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Koppekuus BepTUK JIBHOTO CMEIIEHUs BBIBEJEHHOIO Iy4K
[P MYCKOH J1 JOYHBIX UCHBIT HUAX HukioTpon HII-110

B JI 6op Topum sumepubix pe kuuit OUSIM p 3p 60T H U €030 H CIelHu Jid-
3UPOB HHBIA LUKJIOTPOH TaXenblx MoHOB JII-110 misd H y4HO-IPOU3BOACTBEHHOTO
komiuiekc BETA B r. [Iy6ne (Poccusi), KOTOpBIii IO3BOJISIET TIOJIyd Th MHTEHCHUBHBIE
MyYKH ycKopeHHbIX HoHOB Ar, Kr u Xe ¢ ¢ukcupos HHoM sHeprueit 2,5 MaB/HyKI0H.
ITyckoH 11 mouHble p GOTHI H IMKJIOTPOHHOM KOMIUIEKCE, B X0[e KOTOPBIX OBUTH MO-
JIy4eHBbl TIPOEKTHBIE I P METPHI, MIpoBefeHs! B KoHue 2012 r.

B npouecce H 11 axu yckoputens ObU1o OOH pYXEHO BEPTHK JIBHOE CMEIEHHUE
My4K H KOHEYHBIX P JUYyC X YCKOPEHHUS W IpU ero BbiBofe. IIoK 3 HO, 4TO OCHOB-
HOW NPUYUHON T KOTO CMEIIEHHS SBUIOCh BOSHUKHOBEHUE P IU JIbHOH KOMIIOHEHTBI
M THHUTHOTO MOJd B CPeJHEH INIOCKOCTH M THHUT , BBI3B HHOE CHUMMETpPHEN M THH-
TonpoBof . Koppekuusd BepTUK JIbHOIO CMEIIEeHUs YK IPOBEeH C IOMOUIbIO CO-
31 HHUSL CHUMMETPUM TOK B OCHOBHOW oOMoTKe anekrpom raut MII-110.

P 6or Bemonnen B JI 60p Topuu syiepHbIX pe Kuumil um. . H. @nepos OUWSIU.

IMpenpunt O6GbeAUHEHHOrO UHCTUTYT SAEPHBIX HccilefnoB Huil. dy6m , 2013

Gikal B.N. et al. P9-2013-125
The Correction of Vertical Shifting of the Extracted Beam
at the Test Operation of DC-110 Cyclotron

The specialized heavy ion cyclotron DC-110 has been designed and created by the
Flerov Laboratory of Nuclear Reactions of the Joint Institute for Nuclear Research for
scientifically industrial complex BETA placed in Dubna (Russia). DC-110 cyclotron
is intended for accelerating the intense Ar, Kr, Xe ion beams with fixed energy of
2.5 MeV/nucleon. The commissioning of DC-110 cyclotron has been carried out at
the end of 2012. The project parameters of the ion beams have been achieved.

During commissioning of cyclotron the vertical displacement of the beam at
the last orbits and at the extraction channel was revealed. The calculations and
experiments have shown that the reason of this displacement is the radial component
of magnetic field at the median plane of the cyclotron, which appears because of
asymmetry of the magnetic yoke. Correction of the vertical displacement of the beam
has been achieved by creating an asymmetry of current distribution in the main coils
of the electromagnet.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2013




BBEJIEHUE

B JI 60p Topuu simepHbix pe kuuit OUSIA p 3p 60T H U O30 H U30XPOHHBII
LIUKJIOTPOH TaXenblXx HOHOB JII-110 g npoMBIILIIEHHOrO MPOU3BOJACTB TPEKO-
BoIX MeMOp H. B 2012 r. yckopurensubiii kommuiekc JI1-110 BBeneH B oKCIUTy-

T uuo. LIUKIOTPOH OCH IIEH UCTOYHUKOM HOHOB 9IEKTPOHHO-LUKJIOTPOHHOTO
pPE30H HC U IO3BOJISET IOIYY Thb MHTEHCHBHBIE ITYYKM YCKOPEHHBIX MOHOB Ar,
Kr u Xe c cdukcupos HHOil sHeprueil 2,5 MaB/nyknon [1]. IIpu nmposenenun
MYCKOH JI JIOYHBIX p OOT H YycKopHTesie ObUI0 OOH pPyXeHO, YTO H KOHEYHBIX
P AMyC X YCKOpEHHs M IpH BBIBOAE IIy4OK HOHOB NPUOOPET €T BEPTUK JIbHOE
CMEIIEHNe, TPUBOAAIIEe K IEPTYpHBIM MOTEPAM. P CUETHBIM IIyTeM IOK 3 HO,
YTO OCHOBHOM IPUYMHOM T KOTO CMEIIEHHS SBHIOCh BOSHUKHOBEHUE P M JIBHOU
KOMIIOHEHTBI M THUTHOTO IIONI4 B CpPEIHEN INIOCKOCTU M THHT , YTO BBI3B HO CHM-
MeTpHeil M THUTONPOBOA . IIpoBefeHH g KOppeKIiMs M THUTHOTO IOJISl O3BOJIUI
CKOMIIEHCHPOB Th BIIMSHHUE P JU JIBHOI KOMIIOHEHTHI U BOCCT HOBUTD MOJIOKEHUE
My4K B MeIU HHOW IUIOCKOCTH.

1. 9KCIIEPUMEHTAJIBHOE NCCJIEJOBAHHUE ITOJO2KEHHUA
N PABMEPA IIYYKA B IPOEKTHOM BAPUAHTE
(P CUMMETPUYHOM BKIIIOYEHHUH OBMOTKH
DIIEKTPOMATHHUTA ITUKIIOTPOHA)

IMocrie 3 myck ycKopuTens B MPOEKTHOM B PU HTE OBUIM IPOBEAEHBI HC-
CIIefIOB HUS TOJIOXKEHUs M p 3MEepoB IyukK B Ipouecce BoiBoA . Mccienos Hus
BhiosIHeHbl H mydke 20Xe?0t ynrencuBHOCTBIO 2,5 MKA H KOHEYHOM p JHyce
YCKODPEHHSI.

ITonoxeHnue U p 3Mepbl IMydK B 30HE BBIBOA H3Yy4 JIUCh IO CJIEd M, KOTOpbIE
OCT BWJI IIYYOK H KOHCTPYKTUBHBIX 3JIEMEHT X BHYTPHU K Mepbl HUKJIOTPoH . Po-
Torp ¢usg H puc. 1 MOK 3bIB €T CMEIeHHe OpOUTHI IydK H BXOIe B AedIeKTOp
BBEPX OT MeI HHOM minockocTd. BemmunH cmemenus p BH 3 mm. H  Beixoze u3
M THUTHOIO K H JI CMEIIEHUe JOCTUT €T 5 MM u3-3 jAeoKycHupylolero 1eicTBus



Puc. 2. ®ororp ¢ug mydk H mOMHHOGOpPE B BHIBOAHOM I TpyOKe 06e3 KOPpEeKUUH ITy4K

TP AMEHT M THUTHOIO MOMSA K H JI , YBEJIMYMB IOIIETO OTKJIOHEHHE IydK IO BEp-
UK 1. H mromuHOOpE, yCT HOBIEHHOM H H 4 JIBHOM Y4 CTKE HOHOIPOBOL ,
3 PErHCTPUPOB HO OTKJIOHEHHE IMydykK BBepX H 16 MM (puc.2). [OpU30HT JIbHBII
p 3Mep IydyK H JIIOMUHO(Ope NPUOIHU3UTENBHO P BeH 25 MM, BEPTHK JIbHBIH —
20 MMm.

BepTuk spHOE CMellleHHe IyyK MPHBOAUT K MEPTYPHBIM IOTEpPSAM, KOTO-
pble H OMIOO I0TCA H BBIXOAE M3 Ay HT , I BEPTUK JIbH 4 TIIPETyp COCT -
Bisier 34 MM. BepTuk JibH S mepTyp BBIBOAHOTO I TpyOK — 40 MM, H mpo-
XOXJeHne MydK He BnuseT. M3MepeHHOe BEpPTHK JIbHOE CMELIEHHEe IMydK [0
TP €KTOPUH BBIBOJ U3 LUKJIOTPOH COHEPXKUTCSA B T O1. 1.

T Gmuny 1. CMelieHHe MyYK OT CpedHeil IUVIOCKOCTH M THHUT IIMKJIOTPOH (dKCmepu-
MEHT)

Bxon B mecnekrop Beixon u3 JlromuHOGOp B H U JI€
(R = 894 mm) M THUTHOIO K H JI K H J TP HCIIOPTUPOBKHU
3 MM BBepX 5 MM BBepX 16 MM BBepx




2. YUCJIIEHHOE MOJEJINPOBAHUE BINSAHUS
ACUMMETPHUUM MATHHUTA HA IBU2KEHHE ITYYKA
B 30HE BBIBOJA U3 IUKIIOTPOHA

OnHOIi U3 OCHOBHBIX IPUUMH KCH JIBHOTO CMEIIEHUSI YUK H BBIXOJE U3 LU-
KJIOTPOH SBJSIETCH H Jindue B,.-KOMIIOHEHTbl M THUTHOTO I0JIsl B CpeiHEN ILI0C-
KOCTH M THUT , BO3HHK IOIIEil BCIEACTBHE CHMMETPHH M THHUTHOW CTPYKTYPHI
LUKJIOTPOH .

I ONeHKM BIMSHUS CHMMETPUM KCH JIBHOTO K H T H M THHTHOE ToJje
OCTpOoeH 3JeKTpoHH s 3D-mopens nukinorpon HH-110. Mopenp, ok 3 HH £
H pwuc.3, , npeiact BiaseT 1/4-10 4 ctb M rHUT wukiIoTpoH MOII-110 ¢ cum-
METPUYHBIM KCH JIbHBIM K H JIOM. P CUeThl M THUTHOTO MOJISl IPOBOJWIUCH MPU
oMoy nporp Mmsl TOSCA [2]. Pe3ynbT Tel p c4eT H XOAITCAd B XOpOLIEM
COOTBETCTBHH C PE3yJbT T MH M THUTHBIX U3MEPEHUH, IPOBEAEHHBIX MpH (YOPMH-
POB HUM M THUTHOTrO nosd uukiorpoH HI-110 (puc.4). Orimnuue pe3ysisbT TOB,
MOJIyYeHHBIX B XOI€ P CYETOB W NPU WU3MEPEHWH M THHUTHOTO MOJI, HE IMpPEeBbI-
et 0,2 % B ocHOBHO# 0011 ctu yckopenus u 0,5 % B LeHTpe HUKJIOTPOH .

B cooTBeTcTBUM € UuepTeX MU JIEKTPOM THUT UUKIOTpoH MII-110 snemen-
TOM CHMMETPHUH SIBIISIETCS KCH JIBHBIA K H J1 B O JIK X M MOJIOC X M THUT .
H pwuc.3, mok 3 HO, 9YTO KCH JIBHBIA K H JI B HIXKHEM IOJIIOCE M THUT 3 TIOJ-
HEH XeJlle30M, B TO BpeMsl K K BEPXHUN K H JI CBOOOJIEH JUIsl YCT HOBKH CHUCTEMBI

KCH JIbHOM MHXEKLHUU.
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Puc. 3. ) Mogensb 1/4-it 4 ctu M raut wukiaorpon [H-110 ¢ cMMMETpUYHBIM KCH JIib-
HBIM K H JIOM ( CHMMETPHUYH 54 CTh K H J1 BBIIEJIEH CBETJIO-CEpbIM LIBETOM). 6) P crpe-
nenenre By (B,(max) = 110 I'c) KOMIIOHEHTHI OIS B MEAN HHOM IIOCKOCTH HUKJIOTPOH

JLI-110 B 0611 cTH ycKOpeHust
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Puc. 4. P nu npHOe p crpenesieHue CPeIHero M THUTHOrO nomid: | — W3MepeHHoe; 2 —
p CueTHOe; 3 — 4 CTOT BEpPTUK JIbHBIX O€T TPOHHBIX KoJieO HUii
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Puc. 5. P 1y JIbH s KOMIIOHEHT M THHTHOTO I10JIsL B MEAM HHOM IUIOCKOCTH M THHT : | —
cpemtee 31 yenne (B,); 2 — 4eTBepT s T PMOHUK By

Pe3ynbT THI MPOBEICHHBIX P CYETOB MOK 3 JIM, YTO KCH JIBH I CHMMETPHS
M rHUT 1ukjaoTpoH HII-110 npuBOAMT K MOSBIEHHUIO P AU JIBHOH KOMIIOHEHTHI
M THUTHOrO nojisi B, B cpenHell miockocTd M rHUT (puc.3,6). T X K K M THUT
uukJIoTpoH [JH-110 uMeeT 4eThIpeXCEKTOPHYIO CTPYKTYPY, TO IOMUMO CPEIHErO
3H YeHHsl P OU JIbHOW KOMIIOHEHTHI (B,) MOSBISIOTCS ee YETHbIE I PMOHUKH, U
mpexne Bcero 4eTBepT g B4 (puc. ).

Bo3Mymiennss KCH JIbHOTO ABMXXEHHSI MOHOB OIPEAEIISIOTCS CPEIHUM 3H ue-
HUeM, nepBoil By, u 4eTBepToil By, T PMOHUK MH P IU JIbHOM KOMIIOHEHTHI M T-
HUTHOTO IOJII B CpeHell MIocKocTd M rHuT . CpenHee 3H 4eHUE U 4YeTBEpT £
I PMOHUK HPUBOAAIT K CMEIIEHHIO IUIOCKOCTH, OTHOCUTENILHO KOTOPOIl IPOUCX0-
JAT KCH JIbHbIe KOJieO HUSI IPH COXP HEHHM UX MIUTUTYIbI, IEepB g I' pMO-
HUK BbI3bIB €T MOSIBJICHWE KOTEPEHTHBIX KOO HUil MyYK OTHOCHTENIBHO Cpel-
Hel MIOCKOCTH M THUT . OLIEHUTh BO3MYIIEHUS! KCH JIBHOTO ABIDKEHUS Iy4K [0
P OUyC BBIBOI MOXHO MO clieaylonuM dopmyia M [3]:

ey




TB4T B4z

AZ(Byy) = , 2
P) = Brga v — (1 ) @
TBIT
AZ(Biy) = 5=——~. 3
B cootserctBuu ¢ ¢opmyn mMu (1)—(3) B T On.2 mpuBeseH OLEHK — KCH-
JIBHOTO CMEIIEHUs MydK H P auyce BbIBOL Rext = 0,89 M, H KOTOpOM

3H YeHHe cpennero monsi B, = 1,66 T,
Y CTOT BEPTHK JIbHBIX OET TPOHHBIX
koneb Huii (), = 0,38.  3H uyeHue
[IEPBOM I' PMOHUKM P U JIBHOM KOMIIO-
HEHTBI B35TO IPOU3BOJIBHO U3 IPENIIOJIO-
KEeHHd, 4YTO OH ) HE MOXET IpEeBbILLI T{) (By) =77Tc | AZ~ 2,8 um
3H YEHMd NEpPBOMl I' PMOHUKU OCHOBHOH
KOMIIOHeHTHI nojst B, = 3 Ic.

M3 T 61.2 BUIHO, YTO OCHOBHOI
BKJI [l B CMELIEHUE ITydK BHOCUT CpEe-
Hee 3H YCHHE P AU JIbHON KOMIIOHEHTHI M THUTHOTO 1ojs (B;.). Bk moM B cMe-
LIeHHEe My4YK [ePBOM U YETBEPTOil I PMOHUK B,.1, B4 MOXHO rpeHeOpeyb B CHITY
WX M JIOM BEJTMYUHBI.

BenuuuHy nepBoil I pMOHUKM .7 MOXHO OLIEHHTh TOJIKO IMPU BHECEHUU
COOTBETCTBYIOIIEH CUMMETPUU B IIOJHYKO MOAEJb 3JIEKTPOM THUT , H INPUMED,

CUMMETPUM M THUTHOIO K H JI CHUCTEMBI BBIBOI IIydK . B mcnonszyemoil mMo-
JIEeJM M THAT T K S CHUMMETPHUSl HE P CCM TpPUB €TCH.

T xuMm 00p 30M, IMy4OK H KOHEYHOM p JHYyCe IOJIyd €T BePTHK JIbHOE CMe-
IeHue 3 c4Yer B,-KOMIIOHEHThl M THMTHOTO MOJid. B 1 JbHe#IIeM 3To cMelle-
HUE YCWJIUB €TCS B M THUTHOM K H Jie, YTO MPHUBOAUT K NEPTYPHbIM MOTEPSIM
BBIBEICHHOIO IIyYK B K H JI€ TP HCIIOPTUPOBKHU. OLEHKY BO3LEHCTBUS TP AUEHT
M THHATHOTO TIOJI1 H BEPTHK JIbHOE CMEIeHHe IMy9K MOXHO CAeT Th O hopMmysie

T 6nunp 2. OmeHK  KCH JIbHOTO cMellie-
HUA MY4K TOJ BO3AEHCTBHEM P AM Jib-
HOM KOMIIOHEHTBI M THHMTHOIO NOJS H
p auyce BBIBOX Rcyxi = 0,89 M

B,4s =TTc AZ =~ 0,06 Mmm
B =1Tc | AZ~0,06 M

AZ = %AZO. @)
P

W3 mpenpimymux OmEHOK MMEEM BEPTHK JIBHOE CMEINEeHHe MydK H BXOIe
B M THUTHBIA K H 1 AZ = 0,0028 M. Cpennuii rp AueHT mojid B K H e G =
7 Tn/m, apdextuBd g mmmH K Ha1 L = 0,47 M. [In9 M THUTHOH KECTKOCTH
myyk H p auyce BeiBog Bp = 1,66 Tin-0,9 M u3 (4) nosyd em yroi BepTHK Jib-
HOTO OTKJIOHEHWs My4K H BbIXOHe U3 M rHuTHOro K H 1 AZ’ = 0,006 p 1. H
muHe npober S = 1,1 M o moMuHOGOP B H Y JILBHOW Y CTH JIMHUU TP HC-
HOPTHPOBKH BEPTHK JIbHOE cMereHue cocT BUT AZ;, = AZ + LAZ' = 0,01 m.
DKCHEpUMEHT JIBHOE U P CYETHOE CMELIEHHE IIyYK OT CpeJHel INIOCKOCTH M TI-
HUT LMUKJIOTPOH B IIPOEKTHOM B PU HTE NPHBEICHO B T OI. 3.



T 6muy 3. CMeleHne My4K OT cpeJHei IUIOCKOCTH B IIPOEKTHOM B PH HTe

B o it Bxon B nednextop JromuHOGOp B H U JI€
P (R = 894 mm) K HJI Tp HCIHOPTUPOBKH
DKCIepUMEHT 3 MM BBepx 16 MM BBepx
OLeHOYHBIN p cyeT 2,8 MM BBEpX 10 MM BBepx

ITonmyyeHH $ OLIEHK H XOAMTCS B XOPOLIEM COII CHU C Pe3yJabT T MU dKCIIe-
PUMEHT . DTO A €T OCHOB HUE NPEdroy I Tb, YTO OCHOBH 4 NPUYMH CMELICHUS
IMyYK IIPHU €ro BBIBOJE M3 LUKJIOTPOH — H JH4YHe B,-KOMIIOHEHTHl M THUTHOIO
MOJIS B CPeHEN IVIOCKOCTH M THHUT , BO3HHUK IOLIEH BCIIEACTBUE CHUMMETPUH M TI-
HHUTHOH CTPYKTYPBI LUKJIOTPOH .

3. MAPAMETPHI OCHOBHOI1 OBMOTKH ITUKJIOTPOHA JIII-110

OcHoBH s1 o6Motk nukioTpon [II-110 cocrouT u3 BepxHeW U HUXHEH K -
tymek. P ccrosnue mexnay K tymwk mMu 990 mwm. Tlonepeunsie p 3Mepbl K TyIIEK
730 x 600 mm. B x xmoit x Tymke 180 ButkoB. [IpoBOgHUK — JIIOMHHUEB 4
TpyO KB JIp THOro ceyeHud 46 x 46 MM ¢ OTBepCTHEM JUTS OXJI XJI IOIIEil BOIbI
220 mMm. K X1 4 K TylIK COCTOUT M3 IIECTH OTAENBHBIX ceKlMil 1o 30 BUTKOB
B K XHO0i. B aKcriepuMeHT X 1Mo KOppeKUWH BEpTHK JIbHOTO CMEIIEeHUs MydK HC-
10JIb30B JI Ch BO3MOXHOCTh HIYHTUPOB HUSI WIM TOJHOTO OTKJIIOUEHUS OTHETHHO
B3SITOU CEKIIUHU.

4. YUCJIEHHOE MOJEJINPOBAHHUE KOMIIEHCAIIUU
BEPTHUKAJIBHOI'O CMEILIEHUS ITYUYKA IIYTEM
IIYHTUPOBAHHUSA OJHOM U3 CEKIIUI KATYILIIKH
OCHOBHOI1 OBMOTKH ITUKJIOTPOHA

B mporiecce myckon 1 gouHbIX p 00T H 1mkiorpore AI1-110 skcrepruMeHTHI
[0 KOMIIEHC IIMM BEPTHUK JIBHOTO CMEILEHHs BBIBEJEHHOIO ITy4K COIPOBOXI -
JIUCh COOTBETCTBYIOLMMU p cueT MU. H  KcH JIBHO-CUMMETPUYHON MOJETU M I-
HHUT LMKJIOTPOH OBLIO MPOBEIEHO MCCIIEAOB HHUE P AW JIbHOW KOMIIOHEHTBI M TI-
HHUTHOT'O TIOJISl, BO3HUK IOLIEH MpPU MOJHOM WIIM Y CTHYHOM (ITyTeM LIYHTHPOB -
HHS) OTKJTIOYEHUH CEKLIMH HIDKHEH K TYIIKH OCHOBHOM OOMOTKH 3JI€KTPOM THHT .
ITpu @TOM TOK B OOMOTKE M THHUT YBEJIMYHMB JICS ULl COXP HEHUs OOILEero yu-
cn mrnep-BuTkoB. [lomHoe oTkioueHune o3H 4 eT Tok cekuun 0 A. U cruuHoe
OTKJIIOYEHHE OIHOW CEKIMU K TYLUIKM B P CUETHOH MOJENH O3H 4 €T, YTO TOK
aroil cexumu coct Bisger 200 A, B TO BpeMd K K TOK OCT JIbHBIX CEKLUH —
okos0 1000 A. T kue ycsoBus ObUIH BOCIIPOM3BEICHBI B IIPOBEICHHbBIX 9KCIIEPH-
MEHT X.



ITo pe3yapT T M p CYETOB IIPOBEJEHB! OLIEHKH BIMSHUS I1OJIy4eHHON P AU JIb-
HOW KOMIIOHEHTBl M THHUTHOTO TIOJII H BEPTHK JIBHOE IOJIOXKEHHE BBIBEJEHHOIO
nyuk . U cTHYHOE MM MOTHOE OTKJTI0OYEHNE CEKIIMH K TYIIKU MPUBOAUT K MOSIBIIE-
HUI0 B,.-KOMITOHEHTHI M THUTHOTO TOJId (puc. 6). [Ipu OTKITIOUEHHH COOTBETCTBY-
IOIUX CEKLUI HUXHEH K TYIIKU B,.-KOMIOHEHT OyieT UMeTh IPOTHBOIIOIOXHbIH
3H K, YTO NpPHBEAET K KOMIIEHC LMW BIUSHUA KCU JIbBHOW CHMMETPUU M THUT .
OueHOuYHbIe 3H YeHUs KCH JIbHOTO CMEIIEeHUs My4K 1 Hbl B T O 4.

OueHKH CMeIeHns My4YK , OCHOB HHbIE H D CUETHBIX 3H YEHUIX B, mois,
NIpUBE/IEHHbIE B T 0J1.4, OK 3bIB IOT BO3MOXHOCTDb 3(pheK TUBHON KOPPEKLIMHU BEp-
TUK JIBHOTO CMEIIEHUS MYYK C MOMOIIBIO HIYHTUPOB HHA WIHM IOJTHOIO OTKIII0Ye-
HUS CeKUHMH K TYIIKH LUKIOTPOH . [IpuueM OmEHK MONOXEeHUS HEHTP Iy4K H
JIOMUHO(OpPE B JIMHUM TP HCIOPTHPOBKH MOK 3BIB €T JAOCT TOYHO OONBIION 3 -
I C, O3BOJISIIOIIHMI CKOPPEKTHPOB Th BIMSHNE HEYYTEHHBIX B P CUETe KeJIe3HBIX
M CC 3JIEMEHTOB CUCTEMBI BBIBOJ U JIMHUU TP HCIIOPTHPOBKH .

IToMuMO OTKITIOYEHHS! CEKLMH OCHOBHOH OOMOTKH ®JIEKTPOM THHT T KXe
HCCIIEIOB JIOCh BIMSHHE CHMMETPHYHOTO NMHT HUSI BEPXHEHW M HMXKHEH K TyIIEK
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Puc. 6. CpenHee 3H yeHHMe p M JIbHOH KOMIIOHEHTBI M THUTHOTO TOJIS B CiIyd ax: | —
MOJIHOrO OTK/II0YeHus (TOK 0 A) HUXKHEW CeKLIMU HUXHEH K TYIKH M THUT ; 2 — 4 CTHY-
HOTro OTKJII0YeHHd HuxkHed cexuuu (Tok 200 A); 3 — 4 CTHYHOIO OTKIIIOYEHHUS! BepXHEH
cekiuu (Tok 200 A)

T 6mu 4. OHeHK P AM JIbHOW KOMIIOHEHTHI M THHTHOTO mois (B,) M KCH JbHOTO
CMeIlleHHd My4K H P auyce BBIBOA Rcyxi = 0,89 MU BK H Jie TP HCHOPTHPOBKH NPH
9 CTHYHOM WM TIOJHOM OTKTIOUEHHH CeKIHMi K TYIIKH M THHT

B pu HT OTKIIHOYEHHS (Br), AZ, AZr,
CEKIMI HUXHEH K TYIIKH M THHT Tc (Rext) | MM (Rext) MM
Tox Bepxneii cexuuu 200 A 10 3, 13
Tok nmxuen cexuuu 200 A 15,7 5,8 20
Tok Humxuer cexuuu 0 A 21 7,8 27

*TOK OCT JIBHBIX CeKIMil K Tymku — okono 1000 A.
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Puc. 7. Cpennee 3H yeHWe p AW JIHHOH KOMIIOHEHTHI M THHUTHOTO IIONS B CIyd sX: | —
CHMMETPHUH TOKOB B K TYIIK X 5 %; 2 — Npu CMELIEHUH BEpXHel K TYIIKH H 5 mMM; 3 —
C YyYETOM P 3MELIEHHS M THUTHOro 3Kp H Il Tchopmbl ECR-uCTOUHMK

(AI = 5%), cMeleHne BepxHe#l K TYIIKH K MeIX HHOU IIIOCKOCTH H 5 MM
W H JIMYUe I TPOPMbI UCTOYHUK HMOHOB C 3 LIMTHBIM M THUTHBIM 3KpP HOM,
BBITIOJTHEHHBIM M3 CT JIbHBIX JIMCTOB TONMmMHON 20 MMm. Cpennee 3H yeHue B,.-
KOMITOHEHTBl M THUTHOTO I0JIs, BO3HHK IOILE BCIIEACTBUE BO3IEHCTBHS 3THX (P K-
TOPOB, IPEACT BJIEHO H pHuC. 7.

T Gmun 5. OHeHK  KCH JIBHOTO CMeIIeHHs MyYK I0J BO3AEHCTBHEM P IH JIbHON KOM-
TOHEHTbI M THHUTHOIO NOJIA H P Jauyce BBIBOA Rexi = 0,89 M M BK H Jie TP HCIIOPTH-
POBKH

B pu nr (Br), AZ, |AZp,
I'c (Rext) |[MM (Rext)| MM
AcumMeTpus TOK BepxHell u HuXHel K Tywek 5 % 4 1,5 5
CMmelieHue K TYIIKH 5 MM 0,5 0,2 0,7
Bkp H m1 Topmsel ECR 0,7 0,3 1

P cdersl Mok 3 1M, 4TO BO3MOXHOE KCH JIBHOE CMELIEHHUE K TYIIEK 9JIeK-
TPOM THUT B Ipefesa X TOYHOCTH MX YCT HOBKH, T KX€ H JIM4Me IUT T(hOpMBI
HACTOYHUK HOHOB HE OK 3bIB €T 3H UYUTEJILHOIO BJIUSHUA H BEPTUK JIBHOE II0JI0-
’KEeHHe BBIBOOMMOIO Myyk HOHOB (T 071.5). H mportuB, cUMMeTpUYHOE NUT HHe
BEepXHEW W HUXHEH K TyIIeK MOXET OBITh HCIIONB30B HO IS Olep THUBHOM KOp-
PEKLUH BEPTUK JIBHOTO MOJIOXEHUS IyUK .

5. HOJIO2KEHHME IIYYKA HA KOHEYHBIX PAJINYCAX YCKOPEHMUSI

Lenpio ®KCHEPUMEHT  SIBJISIIOCh M3ydeHHe BIMSHUS LIYHTHPOB HUS H nbosee
U H UMEHee YJ JIEHHBIX OT MeIM HHOH IUIOCKOCTH CeKLUIl HUXHEH K TyLIKU IH-
KJIIOTPOH H [OJIOXEHHE IydK B 30HE p AUyC BHIBOL 893 MMm. OTkioueHue
®TUX CEKLMH OCYLIECTBIAIOCH C OMOIIBIO IIYHTHPOB HUS €€ BBIBOZIOB ITE€PEMBIU-
koil. HecuMMeTpryHOCTh MIIEP-BUTKOB BEpXHEH M HUXHEH K TyLIEK COCT BISeT



1 2

Puc. 8. ®otorp ¢pum 11 CTUH € OTHEY TK MM IydK H p auyce 893 mm

T 6mu 6. IlomokeHue MyYK OTHOCHTEIBHO CePeIUHBI 3 30p B M THHTE

[Nonoxenue CuMerenue myJk
4K OTHOCHUTEIIBHO PEXHUM
Pexum i P
OTHOCHTEIIEHO C CUMMETPHYHBIM
CepenuHbl 3 30p | BKIIIOYEHHEM K TyIIEeK
CuMMeTpHYHOE BKJIIOUEHHE K TYIIEK. 3 MM 0
. MM
Tok Bcex cexumit 975 A BBEPX
Huxnag cexuug 3 MM
. 0 MM
HUXHeH K Tymku, Tok 200 A BHU3
Bepxnssa cexuus 3 MM 6 MM
HUXHeH K Tymku, Tok 200 A BHU3 BHU3

0Kos10 7 %, nockoibky npumepHo 20 % Tok , okoso 200 A, TeueT yepe3 LIYHTH-
POB HHYIO CEKIIMIO M3-3 €€ HU3KOI'O CONpPOTHUBICHHUS.

[ n3MepeHusd MONOXKEHHS MyYyK H P AUYyCe BBIBOA HCIIONB30B JIUCh TOH-
KM€ THT HOBBIE IUT CTHHKH, KOTOpbIE YCT H BJIMB JIUChb H HM3MEPUTENIbHYIO U CTb
BHYTPEHHero NpoOHUK . OTIeY TKU My4YyK IOJy4eHbl I TpeX pexuMoB (puc. 8):

1) mpu CUMMETPUYHOM BKJIIOYEHUH OCHOBHOH OOMOTKH LIMKJIOTPOH

2) mpu UIyHTUPOB HHOW HUXHEH CeKIMW HIDKHEH K TYIIKH, TOK B cekuuu 200 A

3) npu IIYHTUPOB HHOW BEpXHEHl CEeKUMM HUXHEW K TYIIKH, TOK B CeK-
mun 200 A.

H3mepenHoe cMmelieHre Mydyk H KOHEYHOM p AUYCE YCKOPEHHs NPHBEIEHO
BT O1.6.

6. PDKCIIEPUMEHTAJIbHOE UCCJIEJOBAHHUE MOJIOXKEHUSA
U PASMEPA IIYYKA B 30HE BBIBOJA U3 IIMKJIOTPOHA
IIPH INYHTUPOBAHUM CEKIIMI HUKHEM KATYIIKH

OCHOBHOI1 OBMOTKH IIUKJIOTPOHA

Llenbio ®KCIEPUMEHT SBISUIOCH M3yYeHHE BJIMSHUS LIYHTUPOB HUA H HOO-
Jlee ¥ H MMEHee yi JICHHBIX OT MM HHOW IUIOCKOCTH CEKLUA HUXHEH K TYIIKH
LHUKJIOTPOH H MOJIOXEHUE My4K B 30HE BBIBOJ .



IIpu mWIyHTHPOB HMU CEKIMU BHEUIHUM CONPOTHUBJIEHHEM OCT TOYHBIA TOK B
cexkuuu p BHsuicad 200 A. [ng coxp HEHHS OOIIEro 4YWClI  MIEp-BUTKOB TOK
0OMOTKH IIMKJIOTPOH Obm yBenmuueH ¢ 975 no 1067 A.

LIyHTHpOB HME HUXHEW CEKUMH HIKHEH K TYIIKM OCHOBHOW OOMOTKH M-
KJIOTPOH TIPHUBEJIO K YMEHBIICHUIO CMEIEHUS MydK H JIIOMHHOGOpEe H 8 MM B
Cp BHEHHH C PEXMMOM CUMMETPUYHOTO BKITIOUEHHS] OOMOTKH IUKJIOTPOH (puc. 9).

LIyHTHpOB HME BEpXHeil ceKuuH, H nbosee OIU3KO p CIOJOXEHHOH K Meu-

HHOU ITOCKOCTH LUKJIOTPOH , OK 3bIB €T OoJiee CHJIbHOE BIUSHUE H M THHTHOE
I0JIE B MEM HHOM IVIOCKOCTH. DKCHEPUMEHT JIBHO UCCIIENOB JIOCh IB B PH HT .

B pu ur 1. lllynTHpoB HHE BEpXHEH CEKLUM HIDKHEH K TYLIKH BHEIIHUM CO-

nporusieHueM. Oct TouHblid ToK cekuuun 200 A. B aToM ciiyu € cMelieHue mydk

Puc. 9. ®@otorp ¢ust myux H JIOMHHO(OpE B BBHIBOAHOM I TpyOKe IpH 3 KOPOYEHHOI
HUXHEH CeKIIMU HUXHEH K TYIIKH OCHOBHOH OOMOTKH LUKJIOTPOH

Puc. 10. ®ororp ¢usg myyk H JIOMHHO- Puc. 11. dortorp ¢ust nmydk H JIOMH-
¢hope B BHIBOTHOM 1T TPYyOKe NPH HIYHTHPO- Hothope B BBIBOAHOM II TpyOKe IpH OT-
B HUM BEpXHEH CEKLMU HUXHEH K TYLUKH KJIIOYEHHOW BEpXHEH CEeKIMU HMXHEH K -
OCHOBHOI OOMOTKH LUKJIOTPOH (OCT TOY- TYLIKH OCHOBHOH OOMOTKH LMKJIOTPOH

HbI TOK 200 A)
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H JIIOMUHO(OpE B BBHIBOIHOM II TPYOKE YMeHbII ercst ¢ 16 MM (IIpU CUMMETpHY-
HOM BKJTIOYEHHH OOMOTKH IMKIJIOTPOH ) 10 2 MM (puc. 10).

B pu Hr 2. ITonHoe OTKITIOUEHHE BEepXHEH CeKIIMU HIXKHEH K TymKku. Tok ye-
pe3 OTKJIIUeHHYI0 cexuuioo p BeH 0 A. OTkIloYeHHEe BEpXHEW CeKLUHU K TYIIKU
MPUBOAUT T KX€ K T€OMETPHUUECKOMY CMEILEHHIO CepeUHbl HIKHEN K TYIIKU H
5 cM OT Meau HHOH IUIOCKOCTH LUKJIOTPOH . HecuMMeTpUYHOCTH MIIEp-BUTKOB
BEpXHE! U HUXHEH K TyleK cocT BudeT 9 %. Ilpu nonHoM OTKJIIOUEHUU BepXHeil
CeKI[MU TOK OCHOBHOI 0OMOTKH yBenuuus etcsi 10 1087 A. B atom cityu e my4ok
H XOOWTCS B LeHTpe JomuHodop (puc. 11), T.e. B cepeauHe HOHOIPOBOL .

B pu HT KOppeKLuH BEpTHUK JIBHOTO IOJIOXKEHMS My4K H BbIBOJAE MX LU-
kinotpoH HII-110 ¢ mOMOIIBI0 MOJTHOTO OTKJIIOYEHUS BEPXHEH CeKLUU HUXHEeH
K TYIIKA OCHOBHOH OOMOTKM NpPHHAT K K p Ooumii. B aToM ciiyd e mydok wmuer
[0 OCH MOHOIIPOBOA 6e3 BEpTHK JIHOIO YI1 OTKJIOHEHMS. DTO BHIHO IO JIO-
muHOGOpPY B I TpyOke BbiBOm (puc.11) m mpocdumoMepy, p CHOITOXKEHHOMY B
nepBoM OJI0Ke U THOCTHKH.

3AKJIIOYEHHUE

Jyist p 3MeIeHus] CUCTEMbl  KCH JIbHOM MHXKEKIMU B BEpXHei O JIKe U MoJoce
M tHUT wuKiIoTpoH [I-110 cnen HO Kcu JibHOE oTBepcTHe AU MeTpoM 300 MM.
HuxHuil nomoc M THUT T KOro K H J1 He uMmeeT. T K S CHUMMETpPHUS BBI3B JI
MOSBJIEHUE P I JIbHOI KOMIIOHEHTbl M THUTHOTO 10 B,., 4TO NpPUBEJIO K BepTU-
K JIPHOMY CMEIIEHHIO MyYK H KOHEYHOM p JIHyce YCKOpeHus 3 MM. M THUTHBIN
K H JI CUCTEMbI BBIBOA YCWJIUB €T CMEIIeHHe MydkK , B pPe3y/bT Te H JIIOMUHO-
¢ope B H 9 JIbHOW 4 CTH K H J1 TP HCHOPTUPOBKH CMEIICHHE OOCTHT eT 16 MM
BBEPX OTHOCHUTEJIBHO OCH MOHOIPOBOL .

JInd KOMIIEHC LU CMEIIEeHMs Iy4K B 30HE BBIBOJ MCIOJIB30B H 3(eKT
CMEIIeHNS] MeJi HHOH TIOCKOCTH 3 CYET HECUMMETPHUYHOTO BKJIIOUCHHUS BEpXHEN
1 HIDKHE! K TyIIeK OCHOBHOM OOMOTKH LIMKJIOTPOH . H iineH onTuM JIbHBI B pu-

HT KOMIICHC IIMHM BEPTHK JIBHOTO CMEIUICHUS MyYK ITyTeM OTKJIIOUeHHs BEepXHeu
CeKLIMU HIXXHEeH K TyHmKU. B pe3yiasT Te Tp eKTOpHUS BBIBEAEHHOIO IIy4K COBII JI
C OCbI0 MOHOMNPOBOJ . Iy coxp HeHus p O0Yero ypoBHS M THUTHOTO IOJS IPH
OTKJIIOUYEHUH OJHOM CEeKIUH TOK OOMOTKH ObuUT yBenmdeH ¢ 975 mo 1087 A.
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