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KoHCTPYKUHH H cxeMa ynpaBneHHH poTopHoii MHweHH 

B CBH3H C pacwHp9HH9M nporpaMMbi HCcne.noBaHHt\ 1 IIpOBO.llHMbiX Ha CHHXpo­

clJaao::rpoHe 06'b9.llHH9HHOI'O HHCTHTyTa H.ll9pHbiX HCCn9.llOBaHHH 1 B03HHKna Heo6xo-

. .llHMOCTb IIpHM9H9HHH . .nnH BbiBO,lla YCKOp9HHbiX 'ISCTHU MHWeHeii, OTB 9'18IOIUHX Tpe-

6oBaHHHM 6onhwoii Ha.ne)KHOCTH, ObiCTporo .neiicTBHH, B03MO)KHOCTH pacnono)KeHHH HX 

Ha nroooi\: a3HMyTanbHOH KOOp.llHHaTe KOnbUa YCKOpHTenH H 1 HaKOH9U1 COBM9IU9HHst 

H9CKOnbKHX SKCU9pHM9HTOB B O.llHOM UHKrie. C STOii uenbiO 6bin pa3paOOTaH UpH­

BO.ll poTopHoro THna, npe.nH.a3HatJeHHbiii .nnH· BBo.na B paooqyro o6nacTb ycKopHTenst 

MHweaeil: BecoM .no 500 r. • B ocHoBy KOHCTPYKUHH nono)KeHbi H.neH, cooomeHHhie 

B OTtJeTe K anHclJOpHHiiCKOI'O YHHB9pCHT9Ta 1. • npHHUHII paoOTbi STOI'O npHBO.lla 

OCHOBaH Ha B3aHMO.neitcTBHH TOKOB.Oii KaTyWKH C M8I'HHTHbiM noneM CHHXpoclJa3o-

H a ¢Hr. 1 I a/ .naH oo IUHA BH_.ll npHBo.na B Hepa6otJeM nono)KeHHH. B STOM 

IIOnO)K9HHH MHW9Hb pacnonaraeTCH Ha .llH9 BaKyyMHOH K8Mepbi 1 TaK 'ITO ycKOpHe­

MbiR nytJoK npoxo.nHT BbiWe Hee. BbiBo.n MHweHH B pa6oqee nono)KeHHe ocymecT-

BnHeTCH C llQMOIUbiO MeXaHH3Ma napannenbHOI'O nepeHOCa, C09.llHH9HHOI'O . C OCbi01 K 

npoTn:BononO)KHOMY KOHUY KoTopoii npHKpenneHbi .nBe KaTyWKH. KaTywKH 3aKpenneHbi 

0 
O.llHS OTHOCHT9nbHO .npyroA llO.ll yrnoM 80 . npH llO.lla'le TOKa J B B9.llYlllYIO KaTywKy 

1 H npH aanH'IHH nonH HanpH)K9HHOCTH H B03HHKaeT BpamaiOIUHH MeXaHH'IeCKHii 

MOMeHT M 
M = ~< HJ.Stn. ' 

r.ne - npoeKUHH nnoma.nH KSTYWKH Ha HanpaBneHHe Mai'HHTHbiX CHnOBbiX 

nHHHA 1 m - 'IHCno BHTKOB K8TYWKH 1 KOSqlli:JHUH9HT t 38BHCHIUHii OT 

BbiOOpa CHCT9Mbi 9.llHHHU. 

YcHnHe oT Be.nymeii ocH 'lepe3 BcnoMoraTenbHhiii napannenorpaMM nepe.naeT­

cSI B9.llOMOft OCH, 'ITO 009CII9'1HBaeT H900XO.llHMyiO O.llHOBp9M9HHOCTb paOOTbi BC9X 

aBeHbeB MexaHH3Ma napanneitbaoro nepeaoca. B no.nBH)KHbiX cotJneaeHHstx npHMeae­

Hhi 6pOH30Bbi9 IIO.llWHIIHHKH CKOnb)K9HHst. 3Ha'IHT9nbH09 'IHCno T8KHX CO'IneHeHHR 

IIp9,ll'bHBHnO )K9CTKHe Tpe6oBaHHH K TO'IHOCTH H3I'OTOBn9HHst IIO.llBH)KHbiX .ll9TaneA 

H CTporoii HX COOCHOCTHo ,Unst TOI'0 1 'ITOObi CMHI''IHTb y.nap B MOM9HT IIpHXO.lla 
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B paooqee nono:>KeHn:e ( qmr. 1 /6/] , B KaTywKe IT .ao no.axo.aa Mn:weHn: 

K KpaitHeMy nono:>KeHn:ro coa.aaeTcH TopMoaHumit n:Mnynhc ToKa. KaTywKn: n:MeiOT 

ITJlOll.ta.ab OKOJIO \50 CM
4 

Ka:>K.aaH H ITO 120 BHTKOB H3 rrpOBO.aa !:{Ha-

MeTpOM 0,64 MMo no.aBo.a TOK8 K KaTyWKaM ocymecTBJIHeTCSI B pa3JIH'lHbiX Bapn:­

aHTaX MHWeHeil: JIHOO C ITOMOll.tbiO KOJIJieKTOpa, JIHOO C ITOMOll.tbiO MHOI"O:>KHJibHOI"O 

ru6Koro Me.aHoro npoao.aa.· 06a cnoco6a Ha.ae)KHbr, HO nocne.aHHfi 6onee npocT. 

K apKachr KaTyweK BbrnonHeHbi TaK, 'lTOObi He coa.aa aancH aaMKHYThri1 KOHTYP 

.aJIH BHXpeBbiX TOKOB) 1303HHK8I0!1..tHX rrpH .aBH:>KeHHH MHUieHHo 3TO IT03BOJ1HJIO yBenn­

'lHTb CKOpOCTb XO.aa MHUieHHo 0.aHaK0 1 B pH.ae CJiyqaeB acl:Jcl:JeKT TOpMo)KeHHSI BHx­

peBbiMH ToKaMn: MO:>KeT ObiTb ncrrOJib30BaH .anH nonyqeHHH nnaBHoro xo.aa. 

BnoK-cxeMa ynpaBJieHHH MHUieHbiO npn:Be.aeHa Ha cl:Jnr. 2. Y.lMrrynbc, cBHaaHHhiii 

C orrpe.aeJieHHOIJ: BeJIH'lHHOH M8I"HHTHOI"O ITOJISI 1 BKJIIO'laeT TOK B Be.aymyiO KaTyurKy. 

npn rrOBOpOTe poTopa HB 0rrpe.aeneHHbiil: yron, .aaT'lHK yrna ITOBOpOTa BKJIIO'laeT 

HMrryJibC TOKa B TOpM03Sill.tYIO KaTyUIKy. CrryCTSI aa.aaHHOe BpeMH rrocne rrpn:Xo.aa 

MHUieHn B paooqee nono:>KeHne, pene nepeKJIIO'iaeT TOK B KaTyurKy IT n paapbrBa-

eT uerrb KaTyUIKH 1. TaKn:M o6paaoM, MHUieHb BoaapauraeTcsr B Hepaooqee nono)Ke­

HHe. 3Ha'leHHe TOKOB, a TaK)Ke .ann:TeJibHOCTb ll MOMeHT BKJIIO'leHHSI TOpM03Hll.tero 

HMITYJlbCa rro.aon:paiOTCSI SKCrrepHMeHTaJibHO B 3aBHCHMOCTH OT YCJIOBHll HCITOJ1b30BaHHH MH­

UieHH. 8 Ka'leCTBe HH.aHKaTOpOB KOHUeBbiX. ITOJIO)KeHn:fi H .aaT'lHKa yrna ITOBOpoTa IICITOJib-

30BaJIHCb KOHueBbre nepeKJIIO'iaTenn n KoH.aeHc·aTop rr-epeMeHHOi1 eMKocTn:. Bonee 

Ha.ae:>KHbiM B sKcnnyaTaunn oKaaancH KOH.aeHcaTop. H a cf!n:r. 3 .aaHa cxeMa ynpaB· 

JieHHSI pOTOpHOil: MHUieHbiO C HCIIOJib30BaHHeM B- Ka'leCTBe .aaT'lHKa yrna ITOBOpOTa 
e 
" rrepeMeHHOI"O KOH!leHCaTopa, poTOp KOTOpOI"O BpamaeTCSI BMeCTe C pOTOpOM MHUieHH. 

n epeKJIIO'laTeneM BK -3 onpe.aenH eTCH po.n paooTbi MHUI eHn:. B ITOJIO)KeHHH 1 

CXeMa cpaoaTbiBaeT Ka:>K.abi1i: UHKJI, B ITOJIO:>KeHHH IT ee paooTa onpe.aenneTcn 

ycTp01i:CTBOM, rrporpaMMHpYIOll.tllM rrooqepe.aHoe BKJIIO'leHHe HeCKOJibKHX MHUieHei1. 

VfMrryJibc, cBnaaHHbi1i: c .onpe.aeneHHbiM aHa'leHn:eM MarHHTHoro nomr, aarrycKaeT 

Tpn:rrep 1n
5

1, cny:>Kaurni1 .amr aa.aep:>KKH MoMeHTa cpaoaTbiBaHIIH TIIpaTpOHa 1n
6

1. 

Haxo.nnmeecn B aHo.nHot!: uerru TIIpaTpoHa pene PBS BKnrot:taeT TOK ,B Be.nymyro 

KaTyurKy Mn:ureHH H o.aHoBpeMeHHO anM biKaeT uerrb pene o6paTHoro xo.na POX. 

Pene o6paTHoro xo.na cpaoaTbrBaeT qepea peryniipyeMbrfi IIHTepBan speMeHn, B 

Te'leH ne KOToporo eMKOCTb C 10 aapn:>K a eTcH .no Hanpn* eHHH cpa 5aT biBaHIIH pen e. 
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B STOT MOM9HT pa3pbiBaeTCSI U9Ub B9.llYIU9i1 KaTyWKH If .aaeTCSI TOK B B03BpaTHYIO 

KaTyWKY~ nocne '!91'0 MHUl9Hb HattHHaeT .llBIOK9HH9 B o6paTHOM HanpaaneHHH, 

npH UOBOpoTe pOTOpa 9MKOCTb nepeM9HHOI'O KOH.ll9HCaTopa H3M9HSI9TCSI OT 

200 .ao 1000 ncp. nHTaeTCSI .aaTttHK noaopoTa OT. RC - reaepaTopa, pa6oTaromero 

!Ja ttaCTOTe 30 KI'It, C BMUnHTY .llOit 50 B. C .aaT'iHKa UOJ10:>K9HHSI npO.ll9T9KTHpOBaHHhii1 

cHraan, nponopuHoaanbHhii1 yrny noaopoTa, nocTynaeT aa .llRcpcpepeauHanbHhiA ycHnH­

Tenb, a 3aTeM Ha. TpR C9Jl9KTOpHhiX KaHana, BKniO'laiOIUHX UOpOI'OBhi9 · CX9Mhi IlJHTTa. 

n epBbiii H BTopoii KaHan hi In 1 H n3 I cny:>KaT .anSI HH.llHKaUHH Kpai1HHX nono:>KeHHA 

UOCp9.llCTBOM H90HOBhJX naMUO'i9K n
2 

If n4 • nepBbiii ceneKTOpHhii1 KaHan CJly:>KHT 

.anSI CRI'HBJlR3aURR Hepa6ottero. nono.:eHHSI MHUl9HH1 BTOpOii - pa6oqero. VfMnynbC 

TOpMo:>KeHHSI reHepnpyeTCSI B TpeTbeM KaHane. YpoBeHb cMemeRHSI Ha ceTKe naMnhi 

n
7 

onpe.aenSieT MOM9HT UOChinKH TOpM03SliU91'0 HMnynbca, a TpHrrep C .O.llHHM 

ycToittiHBhiM cocToSIHHeM tn
8

t - ero .anHTenbHOCTb, TopMo:>KeHHe ocymecTansteT-

cSI 3aMbiKaaneM KaTyUlKH c UOMO IUbiO pen e PT3. npn yaenH'i9HHH CKOpOCTH 

xo.aa MHUleHH Tpe6oaaaHst K pe:>KHMY TopMo:>KeHHst aoapacTaiOT. BhiXO.llHOi1 cHrHan 

.ancpcpepeHunanbHoro ycHnHTenSI, nponopuHoHanbHhiit yrny noaopoTa, .aaeT npe.acTaa­

neHne 0 Bp9M9HH npstMOI'O H o6paTHOI'O XO.lla, Bp9M9HH CTOSIHKH If nnaBHOCTH .llBH­

:>K9HHSJ MHwean. Oa Mo:>KeT ocuHnnorpaclJRpoaaTbCSI npH Bhi6ope yKaaaHHhiX aenHttHH 

/cpnr, 4/, B OUHCSHHOii KOHCTpyKUHH MHUl9HH BpeMst XO.llS B pa6oqee UOJ10:>K9HH9 H 

apeMSI xo.aa a aepa6ottee nono:>KeaRe nerKo MoryT 6hiTb .aoae.aeHhi .ao 100 MeeK, 

a paa.6poc so apeMeHH npnxo.aa MHweHn B pa6ottee nono:>KeaHe - .ao ±.5 MeeK, 

PoTOpHbi9 MHUl9HR HSUlJlH UlHpOKOe npHM9H9HH9 .llJlSI BhiBO.llS ny'IKOB BTOp~q­

HhiX ~acTHU H3 ycKopHTenSI. MHwean, ycTaaoaneHHhie a· KaMepe CHHxpocpaaoTpoaa, 

pa6oTaiOT B nepHO.ll M 9:>K.llY npocpHnaKTH'l9CKHMH OCM OTpaMH 693 K8KHX­

JlH60 UOBp~:>K.ll9HHi1 0 npeHMYIU9CTBOM STHX MHUl9H9i1 SJBJlSJIOTCSI npOCTOTa, ·aa.ae:>K­

HOCTb H 6biCTpOT8 .aeitCTBHSI, VfnniOCTpauHeit Up9HMyiU9CTB ·pOTOpHbiX MHUl9H9i1 stBnsteT-

CSI HCUOJlb30BaHH9 HX .llJlSI COBM9IU9HHSI H9CKOJlbKHX 8KCU9pHM9HTOB B O,llHOM UHKJ19 

yCKOp9HHSI, 

CoaMemeaHe aKcnepHMeaToB a TetteHHe o.aaoro unKna ycKopeHHst 

npH pa6oTe Uy:3 hipbKOBhiX KaMep H906XO.llHMO HM9Tb KOpOTKHii HMnyJlbC BTOpHtt­

HhiX tiaCTHU cpaBHHT9JlbHO H960JlbUlOi1 HHT9HCHBHOCTH. 06hi'iHO npH ;itTHX pa60TSX 

ncnonhayeTcst 0,1 qacTb ycKopeaaoro nytiKa CHaxpocpaaoTpoaa. 4To6hi scpcpeKTHBilee 
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Ireii0.1lb30B8Tb yeKopeHHbiH nyttoK, ueneeooopa3HO OCT8BlilyiOeSI ttaeTb H8IIp8BJISITb 

npyroMy aKenepHMeHTaTopy. B HBlilHX yenoB:rrsrx STO oeyweeTBJISieTest enenyiOIUUM 

o6pa3oM. Ha ¢:rrr. 5 noKa3aHo paenonomen:rre M:rrweneii: B KaMepe yeKop:rrTenst. Mu-

weHb N!? 1 pa60TaeT H8 BbiBOnHOH KaHan, noebmaiOIURH nyqoK :Ji - -Me30HOB B 

eu:rrHTnnnstu:rroHHbie etteT'IIrK:rr, ·MnweHh N!? 2 pa6oTaeT Ha ny3bipbKOBYIO KaMepy • .Llnst 

. pa60Tbi etteTqHKOB Tpe6yeTCSI nyqOK BTOpH'IHbiX '18CTHU, paCTSIHYTbiH B Teqenne 

250 MeeK. 8TH Tpe60B8HHSI MO:>KHO COBMeeTHTh, IIpHMeHSISI pOTOpHbie MHWeHH, .LlnSI 

8TOrO 38 350 MeeK no KOHU8 yeKopeHHSI BBOnHTCSI B pa6oqee IIOJIO:>KeHHe MHWeHb 

N!? 1. nonaBaSI. nnnoo6pa3Hbiii HMIIYJibe B cn:cTeMy eBst3H qaeTOTbi B,'l, yeKopstiOIUe­

ro H8IIpst:>KeHIJSI e MarHHTHbiM IIOJieM, MO:>KHO 38eT8BliTb IIY'IOK eBopattRB8Thest Ha 

MHweHb N!? 1 e onpenenennoii: eKopoeTbiO, CKopoCTh eBopattn:BaHHSI nyqKa non6n:pa­

eTest JI3 yenoBn:ii: no;nyqeHnSI paeTSIHyToro nyttKa BTopnttHbiX qaeTHU nymnoii: nnn:Tenh· 

HOeTli J ~ 250 MeeK/ • 3a 40 MeeK no .KOHU8 yeKopeHIISI IIIIJI006pa3HbiH liMIIyJihe 

BbiKniOttaeTeSI, n oeTaBwniiesr ny'IOK B03BpawaeTeSI Ha paBHOBeeayiO op6n:Ty. K aTo­

My MOMeHTY pannaJibHbiH pa3Mep nyttKa 38 eqeT B38liMOneii:eTBliSI e MHWeHbiO N!? 1 

eiiJibHO yMeHbwaeTesr, M n:wenh N!? 2 BBonn:TeSI B pa6ottee nonomeane 3a 5 MeeK 

nepen KOHUOM yeKOpeHliSI, li IIY'IOKj yeKopeHHbiH no IIOJIHOH aaeprn:n:, eBopattnBaeTeSI 

na nee noene BbiKJIIO'IeHJISI B.'l. Hanpsrmenn:st. Ha ¢Hr. 6 noKa3aHa oeun:nnorpaMMa 

elirHaJia OT .eUliHTHJIJISIUliOHHOrO 30Hna, BBeneHHoro B K8Mepy yeKOp1IT8JISl II HanpaB­

neHHOro H8 o6e MIIW9HII. Ha BepXHIIH JIY'l nonaH HMIIyJihC 2 OTMettaiOIUHH MOM8HT 

npeKpaweHHst yeKopeHnSI • .LlnnTeJibHOeTb nMnynhea ttaeTHU e MHwenn: Ng 2 Mo:>KeT 

6biTb IIOJiy'leHa no 500 MKeeK H8 IIOJiyWIIpiiHe,J:.1HTepB8JI BpeMeHJI OT KOHU8 paeTSIHyTOPO 

IIMIIYJibea no MOM9HT8 BbiKJII0'19HII51 B. '1, yeKOpstlOIUero H8IIp51:>K9HIISI ttaeTO 6biBaeT Heoo­

XOnHMO IIOJiyttaTb MHHHM8.1lbHb!M, 8TO II03BOJISI9T BTOpOMy 8Kerrepn:MeHT8TOpy pa60T8Tb 

npaKTHtteeKH II pH IIOJIHOH SH eprHli yeKOpiiTeJIH, n pH orpaHH'l9HHOii eKOpoeTII OTBona 

IIY'IK8 OT Mlllll eiiH Ng 1 BbinOJIH9HHe STOfO yeJIOBIISI eBSI38HO e yMeHblll8HHeM XOna 

MHWeHH H yMeHblll9Hli9M pa36poea B MOMeaTe IIpHXOna MJIWeHII B pa6oqee IIOJIO:>Ke­

HHe. npn: BpeM9HII Xona B pa6ottee IIOJIO:>K9HH9 100 MeeK If pa36poee B MOMeHTe 

np:rrxona..:!: 5 MeeK 8TOT UHT9pB8Jl ObiJI eOKpaweH no 30 - 40 MeeK, 'ITO eooTBeT­

eTByeT IIOTepe,...,}% IIOJIHOH aHepr:rr:rr yeKOpF!TeJJHo 

ABTOpbi IIOJih3YIOTeSI enyttaeM, Bbipa3HTh 6naronapnoeTh KpiOKOBY A.l1. 



7 -

n CHHTKOBY B.YI •2 npMHHM8BWllM yt.zacTJ:Ie B pa6oTe no coa.naHMIO poTopHoil Mn:weHJ:I 

H cxeM ynpaBneHHH, a TaK::>Ke KaaaHCKOMy r.c. H Mn:xailnoBy A.l-1., BbiiiOliHim­

WHM pa6oTy IIO II3MeHeHlliO pa,nJ:IaJibHOrO IIOliO::>KeHllH IIY'IKa B KaMepe. 

PyKoiiJ:ICb nocTyiiMna B n:a.naTenbcKnii: oT.nen 
11 cpeBpang 1960 ro.na. 

n H T e,6p a T y p a 

1. OT~eT Kann:cpopHn:ilcKoro yHn:Bepcn:TeTa UCRL-8022, October, 1957 • 
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¢Mr. 2. EnoK-cxeMa ynpaBneHIHI MHWeHbiO, 
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¢Rr. 4. OcuRnnorpaMMa xo.ua MRmeHR. CKopocTb paaBepTKR 10 cM/ceK. 
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¢HT', 5. PacnonO:>K9HH9 MHWeHeft B KaMepe yCKOpHTenSI IlpH COBM9W9HHH .llBYX 

SKCnepHM9HTOB· B O,llHOM UHKne. 

¢Hr. 6. OcuHnnorpaMMa cnrHana oT CUHHTHnnstUHOHHoro aoH.aa, HanpaaneHHoro 

Ha MHW9HH N2 r H N!l 2. 

Ha HH:>KHeM nyqe BH.aeH pacTHHYTbiH HMnynbc qacTHU, noCTynaiOWHX 

B KaHan CUHHTHnnHUHOHHbiX CtJ9T'lHKOB H K OpOTKHft HMnynbC 'l8CTHU 1 UOCTy­

naiOll{HX B ny3blpbKOByiO KaMepy, 

Ha BepxHeM nyqe OTM9'l9H MOM9HT BbiKniO'l9HHH ycKOpHIOIUero B,'l, 

HanpH:>KeHHSI, CKopocTb paaaepTKH 70 eM leeK. 


