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HccJie,IPBaHHe 1538.HMO_nelkTBHII nytlKOB . ycxopeHHHX 'll8CTHQ C ll,!W-8Mli 

Sfl!JIR8TCR HaHOOJiee pacnpOCTIJSHeHHUM H yHH15epcaJibHHM MeTO,IPM COBpeMEH

HOA 11,nepHOA iH3HKH. B C15R3H C 8THM ycKOpHTeJibHlie ycTaHOBKH, 06ecne

'llHB8Dll\lI8 noJiyqeHHe nyqt(OB qacT~ C sapaHee sa,u,a.HHHMH H CTporo KOHT

pc>JIHpyeWMH CBORCTB8MH, Hrpa!OT HCKJI!ltrnTeJibHO Ba.miYIO, a B H8KOTOpHX 

CJIY1l8BX onpe.neJIJ!lOllO'B) po1Il, npH npoBe,neHHH SKCnepHMeHTOB no H3jltleHHIO 

.a,n;pa. 

Ha nepBHX rropax ,wIJI ycKOpeHH.ll 'llaC~ HCilOJib30BaJIHCb CT~OHap

mre SJieKTpOCTaTH'!l8CKHe IlOJI.ll BHCOKOBOJlbTHHX ycTaHOBOK. 0,nHa.KO TeXHH

Ka IlOJiyqeHH.ll BHCOKHX llOTeHUlfaJIOB orpa.HHtmB8Jla UOTOJIOK SHepri:m' B TO 

Bpel&B Kalt YCJIOBH.ll npoBe,neHH.ll SKCrrepHMeH:a IlOCTO.llHHO Tpe60B8JIH•ero 

yseJIH'lleHH.ll. 3Ha'llHTeJibHHM maroM B YBeJIH'lleHHII 8Hepr1111 ycKOp.aewx 'llBC

THQ B BJieKTpOCT8TH'll8CKHX ycKOpHTeJI.llX .llBIIJIB.Cb paspaOOTKa M8TO'A()B, oc

HOBaHHWC Ha rrepesap.a,nxe HOHOB. Ilepesapg~ TB.H,neu-reHepaTOp rrp11 

Y.IIB08HHOA BHeprHH,'ll8CfflQ o6Jia,u,aeT BHCOKOMOHOxpoMaTH'lffiIDI IljltlKOM_XO

pomero Ra'lleC_TBa. 0,nHllEO Heo6xo~MOCTb yc1mpeHH.ll OTp~8TeJibHHX HOHOB 

orpaHlf1mllaeT B03M011HOCTb BHOOpa. yc1mp.aewx ll8CTHQ H HX HHTeHCHBHOC'lb. 

TB.H,neM-reHepaTO~ 38B08B8JIH OOJibllJYK) rrorryJI.llpHOCTb 6Jiaro,napR CBOHM 

'AQCTOHHCTBflM, F:oJiee nJITH~eCJJTH pa3lIHtlHHX BapHaHTOB TaKllx ycTBHOBOK 

B H8CTO.llll\8€ BpeM.ll HCnOJib3YJlTCJI ~.ll HCCJie,noBaHH.ll .a,n;pa B paMH'llHHX 

JiaoopaTOpH.llX MHpa. TeXHH'lleCKHe ycoBepmeHCTBOBaHH.ll TaH)leM-reHepaTO

pa Il03B~JIHJIH IlOBHCHTb rrpe,neJibHj'D 8Heprnl0 rrpOTOHOB.,11;0 30 M3B,a B OJIH

xrumrae ro,DJ,I Ol!ll,Ill18TCR, 'QTO 8Ta BeJIHtmHa 6y,neT 'A()Be,neHa ,IP 00 MsB. 

Bamia.a pDJib _B pa3BHTHH YCKOpHTeJieR H ,IlllJlbHelbneM YBeJIH'lleHHH 

8H8prllll ycKc;,pemrux 'llaC'!'HQ npHH~el!HT QHKJIH'll8CIOOI MeTO'AaM, Il03BO

JIHBIIDIM B IlPHHUHrre HeorpaHHqeHHO Hapa~HBaTL 3HeprnD qacTHU. Bo3-

MOmiOCTb nonyqeHH.ll 8HeprnH nporoHOB BHme rropora po~eHH.ll HOBWC 'llaC-

O(j°!J~-:;~UhJ!J}ibl!\ ~ncrrrrrr 
flll:;)U!::lli iJCt.iWilOE:iBJd 
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TJm no CYTH C03,I(aJia npe,IUIOCllJIKll ;rJ)IJ{ HOBoro Hay,moro HanpaBJie:ima: -

lplt3mat BJieMeHTapmn: '<UlC~, B ,I(aJII,Hei!meM nOJiy-cmBmero CaMOCTOJIT8Jll,

Hoe pa3mITne. &iecTe c TeM 6y:pHoe pa3BHTne ncCJie,noBrumil: eJieMeHTap

HHX tzac~ B HeKOTopoit CTeneHR np:irrynwro 8.KTYEIJII,HOCTb RCCJie,noBaHRtt 

B o6~cTR cpe.mmx BHSPrnH, BMeJOII!HX lirumoe Hay,moe H npmtJUWioe 3Ha

'ie:ime. Psm cneIUI~ecrorx 38,I(atz smepHoil lplt3mat OCTSJICR HepemeHHUM. 

liyx,r(aIOTCJI B 8KcnepliMeHT8JII,HOM nO,I(TBepllr.rteHHH TeopeTR'iecrote MO,ne;m 

sr,npa, Heo6XO,I(BMa HOBrur ROJllll!eCTB8HHrur RH!pOpMa.mm no paccesnnm, 

peB.RllIDIM noMpnsarnm, RB8.HTOBHM xapaKTepll:CTHRBM BOS6yJQ:teHlIUX coc

TOJiilltlt smep. HHcJ,olJM8lm!I no.no6Horo po,na B col!eTamm c TeopeTHtzecRH

MR Mo.nemn.m .IIBJifl:eTCSI RJ)attlie B8.llWOi1 ;rJ)IJ{ BWICH8HHH llpll:pO,I(H smepmn: 

CHJI, COCTOHHIDI sr,npa H smepHUX npeBpamemtii. 

IIOMHMo \PYH)taMeH'l'EIJII,HUX HCCJI8,I(OBaHllli no smepHoil qliISHRe BCe 

60JI&mas.r pOJI& B pemeHHR pasJml!Horo po.na npHRJia,lUIIlX Sa,I(atz OTBO.nHTCH 

YCROPHTemm tzaCTJm cpe;iumx 8HeprHR. 

Ilpll:6Jm3RTenHo 'l'P~'l'D MT TOMY HaSa,I( 6wro HSBeCTHO Boero 

JllllllI, OROJIO tzeTupex ,It8CJITROB pa,ItlIOaK'l'HBHUX JI)tep KO~ nePHo.n:e:

'i8CROi1 CHCTeMU MeIUteJieeBa~ B HaCTOSIIIt88 BpeMH nOJiy'ieHo H HCCJie,no~

HO 6oJiee I600 pa,ItHOaKTHBHHX H30TOnOB no Bcea Ta6JJJ1IJ;e,BRJID<mJI Jier

KHe 8JieMeHTll. Ewm OTRJ)ll'l'll Tarote SlBJieHHH, 1taK llPOTOHHas.r pa,ItHOaKTHD

'HOCTL H cnOHTaHHOe AeneHHe JI)tep B H30M8pHOM COCTORHHR. EonLmaa 

sac.nyra B no~emm HOBHX HSoTonoB npHH8,lt1IeDT ycxop:irremm cpe.nimX 

8Heprmi, Ha ROTOpwc 6wro nOJiy'ieHO 60Jiee 70% BC8X HSOTono~. Cnpoc 
Ha no~eHHe H30TOllHOit npo,nyKIUIH llP0,JJ;OJmaeT 6llCTpo paC'l'H. 

C pa3BHTHeM aTOMHOi1 SHepreTHIGI 60J_II,moe 8ROHOMRtJ:eCROe 3Hatzemte 

llpll:06peTaeT H3MepeHRe H;Itepma ROHCTaHT. Heonpe,neJieHHOCTh ceqemm 

3axBaTa Hei1TpOHOB npHBO.I(ll'l' K Heonpe,neJI8HHOCTH CTOHMOCTH smepHoro 

ro!)D'iero. YcRopnTeJm cpe.mmx &HeprnH npnsBB.Hll CllI'paTb BamiyD pOJI& 

B pememm 8TOi1 npOMeMU. 

CyutecTBemwtt BMa,I( yCROpll:TeJieil cpe,zum:x 8Hepr:d'Ollll,Ita8TCSI Taroxe 
B MaT8PHSJIOBe,nemm, HCCJI8,I(OBaHH.BX no PaJ(HaullOHHO:I!: CTOfiKOCTH JI 06-
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pa6oTJte 1ra-repHMOB, p~~oHm:uy noape~eHHll, JiernpoBaHHll nonynpo

BO,ttHHROB. 

B we~He nyqKH TD8JIHX qaeTHQ cpe,ttHHx aHeprm\ Bee B 6onLmeR 

CTeneHH npHM8Hm>TCJI 'A1IJI prurneft ,D;Harm_cTHXH 3a6oJieBaHHR H TepaIIHH JIH-

60 m,nocpe,o;eTBeHHO ~I,( ye1topemnvc: HOHOB, JIH(fo nytlKaMH BTOpmmnc 

qae~. 

1faK 8TO CJie,eyeT HS MaTepllaJIOB IlOCJie,D;HHX Kpymmx COBem;amrt\ H KOH

~epe~l,HlU(8qaeTcR TeH,JJ;eH~HR X pacmHp8HHD HcnonL30BaHHR ycKOpHTenen 

n npaKTHKe. Hy:HJ CRa.BaTb, llTO IlOKB. aro ,I(eJI&eTeJI OTHOeHTeJibHO po6m, 

B coy CJIOJmBlll8I'OCJI H8AOITOHIDCaHHJl 38.A(\Q H BOS)l:>lmOeTeA B 8THX cpas

HHTeJibHO ~eKHX ppyr OT ppyra o6naeTll QeJIOB8Q8CROA A8JlTeJibHOe'ffl. 

0,nHaxo CSK ~IUtT TOI'O. QTO B K01JP8pe~ no ycxopHT8JIJIM npHHHMaKlT 

ytmC'fH8 !tpymlll8 CITel\HMHC'l'Y no 6HOJIOrHH,_ ue~He, np0MWJ18HHOeTH, 

eencmuy xosdeTBy CDlf,t{8'1'8JibCTBytlT O eTpeMJiemm yeTaHOBHTb 6oxee 

T8eHlle ROHTSltTH. 

IloCJ1e,11;HHe ro,nH B Jl'.AepHOR ~H3HR8 Bee 6oJibll!He ~eJQ:lll BOSJiaraJ'.lTCSI 

Ha npm,eHeHKe'-Tu:eJillX yexopemna HOHOB. BoapocmHe 'l'p86oBaHHJi onpe

AeJIHJIH Heo6XO,D;HY'.>eTb IDJiyt,teHHll Y:>HOxpouaTHQ:HlDC nyqKOB TDeJIUX HOHOB 

Been nepHO,D;HQeeKOA Ta6n~ 8Jle1te11roB BMOTI, l1fJ HOHOB ypaHa e 8Hep

rHeA Blilll8 KYJIOHOBCKOI'O 6apLepa • .BamloeTb TatmX HeCJ1e,1¥>BaHHft no ey

TH AMa 6Wia seaa H pamme, o,nHaxo remmecKHe Tpy~eTH He noSBo

JIHJIH meTpoHTb yeROpHTeJib TD'.emiX HO HOB e 00,I(XO,IXIDIIHMH napawe-rpaMH. 

'lbJibKO B OOCJie,nHee ,JtecnHJieTHe HaM8THJIHeb npaitTJNee:ime nyTH pemeHWI 

&TOA CJIOZHOA B T8XHHll8CROll OTifJmeHHH 38.RlllH, cpe,D;H KOTOpllX HaH6oJiee 

pacnpocTpaH8HH!ilt RBnaeTCR ll8TO~, OCHOBaHH!iR Ha 3$IleKT8 oOAHpXH. 

IlpHBJieKB.TeJILIDCTb HCCJie,1¥>Bamrll e TDeJIHMH HOHaMH COCTOHT B TOM, 

llro l,l()ml) nonyqaTb npH~nHMbHO HOB!ie ,ll8.Hlm8 'A1IJI ~YH,ZtaMeHTaJibHliX 

HeCJ1e,1¥>Bamrl. ,IJ,mrna BOJIHli TDeJIOA '!lac~. o6paTHO npono~HOHMbHM 

Macee, SHallHTeJibHO uem,me, Q8M y JI8rKO!t H, CJl8,1¥)BaTWibHO, YJIY'llll8D'l'

CJ[ yCJlOBHS HCCJI8AOBaHHJl'. 11,lq)a B 06.Jiae'!'H ~yea AeReTBHll Jl'..itepHHX 
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CHJI. Mrume CKOp0CTlf j'BeJIHTfflBaJOT CetleHHe B3alfMO,ItellcTBH.II. FoJII:,llJl!'.8 ~

ipeKT!i KYJIOHOBCROI'O B036yz.zteHHs, 6oJIHllHe BpaIJl!lTeJJbH!ie YJM8HTll, peait

~HH nepe,ItatlH H o6MeH8. HYKJIOHaMH H PJl.zt .ztpyrHX ipaKTOpoB ,Ita!OT ,tpllOJIHH

TeJibHyIO HJ$)p~IO no CTpyRType B.D;Pa H H,ItepHIDl B3aHm,Ite8CTBHJUI. B 

pe~.RX C yqacmeM TOeJIHX HOHOB rrpe,ItCT8.BJIJIIOTC.II 6orame B03MOX

HOCTll' ·~ IlOJiytieHH.11 H HCCJJe,IPBa.Hlf.11 HOB!,!X TpaHCypamsmc 8JJ8M€HTOB, 

BKJIIOtlaH TaK Ha.3lmaewe 110CTp0BKH CTa6HJibHOCTll'
11 B OOJiaCTH Z =Il4, 

!26, !64. IIonoca CTa6HJibHOCTH Ha HSOTOIImlt KpHBOlt MOXeT 61:lTb cyiqecT

BeHm pacIDHpeHa B o6JiacTb rrpoTOHHO-H36HTOtmmc S,Itep, ROTOpHe MOllIHO 

nonyqaTb TOJibRO rrpH IlOYOllllf T.ll~eJIHX HOOOB. 3TQ 03HatlaeT,tlTO KOJIHtl8CT

BO pa,ItHOaKTHBHliX HOOTOOOB BospacTeT OpHeHTHpoBOtlOO .IP rooo. 06ora

THTCJ! Bi.6op HOOTOilOB ,IWJI rrpaKTHtleCROI'O rrpm,eHeHH.11 B rrp0Mm!JI8HOOCTH 

H MS~HHe. 

MMruraHT~.11 TlleJIHX HOHOB B paSJIHtlH!ie MaTepH8.1W H oco6eHm B 

nonyrrpoBo,ItHHKH cnoco6Ha rrpH,ItaBaTb HM sapaHee ~ H xopomo 

KOHTpoJIHpyewe csoltcTBa. IIpHtl8M OKasHBaeTCJ! B03li!):zHHM M8:xamttl8CROe 

BB8,It8HH8 XHMHtl8CKH H8COBM8CTlfMHX 8JI8M8HTOB. OTO COBepmeHHO FDB8JI H 

Ma.JIO HCCJie~oBaHHaa B03MOEHOCTL coa~aHHff HOBHX MaTepHaJIOB. 

B HaCTO.fill\ee BpeMJ! IIpH8H8.HO, tlTO HCCJie,IPBa.HlfJ! C TlleJIWm HOH!WH, 

Haps,ey C ipH8Hm::>8 8JI8M8HTapHl,IX qac~. OTHOC.IITCJJ K B~eamHM Harrp8.B

JJ8HH.IIM pa8BHTHJ! COBpeMeHHOlt .11,ItepHOR ipH81UGf. 

CoBpeMeHHU8 ycm::>pHTeJib ~ H,ItepHOlt ipl!'.81!'.KH cpe,ItHHX SHeprna ,IPDeH 

o6Jia,ItaTb CJIS'AyIOII\HMH xapaxrepHCTHKaMH: SHepI'HB ycKOpemnnc qac~ 11P 

IOO MaB, 8HepreTHtl8CKH8 paa6poc rryqRa ro-3 + ro-4' 8MHTTaHC 

5-IO 111u1pa,1t. rrpH pasMepe rryqKa B cet1emrn I c,l,, peryJIH]XlBaHHe 

8H8pI'HH B mHp0RHX rrpe,!teJJaJC, HHTSHCHBHOCTb rrytlKB. !oI3 - I0!4c-I, Ha-

6op ycmp.11ewx HOHOB no MaCCa.M I <A< 235, OTWCHTeJibm He6oJII:,llJ8.J! 

C'roHMOCTb, y,1to6cTBO H rrpocTOTa yrrpaBJI8HH.II. 

Hymto CKa3aTb, tlTO HeKOTOpHe HS STHX Tpe6oBaHH8 rrpoTHBOpellHBH H 

BPJl.zt JlH B08WllHO llOCTpoHTb Tam::>8 yHHBepCMbH!i8 ycm::>pHTeJib, IlOJIHOCTblO 
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HM y,IPBJJ8TBOpJDJil!lill.B ycJIOBHRX fil!H AH YCCP onTHMa.JlbHHM ffBJlff8TCff YCKO

pHTeJJbHiilt KOMIJJJeKc, cocTOJ!lllHlt 113 HSOX]XlHHOI'O ~KJIOTpoHa H TaH,lt8M-re

Heparopa ID,JJ;XO,l!,lllllHX napaMeTpoB, XOT.B'. He HCKJIIOlleHH, ROHellHO, H .ztPYI'l!'.8 

aJibT8pHaTHBH!ie pemeHH.11. 

CospeweHIOOl HaoxpoHHH8 ~HRJIOTpoH ;ir,Jm SHeprnlt ,rp IOO MaB, nocTpOeH

mit\ C yqeTOM Tpe6oBaHH8 paS,IteJJeHH.11 op6HT BHYTpeHH8I'O ITyqKa, npH Ha

JIHtmH BHemHHX ,Ii)IlOJIHHT8JJbH!iX ycTpOllCTB aHaJIH3a H MJHOX]XlMaTHS~HH 

rryqxa o6ecnetnraaeT IlOJJJll8HH8 HHT8HCl!'.BHHX BHCOROMOHOxpouaTll'llHUX 

rryqm::>B. H'ax llpaBRJIO, Tam::>8 ycm::>pHTe.llb ceffllac CTpeM.IITCSI OCHaJIIB.Tb cne

:t.µ18JJbH!iMll ycTpoltCTB&IH Ha 6aae 31M lJP..11 6HCTp0I'O H IlJJaBHOI'O peryJIH]Xl

BaHHJ! SHepI'HH B mHpoKOM ,JtHaIJaSOHe, CHCT8M&.lli H~e~IDI nOJI.llpHSOBaHHHX 

H TJDteJII,IX HOHOB OT BHaDH8I'O HCTOllHHKa, npH6opaMH lJP..11 ,llflaI'OOCTHKH H 

KOHTpOJI.11 nyqxa. 

HooxpoHHml ~HJIOTpOH c nepecTpOllKoA MarHHTmro noJIB H tiaCTOTH 

ycKOpBlOl!l8I'O Hanpltt8HH.II npeBOCXD,11;FID npHcnoco6JieH ~ ycKopeHHJ! TU:e

JIHX HOOOB B JDHp0KOM ,llflarraacrne Mace. B aroM CJJJllae Ba.zHO, t1T06H Be

JIJNHHa cpe,JtHeI'O MaI'HHTHOI'O IIOJU:I: 6HJia BOSMJJEHO 6oJII:,lll8A. li:3-aa Heo6:xo

,ltl!'.YJCTH BB8,IteHHJ! a3HWj'T8JlbHOA sapH~H OOJU:I: cpe,11,Hee noJie B H80Xp0H

HOU ~RJIOTpOHe Beer~ 6y,1teT H8CJt0JlbJt0 mme, '118M B QHKJIOTp0H8 6es 

sapH~- Tax, HaIIpHM8p, B MaCCHll8CKOM :t.µIRJIOTp0H8 cpe,JtHee IJOJJ8 

AOCTHI'aeT 22 xrc, B TO Bpewa Ka.KB H30XpOHHOM,B JlYtlilleM cnyqae,20. 

B CBSSH C STKM llpH npotmX pSBHHX yCJIOBH.IIX KOHCTp~OHHm! napaweTp 

HOOXJXlHHOI'O ~KJJOTpOHa K ~ BR scer.zta om31:lBaeTca weHHDe. BMecTe 

C TeM OTCyTCTBHe qiasoBOI'O ,IlBHll:8HHJI B HSOX]XlHHOM peimMe Il08BOJU:l:8T 

mHpORO KCl10Jlb80BaTb KpaTmle rapmHHRH llpH ycKOpemm, llTO cyiqecTB8H

HO paa!!HpJ!8T BH6op tlaC'?Hq no MaCCaJl. 

IloCJie,JtHee BpeWI HSOX]XlmmA ~RJIOTpoH mHpOKO HCOOJib3Y8TCS ~ .IP-

ycROpeHHR TJDleJIHX HOHOB B ,IlByxCTJil8HtlaTOA CKCTeMe C npoMe:s:yTOllHOlt 

06,ItHpROA. B KalleCTBe nepsolt CTJileHH npe,IlBapHTeJJbHOI'O ycm::>peHH.11 rrpH

MeHJleTCJ! ~MOTpOH, mrneltamt ycm::>pHTem, HJIH TaH,Iteu-reHeparop. C TO'II-

5 



RH 3peH11.a: yveHbllleID!JJ IlOTepb HHT8HCl1BHOCTH rrpe,1VIOtlT8Hl1e, RaR 8TO f,y

A8T Bl1,wID 113 OOCJI8,Izy!Oll!8I'O, ,ItO.IJJEHO CiHTb OT)¥lll0 T~eM-I'eHepaTOpy. 

Ycro:>pHTeJibH!ilt ROMIIJieRc H!icTHTYTa Mepmzx HcCJie,IPBain-rlt AH YCCl' B 

COCTaBe 240-ca.HTHM8TpOBOI'O H30xp'.)HHOI'O qHRJIOTpJHa H TaHA8M-I'eHeparo

pa Ha 8HepI'HIO npoTOHOB ,IP 2) MaB BBJIJJeTCJI YffHKa.JlbH!iW coopyiiteHHeM. 

Pa3paeioTKa npoeRTa ycROp11T8JibHhlX ycTaHOBOK B!mOJIHJJJiaCb HIDm! 

HM.,[{. B. ElppewBa, a TaKIKe ,ItpyrHMH rrpoeKTH!OOf oprrum3aqrun,,H. IlapaMeT

pu ycTaHOBOK B rrpo4ecce 11X C03AaHHH H80~KpaTHO ro:>ppeKTHp0BanHCb C 

yqeTOM HOBeiimHx ,ltOCTHl11'.8ID!8 B oeinacTH ycROp11T8JibHOA T8XHHKH. liHCTHTYT 

MepHbIX HcCJie,IPBaHHA AH YOCP Ha IIpaBaX aaxaalll!xa ocYJ!iecTBlUIJI HaytIHOe 

pyxoBOACTBO npo6JieMOA C03,Ilam!H ycro:>pHTeJibHOI'O KOMMeKca B QMOM. 

KpoMe TOI'O, B IDM AH YCCP npoBO,ttHHHCb CB.MOCTOJITeJibHIIe HcCJie,ItOBaHHJI 

11 paapaeioTKa annapaTYIJil ,IJ,JIJI qiopMHpoBaHHH MaI'IDITHllX mJieA H ,ttHaI'HOCTH

KH napaMeTpOB ycro:>pHTMJJ, paapaeiaruBaJI8Cb rrporpawa qJOp.MHpoBairnJI 

MaI'IDITHOI'O IlOJI.II H aanycxa 1130Xp0HHOI'O QHRJIOTpOHa, a Taia:e HaytiaJiaCb 

rrepcrreKTHBa HCilOJib30BaHHJI YCT8.HOBOK ,IJ,JIJI ycxopeirnH TJilKeJIWC HOHOB. 

HaCTOffll!aJJ ,ttHccepT~J! BBJIJI8TCJI oCioei11!8HHeM COBOxynHOCTH 11CCJI8,ItOBa

Hm1 H HaytiHO-TeXHHtleCRHX paapaeioTOK, BllilOHHemrux ITOA PYROBOACTBOM H 

HenocpeACTBeHHOM yqacTHH aBropa B rrepHoA I966-IW6r.r. rrp11 coaAa

mm 1130Xp0HHOI'O QHKJIOTpOHa 11 ycro:>pHTeJibHOI'O ROMilJieRca H!iCTHT"JTa 

JJAepHIIX HcCJieAOBaHHA AxaAeMHH HayR Yxpa11Hcxoa CCP. 

Ihm,moa 11ao,qx,HHID1 qHRJIOTpOH, oei.na,qaJOII\H!\ YHrutaJibHW.rn napaue?

pmra H MHOI'OQeJI8BllM HruJHatleHHeM, coopyzaeTCJ! B Hamett CTpaHe Bil8pBil8. 

Ero C08,llaHHe BBJIH8TCJI xpymnm BKJiaAOM B p8.3BHTH9 M9PHOl1 (J)H3HRH 

CpeAHHX 3HeprH8. 

Thge BnepBil9 npe,!IHOll!:eHa H HCCJie,ItOBaHa B08WlKHOCTb ycROpeHHJI TJJ

llteJIW( HOHOB B CHCTeMe, COCTOffll!eA 118 T~eM-I'eHepaTOpa H H30xp'.>HHOI'O 

QHRJIOTpOHa, OciliaAaIOll!M HeROTOpmru ITpeHMYll!eCTBIU!H nepeA .ztPYI'HMH cno

COCiaMH ycmpemur THllteHilX HOHOB. 

B ,ttHccepT~H paccMaTpHBaJOTCH ABS npoeiJiew, pemeHHe ro:>TOpllX Ha-
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IlpaBII8HO Ha HaHCioJiee IlOHHOe H ajxpeRTHBHOe HCilOJib30BaHl19 ycROpHTeJib

HWC ycTa.HOBOK H5M AH YCCP: a)coaAaHHe, WA8PHH8~11JI H 3anycR lmXfXH

HOI'O qHltlIOTpOHa, BKJIIOllWI npoeineuy qiopMHpoBaHHJI MaI'HHTHOI'O IlOJIH, paa

paeioTey annapaTypll ,IJ,JIJ1 MaI'HHTHllX H3MepeH!rl\ H ,ttHaI'HOCTHRH napaJ,1eTpOB 

ycROpHTeJIJJ; Ci) H3yti9HH9 nepcneKTHBil COBMeCTHOI'O 11CilOJib30BaHHH 1130-

xpoHHOI'O qHltlIOTpOHa H T81{.IleJ,I-I'9HepaTOpa ,IJ,JIJI ycxopemm THll\'.e.mJX 110HOB 

c npHMeHeHHeM npouexyrot1HOA oei,ttHPRH· PemeHHe nepBoA npoeiJiew Cia311-

pyeTCJI Ha oeiDJHpHOM 8RCil8pl1M8HTaJibHOM MaTepnane, B TO BpeMll RaR 

npoei.neMa yciropeHHJI TJ!ll!:emDC HOIDB HCCJI8AJ9TCH I'JiaBHilM oeipa30M reopern:-

t1ecim. 

B IJEPBJ!-i rJIABE AHCCepTaQHl1 pacCMaTpHBaIOTCJI B0Ilp0Cll ,InlHaMHKH tiac-

THQ B H80Xp0HIDM QHIUIOTpoHe: ycro8mraocTb ABHlKeIDIH, pe30HaHCbl, :Paao

BOe ,ItBHll!:eHHe, aKCHaJibHaJJ HHll\'.8KQHJI, ,ItBHll!:eHHe tl8CTHQ B QeHTpaJibHOl1 06-

nacm, pa3AMeHHe opeiHT, ssnycx nyqxa, ocoeieHHOcTb ycmpeHHH noJIJJpH

aosa.HHWC H OTpHQaTeJibHliX HOHOB. MaTepHaJI STOl1 rJiaBil HBJIH8TCJI Teope

THtleCKHM oCioeill!eHHeM COBpeMemrax ,ItOCTHll!:eHHR B ST08 ociliacTH. PeayJibTa

Til oeioeill!eHHJJ npe,ItCTaBJieHli, Il0-B03MOJKHOCTH, B BHAe,y,It06HOM ,IJ,JIJI npax-

. THtl6CBOI'O npHM6H8HHJI. IlpH IlOWOTOBRe MaTep11aJIOB STOA I'JiaBhl rrpeCJie,[P

BaJiaCb uenb BOSMOZHO Oonee oO~ero 11 ueJibHOro on11caHHH npoueccou, 

paaBHBaDIIHXCJI npH ycROpeHHH H ssnycRe nyqxa B 1100,qx>HHOM QHRJIOTpOHe. 

B OTJl'.HtlH8 OT KJiaccHtlecROro QHRJIOTpOHa, B ROTOp0M qioxycnpoBRa )tOC

l'HI'ael'CSi Onaro.itapa HaJIHt!HD pa..itHaJibHOro rpa.itHeHl'a MarHHl'Horo nonH,B 

H80xp0HHOM QHKJIOTpOH8 qJORyCHpyx>IIIH8 CHJ!l,I oeipaayroTCJI 8a Ctl6T a3HMY -

TaJibHOR. ~apHaQHH IlOJIJI H CnHpaJibHOCTH ceKTOpHDR CTPYKTYPhl- ~pMa MaI'

HHTIDI'O [JOJIJI H30xp0HHOI'O qHRJIOTpOHa npno6peTaeT CJIOlKHyIO KOHpHI'ypaQHD. 

OpeiHTa tlaCTHQil B TrutOM noJie 3aM6THO OT.ll11tlaeTCJI OT xpyrosoA, TaK KaR 

B oei.nacTH XOJIWB KpHBH3Ha TpaeK'IDpHH CHJibHO OTJIHtlaE'TCJ! OT KpHBH3Hli 

TpaeKropHH B oei.nacTH ,[PHHH. 

fuaMYJlleHHJI xoJieeiaTeJibHOI'o npo4ecca aa ctieT rrep110,IJ,Ht1HOCT11 CTPYKTY

pu MaI'HHTHOI'O IlOJISi HOCHT nepHO,ttHt18CKHR xapaxrep, a cam ABHll!:eHHe 
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OTHOCHTeJibHO p8.BHOBecmR op6HTH B 0611:acTH nepHO,IlHqecKHX B03Mj11ll8ffi1'1 

MOl!eT ORa3aTbCJI pe30HaHCHHM. Pe30HB.HCH npe,IIC'l'aBJUIIOT 6oJUmyIO onac -

HOCTb H npH onpe,t1eJI8HHliX YCJIOBHBX IDf'JT noJIIDCTbIO HapymHTb ycro«~

BOCTb ,IIBltl!8HHJl'. qac~ np1t ycROpemm. 

IlapaueTpli 6eTaTpOHHb!X ROJie6aHHa SBJIJl~TCJl'. B!l%Hlill RpHT8pH8M npH 

HCCJI8)'.PBaHHH ycro'1~0CTH ,IIBHlE8HH.I! It qJOicy'CHpytollllfX CB0'1CTB YCROpHTe

·ns. A,tJI npe,I1Bap1tTeJibH08 o~eHRH MOl!HO IlOJib30BaTbCJI f'1Ill'AKHM np1t6n:ID1e

HH8M 3HaqeIOOi qacTOT 6eTaTpOHlnDC ROJie6aHHR. 0,IIHSKO TaROe npH61IHl!8HH8 

BBJIJl'.8TC.II oqeHb rpy6m,, 'l'aR KaR OHO H8 yqHTHBaeT ,Il8TMeR C'l'pyRTJI)H 

peanbHOf'O MaI'HHTHOI'O nomr. IfoJIHqecTBemnrlt 8.HaJIH3 OCIDBHBaeTCJI Ha 

npe,IICTaB1I8HHH 8RCil8pHU8HTa1IbHO H3M8peHHOf'O Il01IJl'. B BH,Ile cpypbe-pa31Io

X8HHJl'. no a311MyaJibHOMY yrny. IlpH0JIHX8HHlie aHMHTHqeCKHe Blipall:8HHJl'., 

nonyqeHHHHe TaRl!ll cnocoOou, Jl'.BJIJl'.DTca ~ocraroqHo roqHwH ~na: 

npaKTHqecKOI'O npm.reHeHHJl'.. OHH ll!HpORO HCilOJib3yIOTCJI npH qiopMlfp)BaHHlt 

MaI'HHTHOI'O no1IJl'. H30xpoHHOro QHRJIOTpOHa no pe3yJibT8T8M MaI'HHTHliX H3-

uepeHH8. lliJiee TO~e pe3yJibT8TH 1.0I'JT 6HTb IlOJIYll8Hli qffCJI8HHh!M peme

HHeM ypaBHeHHR ,IIBillll:8HW1 qac~ B lt3!.fep8HHOM MBI'HHTHOM none, npe,t1-

CT8BJIJ:IJOiql!X co6oR CHCT8MJ JIHHe~ ~pe~mlJ.IbHIIX yp8BH8HH8 /np1t 

Ma1IliX B03Mj11ll8HH.IIX/nepBOPO rropMJ(a B qiopue, y,It06ROl\ WIS npoI'paMMHpO

BaHH.11 Ha amt Ilptt HaJI~HH ,IIOCT8TOlffiO M>lllH08 am napaMeTpli 6eTaTpOH

HliX KOJie6aHHR Jiytmie onpe,IleJI.IITb pemeHHeM ypaBHemrlt ,IIBHX8HH.11, TaR RaR 

BTOT M8'1'0,Il ,qaeT JiytmIHe pe3YJibTaTbl. 

PeaJibHaa: cTpyxrypa nona:, nonyqeHHaa aa cqeT ceKTOpHHX HaICJia

,qox Ha no~ca MaI'HHTa, OTJIHtm8TCJI OT CmtyCOH,IlaJibHOli HJIH ITpJl'.1.0yrOJib

HOli H,Il8a1IH38QHH. MarHHTHOe none KaK cJJYHKnHa 83IUlyTa npH qJHKCHpO

BaHHOM P~Hyce l!ll88T CJIOXHYD cpopuy. O~HaKO C ~OCTaTOqHoR TOqHOCTbD 

3Ta cpJHKnHa uoxer OliTb OilHCaHa MeTO~OM cpypbe-pa3JIOXeHHJl'., npHqeu 

TOqHOCTb npe~cTaBneHHJl'. qJJHKnHH aaBHCHT OT qHcJia rapuom1qecKHX 

KOMIIOHeHT H MOl!:eT 6STb CROJib yro,IIHO BI,lCOR0'1. Ilpe,t1CTaBJI8HH8 !.laI'HHT

HOf'O IlOJIJI B BH,Ile cpypbe-pa3JIOX8HWI n03BOJIJl8T IlO.llytmTb ,ItOCTaTOi:mo roq-
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Hli8 H OTHOCHTeJibHO npocme· BHpal!8HHJl'., KOTOpHS HCilOJib3yIOTCJl'. wra: Ha

xo~eHHst tmCTOT 6eTaTpOHHliX KOJie6aHH8 KaR no npH6JmlKeHHliM cpOpMJJlli11, 

'l'a.K H nyTell pemeHHJl'. ypaBH8HHR ~BHEeHHJl'. qHCJI8HHID,! HHTerpHpOBaHHeM. 

B Haqa.JibHJM ,IIBHZeHHH MHOf'O n.JIOXO yqttTHBaewx Heonpe,IleJI8HHOCTel\. . 
IloBTOMJ npH ROHCTpyHpOBaHHH ycxopHT81I.II CJie,eyeT npe,eycmTpeTb MaRCH-

llaJlbHli8 B0311JlKHOCTH WIS onepaTHBHOl\ Il0,IICTp0'1KH yc:iropHTer,.11 Henocpe,t1-

CTB8HHO ITO rryqey. Th.It KaR onTHMaJibHM reoMeTpHJl'. ~eHTpa He MOl!:eT 

6STb xopomo npe,IICKa3aH8 aHaJIH~ecRH, CJie,eyeT npe,IzyCMOTp8Tb onepa

THBHJI) peryJIHpoBKY noJIOlKeHHB HCTO~Ka,ny1tepa,.t1Haqiparu. Ta.RM pery

JIHpoBRa Bal!Ha Taxxe / a oo:r.eT 6HTb, npelK,Ile Bcero /noTOMY, 'ITO B npou;ecce 

yciropeHHJI HeJib3B CROMJI8HCHpOBaTb ITOJIHOCTbIO TIJIOXOe RatieCTBO nyqKa, 

8CJIH np~HOa 8TOf'O BBJISISTC.11 Hey,t10BJieTBOpHTeJibHaJl'. YCTaJ-IOBKa HOHHOf'O 

HCTO~Ka B qeHTpe ycROpHTSJI.I!. BeJiltqffHa KOrepeHTHHX pa,IlHaJibHWC ROJie-

6aHH8, Bb13B8.HHaJl'. H8np8BHJibHOa ycTaHOBROa HCTOqHHKa, MJlKST, HanpHMep, 

,IIOCTHf'aTb Hen~npaBHW 6ommoc B~H. UeHTpa.JibHaJI 06.JiaCTb B 3H8ql{

TeJibH08 CTefi8HH C03,A8.8T onpe~~IIIH8 npe,IlllOCWIKlf WIS ITOJIYllSHHJl'. aj>

cpeKTMBBOI'O Bb!BO,Aa nyqxa. Ilpe,IlBapMTeJibHM ceJie~ qac~ nyqKa, KO

TOpble 3aB8,It(l'J6J H8 IDI'JT 6HTb BHB8,1¥3Hl1 H3 YCBDpHT8JIJl'. H IJiifBO'Af!T TOJib-

KO K aKTK:samm ROHC'l'p~ H C03,Il8HHIO Bpe,IIHOI'O qJOHa, M.'.>l!ST 6HTb 

Ta.RXe ocyiqecTBJieHa aa ClleT npaBHJibHOf'O llOCTpOSHH.II reoMeTpHH u;eH~ 

HOA 06.Jlacm. 

~a30B!i8 saxeaT MOlKHO yBeJIHtrn:Tb aa cqeT noBopc>Ta MCTOllHHKa no oT

HOmeHHIO K IJJIOCKOCffl ycROPJDJIIISf'O 3a30pa. 0.u;iroBpeMeHHO )'.PJilKeH 6HTb 

noBepHyT Ha TaR08 :se yron H nyJiep. YBeJiffqeHHe qioeycHpOBKH 3a cqeT 

ITOBOpoTa HCTOti:mfKa WIJI nepBliX o6opoTOB, I',Ile MaI'HH'l'HaJi cpoeycHpoBKa 

8618 oqeHl, Mana, SBJI.l!eTCJI qpe3Bblllal\HO. ITOJI83Hh!M. 

,IJpyrHM npHeWM, IT03BOJIJDlll\HM ,TaRlK8 YJiytmIHTb 4JOKYCHpOBKY, .l!BJIBST

CJl'. cos,t1aHHe B u;eHTpe pesxo cn~aD!llero nou B qx>pMe ROHyca. AmoJI

HHTeJibHa.11 MaI'HHTHa.11 qioeycHpOBKa 3a cqeT "KOHyCHOf'O" no.JI.I! B qeHTpe 

oein~T Tell npeHMJlll8CTBOM nepe,Il 8JI8XTpmecR08, qro He 3aBHCHT OT 
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fa3H HOHa. Pe3KO cna,Itruom;ee none B QeHTpe npHBO,ttHT K HeH36ezHOCTlf;. 

npoxolll',Ilemut peOOHaHca JJ,-, = l B HatlaJibHOA: o6JiacTH ycROpeHl!.a. O,rt-. 

Ha.KO H3-Sa OTHOCHTeJlbHO 6om,moro npHpoCTa 8HepI'Im Ha nepBIDC o6opoTax 

aroT peooHaHc 6om,mo8 onacHOCTH He npe,rtCTaBJIJieT. . 

Tamnr 06paoo1i1, qioeycHpoBey B qeHTpe ycROpwreJIS o6yCJIBBJIHBaJOT TPH 

KOMIIOHeHm: 8JleKTPHtl8Cita.ll,. B.ltlil)'llBJI nooopoT HC'rotlHHKa, MaI'IDITHaJ! 3a 

CtleT ipJlaTTepa H MaI'}ll{THa.ll sa CtleT "ROeycH0'1" qx>pMH IlOJIJI B qeHTpe. 

SneKTPHtlSCKM qioxycHpoBKa HMeeT qiaooByio 38BHCHWCTb, o6Jia.MeT TeH

,rteHqHeA: K yuem,memi10 CKBa.JIHOCTH H IIIHpoKO HCIIOJib3YeTC.ll ;tvIJI q>a30BOA: 

cenero~rn. MarHHTHIDi xoeyc yBeJIHtlHBaeT qacroTy TaK, llTO noCJie nep130..: 

ro nonyo6opoTa HatlaJibHa.ll qiasa cMem;aeTCJI B cropoey HYJIJI. 06wmo cna,It 

B o6JiacTH KOeyca COCT8.BJIJ!eT I%, a cyuuapmrlt qiaooBHR c,JtBHI' 3a IO-I2 

06oporoB paBeH 2:)0. 

B npoqecce ycxopemut H oco6eHHo npH BHnJCKe nyqKa HS BaxyywroA: 

xauep:1,1 HeHs6ell!Il1 mTepH, BeJIHtll-!Ha xoropmc onpe,rteJI.lleTc.a xat1eCTBOM 

BffYTpeHHero nytlKa ycKOpHTBJI.ll. FoJIJ,IIIHe aMnJIWryAbl HeKOrepeHTHHX ROJie-

6aHHl\ H yBSJIHtleHHe q>aOOBOI'O odbe11a nytiKa llpHBO,It.llT K 'roMJ' 'll'ro npH

pocTa SHeprHH 3a O,ttHH o6opoT ORa3HBaeTCJJ He,JJ,OCTaTOtlID WIJ1 TOI'O, 

t1T06H op6HTH 6wrn pas,rteJISH!,1 B pa,ttHaJibIDM HanpaBJieHHH. Ha O~M H 

TOM :ze pa,ttHyce wryT npHCYTCTBOBa'l'b i:rac~. COBepmmlllHe pasHOe 

tlHCJIO o6opoTOB, a CJie,JJ,OBaTeJibHO, o6na,ItBDII\He pa3JIHTlHOA: 8Heprnea. 

3ppeKTHBHOCTb BHnyc.Ka Ilyti.Ka. peSKO na,MeT. H!rreHCHBHO a.KTHBHPYJOTCJI 

ySJIH ycKOpHTeJIJI, Ila.MST KatleCTBO BHBe,rteHHOI'O nytiKa, C03,Ita8TCJI He%e- · 

JiaTeJibmrlt WIJI axcnepHMeHTa q>OH. KalleCTBO BHYTpeHHeI'O nytnta M:>ZHO 

YJIYtl!IIMTb npe,JtBapHTeJibIDA: CeJiexqHel\ B Ha'llaJibID'1 CTa,ttHH ycKOpeHHJJ ny

TSM MHOroxpaTHOI'O ,ttHajlparMHpoBaHHH, KOTOpoe B Tpe6yeirux npe,rteJiax 

orpaHIBlHBaeT cflaooBHR odbev nyi:rKa. EcTecTBeHID; i:rro Taxaa ceJieKQHJJ 

llpHBO,Izy!T K yueHl,llleHHIO HHT8HCHBHOCTH nyqxa Ha KOHS'llHOM pa,ttHyce. 

,llns noeyqe.Hl!JJ 'llSTKOI'O pa3,D;eJI8HHH op6HT Tpe6yeTCJI yBBJ!HtlHBaTb 

npHpC>CT 3H8pI'HH aa o6opoT H CBBCTH K MHHl!MYMJ cflaxropH, BJIHJml!H8 Ha 
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aHepreTHtlecKHA: pas6poc BffYTpeHHero nytiKa. SttepreTHtlecRM HeoAHQpo,rt

HOCTb IlytiKa JIBJlHeTCJI CJI8,ll;CTBHeM npoxol!r,IleHHH 'llaCTHQat.lH ycxopmom;ero 

npo11e~TKa npH paSJIHtlHWC qiasax. C sroA 'IOQKH speHHH cne,n;yeT JIH6o 

CHJibHO YMBHJ,lllHTb <flaooBHR axcenTa.HC, JIH6o HSMeHHTb 4X>PMY ycKOpHl!llle

ro HanpueHHH, Hanpm.tep, nyTeM 00,ll;MemHBaHHH TpeTbeA rapMJHHRH. C 

,D;p:YI'Oii CTOpC>Hlil, COBepmeHHO Otl8BH,IUD, 'QTO BpeMeHHble ipJlyRTYaQHH qacro

TH H &IJTJIHTYAb! YCKOpH100!6I'O HanpsmeHHH, MaI'HHTHOI'O nomi: HJIH qeHTpa 

op6HTH npHBO,lUIT R c,,mm;eHHIO paBHOB8CHOA op6wm: H,COOTB6TCTB8HHO, 

yxy,D;mall:r pa3Aenemie. 'lpe6oBBHHH Ha Bpe11eHeyD CTa6HJibHOCTb 8THX nape

MeTpoB CYJl!eCTBSHHO BOspac~aIOT npH pa6oTe ycROpHTeJIH B peimMe pas,rte

JieHHWC op6HT. 

YcxopeHHe C npocTpaHCTBSHHO paS,D;eJieHHHMH op6HTa.MH 003BOnH8T nony

tm:Tb BLICOIIDe aHepreTHi:i:ecxoe paspemeHHe BHemHero nytiKa, yBeJIHtlHBaeT 

/BnJIOTb /JP IO(JJ,/ E$lieKTHBIDCTb BHnJCKa. IlpH npoeKTHpC>BaHHH ycKOpHre

JIS: AJ!H TaRHX QeJieA CJie,D;yeT CTpeMHTbCH K YM8HblileHHIO tlHCJia o6oporoB. 

yi,eHl,llleHHIO o6iqero ypoBHH MaI'HHT9JI'O IlOJill npH COOTB8TCTByIOlll8M yBeJili

'll8HHH pa3MepoB MaI'HHTa H B03MOmlO 6om,meuy yB8JIHTl8HHIO npHpocTa 8Hep

I'HH sa o,D;HH o6opoT. 

0nTHMBJibHl,lll, C 'lO'llKH 3p:8HHH JtatlecTBa IlytiKa H BppeKTHBHOCTH BHnyc

Ka, s:BJIJIBTCH pe:mu IlOCTOHHCTBa op6HT. B BTOLI peEHMe He3aBHCliMO OT 

THna i:i:acTHqH H ee KOH8'1lIDll 3HeprnH I'80M8TPHH op6wm: ,ll,OJIEHa 6HTb 

H8H3MeHHOA. EcTSCTBeHHO, 'llTO AJ!H BlffiOJIH8HHH 8THX yCJIOBHA cpe'Affee no

Jle H ycmpDJ1qee Hanp:H118HH8 ,ll,ODH!i H3M8Hs:TbCH T8K, 'llT06u Pa.itHYCU 

oc:raBaJIHCb ITOCTORHHIDIH. 

3a. pe'AJ(HM HCK1Ill'lleHHeM YCJIOBHJl 8KCnepHM8HTa Tpe6YJOT roro, 'llTO~ 

IlytiOlt 6WI BHBe,rteH BO BH81l!HIOIO CHCTSMJ. K COllaJieHHB:l, npo6JI8lll8. BHnJCK8 

nyt11ta 'AJ1H QliKJIOTpC>HOB B o6JiacTH cpeAHHX 8HeprHA HBJIJlSTCH O'll8Hb TH

l(eJIOll, TaK Ka.K Ha ROHStlHOM pa,ttHyce ycxopeHHH op6HTH pa3,D;eJI8Hli CJia6o. 

3ro o6c'l'OS:TeJibCTBO H8HS6ell'JID npHBO,ttHT R noTepe nytiKa np!i npoXOlll',IleHHH 

CHCTeMhl BHBO,D;a. Ilo8TOMY npo6JieMa IlOBhllilSHHH acI><I>eKTHBHOCTlf BHnJCRa 
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nytrna 'A,1IJI H30:xp0HHWC QIUOIOTpOHOB IlPO'AOJUraeT oeTaBaT:beSI Oll8Hb OeTp08. 

.lvrH KaJ!i,I\OI'O OT'AeJlbHOrO yeKOpHTeJISI eHeTeMa BhlIIyeKa Tpe6yeT npoBe'ASHHSI 

,!:lO IlOJIHH TeJibID ro Tll\8-TeJibHO ro li eCJie,IPBaHH,sr. 

B Haeromqee Bpe:wr e Q8Jib!O IlOBH!ll8HlfSI ajq)eKTnBHOeTH mmyexa IJll'QRa 

llall\8 neero npH6eraIDT R pe3C>HaHeH0'1 paeRallRe ROrepeHTHWC KOJie6B.HH'1 B 

06.n:aeTH KOHellnoro pa.rtifYea, rp;e Yi-- ➔ I. IlpID.1e1meTeS1 TaJO!l'.e ldeTO.i:t 

nepe3apsmHH HOHOB. CHallaJia yeKOpJDlTcn: OTJ)HQaTCJibHble HOHH, a 3aTeY, 

IlOCJie npoxoJK,D.eHHSI eTJ)Hnnepa, MeHSleTe.a 3HaR 3apJma HOHa H, eooTDeT

CTBeHHO, 3HaK KpHBli3Hbl TJ)aeKTOpHH. 3M,eKTHBHOCTb TaROI'O BhlIIYCKa J.IO

l!eT 'AOCTHraTb IOO%, O,u;HaKO npo6.n:ew IlOJiyqeHHSI H ycxopeHlffl OTJ)HQa

TeJibHl:lX HOHOB If H8,]telltHOeTH eTpHnnepa orpaHHtlHBallT npm,euemrn D!rnO;:ta 

o6~pKOll. Ilo8TOMy llall\8 Beere npe,ItnOllTeHHe OT,D;aeTCJI peOOHaHeHOuy Bli

BO.ltY nyqKa. 

H) B'IOPOfi PJIABE OITIICUBaeTCJI HeCJie,1¥)BaHH8 MarHlfTHOrO IlOJUI yeKOpH

TeJIJI. 

MarHHTHOe OOJie HOO:xpoHHOro QHKJIOTpOHa ,IPJDmO Y.IPBJieTBOpSITb YCJIO

BliSIM ycT0'1llHBOCTH ~li%8HlfH llOHOB B TetieHHe neero npoqecca ycKopeHH.a 

li BhlIIyeKa ITyqKa 1!3 ycKOpllTeJibIDH KaMepbI. 06eenelleHlfe aKCHaJibH0'1 yc

T0'1tmBOeTlf I npomJK,D.eHHe pe30HaHCOB C OrpaHlfll8HBliM YBemtlleHHeu 8.MIIJIH-

Tyl]jl. 6eTaTpOHHHX KOJie6aHll'1, coxpatteHHe nocro.HHeTBa nepllO'A!i o6pall\e

HHJI llpH PeJIHTHBHCTCKOM YBeJilllleHlfli uaeCbt llSCTHQI\I, HeIIOJibOOBamie no

repeHTHOro B03paeTaHlfH &mJlHTY,ltbl B KO~e yeKOpeHlfH 'A,1IJI IlOBhlllleHHJI ap
cpeKTHBHOeTH m:myeKB. n ~yrne <pB.KTOpu onpep;eJUDOT EecTKHe .w,nyc:m na 

I 

TOllIDeTb MaI'HHTIDI'O IlOJI.ff BO BCeM pa6:>llelf 061,e11e yeROpllTeJIJi. 

IbJil,IIIOe lllfCJIO He3aBHCHMWC napaMeTpOB He II03DOJIJieT OeYll!eeTBllTI, 

TOtnryB> ttaeTpOlbcy Wll'IDITHOro non.a nenocpe,D;cTBeHHo no nyqey ycKOpeH

HHX qaeTHQ. Iloarouy Tpe6yeuas ROttcpHrypaQH.ff noJIJI onpep;e.n.aeTCJI pac

lleTHO, eynepn031IQHe'1 TOllHO lf3Mepemmx BIOia,!:lOB Beex o6MOTOR 8JieRTpO

MarHlfTa QHJtJIOTpOHa. 0TCIO,D;a BliTeKaIOT Tpe(X)BaHHH 1t TOllHOCTH MarHHTHWC 

lf3McpeHHll li CTa6HJI1,HOCTH TOROB B KOppeRTHpyaqHX 06MOTR8X, TaK ItaK. 
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Hrutltemme .IVIlI pas.7Il'Il1Hoft :meprmI 11acT:zn TOKR npe'AnOJiaramCJI oIITlIMaJil,

HHMK H He Tpe6ym 'AaJII,Hefimeft KOppeKUllll. 

licCJie'AOBa.Hll'.e MaI'lmTHOrO llOJUl B30xpOHHOro urutnOTpoHa SIIlJif!eTCJI 

rum60Jiee OTBeTCTBemruM n Tpy;itoeMKHM sTanOM npn sanycKe yexopnTeJUI. 

06~eM MaI'lmTHIDC R3Mepemrft Be.mm. HB.KanJmBaeTCSI 60Jil,filOe KOJ.lli1JeeTBO 

HHcpOpMaD;lm, Ka11eeTBO KOTOpott MOJKeT 6HTI, oueHeHo JIHllll, B Koaue ;a;;m
TeJIJ:,HOro nepJrIO'Aa H3Mepemtli:. 'l'IllaTeJIJ:,HaJI llO'ArOTOBKa K MaI'HllTHIIM ll3Me-

pe!D!SiM, 6UCTPO'AetteTBHe H T01JHOCTI, annapaTypll li COBepmeHCTBO Ma.TeMa
T:R116CKl!X nporpal,!M o6pa6oTKK Ha 3:B\1 BO MHoroM onpe'AeJiflJOT yeneIDHoe 

sanepmeHlfe pa6oT no cpop.mponamm MarimTHoro nOJUI nsoxpoHHoro rnuwo

TpoHa. 
,llJm H3MepeHHH MaI'HlfTHOro IlOJUI 6wra paspa60Ta.Ha li li3rOTOBJieHa 

nQJiyaBTOMaTKtleCKS.fI annapaTypa, o6Jia,IJ;aJlllaJI norpeumoeTbD nsMepemm He 

xy,xe I re H 6UCTPO'AeiteTmi:eM OKOJIO 2 C6KYH'A Ha 0.14HO li3Mepeime. llaTtJHK 

XOJIJia, nOMemerurutt B napaqnIBOBllll T8JNOCTaT /I/ C TeMIIepaTypofi 

53 ± o,or0c, neper,iemaeTM anTomTH1Jecrot no pa,I01yey c marou 24 ± 
± 0,02 MM. Macca 'AaTlJHKa C TeJ)MOeTaTOM 0,3 KI', npHB0.14 aJieKTpOMexa
HH1JeeKHtt Ha OCHOBe Mexaim3Ma ffMaJII,TRilCKOro KJ)8eTaff (o6wmo nenoJII,-

syeTc~ B KHHoKBMepax H ICHHonpoeKTopax). AsBMyTaJU,Hlitt mar nepeMeme

mm IIpRenoco6JieHM coeTa.BJIReT 4 ± 0,003 rpa,n. BpeMJl, saTpa11iIBa8MOe 

Ha PY1JHOe nepeuememre IIpRCnoco6Jiemm no MRMYTY- 30 e,BpelWl H3Mepe

mm KaPTll llOJUI, eocTos1111en 1:13 ?000 T01JeK, OKOJIO 4, 5 11acoB, XOJJJlOB

CKRtt nOTeHin!aJI mwepst11eS1 IlllTHpa3pSl,IUWM UHtppOBID/1 BOJIJ:,TMeTpOM. Koop

,JUmaTll B3Y8Pf.[6KOtt TO'llG! K BeJIHlJHHa TOKa 'AaT1JBK8. XOJIJia perncTpRpyI)T

ex Ha neppoitaPTe. 
Beer~ 6WIO RSMepeHo OKOJIO I50 KapT, 1JTO COCTaBHJIO 60Jiee MllJIJ.m:-

OHa JrISMepemmx T01JeK. ~3MepeHHH llPO'AOJJXaJmCI, npH6Jm3lITeJil,HO I6 He

'AeJll> KJ)yi'JIOeyTO'IHO /2/. 
06pa60TKa pe3VJIJ:,TaTOB MaI'HHTHI:ll lt3MepeHRtt np9Bo,u;HJiac1,·Ha 3BM 

E3CM-4·no cneunan:&Hott nporpruaae /3/. IIpe~pnTeJII,HaJI nporpaMMa 

npOB3BO,lll!T nepeBO'A XOJJJIOBeKoro llOTeHIJ;HSJia B 3Ha1JeHl!e ~ Mar-
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Hl1THOI'O noJJ1t, mxrnepey nopn~oBwc HOME'pDB 113Mf'p1tewx roqex, -rpaHcno

H11pDBaH11e MaTp~ MHHHX 113 qiytt~HH p~yca B TYH~~ aam,zyTa, 

OTHCKaHHe KOajxf,~miHTOB \l)ypbe p;Ilt ~HHOlt KapT!i nOJJlt, OOHCK "nJIOXliX" 

ToqeK 11 11x BOCCTaHOBJJeHHe HHTepno~Helt. Pe3yJibT8TOM npe,ItBapHTeJib

HOlt 06pa6oTK11 JIBJJlteTCH apXliB MHHHX B BH,lle KO3q)(pHIH!eHTOB 'Pypbe 11 HX 
I 

npoH3BO,llHHX. 

IlpH pacqeTe KOajlqlH~eHTOB \l?ypbe HCnOJib3yeTClt MeTO,ll C!mrrcoHa, 

n03BOJIHl()IJ\lilt onepHpoB8Tb C 8MITlfPHqecKHMlf ~YH~HHM!i. lfHTepnoJI~liB -

,l{BOllHaJI Tpenoqe'IHaJI no JlarpaHllCY. 

,l¼HHb!e apX11Ba HCITOJib3yIOTCH p;lS HaxoJK,D;emrn TOROB B ROppeKrupyIOllllfX 

o6MOTKax R napaMeTpoB pa.BHOBeCHOlt op61mi. ITporpa.MMa npe,eycMaTplrnaeT 

BBO,ll ~HHbIX O rrapB.MeTpax qacT~, BBO,ll ,llaHHWC 113 apXHBa, pacqeT TOKa 

OCHOBHOlt o6mTKH, 11HTepnoJI~HIO npoM9J!YTOqHIDC ypoBHelt, CI'Jial!HBaHRe, 

H8XOJK,D;eHHe H,ll8aJibHOI'O HSOxpOHOOI'O IlOJIH, HaJCOJK,D;eHHe TOROB KOppeKru

pytOll\11X o6MJTOK MeTO.IPM HaH.MeHNIIHX KB8,l!P8TOB, nepect1eT xoFXM~HeHTOB 

fypbe C yqeTOM KOppe~H, HHTeI'pHpoBaHHe ypa.BHeHHlt ,llBH!t8Hl1B MeTO,llOM 

PYJ{re-KyTTa, KOppe~IO cpe,!!Hero ITOJIH ITO pe3YJibT8TaM HHTerp11poBaH11B, 

yroqaeHHe TOKOB KOppeKTKpytOll!l{X 061.0TOK, paclleT napaME'TpoB op6HT. 

Henocpe,!!CTB8HHO M8I'HHTH!iM H3MepeHHRM npe,inecTBOBaJIH lJCTHpoBoqrrue 

pa60TU. CeKTOprrue ,HaKJia~H 6wtH ycTaHOBJiel:lbl B 3830p C OTKJIOH8Hl1eM 

OT rrapaJIJIMbHOCTH He 6oJiee 0,08 MM E OTKJIOH8Hl18M OT aepKaJibHOCTH He 

6oJieE' 0,3 w. Yrrpyraa: ,!!epopM~H 6aJIKH M8I'HIIT8 npH OOJIHOlt Harpyaxe 

He npeB!illl88T 0,48 MM. C6opKa MaI'HliTa C TaKOlt TC)qffOCTb!O y,llOBJJeTBO~ 

pa:eT YCJJOBHJDI CTa611JJbHOCTH napaMeTpoB aaaopa Mal'HHTa Ii ,zpnycKaM Ha 

nepByro rapMOHIIKY, ~aTTep, CITllpaJJbHOCTb /2,4/. 

IlpR MaI'HHTRIDC H3MepeHHJDC BCero HCCJI9,IPB8JlOCb ll8TlipH~aTb ypoB

Helt OCHOBOOI'O noM,- meCTb H3 KOTOpHX HBJJHlJTCH nycKOBliMlf. HaaHaqeHHell 

xapaKT8pHCTHKH ypoBHeil MaI'HHTHOI'O IlOJIH IlOK83aHl,l B Ta6~e ! . 8KJJa,ll 

KO~8HTplftl8CKHX 06MOTOK (Bcero HX !5) Oilpe,lleJISJICH p;IH BC8X nycROB!:DC 
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ypOBHell. TOJlbKO. ,JtJU! 3'1'.OI'_~ ITOTpeOOBaJIOCb lf3MepHTI, 90 KapT no 7000 

TO'18K B Ka:x,Itoll KapTe., 

- Ta6JJ~a I.' XapaKTep11cTHK11 H HaaHaqeHHe 11cCJie,l!YeMWC 

ypoBHelt M8I'HHTHOI'O IlOJJH: Bo - noJJe B ~eHTpe, V -TOK 

ocROBHolt o6MOTKH; U:, - rroTe~aJI ,llyaH~a; • f · - qacTOTa 

B~- reHeparopa. IIycKoBue ypoBHH - I,4,6,9,II,I1. 

N! Bo(lc) ;;J(A) 

I 
2 
3 
4 
5 
6 

5!213 28) 
. 5967 3!0 

6852 300 
7677 415 
865! 470 
9745 540 

7 !058) 
8 II59l 
9 I2ZD 

IO 132!4 
II 14298 

!2 !54.'31 
!3 16476 
14 17152 

645 
715 
770 

890 
IOfD 

I3fD 
1760 
2100 

U3(i.:B) f (Ht;) 

19 7,6ffi 

70 14,906 

!05 !8,2)6 

72 IO ,fill 

92 II,925 

(*) np.i BKJJIOtleHHO'1 ,llOJJHHHOA o6MJTK8 
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HaaHaqeHlfe 

p I'.3 MaB 

p 50 MaB 
d 26 MaB 

P 8J MaB 

d ro MaB 
P IOO MaB (*) 

d 64 MsB 
Hft3l00 MaB (*) 
d 70 MaB (*) 



Ha p1rn.I noKaaa.Ho OTKJIOHem1e e6opHoro nomJ OT 11soxpommro, a Ha 

pHe.2- COOTBeTeTBYJOlllee ell'j cpa30BOe ~HlleHHe eryeTKa np11 yeKopeHHli~-

B qeHTpaJibHOI;\ 06.JiaeTH eneI.\lfa.JibHO e03,lta8TCJI "KOttyeHaJ!" cpopva nou, 

06eene1:rnBaJOn,aJI ,IPilOJIHHTeJibHyto ipoeyeHpOBRy. 0TKJIOHeHHe IlOJIS B I.\8HTpe 

OT 1130xpoHlfOrO pru3HO 69,8 re, a cpa30BOe eME'll\eHHe - OKOJIO 10° .B paOo

qel;\ o6JJ:aeTH pa,IlHyCOB OTKJIOHeIDfe e6opHoro no.JUI OT 113oxpommro- B npe

;teJiax ! 5 re, a cpasoBoe ~HEeHHe - ! 5° .B KOHne ycKopemrn, Henoepe;t

eTBeHHO nepe,Il BmiyeRDM, cpa30B08 eMell\eHHe ,IPeTHraeT npHMH3HT8JlbHO 

30°, a i:i:aeroTa p~aJibHUX ROJie6rurnl;\- 0,9. B1:mycx nyqKa Oy,1teT oey-

11\eeTBJIKTbcK e HenOJib30BaHHeM npel,\EeeHH H pe30HaHeH08 paeRall:Rlf pa

AffaJibHl,IX KOJieC5aHH8 11ceyecTBeHHHM BBe)teHHeM nepB08 rapM>HHRH a3HMj'

TaJibH08 HOO.JtHOpo.JtHOCTH Mar'HHTHOro IlOJIK. 

B 'IPETIEA rJIABE paeeMaTpHBaDTeK BOnpoeH ,IIHarHOeTHKH B!JYTpeHHero 

H BHemHero nyqKOB UHKJIOTpOHa, a TaKlle TpeOoBaHHH, npe,lt~HB-

JIHBMhle K nyqKy YCKOpeHHHX qacTHU. ,llJIH H3MepeHHH napaMeTpOB 

BHyTpeHHero nyqKa paspa6oTaH yttHBe_peaJibHH8 MHOrOJiaMeJibHH8 npo6HHK. 

lfaerom KorepeHTHHX KOJie6aHl18 H3MepmoTeS TpeMK npoC5mnraMH. &mlil1TY

,tta HeKOrepeHTHWC KOJie6aHHI;\ onpe,IleJISeTCH ~YWI npo6HHK8MH MeTO,IPM 

saTeHemur. lfaeTOTa HemrepeHTH!iX KOJieC5aHH8 11SMep11eTca ~peH -

I.\HaJibH!ill npoC5HHKOM. HSMepHTeJibHM armapaTypa H ynpa.BJieHHe npo6HHKa

MH aB'roMaTH3HpOBaH!i. <Pa30Blie xapaxTepHe'l'HKH nyqxa H3MepmoTe.& mrnan-

8JI8KTpo,ltaMH H M8TO)t0M paeeTpOl;\KH I.\lfKJIOTpoHa no MarHHTROMY IlOJI!) HJIH 

qaeroTe yeKOpKlOlllero Hanp.&lKBHHS. 

lJ1Ia ,I1HarHOeT11.K11 napaMeTpOB BHell!Hero nyqKa paspa6oTaHO 8JieKTpOMe

xaH1-11:J:emroe cKaHHpyIOll\ee yerpo8eTBO /5/. Ma.!ITHHK e 308AHpyIOll\lfMH 

BJieKTP::,.IlalJH coBepmaeT ROJieC5aHHa nonepex HanpaBJieHHa nyqxa e qaero

TOI;\ HeeROJibRO Pl,\. I!oJIOlleHHe MMTHHKa B npoCTpaHCTBe erporo COOT

BeTeTByeT I'OpH30HTaJibHOMj' IlOJIOlleHHRl Jiyqa OCI.\HJIJlOrpai>a, 6JJ:aro)tap$1 

BlieOKOllaeroTHOMY CHHXpoHH3aTOpy. CKaHHpyxlll\ee yeTpo8CTBO HenOJib3yeT

C$1 WJH onpe,Ile.JieHHS cpopMb! H IlOJIOlKeHH.a: nyqxa B TpaRTe pa3BO,IIKH, a 
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TaKll(8 ,IVIH H3MepeHHS{ 8MlfTTB.HCa M8TO'AOM paCCTIX>AKlL CHHI'Jle'IOB cfloeycH

pyIOII\HX .mrna. Bc:ero 'J:'.a.KHX CKB.HepoB ycTa.HOBJiem B Tpa.KTe pa3BO,Itl{lf 

nytrna OKOJIO 30. 

Krurn6poBKa BeJIHtruHhl ycKOpHIO!ll8I'O HanpmieHHH npoH3BO,ll;IUiaCb npH no

MOIJlH cneqH8JlbHO paapa6oTaHHOI'O nHKOBOI'O H3MepHTe.iibHOI'O 'ABTBKTOpa H 

q11qJpoB11x BOJibTME'.FflOB B H3MepHTeJibHOA 11 K8JIH6poBo'IIHOI\ uenS1x. Ilorpem-
. . .. -· : ... ; ._. ," . 

HOCTb K8Jl116poBKH, He ,npemmiaeT.' 5%. 
3anycK OCYll\8~TBJIMCH npH ycKopeHHH npoTOHpB ,1(0 3Hepnrn 50 MaB. 

Ha pHC.3 !10Ka3aHa 3aBHCHMOCTb TOKa nytma B qiy~11 p!Wfyca; ITOJiytl8H

HM npH nepBOM aanycKe ycKOpHTeJIJI. 

IloCJie ITOJiyt18HHH nytma Ha Ha'll8.JlbHhlX p~cax H ITO'ACTIX>l1KH noJioxe

HHH nynepa 6Wia H3MepeHa p~aJibHaH 38BHCHJ.OCTb BeJIHtlHHH TOKa 6ea 

ITO'ACTpoAKH MaI'HHTHOI'O noJIJI H ycKOpllIO!J\8'1 CHCTeM!l. BHyTpeHHJIJI ce.rreK

qHH nyqKa He HCITOJib30BaJiaCb. IhJiyqeHH!le pe3YJibTaT!l cim.~eTeJibCTByIOT 

0 TOM, tlTO c6opme MaI'HHTHOe noJie y;pBJieTBOplleT YCJIOBHHM H30xpoHH3-

Ma B npoqecce YCKOp8HHH. J1aMeHeHHe ycKOpliIO!J\8I'O HanpHE8HHH npHClJIHSH

TeJibHO Ha IO% K CYll\8CTB8HH!lM H3MeHeHH.sM p~aJibHOA SaBHCHMJCTH TOKa 

He npHBeJIO. 

B GE'IBEP'IOfi rJIABE 'A88TCH 06111ee OnHCaHHe' ycROpHTeJIJI, peDM:>B ero 

pa6om, T8XHH1WCKHX Ii 4JH3Htl8CKHX xar,aKTepHCTHR, pa6oT no MJ'A8PHH3a

QHl1 napaMeTpoB /6,7,8/. 

240- ca.HT11MeTpo'Bm\ HOOxpoHHhlA qHRJIOTpoH HIIcTHTYTa .S{'AepHWC HCCJie

'AOBaHHR AH YCCP mmseTcH MHoroqeJieBol\ ycTB.HOBROI\. Ilapm1eTp11 qHKJIOTpo

Ha 'A0Jl3H!i[ HaH6oJiee ITOJIHO y,ItOBJI8TBOpllTb YCJIOBHHM npoB8'A8HH.li HCCJI8'AO

BBHHA B o6Jiacm S{'AepHOA 4JH3HKH cpe'AH!fX 8HeprHA; 

Ha6op o6opy'AOBB.HHH H paSJIHtlHhlX npHcnoco6JieHHA Il03BOJI.li8T OCYll\8CT

BHTb O,ItHH H3 Tp8X OCHOBHhlX pel!G!mB pa6om ycKOpHTeJI.li: cneKTIX>M8TpH

qecKHA, HeATpoHHO~MIJYJibCHhlA H J:lOYCKOpeHHH TIDle.mDC HOHOB noCJie TaH

'A8M-I'8H8paTOpa. ~ H3 8THX pexm.OB Tpe6yeT YCT8HOBKH B BaeyyM

HyIO KaMepy ycKOpHTeJlli cneqHqiHt1ecKOro ~.11 ,qa,HHoro pel!G!Ma pa6om o6o-
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PY'AOBa.HHJi. Ibarouy HSMeHeIIBe peimva pac5orn CBJisaHO co· SHatmTeJI1>H08 

saTPaT0'1 BpeMeRH, Tell c5o.nee, 'IITO 'Ae:r.oHTHpyewe oc5opy'AOBa.HHe 6y'AeT 

o6JI~aTb 'A()CTaTO'IIHO Bb1COK0'1 rutTHBHOCTbll. 

YcJIOJIIHeHHe ycKOplfTeJIH np01fCXO,D;IfJIO nocTeneHHO, no Mepe B03HlfKHOBe

HHH HOBHX lf'A8'1, a KOHCTP~lfJi Baeyywtoa KaM8pb1 OCTa.naci, npel!IHea, 

noarouy pasMeCTHTb oc5opy'AOBrurne, npHHSWiexaiqee BCeM pemn.iaM pac5orn, 

OKa3aJIOCb B TaKlfX YCJIOBHHX HeBOSMOlKH!iM. B 'AMbHelbneM, eCJilf IIIHp0KaJi 

YHliBepca.nbHOCTb ycKOplfT8JIH OnpaB'AaeTCH, IlO-Blf,D;IfM'.>MY' CJie'AYeT npoeK

rnp<>BaTb Cil~lfaJibHylO mmepy I Hac5op oc5opy'A()Bamffl B KOTOpoA MOJIIHO c5y

,IteT lf3MEHJiTb c5es paa6opKH. TaKHM oc5paaoM, moc5oa HS npe'AJl()Jiaraeuux 

pexm.oB pal5oTJi :r.oxeT c5b1Tl, BBe,IteH nyTeM MOHTallta COOTBeTCTByKllllero oc5o

PY'A0Ba.HHH BaxyyMH08 Kauepu ycKOpHTeJIH. OcHOBH!le napaMFTpli ycKopHTe

JIJi np,me~eHH B Tal5.nlll\e 2. 

B cneKTp0MeTpHt1ec1t0M pemwe, oc5ecnet1HBaIOJqeM noJiy'lleIIBe BliBe'Aemro

ro nytma BHCOKOro Kat1ecTBa, ycKopeHHe 0CyJll8CTBJIJieTCH C OOCTOHHH08 

reoMeTIJlfe8 opc5HTH. Ilplf H3MeHeHlrn 8Heprnlf If COOTB8TCTBytll!\ero MarHHT

HOro DOM aMilJilfTj',Ita yc1t0pmoiqero HanpneHlfH MeHSeTCH TaK, 'IITO KOJilf

'lleCTBO oc5opoTOB .tl,l1Ji ,ltOCTlfllteHlfJi KOHe'IIH08 8HeprHH OCTBeTCH H81f3MeHJmM. 

Pa3'AeJieHHe opc5HT If y.nytmieHHe xat1ecTBa BHBe~emroro nyqKa 'AOCTlfraeTCH 

3a C'lleT BHYTpeHHeft cene~lf If y.nytm1eHHH CTac5KJibll)CTlf TOKa B oc5MOT

Kax, qiopwpyiolqlfx warHHTHOe noJie. 3Heprnli npoTOHOB 00 MaB If ,1teffTp0-

HOD 00 MaB ,ltOCTlfraeTCH c5es IlplfM8H8HlfH ,Q'.)JIHHHOff Oc5WTKlf I 'IITO C~CT

BeHHO noBmnaeT Kat1ecTBO CTPYKTYPH uarHHTHOro nou If 06ecnet1HBaeT oo

.nyqeHlfe MlfHHMMbHblX aMIIJIKTY'A c5eTaTpOHHHX KOJiec5rumA, BJIIUDm\lfX Ha xa

qecTBo BnyTpeHHero nytma ycKOplfTeJIH. 

ThKOBblff Ka.HBJI If MarHlfTHliR 8KpaH ClfCTeMH BW'IYCK8 nyqxa lfM€IOT 

KOMil8HC~lO BJilfHHHJi 8TlfX 8JieMf'HTOB BHBO,Ita Ha BOSyYllleHlfe tiac~, Ha

X0,1\ffll\lfXCH Ha OOCJie'AHlfX opc5HTax. Ilo.noxeHHe ~afiJieKTOpa, MllPHHTmro xa

Ha.na If MarRHTmro 8KpaH8 ,ltHCTaH~lfOHHO pery;mpyeTCH lIIIH OilTlfMlf~lf 

conp.rrllt8HlfS: C TpBeKTOplfeff BblBO,D;IfMUX lf3 ycKOplfTeJIH lW.CTllL\, B CJiyqae 
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Th6Jim~a 2. OcHOBHHe napB.YeTIJH qlfKlIOTpoHa 

~lf3lf'll8CKlf0 

3Heprm1 (MaB): 
. P I0-100 

cl ::D-70 
He3 ::D-100 

'IlureJI!ie 1roHH 140 ZP/,4 
JfHTeHCHBIIDCTb (um\) 00/20 
3J.mTTaHC (l!l.l.upa,ll) ::D/20 
3Hepre'l'1ft1eclllitt pasc5poc (%) 
0,2/0,0l 

§ReueHHM CTJJYRTYPa: 
'r (He) 2-IO 
:f (tu'q) ?-22 
F (~) 25-300 
T (uc) 0,5-32 

Jiel1TJX>mrn:A cneKTJXlMeTJ?: 
't (uc) 2 
F ( RI'Q) 1-IOO 

Basa (M) 100 
norox ii <c-1 ) 1014 

Jyewr nepecTpoflKH /v.ac) : 
peXiHWD -.IVllfTeJibHaSI 
BHeprna, v.acTllL\a 3,0 
nepeBo~ ny,ma 1,0 
8xcnepmseHTBJil,Hli8 noueseHHH: 
IIJIOll{~b (u2) l::DO 
truCJIO 6 
IJYtlKlf I5 

TeXHH'IICCitHe 

Ma.rH11T: 
,D;IfaMeTP (cu) 240 
KOHet1HIDl pa.!lHyca {cu) 103 
sasop (w) fi37/Z37 
cnupanbHOCTb (rpM) 45 
Baplflllzy!H 0,45/0,39 
KOHLt8HTPlft18CKHe oc5MOTitlf 15 
rap1.«>HlftzecK1fe -n- 3 x 3 
I!OJllIIDCTb (RBT) 1';00 . 
cTac5HJibHOCTb TOKa (%) O,OI-0,002 
BtI-cHcTe1.m: 
anepTypa .eyaHTa (cu) 5 
MO~CTb (Jtl3T) 450 

a:l-125 
2·10-8 

OOT8HqlfaJI 'AY8HT8 (Jd:l) 

CT861fJibHOCTb qacTOTli 
cTaCfaJibHOCTb nanpmxeHMH (%) 0,1 
C!fcTeua mmycxa: 
'AeflJieRTOp 30°,00 KB 
TOltODW ICaHaJI 3fP ,::DO re/CM 
l.farHlfTHbill 8Kp8H 25 CM, 300 re/CM 
uoppeitTHpYJO!lllfl\ uarHHT 65 cM,300rc/cu 
C11creua T!)aHcnoDTHP9Dirlf: 
IlOBOp0THli8 uarHHTH 
ROMUJ'TlipYUJ\lfe MarHHTH 
1m~ynoJIH 
anepTypa uo110npono.i:ta 

14 
8 

49 
15/a:) 

· 3,¥-HHe: 
IlJIO~ (r.f) la:)00 
odbe11 CJ3) 120000 
3allllfTa (u) 4,5 
yCT8HOBJI8HHaJi rJOlqHOCTb (Jtl3T) ::D000 
DO'AOOl5op0T (..i3 /v.ac) l::DO 
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H3!.LeHemrn 8Heprirn ycKOpS:eMUX llaCTHI\ pemD1 llOCTOHHCTBa I'OOJ.!eTp,m op-

611T He Tpe6yeT H3MeHeH11S: IlOJIOXeHl1S: 8JieMeHTOB Bh!BO,D;a. IbTpe6yeTCS: ·'· 

Jllfillb HeKOropas: HX KOppeRI.\HS: ,[l1IJI llOJiytleHl1S: OnTHMaJibHHX YCJIOBIDi BliBO

p;a. 

Hat1aJibHIDI yt1acrox HOHOnp<>BO,D;a CHCTeW TpaHcnopTlfp;>BRH nytl:Ka HMeeT 

anepTypy ID cu, a noCJie aHamf3aropa Ha npHM'.)JIHHettmM yt1aCTKe anepTY

pa HOIDnp<)BO,D;a yYeHl,lllaeTCH p,o !5 CY. UicTeMa pa3BO,D;KH "KOpH,1¥lpHOI'O" 

TH!la CTaH,D;apTH3Hpy8T napaweTpH nyqxa B pa3JIHtlHHX axcnepHMeHTaJibHWC 

llOMe111emunc. 3ro ll03BOJIHeT OTKaBaTbCJI OT H006XO,D;Hll)CTli Cll8qHaJIH3HpO

BaTb noue111eHHS: ,[l1IJI KOHKp8THl:lX 8KCll8pHM8HTOB. 

UicTeMa pa3BO,D;KH ll03BOJIH8T Ha!lpaBHTb npe,D;BapHTeJibHO np<)aHSJlH3H

poBa.i-nnrlt C paapemeHHeM 2, IQ-4 llytl:OK R Jill6oA H3 !6 MHllleHeA. Kpoue TO

ro, llOBO!X)T llytl:Ka H3 KOpH,IPpa B H3llepHTeJibHOe ll0M81!18HH8 npoH3BO'AlfT

CH C KOMneHCaQHett 'AHCll8pCHH H8MOHOxpoMaTHtlHOCTI{. Ee3'AlfCll8pCHOHHliA 

llOBOp;>T nyqxa ocyiqecTBJIS:eTC.11 CHCTe!l)tt, COCTOffllleA HS MaI'HHTa (45°), 

JIHH311 H e111e O,ttHOro MaI'HHTa (45°). B TpaKT8 HCIIOJibByeTCH CHCTeYa pe

I'YJIHpoBaHH.11 yrJia pacceHHHH ti:ac~ B npe,D;eJiax +ff:P 6es HSMeHeHH.1! HX 

HanpaBJieH11.I!. 

B HettTp;>HHo-mmyJibCHOM peiruMe pa6o'IH ll!X)TOH11 ycKOps:DTC.11 }JP 8Hep

I'HH IOO MaB. /J;I.11 o6ecnetleHH.I! Heo6xo,D;Hmtt qx:,eycHpOBKH npH TaKHX 

8HeprlifflX BRJIJ)tlaJOTCS: }J,QJIHHH!ie OC>WTKH, KOTOplie YBeJIHti:HBaJ)T B.MllJIHTY,ll;Y 

OCHOBHOA rapMOHHKH p,o Tpe6yeMOtt BeJIHti:HHbl. BeyTpeHHHtt p;E$Jexrop qx:>p-

MHpyeT HMeyJlbC, cocro~ H3 crycTKOB 25-IOO op6HT. SliTGM 8TH 

Cf'YCTKH OTKJIOHJDOTC.11 B aKCHaJibHOM Hanpa.BJieHHH BHemHHM p;E$JeK'l'OpoM, 

xoropHA nepeKp!iBaeT pa'AlfaJibHYK) npoTDeHIDCTb OT 86 p,o IOO cM, H 

nona,aa11T B OXJiaJr,D;aeMYiJ BO,D;OA 'IOJICTYJO MH1118Hb, reHepHpymjyll m.myJn,c

HHlt llO'IOK HettTp;>HOB C HHTeHCHBHOCTb!O 3 !O!S C-l. 11poTDeHHOCTh 

HMIJYJibCa paBHa 2 HC npH qac'l'OTe llOCWIOK I-100 Kru. Ilyti:aK HettTp;>HOB 

HanpaBJI.lleTCS: B TpH Hel\Tp;>HOnp<)BO,D;a, OTKatnmaeMIIX }J,o qx:>pBaeyywroro 

,D;a.BJI8HH.II PJIS: yYeHl,1118HHJl'. llOTepb llpH npoxoll,D;eHHH HefiTp;>HOB. HeATp;>HO-
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BO~H pa3Mellj8.IOTC.II B cneqHaJibHOA I'aJiepee C Tp8M.I! H3MepHT8JlbHliMli 

lla.BHJlbOHaMH, KOTOpaH CJiym!T O,ttHOBpeMeHHO I10Me111eHHeM PJI.1! npoBO,D;KH TS:

lleJIIDC HOHOB OT TaH,D;eM-reHeparopa K qHKJIOT!X)HY no cxeMe "TAI.UIT". 

PellHM ycKOpeHHS: T.l!lleJIHX HOHOB nop;po6HO o6cyJ;,D;aeTC.I! B Mrott rJiaBe. 

Cxeua HHlleRI.\HH TDeJIHX HOHOB, pa~e111eH11.I! ~HKJIOTpOHa, TaH,D;eM-reHe

paropa H npoJieTHWC 6aa HeATpoHHoro cneKTpOMeTpa noxaaaHa Ha pwc.5. 

B rur:ro~ rJIABE paccMaTpHBaeTCH nepcrreKTHBHaH B03MOJKHOCTh ycxopeH11.I! 

T.l!l!eJil,IX HOHOB Ha ycTaHOBKax .IDrn AH YCCP '. 

c.nollHOCTb ycKOpeHHS: T.l!ll€JU.,IX HOHOB COCTOHT B TOM, tl'ro HX Y'AeJibHhlA 

aapH,D; HeBeJIHK. Cepbe3HYK) npo<meizy npe,D;CTaJ3JI.l!eT 003,D;aHHe ajxfleKTHBHO 

pa6oT8IOil\ero HCTO.llHHKa MHOrosapn,ttHIIX HOHOB, Tax xax cetleHHe HOHOo6-

pasoBaHH.I! rrpH MHOrOKp8.THOA HOHli3aQHH, B CHJIY CTYIIeHlla'l'OCTH npo[(ecca, 

lla,D;a€T B 5-?.pas Ha K!Ui,Ily!O e,D;H~Y saps:~. B CBH3H C TeM, ti:ro qac

T~a_c HH3KHM yp;eJibHWI 3apH}J,oM Ha e,D;H~ PJIHHl1 JIHH€l\HOI'O YCKOpHTe

JIS: HJIH O,D;HH nepHO,D; qHKJIHqecROro ycxopHTeJIH, llpHOClpeTaeT M€Hl,lllyIO 

8HeprHIO, pa3Mep!l ycxOpHTeJIS: B03paCTaIOT nponOp!.IJ.lOHaJibHO OTHOmeHHIO 

11h co Bcew BHTeKaIOIIIHMH nocne,11;cTBHJ11,rn. 

IbCJie,D;Hee BpeMJI mHp;>KOe npHMeHeHHe HaxO'AIJT ycxopHT8JIH T.l!ll€JU.,IX 

HOHOB C HCllOJib30BaHHeM 06,D;HpKH ITOCJie rrpe,D;BapHTeJibHOI'O ycKOpeHH.1!, KO

TOpa.1! ll03BOJI.118T CYlll€CTBeHHO YBeJIHtl:HTb, yp;eJibHIDI 3aps:,D; ycKOr-HeMl.lX HO HOB. 

TaKaH CHCTeMa o6Htl:HO KOMClHHHpyeTC.I! H8 ,D;Byx ycKOpHTeJiel\. 

YcKOpHTeJibHliA ROMIJJieKc .IDrn AH YCCP, cocTo~n H3 H30xpoHHOro 

~HKJIOTpOHa H TaH,D;eM-I'eHepaTOpa, C ycrreXOM MOJKeT 6!lTb HCnoJib30BaH 

,[l1IJI pa3Jlumrux pellHMOB ycKOpeHHS: THlleJIHX HOHOB. TuJKeJII,Ie HOHLI ISJI'YT 

ClHTh ycKOpeHLI Ka.R Ha TaH,D;eM-I'eHepaTOpe, True H Ha H30Xp0HHOM [\HKJIO

TpoHe' HO .. HaH6oJiee rrepcneKTHBHOA .IIBJI.lleTC.I! CHCTeMa COBM€CTHOI'O HC

IT0Jlb30BaHH.I! o6oHX ycKOpHTeJieA C llpOMeJ!YTOqHott 06,D;HpKOl\ /9/. 

afxpeKT 06,D;HpKH 3aKJilltlaeTC.I! B TOM, tl:TO THll8JlaJi tlaCT~a npH npo

XOll,D;eHHH tlepe3 B81118CTBO, e111e ,IP IlOJIHOl\ noTepH CKO!X)CTH, HatnrnaeT 
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P1rn.5. CXeMa HHXelil.\IDI TlleJWX HOHOB: I - 3,IIB.Hlfe QHKJIOTpoHa, 

2 - ltlfKJIOTpoH, 3 - l,IH!OxpoMaTOp, .1 - crreKTpoMeTp, 5 - 110BOp0THaH 

,ItBepb, 6 - HebpoHOrrpoBO'A, 7 - mrnaa TPSltTa TD'.emDC lfOHOB, 8 -
3,IIB.Htte TaH,I\eMa, 9 - TaH,I\eM, IO - rrpoJieTH!ale 6aau HellTpoHHOI'O 

cneKTpoMeTPa, II - HarrpaBJieHHe Hehi:oHHoro rrytrna, 12 - HarrpaB

JieHHe rrytlRa TSD!eJWX HOHOB, 13 - 8.H8.JHl38.TOp, 14 - KOirnyTHPYJllllHII 

MaI'HlfT, !5 - 110BOpoT~ MaI'HlfT 
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paBHOBeCHO lf3ME'HHTb CBOe 3apH.1¥)BOe COCTOHHlfe. Ilp11t1eM, B TOM CJiyt1ae, 

ecnH CKOpoCTb lfOHa Bhlllle CKOpoCTH ,IIB.HHOf'O op6HTaJibHOI'O 3JieKTpoHa, 

B npoqecce paBHOBecHOro H3MeHeHHH aapH,!Vi 6oJiee Bepo.e:THa era rroTepn. 

A ecnH 3Ta CKOpoCTb mme, TO 6oJiee ne:i;_x>HTeH 3axBaT 3JieKTpoHa H3 

BHemHell cpe~. Ta.mrM o6pa30M 1 3apH'A 1mHa, rrpoxowmiero t1epea mo6yio cpe

;zy, 6y'AeT lf3MeHHTbCH B qlyHlil.\lflf CKOp0CTlf lfJilf BHeprHH HOHa B ,IIB.HHOM 

Be111ecTBe. OKCI18plf:U:8HTaJibHO orrpe'AeJieHO, tlTO ,IVIH ycTaHOBJieHHSI CTa

TlfCTlftl8CKOrO paBHOB8ClfSI ,1¥)CTaTOtmO ro17 aTOwB/c✓ mo6oro B81118CTBa. 

BeJIHtlIDia ajicpeKTHBHOI'O' mrn6oJiee B8p0SITHOro' aap~a ,IVISI ,IIB.HHOll BHep

I'lflf 6y'AeT 3aBlfC8Tb OT 11JIOTHOCTlf D8Iq8CTBa, I1pHtl8M B 6oJiee ITJIOTHOll 

cpe~e aqiqieKTHBHliA sap~ pacTeT. TaR,. ttanpHMep, 06A!fpKa B rasonoll 

Wllll8Hlf npH orrpe'AeJieHHWC YCllOBHSIX Wl!:8T 6UTb B ,ItBa pa3a M8Hee BptpeK

TlfBHOll, tleM B TBep'Aoll. 

Ilpoqeccu o6pa30BaHlfH p8BHOBecHWC COCTOSIHJIJ!l OtleHb CJI0:7JIHhl If 1108'1'0-

MY aHaJilfTlftl8CKOMJ OIDfCaHHIO He 110Ma!OTCSI. }J/JH HaXOl!!,IleHHSI BeJilftlHHH 

Bp(p8KTlfBHOI'O 3apH,llp. If 4lYH!il.\lflf 3apSl,l¥)BOI'O pacnpe'AeJieHlfJi HCI10Jib3J€TCSI 

110JIJBMI11fplfqecKHll Me'ro'A .U,.HTplfeDa-IfuKOJiaeBa. 

IloTepH BHeprHlf HOHa B CTpHimepe 06Ut1HO He 6oJie€ HeCKOJibKlfX 'A8-

CHTKOB l{aB, a JBeJilfqeHHe BHepreTHt1ecxoro paa6poca Jiell!lfT B rrpe'AeJiax 

/2-8/ % OT eroil BeJIHtlHHll. YrJionoe paccesnrne HOHOB ypaHa n CJiyqae 

yrJiepoAHOlt Mlflll8Hlf He npeBNmaeT 0,02 PB.'A· 0TH OQ8HQqHHe B8JilftlHHU 

CBH'A8T8JibCTByIOT O TOM, qro BHepreTHqecKlfe xaprutTepHCTlfKH rrytlK8 npH 

npoxol!!,Ilemm 06,ItHpalOlllell qJOJibI'H rrpaRTlftleCKlf He JXY,lijllaIOTCH. 0'AttaJ«> cJie

;zyeT OTM8TlfTb, tlTO yroJI pacceHHHSI LIOJteT HMeTb AOCTaTOtmO 6oJibmyIO 

BeJIHtlHHJ rrpH He6oJibllJHX BHepI'HSIX OTHOCHTeJibHO JieI'KlfX HOHOB. 

06A!fpaIOiqlf8 W!llleHH (CTPHrmepu) H3 TB8p.1¥)ro BeiqecTBa (qioJibI'H) 

110,ll,B8pl!:8HH 6UCTp0MJ paapymeHHD. B BTOM OTHOmemm npe'A[10tlTHT8JibHH 

raSOBUe CTpHI1118IH, KOTOpue HM8IOT HeOI'paHHtleHHID\ cpoK C71YJK6U. 0'AttaR'O 

raaonul\ CTpHrmep HMeeT CYll!8CTBeHHO 6oJiee Hlf3KyIO ajqleRTHBHOCTb. 

~OJibI'a B OCHOBHOM paspymaeTCJI 3a cqeT Bll6HBS.HHH aTOMJB qacTlfQaMH 
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nyti:Ka. CpoK CJIJ')IClll qJOJibrH P,O TTOJIHOro pa3pymemur 06WlHO He npeBWllaeT 

IO-I5 qacoB, rroaroMY CJie,eyeT npe,eycwTpeTb ee onepaTHBtty!O 3aMetty. 

,!J;u;e npH lJ.OCTaTOtlHO BblCOKOM BrucyyMe nJIOTHOCTb M'.)JieeyJI OCTaTOqHo

I'O I'a3a B BaKJYMHOi\ CHCTeMe npop,omimeT OCTaBaTbCJI lJ.OCTaTOtlHO 6oJib

mol\. B TaKliX YCJIOBllHX Bcerp,a HMeeTCll BepoHTHOCTb CTOJIKHOBeHHH YCKO

pHeMoro HOHa C WJieKJJI8.Ml1 OCT&TOtlHOI'O ra3a. TipH 8TOM 38pHlJ.HOCTb HOHa 

H3M8HH8TCH H, ecTecTBeHHO, TaRaH t1acTima BhlelblBaeT li3 npo~ecca ycKO

peH11H, TaK KaK WIH Hee He BlillOJIHHJOTCJI pe30HaHCHhle JCJIOBHH B ~mum

qecKOM ycKOpHTeJie HJIH HapymaBlTCH OTTTl1tl8CKlie CBOAcTBa TpaKTa npoBOP,

KH nyqK&. 

B CHJIY TOI'O' tlTO MHOI'03apHlJ,Hbll\ HOH HBJIHeTCH o6pasoBaHlieM BecbMa 

Heycroi\t111BUM, 11.JIH HapymeHl1H ero cocromrnH lJ.OCT&TOtlHO OlJ,HOKp&THOI'O 

C'IUJIKHOBeHliH, a noTepH liHTeHCHBHOCTli aa CtleT OCT&'IOtlHOI'O rasa 6yp,yT 

npono~liOHaJibHli e.x;,r-10/,,'•P · -Z-_,,/ , rp,e P - p,aBJieHHe B 

MM.pT.CTOJI6a, 'T - Bp€MJI ycKopeHllJI B MKC. 

Korp,a saKJiaJJ,HBaJICH KOMrrJieKc ycKOpHTeJiel\, He npep,rroJiaraJiocb.HC

noJib30BaTb TaH,IJ.eM-I'eHeparop B KatleCTBe HHXeKTOpa T.IJXeJIUX HOHOB. Ta

KM HP,eH polJ,llJiaCb 3Hatll1TeJibHO noSJKe. MecTopacnOJIOlKSH!le ycKOpHTeJiel\ 

p,pyr OTHOCHTeJibHO p,pyra 6wro onpeP,CJICHO llHXeHepHblMH CeTHMH H coopy

lK8HHJIMl1, KOropue K 8TOMY BpeMeHH 6UJil1 ylKe nocTpOeHbl. ITpaxT11t1ecK11 

elJ,llHCTBeHHblM MeC'IOM, KO'ropoe eDle M)ll(HO liCnOJibOOB&Tb WIJI lrpOBOlJ,KH 

nyti:Ka OT TBHlJ,eMa K ~KJIOTpoHy' OKa3aJIHCb npoJieTHhle 6a3bl Hei\TpoHHOI'O 

cneKTpOMeTpa, a P.JilfH8 TpaKTa HeCKOJibKO 6oJibllle I50 MeTpoB. 

B Taimi\ CJIOlKHOil cxeMe ycKOpeHttH 1 KaK "TAIDIT'~ He11s6elm!l noTepli 

nyti:Ka, BalKH8illlll1M11 npHt111HaMl1 KOTOpUX HBJIJIJOTCH: Hl13Kl1i\ BBRJYM, 06lJ,llp

Ka, HeCOI'JI&COBaHHOCTb BpeMeHHoi\ CTpJKTYPhl H ~a30BOI'O o6'heMa. 

ECJIH npHHHTb, Hanp11Mep, lJ,aBJieHHe no BCeuy TpaKTJ OT HCTOt!HliKa 

B TaH,IJ.eM-I'eHeparope lJ.O BunycKa nyqKa 113 ~KJIOTpoHa, paBHblM 

ro-5 w.pT.CT., TO nponycKHaH cnoco6HOCTb Bcero TpaKTa HS-aa rro

Tepb ua ocTa'IOtlHOM rase OKa3hlBaeTCJJ paBHOil 0,03. TiponycKHaH cnoco<5-
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uocT1, cTpmmepa pruma 0, 2, a rpymmpoBaTeM- o, 5 .TToJIHaJI nponycKIIM 

cnoco6uocT1, npu corJiacoBaHHOM ipasoBoM o6~eMe ny,moB ycKopuTeJieil u 

OlJ.HOKPaTHOil 06.u,up1te COCTaBHT 0,3%, a npli lJ,ByxKPaTHOil- 0,15%. IlpH 

8TOM UHT8HCUBHOCTI, ~Kaua BUXOP,e D;RKJIOTpoua MOJKHO Olltll,D;aTI, paBHOil 

roI20-r. 
240-cauTUMeTpOBblll ll30xpOHHhlil D;RKJIOTPOH .lIBJilleTCJI yuRBepCaJU,HOil 

YCTaHOBKOil lJ,JifI npoBeP,eHIDI l]?K3l!'leCKHX UCCJieP,OBaHllil. 0,!(l!II U3 pelltllMOB 

paelOTbl ycKop11rena npep,ycMaTpliaaer ycKopeHHe raxenux HOHOB. Ilp11 

cpep,He~ HH~yKUHH MarHHTHOro nona 16,7 KI'c 11 KOH€QHOM p~Hyce 

IOJ CM, 3HeprHa ycKopeHHblX HOHOB cly~eT paBHa 140.t}if MsB.Ha p11c.4 

noKasaHa 3Heprna, uarHHTHOe none n qacrora ycKopaDmero HanpaxeHHH 

~na pa3RllQHblX llOHOB, ycKopeHHblX B l\llKROTpOHe. 

Ilepesap.ll.IUlllii TaHP.eM-reuepaTop B 11acTOJilllee Bpewr TOllKO npoeK

TupyeTCJI. IIpep,nOJiaraeTCJI, tlTO lJ,llaMeTp KOTJia ll KOHCTpyro.i;wI KOHlJ.YKTO

pa 06ecnet1aT rrOJiytieuue noTeHD;RaJia 11.0 I5 MB. DP.HaKO aJieKTpUtiecKM 

npotIHOCTI, ItoJIOHHH Orpa.HlltlllBaeT JB€Jllf'l6Hll€ IIOT8HD;RaJia KOHlJ.YKTOpa ,no 

IO MB. B P,aJU,He~eM c yJIYt!WeHUeM Texuo~orrur HsroTOBJieHIDI ycKopu

TeJII,Hofi Tpy6Klf,B08MOJJUIO,y;D;aCTCJI UCllOJII,30B&Tl, pesepB SJieKTplltleCKOH 

npotIHOCTR KOT~a H KOHlJ,yKTOpa. 

KOJIOHHa ua ypoBHe IlOJIOBUHHoro IIOT€HD;llaJia HMeeT npoMeXyTOtIHyIO 

CTaHIJ;ID:l P.JifI paSMe~eHUJI TpaucnopTepoB sapH,Il;a H 11.orroJIHUTeJII,Horo o6p,u

pruo~ero ycTpOHCTBa. PasMepbl KOJIOHHbl II03BOJifIIOT YCTaHOBUTI, P,O ~eTH

pex TpancnoPTepoB saPH,D;a, pa6oTaJOIItKX rrapaJIJiem.uo. IIpoHsBo,nuTen

IIocT1, Ka.'lir,noro TpancnoPTepa no sapsmy npu uoMUHaJU,HOM Hanpimemm ua 

KOHlJ.YKTOp~ MOllt€T P,OCTUI'aTb 500 MKA. OlJ,HOBpeMeHHo Krulf,I(bli1: TprurcrropTep 

cnoco6eH nepe,naTI, ua KOHlJ.YKTOp 3JI€KTplltleCKYJO MOl!lHOCTI, (MOTOp-reHe

paTop ua BaJIY) P,O 5 KET. Tamie P,OIIOJIHeHRSI BHOCJITCJI B KOHCTpyruu;m 

TaHlJ,eM-reHepaTopa Cll€D;RaJU,HO P.JifI peJltllMa ycKopeHRSI T.8'.lKeJIUX UOHOB. 

BHyTpH KOH,nyKTOpa, HMe!Olllero o6~eM OKOJIO IO M3 , 6y;n;eT no.n:y-qeua 

MOIIUIOCTI, P,O 20 KET, Heo6XO,D;UMaJI P.JifI pa60Thl HCTOtIImKa MHorosapSllJ,HllX 
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HOHOB C CHCTeMOn mme~H, yrrpaBJieHl!H H OTKati:KH raaa. tJacTb llO,JJ;liff-
,-'. 

TOro K KOH,IzyKTOpy aapsma 6y,lleT paCXO)lOB8TbCH Ha pa3Jll1ti:Hlie yretnm H 

CTa6HJIB3~D KOpclHHHM pa3pH.IPM, a noJie3H8JI HHTeHCHBHOCTb nyti:Ka THXe

JWX HOHOB ,llOJilKHa ,l\OCTHraTb HeCKOJlbKHX coreu MHKpoaunep. 

Bee ,l\OilOJIHeHHH BHOCHTCH B ROHCTP~ID Ta.H,l\eM-reaeparopa Ta.IGIM o6-

pa30M, ti:TO BHCOKOe Kati:eCTBO nyti:Ka, npliCYll\00 TaKIW ycKOpHTenffl.!:, He 

yxy,quaeTCH. OH M)J!teT 6HTb HCilOJib30BaH KaK He3aBHCHMO pa6oT8.RJll!8.JI yc

TaHOBKa ,IVlJI Cll8KTpOMeTPHti:eCKHX HCCJI8,l\OBaHlfil BHCOKoro paapemeHHH. 

fipH HCllOJib30BaHl!H Ta.H,l\eM-reHepaTOpa B KatieCTBe HHll:eRTOpa QHKJIOTpO

Ha (cHcTeMa "TAIUIT") B03Wl!tHH cne~e BapHaHTH,/9,II/: HCTOti:HlfK 

OTPHQ8TeJibHUX HOHOB YCTaHODJI8H Ha B:XO,lle, HC'Klti:Hl!K MIDf'03apH,JJ;liHX HO

HOD YCTaHOBJieH BHJTPH KOH,IzyKTOpa. KpoMe roro, o6a 3TH BapHaHTa o~eHH

BaJil1Cb npH nore~naJiax KOH,eyKropa IO H 15 MB, a TB.Kl!e HCCJie,l\OBaJiacb 

Bpp8K'mBHOCTb TlpOMP-J!tYTOtlHOi\ 06'AHpKH Mel(,lzy KOH,eyKTOpclM H BNXO,l\OM TaH

'AeM-reHepaTOpa /IOI. 

IlpoBe)leHHHe o~eHKH llOK83MH, ti:TO Jlytrn!H8 pesyJibT8TH 6yP::fT noJiyti:eHhl 

npH pa3Me~eHl1H HCTOti:HHKa THJ!teJI!lX HOOOB Henocpe,llCTBemro B KOH,IzyK'Klpe 

C npHMeHelfileM TlpOM8JtYTOti:HOil 06'AHpKH. IlpH nore~H8JI8 KOH,IJYKTOpa 

IO w3 ti:aCTH4J,1 C Maccon 200 6yP3T HM8Tb 3HeprnID Bl1ll!C KYJIOHOBCKOrO 

6apb0pa Ha ypaHOBon M11111eHH, a npH 15 MB- ,llJl/1 acex :rneueHTOB nep1w

,llHt1ecKoll CHCT8Mli BllJIOTb ,llO ypaHa. 

3HeprnH ycKOpeHHUX B ~HKJIOTpOHC, TaH,lleu-reaeparope H CHCTeMe 

"TAUHT" T.IDKeJWX HOHOD noKa3a.Ha Ha pHc.6. 

TaKHM o6pa30M, noJiyti:eHHe Tffl!te.TIWC HOOOD Ha YCKOpHTeJibHWC ycTa

HOBKax KOMIIJieKca WlKHO OCYll\8CTBHTb: 'AO 11 < 40 Heoocpe,llcTBeHHo Ha 

QHKJIO TpOHe, npn 40 < II < IDO B CHCTeMe "TAUHT". IloCJie,JJJi,!'1 BapHB.HT 

rpe6yeT H8H6oJibmHX 3aTPaT, HO o6ecneti:HBaeT nyti:mHe xapaKTepHCTHKH 

nyti:Ka. TaH,lleM-reHeparop MOXeT HCllOJib30BaTbCH He TOJibKO K8K HHll:eKTOp 

B CHCTeMe "TAD;IIT"' HO H KaK C8MOC'lOHT8nbHO pa6oT8JOIIIM ycTaHOBKa, 

o6ecnetru:BaIOill8Jl TIOJiyti:eHHe TJP81\H3HOHHHX nyti:KOB TlpOTOHOB, ,lleATOHOB H 

TSllteJIHX HOHOB C /J < 18. 
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PHc.6. XapaKT8pHCTHKH ycKopHTeJieil KOMnJieKca: T - TaH,lleM, 

~ -qHKJIOTpclH, 'llt - "TAf.lHT", 11, - HHT8HCHBHOCTb, 
t!E/ ,-, • 

"IE - paapemeHHe, ..> - 3MHTTaHC. 

BalmeAWHMH pesyJibTaTaMH BliTIOJIHeHOOA pa6oTH HBJIHDTCH: 

I). IlpH Hayti:HOM pyKOBO,llCTBe H 11enocpe)lCTB8HHOM yti:acTml aBTOpa 

'AHCCepT~HH 003,llaH yaHKaJibHbiA Allff Hamel\ CTPB.ffil YCKO[)HTeJib - Kl!eBCKHfl 

240-caH'mMCTpoBml 1130xpoHHHA ~KJIOTp:rn, paccti:HTaHHHA Ha llOJiyti:CHHe 

nporoHOB c BHeprHeA IOO MaB, ,lleilTOHOB - 70 M3B 1,1 ,llpyr11x HOHOB.IlBO.ll 

ycxopHTeJIH B 'IDCJIO ,llel\CTByID~X ffl3JIH8TCH c~ecTBeHH.b!M BKJia,IpM B ~a3-

BHTHe H,llepHOA ~113HKH cpe)lHl!X H HH3RHX BHeprHA. 

B npo~ecce 003,llaHHH ~KJIOTpoHa aBTOpOM 'AHCCepT~HH 6bDIH npoBe'AHlbl 

CJie,eyRlllHe HCCJie)lOBaHl!ff H pa3pa6oTRH: 

- ~OpMHpoBaHl!e 11 HCCJie,l\OBaHHe H30xpoHH!lX MarHHTHhlX nonen C norpen!

HOCTb!O He 6oJiee IO re; 

- paapa6oTKa annaparypu 1J.7U! MarHHTHhlX H3MepeHHti, o6Jia)l~en 6ucTpO

,lleAcTB~eM 2 ceKYH,Illi Ha O'AHQ H3MepeHHe H norpemHOCTbD He xy-E.e I re; 
- paspa6oTKa annapaTYPJi A1JH ,llHarHOCTHKH napaMeTpoB BHJTpeHHero H 

BHenrnero nyqKoa; 
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- MO,n;eplll'!3a.IJ;Wl OT,!(eJII,HHX ysJIOB ll CllCTeM YCKOpHTeJIII C uem,n y;ry-qJJJ.e

HIDI ero xaprutTepncTHK K nommremm Ha.rtelltllocTn pa60TH; 

-I9 MapTa 1976 ro,n;a nponsBe'AeH sanycK ycKopnTeJIII IIPH eHepl'lim npo

TOHOB 50 MeB n TOKe ny,ma IO MICA. B nocJie,nymteM 6~ Ta!Olte no.n:yii:e

HH ycKopemrne npoToHH 'AO aHeprHH 75 MaB, a.m,q,a-qacTimu ,n;o 128 MaB, 

,n;ef1TpoHH 'AO 64 MaB. 

2) llpe,IVIOJKeHa ll llS~eHa BOSMOllliOCTI> ycKopemm TSPJtSJIHX llOHOB 

B CllCTeMe, COCTomnett H3 8JI0KTpoCTaTJirlI0CKOro nepesapimHoro ycKOpHTe

JIJI (TaII,I1.eM-re11epaTopa) ll llSOxpoHHoro UHKJIOTpoHa (CHCTeMa "T.AmIT"). 

HacTomnee llCM0'AOBaHHe 6HJIO np8;LUipm1!1TO B CBSI3lit C npe,IUIOJial'aeMHL'l 

CTPOHT0Jll,CTBOM T~eM-reHepaTopa Ha a11epI'ltD npOTOHOB 20 MaB. Pac

qew llOK8.3a.Jm, ~o ROHH C Ma.CCOii 17 < 200 6Y71YT YCKOpsITLCJI 'AO 

8Hepnm mmre KYJIOHOBCKOro 6apI>epa Ha yp8HOBOtt MmUeHl'! npH rurreHCRB

HOCTH ny,ma He MeHee ro12c-1• Pesym,TaTH npOB0'A0HHl:lX RCCJI8,!(0Bamdl 

6YJJ,YT ncnoJIL30BaHH npn npoeKTnponamm: TaII.I(eM-reHepaTopa H CHCT0Mli 

"TAIJJIT" • 

Bee pa60TH BHllO~eHH B OT'AeJie qil!3HKK ycKOpHTeJiett RHCTHTYTa 

JJ,Ii0pHHX HCCJie,!(OB8.Hllii AH YCCP. OCHOBHHe MB.TepHaJlll ,!(llCcepTa.qHH 

'AOMa,ItHBa.JmCL Ha Mex,nyHapo,IUiott KOHqJepeHUHH no H30xpOHHHM UHKJIOTpO

HaM (BaHitYB0P, 1972)' BcecOJ03HOM COBemamm no ycKopRTeJiflM sapmiteH

HliX qacT:lm; (MOCKBa, 1974), a Taroite ony6JIIIKOBaHH B II neqaTHHX pa6o

Tax, CIDICOK KOTOpllX npHJiaraeTCJI. 
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