan:cn:T 

' ,I OT KOnH'IeCTBa BXOJlOB 0 H8 KOTOpbie ITOJl810TCSI CTBllll8PTHbie nOI'H'leCKHe'. 

curaanhi~ HanpHMep, JlnH •noriy'IeHHH' TpexKpaTHbiX coananennii· nocTaTO'IHO . 

nonaTb ua ·Tpn: nro6~1'e axoJla cxeMbi coananeHHfi curaanhi oT cboTaeTcTsyro~ 

IIIHX MOJlynefi' (ljJopMHpOB8TenSI, HHBepTopa, .CMeCHTenH H T,Jl,;") n'OI'H'leCKOH 

•.. ~neKTpOHHKH. Tpe6y.eMoe 'pa.speiiiaiOmee apeMH cxeMhl c:'oananeHHH ycTana~

·nn:aaeTCH aKnro'IeHn:eM napannen~Ho ee axony ljJopMHpyroiiier~ ·Ka6eng cooTBeT

cTayrome'ii nnHHbi, 
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PHc. 15. CxeMa nSITHKpaTHbiX coanaAeHHll. 



.llnHTenbHOCTb BbiXOAHOrO _HMnyllbca COOTBeTCTByeT. HHTejJBany BpeMe

- HH, B KOTOpOM COBll8A8IOT BCe BXOAHbie CHrHanbi. YpOBHH CHrHanOB Ha Bbi

XOAe .CXeMbl COBnaAeHHii _paBHbl- CT8HA8pTHbiM norH'IElCKHM HanpsrJKeHHSIM 

(1,2±_0,1) B ("'Aa') H +(0,7±_0,1) B ("HeT") • 

.llnsr nony'leHHSI 8HTHCOBll8AeHHit AOCTaTO'IHO llOA8Tb Ha n106oit BXOA 

cxeMbi coanaAeHHit norH'IeCKHH cTaHAapTHbiH CHrHan "HeT". 

·CxeM!i pa60TaeT cneAyiOIUHM o6paaoM. Ha K8JKAbiit BXOA CXeMbl COB

naAeHHii (pHC. 15) llOAaeTCSI qepea conpOTHBneHHSI 2,4 KOM ( R 1 -R 5 ) 

_ToK 4,3 Ma. CyMMa aTHX TOKOB MHHyc TOK CMemeimsr, noAaBaeMbiH 'lepea 

conpoTHBneHHSI R 
7 

H _ R 
8 

, npoTeKaeT 'lepea Tyan:nhHb~fi AHOA .11
11 

Ha 

aeMniO. _B aToM cny'lae pa6o'lasr TO~Ka TyHHenhHoro AHOAa HaXOAHTCsr 

B TO'IKe 0, · KaK aTo noK:aaano na pHc. 16. Pa6o'lasr TotiKa 6yaeT naxoAHTh

csr B 0 H :rorAa, KOrAa Ha BXOAbl CC llOAaeTCSI norli'leCKHH ypoaeHh Ha

npsrJKeHHSI: "aa" (-1,2a), TaK-KaK B aTOM cnyqae AHOAbi .n
1
-.n

5
_pa6oTaiOT 

B peJKHMe OTCe'IKHo KorAa Ha OAHH BXOA CC noaaeTCSr norH'IeCKHH yp~BeHb 

"HeT", CyMMapHblit TOK, TeKyiUHH 'lepea TyHHenhHbiH AHOA, yMeHblllaeTC.SI Ha 

4,3 Ma H pa60'I8SI TO'IKa nepeXOAHT B TO'IKY 1. 

EcnH CHrHan "neT" noAaTh Ha aaa BXOAa CC, pa6o'lasr TO'IKa TyHHenb

Horo AHOAa nepeMemaeTCsr B TO'IKY 2, ecnH Ha TpH - B TO'IKy· 3 H T.A. 

llpH CO~naA~HHH BCeX BXOAHbiX CHrHanOB "Aa" TyHHenhHbiH AHOA nepeKniO'Ia

eTCSI B TO'IKY 0. llocne OKOH'IaHHSI COBll8AeHHH TyHlienhHbiH AHOA nepeK.i:JIO- . 

- 'laeTCSI B HCXOAHYIO TO'IKY o 

.llnsr nepeKniO'IeliHSI TyHHenhnoro AHOAa B npsriroM H o6paTHOM nanpaa

neHUH Heo6xo.qHMO BblllOnHHTh- cneAyiOIUHe ycnOBHSI: 

IP ,-1 1 < 4,3 Ma 

I -I < 4, 3 
0 v 

29 
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8TH yCliOBHSI Bbin011HeHbl B CXeMe COBIIaneHHH 6naronapSI lliYHTHpyiOIII9My . ' ~ ~ . 

nelicTBHIO corrpoTHBneHHSI R 9 (pHc. 1B). · 

EcnH na n106oli Bxon CC rronaeTCSI norH'leCKHli .CHI"'Han "neT", Torna 

pa6otiaSI TO'IKa II cnytiae coarraneHHSI cnrna_noB "na" na ocTanh.UbiX Bxonax 

MOJKeT IIepeMeCTHThCSI TOllhKO no TO'IKH 1 H TyU.UellhUbiH nHon He IIepeKliiO

'IHTCH. 

;CaMb~M KpHTH'leCKHM pelKHMOM pa60Tbi CC SIB11SI9TCSI TaKOH, KOI"'na .Ua 

ee tieT~rpe axona ( narrpHMep, 1-4) rrocTyrraiOT coarranaiOIIIHe curnanhr '~ na", 

a K IISITOMY BXOllY IIOnKniO'le.U cpopMHpyiOIIIHH Ka6enb. l1s-aa nH<jl<jlySHOUHbiX 
. ' . . 

eMKOCT9H nnonoB n
1

, n 3 , n 5 , n 7 H OT11H'l.UOI"'O 0~ HY11SI HMIIenaHCa ipopMH-

pyiOIIl91"'0 Ka6enSI Morna 6bi nacTyiiUTh rrepeKniOtie.nne TyH.nenhnoro nnona-

B TO~KY o. nnSI TOI"'O . 'IT06bi 9TO ne IIPOH30lli1IO, cnyJKHT ~-oiipOTHBlle.UHe R 6 • 

CyMM8pHbiH TOK C 'l9TbipeX BXOnOB cosnaeT .118 9TOM COIIpOTHBlle.UHH IIepe

IIan HaiipmKe.UHH, paBHbiH "' 100 MB. 

-BcnenCTBHe 9TOI"'O tiepes nHon n 9 Te'leT Ha 3eM1110 TOK, ropasno 6onb

WHH '19M TOK, rrpoTeKaiOIIIHH 'lepes nHon n
10 

Ji TyHHellhHbiH nHon~ 

BnaronapSI aTOMY cxeMa rrpenoxpaiiena oT noMnoro. cpa6aTbiBaHHSI. 

tfaCTh CX9Mbl, COBIIaneHHH, cnenyiOIIIaSI Sa llHOnOM n
11

, ll011MH8 <jlopMHpOB8Th · 

CTaHnapTl!biH BbiXOnHOH CHI"'Han, Korna nacTyiiaeT rrepeKliiO'leHHe Ty.U.Ue11b.UOI"'O 

llHOna, H lie noiiyCK8Th H3MeHeHHSI BbiXOn.UOI"'O naiipS!M9HHSI, KOI"'na pa60'l8SI 

TO'IKa II·epeMeiiiaeTCSI 110. B011bT8MIIepHOH xapaKTepHCTHKe TyHHellhHOI"'O nHO-

. na OT TO'IKH B no TO'IKH P (puc. 16 ). tJ T06bi 9TO OCyiiieCTI?>HTh, CHI:' Han 

c nnona n1l -yCHliHBaeT.~SI (T1 H T;) H rronaeTCSI na nHCKpHMHHaTop, B Ka

'leCTBe KOTOpOI"'O HCII011b30BaH o6paiiieHHbiH nHon. n
13

• Korna pa60'laSI TO'IKa · 

Ty~Hellh~HOI"'O nnona n
11 

HaXonHTCSI B o6naCTH M811biX l!aiipSIM9HHH ( 0Tpe30K 

BOllbTaMrrepnoli xapaKTepilcTHKH MeMny TO'IKaMH 5 B: P), o6pamennhrli nHon 
- ( . . ' 

cMemen B ·rrpHMOM narrpaBnennn H narrpS!Menne na neM paBno "' 0,6 B. 

Korna .Tynne11hnbrli nHon rrepeKniO'laeTCSI na nH<jl<jlysuonH;YIO BeTBh, o6pameHHbtli 

nnon rrepeK11IO'l89TCSI B o6naCTh HH3KHX H81lpS!M9HHH. 
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CnrHan c o6pameHHoro nnona ycHnHsaeTcst (T
3

) H nonaeTcst Ha 

6a3bl TpaH3HCTOpOB TpeX SMHTTepHbiX UOBTOpHTenei!:, BbiXO,!lbl KOTOpbiX 

cornacosaHbi · Ha 50-oMHYIO Harpy3KY. 

3anepmKa sxonHbiX CHrlianos cxeMoii cosnaneHHst pasHa 10 HCeK; 

speMst HapaCTaHHSI .BbiXOJlHbiX CHrHanOB - 4 HCeK, 

Ha pHc. 17 npencTasneHbi KpHBbie speMeHHOro pa3peweHHst nnst 2_

KpaTHbiX cosnaneHHi!:, CHSITbie npH pa3HbiX n·nHHaX _<flopMHpyiOlliHX Ka6enei!:, 

nonKniOtreHHbiX K sxonaM cxeMbi cosnaneHHii. 

ITpH 90%-Hoii a<fl<fleKTHBHOCTH pa3pewaromee speMst CC paBHO 4 uceK, 

ITpH 100%-Hoii a<fl<fleKTHBHOCTH paapewaromee speMst cxeMbi He 6onee 10 HCeK. 

Ha pHc. 18 noKa3aHbi KPHBbie · speMeHHbiX pa3peweuHii: npH 3-KpaTHbiX 

H 5"':'KpaTHbiX COBnaneHHSIX, 

Ha pHC~' 19 noKa3aHa 3aBHCHMOCTb cKopoCTH C'l~Ta CC npH nsyx KaHa

nax, BKniO'leHHbiX Ha cosnaneHHSIX, oT 3·anep)KKll B Kauane aHTHcosnanermii. 

CHstTHe· npHseneHHbiX 3BBHCHMOCTeil: ·npoH3Bonimocb Ha ny'!Ke CHHxpo

UHKnoTpoHa OIUIM c HCUOnb3oEiaHHeM Monyneil: <1>, <I>P H CM. Koa<fl<f!HnHenT 

oT6opa cxeMbi nstTHKpaTHbiX cosnaneunii He MeHbme Tpex, 

CxeMa oT6opa CO 

CxeMa oT6opa <flopMHpyeT norH'leCKHii HMnynbc "na", Korna Ha ee 

sxonbi nocTynaeT c ycHnHTeneii-!fJopMHposaTeneii Y<l> KonH'leCTBO cosnanaro-

wnx cHrHanos, He MeHbwee 3apaHee ycTauosneHHOro. 

CxeMa oT6opa (pHc. 20) cocTOHT H3 noporosoro aneMeHTa oT6opa, 

nocTpOeHHOro ~a TYHHenbHOM nHone n1. 'ycHnH~enst (T 1 'n T 2) H BbiXon

HOro SMHTTepHoro UOBTOpHTenst (T S), 
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PHc. 19. 3aBHCHMOCTb CKOpOCTH C'leTa CC OT 3aA9P>KKH B KaHane aHTHCOB

naAeHHil:. 
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Ha noporoBbiii aneMeHT or6opa nocrynaeT TOK cMemeHH.II c llenn:re-

nSI a 'T - R 11 H cyMMa TOKOB c ll.IITH BXOllOB ( 5 X 4,1 Ma)' COellHHeliHbiX 

c BbiXOllaMH ycn:nn:reneii-<iJopMn:poBaTenefi. Ycl>. I1aMeH.II.II TOK cMemeHH.II 

TYHHenbHOI"O llHOlla .a
1 

llpH llOMOlllH nepeKniO'laTen.II IT
1 

o. MQ)!{}IO ycTaHOBHTb 

TaKOH pe)!{HM pa60Tbl aneMeHTa OT6opa, npH KOTOpOM OH cpa6aTb!BaeT-ppn: 

llOCTynneHHH CHI"Hana Ha OllH H1 llB8j TpH·, <ieTbipe HnH ll.IITb B~OllOB CQ, 

CnellOBaTenbH01 9Ta CXeMa MO)!{eT pa60T8Tb KaK CMeCHTenb HnH K8K 

CXeMa 2,3,4 n:nn: 5-:KpaTHblX COBllalleHHH, . 

Ha pn:c. 21 noKaaaaa BOnbTaMnepHa.II xapaKTepn:cTHKa ryaaenbHOI"O 

llHOlla c yqeroM wyarn:pyromero lleiiCTBH.II -conporn:aneHH.II' R 6 , R 1.2 

n: llHOila ~· Pa6o'ln:e TO'IKH, o6oaaa'leHHbie aa pn:cyHKe un:<iJpaMH 1 ,2,3,4 

n: 5, coorBeTCTBYIOT OllHOHMeHHbiM nono*eHH.IIM nepeKnroqareng IT 1• 

To'!Ka A COOTBeTCTByeT cnyqaro, KOI"lla nepeKniO'laTenb rr1 HaXOilHT.:... 

C.II B non0)!{8liHH 1 H Ha OllHH H3 BXOilOB. ilOCTynaeT CHI"Han, To'!Ka B 

COOTBeTCTByeT cny'laiO, KOI"ll8 Ha BCe ll.IITb BXOilOB llOCTynaiOT CHI"H8nbi 1 

a nepeKniO'laTenb HaXOllHTC.II B npe*HeM nono*eimn: • .Un.11 yMeHbllleHHSI aMnnn:

TYilHOro paa6poca BbiXOilHbiX CHI"HanoB, Bbi3BaHHOI"O pa3HHUeii Hailp.II)!{el!HH 

!l U '=. U8 - U A , . cny)!{HT orpaHH'IHBaromilii llHOll .n2 • 

. 3allep)!{K8 BXOilHOI"O CHI"Hana CXeMOH OT60pa paBHa 10 HCeK; BpeMSI 

HapaCT8liHSI BbiXOilHbiX CHI"HanoB - 4 HCeK, Paa6poc 8MilnHTYil BbiXOlllibiX 

cn:raanoB npn: pa3HbiX nono)!{eHH.IIX nepeKniO'laTensr IT 
1 

n: paann:'IHOM 'IHcne 

BXOlllibiX CHI"HanOB HaXOllHTC.II B npellenax 1,8 of 2,2 B, 

PaaBeTBHTenh P 

Pa~BeTBHTenb (pn:c •• 22) npellHa3Ha'leH llnsr yBenn:'leHH.II 'IHcna norn:

qecKHX Bb!XOllOB H npellCTaBnSieT. C060fi ycn:nHTenb C 5 BbiXOll8MH H KOStPtPH~ 

un:eHTOM nepella'IH K = 1. OH cocron:T H3 rpn:rrepa lliMHllTa, nocrpoeHHO

ro Ha TyHHenbHOM llHOlle .n1 , ycn:nn:ren.11 (T 1 H T 2 ) H IT .liTH BbiXOllHbiX 

9MHTTepHbiX llOBTOpHTenefi, 
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Puc. 20. CxeMa oT6opa. 
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TpHrrep lliMHJ:tTa noason.lteT nony"'HTb Ha SbiXOJ:te cxeMbi cTa6HnbHbie 

nOI'H"'eCKHe ypOSHH Hanp.lt~eHH.It, npaKTH"'eCKH He 3aSHCRWHe OT paa6poca 

yposHetl SXOJ:tHbiX Clii'Hanos~ 3TO OTHOCHTC.It TaK~e K speMeHH HapaCTaHH.It 

'Sb!XOJ:tHbiX. CHI'Hanos paaseTSHTen.lt, 

3anep~Ka ShlXOJ:tHOI'O CHI'Hana paaseTSHTen.lt OTHOCHTenbHO SXOJ:tHOI'O 

·. pasHa 5 HCeK; sp.eM.It HapaCTaHH.It SbiXOJ:tHOI'O CHI'Hana paSHO 3 HCeK, 

·Ha pHC. 23 ITOKa3aHbl OCUHnnorpaMMbl SXOJlHOI'O H SbiXOJ:tHOI'O CHI'Hanos • 
. ~ ··· .. 

. .. ~· 

11HsepTop 11 : 

nn.lt HHsepTHposaHH.It nOI'H"'eCKHX yposHetl S CHCTeMe ~YHKUHOHanbHbiX 

MOJ:tynetl nOI'H"'eCKOA aneKTpOHHKH Mai'HHTHOI'O HCKpOSOI'O cneKTpOMeTpa 

cny~HT liHSepTop. 0H J:tOn~eH nasaTb Ha CSOeM SbiXOJ:te Hanp~eHHe +0,7 S 

npH· nocTynneHHH Ha· ero sxon Hanp.lt~eHH.It 

Ha ero sxon +0, 7 s. 

1,2; unu -1,2 s npH nona"'e 

CxeMa HHsepTopa noKaaaHa .Ha puc. 24. OH . cocTOHT H3 TpHrrepa 

lliMH}:tTa, nocTpOe.I:I.I:IOI'O' Ha TYHHen~HOM .. J:tHO}:te n1' ycHnHTen.lt (T l) lf nsyx 

SbtXOJ:tHbiX aMHTTepHbiX nosTOpHTeneA (T 
3 

lf T 
4

). 

Tpnrrep. lliMMJ:tTa TaK .~e, KaK H cxeMa paaseTSMTen.~t, noason.lteT 

nony"'aTb Ha SblXO}:te CXeMbl CTa6tinbHbie CTaHJ:tapTHbie nOI'Jf"'eCKJfe ypoSHH 

, Hanp.lt~eHHH, He 3aSHCRWHe npaKTM"'eCKH OT pa36poca yposHetl SfCOJ:tHbiX ' 

:clii'Hanos •. 31-o. OTHOCHTCSr TaK~e K speMeHH HapacTaHM.It SXOJ:tHbiX CHI'Ha-

nos HHsepTopa. 

CMrHan c. TpHrrepa lliMRJ:tTa ycRnnsaeTC.It H RHsepTHpyeTc.lt ycnnRTeneM, 

sbmonHeHHbiM Ha TpaH3HCTope T 
1

, H nonaeTC.It aa Jlsa SbiXOJ:tHbiX aMMTTep-

. HbiX ITOSTOpHTeng, 
( 

3anep>KKa SXOJ:tHOI'O CMI'Hana HHSepTOpOM pasHa 3 HCeK, speMSI Hapac-

TaHHSI BbiXOJ:tHbrx CRI'Hanos pasHo 3,_5 HCeK. 

39. 
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PHc. 22. 3neKTPH'IeCKBll' cxeMa pa3eereKrenll. 
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a) 

ll) 

PHc. 23. OcuHn~orpaMbi aX:onaoro H Bbixonaoro CHI'Hanoa pa3BeTBHTemr. 

CKopocTb pa3aepTKH 10 HCeKICM 
l.JyBCTBHTenbHOCTb 1 a/eM. 
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CxeMa HHilHKaUHH C.HH 

KacKall HHilHKaUHH,COCTOHT H3 OllHOBH6paTopa, KOTOphlA npeo6paayeT 

OTpHUaTenbHbiA H8HOC9KY-!11lHbiA. HMnynbC B HMnynbc MHnnHCeKyHilHOA llnH

TenbHOCTH1 H HH3KO'I8CTOTHOI'O ycnnHTenSI, B KOnneKTOp KOTOpOI'O BKniO'IeHa 

naMna HaKanHBaHHSI. · 

CxeMa HH.ilHK8UHH npellCTaBneHa Ha pH C •. 25, 'a BOnbTaMnepHa5I H Hai'py-

30'1Hbie xapaKTepHCTHKH TYHHenbHOI'O llHOila - Ha pHCa 26. 

B YCTOA'IHBOM COCT05IHHH 'Iepea TyHHenbHbiA llHOil L1
2 

npoTeKae.T 

TOK 1 Ma ( PHC. 26). TpaH3HCTOp T 1 aaKpbiT H eMKOCTb c2 aapSI-

:lKeHa llO Hanp5I:lK9HH5I ....; 12 B. llocTynaiOIUHA Ha BXOil C.HH HMnynbC llHifllfle-, 

peHUHpyeTC5I ( ct ; R 2 ), a ei'O OTPHU8T9ltbH85I COCTaBn5IIOIU85I npOXOilHT qepea 

llHOil L11 H nepeKniOqaeT TYHHenbHbtA. llHOil B TO'IKY 2. TpaHaHcTop T 
1 

.oT

nH:paeTCSI H paapffiKaeT 9MKOCTb C 2 TOKOM {3 I 6 • llpH pa3p5IIl9 KOHileHca

TOpa c2 llO Hanp5I:lK9HH5I, 6nH3KOI'O K HyneBOMY, TpaH3HCTOp T 1 HaCbiiiia-

9TC5I, 9I'O BXOilHOe conpOTHBneHHe pe3KO naJlaeT (KpHBa5I .C), H TYHHenbHbiA 

llHOil nepeKniOqaeTC5I Ha TyHHenbHYIO B9TBb BOnbTaMnepaoA XapaKTepHCTHKH • 

. -TpaHaHcTop T 1 aaKpbiBaeTCSI H 'Iepea ei'o KonneKTOpHyiO Hai'pyaKy 

R 4 H nepexoll 6aaa-aMHTTep TpaaaHcTopa T 
2 

Ha'IHHaeTCSI aap5IIl KOHileH

caTopa C 2• llpouecc 38p5IIla . KOHil9HCaTopa C
2 

Bbl3biB89T OTllHpaHHe TpaH-

3HCTOpa T 2 H BCllbiWKY HHilHKaTopHoA ~aMnO'IKH n. 
LlHOil L13 npe)loxpaHSieT nepeXOil 9MHTTep;,.6aaa TpaH3HCTOpa T 2 

OT npo605I BO Bp9M5I paapSIJla KOHil9HCaTopa C
2

• 

8TOT K8CK81l HHilHKaUHH HCllOnbayeTC5I BO BC9X CXeMaX MOJlyneA CHC

T9Mbl nOI'H'I9CKOit aneKTpOHHKH aa ·HCKniO'I9HHeM YCHnHTeneA-IflopMHpOBaTeneA. 

B aaKniOqeaue nonbayiOcb cnyqaeM BbtpaaHTb I'ny6oKyiO 6nai'oaapuocTb 

B.B. BHWH5IKOBY aa noneaHbie COB9Tbl H BCeCTOpOHHIOIO llOMOIUb BO Bp9M5I 
' . . ' . 

paapa60TKH BbiW90llHC8HHbiX CXeM H HX npoaepKH Ha CHHXpOUHKnoTpOHe 0l15J;l1. 
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