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I. 0611jHe BOnpOChl ~8T8RTHpOB8.HHH H ¢OIJMHPOB8.HHH CH!'HaJIOD 

Crroco6 ,!l8T8KTHp0BaHHH tiaCTHq OCHOB8.H Ha ITOTepe qacTH (a B Ra.JIOpH -

M8Tpax H BCefi) 8HeprHH qaCTHq 6Jiar'O,!lapH HX B3aHMO,!l8HCTBHro C Be~ecT

BOM ,!l8T8KTOpa. B PR.Ile c.n:yqaeB HH¢0pMa.qruI MO~eT Oh!Tb TaIOKe no.n:yqeHa 

H3 aKTa B3aHMO,!l8HCTBHH tiaCTHQ. B KOH8tIHOM HTOre ~8T8KTttpOB8.HH8 qac

THq npe,!lITOJiaraeT H3MepeHHe sapR,I1a, HaBorornoro Ha aJieRTpo~ax ,!leTeK

Topa. C ITOMOrqI,ro (j)HJ!bTpa H YCHJIHTSJiefi IlOJI83Hhlfi CHr'HaJI ,!lOJIJKeH 01:lTb 

BbUI8JI8H H YCHJISH Ha YPOBHe myMOB, KOTOphle BC8r',!la npHCYTCTByroT. 

YpOB8Hb myMOB MO~eT 6h!Th p83RO YMBHhmeH, BCJIH HMeeTCH B03MOlKHOCTh 
ITOM8CTHTh ,!l8T8KTOp B KpHOCTaT. 

3JieKTp0,!lhl ,!l8T8KTOpa HM8IDT onpe,!l8JI8HHy!O 8MROCTb, KOTOpaH B 3aBHCH

MOCTH OT THna ,!l8T8RTOpa_H3M8HH8TCfi B urnpOKHX npe'AeJiax. HanpttMep, 

B ~H,I(KOCTHblX KaJiopttMeTpax BSJIHtlHHa 8MKOCTH 8Jl8KTp0,!lOB MO~eT COCTaB

JIHTb ro-
7

~. IToaTOMY B qenH ~8T8RTOp-ycHJIHT8Jlb Hepe,11Ko HCITOJ!h3YIDTCH 

COr'JiacyrolljHe Tp8.Hc¢opMaTOphl. C TOtIKH ~peHHfi paspa60Ttll!Ra 8Jl8KTpOHHKH 

,!l8T8KTOp aapmKeHHmc tiaCTHQ MOJKHO paccMaTpilllaTb Ra.K "t1epm,1fi RII\HR 11 , 

CO,!l8p.lKB.II{Hl1 qanie Bcero MH0~8CTBO BhlXO,llHhlX RaHa.JIOB C 6MKOCTHblM HMne

,!l8.HCOM. AMmmTy,!la Bb!XO,!lHb!X CHI'Ha.JIOB B 3aBHCHMOCTH OT THna ,!l8T8RTOpa 

MO~eT M8HHTbCH B oqeHb IIrnpOKHX npe,!leJiax - B lli8CTH rrop~ax ! 
Ilptt C03'A8.HHH YCHJIHT83Iefi CJia6blX CHr'Ha.JIOB ITPHXO,!lHTCH CtIHTaTbCH c my
MB.MH, KOTOphle B03HHRaIOT B YCHJIHTeJie Hap.i,,ey C ,!l8T8KTHPJ8Mb!MH CHr'Ha.Jia

MH. Pa3!IHtlaIOT ~Ba pa3JIHtIHIDC HCTOIIHHKa myMOB /I/: nOM8Xllf MJIH HaBC-,!l

RH, ITORBJIRIOJ11H8CH B pe3yJihTaTe HeRaqecTB81-iHOr'O MOHTaJKa'HJIH Bhl3B8.HHhle 

HCTOtIHHRaMH 8!I8KTpOMarHHTHhlX ROJI86aHHfi; myMhl, B03HHRaIOiljHe BCJl8,!lCTBHe 

ipJ!yRTyaqHH 8JI8RTpHqecRHX 2apR,I10B B TpaH3HCTOpax H pa,!IHO,!l8TaJimc. 

IlpH T!IftlT8JlhHO npo,eyMaHHofi KOHCTpyKqHH YCH!IHT8~H nepBb!fi THIT lliYMOB MO

~eT Oh!Tb CB8,!l8H K MHHHMyMy.BTopofi THIT ITOMSX ITOJIHOCTbro JIHKBH,I(HpOBaTb 
H8Jlb3H, TaR Ra.KOH HeynpaBJIHeM. 

0CHOBHhlMH HCTOtIHHKaMH myMOB, Bhl3BaHHb~ cjiJiyKTYB.llHHMH 8Jl8KTpMqecRHX 

3apfl.IlOB,HBJIRIOTCH T8ITJIOBble \ROHTYPHhle) UJYMhl, myMbI BXO,llHOr'O TORa 

aKTHBHOI'O 8Jie:.1€HTa H myMbl Bb!XO,llHOr'O TOKa TpaH3HCTOpa HJIH 8Jl8RTpOH

HOfi JiaMnhl. )vrH .n:yqmefi oqeHKH BJIHRHHH OT,!l8!IbHb!X KOMITOH8HTOB HCTOIIHHR 

UJYMOB 3clM8H.RIOT H8KOTOphlM aKTHBHhIM CO;-JJ)OTHBJl8HHeM, reHepttpyroiqMM Terr

JIOBhle myMbI Toro ~e 3HatI8HHH (pHc. r>. KOHTYPHhl8 myMbI H myMhl BXO,llHO

ro TOKa HMeroT 0,!lHHaRoByro qacToTeyro 3aBHCHMOCTb H ,!l8HCTBJIOT Ha BXO,!le 

CX8Mhl. Hx MO~HO npe,!lCTaBHTb B BH,!l8 0,llHOr'O 8RBHBa.JI8HTHOr'O COnpOTHBJie

HHH Rp, KOTOpoe BRmoqaeTCH napaJIJieJlhHO HCTOtIHttKy CHrHaJIOB- ,!l8TeK -

Topy tnapa.JIJI8!IbHb!fi r'8H8paTop myMa>. CneKTpa.JibHaH ITJIOTHOCTh 8TOr'O re-
HepaTOJ)a rny1.ra HMeeT BH,I( :-2 r h 

t,~= 4K7iRp · 
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~em,, B KOTOpot1: B03HrutaroT myMhl Bb!XO,I\l{OrO,TOKa aKTHBHoro 3ReMeHTa 

(,JW060B0M 3qxl€KT), KaK npaBMO, HMeeT' Ma.JIYIO ITQCTORHHy!O BpeMeHH 11 

OT,IleReHa OT BXO,I\l{OM 11err11. TiosTOMY 3KBHBa.JJeHTHhlM HCTOtIHHKOM myMOB HB

RReTCR ~HCTO aKTHBHOe corrpOTHBReH11e Rs, KOTopoe BKJIIQ1laeTCR B cxeMe 

3aMell\eHHR ITOCRe,IlOBaTeRbHO C ,IleTeKTOpOM. OTO COITpOTHBReHHe Ha3HBaroT 

reHepaTOpOM ITOCRe,IloBaTenbHOro myMa • CrreKTpa.JJbHaRITnOTHOCTb sarrttcHBa

eTCR B B~e- et= '-/KTR5 • 

EcTeCTBeHHO B03HHKaeT BOrrpoc: KiKofi l.nnrnMa.JJbHhlM rroRe3Hbli! CHrHa.JJ MO

JKeT 6HTb ycMeH, ecntt HCITOnb30BaTb Ma.JJOmyM~e YCMnHTeRtt?OTBeT Ha 

3TOT Borrpoc, B qacTHOCTH, ,IlaeTCR B pa6oTe /2/, B KOTOpot1: ,IleTanbHO 

paccMaTpHBaIDTCR 6asOBhle rrp~HIThl ,IleTeKTHpOBaHHR 11 !pOpMMpOBaHHR c11r -

Ha.JJOB B ,I1eTeKTOpax 3ReMeHTapHb!X qacT~. OrrTHMa.JJbHOe ITOCTpOeHHe ,IleTeK

TOpa saBHCHT He TORbKO OT ero CBOMCTB, HO 11 OT qiyH,IlaMeHTa.JJbHhlXOrpa

H~eHHM, BllTeKaroiqMX 113 CBOMCTB Bell\eCTBa. Kp11Tep11eM MMHHMaRbHOro sa

PMa, KOTOpllfi MOlKeT 6HTb ycttReH, RBRReTCR 3KBHBa.JJeHTHHM sap/'!).\ IIIJ'Ma 

F.,NJ ( OT aHrR. .il"flliva.-fen-l noise cAa1e), KOTOpllfi B~HC.ITReTCfl 113 

BhlpaJKemrn: ( )2 - 'fK'TC Yizs E#c. - it. -0-, 
' r-p 

r,Ile I{ - ITOCTORHHaR BORbLJ,MaHa, T - a6conroTHaR TeMITe:)aTYpa, cl.t - BXO,Il-

HaR eMKOCTb ycttnttTeRR, Rp - rrapa.rrRenbHHM reHepaTop myMa, Rs - rEme .:. 

paTop rrocRe,IlOBaTeRbHOro myMa. 
T11~aR Bemrcnrna ENC rrpH HOpMa.JJb,HblX ycROBHRX COCTaMReT I0-30 sapR

,IlOB 3ReRTpOHa. HaHM~HbillHM !JYM ITO~aeTCR rrp11 TOM ycROBHH, l!TO BhlXO,Il

HaR eMKOCTb ,IleTeKTOpa paBHa BXO,I\l{OM 0MKOCTH ycttnMTeRR. 0rrTHMa.JJbHOe 

corRaCOBaHHe ,IleTeKTOpa C ycttnMTeReM M~eT 6h1Tb ,IlOCTHrttyTO HeCKOnbKH

MH CITOCo6aMH. B rrepByro Ol!epe,Ilb'HCITOnh3yroTCR TPaH3HCTOphl, HMeroiqMe Ma

nue B6R~HHhl C.1,< • IlpHMeHmoTCR BhlCOKO~aCTOTHhle 6HITORflPHhle TpaH3HCTO- ' 

phi (qacToTa 5 r~ H G,;-=:I rr~ H rroReBhle TpaHsHcTopu lqacTOTa Ir~). 
)J;po60BOM myM.6a3hl rrpeITRTCTByeT HCITOnb30BaHHID 6HITOnflPHb!X TpaH3HCTO-

-g ' 
poB ,IlRR ipOpMHpOBaHHR CHrHa.JJOB MeHbrue l!eM IO c. KpeMHtteBhle ITOReBhle 

TpaH3HCTOphl ,IlaIDT_ XOpOIDHM 3qxl€KT ,IlRR BpeMeH 101 C, Ha p11c. 2 IlpHBe-

,IleHa BpeMeHHaR ,IlHarpaMMa, r,Ile ITO OCH Op,IlttHaT OTR~eHhl Benttl!HHhl ENC, 
a ITO OCH a6c1111cc - ,IlRH1'eRbHOCTH CHrHa.JJOB, per11cTpttpyeMHX ~a Bb!XO,Ilax 

pasnMl!Horo THITa ,IleTeKTOpOB. 

0TRHl!HTeRbHM oco6eHHOCTb OCHOBHblX THITOB rronyrrpOBO~OBblX ,IleTeKTO

poB COCTOHT B TOM, l!TO HX eMKOCTb saBHCHT OT CMell\arolllero Harrpl'!lKeHHRo 
TI03TOMY H3MeHeHHe CMe~eHHR IlpHBO,IlHT K H3MeHeHHro eMROCTH ,Il8T8RTOpa 

11, CJI8,IlOBaT8RbHO, R 113M8H8HHID CHrHa.rra Ha ero HarpysRe. B CBOID 

Ol!epe,Ilb HeC1'a6HnbHOCTb eMKOCTH ~eTeKTOpa rrpHBO,IlHT K H3M8H8HHID CHrHa

Ra Ha ero HarpysKe, KpafiHe HeJKeRaTenhHoro ARR rronyrrpoBO,I\flHKOBoro ,I1e

TeKTOpa, TaK KaK OH o6RaAaeT Ol!8Hb BhlCOKOM paspemaro~et1: crroco6HOCTbID. 

4 

TI03TOMY B TaKHX ,Il8TeRTOpax 11CITORb3yroTCR sapflAOl!YBCTBHTeRbHhle ycttnMTe

ntt, B KOTOphlX BBO,IlHTCR OTp~aTeRbHaR o6paTHM CBR3b no sapw, KOTO

pM CTa6Hntt3HpyeT He TORbKO YCHRHTeRb, HOH CaM HCTOtIHHK CHrHa.rra -

,Il8TeKTOp. 

II. 06pa60TKa H HCITORb30BaHH8 ,IleTeKTttpyeMIDC c11rnaROB 

)la.HHHe O co6HTHH, Cl!HTHBaeMhle OT ,Il8T8KTOpa, ITpe,IlCTaB~ilIOTCR KaK B BH

,Il8 aHaRorOBblX CHrHaROB, TaK H B BH,Ile AJ1CRp8THblX ROr~eCKHX HMIIyRhCOB. 

YcHReHHhle nHHeMHO-aHa.rrOrOBhle c11rH~nh1 HecyT B ce6a llliipOpMa1111ro KaK 06 

aMITRHTy,Ilax ,IleTeKTttpyeMblX c:arna.rroB, TaK 11 0 BpeMeHH HX ITORBReHHR OT

HOCHTeRbHO CTapTOBoro HMITynbca·, KOTOphlfi Bupa6aTh!BaeTCR, KaK rrpaBHRO, 

C ITOMO~bro Cl1HHTHM.ff11HOHHOro TeReCKorra. B IT031111110HHO-qyBCTBHTeRbHblX 

,Il8T8RTOpax, HCITORb-3YR aHa.JJOrOBhle CHrHa.JJhl, MOJKHO C HOMO~ro M8TO,Ila ,Il8-

R8HHR sap/'!).\a OITpe,IleRHTb KOOp,IlHHaTy B3aHMO,Il8MCTB11R qacT~hl. 

AMITnttTY.Ila ,Il8T8KTHpyeMoro c11rnaRa o6hll!Ho HeceT B ce6e .HHqiopM~11ro 06 

3Heprttl1 qacT~hl HRH O ee rrpHpO,Ile. B MHOrOKaHaRbHblX CIT8RTpOM8Tpax 

W!1311Kl1 BhlCOKHX 3Hepr11t1: l1CITOR½3YIDTCR r116p11,I1Hhle M8TO,Ilhl o6pa60TK11 c11rna

ROB, T.e. TaKHe, B KOTOphlX ,IlaHHhle rrpe,IlCTaBRRIDTCR 11 o6pa6aThlBaroTCR 

KaK B aHa.JJOrOBOM, TaK 11 B ,IlHCKpeTHOM qiOpMe • PoRb Trumx ;JJeTO,IlOB CYII\8CT

B8HHO B03pOCRa B CB/'1311 C paspa6oTKOt1: AI.\I1 THITa "~am", C f!OMO~ro KO

TOphlX MOJKHO 01.lHqJPOBhlBaTb c11rHaRhl C l!aCTOTOH 100 MI'I.111 C ,IlOCTaTotrno 
BhlCOKOH TOtIHOCTbID (6 - 8 611T). 

Ko:rntieCTBO ,IlaHHblX, perttcTp11pyeMblX B ,IlHCKpeTHOH qiopMe, CYII\8CTBeHHO B03-

pocno B CB/'13H C lliHpOKHM pa3BHTHeM KOOp,IlHHaTHblX 11 TpeROBblX ,Il8T8KTOpOB. 
Tipttti:eM O,IlHH 11 TOT JKe CilrHa.JJ M0)'(8T 6HTb 11Cl10Rb30BaH KaK B CI18KTpO

M8Tp11qecKOM TpaKTe, TaK 11 B BH,Ile ROrHl!BCKOro c11rHa.rra, OH 11C-

110Rb3YBTCR ,IlRR o6pa6oTRH B crre1111a.rr11s11poBaHHb!X rrpo11eccopa~. ~HCRO Ka

Ha.JJOB per11cTpa111111 B O,IlHOH KPYllHOH YCT<iHOBKe MOJKeT COCTaBJI/'!Tb ,IleCRTKH 

11 ,IlaJKe COTHH Th!Cflll. B Ta6R. I rrp11Be,I18Hhl 06ll\He xapaRTepttCTHKH Tp0KO -
Bh!X ,IleTeKTOpOB. 

ECT8CTBeHHo, tJ:TO YCHR8HHe 11 qiopM11poBaH11e CHrHaROB, P~,Ila8Mh!X B Bell\eC

TBe ,Il8TeKTOpa,He l'IBR/'18TCR CaM011enbro. ~eTeKTHpOBaH11e qacTH11 03Hal!aeT 

HetJ:TO 60nbruee, l!eM HX ROKa.JJ!13a4111'1 B I1pOCTpaHCTBe.11crronb3YR 3R8RTpoH

HO-Bhl411Cn11TenbHyro T8XH11KY I MOlKHO 113Mep11Tb 3Hepr11ro - HMITyRbC l!aCTHI.1, 

,IX KBaHTOBhle l!HCRa, rrpottsBecTH H,IleHTH!pl1KaI-1HID l!aCTHI.1 H rrpoq.HarrpHMep, 

B pesyRbTaTe B3aHMO,Il8HCTB111'! .IlBYX llaCTl111 polK,Ila8TCR 60RbIDOe l!HCRO BTO

p>ll!HhlX tJ:aCTl111: sapl'!lKeHHhle 11 Het1:TpaRbHhle aAPOHhl C pa3nttl!Hh!Ml1 MaccaMH, 

R811TOHhl 11 !pOTOHhl. ,I\Jrl'! IT0ny48Hl11'! l1H1pOpMa111111 O KaJK,IlOH qacT114e Heo6XO,Ill1-
MO BhlITOnHHTb CR8,IlyIDllfAe 113MepeHHR: 

- ROKanH30BaTb TpaeRTopmt sapl'!lKeHHblX ti:aCTHI.1 B rrpoCTpaHCTBe, T • e • H3-
M8pl1Tb HX I1pOCTpaHCTB8HHhle KOOp,I111HaTh111 HarrpaBReH11e ,IlBl1lK8HHR, 
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TAEl!HUA I 

XAPAKTEPHCTHKH 'IPEKOBblI ,uETEKTOP0B 

,ll.eTeR'l'OP IlpOC'l'paKC'l'B8U08 pas- Elic'l'po~eil- C.KO,POC'l'l, Bp8MH BOCC'l'a- Cnoco6 
'2f!if!IB~ C'l'Bll8 - cpaela'l'ima- .IIOBJI8.llllH per11c'l'pa.IUll 

llpa.K'l'll~ec- TU&JU,- HC lDUl 8JI8M8H- HC 
1(08 HOS Ta r: 

Ke:apepmmoro CIUUlTUJIH- 300 300 I-IO 107 w'JY 
~elC'l'BllJi 'l'Op JiaBDJIH8 g/O'l'O-

~O~H 
MiIK 600 100 100 106 OrpaHllli8llO 6HC'l'PM 8JI8RT-

107 
pollllRa 

,IU)e~BH8 150 50 100+1000 104 ~ lla MM 
1Wll8pH aao~ol npo-

c,. BOJIO~ll 

J1Meym.cJ1oro HoKpOBH8 300 100 103 ru5 106 ~O'l'OnJI8.H.Ka, 
~eilc'l'BllH RaM8,PH 8JI8R'l'pOllllRa 

C'l'pDtep&e 200 20 103 105 106 g/O'l'OnJI8.H.Ka 
.KaMepH 

106 104 107 .U,Swpo.KOBH8 250 5CJ g/O'l'OnJI8HRa 
K8M8DH 

--- - "'~"----»--------=-~=~----



c., 

PHC. I.8KBHBaJieHT- ~ \0 5 
6mmpble OfmeKmCpbl HM cxeMa BXO~a C 

~BYMR reHepaTOpa.MH 
rnyMa. 

PHc. 2. ~arpa.MMa, 
xapaKTepH3YJO~M ENC 

l,D,K,K,D,l 
10

4 
Ccl"'fOnCJJ 

, /w.~Mbl 

-~- - rnyMbl TIOCTOmmoro 
16,monRpHble no11e8blf Tp ) 

ID Tp I (KA,APH 

10 

IHc 10 100 

Ca ln'P, 120 K 

I MKC ID 100 
-lm-

t MC f0 

~RR pa3.JrntIHb!X THTIOB ~eTeKTOpOB.~PH - ~eTeY.TOpb! peHTreHOBCKOro 
H3JIYt:leHH.ff • 

}J.-oeTeKrop 

l00 

PHc. 3. CxeMaT~ecKoe pacnono~eHHe ~eTeKTOpOB ycTaHOBKH BHC-2. 
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- onpe'A8Jll1Tb sap~, B8.JrntrnHY mmym,ca H KpHBH3Hy TpaeKTOpHH B :Mal'HliT
HOM noJie. 
O~OBpeMeHHO 113Mep.lI.II HMnym,c H atteprmo liJili HMnyJII,C H CKOpOCTb, 
onp~eJI.IIIOT Macey -qacTHll• Moimo TaKJKe nOJIYlIHTb sHepI'IDO, HanpaBJieHHe 

.H np11po~ H8HTpaJibHHX 'CiaCT1111, A8TaJIH B3aHMO'A8HCTBH.II K~OH 'CiaCT~H 
c BellleCTBOM (cHJII,Hoe, cJia6oe, aJieKTpoMarn11THoe>. 3TH 'AaHHHe 11cnom,-

3YfOTC.II ~ me KJiaccm'fimt~H. 

K~Hli MeTOA 'AeT8KT11pOBaHH.II np8'AnOJiaraeT B3aHMOA8HCTBHe -qacT~H C Be
llleCTBOM AeTeKTOpa 'AJI.II nOJIYlI8HH.II 3a.M8THOro CHrHaJia. OTO B3aHMO'AeHCT
BHe H3M8H.II8T H8KOTOpHe napaMeTpH A8T8KTHpy8MOH -qacT~H: aHepI'IDO, 
HanpaBJieHHe 'ABID!t8H11.II, HMnyJibC, HJlli MOllteT 6HTb 'Aallte H3M8HeHa ee npH

PO'Aa ( pacn~> • )vI.II pemeHH.II BbllllenepetmCJieHHHX 3~a-q BO BHOBb IlJialllipY

eMHX 3KCnep11MeHTax Ha BCTpelIHHX ny-qKax B e'AHHOH CHCTeMe o6'be'A!1H.IIIOT
C.II pa3JllilIHHe no napa.MeTpaM A8°T8KTOpH. TaKHe cneKTpOMeTpH .IIBJI.IIIOTCH 
UCTOlIHl1KaMH orpoworo lil1CJia lcoTHH THC.IIlI 11 6oJiee> aHaJIOPOBHX 11 AHCK-_ 

peTHHX CHrHaJIOB. OTl1 H 'APYrHe qiaKTOpH np8,q'b.lIBJI.II!OT BHCOKHe Tpe60BaH:li.lI 
K .fl'A8pHOH 3JI8KTPOHUKe H cpe~CTBaM o6pa6oTKH ip11311ll8CKOH HHqiopM~H. 
H:ime papcMaTpHBa8TC.II npHMep nocTpoeHHH H OCHOBHHe xapaKTepHCTHKH 
cneKTpOMeTpa B1C-2. 

III. CneKTpOMeTp mc-2 

)vIH nOHCKa HOBHX qacT~ Ha H8HTpaJibHOM ny-qKe cepnyxOBCKoro YCKOJl{Te
JI.II C03'AaH cneKTpOMeTp ffiC-2 ()HffiI. ~OCTHrnyTHe 'AJIH ffiC-2 xapaKTepHCTH

KK HaxO'A.IITC.II Ha ypOBHe napaMeTpOB JIYlIIDKX cneKTpOMeTpOB, C03'AaHHHX 
~ Hsy-qeHM CTpaHHHX 'CiaCT~ H peAKHX pe30HaHCOB /3/. 

Ha PHC. 3 npHB8'AeHO cxeMaTl1lI8CKOe pacnOJIOllteHHe 'A8T8KTOpOB ycTaHOBKH 
mc-2 H CTpyKTYPHa.lI cxeMa 3JI8KTpOHl1Kl1 sanycKa 11 per11cTp~11 ~aHHHX. 

~OpM11pOBaHHe ny-qKa. YcTaHOBKa pacnOJIOllteHa Ha RaaaJie HeliTpaJibHHX -qac

T~. OTOT KaHaJI op11eHTHpOBaH Ha BHyTpelUIIOKl 6epHJIJIH8BYfO MKm8Hb M AHa

MeTpOM 2 MM H AJll!HOli 20 MM no'A yrJioM II,3 Mp~ K 1111peyJIHpyK>llleMY ny-q
KY IlpOTOHOB. IloJIHaH 'AJil1Ha KaHaJia OT BHyTpeHHeA MKm8HH 'AO roJIOBHHX 
3JieMeHTOB ffiC-2 COCTaBJI.II8T OKOJIO 65 Mo Ily-qOK H8HTpOHOB dlopuHpy8TC.II 
CHCTeMOH 113 Tpex CTaJibHHX KOJIJIHMaTopoB C cywapsoli TOJIIIIHHOH 9 M, KO
TOpHe o6ecnelll1B8JOT pa3M8phl ny-qKa B o6JiaCTH yrJiepo~oA MKmeHH cneKTpO

MeTpa 48 MM no ropH30HTamt H 65 MM no BepTHKamt. 
0T rauua-KBaHTOB nyqoK Otm111aeTC.1I AHCT~OHHO ynpaBJI.II8MW CB~OBml 
raMMa-qMJibTPOM, MaKCHMaJibHa.lI TOJIIIIHHa KOTOporo MOllt8T 'AOCT11raTb 20 CM. 

3apseHHire -qacT~H Y'AaJI.II!OTCH H3 ny-qKa noJieM ycKop11TeJI.1I 11 pacnoJIOllteH
HllM HenocpeACTB8HHO sa ra.MMa-4Mm,TpOM noJieM MarHHTa en-129. IlOCJie 

Marnwra Cil-129 qacT~H ny-qKa IlpOXO'A.IIT no BaKYYMJIPOBO~. Ha BHXO'A8 
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KaHaJia Ily-qOK COCTOl1T B OCHOBHOM !13 HeliTpOHOB C He60JiblliOH npHM8CblO 
Ko - Me30HOB <nopH,r;ItaI,5%). 

CrreKTPOMeTp. OCHOBY crreKTpOMeTpa COCTaBJI.IIIOT ·MarHl1T Cil-40, Cl1CTeMa 

H3 II ITpOITOPllHOHaJibHhIX KaMep lIIK) 11 C~THJIJI.fIL\HOHHhIX ClI8TlIHKOB lrI). 
,1vr.lI perHCTpallIDi H l{'A8HTH~~HH 3JI8KTpOHOB, IT03HTpOHOB 11 raMMa-KBaH
TOB B cocTaBe crreKTpoMeTpa 11MeeTCR qepeHKOBCKl1il JIHBH8Bhlil ~8T8KTOp-ro

~OCKOIT lqCffiI) • )vig perHCTpallH11 H H'A8HTH!pHK~HH MIOOHOB HM88TC.II 'A8T8K
T0p MIOOHOB (I{ I H (W II, COCTORII!Hil H3 lK8JI83Hb:X yITJIOTHHT8JI8H H rOAOCKO
ITHlI8CKHX C1111HTl1JIJIR11110HHhIX ClleTlIHKOB r2, r3. He60JiblliaR npHM8Cb B Ily-q
K8 3apHJK8HHhIX qacT11ll \OKOJIO I,5 %) y6Hpa8TCR 113 3RCIT8P11M8HTa ClI8TlIH
KOM COBn~eHHH A. IlOTOK H311TpOHOB KOHTpOJI11py8TCR H8HTpOHHb!M MOHHTO
pOM MW• 
MarHHT. n lMC-2 HCITOJib3Y8TCR CIT8KTpOM8TpHlI8CKHH MarHHT CTI-40 C 3~ 
(ISKTHBHOH 'AJI11HOH MarHHTHOro ITOJIR 200 CM H arrepTypolt IOOx29 CM. B 
3RCnepHM8HTax no ITOHCRY oqapoBaHHbIX qacT~ B8JI11lIHHa MarHHTHoro nOJIR 
CII-40 6bTJia Bb16paHa TaK, lIT06bl nonepelIHaH COCTaBJIRIOil!aR HMrryJibCa 
sapHJKeHHhIX qacTHL1,Per11cTpHpyeM1iIX BMC-2 11 rrepeceKaIOillHX rroJie CTI-40, 
113M8HHJiaCb Ha 0,64 rsB;c. 

Ilponop11HOHaJibHble Kr..Mepu. IIK CIT8KTpOM8Tpa HCITOJib3YIOTCR KaK B CHCTeMe 
3anycKa mc-2, TaR H 'AJIR BOCCTaHOBJI8HHR TpeKOB qacT~. B crreKTpOMeT
pe HCnOJib3Y8TCR IO 'ABYXKOOp'AHHaTHhIX IlK C 06Il!l1M lIHCJIOM 11HqJOpMa11110HHbIX 
rrpOBOJIOlleK 6oJiee 5000. Ilporrop11HoHaJibHhle KaMepu B crreKTpOMeTpe 
Bh!IlOJIHHIOT CJI8~l0Illli8 qljlHKl.11111: 

- 06ecneqeH11e 11HqJOpMallHH O KOOpAHHaTax Tp8KOB 3aper11cTp11poBaHHHX co-
6h!T11fi, 

- y-qaCTHe B Bgpa60TKe 11MilYJibCa 3arrycKa CIT8RTpOM8Tpa. 

l.{11qiphl Ha BepXHefi qaCTl1 p11c. 3 YKa3HBaIOT ROJil1ll8CTBO rrpOBOJIOlleK, CO'Aep
lKalllHXCR y COOTB8TCTBYIOil!8H nHOCKOCTl1 IIK. 

B KaqeCTBe rrp11Mepa paccMOTp11M HCITOJib30BaHl1e IlK 'AJIR Bhlpa60TK11 3arryc -
RaIOil!ero ycTaHOBKy HMITYJibCa. IlpoCT8Hllil1M YCJIOBl18M 3arrycKa ycTaHOBKl1 
RBJI.II8TCR Tpe60BaHHe cpa6aTh!BaHHR KaJKAOil IIK cneETpOMeTpa. TaKoe Tpe -
60BaH11e Jierno ocyllleCTB.:JReTCR rryTeM 11cnoJib30BaHl1H c11rnaJia "ITJiocRoCTb", 
ROTOp!:tf o6ecrreqHBaeTCR npHM8H8H118M JIOPHlI8CRHX Cl1rHaJIOB "BhlcTpoe 
·,urn:11. 

BoJiee CJIOlKHblM .IIBJIR8TCR Tpe60BaHHe HaXOJK,[\8Hl1R lIHCJia llaCT1111, npo

me'AlliHX qepe3 rOAOCKOITHlI8CKYfO ITJIOCROCTb IIK. )vIR ero OCYlll8CTBJI8HHH He
o6xO'AJ,fM OT6op C06b1THH ITJ'T8M 11CITOJib30BaHHR MaJKOpHTapHHX cxeM COBIT~e
H11H. 

C1111HTHJIJIR11HOHHble ClI8TlIJ,fKH. B CJ,fCT8Mj' CllHHT11JIJI.fIL\l,{0HHHX_ 'A8T8KTOpoB, 06-
pa3yeMYIO 50 ClI8Tlil1Ra.Ml1, BXO'ART CJI8AYfOillH8 3JI8M8HThl: 
I• CHCTeMa MOHHTop11pOBaHHR HefiTpOHHoro rryqRa \)i!IV) , COCTORil!aR H3 Tp~x 
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cqeTtIHKOB Al{a.M8TpOM 120 MM H TOJill!HHOH Cl\HHTWIJlHTOpOB I CM. MelE,lzy' 
nepBHM H BTOpHM cqeT~a.MH pacnOJIOXeHa CB~OBaa MaCTHHa TOJIIllID{OH 
4 MM, npH STOM nepBlill cqeT~ BKJIJOqeH Ha a.HTHCOBna,zieHlffl c OCTaJThHH
MH ABYMH ~ B~eJI8HHH HS nytnta H8HTPaJThHblX qaCTHQ. HMr!yJibCH C H8HT
poHHoro MOHHTOpa KpOMe KOHTpOJIH H8HTPOHHoro nytnta BHnORHHlOT qiymt~H 
CHHxpOHH3~ pa60TH yCTaHOBKH C pa60TOH YCKOpHT8JIH. 
2. roAOCKOTTHqeCKaH MOCKOCTb rl, COCTOHIIIM H3 14 cqeTtIHKOB C pa3Mepa

MH 200t650xl0 MM, HCnORh3Y8TCH B CHCTeMe sanycxa no ~CRY cpa6oTaB
nrn:x cqeT~oB. 
3. roAOCK0TTHq8CKH8 nJIOCKOCTH r2,r3 BM8CT8 C qeTHpbMH qyryHHHMH ey6a

MH pa3MepoM I,OicI,OitI,25 !! K~lill o6pasyroT A8T8KTop, npe~asHaqeHHlill 
~ perHCT~H H HA8HTHqlllli~H MIOOHOB OT pacna,zia BTOp~blX qaCTHQ. 
IlJIOCKOCTb r2 CO'A8plKMT !2 cqeTqHKOB C pa3MepaMH 400x600x!0 MM• Ilnoc
KOCTb r3 COA8JllKHT 20 cqeTtnmOB C pa3Mepa:n,; 200x650d0 MM • 06llj88 

KOJI~8CTBO B8llj8CTBa B A8T8KTOpe MIOOHOB COCTaBJIH8T 20 .fJ,I\8pHb1X ~-
qepeHKOBCKHH cneKTpOM8Tp noRHoro norJio~e!lliH qcnn. qepeHKOBCKHH 

rOAOCKOn C03AaH AM perHCT~HH SJI8KTpOHOB H raMMa-KBaHTOB OT pacna
AOB BTOp~ qacTHQ. roAOCKOn COCTOHT H3 !40 ~eHT~HX aJieMeHTOB 
C paAHaTOpOM H3 CB~OBOro CT8KJia Tm-I lpaAH~OHHaH ARHHa - 2,5 CM), 
o6paayrolljHX ~a nneqa, pacnOJIOllt8HHblX CnpaBa H CJieBa OT OCH ycTaHOBKH. 
Cpe~ee aHepreT~ecxoe paspemeHHe SJI8M8HTOB B 3aBHC:l!MOCTH OT aHeprHH 

nytnta noaHTpOHOB OnHCHBaeTCH cpopMYJIOH A£ . ,, n -t ,, I 
r( FWHM} = ,7-o,9 , 

rAe E H3M8HH8TCH OT 0,2 AO 0,6 raB. yg /&BJ-
3JieKTpOHHaH annapaTypa. 3JieKTpOHHKa mc-2 COCTOHT H3 annapaTYPH, 

KaK pa3M8llj8HHOH HenocpeACTB8HHO Ha IlK, TaK H pacnOJIOllteHHOH B Kpeti'rax 

KAMAK. Bea annapaTYpa aa.HHMaeT oxono 35 KpeHTOB. Ilo CBOeMY ~Ho -
HaJThHOMY Ha3HaqeHHro SJI8RTpOHHKa MOllteT 6HTb pa3A8JieHa Ha CJI8~lljlie 

rpynna. 
I. Annapazypa aanycxa, aa,ziaqeti ROTopoa HBMeTCfi cpoprnpoBaHHe :l!MnyRbCa 
aanycxa cneKTpOM8Tpa. OCHOBY CHCT8MH aanycxa COCTaBHH8T MMOpHTapHaH 
JIOrHKa, HCnORb3YJOlljaH CHrHaHH ''BHCTpoe IDM" C IJK H CHrHaHH co Cl\HHTHJI
JI~OHHOro rOAOCKona rr, KOTOpafi n03BOM8T B~8JifiTb co6HTHfi C o_npeAe
JI8HHHM ~CJIOM BTOp~blX qacTHQ B KOHe~OM .COCTOfiHHH •. 3aAeplKRa :l!MnyJib

ca aanycxa OT MOM8HTa B3aHMOA8HCTBHfi Heii'rpoHa B yrnepo~OH MHmeHH 

COCTaBJifi8T 0,5 - 0,6 MKC. 
2. AnnapaTypa perncTpaQHH aaHHMaeT !4 xpeHTOB KAMAK. 
no? KpeiiTOB B K~OH B8TBH. Bee COCTaB BXOAHT perHCTPliPY!Olllafi aJieR
TpOHHKa IJK, aap.ff,I\OBO- ~<ppOBHe npeo6pa30BaT8JIH l!Cllll, perHCTPH A]Ifi 
CQHHTWIJifiQHOHHblX Ctl8TtIHKOB l50 KaHaJIOB ,) ' a TaRll!:8 Ha6op nepectieTHHX 
cxeM. ,nmma MaCCHBa HHcpopM~ Ha o~o co6HTH8 paBHa 400 - 600 6a8T. 

IO 

8JJ8KTPOHMKa CBH311 06ecrreq1rnaeT pa6oTy cneKTpOM8Tpa Ha JJMHMM C 

.r\BYMH 3:al EC-!040 11 TPA - IOOI L. 
KpoMe arrnapaTyphl B COCTaB CIT8KTpOM8Tpa BX0,1\HT CJJ8,IJ;y10Il\118 rrporpaMMhl: 
I. IlporpaMMa np11eMa, KOHTpOJJH 11 HaROnJJeHMfi MH~OpMa~11 • 
2. TecT - nporpaM!,m. 
3. ITporpaMMH reoMeTp11qeCKOH peKOHCTPYK'-11111 co6hlTMM. 

~J,j3J,jqecx11e xapaKTepMCTMKM cneKTpOM8Tpa. Ba.JKH8Milll,!MJ,j xapaRT8pMCTMRa

Ml1 cneKTpOMeTpOB' n0,1\06Hb1X R1C-2' HBJJIDOTCH MX 3~RTMBHOCTb per11CT -
p~1111 BTOpWlliblX qacTM'-1 11 pasperneH11e no a:'f<j:BRTMBHOM Macce, onpe,1\eJJHe
MOe pasperneHM8M no MMrryJJbCY H no yrny, ROTOf,08 npHMepHO paBHO I-3 ¼. 
,Ilpyrofi Ba.JKHeMIIIefi xapaRTepMCTMROM ycTaHOBR~ HBJJH8TCH ee pasperneH11e no 
31JX!8RTHBHOM Macce • ,I\OCTMrttyThle ,1\JJH mc-i napaMeTphl HaX0,1\HTCH Ha 
ypOBHe xapaRT8p11CTl1R nyqilll1X cneRTpOMeTpOB, C03~aHHb!X ,1\JJH 113J<l8HJ1H 

CTpaHHb1X traCTMQ J,j pe,1\RMX pesoHaHCOB. B Ta6Jr. 2 np;,rne,1\8Hhl paspellF:Hl1H 
no 3q'qi8RTMBHOM Macce ,1\JJH H8ROTOpb1X cneRTpOlt.eTpOB' n0,1\06Hb1X IliC-2. 

Ta6JJ1111a 2 

~ ABTOphl, T11n Paspe1JJeH11e IlpHMetraH11e 
CChlJJRa cneRTpOM8Tpa no ~qi. Macce 

MaB/c2 

I. CeMeHOB JO.A. C MCKpOBhlMM 4, 7~.,K 0
) MccJie'AOBaH11e 

IlpenpMHT RaMepaMM pe,1\K11x pacna-
MT~-34, !977 AOB K

0 

2. L. B a,K c;a,r ei. C IlK 5,Il Av) !rfCCJJ8,1\0BaH11e 
at. NIH, V. /33 qaCTMQ, polK.geH-
J',lo. 2, P· 219 HhlX OR OJI O O Ha 

3. M. Bou-ziuin 2,ol Ao) 
.Z Sf? 

C ,1\p8MqJOBhlMl1 11 lfaMepeH11e Bpe-
et ae. IlK KaMepaMH 3, o cn.-J Bp8M8Hl1 lK113Hli ff 
PL, fl·B, l1sMepemm nap-
291, 1979 1\MaJJbHhlX IJJJ1PIDI 

4. Y Wise el 
pacna,1\a .n: 

C MCRpOBhlMM 
a.t, Pl, 91 Bl KaMepaMH 2,ove> IlpeQ11s110HHoe 11s-
I 65"1 1980 MepeHHe 

5. mc-2 C IlK 2,0l/f) IlOHCK HOBHX qac-
Lt, 0 (K0

} THQ, pacna,ziaro-
lljHXCff Ha ,1" ( K0

) 

+ ~OHbl 
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IV. ~OpMHpOBa.HHe H o6pa6oTRa CBeTOBhIX CHrHa.JIOB 

I. 0nTHtI8CRH8 C~HHTHJinfil_\HOHHHe CB8TOBOAH 

,rr,,m c6opa, RO,tiiq)OBa.HHff, A8T8RTHpOBa.HHff H o6pa60TRH CBeTOBhIX CHrHa.JIOB, 

ROTOpHe BOSHHRaIOT B pesynbTaTe BSaHMOA8HCTBHff qacT~ C Be~eCTBOM A8-

T8RTOpa,HCil0nbSYJOTCff rH6RHe OilTHt18CRHe H rH6RHe C~HHTHnn~OHHHe BO

nOROHHHe CB8TOBO,IJ;hl-CM8CTHTenH cneR~. 

0nTHtI8CRHe C~HHTHnn~OHHHe CB8TOBOAH, B qacTHOCTH, npHM8HlIIOTCff B 

3KcnepHM8HTax Ha BCTpCqttb!X nyqKax co CB8THMOCTblO nyqKa 2-11zcM-2c-1 H 

C MHO~eCTB8HHOCTblO nop~a 20. IlpH 3TOM qHcno pp - BSaHMOA8HCTBHH 

COCTaBnHeT ro1
/c. 8RcnepHMeHTH IlORa3anH /4/, qTO npHMeHeHHe o6m -

HHX C~HHTHnnffTOPOB AHa.MeTpOM I MM ~ff C03Aa.HHff rOAOCKOna ORaSa.JIOCb 

HenpHeMneMHM y-K.8 npK t1nHHe I5 CM HS-3a 6onbnrnX IlOTepb Ha rpa.H~e c~

THJinHTop-Bos,nyx. Il03TOMY 6HnH H3rOTOBneHH OilTHt18CRHe C~HHTHnn~oH

HHe CB8TOBO~, ROTOpHe y-K.8 npH AnHHe 60 CM HM8IOT 3q$:)RTHBHOCTb gg %. 
06HqHHe RBapl\8BHe rH6RH8 CBeTOBOAH illHpORO npm.ieHfflOTCff RaR B T8XHHRe, 

TaR H B'/IJHsnqecRHX 3RcnepHMeHTax Anff nepeAaqH CB8TOBHX CHrHa.JIOB. llc

IlOnb30Ba.HHe TaRHX CB8TOBO~OB IlOSBOnHeT IlOM8CTHTb ~8Y B TOM M8CTe, 
r~e He CRa3HBaIOTCff Ha HX xapaKTepHCTHKax BnHffHHe MarHHTHOro nonff aHa-

1 • . 

nHsHpyro~ero Marn11:Ta. 

B OTnnqHe OT•06HqHHX OilTHtieCRHX CB8TOBOAOB 0IlTHtl8CRHe C~HHTHnn~OH

~me CBeTOBO~ IlOMHMO ~HH nepe~aqH CB8TOBHX CHrHa.JIOB BHilOnHff!OT 

ponb 'A8T8RTOpOB sap~eHHhIX qacTH~ C BHCORHM npOCTpa.HCTB8HHHM paspeme

HH8M (nopMKa 50 MRM). Ha pl-!C. 4 apHBe~eHH reoMeTpHt18CRHe H onTnqec -

RHe napa.MeTpH C~HHTHnn~OHHoro CB8TOBOAa. B•RaqecTBe HailOnHHTenff B 

TaRHX CB8TOBO'Aax HCilOnb3YJOTCff HnH nnacTHROBHe C~THnnffTOpH,HnH cne

~a.JibHO .nsrOTOBneHHHe C~THnnfil_\HOHHHe CTeRna /5/. )v.tH o6ecneqeHHff 

ycnoBHHilOnHOrOBttyTpeHHero OTp~eHHH HM88TCH BTopon BH8IIIHHA, COCTOH

~H HS OilTJ,1q8CROro CTeRna HJIH o6onoqKH Ha OCHOBe RpeMHHH. IlpnqeM 3Ta 

o6onotma AOJDKHa HM8Tb ROS/WM~eHT npenoMneHHH MeHbme, He~enn cepAeq

HHR. BTOpaH BH81I1Hffff o6onQqRa Ilpe'ACTaBnHeT co6on nornOTHT8nb H3 qep -

Hora cTeMa H BHnonHHeT ponb onTJ,!qeCKoro HsonHTopa. 

B pe3ynbTaTe B3aHMO'A8HCTBHff qacT~H co C~THHHHTOPOM B03HHRaIOT CBe

TOBHe CHrHanH, ROTOpHe BCneACTBHe BttyTpeHHero OT~eHHH pacapocTpa -

Hff!OTCH R RO~aM CBeTOBOAa, r~e OHH YCHnHBaIOTCH C IlOMO~IO ~SY. ,Iv.!HHa 

3aTYXa.HHH COCTaBnneT IOO - 150 CM. ~M IlOCTp08HHff rOAOCRona HS OilTH
qecRHX C~THnn~OHHhIX CB8TOBOAOB COCTaBnHTOT MOCROCTH, ROTOpHe HaR-

. n~aIOTCff ,JWYr Ha ,JWYra, o6pa3yIOT 06'b8MHHH 'A8T8RTOp. B pesynbTaTe 

no.n;yq:aeTCH 6HCTPO'A8HCT~H A8T8RTOp C BHCORHM apOCTpa.HCTB8HHHM pas-· 
pemeHHeM, ROTOpoe COCTaBnHeT 2 MM. 

B Caxne /6/ paspa6oTa.H MO,Dynb Ra.JIOpHMe~, COAe~~n 6400 OilTHtiec-
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Kl1X C~IDiTliJIJI.fll_\HOHHbIX CBeTOBO)J,OB, KOTOpble o6pasyroT 80 IlJIOCKOCTefi, 

cno~eHHbIX B Bl1,Ile C3H)J,Blf1Ia,H npocnoeHH MeTMnHtieCKOH ceTKOH TOJIIllllliOH 
0,45 MM lpttc. 5). Mo.nyJib HMeeT cne~Illl'!e napaMeTpH: pa,rµm.r~HOHHM ~-
Ha I4,5 w, sHepreTtttiecKoe paspemeHHe ¼= II±- 2% rsB½, o6uµifi co-
6HpaeMHfi CBeT COOTBeTCTByeT 5•IO <pOT03neKTpOH8.M C nIDl:eHHOCTbIO B 
npe)J.enax I - 25 rsB., IlpHMeHeHHe TaKliX CBeTOBO)J,OB B KMOpHMeTpax OT
KpHBaeT HOBHe B03MOXHOCTli )J,HH ynytmieHHH 3EepreT!f1IeCKOro Ii npOCTpaHCT
BeHHoro paspemeHHH. Ha pttc. 6 npHBe,lJ,eHa cxeMa Mo,eynH sneKTpOMarHHT -
HOro KMOpHMeTpa, B KOTOpOM nnocKOCTH, COCTO.llllllie li3 onT!f1IeCKliX c~
TliHH.fll_\HOHHbIX CBeTOBO)J,OB,npOCROeHH IIJiaCTIDiaMli li3 CB~a. K~aH IlJIOC
KOCTb CO)J,eplKHT no 60 CBeTOBO)J,OB, a BCero B MO,DyRe CO)J,eplKHTCH 50 Ta
~HX nROCKOCTefi •. 
)irrSI yBe~eHHH TOllHOCTli perliCTp~Hli npo/fMnH nliBHH K~afl IlJIOCKOCTb 
pas)J,eReHa Ha meCTb paBHbIX tiaCTefi no IO CBeTOBO)J,OB B K~~H tiaCTli. 

CBeTOBHe CliI'HMH OT COOTBeTCTByrouµix IlJIOCKOCTefi O'AHHaKOBOH OplieHT~lili 
tiepes cMeCHTenH nocTynaroT Ha BXO)J,H ~SY. XaprutTepHCTmtli MO,DynH: npocT

paHCTBeHHoe paspemeHHe OTHOCHTeRbHO.~eHTpe. T~eCTli11 nHBHH~=2,? MM, 
" 6, ' npli sHeprHH sReKTpoHoB I rsB sHepreT!f1IecKoe paspemeHHe tfe.= 9 ,8'!6 

npli TOJIIlllllie KOHBepTopa I MM/?/. 
KBap~eBHe rH6KHe CBeTOBO'AH, WHpOKO npHMeHHeMHe .B TeXHmce CBH3li, B 
MeTO'Amte qM3!f1IeCKOro 3KCnepHMeHTa liCilORb3YJOTCH ,I:llIH sqxlleKTHBHOro KO,[IH

pOBaHHH {~aTHH) )J,aHHHX, llTO Il03BORHeT npHMeHHTb 6HCTpO)J,efiCTBYJOII\He 
nporpawttpyeMHe Il3Y )],RH onpe)J,eReHHH KOOp'AHHaT cpa6oTaBWHX C~TWI
nHTOpOB. Ha PRC.? npHBe)J,eHa cxeMa BpeMHnpoReTHOro cneKTpOMeTpa, 
KOTOPHH liCnOJibsyeTCH B 3KCnepHMeHTe no 'AllippaK~HH Het\TpOHOB /8/. 
K~Hfi H3 IQ C~TliRRHTOpOB C IlOMOilµ>IO rn6KHX CBeTOBO)J,OB COe'AHlieH C 
BXO)J,aMH Tpex pa3~bIX ~3Y. B o6~eM c~ae HMeeT MeCTO COOTHOmeHHe 

;v 
fl, ... K ! { Al- K} ! ' 

r)J,e n-~cno C~THJIJIHTOPOB,,V- ~CRO ~'aY li K - K03~HeHT pasBeT
BneHlifi curnana. B )J,aHHOM cneKTpOMeTpe npli n. =84 H = 9 H K = 3. 0,n;Ha

KO, liCnOJib3Yfi Trutyro CX8MY KO'AHPOBaHlifi, M~O O,n;H03Ha~o perHCTpttpo -
BaTb KOOp'AHHaTy TORbKO O,n;HOro C~HHTHJIJIHTOpa, OT KOTOporo nocTynlin 
CliI'HMo _B COOTBeTCTBHH C npe~oxeitHofi MeTO'A:HKOH /9/ MaTp~ru CBSI3efi 
H, ~fi cxeMH, li306paxeHHOH Ha plic. ?, HMeeT Bl1,II 

I 
IIIIIIOOOO I rrrooorrro 2 H,= roorrorror 2 orororrorr 4 
00 IOIIOIII 5 

t 
C~TlinnSITOpH--P ~SY 
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EcRH Tenepb B3HTb 6yneBH CYMMbl ~CYMMY no rnn,1) 3 H 4, 6 H? CTOR6~oB, 
TO nony<IaIOTCH O'AHHaKOBHe KO)J,H. STO 3Ha~T, llTO B TaKOM rO)J,OCKOne He

B03MOXHa 0,n;H03Ha~afi perHCT~lifi )J,BOHHHX KRaCTepoB. ,uaHHHe C BHXO)J,OB 
~SY nocTynaroT Ha BXO)J,H npOrpaMMHpyeMoro Il3.Y, Ha BHXO)J,ax KOTOpHX ipop
MHPYIOTCfi KOOp)J,HHaTbl cpa6oTaBWHX C~HHTliJIJifiTOpOB. B pa6oTe /9/ TipHBe)J,e
Ha 6onee 3KOHOMIBrnaSI cxeMa CBeTOBOtt KO'AHPOBRH, ROTOpyIO npH n-=I6, 

f'/ =8 u K=2 MmKHO npe)J,CTaBHTb B Bli)J,e MaTpID!H H 2: 

rrrroooooooooooo I . 
OOOOIIIlOOOOOOOO 2 
0000000011110000 3 

H - I oooooooooooorrrr 4 
2 - IOOOIOOOIOOOIOOO 5 

0100010001000100 6 
0010001000100010 ? 
0001000100010001 8 t 

C~TliJIJIHTOpH - . q,3y 1. 
Ilp!i TaKOH cxeMe KO)J,!ipOBaHlifi K03(Jlqlli~lieHT ~~aTHH K= w=2. Ilp!itieM O.n;H0-
3Ha~o pernCTPHIYeTCH O,n;HOBpeMeHHOe cpa6a'Th.'B8Hli8 IlnOTb )J,O 4-x CUl1H

T!inRHTOpOB, pacnoR0~8HHHX pfl)].OM. 

2. lllmprepH 

B nocRe,n;Hee BpeMH Kalt sa py6e~OM, TaK Ii B Harnett CTpaHe liHTeHCliBHO 

pa3BHBaeTCH HanpaMeHHe B MeTO)J,m<e 3KCnepHMeHTa, CBH3aHHOe C paspa-
60TKOH li npHMeHeHHeM )J,Rfl CBeTOC06HpaHHH Ii 'nepens~eHHH CBeTOBO)J,OB -
CMeCTHTenen cneKTpa, KOTOpble no~linli Ha3BaHlie llili~TepoB. HcnORb30Ba
HHe illliqJTepoB no3BORHeT C03)],aBaTb )J,eTeKTOpbl 60HbillliX pa3MepoB, COCTOH
ll\li8 li3 COTeH Ii 60Ree meeK, HMeIOilµiX MaJible pa3M8pb!. OCHOBHOe npem.1Y
~8CTBO WHqJTepOB nepe)J, o6~HMH CB8T.OBO)J,8.Mli 38RJIIOll88TCH B TOM, 4 TO 
C~HHTliJIJI.fll_\HOHHCe li3nyll8Hlie rony6oro ~BeTa, pacnpOCTpaHHHCb B)J,ORb 
mHqJTepa, npeo6pasyeTCH R HS~eHHe seneHoro HRH ~enToro UBeTa H nepE

)J.aeTCH K ~'aY C Ma.~ofi nRom~bIO ~OTOR8TO)J,a. 
B pa6oTe /II/ paccMaTp;rna.IOTC.H BOnpOCH rrpw.eHtHliH lllHg'l'8pOB )J,JlH CEE;'J'(.,
co6HpaHliH B rO)J,OCKOilHll8CKHX cneKTpOMeTpax noJIHoro norJJo~eHHH THna 
C3H)],Blill - M8TaJIJI - CUHHT!inJlHTOp • .nmrH xapaRTep;icTV.:KJ1 rnHqnepoB O'T·e

tieCTB8HHOro H sapy6eXHoro npOH3BO)J,CTBa. 0CHOBHhlMH napaM8Tpal✓,H rnHq
TepoB HBRfiJOTCSI: MaKCliMJM cneKTpa H3ny<I8HHH,HM, ,lJ,nHHa saTyxaHHH B COE
MeCTHOM C~IDiTHJIJIHTOpe B CM, cBeToBofi BHXO)J. B %, BpeMH BHCBetIHBaHHH H 
CTOliMOCTbo COBMeCTHHH C~TMRHTOp - 3TO 06H4Hllli CUHHTliJlRHTOp, ROTO

plifi c ~SY o6paeyeT ctieTtIHK. B WHqJTepax MaKCHMYM cneKTpa us~eHHH 
COCTaBnSieT 480-530 HM, ~a 38.TyxaHHH - 85-IOO CM, BpeMg BHCBetIHBa
Hlifi ?-IO He. 
Ha puc. 8 B KatieCTBe npliMepa npHBe)J,eHo CX8M8T!ill8CROe li306paxeHHe 
C3H)],BHtia MeTaJIJI-CUliHTHRHHTOp, B KOTOpOM liCTIOnbsyeTC_H mHqJTep. Melll,ey 
HHMH noMemeHH )],Be HefiJJOHOBble HHTli C 'Att8.M8Tp0M 0,3, ROTOpb!e He06XO)J,H-

15 



i 

lO 

nn3y · 

AHOAU3QTOP 

?He. ? • BJIOK - cxeMa apewmpoJieTHOI'O, cneKTpOM8Tpa. co CB8TOBOH 

KO~OBKOH. 
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JrnH, 2- :m:eJieso, 3- C~THJIJIRTOp. 
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Mli AJifl o6pasOBalillfl B03,DylllHOH ~eJIH. ()Ha CJIYlKl!T 'AJlfl TOI'O, qTo6H o6ecne

qHTh Ml!HmiyM IlOTepb o6~ero OTpa.JKeHHOI'O CBeTa, npOXO'A~ero B'AOJlb nm~ 

Tepa. B pa6oTe /I2/ np11B0'ARTCfl 'Aa.HHHe 06 3HepreT~8CKOM H KOOP'AlffiaT

HOM paspemeHHl! cneKTpOMeTpa IlOJIHOI'O norJiomeHl!fl C nmq,repoM. OH COCTO

l!T 113 25 3Jl8M8HTOB CO CTpyKTypOH CBlffi8l.l-Cl.111HT11JIJiflTOp lTOJIIIll1Ha 2,811 

6 MM_COOTB8TCTB8HHO) 11 HM88T nonepe~ue pasMepH 38~38 MM. Ilp11 3H8p

I'H11 3Jl8KTpOHOB 26 raB TO~OCTb 113MepeH11H 8Heprtt11 il KOOP~HaTbl paBHbl 

COOTB8TCTB8HHO 8,8% H 3,5 MM. Ba.JKHo, qTQ TaK11e Cil8KTpOM8TpH MO!'yT 

HM8Tb flq8ilCTYJO CTpJ'RTYPY• 

CyrqecTB8HHOH HOBH3HOH MOlKHO cq11TaTb npHMeHeH11e B ~OTOH-~pOHHOM Ka

JIOpHMeTpe KOM6!IBHpOBaHHHX nmq,repOB 'AJlfl nepe'Aaq11 Cl!I'HaJIOB pa3'A8JlbHO 

OT ~OTOHHOH H ~pOHHOH ceK~H KaJIOpHMeTpa /I3/. Ha p11c. 9 IlpHB8'A8Ha 

cxeMa, HJIJIJOCTpHpym~afl np~11n pa60TH TaKOI'O MO,DyJifl. CBeT OT 3~8.HHOH 

rpynnH C~THJIJlflTOpOB npoxo~T qepes He60JihmyIO B03,DyillHYJO ~8Jlb B 06 -
~H aKpttJiaTHHH CB8TOBO'A' KO.TOpHH IlOKphlT MaTepHaJIOM, o6JI~aro~ CBOH

CTBOM nepetts.rryqeHHH CBeTa. l130Tp0IlHO nepeH3.rrytl8HHHH qiJIIOOpec11eHTHblti 

CB8T HanpaBJifl8TCfl no CB8TOBO,Dy, KOTOplii1·npoxo'AHT qepe3 OTBepc-

Tl!fl B Cl.llffiTHJIJiflTOpax, a Ta.Kl!te CKB03b OTB8pCTHfl IlOI'JIOTHTeJieH. qaCTb 

CB8TOBO'Aa B ~OTOIIHOM KaJIOpHMeTpe IlOKphlTa qiJIIOOpec11ttpyro]]\HM KOHBepTOpOM, 

KOTOpHH H3.rrytraeT CB8TOBHe BOJIHH lK8JITOI'O l.1B8Ta ~JIHHOH 590 m.1. qaCTH 

CB8TOBO'Aa, npOXO'A~e qepes ~pOHHYJO C8Kl.lHIO KaJIOpHMeTpa.,noKphlTH Ma

TepttaJIOM 'APYI'OI'O T~na lBBQ), KOTOpHH nepetts~aeT 38Jl8HHH CB8T Ha 

BOJIHe 490 HM. B l!TOI'e 'AB8 KOMilOH8HTH CBeTa, 113~aewe B ~OTOHHOH H 

WOHHOH ceK~HX,nO O~OMY 11 TOMY :m:e CB8TOBO.!JY IlOCTJilaIOT K COOTB8TCT

BYIOII\HM ~SY. Ilp~eM nepe'A K~blM ~3Y pacnoJiararoTCfl COOTB8TCTB8HHO 

38Jl8HHH H lK8JITHH ~JlbTpH. TaKafl KOHCTPYKl.lHfl cqeTqHKa Il03B0Jlfl8T C03'Aa

BaTb KOMnaKTHHe H 3KOHO~He MO,DyJIH KaJIOpHMeTpOB. ½COh!TaHHfl KaJIOp11-

M8Tpa np11 06.rryqeH1111 sJieKTpOHaMH c sHeprttei1 I5-IOO rsB H nttoHaMH,15-

340 raB, 'AaJIH B8J!Hqlffili 3HepreT~8CKOI'O pa.spemeH11Ho/t =O,I?°VE H o/£ = 
=0,03+0,74"\E' COOTB8TCTB8HHO • 

Be,DyTCfl pa60TH, HanpaBJI8HHH8 Ha cyrqeCTB8HHOe y~eHHe TaKl!X BaJKHHX 

napaMeTp~a nmiprepa.,KaK 'AJilffia BOJIHH nepe,13.rryqaeMoro caeTa 11 'AJilffia sa-

TyxaH11H /I4/. Heo6xo~ mHq,repH, y KOTOpHX nepeHs~aeMHH CBeT 

HM8JI 6H IlHK Ha 60Jlbill8H 'AJI!ffi8 BOJIHH. C03'AaHH ~iprepH C 'AJIHHOH 3aTyxa

HHH 9I CM. 0npe'A8Jl8HHb!H HHTepec npe'ACTaBJIHIOT KOHCTpyK11HH H napaMeTpH 

MO,DyJIH ~OTOHHOI'O KOJIOpHMeTpa., B F.OTOpOM 0'Att0Bp8M8HHO 11CilOJlb3YJ(lTCH 

KaK o6~He nmiprepH, TaK 11 m11iprepH, Bill'JOJIH8HHH8 B Bl!'A8 r116KHX CB8TO

BO'AOB /I5/. Ha p11c. IO np11Be'AeHa cxeMa TaKoro MO.!JYJIH. KaJiopHMeTp coc
TOHT 113 9 TaKHX MO,DyJ18H,HM88T pa3M8pH 5~5 CM H BKJIJOqaeT 60 IlJiaCTlffi, 

Ka.JK'AaH TIJiaCTlffia COCTOHT 113 CT8KJIHHHOH IlJIOCKOCTl! TOJJlllHHOH 2 MM H Cl.llffi

THJIJIHl\llOHHOH TIJIOCKOCTH TOJJlllHHOH 5 MM. C 4-X CTOpOH 3TH IlJIOCKOCTl! TIOK
pmb! TOHKi!MH TIJiaCTHKOBE:J.:;.t mlCTaMH /TOJI]]\HHa I, 5 MM/, CO'A8plKall\HMil nmmTe-

i (,tjif.hhiJ~Mrihiil r.m:mry'T I 
I '.4A~i,m.,u: m:c.,e1oaiugtl 
f 6WS1lir!OTE!-t~\ -- -



phi. CBeT, HCIJYCRaeMHii RaJKAOfi IlJlaCTIDIOfi, BHaqane nepeHsny,.aeT-
CR C noMonµ,ro Illlii'prepa H 3aTSM co6HpaeTCH C IlOMOnµ,ID TIOJiliCTHpORbHIDC on
TJ.ItreCRHX CB8TOBOAOB. 3aTeM nepeH3JIY1Ia8TCH BTOpon pas H nepeAaeTCH 
ARR YCHR8HHR Ha ~SY C Ma.JThlM RaTOAOM, IlOJIY1I8HO 3HepreTJ.Itr8CROe paspe

meHHecS/t =0,I"VE ~R sReRTpoHoB B npeAeRax 0,25-5,0 raB/c. 
McnOnb30BaHHe OilTJ.ltl8CRHX CB8TOBOAOB ARR nepeAa~H CBeTOBHX CHrHMOB 
B RMOpHMeTpax HMeeT CR8,IJy!OlljH8 npeHMYil18CTBa: 
- HMeeTCH B03MOlltHOCTb pacnoRaraTb ~8Y BAanH OT MarHHTHOro TIORH, 
-~ cBeToco6HpaHHR MOJKHO HCilOnhSOBaTb, ~8Y MMoro AHa.MeTpa HRH MMO-

ra6apHTHHe RpeMHH8Bble CB8TO~o~, 
-ROMnaRTHOCTb, npOCTOTa ROHCTPYRI.IHH MO,IzyRH,MMM M8pTBaR 30Ha MeJK,ey 

OTA8nhHHMH MO,I\}'RRMH RMOpHMeTpa. 

3. PerHCTpal.\HR CBeTOBIDC CHrHMOB c IlOMOnµ,ro qi<)TOAHOAOB 

B PM8 pa60T noRa3aHO' ~TO RpeMHl18Bble RaBHHHble qlOTO~O~ HRH 
MMora6apHTHble BaRyyMHHe qioTO~OAH MOryT 6HTb C ycnexoM HCil0Rb30BaHH 
BMeCTO ~8Y ARR perHCTpan;HH CB8TOBIDC CHrHMOB, IlOCTYilaID!IjHX OT BHCORO

IlJIOTHIDC Cl.\IDlTHRRRTOpOB THila BGO, C5J H Na]. 0,qttaRO 3TH pa60TH HOCRT 

HORa HCCReAOBaTenbCRHH xapaRTep. MaRble pasMepH, CTa6HnbHOCTb xapaRTe
pHCTmt, HX He3aBHCHMOCTb OT ORpy,itaro~ero MarHHTHOro IlORH A8RaIDT qJOTO
AHO~ H'A8MbHHMH npH60pa.MH npH C03AaHHH KMOpHMeTpOB. 0HH xopomo co
npnraroTCR C rH6RHMH CFeTOBOAa.MH. MQHHTOPH, B ROTOpIDC HCil0nb3YIDTCH 
MaTp~H H3 qi<)TO~OAOB, npHM8HHIDTCH : ARR perHCTpan;HH TpeROB B peanbHOM 
uacmTa6e BpeMeH~. 
B HacTo~ee BpeMJI B RMOpHMeTpax HcnonhsyroTCH TORbRO ~SY. 0,qttaRo 
~fl TO~HX H3MepeHHH B RMOpHMeTpax OHH HesqiqieKTHBHH l6onbllllie pasMe
pH, CROlKHOCTb ROHTpORH xapaRTepHCTHK H npo~.>.Ha~aTO HsyqeHHe B03-
MOlltHOCTH 3a.M8HH Wof Ha qioTOAHO~, ROTOpblM npHC~H MHorne IlOROlKHTenb
HHe Ra~eCTBa IlOnyllpOBO'AHHROBHX npH6opoB. B Ta6R. 3 /16/ AaHH xapaR
TepHCTHKH W& H qi<)TOAHOAOB npH YCROBHH, ~TO CHrHMH.perncTpHpyIDTCH 
OT Cl.\IDITHRRRTOpOB THna Mt!. C~TlillaHHe C nOMonµ,ro qJOTO~OAOB Ha COB ... 
peMeHHOM 3Tane HMeeT PM H8AOCTaTROB, ROTOpHe, BH'AHMO, 6y!JYT ycTpa.
H~TbCR no Mepe COBepmeHCTBOBaHHH TeXHOROrnH: HeT BttyTpeHHero yCHRe -
HHJI, Il03TOMY Tpe6yeTCJI YCHRHT8Rb C HH3RHM ypOBHeM myMOB, OHH HM8IDT 
60nbmyID BXO,qttyro 8MROCTb, npH 6onbmon MO~~ RpHCTanRa qi<)TO~OAH 
HM8IDT 3Ha~HT8RbHHH T8MHOBOH TOR, ~aCTOTa pa60TH He npeBHmaeT J Mf'r.\, 
~TO H8AOIJYCTHMO npH pa6oTe c BHCOROH HHTeHClmHOCTbID. 

B COBpeMeHHIDC qi<)TOAHOAax ypoBeHb myMOB COCTaBRHeT 400 qi<)T03R8RTpOH~B 
Ha CM

2 
IlOBepXHOCTH /17/, B HeROTOpIDC CJIY1IaJIX 3TO orpattJ.ItrHBaeT B03-

MOlltHOCTb C~HTHBaHHH CHrHMOB HenocpeACTBeHHo OT nnaCTJ.ItreCRHX Cl.\IDl
THRRJITOpOB • .I(a.Jree, HeT xopomero corRacoBaHHH aMHCCHOHHoro cneRTpa 
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~

Kopnyc 
!!l. 
-

Coeroooa 

=;;11v, 
f1UH3Cl 

KoHyc 

~cpi 
PHc. II. TpH cnoco6a 

CTHROBRH CBeTOBOAa C 

qJOTOAHOAOM. 

n.!:i~OI< 

C&uHeu, 

Cu,uHTUMRTO 
C+lo1oouoob1 

Pttc. 12. MolJYRb xanopHMeTpa c BacyyMHb!M½ 

CBeTOIJ;V!OAa~.m. 

I •ir--.,, 
I ,o 
:I 

PHc.13. KpHBM aaBHCHMOCTH 

BHXO,qHOrO TORa OT MarHHTHOro nonn. 

J l---"1--+--------1-'-+---r~vcc 
1-101 ~-10' ,.,o' 1-10 1 10' 
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nnaCTHtreCKHX C~HHTHnHRTOpOB H qJOTOAHOAOB. TuffiflrnaR cxeMa cqHTb!Ba.HHR 
COCTOHT H3 3a~O-qyBCTBHTenbHOI'O npe,ey-CHnHTenR, yCHJIHTenR-q>OpMHIJOBaTe
nR H aneMeHTa na.MHTH. TaKHe lite ~enH HCnOnbeyIOTCR H npH CllliTb!Ba.HHH 
AaHHblX OT nonynpOBO~HKOBblX cqeTq~KOB. BpeMR HapaCTaHHR cHrHana, coq
TaBn.mo~ee IO Hc, xopomo cornacyeTCR c BpeMeHHb!MH napaMeTpaMH aneKt -
pOHHblX ycHnHTenen C -qyBCTBHTenbHOCTbID 700 qJOT08neKTpOHOB. B 0630-
pe/IS/ paCCMOTpeHbl Bonpocbl npHM8H8HHfl q>OTOAHOAOB B aKcnepHMeHTanbHOfi 

q>H3HKe. 
Ba.Y.Hb!M MOMeHTOM flBHReTCR CTlIBOBKa CBeTOBOAOB C qJOTO~OAaMH. B 0630-
pe JIY/ npHBOARTCR TPH CX8MH CTb!KOBKH,KOTOpble npHB8A8Hbl Ha pHC. II. 
IlpH HenocpeACTBeHHOH CTlIBOBKe nepeAaeTCR AO 15% CBeTa. HaH60nbmHfi 
c6op AaeT HCnOnb30Ba.HHe Koeyca H3 CTeKna l40)6), KaK 3TO noKa3a.HO Ha 
pHc. IIB. 
HapH,ey C W'aY H nonynpOBO~HKOBb!MH q>OTOAHOAaMH B <pH3HKe Bb!COKRX 3Hep
I'Hfi npHMeH.lllOTCR H Manora6apHTHble BaKyy-MHHe ¢0TOAHOAR,HaTIPHM8p npH 
C03AaHHH MO,Izy"nen KanopHMeTpOB. TaKHe ¢oTO~OAbl HMeIDT cne,ey-ro~e napa
MeTpb! /20/: pa3Mepbl 18,5•2,0,I,5, nnO~aAb ¢oToKaTOAa I2,5i4 lpa3Me
pb1 Aa.Hbl B Ca.HTHMeTpax>,TeMHOBOfi TOK 2 nA, Hanp~eHHe IlHTa.HHR 10-100 
BOnhT. Ilo~eHO aHepreTHqecKoe pa3pemeHHe AHR aneKTpOHOB C aHeprHeH 
10-37 raB - 22'6, oTHomeHHe cHrnan/myM paBHo 2,4. Ha pHc. I2 npH~eAe
Ha cxeMa MO,Izy"HR KanopHMeTpa, B KOTOpOM HCnOnb3YIDTCR Ba.KyyMirne IDOTO -
AHOAH• Mo,ey-nb COCTOHT H3 nnacTHH JKene3a H CBHH~a TO~ott 0,6-2,5 CM} 
M~ KOTOpb!MH pacnonaraeTCR nnacTHHa C~THnnHTopa, IlOKpb!TaR IDH¢Te
pOM. CHI'Hanbl OT HeCKOHbKHX IlnOCKOCTeH o6'b8AHHHIDTCR ~ CllliTb!BaIDTCR C 

.nOMOlllbID ¢oTO~OAOB. 0TMeqaroTCR cne,ey-ro~e non~HTenbHHe ¢aRTOpH, CBR-
3aHHHe C HCnOnb30BaHHeM BaKyy-MHblX ¢oTOAHOAOB: BHCOKoe 6HCTPOAeHCTBHe, 
xopomee·BpeMeHHoe pa.3pemeHHe (100-200 nc ) 'BHCOKaR CTa6HnbHOCTb, 
HH3KM CTOHMOCTb, Mance HanpHJKeHHe nHTaHHR, BHCOKOe aHepreTwrecKoe 
pa3pemeHHe, HH3KaR ~BCTBHTenbHOCTb K MaI'HHTHb!M nonm.1 H npoq. 

TeXHHKa w'aY T~e HHTeHCHBHO pa.3BHBaeTCR,H noaTOMY 6HnO 6bl HenpaBHnh-
HO YTBepllt,IlaTb,qTo B aKcnepHMeHTax no <pH3HKe Bb!COKHX aHeprHfi waY 6y • 
AJT BHTeCHHThCR qJOTOAHOAaMH. B pa6oTe /21/ paccMoTpeHo coBpeMeHHoe 

·coCTOHHHe TeXHHKH waY H BaKJYMHblX ¢oTOAHOAOB. Ilpe~e BCero HOBHe pa3-
' pa6oTKH HanpaBneHH Ha COBepmeHCTBOBaHHe TaKHX napaMeTpOB w'aY H ¢QTO

AHOAOB' KaK B03M~OCTb pa60TH B ycnOBHflX 60nbillHX MaI'HHTHblX nonen' 
npH BHCOKOM AaBneHHH H 60nbill0H TeMneparype OKp~aro~en CpeAH. Pa3pa-
60TaHH BaKY)'MHH8 qlOTOAHOAH, HanonHeHHHe KCeHOHOM, KOTOpHe MOryT pa-
6oTaTb B MaI'HHTHOM none BenHqHHOH B H8CKOnbKO KHnoraycc. 
Paapa6oTa.H T~e OAHOKaCR~b!H W'aY l¢oTOTpHOA) co cneqHanbHOH KOHCT
pyRqH8H qJOTOKaTOAa, a.HOAa H ,IIMHOAa, KOTOpb!H T~e npeA11a3HaqeH AHR 
pa6oTH B MaI'HHTHOM none. Ha pHC. I3 npHB8A8Ha KPHBM 3aBHCHMOCTH 
BblXOAllOI'O TOKa OT MaI'HHTHOI'O noM. BHCTPHH A8T8KT0p, KOTOpb!H 
pacioTaeT B MaI'HHTHOM none, MO~eT 6b!Tb C03AaH Ha 6a3e 
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MHKpOKaHaHbHOI'O ¢oTOJMHOlKHTenR. lfonHTaHbl TaKJKe waY, npe~a3HaqeHHble 
AHR pa60TH nOA 60nbillHM AaBneHHeM,IIOpfiAKa 600 aTMOC¢8p. TaKHe W'aY 

IlpeAUOnaraeTCR HCnOnb30BaTb rny6oKo nOA BOAOH AHR AeTeKTHpOBaHHR MID
OHOB H H8HTPHHO. OnpeAeneHHb!H HHTepec npeACTaBnReT KOHCTpyK~HR W'aY 
co c¢epHqeCKHM ¢QTORaTOAOM, AHaMeTp ROTOporo paBeH 40 CM. OH MOlKeT 
pa6oTaTb noA Bb!CORliM AaBneHHeM H A8TeRTHpOBaTb ¢oTOHH B ycnOBHHX, 
6nH3RHX R 49r-reoMeTpHH. Ha pHc. I4 H I5 npHBeAeHu o6~e BRAH Hoamc 

THnoB waY. 

Ta6~a 3 

CpaBHHTenbHHe xapaKTePHCTHRH w'aY H qJOTOAHOAOB 

NQ I ~PaKTepHCTHRa 

I 1Pa60Ta B aRcnepHMeHTe 
2 qYBCTBHTeHbHaR noBepXHOCTb. 

w3Y 
p,.a 

RpyrnaR, onpeAe-
neHHOI'O AHaM8Tpa 

3 ,·-•OBM 3/M>sKTRBHOCTb 25% 
4 BeyTpeHHee ycHJieHHe Aa 
5 Heo6xOAHMOCTb CTa6HnH-

~HH pelltHMa Aa 
6 IITocne,ey-ro~ee ycHneHHe IlpOCToe 

7 ~aMHqecKHH AHaTia30H ro't 
8 BpeMR HapaCTB.HHH 5-50 HC 
9 CROpOCTb pa60TH Bb!COKM 
IO qYBCTBHT8nbHOCTb R 

myMB.M BHCORaR 
II PaaMepu lBucoTa> 6 CM 
!2 TeMnepaTypHaH CTa6HnbH0CTb I,3% 
I3 oKpaHHpOBaHH8 cnOJKHoe 
I4 CTOHMOCTb 50 AOn. 

WOTOAHOA 
HeT 

2 nOB8pXHOCTb 3 CM 

60)6 

HeT 

H8T 
Heo6xoAHM BHCoRo-
RaqecTBeHHHH YCHnH-
T8nb 

I08 

roo Hc 
HH3RM lIMfi\) 

HH3RaH 

I CM 
O,I% 

HeT Heo6xOAHMOCTH 

I5 AOn. 

Bonee IO neT Has~ a llwBa 6un npeAn~eH HOBHH THn waY /II9/. OH HMe
eT IlpOTHJKeHHHH ~OTOKaTOA H n03BOMeT-p8I'HCTpHDOBaTb ROOPAHHaTy n~a
ro~ero Ha Hero qJOTOHa nyTeM H3MepeHHR.BpeMeHH APefi¢a qJOTOaneRTPOHa AO 
AHHO~OH CHCTeL!li. WOTOJMHOlKHT8nb 6un Ha3BaH I'OAOCROUHq8CKHM. lrw'3f). 
roAOCKOnHqecRHH W3J flBHReTCR O~OMepHb!M R00PAHHaTHO--qyBCTBHT8nbHb!M 
npH6opoM, B ROTOPOM KOOPAHHaTa TOqRH OCBe~eHHR ¢oToRaTOAa onpeAenR
eTCR no BpeMeHH AP8H¢a ¢oToaneRTp0HOB B CKpe~eHHOM MaI'HHTHOM 
H aneKTPHt18CKHX nonHX. 

0CHOBHaR o6naCTb IlpHMeHeHHR rway B 3RCn8pHMeHTMbHOH annapaType 
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STO HCnOJTh30Ba.HHe rue B pelltID!9 perncTpa.J..\HH OT,ll;SJThHIDC !pOTOHOB t1epeH-
ROBCROro CBeTa mm CJia6wc CL\HHTHJIJI~!OHHHX BCIIb111IeR. B pa6oTe /!20/ 

,ll;aHO onHCaHH9 cneRTpOMeTpa ROJieq tiepeHROBCROro H3JIYtI9HHH H ,ll;ByxROOp
~aTHoro CL\HHTHJIJim.JnoHHoro ro,n;ocRona Ha ocHoBe 'Ni3Y. B o6sopelI2I > 
no~o6HO paCCMOTpeHO pa3BHTH9 'Ni3Y, o6Cy'1t,Il8.IOTCH rue OCHOBHHe xapaRTe
pHCTHRH, npHBO,ll;HTCH npHMepI:I npHMeHeHHH RX B ,n;eTeRTopax tJaCTHq. 

4. 0nTHtJ9CRH9 CHCT9MH pernCTPa.J..\HH H o6pa60TRH ,n;aHHHX 

Kpymrn:e ycneXH B paspa60TR9 OilT03JI9RTpOHHHX H tJHCTO onTHtJ9CRHX JIO.

rHtJ9CRHX 3Jl9M9HTOB H cpe,n;CTB CBH3H C03,ll;aJIH npe,n;nocWIRH ~Hpaspa60TKH 
OilTHtJ9CRHX npoqeccopoB H OnT03JI9RTPOHHHX ycTpOHCTB pernCTPa.J..\HH H o6-

pa60TRR WHSHtJeCROH HHWOPMa.J..\HH. Heo6xo,n;HMo no'AtJ:epRHyTb, tJTO BHCOROe 
6HCTpo,n;eHCTBHe, ROTOpoe,B npHHqHne,MO~eT 6HTb ,ll;OCTHrHyTO 6Jiaro,n;apH 
npHMeHeHmo onTHtJ9CRHX JIOrHtJeCRrue 3JI9M9HTOB,H9 HBJIH9TCH CJI9,ll;CTBH9M. 

BbICOROH CROpOCTH CBeTa, a CBH3aHO C BHCOROH tJaCTOTOH CB9TOBHX ROJie6a

HHH H,tJTO He MeHee BaJKHo,c OTCYTCTBHeM sap~a y WOTOHa RaR HOCHTe
JIH noJie3H08 HH!pOl)Ma.J..\,rn. TaR, CROpOCTb pacnpocTpaHeHHH 9nTHtJSCROro CHr-

HaJia no CBSTOBO'AY H3 CTeRJIOBOJIORHa COCTaBJIH9T 203000 RM/c, tJTO 
6JIH3RO R CROpOCTH 3JI9RTpHtI9CROro CHrHaJia no ROaRCHaJibHOMY Ra6eJIIO. 
llcnOJib30BaHHe·B ycTpofic~Bax o6pa60TRH ~3HtJ9CR08 HH!p()l)Ma.J..\HH CB9TOBHX 

ROJie6aHHH ,n;aeT MHOro npeHMYil!9CTB, H B tJaCTHOCTH,OHO ynpo~aeT pa3BH3-
RH M~ qenHMH, Il03BOJIH9T perncTpHpOBaTb Henocpe,n;CTB9HHO o6pa3H Tpe
ROB tJaCTHq, cos,n;aBaTb 3~RTHBHbI9 CHCTeMH MOHHTOpHpOBa.HHH cqHHTHJIJIH
qHOHHIDC H tiepeHROBCRHX CtJ9TtrnROB. 
KHHra /22/ noCB~eHa BOnpocaM npHM9H9HHH onTHtJeCKOH 3JI9RTPOHHRH B. 
BHtJHCJIHTSJibaoA T9XHHRe. 

Cos,n;ruoTCH HOBHe THITH TpeROBhlX ,n;eTeRTOpOB - aRTHBHbIX MHIIISHefi, B ROTO
phlX HCilOJTh3YJ()TCH HOBHe RatJSCTBa H npeHMYilleCTBa OnTHtJ9CRrue M9TO,ll;OB 
pernc~H. B pa6oTe /23/ npHBO,ll;HTCH onHCaHHe H napaMeTpH TpeROBOro 
,n;eTeRTOpa HOBoro THna. CYTb ero cocTOHT B CJie,JJ,y!O~eM lpHc. I6). llMeeT-

~ . 
CH nytJOR CL\HHTHJIJIHqHOHHbIX CB9TOBOAOB, COCTOllll\HH H3 2,7•!0 BOJIOROH C 
nonepetIHmm: pasMepaMH 0,9iI,2 CM H ,IIJIHHOH 40 CM. 3ap.llllteHHHe tJaCTHL\H 
nepeceRazoT ero B nonepetIHOM HanpaBJI9HHH H nop~,n;aroT CB9TOBH9 BCnbllll

RH, ROTOpbie pacnpocTpaHmoTCH B,ll;OJib nytJRa, npHHHMaIOTCH C noMO~IO ipo
T0npH9MHHROB, pacnoJI~9HHbIX Ha BXO,n;e ,n;eTeRTopa,H YCHJIHBa.IOTCH.· B Ra
tJ9CTB9 ycHJIHTeJiefi HCilOJib3YJOTCH MHRpORaHaJibHHe ITJiaCTHHH. Ha BHXo,n;e 

,ll;9T9RTOpa IlOMe~eHa !pOCWOpHaH ITJiaCTJ.fHa, ROTOpaH C IlOMO~IO OnTHtJSCROrO 

paswMa nOARJIIOtJeHa x WOTO,ll;HOAHOtl: MaTpHqe, co,n;e~~etl: 244x284 meex. 
CHrHaJIH OT !pOTOAHOAHOfi MaTpHqH nocTynazoT Ha BHASOMOHHTOp •. 
Kpymiw ycnexoM B cos,n;aHHH onTHtJecRHX MeTo,n;oB cwMa H o6pa6oTRH HH

WOl)MaqHH B flA9PHO-~sHtJecRrue sRcnepHMeHTax M~o CtJHTaTbncnoJibSOBaHHe 
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PHc. 14. 06l!ll1H BRA HOBbIX THnOB i!Jd3Y • 

?He. I6. TpeROBbifi ,n;eTeR

Top. I- CBeTOBOAH,2- TWR 
tJaCT~bl, 3- ipoTORaTo,n;; 4-
(loc~op, 5-onTHtJeCRHH paso
eM, 6- MOHHTO.Po 

Ctel'IQ. 
npuloao. 

-------«>r.,, 
r1HtPlllTIDP 

Ucmo~MuK 
d1mo8.,, 
u11n11nuol 

2DH 

PHc. I5. 06l!ll1fi BH,ll; 
BaRyyMHOrO ~OTO,ll;HO,n;a. 

p 

H _,c .... ,.. I 
N■,, 

I?. MlllileHb - ,n;eTeRTOp. 

1 a,..oai,11,il ~- 1 l I 
I l 
l , I 
I ' I 
1 

MoavA~ I 

1 
cc~,m~ 1 

J ,col I 
I 
I 
I 
I 

Ha. JH.m B"wcmpvlO 
JIOlUKII 

F';1c
0 

18. MOR - f've1.1a Cl1CT9MH MOHl1TOpHpOBaHil.fI CtI9TtIHROB. 
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OITTIDJ:8CKOrO rrpoqeccopa, KOTOpID! rrpe~a3HaqeH AHH paCIT03HaBaHHH Tpe
KOB, perHCTPlf!lY8MblX B MHoronpoBOJIO~blX nporropqHOHMbHblX Ka.Mepax /24/. 
Bru!tHblM AOCTOHHCTBOM rrpoqeccopa HBHH8TCH B03MOJKHOCTb pacrr03HaBaHHH 
ciOlKHhlX co6HTHH B peMb~OM BpeMeHH. Ilpoqeccop o6pa6aTb1BaeT OITTHqec
KHe CHrHMH C TaRTOBOH qacTOTOH; KOTOpaH OrpaHIDieHa ~e BCero 
6h!CTpOA8HCTBli8M OITTOSJI8KTpOHHblX KOMnOHeHTOBo Pa6oTa npoqeccopa OCHO
BaHa Ha CH0'1t8HHH H8KorepeHTHoro CBeTa OT He3aBHCHMblX HCTO~OB. 

BXO~h!e CHrHanH, ITOCTynaIOII\118 OT Mm{, C ITOMO!l\blO CB8TOBOAOB npeo6pa3yroT
CH B CB8T0Bh!8 CHrHMhl H pa3B8TBHIDOTCH B 3~aHHOM HanpaBneHHH C ITOMO -
11\blO HHH3 H CB8T0q)HHbTpOB. 8neKTpOHHH8 norIDieCKH8 CHrHanh! ITOCTyrraroT 

Ha BXO~ MOCKOCTb rrpoqeccopa, COCTOfilllYIO H3 MaTpHqu CB8TOAHOAOB, 
KOTOpaH pacrron0'1teHa B ~oeyce BXOAHOH nHH3hl. 8Ta HHH3a COBM8CTHO C 
Bb!XO~OH HHH30H ~pMHpyeT H306paJK8Hli8' Ha ~TOAHO,,!WOH MaTpuqe. ~WibTp, 

KOTOpHH ITOMeiqaeTCH rrocne BTOpOH HHH3b!t npe,4cTaBHH8T co60H ronorpacptt -
qeCRyro rrnaCTUHY• 0rrT~8CKaH CHCTeMa npoqeccopa ynpaBHH8TCH OT 8BM, 
qTO IT03BOHH8T Bh!ITOnHHTb ceneKTHBHHH·OT60p Tp8KOB •. · 

Ycrre:irn: B paspa6oTRe C~HHTHHHm\I{OHH!lX CB8TOBOAOB H OITTIDI8CKHX M8TOAOB 
C'beMa HH~OpMaqUH, cosAaBaeMblX Ha· 6a3e Il3C-CTIJYRTYP; rrosBonmoT rrpoeK
THpoBaTb Bepnnunme A8T8KTOphl C Bb!C!)KOH paspeniaroiq~H crroco6HOCTbIO, rro
PHAKa IO MKM. HanpHMep, B pa6oTe' /25/ OITUCBH Bepnnunnitl A8T8KTOp, 

npe~asHaqeHHHH AnH 3KCrrepHM8HTOB C oqapOBaHHh!MH qacTID.18.MHo Ha pHc.I? 
cxeMaTIDI8CKH ITOKa3aHa aRTHBHM MHIII8Hb, COCTOHiqM H3 C~THnnHqHOHHh!X 

CB8TOBOAOB AH8.M8TpOM IO MRM. B3aHMOA8HCTBHe qacTHq npOHCXOAHT BHYTPH 
CB8TOBOAa; rrpo,nyKTU pa~rr~a pacnpOCTpaHHIOTCH BAOnb . coce~ CB8TOBO -, 

AOB, npeJKAe qeM OHH HX ITOKueyTo ){m!Ha npo6era iraCTHqhl COCTaBHH8T 
4 MM. ~aHHh!e O C06h!THHX perHCTpHpyroTCH C noMOiqbIO IT3C-MOHHTOpa. 

OCHOBHHe AOCTOHHCTBa TaRoro A8T8KTOpa-MmIIeHH 3aRJIIOtlaJOTCH B cne,ny-. 
IOiqeM: 

- BCH MHIIIeHb HBnHeTCH aRTHBHod, 

-o6ecrreqHBaeTCH BHCOKOe 6HCTPOA8HCTBH8 
THq/c), 

- Bh!COKOe npocTpaHCTB8HHOe paspemeHHe, 

q 
perHcTpaqHH co6HTHtt lIO qac -

- co6HTHH perncTpHpyroTCH B 06'beM8 MHIII8HH, 

- npH AH8.M8Tpe rrytrKa cqHHTHnnmopoB 5 MM MOlKHO saperHCTpHpOBaTb AO 
300 Jiy1IeH Ha OAHH TpeK, 

Pa6oTa A8T8KTOpa npoBepMaCb Ha nyqRe npOTOHOB C SHeprHeH I5 raB,H 
6h!nH ITOJiy118Hhl H306paJKeHHH TpeKo~ C IIPOCTPBHCTB8HHblM pa3pemeHHeM 
IOO MRM,0CHOBHH8 orpaHHqeHHH Ha pa3M8PH A8T8KTOpa H Ha pa3pemeHHe HaKJia

AhlBaIOT xapaRTepHCTHRH cqHHTHnnfiqHOHHh!X CB8TOBOAOB. 

CepL83HOH npo6neMOH HBHH8TCH C03AaHHe 3q$)KTHBHOH CHCT8MH ROHTPOHH 
B Tex 3KcrrepHMeHTax, rAe qHcno cqeT~OB COCTaBHH8T H8CKOnhKOCOT8H H 
Aallte ·Th!CHqoicna HCITOHb3YIQTCH w, TO Heo6XOA1WO KOnu6poBaTb KaR 
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aMITHHTYAhl lT.e. YCHH8HHe), TaR H BpeMeHHHe rrapaMeTpH. Ka.Jrn6pOBKa ycH

neHHH BWKHa B KMOpHMeTpax, rAe 3HeprHH B3aHMOA8HCTBymiqHX qacTHq H3-

M8PH8TCH no 8.MilnuTYA'aM CHrHMOB. To~OCTb KMH6pOB!tH AOJllKHa COC_TaB -
RHTb H8CKORbKO npo~eHTOB.Ka.JrH6pOBKa BpeMeHHh!X napaMeTpOB BaJKHa MR TeX 

' ' 

cqHHTHHHHqHOHHblX H qepeHICOBCKHX cqeTqHRoB; KOTOpble HCIT0nb3YIQTCH ,11'HH 
nonyqeHHH 6HCTpb1X COBn~eHHH C ITOMOnµ,IO Bp8MlrnponeTHOH T8XHHRH. B 

pa6oTe /26/ OITHCaHa CHCTeMa Kanu6pOBKH, B .KOTOpOH HCnOHb3Y8TCH nasep, 
HanonHeHH!lli . a30TOM, AHH reHepaqHH CB8TOBblX CHrHMOB ~T8HbHOCTbIO 

3 HC H C HHT8HCHBHOCTbIO rn'5 
4X?TOHOB. BaJKHblM Y3ROM AaHHOH CHCT'e_Mhl HB

HH8TCH OnTIDI8CKaH nllliHH CBH3H AJIHHOH 20 M, no KO~OpOH CHrHMH OT na-
3epa rrepeAaJOTCH K cqHHTHnnHqHOHHblM cqeT~aM. B Ka6ene COA8plKHTCH 
160 CB8TOB0,11'0B AH8.M8TpOM 200 MRM. CHcTeMa MOHHTOpHpOBaHHH KMOpHMeT~ 
pa, COCTOHiqero H3 4320 cqeTqHRoB, OITHCaHa B pa6oTe /2?/. 

B KaqecTBe HCTO~HRa CB8T0Bh!X CHrHMOB 3A8Cb HcnonbsyeTCH MOiqHaH 

KC8HOHOBaH Ha.MITa, KOTOpaH HM88T 3MHCCHOHHh!H cneKTp, 6irn3KH~ K qepeH
KOBCKOMy H3Jiy1IeHHIO. KpoMe Toro, TaRaH HaMITfl. m•eeT Bh!CORyro H~eJKHOCTb 
H CTa6HHbHOCTb B TeqeHHe AnliT8nbHOrO BpeM8HH {H8CKOnbKO neT). CBeT 

OT HaMIThl qepes CM8CHT8Hb ITOCTynaeT B Ka6enb, COCTOfiil\11H H3 80 rH6RHX 

CB8TOB0,11'0B {pHCo IS). KBJK,D;llli H3 CB8TODOAOB C IlOMOnµ,ro OITTIDI8CKHX pa3-
B8TBHTenett o6ecrreqHBaeT MOHHTOpHpOBaHHe MO,DyRH KanopHMeTpa, COCTOHiqe

ro HS 60_ cqeT~OB • .lvrH o6ecrreqeHHJI nepeAaqH cBeTa K KBJK.D;OMy cqeTqH

KY HCIT0nb3YIQTCH 6onee TOHICHe CB8TOB0,11'li AHB.MeTpOM 80 MRM. PaCCTOHHHe 
M81K,ey HCTO~OM CBeTa H cqeTqaKaMH COCTaBHfl8T 20 Mo 

BbtBOAH 

I. B COBpeMeHHblX H 6y,nyiqHX 3RCIT8pHMeHTax_cptt3HKH BHCOKHX 3HeprHtt 
HaH6onee IDHpOROe npHMeHeHHe Hax0)1'HT sneKTpOHHHe H OITT03H8RTpOHHhle 
M8T0AH YCHH8HHH, perHCTpaqHH H o6pa60TKH qM3IDI8CROH HH~pMaqHH. ' 

2. Be,nyTCH HHT8HCHBHh!e paspa60TKH Mo,nyneH KMOpHMeTpOB, B KOTOph!X 
' ; 

HCIT0nb3YIQTCH IDHq,repH H BOHOKOHHHe OITTIDl8CKHe CB8TOB0,11'H. 
3.Pa3pa60Tita OITTIDI8CKHX cqHHTHnnHqHOHHblX CB8TOBO,riOB' OTRpblBaeT IDHpQKHe 

rrepcneKTHBhl MH C03AaHHH BHCOKOTOqHHx rOAOCKOITOB, Mo,nynett AHH KOHO
PHMeTpo:ii H aRTHB!UnC MHIDeHett C BHCOKOH pa3pemaroiqeH cnoco6HOCTbIO. 

4 • .lvrH ycHneHHH H perncTpaqHH orrTIDiecKHX cHrHMOB Hapw c ~SY B Ma
R8THIDC pa3pa60TKax HCITOHb3yroTCH MMora6apHTHHe rronynpoBO~HKOBHe ~
T0AH0,11'hl H BaRyyMHHe ~OTOAH0,11'Ho 

5. BonbmHe ycrre:irn:, AOCTHrHyTHe B paspa60TK8 OnTIDI8CKHX H OnTOSHeK
TPOHHblX npH6opoB' C03AMH ycnOBHH ~HR. ITOCTpOeHHH OITTIDieCKHX npoqec
copoB, HM8IOII\11X p~ npeHMyiqeCTB ITO CpaBH8HHIO C o6~h!MH 3H8KTPOHHHMH 
YCTpOHCTBaMH o6pa60TKH AaHHHX. 

6. HeCOMH8HHHH HHTepec IlpeACTaBHHIOT OITHTHhle pa,spa60TKH MHlleHett H 

A8T8KTOPOB C 9nTHqecKHMH M8TOA8.MH perHCTpaqHH H o6pa60TKH 
cpll3IDI8CKOH HH~pMaqHH. 
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v.KpeMHH0BH0 ,Il0T0KTOpH H MOHl'ITOpH 

. I.KpeMHl'leBH0 ,Il0T0KT0pH 

Ilo.nynpOBO,qHHKOBH0 ,Il0T0KTOpH HCnOJib3YJOTCff B qM3HK0 BHCOKHX 3H0pI'HH 
6onee I5 neT. 3Ta M0TO,IlHKa 6asHpyeTCff Ha ,IlOCTIDK0HH/IX no.nynpOBOAHl'!
KOBOH TeXHonorHH • il3B0CTHH repMaHl'!0BH0 H Kp0MHH0BH0 ,Il0T0KTOpH.'B 
HaCTOmqee BpeMff nrnpOKOe npHMeH0HH0 HaXO,IlffT Kp0MHl'l0BH0 ,Il0T0KTOpH, 
nOCKOJibKY, B OTJIB1IH0 OT repMaHl'!0BblX, OHH MOryT _pa6oTaTb npH KOMHaT

HOH TeMnepaType. CneAYeT OTM0THTb PR.L1 ~eHHblX KaqecTB KpeMHH0BblX ,I\0 -

T0KTOpOB: 
- BHCOKaff qyBCTBHT0RbHOCTb.~OCTaToqHo OTM0THTb, qTo ~ff o6pa30BaHMff 

napu aneKTpOHOB B KpeMHH0BOM ,Il0T0KTOpe ,IlOCTaTOqHO saTpaTHTb 3,6 aB, 

B ra30BHX 30 aB H B C~HHTHHRffTOpax - 300 aB. 
- Xopomee aHepreTmecKoe paspemeHHe_ l,IleCHTKH KaB>. 

- BucoKaff CKOpOCTb perHCTp~HH,,IlO I0
6 

c. 
- BHCOKaff TQqHOCTb - H0CKOJibKO MHKpOH. 
- Bo3MOlltHOCTb C03,IlaHHff 6onbmoro qHcna KaHMOB perHCT~HH Ha He6oJib-
mOH MO~~H. Paspa6oTaH !28-KaHMBHHH Kp0MHl'l0BHH nonocKOBHH ,Il0T0K
TOp, HM0IO~H aKTHBHYJO ,I\HHHy 59 MM, TO~ 280 MKM H nrnpHHy nonoCKH 

25 MKMo 

- Manaff pacceHBaeMaff MO~OCTb • 
06naCTb IlPHM0H_0HHff KpeMHH0BblX ,Il0T0KTOpOB B qM3HK0 BHCOKHX aHeprHH 
B0CbMa llllipOKS:: T0H0CKOnH, aKTHBHH0 MHW0HH, MHOrOKaHaJibHH0 nosH~OH-

, HO-qyBCTBHT0JibHH0 ,Il0T0KTOpH, Kp0MHH0BH0 ,IlpeH(J?OBH0 KaMepu lHOBHH THn 
,Il0T0KTOpa>, Kp0MHl'l0BHH TpeKOBHH ,Il0T0KT0p co CTaTHq0CKHM sanoMHHaHH

eM Tp0KOB qacT~ lnp~HilHaJibHO HOBHH THn ,Il0T0KTOpa>. Brumo TaKJKe, 
qTo Kp0MHH0BH0 ,Il0T0KTOpH MOryT pa60TaTb npH 3HaqHT0JibHHX MaI'HHTHHX 
non/IX /pHc. I9/ /30/. · 
B Ta6~e 4 IlpHB0,Il0HH THilHqHH0 napaMeTpH Kp0MHH0Boro wmpononOCKOBO
ro ,Il0T0KTOpai 'IlpHM0Hff0MOrO, B UEHi B 3KCn0PHM0HT0 C oqapOBaHHHMH qac

T~aMH. TaROH ,Il0T0KTOP HCnOJib3Y0TCff B TenecKone,c nOMOllµ,IO KOTOporo 
saperncTpHpOBaHO 4,5 MnH. C06HTHH !:!pH aHeprnH 200 raB. 
CoBpeMeHHHe ,Il0CT:llllt0Hl'lff B o6naCTH T0XHOHOrHH KpeMHH0BHX ,Il0T0KTOpOB, 
6HCTPOH aneKTpOHHKH H T0XHHKH 60HblIIl1X HHTerpanbHHX MHKpOCX0M cnoco6-

CTBYJOT WHPOROMY npHMeHeHHIO KpeMHl'!eBHX ,Il0T0KTOpOB B aKcnepmieHTaJibHHX 
YCTaHOBKax,B TOM qHcne H B KMOpHMeTpax. Pa6oTa /28/ nocBmqeHa npo6~ 
neMaM HCnOJib30BaHl'!ff Kp0MHH0BHX ,Il0T0KTOpoB, ,IlaHH HX xapaxTepHCTHKH. 
THTIHqHaff TO~a KpeMHH0BHX ,Il0T0RTOpOB, npHM0Hff0MHX B qM3HK0 BHCO -
KHX 3HeprHH,HaxO,IlHTCff B npe,Ilenax I00-500 MKM, a conpOTHBH0HH0 2-
IO ROM• CM., HcnOJib30BaHHe MHKpononOCKOBHX ,Il0T0KTOPOB nosBOHffeT no.ny
qHTb paspemeHHe 5 MKM. Ha pHc. 20 noKasaH o6~H BH,Il MHKpononOCKOBOro 
,Il0T0KTOpa B paspese. IlonocKOBH0 nHHHH HM0IOT ,IlnHHy ,I\O 6 CM H pacnono-
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~eHbl ~ m~rOM 20 MKM ,IffiYr OT ,IffiYra. TaKHe ,Il0T0KTOpH B coqeTaHHH C MHO
rocnoHHOH Kp0MHH0BOfi MHW0Hb!O HCnOJib3YJOTCff B 3KCnepHM0HTax C o6pa30Ba
HH0M oqapOBaHHHX qacT~, nOCKOJibKy B 3THX 3KCnepHM0HTax Tpe6yroTCff 
Tp0KOBHe ,Il0T0KTOpH C BHCOKHM paspemeHHeM ~ff onpe,Il0H0Hl'lff B0pmHHH B3a
HMO,Il0HCTBHff /29~ 

Ta6n~a 4 

THnHqHH0 xapaxTepHC!HKH KpeMHH0BOro IlOROCKOBOPO ,Il0T0KTOpa 

NQ IlapaMeTp BeJratIHHa 
I. MaTepHM 3 KOM • CM , KpeMH_HH 
2. To~a 280 MKM 
3. HanproK0HH0 CM8~0HHff !20 B: 
4. qHCHO nap aneKTpOHOB-,IlHpOK ~ff 

qaCTHl-l C MHHHMMbHh!MH HOHH3aI-lHOH-• 

24d0
3 

Hb!MH llOT0pffMH 

5. LfHCHO ,IlHO,IlOB 1200 
6. liar Me~ nOROCKaMH 20 MKM 
7. )vnrna nOHOCKH 30 MM 
8. qYBCTBHT0HbHaff nOB0pXHOCTb 24K36 MM 

9. qHCHO KaHMOB C~THBaHHff IOO- 240 
IO. IlpocTpaHCTBeHHoe paspemeHHe 4,5 MKM 
[I. PasremeHHe .IlBYX TpeKoB 60 MKM 

Ha pHC. 2I npHB0,Il0H o6~H BH,Il MHKpononocKOBoro ,Il0T0KTOpa. 
Bonee ,Il0ill0BH0 ,Il0T0KTOpH C MMHM Y.Il0HbHbIM conpOTHBH0HH0M I-I,5 KOM•CM, 

6oRblIIl1MH pa3M0paMH, nno~~IO 20 -30 cJ H TO~HOH 300 MKM HCITOJib-
3YJOTCff B KMOpHMeTpax /30/. TaKHe ,IleTe~Topu mieroT 6oJI.bmyro BHXO,qHYJO 

0MKOCTb, nopH,IlKa 3000_ ~- B Ta6n. 5 npHB0,Il0HH H0KOTOpHe ,IlaHHHe, xapax

':'0pHsyro~e napaMeTpH aneKTpOHHHX YCHHHTeneH B 3aBHCHMOCTH OT BblXO,Il
HOH 0MKOCTH ,Il0T~KTopa. EcnH He Tpe6yeTCff BHCOKOe 6HCTpO,Il0HCTBHe, TO 
C ~0Jib!O 3KOHOMHH YCHHHTenen npH cqHTHBaHl'!H npHM0Hff0TCff M0TO,Il ,Il0H0HHff 

sapR,L1a. 06~H sapR,L1 ,Il0T0KTOpa pacnpe,Il0Hff0TCff M0~AY COC0,qHHMH nonocKa
MH C llOMOllµ,IO B3aHMHOH 0MKOCTH. Ha pHc. 22 npHB0,Il0Ha cxeMa OAJ!Oro Ka
HMa ycHnemrn. ,I!Jrff cqHTHBaHl'!ff CHrHMOB H onpe,IleneHHff KOOp,IlHHaTH co6u-

THff HC~ORb3YJOTCff ' BH0mHHe pesHCTHBHHe ~enoqxH· H cnoco6 nocne,Ilo-
BaTenBHoro cqHTHBaHHff /3I/. 

,IlJrff perHCTp~HH C06HTHH C 60JibillOH MH0~0CTB0HHOCTb!O npHM0Hff0TCffr Me
TO,Il rrapannenbHoro cqHTHBaHHff CHrHMOB OT K~O_H nonOCKH ,Il0T0KTOpa 
HnH coqeTaHH0 nocne,IlOBaT0JibHOro. M0TO,Ila C napanneJibHbIM. IlpH 3TOM CYM-
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MapHhlli CHrHaJI HCilOJib3Y8TCR ~R cpopMHpOBaHHR 3arryCK8.!0IIpro tTpHrrep

HOrO ) HMITYJibCa, lloCKOJihey Bb!XO,ll ,ll8T6KTOpa HOCHT 6MKOCTHhlfi xapaKTep, 

TO ~R YCHJI8HHR CHrHanOB B OCHOBHO~ ~CTIOJib3yIDTCR 3apagoqyBCTBHT8Jib

Hhl8 YCHnHT8nH, O~aKO raTTH /32/ n01:a3an, tITO OTHOmeHHe CHrHan/myM 

MOJKHO yBenHtIHTb ITO Kpafurefi Mepe B "{2 pa3, ecnn HCIIOJib30BaTb ycHnHT8Jib 

Harrp.F.OKeHHR, llonytieHO pa3peID8HHe 23 m,B rrpH ycJIOBHH,tITO CHrHan_ CtIH-

THBMCR OT H8CKOJibKHX nocnegosaTeJihHO BKJIID48HHhIX TIOJIOCOK (pHC. 23). 

Ta6~a 5 

llapaMeTphl 3JI8KTpOHHIDC ycHnHT8Jiefi B 3aBHCHMOCTH OT Bb!XO~Ofi 

8MKOCTJI 

Bxo~aR eMKOCTb YCHJIHT8JIR BenHtIHHa myMa )vrHT6JibHOCTb CHr-

mi KaB Hana Ha Bmco.ge 

20 20 40 HC 

200 30 65 HC 

3000 I50 I MKC 

TeneCKOil H3 Kp8MHH8Bb!X ,ll8T8KTOpOB aqiqeKTHBHO HCIIOJib3Y6TCR B KatieCTBe 

B8pIIIHHHOro ,ll6T6KTOpa lpHc. 24 a>. llYtJ:KOBHfi TeJieCKOII COCTOHT H3 6 

IIJIOCKOCTefi BI-B6. llepBhle tI6THpe IInOCKOCTH pacnOJIOJ!t8HH ropH30HTanbHO 

C maroM 50 MKM H OO'oe,llHH6Hhl B naphl. ,IIBe gpyrHe HaKJIOH6Hhl K ropH30H

TanH Ha! I4°H HMeroT mar 20 MKM. 8TOT T6JI6CKOII CJIY)KHT ~R onpe,lleJieHHR 

TOtIHoro IlOJI~6HHR nyqKa 11'-C aHeprnefi 200 raB. 

AKTHBHaR MHID6Hb M COCTOHT H3 I0 KpeMHH6Bb!X CtI8TtIHKOB TO~Ofi 280 MKM, 

OHH paCIIOJIOJ!t8Hhl Ha paCCTORHHH 500 MKM ,llpyr OT ,llpyra. 8TH CtieTtIHKH 
COCTORT H3 ropH30HTMbHhIX IIOJIOCOK ,llJIHHOfi 26 MM, mar . 20 MKM, .na-
nee aa MHID6Hbro paCilOJIOJ!t6HO HeCKOJibKO KpeMHH6BhIX ,ll8T6KTOpOB C maroM 

400 MKM, fuiqiOpM~HR, ClIHThIBaeMaR OT 3THX ,ll8T6KTOpOB, HCilOJib3Y8TCR ~R 

BhlpaOOTKH 3arryCK8.!0~ero HMrryJibCa, 8CJIH MHKporrpo~eccop BHpa6aTh1BaeT 
CHrHan O IIOJI63HOM COOhITHH. 

BepIDHHHhlli TeJieCKOII COCTOHT H3 6 MHKpOTIOJIOCKOBhIX ,ll6T6KTOpOB TO~ofi 

280 MKM C aKTHBHOfi IIOBepXHOCTbID 24JC30 MM. CHrHaJIH OT 3THX ,ll8T0KTO

poB CtIHThIB8.!0TCR M6TO,llOM ,ll6JI6HHR 3apR,lla H HCIIOJib3yIDTCR ~R H3M6peHWI 

TOIIOJIOrHH COOhITHR C peKop~hIM pa3pemeHHeM 5 MKM, .naaahl6, perHCTpnpye

Mhle B8pIDHHHhIM ,ll8T8KTOpOM,Il03BOJIRIDT TOtIHO peKOHCTPYHPOBaTb o6e Bepnrn:
Hhl B3aHMO,ll6HCTBHR, KaK rrepBHtIHYJO, TaK H BTOpwmyro, 

Ha pHC, 24 6 6onee ,ll6TMbHO IIOKa3aHa cxeMa aKTHBHOfi MHID8HH. OHa coc-
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TORT R3 IO MmtpononocROBblX AeTeRTOpOB C maroM 20 MRM. Om! pacnono~e
HH c maroM 500 MRM ~yr OT ,11PYra. Ha paCCTOJlHl'!R 20 MM BApnb rrytma 
HMeeTCH e~e ABa AeTeRTOpa C maroM 400 MRM. BHCOROe paspemeHRe, nony
qaeMOe C TIOMO~ID MHRpononocROBblX AeTeRTOpOB,TI03BOnHeT pemHTb qiyH.!\a -
MeHTMbHJID MeTo~~eCRJID npo6neMY B qM3HRe BHCORRX 3Heprntt TIO orrpeAene
HHID Roop~HaTH B8pDIHHH pacnaAa oqapoBaHHh!X qacTRD; C Bp8M8H8M ~3HR 

ro-'3c, Ha PRC. 25 npRBeAeHa rRCTOrpaMMa, HnnIDCTpRpyro~aH B03MO~
HOCTH MHOrocnottHO~ RpeMHHeBOH MHmeHH B SRCTiepRMeHTe. 

KpeMHHeBiili1 AeTeRTOp He o6n~aeT CBOHCTBOM BHJTpeHHero ycHneHRH, no
STOMY Ha BXOAe YCHnHTenH AeHCTByeT sap.ff,11, paBHHM qHcny aneRTpOHHO
AHpOqHbJX nap, nop~aeMblX 3Heprnett sapmiteHHOH qaCTfillH. OT CTaH,IlapT -
Hore RpHCTanna, HMero~ero TO~ 300 MRM, M~O TIOnyqHTb CHrHan, SR-

• 3 
BHBaneHTHHM 25tl0 aneRTPOHOB. noaTOMY ~ RpeMHHeBblX ,IleTeRTOpOB He-
o6xo,IlHMI,l YCHnHTenH C HH3RHM ypOBHeM myMOB. TIOHBneHHe MHOrORaHMbHl:ilX 
RpeMHHeBblX AeTeRTOpOB C MHRpononocROBHMH JllllIBHMH CTaBHT 3~aqy C03,Ila
HHH ~rutHX ycTpOHCTB perHCTpruv.iH, pasMepH ROTOpb!X 6HnH 6H aASRBaTHH 
pasMepaM ,IleTeRTOpOB C yqeTOM ~cna RaHMOB •. 
B pa6oTe /33/ TipHBO,IIHTCH cne~e Tpe60BaHHH R YCHnHTenro cqHTHBaHHH: 
Be~a ENC - 1000-1300 aneRTPOHOB, BXOAHOe corrpOTHBneHHe - 120 OM, 
pacceHBaeMaH MODJHOCTb - MBT Ha RaHan, BpeMR HapaCTaHHH - 2-5 He, 
nnOTHOCTb pasMeITjeHRH 4 RaHana Ha RB~aTHHH AfilMM. 3THM Tpe6oBaHHHM 
YAOBneTBOpHIDT YCHnHTenH, BliTIOnHeHHHe ITO rH6pHAHo-nneHOqHOH TeXHono
rHH. Tipo6neMa ycHneHHH cna6h!X CHrHanoB lI50 HA) HBnHeTCH He eAHHCT -
BeHHOH B npon;ecc_e cqHTHBaHHH ,IlaHHblX OT RpeMHHeBblX AeTeRTOpOB. Heo6-
XOAHMO TaroKe o6ecrreqRTb C03,IlaHHe SROHOMHtlHOH CXeMH perHCTpaD;RH H 
on;mppOBRH. OAHa H3 TaRRX cxeM TipRBeAeHa Ha pHc. 26 /34/. nocne ycR
neHHH CHrHanH saITOMHHaIDTCH Ha ROHAeHCaTopax c, - C,z._3aTeM C TIOMO~ID 
ROMMJTaTOpa ,IlaHHHe nocne,IIOBaTenbHO 3aHOCHTCH Ha C,IIBHrOBHH perHCTp. 
IlpHMeHeHHe K-MOTI - T8XHOnorHR ,IlnH TIOCTpOeHHH TaROH cxew o6ecrre~Ba
eT BHCORyro qacTOTY cqHTHBaHRH l5 Mm;); ycTpOHCTBO HMeeT 128 RaHMOB 
cqHTHBaHHH H perHCTpaD;HH TipH pacceHBaeMOH MO~OCTH 2 MET. 
HoBeMmHe Hccne,IIOBaHHH ITORa3HBaroT, qTo npHMeHeHHe RpHCTa.JIJIOB RpeMHRH 
B 6y.zzyiqeM OTRpoeT BeCbMa 3aMaH~BHe nepcneRTHBH. PaCCMOTpHM ,IIBa 
npHMepa. Orrpe,I1eneHHHH HHTepec Bli3HBaeT OTIHTHM pa3pa60TRa Rp8MHHeBOH 
,IlpeHq>OBOH RaMepH /35,36/. IlpHHD;HIT AettCTBHH TaROH RaMepH OCHOBaH Ha 
paHee HeH3BeCTHOH cxeMe TpaHcrropTHpOBRH sap.ff,IlOB B ITOnHOCTbID o6eAHeH
HOM nonynpoBOAHHRe. B aTott cxeMe aneRTpHqecRoe none, ROTopoe ocy
~eCTBnHeT nepeHOC sap.ff,110B,He saBHCRT OT TIOM, ROTOpoe C03AaeT 06e,I1-
HeHHyD soey. BosM~li cne,I1yro~e o6naCTH npHMeHeHHH TIO,II06HOH cxeMH 
nepeHoca sap.ff,11oB: 

- C03AaHHe TIOnyTipOBOAHHROBblX AP8H~OBblX RaMep C BHCOROH paspemaro~eH 
crroco6HOCTbID, 
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- rronyqeHHe CB8p:J?Ja.JihlX eMKOCTeit C ~enbIO rrpHM8H8HHR HX ,IlnR C03,IlaHHR rro
JIYilPOBO,IlIDIBOBHX CTI8KTpOM8Tp0B C 6om,moit nnorq8,Ilb!O, 

- H3rOTOBn8HH8 BHCOK03qiqBKTHBHIDC.~OTOAHO,D;HHX MaTpH~ H nptt6opoB C sa
PMOBOit CBR3bIO. 
Ha pHc. 27 TIOKasaHo, KaK MOJK8T 6mb ycTpoeHa ~eit~BaR KaMepa C MHK

porronocKOBHMH sneKTpO,IlaMH, C ITOMOIIµ,IO KOTOpHX C03,Ila8TCR He06XO'AHM08 
AnR rrepeHoca sapMOB sneKTpHlleCK03 none. SneKTpOHH, ocBo6~aeMHe 
sapHlK8HHOit qacT~en,cxOARTCR B cpe,D;Heit 30H0, rAe HM00TCR ITOTe~uam,

HHit MHHHMyM, H AMee 'AP0itqJJIOT B HarrpaBneHHH rrono~HTenbHOro sneKTPOAa. 
BpeMR ,I!peit~ cocTaBnReT IOO He Ha AnHHe IO MKM. ITpocTpaHCTB0HHoe 

paspemeHHe B TaKOit KaMepe MOJK0T COCTaBMTb 3 MKM. 
B pa6oTe /37 / OITHCaH rrpH~HITHam,Ho HOBHit THIT TpeKOBoro ~eT0KTOpa, B . ) 

KO:OPOM TpeK qacT~H sarrOMHHaeTCR B B~e sapMa B TaK Ha3HBaeMOit 
p-1,-n. CTpyKType rrpH TeMTiepaType ~MAKOro renttR. TaKoit 'A0T0KTOp rrony -
qHn Ha3Bamrn "KpHoreHHHit ,Il0T8KTOp C sarroMHHaHH8M sapMa". ITO,Il BnHRHH
eM sneKTpHll0CKoro nonR ITOpflAKa 2 B/MKM sapM MO~eT 6mb cocqHTaH sa 

· BpeMR IO rrc. OiK~aeMaR TO~OCTb perHCT~H - 3 MKU. IlOCKOnbKY sapM 

M0~8TXpaHHTbCR orrpe,IleneHH08 BpeMR, TO ,IlnR C03,IlaHHR CHCT0MH cqHTHBa

HHR B AaHHOM c~ae TIOTpe6yeTCR ropa3,I!O M0Hbmee qHcno ycttnHTeneit, qeM 

B 06~0M Kp0MHH0BOM ,Il8T0KTOpe. 

2. KpeMHH0BH8 MOHHTOpH 

KpeMHII0BH0 MOHHTOPH HHT0HCHBHO pa3BHBaIOTCR B rrocne,D;Hee A0CRTHneTH0 
H rrpHMeHRIOTCR AnR perHCT~HH CB0TOBHX CHrHMOB, ,IlnR qreHHR ,IlaHHHX 
H Ha TeneB~0HHH. OHM HM0IOT ManH0 ra6apHTH, ~eHT~He xapaKTepHCTH-

KH H ManyIO ITOTpe6nR8MYIO MOII\HOCTb. B~HMH KaqecTBaMH Kp0MHH8BHX MO
HHTOpOB RBnRIOTCR TaK~e BHCOKOe npOCTpaHCTB0HH00 paspemeHHe, mHpOKHit 

W!HaJ.!Hq8CKHit ,I!HarrasoH, nHHeitHOCTb xapaKT0pHCTHK H OTCYTCTBH8 sarras -
,IlHBaHV.R ~a. Hau6onee mHpoKoe npHMeHeHv.e rro~HnH ,I!Ba THrra KpeMHH

eBHX MOHHTOpoB: ~TO,I!HO,IIHH8 MaTp~H (~,llA)H rrpu6opH C sapMOBOit 
CBR3bl0 trrsc>. Pasn,rque B rrpH~Hrrax A8HCTBHR 3THX rrpu6opoB, a TaKJKe 
HX rrapaMeTpH paCCMOTpeHH B pa6oTe /38/. B Ta6n. 6 AaHH OCHOBHH8 rra

paMeTpH THIT~oro ~TOAHO,Ila. 
Ha puc. 28 ITpHBe~eHa cxeMa ~,IN, KOTOpaR HCITOnbsyeTCR B ITHKOC0KYH,D;HCtl 
RaMepe AnR H3MepeHHR ~OpMH HMrrym,coB nasepa /~/. • ~OTO'AUO,D;HaR MaT
p~a RBnReTCR co6CTB8HHO CKaHHpyrorqeit MaTp~eit. 0Ha COCTOHT H3 I024 

~TO'AUOAOB, pacrronOJKeHHHX Ha paCCTORHHH I5-20 MKM Apyr OT ~yra. 
Mym,THM8KCHpOBaHH8 sneMeHTOB BHITOnHR0TCR C ITOMOIIµ,IO MOIT-Knroqefi, coe
W!H8HHHX C o6rqeit BHXO,IIHOit illHHOit. l{nroqH yrrpaBnRIOTCR cmrnanaMH, ITOCTy

ITaIOillHMH OT CABHroBoro perHCTpa. qaCTOTa HMrrynbCOB C,IlBHra 3 - 4 MI'l\. 
ITpKM0H0HH0 ~,ItM IT03BOnttno ITO~HTb paspemeHH8 I5 ITHKOC0RYHA, AHHaMH -

32 

1 
2 
3 

TpeK 
PHc. 27. CxeMaTHllecKoe H306~eHtte KpeMHHeBoit ,I!PeitwoBoit RaMepw. 

PHc. 28. CxeMa ~To
w,io,D;Hoit MaTp~u • 

.... 

ny4oK rr-
5 I'sB/c 

Sf 

I 
K aucpcpysuoH-
HOMy Hacocy ~ 

Omu1..1ec1<aR 
CUCTeMa 

J1C.ua1<uu 
'-'-'-~ &oaopoa 

f--o,SM-1 
Puc. 29. Hcrronb30BaHHe IT3C B RaqecTBe TpeKo
'A8T0KTopa. ITI-!f3 - IT3C, I - 4 - cqeTqHRH, 
Mill{ - rrporrop~HOHMbHHe KaMepH. 

PHc. 30. 3apeN!CTpapOB8.HHl:,[8 Tpetrn : a> C ITOMO!qb!O ~JibMOBOH RaMepu, 
6) C f!OMOrqblO IT3C - MOHHTOpa. 
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qecKHH ~anasoH II60 H OTHOmeHHe CHrHa.JI/myM4xI03 .0cHOBHOH rrpo6JI0MOH 

B T0XHOJIOrHH ill,llM RBJIR0TCR C03AaHH0 HA0HTKtffib1X MaTp~. 

Ta6~a 6 
XapaKTepHCTHKH THl1~0H ill)lv\ 

NQ IIapaMeTp BeHHqHHa 

I. PasMep KpHCT~a 24dQaIO MM 

2. HarrpBJKeHHe CM0Il!0HHR - 20 B 
3. TeMHOBOH TOK I,8 HA 
4. OOOCTb 85 11ill 
5. IlhipHHa BOpOT ~R AUII 4 MKC 
6. CHCT8MHb10 myMb1 400 SJl0KTpOHOB 
7. PaspemeHHe 30 KaB 
8 qHCJIO ~OTOSJI0KTpOHOB 32000±10 qa/ MaB 

I{aK 11qKa3aHO B p~e pa6oT, II3C HM0IOT mHpOKHe 110T0HUHa.JibHHe_ B03MOJKHOCTH 

HCl10fil30BaHHR B ~epHO - cpH3~0CKHX 8KC11epHM0HTax. Ea.soBaR mefiKa 
II3C COCTOHT H3 60fillliOro qHCJia meeK C M8XaHH3MOM 11epeAa~ 8JI0KTp~ec

KOro sap~a OT O~OH meitfm: K ~yrofi. illaKT~0CKH C TO~H speHHR 110T
pe6HT8JIR Mb! HMeeM aHaJioroBblfi CABHrOBb!H perHCTp (~g s~epmH). 3TO 

1 CBOHCTBO 3aA0PlKl1BaTb CHrHanbl RBJIR0TCR B0CbMa Ba.JKHHM IIpHM0HHT0JlbHO K 
60filmHM A0T8KTOpaM, Ta.R KaK ~R sa110MHHaHHR CHrHa.JIOB MOlltIIO HCl10JU,30-

BaTb 6oJiee AemeBHe AUII H '31. BoJiee A0Ta.JibHO BorrpocH IIpHMeHeHHR Il3C 

B ~epHO - cpH3~0CKHX 011bl.Tax pacCMOTpeHI,I B pa6oTe /40/. 
B /41/ H3JIOOteHH cpHs~ecKHe CBOHCTBa II3C H HX TeXH~ecKHe xapaKTe ,
pHCTHKH .011HCaHH TaK~e 11pHMeHeHM 11pH6opoB C sap~OBOH CBR3b!O B CHC

T0Max cqHTb!BaHHR H306p~eHHH, B ,sa110MHHaIOII\HX ycTpOHCTBax H AJIR pe 
rHCTpaQHH TpeKOB B CTpHMep~OH KaMepe. Ha pv.c. 29 IIpHB0AeHa cxeMa yc
TaHOBKH, B KOTOpofi AByXMepHml TI3C HCl10Jib3yeTCR B KaqeCTBe A0T0KTopa. 

KpHOCTaT, Ha110HHeHHblfi ~HAKHM BOAOPOAOM, CJIYiltHT ~R oxn~eHHR II3C -
MaTp~ IlI-Il3, qTQ 1103BOJIR0T pe3KO YM0HbWHTb T0MHOBOH TOK. Il~OK 11:Me-

30HOB ~pMHpyeTcR TaK, qTo ero pacTp OKOJIO MaTp~ cocTaMHeT ±I MpaA 
110 ropH30HTaHH H.BepTHKaHH.Ilpo11opQHOHa.JibHbl8 KiulepH MIIl{ I-4 H CQHHTM
JIRQHOHHble cqeT~H HCl10Jlb3YJOTCR ~R MOHHT.Opl{pOBaHHR rrytma H BHpa60T

KH sarryCKaIOil!ero ycTaHOBKY HMrrynbCa. B TaKOM A0T0KTOpe perHCTpHpYJOTCR 
2-TpeKOBb10 C06HTHR C IIpOCTpaHCTB0HHW paspemeHHeM 4,3 MKM. ){Ba: 
TpeRa pa3~8.IOTCR Ha paCCTOfiHHH 40 MKM IIpH a~RTHBHOCTH 98!6., 
CHCTeMa Il3C-MOHHTOpOB HCl10J!b3Y0TCR !a.IOKe ~R perHCTpaQHH TpeROB qac
T~ B 011T~0CROH HCKpOBOH RaMepe.HsrOTaBHHBaeMble B HaCTO~ee BpeMR 
MaT~bl HM0IOT 500K300 8Jl0M0HTO~ C pasMepaMH 30K30 MKM, qTO 1103BOJIR0T 
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110.nyqHTb xopomee paspemeHHe IIpH OTHOCHT0HbHO 60JibWOM ~pMaTe Hso6pa

~eHHR /42/. B aJieRTPOHHOfi cxeMe yrrpaBJieHHR HapR,Dy c TT]-aJieMeHTaMH 
HCl10nh3YJOTCR MOIT- MHKpocxeMH, H006XOAHMble AHR yrrpaBneHIDI. pa6oTOH 
IT3C-MaTp~. HCl10Hb3Y0MH9 B ycTaHOBKe Il3C-MaTp~b! HM9IOT BepTHKaJibHYJO 
cTpyRTYPY, IIpH KOTOpofi HH~pMaQHR O~OBpeMeHHO CABHraeTCR Bo Bcex KO
JIOHKax R 06Il!9MY CABHrOBOMY perHcTro,H R~aR KOJIOHRa cqHTb!BaeTCR 11oc
JI0AOBaTeJibHO. C Q9Jlb!O 110Bbllli9HHR 110M9XOYCTOfiqHBQCTH MOHHTOp CMOHTHpo
BaH Ha OTA0JibHOH MaTe H AaHHble 11epeAaIOTCR 110 Ka6enIO AHHHOH 2 M R yrr
paBHRIOil!9H 11JiaTe, rAe CMOHTHPOBaHa 8Jl9RTpOHHKa. 
AHanoroBHH rrpoueccop BbJIIOHHR9T qlj'HRUHH cpHfilTPaQHH myMOB, BIBrnTaHHR 
!Ib0A8CTa.Jia,c6opa·H xpaH9HHR AaHHHXe 0THOW0HH8 CHrHM/myM paBHO IOQ. 
BHXOAH 11poueccopa 110AKnIDqeHH R BXOAaM mecTH AUII c BpeMeHeM rrpeo6pa
soBrurnR I50 HC (5 6HT). ,namible c BHXOAOB AIUI 11ocTy11a10T B sa110MHHaIO

Il!ee ycTpOHCTBO H saTeM o6pa6aTb!BaIOTCR C 110M0Il!b!O MHKpo8BM. C Q0fill0 
KOHTpOJIR 11: CHRTHR xapaKTepHCTKK Il3C-MoHHTopa TpeKOBaR HH~PMaQHR ~o
Torpawv.pyeTCR C 110M0Il!b!O 011T~8CROH CHCTeMH. Ha pHc. 30 IIpHB8A8H 

I' O~H 11 TOT ~e TpeK, CHRTb!H C 110MOIIlb!O qJl1JlbMOBOH CHCT9Mbl H C 110MO

Il!b!O II3C-MOHHTOpa. Cpe~ee paspemeHHe AByx Tp9ROB COCTaBJIR0T II MM, 
B TO Bp9MR RaK B cpHJ!bMOBOH CHCTBMe OHO paBHO I6 MM. To~OCTb H3Mepe

HHR BAOJ!b TpeKa paBHa IO H 30 MM COOTB0TCTB0HHO. 

BHBOAbJ 

I. KpeMHH9BHe A0T9KTOpH HM0IOT WHPORH9 110T0HQHa.JibHHe B03MOlltIIOCTH, oco-
6eHHo B CBR3H C C03AaHH9M MHKp0110JIOCKOBHX A0T0KTOpOB C 60JiblliHM ~c -
JIOM KaHaJIOB perHCTpaQHH. 

2. Hc110Jlb30BaHHe A9T9RTOPOB B xaqecTBe aKTHBHb!X MHmeHefi 1103BOJIR9T 
C03AaBaTb BepmHHHHe A0T9RTOPH .C BHCOKOH paspemaIOil!0H c11oco6HOCTb!O 
AHR H3~0HHR CBOHCTB oqapOBaHHHX qacT~. 
3.HHTeHCHBHOe pa3BHTHe 110JIYIIPOBO~IHKOBOH TeXHOJIOrHH cos.~aeT IIp0A110 -
CWIRH AJIR C03AaHHR HOBHX THl10B Tp0KOBHX A0T0KTOpoB, TaKHX KaK RpeM" -
HHeBaR Apefi~OBaR KaMepa H RpHoreHHblfi A0T0KTOp C 3al10MHHaHH0M sap~a. 
3TH A0T9RTOPH HM9!JT ToqHQCTb perHCTpaQHH 110p~a 3_MKM. 

4. Manb!e ra6apHTH KpeMHHeBHX A9T9KTopoB xopomo corJiaCYJOTCR c MHoroxa
HaJibHofi 8Jl0KTpOHHKOfi, C03AaBaeMOH 110 ru6p~ofi T9XHOJIOrHH. 
5.KpeMHH0Bbl0 MOHHTOPH HaXOART pa3H006pa3H09 IIpHM0H0HHe B ~epHOH qM-
3HKe: 011T~0CKH0 MOHHTOpb!, TpeKOBHe A0T0KTOpb!, aHMOrOBble JIHHHH sa
A0!J)KKH Ii 11poq. 
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VI. Ka.nopHMeTpH 

l. 061l\He ilonpocH 

YcneXH H HHT8HCHBHOe pa3BHTHe qM3HKH BHCORHX 8HeprHfi CT~JIHPY8T C03-
,IlaHHe MOll\HblX YCKOpHTeJieH c BHCOKOH CBeTHMOCTblO Ilj'llKa 1d3c:ii c1, c 
8HeprHeH HeCKOJibKO COT8H raB / H HeynpyrHM cetieHHeM 50 MHJIJIH6apH. 
B CBOJO Otiepe,Ilb YCHJI8HHO pa3BHBaeTCH Texmma MHOrOKaHaJibHHX ,Il8T8KTO

poB SJieMeHTapHb!X tiaCTHI.:(. CoBpeMeHHHe cneKTpOMeTpH qM3HKH BbICOKHX 

aHeprnfi xapaKT8pH3YIDTCH npe~e BCero TeM, trTO B HHX o6'be~HHeTCH MHO
xecTBO pa3JIHtrHHX THITOB ,Il8T8KTOpOB. TIOSTOMY ,I!JIH CtIHTh!BaHHH HH~OpM~Hll 
0 npocTpaHCTBeHHHX H BpeMeHHHX C~OTHOmeHHHX Tpe6yeTCH orpOMHOe KOJIH
tI8CTBO KaHa.JIOB perncT~H H,COOTB8TCTBeHHo,60JibillOll o6'beM pa3JIHtIHOH: 

8JI8KTpOHHOH annapaTypH. 
HecMOTpH Ha Kpymrn:e ycneXH MHKp08JIBKTpOHHKH CTOHMOCTb SJieK-

TpOHHOH annapaTYPH Hepe,I!KO COCTaBJIHeT 30-50)6 OT 061llefi CTOHMOCTH cneK

TpOMeTpa, a trHCJIO KaHa.JIOB perncT~HH ,I!OXO,I!HT ,I!O ?5-100 THCHtr /43/. 
OCHOBHYJO ,I!OJIIO CTOHMOCTH COCTaBJIHJOT TaKHe 8JI8KTpOHHHe 6JIOKH,KaK BpeMH

aMIIJIHTY,IlHHe ROHBePTOPH lBAK) H AIUI. 
BOJiblllHHCTBO cneKTpOMeTpOB, C03,IlaBaeMHX D HaCTOflll\88 BpeMH,HOCHT YHH
BepCaJibHHH xapaKTep H CO,Il8plK8.T CJI8,IO'IOiqH8 ROMIIOHeHTH: TpeKOBHe ,IleTeK
TOpH / MTIK, ,I!P8il~OBb18 KaMepH H npotr./, Bp8MiIITpOJI8THHe ' CtI8TtrHXH, 

8JI8KTpOMarHHTHHe JIHBH8BHe CtieTtIHKH, a,I!pOHHHe H MJOOHHHe ,Il8T8KTOpH, : 
Cl\HHTHJIJI~HOHHHe CtieTtIHKH H CtieTtIHKH H3 CBlffil\OBoro CTeKJia. B 3aBHCH~ 

MOCTH OT aKcnepHMeHTa yCTaHOBKa MOllteT CO,IleplltaTb B ce6e trepeHKOBCKHe • 

ctreTtIHKH, Ra.JIOpHMeTpH H npotI. 
K~ H3 BHlllBynOMmJYTblX KOMIIOH8HTOB HHT8HCHBHO pa3BHBa8TCH,H STO 

KacaeTCH np~e Bcero KaJIOpHMeTpOB. BecbMa nepcneKTHBHllMH HHCTpyMeH
TaMH B qM3HKe BHCOKHX 8HeprHfi HBJIHJOTCH cneKTpOMeTpH noJIHoro ITGrJIOllle

HHH - RaJIOpHMeTpH, C IlOMOll\blO KOTOpb!X H3M8pHeTCH KaK aHeprnH, TaK H 
KOOp,I!HHaTH traCTHI.:(. B npo~eece norJidiqeHHH o6pa3YJOTCH BTOpHtIHHe tiaCTH
~H, ROTOpHe B3aHMO,Il8llCTBYJOT C B·ell\eCTBOM ,Il8T8KTOpa •. B KO~e KO~OB 
BCH HJIH 6oJibmaH traCTb aHeprHH Ila,IlaJOiqHX traCTHI.:( npeBpall\aeTCH B TeTIJio
BYJO aHeprHJO. OTCIO,Ila H TaKOe Ha3BaHHe. 0,I!HaKO TIOBHlll8HHe TeMIIepaTypH 
IlpaKTHtI8CKH H3MepHTb Tpy,I!Ho. IloaTOMY B 8KCnepHMeHTax H3MepHeTCH pe-
3YJibTaT B3aHMO,Il8HCTBHH traCTHI.:( l HOHH3~H, B036yit,IleHHe H npotr.>. 
B Hamy 3a,Ila-qy He BXO,I!HT IlO,Ilp06H08 OTIHC8HH8 BCex THTIOB CYJll8CTBYJOiqHX 
KaJIOpHMeTpOB H HX xapaKTepHCTHK. MH JIHlllb KpaTKO paCCMOTPHM CBOHCTBa 
RaJIOpHMeTpOB RaK HCTOtrHHKOB CB8TOBblX H 8JI8KTpHtieCKHX CHrHa.JIOB. Hey

treHHe RaJIOpHMeTpOB B TaKOM acneKTe Il03BOJIHT JIYtrlll8 pacCMOTp8Tb COCTO-

HHHe H nepcneKTHBH pa3BHTHH 8JI8KTPOHHKH,npHMeHH8MOll B TaKHX cneKTpO-
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M8Tpax. CJie,I!YeT OTM8THTb np~e Bcero CJie,IzylOll\He IlOJIOlltHT8JlbHHe Katrec-
TBa COBP8M8HHHX KaJIOpHMeTpoB: · 
- MO~HO H3M8pRTb 8.HeprHJO tiaCTHI.:( OT HeCKOJibKHX MaB ,I!O MaKCHMBJibHO 
,IlOCT~MOll B HaCTOflll\88 BpeMH Ha ycKOpHT8JIRX, CM. Ta6JI. ? , 

-HMeeTCH B03MOlKHOCTb 8~KTHBHO OT,Il8JIRTh JieITTOHH OT a,IlpOHOB, 

- OTHOCHT8JihHOe SHepreTHtieCKOe pa3pemeHHe yBeJIHtIHBaeTCR C pOCTOM 
aHeprnH KaK 6/£ ~ C,onsf/yf, . 
- npH qMKCHpOBaHHOM pa3pecleHHH ,IlJIHHa MarHHTHOro cneKTpoMeTpa JIHHefiHo 
pacTeT C 8HeprHefi, B TO BpeMH KaK pa3Mepu KaJIOpHMeTpa YB8JIHtIHBaIOTCH 
no JiorapHqMHtiecKoMY 3aKoey, 

- KaJIOpHMeTpH IlOKa HBJl!IlOTCR 8,I!HHCTB8HHHMH H Y,I!06Hh!MH HHCTpyMeHTaMH 

,I!JIR ,Il8T8KTHp0BaHHH HefiTpaJ!bHHX tiaCTHI.:( cpe,I!H BTOPHtIHblX traCTHI.:(, CO,Ilep
~~XCR B JIHBHe, 

- CHrHaJIH, no.nyc.raeMHe Ha BblXO,Ilax HtreeK KaJIOpHMeTpa, KaK npaBHJio, HM8IOT 
MaJIYJO ,IlJIHT8JlhHOCTh lnop~a lO·Hc) H Il08TOMY MOryT 6HTb HCITOJib30BaHH 
,I!JIH BHpa60TKH 6HCTporo TpHrrep-HMITyJibCa. 

Ta6~a 7 

YcKOpHTeJIH C HaK0TIHT8JlhHHMH KOJib~aMH 
Ha3BaHHe I ,na.Ta 3anycKa YcKopneMHe 3HeprnH CBeTHMOCTb 

traCTHI.:(bl I'aB CM C 
l SR 

197! 
PP,tJ.d. 31 4d0

31 
S PS I98l pp 2?0 1010 

I sa..Be!,& I986 pp 400 1033 
fNAl I984 pp 1000 ro3o 
SPEIIR I9?2 e+e- 4,2 1032 DORIS I9?4 e-t-e- 5,6 1032 VEPP-M I9?5 e+e- l,3 DSI 

19?5 e-t e- 3,? 1032 VEPP-3 
19?? e+e- 3,0 1030 VE Pp-I/ 
19?8 e+ e- ?,O 1031 Pf=TRA 
I9?9 e+e- rn,o ro32 CE SR H/?9 e+ e- 8,0 rol2 PEP 1980 e+e-· 18,0 10J2 lEP I986 e+ e- 86,00 ro32 HERA 
1988 e· 30e + a20 P 1031 
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2. PasHOB~OCTH KaJIOpm.reTpOB 

IlepBlllt cneKTPOM9TP TIOJlliOrO norno~eHHH 61:Dl HCilOJibSOBaH ,zµIH HSMepe -

HIDla,IU)OHOB B KOCMWI8CRHX JIY11ax rpuropbeBblM H ~p./44/. rrpwmun ~eHCT

BHH cneKTpOMeTpa OCHOBaH Ha o6~eM norno~eHRR TIMalO!l\IDC a,n.poHOB BHCO
KRX sHeprHH B TO~e MaTepuaJia, Ta.KOrO Ka.K llt9JI8SO, CBIDi8~, M8'J'l.,fY IlJlaC
TIDia.Mli KOTOporo pacnonaraeTCH MaTepHaJI A8T8KT0pa lHanpHMep,c~THJIJIH
TOP ), rAe qiopMRpyIOTCH CHrHaJIHo B pesyJibTaTe BsaRMOA8HCTBHH nepB\N -
HHX qaCT~ C BeniecTBOM A9T8KT0pa reHepupy!OTCH CJIOXHH8 KaCKMH 3JI9K

TpOMaI'HHTHHX nRBH8H H a,n.poHOB l puc. 31 ,32>. B Ta6JI. 8 Aa.HH THTIRlIHH8 

napaMeTpH CMOillHHX \ e,on,;l,l;w.,ous) KaJIOpUMeTpOBo 

Ta6~a 8 

Ilapa.MeTp_ 
Be~eCTBO A8T8KTOpa 

CBIDru;OB08 C~TH~OH- BCO 
t./A.I BAF2 

CT8KJI0 Hoe CT8KJI0 

I. 3HepreT~ec-

1toe paspeme- 4,596 I,!% w I,01o ~ 

YE -=u- w w 
. E 

HH8 

2. fuITerpalib-
H09 BpeMH, HC 40 IOO 300 250 5 

3.Pw~uOHllaH 
,IVmHa, CM 2,5 4,35 I,!2 2,5 2,I 

4. A6comoTHaH 
,IVmHa, CM 42 45 23 4! 

5. CBeTOB08 BH-
XOA OTHOCHT8Jib-. 

HO sF-5 I 5,I IO IO 700 

6. PMU~HOHHOe pas-
pymeHRe ( I()(, no-. 

Tep~, PM 2500 8,5 IO IO BHCOKaH 

7. tmcJio ~eeK/M 400 !30 2000 400 570 

2,2 ~-~ 
8. Ilpo6JieMH, KOMM8H-

Taplm 
Paspyma,- HoBlllt BHcoKM I'Rrpo- CnOl!-

8TCH OT 
MaTepHaJI CT01™0CTb1 CKOTIR- H08 

pa,IJ;l18.L\RR SaBHCRMo qeH C~TH-

o_T Tewep. B8lill8 
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B saBHCKMOCTH OT COCTOmIHH B8~CTBa A8TBKTOpa no~unu pa.cnpOCTpaH8-
'HH8TpH THna KaJIOpm.reTpoB: KaJIOpm.reTpH C TB8p,l{b1M Be~eCTBOM (C[IHHTHJIJIH

TOPH, CB~OBOe CT8KJIO, puc. 33), rasOBHe KaJIOpID.!eTpH (AP9Hq>OBH8 
, Tpy6KH II npoq.) H lKHAJtOCTHHe KaJIOpHMeTpH {lltHAKHH C~TWL1IHTOp) ~ B 
Ta6JI.9 npHB8A8HH OCHOBHble napa.MeTpH C~HHTHJIJIH~lfOHHHX KaJIOpHM8TpOB /45/. 
~aHHHH THTI cneKTpoMeTpOB_ qpellt,ll,e BCero 0TJIUqa8TCJI BHCOKHM 6HCT-
pOA8HCTBHeM. Tu~aH AJIRT81IbHOCTb CHrHaJIOB (noJIYllillPRHa Ha IlOJIY.BHCOTe) 
COCTaBJIHeT I2 - I5 HC' a B JIYlUIMX BHOBb pa.3pa.60TaHHl:llC C~TMJIHTOpax 
aTa B8JIIBtRHa MOJR:8T COCTaBJIJITb 5 - 7 He. 

Ta6~a 9 

Ilapa.MeTpH C~RHTHJIJI~HOHHHX KaJIOpHMeTpOB 

llh'!pmra. m.i- PaspemeHHe (,ll;lKHT
nym,ca, HC Tep) ,zµIH 8,1:lpOHOB, 

HC 
I. Cy!qecTBYJOiqR8 CHC-

T8MH 25 ± 2 
2 . famTpHe C[IRHTHJIJIJI-

Topu-mu~epu 8 + 2 
3. ~OTOAUOAff08 cqHTH-

BaHRe 8 :t I 
4. ITpOCTpaHCTBeHHoe pas-

meHHe ,zµIH 3JI8KTpOMal'- fO I'3B IOO raB 
HRTHWC KaJIOpHMeTpOB CM D,5 CM 

5.IlpOCTpaHCTB9HHOe pas-
pemeHHe ( 8,IlpOHHHe) lQ1:@ IOO I'3B 

ITOl'JIOTHTeJib - lK8JI830 I CM 2 CM 

- ypaH 2 CM 2 CM 
6.3HepreTmecxoe pa.ape-

meHHe (cTIJiomHoro Tuna) 
8,IlpOHHHe ; lB:8JI830 2,5 CM) 70%tEJypaH 3 MM,35%'VE 

?. PaaMepH ~eeK - 2x2 CM, 5,5 CM 
8.~ru,mqecRHH ,n.ianasoH 

llh'!pUHa 
CTpo6- HM
nyJibca, HC 

70 - IOO 

20 

20 

H mmeHHOCTb- xopomue AO IOOO rsB y 8,IlpOHHHX HAO 50 I'3B y aJieR -
TpOMarHHTHHlC 

CTaHAapTHHMH SJI9M9HTaMH cq;rTHBaHRJI CIIl'HaJIOB B CI.\MH~OHHHlC Ra.JIO
pm.!eTpa.x JIBJlfflOTCJI ~SY, ROTOpue lfM9IOT PM IlOJIOJltHT8JlbHHX H OTp_H[laTeJib
HHX RatreCTB: xopomee OTHOmeHHe CHI'HaJI/myM, ClOJibfilaJI qyBCTBHT8JibH!UI 
TIOBepXHOCTb , BHCOKOe' 6HCTpo;i;e8CTBH8, B TO ~e Bp0MJI OHH qyBCTBHT8Jib
HH R MaI'HHTHblM IlOJIHM, HeROHTpOJillPYeMlllt AP88q>, Hac~eHHe, Tpe6yeTCJI 
Bucoxoe·HanpSPKeHHe TIHTaHHH. 
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PJi:c. 3I .. Bli,II c6oKy Ha. ,mmeHb, 
saperHCTpHIJOBaHHWi B KaJiopnMeT

pe C )W6fi¢0Bh1Mli TpyClKaMVI. 

',,l , , , , I r,11 
-60 -111 Q.O 10_ lO 10 

" 

noal!llHJI 

Pnc. 32. TipVIM6P pacnpe):16JI6HVIR ► 
:rneprnVI B .H11eit1<ax aJieKTpoMarHVIT

Horo KaJIOpVIMeTpa. 

Ct 500 

s 

l<M 
n~no 

ovep KJiac-repe 

C& 

Pnc. 33. MO.l\YJib C~VIHTVIJIJifilzyIOHHOI'O KaJIOpVIMeTpa. K - BHennrnfi KOHBep

TOP, Ci , C
2
- CB~0Bbl6 UJiaCTVIHH, S- C~VIHTVIJIJIRTOPhl. 

<;if'<SJ- _.,. 

Pnc. 34. MO.llYJib KaJIOpVIMeTpa c 

)W6fl~BllMVI TpyClKaMV!e 

40 

Pnc. 35. MO.llYJib a,iu>OHHoro roAo
cKo!lHllecKoro KaJIOpVIMeTpa. !
ROHB6PT0llH, 2~ ~TVIJIJIHTOpH, 
3,4 - CB6TOB0Ah!, 5 - filY. 

B Ta6JI.10 IlpVIB6A6HH OCHOBHble nal)&!eTphl raso,BHX KaJIOpVIMeTpOB. BiiAHo, 
qTO VIX BP6M6HHH6 napaMeTpH ropa3AO x:y;Ke, ~eM y C~VIHTHJIJI~HOHHHX Ka
JI0pVIM6TpOB. rasOBHe KaJICpVIMeTpH HaxOART npVIMeHeHHe B YCTaHOBKax AJIR 

Vl~6HVIR 8JI8KTpCMaI'HVITHHX B3aVIMOA6HCTBVlfi, HanpVIMep AJIR Orrp6A8JI6HVIR· 
aHeprnVI H HanpaBJI8HVIR ABIDK6HVIR 8JI8KTpOHOB VI ~TOHOB. 0irn VIM6IDT,KaK 
rrpaBMo,orpoMHHe pasMepH VIE TO ~eBpeMR OTHOCVIT8JlbHO HV13Kyro CTOVIMOCTb, 

KpoMe TOI'O,TaKHe KaJIOpVIMeTpH VIM6IDT xopomyro a~KTVIBHOCTb rrpVI HVl3KVIX 

aHeprnRX 8JI8KTpOHOBo 
~H3:irtr8CKVl8 OCHOBH rasOBHX A8T8KTOpOB Vl3B8CTHH AaBHO. B 1912 r. OHVI 
6HJIVI OTKPblTH renrepoM. CYil!8CTB8HHO, qTO Vl3M8pReMhlfi CHI'HaJI nponop~o
HaJI6H CY?JM8 CHI'HaJIOB OT TeX cqeT~KOB, B KOTOPHX B03HVIK pa3pffA. 
CJie,eyeT pa3JI:irtraTb AHCKp8THbl8 VI nponop~OHaJibHHe ra30Bhl8 KaJIOpVIMeTpH. 
B AHCKpeTHHX npV160pax TpeK qacT~H BOCCTaHaBJIVIBaeTCR no OTA8JibHHM 

TO~aM- CJI8AaM, B03HHKaIDIIIHM B UJIOCKOCTRX A8T6KTOpa. B nponop~OHaJib. -
HHX KaJIOpVIMeTpax peI'VICTpV1py6TCR-CY?JMapHID1: CHI'HaJI, nponop~OHaJibHHH 

aHeprnVI, BbV18JIR6MOfi B npOCTpaHCTBe MeJK.DY 8JI8KTPOAaMH• 0,ll;HVIM Vl3 He
AOCTaTKOB AHCKpeTHHX KaJIOpVIMeTpoB HBJIR8TCR To,qTo IlpVI aHeprnn CBl,llll8 

HBCKOJibKVIX raB tta6JIIDAa8TCR HaC!Il:;6HHe, qTO 3aTpyAHR6T Ha6JIIDA6Hlie Tpe

KOB. 
,nnR C03AaHVIR ra30BHX RaJIOp:HMeTpOB DIBpOROe npVIMeHeHne HaxOART APefi~
BHe Tpy6KVI. Ms AP6fi¢OBHX Tpy6oR C03AaIDTCR o6~eMHHe KOHCTPYR4HH A8T8K

TOPOB (pHC. 34). 

lltH,IlROCTHHe KaJIOpVIMeTpbl. B nepBOM npH6JIIDKeHVIH ~HAROCTHHe RaJIOpVIMeTpH 
COCTORT Vl3 M8TaJIJIVIqeCKVIJ:C UJiacTVIH (aJieKTPOAOB) VI 3anOJIHJIIOOj8H npoMe~

RH lKVl,ll;ROCTH (C~THJIJIRTOP, ~Hfi aproH) /50/. IlJiaCTVIHH HaxOARTCR 
nOA pa3JIHqHHM noTeH~aJIOM. CHI'Ha.JIH, B03HVIKaID11\1'18 Ha 8JI8RTpOAax,ycHJIVI
BaroTCR C nOMOlljbID MaJIOmyMRII\1'IX ycmrnTeJiefi. B TaClJio l ( ,qaHH napa

MSTpH ~HAROCTHHX RaJIOpVIMeTpOB. TaKHe cneRTPOMeTpH VIMeIDT CJI8,IJ,yl011\1'18 
ITOJIOlKVIT8JibHHe RaqecTBa: CTaClHJibHOCTb xapaKTepHCTHR, xopomee aHepre

T:irtreCROe paspemeHVIe npH BHCORHX 8HeprHRX,MOryT pa6oTaTb B MaI'HliTHOM 

ITOJie, Y.IlOBJ18TBOpliT8JibHaR paAH~HOHHaR CTOHROCTb. OAHVIM H3 CYil!8CTB8H
HHX H8,llOCTaTKOB ~OCTHHX RaJIOpVIMeTpOB RBJIR8TCR TO, qTo OHVI HOpMaJib
HO pa6oTaroT nptt HH3RliX TeMITepaTYPax. 
KaJiopHMeTpH MOlltHO pa3,l16JIV!Tb TaKllte Ha rpyrrITH no THrry qacT~, ROTOpHe 
OHH .. ,ll6T6RTHpyroT. ,1vrR ,ll6T6RTHIJOBaHHH 8JI6RTpOHOB Ii ~TOHOB 003.IlaIDTCH 
8JI6KTpOMarHHTHhle KaJIOpHMeTpH, ROTOpHe HM8IDT MSHbmHe pa3MepH,HeXeJIVI 
~OHHHe • HaHClOJib!IlHe pasMep1,1 VIM8IDT HefiTpHHHble RaJiopVIMeTpH, noCROJibey 
HefiTpVIHO oqeHb CJia6o B3aVIMo,qefiCTByeT C Be~eCTBOM. KaK IlpaBMO,RaJIO
PHM8TpH COCTOHT H3 MHO~eCTBa OT,qeJibHHX MO,eyJiefi. K~Hfi MO,l:lYJib Bl,IIlOJI
HRST rraCCVIBHhl6 4JYHK4HVI - norJio~eHHe qacT~ C nOMOlljbID nOI'JIOTHT8Jie8 
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(.llteJie30, CBIDiel\ ), H 8.KT!iBHHe i{lymtl\lili, KOTOpble BlfilOJIHSieT Be~eCTBO 
AeTeKTOpa COBMeCTHO C _peracTp!ipyro~ei!:i 3JieKTpOHHKOi!:. B OTJIIDlHe OT ro
MOremnnc JIHBHeBIDC Ctl:0Ttl:HKOB (MO,cy-Jiei!:) B reTeporeHHHX ctreTtl:liKax i{lymt
I.\lili norJio~eHHSI traCTHI.\ H cpopunpOBaHHSI ClirHaJIOB pasAeJieHH, tl:TO nos
BOJIHeT BH6apaTb no,IPCOA~fi MaTepHaJI H HMeTh H0KOTOpyro CB06o,cy- B cno
co6e cpopwpOBaHHSI CHrHaJIOB, HanpHMep, no.ny-qaTh CHrHaJIH ~SI CMeCHTe -

Jiefi, cxeM COBna,rieHHi!: H npoi:r. TaKHe ci:reTlml<H BHTIOmumTCSI B B~e C38'A
BHtra, T. e. TIJiaCTHHH CI.\HHTHJIJISITOpa HJIH CBHHI.\OBOrO CTeKJia npocJioeHH 

TIJiaCTIDfa.MH norJIOTHTeJISI. 

TaqJIHlla IO 

IlapaMeTpbl rasoBHX I(aJIOpHMeTpOB 

Ilponopl\HOHaJihHl,le 
Tpy6KH H MilK 

Hac~eHHHM naBmr
HW pelltHM 

I. MHHHMaJihHM IIlHp!i-
Ha sasopa, cM 

2. )tml:TeJihHOCTh 
mmyJibca, HC 

3. BpeMeHHOfi ,I\lKHT-
Tep, HC 

4. Ma.KCHMaJibHaSI CKO-
pOCTh, M~ 

5. HeJIHHei!:HOCTh 

6. 3HepreTHtrecKoe 
pa.spemeHHe, raB 
2,316 MM CBHHI.\a 

?-. BJIHSIH:11:e uar
HHTHoro IlOJISI 

8. P8.Wial\HOHHaSI 
,zvnma 

9. CTa6HJThHOCTh 

O,? O,? 

200 200 - 400 

20 20 

l l, IO 
10)6 npa IOO 10)6 npH 

raB 100 ThB 

13% 16%, 22% II%, 13%, I9% 
'{€VE Yf W: "YEYE 
B nepnel!'A• Hanp. 
HeT, B nap/!JE/E l( 4.Y TaKllte 

2,?, 2,0, 1,3 
2% 

2,?, 2,0, 1,3 
1'6 

CTpHMepHue 
Tpy6KH 

0,9 

300 

20 

l 

20)6 npH 
20 raB 

20)6 ~SI 

WCBHHI.\a 6 MM 

HeT 

2,0, l ,6, l ,l 
1% 

06HtrHO B 3KCnepHMeHTax H3Mepm<>TCSI CJie,DylOlllHe napaueTpH JIHBHSI: 
- KOOpAIDfaTa MaKCID.!YMa JIHBHSI X, nopoMaeMoro i:raCTHI.\aMli c aHeprnefi E 
B e~ax ~~OHHOfi AJIIDfbt! 

x,.,aicc i'n,E/e. - 1,0, 
rAe e-napa.ueTp, xapaKTep:11:syio~"KpHTHtrec:eyTO aHeprmo B MaTepHMe". 
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.IipyrliMli CJIOBaM!i, c-STO aHeprnSI 3JieKTpOHOB, ~H KOTOpOi!: pa,I(H~OHHaH 
TIOTepSI aHeprnH pa.BHa TIOTepHM Ha CTOJIKHOBeHae Ii HOHHs~; 
- o6~aH rJIY6mra ( npOAOJibHM) D ' nocJie KOTOpoi!: Yllte HeT YBeJIHtrt?HliH 
AeTeKTapyeMoro CHrHaJia, 

D = x/.fa!'-l 4 f. a..u , 
rAe J.a.1,1. onpeAeJIHeT aKCTIOHeHI.\H8.JibHHM cna,ri JiliBHH TIOCJie MaRCHMyl,!a; 
- nonepetrHHe pa.sMepH, xapaKTepHsyro~e cpe~HeKBa,llJ)aTH4HYJO Be-
JIHtrIDIY MeCTa npOXOlltAeHHH aJieKTPOHOB i:repes KpHTHtreC:eyTO 3Heprmo npH 
~e npo6era B om pa,ria~oHHYJO AJIIDfY i46/. 

Ta6JIHI.\a II 

Xapa.~TepaCTliKli llt:H:AKOCTHhlX KaJIOpHMeTpOB 

HasBaHHe T/.550 R- 806 5 PSI - 144 

MaTepHM A7P~ fl7PB 117u A +cHrZu 
; 

I. 3asop, MM 5 2 I l 
2. ToJIII\HHa aJieK-

TPOAOB, MM 2 1,5 I,5 I 
3. Pa,I:IHal\HOHHast 

AJIHHa, CM 2 2 0,6 00,6 
4. A6COJiroTHaH 

AJIID!a, CM 60 60 20 20 
5. HanpHllteHHe 

8/MM 0,4 I -2 -2 
6. BpeMSI c6opa. 

sapffAa, HC 1400 600 50 25 
? • PaspemeHHe , MM 

AM a JI/ a,I:lpOH • 3 3 1/5 l/5 
8. 8HepreTHtrec1toe 

pa.spemeHne 9% I2% 9% 28% 9% 28'!6 
aJI/a,ripoH.,raB YE YE if I VE '{£11/E 

9. lllyM/50 CM 
aJI/a,ripoH., MaB 5 IO I00/800 30/300 

B H<fil33 /4?/ C03AaHH rOAOCKOillitreCKHe KaJIOpHMeTpbI, npH IlOMO~ KOTOPHX 
MOlltllO H3MepSITh He TOJibKO 3Heprmo, HOH KOOpAIDfaTH JIHBHSI, KOTOpHe on
peAeJimOTCH nyTeM H3MepeHHSI aHeprOBHAeJI0HHH 3JieKTpOMaI'HHTHOro HJili a.rt
poHHoro JiliBHSl Bera nonepetrHOM cei:reHHH. IlpH 3TOM AOCTHraeTCSI TOtr -
HOCTb I KOTOpa.SI Ha nopffAOR BeJilitrHHH JJYtrme I treM mHpIDia JIHBHH WIH pa3-
Mep g-qefiRH KaJIOpHUeTpa. )tnSI perHCTPal\Hli 6oJibmoro tl:HCJia q>OTOHOB H no
BHmeHID.! BOCCTaHOBJieHHH KIDieMaTHRH no Cpa.BHSHHIO co CI.\IDf~OHHblM 
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PHc. 38. Mo,nyJib llrn,lµtOCTHoro 
aprOHHoro xa.nopm.1eTpa. B,r
aJieKTpO):lH, . 

CTP05 

PHc. 36. 06nµr8 BH,Il 
rAMc - 4000 • 

"'l~2 'P3~3 'P3~6 

A~A~ ~A.I. 
8Maoil i.. f 

~m-12 

PHc·. m. CxeMa Ctrn:THB8.HlUI CHI'Ha-:
JIOB B C~THJIJI~HOHHOM ~H,lµtOCT
HOM Ka.JIOpHMeTpe. 

.,.,.,J IN F-IM 
IIK 

1111 

1<,..,.. • 

•• 
111( •... 

PHc·. 39. CxeMa. ctmTHBa.HH.a: .· cHr
HaJIOB OT 2-x .8'.tieex C~THJIJIJilfl[
OHHOro KaJIOpHMe~. JIP- JIHHett• 
HH8 pa3MHOll'.HTeJIH, H- ycwrn:TeJib•_ 
HHT8rpaTop, C- CM8CHT8Jll,. 

t 

a...d 

CTpa6C6pcc ~ 
~ 

PHc-. 40. Cnoco6 cywHpOBaHH.a: cHrnaJioB, nOCTYTI8.IOillRX OT ~SY: 
a) ~@OBOH cnoco6, 6) 8Ha.JIOrOBOe CYMlfflPYDJl188 YCTpOHCTBO. 
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ro,qocxom,rqecKHM xa..nopHMeTpou paspa6oTaH TaIOKe ro,qocKOIJHtiecm-1H cneKT
poMeTp rAMC /48/. OH npe,qcT8.BJI.ll'.8T co6oH MaTpIDJY HS 6oJTumoro ~HcJia 
(cBI,lllle 4000) c~eTtmKoB noJIHoro norJiomeHHfl (pHc. 35~nonepe~HH pa.s
Mep KOTOporo cpaBHHM C mHpHHOH 3JI8KTPOM8.rHHTHOrO JIHBHfl (3 CM). Ha 
pHC. 36 npHBe,qeH o6~H (cxeMaT~SCKHH) BH,Il rAMC-4000, cos,qa.HHHH AJI.ll'. 
sxcnepHMeHTatlA-12 B UEFHe. B Ta6JI. 12 npHBe~eHu napaMeTpH ro,qocxo
~ecxoro l - Cil8KTpOM8Tpa. 

Ta6JII-!I-la 12 

0CHOBHN8 napaMSTPH rO)\OCKOn~eCKoro 'i - cneKTpOMSTPa npH E -
= 20 TaB 

·- pa.sMepu .fftl8HKH H3 CBHH~OBoro CTSKJia 
- THil CTSKJl8. 
- THil ~SY 
..: 06111ee ~HCJIO .a:qeeK 
- 06mHH BBC CT8KJI8. 
- pa6o~a.a: IlJIOJl18.,1\b cneKTpOMSTpa ,qo MHWSHH 
- paccT0.8'.Hl!S OT Cil8KTpOM8Tpa ,qo MHm8HH 
- ~anasoH HsMep.a:eMHX aHeprHH 
- CTa6HJibHOCTb 
- TO~OCTb H3M8p8HHfl I( - KBaHTOB 
- TO~OCTb H3M8peHHfl KOOp,qHHaT ¥ - KBaHTOB 
- paspemeHHe no Macce, pacnaBmeHc.a: Ha t - KBaHTH 
- p8.CCT0.8'.HH8 M81K;IJY t- KBaHTaMH, AOCTaTo~oe 

,qlI.ll'. IlOJIHoro pas,qeJieHH.8'. JIHBH8H 
- p8.CCT0.ll'.HH8 M81K;DYJ'- KBaHTaMH, ,1\0CT8.T0~08 
,qlI.ll'. pas,qeJISHH.ll'.'iT~M830HOB H O'AHHO~HX 'l- KBaHTOB 
- tmCJIO 0,qHOBp0M8HHO perHCTpHpyeMHX ( - KB8HTOB 
- CHrHa.JI/<pOH 
- BpeMeHHoe paspemeHHe 
- tmCJIO npHHHM8.8MHX C06HTHH 
- tmCJIO 38.IlHCHBaeMHX co6mHil 
- BpSMH Ka.JIH6poBKH Cil8KTpOM8Tpa B nyqKe 
- CTOHMOCTb 0,qHOro Ka.Ha..na (BKJilO~aH 3JI8KTpoHHKy) 
- IlOJIHaH CTOHMOCTb 
-.cpox H3rOTOBJI8HHH 

4,5~4,5i65 CM 
SF25 

2 CM, 10 ,qHHOAOB 
I,6 rnt I28xI28 
90 TOHH 

30 }.(' 

300 M 
I raB - 20 TaB 
I% 
I% 
~e 0,5 MM 

I% 

15 CM 

3 CM 

30 H 6oJiee 
2xI0 11 

30 HC 
,qo 101/~JI 
)\0 IOI( /~HKJI 

2-3 ,qli.ll'. 
800 nm. /f)paHK. 

6 
I2xIO nm. /f)paHK. 

2-3 ro,qa 

3. 0praHH3ruzyIH C~HTHBaHHH CHrHa.JIOB B Ka.JIOpHMeTpax 
PaccMOTpHM HSCKOJibKO npHMepoB opraHH3ruzy!H Ctrn:THB8.HHH CHrH8.JIOB B Ka

JIOpHMeTpax. Ha PHC. 3? npHBe,qeHa cxeMa C~HTHBaHH.ll'. CHrH8.JIOB,perHCTpH
pyeMb!X B 0,qliOM C8l'M8HT8 EH,IlKOeTHoro C~HHTHJIJI~OHHOl'O Ka.JIOpHMeTpa. 
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K o6Iqefi 1IIHHe' ROTOpM npe,IlCTaBJI.FI0T co6on ,IlBe CRpytre:mrne napH npOBO
,IlOB,. IlO,IIRJIIOqeHH 12 BliXO,IlOB w8Y. Cywapmlit CJ/II'Ha.JI no.rryqaeTCJl Ha BliXO
,Ile CMeCJ/ITenJI. 3a.TeM OH O~qlpOBHBaeTCJl C _IlOMOiqbro Al\I1 Ill B TB.KOM Blll,Ile 
saill/lCHBaeTCJl B Ila.MHTb SHA. C IlOMOII{bID Ra.JIOplllMeTpa J/13MepJI8TCJl 3HepI'IIIJl 

a,IU)OHOB, B03HJ/IRaJOll{IIIX np111 B3al/lMO,I18'1CTBIIIJ/I HefiTplllHO C HYRHOHa.MJ/1 /49/. 
Ha p111c. 38 J/1306pai!teH MO,Jzyll lKJ/1,IlROCTHOI'O Ra.JIOp111M8Tpa. Oco6eHHOC
Tbro ,IlaHHOfi ROHCTpyR~J/1 JlBHJI8TCJl TO, qTO B Hefi RB.K aHO,IlHli8, TB.IC Ill _Ra
TO,IlHli8 IlHOCROCTJ/1 pa3,I18H8HH Ha H8CROHbRO nonocoK, OT ROTOpliX CJ/II'Ha.JIH 

cqJ/ITliBaJOTCJl no H83aBJ/ICIIIMh!M RaHa.Jia.M. 0,IIHB.KO 3,Il8Cb Tpe6yeTCJl BliCOROKa
qecTBeHHmt YCIIIHIIIT8Hb, TB.IC RB.IC BeHJ/ltrJ/IHa HaBe,IleHHOI'O sapll,Ila oqeHb Ma
na Ill sneRTpO,Illi He np111BH3aHH R noTeH~any seMJIIII. BepTIIIRanbHlie sneR

TPO.Illi HaxO,IlHTCH IlO,Il HJ/laRIIIM IlOTeH~a.JJ'.OM,111 Il03TOMY OHli IlO,IIRJIIOqeHH He -
nocpe,IICTB8HHO R BXO,Ila.M yc111n111Tenen. BliXO,IlHaH eMROCTb paBHa 1000 n~. 

4.·, WOpMlllpOBaHJ/18 Tp111rre~111MnyncoB B Ra.JIOplllMeTpax 

Kax YJE.e_OTMeqa.n:ocb Bblllle, Ra.JIOplllMeTpl:l JlBHHIDTCJl J/ICTOtrHJ/IRaMJ/1 orpoMHOI'O 
ROHJ/ltr8CTBa CJ/II'Ha.JIOB, C IlOMOiqbID ROTOpliX onpe,Il8HJIIDTCH napaueTpl:l xnac~. 

TepoB, lll,Il8HTRip~TCH co6HTRH R BHpa6aTHBa8TCH IIIMnynbC .IlHH sanyc
Ra YCTaHOBRRo IlpRtreM o6pac50TRa CIIII'Ha.JIOB OCYl!l8CTBM8TCH RaR aHMOI'O-

Bb!MR'. TaR R ~RippOBb!MH MeTO,IlaMJ/1 ( p111c. 39). Ha PRC. 40 np111Be,I1eHa 
6noR-cxeua, 111cnonsyeMM .IIM BHpa6oTKIII TpHrrep-111Mnynca. CRrna.nH, 
IlOCTynaroll{llle OT WSY nocne YCM0HliH Ill IIIHT8I'pRpOBaHRH,nOcTynaroT Ha BXc,.;. 
'Ali 6!:lCTpl:lX AIUI, ROTOpl:le O~qlpOBliBa.JOT aHa.JIOI'OBH8 CIIII'Ha.JI!:l B 6-paspll,Il-. 
Hatt RO,Il sa Bp8MJI IO HC. ,lvrJI CyYMlllpOBaHRJl ,IlaHHliX, IlOCTynaroll{IIIX OT 
6onmoro q111cna RaHa.JIO~ np111MeHJI8TCJl MeTO,Il RaCRa,IIHOI'O BKJII()q8Hlill ,IlBO
i{qH!:lX cywa'i'opOB /52/ • CO,Il8plKIIIM08 IIII3Y nporp8.MM111py8TCli TaRIIIM :o6pa30M ~ 
qT06!:l CJ/II'Ha.JI Ha ero BHXO,Il8 BHpa6aTHBa.JICli JIIIIIIll, np111 ycnOBIIIR ,IlOCTRllte
HRH onp8,I18H8HHOI'O nopora 3HeprnR.0,IlHaRO IIplll 6onmoM trRCne KaHa.JIOB 
peI'IIICT~IIIR (CBii1lll8 IOO) ~R(VpOBM cxeMa CyYMlllpOBaHHJl no.rryqaeTCJl rpo
M03,IIR0'1 111,qTo He M8H88 Bai!tHO,paCryT 3a,Il8plKRR CHI'Ha.JIOB B ~enJIX sneR
TPOHHliX cxev. 
IloJIBneHHe 6!:lCTpO,I1eficTByroll{IIIX aHa.JIOI'OBliX IIIHTeI'panHliX MIIIRpocxeM- Il03BO-

M8T cos,I1aBaTb 6onee 6ucTpHe noporoBHe ycTpoficTBa (p111c-. 40 ah Cj'M-· 
vapHmt aHa.JIOI'OBmt (:HI'Han cpaBHHBaeTCJl C IlOMOII{bro KaMnapaTopa. CxeMa 

IlO.rrytra8TCJl ,IlOBOnbHO npOCTOfi, O,IIHB.KO He cne,eyeT sa6HB8.Tb, qTO qiyHK~-
0HanbHHe B03MOiltHOCTJ/I TaRJ/IX ycTpOfiCTB OI'paHRtr8Hli. Hanp111Mep, onpe,I1enJI-
8MM B8JnNJ/IHa MHOlll'.8CTBeHHOCTH He npeBbllllaeT 6-?. 

C)'MMlllpOBaHJ/le aHa.JIOI'OBHX CHI'Ha.JIOB IlIJ/IPOKo 111cnonbsyeTCJI TaKJKe B rasoBHX 
V. lKJ/1,IlKOCTHliX Ra.JIOp111M8Tpax. B pa6oTe /53/ Oill/lCaHa cxeMa BHpa60TKH 
39.nyCRaJOiq8I'O IIIMnynca ~nJI Ra.JIOp111M8Tpa, paspa60TaHHOI'O B Opes ,Ilnli 06-
HapYJE.eHHJl pacna)lOB HyKiOHOBo YcTaHOBRa HaxO,IIHTCJl B Tymiene rny6oRO 
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PIiie. 41. CxeMa ,Ilnll nonyqeHHH cywapHoro 
111Mnynbca B 6onbmOM ra~OBOM Ka.JIODHM8Tne. 

PHc.42. CxeMa Bupa6oTKH 

Tp111rrep-111Mnynbca, 

L 
L 

g 

~ 

--a ----b-----c--

Ell 

AI.tII 

" IlyqOK 

= 
~~ 

CyMMaprall 

n~&wuo--.----,..------1 43. A.Ha.JIOI'OBaH qacTb cxeM~ )lnJI OT-
,, 6opa C06HTH'1 B C~J/IHTIIIHH~OHHOM Ka.JIOpHMeTpe. 

2~ 
i Ell•n 
a 'ht. ~ 

I 

I tn 

PHc.44. AHanoroBaH KO~ 
pOBRa CJ/II'Ha.JIOBe 

47 

► 

~-:·:~}a..,.a .. ... ") u.. .. 
RCa RC,;, 

"' n1 "'~ 



I .l 
'.I 

nOA seMReH. ~eTeKTOp COCTOHT H3 cqeT'tIIDCOB reHrepa, H3I'OTOBReHHblX C 
ytreTOM COBpeMeHHOH TeXJ-IOROrHH. 06nµte pa3M8pli AeTeKTOpa·- 6x20 Mo 

Ha nepBOM 3Tane H3I'OTOBReHO 8000 cqeTqHKOB ~OH 6 M. CqeT'tIHKH CKna
AHB8.IOTC.FI, ~opaay.FI TaKHM o6pa30M nnoCKOCTH, KaJK,Ila.FI H3 KOTOpblX COCTOHT 
H3 352-x cqeT1rnRoB (puc. 4I). B nnocKOCTRX perncTpHpyeTC.FI MHo~ecT
BeHHoCTb CHrHMOB B npeAenax I~ m ~ 4. TpurrepHHH CHrHM Bb!pa6aTH-

. BaeTC.FI npH ycnOBHH, qTo no KpaHHeH Mepe B, KaJK,I\OH nnOCKOCTH cpa60TMO. 
He MeHee 4-x cqeT1rnRoB. Ha puc. 42 npHBeAeHa cxeMa Bb!pa6oTKH aanycKa
IOrqero HMnynbca. ~eTqHKH 06wARHem,1 B rpynmt no I6 illTYR B K~AOH 
rpynne. )u>yrHMH CROBaMH,nROCKOCTb, COCTORiqa.FI H3 352-x cqeT1rnROB,pa3-

AeneHa Ha 22 rpynnu, CHrHanH OT KOTOpblX AOBOnbHO npOCTO CJMMHPYIOTQ.FI 
C nOMOiqbIO TpaH3HCTOpHOtl cxeMH. CYMMapHH8 CHrHanH OT aHMO~b!X nn;oc
KOCTeH nocTynruoT Ha BXOAH KOMnapaTopoB. Ilocne TpexcTyne~aTOI'O CJMMH
pOBaHH.FI OKO~aTenbHO npHHHMaeTC.FI pemeHHe O aanycKe ycTaHOBKH. 
Ha puc. 43 npHB8AeHa cxeMa ycTpOHCTBa, npeAHa3HaqeHHOI'O An.FI qiopMHpO
BaHHR sanycKruorqero ycTaHOBKY HMnynbca B C~Tlinnfil\HOHHOM KMQpHMeTpe 
/54/. B KaqecTBe cqeTqHKOB 3AeCb HCilORb3YJOTC.fI' nnacTuqecKHe Cl.lHHTHR
R.fITOpli H ~oY.YcTpOHCTBO xapaKTepH3Y8TC.FI cneAYfilrqHMH TpeMR oco6eHHOC
TRMR: 

- ARR onpeAeneHHR nos~H WOHHOI'O RHBH.FI Hcnom.syeTC.FI C~THR~OH
HHlt I'OAOCKOn, B KOTOpOM npHMeHeHH nnaCTHKH illHpHHOH 45 CM, 
- CHrHMli cquTHB8.IOTC.FI OT o6omc KO~OB cqeTlrnRa ( cne:aa H cnpaBa), 
- OTAem.Ho Cymmpy!OTC.FI CHrHanli OT o60HX KO~OB KaJK,!101'0 cqeT'tIHKa. 
0THOmeHH8 a.MTIRHTYA CHrHMOB cneBa H CnpaBa Aa8T Koop,[IHHaTy'asa.HMo~ett
CTBHR~ Bcero B KMOpHMeTpe TaKHM cnoco60M -peI'HCTpHpyeTCR ~qJOpMaqmI · 
OT II60 cqeTtmROB. BpeM.FI Bb!pa60TKH TpHrrep-HMnyRbCa COCTaBR.FieT 250HC, 
8TOT HMnynbc HCnOnbsyeTC.FI An.FI CTp06HpOB8.HH.FI BOpOT AIJ,II. 

B MO,Izy'nbHOM KMOpHM8Tpe C nponop~OHanbHHMH Tpy6KaMH ARR qiopi.rnpOBaHH.fI 
sanycKB.Klrqero ycTBHOBKY HMnynbca paspa6oTBHo BHMoroBoe pema.Klrqee ycT
poAcTBO /55/. YCTB.HOBKa C~HT ARR AeT8KTHpOB8.HHR qJOTOHOB BliCOKHX 
aHeprnA. KanopHMeTp COCTOHT H3 OT~8nbHblX cerMeHTOB C pa3M8pa.MH I4x 
xI4x30 CM, KOTOpli8 Bli6paHli HCXO~ HS TOI'O ycnOBH.FI, qT06li pa3M8pli ce~
M8HTa 6unH 60nbill8 OlltUAaeMblX nonepe~blX pasMepoB RHBH.FI. B CBOIO oqepeAb 
C81'M8HT COCTOHT H3 AeT8KTHpYJOiqHX nJIOCKOCTeA, npocnoeHHliX CBHHl.lOBHMH 
IIJiaCTHHaMH (Bcero HM8eTC.FI 20 IlnOCKOCTeA). ~8.Jl IlnOCKOCTb COCTOHT 

2 
H3 I4 Tpy6oK C ceti:eHHeM IxI CM. B KOHe~OM wrore OAHH C81'M8HT KMO-
pHMeTpa i COAepJKHT 280 nponop~OHanbHliX Tpy6ott,O'l' KOTOpliX CHrHa-
JIH IlOCTyTIBl)T Ha BXOAH 6noKa perncTp~HH. BlIOK :perncT~ Hap.H.IIY c 
YCHRHT8JIJDm, 8.HMOrOBOH IlaM.FITbIO H cxeMaMH ~ MYRbTHTIR8KCHpOBaHH.FI AI.\I1 
.COA8J)JKRT pe3HCTHBHYIO qenoll:KY, napa.MeTpli KOTOpoA B3BemeHJi no OilpeA8-
neHHOMY 38.ItOHY • C l.l8nbl0 nOllH1118HH.FI TO~OCTH BC.FI o6naCTb C81'M8HTa 
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. Ha meCTb paBHblX qacTett. CHrnanu OT pa3A8ReHHoro TaKHM o6pa-pas,IteneHa 
30M ceI'M8HTa nOAaIOTC.FI Ha pe3HCTHBHYIO qenoll:KY, KaK 3TO IlOKa38.HO Ha 

44 B KOH8~0M HTOI'8 OT KaJK,IIOtl qacTH C~I'M8HTa non:ytraeTC.FI TPH pHCo • 
a RA RB H RC , npuqeM BHTIORH.FIIOTC.FI y~nOBH.FI CHHM , 2 

f A""- ~o/P.4::. a.(t-C) + f, 
/ 6 ::. Ro /RB= a. (t-te./ 2 + f, · 
le= t?,o/Re-:: I- IA-ls, 

rAe -7< X<. 7 - HOMep Tpy6mi:, a = 0,008, C = 0 , c = 4,5. 
Bu6op 1rnwaT~Otl qJYHKllHH n03BOR.FieT perncTpHpOBaTb eyneBott, nepBHlt 

H BTopott MOM8HT B nonepe~OM 3HepreTHqeCKOM pacnpeAeneHHH B RaJK,Ilott 
o6naCTH. CoOTB8TCTBYIOiqHM Bli60pOM 1!0HCT8HTMOJKHO OnTHMH3HpOBaTb paspe
meHH8. 3THX MOMeHTOB, KOTOpue B~CR.FIIOTC.FI no qiopMynaM 

£=SA +SB -t-se X::: ss-s4 x2= sn+ss -c:z._ Ria, 1 

'fa..cE 1 2a,f '/~ , 
,::::--2 _ x-z x- -2 
VI( - - , 

rile E-o6rqa.FI aHeprn.FI, nornorqaeMa.FI B KaJK,Ilo:ii qacTH cerMeHTa, X - qeHTp 
aHepreTHqecxoro pacnpeAeneHHR H~CTaHAapTHoe OTKnoHeHHe pacnpeAene
HH.FI, SA, SB H .SC - BliXOAHHe CHrHanu. llcnonbsoBaHHe BHMoroBoro pe
m8.IOll\ero ycTpOtlCTBa Il03BORHRO H8,lle~o AHCKPHMHHHpoBaTb OTA8nbHHe qJO -
TOHli OT Ji0 

- M830HOBo 

B Jia6opaTOpHH HM. 3. !l?epMH paspa60TaH aHMoro-q:mppoBott Ilp0l.l8CCOp, 
IlpeAHasHati:eHHutt ARR B~eneHH.FI 60.11ee CROJKHblX C06HTHt1 /56/. Ha PHC. 45 
IlOKa3aHO lppOHTanbHOe H306~eHHe KMOpHMeTpa, COAep,!tarqero 132 cerMeH
Ta. JKupm,IMH RHHHJ'lMJ,! oqeptreHH Al3a saperHCTp!ipOBaHHblX RJiaCTepa. AMTIRH- . 
TYAa CHrHana, non:ytraeMa.FI B KaJK,IIOM C8I'M8HTe,YMHo~aeTC.FI Ha CHeyc no~ 
R.FipH:ro yrna, xapaxTepHsyiorqero no.11o~eHHe ABHHoro cerMeHTa. HMriym.c, 
sanycRaIOiq:Htl YCTaHOBKy, qJOIJMHpy8TC.FI -B TOM cn:ytrae, KOrAa CyYMapHa.g 3Hep
rH.FI, B~en.FieMa.FI B 0Ilp8A8JI8HH08 rpynne C8I'M8HTOB,npeBblma8T 38,IlaHHYIO 

Bemimmy. Cyw.rapHHA CHrHM noJiytr.aeTC.FI C nOMOiqbIO 6HCTPOA88CTByio~ero 
. aHBJioroaoro CY)WaTopa, B KOTOpOM HCilOnbsyeTC.FI onepa~oHHHtt YCHRHT8nb 

C nonoco8 nponycKaHH.FI I,2 rf'q. CHI'HMH, IlOCTynaIOrqHe Ha BXOAli cyuya
TOpoB,npeABapHT8nbHO KOAHpy!OTC.FI npH IlOMOnµt cne~anbHO H3rOTOBR8HHOtt 
MaTpHl.lli COBTI8,lleHH8. 

Bcero B cnellHanHsupoBaHHOM npoqeccope napannenbHO B~Cn.FieTC.FI 40 

CYMMaPHux CHrHMOB, C nOMOiqbIO ReTopux OKO~aTenbHOi ~OpMHpyeTC.FI CHI'HBJI 
O sanycxe YCTaHOBKH. 

BliBOAH 

KanopHMeTp& .fIBR.FIIOTC.FI 0.I+HIDm H3 OCHOBHliX cneKTpOM8TpOB B COBpeMeHHott 
4lH

3
HKe B&CORHX 3Heprn:A. Cne,ey-eT 0TM8THTb lllHpOKOe pasHoo6pasHe THTIOB 

RaJiopmieTpoB, 60nbmott ,11.HanaaoH paaMepoB: OT HSCRO~bKHX caHTHMeTpOB 
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(Rp6MIU!0Bl,18 RaJIOpHM0TpH) AO H8CKOJII,K11X M0TpOB B lllllpl!HY, r.rry61!HY 11 

BllCOTY ( ra30Bll0 11 lK11,qROCTHhl0 RaJIOpHMeTpl:l) • Orm .f!BJifilOTC.f! llCTOtnnrn:a

Mll orpoMHoro ROJim!0CTBa CllrHaJIOB, AJI.f! Ctrn:ThlBaHll.f[ 11 rrpeABapl!T0JibHOH 

o6pa60TR11 ltOTOpl:lX H000XOA11Ma AOporoCTO.f!ll\a.f! 3JI0RTpOH11Ra.· 

HrurooJiee llillpOROe np11MeHeH11e B HaCTO.f!ll\00 BpeM.f! HaXOA.f!T aHaJIOrOBhle Me

TOA!:l c~eMa 11 o6pa60TR11 c11rHaJIOB, per11cTp11pyeMhlX B RaJiup11M0Tpax. 3T11 

M0TOAH OTJI11tl'.aIOTC.f! BhlCORHM OllCTPOA0HCTB11eM, aROHOMHtlllOCTbID 11 npOCTO -

TOH pemaIOlI\llX ycTpOHCTB. 0AttaRO no TaRHM napaMeTpaM, RaR TOtllIOCTb, 

rl!OROCTb 11 YH11B0pCaJibHOCTb,OHK ycTynaioT l\llqlpOBhlM M0TOAaM• 

VI I. MeTOAl!Ra MHOronpOBOJIOtllI!:lX nponOpIJ;110HaJibH!:lX KaMep 

I. KaTOAHOe ci:r11ThlBaH11e 

B PM0 aKcnepHMeHTOB .~311R11 BhlCOK11X aHepr11i1: H ocooeHHO B np11KJiaAH!:lX 

11CCJI0AOBaH11.f!X,rAe 11CnOJib3yroTC.f! Mill{ 1 11M00TC.f! B03MOJKHOCTb cyiqecTBeH

HO COKpaT11Tb tr11CJIO KaHaJIOB perHCTpau;1111, trTO np11BOA11T K pe3RO

MY c0Kparqe1uuo pemcTpHpyromefi aJI8KTpomm11: 11 ynpollleH11ro KOHCTPYKI.\llH AS- · 

T8RTOpa. lllapnaR 11 !limnep noRa3aJI11 /57-59/ , trTO Ha BC8X 3JI8RTPOAaX 

MID{, sa 11CRJIIDtr8HH8M aHOAHl:lX, _HaBOAllTC.f! nOJIOllt11T8JibHHH CllrHaJI. Ka.TOA

Ha.f! _IlJIOCROCTb M0~8T COCTO.f!Tb 113 npOBOJIOtr8K HJIH nOJIOCROBl:lX JillHHH 

(p11c. 46). OTll 3JI8KTPOAhl 11cnOJib3yroTC.f! AJI.f! 113M8peH11.f! sapMa, ROTOpbIH 

HM88T Onp8A8JI8HH08 pacnp8A8JI8H118, ~8HTP ROTOporo COBna,n;aeT C ~8HTpOM 

JiaB11Hl:l (o6JiaRa 3JI8KTpOHOB), B03H11KW8H B pesyJibTaTe B3aHMOA8HCTB11.f! 

sapmiteHHOH traCT~ll C B8ll.l8CTBOM A8T8KTOpa. Bami:o, trTO aMilJillTYAa 11 pas

B11T110 BO Bp8M8HH HaB0A8HHl:lX Ha RaTOAHhlX 3JI8KTPOAax HMnYJibCOB 3aB11C11T 

OT n0311IJ;1111 RJiacTepa no OTHOW8Hl!ID R 3JI8KTpOAaM. 3TOT qiaRT 11CnOJib3Y8T

C.f! AJI.f! 113M8p8H11.f! npOCTpaHCTB8HHOro nOJI0~8HH.f! KJiaCTepa C TOtrHOCTbID 

AO 60 MKM. KoopA11HaThl ~8HTpa KJiaCTepa M~O BhltrllCJI.f!Tb aHaJIOrOBhlM, 

IJ;11qJpOBhlM 11 aHa.n:OrO-~llqlpOBhlMll cnoco6aM11. 

B Ratr8CTB8 AaTtr11Ka CllrHaJIOB W11pOK08 npHM8H8H118 nOJiytrl!Jia MarH11TOCTp11K

~110HHa.f! JI11H11.f! 38,ll;8plKK11 • 3TOI,iy BOnpocy, B traCTHOCT11, noCB.f!ll\8Ha paooTa 

/60/, B ROTOpofi 11CCJI8AOBaHhl BOnpOChl BJillllHll.f! raSOBblX CM8C8H Ha pa3B11-

T118 JiaB11Hhl 11 Ha TOtllIOCTb per11CTp~H11. EcJIH 11CnOJib30BaTb Mar11i:recRyro 

CM8Cb rasoB,TO M~O nOJiytrl!Tb npOCTpaHCTB8HH08 pa3p8W$H118 IOO MKM 

AJI.f! JI11H1111 sa,n;e~11, B ROTOpofi CKOpOCTb pacnpocTpaH8HM CHrHaJIOB paB

Ha II HC/CM. Ha p11c. 47 np11B8A8Hhl TpH cxew' Ha KOTOphlX 0Tpa.JK8Hhl 

Ha1160Jiee pacnpocTpaH8HHh!S M8TOAhl perl!CT~ ~8HTpa RJiaCTepa /6I/. 
KOOp,ll11HaTa ~8HTpa RJiacTepa BhltrHCJI.f!0TC.f! H3 Bllpa.JK0HH.f! (p11c. 48) 

X ~ lP2 
Q,+G22 
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!'RC• 45. mJ}OHTaJibH00 11306Pa.JK8Hl'l0 KaJIOpHMeTpa, 
l<aTOOMblt n0110c•u 

a 

F 
lf / t!POkrfCNMU .. ~ / . .. 

PHc. 46. MIIK c KaTOAHhlM11 noJioCROBhlM11 aJieKTPOAaMH, 

fHoo JloliuHa 
a, X--=i_ 

. I c-=--=--=-=-==--
[ 

Q, 
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.,/ ' T~ ; t~ Ycun~~u 1111 Ir 

QK,X1c · · · •. Qk+4,xl<•4 

C 

l>I Ql<+2. I 

Jl 
PHc. 47. MeTOAH onpeAeJieHH.f! ~eHTpa RJIB.CTepa. 
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rrre Q H G-B8JI!11Illlihl sapfl,I\OB, perHCTpHpyeMh!X Ha KOHI.18X JIHHl-ll-1 3a,I\8:[ll!Urn. ,..., I 2 
PacCMOTpeHHhlfi M8TO,I\ onpe,I\8Jl8HM I.18HTpa RJiacTepa HM88T TOT H8,I\OCTaToR, 

tITO C YB8Jll-11l8HH8M pasMepoB Ka.M8phl (cBbilll8 0,5 M) JM8HbmaeTCR TOtrnOCTb 

perHCTpa11l-ll-l. C I.18Jlbro_ycTpaH8HHR SToro H8,I\OCTaTRa IBapnaK H ,DJ). npe,!V[O

lKHJIH TIO,I\RJirotrnTb R RalK,I\Oit RaTO,I\HOit TIOJIOCRe pel'HCTPHPYIDil\l-li1: KaHaJI, coc

TOflll\l-llt l-13 TIOCJI8,I\OBaTeJibHO BRJIIOtI8HHh!X YCHJIHT8JIR, JIHHHH 3a,I\8plKRH, JIH

HeitHon CX8Mbl nponyCKaHHR H Af..l[I.IlpH STOM ROOp,I\HHaTa I.18HTpa RJiaCTepa 

BhltrnCJIR8TCR H3 Bhlpallt8HHR /62/: 2 XI( QI( 

X-=- 2. Q_K 

Ha pac. 47 6 noita3aHhl TOJibRO ycHJIHT8JIH.MR peanas~ Taitoro MeTO,I\a 

Tpe6yeTCR 60JibIDOe ROJIH~8CTBO ,I\OporocTORI!jIDC Ai\11 C IDHpORHM ,I\HaITa30HOM 

(,I\O 12 6aT). IlpHM8H8HHe M8TO,I\a pa3,I\8JI8HHR JIHHHH 3a,I\8plKKH Ha H8CKOJib

RO paBHh!X qacTeit (pHc. 47B) TI03BOJIR8T CORpaTHTb qaCJIO RaHaJIOB perac

Tp~l-ll-1 npH COxpa.H8HHH TOtrHOCTH, IlpHCYlll8H napaJIJI8JibHOMJ M8TO,I\y. Koop-,, 
,I\HHaTa I.18HTpa 11 TRlK8CTH·JiaBHHhl BhltrnCJIR8TCR H3 BhlpalK8HHR 

X~ 2 Xtr QI( 
r,I\e XK =tH)h-v. :! QK ' 

rrocJie YCHJI8HHR HMilYJibChl sauOMHHaioTCR Ha aHaJIOrOBOM 3Y H 3aTeM C no

MOnµ,ro ROMMJTaTopa nponycRaroTCR qepes CTI811HaJibHlill cpHJlbTp, Ha Bh!XO,I\8 

ROTOporo B MOM8HT nepeXO,I\a CHrHaJia qepe3 HYJib onpe,I\8JIR8TCR I.18HTP TR

lK8CTH RJiaCT&Pa· TOtrnOCTH perlfCTp~H,COOTB8TCTB8HHO,o6paTHO nponop-

1\HOHaJibHU N H ,./1! r,I\e N-ttHCJIO, Ha ROTopoe pa3,I\8JISH SJISRTpO,I\. 

B PMS pa60T /63-64/ Ilpe,I\JIOlKSH!,1 MSTO,I\H perHCTpa'~J:m RJiaCTepoB, ROTO -

ph!e cotteTaroT B ce6e npOCTOTY nepBoro MSTO,I\a H TOtIHOCTb,IlpHCYJ!lYIO BTO

pOMy H TpeTb8MJ MSTO,I\a.M. raTTH /63/ Ilpe,I\JIOlKHJI ROHCTIJYKI.IHID Ra.MepH C 

,I\BJMR CSTOtIHblMH SJISRTpO,I\a.MH, pacnOJIOlKSHHblMH MSJK,Jzy aHO,I\HOH H xaTO,I\HOH 

TIJIOCROCTRMH. 0pHrHHaJibHOS COS,I\HHSHHS CSTOtrHHX SJISRTpO,I\OB Il03BOJIRST 

C3ROHOMl1Tb ROJIH1leCTBO ycHJIHTSJISH H IlOJIYtIBTb IlpOCTp8HCTBSHHOe paspe

IDSHHS 300 MRM. IlJTeM rpynnHpOBaHHR CTISI.IHaJibHHM cnoco6oM RaTO,I\Hh!X H 

aHO,I\HhlX npOBOJIOtteR /64/ TIOJiyttSHO npOCTpaHCTBSHHOe paspemeHHe 
190 MKM, 

MeTO,I\ I.IH(ppOBOro ,I\Hq$:lpeHLIHPOBaHHR. HHq>OpM~R, cqHT!,IBaSMaJl OT RaTO,I\

Hh!X 8JISRTp0,I\OB,TIOCJie ycHJISHHR IlO,I\aSTCR Ha BXO,I\H aHaJIOrOBhlX B!,lqHTaJO

ll\l-lX ycTpOitCTB, ~OTOpHe BRJIIDtt8HH TaR, qTQ CHrHaJIH OT R~on H3 ,I\Byx 

COCS,I\HHX IlpOBOJioqeR RaTO,I\HOH TIJIOCROCTH BhltrnTaroTCR H TIO,I\aroTCH Ha BXO

,I\hl COOTB8TCTBYIDil\l-lX ,I\HCRpHMHHaTOpoB • BhltrnTaHHro &II!JlliTy,I\ COC8,I\HHX CHr

HaJIOB COOTB8TCTByeT onep~R I.IH!ppOBOro ,I\Hq$)peHI.1HPOBaHHR. IlpH 3TOM 

Ha MSCTe TIHRa HMnyJibCHOro paCilpe,I\8JI8HHH pesyJibTHpyroll\l-18 CHrHaJI paBeH 

eyJiro. 3TOT ~T HCTIOJib3YSTCR ,I\JIH perHCTp~ ROOp,I\HHaTH I.18HTpa RJiac
Tepa /65/. 
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.,EJ PHc. 52. 0611.laH cxeMa fl/A3 - cneRTpOMeTpa. 

TI, T2, T3 - rO,I\OCROITH, MI,M2 - AJIH BHpa6oTRH TpHrrep-HMITYJibca, 

PCI,PC2, •••• PC6 - Mill{ cnexTpoMeTpa • 
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2. l.lH~pOBHe MeTOAH o6pa60TKH KnacTepOB 

C qenbro perHCT~H 2-x KOOp,I\IDiaT cpa6oTaBmeH qacT~ Aa.HHHe C~TH
BaJOTCH KaK OT 8HO,ItHHX, TaK H OT KaTO,ItHHX npoBonoqeK. IlpIDieM C ITO -
MOiljbID Aammx, C~THBaeMHX OT 8HO,ItHHX aneKTPOAOB, OITpeAenHeTCH KOOPAH
HaTa qeHTpa KnacTepa, a IIpH 'ITeHHH CHrHaJIOB OT K8.TO,[IHHX IIpOBOnoqeK 
OrrpeAenHeTCH qeHTp 11 TIDKeCTH11 naBHHH C AOBOnbHO BHCOKOH TO~OCTbID 
(HeCKOnbKO AeCHTKOB MKM). 
PaccMOTpHM puc. 49, :113 KOTOporo cne.ey-eT, 'ITO KOOPAHHaTa qeHTpa Knac
Tepa B~CnHeTCH :113 Bb!paJKeHHH 

X = (N+ XI - X2/2), 

rAe /I- o6Iqee ~cno KaHaJIOB perHCTP~H, XI H X2 - KOOp,I\IDiaTH "Kpa
eB" KnacTepa, KOTopue OITpeAeJIBIOTCH C ITOMOiqbID IIpHOpHTeTHHX llilitpp8.TOpOB. 
B 38.BHCHMOCTH OT HCITOnb3yeMHX MHKpocxeM BpeMH B~cneHHH KOOPAHH8.TH 
X Ha CITe~am,HoM rrpo~eccope COCTaBnHeT 30-IOO ac, a TO~OCTb perHCT
~ paBHa ITOnOBHHe paCCTOHHHH MeJK,ey 8HO,ItHHMH IIpOBOnO~aMH. 
KOOPA:11H8.Ta qeHTpa 11 TIDKeCTH11 naBHHH B~CnHeTCJl ITO ~OpMyne 

X =5.Ai,X;J~Ai,, 

rAe Ai.- aMITnHTYAa j_.-ro HMrrynbca. C qemro aKOHOMHH ~cna KaHaJIOB pe -
rHCTp~H B pa6oTe /66/ ITpeMaraeTCH C~TllBaTb CHrHaJia TOnbKO OT 3-x 
qeHTpaJibHHX IIpOBOnoqeK. B STOM c~ae KOOp,I\IDiaTa X OIIpeAenHeTCH :113 
BHpalll'.eHHH 

X = XI + (A2 + 2A3)/ (AI + A2 + A3). 

,llJIH rrpeo6paaOBaHHH aMITnHTYA HMrrymcoB B ~tppOBOH KOA Tpe6yroTcH IO
pa3pJI,ItHHe AIUl, ITOa'l'OMY BpeMH B~cneHHH ROOpAHHaTH cocTa.BnHeT He Me
Hee I MKC. 3aTo TO~OCTb perHCTpaqHH paBHa IO MKM • 

BaJ!tHHM yanoM B TaKOM rrpoqeccope HBnHeTCH ycTpOHCTBO An.II B~eneHHH 
ROOpAHHaT 3-x qeHTpMbHllX KaTO,ItHHX IIpOBonoqeK (ITonocoK). IlpHHqHITHaJib
HaH cxeMa TaKoro ycTpOilCTBa OIIHC8Ha B pa6oTe /67/. 0Ha COCTOHT KaK 
H3 8HaJIOPOBHX, TaK H :113 ~tppOBllX aneMeHTOB. C ITOMOl!jbID 8HaJIOrOBHX 
KJIIOllett H ~tppOBOH norHKH B~eirHIDTCJI T!)H curnana, HMeIOIIjlie Ha:116om,mHe 
a.MIInHTY~H. 3aTeM OHR O~tppOBHBaIDTCH, a KOOPAHHaTH KpaeB MaCTepoB 
OIIpeAenHroTCH C ITOMOiqb!O ITpHOpHTeTHHX llili(JlpaTOpOB. 

IlpHOpHTeTHHe llili(JlpaTOpH a~KTHBHO HCITOnb3yroTCH H B TOM c~ae, ROrAa 
B MIIK perHCTpHpyeTCH He OAHH, a HeCROnbRO Mac-repoB. PaCCMOTpHM IIpH
Mep /68/. IlyCTb OT MIIK Ha perHCTp ITOCTYITHnO cn0Bo,·c0Aepllt8.lljee ABa 
RnacTepa H AB8. He3aBHCHMHX cpa6aTHBa.HHJI 

OIIIOOlOOIIIIOIO • 
BHa'lane C ITOMOiqbro cxeM, COCTOHiljHX B OCHOBHOM H3 CYMMaTOpOB ITO MO.ey- -

nID ~Ba, 3TOT RO~ rrpeo6pa30BHBaeTCH B cnOBO, B ROTOPOM COAeplltaTCH 
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eAHHHqli OKOnO O,ItHOPO :113 RpaeB RnacTepa, a o6oco6neHHHe eAHHHqH B006-

Ilj8. ycTp8HHIDTC.II 
OIOOOOOOOIOOOOOO • 

,uairee c ITOMOiqbID IIpliOpHTeTHHX llili(pp8.TOpOB OIIpeAenHeTCH KaK qucno Rnac
TepoB, TaK H HX Roo:p.n;mi:aTH. EcnH xe Tpe6yeTCH orrpeAeneHHe KOOpAHHa
TH qeHTpa· KJl:aCTepa, TO C ITOMOiqbID CITeqHanbHOH cxeMHH8.XO,llSlTCHROOpAH
HaTH ero RpaeB H 38.TeM ITO Be~e pa3HOCTH li CYMMH 3THX Ben:11~ 

BuqHCnHeTCH ROOPAHHaTa qeHTpa. 
Cne.ey-eT OTMeTHTb, 'ITO HCITOnb30Blllllie npHOpHTeTHHX llili(JlpaTOpOB IIpHBO,IlHT 
R pe3KOMY YBenuqeHHroBpeMeHH ·perHCTp~H, TaK KaK rrpeo6pa30B8HHe yHH
TapHoro ROAa B ABO~Htt KOA BHIIOnHHeTCH ITapaJinenbHo-rrocneAoBaTenb
HHM crroco6oM. IloaTOMY c qemro YBenuqeHHH 6HCTPOAeHCTBHH B Tex c~a
HX, ROrAa Tpe6yeTCH TOnbRO ITOAC'leT qucna MaCTepoB,HCITOnb3YJOTCH rropo
rOBble cxeMH C IIpHMeHeHHeM aHaJIOrOBHX H ~tppOBHX aneMeHTOB. 0,ItHa H3 
TaKHX cxeM rrpHBeAeHa Ha puc. 50 /69/. CHrnanH ITocne ycmmTeneH-<pop -
MHPOBaTenett ITapam1emHO ITOCTyrraIDT Ha BXOAff CYMMaTOpOB ITO Mo.ey-nro ABa, 
KOTOpb!e coeAHHeHH TaR, 'ITO Ha RX BHXOAax qiop,rnpyeTCH ROA, IIpOITOp~o
H!lJibHHH qucny aaperHC'l'pHpOBa.HHHX co6HTHH. HanpHMep, ecm-1 Ha BXOAax 
CYMMaTopoB ITO MO.ey-nro ABa.6wr ROA OIOIIIOIOIIIIO, TO Ha BHXOAa.x qiop
MHpyeTCH ROA OIOIOOOIO IOOOO. ,Ila.Jree c ITOMOiqbro AHCRpHMHHaTopa BHpa6a
THBaeTCH CHrHaJI, xapaRTepH3ylOl!jHH MHOEeCTB8HHOCTb aaperHCTpHpOBSHHHX 
qacTH~. B pa6oTe /70/ HCITMb3Y8TCH aHaJIOr~Hil: rrp~, TOnbRO 
BXO,ItHM norli'l8CRM qeITO~a COCTOHT H3 O,llHOBH6paTOpOB C IIpHMh!Ml'l H HH

B8pCHHMH BHXOAaMH H aneMeHTOB H, 'ITO IT03BOn.1!8T B~enHTb TOnbR'O OAHY 
RpattHroro ROOp.!lHHaTy MacTepa. 

3. CITe~aJibHHe MeTOAH ROAHPOB8HHH 

B pJl;Ile c~aeB IIpHMeHeHHe CITe~aJibHHX M8TOAOB ROAHpOBaHHH IT03BOmmT 
ITO~Tb BHCOROe 6HCTPOA8HCTBHe, TaR RaR HH<popM~H cquTHBaeTCH H 
rrpeo6paayeTCH B HylitHy1o <popMy rrapannenbHO. TaR, An.II perncT~H ROOp
AHHaTH O,ItHoro RnacTepa B pa6oTe /7I/ HCITOnbayeTCH AHO,ItHHH llilitppaTop 
Ha 4096 BXOAOB.Ilpli'l8M AHOAH llili(JlpaTOpa paBHOMepHO pacrrpeAeneHH BAOnb 
R&!epH BMeCTe C YCHnHTenHMH. A.Ilpeca IIpOBOnoqex, qucno ROTOPHX 4006, 

o I 2 3 
paaAenem,r Ha qeTupe rpyrrITH c Becru.rn 8 , 8 , 8 , I:> • IlpeAUonaraeTcH, 
'llTOMHHaimacTepa He IIpeBbllliaeT BOCbMH. Tor~a He3aBHCHMO OT IT03Hqlili 
RnacTepa AOCTaTO~O C ITOMOiqbD MruitOpHTapHOH cxeMH . IIpOCTO· 'rrpoaHa -
nli3HpoBaTb MnB,Illlllie 8 pa3pH,IlOB. CHrnaJI C BHXOAa MaJKOPHTapiott cxeMH 
HCITomayeTCH An.II CTp06HpOBaHHH AaHHHX Ha,perncTp. 
C qemro YM8Hbmemm qucna RaHaJIOB perHCT~ IIpH OIIpeAeneHHH ROOp.!lH
H8.TH TpottHoro MaCTepa B pa6oTe /72/ HCITOmayeTCH OpHrHHanbHM cxeMa 

KOAHpOBaHHH. Ha pHc. 5I IIpHB8A8Ha cxeMa ITOARnro'IeHHH 24-x IIpOBOnoqeR 
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K BXOAa~ 7 yCIDIHTeJiefi-cMeCHTeJiefi.0,I(HrutO Truta.JI cxeMa pa60TaeT npaBIDII,
HO TOJibRO B TOM CJiytlae, eCRH O,I(HOBpeMeHHO cpa6aTblBaeT p,)BHO TPH npo
BOJIO'CIRH. 

4, IlpHMep rrpHMeHeHHH MeTOAa RaTO,I(HOI'O Ctrn:TblBaHHH 

CJieAJeT OTMeTHTb, qTo MeTOA KaTO,I(HOI'O Ctrn:TblBaHHH npHMeHJieTCH He 

TOJibRO C qeJibID peI'HCTpaQHH BTOpofi ROOpAHHaTH sa~I'HCTpHpOBaHHOH qac

T~H, HOH AJIH Bb!pa60TRH TpHrrep-HMTTYJibCa IIpH peI'HCT~H 6oJiee CJIOllt
HIDC co6UTHfi. C 3TOH qeJibID 6wra H3I'OTOBJieHa Mill{ co CJIOJKHOH ROH~rypa-

1.\HeH 3JieRTPOAOB. CHCTeMa H3 TrutHX RaMep HCTTOJib3JeTCH B aRcnepHMeHTe 
/IA3 B I.{EFH ARH H3ytleHHH MIOOHHIDC nap C 60JibIDOH Maccofi /74-76/. 
Ha PHC. 52 IIpHBeAeHa cxeMa YCTaHOBRH, ROTOpM npeACTaBMeT co6ofi 
MaI'HHTHUH cneRTpOMeTp, OCHOBY ROTOpOI'O COCTaBJiffiOT MilK, CQHHTIDIJIHI.\H
OHHue I'OAOCROTTU H ABe Mill{ MI H M2 c RaTO,I(Hl,JM Ctrn:TblBaHHeM. 0CHOBHble 
q,yHRI.\HH TPHI'I'eJ)HOH CHCTeMH 38.ltRIDqaJOTCH B TOM, qTo6u OT6HpaTb MaCCHB
HYIO rrapy MIOOHOB H B TO lite BpeMH He peI'HCTpHpOBaTb pe30HaHCH C MMOH 
Maccoa. ~OBOJibHO a(fqeRTHBHl,JM cnoco6oM aTO MOlltHO CAeJiaTb, H3MepHH no

nepe~b!H HMflYJibC M OAHOI'O HRH AByx MJOOHoa, rrocROJibKY AHMIDOHHaH Macca 
CHMMeTpHqHofi napu MOllteT 6UTb BHqHCJieHa H3 BHpallteHHff 

:vf = ~,+ PT2. 

IlprutTHqeCRH BeJIHqHHa ~ MOllteT 6UTb ll3MepeHa C ITOMOiqbID AByx Mill{ C Ra -

TO,I(HHM Ctrn:TblBaHHeM H BblqHCJieHa C ITOMOiqbID 6HCTporo rrpoqeccopa sa Bpe

MH rro~a IIO HC.OAHaKo npeJ!tAe acero Heo6xoARMo o6ecrretrn:Tb 6ucTpb!H 
OT6op R~aTOB B ITOJie3HHe C06UTHH. 3Ty qiyHRqHID BHTTOJIHJieT TaR Hasu
BaeMb!H "rrpeATPHI'I'ep". Db!p'l '.lOTKa sarryCRaJOOjero HMITyJibCa IIpOHCXOAHT B 

Tex CJIYtl:aHX, ROI'Aa'ABa MIDOHa saperHCTpHpylllTCH B I'OAOCRorre T3, pacrro
JIOllteHHOM nos~ llteJie3HOI'O ITOI'JIOTHT9JIJI TOJill!HHOH I,8 M. B 3TOH orrepa

qHH HCITORb3YJJTCH AaHHHe, peI'HcTpHpYeMHe C ITOMOiqbID I'OAOCROITOB TI, T2 
H T3. ilpH 3TOM AORlltHH BHTTOJIHHTbCH CJI9,IlYJOiqHe yCJIOBHJI: 

-BCeB03MOlPiHHe ABOHHHe COBn~eHHJI CHI'H8.JJOB, ITOCTYIIaJOIJIHX OT aJieMeHTOB 
I'OAOCROITOB T2 H T3, ROTOpHe OIIpeAeJIJmT Tpa9RTOpHH AByx MJOOHOB,~9JDJt
HH HCITOJib30BaTbCH TOJibRO OT Tex 3JieMeHTOB, ROTOpue HaxOAHTCH B CTBO
pe MHIII9HH, 

-R~M ITOJIOCRa B MilK T3 CTaBHTCH B COOTB9TCTBHe qeTupeM B Mill{ T2, 
IIpHqeM COBIT~9HHe CIII'HMOB, ITOCTyrraJOiqHX OT 3THX aJieMeHTOB, rapaHTHpy-
9T OT6op 0,I(HOI'O MIOOHa, 

- OTCY'l'CTBHe rano-qacTHq OROJIO cqeT~a H o6ecnetrn:BaeTCH TeM, qTo OH 
pacrrOJiaraeTCH Ha paccTOf!HHH IO M sa MHII!eHbID. 

CHI'HM IlpeATpHI'I'epa ITOHBJIHSTCH qepes 260 HC ITOCJie rutTa B3aHMOA9HCT
BHH H HCITOJib3Y9TCJI B CJie~ qeJIJIX: 

- WIH CTp06HpoBamm YCIDIHTeJieH Mill{, 
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PHc. 53. 06IqHlf BM Ml1K c RaTOAHhnA Ctrn:THBaHHeM. 
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PHc. 54. CxeMa O,qHOI'O RBHaJia cqHTHBaHHH H perHC~ 

AJIH Mill{. 
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-~ ynpaBJI0Hilll pa6oTofi 6hlCTPOAefiCTBYJO~efi MaTPli~hl COBIT8,!18HHH. 
3A0Cl, MH m.1eeM npm1ep Toro, Ka.It Ka.Mepa C I<aTO,IIHl:lM CtrnTHBaHM0M Henoc

p0ACTB0HHO HCITOJib3yeTCH AM Ehlp8.60TKH TpHrrep-ID.!ITYJibCa nepBoro ypoB
HfI. C 3TOH ~eJiblO KaTOAH MIII{ pa3A0JI0HH Ha 20 ropH30HTanl>HHX noJIOCOK 
(pnc.53). K~aJI IlOJIOCKa, B CBOIO oqepeAb, pa3AeJieHa Ha 64 aqefiKH, a 
B rrpe,IteJiax MOCKOCTH BCero COA0plKHTCH 400 aqeeK. IlpnqeM B ~eHTpaJib -
HOH qaCTH aqefiKH HM0IOT pa3M0pH 3x3 CM, a no KpaffM - 6x6 CM. flqefiKH 
noKpHTH TOHKHM cepe6pffHhlM CJI00M li OTA0JI0HH APYI' OT Apyra He60JThllIHMH 
npoMelKYTJ<a.MH ( 2. w) • 
KorAa qacT~a npOXOAHT qepe3 Ka.Mepy H npOHCXO,ItHT B3aHMOA0HCTBHe , TO 
B03HHKaIOT CHrHaJIH KaK Ha aHOAffHX npOBOJIOqKax (B BHAe JiaBHHH), Ta.It 

H Ha KaTOAaX (aqefiKax). CHrHaJIH, qJOpMHpyeMHe B aqefiKax, nocTynaIOT Ha 

BXOAH MaTpHUH COBn~eHHfi. BeprHKanl>HaJI KOMITOH0HTa nonepeqHOro liMITyJTh

ca ~ qacT~H, pQlKAaeMOH B Mlilll0HH H .[18T8KTHpyeMofi B aqehax fl,.' H n,2. , 
pacnoJIOllteHHHX B MOCKOCTffX MI H M2,B~CJIH0TCH H3 Bupru!t0HHH 

pv = A/t n1-1t,2./, 
T 

rAe A - KOHCTaHTa. 
Be~H lln= n,-n.z cpa.BHHBaIOTCH c Ta6JIHtlHh!Mli 3HaqeHHffMH H B cnyqae COB

Ila,Il0Hliff 3HaqeHruI An C Ta6JIHtlHblM· Bupa6aTHBaeTCH TpHrrepHHfi CHrHaJI 
nepBoro ypOBHH ( 150 He). KoopAHHaTH cpa60TaBllIIDC npOBOJioqeK onpe):leJIB
IOTCH C ITOMO~blO rrpHopHT8THHX nrnqipaTOpOB. R, HaKOHe~, B cne~aJIH3Hp0BaH
HOM npo~eccope BHtmCJIH0TCH HHBapHaHTHaJI Macca 

M=--YP, p2012, . 
r,Ite Q- yroJI M0'Jl.lIY TpeKa.MH MIOOHOB. BaJitHHM MOM0HTOM, ynpOlllaJOII\liM npo~ecc 
BHtmCJI0HHfi,ID!JIH0TCH orpaHnqeHHaJI MHO~eCTB0HHOCTl, perHCTpnpyeMHX qac

T~. 

5. PerHCT~ ,IlaHHHX B 061ll0M BH.[10 

EcJIH no ycJIOBIDO 3KCnepHM0HTa He06XO,ItHMa peI'KCTp~ 6om,moro KOJinqec
TBa qacT~, TO C03,ItaeTCH Ta.KaJI 3JI0KTpOHHKaCqHTHB8HHH H perHCTpatilm, 
KOTOPaJI o6ecnetraBaJia 6H sanoMHHaHHe CHrHMOB, CtrnTHBaeMHX OAHOBpeMeH
HO OT BCeX ITpOBOJIOtl8K MrIK.Ilpe~e Bcero paCCMOTpHM THnHqHHfi KaHaJI ycH
JieHruI H perHCT~ (pHc. 54). liMnyJibC, HaBeAeHHHfi Ha npOBOJIOqKe Mme 
C 8MIIJIHTY,It08 H8CKO~KO MHJIJIHBOJThT1 IlOCTynaeT Ha BXOA ,ItHq$lpeH~anl>HOrO 
ycHJIHTeM. ,nHo~ Ha BXOAax ycHJIHTeJIH CJIY!W.T AM 38.lqHTa OT npo6oa 
BXOAHOro TpaH3HCTopa. TpaH3HCTOp TI BHnOJIHHeT qiyHR~ reHepaTopa TOKa. 
C IlOMOllll>D TpaH3HCTOpa T2 o6ecrretrnBaeTCH qiop.rnpoBaHHe 'l'I'.Jl-ypoBHH, He-
06XOAHMOro AJIH 3anyCKa OAffOBH6paTOpa OB, ROTOplifi . IT03BOJIJI0T 

rroJiyttHTl> HMITYJihc c . s~aHHoa AJIHTeJThHOCTbD (50-100 Hc).TeM ca
MHM crJI~HBaeTCH pac6poc (,Illf,HTTep) nocTynneHruI m.inym,coB OT npOBOJIO
qeR Mme. BeJIHtmHa WKHTTepa COCTaBJIHeT I0-30 He. 
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liMnyJThC c BHXOAa OAHOBH6paTOpa nocTyrraeT Ha BXOA 8-pa3pR):1HOro C.[IBH

roBoro peI'KCTpa, KOTOplifi BHnOJIHHeT qiyHK~ peryJIHpy0MOH 3a,Q8plKRH. 

3Ta sa.QeplKRa Heo6XOAHMa WIH Toro, qTo6u o6ecnetrnTb nepe,Itaqy noJie3HO
ro CHrHaJia B MOM8HT npHXOAa m.inym,ca M0AJI8HHOro CTpo6a OT cne~aJIH-
3Hp0BaHHOro npo~eccopa. Ilepe.Qaqa noJiesHoro cHrnaJia OT C.QBHroBoro pe
rHcTpa-sa.QeplKRH B ~enb sanOMHHaIOlllHX C,ItBHrOBHX perHCTpOB OCYUl8CTBJIH
eTCH nyTeM no,Itatrn Ta.KTOBHX HMnyJibCOB BHCOKOH qacTOTH • EcJIH HCDOJib3y-
lOTCH TI'JI-MHRpocxew, TO qacTOTa ID.IITyJibCOB C.[IBHra COCTaBJIHeT 20 MI'Q. 
IloCKOJibRY CHrHaJIH OT Mme nocTynaIOT H0CHHXpOHHO C TaKTOBHMH ID.IITyJibCa
MH, TO OTHOCHT8JlbHO BHCOKaa qacTOTa CJI8,ItOB8Hilll COBM0CTHO C 3a,QaHHOfi 
WIBT0JlbHOCTblO CHrHaJIOB Ha BHXOAe OAHOBH6paTOpa o6ecnetrnBaIOT C ,IlOCTa
TOqHO BHCOKOfi s(lqeKTHBHOCTl,IO 3axBaT H nepeAaqy noJie3Horo CHrHaJia. 

HcnOJTh30BaHHe CABHrOBHX perHCTpOB CYUl0CTB0HHO ynpolllaeT KaHaJI perHCT
~- 0AHa.KO Ta.KaJI cxeMa HBJIH0TCH OTHOCHT0JlbHO M0AJI0HH08. Il03TOMY 
C ~eJibIO IlOBHlll0Hilll CKOpOCTH Ha6opa CTaTHCTHKH npHMeHHIOTCH napaJIJieJib -

HHe M8TOAH perHCT~H Ha sanOMHHaIOlllHX perHCTpax C IlOCJI0,IJ;ylOlllHM rrpe -
o6pa30BaHH0M YHHTapHoro nos~OHHOro KO.[la B .[IBOHtlHHH · ROA C nOMOllll>D 
npHOpHT0THHX mHqJpaTOpOB. ~ MO.QYJibHOM HCITOJIH0HHH npHOpHT0THHH mHqJpa
TOp HMeeT BOC0Mb BXO.[IOB H TPH BHXO,Ita,tta KOTOphlX qiopMHpyeTCH .[IBOHtlHHH 

KO,It. HaJrntme BXO,Qa paCmHpeHilll Il03BOJIBeT IlO.[IKJIIOqaTb Ta.KHe MO.QYJIH K 

60JibWOMY tIHCJIY KaHaJIOB peI'KCT~H l50-60). 0AHa.KO npH 6oJibmOM q}ICJie 
RaHaJIOB perHCT~ HCilOJTh30BaHHe IlOCJI0AOBaTeJibHOfi ~enOqKH npHOpHTeT
HHX mHqJpaTOpOB npHBO,ItHT K yCJIOlltHe~mo ycTpOfiCTBa rrpeo6pa30B8HHH KO.[IOB 
HR yBeJinqeHmo pacnpocTpaHeHruI CHrHMOB B ~enHX nepeHoca. 
YCJIOlltH8HHe annapaTYPH npeJE,qe Bcero CBH3aHO C TeM, qTo AJIH c6poca 
TpHrrepOB sanOMHHaIOlllero perHCTpa K BHXO.[laM npHOpHT0THHX mHqJpaTOpOB 
DOAKJIIOqa0TCH .[18mHqJpaTOp /??/, trncno BHXO.[IOB KOTOporo pam,.O tIHCJIY pas
pH.QOB perHCTpa. Il03TOMY npH 6om,moM trnCJie KaHaJIOB perHCT~ IlOCJie,It
HHfi ,Il0JIHTCH Ha rpynnu. IlpH 3TOM AJIH CX8MH, 06CJiy2KHBaJO!Ijefi R~ rpyn
ny, Tpe6yeTCH CBOfi ,It0mHqlpaTOp H ,ItOilOJIHHT0Jll,HHe .[laHHHe AM RO,ItHpqBa -
Hilll HOMepoB rpynn. ' 
B pa6oTe /?8/ rrpeAJio~eH 6oJiee sipleRTHBHHfi cnoco6 rrpeo6pasoBaHruI YHH
TapHoro KO,Ita B o6HKHOBeHHHfi .[IBOHtlHHfi KO,It. 0CHOBHHe 01'0 oco6eHHOCTH 

38.KJil)t!aJOTCH B CJI0,IJ;yl0Ul0M: 
- HesaBHCHMO OT trnCJia npOBOJIOqeK B MOCKOCTH Mme BXOAHHe KaHaJIH mHql
paTOpa He .[10JIHTCH Ha rpynnu. )WyrHMH CJIOBBMH, trnCJIO pa3PH.QOB Ha BHXO
,Ite ycTpOfiCTBa, KOTopo:e npeACTaBJIJieT ROOpAHHaTy cpa6oTaBmefi npOBOJioq

RH, orrpe,IteJIHeTcH H3 BHp~eHHH IV= -f!o/i n., 
rAe /L-trnCJIO npOBOJIOtieK B MOCKOCTH MIU{. 

- B ycTpOfiCTBe npHHHT acHHxpOHHHfi M8TO,It ynpaBJI0HHH AJIH mzyTpeHHea 
CHHXpOHH3a~ HAM CTp06HpOB8Hilll ,IlaHHHX Ha BHXO~ax. Ilpa.KTnqecKH 3TO 
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3HatrnT, qTO ,IµIJI sarrycKa ycTpo~CTBa He3aBHCHMO OT ROJIHqeCTBa cpa6oTaB
nrnx npOBOJIOqex ,!IOCTaTO~O no,11aTb O,!IHH . C:III'HaJI "Ilycx", ROTOpIDi BHpa6a -
TblBaeTCJI C nOMOirµ,IO cxeMbl "BHCTpoe HJIB''. . ' 
Ha p!iC. 55 IlpMBe,11eHa6JIOK-CXeMa ycTpOHCTBa, KOTOpaJI HMeeT 256 BXO,!IOB 
l'l 8 BHXO,!IOB. BxO,!IH npOHYMepOBaHH OT O ,!10 255 J,f YCJIOBHO pa3,!leJieHH Ha 

I6 rpyrm. B CBOIO oqepe,11b, I'pynilbl HMeIOT HOMepa OT O ,!10 I5. YcTpOHCTBO 
BK~aeT B ce6JI !6 cxeM HJlli 0-I5, RalK,IlaR l'l3 ROTOpHX HMeeT no I6 BXO
,!IOB, 32 TpHrrepa T0-T3I, I6 MYJITHnJiexcopoB KII 0- 15, RaJK,!IIDi H3 ROTO
pHX HMeeT no I6 HH(l)OIJMal.\HOHHb!X l'l no 4 a,!lp8CHblX BXO,!la, )iBe rpynnH np::1:-
0pHTeTHHX mHqipaTopoB IIIIII-IIIII2 H IIIII3-IIIII4,.I1Ba )ie!lll1qipaTopa ,l]Jlll .H JU]l2, 
BJieMeHTH :HJUi l1 BJieMeHT 38,[\ep:mrn. 
PaccMOTPHM RpaTKO IlpHHI.\l'ln pa60TH ycTpOHCTBa. -~aHHHe OT BXO,IiHOI'O pe ·
l'l'ICTpa {Ha pHc. 55 He noKa3aH) O,IiHOBpeMeHHO nocTynaIOT Ha BXO,!IH cxeM 

HJlli l'l Ha HH(l)OIJM~OHHble BXO,!IH Bcex MYJibTHnJieKCOpOB.l\Jm.onpe,11eJieHHOC
Tl'l ,IiOnyCTHM, qTO cpa6oTaJia npOBOJIOqxa c ROOp,zµniaTOH 34 = 00100010 

{MJIB,[\llIIDi pa3pR,Ii CnpaBa) • OTO 3HatrnT, ~o B nepBOH rpynne BXO,IiOB cpa-

60TaJia nepBaJI IlpOBOJioqxa. B BTOM c~ae C Bb!XO)ia CXeMbI HJlliI Cl'II".tf8.JI 
nocTynaeT Ha BXO,Ii TpHI'I'epa Tl l'l yCTaHaBJillBaeT ero B COCTORHHe JIOI'll -
qecROH e)iHHifi.lHe IlocJie TIO,Iia1.rn Cl'II'HaJia "Ilycx" HB. HH(l)OIJM~OHHHX BHXO
,Iiax npHOpHTeT!illX Illl1qJpaTopoB I-2 BHpa6aTbIBaeTCR KO,Ii 0010,KOTOPhlH npe,11-

C'l'aBJIReT CTapnrne pa3pR,IibI ROOp,!iHHaTbI cpa6oTaBll!eH. npOBOJIQqxl'l HJIH HOMep 
YCJIOBHOH :i:-pynilbl, B ROTOpOH HMeeTCJI XOTJI 6H O)iHa e,!IHH~a. 
B xaqecTBe npHOIJHTeTHoro urn:q,paTopa HcnoJibsyeTCJI MHRpocxeMa Kl55MB165~ 
B-ROTOpOH nOMHMO BOCbMl'l HH(l)OJJM~OHHHX BXO,!IOB' l'l TpeX BHXO,IiOB HMeeT
CJI e1qe ynpaBJIRIOiqHH BX0,11,IµIR no)iatrn Cl'II'HaJia paspemeHM pa60TH meqipaTn

pa H ,!IBa ynpaBJI.fIIOlllWC BHXO.zia GS H E0 • Ha BHXO.zie GS npHCYTCTByeT HHS -
RHH YPOB8Hb HarrpmKeHHJI B TeqeHHe BpeMeHH, noKa Ha ero BXO)iax HMeIOTCJI 
Cl'II'HaJIH JI0l'l{q8CKOH 8,IiHH~bI l'l Cl'II'HaJI paspemeHM pa60TH. llMnyJibc Ha 

BHXO)ie E O Cl'II'HaJIH3HpyeT O ROHI.\8 pa60TH nrnq,paTopa. KpoMe TOI'O, BHXO,!iH 
Eo l1 "PaspemeHHe pa60TbI" urn:qipaTopa HCnOJib3yroTCJI ,IiJIJI napaJIJieJibHOI'O 
COe,!IHHeHM aHaJIOI'~HX MHRpocxeM. 

)la.nee RO,Ii OOTO no)iaeTCJI Ha 8.,IipeCHHe BXO,IiH MYJITHilJI8KCOpoB, l'l B pesyJib

TaTe C BHXO,I\a MYJibTHnJieKCOpa Kill Ha TpHrrep TI? nocTynaeT CHI'HaJI. 
llMnyJibc c BHXO,!la GS qepes aJieMeHT 38.,IieµKKH nocTynaeT Ha BXO,Ii I' Paspe-,, 
meHHe pa60TH I'pynilbl npHOpHT8THb!X urn:qipaTOpOB 3-4, l'l Ha l1X HH(l)OpMa~oH-
HblX BHXO)iaX (l)OJJMHJ>Y8TCJI RO,Ii 0010, ROTOpbIH COBMeCTHO C KO,!IOM HOMepa 
rpynira o6pasyeT 8-paspJI,IiHIDi RO.zi HOMepa cpa6oTaBmetl npoBoJioqxH. 

CHI'HaJI C BbIXO,!la cs np,rnpHTeTHbIX urn:qipaTopoB 3-4 HCnOJib3Y8TCJI )iJIJI CTpo-

6HpOB8Hl'IJI ,IiaHHHX Ha Bb!XO,IiHOH peI'HCTP, a c BHXO,Iia Eo HMnyJibC nO)iaeTCJI 
Ha BXO,Ii CTp06HpOBaHM ,11eurn:qipaTopa DCI. B pesyJibTaTe Ha ero nepBOM 
BbIXO)ie nOJIBJIJieTCJI Cl'II'HaJI, KOTopIDi YCTaHaBJIHBaeT B COCTORHHe "O" Tpl'II'-
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rep TI. oa.TeM Ha Bb!XO,Ile E 0 Bupa6aTilllaeTCH mrrna.JI ''K0He11 npeo6pasoBa

mm"' li Ha 3TOM pa6oTa ycTpOHCTBa 3a.K8HtnrnaeTCH, Ta.K KaK Ha ero B:XO
.r1ax OTCj'TCTBYJOT ,I\aHHbJeo B !IpOTliBHOM CJIYllae LlliRJI npeo6pa30BaHli.fi noBTO
pMC.fi 6bl CHOBa, a HMIIyJII,C "K0He11 npeo6pa3_0BaHlili" Bupa60Ta.JICH 6bl mmn, 

nocJie ycTaHOBKli Ha "O" Bcex TplirrepOB ycTpOHCTBa. 
CJieAYeT OTMeTliTb, tITO nocJie no,I1al!li ClirHa.Jia "IIycK" ycTpOHCTBO pa6oTa
eT B 6eCT8KTOBOM pelltHMe, tITO n03BOMeT Ma.KCHMaJII,HO liCnOJib30BaTb 6Hc

TpO,IleHCTBlie IIpHMeHHeMb!X MliRpOCXeM li nOBHCliTb Ha,IlexHOCTb pa60Tblo Ec
m,: npHMeHliTb TTJI-MHRpocxew, TO cpewiee BpeMH lllli~ OWfOH !IpOBOJIOtI
Kli He npeBblTTiaeT 100 HC. EcnH lite HCnOJII,30BaTb MliRpOCX0Mbl 500-H ceplili, 

TO BpeMH npeo6pa30BaHli.fi M~O COKpaTliTb Ha nop.fl;I:\OK. IlpHtieM 3KOHOMlitI
HOCTb ycTpOHCTBa CYJ!lSCTBSHHO pacTeT C pOCTOM tiliCJia KaHa.JIOB perHcTpa-

Lllili• 
Ham o6sop no MSTO,I\aM perliCTPalllili ,I\aHHb!X OT MII!{ 6WI 6H He nOJIHHM, ec-
nli 6H MH HS paCCMOTpenH KpaTKO aHa.JIOrOBHM cnoco6 perliCTpa11lili /7':J/. 
TaKOH MeTO,I\ rrpHM9HH8TC.fi B Tex CRyt!MX, KOr,Ila H806XO,IlliMa liH~OIJM~li.fi He 
TOJII,KO O KOOp,IlliHaTax cpa6oTaBmliX !IpOBOJIOtieK, HO li 06 aMITmiTy,I\ax pe
rliCTplipY8Mb!X ClirHa.JIOB. B LlliTlipY8MOH pa60Te onHCHBaeTC.fi 8JI8KTpOHHKa, 

C nOMOiqbIO KOTOpOH CtlHTHBaeTCH li OLIH~OBHBaSTC.fi liH~PMalllili, IIOCTynaio

~aH OT 6000 !IpOBOJIOtieK. ~aHHH80T rpyrrrrH, COCTO~efi li3 200 !IpOBOJIOtieK, 
c noMOiqbIO aHa.JIOrOBb!X KJIIOtieif nocJie,IIOBaTem,Ho no,IIRnIOtiaIOTCH K I2-paspM

HOMY AlU1 li 3aTeM 3aITOMHH8IOTC.fi B naMHTlio 

6. MII!{ KaK Tp0KOBHM ,I1eTSKTOp 

llit~OIJM~HH, perliCTplf)yeMaH B MII!{, liCnom,3yeTC.fi ,I\n.fi BOCCTaHOMeHli.fi 
TpeKOB sapsmeHHb!X tiaCTHLlo C 3TOH 11em,10 C03,IlaeTCH CHCTeMa li3 HeCKOJib
KliX ,IleTeKT0pOB 1 !IplitISM K~HM ,IleTeKTOp COCTOliT H3 HeCKOJibKliX MOCKOC
TeHo HaJIHl!lie ,I\BYX ITnOCKOCTSH B ,I\STeKTOpe n03BOMST Onp0,I\9JIHTb napy 
KOOp,IlliHaT X,Y B CJIYllae O,IIHOTpeKOBHX co6HTHH. EcnH lite 6wrli 3aperHCTpH
poBaHH, HanpHMep, ,I\BS qaCTHI.\H, TO B03HHRaeT HeOnpe,IleJieHHOCTb B onpe
,I1eJieHlili KOOp,IlliHaT, KaR 3TO noKa3aHO Ha pHc. 56 a. C 11eJibIO ycTpaHeHH.fi 
HeO,I\H03HatlHOCTH B ,I\STeKTOp BBO,IIHTCS: XB.R MliHHMYM ,I\Be ,I\OnOJIHliTeJII, -
HHS nJIOCKOCTli, Hallpa_BJISHHe HaMOTKli HliTeH B KOTOpb!X COCTaBJI.fleT f 45 
r~COB KOCH x .. 3TH MOCKOCTH n03BOJIHIOT BbltiliCnliTb e~e ,I\BS KOOp,Illi
HaTH u li V (pHc. 56 6). 

TliITlitIHHH MarHHTHHH cneKTPOMeTp MOllteT CO,I\epxtaTb HSCKOJibKO Ta.KliX ,IleTeK
TOpOB, n03BOJIHIO~X Onpe,I1eJiliTb TpaeKTOpli!O tiaCTHLlo )viff HaXOllt,IleHli.fi Hyllt

Hb!X TpaSKTOpliH C nOMOiqbn Onp0,IISJieHHoro a.JiropHTMa B K~OM.,I\STSKTOpe 

Onpe,IleMeTC.fi fJ- nap KOOp,IlliHaT, r.r1e tz-tIHCJIO saperliCTPHPOBaHHHX qacTHLlo 
IlocJie 3TOrO HatIHHaeTC.fi He MeHee TPY.II08MKHH.rrpo11ecc BOCCTaHOM8HHR Tpe
KOB. Ilpellt,Ile Bcero He06XO,I\liMO Ha8TH TOtIKli nepeceqemm TpaeKTOpliH c 
MII!{. 3Ty sa,ziaqy pemaeT KOOp,I\liHaTHHH npo11eccop. 
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qeTHP9 K00p,llliHaTH,H3M8PRSMbie ,Iln.fi K~OH qacTHLIH, ,IIOJDKHH Y.IIOMeTBOpRTb 

cne,I\Y!Ollll™ COOTHOWeHHHM: / ,/....,-;;; 
U= 'I. Y£ + YI r2, 
V-= -XYi + '11'2, 

3TH ypaBH8Hlili .r1eficTBliTem,HHB Tex CJIYllMX, KOr,Ila TpaeKTOplili qaCTHLI 
nepneH,I\liRY.JU!PHhl K MOCK OCT HM MII!{ H liX M~O yIIpOCTliTb' eCJIH' HanpHMep, 
npHitHTb paCCTOHHlie Me~ HliTHMH B MOCKOCTHX X,Y paBHHM 2 MM ( THITHtI
HM Benlitililia). Tor.r1a 3TO paCCTOHHlie B ITnOCKOCTHX u ~ V 6y,I1eT paBHO 
2,2 MM. Ilpli 3TliX ycJIOBMX ,I\JI.fi HaxrnK,qeHli.fi KOOp,IlliHaT cpa6oTaBillliX !IpOBO

JIOtieK cnelllia.JIH3lip0B8HHHM rrpo11eccop ,I\O~eH !IpOBepHTb Bee KOM6liH~ x, 
y u , H V , O,IIHOBpeMeHHo y,zioBneTBOPRIO~e HepaBeHCTBaM 

1 . , x+Y-iu,~ e,, r,J 
1-K+-<J-.2v1 ~ e2., (2.J 

rµe [, H E2. - 3a,IlaHHHe KOHCTaHTH. 
Ha IIpa.KTliRe 3~~KTHBHOCTb ,IleTeKTOpa He paBHa !00 %. 3TO 3HatIHT 1 tITO 
CHrHa.JIH MOrj'T B03HliKHj'Tb He·BO Bcex MOCKOCTHX O,IIHOBpeMeHHo. Trut, ec
JIH He noHBMC.fi ClirHa.JI OT ITpOBOJIOtIKH, pacnOJIOllteHHOH B ITnOCKOCTli 'I, TO 
,IIR.fi onpe,IleJieHVJI KOOp,IlliHaTH saperHCTplipOBaHHO~ qaCTHLIH MOlKHO liCnOJib30-
BaTb HepaBeHCTBO (/),a HepaBeHCTBO (2) HCIIQJII,3yeTcH, eCJili ClirHa.JI 

OTCj'TCTBOBa.JI B ITnOCKOCTli U • AHa.JIOrlitIHO ,Iln.fi HaxOllt,IleHH.fi KOOp,I\liHaTH 
B TeX CJIYllaHX, KOr,Ila OTCj'TCTBOBa.Jili ClirHa.JIH B MOCKOCTHX X Mli Y, liC

noJib3YJOTC.fi HepaBeHCTBa /U+V-Y} ~ e
3 

~ 

I U-V- X I ~ CV • 
06bltlHO BeJilil!liHae BH6HpaeTC.fi paBHOH 5 MH 6. A.rrropHTM HaxOllt,IleHH.fi Hyllt -

HHX KOOp,IlliHaT B OCHOBHOM CBO,I\liTC.fi K MHOrOKpaTHO IIOBTOpHIO~eMy-C.fi npo11ec
cy. 3Ty rrpo11eAYPY BHIIOJIH.fleT KOOp,IIHHaTHblH npo11eccop tpHc. 57). Koop,Illi

HaTH X,Y' u li V 3aIIOMliHaIOTCH Ha tIST!lp0X He3aBHCliMHX MOAYJIHX 03Y' KaJK
,I\blH H3 KOTOPHX HMeeT a,zip9CHHH perHCTp, CtieTtIHK tIHCJia CJIOB li perliCTP 
tIHCJia. CtieTtnra tiliCJia CJIOB qiB.l(TlitieCKli BHITOJIHHeT ~Klllili yt(838TeJIH CTe

Ka, liH,I\lil.\liPYH nocJie,I\HHH a,zipec HtieHKH 03Y' co.r1epllt81J1efi .KOOp,IlliHaTy. B 
npo11ecce sarpy3Kli MOAYRR IIaMHTli CO,IleplltHMOe BCex perHcTpOB yBeJilitIHBa
eTC.fi Ha e,I\liHHLIY ,I\O TeX nop, IIOKa BCe KOOp,IlliHaTH.3a,IlaHHOH MOCKOCTli 
He 6y,IIYT saITHCaHH. IIocJie 3Toro ,IlaHHHe saITHCilllaIOTCH B cJie,I\YIOlllHH MOAYJib 
03Y. )vIH BHIIOJIHeHli.fi LlliKJilil!eCKoro npo11ecca B ycTpOHCTBe ynpaBJieHli.fi yy 
Bupa6aTHBaIOTC.fi TpH CHrHaJia: YCTaHaBKa a,zipecHoro perHcTpa B liCXO,IIHOe 
COCTOHHHe, KOHe11 a,zipec~ li liHKpeMeHT a,zipecHoro perncTpa. 
CJieAYeT OTMeTHTb, tITO COOTHOWeHH.fi (/) li (2) 1IM.fllOTCH He3aBliCHMblMli 

li MOrj'T pemaTbCH Ha OT,I\eJibHHX apHip,!eTHtieCKliX ycTpOHCTBax. BpeMH, He
o6XO,IlliM08 ,I\M Haxollt,IleHH.fi Hy)KHHX KOOp,IlliH8T B ITJIOCKOCTli MIIK, nponopL1H0-

3 
HaJII,HO n; , r.r1e It. - tiliCJIO saperHCTplipOBaHHHX tI8CTHLlo Ilpo11eccop, BH-
IIOJIHSHHHH Ha TTJI-MHKpOCX8Max, !Ipli n. = 6 38TpatIHBaeT Ha BHtIHCJI8Hli8 

BCex KOOp,I\liHaT 74 MKC, tITO B 25 pas MeHbille BpeMeHli pemeHli~ aHaJIOrl:{q-
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Hofi 38,I{atrH Ha 3H,i CD C-7600. TaRoe 6liCTpo.n;eficTBHe .n;ocTHI'HYTO 3a ctreT 

Bh[COROi'I CTerreHH rraparrJieJIH3Mcl' rrpl'IMeHeHIDI 6!,[CTpo.n;etiCTByIOlljIDC MO.n;yJieiA: 

ITaMHTH C BpeMeHeM .n;ocTyna 3.5 HC li 3a ctreT HCITOJib30BaHHR rrporpaMMHpy

eMhIX JIOrlltreCRHX MaTpl'lll B ycTpOfiCTBe yrrpaBJieHHR. Bo MHOrl'IX sRcrrepHMeH

TaX Ha OCHOBe orrpe.n;eJieHHhIX .D;OITYII1eH11fi TpeKH traCTHI.1 Ctfl'ITfilOTCR rrpm.m
MH JiliHHRMH, <ITO CYJ!leCTBffHHO _yrrpolljaeT arrropHTM BOCCTaHOBJieHHR ITOJie3-

HblX TpeKOB. 
Crrel.ll'la.JIH3Hp0BaHHHe rrpo1.1eccopH, rrpe.n;11as11atreHHH8 .D;JIR BOCCTaHOBJieHIDI 
rrpRMbIX TpeROB Ha OCHOBe ROop.n;HHaTnepeeetreHHR TpaeKTOpliH B COOTBeTCT

ByIOillliX ITJIOCKOCTRX MIII{, ITOJIYtfliJIH Ha3Ba.HH6 JiliHBfumx rrpo1.1eccopoB • AJiro

pHTM ITOHCKa rroJie3Hh[X TpeKOB COCTOHT B HaxO'.i(,ll;8Hlil1 BCex B03MOlKHblX rrpR
MblX JIHHl'IH, rrpOXO.D;RlljliX trepe3 .n;Be ITJIOCKOCTH B rrocJie.n;Hefi l11IIK, H 38,I{a.H-

HhlX KpHTepHeB OT6opa B OCTaJibHblX ITJIOCROCTRX •. 3TH KpHTepHH rrpHBO.n;RT-

CR B COOTBeTCTBl'le C H3MepeHHh[MH ROop.n;HHaTa.Ml'I. 
MeTO.D; pactreTa rrapa.MeTpoB TpaeKTOplifi traCTl'lll C yqeTOM MaI'Hl'ITHOrO ITOJIR 

paccMaTpHBaeTcR B pa6oTe /SI/. 

7. Pa3BHTHe MeTO.D;HKl'I rrporrop1.1110HaJibHblX KaMep 

0.n;HHM 113 CYJ!leCTBeHHblX He.n;ocTaTKOB 06!,[tfHblX lvlIIK RBJIReT?R Ma.JIM aMITJIHTy
.n;a CHI'HaJia, CtrHTHBaeMoro OT rrpOBOJIOtfKH .n;eTeKTopa, tfTO ITpHBO,IJ;HT K He

o6xo.n;HMOCTH HCITOJib30Ila.HHR BHCOKOtryBCTBHTeJibHblX 11, COOTBeTCTBeHHO, .n;o

porOCTORIIjHX YCliJil'ITeJiefi. 3TOT qJaKTOp Ta.KlKe yxy.n;rnaeT OTHOllieHHe CHI'Ha.JI/ 

lllYM• 
KpyrrHHM ycrrexoM B pa3BHTHl1 MeTO,IJ;HKH rrpoBOJIOtfHblX KaMep CJie.n;yeT CtfHTaTb 

06HapyiKeH11e, .n;eTaJibHOe H3ytreH11e H C03.D;a.HHe HOBoro THITa ra30pa3p.ff,IJ,HO

ro .n;eTeKTOpa ITO~TORHHOH tryBCTBHTeJibHOCTl'I - ITpoBOJIOtfHOH CaM-OracRIIjeHCR 
CTpHMepHofi Ka.MepH /82/. 0TMetrruoTCR CJie.n;yIOIIjl1e ITOJIO~HTeJibHHe Ka<reCTBa 

TaKl'IX .n;eTeKTopoB: 

- 60JiblliaR aMITJil'ITy.n;a CtfHTHBaeMoro Cl'JI'Harra, KOTOplifi Ha .n;Ba rrOpR,!J;Ka 6oJib
me , treM y MIII{, 
- Cl'II'HaJI HMeeT CTa.H.n;apTHYJO qJOPMY C .D;Jll'ITeJibHOCT~ID 20-200 He, 
- 11MeeT MecTo cKatrK006pa3H!,[fi rrepexo.n; OT rrporrop1.1110HaJibHoro peJKHMa K pe-

~ ere, 
- KaMepa HMBeT TTOCTORHHYJO tryBCTBl1T8JibHOCTb, 

- CTpliMepH HarrpaBJIBHH B O.n;HY CTOpoHy - TY, C KOTOpoiA: .n;pefiq,yIOT SJieKT-

pOHH, tfTO IT03BOJIReT orrpe.n;eJIRTb a3RMyT rrpox~eHl'IR traCTl'll.lH OTHOCl'ITeJib

HO a.HO.n;HOH rrpoBOJIOtfKH H yCTpa.HRTb JieByro-rrpaByro Heorrpe.n;eJieHHOCTb B 
.n;pefiqJOBblX KaMepax. 

BHBO.D;H 

MHororrpOBOJIOtfHb!e rrpOITOPI.IHOHaJibHHe KaMepH B TetreHHe .D;JIHTeJibHOro BpeMe
HH (cablllle IO JieT) OCT~CR HaH60Jiee ITOITyJIRPHblMH xoop.n;HHaTHHMH .n;eTeK
TOpa.MH ~ ~H3HKe BHCOKl'IX sHeprHfi. 3TOMY crroco6cTBOBaJI TaKOfi qJaKTOp, 
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Ka.IC 6ypHOe pa3BHTHe TeXHHKl'I HHTerpaJibHHM cxeM. B HaJileM 0630pe He pac

cMaTpHBaJIHCb BOITpOCH rrp11MeHeHHR Mm{ B rrpHKJia,!l;HblX HCCJI8,!l;OBaHHRX. 8Ta 
TeMa .n;eTaJibHO OCBBIIjeHa B pa6oTe /122/. 
llcrrOJib30Ba.HHe Mill{ B ~H3HKe BHCOKl'IX sHeprl1iA: crroco6cTBOBa.JIO pa3BHTl'IID 

TeXHHKH crreI.1HaJIH3HpOBaHHbIX rrpo1.1eccopoB H .n;pyrHX cpe.n;CTB BHtfHCJIHTeJib

HOH TeXHHKH. B pR,lle 3KCITepHMeHTOB MIII{ Herrocpe.n;cTBeHHO HCITOJib3yeTCR 

B TpHrrepHblX CHCTeMax rrepaoro ypOBHR. B HaCTORIIjee BpeMR MIII{ ycnemHO 

rrpliMeHRIOTCR B cotreTaHHH C .n;pyrl'IMH THITaMH .n;eTeKTOpOB. ~ecb CJie.n;yeT 

oTMeTHTb pa6oTy /83' hB KOTopofi orrHcaH MO.D;YJib KarrOpl'IMeTpa, cocTORIIjHfi 

113 RpHCTaJIJIOB BaP • HtreiA:Kli KaJIOpl'IMeTpa ITO.n;RJIIOtreHH R ~OTOtryBCTBHTeJib

HOH KaMepe HH3KOro .n;aBJieH~ tp11c. 58). TaKM KOHCTpyRI.IH~ .n;eTeKTOpa 
IT03BOJIReT ITOJiytrHTb BHCOKHe BpeMeHHHe rrapaMeTpH, xopornyro KOop.n;HHaTHYJO 

TOtrHOCTb H y.n;oBJieTBOpl1TeJibHOe SHepreTHtreCKOe pa3perneH11e. 

VIII.MeTO.D;HKa .n;pefiWoBHX FaMep 

I. 06IIjHe BOITpOCH 

EcJIH paccMaTpHBaTb rrepcrreKTl'IBH pa3BHTIDI, MHOroo6pa3He l1 ITOTeH1.111aJib

Hl,[e B03MOlKHOCTl1, TO cpe.n;H pa3JIHtfHblX THITOB TpeROBblX .n;eTeKTOpOB TeXHH

Ka .n;peHqJOBbIX RaMep RBJIReTCR HaH60Jiee rrorryJIRpHOH B MeTO.D;l'IKe ~H3l1KH 
BHCOKl'IX 3Heprl1iA:. )tr>eti~OBHe RaMepH Ta.KlKe aqxfeKTHBHO HCITOJib3YIDTCR B Ka

treCTBe BepmHHHblX .n;eTeKTOpOB. Ilo cpaaHeHl'JID C MIII{ .n;pefiqJOBHe KaMepH OT
JllitffilOTCR mHpOKl'IM pa3H006pa3HeM TaKl'IX rrapaMeTpOB, KaR reoMeTpIDI, pa3-

MepH, nrnpHHa .n;peficpoaoro rrpoMe~TKa H rrpotr.Bce sTH H .n;pyr11e KatrecTaa 

C03.D;a.JIH rrpe.n;rroCHJIKH .D;JIR pa3pa60TKH KaMep, B KOTOpHX perHCTPlipYJOT-
CR He TOJibKO OT.D;eJibHHe KOOp.n;HHaTH B3aHMo.n;efiCTBHR, HO TpeRli traCTl11.I li 

.n;~e MHOrOTpeKOBHe co6mIDI. IlpliHI.IHITH .n;efiCTBIDI TaKHX KaMep 6y.n;y-T pac
CMOTpeHH HHJKe. BHatraJie paCCMOTpHM 06IIjHe BOITpOCH. 

B 60JiblliliHCTBe CJIYtfaeB .n;pefi~OBHe KaMepH cos.n;aBaJIHCb C rrpoMe~KOMI-3 CM 

H C pa3perneHHeM .TOO MRM. 0.n;HaKO H3BeCTHH .n;eTeKTOpH C tlJ'ECTBHTeJib

HOfi ITJIOIIja,I{bID !6 M
2

H C .n;pefi~OBHM rrpoMe~yTKOM I5 CM. lliHpOKOe pa3BHTHe 

ITOJlytrHJIH KaMepH I.1HJIHH.n;plltreCKOH qJOpMH. B traCTHOCTl1,0Hl1 rrpHMeHmoTCR B 

KatreCTBe 1.1eHTpaJibHHX .n;eTeKTOpOB B 3KCrrepl1MeHTax Ha BCTpetrHblX rrytrKaX, 

B 6a30BOH KOHCTPYKI.IHH SJieKTpOHH, o6pa30Ba.HHble traCTl11.laMH, .n;peiA:q,yIOT B 
0.n;HOPO.n;HOM MarHl'ITHOM ITOJie C ITOCTORHHOfi CKOpOCTbID ITO HarrpaaJieHl'JID K CHr
HaJibHHM rrpOBOJIOtfKaM. 11HTepBarr BpeMeH11 Me~y MOMeHTOM rrpox~eHIDI trac
Tl11.IH H MOMeHTOM ITO/IllJieHHR HMITyJibca OT CHI'HaJibHOfi rrpOBOJIOtfKH orrpe.n;eJIH

eT KOop.n;HHaTy B3al1Mo.n;efiCTBIDI traCTl'll.lHo OCHOBHOe Tpe60Ba.HHe K SJieKTpO
HHKe, rrpHMeHReMOH B TaKHX KaMepax,cocTOHT B TOM, tfT06H no B03MOJKHOC
TH TOtrHee H3MepHTb BpeMR ITORBJieHIDI HMITyJibCa OT CHI'HaJibHOfi rrpoBOJIOtr
KH. 8Ta TOtfHOCTb rrpe~e Bcero 3aBl1CHT OT TaKTOBOH traCTOTH reHepaTopa, 

HCTIOJI&3yeMoro B cxeMe rrpeo6pa30BaHHR HHTepBaJia BpeMeHH B l.lH!ppOBOH KO.n;. 
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P.i:c. 5'.J. T.i:rrw:rna.ll cxeMa ,llJI.ll O,llHOI'O KaHa.:n:a peI'HCTpa1.:1HH ,ripeti:q>OBOH 
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PHc.60. BpeMeHHaJI ,llHarpaMMa: 

a} ,llJI.ll 4-q>a3HOI'O yrrpaBJI8Hl1.ll, 

6) ,I\JI.ll 3-qia3HOI'O yrrpaBJI8HH.ll. 

C?o 
cpl 
<P2 

Brod B•rxoil I 3Y 121•1 liur F 

5 To 1i li Ti Tit Ts T& 

Piic. 6I. CxeMa rrpeo6pasoBaHH.ll 

BpeM8HHOI'O m!T8pBa.:n:a B I.:\H~po

BOtt RO,ll Ha OCHOB8 MO_ey-JI.ll rra

M.llTH. 
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T.i:IIWIHaJI i:racToTa reHepaTopa HMIIyJibCOB cocTaBJI.ll8T I00 MI'r(. Ilp.i: cxopoc

TH ,llpetl:q:a 400 HC/CM rro.nyi:raeTC.ll paspemeHH8 IIOPJ'I.l\Ra 0,08 MM. )J.rr.ll IIOJiy

i:reHl{.ll Bb!COROI'O 6blcTpO,ll8ttCTBH.ll paspa60TtIHKH CTapaIOTC.ll IIOJIYtIHTb OT CHI'

Ha.JibHblX IIpOBOJIOtl8K rro B03MOl!IHOCTH KOpOTRll:8 Cll:I'Ha.Jihl. THIIHtlHa.ll B8JIHtll{

Ha rrepe,llH8I'O I{ 3a,IIH8I'O q>pOHTOB COCTaBJI.ll8T 30 H 700 HC COOTB8TCTB8HHO. 

Ha p.i:c. 59 IIpHB8,ll8Ha IIpm1${IIHaJibHa.ll cxeMa ,llJI.ll O,IIHOI'O KaHa.Jia peI'HCTpa-

1.:\ll:H /84/, KOTopyro HO %'HICI.:\HOHaJibHOMY IIpH3HaKY MOJKHO pa3,ll8JIHTb Ha ,llBe 

i:raCTH.B rrepByIO i:raCTb (TaK llt8, KaK H B RaHa.JI8 Ctlll:Tb!BaHH.ll Mill{)' BXO,ll.llT 

ycHJIHT8Jib, ,llHCKpHMHHaTop, O,llHOBH6paTOp H 3JI8M8HT IlaM.llTH. BTopaJI 

i:raCTb CX8Mbl .llBJI.ll8TC.ll xapaKTepHott ,IIJI.ll 3JI8KTPOHHKH ,llpett~~Bb!X RaMep. 

OHa COCTOHT 1{3 paCmHpHT8JI.ll HMIIyJibCCB H ycTpottcTBa rrpeo6pa30BaHH.ll ,llJIH

T8JibHOCTH HMIIyJibCa B I.:\HWOBott RO,ll. BpeM.ll ,llpett~ H3Mep.lleTc.ll c TOtIHoc

TbIO 3 HC. IlpHM8H8HH8 BpeM8HHOI'O paCmHpHT8JI.ll II03BOJI.ll8T YM8HbfilHTb TaK

TOBYJO traCTOTy I'8H8paTOpa ,llO 20 MP~. 8TO B CBOIO oi:repe,llb IIpHBO,llHT R 

B03MOJKHOCTH HCIIOJib30BaHH.ll 06bltIHb!X TT]-MHKpocxeM, sa HCKJI!Otl8HH8M yc.i:

JIHT8JI.ll, ROTOpbltt Bb!Il0JIH8H !Ia MHKpocxeMe MCI035. !}pH BXO,llHOM TORS I LIRA 
Ha Bb!X0,!18 YCHJIHT8JI.ff IIOJIYtla8TC.ll HMIIyJibC C aMIIJIHTY,llOtt 200 MB. C Bb!XOJla 

,llHCKpHMHHaTOpa HMIIyJibC IIOCTyrraeT Ha BXO,ll O,llHOBH6paTopa H ,lla.Jiee Ha 

BXO.IID-TP.lll'repa, ROTophltt cTpo6,i:pyeTcJI HMriyJibCaMH, rrocTyrraJOll1HMH OT 
CX8Mbl "Bb!CTpoe HJIH". 
C IIOMOlljblO pacm,i:pHT8JI.ll CHI'HaJI Y,llJIHH.ll8TC.ll B 6 pas. B rrpo1.:1ecce peI'HCTpa-

1.:\HH co6b!THH CHHxpOHHllli ci:reTtrHK BHatra.:n:e c6pacb!Ba8TC.ll Ha "O" ' IIOCJI8 i:re

I'O BRJIIOtraeTC.ll reHepaTOp TaKTOBb!X HMIIyJibCOB. B KOHI.:\8 KOHI.:\OB B C,llBHI'O

BOM peI'HCTpe ~ID{CHpy8TC.ll KO.II, IIOCTYIIaIOillHH C Bb!XO,llOB ci:reTtrHKa. BpeM.ll 

rrepe,llatrH ,lla:!Hb!X B C,llBHI'OBhltt peI'HCTP IIpOIIOpI.:\HOHa.JlbHO m,i:pm1e HMIIyJibca, 

IIOCTYIIaJOll18I'O OT pacmHpHT8JI.ll. CJie,ey-eT OTM8THTb, tlTO O,llml H TOT xe ci:reT

tIHK HCIIOJib3Y8TC.ll ,IIJI.ll Bcex. RaHa.JIOB perHCTpal.:IHH. A,rJI IIOJIYtl8HH.ll CJI8,ey-IO

Ill8A KOOp,llHHaTbl H806XO,llHMO CO,ll8Jl)KHM08 C,llBHI'OBb!X perHCTpOB rreperrncaTb 

B 6y~pH08 3Y. 0,llHaKO IIpHM€Il8HH8 pacmHpHT8JI.ll IIpHBO,llHT R YB8JIHi:i:8HHIO 
BpeM8HH p0I'HCTpaI.:\HHo 

C I.:\8Jlbl0 YB8JIHi:i:8HH.ll 6b!CTpO,ll8ttCTBH.ll H IIOBhlm8HH.ll pazpemarolllefi crroco6HOC

TH CYI1l8CTBY8T T8H,ll8HI.:\H.ll K IIOBhlmeHmo TaKTOBOtt i:raCTOTbl sa ci:reT rrpHMeHe

HH.ll 6b!CTpO,I18fiCTBYJOI1lll:X MHKpocxeM H HCIIOJib30BaHH.ll MHOI'0~3HOI'O yrrpaBJie

HH.ll. TaK,B pa6oTe /85/ OIIHCaHa CHCTeMa perHCTpal.:\MM, B KOTopotl: rrpm.1e

H.ll8TC.ll 8-~3H08 yrrpaBJI8HH8 C,llBHI'OBhlMH p8I'll:CTpaMHo IlpH 3TOM 3~KTHB

Ha.ll i:raCTOTa paBHa 330 Mr1.:1. A,r.ll IIOJIYtl8HH.ll H806XO,llHMOM 3a,!!8Jl)KKH IIpH Ta

KOH i:raCTOTe C,llBHI'O.Bb18 peI'HCTpb! HM8IOT ITO. 256 .lltl88K. IlpHi:reM B R~OM 

KaHa.Jie HM88TC.ll CBOH peI'HCTp.ITpo6JieMa IIOTpe6JIJI8MOfi MOillHOCTH pemeHa rry
T8M paspa60TRH CII8I.:1HaJibHO~ T8XHOJIOI'HH H3I'OTOBJI8HH.ll MHRpocxeM. 
HorroJib30BaHIDO MHOI'0~3HOI'O yrrpaBJI8HH.ll ,llJI.ll H3MepeHH.ll BpeMeHHHX HHTep

BaJIOB IIOCB.llill8Ha pa6oTa /86/. IlpeJlt,!le BC8I'O CJie,ey-eT HaIIOMHHTb, tITO ,llJI.ll 
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113Mepemrn: BpeMeHHh!X HHTepBaJIOB IIOJiyqHJIH IIpHMeHeHHe TPH 6a30Bb!X MeTo,11a: 

MeT0,11 rrp.HMoro c-creTa, MeTo,11 rrp.HMoro ctreTa c attarroroBhlM pacmHpHTeJieM

HOHeycoM H crroco6 H3M0peHHH, B KOTOpOM HCIIOJib3Y0TCH ,11Ba reHepaTopa. 

B rrepBOM c;zy-qae OCHOBY CX0Mbl COCTaBJIHeT BblCOKOCTa6HJibHblli reHepaTop H 

CtreTtrHK. IlpH 3q$3KTHBHOH -cracTOTe 500 Mr11 MOlKHO IIOJiytrHT paspemeHHe 

2 HC. Ho TaKM qacToTa B HaCTOR!Jl00 BpeMH HBJIH0TCH rrpaKTHtreCKH rrpe

,110JibHOl1. B cxeMe C aHaJIOrOBhlM HOHeyCOM HCIIOJib3Y0TCH M0T0,11 IIp.HMoro c-cre• 

Ta -H HOHeyc, COCTOfilllHH H3 BpeMRaMIIJIHTy,11HOro ' KOHBepTopa, C IIOMOil\blO 

KOToporo H3MepReTCH BpeMH ITO 01:'HOjlleHHIO °K TaKTOBOMY HMrryJibcy • HcrrOJib-

3YH HOHHYC, MOlKHO H3M0pRTb HHTepBaJIH BpeM0HH B IIHKoC0Kytt,11HOM ,1111arraso

He, a orpaHHtr0HHH HaKJia,11HBa'.OTCH BpeMeHeM 3a,110pJKirn B KOMIIOH0HTax H HX. 

CTa6HJibHOCTb!Oo TpeTHH CIIOC06 illHpOKOrO IIpHM0H0HHH B R,!10pHOJ:i 3JI0KTpOHH

Ke He IIOJiyqIDI. Pa3JIH'IHHe crroco6bl H CX0Mhl, IIpHM0HH0Mbl0 ,11JIH H3MepeHHH 

HHTepBaJIOB BpeM0HH B R,!10pHOH 3JI0KTpOHHKe,rrpHBe,11eHbl B o6sope /87/ H B 

pa6oTax /88-89/. 

Ilp0,110JDKHM paccMOTpeHHe IIpHHI..IHIIa MHOI'OqJa.3HOI'O yrrpaBJieHHH, KOTOpoe HMe

eT CJI0,I\J'l00.IH0 rrpeHMYil\eC~Ba rrepe,11 0,11HOqJa.3Hh1M yrrpaBJieHHeM: 

- B03MOlKHOCTb HCIIOJib30BaHHH 6oJiee HH3KOH traCTOTblo TaK,,11JIH H3M0peHHH 

25- HaHOC0Kytt,11HHX fil!TepBaJIOB BpeMeHH rrpH 14 - ql8.3HOM yIIpaBJI0HHH Tpe-

6yeMM -cracTOTa reHepaTopa paBHa Bcero 28,57 Mr11. 

- ,llJIH IIOCTpoeHHH ycTpOHCTBa C TaKHM xopomHM paspemeHH0M MOlKHO HCIIOJib-

30BaTb MHKpocxeMH C MaJIOH IIOTpe6JIH0MOH MOII\HOCTbIO, tfTO CYil\0CTB0HHO 06-
JiertraeT C03,11aHHe MHOrOKaHaJibHb!X CHCT0M perHCTpaqHH. 

- IlpHMeHeHHe HH3KOH traCTOTbl 06JiertraeT Hana,11Ky ycTpOHCTBa. 

B03HHKaeT BOIIpoc: KaKOe KOJIHtf0CTBO qJa.3 CJie,IzyeT Bb16HpaTb? HeMaJIOBa.JK

HOe 3HatreHHe HM00T tf0THOCTb qJa.3 yrrpaBJieHHH. 06bJ!.IHO Ha rrpaKTHKe Bbl6H

pa!OT treTHoe tfHCJIO qJa.3, HanpHMep 2,4 H 8. )l;eJieHHe qJa.3 MOlKHO IIOJiytrHTb 

C IIOMOil\b!O ,11BOH'IHhlX Ctf0TtfHKOB. 0,11HaKO TaKOe ,110JI0HHe HM00T CYil\0CTB0HHblli 

H0,110CTaTOK, KOTOpHJ:i MOlKHO 3aM0THTb Ha rrpHMepe 4-qJa.3HOro yrrpaBJieHHfi 

(p11c. 60a). BH,IIHO, tfTO B CJiyqae 4-x qJa.3 MOlKHO rrqJiytrHTb tf0Tb!pe Bpe

M0HHhlX HHTepBarra. Ha pHc. 60 6 rrpHBe,11eHa BpeMeHHM ,11Harpa.MMa ,11JIH CJiy

traH, Kor,11a qaCTOTa paa,11eJieHaHa TPH IIOCJI8,110BaTeJibHOCTH, COCT0Hl.lll'l8, H3 

TpeX qia.s, HOB ,11aHHOM CJiyqae rro.ny-qaeTCH meCTb pa3JIH'IHhlX qJa.3 yrrpaBJie~ 

HHH. )J;pyrHMH CJIOBaMH, HCIIOJib30BaHHe H8tf8THOI'O tfHCJia qJa.3 IIpHB0,11HT K 

yJiytrmeH:mc paspemeHHH B ,11Ba paaa. 

3TOT qia.KT MOiKHO 06'bHCHHTb TeM,tITO HetreTHble ql8.3bl IIOJiyqaIOTCH He3aBHCH

MID.IH ,I\pYI' OT ,11pyra, TaK Ka.K H3M8H8HH8 qJa.3 HM88T M8CTO B COOTB8TCTBHH 

C K0,110M fpeH. B pa6oTe /90/ OIIHCaH B.AK, B KOTOpOM HCIIOJib3Y8TCH 7 -

ql8.3HOe yrrpaBJI8HH8 B K0,118 rpeH. IlpH6op HM88T CJI8,Izyl0ll\H8 napaMeTpbl: 

OCHOBHM traCTOTa - 125 Mr11, BpeMeHHoe paspemeHHe - I HC, M8IJTBOe Bpe-

MH - 80 HC, ,1111ana30H H3MepeHHH - 166326640 H 128 MKC, ,11HHaMHtf8C-
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Kl1H ,1111ana30H- 100000. TaKHe npeqH3HOHHble rrpeo6¢soBaTeJIH CTOHT O'I8Hb 

,11oporo, II03TOMY B MHOrOKaHaJibHb!X Cl1CT8Max per11C'I·paq11H MH 01.IIDJJPOBKH • 
Bp8M8HHb!X HHTepBaJIOB BpeM8Hll B HaCTomqee BpeMH m,q:;OKO IIpHM8HffiOTCH M0-

,11YJIH IIaM.f!TH, KOTOpHe, no CYil\8CTBY, MOlKHO paccMa'i'T)!iBaTb KaK MHOI'Opa3pR,!1-

Hbl8 C,11BHrOBbl8 perHCTpbl /91-95/ • Ha pHC. 61 IIpHBe,11eHa 0,11Ha H3 TaKHX 

cxeM, KOTOpaH COCTOHT H3 MO,IzyJIH 03Y eMKGCTb!O I28xI 6HT, ,11BOHtIHOrO 

C'I0TtrHKa,Bb!X0,11bl KOTOporo II0,11KJI!OtfeHbl K a,11peCHhlM BX0,11aM MO)zyJIR IIa.MHTH 

H K BhlXO,11HHM illHHaM , 

YcTpOHCTBO HM88T ,11Ba pelKHMa pa60TH: q;HKca11HH BpeMeHHOI'O IDlTepBaJia H 

tIT8HHe pe3yJihTaTa 01.IH!ppOBKH. BHa-crarre ~peca 03Y CKfillHPYJOTCH C IIOMO

I11h!O ,11BOHtfHOI'O CtreTtrHKa, HatrHHaH C ttyJI8BOI'O a,11peca. )l;aJiee, 8CJIH B Ka

KOH-HH6y,11h MOM8HT BpeMeHH-IIOHBJIH8TCH HHT8pBaJI BpeMeHH ,11JIHT8JibHOCTb!O 

'C Ha BX0,118 MO,IzyJIH 03Y' TO Bee Rtr8V.KH rraM.HTH t K KOTOj:)blM HMeeT M8CTO 

o6p~eHHe, ycTaHaBJIHBaIOTCH Ha ·r: B rrpoqecce tfT8HHH CtfEN,m IIOBTOp.lieT 

ctreT OT HyJieBOI'O COCTORHIDI. B MOM8HT ITOHBJI8HHH e,11mH;IJ.i! Ha BblX0,118 M0-

,11YJIH 03Y C0,118pJKHMOe Ctf8TtfHKa aanHCblBaeTCH B 6y¢epHyro na:MHTb. Paspe

meHHe B TaKOH cxeMe 3aBHCHT OT 6blCTpo,11efiCTBIDI MO,IzyJIH 03Y H MOlK8T coc

TaBJIHTb IO HC' a BpeMeHHoe paapemeH11e Me;r.,o.y HHTepBaJiru,m paBHO 100 HC. 

OcHOBHOJ:i H8,110CTaTOK: trTeIIBe 'MOlKHO- BblIIOJIHHTb JIHmb IIOCJie aan11c:11, tJTO 

CYil\€CTB8HHO CKaawaeTCH Ha M8IJTBO'M BpeM8HH. 3To BpeMH MOlKHO CYll\€CT -

B8HHO YM8Hbm:11Tb, 8CJIK HCIIOJib30BaTb t!8Tb!pe 0,11HHaKOBhlX M0,11YJIH, BKJIJOtfeH

Hl:IX cnel.l}raJibHblM o6paaoM /SI/. 

2. PaspemeH:11e Heonpe,11eJieHHOCTeH T:mla "cJieBa..:.cnpaBa" 

B OTJI:11tr11e OT MilK,B ,11peHqJuBHX"KaMepaXB03HHKaeT Ta.KaRnpo6JieMa, KaK 

OIIpe,118JI8HHe TOI'O, CJieBa HJIK crrpaBa OT aH0,11HOH IIpOBOJIOtIKH IIpOmJia tJac-

THI..la. H3B8CTHO H8CKOJibKO cnoco6oB, KOTOp~e HCIIOJib3YIOTCH ,11JIH YCTpaHe

HIDI 3TOR Heonpe,11eJieHHOCTH /96/. KoHCTPYKI..111R C 'ABYMH aHO~I.H IIpOBOJIO'll

KaMH ,IIOM€ll\8HH1™!1 Ha He60JibillOM paCCTORHl1:11 ,11pyr OT ,11pyra,n03BOJIHeT yCT
paHl1Tb TaKyro Heonpe,11eJieHHOCTb • B ,11pyrOM Bap11aHTe ,11BE: Ka.Mepbl C,11BHI'aIOT

CH TaKHM o6pa30M, tlTO aH0,11HaJ'f IIpOBOJIOtrKa 0,11HOV. Ka.M8J,bl Hax0,11HTCH Han

pOTHB IIOT8Hl.l:11aJibHOti IlpOBOJIOtrK:11 .IlPYf'OH Kl'llepu. Bpe,.m ,11peHq,a. T WJH tJac

THllbl, rrpome,11ll8H rrepneH,11HKYJIHpHO K IIJIOCKOCTl1 KaMep, 0,11H03HatrHO OIIpe,I\8-

JIHeT TpaeKTOpHIO. 0,11HaKO ,11JIH HaKJIOHHWC TpeKOB 3,118Cb CHOBa B03HHKaeT 

Heonpe,11eJieHHOCTb. 0,11HaKO 8CJIH IIOM8CTl1Tb Tpi1 Kru~epH, TO, RaK 3TO IIORa-

3aHO Ha p:11c. 62, H80IIpe,I\8JI8HHOCTb ,11JI1t HaKJIOHHb!X TpeROB Ta.IOlte IIOJIHOC

TbID YCTpaHH8TCHo Ilp11: 3TOM BbIIIOJIHH8TCH CJI8,11YIOil.\88 COOTHOlli8Hl1'.e: 

i 0 -i2-= 1/11 [<t, -tz}+ {i3-iz)]-'/2 T, 
r,11e T - MaKCHMaJibHoe BpeMH ,Ilpe8q,a.. HcnO.'Ib3YH l..\8HTpaJibHyro mwepy ,IVIH 

onpe,11eJieHIDI BpeM8HH H per11CTpHpyH tr t2 11'. i3-l:2 , MOl!CHO Bl,JtfflCJil1Tb 

B8JIHtil1'.tty f; O - t:2 11 B ROHetrHOM 11'.TOI'e 0,11H03HatrHO BblIIOJIHl1Tb peROHCTpyK-
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I.IHIO Tpe1m. I1p11MeHeH11e .I(o:1.:JilI11TeJibHHX Ka.Mep CYJl18CTBeHHo ycJIOJKHHeT KOH

CTPYKI.IIDO ,I(8T8KTOpa,He roBOpR YJK8 06 YB8JIIBI8Hffii KOJIIBI8CTBa 3JI8KTpOH -
HbIX cxeM. HMeIDTCR ITOIIbITKH HCITOJib30BaTb ,I(JIR pa3pemeHM H80Ilpe,I(8JI8HHOC

T8H TOJibKO 3JI8KTpOHHbie CX8MH. 0,I(HH 113 TaKHX M8TO,I(OB OITHCaH B pa6oTe 

/97/. CYTb 3aKJII()t:!a8TCff B TOM, 4TO 3JI8KTpOHHaR JiaBHHa pa3BHBaeTCR He

CJ1MM8Tp114HO, 11 IT03TOMY Ta CTOpoHa, OKOJIO KOTOPOH rrpomJia qacT1111a,Mo

l!t8T 6blTb orrpe,I(eJieHa ITO B8JIIBIHH8 CHI'HaJia, HaBO,I(11MOro Ha paCITOJIOl!t8HHbIX 

IT06JIJ130CTH 3JI8KTpO,I(ax. Ilp11 TaKOM M8TO,I(e perHCT~H ,I(Ba TpeKa pa3JIH

-qaIDTCR, 8CJIH liaCT1111bI IlpOJI8TaIDT Ha paCCTORHHH 50 MKM OT a.HO,I(HOa IlpOBO

JIOliKH. 8TOT lite 3q$KT HCITOJib3Y8TCR ,I(JIR 0Ilp8,I(8JI8HHR a3J1MYTa,ITO KOTopo
MY pa3BJ1Ba8TCR JiaBHHa. IlpHHI.IHIT ,I(8HCTBHR .I(peHqJOBOH KaM8pbI C TaK11M 
CBOHCTBOM HJIJIIDCTpHpyeTCR ITPH ITOM0Illl1 p11c-. 63 .• 

3 • MeT0J:IHKa .I(pett~BbIX Ka.Mep 

MeTO,I(HKa .I(pett~Bb!X K8.M8p 6ypHO rrporpeCCHpy8T, 11 IT03T0MY 11M88T_ CMb!CJI 

paCCMOTpeTb 6oJiee A8TaJibHO PffA HOB8MllfilX pa3pa60TOK B 3TOH 06JiaCTH Ha 
rrpm;1epe -pa3pa6oTKH 11 ITp11MeHeHHR .I(pettqJOBOH Ka.Mepbl I.1HJIHH.I(pIBiec1tott · qiop

MH. KJiaCCIBI8CKaR ,l:\pettqiOBaR KaMepa 11M88T CJI8,I(yID~H8 xapaKT8pHCTHKH: 
KaMepa o6blliHO CO,I(8plKHT 15-20 CJIOeB rrpOBOJIOli8K (T048K Ha TpeK). Ilp11-
M8pHO ITOJIOBHHa 113 3THX CJI08B op11eHTHpOBaHa' ITapaJIJI8JibHO rrytmy 11 HaIT

paBJIBHHID MaI'HHTHOro ITOJIR. ,npyr11e ITJIOCKOCTH ITOB8PHYTbl Ha He60JibillOH 
CTepeoyroJI (THITHliHaR BeJIIBIHHa ,t3°) ITO OTHOmeHHID KOCH MaI'HHTHOro ITO

JIR. TaKaR CHCTeMa IT03BOJiff8T ITOJIYliHTb ,I(OCTaTOliHO .~aHHbIX ,I(JIR peKOHCT ,

PYKllHH TpeKOB -qacTHI.10 0T,I(8JibHaR APBHqJOBaR jl-q8HKa H:,IC8T rrpOCTyID CTPYK
Typy: CHI'HaJibHyID rrpo~oJio-my,11 TPHITJI8T 113 ITOT8HI.1HaJibHbIX npoBOJI048K 

(p11c. 64). ITO,II06HaR KOHqJHrypal.lHR ITOBTOpR8TCR B,I\OJib OKPYJKHOCTH. 

B pa,I\HaJibHOM HarrpaBJI8HHH jl-q8MKH B 60JibillHHCTB8 CJIYliaeB OTKpbITH. 'Ha11- • 

60JibmaR m11p11Ha ,I\pettqJOBoro rrpOM8l!tyTKa COCTaBJrneT I-2 CM. Oco6eHHOCTbID 

,I\aHHOfi KOHCTPYKI.11111 RBJIReTcR rrpocToTa 11 MHHHMaJibHoe ·liHcJio ITOTeH~HaJib-· 
HHX IlpOBOJIOli8Ko' 

CJie,I(yID~HM 3TaITOM pa3BHTHR M8TO,I(HKH ,I\pettqJOBbIX Ka.Mep ffBJIH8TCR pa3pa6oT
Ka · 11 HCITOJI~SOBaHHe B aKcITep11MeHTEi TaK Ha3bIBaeMHX o6pa3HbIX, ( pldo2ia.£J 
KilMep, B KOTOpbIX Ha Kal!t,I\HM TpeK per11CTp11pyeTCR 40-200 KOOp,I\HHaT. H3-

MepeHHR IlpOBO,I\RTCR KaK 6bl B rrpocTpaHCTBe ,I\8T8KTOpa, liTO IT~3BOJIR8T 

TOliHO HaxO,I\HTb KOOp,I(HHB.Tbl B8p!IIHH BTOpHliHbIX B3a11MO,I(8HCTBlill. KpoMe TO
ro,ITOffBHJiaCb B03MOl!tHOCTb lf,JJ;8HTH4J11I.1HpOBaTb -qacTHllbI IIyT8M 113MepeHHR 
ITOTepb 3Hepr1111 B ra3e KaMepbI. ·, ,Il.HCKpeTHOCTb KaK B pa,I\HaJibHOM TaK 11 

' ' , 
B a3J1MYTaJibHOM ?arrpaBJI8HHH ,I\aeT B03MOJKHOCTb 6oJiee TOliHO pa3pemaTb 
TpeKH -qacT1111. Ha p11c. 65 IlpHB8,I\8Ha' o6~aR cxeMa O,I(Horo 113 TaKHX ,I\8T8K

TOPOB COBM8CTHO C 3JI8KTpOHHblMH CX8MaMH ,97-100~ ,Il.eTeKTOp' HM88T 1111-
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PHc.62 .K Borrpocy 06 ycTpaHe

HHH H80ITpe,I\8JI8HHOCTefi THITa 

"cJieBa" - "crrpaBa". 

l+*~i+¼ 
. l fiOT&~HaJll,HYII 

t-+tt~-rf 7.i' I20MKM 

CHl'H&Jl~HYII 
np0BOJIOQJIHI 30 IOIH 

Pi1c 0 64. reOMeTpIDI mettKH 1.111-

JIHH.I(pIBieCKOH ,I\pefiqioBO~ KaMepbI. 

't" 

Dj~cl.l 
8111011 

8mol2 

Bmoill 

Cjpol' 
0 

PHc. 66. CxeMa o.I(Horo KaHaJia 
per11cTpa111111 ,I(JIR ,IlpefiqiOBOH KaM8pbI 

THITa 11 'A)K8T 11
• 

200 

100 mQ1ll)11

4 
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.; 
100 
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PHc. 63. Ilpi1Hlll1Il oITpe,I\eJieHHR 

a3J1MYTa pa3BHTHR HOHH3~. 

PHc. 65. CxeMa 3-KOOp,I\HHaTHOro 

,I\8T8KTOpa C 3JI8KTpOHHKOH, · 

PHc-0 67. 06Illl1fi BH,I\ BpeMR
Ilp08KI.1HOHHOH KaM8pbI, 



, I 

~pli1l:e cr,yro qJOIJMY. 06oeM · LiIDIIDf.I\Pa 3aIIOJIT!eH 96 Htiei1Ra.MH, KruK,IJ;M H3 
KOTOpIDC COCTOHT H3 I6 aHO,n;HIDC H. HJ IIOTeHQHaJll,HIDC. )vnma aHO,n;HIDC rrpo

BOJI04eK paBHa 2,4 M. MelR',L\Y JrlleHKaMH paCIIOnOJ!teHH IIOJIOCKH H3 (J)OJibrl1, 
HaXO,II.HllllieCH 110,II orrpe.r1eneHHh1M IIOTeHQHa.JIOM. Orrpe.r1eneHHUH HHTepec rrpe,!1-
CTaBJIHeT 3Jl0KTpOHHKa H oprromsaQM perl1CTpaQl1l1 ~aHHIDC B_ "o6pa.3HIDC 
Ap0H(J)OBHX KaMe~" • no qiyHKQ:11:0Ha.JlbHOMY. !Ipl13HaKy 3JieKTpOHHKY MO,KHO 
pa3,IleJll1Tb Ha Tpli qacT11: IIpeAYCMl1T0Jll1, KOTopue MOHTHpyroTCH Herrocpe.r1-
CTBeHHO HP ,Il0TeKTOpe, 6JIOK ycM11TeJietl-,I1!1CKpHMHHaTOpOB l1 HHTerpaTOpOB 
tY,IIJI), KOTOpue pacrrono~eHH B ,IIOM!1Ke 3KCIIepHMeHTaTopa 11 BpeMHaMIIJlli

TY,n;HHe KOHBePTOP~, KOTopue 6asHpyroTcH OKOJIO SHA. 
0CHOBHOe Tpe60BaHl1e K Y,IIJI, KOTopoe HenerKO BHIIOJIT!l1Tb, 3TO rronyqeH11e 
XOpomero paspemeHHH ,IIJIH ,IIByx COCe,n;HliX HMrryJlbCOBe 8Ta rrpo6JieMa peme

Ha rryTeM CTp06HpOBaHl1H HHTerpaTOpa CHI'Ha.JlOM, IIOCTyTI8.IOiqIDII OT ,Ill1CKpHM11-
HaTopa TaK11M o6pasoM,4TO HHTerp11poaaH11e aHanoroaoro HMIIYJibca rrpo11cxo
AHT TOJibKO B T0'CI0Hl1e Bpe:!0Hl1 7: , paBHOro ~TeJibHOCTli HMrryJibca, !pOp
MHpyeMoro Ha BHXO,Ile ,IlliCKpHMHHaTopa. nocne 3TOro HHTerpaTOP OTKJII04a
eTCH, l1 qepe3 20 HC cxeMa CHOBa MO~eT o6pa6aTHBaTb CJieAYIO~HH CHrHa.Jl. 

Ha p11c.55 rrp11Be,I1eHa CTPYKTypHM cxeMa 6noKa Y,IIJI,KoTopM IIO,IIKJIID4aeTcH 

K aHO,n;HOH !IpOBOJI04Ke C o6oHX KOHQOB. CH!'Ha.JIH C BHXO,Ila 6JIOKa Y,IIJI rroc

TyTiaIO'J'. Ha BXO~H MOAYJiefi BAK l1 Au;rI. C QeJlbID 3KOHOMHH AI.1JI c11rnanu rrpe.r1-
Bap11TeJibHO sarrOMHHaIDTCH Ha aHa.JIOrOBOM 3Y l1 3aTeM IIOCJl0,IIOBaTeJibHO 

IIO,IIKJIIO'tI8.IOTCH R BXO,IlaM Au;rI. TaKM cxeMa HCIIOJlb3yeTCH ~H o6pa60TKl1 HH

(J)OpMaQHH, IIOCTyTiaIO~etl OT 8 !IpOBOJIO'tieK. 
J.(HqipoBaH HHq'OpMaQM c BIDCO,IIOB Au;rI IIOCTyrraeT Ha 6y~pHOe SY, ROTOpoe 
CO,Ilepitl1T ,IlaHHHe KaK O KOOp,IIHHaTax, TaK l1 0 'tIHCJie cpa6oTaBmHX·rrpoBO -
no4eK. MHoroKaHa.JibHHM BAK rrocTpoeH Ha 6ase 03Y. TaK11M 06-
pasOM, MH KruK,ll;OM aHO,n;HOil' !IpOBOJI04Kli perHCTpHpyeTCH CJieAYIO~aH HH!pOp
MaQM: HOMep IIpOBOJI04Kli, BpeMH ,IlpeH!pa li ,IIBe KOOp,IIHHaTH B3aliMO,Il0HCT
BM. npli1l:eM O,n;Ha li3 KOOp,IIHHaT orrpe,IleJIHeTCH M0TO,IIOM ,IleJieHM 3apJV1a. 

l\lliootecTBO li3MepeHHHX TaKHM o6pa30M TO'tieK .r1aeT KapTHHy B3aliMO,IletlcTBM 
(TpeKn). TaKoit ,IleTeKTop· HCIIOJlb30Ba.JICH B H3BeCTHOM UAI - aKcrrepHMeH
Te /9~!,Ho BMeCTO 06hl4HhlX ALU1 l1CII0Jlb30Ba.JlliCb Au;rI Tmta "quram" C BpeMe
HeM OQHq'pOBKH.10 HC tcM. H~e). 

4. BpeMHrrpoefillHOHHHe wefi~OBhle KaMephl 

no c~eCTBY BpeMHrrpoeKI.\liOHHhle ,Ilpefi!pOBHe KaMepu IIpe,IIQTaBnHIDT co6otl 
ycoBepmeHCTBOBaHHHtt BapliaHT "o6pa3HOA,,KaMepu (pi'!C·. 57). B 3KCrrepHMeH

TaJll,HOfi YCTaHOBKe KaMepa OK~eHa CBepxrrpOBO,II.HlllliM COJieHO~OM, KOTO-

pllit o6ecrre"tIHBaeT Mal'HHTHOe IIOJie Benli'!IHHOM 20 KI'C. C~eAYeT OTMeTHTb, 
'!ITO "tIYBCTBHTeJlbHllA o6oeM KaMepu He CO,IlepitHT Hli aHO,n;Hmc, Hli IIOTe~
a.JlbHHX rrpOBOJIO'tieK. no c~eCTBY OIIliCHBaeMM KaMepa !Ipe,IICTaBJIH6T co6otl 

C06Hpa.IO~ ( SO.M~·,) l10Hli3aQHOHHyro KaMepy' C IIOMO~ID KOTOpOH o6ecrre-
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mmaeTCH li3MepeHHe Tpex KODMHHaT B,IIOJlb TpaeKTOplili 'tiaCTHQ. KaK B~O 
J.l3 pliC. 67, 3Jl0KTpOHhl ,IlpeH(J)YIDT' B HarrpaBneHHH, rrapa.JIJieJII,HOM Mal'HHT
HOMY IIOJIID. 8TO IIQJie C03,IlaeTCH C IIOMO~!O 3JieKTpO,Ila, BHIIOJIT!eHHoro B Bli
.r1e KOJlbQa, HaxO,I1H1I1erocH 110,II Harrp~eHHeM !50 KB, a T~e C IIOMO~!O ox
pa.HHHX KOJieQ, paC!IOJIOJ!tGHHIDC BO BHYTpeHHe'.M li BHeillHeM pa,IlliyCe "tIYBCTBli
TeJibHOro o6oeMa. nporropQHOHa.JlbHHe 1IpOB0~04Kl1 q cerMeHTHpOBaHHHe Ka
TO,n;HHe IIJIOCKOCT!i 06ecrre'tI11B8.IOT li3MepeH11e ,IIBYX KOOp,IIHHaT, a TpeTbH RO

op,IIHHaTa rronyqaeTCH TIYTeM•li~MepeHHH BpeMeP.M ,IlpeH!pa 3JleKTPOHOB. 06~ee 
'tiliCJIO !IpOBOJIO'tieK pa!3HO 2!96 , 

TaKaH CBOero po.r1a"604Ka"- ,IleTeKTOp COBMeCTHO C OplirHHaJII,HOH 3JieKTpo

HHKOH HMeeT YHHKa.JibHHe B,03MomIOCTH. Bcero B ,IleTeKTOpe HMeeTCH !6020 

KaHa.JlOB perncTpaQlili, '!ITO 1103BOJIHeT oc~eCTBJIHTb peKOHCTPYKQHID TpeKOB 
B TpeXMepHOM !IpOCTpaHCTBe. )J,JIH perHCTpaQH!i li BpeMeHHoro xpaHeHliH aHa
JIOrOBHX ClirHa.JlOB, C'tI!iTHBaeMIDC OT 13824 KaTO,n;HHX MHKpOIIOJIOCKOBIDC nHHHH, 
l1CIIDnb3yroTCH n3C-MaTpliQH. BoJiee IIO,Ilp06HO BpeMHrrpoeKI.\liOHHhle KaMepu 
O!IliCaHH B pa6oTax t 99-100 ) • 

B liTOre HOBhlH '11111 ,IleTeKTOpa II03BOJIHeT 0,n;HOBpeMeHHO li3MepHTb HMrryJlbC 
11 Macey 'tiaCTHQH. 

5. ,I(OCT~eHM B pa3pa6oTKe:Aun li BAK 

Han6onee MaCCOBh1Mli li ,IIOporocTO.HlllliMli rrpH60paMli B JVlepHoit 3JieKTpOH!1Ke 
HBJIHIDTCH Au;rI li BAK. npli1l:eM .. IIOTpe6HOCTb B HHX KaK B COBpeMeHHux, 
TaK li BO BHOBb 1IJiaH11pyewx 3KCIIepMM0HTax HerrpepuBHO pacTeT. 

CoBpeMeHHue ,IIOCT~eH11H B. paspa60TKe 6oJlbmHX HHTerpanbHIDC cxeM cos.r1a

IOT 6narorrp!1HTHHe B03M0]KH0CTli MH COS,IlaHliH .r1emeBHX li 6HCTPO,IleiicTByro~ 

rrpeo6paaoBa'l'.eJiefi, ~mrn~oB~ B HacTo.Hlllee BpeMH c ycrrexoM BO MHorHX orru

Tax !Ipl1MEJHHIDTCH A$ CIIapaJIJieJibH~ crroco6oM rrpeo6pa30BaHl1H 8HaJIOro
BIDC liMIIYJlbCOB, y KOTOpIDC MePTBOe ·:apeMH He IIpeBHmaEJT IQ HC li C ,IlliCKpeT
HOCTb!O 6 li 8 6HT (101) • 

IITecTHpa3pH,n;Hoe Aun Tli!Ia "qirram" COCTOliT li3 63 CTpo611pyeMIDC KOMIIapaTO
poB, p03l1CTliBHOH·Qerro4KH,.mH!ppaTopa 63 ...,;,6 6HT li BIDCO,n;Horo per11cTpa 
( p11c. 68). 0,IIMH li3 BXO,IIOB KOMIIapaTopa IIO,IIKJII04eH K liCTO'tIH!iKY 
OITOpHOro Ha~eHMH, KOTopoe .r1en11TCH C IIOMO~b!O pe3!1CTliBHOH QelIO'tIKli 

B 1Ipe,I1enax tn ~8, KoMrrapaTopu CTp~6HpyroTCH rrepe,n;HHM !ppOHTOM TaKTOBO
ro HMrryJibCa TH, a ero 3a,n;HHM !ppOHTOM !IpOliCXO,IlliT rrpeo6pa30BaHHe YHMTap
HOro II03HQHOHHOro KO,Ila·B ,IIBOli'tIHHH KO,II. T!ilili'tIHM TaKTOBM 'tiaCTOTa coc

TaBJIHeT 50-IOO MI'Q. BeJIH1l:HHa corrpoTHBJieHliH pes11cTopa paBHa 2 OM, n rro-
3TOMY o6~ee COIIpOTl1BJieH11e pe3HCTl1BHOH Qe!IO'tIKli COCTaBJIHeT IIpliMepHo 

240 OM. C QeJlbto pacm11peH11H ,IIHHaMHtrecKoro ,I111arras0Ha x HCTO'tIHHKY orrop
Horo Harrp~eHH.!'I IIO,IIKJIIO'tiaeTCH ,IIOIIOIDillTeJibHOe Harrp~eHne CMe~eHM. 
ilOCKOJlbKY OIIOpHOe Harrp~eH11e, :MOJ!teT 6wb IIO,IlaHO B B~e KOpOTKOro liM

ITyJlbca, TO .TaKOe Au;rI MO~eT 6wb l1CIIOJlb30BaHO B Ka'tieCTBe 6ucTporo aHa-
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◄ PHc. 68. CxeMa 6-pa3p.lJAHOI'O 
Al.(II THIIa 11qiJI3JII11 

• 

PHc. 6<;;. flpHMeHeHHe Al.(II THIIa 

"qmam" ,.!\JI/I OnpEl,.lleJieHH/I ROOPJ:IH
HaTH MeTO,.llOM ,.lleJieHHJI 3ap.1JAa. 

◄ PHc. 70. IlpHMeHeHHe AI.UI THIIa 11 q'JI3W11 

,.!\JI/I peI'HCTpallHH Tpex ROOp,.llHHaT. 

f·~Rcf> 
f 

CllrH8,JlY ~ 

PHc. 7I. flqenRa ,.llpefiqioBOH Ra
Mepu C RaTO,.llHhlM cqHTHBaHHeM. 

1;,J:6 ..i__ ,;y• .. 
'J'/,' ~'b' '6 "" 
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~ 
PHc. 72. Pa3BHTHe CHI'HaJIOB B ~peH~oroH Ka.Mepe co BpeMeHeM. 
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noroBoro ,.lleJIHTeJIJI. Bmco,1\HaJI xapaRTepHCTHRa Al.(II onpe,.lleJI1IeTc1I ypa.BHeHH-

H = 6'3 'vzA1- l/4R . ( 3 ) 
Vizr-Vtta 

eM 

ECJIH TaROfi Aim HCilOJib3yeTC/I B RaqeCTBe ,.lleJIHTeJIII HanpmKeHHJI 9 TO BXO,.!\ 
t:f.v coe,.!\HH/IeTC/I C WHHOfi 3eMJIH,a BXO,.llHH0 nepeMeHHHe '1 H-~ IlO,.!\arDTC/I Ha 

KOHTaRTH ¥r H ~a . 
Tor,.!\a ypaBHeHHe t 3 ) npHHmiaeT BH,1\ V:, 

H= 63 ~+Vy 
B TaROM RaqecTBe Al\fl THila "qmam" npHMeH/IeTC.ff B npOBOJIO~HX Ra.Mepax 
,.!\JI/I oripe,.!\eJieHHII ROOPAHHaTH B3aHM0,.!\0HCTBHII qaCTH~ M0TO,.!\OM ,.!\eJieHHJI 3a
p.1JAa tpHC. 69) .Ha pHC, 70. npHBe,.!\eHa cxeMa, c IlOMOiqbIO ROTOpofi MOlKHO 
nonyqHTb H3MepeHHe 0,1\HOBpeMeHHO TpeX qlH3Hq0CRHX BeJIHqHH OT 0,1\HOfi npo
BOJIOql(H tcJieBa H cnpaBa>. B ~TOH cxeMe HCilOJib3yeTC/I 03.Y C BpeMeHeM 

Bu60pRH 20 He, npl{qeM AI.UI HMeeT ,.!\OilOJIHHT0JibHOe CMe~eHHe, ROTOpoe Il03-
BOJI/I0T, H3M0p1ITb BeJIHtrHHY cJ.E/,,tx. BTopoe A1UI HCilOJib3Y0TC/I .L\JIII H3MepeHH1I 
ROOp,.!\HHaTH MeTO,.!\OM ,.!\0JieHH/I 3ap.1JAa. TpeTb/I ROOp,.llHHaTa - BpeMII ,.!\pefiqa 
peI'HCTpHpyeTC/I C IlOMOiqblO CXeMH, BHilOJIH0HHOfi Ha OCHOBe 3Y ~rrpOH3BOJib
HOfi BH60pRofi. ~/I IlOBHW0HH/I TO~OCTH H3M0peHH/I BpeMeHHHX HHTepBMOB 

B ycTpOfiCTBe npmieHeHa HHTepnoJI~HOHHM cxeMa. B qeJIOM ,.!\aHHOe ycTpofi

CTBO Il03BOJI/IeT pel'HCTpHpOBaTb .I\BYMePHyro HHqlOpMaqHIO O l-lHOI'OTpeROBOM 
co6HTHH c nepHO,.!\OM 256x32 HC = 8I~2 HC. 
B03MOlKHOCTb perHcTp~ MHOI'OTpeROBHX C06HTHfi B ,.llpefiqioBofi Ra.Mepe C 

60JibWHM IlpOM0JKYTROM HJIJIIOCTpHpyeTC/I C IlOMOiqbIO pHc.71 H pHc. 72. Ha 
pHc. 17! H306pallCeHa ,.!\pefiqiOBM Jiq0fiRa C RaT0,1\HHM cqHTHBaHHeM B,.!\OJib qyB
CTBHT0JibHOfi npoBoJIOql(H. BYRBB.MH A,B,C H ,n o6osHaqeHu npoeR~HH qeTupex 
TpeROB, a Ha pHc. 72 IlORa3aHO pa3BHTHe CHI'HaJIOE BO BpeM0HH Ha BHXO,.llax 
ycHJIHTeJiefi, Il0,.llRJIIOq0HHHX K RaTO,IµIHM nOJIOCRa.M. BucoRoe 6ucTpO,.!\eficTBHe, 
npHC~ee HOBl,lM THila.M AI.UI,n03BOJI/I0T IlapaJIJieJibHO C4HTHBaTb CHI'HaJIH OT 

16 IlOJIOCOR, 3ailOMHHTb HX B aHMOI'OBOfi qlOpMe C IlOCJie~ cqHTHBa.HH
eM H <>~HqlpOBKOfi B TeqeHHe 500 He. TaRoro pa3pemeHHJI ,.llOCTaTo~o, ~o-
6u pa3JIHqaTb OT,.!\0JibHHe TpeRH C npOCTpaHCTB0HHHM pa3pemeHH0M ±200 MlCM 
;I02;. 
B Tex CJIY4a1IX, ROI',.lla npHMeHJieTC/I TOJibRO Il1pMJI0JibHIB1 cnoco6·perHCTpa

qHH ' ,.!\JI/I xpaHeHHJI ,.!\aHHHX IlpHM0H/IIOTC/I 6HCTPOAefiCTB~He MOAYJIH 3Y' pa-
6oTaro~e c TaKTOBofi qacTOTofi IOO Mr~. B pa.6oTe / 95 / OnHCaHH '!pH cxe
MH, IlpHMeH/IeMHe .L\JIII BpeMeHHOI'O xpaHeHH/I ql{CeJI, nocTynaIOIIµDC OT 6ucTpo
,.lleRcTBYJO~HX AI.UI. IlpH Ilp/IMOM cnoco6e xpaHeHH/I MO,.llYJIH IlaM/ITH 0MROCTbIO 
!024 6HT BRJI!OqaJOTC/I napaJIJieJibHC TaR, ~o6u ,.llaHHHe 3anOMHHMHCb B noc
Jl0,.llOBaTeJibHO pacnoJIOJll'.0HHHX JiqefiKax • .IlpyrHMH CJIOBa.MH, MO,.llYJib IlaMIITH qiax
TH4eCKH HCilOJib3yeTC/I B RaqeaTBe I024-pa3pM!HOI'O C,.llBHI'OBOI'O perHCTpa. 
flqefiKH Ila.M/ITH ~peCYJOTC/I C IlOMO~bIO IO~pa3p/I.L\HOI'OCHHXpOHHOI'O cqeTqHI(a. 
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IlpH 3TOM OCTaJibHHe ABa pa3p.flAa He HCITOJib3YIOTC.!I. EcJIR B 3aAaHHb!ll MO
MeHT BpeMeHH CtfeTtIHR OCTaHOBHTb,TO 110 ere COAeplKRMOMY MOlKHO OnpeAe -
JIRTb BpeM.!I OqHqJpOBKH. TaKl'IM crroco60MIB qacTHOCTHIMOlKHO H3MepHTb gJOp
MY HMnyJibca. 
OCHOBHOH HeAOCTaTOK TaKOH cxeMhl 3aKJimaeTC.!I B TOM, tfTO rrpH CtfHTHBaHHH 

qnqipoBhlX AaHHhlX B 6yqiepHYIO ITaM.!ITb HapR,ey c rroJiesHoii RHWOpMaqHeH sarrH -
CHBaeTC.!I MHOro eyJieBblX CJIOB. B HTOre Ha OAHH KaHaJI perHCTpa-
qHH paCXOAYeTC.!I 6oJibma.!I MOII\HOCTb - IO BT rrpH TaKTOBOH qacToTe IOO Mrq. 

B APYrOH cxeMe C qeJibIO COKp8.ll\eHH.!I eMKOCTl'I '3Y HCl10Jib3yeTC.!I A!'ICK
pmnnmTop, BXOA KOTOporo COeAIDJeH C BXO,[lOM AI]JI, a Bh!XOA - C BXOAOM 
?-ro paspMa MOAYJI.!I ITaM.!ITH. B rrpoqecce Ctfl'ITHBa.Hlli! B 6yqiepttoe '3Y sa

oocimaroTC.!I TOJibKO Te CJIOBa, y KOTOphlX B ?-M pasp~e COAepiKaTC.!I eAIDIH
qu. 0,[lHaKO rrpo6JieMa pacceHBaeMOH MOII\HOCTl'I B TaKOH cxeMe OCTaeTC.!I aK
TYaJibHOH.B cxeMe, H306pa.JKeHHOH Ha PHC. ?0,eMKOCTb 6yqepHOH llaM.!ITl'I 
coKpameHa. Ha ABe TpeTl'I, HO cxeMa ycTpOHCTBa ITOJIYtfaeTC.!I ropa3AO CJIOJK

Hee, TaK Kill< 3AeCb Tpe6yeTC.!I OTAeJibHHH ~peCHHH CtfeTtrnK Ha I<~HH Ka
HM, aHaJIOrOBM 3aA0plKKa l'I MOAJJib 118.M.!ITl'I eMKOCTbIO I024xI 6HT. C ITOMO

~bIO TaKOH CxeMH OTMeTKa BpeMeHH BH6opKl'I ,[leJiaeTC.!I O,Il;MH pas sa 
co6mHe. OCHOBHOH H8AOCTaTOK: HaJIHtf:lfe aHaJIOrOBOH 3a,[l8plKKl'I l'I Ctf8Ttfmta 
B K~OM KaHaJie perHCTPfillHl'I. B qHTHpY8MOH pa6oTe npe,llJiaraeTC.!I T810Ke 

Opl'IrHHaJibHM cxeMa a,llpeCaqHH C HCl10Jib30BaHH8M KOAa I'pe.!I. Bee ycoBep
meHCTBOBaH.IIB B 3TOM HanpaBJieHl'IH !103BOJIIDOT o6ecrretfHTb MaKCHMaJibHyro 

3a,[lepiKey 11pH MIDil'IMaJibHOH eMKOCTH naM.!ITl'Io 

Bucoxoe 6HCTPOA8HCTBHe, rrpHCYJ1l8e HOBl:lM TmtaM AI]JI, n03BOJI.!IeT 6oJiee aw
(!eKTHBHO opraHl'I30BaTb perl'ICTpaqHIO AaHHhlX B IDHpORO pacrrpocTpaHeHHHX 
cHcTeMax, rAe HcnOJibsyroTC.!I ~3Y lpHc. ?4}. C~rnaJI, nOCTYfiaIOll11'IH OT ~SY, 
3a,[l8plKHBaeTC.!I Ha BpeM.!I, He06XOAHMOe AJI.!I corJiaCOBaHH.!I C BpeMeHeM noc
TYIIJI8HM mmyJibca OT pema.IOOjero ycTpOHCTBa. RHHeimHe BOpOTa .!IBJI.!IIOTC.!I 
HaH6oJiee KanpH3HOH qacTbIO ycTpOHCTBa. HcnOJib30BaHHe AI]JI THIIa "quram" 

eoBMeCTHO e 6HCTPOA8HCTBYIOOl8H naM.!ITbIO ynpo~aeT ycTp08CTBO perl'ICTpa
qHl'I lpl'!c·. 75}. B HCXOAHOM COCTO.!IHHH, ROrAa H8T nOJI83HOro CHrHaJia, 

AI]JI BHl10JIH.!I8T OqHq)pOBKy BCeX CHrHaJIOB, nOCTYfiB.IOO{HX Ha ero BXOA• 0A
HOBpeMeHHO pa6oTaeT B.AP6CHb!ll Ctf8TtfHR, KOTOPHH OCTaHaBJIHBaeTC.!I B MO
MeHT sanOMIDiaHM noJieSHoro co6HTH.!Io 

IlOABeAeM HeRoTopHe HTOI'l'I pasBHTl'I.!I aJieKTpOHHRl'I Ap08;{!0B;,rx KaMep. Ta.K, 
B 

11
KJI~CCHtl8CRHX

11 
KaMepax H3M8p.!I8TC.!I TOJibKO BpeM.!I ApeHqn, no BElJil'Iln!He 

KOToporo Ol1peA8JI.!I8TC.!I KOOMIDiaTa qacTHqH. IlpHtreM B OCHOBHOM perHCTpH
pyeTC.!I OAHa HCKpa Ha npOBOJIOtfKy. ,naJiee, B "o6pasHHX11 KaMepax HapR,ey 
C BpeMeHeM Apeliqla HSMep.!IeTC.!I sap~, HaB8A8HHHH Ha 3JI8KTPOAe, H C no -
MO~IO 6HCTPOA8HCTB~en 3JieKTPOHHKH perHCTpHpyeTC.!I H8CKOJibKO HCKP c 
qeJibro perHCTpaqHH AByx TpeKoB. B HsBeCTHOM UAI.;, axcnepHMeHTe, rAe 
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HCnOJib30BaJIHCb Bp8MHITp08RI..IHOHHH8 Ka.M8pH,npHM8H8HH ,IIB8 HOBMHKH. Ilep
Baff - 3TO MaTpMW>I il3C B RaqecTBe aHaJIOrOBO:ti nawITH, B KOTopmc xpaHH

JiaCb HHqiopMaliRfi RaR O BIJ6M8HHhIX, TaK H ,IlaHHH8 06 aMruIHTY,IlaX HMnym,coB. 
McnOJib30BaHH8 Il3C-MaTp~ no3BOJIR8T paCCMaTpHBaTb Bp8MRITp08RI..IHOHHYID 
RaMepy KaR HCTO'tll·Ulli, CO,Il8Jl'KaJl1HH H8CROJibRO MMJIHOHOB qyBCTBHT8JibHl:ilX 
,IlaTqHROB. ilpmeM CO,Il8Jl'KMM08 Il3C-MaTp~ cqHTHBaeTCR H 01..1H/PpOBblBa8TCR 
Jilllllb nocne BHpa60TKH TpHrrep-HMnym,ca. 
,llpyrofi HOBHHRO:ti RBJIR8TCR IIpHM8H8HH8 B 1..18HTpaJibHOM ,Il8T8KTOpe 6ucTpo -

,I:1eficTBYJOiqMX AUIT THna "ijlJiam". IlpIBieM K mi.1K,I:10fi rrpoBOJIO"!ffie no,IIRRID"t!aJIOCb 
no ,I!Ba AUIT c o6oMX ROHI..IOB lno O,IIHOMY Ha O,IIHH ROHe1..1>. C noMOiqbID O,IIHO
ro H3 HHX M8TO,Il0M ,Il8JI8Hlffi 3apR,I:1a onpe,I:1eJIBJiac:E, KOOp,IJ,HHaTa -qacT~H, a 

,D,pyroti AI]JI C norapmpMWI8CROflr xapaRT8pHCTMKO:ti HCnOJib30BaJICR ,I!JIR H3M8-
peHHR noT8pH :meprHH. 
BHBO,IIH 

MeTO,Ilmta ,IJ,petiipOBl:ilX RaMep HenpepHBHO COBepmeHCTByeTCRo Bnaro,IJ,apR mHpO
RHM qiyHRI..IHOHafilHblM B03MOJKHOCTRM H napa.M8Tpa.M, Y.rlOBJI8TBOpRIDiql1M COBpe
M8HHblM Tpe6oBaHHRM qil-l3HRH BHCORHX 8HeprH:ti, ,IJ,pe:ti¢oBH8 Ra.MepH OCTaIDTCR 
O,I!HlfMH H3 OCHOBHhIX Tp8ROBhIX ,!J,8T8RTOpOB RaK B COBpeM8HHhIX, TaR H B 6y
AY!qMX 3RCII8pHM8HTax. M3yqaIDTCR B03MOJKHOCTM C03,IJ,aHHR TaK Ha3HBa8MhIX 
11MmtpO,lVK8T 11-Ka.Mep C BHCORHM pa3pemeHH8M, nopR,I:1Ra 20 MKM /105/. Pa3pa-
6aTHBaIDTCR 6om,mHe ,IJ,pew~OBH8 Ra.Mepu C rrpoMe~yTROM 50 CM ,ll,JIR C03,ll,aHHR 
KMOpHMeTpa C B03MO~HOCTbID perttcTpa1..1HH 6om,moro KOJIIBI8CTBa TpeROB H 
BHCORHM rtpOCTpaHCTB8HHblM pa3pemeHH8M /100/. BHCORH8 Tpe60BaHIDI rrpe,D,o
RBJIRIDTCR T~e K 8JI8RTpOHMK8 /ICJ7/. BpeMH OI..IH/PpOBRH 8-9 - pa3pR,!J,HHX 
AUIT ,IIOJUKHO cocTaBJIRTb IO HC1 a "t!HCJIO KaHaJIOB perHCT~HM B OWJOM aKc
nepttMeHTe Mo~eT rrpeBhill!aTb IOO THCHtl. 

IX. \liHID,Tpa1..1wi qJH3IBI8CRO:ti HH(l;Op!,!al..lH:lf Ha RHHHH C 81M 
I. 06rqHe BOIIpOCH 

HaqHHaR C I~60 r. B 8RcnepHM8HTax /PH3HRM BHCORl1X 8HeprHti Hcnom,3y
IDTCR 8EM C 1..18JibID c6opa H o6pa60TRH 8KCnepHM8HTain,HhIX ,IlaHHhIX. 8TOMY 
cnoco6CTBOBMO TaRJKe pa3BHTH8 H COB8µIl8HCTBOBaHH8 MHOrORaHaJibHhIX ,Ile
T8RTOpOB 3aproK8HHhIX qaCTHl..l,H Itp8JK,I\8 BCero Tamuc, RaR MiiK H ,Ilp8:ti/poB:!re 
Ka.MepH. CoBpeM8HHH8 cneRTPOM8TpH lfM8IDT BHCORYJO CROpOCTb pa60TH, H 
CYl!l8CTBY8T T8H,Il8HI..IHR R Y138Jilitl8HHID 3TO:ti CROpOCTH 0 CROpOCTb cqeTa B 
Mill{ COCTaBJIR8T !06 co6HTHti/c, a "t!HCJIO IIpOBOJioqeR B COBpeM8HHOM 
cneKTpOM8Tpe MOJK8T Itp8BbllllaTb !05 , H IIOSTOMy aHaJIH3 nocTynHBillHX ,IlaH

HhIX B peaJibHOM MaCmTa6e BpeM8HH Ilpe,IlCTaBJIR8T co6ott 3Ha"tIHT8JibHH8 TPYA
HOCTM. Erqe 6oJiee BneqaTJIRIDiqaH KapTHHa IIOJiytia8TCR IIpH perHCTpal..lH:lf ,IlaH
HhIX B COBpeM8HHHX H BHOBb IInaHHpyeMHX SKcnepHMeHTax Ha BCTpetmblX rry-q
Kax. Tax,B UAI - sRcnepHM8HTe perncTpHpOBMOCb 3-106 I6-pa3pR,I!Hmc 
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CJIOB ! IlpmeM a Ta m-i:qiopMal..lHR rrpoxo,IJ,HJia CJIOlKHllli nyTb CRB03b MHOroypoB

H8BYID CHCT8MY OT6opa nOJI83HhIX co6HTHH. Ha RaJK,ll.OM ypOBH8 o6rqee miCJIO 

co6HTH¼ ytl8Hl,maJIOCb BCJI8,IICTBH8 4JrulbTpal..lHll. rrpI™epHO Ha nOpfi'AOKo 
Tipo1..1ecc OT60pa nOJI83HHX co6UTHH B peaJibHOM Bp8M8HH no;nym,m Ha3BaHH8 
ipHJibTpal..lHH Ha JIHHHH c 8PM. B HaCTO~ee BpeMR tpHJibT-pa.l..lAA Ha JIHHHH c 

SB~ ycJIOBHO ,I:18JIHTCR Ha -qeTup8 ypOBHR. 
-OT60p co6HTH:ti, y,IJ,OBJI8TB0pHID!qIDC orrpe,I:18JI8HHbIM TOnOJIOrmecRHM ruIH ,IIPY-
rHM RpHTepHRM, KOTOpHe MOry'l' oxapaKT8pH30BaTb M8pH08 B3a1™0,Il8HCTBH8 

lMHilllt6CTB8HHOCTb -qaCTHI..I, yI'OJI OTKJIOH8HIDI TpeRa H npotr.). 8Ta rrpo1..1e.izy -
pa Bl:IDOJIHR8TCR JIOrHtieCKHMH cxeMaMH C HaHOCeKJH,IlHHM 6HCTp0,I:18HCTBH8M. 
.l(a.HHJ,!lt ypoBem, xapaKTepttsyeTCR BpeMeHeM pememIB-,IlO 500 HC MaKCHMYl-'• 

- 4/HJibTpal..lRff noJie3HHX co6HTHH rrpH noMOrqH 6ucTpbilC rrporpaMMHpy8MblX JIO
rHtI8CKHX ycTpO:tiCTB. 8Ta npo1..1ema BKJil()tffi8T B ce6R TaKHe onepal..lHH, K8lt 
sanHCb KOOp,IIHHaT co6mttti, saperttcTpHpOBa.I-!Hl:ilX B ,IJ,8T8KTOpax, rrpeo6paso
BalIB8 KO,!J,OB, oT60p KaH,l\H,IlaTOB B noJI83Hb!B co6h""TIDI no 38,IJ.aHHW KpHT8pH

flM, BOCCTaHOBJI8HH8 npocTpaHCTB8HHHX TpeKOB H rrpott. BpeMR, saTpa-q:ima-

8M08 Ha STOT npo1..1ecc,cocTaBJIR8T 20 - 100 MKC. 
- Ha Tp0Tb8M ypOBH8 lBpeMR qiHJibTpal..lHH nopswea I MC) B pa6ozy BKJllOlta-
IOTCR 6HCTpop;e:tiCTBYJOII\H8 MHKponpo1..1eccopbI H M1mpo8BM. B OCHOBHOM Ha 
8TOM ypoBH8 B 6oJiee "t!HCTOM BH,ll,8 BOCCTa:HaBJIHBaIDTCR TpeKH saperHCTPHpO
BaHHbIX co6m:mt, a B H8KOT0pHX cn:yqaHX H -peKOHCTJlYHPYIOTC.fl noJie3HH8 co-

6mHRo 
- Ha "tJ:8TB8pTOM ypoBH8 C IIOMOiqblO MOIIlffi:DC MHHH-3B~ Bb1IIOJIHR0TCR OKOH"t!a~ 

TeJlbHliH rrpo1..1ecc tpHJibTPal..lHH H ,IJ,a.HHH8 sanHCbIBaIDTCR Ha MarHHTHYJC' ~eHTY• 

2. qaCTOTa TPHrrep-HMnyJibCa tt CKOpOCTb cprun,Tpal..lHH 

PaccMOTpHM qrotTOpH, BJrnffi00\1-1.8 Ha CROpOCTb ipruibTpal..lHH /108/. ~onyc

THM' "t!TO B ycTaHOBR8 Bblp8,6aTbIBa8TCR tlTpttrrep-HMIIYJibCOB' co.n;epllt81I\HX 
pN"xopommc" co6HTHH, T.e. TaKHX co6mHti, KOTOpble noCJie rrpep;BapttTeJib

HO:ti ipHJibTpal..lHH saIIHCbIBaroTCR Ha MarHHTHYJ() JI8HTY ,IJ,JIR oqi-Jia:tiH - o6pa60T

KH. ,nanee .IIOJiaraeM, qTO ycTpOi\CTBO OT6opa HMeeT ,IJ,Ba pasJIHt!HbIX 3Ha"t!e-
ll U t HHR MepTBOrO BpeMeHH: O,I\HO ., KOTOpoe CJI8lJY8T noCJie ipOHOBOrO co6H-

TIDI, li "MepTB0011 BpeMR ½• KOTOpoe HaCTynaeT TIOCJI8 perHCTPal..llm llOJI83HO
ro co6HTIDI. ,nMee OTM9TJ.-!M BpeMR!3, H806XO,I!HM08 ,IVIR 3aB8pll8mU! perHCT

-p8.I..IIDi co6UTHR l OHO HBJIReTCH -qacTbID BpeMeHH tz)• 
Bes ifirun,Tpa "MepTB08 11 Bp0MR tJ CJiepyeT nocJie KaJK,ll.Oro Tpttrrep-IDv.TIYJibca • 

li noaTOMY CKOpOCTb IIOCTyIIJI8Hllil H80TqiH.llbTpOB8.HHbIX co6UTHH paBHa 

V. =_!{_ 
I 4+//-£3 
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11 CO,J:\8p.'K11T 

ITOJI83Hh!X C06HTIDi. 

Vi~~ 
I+ 11-1:3 

C <pHJibTpOM rrp11 38,1\aHHOW CKopocTH perHCTpa.111111 ITOCTyITaeT R/'xopomruc" 11 

R2 qlOHOBh!X co6m11fi cooTBeTCTBeHHO. 1faCTb co6HT11fi Rl, 11 R
2
!

2 
ITO cyT11 

eCTb ITOTep11. B KOHetrnOM 11TOI'e 11MeeM-

Rf ::: ( I- fl.2.t2. - ~d,)flV' 
11 

R2..:: (I- Ri-tt -P.2.l: 2y{I-P)IV. 
lfa ITony1mHHh!X paBeHCTB 11MeeM 

D p,v 
f\( :: I+ (I-P)A/-i:1+ p"lt/t~ ' 

,llJrH ITOBHID8Hl1H 3cpqBKT11BHOCTl1 pa60TH ycTpofiCTBa OT6opa ITOJie3Hh!X C06H -

Tl1fi Heo6X0,[\11MO rrpelK,L\e BCero OTqJHJibTpOBaTb qlOHOBHe co6m11H C MaKC11MMb

HOfi CKOpOCTbIO. Ha CKOpOCTb 3arr11c11 rro~e3Hh!X C06HT11fi cyiqeCTBeHHO MH

HeT TaKJKe BpeMH 3QITHC11 ,J:\aHH!D( Ha MaI'Hl1Tttyro ieHTy H ,J:\OITyCT11MaH eMKOCTb 
6yqepHOfi ITa.MHT11o 

3. OcHOBHHe crroco6H aITITapaTHofi qJHJibTpa11vrn 

Crroco6H rrocTpoeH11H CITe1111an113apoBaITTih!X rrpo11eccopoB pa3JilfCIBofi cnoJKHoc

Tl1 11 11X rrp11MeHeH11e 6h!JI11 paCCMOTpeHH B 063ope /80~ 3,[\eCb MH OTMeTl{M 

Ha116onee XapaKTepm,re l10TO,J:IH WCTpOeH11H Tp11rrepHbIX Cl1CTeM 11 rrpHMeHHe
MHe rrp11 3TOM cxeMHHe pemeH11H. 

Ha116onee 6ucTpHe crre1111an11311poBaHHHe rrpo11eccopH lCTI) 11 pemaJOi!l11e ycT

pofiCTBa C03,J:\aIDTCH rryTeM 11CITOnh30BaHIIB Ta6JilfCIBh!X MeTO,[\OB pemeH11H rrpoc

Tefimax 6yneBh!X 11 anre6paIBfeCKl1X Bb!paJKeH11fi. B TaKax ycTpoficTBax rrp11Me

HHIOTCH 6HCTpo,11efiCTByro~rt8 23 C BpeMeHeM BOOOpKl1 He MeHee 20 He, rrpor

paMMapyeMHe JIOI'IBfeCK11e MaTpl1~ 11 MaTp~H COBIT3,I\eH11fi. 0,!IHaKO rrocne,11-

Hl1e 11MeIOT OI'paHIBfeHHHe <pyHK~OHMbHHe B03MOJKHOCTl1. B Ta6JilfCIBOfi ap11¢

MeT11Ke B HaCTOHII!ee Bp8MH lilllpOKO 11CITOJih3YIOTCH 'TaK~e M0,L\yJil1 ITporpaMM11-
pyeMofi ITa.MHT11 ffi123. 

0CHOBHaH rrpo6neMa, KOTOpaH B03H11KaeT rrp1111CITOJib30BaHl1!1 B KaqecTBe pe

maroni11x YCTpOfiCTB MO,J:\yJie~ ITaMHT11,- 3TO OI'paHIBfeHHoe q11cno 8,1\peCHh!X 

BXO,J:IOB. TaK, ITpH 8MKOCTl1 MO,L\yJIH 4K 11MeeTcH Bcero I2 8,1\peCH!DC 0 BXO,J:\vB. 

0,!IHaKO r:o CpaBHeHaro C 06IBIHh!M11 CXSMa.MH, HCITOJib3YeMhlMl1 ,[\nH pean113a~ 

JIOI'IBfeCKIDC orre~11fi, ITpHMeHeH11e 60Jibilll1X 11HTeI'pMbHhlX M11KpocxeM HMeeT 
CJie,[\yro~He rrpe~eCTBa: 

- B03MOJKHOCTb 6HCTporo ITpOI'paMMapOBaHl1H c ITOMO~IO 31:M CXeM OT6opa 
co6mafi ,1\JIH pean113a111111 Tpe6yeMh!X JIOI'IBfeCKax ¢yHK1111fi, 

- He3aBHCHMOCTb BpeMeHH BHpa60TKH TPl1I'I'ep-i™rryr.hca OT Bl,t,[\a pean113ye~ 
MOfi <pyHKI.11111, 

- B03MOJKHOCTb 6HCTporo ITOnyqeHl1H pe3yJibTaTa pemeH11H B rrp8,[\enax 50-
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- IQQ HC, 

- I'H6KOCTb H illl1pOKHe <pyHKI.IHOHaJibHHe B03MOJKHOCTH, 

- BHCOKaH Ha,I\eJKHOCTb H pe3KOe CHIDKeH11e CTOHMOCTH, 

- 11, HaKOHe11, OTIT8,I\a0T Heo6X0,1111MOCTb B MeXaHIBfeCKOfi KOMMYTal.11111 Bpyq-
Hyro JIOI'IBfeCKHX 6JIOKOBo 
HcrrOJib30BaHl1e Mo,eynefi ITa.MHTl1 ,[\nH C03,[\aHHH 6HCTpo,11efiCTBYJOOlHX ycTpofiCTB 

OT6opa co6HTl1fi ITOCBHmeHa pa6oTa /100/. Ha pHC. 76 rrpHBe,11eHa 

o6~aH KOM611Ha1.1110HHM cxeMa, rrpe,11Ha3HaqeHHaH ,J:IJIH pean113a111111 6yne -

Bh!X ¢yHK1111fi. Hepe,JJ;KO B rrpo11ecce 3Kcrrep11MeHTa ITOHBJIHeTCH He06X0,1111MOCTb 

B H3MeHeHHH CTpyKTYPH TaKofi cxeMH, Harrp11Mep 11CKJIIDqeHHe 113 CJMMH 

orrpe,11eneHHh!X KOM611HaI.111fi BXO,!IHh!X rrepeMeHHHX. 0,!IHaKO B cxeMax, pa6oTa

IO~HX B HaHOCeKyttAHOM ,[\Harra30He, 3TO rrp11B0,11HT K Heo6X0,11HMOCTl1 ,11orromrn

TeJibHOM' IT0,1II'OHKH 38,1\ep,KeK B Ka6eJIHX 11,ccOTBeTCTBeHHo,K ,J:IOITOnHHTeJib -

HOfi HMB,I\Ke TaKIDC cxeM. CxeMa, H306paiKeHHaH Ha p11c. 77, OTJimaeTCH OT 

ITpe,11WJ;Ylllefi TeM, qTO B Hefi ITOCJie MHOI'OBX0,110Bh!X 3JieMeHTOB H ITOMe~eHH 

,1\BYXBXO,J:IOBHe aneMeHTH, KOTOpHe no BXO,ey coe,1111HeHH C Bb!X0,11a.Ml1 COOTBeT

CTByIOiqHX 11M ITporpaMMHo-·yrrpaBJIH0Mh!X Tp:11rrepoB l Ha p:11c. 77 11err:11 3aHe

ceHIDI Ha TpHrrepH He ITOKa3aHH). 

BrunlhlM MOMeHTOM B ,J:laHHOfi cxeMe HBJIHeTCH TO, qTO Terrepb yir.e r/ BXO,I\

Hb!X rrepeMeHHhlX paccMaTp11BaIOTCH KaK pa3pH,11H 8,1\peca, KOTOpHfi ITOnH2,CTb!O 

):\eKO):\HpyeTCH. IlpaKTmeCKH 3TO 3HaqHT, qTo ~ + ~ + ~ ••• + P., = 2 -. 
B pe3ynhTaTe CHI'HM C KalK,[\OI'O ~8K0,1111pOBaHHOI'O 8,1\peca ITOHBHTCH Ha 

BhlXO):\e B TOM cnyqae, ecJIH eCTb pa3pemaIO~fi ypoBeHb OT COOTBeTCTBYIO

~efi flqefiKH ITa.MHTH 0 

4. MeTO,I\H B~eJieHJIB rrpHMbIX rp0KOB 

W3BeCTHO, qTo BCe 3aKOHH ipl13HKH CBO,J:IHTCR, ITO cymeCTBY, K 

BHHBJieHaro 3aKOHOMepHOCTe~ ,I\BIDKeHHH H3yqaeMblX o6WKTOB. H He cnyqafiHo 

Ha116onee BaJKHhlM MOMeHTOM B 3KCrrepID.!eHTe HBJIHeTCH Haxo~elf'Ae TpeKOB 

ITOJie3HblX co6HTl1fi. IlpH OT6ope CO'.JHTHfi C ITOMO~IO err H'3.H6onee cyiqeCTBeH

HhlMH KpHTepHHMH HMHIOTCH reOM8TPIBf8CKH8 H Kl1H8MaTH1!8CKH8 CBOfiCTBa 

TpeKOB qaCTHI.lo MeTO,I\bl HaxOlK,[\8HHH TIJeKOB BO MHOI'OM 3aBHCHT OT OC06eH

HOCTH 3KcrrepID.!8HTa, o·r qJOHOBblX JCJIOBHfi H rrpoq. Hwte 6y,11YT pacCMOTpe

HH H8CKOJibKO TaKHX crroco6oB. 
MeT0,11 OKOH. OKHO 38,I\a8TCH C ITOMO~IO ,I\BYX HJIH TpeX OITOpHblX ToqeK, KO

TOpHe CHCTeMaTH4eCKH BH6HpaIOTCH" cpe,[IH BH4HCJieHHHX Koop,!IH-
HaT, H ,11anee M0,118nh rpeKa, HarrpID.!ep rrpHMaH HJIH OKpyir.HOCTb, 11HTeprroJIH

pyeTCH M8JK'AY 3THMH TO~a.MH l pHCo 78) • 3a.T8M HI11YTCff KOOp):\11HaT1,1· BHYTPH 

OKHa. TpeK cqHTaeTCH rroJie3HhlM, 8CJIH Ml1HID.!JM ToqeK ID.!88TCSI BHYTPH sa
,J:laHHOI'O OKHa, B COOTB8TCTB¥.H C BH6paHHhlM KpHT8pHeV.,KOTnpHfi 3aBHCHT 

OT q11cna Ka.Mep, HX 34JqeKTHBHOCTH H reoMeTpHH. lli11p11Ha OKHa Orrp8):\8JIH-

8TCH pa3pemeHHeM Ka.Mep, HX 3qBKTHBHOCTblO H rrpoq. 
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B KOJIJia6opal\HH TASSO, ROTopaJI 6as,rpyeTc.fI Ha ycKopHTeJie IBTRA, ,IJ;JI.fI 
IIOHCKa TpeKOB BHYTPH l\H1I~pHtieCKHX ,n;pev.:pOBh!X KaMep HCnOJibsyeTC.fI MHK
ponporpa.MMHpyeMhli-1: npol\eccop MONIKA /100 ,ITO/. ,UaHHhle OT 9 Ra.Mep noc
Jie 01\Hq_JpOBKH sanOMHHaIO~Cfl B 3Y MHKpOnpOI.\eccopa. 3aTeM Bbft!HCJieHHHe 
asHMy-TaJibHhle KOop,n;HHaThl sanHChlBaIOTC.fI B acCOI.\HaTHBHYIO naM.fITb. Ha KaJK
,n;yro Ka.Mepy npHXO,Il;HTC.fI no OAHOMY TaIWMY MOAYJIIO. 0:itHa SaAaIOTC.fI c no-

MOI!lb!O ,n;Byx TOt:leK, pacnOJIOJKeHHblX B ABYX KaMepax, H C nOMOI!lblO TOt:IKH 
nepecetieHHfl,KaK 3TO TIOKaSaHO Ha pHc.7g,8Q.ArrropHTM pa60Thl npol\eccopa 

xpaHHTC.fI B Il3Y. HaJIHtIHe aCCOI.\HaTHBHOro 3Y nOSBOJI.fieT BeCTH nOHCK BHYT

p:a KaJKAOro OKHa napaJIJieJibHO. B pesyJibTaTe AJI.fI peKOHCTPYKI.\HH C06hlTH.fI 
c n.fITbIO JIYt:18.MH Tpe6yeTC.fI Bcero l MC. 

Ellie 6oJiee BhlCOKOe 6hlCTpo,n;ei-1:cTBHe MOlKHO nOJIYt:£HTb B cnel\HaJibHblX CJIYt:£a

flX, KOr,n;a MOlKHO o6oi-1:THC_b 6es nporpa.MM,rpyeMoro TipOI.\eccopa /II2/. B 
,IJ;aHHOi-1: pa6oTe onHCaHO pema!OI!lee YCTpOi-1:CTBO, TipeAttaSHat:1eHHoe AJI.fI pac
nosHaBaHHfl TpeRoB B sKcnepHMeHTe no noHcKy pacnaAOB ,n;Byx cp-MesoHoB. 
Pemaro~HM qia.KTOpOM B 3TOM 3KCnepHMeHTe, KOTOphli-1: onpe,n;eJIHJI ycnex, flBH
JIOCb COS,Il;aHHe npm,1eccopa C MepTBhlM BpeMeHeM 200 HC I 

5-. MeTO,IJ; reHepal\HH MaCOK 

MeTO,Il; MaCOl{ OTJIHtiaeTC.fI TeM, t:ITO KOOp,n;HHaThl TpeKOB He HSMeP.fIIOTCfl, a 
saperHCTpHpOBaHHhle T'peKH 6HCTpO Sa,TIOMHHaIOTC.fI Ha TpHrrepHblX perHCT -
pax. 3aTeM reHepHpyroTC.fI Ha:a6oJiee BepOflTHhle KOop,n;HHaTbl TpeKOB , H pe
meHHe HaxO,n;HTC.fI C nOMOI!lblO MaJKOpHTapHblX cxeM COBnaAeHHi-1:. TaKHM lite 06-
pasOM HaxO,IJ;.fITC.fI KaK nepBHtIHHe, TaK H BTOpHtIHhle BepmHHH BSaHMo,n;ei-1:cT -
BH.fl B Tex 3KCnepHMeHTaX, r,n;e HMeeT MeCTO paCnaA tiaCTHI.\ MelltlJY nJIOC -
KOCT.fIMH ,n;eTeKTOpa /IlO/. B c:acTeMe TA S 5 0 ,IJ;aHHhle per:acTpHpyroTC.fI c 
nOMOI!lbIO meCTH ,n;pei-1:q;OBblX Ka.Mep H nocJie 01\l'(fl)OBKH san~ChlBaIOTC.fI B perHC
Tphl MacoK(pHC,81,82).06~eM Ka.Mephl pas,n;eJieH Ha Rtiei-1:KH no PaAHYCY H 

no yrJIY : K + A.K, <p + 4<h Ra.'lt,Iloi-1: HS sTHX Jii:rneK CTaBHTC.fI B cooTBeTCTBHe 
CBO.fI MaCKa H MaJKOPHTapHafl cxeMa COBnaAeHHi-1: 5 HS 6. Bee cxeMH COBnaAe
HHi-1: pa6oTaIOT napaJIJieJibHO,a MaCK,tpOBaHHe BhlTIOJIH.fieTC.fI B TetieHHe 800 HC. 
ECJIH B KatieCTBe perHCTpOB MaCOK HCnOJibSOBaTb C,Il;BHrOBble per:acTphl, TO 
OTnaAaeT Heo6xo,n;HMOCTb B OT,IJ;eJibHOi-1: naM.fITH ,IJ;JI.fI xpaHeHIDI MaCOK. OTOT 
cnoco6 3~·q€KTHBeH, KOr,n;a B KatieCTBe ,n;eTeKTOpa CJIYlKaT Mill{ M ,IJ;aHHhle sa
nHCaHhl B B~e yHHTapHoro nOSMI.\HOHHoro KO,n;a. 

6. Oco6eHHOCTM TPHrrepHblX CHCTeM, MCnOJib3yeMblX 
B 3KCnepHMeHTaX Ha BCTpet:!HblX nytmax 

Bee 3KcnepHMeHTH,npoBO,Il;HMH8 B HaCTO.fII!lee BpeM.fI, MOJKHO pa3,IJ;8JIHTb Ha ,IJ;Ba 

KJiacca B 3aBMCHMOCTH OT TMnOB YCKOpHTeJiei-1:, Ha KOTOpblX OHM npoBO,Il;.fITC.fI~ 
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3KCnepHM8HThl c q'HKClipOBaBHOM MIB118Hbl0 ll 3RCnepHM8HTH Ha BCTpBtffiblX 
ny,max, rAe MIB118Hbl0 .HBJilUOTCH qmtTIBI8CRH B3aHMOA8MCTByYO~He qaCTllI.IH. 

YmrnpHT8JIH C HaROill1T3Jll:Hb!Ml1 ROJiblja.Mll xapaRTepH3yYOTC.H THTIOM ycROp.He

>,lb!X qaCTHll, HX 3Hepruet\, MHHOM ROJib!..\a ll CB8THMOCTblO • CBeTHMOCTb H3M8-

pHeTCH B 8AHHm-1ax ci2 c•-t , 1:1aro~HX qucJio B3aHMOAefiCTBHM B ceR~Y, 

eCJIH ceqeHH8 paBHO l CM. ITpH B@pa60TR8 cTpaTerHH B o6JiaCTll C03AaHHH 

3¢q:eRTHBHb!X TpHrrepHblX Cl1CT8M AJIH 3RCil8fKM8HTOB Ha COBpeMeHHb!X ll nna

HHpyeMb!X 3Rcnepl1~18HTaX pa6oTaroT IlOCTOHHHHe rpynn@ cneQHaJIHCTOB /114/. 
33 -~ -f 

Ilpll O'-I8Hb BHCOROM CB8THMOCTH,nop~Ra IO CM C, ll npv. Heyrrpyr?M 

B3aHMOA8MCTBllll ll ceqeHHH 50 M6 CYJ118CTB8HHaH AOJIJr co6HTHM 6y~eT 

COA8plKaTb 6oJiee qe\1 O,IIHO B3aHMOA8MCTBH8 B TeqeHH8 MepTBOrO Bp8M8Hll 

A8T8RTOpa. IlpH 3THX ycJIOBH.HX peaRQHH MoryT B03HHRaTb C HHT8pBMOM 

BpeMeHH 20 HC, a AJIH 10!6 B3aHMOA8MCTBHM B03MOJKHH ll HHTepBMH 2 HC. 

PacqeT@,npoBeAeHH@e B pa6oTe /118/,AaIOT cJieAyYO~He pe3yJibTaTH. Ba 
21 -2 -1 

ycRopHTeJie B UEHI npu CBeTH',!OCTH IO CM c H ceqeHHH 40 M6 

noJiyqaeTCH 400 co6./c • 
Hapvrc. 80 npHB8ABHH TOnOJIOrHH co6HTHfi,olltUAaeMb!X B HaROilHT8JibHblX 

ROJibl.laX. IlpH CB8pXBHCORHX 3HeprHHX O~HAaIOTCH co6@Tll.H C 6oJibIIIOM MHO

JK8CTB8HHOCTblO H C OOJibilll-r,I q'OHOM, HCTOtffiHKaMH ROTOporo .f!BJilUOTCI'" B3al1-

Monet\CTBl18 nyqKa C ra30M ll Jil1BHl1 B HOHOilpOBOA8• qaCTOTa 3THX peaR

I.ll111 COCTaBJIH8T IO C, KaR BflAHO ll3 pHC.83, WaRI.jllll OT B3aHMO):\eMCTBHH 

nyqRa C ra30M ll JIHBHH nopOJ!tAaroT TpeRH, ROTOpHe He COBila,IlaroT C TO~a

MH B3aIDAOAeACTBHH noJie3HblX co6HTHt\,a HX HanpaBJieHHOCTb OAllHaROBa C 

HanpaBJieHHeM Ily,IBOB. KocMIBI8CRHe qaCTHllH HeRoppeJilipOBaHH C Ily,IBOM,H 

Il03TOMY llX MOJKHO pa3AeJIHTb C IlOMO~IO TpHrrepHOM CHCTeMH. Co6HTHH Tll

na ee -.ee, (l{(I{ ~aroTCH B HOpMaJIH3aljHH. OHH nopOJKAaIOT ~a .KOMMaHap

Hb!X u ROJIJIHHHapHbIX TpeKa. Co6HTHH c a,IlpOHaMH ):\aroT MHOro TpeKOB u JIHB

Hefi, ROTOpHe ):\eTeRTHpyroTCH C noMO~bID KaJIOpHMeTpOB. 

B OTJIIBIHe OT ycROpHTeJiefi C q'HKClipOBaHHOM MIBlleHbIO, rAe 68Bq qacTHI.j C 
12 l1HTeHCl1BHOCTblO ro o6JiyqaeT MIB118Hb B TeqeHHe Jc, B ycxopHTeJI.HX C 

HaROilllTBJibHblMH ROJibl1aMll 3TO BpeMH MOllteT 6HTb 3HaquTeJibHO 60Jibil!8. 

ECJIH ycTpofiCTBO OT6opa tiaCTHI.I MOl!teT Bl:lAaBaTb TpHrrep-HM

nyJibC 6HCTpee, HeJKeJIH nepHOA BCTpeqa Ily,IBOB, TO MepTBOe BpBMH OTCYT

CTByeT. 3To BpeMH MH s PS H PETRA cocTaBJIHeT 3 ,8 MRC, l MRC AJIH DO
RIS l1 25 MRC AJIH LEP. IlpR TaRHX BpeMeHHmc napa.MeTpax B TPRrrepHyro 
Cl1CTeMY MOryT BRJIIOqaTbCH TOJibRO 6HCTpl:le cqeTqHKl1 l1 TpeROBHe AeTeRTO

pH. 0,IIHaRO B03HHKaeT npo6JieMa C ApetlcpOBb!Ml1 RaMepaMa, HMeIO~l1 60Jib -

. moe BpeMH .r:1peMa. 
CJIOlKHOCTb Tpl1rre'pttoro ycTpOfiCTBa 3aBl1CHT OT nOCTaHOBRl1 38,IlaqR. Bo 

MHOI'HX l13 HHX npHMeH.HeTCH IlpOCTOe COBTia,IleHRe Me~ carHaJiaMR, conpo -

BOJ!tA~l1 Ily,IBR. IlpH 3TOM TpRrrep-Aoe YCTPOMCTBO pa6oTaeT C qacTOTOM 
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10 Rrl.l l1 3anyCKaeTCH C nOMO~blO BpeMHilpOJI8THHX cqe~HKOB, a TpeROBHM 

npo11eccop BbV],eJIHeT IlOJie3HOe co6HTRe. YMeHbil!l1Tb MepTBOe BpeMH Mrun!O 

cJieAYIO~HM o6pa3oM: BpeMH pemeHHH npo1.1eccopa nJIIOc BpeMH 
cpa6aTHB8BllH Ael'eRTOpa C 3JieKTpOHHROM ll IlJIIOC BpeMH, He06XOAHMOe AJI.H 

IlOArOTOBKH R perHcTpaQllll CJie,JzyIO~ero :co6HTl1fl', He IlpeBHil!aJIO 6H HHTep
BaJI BpeMeHl1 MeJ!tAY BCTpeqaMR nyqxa. ,IJ,n.H Apet\cpOBbIX RaMep, l1CilOJib3yeMHX 

B TASSO - sxcnepHMeHTe l1 B RaMepax THna 11,LvKeT" B sxcnepHMeHTe JADE, 

3TO BpeM.H paBHO 0,5 l1 2 MRC COOTBe~~TBeHHo. Ha BbIXOAe TpeKOBoro npo-

11eccopa, l1CnOJib3yeMoro Ha ycROpl1TeJie PETRA,noJie3HHe co6HTHH IlOJiyqaroT

CH C qacTOTOM 8, 2, ll 0,8 I'I.j AJIH AByxJiyqeBHX, TpeXJiyqeBHX ll qeTHpeX

JiyqeBblX co6mllfi COOTBeTCTBSHHO. 
TaKHM o6pa30M, qacTOTa ll ROJIIBieCTBO noJie3HblX co6HTHii: noJiyqaroTC.H OTHO

CHTeJibHO He6oJibllJl1Mll no cpaBH8HHIO c qacTOTOM ll ROJIHtieCTBOM nepBv.qHHX 

B3a;:J,WAefiCTBHfi. 
BOJibIIIHHCTBO qH3HtleCRHX YCTaHOBCR, C03AaBaeMHX AJIH npoBeAeHHH 3RCnepl1-

MeHTOB Ha BCTpetrnblX ny,max,HOCHT yttl1BepCaJibHHH xapaKTep l1 Il03TOMY. 

BKJIIOqaroT B ce6.H He TOJibRO MHOllteCTBO THTIOB pa3JiatffibIX AeTeRTOpoB, HO l1 

Aallte QeJIHe cneRTpOMeTp@.KalKnM qacTb TaROM ycT8BOBRl1 Bl:lpa6aTHBaeT 

co6CTBeHHHfi ~pRrrep-HMnyJibc, ROTOplifi 8BaJil13HpyeTCH C IlOMO~IO rJiaBHO

ro TpRrrepttoro ycTpoficTBa. Ha pv.c. 84 B 3aqecTBe npHMepa npHBeAeHa 

o6~a.H. cxeMa u A2 - yCT8BOBKl1, KOTOpaH npe,I1Ha3HaqeHa )VIH 3KCilepHMeH

TOB no IlOHCKY a,IlpOHHblX CTpyfi l1 3JieRTpOHOB C 60JibIIIHMH nonepetIHb!Ml1 HM

nyJibCaMl1 Ha s p s -yCKOpHTeJie. l.{eHTpaJibHaH o6JiaCTb YCTaHOBKl1 IlpeACTaB

JIHeT co6oii: RaJIOpHMeTp C 60JibIIIHM ql1CJIOM HtieeK, qTo n03B0JI.HeT perHCTpl1-

poBaTb a,IlpOHHHe CTPYR• Ilepe,IIHHH o6JiaCTb COAePJKHT ABa MarHHTHHX cnex
TpoMeTpa,x~fi ll3 ROTOpblX BRJIJOqaeT TOPOHAaJibHHH MarHl1T.l1 AeBHTb 

MOCROCTeii: Apeii:ipOBblX KaMep. CRCTeMa l13 QMHHAPIBieCKHX UIJK pacnOJIOJP;e

Ha BORpyr ny,ma B o6JiaCTl1 CTOJIKHOB8HHM l1 CJIYJKHT AJI.H l13MepeHl1H Il03Hllllll 

BepmHHH co6HTl1H R.HanpaBJieHllfl ABllllteHHH 3apHllteHHbIX qacTl1Q, POJ!tAaeMbIX 

B 3TOii: lite o6JiaCTl1. 3,r\ecb lite pa3Me~eH!:l ABe Apeii:ipOBHe RaMepH C HtIStl

RaMl1, pacnOJIOJ!teHHblMH no a3HMYTYo ,[\anee nepeA 3JieRTpOHHblM KMOpID.leT

poM Haxo,IVITCH JIHBHeBHe cqeTUHKl1, npOCJI08HHHe KOHBepTOpOM lKaMepH CJ. 
BoJiee neTaJibHO 3Ta ycTaHoaRa onacaHa a pa6oTe /116;. KpaTRoe Oill1CaHHe, 

CAeJiaHHOe Ha.MR, AaeT IlpeACTaBJieHRe O ee CJIOJKHOCTR. 

KaqecTBeHHblM OTJIIBIReM B opraHl13aljlll1 TpRrrepHblX CHCTeM B 60JiblllHX ycTa

HOBRax HBJIHeTCH TO, qTo nOHBl1JlaCb' B03MOJKHOCTb BRJIIOqaTb B TPRrrepH!:le 

Cl1CTeMU nepBOI'O '~ BTOporo ypOBH.H Ql1JIRHAPHqecKl1e IlpOBOJIOtrnl:le Ra.MepH 

l1 nyTe;,! acnOJib30BaHl1H 6HCTPOAeii:CTBYJO!lleii: 3JieRTPOHHRH 3a HeCROJibRO 

MHRpoceKYJ!ll OT6HpaTb C06!iTl1H no TaKIDd KpHTepHHM, KaR MHOlltElCTBeHHOCTb 

TpeKOB' l1X KOMMBBapHOCTb rum ROJIJil1HHapHOCTb' BeJimHHa HMnyJibca H. 
npoq. Bee 3TO B KOHetIHOM HTore TI03BOJI.HeT perRCTplipOBaTb peAKHe 
co6b1Tl1H. 

85 



PacCMOTpHM npOCTble ~cqeTHhle COOTHOII18HHH, KOTOpb!M ,IJ;O.lllKHhl YA0BJI8TBO
pHTb ycTpOHCTBa AJIH 6b!CTporo OT6opa co6b!THH C Q8JibID nonyqeHHH MHHH
MaJibHOro MepTBOPO Bp8M8HH /108/ 0 06o3HaqHM qepe3 ti qJ,!CJIO co6b!THH, TipH
XOAHlJ1HX B OAHY C8Ky:H.cy B TpHrrepH08 ycTpOHCTBO, KO'l'Opoe OT611paeT f/'I 
110JI83Hb!X co6blTHV' TipHtl8M K03if-cj'~:i'l8HT p~ I. OtreBHAHO, qTO OT06paHHb!e 
co6b!THH ITOCTyTiaIDT C M8Hblli8tt CKOpOCTbIO, qeM npHXOAJlITIH8 OT A8T8KTOpa. 
Ilo.rraraH, qTO rrocJie OT6opa ITC~83HOPO co6blTHfl HM88T M8CTO M8pTB08 Bpe-

MH 'l ' nonyqHM 
I p 

p = I+ rz:l'I 

!.\epTBOe BpeMH no CYJl\8CTBY rrpeACTaBJIHE?T co6ofi BpeMH perneHHfl, KOTOpoe 
COCTOHT H3 BpeMem~ Pbl60pKH 1iOHOBOro co6blTHfl H Bp8M8HH perHCTpaQHH no
JI83Horo co6h!THH,T. &. CZ°= T2-t. T3-ECJIH no.rryqaeTcH, qTo BpeMfl T2 M8Hb
rne HHT8pBa.rra Bpeue1-rn M8lKAY COC8AHHMH 6attqaMH, TO TpHrrepHafl CHCT8Illa 

pa6oTaeT 6es MepTBoro BpeMeHH. B ::lTOM c.rryqae CZ = pT3 ·• I:l:cxOAfl HS 

3TOPO COOTHOlli8HHfl1 11M88M 

p 
p' = /-+-N'Pr Ta 

!10CKOJibKY C'!'aBliTCfl 3aAaqa MaKCHMMbHO YM8HblliHTb M8PTB08 Bp8Mfl AO 

1 - 5%, TO H806XOAHMO,qT06bl p = p. IlpH TaKOM Tip8AIT0JIOlK8HHH HM88M 

tvp 7j "-<L lfnJ,! 
I T3 ..:< ;;;T. 

B03MOlKHbl ABa perneRHfl 3TOU rrpo6JieMbl: 
- p AOJDKHO 6:h!Tb Ma.ITO HaCTOJibKO, qT06bl YM8HblliHTb CROpOCTb perHCTpa
QHH co6b!THM.8Toro MOJKHO ~OCTHqb nyTeM Bbl6opa Bp8M8HH perneHHfl 'paBHO
ro HHT8pBany Bp8M8HH M8ll(,lly 6aHqaMH. IlpH 3TOM TpHrrepHoe ycTpOttCTBO 
AOJDKHO TIO KpafiHefi Mepe pacnosHaTb aApeCa cpa6oTaBIIlllX npoBO.rroqel{ B 

Q8HTpaJibHOM A8T8KTope H saTeM HS 111 B03MOJKHhlX TpeKoB Bhl6paTh rz... HJ'}KHhlX 
~ W\ = 1000 H tt. =20). CJI8AOBaT8JibHO, THITIBIHblM TpHrrep ID,188T 60.rree qeM 
1000 BXOAtthlX lliHH. KoHeqHO,Ha rrepBOM ypOBH8 OT6opa HST H806XOAHMOCTH 

pacnosHaBaTb A8TaJibHO HHIJ:OpMaQHID O RaliAHAaTaX B noJI83Hbl8 TpeRHo Ta

Raff npoQe.4YPa BlIIIOJIHfl8TCH Ha CJI8AYIDlJ18M ypOBHe OT6opa. 
- BpeMfl perHCTpaQHH T CJI8AY8T Bhl6HpaTb KaR MOJKHO M8HbIIIHM:11peJKA8 BCe
ro 3TO 3aBHCHT OT crroco6a nepeAaq:11 AaHHhlX. Ee.ITH co6blTHfl ITOCTyTiaIDT 
co CKOpOCTbIO OAHO co6b!TH8 sa C8Ry:H.cy, TO COBp8YI8HHa.fl T8XHHRa TI03BOJifl-

8T nepeAaBaTb B 6y1:fepHYIO TI8lf.ffTb 10 - 20 K6afiT B T8t!8HH8 10 - 20 MC. 
Bo.rree A8TaJibHO BOnpocbl, CBH3aHHbl8 C ITOCTp08HH8M siMeRTHBHhlX TpHrrep
HhlX CHCTeM,paccMaTpHB8IOTCH B 06II1HpHb!X Tpy~ax. H3AaB88MhlX B ~PH TIO 
pe3yJibTaT8..VI TipOBOAHMhlX 3TOM opraHH38QH8M KOHqiepeHQ,ill H IIIROJI /!08, 
117, IIS/. 
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BIIBOAH 
B 3KCTI8pHM8HTaX ~H3HKH Bb!COKHX 3HeprHR cepb83H08 BHHMaHH8 YA8Jifl8TCfl 
C03AaHHIO MHOroypOBH8BhlX Tp¼rrepHb!X CHCTeM. 06pa3HO roBOpH, 3TH CHC

T8MH BhlTIOJIHflIOT WH:itQHH MHOrOCTyTI8H1laTIDCpeAY:KTOpOB, y hOTOpb!X Ha nep
BOM ypOBH8 Aelffibl8 perHCTpHpyroTCfl C qaCTOTOH 10' I'Q, a B KOH8qHOM 
HTOre Ha M8rHHTHyro JieHTY A.Jlfl TIOCJI8AYIDlJ18PO aHaJIH3a H o6pa60TKH 3aTIHCb 
npOHCXOAHT C qacTOTOll H8CKOJibKO repJ.t. 

KaqecTB8HHb!M OTJIHtlH8M TpHrrepHb!X CHCTeM, TipHM8Hfl8MHX B 80-x POAax, 
HBJifl8TCfl TO, t!TO J7,K8 Ha nepBOM ypOBHe OT6opa TIOJI83Hb!X co6blTHM HapH
AY co CJ.tHHTHJIJIHQHOHHb!MH TeJieCKOTiaMH H ro~OCKOTiaMH HCTIOJib3YIOTCfl I.tH
~pHtleCKH8 rMJK H pa3JIIBIHbl8 MOA~HKaQHH AP8AqlOBb!X KaMep. B COt!eTa
HHH C 6b!CTpO~ 3JI8KTpOHHKOJ1 TIOHBHJI8Cb B03MOlKHOCTb B peaJibHOM BpeMeHH 
perHCTpHpOB8Tb H aHaJIH3HpOBaTb AO COTHH 3-MepHEU KOOPAHHaT Ha. OAHH 
TpeK. 

CYlJ18CTB8HHO B03pOCJIO t!HCJIO AaHHHX H YB8JIHtlHJiaCb CJIOJKHOCTb KPHT8pHeB, 
HCTIOJih3Y8Mh!X B npo1.tecce ~HJibTpaQHH. TaKHMH AaHHhlMH HBJiflIOTCH: Bpe::eH
HHe KOppeJIHQHH B 6aHqHpyeMHX ycKopHT8JIHX, Bp8Mfl npoJieTa, KOppeJUII.tHH 

BpeMeHH )JJ)Eltt~, cosAaBaeMor? tiacT~aMH, ~erttcTpnpyeMHMH B coceAHHX 
KaMepax, MHOlKeCTBeHHOCTb t!aCT~, KpHBH3Ha TpeKa, KOJIHtleCTBO KJiaCTe -
pOB B JIHBH8Bb!X Ct!eTtIHKax, CJMMapHaH 3HeprHH, HHBapHaHTHM Macca H 
npoti. . 

Ha nepBOM H BTOpOM ypOBHe OT6opa HCTIOJib3YIOTCfl CTI8J.tJ,!aJIH3HpOBaHHbl8 
TipOQ8CCOpb! C Ta6JIJ,!qttb!MH MeTOAaMH pellleHHH, MOAYJIH onepaTHBHOI H Il!)Or
paMMHJ>YeMOH TiaMflTH H M8.lKOpHTapHbl8 CX8MbI COBn~eHHfi.Ha.nocJie,llyIO!I\HX 

ypOBHJIX OT6opa npHMelIBIOTCfl CHCTeMhl, COCTOHlJ1H8 H3 6b!CTpHX MHKponpoQeC
copoB, 3MYJIHTOpOB H MOlJ1HHX MHKpo8BM. Bee 3TO B KOH8qHOM HTOre 
o6ecnetiHBaeT ycnex aKcnepHMeHTa H 6HcTpoe nonyqeHHe pesyJibTaTa. 

~ ~ff; 
Bo.n¢puoBwP aotmeprop 

:_ ~~~Cs ·. ,ltM'effO!) 
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TpeeloBallwt, npe,n'baB1Ul8Mli8 R oapu Clponnop 
"Jle~ WIJl MOJio,nwc yqaHl:lX OIDill" 

CepWI 6p0111J)p "JieimRll .IVIR MOJ!O,IUlX Y118HllX OIDilI" ns,naeTCJI c U8J!I,l'.) 
DOBWII8HWI Hay'iHo-npoq>eccnoHBJU,HOro Kpyrosopa ll YPOBHJI MOJ!O,nllX Y'18HHX 
H CD8IU!aJUICTOB OIDilI B anyam,HHX oelJ!acTmc llCCJie,nonamrtt, B8,eyIIlliXCJI no 
T8MaTlll(8 HliCTllTYTa. B:illyCKll ,!tOJilKHli npe,ncTailJIJI!L co6ott 8aKOH'l8HHli8 
IU!KJili Jierourl, llpO'illT8HlW8 B OIDilI ll Opll8HTllpOBcllIHli8 llp8llf,It8 ncero Ha 
MOJ!O,IUll COTpy,nHllKOB HliCTllTYTa, 

J!aKIU!ll ,nOJDEHli HM8TL xapaKTep yqeelaoro nocoelM, npe.IJ;HaSHa'laHHoro 
WIJl nepnoro osHaKOMJI8HM c pacc:.raTpnnaeMol! npo6JIBMo1l:, a TaKlle co,nep

JKaTL o6sop 88 COBp0M8HHOro COOTORHWl. OHH ,ItOJDKHl:l 6UTL CHa6~8Hli no,n
po6HllM orJiaBJI8llli8M li OCHOBHOll JiliT8pazypo1l:. EOJil,IllH8 naparp84)li peKOM8H
,nyeTCJI paselaBaTI> Ha no,nnaparpaqiu c BUHeceHJWMll B orJiaMeHHe no,nsaro
JIOBR8Mli, 

BeCI, T8KCT, BK/ll0'1Wl OT,I\8J!I,Hll8 rJiaBli ll naparpaqiu, CJI8,Ily8T ll8"18-
TaTI>, 3allOJIHrut KaJIUJYX) CTp!llllley U8J!lil<OM, 

PyKonaci, ,nOJmHa 6HTI> Hall8'IaTruta Ha cnelU!MI,HllX 6J!ruraax, npe.IJ;Haa
Ha'1eHHliX WIJl npsworo penpo,nyIU!p()BaHWI, KOTOpli8 MOEHO DOJiy'illTI, B ll3-
,naT8Jll,CKOM OT,It8J!8, Bee qiOJl.!Y.II!l li CX8MH ,ItOJmllli ClliTI, BrutCBHU aRKypaTHO 
ll JICHO Tytlll,l'.l Mil '18pHllJ!aMH 'lepaoro IUl8Ta. PaSMeTRa !p()pdj'J! H8 npons
BO,nllTCJI, 1IX HyM8pauw! ,nOJIXHa HwtO,l!,llTI,CJl lil KOHU8 CTp0Kli Cnpa.Ba B 
Kpyr.lil:il CK06Rax. TeKCT JI8RIU!tt D8'1aTaeTCJI Ha Mammn<e C qepaott (He ce
pott) J!8HTOI 'l8p88 I,5 HHTepBaJia. 06'b8M Jiel<Ud H8 ,!tOJillt8H npeBWllf!,TL 
100 CTprutllU 14811lm10llliCHOro T8KCTa. 

Py}(OllliCI, llp8,ItCTaBJIJl8TCSl B Pe.naKIU!omw11 COB8T cepaa ClpollllOp "JlaK
UllH WIJl MOJIO)UDC y,i8Hl:lX Ollilli" COB8TOM MOJIO)UDC Y'l81WX li Cll8UllMliCTOB 
0Hffi1 li COB8T8Mli MOJIO)UDC y,i8Hl:lX li Cll8UHWWCTOB JiaelopaTopail lli!CTliTyTa. 
Pe,naKI.tliOHHull COB8T llplillllM88T OKOHttaT8JII,H08 pemelllia O UWI8C006pa3HO
c T li 8 8 nyelJWKaltlill , 

Pe~OHHl:li1 COB8T 
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