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CosAauae B BBOA a AeAcTBBe naTBaAUST& neT TOMY uasau a CoaeTCttoM Co~e a·a 

·cE[A nepBYX MOWBI>IX ycttopBTeneft ~SCTRH Be. eueprRH npoTOBOB R 9H9KTpoBOB B C9TBR 
. . Ill . 
. Me oTxpwna · nepeA. y~eii:.&IMB coBepmeauo uoawe B03MOlKBOCTR nna accneAOBaHRA B ot5-

. '~.R cjla3RKR 8TOMB0r0 BApa. 3~ ~pBBeJlO It pol!<A8HR.; BOSOA uayKH - ~B3RitR ~SCTBll --
cottax auepraa, aauxMaiOIBeAca ua;y~euaeM CTpyxTypi;J R csoltcTB cllYHit.aueaTan&awx 'laOTIIIl, 

BhlgCBGBR&M 38KOHOB RX reHepauRR R B38RMOneftCTBRBo 

CoopylKeH&e nosusee ycxopBTenet Ba ewe 6on&mae auepraa (no 
12i 

Jl9CBTKOB faa) 

\ . . - . -
ltOIIYCIUIO 80 MHOrO pa3 MOWBOCT& CpeUCTB, npRMGHSleMhiX AHB RSy~eHBB MBKpoMRpa1 __ R TGM 

C8~ O~GH& CBllbBO CUOC06CTBOBaliO paCWBp9HRID ropRSOHTOB HOBOft Haytta. 

B,pesyn&TaTe scero sToro uayxa o CTpOeuaa aemecTBa B Te~eaae nocneAHero neca-

TBneTas CA9ll8ll8 orpoMHI>Ift CK8'10K _Bnepen R -o6oraTRli8Cb MHOrJiMB .BhiA8IDIIIRMli:CB · OTKpbiTB,.. 

' liMB. 3To-o6uapyl!<euxe 6on&moro ttoml'tecTsa uoablx ~acTan ( ., 0- , K- , p- , 7/ . -Me-

3!JHht,. MIOOBHoe ueATpaHO, . I -, . t::. - , .n- H Jlp. raneponhl) a aHTR'I&CTRU ( aBTanporou, 

- aHTBHeATpoB, 8HTI!rJmepoBhl); ycTanoBJieue uenoro pBLUI cjlyHJXSMGHTSilbHI>IX 38KOBOB _BO i,aa

·aMoJ:teACTBQ 8'1'BX 8 panee B3B9CTBhiX qacTBU (3SKOH COXpSHGHBH 'leTIJOCTI! B cna6YX B3aB.;._ 

MOA94CTBHRX1 38K?Hb1 C0Xp8H8HBB B30TOUH~eCKOro_~RH8>6&pHORHOro 38pRA8 R CTp8RHOCTR B' 

CRH&BhlX B38RMOAeltCTBHBX) 1 OTKpbiTR9 BalKH&ltWRX 38KOR,OM8pBOCTeA B npouec.cax_ pOJ!(.QeQg 

B paCII!IAS '18CTRU B onpenelleBJJe ltBaHTOBI>IX XBp8KT9pHCTRK ~8CTHll ( CHBH1 ~eTHOCT&1 M8CC81 

BpeMa usn, aapan) a To.tt. a T.n • 

. 8 TO lK9. apeMB H8KOM811BI>Ie OUbiTHhl9 A8HHb19 B COBpeMeiiHb19 T90p9T1!'19Cit1!8 npen-

. ~C:T8M8QR 0 BJ19pBb1X Up0!19CC8X. y6eJl~9llbHO UOK83&IB8IDT1 ~TO AliB nan&aeftmero SJUI~H

_-,~;··:.fe~ro· uporpecca a 1103BaJIIIB MBKPOMapa aect.Ma Bali<II:&IM seaaeTcs ycnemuo~ pemeifue,. 

·JlBYX.38AA~ B O~U&CTR~.-~RitR R T&XHRKR yCKOpHT&nelt. 

J. :1.1j&n_Hif8BH8 'a CT00 TI>ICB~ pa3 BH'l'eiiCRBBOCTeft ·Icy"'KOB ~8CTBU OT ycxopBTenel! Ha 

, . ' 2,_. Co3Jl8BRe TqtOpBTMe~ Ba BO$.cOlKII:O -~. aJ.ICoxi!EI SB&prBR BllliOTb JlO TbiCll'l 

J'aa B B&lJQe. 

tHa ~OCTOll&mfii'{C:a -a ~ :$,tellS rony Melf(Jlyuaponot xoacjlepeanaJI no ycxopBTemlM 

m.ieol!:'lix aaeprat ~ upo6neMw aasaMana OliHO ira ueaTpan&HbiX M&CT• 
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UenbJO aToll pe()o.~l>I nnaeTCH rionb!TK& HSIIOlRHTib, o6ma;• npaHJ;tBrtl>t pemeHRH nep&OA' 1113 

yxasaHHbi;K 381l&<i ,illlll ··yc;Kop,R1'81l$11 .~ aaepriHI ~o; 1 raa, ocBe'J'H'I'b' OCBOBiol Teop~ll, MOil~ll" 
poeaHHH H /l&Tb KJ!l!\TKoe onacaaae paspa6'oTaHH~tx · npo&KTOB HOBbtX ycKopa1'8neJI c Toxoid .llb. 

1000 MK&. 

B ceasil c TeM, 'iTO aTR ycKopH'I:ellH noaeoniiT. ·nOnY.'ISTib noTOKR ayKnoaoe 11 "' -' H, 

f.! -MQ30HOB
1 

8 COTHII H TbiCHitH pa3 6olii>WH&1 '18M _cyWEICTByiOWHe 1 ORB nony'IBilH o(lpas,. 

HOEI H&38&HHEI ~lj!aflpRK MS30HOB' o, 

2. OepcneKTHBbt, OTKpbteaet.ti.te CHlll>HPTO'IHtdMJi r.cxopHTenRMH. 

AaanH3 l'IOI!.il3b!B&8T, 'ITO HaJifloni>WMM IIOTEIHit.H&IlOM .llllll ,pe3HOOflpe3Hi>lX HCCill!llOB&IIRA . • .._ • f' 

a .QOMHliilii&PilHOll o6nac1'B. aaeprall 6y.llyT, ·ol$nallaTb npoToHHI>Ie naxnoTpO;Hhi H& aaepraiO 

650+800 Mae. 

·3Ta pa6o'l'& He CTaBHT aana'IB, .QOCT&TO'IHO · nonao ocB,&TIITb B03!>10lKHOCTR, OTKpblaae -. 

Mbie nepe.fi:· aeyKoll cHnbHOTO'IHbtMII y'CK()PBT&m!MH. Mr..1 nonbJTaeMcH OTM&TH'I'b nH!lll> rnae..: 

llb!EI H3 IIJi#t•, 

B ol$nacTH HsyqeaHsi cHnbH~IX -asaa!.!onellcTeHll eneM&HT&pHbiX qacTHit T&KHe ycxopH

Tenl!· D03&01111T
1 

H&llpHMijiPo C DOI<,t<)llli>IO~'Bi!ICCj)KODp&ltH3110HHb!X Ollb!TOB C HX,KilOH&MH ll DI!OHS

MH npoeepHTb cywecTBOB$HHEI CHMt.ce'TJIHll ~TR'x. B3&HMOIIEII!CTBHll, 'ITO npHHitHIII!SllbHO BSlKHO 

llllSI TeOpHH, a T&Klll& ll&AY:T :B03~0lKifOCTb IIOil¥'1HTb HOBble CBEI/l~HHI1 0 SIIIEIP!'biX CHnax, 0 

133&HJ140IIeliCTBHil llll.OHOB MEilKIIY co60'lt,, o q&Jil coape~eHHOlt aayxe IIO'ITH HH'I9r'O H9H3B9CT-

H0o 
Hoar..1e nepcneKTH&bl' oT.JCpGJ01'Cll TSKJKEI B o6nacTI! ·1!3Y'IeHHI1 cTpyKTYP"'· H ceoltcTB 

STOMiil,hiX.•Sili9P• . ' 

B 'asy.qea!l»i. cna6r..•x e3aaMo.ttellcTBHjl, aecMOTPB\ H!l .··oqeHI> 6onbWOli nporpecc, HMe·e~ 
WRll 3/l9Cb M9CTO 'B IIOCil.8/lHH8 roJibi 1 no-npelKH&MY OCT&JOTCll H9 Bbii'ICHEIHHb!MH TSKII9 

cjlyHil8M9BTSilbHb!EI np061l9MI>l; K&K cnpaB&):tllllBOC'I'b Te~pHR yHHB~pCSilbHOI"O,CilS60I"O B3&H~ ', . 

.QellcTBRH, cywecTeoeaane CP .• naeapRaJITHoc1'H R pSIII. npyrax KapnHHSIIbHbtX' eonpocoe: \;·, 

B o6nacTk aliaKTpoMarHRTHI>ix ssa.uMb)leltc'I'BRit oriJtoll H3 HaH6onee aKTyan&nr..t::t sa~;,~ 
118'1 COBp8M8HHOlt, cjlH311KII Sn&MSHT&pHb!X qaCTilll 11Bili19TCII yCT&HOBil9HH9 11~81191108 npRMB~· 

HRJIIOCTH.KB&HTOBO!t Sll&KTPOilHHSMHKB• 

JlanbH&ItWHit nporp&CC !I llBYX. nocn&IIHHX RallpaB.tleHHI1X H3y'leHI!I1 t.cHKpOt.cHpa R&ft'OC';,. 
. , . I , I ' 

peACTBeHHO CBII38H C !IOPb!W&RHeM H!IT&.HC~BHOCTH' ycKopaTenelt B, C\0-TbiC/I'IY pa3, .Korna 

OIC&lK9TCI1 B03MOJx!lbiM BblliOilH9HH8 C nellTOHaMH WHpOICOII fliJ9r'pS).(Mbl SKCII&pHJileHTOB Bbl~ 
COKOit TO'IHOCTH H npelKII& ecero T&KIIJ!;o K8K 38XB&1' MIOOHOB f\YKilOH&MR 1 onpe.QeneHHS Mac-

-pacna.Qa nHoaa, :ehlscKeH!IIIJ. 
cr..t MJOOHIIo:ro aeltTpaao, li&TanbHoe aay'ieaae npon·ecca 

• 
i.,' 'I t_· • 

,t.,.__.,:..__~·w.:..--... 
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, '-'- :..;. ,."·'d;.·~r~t.~rr:,~\) 
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. ,. . . .. , , ·• .. ":,···~·:r; 
AIUI •ero IIY:li'&B "'IOJ>._', a M~eMY.i .•t.cea Ml1ccy e 200 pa3 ~~~ 

0!1 B3PMO/l&IOTBY8'1' d llpyr.j>(a 'I&Q'I'aUAMft' no.Qoflao an&KTPQHy ~,T 
. 'I , ' 

I', .., ' .. • ' . , / . \ ,' 

t::anbBOTO'IRble ~OII:OpiiT&IlR ,OTII:pQIOT TaKlll& 6oni>lll.Be ,,nepcn&KTHBbl .1111!1 

oiSnaC:'I'Ir: APYJ:RX aay11: e oCSnacTR ~acmorBa,• ·I'Ulepaol Xllt.cila, pau&llltoallbA' 

·wi!Jy'I&RR!I ToB8pll0l'O 'l'eiJ& R Toll.' :•· .,. 

B cessa c OTKpb!Tjl$t.c peAB&IlBOIIIli>IX no11coe 3eMn~, · co.QePlllalllBX npo 
·•.. . . . '· ·. : . .. . ,.. ·I 

'0.'1: aecxon&l[Bx MsJ;~· llO 700 Ms~ 11 con~e.'IHblMB · BCDI>IWKat.ca, ll&IOoiRMR 

xopnycxyiUipHOr'O lraJly'leHRII . ~b!C~KHX. 'saepriiA0 IIO~RII~Illl 'Dpol5ne~a p~ 
KocMoua~e. oTnpaeniiJOII!Rxcst e . .llnx'ren•sJ.Ie noneTpx, .~. ~ n0neTI>l 

• ' , ' I 

B pe3yllbT4T8 B nBT&paT)'pe B nocn$AH~· roAbl o6cylii.Q88TCH npo6neN 
' ' ' ' ' ' 

, ,ORIIbliQTO'IRb!X DP9'l'OHHb!X ycKOj)BT&IleA llllB MOil8nBP!>BaHHR fCilOBMJl · ~.·. 0~ 

'KHX KOpa6neA 1J8p83 p~H&~HOHHbl& D011<::4 3eW!B ·H ·AJ!YrRx nlieae:f !a '·: , . Jl; 
: I . ' ' . ' ·. ' ' ':..~ ., ' ;: }<' ·,·~/'I 

cOB,, 08B34HRJr!X. .C' ofle~ne'I&RH&M ($1)3~D&CHOCTil iJOil&TO)II '181l~,7'Ka B ··xt;i. ' 
HaJtQH&I!, ycKopiiTena aa a11epraa e coTllil Mee ·o, ~aaMH · nop11,!l · 

.~BB;TbC!I oTnp&BHO~ flasot .llllll C~3li&~Bll B · flYil11118M , e~t ~nee M~lll~l> .· ,: 

'pe~T&JODlRlt 8 QO'IEIT&HIIR C Rl)i!TpoHJiblt,IB pilatdH0)!1111'8lllit.atr 'Jil IIJ>&IlC'tll+~l 
,'~ 'I'O.'IIUI'8p8BHK ltaJ:OIUI8BJi11 8TO.MHoro ro·p~'J&f'O::( ~ ~89) lie oflems~~j: 

,' ' 18'1 '· ..... , . . >.· ,: ., 

Jl4l•288 o'I',XO.QOB ()6bi'IIIOI"' pEI&ICTOpHoro ypeBll J 
I 

;-.,,'i I 

$, 4IH3H'I8Clta8 OOBOBl>l YOKO.J?&RR! '$11C'I'Bit 2
B F!n,;,;BHS'SIIBi 

naxnotlepeax' 
1 

I· 

B IJIIKIIOTpo~e c &KCH41lbHO-CHMM8Tpii'IJI!.iM warHIItilbi.M ftQilllM ~IUIQ . . '-' . '.. ,, 
';iiK&IUib!X i!e(!:TIIIt. apR MHOr'O&:pa1'HOM 11poXOxUa8HRB.BI\Cii OJlBOl'O H .. ll'o'f6 lila Ill 
"' , . '· '· , . > . - \ . '· . . , . '. ,. 'I .... ,. .· , : ~. 

llop~ii!RM sliCI!t~pR'!eC~II'\ aomu.i:' IJOCT~~Holl, 'leCTOTfil· ~1!91JibH? :6~9Tpo He 

lllipyil.teltlle CB!J3&BO c yeenB'I&BHeM n~pRO/l& o5palll9iCJdl yOKOPBEIM:J.I~ · 'IBCTBI 
, •' I ' . , I '•, , • , ',l~ • ' 

<· ~·, ·:··.:.,. 2rrE ~~ 

· T "" ecll . 

::. 
11;: , e ·.;. nbnB&II 8H9!lr'll'll Ji1'34pHI'l 'II!C'ttll!bl, ,c /"' CJ[opoOTb:c:aeTIIr 

\ . . ,. :· . ; . . 
MarHIITHOI"O Dqllll He- 38MKHyToft opflRTeh ·KOT0~8 .. BI>I3J4BS8!1'0Ho C Ol 

\ ( ' ~. ', 't ' ' I 

:, j:)OCTOM I!OilHQit saeprBR 'I~CTHilbt, a, c. Ap)rroR: .cTOpoRi;l, .lieJioiop"";.{ Clla'll'? 

:t~:··M$raaTiforo .nonH BllOilb pariayca, aeo6xo.QHMMM llJlll ~ICYC~OBKH qacTBil, 
~ .. (: ... '''~ .' \ : ,· ' )· '. '. \ 

.'. · ';.RROJ!IHI!S H& llOCTHlKBMY~ B ltHKIIOTpOH8 SlleprllJO,, 
~ ' . ~ 

Melll.lly M:aical.4anbi!Olt ailepr11eft l W • ) ·H aMnllRT'l ·) ' . ' ' .. M&KC 

( V O ) B. URKil()TJ)OBEI onpe.QengeTCSI: Bblpalii&HII&M 
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aenaeTOH nonbiTKa usnolKaT& o6wae npHal;lHRbl peweaas nepebA B3 
' ' ' I 

saeprj!H llO I rsa, OCB&THTb OCHOBbl TEIOpHH, MOil&llit" 

OllHC8HHe pa3pa50T8HHbiX npo&kTOB ,HOBbiX yCKOpHTellel! C TOKOM' 40 

'!TO STH ycxopaTenu noseonsT nony'I&Tb noToxa ayxnoaoa a " ...:. If, 

pa3 6on&mae, 'I&M pywecTayromae, oaa nonyq:anu o5pa3• 

B89Mbl8 CllllbHOTO'IHblMH 

'ITO HaHOOilbWIIM 110T8RIIH81lOM JlllH .p83HOOOpll3HbiX HCCilllllOBal!~dt 

OYIIYT, o()na;u!T& .npOTOHHble llHKnoTpOifbl Hll 9H&pra!O 

JlOCTaTO'IHO IIOilHO OCB,&THT& B03M0)1(HOCTB0 OTKpNBae •. 

ycxopHTenl!MH, MLI non&ITileMCSI OTMeTHT& nHJIIb rnae_. 

CHilbHbiX B3aHMOAellcTBHl! 91l8M&aTapablX 'laCTHII TaKHe YCKOpH

IIOMOIIlbiO BbiCOKOnpeitH3HOHRblX OllhlTOB C H.)\Kil0H8MH H IIHOHil

CHMMeTpHif 9THX B·38HMOil&IICTBHil, 'ITO npHHilHRHanbHO BalKHO 

B03MO)I(HOCTb IIOil~'IHTb HOBbie CBell~HHR 0 Slll&pHblX CHnax, 0 

M&*JlY coooll, o 'laM coepeMeaaoll aayxe noq:u HRq:ero aeuseecT-

B 051l&CTII H3Y'i8HHR CTpyKT)'PI>l.H CBOIICTB 

aecMoTp>! aa •oq:ea& oon&moll nporpecc, a!l.iee-: .11 

rOAbl 0 no-llp8)1(H8My OCTiliOTCSI ae BhlliCH9HHblMH T8K,HQ 

xax cnpaeeanaeocT& Te.~paa yaaeepcan&aoro.cna5oro esaa~~; 
. llPYI"HX K8pllRH81lbHhiX' BOnpOCOB, ''iii'' 

• .. 
·~, ' 

B38HMOJl&lloTBRil 0/lJIOII H3 H8H5onee llKTyallbHhiX 3a·+ i;'l ·•, 
'• 

llJ:>&Il&llOB 

a aeyx nocnea~Hx aanpaeneaugx asyqe~HH MRKpoMupa aenoc

HHTeac~eaocTH ycxopHTenell a, CTO-TblC,R'Iy pa3, · ltorna 

C ll&llTOJIIlMH illHpOKOl! nporpaMMbl 9KCRepRM&IITOB Bbl• 
l 

Bcero T8KHJI; 0 K8K 38XB8T MIOOHOB HYKilOH8MH
0 

Ollp&.Q&Il9HH8 MaC!"' 

AeTan&aoe asy'leaae npouecca p -pacnaaa naoaa, BNHCHeH~e. 
' ' 
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\1 - ' j ' "' .• ' ay~~ee~ M~tt:. a ~o-.ewy, .trwea Macey a 200 pa3. C50111ollJ)i.to · Macci.f. ,~ex-
0!1 1134llit.eo4ellcuy81' c APYNIMa 'I&OT•ii•t:«tt noAo5ao snex1-po.Hy a 'l',n, . 

Can&aoTO'IJil>la ycKopJJTena · OTKp()IOT 'r:AKlKe 6on~>w.ue nepcneKTHBLI 41lH •ccneiloeaiJHA ~ 
<>ftrtA~'PRc APYJ:~X Bay~t: e ~C5nacn C5aonorlllJ0• su:~epaoA XlfllfHH1 P84H81Ui'OHJIOA ~~AHqHH&l, ~ ocs.:• 

Tepa a T.ll. \ · 

' . . . 
·>:a cassu c OTJtPI>ITIJ•M pa4aa11aoHJi~o~x noscoa 3e.wnx, co4eplKawax nporoa.&t c eJJepnrs"' 
·. . . ' . I ' . . 

'0.1' aecxon&Jtox Mea 4o .. 700 Ms~, R conife'IBLIMB · BCRbiWJt&MII, 4&IOuiBMII llaTe~~tueal>le 110.:... 
'·: ,. ' I • ' ·' 

xopnycJtynspaoro R3ny'ieaaa BLICoxux saepraA, eosaaJtna npo6newa P&llR811HOBHOA 3&-

xocMoaaa'I'Oe, oTnpaenHIOWJJxca a. Anuriln&Hble noneTf'I .~. ii noneT"' no. aan&aHM o:pcs.Ri;.; . 
' '' ' ' / . ' . B pe3yn&TaTe a llll'!'epaT:ype·e .nocne.IIHie l'Qilbl .oC5cylKA88Tcs npoC5neMa ucuon&30~aRBa. 

::,c•n&~TO'iRbiX nppToaa~x ycxopiiT&neA .Qil'R MOA&nllpoeaalla ycnoBHA npoxo.li!.Q~aHs xocMaq:ec-) 

'xax Kopa6ne1J 11epe3 P!I.QII&llBOHHbl& noao;:a 3eMna H ·APYl'Hx llliaa".T ··a pe.Weaag xpyra eonpo-
. . ' · ' I . • /3/ ' CBH3&HR¥~ .c· oC5ecne'leaneM 6eaona~ROCTII none'I'Qa 'lenoaexa a Ko.cMoc · , 

' ' HaxoHe~, )'CXOJ)BT&nlt Hll &lleprga B COTHB Mae ·c TOKilMB flOPSIIllt8 MHJIIlHaMI'Iepa MOtYT 

oTnpaeao'l C5aaoA Ana co~Aa~aa e ~:YA)'JIIeM eille C5onee MOJIIHI>IX' aTOMH~'x · t.fawaa. 

'paC5oTaJOJI!BX 8 C0'l&,T8HIIB C 114;111TpoHUblMB pil3.MH0li<HT&Ilit'MSr IIi npellC'!'&B.IJRIOJIIHX .BHTGp&J::· )"lK& 
-:·, ' . . ' 289 : ' 
• c TO.'III:IIi apeffllll l!:u:onneaaa llTOM!Ioro rop1011ero ( Pu ) 113 o6e~He!II!Lix BblropaliH_&M )';pa-' '.'• . ' . ' /3/ ' ·I ., '',. \ .q. .. 235 OT,X040e o6LI'1Hol"6 p&altTopaoro ypeaa · , 

:'.,, 

. ' . 
$, ~li3H'Iectae ocsoe"' ycxopeaaa 'lllCTaa a PenRTR8HCTCJtii.X 

' llHitllOTpoaa~ 

B JillanoTp~!fe c a~:caan&Ho-cHMM81'pllqai.nic t.tarBBTllhJ_M noneM RpOII&oc r<:II'Opeilll'~ 311PR· 
. . • . I . trac_Tif~ ,I!PII MROl'Oitp&THOM ppoxolK.QeHHH BMB O.QH~l'O H. !I'OfO lK& npo~e)l(yTK& C yc-,. 

:;.~~!'mpaiOmHM enenpa'Hio~HM noneM' nocTosailoll 'lacToT"' ·llo,.on&a) 6woTpo aapydlaeTcs, 3To_: 

jla~yilteaae OB!J3:uro, C YBI!IlB'I&HHeM nepiiOAil o6paweuJtlil )'OKOpReMbi:X 'lllCTHtt. I;\ 

T • 27TE 
ecll (1) 

MelK.Q~ .Maii;cH')•danbHI)I! suepraeli '{ W Maxc) H &MllllBTyAo.ll ycltopRroiner:o 

'B UHKilO'!'POae onpe.Q&IlS18TCR:Bblp&li<8HR&M 

. . \ 
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(2) 
M8KC 

n 
£o -SII!lprHit noKOit 'ISC'fllllblo I{ • 1 - T+1l ·~. •I~·.;.· 

, 1 R • • -,rr , r.ae n • iffiij 

II R -pa.IIH8RbH81t KOOp.IIHHaTa B pa.IIBYC 38MitHYTOil opoBTbl 1 {J • f-• V -CKO-

SHeprBB (KalleTB'ISCXOA) • 
poCTb '18CTHUL>l), H3 KOTOporo cne.ayeT, 'ITO yCitOpaHBe npOTOIIOe .110 

cebiWe 25 Mae B UHKROTpoHe npe.acTaen5teT npaKTH'IecKB aepaapewRMYJO aa.aaqy, 

... J4/ . 
0TKPbiTBe 11pHHUIII18 aBTO..,a3HpoeKB no3BORHRO CHliTb STO orpaBH'IeJIKe H C03.118RO 

WHpOKHe B03MO~HOCTH .IIRll paapaoOTKR HOe~X TKnoe UHKRH'IeCKHX yCKOpRTeneil Ha pa3RB'I-

H~e aHeprHH. 

B qacTHOCTH, cjlaaoTpoH (ycKopHTenJ., e xoTopoM, KaK K e ~BKROTpoHe, Hcnonb3yeTCit 

8KCH8RbHO-CBMMeTpH'IHOe cna.aaromee no p8.11HyCY CT81lHOH8pHOe MarHBTHOe none) OK838RC51 

eeCbM8 y.IIOOH~M flRR ycKopeHBit npoTOHOe1 .aei!TOHOil H 

KORI;oKO COTSH Mae, 

a -'laCTBU .ao &Hepraa e Hec-

O.aaaKo aa-aa aaMeHeHBH qacTOTbl ycKOPilJOWero aneKTpa<tecKoro non11 aaxeaT aoaoe 

e:ycKopnTeRbHblll pe~RM I!03MO~eH TORbKO e c~aeiiBTeRhHO KOpoTKBII HIITepean epeMeHH 3a 
Ka~.llblll nepHO.II MO.IIYRilUHH 'ISCTOTbl, TaKOII BMnynJ.CH~II pe>i!BM yCKOp9RH51 e cjlaaoTpoife or

paHB'IBeaeT cpe.IIHHII' TOK ycKOpHeM~X '18CTBU, npa . .IIOCTBrHyTbiX e .aei!CTBYIOWHX cjla30TpOH8X 

H8 400-700 Mae 3Ha'leHBSIX 8MRRBTY.IIbl ycKop5110Wero H&Dplt~eHBSI e 10-15 Ke STOT TOK. 

. /5/ 
otibi'IHO He npeebiWeeT 1-2,5 MK8 , noebiWeHHe BHTeHCHBHOCTH DY'IK8 ·nyTeM··yeenai:[eHBA 

aMnRIITY.IIbl ycKopltJOWero Hanpg~eHBst conp51~e1Ho co 3H8'1BTenJ.HbiMH TeXHB'IeCKBMH Tpy.aHoc-

TRMHt 

)l(eneHB9 BCI10llb30B8Tb npeRMyWeCTBO ~UHKllOTpoH8 e BHTeHCHeHOCTR riy'IKOe 1 ooycnoe

neHHOe HenpepblBHOCTbJO aaxeaTa aoHOB e ycKopeiiHe·, Tpe6oeano noacKoe nyTel! npeo.aonesa51 

orpaHB'IeHHSI no SHeprBB ,cymeCTeyJOmero e UHJmOTpOHe. npaMeRitst 8KCH8llbBO-HeCBMMeTpH'IHOe 

M8rHBTHOe none B03MO~HO COXpSHHTb DOCTOHHCTeQ 'ldFTOT~ oopa~eHBH BOHOe (B30Xpo~
HOC;b) e npouecce ycKopeHBit u ooecne'IBTb ycnoeHR a~~:cuanhuoA H pauHanJ.Hoil ycToll'la-

/6/ 
BOCTH .aea~eHHit ycKopeHHbiX HOHOe , 0Ka3aROCI>1 'ITI) .IIRH UHKR01'poHOe1 KOTOpble nepe-

Kpbl&allH obi .auanaaoH aHeprHH coepeMeHHhiX cjlaao1'poHoe, HeooxouHMO ucnon~>aoea'tb Mar-

R3MeHiteTCH no pa.IIHYCY B 83RMYTY (e nnoc• 
HH)HOe none, HanpR~eHHOCTb KOTOporO Hz 

KOCTH CHMMeTpBH) 

H z • II ( r) [ 1 + f( r) • :f( r, .P ) I ., 

r.ae ll(r) -cpe.auee a~a'leHHe Henplt~eHHOCTB Ha oKpy~HOCTB pauHyca 

rny6aHa eapHaUHH MarHRTHoro nonu, 
,P -a3RMYT8llbH81t KOOpAHH8T8, 

(S) 

r( r) 

J1aoxpoHHOCTb ABH~eHHit HOHOB Ha 38MKHYTbiX opoBTaX AOCTHraeTCR BbiOOpoM 3aKOHe 

' 
6 

• 
:"": 

I_·-------------·~·--

.. 

·:' 

·:-~ 

B3MeHeHBSI CpeuHero ROlllf H ( r ) 1 KOTOpbiA oe3 nonpaBOK
1 

Bb13b1Ba&MI 
.. p j 

3AMKHYTblX' opoBT OT 0Kpy~HOCTB 1 HMeeT BR.IIl 

rue Ho 

Hb)a 
Ho 

41 - (..!..·}a 
r .. 

-Hanpu~eHHOCTb nOillt B UeHTpe YCKOpBTenH
1 

'la,c:TOTa OOpameHBH HOHOB, 

c 
w 

·AKcHallbHaH ycToii~HBOCTb o6ecneqaeaeTcH aua~~:onepeMeHHbiMH 

rpaAHeHTSMH Mari!HTHOro nOillt~ CQ3.118B_aeM&IMH eapBaUH~A, 

Ha aa~ 

'{To ltSCaeTCSI xapaKTepa nepHOAH'IeCKOI! no r B </> cjlyHKIIIIBB 

oyAeT BR.IIHO H3 nocneAYIOlllero B3R0~9HBH 1 OORbWSH CTeneHb •cnHpanbHOCT: 

yMeHbWeHBIO TpeoyeMoil rnyoHHbl eapBallHH r( r) , a es.a •cnspan~~c, 

yCKOpHTeiiH H MO~eT' eb!OH .. ;i!f;: onpeuenHIOlllHM AllH ABHSMB'IeCKBX CBOIICTB 

cjleKTHBHOCTB M9TO.I18 C03A8HHH eapHaUBH, t,. kf 
.1 
'l~ 

§ l, nHHeAHaH YCTOII'IHBOCII'H Teo pall ,. 
llaHaMH'IeCKHe xapaKTepucTHKH 'ABH~eHHSI 'I&CTHU • 8. penHTHBHCTCKHX I! 

ObiTb ROil}''leHbl 113 RHHeiiHOI! TeopHH .lleH~9BHSI ARB BCero AHanaaoHa 9Hep 

30Hbl B03oy~eHHH KOnefiaHBII, B KOTOpblX COOCTBeHHbte 'laCTOTbl AOCTHraJO~ 

3HS'IeHHi!, 

O.aHaKo a oTnH'IHe oT aaeecTHbiX Tsnoa ycKopaTenell ( UHKnoTpoH, cjlaa 

aoTpoa), B penHTHBHC'J'CKHX llHKnoTpoHax HHTepsan aMnnsTyA ceoooAHbiX Ko 

Toporo cnpaseunuao llHHei!Hoe npuonH~eHse, aHa'IHTenJ.HO yMeHJ.waeTCH H3· 

HenHHei!HOrO 38KOH8 H3MeHeHHH HanpR~eHHOCTH MarHBTHOrO nonlt B MeAHaHI 

Hasoonee npocTyJO CTPYKTYPY, MarHHTHoro nonH penuTHBHCTCKoro llliKl 

MO~HO nlJE1CT8BHTb B ~neuyromeA cjlopMe ( llllllHHAPH'IElCKBH Cl TH CllMMeTpHH 

H&T): 

3uecb a 

.IIHaHHOi! nnocKOCTB 1 

H-z= H(r){ 1 nU)sin[a(r)-,N4>11. 

- cjly,HKIIH511 xapaKTepH3YIOW8H cnspaRbBOCTb M81-HB1 

N -nepsoAH'IHocTb cTpyKTypl>l nonu, HanB'IHe BbiCI 

.CTpyKType RORH ( 2 N , 3 N ,., ) 1 KBK npaeano, He . RpHBOAHT K Ka'leCTB91 

!lBHBMH'!eCKHX npoueCCOB B yCKOpHTene, noSToMy 6e3 yTpaTbl OOWHOCTH AD: 

p93YilbTaTOB TeopeTH'!eCKOe paCCMOTpeHHe nyoeT ·npUBOAHTbCH )lllH RORH, on 

CooTBeTCTBYJOlllHe nonpaBKH un11 MarHBTHbiX nonen c llbicwHMB ~apMOHHKaMI 

n~w&o.aHTCH oea oocy~oeHHH. 

7 
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KOOpllHH8T8 H pallRYC 38MKHYTOA op6HTM, 

cnenyeT, 'ITO ycaopeaae npoTOHOB 110 

11• ..L, v -cao
c 

saeprHH ( KHH8TH'I8CKOII)-

npencTaBnHeT npaKTH'IaCKH aepaapewHMY~ aalla'ly. 

/4/ . 
8BT0~83HpoBKH noaBOnHno CHHTb 9TO orpaHH'I8HH8 H C031l8nO 

HOBWX THnOB UHKnH'I8CKHX yCKOpHTeneA H8 p83nH'I-

~830TpOH (ycKOpHTen&, B KOTOpOM, K8K H B URKnOTpOH8, HCnon&ayeTCH 

cnanarowee no pai1Hycy cTauHoHapuoe MarBHTHoe none) oxaaancH 

ycxopeHHS npoTOHOB, I18IITOHOB H a -'laCTHU 110 sueprRH B uec-

H3M8H8HHS '18CT0Tbl ycKops~werO sneKTpR'I8CKOrO nons 38XB8T ROHOB 

B03MomeH TOilbKO B Cp8BHHT8nbHO KOpoTKBII HHTepean Bp8M8HH Sa 

qacTOTbi, TaaoA HMnyn&cHhiii pe>i<HM ycaopeuns B ~aaoTpoHe or-

ycxopseMbiX '18CTHU, npu. 110CTHrHYTbiX B 118IICTBYIOWHX ~830TpOH8X 

8MI111HTYI1bl ycKopHIOIU8rO HanpSlK8HBH B 10-15 KB 9TOT TOK 

/5/ 1-2,5 MK8 , noBbiiUSHHe HHT8HCHBHOCTH ny'IK8 nyTeM yeenH'I8HHII 

conpsmeHO CO 3H8'1HTenbHWMH T8XHH'I8CKHMH TpyllHOC-
1 

npeHMymecTBO ,UHKnOTpoH8 B HHT8HCHBHOCTH rlY'IKOB, o6ycnOB-

38XB8T8 noaoa a ycxopeune, Tpe6oaano noucaoB nyTeA npeo11onenn11 

,cymeCTBYIOWEiro B UHKnOTpOHe, npRM8HSH 8KCR8nbHO-R8CRMM8TpB'IJl08 

MOlKHO COXp8HHTb IlOCTOHHCTBO '18CTOTW o6pameHRS HOHOB (R30X~

YCKOp8HHH H o6ecne'IRTb ycnoBRH 8KCRanbHOII H panuanbROII yCTOII'IR

/6/ ROHOB , 0KaaanOCb, 'ITO 11nH URKnOTpOHOB, KOT0pb18 nape• 

KOTOpOrO Hz 

~aaoTpoHOB, aeo6xo11HMO ncnon&aoaaTb Mar~ 

R3MeHH8TCH no pallHyCy H 83HMYTY ( B nncic• 

Hz• ll(r)[l + r(r).:f(r,<f>)]., (S) 

3H8'18HH8 HanpsmeHIIOCTR H8 OKpymHOCTH p81lHYC8 ' t(r) 

</> -a3RMyTan&H8S KOOPilHH8T8, 

11BHm8HHH HOHOB H8 38MKHYTbiX op6HTaX AOCTHraeTCS Bbi6opoM 38KOH8 

6 

.... 

H3MeueHBH cpe11aero nons H ( ) ,· xoTopwll 6ea nonpaaoa, BwawaaeMwx · oianoaeaneM 

3«MKHyt
1
biX. Op6RT OT OKpymHOCTB, RMeeT BRill 

H(r) ~ 
110 

v'l - (.!.. ·}11 
r.,. 

r11e H0 -aanpslKeHHocT& nonH B uenTpe YCKOPHTena, 

'18,CTOT8 oopaweHHH HOHOB, 

c 

"' 

(4) 

w -:Yrnoaail 

'AKCH811bH8H YCTOII~HBOCTb o6ecne'IRB8eTCS 3B8KOnepeM&HHWMH H8 38MKHYTOII OpoHT8 
I ' • 
rp81lH8HT8MH MarHRTHOrO nonB, C03118B88Mb1MR BapnailHell, 

qTo aacaeTCB xapaxTepa nepno11H'Iecxoll no H </> ~YHKUIIHH f( r, cp ) , TO, K8K 

oyJleT BHilHO HS nocne11y10Wero R3110lK8HRH, 60I1bW811 CTeneH& •cnnpan&HOCTR• npHBOJlHT K 

YM8HbWeHHIO Tpe6yeMoll rny6HHW B8pR8UHH r( r) a BRil •cnupan&HOCTR• Be HBnSeTcs: 

onpe11en!1IOWHM 11n11 11HH8MR'I8CKBX C.BOIICTB YCKOpRTenH H MomeT BbiORp8TbCH, RCXOI1S H3 a<jl

~eKTHBHOCTH M8TOI18 C031l8HHH B8PH8UHR, 

§ 1. nuuellnas· TeopnH YCTOII'IHBOCII'H 

nBH8MH'!eCKH8 X8p8KT8pBCTRKR ~BRmenRR '18CTHU'B penSTHBHCTCKHX UHKnoTpoHBX MOryT 

obi:t& nonyqeHbi na nnaellnoll Teopnu nsnmennst uns acero uHanaaoaa sneprnll, ucxnro'las 

30Hbl BOaoyJKAeHRS KOne6aHHJ!, B KOTOpbiX C06CTBeHHbie '18CTOTbl llOCTIII"8IOT pe30KiiHCHblX 

aaaqeaull, 

0JlH8KO B OTnR'IHe OT ~BeCTHbiX THnOB YCKOpHTenell (UHKnoTpon, ~830TpOH, CRHXpo~a-

30TpOH), B penSTHBHC:tCKHX UHKnOTpOH8X HHTepaan BMnnRTYil CB060ilHbiX Kone6aHHJ!, una KO

' Toporo cnpaaeunHao nHaellaoe npHonHmeaHe, aaa'IHTenbHO yMeHbwaeTcs u3-aa cywecTaeaao 

HenRneiiHOI"O 38KOH8 H3MeH8HHH HanpsJKeHHOCTR M8I"HHTHOrO nons B MellR8HHOl! nnOCKCCTH, 

HaH6onee npocTyiO cTpyKTyp~ MBI"HHTHoro nons penHTRBHCTCKoro UHKnoTpoaa a nnocxoc

TR CHMM8TfiHH MOmHO npeuCTBBHTb B cne11yromell ~OpMe (~11HH11pR'Iecxas' 'CRCTeMa KOOPilii

HaT): 

311eCb a 

~8HHOII nnOCKOCTH, 

CTPYK'Ij,Ype nons ( 2 N 

H-z= H(r)!1 n(r)sin[a(r)-·N<J>]), 
(5) 

- ~YSJKUHS, X8p8KT8pH3YIOWaa cnnpanbHOCTb M8~HIITHOI"O nona B Me

N -nepHOilR'IHOCTb CTPYKTypw nons, Hanuque ewcwnx rapMOHHK a 

, 3 N ... ) , KaK npaeuno, He npuBOilRT K Ka'leCTBeHHbJM, R3MeaeHHSM 

flRHBMR'!eCKIIX nponecCOB B yCKOpnTene, noaToMy oea yTpBTbl OOWHOCTR lli1S HarnHI1HOCTR 

peaynbTBTOB TeopeTnqecxoe paccMoTpeuue nyueT npiiBOllHTbCH nnst non11, onHcwsaeMoro (5). 

C~oT&eTcTayromHe nonpaaxu uns MarunTHbiX nonelt c 1\biCWRMH rapMoHHKBMR .C~opMyna (3)) 

npHBOil~TCH oea OOCY~A8HHH, 

' ' • 
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' J:r'' 
Eena ·•• y'IBTl>IN'I'Io ·NaBMHWX. e••••· ~Ciyeno8nesHI>tX ae~aaeiiHbiMB "'ne,aaMB, '1'0 

KAIUAA B3 HIIB'IBH B (8) - H(r) 1 r(r) ~ 1 ~(r) 1 N. -xapaKT8pii3Y8T pnpei18Dell.::.·: 

swl llllBAMB'IacKatt ~KT a penRTaaacroJto~ nHJtnoTpose. H3uaseaae epe.aaero nona a.aom•' 

pallayca ycltopaTanll H ( r J. ~npe11enaeT B30XpoHHOCTb naaJKaHHA •acTBil pa3nB'!IRWX 

eaeprsl, sena'IRHW r(r) , a(r) , r1 - ~xcB'MbRYto •acTOTY caoCionawx ~tone6asllll, 
B811Jl'IBII8 '_!~ •· ...!.. -rrpenen npHM8BRMOCTR nRH811HOII T&OpBHo N •npell8111tHYIO 

dr A I 

911epra10 qacTHil B. ycxopaTene. 

·nna nepHOI1B'18CJtOII no 83JIMYTY CTPYKTypbl MarHHTROro nonH (5), B KOTOpoM llBRlK8T..;· 

ca qacTana e aMnyn&coM 

p • .!. H(R)• ~, 
c (6) 

JIM98TCH p9WEIHH8 ypaBH9HHil
1 

ODHCbiB810~~~8rO nnQCKOEO llBHlK8HH8JC nepHOJlOM, paBHbiM napa

OilY c!TpyKTf pbl IIOhH. 3TO pemeHJI8 COOTB8TCTBY8T 38MKHfTOif op6RT8 H B 'nepBOM IlpHfinH-
~ ' 171 

JK9RBH )liiR f < 1 aanBCbiB&eTCH B CII811YJOWel «!JopMe : 

r • 

2 

R + rR sin[a(r)-·Ncf>l.- 1 (n +:!; + 
22 

N -· 1- n . 2(1+n)[8 -(l+n)l 

(7) 

• R • ·dr I . me "•·- •i-- . 
H3 (7) cnenyeT,. 'ITO xapaxTep 'TpaexTopRH 38MKHYTOII op6aTbl 

f I dr r•·R 
M&rHHTHorO DOIUI H8 381l8HIIOM p81lByce. Co6cTBeHHbl8 

COBn8Jl88T C 38KOHOM B8pll81lHH 

''18CTOTbl CBOCiOJlHbiX KoneeiaHRII '18CTHD. OTROCHT&IIbHO STOll 38MKRfTOII op6BTbl, B nep~M 

rrpReina'lK8RBB MOJKHO onp&Jl811BTit 83 BblpalKeHilll: 
\ 

Q, yl+n 1/1+-}(;.. a'(R)I~ 

2 2 ~ 

JliiH p8)lB8111tRbiX 

ltone6aaall, a 

(S)x/ 

Q • y[.!.!__ a'(R) I· -·n + ~ z N , .t. 
)liiH aepTHK811bHMX KoneeiaRBI 

da 1. ). (a'{R) • dr r•R 

x/ . . (8) npa H8DB'IBB B~CWBX rapMOHBK B CTpytcType nonH Bb!p8lK&HB9 fCIIOlKBII&Trut 

2 3 R'go• r 2 
Q •o+n)[l + 7 c~> I <~ > 1, 

r N . m•l mr 1 
·'· 

2 . . 'R 2 a .. 
Q • -a+H~) +:!L J,I. (~)2, 

z , N 2. • •·t r t · · · 

~ 8 i) 

rl\8 f I. -4MDIIBTfll8 N -oil rapMOBBKB, r., -aMDIIBTYJl8 mN - Oil rapNOBBKBt 

8 

• 
··, 

' ' :,,1 
...,.~; I l::·, 

·' 

~· . . 

BenH'IHHa n JliiR penHTHBHCTCKHX UHKnoTpOHOB HGM9HH8TCR 8 
E2 

nil npH H8'{1illbHOII aseprHH jlO 3H8'19HHR :=T -· 1 
- Eo 

xorna nonsasi, li>H 

nocTnraeT asa'leHHH E. 3To 113MeHesue aenD'IHHbl n CBSI38HO C Tp&6C 

HOCTH Bp8W8HHR '18CTHil H8 p8311H'IHbiX p8llHfC8X fCKOpHTenH II )liiR penRTM 

TpOHOB H8 Bb!COKHe 9HeprHH - 0~930HHbiX opa6pHK" - o6ycn8BIIHB88T WHpOKH.I 

TOT p8JlH811bHbiX KOne6aHHII 

2> Q. ~ L 

"'acToTy aKc.lfan&HbiX xone6aHHII Q z , KaK aTo cneb.yeT H3 ( 8), MOlKHO 

non6opoM COOTB8TCTBfiOWHX opyHKUHII E(r) H a'(r) o nnR Toro, 'lTC 

npouecce ycxopeHHR peaoaaHcHoro B036ymneHHH aKcnanbHhlx xone6aHHII a 

p830HSHCOB, o6b1'!HO• H8K118Jlb1BSIOT llOTIOIIHI'IT911bHOe ycnOBH8 0 KOTOpoe 38nHC 

0,5 > Q z - const • 
\,j ', / 

q 

YcnoBH9 ( !0) MOlK9T fibtTb BbiDODHeHO lliiR OCHOBHOrO HHTepaana p81l~)'COI 

38 HCKIIIO'I9HII9M UeHTp8. M8WHHbl 0 r)le Q z =· 0 • 

"'aCTOTS Q z B penRTHBHCTCKHX UHKIIO~'p0H8X C KpyTocnHp811bHO: 

nR ( Ra'· >> 1 ) cyiUeCTaeaao 38BHCHT aT al\.lnnHTYllbt coo6oJlHbiX a1 

HHII 

DR.( f 

b o 3TOT a<jxpeKT CBil3'8H C H911HHeiiHOI! 38BHCHMOCTb!O BapHBUHB 

no OCH Z , 'ITO npHBOJlHT K yaenu'leHHIO cpenaero 3Ha'!eHH~ 

uosoa c aMnnuTynol! axcuanbHbiX xone6aHHII, OTIIH'IHOI! OT synR. BenH'IHH• 
/8/ 

TOTbl OT (8) onpe)leiiR9TClt H3 BbipaiKeHHR 

2 
L\Q c· f a'·2b 2 

z 

\ 

Ra' 2 3 N 
2 

[(_) +:-+ <-> ],, 
N 2 Ra'· 4Qz 

rne b -aMniiHTfll8 8KCH811bHbiX KOne6aHHI!o 

Kax cnenyeT 113 ( 11), nnR xol1t>ueBbix ojlaaoTpoHoB co 
cnupanbaoll c 

.soro· nOIIH 9TOT a«!JopeKT MOlK9T H8KIIDflbiB8Tb orpaHH'IGHH8 H8 B8JIH'IHHY n 

TYll; JliiH penRTHBHCTCKHX UHKIIOTpOHOB1 HapHllY C yaenH'I8HH8M •lKeCTKOC 

KOII868HBII, paCWHpR~TCR ofinaCTH p830H8HCHOr0 B38HMO)l81!CTBHR KOnefiai 

§ '2. J1 BH8 I!Hbl8 pe30 H8HCHbl e a«!J«!JetcTbl 

B pel!D&HbtX ycxopuTenRx, xpoMe ocHOBHbiX rapMOHHK cTpyxTypbl ~ 

N ,. ·2N • 3N H Tello) I acerna npucyTCTBfiOT- rapMOHHKH, xpaTHbl4 

qaCTHllbl ( I, 2, 3 H Toll•). noHBII&HHe 9THX rapMOHHK CBR38HO c H8TO'IHC 

-9 
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BB8BMBblX CBSIB&II, o6ycnOBn8BBblX B81lBK8IIBb1MB "'n&li8MJI, ,TO 

H(r) , r (r) a(r) N -xapaltTepaayeT pnpeaeneH·:', 

B penaTBBHCTCKOM naxnoTpoue. HaMeHeuaa cpeaHero noaa BllOnk' 

J. onpeaenaeT HBOXpOHHOCTb llBa*&HBB ~8CTHD pa3DB~BblX 

a(r) , N - 8KCB8nbHYIO ~8CTOTY CB060llBblX ltOne68HJIII, 

npHM9BHMOCTB nauelluoll Teopxa, N , -npeaenbBYJO 

CTpyKTypbl M8rBKTHOrO nona (5), B KOTOpoM llBB*8T;::· 

p M .!..H(R)·~. 
c (6) 

, ORHCbiB81011l&rO nnoCK08 llBHlK8BB9 1C nepHOJlOM, p8BHbiM nepa-. 

peweHH9 COOTB9TCTBY9T 38MKBYTOII, OpOHT9 H B 'nepBOM npHODB

/7/ 
B B cnenyJOmell cf>opMe : 

2 
rR 

+ N"-· 1- n 
sin [a (r) _, N cf> I~ ( (11 + * +. e ) R 

2(l+n)(rj~ 
(7) 

Hs (7) cnenyeT, ~TO xapaKTep TpaexTopaH saMKHyToil op6HTbl 

MarBHTHOrO nOD!! H8 38Jl8HHOM panayce, Co6CTB9HHbl9 

~8CTHU OTHOCHT9nbHO STOll 38MKBYT0i! op5BTbl B nepBOM 

H3 Bblp8lK9HI!il: 

v'1+n v'1+1..[Jt. a'(R)I ~ 
2 N • 

nnH panaankBblX 

xone5aHRII, a 

(8)x/ 

a 
2 ( v'l~ a'(R)I·-·n + T 

N 
nna eepTHKanbBbiX xone6aull 

(a'(R) = da I dr r'=R ), 

rapMOHKK B CTpyKType DORSI Bblp8lK9HH9 (8) ycnO~II8TOJI 

2.. f 2 
a 3 C't Ra'·) I. (~) 1 , 

Q_ a(l+ n)[ 1 + 7 ~ m•l mr
1 

~ 8 i) 
2 . r a' -R 2 . f 2 oo rm 2 

Q • -n +H.::l.:.....::.- > + ..:.L I .I. <->, 
z N 2' .. •·I (I 

N -oil repMOHBKB, «,. -8MDDBTYll8 mN - Oil rapMOBRKH, 

8 

~ 

. .,..;. 

Bena~aHa n JlDB penBTHBHCTCKHX UHKDOTpQHOB H3M9HB9TCB B npenenax oT HY-

E2 

Er-na npa Ha~nbHOII sHepraa po SHa~eHHB , xorna nonHaa. sHepras qacTHDbi 

nocTaraeT sHaqeHHB E. 3To aaMeHeHae aenH~RHbl n CBSI38HO C Tp900B8HH9M H30XpoH~ 

HOCTR Bp8W9HHH qacTHU H8 paSnHqHblX p8JlHYC8X YCKOpHT9DB H JlDB peDHTHBHCTCKHX UHKDO

TpOHOB H8 Bb!COKH9 SHeprHH - ,MeSOHHblX cj>a6pHK
0

- OOyCD8!"DHB89T WHpOKHII JlHanaSOH ~ac

TOT p8JlH8DbHbiX KOD908HHII 
(9) 2> Q. ~ L 

4acToTy axtatanbHbiX xone6aHRII Q z , KaK STO cnenyeT as · ( 8), MOlKHO perynapoeaTb 

nonoopoM COOTB9TCTBYIOIIlHX cj>yHKUHll f(r) H a'(r) , nnH Toro, ~TOObl H309lK8Tb B 

npouecce ycxopeHHH pe30H8HCHOrO B030YlKJl9HHSI 8KCH8DbHblX KOD908HHll B 30H8X DHH9iiHhlX 

p930H8HCOB1 OO@qH~ H8KD8JlhlB810T JlOnODHHT9DbH09 ycnOBH9 1 KOTOpoe 38nHCbiB89TCH B BHJl9 • 

0,5 > Q z =· const • (10) 

:Ycnoeae ( 10) MoJKeT Ob!Tb BbmonHeHo nnSI ocHOBHoro HHTepeana panaycoe SOHbl ycKopeHHB 1 

38 RCKD!Oq9HI!9M U9HTp8 M8WHHbl, I'Jl9 Q z =· 0 • 

4aCTOT8 Q z B penHTHBHCTCKHX URKDOTpOH8X C KpyTOCnHp8DbHOil CTpyKTypOll no-

DB ( Ra'· >> 1 ) cymecTB9BHO 38BHCHT OT 8MUDHTYJlbl CBOOOJlBbiX 8KCH8DbHb!X Koileoa-

HHil 

na .( 

b , 3TOT scf>cl>eKT CBH38H C H9DHH9i!HOI! 38BHCHMOCTbiO B8pH8UHH M8rHHTHOI'O no-

~ 

no OCR z , qTo npHBOJlHT K yaenaqeHHIO cpenHero sHaqeHHSI aapaauaa nns 

HOHOB C 8MnnHTYJlOil 8KCH8DbHbiX KOD908HHll, OTnaqHoll OT HYDRo Benaqaua OTKDOH9HRB" qac

/8/ 
TOTbl OT ( 8) onpenenBeTCH H3 Bblp8lK9HHB 

rne 

2 • 2 b 2 r a . 
AQz= 4Qz 

[( Ra')2 +~ + (~) 21 ., 
N 2 Ra'· 

(II) 

\ 

b -8MnnHTYJl8 8KCH8DbHbiX KOD908HHil, 

Kax cnenyeT !13 ( 11), nnH xoltbneebrx cf>aaoTpouoe co cnHp8DbHOil CTpyKTypoil M8rHRT• 

.uoro· noaH 9TOT scf>cf>exT MOJKeT H8KDDAblB8Tb orpaHHqeuae Ha aenaqaHy npeaenbHbiX aMnna

TYJl; JlDSI peDBTHBKCTCKHX UHKDOTpOHOB1 H8pHJlY C yaenH~9HH9M "lK9CTKOCTH" 8KCH8DbHhlX 

xoneo8HHil, paCWHpB~TCB oonaCTR p930H8HCHOrO B38HMOJl9ACTBHH KOD908HHA, 

§ '2, JlaHei!Hbre pesoHaHCHhle acf>cf>eKTbi 

B pee;nbHbiX ycKopaTensx, xpoMe ocuoBHbiX rapMOHHK cTpyxTypbi MarHHTHoro noaH 

N ,, 2N , 3N a T,Jl,), acerna npacyTCTBYIOT rapMOHRKH, xpaTHbie onuoMy ooopoTy 

'IBCTHUbl ( I, 2, 3 H T,Jl,), 00HBII9HH9 ' . STHX rapMOHHK CBH38HO C H9TOqHOCTbiO H3rOTOBD9HHB 

9 

. j 



-I', 
,,, 

1,'' 

nOfiiOCHb!X Hl!lXoiiEI>iHRHOB, H&Oill!Op<lllHOC'i'bto cji,E!ppoMarHHTHOro MaTQpHaila, a T8XlK9 C H~'I'O'I~ 

aocTbto ycTaao~KH oTnenbllb!X sneMeaToa oT.IIOCHTerrbllo .Qpyr .llpyra. HecMoTpa 11a To, 'I.T0 1 

aenH'IH~a STHX rapMOIIHX He ·npe~b!WaeT, lt8X Up8BHII01 ,.QeOstTb!X, nonell npoQeiiTa O.CHOBHOA 

rapMOIIHXH ( N ) a ao11ax, r.Qe co6cTileiiii:We 'laCTOTb! npHIIIIMatoT ll&llb!e ana nonyQen&te 

3Ha'leaast, B0311HKaeT pe3oaaaqaoe yaenu'leaae aMrr~HT~.Q xone6a11all. Tax Kax rrpOQecc J;l&~ 
30IIaiiCIIOrO B036yJK.Q&HHst B STHX 30H8X OnHCblBae,TCst IIHH&IIIIblMH llHqxpep&HltllallbHblMR YJ)&I!

IIeiiHitMH, STH peaoaaa<;bl aaaaaabt naaeliHb!MH 8 OTI1R'1He OT 30H aenaaellabiX peaoaaaooa, 

pacCMOTPE!HHblX B § 4, 

B peiuiTHBHCTCXR?t ll~rtnoTpoaax acerlla HMeeTcst 30Ha rrpocToro ('Qeno'lacnelllloro) 

30.IIaaca 11 30IIa napaMeTJ?H'Iecxoro peao11a11c,a a ll911Tpe ycxopaTenst, r.Qe 'lac'l'oTa pana'- ·' 1 

al!bHb!X KOIIefSI!lHHA 

Q, •· 1. 
(12) 

8o36yJK.QeHR9 XOI1968HHI!'a STRX 30IIaX CBII3aiiO C nepaol! H BTOpoll rapMOHHXaMH B CTpyx• 

Type rronst aa MallblX pa.Qaycax ycxopuTenH, Tax, aMnnaTylla panRarrbllb!X xone6a11~A, o6yc-
, I 

110BI19HII8ll rrpOCTb!M pe30B8HCOM, OU911UBa9TCst no ~OpMyne 

a • 
,y;; 
I'(\4) 

E It ·•t<-0 ) . t 
~E .. 

(18) 

r.Qe f'(\4) - raMMB~YIIKUHII 31!nep,a, npa' 11a116onee THnH'IIIb!X XapaXT9pHCTHKaX p91Il'!TR• 

BHCTCKRX ltHK110TpOIIOB, KQrlla 11a6op .. sHeprRH ROHOM 3a, o6opoT neJKHT e .QRa11a3011e' 

~ E • 100 T 500 XSB H Sarrpl!JKeBSOCTb MarHHTSOrO I!Oilst B Q9STpe YCKOpHT91Ist H
0 
-~ 7 f-9) XS 

('ITO COOTB9TCByeT r • ~ • ( 450 t' 8-5() CM,), .QO!TyCTHMI!lll OTSOCHT911bJ!8ll B91IH'IH-
,.. eHo · ' -4 · 

Rl!l rrepBOI! rapMORRXB f I .QOIIlKSI!l 6b!Tb rropst.QXI!l 10 , 

napaMeTpH'I9CXO~ B036yJK.Qesae XOII968HHII B lt9BTp81lbiiOA 30S9 YCXOpHT91Ist rrpHBOllHT X 

sxcrroaeiiURallbHOMy pocTy aMrrnHTY.Ilb! sa wapase rronocbl peaosaaca, Ecna .QorrycTHTb no

nyTOplloe yBeiiH,'Iesae 8MiloiiHTYllbi npq UpOXOJK.QeHHH 'I~TR!.tell STOll 30Sbi, '1'0 orpas~'leiiHe, 

sa OTHOCHTel!biiYlO BeiiR'IHSy BTOpol! rapMOSR~H UOIIll ( f~ ) 38liHWeTCst B.~opMe 

'a ''i, 2v'~. 
rrE0 

' (14) 

Asanora<isb!ll ~exT Jla6ntonaeTcst, KOr.Qa xaae;a'lecxast esepral! 'IBCTHlt, ycxopli&Mb!X 11 J:Ml .. 

llliTHBHCTCXHX.IlHXnoTposax, npa6naJKa&TCll x 0,5 E
0 

.QOCTBraeT 3S8'1eSHll 

Q,- 1,5. 

I 
H '18CTOT8 CB060.QHb!X KOII&6asall,: . 

(15) 
I!:cna se npasl!Tb crreuaanbsb!X Mep .QIIII nosaJKeHBll TpeTbell rapMoaaxa CTPYKTYJ?bl MarsaT-

soro nonll a 3olle Q • 1,5 .QO BeiiB'IHHb! • 

10 

• 

.. 

• I 

'a :5 V.~ 
rrE0 ' 

ro npa npox oJK.Qeaaa STOll 30Sbl npoa3oli.QeT asa'IBTenbHOe yaenH'IeiiHe aMJ 

llb!X xone6a1111A, 

§ 8, ¢I a 3 0 B 0 e .Q B R lK e S H e 

Ycxopeaae 'lacTau a penstTHBHCTCXIIx UBK1IOTpo11ax ocywecTansteTcl! p 
'XO'IaCTOTIIb!M 9119XTpH'19CKHM noi19M yC.KOpstiOW9il CHCTeMblo KOTOpa!! MOlK9T 

111160 B BB.Q9 '19TB9pTbBOIIHOBOI! IIHHHH, IIB6o B BH.Qe Cn9QH81Ibllb!X p930H8TO 

113oxpoiiSOCTb .QBHlK9HHII. 11a paanH'ISbi,X, pa.Qaycax ycKopHTel,lll .QOC1'Hrl 

COOTB9TCTBYIOWero 3118'19111111 H3M911911HSI Cp9.QS91! IISUplllKeiiHOCTH Maraaotlio 

H9cMoTp11 11a To, 'ITO a p91111TBBHCTCKBx UHKnOTpollax 38MXHyTbl9 op611T1>1 ( 
:,1 

oKPY*HocTell, ycnoaae H3oxpoiiiiOCTH MOJKIIO 3anacaTb a ~opMe, aaaecTIIO~ 

UHXIIOTpOH8 

H{L) = 
Ho 

yl -·fJT ' 

r.Qe H ( L ) - cp9.QII99 a11aqe11119 11arrpstJKSHIIOCTH MarHHTHoro nonll 11a 

T9 ( L ). 

Eo 
/lnll 'laCTHilbl, Sll9prHII xoTopoll E • --- , ~YIIXUHll ( 11) .QII 

..rr=-ff4 
BHCTCXHX UHXIIOTpOHOB B9CbM8 61IH3Ka K Bb!p,8lK9HHIO ( 4), XOTOp09 118UHC81l 

BnHSIIIHSI Bapii8UHH n01111 H8 H30XpOIIHOCTb• 0.QIIaXO B9CbM8 lK9CTXHII .QOttyCX 

OT pe30H811CIIOrO 38K0118 UpHBO.QHT K 11906XO.QHMOCTR y'IHTbiBaTb STOT 9qxpe: 

B8Tb cpEi.QI;!99 3HaqeiiR9 Ml!lriiHTIIOrO UOIISI B 30119 X0119'111b!X p8.Q11:yCOB ycxo: 

Bon11oo6paa11ocTb 3~xllyToll op6HTbl o6ycnaanaaa9T .QBa HanesHll, Bill 

O.Q o6p8i119SHSI 'ISCTHUbl: C O.QIIOII CTOpOIIblo y.QIIHIIeiiH9 op6BTbl, 6naro.Q8pSI I 

YB91IB'IHB89T nepHO.Q o6p8W911HII 1 C .Qpyroll,.- .QHII8MHK8 .QBHlK9HHll '18CTHQbl l 

liS (5) Taxoaa, 'ITO cp9.QIIHI! pa.QHYC 38MXHYTOI! op6HTbl OX83b!B8eTCSI Mellb 

pe.Qenli9Moro ~opMynoll ( 6), 'ITO cyw9CTBeiiiiO yM9HbWa9T U9pao.Q. nocne.Ql 

3b!Ba9TCSI Cllllbllee 11 o6ycnaanaaa9T H9KOTopoe yM911bW911H9 llattpSIJKeiiiiOCTH 

1111 11a xam.QoM pa.QHYC9 no cpaBII911HIO c ( 4): 

~ ) 0TnHqH9 XO~~HUH911TOB B ~OPMYIIBX (14) H (16 0Bst38110 C pa31IH 

BTOpol! ll TpeTbel! rapMOBRK n01111 118 ~ OpMy 38MKIIYTOll op6BTbl, a TaKJK9 C 

pHIIbl p930H811CIIOII 3011bl no Cp8BIIeiiHIO C U9STp81IbiiOII 3011011 ycxopHT91Ill BC 
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I, 

H90/lHOp01lHOCTbiO ljleppoMar8KTHOI"' MBTI;IpHeiie, e T&KlK9' C 

biX aneMeHTOB oTUOCHTEtrrbHO Apyr 11pyra. HecMoTpB Ha To, 'tT0
1 

' 

ae npe~bllllBeT, KBK npaBH!lO, A9CstTblX, llO!lel! npoaeHTa O,CHOB80II 

npHHHMatoT aerrbte una rtonyaerr!Ore 

xone6a8ull. Tax .xax npoaecc pe~ 

a aTHX aoaax onHCbtBae,Tcst nuaei!Hb!MH AH<i><!JepeHitHarr&ilbtMR Y!J&Il

aaaaaHbi !lHH9IIHblMH B OT!lH'IH9 OT 30H He!lHH9f!HblX p9308aHCOB0 

acerAa HMeeTcst 308a npocToro ( aerro'IHC!le8Horo) 

pe3o8a8C:9 B aeHTpe )rCKOpHTenst, rile 'laCTOTa pallH·- ·'·~. 

Q, - 1. {12) 

·a 9THX 30HaX CBst3aHO C nepBoll H BTOpOI! rapMOHHKaMH B CTpyK• 

paAaycax ycxopHTerrst. Tax, eMll!lHTyAa paARarr&HblX xone6au~ll, o6y~~ 
, I 

peaouaucoM, oueuuaaeTcst no ljlopMyne 

a • 
,~-; 
r(l') 

(13) ' ( Eo )14 ' 
••t- •t ' 

~E ,. 

31!rrepa. flpH' HeH6orree THllH'IHblX xapaKTepHCTHK&X perrSjTR

KOrlle Ha6op 9HaprHH HOHOM 3a.o60poT rr9lKHT S llHarra30H9• 

u uanpst>KeauocT& MarHHTHoro nonst a aeaTpe ycxopuTenR H •(7t9h:a 
E o , 

r e _o_ • ( 450 t 350 CM,), llOnyCTBMast OTHOCIITen&Hast Bemi'IH-
00 eHo -4 · 

AOnlK8a 6biTb nopstAKa 10 • 

B036YlKA98Be KOne6a8HI! B ueHTpan&HOII 308e yCKOPHTenst llpHBOAHT K 

ua lllHpnue nonocbt pe3oaaaca. EcnB AOllYCTHT& no

eMnnHTYAbi npH llpOXOJKAeBHH '18CTHUell 9TOI! 308bl 0 TO orpa8H'!eHH\: 

B9!lH'IHHy BTOpOII repM08HKH nonst ( r~ ) 3enHlll9TCst a,$opMe 

'2 ~2v'~ 
trEo • 

. (14) 

He6rrtolleeTcst, KOrAe KHH9TH'!eCKBst 9HeprHst 'I&CTHU, yCKOpsteMblX 1!1 

npu6nu>KeeTcst K 0,5 E0 B 'IBCTOTe CB060A8b!X KOrre6aHHII 

Q,=l,S. 

(15) 
Map ll!lst llOHHlKeHHst TpeT&el! rapMOHHKH CTpyK'fY~bl Mar8HT-

Q r = 1,5 110 Be!lH'IHHbl 

10 .,. 

rs:;V.2~E, 
trE0 

(16)x/ 

TO llpH llpOX OlKheHHH STOll 30Hbl llpOH30i!:AeT 3Ha'IHT9!lbB09 yaerrH'IeHR9 aMn!lRTYilbl pallHB!lb

HblX Kone6aaul!. 

§ 3, <l>aaoaoe llBR>KeHue 

YcKopeuae qacTRa a penstTHBHCTCKHX auKrroTpouax ocymecTBrrl'!eTcst pe3oaaHCHbiM Bbtco

·Ko'IBCTOTHbiM arreKTpH'19CKRM n~rreM yCKOpsttollleil CHCT9Mbl 0 .KOTOpaR MOlKe~ 6b!Tb !lb!llO!lH9HB 

rrH60 B BRAe '19TB9pTbBO!lHOBOi! !lBHHH, !lH60 B BH/19 cneaBB!lbHblX pe30HBTOpOB, 

HaoxpoHHOCT& ABH>KeHHst. HB paanH'IHbl.X, paauycax ycKopHTenl'l AOC'!'HraeTcR noA6opoM 

COOTBeTCTBytomero 3HB'IeHast H3MaHeHHst Cp91lH9il aanpBlK9HHOCTH MBrHHTHOrO nomr H ( ·; ) • 

HecMoTpst HB To, 'ITO a penstTHBHCTCKHX UBKrrOTpoaax aaMKHYTbte op6RTbi ( 7) oTrrH'IBtoTCR oT 

OKpylKHOCTei!:, yC!lOBH9 H30XpOHHOCTH MO)KHO aallHCBTb B ljlopMe, R3BeCTHOi!: ll!lR 06bi'IHOrO 

UHK!lOTpOHB 

H(L) 
Ho 

y'l-•{3T (17) 

rAe H ( L ) - cpeAHee aaaqeaue 8anpsnKeHHOCTH MarHHTHoro nonst aa aaMKHyToA. op6u-

Te ( L ). 

nnR '!aCTHllb! 0 aaeprHR K~Topoll 
BHCTCKHX UHK!lOTp080B aeC&Ma 6!lH3Ka 

Eo 
E• ---

vr=7fl"' 
K Bbtpa>Ke8HIO 

' 

, ljlyHKUHit (17) AllR BC9X perrstTH

(4), KOTOpOe HanucaHO 6ea y'!eTa 

BnHstHRR BapHaUHH llO!lR HB H30XpOHHOCTb. 0A8aKO BeCbMa JKeCTKHil llOllyCK Ha OTK!lOH98He 

oT peao8aHC8oro aeK08e rtpHBOilHT K aeo6xollHMOCTH y'IHTb!BeT& 9TOT aljlljleKT H KoppeKTHpo- ' 

saT& Cpdll8ee 3H&'IeHH9 M&rHHTHOrO llO!lst B 30He KOH9'1Hb!X peAHYCOB yCKOpHTenst, 

.BorrH006pe380CTb 38MKHyToft opfiHTbl o6ycneB!lHB89T A. stBrreHHR, B!lHRIOlllHe He nepH

OA o6pameHHR '!&CTHllbl! C 0/lHOil CTOpOHbi, YA!lHHeHHe op6HTbi 0 6naroAepst BO!lH006pe380CTH, 

yaerrH'IRB89T nepHOA o6pame8HR0 .C Apyroi!:,- AHHBMHKB llBHJKeHHR 'I&CTHilbl B MerHHTHOM no

ne (5) TeKoaa, 'ITO cpen8Hil panuyc aeMKHyToi! op6HTbl oKe3btaaeTcR MeH&llle R , on

pellenReMoro ljlopMynoi! (6), 'ITO cymecTBeHHO yMeH&llleeT nepuon. flocneaaui!: aljlljleKT oKe-

3btBeeTcst CH!lbH9e H o6ycrreB!lHBaeT HeKOTOpoe yMeHbllleHH9 HenpR>KeHHOCTH Mar8HT80rO no

!lR 8& KalKilOM panuyce no cpaaaeHHto c ( 4): 

x/ 0T!lH'IH9 KOa$$HUHeHTOB B ljlopMyrraX ( 14) H ( 16) CBR3aHO C pa3!lH'IHblM BllHR8HeM 

BTOpOi!: H TpeTbei!: rapMOHHK nO!lB 8a $ OpMy 3aMKHYTOI! op6HTbl 0 a T&KlKe C YllB09HH9M iua
pHHbl pe3oHa8CHOII 308bl no cpaaae8HIO C aeHTparrb80I! 30HOil YCKOpHT9!lR BO BTOpOM cnyqae, 

' ~ 
11 
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f' 
1
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t 
t 
I 

) 

. ' 

2 

II(R) 
_ !10 [ 

1 
-· l ( 2 + n + 2f ) 

R" --v----- I· 
t'!'"" 4N (l+n) 

(18) 
..; 1 -

8 Bbip&lKeHHH ( 18) BeJ'IH'IHHbl n. H f gangroTcg ~YHKIJHHMH R 

8 peanbHhlX yCKOpHTeJ'IHX BCerna HMeeT MeCTO OTKJ'IOHeHHe OT 38KOH8 (18), CBH38HHOe 

c ueTO'IHOCTbiD WHMMUpoaauuH H cTa6unu3~JJHH MaruuTuoro nonH. Ecnu o6o3H&'IHTB oTuocu

Ten&uoe OTKJ'IOH9HHe HallpHlKeHHOCTH M&rHHTHOro. nong OT 38KOH8 (18) 'lepe3 ~ , TO 
. H 

BwpaJKeuue ang onpeneneuus cnaura ~a3w 'I&CTHJJbJ npu ycKopeuuu no KouequoA auepruu 

Eo 
E • :=:==::-v 

k '1/1- {Jk 

/9/ 
MOlKHO 381lHC8Tb B CJ1911YIDIIl9ll tjlopMe: 

6.¢ -e·~ 
6.E 

.6. H(R) • f3: , 
Ho ( 19) 

rne e - KO~~HIJHQHT, 38BHCS!WHll OT X8p8KTepa ~yHKUHH 6.H( R) npH /';.JI a cons! 

emat - rr , )13 8H8J'IH38 Bbip&lKeHHS! ( 19) cnenyeT, 'ITO npodneMa H30XpOHHOrO ABH-

lK8HHH ''18CTHIJ 11J'IH penS!THBHC'l'CKHX UHKJ'IOTpOHOB - "Me30HHblX ~a6pHK' ·- S!BJ'IHeTC>I c•ronb lKe 

pewaromell,, KSK H llJ'ISI UHKJIOTpoHOB KJ18CCH'I8CKHX, Jlnst peWeHHS! STOll npo6J18Mbl HM88TCSI 

11B8 nyTH: nH60 110BeA8HH8 TO'IHOCTH WHMMHpoB&HHS! H CT86HJ'IH38UHH cpenuero nonS! AO Be-

'• nH'IHHbl nOpS!AK8 J0-4 npH yMepeHHOM Ha6ope 9HeprHH 38 OI1HH Of:!OpOT (200-30(} KSB), 

nu15o 3H8'1HTen&uoe yBemJ'Ieuue uaoopa auepruu (500 -1000 xaa) npu cuuJKeuuoM nonycxe 

US M~rHHTHOe none, 8 pa3pa_60T8HHbiX 11pOeKT8X penstTHBHCTC:KHX UHKnOTpOHOB ( CM, p83Aen 5) 

llpHHS!Tbl KOMIIpOMHCCHbie peW8HHH 0 nelKSWHe B YK838HHOM AH811830He napaMeTpOB, 

JlollOJ'IHHT9J'IbHbJJ!: ~~9KT, KOTOpblll 0K83biB89T BRHS!
1
HHe HS <jl&30BOe I1BHll<eHHe B penst

THBHCTCKHX UHKJ'IOTpOH8X, o6ycnoanen p83J'IH'!HeM ~ 8MilnHTYA8X CB060AHbiX KOJ'Iel5aHHII 'ISC-
/10/ t 

THU ny'IK8 , C yaeJ'IH'IeHHeM 8Mil:IIITYI1bl 'KOneoaHHII npOHCXOAJIT yMeHbllleHHe nepuona o6-

paW9HJIH AJ'IH qacTHl\hi 3anauuoro uMnyn&ca, 8 pe3yJ'I&TaTe aToro a<jl<jlexTa npoucxoliHT a3H

M)(T8J'IbHOe pacwupeuue ny'IKa B npouecce _ycxopeuuR, MacmTao· pacmupeHHR nyqxa MOli<HO 

oueHHTb, ucnollb3YR BbipalKeuue 

6."' - .!!.... 
3 

Eo E 8 
6.E <ET- 1)· 

0 

2 
a 

~ 
(20)x/ 

3ToT scjl~eKT, xax aTo cnenyeT H3 ( 20), nnst ycxopuTenell c ue6onbWHM ua6opoM smepruu 

x/ <l>opMyna ( 20) uanucaua 6e3 yqeTa aaTyxauuR aMnnHTYI1bJ xone6aHHII B. npoll.ecce 

ycxopeuust, 

,· 

/ 

,. ,. 

' 

•• ,,.IJ. I ,I,'A~·- ·'1.'·· •. ,~ !',',, 

!'."·,; 
,;. 

:1.1J: '· .),' I ,1y,,1 
':'.. , I'~ ~ r~ ./ 

",;. I 

aa oAn oc5~'f ( Ai i'ololiCeT itaaTitC~ .QlJP~AensuonutM ~px awc5ope, 11 

- Tepaana aMii!!HTYA p:aoc5o,QBbtlt xona6a.nll aosoa; 

Aaat.iy-ran~soe paowxpesue ny·ua • npouecce ycl:opeBHS! 38Tpynne1 
. . ... ... _ ;it; . 

B03MolKBbiX M8X8BB3MoB ..,a~OBOII .....,KyCBpOBKB ·,BOBOB 1 a 'r8KlK8 UpBM8 
. . . I 1: 

· · a:Opp8X1UIB .clra3bl 1Ipo~8T8 HOBO~ IJpB DONtnUB IIHI1fXIJBOBBbiX IM91tTllOAOB 

a 4, Hena~etsble pe3o&ailcu~e 9q,~ea:Tbl 

nomi~>JII' asanB3 ABHliC&BJIH 'IACTBil a' pe~t~~T¥BHcTc~oM ItHKnoTpoue s'e1 

paCCMOTp9BBR B8J'IBH8ABbiX acj!cjleK',I'ol!l, ,KOTbp&le l!lOSBBK8IDT B BeCbMa y3K01 
•' j / 

C'l'MHBbiX qa(:;TOT, Bb13b1B8SI pe30J18BCB08 yaenH'IBBK8 8MDDIITYI1bl. COOTB9TC 

at, 3TII acj!cjle!'Thl1 aooiSllle roaopa, o6ycnolmes&:~ aenaseltaOC'I'bro cpenuer1 

a 3ai»>CH"'OCTbro oT paAaroa aidnmrryahl R <i>a3l>l· ~pxauuu Marall';ruoro. no 

cllt~M naxnoT.poae c xpyTocJJBpan~oirolt CTPYXTYI'O~ JIOna onfei!enSIIOili~~Jl 
paellaocr.,, aws~>~aaeto~aa aaBBcaNoC'I'~oro clra3bl aa. p. aattaa ~1' paaayca_·.~ '!·.. 'i 
., \ \ ....... 

·ayiOmae qneabl a ypaasesam aaaJKeaus nponopa:aoaan,J.Bbl 1i a ~~If ... 

npyrBx Tunoa yca:opaTenell, .~acToTa·pa~aan&aw~'xonec5•s•A B npoue~~-: 
eTCH B WBpoltOM JJBaU83oB8 ( 9) B IJpHHHMaeT plf,!l, 3_BS'I8~Hft, npa _K~TO~&Q 

B81lll08 p830H8BCB09 838BM01181tCTBB9 M8lKAY. OBOISoAJII>IMB, KonetSaHHIIMH B 

saxoll MarBBTBoro nona. CooTuomeiJIIe, onpel;lenHIO!Ilee ua116onee . ~~ea:'ful 

aenasei!Hble peaosaacbl,' BMaeT sBil: 

,q Q, ±.: p Q,. •' ~ • 

rne q,p - 0, 1, 2, . ... q +: p - nopHnolt aei!Jiselh,oro pe3osaaca •. H1 

naselt~we peaosai!Qbt no panuan&Bt.IM ltolle6aa•!IM~ oooTBe'I'C'I'BfRlWH~ p • 

'!rO OHII IIM8IDT HIIHMeHbWHll Uo,Plll101to 8 TaiSnane 1 npxJi.enellbl ebJ.~citeHI 

uelhl;oll TeopaB 3Ha'le~ aueprau yc~~:opeullblx .tipo'!'o~~ ( B · M aa.} r ~o~opbl• . \ . ·. . ··.· . 
ny'leBbl npa nocTalKeHHH onpeneneuuoro uenuuellaoro pe3osaaca·.. · 

T a IS n 11 It a.' 1 

N/Q, N/3 N/4 · N /f 

.. 4 273 0 
,---·-. . . 

. I 

6 800 ,ASS u 
$ 1340 84S 5~ 

npa HCOJ18110aBBBB ~p8BH8HBI. paQHaJ'IbHbiX a:one6auaft '18CTBIJ B 30Bf 

30H8BCOB aeoiSXOAHMO pBOCM8TpBB8Tb .HanBH8ltH&I8• 'lli~Hbl IJBYX THilOBo ·,~l 
' . ' 

MorYT IIJIWb 119CitOJ'IbXO H3M81111Tb '18CTOTY KOJ'IE!68HHll, B TO BpEIMH KaK• 'I 
k ¢ 

1 
( f ) sin. N ~ Bbl3b1B&IDT npB k · a q- l peaouaucuoe yaenu• 

I 

12 ·-·~· ,., 

t, ... i ·- '"-~ 
f:__c:· ~-------------....... ---· ----·-:-, ... , ... , 
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l 11, II_ 

2 

Ilo [
1

_,r (2+n+U) 
R" --v----- I. 

v' 1 - ~ 4N (1+n) (18) 

n II aanaiDTCa $yHKUHaMH R 

acerna HMeeT M9CTO OTKnOH9HHe OT 38KOII8 (18), CBa38HH08 

a cTaoanaaanHH MarHHTHoro nona. EcnH o6o3H8'111Tb OTHOCH.-

MarHHTHoro nona OT 38KOH8 (18) qepea ~H(R) , TO 
H 

$a3bl '18CTHUbl npH YCKOp9HHII no KOH9'1HOl! SHeprHH 

/9/ 
a cnenyiDmell $opMe: 

<P =e· Eo 
~E 

~H(R)·"2 
--~ ~-'k 

Ho (19) 

38BHcamHll OT xapaKTepa $yHKUIIH ~ H ( R) npu ~ H a cons! • 

BbipaJKeana ( 19) cnenyeT, 'ITO npodneMa uaoxpoaaoro nau

uHxnoTpoaoa - "MeaoH,HbiX $a6pu;• - aanaeTCH c•rc>nb JKe 

KnaCCH'I9CKHX, llna peWeHHa STOll npooneMbl HM99TCa 

mHMMHpoaaaua 11 cTaounuaauna cpenaero nona no ae

aaoope sHeprnu aa on11a oflopoT (200-800 xsa), 

Haoopa SHeprHII (600 -1000 KSB) npH CHIIlK9HHOM nonycKe 

npoeKTaX penaTHBHCTCKIIX I!IIKJIOTpOHOB (eM, paanen5) 

, neJKamue B yxaaaHHOM nuanaaoHe napaMeTpoa. 

BHI!a~He H8 $a30B09 nBHlK9HHe B pena-

en p83JIH'IH9M B aMITJIHTynax CBooonHbiX KOJI908HHII '18C-

aMnawrynhi, xoneoaauli npoHcxonHT yMeahmeaHe nep11ona ,oo-

IIMnynbca. 8 peaynbTaTe sToro srjJ<jlexTa npoHcxonHT aau-

a npouecce ycxopeaua. MacmTao · pacumpeaJHI nyqxa MOJKHO 

3 
Eo E a 
~E <ET- 1)· 

0 

2 
a 

~ (20)x/ 

11a ( 20), ana ycxopuTeneli c aeoonhwHM aaoopoM saepruu 

oea Y'I9Ta 3aTyxaHHa 8MI!JIHTYllbl xoneoaHHll B, npouecce 

12 .. 

·~ 

_'.;,.?,/\' 

,l',l'k, 'i .! I }, ~~ 

'••\ 
'1),,'.' 'JI 

1 ,l~,~., "','1). ,:.~~~'t:' 

:,.-.• 
11,~· 1 

' . 
-/- .,, 

ea o.llD oi50J!o'l' ( A fi MolK&T iiBRTbCH .qqpeAenaJODUIM npa Bhl6ope, , n~nyCTBr.:tqro HR.;, 

Tepaana at.amuTY.Il QBOI5o.llBbiX ltoneCSanA aouoa, 

·.. \ ' ' 

A3BMYTan&soe pacmapesae ny'llta a oponecce yctopesag aaTpYAHHeT·acnonbaoaaau~ 
' lit/ . 

803MolKBbiX M8XBBH3Mo8 $a3o80A $oKycapoBitB ',BoBOB 1 a TaKlK& npBM&H&JIRe 'CHCT&Mbl 
. . /12,18/ 

ltOppeKJlBB ,cjl&3bl n.poneTa BOROS !Ipu IIOM~IllB liBnylt!lBollHbiX &JI&ItTPDnOB , 

§ 4, Hen • ~ e tu hi& peso a aac a hie a,PijJe1t T hi 

nona~A'aaanR3 .llBBlK8RRB .aCTBK 8 peJIBTRBHCTCKOM U~KJioTpoae B8803MOlK9H 5&3 

paccMOTpeBBa Henauel!Hhlx &4J4>ex;oa, KOTbpble soaHBKaiOT B aec&Ma yaKoM suTepaane coo-

CTBEIJIBbiX 'IBCTOT, Bb13b1Ball ·peaOJUIHCHoe yBeJIH'IeBB8 aMilllBTynbi, COOTB9TCTBYIOWBX' Koneoa

BHAo 3TB &4J4>e!lThl, aooCSm:e roaopa, o6ycnoenesbl uemraellaocTt.IO cpe.llse~o M.arauTaoro. nons 

a 3&8HCBUOCT&IO OT pa.llHyca 8MilJIHTy.llhl a $a3bi·B~psauau MarauTaoro nona. 8 penaTRBRCT• 

CKOM UllltJIOTpoHe C 1tpyTOCIIBp&Jib110it C'l'pyltTypo. ~llOJIH 01If8l!.&IIIIIOW88 3H8'18HB9 HM88T H8-

IIHB8ftBOCTI>t BblablaaeMaB aaBBCBMOcTt.IO taabl aapuanuu oT pa.lluyca, Tax xa1t cooT8aTC'J:'-

~ - -'ayiOillB8 'IJI&Hbl B. ypa8H8HR~ .tiBBlK8BHSI IIPOilOPQHOB&/lbBbl ~ B OTJIH'IH8 OT R ' .llJISI 

.llpyrxx TBnos ycxopurenelt, .'lacTaTe paABan&ahlx·Itone6aHsft a nponecce yc~eopeaus ~aMeua

eTcll B mapoKOM .ttRallMOB8 (9) B opBHBM&eT Pll,.ll 3BB'I9HBA1 npa K()TOphiX 803BB11:&9T, l(eltB

·aeAHQe p830H8BCHo8 838.B~O.Il9l!CTBB9 M9lK.IlY CBOOo.llHbiMII KOJI&I5&HBHMH B OCHOBBOfl rEjpMo..:. 

HBKOII ~arHBTBOrO IIOJ!IIo CooTHOW81JB00 01Ip9,1l8JIH10Jll9e H&H6onee s$1jJeltTHBHb18 BHy'l'peHBHa 
',, 

H8JIBII9ABbi8 peSOHaBCblo~ RM89T BRA! 

" q Qr ± p Q, •· N ' (21) 

r.tte q,p .. 0, 1, 2, .... q +: p • nopH.IlOK Henuaellaoro peaouaaca. Halil5onee onacHbi ae .. 

JIBH&li,Hble ·p830B8BQ1>1 llO pa.ttBanbBbiM ltOJI808HBaM1 OOOTB&TCTB)'IOIIlB~ p • 0 , 8 CUlly TOro1 

'IT~ OHII BM810T H8HM8BbWHJI IIO,PRAOK, 8 T&OJIHUe 1 IIpHB8.1l911bl Bbi'IHCJI&HHble· H& OCHOB8 ·nu-
' 

aelt~oA T&opus aua'leHHB saeprau yc~topeaHbiX npoToHo8 ( 8 Msli), KoTOpble MoryT ObiTb no-

IIY'l&Hbl upu .llOCTHlK&BHH onpe.lleneHHoro aentmeAaoro peaouaHca·. 

Ta15nuna· 

N/Qr N/8 N/4 N /6 
'<~. 4 278 ........ ------0 

6 800 . 485 lSI 

$ 1340 845 688 

I 
' nps HCCJ18,1l084BBB yp&BH&BBA pftllH&JibHbiX KOJI90BHHft 'I&CTHU B 3oB8X HI!JIBHeltHbiX pe-

30H8HCOB H&OOXO.IlBMO p&~CM8TpBB8Tb .H8JIBH9l!Hb19, qneHhl .llBYX THITOB, 'i~9Hbl BB.Ila C1 ( lf)k 

Mor)'T n:mb aecitatt..ltO aaMeuaTt. qacTo'l:'y Kone6auaft, a To ap&Ma xaK qneHbl BH.Ile 

.t ~ ( io ) sin N ¢ ' ... B11fB&IOT upu k • q- 1 peaoaaucuoe y!lenaqeaue aMMHTy.llbi 

\ 
18 

•, <!1~-:d(' 

.}:';:1-f?:,.;.~~;,,.,, ·~:·L~.A .. WWJ'r\'- •. 
t ~~ 
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Kone6auull p ~panuan&uoe OTKnOH9HBe TpaeKTOpHH '18CTHUhl~OT 38MKHYTOll op6HThl)• 

XapaKTepuoll oco6euuoc:r&to penBTHBBCTCKoro nnnOTpOBa, s OTnH"!He OT cuuxpo:rposoa '? lKeCT

Koll ~oKycuposKoll, BBnBeTcB Mance BnHBHHe aenuuelluoc:ru cpenuero nonR ( s nuKnoTpoue 1 

n Mano) ua qac:ro:ry panuan&u~x Kone6auull, B TO lKe speMB cymecTseuuaB cnupan&uocT& 

CTpyKTYpbl M8rHHTHOI'O nong IIpHBOllUT K B03HBKltOB9HHIO 31jMjleKTHSBhlX BHyTpeHHHX pe30U'aH-

COB BbiCOKOI'O IIOpHUK8 ( q ) • KOTOpble B yCKOpl!TenBX npyi'HX TBIIOB 06bi'IHO ue S03HHK8• 

~toTo nocT8TO'IIIO noapo6H09 HCCneaOB8HH9 nenBB9llHbiX pe30B811COB KSK B CT8Tli'I9CKOM pelKR-

M9 ( Q •eons! ) , T8K II llpH IIPOXOlKJl9BBR qepe3 pe30H8BCByto 30HY, MOlK9T 6111Tb rrpo-
r , /14/ 

B9Jl8HO npH HCIIOnb30B8HHH 8CHMIITOTH'I8CKHX M8TOJlOB , npu S:J'OM B 1-M npu6nUll(eBBH. 

M Oli(HO nony'IBTb HHB8pB8HTHbi9 COOTHOW8HHSI M9lKilY aMnnRTYilO.ll B ~830ll panuan&HbiX KOn66a-
/~ ' 

uull s 30H6 onpan6n6uuoro uenuuel!uoro paaouauca • Auanua STRX cooTuoureuul! no.asonB6T 

cnenaTb pStn BbiBonos. 

Bo-nepBbiX, nnB nocTaToquo ManbiX eMnnuTYn npu p6aouauce 4-ro nopBnKa senl!ql!ua 

c:ra6unuaupytoDl611 H6nHualluocTu cp6nuero nonR, npu KoTopoll Manhi6 aMnnHTYilbi ycToll•mshl, 

H6 3a~ucuT O'l\ aMillJBTynbi KOn66auull. OnHaKo YlK6 npu cpasui!T6n&uo u660nl>moll criHpanl>

uocTB MaruuTuoro nonB aTa B6I!I!'IHHa B6 o66cnequea6TCB M&nbiM noKaaaT6n6M cp6nH6l'O 

nons, noa:roMy B pemiTIIBBCTCKOM nuKnoTpou6 s 30H6 uenuu6llnoro p63ouauca 4-ro nopRnKa 

MSnbte aMnnuTyuhi BC6rna H6ycTollqueht, npH'I6M Y!l6nu-.lenu6 aMnnuTynhi 3a o6opoT 
8 . 

Aa " (...!!.....) • XapaKTep nBBlK6HIIB npu 6onhmux eMilnBTYASX MOlK6T 6biTb BbiHBn6H u3 
2 o . 18/ 

paCCMOTp6HHH COOTB6TCTBYIOWHX BHB8pH8HTOB 

Bo-BTOPbiX, npu p630ueucax 5-ro nopltllKa u BbiW6 oco6aSt ToqKa ua ~a3oeoll nnocKoc

TB, cooTBeTcTsytomaR nauuoMy p6aouaucy, RBnB6TCB neu:rpoM, Oaua~o npu KpyTocnupan&uol! 

c:rpyKTyp6 MaruuTu6ro nonR ( ~ ~ 7 ~ 10 eM) pa3M6p cenapaTpuccbl npu p63ouauc6 

5-ro nopSJnn:a cooTB6TC'l'BY6T aMrrnuTyn6 panuanbHhlX Kone6auull M~B66 1 CM, u STOT p6ao

uauc ue onac6H TOnpn:o npu onp6Jl6neuuoll cKopocTu nuuaMu~ecKoro npoxolKn6BHH p6aouauc

uoll aoHbio YsenH'I6HH6 el\.JrrnuTyllbi K<me6auull nocna npoxolKU6HBll aOHbi peaouauca 5-ro no

pHnKa onpeuengeTcll B nepsoM npu6nuJKeHull cooTuom~H\eM 
3 . 

• 2 rRa 0 E Iii ·V8 

11- 1,1 ·10 .,....-- <-.:l) I . 
Q . .Jt AE r . 

a •· at> (22) 

Pa3M6p cenapaTpHCCbl nnB p630H8HC8 6-ro nopSinKa o6b!'IHO COCTaBnSI~T HeCKOnbKO 

C8HTIIMeTpoB1 ,11 3TOT p930H811C 116 MOlK6T Elbi3B8Tb 3118'111T6nbHblX IIOT6pb '18CTIIU JlSlKe B 

KB8311CTliTB'16CKOM pelKHM6, 

lliapHHY p630H8HCHOII 30Hbl BHyTpOHH61'0 pe30HSHCS MOlKHO OIIJ)61l6nHTb 113 BblplllKeHIIB 

,.. Q - .!..lL_ (i (~)-J (..!...) l '• 
· r a'Q r q.l It q+l 11 

(28) 

14 

'• L 

,. 

.. 

-:.•-

.I'Jl6 J.q _ l (y ) • ljlyHI(UBII 6eccei!B ~OpB.tiKS q -. '1 o 8 ~8HTpanbHOII 06 

CKOI'O URKnOTpoHa ( Qr " 1 ) HM6eT M6C.TO HBnHHBI!Hblll p630H8HC N 

JlRYC pe30H4HCBOll ~OHbl' npu a < lt onpenenB6TCB ~opMynoll 

N- 2 r,. . {~) ~ 
r pea J. 2 N-1 ( N - 1) I 11: 1r 

KpoM6 H6nuuei!BbiX p6aouaHcos no panHan&BbiM l(one6aHBBM, ua ueKoTopNx 

nBTHBBCTCKOM UHKnOTp~He MOlKeT B03BRKHYTb p030H8HCB8lt CBB3b!On66SHII 

C COOTHOW6HH6M ( 21), B036ylKJlaeM8ll OCHOBHOII I'SPMOHHICOII MSI'HHTHOI'O III 

ecna OTCYTCTBYIOT HCK8lK6HIIlt M6JlH8HHOA nnocXOCTII, p npiiHIIM&eT Ton: 

qeHHH, Ha p11c. 1 npuseneua nHarpaMMa 'ISCTOT CB<:>6onHbl1C K_?n66SHIII! nnB 

TOpOl! HSB6C6Hbl ll6nHHellubJE!'· p630H8HCbl nO 7 -I'O nopStnKa BKnto'liiTOnlaiiOj f 
' ... • . t 

~~~·qeuo npi!Mepuoe nBBlKeHB6 pa6oqel! TO'IKB B nponecce ycKop6HHB, ~cilam 

nnB · p630H8HCOB CBli3H HM66T M6CTO UliBSpllaHTHOe COOTHOW0Hil6 H 
2 2 Q 
~·+ ~ •C(a

0
,b

0
"l. 

p Q 

nonpO~HOO HCCn6JlOB8HIIe C. HCTIOnb30B8BB6M 8CBMnTOTII'l6CKIIX M6TOilOB n01 

HanpuMep, npu a ~UHt N • 8) uau6on66 onacHblll peaouaHc ce 

npSKTB'I6CKH 86 OK83blB801' HIIKSKOI'O BnHBHHB H~a 8KC118nbH06 llBHlK6HII6, .IJ 

C.BB3R, 'eo3elylKJl86Mbie OCHOBHOll rapMOHRKOII, ltM610T 6on66. Bb!COKIIII nopltll 

a $., ~ 11: MOI'YT II6 paCCMSTPIIBSTbCB, 

§ 5, np6nenhH8ll HHT6HCHBHOCTb B p6nHTIIBBCTCKOM U 

11 ljla~aoTpoH6 

CpaBII6HH6 nocTHlKHMoii BHT6HCHBHOCTII ny'IKos · s p6ni1THBHCTCKoM n111 

TpOH6 MOlKHO llpOBOCTH ITO orpaHH'IOHIIID, ~OTOpOe Hanara6TCB npocTpSHCTE 

IJY'IKS ua aKcuanhHYID yi\oii'IHBOCTb nBHlK6HH!l ycKopaeMLIX HoHoB~ 

B p6nBTIIBHCTCKOM UHKnoTpou6 :~~:~eH&WeHH6 qacTOTLI aKcuan&HbiX KOJ 

A Q ) , Bbi3biB8ElM06 nellcTBII6M o61>6Muoro' 3apilaa, MOlKHO onpeJl6r 
• . /15/ 

Hlllt (s paMKSX lJBHeiiHOII ~60pllH ) 

AQ. 
Q. 

I'!l6 - TOK yCKOp9HHbiX IIOHOB, 

6op an6prnn Hones aa o6opoT, 

l!hlll paaMep IIY'!Ka, 

- J~ ""''··' ... .too.. ·-

2b 

2rrie 
1- v'1--- ~ .2 

AE.Z\cpn·b·( Q~ 

-qacToTa o6patn6HHB ·nonos, l\ E 

-eepTHKan&H~oril· paaM6p nyqKa, 
·"' 
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-pallH80&H09 OTK001!9HHe TpaeKTOpliH "'SCTIIU&I OT 38MKHYTOil OpOIIT&!). 

pemiTHBIICTCKOro llliKOOTpOH81 B OTOII"'HS OT CHHXpOTpQHOB ~ JKSCT.• 

Manoe BnliRHHS HSOHHeilHOCTH cpellHBrO nons ( B llHKOOTpoHe ' 

pallHSO&HLIX K00908Hllilo a TO lK9 BpeMS cyuteCTB9HH8SI CnHp8n&HOCT& 

npRBOilHT K aoaHHKHoaeHHro ~~eKTHBHhlX BHYTPBHHRX peaoHaH-

), xoTop&Ie a ycKopRTensx npyr11x THnoe ol5hl"'Ho He B03HHK8• 

HCC091lOB8HHe BenHH9ftH&IX p930H8HCOB K8K B CT8TH"'9CKOM p9li!R

H npH npoxoJKneHHH qepea pe30H8Hcuyro aoHy, MOJKeT 15MT& npo

/14/ 
SCHMnTOTII"'eCKIIX MaTOilOB • npH 3TOM B 1-M I!pHOOHJKeHIIII 

COOTHOW9HHR ME!:>KilY SMnllHTYilOil II ~830il pa/li!Sil&H&IX KOne15a-

/8/ ' 
H9011H9ilHoro pe30H8HC8 • AHanH3 3THX COOTHOW9Hllil n03BOOHeT 

/lOCTBTO"'HO MSilbiX 8MnnliTYil npH pe30H8HCe 4-ro nopSilK8 B91lli"'IIH8 

cpenHero nons, npH KOTopoil M81lhie 8MnnliTYilbi ycToil"'RBhl, 

xonei58HRil. 0nH8Ko yJKe npH cp8BHHTen&Ho He15on&woil cr!llp8n&

He ol5ecne"'HB8eTcs M8nbiM nOK838TeneM cpenHero 

llliKilOTpOHe B 30He Helli!H9ilHOrO pe30H8HC8 4-ro nopS/lK8 

HeycToil"'HBbi, npaqeM yl)ena"'eHHe 8MnnHTYilbi aa ol5opoT 

lpaxTep llBHJKeHHS npH 15on&wax 8MnnRTynax MOJKeT 15&IT& BhlSBneH 113 

18/ 
CCMOTD9HHH COOTBeTCTDYIDUIIIX HHB8p118HTOB 

peaoH8ucax 5-ro nopB!lKa 11 BhiWe ocol5aSJ TO"'K8 H8 ~83oaoil nnocxoc

peaoHaHcy, HBnlleTCH ueHTpoM. 0!lH8~0 npH KpyTocnHp8n&lloil 

1r = 7 .; 10 eM) paaMep cenapaTpHccbt npH peaoHaHce 

panHan&HbiX Konei58HHil M~aee 1 eM, 11 STOT peao

npn onpe!leneHHOil CKOpOCTH llllHSMII'"'eCKOrO npoXOJKilSHIIS p930H8HC-

8MllJIIlTYilbl Kone15aHilil nocne npoxoJKneHHH 30Hhi pe30H8HC8 5-ro no

a rrepBOM llpll6mtJK9HilH COOTHOUJeH!leM 

a -=·a 
0 

.2rRa
3 

E !i·VB 
11- 1,1·10 -, _o_ <---=.2--l I • 

Q ·ll: ~E 
r 

(22) 

TflliCCb! !lOR pe30H8HC8 6-ro nopSilKB OOb!"'HO COCTBBJIH~T HeCKOil&KO 

pe3QH811C He MOJKeT Dbi3B8Tb 3H8'li!T9JI&HbiX llOTep& 'lBCTilU /l8JK9 B 

30Hbl BHyTp9HHero pe30H8HC8 MOJKHO onpenenHT& 1!3 Bhlp8JKSHHH 

~ Q - ..!..B_ [} ( ~)-J (..!..)! '• 
· • a Q • q.t It o+l 1t (28) 

14 

.!II 
,,,,_-

I 

rAe ~·• _ 1 <.,f ) • ~yHKilHH 6eccena nopHAK8 q -. I • a neuTp8n&Holl ol5n8CTR panHTIIIIIHCT• 

cxoro llRIUIOTpoH8 ( Q. " 1 ) RMeeT Mec.To l!enHHeilHbiil peaoH8HC N -ro nopHAK8. P8-

ARYC pe30HilHCHOil • 30Hbl npH a < lt onpeAenSJeTcH ~opMynon 

r.. (a N- 2 
N-1 • _) . 

2 (N-l)l:lt 1r 
(24) r 

pea 

Kpo¥e HenHHeilHhlX pe30H8HCOB no p81lH8n&HhlM xonei58HHRM, H8 H&KOTOphlx P81lHYC8X B pe

nHTHBIICTCXOM llRXIlOTpOIIe MOJKST B0311RKHYT& p930H8HCB8S CIIIS3&_xonei5811Hil B COOtBeTCTBRH 

C COOTHOiu9HH9M ( 21.) 1 8030YJKA89M8H OCHOBIIOII r8pMOHHKOil M8rHRTHO~O nons. npll 3TOM, 

ecnR OTCYTCTBYIDT HCK8JK9HHS M91lH8HHOit nnOCKOCTil, p npHHHM89T TOil&KO ~9THhl9 3118-

"'BHRR. Ha puc. 1 npRBeAeH8 AR8f'p8MM8 "'8CTOT csol5onllbiX xonei58Hilil AnH N • 8, H8 xo-

TOpOil H8H9C8Hbl 119JIHH8iiHhlEt- p930H8HCbl llO 7 -ro nopRilK8 BKOID'lHTBil&IIOo nyHKTHpOM 0003-
, - . 

H8'!9HO npHMepHoe naRmSHlle p800'leil TO'!Kil B npouecce ycKopeHHHo ~0~110 nOK838T&, '!TO 

nnH pe30H811COB CBS3H RMeeT MeCTO· lllfB8pH8HTHOe COOTf!OWerme 

2 2 

.!___2. + ~ • C(a
0 

,b
0 

"'J • 
p q 

( 25) -

no/lpOOH09 HCCil91lOB8Hil9 C HCnOn&30B8HHeM 8CHMllTOTH'leCKHX M9TOilOB llOK83hlB89T, '!TO, 

ll8npRMep, npH a S,% it N • 8) 118H6onee on8CIIbiil peaoHaHc CBR3H SQ.+' 2Q.·8 

I!p8KTR"'9Cltl! HS OK83hiB89~' HllK8KOro BJIH!IHHR H8 8KCH80biiOe ll8Hm9Hil9o JlpyrHe pe30l!'811Chl 

C.BH3H1 'so36yJK/l8eM,bl9 OCHoyoil r8pMOHHKOti, HMBIDT 0011ee Bb!COKHil llOpllllOK. H JIO:'lTOMY npR 

a ~.% * MOf'yT He p8CCM8TpliB8T&CSo 

§ ~ npeA90&H8S HHT9HCHBHOCTb B p9lli!THBHCTCKOM 

II ~830TpOHe 
UHKilOTpOHe 

CpaaHeHHe llOcTHJKHMoll lliiTeiiCIIBHOCTH ny'!KOB a penRTHBHCTCKOM UIIKJIOTpoue H ~830-

Tpolle MOJKHO npOBSCTH no orp8HH'l9HHID, '{OTOpoe H8naraeTCR npocTp8HCTB911HbiM 38pSilOM 

ny'lK8 118 8KCH81lbiiYID YPTOil'lllBOCT& llB!lmellll!l YCKOp!leMb~ llOHOBo 

a penRTHBHCTCKOM UllKilOTPOIIe Ylv!BH&W9111l9 '18CT0Tl>l 8KCH8nbllhlX Konei58HIIti '!SCTHU 

~ Q· ) , Bb!3b!B89M09 llBilCTBHBM OO'b9MHOf'O 38pS11l8, MOmHO onpBil911ST& H3 Bb!p8me-

• /15/ 
HHR (B p8MK8X 111lH9ilHOil 790p1111 ) 

2tde ~Q. 

Q. 
(26) 1- v' 1-- -~ 2 

~E·I\cp0 •b•f Q'~ 

rAe - TOK YCKOp9HHbiX llOHOB, -'laCTOT8 o6pauteiiM!l HOHOB, ,'\ E -cpenmr:! Ha-

15op aHeprnn llOHOB aa o6opoT, 2 b -aepTI1K8li&HW"I p83M9p llY'IK8, ,\ ¢ n -a3MMy1'an~o-

Hhlll paaMep nyqxa. 
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H3M9H9HH9 "'SCTOTbl SKCHS/lbHbllt KOI1868Hiill, o•II38HH09 C SljlcjleS:TOM DpoCTpSHCT!IeB-

HOr'O sapllna, a cjlasoTpoue aa Manblx panuycax ( uo fsom>wux panuyca nepaoro cjlasoaoro 1 

) 
' . . /12/ 

KOI1908HHll C LIOCTSTO"'HOA 1:11111 OU9HOK TO"'HOCTbro H8XOLIHTCII H3 Bblpa~8HHH 

"-Q. 
Q. 

.· 
K , 2~rle(IJ'K.) 

.r 1 - ·..:_-"::-~ur.. ::"22 -:"';:-1-v (~b·FE0 Q• 
(27) 

rne 1/J • 9..; Coscf> +•Cos cp
0 

-·(" -</> .;..cf>.) Sin cf>. dcf> (1:11111 cenapa'!'paccbl p9W9HHll <!lasoaoro 

YP,8Bk9HHH ) ,· F -"18CTOT8 MOJ:Iyll!IUHB1 cp -4lasa. ycs:opurom9rO DODII, BHJ:IeKC S 

OTHOCHT COOTB9TCTByromue napaM9TPbl K paBHOB9CHOMY HOHy, 

Ec11B npHHHT!o, a Bbtpa~eHBIIX ( 26) II' (27) s~8"19HRll napaM~Tpoa, nonyCTHMbte H11B 

OObl"'HO HCDOI1b3Y9Mbl9 B p91111TBBHCTCKHX UHKDOTpoHSX R cjl830TpOH8X1 TO 1:11111 OLIBHaKoqoro 

H3M9H9HBII "180TOT 8KCH811bHblX K01190SHRil OTHOW9HRe. TOKOB YCKOp9HHbiX BOHOB B UHKI10Tj:lO

H9 B ¢aso~poae COCTSBHT 200 ~ 1000, ~OpM811bHSII OU9HK8 Dp9J:191lbHOII HHT9HCHBHOCTH 

( /1,, Qz = Q • ) B p911111'HBRCTCKOM UBKnOTpOHil ( 26) UPH Q • • 0,8 L189T 89/!H"'HHY TOKS 

10 + 15 MS, na/lbHeiiW99 CyWeCTB9HH09 yBe/IH"'9HH9 HHT9HCBBHOCTII B p91!11TIIBHCTCKOM UHK/10-

TpOHe MO~eT Ob!Tb LIOCTHrHyTO nyTeM yaenHq9HHII ~eCTKOCTH <!los:ycupyroWell CHCT9Mblo 

6 6. Me To'n bt Bbt s"'na n y 'IlK a 

B penSITHBHcTc:s:oM UHK110Tpoue os:asbtBaeTcll ueaosMo~HblM ncnonbsosa11ne auyTpeuuux 

MHW9H911, 8To OOyCI!OB/19110 B OCHOBHOM llBYMII OOCTOIIT9/lbCTB8MH: BO-nepBbiX, H~.QORYCTHMO 

BbtCOKHM ypoaueM panuoas:TusuocTH, s:oTopall uaaon11nacb 6bt a M&Tepuane ys11oa ycs:opHTe-

1111 paCC9liHHblM H8 MIIW91111 BbiCOKOHHT9HCIIBHbiM DpOTOIIHbiM DY"'KOM, ao.:'aTOpblX1 DP8KTII-

'' \ . 
"19CKOII HeB03MO~HOCTbiO OOeCD9"111Tb OTBO.Q· OT MIIW9HII T9Dil81 Bbi.fl911119MOrO B Hell Dpll 

DpOX0~9HIIH CK803b Hee MOUlHoro Dy"'KS DpOTOHOB, 8TO DpHBOlliiT K K8Ter'OpH"'9CKOMY Tpe

OOBBHHIO paspa6oTKII 11 ocyw9CTBII911HII 5 p9niiTHBHCTCKOM UHKIIOTpOH9 cHcTeMbi Bbiaona 

ny11s:a us K8Mepbi c s:oe<I4HuH9HTOM abmycs:a, 6nusKHM K enuunue, 

. ' 
P8spa6oTK8 M9TOLIOB llblBOJ:Ia ny'!KS B9aeTCII 1'1 LIBYX 118Dp8B119111l,IIX, l19pl'lblll M9TOll oe .. 

HOB8!1 H8 a(jl¢es:Te p930H8HCHOrO 386pOC8 HOIIOB B M8rHHTHblll K8H8/l Dpll DOMOntH M9X8HII3-'' 
' ' /16/ . 

M8 pacK8'1KII pann8nbHblX xone68HHII a soue '18CTOT Q, • 1,5 H/111 Q, • 2 , B o6• 

/18CTH H811HH9IIHOro p930H8HC8 '19TBepToro DOpiiAK8 Q, • 8/4·W8r HOHOB 38 Olli!H OOOpo'l' 
3 

\ npODOpUIIOH8119H (~ ) H .110CTHr'89T HQCKO/lbKHX C8HTIIM9TpOB, 3KCD9p11M9HTbl 1 Bb!D0/1H9H-

8o /17/ . 
Hbl• 118 9119KTpoHHoA MO.Ile11H a Oxp11n~e , nos:as8nH1 'ITO npu acnOI1b30BBHHH 'l'as:oro 

M~OLI8 BbiBOll8 MO~Ho nony"'BTb :S:oa¢¢au:n9H'J' BbtBOll8 ny'IK8 as s:aMepbl ycs:opHTenR, 611~3-

KHII K 0,95, 

Pesoii811CHbiii MeTon BbiBona "18CTI!Il 113 ycKopHTe/111 npHBOllHT K H9o6xonHMOCTH Bbt6o

pa onpeneneaaoil npenenbHOII saeprHH ycKopeHIIbiX '18CTHJ:I, KaaeTH'IeCKas sueprHA, cooTee'J'-

16. 

.-:• 
',.,·· JJ: 

CTBYJOIIt~fl pesoR8HCHbiM aoH8M1paaH8 8415 una 485 Mae cooTaeTcTaeuuo ~ 

ycs:opaTen~ npenuaaua"'eH n~a ycs:opeaas uoaoe no eaeprau, ue coaD8ll8JOn 

sua'l,eRHIIMH1 npRM~II,eHIJe pe:;~oil8acaoro M9TOll8 aecKonbs:o 38Tpynaeao. B 

npe.QCTSB/ISIIOT JIHTepec HepEi30R8HCHbi9 MeT04bl 8bii!I0.118 Dy'IKS 'lSCTHU R3 ) 

PI>I9 OCB0Bb18810'J'CII HS M8X8HH3M8 B036Yl!IAEIBRII IIOI!S68B'RII B Hepe30H8HCHC 

KQnefS8HHA, BosM01KHI>1M CDOCOfSoM rpynnHpoBXR 'l8CTHJ:I B H9p930H8HCHOI! 0 

M9XSBB3Mb11 CBII38BHbiS C .3aMK!IYT1lil op!SBTOII yCKOpHTei!H, P8llR8/lbHbl8. CJC 

TO"'~SX nep9rR6a Tpa811TOpHR 38MKHfTOI! ·op6BT~ Cynt9CTB9BHO Dp9Bb1WBDT 

pb18 Bbi3biB810TCfl CBOISO.QHblMH KOne!SSHRIIMB, 

f1pu noMOWH Cynt8C\I'B9HH0r'O IICKSlKeHBII <II?PMbl 38MK!IY'J'OII op!SHTbl H 

rapMOHJIK B CTpyKType MSrHHTHOr'O DOJ!fl B03MOlKHO l'lhill8118HII8 O.QHOrO 831 

paBI!GHHR B 38MKHYTOII OpOHTe, Tips HCDOJ1&30B8HJIR B03MYII19HHII B STOll 3 
/18/ . . · .. 

llj!Tb BbiCOKOrD Koa¢¢BUB8HT8 BbiB048 ,· 3JI:CD8pHM9HT8JibHbl9 .QSHR~ ro 
. ' ' i ' 

"18CTBU 8 H9p930H8HCBOII OOJI8CTB KOIIe6.8HJIII 8 HllCTOIIntee 1i11),9MII OTCTrciJ': 

\ 

i 
4, Mon9napoaauae peniiTHMCTCJti!X DHK110Tpoaoe. 

·,,1 

ITepBbi8 es:cnepHM911TanbHbte uccnenoaaanll ycToii"'H8ocTH, a, T8K~e 

B UHKI10TpOH8X C M8rHBTHbiM U0/19M THDII (8) 6blllH BJ>ID011HWbl 118 yCKO~ 
. . ' 111 . ' 

06~e.QHH8HHOM BHCTRTYT9 snepHbiX HCCI19UOB8HHII ' H 0KpRu~CKOil H8DHl 

~n11 (CWA
1171

), 

OcHQBHbte. napaMeTpbi MOll9nell npnaeneBbll B 1'86nuue 2. 

T8611HU8 2 

B(rc) Koaeqa, Maxc, tl,ac;JTOT.8 ¢>opMa 

p~HyC suepr. o6pa!119HHII N cnup811ei 
(rc 0) 

(eM) (Msa) (Mrn) 

OH51H a 18700,0 58,0 18,0 10,45 6 r •16, 

ORNL e - 41,926 84,8 0,51fl 117,4 8 r •40, 

Ha STHX MO.I191111X p8W8/IIICb OCHOBHbl.8. BODP0Cbl1 ~BII38HHbl8 C ¢B~ 

Tenell, Ha nepeoil Monena !Sbii10 es:cnepHMeH'J'an~uo ycTauoeneao, "'TO 

~HM8 (oTCyTCTBBe 8BTOcjl83HpOBKH) B03MOlftliO ycs:opeHHe B T8"19HH9 26 
uccnenoa8HO pe3ouaucuoe oos6y~neaue s:on91Saanll a ueaTpe ycxopuTen 

DpH q •· N )
1 

a T8K~e Obl/18 DOK838H8 B03MO~HOCTb ¢opMHpDB8HHII C/1 

M8r'HHT1fbiX no11eil npH noMolltH WHMM, usorHYT'biX. no 111111'1-HIM cooT &eTc 

(a (r) -·N cf> •· Const ), 

17 



8KCH81!bHblX Kone15aHRII, c'as38HH08 C acP<IJeKTOM 'nPoC'rpa~C'r~H
HLl ManbiX panuycax ( so 6onbwsx panayca nepsoro cpa3osoro 

/12/ 
ll11ll OUSHOK TO'IHOCTbiO HSXOJlRTCII B3 Bb!p8lK8HRSI 

1-v'l-
2trie(trK

0 
)K 

(.'\E)I-i·b·FEliQ 2 1/1 
0 • 

(27) 

dcf> (nns cenapaT.puccbl peweasst $aaosoro 

-$aaa. ycKop!!IOmero non11, BHll8Kc s 

napaMeTpbl K p8BHOB9CHOMY liOHYo 

B Bb!p8lK9HH!IX ( 26) K ( 27) 3H8'19HRSI napaM&TpOB, nonyCTHMbl8 H11R 

B pe1!HTHBHCTCKRX UHK1!0Tp0H8X H $830TpOH8Xr TO Jl11H OLIHHSKOBOrO 

OTHOW9HR8 TOKOB ycKopeHHbiX H.OHOB B UHKnOTpo-

200 ~ 1000. ~OpM81!bH811 OU8HK8 npenenbHOii HHT9HCHBHOCTH 

Q z • 0,8 naeT B91!H'IHHY TOKS 

cymecTB9HHOe YB91!H'I9HH9 HHT9HCHBHOCT9 B pe1!BTHBHCTCKOM UHK110-

L!OCTHrHyTO nyTeM yaenH<ieHHB lK9CTKOCTH $OKYCHPYIOW811 C!!CT9Mblo 

nyqKa 

UHK110TpOHe OKLl3b!Ba&TeSI H8B03MOlKHb!M Henonb30BaHHe BHyTpeHHHX 

B oeHOBHOM LIBYMSI o6eTOSIT91!beTBaMH: BO-nepBbiX, H8LIOnyeTHMO 

.,AllHOAKTHBHOCTH, KOTOpall HLIBOLIH1!aCb 6b! B MSTepHane Y3110B yCKOpHTe

Bb!COKOHHT9HCHBHb!M npOTOHHb!M ny'IKOM, BO-:-BTOpbtl(, npaKTH

o6ecne'!HTb OTBOLI 'oT MHWBHH Tenna, Bb!LI91!!19MOrO B Hell npH 

Hee MOWHOrO ny'IKS npOTOHOB. 3TO npHBOLIHT K KaTeropH'IeCKOMY Tpe

H oeyweeTanenusr a pen!ITHBHcTeKOM UHKnoTpoae eaeTeMbl Bbtsona 

~ 
BbiBOL!a ny'IKS B9LI8TCII B LIBYX H~npaB1!8HH,.!IX, flepBblli MSTOLI OC.,. 

HOHOB B MarHHTHbii! KaHan npH fiOMOII{H M8X8HH3-' 
. /16/ 

Kone6aHHII B 30H8 '!aCTOT Q r - 1,5 H1!H Q, - 2 • B oi5-

Q, • 8/4·war HOHOB 3a OLIHH 060pOT 

H L!OeTHraeT H8CK01!bKHX eaHTHM8TpOB, 3KcnepHM8HTbi, Bbln01!H8H

/17/ 
a OKpHnlKe , noKa3anu, 'ITO np11 llenonbaoaai!HII Taxoro 

nony'!HTb 'xoa<jUpiiUH9HT BbiBOLia DY'IKS 113 KLIM&pbl yeKOpiiT&nH, 15nu3-

BbiBOLILl 'laCTIIU H3 yeKOpHTenH npHBOLIHT K H806XOL!HMOCTH Bb!60-

3HeprHH yexopeHHbix '!aCTHll. KuaeTH'!eeKaH aaeprHH, eooTBeT~ 

16 ... .. 

CTBYJOmaa peaouaaoobiM 30RaM 1paaua 845 unu 485 Mas eooTBeTCTBeHHo (Ta6n. 1), EcnH 

ycKopuTen& npenuaaua'leB nn& ycxopeaus HOBos no auepruu, He coanana10mell c yxasaHHbiMH . ' . 
aaa'l,eRRB~, npRM&II,8HRe pe3oilaa~aoro MeTona B&CK011bKO aaTpyn'!leBo. B eBli3R c $TRM 

npellCTSBl:ISIIO'I' BHTepec Hep830RaHOHbl.8 M8T0Libl Bb1180ll!l DY'IKB 'IBOTBU H3 YCKOpBTenll, KOTO

p&!S OCBOBbiBBIOTCH Ra M9X8HH3M8 B0315ylKn&HHH Konel5aHBft B Hepe30HaHCHOii o15nacTR 'laCTOT 

KQnel5aHRII; 8o3MOlKHblM enoco60M rpynnHpoBKR '18CTHI:t B Hepe30BaHCHOii o6naOTB S!BilSIIOTOll 

M8X8HH3M1>11 eBll3aBBble C .3aMKHYTIJII Op6HTOII yeKopHT811llo Panuan&Hbl8 CKOpoCTR IIOROB B 

TO~~ax naperaoa Tpa&KTOpHR 3BMKUYTOII ,op6RT~ eyme~TBSBHO npeBbiWB~ CKOpoOTR, KOTQ

pble Bb13biB810TCll CB060L!Rb!MH Kone68HRliMRo 

flpB rloMOillll cymee'I'B8HHOro HCKalK&HRll ljlopMb! 38MKHYTOII op6HTb1 Baooj>oM HH311lBX 

rapMOHRK !! CTpyKType MarHHTHOrO nonst B03MOlKBO Bblli91!8HR8 OAHOrO 83HMYT8DbHOro HAD• 

paBileHRll B 38MKHYTOII op6HT8o npu RCnODb30BaHRR B03MYill8HRII B $TOll BORe MOlKRO OlKII-
/18/ . ' . . 

A8Tb Bb!COKOrD Koscj>lj>RUR811Ta Bb!BOLI8 , 3KCD8pBM8HTB11bHbl8 L!8HHbl8 no BbiBOL!y ny~ll;8 
, 1/ I(,, 

'18CTRU B R8p830H8HCBOII o6naeTR KOnel5aRRii !! HBCTOllmee BpeMB OTCYTCTBYIO'I'o 

4, ~OL!811HPOBaHR8 penliTHBHCTCXHX llHK1!0TpOHOB 

flepa&Ie aKcnepRM&HTBnbHI>Ie a.cenenoaauall ycToli'IHBOCTH, a. TaxlKe cpa3osoro llBUlK&BRll 

B URK1!0TpOH8X e MBrRB'tHblM noneM Tl!na (8) 6bi1!H BblnOITHI!Hhl Ha yCKOpHT81IliX-MOA8/TIIX B 
. . . . /7/ 

06'b&LIHH8BHOM RHCTHTY'!'6 l'!llepHblX IICCn8.llOB8HRII ' R 0Kp11AlKCKOII HaJlROH81!b;HOII na6op8TO• 

~HH ( CIUA/ 17 I), 

OcuQBH&Ie. napaMeTpbi Monenell npuaeneHbi 'B Tal5nuue 2. 

Ta6nana 2 

B(re) Koae'la. MaKe, 'iaOTOTa \ <l>opMa /:;.Emlp 
pBllHYC auepr. o6pameuusr N cnnpaneft (KaB) 

( r = 0) 
(eM) (Mas) (~rn) 

01-UUI a 18700,0 58,0 13,0 10,45 a t •16,24> (eM) 5,0 

-ORNL ·e 41,926 84,8 0,51{) 117,4 8 r •40,6ycf>{eM) 0,425 

Ha aTHX MOJl81!SIX pemani!Cb OeHOBllbl8. BOnpoebi 1 eBH38HHI>I8 e $H311KOII TSKHX YCKOpB

Tenell. Ha nepaoll MOL!EliTR 15blno aKcnepHM&HTan&HO ycTaHoaneuo, 'ITO B llRKnoTpoHIIOM pe

lKHMe (oTCyTeTaRe aBTOij>S3RpOBKR) B03MO~RO YOKOp8HH8 B T9'19BR8 2500 o6opO'I'OB HOHOB0 

I!Cenenoaauo p830H8BCH08 B0315YlKA8HH8 KOnel5aHHII B Jl8HTpe yeKopRT&nB ( Q a !!_ •· 1 
• q 

npH q •· N ) 1 8 TSKlK8 6bma DOKa3aHB B03MOlKHOeTb ljlopMHpOBaHRll enOlKHOii CTpyK'cy'pbl 

Marii!ITHbiX noneR npR nOMOIIlH WRMM 1 R3~rHyTbiX no 1111H1HIM COOTB9TCTBYIOWHX ettHp~neli 

(a (r) -·N 1"1 Const ) • 

• 
17 

. J 
'• 

J1 c"!.~......_.;..._ __ ~·l~,·~...;~_._- '--· 

', 

iii 
,,·( 

'l_;~ 

'., 
'• 

,;,_:l' 



~II 

~· i• 
(~·~ 

!" 
I' 

! 

II,' ·" I ~ '. I 

non~xoA uexoue~x•x ane~TpoMaruaTa MoAen• noxa3au aa pae. 2, 

Ha aneKTpPBHOA MOAena asoxpouuoro llHIUIOTpOHa B OxpBA~exoA ~anaouan&HOA na6opa

TOPRB ()!;,mR &aenepBMSHTan&HO pemeHhl ABa Bonpoea lj!B3BKR TaKBX yexopuTeneA, nepablll . 

esaaaH e ARHaMR'f9eRBMR DponeeeaMR DpR yeKopeHBB ~aeTan AO &HeprRA E • 2£~, B pe

aynbTaTe MOnenBpoBIIHBB 6blno DOK~38BO, 'fTO DpR BOe&~enapan&HOI! eTpyxType MllrRRTHOrO 

nonB HOHhl rtpOXOABT !le3 38MiiTHOrO ysenH'iaHHB 8MDnHTyA &ee pa30HilBeRbl9 30Hhl1 eOOTSaT-

eTSYIOIIIRG oeHOSHhiM raPMOHBK8M nonSJ ( N 1 2 N ... ). 

&ropoll aonpoe, KOTOphi
1
A 6&m pemea ua STOll Mollena, xaeaeTeB ShiBOlla yexopeaa&rx 

. 'laeTBD H3 KaMepbl yeKOpHT9DSio 3xcnepBM9RTan&HO fSbiDO yeT8HOBII9H01 ~TO peao&aHeHblll .Me-· 

TOll ShiBOlla 'faeTRil S SORe, rAe· ~aeTOTa paAaan&HhiX KOnefSaxalt Q t "' 2, D03BOnli8T nony-
. /19/ ' 

'UIT& ltoscjlljlunaeaT s&myexa, fSnB31tBA a 0,98 ~ 

KoueTpyxTIISH&re aneMeHThl aneKTpoaaoft 'MOAena noltaaaahl aa pae, S, ljloTorpaljli!B ny~-
.: 14 Ka aa ljlnyopeenHPYIOIIIell MHW8H.Il npRS8A8Ra H8 pae, , 

5,· npoeKThl penRTBSBeTeKHX llHIUIOTp2HOS - .. M830HRbiX q,afSpRK .. 

K aaeTORI!ISMY speMeaa aaa6onee mapoxo a nonao oesei!IeHhl s naTepaType a ofSey~

Aanae& ua KOHijl9p9Bn8BX TpB DP08KT8 p&nRTB~ReTeRRX llBitnOTpoHOSI penRTHSHeTeKBft llHKDO-
. /18/ 

TpOH (PU) na6opaTOpRB MI!PIIhiX npo!lneM O~.HI1 (LlyfSaa) . ' B30XpoBRhlll llHKDOTpOH 
3 . . /19/ -

Me OxpaA~exoA. aanaoaan&uoA nafSopaTopaa (CW·A) , ll - naxnoTpoa Kanuljlop-

aaAexoro yaaaepeBTaTa B noc- A~enoee ( CWA) /')/)/. 

npa e03AilHRR penRTBSBCTCKBX llHIUIOTpOHOS npRXOABTCR p83pemaT& pall sana~, KOTO

pble a npexTuxe ycxopaTeneeTpoexaa paaee ae eoaautanu ana ae cToanu oeTpo, npaauMa

EiMhla pemeHBR SIBIIRIOTell pe3yn&T8TOM KOMilpOMH<:;eOB M9lK.Qy MBOI'BMB1 llpaTBBOp9'filiiiBMH 

JlPYI' .llpyry Tpe60BaHaliMB1 ' eBli38HBbiMa e llHHIIMHKOit llBBlK9XBR ~aCTIIII, BbleOKOA TO'IHOeT&IO 

eo6niOA8HRR napaMeTpOB yeitOpliTenB 1 3H8'111Ten&HOA IIKT4auaeA· yan~B yeKOpBTena, TpaKTOS 

ny~I[OB B T~llo OeofSeHBO 6on~moA OTH8'111TOK Bll pemeHB8 BOnpoeoa RIIKnllllhiSIIQT OmHllii8MIISI 

BhiCOK8R BBTeHeliBHOOTb npoHHK8IOIIIBX R3~9HRA (a nepsy10 0'19pellb HeATpOHOB) OT pa60T8-

IOIII91'0 yexop~Tenll B BbleOR8R B8B8ll9HHaR P8llHOaKTRSHoeT& lleTanelt ero KaMephl R llPYI'IIX 

ycTpolteTS,' 

Pae~lloiSTpHBaeMhl9 TpH npoeKTa 'M&SOHHhiX ljlafSpBK' OTDH~aiOTell p93nH'IHhiM DOllXOaoJ.,t 

X pemeBBlO OTAen&HhiX 3&naq B RX B3aHMBOll nc;»ll'iHH9BROeTH, ~TO eOOTS&TeTB&HHO l!pRBollBT.' 

K COB9pW9BHQ pa3HOMY KOHeT~YKTBBHOMY aljloplllneHBIO YCKOpHTeneA, KalK.Qbiii H3 npo~KTOB 
aMeeT onpetxeneuuhle· npe~eeTsa nepell llpyraMB npoexTa~il ua TOM unu ~HOM erane 

eoopy$9HHSI B 3Kennya,TallBH yeitopiiTenu, a TaKlKS no HBKOTOpbiM XapaRTepaeTIII[aM, Oll!IBXO 

B J19nOM axettepBM9HTan&H&I8 B03MO~OCTB aeex paeeMATpBS88MhiX MllWIIIB S 3B8'fR!rentiHOll 
eTeDSHH OllBBSKOBb~ 

18 .. 
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0::H!)BBbl9 'napaNli!TIIH IllllltDOTpOHOB npHBell&Hhl S Ta6nllll9 8 , a UJ 

aa pric. 6, 6; 7, 8, 9, 10, 

Ta6nuua S 

0CHOBHhl8 napaMeTphl M930HHhiX <j!a6pux: 

PenaTaBHeTexoro naxnoTpoua (PU) - Lly6ua, CCCP 
2 

Me - nilx.lioTpoua - OxpBAlf<, CWA 

H -- nB:xnOTpoaa - noe-Aa~enoe, CWA 

PU Me 
2 

-naxiioTpoa 

~- - . 2 ~-~~ :__~.:=:-! 
1, MaKeBMAD&Hall SaeprBII SHyTpeuaero 

ny'IKa B Mas 
700 900 

2, 3aeprau ShiBSil&Baoro ny'IKa B Mas. 700 810 t 
~~ 

•' 
S, ~aKCBMan&Hblll TOK BHYTp9HHero 500 200 

!IY'IKa S MKa 
··.·• .,, 

4, Pllll,uye KOH9'1HOII op6BTbl B eM 826 610 

5, 3aeprBII HHlf<9KnHR 0 1 Mas 

a. Cpellaee 3Ha'!9HBe aanpg~eaaoeTH 
M~l'HHTHOI'O l!ODII Ha ROB9~HOM 18770 . 8820 
p8Jlayee s a 

7, qaeno enapaneA (eaKTOpoa) 8 8 

8, Yron M&lK.IIy eDHpan&li:> H OKPY~HOCT&IO 110 85° 
Ha KOHS~HOM panayee 

9, 3aaop M9lK.IIY enapanHMII ( noniOOHhiMII 
B4XOH8'1HBKaMB CeKTopos) B eM 14,6+22,0 20,8 

10, BenB'IBBil BapHallliB Ma!'HIITHOrO no-
na RA KOBe~HOM pdtxyee, H1/H r· -o,s ~1,0 

11, qaOTOThl eoo60llHbiX. KOne6aaaA: 

axeaan&H&I:It 0,24+0,29 0,2+0,8 

pa)laan&HhiX 1,0+1,8 1,0 + 2,0 

12., qaeroTa yexopa10mero anexTpH- 12,05 18,72 
~ecxoro nonB s Mrn 

IS. KpaTBOeTb 1 2 

1:4;, . trBClJO yCKOpli~RX 3a3opos 2 4 

16,. qaeno llyaBTOB (peaoaaTopas) 2 2 

16, MaxcaManbHhllt sa6op SJieprHR .sa 400 1000 
o6opoT B K&S 
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sneKTpoMaraHTa MoAenH noKaaaa· aa puc. 2. 

11aoxpoaaoro llHRilOTPOHa B OxpBAmcKoA aanBoaan&aoA na6opa· 

peweaw JlBa sonpoca ~H3BKB TaRBx ycxopBTeneA, OepswA_ 

np11 ycKopeHRR 'laCTBn JlO saepr11A E • 2E0 , B pe-

noKasaao, 'ITO npR BOC&MBCURpan&HOA CTpyRType Mar&RTROrO 

ysena'teHHH aMUIIHTYJl BC& pe30HaRCHbl8 30RW, COOTBeT-

, 2 N ... ). 

5&m pewea aa STOA MOJlena, xacaeTCH BbiBOAa ycKopeaR&IX 

3KcnepaMeaTan&ao 6wno ycTaaosneao, 'ITO peaoaaacBwll .Me-' 

rae 'laCTOTa paJ:Ulaii&BWX ROI!e6aHHA Q t '" 2, U03BOIIR8T llOny• 

0,951 I 91• 

MOJlena noxaaaaw aa puc, S, ~oTorpa~liH nyq. 

npRseaeaa aa pac, 
1

4, 

aa116onee wBpoKo a m;mao ocsemeBbi B naTepaType B o6cym-

npoeRTa p&IIHTIIBBCTCRIIX AHRIIOTpoHoB: p&llSITHBRCTCRkft.llBRilO• 
/18/ 

rrpo6neM OH.HH (.lly6aa) , 1130XpoBBWll lliiKIIOTPOB 
. /19/ 

na5opaTopHH ( Clli A) , 

ABmenoce ( ClliA) /2()/, 

H -- nBKnO'I'PoB KanR~!)-

npRXOAH'I'CH paapemaT& pHil 3~aq, KOTO

paaee Be B03HBKai!R HIIB Be C'I'OBIIR OC'I'po, Op~BBMa• 

KOMUpOMBCCOB Mem,lly MROrRMH, npoTRBOpe'lam&MB 

C ARHaMRKOA JlBRmeHRH 'laCTRq, BWCOROJI TO'IBOCT&ro 

3Ra'IRTell&BOA aKTHBallReA'yanOB YCKOpRTellH, TpaKTOB 

oTne'laTox Ba pemeRHe sonpocos aaxnanwsaeT om&AaeMas 

RanyqeaaA (s nepsyro O>iepea& aeATpoaos) oT pa6oTa• 

BaseneaaaH paAaoaKTRBHocT& Jl&TaneA ero KaMepw 11 npyrax 

llpoexTa 'Me30BRWX ~a6p&K' OTIIR'IaroTCH pa311R'IHWM llOJlXOI:IOM 

lipRBoiiRT 

o~opMneRHro ycxopaTeneA, KamAhiA 113 npoeXTOB 

nepeJl JlpyrRMR npOeKTaMH Ha TOM HIIR UBOM 9Tane 

YCKOpRTemr, a TaKme llO ReKOTOpb!M xapaKT&pHCTHKaM, Oli!ISKO 

B03MOmHOCTR BC8X paccMaTpRBa&MWK MaWIIB B 3Ba'JRT8nliHOI 

18 

~ 

~ ,, 

0::HOBRble . nap4M8'J11W lliiiKilOTpOHOB npHBeJl&HW B Ta6nane 8 , a HX o6wHe BHAW -

aa pee, 5, 6, 7, 8, 9, 10, 

Ta6nuua 8 

0CHOBHWe napaM&TpW M830HHWX <!Ja6pax: 

PensTBBHcTcxoro nuxnoTpoBa (PU) - .Qy6aa, CCCP 
2 

Me - llRKIIOTpoaa - 0KpBtllK, ClliA 

H -- lllntiiOTpoaa - noc-ABmenoc, ClliA 

PU 2 
Me -nuxnoTpou H -nKxnoTpoa 

1 n ---- --- 2 ~-~s- 4 

I. MaKCRMan&HaH saeprus BHYTpeaaero 
ny'IKa s Mss ' 

2. 3aeprBH swseAeaaoro ny'IKa B Mss, 

8, 1'!\aKCBMallbBhlll TOK BlfYTpeaaero 
!IY'IXa s Mxa 

4, PBJ:I,HYC KOH8'1HOII op6BTbl B CM 

5, 3ueprRH uamexnRB 

e. CpenBee 3Ba'leHBe aanpsmeHHOCTR 
M!II'HRTHOI'O DOllS Ba KQH&'IBOM 
paaayce s s 

~ 

7, 'tlacno cnupaneA (ce~~:Topos) 

8, Yron M&mAY cnupan&lO B OKpymaoCTbro 
Ba KOH8'IHOM paARyce 

9, 3aaop. M&mAY cnBpanHMB ( nonrocHwMB 
H8KOH8'1HRK8MB C&KTOpOB) B CM 

10, Bei!R'IHBB BapliBilHH MBrHBTHOI'O RO
llS! Bo!i ItOH&'IHOM paJtuyce, HN/H • 

II, 'tlaO'I'OTW CB06011Hb!X' KOne6aaaA: 

'.BKCHBII&HhiX 

paJlHBII&RWX 

12. t.fec'I'OTe yoxopuromero snexTpa
qecxoro nons B Mrn 

IS. KpaTBOCT& 

I~o,'tlBC/IO yCROpl!~BX 3830p0B 

15,, 'tlacno AYBRTOB (peaoaaTopos) 

16, MaxcHMallbHWA aa6op &HeprHB aa 

o6opoT B KS, 

~e ... ',~..a.\.- .• L 

• \ 

700 

700 

500 

825 

0 

IS770 

8 

110 

14,6+22,0 

-o,s 

0,24+0,29 

1,0+I,8' 

I2,05 

r 

2 

2 

400 

I9 

900 

810 

200 

610 

1 Mes 

8820 

8 

85° 

20,8 

\ 
~1,0 

. 0,2+0,8 

1,0 + 2,0 

18,72 

2 

4 

2 

1000 

625 

200 ~ 625 

500 npu 500 Maa 

95 npK 600 Mss 
40 npH 625 Mss 

1040 

I50 KSB 

4000 

6. 

I2° 

76,2 

~0,2 

0,2+0,8 

11,04 

s 

2 

2 

620 
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17. AnepTypa J:lY811Ta Bll!il aepTuKan&Hbll! 

sasop MemAy pesouaTopaMH B eM 

18,. 3asop M9*AY' YCKOpSIIOJnHM Sli9KTPO.UOM H 
KpbllliKOit KaM&j».t· B CM . ' 

19, JluaMeTp• nomocuoro HaKOH&'IHHKa a eM 

20,· ~C Sli9KTp~MarHHTa B T 

6 

8,4 

700 

7700 / 

',' ·' 

·····-···----
10,2 

12150 

5000 

21,a· 

6,08 

2280 

7100 

.~ . 

21, .MOJnHOCTb RBTaHHSI Sll9KTpoMarHBTa B 

KBT 
2100 7000-8000 8600 

~i50 

250 

.10-7 

22, MaJtCBMan&HaH BI>ICOKO'IacToTHaH Mom

aocTli a KBT 

8 28, BaltyYMHblll oiS'beM B:aM~pbt B M 

24. ·Pal5oqee naaneHHe a ltaMepe a 'MM pT,cT, 

2850 

66 
/ 
s.lo-6 

872 

2600 

5,10-6 

0 1. ·PenHTBaBcTcKHI! npoToHabllt uuxnoTpOH a a euepra10 700 M ss 

Oco6eHHOCTbiO npoeB:Ta penHTBBBCTCKOro llHKilOTpo~a, na6opaTopBB HnepHbiX npo15neM 

l!BilH9TCR T01 'ITO OR npenycMa~B89T HCilOilbSOBaHH9 Sll9KTpOMarHBTa CHHXPOilBKilOTpoHa· 

OHSUf 11:a sHeprBJO 680 Msa. 

B &TOM ci:ty'lae npencTaBnli&TCH nenecoo6J)asaNM' cosnaaaTb aeo!S.xonHMYJO aapHilllBJO, 

TOillbKO lK91l~3HbtM"k 111HMM8MB, noc,n&llB99 o6CTO!IT91lbCTB6 orpaHH'IBBil8T MaltCHMallbHO 803-

¥-'0lKHYIO B911H'IHHY aapHaUHH H Bll9'19T sa CO!SOI! H906XOilHMOCTb 'HCilOilb30BaHHH MHBHMallbHO ., 

nonyCTHMoro mara panuan&a6'1! cTpyKTYP~>t ~o'ns, 3TOMY Tpe6oaaBHJO npu MIIBHMan&HOM ma
l 

·r~ CTpyltTypbl ROllS HaH6onee llOilHO Yll6Bn8TBOpHeT MarHHTHOQ llO~Q~HHHD MaKCHMYMOB H 

MDIIHMYMOB ltOToporo llell{aT Ha cnupanHX ApxHMe!la r •·~lt¢ , 

Bat6op panaan&aoro mara CTPYKTYPI>I MaraaTaoro nonS! { 2 ";; ), noMuMo ycno-

aHs npOXOmA9HH!I p~30HaHCIIbiX 30Hr06yCilOBil8B ·1!1811H'IH\olt .MHRHM&IlbHOrO 3830pa M&lKilY 
• I 

CllHpanbB~IMH WHMM&MH H& KOH8'1Rb1X panuycax yCB:OpBTellll, Ka!t ROKasallH BCCJl81lOBaHHH 1 0R'f' 

TBManlb.Has l!l&llH'IBHa aapuauau MarHHTHoro nons nonyqaeTcH npu ;; , paaaol! nonoBuHe 

/21/ 
sasopa 

8 CBOIO 0'18p81lb1 MHHHM&IlbHbtlt sasop M8*AY cnupanbHblMB WBMM&MH onpenenHeTCll 

~pe6oB&HB9M p&3M811l9HBll 1!1 HeM YCKOpHJOI!lel! CHCT9Mbl 1 ltOTOp&H Bblll011H!I8TCR B BR.r:te llBl(X 

.r:tyaHTOI!I1 npe.r:tCT&BilBIOIIlHX '18TB8pTbBOilHOBI:dS OTpe31tB H80J1HOpOJ1HOII llBHBH, 

Cpe.r:tHee 1\I~I'HBTHoe,none ElllOilb pa.r:tuyca nonyq~eTCB nyTeM npoljlunupoNHHB nonJOGOa 

MarHHTa c ucnon&aoeaneM· cucTeMI:d Toltoablx K&Tymex; nepao.r:ta'lecB:aB 'taCT& cTpyxTypw 

llOIIH .ljlopMHpyeTCH, K&lt OTM8'18110Cb 1 CBCT9MOI! CRHp&llbHblX WHMM1 CllBH~y~biX H8 y~Oil 2rr/N,\ 
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BaKyyMHNII oi5'1>8M yc;Jt~H1$1lll' BHROnH118'l'CSI a 111Bll.8 "eTypexyrOilbRO~ 

ne B HHJKBH ocaoa811Hll, KOJilltyca' HMeiOT J!tb1Jl93!>1 llBA)leTpoM 7 :u, B KOTOpl 

118M8I'HHTHbl8 IUICKH C YC'l'&BOBil&'llllbiMB .. Ha HHX CRIIpen&HbiMH WIIMM&MH H It4 

posaBHB 11 KoppeKnHII. MaraaTaor,o nons. Taxes ll:oacTpyKTasaaa elte_M&. nos1 

uMepy HG s•sopa MaraaTa B npoas&pAHTb aeo6xOIUIMble pa6oTI:d c TQe6ye1 
' \ . . . 

M8BHRyllliTOpaMH H3 3811lKTBbiX K&ISBH. JlyeBTI:d MOryT.- 6bl'l'b H31!1118'18Hbl R3 I 
' ' 

HO DpH CBBTOM 60KOBOM ljlnmeo 

• 2 Hsoxpoaablll ·uHKIIIITPOII Mc
2 

. 2 I.. 
Marl!aTUll ci!CTeMa asoxpoaaoro llRJUJOTpoaa Me cocTOIM' aa aoc&Ml 

CQII:T0po8 CO CllBpan~HbiMB IIOiiiOCllbiMH BaXoHe'II!HKaMHj ;(t&JKllblll H3 CQII:Topc 

a'r:.te o6MOTKH B0!'6YmA8BHB, 

B CTpyxType MarBHTROro llOIIll IIHHB. ).(&ltCHM)'MOB H 
' -

~T He CIIHp&nfiX r •·Ay rp 

i 

MBllBMyMOit, .ll 
~·. c l ., .. ·r,. 

i' ' ' '. . i ,'\ 
T&KaB CX9M8 MerHRTBol! CBCT&M&I ll08B01Jll4t'l' UpRM8HIITID B K8'1Gc;i!'B&' 

·' I. 
TQMI:d ll&pTBltllnbRO opH&BTIIPOB8HHI:d8 p930B&TOpb11 38RHM810~HEl llpciCTAHC1 

'•1 ' , 'I I 

RbiMH ·MarBHTRbiMH ceKTopaMH, B npoeKTe · npe.t~yCMoTp~Ho llae T8KHX pealiu 

'tallUlaH Hs KoTopblx oxaaTblaaeT . .t~aa coce.t~RHX · MarBli'!'BbiX cei:Topa. · B ·· ~ol 

B8 BepTHKallbBoro 3asopa ~eltTpOM&rHR'I'A :He C8JI38Bit 'J'P860B8IIH8M p83M8 

• onpe.t~enseTes Ton&Ko anepTypot JtY'Ilta Jl l!lblco~JO otlNoToa, pa<:nonoiKel! 

Bell llOB&pltHOCTH llOlliOCHOI'O H8KOH9'1HIIlt&, T,,,. MOllt8'1' 6·!>1Tb .!IOCT&TO'li;IO M 

llHll M&I'BHTBorO llOnB; Cll9JIOB8T9llbBO, llOCTBTO'J.BO GollloiiiOito- ijpcit&JIHQ~ ·a( 

aosMolltuOCTb cnenaT& cnapan&HocT& 6onee cn.$ot. 

npa T&KOM KOBCTpyKTHBHOM p81118HRH M&I:'R:i!THoA H YCltOPliJOIIUiA CBCT• 

STBX CRCT9M .IIOlllKBbl 6b1Tb ltOIIHOCTbiO 38Kilto'18Bbi B B8KYYI\4H)'IO 1t8Mepy, C 
'2600 8 u . . . . ... 

~b!B89TCll p85HbiM ~ , n3I'OTOBI19,11H8 J1 JI&K'yy~H!IH OTlt&'IKS T&KOit· l[l 

sanaqelt, COOTI!I8TCTB)'~mel! CoBp9M8HHOA Rp&K,TJIK91 O.IIBaKO WBpQK09 JICI!O.II 

nyiJl!Topoa npa pa!Soi-w sayTp;H ycltoJ?R'f& .. na supyllBello, 

B Jta'lecTae BBllt&ltTopa acnonb3yeT~ll ablcox0 aon&THaa ycKopi!Ten&aa 

1 Mss, p&3M&maeMas BH& noMemetBR naxnoTpou. 

§ 8, H-- naJtnoTpoa aa auapri!JO 828. Mall 

• 'If Clt0p9BH8 OTpiii18T81lbBO 38pSillt8BHbi,X HOBOB BO.tlopoll&, B H- -«lHVIOT . . 

pemJITb 381l8'1)' BbiCoXQscjJijleii:TIIBHOI'O Bb1BOJ14 ( Jtp&KTII'18CII:H CTOilpoll8BTHor: 

OllBOI'O HllH JlBYX &ll811:TpOBOl! 1'lj!H npoXQllt.ti9BBB.liOIIOB .. 'l&pea TOHKYIO ~I 

88 COOTII!9'tcTBYIOIII811& panayce, npa TaKoll 9lt&M8 Bbi~O.tla B03MOlKBO R«;!ll)"l 

.118BHI:dX DpoTOHOB p8311H'IBOI &lleprBR. B .IIOBOilbBO WBpOKOM llH&R&30118. 
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sepTHKanbHbllt 

B CM 

aneKTpOAOM H 

B CM 

Mom-

3 
M 

B KaMepe B MM pT,CT, 

npOTOHHbllt 

5 

3,4 

700 

7700 

2100 

2850 

65 
I 
5.10-6 

I, " :)I , , 

·····-··-----
10.2 

1250 

5000 

7000-8000 

872 

2600 
5.10-6 

21,a' 

5,08 

2230 

7100 

8500 

2750 

250 
lo-7 

-··•·-<··----

QHKnOTpOH H8 IIHeprHJO 700 M liS 

np08KT8 penaTHBHCTCKOro llHKnOTpo~a, fla~Op8TOpHB HQ9pHbiX npo~naM 

Hcnonbaosauue aneKTPOMarauTa cuaxpouaKnoTpoua 

nenecoo6pa3HbiM' C031l8B8Tb aeo~.XOilBMyiO Biij)B81lBIO-, 

nocnenuee o6cToaTanbCTBO orpaHB'IBSaeT.MaKCBMBnbllo soa-

11 Bne'!aT 38 C060it Hao6XOilHMOCTb HCnOnb30B8HBSll MHHBM8nbi!O ., 

CTpyKTypbi nona. 3TOMy Tpe50B8HHIO npa MR!fRManbHOM ma
l 

nonuo YllOSnaTaopaeT MarHBTHOa IIO/ie.~nBHBB M8KCHMYMOB B 

r •-l'ilt¢ • 

cTpyKTYPbi MarHHTHoro nons ( 2 , 1; ), IIOMBMO ycn~

laoH8HCHb!X 30H 1o5ycnosneH BenB'IHHOit MHRHM8nbHOro 3830p8 M9lKAY 

Koaequblx paAuycax ycB:opaTena. KaB: noKa3ana uccneAoaauaa,on~ 

nony'I89TCH npH 1; , paauolt nonoaaue 

MHHHManbHbllt 3830p M8lKilY cnupanbHb!MK lllHl'!M8MH onpaQanaaTCII 

B HeM YCKOpiiJOI!lelt CHCT8Mb11 KOTOpall 8blnOnHH8TCR 8 BRite llBYX 

'laTaepTbsonuosbla oTpe3KH HaOilHOpoAHoll nailau. 

none anonb panayca nony'laeTcs ~TaM n~anupo:aaaua nonJOQO:a 
I 

laaJrHeM CHCT6Mbl TOKOBbiX K8TymeK 1 napHOilH'19CK8ll ~Tb CTpyKT)tpb! 

OTM8'18nOCb, CHCT8MOit cnapanbHbiX WliMM1 CllBR~yTbllt H8 yron 21T/N,\ 
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S.KyyMH~II o6~M ycxopRTena swnonlla&TCII 8 sane 'leTypexyronbRO~ xeNapbl. Bepx

uee B HBJKHM OCRONIJRII, B:Opllyca' BMGIOT ,.I>IP83111 llB81\48TpaM 7. U 1 8 KOTOpble BCT81!11tHIOTCII 

H8MIIrHHTRbla lUICK~ C ycT8ROBII8HHbiMR H8 RHX CIIHp8IIbHblMJI WBMM8MR B lt8TyWK8MH' oj)opMJI

po88BaH • Koppexnaa M&rHRT&oro nona. Taxaa KoRCTpyxTassaa cxe~ no3&anReT H3Bli8X&Tb 

K8Mapy u3 3~30pa MarHBT8 H npoB38pllHTio aeo6XOQBMble pa60Tbl C Tpe6y8MOII TO'IBOC'n.IO 

M&HanynRTO~.Mll H3 38lllBTHbiX K86HH., lllf&HTbl MOrYT-· 6b1Tb li3BII8'18Hbl H3 B:aNepbl OTilm

HO npx caaTOM 6oxoeoM ojlnaHne. 

§ 2 . 2 
H3oxpo&Rbll ·uuxn~TpoH Me 

MarSBT~aa cacTeMa B30ltpOHHoro nHKnoTpoaa Mc
2 

coc'roaT a3 BOCbMR C:-05pa~b1Ji!·· 
ceKTOpo8 CO cnapan~HbiMR IIOIIIOC_JlbiMR H8XOB8'1RBK8MR l l(lll!Ulbll H3 ceKTOpo8 HMEieT OTII81Jib• 

Rbta 06MOTKH B036yl!UlaHHR. 

8 CTpyxType MBraBTROrO 

JKAT aa copanax r •·AvT 
nona IIHHBH M8KCBMYMOS R MBHBMyMOB aanpR*8BBOCTK ne-

·-t'' 

\ 

T&lt4H CX8M8 Mar&8TBOll: CRCTeM&l nos:aonaaT llpHMaHHTb 8 K8'1GCT8a Y.CKOPHJOmelt CBC

TeMbl aepTHK8ll&HO OpHeBT8po88HHble pa30B8T0pb11 38HRM810DIREl npocTpaHCTBO MSliUI)" CMelK

HbiMR 'MarSBTHbiMH caltTopaMR. B npoeB:Te npeAycMoTp~Ho )lse Taxax pe30&8HCHbllt nonocTa1 

't81Kll8R R3 KOTOpbiX OltB8Tb1BaeT llB8 COCSQHHX M8foHRTBbiX CaKTopa, B ~OM C/1)''188 88/IH'IB-

11$ BepTBKAJIIbBOrO 3830p8 ~9B:TpOM8rHB1'4 He CBSI38Ha Tpe5oB8HH8M pa3M811l8HRR IIY_'lll'I'O' 

B onpaAenReTCR TOnbKO anapTypoA IJY'IK8 H BbiCOTOIO o6MOTOK 1 paCIJOII0*8RHbllt 88 SHYTp8R-
~ . 

Hall: no:aepxROOTH nOIIIOCHOrO H8KOBS'IHliK8, T.e. MOlK9T 5b1Tb llOCT8TO'IHO Mandl!: 1 a BapHa-

llRR MarHBTBOrO 110/ISI; CII8AOB8T&IIbBO, llOCTaTO'IHO 6on&moll, noc.rlaQHea 06CTORT8/JbCTBO ll&eT 

ao3MO~~OCT& CAanaT& cnapanbHOCTb 5onee cna~oa. 

nps TaJI:OM IIOOHCTp)'KTKBROM peweHBH MarHBTHOII R ycKopRJOIIlGII CHCTeM BCa SlteM8H'I'bl 

STHX CRCTaM JlOIIlKHbl 6b1Tib UOIIHOCTbiO SaltnJO'ISHbl B B8KYYMBYIO ItaMepy, O~'bSM KOTOpoll: OKa,., 
. . 8 ~ ' . 

~btBaaTCR paSHb!M 2600 M • HsroToanaBHe 11 aaxyyMHflR olf'xa'lxa TaKoA. ~aMepbl HBnRJOTcB 

381l8'1ell, COOTBeTCTSYIOillelt COBpaMeHHOII npaB:THB:e, OQH8KO IIXBpoKoa HCBQI1~3?88HB8 M4BR

ny!JHTOpo8 npH pa60Te' BayTp;H yCKOJ?HTSIIH 38Tpynaello, 

8 ,K8'1SCTBe HBlK91tTOpa HCnonb3yeTCR BbiCOKOBOnbTH8H yCKOpBTen&HaR yCT8HOBK8 sa 

Mea, paaMemaeMaa EiRe noMemeHHII naKnOTPO!UI. 

t 3. H-- nuxnoTpoa aa aaeprHJO 628 Mas 

·, Ycxopa&Ba o'TpHileTe/lbBO 38pHlKSHIIbi.X HOBOS BOIIOpoll8 8 H- -llBKnOTpoHe II03BOnReT 

pe~RTb 38A8'1Y BbiCOKO~altTBBHOro Bb1BOII8 (npaKTR'ISCKH CTOnpone&TIIoro) IJYTeM Cpb1B8 

OABOrO BnH ABYX &.rlexTpc:iHoll nJ)H npoltOliCil8HaH IIOHOB '18pe3 TOHB:YJO ton&ry, YCT8BOBneRsyiO 

sa COOTBeTCTBYJOIIX8M pellayCeo npB T8KOA 9X8Me 8biBOil8 B03MOlKHO nOIIY'!liTb ny'IB:H Bb!Sa

.QSBHbllt DpOTOt..~ pa3IIB'IBOII &HepraB· B IIOBOnbHO WKpOKOM QB8n830Be. 
, T r 
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• C s:tpyrolj CTOpOHbl 1 llpB ycxopeHBll OTpHil&Ten&HhiX HOBOS 11906XOI:tBMO o6ecne'IUT);, yc

nOBHSI, llpH KOTOpbiX llOTepH HOBOS B IrpOnecce YCXOpeBH!t. 83-<38 CphU!8 91IeKTpOHOB B8 OC- . 

T8TO'IHOM ·rase H HS-38 aneKTpH'IeCKOlt nBCCOilH81lHH B MarHBTHOM none He npeBhiW8llB 6DI 

ueitoroporo s:tonycTHMoro sHa'leuus no yposuro uase~:teauolt panuoaxTusnocTa auyTpa KaMepbl, 

no STHM npu'lakaM s saityyMHdll xaMepe H- -nHKnoTpoua naanenue ue nomKuo npeBbtWaTb 

10-
7 

MM pT, CTo 1 a M8KCBMaJibHOe sH&'IeBHe H&llpSillteBHOC'I'H MarHHTHOrO llO!lH H8 XOHe'IHOM 

panuyce orpaua'!ello aena'luHolt 4600 s; np11 sToM nony'lenae a abtaeneunoM ny'lxe c auepraeA 

625 ~ss auTeucasuocTa 40 Mxa 6yneT conposo~aTbCH noTapHMB a nponecce ycxopeuaa,. xo

TOpbte sxsuaaneHTHhi 25 Mxa TOKa npoToBos c suepruell 625 Msa! npa abloone ny'llta Meu&

wel! suepraa noTepu us-sa snexTpH'I~Citolt nllcconuanuu a MarBHTHOM none yMeu&maroTCH, u 

HBT9HCHBHOCTb BH9WHero liY'!It8 MOlK9T 15b!Tb ll0Bb!W8H8 llpB TOM lK8 ypoaue 9KBHB8ll9HTHbiX 

!IOT9pb B X8M£lp9, 

~arBBTB&H CBCTeMa H- -I(HitllOTPOBa COCTaBneHa US 6-TB C-o6pa3HblX cexTopoa, Bos-

6y~aeTCH M&rHHTHBH CBCTeMa o6WHMH nnH BCaX CeKTOpOB KOBU9HTpH'IeCKHMH XBTYWKBMH: 

ABYMH OCHOaHb!MH H 17 napaMH 1 p8C!l0llOlltaaHbiMH Ha llOBapXHOCTH liO!liDCHbiX BBKOHe'IHHXOBo 

cl>opMa noniOCHhiX J!:axoua'IHBKoa cexTopoa T&lloaa, 'ITO no nonosauht xoue'!uoro panuyca 

C~BpallbBOCTb OTCYTCTByeT, ll8llbWe BMaeTCSI CliBp8llbHOCTb1 KOTOpaa B03p8CTaeT~H Ha XOHe'I

HOM panayce yron MelKny oxpylKHO~TbiO a criupan&ro cocTaanaeT 12°, 

Hu3xoe sna'leuue uanpalKeuuocTH MarunTuoro nona nosaonaeT nony'IHTb Tpe6yeMyro 

eapaallHIO llpH l:tOCT8TO'IHO 60!lbWOM sasope (76 CM), 

Baxyy.~naH xaMepa as uepJKaseromell cTana, pacnonoJKeunaa a sasope snexTpoMarliHToa, 

HM&eT C.T9HKH TOlllllHHOlt 2,2 CM, a Ha015XOI:tHMaa lKeCTKOCTb ee ?6eC!l9'1RBaeTCa pacTalKKBMH, 

' ' 38KI;!9lln9HHhiMR sa KOHCTpyKilHaX ahtW9 H HHllte anexTpOM&rHBTa, nocTyn X KaMepe BOSMO-

lKaH npa CHHTbiX eepxuax nonrocax cex1'opos, Heo6xoaaMhtll aaxyyM a xaMepe cosnae1'ca 

14 ROHHhlMH HBCOCBMH. 

Y cxopaJOWBH cacTeMa BhmonBHeTca a ilaAe lll!YX ~'leTeepT&aonuoahiX AyauToa. KaJKnhllt 

. AyaHT1 B CBOIO O'lepanb, pasnenaB ·ua 8 OTnallbHbiX '19TaapTbBO!lHOahiX pe3)>H8TOpOB1 ycTauoa

ll9HHhiX CBMMaTpH'IHO HB eepxnell ll HHlKHaJ! Kpb!WX8X KBMaphi. 

8, 3amHTB OT HS!lY'19liHlt 

npo6neMa panHBUHOHHOlt 38IIlllTbl CHllbHOTO'IHbiX ycxopHTenell HanHaTCH OliHOA Us HaH

'6oneE! CllOlltHbiX H OTaeTCTB9HHbiX sana'!, 3TO CTBHOai!TCa HCHbiM1 ecna Y'I9CTb 1 'ITO HHTer

pa!lbHhl9 llOTOKH HEtftTpOHQB C 9H&prHaMH a ll&CaTKH II COTHII, ~aa OT. M930HHbiX ,ljla15pHK~ C TQ-
16 ' . • 

KOM ny'lxcia 0,5 Ma nocTHraiOT 10 1/cex, a aKTHaHQCTb MHWeuelt nocne o6ny'!eH.Ha nyqxoM 
15 

npoTouoa 3.10 npoT/cex - coTeu rpaM~-sxal!eaneuToa paaaa. YcnoaHu pa6oTbl nepcouao. 
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liB IIpa. llpOijiB!l8KT!l'18CKUX OCMOTfWt II pj~MOIITBX o6opyLtOB8HRH Hjl ,T8XBX )rC:: 

nossTes · s sua'IBTS!lhHolt lliel>e aHanora'IHbiMH. ~cnoeua~ pa6oT&r ua aro~H! 
• 'I 

CBa3H C· STJtM KOBC'rPYKTHBHhia pemaHBC K&Mepbl B ace,x HaXOnHmaxca B SO! ,. ' 
nos co!SCTBBIIHO ycxopaTens, a T8KlKe yc1'poltcTl'• npHMauaaMb!X nnu clloKYCR] 

MBUHII lr8Bflonee. BBT8HCBBBbiX ITy'IKOa 'IBC~I(1 llOIIlKHbl npellyOM8TpPBaTb pa: 

MoTp H peMoH1' c noMom&iO aucTpyMeaTaplls ttepeABBlKHhlX x_a611BH~>tx Mauan~ 
HOB 'c K86HH8MH 1 uanalKHO samBlilaHHhiMR OT y -asny'laHHHo 0'1aBHAH0 1 ' 

,CHTCH TBKlK9 H K yc'l'poltCT88M Malli91!&1t, ¢llYlK8lllBX HCTQ'IHBKBMR' BTOpH'IHblll 

Cir9U.H&l;!bBO nocT~~o~ea~e OIIbiThi c pasnH'IHhiMH MBT!IpBanaMa, npaMeJ .. ' ' . ' 

YK83a&ab!X KOHCTpyKUHaX1 llOX83BnH 1 'ITO IIO CT9IIQHH 8KTH8811BR llpH nnaTem 
' ' . . . 

BX .llpoTOJi&MH BhiCOKBX SHaprRA BCe M8TEipR8llbl paSnu'IAIOTCa OTHOCH~~O• 

Tatt!IM o6pa30M 1 6blll0 ycTauoaneuo, 'ITO KAKHe'-nii60 OC06ble BOSMOJKH~· E 

~~CYT.ciTBYIOT, 'TeM 6onee,· 'ITO MaTepHAII~, 1!3 X01'0pb!X 'B3rOTpBnaiOTCa ~"; 
yci!oplrTena ( MaralrT, nyaB1'bl, nnaitapoelta p~30IUIJic·uoJI cacTe~bl u u.en~ J~, 
ro aanaiOTCH coeepmeuuo. BH~IMH ycnoaauMB, 

' \; 

OnbiTbl no o6ny'laBHJO MaTepaanoa a anepuble' uccineAosauai noxa~al!x, 

M&Tapaana Alia MHW9Halt, cnylK8IIlHX HCTO'IBRKaMJi llY'IKOB. BTOpH'IIIb!X 'IBCTHU. 

IL ·a T,n.) aauoonee u.enecooiSpasHo Hcnom.3oaaT~> r~a1', 
j· 

Dna o6ecne'I~HHH ~au6onee pau.aau.an&uolt a SKOI!OMH~HoJI samBTbl oT u 
. ,· ' ' ., ' 

~ ll9pHM8,HTallbHhiX II8BH!lb0HOB R OKpylK&iOIIlR:X: CTpoeJUI'A1 .lt8K _npil.eano1 C06C1'~~ 

Hbllt ycxopll1'allb 38~10~8&'J'Ca a tSeTOHHbill capxocJ!iiJ" 'C -'J:IOCT81'0UO TO~C::ThiMI! 
paa6opH!,IMH CT81!8MH ( CM, pHC, 11, liB KOTOpoM AIIB HlliiiOCTpallHH npusen~B 

pena1'uaacTcxoro U.RKllOTPOHa OHHJII), 

3xCll&t:IHM8H'l:8nbHbl9 IIBBHllbOHbl1 .RHT8HCHBH~CTh HSJly'leBHII ~ KOTOPhiX 

H9l'IHB OiibiTOB sa, rry'IK8X 'ltpTRU TaKXta llOB/'IW81!81 HM8101' C06C1'B9RII1ID IS'aTC 
I 

HO. M9Hbmelt TO/Illll!Hblo 

nepBH'IRDilt llpOTOBHhiA rry'IOK, H Haa6onee .BBTeBCHBHbia. IIy'IXH BTOpH'IHhi: 

np~XO~aBBa 'lepes .MBWaHH raCHTCH 8 ClleU.H8/lbHO, paCC'IHTbiBS9MblX1 J:IOCTQT< 

6e1'0nnux nosymitax. 31'11 nosywxa BMaiO.l' xopomllll TennooTaotl, Tax xax MOll 

llSI8Mb19 B BBX1 MoryT nOCTHr&Tb COTaH 'ltHllONTOZ:• 

Pac'laT panaau.aounoll sama,:DI y.oltop~Telllr ttposonuTcH c yqe'l'oM Toro,-orTo 

BO~O. nornomenaa ReiiTPoHOB C SHeprrrelt '709 M'O ( ,).. ~ , ) , B 06bi'IHOM' 
. 8 . 1241 . 

HOCTb 2,4 r/cM ) CQCT8BIIH9T 42 CM, , ·B pane cny'I&QB llpBMeuaeTCSI XOI 

38IIlHT8 H3 ISaTOBa H qyryua llllll c'euai.a. nna 'lyryna H CBBBUa 
. ' . 1261 

15 CM' C00TBaTCTB9BHO 

>.~ pa 

\ 
23 

I·"· 



npH ycxopeHHH oTpHnaTen&HbiX aoaoa aeo6xo~HMO o6ecne'IHT~ yc

uonoa a nponecce ycxopeHRII RG-aa cpblaa snexTpoaoa aa oc- , 

3JI9KTpH'19CKOJI ~HCCOIIHBIIHH B M8rHHTHOM none He npeBbiW8nB f.IDI 

saaqeanli no ypoaaro aaae~eaaoll paauoaKTHBHOCTB euyTpa KaMep&I,, 

xaMepe H- -nmmoTpoHS ~aeneaue uta ~on:>Kao npeB&ImaTb 

3H8'19HH9 aanpB:>K9HHOC~B MarHHTHOro nons H8 KOH9'1HOM 

4600 s; npu :aToM nonyqeaae a BbiBe~eHHOM nyqxe c aaeprneA 

40 MKa 6y~e-r conpoeo~aT&eli noTepHMR a nponecce ycxopeuBH, xo

MKa TOK8 npoTOHOB C SHeprHel! 826 Mae, npn BDIBOil9 DY'IK8 M9HI!J

anexTpH'IeCKOl! ~HCCOl(HanBR B M8rHKTHOM none YM9HbW810TCB, B 

nyqxa Mo:>KeT t'SbiTb noeDIWeHa npa TOM :>Ke ypoeae sxenaaneHTHbiX 

-naxnoTpoaa cocTaaneaa B3 6-TH C-ot5pa3HbiX cexTopoa. Bos

ot5maMH ~nSI BC9X C9KTOpOB KOHD9HTpB'I9CKHMH K8TYWK8MR: 

pacnono:>K9HHbiMH Ha IIOB9pXHOCTH noniOCH&IX H8KOH9'1HBKOB, 

C9KTOpOB T8~0B8, 'ITO ~0 IIOIIOBRHDI KOH9'1HOro pa~HyCa 

RM99TCli CDHp81IbHOCTb, KOTOpaH B03p8CT89T~H H8 KOH9'1-

0Kpy:>KHOCTbiO H CriRpan&IO COCTaBnHeT 12°, 

H8DpH:>K9HHOCTR MarHHTHOro rronH II03BOIISI9T nony'IHTb Tpef.lyeMyiO 

6on&woM sasope ( 76 cM). 

aep:>Kaeeromell CTanu, pacnono:>Keaaas B sasope snexTpoMar1fHToe, 

o aeot5xonHM8H lKSCTKOCT& ee ot5ecneqaaaeTcs paCTH:>KKaM!f, 
' ,, 

Bb1W9 R HH:>Ke 9II9KTpOM8rHHT8, nocTyn K K8Mepe B03MO-

Heof.IXO~RM&Il! aaxyyM a KaMepe cosnaeTcH 

BhmonHlieTcH a BRAe ~ayx '19TBepT&aonaoaDix nyaaToa, Ka.lKnbil! t 
pa3neneH H8 8 OT~en&HbiX '19TB9pTbBOnHOBbiX p93_?HBTOpOB, YCT8HOB• 

BepxHel! H HH:>KHel! Kpb1WK8X K&MepDI, 

6. 3amaTa oT usnyqeuall 

\ 

38InHTbl CHnbHOTO'IHbiX yCKOpHTeneil liBnlieTCH OAHOl! H3 H8H-

38A8'1, 3To CT8HOBHTCH liCHblM, eCnH y'I9CTb, 'ITO HHTer-

C aueprHliMH B necHTKH H coTHH Mae OT M930HHbiX, tjla6pux'' c TQ• 
16 • 

10 1/cex, a 8KTHBHOCTb MHWeHeil IIOCIIe ot'Snyqe~HSI IIY'IKO~ 

- coTeH rpaM¥-axnaeaneHTOB panas, YcnoBHll pat'SoTbl nepcoHa'" 

22 
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na npa_, npoljnrnaXTH'19CKBX pCMOTpait H peMORT8X of.lopyAOBIIHHR H8 ,TaKHX )'CJI:OpRT9nliX C1'8• 

aoeRTC,B a aaa'IIITeJI&Holt !>iel>e aaanc>rH'IH&IMH- ycnoeu11~ pa6oT&I aa aTo~HbiX, peax'ropax, B_ 
' ~ ' ~ ( ' . ' 

CBR3B C 9TBM KOHc7pyXTHBHDI9 pemeHH• K8M9p&I R BC9X HaXO~liWRXCll B 30H9 8KTBB8DBB ys~ 
',~ • t -' 

noa coeicT~eaao yexopBTenH, a TaK:>Ke yc'l'pollcT_a, npaMeaseMbix ~ns <l>oxycspoexs H xonna-

ManBR R&B5onee'BHT9HCHBBDIX ny'IKOB '18CTBII, ~OIIlKHDI npenyCM8TpHB8Tb paseiopKy BX, oc

MOTp H peMOHT C IIOMOinbiO RHCTp:fM9HT8pHS1 ll9p9,ttiiB:>KHDIX K_af.lliHRb1X M8HHIIYMTOpOS H Kpa-' 

ROB 'c Kaf.liiHaMR, H8~9lKHO 38WBW9HHbiMB OT y -R31IY'I9HHSI, QqeaH~HO, 'ITO 9TO OTHO-

,CBTCSI T8K:>K9 B It yc<rpoj!CTBS,M MHmeaeJI, CIIYlKBWBX BCTO'IHBit8MB' IITOpR'IHDIX 'laCTHn, 

CnenH&I.J&Ho nocT4~eaa~e onDITbi c pasnB'IHbiMR MaTepnanaMn, npaMeHHeM!rlMR e . . ' 
YK83~&IX KORCTpyKIIBliX, IIOitaaanR, 'ITO IIO CT91l9HR 8KTHS81IHB IIpB ~IIHT91I~HOM ot'Sny'leHHH 

/22 23/ HX .IIpoT088MR SDICOKBX SHeprBl! SCQ Mll'l'epHallbl p831tH'I810TCSI OTHOCBT'iJibRO Mano ' , 

T~XBM of.lpasoM, 61>mo ycTaaoaneao, '1'1'0 xaxue-na6o oco61>1e B03MO.lKHOC'l'R Ra STOM ,IIYTB 
. ' ' 

OTCyT,CTByiOT, TQM f.lonee, 'ITO M8TepH81I&I, '~:;' KOTOpbiX B3rOTOBnliiOTCll OCROBRbl9 9II&MeHT&I 

yc*opHT91ISI ( MarRBT, ~Y8RTDI, IUI8KRpoSK8 p930H8HCHOl! CBCT9MDI R II&Ilblll PSUI ~pyrsx), CTpo

ro 3AAaro1'cll ooaepmeaao. BR~MH ycnoBHHMH, 

01li>ITDI IIO of.lnyqaHBIO M8T~pB81IOS H Sl~9pHb19 BCCII9,ttOB8HRll IIOK8381III, 'ITO B K8'18CTB9 

M8T9pH81l8 ~Ill! MBW&Hel!, cny.lKa~BX HCTO'IHBK8MB IIY'IKOS BTOpB'IH&IX '18CTHII 

~ a T,n,) aas6onee .tteneooo6pasao acnon&soeaT& rpatsT, 

n ,,1 f1 

JlnB of.I&Cil9'14tHRH "8Btlonee panBOH81lbHOl! H SKOHOMH'IROl! . 38WBTbl OT Hel!TpOROS axe_~ 

II9pBMe,HT81l&HI>IX II8BBIIbOR'?B B OKPY,lK810InBX CTpoeaBll, K8K IIpasHno, ~Of.ICT~9HHO CBnbHOotO'I• 

Hbill ycxopitTen& aaxnro.;ae'!'CR a 6-eTOHRbill capxo<l>ar c -nocTaTo'rao ToncTbiMM II qacTB'IRO· 
I 

pasf.lopH!,IMH C1'9.JIIMB ( CM, puc, 11, Ba ltOTOpOM nnB HIIIIIOCTpanHH IIPBB8l(9H IIII8H 38~81:'&1 
penliTHSHCTcKoro IIRKIIO'fPOHS QJ1flH), 

3KCII9J)BM81!T8nbR&IG II8BBnbOHDI, _BHT9HCHSHOCTb R31Iy'I9HRll B KOTOpbiX IIpB S&IDO·n

.H9llHH on&ITOB ~a, II')''IK8X '18CTBII _T8K:>Ke IIOBI>IW&Ra, JIMSIOT Cof.lcTy~I!Y.IO t'SeTOHH)'!O 3SiitHTy, 

HO. M8H&mell: TOIIIltBHbl, 

nepsB'IllbiJI llpOTOHHbll! lly'IOK s· H8Bf.lonee .HHT9HCHBR&Ie IIY'IKH STOpB'IHbiX '18CTB!l IIOCIIe 

npoxo~eHBH qepe3 MHW9RH raCHTCH B Cll9DH81IbHO paCC'IHTDIBaeMI>IX, l(OCTSTO'IHO MOIIli!biX 

f.leTOHHI:JX IIOBY~It8X, 3TH IIOSyWKH BM91Ql' XOpOWBft TennOOTBOA, TSK lt8K MOWHOCTB, Bbl~e

llli&Mbl9 B HHX1 MoryT nOCTBraTb COT8H KBIIOB8T":• 

PaC'IST pa~R81IBOHBOl! 38WB~bl yCKOPlfT81Ill nposo~BTCR C yqe'I:'OM TOrO,""'TO ~liBRa IIOIIOBHH-

HO~O nornomeaaa ael!Tpoao8 c aaepraelt '700 Mas (A~ ) s o5bi'IHOM 6SToae (nnoT-. . s, /24/ '. \ 
HOCTb ·2,4 r/cM COCT8Bnli8T 42 CM ·• , 8 pS!~e cnyqaea IIPHM9Rli9TCll KOM6RaHpOS8HR8H 

38InRT8 B3 eie'l'oHa B qyryaa BnB CBHR.a, nns qyryaa H CBBRna 
. t261 

15 CM' COOTB9TCTB9HHO I 

A~ P8BH8 16,5 H 

. • ' • ' \ \ 
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7, nony'IOHHO H HCUOnb30BaHH9 ITy'IKOB'1'1aCTHU OT 'cjla!SpHK M030HOB~ 

Ha acex noacTByiDmHx a aacTosmee apeMs caaxponaxnoTpoaax nns nonyqeaas ny'lxoa 

BTOpH'IBbiX 'laCTHD WHpOKO HCU01lb3YIDTCH MHWOHH, ycTaHaB1lHBBOMble BH7TPH XaMep ycxo

pHT~nea, 

B npoTaaononomaocTI> aTOMY a nensx npenoTapameaas qpeaMepaoft axTaoanaa yenoa 

yCKopBT01lH B npoeKTaX penHTHBHCTCKHX DHK1lOTpOHOB AllH U01lY'IOHHH ny'IKOB Me30HOB, Hefi

TpoHOB H nonspasoaaHHbiX ayxnoaoa npenycMaTpl!aaeTcs ucuon~>aoriaaae aaemaax. MHineaen, 

yCTaHaBnBBaOMbiX Ha BbiBO.!XeHHOM npOTOHHOM ITy'iKO, 

CTpeMneaae K B03Momao 6onee nonHOMY H panaoaan&HoMy c TO'IKB spe'nas pemeaas 

HayqHbiX npo!SneM BCU01lb30BaHHID !SonbWOA HHTei!CHBHOCTB TaKHX ycKopBT01leA npaKTH'IOCKH 

BblpamaeTCll 8 TOM, 'ITO C03.!XaiDTCll B03MOmHOCTH .!X1lH YCTaHOBKH lla Bb!BO.!XOHHOM ny'!K9 

npoTOHOB O~IIOBpeMeHHO HOCK01lbKHX nepeMemaiDWHXCH MHWeHeA, ~OKYCHpOBKa H OTK1lOHOHHe 

aToro nyqxa, a Taxme nyqxoa BTOPH'<HbiX 'laCTHn ocymecTanseTcs c iloMom&ID TpaKTOB, 

COCTOHmHX H3 meCTKO~OKYCHPYIDWHX 1lHII3 H OTK1lOHHIDWBX 91lOKTpOMarHHTOB, Kax npaBH1l0 0 

ace 9TH, Y()TpoacTBa CHa!SmaiDTCH AHCTallnBOI!HbiM ynpaanei!HOM H KOI!TponeM, 

nonyqaeMbiO TaKIIM nyTOM pa31lH'IIIbie BTOpB'IHble Uy<rKH 'lepe3 1(01l1lBMaTOpbi0 3a1lOJKeH

HbiO B sawHTHbiX CTOHaX { T01lmHXIOA nopHnKa BOCX.MH H 6onee MOTPOB 06bi'IHOrO 6eTOHa), 

Hanpa81!HIDTCH B COOTBeTCTByiOmHe SKCUOpHMOHTanbHbie naBH1lbOHbl, 11ucno TaKHX naBH1lbD-
. ' /18/ 

aoa, ttaK npaauno, ae npeax,xwaeT Tpex, B npoexTe pemrTHBHCT<.:xoro uuxnoTpoaa 0Hfll1 · , 

KaK.STO BB.!XIIO Ha pne, 11, OAHH naaH~bOH I;laCnonaraeTC!I aenocpenCTBeHHO B 3AaHHII ycxo-
/3/ 

paTens, a nBa .c~pyrux - a .c~pyroM ttopnyce. B npoexTe Oxpa~:~mcxoa nae>opaTopau na-

BlfirLOIII>I pa3MOWaiOTCH OJ:IHH aa J:lpyrHM napannenbi!O ny'IXY UpOTOIIOB H o!S03Ha'laiOTCH xax 

npoTOHHbiA, UIIOIIHI>IA H MxbOHIIbiA {puc, 12), TpeTHA aapaai!T peWOHIIH AaeTCH B npoeKTe 
/20/ 

Kanu~opauAcxoro yauaepcuTeTa {puc. 13). 

ACScoJiiDTHl>Ie HIITeacaaaocTH ny'IKOB pasnH'III~X 'lacTHU, oma~:~aeMble OT .,MesoHHbiX ljla6-

pBK: H1l1liDCTpBpyiDTCB Ta6naneA 4, r}:le KaK npBMep HCUO!Ib3YIOTCH AaHHble npoeKTa pemr-
. /18/ 

TBBBcTcxoro uaxnoTpoua OHfiH aa 700 Msa , pacC'IHTaaaoro Ha TOK ax,xaeneaaoro 
' ' 

ny'lxa npoTouoa .. 450 Mxa, B ToA JKe Ta6nuue .c~ns cpaaaeaas npaae~:~eax,x .HHTeacaaaocTH 

ny'lxoa OT pa6oTaromero ceftqac B OHfiH cuuxponaxnoTpoaa aa 680 Msa H ~:~aromero TOK 

ycxopeHHbiX UpOTOHOB 2,3 MK8, MOJKHO BHAeTb, 'ITO B cpenaeM HHTeHCHBHOCTb BTOpH'IHbiX 

nyqxoa aospacTaeT a Tb!CH'IY ana uecxon&xo TbiCH'I pas. Oco6eii·ao eun&Hoe yaenuqeaae 

HHTeHCHBIIOCTH aa61liDAaeTCH .!X1lH ny'IKa ,.+ -Meaoaoa c saepraeA 300 Ms.e, 3To o!Syc-

noaneao cneualjlaxoA nony'leHHll ero sa c'leT peaxuaa p +:p -· "+ +:d IIMEiromeA MaKCH-

Man~>aoe ceqea11e np11, saepr1111 npoToaoa oxono 600 Mas 11 na!Omea pesxo aalipaaneHHbiA 

BUepen ny'IOK UHOHOB, 

B npoeKTe pemrTHBHCTCKOrO UIIK1!0TpOHa naoop8TOpHH l!AepHbiX npo6neM 0l1fll1 
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npa.!X)'CideTpllNeTCll TAlpKe BOSMOJI(HOCTb UO/I)''I&Hllll Dy'I!'A MIOOHHI>IX H8A'J'pB 

paonellA R llpOB8.!X81JBH e Hllld OUbiTO~ B 'xopowo 3lln:tllmeaaoA OT aeATpOHOB II 

noCI18,11Jillll AltH Y1lY'<WOHBll ycnoBHA 3811lllTb_l OT l!eft!J'poHOB pacnonara~TCH a: 

non yrnoM 9()
0 

ll OOllOBHdMy Ily11llY ppOTOS:OB, B KOTopoM npH npo!le.lleHJlH H 

MOlK&T ycTallaBnllBaTbCH cnenHant>aas Mac?HIIII&ll MHweax., .reaepapyiDIIl8ll na 

B. HOM n~ettTe eosJJ.pat.x TaxlKe yenoa11s nnll o5nY'ieHRR. nepsi!I'<Hbi:M n 

MliweseA, npe.Qaaaaa'I&HHbiX nn~ uccnenoaaallA B o!Sriae'I'H HnepaoA cnexTpoc 

BOA XHMHH H nnst 6b!CTpoA .!XOCT8BIUI MftmeBel! B cnenJI,81lbHYIO $KCnpecc-na( 

A)'CMOTp&Ha B03MOlKHOC1'b npoaeneB;HH, 'P8AH05H01lOrH'IOCKHX 'll npyrHX IICCne, 

·B npoexTa:x; cllnbHOTO'IHblX ycttopaTeneA naCSopaTopaa,· CWA TaKJKe npe 

nposeneaae uccnenosaaaA ·a yxasaaH.l>IX aaopaaneaaax. -

Tae>n11ua 4 j 
\' 

Cpe8HHT81lbllbl0 llHTOHCllBHOCTH UY'IKOJ& BTOpH'IHbiX 'laCTHD OT penST,!IB~,~ 

(PU) aa 700' Mas 11 c11uxpou11xnoTpo11a aa 680 Mea {nye>aa) If, 
I ' 

- -~~~---~-~---------------~------~-----"'-

lfacTun'~>x 

npoTOR&I nortepe'IHO 
nonspasoaaHHbie 

npoTOHbl llpO.!X01lbHO 
U01lllpH30B8HIIbiO 

. { -1 >'· 3aeprHll i1HT8llCIIBHOCTb C8K ' Ha 

{Msa) ' 

PU 
\ 

640 4.Io
10

(20 c~2 ) 4,6.107 {: 

640 4,10 1(}(20 CM2) 3.10
7 

{ 10 

HeATpOHbl !fa o6nacTb 
cnexTpa 

8 . 2 
1,10 {20 CM) . a<. 3.10 20 ( 

nonepe'lao H nponon~>ao 
nonspusoaaaHI>Ie aeAT-· 
pOHbl 

,..+ -M030Hbl 

.lf--Me30Hbl 

J.l.:l;_ M830Hbl 

,55±5 

30018 
400:i;10 

155:!;5 

300;t8 

400.:1:.10 

100 .;400 

6 - ~ 
1,10 ('20 {:M ) . 

. 9 . 2 
2,10 {200 CM ) 

1,10
10

(200 cM
2

) 

1.109 { 200 cM
2) 

8' 2 
3,10 •{2()0 Chi ) 

8 2 
6,10 (200 CM ) 

7 2 
5,10 {2Q0 CM,) 

'+ 
1% OT If -Me30H 

4,5Jo
4 

{2C 
6 

2,5.10 {81 

4,10
4

{60 

4.10
4

{76 

3,105{80 
- ·4 ' 

U -Me30HI>I 66 - 3,10 {80 

,.- -Me30Hbl 125 

- 7 -2 ·-1 
aeATillliiO 30 5. 10 CM cex -
x/ HHTei!CllBHOCTH ny'IXOB npHBO.!XliTCll nnll paccTOllllllll OT MIIWeBH 16 
XX/ HHTOHCHBHOCTII ny'IKOB ,.- -11 It- -Me30HOB nony'ISHbl C HC 

xaaana R~ 28 mecTxo~oxycllpyiD~Hx n~as. 
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M030HOEI' 

S H8CTO!!Ul99 SpOM!I CHHXpollHKIIOTpOH8X UIIH UOIIY'IOHHH IIY'IKOB 

HCUOIIh3YIOTC!I MHUlOliH, YCT8H8SIIHS80Mb19 SH')'TpH KaMap yCKO-

aTOMY S UOII!IX npeuoTSpaUlOHH!I 'lp93M9pHOfi 8KTHB8UHH ySilOB 

pen!I"rHBHCTCKHX UHKIIOTpOHOS lliiH UOIIy'IOHHll Uy'IKOB M930HOS 0 Hefi-

HYKliOHOB npeuyCM8TpHS80TC!I HCII01Ih30S8HH9 BHOWHHX MHWOHefi, 

Sb!S01l€HHOM UpOTOHHOM rryqKe, 

K S03MO~HO oonee UOIIHOMY H paiiHOH811hHOMY C TO'IKH 3peHH!I pOWOHH!I 

HCllOIIb30S8HHIO OOIIbWOfi HHTOHCHSHOCTB T8KBX ycKopBTenefi npaKTB'IOCKB 

'ITO C03U810TCll B03MO~HOCTB UIIH YCTSHOBKB H8 BbiSOilOHHOM ny'lKO 

HOCKOIIbKBX nepeMOUl810WBXC!I MBWOHell, ~OKyCHpOBK8 H OTKIIOBOHHO 

llY'IKOB STOpH'IHbiX '18CTHU ocymecTBIIliOTC!I C iiOMOUlbiO Tp8KTOS0 

o oTKnOIISIIOil!HX aneKTpoMarHHTos. KaK npaauno, 

CH80~810TC!I UHCTSHUHOHHbiM ynpaSIIOHBOM B KOHTpOIIOM, 

T8KBM nyTeM pa311H'!Hbl9 STOpH'IHbiO UY'IKB '19p93 KOIIIIHM8TOpb! 0 38110JKOB

CTOH8X ( TOIIlllHIIOfi ll0PHAK8 SOC!oMB B oonee MOTpOB OOb1'11HOrO OOTOHS), 

COOTBOTCTSYIOUlHO aKCil9pHMOHT811bHbl9 ll8SBIIbOHblo T.{ucno T8KBX ll8BBIIhD-

. /18/ 
ue npeBbiWaeT Tpex, B npoeKTe pen!ITBBRCTcxoro nuKnoTpoua OIUU1 · , 

11, OABH ll8SBIIhOH pacnonaraeTC!I uenocpeACTBOHHO S 3U8HBB ycKo

/3/ 
- s upyroM Kopnyce. B npoeKTe 0KpBA~CKOfi naoopaTopHB na-

OUBH 38 upyrBM napannen&HO llY'IKY UpOTOHOS H 0003B8'1810TCll K8K 

B MIOOHHblll (pile, 12), TpeTHfi B8pH8HT peWOHII!I USOTC!I S llpOOKTO 

/20/ 
yHHSOpCHTOTS (pHC, 13), 

e HHTOHCHSHOCTH ny'IKOS p8311B'IHbiX '18CTBU, O~HU89Mbl0 OT toM930~HblX <j>ao

"'"'"" T8011HUell 4, rue KSK llpHMep HCUOJ1b3YIOTC!I U8HHbl9 UpoOKTS pOIIII-
/18/ . 

0J1.f!J1 Ha 700 Mas , paCC'lHT8HHOro H8 TOK Sbi139AO~HOrO 

MKa, B Toll ~e Taonuue ung cpasueuoa npHseAOHbi.BHTeucusuocTu 

IOlllOro COll'laC S 0J1.f!J1 CHHXpollHKIIOTpOHa Ha 680 Mas H A810lll0rQ TOK 

2,3 MK8, Mo~HO SHI19Tb, 'ITO S cpeAHOM HHTOHCHBHOCTb STOpH'lHblX 

S T!,IC!I'IY HIIH HOCKOIIbKO Tb!C!I'I pa3, OcooeFiHO CHIIbHOO ySOIIH'IOHHO 

"+ -Meaouos c auepruell 300 Ma.e, 3To o6yc-

llOIIy'IOHH!I ero 38 C'IOT peaKUHH p +:p -• 1T + +:d HMO!Olll&ll M8KCH-

npoTouos oxono 600 Mas u ll&IOmell peaKo uartpasneHHbiii 

pen!ITHBHCTCKO!'O UBKIIOTpOH8 RaoopaTopHH !IAOpHbiX npooneM QJ1.f!J1 
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npeayCMATPBBaeTCII TAKlKO 1!03MOJKHOCTh ll0!1Y'I8HBB Dy'lKA MIOOIIHbiX H&ll1'pBIIO OT rt oo ~ +:VI'

paonaaa 11 nposeae!IBII c HBM on&ITO.B 8 xopomo samameBBOit OT !le11Tpouo8 na6opa1'oplllf. 

nocn8.111fllll J:lllll yny'llll8BBH ycnosull 38lltBTbl OT !lefl'l'poHOS pacnonaraeTCll BBlKO ypQSHII H . ' ' 

UO.II yrnoM 9!'0 
.K OCBOBHdMy ityuKy ppoTOilOB, B KOTOpoM UpH llpo!i8J:l9HHB HeliTpHHH~IX OllbiTOit 

MOli\:QT yoTaH8Bn8B8TbCR Cll8UB811hB8R M8C~B~H811 MHW9Hh1 .reuepupyroiUS!I llliOH~ (uef!TpBRO), 

8 &TO"' n~.OKTO C03.11jlHbl TSKJKe yCllOBHll .llllil o6n:,.ieHHa.,nepBB'IHI>tM llpOTOIJHbiM nytiKON 

MBmeaeA, npe.IIH83H8'1eHHbiX AnSI BCCIIe.IIOBSHHII B OoriaCTH IIA9PHOII Cll8KTPOCKOnBB. B SIJ;tep

HOA XHMIIB u Jlllsl oblCTpol! AOCTasau Milweuell a cnenu,an&uyro !IKcnpecc-naoopaTopuro. npe

AYCMOTpeaa B03MOli\:HOCTb npoB8)l8HH!I, pa)lH06BOIIOrH'IeCtBX'H ApyrHX HCCIIe)lOB8HHII, 

B npoeKTa~ CHII&HOTO'IH&rx ycJI:opuTeneA na6op!1Topui!:,· CIIJA TaK~e npenyc;MaTpasaeTcsr 

npose.11euue uccneAosaaal! ·a YKS38HHI:>IX aanpasneuu.Rx. 

Taonuna 4 

Cp8BHHTBII&Rbl9 BBTOHCBBHOCTH Uy'IK08 BTOpH'IBbiX 'ISCTHU OT peni!T!tSBC1'CKOrO llHKIIOTpoll8 

(PU) ua 700' Mss u cuuxpouaKnoTpoua HS 680 Msa (Jly6ua)x
1 

"laCTHU'bl 
3uepraa 

(Mas) 

-I) 
i1HT8HCHBHOCTb (ceK HS Jl8BHYIO ll110Ul8.11h 

npoTOHI>I nortepe'IHO 

nonapaaosaHR&Ie 

npoTOHbl npO):tOI!bHO 

fiOIIllpHSOB8HHbl9 

640 

.. 
640 

H e II T p o H. bl lf'a oonacT& 

cneKTpa 

nonepe'IHO B npO.IIOIIbHO 

llOIIllpB30B8HBble ReliT-' 

pOHbl 

,+ -Me30Hbl 

.7T--M830Hbl 

155±5 

30ot8 
400±10 

155:!:6 

300:!:.8 

400±10 

100 .;400 

PU 

4. IO 
10 ( 20 cM

2
) 

10 2 
4,10 (20 CM ) 

1,108(20 CM
2) 

5 2 1,10 (20 ~M ) 

e 2 ' 2,10 ( 200 CM ) 

1,1010 ( 200 cti) 

t.to9 ( 200 cM
2) 

8 2 
3,10 (200 CM ) 

8 2 
6,10 (200 CM ) 

7 2 5,10 (200 CM ) 

+ 
1% OT 1T -M930H 

7 2 4,5,10 ( 10 CM ) 

7 2 
3,10 ( 10 CM ) 

6 2 
3,10 (20 CM ) 

4' 2 
4,5J0 ( 20 CM ) 

2,5,10~(80 CM
2

) 

4,10
4

(fl0 CM
2) 

4,10
4 

( 75 CM
2) 

CIU 

j.l:t_ M930Hbl 

"- -Me30IIbl 125 - 3,10
5

(80 cM
2
)xx/ 

- • 65 4( 2 xx/ 
£1 -Ne30RI>I - 3,10 80 CM ) 

7 -2 -1 
aeltTDII.IIO 30 5.10 eM cex -

'Kf i1HT8l!CBBHOCTH ny'IKOB ltpHBOil!ITC!I Jlll!l p8CCTOSIHH!I OT MBWeHH 15 M, - .. --

xx/ l!H.!IICHSHOCTB lly'IKOB ,- -H 1-1- -M930HOS nonyqeHbl C HCUOnh30S8HBOM 

111888118 11:3 28' li\:8CTJ1P4lOKYCHpyiO~BX IIHH3, 
. "\ . 
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B. Hcnonh~oeauae naaeftaoro ycKOPRTens npoToaoa a Ka~ecTBe.Meaouuoft 

pa5pRKH~· 

Hapany c pensTaaacTCKHM UHKnoTpouoM a Ka~ecTae-Me~ousoR $a6paKa"Mo~eT ~WTb ,. 

acnonb~oaaH nHH81!HWft YCKOpHTenb npOTOHOB Ba BReprR~ 700~0 ~SB C HSTeHcRBBOCTb~ 

nopRnKa 1 ma, Ha KoH$epeHUR~ no Me~ossbiM $a6pRKaM' 1963 rona 1!1. UEPHe 6blnll npen-• . 
cTanneabi naa .npoeETa npoTouaoro nasel!soro ycEopaTenH sa 760 ~sa H onRH noEnan, rn~. 

paccMaTpaaanca ycKopaTenb sa 300 ~sa, 

Haa5onee paspa6oTaHHhlM aanReTc a npoeKT, npencTaeneHsblft AenbcKBM yuuaepcaTe ... 
1261 

TOM (CllJA) , Ha npaMepe aTOrO np09KTa MO~HO 03HaltOMRTbCII C OCHOBHblMB xapaK'I'e-

pRCTHKaMH SToro THna ,Me~OSHbllt cj>a5pHK~ TipoeKT npenyCilllaTpHB89'1' COsnaHBB npoTOHHOrO 

nHuel!uoro ycKopuTenll Ha suepru~ 760 ~sa a TOKOM ycKopeHHhiX npoTouoa 1 lila, BalltHtll

wel! xapaKTepBCTHKOA nBHBI!Boro YCKOpHTang HBnli8TCH CKBa~BOCTb 1 T,e, OTBOW9HH9 nnH

Hbl M8KpOI!MnynbC8 yCKOpeHHhlX 'laCTBil K nepuo)ly MGJKAY RMnynbCaMB, Yaeni!'I9HB9 CKaaJK~ 

HOCTH pe3KO yaenH'IHBaeT CTOHMOCTb HCTO'IBHKOa abiCOKO'ISCTOTHOI! MOWHOCTB1 CHH~9BH9 -

npHaOnHT K HG06XOniiMOcTH ~CKOpeHHII 60IH>WHX HMnynbCHbiX TOKoa, TipOa9A9HHbl8 HCCneno

aa:aaa noKa::~ana, 'ITO onTHManbHOI! CKBa~HOCTb~ npa HcnonbsoeaHBH cymecTayromax HCTo'I

HHKOa UHT8!1HR llanRBTCII 5%, T,e, TOK 'laCTHU a HMnyn&ce AOn~eH COC'I'aBnSITb 20 Ma, 

YcKopaTenb cocTOIIT as 2-x ceKuul!: nepaaR ceKUHII nnauol! 187 M npellcTaenlleT 

C060I! yCKOpll~lllY~ CBCT8MY Ha Apel!$oaulX Tpy6KaX1 pa6oTaiOWYIO Ha 'laCTOT9 200 ~r!l 1 a 

KOTOpOI! npoTOHbl yCKOpli~TCII no SHeprHH 200 ~Sa ( {3 • 0,57) I aTopaR C8KUHR AnH

HOA 413 M 11BnH8TCR aonuoaOAOM1 uarpylK8HHhlM AHacpparMaMH 1 KOTOpbll! .pa6oTaeT Ha 'laC

TOTe 800 ~1'11. 8onHOBOA pasneneH, Ha CGKUHH AnHHOfi 6 M1 pa6oTaiOI!lH9 Ha CTOS'Iefi BOn-

He , -Tena. 

Hu~eKTopoM gamleTcR reuepaTop KoKpocj>•ra-YonToua Ha suepru~ 760 Ksa, · ~e~AY 

HHJK8KT0pOM H nepaol! Apel!cpoaofi Tpy6KOI! paSMBI!laaTCH rpynnHpOaaTBnb KnHCTpOHHOrO 

Tnna.. 

.OnuHa MaKpouMnyn&ca coci-aanReT 2 MeeK, AaTop&l npoeKTa oTMe'la~T, 'ITO aMnyn&c 

TaKOA nnHTBnbHOCTH cymeCTBY~IIlH8 KnHCTpOHhl 1 UIITa~lllHB BOnHoaOnHYIO CBKUH~, o6ecne-

'IIITb He MoryT ll A09TOMY HB06XOAHMa Hlt MO.[IepH113aUHII, 06mall MOWHOCTb B/'1 nHTaHRII 

4 ~BT, I 

. 6 
~HKpOHMttyn&C npenCTaenaeT co6ol! 4,10 MHKpORMnynbCOB npOAOn~HTBnbHOCTb~ 

0,07 SCBK C HHTepaanaMR M9JKAY HBMH 5 HC8K, EcnH npHHIITb nonep9'1H09 CB'19HH9 ny'!Ka 
2 . 

1 CM 1 TO nnoTHOCTb '!aC'I'HU B MIIKpORMnyn&ce npR c'pallHGM TOKe 1 Ma H CKaaJKHOCTil 
8 s 

6% cocTaaaT 3,10 1./cM , PanaanbHaR ycTOi!'IHBOCTb ycKoplleMhlX crycTKoa o6ecne'IRBa-

eTcH KaanpynonbHhiMH nBH38MH 1 YCT8HOBn8HI!hlMR auyTpR npeAijlqa&IX Tpy6oK R MBJKAy C8K

UHIIMH BOnHOBOilHOil CIICTBMhl ( acero 240 nHHS), 
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AaTOphl upoeitTa · c'!B'I'al()T1 'ITO .m.po'I'OHHbiii mlaeiiHbtlt .YcKopaTenh, ucnon 

Ka'lec'l'ae M&30•aoll $a6pHitll~ Mo~eT 'OtSeone'IHT&:. .. . . 

a) ueotSXOAHMY~ I!BTeHCIIBBPCT& ycKOP,8HHoro ny'!Ka nopllllKa· 1 Ma npa 

HOB 750 ~sa; 

f5)· BOSMCilKHOCTb perynBpOEIKII 9Hepri!H1 Ha'IHH811 C 200 ~SB ,qepes'· 7+10 

B8'1BOII 9BeprBBJ 

11
) 100%-awlt BbiEIOA yCKopeuaoro · ny'!Ba· us· ycKopaTenll •npu xopoweM Ka 

. -4 \ 
(ljla~Oabllt ot5'119M 4,6 ,j ,1~ CM, p~A,) I 

r) npBBUI!nHSnbay~ B03MOJKHOCTb yOKOp9BB!I IIOnllpH30BaHHbiX npOTOHOBI 

A) llpO~GA9HI!O ljlHSII'19CitRX SKCII9pi!M8HT0111 Tpe6y~lllHlt aec&Me KOpOTKI 

ycz:opeHBbllt 'laCTIIU (0107 HC9K),. 

HapellY c STIIM pllll npot5neM TpetSy.e'l' AononHHTen&HLtlt accnenoaa.-t 

K8K Bni!IIHII9 113M8Hli~W81tCII Harpyai[B ny'IEOM (MOWHOCTb ~OTOporo npH wa.f ·t:l 
1(9 750 !tilT) Ha pe~HM pa50TLI pe~oHaTOpOB C BbiCOl(Ofi Ao5pO'I'!lOCTbl01 JI'P~-1 
nBpo81t8 SMIInBTYAhl II ~8~bl BbiCOitO'IaCTOTHOr~ nona 8 75 pe30H8TOpax ;CK~l 
Mhl

1 
o6ecneqeHB8 ElbiCOKOI! TO'IHOCTB a yc:T8BOBK9 KBaA~ynonbH)Ult nHH3 ~ 1• pel 

pocoa Tpe6y~T 6onee TwaTen&HOro paccMoTpeuull. 

a HaCTOllwee BP91-411 8 PIIA9 natSopaTOplllt upoBOnll,-cl!l accnenoaainlll1 He 

Ha YM8Bblll9HH8 BbiCOKO'IaCTOTHOit MOIIlHOCTR1 nornOIIIS9MOA CTeHJtaMll l)9.30m 

$oa&tMB Tpy51taMR, B, cneooaaTen&ao, AOB91l9Hile CKBaJKHOC'I'II 110 100%. Heel 

HaTOpbl CO CT8HKaMR RS C89pXIIpOBOllliW9rO MaTepHaJia, OXlt8.lK.Q9HHbl8 AO T91 

~HAKoro renu11. SxcnepuMeHTanbHO noKa~aHo 1 "1'1'0 MOI!lHOCTb :noTepb npa sT 

1 
4 . . 

Cll 8 0 pa~. 0AHSKO. 31l9Cb JK9 yKa3bi88BTCll 1 'ITO MOryT B03HilKHYTb cepbr 
' ' \ \ 

TH npH pa5oTe. C CI!CT9MOit pe30H8TOpOa1 ll05pOTBOC'I'b kOTOphlX COCTSBIIHGT 

Cne11yeT .orMeTRTb, yo aanB'IHe Ma~poCKllalKilOCTH (~ ) liMecTe c ·ue 

llM9Tb O'I9Hb K.Op0TK119 RMnynbChl (0,0'f HCeK) B MBKPOCTpyKType Anll ao3MC 

wecTanstTb nepexoo c ooaolt ycKo.psromelt ·qa.CT01'hl ua opyry~, l!paaooa'!' K • 

6onbWBM nnOTHOCTHM ycx'opli9Mb1X 'laCTBU a MllKpOCryCTK9, Tipa CpG)J,SBM T< 

HOCTb B crycTK9 npoTOHOB AenbCKOrO naueltHoro' yCKopaTenll npHOliH~I!'!'enbl 

6onbme, qeM a penHTIIBRCTCKoM nuxnoTpoHe, npoeKT K~'l'oporo 6&tn paccMO' 

TioSTOMY CIICT&Ma, o5ecn&'IRB8101!lall ycTOit'IIIBOCTb ycKOpaeMhiX crycTKOa, ll 
' . 

6onblllOit lK9CTKOCTb~1 'IT06hl KOMA9HCRpOB8Tb z:aK .[leljloKYCBpoBKY ycKopli!OII 

TOTHOrO nonH, T8K H a.nRSIHBB llpOCTpaHCTB8HBOrO 3Sp!lll8 cryCTKOB, KOTOpb 

nHKB npll ManbtX CKOpOCT!IX HBlK9KTBpy9MbiX '18CTHII ( f3u • 0,04), C 9Tolt 

penliTHaHCTCKIIIt UllltllOTpoB
1 

no-BBABMOMYt IIBHTCII ()onee nepcneKTHaHbiM 'I' 

~a6pH1tlln a TOM cnyqae, ecnB ItOIIBIITCII H800XOilBMOCTb oanbRei\werO yaenll' 

ROCTH 110 llOCIITKOB R COT9H Mao 
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9>a6pn1tH •1· 

C peiiBTIIBHCTCKHM llHKIIOTpOBOM S K8~9CTSe~M830HBOft ~aeipHKH"Mo*eT ()WTI> 

IIHHeliHbiii yCKOpHT8IIb llpOTOH013 118 SHeprHJO 700f800 Mas C HHT8HcHSHOCTbio 

Ha Koalj>epeana10 110 MeaoaHblM ~a6puxaM1 1963 rolla a. UEPHe eiblnB npell-• . 
npoeKT8 llpOTOHHOI'O IIHHeliHOI'O YCKOPBT9IIB HB 760 Mas H OIIBH IIOKII811

1 
I'll~ 

ycaopnTenb aa 300 Mas, 

paapa6oTaUHhtM BSIIBeTc B upoeKT1 npellcTaBIIeHHhllt AenbCKBM yausepcuTe ... 

, Ha llpiiMCpe aTOI'O llp08KT8 MO*RO 03H81tOMR'!'bCB C OCHODHblMB XapaKTe

THIIB ,Me30HHblX <jla6pnK!
1 

Dpo9KT Ilp811YCIIli8TpRB88T C0311BHR9 IlpOTOIIHOI'O 

H8 a11epi'RIO 760 Mae R TOKOM ycKopeHHbiX IlpOTOHOS 1 Ua, 8all(a&A• 

IIHHellHOI'O YCKOpBT9IIH HBIIB9TCH CKS8*HOCTb 1 T,e, OTHOW911B9 IIIIB-

ycKOpellllbiX 'taCTHil K nepBoUy M9*11Y BMnynbcaMB, Yeenl!'teaue case*.; 

CTOBMOCTb BCTO'IHBKOS SblCOKO't8CTOTIIOil MOWIIOCTB1 CIIB*8H118 • 

ycKopeaua 6onbmax HMIIynbcHblx Toxos, Dposellellllb!e uccneno

onTHMallbiiOI! CKBa*IIOCTbiO Ilpll IICIIOIIb30BaHIIB CYW9CTSYIOWIIX KeTO'!• 

smnueTCB 6%, T,e, TOK '18CTIIIl B BMIIyllbC8 Jl011*911 COCT8SIIs:ITb 20 M8o 

C9KilBA: 119pB8B C8KIIBB JliiBIIOA 137 M 11p9JlCT8BIIB9T 

cucTeMy Ha npeli,Posux Tpy6aax, paeioTaromyro 11a qacToTe 200 Mro, a 

ycKoprrro·rca no aaepruu 200 Mas ( {3 • 0,67) ; STOp8B C9Kil11B llnR-

BOIIHOBOLlOM1 H8I'pyJK91111blM LlH8<jlparM8MH, KOTOpbtft .pafiOT89T .H8 '18C-

8onHOBOLt paaneneH H8 C8KilRH JliiBHOlt 6 M 1 pa60T810WB8 Ha CTOB'IeA BOn-

BBIIB8TCB reaepaTop KoKpO<jlTa-YOIITO.H8 H8 aHepi'RIO 760 KaB,. Me*Jly 

nepaoA npeli,PosoA Tpy6aoll paaMemaeTcn rpyiiiiHpoeaTeiiD KIIHCTpoaaoro 

~ 
poHMIIYIIhCa COCTBBIIBeT 2 MCeK, ABTOpht llp09KT8 OTM9'1810T

1 
'ITO HMIIy111>C 

CYlll9CTBYIOWBe KIIHCTpOHbl 1 IIBT8IOWH8 BOIIHOSOJlHYIO C9ltllB10
1 

o6eclle

MOJl9pHB381lHB, 06mag MO!IliiOCTb a/q IIBT8HHB 

I 

. 6 
4,10 MH!tpOHMIIYIIhCOS llp0Jl011*HT8IIbHOCTbiO 

Me*llY 1111MB 6 acea, Ecnu llpBIIBTb no11epeqao~ C9'19HBe IIY'IKa 

"'BCTHU B MHKpOBMIIYIIbCe llpB c'p911119M TOKe 1 Ma II CKB8lKHOCTH 
3 

llcM , Panuanbaau ycTol!qnsocTbi ycxopueMblX crycTaos o6ecne'lusa-

lnbHhiMH nuuaaMu, ycTaHoanea!fhiMR eayTpR llpeli,PqsbiX Tpy6oit u Me*lly cex-

cncTeMht (ecero 240 nuua), 
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AaTOpbl npoeaTa. c'IBT8JOT, 'ITO ,npOTOIIBhlll IIRH81lBblll ycKOpRT9nb, BCIIOIIb3Y9Mblll B 

it8'18CTB8 M830ilBOII ojla6pBitll~ M0*9T 'o6ecii8'1RTb:. 
~ ' 

a) ueo6XOAHMYIO RHT8IICBII!IPCTb YCKOP,8HHOI'O IIy'IK8 IIOPRilK8'• 1 M8 llpB alleprBH llpOTO

HOB 780 Mas; 

' 6) B03MOlKROCTb perynupoaxa aaepruu, aa'lunaa c 200 Mas ,qepea 7+10 J'1aa no xo-

ae'IBOil aueprBBJ 

s) 100%-lll>lll BblSOJl yCitopeauoro ny'llta aa· ycaopaTenR 'IIPB xopomeM lta'leCTse IIY'Ilta 

4 '1'-4 \ 
(<jlaaosblll o6'beM ,6 11 , 0 eM, paJl,); 

r) llpBBIIRIIB81lbHYIO B03MO*HOCTb YCJI:Op8RBR nonRpH30S8HIIblX llpOTOHODI 

Jl) .npo~eJlOIIH9 oji&3R'18CKBX 9ltCII8pRM8HTOS0 TpeeiyJOmRlt B9CbMt' ltOpOTKRlt HMIIYIII>COB 

yC!tOpeHBbiX '18CTHII (0107 HCeit),. 

Hapglly c 9TRM ps.n npo6neM Tpe6yeT JlononHRT8IIbRhllt uccneJlosaiiHA. Ta~tae sonpocht, 

K8lt BIIRBHB9 B3M8HRIO!Il8IICR aarpyt;~,ltll IIY'IKOM ( MOIIlHOCTb KOTOpOI'O llpB M8ltCBM8IIbHOM TO-< 

lt8 780 KaT) 88 pe*RM pa60Thl p930H8TOpOS C Sb!COKOA JlOeipPTIIOCTbJO, 11penB3HOH118H pery

nBpPBlt8 8MiliiHTYJlbl B oP83bl BbiCOlt0'18CTOTHOI'O OOJIH B 76 pe30118TOp8X YCKOpBIOillall CRCT9-

Mbl, o6eCII8'18BR9 Bb!COKO~ TO'IHOCTB S ycT8HOSK8 KB811PYII01lbHbiX 11RH3 R pRtl ~pyi'RX SOII

pOCOS Tpe6yJOT eionee Tlll8T8.1Ibil0ro pac·cMOTpeHHR• 

B BBCTOR!Ilee speMR a pBJla na6opaTopull nposoJlBTCR uccnenosakuR, 11anpaerie1111ble 

Ba yMeBI>W811B9 Sb!COKO'I8CTOTIIOA MOIIlHOCTR1 IIOI'IIOlll89MOit CT8Hit8MR 1)0·30H8TOpOS H tlpeil- ' 

ojlosblMR. TpyeiltaMa, B, cne.t~o:aTenbao, JlOBe.t~euae caaa*HOCTB 110 100%. HccneJlyJOTCR pe3o

H8TOpbl CO CT9HK8MB 83 CS8pXIlpOBOJlRIIl8I'O M8T&pRaria1 OXII8*118BHbl9 ~0 T9MIIepaTypJ;>l 

*HilKOro renHR, SxcnepBMeBTallbHO IIOK838HO, 'ITO MOIIlHOCTb noTepb llpB aTOM yMellbWaeT-

4 
cs s 10 paa. 0A1111Eo. 3JleCb *e yaaablaaeTcR, 'ITO MoryT soaaBXHYTb cepbe3Hbte TPYilHQC-

. ' ' . 8 9 
TB llpR pa60T8. C CBCT8MOil pe30H8TOpos, JlOeipOTBOCTb kOTOphlX COCT8BIIH9T 10 .;. 10 • 

CneJlyeT O'l'MeTRTb, 'ITO aanH"!Re MaKpocx8B*IIOCTH ~ ) sMe;;:Te c ueo6xoAHMOCTbJO 

HM8Tb 0'1911b KOpOTKHO BMnynbCbl (0,07 HCeK) S MRKpOCTPYKType JliiH B03MO~HOCTR ocy

meCTSIISITb nepeXOJl C OJlHOil yCKOpHIOWell '18CTOTbl 118 rtpyryiO, IrpHSO.!IHT K Cp8SHHT8IIbHO 

601lbWRM 111!0TIIOCTRM YCKOpBOMblX '18CTHil B MRltpOCI'yCTKe, DpH Cp9):\119M TOKe 1 M8 nnOT

HOCTb a crycTKe llpOTOHOB Aenbcaoro nuaeiluoro ycKopnTenR llpB6HR3RTenbiiO B 10 paa 
/18/ 

eiOIIbWG, '18M S pOIIBTHIIBCTCKOM llRKIIOTpOIIe, npoeKT KOTOpOI'O 6btn paCCMOTpell pauee 

DoaTOMY CHCTeMa, o6ecne'IBB81011l8Sl ycTOii'IHSOCTb yCKOpBaMblX crycTKOS, .[IOII*Ha o6na~8Tb 
' . 

6onbWOII lK8CTltOCTb100 "'T06bl KOM119BCRpOB8Tb lt8K lle4lOKYCHpOBKY yCKOpR10lll8f'O ShiCOKO'I8C-

TOTHOI'O IIOIIR, T8lt H S.IIBIIBBe npOCTp8HCTB8HBOI'O 3SpBJl8 crycTKOS1 KOTOpbte OCOfieHHO se

IIliKR HpR M8IIblX CltOpOCTIIX BBlK9KTBpy8MbiX '18CTRil ( f3u • 0,04), C aT(lll TO'IKH 'apeHHH 

peniiTBSHCTCKHi! IIBJl!IIOTpPB1 IIO-BRJlHMOMy1 ltBHTCH 6onee nepcneKTRSHb;M THnoM M030HHOil 
~ 

~a6pR!tB"B T~ CIIY'I881 8C11R IIOHSHTCR 

$OCTR JlO Jl9ClTKOB ¥ .COT8B M8o 

. ~ \ ' 

HeOfiXOAHMOCTb Jl8IIbHellmero YB01!11'1811HH !RHT8HCRB-
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3aKII101il8HB8 

· CoapeM'euH,aH ljla3axa sneMeuTapabl;x: 'I&CTIIII a JtatrecTae Ollaoro B3 rnaaablx ycnoaat,· , 

Ot5eCI!Ie'IBB8101IlBX ee ll811bHeltwall nporpecc 8 D03H8HBB 381tOHOB MBitPOioiBI)Il, Bbi.!IBBH)'II8 upoC$.; 
.· :', :i 

nEOMy peaxoro )IBeJIB'IeHBll HHTeBCHBHOCTB. Df'lltOB '18CTHil, DOIIf'I88Mbllt OT fCitOpBT&IIet, BM.fi:O'"r 

ICUX .saeprall, B H8CTOl!DleM ~030pe Mbl DODb!T8llBCb li8Tb 1tp8TitOe ODHC8HB8 4tB$B'IlJCitBX U .... 
' "., 

llHDOB, H8H6onee B8lKBbllt BODpOCOB TeopaS: H II:OBKpeTBb!X npoeltTOB, pa3pa60T88Hbllt Pll3IIJI~'; 
' . 

Bb!MH na6oparopHHMH cBn&KOTO'IH&IX ycJtopBTenel ~4ta6pax Me3ouoa) aa aaeprua llo I· re~. 

Co3li8HBe T8~X YCEOpHTenel C 'I'Oit8MH DOPHliK8 1 M8 JIB li8HHOM STene p83BBTBB TeXBJUt •. ,' 

anonae pean&ao, B pe3yn&TaTe 11x coopyJKeBBll lj!B3BKH ylKe a t5naJKalweM li&CHTBneTaa , ':··•t, : 
· ' "· · to " .. · ... · 

CMoryT BCDOII&301!18T& B CBOHX sxcnepHM8HT8X DY'IItB M830H08 llO 10 1'/ce& MoDIBOCTB ,n1>r.i/ 

lt08 yCKOp8BHb!X npoTOHOB B onHC8BHbiX .M830BHbllt ljla6pHX8x" 6ynyT liOCTHr&Tb Dp& I1'J'OM I, 

6on&wolt aenB'IHBbl: coTes xanoaa-M-, Mera8aTT. OliB:aJto npiiiiiiHDHan&ao I!MeeTcH DY'I'& (pa.,_ 

)len· 5) AJIH C03li8HHll ycxopHTenell C ny~a~H. '18CTIIII 8b!COKBX &Heprall eme 8 COTBH paa 

t50IIbW8ll MOlltHOCTBo 
·r:··l 

Ha aaw B3rnHll, nollot5aaH aroMIIaH Mawuaa. cxopee noTpe6yeTCll llnll peweaBll xuax..: 

mrt5o, npaKTR~ecxir:x: 3alla'l, '!eM llnH aeMII 'IHCTO,II aayxa, Ot5o3pHMble nepcneKTBBbl paaBHTBB 

DOCJI8l1Bel! 8 06118CTB 9B8prBII liO 1 rsa, no-~~·~OMft li0CT8TO'IHO DOIIBO MOryT 6MTb otJec•: 

ll8'18HM C03li8BH8M ODBC8BBb!X '4Jat)pax Me30BOB', ' 
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