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• 

nporpecc HCCII8UOB8HHH s·o6naCTB ll03B&HBH npBpOJlhl 'xBpnBqHKOB' MHp03Jl8HBB-

3II8MeHT8pHbiX qaCTBil, BX B&yTpeHBeA CTpyxTypbl H Ba8HMOU8HCTBHH C semeCT~OM onpe

Jl81IBeTCH s 6ollhmoa Mepe B03MOlKHOCTH ycKopHTellbHhlX ycTa&osox, npen&as&aqeHHhlX nns 

llOIIyqeHHB nepsH'IHOI'O ny'IK8 38pHlK8HHbiX '18CTHil ShlCOltOH 3Hepi'HHo no llOCII8AHdX neT 

yCitOpHTelleCTpoeHHe p83SHS81IOCb0 I'II8SHhlM 00p830M, S H81lp8SII8HHH llOCTHlK8HHH M8KCH

M81IbHbiX a&eprHit ycKopseMhlX 'laCTHil. 

nocne OTKphiTHH s 1944-45 r.r. B.I1.BexcnepoM
111 

H E.M.MaK-MHnnaHoM
121 

HBneHHH asToljlasHpOBKH, s aTOM HanpasneHHH ohiiiH nocTHr&yThl 3H8'1HTellbHbie ycneXB 

K8K s CoseTCKOM CI03e, T8K B 38 py6elKOM. neACTBYIOWHe s H8CTOsmee speMH yCKOpHTellb

Hhie YCTSHOSKH, S KOTOphlX Hapgny C 8BTOijla3HpOSKOli HCil01Ib3yiOTCH M8I'HHTHbie 11011.11 C 

/3/ 
nepeMeHHbiMH I'p81lH8HT8MH , Jl810T S03MOlKHOCTb ll01Iy'I8Tb npOTOHbl C 3HeprHeH JlO 

30 fas. npoeltTHpyeMhle YCKOpHTeiiH ll03SOIIBT yseiiB'IHTb 3TOT npenen npHOIIH3HT81IbHO 

llO 200-500 fas. 

On&axo HMnyllbCHhlA xapaKTep paoOThi aTHx ycKopHTeneil HaKII8JlhisaeT cymecTseHHhle 

OI'p8HH'I8BH.II H8 JlOCTHlKBMbiH cpenHBil TOlt YCKOpeHHhlX '18CTHilo 

B nepsyro oqepen& 3TO OTHOCBTCSI K CBHXpOUHlt1IOTpOH8M, KOTOphle ll03BOIIHIOT nony

'18Tb ny'IKH 38p.lllK8HHhlX '18CTHil llO 3HeprHil ll0pHJlK8 1 fas npH M8KCHM81IbHOM TOKe 

nopsmKa 1 Mxa. 

J1CROIIb30S8HHe S BTRX yCT8HOSlt8X llDKIIOTpOHHOI'O pelKRM8 YCKOp8HH.II ll03SOIIHT 

llOSbiCRTb HHTeHCHSHOCTb AO 500-1000 Mlt8 0 'ITO naCT S03MOlKHOCTb Hapsmy C llOSbiWeHHeM 

TO'IHOCTD pauee CA81I8HHbiX ljlu3B'I8CKDX BKCnepBM8HTOS, llOCTaBHTb p&n llpRHilHilB81IbHO HOSbiX 

SKCnepBMeHTos Ha sTopB'IHhlX 'laCTDUax. TaKoil nuxnOTpoH, ycxopHIODIRil nj)OTOHhi s lienpe

phlSHOM pe>KBMe no &Hepruil s aecKOIIbKO COT Mas, MOlKeT ObiT& aaasaH penBTBBDCTCKBM 

nBKIIOTpOHOM (PU). B
1 

csSI3B c TeM, 'ITO nony'laromuecs npH &TOM nOToKB n&oaos B MJOo

HOB S COTHD B ThlCSI'IB pa3 OOIIbWe, qeM H8 cymecTSYIOnlDX CBHXpOnBltiiOTpOH8X, peiiBTH

SRCTCKHll nBKIIOTpOH OTHOCHTC.II X T8lt H83hlS88MbiM 'ljlaopBK8M Me30HOs'
141

• 

BoaMOlKHOCTb Hcnollb3osauau llRltiiOTpOHHoro pelKDMa s yCTauosKax, ycxopHIOWBX 

npOTOHhl llO 3Heprull 700-800 Mas, DOHBIIBeTCSI B Cl!y'l88 YCTpaBeHHB BM810IIlellcB S nBltllo-
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TpOHe lK8CTKOlt CB!I3H M8>KIIY '18CTOTOlt Oeip81It8HHR '18CTHIX H8 38MKHyTbiX opeiRT&X H ycnOBHli

MH npOCTp8HCTBeHHOlt yCTOlt'IRBOCTR, 3T8 CBH3. 3H8'1HT9nbHO ocnaonH&TCSI npH C03118HHH 

H9011HOPOIIHOlt CTpyKTypbl B M81"'HHTHOM none IXHKnOTpOHA, 

nepBb18 H118H HCnon&30B8HHS B D:HK.IUI'I8CKHX yCKOpRT&nHX HeOIIHOPOIIHOlt CTpyKTypbl 

Mai"'HHTHOI"'O nang OTHOCSITCR X 1988 I"'OIIy1 KOI"'IIa n.ToMaC npe11n0>KHn a3HMYTan&HyiD aapH

/5/ 
aiXHID nom1 B UHKnOTpOH8 t OIIHaKO 8TOT M9TOII He noaaonHn nony'IHTb UHKnOTpOHHbllt 

pe>KHM a ycTaaoaxax aa saepruu a aecxom.xo coT Mas. 

B 1955 rony Jl,KepCTOM H liP· ObinH npe11no>KeHbl MarHHTHbie nons, aanpst>K8HHOCT& 

161 
KO'rOpblX nepHOIIH'I8CKH H3MeHHeTCH H8 Ton&KO no a3HMyTy, HO H no paiiHyCy , npHM8H8-

HHe TaKolt npOCTpaHCTBeHHOI BapHa!XHH Mai"'HHTHOI"'O nonR K UHKnOTpOHy 11aCT B03MO>KHOCTb 

nOity'IHTb D:HKnOTpOHHbll pe>KRM annOTb 110 MaXCHMan&HblX 9H8pi"'HI, nonyqaeMblX Ha 119lt

CTByiDIIIHX CHHXpOUHKnOTpoHaX, 

Bnepable uuxnoTpoa c npocTpaacTaeaaoll aapuauuell MarHHTHoro nonst ObJn aanyweH 

171 
B Ha'lane 1959 r, B naoopaTOpHH H118pHb!X npooneM OJIISH! , 

B aacTorouee ap&MR aay'!Ho-HccneiiOBaTen&cKHe ueaTpbl MHOI"'HX cTpaa aaHHTbJ npoex

THpoaaaaeM H CTpORT&n&CTBOM penHTHBHCTCKHX UHKnOTpOHOB, 

011HOII H3 OCHOBHbiX 3alla'l, 503HHKaiDIIIHX npH paapaoOTK8 penHTHBHCTCKOI"'O UHKnOTpoHa, 

smnR&TCll paCCMOTpeHBe npoeineM, CBSI3aHHblX C IIBH>KeHHeM 38pH>K8HHbiX 'laCTHIX npH onpe

lleneHHblX KOHijiRrypaUHHX MIII"'HHTHbiX nonell, CIDIIa OTHOCHTCH 3alla'IH HaXO>K/19HHl1 3aMKHyTblX 

OpOHT, onpe11eneHHe RX yCTOII'IHBOCTH, paCCMOTp8HH8 BnHHHHH Ha yCTOlt'IHBOCTb pa3nH'IHb!X 

B03MywaiDIIIHX ljlaKTOpOB, a TaK>Ke COOCTB8HHOI"'O nons Cl"'yCTKa '!aCTHU H T,ll, 

B peljlepupy&MOII IIRCCepTaiXHH coopaHbl HCCneiiOBAHHll, npoBelleHHble aBTOPOM COBMeCTHO 

c B.nJlML"TpueacxuM a nepao11 1956-1965 r.r. a naeiopaTopuu HAepHb!X npooneM OHfiH. 3TH 

HCCnenOB8HHl1 nOCBSIIII9Hbl p8CCMOTp8HHID IIBH>K9HHl1 38pu>KeHHbiX '18CTBU B penSITHBHCTCKOM 

UHKnOTpOHa, 

Ha ocaoae pe3yn&TaToa STHX uccneiiOBaHHII 61>ma Bb16paaa CTpyKTypa MarHHTHoro nonR 

ynOMHB8BWei"'OCH Bb!W8 yCKOpHT8nR naoopaTOpHH Hl18pHI>IX npo6n&M1 H8 KOTOpOM 6bJn8 npoae-

118B8 sxcnepHMeHT8n&B8H npoaepxa paapa6oTasaoll nuaellaoll Teopas, a Tax>Ke aenusellsoro 

pe30B8HCHOI"'O 9¢1jleKTA B U8BTpan&BOII oonaCTH yCKOpHT&nH, 3TH TaopaTH'I9CKHe HCCnenoaa

HHH 61>1nB HCnOn&30B8Hbl TaK>Ke npB COCTABneHBH B 1968 r, TaXHB'IeCKOI"'O npOaKTa p&KOH• 

CTpyKIXHH CHBXpOD:BKnOTpOHa na6opaTOpHH H/19pHb!X npoeineM B p&nHTHBHCTCKHII IXBKnOTpOH 

/8/ 
sa sseprHID 700 Msa • 

)lHCCepT8D:HH COCTOH'I' R3 W8CTR rna11, 

B nepaoll rnaae paccMATpBBa&TcR nusellaaa Teopua caoeiOIIBI>IX xone6asall '14CTBIX 

II nepHOIIH'19CKOM no 83HMYTY H PIIAHyCy MAI"'HHTHOM none, KOTopoe II M911HAHBOli nnOSKOCTH 

/9/ 
HM89T BHII 
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rne H(r) - cpensee MAI"'HHTHoe none, o6ecne'IHBaiDwee noCTouacTBo nepu 

'laCTHIX sa 38MKBYTbiX op6RTax; 

•.(r) • rny6BHa BApBAIXHB m •Olt rapMOHHKH MAI"'BBTBOI"'O nona; 

a,.(r)- ljla3a aapHaJJHH, xapaxTt~pB3yiDwaa crmpan&HOCT• nona; 

N - liepHoAH'IBOCTb c1pyKTypb1 nona no a3BMYTY (qucno cnupan· 

Baa 'lane y'IHTbJBae'I'Ca TOn&Ko ocaoaus rapMOHHJta ( m = 1) a Bblpl 

aToM ypaaaeauu IIBH>KeHBR MO>KHO caecTH x ypaaH&BBRM MaT&e c nepuo1 

'IACThiD. HaxonSITCR 'IACTHbJe pew&HHll 9THX ypaBH&HHll, onHCbiBAIDIIIH& 3a 

H HCCD&IIy&TCa yCTOII'IHBOCTb 9THX Op6HT, 

noxaaauo, 'ITO B penHTHBHCTCKOM UHKDOTpOB9 Tp&60BAHH8 H30XpOHI 

npBBOIIHT K TOMY, 'ITO napaMeTpb!, xapAKT&pB3yiDwHe ycTOlt'IHBOCTh cao6 

M&lln8HHO (8AH86aTH'I9CKH) H3M9HaiD'I'Ca, Bbl3bJBAa IIBHlKeHH8 H30eip8lKAIDI 

naCTH yCTOli'IHBOCTH, npu 9TOM IIBBBMB'I8CK08 nono6B8· OpOHT He MOlK9T 

CTOTbl CBOOOIIHbiX KOne6aHHII H3M9Hl1IDTCH H nosmnH&TCH npeii81IhH8H 8B8J 

aoaMoJKua ycToi'IHBOCTh cao6oiiBbJX xoneoauull 'I&CTHn a PU. BooMoJKe1 

TOpOM H3MeHSieTCa TOnhKO '18CTOT8 P8IIH8n&HbiX Kone68HHII, a '18CTOT8 a: 

H9H3MeHuoll, Heo6XOAHMAH nnH sTore rny6HHa aapuanHH onpenenueTCH ' 

rna 

<(r)= ~)N(~)-\11+ Q~, 
E 0 dr n 

E 3 
o=(--)·1- noKa3aTem. cpe11Hero nonu PU, 

Eo 
Q.- 'IHCnO 8KCH8nhHbiX xone68HBII H8 o6opOTe, 

E - nonsas sueprHH yc~topaeMoll 'IACTHIXbJ, 

·& da L 
JlnH PU Bblopaaa CIIHpam. ApXHMena. npu 8TOM err= -+ . 21rA 

BOll CTpyKTypbl MAI"'BHTBOI"'O nang, 'IaCTOTI>I CB060J1BbiX x'one68HHII 

/9/ 
BBH onpe11enSIIDTCH Bblp8lK8HHHMB 

1"'118 

2 
Q3= (1+n)[ 1+ _3_(!.!i) ] 

r 2 N3 N lt 
3 <R 3 <3 

Q.=-o+(NT) +2 

R =~- onpe11enHeTcl1 HMnym.coM 'IACTHIII>I, 
eH(R) 

- PAll 

(Q) 

B KOHne nepaoll rnubJ paccMaTpHB&eTCH npouaaon&uoe nepHOAH'IeC 

B 83HMyTy MAI"'BHTHOQ none ( 1 ) , naK838H01 'ITO BbiCWHe 1"'8pMOBHKH Bbl31 

BY~ ljloxycHpoaxy 'IACTBIX a axcuan&BOM Hanpasnesuu, 

BTopaR rnaaa nOCBBW&Ba uccnenoaaHHID anHBBHH aoaMyweHHII HllaAJ 

ABBlK9BB9 '18CTBIX. npoH3BOnbHOe B03MyweHBe paanaraeTCll B PHil <l>ypbe 

5 



e~ny qaCTOTOfi o6pameHHR qaCTHll H8 38MKHyTWX op6UT8X H ycnOBHH• 

cTofiquaocTu, 3Ta casa~o auaquTenbHO ocna6nueTCR rrpu coanauuu 

bl B MArHHTHOM none llHKnOTpOH8, 

·llb3oaaHHB a nuxnu'!ecxux ycxopuTenHX ueonuoponuoli cTpyxTypbi 

x 1938 rony, xorna n,ToMaC npenno~un a3HMYT811bHY~ aapu-

• onuaxo 9TOT MeTon ue noaaonun nony'lUTb nuxnOTpOHHbiA 

9HeprHH B H8CKOIIbKO COT ~8B, 

epCTOM H np, 6binH npenno~&Hbl M8rHHTHb18 nonB, uanpB~8HHOCTb 
/61 

H3M8HH8TCB H8 TOIIbKO no 83HMyTy, HO H no panuycy • npHM&He-

eHHOfi aapuanuu MaruuTuoro nonB x nuxnoTpouy naCT aoaMo~HOCTb 

pe~HM annOTb no M8XCHM811bHblX 9HeprHA, nonyqa&MbiX H8 nell-

•Tpouax, 

ou c npocTpaucTaeuuoll aapuan11eA MaruuTuoro nonB 6bm aanymeu 
171 

6opaTopi!H Hn&PHbiX npo6neM Ol1.SU1 , 

MSI uayquo-uccneaoaaTenbcxue neuTpbi Muorllx cTpau aauBTbi npoex

CTBOM penHTHBHCTCKHX llHKnOTpOHOB, 

aaaaq, soauuxa~mux npu paapa60Txe penSI'I'uaucTcKoro nuxnoTpoua, 

npo6neM, CBH38HHblX C llBH~8HH9M 38pS1~9HHbiX 'l8CTHll npu Onpe

MI'IrHHTHbiX nonell, C~na OTHOCHTCB 38ll8'1H HBXO~&HHH 38MKHYTblX 

ycTOA'lHBOCTH, paccMOTPeHUe snuHHUB ua ycToA'luaocTb paanH'lHWX 

, a T8K*8 C06CTBQHHOrO nonB cryCTX8 'l8CTHU H T,n, 

HCCepTBilHH Co6paHbl HCCn&llOBAHHSI, npOB&ll&HHb19 BBTOpOM COBM9CTHO 

nepHOll 1956-1965 r,r, B na60p8TOpHH Hn9pHblX npo6neM QlU!H, 3TH 

bl p8CCMOTp9HH~ llBH~9HHR 38PR*9HHblX 'l8CTBn B penHTBBHCTCKOM 

TSTOB sTux uccnenoaaHHA 6hma sw6paua CTpyKTypa MaruuTuoro nonu 

YCKOpUTenH na6opATOpHH Hn&pHbiX npo6neM, H8 KOTOpOM 6bin8 npoae

H npoaepxa paapa6oTauuoA nuueAuoA Teopuu, a TAX~e uenuueAuoro 

B ueuTpanbuoA o6nacTu ycxopuTenu, 3TH TeopeTB'lecxue uccnenoaa

TAX~e npu cocTaaneuuu a 1963 r, T&XHHqecxoro npoexTa pexou

na6opaTopuu Hn9pBWX npo6neM B penSI'I'HBHCTCKI!A UHKnOTpOB 

H3 lll8CTH rna!l, 

8CCMATPHB89TCB nuseAHAH T90pHB CBOlSOllHblX xone6auuA 'l8CTBU 

HMYTY B panuycy MarHHTHOM none, KOTOpoe B M8llH8HHOli nnoCXOCTB 
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0) =H(r) ll+ I f .,(r)sin [a .,(r)-mN·¢1 I, 

a• I 

(1) 

rne H(r) - cpenuee M&rBBTBoe none, o6ecne'luaa~mee noCToBBCTBO ne:puoaa o6pameBHB 

qacTun ua aaMXuyTbiX op6uTax; 

•.<~- rny6usa aapuauuu m -oA rapMOHHKH MarBBTBOrO nonu; 

a .,(r)- cjlaaa aapuanuu , xapaxT&puay~mau cnupanbBOCTb nonu; 

N - !iepHOI\H'lBOC'l'b c1pyxTypb1 nonu no aauMyTy ('!Hcno cnupaneA), 

8H8'18ne yqHTbiB88TCR TOIIbXO OCBOBBaH rapMOHHK8 ( m = 1) B BWP8*8HHB ( 1), npu 

9TOM ypaaueHHR llBH~9HHH MO*HO CB8CTH K ypasH8BHIIM ~8TI>9 C nepuonuqeCKOA npaaoA 

qacTb~. HaxonBTCH 'lSCTHbie pemeuuB 9THX ypaaueuua, onucbtaa~mue aaMKHYTbie op6BThi, 

u uccnenyeTcu ycTOil'lHBOC'l'b sTBX op6uT, 

noxaaauo, 'ITO a penHTusucTcxoM nuxnOTpoae Tpe6oaauue uaoxpouuocTu ycxopeuug 

npusonHT K TOMy, 'ITO napaMeTpw, xapaxTepuay~mue ycTOA'!uaooTb cso6onHbiX xone6aauil, 

MenneHHO (anua68TH'l&CKH) H3M8BH~TCH, Bbl3biB8H ABH*9HH9 H306paJKa~mHX TO'i9K no 06-

naCTH yCTOli'lHSOCTH, npu STOM AHH8MH'l8CX08 nono6U8· op6HT H8 M0*9T Cof5n~ll8TbCB, '14-

CTOTbl cao6onBhiX xone6auuA H3M&HB~TCR u nosmnaeTCR npeaellbuaa suepruu, no xoTopoil 

aoaMo~ua ycToll'lHBOCTb cso6onHbiX xone6aauil 'lSCTBn B PU. BoaMo*eu pe*HM, npu xo

TopoM H3M&HR9TCH TODbKO 'IACTOT8 pallHBIIbBWX Kone68HHil, a 'l8CTOT8 8KCH811bHbiX OCT89TCR 

ueuaMeuuoa, Heo6xonuMaR nnB sToro rny6uua aapuanuu onpenenaeTCSI cjlopMYnoA 

rna 

· d ·I --Q-2 
t(r);. ~)N(_a_) y1+ --•, 

E
0 

dr n 
E 2 

n=(--)·1- noxaaaTellb cpenuero nonB PU, 
Eo 

Q.- '!Bono axcuallbuwx xone6auuil ua o6opoTe, 

E - uonuaa suepruu yc~:opueMoil 'lSCTBnbi, 

nna PU Bb16paua cnupallb ApxuMena. npu 8TOM ~= -t" 2!7X 

{2) 

- panuanbuwil mar cnupanb-

uoil CTpyxTypW MarRHTBoro nonu. lfaCTOTW cso6onBhiX xone6auull ( Q ) s nepsoM npu6nu*e
/9/ 

HHR onpenen~TCR swpa*eBHBMH 
2 

Q:= (l+n)[1+ 2~2(~~) ] 

rae 

Q 
2 <R 2 • 2 .=- D +("'iff") + T 

R -~- onpeaenHeTcB HMnyllbcoM 'laCTuuw. 
eH(R) 

(3) 

B xouue nepsoll rnaaw paccMaTpuaa&TCB npouasoDbuoe nepuonu'lecxoe no panuycy 

B 83BMyTy M8rRHTH08 none ( 1 ) , noK838H00 'ITO Bb!CWH9 rapMOHHKH Sbl3bl58~T nononHUT&nb• 

BY~ cjloxycupoaxy 'IACTHU a axcuaDbHOM aanpaaneuuu, 

BTopaB rnaaa nocaHmeBa uccnenoaauu~ anBHHHB soaMymeuuil uaeanbuoro nonB ua 

ABB*&HBe 'l8C1~· npoU3BODbH09 B03MY11l9HH8 paanaraeTCH B PHn 4>ypbe c nepuonoM, 
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paBHbiM OUHOMY o6opoTy H paCCMaTpHsaeTC.II BnH.IIHlle OTUellbHbiX rapMOHHK aa YCTOll'lHBOCT& 

CBOfiO!IHhiX KOne6aaul! 'laCTHJl, npu &TOM nos!Bn.IIIOTC.II npOCT&IQ H napaMeTpH'leCKHQ peaoaaa

Cbl CB060JlHhiX Kone6aaull C HH3WHMH rapMOHHKaMB B03MYDl8HHJI nona, KOTOp&Ie HCCneuyiOT-
/10/ 

Ca C nOMODl&IO aCHMnTOTH'leCKOrO MeTO)la , PaCCM8TpHBa9TC.II UHHAMH'leCKHll pelKHM npo-

XOlKJlBHHa 'lepea &TH peaoaaac&I, Ho~:aaaao, 'ITO npocToll peaoaaac no pauuan&HbiM xone6aHH

aM ( Q, • 2) 6yneT Bhl3b1BaT& 3Ha'lHTen&aoe ysenH'leHH9 aMnnHTYtlbl Eone6aaall H COOTBeTCTBYIO

DlHe peaoaaacable naaau 6yuyT onpeuenRT& uononaHTen&aoe orpaaa'leuue no npeuen&aoll 

aaeprHB yc~:op.s~eMbiX 'laCTHil B PU ( E ~2E 0 ) , 0TxnoaeHHe MBJlHaHHOll nosepxaocTH oT cpen

aell nnOCE:OCTH npHBOJlHT K noasnaHHIO npOCTbiX p930HaHCOB no aKCHan&H!"IM KOne6aHHaM1 

xoTop&Ie MoryT eme 6oru.we nOHH3HT& npenen&HyiO SHeprHIO, aCnH 'IIICTOTII IIKCHIInbHbiX 

xone6a11Hll 6yneT H3M9HRT&ca B npouecce ycxopeaHa, HanolKeH MeTon onpeneneHHa nonolKe

HHa 3aMKHyTOl! OpfSHTbl npH HSnH'lHH OTKnOHBHHll MBJlHIIIIHOl! nosepXHOCTH OT Cpenuel! nnoc
/11 I 

KOCTH B MarHIITHbiX nonHX C npoCTpaHCTBeHHOl! BllpHIIIlHal! , 

npHHUHnHanbH09 3Ha'l9HH9 B pen.RTHBHCTCKOM UHKnOTpoae HMeiOT HanRael!Hble &.p.jleKTbl 1 

KOTOphiM nOCBHDlaHa TpaTba rnasa, HanolKea MeTon aaxolKnaHHa Henaael!aol! aasucaMOCTH 
/12/ 

MaraaTaoro nona PU sae MenHaaaol! nnocKOCTR • noxaaaao, 'ITO rny6aaa sapHaUHH 

MarnaTaoro nona cymecTseaao ysena'lHsaeTca npH oTxone OT nnocxoCTH CHMMeTpRH, Cnen

CTBHeM STOrO asnaeTCa CHn&Haa 3aBHC!IMOCTb 'liiCTOTbl aKCHSnbHhiX Kone6aHHl! OT HX SMnnu-
/12/ 

TYJlbi 1 onpenenaeMaa B&IpalKaHHBM 

~ ~ 1 ~ ~ 3 b ~ €~N~ 2 
Q. - Q .o + ...,.. ( ( _IL_ + - ) (- ) + -- b 

" N2ll2 2 ;\ 4R2 

rne b aMnJIRTyna IIKCHan&HbiX Kone6aHHll 1 

Q.0- 'laCTOTa axcuan&HbiX xone6aaul! npH b=O, 

( 4) 

Tax xax MarRHTHoe none penHTRBHCTcxoro nuxnoTpoaa nepuonii'leCKR aasucuT OT 

panuyca, TO Ha JlBR~<ymyiOCa 'IIICTHUY nel!CTBYIOT 3Ha'lRT911bHbl9 nep110JlH'l9CII:Re aenuaeliHbl9 

CHn&I, senR'lRHa KOTOpbiX aasucRT OT aMnnRTyJlbl cso6onH&IX xone6aHHll, HenuaeliHaa nepHo

llR'laCKaH BbiHYlK)laiOUlaH CRna MOlK9T Bhi3BaTb pe3K09 vsenR'l9HH9 IIMnnHTYllbi CB060UHhiX 

KOne6aaul! B Cnyqae, ecna 'liiCTOTa STOll CHnbi HIIXOUHTC.II B Kpa·raOM COOTHOWeHRR C 'liiCTD

TOll xone6aaul!, 06mee peaouaacaoe coOTaoweaHe unH PU HMaeT suu 

qQ,!. pQ.· N, (5) 

rue P , q - nen&Ie qucna P+ q nopSIIlOK coOTseTCTByiOmero peaoaaaca). 

TaKRM o6pa30M s penaTRBRCTCKOM uuxnOTpoae, scneucTsue aenRael!aocTu nepaoua

'lecxoli CTpyKTyp&I MaraaTaoro nona, B03MO~<Hbl aayTpeaaue aenuael!a&Ie peaoaaaC&I cso6on

HbiX KOne6aHHl! C CIIMOl! nepROUH'leCKOl! CTpyKTypOl! npR OTCYTCTBHH KIIKRX-na6o B03MYin9-

HHll, npa &TOM cna6aa H8.1lHH9llHOCTb Cpeuaero MarHRTHOrO nonH ( D -Mano) II 3H8'111Ten&• 

uaa senR'lliHa nepHOUH'lecxol! aenuael!HOCTH npasonSIT s PU K B03HBKHOB9HHIO acjKlJeKTHBHbiX 

aenaaeliHbiX pe30H8HCOB TIIKOrO BhiCOKOrO nOpHUK8 ( P+ q) , KOTOpble B yCKOpHTenHX 

8 

• 

upyrux TRnos o6bi'lHO ue so3HHK8IOT, B nponecce ycxopeaaa, ua-aa uaMeaeua 

pauuan&HbiX xone6aaul!, aeKOTOpbi& aenuael!H&Ie peaoaaHCbi uonlKHhi npoxouaTJo 

Hbie UH<!J<!JepeHJlllan&Hble ypaiiHQHHa C nepHOJlH'l9CKBMH KO&<!><i>HUHeHTaMH 1 OnHCbl 

6&HHH 'IIICTHD II o6naCTH pe30H8HCOII 1 HCCneuyiOTCH C nOMOinbiO 8CHMDTOTH'l9C 

noxaaaao, 'ITO aenaaeAniA peaouauc 4-ro nopHUKa no pauuan&JibiM ~~:on• 

q• 4 , P• 0 ) ae MOlKaT npoxouuT&ca 6ea cymecTseBHbiX nOTepb ycxopSI• 

0TCIOJ18 nosmnaeTCH CBH3b M9lKUY 'lHCnOM CI!Hpanell H M8KCHMan&HOII &Hepra• 

'l&CTHIX 

Ema~...!} Eo• 

PaccMOTpeBbi T8KlK& uenaaeiiHbie peaoRaHCbl CIIH3R 5 Q, '!:. 2 Q• • N , xoTopbi& 

CTpyKType nona C N•8 , npennoli<&H MaTOU KOMn&HCAilHB BayTp8HHHX H 
B 

pe30HaHCOII
1 

II KOTOpOM HCnon&3yaTCa uonOnHBT8nbH8SI rapMOHBK81 C03UIIB89~ 

coOTBaTCTIIyiOwero uenaaellaoro peaouaaca, aMnnuTyna KOTopoll aasacBT OT 

HccneAy&TCSI aenBaellahiA peaoaaac N -ro nopHUE8 no pa.!laan&HbiM xc 

B Jl9HTp8n&HOII o6nac'l'B yCKOpHTBIT.II ( Q, • 1), n011:&38HOo 'ITO rp8JlH9HT cpa 

aeo6XOilBMbill UITSI yCTp8BQHBH BITBaHHSI 

pHTena, yMeH&waeTCSI c ysenu'leaaeM 

HQITBHaliBOrO p830B8HCa B Jl9HTp8nbBO 

N KAK __ N__ H C ysenH'l8BH81d 
2N(N-l)! 

wara npR <i>RKCBpOB8HHOM 
N KaK 'ltN-~ 

<l>aaoBoe usalKeaue yc~~:opaeMbiX s PU 'l8CTBU ·paccMaTpHIIaeTCSI s 'laTII 

Tax KaE aa scex aaMKHYThiX op6aTax nepaOA o6pameHBSI 'laCTHn nocToSIHeH, 

BRCTCII:OM JlHII:nOTpOH& OTCYTCTByeT 8BTO<i>a3HpOBK8 ( ~= 0) H ni06ble OTKnOI 
dE 

nona OT pe30H8RCHOrO 38KOB8 Bbl3b1Ba!OT CJlBBr <i>a3bl 'laCTBJl, II:OTOpbiA 

npOnOpllBOH8nbHO 'lHCny o6opOTOB yCKOpSiaMOll 'laCTBilblo nony'laHHbl& II 

yse 

&TO I 

BHB n03110nHIOT Oll8BHTb nonyCKB B8 Cp8J1B89 MarHRTH08 none B 38BHCBMOCTI 

sa~opa sseprau 38 o~opOT npa onpeJl&n&HBbiX npennonomeHaax OTuocaTen&H< 
' /14/ 

BHSI OTKnoHeHHll OT peaoaa~aoro aa~~:oaa cpensero nong 

BBH 

PaccMaTpasaeTCSI xoppexnaa peaosaacsoro aa~~:oaa, Bbl3biBaekaSI aaMel 

KOH.parypallHB 38MKayTbiX op6BT no Mepe pOCT8 B8pH81lBB Bllon& p8JlBY 

Hana'lae cso6ouHbiX ~:one6aaull ycxopSiaMbiX 'l&CTHil, xax 6blno paaee 

r,H.BynKepoM, MOlKBT Bb13biB8T& H3M8R8HB9 nepBOJl8 o6paWeHBSI 'l&CTBD B F 

'I&TB&pTOll rnaBbl nOK838HO, 'ITO p811H8n&Hbl8 CB060UBbl8 Kone6aBHSI npRIIOJlB' 
/15/ 

nepHOil8 o6pameHBH yCKOpB8MbiX '18CTBD npa6nH3RT8n&BO 11:8K 

r11e 
Eo 

r..- -;-Ho 

~T 
""""T 

l+n 
-2-

~ 

2. ) . 
roo 

a - aMnnaTyua pauaan&HhiX ~~:one6aaall, 
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opOTy u paccMaTpunaeTCH BIIHHBHe oTnen&HbiX rapMOHHK ua ycToA'IHBOCT& 

HHli 'lliCTHU, npu STOM IlOHBilHIOTCH IlpOCTbi8 H IIapaMeTpH'IeCKHe pe30H8H

el)auul! C HH<'IIlHMH T'llpMOHHK8MH B03MYUl8HHA nons, KOTOp&Ie HCCil811YIOT-
/1Q/ 

MnTOTH'IeCKOT'O MeTO)lll • PaCCMl!TpHB88TCll .llHHliMH'IeCKBA pelKUM npo-

H peaouaucbr, noxaaauo, 'ITO npocToll peaouauc no paauan&R&IM xonel5aRB

&I3hiBliT& 3H8'1HTen&Roe yaenuqeuue aMnllBTYilbl xone6auuA H COOTBeTCTBYIO

nHHHH 6ynyT onpenenHT& nononuuTen&uoe orpauuqeuue no npenen&uoA 

,zx 'laCTun a PU ( E ~2E 0 ) • 0TxnoueHue MenuauuoA noaepxuocTu oT cpen-

BOI1HT K Il0l!Bil8HHIO npOCTbiX p830H8HCOB no liKCiillll&H!'IM XOile6aHHliM
1 

e 15on&llle nouuauT& npenen&uyiO auepru10, ecnu 'laCTOTa axcuan&RbiX 

aMeHHT&CH B nponecce ycxopeuus, Hano}l(eu MeTon onpeneneuus nono}l(e

;HTbi npu uanuqnu oTxnoueuuA MenuauuoA noaepxuocTu OT cpeauell nnoc-
1111 nonHX c npocTpaucTaeuuoA aapuanueA , 

3Ha'leHHe B pelll!THBHCTCKOM llHKIIOTpoue HMeiOT HenuueJIHbl8 9<P«<leKT&l
1 

TpeT&H rnaaa, Hano}l(eu MeTon uaxo>xaeHHll uenuueAuoA aaaucnMOCTH 
/12/ 

BHe Mei1H8HHOJI nllOCKOCTH , noKll3liH0
1 

'ITO rny6una B8pH8UHH 

mecTseuuo ysenuqusaeTCH npu oTxone OT nnocxocTu CHMMeTpuu, Cnea

TCll CHilbHllll 38BHCl!MOCT& 'lliCTOTbl liKCHllll&HblX KOileoannJI OT HX liMilllH-
/12/ 

BLipa)!(euneM 

2 1 2 2 3 b 2 •2N2 2 
zo+...,.. • ( ---lL_ + - ) (_ ) + -- b 

l N2;\2 2 ;\ 4R2 

a axcuan&n&rx xonel5auuA, 

axcnan&u&Ix xone15auuli npu b=O, 

( 4) 

THOe IlOile peiiHTHBHCTCKOT'O llHXIlOTpoua nepHO)lH'IeCKH 38BHCHT OT 

<yUlyiOCH 'lliCTHUy neJICTByiOT 3H8'1HT8n&Hble nep!IO)lH'IeCJtHe H&llliHeAHbie 

'PhiX aasucuT oT aMnnuTyn&I cso6onu&IX xone6aHHli, HenuueliHas 
nepuo-

l!Si CHilli MO}I(eT 
Bh13Bl!Tb pe3KOe yBellH'Ieuue 8MnllHTYI1&! CB00011Hb!X 

ecnH 'lliCTOTa STOJi CHilbl H8XOilHTCH B Kpa·rHOM COOTHOWeHHH C '18~To-
ee peaouaucuoe coOTuoweuue nnsr PU HMeeT BHJl 

qQ, -t pQ
0

m N, 

'lncna 
P+ q nopllllOK COOTB8TCTBY!OW8T'O pe30H8HC8), 

(5) 

B PllllHTHBHCTCKOM UHKIIOTpone1 BCil811CTBHe HllllRHeliHOCTH nepHOJlH

T'HRTHOT'O 110illl1 B03MO)I<Hbl auyTpeHHHe HllllHHeJIR&Ie pe30BliHCb! CB060)l• 

Oli 11epHOJlH'IeCKOli CTpyKTypoli IlpH OTCYTCTBHH K8KHX•IIH60 B03MyW&-

H uenuuelluocT& cpeJluero MaruuTuoro nons ( n -Mano) u 3Hli'IHTen&

H'IecxoA uenuueliuocTu npHBOJlHT s PU x B03HBitHOBeHH!O ar~<l>eKTHBBbiX 
OB T8KOT'O BbiCOKOT'O nopl!I1Kll (p+q) 

, KOTop&Ie B ycxopuTenn 

6 

.. 

npyrux Trmos o6&I'IBO ue soauuxaiOT, B nponecce ycxopeHHH, ua-aa uaMeueusa 'laCTO.Tbi 

panuan&HbiX xone6auuA, ueKOTOpbre uenuueliu&re peaouauc&I nOil}I(Hbi npoxonHTbCH, HenuueA

H&Ie 11H<jxpepeHUH8n&Hbl8 yp8BH8Hllll C nepHOI1H'I8CKHMH KOSrj)(IIHUH8HT8MH 1 OnHCbiB810WHe Kone-

08HHll 'lliCTHU B o6naCTH pe30R8HC08 1 HCCilllllYIOTCII C IlOMOUlbiO 8CHMUTOTH'I8CKOT'O MeTOitll, 

noxaaall:o, 'ITO uenuueARbiA pe3ouauc 4-ro nopl!l1xa no panuallbR&IM xoneoaRHKM 

q- 4 , P= 0 ) ue MolKeT npoxonuT&C.R 6e3 cywecTseuub!X nOTep& ycxopsteMbiX 'ISCTu£
121 

0TCIOI18 nOHBIISi8TC.II CB.II3& M8}1(Jly 'IHCIIOM CIIHpaneli H M81tCHM81l&HOil SReprueli yCKOpeHHb!X 

'18CTRU 

Ema~...!} Eo• 
(6) 

PacCMOTpeRbl T&KlKe uenuueiiHbie peaoli&HC&I cssau S Q, "t. 2 Q• • N , JtOTOpbre npoHBn.RIOTCll 

s CTpyxType nonu c N•8 , npaanolKeu MeTon xoMneucanuu auyTpeuuux uenuuellu&Ix 

pe30R8BCOB1 B KOTOpOM HCnOn&3y8TCll 110nOilRHT8n&H8.11 rapMOBHK8 1 C03Jl8Bli8M8.11 B 30He 

/13/ 
COOTB8TCTBYIOWero H81lHII8IIHOrO p830H8HC81 8MnllHTYil8 KOTOpOli 388HCUT OT panuyca , 

HccneAyeTc.R uenuuei!Hblil pe3ouauc N -ro nopl!I1Ka no p8!1HllllbHhiM xone68HHliM 

s ueBTpan&uoll o6nacTB ycxopuTenH ( Q, .. 1 ), no~:a3auo, 'ITO rpanueHT cpenuero non11, 

HeojSXO.llRMblil ):IIlli yCTp8B8RBll BllB.IIHH.II 

paTensr, yMem.waeTCII c ysensqeuueM 

uenuueAaoro pe3ouauc8 

N KAK __ N__ B C 

war a npu <j>axcHpoBaHHOM N K8K :\ N • ~ • 
2N(N-1)! 

B neHTp8n&HOil Ol51l8CTH yc11:o-

yBenu'!eHB&M P811H8n&uoro 

4>8aoaoe nsulKeuue ycxop11aMblX s PU '18CTHil pacCM8TpusaeTC.R a 'leTBepToil rn8se. 

Tax Ka~ B8 BCeX 38MKHYTbiX Op6HT8X nepuon ol5p8W8HBH '18CTHU DOCTOliH8H1 TO B p&ll.IITH

BHCTC~OM UBitllOTpOH8 OTCYTCT'ByeT 8BTOcpa3!1POBK8 ( ~~ =0) H lll06ble OTII:IlOH8BHll Cpenuero 

non11 OT p830B8HCHOrO 38KOH8 Bbl3bi88IOT CllBBr cpa3bl '18CTBil1 ltOTOp&III YB81lH'IHB8eTCSi 

nponopllBOH81l&HO 'IHCIIy OOOpOTOB yCKOp.ReMOil '18CTBUbl, nony'leHBbl8 B STOll rnaae Bblp8lKEI

BBII n03BOIIBIOT Oll8RBTio .llOnyCitB B8 Cpenaee M8rHBTH0e none B 38BBCBMOCTH OT BllllB'IHH&l 

aajSopa auepruu 38 ojSopoT npu onpeaeneuH&Ix npeanono}l(eHHliX OTHOCRTen&ao pacnpenene-

/14/ 
IDI.R OTJ:noueHHA OT pe3oaaucaoro 38~oua cpe~:~aero nona fi,o 

PacCM8TpHaaeTC.II xopp&Jtllllll peaouaacuoro 38J:oua, a&I3&Iaae!t«all uaMeaeuueM BllRlf

BKst KOH$HrypallHB 38M~HyT&!X op6BT DO Mapa p0CT8 88pH8UHB 811011& p8J:IRYC8, 

Hanu'!Be CB06011HbiX xonel5auua ycxop.ReMbiX '18CTBil, K8K o&Ino pauee OTM8'18HO 

r.H.By~:~xepoM, MO}I(QT B&l3b!B8T& H3M8B8HBe nepBO)l8 ol5p8Ul8HHII 'IACTBil B PU. B ~0Bil8 

'I&TaapToil rnas&I noxa3aHo, 'ITO pa~:~aan&R&Ie cao6onu&Ie xone6aHHSI npusoaHT x yMem.weuaiO 
/15/ 

uepBQI18 o6pameuuH ycxoplleM&IX 'laCTBil npa6ns3uTen&uo xax 

r~:~e 
Eo 

r oo• -;-Ho 

~T l+n 
.,...- ---2-

2 

~). 
r., (7) 

a - 8MDIIBTYA8 p811H81l&H&IX Jtone6aRBil, 

7 



:~····, ' ! •'. 

' r \ • 

CnenosaTeru.uo, B npouecce ycxopeuua B penHTHBHCTCKOM uuxnOTpoue cjla3oaaa npOTH

*eHHOCTD crycTxa uecxoru.xo ysenuqaaaeTca, Onuaxo, xax noxa3aKo a aToll rnase, npu 

a S.. 3,5- 4 CM u ual5ope auepruu 3a ol5opOT 300- 400 Ksa STO pacwupeuue crycTxa ue 
x) npesocxonuT nonyCTHMhiX npenenos , 

B nsrrol! rnase xpaTxo paCCMOTpeHhi B03MOlKHhie M&TOJlbi Bhlaona ycxopeuuoro ny'll!:a 
' /8/ 

H3 penHTHBHCTCKoro uuxnoTpoua ua 700 M&s , ·a xoTopoM qacToTa panuanbHhiX xone15a-

HHi! H8 KOH9'1HOM p8JlHyCe COCTaBnHeT 1,8, 

flpennolKeH MeTon H3M9H8HHH 'IBCTOTbl panuanbHbiX KOnef58HHli C nOMOii!biO BBeneHHH 

B CTpyKTypy MSrHHTHOro nonH C '19THb!M N rapMOHHKH c HOMepoM N/2 , aMnnuTynol! 

3-5% oT cpenuero nonH H ¢4301!, H3MeKHIOWelicH no Toll JKe cnupanu, 'ITO u <jla3a N -oil 

rapMOHHKH, cnaHayTOl! OTHOCHT9llbHO 9TOI! <jl83b! H8 onpeneneHayiO B&nH'!HKy/ 161, flpH 3TOM, 

f5naronapa cymeCTB9KHOMy H3M8K8HHIO KOH<jJHrypaUHH 38MKHyTOl! Opf5HTbl
0 

'18CTOT8 panuaru.

Hb!X xonel5auul! ysenH'IHBaeTCH no pe30HBHCHOro 3H8'19HHH, pBBKOrO JlBYM, H AnH Bb!BO)la 
1111 qaCTHU MOl'<&T f5h!Tb HCnOnb30B8H HemmeiiHb!l! p830HAHC 8/4 , 

. /18/ 3xcnepuMeHThl, BbinOnHeKKhie ua anexTpouaoll Monellli B OxpunJKe , noxa3anu 

'ITO npH HCnOnb30BaHHH p830K8KCKOrO MeTana Bb!BO)la MOlKHO nony'IHTb K03cjlcj!HUH8KT Bbl-

JlyCKa ny'IK8 H3 K8M8phl YCKOpHTenH, f5llli3KHll K 0,95, a 
1 

B03MOlKH0
1 

H Bb!We, 

flpu saeneKHH B CTpyKTypy nonH N/2 -oil rapMOHHKII 'IBCTOTa aKCHSnhHbiX xonel5auul! 
KOpp&KTHpyeTCH H83HB'IHTenbHb!M yMeHbW&HHeM aMnnHTyJlbi N -oil rapMOHHKH, KOTopaH 

npaKTH'I9CKH He BnHHeT Ka 'laCTOTy panuanbHb!X xonef5aHHl!, flpu H3MeHe
0

HHH BMnllliTynhi 

N/2 -oil rapMOHHKH H3M8HHeTCH panuyc, HB KOTOpOM B03HHK8eT Henuuel!Hblil pe30H8HC
0 

H TaKHM Of5p830M1 nossnHeTCH npHHUHnHBnbKaK B03MOlKHOCTb H8KOTOpOll perynupOBKH SHep-

r11u BhiBeneuuoro H3 PU ny'lxa, 

B wecToil rnase uccnenyeTcH anHHHHe col5cTseuuoro anexTpoMaruuTuoro nonH crycT

xa ua cao15onHhie KCnel5auua 'lacTun, a TaxJKe ua npouecc ycxopeuug aToro crycTxa, 

H3Meueuue axcuaru.uol! ycToli'IHB~TR H3-3a BnHHHHH npocTpaucTseaaoro 3apuna 
/19/ cryCTKa onHCblB8eTCH BblpalKeHHeM 

AQ • = J 
f 0 f 0 A. A cp V (Q.

0
+ Q,) 

-1 rne f 0 - 'IACTOTa o15pameuua ycxopaeMoro crycTxa (cex ), 

J - TOK Ha MHW&Hb (a), 

A •' A(:" axcuaru.uaa ( M) u 83HMyTaru.uaa (pan) npoTHlK&HKOCTH crycTxa, 

v 

<I> au 

cpenauil nOTeuuuan, npoxonuMhiA 'laCTunell 3a ol5opoT (a), 
-11 

f 0 = 0,8854•10 4>/M - nuaneKTpH'IecxaH npouuuaeMOCTb saxyyMa, 

Q.11 '!Keno axcuaru.HhiX Konel5auul! 3a o15opOT npu J=O. 

x) HeaasucuMo, ~:~pyruM MeTonoM auanoruqubiil pe3ynbTaT nonyqeu B pal5oT~ 
llloy-cHHb, Yal! Kall-IO&, 'I 

8 

(8) 

~ 

3Ta <jlopMyna 15hina nposepeua axcnepuMeHTaru.uo Ha uuxnoTpou 
/20/ 

aapuauueil MaruuTuoro non.a , H3 BhlpAlKeHHH (8) cnenyeT, 'ITO , 

HHe HHTeHCHBHOCTH B penBTHBHCTCKOM llHXnOTpOH8 DpH COXp8H8HHH 8 
/21/ 

CTH MOlKeT f5biTb noC'l'HrHyTO npH Q 0 > 1 , 

AauMyTaru.uaK KOMnoueuTa aneKTPH'Iecxoro nonK cryCTKa MOJKE 

yM&HbW&Tb ual5op auepruu 3a oiSopOT ~;~nK pa3nB'IHhiX o6nacTeA cryc~ 

onpeneneHKOA nnOTHOCTH '18CTHU 83BMYT8nbHAR KOMflOH8HT8 nonK CKC 

aneKTpH'18CK08 none R npouecc ycxopeHBH OKAlK8TCR HapyweHHh!M, n 

ro nepeM8WHB8HH51 qaCTHU (~= 0) 0 'ITO npHf5nR3HT8nbHO COISniOD 
dE 

PU, uailneHhi BbipaJK&HHR, onucbiBAIOWBe CBK3b nnoTHOCTH ycKopaeMo 

nBMhiM ual5opoM aueprau 38 ol5opOT. Ha aTIIX BhlpalKeBBA cnenyeT, ~ 

H TOKe J • 0,5 Ma, KOTOpb18 COOTB8TCTByiOT npoeKTHbiM B&nH'IHBBM 

CTBH8M npO!lOnbHOll KOMnOHeHTbl aneKTpuqecxoro nOnR MOlKHO npeHeC 

To'IHOCTb 15oru.wuucTsa auanuTu'leCKHX llbipaJKeHHA npoaepanabb 

HHTerpHpOIIAHII8M HCXOnHhiX yp8BH8HHll Ha aneKTpOHHo-Bbl'IHCnHT8nbJ 

Tenbaoro ueuTpa OHS'IH. 

14 7 8 
Ocaoauoil MaTepuan naccepTanuu onyt5nBKOBaH a pa6oTax ' ' ' 

TAK*e !lOKn8!lbiB8nCR HA MelKJlyHaponHblX KOHcjJep&HilHRX no yCKOpHT8J 

nyi5He ( 1963 r) H H8 Paf50'I8M COB8W8HHH no DBKnOTpOH8M B Kp8KOB 

nuTepaTypa 

1. B,H.Bexcnep. nAH, ~ 346 (1944). 

2. E.M.McMillan. PhYII• Rev., 68, 143 (1945) • • 3, N.Cbristophilos (unpublished). E.D.Courant, M.S.Livingston, H.S.Snyder. 

Phys. Rev., 88, 1190 (1952). 

4, s.n.n>Kenenos, s.n.nMHTpH8BCKHA, B.H. 3aMononYKOB, B.B.Koru. 
npenpHHT OHS'IH Nl 1831, 1964. 

5, L.H. Thomas. Phys. Rev., 54, 580 (1938). 

6, D.W.Kerst et a1. Bull. Amer. Phys. Soc., 30, 14 (1955). 

7. n.n.BacuneacxaK, B.n.nMBTpHeBCKHA, B.B.Koru.ra H np. A3, §., 

Nuclear lnstr. and Methods, 5, 335 (1959). 

8. A.A.fna30B, IO.H.neHHCOB, s.n.nJKenenos, s.n.nMHTpBeSCKHll, B 
Tpynhi Mex<nyaaponuoil xoucjJepeHnHH no ycxopaTen!IM 1963 r. M., 

CTp, 547, 

9. n.n.Bacnneacxall, s.n.nMuTpHeBCKBll, B.B.Koru.ra H np. A3, !L 
Symposium CERN, p. 211, (1959). 
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CnenoaaTen&ao, a npon:ecce ycxopeHHR 8 penRTHBHCTCXOM nHKnOTpoae cjla3oaaa npOTa

eHHOCTb cryCTKa aecxon&xo y8enaquaaeTca. Onaaxo, xax noxa3aao a STOA rnaae, npa 

'S.. 3,5- 4 eM a aa6ope saepraa 3:) o6opOT 300- 400 xsa &To pacwapeaae crycTxa ae 

e8ocxonnT nonycTHMhiX npeneno8 • 

8 nHTOii rnaae Kp8TKO paCCMOTpeHb! B03M0)l(Hbl8 M8TOJlhl 8hl801l4 YCKopeHHOI'O nyqxa 
18/ 

penHTKancTcxoro n:nxnoTpoaa Ha 700 Msa , ·a KOTopoM qacToTa panaan&HhiX xone6a-

li H8 KOHe'!HOM panayce COCTaBnHeT 1,8, 

npenno:>KeH MeTOU H3MeH8HH.R qaCTOThl pa,qaan&HhiX KOne6aHHli c nOMOlllbiO BB81l8HHR 

CTpyKTypy M8I'HHTHOI'O nonH C '!eTHh!M 
N rapMOHHKH C HOMepoM N/2 1 4MnnHTYJlOli 

5% oT cpenaero rronH H cjla3oli, H3MeH.RJO!IIelicH no Toli :>Ke cnapana, '!To a ljla3a N -oli 

/16/ ,PMOHKKK 1 CllBIIHYTOI! OTHOCKTen&HO STOH ljla3bl H8 OnpeaeneHeyiO aenaquHy • npu 8TOM
1 

ronapH cymeCTBeHHOMy If3M8H8IfHIO KOHcjJHrypanHH 38MKHYTOI! Op0HTh!
1 

'!8CTOT8 paauan&

X KOnef5aHKli yaemi'!IIB88TCSI JlO 
pe30HBHCHoro 3HaqeHHH1 PBBHOI'O llBYM

1 
H an.R BhlBOJlB 

THU MO>"<eT 6htTb ucrron&aoaaa aemzl!ei!Hbii! pe3o&aac 8!41111• 

. /18/ 3xcrrepHMeHThl, BblllOnHeHHhle Ha snexTpoaaoA MOil&lllf B Oxpa,q>Ke , noKa3ana 

r;pll HCnOnb30B8HIIH pe30H8HCHOI'O M8TOJl8 Bb!BO)la MO:>KHO nonyqH'l'b KOsljllj!HilH8HT Bhl

KB nyqxa H3 KBMepbl YCKOpHTens, 01llf3KHli X 0,95, 8~B03MO:>KH01 H Bh!W8, 

npa BBeaeHHH B CTpyKTypy nong N/2 -oli rapMOHHKII '!8CTOT8 8KCH8n&Hb!X 
xone6aaaA 

peKTKpyeTCH He3HaqKTen&HhlM yM&HbweaHeM aMnnaTyaht N -oli rapMOHHK11 1 KOTOpag 

KTHqeCKK He BnH.ReT H8 qaCTOTy P41lHBJ!bHh!X xone6aHHli, npu H3MeHeHHII BMnnHTYilhl . 
-oli rapMOHHKH H3MeH.ReTCH P81lHYC 1 HB KOTOpOM B03HHK8eT R8J!HHeliHblli p830H8HC

1 

8KIIM 00,P830M1 IIOHBJ!HeTC.R np11HUHnHBJ!bH8.R 803MO>KHOCTb H8KOTOpOA perylllfpOBKH SH8p-

BbtBeaeaaoro 113 PU nyqxa. 

8 wecToli rnaae 11ccneayeTcs anllsHHe co6cTaeaaoro snexTpoMaraHTHoro nons crycT

a cao6oaHhie xcne6aaas qacTan:, a TBK:>Ke aa rrponecc ycxopeaa,. sToro crycTxa, 

H3Meneaue axcllan&uol! ycToliqiiBOCTR 113-38 anH.RHH.R rrpocTpancTa\aaoro 34pRJla 
/19/ TK8 0IIIICblB88TC.R Bb!p8:>K8HHeM 

.1.Q.= J 
•o fo .1. • .1. .P V (Q.o+ Q,) 

. -1 f 0 - qaCTOTa o6p8!II8HBSI YCKOpH8MOI'O cryCTK4 (ceK ), 

J - TOK H8 MHW8Rb (a), 

z' ,1. rp 8KCH8J!bH8.R ( M) H 83IfMYTBJ!bH8.R 
v (p8ll) npOT.R>KeHHOCTH cryCTK4

1 

Cp&JlHHli nOT&HilH8J!1 npOXOilHMhlll qaCTHUell 38 o60pOT (B) 
1 -11 

•o = 0,8854•10 <1>/M - nasnexTpaqecxa.R npoaanaeMOCTb aaxyyMa, 

Q.0- qucno axcaan&HbiX xone6aaHI! aa otSopOT npa ]=0. 

x) HeaaaacaMo, ,qpyraM MeToaoM aaanoraqahili pe3ynbTBT nonyqea 8 pa6oTe 
llloy-csab, Yaa Kali-108, 

8 

II: 

(8) 

3Ta ljlopMyna 6hiJ!8 npoaepeHa SKCnepHM8HT8JlbBO 88 llHKnOTpoae C npOCTpaRCTB8BHOA 
/20/ 

aapuanaeli MaraaTnoro non.& , 113 Bhtpa>KeHHSI (8) cnenyeT, qTo cymecT8eanoe yaenaqe-

nae HHT8HCH~HOCTH B pen.RTHBHCTCKOM llHKJIOTpORe llpH COXp8H8HHH 4KCHSJ!bROA yCTOiqHao
/21/ 

CTH MO:>K8T 6b!Tb llOCTHI'HYTO npB Q • > 1 

AaaMyTanLHaSI XOMnoaeaTa snexTpH'leCKoro nona cryCTKB MO>KeT yaenaqaaaTJo ana 

YM8HbW8Tb H800p 8H8pi'HB 38 otSopOT ~JIB pa3nBqHblX 06n4CTell Cf'YCTK8, npa ll0CTH>K8RHH 

onpe,qeneHHOA nnOTHOCTH 'l8CTHU 83HMyT4nbBASI KOMnOB8BT8 nonS! CKOMn&BCHpyeT BB8WB88 

snexTpaqecxoe none a nponecc ycxopeRBB oxa>KeTCB aapywea&l>IM, npa OTcyTCTBHB cjJa3oao-

ro nepeM8WRB8HHSI 'lBCTHil (~= 0) 1 'ITO DpR6nH3RT8nLRO COISJIIOil48TCB JlJIB tSOnbiUHX 
dE 

PU, aaAAeRhi 8l>Ipa>KeHHB1 onHCl>IB410IUBe CBB3Jo nnOTBOCTH ycxopseMoro crycTxa c aeotSxo

JlliMbiM RaobpOM SH8pi'IIR 3a OtSOpOT, 113 STBX Bhlp8>K8BBA CJ!8JlY8T, 'ITO DpB e V • 800 JteB 

R TOKe J •0,5 M81 KOTOpbte COOT88TCTBYIOT npoeJtTBhiM 88J!H'!HBBM PU RB 700 Msa, neA

CTBH8M npOAOnLHOli KOMnOHeRThl sneKTpHqecxoro nonS! MO:>KHO npeae6pe'lb, 

ToqaocTb 6on&waacT8a aaanHTH'lecxax Bhtpa>Keaall npoaepsnacb aenocpenCTB&Hlll>IM 

HRTerpapoaaaxeM HCXOARhiX ypa8&eaall aa snexTpOHRD-8ht'IHcnnTenbROll Mamuae Bhi'IHCillf

Tenbaoro neaTpa 011.fiH. 

/4 7 8 9 11-16 19 20/ 
0CROBROli M8Tepnan JlRCC8pT81lHH ony6nBKOB8B B paf50T8X 1 1 1 1 1 1 

1 a 

T4X>Ke llOKJ!4JlblBancH H8 Me>K,qyaapOAHblX KOBijlepeRilHSIX no YCKOpHT8nBM 8 )i(e&eBe (1959r), 

.lly6ae (1963r) n aa PatSoqeM coaewaaan no naxnOTpo&aM a Kpaxo8e (1961 r), 
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