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, l1HTeHCIIBHOCTII ny'IKOB smepHbiX 'IBCTII!l 1 KOTOpbie pei'IICTpiipyiOTCll ClliiHTIInng-

5 6 
lliiOHHblMII II 'lepeHKOBCKIIMII C'leT'IIIKBMII1 06bi'IHO He npeBbliDSIOT 10 - 10 'ISCT/CeK, 

0nHaKO nnll MOHIITOpllpOBSHHll nepBII'IHbiX ny'IKOB 1 BbiBeneHHbiX II3 YCKOpHTenei!: 1 npen

CTSBnlleT IIHTepeC onpeneneHHe npenenbHbiX UHTeHCIIBHOCTei!: UOTOKOB 'ISCT1Ill 1 KOTQ-

pbJe MOJKHO pei'HCTpHpOBSTb C'leT'IIIKSMII, 

B ycnOBIIliX oqeab 6onbma~ 3arpy3oK npa peracTpaniiH ny'IKOB 'ISCTHll cqeT'IH

KH pa60TBIOT TSKJKe B HenocpenCTBeHHOi!: 6nn30CTII OT MeCTa Bb!BO):(a ny'IKOB II3 

YCKOpUTenbHOi!: KaMepbl, B 3TOM cnyqae OCHOBHOi!: BKnan B 3SI'py3Ky C'leT'I.IIKOB 'laC

TO BHOCHT panaanHOHHbiH tPOH1 B03HIIKBIOIDHi!: npn pa6oTe yCKOp.IITensr. 

l13yqea1Ie npenenhHbiX 3arpy30'IHbiX xapaKTepucTnK npencTaBnlleT HHTepec n B 

CBli3U C UpOeKTSMII C03naHHll TSK HS3blBBeMblX "'Me30HHblX <!Ja6pnK"' 1 T.e, yCKOpHTe

nei!: C 9Hepi'HliMII no 1 rsB'H HHTeHC.IIBHOCTliMU ,Uy'IKOB UpOTOHOB H Me30HOB 1 HS He

CKOnbKO UOpSIA,KOB npeBbiiDBIOIDHMH cymeCTBYIOIDHe B HSCTOllmee BpeMll, 

YcnoBnll pa6oTbi cqeT'IHKOB aa pa3nH'IHbiX ycKopHTenliX BeCbMa pa3nH'IHbi. TaK 1 · 

nnaTenbHOCTb."'nneBKoB"' pa3nH'IHblX nynhcapyiOIDnx ycKopnTenei!: neJKuT B npenenax 

oT .enaHan MHKpoceKyan (naHei!:able ycKopaTena) no coTeH MannnceKyHn (ycKopaTena 

aa aaeprn10 6onee 10 raB) 1 qacTOTbi noBTopeHnll ux neJKaT B nnana3oHe oT coTeH 

repn y naHei!:HblX ycKopuTe~el!: a cuHxponnKnoTpOHOB no necl!Tb!X nonei!: repua B yc

KopHTenliX HB 3HepraH 6onee 10 rsB, 

npa Manb!X BpeMeHHblX HHTepBanaX ,MeJKny MOMeHTSMH npOXOlK):(eHHll 'ISCTH!l 

peaKUIIll CUHHTHnnHUUOHHbiX II qepeHKOBCKIIX C'leT'IIIKOB onpenenlleTClll B OCHOBHOM; 

·xapaKTepuCTIIKSMH tPOTOyMHOlKHTeneli:, nosTOMY H3y'leHIIe UOBeneHHll C'leT'IHKOB llPH 

pa3nH(HbiX 3arpy3KBX MOlKHO CBeCTH 1 K HCCnenOBSHUliM 'ISCTOTHbiX XBPBKTePHCTHK 

<!JoToyr:.IHOlKHTenei!: npa OCBemeHIIII lf>OTOKSTOnOB CepHliMH CBeTOBblX HMUynbCOB, .llnll 

6onee nonHero MonenapoBaHHll ycnoBBi!: pa6oTbl cqeT'IHKOB aa pa3nu'IHblX ycKopuTe

nliX He06XO):(HM01 'IT06bl 'ISCTOTa UOBTOpeHHll cepui!: II 'ISCTOTS fiOBTOpeHHll HMUynbCOB 

3 



COOTBeTCTBOBaJIB 'laCTOTSM 'nneBKOB"' B. BHT8HCHBHOCTSIM IIOTOKOB 'laCTBU B "'nneB-

Kax"' Ha pa3nB'lHhiX ycKopnTenSIX •• 

B ony6nnKOBaHHbiX pa6oTax npnBOlHITCSI peaynbTaTbi Bccnel!OBaHBil 'laCTOTHb!X 

XapaKTepnCTHK KaK llpB . pa6oTe ¢>8Y OT cepBii CB8TOBbiX BMIIYJ!bCOB1 TaK B npB pa-

6oTe OT CB8TOBOrO IIOTOKa, MOl{ynnpOBSHHOrO pa3JIB'lHb!MB 'laCTOTaMH C Onpel{eJieH-

" /1-4/" 
HOH rny6HHOii MOl!YJIS!UHH • LlnSI H3y'leHUS! IIOB8l!8HHS! CUHHTHJIJIS!UHOHHb!X (c Obi-· 

CTpb!MH CUHHTHJIJIS!TOpaMU) H 'lepeHKOBCKHX C'i8T'IHKOB llpB 60nblliHX 3arpy3KaX He

OOXO.[(~O nccnenoBaTb 'laCTOTHbie xapaKfepnCTIIKH ¢>8Y np11 l!JIHTenbHOCTII OTl!em:.

HbiX CBeTOBb!X HMIIYJibCOB B cepUII He 6onee 1 - 4 HCeK, qaCTOTHble XapaKTepUCTIIKII 

¢oTOYMHOmBTenell np11 pa60Te OT Cepllll CBeTOBb!X IIMIIYnbCOB Henocpe.[(CTBeHHO CBSI3a

Hbl C AIIHTellbHOCTbiO OAHoro IIMIIYJibCa Ha Bb!XO.[(e ¢oTOYMHOmBTeJISI, 

Ecn11 ¢oTOyMHO*IITellb paOOTaeT B JIUHellHOil o6naCTH 1 TO npe.[(hlAYlliHe HMIIynb

Cbl Ha Bb!XO.[(e <!>8Y He BJIIIS!IOT aa nocnenyiOlliHe 1 H llpH COIIII*eHI!ll napHbiX CBeTOBbiX 

/5/ 
HMTIYIIbCOB llpOHCXOAHT npOCTOe CIIO*eHI!e OTAellbHbiX HMIIYnbCOB Ha Bb!XO.[(e <!>8Y , 

noaTOMy,' 3HaSI peaKUHIO ¢>8Y aa OTAenbHblli CBeTOBOfl HMIIyJibC 1 MO*HO paCC'iHTaTb 

peaKUHIO <1>8Y Ha cepaiO CBeTOBbiX HMIIYIIbCOB, 0TMeTIIM ·cHOBa, 'ITO llpH 9TOM npel!

nonaraeTCS! pa6oTa <!>8Y B JIUHeliHOil o6naCTU H He3aBUCUMOCTb xapaKTepHCTHKH <!>8Y 

OT npeAbiCTOpu~, 

LlJIIITellbHOCTb HMIIYIIbCa Ha~ BbiXO.[(e ¢>8Y lip!! KOpOTKOM (1-2 HCeK) UMIIYIIbCe 

CBeTa, B CBOIO oqepenb, onpenenSieTCSI paa6pocoM BpeMeHH nponeTa B npoMe*yTKax 

¢oTOKaTOA-n·epBbill .[(IIHOA 1 AHHOl!HbiX npOMe*YTKaX, BpeMeHeM co6npaHUS! 91l8KTpo

HOB aa aHOA II 3aTSiriiB8HUeM IIMIIYJibCa SHO.[(HOil eMKOCTbiO ¢>8Y. 

npn yBeJII!'leHIIU 'lSCTOTbl CBeTOBbiX UMIIYJibCOB OTl!8JibHbie HMIIYJ!bCbl ¢>8Y 

HS'li!HSIOT nepeKpbiB8TbCS!1 IIOS!BIIS!eTCS! IIOCTOSIHHSS! COCT8BIIS!iolli8Sl H OAHOBpeMeHHO 118-

naeT· SMIIIIUTyl!a nepeMeHHOil COCTSBIIS!IOlliell, qaCTOTflYIO xapaKTepHCTUKY ¢oTOYMHQ

)!{BTellS! MO*HO OllpenenUTb KSK 38BHCHMOCTb nepeMeHHOil COCTSBIIS!IOlliell OT 'iSCTOTb!, 

Heo6xonnMo p83JIU'l8Tb 'lSCTOTHble xapSKTepUCTUKH llpU KOpOTKOH CepHU CBe~ 

TOBbiX HMIIYnbCOB1 KOr.[(a ycTaJIOCT~ .[(UHOAOB He nrpae.T ponn, H 'laCTOTHbie xapaK~ 

TepHCTHKH npn .[(IIHHHOil cepnn, Korna MO*eT llpOS!BI!TbCS! ycTaiiOCTb AHHO.[(OB. B 000-
. . 

ax cny'laSIX npennonaraeTcSI, 'ITO Ha nocnenaae 4-8 AHHOAHbiX npoMeli<YTKOB aanpSI*e-

HHe II0.[(88TCS! C. HCTO'IHHKOB aanp~eHHS! C HH3KIIM BbiXOAHbiM COIIpOTHBIIeHUeM, 

B naHaoli pa60Te onncaH reaepaTop cepnll CBeTOBbiX HMnynbCOB, noaBonmomall 

MOnennpOBSTb YCJIOBHS! paOOTbl C'leT'lUKOB llpll OOIIblllliX sarpy3K8X1 paCCMOTpeaa Me-

4 

TO.[(liK8 li3MepeHHS! 'l8CT~Hb!X xapaKTepl 

peHHll 'laCTOTHbiX xapaKTepHCTliK ¢>8Y 

aMnynbcoB 2- 200 Mrn. 

reHepaTOp Cep~ 

LlnSI B3y'leHHS! qaCTOTHbiX XapaKTe: 
) 

CKO!U>KO THIIOB reHepaTOpOB CBeTOBbiX 

8neKTpoaao-ny'leBble Tpy6Kn, OTIIHJ 

'laTb CepHH CBeTOBbiX HMTiynbCOB C 'laC 

LlnaTellbHOCTb CBeTOBOrO HMIIYnbCa onp 

H COCTSBJIS!eT 30-40 HCeK. B PSIU.e pa6c 

cnaycoananbaoll ¢opMhl c qacToTaMa.nc 

LlnaTeJibHOCTb CBeTOBbiX liMIIynbC 

CllliHTliJIIIS!UliOHHbiX (c 6biCTpb!Mll CUliHT 

npeBbllliSeT 1-4 HCeK, II03TOMy li3BeCTE 

C 60ilblliOil 'iaCTOTOii IIOBTOpeHRSI He I 

npu 6onbmax aarpyaKax. TonbKO aenaBF 

paTOpOB CBeTOBblK; HMIIYIIbCOB C 'laCTO' 

/6/ 
UCIIOJib30B8HliS! ra30BbiX naaepOB , Q 

CTBe 1 KpliTll'lHbl K HaCTpOilKe, a CaM ll3 

5onl,mue paaMepbi. ABTopaMH obm paapa 

II03BOIISI!Ollillli .[(OCTSTO'IHO IIOJIHO MOl!8Jill] 

aarpyaKax. BnoK-cxeMa reHepaTopa CE 

npnHUanaanbHaSI cxeMa reHepaTopa ceJ 

Ha pac. 2. 

11Mnynbc. c aanycKaiOmero reuepl 

BbmonHeaHoro Ha TpaHaacTope T 1 a T'J 

TOp II03BOIIS!JI IIOJiy'laTb llpS!MOyronbHbiE 

.[(IIUTenbHOCTbiO OT 100 HCeK .[(0 100 ll I 

meCTBIISIJI8Cb CTylleHS!Mll C IIOMOllibiO lie] 

UliOMeTpa R 1 • BbiXO.[(HOil liMIIynbC c 

Tparrep Ha TyHHenbHOM AHone T~. ~ 

C cppOHTaMa 2- 3 RCeK IIOAaBallliCb liS 
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' H HHTeHCHBHOCTHM UOTOKOB 'I8CTHU B 'nnea-

HTCll peaynbT8Tbi HCCne.QOB8HHli 'I8CTOTHbiX 

cepnlt caeTOBbiX nMrrynhcoa, TaK n npn pa

oaaaaoro paann'IHhlMH 'IaCTOTaMn c onpenenen

nayqennll noaenennll cunnTnnnllUHOHHhlX (c 6hl-

cqeT'IHKOB UpH 60nbillHX aarpy3K8X He

<P3Y npn .QnHTenbHOCTH OT.Qe.J}l>:... 

HCeK. l!aCTOTHbie xapaKTepHCTHKH 

CBeTOBbiX HMUYnbCOB Henocpe.QCTBeHHO CB!I38-

na BbiXO.Qe 4JOTOYMHO)KDTenH. 

nnnei!iiolt o6nacTn, TO npenb!nymne HMnynh

• H npn c6nnJKeHHH napHbiX CBeTOBbiX 

/5/ 
OT.QenbHbiX HMUYnbCOB Ha BbiXO.Qe <P3Y • 

CBeTOBOlt HMnynbC, MO:lKHO paCC'IHT8Tb 

0TMeTHM ·caoaa, 'ITO npn aToM npen

n He38BHCHMOCTb xapaKTepHCTHKH «f>3Y 

¢>3Y npn KOpOTKOM (J-2 HCeK) HMny~bCe 

H paa6pocoM apeMenn nponeTa B npoMe:lKyTKax 

npoMeJKyTKax, BpeMeneM co6npaHHH sneKTpo

anonaoi! eMKOCTbiO <P3Y. 

HMnynhCOB OT.QenhHbie HMnynbCbi <1>3Y 

qaCTOTHyro xapaKTepHCTHKy 4JoTOYMHo

nepeMeHHOi! COCTaBnHIOmei! OT 'I8CTOTbi. 

XapaKTepHCTHKH npn KOpOTKOil cepnn CBe-

n qacTOTHbie xapaK":' 

Mo:lKeT npoHBHTbCH ycTanocTb nnaonoa. B o6o

nocnennne 4-8 .QHHO.QHbiX npoMelKYTKOB nanpH:lKe

HH3KHM BbiXO.QHbiM COUPOTHBneHneM. 

cepnli: caeTOBbiX HMnynbcoa, noaaonHIOmnn 

npii 6onbmnx aarpyaKax, paccMoTpena Me-

1 
I 

TO.QDKa D3MepeHDll 'I8CTOTHbiX XapaKTepDCTDK <P3Y D npHBe.QeHhl peaynbTaTbi H3Me

peHHli 'I8CTOTHbiX XapaKTepHCTHK <P3Y B .QHaUa30He 'IaC'fOT UOBTOpeHH:ii: CBeTOBbiX 

nMnynhcoa 2- 200 Mrn. 

reHepaTop cepHH CBeTOBbiX HMUYllbCOB 

Jlng H3y'IeHHll 'I8CTOTHbiX XapaKTepHCTHK 4JOToyMHO:lKHTene:ii: HCUOnhayeTCH He

CKOnhKO THUOB renepaTOpOB CBeTOBbiX CHrHanOB C 6onhmO:ii: 'IaCTOTOJi: UOBTOpeHHH. 
. ~I 

3neKTpOHHo-ny'IeBbie Tpy6KH, OTUDpaeMble no MOilynHTopy , U03BOnHIOT nony-

qaTb CepHH CBeTOBhlX HMUynhCOB C 'I8CTOTO:ii: UOBTOpeHHH B CepHH .QO 10-20 Mrn. 

llnnTenbHOCTh caeToaoro nMnynhca onpenenlleTcn apeMeHeM nocnecBe'IeHnll sKpana 

n cocTaBnHeT 30-40 HCeK. B p!IIle pa6oT onncanbi reHepaTOpbi c~eTOBbiX cnrHanoa 

cnuyconnailhaoli: 4JopMbi c qacToTaM:a noaTopeH:aH no 100 n 6onee Mrn
141

• 

JlnnTenbHOCTb CBeTOBbiX HMUynhCOB, perHCTpnpyeMblX 4JOTOYMHO:lKHTenHMD B 

CIIHHTnnnllUHOHHbiX (c 6biCTpbiMH CIIHHTnnnHTopaMn) H qepeHKOBCKHX C'IeT•IBKaX: He 

npeBbimaeT 1 -4 HCeK, U09TOMY H3BeCTHbie MeTO.Qbl nonyqeHHll CBeTOBbiX HMUynbCOB 

C 6onhmOli: 'IaCTOTOli: llOBTOpeHIIll He U03BOnlliOT MO.QennpOB8Tb pa60TY C'IeT'IHKOB 

npn 6onhmnx aarpyaKax. TonbKO HenaaHo no!lBnnnch coo6meHnH o paapa60TKe rene

paTopoe CBeTOBbiX HMUynhCOB C 'IaCTOTOli: UOBTOp.eHHH CBhlme 100 Mrn Ha OCHOBe 

161 0 -ncnonb30BaHnH raaoahlx naaepoa • .QHaKo TaKHe reHepaTOphl cno:lKHbi B ycTpOII-

CTBe , KpHTH'IHhl K H8CTpOli:Ke, a CaM H3ny'IaTenb - pa3pH.QH8ll Tpy6Ka naaepa, IIMeeT 

6oni.mne paaMepbi. AaTopaMH 6bm paapa60TaH reHepaTop cepnl_{ caeTOBbiX HMnynbcoa, 

U03BOnHIOmnli: .QOCT8TO'IHO nonHO MO.Qennpoaa,Tbpa6oTy «f>3Y B C'IeT'IHK8X npn 60nbillHX 

aarpyaKax. BnoK-CXeMa reHepaTQpa caeTOBbiX HMnynbcoa npel:\cTaaneHa na pnc. I. 

TipHHIIHUHanhHag cxeMa renepaTopa cepHH sneKTPH'IeGKRX HMnynhCOB npencTaaneHa 

na pHc. 2. 
• . 111 

HMnynbc c aanycKaromero reHepaTopa nonaaancH Ha axon onHoan6paTopa , 

BhmonHennoro na TpanaHcTope T 1 H TYHHenhHOM .QHO.Qe Tll1• Tiono6Hbili O.QHOBH6pa-

' TOP noaaongn nonyqaTb npHMoyronbHbte HMnynhCbi c 4JpollTaMn He 6onee 20 HCeK H 

llnHTenhHOCTbiO OT 100 HCeK llO 100 H 60nee MCeK. PerynHpOBKa .QnHTenbHOCTH ocy

meCTBnHnaCb CTyUeHllMH C UOMOmhiO nepeKniO'ISTenH TI
1 

H nnaBHO C UOMOillbiO UOTeH

IIHOMeTpa R 1 • BbiXO.QHOli: HMUYnhC O.QHOBn6paTopa nn4>4JepennnpoaanCH H aarrycKan 

Tpnrrep na TYHHenhHOM nnone Tll
2

• qepea TpananCTop T 2 HMnynhCbi c TpHrrepa 

c 4JpoHTaMn 2-3 nceK nonaaanHCb na O.QHoan6paTop na TyHHenhHOM .QHO.Qe Tll
3

, 
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aarpyJKeHHhili aa paaoMKHYThili KOaKcnanhlihili Ka6enb • .llo rrpnxona nMrrynhca c Tpnrre

pa onHOBH6paTop li8XOAHJ1Cll B orpy6neHIIOM COCTOHHHH. HMIIYJlbC C Tpnrrepa 'oqyBCT-

BJIM onaosn6paTop n Bbi3hiBan cpa6aTbiBaHne ero OT rrepenaero ¢poHTa aa cqeT 

napaanTHhiX eMKOCTeli cxeMbi. OTpaJKeHnH oT paaoMKHyToro Koaua KOaKcnanbaoro 

Ka6enH Bhl3hiBann aerrpepbiBHYIO reaepaunro onaosn6paTopa aa TyaaenbHOM nnone 

T Jl
3

• )lnnTeiibHOCTb cepnH liMIIYIIbCOB orrpenengnaCb BbiAep}KKOfi OAHOBH6paTopa 

T 
1 

- T ~~· 'IacToTa rrosTopeHHH nMnynbCOB B cepnn _r u = 1 /2 T, rne T - sneKTpn

qecKaH AIII!Ha K08KCH8IIbHOI'O Ka6enSI. 

~rryiihChi c onHosn6paTopa T .n
3 

ycnnnaanncb n ¢opMnposanncb onaosn6paTo

poM Ha TyH!IeiibHOM nnone T.Jl
4 

C IlliKOBhiM TOKOM 10 Ma H qepe3 KaCKan C o6mefi 

6aaofi Ha TpaH3HCTOpe T 
3 

IIOCTyii8IIli Ha BbiXOA. 

KopOTK038MKHYTbifi Ka6eJib CJIYJKHJI AJlll IIOJiy'leHHH Ha BhiXOAe GXeMbl .tisyrro

ngpHbiX HMrrynbcos, 'lTO aeo6xonnMo nng ycTpaaeang neperpyaKn nocnenyromero 

ycnnnTenH. 

"iaCTOTa IIOBTOpeHHll HMIIyJihCOB BHYTPH cepnn perynnposanacb B rrpenenax OT 

2 no 200 Mru. Hx ocun/InorpaMMhi Ha BhiXone reHepaTopa cepnn, CHHThie npn paa

JIH'lHhiX 'l8CTOT8X IIOBTOpeHHll, IIpHBOnSITCll Ha pnc. 3. f1epexon OT onHOfi 'l8CTOTbl K 

npyrofi He Tpe6yeT HHK8KHX noiiOJIHIIT9JlbHhiX perynnpOBOK. AMIIJIHTyna HMIIyiihCOB Ha 

BhiXone reaepaTopa li HX ¢opMa OCT8B8JlHCb IIOCTOllHHhiMII Ha BCeX 'l8CTOT8X. 

HMrrynhChi reaepaTopa cepnn sneKTpn'leCKHX IIMIIYIIbCOB nonasanncb Ha sxon 

rnnpoKorronocaoro ycnnnTenSI Y3-11. c. Bhrxona ycnnnTeng naynonHpHhie IIMIIYIIhChi, 

8MIIIIHTyna KOTOpbiX nocTnrana 20 B, rronaB8ni!Cb Ha 3Jl9KTpOJIIOMliH9CUeHTHhlfi AliOA 

na <jloc<jlnna rannnSI. CxeMa rronKJIIO'leHnH nnona npnsonHTCH na pHc. 4. Ha sneKTponJO

MHnecueHTHhili AirOA .ll no.nasanocb nocTOSIHHOe cMemenne B o6paTHOM narrpasneann 

Ha H9CKO~KO BOJlbT HHJKe H8IIpll:lKeHHll Ilpo60H. Hannqne CMeiiieHHll 3H8'lllT9IIbHO yse

nil'lliBaeT CBeTOBOfi BhiXOn OT liMIIYJibCOB o6paTHOfi IIOJigpHOCTH. f1pn IlpllMOfi OTHQ

CliT9IIbHO 3II9KTpOJIIOMHHeCU9HTHOI'O nnona IIOJillpHOCTH liMIIyJibCOB CM9III9Hll9 H8 HeM 

ocTaeTcH o6paTHhiM 6naronapg aann'lHIO rnyHTnpy10mero n~ona . .n18• TaKnM o6paaoM , 

CBeTOBOfi nnon pa60T8Jl TOJlbKO B 06paTHOM HarrpaaneHHH, 'lTO o6ecne'lHB8JIO IIOJiy'le

HHe KOpOTKHX CBeTOBhiX HMIIYIIbCOB. 

6 

Hccnenoaaane xapaKTepncTHK 

Tipn nccnenosaann xapaKTepHCTHF 

HCII0IIb30B8II8Cb yCTaHOBKa, 6noK-CXeMa 

aanycKa n!'den 'laCTfThi nosTopeansr 100, 

TaM IIOChinOK lieKOTOpbiX cymeCTBYIOIIIHX 

HMnyiihcbl c reaepaTopa aanycKa no 

sneKTpn'leCKHX HMIIYIIhCOB 2a ll 6noK aane 

3Jl9KTpn'leCKRX HMIIYJlbCOB II reaepaTOp ' 

Cepnll aneKTpn'leCKIIX nMnyiihCOB ; 

sneKTponroMnaecuenTHhlli nnon 4. · C BhiX 

Ha OTKJIOHHIOIIIYIO CIICT9MY OCUHIIJIOrpa~ 

aepTKa ocunnnorpa<jla aarrycKanacb BhiXO 

MOrna H3M9HllTbCll CTyiieHS!MH H IIJ18BJ 

TipnnunnnanbHaH cxeMa· 6noKa aanep}KKE 

HOCTbiO aHaiiOI'H'lHO OAHOBII6paTopy T
1 

-

B pa6oTe ncrronbaoaancg <jloTOYMHO 

IIO CeTK9 1 IIOMeiUeliHOfi M9JKAY KaTOAOM 

YMHOJKHTeng ocymeCTBJIHJIOCb reHepaTO~ 

MhiM oT 6noKa aanepJKKn. 

Hann'lne aa.nepJKaaaoro aanycKa Y' 

nhi 1 o6ecrre'lnaano B03MOJKHOCTb nccne.no 

JIOB Ha 6hiCTpoli paasepTKe ocunnnorpa<jl. 

)lnaTeiibi!OCTb IIMIIyiibca OTKpbiB8l 

rrp'aKTH'l9CKH HCKJIIO'l8II0Cb BJ1Hlll!ll9 AIIH~ 

TOThl HMIIYIIhCOB B cepiiJI H8 pe3yiihT8Tl 

C IIOMOIIIb!O 3TOfi MeTOAIIKll 6binO 

no 5 MC9K 8MIInRTyna ll <jlopMa CBeTOBb 

'"' nnnTenbHOCTn cepnn 100 MCeK yMeHhme 

Bhiiii8JlO 30%. 

Ha pnc. 6 npnse.neHhl ocunnnorpaN 

<jJOTOYMHOJKHTeng 56- AVP rrpn paann' 

I!OCTb CB9TOBblX IIMIIYJlbCOB B cepllll II 

npeBhllli89T 3 HC9K IIO OCHOB8HHIO. 3T• 
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Ka6enh. llo npnxona nMnynhca c Tpnrre

cocTOSIHnn. HMnynhc c Tpnrrepa 'oqyBCT-

KOHU8 KOaKCHanhHOrO 

na TynnenhHOM nuone 

orrpenenSinacb Bhi.QepN<KOH onnoBu6paTopa 

B cepun f u = 112 T, rue T - sneKTpn-

-~ 
ycnnnBanuch n ~opMnpoBannch onnoBn6paTo-

I1HKOBhiM TOKOM 10 Ma ll qepes K8CK8A C o6mell 

na BhiXone cxeMhi .tiByrro-

MO nng ycTpanennSI rreperpysKn rrocnenyromero 
. . I 

nbCOB BHYTPH cepnn perynnpoBanacb B rrpenenax oT 

Bhixone renepaTopa cepnn, CHSIThie rrpn pas

Ha pnc. 3. DepeXO.Q OT OA!IOH qaCTOTbl K 

perynnpoBoK. AMrrnnTyna nMrrynbCOB na 

I10CTOSIII!Ib!MH 118 BCeX qaCTOTaX. 

sneKTpnqecKnx nMrrynbCOB rronaBanncb na BXO.Q 

1. C. BbiXona ycnnnTenSI .QByrrongp!ll>Ie nMrrynhcbi, 

20 B, rronaBanncb na sneKTponroMnnecuenT!Il>IH nnon 

nnona npnBOAHTCSI na pnc. 4. Ha sneKTpomo

o6paTHOM nanpaBnennn 

g npo6oSI. Hannqne CMemenng snaqnTenbHO yBe

MnynbCOB o6paTno!i rrongpnocin. Dpn rrpSIMOH OTno-

nMrrynhCOB CMemenne na HeM 

mynTnpyromero nnona .a
18

• TaKHM o6pasoM , 

B o6paTHOM narrpaBnennn, qTo o6ecneqnBano rronyqe

coB. 

6 

HccnenoBaane xapaKTepncTnK renepaTopa. cepnH CBeTOBbiX HMrrynhCOB 

Dpa nccnenoBannn xapaKTepacTHK renepaTopa cepnu cBeTOBhlX HMnynbCOB 

ncnonhsoBanacb ycTa!IOBKa, 6noK-cxeMa KOTopoil nso6paN<ena na puc. 5. feHepaTop 

sanycKa·HMen qacTPThl I10BTOpeHHSI 100, 50 H 1/7 ru, qTo COOTBeTCTBOBano qacTo

TSM nochinOK HeKOTOpbiX cymeCTByiOmnx B CCCP ycKopnTene!i sneMeHTapHhlX qacTnu. 

HMnynhChl c reHepaTopa sanycKa nonaBanncb OAHOBpeMeHHO Ha renepaTop cepnn 

sneKTpnqecKnx uMnynhCOB 2a a 6noK aanepN<Kn 25~ feHepaTop aanycKa, reHepaTop cepnn 

sneKTpnqecKnx nMnynhCOB n renepaTop sanep1KKn'6l>mn o6'be.QnHeHl>I B OAHOM npn6ope. 

Cepng sneKTpnqecKnx nMnynhCOB ycnnnBanacb ·ycnnnTeneM 3 n nonaBanacb Ha 

sneiKTpaniOMHHeC!leHTHblll .QHOA 4 •. C Bl>IXO.Qa ~OTOYMHON<HTeng 5 HMnynbCbl I10CTynann 

Ha aTKnoHSIIOmyro cncTeMY ocnnnnorpa~ 6 c nonocol! nponycKaHnSI 1000 Mrn. Pas

BepTKa ocunnnorpa~a sanycKanacb Bl>IXOAHbiM HMnynhCOM 6noKa sanepN<KH. 3aneplKKa 

Marna nsMeHSITbCSI cTyneHSIMH n nnaBHO B nnanasoHe aT 100 HCeK no 100 MeeK. 

DpnHnnnnanbHaSI cxeMa 6noKa sanepJKKn BhmanHeHa na ocHaBe OAHOBn6paTopa, non

HOCTbiO aHanornqHo onHaBn6paTopy T 
1 

- TLI
1

• 

B pa6oTe ncnonh30Bancg ~OTOYMHOJKHTenh Tuna 
/8-9/ 

SKP-1 c ynpaBneHneM 

ITO CeTKe, I10MeiDeHHOll MeJK.QY KSTOAOM H nepBbiM AHHOAOM. 0TKpblB8HHe STOre ~OTQ

YMHOlKHTenSI ocymecTBnSinacb reHepaTopoM npSIMoyronbHhlX nMnynhCOB 7, sanycKae

MbiM aT 6noKa sanepN<Kn. · 

Hannqne sanepN<aHHaro sanycKa ycTpollcTB, per.I!CTpnpyromnx CBeTOBhie cnrHa

nl>I, o6ecneqnBano B03MOJKHOCTb nccnenoBaHnSI ~opMbi n aMnnnTyJ:tl>I cBeTOBhiX cRraa

~oB na 6wcTpol! pasBepTKe ocnnnnorpa~ B nro6ol! qacTn CBeTOBOll cepnn. 

L!nnTenhHOCTb HMI1YnhC8 OTKpblBSHHSI <l>8Y He npeBbiiiiana 2 MKCeK, I103TOMY 

np'aKTnqeCKH HCKnroqanOCb BnHSIHHe J:{nHTenhHOCTH cepnn CBeTOBblX HMrrynhCOB H qac

TOTbl HMI1ynhCOB B cepH}I HB pe3ynhT8Thl H3MepeHHll. 

C noMomhiO aToll MeTOAHKH 6wno ycTanoBneHo, qTo npn nnnTenhHOCTH cepnn 
. . 

AO 5 MCeK aMrrnuTyAa H ~OpMa CBeTOBblX HMrrynhCOB OCTaaanHCb UOCTOSIHHblMH. Dpn 

n"'nnTenhHOCTn cepnn 100 MCeK yMeHhmeHne aMnnnTyAl>I CBeTOBl>IX nMnynhCOB· He npe-

Bhirnano 30%. 

Ha puc. 6 npnBe.QeHbl OC!lnnnorpaMMbl CBeTOBbiX HMrrynhCOB, CHR'l'l>Ie C ITOMOIDb!O 

~OTOYMHOlKHTenSI 56- A VP npn paannqHblX qaCTOTSX UOBTOpeHHSI B ?epnn. L!nnTenh-

HOCTb CBeTOBbiX HMITynbCOB B cepnn npn qaCTOTe I10BTOpeHHSI 6onee .30 Mrn He 

npeBblWSeT 3 HCeK ITO OCHOBBHHIO. 8TO BH.QHO H3 CpaaHeHHSI OC!lnnnar·paMMhl OT-
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nenbaoro nMnynhca cepnn, npen c-raaneH.Eron na pnc. 7 n ocnmmorpaMMbi cseTOBOrO 

nMnynhca oT GaP .rmona, npnse.nenaon B pa60Te
121• l!nnTenhH9CTb cBeToaorQ 

MeTo.na, co-HMnynhC8 1 H3MepeHH8H B 3Ton pa6oTe C nOMOIJlb!O "OAHOSJieKTpOIIIIOro" 

CTBBJISIJia He 6onee 3 HCeK no OCHOB8Ha!O, 0Trrenb1Ihln CBeTOBOn RMnyJibC cepuu Bbr6u

rrpu6nuanTenbH0.60 !jloTosnexTponos npu ~ys-san U3 !jlOTOKaTorra ¢3Y TUna 56- A VP 

CTBHTeJibHOCTR !jlOTOKBTOUa 40 MKafnM, 

ITpn ~aCTOTBX ITOBTOpeHHH SJieKTpa~eCKHX HMnynbCOB 1 .60nbillHX ~eM 60 /V\ru, 

!jlopMa RM!\Y1IbCOB Ha BbiXOUe yCHJIHTeJISI Ra~HHaeT. 38BHCeTb OT ~8CT0Tbl 1 TBK KaK 

BpeMeHHbie HHTepsaJibl Me:lKUY COCeAHHMH ABynongpHbi1.m HMnyJibCaMH CT8HOBHTCH 

c;pasHUMbiMH co speMeHeM ycTaaosnemm ycnnnTenH ( r = 4 aceK nnH Y3-11 ) • Ha

Meaeaue !jlopMbl SJieKTpR'leCKIIX IIMnynhCOB npRBOUIIT K II3ME!HeHH!O !jlOpMbl II UJI!j:Tenb

HOCTII CBeTOBb!X IIMnynbCOB, "KaK nOK83biBaiOT II3MepeHIISI1 UJIIITeJibHOCTb · CBeTOBOrO 

IIMIIyJibCa He npeBbiillaeT 3 HCeK, B TO )Ke BpeMSI C06CTBeHHbie !jlpOHTbl IICCJierryeMb!X 

!jloTOyMHO:lKIITeneli COCT8BJIHIOT 6onee 1,6 HCeK UJIH nepenaero II 6onee 2 HCeK UJIH 

aanuerei. IT osToMy II3Meaeaiie !jlopMbi caeTosoro IIMnynbca npiiBOUIIT, B ocHQBHOM, 

K II3MeHeHIIIO aMnJIIITYUhl IIMnynbCOB Ha Bb!XO.Qe !jlOTOYMHO)KUTeJISI, CneACTBHeM STOrO 

HBJISieTCH IICKa)KeHIIe 'laCTOTHOn XapaKTepiiCTIIKII tPOTOYMHO)KIITeJISI, 

PaccMOTpiiM cnoco6 asMepeHIISI ~acTOTHbiX xapaKTepiiCTIIK !jloToyMHO)KRTenen, 

IICKJIIO~aiOIJliin BJIHS!HIIe II3MepeHIIH !jlopMbl CBeTOBb!X HMnynbCOB B SaBHCHMOCTH 0T 

~aCTOTbl SJieKTpH~eCKHX IIMnynbCOB, CnOCOO OCHOBaH Ha CYMMHpOBaHHII Ha !jlOTD-. . 
':KBTO.Qe ABYX CepHll: CBeTOBb!X HMIIYJ!bCOB C OAUHaKOBOfi '!aCTOTOll: CJie}:(OBBH!IH HMIIynb-

COB1 HO CABRHYTb!X 110 !jlaae Ha 180°, .QJISI IIOJiy~eHIISI UBYX cepiill: CBeTOBbiX HMIIynb-

COB UCIIOJ!b3YIOTCH ooa BhlXOUa IIIHpOKOIIOJIOCHOrO yCHJIHTeJISI H UBa !ICTO'IHHKa CBeTa 

na GaP • HaMeaeuaeM aa.Qep)KKII Me)KAY cepnHMn sneKTpn~ecKHX nMrrynhcos cseTOBhie 
0 . . 

IIMIIYJibCbl C.QBUraiOTCH no !jla3e Ha 180 • ITpn OARHaKOBb!X aMIIJIUTyrraX CBeTOBb!X HM-

rrynbCOB OT 060IIX HCTO'IHHKOB BKJIIO~eHne BTOpOrO RCTO~HHKa SKBHBaJieHTHO YABOe

HHIO ~aCTOTbi 1 npn~eM !jlopMa H UJIHTenbHOCTb CBeTOBOrO HM!i1YnbCa R3MeHS!IOTCH He-

3Ha'!IITeJibHO, 3TUM CIIOC060M 3aBRCRMOCTb 8MIIJIHTYJ:lb! UMnynbCOB !jlOTOyMHO)KIITenen 

OT '!aCTOThl onpenenSieTCH B TO~KaX H 21 , .QJISI H3MepeHHS! 3Ha~eHRH B TO~Ke 

41 ~acToTa cne.nosaHHSI sneKTPH~ecxux HMnynbcos y.nsaHsaeTCH, T,e. I'= 21 • 

B TO~Ke I' K 21 rrpu paooTe xa)K.noro ncTo~HHKa nyTeM aaMeReHnSI snexTpn~ecxo

ro RMITynbCa1 ITOCTyiTBIOIJlero Ha HCTO~HHK1 Bb!XO.QHhle HMnynbCbi tPOTOyMHO)KRTeJISI 

B STOll: TO~Ke ypaBHRBaiOTCS! C RMITynbCaMH B TO~Ke 2! (npn pa6oTe OT nsyx 
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II 
II 

1\ 

I 

HCTO~IIHKOB). ITpn. y.nsoeann ~aCTOTbi I' 

R3MepSieTcSI_ TO~:tta 2!' • 4 f • TaKRM o6 

n 1'-21 21'-4! OK83biBBIOTC5I "ClllR'I 

OnncaRHhlA cnocoo.noasonne-T nony~ 

UOBTOpeHRSI CB.eTOBbiX .I!MnynbCOB no 400 

PeaynbTaThl naMepeHRA 'IaCTOTHbiX 

l.laCTOTHhle xapaKTepnCTnKH !jlOTOYMI 

HOBKH, onOK-CXeMa KOTopon Up.aseneaa H8 

nacb oT onoxa sanep)KKH, ~To noasoJirur 

seen ·nnnTenhJtocTn cepnn cseTosbrx aM 

nposonHJIHCb B. Tpex pe)KUMax, 

1. ITp.a nnnTenbHOCTR cep.all: cseTOBl 

'HRS! cepan 100 ru. l.laCTOTa. UOBTopeHHH 

2 -100 Mru. Taxon pe)KnM paooThl renei 

posan ycnos.aH paoOTbi c~eT~xos .aa c.a 

• SIAepRbiX accnenoaaHHA. 

2. ITpH nnnTenbHOCTR cepan cseToE 

BTOpeHHSI 1/7 ru, /V\aKCHM81!bHaH ~aCTOT~ 

B ·TaKoM pe)KHMe Monen.aposan.ach ycnc 

CTpoHIJleMCSI. ycxopnTene Ra 70 rss I1H< 

3. ITpa nnnTenbaocTn cepan cseTc 

ITOBTOpeHRSI 100 ru. MaXCRM81!bH8SI 'IaC~ 

AOCT.araTb 300-400 /V\ru. B · STOM pe)KII 

sTopeHHsr, npa KOTopon c noMomhro nann 

pOBaTb (q'IHT8Tb) Ka)KnhlA RMUynbCo 

.Unsr BC.eK: !jlo:royMROJ!Cil'feneA ohlJIR 

'I81!8Cb 38BHCRMOCTb ~aCTOTHb!X xapaKTE 

Teneii a myHTnpyrom.ax .naonHhle npoMe)Ky 

aarrRTb!B.aRIIR ~eCXOJ!bKHX llOCJieAHRX .QRHI 

aaTopOB ·C nonyCT.I!MbiMR TOK8M.I! Harpy: 

oeano neooxoARMhl JlPR .nn.a'X'enbHOCT.I!. 
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eT8B1IeHHOfi Ha pae. 7 R oenannorpaMMbi eBeTOBOrO 

- ~ /2/ .a npnnenennou B pauOTe • nnTeJibHOCTh eBeToaoro 

'onnosnexTponnoro• MeTana, co

oenoBaHillO. OrnenbHbifi eBeTOBOU HMrrynbC eepRR BbiOR

npnoJIR3RTeJibHO 60 ~OTOSJieKTpOHOB rrpn 'lyB-

snexTpnqeexax RMrrynheon, .oonbmux 'leM 60 Mrn, 

yeRJIRTeJISI H8'1llH8eT 38BReeTb OT 'laeTOTbi,,...TaK KBK 

eoeeAHllMH llBYllOJISipHbiMll RMHyJibeaMR eTaHOBSITesr 

•anoBnennsr yennnTensr ( r = 4 neex nnsr Y3-ll). H3-

K ll3ME!HeHU!O ~OpMbl ll llJI!jTeJib-

BK rr~K83b!B8!0T ll3MepeHHS!, AJillTeJibHOCTb · eBeTOBOrO 

BpeMSI eooCTBeHHbie ~pOHTbl HCCJienyeMbiX 

neex nnsr nepennero u 6onee 2 neex nnsr 

~OpMbl eBeTOBOro llMrrynbea rrpllBOllllT, B OCHOBHOM, 

na Bbrxone ~OTOyMHO:>KnTensr. CnencTBHeM sToro 

SI qaeTOTHblX XapaKTepnCTllK ~OTOYMHOXmTenefi, 

B 38BHeRMOeTH OT 

Cnoeoo OeHQB8H Ha eyMMRpOB8HRR Ha ~OTQ

OARHBKOBOfi 'IBCTOTOU CJieAOB8HljSI HMrryJib

,llnsr rrony'leHRSI ABYX cepnli eneTOBbiX HMrrynb-

• 
IIlllpOKOIIOJIOCHOro ycnnnTensr H AB8 neTO'IHHKa CBeTa 

Me:>Kny eep!ISIMH 3JleKTpR'IeCKRX IIMllYJibeOB eBeTOBbie 

H8 180°, TipR OAHH8K0Bb!X 8MllJIHTYA8X CBeTOBbiX llM

BKJ!IO'IeHne BTOpOrO ReTO'IH1IK8 3KBHBaJieHTHO YABOe

AJI!ITenbHQeTb CBeTOBOrO HMnynbC8 ll3MeHSIIOTCSI He

BMllJIHTYJ:Ibi llMllynbeOB ~OTOYMHOlK!ITeneli 

II 2£ • ,.Unsr R3MepeHIISI 3Ha'leHUSI B TO'IKe 

RMnynheon ynnaanaeTesr, T.e. f' = 2 f • 

K8lKJ:IOro !IeTO'IHHKa rryTeM H3MeHeHHSI sneKTp!I'IeCKQ

Ha lleTO'IHRK, BblXOAHble RMHyJibCbl ~OTOyMHOlKRTeJISI 

C RMnynbC8MR B TO'IKe 2 f ( rrp!I paooTe OT ABYX 

8 

\ 

HCTO'IHHKOB), TipH YABO.eHR.B: '18CTOTbi f' , T.e.. np.B: BIUJIO'IeHlut BTOporo .li:CTQ'IHRKB, 

R3MepsreTcsr TO'IKa 2f'- 4 f • TaxaM o5pa3oM, nee R3MepHeMhle napbl To'leK. f', 2 f 

R f'~2f 2f'-4f OK83b!BBIOTCSI "CillRTbiMH"' • 

0IIReaHHbll!. CIIOCOO II03BOJISI~ IIOJiy'IRTb C IIOMOillbiO reHepaTQpa cepHH 'laeTOTbl 

IIOBTOpeHHH eBeTOBbiX .li:MnynbeOB no 400 Mrn. 

Pe3ynbTaTbl H3Mepennll: qaeTOTHbiX xapaxTepneTRK ~OTOYMHOlKHTeneii 

l.JaCTOTHble XapaxTepaeTRKll ~OTOYMHOlKRTenel!. neenenonaJIReb e IIOMOillb!O yeTa

HOBKH, 5nox-exeMa xoTopoll: npnnenena na pRe. 8. Pa3BepTxa oennnnorpa~a 3arryexa

naeb OT 5noxa 3aneplKKH, 'ITO rr03nonsrno n3y'laTb nonenenne ~oTOYMHOlKRTensr na 

Beell: ·J:WUTenbHOeTH eepnn eneTOBbiX HMrryJibeOB. HeenellOB8HH.II ~OTOyMHOlKRTene:il: 

IIpOBOJlHJIHCb B. TpeX pelKHMaX. 

1. Tipn llJlllT9JlbHOCTH eepHli: eBeTOBblX HMIIynbeOB 1 ,0 MeeK H '18CTOTe IIOBTOpe

'HHSI CepHli 100 rn. l.JaeTOTa. IIOBTOpeHRSI CBeTOBblX HMHyJibeOB MeHSIJiaeb B rrpenenax 

2-100 Mrn. Taxon pelKHM paoOTbi renepaTopa cepnii eneTOBbiX nMrrynbCOB Monenn

ponan yenoBHSI paoOTbl e'leT'IHKOB na cnnxponaxnoTpone 05~enanennoro nncTHTyTa 

srnepHbiX neenenonaRRii. 

2. TipH AnHTenbHOCTH cepHll: CBeTOBbiX HMrrynbeOB t 0 =0,1 CeK H '18eTOTe no

BTOpennsr 1/7 rn. MaKCHManbHBSI qaeTOTa IIOBTOpeHHSI B eepna eoeTaBnsrna 100 Mrn. 

B TaKoM pelKRMe MonenHponimaeb ycnonnsr paoOTbi na cnnxpo~3oTpone OHSIH a 

CTpOSiilleMeSI ycxopnTene Ha 70 fan HHCTHTyTa ~H3HKR BbieOKHX 3Heprnii~ 

3. TipH AJ!HTeJibHOeTR eepnif CBeTOBbiX HMIIyJibeOB t n = 1 MCeK H qaeTOTe 

nonTopennsr 100 rn. MaxenManbRaH qaeToTa noBTopeHnH nMrrynheon B eepna Morna 

noeTIIraTh 300-400 Mrn. B aTOM pelK!IMe onpenensrnaeb npenenhHasr 'IBCTOTB no

BTopeHRsr, npn KOTopoll: c noMOmbro nannoro Tnna ~oToyM:HOlKHTensr MOlKHO perneTpH

ponaTh (~'1RT8Tb) K8lKAblli nMnynbe. 

,.Unsr BCSX: ~O.ToyMHOlKRTeneii OblnR .rrpoBeneHbi ll3MepeHnH, rrpn KOTOpb!X neKJIIO

qanaei> 38BnenMOeTl> '18eTOTHbiX XapaKTepneTRK OT BenU'IllHbl CorrpOTUBJleHnfi nenR

Tenel!. .11: myHTllpyromRX naonHble npoMelKyTKH eMKOCTefi. H3MepeRRsr npononn!Dieb IIpll 

38IIliTbiB.BHll.ll: ~eCKOnbKIIX IIOCJiellHllX llHHOAHblX IIpOMelKY'KO~ OT ·OTllenbHbiX CT80HJIR-

38TOPOB ·C llOrrYCTHMbiMH TOK8MH Harpy3KH )lO ~00 Ma. TionOOHble H3MepeHRSI OCQ

oeHHO HepoXOJlliMbl IIpll ,[(JlllTeJ!bHOCTB. CepB.H CBeTOJ')biX .li:MnyJ!bCOB ,[(0 0,1 Ce!K B. 
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OOnbWHX 'ISCTOTaX naBTOp9HIHI BHyTpl! cepHl!. ti TSirnX ycnOBHSIX H3MeJreHl!e a:anpli

:lK9HHSI Ha JlHHOJlHhiX npOM9:lKYTKaX 38 C'leT· pa3pSI)la myHTHPYIOWl!X. eMKOCTall: H. ycTa-
. . 

nOCTb JlHHOJlOB MOryT OJlHOBpeMeHHO :enH.SITb BB :eenH.'IBHy BMnnHTYJlhl H.MnYnbCOB ~ 

cpOTOyMHO:lKH.Teneli:. 3anHThiBBHH9 JlllHOJlHb!X npOM9:lKYTKOB OT OTJl9nbHhlX · CTBOHrui38-

TOpOB no3:eonsteT pa3nennTb ooa acpcj>eKTa. 

TOKil 'lepe3 AenHTanH cj>OToyMHO:lKHTanell: B yCTaBOBKBX, CO):lep:lKBillHX HeCKQnbKO 

Jl9CSITKOB C'leT'l.IIKOB, QObi'IHO He npeBblillBIOT 2-3 Ma, ll09TOMY OCOOhlil: npaKTH.'leCKHA 

.IIHTapec HMeJOT xapaKTepHCTHK.II cpOTOyMHO:lKHTenelf npn TBKHX TOKHXo 

llo~oop Jl9n.I!Teneil: cpOTOyMHO:lK.I!Taneil ocymeCTBnstnCSI np.ll llOCTO£HHOM TOKe '19pe3 

Jl9n.IIT9nb ( I= const ) .II npn llOCTOSIHHOM lr8llpSI:lK9BHH HB A9nH.TenSIX ( E = const ). 

B nepBOM cnyqae. nennTellli ll!JAKnJO'IanHCb K CTSOHnHSaTOpy TOKB1 BO BTOpOM - K CT80H

nii38TOpy a:anpiDKeHHSI, J1ccneno:eanH.Cb xapBKTepneTHKH llSIT.II THllOB cpOTOYMHOJKH.Tenej!;: 

<P3Y-30, <P3Y-36, <P3Y-72, 56- AVP XP1020. 

<PoToyMHO:lK.I!Tenb 56 AVP 

<POTOyMHOlK.I!Tenn 9TOrO THIIB III.IIpOKO .I!Cll0nh3YJOTCSI B CllHHTHnnSIIIHQHHbiX H. 'l!;l

peHKOBeKHX C'I9T'lHK8X B 9KCnepnMeHTBX 118 pa3nR'llrhlX yCKOpHTensrx, ~ng ~OTOYMHQ

lKHTeneli: 56 - A VP a IIEPH "e ohm pa3pa60TaH cTaHAapTllhlH AellliTenb, noKB3 aa-

/11 12/ 
HhiH aa pnc, 8, B paoOTax . ', , :ehmonaeaahix aa callxpounxnOTpoae, ao :ecex '!e-

peaxoac;Knx n eunB:Tnnnsrnnoaa:hlx c<teT'!HKax Henanb3o:eanasb ~OToyMa:O:lKl!TenH aToro 

TII!l8, J1HT9HeHB!iOeTU ny'IKOB 'IBCTI!U 1 "perl!eTpllpyeMhl9 C'leT'IIIKBMll 1 B yKaaaH!IhlX 
5 . 

paoOTBX ):(OeTnrann 3•10 qaeT/eeK1 'ITO COOTBeTeTayeT .IIHTe!Ie.IIBHOCTll a HMllynbee 

6 
OT enaxpounKnoTpoaa = 2'10 q/eeK. 

C nennTeneM, npH:eeneHHhiM Ha · pnc. 9 , OhinR H3Mepe!{bi 'laCTOTJrhle xapaE;Tep.ll

eTnKII cpoToyMHO:lKl!'reneil no qaeTOThi 100 Mru nnsr nsrTn aK3eMnnsrpoa cpoToyMHo:lKl!

Teneli:, ilpn JliiHTenbHOCTll Cepnli: CaeTOBhiX IIMnynbcOB B 1 MeeK H '!BeTOT9 noaTQ

peHHSI eepnil 100 ru 8Mll11HTYAH llMllynbCOB HB Bh!XO):(e ~OTOYMHQ:lKl!'feng Ohlna llocTo

SIHHB no aeeil nnnTenbHOeTn cepnn n AQCTnrana 10 a Ha conpOTn:eneanu 100 OM. 

l13Mepeansr npn AIIHTenbHocTn cepnn AO 0,1 eeK n qaeTOTe noaTopeanSI eepnli: 1/7 rn 

IIQK8381l1! 1 'ITO cpOTOYMHO:lKl!Teitb e 'rBKHM nennTeneM He MO:lK9T perHeTpiipOBBTb aero 

eepnro eaeTOBh!X HMIIYnbeO:e Jla:lKe npl! BMllllli'J;'yJle llM)lynQeOa HB Bhi~OJ:\9 <P3Y OKOnQ 

2 B ll 'IaeTOTe IIOBTOP9Hllll e:eeTOBbiX IIMnym,co:e 30 Mru, Ha pnc, 10 npnBe)leHa 

38BHeiiMOCTb BMIUIIITYJlhl HMIIYnbCOB HB BhlXO)le cpOTOyMHO:lKl!Tenst OT nnnTenbliQCTH 
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cepHn. Yaenn'Ieane aMnnnTYJlhi HMnyi 

HocTn cepnn oonee 2 MeeK casraaa:o 

QOToyMB:OlKHTensr: npn pa3pSIAe 9MKOe 

HHSI HB OCT8nblrhlX AHHOJlllhlX npOMe 

plllte aMKOeTe:li (npn oanbmnx t
0 

nanaeT, 'ITO CBSI38HO C HBK?nnaHH9M 

aoro 3apSIAa, KOTophlll: 113-3a naAeHJ 

· aaeT paecaehlBBTbCSI. OnaoapeMea:ao 

B03p8CT8Tb llOCTOSIHHBSI COCTBBnSIIOI 

noeneAHHe JlllHOAHhle . npoMe:lKY'l'KH, 1 

eTBeHHO 20 MKcp1 10 MKcp, 2,5-3 MK 

eepHIO 093 H3MeHeHHSI 8MllnHTYJlhl 1 . 

ny1lbcoa 100 Mrn (pn.c. 10), AMnll 

AOCTnrana 10 :e. C noMOWbiO pene1 

'ITO H3MaHeJrHe ycnneHHst cpoToyMHO 

pnc, 11 npeACTaaneHbi ocnHnnorpa 

56 - A VP npn pa3nH'IHhiX qacToTax 

Thi ohmn nony'IeHhi npn 3anHThlBBHl! 

nH38TOp0B C Bb!XO):(Hb!M HanpH.:lKeHH9 

AHHOltOB 9MKOCTSIMH no 4 MKcp. 

<PoToyMHO:lKHT9nb <P3Y-30 

ITpn 3BllHThiBBHHH nocneAHHX 

BhiXOJlHh!M H8llpSilK9HHeM U -=300 B 

KOCTllMH no 4 MK~ BMllnllTYAB HB 

An.IIT9nbHOCTH cepnH ( 1
0

=0,1 ce1 

B JlHBll830H9 H3M9HeHHSI 'IBCTOThl I 

ahie pe3ynbTBThi ohlnH nonyqeHhl Ka 

HhlM aanpSI:lK9Hll9M E a const TB 

~nsr noAoopa AenHTeneli: ncno1lh3oaa 

cope . nennTensr c; E • const · aaon 

no KB:lKAOMY. nepeMaHHOMY c;onpoTllB, 

ll myHTHpyiOWHX eMKOCTSIX: C
1 
=~ 



BHY.TPH cepu. & Taux ycnosasrx · naMeaeue a:anpsr

. C'I9T paapsrna WY.HTHPY.IOillHX 9MKOCTel!: li y.CTa

BnHllTh Ra aenR'IHHy. 8Mnnl!TY.Ahl HMnynhCOB~ 

AHHOJlHbiX npOM9:>Ky.TKOB OT OTJl9nbHhlX CTa6HM38-

B y.CTaaosxax, conepJKamnx a:ecxonhx:o 

a:e npeBbiW8IOT 2-3 Ma, II09TOMy. OC06biH npaKTH'ISCKHJl 

!jJOTOy.MHOlKHTenefi npl! TaKHX TOK8Xo ' 
·.-I 

ocymeCTsngncg npn nocTOllRHOM TOKe qepea 

nennTensrx ( E = consl ). 

TOKa, BO BTOpOM·- K CTa6H

XapaKT9pHCTHKH IIllTH THROB !jJOTOYMHOlKHTenel!;: 

XP1020. 

oro THIIa mnpOKO gCIIOnh3YIOTCll B CllHHTHnnlliiHOHHbiX H 'le

axcnepHMGHTaX a:a paan:a'l:HbiX ycxopaTensrx, Llnll !jloToyMao

UEPH • e obm paapa60TaH CTaanapTHbili nennTem., noxaaaa-
1,12/ 

, BbinonneHHbiX aa <::na:xponnxnOTpoae, so scex qe-

oaabiX c<reT'Ul:Kax ncnom.aosanac,b !jJOToyMHOJKHTena aToro 

qacTHII, 'perncTpnpyeMbie C'l:eT'iHKaMII, B yxa::laa:a:hlX 

COOTB9TCTBY9T IIHTeHCHBHOCTH B HMIIYnbC9 

9 • 6bmn H3MepeHbi qacTOTHbie xapaxTepii

AO 'l:aCTOTbi 100 Mrn )lnli I!liTH aK39MnngpoB !jJOTOYMHO:lKH-

1 MC9K H '18CTQT9 IIOBTQ-

HMnym.COB Ha BbiXO)le !jJQTOYMHOlKHTSnli 6bin8 IIOCTQ-

11 JloCTnrana 10 B a:a conpOTnaneann 100 oM. 

JlO 0,1 CSK H 'laCTOTe IIOBTOp9HIIll capilli 1/7 rii 

T8KRM )lennTeneM He MOlKGT periiCTpiipOB8Th BCIO 

npn 8MIInR1"YAe IIMI!YnioCOB Ha Bbi~OAe ¢3Y OKano 

cseToBhlX IIMIIYnbCOB 30 Mrn. Ha pac.· 10 npnseneaa 

HMnym,cos Ha BhlXOA9 !jJOTOYMHOlKHTGRII OT AnRTenbHOCTII 
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cepa:n. Ysenn<reaa:e aMnnHTYAbi IIMnyn&cos aa Bhixone !jloTOYMHOJKHTeng npn · llnRTem.

HocTH cepa:n 6onee 2 MeeK csHSaao c nepepacnpeJ:~eneaneM aanplilKenlll!: na AHROllBx 

¢oT·oyMaOlKHTeng: npa: paapsrne eMKOCTeli, myaTa:pyromnx nocnellHHe nnnOAbi, aanpBJKe

RBli Ha OCT8nhHbiX AIIHOllHbiX npOMe:>Ky.TKaX Y.BGHH'IHBa!OTCll, npn ll8nhHaftmeM paa

pSIAe GMKOCTeJl (npa 6om.mnx l 0 ) 8MIIHHTy.[la HMny.nhCOB !jJOTOYMHOlKHTeng pe3KO 

nallaeT; 'ITO CBHSaao c aaxonneaaeM B o6nacin nocnellHHX JliiH~nos npocTpaacT~ea

aoro aaplllla, KOTOpbil!: 11a-aa I!alleRHll aanplilKeHIIli a:a nocnenHBX niia:~dax ae ycne

. saeT paccaChlBaThCll. OnaospeMeH!IO c naneHl!eM aMnnnTynhl nMIIym.coa a:a11aaaeT 

B03paCT8Tb IIOCTOllHH8ll COCTaBniDOinallo npii ysenii'i9HHH 9MKOCTei!:, illy.HTIIPY.IOillHX 

IIOCH9AHII9 lll!HOAHbiG. npoMe:>Ky'l'KII:, B 5 paa· (Toe. AO 3Ha'I9HIIli GMKOCTeft COOTB9T

CTB9RHO 20 MK!jl, 10 MK!jl, 2,5-.3 MK!jl, 2,5-3 Mx!jl). !jJOTOyMHOlKHTenb nepeAaeT .BCIO 

CepiiiO 093 H3M9H9HHll aMnniiTY.nbi, BIInOTb no '18CTOThl IIOBTOpeHHli CB9TOBbiX HM

nym.COB 100 Mrn (pllc, 10), AMnnnTyna nMnym.coa !jJOToy.MHOlKIITenn npa STOM 

llOCTIIrana 10 B. C noMom&ro penepa:oro cseTosoro IIMnym.ca 6bmo ycTaaoahea:o, 

'ITO naMea:ea:ne ycanea:nli !jloTOY.MHOJKHTenn B KOHIIe cepnii a:e npesMmano 10%. Ha 

piic. 11 npenc'I'aaneHbi ocmamorpaMMbi IIMnyn&eoB a:a Bbxxo.ne !jJOToy.MHOlKHTenel!: 

56- AVP npii paann<rHbix qacToTax caeTOBbiX· IIMnynhcoa, Aaanorn<rHbxe peayn&Ta

Tbi 6bina nonyqeahx npn aanaTbiBaimH nocnena:IIx 3-x naaonoa OT OTllenba:biX CTa61I

naaaTopoa c BbiXOllHbiM aanpnlKeaneM U = 300 a II mynTIIpoaaHHII nocnenHHx nllTII . 
llBHOAOB GMKOCTliMII no 4 MK4!. 

¢oTOYMROlKIITenb ¢3Y -30 

npa aaniiThlBaHIIH nocneAniix Tpex naa:onoa oT O'I'llen&Hhlx cTa61IHII3aTopoa c 

BbiXOAnbiM a:anpBJKeHIIeM U =300 a II mya:TIIpoaaaaa nocnenaax nliTII ABHOllOB eM

KOCTliMII no 4 MK!jl aMnniiTylla aa BbiXOlle !jJOTOY.MHOlKIITenst ae M9Hlinacb a:a aceft 

):lnHTenhnOCTH cepaH ( ln ..0,1 CeK ) H AOCTHrana lOB Ha CC;>npOTHBne!!HR 100 OM 

a nnanaaoae naMea:eann <raCTOThl noaTopermg cep11n OT 2 no 100 Mrlt. OAHa:axo

Bbie peaynhTaTbi 6binn nonyqeahl KaK B cny<rae non6opa qacTn AennTensr c nocTollli

HhlM aanplilK9HH9M E = consl , TaK H npH IIO):l60pe C nOCTOSIHHbiM TOKOM I = consl. 

Llnli non6opa nennTenei!: ncnom.aoaanac& cxeMa, npiiBelleaaali a:a pac. 12, npn non-

6ope nennTeng c E a consl a:a6nronaroTcli MaxcnMy.Mbi B K.os¢t!lnltlleHTe ycnnea:nli 

no xalKJlOMY. nepeMeHHOMy. conpoTHBnea:nro R 1 • LlennTem., nono6paHHbii!: npn E•const 

H myHTHpy.IOillBX 9MKOCTSJX: C
1 

=4 MK!jl1 C
2
=2 MKcp1 C

3
.,.1, MK!jl, C I "" 500 ncp, 
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o6ecne'IHB8eT llOCTOSIHCTBO 8Mlli!HTY.Ilbl BbiXO.IlH'>IX. HMnyllbCOB, JlOCTHI'BIOmel!: 10 Bt 

B npe.llellaX Cepnn MHTenbJIOCTb!O JlO 1 MCeK H C '18CTOTOli llOBTOpeHHSI f <: "'1 00 ru. 

OnHaKO npn )liiHTellbHOCTH cepnn 6onee 10 MCeK· ( fc =1/7 rn) aM1111HTY.Il8 HMnynb

COB nanaeT .llO eynsr .lla:>Ke npn eMKOCTSIX- c 1=50 MK.P, C 2=25 MK4J, c
3 

= 10 MKIP 

n T • .ll. ,UallbHelimee yBelln'leHne He nMeeT CMbiCna, TaK K8K ra6apliTbi_ .llennTensr c 

·raKHMH eMKOCTSIMH 3H8'1HTenbHO yBeiiH"'HB8IOTCSio 

,llennTellb, nOfl06paaHblll npn nOCTOSIHHOM TOKe, He HMeeT MaKCHMYMOB no BCeM 

nepeMeiiHb!M COnpbTHBIIeHHSIM, 38 liCKniO'IeiiReM nepBb!X TpeX OT clJOTOK8TO)l8. C yBe

IIH'IeiiHeM ocTallbHbiX conpOTHBIIeiinii aa6nronaeTCII MOHOTOHIIhlli poeT ycnnenna. Ecnn 

ycTaHOBHTb H8 CpeJIHHX JlliHOJIHbiX npoMe:>KyTK8X Hanpi!:>KeHne OKOIIO 100 B ( U0 =100 B} 1 

a Ha nocneAHHX Tpex npoMe:lKYTK8X COOTBeTCTBeHHO "' 2U0 , .. 3U0 , -4lb , TO aM

nnnTy.lla HMnynbCOB H8 Bb!XO)le ciJoTOyMHO:lKHTel!£1 ¢>8Y -30 C T8KHM AellnTelleM OCTa

eTCII noCTOIIHHOii liB BCeli Cepnn JlnHTellbHOCTb!O B 0,1 CeK ( 1 0 =0,1 CeK,£ 0 =1/7ru, 

lu = 100 Mru, C
1 

=30 MKciJ, C
2 

=20 MKclJ, C
3 

= 10 MKciJ, C
4 

=C
5 

o:2 MKciJ, OCTanbHbie 

cl =500 'nell). CxeMa nennTellll npnBe)leHa H8 pnc. 13. 

ITpn nennTene, nono6paHHOM c I =canst , nnnTellbHOCTb OTAellbHoro nMnynbca 

¢>8Y yMe!IblllaeTCII, 'ITO BHAHO H3 cpaBIIeliHII pnc. 14 a, 6, B H pnc. 14 r, Ha ·KOTQ

pb!X npe)lCTaBI!e!Ibl OCUHIIIIOI'p8MMbl nMnyllbCOB ciJoTOYMIIO:lKHTellll ¢>8Y-30 npn pa31!H'I

IIb!X 'l8CTOT8X c nennTeJieM, noJio6paiiHbiM npn ~ = const (a, 6, B) n npn I= const (r). 

Heo6XOAHMO T8K:>Ke OTMeTHTb, 'ITO B Cny'lae rfon6opa Hanpi{)KeHHll H8 nepBb!X OT ¢oTo-

KaTona sneKTponax npn I = const H8 MHHHM811b!IYIO JliiHTel!bHOCTb nepen11ero ¢poll-

Ta Bh!XO.Il!IOI'O HMnyllbC8 30HH81l xapaKTepnCTHK8 (3aBHCHMOCTb aMTIIIHTY.Ilbl HM11YIIbC8 

OT KOOp.llliii8T OCBemaeMOii TO'IKH ¢oTOK8TO.Il8) 110IIy'laeTCSI .llOCTaTO'lHO O.llliOpOAHOii. 

Ha OCHOB8HHH llpHBe)leHHb!X Jl8UHh!X MO:lKHO C'lHT8Tb, ''ITO B Cl!y'Iae non6opa nenn-

Teneli c E ~=: const MaKCHMYMbi no Kos¢¢nuaenTy ycnnennn B03HRKBIOT ns-sa nepe-

pacTipeneneHHSI 110TeHUR8110B H8 OCT81lbllb!X 911eKTPOA8X, H B pesyllbT8Te B03MO:>Keli 

Bb!60p nenpaBRIIbliOI'O pe:>KHM8 11RT8Hlill ciJOTOYMHO:lKHTellll, yxylt1118IOmero, H811pRMep, 

30HHYIO xapaKTepRCTHKY 110 ¢oTOK8TOlty. 

EbiiiH HCCI!e!(OB8Hbl 12 clJOTOYMHO:lKHTeneii ¢>8Y.:_30, H lti!H BCeX o6pa3!lOB 11011y-· 

'Ienhi ananora'IHbJe pesynbTaThl. 

¢>OTOYMliO:lKHTel!b IP8Y-36 

0nTHM81lbHb!M no '18CTOTHb!M X8p8KTepRCTRK8M IIBI!IleTCSI !(el!nTeJlb, ll0!(06pali

Hhlll 11pH ·1 = const • 'Ycnnenne IP8Y-36 O'leHb KpHTII'lliO K H81lpSI:>KeHHSIM H8 !(HHO!(Hb!X 

12 
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npOMO:lKYTK8X, ll03TOMy lti!SI perncTpau liB oe: 

ltiii!Tel!bliOCTb!O !tO. 1· MCeK ( 1
0 

=100 I'U) H 'II 

coB 100 Mru Heo6xonnMo IllYHTnpoBanne 6on6u 

nnx nnnonoB. ITpn IllYHTHpyrolllax eMKOCTSIX, cc 

cnenHero ltHHOJia) 30, ::!0, 10, · 4, 2, 0,5, 0,1 

nnHTYlt8 H8 Bb!XO)le ¢>8Y-36 ne MeH~eTCSI npE 

I u = 100 Mru. 0JIHBKO nn Jianbnelilllee YBenn 

HHX CeMH JlHHO.IlOB OT OT)lel!bHb!X CT86UIIH38TC 

Hb!X HMTiyllbCOB llpll !(IIHTellbHOCTH CepHH 'CBe· 

3811HTKe OT OTltellbHbiX CT86HI!H38TOpOB (c )lOt 

aMniiHTY.Il8 HMnyllbCOB ¢oTOYMHO:lKHTei!SI <I>8Y

cTn cepnn 6onee 5 MCeK. 

Mo:>KHO C'IHTBTb, 'ITO B STOM ¢oTOYMHOJ 

pei'HCTpnpyeMOii cepnH CBeTOBb!X IIMTIYI!bCOB 

AiranorH'IHbie pesynbT8Tbi ohmn nony'IeHbi !Ill! 

<!>8Y-36. Ha pac •. 15 npeACT8BIIeHbl OCUHIIIIOI 

IIH'IHb!X 'I8CTOT8X Clle.llOB8HHSI CBeTOBbiX IIMTI; 

<!>OTOyMHO:lKIITellb <!>8Y-72 

.llHHO.IlHb!e CIICTeMbl ciJOTOyMHO:lKHTCI!eii ¢> 

Hbl (sa HCKIIIO'IeHHeM H8111i'IIISI y ¢>8Y-72 K08l 

noBe)leHne Ha ltiiiiHHblX CepHSIX. CBeTOBblX IIMll 

IIBKOBO. MaKcnMallbHaSI aMTIIIHTYlta HMnynbca, 

Cl!e!(OB8HHOI'O o6p83!l8 <!>8Y -72, COCT8BHII8. 2'1 

paKTepncTnK ohmn TipoBeJieHhl c noMombro cTp• 

con nponycKaHH£1 1000 Mru. Hs _TipnBeneHHbiX 

C llOMOinblO ¢>8Y-72 MO:lKHO perncTpHpOB8Tb 

noBaHn£1 6onee 100 Mrn. 

<t>oToyMHO:lKHTel!b XP1020 

.UennTenb, nono6paHHhlii ltll£1 ¢oToyMHO:n< 

COOTBeTCTByeT (AII£1 TiepBb!X JlHHOJlHb!X llpOMe 

¢npMOll-H3I'OTOBRTelleM !(IIH ltliH8MH'IeCKOI'O p 
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aMIIJlHTYJlbl BblXOJlH'>lX HMnyJibCOB, JlOCTHI'lliOIIIefi 10 B 1 

Lnn<"ThlO JlO 1 MCeK H C "lllCTOTOfi IlC>BTOpeHHSI f ~ =.1 00 rn. 

6onee 10 MCeK ( fa = 1/7 r~) aMnnnTyJla HMnynb

eMKOCTSIX C1=50 MKcp, C2=25 MKcp, c3"" 10 MKcp 

CMbiCJill, TllK KllK ra6apl1Tbl )len:n:TeJili C 

yaen:n:"lHBlliOTCli. 

IIOCTOSIHHOM TOKe, He HMeeT MllKCHMYMOB no BCeM 

BCKniO"leHHeM nepBhlX Tpex OT cpOTOKllTOJlll, C yBe

OTHBJleHHll HllOJl!O)llleTCli MOHOTOHHblll pOCT yc:n:JieHHli. Ecn:n: 

npot..te>KYTKllX Hllllpli>KeH:n:e OKOJIO 100 B ( U0 =100 B), 

COOTBeTCTBeHHO "' 2 U0 , "'3 U o , - 4(b , TO llM

IjJOTOYMHO>KHTeJili <f>3Y-30 C TllKHM )leJIHTeJieM OCTa-

C
2 

=20 MK!jl, C
3 

=10MK!jl, C
4

=C
5

=2 MK!jl, OCTllnbHbie· 

p;!c, 13. 

C I = const , JlJIHTenbHOCTb OT)leJibHOI'O IIMIIYJlbCa 

cpaanea:n:li p:n:c, 14 a,6,B :n: p:n:c. 14 r, aa,KOTo

HMIIynbCOB !jloTOYMHO>KHTeJili <f>3Y-30 np:n: pa3JIH"l-

~ = const (a, 6, B) :n: np:n: I= const (r). 

B cny"!ae rton6opa aanpiDKenn:ii aa nepBbiX oT !jloTo

na MHIIIIMllnbiiY!O JlJIHTeJibHOCTb nepenuero !jlpOH-

xapaKTepHCTBKll (saBBCBMOCTb llMIIJIBTYJlbl BMIIYJlbCll 

nonyqaeTCli JlOCTaTO"lHO OJlHOpOJliiOll, 

JlllHHblX MO>KHO C"lHTllTb, ."'TO B CJiyqae IIQJlOOpa nenn

Mbl IIO K03cp!jJHU.IleHTY yCRJieHHli B03HHK8IOT H3-3ll rrepe-

Hll OCTllJlbHbiX 3JieKTp0JlllX, H B peayJibTSTe B03MO>KeH 

nnTaans !jloToyMHO>KHTenli, yxynwaromero, nanpnMep, 

<P3Y -30, n JlJili Be ex o6paanoB nony-

xapaKTepnCTHKllM !i!BJISeTCli nennTerib, IIOJlOOpllii

Hllllpli>KeiiHliM Hll JlHIIOJlHbiX 
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npoMe>KyTKax, noaToMy nns perncTpan n:n 6ea ncKa>Keanii JlllJKe cepnfi: nMi:rynbcon 

JlJIHTeJibHOCTbiO AO 1· MCeK ( t., = 100 I'll) II "lllCTOTe IIOBTOpeHHli CBeTOBblX HMriynb

COB 100 Mrn neo6xonnMo wyaTnpoaaane 6oJibWHMn eMKOCTsMn _ceMn-aoCbMH nocnen

!IHX AHIIOAOB. Dpn WYHTHpyiOWHX eMKOCTliX, COoTBeTCTBeHHO paB!lblX lC"lliTll!il OT no

cnennero mmona) 30, ::!0, 10, · 4, 2, 0,5, 0,1 MK!jl H ocTanb!lbiX C 1 =500 n!jl, aM

nnnTyna na BbiXO)le <f>3Y-36 He MeHS!eTCli npn AJIBTeJibHOCTIJ CepHIJ t 0 = 1 MCeK IJ 

fu =100 Mrn. OnnaKo HH nanbneiiwee yBenn"leHJJe eMKOCTeli, an aannTKa nocnen

IIHX CeMIJ AHHOAOB OT OTAeJibHbiX CTllOHJIH3llTOpOB ne Y«TPll!llieT llMIIJlHTYAbl BbiXOA

HbiX IJMIIYJlbCOB npn AJlJJTeJibHOCTH Cepnn 'CBeTOBbiX HMIIYnbCOB 6onee 5 MCeK. Dpn 

38IIHTKe OT OT)leJlbllblX CT80HJIH38TOpOB (c AOIIyCTHMbiM TOKOM !l8I'py3KH AO 500 Ma) 

llMIIJIHTYAll HMIIYJlbCOB !jJOTOYMIIO>KHTeJig ~3Y-3tl llllAlleT B 5-tl pa3 Upll AJlHTeJlbHD

CTH cepnn 6onee 5 MCeK. 

Mo>Kao C"lHTaTb, "'TO B aToM !jloToyMHO>KnTene orpaan"le!me aa JlJll!TeJibHOCTb 

- . /10/ 
perncTpnpyeMOH CepHH CBeTOBbiX HMIIYnbCOB HaKJlll)lb!BlleT ycTaJIOCTb AHHOAOB . • 

AHanorn:"!Hbie peaynbTllTbi 6brnn rrony"leHbi AJili acex 5 nccnenoBaHHblX 3K3eMUJISIPOB 

<P3Y-36. Ha pnc •• 15 npencTaBneHhi ocunnnorpaMMbi HMnynbCOB <P3Y-36 rrpn ·paa-

nn"lHbiX "lllCTOTax cnenoBaHHli cBeTOBbiX HMIIYJibCOB, 

<POTOYMHO>KHTeJib <f>3Y-72 

.llHHOAHbie CHCTeMbl !jloTOyMHOlKHTCJieii <f>3Y -36 H <f>3Y -72 IIOJlHOCTb!O HAeiiTH"l

IIbl (aa HCKJIIO"leHHeM HllJIH'iH!il y <f>3Y-72 KOllKCHaJibHOI'O BblBOJlll cnraana). DoaTOMY 

IIOBe)leiiHe Ha AJIHHHbiX cepnliX. CBeTOBbiX HMIIYnbCOB y 3THX !jloTOYMHOlKHTeneli OAll

llllKOBO. MaKCHMaJibHaSI aMrrnnTyna nMnynbca, KoTopyro MO>KHO 6bmo nony"ll!Tb c nc

cnenoaaaaoro o6paana <P3Y-72, cocTaBnna 2 B, rroaToMy naMepeang "!aCTOT!lbJX xa

paKTepncTnK 6hlnn rrpoaeneabl c rroMoWbiO cTpo6ocKonnqecKoro ocrrnnnorpa!jla c rrono

coii rrporrycKaHRH 1000 Mrn. Ha npnBeneauhiX 11a pnc. 16 ocunnnorpaMM BHAHO, "'TO 

C IIOMOlllbiO <f>3Y-72 MO>KHO perHCTpllpOBllTb CBeTOBble I!MIIYJlbCbl C "lllCTOTOH CJie

JlOBllHl!SI 6onee 100 Mru. 

<f>oToyMHO>KnTeJib XP1020 

.UennTenb, nono6paHHbiii AJIH !jloTOYMHO>KHTeJili XP 1020 rrpn ~ocTOHHHOM ToKe, 

COOTBeTCTByeT (AJili UepBb!X AHHOAHbiX rrpoMeJKyTKOB) )leJinTeJIIO, peKOMeHAOBllHHOMY 

ljlnpMOH-H3I'OTOBHTeJieM AJISI AHHllMH"leCKOI'O pelKHMll, 

13 



llpn AnHTenhROCTH cepHH AO 1 MCeK H 'laCTOTe-nOBTopeHHH cepnfi 100 r~ $QTo

YMROJKHTenh XP 1020 nepeJ:taeT oea yMen&meann aMnnnTYAhi scro cepHro, ecnn no

cnetmne AHHOJ:tbl aamyRTHpOB8Hbl COOTBeTCTBeHRO eMKOCTHM 10, 5, 2, 2, 1, 0, 0,5 MKcP1 

OCT8nhHhle no 500 n(jl, B cnyqae JlnHTenhHOCTH CBeTOBOH CepHH JlO 0,1 CeK H '18CTQ-t 

Te IIOBTOpeHHSI CBeTOBbiX HMnynhCOB JlO 100 Mru . JinSI perHCTpBUHH CBeTOBb!X HM-

nynhCOB 6e3 H3MeHeHHSI HX 8MIInHTYJlbl K KOHUy CepHH Heo6XOJIHMO 38IIHTbiB8Tb no

cneJI nne 5-7 JIHHOJIOB OT HH3KOOMHoro JiennTenSI c TOKOM 'lepea aero ae Menee 

20 Ma • . SJ nennTeneM, noJio6paHHbiM rrpn I = const = 3 Ma n myHTnpoBaHIIn nocneJI

nnx JlHHOJIOB eMKOCTHMn JIO 50 MK!jl, aMrrnnTyJia nMrryn&COB !jlOTOYMHOJKnTenn XP 1020 

rraJiana B 3-4 paaa rrpn JinnTen&HOCTII cepnn 6onee 10 MCeK. 

Heo6xonnMOCTb cnnhHOTO'!Horo JienaTenn JlllH rrocneJIHHX JIHHOJIOB Bbi3biBaeTCSI 

B cny'lae XP 102U cnnhnoii aaBnCHMOCTbiO Koa!jl¢annenTa ycnnennH OT pacrrpenenennSI 

narrpSIJKennn na JIHHOJIHbiX npoMelKyTKax. ~a pnc, 17 rrpeJicTaBnena ocun.nnorpaMMa 

nMnyn&COB ¢oTOYMHOlKHTenSI XP 10~0, nony'leHHaSI rrpn '!aCTOTe cneJioBaHnSI CBeTo

BbiX nMrryn&COB 100 Mru. KaK n B cny'lae cteY-72, n3 ocunnnorpaMMbi BHJIHO, 'ITO 

!jlOTOYMf\OlKHTenh MOlKeT perncTpnpOBaTb CBeTOBbie HMIIynbCbl C '!aCTOTOH nOBTOpeHHSI 

6onee 1 00 Mr~. 

'-lacTOTHbie xapaKTepncTnKH cpSy B nnarraaone 80 - ~00 Mru 

Peayn&TaTbi, rrony'leHHbie JtnH paann'lHbiX THIIOB ljloToyMHOlKnTeneii B Jinarraaone 

qacToT 2-100 Mr~, IIQK83biBaiOT, 'ITO 9TH !l>SY rrpH npaBni'I&HO Bbi6panHbiX pelKn

Max nHTaHHSI MoryT perncTpnpoBaTb CBeTOBbie HMnynbCbl 1 cneJiyromne C 'l8CTOTOH 

noBTopennH JIO 100 Mru. HaMepeHHH 'laCTOTRbiX xapaKTepncTnK npn f u > 100 Mru 

rrpoBoJinnnc& no MeTOJiy YJIBoennH '!aCTOTbi, HaonroJianoc& paan.~~qnoe noBeJieHHe 

<PSY pa3HbiX Tnnoa B qacToTHOM JIHarraaone 100-200 Mru. Ha pac. 18 npnBeJieHbi 

aaBHCHMOCTli BhlXOJIHOrO cnrnana OT '!aCTOTbl anSI '!eTb!pex THIIOB !l>SY: _-XP1020, 

!l>SY-30, 56 AVP -a <PSY-72. Ha pnc. 18 BHJlH01 'ITO BbiXOJIHbie HMIIYnhChl, KpoMe 

nepeMeHHOH '!aCTH .HMeiOT 3Ha'l.HTen&HyiO IIOCTOSIHHYIO COCTaBnSIIOmyro, JIOnH KOTOpoii 

pacTeT c yBena'lenneM 'laCTOThl, 

,lln.SI ljlOTOYMHOlKHTeneii XP1020 CYMMa rrepeMeHHOH ll IIOCTOSIHHOH COCT8Bn5110-

mHX BbiXOJIHOro cnrnana He M9HS!eTCSI C yBelln'leHHeM 'lBCTOTbl JIO 200 Mru, B TO 

BpeMH KaK nepeMeHHa.II '!aCTb yMeHbmaeTCSI, ,lln.SI !jlOTOyMHOJKHTeneii THIIOB !l>SY-80 
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H 56 . AVP npa aMnnHTyJiax BbiXOJIH 

maR 6biCTpo y6hlBaeT. c ysen.~~.jeHHe 

nOCTOSIHHOii COCTaB.nSIIOmeii paCTeT 

pac. 18a (1) a pnc. 18 6 ( 1) MO}KH 

!l>SY-56 AVP n !l>SY-30 Mano · oTnn• 

IIOCTOSIHIIOH COCTaBnHIOmeii JinSI cP8Y· 

(pnc. lBa (2) H 186 (2)). 

Y ljloToyMHOlKHTenSI THna ·- IPS~ 

0,1-0,5 B cyMMa nepeMeHHOH a IIOC 

'leHHeM 'l8CTOThl1 a nepeMeHHa.II · 'laCTl 

nH'IeHHH aMIInnTyJihl aa6nroJiaeTcSI yn 

'laCTOTHbiX xapaKTepncTnK. Ysenn'!eE 

yMROJKHTeneii XP 10/20 na6nroJ:taeTci 

B aaxnroqeane non&ayeMCH cnY' 

6e3HO npe):lOCTasneHHhle 9lJ:eKTpOniOME 

TalK n · aanaAKY cxeMhl _ reaepaTopa . a; 

J1 n T • 

1. P. Cachon et al. J. Phys. et Radium Snppl. ll 
--, 

2. )K.M. POHKHH. PaAHOTeXHHKB n .9ll 

3. C. Cemigoi et al. Nncl. Instr. and Meth., ~ 1' 

4. E.r. PHTTep, 3.X. fynamm n Ap. 
N2 29, 86 (19B5). 

o. B.H. PbiKanHn, T.r. KMHTa, H.B. 
N2 2-466, .Uy6aa 1900, 

6. R.C. Miller, N.C. Wittner, IEEE Vom. Qnantnn 

1. P. Heffner, Electronics,.ll, 75 ( 1965). 

S,S.V. Mnchin, H.J. Pohl, S.V. Richwizhy, I.N. S 

9. P. Gorlich, S.V. Mnchin, H.J. Pohl. 

¢oTOYMROlKnTenH SKP-1 ". f, 

,UpeaJieH, 1965. 
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no 1 MCeK H ~CTOTe-nOBTOpeHHH cepnfi 100 rn ~OTo

oe3 yMellbmennH aMnnnTynhi aero c~p.11ro, ecnn no

coOTBeTCTBeHHO eMKOCTHM 10, 5, 2, 2, 1, 0, 0,5 MK~, 

nnnTenhHOCTH CBeTOBOH CepH.II no 0,1 CeK H qacTo

nnH perncTpannn caeTOBbiX nM

K Konny cep.11n neo6xonnMo aanHThiBaTb no

nennTeJIH c TOKOM qepes nero ne Menee 

I = const = 3 Ma n mynTnpoaaH~ nocnen-

aMnnnTyna nMnynbcoa ~OToyMHO)KHTenH XP 1020 

cepnn 6onee 10 MCeK. 

nnnonoa Bbi3biBaeTCH 

Kos~¢nnnenTa ycnnennH oT pacnpenenennH 

~a pnc. 17 npencTaanena ocnnnnorpaMMa 

nonyqennaH np.11 qacToTe cnenoaannH caeTo

B cnyqae qSY-72, ns ocnnnnorpaMMbi annno, qTo 

OBaTb CBeTOBble HMnynbCbl C qaCTOTOH llOBTOpeHHH 

.. eoncTnKu <P8Y B nnanasone 80 - :lOO Mrn 

nng pasnnqHbiX Tnnoa. ~oToyMHO)KHTeneii B nnanasone 

npn npaBHJlbHO BblopaHHbiX pe)KH

CB9TOBbie HMnynhCbi, Cnenyrom.lle C qacTOTOH 

qacTOTHhiX xapaKTepncTnK np.11 f u > 100 Mrn 

qacToTbi, Haonronanocb pasn.11qnoe noBeneH.IIe 

nnanasone 100-200 Mrn. Ha pnc. 18 npnBeneHbi 

OT qacTOTbl nng qeTb!pex THHOB cl>8Y: .·XP1020, 

Hs pnc. 18 Bnnno, qi:o BhixonHhie aMnynhChi, KpoMe 

~-rAnt-.'"""' llOCTOHHHYIO COCTaBJIIDOmyiO, nong KOTOpoii 

CYMMa nepeMeHHOH .11 HOCTOHHHOH COCTaBJISIIO

MSHHeTCSI c yBennqenneM qacTOTbi no 200 Mrn, B TO 

YMellbmaeTCSI, LlnH ~OTOyMHO)KUTeneii THHOB cl>8Y-30 
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'v 

H 56 A VP np.11 aMnnnTynax BhiXOnHhiX cnrli:anoB 2-3 B · nepeMemiaH · cocTaBJimo

maH 6bicTpo yohiBaBT. c ysennqen.lleM qacToThi B o6nacT.II 150-200 Mrn, · a nonsr 

HOCTOSIHHOH COCTaBJimomeii paCTST.-. Ha OCHOBaH.IIli CpB.BHSH.IISI; :3B;BHC.IIMOCT9ii 

pllC, 18a ( 1} H p.IIC, 18 o ( 1} MO:lKHO C'IHTB.Tb, 'ITa 'IaCTOTHbiS xapaKTSp.IICT.II~.II 

cl>8Y-56 AVP n cl>8Y-30 Mano oTnn<i:aiOTcH. B nnanasone aMnnnTyn 6-10 B n=sr 

noCTOHHHOll COCTaBJIHIOmeii llJIH cl>8Y-30 

(pnc. 18a (2) .11 186 (2}). 

B 1,5-2 pasa 6onbme, qeM nng 56 AVP 

Y ~OTOyMHO:lKHTSJISI T.llna cl>8Y-72 np.ll BMllJIHTynHbiX BbiXOnHbiX C.llrRaJIOB 

0,1-0,5 B cyMMa nepeMennoii .11 nOCToHHHoii cocTaBnHromnx He MeHHeTCH c yBenn

qen.lleM qacTOThi, a nepeMeJIHaH qacTb yohiBaeT (pnc. 18B ( 1) .11 18 B (2 )}. I1pn yn~ 

nnqeHHH aMnJI.IITYAhi naonronaeTcH ym.11peH.11e 'nMnyJlbcos, qTo BeneT K yxynmemuo 

qacTOTHbiX xapaKTepncTnK. YBennqenne nn~TeJibHOcTn BbiXonnoro cnrnana y ~OTo

yMHO*HTeneii XP 10/20 na6nronaeTCH npn aMnnnTynax 6onee 5-7 B. 

B saKmoqenne noJlb3yeMCH cnyqaeM noonaronapn:Tb H.H. HoBocenosy sa nro-

6esno npenocTaBneHHhle s~eKTpomoMnfiecnenTHbie naonhl~ H.H. XoBaHcKoro sa MOH

Ta)K n · nananKy cxeMbi renepaTopa sneKTp.llqecKnx .IIMnynhcoa, 

n 11 Tepa T,y p a 

1. P. Cachon et al. J. Phys. et Radium Sup pl. 22 N 11 , 173 (1961). 

2. )K.M. PonKnH. PannoTeXHHKa n sneKTPOHHKa, TlO. 1282 (Hl65}. · 

3, C. Cemigoi et al. Nucl. Instr. and Meth., ~ 193 (1960). 

4. E.r. PnTTep, 3.X. fynanHH n np. Bonpochl pannosneKTpoH.IIKn, cepnH oomeTexn. 

Ng 29, 86 (1965), 

::>. B.H. PhiKannn, T.r. KMnTa, H.B. Phi:lKHKOB, H.H, HoBocenoBa. I1penp.IIHT OH.HH, 
Ng 2"466, Lly6na 1065, 

6, R.C. Miller, N.C. Wittner, IEEE Vom. Quantum Electronics, QE-2, N1, 49 ( 1965). 

7. P. Heffner, Electronics, 37,75 (1965). 

8,S.V. Muchin, H.J, Pohl, S.V. Richwizhy, LN. Semenyushin, I. Foltin, Nucl. Instr. Meth. ~ 339 ( 1965). 

0, P. Gorlich, S.V. Muchin, H.J. Pohl. •HoBbie 9KCnepn:MeHTanhHbi9 B03MO)KHOCTH 

¢oTOYMHO)KHTeJIH SKP-1 ", MaTepnanbi CHMnosnyMa no HnepHOH 9JieKTpOH.IIKe, 

Llpesnen, 1965. 
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10. A.r. EepKoscKuii u .np. ITT3, §., 201 (1965). 

11. A.<P. llyuaiiues, B.H. ITeTpyXHH, IO • .il. ITpoKomKuH1 B.H. PhiKanuu. )!(3T<P,~ 
632 (1962). 

12. H.M. BacuneacKuii, B.B. BilmHJIKOB, A.<P. llyuaiiues; IO.Ll. ITpoKomKuH, B.H. Phi
KanuH, A.A. T51IIKHH. 'l1ccne.nosauue yrnosoii Koppen51IIHH y -KBaHTOBi o6pa
aoBaHHbiX npu aaxBaTe rr- -Me30HOB npOToHaMu. Tpy,nbi XII Me:JK.QyHaponuoii 
KOHcjlepeunuu no cjluauKe BbiCOKux auepruii, Lly5ua, 1964. 

. ...; 

eeHepamop 
cepu.u uHny.nbCoB 

PyKOili!Cb llOCTynuna B H3AaTenbCKHH OT.Qen 
30 .neKa6pn 1966 r. 

C!Jemo!Jou 
YJ-j ouod 

Puc. 1. EnoK-cxeMa reuepaTopa cseTOBhiX HMilYnbCOB. 
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Pac. 3. OcnannorpaMMbl aMnyiihCOB 11a BbtXoAe reaepaTopa. qacTOTa aneKTpa'leCKHX 
aMnyllhCOB B cepaa: a - 150 Mrn - paaaepTKa 5 aceKicM; 6- 150 Mrii- - 10 aceK 

10 HCeKICMl B - 100 Mru - 10 HCeK/CMl r - 60 Mru - 10 HCeK/cu; 

11. - 30 Mru - 10 HCeKicM; 

18 

+ 
At 

Pac. 4. CxeMa BIUllO'IeBBB eneKTpoliiOMBBec: 
CI19RT!Il>llf JUIOA; j 

I Za 

25 

----------- ....:..---,-

Puc. 5. EnoK-cxeMa ycTaHOBKB AIIH uccnel 
BMnyiihCOBl 26 - 6nOK 38/J.eplKKBl 
CUeHTHblli AHOAl 5 - <j>OTOyMHOlKil, 
1000 Mrn; 7 - reaepa;rop npBMOY 
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a 

aa DhtXOAe reaepaTopa. 'IacToTa sneKTpaqeCKHX 
: a - 150 Mrn - pasaepTKa 5 nceKicM; 6- 150 Mrn - 10 nceK 
- 100 Mrn - 10 aceKicM; r - 60 Mru - 10 nceK/cu; 

18 

+ ~. 

At 

Puc. 4. CxeMa BIUilOqeaasr snexTponroMaaecneHTsroro ABOAa as GaP. D 1- snex'i'ponroMaHe
cneaTJil>Ill nsroA; ~ - .U18. 
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7 -

Puc. 5. Enox-cxeMa ycTaHOBKB Ana accneAonaaaa xapaKTepHCTnx·reaepaTopa cneTOBhlX 
aMnym.con; 26 - 6noK 3aAepJKKBj 3 - ycalUITen& Y3-1l; 4 - sneKTponroMaiie
cneaTHhtll AHOA j 5 - <!JoToyMHOJKBTen& S K P -1 j 6 - ocnannorpa<!J C nonocoll 
1000 Mrn; 7 - reaepa;rop npaMoyrom.HhlX HMnym.con. 
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Pnc. tJ. OcnnnnnorpaMMbl cneTOBbiX nMnyllbcon, casrrble c noMoiiUtiO 4>3Y 56 A VP • "'acTo
Ta cseTonbiX HMJlYIIbCon n cep~tn: a - 600 Mrn; 6 - 30 Mru; n - 14 Mrn J 
r - 1 Mrn paasepTJta 100 nceKICM. 
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Pnc. 7. OcnJinnorpaMMa OTAellbnoro HMJlYIIbCa cep: 
"'acToTa nosTopenil:n B cepnn 30 Mrn .• 

leHeparno 
. cepuu 
;Jflf!Kinp. 
unnyllbC. 

c8emo6ou 

a~a [ 
~·· 

6noK 
3aoep>~<K« 

Puc. 8, Bno~t-cxeua ycTanoBKH Anl! nccneAosann~ 
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HMnym,coa, CHSlTble c DOMOIIU>IO <1>3Y 56 A VP , 'iaCT~ 
a cep!la: a - 600 Mrn; IS - 30 Mru; a - 14 Mrn ; 

100 acexlcM, 

20 

Puc, 7. OcruinnorpaMMa OTnem,aoro BMDyllbca cepBH, CxopOCTb pasaepTKH 10 ncex/C:M, 
'iacTOTa noaTopeailn a cepna 30 Mrn. . 

(eHepamof c8emo6oU. . 

. cepuu auoo 
;JJTeKmp. CJJJY ~ ~~-u.MnlJAbc. 

f- Ocu,u11. 
-~- c 

nO/IOCOU 

J{Z~ 

6noK C UH xpoHU3Qt.{. 

• 3aoep>KK« 

-

Pac. 8. Bno~~:-cxeMa ycTaHOBitB nnn accnenoaaaaB 'lSCTOTHblX xapa~~:TepacTBK <1>3Y. 
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Pac. 9. CxeMa aenaTensr <1>3Y 56- A VP. 
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Pac. 10. 3asacaMOCTb aMnni!TYllbi I!Mnynbcos ua Bbtxoae cj>OTOYMHOlKHTensr 56 -A VP OT 
nnaTenbHOCTI! cepaa. 'lacToTa HMnyn~>coB B cepaa I u = 100 Mrn. KpHBSH 1 nony
'!eaa npa 3Ha'leHHHX eMKOCTeil, myHTapyromax nocnellHHe llHOilhl - 4,0 MKcj>;. 
:.!,0 MKcj>; 0,5 MKcj>; 0,5 MKcj>. KpHBSH 2 - npH 3H8'1BHHHX BMKOCTel! - 20,0 MK<j>; 

10,0 MKcP; 3,0 MK<j>; 2,0 MKcj>. 
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Pnc. 11, OcnnnnorpaMMbl HMnym.COB HS Bb!XO!le cpOTOYMHOJKBTenst 56 A VP npR CKOpOCTlil 
pa3aepTKH 20 nceKICM nnst 'ISCTOT noaTopennst 100 Mrn la); 60 Mrn (6): 

30 Mrn (a)._ • 
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He BbiXOJle cj>OTOYMHO>KI!Tenst 56 A VP npa C!tOpOCTR 
Jlnst qacTOT nosTopeHaa 100 ~rn la); 60 ~rn (o); 

30 ~rn (n). • 

24 

ra$~.1tJJorop 

TOKQ 

Hanpk1KIHUJI 

/0 9 8 12 2 18 19 I 

c c c 

'tO fO,O 30,0 

C=tooo nrp I?= /0--<-ZOI( 
R. - 0 =100~" ' 11,o " 
R,,-R,7 =2so" 

Pac. 12. CxeMa no)loopa )lenaTenst <!>3Y-30. 
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Pac. 18, CxeMa AeJIBTena 4>3Y-80, 
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14, QcnHnnorpaMMhl HMITyllbCOB H8 B.mone 4>3Y-30 npH C!tOpoCTII pa3sepT!tH 20 HCeltfCM 
un11 qacTOT nosTopeHI!H 100 ~rn/(a) ; 60 ~rn (6); 30 ~rn(s)- nenBTenb· non-
6BpancH np11 E;iconst ·; 100 · ~rn (r) - ueni!Teni. non611pancH np11 1- const . 
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Puc. 15. 

._.; 

a 

·cf 

8 

OcuHnnorpaMMbl HMnym.coa Ha BbiXOlX~ «PaY-36 JinB 'I&CTOT noaTopeHBll 100 Mrn (a), 
60 Mrn (6) - CKOpOCTb pa3BepTKH 10 HCeKICMj .30 Mrn (a) - CKOpOCTb pa3BepTKB 

20 HCeK/Ct.f• 

28 

/ 

PHC. 16. 0cnHnnorp&MMbl HMnynLCOB H8 BhiX 
linK 'I&CTOT IIOBTOp9HHH 200 Mrn (I 
JIYneaoA ypoaeHb). 



28 

._.; 
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·t 

8 

'laCTOT nosTopeHH!I 100 Mrn (a), 
Mrn (s) - CKOpOCTb pa3BepTKB 

~~-/" 

P11c. 16. 

a, 

6' 

0cnHnnorpaMMbl IIMnylibCOB Ha BbiXOAe 4>3Y-72 npll CKOpOCTII pa3BepTKII 5 HCeK/CM 
nnsr 'taCTOT nosTopeHHsr 200 Mrn (a); 100 Mrn (6) •. (fopHaoaTalibHasr nHHHH '-

aynesofi yposeEg). 
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Pac. 17. OcuannorpaMMhl HMIIYilbCOB Ha shixo.r~e 4>3Y XP1020 0 .r~nn 'lSCTOT JIOBTOpeHDII 
200 ~ru.(a) - CKOpOCTb pa3BepTKB 5 HCeKICMo (ropB30HT. nBHHH- synesoA 
ypoBeH&); 100 ~ru {o); 60 ~ru {s) - CKOpOCTb paasepTKH 10 RCeK/CM. 
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Psc, 18, t{acTOTHble xapaKTepBCTBKB tj!QToyMBOJKBTenell, 

a) 1, 2 - 'ISCTOTHble xapaKTepBCTBKB 4>3Y 58 -A VP npu paaab!X aMnnBTYASX 

BbiXOAHOro CBrHa.na; 3, 4 - '18CTOTHbie xapSKTepiiCTIIKII 4>3Y .XPJ02Q • 6) 1,2-'ISC

TOTHble xap8KTepi!CTBKB cpOTOyMBOlKBTe.IIll 4>3Y-30; B) 1, 2 - '18CTOTHble X8p8KTe

pBCTIIKII cpOTOyMH, <f>3Y-72, (aenpepb1BH8ll .IIBilllll - nepeMeHH8ll COCT8B.IIII10lll.:lll 

BbiXOAHOrO Cl!raana; .nyHKTI!pH8ll .IIIIHBll ..,. cyMM8 nepeMeHHOB II nOCTOliHHOB COCT8B-

.IIlllOlllliX). 

\ 
\· 


