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B HSCTORIIlee BpeMR B COBpeMeHHOli RAepHoli ¢nsnKe rnnpoKO rrpHM0HR0TCR 

aneKTpOHHSR arrnapaTypa AnR nccneAOBaHHR CBOliCTB qacTnu. ITpn ITOMOIIlll TSKOli an

napaTyphi HS ycKopnTenax npOBO/lRTCR pa3Hhl0 ¢nsnqecKne aKcnepHM0HThI, B KOTOphIX 

aeo6XO/lllMO BhIAennTb BTOpnqHhl0 qacTHUhl nccneAyeMoli peaKunn B ycnoBHRX 6onhrno

ro ¢oaa, 

ilnR perncTpaunn aneMeHTSpHhIX qacTHU BhICOKHX aaeprnli rrpnMeHRIOTCR CllllH

TnnnRUHOHHhl0 n qepeHIWBCKHe cq~TqHKH, BcnbIIIlKH CB0TS, 06pasy10iuneca B aTl!X 

A0T0KTOpax OT penRTHBHCTCKl!X qacTnu,nepenaIOTCR HS KSTOA ¢oToaneKTpOHHoro 

YMHOlKHTenR ( <t>SY). IToA AelicTBl!eM aToro CBeTa c ¢oTocnoR KSTOAS <t>SY Bh!6HBSIOTCR 

croToaneKTjJOHh1 1 KOTOphi0 yMHOlKSIOTCR, AllOAHOli Cl!CT0MOii 4>3Y, o6pa3yR HS Bh!XOA0 

<t>SY ·aneKTpnqecKHli HMnynhC, AMnnHTYAS l!MrrynbCS 38Bl!Cl!T OT HHT0HCIIBHOCTH 

CBeTa, nonaASIOIIlero HS ¢oTOKSTOA. 11HT8HCllBHOCTb CB8TS 38BHCIIT OT aneprnn qac

Tl!U n KaqecTBS CUHHTnnnnunoHHoro Hnll qepeHKOBCKoro cq~TqHKOB, TaKnM o6p830M 

HS BhlXOAe <t>SY ITORBnRIOTCR HMnynhChl p83HhIX aMniinTyA. 

<t>SY I KOTOpbie npHM8HRIOTCR B H8CTORIIl80 npeMR B ¢nsnqeCKHX 3KCIIepllM0HTax, 

o6naASIOT 6onhlllllM Koa¢¢nuneHTOM ycnneHHR, Ho ,aecMOTpR HS 3TO, aMnnHTyAa Bhl

XOAHhlX nMnynhCOB HHOrAa HMeeT nHIIlb HeCKOnhKO A8CRTKOB MHnnHBOnhT. IToaTDMy 

Tpe6yIOTCR K8CK8Ahl1 ycHnHBSIOIIlll0 3Tll He6onbllllle SMilnllTYAhl. KpoMe Toro, B 9KCne

pnMeHTSX Ha ycKopnTene Tpe6yeTCR /l0T0KTHpOB8Tb 9neMeHT8pHbi8 qacTHUhl B IllHpo

KOM nnanasoHe 9Heprnli. 3TO 3HaqnT, qTo HS BhIXO/le <t>SY 6yneT IlORBnRTbCR IllHPOKllii 

cneKTP 9neKTpnqeCKHX HMnynhCOB H8IlpRJK8HHSl, A.OCTHraR HeCKOnhKHX 8/lHHHU BOnhT. 

3TO Bbl3hIBSeT noTpe6HOCTb orpaHnqeHHR 6onblllHX l!MnynhCOB. 

C uenb!O BhI6opa HCTHIIHhIX co6bITHli HYJKHO npl!MeHRTb n annapaType 

MHOrOKSHSnhHhI0 cxeMhl COBil8A8Hllli-aHTIICOBilSA8Hllli, ilnR npaBHnhHOli pa60Thl 9Tl!X 

cxeM Tpe6yeTCR, qT06bI l!MnynhChI, nocTynaIOmne. 118 IIX BXO/lhl, 6hmll CT8Hll8pT11hIMII 

no SMITnHTy/le n /lnHTenbHOCTll. 
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Hs c1tasam1oro BbIIIle BbITeKaeT, '!TO nocne 4>:3Y HYlKHO IIMeTb 6noKII, yc11n11Ba

rom11e cna6b1e 11MrrynhChl, orpal!II'!IIBaromIIe 6onbm11e II cTa11napTns11pyrom11e 11x no 

aMIInllTy)le H nnnTenbHOCTII, 

CTpyKTypa rry'!Ka CHl!xpoq>a30TpoHa OHHH B 06m11x qepTax TaKas!, '!TO qacTHUbl 

nonanaroT Ha MIIIIleHb B 'na'!Kax' nnnTenbIIOCTbIO OKOHO '260 HCeK, PaCCTOlIHl!e M8JKIIY 

118'!KaMII COCT8BnlieT OKono 400 HCeK, OHII cnenyroT O)lH8 38 Jlpyron B T0'!0HIIe 1IpII-

6nII3HTenbHO 100 MHnnIIcexynn, nocne qero aacTynaeT naysa oxono 10 cex. 

HMnynbCbl Ha BhIXOIIe 4>:3Y no KaKOl!-TO CTeneHII IIOBTOpHIOT CTPYKTYPY nyqxa. 

B na'!Ke IIMrrynbCOB HaXO)lllTCH no 10 pa60'!IIX nMnynbCOB, mnpIIH08 KalK)lbl8 10 HC8K,· 

Hano OTM8TIITb , '!TO M0lKJlY pa60'IUMII IIMrrynhCaMn IIM0IOTCH ll IIlYMOBbie, 

BxonHol! · 6noK nonJKeH nepenaT& Bee IIMrrynhChI, 110CTynarom11e Ha ero Bxon. 

ITpoCT08 pac'!~T IIOK83bIBaeT, 'ITO llpll JlHHTenbHOCTH _na'!Kn HMrrynbCOB 260 HceK 

II M8KCHManbHO B03MO>KHOM KOHII'!0CTBe pa60'!IIX HMrrynhCOB B lla'!Ke 10 ll myMOBblX 6 

MepTBOe BpeMlI BXO)ll!Oro 6noKa non>KHO 6b!Tb nopHJlKa 16 HCeK, 

HOCTII HMIIynbCOB c 4>:3Y 10 HCeK. 

llpl! )lHIIT0nh-

TaKHe )1{0 Bp0M0l!Hbl8 napaMeTpbl )lOH>Kllbl 6hITb II y cxeM COBnaneHHl!, Paspe-

maromee BpeMSI Ha11ocexy11JlHhIX cxeM coBnaneHH!i onpenen:SieTc!!, KpoMe npyrIIX napa

MeTpoB, BpeMe11eM 11apacTaH11SI nepen11ero q,poa;a, a TaK>Ke BpeMeHHhIM pas6pocoM 

IIMIIYHbCOB, IIOCTynaromax na HX BXO)lbl, Ha Bb!XO)l8X COBpeMelll!bIX BpeMel!l!hIX 

4>:3Y llO!IBHHIOTC!I HMIIYHbCbl c KPYTb!MH nepeJlHllMH q>pOHT8MH ( 2 HCeK) n c He6onb.

IIlHM pas6pocoM ·nMnynhcOB no BpeMe11n ( 1,6 t- 2 nce1t). CnenonaTenbHo, nononnn

Tenbl!hIMH Tpe6oB8lllllIMH, rrpe)ll,lIBHSI8MbIMII KO BXO)ll!OMY 6noxy, lIBHHIOTC!I nepenaqa 

HMnynbCOB 6es HCK8lK8l!Hl! (!!ylKHa )l0CT8TO'lll0 mnpoKalI nonoca nponycKal!II!!) H He-

38BHCIIMOCTb 38)l0plKKH BXO)ll!bIX HMnynbCOB OT HX 8MIIHHTY)lhl, 

B q>H3H'!8CKHX SKCIIepnMel!Tax neo6xonnMO IIM8Tb B03MOlKIIOCTb ocymecTBHHTb 

pasnoo6pas11ble norII'!ecxl!e BKnroqenm1, · a TBK>Ke nenaTb nepeKnro'!el!l!lI B nponecce 

SKC118p!!MeHT8, Taxyro B03MO>KHOCTb o6ecrre'!IIB8IOT MHOroKp8Tfibie cxeMbl COBIIaaeHII8 

aHTIICOBIIa)leHIIll COBMeCTIIO C pa3MHOlKIITenSIMII IIMnynhCOB nocne orpaHII'!HTem1. 

Ha Bb!XO,[(e cxeM coBnaneHIIl-1 - 8HTllCOBITane11nl-1 IIOlIBnlIIOTCll HMIIYnhCbl C 

p83llb1MII • aMIInIITynaMII B 38BIICIIMOCTII OT CTeIIel!H coBnane11I1!1 II KOSq>q>IIUII0HTa OT-

6opa CX8Mbl, ::lTO nenaeT He06XOllIIMbIM BKHIO'l0HIIe 8MIImITy)lHOro )lIICKpIIMH118TOpa, 

OCHOBHL!MII rrapaMeTpaMII KOToporo llBHllJOTCSI B0n!I'IHll8 nnarraso11a aMIIH!ITYJl Bxorr

Hb!X IIMIIynbCOB II MepTBoe BpeMll, llII8ll830H 8MIIHIITY)l BXO)lllb!X l!MIIYHbCOB onpene

ne11 pas6pocoM 8MIInIITYll Bb!XOllHblX IIMIIynhCOB co CX0Mbl COBIIane11nl-l. MepTBoe Bpe-
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MS! AIICKp!!Ml!HaTopa IIpl!XOAIITCSI nenaTb 6onbwe MepTBOro BpeMeHI! nepec"!ilTHoro 

ycTpoi!:CTBS, HS KOTOpoe nocTynaroT l!MnynbCbl 00 CX8Mbl llllCKp!!Ml!HaTopa. B aK

cnepl!MeHTax Ha YCKOpllTennx JKenaTenbHO IIM8Tb nepecqeTHhl8 ycTpOi!:CTBa C MIIHII-

. ManbHb!M paapewarol!lllM BpeMeHeM. (B OIIIICSHHoii annapaType HCIIOnb30BanHCb 

nepec"!ilTHbI8 ycTpoll:cTBa c paapewarownM BpeMeHeM ., 100 Hcex, Ho xpoMe Toro, 

paapa6oTaHa cxeMa nepecqeTHoro ycTpoll:cTBa c paapewarownM BpeMeHeM ., 10 HCeK) 

AnnapaTypa, onncaHHan B itnccepTan110HHoll: paooTe, 61,ma cnpoeKTHpoBaHa 

B T8"!8Hll8 1963-1964 rr. Ha nonynpOBOllHIIKOBb!X np116opax. K aTOMY BpeMeHn B 

COB8TCKIIX lI aapy6eJKHhlX pa6oTax 61,mn ony6nllKOBaHhl nllWb OTnenbHbl8 CX8Mbl 

11n11 aneMeHThI cxeM. B nB3. 0115111 no aToro BpeMeH11 11cnonha0Banacb annapaTypa 

na aneKTpOHHhIX naMnax. 

ITocne BBeiteH11n)Bo 2-oll: qacT11 n11ccepTannn npoaHan11anpoBaH1,1 0Tnenbab1e ane-

M8HTbI CX8M. CnenaHbl pSC'l8Tbl yc11n11Tene1J:. paCCMOTpeHa cxeMa OllHOBH6paTopa Ha TYJI

nenh.EIOM AIIOA8 II IIpHB8A8.Elbl qiopMyn1,1 mm Bp8M8.EIH nepeKnIO"l8HHlI II BOCCTaHoBneHlllI 

-rynHenbHoro nnona. nanee paccMoTpeHa pa6oTa 61,1cTporo nnona np11 ero nepeKnro

qeHIIII 113 nplIMoro B o6paTHoe nanpaBnenne II JianncaHa qiopMyna nnlI KoaqiqinnneHTa 

oT6opa MHoroKpaTHhlX cxeM coBnaneHnll:. 

B Tp8Tbei!: "ISCTl:l OIIIICSHa, Ob!CTponeli:CTByromaSI arrnapaTypa, paapaooTaHHalI 

AnlI nccnepoBaHnlI ynpyroro pacce·;anR rr + -MeaoHOB Ha rrpoToHax aa 6oiib-
/ J; . 

wne yrnhI • TaKan annapaTypa llOnJKHa o6nanaTb AOCTaTO"IHb!M 6b!CTponell:cTBll8M 

n BhlCOKoll: cTa6nnbHOCTbIO. ITepBoe Tpe6oBaHne 06ycnoBneHo Heo6xon1:1MoCTbIO pe

r11cTpan1111 6onbWOro IIOTOKa qacTHII, rranarowero Ha MH1II8Hb; BTOpoe - TeM, "!TO 

IICTHHHblX C06bITHi!: 0"18Hb Mano ( AO OllHOli: "!aCTHI!~I B qac). B aKcrrepnMeHTe 

npnMeHRIOTClI Cl!IIHTHnnnn110HHhl8 11 qepeHKOBCKll8 C"lilT"!l:IKII, ."!TO 06ycnaBn11BaeT 

Bb!COKYIO "IYBCTBIITenbHOCTb annapaTypbI. B CBlI311 C T8M, "!TO anrrapaTypa paa

paoaTbIBanacb AnSI pa60Tbl COBM8CTHO C IICKpOBb!MII KaMepaMl:l, aanepJKKa M8JKllY 

BXOAOM 1:1 Bb!XOAOM ee nonJKHa 61,1Tb MIIHIIManbHOi!:, 

B aKcrrepnMeHTax c Manoi! IIHTeHCl!BHOCTbro paccenHaoro ny"!Ka Tpe6yeTcn 

BhlCOKSlI TO"IHOCTb perllCTpa!!lll! COOb!Tllii. llnn aToro HylKHO IIM8Tb B03MOlKHOCTb 

BKnIO"laTb OTnenbHJ,18 6nOKII BO BTOpll"1Hbl8 COBnaneHl!lI. C nenbIO ynoBneTBOpllTb 

9TII Tpe6oBaHlllI 61,mll paapa6oTaHbl CX8Mbl rrporrycKa1mn. BKmO"l8Hll8 BO BTOPll"!Hbi8 

COBIIaneHlllI ycTpaHneT paanll"!Hbl8 H8CTa611nbHOCTII B KaHanax H IIOBb!WaeT AOCTO

B8pHOCTb per11CTpann11 IICTHHHhlX co6b!TIIIJ:. KoHTponeM pa60Tbl BKnIO"l8HIIIJ: BO BTO

p11"1Hhl8 COBIIaneHlllI cnyJKIIT OAIIHaKOBOCTb rrepBH"!Horo II BTOpll"IHOro C"!ilTa. TTp11_ 
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sToM Heo6xOAHMO eo6moJlaTh ene11y1omne apeMeHHb1e eooTHomeHmt B annapaType: 

a) )l 
> r 

en 
> 

M 

riie r - MepTBOe BpeMSI MOHl!TOpl!oro { nepBil'!HOro) AlleKp!!Ml!llaTOpa, 
A . 

r en - MepTaoe apeMsi exeMbI nponyeKaH11sr, 

r 
M 

MepTBOe apeMSI nepeeql.\THOro yeTpol!eTaa; 

5) 
K 

> 
M 

riie 
K 

pa3pema10mee apeMSI cxeM eoanarieHnll B KaHane, 

· t- M - pa3pema10mee Bpe1vrn exeM eoBna)lOHllil B MOHllTope; 

B) pa3pema10mee BpeMSI BXOJlHb!X yCTpolleTB I 
B 

< 10 HeeK. 

Eb!nll Bb16paHbl ene)lyIOmlle napaMeTpb! annapaTypbl: 'IYBeTBllTenbHOeTb BXOA-

Hb!X yeTpol!eT~ annapaTypbl - OKOno 0, 1 B, )lllana3oH aMnnllTY.ll BXO.llHblX eHrHanoB 

1 : 50, MepTBoe apeMH 

pa3pema10mee apeMSI p 

r 
M 

10 HeeK. y IIJ0CTllKpaTHblX cxeM coana)leHHii 

"6 HeeK ll MepTBoe BpeMS! - OKono 30 HeeK. Pa3-

pema10mee apeMSI 8HTllCOBnarieHllit coeTaBnSieT 8 HeeK npll 100%-Hoit s¢¢eKTHBHO-

eTll no11aaneHm1. MepTBOe BpeMH AlleKpllMllHaTopa - nopnnKa 200 11eeK, 

ITpnaeneHbl pe3ynbTaTbl nenhITaHllit annapaTyp1,1 Ha ny'JKe TT + -Me30IIOB, 
/ 

KpoMe KpllBbIX 3a)lepl!(aHHbIX eoana11em11t, 113 KOTOpbIX onpenensinocb paGpema10mee 

BpeMH, eHllManaeb KpHBaH 3aa11e11MoeTI! eq{\Ta OT H3Mel!el!llS! nopora AlleKpl!Mlll!aTopa, 

KOTopasi noKaGana, 'ITO nMnynheb1, noeTyna10mne 11a BxoA cxeMbI e0Bnane11nit, xopo-

- 6 
mo e<topMllpOBaHbl. To'IHOeTb annapaTypbl eoeTaBnSieT 1 npoe'JI.\T 11a 10 llMnynheOB, 

GaperneTpnpoaaHHbIX B nayx napannenbHhIX Ka11anax. 

AnnapaTypa no eBOl!M napaMeTpaM SIBnSieTeSI yHnaepeanbHOit, 'ITO no3BOnHeT 

el.\ nenonh30BaTh nnsr .BhmonueunH uenoro psma sKenepnMeHTOB. TaK, npn noMomn 

sToit annapaTypbI nceneiioaanoeb ynpyroe paeeeHune TT+ -Me30IIOB ua npoT011ax 
/2,3/-

Ha 6onbmlle yrnhl npn B1>1eOKllX sueprl!SIX , Ebrnll ll3Mepel!bl llOl!ll3aUl!OHHbie 
/4/ 

ncTepa no nopory n3nyqeunsr Baannoaa-qepeHKoBa n neeneAoBaHa eTpyKTypa 
/5/ 

B ynpyroM TT + P -paeeesrHl!ll Ha3aA • ITpaICTl!Ka noKasana, 'ITO B03MO)!(-

HOCTb 6hICTpOro ll3MeHe11m1 KpaTHOeTll exeM eoBnarieHnit B npoueeee SKenepnMeHTa 

npn nOMOIIJll pa3MH0l!(llTeneij )lenaeT IIX yunaepeanbflb!Mll ll pa6oTa e HllMll SKOHO

MllT Bpeli,rn Ha yeKOpl!Tene. 

AnnapaTypa Halj0l!(f!0 )lei!eTByeT B pa3Hb!X SKenepllMeHTaX Ha CllHXpo¢a30Tpone 

a Te<Jeane ueeKonbKllX neT. 
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B '10TBepTOil qaCTH nuccepTaUHH onucaua TaKme annapaTypa, B KOTOpOi! ae-
/6/ 

KOT0pbl0 napaMeTp~l 61,mu ycoBepmeRCTBOBaHbl • B STOii annapaType 'IYBCTBHTenb-

HOCTb BXOAHb!X ycTpOi!CTB UOBblCHnac& no 60 MHnnHBOnbT, MepTB00 BpeMll lllOCTH

Kp8TRblX cxeM coBnaneanA cocTaBnHeT .. 18 ucex u paapernaromee epeMll -

OKono 5 RCeK (pnc. I). Paape111a10mee Bp0Mll UllTHKpaTRblX cxeM aHTHCOBnaneHHli 

cocTaBnReT 5,6 RC8K, MepTBOe Bp8Mll LlHCKPHt;fHR8TOpa 61,mo CRH)l(OHO no 70 HCeK. 

06mui! BHLl annapaTyp1,I npuBeneu aa pnc. 2. 

llnll nocTHlK8RHll 6onee KOPOTKHX BpeMeR paapemeRHll cxeM COBnaneHHil H yee

nH'l8HHSI 6blCTpo11ellcTBHll BblXOllHblX ycTpOACTB annapaTypbl 61,mu paapa6oTaHbl OT

nen&Hbl0 cxeMbl ycnnnTenst - orpaHH'IHTOnll H8HOC0KYllllHblX IIMJTynbCOB, KOTOpbI0 
' /7/ 

OUHCblBSIOTCSI B UllTOil 'laCTH nuccepTauun. C BXOllRblM ycnnHTeneM-orpaHH'IHTeneM 

B KOTOpOM llnll tjiopMHpOB8HHS: HMnyn&COB llpHM0HlllOTCSI Tynuen&Rbl8 nHOllbl, 61,mo 

nonyqeuo pa3pe111a10mee BpeMll cxeM coananeuui! 3,9 ucex. Ha paccMoTpeunll 

KpHBOil aaBHCHMOCTH C'l~Ta OT H3M8H8HHSI nopora llHCKpHMHHaTopa BHnHo, 'ITO HaK-

non nnaTo < 1%, 'ITO cauneTen&eTByeT O TOM, 'ITO HMnyn&Cbl Ha BblXOll8 yen-

nuTenst xopomo ctjiopMHpoBaRbl, ':/ cunnTenn-orpaRH'IHTenu npHM0HstnHCb COBM0CTHO 

C BblllI80UHC8RHblMH cxeMaMH COBnaneHHil B 3KCnepHM0HT0 nns H3Mepe11ns1 stjicf,eK
/8/ 

THBROil M8CCbl B pacnanax X .. Y + Y , peayn&TaTbl KOToporo onucaHbl B 

KpoMe roro, 61,ma pa3pa6oTaRa itepecq(ITaas nexana aa Tyuaen1,a1,Ix nuonax 

. 10 191 
C pa3p81118IOIIJHM BpeMeReM ., HC8K C HRllHKSUHeA , Ha puc. 3 npnae11ea1,I 

BblXOllRb18 HMnynbCbl C ll8K81lbl npn '18CTOTe noBTopeRHll BXOllHblX HMnynbCOB 96 Mru. 

ITpHM8H8Rbl 61,mn TYHHen&Hble llHOllbl C UHKOBblM TOKOM 6 Ma H 8MKOCTblO nepexo-

118 C < 10 ntji H BblCOKO-iaCTOTHb18 TpaR311CTOp°&1" Tnna p - D - p 
n 

H 

Hu11n1tal!IISI 61,ma ocymecTBneHa HS naMnax HSKannBaHHll, 
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