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8 HBCTO!UUee BpeMSI B o6naCTH C03Jl8HHSI CHilbHOTO'IHbiX CHCTeM UHTBHHSI 

JlnSI HY*Il aKcnepHMe HTanbHOA ~H3HKH HMeeTCSI TeHJleHUHSI nepexoJla oT MoTop-

reHepaTOpHbiX arperaTOB K KpeMHHeBbiM BbinpSIMHTenSJM, ynpaanReMbiM JlpOc

cenSIMH HBC b iWeHHR / 1 I . 

TaKoA CHCTeMoll nHTBHHR SJBnReTCR cHnosoA 6noK cepHH KBTMC-T 

( KpeMHHeBb!l! B b!Up SIMHTenb, TpeX~83Hbill, MaCnSIHOrO OXnS*JleHHSI, CT86HnH-

381iHSI TOKOBaSI) KOHCTpyKUHH CneUHBnhHOrO KOHCTpyKTOpCKOrO 6~po npH 

MoCKOBCKOM aneKTpoaaBOJle HM. B.B.Kyl!6biWesa . YKaaaHHbill 6noK nHTaHHSI 

npeJlyCMaTpHBBeT HCnOnb30B8HHe perynSJTOpa UOCTOSIHHOro TOK8 HB MarHHTHbiX 

ycHnHTenRx, paapa6oTaHHoro so Bceco~aHoM sneKTpoTeXHH'!ecKoM HHCTHTyTe 

HM. B.l1.neHHHa /2~ 

KaK UOK83BnH . HCC ne)lOBSHHSI, nposeJleHHbie B na6opaTOpHH BbiCOKHX 

SHeprHl! 06be JlHHeHHOrO HHCTHTyTa SIJlepHbiX HCCne)lOBSHHll 131, CHCTeMa UH

TBHHSI c npHMeHeHHeM 6noKoB cepHH KBTMC-T o6naJlaeT 6onee BbiCOKHMH 

napaMeTpBMH ( C TB6HnbHOCTb, JlHHBMH'IHOCTb) B c ny'lae HCnOnb30BBHHSI CHno

BOrO JlpOCcenSI B pe*H Me • TpBHC~OpMBTOpa UOCTOSIHHOro TOKa", B B KB'IeCTBe 

6noKa soa6y*JleHHSI - 6biCTpOJlellcTsy~wero THpaTpOHHoro perynSITopa. 

8 HBCTORWel! pa6oTe paCCMBTpHBaeTCSI pa3pa60TBHHb!l! B na6opaTOp HH 

B biCOKHX SHeprH l! 011HH HOBbiil THpa TpOHHb!l! perynSITOp, npeJlHB3HB'IeHHbifi 

JlnR cosMeCTHOil pa6oTbi c CHnOBbiMH 6noKaMH cepHH KBTMC-T. 
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PePyngrop rHn8 ET- 104 

H8 pHc. 1 H3o6p8lKeHbl 3neMeHl'bl CHnosoPo 6noK8 KBTMC- T H npiiH

UIInH811bH8H cxeM8 l'IIP8TPOHHOPO pePynHrop8 Tlln8 ET- 104. C uellbJO ynpo

meHIIH 113o6p8lKeHuH H8 p11c . 1 noK838H n11wb OAIIH 113 4-x BbmpHMIIrenbHbiX 

MOCl'OB (KB} Cll!lOBOPO 6nOK8 , ynpoweH8 CXeM8 Cll!lOBOPO .apocceng H8CbJIUe

HIIH (nH}, nOK838H O.QIIH 113 2 - x nOHII311TenbHbiX Tp8HC$OpM8TOpOB (Tn}, 

PePynHTop ET- 104 IIMeeT o6wenp11HHTYJO crpyKTypy: 113Mep11TenbHbiii 

OpP8H (A8T'IIIK nOCTOHHHOPO TOK8 - M8C!lHHblli WyHT, IICl'O'IHIIK onopi!OPO 

H8npg}l{eHIIH} - yCH!liiTellb llOCTOHHHOPO TOK8 (YnT) - Tllp8 TpOHHblil BbinpH

MIITenb, ynp8B!1HeMbiH 38 C'leT CMeiUeHIIH CIIHyCOII.Qbl CeTO'IHOPO H8npQlKeHIIH 

OTHOCHTenbHO KpiiBOH 38lKIIP8HIIH rHp8TpOHOB . CHHyCOII.£18 ceTO'IHOPo H8npQlKe

HIIH ( Tp8Hc$opMaTopbl TC 1 -i TC3 } MOlKeT CMeiUaTbCH n116o spy'IHYJO noTeH

UIIOMeTpOM CMeiUeHIIH (nC), !11100 8BTOM8TII'IeCKH BbiXO.QHbiM Hanpg}l{eHIIeM 

6noKa asroMaTII'IeCKoPo pePynHposaHIIH (EAP} . EAP cocTOKT 113 KCTO'IHIIKa 

pePynKpyeMoPo onopHOPO HanpH}I{eHIIH 11 Y nT. Cne.ayer yKa3aTb H8 uen ecoo6-

p83HOCTb llO.QK!lJO'IeHIIH y3na · ceToqHOPO CMeiUeHIIH no HanpHlKeHHIO niiT8HIIH 

K ceTII nKTBHIIH aHOAHbiX ueneli TllparpoHHOPO BblnpHMIITenH. TaKoe Meponpii

HTIIe n03B0!1HeT B HeCKO!lbKO pa3 OC!18611Tb B03MyJUeHHH CIICTeMbl pepyn11po-

B8HIIH no npK'IHHe TO!l'IK006p83Hb1X 113MeHeHIIH B CeTII niiT8HIIH Tllp8TpOH-

HOPO BbinpHMIITeng (npOTIIBO!Il83HOCTb B03.QeHCTBIIH no UenHM CeTK8 - 8HO.Q) , 

C11nosoii .apoccenb H8CbiJUeHIIH B036ylK.aaeTcH (ynpasnHeTcH} c noMOJUbJO 

o6MOTOK A 1 X 1- A 2 X 2 , np11 pa6ore H8 ManoaMnepHyJO HaPpy3KY MOlKeT 

6b1Tb BK!lJO'IeHa TO!lbKO O.QH8 o6MOTK8 A I x 1 • 06MOTK8 A3 X 3 KCnOIIb3yeTCH 

.QnH nony'leHIIH P116KOH OTpiiU8Te!lbHOli o6paTHOII CBH311 no llOTOKY B036ylK.QeHIIH 

nH. Benii'IIIH8 ycnOKOIITenbHOII CBH311 BbJ611paeTCSI c noMOIUbiO noTeHUIIOMeT

pa R Poc. C uenbJO o6ecne'leHIIH ycnoa11li rexHHKII 6e3onacHocrll ace o6MOTKII 

ynpaaneHII SI nH liMe JOT 06JUyJO TO'IKY, KOl'OpaSI llO.QKnJOqaeTCSI K K 8 TO.Qy BbinpSI-

MIITen SI so36Y*AeHII SJ 11 aa3eMnHe TcH. 

U e nb H8PpydKH peryns.ropa ET - 104 ("uenb B036y }l{ [!f' H ;JSJ nH) OTJ!II48 -

e TCH orcyrcnHJCM rp81UtUIIOHHOP O MOTOpHOI'O peoc raTa b036yll<!lP.HII H ( PBM) 

II H8ni1'1 Hel'vl pene TOKOBOil neperpy3KII (PTn) . B CIIC1'CM8X CT801l!lbHCPO l'OK a , 

Rcnollb3YJOIUHX umpoKOH3BCCl'Hble pePynHropbl r11na ET - 4 ltnll ET -6, noa'heM 

H8Ppy3KII, Bbi60p yCT8BKII TOK8 H BXOll<lle HIJe B 30HY CT861lnJI38UIIIl OCyJUeCl'B!lSI-
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IOTCH 38 C'leT M8HIInynHUHH TpeMH 3!1eMeHT8MII ynpanneHKH: peOC l 

OYlK.QeHIISI ( R l'BM = 10 -i 400 OM) , nOTeHUHOMerpoM- Il8T'IIIKOM (n , 

UHOMerpoM cMemeHHH (nc). Vicnonb30BaHHe s uem• HaPpy3KH per 

ET-104 $HKCIIpOB8HHoro conpoTHBneHHH R 
8 

= 16 OM no3nonHno 

OTKa3aTbCSI or PpOM03.QKOPO PBM, 38HHMBJOJUePo nonoBHHY cTaH.Qe 

Tonoii naHenH , HO 11 cymecrseHHO ynpocTHTh npouecc ynpasneHHH 

cra6HnhHOI'O TOKa. B cnyqae npuMeHeHHH pePynHropa ET-104 TOK 

.QeHHH nH Onpe.aenHeTCH TO!lhKO Be!liiYIIHOH H8llpHlKeHHH CMeJUeHHH 

HOPO BbinpHM HTenH, n ocne.QHee 06CTOHl'e!lbCTBO n03B0!1HeT npaKTK' 

C'IAT BbiXO.QHoro HanpHmeHIIH EAP ocymeC T BH Th no.abeM- CHHTHe He 

nyTeM M8HIInynHUHH O.QHIIM T O!lbKO nOTeHUIIOMeTpOM-·.Qa l''IHKO IV 

6eHHOCTh pePynHTopa ET-104 MO*e r OKa3aThCH aeCbMa ueHHOil n1 

nOBO~OTHbiX 8!1eKTp OM81'HHTOB-p acnpe.aenHTeneA 38pH)f(eHHbiX '18CT~ 

e TcH B03MOiKHOCl'h ObiC rporo npoPpaMMHOPO H3Me HeHHH n umpoKH:X 

TOKB nH1'8HHSI 38 C'leT npOPp8MMHOPO H3MeHeHKH HanpHlKeHHH yCTe 

OnaCeHHSI BblX0.£18 113 30Hbl CT86KnK38UHH. 

KaK 6 bmo noKa3aHo a 131, CIWOBOII 6noK cepHH KBT MC-T , 11 

MbiH 6e3 38!10}1{eHHbiX npoeKTOM 3neMeHT OB nO!lO}I{HTenhHOH 06paTr. 

no TOKY H8Ppy3KH, o6na.aaeT CBOHCTB8MH Tp8HC~OpM8 1'0pa llOCTOHr. 

A!lH KOTOpOPO CnpaBe.Q!lHBO COOTHOWeHHe j e k j B . Cne.QOB8Te!lbl 
H 

py3KH 6noKa KBT MC-T onpe.aenHeTCH ronbKO TOKOM no36y}I{.QeHHSJ 

BeCTHOH creneHH
0

38BHCHJUel! OT "H.Qe8!1bHOCl'H" ApOCCenH H8CbiJUeH 

o6cTOSJTenbCTBo y'ITeHo B p e PynHTope ET-104, KOTOpbiH cHa6}1{e H 

BOH neperpy3KH (Tuna 3T-521), .QeHCTBYJOIUHM 118 CHHTHe B036y>KI 

ecnH no K8KHM - TO npH'IIIH8M (aB8p11Sl 11!111 0WHOK8 OnepaTIIBHOPO n 

r ciK B036ylK.Qe HIISJ npeBbiCHT aenH'IHHY, cooTaeTCTBYJOJUyJO .aonycTur

Ke llOTpe6HTenSJ. V!CXO.QH 113 H3!10lKe HHOPO, MOlKHO CK838Tb , 'ITO 06 

KyeMaH M8KCHM8nbH8SI 38WIIT8 no llOCTOSIHHOMy TOKY .Q!lH cny'IBSI ( 

KBTMC-T SIBnSJe TcSJ Heuenecoo6pa3noii . 

EnoK aaroMaTH'IecKoro pei ·ynRponaHHSI 

Ha p11c. 2 u3o6palKena npuHunnHanbHaH cxeMa 6noKa aaroMa' 

pePy!llipOBa HH H (EAP) . B K a 'l e CTRe IiCTO'IHHKa pePynHpyeMoro ono 
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ca KBTMC-T u npuH

-104. C uenbro ynpo-

4-X BbinpSIMHTenbHbiX 

~01"'0 llpoccenSI HBCbillle-

c!jlopMa Top oa (Tn). 

•ypy: H3MepHTel1bHblll 

HCTO'IHHK OnOpHOf'O 

THpaTpOHHbll\ Bbinpll-

CeTO'IHOf'O Hanp51)KeHH51 

lllB CeTO'IHOf'O Hanp51)Ke

,cSI nu6o apyquyro noTeH-

COilHblM Hanp51)KeHHeM 

COCTOHT H3 HCTO'IHHKB 

T yKa3aTb Ha uenecoo6-

• Hanp51)KeHHIO nHTBHH51 

I!Ten51, TaKoe Meponpu-

1!51 CHCTeMbl pef'ynupo-

nHTBHHSI THp8TpOH

uenSIM C8TK8 - BROil) , 

lp8B/1S18TC5I) C nOMOlllb!O 

JHYIO H81"'py3KY MOlKeT 

Ka As X 3 ucnonb3yeTc51 

no nOTOKy B036y)KileHH51 

OMOlllb!O noTeHUHOMeT-

:>naCHOC TH BCe 06MOTKH 

'IBeTC51 K KBTOily Bbinp51-

flo. Jl 0 t(;I>! ilH) OTJ!II'fB -

3 r.o36yll<llP.H HSI (PB.I\\ ) 

'8M8X CTBDI!.'lbHOf'O TOKa, 

·- 4 11nu ET-6, noAt.eM 

:Ta6umtaauun ocymec ran11-

IOTC51 38 C'I~T MBHHnyn51UHl\ TpeM51 3neMeHT8MH ynpaBneHH51! peOCTB TOM B03-

6y)KileHH51 ( RPBM= 10 -f 400 OM), noTeHUHOMe TpOM- IlBT'IHKOM (nil), noTei{

UHOMeTpOM CMell.leHH51 (nC), V!cnonb30BBHHe B UenH H81"'py3KH pef'yn51TOpa 

ET-104 <jJHKCupoaaHHOf'O conpoTuaneHH51 R 
8 

= 16 OM no3aonuno ue TOnbKO 

OTKa3a TbC 51 OT 1"'pOM031lKOf'O P BM, 3BHHMaromef'o nonoBHHY CTauaapTHOH mu 

TOBOH naHenu , HO H cymeCTBeHHO ynpOCTHTb npOUeCC ynpaaneHH51 CHCTeMOH 

cTa6HI1bHOf'O TOKa. B cnyqae npHMeHeHHH pef'ynHTopa ET-104 TOK ao36y)K-

lleHH51 ilH onpeaen51eTC51 T0/1bKO Be/1H'IHHOH Hanp51meHH51 CMemeHHSI THpaTpOH

HOf'O Bbinp51MHTel151, nocneauee ODCT051Tel1bCTBO n03BOI15IeT npBKTH'IeC KH 38 

C'leT BbiXOilHOf'O u an pHmeHHSI EAP ocymecTBHTb noabeM-CH5ITHe naf'py3KH 

nyTeM M8HHnyn51UHfi OllHHM T0/1bKO noTeHUHOMeTpOM-·I)BT'IHKOM , 3Ta OCO-

6enHOCTb pef'ynHTopa ET-104 MO)KeT OKa3aTbCSI BeCbMa ueuuol\ npu nHTBHHH 

nOBOpOTHbiX 3neKTpOM8f'HHTOB- pacnpeaenHTenel\ 38p51meHHblX 'IBCTiiU! UOSIBI151-

eTC51 B03MOiKHOCTb 6biC TpOI"'O npol"'paMMHOf'O H3Me HeHHSI B mupOKHX npeaena x 

TOKB nHTBHH51 38 C'IEl T npOI"'pBMMHOf'O H3MeHeHH51 HanpHmeHH51 yCTBBKH 6e3 

OnaCeHHSI Bb!XOilB H3 30Hbl CT86HnH38UHH, 

KaK 6brno noKa3aHo B 131, cunoaofi 6noK cepuu KBT MC- T, ucnonb3ye-

Mb!H 6e3 3anomeHHbiX npoeKTOM 3neMeHTOB nOnO>KHTenbHOH o6paTHOl\ CBSI3H 

no TOKY H8f'py3KH , o6naaaeT CBOliCTBBMH Tp8HC¢op MBTOpa nOCT05IHH0f'O TOKB, 

.[ln51 KOTOpOI"'O CnpaBell/1HBO COOTHOllleHHe J = k i B , Cne.[lOBBTenbHO, TOK H8 f'-
H 

py3KH 6noKa KBT MC-T onpeaenHeTC51 TOnbKO TOKOM ao36ymaeHH51 (a u3-

aecTnol\ cTeneHH
1
3aaucHmei! OT "uaeanbHOCTH" apoccen51 uacbrmeHHH) , 3To 

o6CTOHTenbCTBo yqTeuo B pef'yi151Tope ET-104, KOTOpbrH cua6lKeH pene TOKO

aol\ nepel"'py3KH ( THna 3T -521) , ael\CTBY!OlllHM Ha CHSITHe B03DYlKileHH51 C ilH, 

ecnu no KBKHM-T O npH'IHHBM (aaapu51 unu omu6Ka onepaTHBHOf'O n e pcoHana) 

TOK B036ylKileHH51 npeBbiCHT BenH'IHHy, COOTBeTCTBY!OlllYIO aonyCTHMOl\ HBI"'py3-

Ke nOTpe6HT8/151, V!CXOilSI H3 H3110lKeHHOf'O, MO)KHO CK838Tb , 'ITO OD!.ol'IHO npaKTH

KyeMaSI MBKCHMBnbHBSI 3BillHTB no nOCTOSIHHOMy TOKY .[lnSI cny'IB51 D/10KOB 

KBT MC- T SIBnHeTCSI ueuenecoo6paaHoi! , 

BnoK aaTOMBTII'IeCKOf'O per·ynupoaaHH51 

H a puc . 2 lt3o6palKeHa npuuunnuanbHaSI cxeMa 6noKa aaroMaTu•recKOf'o 

pef'ynupoaaHHSI ( EAP) . B Ka'l e CTBe rtCTO'IHHKa pef'y.'ll1pyeMOf'O onopHOf'O H~-
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11pmKeHHSI EAP HC110ilb30B8H 2 - cTyl1eH'l8Tb ii1 n8p8MeTpH'leCKHI1 CT86HilH38TOP 

H8 11pS!m eHHSI C OKOHe'IHb l M K8CK 8 AOM H8 CTB6V.IlHTpOHe THI18 na i 8E H 11peUH3HOH

H b iM 110Te HUHOMeTpoM H8 BbtXOAe . B K a 'leCTBe noTe HuHoMeTp8- A8T'IHK8 (nn) 

HCI10ilb30B8H 110TeHUHOMeTp THI18 P 31 7, co11pOTHBileHHe KOToporo yMeHbWeHo 

118 11opRAOK ( R I1A = 999, 9 OM8) . OcHOBHb tM 31leMeHTOM E AP S!BilS!eTCSI 

yCHilHTe llb 110CTOSIHHOrO TOK8, B KB'leCTBe KOTOpOrO HC1101lb3yeTCSI BHAOH3-

MeHeHHblii CTBHA8pTHbtl1 alleKTPOHHhtii ycHilHTellb THI18 Y M I 09 , 11pHMeHS!eMLtii 

o6Lt'IHO B an e KTpOHH htx 110TeHUt!OMe Tpax, Y CHilHTellb TJ-1118 Y MJ09 HMeeT clle

Ay~wy~ CTpyKTypy: MeX8HH'leCKHI1 11peo6pa30B8Tellb - yCHilHTellb nepeMeHHOrO 

TOK8 - OAHOilOilynepHOAHhti\ !jl83.0'lyBCTBHTenbHbiH K8CK8A C BbJXOAOM H8 OC

HOBHOH r8pMOHHKe (50 ru) , CTpyKTYP8 Y nT E AP : MeX8HH'leCKHii 11peo6p83o

B8Tellb - yCHilHTellb 11epeMeH~OrO TOK8 - ~830HHBepCHbiH K8CK8A - ABYX1101lY -

11 e pHOAHhiH ~830'IYBCTBHTellbHbJii K8CK8A C BbJXOAOM H8 BTOpoii rapMOHHKe 

( 100 ru) - KOilbUeBOil AeMOAYilSITOp , llHTBeMbiH 0110pHblM H811pS!meHHeM OT 

YABOHTellSI 'IBCTOTbl 50 ru , 8 Lt6op T8KOii CTpyKTypbl Y n T CBSI38H CO ClleAyiO

lUIIM o6cToRTenbcTBOM , TMp8TpoHHhtii Bbt11pHMIITenb perynRTOp8 BecbM8 '~ YBCTBII 

TeneH K "oCUIIIlnorp8!jll!'leCKoii" ~opMe H811pHmeHJHI cMeweHIISI , T , e , OH MomeT pe8 -

rMpOB8TL Ha nynbC8Uilll yKa3BHHoro HanpSimeHMSI , 'ITO 11pu onpeA elleH.HbtX ycllO 

BHSIX llpH B OAHT K CK 8 '1K006pa3H O MY H3MeHeHH~ p e rynHpOBO'IHOA X8p8KTe pHCTH -

KIJ H paCK8'1Ke BCeii CHCTeMhl CTa6HilH38UHH , npHHSITLIH 38 OCHOBY yCHilHTellb 

Ttma Y M 109 coAep)KHT H8 BXOAe OTHOCHTellbHO H8Ae)!{Hbtii 50- repueBLtA 11pe

o6p8 3oaaTellb ( THI18 B n - 2 ) H npu Hecyweli qacToTe B 5 0 r u HMeeT H8 Bht-

xoA e H811pHme HHe C nyllbC8UHefi 'IBCTOTOii 5 0 HllH 1 0 0 ru 11pH OAHO- HilH ABYX-

110ily11epH OAHOM AeTeKTHpoaaHHH (cooTaeTC T BeH Ho ), H811pHmeHHe cMeweHI!H 

c nyllbC8UHHMH yK838HHhi X '18C T OT HBilHeTCSI HenpHeMileMhtM AilS! Bb111pHMII-

TenH , p860T8~!Uer o Ha '18CTOTe 5 0 ru , 0 6hi'IHO B T8KHX CllY'l8SIX H8 BbiXOAe 

Yn T BKil~'la~T R C - cjJHilb T pbl H YXYAW8~T TeM CBMbiM AHH8MH'le CKHe CBOHCT

B8 CHCTeMbt, llH6o HCI1011b3Y~T cneuHallbHbte KOMI1eHCHpy~wHe c x eMLt 141, B 

Y n T peryllHTop8 ET-104 AOC T 8 T O'IHOii MepoA , Ha11p8BileHHOii H8 110ily'leHHe 

p860TOCI10C06Hoii KOHCTpyKUII H 6e3 YXYAWeHI! SI A IIH8MH'le C K IIX CBOiiCTB , OKa-

381lOCb YABOeHHe Hecywel\ '18C T OT bl B OKOHe'IHOM K 8CK8Ae YCHnt!TellSI 11epe

MeHHOrO T OK8 , T 8KIIM o6p830M , YnT npH 50-repu eaoM MOAYilHTope H MeeT 

H8 Bbt X OAe HanpHmeHue c nyllbC8U uell 'lacToToii 2 00 ru . 
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CHilOBoii 61loK K BTMC- T B coBOKYI1HOC T H c peryllSITopoM ET-1 

meT p86oT8Tb B U HKilH'l e C KOM peJKHMe , U HK ilH'IeCKHII pelKHM p860T ht 

pHC , I) llOCile CHSITHSI H81l8AKH "H • 38A8eTCSI KOHT8KTOM yCTpOiiCTB 

M8THKH ( Y A) . C uellb~ orp8HH'leHHSI ~opcHpOBOK H8 BbtXOAe YnT E 

(eM , pHC , 2) TyM61lepOM T o MOmeT 6h1Tb BKiliO'IeH8 AHOAH8si OT Ce'IK 

HH'IHBEIO!U8SI cjlopCHpy~LUee H811p !!JKeHHe BellH'I H HOA + 1,5 B ( 11pH61lH3H 

AH81lOrH'IH8SI AHOAH8SI OTCe'IK8 11pHMeHeH8 AilS! 38lUHTbl 11pH60p8 CeTO' 

CMe!UeHHSI V c ) OT 11eperpy30K 11pH UHKilH'IeCKOM peJKHMe p860T bl 

pHC , I ) . 

KoHC T PYKTHBHOe HCI10ilHeHHe 

THp8TpOHHbtii peryllRTOp THI18 ET-104 ( eM, pHc , 3) 11penCT8Bil5 

61lO'IHYIO KOHCTpy K UHIO , yc T8H8BilHB8eMy~ H8 lUH Te y11p8BileHHSI, P eryJ 

ET-104 3H8'1HTellbHO KOMI18 K THee cymeCTBYIO!UHX peryllRTopoB 8H81lOT 

H83H8'1eHHSI: 640 x47 5 x36 0 (ET-104 ), 1 6 0x530x 460 (ET-6 ), 2 050x73l 

(ET- 4 ) , 2 0 5 0 x IIOOx600 (MarHIITHbtii peryllRTop KBTM C). 

E lloK 8BTOMaTH'IeCK o r o peryllHp OB 8HH SI ( eM, pHc , 4) Bb1110ilHeH 

W8CCH , H8 KOT OpOM CMOHTHpOB8Hbl : 110T e HUHOMeT p - A8 T 'IHK , HCTO'IHJ 

Horo H8npsnKeHHSI, Y n T, K oMI18HOBK8 B OAHOM 61l OK e acex alleMeHT OI 

ll SITOp8 , BKil~'l 8SI 31leMeH T bl y11p8BileH HSI, 11peACT8BilS!eT , C H8Weil: T O' 

3peHHSI , 3H8'1HTellbHbJil: HHTepec , T, K , 1103BOil S!e T H368BHTb CSI OT CBSI31 

K86ellbHblX llHHHii , 110B b iCH Tb H8AemHOC Tb MeJK61lO'IHblX COeAHHeHHA , 6 

CTBO H3 KOT Opbt X Bbll1 0 1lHS!e T CSI 118H K Oii , H C03A8 Tb AOilOilH H T e llb H Oe y . 

AilS! 011 e p8THBHOrO 11epCOH81l8 , n emypHWii OAHOBpeMeHHO C 11pOBepKOH 

CHCTeMhl 11HT8HHSI 110 11pH60p8M MOJKe T H 861l!OA8Tb pa60T Y THp8TpOHOI 

TPI-5/2) qepe3 cBeTO~HilbTp ( mellTbtii HllH 3elle Hbtil ), 38KpbiB8~lUH H 

H8 ~8C8Ae perynRTOp8 , 
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~uqecKufi cra6unuaarop 

TUITB ll318E U rrpeUU3UOH

IUOMeTpB-ABTYUK8 (nn) 

e KOTOpOI"'O yMeHbWeHO 

HTOM EAP SIBnSieTCSI 

ICITOnb3yeTCSI BUAOH3-

YM109, rrpHMeHSieMbtl! 

rHrra YM!09 uMeer cne-

- ycunu renb rrepeMeHHOI"'O 

;aA C BbiXOAOM HB OC

eXBHUYeCKHH rrpeo6pa30-

HbiH KBCKBA - ABYXITony

a BTOpOi! I"'BpMOHUKe 

!blM HBITpSilKeHUeM OT 

YnT CBSI3BH co cneAyto

ynSITopa BeCbMB YYBCTBH-

eweHHSI , T . e . OH MOlKeT pea-

rtpH ortpeAeneHHbiX ycno 

HpOBOYHoil XBpBKTepHCTU

>111 aa OCHOBY ycunHrenb 

<Hhtil 50-I"'epueBbtll rrpe-

B 50 I"'U HMeeT HB Bbl-

I"'U rtpH OAHO-nnu ABYX

arrpSilKe HHe CMe!UeHHSI 

1neMI>IM AnSI BbtrrpSIMI!-

<HX cnyqa SIX HB BbiXOAe 

biM AHHBMUYeCKUe CBOHCT

HpytoWHe cxeMbi/41. B 

3neHHOi! HB nonyYeHUe 

iYeCKUX CBOfiCTB, OKa

KBAe ycum1renS1 rrepe

)M MOAynSITOpe HMeeT 

~u . 

CunoBoll 6noK KBTMC-T B coBoKyrrHocru c pe!"'ynSITopoM ET-104 Mo

>KeT pa6oTaTb B uuKnu'!eCKOM pe>KuMe. UuKnu'!eCKull pe>KUM pa6oTbt (eM. 

puc . 1) rrocne CHSITUSI HanaAKU "H • 3BABeTCSI KOHTBKTOM ycTpOi!CTBB BBTD

MBTUKU (YA). C uenbto o!"'paHu'leHuSI !jlopcupoBoK Ha BbtXOAe YnT EAP 

(eM. puc . 2) TyM6nepoM To MO>KeT 6btTb BKnto'leHa AUOAHBH OTCeYKB; o!"'pa

HuYuBaoiUaSI !jlopcupytomee Harrpli>KeHue Benu'!uHoll + 1,5 B ( rrpu6nuauTenbHo). 

AHBnOI"'U'IHBSI AUOAHBSI OTCe'IKB rrpHMeHeHa AnSI 38IUHTbl rrpH6opa CeTOYHOI"'O 

CMeiUeHHSI V e ) OT rrepel"'py30K rrpH UHKnU'!eCKOM pe>KHMe pa60Tbl ( CM. 

pHC . 1 ). 

KoHcrpyKTHBHoe ucrronHeHHe 

THparpOHHbti! pei"'ynSITOP THrra ET-104 (eM. pHc . 3) rrpeAcTaBnSieT co6ol! 

6no'IHYIO KOHCTpyKUUIO, yCTBHBBnUBBeMyto HB IUHTe yrrpaBneHHSI. Pel"'ynSITOp 

ET-104 3Ha'!urenbHO KOMrraKTHee cymecrBytoiUHX pei"'ynSITopoB aHanol"'HYHOI"'O 

HB3Ha'!eHHSI; 640x475x360 ( ET-104), 160x530x460 ( ET-6), 2050x730x630 

(ET-4), 2050x 1100x600 ( MBI"'HHTHbtl! pel"'ynSITOp KBTMC). 

EnoK BBTOMBTH'IeCKOI"'O pel"'ynHpOBBHUSI (CMo pHC. 4) BbtrrOnHeH B BHAe 

WBCCU, HB KOTOpOM CMOHTHpOBBHbl : ITOTeHUUOMeTp - ABTYUK, HCTO'IHHK orrop

HOI"'O HarrpSI>KeHHSI, YnT. KoMrraHoBKa B OAHOM 6noKe scex aneMeHTOB pel"'y

nSITopa, BKnto'IBSI 3neMe HTbl yrrpasneHUSI, rrpeACTBBnSieT , C HBWei! TO'IKH 

3peHHSI, 3HB'IHTenbHbll! HHTepeC, T.K. IT03BOnSieT H36BBHTbCSI OT CBSI3biBBIO!UHX 

Ka6enbHbiX nHHHll, ITOBbiCHTb HBAe>KHOCTb Me>K6nO'IHblX COeAHHeHHH , 6onb1UUH

CTBO H3 KOTOpblX BbiiTOnHSieTCSI rrai!Koll, U C03ABTb AOITOnHHTenbHOe yA06CTBO 

AnSI Orr e paTHBHOI"'O rrepCOHBna. lle>KypHbiH OAHOBpeMeHHO C rrpOBepKOil pelKHMB 

CHCTeMbl ITHTBHHSI ITO rtpH60p8M MO>KeT Ha6ntoABTb pl;l60TY THpBTpOHOB ( TUITB 

TP1-5 /2) 'lepea cBeTO!jlHnhTp ( >KenTbtil unu aeneHbtil), aaKpbiBBIO!UHil rrpoeM 

Ha ¢acaAe pel"'ynSiropa . 
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npaKTII'IeCK K e pe3ylibT8Tbl 

B fla6oparopKK BbtCOKKX 3HeprKii OIHU1 perynSITOpaMH THna ET- 104 

ocHameHbt ABa 6noKa KBT MC- T, OAKH H3 KOTOpbtX HMe e T MOlUHOCTb 320 KaT, 

a !lTOpOli - 560 KBT, 06e CHCTeMbi npOlllllH BCeCTOpOHHKe HCI1bi1'8HiiSI 1i 3a-

peKoMe HnoaanK ce6SI HaJlelKHLtMn, yAo6HbiMH B 3KCnnyaTaUKK BbtCOKOTO'IHbtMn 

ycTpolicTaaMH, Ha 6noKax K B TMC - T, pa6oTaiOIUHX c perynHTOpaMH ET- 104, 

JlOCTH l"'HyTa B HOMI'!HallbHOM pelKHMe B biCOKaSI CTaOHlibHOCTb TOKa Ha l"'py3KU : 

He xylKe .:t_ 0 ,002 % , Ha pKC , 5 npHBeAeHa JlKarpaMMa TOKa 3neKrpoMa l"'HKTa 

Tlina cn - 12 ( JH = 1000 a , u H = 150 B , HCTO'IHHK- KBTMC-T - 560 KBT), 

110Ka3biBatoiUa SI He TOllbKO CTaOKlibHOCTb , HO H llOC TaTO'IHO BbiCOKYIO JlHHaMH'I

HOCTb li 'IYBCTBHTellbHOCTb CHCTeMbl npH CKa'IK006pB3HOM H3Me HeHHii YCT8BK1i 

TOK a , 

CHCTeMa K BTMC- T - E T-1 04 o6ecne'!HBaeT C T a6HnbHOCTb T OKa nHTaHHSI 

3H8'1HTe llbHO llY'Illle 0,01 % H npH paOOTe Ha MallOHHepUHOHHb19 Harpy3KH, Ka

KiiMH SIBllSIIOTCSI KB81lpynolihHbte Mal"'HKTHbie llHH3bi , CneAyeT yKa3aTb na To, 

'ITO paCCMaTpHBaeM8SI CHCTeMa 11KTaHHSI )lae T Bb!COKYIO CT8011llbHOCTb TOKa 

B 0'19Hb lllHpOKOM Jllia!1830H9 li3MeHeHHli KaK TOK8 0 TaK 1i HanpSilKeHHSI H8rpy3-

Kii , T aK , HanpHMep, JlllSI KBTMC- T - 320 KBT c BbmpSIMHTe nbHbiMH MOC T aMK , 

COOpaHHb!M ii Ha Bb!XOJlHOe HOMI!HallbHOe Ha!1pSilKe HKe 230 B H TOK 1390 A, 11pli 

pa6oTe Ha nHH3Y nma Mfl- 16 ( R = 0 , 150 oMa , L = 0,115 r'H) C T 8 0Hllb-

HOCTb T OK O OKa38l18Cb He XylKe :!:., 0,0} 5 % npu U H = 15 B , j H = 100 a I! 

~ 0,003 % npH U H = 30 B, j H = 200 a ( OC TaTO'IHOe H8 11pS!lKO HH e 1i OCT8TO'I

Ilblii TOK np11 yKa3aHHOii Harpy3Ke COCT8Bl1 SIIO T COOTBeTCTBeHHO 10,5 B II 70 a), 

CTa6nnbHOCTb ToKa so acex yKa:JaHHbiX cnyqaSJx npoaepSJnacb c noMOlllbJO 

KO M119 HCa i1HOHHOH CX eMhl , HC11 0llb3y toiUeli HCTO'IHIIK 0110pHOl"'O H811pS!lK9HHSI Ha 

CT801illH Tp OHe Tima ll818E H 11Yllb- HHilHK8TOp- CaMOI1 1i CeU TH11a 3nn-09 3 M , 

110 naAeHI!IO HanpmKe HHSI Ha MaCllSIHOM WYHTe , 3Ha'le HH e CT aO Kl11!3Hpy eMoro 

TOKa ~IIKCHpOBallOCb cpa3y 110Cne B XOlKJl9HHSI C IICT9Mhl perynupOBaHUSI B 30Hy 

cra6 Hnuaa uKH , KaK 6blllO noKa3aHo a 13~ a cucreMe nHTaHHSI K B TMC- T - ET 

i!paKTH'I9CKII OT CYTC T BYIOT yXOJl bl TOKa, CBSJ3 a HH biO C nporpeBOM Ue n e i'l H3l"'

py3KI! , ilnSI T aKHX CHC TeM CyiUeCTB9liHbiM SIBllSieTCSI TOflbKO T e MneparypHbti'l 

yXOJl IIC T O'IHIIKOB Ol10pHor o HanpHlKeHHSI, lln nTellbH8SI T e pMOCT80HllbHOC Tb 

llllSI paCCM8TpHBaeMoff CIICTeMbl: lfCXOJlSI 113 TeXHII'IeCKI!X ycnOBIIil Hll CT:JOI!llll -

8 

r 

IJ 

TpOHbl TH118 ll818E, MOlKeT Ob!Tb OUeHeHa B 0 , 01 % , XOTSI KOHTpOllbH 

ro'laCOB bte 3aMepb! 110K83biB8llH llY'IWHe 3H8'1eHHSI, 

nonyqeHHble no ClfCTeMe KBTMC-T-E T peaynbTaTbl llOK83biB 

onHcaHHoe ycTpoAcTBO o6ecneqHaaeT cTa6HnbHOCTb TOKB 11HTBHHSI c 

KOTOp8S1 He ycTynaeT TO'IHOCTH 38py6e>KH biX paa p a60TOK l10Cl19llHHX 

B pa3pa60TKe KOHCTpyKTHBHbi X 3lleMeHTOB perynSITOpa npHHHMO 

B.ll. KaaaKoa , HM lKe uaroToanenbt onbtTHbte o6paaubt ycTpolicTaa Tilt 

n H T e p a T y p a 

I, lO.r.TonCTOB, r.n . MocTKOBa, <I> . II . Koaane a . CHllOBble nonynpoBOJlH 

BbtnpSIMHTen H, ynpaBnSieMbte JlpOCCellHMii HaCbiW9HHSI, 11311- BO " H a: 

MocKaa, 1968, 

2. E.E . renbnepun , 3 ,fl,3no6HHcKnli: , MeToJlnKa pacqeTa cTa6nmtaarc 

6oTaiOmero Ha npnHuune ynpa BnSieMoro JlpoccenSI . B ecTHifK aneK1 

Mb!Wl19HHOCTH , No4 ( 1963), 

3 , li, H . EenSiea, B .C . rpHropaweHKo, B . M.Hexaea, E , ll , OMelih'leHKO, H 

nos, Y!ccne)loaanKe coaMeCTHoii pa6orbt Cltnoaoro 6noKa cepHH KE 

c perynSITOPOM THna ET- 4 , nponpiiH T OY!HI1, N9 13-4004, 1968, 

4, E.ll.OMenb'leHKO, YcTpoiicrao AnSI cTa6HnH3aUHH nocronHHoro TOK< 

ABT. CB , Ng 190947, 11 HOS16pS1 1964. 

5, -Brentford Electric Ltd, Hig h Stability Regulated Rectifiers 

( npocneKT aHrnHiiCKOii qmpMbl). 

PyKOllHCb nocrynHna a H3JlaTenbCKHii c 

3 SIHBapSI 1969 l"'O)la , 
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bl 

ISITOpaMH THrra ET-104 

HMeeT MOmHOCTb 320 KBT, 

OHHHe HC!IhlTaHHSI H aa-

'lyaTaUHH BbiCOKOTO'IHbiMH 

c perynsiTopaMH ET-104, 

bHOCTb TOKa Harpy3KH: 

1 TOKa 9IIeKTpOMarHH Ta 

- KBTMC-T - 560 KBT), 

lTO'IHO BbiCOKYIO t:IHHaMH'I-

l3HOM H3M9H9HHH ycTaBKH 

l6HIIbHOCTb TOKa IIHT8HHSI 

~pUHOHHbl9 Harpy3KH, Ka

:neayeT yKaaaTb na TO, 

y10 CTa6ttiibHOCTb ToKa 

~aK H HanpS!>KeHHSI Harpya-

pS!MHT9!IbHbiMH MOCTa MH , 

230 B H TOK 1390 a , IlpH 

0 ,115 PH ) CT8 6Hnb-

15 B, J = 100 a 11 
H 

= HH!Ip SI>K9 HH e H OC T8 TO'I-

3eTCT8e HHO 10,5 8 I! 70 a ), 

>Bep 5tn8Cb C riOMOll lb lO 

110p1IOPO H811p S!>K9 HIISI HA 

1C9 U THII8 3nn-09 3 M, 

HH e CT86HI1H3HpyeMOrO 

.bl pe rynHpOBBHI!SI D 3 0HY 

nt!TaHHSI KBTMC-T-ET 

nporpe BOM ueneli Har-

TO/lbKO TeMnepa TypHbti'I 

T9pMOC Ta6HI1bHOCTb 

·IX ycnol\nil Ha c Ta6unu-

I 

TpOHbl THIIa ll818E, MO>KeT 6biTb OUeHe Ha B 0,01 %, XOTSI KOHTpO!IbHbie MHO-

ro'!aCOBbte 3aMepbl IIOKa3biBaiiH IIy'lmHe 3Ha'!eHHSI, 

nony'leHHble no cHcTeMe KBTMC-T-ET peaynbTaTbi noKaabiBaiOT, 'ITO 

OliHCaHHOe ycTpOACTBO o6ecne'!HB8eT CTa6H!IbHOCTb TOK8 IIHTBHHSI C TO'IHOCTbiO, 
/5/ 

KOTOpaSI He ycTynaeT TO'IH OCTH aapy6e>KHbiX paapa60TOK nocnenHHX neT 

B paapa6oTKe KOHCTPYKTHBHbiX aneMeHTOB perynSITOpa rrpHHHMan y'laCTHe 

B.ll.KaaaKOB, HM >Ke H3roToeneHbi OIIbiTHbte o6paau bt yc TpoliC TBa THrra ET-104, 

n H T e p a T y p a 

l, IO.r.ToncToe, r.n.M oc TKoea, <l>.ll.Koeanea, CH nOBbte nonynpoBOAHHKOBbte 

BbtnpSIMHTenH, yrrpaanSieMbie apoccenSIMH HaCbtmeHHSI, Ylaa-ao "H ayKa~ , 

MocKaa, 1968. 

2. E.E.fenbnepHH, 3.fl.3no6HHCKHii, MeTOilHKa pa c '!eTa cTa6HnHaaTopa , pa -

6oTaiOmero Ha npHHUHne ynpaBnSieMoro apoccenR. B ecTHHK aneKTponpo

MbllltneHHOCTH , N4 ( 1963 ). 

3, ll.H .EenSieB , B.C.fpHropameHKO, B.M.H exaee , E.ll.OMenb'leHKo, H , VI,nae

noe. V!ccneaoeaHHe COBMeCTHoli pa6oTbt CH n oeoro 6noKa cepHH KBTMC -T 

c perynSITOpOM THIIa ET-4. npenpHHT OVIHVI, N9 13-4004 , 1968 . 

4. E.ll.OMenb'!eHKO, Y c TpoikTeo anSI CTa61WH3BUHH n oc TOSIHHoro ToKa , 

ABT, CB . N9 190947, 11 HOS16pSI 196 4 . 

5, -Brentford Electric Ltd, High S tability Reg ulated Rectifie r s 

(npocneKT aHrnHikKoA qmpMbt ), 

PyKonHcb nocTynHna a H31laTenbCKHii oTa en 

3 SIHBapSI 1969 roaa. 
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Puc. 4. EnoK aBTOMaTuqecKoro perynKpoBBHHR {Bun CHHay). 

PHc . 3. P eryn>JTOp nma ET-104 {<t•acaa ). 

13 
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