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pa UCHOIB3YIOTCSI OCHOBHBIE OOMOTKHU OHAYJISITOPA, CTPYIIIUPOBAHHBIE B OTAEIbHBIC TPYMITbI U 3aITUTaH -
HbIE TOTIOJTHUTEIbHBIMU TOKaMU. [1poBeneHbI MCTIBITAHWE TAHHOM CXeMBbl KOPPEKIINH, a TAKXKE CpaBHEHUE
TEOPETUYECKUX U 3KCIEPUMEHTAIbHBIX JaHHBIX U3MEPEHHOTO MarHUTHOTIO TOJISI U TMTOCYMTAHHBIX (ha3o-
BbIX omin60K. B mporpamme SPECTRA 6bu11 paccuynTaHbI CIIEKTPBI CHHXPOTPOHHOTO U3TyYeHMSI 10 U 10~

CJIe KOPPEKLIMU.
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BBEJEHUWE

CunxporponHoe uznydenue (CH) ceromns sBsi-
€TCsl BaXHbIM HWHCTPYMEHTOM [UJIsl MCCIedOBaHUS
cBoiicTB BemlecTBa. OHO BO3HMKAET IIPU IBMXKCHUU
IMy4yKa 3JIEKTPOHOB B MarHUTHOM I1oJie. HekoToprie
u3 UCTOUYHUKOB CU SBISIFOTCSI MHOTOTOJIOCHBIMU
BCTaBHBIMHM YCTPOMCTBAMHM C HCHOJIb30BaHUEM
CBEPXIIPOBOASIIIMX TeXHOJOTUi. JJTOCTOMHCTBO 3TUX
WCTOYHUKOB 3aK/II04YaeTcsi B TOM, UTO OHHU Cylle-
CTBEHHO MOBHILIAIOT CIIEKTPAIbHYIO SPKOCTh IIOTOKA
U3IyYeHMUsT 0e3 CyIIeCTBEHHBIX M3MEHEHUI1 I1apa-
METpPOB KoJjiblla. Takue ycTpoiicTBa AeaTCs Ha 2 Ka-
TETOPUU — BUTTJIEPHI X OHAYJISAITOPEL. MarHuTHOE I10-
JIe B BUITJIEpax M OHOYISITOpaX MMEET 3HaKoIepe-
MEHHYIO MEPUOINYECKYIO CTPYKTYPY B MPOAOJIHLHOM
HampaBJIECHUW U XapaKTepU3yeTcsl IapaMeTpOM OT-
kinoHeHust K = 0.934 B\ (K/y —MaKkcuUMaIbHBIN yToj
OTKJIOHEHUSI OPOUTHI BJCKTPOHOB B MAarHUTHOI
CTPYKTYype), Iae: B — aMIUIMTyda MarHUTHOTIO IIOJISI
(Tn), A — niepuos (cM), Y — peISITUBUCTCKUI (haKTOp
aJieKTpoHa). [IpUHATO MEepUOANYECKYIO CTPYKTYpPY
Ha3pIBaTh OHOYJISITOpoM, eciin 3HadeHue K < 3, u
BUTTIIEpOM Tipu K > 3.

KayecTBeHHOM XapaKTepUCTUKON MarHUTHOTO
T0JIs1 OHAYJIsITOpa siBjsieTcs (pazoBas omnbdbka. Cpen-
HEKBaIpaTUIHOE OTKIIOHEHWEe (Ha30BOM OITMOKHU
BaXXHO YMEHBIIIaTh, YTOOBI YBEJIWYHUTH CIIEKTPasb-
HYIO IPKOCTh UCTOYHUKA.

B Hacrosiiiee Bpemsi B UHcTuTyTE SimepHoit husm-
ku umeHu .. Bynkepa pa3paboraH cBepXIpoOBOAs-
LU OHIYJISITOP U151 HAIMOHAJILHOTO CUHXPOTPOHA B
Benuko6puranuu “Diamond Light Source” (DLS).
ITo TpebGoBaHUIO 3aKa3zuMKa CpedHEKBaJApaTUYHOE
OTKJIOHEHHE JIOKAJTbHOM (Pa30BOI OIIMOKN HE JTOJIK-
HO mpeBbIIAaTh 3 Tpamyca. J1Jjis1 BBIMOJTHEHUs Tpebo-
BaHwuii ¢ 2017 r. BeJlach paboTa 1o JOCTUKEHUIO Tpe-
oOyemoro 3HadyeHMs (a30BOii OIMOKN. Bo-miepBhIX,
ObUTa yiydilleHa TEXHOJOTWSI HAaMOTKU KaTyIIeK C
TMOMOIIIBIO TOTIOJTHUTEIbHON HaKJIaAKW Ha cepleu-
HUK, TOBBIIIAIONIEH TOPSIA0OK CIOEB HAaMOTKU. Bo-
BTOPBIX, C TOMOIIIBIO MUKPOMETpa ObLjIa TIPOU3BEIe-
Ha cOpTUpOBKa KaTyiiek. B-TpeTbux, Obly1a pazpabdo-
TaHa CUCTEMa KOPPEKIMHW MarHUTHOTO TMOJISI U3
24 UICTOYHUKOB TOKa, KOTOPasi MOXKET NOTOTHUTEb-
HO 3aIlUThIBaTh KaTYIIIKU KaK UHAWBUAYAJIbHO, TaK 1
rpyrmnamu.
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ITapametp 3HauyeHue Enunuiia usmepeHus

MarHuTHasi JyinHa 2 M

OO61as1 IIMHa OHIYJISITOpa 2486 MM

IMepuon, 15.6 MM

Ilone Ha ocu >1.2 Tn

K (mapamMeTp OHIYJISITOPHOCTH ) >1.7367 —
MuHUMabHas anepTypa (BepTUKaabHas) 6 MM
MuHuMasnbHas anepTypa (ropu30HTaIbHas) 60 MM

[1epBbIit UHTETpAT TTOJIST <%0.5 Ic-m
BTopoii nHTerpan nosus <%l Ic - m?

OHAVJIATOP

Pa3paboTaHHbBIll CBEPXMPOBOASIINI OHIYISITOD
UMEET MAKCUMAJIbHOE MOJIE B MEAUAHHOU TUIOCKOCTH
1.2 Tn u coctout u3 120 nepuonos. Ilepuoa Bkiroya-
eT B ce0sl 3KeJIE3HbBIH II0JIIOC ¢ 0OMOTKOM (aKTUBHBIA
MOJIIOC) M XKEJE3HBIN MOII0C 0€3 00MOTKH (HEeMTpaib-
HBI osioc). JtnHHa reproga oHayasatopa — 1.56 cum.
i1 yBenIWYEeHUsI TOYHOCTU PACHOJOXEHUS KaTy-
IIEK, MCIIOJNBb3YETCSl CIIEHUAIBHOE SIPMO C Ta3aMu
JUTST aKTUBHBIX U HEUTpadbHBIX MOJIOCOB. Jlanee Ta-
KUE IBA SipMa YCTaHABIUBAIOTCS HATIPOTUB IPYT APY-
ra, CKpeIUISIFOTCS ¥ TIOMEIAI0TCSI B KPUOCTAT

KOHCTpYKIIMOHHO BEpXHSIST MOJIOBUMHA MarHuTa
CABUHYTA OTHOCHUTEILHO HVXKHEN Ha MOJIOBUHY Iie-
puona, U B pe3yiabTaTe KaxKAblii aKTUBHBINA ITOJTIOC
pacroJiaraeTcss HalpoTUB HEWTPaJIbHOIO MOJIOCaA.
CTpyKTypa ¢ HEMTpaTbHBLIM MOJIOCOM 00eCceYnBaeT
BIBOE MEHBbIIlee KOJMYECTBO KaTyILIeK U JIY4IIyiO
TOYHOCTb MO3UIIMOHUPOBAHUSI.

AKTUBHBII TIOJIOC UMEET IUPUHY 11 MM, TIUHY
146 MM 1 BoIcOTY 13.9 MM. OGMOTKa aKTUBHOTO TO-
JItoca U3roToBJIeHa 13 MpoBojioku Nb-Ti nuameTpom
0.55 MM Ha Kene3HOM cepiaedHrKe. OOMOTKa UMeeT
7 cnoeB B mupuHy U 12(11) ButkoB B cioe. [loxHoe
KOJIMYECTBO BUTKOB B OCHOBHBIX IMOJIFOCaxX paBHO 81.
HeiiTpanbHblii NOIIOC UMEET IIUPUHY 4.2 MM U IV~
Hy ~100 mM. JlaHHBIE TTapaMeTPbl aKTUBHOTO 1 HEM -
TPJIBLHOTO TMOJIOCOB OBLIM ONTUMU3UPOBAHBI IS
obOecrneyeHsT MaKCUMAaJIbHO BO3MOXKHOTO MAarHUT-
HOTO TI0JISI B TNIOCKOCTH MEIMAaHbI, a TAKKe I YI0-
BJICTBOPEHUSI TpeOOBAaHUI Ha OTHOPOIHOCTh Mar-
HUTHOTO MOJIs.

boitee mompoOHBIE XapaKTepUCTUKN OHAYJISITOpa
IIpeacTaBieHbl B Ta0. 1 1 B cTaThsax [5, 6].

DA3OBBIE OLIMBKH

Korma 31eKTpoH ABUIKETCS BIOJIb OCU OHIYJISTO-
pa, TO U3-3a UCKPUBJIICHUS TPACKTOPUU U OTINYUS
CKOPOCTH BJIEKTPOHA OT CKOPOCTHU CBETA BO3HUKAET
OTCTaBaHWE MEXIY M3Iy4aeMbIMU BOJHAMM, KOTO-
poe Ha KaxIOoM ITOJyNepHoe IOJKHO COCTABJISITh
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MOCTOSTHHOE 3HadyeHue. M3-3a HEeTOYHOCTEN M3ro-
TOBJICHUSI MAaTHUTOB BO3HUKAIOT (Pa30BEIC OIIMOKU,
KOTOPbIC CHMXKAIOT KOTePEHTHOCTD BOJIH.

YuciaeHHo ¢a3a oTrcTaBaHue 3JI€KTPOHA OT CBETO-
BOI BOJIHBI paccuuThiBaeTcs Kak (1)—(3), a ¢paza ot-
cTaBaHUs 3a mojayrepuon Kak (4). CpemHekBangpa-
TUYHOE OTKJIOHEHHE 3THX Pa3HOCTeil Ha3bIBaeTCs
JIOKaJIbHOI (ha30BOI1 O1IMOKOIi (5), a cpeaHeKBaapa-
TUYHOE OTKJIOHEHUE PyHKLIMHU (6) — CyMMapHOIi da-
30BOM1 O1IMOKOI1 (7).
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rae x' — 3aBUCUMMOCTD yIJIa HaKJIOHA IMyYKa OTHOCHU-
TEJIbHO OCU OHOYJISITOpa, B — 3HaUueHne MarHUTHOTO
TMIOJIST OHAYJIATOPA, Z — KOOPAWHATA, 1 — Macca dJIeK-
TpOHAa, ¢ — CKOpPOCTh cBeTa, Y — JlopeHl (akTop
3JIEKTPOHHOIO Iy4YKa, A,,; — MJIMHA BOJHBI U3Jy4ye-
HUs, A, — Iepuol oHaysTopa, K — KoadpduiueHT
OHIIYJISITOPHOCTH.
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(5)

(6)

(7)

Ne's 2023



642

HcTouHuK ToKa

KAHOHMUMK nu np.

HcToyHuk Toka

0

W cTouHMK TOKA NcTouHuK ToKa

I It
[ I ) I N [
;-};..{“{— _!__‘{5___:_.- Karymxku
| Lill | eeee | | | | MHIYKTUBHOCTH
"T"l“"”"” HLL]
L I 1 N

' 1[

N\ N\

HcTouyHuK ToKa HcToyHuK Toka

Puc. 1. CxematnyHOe n300paxkeHe OHAYISITOPA 1 BKIIOYeHUSI TOKOB (a). 1, 3 — KpailiHue KoppeKTUpyoline KaTyluku, 2, 4 —
WCTOYHWKH, TTOAAIOIINEe TOKH, 5 — OOJIbIINE KaTyIIKA, KOMIIEHCUPYIOIINE MOCTOSTHHYIO BEPTUKAJIbHYIO COCTABJISIONIYIO Mar-
HUTHOTO noJist. CxeMaTUYHOe N300paKeHUE MOAKIIOUEHUS TOMOTHUTEIbHBIX ICTOYHUKOB TOKA K CTPYIIUPOBAHHBIM TOJIIO-

caM (6).

rme N — KOJIMYeCTBO MOII0COB OHAYJIATOpPA, | — HO-

Mep MoJioca, z; — KOOPAMHATA HyJISI MATHUTHOTO I10-
JIsl OHYJIATOpA, | — cpeliHee 3HaueHue (a3 orcraBa-
HUS 32 BCE TOJIyTIepuoasI (4).

Oco0eHHO 3HaYMMOe BIMUsIHUE (Da30BbIE OIIMOKM
OKa3bhIBaIOT Ha IMOJIyYeHME BBICOKOYACTOTHBIX rap-
MOHUK oHayisTopa. B cratee [3] ObUIO TOKa3aHO,
YTO OTHOIIEHHE MAKCHUMYMOB CIIEKTpaJbHOII SIpKO-
ctu CH onpynsiTopa ¢ pa30BoOi OIMOKONM K MaKCH-
MyMaM CIIEKTpaJIbHOI IpPKOCTH 0e3 (ha30BOi1 OIIM0-
KU gaetcs KoadduimeHtom R.

R= exp(—nzoi), (8)
e n — HOMep rapMOHMKH, G, — CyMMapHas ¢a30-
Bas OLIMOKA.

B pa6Gorte [1] 66110 TOKa3aHo, 4TO popMmya (8) B
HEKOTOPBIX Cydyasix 3aHUXKAeT CHEKTPAIbHYIO SIp-
KOCTb oHIyJisiTopa. B crarsbe [2] aBTOD BEIBEN (hOpMY-
Jly, KOTOpasi ONUChIBaeT BAUSTHUE (DA30BBIX OIINOOK
M YYUTHIBAET BCE BOBMOXHbBIE pa3Mephl MyyKa U pa3-
JIMYHBIE 3HAYEHUS CyMMapHBIX (pa30BBbIX OIIMOOK.
Taxsxke aBTOpP IOKa3aj, 4To ero ¢opmMmysia B IIpeleib-
HOM CJTy4ae TOYEYHOTIO ITyYKa CXOIUTHCA K (8), a B Ipe-
Jiesie myvKa ¢ 60JbIIMMU pazMepaMu K opmysie (8), B

KOTOPOIl BMECTO G, UCTIOJIB3YETCS G,

s oltleHKY BIMSTHUS (ha30BBIX OIITMOOK HA OHITY-
JISTOPHBIM CITIEKTP XOPOIIO OPUEHTHUPOBATLCA Ha
pasHbie (ha30BbIe OIIMOKN UCXOISl U3 pa3MepoB ca-
MOTO MyJKa.

ComnacHo ¢opmyie (8) 3HaueHue JOKIbHOM (ha-
30BOIf OIIMOKM B 3 rpamyca JOCTaTOYHO, YTOOBI TTOJTy-
yaTh 15—16 rapMOHUK, Ha CYIECTBYIOIINX MICTOUHUKAX
CH 3 nmokonenus1. C yyeToM nmapaMeTpoB IMy4yKa, CTPO-
stierocst cuaxporpoHa CKU®, ripu KoppeKIu OHIy-
JISTOpa CTOUT OPUEHTUPOBATHCS HAa 3HAUEHME CyMMap-
HoOM (pa30Boii oIIMOKY B pa3Mepe 3 rpamyca.

MN3BECTUA PAH. CEPUA OPU3NYECKAA

CUCTEMA KOPPEKLIMUN

Koppexiins MarHUTHOTO TT0JIsI CBEPXIIPOBOISIIIE-
ro OHIyJsITOpa neauTcs Ha 2 stama. CHavyana ycTa-
HaBJIMBaeTCd TPeOyeMbIil yroj BjieTa IydyKa B OHIYJISI-
TOp W yOajsieTcsl TMapa3uTHAas BEepTUKAIbHAs KOMIIO-
HeHTa MoJis1. JlesaeTcs: 3To ¢ MOMOIIBIO CITelUATbHBIX
JIOTTOJTHUTEILHBIX KATYIIIEK U METOIa HATSIHYTOM TIpO-
BOJIOYUKH [8] MJIM ¢ TOMOIIBIO MATHUTHBIX U3MEPEHMUIA
JIaTYNKOM XOJLIa.

CucreMa nNUTaHUSI OHAYJISITOpa COCTOUT M3 ABYX
NCTOYHUKOB ToKa 1o 300 A. OnuH U3 HUX 3aIIUTHIBA-
€T MEPBYIO KaTYIIKY, BTOPOM MCTOYHUK — BTOPYIO.
Janee TOKM COCOUHSIOTCS, I CyMMapHBIil TOK UIET
yepe3 BCe OCTalIbHbIE KaTyIIKU. Bapbupyst cOOTHO-
IIIEHUSI TOKOB MCTOYHUKOB, MOXHO MEHSTH VIJIbI
BJIeTa B OHIYJISITOp (puc. 1a).

M3-3a HaTM4Mg HENTPATBHBIX TTOJIIOCOB MOJIEKY-
JIIpHBIE TOKW CO3IAIOT JOIOJHUTEIbHYIO ITapa3suT-
HYIO, BEpTUKAJIbHYIO KOMIIOHEHTY MAarHUTHOTO ITOJIsI,
KOTOpasi KOMIIEHCUPYETCS OOJIbIINMU OOMOTKAMU,
pacIioylaraeMbIMM HaJl BCEMU KaTylikaMu (puc. la).

Jlarnee, 1ocjie TOro Kak ObIJT YCTaHOBJIEH TpeOye-
MBbIii YTOJI BjieTa 1 yaajieHa rapa3uTHasi KOMIIOHEHTa
MarHMTHOTO MOJIsl, CJIEAyeT BTOPOi 3Tall KOPPEKIIMH.
11 ymeHbIIIeHUs pa3dpoca aMIUIUTYl MarHUTHOTO
OJISl U BBIpAaBHUBAHUSI OPOUTHI ITyYKa BHYTPU OHIY-
JISITOpa BCe KaTYIIKK AEJSITCS Ha TocjiefoBaTe/bHbIe
24 rpynnsl 1o 10 mMITYK 1M 3alUTHIBAIOTCSI JOMOJTHM-
TeJIbHBIMU UICTOYHUKAMU TOKa (puc. 10).

MaTteMaTUYECKUI pacueT KOPPEKTUPYIOIIUX TO-
KOB IIPOBOIAUTC C ITOMOIIBIO IPEABAPUTEIHLHO U3ME-
PEHHOIO MATHUTHOIO TIOJII B TOPM3OHTAJILHOM
KpuocTare ¢ momobio matunka xouta HGT 1050.

OCHOBOI1 TT0 KOTOPOI MPOU3BOANTCS pacdeT Ha-
Oopa JIOIOJIHUTEIIbHBIX TOKOB, SIBJISIETCS (DYHKIIMS,
ONMUCHIBAIONIAsI JOOABKY MAarHUTHOTO ITIOJIST OT OMHOM
KaTyIIKM K IIOJI0 BCETO OHOY/SITOpa Hpu do0aBiie-
HMU B Hee onpeaesieHHoro Toka. OHa Oblj1a HojlydeHa
W3 CMOIEIMPOBAHHOIO OHOYJISATOpPAa B IIpOrpamMme
Mathcad n aHaIIMTUYECKN alllIPOKCMMHPOBAaHa.
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Puc. 2. JlormomHUTEIBHBIE TOKY JJIST KAXKIO0U TPYIIIHI MIOJIFOCOB OHAYISATOPA C MAarHUTHBIM T1oJieM 1.15 Tt (a). PasHuiia amruim-
TYII MArHUTHOTO ITOJISI OT HOMEpa MOJIF0Ca IO M TTocJIe KOPPEKTUPOBKU, paCCUYMTaHHASI TEOPETUUECKH U ITOJTydeHHas U3 IKCITe-

pumeHTa (0).

KoHCTpyKTHBHBIE OCOOEHHOCTM MarHuTa TaKo-
BbI, YTO BEPXHME U HUXKHUE T'PYIIIbI KaTyIIeK CIBU-
HYTbl OTHOCHUTEJIBHO OPYyr Apyra Ha IOoJInepuona
(puc. 16). U3-3a 3T0r0 MPU OOTMHAKOBOM TOKE B ITPO-
THUBOIIOJOXHO CTOSIIIUX TpyIINax KaTylleK TpaeKTo-
pus MydKa HE M3MEHSIETCSI, 1 HAa00OPOT U3MEHSTCS
MpY pa3HbIX 3HaYeHMsIX. M3-3a 3T0il 0cobeHHOCTU
J100aBOYHBII TOK COCTOUT U3 IBYX YaCTEM: TOM, KOTO-
pasi uoeT Ha MPpUOIVDKEHIE CPEAHETO MOJIsl TPYIIIIhI K
CpeaHeMYy IIOJII0 BCETO OHIYJISITOPA, U TOM, KOTOpas
WAEeT Ha BbIpaBHUBAaHUE TPASKTOPUMU ITy4Ka 3JeKTPO-
HOB BHYTPM OHAYJISATOpPA.

IlepBasg moOaBKa BBIYMCISIETCS C TOMOILBIO arl-
MPOKCUMUPOBAHHONI (PyHKIINM 1O00aBKY MAarHUTHOTO
OJIs OT OJHOM Karyliku. Bropast no6aBka BBIYMCIISI-
eTCsI C TIOMOIIBIO MeTOAa HAaMMEHBIIMX KBaaparos (9).
Hwuxe mpencrasieHa Marpulia, pelIeHUE KOTOPOM
JIacT BTOPYIO 100aBKy TOKOB (10).

2

2| X —ogUy; —0,Uy — ... — apUy; | — min,

)

(10)

DUy YU DURUG Y | D XUy

SUUy SUUs  SUUy | | YK,
ZUliUIZi ZUinlzi zUlinlzi ZX"‘U‘”

rae X, , — MEepBbIM MHTETPAJI OHAYISITOPA A0 i-H KOOp-
IUHaTHl 0e3 KOppeKL[I/II/I Tokamu, U, — mobaBka K
MEPBOMY MHTETpay j-ii TPYIIIbl OT TOKa B 1 ammep

MN3BECTUA PAH. CEPUSA ®USNYECKAA  tom 87

0e3 yueTa I0JIsI OT OcTalbHbIX IpyIi. KoadduiimeH-
ThI OL; — 3HAYCHMSI BTOPBIX CJIaraeMbIX TOMOTHUTE b~
HBIX TOKOB U151 KaXKIOU TPYIIITHI.

B 3aBUCHUMOCTU OT pe3yJIbTaTOB HA pa3Hble HA0O-
PBI KaTyllIeK NOoAAI0TCsI JOMOJIHUTEIbHBIE TOKY C 1Iie-
JIbIO MAaKCMMaJIbHO YMEHBIIUTb Pa30poC 3HAYCHMIA
IMMKOB MarHUTHOIO IOJISI IO MOIYJIIO U BBIPOBHSITH
TPaeKTOPHUIO TOJIETa YACTHUIIL.

OKCITEPUMEHTAJIBHAA ITPOBEPKA
CUCTEMBbI KOPPEKILIMA

Ha nanHoM 3Tarie BeaeTcs oTyiaaKa CUCTEMBI KOp-
PEKIIMM MAarHMTHOTO II0JIAA OHOYJIATOpPA. Marematu-
YCCKM paCCUUTBIBAIOTCA TOKHU, ITOCJIC OHU IMOJAar0TCA
B TpyInIibl, AajJ€e€ 3KCICPUMCHTaAJIbHO MH3MEPACTCA
MarHmMTHO€, Ha OCHOBaHHME YCTO KOPPEKTHUPYIOTCA
TOKH HGO6XO,Z[I/IMOG KOJIMYECTBO pas.

Huxe mpencraBiaensl pesynbraThl. Ha puc. 2a
MpeacTaBJieHbl TpadrKu 10M. TOKOB s Tosst 1.15 Tor.
Ha puc. 26 npencrasiieHbl TpaduKu pa3HULBL aM-
IUIMTYJT MATHUTHOTO MOJII OT HOMEpa ToJiloca 10 U
1ocJjie KOPPEKTUPOBKU, paCCUUTAHHBIE TeOpeTUYE-
CKM U TIOJTydYeHHbIe U3 aKcrepruMmeHTa. CpenHekBa/l -
paTUYHOE OTKJIOHEHHWE NBYX rpadUKOB APYT OT ApyTa
coctasisetr 0.001 Tin. B pe3ynbrare a3KCIIepuMeHTOB
ObLI10 0OHAPYKEHO, YTO Ha JAHHYIO BEJIMYMHY BapbU-
pylOTCSl M3MEpEeHUsl JaTyuMkKa XoJijla Mpu OJHOM U
TOM K€ MarHUTHOM I10JIe OHAYJISITOPA.

Hwuxe Ha puc. 3 npencraBieHbl Tpadrku cymMmap-
HOM (pa30BOIi OIIMOKU: 10 KOPPEeKLUH (a), B TEOPUU
(6), B pe3ynbTaTe 3KcrepumeHTa (g). o KoppeKuuu
3HaYeHWe CyMMapHOii (pa30BOIi OIIIMOKN COCTABIISLIO
20.8 rpamyca, mocie KOppeKLMHM 3HAa4YeHUE CTajlo
10.1 rpagyca. XoTsT cymMMapHasl olIMOKa yMEHBIIIH-
Jiach B IBa pa3a, 3TOro 0Ka3ajioCh HEAOCTAaTOYHO YTO-
OBI mTOoCTHYb 3 Tpagyca. 3HaUYeHUE JOKAIbHOM da3o-
BOM OIIMOKY yAajJoCh YMEHBIIUTb Ha ¢ 2.5 1o 1.9, yTo
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Puc. 3. ['padhuku cymmapHoii ha30BOI OIITMOKKM OT HOMEpPa TOJII0ca: 10 KOPPEeKInK (a), B pe3yIbTaTe TeOpeTUIECKO KOppeK-

1 (0), B pe3yJibTaTe 9KCIIepuMeHTa (8).

a
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Puc. 4. I'padyku pacnipeneneHus: pacueTHOM CIIEKTPAIbHOM SIPKOCTU 10 KOPPEKLIMU U TTOCIIe B TEOPUM (@) U B pe3yJIbTaTe dKC-

nepuMeHTa (6) ISl TapaMeTPoB IyvKa 13 Tabi. 2.

COBMANaeT C TeOpeTUYEeCKUM 3HaueHueM. Ha puc. 4
npeacTaBieHbl TpaduKu pacnpeaeaeHsl pacyeTHOM
CIIEKTPAJILHON SIPKOCTU A0 KOPPEKILMU U TI0Cje, B
TEOPUU U B pe3yjibTare SKcIriepuMeHTa. B 11e;10M 3Ha-
YEeHUS CIEKTPaTbHOM SIPKOCTH COBMAIAIOT CO 3HAYe-
HUEM TEOPETUUECKUX PACUETOB [IJIsi pa3MepOB MyykKa
Ha DLS (ta6mn. 2).

Ta6muna 2. [Tapamerpsl s pacuera criekTpoB CU B mipo-
rpamme SPECTRA v.11

Tok B HakonuTene 1 400 MA
OHeprus 3J1eKTPOHOB F 313B
DHepreTuyeckuii pa3dopoc B Imyuyke 1073
571eKTpOHOB AE/E

Topu30HTAIBHBIN SMUTTAHC MyYKa 5.10° M - pan
3JIEKTPOHOB O

MN3BECTUA PAH. CEPUA OPU3NYECKAA

3AKJIIOYEHHME

Takum ob6pa3oM, ITOKa3aHO, YTO TPYNIOBasT KOp-
peknust Tokamu paboraer. C ee MOMOIIBIO CYIIe-
CTBEHHO YMEHBIIWINCH JIOKaJibHAasI W CyMMapHas
dazoBrblie omnbku. JlokanbHas coctaBuiaa 1.9 rpagy-
ca mpoTuB 2.5, cymmapHast (pa3zoBasi OIIMOKa COCTa-
Buna 10 rpamycoB mpotuB 20.8. Takke pacyerHas
CHeKTpalibHasl SIPKOCTb OHAYJISTOpa yBEJIWYWIACh B
cpenHeM B 4.6 pa3a Ha 10 mepBbIX mukax. B pe3ynbra-
T€ TEOPETUYECKOI KOPPEKLIUU 3HAUEHUE CYMMapHOM
¢da30BOI OIIMOKK cOCTaBUIIO 3 Tpagyca, UTO BBIHYK-
JIacT IIPOIOJLKATh pabOTy B 3TOM HampaBlieHUN. Tak-
Xe B OymyIlieM HY:KHO IIPOBECTH padOTy ITO CHIKE-
HUIO napa31/1TH0171 KOMITIOHEHTbI MAarHUTHOTIO ITOJISd U
nono0paTh TOKUA KOPPEKIIMHU IJIsI BCEX YPOBHEM pabo-
YMX MarHUTHBIX ITOJIEM OHIYISITOPA.

Pa6orta BeinmoiHeHa B pamkax CoraiieHus ¢ Mu-
HoOpHayku Poccuu Ne 075-15-2021-1359 u yactuu-
HO TIpM (UHAHCOBOM TIomuep:kke MmMWHOOpHAyKH
Poccun B pamkax rocynapctBeHHoro 3agaHusi MH-
CTUTYTa XUMUU TBepAOro tejia u MexaHoxumuu CO
PAH (rmpoekt Ne FWUS-2021-0004).
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Correction of the phase error of a superconducting undulator
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We described a method of magnetic field correction for a superconducting undulator with neutral poles man-
ufactured in the INP, as well as a mathematical apparatus predicting additional power currents for magnetic
field correction. When correcting the field and orbit inside the undulator, the main windings of the undulator
are used, grouped into separate groups and powered by additional currents. The test of this correction scheme
was carried out, as well as a comparison of theoretical and experimental data of the measured magnetic field
and calculated phase errors. In the SPECTRA program, the SI spectra were calculated before and after cor-
rection.
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