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JI. Ou~pHIII, C.B. MyxHH, C.B. PHXBH~HA, 

H.H. CeMeHJOWKHH, II. XopsaT, A.H. Xpeuos 

tOPMHPOBATEJib, PABOTAmmHR 

OT ~HKCHPOBAH~OR ~CTH AMIIJIHTY~H 

HMIIYJibCOB ~TOYMHOIMTEJIER 



I1ccneJlOB8HMIO BpeMeHHbiX xapaKTepMCTMK MMIIynhCOB CUMHTMnnSIUMOHHblX 

C'I9T'IMKOB llOCBSIIUeH pSIJl pa50T / 1 •2 ,3,4,51 , Pe.aynbT8Tbl MCCne)lOB8Hiill IIOKa-

3blB810T, . 'ITO MMHMMBnhHblll BpeMeHHOll- pa35poc liMIIynhCOB li,CneJlOB8TenhHO, 

Ha1wyqwee BpeMeHHoe paapemeHne MOlKHO rrony'IHTh, ecnn ncrronhayeMbie sneK-

.· TpOHHhie_ CXeMbl 38IIYCK8Tb Ha ypoBHe 10f-15% aMIInMTYJlhl MMilynhca CUiiH

TnmiSIUIIOHHOI'O cqeT'II!Ka I 4,61. Dp11 BpeMeHHhiX M3MepeHMSIX neo5XOJlMMo TaK

lKe YCTpaHMTb BnMSIHiie 8MilnHTYllHOI'O pa35poca MMnynhCOB C. <t>8Y • C STOll 

uenb!O Ha npaKTMKe ncnonbayeTCSI necKonbKo MeTOJ:tOB 17,9,9,10,"111. Xopow11 e 

. pe3ynhT8Tbl nony'IeHbl np~ I}JopMHpOB8HHii HMIIynbC8 OT CUH.IITHnnSIUHOHHOI'O 

C'IeT'IHKa B 5nnonSipHhii1 HMnynhc. oTpe3KOM Ka5enSI n onpeAenenne MOMeHTa 

nepexoJla qepea Hynh llH?KPIIMI!HaTopoM nepeXOJla qepea nynh 191 nnn c rro

MOIUbiO cneunanbHOll CX9Mhl KOMil~HCBUHH 1111 • 0JlH8KO B.llepBOM cnyqae'aa

nycK CXeMbi· ocymeCTBnSieTCSI He OT OllTHManbHOll. 'I8CTH 8MilnHTYJlhl HMnynh

COB, MM9101U9ll MH.IIMManbHblll BpeMeHHOll pa35poc. B cnyqae HCI10nb30B8HHSI 

cxeMhr c KOMnencauHeii 
1111 

B03MOlKHOCTH pePynHpoBa.IIMSI nopoi'a cpa5aThi

BaHHSI OI'pa.IIH'I9Hbl, 
. i 

TaKMM .o5paaoM, onTnManh.IIhiMM cBoiiCTBaMH JlnSI BpeMeHHhiX M3MepeHI!ii 

5yJleT o5na)l8Tb CXeMa, KOTOpaSI 381lyCK89TCSI OT I}JMKCI!pOB8HHOll 'I8CTM 8MilnH

TYJlhl sneKTpH'IeCKOI'O CMI'Hana <t>8Y ( "' 15%) 1i llpH 9TOM 6yJleT o6ecne'IH

B8TbCSI ycTpaHeHMe _BnHSIHHSI 8MilnHTYJlHOI'O Cll9KTpa 1121. 
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p accMa TpHBaeMblll M9T0Jl BpeMeHHOll npHBSI3KH K <iJ_HKCHpOBaHHOll "!aCTH 

aMnnHTYJlhl HMnynhCa BH9 3aBHCI'IMOCTH OT 91'0 aMnnHTYJlbl OCHOBaH Ha cno

*9HHH HHBepTHpOBaHHOI'O H 3aJl9p*aHHOI'O sn9KTpH"19CKOI'O CHI'Hana C ¢3Y 

c o6ht"'HhiM, ao ocna6n9HHhiM CHI'HanoM. B STOM cny"'a9 nony"!a9TCSI 6nno

nSipHhiii HMnynhC, MOM9HT ll9p9XOJla KOTOpOI'O "19p93 Hynh COOTB9TCTBY9T ay)I{

HOll "!aCTH aMnnHTYllhi HMnynhca ( imc. · 1). 3aT9M MOM9HT n9p9XOJla 6nnonSip-' 
• I . -

HOI'O HMnynhca "'9p93 aynh onp9Jl9nSI9TCSI JlHCKPHMHHaTopoM aynSI. TaKoii npHH-

unn 069Cll9"11'!Ba9T ycTpaH9HH9 Bp9M9HHOll 3aBHCHMOCTH BblXOJlHOI'O HMnynhC8 

<!JopMHpOBaT9nSI npH H3M9H9HHH aMnnHTYJlhl CHI'Hana Ha 91'0 BX0Jl9, 

~. CxeMa ~opMrrpoBaTeng 

13noK-cxeMa <!JopMnpoBaT9nSI npHB9Jl9Ha aa pnc, 2. 

- Ha BXOJlhi cpopMHposaT9JiSI 1 n 1• OAHOBp9M9HHO noniuoTCSI HMnynhChi c 

aHO)la <lJOTOYMHO*HT9nSI~ C BXO)la 1 C!!I'Han llOCTyna9T Ha <!JopMHpyiOIUHll KaC_; 

KaJl, DllllOnSipHbiit HMnynhC, C03)laHHblll B STOll ':IaCTH CX9Mbl, C nepeXOJlOM 

91'0 "19p93 Hynh, COOTB9TCTByiOtllHM "'15% aMnnHTYJlhl BXOJlHOI'O CIII'Hana, llOCTy

na9T B oi'paHH"'IIT9nh n saT9M aa JlHCKpHMIIHaTop n9pexona "'epes aynh. 

I1MnynhC, llOJlBBaeMblll Ha BXOJl 1', TaK*e • <!JopMHpyeTCS! B 6nnonSipHblll 

HMnynhC H 91'0 OTpHUaTenhHaSI "!aCTh 3anycKa~T nopOPOBblll JlHCKpHMHHaTOp, 

'¢opMHpOBaHH9 BXOJlHOI'O HMnynhCa BO BTOpOM KaHane yMeHhtuaeT Bp9M9HH0ll 

CJlBHI' HMnynhCa nopOI'OBOI'O ilH<?KPHMHHaTOpa. I1MnynhC nopOI'OBOI'O JlllCKpHMI'I

HaTOpa ynpaBnSieT TOKOBbiM ·KniO"'OM. ToKOBhiii KniO"' nepeKniO"!aeT ',!'OK nbeJlec

Tana .B uenn JlllCKPHMHHaTop~ · nepexona "'epes !'-ynb,. Bbtxonaoii HMnynhc JlHCKpi!

MHHaTopa nepexona "!epe3 aynh <!JopMilpyeTcSI TpHI'I'epoM aa TyaaenhHOM JlHO

Jle H llOCTynaeT H8 BblXOJlHOll K8CK8Jl, 

nopOI'OBblll. JlHCKpHMI'IH8TOp H Tplli'I'ep C)lenaHhl no CXeMe C JlBYMSI yc

TOll"'HBb!Mil nono*eHHSIMH H nx nepexon B Ha"!anhHOe nono*eHHe ocyiU9C'{'BnSI9T- . 

CSI c noMOIUhiO cn9unanhHOI'O KacKana. 

3n9KTpn"!eCKaSI cxeMa <!JopMilpOBaTenSI npHB9Jl9Ha lia p11c. 3, a e9 Bp9-

M9HHaSI tlHai'paMMa ~ aa pnc. 4. 

Ha BXOJl 1 rrona9TCS! OTPIIU8T9nhHblll HMnynbc c aHOJla ¢3Y. 3TOT liM-. 

nynhc nocTyna9T "19p93 Ka69nh Jlnnaoii 130 eM aa <!JopMHpyrorunii KacKan. Ha 
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·pi!C, 1, npi!Hlll!ll <jlopMI!pOB8HI!H 6unOnHpHOI'O IIMnynbca, 

·nepexoa qepea Hynb KOTOpOI'O COOTBeTCTByeT 15% aMnnn
TyAhl, 
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B.xoat' 

i, 

Puc. 2. EnoK-cxeMa <!>opMI!poaaTeng. <PK - · <PopMupyromuii· KaCKan, 0 - orpaHH'IHTenh, 
LIHH - nucKpHMHHaTop nepexona 'Iepea Hynh, .U - noporoabiH nucKpHMHHaTop, TK :.. TOKO- _ 
Bblll KniD'I, T - Tpurrep, BK - BbiXOIIHOll K8CK"an, en - CX~!Ma" nepeKniO'IeHH9 TYHHHenhHblX 

Ili!O):{OB, 



o6ruy10 TO'IKY .r:monoB D 1 ·, D 2 qepe3 conpoTIIBneaiie R 2 llOCTynaeT 

ocnaoneHHb!H. C!II'Hanj 38Jlep)KaHHhl.H H HHBepTHpOB8HHhiH CHI' Han - qepe3 HH

BepTop TR 1 ' . coopaHHhiH .Ha Kaoene gnnHOH 60 CM H conpOTHBneHHH R3 

Cno)KeHne STHX HMnynbCOB nponcxonnT Ha HH3KoqMHOM orpaJ;III'IHTene D i , 

D 2 . , IJ 
3 

• ToK 'Iepe3 D 2 (2,5 Ma) Bhi3h~·BaeT naneane aanpmKeHHSI 

ua R3 , 'ITO npnBollnT K ·llOSIBneanro Ha KaTone 0 1 • noTimunana + 100MB, 
. ·~} 

TaKHM o6pa3oM, AIIOil D1 nnSI ·Manhrx cnrHanoB 3aKphiT II Bee~ BXOilHOil 

TOK .oTBeTBnSieTCSI 'Iepe3 D 2 n D 3 B ·nncKpHMHHaTop nepexona· qepe3 Hynh 

t TO 1 ) • 8To npnBOilHT K yBenn'IeHHIO 'IYBCTBHTenbHOCTH cxeMbi, <PopMa HM-

nynbca, nonaBaeMor-o Ha TD 
1 

, ·, noKa3aHa Ha puc. 4~ 

.UncKpHMHHaTop nepexona qepe3 Hyflb paooTaei. cnegyrorunM o6pa3oM: 

B Ha'IanbHOM COCTOSiimn TpaH3HCTOp · T 
7 

. OTKpb!T II qepe3 Hei'O Te'IeT 

TOK 13 Ma. CyMMa TOKOB qepe3 Tp8H3HCTOp r·l H JlllOJl D 3 pa:BHa 10 ~a. 

T,e, nnKoBoMy TOKY TD 1 • Ta:KnM o6pa3oM, p'aoo'I~.SI TO'IKa
1 TD 

1 
HaxonnT

CSI Ha oTpnuaTenbHoil 'IacTn xapaKTepncTHK!I. Kor-na Ha TD Ha'InHaeT neil-. . . . . . l 

CTBOB8Tb OTp!!UaTenbH8Sl 'I8CTb OllllOnSipHOI'O OI'paHU'IeHHOPO UMnynbca, TOK 

'Iepe3 T7 npeKparuaeTc.SI. HaqanbHhiH TOK 'tepe3 TpaH3HCTOp Tt n gnon 

11 3 non)KeH OhiTb · nono6paH TaK, 'ITOohr T D nepeKnroqanc.SI B Mo~eHT ne-. . l 

pexona 6nnoliSipHor-o HMnynbca qepe3 Hynb'. Bennqnaa ToKa 'Iepe3 TpaH3UCTop 

T 1 3anaeTCSI c noMOIUb!O noTeHUHOMeTpa TI1. Tipn TO'IHoil aacTpoilKe MO)KHO 

ycTpaHHTb BnH.SIHHe Ben!I'IHHbl BXOJlHOI'O CHI'Hana· Ha MOMeHT cpaoaTblB8HIISI 

TD 1 B wnpoKoM nnana3oHe BXOJlHhrX aMnnnTyA. 

ToK qepe3 ·if 7 ynpaanSieTc.SI nMnynbcoM noporoBor-o gncKpiiMUHaTopa 

TU3 • Ero 3anycK ocyrueCTBnSie~~SI rrpn llOMOWII JiMnynbca c <P8Y I llOAaBae-

MOI'O Ha BXOJl 1•, .8TOT HMllyn~c cpOpMHpyeTCSI B OHllOnSipHb!H UMnynhC (pnc,46) 

.·nono6Ho UMnynl,cy, nonaBaeMoMy Ha BXOA 1. -Bxo.riHoil II'Mnynhc UHBepTIIpyeTcSI 

Ha TR2 II ocnaonSieTC.SI conpoTIIBneHIIeM R23 HeocnaoneHHhril IIMnynbc 

nonaeTCSI qepe3 · Ka6enb nliiiHoil 60 ,eM n R24 Cno:lKeHIIe npoiiCXOAIIT Ha 

BXOAHOM COllpOTUBneHIIII Tp8H3IICTOpa T 6 1 BKniO'IeHHOI'O no CXeMe C oorueil 

6a3oil, Koiop~ril · oTnenS!eT· nopor-oBbiH JliiCKpiiMIIHaTop oT Bxona. 

B hiXOJlHOH · IIMnynbc JliiCKpiiMUHaTopa nepexoga tmpe3 Hynh· 3anycKaeT 

cpopMnpyrownil .r:iiicKpUMIIHaTop, nocTpoeHHhril Ha TD 
2 

D 
7 

II T 
2 

• Ha o6a 

Bb!XOJla llOJlaeTCSI .IIMnynbC 'Iepe~ SMIITTepHblH llOBTOpiiTenh 'f 3 II TOKOBbie 

• BhrxonHoil IIMnynhc IIMeeT aMnnn-
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aanoB B pa3HbiX. TOqKaX CXeMbl <jlopMI!pOBaTenSI. 



·-) 

TYllY 1 B Ha COIIpOTHBH9HIHI 50 OM 1i llHUT9HbHOCTb 15 HCeK, nnuTeHbHOCTb 

rrepe~Hero U 38/lHePO ~pOHTOB 2 HCeK, 

ITepexmo'!eHue llUOllOB TD 
2 

u TD3 B Ha'!anbHOe cocTonHue rrpoucxo-

llUT IlpU IIOMOIUU TOKOBhiX KH!O'!ell D IO T 13 ; T 9 I T I 0 li T II ,· Tl2 • 

3, Pe3ynhTaTbi IICIIbiTaHIIii 

_3aBUCUMOCTb BpeMeHHOPO CMemeHUR BbiXOllHOPO UMIIYHbCa ~OpM!ipOBa

Tenn OT a.MIIHUTY!lhl BXO!lHOPO UMIIYHbCa li3MepnnaCb IIpli IIOM?IUU PeHepaTOpa; 

UMHTupyiOmePo c~UHTHnnnuuoHHhie HMrrynhchi, H~ puc, 7 rrpe!lcTaBneHhi pesynh

TaThi STUX. U3MepeHUii:, KaK BU!lHO U3 pucyHKa 7 1 BpeMeHiioii C!lBUP BhiXO!l

HOPO UMrrynbca COCTaBnHeT He 6.onee :!;·100 rrceK ·B lll!8I1830He aMrrnUTYll 

0,15 f- 9 B Ra BXO!le ~OpMUpOBaTenH, 

«PopMupoBaTenu ucrrhiThiBanucb npu pa6oTe B. rry'!Ke " -Me30HOB c 

uMrrynb~OM 5 fsB/c. c BKniO'IeHueM rro cxeMe· crreKTpoMeTpa no BpeMeHu rrpo

neTa (puc. 6), B CUUHTHnnnUHOHHhlX C'IeT'IHKaX ucrronb30Banucb ~OTOYMHO

)KUTenn Tnrra XP.;.1 020, C aHO!lOB sTux «P3Y 1 l!Meromux 1 00-oMHhiii: xoaxc~

anbHhiii: BhiXO!l, cuPHan c rroMOIUbJO TpaHc~o.pMaTopoB pa3!lBauBancn Ha_ !lBa 

50-0MHhiX xa6enn /13/, CxeMa BhiXO!lHOPO xacKa!la «P3Y rrpuBe!leHa Ha puc,5, 

B pesynbTaTe ucrrhiTaHuii 6bmo rrony'IeHo paspemeHue 160 ncex rrpu pa-

6oTe co cuuiiTunnnTopaMu Tnna NE l02A pasMepol\1 30 x30 x 9 MM3 6es cBe

TOBO!lOB, KpUBllR paspellleHUR IIOKa3aHa Ha puc, 8, lliupl!Ha KaHana IIpU STOM 

6bma 22 rrcex. 
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PI!C, 5, CxeMa aHOAHO!'O KOHTypa ¢3Y XP-1020. 
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P1!c,6, 5noK-CXeMa BpeMeHHoro CIIeKTpOMeTpa .s I I s2 I 

S 3 1 S 4 - CUIIHTIIIIIISIUI!OHHbie AeTeKTOpbi, ¢1 - ~Op-
MI!pOBaTeiii!, B - aopoTa, BAK - K·oHaepTop 'apeMSI-aMIIIIII

Ty.na", CC - cxeMa coarraneHirli, P - paaaeTBI!Tenb, 

T M - cxeMa 6nOKI!pOBKII, MAA- aMITIIIITYAHhili aHa
II1!3aTop. 
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P11c. 7. 3aBI!CI!MOCTb cMeiUeHI!SI BhiXOAHOro I!Mrrynh

ca 4JopMI!pOBaTeiiSI OT aMIIIIIITYAhl BXOJ:IHOro I!MIIYIIb
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