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AHHOT8UlfSI 

n pHBO.USITCSI OCHOBHbie pe3ynbT8Tbi paoOTbi no C03.U8HlfiO ObiCTpo.aeACTByiOlUllX, 

H8.Q9:>KHO paoOT8IOlUHX nepeC'I9THbiX ycTpOitCTB H8 cepnitHbiX. nonynpOBO.UHHKOBbiX Tpno

.aax, Pa3pemaiOmee BpeMSI o&IcTpbiX nepec'l:eTHbiX gqeeK1 B&monHeHHbiX Ha Tpno.aax 

-8 
n403 1 COCT8BnSieT 5 • 10 C9K, 

Ha ocHoBe pa3pa6oTaHHbiX gqeeK B&monHeHo .aBa Tnna nepecqeTHbiX JieKa.a no 

.UBOH'IHO-.Q9CSITlf'IHOit ClfCTeMe cqeTa 'oe3' oopaTHb!X' cagaeit ·c lfCOOnb30B8Hlf9M nOrlf

'19CKlfX aneMeHTOB "Vi" (,alfori~o~Tpa~ccpopMaTOpHbiX. -~~eM COBTI8.U~~-~ft )~ "BbiCTpag " 

( ) 
• . -7 

. ,aeKa.aa HS TpliO.U8X n403 lfM99T pa3p91U8I01U99 Bp9MSI M9Hee 10 CeK j "Me.aneH-

-6 
H8SI 11 ,aeKa.aa (Ha Tpao.aax nl6) - (2- 3)• 10 ceK, 

OcooeHHOCTbiO nepecqeTHbiX ycTpoltcTB RBnReTCSI B03MO:>KHOCTb npHMeHeHnst cepna

HbiX nonynpOBO.UHlfKOBbiX TpliO.UOB 6e3 cneunanhHOrO OT6opa lf ,aeTaneA C 10o/o .aonyCKOM. 

KpaTKO onlfcaH .aeKa.UHbiA nepecqeTHbiA npn6op c Koa¢¢HulfeHTOM nepecqeTa 

. 5 ~ 
10 lf pa3pemaiOLUlfM BpeMeHeM - MeHee 10 ceK, 



O.nHHM H3 OCHOBHhiX aneMeHTOB 6onhWHHCTBa ycTaHOBOK aKcrrepn:MeHTanhHOi!: 

SI,nepHOH ¢n:3HKH SIBJ1Sl8TCH arrrrapaTyp~ II03BOJlHIDlU8Sl perHCTpllpOB8Th qn:CJIO HMIIyJih

COBo Pern:cTp8UHH CBO.llllTCH 1 B 60JlhWHHCTBe CJiyqaeB 1 K cqeTy qn:cJia 8Jl8KTpn:qecKHX 

HMIIYJihCOB Ha B hiXO,lle TOrO llJlll HHOrO .llllCKpHMliHHpymwez:o ycTpOHCTB8 ( 8MIIJIHTY .n

HOrO .llllCKpHMHH8TOpa) 1 KOTOpbiM 38BepwaeTCH .ll8TeKTOp ll3JiyqeHHSlo 

Han:6onee pacrrpocTpaHHeHhiMH perucTpupymwn:Mn: ycTpoi!:CTBaMn: HBJIHIDTCH nepe

cqeTHhie CX8Mhl 1 BhiiiOJlH8HHhie H8 aneMeHT8X C .llBYMH ycToiiqliBbiMH COCTOHHHHMH -

TpurrepHhiX gqei!:Kax, crroco6HhiX rrepecqn:ThiB8Th qucno n:MrrynhCoB Ha .llBa. nocne.no-

B8TeJlbHOe coe,nn:HeHn:e T8KHX gqeeK ,naeT B03MO:>KHOCTh Cqn:TaTb qucno HMIIYJlhCOB B 

.llBOli'lHOH CHCTeMe cqn:cneHHSlo 0.llH8KO .llBOHqHaSI CHCTeMa · qpe3BhiqafiHo He-

y ,no6Ha II pH BH3yaJI,hHOM CHSITHH OTcqeTOBo Ban:.ny 8TOrO IIpli60pbi 0 IIpe,nH83HaqeHHhie 

.llJlSl BH3Y8JlhHOrO OTCqeTa0 CTpOSITCH IIO .llBOHqHo-,neCSITHqHoi!: CHCTeMe. 8TO .ll~THr8eT

CH IIpliM8H8HH8M CIIeUH8JlbHhiX o6p8THhiX CBH38H B uerroqKe H3 HeCKOJlhKHX TpHrrepllhiX 

gqeeK1 JIH60. rrpn:~eHeHn:eM KOJlhU8BhiX CHCTeM C Koa¢¢uuueHTOM IIepecqeTa Kp8THbiM 10., 

YI.neH rrpn:MeHeHuH rrepecqeTHhiX cxeM He Hoaa, o.nHaKo co3.naHue Ha.lle:>KHO pa6o

Tamwn:x cqeTHhiX cucTeM, c 6oJihWHM. Koa¢cpn:uueHTOM rrepecqeTa · u apeMeHHhiM pa3pe

-7 
WeHR eM 1 Q C8Ko li MeHee) OCT88TCH He TOJlbKO TexHn:qeCKOM 38,naqefi. 8TO 38CT8B-

. JISieT BeCTH WHpOKHe IIOHCKH K8K HOBhiX MeTO.llOB perHCTp8UHH qucna liMIIYJlbCOB 1 T8K 

u ycoaepweHCTBoBaHuH cxeMHhifC peweHui!:. 

nepecqeTHbie IIpn:60pbi IIpOMhiWJleHHOrO IIpOH3BO.llCTB81 BbiiiOJIHeHHbie Ha Jl8MIIO

BbiX gqei!:K8X 1 38Tpy .llHHIDT IIpHMeHeHn:e HX IIpli MeTo.nn:qeCKIIX pa3p860TK8X C 60JihlUHM 

qifCJlOM cqeTHhiX ~8H8JlOB K8K II3-38 CBOHX ra6apn:TOB 1 T8K ll II3-38 CpaBHHTeJlbHO 

He60JibWOrO 6hiCTpo.nefiCTBIISl li He,llOCT8TOqHo H8.ll8:>KHOH pa60Tbi IIpli .llJlliT8JlhH011: 

aKcrrnyaTaun:n: • 

n pHMeHeHue IIOJiyiipOBO.llHHKOBbiX aneMeHTOB ~ rrepecqeTHhiX ycTpOHCTB8X C l;)onb

WHM Koa¢¢n:uueHTOM rrepecqeTa H 1 CJ18.llOB8TeJihH0 1 COCTOSllUHX II3 3Haqn:TeJibHOrO 

qucna O.llHOTHIIIlbiX gqeeK .1 II03BOJIHeT1 IIp6K.lle BCero, CylU8CTB8HHO IIOBbiCHTh 

cpoK cnym6hi II Ha.nemHOCTb ¢n:3n:qecKoi!: arrrrapaTyphi. Enaro.napSI OT.cyTCTBHID y rrony-

IIpOBO.llHHKOBbiX 8Jl8MeHTOB IIO.llOrpeBHOrO K8TO.ll8 liCKJlffiq8ffiTCSl OCHOBHbi8 liCTQqHIIKH 

H8CT86HJlbH011: pa60Tbi 8Jl8KTpOHHOi!: arrrrapaTyphi - HeCT86HJlbHOCTb TOK8 8MHCCHH 

K8TO.ll8 li 3H8qliT8JlbHhiH BHyTpeHHH11: p830rpeB Jl8MIIhi 1 KOTOphiH qacTO IIJ?liBO.llllT K H3-

M8H8HHID II8p8M8TpOB .aneMellTOB ycTpOi!:CTBo noMHMO 8TOr0 1 rrpiiMeHeHue IIOJiyiipOBO.ll-
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HliKOB II03BOJIHeT 3HaqnTeJibHO COKp8TliTb MOW:HOCTb liCTOqHliKOB IIliT8HliSl1 ra6apliTbl 

11 nee arrrrapaTypbi 11 1 cne.aonaTenbHo, ynpocTIITb arrrrapaTypy n coKpaTIITb npeMH Ha 

no.aroTOBIITeJihHbie pa6oThi K aKcnepiiMeHTy. CxeMbi Ha rronyrrpono.aHnKOBbiX an eMeHTax 

yJKe B HBCTOHW:ee BpeMH MBJIO qeM ycTyiiBIOT 8H8JIOriiqHbiM ycTpO:il:CTBBM H8 aneKTpOH

HbiX naMrrax, XapaKTepiiCTIIKII conpeMeHHbiX rrpoMbiWneHHbiX Tpiio.aon, KBK noKB3hiBaeT 

OIIbiT pa60Tbl 1 yJKe ce:il:qac II03BOJIHIOT BbiiiOJIHIITb Ha,ae:>KHbie nepecqeTHbie gqe:il:KII 1 

pa6oTaiOw:IIe na qacToTax .no 10-20 Mru. TaKne gqe:il:KII Ha nonyrrpono.aHIIKOBbiX Tpno

.aax MOryT 6biTI> OCHOBO:il: ,UJISl C03,U8HHH nepecqeTHbiX ycTpOtiCTB1 06JI8,U810W:IIX nyqwii-

Mil rrapaMeTp8MII II 9KCIIJiyaT8UliOHHbiMII X8p8KTepiiCTIIK8MH 1 HroKeJin WllpOKO pacnpOCTpa

HeHHbie rrpii6opbi Ha aneKTpoHHhiX naMnax. 

npH npone,aemm pa60Tbl IIO C03.U8HIIIO periiCTpiipyiOW:HX CIICTeM C 60JibWHM 

qHCJIOM cqeTHbiX K8118JIOB 1 CO,aepJK8W:HX ,aeCHTKH rrepecqeTHbiX gqeeK 1 o6paw:aJIOCb 

OC060e BHIIMBHHe 118 IIOB biWeHHYIO Ha,ae:>KHOCTb II BOCIIp0li3BO,UIIMOCTh IIOCJie,UHIIX, 

npe,a'bHBJIHJIHCh Tpe60B8HIIH 1 no-rrepBbiX1 B03MO:>KHOCTH ,UJIHTeJihHOti pa60Tbl T8KHX 

. 0 
CIICTeM B na6opaTOpHbiX YCJIOBHHX B WlipOKQM .Uli8II830He TeMrrepaTyp (,no +40-50 C )1 

IIpli 113MeHeHliHX IIHTa!OW:HX HaiipH:>KeHn:il: :!:. 10% OT HOMHH8JihHb!X 3Haqemi:il:; BO-BTOpbiX1 

B03MO:lKHOCTli BbiiiOJIHeHliH rrepecqeTHbiX ·YCTpOtiCTB II pH IICIIOJih30B8Hliii p8,UIIO,UeT8Jieti 

' C ,aorryCKOM :!:. 10% OT HOMIIH8JihHbiX 3HaqeHII:il: li cepHt!HbiX IIOJiyiipOBO,UHliKOBbiX TpilO,UOB 

6e3 crreunanhHoro oT6opa: n-TpeThliX1 II.aeHTHqHOCTII xapaKTepiiCTIIK HqeeK, o6ecrreqH

BBIOW:liX COBMeCTHYIO pa6oTy, , 

EbiCTpo.aeil:cTn~e cqeTHbiX CHCTeM, KBK npan11no, orrpe.aenHeTcH 6hiCTpo.aeficTnneM 

BXO,UHblX YCTpOHCTB, no,aaBJIHIOW:ee 60JihWIIHCTBO nepecqeTHbiX SlqeeK B T8KliX CIICTe

M8X pa6oTaeT cpaBHIITeJihHo Me.anenHo{ c pa3pewaiOW:HM npeMeHeM 1-2 MKceK H 6onh-

we )·B CB.Il311 C 9TIIM1 !Ipll IIOCTpOeHIIII cqeTHblX CIICTeM uenecoo6p83HO npiiMeHHTb .UB8 

Tnna gqeeK - Me,aneHHYIO ll 6biCTpyiO, Me,ane~H8H gqefiKa HBJI.IleTCH OCHOBO:il: cqeTHOti 

CliCTeMbl li K Heti npe.U'bHBJISliOTCH IIOBbiWeHHbie , Tpe60B8HH.Il H8,Ue:>KHOCTH 1 BOC!Ip0n3-

BO,UIIMOCTII1 aKO'IOMnqHocTII n: T,,a, EbrCTpbie gqet!Kn .aon:>KHbi o6ecneqnBBTh .aocTaToq-

-6 . -
noe paapeweHne (MeHee 10 ceK), npn aTOM .aonycTnMo HeCKOJihKO 6onhwee BHnMa-

HUe K HX H3rOTOBJieHHIO H. H8JI8,UKe, 

1, noBbiWeun:e Ha,ae:>KHOCTH nepecqe.THblX gqeeK 

B pe3ynbTaTe auann3a cxeM nepecqeTHhiX gqeeK 38 ocuony 6brna BbiopaHa cxeMa 

HeHachnueuuoro cnMMeTpHquoro Tpnrrepa ( ¢ur.1). Oco6enuoCTbiO Tpiirrepa HBJIHeTc.ll 
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HanH'IHe HenHHe:ii:Ho:ii: o6paTHott: cBSI3H (corrpoTHBneHHe· R; , LlHOLl .n1 ), ycTp~HSIIOUlefi 

HaCbiUleHHe OTKpb!TOI'O TpHOLla [1, 2, 3], 

--~----------------------~---£1 
-{$8 

----~~------------------~------Ez 
+{8 

¢Hr. 1. CxeMa ocHOBHO:ii: rrepec'leTHoM: SI'Ie:ii:KH. 

B HeHaCb!UleHHOM TpHI'I'epe ycTpaHSieTCSI HHepUHOHHOCTb1 CBSI3~HHaSI C 9cPcPeKTOM HaKo

IIl!ElHHSI H paccacbiBaHHSI H36biTO'IHb!X HeOCH'OBHb!X HOCHTenefi: B 6a3e HaCbiUleHHOI'O TpHO

):(a. Y CTpaHeH.Ife yKaaaHHOll HHepUHOHHOCTH o6ecrre'IHBaeT 60l!blllee 6b!CTpo.oefi:CTBHe 

TaKOI'O TpHrrepa •. BMeCTe C TeM, ycTpaHSieTCSI pa3l!H'IHe 'IYBCTBHTel!bHOCTH SI'IeeK K 

aMIIl!HTy ,oe aarrycKaiOUlHX HMIIYllbCOB B 3aBHCHMOCTH OT CTerreHH HaCbiUleHHSI TpilO.[la. 

8To I103BOl!SieT IIpHMeHSITb B SI'IefiKaX TpHOLlbi 6e3 LlBYCTOpOHHero orpaHH'IeHHSI K09cP

cPHUHeHTa ycHneHHSI ,S , 'ITO oco6eHHO rroneaHo Lll!SI o6ecrre'leHHSI pa6oTbi TpHrrepa 

B WHpOKOM .oHarraaoHe TeMrrepaTyp. KpoMe. Toro, HeHacbrllleHHbie TpHrrepbr, B f'TnH

'IHe OT HaCbiUleHHbiX1 Ha.oe:>KHee pa6oTaiOT IIpH O'leHb HH3KHX 'laCTOTaX cne.ooBaHHSI 

13XOLlJibiX HMIIYl!bCOB (pa6oTa OT OLlHHO'IHbiX HMIIYllbCOB) • 

.D.nSI KOMIIeHCa!lHH yaenH'IeHHSI Ha'lanbHoro TOKa KonneKTOpHoro rrepexo.oa It<o 
C pOCTOM TeMnepaTypbi B CXeMe TpHrrepa ( cPHI'.l) HCIIOl!b3yeTCSI BHelllHHH HCTO'IHHK 

CMeiUeHim. 



·. 
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YKa3aHH&Ie ot:o6eHHOCTH c.xeMbi Tpnrrepa no3sonsnoT npuMeHHTb TpHO.llhi, nna 

KOTOpblX KOacpqlHUH9HT ycuneHHH npeBbiWaeT, H9KOTopyiO paC'i9THYIO B9J1H'iHHY J3MifH 

a HaqanbHhiH TOK KonneKTopa MeHbWe pacqeTHoro 3HaqeHHH ( Il<o )Ma.Ke • BenH'iHHhi 

f3;..~H t.4 (It<o)t-tai<C onpenenS!IOTCH no MeTO.llHKe [ 2,3,4] • Tpe6osaHHH K p H IKo 
.llOBOJlbHO He )K9CTKH 1 TaK 'iTO cepHHHb!e TpHO.llhl1 y .llOBJ19TBOpHIOlUHe T9XHH'i9CKHM ycno

BHHM1 MOryT 6hiTb IlpHrO.llHbl .nmi HCIIOJ1b30BaHHHo 

n pH pacqeTe CX9Mbl TpHrrepa Y'iliTbiBanacb 3aBHCHMOCTb napaMeTpOB TpHO.lla 

( f3 li ri(O ) OT TeMnepaTyph11 cornaCHO [2,3 14] • 

n paKTH'i9CKHH HHTepeC .llJlH BOCIIpOH3BO.llliMOCTH 60J1blll?rO KOJ1H'i9CTBa O.llHOTHII

HbiX gqeeK npencTasnsteT y'ieT ycnosuii - pa6oT&I TpHrrepa npH necstTHnpoueHTHOM 

pa36poce npHMeHsteM&IX neTaneii H necstTlmpoueHTHOM nonycKe Ha H3MeHeHHSI Hanpst)Ke

HHH IIHTaHHSI. )lnSI cnyqag Han6onee He6naronpHSITHOrO CO'ieTaHHSl yKa3~HHb!X pa36pOCOB 

COIIpOTHBJ19HHH CX9Mbl (qmr.l) li .llOIIyCKOB Ha Hanpst)K9HHSI IIHTaHHSl 3Ha'ieHHSl .ll9J1HT9J1Sl 

Rf H R 2 MO)KHO onpenenuTh -c -nocTaTO'iHOH TO'iHOCThiO H3, cpopMyn: 

E.f 
Ez 
Ri" 

- RK , ( 1 ) 

(2) 

3nec b KO::lcPcPHUH9HT $ 1 06hi'iHO Bhi6HpaeMbiH H9CKOJ1bK;O 6onee 1, xapaKT9pH3yeT 

CT9II9Hb HaCbllU9HHSl OTKpb!TOrO TpHO.lla [1, 21 3] IIpH o6pbiB9 H9J1HH9iiHoA o6paTHOH 

csst3H (nuona Jl
1

). Hanpst)KeHHe E f u TOK Ef /R t< Bhi6HpaiOTcst c yqeToM peKo-

M9H.lly9Ml31X 3Ha'i9HHH .llJlSI HCIIOJ1b3Y9MbiX TpliO.llOB 1 a T8K?J<9 Tpe60B8HHH K B9Jlll'iliH9 

nepenana HanpSl)K9HHSli K 6biCTpO.ll9HCTBHIO li ::lKOHOMH'iHOCTH IIHTSHHSI Tp~rrepa (B TOM 

'iHCne H Hanpst)KeHHe E z ) • 

.fheAKa (<tJur. 1) 3anycKaeTCSl IIOJ10)KlfT9JlbHbiMH HMIIYJ1bCaMH 1 IIO.ll8B89Mb!MH 

qepe3 .llliO.llhl Ha 6a3bl_ TpHO.llOB. npH TSKOM 3anycKe 'iYBCTBHTenbHOCTh stqefiKH K SMIInH• 

Ty.lle HMIIYJlbCOB cpaBHHT9JlbHO B9J11IK81 a Tpe6osaHHSl K HX napaMeTpSM He )K9CTKH. 

Tpe6osaHHSI K napaMeTpaM 3anycKaiOlUHX HMnynbcos TaK)Ke ocna6nstiOTCH npu npnMeHe

HHH B cxeMe cpasHnTenhHo 6onbwHx ycKopstiOlUHX eMKOCTeii. Yr.a3aHHhie 3aMe'iSHIHl 

II03BOJ1Sl!OT ynpOCTHTbCXeMy 3aiiyCK8 H'i99Ko 
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2. OcHOBHBSI nepeC'IeTHaSI H'I9HK8 Ha TpM o.aax n 15, n 16 

napaMeTpbi cxeMbi ocHoBHoii: SI'IeiiKM npm3e.aeHbi Ha qmr.1. PacqeTHbie napaMeTpbi 

TpMo.aos: MMHMMBnbHblH KOscpcpMUM9HT ycnneHMSI no TOKy {J paBeH 10, .MaKCMMBnb-

Hb!H TOK l f(Q paBeH 200 M!lKpOaMnep. 

-6 
Paspewarowee speMSI TBKMX SI'I99K OKOno 2•10 CeK, .lJ.Mana30H pa6o'IMX 'IBCTOT 

.ao 400-500 Kru, DbiCTpo.aeii:cTBMe SI'IeeK onpe.aeneHo c yqeToM· noBbiWeHHOii Ha.aeJ!<HOCT~ 

pa6oTbi, YcKopSIIOWMe eMKOCTM C B3SITbl 3H8'1MT9nbHO 6onbW9 MMHHMBnbHO He06XO.llM-

MbiX, B . .arranasoHe pa6oqrrx qacToT .aonycKaeTCSI OTKnoHeHrre napaMeTpos cxeMbi Ha 

!_10% I! Ir3M9H9HH9 nuTaiOlUMX HanpSI:>K9HHH- 6onee !_ 20% OT HOMHHBnbHbiX 3H8'19Hirfi. 

Pa6oTa si'leeK nposepeHa s wrrpoKOM .auanasoHe nnrocOBbiX TeMnepaTyp ( .ao 52°C), 

Bocnpousso.aHMOCTb xapaKTepHCTHK o6ecneqnsaeTcSI 6es cneurrarrhHoro oT6opa sneMeH

TOB CX9Mbl (s TOM 'IHCne I! nonynpOBO.llHHKOBbiX Tpi!O.llOB ), 

MoryT 6biTb ucnonb30BaHbl Ir TPUO.llbl Tuna n 13 u n 14. YcKOpSIIOlllU9 

9MKOCTH C, B STOM cnyqae 1 6epyTCSI 2-3 pasa 60nbW9 1 a 6biCTpO.ll9HCTBU9 SI'I99K1 

COOT.B9TCTB9HH0 1 yMeHblUaeTCSI (.auanB30H pa60'IUX 'IBCTOT - .llO 150 -· 200 Kru), 

3, noBbllU9HH9 6biCTpO.ll9HCTBUSI OCHOBHOH SI'I9HKH 

Db!CTpo.aeiiCTBHe OCHOBHOii S1'19HKH l cpur, 1) MO:>KHO ysenU'IHTb nyTeM BB9.ll9HHSI 

B CXeMy .llOnOnHUT9nbHblX sneM9HTOB, npM STOM MOryT 6biTb HCnOnb30B8Hbl U3B9CTHbl9 

M9TO.llbl 1 npMM9HSI9Mb!9 B naMnOBOii sneKTpOHUK9, 

CpaBHHTenbHO BblCOKOe 6biCTpo.aeiicTBUe nony'leHO .anSI SI'I9iiKH Ha TpHo.aax n 15, 

n 16 1 CX9Ma KOTOpofi npMB9.ll9Ha Ha cpHr. 2, 8 uenSIX o6paTHOH CBSI3U npuM9H9Hbl 

SMHTT9pHbl9 nOBTOpHTenu 1 .aeiiCTBUe KOTOpb!X aHanorU'IHO .ll9HCTBUIO KBTO.llHb!X nOBTO

pHTenejl, ·MaKcuManoHaSI qacToTa pa6oTbi SI'Ieii:Ku oKono 1,5 Mru. Paspewaromee spe-

) -7 
MSI .llO (6-7 •10 CeK, TaKoe 6biCTPO.ll9HCTBUe SIBnSieTCSI 1 nO-BM.llHMOMy, 6nU3KHM K 

npe.aenbHOMy .anSI SI'I99}1: H8 Tpuo.aax C 'laCTOTHbiMU xapaKT9pMCTUK8MH1 BHanorH'IHbiMH 

xapaKTepUCTHKBM TpUO.llOB Tuna n 15. HeKOTopoe .aanbHeiiwee ysenuqeHHe 6biCTpo.ae.H-

CTBUSI SI'I99K HB TBKHX TpHO.llaX B03MO:>KHO nUWb 38 C'I9T cyrueCTB9HHOro ycno:>KH9HUSI 

CX9Mbl, nocne.aHee1 O.llH8K0 1 He:>KenaTenbHO .llnSI SI'Ieii:KH 1 npe.llH83Ha'I9HHOii .anSI MHOro-

KpaTHOro BOCnpOU3BO.llCTBa, 



"" 

8 

E{ 
-108 

fz ~~----~~--t1B 
<Pnr. 2. CxeMa gqefiKn c ynytJweHHhiM 6hiCTpo.nei1CTBneM Ha Tpno.nax 

Tllll8 nt5: 

4. nepecqeTHbie SitJefiKll Ha BbiCOKOtJ8CTOTHbiX Tpll0Ll8X n401- n4Q3 

npnMeHeHiie HOBbiX BbiCOKOtJ8CTOTHblX TpllOLlOB ll03BOnSieT 3H8tJHTenhHO yaenlltJHTh, . 
6hiCTpo.nei1cTBne nepectJeTHoii SitJei1Kn 6e3. ycno;.KHeHHSI cxeMhi. O.nHa H3 npocThiX cxeM 

6hiCTpo.nei1cTBYJOWero Tpnrrepa Ha LlH¢cpyaHOHHbiX Tpno.nax. npHae.neHa na cpnr. 3. 

Ef 
-108 

~7K E2. 
·+18 

c:t>nr. 3. CxeMa 6biCTpo.nei1cTBYJOWei1 gqefiKll Ha Tpno.nax THna n40l. 
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B H'l9HKe IICIIOnbsyiOTCH cepHHHbie TpiiO.llbl TIIII8 n401, n402, n403, PacqeTHb!9 

rrapaMeTpbi Tprro.uoB f3 MHH. = 15, (IJ<o)Mat<e= -160-MKa, ·nprr pactieTe cxeMbi 

TaKoro Tprrrrepa ytiHTbiBaeTCH anrrHHHe o6paTrrMoro rrpo6osi SMUTTepuoro rrepexo.ua { 3], 
xapaKTepHoro .unH .urr¢¢ysrroHHhiX Tprro.uoB, YKasauHan · oco6euuocTb .LJ.II¢¢ys>wHHhiX 

' - ' 
TpiiO.llOB IIpHBO.lliiT B 'l8CTHOCTII 1 K TOMY 1 'ITO 6biCTpO.LJ.eHCTBII9 Tprrrrepa He yxy .u-

ll189TCH rrprr 6onhll1HX BenntirrHax corrpoTHBneHHH R 2 • .UnarrasoH _pa6otirrx qacTOT TaKoit 
. . 0 

.SI'leHKII rrpocTnpaeTc.SI .uo 4-5 Mru ( rrprr TeMnepaTypax .uo +50 C), PaspelllaiOmee 
~ ' . ' 

Bp9M.SI - OKono· 2olQ CeK (rrpii .LJ.nHTenbHOCTII BXO.ll.HOI'O liMIIynbC8 0,05 - 0,15 MKCeK), 

OcTanbHbie xapaKTeprrCTIIKII .SitieHKII 6nrrsim K xapaKTepncTnKaM oCHOBHOH .SI'le.il:KH, 

.QanbH9Hlllee yBenH'l9HHe 6biCTpO.LJ.9HCTBIIH MO:lKeT 6b!Tb AOCTIII'HYTO CX9MHbiMII 

M9TO.ll8MH, B nHTepaType OIIHC8Hbl CX9Mbl rrepecqeTHbiX .SitieeK C paspellla!OLUIIM BpeMe

HeM II0p.SI.LJ.K8 10-
7 

ceK { 5,6,7 ,8 J , B .SI'l9HK8X IICIIOnb3YIOTC.SI 'l'pllO.llhl C B9CbM8 Bb!CO

KllMll qacTOTHbiMH xapaKTepncTHKaMn, B KaM.uo.il: .SI'leiiKe ncrrof!bsyeTC.SI qeTbipe nnn 

6onee BhiCOKotiaCTOTHhiX Tpno.ua, a cxeMbi 1 KaK rrpaBnno 1 BeCbMa. cnoMHbi, 

npnMeHeHHe cepnil:Hb!X TpiiOaOB THII8 n403 B CXeMe . H9H8CbllUeHHOI'O Tpnrrepa 

II03BOn.SieT BbiiiOnHIITb .ll.OCT8TO'IHO .IIpOCTYIO ll Ha.LJ.E!:lKHYIO .SI'leil:Ky. C Bb!COKHM 6h!CTpo-
• . 

.ue.il:cTBHeM, B cxeMe .SitiefiKn <Pnr,4 rrpnMeHeHbi .lliiO.LJ.hi1 <PrrKcnpyiOLUne rroTeHurran Ha 
I , , 

KonneKTope saKp~IToro Tpno.ua, 6naro.uap.SI qeM'y OTCeKaeTc.SI Harr6.onee Me.uneHHa.SI 

qacTb OTpnuaTenbHoro <f>poHTa ueperra.ua HarrpH:lKeHn.SI, 

--~------------------------------------~-----E1 
______ £.3 

-58 

-15 8 

I 

I 
~ 

ct>ur. 4, C~eMa OQHOBH~tt 6blCTpo.ueil:CTByiOLUefi .SI'IettKH Ha Tpno.uax n403. 
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WHnyKTHBHOCTb B uenn KonneKTopa ncnonhayeTca nna ¢opMnpoBKH KopoTKoro 

Bb!XOnHoro HMnynhca. npu 9TOM 6onbW8H eMKOCTb Harpy3KH CH He yxynwaeT 

cywecTaeHHO 6biCTponeiicTBHH Tpnrrepa. 

PaapewaiOwee BpeMH nepecqeTHOil: gqeii:Kll Ha Tpnonax n403A (qmr,4) 1 KBK 

-8 
noKaaann uaMepeHnn, paauo 5•10 cex, MaKcnManbHan qacToTa pa6oTbi - OKono 18 Mr!l 

(npll nnnTeJibHOCTll aanyCK810lllllX HMnynbCOB OKOnO 0,03 MKCeK ll ¢opMe_,6nH3KOfi K 

CllHyCOHnanbHOJl), npn aanycKe KOpOTKHMH HMnynbC8Mll MeHee 0,03 MKC9K ll yMeHbWe

Hllll ycKopaiOwux eMKOcTefi C no 30-40 nnKo¢apan nnanaaou qacToT pa6oTbi aqel1KH 

MO:>KeT 6b!Tb HeCKOnbKO pacwnpeH, 

Jlnanaaou qacTOT Hanemuoll pa6oTbi aqefiKH ( ¢nr,4) oneHnaaeTcn aenuquuoll ue 

Menee 10 Mru. B nnanaaoue qacToT no 10 Mru Tpnrrep nocTaToquo neKpuTnqeu 

K paa6pocy n·apaMeTpOB cxeMbi, JlonycKaeTcn naMeneni:ne m!TaiOwnx uanpa:>Keuull He 

MeHee !_ 10% OT HOMHHanbHb!X 3Haqeunti, JlnuTenbHOCTb aanycK810UlllX HMnynhCOB 

MO:>KST 6hiTb yaennqeua no 0,05 - 0,06 MKCeK, AMnnnTyna BXOnHhiX HMnynhCOB 

3-10 BOnbT, 

ct>opMa uanpa:>Kenua ua KonneKTope Tpnona pa6oqelt ( TnnoaoA) aqefiKn npuaeneua 

ua ocuunnorpaMMe (a) cpur, 5, Jlna cpaaueuua ua aToA ocunnnorpaMMe .noKaaaua 

cpopMa cnuycounanbnoro uanpameuua aana10wero reuepaTopa, Y:acToTa cnenoaauna 

aanycKaiOwnx uMnynbcoa 10,5 Mru. Ha ocunnnorpaMMax ( 6) n (a) cpni", 5 noKaaaua 

pa6oTa gqeii:Kn npu nayx u Tpex aanycKaiOwnx HMnynbcax, cnenyiOwnx c nnTepaana

Mll 6nn3KHMH K MllHllMBnbHOMY, 
) 

Ocnnnnoi"paMMbi nonyqenhr c noMOlllbiO ocnunnoi"pactJa Jl8CO (axon nan eMKOCTb 

OKOno }0 llllKOcpapan), JlnnTenbHOCTb MeTKll - 0,01 MKCeK, AMnnnTyna BXOnHh!X 

llMnynbCOB OKano 7 BOnbT 1 nnnTenbHOCTb - OKOnO 0,03 MKCeK, Bb!XOn Tplli"I"epa HB

rpy:>KeH eMKOCTbiO 100 nnio¢apan, 

Onncauubre Bhtwe aqeiiKH nnnTenbuoe apeMa npoaepanncb B na6opaTopHhrx 

ycnoannx, Hqeii:Kn o6nana10T ~ocTaToquoil: aocnponaaonnMOCTbiO xapaKTepncTnK 

npH MHoroKpaTHOM noaTopeunn no npnaeneHHbiM ~xeMaM (cpni",1 ,2,3 14), Hcm6onee 

npOCT8H gqeii:Ka Ha Tpnonax n 15, n 16 (cpni", 1) llpllHHT8 B KaqeCTBe OCHOBHOJ1 1 8 Han-

6onee 6h!CTponefiCTByiOUl8H H8 Tpnonax n403 ( cpnr, 4) - B KaqecTB9 OCHOBHOll 

6hiCTponefiCTB~IOUlefi (BxonHofi) nng llpllMOHSHllH B nepecqeTHb!X ycTpOJ1CTB8X, 
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a) 

6) 

s) 

¢JU'. 5. 0CUHliliOr'paMMbi HanpSJ>KeHHSI Ha KOlilieKTOpe TpHo.aa OCHOBHOil: 6biCTpo.aetl
CTBYIOIUetl H'l:etiKH! 

a) npa qacToTe cne.aosaHHSJ axo.aHhrx HMnynbcos 10,5 Mru 
-8 6) np.H .asyx sxo.aHhiX HMnynbcax ( MeTKH 10 cex) 

) ( 10-SCeK). B npH Tpex BXO,llHbiX HMnym;.cax MeTKH 
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5, flepE'C'IeTHhle .iJ.eKS.llbl 

flepecqeTHble yCTpO:liCTB8 C BH3Y8JJbHhlM C'fHT,biB8HHeM nOK838HH:li BhinOJIHSIIOTCSI 

o5hi'-IHO no .aeKa.oHo:li cifcTeMe; 'fallle acero, no cxeMe c .llBOH'fHo-.oecSITH'fUOtl: cncTe

MOii c'feTa, B TaKHX nepecqeTHhiX .oexa.oax ncnonhayeTcn 'feTblpe gqei!:KH. riepecqeT, 

paBUbiH .aecsiTH, .llOCTUI'8eTCSI npHMeHeHHeM .llOnOJJHHTaJJbHhiX CBSI3etl: Me>K.llY TpHrrepa

MH, JlepeC'leTHbie st'feilKH Bb!ITOJIHSIIOT He TOJibKO _OCHOBHyJO <jlyHKUHIO C'feTa 1 HO I! 

cpyHKUHIO ynpaaneHI!SI, flo HS.lle)!{HOCTH .pa50Thl It 6h!CTpO.lletl:CTBHIO nepeC'IeTHbJe .lleKa

.llhl 3HalfuTeJJbHO ycTynaiOT ycTpOfiCTB8M 1 BhlnOJJHeHHhiM H3 nocne.ooaaT.eJJbHO BKJIIO'IeHHhl~ 

C'leTHhlX SiqeeK (no .llBOli'fHOil CHCTeMe), 

Jlpyroil MeTO.ll nocTpoeHHSI cxeMhi .oexa.o ua 4~x gqeitxax cocTOHT a TOM, 'ITO 

.llOITOJIHHTeJJbHble CBSI3lt 3aMeHSIIOTCSI JIOI'lt'leCKHMH SJJeMeHTaMH, C flOMOlllbiO KOTOpblX 

ocymecTBnSieTcSI ynpaaneu~te pa5c>Toil Tpnrrepos, B TaKiix .oexa.oax .oononHHTenbHhie 

cpa58TbiB.8Hf!SI gqeeK He np'OHCXO.llSIT, flepeCqeTHhle gqetl:KH BblnOJIHSIIOT TOJihKO OCHOB

HYIO r!JyHKUHJO c•!eTa axo.ciHhiX f!Mnynhcoa, Pa5oTa HX ynpowaeTCSI H aoapacTaeT Ha

.oex<HOCTh, 6biCTpO.lletl:CTBHe JIOI'lt'feCKHX SJJeMeHTOB 1 o6hi'fH0 0 50JJbWe, 'feM 6biCTpo

.OeliCTBlte gqeeK, H CKOpOCTh cqeTa .oe.Ka.ll .. · C JIO~HqecKHMll SJJeMeHT8MH npH6JJH>!<aeTCSI 

K CKOpOCTH C'leTa .llBOH'fHhiX ycTpOitCTB, 

IlocTpoeHne cxeMbi .oeKa.llhi. c npnMeHeHHeM .oayx noruqecxux sneMeuTOB 

Tltna "M" ( CXeM nponycKaHHSI) nO~BOJJSieT BhinOJIHHTh .o:xa.oy 6ea .llOrlOJIHUTeJJbHhiX 

UMITyJJhCHhiX CBSI3eit, TaKOit MeTO.ll flOCTpOeHHSI CXeMhl HCnOJJb30B8H pauee ( 9 1 .llJISI 

.aexa.llhi, BhmonueHHOit Ha pa.ononaMnax, 

Pa6oTa .aexa.llbl noSICHSieTCSI .Ha qJHr, 6 It 7. Bxo.oHhle, HMnynbChi riepeC'ff!TbiBaJOTCH 

nepnoil SI'IeitKOtl: Ha .llB8 It nocTynaroT Ha BXO.ll CXeM nponyCK8Hf!SI J It 2, 8 MCXO.llHOM 

cocToSIBHH Ha cxeMy nponycxaHHSI 1 no.oau paapewaromult, a Ha cxeMy nronycxauuSI 2 
~~~ . 

- aanpemarom~til noTeHuf!aJJhi. c Bhixo.oa qe·rnepToro Tpnrrepa, BocbMoil HMII)'JibC Bhi3hi-

BaeT cpa6aTbiBaHlte 'leTaepTor.:> Tpurrepa, nocne qero ua noTeHultaJJhHhltl: axo.a cxeMhi 

nponycxauuSI 1 r;o.oaeTcSI aanpemaJOllliitl: 1 a cxeMbi nponycxauHSI 2 - paapewarowltit 

ypoauu, OT .aeBSIToro HMnynhca cpa6aThmaeT TOJJhKO nepBhllt Tpurrep, JlecSIThllt 

HMnyJJhC COpEICh!B8tH f\ HCXO.llHOe COCTOSIHHe nepBb!tl: It qepea CXeMy npOI1YCK8HIISI 2 -

- qeT~epTL>IM Tpllrl"ep, B peayJJbTaTe qero, .oeKa.a·a B03Bp81U8eTCSI B lfCXO.llHOe COCTOs:t:-

une, 



lt.IX, 

/ 

Cit. Jtpen. ! 

v 

¢ur. 8. CxeMa nepecqeTHoif 'aeKaLlhi, 

I I I I I I I, 

B)(. 2 

B&tx. 2. 

____r---"1 

Bt. 3 

" A. 

Bl,t.3 

s'l(.4a 

8x. 's 
s,,, ,t, 

~ ' ! . 

¢ur. 7. .lluarpaMMhi pa6oThi aeKaLlhi. 
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MaKCHManbHast qacToTa cqeTa .ll.~KB.ll.bl onpe.o.ensteTCfl npn .ll.OCTBTO'IHOM 6biCTpo

.o.eiicTBHH nepaotl: st'letiKH . .o.nnTenbHOCTbiO npouecca nepeKnrotieHnst cxeM. nponycKaHnst. 

Han6onbUiast sa.uep)KKa nepeKniO'leHHfl HaKannnaaeTcst nocne npnxo.o.a Ha axo.o. cxeM 

nponycKaHHfl '19TBepTOI"O (Ha BXO.ll. nepaoii fl:eAKli - ~OCbMOI"O) HMnynbca. npn ·~TOM 
38.ll.9p)KKa cpa68Tb!B8Hllfl '19TB9pTOI"O Tplii"I"epa CO.CTOHT H3 C;yMMbl 38.ll.9p)K9K nepe

.ll.B'lll nMnynbca qepe~ cxeMy npon~cKimnst l~. c6poca 'BToporo, Tpe'I'bero n cpa6aTbmaHnst 

'leTaepToro Tpnrrepoa· ( sanep)KKa nepe6poca n6cnenHero cymecTaeHHo yMeHbUieHa · 

6naronapst saMeHe C'l9THoro sanycKa pas.o.enbHbiM). MnHHManbHbiit nepno.o. cnenoaallng 

nMnynbcoa, nocTynaiOUIHX Ha axo.il. •cxeM coana.o.eHnst1 oqean.o.Ho 1 .uon)KeH npeBbiUIBTb 

aenn'IHHY Han6onbUieii sanap)KKH nepeKnroqeHnst cxeM nponycKaHnst. MaKCHManbHast 
, x) 

qacToTa C'leTa .o.eKanbi onpe.o.enHTCfl nonoanHotl: · aenn'IHHbi yKasaHHoii sa.o.ep)K:m 

PaspeUiaromee apeMst .o.eKa.ll.bi nnst .uayx HMnynhcoa onpe.o.ensteTcst paspeUIBIOlllHM ·. ' 

apeM9H9M nepaoti fl'l9HKll 0 Jlnst CTaTHCTH'IeCKH pacnpeneneHHbiX BO epeMeHH HMnynbCOB 

paspeUiaromee apeMst .o.eKB.ll.bi onpe.o.enste'I'cst 6biCTpo.ueac.TaueM ( paspeUiaiOllliiM apeMe

HeM) nepaoii st'letl:KH u, a 3HB'IuTenbHO MeHbUieti CTenemi- sa.uep)KKOA nepeKniO'!eHHfl 

cxeM nponycKaHIIst. 

B onncbmaeMbiX nepecqeTHbiX neKa.o.ax a KB'IeCTee ynpaansteMbiX cxeM nponycKa

Hllfl npi!M9H9Hbl HMnynbCHo-·noTeHUHBnbHbie .ll.IIO,ll.HO-TpaHCqJOpMaTOpHbie CX9Mbl COBna

.o.emrtJ: (cpnr.6). Jlnst .oTpnuaTenbHbiX I!Mnynhcoa, nocTynaromnx Ha axo.o. cxeM coana.ue-. 

HHH 1 llOT9HUIIan Ha KOnneKTope 38Kpb!TOI"O TpHO.ll.8 '19TBepTOI"O TpHI"I"epa f!BnsteTCfl sa

npemaiOllliiM1 a noTeHunan oTKpbiT_oro Tpuo.o.a -:- paspemaromnM. Pa6oTa TaKnx HMnynb

cHo-noTeHunanbHWX cxeM coana.o.eHust xopoUio cornacyeTcst'c pa6oTOti'Tpl!rrepa c BHeUI~ 

HIIM HCTO'IHHKOM CM9lll9HHflo JliiO.ll.HO- TpaHccpopMaTOpHbi9 CXeMhl npH CBOeti KpatiHeti 

npoCTOT9 OTnH'IBIOTCfl- BbiCOKOti H8,ll.9)KHOCTbiO B pa60T9 0 .BbiCTpO.ll.9tiCTBII9 9THX CX9M 

,ll.DCT8TO'IHO BenHK0 1 H npaKT,II'19CKU 1 B 6onblliiiHCTBe Cny'laea He YXY.ll.lll89T 6biCTpO

.ll.9tiCTBIIfl .ll.91t8.ll.blo 

no OllHCBHHOMy npUHllHllY C npil:M9H9HII9M ,ll.HO.ll.HO-TpaHCcpOpMaTOpHbiX CX9M COBnal-

neHI!ti BbinOnH9Hbl CX9Mbl OCHOBHOti (Me.o.neHHoii) H BXO.ll.HOti (6biCTpO.ll.efiCTBYIO"': 

mefi) nepec'leTHbiX .o.eKa.o.. 

x) ----
npuMe'laHI!e, llnnTenbHOCTb HMnynbcoa, nocTynaromux Ha exo.o. cxeM npony

cKaHHst, He .o.on)KHa npeabiUIBTb aenii'IIIHbi · MRHI!Manb~oa sa.o.ep)KKH nepexnro'!eHHSI 
cxeM nponycxaHIIst ( nocne .uecSIToro I!MnynbCa Ha a~o.o.e _.o.eKa.ll.bi, ¢Hr. 7 ). 
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8. OcnoanaSI aexaaa 

OcnoBHbie JleK8.llbi cqeTHbiX ycTpO:iiCTB BbiDOJ1HSIJ1HCh Ha OCHOBe nepecqeTHbiX 

gqeeK cpiii'o 1. nonHaSI CXeMa Jl9K8Jlbi DpHBe.lleHa Ha cpHI'o 8. 

CBSI3h Me:m:ay SJqeiiKaMu ocyiuecTBnSieTCSI qepe3 6ycpepHbi~ ycunuTenhHbi:ii xacxaa 

( sMIITTepHbiii noaTopuTel:th). n puMeHeHHe nocneanero o6ecnequaaeT .. 3anycx u.Mnynhca-
. I . . 

MII C ODTHM8J1hHbiMH napaMeTp8MII 6e3 3H8qHT9J1hHOH Harpy3KH BbiXOJl8 npe.llbiJlylllef'O 

Tpurrepa. Bo BTopoii H no'cneayromux SJqeiixax yaenuqenbi ycxopSIIOlllHe eMKOCTH C, 

qTo TaK:»<:e ynyqwaeT pa6oTy npu 3H·aquTenhHbiX pa36pocax napaMeTpoB cxeMbi u 

38DYCK8IOllliiX IIMDYJihCOBo 

.Uuoano-Tpanccp'apMaTopnbre cxeMbi ( A f , T Pt u, A 2 ,Tp 2 ) npu xoscpcpurmenTe 

oT6opa nopSI.llKa 10 o6naaaroT aocTaToqnbiM 6biCTpoaeiicTBueM. Bxoano:ii HMnynhC 

oTpuuaTenhnoa nonSipHocTH noaaeTcSI na cxeMbi coanaaenuii qepe3 cpopMupyromuii 

TpanccpopMaTop Tp.
3

• 

Yf H.lliiKar.tiiSI COCTOSIHIIii SJqeeK DpOII3BO.lliiTCsl C DOMOlllhiO HeOHOBbiX J18MOQqeK 

MH -8. H eo6xoaHMbi:ii nepenaa HanpSI:»<:eHu.SI (oxono 40 sonhT) cHuMaeTcSI c Bbrxoaa 

; YCHJ1HTeJ1bHOI'O K8CK8Jl8 1 BbiDOJ1H9HHOI'O Ha TpHO.lle C DOBbiW9HHbiM pa6oquM H8DpSI:m:e-
. I . 

HIIeM ( TpiiO.ll Tuna n2A) • CxeMa BKnroqeHHH IIH.lliiK8TOpHOI'O ycTpoiiCTBa DOK838H8 

nynKTupoM Ha cpur. 8 ( Tpuoa T 
13

). 

HaxonneHHaH a aexaae aaouqno-aecSITuqnaSI uncpopMauuH Mo:m:eT 6biTh npeo6pa3o

BaHa .B .lleCSITIIqHyiO C DOMOlllhiO aewucppaTopa. 

HH3KOOMHbiA DOTeHUK8J1hHbiA BbiXO.ll SMIITTepHbiX DOBTOpiiTeneA XOpOWO cornacyeT

CSI c pa6oToA .lliiO.llHoro aewucppaTopa. Taxoe npeo6pa3oaanue npuMeHSieTCSI B O.llHOM 

II3 BbiDOJIHeHHbiX Jl9K8.llHbiX ycTpOACTBo 

JleKa):lbit BbinOJ1H9HHbie Ha TpHOJ:lBX n 15 /n 18/1 HB.lle:»<:HO pa60T8IOT B J:lii80830He 
-8 

'IBCTOT ao .3q0-400 xru. Pa3pewaromee apeMSI - oxono 2,5•10 cex. EbiCTpoaeii:cTaue 

aexaa Ha Tpuoaax n 14 H n 13 MeHbWe B 2-3 pa3a. B .llH80830He '18CTOT aonyCTHMbie 

H3MeHeHHH DHTaiOllliiX HaOpSI:a<e!IHA 6onee :!:_ 10% OT HOMIIH8J1hHbiX 3HaqeHHfi. Pa60T8 
. - . 0 

aexaa npoaepena B wupoxoM auanasone nnrocoBbiX T~MnepaTyp ao 52 c . 

.. - BocnpOH3BOJ:lHMOCTh aexaa o6ecne'luaaeTCSI 6es cneuuanhHOro oT6opa sneMen

TOB CX9Mbi 0 npu H3I'OTOBJ19HIIH aeKaa IICitOJ1h30B8J11ICh .COOpOTHBJieHHH c. aeCSITHDpo

U6HTHhiM aonycKoM. TpHOJ:lbl ucnonhsoeanuch 6es cneuuanhnoro •noa6opa. TpanccpopMa-
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TOpbi BbiiiOnHSini1Cb Ha .llBYX KO.ilbll8X "Or<encpep - _1000" ,llHBMeTpOM 7 MM. 4ncna 

BHTKOB TpaHccpopMaTopos Tp.f n Tp.2 - 40 : 25, a Tp. - 40 : 40. 
- 3 

CneunanbHasr OTnanxa TBKIIX nexan, xax npaBIIno, He Tpe6yeTcsr. XapaxTepHcTHKH 

,lleKa,ll T8KOBbi 1 'iTO B03MO:>KH8 CO~MeCTH8H pa6oTa 6onbWOro qncna nocne,llOBBTenbHO 

BKniO'ieHHbiX ,lleKB,ll 6ea .llOUOnHHTenbHbiX npoMe:>KyTO'iHbiX YCTpOHCTB C UHT8HHeM OT 

o6ruero HCTO'iHHKa • 

.LleK8,llbi H3rOTOBnHnRCb B BH,lle 6nO'iKOB C paa'beMBMH. BH.ll 6nO'iK8 OCHOBHOi1: 

,lleKB.llbi C HH,llHKBTOpHbiM YCTpOHCTBOM UOK838H Ha cpur.9. f' a6apHTbl 6nO'iK8 

132x84x20MM1 Bee 0,16 Kr. noTpe6nH9M8H MOillHOCTb UHT8HHH He 6onee 0,5 BT. 

¢Hr. 9. Bno'iOK ocHOBHOil neKB.llbi • 

.LleKa,llbi. UpHM9HSIIOTCH B pa3nH'iHbiX perl!CTpHpyiOlUIIX ycTpOi1:CTB8X H HBXO,llHTCH 

s axcnnyaTauuH 6onee rona • 

. -,. o/5;:~-_lmHellllhlil HHCTH~ 
~ ~~,.,H.n:: !tCCJlC.llOBal!I<H 

' ,_ < 1 
;! .. -. ..• a~~·----~-·-""" .. 
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7. DhiCTponelicTBYIOIUaSI neKana 

OnHChiBaeMaSI HH)Ke 6biCTponelicTBYIOIUaSI neKana oTnHqaeTcSI BhiCoKoli qacToToit 

C'leTa BXOLlllhlX HMnynhCOB H npenHa3H8qaeTCSI nnSI pa60Thl B Ka'leCTBe BXOnHOi B 

ycTpOHCTB8X C 6onhlllHM KOScPcPHUHeHTOM nepecqeTa. 

CxeMa 6hiCTponeitcTayiOrue~ neKanhr (¢Hr.10) nocTpoeHa -no onHcaHHoMy Bhillle 

nprrHUHny. B neKane npHMeHeHhi 6hiCTponelicTBYIOIUHe nepecqeTHhie gqefiim Ha 

Tprronax n403A (ci:JHr. 4}. npH c6poce gqeitKH B HCXOnHoe COCTOSIHHe Ha HHnyKTHB-

HOCTH L BhrnenSieTCSI KopoTKHli BbixonHoli HMnynhc oTprruaTenhHOit nonSipHOCTH. 

CaSI3h Me)Kny SI'IeitKaMH ocyruecTBnSieTCSI qepes ycHnHTenhHhlli K8CKan C o6IUHM 

SMHTTepoM. napaMeTpbl CXeMbl ycHnHTenSI T8KOSh!1 'ITO npH nocTaTO'IHO Bh!COKOH 

'18CTOTe cnenoB8HHSI BXOnHh!X HMnynhCOB He llpOHCXOnHT H3MeHeHHSI pe)!{HM8 TpHona 

( nHHaMH'IecKoro cMerueHrrSI). UenoqKa B uerm sMHTTepa ynyqlllaeT nepexonHyiO 

xap~KTepHC·THKY ycHnHTenSI. Bb!XOnHoli HMnynhC C ·nnHTenhHOCThlO OKano 0,1 MKCeK 

rr nepenHHM ¢poHTOM He 6onee 0,04 MKCeK HcnonhsyeTcSI nnSI sanycKa nocne.nyiO-

rueii SlqeiiKH. 

B 6hiCTpo.neiicTayiOrueii neKa.ne npHMeHeHhi BHnoHsMeHeHHbie nnonHo-TpaHc¢op

M_aT?PHbre sxeMbl ( Tp.l .ll1 H Tp.2' .ll2) • .llHonhi .lll H .b.2 38Kpb!Th! pa3HOCThlO 

H8llpSI)!{eHHSI Ha KOnneKTOpe .HOpManhHO saKpb!TOI'O TpHona T · H KonneKTOpe COOTBeT-
3 

cTsyiOruero TpHona 'leTaepToro TpHrrepa • .llnSI TaKoii nHonHo-TpaHc¢opMaTopHo11: cxe-

Mbr1. B OTnH'IHe OT OCHOBHOfi 1 llOTeHUHan OTKpb!TOI'O T.pHcina 'leTBepTOI'O TpHrrepa 

(OKano 0,35 BOnhT) SIBn~eTCSI 38llpeiU8IOIUHM 1 ·a llOTeHUHBn 38Kpb!TOI'O ( OKOJIO 6 BDnbT) 

- paspelllaiOIUHM .nnSI nono)KHTenhHhiX· HMnynbCoB1 nocTynaiOruHx c KonneKTOpa TpHona 

T 3. nHT8HHe ycHnHTenSI T
3 

ocyrueCTBnSieTCSI OT .llOllOnHHTenhHOI'O HCTO'IHHK8 

H8llpSI)K?HHS11 B KB'IeCTBe KOTOpOI'O .HCITOnh30B8H nonynpOBO.tiHHKOBb!ti CT8611nHTpOH .Ll-808. 

Pa6o1-a BH.llOH3M~HeHHhiX nHonao-TpaHc¢opMaTopHhiX cxeM cornacyeTcSI c pat>oTo11: 

( 'leTBepTOI'O) TpHrrepa C cPHKCHpyiOIUHMH nHonaMH .ll
3 

oT6opa TaKoil cxeMbi coananeHHli 6onee 5. 

(¢Hr. 10). Kos¢¢Huuei!T 

B 6b!CTponeliCTBYIOIUeit neKane HHnHK8UHSI COCTOSIHH:ll: gqeeK Bh!llOnHSieTCSI C no-

MOillhlO HHnHK8TOpHOI'O yCTpOHCTB81 8H8nOI'H'IHOI'O llpHMeHeHHOMy B OCHOBHO:ll: .ne-

Kane. npHMep BKniO'IeHHSI llOK838H nyHKTHpOM (TpHon T 15). 

... 
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n poaepKa pa60Tbl ,neK8.Ubl IIOK83ana, qTo 6b!CTpo.nefiCTBy!Olll8SI ,neKa,na pa6oTaeT 

rrpu qacToTe cne.noBaHuSI axo,nHbiX HMrrynhCoB .no 12-13 Mru. MaKCHManbH8SI qacToTa 

cqeTa .neKa.nbr orpaHrrqrraaeTcSI Harr6onbmefi 3a.nep:>KKofi rrepeKnJOqeHHSI .nrro.nHo-TpaHc

¢opMaTopHbix ex eM ( rrocne rrprrxo.na Ha rrx a~o.n qeTaepToro rrnrr Ha. axo.n .n~Ka.nbr aocb .... 
" ' - ' 

Moro rrMrrynbca). HaH6onb!llaSI 3a.nep:>KK8 rrepeKnJOqeHHSI 0,16 MKCeK. 

B cxeMe .neKa.nbr rrprrHSITbL Mepbr .nnSI COKpameHrrSI yKa3aHHOfi 3a.nep:>KKH. Ba:>KHefi-. 

!llefi Mepofi SIBnSieTCSI yM9Hb!lleHHe 38,nep::>KKH Bb!XO,UHOI'O liMIIynbCa gqefiKii OTHOCH1'enb

HO 3arrycKaJOlUero • .OnSI Tprrrrepa co cqeTHbiM axo.noM· ( <:Prrr.4) 3a.nep:>KKa oTprruaTenb

uoro Bb!XO.UHOI'O HMIIynhC8 ( COOTBeTCTBYJOlllero OTp!iU8TenbHOMy cPPOHTY rreperra.na 

HarrpSI:>KeliHSI ua KonneKTope Tprro.na) MeHb!lle 3a.nep:>KKH rrono:>KrrTenhHoro rrMrrynhca 

rrpHMepHO Ha aenrrqrrHy .nnrrTenbHOCT!i 38IIYCK8J01Uef'O HMIIynhC8 H COCT8BnSieT 

0,03-0,04 MKCeK (HeCKOnbKO 60JJb!lle ,anSI SiqeeK1 B KOTOpb!X IIpHMeHHIOTCSI TpHO.Ubl 

c [3 rropSI.nKa 100 n: Bbr!lle). 3a.nep:>KKa rrepe.6poca qeTBepToro Tpn:rrepa ( c pa3-

.nenbHbiM 38IIYCKOM) MeHb!lle 0·,03 MKCeK • 

.[lpyrn:e aneMeH:rbr BHOCSIT Menee cymecTaeHHbiit BKna.n B 6onhlllYJO 3a.nep:>KKY. 

B ycrrnrrTenHx, n:crronh3yeMbiX .nnSI 3arrycKa BTopoit, TpeTbeit n: cpa6aTb!B8HHSI qeTaep

Toit gqeeK 1 Tp!iO.U IlpHOTKpbiT1 6naro.napSI qeMy y.nanOCb yMeHblliHTb BHOCHMyJO ·ycrrnn:

TeneM 3a.nep:>KKY .no aenrrqn:Hbl He 6onee 0,01 MKCeK. nepe,naqa HMIIynbC8 qepe3 

TpaHc¢opMaTop Tp.
1 

rrpon:cxo.nrrT c 3a.nep:>KKoit oKono 0,03 MKCeK • 

.[leK8,Ubl ,UOCT8TOqHQ ycToi!:,!iBO pa60T810T IIpli H3MeHeHHH rrapaMeTpOB CXeMbl 
. . 

Ha qacTOT8X 
1 

6nn:3KHX K M8KCHM8nbHOllo 8TO 06"bSICHSieTCSI OTqaCTH TeM 1 qTo M8KCHM8nb-

H8SI qacToTa rrprrMeHSieMbiX SI·qeeK 3HaqrrTenhHo 6onb!lle pa6oqHx qacTOT .neKa.nbr. B 

.nrrarra3oue qacTOT .zlo 10 Mru .norrycTrrMoe H3MeHeHrre IIHT8JOlllHX Harrp.st:>KeHrrit He 

MeHee 10% OT HOMHHanbHb!X 3HaqeHHit. 

. -8 .( 
Paspe!llaJOlUee apeMSI .neKa.n .nnSI .nayx HMrrynhCOB oKono 5"10 MKCeK ocun:nno-

rpaMM8 /6/ Ha cPiii'o 5). Pa3pe!ll810Wee BpeMSI ,anSI Tpex HMIIynhCOB .HeCKOnbKO OOnb-
8- . . . . 

!lie - rropSI.nKa (7-8)•10- ceK • .OnSI. cTaTn:cTn:qecKn: pacrrpe.neneHHbiX 5o apeMeHn: n:M-
- -8 

rrynbcoa pa3pe!llaJOmee apeMSI .neKa.nbr Haxo.nn:TcSI a rrpe.nenax (5-8) •to ceK. 

Ocun:nnorpaMMbi 1 rrpe.ncTaaneHHbre Ha ¢n:r. 11 J n:nnJOcTpn:pyiOT pa6oTy aneMeHTOB 

.neKa.nbr. Ha ocun:nnorpaMMax I a/, /6/ <:Pn:r. 11 rroKa38Hbi pa6oTa rrepaolt gqefiKH n: 

3arrycKaJOmrre n:MrrynhCbi BTopofi SiqefiKH ( HarrpSI:>K.enn:e Ha KonneKTope Tprro.na T 
4

) npH 

qacToTe cne.noaaHRSI axo,nHbiX HMrrynhcoa 7 Mru. Pa6oTy rrepaoi!:, aTop.ofi n: 'leTaepToit 
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gqeeK Ha qacToTe 10,5 Mru nnmocTpnpy!OT ocunnnorpaMMhi /a/. Ha cpnr. 5 n IB/1 

/r/ Ha cpiir. 11. Ha nocne.uHnx ocunnnorpaMM~x .ung cpaBHeHIIH noKa3aHo HanpH:>KeHne 

3a.ua10mero reHepaTopa ( 6nH3Koe K cnHycon.uanbHOMY) 1 H3 KOToporo cpopMnpoBanncb 

3anycKaiOmne IIMnynbChi. 

n PH H3rOTOBneHHH gqeeK 6b!CTpo.uefiCTBY!OlUHX .ueKa,ll ncnonb30BanHCb pa.uno-. 

.ueTann 6e3 cneunanbHoro oT6opa. Hcnonb30Banncb conpoTnnneHHH c .uonycKoM 10%. 

B .ueKa.uax ncnonb30Banncb cepnfiHhie TpHO.llhi ri403 n ri403A c KoacpcpnuneHTOM. ycn

neHHH fl ~ 30 1 a TaK:>Ke .llHO.llhi THna .[1.2B n .D. 13. TpaHccpopMaTophi n IIH.llYKTnB

HOCTH BhJnOnHeHbl Ha cpeppiiTOBh!X KOnbuax ( THn ¢-100) ,llHaMeTpOM 8 MM II ceqe-
2 

HHeM 4 MM • Bee o6MOTKH TpaHccpopMaTopOB no 25 BHTKOB1HH.llYKTHBHOCTH - 5Q BHT-
' 

KoB. 06pamanocb BHHMaHne Ha o6ecneqeHne onTHII:fanbHhiX aMnnnTy.ll nMnynbcOB 1 

nocTyna!OlUHX Ha 3anyCK gqeeK ( OKOnO 5 BOnbT) • [1 pHMeHSieMbie .llllO.llhl o6na.uaiOT 

y .llOBneTBOpHTenbHh!Mll xapaKTepHCTHKaMH 1 O.llHaKo uenecoo6pa3HO npiiMeHHTb .llllO.llhl 

C 6onee KaqeCTBeHHh!MII .llHHaMHqeCKHMll xapaKTepHCTHK8MH. 

KoHCTpyKTIIBHO 6b!CTpO,lleHCTBY!OlUHe .ueKa.llhl TaK :>Ke1 KaK II OCHOBHb!e 1 BhlllOn

HeHhl B anne c 6noqKoa c pa3beMaMn. f'a6apwr'b1 6noqKa yaennqeHhi npnMepHo B 1,5 

pa3a. HqefiKH pacnono:>KeHhi Ha MOHTa:>KHOfi nnnTe no qacoBofi cTpenKe, TaK qTo BTopasr 

u qeTaepTaSI gqefiKn pa3MemeHhi B6nn3H nepaofi. 

EbiCTpo.uefiCTBy!OLUHe .ueKa.llhi ncnhiThiBanncr:. B na6opaTopnn 6onee nonyro.ua. 

8. riepecqeTHhie YCTpOHCTBa 

OnncaHHb!e Bhlllle nepecqeTHb!e gqefiKJI ll ,lleK8/lhl SIBHnHCb OCHOBOH. pa3pa6o'!'aH

Hb!X B na6opaTOpllll cq.eTHh!X ycTpofiCTB It OT,llenbHh!X 8BTOHOM Hb!X nepecqeTHh!X 

npn6opoB. 

O.unH H3 nepecqeTHhiX npn6opoB 6hm BhmonHeH Ha ocHoBe "Me.uneHHhiX" ·nepe

cqeTHhiX .ueKa.ll n 6hiCTpo.ueficTBY!OlUIIX ( BXO.llHh~X) .gqeeK cpnr. 2 u 3. Bxo.llHhie 

gqefiKII BhinonHSinJICb 6e3 HH.llllK8TOpH?rO ycTpOHCTBa. 3aperiiCTpHpOBaHHOe qncno HM

nynhCOB cqHTbiBaeTCSI C liH.llHKaTOpHh!X' ycTpOHCTB OCHOBHhiX ,lleKa.ll. 

fiepecqeTHh!H npn6op C paJ[:elll8!0lUIIM apeMeHeM MeHee 10-
7 

CeK 6hin Bh!llOnHeH 

no 6noll.-cxeMe cpnr. 12. OcHOBIIhiM y3noM npa6opa HBnHeTCSI nepecqeT!Ioe ycTpoficTB01 
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COCTOS!IUee H3 IIOCnellOB8TenbHO BKniO'I9HHbiX IIHTH ll9K8ll C HHllHK8UH9M COCTOSIHHM 

gqeex • .Use nepabre nexanhr .- 6brcTponeii:cTByroruue - Iia Tpuonax I1403, TPH nocne-

nyrorlme BhmonHeHhr no ocHoBHoii: ·cxeMe Ha Tprronax I115, [Jl4, .I113.· IlepecqeTHhre 

ll9Kahbr. B3ilHM038M9HH9Mbi H pa60T8IOT OllHB Ha llPYI'YIO 6e3 llOIIOnHHTenbHbiX llpOMe

)KyTO'IHblX ycTpOMCTB. 

Bd 
2 4 5 

il" 

·'J· 
• .,1(.11. 

•(J 
lOG 

s~.2 'Y .. ynp. K lO~ 
.• 

nyc~< 

ctlur-. ·12. Enox-cxeMa nepecqeTHor-o nprr6opa c paaperuaroruHM 
speMeHeM MeHee 10-7 cex. 

OT _Bhrxona . xa:m:noa nexanhr cnenaH OTBOll Ha _nepexnroqaTenb xoacpcprrurreHTa 

nepecqeTa n t• c IIOMOillbiO n~pexnroqaTenH. Ill MO)KHO BbiXOllHOe (cpopMHpyroruee) 

ycTpOitCTBO llpK6opa no.z:iKlriO'IHTb K BbiXOllY OllHOit. H3 ll9K8llo J.1MnynbChl 1 Kp8THbl9 
. . . . 2 3 4 . 5 . . 

Bhr6paHHOMY: xoacpcprruueHTy nepecqeTa ( 10 • 10 , 10 unrr 10 ), nocTynaroT Ha cprrwxy 

"Bbrxon" npu6opa, a Tax:m:e CJ:epea cpopMRpyroruee ycTpoilcTso -ua MexaHuqecxuit. 

cy!'vfMaTop (HyMepaTop) TRna CE-JM. · BxonHoit rrMnynbc IIOnaeTcsi Ha,nepsyro nexaoy 

nu6o HenocpencTsemro, nu6o qepea sxonHoe cpopMHpyroruee ycTpoilcTBo {ahmonHeHHOe 

B BHA9 61iO'IK8 c p83'&9MOM) •. 

JlycK H OCT8HOBK8 C'19Ta BXOllHhiX HMnynbCOB 11pOH3BOllHTCH C IIOMOIUbiO 

ycTpoitcTBa ynpaanemut. BbrxonHoit noTeHuHan ynpaBnHroruer-o Tpur-r-epa aaxp biBaeT 
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BXO.!lHOe ycTpO:fiCTBO npH6opa .It (n:md BXO.!l BTOpOft ,lleK&.llbl (_nocne,llHee liCI10nb3yeT-

CSI B Tex cnyttaSix, KOr.lla BXO.llHbie- HMnymoChi no,llallbi Henocpe.llCTBOHHO Ha nepayxo 

.lleKa.lly ). Hattano u ocTaHoaKa- ctteTa aa,llaeTcSI OT KHOilKH nu6o OT auewHero ycrpoA

CTBa. 0cT8HOBK8 CtJ9T8 MO)l{eT 6b1Tb ocyWeCTBneHa nocne TOI'0 1 . K8K aaper.ltCTpltpyeT':'" 

cSI aanaHHoe ttncno uMnynhcoa, _pannoe Koscpcpuune!ITY nepectteT~ npn6opa, B 9TOM , 

cnyttae llMITynbC OC'.I'8HOBKH nonaeTCSI B .ycTpO!\CTDO ynpaaneHHSI U3 BbiXO.llHOI'O yCTpoi' • 

CTDa. 

B n!Ju6ope Dhrne:UeHhi cpuwKn, · KOMMyTnpyeMbi~ nepeKmo<~aTeneM ynpaenetmSI1 

TSK 'ITO B KatteCTBO Bl·IeWUero ycTp~I1~T~~t 38.ll8!0lU91'0- Bp9MSI Bbl.ll9p>KKH 1 MO>KOT 6h1Tl:: 

ncnonb30B8HO COOTB9TCTDyiOiuee· ycTpOAC.TBO IlpOMbiWnemlbiX nplt60pOB Tn:na DC-lQQQQ, 

B aToM cnyttae npn6ophi aanycKaiOTC·~ n: ~cTaHaa~unaK;Tcsl cn:~xpoHHo ( npn: a~nycKe ~T 
KHOnKn ·,.nycK'' onnoro us n1m6op.oa 'n:nn: nycKe: q~coa:· c · ane~Tpnttec~uM KOnTaKToM). 

n pn:6op IlOK838H Ha ·qJUI'~ 13~ 

-7 
¢n:r.13. flapectteTHhitt npn:6op c paapewa10wn:M apeMeneM Moaee 10 ceK n: MexaHn:-

qecKutt cyMMaTop Ttma CB-lM. 
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OnuchiBaeMhi.ii nepec'IeTHhiii npu6op ucnonhaoaancst anst npoaeaeHHst HCilbiT8HH.ii 

COBMeCTHO.ii pa60Tbi "6hiCTpbiX" H "MeaneHHhiX" aeKa.ll, a T8K)Ke .npyrHX yanoa B Te

qeHHe anuTenbHoro apeMeHH. 

McnbiTaHHst noKaaa:m, 'ITO Taiw.ii npu6op1 BhmonHeHHhiii nonHOCTbiO Ha nonynpoaoa .. 

HHKOBhiX TpHoaax, Ha.lle)KeH a sKcnnyaTaumr. HeKOTophie aaTpy .llHeHHst aoaHHKanu npH 

cpOpMHpOBKe BXO.UHbiM yCTpOiiCTBOM "KOpOTKHX HMilynbCOB 1 cne.nyiOlllHX C 'IaCTOTOH 6onee 

10 Mru u HMeromux paa6poc aMnnHTY.ll nopst.llKa 10 H 6onee. B T8KHX cnyqastx axoa

Hbie MMnynbCI>I no.naaanncb ila BXO.ll nepaoil aeKa.llbi oT aHell!Hero cpopMnpyromero 

ycTpOHCTBa. 

Ilpoae.neHa oueuKa paapewaromero apeMeHH npH6opa npH aarpyaKax .no 3"10
5 

cTaTHCTH'IecKH pacnpeaeneHHhiX HMnynbcoa a ceKyHay. OueHKa noaTaepaHna aenH'IH~y 
-7 . 

paapell!aromero apeMeHH - M_.eHee 10 ceK. 

AaTopi>I Bhipa)KaroT 6naro.napHocTh IO.~.AKHMony H A.C.raapHnoay, nro6eaHo 

npeaocTaaHBll!HM ueo6xoaHMYIO annapaTypy anst npoaepKH paapell!aiomeil cnoco6nocTH 

nepecqeTHhiX ycTpoficTa. 

PyKOilHCb nocTynHna a H3.llaTenbCKH.ii oTaen 
5 cenTst6pst 1960 rona. 
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