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Beeoe11ue 

- HaxonrreHHLie 3KcnepHMeHTaJILHLie AaHHLie H Tpe6oBaHH.H 

COBpeMeHHOH TeOpHH pa3JIH'IHLIX .H,I\epHLIX npo:u;eCCOB B·AO· 

MHJIJIHap,I\HOH o6nacTH 3HeprHH y6e,I\HTeJILHO CBH,I\eTeJILCT· 

BYIOT 0 He06XO,I\HMOCT~ ,I\aJibHeiiwero yBeJIH'IeHH.H HHTeHCHB· 

HOCTeH KaK . nepBH'IHLIX ny'IKOB npOTOHOB, TaK H ny'IKOB 

BTOpH'IHLIX 'laCTHD; - 'eiiTpOHOB, 1T - H fl ,·Me30HOB, nonyqae-

MLIX Ha ycxopHTen.a:x. I/. . : · 
Jla6opaTopu.a: .HAepHLix npo6neM OH.HH B Te'leHHe no

cne,I\Hero ,I\eCXT~neTH.H Be,I\eT Hay'IHO:HCCJie,I\OBaTeJILCKYIO 

pa6oTy no CHJILHOTO'IHLIM npOTOHHLIM D;HKJIH'IeCKHM YCKOpH· 

Ten.a:M Ha 3Hepruro 700-900 M3B. B pa6oTe npHBOA.HTC.H 

OCHOBHLie TeopeTH'IeCKHe u· 3KCnepHMeHTaJILHLie ,I\aHHLie: 

,H BLIBO,I\LI H3 3THX HCCJie,I\OBaHHH. PaCCMOTpeHLinepcneKTH·

BLI ,I\anLHeiiwero pa3BHTH.H .3Toro HanpaBneHH.H ycxopHTenL

Hoii TexHHKH Ha ypoBHe coBpeMeHHoro cocTo.a:H.H.H npo6neMLI. 

IJ,aHLI HeKl>TOpLie cpaBHeHH.H C pe3ynL'TaTaMH p.H,I\a pa6oT 

B o6nacTH JIHHeiiHLIX y~xopuTeneii. ' ·-·' - ~ 

1. CuA&Homot~H&Ie rja3ompo11bl . 

HHTeHCHBHOCTL ny'IKOB Bcex AeiicTBYIOID;HX ~a3oTpOHOB 
Ha 3Hepruro 500-1000 M3B ne:>KHT B npe,I\enax 1 -:- 3 MKA. 

OrpaHH'IeHHe no TOKY npu 3TOM ypoBHe HHTeHCHBHOCTH 

B03HHKaeT B :u;eHTpanLHoii o6nacTH ycxop:HTen.a:, :rAe axcu

anLHa.H :>KeCTKOCTh (Q z) , , KOTOpag Onpe,I\eJI.HeTCR MarHHT· 

HOH CHCTeMOH, ~ MHHHMaJILHa, a nJIOTHOCTL 'laCTHD; nyqKa 

( K -)- • MaKCHMaJIL~a. 
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)J;n.a: Toro, 'IT06bl paccMoTpeTL TeopeTH'Iecx:H B03MO)KHble 
flYTH.YBenH'IeHH.Il HHTeHCHBHOCTH B clJa30TP_OHaX, npoaHanH3H-. 
pyeM BLipa)KeHHe, onpep;en.a:ro~Qee .. TOK- nyq:Ka B clJa3oTpoHe: 

· I = ~ K R 'R a z l1 t . · · 
. T ·- /1/ 

B Hepen.a:THBHCTCI<OM npH6nH)KeHHH npep;enLHble. nnoT- · 
HOCl'H 'laCTHD;, onpep;en.a:eMble MarHHTHOH CHCTeMOH YCI<OpH
Ten.a:, 

.::.: .!n_ Q2B·2 
K- ' m z 

0 

.:;2 *I 

He 3aBHCJIT OT pe)KHMa yci<opeHH.a:. 3p;ec~ m 0 - ¥acca noxo.a: 
· ,AaHHOH 'laC,THD;bl; fO;.. .AH:mei<TP_H'IeCI<a.a: npOHHD;aeMOCTL 

Bai<yyMa; a· - yrnoBa.a: npoTJI)KeHHOCTL crycTI<a, onpep;e~.a:e
Ma.a: yrnoBbiM pa3·MepoM cenapaTpHCLI. _ 

AI<cHanLHLiii pa3Mep nyqJ<a (z) onpep;en.a:eTc.a: 3cllcllei<THB
Hoii anepTypoii: MarHHTiioro non.a:, I<riTopag _He npeBbiWaeT 
-HeCI<OHbKHX CaHTHMeTpOB B 30He OTW~MM_HP_OBaHHOrO I<pae-
Boro non.a:. . 

.BenH'IHHa RR = EE ' · nponopu;HoHani.Ha a:Mn.riu-
e2c2B2(1+n) ... ·~ · ·· : .- ·-

Typ;e Hanpg)KeHHJI Ha YCI<Op.HIOIQeM 3nei<Tpop;e (V) H npa_'I<TH
'I_eCI<H He . 3aBHCHT- OT I<OHclJHrypau;HH MarHHTHOrO non.s;,· Tal< 

·~ai< 0,25 ~ l n l> ·o p;n.a:. -~cex cll~~~TPOHOB, r,D;e n=.!!. dB · • 
. . . ._ : B. dR 

3cllc~Jei<TH~HOCTL 3aXBaTa B clJa3~TP_OHHbiH pe)KHM YCI<OP_HTen.a:, 
•.. I<OTOpa.a: Xapai<TepH3yeTCJI OTHOWeliHeM BpeMeHH 3aXBaTa 
-?. (!1't) I< nepuop;y Mop;yn.a:u;HH {T) ,'-OllP~Aen.a:eTci·· .. clJa30BbiM 

'~. pe)KHMOM _H pacT~T nponopu;HOH~~LHO V ~' rp;e 

·. · E dill - n 1 
K =-- -=1- ----. 

(U dE l+n .. f32 

* - B - HH.AYI<D;HJI MarHHTHoro non.a: B T; ' Q z - ai<CHanLHaJI 
'laCTOTa CB060,AHbiX I<One6aHHH p;n.a: ny'II<a, ·Y I<OTOporo BbiCOTa 
Mana no CpaBHeHHIO C nonepe'IHbiMH pa3MepaMH. . 
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.ZJ;n.11 clJa30TpoHOB C a3HM}'TanbHO.O,AHOP_O.AHLIM MarHHTHLIM · 
noneM n H3MeHJieTc.a: B yKa3aHHoM BLiwe p;aana.1mie ,H Be-

· nH'IHHa K npai<TH'ICCKH o.ziaHaKOBa B.Aoni. pa,AHyca p;n.JI Bcex 
yci<opHTeneii 3aMHHOii 3HeprHH. - . . .. 

Tai<HM o6pa3oM, nepcnei<THBa yBenH'IeHHJIHHTeHCHBHOC
TH . .Ami clJa30TP_OHOB 3ai<niO'IaeTCJI_ . TOJILI<O _- B . yBenH>ieHHH . 
aMnnHTY.ALI ycxop.a:IO~Qero Ha.iip.a:)KeHH.a: Ha p;yauTe; Tai< I<ai< 
npe.ziEmbHaH i:moTHOCTL 'laCTHD;. B u;eHTpanbHOH .30He (K) _He 

- 3aBHCHT OT xapai<Tepa H3MeHeHHJI MarHHTHOrO. non.a: '/2/. 
Tai<oii nYTL y:Benu-.ieHa.a: auTeHcHBHocTa Bb16paH ivi.a: 

pei<oHCTPYJ<UHH clJa3oTpoHa UEPHa /2/, rp;e :Mo)Kuo · O)KH.AaTL. 
yBenH'IeHHJI HHTeHCHBHOCTH B COOTBeTCTBHH C :Jai<OHOM V a;; 
I<ai< no cnep;yeT .H3 /1/ .. _- .· . · _ · 
· __ · BTopoe cy~QecTBeHHoe ycoiiepweucTBOBaHHe clJa3oTp(mo:B 
3ai<niO'IaeTc.a: B yBena'leHHH I<o3cllc~Janueu'-ra BbiBO.Aa iiyqxa, 
I<OTOpoe 6a3HpyeTCJI Ha 'ucnonb30BaHHH ~OI<OBLIX HnH )Ke
ne3HO-TOI<OBbiX · MaJ:-HHTHbiX I<auano:B: CenTyM /To.IDiUt:ua 
nepe~HeH nnaCTHHbi/ T<ii<HX I<aHanoB He npeBbiWaeT 3 +6 MM, 

'ITO npH pereiiepaT.HBHoii -CHCTeMe p;aei 50+ 60<fo-HLIH I<03clJ
clJHu;HeHT BbiBO.Aa ny'II<a H3 ica!depw yci<opHTeni. -

Tai<ue I<aHanbl · pa3pa6aTb1Ba'IOTc.a: :B uacTo.a:IQee :BpeM.a: 
p;mi c1Ja3oTp(>HoB -UEPHa, KonyM6aiici<oro yliaBepcu1-eTa / 4/ 
H ,ZJ;y6Hbl /S/. ' -.- . . ., _ -· 

H3 .auanu3a BLipa)KeHu.a: /1/- cnep;yeT, -.iTo cy~QecT:ByeT 
eiD;e op;uu nyTL. yBena'leH:Iix HHTelicaBHocTil a (iJa3oTpoHax, 
I<oTopblii · 3ai<nroqaeTcx :8 npu6nu:>Keuau· c'i'pyi<Typi.I M:arHHTHo
ro nonx clla3oTpoua I< ·-MarHHTHo:My nomo H3oxpoH:Horo nukno
Tpoua: ·cTeneHb 3Toro npuGnu)Keii:Hx: qacneu:Ho xapai<n;pll-

. ..... , ., '· . .,_. : ' 

3yeTCJl BenH'IHHOH napaMeTpa K,_ 3Ha'leHHe I<OToporo p;nx 
pacTy~Qero B.AOnb pap;uyca cpep;Hero MarH~ITHoro non.a: 
Bcerp;a MeHLwe e,AHHHD;bl. 

YBena'leH:Iie_BenH'IHHbl K Hapxp;y c yBenH'IeHHCM 3cll-
. clJei<THBHocTu 3axBaTa npHBO.AHT I< 'y:MeiiLweHHIQ p;aana3oHa 
H3MeHeHHJl 'lacTOTbl yci<opxro~Qero minpx~eHHJl clJa3oTpo:Ha 
_B B 0 I BOp· pa~, rp;e Bo , B 0 P - HH.AYI<nlix : B u;eHTpe. 
YCI<OP_HTenJl .AO H nocne pei<OHCTP_YI<D;HH MarHHTHOH CHCTeMbl 
/npu it>ui<cupoBa:HuoB:· xoHe'liiOii 3Hephlu tiaciiui/. - · 

. :3To" yMeHLWeHHe :nuai:ra3oHa iiacT.OT CYIQeCTBeHII,o· o6-
nerqaeT_ npo6n:eMY yBenH'IeH~x, . aM,nnHTY.Ahl .. ~ci<op_xro~Qero 
uanp.a:)Keliux Iia ,nyauTe. 'ITO .a:BnseTcx neuTpanLiloii 3ap;a-.Ieii 

.: ... ~ -_ . . ; " .:· . '- .- ~ - . . ~ ' 
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-~.z~ml ~·lOTpOHO~. :c a3HMY'!'a~hHO OAHOPO~DIM nOJi~:M, rA; -~. 
· ··:a cnyqae· nepecrpoiixu qacToT ycxopJuo~ero Hanps)l(eHus .. · .. 

:MacwTa6a · fo/ f k ·== 2 xoHc'fpyx:u;iu BapuaTopa ·':lacToTDl ·· 
CTaBHT orpaHH~e-HHe. ~a nonyqeHHe Heo6XOAHMDIX aMnJIH~y.zi 
BDICOKoqaCTOTHOrO Hanpg)l(eHHil. ~OCT cpeAHeif HH~yKD;HH 
MarHHTHOrO riOJIJI .BAOJib paAHyca t}!a30TPOHa:.:onpeAeJIJieT 
He06XOAHMOCTh: HCDOJih30BaHHJI npocTpaHCTBeHHoii BapHaD;HH 
·:Hanps)l(eHHOCTB nons AJIJI o6ecne'leHHJI · axcuaJIJ.Hoii ycToii-
'IHBOCTH qacra:u; B npo:u;ecce ycxopeHHJl~. . . . 

;;-. . - . ... 
'· TeopHH ycTOH'IHBOCTH. B TaKHX cTpyxTypax noneii no cBs-
. ~eHDI · MHoroqucneiiHDie~ pa6oTDI xax B .Haweii cTpaHe, Tax 
.. u 3a py6e)l(oM /6/. -Cnupan:bH~>Ie cTpyxT.ypDI MarHinH~>Ix' 

llOJieH HCllOJih3YIOTCJI npH peKOHCTpyKD;HH .llia:foTpOHOB B lla-
. 6opaTopHH · sAePHLIX npo6neM /.D;y6Ha/ H na6opaTopli:H N~vis 
/H~>IO-Hopx/ /7/:Te'opeT:a-.iec:Koe ·paccMoTpeiiue noxa3DIBa
eT~:.,'ITo HCfiOllh30BaiiHe MarHHT~DIX noiJ:eii CO~ cJiHpaJihHOH .. 

• cTpyxTypoii . xa:K c:PeAcTaa · yBenu-.ieHHJI i"oxa ycxopeHHDIX 
qacTH:u; ~3oipoH:o:B o6na:~ae-f O'IEHih wupoKHMH nepcnexTHBa- ,.,, " · 

. MH · BnnoT:b·;:ir.o , co3Aailus Ha noM-npHH:u;um! ycK~>JlHTeneii 
~;~ c: . ~Ba3uaenpkpDIBHDiM pe:>Ki~MoM ·.yca(~peHus. T8.xoii pe)Ku:M 

B03MO)I(eH: A.h cnyqas, .xor~a ·· 3aKoH u3~e:HeHHJI cpeAHeii 
. HHAYKD;HH MarHHTHOro. nOJIJI BAOJih 'pa.Il:uyca aecl:.Ma 6JIH30K 
K H3oxpoHHOMY 3aKOHy.Ec.riH o603Ha'IHTh qepe3 1\(r) ·.pyHK· 
n810, · :co~l-BeTcTBYJP~Yio u3oxpoHu3'~.ty 3aMxliyTDix · · op6uT: 
.nns :Bcero AH~tna3oHa :mepruB:, ~ B ( r) · . ·..: oncnoueHHe oT · 
noro 3axoHa B t}!a30TPOHHOM · pe)I(HMe "ycxopeHHa · BAOJih 
paAHyca, TO HeTPYAH'o· y6eAHThCJI, 'ITO. np~ YCJIOBHH K<l. 

• • • ': » • • 

HMeeT MeCTO paBeHCTBO:. 
....... . 1 ' . 
,·..iUl = -- K n 

B 2 u u . 
rAe 

IlpH :noM, ec~H ~3Ha'leHHe K 

K <·a eV· 
·- EfJ4 , 

'2 
fJ ... 

n = . 2 • 
u. ''1- t:l 
» ~ - ·' 

/3/ 

He npeBDIW~eT BeiiH'IHHhl 

/4/ 

rAe o - K03tPtPH:u;HeHT MacniTa6a ·eAHHii:u;w, To 6y.zie'l-· HM~Th 
MeCTO KBa3HHe.npepDIBHLIH .tlJa30TpOHHDIH pe)I(HM: .ycKope-
HHJI /8/ . . . . . . . 

Oc~oBHDIMH ,·ocoGeHHoc'f s:Mu ~ax~ro ·nux.rioTpoHHo .:.pa3o -. 
TpOHHoro'pe~Ma ycxopeHHJI JIBJISIOTCJI HeKpHTH'IHOCTh K 

6. 

""""' ,· .... : ~ 

.I. 

""' 

.,.. ·'".,'· 

::;. 
c.· 

,, 

-~·-

·, 

·-

aMnJIHTYAe~ ycxopsw~ero. Hanpg)l(eHHJI /B ripeAenax aepa- ·: 
BeHCTBa 4/ H qpe3BDI'IaHHO 'Y3KaJI nonoca·· 'laCTOTHOH Mo-:' ·. 

. - _... . --· ~ . ""' ·~·· . . : 
AYJIJID;HH, .. - ;. 

~ 

~ f. :· = .!. K fJ 2. ~ 
-T ... 2 . 

··/5/ 
..> 

. . . . ~-: ... 

KOT~pag BO M;HOrHX CJiy~a-~X MO)I(En '6~Th OC~~CTBJieHa 
MeTOAaMH 3JieKTpOHHKH. :" . . . . 

B. aacTOJI~ee BpeM.H: noxa OTCYTCTBYIDT xa:Kue-:iiH6o 
3Kcnepa:MeHTaJihHDie pe3ynhTaTi.J: no oc~eCTBJieHHIO .onu-
caiiHoro_ pe)I(HMa ycxopeHHJI:,_ . . , , 

'y 

2. CuAblwmo~Hbre u3oxpo~u_:~re f.IUKAompoHb~ 

.0nHCaHHDie ·. BDIWe B03MO)I(HOC_TH, -,KOTOpDie 3aKJIIO'IeHDI 
B t}!a3oT.pOHHOM MeTOAe·'ycxopeHHJI, no3B_OJIJIIDT y)l(e Ha ce

·roAHJIWHHH AeHh yBeJIH'IHTh~CpeAHHHITOK qaCTHD; B TaKHX 
ycxopHTeJIJIX AO 20 +50 M KA. ·. .. . 

IlpH6JIH>KEmHe K. D;HKJIOTpOHHO,.t}!a30TpOHHOMY pe)I(HMY 
yBenH'IHT.. n'oT npeAeJI ;~e~e npu6nH3HTeJih.HO · :Ha · nopsAOK. · 
)J;aJI:bHeiiwee· yBeJIH'IeHHe iHHTeHCHBHOCTH B ·.pa30TpOHaX C 
lli -o6pa3HDIM MarHHTOM HaTaJIKHBaeTCJl Ha npHHUHllHaJihHDie 
orpaHH'IeHHJI, KOTOpDie CBJI3aHDI: c· 3tPtPC_KTaMH npocTpaHCT-, . 

.. . : 

BeHHoro 3apsAa nyqxa. . . .;>. • .· 

. _)J;JIJI . ocn~6JieHHJI :noro. orpaHH'IeHHJI .B llafiopaTOPHH 
sAepHhiX npo6neM .OH.HH 61.in · npeAno>KeH H:oBDIH. THn. ycxO
pH~eriH - .TaK Ha3DIBaeMWH ~:u;HKJIOTpOH. c )I(~CTKOH t}!oxycH
pOBKOH /9/, ~ns xo-x;oporo ~ TeopeTH'Iec:Ku, a -·3aTeM 3xcne;. 
pHMeHTanb'Ho /IO/ 6Dina Aoxa3aHa :Bo3Mo>KnocT~>·coBMe~e
HHJI :H30Xp~HHO~TH 3a~KHYT1d~ op6HT ,H ')l(eCTKOB ·tPOKYCH-:;. _ 
pou'xa * · · :B wupoxoM ·.n:uana3oHe 3Hephi:ii.' .· · · · ·. ·· · · - _ ··' .· . 
. 0CHOBHDie pe3yJihTaTLI 'TeopeTH'IeCKHX, HCCJieAOBaHHH · 

.. CBOAJITCJI K CJieAYIO~QeMy. B MarHHTHhiX .ll.OJIJIX BHAa 
• ... ' • • • • ~ • .:. ~. • .. • • > ' ••• 

•. Bz · ... B(r) ( 1 + £'F (r, ¢)] ~l 

/6/;~--

~~, 

* IloA · )l(ecTxoll!oxycupyw~eii rioApa3yMeBaeTcs·MarHiiT
HaJI CHCTeMa~. A~JI. KOTOp_o~. Q r:,u_Qz .()~JI~W~~eAHHHIJ;~," 
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/r11.e. c -. rny6HHa.Bapiia:nHH·nomi, .f( r, ;p) - nepH01J.H· 
'leCKaK li!YHKnHK no r H ¢/, .1J.HHaMHKa 1J.BIDKeHHH 'laCTHn .. 
cy~eCTBeHHO OTnH'IaeTCK OT JiBH)I{eiiHK B a3HMyTanLH0::-.01J.HO
po.nHLIX nonKx. OcHoimLIMH oTnHiiHKMH KBnKIDTCK: 

a/ yBenH'IeHHe ·1J.(mycni:Moii 3HeprHH nonepe>iHLIX Ko~e-
6aHHH · npH li!HKCHpOBaHHOH aMnnHTyp;e /yBenH'IeHHe :>KeCT.-
KOCTH/; . . . . . . . 

f,/ yn.rioTHeHHe. HMnynLCOB ycKopK~MLIX ·qacTHn, :KoTopoe 
. cB01J.HTCK · K yBenHqeHHID . .u;Hana3oHa 3Ha-.ie_HHii. HMnyni.ca 

B 3a1J,aHHOM o6'LeMe MarHHTHOro nonK; . . . .. . . 

B/ OC~a6neHHe CBK3H M~)i(.u;y nepH~1J.OM o6pa~eHHK H~HOB 
Ha 3aMKHYTLIX op6HTaX H ycnOBHKMH-YCTOH'IHBOCTH. 

3TH TeopeTH'IeCKHf;! BLIB01J.LI 6LinH nop;TBep:>K)I;eHLI Ha . 
1J.BYX .Mo.u;enKX_ H30XpOHHOrO nHknoTpOHa CO cnHpallLHOH 
cTpyK'iyp~ii MariiHTHoro nonK, nocTpoeHHLIX Bna6opaTopHH. 

., . 
il 
J 

' 'I) . 
't 

-~ 

.• 

Ha nepBoii. M01J.enil 6LinH _ycKopeHLI ·1J.eiiTpoHLI1J.O 3HeprHH 
12 M3B, npH 3TOM MHHHManLHaK aMnnHTy1J,a BLICOKO'IaCTOT
HOrO HanpK:>KeHHK Ha ·1J.YaHTe COCTaBnKna BCero3 KB f 11f. 
TaKHM cnoco6oM 3KcnepHMeHTanLHO ua coBpeMeHHOM ypoB- ' 
He. WHMMHpOBaHHK H CTa6HriH~anHH MarHHTHOrO nonK. 6Lina .. 
n01J.TBep>K,D.eHa B03MO:>KHOCTL nHKnOTpOHHOrO yCKOpeHHK B . 

Te'leHHe .. 6onee. 'leM 2000 o6opOTOB ·nHKna. 0611\HH BH1J. no-
-~.: nrocuoro HaKoHeqHHKa· 3Toro ycKOPHTenK npHBelJ.eH Ha pHc.1. · • 

\ . . . ~- . -· . . '' ~ ' 

·--

BTopaK MO.IienL - H30XpOHHLIH nHKnOTpOH' C :>KeCTKOH 
li!oKyCHPOBKOii -. npe1J,Ha3uaqanaci. 1J,nK 3KCnepHMeHTa)ILHOH 
npoBepKH . B03MO:>KHOCTH . ycKopeHHK npOTOHHbiX ; ny<iKOB B 
n:H:KnoTpOHHOM · pe:>KHMe BnnoTI. .u;o ToKo:B 100 MA. 06muii 
BH1J. H o6MoTKH :Mo11.enH noKa3aliLI ua pHc.· 2 H 3. 

B .. cTaTH'IeCKOM ·cnyqae 1J.HHaMH'Ieci<oe no1J.06He·npoToHa · 
H 3neKTpOHa B MarHHTHOM none OCHOBaHO Ha ypaBHeHiiH~ 
1J.BH:>KeHHK 

..t R . (. ii X _!!_ ) ' ~= e ,... m · 
dt 

fJ=.!.. 
c ' 

H, CJie,IJ;OBaTenLHO, HMeeT BH1J. 

(1L) =(:.:.!!) 
:"!_e. _m_p 

.u;nK Bcero 1J.Hana3oiia M01J.YnK cKopocTH.I vI : 

8 

'/7/' 

/8/ 

n, 
) . 

11' 
l'l 

·\ 

PHC. i. IloniOCHLIH HaKOHe'IHHK. 

· P~~- 2~ 06muii BH1J. Mo.i\enH:· 
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·Puc. 3. ToxoBwe ,[lHCKH Mo.nenu. 

•. 

Y'leT xyrioHOBC~9rO nong. H npoiieccw yc_KopeHHH cy-: ··. 
~ecTBeHHO ycrio:>KHHIDT . 3TOT xpHTepHii rioJ:\o6HH. ; .. O.nlltu~o · . , 
.nnH xa)K,[loro orpaHHiiHBaro~ero .. MexaHH3Ma ero Mo:>KHo 
cil!opMyJIHpOBa TL · Ha' · yp(>BHe · . .noc,;ToBepHOCTH. H3y'l{aeMoro : 

·-. -3~exTa. ;Tax, ecnH npe,zinono~HTL, 'ITo oclioBHLIM orpa:HH_- _·. 
' ·'qHBaiO~HM · JIJI<?THOCT~ 'li~Ka -3~eKT_oM·: ·g:BnHeTCH. nonepe'l;:: -~ . 

HOe ·paCTllJIKHBaHHe KYJIOHOBCKHM none:M, .. TO npH O,[lHHaJ\OBOH; 
:>KeCTKOCTH H reoMeTpHH·llY'lKa KpH.TepHeM.HO,[l06HH ,[lJIH3:ro~·.-
-ro 3~eKTa 6y.neT BLipa:>KeH:He.::· _,. · ··; · ·· .• .- ~·--

~: =·_:vr· fr-. .. : :: , -: .. :. _· . . ,1~1 ·~_: ~ . 
1 v .f . ., . .. . 

. _,, _ , . e _ .-:.·: e _.e.- :-- . __ ;:. · :, . . .,. • .·· . _;·. 
II pH. ,[lOCTHrHyTOM ·.. Ha . 3JieKTpOHHhii . MO,[leJIH· 'UHKJIOTpoHa 
c ,.CecTKOii !lloxycHpOBKOH: /~12/._ TOKe f MA' B np<>TOHHLIX' 
ycKopHTenH'X, KaK 3TO ·ciJe.ny_eT>Ii3 /9/:~ B<hMo~o nonyqeuHe/· 
TOKOB<onn9TL .no· 200·300 :.WX6e3 orpaHHq·eHHH. no~3~eK~r< 
"nonep~'IHO:I:O" npOCTP,~H~TBeHHOrO 3apH,ll~~ 

,. 

10-

•. 

;., ~ . 

•. .• 

. .. ;·,\-

IIpe.nenLHag HHTeHCHBHOCTL ny'IKa MacinTa6a 100 MA 
llpH 3HeprHH ,[10 ·1 T3B llpHBO,[lHT. K llOHBmrHHIO pH,[la ·npo6neM · < , •. 
cneuHil!H'Iecxoro xapaxiepa. K qHcny TaKux npo6n~-M B ~ep-

... BYIO oqepe,[lL ·· OTHOCHTCH ·3a,[la'la CTOnpoueHTHOrO BLIBO,[la l. 
ll~Ka. H3 KaMepLI . yCKOpHTE;JIH, TaK KaK_. MO~HOCTL llY'IKa 

•• <- ·- • -. ' .. . • • • • --- .. .. 

· ,[lOCTHraeT. COTHH MeraBa TT. . ·. . , 
Haii.l\eHHLiii B na6opaTOPHH 3'tw>eKT pa~wHpeHHH 3aMKHy

TLIX .op6HT B. nepHO,[l.H'leCKHX_ -M8:rHiiTHLIX noJig'x/13/_ n_o3Bo· 
JIHT,' KaK HaM. Ka:>KeTCH, peWHTL 3TY npo6neMy. 3~eKT 

-· ocuoBau ua 3aBHCHMOCTH Ko3~HuiieHTa pacwHpeHHH .3aMK-· 
~ . . . .. ~ . . .... : . . . . .. -

:... · . · · p· d·L : · 
· HYTLIX op6HT- (.( ---.\~· 

.. 
OTH3MeHeHHH BapHaUHH MarHHT~ · 

. _;· ..... . '"-~ ... ' ,• . . . · ·.· . · -· _·. L dp "·:· 

H_oro. nong '. :. ( ·dd E ) : r.ne L - . ,[lJIHHa ;: 3aMKHYTOii. op6HTLI. : 
. r 

, .• r .. 

• ::c · B MarHHTHLIX nomix · Tima /6/ ~pe;i:uuii pa.nHyc · 3aMKHY ~ -~ 
··~,Toii op6HTLI .nnil 'laCTHULI Hl.niynLca · p .· uaxo.nHic:S:'H3 BLipa;;·;: 

>i<eHHH .:: : .. :· · " ' ~- . 
-·~ 

p = eB(R.)R A, c. c ··. /10/. 
- .. , ~- ~_;.,...,--

r.ne R - cpe,[lHHii. pa.nuyc 3aMKHYTOii op61iTw; A ~ napa-
MeTp, K~TOPLIH 'Onpe.zienHeTCH nepHO,[lH'leCKOii. {N) -qaciLro'· 
CTpyKTypLI. llOJIH .. /6/ H-~O:>KeT 6MTL npe,[lCTaBJieH .B BH,[le 

:: . 1 1 ·. : E2 : .3 . . .. . . d &i i . . -1 :_ ' . 
· A=.y+v'4+-_-2<2~o~t .d fuR )+O(N4)~- '-/ll/-

.. - . . .. ~ N . .. . . . . .. , . : . . .. . ' ,. . . 
fipH onpe.neneHHH ,[lJIHHLI 3aMKHYTOH op6HTLI no·cpe,[lHeMy 

pa.nHycy H3 /11/ cne.nyel-: . · ~~ :· · .. . . 

• p doL 
rrp 

1: ~ . 
=. . - . . R .·· dA .. . -~ /12/ 

'y· .l+._n + "X---dR ., . 
3TOT pe3yJii.TaT y~~3LIBaeT Ha.B03MO:>KHOCTL .cy~eCTBeHHO~ 
ro perynHpOBaHHH K03~HUHeiiTa paCWHpeHHJI op6HTLI B6JIH· 
.3H 3Ha'leHHH ·. 

R dA . .. (1. ) . 
- -::_:- +O • 

. _ ,A dR · . . · '-,··. _ . _ . .. . ..... .. . 

,;;;", • 

B cTaTH'IeCKOM pe:>KHMe··3HepreTH'lec;Koe pa3.neneHHe -3aMK
HYTLIX op6HT yBeJIH'IHBa'eT~CH B 20750. pa3. TaKHM .o6pa-
30M, 3ToT pe:>KHM ll03BonJieT_ ·padimpHTL. 3aMKHYTLie op6HTbi ·~' 

.. . . . . . . .. 
... ~ ...... ; __ 

II 



·-
· 6e3 HCKa:lKeHHJI 4JopMi.J: 3MHTaHCOB nyqKa. IlpH HCnOJIL30Ba

HHH peJoHaHcHLIX MeTo.u;oa BLiao.u;a, KaK HJBeCTHo /14/ · 4Jop-
- ~ . . ' 

Ma 3MHTaHca HCKa:lKaeTCJI. 
,D;uHaMH'Iec:Kuii pe>KHM 3Toro .34xiJeKTa J_IeCKOJILKO OTJIH-

qaeTcH OT CTaTH'IeCKOro, O.D;HaKO OCHOBHOH BLIBO.D; 0 B03-
MO:lKHOCTH . yaeim'leHHJI 3HepreTH'IeCKOrO. mara· 3aMKHYTOH 
op6HTLI ·a 207 50 pa3 'coxpaHHeTcJI. · · 

Cne.u;yro~eii BeCLMa Ba:lKHOH npo6neMoii .D;JIJI TaKHX CHJIL-
HOTO'IHLIX ycKopuTeneii 6y.u;eT .JIBJIJITLCJI :Ko34xiJuuueHT noneJ-
HOrO .D;eHCTBHJI. IlpH MOlllHOCTJIX B YCKOpeHHOM nyqKe, 6JIH3-
KHX K 100 MB111,3TOT K034xiJHUHeHT 6y,u;e'i UeJIHKOM onpe.u;e
JIJITLCJI BLICOKO'IaCTOTHoii MOlllHOCTLIO, BKna.u;LI :lKe acex 
BCnOMOraTeJILHLIX 3HepreTH'IeCKHX CHCTeM /MarHHT, aa
KYYMHaJI cucTeMa u .u;p./ npeHe6pe:>KH:Mo ManLI. Ko34xiJuuueHT 
noJie3HOrO ,D;eHCTBHJI COBpeMeHHLIX JiaMnOBLIX reHepaTOpOB 
:B HHTepecyro~eM Hac .u;uanaJoHe qacToT cocTaanHeT 70 -;:-. 
7 750/o /15~ BLICOKO'IaCTOTHLie noTepH B pe3oHaTopax npH 
aMnnuTy.u;e ycKopHIOlllero HanpH:lKeHHJI 200 7 400 KBHe npe
BLiwaroT 50.7200 KBm, a 3TO npeHe6pe:>KHMO Mano no cpaa
HeHHIO c MO~HOCTLIO, nepe.u;aaaeMoii ny'IKY ~ TaKHM o6pa3oM, 
KII,D; KOJILUeBoro HJoxpoHHoro UHKJIOTpoHa c )KeCTKoii 4Jo
KycupoBKoii .u;on:>KeH 6LITL 6JIH30K K KII,D; BLicoJ<oqacTOTHoro 
reHepaTopa. ·. · ' 

AHanorH'IHLie •. napaMeTpLI ycKopeHHOro 'n}r<IKa MO:lKHO ' 
· nony'IHTL Ha npoTOHHLix iiuHeiiiiLix ycKopuTeJIHX HenpepLIB
Horo .u;eiicTBHH. HJ.BeCTHo, 'ITO nyqw:n:e JIHHeiiHLie npoT~H~Lie 
yCKOpHTeJIH y:>Ke B HaCTOJilllee BpeMJI HMeiOT HMnyJILCHLie 
TOKH · MaCuiTa6a 200 MA 1161. O.u;liaKO HMnyJILCHLie· rlOTepH 
y TaKHX ycKopuTeneii cocTaBJIJIIOT 40 MBm /17 <'ITO CYlllecr
BeHHO CKa:lKeTCJI Ha KII)J; ycxopHTeJIJI H CHCTeMaX OXJia)K,D;e-
HHJI npH HenpepLIBHOM pe:>KHMe YCKOpeHHJI. _ . 

KaK .u;nH KonLneaLix, TaK. u .u;nH nuHeiiHLix MawuH aoJ
HHKaeT npo6neMa · 4Ja3HpoBKH ycKopJIIOlllHX pe3oHaTopoa npu 
6onLwux Harpy3Kax ny'IKoM: 3-ta npo6neMa, no Hawe:M:y 
MHeHHro, TaK:>Ke pewaeTCJI cyllleCTBeHHO npollle · .D;JIJI KOJILUe
BLIX MaWHH, 'leM .D;JIJI JIHHeHHLIX no pH.D;Y npH'IHH: 

a/ KOJIH'IeCTBO pe30HaTOpOB B 50 7100 pa3 MeHLWe; 
6/ aMnJIHTy.u;a ycKopHIOlllero HanpH:>KeHHJI .a HecKoJii.Ko 

pa3 HH)Ke; ~-- ,. ' 
. a/ co6cTaeHHaH qacToTa pe3o'Ha'ropoa HHJKa. .:·- ~- :,:. -1~~- _- . -· . 
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3TH coo6pa)l{eHHJI 6LIJIH nonmKeHLI B OCHOBY UHKJia HCCJie-' 
_.D;OBaHHH no pa3pa60TKe CHJILHOTO'IHOH UHKJIH'IeCKOH Me3_0H
HOH 4Ja()puKu-"cynepu:HKJioTpoHa" Ha 3He.pruro 800 M3B.npu -
HHTeHcHBHocTH npoTOHHOro nyqKa 10-lOO ~MA B Ta6JIHue 
npllae.IJ;eHhl napa:MeTpLI TaKoro 'yc:KopuTenH. · 

· . B KaqecTae HH;Ke:i<Topa .D;JIJI 3Toro ycKopuTeJIH npe.u;no-, 
n~raeTcH ucnonL3oaan~ nuHeiiHLiii ycKopuTenL HenpepLIBHo:: 
ro .IJ;eiicTBHJI /13/. · . . . 

., 

3. K - Me3oHHbre zeHepamopbr . 

0TCYTCTBHe .IJ;HHaMH'IeCKO~O- nO.IJ;06HJI op6HT B' H30XpOH~ 
HLIX UHKJIOTpOHaX cy~eCTBeHHO :iaTpy.D;HJieT HX HCnOJIL30Ba
HHe a o6nacTll 3~epr._uu 17 6 T3B. IIo'nLITKH npoxo)K.D;eHHJI 
B _npouecce ycKopeHHJI qacTHU. u_em)qucneHHLIX peJoHaHcoa · 
CBJ13aHLI CO 3Ha'IHTeJILHLIM yBeJIH'IeHHeM MOlllHOCTH BLICOKO
'IaCTOTHOH CHCTeMLI. YCKOpHTeJIJio KOTOpa.Ji .zioJI:>KHa o6ecne
'IHBaTL B 3TOM CJiyqae Ha6op 3HeprHH a·,u;eCJITKH Mera-· · 
3nei<TpOH -aonLT Ha· Ka:lK.D;OM o6opoTe. · CoJ.,u;a:Hue ·· cuc'TeMLI · 
H3 ·HeCKOJILKHX nocJie.IJ;OBaTeJILHLIX ycKOpHTeneii C ·Ha6opOM 
:meprHH 1 T3B Ha Ka)K.D;OM H3 HHX 3HaqHTeJILHO y,u;opO:lKaeT 
KOMnJieKC B UeJIOM; . ;. :< . ' . ::: 
· · . ·O.IJ;HaKo HMeeTcx· mipe.IJ;eneHHaH ao3Mo:>KHocTL, Koiopag . 
.IJ;On:lKHa 6LITL .IJ;eTaJILHO paccM{).TpeHa, eCJIH npo6ne:Ma CHJIL
HOToqHLIX K ·Me30HHLIX 4a6pHK CTaHeT aKTyaJILHOH. 3Ta 
B03MO:>KHOCTL 6a3HpyeTCJI Ha CBOHCTBaX 3aMKHY,TblX op6HT 
a nepuo.IJ;H'IecKux cTpyKTypax,· c H3MeHHIOllleiic1i.-:aapuiu~ueii · 
MarHiiTHOro nong ( ( r). . . . 

0CHO.BHOH BKJia.D; B HapyWeHHe .IJ;HHaMH'IeCKOrO no,IJ;o6u.Ji 
B npouecce ,ycKopeHHJI BHOCHT HJMeHeHHe aenH'IHHLI n; 'ITO 
onpe,IJ;eJIJieTCJI Tpe6oBaHHeM H30XpOHHOCTH · .. Ha 3aMKHYTLIX 
op6uTax. · · ' · 

06LI'IHO .IJ;JIJI :H3oxpOHHLIX UHKJIOTpOHOB. pewaeTCJI npJIMaa . 
3a,IJ;aqa: npH pocTe .cpe.u;Hero 3Ha'leHHJI HH.IJ;YK~HH noJIJI B.D;OJIL .,·· 

. pa.IJ;uyca -YCKOpHTeJIJI no.ziGupaeTCJI Heo6XO.D;HMaJI 4JyHKUHH 
c F /eM. /6//, Ilpu KoTopoii o6ecnequaae'icx npocTpa:HcT
BeHHaJI. ycToii'IHBOCTL. O.u;HaK.? .D;JIJI "H~6on~1uux··H~MeHeHHii: ,._ 
·'{3 B03MO:lKHa o6paTHaJI . 3a,IJ;aqa, npH KOT~poii OCHOBHLIM 
Tpe6oBaHHeM :ganJieTC~ ycJIOBHe fl = Const ,npH KOTOpOM nerKO 
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Ta6nnua 

3aepi'HSI ·yeKopeHHbiX npoTOHOB (MaB) 
ToK yeKopeHHhiX npoToHoB ( MA) 
3aeprnst HH:>KeKTHpyeMbiX npoTOHOB ( MaB) 
LJaeTOTa aKeH~WbllbiX KOne6aHHH Q z 
LJaeTOTa p8AH8nhHbiX KOne6aHHH 
PaAnye HH>KeKUHH (eM) 
CpeAHee none Ha paAnyee HlDKeKUHH (re) 
KoHe'IHhiH paAnye (eM) 
CpeAHee none aa KOHe'IHOM paAnyee (fe) 
H a6op aaeprnn: a a o6opoT ( MaB) 
LJaeToTa o6pameHn:SI n:oaoa ( Mfu) 
LJaeToTa yeKops:iromero HanpstJKeHn:st (Mfu). 
LJn:eno yeKopstromux npoMeJKyTKOB 
H anpstJKeHn:e Ha peaoHaTope ( KB) 
a·hieOKO'IaeTOTH8SI MOmHoeTb ( MBT) 
LJileno eeKTopoa 
nn:aMeTp M8I'HIIT8 no SIPMY (eM) 
BhieoTa MarHn:Ta. {eM) 
Bee Marrin:Ta {T) 
MomaoeTb nn:TaHn:SI MarH~Ta {KBT) . 
M omHoeTb B LJ noTe ph a 

. peaoaaTopax (KBT) 
MomHoeTb ny'!Ka (MBT) 
Koa¢¢nun:eHT BhiBOAa ny'IKa 
U3 KaMepbi ( %) 
TioTepn UHTeHeUBHOeTU ny'IK8 
a npoueeee yeKopeHn:SI 

14 • 
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800 
10:..1oo 
50 
1,3-t1 ,4 
2 > Q r> 1 
240 
4270 
650'· 
7500 
2,0 
6,2 

49,,6 
8 
250 
76 
8 
1900 
560 
3450 
1750 

1000 
8-t80 

100 

10-4 

~ 

· ,IJ;OCTHraeTC.JI ,IJ;HHaMH'Iecxoe no~o6ue· op6HT / Q r , Qz:, constf; · 
Ilpu 3TOM ycnoBiie H3o:X:poHHOCTH 3aMKHYTbiX op6.HT ocHOBbi
ItaeTc.JI Ha Bbi6ope ciJyHxuuu £ F H onpep;emieTc.JI H3MeHeHHeM 
ciJopMbl H K03cllciJH~HeHTa ynnOTHeH:i.ui . 3aMKHYTbiX. op6HT Ha 

· pa3nH'IHblX·pap;uycax: 

·"-o. u n+l Yn f3 n 
- (-) = ...;..!~.(-), 
,\ uo y . f3 0 

.. 
/13/ 

1 . . 
rp;e y = , L =277Rcu 

yl-{32 . 
. U- K03cllciJHuHeHT yp;nH-

HeHHH- op6HT, CB.JI'3aHHblH C nepHO,IJ;H'IHOCTblO CTpyKTypbl no-
n.JI. • .· . . . 

Kax noKa3aHo B pa6oTe /l 9/,· TaKa.JI B03MO~OCTL cy
mecTByeT H. MO)I(eT 6b1Tb peanH30BaHa .i:vJg CHnbHOTO'IHbiX 

. K -Me30HHblx i}la6pux. · 

. 3aKAio"'eilue 

HacTOHIUa.JI cTaTb.JI He npeieH,ilyeT~Ha nonHoe nepequc
neuue · 3ap;aq, B03HHxaronu~x npu pa3pa6oTKe cunbHOTO'IHbix 
Me30HHbiX clJa6pHK. B Heii OTpa)l(eHbl rnaBHble npo6neMbl, 
no MHeHHlO aBTOpOB, Kacarouuiecg·'TonbKO ciJH3HKH ycxope
HH.JI· qacTHU. lioni.woii.xpyr npo6neM TeXHH'Iec:Koro xapaxTe
pa. HHKaK He 3aTparHBaeTc.JI, O,IJ;HaKo OllbiT pa3pa60TKH 
:Me3oHHbiX clJa6pux. yxa3blBaeT Ha B03MO)I(HOCTb ux peweHH.JI 
y)l(e 11a coBpeMeHH?M ypoBHe • 

.y 
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