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A H H o T a u H. a 

npHaeaeHo onHcaHHe TenecKona H3 cuHHTHnnauHOHHbiX c'!eT'IHKOB, noaaonaro

IUero perHCTpHpOB8Tb peaKHe npouecc~ HcnycKaHHSI '!8CTHU C B~COKOA HOHH38UHeA 

H ManbiM npo6erOM H8 cpoHe nOCTOpOHHero H3ny'!eHHSI C M9HbllleA HOHH38UHeA. 

B C'!9T'!HK8X npHM9HSinHCb K8K 06bi'!Hbie nnaCTH'!9CKHe CUHHTHnnSITOpbl TOniUH

HOA 6 MM, T8K H CUHHTHnnBTOp~ B BH£19 nneHOK TOniUHHOA 0,5 MM Ha OCHOBe nonH

CTHpona C J:l068BKOA TeTpacpeHHn6yT8J:lH9H8 B KOnH'!9CTBe 1%. 

npHB9£l9Hbl C'!9THbi9 XapaKTepHCTHKH TenecKona npH paaaeneHHH aeATpOHOB 

He'3 
oT npoToHoB c HMnyn&caMH p =900 Maa/c, staep oT aeATpouoa c HMnyn&-

caMH P =730 Msa/c, a TaK>Ke anst o/.. -qacTHU c sHeprHeA 800 Msa. 



1. Bae.neHHe 

B pg.ne sKcnepHMeHTOB B03HHKaeT aa.naqa paa.neneHHH qacTHU no aenH'IHHe 

HOHH3aUHOHHhiX noTepb B c_qeT'IHKaX C O.llHOBpeMeHHbiM H3MepeHHeM er.ue O.llHOH H3 

Tpex KHHeMaTH'l:eCKHX XapaKTepHCTHK 'l:aCTHUhl! cpe.nHero npo6era, SHeprHH HnH HM

nynbCa. l1a-aa 'l:aCTH'IHOrO Hano>KeHHH cneKTpOB HOHH3aUHH /pHc. 1 I HeB03MO>KHO 

nonHOCTblO HCKnlO'IHTb cnyqaH perHCTpaUHH qaCTHU C MeHbLUeit HOHH3aUHeii: /rpynna 1 I, 

He yMeHblUaH UpH STOM s¢¢eKTHBHOCTH perHCTpaUHH Bhi.llenHeMbiX 'l:aCTHU /rpynna 2/ 

C 6onbweit HOHH3aUHeit. EcnH BBeCTH KOStPtPHUHeHT llHCKpHMHHaUHH 
00 

\ </>('U)d.~ 
7. ( 'U.;o) = --~;:;.-

\ o/('1.<) d.u. 

0 

Ill 

paBHhiH BepOHTHOCTH perHCTpaUHH '18CTHUhi npH nopore llHCKpHMHHaUHH 'UJ) , r.ne 

<\:>( 'U.) -cneKTp HOHH3aUHH 'laCTHU B C'leT'IHKe, TO HaHny'ILUHe ycnOBHH pa3.ll eneHHH 

qacTHU 6y.nyT .llOCTHrHyTbi B TOM cnyqae, KOr.lla OTHOLUeHHe KOStPtPHUHeHTa .llHCKpH

MHHaUHH tPOHOBbiX 'l:aCTHU lrpynna 1/ K KOStPtPHUHeHTY llHCKpHMHHaUHH Bbi.llenHeMbiX 

qacTHU 6y.neT MHHHManbHbiM, a KOStPtPHUHeHT llHCKpHMHHaUHH Bbi.llenHeMbiX 'l:aCTHU 

6y .neT UpH STOM 6nH30K K 1. 

EcnH OTBne'lbCH oT aMnnHTy.naoro paapew eHHH caMoro cqeT'l:HKa, TO npHHUHnH-

anhHhiM npe.nenoM paCCMaTpHBaeMOrO MeT.O.lla Bhi.lleneHHH 'l:aCTHU HBHTCH KOHe'l:HaH 

LUHpHHa cneKTpa HOHH38UHH, KOTopaH onpe.nenHeTCH CTaTHCTH'l:eCKHMH ¢nyKTyaUHHMH 

. Ill 
HOHH3aUHOHHhlX UOTepb CBH3aHBhlX C xapaKTepHCTH'l:eCKOit BenH'IHHOH 

G= /2/ 

C . z 
r.ne = 0,150 A , z - aTOMHhrit HOMep H A-aTOMHbiH Bee aer.uecTaa, 

Macca sneKTpOHa, E' 
"' 

- MaKCHManbHaH SHeprHH, nepe.z:t_aBaeMaH aTOMHOMY sneKTpo-

HYt 
2 

- CKOpOCTb 'l:aCTHUhlt a X - TOnLUHHa nornOTHTemr B riCM • ,[{nH 3Haqe-J3 
G>> HHH cneKTp HOHH38UHH HMeeT BH.ll tPYHKUHH f'aycca CO cpe.nHHM 3Ha'l:e-

HHeM, paBHhiM clE · ~ H .nHcnepcHe:H ~= ~·p , r.ne Jx 
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f= 2Cm.t! E~ (1. -t). /3/ 

I 

YcnoeHe G.>> 1 SKBHBaneHTHo Tpe6oeaHHIO ~ >> E,.. , TO ecTh M~KCHManhHaSI 

aHepPHSI, nepe.aaeaeMaSI aTOMHOMY sneKTpoHy, .aon:tKHa 6brTb MeHbrue eenH'IHHbi .anc-

nepcnn D. • EcnH me G:.< 1, TO B O.l:{HOM coy,aapeHHH ITOSIBnSieTCSI B03MO:tKHOCTb 

6onhmoil: nepe.aa'IH aHepPHH c o6pa3oBaHHeM s -sneKTpOHOB, B pe3ynpTaTe 'Ie!"O 

e cneKTpe noHH3aunn noSisnSieTcSI dxaocTd B cTopoHy 6onhWHX noTepb. 

npe,aen, HaKna,abiBaeMbiH ITOSIBneHHeM dXBOCTa" B cneKTpe HOHH38UHH, MO:tKeT 

6biTb o6oil:,aeH, ecnH BenH'IHHY HOHli38UHOHHbiX ITOTepb aHanH3HpoBaTb OAHOBpeMeHHO 

B HeCKOhbKHX cqeTqHKaX. 

TaK, HanpnMep,_ .anc}:Jc}:JepeHuHanhHbiH cneKTp HOHH3aunn MO:tKHO H3MepSITh o.aHo-

BpeMeHHO B HeCKOnhKliX cqeTqHKaX, BKniOqeHHhlX Ha COBna.aeHHSI qepe3 aHanH3HpyiO-

mee ycTpoil:cTeo. Pe3ynhTHpyro~aSI KpHBaSI pacnpe.aeneHHSI no aMnmfTy,aaM 6y,aeT 

cy:tKeHa, HO OAHOBpeMeHHO C STHM CHnhHO yMeHbillliTCSI sc}:Jc}:JeKTliBHOCTb pePHCTpa

/2/ 
UHH 

Llpypoil: MeTo.a oT6opa - no HaHMeHbwefi aMnnHTy,ae - 6brn npe.ano:tKeH JI.Ll.llaH-

/1 I 121 
.aay , enepBbre npnMeHeH C • .H .HHKHTHHbiM , a 3aTeM A.r. MewKoBcKHM n 

/3/ . 
JI.J1.CoKOnOBbiM 0 J1,a eSI MeTo,aa 3aKnroqaeTCSI B TOM, qTO H3 COBOKYITHOCTH li3Me-

peHHbiX aMITnHTY A OT6HpaeTCSI H8HMeHbil18H, 

·8 aa,aaqe paa,aeneHUSI ABYX Ppynn 'I8CTHU C ITOMOUlbiO 8Ml1nHTYA~Oit AHCKpliMH

H8UHH /pRe. 1 I :B03MO:tKeH eme o.aHH no.axo.a. CymHOCTh epo 3aKnroqaeTcSI B ToM, 

qTO C ITOMOI.UbiO pePHCTpHpyromepo ycTpOHCTBa OT6HpaiOTC5I TOnhKO. TaKHe C06biTHSI 1 

KOI".l:{8 8MITnHTYLibl HMnynhCOB npeBbiil18IOT ITOpOI" AHCKpHMUH8UHH 'U...D OAHOBpeMeH-

HO eo ecex cqeT'IHKax. EcnH npouecchl c}:JopMHpoBaHHSI HMnynhcoe B pa3nnqHhlX c'IeT

'IHKax paCCMaTpMB8Tb K8K He38BHCHMbie, TO KOScPcPHUHeHT .l:{HCKpHMHH8UHH pe!"HCTpM

pyiOI.Ue!"O ycTpOHCTBa C tl -cqeT'IHK8MH 6y,a eT paBeH 

11. 

t(n ('U.J>J = [ 7o( U.J>)] 
1 /4/ 

p,ae ~0 ('U:n) - Kosc}:JciJnuHeHT .ancKpHMMHaunn o.aHoPo cqeTqnKa. TaK, HanpnMep, 

ecnH q 'i>"~' ( 'UDJ "'- 0,1, TO npnMeHeHMe CHCTeMbi H3 qeT bipex C'IeTqHKOB MO:tKeT 
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c HH3HTb KoacpqJHuReHT .llRCKPRMRHauRR erue a 1 000 paa. B aeil:cTBRTenbHOCTR, oaHa-

K0 1 . npoueCCbi cpopMRpOBBHUst HMn)"nbCOB B paanR'l:HbiX .G'l:.eT'l:RKaX 'l:BGTH'l:HO CBst38Hbi 
•. ' • • • . • f 

8 -aneKTpOHOB 1 B03HHKlll.HX B O,llHOM H3 C'l:eT- . 

'l:HKOB H nonaBlllHX B, HeKOTOpbie H3 .OCTanbHbiX, noa:rO!-:iY. cpaKTH'l:eCKH ,llOCTRraeMbiM. 

BbiHI'pbilll B K03cpcpRUHeHTe .ll.HCKpHMHHBUHII oy ,lleT 1 KOHe'l:HO, 38MeT HO HIOKe npiiae-

,lleHHOM OUeHKHo 

H_eOOXO,llHM,O<;:Tb OToopa no aMnnnTy,lle He B O,llHOM, a O.llHOBpeMeHHO B HeCKOnb

KHX C'l:eT'l:HK8X 1 Bbi3B8Ha TaKM,e cny'l:ail:HbiMH aMnnRTY.llHbiM.H .HCKaMeHHSIMII, B03H.HKaiO

IU.HM.H .. B KBM,llOM C'l:eT'l:IIKe npii HanoMeH.HII .HMnynbCOB B? ·apeMeH.H II nO,ll Bn.HstH.HeM 

"aaeaa", o5paaoBaHHhlX B cuiiHTRnnstTope nocTopoHHII~ IIany~eH.HeM. Ecnu a peaynb-

TaTe 9TOI'O aMnnRTy.lla HMnynbCa B O.llHOM H3 C'l:eT'l:.HKOB B03p8CTaeT, a HMnynbCbi BO 

acex ocTanbHhlX c'l:eT'l:IIKax COBna.llaiOT BO BpeMeH.H, TO cpOHOBbie '-18CTIIUbi 3ape-

I'.HCTpiipyiOTCst BMe.CTe C Bbi.ll eneHHbiMII 'l:8CT.HU 8MH 0 npuMeHeHRe HeCKOnbKHX C'l:eT-. . . . ' .. . ,• 

'~?J{OB c oT5opoM no aMnnRTY ae cyruecTBeHHo yMeHblll aeT aepoHTHOCTb TaKHX cn_y'l:aii:7 

HbiX HanoMeHHil:. 

11~ · PerucTp.Hpyroruast annapaTypa 

TenecKon, llPeaHaaHa'l:~~Hbiit .anst Bbi.llen_eHHH 'l:aCTH!l yKaaaHHbiM Bhillle MeTo

.llOM1 COCTBBn~H U3 llleCTH 9UHHTHnnstUHOHHbDC C'l:e'!'.'iliKOB1 II3 KO,T.OJ),hiX nHTb C'l:eT~ .. H

KOB1 BKniO'l:eHHbiX Ha COBna.aeHHst; stBnstiOTCst. cneKTpOM9Tplf•i9ClC~M.H 1 . a llleCTOil: C'l:eT

qHJC BKniO'l:eH Ha aHTHCOBna.aeHHst C nepBhlMH nstTbiO. 

npH. peDHCTpauHH .TstMenbiX 3apSIMeHHbiX 'l:aCTHU C. ManbiMH npooeraMH 

( };!e 3, H~4 )' :.H
1
cnonbaoaaniicb CUHIITHnnstTopbi a BH.ae nneuoK 'J'OniUIIHoii 0,5: MM. 

nneHKa H3I'OTB-BniiBana:cb . nyTeM nonHBa Ha:rpeToro pacTaopa I'OTOBOT"O nonHMepnaa-
• • • - • • • • • • • • • _. • : • • • '. ' • • > ' ~. ' • 

Ta. ~ nonHCTHpona q .ao6aaKoit .1% TeTpacpeHnnoyTa,aHeHa- a Tonyone Ha 6Tporo ropn-. ~ . . . . . ' . . ~ . . ' ~ . . . ; 

30HTanbHYIO noaepxHOCTb aepKanbHoro cTeKna H nocneayroruero BbiCYlllHBaHHst npH 
141 , , . 

KOMHaTHOfi TeMnepaType • 8hipeaaHHbie B BII.ll9 npstMOYI'OnbHHKOB pa3MepaMH 

20x35 MM
2 

1 23~·.'39 MM
2 

1 26x47 MM
2

, 29x47 MM
2 

II 42x6Q. MM
2 

nneHO'l:Hbie CUHHTHn

nHTOpbi noMeruanHCb a oTpaM aTenb H3 anroMHHHeBoii cponbrH anst yaenH'l:eHHst 

caeToc5opa H. yciaHaanlraanni:::b na cBeTOBO.llhi H3 nneKcHrnaca. HeoaHopo.aHocTb 

.::BeTOCobpa TaKOit ·cHCT9Mbi1 Hail:,aeHH8SI ·3KCnepHM9HT'anbHO nyTeM o5ny'l:9HHSI pa3nH'l:-

c 60 
HbiX Y'l:BCTKOB CUHHTHnnstTopa KonnRMHpOBBHHbiM ny'l:KOM r . -KBaHTOB OT Q t, 



He npeabrwana l 0%. 

B. cnyqae perHcTpauHH qacTHU c 6onhlllHM npo6eroM - npoToHoa H aeATpOHOB 

HCIIOnh30BanHCh 06bi'l:Hbie nnaCTH'l:9CKH9 CUHHTHnnSITOpbi TOnlllHHOit '6 MM 1 Har'oTOBneH

Hbi9 H3 ~onHCT~pona C ao6aBKOA 2% p-Tepcp9HHna H 0;2% c{J{pQ • 

B nepBbiX IISITH c'l:eT'l:HKax npHMeHeHbi cneKTpoMeTpHqecKHe cpoToyMilomHTenH 

¢3Y'-29. B C'l:9T'l:HK9 SHTHCOBIIaaeHHA HCIIOnh30B8H tPOTOyMHO)KHTenb .¢13Y'-19, nn

T89MbiA OT OT.aenhHOro HCTO'l:HHKa BbiCOKoro HaiipSI)K9HHSI. Bee cpoTOYMHO)KHTenH 

aamnmeHbi oT pacceSIHHbiX MarHHTHbiX noneA cTanhHbiMH aKpaHaMH. · CqeT'l:HKH ycTa

HoaneHbi Ha eaHHOM lll8CCH 1 IIpH'l:9M cpopMa CB9TOH9IIpOHHUa9MbiX Kpbllll9K C'I9T'l:HKOB 

.llOIIYCKaeT B03M0)KHOCTb yCTSHOBKH tf>HnbTpOB Memay 4 H 5 C'l:9T'l:HK8MH TOTJlllHHOit 

.llO 30 MM1 H Mem.ay 5 H 6 C'l:9T'l:HKaMH - TOnlllHHOii .llO· 20 MMo 

BnoK-cXeMa paaHoTeXHHqecKoA annapaTypbi npHae.aeHa Ha pnc. 2. J.1 Mnynhchi 

OT Kam.aoro CII9KTpOM9TpH'I9CKOrO cpoToyMHO)J<HTenSI /1 - 5/ ycHnHBaiOTCSI B nHHeA.:. 

HOM ycHnHTene /Y./ H qepea nHHeAHyiO nponycKaiOlllYIO CX9MY /n.C./ IIOCTynaiOT Ha 
/~ . . " 

.llHCKpHMHHaTop I D..l. nponycKSIOlllaSI cxeMa ynpaBnSieTCSI BbiXOaHbiMH HMIIynh-

caMH nepaoft CX9Mbi COBIIaaeHHit, Ha KOTopyiO IIOCTyiiaiOT HMIIynhCbl C BbiXO.lla nHHeA

HbiX ycHnHTeneft Kamaoro H3 KaHanoB /] - 5/ •. nocne. .llHCKpHMHHaUHH HMIIYnhCbi 

perHCTpHpyiOTCSI BTOpoA CX9MOA COBII~.ll9HHA. npH TSKOM BKniO'l:9HHH annapaTypa OT-

6HpaeT TonhKO Te co6biTHSI, Koraa ao acex c'l:eT'l:HKax, KpoMe c'l:eT'l:HKa · aaTricoana

.aeHifA, HMnynhcbr aoaHHKaiOT o.aHoapeMeHHo, npli<leM aMnnHTY.llbi HMnynacoa· ila Bbrxo· 

.ae ycHnHTeneA npeabrw.aroT nopor .llHCKpHMHHaUHH UJ) · • 
. '~· 

npHBeaeHHblft BapHaHT 6noK-CX9Mbi MO)KHO cpaBHHTh C 6onee IIpOCTbiM B8pHaa

TOM1 B KOTOpOM HMIIynhCbi IIOcne ycHnHTenSI /Y • / IIOC'ryna rOT H9IIOCpe.z:icTB9HHO Ha 

.llHCKpHMHHaTop, a aaTeM perHcTpHpyroTcSI cxeM~A coa~aae.ait:a. B TaKoM a~pHaH~e 
: ' 

oTcyTCTByiOT nponycKaromHe cxeMbi, a TaKme nepaag cxeMa · coana.aeuHA. OaHaKo, 

6naroaapsr aae.aeHHIO nponycKaromHx cxeM H nepaoA cxeMbi ·coana.a'eHHA .aocTHraroT

CSI cne.ayroi.L(He npenivrymecTaa: 

a/ yMeHawaeTcSI acpcpeKT MepTaoro apeMeHH:;. TaK KaK cpoHOBbie HMnynhCbi He 

npoxoaSIT qepea .llHCKpHMHHaTop; 

6/ IIOSIBnSieTCSI B03MO)KHOCTb H3M9p9HHSI cn_e.!''J'POB HOHH3aUHH. B nroqoM KOnH-

'l:9CTBe KaHanoa,. IIpH aTOM C'l:9T Ha BbiXO.ll9 nepaoit 'CX9Mbl- COB~~-.ll9H~A --:;;-~-;~TCSl - ·-----··· ... 

MOHHTOpHbiM; ,. 
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Bf yMeHbLUaeTCH paapewaromee BpeMH BCefi CHCTeMbi 1 TaK K8K Ha CXeMy 

C0BIIaL{eHHH IIOCTyiiaiOT MMIIyJihC"hi .[{0 L{MCKpHMHHaTopa,. 8 He IIOCJIS Hero. 

npMHUHmrallbHBH cxeMa amrapaTyphr npHBeaeHa Ha pRe. 3 u 4. Katianhr 

CIIeKTpOMeTpM'IeCKMX C'IST'IMKOB ML{eHTH'IHhi 1 M II08TOMY .[{aHa CXeMa TOJibKO OL{HOrO 

•H:;i HHXe ¢OTOYM!IO~HTenu HarpyJKeHhi BXOL{HhiMM COIIpOTHBJieHHH;_1H ~a30~HBepTOpOB 

I n01..::.n06 I: AHOL{HOH H:arpy3KOH cpa30HHJ3epTopa IIO. rrepeMeHHOMY TOKY HBJISieTCH 

BonuoBoe corrpoTH:BneuHe :Ka6enH. PK-50, rro· KOTopo~y H~niynhchr· rrepeaaroTcsr ua oc

HOBHYIO paairoTeXHH'IeCKYIO cxeMy. YiMIIYJihChi YCHJIMBaiOTCH B asyx JIHHeiiHhiX ycHnH

Temix" c OTpmiaT·enbHOH o6paTHOH CBH3bl0 / n
5

, n
6 

H n
7

, n
8
Af. C 8HOL{a naMIIhi. 

nBA HMITYJibChl IIOL{a!OTCH IIO Ka6enro PK3-400 Ha BXOL{ JI8MIIhl n23 • H8XOL{HI!leiic"H 

' .. 
. "/5/ 

B CXeMe IIpOIIYCK8HHH 1n21 -n23 1 • C K8TOL{a TOH JKe J18MIIhl _n
8

A lfMIIYJibChi 

IIOCTyiiaiOT Ha ycunMTenb In BB' ngl• pa60T8IOlllHH B peJK H:Me H8ChillleHHH. AMIIJIHTy

aa HMIIYJibCOB Ha BhiXOL{e ycMJIHTenH CCX::T8BJIHeT 5 BOJibT M MMeeT OTpMU8TeJibHYIO 

rromipHOCTb. 'EcilH 8TH MMIIy'nhChl IIOHBJIHIOTCH OL{HOBpeMeHHO BO BCex KaHanax, TO ·pe

rHCTpHpyiOTCH ~oBrraaeHMH. Paapewaromee · npeMH cxeMhi coBrraaeuMii ri:pHMepH:o paB.;;. 

' . . . ' -7 
HO L{JIHTeJibHOCTM MMIIYJibCOB, T.e. OKOJIO 10 CeK. LfMCJIO KauanoB· CXeMhl "coBrra,d"eim"fi 

In -n I 161 
MO)K eT 6biTb M3MeHeHo rrepeKJIIO'IeHH:eM 8KpaHHhiX ceTOK naMII c 

10 15 
IIOTeHUM8Jia + 75 BOJibT .. H8 -75 BOJibTo 

• nocTyiiBIOI!lMe CO C'IeT'IMK8 8HTHCOBII8L{eHHH MMIIYJihChi YClrJIMBlliOTCH · .[{0 8MI1JIM

TY .[{hi 6 . BOJibT IIOJIOMHTenbHOH IIOJIHpHOCTM B "qeTbipexKaCK8;l.lHOM ycrrnuTene I ni-n4 I, 
pa6oTaromeM B peJKRMe HaChii!l9HMHo ,llnH YM9HbllleHMSI BeJIH'IMHhl Bhi6pOCOB qepea 

CeTO'IHhie ueri:M JI8MII n
2 

M n
4 

HOpM8JibHO IIpOIIyCK89TCSI He60JiblUOJ:i TOK IIyTeM IIOL{

KJIIO'I9HHSI C9TO'IHOrO 6oiipOTMBJ19HHSI /130 Kf K aHOL{HOH p83BSI3Ke, noc~OJI~Ky ri:onHp~ 

HOCTb MMIIyilbCOB Ha CeTKaX JI8MII n
2 

M n
4 

OTpHUaTeJibHa 1 TO ceTO'IHhlH ~OK B MO~ 

MeHT IIOCTYIIJI9HHSI MMIIYJibC8 rrpeKpamaeTCH, M MMIIYJihC yCMJIMBaeTCH o6bi'IHhiM o6pa-

30M, B ·TO Bp9MSI KaK Bhi6pOChi IIOJIOJKMTeJibHOH IIOJIHpHOCTM orpaHM'IMB8IOTCH ceTciq

HhiM TOKOMo J.1MIIYJibChi 8HTMCOBII8L{eHHH OT){pbiBaiOT. HOpMaJibHO 3anepTyiO naMIIY n-iB' 
8HOLl KOTopofi IIOL{KJIIO'IeH K 8HOL{8M naMII n

10
-n

14
, M IIOL{8BJIH!OT HMriYJibChl COBI!a-. 

;ueHMH. 

EcnH HMIIynhca auTMcoBrraaeuMii: -.HeT, To HMrrynhchr· co cxeMhi coBrraaeuMil: 

yCMJIH:BaiOTCSI fn
17

, n
18

1 .[{0 8MIIJIHTYL{hi9 BOlrbT IIOJIOJKHT9JibHOil:- IIOJIHpHOCTH H 

IIOCTyi!aiOT' 'lepe3 K8TOL{HhiH IIOBTOplrT9Jib n
19 

H8 rrepeC'IeTHhiH 6nOK 1 a· 'Iepea KaTo;n-

H hiH IIOBTOpHTeJib n20 - Ha aarrepTyiO rrpaByiO IIOJIOBHHY L{BOHHoro TpHO;l.la n21 B. Ha 
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OTKpbiTYIO neayro nonOBHHY naMfibl n 21 A nepeLlaiOTCH' HMnynhCbl OTpHUaTenbHOii no

mipHOCTH c naMfibl· n_na I npOlli9LllliHe qepea OTpe.aoK Ka6emJ PK3-401. B peaynb

TaTe B 8HOLl9 naMfibl n
21 

B03HHKaiOT HMnyn:bCbl OTpHUSTenbHOil: non.HpHOCTH 1 KOTOpbie 

nocTynaroT ua naMny n
22

• Ho nocxonbKY aTa naMna uopManbHo aanepTa, .To HMnynL

.Cbi C nHHeiiHOI'O ycHnHTen.H npOXOLl,.HT qepea naMny n
23 

Ha BXOLl LlHCKP.HMHHaTopa 

I n24. n25/ 6ea aMnnHTYLlHbiX HCKa:>KeHHii. B Tex )K e cnyqa.Hx, KOI'Lla HeT COBfiaLleHHA, 

Ha npaByiO n·onoBHHY TpHOLlB n
218 

HMnynhCbl He nocTynaiOT1 B peaynhTaTe qero 

HMnynbcbl, npaweLlWHe c neaoa nonOBHHbl n21 A. OTKpbiBaiOT naMny n22' AHO.Llbl 

naMn n22 H n
23 

COeLlHH9Hbl Me:>KLlY co6oii. J1MnynhCbi OTpHIIaTenbHOii non.HpHOCTH 

B 8H0Ll9 naMfibl n
22 

fiO.LlaBnHIOT HMnynbCbl nono:>KH'J'enbHOii non.HpHOCTH 1 B03HHK-

lliHe a a aHOLl e naMn~:>r ii23~ .lln.H cornacoaaHH.H so · apeMeHH MOMSHToa nocTynneHH.H 

H:t.;tnynLcoa aa nponycxaromyro cxeMy aBeLleHbi ynoMHHyT~:>re paaee oTpeaxa xaoene:lt 

-7 -8 
PK3-400 /10 · cex/ H PK3-401 '/7.10 cex/. 

06mHi1 KOStPtPHUHeHT YCHn·eHH.H Ka.>K.LlOI'O_KaHana, HS'IHHa.H OT BblXO.Lla . tPOTOyMHo

.>KHTen.H H LlO BXOLla Ha .LlHCKpHMHHaTop, MO:>KeT H3MeH.HTbC.H OT 30 .LlO 70. 3TO H3Me

HeHHe .LlOCTHraeTCSI C fiOMOlltbiO perynHpOBKH nepeMeHHOI'O conpOTHBneHHSI /3K/ 1 

BKnJO'!eHHOI'O Ha BbiXOLle nepBOI'O nHHeiiHOI'O ycHnHTen.H. npH H3MeHeHHH 8MIIJiHTYLlhl 

HMnynLcoa aa BXO.Lle LlHCKpHMHHaTopa oT 0 LlO 30 aonbT xoa¢¢anaeaT ycn:neaH.H 

He H3MeH.H9TCSI 60nbW9, rreM Ha 20% • 

.llHCKpHMHHSTOp COCTOHT H3 aanepTOii naMfibl .n
24 

H 'IyBCTBHTenbHOI'O O,ll.H07' 
/7/ . 

BH6paTOpa n
25 

• naMna n
24 

aanepTa no KaTO.LlHOH uenH. 06lltHil Lln.H BCe~ 

;fiSITH LlHCKpHMHHSTOpOB .Ltenn:Tenh.t 38.LlBIOlltHi1 noTeHUHan Ha ynpli{BnSIIOlltHX CeTKlrX 

naMn, fi03BOnSieT MeHSITb ero B npeLlenax OT 0 .LlO +29 BOJtbT. noTeHUHEin KS:>K.LlOI'O 

H3 KaTO.LlOB MO.>KeT ObiTb yCTSHOBneH Hea.aBHCHMO B npe.LtenaX OT + 28 BOnh·T ,ll.O 

+32 BOnbT nyTeM perynHpOBKH nepeMeHHOI'O conpOTHBneHH.H /3x/ B KSTOLlJtOil: nenH, 

'ITO fi03BOn.HeT BblpaBHHB8Tb noporH cpa6aTbiBaHH.H LlHCKpHMHHaTopoB. C fiOMOlltbiO 

.ll.HO,ll.a .ll3 .LlOCTHraeTCH aMnnHTY.ll.HOe orpaHH'!eHHe HMnynbCOB, Ta.K KaK .Ltn.H 6onb

lliHX HMnynbCOB1 3anHp8IOlltHX LlHO.Llt Ha'IHHaeT Ll e1l:cTBOB8Tb rny6oKa.H OTpHIIEiTenb-

H8SI o6paTHBSI CB.H3b qepea KaTOLlHme conpoTHBneaaH. 

. -6 
nocne O.LlHOBH6paTopa HMnynhCbl HMeiOT .LtnHTenbHOCTb OKOno 1,5•1 0 CeK H 

lrMfinHTY.ll.Y 19 BOnbT OTpHIIaTenbHOii non.HpHOCTH. 3TH HMnynbCbl fiOCTynaiOT Ha BTo

pyiO cxeMy coana.Lteua1l:, aaanorH'IHyiO nepaoii. TaK:>Ke• xax H B nepeoa cxeMe coena

.c::r.ean:A, H3MeH9HHe KpaTHOCTH COBUa.LteHHii LlOCTHraeTC.H nyTeM nepeKni0'!9HH.H SKpaa-

I 
I 

I 
·r 

I 
! 

I 
i 

I 

i 
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HbiX ceTOK C noTeHUH8JI8 +75 BOJibT H8 - 75 BOJibTo YfMnyJI~Cbl C BbiXO.ll,8 cxeMbl 

coana.z:r.e'HHil: qepea · KaTO,llHbril: noaTop.nTem, 1n
30

1 ·nocTynaroT na nepec'l:eTHbiil: 6noK. 

111. C'l:eTHbie xapaKTepRcTHKH 

YiaMepeHIHI c'l:eTHbiX xapaKTepiiCTHK TenecKona obiJIII npoiiaae.z:r.eHbi a ycnoan-

/8 I B u • ,. 

SIX 1 8H8JIOI"II'l:HbiX OniiC8HHbiM panee • biBe.ll. eHHbiii ny'l:OK npOTOHOB. C 3Hepr1Ie.n.. 

670 Maa coa.z:r.aaan a MIImeHir BTOpii'l:Hbie 'l:aCTIIUbi, CIIcTeMa KOJIJIIIMa·TopoB H 

OTKllOHSIIOI..Qero M8T'HIIT8 n03BOJISIJI8 OTOHp8Tb '18CTIIUbi 1 Rcnymen!Lble II3 BO.ll.OpO.ll.O"""' 

0 . 
co.z:r.ep:lKameil: MHmeHII no.z:r. yrnoM 6 • npii onpe.z:r.eneHHOM none OTKJIOHSiromero Mar-

. d. r..-+ 
HRT8 TeJieCKOn periiCTp1IpOB8JI .z:r.e;liTpOHbl OT peaKUIIII p -t- P- + :JL 

IIMeromiie IIMnynbc 900 Maa/c, a TaK:lKe npoTOHbi oT peaKunil: p+p_.7lo;- p;-p 
+ 

H P+P--~L + n;- p c TeM :lKe IIMnyJibCOM. 

nepBblil: 9Tan H8CTpOil:KII COCTOSIJI B COI"JI8COB8HRII K8H8JIOB Me:lK.ll.Y COooii: ny

TeM H3MeHeHIISI K08cpcp1IUIIeHTa yCIIJieHIISI KaHaJIOB II HanpSI.:lKeH~SI Ha cpOTOYMHO:lKIITe

JISIX. nocne.z:r.Hee .ll,OCTIII"8JIOCb peryJIIIpOBKOil: nepeMeHHbiX conpOTIIBJieHIIil:, BKJIIO'l:eH

HbiX Me:lK.ll.Y IICTO'i!IRKOM niiT8HIISI II .z:r.eJIIITeJieM. 

Ha p1Ic. 5 npiiBe.z:r.eHa KpiraaSI IIHTerpaJibHoro c'l:eTa .z::r.nSI o.z:r.Horo C'l:eT'l:IIKa 

TOJII..QRHOil: 6 MM, II3MepeHH8SI npJi HanpSI:lKeHRII Ha cpOTOYMHO:lKIITeJISIX 875 BOJibT 1 

a TaK:lKe COOTBeTCTBYIOW:BSI Kp1IB8SI npR qeTbipeXK8H8JibHOM OTOope. KaK BR.ll,HO R3 

p1ICyHKa 1 C'l:eTH8SI xapaKTepRCTHKB npR qeTbipeXK8H8JibHOM OToope IIMeeT ll1RpOKOe 

nJiaT0 1 COOTBeTCTBYIOI..Qee C'leTy .z:r.eil:TpOHOB1 OT 19 .ll.O 25 BOJibT, B TO BpeMSI KaK 

npii O.ll.HOK8H8JibHOM OToOpe ll1RpHHa nJI8TO B C'i9THOil: XapaKTepiiCTIIKe yMeHbillaeTCSI 

a Tpii paaa /23-25 BOJibT/, 

Yfa 3TOT'O conOCTBBJieHHSI CJie.z:r.yeT1 'iTO paa.z:r.enenne rrpOTOaOB H .z:r.eil:TpOHOB 

C nOMOI..UbiO O.ll,HOK8H8JibHOI"O OToopa no aMnJIHTy.z:r.e CTBHeT npaKTII'l:eCKII HeB03MO:lK

HbiM1 eCJIH 1 He MeHSISI COOTHOlll9HIISI 'l:IICJia npoTOHOB R .z:r.eil:Tp0HOB1 yBeJIH'l:HTb paa

opOC HJIII yMeHblllHTb p83JIR'l:IIe Me:lK.ll.Y HIIMR ITO aMnJIRTy.z:r.e. 3TO MO:lKeT B03HIIKHYTb~ 

HanpnMep, npn yaenH'l:eHIIII IIMnynbcoB 'iaCTHu. Paa6poc yaeJI~'l:IIBaeTcSI TaK:lKe rrpn 

y MeHblll eHIIII TOJII..QRH bl CUIIHTIIJIJISITOpa. 

3cpcpeKT BKJIIO'l:eHRSI MHOI"HX K8H8JIOB .ll,JISI CURHTIIJIJISITOpOB TOJII..QRHOil: 0,5 MM 

. npiiBe.z:r.ea na p1Ic. 6. OnbrT npoao.z:r.nncSI B Tex :lKe ycnoBHSIX 1 'iTO H npe.z:r.br.z:r.ymue 

IIaMepeHnSI. KpiiBaSI "1 u OTHOCIITCSI K HHTerpanbHoMy cneKTPY a.MnJIHTY.ll. IIMnyn:bcoB 



nepSOI"O C'leT'IHKa, KpHS8H n2" :- KOI".D.8 OT60p no aMniiHTy.rr.e npOH3BO.D,IfnCH S nep-. 

SOM H 'leTBepTOM C'leT'IHKaX, KpHSaH 
113 8 

-. TO :>K e .D,IIH nepsoro, TpeTbei"O H qeTBep"l' 

' 
TOI"O C'leT'IHKa, H, H8KOHeU, KpHS8H "4" - .D.IIH OT6opa BO Be ex nHTH C'leT'IHKaX. Yf3 

pHC. 6 BH.D.HO, K8K C nepeXO.D.OM K 60IIhillOMY 'IHCIIY K8H81IOB OT6opa·no 8MniiHTy-

.rr.e ynyqruaeTcH cqeTHaH xapaKTepHCTHKa cncTeMbi. HanpHMep, ecnn .rr.nH nHTHKaHanh.,.. 

HOI"O OT~Opa HMeeTCH yqacTOK nnaTO no .rr.efiTpOHaM, TO npH O.D,HOK8H81IhHOM OT6ope 

B TOM :>Ke yqaCTKe HM~eTCH npHMeCb npOTOHOS S KOIIH'IeCTBe 60% OT 'IHCII8 .D,eft-

TpOHOS. 

KaK noKa3biBaiOT a6conroTHbie H3MepeHHH, ac}JcjJeKTHSHOCTh perucTpauHH .rr.eii:Tpo

HOB npH nHTHK8H81IhHOM OT6ope Ha TOHKHX CIIHHTHIIIIHTOpax OCTaeTCH TaKOfi :>K e, K8K 

H Ha CIIHHTHIIIIHTOpax TOIIIllHHOfi 6 MM. 

Yf3y'leHHe cneKTpOMeTpH'IeCKHX xapaKTepHCTHK TenecKona C TOHKHMH CUHHTHn-

mtTopaMH 6bJnO npose.rr.eHo .rr.nH o( -qacTHU c aHeprneft 800 Mas, ynpyro-pacceHH-

0 
HbiX Ha H.D,paX yrnepo.rr.a no.rr. YI"IIOM 5 • TaKHe YCIIOSHH OTSe'IalOT OCHOSHOMY H83Ha-

'leHHlO annapaTypbi - perncTpHpoBaTh TH:>K enbre aapH:m:eHHbie 'lacTHUbi c MBIIbiM npo-

6eroM Ha cPOHe nOCTOpOHHero H31Iy'leHHH C MeHblUeii: HOHH38UHeii:. 

nKann6poBo'IHbre 11 KpHBbie, xapaKTepHayromHe c'leTHYIO xapaKTepHCTHKy cnc-

TeMbi CO CIIHHTHIIIIHTOpaMH TOIIIllHHOii: 0,5 MM 1 npHBe.D,eHbl H8 pHC. 7~ KpHSaH 1 

OTHOCHTCH K· nHTHK8H81I.bHOMy OT6opy, KpHS8H 2 - K O.D.HOK8H81IhHOMYo nonyJliHpHH8 

.D.HcPcPepeHUH81IbHOii: KpHBOii:, COOTSeTCTBYIOilleii: HHTerpanhHOii: KpHBOft 2 H8 pHC. 7, 

.D.TIH O.D,HOK8H81IhHOI"O OT6opa paBH8 38%, H 26% - .D,IIH nHTHK8H81IhHOI"O, TO eCTh, 

paapeillaromaH· cnoco6HOCT.h ynyqruaeTcH s 1,5 paaa. 3¢c}JeKTHSHOCTh perucTpauHH 

c{ -qacTHII npH aTOM OCTaeTCH npaKTH'IeCKH HeH3M~HHOfi. 

Cpe.rr.Hne HOHHaauHoHHbie noTepH o1- -qacTHII c aHeprne11: 800 MaB B yrnepo-

2 d.. d.. ,..o H 4 
.rr.e COCT8BIIHlOT OKOIIO 16 MaB/r/cM • npH H861IIO.D,eHHH peaKUHH + -..- Jt + e 
KOTopaH Mo:m:eT npoHCXO.D.HTh no.rr. .rr.eiicTBIIeM .rr.eil:TpoHoB c aHeprHeii: 400 MaB, HOHH

aaunoHHbre noTepH o<: -qacTHu, HMeromnx aaeprHro 240 MaB no.rr. yrnoM 5°, .rr.on:>KHbJ 

COCT8BII5IT.b 47,5 MaB/r/cM
2• npH TaKoii senH'IHHe HOHH38UHH .D,Oil:>KeH 6biT.b Y'ITeH 

ac}Jc}JeKT HeiiHHeii:HO.CTH B 38SHCHMOCTH Me:>K.rr.y HOHH3811Hefi H aMnllHTY.D.OM SCnbillleK. 

C 3TOii: neiiblO 6hlllH H3MepeHhl-C'IeTHhle xapaKTepHCTHKH arrrrapaTyphl .D,IIH 

cL -qacTHII Tpex 9HeprHii:: 703, 460 H 372 Mas. VI aMepeHHH rrpoBo.rr.HnHch Ha rryq-.. . 
Ke · cJ.... . -qaCTHU, 9HeprHH KOTOpblX H3MeHHII8Ch C ITOMOillbiO TOpM03HillHX 6nOKOB 1 

] 
\ 
! 

' 

l 
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ycTaHaBmiBaeMbiX aa ny'iKe nepe.a OTKnoHHIOIUHM MBI"HHToM. B yKa3aHHOM . .ananaaoae · 

aaeprnii '6( -qac;,HU HBMH ae ObinO o6aapy* ea·o OTKnoaeanii OT nnaeiiHOCTH B 

COOTHOlll8HHH M8)K.lly 8MUnHTY.llOii HMnynbCB H HOHH38UHeii B. npe.aenax 10%.' 8TOT 

/9/ 
peaynbT8T cornacyeTCH C HM8IOIUHMHCH 9KCnepHM8HTanbHbiMH .llBHHbiMH 

C yMeHbweaneM aaeprHH 0( -qacTHU aclJciJeKT aennaeiiaocTH a on* ea Boa-

pacTaTb • .LlnH Toro, 'iTOObi ero oueHHTb 1 obma nocTpo,eaa cne.aYIOIUHM oopaaoM 

KpHBBH 38B~CHMOCTH BMUnHTY.ll HMnynbCOB OT BenH'iHHhl HOHH38UHH /pHC, 8/; 

To'IKH 1, 2, 3, 4 n3o6pa)KaiOT peaynhTaTbi. npoae.aeHHbiX H3Mepeanii. 

. • /9/ 
Ecnn aocnonbaoBaTbCH KoaciJclJnuneaTaMH aennaeiiaocTH , TO MO)KHO Bbi'IH-

• lfr * 11- *" 
cnHTb BMUJnfTy .llbi; COOTB8TCTBYI0IUH8 nHHeiiHOii 38BHCI{MOCTH ": 11 2 1 3 H 4 • no 

it" lt" *' *" TO'iKaM 1, 2, 3 n: 4 6bma npoae.aeaa npHMaH 1 KOTopaH aaTeM nepec'iHTbiBanacb 

B HCTHHHYIO KpHByiO 38BHCHMOCTH 21MUnHTY.ll HMIIynbCOB OT BenH'iHHbt HOHH38UHOHHbiX 
. . - /9/ 

UOT8pb 1 C HCUOnb30B8HH8M TeX )K8 K09cPcPHUH8HTOB;. H8filfH8HHOCTH. , 

8Ta aaBHCIIMOCTb Obina .ncnonbaoaaaa npn: Bbi6ope ycnoan:li perncTpauHH eX.· -

qacTn:u c aaeprue:li 240 Maa, Koa¢¢n:uneHT aennaeiiaocTH anH KOTOpbiX cocTaBnHeT 

0,724 /To'iKa AI. 

Jlpyi'HM npHM8pOM paa.aeneHHH 'i8CTHU 1 BCTp8THBlllHMCH npH HCCne.aoBaHHH 

npoueccoa coy.aapeHHH a e:liTpoaoa, HMeiOIUHX aaeprHIO 400 Maa, c H.apaMH yrnepo

.aa H .ae:liTepHH 1 MO)K8T cny)KHTb OUbiT 1 KOTOpbiii npOBO.llHnCH B T9X )K9 ycnoBHHX 1 

no paa.aeneHHIO H.aep · Hl I E H~ = 360 Maa/ H .ae.ll:Tpoaoa I Ect = 137 Maa/ 

c aclJciJeKTHBHbiMH HMnynbcaMH 730 Maa/c, B aToM onbiTe ncnonbaoaancH cqeT'iHK 

2 
8HTHCOBU8.ll8HHii, U03B.OnHBlllHii OT6Hp8Tb 'i8CTHUbi C npo6erOM OKOnO 12,4 rfCM 

He3 
M9.llHOI"O SKBHBaneHTB, Jle.li:TpOHbi H H.apa HMenH cornaCHO pacqeTy npo-

6erH1 paBHbre 12,4 H 13,0 rlcM
2 Cu. , cooTBeTCTBeHHo. PeaynhTaTbi HaMepeanii 

npnae.aeabr aa pnc .• 9. KpnaaH 2 cooTBeTcTyeT O.llHOKaaanbHOMY OT6opy. KpnBaH 1 

- US!THK8H8nbHOMy, 

1Y. 3 a K n IO q e H H e 

}, Jlng, perncrpaUHH 38p51)K8HHbiX 'i8CTHU. BbiCOKOii. HOHH38UHH H ManOI'O 

npo6era aa ciJoae nocTopoaaero nanyqeanH c M eHblll eii noanaauneii npe.ano* ea Me

To a paa.aeneHHH 'i8CTHU B HeCKOnbKHX CUHHTHnnHUHOHHbiX C'i8T'iHK8X nyTeM OT6opa 

cnyqaeB 1 KOI'.ll8 O.llHOBp9M8HHO BO BCeX C'i8T'iHKaX BenH'iHHa HOHH38UHH npeBbilll88T 

H8KOTOpoe 3H8'i8HHe UD • 
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2 •. Taxoii MeToD.. noaaomieT aaMeTHO yMeHI,WHTh BKna.o. qacTHU ManoA .noanaa

UHH, of)yCl!OBl!eHHOii .0 XBOCTOM 0 B cneKTpe HOHH3aUHHH 1 a TaK:me CHH3HTb <floa, Bbr

Bbi3BaHHbiii npoueccaMH oopa30BaHH5I "aaea.o.' H Hano:meaHeM HMUYllhCOB •. 8<fl<fleKTHB

HOCTb perHCTpaUHH OCHOBHOrO H3lly'leHH5I npH 9TOM OCTaeTCSI HeH3MeHHOii • 

. 3. npHBeD,eHO UOD.pOOHOe OUHCaHHe ycTpoiiCTBa H OCHOBWMe C'leTHbie XapaKTe-

pHCTHKHo 

4 • .Llaaaoe ·ycTpoiicTBo npe.o.aaaaaqeao .o.ng perncTpaunti o'leHh pe.o.xnx npouec~. 

coa, conpoao:m.o.aeMbiX HCnycKaHHeM Me.o.neHHbiX TSI)KellbiX aapg:meHHbiX qacTHU, KaK 1 

HanpHMep 1 B peaKUHSIX p-r d. -H3 
+ Tl."t- unH d. "to d._,.. H~ -t n. , u, rnaBHbiM 

,.,.,.., 
~L -Me30Ha B·peaKUHH o6paao~, .o.ng nccne.o.9BaHHSI npouecca o6paaoBaHHSI 

d + cl- ,..~,o + H~:/' • . . 

5. KpoMe SI.o.ep H3 
, He u He4 

& 8 
CHCTeMa. Mo:meT perHC'rpHpOBaTb 5I.[(pa. 

.Lt u Be , noporn perucTpauuu xoTopbiX paBHI>r: Eti& = 110 Msa II 

. E B v.. = 170 Msa. . e 

n H T e p a T y p a 

t. n • .a~naa.o.ay. Jol.'rn. of Ph~s., ~.201.,1944 

2. C • .H.HHKHTHH, )K3T¢, u. 577,1948. 

3. A.r. ~. ewKOBCKHA, n.l1. CoxoiloB. )K8T¢, 30' 840, 1956. 

4. M.H·. Me.o.ae.o.ea, E.H. MaTBeeaa, n. )KunbUOBa /qacTHOe coo5rueane/. 

5. IO.K. AxnMoa. nT8, _g_, 116, 1957. 

a. IO.K. AxuMoa. nT8. 1.. 95, 1957. 

7. IO • .Ll. Baroxoa, M.C. Koao.o.aea, A.A. Mapxoa, A.l1. Cnaaea, A.A. TSinKHH. nT8, 
..§. 35, 1958. 

s. IO.K.AKHMOB, K.C.Mapuw, o .. B.CaB'IeHKO, n.M.CopoKo. )K8TctJ, 37, 117/, 46, 
. 1959. . 

9. KC.Band.tE'{ I w. J.'Ft-a.nk I ond.. B. J. Moye..- I Ph\js. Rev., fOG I &02, .H5?. 

· PyxonHch nocTynnna B na.o.aTenM:Knii oT.o.en 6 nrong 1959 ro.o.a. 
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PHc; 5. Paa.neneHHe .ne:li:TpOHOB H npoTOHOB B CUHHTHnnstTopax TonruHHoii 6 MM. 
KpHBast 1 - npH o.nHoKaHanbHOM oT6ope, KpHBast - 2 - npH nHTHKaHanb
HOM OT6ope. 
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PHc. 6. Paa.aeneHHe .aeATpoHoa H npoToHoa B CilHHTHnm:rTopax TonruHHoA 0,5 MM. 

KpHBaH 1 - OT6op B nepBoM ClfeTI:fHKe, KpHBaH 2 - oT6op a nepaoM H 
lfeTaepTOM ClfeTifHKax, 3 - To LKe .z:tnH nepaoro, TpeT&ero H l:feTBepToro 
ClfeTI:fHKOB 1 4 - OT6op BO BCeX fiRTH ClfeTifHKax. 
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Puc. 7. C"'eTHaH xapaKTepncTnKa cncTeMhi llliH cl.... ,_qacTnu c aHeprneH: 
800 Msa. KpnBaH 1 - UHTHKaHanbHhiil: oT6op, KpnaaH 2 - onHoKaHanb
HhiH OT6op. 
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Puc. 8. 3aBHCHMOcr.& aMnnHTY.ll HMnyrr.&coa OT aenH'IHH:&I HOHH3anuu o( 

s 'laCTun. To'IKH 1, 2, 3, 4 - pe3yn.&TaT:&I H3MepeHuii:. To'IKa A nonr.
'leHa pac'leTHLIM nyTeM. 
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PHc.' 9, Paa.oeneHHe n.oep He3 
oT .oeiiTpOHOB c BKniO'i9HHbiM cqeT'iHKOM 

8HTHCOBII8.Q9HHii, KpHBaSI 1 - IISITHK8H8nbHblii: OT6op, KpHB8SI 2 -
0 .llHOK8H8nbHbiii:, 
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