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3,[{HH0HHOro HHCTHTyTa Sl,[!epHbIX 

CJl0,[{0BaHHfi 

O6be,!IHHeHHOro HHCTHTyTa Jl,nepHblX 

'CJI caMOCTOJITeilbHblMH ny6nHKaUHJIMH. 

1n co CT. 4 YcTaBa Ol-UIH. OTnnqHe 

moqaeTCJI B TOM, qTo TeKCT npenpHHTa 

3e,neH B KaKOM·nH6o HayqHoM )KypHane 

il,[{0KC~HSI 

rIOHHPOBaHHbie ny6nHKaUHH OHJIH HMelOT 

IYIO HyMepaUHIO,COCTaBnJIIOIUYIO nocne,n-

YKBeHHblH • MO)KeT 6b!Tb npe,ncTaBneH 

J13bIKe; 

:oM JIJblKe; 

:» Ha PYCCKOM H aHrnHHCKOM J13bIKax. 

OTOpbie paCCb!IlalOTCH TOilbKO B CTpaHbl" 

rn,o;eKCOB He llMelOT. 

KBeHHblM o60JHaqeHHeM, onpe.nen»eT 

OH ny6nnKaUHH. IIepeqeHb Te Ma TnqeCKHX . 

:o,nnqecKH paccblnaeTc» HX nonyqaTen»M. 

Je, npocTaBilHIOTCH B npaBOM BepxHeM 

IlHCTe Ka)K,nOrO HJ,!laHHH • 

• CCbIJIKH 

,mKax Ha npenpnHTbI u coo6meuu» OHJIH 
HHHUHanbI H qiaMHflHIO aBTOpa, .nanee -

HCTHTyTa•HJ,naTenH, HH,!leKC, MCCTO H ro.n 
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Pa6oTa Bhmonaeaa coaMecTHO COTPY.llHHKaMH lla6o

paTopHH BbICOKHX aaeprHtt, na6opaTopHH Bbl'IHCnHTenbHO:ft 

TeXHHKH H 8BTOM8TH38UHH H HHCTHTyTa H,llepHhlX Hccne

J:l0B8HHil: B no.ll3H ( TTHP) • 
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B . pa6oTe /l/ npHBO,lJ;JITCJI pe3ynLTaTL1 Hccne,D;OBaHHH 

pa3JIH11HLIX pe:>KHMOB pa6oTLI .QBYXMeTpOBOH CTPHMepHOH 

KaMepLI,' nony11eHHL1e Ha CTeH,u;e npH perHCTpalUIH KOCMH· 
qeqKHX nyileii. Ilpu :JTOM H3y11anacL 3aBHCHMOCTL pa3Mepon 

CTPHMepa - ,D;IlHHa, ,D;HaMeTp - B HeoHe OT napaMeTpOB HM· 

nynLca Ha 3JieKTpo,u;ax KaMepLI • aMilJIHTy,u;a, ,D;nHTenLHOCTL, 

3a,u;ep>KKa OTHOCHTeJILHO MOHHTOpHoro CHrHana.CTpHMepHaJI 

KaMepa npe,D;'LJIBJIJieT HaH6onee >KeCTKHe Tpe6oBaHH11 K 3THM 

napaMeTpaM, H 3TO BbI3LIBaeT Heo6xo.QHMOCTb oc~eCTBne

HHJI HenpepLIBHOro KOHTPOJIJI 3a BX H3MeHeH~JIMH B nponecce 

pa60TLI. KpoMe Toro, 3Ha'lllTenLHbIH HHTepec npe,u;cTaBJIJIIOT, 

BB~Y HMe10~eroc11 B nHTepaType pa3Hoo6pa3HJI :JKcnepu

MeHTaJILHLIX .n;aHHLIX OTHOCHTeJILHO a6COJIIOTHLIX 3Ha11eHHH 

aMilJIHTY.QLI HMilYJILCa, Heo6XO,D;HMLIX ,u;n11 HOpMaJibHOH pa6oTLI 

KaMepLI IlpH .n;aHHOH ero ,D;JIHTeJibHOCTH, H3MepeHH11 a6co

.JIIOTHLIX 3Ha11eHHH. Hanp.n:>KeHHOCTH IlOJIJI B 3a3opax KaMepLI. 

HcnOJIL3)'eMLie ,D;JIJI 60JILIIIHX KaMep CHCTeMLI (pOPMHPOBaHHJI 

BLICOKOBOJILTHOro HMnynLca IlO3BOJIJIIOT HMeTL Ha 3IleKTpo

.n;ax KaMepLI HMilYJILC IlOCTOJIHHOH ,D;IlHTeJIL~OCTH, H 3a,u;a11a 

KOHTPOJILHOH annapa TYPLI CBO,D;HTCH K H3MepeHHIO aMililHTY.QLI 

O,D;HOKpa THLIX HMilY.ULCOB ,D;JIHTenLHOCTL!O OKOno 10 HCeK 

B ,u;nana3oHe Hanp11>KeHHii ,u;o 1 MB, a TaIOKe apeMeHHLix·_3a

,u;ep>KeK B Tpaxie <liopMHpoaaHHH HMnynLca B ,u;nana3oHe 

100- 1000 HCeK. 

,lJ;JIH peweHHH 3THX 3a.n;a11 H C y11eTOM BO3MO>KHOro pac

WHpeHHH HX npHMeHeHHJI IlOJie3HO, 11T06LI TaKOe YCTpOHCTBO 

IlO3BOilHJIO H3MepHTL HMilYJibCLI JII06oii .n;nHTeJILHOCTH BilJIOTb 

,D;O IlOCTOHHHOro TOKa. C 3TOH nenblO H 6LIJia pa3pa6oTaHa 

HH>KeonncLinaeMaH annapa Typa. 
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CxeMa annapamypbi. CTpyKTypHaH cxeMa annapaTypLI npH- _ 

Be,IJ;eHa Ha puc. 1. HMilYJILC,' IlOCTynalOllUIH OT CO:JiaCyrollUIX 
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PHc. 1. CTpyKTypHaH cxeMa annapaTyp&1. 

0/lOKU 
C6fl3U 

unM 

ycTpoii,CTB KaMepLI - CY qepeJ ,IJ;eJIHTeJIL C K03<i>4>HnHeHTOM 

,IJ;eJieHHH 2000 - /,D;HH-1OOO/ H TPOHHHK T, IlO,IJ;aeTCH Ha 

- OCUHJIJIOrpaq> H ,IJ;Hq>q>epeHUHaJILHLIH paCWHPHTeJIL p ,n;, npe -

o6pa3yro[UHH aMilJIHTYAY HaHoceKyH,IJ;HOro HMilYJILCa B KBa3H

IlOCTOHHHOe HanpuKeHHe Ha YPOBHe' 6JIH3KOM K IlHKOBOMy 

3Ha'-leHHIO. H3 pacurnpHTeJIH HMilYJILC IlOCTynaeT Ha 

UHq>poBOH BOJILTMeTp QB /BH3yaJILHaJI HH,IJ;HKaUHH aMnJIHTYALI 

HMilYJILCa/. IIoKaJaHHH U.B qepe3 6JIOKH CBH3H IlOCTynalOT 

Ha UHq>pone'-laTL - QIIM. PacWHpHTeJib O,IJ;HOBpeMeHHO BLipa-

6aTLIBaeT CHHxpoHHLiii HMilYJILC JanycKa QB H I..UIM. ToT )Ke 

HMilYJILC OT CY_ qepe 3 ,IJ;eJIHTeJIL HailpH)KeHHH / C KO 3<i>4>HIJ;HeH -

TOM ,IJ;eJieHHH OKOJIO 2000/ IlOCTynaeT Ha 6JIOK H3MepeHHH 

3a,D;ep)KKH BH3, npeo6pa3yroUJ;Hii BpeMeHHLie HHTepBaJILI B 

KBa3HilOCTOHHHOe HanpH)KeHHe, H CJIY)KHT CHrHaJIOM "CTon" 

,IJ;JIH 6JIOKa. CHrHaJI " CTapT " IlO,IJ;aeTCH OT BLI6paHHOro 

6JIOKa CHCTeMLI q>OpMHPOBaHHH - B ,IJ;aHHOM cnyqae OT reHe -

paTopa HMilYJILCOB IlO,IJ;)KHra - rHH. KBa3HilOCTOHHHOe Ha

npH)KeHHe, nponopUHOHaJILHoe 3a,D;ep)l(Ke OT 6JIOKa EH3, 

IlO,IJ;aeTCH Ha QB H ,IJ;anee Ha I..UIM. CHrHaJIOM OT 6JIOKa 

BH3 OCy[UeCTBJIHeTCH H CHHXPOHHLIH 3anycK U.B. 

PacwupumeAb uMnYAbca .non)KeH o6ecne'-IHTL Ha Bhfirn,ne 
-3 

HMilYJILC ,nJIHTeJILHOCTLIO 2 • 10 ceK-He Mettee BpeMeHH 

4 

H3MepeHHH JJ;Hq>poBoro BOJILTMeTpa. Cna,IJ; BepWHHLI HMilYJIL

ca 3a 3TO BpeM.11 ,!J;OJI)KeH HaXO,IJ;HTLCH B 3a,IJ;aHHLIX npe,D;enax 

npH H3MeHeHHH ,IJ;JIHTeJILHOCTeii BXO,IJ;HLIX HMllYJILCOB OT 

10 HCeK ,IJ;O 00 • AMllJIHTy,na BLIXO,IJ;HOrO HMilYJILCa C BLICOKOH 

TO'-IH0CTLIO ,IJ;OJI)l(Ha . C00TBeTCTB0BaTL llHK0B0MY 3Hal.JeHHIO 

aMilJIHTY,IJ;LI BXO,IJ;Horo. ):(JI.fl CTpHMepHOH KaMepLI ,IJ;Hana30H 

aMilJIH.TYA BX0,IJ;HLIX HMilYJILCOB npaKTH'-leCKH He orpaHH'-leH 

CBepxy H MO)KeT 6LITL IlpHBe,IJ;eH K Tpe6yeMOMY IlPH BKJIIO'-le

HHH ,IJ;0ilOJIHHTeJILHLIX ,IJ;eJIHTe.neii. BLI6op MaJILIX :rnaqeHHH 

aMilJIHTYA BLI3LIBaeT onaCHOCTL Il0HBJieHHH HaBO,IJ;0K. Ha oc

HOBaHHH 3THX coo6pa)KeHHH H HMeBWHXCH K Hal.Jany pa3pa6oT

KH CBe,IJ;eHHH B JIHTepa Type ,MaKCHMaJILH0e 3Ha'-leHHe HMepHe -

MLIX aMilJIHTYA 6LIJIO B.LI6paHo paBHLIM 100 B. Ilpe,D;BapHTeJIL

HLie 3KCnepHMeHTLI C paCWHPHTeJIHMH, OllHCaHHLIMH B pa6o

Te 121, a TaK)Ke TpaH3HCT0paMH He llOKa3aJIH 06Ha,IJ;e)KHBa10-

11U1X pe3yJILTaT0B,H B ,IJ;aJILHeiiweM 6LIJia BLI6paHa H HCilLITaHa 

cxeMa pacWHpHTeJIH C KaT0,IJ;HLIMH ll0BTOPHTeJIHMH, BpeMeH

HLie xapaKTepHCTHKH KOTOpoii OKa3aJIHCL Jiy'-lille /3//CM. 

puc. 2, /1//. Eonee no,IJ;po6HLie Hccne,IJ;OBaHHH cxeMLI pac-
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PHC. 2. BpeMeHHLie xapaKTepHCTHKH pacWHpHTeneii. 
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lIIHPHTem1, CO,!J,ep:lKB.lllero 4 xacKa,!J,a Ha KaTOAffhlX IlOBTOpH

Tem1x, noxa3anH 3Ha'IHTem.uyro uenHHeiiHOCTL / puc. 3/. 
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Puc. 3. AMilnHTY.l(Ha.11 xapaKTepHCTHKa pacUIHpHTen.11 Ha 
KaTOAffLIX IlOBTOPHTen.11x IlPH pa3HblX .l(JIHTeJibHOCT.IIX HM· 
nyJibCa H IlOCTO.IIHHOM TOKe. 

aMilnHTYAHOH x·apaKTepHCTHKH, BO3HHKaIOlllYIO H3 • 3a Bhl6poca 

B nepeXOAHOH xapaKTepHCTHKe. BKJII0'1e11He Ha BXOJ:{e 3TOH 

CXeMhl n/n AHOAHO-eMKOCTHOH CTyneHH pacUIHpHTeJI.11 

/K,D;503A/ IlO3BOJI.lleT coxpaHHTb IlOCTO.IIHCTBO BpeMeHHbIX 

xapaKTepHCTHK B o6naCTH MaJibIX BpeMeH / puc. 2 /2//, 
HO yBeJIH'IHBaeT pacxo)K,l(eHHe Me)K)(y aMilJIHTY,!J,HOH xapaxTe -

PHCTHKOH npH IlOCTO.IIHHOM TOKe H KOPOTKHX HMilYJibcax H He 

yny11waeT JIHHCHHOCTH Ha'laJibHOro y11acTKa - puc. 4. 
KpoMe Toro, cxeMbl 'IYBCTBHTeJII .. Hbl H K ~OpMe . BXO,!J,HOro 

Hanp.ll)KCHH.11, oco6eHHO K KPYTH3He-HapacTaHH.11 nepe,!:{Hero 

H 3a,!J,Hero ~POHTOB HMilYJibCa H ,!J,JIHTeJibHOCTH ero IlJIOCKOH 

'laCTH. 

B CXeMe .l(HOAHO-eMKOCTHOro pacUIHpHTeJI.11 C OTKPLITLIM 

BXOJ:{OM B MOMeHT OKOH'laHH.11 BXOAHOro HMilYJibCa H,!J,eaJI~HOH 

IlP..IIMOyroJibHOH ~OPMLI H3· 3a napa3HTHOH CMKOCTH aHOA

KaTOA AHO,!:{a CJ( Ha HaKOilHTeJibHOM KOH,!:{eHca Tope IlO.IIBJI.lleTC.11 

6 

\ 
CKa'IOK uanp.H)KeHH.11 6. U (O) =U 

m BX 

C 

C + C 1l 
o6ycnoaneH· 

HLiii: nepe 3ap.11)(OM Me)K,!J,y:meKTPOAHOii eMKOCTH C,!J,. Cxa110K 

HanpJI)KeHHJI npHBO)(HT K H3MeHeHH10 K03tl><i>HnHeHTa nepe.l(a'IH 

pacUIHpHTeJI.11 npH H3MeHeHHH ~opMLI H .l(JIHTeJibHOCTH HM· 

nynLca I 41. 
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PHC. 4. AMilnHTYAffa.11 xapaKTepHCTHKa pacWHpHTeJI.11 c n/n 
,!J,HOAHO • eMKOCTHOH CTyDeHLIO Ha BXO,!:{e npH pa3HLIX ,!J,JIHTeJIL • 
HOCT.IIX BXO,!:{HOro HMilYJibCa H IlOCTO.IIHHOM TOKe. 

B CB.113H C 3THM 6bI.Ila npe):{JIO)KeHa H HCilbJTaHa AHtW>e

peHUHaJibHa.11 cxeMa pacWHpHTCJI.11 C ypaBHOBeweHHblM ):{JI.II 

HMilYJibC:a o6pa THOH non.11pHOCTH MOCTOM Ha BXO,!J,e. IlpHHUH -

IlHaJibHa.11 3JieKTPH'leCKa.ll cxeMa MOCTa npHBe,!:{eHa Ha puc.5. 
Ee OTnH'IHe OT AHO,!:{HO-eMKOCTHOrO pacWHpHTeJI.11 C OTKphl· 

TblM BXOJ:{OM 3aKJIIO'laeTC.II B TOM, 'ITO ,!J,HOA WYHTHPOBaH 

conpoTHBJieHHeM R III H pacWHpHTeJih 06pa3yeT .IJ.Ba nne11a 

MOCTa, J:{pyrHe ):{Ba. nne11a KOTOporo o6pa3oBaHLI KOMileHCH-
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PHc. 5. AMnnHTY,D.HaH xapaKTepHCTHKa pac;:nmpHTenH - MOC Ta 
npH pa3HhIX ,D.nHTenhHOCTHX BXO,D.Horo HMnynhca H npH no
CTOHHHOM TO Ke. 

pouaHHhIM ,D.enHTeneM C 1 RI H C 2R 2 . BLIXO,D.Hoii cHr • 

Han CHHMaeTCH C ,D.HaroHanH MOC Ta U I BbIX., U 2 Bb!X, npHL!:eM 

eMKOCTH no O,D.HY H no ,D.pyryro CTOpOHY ,D.HaroHanH MOCTa 

COOTBeTCTBeHHO paBHhl. IlpH nocTynneHHH Ha BXO,D. MOCTO· 

BOB cxeMbl HMnynhca CKa'IOK HanpH)KeHHH, B03HHKalOIUHH 

Ha HaKOnHTenbHOM KOH,D.eHCaTope, o6ycnoBneHHhlH nepe3a

PH.D.OM Me)l(,D.y3neKTPO,D.HOH eMKOCTH C,D., Cyll{eCTByeT BO 

BpeMH ,D.eHCTBHH HMnynhca Ha BhIXO,D.e KOMneHCH~OBaHHoro 

,D.enHTenH H Bhl'IHTaeTCH H3 ,D.eHCTBHH OCHOBHOro 51. MO)KHO 

noKa3aTh, 'ITO ecnH C'IHTaTb conpOTHBneHHe ,D.HO,D.a B npo

BO,D.Hll{eM HanpasneHHH noCTOHHHhIM, a BhIXO,D.HOe conpoTHB· 

neHHe HCTO'I_HHKa BXO,D.Horo CHrHana 6nH3KHM K HYillO, TO B 

cxeMe puc. 5 K MOMeHTY OKOH'laHHH BXO,D.Horo npHMOyronh· 

Horo HMnynhca ,D.nHTenhHOtThlO TH HanpH)l(eHHe - u I BbIX. 

-Tu /r3 C -T /r u (T )- . 11. II 3 
I BbIX II-"." o -UBx Kil. (1-e )+TT ---e 

• u ,u ➔ • J3XC +C11. 

H·nocne npoxo)l(,D.eHHH HMnynLca 

8 

U (T )-U [ C n -TH/r3 -t/r 

1 BbIX. H +o;B➔ o - Bx (Kn- C+C ll-e ) ] e P 

B,COOTBeTCTBeHHO,HanpsrnceHHe U 2 BbIX: 

C 
U (T · )=U · 

1 ; 
_2 BbIX H-o ;B➔ o Bx C +C 

l 2 

r,ne C
1 

=Cn;.C
2 

.::c; 

U 2 BbIX(Tll +o;B➔ O )=0, 

r,ne OTC'lllTbIBaeTCJI OT MOMeHTa OKOH'laHHJI HMnynbca H 

pa3HOCTb nanp1nKeHHH U I BblX -U 2 BblX B COOTBeTCTByroIUHe 

MOMeHTbl upeMeHH npH TeX )Ke ycnoBHJIX 

Cn -Tn/~ 
U l BbIX -U2 BbIX (TH -o· B ➔ o )=Uax<Kn- c c )(1-e J; , . + n 

C 
U . -U (T )=U (K - n )x 

1 BbIX 2 Bb1x n +8;8--o Bx n C+C 'J1. 

. x (1-e-Tn/r3 ) e -t/Tp 

T .e.; ecnH Tu /.ra · ,nocTaTO'IHO BenHKO /owu6Ka ne,D.o· 

3apH,na Mana/., TO BhIXO,llHOe aanpJI)l(eHHe • pa3HOCTb aa

np.H)KeHHH U 
1 

BbIX ..! U 2 Bhix He 3aBHCHT oT ,D.nHTenLHOCTH 

BXO,D.HhlX HMnynhCOB H nocne OKOH'laHHH HMnynbca Ha'IHHaeT 

3KCnoHeHIUianhHO cna,D.aTh 6e3 CKa'IKOB. 3,D.eCh 

K ~ R 
11. R +R 

11. 

R 
T ::(Cl +C2)R _;.;._.._::(C1+9R11.; 
a JJ. Rp+R 

T p = CR ; T l = R l C l r2=1\ c2 . 

BpeMeHHhie xapaKTepHCTHKH cxeMbl .D.Hcl>cl>epeHu;HanhHOrO 

pacwHpHTenH, onHCbIBaeMoro HH)l(e, npHBe,D.eHhl Ha pHC. 2 
/3/, aMilnHTY.IJ.Hbie - Ha pHC. 5. KaK MO)KHO BH,D.eTb, ucnonh· 
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30BaHHe CXeMld ypaBHOBeweHHoro MOCTa Il03BOnHno ynyq
WHTL aMilnHTY,IUILie xapaKTepHCTHKH pacWHpHTem1 npu co -

xpaHeHHH Tpe6yeMLIX BpeMeHHLIX xapaKTepHCTHK u yMeHL
WHTL 3aBHCHMOCTL K034><iiHilHeHTa nepe.z:taqu OT q>OpMLI BXO.z:t
HOro curHana. 

.llpuH11unucu11,HaJ1 :JAeK111pu'1ecKaJ1 cxeMa pacwupuTem1 
C MOCTOM IlpHBe.z:teHa Ha puc. 6. K BLIXO.z:taM MOCTa IlO,ltKJllO-

Puc. 6. IlpHHUHilHMLHa.H 3neKTpuqecKa.H CXeMa pacwupHTen.H 
C MOCTOM: 

qeHLI 2 H.z:teHTHqHLJX KaHana ltBYXCTyneHqaToro pacwupHTe
n.H. H3MepHTenLHLiii HMnyni.c c BL1x-0.z:ta U1 BbIX. MOCTa 
IlOCTynaeT Ha BXO.z:t Ka TO,IUloro IlOBTOpHTen.H Ha JI 2 , c BLI
XO,lta K.II. Ha ,ltHO,ltHO-eMKOCTHLIH pacwupHTenL Ha JI6 
qepe3 K.II. Ha JI3 Ha· .z:tHO.z:tHo-eMKOCTHLiii pacwupHTenL 
Ha JI7 , 3aTeM qepe3 KaTO,ltHLIH IlOBTOPHTenL Ha 1/2 JI 4 
a Ha Bxo.z:t 1 UB. KpeMHHeBLIMH cTa6unuTpoHaMH ,D,811, 
,D,813 ycTaHaBnHBaeTC.H HaqanLHOe Hanp.H)KeHHe Ha KOH,lteH
ca Topax pacwupeTeneii Ha ypoBHe O..,. 1 B c u;enL10 yMeHLwe -
HH.H norpewHOCTH npu 3ap.H.z:te .z:tn.H HMnynLCOB Manoii aMnnu
TY.z:tLI H .z:tnHTenLHOCTH 14 ,6!_ 

BTopoii KaHan pa6oTaeT aHanorHqHo. BLixo,IUioii curHan 
co BToporo KaHana pacwepuTen.H nocTynaeT Ha BTopoe Ko
neHo ltBYXTaKTH0ro YCHilHTen.H Il0CT0.HHHoro TOKa, a 3aTeM 

10 · 

no.z:taeTc.H Ha 2-oii BX0.z:t .z:teqiqiepeHu;eanLHoro KacKa.z:ta QB. 
3ToT BX0.z:t BLIB0,IUITC.H Ha nepe.z:tH1010 naHenL a UB npeBpa
lllaeTc.H B npe6op c ,ltHq>q>epeHnuanLHLIM BX0,lt0M. YcTaHOBKa 
HyneBoro YP0BH.H Hanp.H)KeHH.H B BLIX0,IUILIX nen.Hx KaT0,ltHLIX 
IlOBTOpHTeneii JI 4. B O0OHX KaHanax np0H3B0,IUITC.H C no
M0IIlLIO C00TBeTCTBYIOIIlHX nepeMeHHI;,IX conpoTHBneHHH. C 
BbIXO.z:ta KaT0,ltH0ro Il0BT0PHTen.H JI3 HMilYJlbC Il0CTynaeT Ha 
ycHnHTenL-orpaHHqHTenL JI5,ltOilOilHHTenLHO orpaHHqHBa
eTC.H KpeMHHeBbIMH CTa0HilHTPOHaMH ,D,813 .z:t0 YP0BH.H:;:: 36 B, 
.z:tanee qepe3 pacwupuTenL Ha /,D,18, C3/ nocTynaeT Ha 
3anycK UB H UIIM. 

Ea/laHCUpoeKa pacwupHTen.H npH Hana)KHBaHHH YCTPOHCT· 
Ba npOH3BO,IUITC.H BHaqane C BbIKJllOqeHHLIM MOCTOM. Ha 
BXO,ltLI KaHanoB O,IUIOBpeMeHHO no.z:taeTC.H IlOCTO.HHHOe Hanpg
)KeHHe, H3MeH.HeMoe n Tpe6yeMOM .z:tHana3oHe, c nenLIO BLI· 
.HCHeHH.H H.z:teHTHqHOCTH BX K03q>q>HD;HeHTa nepe.z:taqu. Pa3-
HOCTb K03qid>uu;ueHTOB ycuneHH.H ycunuTen.H UB KOMneHcu
pyeTC.H no.z:t6opoM pe3HCTopa R3 , BKmoqeHHoro nocne.z:toBa
TenLHO C BXO,IUILIM conpOTHBneHHeM .z:tBYXTaKTHOro ycu.riu
Ten.H. IIocne 3Toro Ha Te )Ke BXOJ:tbl no.z:taeTC.H HMnynLc, npu 
Heo6XO,IUIMOCTH npe.z:tBapuTenLHO npoH3BO,ltHTC.H perynupOBKa 
HaqanLHLIX IlOTeHnuanoB Ha KOH.z:teHCaTopax CTyneHeii pac
WHpHTeneii O.z:tHOro H3 KaHanon, c TeM, qTo6LI npoBepun, 
H.z:teHTHqHOCTb K03q>qlHD;HeHTa nepe.z:taqu KaHanoB B WHPOKOM 
.z:tHana3oHe aMilnHTY.z:t H ,ltilHTenLHOCTeii BXO,ltHblX HMnynLCOB 
c TOqHOCThIO :;:: 2<1/o. 3a TeM IlO,ltKJllOqaeTC.H MOCT /KaHan 
.z:tHO.z:ta JI1 BbIKJllOqeH/ H onepau;H.H IlOBTOp.HeTC.H. EanaHcu
poBKa MOCTa OCYIIleCTBn.HeTC.H perynHpOBKOH BenHqHHbl C1. 
Ilocne 3Toro BKnroqaeTC.H HaKan JI I H cxeMa_ roToBa 
K pa6oTe. · 

C111a6UAbHOC1flb pa0OTbl p ,D, npH npoaepKe OT HMilYilbCHO· 
ro reHepaTopa xapaKTepH3yeT rucTorpaMMa puc. 7. OTKno
HeHHe OT H3Mep.HeMOH aenHqHHbl COCTaBn.HeT ±0,3<1/o 3a 2 
qaca pa60TLI, npH t =10 HCeK, /nacnopTHa.H aenHqHHa 

HecTa6HnLHOCTH aMnnHTY.z:tLI reHepaTopa BO apeMeHH 11e 60-

nee ±S°lo 3a 30 MHH./. 
BAUJlHUe ,jjopMbl BXO,ltHOro HMilYilbCa Ha K03q>q>HD;HeHT 

nepe.z:taqH P,D, HnnIOCTpHpyeT puc. 8. KaK MO)KHO ·aH.z:teTL, 
yMeHbllleHHe K03q>q>HUHeHTa nepe.z:taqH npH no.z:taqe Ha BXO.z:t 
paCIIIHPHTen.H HMnynLca C IlOCTOHHHOH BpeMeHH HapacTaHHH 
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Pac. 8. Ko3cl>cl>HIUleHT rrepe,naqa P ,lJ; H HeJIHHeHHOCTL K03cl>qiu
nueHTa rrepe,naqu rrpHM0yroJILHoro UMIIY.JILCa H UMIIYJILCa 
C 3KCII0HeHnuaJILHhIM «l>POHTOM U cpe30M ,nJIHTeJibH0CTU 
15, 100 HCeK. 

tlJpOHTa :::: 3,2 HCeK TOH :>Ke ,nJIHTeJILH0CTH, 'IT0 H. rrpHM0-

yrOJihHblH / 15 HCeK/, C0CTaBJIHeT MeHLWe 3o/o B HHTepB~Jie 

50-150 B H C00TBeTCTByeT pac11eTHOH BeJIH'IUHe. 

Bb1COK080Abm1lble OeAumeAU, co6paHHbie Ha pe3HCTopax 

THna TBO H YJIH /pHC. 9/. pa3pa60TaHbl ,nJIH pacwHpeHHH 

Puc. 9. BbICOKOBOJihTHbie ,neJIHTeJIH. O6inuii BU,L{. 
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npe,neJIOB H3MepeHHH aMilJIHTY.Il:LI HaHOCeKyH,nHoro HMilYJILCa 
,no ,nHana3oHa ::: 1 MB. Co6CTBeHHOe BpeMH peaKIJ;HH .ri:enH
TeJIH He Xy)Ke 2 HCeK H3MepeHo C. nOMOIIJ;LIO CTpo6oCKOnH
qecKoro ocIJ;HJIJiorpa4>a OSA601. IlorpeIIIHOCTL K034>'1>Hii:HeH
Ta ocna6neHHH ,neJIHTeJieH, npoaepeHHaH no nocTOHHHOMY 
TOKY, He npeBLIWaeT 4,3o/o. 

KaAu6poeKa pacII1HpHTenen caMa no ce6e 3a,na11a Tpy,n
HaH H3- 3a OTCyTCTBHH npoMLiIIIJieHHLIX reHepaTOPOB TO'IHOH 
aMilJIHTY.Il:LI B Tpe6yeMOM .Il:Hana3oHe aMnJIHTY.Il: H .Il:JIHTeJILHOC
Teii. )];JIH KaJIH6pOBKH pacIIIHPHTeJieii 6LIJIH HCilOJIL30BaHLI: 
3JieKTPOHHLIH re Hepa TOP r 5-11, reHepa TOPLI C pene H 4>opMH
PY10IUeii JIHHHeii, pa3pH)KaeMoii Ha cornacoaaHHYIO Harpy3KY 
/r p / 171 , a TaK)Ke re Hepa TOP - KaJIH6pa TOp Ha TpaH3HCTO
pax H 4>opMHpy10meii JIHHHH, H3roTOBJieHHoii B IIHP. 

3JieKTpOHHLIH reHepaTop Il03BOJIHJI CHHTL BpeMeHHLie 
H aMnJIHTy,nHLie xapaKTepHCTHKH paCIIIHPHTeJieii ,no YPOBHH 
o;, 75 B, aMnJIHTy,na . BXOAHoro HMnynLca 3aBHCHT oT ero . . 

,nJIHTeJILHOCTH, TO'IHOCTL ycTaHOBKH aMilJIHTY.Il:LI C IlOMOIIJ;LIO 
co6CTBeHHOrO OCIJ;HJIJIOrpa4>H11ecKoro HH.Il:HKaTopa He ny11II1e 
±1 Oo/o, Ha·BepIIIHHe HMnyJILCa Ha6JIIO,naeTCH BLI6poc. reHepa
TOp Ha TpaH3HCTopax Il03BOJIHJI CHHTL BpeMeHHLie H aMnJIH
TY,nHLie xapaKTepHCTHKH pacIIIHpHTeJIH ,no ypoBHH = 50 B. 
)];JIH KaJIH6poB~H npH 60JILIIIHX aMilJIHTy,nax BXO,nHoro CHrHa
Jia HCilOJIL30BaJICH I'P /reHepaTop C pene/, 6onee CTa6HJIL
HO pa6oTaIOIIJ;HH B ,nHana30He 100-200 B. AMnJIHTy,na HM
nyJILCa rP npH 3TOM H3MeHHeTCH npHMepHO Ha 1,5o/o, 
MeHLIIlee 3Ha'leHHe aMriJIHTY.Il:LI 06ecne11liBaeT aTTeHIOaTop 
3JieKTPOHHOro reHepaTopa. IlacnopTHaH norpeIIIHOCTL K03qJ
q>Hn;HeHTa ocna6neHHH aTTeHIOaTopa He npeBLIII1aeT ±2o/o 
/nvCTOHHHLIH TOK/. O6maa norpeIIIHOCTL npH OilHCaHHOH 
KaJIH6pOBKe - OKOJIO 3o/o. XapaKTepHCTHKa K034>4>Hn;HeHTa 
nepe,na'IH paCIIIHPHTeJIH npH t If =15 HCeK HH)Ke K034>4>Hn;H
eHTa nepe,na'IH npH t II =100 HCeK ;-Ha 3o/o /pHC. 8/, 'ITO 
MO)KHO OTHeCTH K norpeIIIHOCTHM KaJIH6paTopa Ha KOpOTK1:fX 
HMnynLcax, TaK KaK y 3JieKTpOHHoro reHepaTopa cna,na 
K034>4>HUHeHTa nepe,na'IH Ha KOPOTKHX HMITYJILCax He Ha6n10-
,ri:aeTCH /pHC. 2/. 

)];JIH KaJIH6poBKH ,ri:eJIHTeJieii 6LIJI pa3pa6oTaH MaCJIHHLIH 
BLICOKOBOJILTHLIH KaJIH6pa TOP / puc. 10/, npHHIJ;Hil ,neiicTBHH 
KOTOporo TOT )Ke, 'ITO H B rP. To'IHOCTL K03!p!pHIJ;HeHTa 

14 

nepe,na'IH ,neJIHTeneii no IlOCTOHHHOMY TOKY COOTBeTCTByeT 
onpe,neJieHHOH HMnyJILCaMH BhlCOKOro HanpH)KeHHH. C OTICJIO

HeHHeM = 5o/o npH t ll =100 HCeK, K034>'1>Hn;HeHT nepe,na'IH 
.Il:JIH BCex ,neJIHTeneii npH t H =15 HCeK CHH)KaeTCH :::: Ha 12o/o, 
'ITO, nO-BH.Il:HMOMY, .Il:0Jl)KHO 6LITL OTHeCeHo x yMeHLIIle
HHIO BLIXO.Il:HOH aMnJIHTY.Il:LI HMnynLca C yKopa'IBBaHHeM ero 
/noTepH B HCKpe/. 

PHc. 10·. MacnaHLiii BLIcoK0BoJILTHL1ii Kami6paTop. O6IIJ;Hii 
BH,n •. 

TO'lHOCmb H3MepeHHH a6cOJIIOTHOro 3Ha'leHHH aMITJIHTY.Il:hl 
BLIC0KOBOJILTHOro HMITYJILCa, onpe,neneHHaH B pe3yJILTaTe 
3KCnepHMeHT0B C KaJIH6pa TOp0M' COCTaBJIHeT 7 - 5o/o Ha YP0BHe 
20-100 B / puc. 11 /. OIIIH6Ka H3MepeHHH a6COJIIOTHOro 
3Ha'leHHH aMITJIHTY.!J:hl BhICOKOBOJlbTHOro HMilYJILCa CKJia,IJ:LI
aaeTCH H3 norpeII1HocTeii onpe,ri:eneHHH K034>'1>Hn;HeHTa nepe
,ri:a'IH ,ri:enHTeneii, BOJIHoaoro conpoTHBJieHHH xa6ena, HecTa-
6HnLHOCTH pa60TLI KaJIH6paTopa, norpewHOCTH H3MepeHHH 
IJ;Hq>poaoro BOJlhTMeTpa. KpHBaH KanH6poBKH H cxeMa B3Me -
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peHHJl BbIX0,lJ,H0ro HailpH)KeHHJl Ha :meKTp0,IJ,aX KaMepbl H30-

6pa)KeHa Ha puc. 12. 

~6'/. 

60 

'Ill 
,:--

20 \ 

"- . . 
D . 2D ltO 60 80 U6t.rx,6 

PHc. l 1. OwH6Ka onpe,IJ,eneHHH a6comoTHoro 3Ha'leHHJl aMn -
JIHTY.IJ.bl HaH0CeKyH,lJ,H0ro BhIC0K0B0JlhTH0ro HMilYJILCa. 

. . 

Pe3yAb11IQ1!lbl H3MepeHHH aMilJIHTY.IJ.hl BhlC0K0B0JlhTHoro 

HMilYJILCa C 3JleKTpO,IJ,OB KaMepbl Ha CHHXpo4>a3oTpoHe no

Ka3aJIH CTa6HJILHYIO pa6oTy BbICOKOBOJlbTHOro reHepaTopa -

CM. rHCTOrpaMMY puc. 13. OTKJlOHeHHe OT H3MepHeMoii Be

JlH'IHHhl C0CTaBJIJleT ±1,So/o 3a 8 qacoB pa60Tbl
0 

ycTaH0BKH. 

BeJIH'IHHbl a6comoTHblX 3Ha'leHHH HanpK)KeHHOCTeii 3JleKTpH

qe CK Oro Il0JIH B KaMepe ,IJ,JlH Ka)K.IJ.0ro pe)KHMa pa6oTbl Ka -

MepLI H C00TBeTCTBYJOU\HX pa3MepoB CTPHMepa IlPHBe,IJ,eHbl 

B pa6oTe /I/ npu ,IJ,JlHTeJILH0CTH BhICOKOBOJlbTHOro HM -

nynLca Ha nonyBhICOTe 15 H 30 HceK. 

3aoepxKa H3Mep.HeTCJl C IioM0U\blO 6JIOKa 1iH3 /MeTO,!J,OM 

npeo6pa3oBaHHJl BpeMeHHhIX HHTepaaJIOB B aMilJlHT}'.IJ.Y / /Bl. 
IIpirn~nuanLHaH 3JieKTPH'lecKaH cxeMa· 1iH3 npuBe,IJ,eHa Ha 

puc. 14. Pa6oTa ·cxeMLI · 1iH3 ocH0BaHa Ha nepexBaTe T0Ka 

'lepe:i JiaMny ll3, T.e. npu Il0CTynneHHH BX0,IJ,Horo HMilYJih" 

ca .. CTapT" i3 KaTo.IJ. naMnL1 n 
1 

Ha ceTKe naMnbl n
2 

BL1-
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Puc. 12. KpuBaH Kanu6pOBKH H CXeMa H3MepeHHH BhlX0,IJ,H0ro. 
HanpH)KeHHH Ha 3JieKTp0.L(ax KaMepbI. 

.t 

,L(eJIHeTC.H OTpHI(aTeJILHblH HMilYJILC, Ha aH0.L(e ll3 Ilp0HBJIH· 

eTCH IlOJIO)KHTeJILHblH CHrHaJI. 3anoMHHaHue ero 0Cyll(eCTBJIH· 

eTCH pacumpHTeJieM, BbIIl0JIHeHHhlM Ha n/n .L(H0.L(ax K,[(5O3A 

H KaTO.L(HbIX IlOBT0PHTeJIHX ll5 , ll9 , n8 . Ilpu Il0CTynne

HHH BXO.L(HOro HMilYJILCa "CTon" B KaT0,IJ, J1t, C ,!J,HH0,L(a ee 

IIOJIO)KHTeJibHhIH CHrHan H.L(eT Ha CeTKy n 3 '06pL1BaeT HM -

IIYJILC Ha aHO.L(e ll 3 H 3ail0MHHaHue BpeMeHH0ro HHr°epBana 

npeKpamaeTc.H. 3anycK uu4>p0Boro B0JILTMeTpaQB ocymecT· 

BJIHeTc.H CHrHaJI0M C ,!J,HH0,L(a . ll l . ,[(uana30Hbl H3MepeHHH 

BJ)eMeHHbIX HHTepBanoB: 0-100 HCeK, 0-1 MKCeK • 

KpHBbie Kanu6poBKH 1iH3 IIPHBe,IJ,eHbl Ha puc. 15-16. 
IlonHpHOCTb BX0,IJ,HhIX HMilYJILC0B 0TpHI(aTeJILHaH,_ .L(JIH· 

TeJILHOCTb 5 - 100 HCeK, aMilJIHTy,L(a BX0.L(HbIX HanpH

)KeHHH 20-120 B. OTKJIOHeHHe OT H3MepHeMoii BeJIH'IHHbl 

BpeMeHHbIX HHTepBaJI0B Ha llIKane 0-100 HCeK H3MeHHeTCH 

c BeJIHqHHOH HHTepBana u C0CTaBJIHeT ±2% IIpH 10 HCeK; 

17 



N 

SOD I I I I 6/ti aneJ<mpoa I 

lt001+-----+-f----t 

300+-----+--t-----, 

20D>t------+--1---

. 100 I F1 I I 

l<QM!Pbl 

IX 

i:> 

§ 
:z:: 
:::, 
g_ 

0 
Sit 56 SB 60 62 61+ U6b1x,6 

PHC. 13. rHcTorpaMMa aMilJIHTY,IJ, BbICOKOBOJibTHbIX HMilYJIL
COB Ha 3JieKTp0,!l,HOH CHCTeMe KaMepbl · U BbIX - IlOKa3.aHH.H 
~Htl>poaoro BOJibTMeTpa C pacw:epii:TeJieM HMilYJILCa. 
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PHc. 14. IIpHH~nHaJILHa.H 3JieTpHqecKa.H cxeMa 1iH3. 

~Dr----+----::1"'--4----+.----1 

~s-,--~--,~----+----+--------1 

0 25 so 15 t ma, HCllf. 

PHc. 15. KpHBLie KaJIH6poaKH 1iH3 Ha WKaJie 0-100 HCeK. 
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±1,3~ npH 100 HCCK, Ha WKane 0-1 MKCCK COCTaBJIJICT 

t.2,2~ npH 100 HCCK, ±0,7~ npH lMKCeK. 

u~.& 

t00-l----+----+-------t7'"-------j 

75 -1----+----+--+--+------i 

50-l----+--.,t:--f-----------i-----J 

,25+---i--t-----l-------->-----

0 0,25 0,50 0,75 t,10,Q. MKCEK 

Puc. 16. KpHBhle xanu6poBKH EM3 Ha wxane 0-1 MKcex. 

KoHCTPYKTHBHO annapa Typa KOHTpOJIH pe)KHMa KaMep 

BhlilOJIHeHa Ha 6a3e CTaH,n:apTHhIX 6JIOKOB 3JICKTpOHHhIX Tpex -

CCKUHOHHLIX yHHq>HUHPOBaHHhIX CTOCK, npHHHThIX B OM.HM. 
3neKTPOHHLie CTOHKH u CTOHKa-wxaqi c npu6opaMH yKpen

neHbl Ha nnaTq>opMe rpy30BOH qeTLipeXKOJieCHOH TeJie)KKH C 

OTKH.IJ;HhIM IlOMOCTOM H orpa)K,neHHeM ,KOTOpoe Ha Bpe~JI rrepe -

B030K rro,naeWHBaeTCH K WKaq>y nnaTq>OpMLI, caM IlOMOCT rro,n

HHMaeTCH H KpeIIHTCH K WKaq>y / puc. 17/. ,lJ;aHHaH KOHCTpyK

UHH o6ecneqHaaeT y,no6cTBO Hana,nKH H 3KcnnyaTaUHH arr

rrapaTyp1,1, a TaK)Ke nepeB03KH CHCTeMhl B co6paHHOM BH,ne 

H3 O,nHoro KOprryca B ,npyroH B ycnoBHHX HCil0Jlh30BaHHH 

arrnapaTyp1,1 Ha ycKopHTene. 

20 
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TaKHM o6pa30M' 6bIJIH ,l\OCTHrHyTbl CJie,l\yrollllle pe3ym.
TaTbI: 

1. Pa3pa6oTaHa annapaTypa KOHTPOJIJI pe:>KHMa CTPHMep
HOH ,.KaMepbI, 06ecne11HB8.IOIQaJ1 HenpepLIBHbIH KOHTPOJilt 3a 
napaMeTpaMH BbICOKOBOJlltTHOro HMnyni.ca Ha 3JieKTPO,l\ax: 
aMnJIHTY.l\<>H, ,l\JIHTeJI1tHoc~i.10, 3a,l\ep)KKOH oTHOCHTeni.Ho. Mo· 
HHTOpHoro CHrHaJia. 

· 2. IlpoBe,l\eHbI H3MepeHHJI aOCOJIIOTHbIX 3Ha'leHHH Hanpg• 
)KemiocTH IlOJIJI B .KaMepe,. COOTBeTCTByrollllle Ha11any «i>oTo • 
perHCTl)aUHH CTpHMepoB IlpH pa3JIH'IHbIX YCJIOBHJIX pa60TbI 
KaMepi.i, -npe,l\BapHTeJiltHble 3Ha'leHHJI npHBe,l\eHbl B Ta6JIH• 
u;e, r,l\e . Tn- ,JJ;JIHTeJiltHOCTlt_ BbICOKOBOJiltTHOro HMnyni.ca Ha 
nonyBbICOTe, E - HanpJI)KeHHOCTlt 3JieKTpH11ecKoro nonJI, 
ec - ,nJIH_Ha cTpHMepa, H - Ml'!.rHHTHoe none; ,l\aBJieHHe ra3a 

B KaMepe - a TMoc4>epHoe. 

Ta6AUija 

ra3 HeoH HeoH HeoH 53 %He+47%NI 99%He+l%Ne 

' 
Tu HCeK 30 15,5 10,5 10,5 12,5 
E KB/CM 11,2 14 16 17,6 16,7 
HTC 0 0 1.0 1.0 1.0 

ec CM 1,5 0,7 0,35 0,59 0,45 

IIpuMe_'«JHue: · 
<l>oTorpa«i>HPOBaHHe npoH3Be,l\eHO Ha nneHKY 'IYBCTBH· 

TeJiltHOCTltlO 2000 • 2700 e,l\. rOCT npH OTHOCHTeJI1t· 
HOM OTBepCTHH 061,eKTHBa 1 :2. 

3. AnnapaTypa Il03BOJIJieT K0HTponHpoea:ri. CTa6HJII,,• 
HOC:Tlt. aMilJIHTY.l\bI H 3a,l\ep)KKH BbICOKOBOJiltTHOr0 reHepaTopa. 

. 4::Ha npaKTHKe npoBepeHhl npeHMymecTBa pa3pa60TaH
Horo K0HCTPYKTHBHOro Bltlil0JIHeHHJI 3JieKTPOHHOH annapaTy
pbI ,l\JIJI 3KcnepHMeHTOB Ha ycKopHTene B BH,l\e «i>YHKn;HoHani.
Ho • 3aMKHYTOH CHCTeMbI 3JieKTP0HHltIX Ce TOK H npH6opoB, 
pacnonaraIOIUHXCJI Ha IlO,l\BIDKHOH nnaT4>opMe. 

B 3aKJIIO'leHHe aBTOpbI C'IHTaIOT CB0HM npHHTHhIM ,l\OJI• 
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roM Bblpa3HTlt 6naro,l\apHocTi. r .<l>.AKHMOBoii, A.H.3aBro
PO.l\HeMy, C.A.KpacHoBy, · T .<l>.JKMblpoBoii, T .A.<l>HJIHMOHo
Boii, A.A.BepemarHHY, B • .H.Py6u;oBy 3a noMomi. Ha pa3JIH'I· 
HbIX 3Tanax pa60Tbl. . 
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