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Bse.aeHHe 

0nHCbiBaeMbll! B pa6oTe HOHHbll! HCTO'-IHHK npe.aHa3Ha'-!eH .anSI HCnOnb30BaHHSI ero B nHHel!

/1/ 
HOM npOTOHHOM JCKOpHTene B BH.Oe O.OHHO'-IHOrO TOpoH.aanbHOrO pe30HaTopa 

8 HaCTOSIWee BpeMSI .anSI nHHel!HbiX JCKOpHTenel! HaH6onee WHpOKO npHMeHSIIOTCSI TaKHe 

/2,3,4/ /5 6/ 
HOHHbie HCTO'-IHHKH, KaK .ayonna3MaTpOH H HCTO'-IHHK C pa3pSI.OOM nma neHHHHra ' • 

B .aaHHOM cny'-!ae npe.ano'-!TeHHe 6wno oT.aaHo nocne.aHeMy BBH.ay npocTOThl KOHCTPYKUHH, so3-

MO>KHOCTH HCnOnb30B aHHSI XOnO.OHbiX KaTO.OOB H ny'-lwero npoueHTHOrO co.aep>KaHHSI aTOMapHbiX 

171 
HOHOB B ra3opa3pSI.OHOl! nna3Me C uenbiO nOBbiWeHHSI nnOTHOCTH pa3pSI.OHOrO TOKa B HOHHOM 

HCTO'-IHHKe HCnonb3yeTCSI pa3pSI.OHaSI o6naCTb C nonOCTH biM KaTO.OOM, aHanorH'-!HaSI OnHCaHHOl! B 

/8/ 
pa6oTe 

KoHCTpYKYHSI HOHHOrO HCTO'-IHHKa H CHCTeMa nHTaHHSI 

KoHCTpyKTHBHbie oco6eHHOCTH HOHHoro HCTO'-IHHKa o6ycnosneHbi ero pa3MeweHHeM BHYTPH 

non oro BbiCTyna TopoH.aanbHoro pe3oHaTopa-ycKopHTenSI (pH c. I). MarHHTHoe none s pa3pSI.a

Holl o6nacTH co3.aaeTCSI 6pOHHposaHHbiM saKyyMHo-nnoTHbiM coneHoH.aoM. ConeHoH.a HaMoTaH 

Me.OHOl! Tpy6Koll d 4 X 7 MM. npH TOKe 200 a none Ha OCH COneHOH.Oa COCTaBnSieT 8 00 3. 

3neMeHTbl HCTO'-IHHKa HOHOB KpenSITCSI B nneKCHrnaCOBOll o6ol!Me, KOTOpaSI BCTaBnSieTCSI 

BHYTPb coneHoH.aa. DnH ynyqweHHSI saKyyMa s palloHe 3KCTpaKUHH o6nacTb Me>K.ay aHTHKaTo

.aoM H 3KCTpaKUHOHHbiM 3neKTpO.OOM OTKa'-!HBaeTCSI '-!epe3 KOnbUeBOl! 3a30p Me>K.ay KpellSIWell 

nneKcHrnacosoll o6ol!Moll H nneKcHrnacoBhiM 3aWHTHbiM Ko>KyxoM. KaTo.a H aHTHKaTo.a HCT0'-1-

HHKa H3rOTOBneHbl 113 aniOMHHHSI; aHO.O, 3KCTpaKUHOHHb!l! :;~neKTpO.O H nHH3bl - naTJHHbie, xpo-

0 
MHposaHHbie. Yron pacTsopa aHTHKaTo.aa s o6nacTH 3KCTpaKUHH -120 yron <~KCTpaK -

UHOHHOro :;~neKTpo.aa-90°. Pa60'-!Hll ra3, .003HpyeMbill HrOnb'-laTbiM BeHTHneM, no.aaeTCSI B HH>K-

HIOIO '-!aCTb UHnHH.OpH'-!e CKOl!: nonOCTH 

06WHll BH.O - Ha pHC. 3. 

KaTo.aa. Pa3pe3 HCTO'-IHHKa HOHOB noKa3aH Ha pHC. 2, 

nHTaHHe HCTO'-IHHKa HOHOB OCyWeCTBnSieTCSI OT CTOltKH, Bbipa6aTbiBaiOWell HMnynbCbi, npe.a

H83Ha'-!eHHbie .anSI llO.O>KHra H no.a.aep>KaHHSI pa3pSI.Oa B .ayrOBOl! 06naCTH HCTO'-IHHKa ( *HMnynb

C l>I .ayrH*), H HMllJnbCbi, o6ecne'-IHBaiOWHe 3KCTpaKUHIO HOHOB ("'HMnynbCbl OTCOCa"'). npHHUH

llHanbH8SI CXeMa JCTpOl!CTBa llOKa3aHa Ha pHC. 4. 

YIMnynbCbl .ayrH Bbipa6aTbiBaiOTCSI CXeMOl! C cpopMHpJIOWell HCKJCCTBeHHOl! nHHHel! H pa3-

pSI.OHHKOM, B KS'-!eCTBe KOTOpOrO HCllOnb3yeTCSI THp8TpOH Ti !-2,5/4. npH 3TOM OT HS'-!ana 

HMnynbca .ao no.a>KHra .ayrH s nepBH'-IHOl! o6MOTKe TpaHccj:JopMaTopa .ayrH .aeltcTsyeT nonHoe 

HanpSI>KeHHe, .00 KOTOpOrO 3apSI>KeHa HCKJCCTBeHHaSI nHHHSI, '-ITO CllOC06CTByeT 6onee JCTOlt•IH

BOMJ B03HHKHOBeHHIO pa3pSI.aa s .ayrosol! o6nacTH HCTO'-IHHKa HOHos. DnHTenbHOCTb HMnynbCa 

.ayrH pasHa 50 MKCeK. 

YIMnynbCbl 3KCTp8KUHH .anHTenbHOCTbiO B 20 MKCeK cpOpMHpJIOTCSI npH llOMOWH HCKJCCTBeH

HOl! nHHHH, a 3aTeM ycHnHBSIOTCSI Mo.aynSITOpHbiM TeTpo.aoM IMYI-83. YcHneHHhil! HMnynbC c 
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BMll.fiMTYD OA DO 10 KD noaaeTCH HB MMllY.flbCHhlA TpBHC¢0pMBTOp OTCOCB. DnH noaao.neHHH KO

.n eGaHHA H yCTpBH e HHH o6 p B TH hlX Dhl6 pOC OB HBnpH*eHMH napa.n.ne.nbH O BhlXODY y c TBH OB.fleH aeMn-

¢ HPYIOLU Mii D H OD BV! 1-30/25 . 

Co.neHOHD, C03DBIOLUHA MBrHHTHOe none D pa3pHDHOl! o6.n8CTH HCTO'IHHKB, llHTBeTCH ny.nb

C Hpy!OLllHM TOKO M c qacTOTo ll 100 ru OT ce.neHOBbiX BhmpHMHTe nel! BCr-3M, no3TOMY )Ke.naTe.nb--

HO CHHXpOHH30DBTb MOMeHT nOD*Hra ayrH C MOMe HTOM IIpOXO*DeHHH MBKC HMB.flbHOrO TOKB 

q e p e3 o6MOTKY co.neHoHna. Cxe Ma CI1HxpoHH3BUHH noKa3 aHa Ha pH c . 5. 

K aCKBDbl 38Dep*KH ( n 
2 

n 
4 

) c.ny:>KaT: nepBbll! - D.f!H COBMeLUeH 11H HMny.nbCB ayrH C M8K

CI1MYMOM HMny.nbCB TOKB, IIpOXODHLUero 'lepe3 CO.fleH011D HCTO'IHHKB 110HOB; BTOpOH - D.f!H 38-

aep:>KKI1 HMny.flbCB 3KCTp8KU1111 C TeM, '-iT06bi K MOMeHTY 3KCTp8KUI1H 110HOB pa3pHD y:>Ke p83BH.n-

C51 . E.noK n e pecqeTa nC-64 n03BO.fl51eT 38nyCK8Tb MOHHblH 11CTO'IHI1K C 'IBCTOTOH, OT.fii1'IHOH OT 

'lBCTO T b l C e TH. 

3KCTp8KU110HH851 OIITI1K8 

npo6.neMa ¢0KYC11p0BKH ny'IKB HOHOB IIOC.fle ero 3KCTpBKUI111 113 rB30p83pHDHOl! n.nB3Mhl 

51B.f!HeTCH ODHOll 113 HBI16o.nee cepbe3HhlX rrpo6.n e M rrp11 rrpoeKT11pOB8H1111 BhlCOK011HTeHC11BHhlX 110H-

/4/ 
H b!X 11CTO'IHI1KOB ( CM., HBnp11Mep, ) , TBK KBK 6e3 B03DeliCTBI151 BH eLU H11X ¢oKyC11py!OLUHX Cl1.fl 

3KCTp8rHpOBBHHblll: IIY'IOK 110HOB non ael!CTBI1eM npOCTpBHCTBeHHOr O 3Bp51D8 O'leHb 6biCTpO pac

XODI1TC51. Be.n11'IHHY pacxoaHMOCTH ny'IKB npoToHOB rron nellcTBI1eM rrpocTpaHCTBeHHoro 3BpHna 

D.f!H pB3.fiH'lH b lX 3H8'leH11l! TOKOB 11 H8np51:>KeHI1ll MO:>KHO OrrpeaenHTb 113 HOMOrpBMM pHC. 6, 7, KO

TOpb!e .paCC'liiTBHbl HB 3.fleKTpOHHOl! C'leTHOil: MBLllHHe no ¢opMy.fiBM, IIpi1BeaeHHb!M B o63ope 
1
:
91 

~ 4.97 
ro 
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[----

1 v£n R 

tg 8 == I [ MB l 
4.97 lJ3l{KB ] V £n R 

( I ) 

( 2 ) 

rae r 
0 

-paa11yc ny'!Ka npoTOHOB B TOM MecTe, rae ou napa.n.ne.neH, 8 -yro.n Me:>Kay HarrpaB-

.neHHeM pacrrpOCTp8HeHI151 (oCb Z ) H Kp8eBol! Tp8eKTOp11ell:, R== _r_. 
ro 

8 KB'leCTBe OllTH'leCKOll. CHCTeMbl B HOHHblX 11CTO'IHHKBX 06hl'IHO 11CllO.flb3YIOTC51 OD11HO'lHbie 

.nHH3hi H.fll1 CHCTeMhi pa3HOIIOTeHU11B.flbHhiX UH.fiHHDpH'IeCKHX 3neKTpoaoB. D.nH Bbi6opa pa6o'lHx 

3HB'leHHl! HBIIp51:>KeHHSI HB cpeaHeM 3.fleKTpoae ODHHO'IHOl! .f!HH3bl 6hl.fl IIpOH3BeaeH pBC'leT TpBeK

T OpHl! HOHOB B TBKOl! CHC TeMe D.f!SI pHDB 3H8'leHHl! 3 T OrO H8IIp51:>KeHH51 6e3 y'leTB rrpOCTpBHCTBeH-

HOrO 38p51DB. YpBBHeHHe DBH:>KeHH51 rrapBKCHB.flbHb!X HOHOB HMeeT BHD: 

LL_ + _!i&_ rft_ + <l>"(x) y = 0 (3) 
d x 2 .2<lrxJ dx 4<1>(x) 

rae x = z/ r 
3 

.na HB OCI1 Z 

y=r/ r 
3 

r -panHyc 3.neKTponoB nHH3hi, 11\'x) -pacnpeneneHHe rroTeHuHa-
3 

Heo6xoaHMoe anH pac'!eTa pacrrpeneneHHe rroTeHuHana .ll>(x) MO:>KeT 6hiTb rrony'leHo rry-

TeM peLUeHH51 ypBBHeHH51 narrnaca C rpBHH'IHblMH ycnOBH51MH, 3BDBBBeMblMI1 3HB'leHH51MH llOTeH-

UHB.fiB n pH r = r 
3 

• DnH CHCTeMhi, cocTOHLUell. H3 Tpex UH.fiHHDpH'IeCKHX 3neKTpoaoB paaHyca r 
3 

C HC'le3B10Llle MB.flb!M 3830p0M Me:>Kay HHMH, 3TO peLU eHHe HMe e T BHD: 
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T 

o-

<l>(x) = V + ~+t:! _ th[L315( x+C)]-
r 2 

~-VI th[L315(x-C}], 
2 

( 4) 

r.ae v 
1 

-n o T eHUI!an Ha 60KOBblX ::meKTpo.aax , v2 -noTeHu!1an Ha cpe.aH e M 3J1eKTpo.ae, C=L/ r 3 , . 

2 L - .anl1Ha c p e .aHe r o 3 IT eK Tpo .aa • 

r.ae 

Ha p11 c . 8 n piise.aeHo H e cKOITbKO TpaeKTOpl1ii , nony'leHH biX np11 peweHHH ypasH e Hl1ii (3),(4) , 

!{ = V,-V2 
v 

1 

B cny'l a e cpo K yc l1pyiOwe ii cnc TeM b l H3 pa3HonoTeHul1aiTbHbiX UHITl1HLlpn'leCKl1X 3ITeKTpo.aos 

.anH yc11n e HHH cpoKycl1pyiOwe r o 3cpcpeKTa np!1M e HHITl1Cb c e TKl1, C e TKH, B bmonHeHHbie !13 sonbcppa-

MOBOH npOBOITOKfl LlHaMeTpOM 25 Ml1Kp0H 1 6binl1 ycTa H OBITeH b l Ha BX OLle BTOpOI"'O l1 TpeTbero 3J1eK

TpOLlOB, n o cTpOe H He TpaeKT OpHH HOHOB B TaKO H C H C T e Me 6e3 yqeTa npOCTpaHCTBeHHOI"'O 38P51Lla 

6 biiTO o cy wec TBn e H o Ha TpaeKT orpacj:Je (pl1C . 9). V13 cpasHeH!151 p11c. 8 11 9 c n e.ayeT 

'ITO Cl1 C TeMa !1 3 p a3 H OilO T eHUH a iTbH blX 3 IT eKTpOLlOB C CeTKaMH CilOC06Ha CcpOKYCl1pOB8 Tb l10Hbl 

C 60J1bWl1Ml1 yrna M H BITeTa, 'leM 0Ll 11HO'lHa51 J1l1H 3 a . 0KOH'l8TeJ1bHblH OTBe T 0 Bbi6ope TOH HJ1l1 l1HOI! 

CHCTeMbl MOr 6 biTL ilOITy'l e H, OLlHaKO, TOJ1bKO B p e3yiTbTaTe 3 KCnep!1MeH T8J1 bH OI! nposepKH, no-

CKOITbKY npH il OC TpOeHHH Tpae KTOpHH He Y'lHTbiBanOCb .aeiiCTBl1e npOC TpaH C TB eHHOrO 3ap51Ll8. 

XapaKTepl1C TH K8 l10HH OrO HCTO'lHHK8 

CTeHLlOB b i e l1Cflbi TaHl151 HOHHOI"'O HCTO'lHl1K8 npOBOLll1J1l1Cb B KaMepe, l1Ml1TI1pyiOWeii Bb!CTyn 

p e30HaTopa-yCKOpHTeJ151, V1oHHblH TOK l13Mep51J1C51 npH ilOMOWH ilOLlBIDKHOrO 30H.[la, BbinOJ1HeHHOrO 

B BHLl e UHJ1!1HLlpa ¢apa.ae 51 1 C .[lHaMe TpOM KOITITeKTOpHoro 3J1eKTpO.[la 10 MM . KaMepa OTKa'lHBa

J18Cb T p eMH HacocaMH UBn-100, .usa !13 KOTOpbiX pa3MewanHCb
1 

KaK .aHcpHacoc (pl1 c . 1 ), a Tpe

THil - Ha il8Tpy6Ke, B KOT OpOM nepeMeWaJ1C51 3 0H.[l, L1asneH11e B 06beMe ·113Mep51IT0Cb l10HH3aU!10H -

HblM BaKyyMeTpOM BV1T-1 , M8HOMe TpH4eCKl1e naMilbl KO T Oporo pacnonaranH:Cb B 06J18CTl1 B b iXO.[la 

x) 
fiY'lK8 113 110HHOrO l1C T O 'lHf!K8 , Ha6ITIOLle Hf!e 3a l1MilYJ1bCOM TOKa .ayr11, uem1 ili1T8HI151 KOTOpOI! 

HaXOLl51TC51 ilOLl fiOTeHUHaJ10M 3KCTp8KUl1l1 1 ocywecTBJ151J10C b np11 ilOMOW11 CXeMbi , OCHOB8H HOH Ha 

I 101 
HCnOITb3 0 B8HHH n o Hca Poro scKoro • 

/8/ 
P a3pH .a H aH o6nac T b H: CTO 'lHHKa , KaK y>Ke yKa3biBanocb, a HanorH'lHa onHcaHHOlt B pa6oTe , 

'ITO npHB e n o K H: Lle H'J'H 'lHOC TH HX xapaKTepHCTI1K. np11 113MeHeH1111 TOK8 .ayrH OT 3 LlO 8 8 H8ilp51-

>KeHI1 e Ha .ayre OCTae T CII ilOCT0 51HH b iM ( = 1 5 0 B) 
1

11 TOK orpa1!!1'lll B 8eTC 51 6annaCTHbiM COilpOTHB

n e HH e M ( R 6 = 110 OM) . B pa6o'leM .a11ana3oHe 3Ha'leHI1ii HanpH>KeHHOCTI1 MarHI1THoro nonH 11 

paCXOLl 8 r a3a (Kor.aa p a3p51Ll ropl1 T yc T Olt'l11BO ) np8KTl1'leCKI1 H e H86J1IO.[l8e TC51 38B11CI1MOCTI1 

B e iTH'!HH bl T OKa .ayr11 Hl1 OT HanpH>KeHHOC'!'K MarHHTHOrO fi0J151 B p83 p51LlHOlt 06J18CTI1, Hl1 OT pac-

xo.aa ra3 a , 

nepBblM 3KCnepHMeHTOM , CB51 3 aHHb!M C 3KC Tp8KUl1elt l10HOB, 6biJ10 l1CCJ1eLlOB8HHe paCXOLli1-

MOCTl1 3 KCTparl1pOB8HHOrO ny'!Ka LlJ151 pa3J111 'lH hlX Cl1CTeM cpOKYCHpyiOLU11X 3 J1eKTp0LlOB, ToK 11 0HOB 

l1 HanpH)!(eHHe OTC OCa np11 3TOM il0Ll.Uep>K11B8J1l1Cb 0Lll1H8K0Bb1Ml1 f 
3 

= 20 M8, U 
3 

= 20 KB, 

x) 
np11 pa3MeWeHHl1 HCTO'lHl1Ka 110HOB B BbiCTyne p e30HaTOpa BMeCTO LlBYX H8COCOB UBn-100 

6bi iT no.acoe.aHHeH BbiCOKosa KYYMHbiH Has:oc c 6biCTpoToii OTKa'lKH 1200 n/ceK . B 3 T OM cnyqae 

npH MaKCl1M a J1bHOM pac~g.ae ra3a 2 CM /M11H .aasneHHe B naTpy6Ke, r.a e pa3 MeWeH 11CTO'lHl1K 

HOHOB, COCTaBJ151J10 4. 10 MM pT,CT, 
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P e3ynbTa T bi aKcn e pHMeH TC npHae.aeHb l H a pHc. 10. 0TC'I~T no OCH z se.aeTCSI oT a HTHK a T o .a a . 

¥13 pHC. 10 cne.ayeT, ' ITO, KaK H 0 )1( H tJ. anocb, l!aH JIY 'iW HMH cpOKYCH py!OlllH MH CBO A CTBaMH o6na

.aa·eT CHCTeMa H3 pa3HOllOTeH uH aJibHb!X 31Ie K T pGLiO B C Ce T KaMH. 8 CBH3H C 3 T HM BCe .aanbHel! -

WHe 3 K c n e p HMeHTbl npOBOtlHJIHC b C 3 TO A cpOKyCH pyiO llleH CHCTe M Ol!. 

MaKCHMa Ji b H b!l! T OK HOH OB (42-44 M a) 6 bJn nonyqe H npH tlH8Me T pe Bbi XOtl H Or o OTBepCTHS! 

B aHTHKaTOtJ.e <ll a k = 4 MM , Han p SI)I(eHH e 3KC TpaKUHH COCTa Bm!nO 2 2 KB . npH TeX )l(e Han p SI)I(e 

HHS!X 3 KCTpaKUHH , HO C MeHbWHMH OT BepCTHS!MH B a HTHKa T Otle 6 bJnH n oJiy'ieH bl tJ.pyrHe 3Ha'ieHHS! 

T OKOB ( pHC. 11 ) . ¥13 p HC. 11 B HtlH O , 'iTO T OK JIHHel!HO, a He KBa.apa T H'IHO 3 aBHCHT OT patJ.Hyca 

B b lX OtlHOr o OTBepCTH S!. 3 T O r OB OpHT 0 TOM , 'iTO n JI OTHOC Tb TOKa Ha OCH pa3 pSitJ.a yMeH b WaeTCS! 

npH yseJIH'ieHHH OTB e p C T HS! B a H T HKaTOtJ.e . npH 3TOM nOB bi W e HHe TOKa HOHOB nyTe M y aenH'IeHHS! 

BblXOtlHOr O OTB e pCTH S! tl0Jl )I( H0 COnpOBO )I(tJ. aTbC S! yBeJIH 'ieHHeM paCXOtla ra3 a tl1IS! HOpMaJibHOl! 

YCTOl!'IHBOl! pa6 0 T bl H C T O'IHHKa HOHOB. Ha pHC. 1 2 npH B etJ. e Hbl 3aBHCHMOC TH TOKa HOH OB OT pac

X OtJ.a r a 3a ( .aaan e HHSI ) npH Tpex pa3JI H 'IH biX pa3 M e p a x <ll ak , o'ieHb x opowo HJIJIIOCTpHpyiO w He 

3TOT cpaKT. npH H e tJ. OCT8TO'IH b lX p a CXOtJ.aX ra3 a H3 - 38 yMeHbWeH H S! nnOTHOC TH nna3Mbl Ha OCH 

pa3pS!tl8 HCTO'iHHK C 601I b WH M OT BepC TH eM B 8 HTHKaTOtJ. e MO)I(eT .aas a Tb MeHbWHl! HOHH bl l! TO K. 

3aBHCHMOCTb TOKa HOHOB OT HanpSI)I(e HI!S! OTCOCa tl1IS! tlBYX tJ. H8MeTpOB OTBe p CTHl! B aH TH

K8TOtJ. e ( npH onTHMaJibHOM p acxo.ae ra3 a) noKa3aHa Ha pH c . 13. T o K pacTeT c H a np5i)l(eH H e M 

6onee 6 biCTpO, '!.eM no 3aKOH y 3/ 2 , T aK K8K B npHHS! T Ol! CXeMe nHTaH HS! HC TO'IHHKa HMnynbC H a 

npSI)I( e HHS! 3 KCTp8KUHH H Cn OJib3yeTC S! H tl1I H cpOKYCHpOBKH ny 'I.Ka. 3 a BHCHMOCTb .TOKa 3 KCTpaKUHH 

OT TOKa tJ.yrH npH H3 M e H e HHH nocn etJ.H e ro OT 3 tlO 8a OK8 3811 8Cb aeCbM8 cna6ol! . 

3 a_!{JIIO'Ie HH e 

0nHCblB8eMb!l! HCTO'IHHK HOH OB S!BJIS!eTCS! KOMnaK THblM 0 BeCbMa npOC T bl M no K OH C T p yKUHH H 

MO)I(eT o6ecne'IHTb Ha Bb!XOtle n p H HanpSI)I( e HHH 3KC Tp8KUHH 20 ~ 25 KB TOK B HMny JibCe 

20 .-f 40 MB, CcpOKYCHpOB aHHb!l! tlO 0 10 MM. npH M e HeHH e XOJIOtlH OrO K8TOtl8 o6ecne'I.HB8eT He-

H3MeHHOCTb e ro OCHOBH biX xa p aKTep HCTH K B Te'l.eHHe tl1IHTe JibHOro Cp0K8 3KCnnyaT8UHH . 

Y!CT O'IHHK HCn OJib3ye T CSI B JIHHel!HOM ycKOpHTen e B BHtJ.e OtlHHO'IHOro pe30H8TOpa C ypoBHe~t 

B biCOK O'I8CTOTH Or O HanpSI)I(eHHSI B 1,2 MB H HHTeHCHBHOCT b!O 10 M a B HMn y JibCe. 
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