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[Tna3sMeHHBIE TOTOKU C BBICOKOI CKOPOCTBIO, TJIOTHOCTBIO M 3HEProcoAepKaHUEeM HaXOMST LIMPOKOe
IIpUMEHEHNE B MCCIIETOBAaHMSIX TT0 B3aMMOIEICTBHIO TUTa3MbI C MaTeprajiaMy, MOIEIMPOBAHUIO aCTPOGhH-
3MYECKUX MPOLIECCOB, pa3paboTKe IIa3MEHHBIX JBUTATEICH U TJIa3MEHHBIX ICTOYHUKOB U3JTy4YeHUSsT, NH-
JKEKIIMH TIJIa3Mbl B TEpMOSIICPHBIE YCTAHOBKU. [IJ1 TeHepalluy TAKMX ITOTOKOB MOTYT OBITh UCITOTb30BaHbI
3JIEKTPOIMHAMMYECKHUE TIJIa3MEeHHbIe yecKopuTesiu. B maHHOIi paboTe onrcaHbl KOHCTPYKTUBHBIE OCOOEH-
HOCTHM MOIITHOTO UMITYJIbCHOTO TIJIa3MEHHOTO YCKOPUTENST M TMarHOCTUIECKUE CPEICTBA TSI M3MEPEHMS
rnapaMeTpoB FeHEPUPYEMOTO UM IIJIa3MEHHOTO ITOTOKA.

DOI: 10.31857/S0032816223050117, EDN: ZJZVQP

BBEAEHUE

I1nasMeHHBIE ITIOTOKM C BBICOKOM CKOPOCTBIO,
IUIOTHOCTBIO U BHEProcoAepKaHUeM HaXOAST IIUPO-
KOe NpUMEHEHUE TIPU pELIeHNU Pa3IMYHbBIX MCClIe-
JIOBATEJIbCKUX M TEXHOJOrmueckux 3amad. K Takum
3ajJa4yaM OTHOCSITCSI: B3aMMOJIeficTBUE TIJIa3Mbl C Ma-
Tepuanamu [1], MmomenupoBaHUe acTpOoPU3NIECKIX
rnmpoueccos [2], pa3paboTKa nIa3MeHHBIX IBUTaTeJIei
[3, 4] 1 TTa3MEHHBIX MUCTOUYHUKOB M3JIydeHUs [5],
WHXEKIINS TJ1a3Mbl B TEpMOSIIepHbIE YCTAHOBKY [6].
I'eHepalisT MOIIIHBIX ITOTOKOB IUIa3Mbl MOXET OCY-
IIECTBIISITECS C TOMOIIBIO 3JIEKTPOAUHAMMNYECKHIX
IUIa3MEHHBIX YCKOPUTEJICIA.

ITpu uctionb30BaHWM B KAa4ECTBE TIa3MOO0Opa3y-
IOLIETO ra3a neidTepus Wik TPUTUS BO3MOXKHA TeHe-
pauysi TEpMOSIAEPHBIX HEUTPOHOB TP BCTPEYHOM
CTOJIKHOBEHUU TUIA3MEHHBIX MTOTOKOB. DHEPIHUs OT-
HOCUTENILHOTO JIBUXEHUS B3aMMOAEHCTBYIOIINX Ya-
CTUI] B YETHIPE pa3a MPEBbINIACT UX KUHETUUECKYIO
SHEPrulo, MO3TOMY WHTEHCUBHOCTb HEUTPOHHOTO
U3JTy4eHUs] U3 30HbI CTOJIKHOBEHUS OyIeT KaK MUHU -
MyM B 4 pa3za NpeBOCXOIUTh MHTEHCUBHOCTb HEMi-
TPOHHOTO U3JIyYeHUs U3 00JiaKa Iia3Mbl C MaKCBEJI-
JIOBCKUM paclipeeIEHUEM UOHOB ITO SHEPTUSIM MTPU
ONMHAKOBBIX 3HAYEHUSX SHEProcoAepKaHnsl, MacChl
U TUIOTHOCTU IUIa3MHEI [7]. DTO IIO3BOJISIET CO3daTh
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MOIIIHBIA MCTOYHUK TEPMOAOCPHBIX HCfITpOHOB Ha
OCHOB€ MMITYJIbCHBIX ITJITa3BMEHHbIX YCKOpHTCJTeﬁ.

OINIMCAHUE YCTAHOBKU

Cxema ycrtaHoBku MK-200 ¢ guarHocTH4ecKoii
anmapaTypoil mpeacraBieHa Ha puc. 1. YcraHoBKa
COCTOUT U3 3JIEKTPOIAMHAMUYECKOTO MMITYJIbCHOTO
IUIa3MEHHOTO YCKOPUTEJIST, IUJIUHAPUYECKON Kame-
pBI IS TPAHCHOPTUPOBKM IUIA3MEHHOIO ITOTOKA U
MUIIIEHHON KaMmepbl. Kamepa TpaHCIIOPTUPOBKU
MIpeaCcTaBIIsIET COOOM HMINHAPUYIECKYIO TPYyOy U3 He-
pxaBeroneii cranu mmmHoit 300 cM, ¢ BHYTpEHHUM
mmaMeTpoM 20 CM U TOJTIIWHOM CTEHKH 3 MM, B KOTO-
poii C TTOMOII[bI0 MHOTOBUTKOBBIX COJIECHOUIOB CO-
3MaeTcsl KBa3UCTallMOHAPHOE IIPOAOJIbHOE MAarHUT-
Hoe noJjie. BHyTpeHHMiT TuaMeTp I1a3MoNpoBoIa Ha
4 cM TpeBBIIACT BBIXOAHON IMAMETP BHEIIHETO
3JIEKTPOAa YCKOPUTEIISI, YTO 00ECIIeuBaCT HATMUNE
MarHUTHOIO 3a30pa MEXIy MJa3MOi U CTeHKOI Ka-
Mepbl. K kamepe TpaHCITOPTUPOBKHU ITPUCTHIKOBBIBA -
eTCsI MUIIIEHHAsI KaMepa B BUIE IIMJIMHAPUYIECKOM
TPyOBI 13 HEpXKaBeIOIlel CTaIi TuaMeTpoM 29 cM U
JUIMHOM 42 CM, B KOTOPYIO MOXHO yCTaHaBJIMBATh UC-
cliemyeMble 00pa3lbl WIM JUAaTHOCTUYECKYIO arlma-
paTypy (KajJopumeTp A1 U3MEPEHUS TIOJIHOTO SHEP-
rocoiepKaHus TIa3MEHHOTO MOTOKAa, TaTYUKU JaB-
JIeHUs 1 T.1.). Bo Bpems akcrnepuMeHTa B MUIIICHHOM
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42 cm

285 cMm

Puc. 1. Cxema yctanHoBku MK-200. / — ra3oBast JIMHUS; 2 — Ta30BbIi KJalaH; 3 — MIa3MeHHbIN YCKOPUTENIb; 4 — KOHIEHCa-
TopHas 6aTapest; 5 — nosic POoroBckoro; 6 — u30asatop; 7 — OpsIMOYTOJbHbIE JUATHOCTUYECKME OKHA; & — KATYIIKI MAaTHUTHOTO
noJist; 9 — Kpyriible MMarHoCTUYecKue okHa; /0 — MarHUTHbIE 30HAbI; /1 — KaTymku [eapMronbia; 12 — KalopumeTp.

KaM€pe€ C ITIOMOIIBIO KaTYyIIECK I'eapmromnsua co3gaer-
CA IPOJOJIbHOC MarHMTHOC I10JIC.

DJIeKTpOoaHas CUCTeMa IUIa3MEHHOI'O YCKOPUTEIIS
(ITY) BeImosiHEHA B (popMe ABYX YCEYEHHBIX KOAKCU-
aJIbHBIX KOHYCOB M3 MeOu. BHENIHWiT 31eKTpon
(aHOm) He SABJISIETCS CIUIOIIHBIM, a HaOpaH mu3 18 oT-
JIeJIbHBIX CTEpKHEM, 4TO TPEIsITCTBYET “IIHypoOBa-
HUIO” TOKa pa3psna. JuaMeTp BHEIIHETO 3JIeKTPoaa
y ocHOBaHUsI cocTapiasgeT 220 MM, Ha BBIXOAE M3
yckoputelist — 170 mm. [lnaMeTp BHYTPEHHETO 2JIeK-
Tpoda (Karoma) M3MeHsieTcs o miuHe oT 120 mo
43 MM. JIarHA 3IEKTPOIOB, HA KOTOPOM ITPOUCXOINT
YCKOpeHHEe TUIa3MEeHHOM 00O0J0YKM, COCTaBJIsIeT
~490 MM. Y OCHOBaHUS 3JIEKTPOIbI pa3acaeHbl N30~
JIITOPOM U3 IMOJIHALIETAIM, PACIIOJIOXEHHBIM TaKUM
o0pa3oM, YTOOBI MCKJIIOUUTH IIPSIMOE BO3ACHCTBUE
CBETOBOI'O M3JIy4eHUS pa3psiga Ha HU30JISITOD IS
NpeaoTBpAallleHUS Pa3BUTUS BTOPUYHBIX IIPOOOEB I10
€ro MOBEPXHOCTH.

IMutanme ITY ocymecTBasieTcss OT MaJOWHIYK-
TUBHOI KOHJIEHCATOpPHOI OaTapeu, cocTosiueil u3
350 kongeHcatopoB MK-50-3 o0mieit eMKOCTBHIO
~1.08 M®. HanpstxeHue 3apsiga 6araper BapbupyeT-
¢ B nuaral3oHe 14—24 kB, 4To COOTBETCTBYyeT U3MeE-
HEHMIO 3allaceHHOII B OaTapee sHepruu ot 98 mo
288 xJIxx. g koMmMmyTalimm 6aTtaper Ha 3JIESKTPOIbI
YCKOPUTEJISI UCITOIB3YIOTCSI 8 TMCKOBBIX BAKYYMHBIX
pa3psAHUKOB. Pa3psimHUKM coequHEHHI ¢ (paaHLIaMU
3JIEKTPOIOB C MOMOILLBIO 216 KoaKCHUabHbBIX KabeJiei
PK 50-11-13 mist yMeHbllieHUs1 “miapa3uTHOU” WH-
JYKTUBHOCTH Pa3psLTHOTO KOHTYpa U IIPenoTBpalie-
HUS “ITHYpOBaHUS’ TOKA MEXIY JIEKTPOIAMM YCKO-
puTeIs.

Hamyck pabouero raza (Bomopoza, neiTepust uin
a30Ta) B MEXBJIEKTPOIHBIN 3a30p YCKOPUTEJST OCy-
IIECTBIIIETCI C IIOMOIIBIO OBICTPOAECHCTBYIOILIETO
knanaHa. C MeXaHMYeCKOM TOYKM 3peHUs KJlaraH
OTHOCHUTCSI K TapejbyaToMy TUITY, T.€. 3a30p, yepe3
KOTOPBIN MPOXOINT ra3, OTKpbIBAaeTCs Tapesikoii. Ta-
penKa IMpencTaBisieT co00i TUCK, Tepudepust KOTo-
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pOro B 3aKPBITOM COCTOSIHMU TUJIOTHO MpuUJieTaeT K
YILUIOTHEHUIO. J[J1s1 OTKPBITUS KOJBLIEBOTO 3a30pa Ta-
peJika OT>XKUMaeTcsl OT yIJIoTHeHUs. CABUT Tapeiku
OCYIIECTBJISIETCS 3a CUET MPSIMOJIMHENHOTO JBUXE-
HUS 1LITOKA, BBIMOJHSIONIETO OMHOBPEMEHHO (DYHK-
1IMM HaMpaBJIsIolle it U 3BeHa, CBSI3bIBAIOIIIETO Tape-
KY C UCTIOJTHUTETbHBIM MEXaHU3MOM.

J1s1 X1anaHoB TJIa3MEHHBIX YCKOpHUTEJIei Ipu-
MEHSIeTCSI WHAYKIIMOHHO-IMHAMUYECKUN TUIT UC-
MOJTHUTEIbHOTO MexXaHu3Ma. B ero ocHoBe JIEXUT
IJIOCKas JIEKTPOMAarHUTHASI KaTyIIKa, BIUIOTHYIO K
KOTOPOU MPUMBIKAET MJIOCKUI TOJKATENIb U3 IJEK-
TpomnpoBozsiero matepuaia. I[lpu mnporyckaHuu
MMITyJIbCca TOKA Yepe3 KaTyIIKy B MaTepHaje TOJIKa-
TeJIsl BOBHUKAIOT BUXPEBble (MHAYKIIMOHHBIE) TOKU.
M3-3a KOPOTKOM JTUTEBbHOCTU UMITYJIbCa TOKA MOJIe
KOHIIEHTPUPYETCS B 3a30p€ MEXKITY KaTYILIKOM 1 TOJ-
KaTeJieM, TIO3TOMY Ha HUX IEHCTBYIOT 3HAYUTEIbHbIC
MOHIEPOMOTOPHBIEC CUJIbI, OTOpachIBaIOIINE TOJKA-
TeJIb OT KaTymKu. Yepes MTOK ABMXKEHUE TOIKATES
repenaeTcs Tapenke KianaHa. [Iutanue Ha KjamaH
nomaeTcsl Yepe3 BbICOKOBOJIBTHBIN pa3aeUTebHbIIN
TpaHchopmaTop, oObOecHeuMBaOIINIA  BJICKTpUUe-
CKYIO Pa3BsI3Ky MEXIy KOHIEHCATOPHBIMU OaTapesi-
MU, OT KOTOPBIX IIPOUCXOAUT MUTAHUE KjlaraHa, 1
OaTapeeil IJIa3MEHHOTO YCKOPUTES.

JBUXKeHUE T1J1a3Mbl OT YCKOPUTEIS 10 MULLIEHHOMN
Kamepbl IPOUCXOJUT IO MJIa3MONPOBO/Y, 3aIOJTHEH-
HOMY TPOJIOJIbHBIM MarHUTHBIM T10JIeM. MarHuTHOe
oJie B M1a3MOMNPOBOJIE CO3AAETCS C TOMOIIbIO BOCh-
MU MHOTOBUTKOBBIX COJIEHOUJOB, & B MUILIEHHOM Ka-
Mepe — Katyikamu ['eabmronbia. [TuraHue coeHo-
MIOB U KaTylIeK OCYILIECTBISIETCS OT HE3aBMCUMBIX
KOHJIEHCATOPHBIX 6aTapeii, YTO MO3BOJISIET BAPbUPO-
BaTh BEJUYMHY TIOJISI 110 JJIMHE TJ1a3MOIpoBOa U B
MulleHHoIt kKamepe. Kaxnast 6aTtapest cocrout us 215
KoHneHcaTopoB Mapku K-41M-7 (100 Mx®, 5 kB)
oO1eit eMkocThio 21.5 M®. KomMyTalius 6aTapeit Ha
KaTyIIKU OCYILIECTBJISIETCS C MOMOIIBIO TUCKOBBIX
BaKyyMHBIX pa3psiAiHUKOB. [lepuon pa3psinHOro Toka
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30 KOCTIOIIHH u np.

Kabenn
MATAHUS

BbICOKOBOJILTHBII
pa3neauTeabHbIA
TpaHchopMaTop
MUTaHUS KJaraHa

T'azoBbIit
KJIarmaH

dnanerr
Karoaa

TTosic
Porosckoro

BbICOKOBOJIBTHBII
JCIIUTEIb
HaIps2KEHU A

IIpeoOpasoBarenn
CHUTHaJIa C NeJTUTENS

I1peoOpa3oBarenb
CUTHAaJIa C Imosica
Porosckoro

Puc. 2. BHeltHuWi1 BUI BBICOKOBOJIBTHOTO IEJIUTEIIST HATNIPsKEeHMsI, osica PoroBckoro u nmpeobpasoBaresieii curHasia.

B coJleHoMIax JeXuUT B nuara3oHe 7 = 8—18 mc. Be-
JIMYMHA CO30aBaeMOTO MAarHUTHOTO I10JISI MOXKET Ba-
pbupoBarthbcs B guana3oHe ot 0 mo 2 Tir.

Pacrnipenenienne MarHutHoro Iojist B(z) Bmoab
TJIa3MOIIPOBOJA U3MEPSIETCS C MOMOIIBIO JTUHEUKU
13 BOCBbMM MarHUTHBIX 30HI0B. 30HIbI IPEACTABIISI-
IOT CO0OM UWIMHIPUYECKHE KATYIIKA Ha ITU3JIEK-
TPUYECKOM CTepxkHe auamerpoMm 20 MM, coaepKa-
e 1mo 25 BUTKOB IpoBoaa [TBJIIIO, HaMoTaHHBIX
BIUIOTHYIO APYT K Apyry. PaccrosiHue mexmy cocen-
HHMMU 30H1aMU B InHelike paBHo 10 cMm. Kaanbposka
30HI0B OCYIIECTBIISIETCS IO CUTHAIY 30HAa U3BECT-
Horo cedyeHus1. ComtacHoO pe3ybTaTaM KaJIMOpPOBKH,
IJIOLIAAb 30HI0B JIEXUT B nuarnasone ot 80 10 90 cm?.

Ha GaTapero kaxmoit KaTyIIKu TTOIaeTcsl Hampsi-
xkeHue U; = 1 KB 3a HECKOJILKO TyCKOB, MepemMeliias
JIMHEWKY 30HAO0B BAOJIb IUIa3MOIPOBOAA, U3MEPSIET-
cs pacnpenesieHue B(z). [TockoibKy moJjie coJieHouaa
B nponopuroHaIbHO ITPOTEKAIIEMY Yepe3 HEro TO-
Ky I, MaKCUMyM KOTOPOTO IIPOITOPLIMOHAJIEH Ha-
JaJIbHOMY HampstkeHuio U paspsokaeMoil Ha HeEro
KOHJEHCATOPHOI1 6aTapeu, TO Mo pe3ybTaTaM U3Me-
peHuit OBUTM paccYMTaHBI KOI(PDUIIMEHTHI CBSI3U k;
W3 CJIEAYIOLIETO BhIPAXKEHUS:

10
i=1

3Hasg Koa(hGUILIMEHTHI k;, MOXHO paccuyuTaTh Ha-
npskeHust U;, O KOTOPBIX HEOOXOMUMO 3apsrKaTh
KaXIylo 0aTapelo, 4TOObI MOJIYYUTh BO BPEMSI SKCIIe-
puMeHTa TpedyeMoe pacnpeneneHue B(z).
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ANATHOCTUYECKHUE CPEACTBA

15t KOHTpOJIsI 32 pexkruMaMu padoThI TJIa3MEeHHO -
r0 YCKOPUTEIISI U U3MEPEHUS TApaMETPOB TUIA3MEH-
HOTO MOTOKa OBUI CO3daH pSa AMAarHOCTUYECKUX
cpencTB: nosic POroBckoro, BEICOKOBOJIBTHBIN IETU-
TEJIb HAIPSIKEHUSI, MAaTHUTHBIE 30HIbI U UHTETPAJIb-
HbI TEPMONIAPHBII KaJTOPUMETD.

YToOBI yMEHBIIIUTh BIUSIHUE 3JIEKTPOMArHUTHBIX
HABOJIOK, BO3HMKAIOIINX B IIpOLiecCe padOThI yCTAHOB-
KM, Ha Pe3yJIbTaThl M3MEPEHMIA TOKA U HAIPsSDKEHMS,
KCTOJIb30BAJIUCh ONTUYEeCKUE pa3Bsa3ku. HampsokeHue
U Ha snekTponax YCKOPUTEIISl peTUCTPUPOBAIIOCH C TT0-
MOIIIBIO BEICOKOBOJIBTHOTO 3JIEKTPOONTUYECKOTO TIpe-
oOpa3zoBaTtesi, OOLIMI BUII KOTOPOro TIpeacTaBieH
Ha puc. 2. [IpeobOpa3oBarenb COCTOUT U3 HU3KOMH-
IYKTUBHBIX compoTuBiaeHui thira TBJI B BepxHem
1iede U BBICOKOCKOPOCTHOro cBetonuona SFH757V —
B HIzkHeM (puc. 3a). ConpoTUBIIEHNE BEPXHETO TUIe-
ya cocTapiisgeT ~60 KOM u nnipu HanpstkeHun U= 20 kB
orpaHMYMBaeT TOK 4epe3 cBeToauona Ao 1/3 A, 4ro
oOecrneuynBaeT ero padboTy B IMHEMTHOM pexXume. 3a-
IIATa OT MEPEMOIIOCOBKM HAMNPSKEHUs OCYIIECTB-
JIsieTcs 3a cuet myHTupoBanus SFH757V nomympo-
BOOTHUKOBBEIM auonoM HERI103, BKIIOYeHHBIM B
NPOTUBONOJIOKHOM HallpaBICHUM.

CursHaj cBeToanoa IepenacTcs Mo ONTUIECKOMY
BOJIOKHY U MOIamaeT Ha (hOTORIEKTPUIECKUIA TPeob-
pa3oBaTelb, CXeMa KOTOpOro n3o0paxeHa Ha puc. 30.
BydepHas emkocThb 2.2 MK® 3apseKaeTcst 10 Hamps-
KeHMS UICTOYHMKA nuTaHus 12 B yepes conpoTusIe-
Hue 20 KOMm. ®orognon SFH250V orkphiBaeTcs cBe-
TOBBIM CUTHAJIOM M3 ONITUYECKOMN JTMHUM, YTO IIPHUBO-
JUT K TIPOTEKaHUIO ToKa yepe3 pe3uctop 1 KOwm,
HaIpsDKeHME Ha KOTOPOM pErucTpupyercs uudpo-
BbIM ociuutorpagom TiePie HS4-50. Ilpu nmmrens-
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Ornruyeckoe BOJIOKHO B HyﬂbTOByIO

(a)
SFH757V \\

Bxon E:}
HER103

(6)
SFH250V
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Puc. 3. Cxema u3aMepeHust HaNPsDKEHMST Ha 3JIEKTPOIaX YCKOPUTEJIsl: @ — BHICOKOBOJIBTHBIM 2JIEKTPOONTUYECKUI ITpeodpa3o-

BaTeNb; 6 — (hOTORIEKTPUIECKUI IpeoOpa3oBaTeb.

HOCTM TJTa3MEHHOTO pa3psiaa He 6osee 30 MKC 1 oJI-
HOM OTKPBITUM (poToauoga eMKOCTb OydepHOro
KOHJeHcaTopa 0o0ecIleuMBacT IPOCAIKY HaIlpsKe-
HHsI oOpaTHOro cMmelleHus1 He 6osee yeM Ha 0.16 B
(mpu MoJHOM aMIUIUTYyAe curHaia 12 B).

Kanu6poBka nenuTenst HanpsiKEHUSI OCYIIECTB-
JISIETCs TIpY II0a4ye M3BECTHOIO MOCTOSIHHOTO Ha-
npsckeHust U Ha ai1eKTpoabl yecKoputeiasa. Bo Bpems
KaJTUOPOBKHU MJIa3MO00pa3yIoIIUii ra3 B yCKOPUTEIIb
He momaeTrcs. Ilpy KoMMyTanuu KOHIEHCATOPHOM
Oarapeu Ha 3JIEKTPOIbI YCKOPHUTEIS B KOAKCHAJIBHOMI
JIMHUU (TOKOITOIBOSIIE Ka0ean) BO3HUKAIOT KO-
JIeGaHMsI, CKOPOCTb 3aTyXaHUSI KOTOPBIX 3aBUCHUT OT
aKTUBHOIO CONPOTUBJIEHU Llenu. Takue KosebaHus
COXPAaHSIIOTCS U TPY pabovYnX MycKaX yCTAHOBKMU, Ol -
HAKO OHM HE MEIIAaIOT U3MEPEHUSIM HaIIpSDKEHUS Ha
YCKOpUTEJIE.

CurHai, nonydeHHblii npu U= 5.26 kB, noka3aHn
Ha puc. 4. BumHo, 4yTOo KojieOaHUS 3aTyxaloT 3a
~5 MKC, a OTKJIMK U3MEPUTEILHOIO KaHajla COCTaB-
nset 1.84 B, T.e. KO3(pPUIIMEHT IyBCTBUTEIBHOCTH
nenutesisi paseH 2.86 KB/B.

U B
2.5F
5.26kB/1.84 B
2.0 /
1.5F
1.0F
0.5F
0 1 | | 1 1 J
0 10 20 30 40 50
1, MKC

Puc. 4. CurHan ¢ genurtenst HaNpsDKEHUST BO BpeMsl Ka-
JIMOPOBKM.
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Jlas m3aMepeHns ToKa pas3psina /I OBIIT U3TOTOBJICH
nosic Poroeckoro. Ilosic nipeacraBisieT coO00M KUy
KoakcuajibHoro kabenst Mapku RG-58 nuamerpom
0.8 MM, Ha TTOJMATUIIEHOBYIO M3OJISIIIUIO KOTOPOM C
IIaroM 5 MM HaMOTaH TOHKMI MEIHBIM MHpPOBO
0.2 MM B JIAKOBO#M M30sIIAK. st 3aIUTEI OT MeXa-
HUYECKMX TOBPEXKISHUI M 3JIEKTPUIECKUX ITPOOOEB
T10SIC MOMEIIIEH B TEPMOYCAOUYHYIO TPYOKY U MOJIMITU-
JIeHOBbIN rodp. ['odp ymoxeH Mexxay COOpPHBIMU IV~
HaMM YCKOPUTEIS TaK, YToObI mosic PoroBckoro name-
psi Bech TOK paspsifa (puc. 2). IlpeobpazoBaHue, nepe-
Jlaya ¥ perucTpalysi CUTHaJIa C Iosica OCYIIEeCTBIISUINCH
10 CXEMeE C ONITUYECKOM pa3Bsa3Koit. OCHOBHOE OTJIM-
Y€ OT CXEeMbl, UCHOJb3yEeMOI C AeaUTesIeM Harpsi-
KEeHMSI, 3aKJII0YaeTCs B HAJIMYMU ABYX KaHAJIOB — KakK
JIJII TIOJIOKUTENIBHOM, TaK M IS OTPUILIATEIbHOM CO-
crapsiioliet curHana. CurHan ¢ mosica PoroBckoro
MIPOITOPLIMOHAJIEH IIPOM3BOIHOM TOKA, a peaTlbHOE 3Ha-
YeH1e TOKAa BOCCTaHABIMBACTCS YUCICHHBIM METOIOM.

TumraHBIi CUTHAT ¢ Tosica POroBcKoro Bo BpeMst
nmycka yctaHoBku MK-200 nokazan Ha puc. 5. Kpu-
BBIE COOTBETCTBYIOT ITOJIOXUTEIbHON (+dI/df) n ot-
punarenbHoii (—dl/df) cocTaBISTIONIUM TPOM3BOI-
HOM TOKa.

Ha puc. 6 moka3zaHbl TUITMYHbBIE OCLMIJIOIPAMMBbI
C peaJibHbIMU 3HAYEHUSIMU TOKa U HaMpPsKeHUS.
B ripuBeneHHOM ITycKe HalpsbkeHNe Ha KOHAECHCATOP-
HoIi 6aTapee cocTtapsieT 18 kB, BpeMst HalTycka rasa ao
MoJaYn HanpsKeHUs Ha a1eKTpoasl — 270 MKc, pabo-
4unii ra3 — JeUTepuid.

OmHUM M3 caMbIX PacIIPOCTPaHEHHBIX METOIOB
U3MEPEHMSI UMITYIbCHBIX MATHUTHBIX ITOJIEH SIBISIET-
CsI METOH, OCHOBAHHEBIM Ha MCITOJIb30BAHUU MAarHUT-
HBIX 30HOOB. 11 JaHHOM YCTAaHOBKM M3TOTOBJICHBI
30HABI B BUME HMWIMHAPUYECKUX KaTyIIeK IIUHOM
25 MM u guametrpoM 3 Mm. KaTtymiku comepxat 1o
250 HaMOTaHHBIX BIUIOTHYIO IPYr K APYTry BUTKOB
MengHoro rmpoBoaa ToamHon 100 MmxM. YUToOwI 06ec-
MEYUTh U3O0JISIILNIO KATYIIEK OT IJIa3Mbl, OHU IIOME-
IIEHBI B KEpaMUYECKIIT KOPITYC U TepMETU3UPOBAHBI
BIOKCUTHOM CMOJIOM. 30HABI YCTAaHOBJIEHBI BHOJb
MJ1a3MOIIPOBOJA HA paCCTOSSTHUM 35 CM ApYyT OT Apyra
yepe3 crenuajbHOe BaKyyMHOE YIUIOTHEHHE, KOTO-
poe MO3BOJISIET U30JIUPOBATh KOPIYC 30HAA OT CTEH-
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Puc. 5. Curnan ¢ nosica Porockoro.
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Puc. 6. OcunyisiorpaMMbl TOKa U HalpsKeHUsI.

KU BaKyyMHOI KaMepbl U MEHSITb €ro MOJOXeHUe
(BIoJIb paguyca Kamephl) 0€3 HapyIIeHUSI TepMETHY -
HOCTH YCTaHOBKH.

Korma 30HI ¢ cyMMapHO# IUIOIIAAbIO0 BUTKOB S
OKa3bIBaeTcsl B MepeMeHHOM MarHuTHoM rmojie H,
HaBeJeHHas1 Ha KoHuUax kKatymku DJC U(f) paBHa:

dH

U(t) = Sy, —.

(1) = S, 2
BennunHa WHAYKUIMWM MarHATHOro mnojss B ~

~ IU (t)dt. B sxcniepyMeHTe UHTErPUPOBAHUE CUT-

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 6

HaJjla OCYIIECTBIISIETCS C TTOMOIbIO MacCUBHBIX RC-
nerrouek. IlocTosTHHasT BpeMeHHM IIeloYeK paBHa
200 MKc, uTo ymosiaeTBopsieT TpeboBaHuio RC > t,
e f, — IIUTEIbHOCTh IJIa3MEHHOIO MOTOKa (7 =~
=~ 30 Mxc). KanubpoBka 30HI0B (ompeneiceHUIe 10—~
11aau .§) ocyllecTBIIAIACH IO U3BECTHOMY 3HAUYEHMUIO
MarHUTHOTO TI0JIsI, CO31aBAEMOTO C TOMOIIbIO JJTUH-
HOTO COJICHOMIIa, Ha 0OMOTKY KOTOPOTO pa3psiKaeT-
¢S KOHJIeHCcaTOpHasI baTapesl.

ITo pe3ybTaTaM 30HOOBBIX I/ISMCpeHI/IfI MOXHO
OIpeacJInTb CKOPOCTb IIJIa3BMEHHOI'O ITOTOKa I/pl’ €ro
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ITNIASMEHHAA YCTAHOBKA MK-200

Hopmuposannoe AB
1.0

0.8

0.6

pl

33

A

0.4r

Y

10 15 20

25 30 35 40 45 50
Bpewmst, Mxc

Puc. 7. Onpeﬂeﬂeﬂﬂe JJIIATEJIBPHOCTHU IJIa3MEHHOTO ITIOTOKA ITO CUTHaJIy IPUCTECHOYHOI0O MarHMTHOTO 30HOa Ne 2.

JUTUTEJIBHOCTD £, U TUIOLIA/b ITOTNIEPEYHOTO CEYEHMS
Sp1- JIMTENBHOCTD TUIA3MEHHOTO TIOTOKA £, ONpeie-
JIIeTCA TP KaXXIOM IyCKe yCTaHOBKW. JIJIsT 3TOro
W3MepsIeTCsT TTPONOJDKUTEBHOCTD TTOKa3aHWM 30H-
I0B Ha ypoBHe 50% OT MakCHUMAaJbHOIO 3HAYEHMUS
curHana 3oHAa (puc. 7). CKoOpocTh IUIa3MEHHOTO
cryctka ¥, MOXHO OLEHUTSH C IIOMOILbLIO BPEMSIIPO-
JIETHOI METONIMKU, 3HAsI PACCTOSTHUE MEXKTy MATHUT -
HBIMU 30HIAMU L 1 M3Mepsist 3alTa3abIBaHUe UX CHT-
HaJoB At.

IIpu mepemellieHMK MO IJIa3MOIPOBOAY IIIa3-
MEHHBII CTYCTOK BBITECHSIET MAarHUTHOE MOJe K
CTeHKaM BaKyyMHOM KaMephl, OIHAKO 3a XapaKTep-
HOEe BpeMsl ABUKEHUS IMIa3Mbl MATHUTHOE ITIOJIE HE
ycrieBaeT TpoandPyHIMpoBaTh yepe3 CTEeHKY. Ta-
KHUM 00pa3oM, MO MpUpAaIIeHUI0 MAarHUTHOTO TOJIs
AB, u3MepsieMOro MHPUCTEHOYHBIMU MATHUTHBIMU
30HIaMM, U UCXOASI U3 3aKOHA COXpPAaHEHUSI MAarHUT-
HOTO TIOTOKa B CEUEHMHU TIUIa3MOMNpPOBOAA MOXKHO
OIpENENNTh TUIONIAAb MJIa3MEHHOIO MOTOKa: S, =
=ABS/(By — B, + AB), rne § — miowmanp nonepey-
HOTO CeuyeHMUs TIa3MOIpoBoa, B, — BeJIMYMHA Ha-
YaJIbHOrO MArHUTHOTO IOJIA B IUIA3MOIPOBOJE, By —
BeJIMYMHA MarHUTHOTO TOJisI B 00JlacTU, 3aHUMae-
MOM ILTa3MOi, KOTopash U3MepsIeTCsI C ITOMOIIbIO
MarHUTHOTO 30H[Ia, OIyCKaeMOro B LIEHTp ILJIa3MO-
MpoBoja.

st n3aMepeHus SHepProcoaepKaHus TIa3MEHHO -
ro MOTOKa ObLI U3rOTOBJIEH MHTETPATbHBINA KaJOpU-
metp. KoHCTpyknms KamopuMmeTpa OOeCIIeYnBacT
paBHOMEpPHOE pacnpeae/ieHUe SHEPTUM TIJIa3MEHHO-
ro MOTOKA MO €ro BHyTPEHHEM ITOBEPXHOCTH, UTO IO~
BBIIIAET TOYHOCTh U3MEPEHUIT 1 YBEJIUUUBAET BpeMsl

TTPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 6

CIIyXk0bl KajmopumMmeTrpa. TemnepaTypa CTEHOK HU3Me-
psIeTCST ¢ TIOMOIIBIO 16 XpOMeJb-aTIOMENIeBBIX Tep-
Mormap, 3aKpeIIeHHBIX Ha BHEITHEH ITOBEPXHOCTH
npubopa. KaiubpoBka TepmMonap BBIIOJIHEHA C UC-
MOJIb30BaHNEM TEPMOCTaTa.

CurHasbl ¢ TepMoIlap MOAAITCS Ha IPOMBIIIIEH-
Hble Momynn AIN8-U60 [8]. Kaxkabrit Momysb UMeeT
8 raapbBaHMYECKU M30JMPOBaHHBIX (Ha 2.5 KB) Bxo-
JIOB, CUTHAJI C KOTOPbIX YCUJIMBAETCSI, IIOCJIE 4Ero
MYJIbTUILIEKCUpyeTcs Ha 8-KaHanbHbId ALITT. JlaH-
Hble ¢ ALITT B aBTOMaT4eCcKOM pexXruMe TepeaatoTcs
B IIEPCOHAJIbHBIN KOMITBIOTEP U COXPaHSIIOTCS B 0a3e
JaHHBIX. 11 00paboOTKM pe3ylIbTaToB M3MEPEHUI
OblJTa HalmMcaHa crelMajbHasl IIporpaMMa, ¢ IToMO-
IIbIO0 KOTOPOIT OCYIIECTBISIACh MHTEPITOJISIIINS TaH-
HBIX O POCTE TEMIIEpaTyphbl CTEHOK KaJIOpUMeETpa I10-
clie TIa3MEHHOTO BO3ACHCTBUS C TIOCHIEIYIOIIUM
pacyeToM TTOJTHOTO SHEPTOCoAepKaHUS TIJIa3MEHHO-
Io II0TOKa.

SAKJIIOYEHHME

B nipencraBiieHHOIT paboTe oImMcaHbl KOHCTPYKTHB-
HBIE OCOOEHHOCTH MOIIIHOTO MMITYJIbCHOTO TJIa3MeH-
HOTO YCKOPUTEJISI, IMPEICTaBICHbI AUArHOCTUYCCKUE
CpencTBa Il U3MEPEHMS ITapaMeTPOB TEHEPUPYEMOTO
UM TJIa3MEHHOTO TTOTOKA, TIPEITIOKEHBI METOIUKM JIJIsT
00pabOTKU SKCIIEPUMEHTAIbHBIX JTaHHBIX. B anbHe -
meM IUIaHUPYeTCsS OOMNOIHUTb IHMArHOCTUYECKMIA
KOMIIJIEKC YCTAaHOBKM WHTepdepomeTpoM Maxa—
Llenagepa aj1st M3MepeHUsI TUIOTHOCTU IIJIa3MEHHOTO
MOTOKAa U IIPOBECTH UCCIEIOBAHNE PEXKIMOB PaOOTHI
MJ1a3MEHHOTO YCKOPUTEJISI.

2023



34

KOCTIOIIHH u np.

PMHAHCUPOBAHUE PABOThHI

Pa6ota BeImonHeHA B paMKax rocyasapCTBEHHOIO KOH-

TpakTa oT 28.04.2022 Ne H.4k.241.09.22.1074.
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