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BBeneHHe 

3a nocnenHHe ronb1 ucKnIO'IHTen&Ho cHnbHO Bwpoc HHTepec K uccneno

BaHHRM aTOMHOro sinpa C IIOMOmbro IIY'IKOB aapsiJKeHHbIX qacTHU, o6nanaro

mux BbICOKOii cTeneHblO MOHOaHepreTH'IHOCTll. 3TOMY B 3Ha'IHTenbHOii CTelleHH 

-CIIOC06CTBOBallll yc11exn B pa3BllTllll TeXHHKll aneKTpocTaTH'leCKllX TaHneM-re

HepaTopoB. 

BoaMOJKHOCTb ncrron&aonaHHR B OllbITax IIY'IKOn qacTHU C a11epreTH'leCKllM 

paa6pocoM 
Aw 
\V 

-4 
panawM 10 11pn 11nan11oii perynnponKe a11eprun, cne-

_nann TanneM-renepaTopw KpaiiHe npnnneKaTen&HhlM ycKopnTeneM, noanonsiro

mnM HpononHTb nccnenonaHHR n caMblX pa3H006pa3HbIX o6naCTRX sinep11oil: 

ipll3IIKH. 

Han6on&mero yc11exa n paapa6oTKe Ta11neM-reHeparopoB no61Inac& aMe-

p!IKaHCKaR iplipMa " High voltage engineering corporation " , KOTOpasi nwnycKaeT 

HeCKOnbKO TllHOn re11epaTOpoB. 

Qqen& mnpoKoe pacrrpocTpa11e111Ie 11ony'IHnn TaHneM-reHepaTopw THrra 

"EN·: KOTOpbie naroT BO3MOJKIIOCTb ycKOpRTb IIpOTOIIhl no a11eprnll 12 Man. 

CaMblMII KpyIIIIl,IMII aneKTpOCTaTJI'leCKHMll Ta11neM-reHepaTopaMn sinnRIOTCR 

re11epaTOpb1 TJIHa ''MP "( 'HMrrepaTop•) ~ Ha KOTOpbIX MOJKHO YCKOpRTb npoTOHbl 

no anepr1m 24 Man. 

B 6nnJKaiIIDne ronhl ( 1970-1971 r.r.) n EpYKxeiinencKoil: HarrHoHan&noil: 

na6opaTopnn (ClliA) ncTyHIIT B CTpoil: YHHKanbllblH ycxoplITenb, npencTannsi

romnil co6oii KoM6Hnannro nnyx 'HMrrepaTopon•. Ha aTOM ycKopnTene B pe

ayn&TaTe TpeXCTYIIeH'laToro ycKopeHHR 6ynyT rrony'lellbl HpOTOHbl c aneprHeil 
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36 Maa. MoJKRo npennonaraTb, qTo B nanbHeftrneM aHeprmo npoToHoa ynacT

cH yaem1qHTb no 40-45 Maa. CornacHo ABHHhIM KaTanora ,jmpMbI _ "High 

volliage engineering corporation", HHTeHCHBH0CTb nyqKa np0TOH0B C0CTaBHT, npn

MepHo, 0,5 MKa. 

B HaCTOHmeft pa6oTe 6bm npoBe)leH aHann3 B03M0JKHOCTH C03)laHHH UHK

nnqecKoro ycKOpHTenH C BbICOK0ft CTeneHbIO M0H0SHepren1qHOCTH. OTnpaB

HbIM M0MeHT0M _)lnH BbI6opa BapHaHTa UHKnnqecKoro ycKopnTenH cnyJKnnn 

coo6paJKeHHH O TOM, qTo yCKOpHTenb TaKoro Tnna, nocTpoeHHblll 3a HeCKOnb-

K0 neT, no PHAY napaMeTpOB MOJKeT npeB0CXO)lllTb Han6onee KpynHhle TBH

neM-reHepaTOpbI, KOTOpbie 6ynyT C03)laHbl B 6rmJKafturne ro)lbl. TaKl!Mll napa

MeTpaMII HBllHIOTCH aHeprn11 qaCTIIU ll llHTeHCHBHOCTb HX nyqKOB, 

l13BeCTHO, qTo Ha neftcTBYIOIIIHX ll C03)laBaeMbIX UIIKno'rpoHaX npen

npHHIIMBIOTCH Mepbl no MOHoxpoMaTH3aUHll rryqKoB qacTHU, 3To 06b1qHO nena

eTCH C noMOIIlblO aHallll3llpyromnx MarHHTOB. TaKoft MeT0/:1 l!MeeT ABB cepb

e3HbIX HenocTaTKa. Bo-nepBbIX, 9TO CBH3aHo C oqeHb 6onbIIIOll noTepeft IIH

TeHCIIBH0CTII ( B 40-100 pa3 a Tex cnyqaHx, KOrna JKenaTenhHO l!MeTb 

/t,. w ___ , .. 
w 

-4 
10 ). Bo-BTOpbIX, 6ecnone3Hble noTepn qaCTHU H_a KO/I1IHMaTOpax 

6ynyT conpoBoJKnaTbCH yBennqeHneM ¢oHa. 

B CBH311 C 9THM 6bma paCCMOTpeHa B03MOlKHOCTb coopyJKeHHH naoxpoH

HOro UHKnnqecKoro ycKopnTenH, Ha KOTOpOM 6b! /:IOCTHranaCb BbICOKaH CTe-

neHb MOHOSHepreTnqHOCTH ( ~ w_ .. 10-4) ylKe a npouecce ycKopeHirn qac-

TIIU. MaKCl!ManbHaH aHeprHH npoTOHOB 6bma Bb!6paHa paBHOll 60 M 9B npn 

llHTeHCHBHOCTll nyqKa, nocTnraromeft 100 MKa. 

TTp11 Bb16ope BapnaHTa ycKopnTenH 6bma yqTeHa TaKJKe Heo6xonnMoCTb 

OTHOCIITenhHO nnaBHOro ll3MeHeHHH 9Heprnn qacTHU, 

KpoMe npoT0JIOB, 9TOT UIIKnoTpoH, Ha3bIBaeMblll B nanbHeftrneM MOHO

aHepreTnqeCKIIM UllKllOTpOIIOM (Mil), n03BOnHT ycKopHTb neliTOHbl ( W max 

30 Maa), 3 He (Wmax= 80 MaB), 6 Li(W max= 90 Maa), 

lillKIIOTpOH C TBKIIMII napaMeTp<3,MII HBIITCH yHHKanbHOft MHoroueneBoft 

ycTaHOBKoft, KOTOpaSI II03B0nl!T II11Ip0KO pa3B11BaTb nccnenoBaHIISI no MHOrlIM 

HanpaBIIeHIIHM H/:lepHOll ¢1131IKII, 
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.:1 
f., 

¢113nqecK11e 11ccnenoaaH11H Ha MOHOSHepreT11qe9KoM 

UIIKllOTpoHe (Mil) 

TTporpaMMa ¢11311qecKIIX 11ccnenoBaH11ft, KOTOpbie MOryT -npOBO/:IIITbCH 

C 11cnonb30BaH11eM MOHOSllepreTnqeCKIIX nyqKOll, UIIKnoTpOHa 'Mil: qpe3Bbl

qaftH0 rn11p0Ka, n npaKTnqeCKII nonnocTbIO BKnroqaeT B ce6si Te HanpaaneHnH, 

KOTOpbie B HaCTOSIII1ee BpeMH ycneIIIHO pa3Bl!BaIOTCSI Ha aneKTpOCTaTnqec

KllX TaHneM-reHepaTopax. TToaToMy ona B rrepayro oqepenb nonJKHa HBUTbCH 

nor11qecK11M npononJKeH11eM pa6oT, Benym11xcsi na TanneM-reHepaTopax. 

To o6CTOHTenbCTBO, qTO IIHTeHCIIBHOCTb rryqKa qaCTIIU Ha MU rrpu 6onb

rneft aHeprnu 6yneT 3Haq11TenbHo Bhirne, qeM Ha aneKTpocTaT11qecK11x Ta1meM

reHepaTopax, nenaeT B03MOJKHblM IIOCTaHOBKy OIIblTOB no .nOIICKY HOBbIX ¢11-

311qeCKIIX HBneHllll, 

OcHOBHbie HanpaBneHIIH 11ccnenoaaH11ft C MOHOSIIepreT11qeCKIIMII nyqKaMII 

3apsiJKeHHbIX qacTHU Ha116onee nonHo 06cyJKnan11cb Ha cneunanbHbIX KoH¢epeH

u1rnx II cnMno311yMax, opraH11aoBaHHb1x na6opaTOp1rnM11, pacnonara10m11M11 

aneKTpocTaT11qecK11M11 TaHneM-reHepaTopaMn, Harrp11Mep/ 1,21. 

HnJKe Ilp!IBO/:ISITCSI HeKOTOpbie 113 B03MOlKHbIX HarrpaBneHllll SKcrrep11MeH

TanbHbIX nccnenoBaHHft Ha UIIKnoTpOHe Mil. 

TTporpaMMa HayqHblX 11ccnenoBaH11ft Ha UIIKIIOTPO!Ie Mil: 

1. l13yqeHne CTPYKTypbl H/:lepHbIX ypoBHeft: 

a) peaKUIIII IIO/:IXBaTa II CTp11nrr11Hra T11na (pd), ( p, t) 

( d , t l , ( d , pl, ( 3 He , t l, ( 3 He, d l , ( a , t l 

( p ~ He l, 

H T.n.; 

6) Heyrrpyroe pacceHHlle ( p, p 'l ( d , d ')( 3 He ~ He ' l (a, a ') ; . 

B) peaKUIIII C 6 Li ( 6 Li,a l ( 
6 Li, d l II T,/:1, 

r) peaKUIIII ( p,p ') C nepeBOpaq11BaH1IeM cn11na; 

n) peaKUIIII ( d, p y l 

2. l-f3yqeH11e aHanorOBblX COCTOS!Hllll sinep: 

a) Ha6nronenue ny6nbananoroBbIX cocTOHHuli sinep; 

6) noncK rrepexon_oa, o6ycnoBneHHblX npuMeCbIO COCTOSIHl!ll c pa3nJl'I

HbIMII 3HaqeHIISIMII H30CnHHa; 

B) noHCK aHanorOBbIX COCTOS!Hllft ypOBHeft rnraHTCKoro pe3oHaHca; 

r) uccnenoaaHne cTpyKTypbI cocTOHHHli Hnpa npu HeynpyroM pacce

sinuu 113 aHanoroBhIX cocTosiH11ft. 
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3. CnnTe3 H0BbIX HeiiTpHHo-neqmIIHTHhlX H30TOil0B II H30MepoB H onpeneneHue 

nx Maccw no noporaM peaK11nii. 

4. Mayqenue peaKUHii panna11uonnoro aaxaaTa 

( p, y) ( d, y ) , ( 8 He, y), (a, y). 

5. MccnenoBaHlle n-n B3aHMoneiiCTBHSI H noncK nonHHeiiTP0HHhlX sinep. 

6. MayqeHne MexaHnaMa npsiMwx peaKuHii. 

7. CIIH'J'.e3 npOT0HHhlX II nByxnpoT0HHblX uanyqaTeneii B peaKUllllX ( a He; xn). 

8. LleneHne sinep: 

a) Ha6n10neH11e nepeX0llHbIX COCTOllHllii llttpa B cennoBoii T0qKe B pe-

aKIIHSIX ( d , p fl , ( p ,p ' fl , ( p, p 'y f , ( p, t f ) , ( 8 He , p fl H .T .n. 

6) neneHne sinep B aHanoroB0M C0CT0llHHlli 

B) Cil0HTSHH0-nenRmnecll 1130Mepw. 

9. KaHaIIOBbie aqiq>eKTbl npll np0XOlKJleHIIII qaCTIIII qepea Kpl!CTSIIIIbl. 

10. KorepeHTHOe KyII0H0BCK0e Boa6yJKlleH11e npn npoxoJKlleHl!II aapllJKeHHbIX 

,qaCTIIU qepea KPIICTannw. 

EcTeCTBeHHO, Kpyr B0npocoB, CBSl38HHbIX C IICCIIe)loBaHHllMH, yKaaaH

HhlMII B nporpaMMe, oqeHb WHp0K, H Il03TOMy Mbl KOCHeMCSI IIl!Wb OT)lenb

HhIX acneKT0B npe)lCTaBneHHhlX HanpaBneH11ii, o6paTIIB BHll/'-laHlle Ha Te onhITbl, 

npoaeneHne KOT0pb!X CTSHOBHTCSI B03M0lKHblM IIHWb np11 Han11q1111 IIIIKIIOTpoHa 

MU. 

B HaCT0Simee BpeMll 113BeCTH0 HeCKOIIbKO xapaKTepHbIX TIIIl0B /lBIIJKeHllll 

sinepnoro BemecTBa, BKIIJ0qa10m11x B ce6si KSK 0/lHoqacTllqHbie llBHlKeHHSI, 

TaK H KonneKTIIBHbie. 

B q11CT0M Bl!)le 3TII /lBl!JKeHHll, KaK npaBnno, np0S!BIIlllOTCSI 0THOCIITenbH0 

penKo, II 06b1qHo npHXO/lllTCll IIMeTb neno C COCTOllHllllMII 8T0MHhlX llJlep, 

npeJlCT8B.i'Ill!OmllMII CMeCb MHOrHX aneMeHTapHbIX Boa6yJKlleH11ii. 3To nenaeT 

anepreTuqeCKllii cneKTp aT0MHhIX sinep CII0lKHbIM, c. 6onbWIIM qncnoM ypoBHeii 

paamrqHoii CTPYKTYPhlo 

lJpe3BhlqaiiHO acpcpeKTIIBHblM cnoco6oM nayqennsi ll/lepHoii CTpyKTyphl 

oKaaanocb nccnenoaanne npoueccoB npHMoro neynpyroro pacceRHHll aapH

JKeHHhIX qacTnu, a T8KJKe peaKIIllii nepenaqn 0/lHOro HYKII0Ha. 

OKa3anocb, qTQ npll HeynpyroM pacceSIHHII c 6onbW0ii Bep0llTH0CTblO 

Boa6yJKJl810TCll KonneKTHBHhie YP0BHII, npencTaBIISIJOmlle co6oii CMeCb 6onb

woro qncna COCTOllHllii qacTIIIIS-/lblpKa. 

6 

CncTeMaTuqecKoe nccne)lOBaHne B036YJK/leHnlI KOIIneKTIIBHblX C0CT0lIHHfi 

llJlep npll neynpyroM pacceSIHIIII ycKOpS!eMblX Ha MU qacTIIII MOJKeT 6hITb npo

Beneno npaKT11qecK11 JlIIll Bcex ll/lep, BKn10qasi II na116onee TllJKenhie. 

TTpn 3TOM B03MOJKHO 11ayqeHue He i:;,onbKO Hll3KOneJKamux KOnneKTJIBHhlX 

ypoBHeii, Ho II Ha6n10Aen11e ypoaneii ruraHTcKoro peaoHaHca, pacnonoJKeH-

HhlX np11 aHepr1111 Boa6yJK/leHHll 10-20 MaB, n, cornacHo coBpeMeHHhIM 

npencTaBneHHHMi' SIBIIHJOmllXCll CMeCblO COCTOS!Hllii qacTn11a-/lhlpKa. 

TTpn nayqeHIIII peaKIIllfi nepe)laq11 0/lHOro HYKIIOHa OKaawBaeTClI B03MOlK

HhlM naiiTH MHOrne O/lHOKBa311qaCTHqHhie COCTOllHHH, 3H8lI KOTOpb1e, MOJKHO 

yToqHl!Tb napaMeTpw cpeAHero H/lepnoro noTeH1111ana. B o6nacTn aHeprn11 

B036yJKlleHHll 1,5-2,5 MaB no 3TIIM COCTOllHHllM onpe)lenSieTCll CTeneHb pac

npeneneHHll onHoqacTnqHhlX KOMilOHeHT no MHOrl!M ypOBHHM. KpoMe. 3Toro, B 

peaKIIHlIX 0/lHOHYKIIOHHbIX nepe)laq CHIIbHO npoHBIIlleTCll Ml!KpOCTpyKTypa BH6pa

IIIIOHHhlJ!; COCTOS!Hllii .. 

MayqeH11e peaK1111fi nepenaqn onHoro HyKnoHa npeJlcTaBIIHeTCll l!HTepec-

HhIM nanpaanenneM 6yJlym11x pa6oT no 11ccnenoaan1110 CTJ:,YKTYPhI sinpa. 

YcTaHOBneno, qTO KOIIIIeKTIIBHbie COCT0lIHl!lI aTOMHbIX sinep, 11 oco6eHHO 

o+, C 6onbWOii BepoHTHOCTblO B036ylK/lSIOTClI B peaKIIIISIX nepe)laq11 JlBYX HyK

no~oB, nanp11Mep, B peaK111111 ( p, t l • 

Ha IIIIKIIOTpone MU CTaHeT. B03MOJKHhIM 11ayqen11e ne TOIIbKO TSKIIX 

peaKIIllii nepeaaq11 /lBYX neiiTpOHOB, KaK, nanp11Mep, ( p, I), ( a , 6 He ), HO 

11 peaKUIIII nepenaq11 nayx npOTOHOB (a, 
6 Bel, KOTOpasi IlOKa qTo COBepwenno 

ne 11ccnenoaanacb. 

O/lHIIM 113 oqelfb IIHTepeCHbIX np11Menen11ii peaKIIIIII nepe)laq11 /lBYX neiiT

pOHOB II np0T0HOB lIBIIlleTCll 11ayqen11e B036yJK/leHHhIX COCTOllHllfi sinep C ne

cpopMa1111eii, 0Tn11qa10meficg OT necpopMSIIIIU ll/lpa B OCH0BHOM C0CTOllHIIII. Ta

KOii aqiq>eKT MOJKeT l!MeTb MeCTO a o6naCTII sinep, rne npol!CXO/lUT nepexon 

OT ccpep11qecKoii cpopMbl K BbITS!HyToMy 9IIIIIIIICOll/ly. 

K HaCTOllmeMy BpeMenu 6bmll BhlIIOIIHeHbl IIl!Wb OT/lenbHbie OilblTbl Ta

Koro pona, n0Kaaaaw11e, qTo np11 nepexone oT 11a0Tonoa caMap11ll c Maccoii 

Menee 150 K 6onee TSIJKenhIM 11aoTonaM npoucxon11T 11aMenen11e necpopMa111111 

sinep. 
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Ha UHKnoTpoHe MU 8TH nccnenoBaHHll MoryT npoBOAHTbCll TaKJKe H B 

o6nacTn aneMeHTOB TRJKenee canHua, rne TaKlKe Ha6nronaeTcll nepexon OT 

c,jiepli'10CKllX K ne,jlopMHpoBaHHbIM l!ApaM. He HCKnIO'l0HO, 'ITO B 8TOH o6naCTH 

ll30TOilOB 6ynyT cymecTBOBaTb H30M0pbl ,jJopMhr, HCIIhIThIBaiomHe a -pacnan. 

foBOpll O peaKUHllX nepena'IH OAHoro If ABYX HyKnOHOB, cnenyeT OTMe

TllTb, 'ITO npn aHeprnRX qacTnu, nony'la0Mb!X Ha UllKnOTpoHe MU, CTaHeT 

B03MOlKHbIM C nx IlOMOmbIO H3y'laTb CTpyKTypy B036YlKA0HHb!X COCTOllHHH l!Aep 

B o6naCTH TpaHcypaHOBblX aneMeHTOB, 'ITO npeACTaBnl!eT 6onbmoi): Hl!Tepec. 

LlnR nccnenoBaHllll CBll3H He'leTHOii qacTHUbl C OCTOBOM l!Apa oco6eHHO 

HHTepeCHbl peaKUHH THila ( 3 He , a) If ( 
3 He ,_d) Ha l!Apax B6nn3H ::iaMK-

HYTbIX o6ono'leK. EonbIIIOH HHTepec npencTaBnlleT H3Y'leHHe CBll3ll He'leTHOH 

'IBCTllUbl C B036yJKAeHHl!Mll OCTOBa If Ha6nIOA0Hlle aHepreTH'leCKHX MynbTHilneToB 

B He'leTHb!X m:ipax 

MllpOBailHhIX l!Apax). 

(B 'IBCTHOCTH, TpexKBa3ll'18CTll'IHbIX COCTOllHHH B ne,jiop-'-

lfHTepeCHblM npHMeHeHHeM peaKUHll ( d • p) • ( d • t ) l!Bnl!eTCl! H3y'le-

HHe ,jJopMbl nerKHX l!Aep. HnepHbie peaKUHH, HCilOnb3YeMbie npn 8TOM, CHnbHO 

8HA~TepMil'IHhl, n Il08TOMy He06XOAHMbl ny'IKH aapl!lKeHHhIX 'IBCTHU 6onbIIIOH 

aHeprHH npH xopoIIIeM a11epreTH'leCKOM paapeIIIeHHH, 'ITO MOJKeT 6bITb 06ecne

qeao UHKnoTpoHoM MU. 

EnaronapH 6onbIIIOii HHTeHCHBHOCTH rry'IKOB 'IBCTHU, OlKHAaeMOii aa UHK

noTpQHe MU, cTaaeT B03MOlKHbIM nayqeaHe 6onee cnolKHhIX RnepHhIX peaKuHii, 

eme He Ha6nronaBIIIHXCH AO CHX nop. HanpHMep, peanbHbIM 6yneT H3y'leHHe 

IlOAXBaTa Tpex, qeTbipex H IIl!Tll aeiiTpoHoB: ( 3 He, 6 He ) , (a, 8 He), ( 3 He, 8 He). 

lfHTepeCHblM HanpaaneHneM pa60TbI, KOTOpoe MOlKeT pa~BHBBTbCll Ha 

unKnoTpoae MU, l!BnReTCR H3y'leHHe KnacTepHhIX ypoBHeii aTOMHhIX Rnep, aoa-

6yJKAaeMhIX B peaKUHllX non neiiCTBHeM a Li: ( 6 Li. a). ( 
6 Li. d) '. Ilpn 8Hep-

PHH a Li • paBHOH 90 M 8B, 8TH HCCnenoBaHilll MOlKHO 6yneT 

BCeM!I aneMeHTBMII nepHOAH'leCKOH CHCTeMbI. 

npoBOAHTb co 

foBOpll 06 HccnenoBaHHH l!AepHbIX peaKUIIH. Heo6xOAHMO OTMeTHTb, 'ITO 

uHKnoTpoa MU nacT HCKnro'IHTenhHO 6onbIII!le B03MOlKHOCTH B H3y'leHnH peaK

UHii. C IIOnHpll30BaHHbIMH 'laCTHUBMH. Lleno B TOM, 'ITO npH BHeIIIHeli HHJKeK

Ullll ny'IKa aapnlKeHHbIX 'laCTHU B UHKnoTpoH BOllpoc coanaHHR ny'IKOB nonnpn-

30BaHHblX qaCTHU peUiaeTCR -:3Ha'l!ITenbHO npome. 
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0AHHM H3 HHTepec11eiiIIIllX OTKpb!Tllii nocnenHHX neT RBHnOCb o6HapylKe

Hne aHanorOBblX COCTORHllH , RAep. 

CymecTBOBaHHe yaKnx peaoaaHCOB aa ,jioae cnnowHoro cneKTpa npn 

· aHeprm1x Boa6yJKAeHm1, npeBbIIIIaromnx 10 Maa, caMo no ce6e nopaanTenbao, 
• 

n HccnenoaaaHe aToro RBneHnn Kpaiiae nHTepecHo. 

Hano CKa3aTb, 'ITO AO HacTonmero BpeMeHn eme OTCYTCTByeT AOCTaTo'I

HO HaAelKHan Teop1m, KOTOpan Morna 6b1 nonaoCTbIO onncaTb MexaHH3M Boa-

6yJKAeHnll aaanoroBb!X COCTOHHnii n nx CBOHCTBa •. B 8TOH CB!i3H npencTaB

nl!eTCll Kpaiiae BalKHbIM HaKonneHne 6onbIIIOro KOnll'10CTBa 9KCnepHM0HTanb

HbIX nal!HbIX, OTHOCRmllXCR K paanH'IHb!M CTOpoHaM o6cyJKnaeMoro RBneHnll. 

BalKHOCTb 8THX nccnenoBaHHii CTaHOBllTCl! 0'10BHAHOH,, ecnn BCilOMHHTb 

0 ,jJyanaM0HTanbHOM 3Ha'leHnn npo6neMbl 38PRIIOBOii aeaaBHCHMOCTll nnepHblX 

Clln. 

Hapl!AY C 8THM H3y'leHHe aHanorOBblX COCTORHHH OKaaanocb KpaiiHe 

none3Hb!M Anll nccneAOB8HHR CTpyKTypb! l!A0pHbIX COCTOl!Hllii. 

Oco6eHao y6ennTenbHO aTo 6bmo nponeMoacTpHpoaaao B nocnenaHx 

Hccnenoaamrnx CTPYKTypb! aaepreTH'l0CKHX COCTORHHH ll30TOUOB CBnaua/3/. 

Hano OTMeTnTb, 'ITO B npooonnBIIInxcn no nocnenaero BpeMean nccneno~ 

B8HllRX Han6onbUiee BHHMaHne ynennnOCb RApaM, pacnonOlK0HHbIM B6nna11 

38MKHYTb!X o6onoqeK. B 9TOM cnyqae Ha6nronaeMaR KapTHHa MOJKeT 6bITb 

ncTonKoBaHa Han6onee npocTo, OAHaKo B nanhHeiiweM 11ccnenoaamrn 6ynyT 

B aaaqnTenbHO 6onbIIIeii CTenean pacTnpocTpaHeHbI n aa nnpa, ynaneaab1e 

OT 3aMKHYTOH o6ono'IKH. IlpencTaanneTCR HHTepeCHb!M n H3y'leHne TRJKenbIX 

aneMeHTOB, rne MoryT B03HHKayTb aeKoTopbie cneun,finqecKne npo6neMhI. 

CymecTBeHHb!M AOCTOllHCTBOM ycKopnTenn MU AOnlKHa RBHTbCR B03MOlK

HOCTb ycKopeHH!i nnep 3 He • 

PeaKunn ( 
3 

He , t ) nonlKHa 6bITb oqeab yno6aa AnH aoa6yJKAeann aaano

roBhIX COCTORHHii. Ilpn 9TOM ABHHbie O. HHX MOryT 6b!Tb nony'leHbl npn npe

Ull3HOHHOM naMepeann aaepreTn'lecKoro cneKTpa nnep t 

B H8CTORmee BpeMR HMeroTCR 8KC!IepllMeHTBnbHbie ABHHble O nonolKe

HHH aHanorOBbIX ypoBHeli MHornx nnep, BnnOTb AO HaH6onee TRJKenbIX. 

MOlKHO pacc'IHTb!BaTb Ha To, 'ITO npH aaeprHRX qacTnu, nonyqaeMbIX 

Ha UllKnOTpoHe MU, MOlKHO 6yneT Boa6ylKt(aTb n H3Y'IBTb ny6nbaaanorOBble 

COCTORHHR. 
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ITporpaMMa HccnenoBaHHii aHanorOBblX COCTOSIHHii S!Aep npencTaBnS!eTCSI 

BeChM8 o6mHpHoii H BKnIO'l8IOilleii B ce6S1 MHorue acneKTbl. QqeHh Ba:11CHO 

H3y'leHHe MexaHII3M8 B036y:>KileHHSI auanorOBblX COCTOSIHHii, B TOM 'IHCne 

peaKnuii, aanpemeHHblX no usocnuuy. 

HccnenoaaHue pacnana Hnep us aHanoroBblX cocTOSIHHii 'lepea Kauanbl 

Heynpyroro pacceSIHHSI noKasano, 'ITO, ecnu usMepHTh napnuanhHb1e mupuHbl 

Bcex KaHanoB, TO MOJKHO nonHOCThlO BOCCTSHOBHTh BonHoByIO cjiyHKllHIO aHa

noroooro cocToHHHSI, a cnenoBaTenhHo, u.cocToSIHHe cocenHero S!Apa ·c Toii 

JKe Maccoii, CnHHOM H H30CnHHOM. ITpH 9TOM BOnHoBaSI cjiyHKUHSI auanoroaoro 

COCTOSIHHSI npencTaBnS!eTCSI B BHne cynepnosuuuu BOnHOBblX cjiyHKllHH B036ylK

ne_HHblX COCTOSIHHH MHW8HH H Heynpyro pacceHHHOH 'laCTHllblo 

HccnenoBaHHSI TaKoro po_na BeCbMa nepcneKTHBHbl, H MoryT 3aHSITh cepb

eauoe MeCTO BO BCeii nporpaMMe onblTOB Ha MU. 

Hcnonh30BaHHe qacTHll C 9HeprHS!MH, 6onhWHMH, 'leM SITO ynaeTCSI nony

'IHTh Ha TaHneM-reHepaTopax, nacT B03MOJKHOCTh H3y'laTb aHanorOBbie coc

TOSIHHSI BblCOKOB036y:>KileHHblX ypOBHeii H ycTaHOBHTh HX CTPYKTYPY• O'leHh 

6onhmoii HHTepec npencTaBnS!eT H3Y'IE!HHe KonmiKTHBHblX COCTOSIHHH S!AJm., 

B 'laCTH.OCTH, Henh3SI HCKJIIO'IHTh, 'ITO, npHM8HHH qaCTHllbl, . ycKopeHHble Ha 

MU, ynacTCH BOa6ynHTh u aHanorOBble COCTOHHHH ruraHTCKoro peaoHaHca. 

B nocnenHue rOAbI HCKJIIO'IHTenhHO 6onhmoli paaMax npuo6peno uccne

noBaHue CBOHCTB HOBblX H30TonoB, CHJihHO ynaneHHblX OT o6nacTH cTa6Hnh

HOCTH. nm1 9TOli ' uenu B OCHOBHOM npHMeHSIIOTCSI TSIJKenble HOHbl H npo

TOHbl BblCOKOii 9Hepr11u. 

Hcnonh30B8HHe llHT8HCHBHOro ny'IKa HOHOB 
8 

He 'lpeaBbl'laiiHO nepcneK

THBHO IlJISI 9TO.li uenn. B peaKUHSIX ( 8 He. x.nl MOlKeT 6b!Th CllHTeanpoaaHO 

60JibWOe 'IHCJIO HOBblX ll30TOnoB. B PS!Ae cnyqaeB B peaKUHSIX C 
8 

He MOlK

HO CHHTesupoBaTh ll30TOnbl, KOTOpble TPYAHO nony'IHTh, Hcnonb3YSI npyr11e 

'18CTllUbl0 HanpHMep, nerKHe ll30TOnbI ·HenTyHHSI C. Maccofi· 228;-231 MOlKHO 

2u ( a • l cpaBHHTeJihHO nerKo nony'IHTh B peaKUHSIX Pa He , 6 ~ 3 n , B TO 

BpeMSI Ka~ IlJIS! CHHTeaa ll30TOnOB C Maccoii M8HhW8 228, 6onee nepcneKTHBHO 

11cnonh30B8Hlle TSIJKenblx HOHOB. 

ITyqoK HOHOB 
8 

He MOJKeT 6b!Th c ycnexoM npHMeHeH nnll CllHTeaa 

H30Tonoa, pacnana10WHXCSI C ucnycKaHHeM onHoro nnn ABYX npoTOHOB. 

HanpnMep, B peaKUHSIX 18 
0 ( 

8 He, 3n) n 12 C ( 8 He, 3n) MOlKHO 
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f 
l 

nony'IHTh ll30TOnb1 t8 Ne ll 120, 
KOTOpbie, no-BHAHMOMy, 6ynyT HCnbITb!BaTh. 

AByxnpoTOHHblH pacnan • 

roaopH o aoaMOlKHblX npenMymecTBax· ncnonhaoBaHuSI uuKnoTpoaa MU 

nepen npyruMu cnoco6aMu CHHTeaa n nayqeHHS! HeiiTpouonecjlnunTHb!X nsoTo-

. a noa, cnenyeT yKaaaTh, 'ITO ncnonbaoBaHne MOHOsHepreTu'leCKoro ny'IKa He 

( a T8KJKe, KOHe'IHO , p ll 8 Li noaaonnT IlOCT8TO'IHO TO'IHO onpenenS!Th 

MaCCbl nayqaeMbIX S!Aep, ll3Mepm1 noporn COOTB8TCTBYIOillllX peaKunii. 

ToqHoe onpeneneHne Mace HAep, cnnhHo ynaneHHblx OT o6nacTn cTa6nnh

HocTn, S!BnlleTCSI OAHoii ll3 B8JKHblX aanaq BCeii nporpaMMbl nay'leHHSI TaKnx 

ll30TOnoB. 

B H8CTOS!Illee BpeMS! TBepno ycTaHOBneHo OTCyTCTBHe CBH38HHb!X COCTO

S!Hllii n 
2 

n n 
8 

/ 4, 51. t.{To JKe KacaeTCSI cncTeMbI n 4 n npyrnx 6onee TS1JKe

nh1X HeiiTpOHHblX S!Aep, TO anecb HBl!Ill 3H8HHH MeHee nonHbl. 

MolKHo, HanpnMep, YTBeplKA8Tb nHIIIh, 'ITO 9HeprnSI CBH3ll n 4 He npe-
BbJl!IaeT 3-4 Msa. 

YcKopnTenh MU MOJKeT 6bITh scjicjieKTHBHO ncnonb30BaH ntrn 9KCnepnMeH

T8nhHb!X nccnenoaaHnii B sToii o6nacTn sinepHoii cjinanKn. OnHnM na aoaMoJK

HblX uanpaBneHnii.nccnenoaaHnii MOlKeT HBHThCH H3y'leHne B38HMoneiicTBHH 

HeliTpOH-HeiiTpoH. LlnSI 9TOro Heo6xonnMo ll3Y'l8Th HeKOTOpb!e CllnbHO 9HAO

TepMH'leCKlle peaKUllll Tuna 

t(p,2pl2n, 4 
He ( 

4 
He , 2 

8 
He l 2 n, 

11 ccnenoBaHue· TaKHX peaKunii· KaK, HanpHMep, lj,0 ( 4 He , 8 Be) 12 C .,fo n 
18 O ( 4 He , 8 Be ) 1° C 6 n B npmiunne MOJKeT A8Tb CBeneHHSI O n 4 H n ~ 

ecnn TaKue S!Apa cymecTBy10T. 

OnHoii na o6nacTeii nccnenoBaHmr, rne B nocnenHee BpeMSI 6bmH ycnel!I-

Ho npnMeHeHbl MOH09HepreTn'leCKHe ny'IKH 3apSilKeHHblX '18CTHU/6/' SIBH-

nocb uay'leHne ux pannaunoHHoro saxBaTa. B 'IBCTHOCTH, oKaaanoch, 'ITO 

npS1MaS1 peaKUHSI ( p , y l, 06paTHaS1 peaKunn ( Y , Pl, naeT 6oraTy10 HHcjiop

Maun.10 o npupone rnraHTC!{oro peaoHaHca, npencTaBnS110mero cMeCh Boa6yJK

neanii '18CTHua-AblpKa. 

13 HeKOTOpb!X cny'laS!x npn pannauHOHHOM aaxBaTe npoS!BJISIIOTCSI C0CTOSI

HHS!, KOTOpbie Henh3SI l!HTepnpeTHpOB8Th KaK B036yJKneHue· '18CTHUa-AbipKa. 

HsyqeHue TaKHX COCTOS!Hllii npencTaBnS!eTCSI O'leHb .llHTepecHblM. 
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ny11KU 11aCTIII1, nony11aeMblX Ha llllKnoTpoHe MU, MoryT 6bITb 11cnonb-

aoaaHbl Jln!I 11ay11eHIISI pan11a11110HHOro aaxaaTa B w11poKOM n11anaaoue auepr11lt 

11acT1111. 

HMeIOIIllleCSI celtqac aneKTP0CTaT1111ecK11e TaHneM-reuepaTOpbl He MoryT 

6hITb 11cnonb3oBaHbI Jln!I 11ayqeH11SI ruraHTCKoro peaoHaHca Ha116onee TSilKenbIX 

SI/lep. 3TO CBSI3aH0 C TeM, 'ITO KynoHOBCKlllt 6apbep npenSITCTByeT npOHIIKHOBe

HlllO B !IllPO npoTOH0B C aHepr11elt, ueo6xoJlllMOlt )ln!I o6paaoBaHHSI COCTO!IHlllt 

J,kno~baoBaHHe peaK11nlt Tnna ( 
8 

He, dy l noaBonnT 
rnraHTCKoro peaoHaHca. 

Boa6ylKJlaTb ypoBHH r11raHTCKoro peaoHaHca II B TSilKenhlX SIJlpax. 

B HaCTOSIIIlee BpeMSI- 6onbW0lt ycnex )lOCTHrHyT B pa3BIITUll Teopnn npSIMblX 

smepHbIX peaK1111lt Ha ocHOBe paccMoTpeHUSI nx non10cHoro MexaHn3Ma/7I. Hay-

11eH11e MexaHH3Ma npSIMbIX SI/lepHbIX peaK11nlt, TaKnx 1KaK, HanpnMep, C p , 2 pl, 

B o6nacTII aHepruu, paBHOlt ueCKOnbKUM )leCSITKaM M 3B, llHTepeCHO ► II TSKoro 

po/la 11ccnenoBaHUSI MoryT 6bITb npoBeneHbl Ha UUKnoTpoHe MU. B 3TUX 11ccne-

1lOBSHll!IX Heo6xonnM0 <jinKCllpOBSTb KOHe'IHble COCT0SIHll!I SI/lep, 'ITO Tpe6yeT 

ncnonb30BaHIISI MOH03HepreTn'IeCKIIX rry'IKOB 11acTHU. noaTOMY rrpnMeHeHlle 

unKnoTpoHa MU B TaK11x orrb1Tax KalKeTCSI rrepcrreKTIIBHbIM. 

l{pe3Bbl'laltH0 6onbWOlt Kpyr 3KCITepnMeHTanbHblX pa6oT, Tpe6y10mnx 

MOH03HepreTH'leCKHX rry'IK0B aapSilKeHHb!X 11aCTIIU, CBSl3aH C nay11euneM ne-

nemrn aTOMHblX SI/lep. C10na 0TH0CSITCSI, B nepByIO 011epenb, .11ccnenoBaHirn 

cTpyKTYPbl 6apbepa neneHHSI. MHorO_'Il!CneHHbie OITb!Tbl no 1!3MepeHl!IO yrnoBoro 

pacrrpeneneHIISI ocKonKoB neneHHSI noKaaann, 'ITO rrpn aueprn11 Boa6ylKJleH11SI 

ne;mmerocSI Hnpa, 6n11aKolt K 6apbepy neneHnSI, H_npo oKaabrnaeTCSI B cen

noBolt T0'IKe Il0'ITII xonollHbIM. np11 3T0M MoryT rrp0SIBnHTbCSI oTnenbHble Hll3-

KonelKal!!He ypoBHII ( Ha 6apbepe neneHIISI) paan1111Holt rrp11pOllbI, Hay11eHne 

3TIIX ypoBHelt SIBnSieTCSI ennHCTBeHHbIM cnoco6oM nony'IHTb cBeneHHSI O CBOHCT

Bax 011eHb CllnbH0 ne<jiopMllpoBaHHb!X aTOMHb!X SIJ:lep. OKaaanocb, 'ITO Hall-

6onee yno6HbIM cnoco6oM nccnenoBamrn neneHHH SilleP npn aHepr1rnx, 6nnaK11x 

K 6apbepy neneH11S1, SIBnHeTCSI ncnonb3oBaHne TaKIIX peaK1111il, KaK, Harrp11Mep, 

( d , pf ) /Bl. HaMepsrn 3Hepr1110 rrpoTOHa, .MOlKHO TO'IHO ycTaHOBIITb 

aHepr1110 Boa6ylKJleHHSI paanen11BwerocS1 SIJ:lpa. Yno6cTBOM TaKnx peaK1111il S1B

m1eTCS1 TO, 'ITO CTSHOBUT_CSI nocTynHolt o6nacTb 3Heprnil B036ylKJleHl!SI nenSI

merocSI SIJ:lpa, 6n11aKaS1 K 6apbepy )leneH11S1. 

12 

TTpn ncnonbaoBaHIIU ycKop11TenS1 MU 3Ha'lnTenbHO pacw11pnTcS1 n11anaaoH 

peaKUHil, B peaynbTaTe KOTOpb!X Slllpo 0Ka3bIBaeTCSI C 3Heprneil B036ylK

neHmI, 6n11aKolt K 6apbepy neneHm1. BoaMOlKHbl, Harrp11Mep, cneny10mne pe

aKunn (p ,tfl,(p,dfl,(p,p'f),(
3

He,dfl ll T.Jl. KpoMe 3T0ro, CTaH0BIITCSI • 
BoaMOlKHbIM 11ay11eHHe 6onee cnolKHbIX peaKnnlt, Kor/la Aeneu1110 npenwecTay-

IOT pan11annoHHb1e nepexonbl, T.e. peaKnnn Tuna ( d , p y f l. 

HcnonbaoBaHHe peaKunil paan1111uoro Tnna· JlnSI nay11eHnSI oKononoporoBoro 

neneHHSI SIJ:lep cnenaeT 6onee.HanelKHOH nneHTU<jiHKa11n10 0TJ:lenbHblX COCT0SI

HUH ua 6apbepe Jl~neHnSI. 

IlorronHnTenbHbIM·YKaaaHneM Ha cnolKHy10 cTpyKTypy·6apbepa neneunSI 

SIBnSIIOTCSI HeMoHoTOHHaSI aaBHCHMOCTb ce11eHHSI Sillep oT aHeprnn 11acTn11 

oKono nopor~ neneHnSI. 

B CBSI3U C 3TUM npencTaBnSieTCSI UHTepeCHbIM npoBeCTU CIICTeMaTH'Iec

KUe nccne)l0BaHHSI BCSIKoro pona aHoMannil B6nnan nopora neneHHSI Sinep, 

ecnH npoB0JlHTb'Il3MepeHl!SI C ll0CTaTO'IH0 6onbWOH TO'IHOCTbIO, KOT0paSI M0-

lKeT 6bITb nocTnrHyTa npn ncnonb30BaHHH llHKn0TpoHa MU. 

Bee aKcnepnMeHTanbHble AaHHble o Aeneunn SIJ:lep B6nnan nopora nene

HHSI, yKa3bIBa!OlllUe Ha Heo6XOJlllMOCTb paCCM0TpeHUSI npouecca neneHUSI KaK 

nnymero 11epe3 pa3nH'IHbie KaHanbI, COOTBeTCTBYJ(llllUe TeM nnn HHbIM COCTO

SIHHSIM SI]Jpa B ce)ln0B0H TO'IKe, 6hlnn nony'leHbI lln!I ll30TOil0B TaKUX a~eMeH

TOB, KaK TOpnu, yp~H,. nnyTOHIIH. 3TH Sl)lpa HMeIOT cpaBHnTenbH0 Hll3KHH 6apb

ep neneHHSI U Il03TOMy 3KCnepnMeHTbI 0KaaannCb B03MOlKHbI ylKe Ha cymecTBy

IOIIllIX aneKTpoCTaTH'leCKlIX TaHJ:leM-reHepaTOpax ( a TaKlKe Ha llllKnoTpoHax, 

rne 6blnn npnHSITbI crreunanbHble MephT no MoHoxpoMaTnaannn ny'IKa 11acTn11). 

npu aHeprnSIX 11acTn11, nony11aeMbIX Ha llllKn0TpOHe MU, B03M0lKHO nay11eH11e 

)leneHHSI SIJ:lep, UMeIOIIllIX 6onbWOH 6apbep neneHHSI. B 11acTHOCTH, npencTaBnSieT

CSI UHTepeCHbIM uccne)l0BaTb )leneHUe Sl)lep a o6nacTH CBUHUa. 

roaopSI 06 nccneAoBaHUn npouecca AeneHHSI Rnep, MOlKHo YKaaaTb eme 

Ha onnH Kpyr 3KCilepnMeHTOB, npoB0lllIMbIX Ha UHKnoTpoHe MU. Pe'lb HJleT 

0 )leneHUn TSilKenbIX Sl)lep, HaX0J:l!lllllIXCSI B aHanoroBoM COCTOSIHHH. B nacTo

SIIIlee npeMSI_ OTCYTCTByIOT KaKUe-nu6o 3KCnepuMeHTanbHble naHHble O )lenu

TenbH0H mnpnae · ananoroBbIX cocTOSIHHil. Mo1KH0 npeAnonaraTb, .11To nepo

SITHOCTb )leneHUSI 6y)leT-nOnHOCTbIO orrpe)lenSITbCSI npnMeCbIO COCTOSIHUH c MeHb

WUM ll30CllUH0M. Ilo-nnnnMOMY, B036YJl{JlaSI JlY6nbaHanoroBble C0CTOSIHHSI, STOT 
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KaHan 6yneT nerqe BbillenHTb Ha <poHe aKT0B nenemrn SI/lep na eoe

TOSIHHii HenpepbIBH0rO eneKTpa. 

3a n.oenellHHe HeeKonbK0 neT 6btn HaKonneH 6onblll0H SKenepHMeHTanh

HbIH MaTepnan 0 enoHTaHH0 nen11mnxeS1 H30Mepax TpaHeypaHOBbIX sneMeH

TOB/9/. 

i1MeromneeS1 naHHbie Il03B0nSIJOT BbieKa3aTb rnnoTeay 0 TOM, 'ITO Mbl 

HMeeM neno e np0S!BneHHeM •naoMepHH qiopMbI •• B 'laeTH0eTn, STO MoJKeT 

6bITb eBSiaaH0 e eymeeTBOBaHHeM BT0poro MHHHMyMa noTeHUnanbHOH sHeprHH 

Sillpa npH 0'leHb 6onblll0H ll~<popMaUHH Slllpa/10/. 

OnHaKo HenbaR neKnJO'lHTb n Toro, 'ITO Ha eaMoM nene npnpona Ha6nro

AaeMbIX H30MepoB HHaSI. OKOH'laTenbHbIH 0TBeT M0JKeT 6bITb nony'leH nHlllb 

B peaynbTaTe SKenepnMeHTanbHbIX neeneAOBaHHH. 

napaMeTpbl UHKnOTp0Ha MU Il03B0nSIT npoBeeTH llIHp0KHe neeneAOBaHHSI 

enoHTaHH0 AenRIUHXeSI H3QMepoB. Pa60TbI M0ryT npoB0llHTbeSI no llBYM Ha

npaBneHHSIM: 1) eHHTe3 H0BbIX enoHTaHHO AenSIIUHXeSI H30MepoB; 2) nayqe

Hne HAeHTH!pHUHpoBaHHbIX H30MepoB. 

11enonb30BaHne 
8 

He, a, p H 
6 

Li Il03B0nHT npoBeeTH eneTeMaTH-

qeeKoe neeneA0BaHHe npaKTH'leeKH Beex H3BeeTHbIX H30TOilOB TOPHSI, npoTaK

THHHSI, ypaHa, HenTyHHSI ll Apyrnx sneMeHTOB~·BnnOTb AO KannqiopHHSI •. Bee 

mrneeTHbI_e K HaeTOSIIUeMy BpeMeHH H30MepbI 6btnll nony'leHbI B peaKUHSIX 

HenapeHHSI Heii.TpoHOB 113 Boa6yJKAeHHbIX KOMnayHA-Slllep. 

Ha yeKopHTene MU M0JKH0 6yAeT neenenoaaTh paanH'lHbie npSIMbte peaK

unn, npHB0llSIIUHe K 06paa0Ballli!O H30MepoB.·11x eonoeTaBneHne Il03BOnHT no

ny'lHTb HH<pOpMaUHJO 0 e,'pyKType H30MepHblX ypoBHeii. EenH B nanbHeiimeM 

IlOllTBepnnTeSI, 'ITO eymeeTB0BaHHe nenSIIUHXeSI ll30MepoB neiieTBHTenbHO eBSl

aaH0 e MHHHMyMOM Ha 6apbepe neneHHSI, TO H3y'leHHe peaKUHH THna. ( a • p ) • 

( a ,' t ) , ( 8 He , p l naeT eBeneHHSI 06 SHepreTH'leeKHX ypoBHSIX Sl/lep BO BT0-

poii noTeHunanbHOH S!Me. TaKHM o6paaoM eTaHyT B03M0lKHbI eneKTpoeKOilH

qeeKHe neenelloBaHHSI npn aH0ManbH0 6onbllIHX neqiopMaUHSIX Sl/lep. 

PaeeMoTpeHHbie Bbillle 0TnenbHbie ·HanpaBneHHSI sKenepnMeHTanbHbIX 

11eene1lOBaHHH e M0H0SHepreTH'leeKHMH ny'lKBMH qaeTHU, KQHe'lH0, HHK0HM 

o6paaoM He He'lepm:,rnaroT Beex B03MOlKHOeTeii, aanoJKeHHbIX B UHKnoTpoHe 

MU. EonbmHe nepeneKTHBbI MoryT ·5bITb eBSI3aHbI e pa3BHTHeM HeK0T0pbIX 

npHHUHilHanbH0 HOBbIX enoeo6oB HSy'leHHSI aToMH0r0 Slllpa. 3neeh enenyeT 
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ynoMSIHYTb llBa HHTepeeHbIX SIBneHHSI, npoS1BnS1romnxeS1 Ha eTbIKe SlllepHoii <pH-

3HKH ll !pH3HKH TBepnoro Tena. 

TTepBoe SIBneHne - TaK Ha3bIBaeMbilt KaHanoBbIH s<p<peKT/ 11 /. eoeT0SIIUHH 

B TOM, 'ITO aapSIJKeHHaSI qaeTHUa, HllymaR MeJKlly nnoeKoeTSIMII KpI!eTanna, ne

IlbITbIBaeT <poKyenpyromee neiieTBne sneKTpI!'leeKoro nonSI aTOM0B H T0pM03I!TeSI 

nlllllb aa e'li\T eoynapeHI!H e sneKTp0HUMI!, a STO • B eaoro 0'lepellb, npl!B0-

lll!T K yBenH'leHHJO ee npo6era. HayqeHne KaHan0BbIX 3<p<peKTQB llnSI qaeTl!U, 

o6paayromHXeSI B SlllepHbIX peaKUl!SIX, B np1rnunne naeT B03MOJKHOeTb Henoe

peneTBeHHO 1!3MepSITb BpeMSI Sl/lepHOH peaKUHI!. 

BTopoii eme HHKeM He Ha6nronaBllll!HeSI sqi<peKT/12/ eoeTOl!T B KOrepeHT

H0M Boa6yJKAeHl!l! ypoBHefi Slllep Kpl!eTanna sneKTpl!'leeKHM noneM 6bieTpoii 

aapSIJKeHHOH qaeTl!UbI. 3TOT s<p<peKT ll0nJKeH np1rneeTI1 K IlOSIBneHl!JO B y3K0M 

TeneeHoM yrne xapaKT~pHoro sneKTpoMarHHTHoro nany'leHnR. 

O6a yKaaaHHhlx sqi<peKTa Tpe6yroT llnSI eaoero nayqeHnSI nony'leHHSI ny'l

KOB aapSIJKeHHblX 'laeTnu e BbieOK0H eTeileHbJO MOHOSHepreTH'lHOeTn n MoryT 

6b!Tb HeenenoBaHbI Ha URKnoTpoHe MU. 

KaK naaeeTHO, B noenenHne rOllbl llOeTnrHyT 6onbllIOH nporpeee B paa

pa6oTKe llOHHblX neTO'lHHKOB MHoroaapSinHblX H0H0B. nosTOMy eeTb Bee oeHo

BaHRSI HaneSITbeR, 'ITO qepea HeeKonbK0 neT eTaHeT peanbHbIM nony'leHne no-

eTaTO'lHO llHTeHeRBHbIX ny'lKOB llOHOB 16 0 + 8, 20 Ne + 10 • llnKnoTpoH MU 

MOJKeT 6bITb nenonb30B8H nnSI yeKopeHRSI STRX llOH0B no SHeprnn w max = 
MsB = 15--- .MOHOSHepreTnqeeKne ny'lKI! 3Tl!X 

HyKnOH H0H0B 6ynyT BeebMa nonea-

HbI B pRne neenenoBaHnfi. 

HaoxpoHHbIH M0H0sHepreTn'leeKnfi URKnoTp0H {MU) 

1. Bb16op Tnna yeKopnTenSI 

OeHOBHbIMH yenoBHSIMH, He 06bI'lHhIMH nnR UHKnoTpoHHoro M(!Tona ye-

. ~w 
KopeHHSI, SIBnSieTeSI Bbie0KaSI paapemaromaSI enoeo6HoeTb no SHeprm1 -w- .. 10-4 

n BbIBon ny'lKa na KaMepbI yeKopnTenSI e maroM no sHeprm1 100 KSB B nnana

aoHe 15 .;, 60 M 3B { nnSI npoTOHOB) ~ 
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TTocnenHee ycnoBHe npaKT!l'IeCKll 01:010:::iJia'lHO np11Bon11T K Heo6xon11-

MOCTll 11cnonb30BaHllSI nnsi UllKnoTpOHOB ceKUllOHllpoBaHHOH CllCTeMbI, KOTO

pasi 06ecneq11BaeT B03MOlKHOCTb BbIBona c mo6oro npoMelKyTo'lHoro pan11yca 

ycKopHTensi, Ha'lHHaSI C r =-\-- r k W = -1-W -l k 
rne rk n wk - KOHe'lHbie 

pan11yc n snepr11si ycKopeHHSI. 

llnsi Toro, 'IT06bI 06ecneq11Tb sHepreTH'leCKHH paa6poc llOIIOB 

ti.w -4 B ny'lKe· .,.. .. 10 I B03MOlKHbl nBa pelKHMa ycKopeHHSI HOIIOB. TTepBblH pe-

lKHM 6aanpyeTcSI Ha onnnaKoBoM qncne o6opoToB Bcex noHOB B npouecce 

ycKopennsi n paBHOM Ha6ope sneprn11 Kamnoro noHa aa onnn o6opoT, 'ITO 

MOlKeT 6h1Tb noCTHrHyTo npn noMomn Bb1pailiiHBaHHSI qiopMbl ycKOpSIIOmero 

HanpsilKeHl!rn Ha sneKTponax ( BBeneHHe TpeTbeH rapMOHHKll BbICOKO'l8CTOT-

HOrO nonsi). 

BTopofi peii<HM MOlKeT OCIIOBbIBaTbCSI Ha yMeHbllleHHH Ha6opa 3HeprHH 

aa o6opoT no nen11'lHHhl, aecymecTBeHHO npeBb1111a10mefi Tpe6yeMbIH sHepre

TH'leCKHfi paaf5poc BbIBOnllMOro nyqKa. 

KaK B nepBOM, T8K H BO BTOpOM pelKHMe aeo6xonHMbIM ycnoBHeM 3Hep-

reTH'leCKOro paape111eHHSI SIBnsieTCSI yMeHbllleHHe aMnnHTyn CBo6onHhlX pann

anbHblX KOne6aHIIH no BenH'lHH, KOTOpbie Mellbllle pan11anbHoro 111ara IIOIIOB B 

l)'.epBOM pelKHMe II neaHa'lHTenbHO npeBbllllaIOT pan11anbHhlH 111ar llOHOB, co-

OTBeTCTBy10mnfi _Q,!_. -4 10 BO BTOpOM pelKHMe. Hanll'lHe SToro Tpe6o-
w 

BaHHSI npnnonnT K Heo6xonHMOCTll BHelllHefi llHlKeKUHH HOIIOB B ycKOPHTenh, 

np11 KoTopofi B03MOJKHO nonyqea11e Tpe6yeMoro sMHTTaHca nyqKa nnsi aanan-

noro ToKa - 100 MKa. 

B paccMaTpHBaeMOM ycKopnTene, B Ka'leCTBe OCHOBHOro, npHHSIT Ba-

pnaHT c paanenen11eM op611T. 

TTp11 nenll'll!He TOKa 100 MKa nnOTHOCTb aapsilKeHHhlX qacTIIU 6yneT 

nocT11raTh nenn'lHHhI 108 1/ cM3, 'ITO np1rnon11T K Heo6xon11MocT'n ncnonh

aonaHnSI 6onee CllnbHOqlOKYCllpy10m11x CllCTeM no cpaBHeHHIO C o6hI'lHbIMH 

UllKnoTpOHaMll. Heo6xonHMblM ycnonneM npn 3TOM S!BnSieTCSI aHa'111Tenb-

noe ynermqen11e rny6nHbI nap11aunu MarHHTHoro nonsi. 

TTpuneneHHhle coo6paJKenm1 nernn B ocHoBy Bhi6opa cxeMhI ceKTop

aoro ll30XpOHHOro UHKnOTpoHa, C Hll3KOH nnnyKunefi MarHllTHOro nonsi II 

6onblllllM pannycciM KOHe'lHOH aaMKHYTOH op611Tbl. 
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2. OcHOBHbie nnHaMH'leCK!le xapaKTepHCTHKII ycKopuTenSI 

nnaaMH'leCKHe npouecCbl B ceKTOpHOM H30XPOHHOM llHKnoTpoHe 

(MU) paccMaTpllBaIOTCSI .llnlI MarHHTHoro nom1, KOTOpoe B -MennaHHOH nnoc
• 

KOCTH onpenemieTCSI BbipaJKeHneM 

H •H(r)[l 
z + }: E sin (a -mN,p )], 

l 
m m 

m• 

(1) 

rne H (r) - cpenHee MarHHTHoe none, 06ecneq11na10mee naoxpoHHOCTb npouec-

ca ycKopeHnsi, E m - rapMOH!fKll MarHHTHoro nonsi, 06ecne'IllBa10mne 

aKCHanhHYIO yCTOH'lHBOCTb ycKOPSIElMbIX '18CTHU. 

nnsi HCKnIO'leHHSI B03MOlKHOCTH Boa6yJKneHHSI BhIHYJKneHHhlX pannanbHhIX 

Kone6aHHH OT ycKOpSIIOillefi CllCTeMbI, a TaKJKe nnsi yno6CTBa pacnonoJKeHH.II . 

CllCTeMbl BblBona ny'lKa, q183bl rap~OHHK MarHHTHor"o nonsi npHHSITbl nOCTO
ff 

SIHHhIMll ( a m - m T ) . TT pH- STOM rpaHHUhl MarHHTHhlX ceKTopoB SIBnSIIOT-

CSI IlpS!MbIMll nHHllSIMll ( CTpyKTypa MarHHTHoro non"si THna ToMaca). 

llnsi o6ecne'leHHSI .llOCTaTO'lHoro paaneneHHSI op6uT Ha KOHe'lHOH aaepruH 

Wk =60Msn) npu na6ope sHeprirn aa o6opoT 100 KSB cpenHHH pa.llHyc 

KOHe'lHOH op6HTbl npHHSIT paBHhlM 400 CM. TTpH 3TOM paaJ:1ene11ue op6HT coc

TaBHT 0,3 CM, a cpe,llHee MarHHTHoe none Ha K0He'lHOM panuyce ):lnSI npOTOH0B 

6yneT paBHSITbCSI H k = 2840 re. 

Cpe.llHee none ynenH'lHBaeTCSI OT ueHTpa UHKnoTpoHa B COOTBeTCTBllll 

C ynennqeHHeM nonHOH 3HeprnH ycKopsieMbIX '18CTHU. 

MaKcHManbHOe ynennqeHHe cpeAnero nonsi nnonh panHyca cooTBeTCTByeT 

ycKopeHHIO npoTOHOB u COCTaBnSieT 6,4% Ha KOHe'lH0M pa.llHyce OT nonsi B 

neHTpe. llnsi npyrux ycKopsieMhlX qacTnu sTa Benn'lHHa yMeHhmaeTcSI nponop-

UllOHanbHO 

HO. 

( ~z~ )2 
A • rne z n A - aapsin ; H Macca llOHa COOTBeTCTBeH-

MarHHTHoe none, onpenensiromee qacToTy o6pameHHSI HOHOB (cooTBeT-

CTByeT r = 0), COCTaBnSieT Ho= 2669 re H He HaMeHSieTC.II nnsi Bcero 

Ha6opa ycKopneMblX qacTnu. 
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EcnH B KaqecTBe HHEeKTopa B3RTh ycKOpHTenb Koxpo¢Ta-YonTOHa 

C M8KCHM8nhHblM noTeHuHanoM 0,6 MB, TO cpeimnii pannyc HHJKeKitHH coc- . 

TaBHT 42 CM. IlpH ncnonh30B8HHH ycKopHTenR Tpaac¢opMaTopaoro THna C 

noTeHnHanoM 1,0 MB, cpenanii pannyc HHJKeKUHH 6yneT paBHRTbCR 54 CM. 

ilm1 TQqaoro onpeneneHHR ~pMbl H nonoJKeHHR paBHOBeCHOii op6HTbl 

npH aanaHHOM HMnynhce 38pRlKeHHOli qacTHllbl aeo6xonHMO aaiiTH nepHOJlH

qecKoe peweane B nnoCKOCTH z = 0 CHCTeMbl ypaBHeHHii, onHCbIB8IOIUHX 

JlBHJKeHHe qacTHUbl C HMilynhCOM P B npOH3BOnhHOM CT8UllOHapHOM M8rHHT-

HOM none 

,, 2r'2 e ,,2 z'2 1-i 
---,r•--<t+--+--l 

r ·pc· r- 2 r 2 
[(r2 +r' 2 )Hz -r'z'H, -rz'Hcp] 

( 2) 

,,, 2 r 'z' e r '. 2 z; 
2 ~ . , , , , 

z -----0+-+--l [(r 2+z 2 )H -z r H -.r rH,1.] 
pc r2 ,2 r z 't' 

OnaaKo, ecnH MarHHTH8R CHCTeMa UHKnOTpoaa C0CTOHT ll3 oTnenbHbIX 

ceKTopoB, TO B nepBOM npn6nnJKeHHH (6ea yqeTa noneli pacceRHHR) aaMKHY

TaR op6HTa·npencT8BnHeT co6oii COBOKynHOCTb nyr OKpylKHOCTeii c panny-

COM KpHBll3Hbl (rm ) ll npRMOnHHeiiHblX. 0Tpe3K0B, Ilpll ·aTOM MOlKHO aaliTH 

CBR3b MelKJly nMnynbCOM qaCTHUbI, cpenHHM" noneM BJlOnb op6HTbl H H pa

nnycoM ToqKH nepeceqeanR op6HTbI c KpaeM ceKTopa(rl, npoBeneHHbIM na 

ll~HTpa UHKn0TpOH8 

pc•e .. iir 
2 • 77 

s Sill N 

v'[ (s-1)":!.. 
N 

+ sin 2.!._] 2 

N 
+ 4sin 4 .!!_ 

N 

(3) 

rne s -

Rm -- - oTaoweane .nonR B ceKTope K cpenaeMy non10 Bnonh op-
H 

6HTbI. 

YrnoBaR npOTRJKeHHOCTb MarHHTHOro ceKTOpa ( ao ) aaxonHTCR. H3 

Bb!paJKeHHR 
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\ 

) I 
I 

ao 
tg-2-

2 IT 

N 

2 
• 2 ,r 

sm :C. 

( s - 1) + sin _!!!_. 
N 

Ecnn Bb16paTh s = 2, N = 4, TO pc = 1,025 eH; n 0 
a

0 
= 42,5_ • 

(4) 

YcToiiqHBOCTb paBHOBeCHbIX bp6HT o6ecneqHBaeTCR nepHOJlHqecKoii CTPYKTY-

pott MarHHTHoro nonR, npnqeM B cnyqae oTnenhHbIX ceKTopoB aeo6xonnMo 

yqHTb!B8Tb 3gaqnTenbHOe qncno Bb!CWIIX rapMOHHK MarHHTHOro nong B UHnHHJl

pnqeCKOii CHCTeMe KOOpJlHHaT'c aaqanoM B ueHTpe UllKn0Tpoaa. 'tacT9Tbl CB0-

6onHbIX Kone6aHHli c J:(OCTaToqaoli CTeneHblO ToqaocTH onpenenRIOTCR Bb!paJKe

HHRMH 

Q -[-
z n + 

2 
N 

2(N2 -1-nl 

r 2 ½ 
m•lE_ m ] 

½ oo l 2 
Q • (I +n) [ 1 + £ m 1, 

• . m=l m2 N 2 - 4 - 4 n 

( 5) 

( 6) 

rne n - noKaaaTenb cpenaero MarHHTHoro nonR. CyMMy KBanpaToB rapMo-

HHK, onpenenR10my10 qacTOTY aKcHanbHbIX Kone6aHHli, MOJKHO H8XOJlllTb no ll3-

BeCTHOii KOH¢nrypaUHH MarHHTHoro nonR, Hcnonh3YR paBeHCTBO: 

_1_ £ / 
2 ma 1 m 

277 2 
_L f H d<p -1. 
ii2 0 

(7) 

HHJKe noKaaaao, qTo B nepBOM np116n11JKeHHH MOJKHO yqecTh KpaeBoii 

a#eKT ceKTOpa n11aeliHbIM cnanoM MarHHTHoro nonR B aanMyTanbHOM Ha-. 

npanneann no nn11ae, paBHoii BbICoTe MeJKny non10caMH. 

B aTOM npn6nnJKeHHH na· ¢opMynhI ( 7) Ha pannyce llHJKeKnnn r u =42 CM 

M0lKH0 HaliTH £ l2m(ru),. .::... 
2 ma! 3 
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'laCTOTa 8KCH8llbHbIX Kone6aHnli, cornaCHO BhlpaJKeHmo ( 5) I COCTBBHT 

Q • = 0,843. 

1 2· -
Ha KoHe'lHOM pannyce - ~ l Cr ) = 0,93; n = 0, 132 (nm1 npoTo-

2 -1 m k k 

HOB) n 'laCTOTa aKCH8llbHbIX Kone6aHHli: 6yneT paBHS!TbCSI Qz = 0,927. 

Ilponecc ycKopeHHSI nonJKeH ocymecTBnSITbCSI TaKHM o6pa3oM, 'IT06bl 

pa36poc 9Heprnn B ycKopsieMoM crycTKe ae npenocxonnn 3anaaHoro 3Ha'lerrnsi 

M. 10-4. 
w 

Heo6xonnMo TaKJKe o6ecne'lHTb nocTaTOqHoe nnsi Bb!Bona onHoli: op6HThl 

(nnn npn He3Ha'lnTenbHOM 3aXBaTe.cocenanx) pa3neneane cMeJKHblx op6nT. 

'nnsi cymecTBQHHOl'O yMeHbWeHHSI pa36poca 9HeprHH 'l8CTHII B ycKopSieMOM 

crycTKe no cpanaeHHIO c o6bI'lHblM UHKnoTpOHOM Heo6xonnMo, Bo-nepBbIX, 

yMeHbWHTb nnana30H cj>a3, 38HHMaeMblX cryCTKOM, BO-BTOphlx, no B03MOJK

HOCTHI crnanHTb Bepmnay KpHBOli: BbICOKO'laCTOTHOl'O aanpsiJKeHHSla 

Bb!paBHHBaane BepmHHbl KOCHHyCOHilhl MOJKeT 6b!Tb IlOCTHl'HYTO BBene-

HH0M Tp0Tbeli: rapMOHHKH YCKOpSIIOIIl01'0 HanpsiJKeHHSI. Ilpn 9TOM ycKOpSIIOIIlee 

H8IlpS!lK0HHe MOlKHO Bb!p83HTb B BHne 

V • V C cos"' t - B cos ·3"' t) - 0 

(8) 

Ecnn B = ·119, TO -v-- • ( l:!:_0,0001). B nnana3oHe H3MeaeHHsi ljia3bl 
0 

npn6nH3HTellbHO .:!:,100. YcKopsieMblli: crycTOK nonJKeH HM0Tb npenellbHblli: pa3-

Mep no cj>a3e npn6nn3nTenbHO :!:_6°. OcTaBDUli:cn nnana3oH 6yneT ncnonb30BaTb

csi nnsi B03MOJKHOCTH BB0Il0HHSI CHCT0Mbl aBToperynnpoBaHH!it ijia3bl neHTpa 

TSIJK0CTH crycTKa. 

TpeTbSI rapMOHHKa ycKopsi10111ero aanpsiJKeHHSI C03Il80TCR C noMOIIlblO 

nononanTenbHOro ycKopsi10111ero sneKTpona. 

Ji3oxpoHHasi qacToTa o6pameHnsi noHa Ha op6nT0 

rne ca 
p 

ecHo --·---
Eo P 

Ci:> =s ...L. It) 

A P 

- 'laCToTa o6pameHnH nporoHa. 
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I 1, 

f 
i 

\I\ 

'11 
'· 

i1" ., 

';ll 

t 
l 

/11 
11• 

Ilpn nepexone OT ycKopeHHSI OilHOl'O Tnna 'laCTHU K npyroMy Mal'HHTHoe 

none B neHTpanbHOli: o6nacTH OCTaeTCSI nocTOSIHHbIM, a 'JaCTOTa BbICOKO'laC

z 
TOTHOli: CHCT0Mbl nonJKHa H3MeHSITbCSI B COOTBeTCTBHH C Benn'lHHOli: A• Ilpn 

9TOM nnsi yMeHbW0HHSI BnHSIHHSI BpeMeHH nponeTa B YCKOpHromeM npoMeJKyTKe 
• 

Ha 9HepreTH'leCKHli: pa36poc B crycTKe, JKenaTenbHO coxpaHSITb MHHllManbHyro 

KpaTHOCTb, COOTBBTCTByro111y10 BbI6paaaoli: yrnoBOli: npoTSIJKeHHOCTll ycKopsi10-

111ero sneKTpona. 

TaK KaK B ll30XpOHHOM·UllKUOTpOHe OTCYTCTByeT ljiaaoBaSI YCTOli:'lllBOCTb1 

TO TOIIOI'paljinsi cpenHel'O M81'HHTHOl'O nonR nonJKHa 6bITb Bb!IlOnHeHa C BbICO

KOli: cTeneHbro_TO'lHOCTn. Ecnn npnHSITb aan6onee onacHoe pacnpeneneane oT

KnoHeHHil M81'HllTHOl'O nonsi OT pe30HaHCHOl'O 38KOHa, TO nonycK Ha 9TH OT

KnoHeHHSI B aepenSITllBllCTCKOM cny'lae MOJKHO aali:Tn ll3 BblpaJKeHHSI 

~ 
Ho 

sin ef,k - sin 'Pn 

---ll'q 

eVo 

w 
pk 

A { 10) 
z J 

rne q - KpaTHOCTb ycKopeHHR, 

6op saeprnn aa o6opoT. 

W - ·Koae'lHasi sHeprnR npoTOHoB, e V -aa-
pk o 

HOB 

Ilpn <f,H= O, ef,k= 0,1, eV0 = 

A ii = 3·_ 10-S. 0-.ieBHilHO, 'ITO 
·Ho . 

100 KsB, q = 2 nony'lllM · nm1 nporo

HYJKHo ocymeCTBnHTb KOHTponb aa no -

noJKeHHeM -neaTpa crycTKa n -cooTBeTCTBy10111yro KoppeKIInIO cpenHero Mar

HHTHOl'O nonsi B H0KOTOPOM KOUll'l0CTBe TOqeK BilOnb pannyca. Ecnn npen

nonOJKHTb, 'ITO naT'JllKH ljia3bl n KOppeKTHpyroIIIHe o6MOTKH pacnonoJKeHbl Bnonb 

pannyca C HHTepnanoM, COOTBeTCTByIOIIIllM onnHaKOBOMY npnpOCTY saeprnn 

IIy'lKB (Aw), 

penennTb 

TO nonycK aa cpenHee norie B 3TOM HHTepnane MoJKHo on-

Aii .!1!__ 
Ho 2 ll'q 

e V 
0 

Aw ~ 
( 11) 

rne Aef, - ef>k - 4'n Ilpn A W = 3 -Msn (cooTBeTCTByeTAr = 10 CM B6nn
AH 

an r ~ r k ): q = 2; A</>.= 0,1; eV 0 = 100 Ksn,,nony'IHM n;;-
= 3.10-4. 
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M3 3THX BenHqHH cnenyeT rrpaKTHqecKall B03MOJKHOCTb peanH3aUHH Mar

HHTHOro rronll II CHCTeMbl KoppeKUHH ycKopHTenH. 

CxeMaTHqeCKHll BHll B nnaHe TaKoro UHK~OTpoHa ITOKa3aH Ha pnc.1. 

3. 3¢¢eKTbl rrpoCTpaHCTBeHHoro 3apllna 

nnH rronyqeHHH cpenHero ToKa B ycKopHTene Ci= 100 MKa) cpenHHH 

rrnoTHOCTb rrpocTpaHCTBeHHoro 3apHna K nonJKHa paBHllTbCll 

rne fl. ef,' fl. z 

K =i 
ya Eo 

2·• ----·, 
er

00
ucf,ll..zfO eV 0 

a3HMyTanbHblll H aKcnanbHbl.ll pa3Mepbl rryqKa, 

r = 
00 

C 

Ill o 
c.>oa2rrfo 

( 12) 

IT pH rrpoeKTHblX rrapaMeTpax ycKOpHTenll f oo = 

fl. z = 1 CM II e Vo= 100 K3B, cpenmrn .rrnoTHOCTb 

1.19.103 CM, fl.cp = 0, 1, 

7 1 . k = 10 __,,.. • nnll 
. CM" 

rronyqeHHll ¢aKTHqeCKOll rrnoTHOCTH qacTHU B rryqKe Heo6xOllHMO yBennqe11He 

cpenHeil rrnoTHOCTII Ha K03¢¢Hu11eHT pannanbHOll CKBalKHOCTII rryqKa '1 , 
TOpbIH Ha HaqanbHbIX pan11ycax ycKop11Tem:1 

KO-

e I = 5 • ( 13) 

EcnH yqecTb Ilpll 3TOM BpeMeHHYIO CKBalKHOCTb rrpll IICITOllb30BaHIIII 

TpaHc¢opMaTopHoro T11rra HHlKeKTopa, pa60Ta10mero Ha qacToTe 50 ru, Ko

TopaSI paBHa e 2 = 4, TO MaKCIIManbHaSI IlllOTHOCTb qacTHU B crycTKe 

K = e e K .. 2 • 10 s 
I 2 

1 
CM3 

( 14) 

nnll HepenHTIIBHCTCKIIX CKOpocTeil ( f3 << l) a#eKT, CBll3aHHblll C co6CTBeH

HhlM Mal'.'HIITHblM rroneM nyqKa, rrpeHe6pelKIIMO Man, II yKa3aHHaSI BennqHHa 

nnoTHOCTII 3apSina 6yneT Bbl3bJBaTb TOllbKO a¢¢eKTbl KynOHOBCKoro pacTan

KIIBaHHll rryqKa. 
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ITorrepeqHblll a¢¢eKT rrpllBOllHT K cneny10meMy orpaH11qeHIIIO ITO lKeCTKOCTII 

CHCTeMbl 

2 2rre
2

K 
Q > 

2 
r oo ( 15) 

II 
Eo • 

n·p11 paccMaTpllBaeMbIX rrapaMeTpax rrocnenHee HepaBeHC:TBO rrp11Bon11T K 

ycnOBHIO Q >. 0,5,. qTo yKa3bJBaeT Ha TPYllHOCTb HCITOnb30BaHIISI o6bJqHblX . z 

UIIKnoTpOHOB B TaKIIX peJKIIMax ycKopeHHSI ( pa3neneHHble op6HTbi). ITp11 rrnoT-

HOCTSIX 3apSina rropSinKa 108 _!..., 3aMeTHYIO pOnb MoryT 11rpaTb a¢¢eKTbI, . CM,:, 

CBSI3aHHbJe C npononhHbJM 3apS!llOM. HecMoTpll Ha TO, qTo a¢¢eKT '0Tp11ua

TenbHOll MaCCbI:' He MOlKeT rrpOS!BHTbCSI B 1130XpOHHblX UHKnOTpOH~X (~ ·.• 0), 
dW 

Hannqne rrpononhHoro rronH rryqKa MOlKeT rrpHBeCTH K norronHHTenbHOMy aHep-

reTnqecKoMy pa36pocy B crycTKe, KOTOpbill B pelKHMe C pa3neneHHbIMH op-

6HTaMH 1ieo6xonHMO 6yneT :KOMITeHCHpOBaTb CMemeHHeM ¢a3bl TpeTbeil (we

CTOH, rrpll Bb16paHHOH KpaTHOCTH ycicOpHTenH)rapMOHHKH BblCOKOqaCTOTHoro 

rronSI/13/. 

MacwTa6 113MeHeHHSI qacTOTbl o6pameHHSI, CBSI3aHHblll C pannanhHOll 

KOMITOHeHTOH KynoHOBCKoro rronSI rryqKa, oueHHBaeTCSI H3 BblpalKeHHll 

ll.H ,. 
2rreicp 

300 {3 

rne 2 p - pannanbHaH WHpHHa crycTKa. 

(16) 

IT pH Bb16paHHblX rrapaMeTpax ycKOpHTenll 3HaqeHHe fl. H 6yneT H3MeHS!Tb

CSI B rrpenenax 2.; 0,1 re H He 6yneT cywecTBeHHO ncKalKaTb ¢opMy crycT-

Ka. 

4. MarHHTHaSI CHCTeMa YCKOpHTenll 

Bb1We 6hJnH c¢opMynnpoBaHbl Tpe6oBaHHSI K MarHHTHOMy rronlO YCKOpHTe

nll B HHTepBane · pa6oq'.l!x pannycoB fl. r = 42 .; 430 CM. 3anaHHoe rrone 

MOlKeT 6b!Tb co3naHO C ITOMOWblO qeTblpex nneHTHqHblX C-o6pa3HblX CeK

TopHbJX aneKTpOMarHHTOB, CMemeHHblX npyr OTHOCHTenbHO npyra Ha yron 
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90° (i:mc. 1). fpaHHUhI rromocon B ropnaoHTanhH0i! nnocK0CTH opraHH'leHbI 

AyraMn R1 n R 2 .Ii pannanbHblM.li nnHillIMll, yron MelKJly K0T0pb!M.li BbI6n

paeTClI B aanncHM0CT.li OT Tpe6oBaHHi!, npeAolIBnlieMbIX K napnaUHH (~naTTepy) 

MarHHTHoro rionlI ycKopnTe1rn. CoanaHne paCTYlllero (3-f6)% cpenuero Mar-

HHTH0ro ll0illI B C00TBeTCTBHH C H30Xp0HH3M0M AnlI p , d , 
3 

He , 8
Li MO-

JKeT 6b!Tb Bblll0nHeH0 CIICTeMoi! o6MOTOK, pacnonaraeMblX no rronepxH0CTll 

nomoCHbIX HaK0He'IHHK0B. 

nnlI MIIHHManhHoro aaaopa MeJKAy nonrocaMn Marttnron h = 16 CM Ha

qanhHhii! II KOHe'IHblH pannyCbl ll0IIIOCHbIX HaK0He'IHHK0B npHHlITbl paBHbIM.li 

R 
1 

= 25 M CM, R2 = 460 CM, a yrnonalI np0TlIJKeHHOCTb ceKTOpHoro MarHnTa 

a a = 42,5°. 

Bb16op napaMeTpon MarHnTonponona nponano1:tnncn Ha ocHone pac'leTa 

MarHHTHOH uenH c yqeTOM llOTOKOB paccelIHllH /14/. B paC'leTe 6bmll nc

no"nb30B8Hbl MarHHTHbie xapaKTepHCTHKH AIIH CTann MapKH rCT -30r • MaK

CHMailbHaH HHllYKIIHH n JKeneae npHHHTa paBHOH 19300 re, 'ITO C00TBeT-

CTByeT Tpe6yeMblM aMnepBI!TKaM Ha eAIIHIIIIY AilllHbl I= 160 ~ 
.CM • 

Oco_6eHHOCTblO MarHIITOB HBnlieTCH Hll3Koe none _B aaaope; HHAYKIIHH 

n nonrocax n nonroCHbIX HaKoHe'IHHKax He rrpenhlmaeT 10000 re. 3ro noano-

nReT yMeHblllHTb ce'leHne ll0IIIOCOB 6ea na.MeHeHHH paaMepoB llOIIIOCHblX HaK0He•1-

HHK0B TaK, 'ITO o6MOTKH noa6yJKAeHnH MoryT paaMemaTbCH Ha MailblX panny

cax ycKopnTenR. 

C npyroi! CTOP0HhI, 9TO npHB0llllT K yMeHbllleHHIO paccelIHHlI noT0Ka, 

H npll pacqeTe ~naTTepa MOJKH0 C'IHTaTb, 'ITO cnan nonH OT MaKCIIMYMa no 

Hynn npollCXOAHT Ha paCCTOlIHHH, paBH0M h • 

Ha pnc. 2 nao6paJKeHo nepTHKanbHoe ce'leHHe ceKTOpHoro aneKTpoMar

HnTa, npoxonRIIIee qepea cepennny MarHnTorrponoAa, aero rrapaMeTpbl rrpnne

neHbI n Ta6nnue 1. 

Ta6nnua 1 

1. KonH'tlecTBO ceKTopoB ••••••••·•••·••·••••••••·•·•••·•••••• 

2. Haqan&Hhiil pannyc nonIOCHoro HaKoHe'IHllKa ••••••••• 

3. KoHe'IHbIH panuyc nonIOCHoro HaKoHe'IHHKa ••••••••••• 

4. YrnoBalI npoTlIJKelIHOCTb ceKTOpa ••••••••••••••••••••••• 

5. BbICOTa nonIOCa II rromocHoro HBKOHe'lllllKa ••••••••••. 
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4 

25 CM 

460 CM 

42,5° 

42 CM 

I ,· 

·\ 
l 

\ 

6. IIJnpnHa 0KHa.... •••••••••••• ................................ 50 CM 

7. Bb1c0Ta 0KHa................................................ 100 CM 

8 •. Tonmnua RpMa.............................................. 90 CM 

• 
9. IIJnpnHa lipMa............................................... 3 20 CM 

10. Bb1c0Ta lipMa............................................... 280 CM 

11. Ceqeune KaTymKn.......... ....... ......................... 15x25 CM 

12.Heo6xonnMbie aMnepnnT_KH Ha ceKTop............... 180000 

2 

13. O6mni! nee cTann heTbipe ceKTopa) ..... ~......... 700 TOHH 

14. O6mni! nee Me1:tn........................................... 17 T0HH 

15. MoIIIHOCTb nnTaHlllI o6MOTOK........................... 1 MnT. 

nnlI YT0'IHeHHH 9THX napaMeTp0B n nony'leHHH Tpe6yeMbIX aaBHCHMOCTei! 

cpen11ero rronlI n ~naTTepa noTpe6yeTcn MonennponaHne onHoi! ceKunn aneKTpo

MarllnTa. TaKaH M0nenb ll03BOIIHT T8KJKe H3Y'IHTb MexaHH'leCKHe Harpy3KH, 

B03HHK8IOIIIHe B ceKTope rrpn BKIIIO'leHHH MBrlIHTHOro nonR. 

KaK nnnuo na pnc. 1 n 3, BaKyyMHalI KaMepa ycKopnTenR rrpencTann~eT 

co6oil ceKnno11npona11ny10 CHCTeMy, naTpy6Kn KOTOpoi! ll0IIJKHbl BaKyyMII0 co

'IIleHlITbCH C no,!IIOCllb!MH HaK0He'IHHKaMn aneKTPOMarHHT0B. BepTHK8IlbllblH paa

Mep naTpy6KOB 6yneT Bbl6npaTbCH, HCX0AH na Tpe6oBaHnil JKeCTKOCTll ny

a11Ta, paaMeme11nn peaoHaTopa, ne~neKTopa, 0TKnom110mero .Mar11nTa II np. 

B ue11TpaI1bHOH 'laCTII II ITO rrepn~epnn ll0IIIOCllbIX HaK0He'IHHK0B YCK0plI

TenlI nnlI yMeHbIIIeHHlI ne~opMaunn KaMepbl OT MarlIHTHbIX n BaKyyMHblX Ha

rpyaoK ll0illKllbl 6b!Tb npenycMOTpeHbl cneunailbllble orropllble K0II0HHbl. Oc11on

Hble o6MOTKH Boa6yll(JleHHlI ceKT0p0B pacnonararoTCH BHe BaKyyMHOH KaMepbl. 

O6MOTKII KOppeKUIIII, pacnonaraeMbie no nonepXHOCTH nonIOCoB, nonlKHbl 6b!Tb 

aaKnIO'lellbl B crreu1IanbHble BaKyyMnonnoTHble KOHTeilnepbl. 

3neKTp1I'leCK0e ITHTanne nocnenonaTenbH0 coeAIIHelIHblX o6MOTOK aneKTpo

MarHHTOB A0nlKII0 ocymecTBnlITbCH OT M0Top-reneparopa MOIIIH0CTbIO 1,2 MBT, 

c11a6JKeHHOro CHCTeMoil CTa6HnnaaunH TOKa; nnlI HCKIIIO'leHHH OTKIIOHeimii 

B yponae lionR, CBliaaHllbIX C HelineHTH'IH0CTbIO MBrllllTOnpononon, cnenyeT 

npenycM0TpeTb 4 nonnHTO'llibIX M0Top- reaeparopa, 06ecrre'11IB8IOIIIIIX 5 % B03-

6yJKITelllllI OT aMnepBIITK0B aneKTpoMarHHT0B. 
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5, YcKoplllomasi cHcTeMa 

YcKOpSIIOIIl8SI CIICTeMa MU nonJKHa 06ecrre'!1IB8Tb Ha6op :rneprllll 100 K3BI 

o6opoT/3apsin nnsi Bcex ycKopsieMbIX '!aCTIIU p , d, a , 
3

He , 
8

Li • Ha6op 

nonJKeH ocymecTBnSITbCSI B M8KCIIMyMe BbICOKO'l8CTOTHOro yCKOpSIIOIIlero Harrpsi

JKeHIISI, IIpll'leM BeKTOp HaIIpSllKeHHOCTII YCKOpSIIOIIlero sneKTpII'leCKoro rronsi 

aonJKeH 6b!Tb HarrpaBneH BJlOnb 38MKHyToll op61ITbl '!aCTIIUbl Ha BCex paaHy-

cax. TToao6HaSI Cl!CTeMa MOJKeT 6b!Tb ocymecTBneHa nII6o c IIOMOIIlbIO OJlHO

rrponeTHOro pe30H8TOpa C pa6o'!IIM 3830pOM, IIJlYIIllIM BllOnb paaIIyca B cepe

JllIHe CB06oaHoro rrpoMeJKyTKa MelKJlY MarHIITHbIMII CeKTOpaMII, nH6o C IIOMOlllbIO 

ayaHTa, yron rrponeTa '!8CTIIU B KOTOpOM COCTBBJ!SleT (2 k + 1) ft, k = o, 1,2,3, ... 

a KpOMKII IIJlYT B/lOIIb paaIIycoB B cepeJlHHax CB060llHb!X rrpoMelKyTKOB llnll B 

cepenHHax MarHIITHblX ceKTOpOB, 

TTepBaSI CIICTeMa JlIISI rrony'!eHIISI IIplleMneMbIX pa3MepoB pe30HaTopa 

JlOII-lKHB pa6oTaTb Ha BbICOKOll 'IBCTOTe ( BbICOKOll KpaTHOCTII), II yron 

rrponeTa B yCKOpSIIOIIlell menII CT8HOBIITCSI He·aorryCTIIMO 6onbll!IIM C TO'IKII 

3peHIISI rrony'!eHIISI MOH03HepreTH'!eCKOro IIY'!Ka. TaKIIM o6pa30M, HaII6onee 

IIO/lXOJlSlll!IIM Bapll8HTOM YCKOpSIIOIIlell CIICTeMbl SIBIISleTCSI o6bI'IH8SI UIIKnoTpOH

HaSI BtJ CIICTeMa C ayaHTOM II pe3oHaHCHOll IIIIHHell. TTpII Bb!6paHHOll 4-sne

MeHTHOll MarHIITHOH CIICTeMe yrnoBaSI IIpOTSIJKeHHOCTb nyaHTa nonlKHa coc

T8BIIS1Tb IIH6o 180°, nH6o. 90°. TaK KaK II B TOM, II B npyroM cnyqae '18CTb 

nyaHTa llOIIlKH8 HaXOllIITbCSI B MelKIIOnIOCHOM 3830pe, nnsi o6ner'!eHIISI KOHCT

PYKUIIII II yMeHbll!eHIISI MOll!HOCTII IIOTepb uenecoo6pa3HO IICIIOIIb30B8Tb 90-rpa

llYCHblll nyaHT C KPOMK8MII B ueHTpe MarHIITHbIX ceKTOpOB II pe3oHaHCHOH 

nHHHell, rronKnIO'!eHHOll B ueHTpe rrpoMelKyTKa· (pile, 1). B cnyqae Heo6xonII

MOCTII MOlKHO IICIIOnb30B8Tb ABB CIIMMeTpll'llfO pacrronolKeHHbIX 90-rp~llYCHbIX 

nyaa:Ta. 

B Ka'!eCTBe sneMeHTa HaCTpOllKII CIICTeMbl MOJKeT IICIIOnb30B8TbCSI rron

BlllKH8SI 3aKopOTKa IIpll KOBKCHanbHOH KOHCTpyKUIIII pe3oHaHcHoll nIIHIIII Hnll 

IIO/lBillKHbJe .rraHenll IIpll IICIIOnb3QBaHIIII rrnoCKOll nHHIIII IIOCTOSIHHOH nnHHbl, 

Pa60'11Ie KpaTHOCTII ycKopSIIOll!ero HarrpsilKeHIISI. nnsi 

. Ha6opa sHeprHH orrpenensiIOTCSI II3 ycnoBHsi: 
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MaKCIIMBnbHoro 

q k 
ft 

( 2k + 1 l, (17) 
/',. rt, g 

rne /',.rf, 
11 

- yrnoBaSI rrpOTSllKeHHOCTb nyaHTa, TTp11 /'J.rf,,. -+ • q k • 2(2k+ll 

MIIHJJMan&HaSI '!aCTOTa reHepaTopa llOIIlKHa paBHSITbCSI YllBOeHHOll 'IBCTOTe 

06paI11eHIIS1. B paccMaTpIIBaeMOM cny'!ae 3TO COOTBeTCTByeT llIIIIHBM BOnH 

B aeCSITKII MeTpOB, II nyaHT MOJKeT paccMaTpIIB8TbCSI KBK cocpenoTo'!eHHaSI 

eMKOCTb·, B Ta6n11ue 2 IIpIIBeneHbl pe3yn&T8Tbl paC'!eTa pe30H8HCHOH CIICTe

Mbl B sTOM rrpenrronoJKeHlm, 

Ta6n11ua 2 

1JacT11ua lo qk ,\ r L h 
p 

Mru M M CM 

p 4,076 2 36,8 0,82 21 

8
He 2,717 2 55;2 2, 16 · 48 

d,a 2,038' 2 73,7 3,21 87 

B Ta6nHue L -pe30H8HCH8SI nn11Ha 50-0MHOll pe30HaHCHOll nIIHIIII, hp -pe-

30H8HCHb!H 3830p B rrnocKoll nIIHIIII lllllpIIHOll 2 M II nnHHOll 2 M IIpil rraHen&

aoll HacTpollKe, 

CpeJ:1Hilll 3830P MelKay nyaHTOM II rrnaKilpOBKOll IIpilHSIT paBHb!M 10 CM. 

TTpil 50 KB ycKOpSIIOIIlero HBIIpSllKeHJJSI MBKCHManbHBSI MOIIlHOCTb IIOTepb B 

CilCTeMe (IICKIIIO'l8SI IIOTepll B KOHTaKTax 38KOpOTKil) B rrepBOM cny'!ae 6y

llYT 60+ 70 KBT1 a BO BTOpOM 30T40 KBT, 

1IT06b! o6ecrre'!IlTb B crycTKe KOHe'!HOll IIpOTSIJKeHHOCTII IIOCTOSIHHb!ll Ha-

6op sHeprlIIl 38 o6opoT, Heo6xOllilMO B ycKOpSIIOll!YIO CIICTeMy BBeCTII norron

HHTen&HblH sneKTpon, B036yJKnaeMbIH Ha TpeT&ell rapMOHilKe. 

TTpil 3TOM pa60'!Ile '18CTOTbl T8KOBbI, '!TO o6b!'IH8SI ropll30HTan&Hasi CilC

TeMa OK83hlBaeTCSI HeITpileMneMOH (cHnbHOe rraneHne HarrpsilKeHJJSI Ha rrocnenHHX 

pannycax). CncTeMa MOlKeT 6b!Tb Bb!IIOnHeHa B Bnne BepTIIKanbHOll '!eTBepTb

BOnHOB~ll rrnOCKOH nHHilll lllllpilHOH 4 M, Ha KOHue ueHTpan&Horo CTe6nsi KOTO

poll pa3MemeH ycKopSIIOUlilH sneKTpon, rrpencTaBIISIIOIIlilH co6oll Tpll/lUBTil

rpanycHyro ceKTOpHyIO npell(jioByIO Tpy6Ky . ( pile, 1). Tpy6Ka II IIIlHilSI pa3-
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Mema10TClI B cao6onHoM npoMe)KyTKe. CTpn IIOCTOlIHHOH nnnHe II BOnHOBOM co

npoTl!BneHl!ll nl!Hllll HaCTpoilKa CJICTeMbl MO)KeT ocymeCTBillITbCSI nyTeM Jl3-

MeHeHl!lI 3a30pa {eMKOCTH) ·Me)KJly npeilcjioaoil Tpy6Koil n nonBH)KHOil 3a3eM

neHHOil nnaCTHHOil. flpll 3a3ope B IlHHHH 20 CM,. nmrne IlHHIIII 2 M H eMKOCTll 

ycKopm_omnx KpoMoK "' 220 pF HacTpoilKa B pa6oqeM nnana3oHe qacToT 6yneT 

ocymecTBillITbClI npll ll3MeHeHHll 3a3opa OT 1,6 no 15,4 CM. 

HanpSI)KeHl!e TpeTbeil rapMOHHKJI non)KHO cocTaBnlITb 15 KB. CTp11 3TOM 

MaKCHManbHalI MOIUHOCTb IlOTepb COCTaBHT 1,5-t 2 KBT. 

llnlI yToqHeHl!lI xapaKTepl!CTIIK BbICOKOqacToTHOil ycKoplI10meil CIICTeMbl 

11 OKOHqaTenbHOro BbI6opa pa3MepoB Heo6xonnMO npoBeCTll MonennpoBaHl!e 

ll MaKeTnpoBaHne oTnenbHbIX ee aneMeHTOB. lJncneHHbie pacqeTbl 1103BOillIT 

Bb!6paTb aapnaHT onHoro nnn nayx nyaHT0Bo 

6. Bbrnon nyqKa 

CncTeMa BbIBona non)KHa o6ecneqnBaTb BbIB0n ll3 

. a G· 
ycKopeHHbIX qaCTHU p. d. a • He • Li B nnana3oHe 

KaMepbI _UHKnoTpoHa 

aHeprnn [ w .;. __!;_] 
k 4 

CeKTOpHalI CTpyKTypa UHKilOTpOHa II nocTaToqHoe pa3neneHHe op611T 

1103B0IllIIOT npnMeHHTb B KaqeCTBe CIICTeMbl BbIBona nepeMema10meeclI anonb 

pannyca OTICnOHlIJOIUee ycTp0HCTB0. 3To ycTp0HCTB0 npencTaBnlieT co6oi1 

COBOKYIIHOCTb aneKTp0CTaTnqecKoro necjineKTOpa II IIOBOp0THoro MarHHTa, 

noaopaq1Iaa10mnx TpaeKTopH10 qacTHUbI Ha 90° { pHc. 1). 

i13MeHeHHe aHepr:HH BbIBeneHH0ro nyqKa npoHcxonHT Ilpll nepenBll)KeHHll 

CllCTeMbI BbIBona Ha npyry10 op6HTy Ilpll COOTBeTCTByroirteii K0ppeKUllll 

0TKll0HlIIOIUllX noneii. npn 3HaqeHHll II0lllI B IlOB0pOTH0M MarHHTe, paBH0M 

15 Krc, panHyC II0BopoTa nnlI npoT0HOB wk = 60 MaB COCT8BlllieT 75 CM, 

qTo Il03B01llieT pa3MeCTHTb Bee 0TKllOHlIJOIUee ycTpOHCTBO B onnoM ll3 CB0-

6onHbIX npoMe)Ky:I'K0B UllKll0Tpona. OTKnOHlIJOIUee ycTpOHCTBO onHoBpeMeHH0 

CllY)KIIT nepBnqHbIM aHallH3aTopoM BbIBenennoro ny.qKa. B cnyqae rronanaHHlI 

Ha Bxon 0TKllOHlIJOIUero ycTpOHCTBa qacTHU C nByx cocenHHX op6HT, J1Me10m11x 

p83HOCTb anepruii 100 K3B, Ha BbIXone ll3 IlOBOpOTHoro MarHHTa 0HH 6ynyT 

11MeTb pa3pemeH11e .. 0,4 cM. BbrneneHHhiii npoToHHbiii nyqoK npencTaBJUieT 

co6oii cryCTKll nnHTenbHOCTblO 4 HCeK {nnllHOH 42 CM) H rrepuonoM Il0BTope-
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HlllI 125 HCeK. KpoMe 3T0rO,B03MO)KHa MaKpOCTpyKTypa B BIi.ile HMIIynbCOB 

.llllHTellbH0CTblO 4 MCeK ll qaCTOT0H II0BTopeHlllI 50 ru • 

.. 
7. Pa3B0.llKa rryqKOB 

O6malI cxeMa pa3B0.llKll BbrneneHHbIX rryqKOB IIpllBeneHa na pHC. 4~ BbI

BeneHHbIH nyqoK npoXO.llllT qepe3 KaMepy OTKllOHlIJOIUero MarH11Ta, K0TOpbIH 

nanpaanSieT ero no O.llHOMY 113 qeTb1pex nanpaBneH11ii. Ha Tpex 113 · nnx anep

reTnqeCKHH pa36poc B nyqKe paBeH pa36pocy np11 ycKopeHl!n crycTKa 

{ .. 6~ 7 KaB). Ha qeTBepTOM nanpaBneHnn pacnono*eHa anann311py10malI cnc

TeMa ll3 .llBYX MarH_llT0B C noKa3aTeneM cnana MarHHTH0ro. nonlI n = 0,5 II 

o6mnM pannycoM KpllBll3HbI 16 Mo TaKalI GIICTeMa no3BOnllT nonyq11Tb. rrocne 

nnacjiparMbI 3a BT0pbIM MarHHT0M pa3pemen11e, COOTBeTCTBy10niee .. 1,5 K3BIMM. 

Bee HanpaBnennlI nyqKoB cna6*eHbI neo6xonnMhIM KonnqeCTBOM lji0Kycn

py10IUHX KBanpynonbHbIX llllH3, nyqKH npoXO.lllIT B Tpy6onpoBO.llaX, OTKaqaHHbIX 

no ljiopBaKyyMa. CnenyeT nMeTb B Bnny, qTo yKa3aHHbie na p11c. 4 nanpaB

neHHlI ljin311qecKHX 11ccnenoBaH11i11 a TaK)Ke pa3MemeH11e annapaTyphI HOClIT 

op11eHTllpOBOqHbIH xapaKTep ll MOryT BnocnencTBllll 113MeHlITbClio KaMepbI pac

celIHlllI K 2 ,K3 , K 4 , K3 MoryT 3aMeHSITbCSI npyrllMII B 3aBIICHMOCTll OT npo

BonHMbIX aKcnep11MeHT0B. 

8. CHCTeMbI K0HTp0nlI H ynpaBneHlllI pe)KIIMOM 

pa6oTbI Ul!KllOTpona 

BbICOKl!e. Tpe6oBaHlllI K MOH03HepreTHqHoCTll nyqKa yCK0plieMbIX qac

THU IIpllB0.lllIT K )KeCTKIIM norrycKaM na MarHHTH0e none UllKllOTpona. flpll 

nonyCTHMOM 0TKnoHeHllll ljia3bl nponeTa rryqKa OT 'Pn = 0 Ha ±_3 °. nonycK 

Ha a6con10THy10 Ben11q11ey nonlI B 3a3ope C0CTaBnlieT .. 1.10-3%. CljiopMH

poBaTb H nonnep=BaTb 3ananny10 TonorpaljJH10 Marn11Tnoro no= UHKnoTpona 

nporpaMMHbIM cnoco:6oM np11 TaKIIX nonycKax Kpaiine Tpynno. 3To MO)KH0 

ocymecT_Bl!Tb T0ilbK0 np11 II0M0IUII CIICTeMbI aBT0MaT11qecKoro perynnpoBaHlllI 

pe)K!IMa ycKopeHlllI, B03.llei1CTBYJOIUei1 na MarHIITHoe nqne no pe3yllbTaTaM 

ll3MepeHlllI ljia3bI nponeTa nyqKa 'Pn . 
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MarHHTHOe rrone B ueHTpe UHKnoTpoHa (nnn ITO'ITH B ueHTpe - Ha· BHYT

peHHeM Kpae ceKTopHoro MarHnTa) ycTaHaBnnBaeTCH n rronnepJKnBaeTcH Hena

MeHHbIM ITpH BCeX p8JKHMaX pa60Tbl YCKOpHTenH0 nng Toro, 'IT06b! ycTpaHHTb 

rrepByro rapMOHHKy MarHHTHoro rronn Ha· Ha'lan&HhIX op6nTax, o6ycnoBnnBaeMyro 

HeonnHaKOBOCTblO reoMeTpnn HpMa H o6MOTOK 3neMeHTOB MarHHTHOli CHCT8Mbl · 

ycKopnTenn, aanaHHaH Benn'IHHa nonn H0 ycTaHaBnnBaeTcH Bo Bcex qeTblpex 

ceKTopax. To'IHOCTb ycTaHOBKH H0 nonJKHa cocTaBnHTb 1.10-3%. TaKaH TO'I

HOCTb MOJKeT 6h!Tb llOCTHrHyTa npn noMOillH nnepHblX CTa6nnnaaTopoB MarHHT

Horo nonn. 

3anaHHbili aaKoH naMeHeHHH MarHHTHoro nonn · no pannycy cjiopMnpyeTcH 

npenBapnTen&Ho npocjinnnpoBaHneM a~aopa ceKTopoB, a OKOH'laTenbHO 

rron6opoM TOKOB B KOppeKTHpyromnx KaTylllKaJC, ynoJKeHHblX Ha noBepxHOCTH 

nonroCHblX HaKOHe'IHHKOB KaJKAoro ceKTopa. Bcero Ha ceKTOpax nonlKHO 6b!Tb 

paaMemeHo no 20-25 cooTBeT_CTByromnM o6paaoM pacnpeneneHHbIX no pa

nnycy o6MoTOK. B 3TOM cnyqae MeJKny KaJKnoli napoli KoppeKTnpyromnx o6Mo

TOK '!aCTHUbl 6ynyT nenaTb no 30 o6opoTOB, Y'IHTbIBaH Heo6xonHMOCTb H8KOTO

poro naMeHeHHH aaBHCHMOCTH MarHHTHOro nong OT pannyca nnn paaHblX THnoB 

ycKOpH8MblX 'laCTHU, cnenyeT npenycMOTpeTb nnanaaoH KOppeKUHH MarHHT

Horo nonH 3THMH o6MOTKaMn .. 10% OT H O • 

3aBncnMOCTb cjiaahl nponeTa rry'IKa OT pannyca onpenenneTcH npn no~ 

MOillH HHllYKUHOHHbIX naT'IHKOB ( 20-25 IllT), pacnpeneneHHblX no pannycy Ta

KHM o6pa30M, 'IT06bl KaJKnoli KOppeKTHpyromeli o6MOTKe COOTB8TCTBOBa·n CBOli 

naT'IHK cjiaabI. HHcjiopMaUHH co Bcex naT'IHKOB cjiaabl nponeTa nocTynaeT Ha 

BXOllbl CHCTeMbl norn'leCKOli o6pa60TKH cnrHanoB onm6Kn, Bb!pa6aTbIBaromeli 

cnrHanbl KoppeKunn, KOTOpbie ynpaBnHIOT TOKaMn B KOppeKTHpyromnx o6MOTKax, 

BcH 3Ta CHCTeMa perynnpoBaHHH nonJKHa 6b!Tb nocTpoeHa no 'nByXCKOpOCTHO

My' npirnunny. Bee KOppeKTHpyromne o6MOTKH nnTalOTCH OT CTa6nnnanpoBaHHblX 

c Heo6xonnMoli TO'IHOCTblO (10-2%) HCTO'IHHKOB TOKa, a Benn'IHHa TOKa Boa-

6yJKA8HHH KaJKnoli o6MOTKH ( onopHbili 3neMeHT B enc Te Me CTa6nnnaaunn) pe

rynnpyeTCH cnrHanaMn KOppeKUHH C . BbIXona CHCT8Mbl nornqecKoli o6pa6oTKH 

cnrHanoB OlllH6KH, 

CnenncjinKa peJKHMa 3KcnnyaTannn unKnoTpoHa n Bb16paHHhili B npoeKTe 

cnoco6 Bb!Bona 'laCTHU na YCKOPHTenH C 3HeprHHMU OT 15 no 60 M3B (rro 

rrpoTOHaM) HanararoT oco6b1e Tpe6oBaHHSI Ha CHCTeMy yrrpaBneHHSI pelKHMOM 
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pa60Tbl Bcex 3neMeHTOB TpaKTOB rrpoBOllKH rry'IKOB, ilnsi rrony'l8HHH Ha Bbl

xone TpaKTa '!aCTHU C aanaHHOli 3Heprneli Heo6xonnMO paaMeCTHTb BblBOAHOe 

ycTpOliCTBO Ha onpeneneHHOM pannyce H BblCTaBHTb pelKHMbl Bcex 3neMeH

TOB TpaKTa B CTporoM COOTB8TCTBHH C 3TOli 3Heprneli H ponoM ycKopsieMblX . . 
qaCTHll, Tpe6yeTCH ycTaHOBHTb HarrpSilK8HHOCTb 3neKTpH'18CKoro rrong B sneKT-

pocTaTH'leCKOM necjinexTope, MarHHTHOe none OTKnOHH!Olllero MarHHTa B Bbl-

· BOAHOM ycTpolicTBe,_ aHaK n Benn'lnHy rronsi B pacrrpenennromeM MarHnTe, rpa

n11eHTbI B MarHHTHbIX cjioxycnpyromnx cncTeMax, rrone B cerrapaTope n T.n, 

Bee 3TH orrepaunn, B aaBHCHMOCTil OT CTerreHH naMeHeHl!SI pelKHMa, nomlCHbl 

BbJITOnHSITbCH aa HeCKOnbKO cexyHn n1160 MIIHyT, 

YnpaBneHne BCeMn 3neMeHTaMH BblBOAHOro ycTpOliCTBa H TpaKTOB npo

BOllKH rry'IKOB ocymecTBnsieTCSI aBTOMaTH'l8CKH yrrpaBnsiromeli CHCTeMoli, coc

TOHilleli· na nncxpeTHoro (uncjipoBoro) rrporpaMMaTopa peJKHMOB n aHanoro

BhIX KOppeKTHpyromnx ycTpoliCTB, lJpeaBbI'laliHO WHpOKHli crreKTp B03MOlKHblX 

peJKnMoB n ecTecTBeHHoe B rrpouecce sKcnnyaTaunn nx nan&Heliwee naMeHe

Hne rrpen1,siBnsiroT K rrporpaMMaTopy Tpe6oaaHne _rn6xocTn, nerxocTn naMeHe

HHSI rrepBQHa'!anbHO aanoJKeHHbIX rrporpaMM, npnHHMaH BO BHH~aHne 3TH co

o6paJK0HHSI, uenecoo6pai:rno B Ka'leCTBe rrporpaMMaTopa ncrron&aoBaT1. He-

6on&myro yHHBepcanbHYIO uncjipoBylO Bbl'IHCnHTenbHYIO MaWHHy c MarHHTOcjJOH

HOli nnnTenbHOit rraMSITb!O, OCHameHHylO crreunanbHbIMH BXOAHbIMH n BblXOll

Hb!MH ycTpoliCTBaMH, CneJKeHHe aa rry'IKOM H TO'IHaSI ·:KoppeKUHS! ero Tpa

eKTOpHH rrpoH3BOAHTCSI npn noMOWH HHAYKUHOHHblX HHllHKaTopoB KOOPAHHaT 

rryqxa, pa3M8Ill0HHb!X B xapaKT8pHbIX TO'!Kax TpaKTOB, KoppeKUHH nponaBo

llHTCSI aHanorOBb!MH Cl!CTeMaMH, qncno KOTOpb!X COOTB8TCTByeT 'IHCny ncrronb

ayeMbIX HHAHKaTopoB nonoJKeHHH ITY'!Ka, 

KoHTpOnb aa pa60TOli Bcex CHCTeM yrrpaBneHHSI nonJKeH ocymecTBnSITbCH 

C rryn&Ta orrepaTopa rrpn ITOMOWH MH0MOHH'leCKHX cxeM H TeneTaitrrHoro HH-· 

cjiopMaTopa. 

Ha pnc. 5 rrpnBeneHa 6noK-cxeMa cncTeMbI yrrpaBneHHH nms:noTpoHoM, 

9, HHJKeKTOP 

B Ka'l8CTBe HHJKeKTOpa ycxopHTenH MOJKeT 6b!Tb ncrronbaOBaHa ycxopsi

lOillaSI Tpy6xa c MaxcnMan&HbIM rroTeHunanoM no 600 KB nnn HenaBHO paa

pa6oTaHHasi (HH<P CO AH CCCP) ycTaHOBKa TpaHccjiopMaTopHoro Tnrra Ha 

3Heprnro 1 MsB, 
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OCHOBHbIM Tpe6oBaHIIeM, KOTopoe rrpenoHBITHeTCH K IIH)l{eKTOPY, HB-

nHeTCH OTHOCIITenbHO 6onblllaH <pa30BaH rrnoTH0CTb TOKa ., 100 Malc:M. Mpan. 

EcnII orpaHII"lIITb aMITITIITY/lbl panIIanbHbIX Kone6aHIIH BenII"lIIHOH .. 0,3 CM, 

pannanhHblH aKcerrTaHC ycKopIITenH 6yneT °COCTaBnHTb BeITII"lIIHy .. 1 CM.Mpan 

II IT03BOITIIT rronyqIITb IIHTeHCIIBHOCTb, 6nII3KYIO K 100 MKa ( C yq(\TOM MaKpo'

CTpyKTypbl -rryqKa n Herromroro cornacoBaHIIH ipa30BbIX o6oeMoB IIH)l{eKTopa 

II ycKOpIITenH). 

3HepreTll"leCKllH pa36poc ITy"lKa IIH)l{eKTOpa He llOIT)l{eH rrpeBbllll8Tb 

t:..w ,- -3 
= 10 , "ITO xopomo cornacyeTcH c rrapaMeTpaMII cymecTBy10mII_X 

ycKOpIITenell Ha yKa3aHHbie 3HeprIIII. 

PanIIyC IIH)l{eKUIIII B 38BIICIIMOCTII OT TIIITa IIH)l{eKTopa 6yneT C0CTaB

ITHTb 42 n 54 CM (rrpII 3Hepr1111 rrpoTOHOB 600 K3B II 1000 K3B CO0TBeT

CTBeHHo). 

ilnH 6onee TH)l{eITbIX IIOHOB ( a • -ft He. 
8 
Lil ITOTeHuIIan IIH)l{eKTOpOB 6y

neT CHII)l{8TbCH B COOTBeTCTBIIII C OTHOllleHIIeM 3apH/la K Macce. 

B H8CTOHmee BpeMH B CCCP IIMeIOTCH IIH)l{eKTOpbl C yKa3aHHbIMII Bbl

me rrapaMeTpat-m/ 151. 

10. YBellll"leHIIe aHeprIIII rryqKa nellToHoB B ycKopIITene MU 

ilnH HeKOTOpbIX !pII3II"leCKIIX IICcnenoBaHIIll MO)l{eT OK838TbCH Heo6xo

AIIMbIM yBeriil"leHIIe 3HeprIIII ycKopeHHbIX nellTOHOB no 60 MaB. Ecnn 3TB 

Heo6XOAllMOCTb oKa)l{eTCH orrpenenmomell, TO B03MO)l{eH BapnaHT UlIKITOTpoHa 

MU, ycKopH10m11ll nellTOHbI no 60 MaB. B aTOM cny-qae uenecoo6pa3Ho co

xpamrTh cpenHnll pannyc KOHe"lHoii: op6llTbl Gk .. 4 M) 11 ITOBb!Cl!Tb cpenHee 

3u:aqeHne MarHIITHoro rronH Ha KOHe'lHOM pannyce no Uk = 3885 re. 3Hep

rnn npyr11x 'l8CTllU MO)l{HO orrpenennTb 113 ycnoBIIH ITOCTOHHCTBa pa3neneHHH 

op611T Ha KoHe'lHOM pannyce, rrporropu11ouanhHoro z / Wk • ITp11 3TOM nm1 

pa3Hb!X "l8CTllU rronyqaTCH Tpll ypoBHH cpenuero 3H8"leHIIH MarHIITHoro no-

m1 B ueHTpanhHOll o6nacTn ycKopIITem1: H0 c 2669 re npII ycKopeHIIII npo

ToHo~ no 60 MaB, H0 = 3317 re- np11 ycKopeHIIII 3 He no 120 MaB II H~=386lrc 

npll ycKopeHllH ·nellTOHOB no 60 MaB, 4 He no 120 MaB n 
8

Li no 180 MaB. 
~ 

MO)l{HO, KOHe'lHO, OCT8BIITb ABB ypoBHH MarHIITHoro rronH nm1 rrpOTOHoB, 3 He 

II nnH d , 4 He , ..''Li • B aToM cny-qae aHeprnH noHoB 3 He 6yneT cocTaBnHTh, 

KaK II paHee, 80 MaB. 
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B Ta6nHue 4 npIIBeneHbl 3HaqeHIIH OCTanbHbIX napaMeTpOB llITH aTOro 

BapI1aHTa UIIKnoTpoua MU. 

YBenI1"leHI1e MarHIITHoro rronH B ceKTope no 8000 re nnH nellTOHHoro 

BapilaHTa npII coxpaH8HIIII K0He"lHoro pannyca op6I1Tbl rrpHBeneT B_cJCHOBHOM. 
• 

K HeKOTOpOMY yBeITH"leHHIO Beca ceKTOpOB MarHIITa II MOllIHOCTII ITIITaHIIH oc-

HOBHblX o6MOTOK, 3Ha"leHIIH KOTOpbIX rrpIIBeneHbl B Ta6n. 4. ITapaMeTpbl ycKo-

pH!Olllell CIICTeMbl II CIICTeMbl BblBO/la rrpaKTII"leCKII He II3MeHHTCH, TaK KaK 

n11ana30H "l8CTOT B 3TOM BapIIaHTe yMeHbllIIITCH. Bo3MO)l{H0, K0He"lHO, Bbl-

6paTb rrpoMe)l{yTO"lHOe 3Ha"leHIIe 3HeprIIII nellTOHOB Me)l{/lY 30 MaB II 60 MaB. 

CymecTBeHHOe yBenl!"leHIIe 3Hepr11II rrpoTOHOB T8KIIM MeTO/lOM BpHll ITII 

B03MO)l{H0 113-38 TPYllHOCTell rrpII ocymecTBneHIIII YCKOpH10mell CIICTeMbl II He

B03MO)l{H0CTII pa3neneHIIH op6IIT Ha KOHe"lHOM pannyce. 

Ta6nIIua 3 

OcHOBHbie napaMeTpb1 ycTaHOBKII M.U. (BapnaHT 1) 

1. YcKopHeMbie qacTHUbI 

2. MaKCIIManhHaH 3HeprHH wk (MaB) 

3. IToTeHunan IIH)l{eKTopa U (MB) 

a) ycKopnTenh KoKpoq,Ta-YonToHa 

6) TpaHC<pOpMaTOpHbIH ycKOpIITenb 

4. HuTeHcHBHOCTh Bh1ileneHHoro rryqKa 

no rrpOTOHaM ( MKa) 

5. 3uepreTn"leCKIIll pa36poc BbrneneHHoro 

rryqKa t:..w/w 

6. CpenHee 3Ha"leHne MarHHTHoro rronH 

Hll KOHe"lHOM pantiyce ii k (re) 

7. CpeJlHee 3Ha'leHIIe MarHHTHoro rronH 

B ueHTpanbHOH o6naCTII H o<rc) 

8. CpenHnll pan11yc KOHe"lHOH op6nTbl 

'k (cM) 

9. CpenHIIH panHyC op6IITbl rrpII IIH)l{eKUIIII 

• 0 (cM): 

a). U 
u 

0,6 MB 

6) uu = 1,0 MB 
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p 

60 

d 

30 

a 

60 

8
He 

80 

0,6 0,3 0,3 0,4 

6 
Li 

90 

0,3 

1,0 0,5 0,5. 0,667 0,5 

100 

.1.10-4 

2840 2712 ,2712 2745 2712 

2669 

400 

42 

54 



10. BennqnHa ~naTTepa MarHHTHoro rronn 

11. lJaCTOTbl CB060llHblX Kone6am1ll 

a) aKcnanbHblX Oz 

6) pannanbHblX o. 
12. lJacToTa o6pameHH51 ycKop51eMblX 

qacTHU f 0 (Mru) 

13. KpaTHOCTb ycKopeHHH q 

14. lJncno nyaHT0B 

15. AMrrnnTyna ycKopmomero HarrpnJKeHn51 

Ha 0CH0BH0M nyaHTe Vg(KB) 

16. ArrepTypa nyaHT0B h (cM) 
g 

17. PaCCT051HHe· Me,Klly cocenHHMH 

op6nTaMn Ha K0HeqHoM pannyce 

~rk (cM) 

18. llnarra3oH rrnaBHoro H3MeHeHnH 

aHeprnn BbIBeneHaoro rryqKa 

'-

19. Mo111HOCTb IlHTaHHH sneKTp0MarHHTa 

(KBT) 

29. Mo111HOCTb rroTepb B B(q CHCTeMe 

(KBT) 

21. Bee MarHHTH0li: CHCTeMbl (T) 

Ta6nnua 4 

F 

4,076 

0,6 

0,674 0,9 

0,840,9 

1,104 1, 17 

2,038 2,038 

2 

2 + 2 

50 

4 .; 5 

1,2 1,2 

4 

1000 

2 X 70 

700 

2,717 

0,9 

2,038 

1,2 

OcHOBHb!e rrapaMeTpb! ycT8H0BKH M.U. ( BapnaHT 2) 

1. Y CK0pHeMb!e qaCTHUbl 

2. MaKCHM8nbH851 sHeprirn wk ( M SB) 

3. IToTeHunan nm1<eKT0p0B u,,(MB) 

a) ycKopn,enb KoKpo~Ta-YonToHa 

6) TpaHc~opMaTopHblli: ycKopnTenb 

4. 11HTeHCHBHOCTb Bb!BeneHHoro rryq

Ka no rrpoT0H8M (MKa) 

5. 3HepreTnqecKnll pa36poc BbIBe

neHHoro rryqKa ~ W /W 

p 

60 

d 

60 

0,600 0,628 

1,000 1,045 

a 

120 

0,628 

1,045 

100 

1.10-4 

34 

8 6 . 
He L1+3 

120 180 

0,618 0,628 

1,030 1,045 

6. CpenHee 3HaqeHne MaranTHoro 

rronn Ha K0HeqaoM pannyce Hk(rc) 2840 

7. CpenHee 3HaqeHne MarHHTHoro 

non51 B ueHTpanbH0li: o6nacTn H
0 
(re) • 2669 

8. CpenHnli: pannyc K0Heqaoll op-

6HTbl r: (CM) 

9. Cpenanll pannyc op6nTb1 npn 

HHJKeKunn -;u (cM) 

a) Uu 

6) u_u 
0,6 MB 

1,0 MB 

10. BennqnHa pannyca, cooTBeT-

3985 3985 3460 3985 

2861 3861 3317 3861 

400 

41,9 

54,0 

CTBy10111ero f3 = 1, r 
00 

(cM) 1171,5 1619,6' 1619,6 1413,9 1619,6 

11. BennqnHa ~naTTepa MarHHTHoro 

nonn F 

12. '-lacTOTbl CB06onHb)X KOne6aHnli: 

a) aKcnanbHblX Qz 

6) pannanbHblX o, 
13. lJacToTa o6pameHnn ycKopneMblX 

0,67 4 0,9 

0,8 .; 0,9 

1,10 4 1,17 

qacTnu fo (Mru) 

14. KpaTHOCTb yc~opeHH51 q k 

4,076 2,948 2,948 3,377 2,948 

2 

15. lJncno nyaHT0B . 

16. AMnnnTyna ycKopnromero. Hanpn

JKeHnn Ha 0CH0BH0M nyaHTe vg (KB) 

17. ArrepTypa nyaHT0Bh (cM) 
g 

18. PaCCTOHHHe MeJKny cocenHHMH 

op6nTaMn Ha K0HeqHoM pannyce&k(cM) 

1 9. llnana3oH nnaBHoro H3MeHeHnn 

saeprnn BbrneneHHoro nyqKa 

20. MomHOCTb IlHTaHH51 aneKTp0Mar

HHTa (KBT) 

21. MomHOCTb Il0Tepb B B/q CHCTeMe 

(KBT) 

22. Bee MarHHTH0ll CHCTeMbl (-T) 

35 

2 + 2 

50 

4 .; 5 

0,6 

4 

1500 

2 X 70 

1000 



3aKnroqeHHe 

P acCMOTpeHHbIH B pa6oTe cneuHanbHblH lI30XpOHHbIH UHKnOTpOH (MU) A 

no MHeHHIO aBTOpOB, onTHManbHO pernaeT OCHOBHb1e nocTaBneHHbie aanaq!I, 

CnenyeT onHaKo oTMeTHTb, qTo Ha cTaAHH paapa6oTKH aanaHirn Ha npoeKTH

poBaHHe TaK0I'O ycKopHTenH B03M0JKHO BHeCeHHe HeK0T0pbIX. H3MeH~lHHH no 

0TnerrbHbIM sneMeHTaM K0HCTpyKUHH, 

TaKHe aonpOCbI, KaK BaKyyMHaH CHCTeMa ycK0pHTenH, cneuHanbH0 

He paccM0TpeHbI, TaK KaK npenenbHbIH ypoBeHb BaKyyMa He 6yneT cymecT

BeHHO npeBbIIIIaTb 06b1qHbie Tpe60BaH1rn nnH CO0TBeTCTBYIOIIIHX ycKOpHTeneil 

( 10-6MM), PaaMepbl pannaUHOHHOH aamHTbl npnHHTbl no aHanornH c npoeKTaMn 

neilcTByromnx ycTaHoBoK/ 16, 17 /, 

flHTepaTypa 

1, Proceedings of the Summer Study Group on the Physics of the 

Emperor Tandem Van de Graaff Region Brookhaven National la

boratory, June 21 -July 16, 1965, 

2, Recent Progress in Nuclear Physics with Tandems, Heidelberg, 

Germany , July 18-21, 1966, 

3, Nelson Stein, G,E,Holland, C.A."Wll.itten, Jr, and D.A.Bromley, 

International Congerence on Nuclear Structure, September 7-13 , 

1967, Tokyo, Japan, Contribution, 8,99, 

4, B,K,BoliToBeuKHll:, M.n. KopcyHCKHil, IO,<l>,TTarn1rn, )K3T<l> 47, 1612, 

5, S,Thornton et al, 0 hys. Rev, Letters 17, (1966), 701. 

6, P,P,Singh, R. E,Segel, L.Meyer-Schutzmeister, S,S,Hanna and 

R,G.Allas, Nuclear Physics 65 (1965)· 577, 

7, M,C,lITanHpo ,. Y<l>H 92, 549 ( 1967), 

8, R,Vandenbosh, J,P,Unik and J,R.Huizenga, Physics and Chemistry 

of Fission", Vol. 1, International Atomic Energy Agencym Vienna, 

1965, 

9, C.M.TTonHKaHoB, Y<l>H 94, 43 ( 1968). 

10. B,J\\,CTpyTnHCKHil, Physics and Chemistry in Fission, vol. 1, Inter

national Atomic Energy Agency, Vienna, 1965, 
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13. M,Gordon, Nucl, Inst, 58, 2 (19~8), 
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M-n., 1964. 

15. E.A.A6paMHH1 B.B.BgqecnaBoB, B.M .KoHoaoB, TTpenenbHbJe TOKH npoTOll0B 

B ycKOpHTenbH0il Tpy6Ke c JKeCTK0H <pOKyCHpOBKOH, TTpenpl!HT MH<l>, Ho

BQCll6HpcK, 1967 ~• 

16, W.H.White, Nucl~ ·Sci., 13, A, 470 (1,966). 

17, J,A,Jungerman, Nucl, Sci,; 13, 4, 492 (1966). 
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. SlaepHble 
cmaounu3am 
pt,,: no11>1 Bo 

IIHa11oao. 
cucmeM 

1<dppeKu. 
-~ 

PeaynupyeMbte uc
mo'IHU Ku. nu.maHu. 
tropp_etrmu.pyw,u.x 

or:fMomok;. . . 

Cu.cmeMa · noau.- . 
'IBCXOU offpat50mKU 
CUcHQ{lOr/ C tiam· 
'IUX06 !:In · 

Onepamop 

K ofJupoow,uk 
. pexuMa 

rpoepaM11amap
!l'!.t.i_ ~ep_£f!f!bJ:IGE ~~1.:.J. ·· 

llpeo6pp.Jooa 111e11b 
trofJ- GHQT!Oe . .. 

,/l.am1.1u.K1..1 t<oapauHam nyYKa. 

> ; Puc . .i /5 'IIOK- CXeMa cucmeMbl . ynpa611eHU<;l . 
U, UH' /10 mpoHOM. . 
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