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' BaeaeHne 

flpH llpOBelleHHH 8KCnepHMeHTOB C 'I8CTHU8MH Bb!COKHX 8HeprHil Ha YCKOpHTens!X C npH-

MSHSHHSM COHHTHnnHUHOHHbiX Cli9TttHKOB li8CTO B03HHK89T HS06XO.llHMOCTh Cli9T8 B9CbM8 6onb-

rnoro 'IHCnB 'IBCTHU 38 KOpOTKHe llpOMe~yTKH BpeMeHH. na~e eCnH CpellHHe CKOpOCTH C'IeTa 

cpaBHHTenhHO neaenHKH, neo6xo.oHMo YliHThiBBTb, liTO qacTHUbi a nyttKe HMnynhcno pacrrpe.ue

neHhi BO BpSMSHH. npH 8TOM MrHOB9HHbi9 3Brpy3KH B Ct.{9TliHKaX p93KO B03p8CT8IOT
1 

H ITpH-

M9HH9Mhl9 p8.llHOT9XHHli9CKHe CX9Mbl COBII8.ll9HHif H 8HTHCOBII8.ll9HHfi JlOnlKHbi HMSTb BbiCOKOe 

apeMeHHoe pa3perneHHe npH MHHHManhHOM MepTBOM apeMeHH. BbiCOKHe Tpe6oaaHHH rrpea'h

HBllHIOTCH H K CT86HllbHOCTH pa60Tb! CXeM. 

PSit:t H3B9CTHbiX CXSM HM99T BbiCOKOe Bp9M9HHOe pa3p9ID9HH9
1 

O.llHBKO IlpH 3TOM MSpT

BOe BpSMH Cp8BHHT9nhHO BenHKO. 8 li8CTHOCTH 1 3TO OTHOCHTCH KO MHOrHM CX9M8M, co6paa

Hb!M c npnMeHeHneM rronynpoBOllHHKOBbiX anoaoa H TPBH3HCTopoa. B <>TOM cnyqae HrpaeT 

BB*HYID pOnb XOpomQ· H3B9CTH09 HBn9HH9 H8KOITnSHHH HSOCHOBHbiX HOCHTeneif TOK8
1 

CBH38H

H09 C M9X8HH3MOM .llSti:CTBHH p -o -nepexona. 

B CBH3H c Heo6xoaHMOCTh!O npeoaoneHHH yKa3BHHbiX TpyarrocTeil 6bmH rrpeano~eHbi 
1!-3/ cxeMbi coarraneauii, pa6oTBIOIUHe no MeTo.c:ty pacnpeaeneanoro ycunentui • B ocnose aTo-

ro MeToaa ne~HT pacnpocTpaHeHHe HlleH ycnneHHH Ha 6erymeil aonHe Ha o6nacTb BHlleoqac

TDT, rae KOHCTpyHpOBBHHe nBMIT 6erym.eii BOnHbl OK83biB89TCSI npaKTH'lJ9CKH H9B03MO>KHbiM. 

flpHHUHn ae~cTBHH ycnnnTenH c pacnpeaeneHHbiM ycnneHHeM noapo6Ho ocaerneH a pHae 

pa6oT
14

-
101

• B 8THX pa6oTax TeopeTH'IeCKH pa3pa6oTaH pacqeT rroao6HbiX ycnnHTenei1
1

H rro

nytieHhi .3KcnepuMeHTBnhHbie llBHHbie, xopomo cornacyiOmuecH c Teopneii arrnoTb no qacToT 

100-150 Mru, Koraa cymecTBeHHYJO ponh HB'IHHBJOT nrpaTb BbiCOKO'IaCTOTHbie 8<j>¢eKTbi a 

naMnax. 

DnH o6ecne'IeHHH HeHCKa~eHHOil rrepeaa'IH HMnynhcoa ITHHHH nepeaaq ycHnHTeneil c pac

rrpeaeneHHbiM ycnneHHeM aon~Hbi o6naaaTb a pa6oqe~ nonoce qacToT nocTOHHHbiM Ko8<j>

$HUHFHTOM nepe,aaqn, IIOCTOHHHbiM BOnHOBbiM COIIpOTRBn9HH9M H nHH9iiHofi $a30BOti X8p8KT9-

pHCTHKOHo 3THM Tpe60BBHHHM YllOBlleTBOpHJOT, B H3BeCTHOM 1IpH6nH~eHHH, xapaKTepHCTHKH 

HCKyCCTB9HHbiX ,QnHHHhiX nHHHi:t, COCTBBneHHblX H3 gqeeK cf>unbTpOB HH>KHHX qaCTOT. 3TH cflHnb-

/7,8,11/ IT 
Tpb! XOpOWO H3y'IeHbl TeOpeTH'IeCKH 

1 
• paKTH'IeCKH llpHMeHHIOTCH YCHITHTenH C pac-

npe.ueneHHbiM ycHneHH9M, nHHHH KOTOpbiX COCT8Bn9Hbl H3 IIpOH3BO,QHbiX 3B9Hh9B THIIB m 

TaKHe 3BeHbH npn m > I o6naaa10T yaoaneTBOpHTenhHbiMH xapaKTepnCTHKaMH H KOHCTpyK-

THBHO ITpOCTblt T.K. MOryT 6biTb BbiiiOnH9Hbl B BH.ll9 K8TYIIIKH HH.llYKTHBHOCTH C OTBO.llOM 

/II/ 
OT CepellHHbl H KOHlleHCBTOpa 
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CxeMa coananeHHA no MeTony pacnpeneneHHoro ycHneHHH 

3a ITOCJ19JlHH9 H9CKOJlbKO neT H8MH 6biJIO H3f'OTOBJI9HO 60Jiblli09 KOJIHqeCTBO CX9M COB-

IIBl!8HHll, pa60T810UlHX ITO M8TOUY pacrrpeneneHHOrO ycHnBHHH, C HX IIOMO!Ub!O BbiiiOnHeH pRU 
I 12/ 

pa60T C HCIIOnb30BBHH8M pa3nHqHb!X rryqKOB qacTHU CHHXPOUHKnOTpOHB 011$111 , 

DpH pa3p860TK8 paUHOCX8M OCHOBH08 BHHMBHH8 ynenHnOCb HBUB*HOCTH H CTB6HnbHOC

TII pa60Tbl B cnyqae IIpHM8H8HIIli <!JoToaneKTpOHHb!X yMHO*HTeneA <1>3Y-33 H <1>3Y-36 cperr

Hero KaqeCTBB, 1IpOCTOT8 perynllpOBOK II o6cny*IIB8HIIli II XOpOrnel\ BOC!Ip0113BOUIIMOCTII XB

paKT8p11CTIIK rrp11 MHoroKpBTHOM II3roToaneHIIII. B CBH31I c 8TIIM He cTBBIInacb 3anaqa nony

qeHII<I rrpenenbHO nocTII*IIMoro BbiCOKoro apeMeHHoro pa3perneHIIH cxeMbi. TIIIIOBBR 6noK

cxeMa arrnapaTypbl npiiaeneHa HB piic. 1. 

<l>oTOYMHO*IITenll 

TIII!OBBli cxeMa ni!TBHII>I <I> 3Y 1Ip11B8U8HB Ha piiC. 2. non6op conpoTIIBn8HIIA R 2 ' 

R 
8 

, R 
18 

, R 
14 

, R 
16 

neniiTenH Harrp>~*eHIIil rrpoii3BOUIITCH HHl!IIBIIl!YBnbHO nm1 Ka*no-

ro 8K38MllnHpa <1>3Y no MBKCIIMSnbHOA aMnnHTyne BhiXOl!Horo HMnynbca. DpaKTHqecKH nJ0-
/13/ 

6oli <1>3Y npHronen nnH pa6oThi a cxeMe. I13B8CTHO, onHaKo, qTo apeM>I nponeTa aneK-

TpOHOB qepe3 <1>3Y H8nHH8liHO M8HH8TC51 IIpH H3M8H8HI!II B lliHpOKHX rrperrenax HBIIPH*8HHli 

IIIITBHII>I. DoaTOMY *enaTenbHO, qT06b! pa6oq11e H81IpH*8HII51 OTU8nbHb!X <1>3Y, pa60T810UliiX 

Ha orrHY cxeMy, pa3niiqanHCb He 6onee qeM Ha 200-300 aonhT. B 8TOM cnyqae apeMeHa 

rrponeTB aneKTpOHOB B OTUBnbHblX <1>3Y IIpH OUHOBp8M8HHOM 1!3M8H8HHII H81Ip51*8HHH H8 HIIX 

M9HSJIOTCH IIpHM9pHO OUHH8KOB0
1 

H OTHOCHT9JlbHbi9 Bp9M9HHbi9 C.OBHf'H BbiXO.OHbiX HMIIYJlhCOB 

<1>3Y npaKTHqecKH He MBHHJOTC>I. THnoaaH 3BBHCHMOCTb H3MBHBHII>I apeMeHH rrponeTa aneK

TpoHoB qep83 <1>3Y OT HB1Ip11~<8HHH IIHTBHH>I B o6naCTII 2000-2600 BOnbT npHB8U8H8 HB pHC, 3, 

4To6bl BbiXOl!HOll TOK <1>3Y HB Ol!HY peri!CTpHpyeM)"'I qaCTHUY H8 H3M8H>InCH np11 113-

M8H8HIIH sarpy30K l'Cn8UCTBH8 nepepacrrpeneneHH>I HanpH*BHHl\ HB C8KUH51X oeniiTBnH HBIIpH-

>1<9HHil, B cxeMy )l9JlHT9JlH BB9Q9Hbl KOH.ll9HC8TOpbi 1 tflHKCHpylOIIIH9 H8IIpSDK9HHSl H8 JlHHO.U8X 

<1>3Y. MeTon pacqeTa aenHqHHbi Tpe6yeMoil eMKOCTII II KOniiqecTaa KOHrreHcaTopoa rrpHae

/14/ 
neu a nHTepaType • CnenyeT noMHHTb, qTo pacqeTHbie ¢opMynhi npii aToM nonyqeHbi a 

IIp9JliiOJ10)K9HHH
1 

l.JTO 30pHA 4m:KCHpyiOIU9f'O KOH.09HC8TOp8 IIOJlHOCTblO BOCCT8H8BJIHB89TC5l 38 

llpOMB*YTOK apeMeHH M8*llY UBYM>I COC8UHIIMII I!MnynhC8MII, DoCTOIIHH811 Bp8M8HH 38pHU!IOt! 

U9ITH 06blqHQ B9J1HK8, H 8TO yCJIOBH9 rrpH pa6oTe H8 CHHXpOUHKJIOTpOH€, K8K IIp8BHJI0 1 He 

BbiiTOJIHSieTcH. CHaxpouHKJIOTpOH reHepapyeT qacTHUbi HMnynhcHo B TeqelJH€ OKOJIO 

600 MKCBK c qacToToil noaTopeHH<I oKono 100 ru. Mo~mo cqiiTaTh, qTo 38pHU KonneHcaTo-

pa rrpOHCXOJlHT TOJlbKO B rrepHO.Il Memny HMITYJ1hC8MH HHT8HCHBHOCTH YCKOpHTenn, B B T9-

qeHH8 sToro HMnynhca rrponcxonHT nHWb pa3pnn KoHneHcaTopa. CnenoBaTenbHO, rrpH pac

I.IeTe cnenyeT TIOJ1b30B8TbCSl H8 B9J111l·IHH0t\ 38p5I.ll8, CT8K8IOU19rO C KOH.ll9HC8TOp8 38 O.llMH 

4 -

HMrrynbc IIHTBHCHBHOCTII ycKopiiTenH. Dp11 aTOM aen11q11Ha eMKOCTII KOHU8HC8TOJ 

eTCH cnerKB 38Bhllli8HHOH 38 cqeT qacTIIqHOrO 38pHUB KOHU8HC8TOp8 BO apeM 

HHTBHCHBHOCTII ycKopiiTenH. HeKOTOpbiB 8K3eMnnHpbi <1>3Y -36 liMe lOT cKnoHHOC' 

rrocneUHIIMII UIIHOl!8MII <1>3~ 
UHH, TI08TOMY TIOJ193HO BBO.IlHTb TIOCJ19.llOB8T9JlbHO C 

racHlliiiB conpoTIIaneHIIH aenllqHHOil no 50-100 oM. 

<l>oToyMHO*HTenll pa6oTaJOT HerrocpencTaeHHO Ha Ka6enh PK-50 nniiHOI1 c 

Harpy*eHHblH BO 1!368~<8HH8 OTP8*8HHH CO CTOpOHbl ycllniiTenH H8 COIIpOTIIDn' 

paaHoe aonHoaoMy corrpoTIIBneHIIIO Ka6enH. Co cTopoHhi <1>3Y o6biqHo cTaBHTC 

conpoTIIBn8HII8 aenllqiiHOfi B H8CKOnbKO KllnOOM. 

<I> 0 p M II p 0 B 8 T e n b 

<l>opMHpOB8HII8 IIMilynbCOB no 8MITITHTYU8 II UnHT8nbHOCTH npOH3BOUHTC<I 

<!JopMHpy!OUlHM K8CK8UOM ( p11C. 4), co6paHHhlM H8 naMne 6/K9D. YqiiT!>ID88TCI 

\llllX 3arpy3K8X CT8HOBllTCII H811368*!lblM CUBHr pa6oqet! TOqKII naMIIbl, 8CITII 

C 8HOl!OM <1>3Y ocymecTan<reTCII qepe3 pa3rrenuTenbHbii\ KOHU8HC8TOp. Do 9T( 

rrpHM8!18HO npHM08 C0811Hll8!1118 ynpaam!IO\ll8H ceTKII naMIIbl n1 H 8HOI18 <1>3Y 

C8TK8 n 1 rrnll ycTp8H81lllll BnHHHIIH BXOUHOil 8MKOCTII naMITbl 
BKJ110q9H8 B fill 

mei\ niiHIIII C aonHOBhlM corrpoTIIBn8HH8M, p8BIIh!M BOn!IOBOMY CO!IpOTI!BneHHK 

Dp11 Bbi6paHHOM pe*I!MB naMnbi <jlopMHpoaaTenH ( pa6oqaH ToqKa ahr6pa 

aHonno-ceToqHoil xapaKTepHCTHKH naMnbi rrp11 I a = 4 Ma, 1 • 2 = I Ma 11 

BXOUHbi8 oTpHU8TBnbHhl8 HMnynbCbl, 11p8Bbllll810lUH8 no aMnniiTyrre 1a, 8<\'<JleK' 

BBIOTCH CX9MOii. 

KOM 

c!>opMHpOB8HII8 IIMITYITbCOB no rrnHTBnbHOCTII llp0113BOUHTCH KOpOTK038M 

Ka6enH PK-50 (THIIOE4l<I nnHH8 75 eM) a anone ni. 

n8Ml1Y nyTB~l 113MCH8HII>I H81Ip<Im8HIIII H8 3Kp8HH0li 

HOrO pa36pOC8 xap8KT8p11CTIIK naMn 6)!(9D llpii IIX llpOII3BOUCTB8), 

Y c 11 n 11 T e n h 

CxeMa coananellllil no rrpiiHUHny 
pacnpeneneHHoro ycHneHHH HMeeT q; 

nocne <jlopMIIPYIO!Jlero KacKana neo6x 

(puc. 5) c 

3TOM napE 

J18HHbiMiil M3 flqeeK ciHIJlbTpOB HlOH.HHX qaCTOT THTI8 

p8H p8BHI,\M 1,27, qTO o6ecrreqHB88T nonyqeHH8 H8liiTY'IIllliX qaCTOT!li>IX II I 
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neT HBMH 6bino H3f'OTOBJieHQ 60Jibiii09 KOlllPI8CTBO CX8M COB

M8TOJJ.y pacnpeaeneaaoro YCHJIBHHR. C HX 110MOU1bl0 BbiiiOnHeH pRJl 

/12/ 
0115!11 • 

OCHOBHoe BHHMBHHe Yll9RSJROCb H81l8*HOCTH H CT86HnbHOC

cjJoToaneKTpoHHb!X YMHO>KHTenell <P3Y -33 H <J>3Y -36 cpell-

BOCITpOH3B01lHMOCTH XB

PBTHOM H3roToaneauu. B cag3 u c .9THM ae cTaBHnach 3anat:ra rrony-

uMnrn D.'LY .......... ___ - BpeMeaaoro paGpeiiJeHH.R cxeMhr. TunoBaH 6noK-

na pnc, I, 

<PoTOYMHO>KHTena 

ITHTBHHll <J> 3Y npnaeaeHa Ha pnc, 2, noa5op conpoTHBITeHnl! 

R I& 
R 2 ' 

/l8ITHT8nll H8ITpl!>K8HHil ITpOH3BOilHTCl! HHAHBH/lyanbHO /lnll KB>KilO-

MBKCHMBnbHOl! BMITni<TYAe Bb!XOilHOro HMITynhca, npaKTHqeCKH mo

pa50Tb! a cxeMe, 11aaecTHo, OAHaKo, 
1131 

qTo apeMl! nponeTa aneK

MeaReTcH ITpH H3M8H9HHH B IIIHpOKHX npeaenax H8ITpH*9HHH 

TenbHO, qT05bi pa5oqne HBilpli>KeHHll OT.QenbHb!X <l>3Y, pa50TB!OIUHX 

b He 5onee qeM Ha 200-300 aonbT, B aToM cnyqae BpeMeHa 

<l>3Y npn OllHOBpeMeHHOM H3M8H8HHH HBITpli>K8HHll Ha HHX 

0THOCHT9JibHbi9 Bp9M9HHbie C!lBHI'H BhiXO!lHbiX HMITyJibCOB 

HHJOTCH. Tnnoaag 3BBHCHMOcTb H3MeHeHHH BpeMeau nponeTa aneK

HanpH~<eHnll ITHTBHHll a o5nacTn 2000-2600 aonbT npnae.QeHa Ha pnc, 3, 

<1>3Y HB OllHy perncTpnpyeMy!O qaCTHny He H3M8Hl!nCl! ITpH H3-

nepepacnpe.QeneHHll Hanpl!>KeHnl! Ha ceKnHl!X .QennTenl! Hanpl!

¢nKcnpyJOIUHe HBITpl!>K8HHll Ha llHHOilBX 

Tpe5yeMoii 8MKOCTH H KonnqeCTBB KOH/l8HCBTOpOB npnse

CneayeT llOMHHTb, 'ITO pac'!eTJ!bre cjJopMynbr npn aToM nony'!eHbi B 

cpllKCHpyromero KOH1l8HC8Topa ITOJIHOCTbro BOCCTBH8BJIHB89TCH 38 

llBYMH COC8.QHHMH HMnynbCBMH, nocTOl!HHBH BpeMeHH 3Bpll/lHOil 

ycnosne npn pa5oTe Ha cnuxponnKnoTpoHe, KBK npasnno, He 

reuepnpyeT 'laCTHnhr HMnynhCHo 
B T8t.I9HHe OKOJIO 

nosTopeHnH OKono 100 rn. Mo>KHo C'IHTBTb, 'ITO aapl!ll KOH.QeHcaTo-

nepuo.a M9)J'<Lly HMITYllbCBMH llHT8HCHBHOCTH YCKOpHT9l!~I, a B Te-

paapH/l KOH.QeucaTopa, Cne.QoBaTenbHO, npn pac

He B8Jilll.JHHOil 3apHlla, CT9K810Ul9f'O C KOHJl8HCaTopa 38 OllMH 

4 

• 
('::;:..-· 

HMnynhc HHTSHCHBHOCTH ycKopHTenSI. Dpu aToM seniPiHHa eMKOCTH KoaaeacaTopa oKa3DIBa

eTCH cnerKB 38BbiW9HHOff 38 Ct.J:9T qacTHl.JHOrO 38pHJl8 KOH!l9HC8TOp8 BO Bp9MH HMnynhC8 

1111 Tencl!BHOCTII ycKOJ?HTenSJ, HeKOTOpbre 9K3eMnnllpbi <1>3Y -36 nMeJOT cKnOHHOCTb K renepa 

unn, noaTOMJ: noneauo BBOilHTh nocne.QoBaTenbHO c nocne.QHHMH llHHOilBMH <1>3Y He5onhmne 

racSJruHe conpoTnaneHHll aenwmHoll llO 50-100 oM. 

<l>oTOYMHO>KHTenn pa5oTaJOT Henocpe.QcTBeHHO Ha Ka5enh PK-50 .Qnnuoi! oKono 60 M., 

narpy>KeHHbiil ao na5e~<aHne oTpa>KeHnll co cTopOHhi ycnnnTenH Ha conpoTnoneHne HarpyaKn, 

paBHOe BOllHOBOMy conpOTI!Bll8HH!O KB5enl!, Co CTOpOHbl <J>3Y 05b!'IHO CTBBHTCH 6annBCTHOe 

COIIpOTHBn9HH9 senHl.JHHOfi B H9CKOllbKO KHnOOM. 

<J> 0 p M H p 0 B B T e n b 

<J>opMHpOB8HH8 l!MIIynhCOB no 8MDJ1HTylle H nnl!TCJlbHOCTH npoH3BO.QHTCH CIIennanbHb!M 

cjJopMnpyJOIUHM KaCKBilOM ( pnc. 4), co5paHHbiM ua naMne 611<9n. Y'!nTI>rsaeTcH, '!To npn 5onc-

WHX 3arpy3K8X CT8HOBHTCfi H9H369>KHbiM C,llBHr pa6oqeti: TOl.JKH nBMITbi, ecnH CBH3b ee C9TKH 

C BHO.QOM <1>3Y OCyiUeCTBllSI8TCH '!epc3 paaaenHTenbHbli'r KOH/l8HC8TOp, no 3TOH llpH'IHHe 

npnMeH8HO npliMOe C081lHH8Hile ynpasnmomeii ceTKH naMnLr n I H BHO.Qa <1>3Y, YnpaBnl!JOIUaSI 

ceTKa n I llnH ycTpaH8HH51 BnHHHHll BXOilHOH 8MKOCTH naMnb! BKnl0'18Ha B Sl'!ei!Ky nepeaaJO-

mefi l!HHHH C BOnHOBUM COI1pOTHBn9HH9M 1 p8BHblM BOnHOBOMY COilpOTHBli9HHJO Ka6enH. 

npn Bb!5paHHOM p8>KHM8 ll8MDb! rPOpMHpOBBTenl! ( pa60'!8H TO'IKB Bbi6paHa 118 KOll81!8 

auoauo-ceTot.JHOi1 xapaKTepncTHKH naMITbi rrpH I a 4 Ma, I • 2 = I Ma n E.,= -1,25s) 

BXO.llHbie oTpuuaTenhHhre HMrrynhCbi 1 npesLnuaiornHe no aMnnHTyne Ia, ::xrr!~eKTnsno orpaHHt.JH-

BBIOTCH CX9MOH:. 

<l>opMHpOB8HH8 HMITyllbCOB ITO !lnHTenbHOCTH I1pOH3BOilHTCH KOpOTK038MKIIYTI.IM 0Tpe3-

KOM Ka5enll PK-50 ( THIIOBBH IWHHB 75 CM) B ano.Qe n 1. 

• 
HacTpoHKa ¢opMHPYJOUlero KBCKana CBOJlHTCH K ycTanonnenHIO pacqeTHbiX TOI<os t.JcJpe3 

nBMITY llYT8'-'! H3MeH8HHH Hai1p~~{8HHH Ha 9KpBHHOr"l C8TK8 ( 9TO 11805XOilHMO BBHilY 3H8'1HTenb

HOro paa5poca xapaKTepncTHK naMn 6)1(9!1 npn nx Hponaso.QCTBe), 

Y c n n n T e n b 

CxeMa cosrraae.t-:IHH no rrpHuunrry pacnpeaeneunoro ycuneHHH HMeeT qyacTBHTenhHOCTh 

DOpH/lKB H8CKOllbKHX BOnbT, no3TOMy nocne rjlopMnpyJOI!l8f'O KBCKB!lB He05XOJ1HM ycHnHT8J!b, 

B cxeMe npnMeHeH TpexKaCKBilHr.rii pacnpe.QeneHHr.rr1 ycHnHTenb ( pnc, 5) c nllnli~MH, cocTno-

neHHbiMH H3 .Rt.J:99K cPHnhTpOB HH)I{HHX qacTOT THIT8 m , np11 3TOM napaMeTp m m.rG-

paH p8BHLIM l,a.i, 'Y:TO o6eCIT9tiHB89T nonyqeJ-II:Ie HBHnyLJIIIHX qacTOTHhiX H f/1c3.:30Ut,JX xapnKTC-

5 



pnc~HK KDCKBIIOB. fpaHH'lHB<I qacToTa nnuni"t 6btna Bbt6paua paauoH 140 Mru. XoT<I TO'IHYIO 

oUeHKY HCKB~<eHHll HMIIYllbCOB IIpH IIpOXOlKI!eHHH HX qepe3 pacnpe}lenei!Hblfl ycnmiTellb B o6-

Ul9~ cnyttae !l8Th H9B03MO>i<H0
1 

opH9HTHpOBOttHO MO>I<HO cqHT8Tb, 'liTO ITOJIOCB nporryCKBHHSl 

yCH1!liTC1!5l COCTBB1!5leT B HallleM Cnyqae 0,65 - 0, 75 OT rpaHll'lHOl\ qacTOTbl ll paBHSl9TCSl 

npMMepuo 100 Mru. 

UenTpaJlbHhlM aonpocoM KOHCTpynpoaaniHI pacnpeaenennblX ycMmiTeneil ua nonocy qac

TOT, npeBI>IlllBIOIIIYIO 100 Mru, $IRJIH9TCSl Bb!6op naMn. MaaecTHO, t:ITO na BbiCOKHX qacToTaX 

aneKTpOHHhl9 JI8MI1hl 06JI81l8IOT 8KTHBHOtl BXOOHOfi rrpOBO.OHMOCTblO 38 C't:J8T BJIH5IHIHI HHOYK

THBHOCT9if BBOJlOB JIBMII H Bp9M9HH rrpOJI8T8 .:3JI9KTpOHOB B JI8Mfl8X. 0pH '-18CTOT9
1 

rrpeBbllliBIO

lllei\ 100 Mru, MoryT npMMei!HTbC<I nMlllh naMnLt TMnoa 6)1<ln n 6)1(9n, T.K. TOnhKO nx nxoa-

H09 COIIpOTHBJl9HH9 OCT89TCH llOCTD.TQ\.lHO BbiCOKHMe Do 8TOi'I IIp1PIIUI9 llJISl HCilOJib30BBHIHI B 

ycMnHTene !3b!6pal!bl naMnbl 6)1( In KaK uan6onee 3KOHOMH'lHbl9 H o6nal!aiOmne uai!MeHblllHM 

pa36pocoM napaMeTpoB. 

nn<l ycTpaHeHHII ne~<enaTellbHblX OTpB~<eHHll ceTO'lHBSl liHHHSl nepBOrO KBCKBI!a HMeeT 

BOliHOBOe conpOTHBlleHHe, paBHOe BOliHOBOMY COTipOTHBneHlll0 <jlopMHpyiOIUero KaoenSI, 

Auoana<l nnHJHI TpeTbero KacKal!a TBKlKe nMeeT 111111 cornacoBB!II!Sl aonnonoe conpo

Tnaneune, paauoe aonnoaoMy conpoTnBnenliiO BblXOI!HOro Ka6en<l, coei!HHSliOIJiero ycnmiTenh-

Hblfi KBH8Jl C OJlHHM H3 BXO.OOB CX8Mbl COBI181l9HHfi. 

Borrpochi, cn5I38HHbie c nacTpoitKort pacnpe.aeneHHbiX ycHJIHTenet'r, nocTaToqno nonno 

OCBOIU8Hbl B JIHTepaType. 

Ha pnc, 6 npnBel!eHB BMIIJUITYI!Hall xapaKTepliCTliKB KBI!ana, CI!SlTBSl OT BXOI!a !lilCKpH

MHHaTOpa 110 Bxona cxeMhi cosnaaeunii. Bnnno, 'ITO Kanan o6naaaeT aocTaTO'lHO xopomnMH 

orpaHHqUB8101UHMH CBOi'rCTB8MH. 

Ha puc. 7 npnBenenbr aMrrnHTYJlHo-qacTOTHhie xapaKTepHCTHKH nayx ycMnHTBJJbHbiX Ka

nanoB, • l!SlThie OT BXOIIB KBHBliB 110 ceTI<Il naMnhi cosnanenllr"I. YcnnnTellbHbie Kal!allbl O!lll-

naKOBI·I no KOHCTPYKUHH, no n3roToBneHhi n pa3noe apeM<I ll Jlll<l pa3HbiX ycTBHOBOK. Ka

uanbi nocne n3roToanenll<l ue noAseprannch nni<aKofi no!lCTpoi\Ke. XapaKTepHCTHKll CHS!Thl 

nocne H3rOTOBJI8HlHI H npoaepKH pe>KHMOB JI8Mll flO llOCTOHHHOMY TOKY• TipH 8TOM pem:HMbi 

K8CKBJ10B ITO flOCTO~HHOMY TOKY npH CHHTHH 3THX X8[J8KT9pHCTUK H9CKOJlbKO CM9ID8JIHCb B 

cTopony nnuelmoro pe~<HMB pa6oThi, 'ITO ue Morno 113Mel!l1Th pe3ynLTaToB. Bnauo, 'ITO 

!lOCTllrHyTa Bn01111e yi!OB1!eTBOpliTG1!bl!8Sl IIOBTOpSieMOCTb aMnllliTYIIHO-'lBCTOTHbiX xapaKTepliC-

THK npH MHOrOKp8THOM H3rOTOBJir.'HHH CX9Mbi. 

CoocTseunoe apeMH ycTauoBneHIIH ycnnnTenhnoro Kanana li3Mepeuo npn noaaqe ua 

BXOII liMITYllhCB C nepelli!HM ljlpo!!TOM Menee 1 HCeK ll COCTaBnSleT OK01!0 4 I!CeK, 

• 
6 
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nax 

CxeMa coanaaeunf\ c nncKpHMHHBTopoM 

CxeMbi coanaaeunil no npnuunny pacnpeneneuuoro ycnnenHII ( pnc. 8) coo 

6)1(90, 0TpliUBTe1!bHbll\ HMITYllhC C Bb!X0!18 KBlKllOrO ycH1!liTe1!bHOrO KaHana 

ceTKV ,-nnTRPTCTBYIOllleli naMnbi cxeMbl COBliB!leHIIH, BKliiO'le> 
naYfiPtlt)~UHV.......,J•- -v ___ , __ 

KY nepeaaiOmeli nnunn, cornacoaaunyiO c Ka6eneM. B cnyqae, ecnn 11eo6xoanM 

axoanol\ nMnynhC na apyrne cxeMbl, aMecTo narpy3Kll BKniO'laeTc<~ aononnnTer 

C TeM )l(e BOliHOBbiM conpoTHBlleHlleM H cornacoBBHHe ero C uarpy3KOli npOll3 

nocneanel\ no nopSillKY cxeMe. 

Anollhl acex naMn cxeMLl cosnaaenni\ aKniO'leHhl a o6my10 nepeAaiOUIYIO , 

BbiM conpoTnanenneM 517 oM. Cornacoaaune anoJlHOflnnunn c uarpy3KOll npo1 

cneaa, a cnpaaa cnrnan oTpalKaeTC<I c yaaoenneM uanp<~lKeHHSl. Opn Bt.I6pan~ 
naMIT 9TO no3B011SleT nony'lliTh BbiXOJ:Il!Oe uanpSllKeHHe OK0110 7 BOllbT na EIXOJ: 

aei!HO oonerqaeT paooTY !lliCKpliMHHBTOPB• 

aennKn. B ueM npaKTll'lecKH oTcyTcTayeT 

npoXOIIHYIO eMKOCTb naMITbl, Heli30elKHBSl npll npnMeHeHllll B Ka'leCTBe IJHC> 

KpliCTannll'leCKOrO llHOIIIl• He TpeoyeTCSl TBKlKe npnMeHeHHSl KBKIIX-llliOO CXE 

uol\ KoMneucaunn, coaepmeuno ueo6xoanMLIX Jlll<l o6ecne'leHH<I annTenbHOll 

cxeMhi c KpncTannn'!eCKHM anonoM. Ecnn ueo6xoanMo nony'lHTh co cxeMhi ...... ---- __ ...... ..____ .... 
.QHCKOHM1·Ht8TOP8 MO>KHU ;y..., 1 tutOBHTb 

BbiXOllHOfi HMfiYllbC, D uuone Ml'.l'-' .. ".t"'··-·--

TOP B BHJ:Ie ueCKOllbKHX BHTKOB npoBOllB I!B ~eppHTOBOM KOllhUe, npn II€ 

30BaHllll 3TOrO liMilYllhCa ,j.ueoOXOJ:IliMO yqliTb!BaTb, 'ITO Tpanc~opMBTOp, eel 

ne CKOHCTpyllpOBBH, 6yneT HMeTb orpanll'leHHYIO nonocy nponyCKBHHSl• 

OpnMeneune B KaqecTae ancKpHMHHaTopa KaTonnoro noaTopnTen<l HE 

liMITYllbCOB HBHOCeKYHJ:IHOfi J:I1!HTe1!bliOCTH KBTOI!Hblfi ITOBTOpliTellh ITO cyme< 

B eMKOCTHblH nennTenh, ll ero paooTa M81!0 3BBHCHT OT paoOTbl naMnhl• 

1 

38 npSIMOrO npoXOlKJ:IeHH<I BXOIJHbiX liMnynhCOB I!B Bb!XOJ:I neB03MOlKHO nor 

Kos<P<PnuneHT oT6opa. 

CxeMa MolKeT ObiTh nerKO li3Meneua, qTOObi nony'lliTh aHTHCoBnai!E 

pa3peiUBIOlllliM apeMel!eM.x/ nn<l 9Toro 1JOCTBTO'IH0 naMnY OJ:IHOrO ll3 BX 

neunl\ nocTBBHTh B pelKHM, npn KoTopoM qepe3 nee ne npoTeKaeT anol!> 

1!SliOlllYIO ceTKY 3TOfi naMITbl nocTynaeT no,nOlKHTellbHbll\ liMnynbC aHTIICOI 

xl 
B uamei\ na6opaTopHH nono6na<l cxeMa anepBbie 6bl11B npaKTH'l 

c. B. Men )eaeM. 
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'!acToTa JTIIHIII1 DbiJTa Bbi6paHa panHol! 140 Mru, XoTl! TO'IHYIO 

np11 npoxol!<IleHIIII 11x qepea pacnpe!leneHHbii1 YCIIJTJITenb B o6-

opneHTHpoaoqao MO>KHO C'lJHTaTb, 'tJTO nonoca nporrycKaHJHI 

B HallleM Cnyqae 0,65 - 0, 75 OT rpaHII'!HOi! 'laCTOTJ,J II pABHl!8TCSl 

BOIIpOCOM KOHCTpyHpOB8HHSI pacrrpeaeneHHbiX yCHJlHTenef.i HB ITOJlOCY l.JBC

}QQ Mru, HnnHeTcH Bbi6op naMn. 113aecTao, tiTO na BbiCOKHX 
1
IOCTOTax 

06J18/X8IOT AKTHBHOI{ BXO.OHOI1 ITpOBOllMMOCTbiO 38 ClJ8T BJ1H.HHH51 IfHllYK-

ll npeMenn rrponeTa aneKTpoaoa a naMnax. Opn qacToTe, rrpeBLIUH3.IO

np11MeHl!Tbcl! JTHlllb JTaMnbi TllnOB 6){(]0 II 6)!<90, T,K, TOJTbKO llX DXOil

OCT88TCH .QOCTD.TQt-IHO BblCOKHM. no 3TOJ'i rrpHYHHe JlliH HCITOJlb30B8HlfH B 

6)K In KaK Ha1I6onee 8KOHOMII'!Hb!e II o6naaai0111He HBJIMOHblllllM 

ae:>:KenaTeJihHhiX oTp8}f<€HJ.n1 ceToqaaH nHHHSI nepaoro Kacxana HMeeT 

Hlle, paBHOe BOJTHOBOMy ConpOTllBJTeHIIIO cpopMIIpyJOIQero Ka6enl!, 

TpeTbero H:acKaaa TBKlKe HMeeT ann cornacoaaiiJHI aonaoaoe conpo

moaoMy conpoTuaneauro BhiXo.oaoro Ka6eng, coe.a.nasnomero ycnnnTenb-

C HBCTpoiiKOJi: pacnpeneneHHbiX YCHJIHT9Jl9Ji:, ll0CT8T01.JHO IIOJIHO 

BMIT.'lHTYJlHB.H XD.p8KT9pHCTHK8 KBHana, CHSIT8H OT BXO)l8 )lHCKpn

COBI18)l9HHi1:. BHnno, 1.JTO KaHan o6naaaeT nocTaToqao xopoiUHMH 

Hbl aMnnMTy.aiio-qacToTIIhle xapaKTepiiCTIIKII aeyx YCIIJ11IT8J1bHbiX Ka

a Kanana no ceTKH naMrru conrra.o:eHHr'i, YcnnnTenhHbie KBHBJibi onn

pa.3Hoe BpeMfl II JlJTll paaHbiX ycTanosox, Ka
1 

He rro.asepranJICb HHKaKofi noacTpoi!Ke, XapaxTepiiCTMKII CHl!Tbi 

ToKy, Opii 8TOM pelKIIMbi 

TOKY np11 CHSlTIIM 8TMX XapaKTepiiCTIIK 
H9CKOJibKO CMBWBliHCh B 

lJTO ne Morna H3MeHHTb pe3yJ1hTaTos. Bunuo, liTO 

PHT8J1bH8>I ITOBTOplleMoCTb BMITJTllTYJlHO-'IaCTOTHb!X xapaKTepnc-

YCTaHoBneHIH:r ycnnnTenhHoro KaHana H3Mepeao npn noaaqe Ha 

HM tjJpOHTOM M9Hee ] HC9K H COCT8BJlH8T OKOJIO 4 HCBK. 

6 

.. jl& 

"' 

CxeMa coerra!lel!llll c liiiCKpiiMMIIaTopoM 

CxeMbi coenaaeHIIll no npiiHUIIITY pacnpeaeneHHoro yc11neH11<1 ( pHc, 8) co6paHbi Ha naM

nax 6)!<90. 0TpllUaTeJTbHbiii IIMITYJTbC C Bb!XOJla KalKJlOT"O YCIIJTIIT8JTbHOro KaHana noCTynaeT 

Ha ynpaBJ1SIIOIUYIO ceTKy COOTBeTCTBYJOIUel! J18Mnbi CXeMbl COBITalleHIIil, BKJ110'!8HHYIO B fl'!ei!

KY nepeaaJOmef< nMHIIII, cornacoeaHHYJO c Ka6eneM, B cnyqae, ecnM ueo6xoaiiMO noaaTb 

BXOJlHOI! IIMITYJThC Ha liPYT"IIe CXeMLI, BMeCTO Harpy3KII BKJTIO'!aeTCl! JlOITOJTHHTeJ1bllbli! Ka08JTb 

c TeM l!<e BOJTHOBbiM conpoTIIBneHIIeM II cornacoBaHIIe ero c uarpyaKoii npo113BOJlMTCll a 

nocneaHei! no nopRJlKY cxeMe, 

AHOJlbt ecex naMn cxeMLI coenaaeHIIil BKJTJO'!eHbi B o6my10 rrepeaaJOmyJO JTIIHIIIO c eonHo

BhiM conpoTueneHIIeM 517 OM, CornacoeaHMe aHOJlHoilniiHIIII c HarpyaKoil npoii3BOJliiTCl! JTIIIIlb 

cneaa, a cnpaea CIIrHan oTpal!<aeTcl! c yasoeHIIeM Hanplll!<eHIISI, Opii Bbi6paHHhiX pelKMMax 

JTBMn 3TO n03BOJ1l!eT nony'IIITb BbiXOilHOe H8ITplllK8HHe OKOJTO 7 BOJTbT Ha BXOJl, 'ITO CyllleCT

BeHHO OOJTerqaeT pa6oTy JliiCKpiiMHHaTOpa, 

JI!MITYJTbC C Bb!XO)la CXeMbl COBIT8Jl8HHfi noCTynaeT HB JlllCKpiiMIIHBTOp n4, rrpe/lCTaBJT>IIO

!Ulli! co6ol! rreHTOJl 6X<90, aarrepTbii! no yrrpaenfiJOIUel! ceTKe oTpiiUaTenbHbiM cMemeHMeM, Ta

Kol! JlHCKpiiMIIHaTOp pa60T88T HallelKHO II CTBOIIJTbHO, T,K, BXOliHbie IIMITYJThCbl JlOCTBTO'IHO 

eeniiKH, B HeM npaKTII'!ecxii oTcyTcTeyeT rrpl!MaSI nepeaaqa HMnynhca Ha BbiXOJl qepea 

npoXOJlHYIO eMKOCTb naMnbi, Hell308lKH8fl rrpH npiiMeHeHIIII B Ka'!eCTDe JliiCKpllMIIHaTopa 

KpiiCTaJTJlll'!eCKOT"O JlHOJla, He Tpe6yeTC>I TaKl!<e llpiiMeHeHIIll KaKIIX-JTII60 CX8M TeMrrepaTyp

HOil KOMIT8HCaUIIII 0 COBepme~O HeOOXOJlllMb!X JlJTll o6ecneqeHIIfl JlJTIITeJTbHOH CTaOIIJTbHOCTII 

cxeMbi c KpllcTannM'!ecKIIM JliiOJlOM, Ecn11 Heo6xoaiiMO rrony'IIITh co cxeMbi nonolKIITenhHhii! 

BblXOliHOI! IIMnynhC, B aHoJle JliiCKpiiMHHaTopa MOlKHO ycTaHOBIITb IIMITYJTbCHb!l! TpaHccpopMa-

TOp B Bll)le HeCKOJlbKIIX BHTKOB npOBOJla HB cpeppiiTOBOM KOJlhUe, OpH aanbnel!meM Mcnonb-

30B8HIIll 8TOrO IIMnynhCa HeOOXOJliiMO y'IIITbiBBTb, 'ITO TpaHccpopMaTop, ecnii OH cneullaJTbHO 

He CKOHCTpyllpOBaH, 6yaeT IIMeTb orpaHM'!eHHYIO nonocy nponycKaHllll, 

• 
0pMMeH8HMe B Ka'!eCTBe JliiCKpHMIIHBTOpa KBTOJlHOT"O ITOBTOp11TeJ1l! He~enaTeJ1hHO, nnll 

IIMnynhCOB HaHOCeKyHliHOl! JlJ11IT8JTbHOCTII KBTOJlHhii! nOBTOpiiTeJTb no CyiUeCTBY rrpeepamaeTCll 

B eMKOCTHbiii aenMTenb, II ero pa6oTa Mano saBMCHT OT pa6oTbi naMITbi, CneaoaaTenhHO, Ma

aa rrpl!MOT"O rrpOXOl!<lleHIIll BXOJlHbiX IIMITYJlbCOB Ha BbiXOJl HeB03MOlKHO noJJy'IIITb BbiCOKIIii 

KO~cpiiUIIeHT OTDOpa, 

CxeMa MolKeT DbiTh nerxo II3MeHeHa, 'ITOObi rrony'IIITh aHTIICoerraaeHIIll c BbiCOKIIM 

x/ 
paapemaJOIUIIM BpeMeHeM, nnSI 8TOT"O JlOCTaTO'IHO JT8Mny OJlHOT"O H3 BXOJlOB CXeMbl COBITa-

)leHI!i! ITOCTBBIITb B pel!<MM, npii KOTOpOM qepe3 Hee He rrpoTeKaeT 8110/lHblf! TOK, Ha yrrpae

JTS!IOIUYIO CeTKY 8TOl! JTBMITbl ITOCTynaeT ITOJTOlKIITeJTbHbii! IIMITYJlhC aHTllCOBITBJleHMil C OJl'!Of"O 

x/ B Hamel! na6opaTopllll noao6Hal! cxeMa enepBbie 6bina npaKTII'!eCKM ocymecTeneHa 

C. B. Men Jea.M. 
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113 C'leT'IHKOB, 11MnynhC orpaHH'IeH no 8MnJIHTYile H8 HYlKHOM ypOBHe, npH 3TOM HMnynhC 

8HTHCOBIT8Jl9HHH BhP.:IHT89TCH H3 BbiXOJlHOrO MMnynbCB CX9Mhl COBIT8Jl9HHf.l:. llnH CHH)K9HJHI 

tiHCnB nO}KHblX 8HTHCOBIT8Jl9HHfi 38 Ct.IST iflona HMIIynhC C't{9Tt.IHKll COBIT8.ll9HHif M0)K9T 6btTb 

rrpe.o,aapHT9nbHO 3QB9Jl9H H8 CXSMy COBIT8ll9HH11: C OJlHHM HnH HSCKOnbKHMH HMIIynhCBMH 

/15/ 
cqST'tUt:KOB COBIT8Jl9HHt\: t O.LlH8KO qaute BCero 8TOro H9 Tpe6yeTCH, ITOCKOnhKY pa3p9lli8JO-

UI99 apeMH CX9Mbi 8liTHCOBIT8.ll9UHf1: Jl.OCT8T09HO MBnO H Mana ee M9pTB09 npeMH. 

Pa6o'IHe xapaKTepHCTHKH annapaTyphi 

Pa6o'IHe xapaKTepHCTHKH annapaTyphi paccMOTpHM ua npHMepe H3y'leHml npoueccoa 

Me30H006p830B8HHH B CTOnKHOBeHHHX Hei!TpOHOB C npoTOH8MH, npH 3TOM annnpaTypa pa-

6oTaeT B O'leHb TpyllHbiX ycnOBHHX, T,K, Tpe6yeTCH OllHOBpeMei!HO perHCTpl!pOBllTb I!pOTOHbl 

0Til8'1H H 1T -M930Hbl C IIIHpOKHMH SmepreTJ.Pl9CKHMH CIT9KTp8MH 1 8 T8K)K9 8n9KTpOIILI H 

!L -Me30Hhl, npHCyTCTBYJOIUHe B ny'IKe B Bl!lle npi!MeCH, AMI!nHTYilbl I!MnynhCOB 1!8 Bbl

XOile <1>3Y pe3KO 38BHCHT OT BHil8 '18CTHU H OT HX 3HeprHH, B 3TOM cnyqae neo6XOilHM 

BeCbM8 TIUaTenbHbll! Bhi6op xap8KTepi!CTHK II pa60'IHX pelKHMOB H3MepHTenbHOfi annapaTyphi, 

'IT06bJ H36eJKaTu nHeCeHHH B pe3ynhT8Tbl H3MepeHHH 38MeTHbiX aHnapaTypHbiX CHCTeMllTH

qeCKHX OIUH60K, 

CqeTHaH xapaKTepHcTHKa TenecKona no HanpH*SHHro 

na <1>3Y 

Ha ;me. 9 u 10 npuBeaeHhi C'leTH&Ie xapaKTepHCTHKH TenecKona 113 Tpex CUHHTHnnH

UIIOHHhiX cqeT'IHKOB npu oanoBpeMeHIIOM 113MeneHHI! Hanp5DKeiiHH Ha acex <1>8Y. XapaKTe

piiCTI!Ka, CHHT8H no npOTOH8M 0 I!MeeT o6naCTb "nnaTO" OT 1700-1800 110 2200-2300 B, 

XapaKTepi!CTHKa, CHHTSH no rr -Me30IIaM, I!MeeT o6naCTb "nJJ8TO" OT 2000-2100 110 

2300 B. BonGe BbiCOKoe u8npHJKeHIIe onacno LlnH ll81111biX 3K3eMnnllpOB <1>3Y 11 conpoaolK

Il8eTCH pe3KI!M pOCTOM ljlOH8 0 1!3MepeHHOI'O B Tex JKe yCnOBI!HX, HO npl! CllllTOM C OllHOI'O 

113 <1>3Y CUHHTHnnHTOpe. 

TaKHM o6pa3oM, "rrnaTo" c1.reTHOi1 xDpaKTepHCTHKH no 

CLlBHIIYTbiM OTHOCHTGnhHO "nn8TO" no npOTOH8M H8 250-300 B, 

1T -M830118M OK83biB89TCH 

TipHl.JHHOfi 3TOrO HBJIH-

eTCH 38MeTHOe pa3nl!'ll!e riO 8MnnHTylle BblXOLlllb!X I!MnynhCOB <1>8Y, Bb!3B8HHbiX tipOTOH8MI! 

II rr -Me30H8MI!, AMrrnHTYilhi 6btnl! oueueHbi p83HbiMH crroco6aMII: 

a) no 38BI!CIIMOCTI! K031jlljlHUI!eHT8 yCHneHHH <1>3Y OT H8npHlKeHHH ni!T8HI!H H8 OCHOB8-

HI!I! BenH'IIIHbl C):(BHI'8 o6n8CTII "nn8TO" 8MITn!ITYilbl OTni!'I8IOTC5l B 2-3 p838/ 
161 

• 

6) ITO BbiXOilY CBeTa OT npOTOIIOB I! Tf -Me30HOB B ycnOBI!HX OtlbiT8 tipl! 0Lll!ll8KO-

BOM nanpHlKeHI!H 118 <1>8Y BblXOilHbie HMnynhChl OTnH'!8JOTCH tipi!MepHO B 2 p838 
/J4/ 
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B) no H3MepeHH9M Ha ocuunnorpaljle c orp811H'IeHHol! ITonocon ITponyc• 

lleiii!H H8ITp9lKeiiHH HB <1>8Y H8 200 B BblXO!IHbie HMnynhCbl H8 BXOLle ycHnHT< 

B 3 p838 ( llnH Ll8HHbiX 3K3eMITnHpOB <1>8Y), 

Bee TpH oueHKH xopomo corn8CYJOTCH. T8KI!M o6p83oM, MOJKHO C'IHT8 T 1 

BHSIX OITbiT8 8MIIJ1HTY.!lbl BbiXO.!lHblX HMITYJlbCOB c:ll3Y, Bbi3B8HHbiX npOTOH8MH l 

MH, oTnH'ISJOTCH no Kp8ilHeil Mepe B 2 pa38. K8K 6yaeT noK838Ho nnJKe, 3TC 

BO Cyl!l8CTB811HO anH 11p8BHnhHOI'O BbJ60p8 pelKHM8 p860Tbl lli!CKpHMHH8TOpa, 

~p8KTeJ2.~":'!K~CKpi!Mili_I~TOp8 

no ycnOBHilM OnbiT8 Heo6XOLlHMO 1!3MepHTb OTHOJlleHHe BbiXOil8 Tf 

llY tipOTOHOB OTLl8'111 OT o6MeHHOI'0 p8CCeHHI!H neJITpOHOB npOTOH8MI!, npl! 3 

cqeTHYIO X8p8KTep11CTHKY llHCKpHMI!H8TOp8 B 38BUCI!MOCTI! OT H8tipHlK8HIIH CI 

npH perHCTp8Uill! K8K npOTOHOB, T8K I! 
rr -M830HOB 1 ITpH O.!lHOM H8IIpH; 

8TH X8p8KTepHCTHKI! HYlKHO 3H8Th C BhlCOKOH TO'IHOCTbiO, 01lH8KO nony'II!Tb 

pi!CTHKY LlnH Tf -Me30HOB BeCbM8 3aTpyllHHTenhHO. CtwpocTh c'leTa 

ycnOBHSIX OITbiT8 Mana, H .OnH .OOCTH>K8HHH BblCOK011 CT8THCTH1.!8CKOtf TOl..IHOC1 

6bi nep83YMHO 60JibWOe BpeMH p860Tbl yCKOpHTenH, 

6htn8 CHHT8 x8p8KTepHCTHK8 LliiCKpllMI!HaTOp8 B 38BHCHMOCTH oT H8rrps 

118 HeM np11 perllcTp8UHH npoTOHOB npH nanp~~<ellnH ua <1>8Y 2100 I! 1900 r 

2100 B H8 <!>8Y llnHTenhHOCTb rop1!30HT8nbHOii '!llCTI! xapaKTepHCTHKI! Lli!CK] 

T8BnHeT OKOnO 6 B C H8KnOHOM 1,4% 1!8 BOnbT ( 38 Bbi'IeTOM ljloll8 B o•rcyT• 

nllTOpOB 118 <1>8Y). Se3 Bbl'leT8 ljloH8 118KnOH COCT8llJI5leT 2,4% 118 aonbT, n 

1900 B H8 <1>3Y Llni!TenbiiOCTb I'Op1!30HT8nbBOli '18CTI! xap8KTepiiCTHKII lliiCK 

TaanHeT oKono 4,5 a. Ee3 Bbil..leTa ¢oHa, KOTOpbtif rrpn ::>TOM Hartp5nt<ennn w 

>KHMO Man, H8KJ10H COCTI1BJ1H9T 4,4% H8 BOJ1b1'. 

TaKHM o6pa30M, pn3HHua a HaKnoHax ropn3ouTanhiiOii l.HlCTll xnpaKTe 

H8TOp8 rtpH H3MGH8HHH B8J1lPIHHI>I BI,IXOnHhiX HMilYJibCOB ci>3Y B 2 pD.38 ( l.JT' 

H3MeHeHIIIO H8ITpHJKeHH51 118 <1>8Y H8 200 ll) COCTllBnHeT OICOJIO 3~:, 118 BOnh~ 

finH cpaBH91IH5I CHHTB C ropa300 xynmer1 TOl.J:JIOCTbJO xapaKT9pHCTHK8 

ITO 
rr -Me3oHaM npl! uanpH"<eHIIII ua <1>8Y 2100 B (puc. 12). llnHTenhH 

HOfi qaCTH xapaKT9pHCTHKH COCT8f3J1518T OKOJIO 4 B. Hai{JlOII xapai<TepHCTHKH 

na oKa3aJIC5I paBHLIM 3,5% Ha nonhT. HaKnou xnpaKTcpncTIIKII Ge>3 m>~YeTa 

10-11°,{) Ha nonhT. TaKoe 3aMeTnoe aniHIHHe <jloHa o6'b5ICII51eTcH HH3K011 CI{O 

TT -M930HOB. 

H3 cpaBHeHH5J upnaeaeHHLIX xapaKTepncTHK !l.HCKpnMnHaTopa Mo;KHO c 

BbiBOnbi: 
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hC orp8HI.P-19H ITO 8MllJUfTY!t9 na HymHOM yponne. npH 3TOM HMrrynhC 

T89TCH H3 BbiXO.UHoro HMnynhca CX9MI,I COBTI8!t9HHi1. LJ.nH CHJf)K9HHR 

Bfl8Lt9HHtl: 38 Ct{9T cflona HMIIynbC cqeTqHKll COBIT8.09HJdl M0)K9T 6biTb 

Jl9H HB CXBMy COBITB!t9HHil C 0/ll:IHM HnH HBCKOJihKHMH HMITynhC8MH 
115/ 

tl: , oanaKo qame ncero SToro ne TpeGyeTcH, nocKonbKY pa3pemaJo-

THconrraaenHtl: aocTaTotruo Mana H Mana ee MepTnoe npeMH. 

Pa5o•me xapa"Tepl!CTHKH annapaTypbi 

epHCTHKI! annapaTypbi paccMoTpHM Ha npHMepe H3y<reHim npoueccon 

CTOJJKHoneHHHx HeilTpoHon c npoToHaMH, Dp11 3TOM annnpaTypa pa

hiX ycnonHstx, T,K, Tpe5yeTcst OllHonpeMenHo perHcTpHponaTb npoTOHLI 

IHLI C lllHpOKHMH 3HeprOTHtt9CKHMH CTl9KTpaMH, a TBK>Ke 8neKTpOHGI H 

CTByiOume B rry'!Ke n BIIlle llPHMecH, AMlll!HTYllbi HMrrynhcon Ha Bbi

CHT OT BllllB 'IBCTHU II OT l!X 3Heprl!H, 8 3TOM cny<rae He05XOllHM 

hi5op xapaKTepHCTUK 11 pa5o•mx pe>KHMOB H3MepHTenhuorr annapaTypbr, 

HHH B pe3ynbTBTUI H3M9p9HHtl: 38M9THhiX annapaTypHLIX CHCT9MHTH-

BTHafl xapaJ{TepncTHKa TenecKona no nanpHmernoo 

ua <l>8Y 

PHB9ll9Hbi C49THh19 XapaKTBpHCTHKH TeneCKOITB H3 Tpex CUHHTHJIJIH-

oauonpeMenHoM H3MeneHHH HanpsnKeHHst ua Bcex <l>8Y, XapaKTe

IOToHaM, HMeeT o5naCTb "rrnaTo" OT 1700-1800 llO 2200-2300 B, 

H no rr 
-MeaonaM, HMeeT o5naCTb "rruaTo" OT 2000-2100 

llO 

uanpmKeHHe onacuo IJJJH naHHbiX 3K3eMnnHpOil <l>8Y 11 conpono~'
Q:lona, H3Mepennoro B Tex .IKe ycnoBJHIX, no rrpn CHHTOM c onnoro 

11

ITJIBTo" CT.IBTIIOii XElfl8KT9pHCTHKH ITO 
TT -M930HBM 0K83biB89TC>r 

0 
"nnaTo" no npoTOI!HM Ha 250-300 B, 

Dpll'!HHoii sToro HBl!H-

I10 8MI1JJUTy.ae Bb!XO.QHI>JX HMITyJJbCOB 4J3Y, Bbi3B8HHLIX IIpOTOH8MH 

JJHTYIJLr 5brnH oueHenLr pa3HLIMH cnoco5aMrr: 

K03lpr)lHUI!eHTa YCHl!OHI!H <J>8Y OT HanpH>K8Hl!H nHTBHHH Ha OCHOBa-

" " 2 3 1181. 1IBCTU ITJIBTO 8MllJIHTy.QLI OTJIH1-J810TCH B - p838 

B OT llpOTOHOB H Tr -M930HOB B YCJIOBHHX OllbiTa IlpH OLWHBK0-

114/ BbiXO£liJLIO IfMIJYJibCbl OTJJH4:8IOTCfl llpHMepno B 2 pa3a 

8 

.. 

l 

i 
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a) no H3MepeHHHM Ha ocuHnnorpa~e c orpaHH'IeHHofi nonocofi nponycKaHHH np11 H3Me

HeHHH HanpHlK9Hl!H HB <l>8Y HB 200 B Bh!XOIJHb!e HMnynbCbr HB BXOIJe YCI!lll!Teml H3MeHHIOTCH 

B 3 paaa ( IJHll JlBHHplX 3K38MnnstpOB <l>8Y), 

Bee Tpll oueHKH xopowo cornacyiOTCH, TaKHM o5pa3oM, MO>KHo C'IHTBTh, 'ITo a ycno

BHHX Oflb!TB BMnl!HTY/Jbl Bb!XOIJHb!X HMnynbCOB <J>8Y, Bb!3BBHI!LIX npOTOIIBMH II " -M930HB

MH, oTnH'IBIOTCst no KpafiHefi Mepe B 2 paaa. KaK 5yaeT noKa3aHo Hl!>Ke, &To o6cTOHTenbcT .. 

BO CYU19CTB8HHO JlHlt rtpBBI!llbHOrO Bb!50pa pe>KHMB pa50Tb! IJIICKpHMIIHBTOpa, 

~P~2~':i!~CKpHMI!~I'OITOpa 

Do YCliOBHHM Oflb!TB H905XOlll!MO 1!3M8pHTb OTHOIU8Hl!e Bf,fXOIJil 
TT -Me30HOB K BbiXO-

ay npoTOHOB OTJlB'IH OT o5MeHnoro pacceHHHH uer!TpOHOB npoTol!aMu, Dp11 &ToM BaNmo 3HBTb 

C'I8THYIO XapaKTepHCTHKy IJIICKpl!Ml!HBTOpa B 38BHCHMOCTI! OT HBITpH>KeHI!Sl CMeiU8HHSl Ha HeM 

np11 perHCTpBUI!l! KBK l!pOTOHOB, TBK II 
" -M830HOB, npH 0/Jl!OM HanpH~<8Hl!l! Ha <J>8Y, 

8TH XBpBKTepHCTHKH Hy>KHO 3H8Tb C Bb!COKOH TO'IHOCTbiO, 0.'lH8I<O nOl!)''ll!Tb TBKyiO XBpBKTe-

pl!CTI!Ky Jlll>l 
" -Me3oHOB BeCbMa 3BTPYllHHTenbHo. C1wpocTb C'!eTn 

Tr -M930HOB B 

YCJIOBHSIX OllhiT8 Mana, H llJJfl .QOCTH.>KBHHH BblCOKOif CT8THCTH49CKOrr T01-JHOCTH ITOTpe6onanocb 

6bi Hepa3yMHO 50l!bWOe BpeMH pa5oTbi YCKOpHTeJJSl, 

Ebma CHstTa xapaKTepHCTHKa IJHCKpHMHHOTopa n aanHCHMocTH oT HanpHN<enust CMeiuenHH 

Ha HeM np11 perrrcTpaUHH npoTonoa np11 HanpliN,enun Ha <l>8Y 2100 If 1900 n (pHc, II), Dp11 

2100 B Ha <J>8Y 1Jlll!T8l!bHOCTb rop1!30HT8Hbi!Oi\ 'lllCTII Xllp/Jl<Tepl!CTHKJI IJIICKpJIMI!HilTOpll COC

TBBHHeT OKOJJO 8 B C HBKl!OHOM 1,4% 1!8 BOl!bT ( 31l Flbl'I8TOM qJOIIIl F1 o•rcyTCTBI!e CUUHTHli

JISITOpOB Ha <P3Y). Ee3 Bhi1-IeTa {~0H8 U8l{JJQH COCT8DJIH9T 2,4% Ba 130JTbT. npn narrp5DK9HHII 

1900 B HB <l>8Y lllll!T8llbl!OCTb rOp1!30!!TBHbl!Of\ 'IaCTH XllpllKT8pl!CTHKII IJHCKpllMI!llllTOpll COC

TBBl!Sl9T OKOl!O 4,5 B, Eea BLI'IeTa ~OHa, KOTOpbiii llfJH 8TOM HllnpmK81!llll llll <J>8Y npeHe5pe

)KHMO M8J1 1 HBKnOH COCTQ.BJTHBT 4,4% Ha BOJlbT. 

• 
TaKHM o6paaoM, paannua n HBKJTOHllX ropHaonTanbiioif t.tllCTH xllpCJ.KTepHCTHKH niiCI<pHMII

naTopa llpH H3MGHeHHH D9nHT.JifHbl B!,JXOJtHI,IX HMITYJibCOB cf>3Y B 2 pn3a ( l.JTO COOTBeTCTByeT 

H3M8HeHIIIO HBflpH>KeHIIH Ha <J>8Y l!ll 200 n) COCT.OBJJ>ICT OKOHO 3~:, liB BOJJbT, 

llnH CpBBHeiiHH CHHT8 C f'Op83.QO XYlllileJi TOT..JHOCTbJO XBpfl.KTepHCTHKa fllfCKpllMUII8TOpD. 

no 
" -MeaonaM npu nanpH>J(81!HII Ha <l>8Y 2100 B (puc, 12), LlmiTenhHOCTb roprr30I!TBJrh-

uoti: traCTH xapaKTepncTHKH cocTannHeT oKono 4 a. Ha1oron xapnKTepncTnKH 3a BbJ1-IeTo~t tilo

ua oKa3ancH paBHLIM 3,5<ra na nonbT. HaKnon xapaKTCpHCTIIICII Gc3 m,ltreTa ljlOHa panen 

10-l ]9[, Ha nonhT. Ta1coe 3BMeTuoe BniHIHHe rjloHa o6bsiCIHieTcH HH3Korr CI{OpocThiO ct.IeTa 

TT -Me30HOB. 

H3 cpaBHBHHH HpHae.aeHHbiX xapaKTepHCTHK !lHCKpllMHHaTopa Mo;"no cnenaTb cnenyJOmue 

BLIBO.llbl: ,, 
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a) XapaxTopncTnxa ancxpnMnHaTopa no " 
-MesonaM xoporno coanaaaeT c xapax-

T9pHCTHKOfi AHCKpHMHHaTopa no npOTOHaM, CHHTOfi npn CHH*9HHOM Ha 200 B nanpH*9HHll 

na <1>8:Y, 8TO ITHlliHHfi pas nonTB9p*AaeT aaHHb!9 0 TOM, 'ITO Bb!XOAHb!9 HMnyrrhCbl <1>8:Y, 

Bbl3B8HHbl9 npOTOHBMH H 
1T -M930H8MH

1 
OTnHq8IOTCH no 8MIInHTY.llBM IIpHM9pHO BJJ.B09. 

5) 0THOlli9HH9 Bb!XOAa 
1T -M930HOB K Bb!XOAY npOTOHOB OTAa'IH npn OAHOM nanpn-

*eHHH Ha <1>8:Y 3aBHCHT OT Hal1PS!*9HHH CM9lli9HHH Ha AHCKpHMHHaTope. 8Ta saBHCHMOCTb 

AOIT*Ha 6b!Tb !1pHM9pHO TaKOfi *eo 'ITO H B pa3HOCTH HaKITOHOB xapaKTepHCTHK AHCKpHMHHa

T<'pa, CHHTblX Ha npOTOHaX npn H3M9H9HHH Harrpn*eHHH Ha <1>8:Y Ha 200 B) T,e, OKOITO 3o/o 

HB BOnbT. 

B npouecce onhrTa 6bmo npoaeneHo 17 n3MepeHnfi yxasannoro oTnorneHnn npn pa3HbiX 

Hal1p11*9HHSIX CM9lli9HHH Ha AHCKpHMHHaTope OT 0,1 AO 3, 75 B OT rpaHHUbl OTCTpOfiKH OT 

ABOfiHbiX COB!1aA9HHH ( pHC, 13), '-lepe3 l10ITY'I9HHbl9 TO'IKH M9TOAOM HaHM9HblliHX KBaapaTOB 

npoaeneHa npi!Man anaa A + BX, rne X-Harrp!!*eHne cMerueHnn Ha ancxpnMnHaTope B aorrh· 

TaX, norry'I9HO Bbipa*eHH9 

Y = (3,14 + 0,07) - (0,099 _+ 0,049) X. 

TaKHM o6pa30M, HaKrrOH xapaKTepnCTHKH AHCKpHMHHaTopa AITH OTHOlli9HH!I Bb!XOAOB 

rr -Me30HOB H !1pOTOHOB npn OAHHaKOBOM Ha!1p11*9HHH Ha <1>8:Y 3KC!19pHM9HTarrbHO OKa

sarrCH paBHb!M 3% Ha BOIThT, 'ITO XOpOlliO corrracyeTCSI C O*naaeMbiM H3 OU9HOK 3Ha'I9HH9M 

8TOi1: sen~PlHHbi. 

QqeBHAHO, 'ITO eCITH pa6oTaTb !1pH ¢nxcnpoBaHHOM Harrp11*9HHH CM9lli9HHH Ha AHCKpH

MHHaTope, B pesyrrbTaTe H3M9 peHHH 6yneT BH9C9Ha annapaTypHa!l CHCT9MaTH'I9CKaH ornn6-

Ka, 3aBHCS!llia!l OT Bbi6paHHOI'O HarrpH*9HHH CM9lli9HHH, no Cy!UeCTBY aena, H3MepeHHH HY*

HO B9CTH !1pH HyrreBOM Hal1p!!*9HHH CM9!U9HH!I Ha AHCKpHMHHaTope OTHOCHT9ITbHO OTCTpofiKH 

OT ABOHHbiX COBl1aneHHfi, 'IT06bl yCTpaHHTb B03M0l!<Hbl9 !10T9pH B C'leTe, nocKOITbKY 3TO 

npaKTH'19CKH H9B03MO*HO, cneayeT pa6oTaTb !1pH pa3H!tX' Hal1p11*9HHSIX CM9!U9HHH Ha AHC

KpHMHHaTope, a 3aTeM 3KCTpa!10JIHpOBaTb !10JIY'I9HHY!O xapaKT9pHCTHKY AHCKpHMHHaTopa 

nnst OTHOUI9HHH BLIXO!l.OB 
1T -Me30HOB H rrpOTOHOB OTna'IH K HyrreBOMY Hal1pS1*9HH!O CM9-

men1n1. 3aKOH aKcTparronHUHH, aoo6me rosopH, MO)KeT 6biTh 11 HenHHei1HbiM. TaK, anonHe 

B03MOlKHO ( pi!C, 13), 'ITO npH MaJibiX Hanpn*eHHSIX CM9!U9HHSI Ha AllCKpHMHHaTope pOCT 

OTHOWBHHH BhlXO!l.OB 
11 -M830HOB H npOTOHOB OT.ll8ttH o6'bHCHH9TCSl HB TOnbKO CTBTHCTH-

ttBCKHM pa36pOCOM pe3ynbT8TOB H3M9p9HHfi1 8 H OTKnOH9HH9M 9TOrO pOCTB OT nHnei:fHOrO 

3aKoHa. BaHJJ.Y Taro, ttTO ¢oJ-rr_,r scex BH.llOB TlllaTenhHO HccnenoaanHCh, aTOT poeT He MO

>KBT 6btTh o6bHCHBH pocToM 4JOI-Ia. OH He MO)KeT 6biTb o6bHCHBH F naao.uKaMH II9. arrnapa

Typy, T.K. aToT sorrpoc T8K)Ke Hccne.ooaancH 3KcnepHMGHTanbno. He MO>KeT 6biTb npiPI!fHOif 

H H€CT86HJlbHOCTb pa60Tbl ,llHCKpHMHHBTOpa, B TOM t.IHCJl9 "rrpone38HM9" qepe3 HerO llBOti

IIUX coBna.oeuHH. B 3TOM cnyqae na6n10nancH 6bi erne 6onbmHfi poeT cqeTa npH perHcTpaUHM 
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npOTOHOB OTAa'IH no cpaBH9HH!O C perllCTpaunefi M930HOB, T,K. B 3TOM cnyqa 

3Ha'IHT9ITbHO Bb!lli9 H BXOAHbi9 HMnynhCbl 60ITblli9 no aMnrrHTyne, BepOS!THee I 

MO)KH09 OTKnOH9HH9 OT 
JIHH9HHOI'O 3aKOHa o6~HCHH9TCH ¢H3H'I9CKHMH npH'IH 

MaiTbiX Hanp11*9HHSIX CM9lli9HHSI Ha AHCKpHMHHaTope MOI'yT norrHOCTb!O HITH no 

C'II!TaTbCH 3IT9KTp0Hbi, npHM9Cb KOTOpbiX no OU9HK9 COCTaBnS!eT B yCJIOBHHX 

K qncny 
1T -M930HOB, npn 60ITblliHX CM9!U9HHHX 3TOT C'I9T M0*9T 6b!Tb H< 

HsaecTHO, 'ITO BbiXOAHbie nMnyrrhCbi <1>8:Y, Bbi3BaHHbre 3rreKTpoHaMn c c 

ycrrOBHHM Onb!Ta cneKTpOM 3Heprnfi, npHM9pHO BAB09 M9Hblli9 0 '19M HMnyrrhCI 

1T 
-MesoHaMn. CnenonaTeJihHO, o6rracTh 'nrraTo• Ha cqeTnoil xapaKTepnc 

no HSnpH*9HH!O Ha <1>8:Y AOIT*HS 6biTb CABHHyTa npnMepHO Ha 200 B B o6rrac 

KHX HanpS1*9HHfi, 8TOT ¢aKT He06XOAHMO Y'IHTbiBaTb npll pacqeTe COOTB9TCT 

KH Ha npHM9Cb 3IT9KTpOHOB, KOTOpyiO HyX<HO BH9CTH B pesyJibTaTbl H3MepeHH 

C'I9T9 qaCTH 3IT9KTpOHOB anonHe AOCTaTO'IHO, 'IT06bl 06~SICHHTb B03MO*H09 I 

Bb!lli9HH9 ( nOpS!AKa H9CKOITbKHX npOU9HTOB) OTHOlli9HHSI Bb!XOAOB 
rr -Meso: 

OTAa'IH no cpaBH9HH!O CO 3HS'I9HH9M 0 nonyqeHHbiM H3 JIHH9HHOfi 3KCTpanOITSIU 

KpnaaSI saaep*aHHbiX coanaaennfi 

Ha pHc. 14 npnaeaeHbi KpHBbie saaep*aHHbiX coanaaeHnfi, CHS!Tbre Ha ny'IKE 

KHX npoTOHOB c aHeprneil OKOJIO 300 Msa npn pa3HbiX HanpS!*eHnSIX Ha <1>8:Y. I 

nep*Ka asonHnach n xaHan oaHoro ns cqeT'IHKOB. KpHBbre saaep*aHHbiX co 

ITHCb CHMM9TpH'IHb!Mil OTHOCHT9nbHO HyneBOI'O CABHrS ( HS pHC, 14 npnBeae: 

Hbt KpnBhiX). PaspernaiOmee BpeMS! cxeMbi cosnaneHnfi ( nonyrnnpnHa KpHBOfi 

connaaeHHfi na norryBbiCOTe) onpeaengrroch nrrnHofi ¢opMnpyiOmero xa6enSI E 

¢opMHpOBaT9JIH H COCTaBJISIITO OKOJIO 10 HC9K npll HanpS1*9HHil Ha <1>8:Y, pa 

npn H3M9H9HHH Hanp<I*9HHH Ha 200 B, 'ITO COOTB9TCTByeT yMeHblli9HH!O Bbl 

COB <1>8:Y !1pHM9pHO BAB09 0~ paspemaiO!Uee BpeMSI yM9HblllaJIOCb AO 9 HC9K, 

Ha pnc. 15 noKasaHo BJIIHIHHe nanpll*eHHSI cMerneHnn Ha nncKpHMI!Ha' 

xpnsoil saaep*aHHbiX coBnaneHnfi. Hcnonh30Bannch npoTOHbi oTna'lll c rnnpc 

'19CKHM cneKTpOM B OnbiTaX no H3Y'I9Hil!O npOU9CCOB M930H006pa30BaHHSI B 

net\TpOHOB c npoToHaMn. PaspernaiOmee npeMS! cxeMbi connaneHnii npn Han 

paBHOM 210C Bl yM9Hbll!S9TCH C 10,5 AO 8,5 HC9K npll H3M9HeHHH nanp11*91 

AHCKpHMHHflTOpe OT 0,15 AO 2,1 B OT ypOBHSI OTCTpOiiKH OT ABOi'IHblX COBlll 

AnnapaTypHbie cncTeMaTn'leCKne ornn6Kn 

KaK cne.uyeT H3 npHaeneHHbiX Bbiiiie oe3VJibTaToB, pa6ot.IHe xapaKTep 

pbi OK83biB810TCH TGCHO CB5I38HHbiMH H 38BHC5IT KBK OT pa6ot.IHX pG}I.UiMOB 

H OT BHAa perHCTpllpyeMblX 'JaCTHU, 
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HKB D.HCKpHMHHBTOpa no TT -MeaoHaM xoporno coananaeT c xapaK-

HBTOpB no npOTOHBM, CHSITOH npH CHHlK9HHOM HB 200 B HBnpS!lK9HHH 

paa IIOUTB9plKU89T U8HHbi9 0 TOM, 'ITO BbiXOUHbl9 HMnynhCb! 4>3Y, 

TT -M830H8MH 1 OTJIH"-:18FOTCSI no 8MnnHTYA8M IIpHM8pHO BD.B08. 

biXOD.B TT -M930HOB K Bb!XOUY npOTOHOB OTUB'IH npH OUHOM Hanpg-

HT OT H8IIpS!lli8HHSI CM81Il8HHSI Ha llHCKpHMHH8TOpe. 3Ta 38BHCHMOCTb 

HO TBKOtl M8 1 "--TO H B pa3HOCTH H8KJIOHOB X8p8KTepHCTHK llHCKpHMHH8-

TOH8X IIpH H3M9H9HHH H8IIpS!lK9HHH HB 4>3Y HB 200 BJ T,e, OKOnO 3% 

,JTB 6binO IIpOB9U9HO 17 H3M9p9HHH YK838HHOrO OTHOlli9HHSI IIpH pa3Hb!X 

HH HB UHCKpHMHHBTOpe OT 0,1 UO 3, 75 B OT rpaHHUbi OTCTpOHKH OT 

( pHC, 13), 'Iepe3 nony'I9HHbl9 TO'IKH M9TOUOM H8HM9HblliHX KB8Up8TOB 

na A + BX, rue X-HarrpHJKeHne CMerneHHH Ha nncKpHMHHaTope B Bon~>· 

)K8HH9 

Y = (3,14 + 0,07) - (0,099 + 0,049) X. 

, HBKnOH X8p8KT9pHCTHKH UHCKpHMHHBTopa Un<l OTHOlli9HHSI Bb!XOUOB 

TOHOB rrpH OUHHBKOBOM H8IIpHlK9HHH HB 4>3Y 9KCnepHM9HTBnhHO OKa-

B OJlbT, t.ITO XOpOlliO COrnacyeTCSI C Q)KH,[(88MbiM H3 OU8HOK 3HaqeHH9M 

CnH pa60T8Tb I!pH ¢HKCHpOB8HHOM H8IIpHlK9HHH CM9lli9HHSI HB UHCKpH

H3M9p9HHil 6yueT BH9C9H8 annapaTypHBH CHCT9MBTH'I9CK8H OlliH6-

6paHHOro HaiipHlK9HHH CM9lli9HHH, Do CyllieCTBy uena, H3MepeHHS! HYlK-

Hai!pHlK9HHH CM9lli9HHH HB UHCKpHMHHBTOpe OTHOCHT9nbHO OTCTpOHKH 

YCTpBHHTb B03MOJ!<Hb!9 IIOT9pH B C'!9T9, DOCKOnbKY 9TO 

lKHO, cnenyeT pa60T8Tb IIpH p83Hb!X H8I!p5IlK9HHHX CM9lli9HHH Ha UHC-

8KCTparronHpOB8Tb rrony'!eHHYID xapaKT9pHCTHKY UHCKpHMHHBTOpa 

1T -M830HOB H IIpOTOHOB OT.[{B't.IH K HyneBOMy H8IIpSilli8HHIO CMe

B006Jl(e ronopH, MOX<eT 6biTb H H8JIHHei1HbiM. TaK, anonue 

'ITO IIpH MBnbiX HBI1pHlK9HHHX CM9lli9HHH Ha UHCKpHMHHBTOpe poCT 

11 -M800HOB H IIpOTOHOB OT.QB'L:JH 06'hHCHH8TCH He TOJibKO CT8THCTH-

3YJ1bT8TOI3 H3MepOIIHii 1 a H OTKJ10H8HH8M 3TOro pOCTa OT JlHHetinoro 

'-ITO Q10IILI BCOX BH.QOB TIIl8T8JlbHO HCCJI9!tOB8J1HCb
1 

3TOT pOCT He MO

OCTOM fflOHa. 0H He MOM8T 6biTb o6'bHCH8H ¥ H8BO!tK8MH ll9. annapa-

c TBKX<o uccne.o:oeancH 3KcrrepHMeHTanbHO. He MO>KeT 6biTb rrplPI!rHoi1 

OTbl /1.HCKpHMHHllTOpo., B TOM l.JHCne "rrpOJI838HHe" qepe3 Hero Jl,BOH

OM CJ1Y
1

iDO H<'16J1JOD.8JIC5I 6bi Ollle 60JlblliHif pOCT Cl.J8T8 llpH perHCTp8UHH 
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npOTOHOB OTI!B'IH flO Cp8BH9HHID C perHCTpBUHeil M930HOB, T,K, B 9TOM cnyqae 3arpy3KH 

3HB'tJHTenhHO Bbil!Ie H axon.Hvie HMnynhCbi 6onbme no aMnnHTyn.e. BepoSITHee acero, 'ITO aoa-

MO)KHOe OTKJlOHeHHe OT nnHeilHoro aaKOHa o6~51CHHeTcSI ¢H3H'!eCKHMH rrpH'IHHBMH, TaK, upH 

MBnbiX H8IIpS!lK9HHHX CM9IIl9HHSI HB IIHCKpHMHHBTOpe MoryT nOnHOCTbiD HnH ITO'ITH IIOITHOCTbiD 

C'IHTBTbCH aneKTpOHbi, npHM9Cb KOTOpb!X flO OU9HK9 COCTBBn<leT B YCITOBHSIX OnbiTB 10-15% 

K 'IHCny rr -MeaoHoB, Dpn 6on~>wnx CMerneHHS!X aToT C'leT MOJKeT 6biTh HenonHhiM, 

J13B9CTHO, 'ITO Bb!XOI!Hbl9 HMnynbCbl 4>3Y, Bbi3BBHHbl9 aneKTpOHBMH C OlKHI!89MbiM no 

ycnOBHSIM OIIbiTB cneKTpOM 9Heprnl!, ITpHM9pHO BI!B09 M9Hbllie, '19M HMrryrrbCbi, Bbi3BBHHbi9 

TT -MeaoHaMn, CnenoBaTen~>Ho, o6nacTb •rrnaTo• Ha cqeTHoil xapaKTepncTHKe TenecKona 

flO HanpS!lK9HHID HB 4>3Y I!OnlKHB 6b!Tb CUBHHYTB IIpHMepHO HB 200 B B o6nBCTb 6onee Bb!CO

KHX HBIIpHlK9HHl!, 3TOT <jJBKT Heo6XOI!HMO Y'IHTbiBBTb ITpH p8C'I9Te COOTB9TCTBYIDIIl9H norrpaB

KH HB npHM9Cb aneKTpOHOB, KOTOpyro HylKHO BH9CTH B peaynhTBTb! H3M9p9HHH, DoTepH B 

C'I9T9 'IBCTH aneKTpOHOB BnonHe I!OCTBTO'IHO, 'IT06b! o6~HCHHTb B03MOlKH09 He6onbWOe npe-

Bbllli9HH9 ( IIOpS!I!K8 H9CKOnhKHX npOU9HTOB) OTHOlli9HHSI Bb!XOUOB TT -M930HOB H npOTOHOB 

OTI!B'IH no Cp8BH9HHID CO 3H8'19HHeM, nony'leHHb!M H3 nHHeilHOil 9KCTpanorrHUHH, 

KpnaaH 3aneplKaHHbiX coarraueHnl! 

Ha pHc, 14 rrpHaeneHbi KpHBbie 3auepJKllHHhiX coBrraneHul!, C!!HTbie Ha ny'!Ke MOHoxpoMBTH'Iec

KHX rrpoTOHOB c 9Heprneil OKono 300 Maa npH pa3HbiX HarrpHlK9HHHX Ha 4>3Y, BpeMeHnag 3a -

I!9plKKB BBOUHnaCb B KaHan OUHOro H3 C'19T'IHKOB, KpHBbi9 3arrepJK8HHb!X COBnaneHHH OK83a

nHCb CHMM9TpH'IHb!MH OTHOCHT9nbHO HyneBoro CUBHra ( Ha pHC, 14 I!pHB9I!9Hbl nHllib IIOnOBH

Hbl KPHBhix), Pa3pernaJOmee speMH cxeMbi coBrraueHnil ( nonyrnnpHHa KpHBoil aanepJKaHHhiX 

coarraneHnil Ha rronyBbiCOTe) orrpenen<~noc~> nnHHofr ¢opMnpyroll]ero Ka6eng B auone naMIIbi 

¢opMHpOBBT9ITSI H COCTBBnHnO OKano 10 HC9K I!pH HBIIpHlK9HHH HB 4>3Y, pBBHOM 2200 B, 

Dpn H3Meueunn HarrpHJKeHHH ua 200 B, 'ITO COOTBeTcTayeT yMeHbllieHHID BhiXOUHhiX HMrryn~>

coa 4>3Y npHM9pHO BI!BOe, paapernaromee BpeMH YM9Hblli8ITO~b UO 9 HCeK, 

Ha pHC, 15 IIOK83BHO BnHHHH9 narrpHlK9HHil CM9lli9HHH HB I!HCKpHMHHBTope HB ¢opMy 

KpHBOtf 38,!lep.>K8HHbiX COBIT8!t8HHH. J1CTIOJib30B8nHCb IIpOTOHbl OTL1.8'-IH C lliHpOKHM 3HepreTH-

1JeCKHM CIT8KTpOM B OITLITBX ITO H3yqeHHIO TipOUeCCOB M830H006pa30B8HHH B CTOnKHOBSHHHX 

HeilTponoB c rrpoTOHBMH, Paapewaromee BpeMH cxeMbi coarranenHil npH HarrpHlK9HHH Ha <P3Y, 

paBHOM 2IQG B] YM9Hblli89TCH C 10,5 IIO 8,5 HC9K IIpH H8M9H9HHH H8IIpS!lK9HHil CM9lli91!HH 118 

llHCKpHMHHBTOpe OT 0,15 L!O 2,1 B OT ypOBl151 OTCTpof'rKH OT UBOI"IHb!X COBnBU9!!Hil, 

ArrrrapaTypHbie cncTeMaTH'19CKHe ornn6Kn 

KaK cnenyeT H3 npHaeaeHHhiX BbiUie neavnhTaToB, pa6oque xapaKTepHCTHKH annapaTy

phi OK83biB8IOTdl\ T8CHO CBH38HHbiMH H 38BHC5IT KBK OT pa6o'-IHX pe>I<HMOB B pa.aHOCXeMaX
1

TaK 

H OT BHUB p9f'HCTpnpytMb!X 'IBCTHU, 

II 



3TO o6CTOHT9nhCTBO MO>K9T npH H9llOCT8TOttHO BHHM8T9nhHOM ITOD,XO.ll.9 cny>KHTh HCTOttHH

KOM 38M9THbiX CHCT9M8THqeCKHX OIIIH60K, BHOCHMbiX B pe3ynhT8Thl H3M9p9HHH:. flpaKTHqec

KH rrepe,n HaqanOM OCHOBHbiX H3M9p9HHii B ITpOU9CC9 OIIbiT8 rrpOH3BO!lHTC51 H8CTpOfiK8 8ITIT8-

paTypbl H8 IIY'lK8 'l8CTHU ycKOpHT8llSio C U8llb!O 8KOHOMHH Bp8M8HH pa60Tbl yCKOpHT8llSI 

llll>l H8CTpOI!KH '!HCTO !<pHM8H51IOT?SI CB060llHb!8 IIY'lKH 'l8CTHU llpll 11pOB8ll8HHII OCHOBI!b!X 113-

MepeHHll B apyroM OllbiTe. CymecTBeHHO, 'lT06bi ycnOBHSI pa60Tbl 811118P8TVPbl 6binH llpH 

HacTpofiKe M8KCHManbHO 6nH3KHMH K pa6o'!HM. Heco6niOneHne 8Toro ycnoBHSI Mo~eT 11pH

BeCTH K cHcTeMaTH'leCKHM omH6KaM B pa6o'liiX 113MepeHIISIX, TaK, HallpHMep, 11p11 

HacTpol!Ke Ha IIY'lKe 11poTOHOB c 8HeprMeJ'l 100-200 M8B allllapaTypbi c pa3He-

C9HHbiMH B rrpOCTp8HCTB9 Ctt9TttHK8MH, rrpell,H83HaqeHHOii llJ1H perHCTp8UHH ttaCTHU CO CKO

pOCT>IMH, 6n113KHMH K CKOpOCTII CB8T8 0 MO~HO IIOllY'lHTb BIIOllH8 YIIOBll8TBOpHT8llbHbl8 Ha 

11epBbJI! B3r'llllll xapaKTepiiCTIIKH. OaHaKo llpH 11epeHoce a1111apaTypb1 Ha pa6o'!Hil IIY'lOK 6uiC-

TphlX tt8CTHU OH8 MO>K9T OK838TbCH tt8CTHttHO HJ1H ITOJ1HOCTblO H9ITpHrO.UHOfi H3-38 H3M9H9HJHJ 

<j>opMhl Kpi!BOil pa3peweHI!SI I! 1!3-38 IIOTepb B C'l8Te BCll8IICTBIIe p83HI!Ubl BO BpeMeHI! ITpO

neT8 qacTHU Me~ny c'leT'lHK8MH 11p11 HaCTpoilKe 11 B pa6o'!HX ycnoBHSIX. AHanorH'lllbiM o6-

pa3oM MO~eT 6biTb
0 

H811pHMep, HCK8~eHO yrnOBOe p8C11peaeneHH8 p8CC8SIHI!b!X 'lBCTI!U, 3Hep~ 

r'HSI KOTOpbiX pe3KO MeHSieTCSI c yrnoM pacceSIHHSI. EcnH BpeMeHHOe pa3pemeHHe arrllapaTy

pbi qepecqyp Bb!COKO, 8 H8CTpOilK8 ee BeneTCSI llHIIlb H8 OllHOM yrne H3MepeHHil, Hel!a6e~

HO ITOSIBI!TCSI CHCTeM8TH'leCKa51 OWH6Ka IIpll llepexone OT OllHOr'O yrna H3MepeHHH K apyro-

My. 

J13 CK83aHHOr'O O'leBHllHO, 'ITO Bbi6opy xapaKTepHCTHK 811118p8Typbl cneayeT ynenSITb 

C8MOe cepbe3HOe BHHM8HH8, 11pH'l8M He011p8BII8HHOe 3aBbiW8HH8 Tpe60B8HHSI K apeMeHHOMY 

p83pemeHI!!O ner'KO MO~eT llpHBeCTH K CHH~eHH!O TO'lHOCTH IIOlly'leHHbiX pe3yllbTaTOB H3Me-

peHililo 

f13rOTOBJ19HH9 H H8CTpOJ':IK8 CX9Mbl 

Ebino H3roToaneno 6onhlUOe qHcno cxeM, B cocTaB KOTOpbiX axo.nHno H9CKOnhKO .ne

CSITKOB KaHanoB. MexaHH'leCKHil MOHTa~ 11poMaaonMncSI rro ma6noHy. CeKUHH llepeaaiOIIlHX 

J1HHHfi H3rOTOBJ1HJ1HCb ITO o6p83UY 1 HHllYKTHBHOCTb KOTOpOI'O COOTB9TCTBOB8J18 pacqeTHOfi. 

f1p11 8TOM rrapaMeTpbl pa60'lHX CeKUHil llHHilll He KO!!TpOnllpOB8llllCb, H HaMOTK8 BenaCb 110 

'lHCllY BHTKOBo naMIIbl 11epen YCT8HOBKOli B CXeMy llpOBepSinHCb 1!8 r'OIIHOCTb C IIOMOIIlb!O 

HCITbiT8T9J1Sl J18MIT. flocne H3rOTOBJ19HHH CX9Mbi npOB9pH11HCb pe>KHMbl J18MII H8 COBII8.U9HH9 

C paCY9THblMH. 

CuSIT!le xapaKTepHCTI!K 11p01!3BOllHnocb BbJ6opo'lHO. f1pll MOHTa~e co6niOaani!Cb o6bi'l-

HLre rrpanuna nnH MOHTa>Ka cxeM c pacrrpe.neneHHhiM ycnneHHeM. UerrH HaKHna cneayeT 

Bhlf!OnHSITb nByxllpoBOllHhiM!l, Heco6moaeH!le 8Toro Tpe6oBaHI!SI Mo~eT 11pHBeCTH K TPYllHO-

ycTp8HHMOil HH3KQq8CTOTHOfi reHepaUHH. 
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OKoHl.JaTenhHaSI HaCTpotiKa cxeM aenach 11a nyYKe YBCTHU. EnnncTBeJ 

perynHpOBKH IIpH 9TOM Cny>KHJ1 ITOT9HUHOM9Tp CM9ll!9HIU1 .OHCKpHMHH8TOpa. 

perynHpOBKH pa6oqero H811pSI~e!IHSI Ha OTIIenbHbiX <1>3Y Bl>lpaBIII!I:lallHCb 110 

XOIIHbie llMIIYllbCbl <1>3Y H8 BX0ll8X KaHanOB 11pll Ha6niO!I8IIIlll 110 OCUHllllOq 

ro ITOllBBBnCH HMITYJ1bC OT OlJ,HOf'O H3 CY9Tl.JHKOB H8 onnn H3 BXOllOB CX9M 

.OHCKpHMHH8TOp8 M9HHnOCb .00 nonnoro rrpeKp8III9HIHI CY9T8 H8 BbiXOJl9. 3a 

BXOll ITOll8B8nCSI HMITYJ1hC OT BTOporo Cti9TYHK8 1 H B KHHllJ1bl o60HX Cl.J9T'-:Il 

rrepeMeHHb!G BpeMeHHbie 3anep~KH. TaKHM o6pa3oM oupenenSinCH OTHOCHTE 

c.nanr napbi HMnynhCOB oT 8THX .nayx cqeTYHKOB. BpeMeHHbte caanrn HM 

HbiX cl>3Y orrpenenHnHCb OTHOCHT9JlhHO nepnoro C49TYHK8 T9M )K9 CIIOC060 

B K8H8nbi
1 

rne 8TO Tpe60B8nOCb 1 BBO!lHnHCb ITOCTOHHHbl9 38Jl9p>KKH Hy>KHO 

TOr'O, 'lT06bi ace HMIIYllbCbl IIOCTyllanH Ha CXeMy COBII8lleHHil 0!1HOBpeMeH 

HallpSI~eHI!SI C'leT'lHKOB p83llH'l8IOTCS! He O'leHb CllllbHO, OllepaUH!O Bbi6opa 

llpOBOIIHTb IIpH CHH~8HHOM H811pS!~<eHHil H8 C'leT'lHK8X 0 T.K. B 8TOM cnyqa 

CllBHr' HMIIYllbCOB cna60 38BHCI!T OT H811pS!~eHJl51 0 a KpHBbie 38ll8p~aHHblX 

MeTRO cy~aiOTCSI. f1ocne Bbi6opa CIIBilr'OB CHilM8eTCSI 38BilCHMOCTb CKOpO< 

rrpSI~eHHS! Ha <1>3Y. Ha11p11~eHHe rrpll aToM MeHHeTCS! oauoBpeMeuuo Ha Be 

pOCT C'leTa B 38BilCHMOCTH OT yaen!l'leHHSI H81lpS!~eHHll Ha <1>3Y IIpll H811f 

nBCTH llll8TO H8 C'l8THOil xapaKTepllCTHKe yK83b!B8eT H8 TO, 'ITO BpeMeHH 

COB Bb!6p8Hbl yllOBneTBOp11T8llbHO. 3aTeM CHHM8eTCSI X8p8KTepHCTI!K8 llHC 

38BHCHMOCTb Ctt9T8 H8 BbiXOJl9 CX9Mbi OT H8llpSI>K9HHH CM9IIl9HHH H8 .UHCK 

!!8W B3r'llSIII1 T8K8S! M8TOIIHK8 H8CTpoil KH SIBnSieTC>I H81!M8Hee TpynoeMKO~ 

fTpeHMYIIleCTBa ll HellOCTBTKH cxeMbl 

CxeMa, HCIIOllb3YIOIIl8SI rrpHHUHII pacllpeaeneHHoro ycHneHHSI, oTnH'lB• 

Hane~HOCTbiO 11 cTa6HnbHOCTbiO B pa6oTe. 3allac ycnneHHSI B KaHane noc· 

I 
na~e 11p11 BbiXOlle ll3 CTpOS! OllHOH-llBYX naMII B n1060M yCI!llHTellbi!OM K1 

IIOllHOCTb!O COXp8HHeT pa60TOCIIOC06HOCTb, fTpH 8TOM UeHC11p8BHbl8 ll8MIIl 

J1SITbCSl H3 CX9Mbl
1 

T,K. HX M9>K.lly9neKTpO.UHbi9 9MKOCTH BKnroqeHbi B H'-19 

llllHHil. 06cny~HB8HHe CXeMbl CBOIIHTCSI K llepHOIIJl'leCKOH llpOBepKe ll 3a' 

cTpoSI naMII. He Tpe6yeTcSI 11pHMeHeuHSI ne<!>nuHTHbiX paaHonaMII 11 panHoi 

UHH npoCT8
1 

H X8p8KT9pHCTHKH XOpOlliO BOCIIpOH3BO.OHTC51 rrpH MHOrOKp8Tl 

fTpaKTH'leCKH He Tpe6yeTCSI HllK8KOil ClleU!lanbHOil IIOIICTpOHKH. fTpHMeHSI 

118IIeHHll pa3HOil KpBTHOCTil OT llBYX - 110 IISITHKpaTHOil. J1Me8TCSI TOllbKO 

rynHpOBKil-IIOTeHUHOMeTp H811p51~8HHSI CMeUieHHH 1!8 llllCKpi!MilHBTOpe. C 

HOCTb CX9Mbi MO>K9T nerKO M9H51TbC51 OT M8KCHM8J1bHOi1 JlO OLl,HOKpllTHOI1 

9T B9CbM8 rH6K09 npHM9H9HH9. 0T!l9J1bHbi9 8n9M9HTbl CX9Mbl nef'KO COlli 

13 
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M0>1<9T npH H9.0:0CT8TOlJIIO BHHM8T9nhHOM IIOllX0.0:9 cny>KHTb HCTOlJHH

BTHqeCKHX OWH60K, BHOCHMbiX B pe3ynhT8Tbi H3MepeHHti:. 0paKTHlJ9C

-IODHbiX H3M9p9HHJ1 B rrpouecce OllbiT8 IIpOH3BO.[lHTCSI HBCTpOfiKa BIIIIB

HU ycKOpHT9nH. C uenbiO 8KOHOMHH Bp9M9HH pa60Thl yCKOpHTenH 

IlpHM9H5IIOTC51 CB060.[lHbi9 rryqKH qaCTHU llpH ITpOB9Jl9HHH OCHOBHbiX H3-

biTe. CyuxecTseuno, 'IT06b! YCITOBIIS! pa60TLI annapaTVPbl 6binH llPH 

no 6nH.JKHMH K pa6ottHM. Heco6nroaeaue aToro ycnoBIHI MO>KeT npH-

qecKHM oum6KaM B pa6o'!HX H3MepeHHHX, TaK, HanpnMep, rrpH 

rrpoTOHOB c 3HeprHe!'\ 100-200 M3B annapaTypLI c pa3He-

TD9 ClJ9TlJHK8MH 1 IIp9JlH83H8lJ9HHOfi lln£ perHCTp8UHH qaCTHU CO CKO-

CI{OpOCTH CB9T8 1 MO>KHO IIOnylJHTh BIIOnHe YAOBn9TBOpHT9nhHbl9 HB 

epHcTnKn. OnHaKo rrpH rrepeHoce annapaTyphi Ha pa6o'!ni1 ny'IOK 6u1e-

eT OK838ThC51 l.I8CTHlJHO HnH IIOnHOCTbiO H9IIpHrOllHOI1: U3-38 H3M9H9HMH 

9HIHI H H3-38 IIOT9pb B Cl.J9T9 BcnellCTBHe p83HHUbl BO Bp9M9HH npo-

'18T'InKaMn npu naeTpoliKe H B pa6o'!Hx yenOBHHX, AHanorH'IHLIM o6-

anpnMep, MCKa>Keao yrnosoe pacnpaaeneHHe pacceHHHbiX qacTnu, ~mep~ 

nHeTel! c yrnoM paeeei!Hf!l!, EenH apeMeHHoe pa3pemeHHe annapaTy

a HBeTpOliKB ee BeneTell llHllib HB OllHOM yrne H3MepeHHli, Hef!36e~

H'IeeK85! oumGKa rrpH rrepexone OT OllHoro yrna n3MepeHHl! K npyro-

'!eBHilHO, 'ITO Bhi6opy xapaKTepHcTHK anrrapaTypbi cnenyeT yaeni!Th 

aHHe, 11pl!'leM HeorrpBBllBHHOe 38Bbllli8HHe Tpe60B8Hf!l! K BpeMeHHOMY 

9T IIpMB9CTM K CHH)f<9HHJO TOl.IHOCTM IIORylJ9HHbiX pe3ynhT8TOB H3M9-

H3rOTOBJI0HHe u nacTpoi':'JKa cxeMbi 

0 6onhlll09 lJHCnO CX9M 1 B COCTBB KOTOpbiX BXOJlHRO H9CKOnhKO ll9-

l!'!eeKnil MOHTa~ rrpon3nonnncl! rro ma6nony, CeKunu nepenaJOIDHX 

0 06pa3Uy, HHilYKTf!BHOeTb KOTOpOI'O eoOTBeTeTBOBana pBC'!eTHOl\, 

B60tiHX C9KUMJ1 nHHMti He KOHTpOnHpOB8RHCb 1 H HBMOTKB B9JI8Cb ITO 

ITepen J'CT8HOI3KOit B CXeMy IIpOB9p5IJIMCb HB f'O.llHOCTb C IIOMOW:biO 

JIC! H3f'OTOBJiei-JIHI CX8Mbi nposepHliMCb pe>KHMLI JIBMII HB COBII8ll9HMe 

IHCTHK rrpon3aonnnoch Bt,r6opottHo. TipH MOHTa>Ke co6nJOLWnHcb o6hr"t:J:

;a>Ka cxeM c pacrrpeneneHHJJIM ycuneaneM. Uerru aaKana cnenyeT 

hiMf!, Heeo6moneHue 3Toro Tpe6oBBHHH Mo~eT npHBeeTH K TpynHo

THo!'i rencpauuu. 
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0KOHl.JaTenhHa51 aacTpoHKa cxeM nenacb na rryt.IKe l.JJJCTHU. EnnBcTnennhiM aneMeHTOM 

perynupoBKH npH 3ToM cny~11n noTeHunoMeTp cMemeHHSI llHCKpl!MHHaTopa, Cnaqana nyTeM 

perynHpOBKH pa6o'!ero H8llp5!~8Hl!SI Ha OT/1ellbHbiX 4J3Y Bb!paBHHBanneb ITO <1Mlllll!TY!1e Bhi

XOilHbie HMnynhebi q,'3y Ha BXoAax KaHanoa npn Ha6mo11ennn no oeunnnorpa<jly, floene 3To-

ro ITOJlBBBnCH HMITynhC OT O.llHOrO H3 Cl.J9TtiHKOB Ha OllHH 113 DXOllOB CX8Mbi
1 

H H8Ilp5I)K9HH9 

Jl.HCKpHMHH8TOp8 M9HSIJIOCb .llO TIOJIHOro IIp9Kp8Jil9HHH Cti9T8 HB BLIXOLJ.e. 3aT9M I-18 BTOpOJ':f 

BXOJl flO.llBBBnCSI HMnynhc OT BTOporo C'-19T'lJMK8 1 H B K8H8Jibl 060HX Cl.J8T'-IHKOB BBOJlHJIHCb 

nepeMeHHbie apeMeHHbie 3a!1ep~Ku. TaKnM oGpa30M orrpeAerrHnCH oTHoeuTellhHbll1 apeMeHHoi! 

CABHr napbi MMnynhcoB OT 3THX aayx ct.JeTttHKOB. BpeMeHHhie cnanru: HMnynbcon ocTanb

HbiX 4J3Y onpeAeiTSIITHeb OTHOef!Te/lbHO llepnoro e'!CT'Il!KB T8M ~e enoeoUOM, f1oerre 3TOrO 

B K8H8Rbl 1 r.cte 3TO Tpe60B8ROCb, BBOLlHJIMCb ITOCTOHHHbi9 38ll9p>KKH Hy)J(HOti B9JIHlJHHhl fJ.RH 

Toro, 'IT06bi Bee HMITYilhebi noeTynanH HB CXeMy eoarraneHni! OllHOBpeMeHHO, EenH pa6o'!He 

HaiTpH>KSHHSI Ct.I9T'lJHKOB p83RHt.I8IOTCH He 049Hb CHnbH0 1 OIT9p8IHIIO Bhi6opa C.O:BlH'OB Jiyttlli9 

ITpOBOLl.HTb IlpH CHHm9HHOM H8ITp51){{9HHH H8 Ct.I9T'lHK8X 1 T.K. B 8TOM CJiyt.tae OTHOCHT9RbHblti 

enBHr HMITynheOB ena6o 38BHeHT OT Hallp5!~8HHH, a KpHBb!e 3anep~8HHbiX eoananeHHI1 3a

MeTHO cy~BIOTCH, floene Bb!60pa CllBf!rOB CHl!MaeTCH 38BHCl!MOCTb CKOpOeTl! e'!eTa OT HB

llpH~eHf!H Ha <P3Y. Hanpg~eHHe rrpH 3TOM MeHHeTcH OllHOBpeMeHHO Ha acex <P3Y, Pe3KHII 

poeT e'leTa B 3aBneHMOeTH OT yBeiTH'IeHf!SI HBIIpH~eHl!H HB 4J3Y rrpn HBITpSI~eHIHIX Hf!~e o6-

il8CTH IIITBTO HB C'!eTHOli xapaKTepl!CTl!Ke yKa3biBaeT Ha TO, 'ITO BpeMeHHbie enBHrl! l!Mnynb

COB Bhi6paHbl YllOBI1eTBOpHT8llbHO, 3aTeM eHHMBeTCSI X8p8KT8pHeTHK8 llf!CKpHMHHBTOpa, T,e, 

3BBHCHMOeTb C'leTa Ha BhiXOAe exeMbi OT Hanpg~eHHH eMeiJleHnH Ha llHCKpliMf!HaTope. Ha 

HBlli B3rllllll, TBKBSI MeTOilHKB HBeTpol\ Kf! liBITHeTCll HBHMeHee Tpyll08MKOi!, 

flpeHMyllieCTBB f! HeAOCTBTKH CX8Mhl 

CxeMa, Hcnonh3YIOIUaR npHHUHIT pacrrpenenenaoro ycnneHnR, OTJIHqaeTcfl ITOBhiJUennoti: 

H8118~HOCTb!O H eTa6HnhHOeTb!O B pa6oTe, 3anae yenneHHH B KaHane llOCTaTO'IHO B8ilHK, 

• 
na~e llpli BbiXOile 1!3 eTpOSI 0/lHOH-IlBYX lli!MIT B ili060M yeHITf!T8llbHOM KaeKaAe exeMa 

norrHOCTh!O eoxpaHReT pa6oTocrroeo6HoCTh, flp11 3TOM neuenpaBilbie naMllbi He 11on~Hbi y11a-

RHTbCSI H3 CX9Mhl 1 T.K. HX M9>K.Qy8R9KTp0JlHbl9 9MKOCTH BKnJ048Hbi B flt.{9I1KH II9p9Ll,8JOI11HX 

llf!Hl!l\, 06eny~l!BBHHe exeMbl eBOllf!TeSI K 118pHOilf!'leeKOH llpOBCpKe f! 38M8H8 Bblli181lllif!X ll3 

cTpog naMn, He Tpe6yeTeR npHMeHeHHH ne<jJHUHTHbiX panHonaMn n paAHoneTaneil, KoHeTpyK-

UHR npoCT8 1 H X8p8KTepHCTHKH XOpOlliO BOCllpOH3BO.Il.HTCSI npH MHOrOI{p8THOM H3rOTOBneHHH. 

f1paKTH'!eeKf! He Tpe6yeTeSI HHKBKO!f ClleUHanbiiOl\ llOileTpOi!Kl!, flpliMCHHill!eb CXeMhl eoB

ll8/l8Hf!M pa3Hoi! KpaTHOCTl! OT 11Byx - no IIHTHKpBTHol\, HMeeTeH TOilhKO onnH opraH pe

rynupoBKn-noTeHUHOMeTp HBllpH~eHf!SI CMeiDeHf!H Ha lll!eKpliMHHBTOpe, C ero liOMOIIlb!O KpaT

HOCTb CX9Mbi MO>K9T nerKO M9HHTbC51 OT MBKCHManhHOti: Ll.O OllHOKp8THOJ1:, 4TO o6eCIT94HBa

eT B9CbM8 rH6Koe IIpHM8H9HH9. 0T.Q9nhHb19 8Jl9M9HTbl CX9Mbl nerKo COITpflf'8IOTCH .Upyr C ,, 
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npyroM. 3TO ll03BOJ1H9T 6e3 BCHKIIX 3aTpyJUI9HIIfi MSHHTb CXSMY B npouecce 9KCnepHM9H

T8. Cno>KH851 ycTanoBKa Mo>KeT 6hiTh co6paaa H3 roTOBbiX aneMeHTOB aa aecbMa KopoTKoe 

npeMH. Bee aneMeHTLI cxeM MoryT Hcnonh30B8ThCH MHoroKpaTHO a pa3HbiX aKcnepHMeH-

TBnhHLIX yCT8HOBK8X. 

0CHOBHLIM H9JlOCT8TKOM CX9Mbl HBnHeTCSI IIpHM€H9HH9 6onblllOrO tiHCna naMn H 50nb-

1110l\ TOK aHOJlHOrO ITI!TaHHII, COCTaBJliiiOIIIHil OKOJ10 320 Ma /lJlll TpexKpaTHOH CX9Mbl, flpll 

3TOM, OJlHBKO, n8Milbl pa60T8IOT 1 KBK rrpaBHnO, B CHnbHO o6nerqeHHbiX pe>KHM8XI 'lJTO o6ec-

rreqiiBaeT CTa611JlbHOCTb II Ha/lS~HOCTb CX9Mbl B 9KCITJ"JyaTaUIIII. flp11M9H9HII9 YCIIJ111T9J1H He

o6H3aT9JlbHO, ecn11 <P3Y o6ecrreq11aa10T aocTaToqHo 6onblliYIO aMITJliiTYilY BbiXOJlHoro IIMrrynh-

ca TaKa. OnnaKo rrpaKTHKB rroKa3ana 1 liTO nanHtiHe ycHnHTenB xoTH 6bt c ne6onbmHM ycHne-

HIISM B9CbM8 ~enaTSJlbHO Jlmi pa60Tbl C J1106ol\ CX9MOfi COBilallSHIIil, 9CJ111 I!Cil0Jlb3Y9TCII 

rryqoK qaCTIIU C lllllpOKIIM 3HepreTIIqeCKIIM CI19KTpOM IIJlll 9CJ111 HCI10Jlb3YIOTCH CUIIHTIIJ1J1IITO

phl 6onblliHX pa3Mepo~ 

B 38KJ110q9HII9 aBTOpbl cqiiTaiOT CBOIIM rrpHHTHbiM JlOJ"JrOM rro6naroaap11Tb c.B. Mellae

Jlll 3a MHOroqHCJ19HHbl9 o6cy~Jl9HIIH 3aTpOHYTbiX B CTaTb9 BOITpOCOB II pHil 110J193HbiX COBS-
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P H c. 1. Tenoaall 6noK-cxeMa annapaTypbi. 
I -<!>oToyMHOJKHTenb, 2- <!>opMHpoaaTenb, 3- ycHnHTenb, 4-cxeMa coanaAeHHil, 

5- llHCKpHMHHSTOp, 6- ycHnHTenb, 7- l!epecqeTH8!1 CXeMa, 

®----:.. 
P H c, 2, THnoaa" cxeMa l!HTBHH!I <1>3Y. 

BeneqHHbi KOH!leHcaTopoa C 1 
ConpoTHaneHH!I R 2 , R 3 
Hana.rtKe. 

- c, 
R 13 

38BHCHT OT Q}KHJ].aeMhiX 3arpy30!{. 

R 
14 

, R 1 ~ noA6HpaiOTCS1 npH 

AtHCBH 

6 
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2 

ol I ll' I I 

uu /..__ 2200 2300 2400 2500 2600 271X/ ul 

-I 

-2 

P u c. 3. TonoHa~ 3asucHMOCTb H3MeHemui epeMeHH nponeTa 3J"JeKTPOHOB ttepe 

HanpSVK9HHSI OJITBHHflo 

om 
cp3y 

--~------~-+~300 

33K 

/'ZOK 

I( 

ycun 

~ . -I 
P H c. 4. CxeMa <PopMHpoeaTen:r~ HMnynbCOB no aMnmfTyne 11 .amnenb!IOC 

IC - n 

• 

•---------------------------------------------------------



6noK-cxeMa annapaTyphr, 

MHOJKI!Tenh, 2- ¢opMHpoaaTenh, 3- ycl!nl!Tenb, 4-cxeMa cosnaaeHHi!, 
l!MIIHBTop, 6- YCI!nl!Tenb, 7- nepecqeTHBS! CXeMa, 

eMa fil!TBHI!H 4>3Y, 
onaencaTopoa C 

1 
HilS! R 2 , R 3 

- c. 
R 13 

lC 

.-

c, C2 CJ 

38BHCS!T OT 0)KH!l8eMhiX 3arpyao.::r. 

R 14 , R 1 ~ noa611paiOTCH np11 

IJ.tHCOH 

6 

5 

4 

J 

2 

o r · ;;r 2200 2JOO 2400 2500 2600 .;00 -u "''!1. 6. 
-I 

-2 

P H c. 3. THnoBaP 3BBHCHMoCTb H3MeHemut BpeMeHH nponoTa ::moKTpoHoo 4epe3 ¢13Y oT 
H8UpH>K8HJHI rrJITalUISio 

om 
¢31J 

.,:: 

P H c··. 

160 

+300 ---.----...,.__ 

331( 

f20K 

I( 

~cunumemo 

4. CxeMa tPopMHpoBaTonH HMUylihCOB no aMn;mTyne H nnHTenbHOcTH. 

n 



-150 

P 11 c. 5. CxeMa ycnniiTenbHoro KaHana. Bee naMnht - Tllna 6)1<10. 

\-1 

18 

• 

U6bJX./J. 

7 ~--------------x----------------------• 

6 
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4 
: 
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2 

f 

I 2 J " s 6 7 8 9 10 

P 11 c. 6. AMnniiTYJlHhte xapaKTepiiCTIIKII ycllnHTenbHOro KaHana. Kp11Ball 
naMn coBna!leHIIH cornacoBaHHa<t c Ka6eneM uarpy3Ka, paBna• 

KpiiBall 2- B ceTKe naMn coBna!leHIIil narpy3Ka ynen11qena llO 

Ta c oTpalKenlleM). 

.!L_ 

' ~~2 ~~·~.""-".--.__,_ .. r .. , '\ " ··~-~-....~ . 

K2011ru,. 

(0 

0.5 

20 411 60 80 /00 

P H c. 7. AMnnHTynHo-t:IaCTOTHBH xapaKTep:ucTHKa ycHnHTenhHoro KaHaJ 
na No 1; 2 - Jlnll Kanana N, 2; 3- ycpe!lnenHall aMnmiTynHo-

TepiiCTIIKa. 
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415 I 20K 
(50• 

-150 

5. CxeMa ycllnHTenbHoro KaHana. Bee naMIIbi - Tl!rra 6X<In. 

18 

• 

U6bJ:r..ft. 

7f.- 2 
" 

6 

5 

4 . 

I i ..r- I 

3 

2 

t 

0 
I 10 UBx.,B. 2 J 4 s 6 7 8 9 

P 11 c. B. AMrrnHTYIIHbre xapaKTep!!CTIIKII ycl!niiTerrbHoro KaHana. Kpnaag 1- B ceTKe 
naMrr coarraneHni! cornacoaaHHaH c Ka6eneM narpy3Ka, paBHaSI 160 oM, 

(0 

0.5 

Ji._ 
K20MTU,. 

KpnaaH 2- B ceTKe naMrr coarraneHni! Harpy3Ka yaennqeHa no 150 KoM (pa6o

Ta C OTpaJKeHHeM). 

-~~---->"'--">..-. ......,__-/-~; \ . ··~-~-~ . ><· 

~."' "' 
I 

--~---;a-----,':·------"---~ 
+0 60 ---L.. 100 80 120 

f•m~ 

P H c. 7. AMnnnTy.oao-YaCTOTHBH xapaKTepHCTHKa ycnnHTenbHoro KaHana. 1- anH Kaaa
nil' N~ 1; 2 - anH KaHana Nn 2: 3- ycpe.a:aenHaH 8MDJJHTYIUI0-48CTOTH8H xapaK

TepllCTHKt· 

18 



·dOO 

H H 
aos aos 

P 11 c. 8, CxeM8 coBn8Jl9HIIii no MeTony p8cnpenenenHoro yc11neHII" c nllcKpiiMI!II8TOpoM, 

JlomH.ea. 

1.0 

qs 

/600 

p II C, 9, 

• 

I 

~----

!j 

1700 1800 1900 2000 2100 2200 2300 lLrpi!J,6. 

CqeTH8Sl X8p8KT9pi!CTI!Ka TenecKon8 no H8np"lKeHIIIO Ha <1>3Y, CH"T8" 11u 

npOTOH8Mo 1-693 Bblq9T8 rPOHOB, 2- 38 BLlqSTOM rPOHOB BCSX BllllOB0 

"3- CyMM8 rPOHOB BCSX BIIJlOn. 

2() 

~~\ 

NomH.ea. 

2,0 

1,0 -' ~ f-

/600 1700 1800 /900 2000 2100 2200 

p II Co 10, CqeTHa" X8p8KTepi!CTIIK8 TenecKon8 no H8np"lKSHIIIO H8 <I>< 
rr - Me3oHaM, I - 6e3 BbrqeTa ,PoHoB, 2 - 38 Bbrq, 

BH.Jl,OB, 

Np 
c1.1em menecKona 

100 

200 

100 

3 
0 6 7 8 9 10 If 

P u c. 1 L C>H~Tl!l1!;1 xapaKTepHCTHKEI JlHCKpHMHHaTopa B 3nnncnr-.tocTn o 

C:\IClllf)l!ll~l !Ill JU1CKJHIMliHD.TOJl0 Hpii pcrHCTpl1TlHll llpOTOIIOB. 

l\llll IW ¢>3Y, ptHHIOM 2100 B; 2 - npn HDlipH)l<GHIHI H[l ¢>3)
)f)QQ n; 3 - C)'l\H.W t\lOIIOB rqm ( l!~!TJ,JX n00 1I0pCnJIO CllHHTIIJlJ 

llll~I/1\CIIHif Ill1 ¢3Y, pt!BIIOM 2100 n. 

~I 

~------------------------------------



"1'300 

H H 
aos qos 

a coarr8nemn1 no MeTony p8cnpeneneHHoro ycHneHJHI c lli!CKpi!MIIHaTopoM, 

I 

i3 

/800 1900 2000 2/fXJ 2200 2300 l.lrpJ!f,6. 

HBSI X8p8KTepi:ICTHK8 TeneCKOITB ITO H8ITpH.~KeHHIO HB <f>3Y 
1 

CHHT8Sl JIU 

Oll8M, l-6e3 BLI'!eT8 ¢oHoB, 2- 38 BLt'!eToM ¢oHoB acex Bl!lloB, 
YMM8 VOHOB acex BllllOCJ. 

20 

• 

NomH.ea. 
I 

2.0 

1.0 
-I ! I j-2 

/600 1700 1800 /900 2000 2100 2200 2JOO Urp~y,8 

p II C, 10, 
C'!eTH8>I xap8KTep!!CTI!Ka Tenecxon8 no Hanp>IlK9HIIIO H8 <1>3Y, CH>IT8>I no 

11 - Me3oHaM, I - 6e3 Bbt'!eTa tPoHoB, 2 - 38 Bbt'!eToM <j>onoa acex 
BllllOB, 

Np 
C'lem menecKona 

300 

200 

100 

OL---~~~==~~~=-~--~--~--_L __ __ 
6 7 8 9 10 II 12 -UaucK.~. 

P n c. l L C:·,c~TIIlHI X<'lP<~KTepiicTHIUt nHCKJHfMHiraTopa B 0[1BIJCJJ~IOCTII oT IIlliTJHD!<ennH 

q,JCII!C~HHH !I[l !H1CKpHMJIHLlTOJH? Tlpii pCrHCTpHIIHII IIpOTOITOR. J - rrpH IIQIIpH)J(f'-

HlJH lll.l ct>3Y, }J<HHlOM 2100 Bi 2 - rlflii IH1l1fl5DI\OHilH IJ[l ¢3Y, pnrHIO!\f 

lf)QQ n; 'iB - C,Yl\11\1[1 l/lOIIOB IifJH C IBITJ,JX ITOO(Iepcnuo CIIHHTliJIJIHTOp[lX ITflH Hll

!I!J~I)I\C'I!JfJT 1Ill ctJ3Y, fl<1BIIOM 2100 n • 
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Nrt 
cwm menecKona 

It()() 

-f t 2 200 
.L r----

OL_ __ _L ____ L_ __ ~----~--~----J_--~----~------
5 6 7 8 9 10 If 12 -Ui1UCK,8. 

p II c. 12. 

fl"/o 

4 

J 

2 

CqeTHall xapaKTepi!CTI!Ka AIICKpiiMI!HaTopa B 3aBHCHMOCTH OT HanpmKSHI!H 

cMemeHHll Ha AIICKpHMI!HaTope rrp11 perncTpaunn rr -Me3oHoB. H8npH

lKSHHe Ha <1>3Y paBHO 2100 B. I - oe3 Bbl'ISTD <!>oHoB, 2 - 38 Bhi'ISTOM Jjlo

HOB BCeX BH.llOB. 

I 
T t 

r 

o ~,.,o -Ua/J. 1,0 2.0 3,0 

p II C. 13. 3aBHCIIMOCTb OTHOU19HIIIl Bb!XOA8 rr -M930HOB K Bb!XOAY npOTOHOB B 38Bil-

• 

CHMOCTH OT HBITpSDK8HH5I CMell.leHIHI HB JlHCKpHMHHBTOpe. Hanp5DKeHHe OTC1.JH

TLIBaeTC~ OTHOCHTellbilO ypOBH5I OTCTpoiiKH OT JlBOi'fHhiX COBITa.UeHHI'f 

22 

,, 

p II c. 

XomH.ea. 

tO i" i 'i __.,__.,_ 

qs 

0~--------~--------~~~--~~ 

14. 

s 10 IS 

Bnmnme H8npl!lKSHIIH Ha <1>3Y H8 ¢opMy Kpi!Bon 3aaeplK8I 

I - HanpHlKSHHe Ha <1>3Y paBHO 2200 a , 2 - HanpH>KeHH< 

2000 B. 

NomH.eiJ. 

tO' I I I ..9..... 

qs 

0 - ·- IS 

p H c. 15. BniHIIIHe Hanp~.r)KI?.HHST cMomeuHs::r w1 JlHCKflHMHIWTope !lr'1 rj1 

)KQHHbiX COBllBLJ.ei;Hi1. 1 - JI[l.J1IHDl\O!lHC CMCI!I('!IlHl Ita !Uf< 

0,15 B OT rpiJHHllhl OTCTpOilT\:H OT )'JlOBIJH DBOi\!!J,JX C'OBililJ 

CM81IIC~HJH:I 118 [(HCKpHMHfiL'I.TOpC JlrlBI{(J 2,) D OT 1'p<1IIl1llJ,J 0 

nnoiTIIr,Jx conna.neum"t 



6 7 8 g 10 If 12 -UaucK,8. 

X8p8KTepHCTHK8 .[{HCKpHMHH8TOp8 B 38BHCHMOCTH OT H8Tl[HDK9HHH 

Ha llHCKpHMifHaTope rrpH perlfCTpaulflf rr -Me30!IOB, HarrpH-

<1>3Y paBHO 2100 B, 1 - 6e3 BbJ'IeHI <!JoHoB, 2 - 38 Bhi'IeTOM <jlo

BCex BHJlOB. 

t 
f 

1,0 2.0 3,0 1,.,0 •11al 
CTb OTHOUJeHHH BbiXO.U8 7T -M930HOB K BbiXOJly llpOTOHOB B 3arm

OT uarrpnfK0HIHT CMemeniHI aa .aHCKpHMMHaTope. Hanps:r>KeHue OTC1.JH

n OTHOCHT9nLIIO ypOBHH 0TCTpoi1KH OT .[{BOifHhiX COBIT8ll:9HHti 

22 

• 

p II C, 

KomH.ea. 

tor i "~ 

qs 

o T Jaa. HceK. 5 10 ts 

14. BmrHHHe HaiipHJKeHHH Ha <1>3Y Ha ¢opMy KpHBOI! 3anepJKal!Hl,JX coBrranenHii, 

1 - H8IIpHJKeHife Ha <1>3Y paBHO 2200 B , 2 - HanpH>KeHl!e 118 <1>3Y pllBHO 

2000 B, 

NomH.eiJ. 

/.Of I ~ ~ 

qs 

o ~aa,HceK. 10 IS 

P H c. 15. BnHHHHe uarrp•.r):I<~HHH cMeHreuHH I-I!l JlHCKpHMHJil.lTOfJF! !lr'1 (!lopMy KfHinoi1 3lJHCp-

)1«'1Hr-irx COBll8.U€I:Ht1. 1 - JI8I1)HI.Il\OJIHC C:!\181!!9HlHT IU1 JlHCI([H1!\Hfll<lTO)JC pDBIJO 

0, }5 II OT rpaiiHUf,J OTCTpOiiTOI OT ypOIIIISI llBOiiTf1,JX C:DT\11/l[(C~l!Ifii, 2- lltl!lfHlJ1~0HHe 
CM9IJHHIIHI na J_{HCKpllMI1H3TOfH} flc'1BUO 2,1 B OT I'Jlniil!UJ,J OTCTpOJiKH OT ypOBHSl 

nnoifur,rx conn<Jneunr, 


