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npe.ano*eHa cxeMa ycKopsrenH H o6CY*.IIBJOTCSJ napaMeTpbi 3neKTpoa
aoro ny'IKB (3HeprHH, ToK) a or.aenbHbie 3neMeHTbi ycKoparenH B .asyx 
sapsaarax: .an11 ycKopeHHII nerKHX 11.11ep ao 3HepraA - 250 M3B/ayKnoa 
H HOHOB n1060A 38pii.QHOCTR .110 3HeprHA 20-30 M38/HyKnOH. 
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High-Current Mean-Energy Ion Accelerator 
with a Hollow Electrons Beam. 
!!.Parameters and Scheme of Accelerator 

A scheme of an accelerator is suggested, Electron 
beam parameters are discussed as well as separate elementf 
for two kinds of accelerator: for acceleration of light 
nuclei up to the energy of about 250 MeV/nucl. and for 
ions of any charge up to the energies of 20-30 MeV/nucl. 

The investigation has been performed at the 
Laboratory of High Energy, JINR. 
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B npellhiilYllleif pa6oTe /l/ 6hinlf H3JIO)KeHbi uaeSI H ¢u3H

qecKue o60CHOB8HHSI MeTOil8 YCKOpeHHSI HOHOB B MOilY.IIHpO
BBHHOM llO.IIOM 8JieKTpOHHOM nyqKe. (B ll8.1IbHeifmeM CChl.IIKif 

Ha sTy pa6oTy o603HaqaJOTCSI 1). l1CXOilHbiMH llOJIO)I<eHifSIMH 

llpH 8TOM SIB.IISIJIHCb Cp8BHHTe.llbHO M8.1Ihle q1fC.118 qaCTHU 

B OTile.llbHbiX cryCTK8X If CJia6openSITHBifCTCK8SI 8HepPHSI 

nyqKa. Ha ocHoae sToif uaeH HH)Ke paccMaTpHaaeTCSI cxeMa 

ycKopHTenSI, cnoco6Horo o6ecnequTb TeMn Ha6opa sHeprHH 

HOHOB 10 Z/ A MBIM. 3To 3HaqeHHe npHMepHo Ha nopSIIlOK 
Bblllle, qeM y K.118CC1fqecKHX .IIHHeMHblX yCKOpHTeneif HOHOB 

If Bbi6paHO, lfCXOilSJ H3 peanbHbiX B03MO)KHOCTeif HaqanbHO

PO 8T8ll8 pa3pa60TKH ll8HHOPO MeTOil8. 
Ha OCHOBe H3BeCTHbiX 8KCllepHMeHT8.1IbHbiX ll8HHbiX ( CM. 

CChl.IIKH B 1) aw6epeM reoMeTpHqeCKHe napaMeTpw nonoro 

nyqKa R = 3 eM, !M = 0,3 CM (!M = 2a). LlnSI Toro qTo6hi 

nonyqHTb yKa3aHHYIO Bbillle aenHquHy Ha6opa sHeprHH 

HOHOB, He06XOilHMO o6ecneqHTb s¢¢eKTHBHOe npOilO.IlbHOe 
sneKTpHqecKoe none B 3JieKTpOHHOM crycTKe Ez::: 100 KBicM. 

Toraa, paccMaTpHBaSI B KaqecTae ocHOBHoif Moaenb crycT

Ka B BHile TOp0Hil8 C llpHMepHO OllHH8KOBblMH pallH8.1IbHbiM 

H 8KCH8.1IbHbiM nonypa3MepaMH (a:: b), ll.IISI qHC.118 qaCTHU 
· eN 

B crycTKe H3 ¢opMynhi E I b/ 2 = ( e b) nonyqaeM 
z - rrR a+ 

12 
Ne = 2·10 an/cr. 

Y CT8HOBifB STY BeJI!fqHHY, OCT8.1IbHbie BB)KHbie napaMeTpbl 

yCKOpHTeJISI onpeaeJIHM C BeCbM8 He3HaqHTe.llbHbiM pa3-

6pOCOM, 
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CornaCHO (1), CTeneHb KOMnpeCCI111 B Kacne MO)KeT 

6hiTb npHHSITS paBHOH 10, paCCTOSIHI1e MeMilY cryCTK8MH 

B nep1101l H81160nbruero c6n11)KeH11SI npH 38XBaTe HOHOB no

nO)KI1M paBHhlM 1 CM. 3TO np11BO/li1T K lln11He BOnHhl rpyn

nl1pOB8HI1SI nopSIIlKa 100 CM, np11MeM A = 1 M. 

llnSI o6ecneqeHI1SI yKa3aHHOfi senuqi1Hhl Ne TOK nyqKa 

no rpynn11poaarenS1 non)KeH cocTaBnSITb 100 A. 
flpHHHMaSI BO BHI1M8HI1e 8H8nl13 ~11311qeCKI1X npoUeCCOB rpyn

nl1p0B8HI1SI (creneHb MOilynSIUHI1 30) 11 nepexona nonoro 

nyqKa qepe3 Kacn/1/, npuMeM "~aKTop 3anaca" paBHhiM 2, 

T.e. TOK 113 aneKTpOHHOH nyrnKH I = 200 A. 
CornacHo ~ opMynaM (I, I) 11 (I , I'), renepb MO)KHO 

pacCqi1T8Tb aMnni1TYilY HanpSI)KeHHSI Ha rpynnl1pOB8Tene, 

He06XO/li1MYID llnSI nonyqeHHSI ll8HHOH CTeneH11 MOilynSIU1111. 

0Ha oKa3hlaaeTCSI paBHOH 1000 KB, np11 aToM nn11Ha nyTH 

rpynn11p0B8HI1SI (1,4) paBH8 2M. llnSI KOMneHC8U1111 pa36po

ca, BHOCI1MOrO KaCnOM, ero He06XOil11MO CllB11HYTb OT ~OKyCa 

K rpynn11poaareniD Ha 20 eM. 3TH uu~phr HMeiDT n11rub oue

HOqHhiti XapaKTep, OnTI1M8nbH8SI YCT8HOBK8 Kacna no OTHO

rueHI1ID K rpynnl1pOB8TeniD llOn)KH8 KOppeKTI1pOB8TbCSI 9KCne

pi1MeHTOM. 

8hr6op lln11Hhl BOnHhl rpynnl1pOB8TenSI He BnOnHe OllH0-

3HaqeH. B np11HU11ne, np11 38/lBHHOM ycKopSIIDilleM none 

(noTeHU11ane cryCTKa) H CTeneHI1 KOMnpeCCI1H B Kacne 

OKOnO IQ llni1HY BOnHhl rpynnl1pOBaTenSI MO)KHO B8pbl1pOB8Tb 

npHMepHO OT 30 CM 11 Bhlille. flp11 Manofi llnHHe cryCTKI1 

cofinyTcSI cn11rnKoM 6n113KO np11 MaKC11ManhHOM TopMO)KeH1111 · 

nyqKa, np11 6onbillOH - q11cno cryCTKOB 6ylleT yMeHbill8TbCSI 

np11 381l8HHOH lln11TenbHOCTI1 11MnynbC8 aneKTpOHHOH nyillKI1 

(Ho Ne np11 aTOM pacTeT, ecn11 npoi1CXOil11T cooTaeTCTByiD

ruee yaen11qeH11e CTeneHI1 KOMnpeCCI111). 

CnenyeT OTMeTI1Th TaK)Ke, qTo B03MO)KHO co31laHI1e 

crycTKOB nocne Kacna np11 aKCI1anhHOM pa3Mepe, 3Haqi1-

TenhHO 1Ip8Bhlill8IDill8M p81lH8nbHhiH: b>> a. flp11 3TOM: 

a) ysen11q11BaeTCSI TOK nyqKa 11 q11cno qaCT11U B cryCTKe 

( npH E =canst); 

6) ~~~aibruaeTCSI CTeneHb KOMnpeCCI111 B Kacne (npl1 

A = canst ); 

B) HeCKOnbKO YXYilill8IDTCSI ycnOBHSI ~OKYC11p0BKI1 11 pac

TeT BnHSIHHe HeycToitq11BOCTefi ( np11y = const ). fl03TOMY 
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B KaqeCTBe Ha116onee nerKO ocymeCTBHMOH np11 MHH11M8nb

HOM y Bhi6paHa MO/lenb cryCTKa C 1Ipi1MepHO p8BHhlM11 M8-

nhiM11 pa3MepaMH. 

Tenepb ocTaHOBI1MCSI Ha OllHOM H3 Ba)KHeHilli1X sonpocos: 

0 Bhi6ope MI1H11M8nhHOrO 3HaqeHHSI y ( ::. yj_)• flpH Bhi6paHHOM 

q11cne qaCT11U Ne B crycTKax pernaiDill11MH coo6pa)KeHI1SIMH 

1Ipl1 Bhi60pe y SIBnSIIDTCSI BOnpOCbl YCTOHqHBOCTH H ~OKyCI1-
pOBKI1. 

ilp11 11Cnonb30B8H1111 H¢ 11n11 MynbTI1nonbHOfi ~oKyc11poaK11 
(vr > 1) nonepeqHoe pacTanKI1B8HHe He orpaH11q11saeT y~ 
CHI13Y np11 Bhi6paHHOM 3HaqeH11H Ne (eM. ~opMyny (1.15). 

Mo)KHO cqi1T8Th, qro nonepeqHaSI ¢oKyC11pOBKa nocraroqHo 

3~~eKTI1BH8, ecn11 V ; = 2 11 y j_ > 2. 

Hw- ¢oKYC11posKa s npononbHOM HanpaaneHHH 

Ha ocHoBaHI111 (I.9) nonyqaeM, qro ~oKyc11posKa Haqi1-

HaeT pa6oTaTb np11 y j_ <3,1. H 811MeHhruee 3HaqeHHe H ¢ -nonSI 

6yneT s6nl1311 aToro 3HaqeHI1SI yj_• HanpHMep, npH Y-1. = 3 
ycnOBI1SI !poKyC11pOBKI1 BhiiiOnHSIIDTCSI np11 Hcp;:: 1,4H z • flone 
Hz , Heo6XOil11Moe llDSI o6ecneqeHI1SI npoXO)KJleHHSI qacruu 

, mcyV0 
qepe3 Kacn, H = --R-, cocTaBnSieT 1600 3, HanpSI)KeH-

z e 
HOCTh a3HMyTanbHoro nonSI 2:2300 3. HaH6onbrn.aSI B03-

MO)KHaSI CKOpOCTb crycTKOB 1Ipl1 11X ll8DbHeHill8M yCKOpeHH11 

<Hcp= canst) cocTaanSieT f3 z = 0,32. 

<f>OKYCI1pOBK8 8HH30TpOIIHhlM 3Kp8HOM o6ecneqi1BaeTCSI, 

ecnu y _L llOCTaToqHO Beni1K8, npaKTI1qeCKI1 MI1HI1M8DbHhiM 

3HaqeH11eM SIBDSieTCSI y _L = 2,573. 

PaccMoTpeH11e ycToilqi1BOCTH crycTKOB noKa3hiBaeT,qTo, 

soo6me roaopSI, BhrronHo ysen11q11BaTb Y-L • I1MnenaHc non

HOCTbiD 3Kp8HI1pOB8HHOrO nyqKa (oTpi1UaTenbH8SI Macca) 

np11 y -L = 3 paseH (I .I7) 50 OM, 11MnenaHc crycTKa B cao-

6onHoM npOCTpaHCTBe, K8K 113B8CTHO, ( CM.l.18) ,paBeH 

-320 OM. 

ilpl1 HCIIODb30B8HHI1 H ¢-~OKYCHpOBKH 3Kp8HHpOB8HHhiH 

nyqoK SIBnSieTCSI XOpOilli1M npH6ni1)KeH11eM 11 np11 YKp = 1 
Kpi1TI1qecKI1fi paa6poc (1.16) cocrasnSieT 6%. Korna BHeru

H11H MeTann11qeCKI1ll U11ni1Hilp paape3aH BllOnh OCI1 (~oKy

CI1pOBK8 8HI130Tp01IHhiM 3Kp8HOM), nyqoK OK83hiB8eTCSI K8K 

6hi B CB060ilHaM npOCTp8HCTBe H Kpi1TI1qeCK11H paa6poc 
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CT8HOBHTCSI HenonyCTHMO 6onblllHM (>20%), ll09TOMY Tpe6y

eTCSI JlOTIOnHHTenbH8SI 9Kp8HHpOBKa, 3TO MO:lKHO cnenaTb, 

pacnonaraSI sHe aHH3oTponuoro 9Kpaua Ha nocTaToquoM 

y naneHH H ellle OllHH MeTannHqeCKHH cnnOlllHOH 9KpaH, nonb ~ 

3YSICb TeM, qTo IIpH ManbiX y J. B036y:lKnaroTCSI cpaBHHTenbHO 

HH3KHe rapMOHHKH (n < 10). OueHHBaSI HMnenaHc s aTOM 

cnyqae senHqHHOH nopSinKa 100 OM, nonyqaeM npH v ~ = 2 
H y l = 3 KpHTHqeCKHH nonypa36poc IIO 9HeprHSIM ~E = 10% 

AR 
5 

,,, E 
IIpH -Jf =, lao 

3TH oueHKH noKa3hlBaiOT, qTo pa36poc nocne Kacna 

Heo6xonHMO yBenHqHTb no BenHqHHhl DOpSinKa 5%, qTO ellle 

COBMeCTHMO C BenHqHHOH ~ = 1 /20. BenHqHHY y J. B COOT-

BeTCTBH H C BbliiieH3nO)KeHHbiM Bbi6HpaeM paBHOH 3, T.e, 

aHeprHSI aneKTpoHOB B nyqKe paBHa 1 MaB (y::yJ).flpH Bbi-

6paHHbiX napaMeTpax (Ni <10- Nc) nByxnyqKoBaSI He

ycToiiqHBOCTb (I .19), KaK noKa3biBaiOT oueHKH, He pa3BH

BaeTCH, 

Ha puc. 1 noKa3aH cxeMaTHqecKHH BHn ycKopHTenH, 

B KOTOpOM HCDOnb3yeTCSI MynbTHIIOnbH8SI ¢oKyCHpOBK8 H ¢o

KyCHpOBKa 8HH30TpODHbiM 9Kp8HOM, 3TOT BapHaHT paCCqHTaH 

Ha nerKHe Hnpa (p,d,a) H aHeprHro _1 faB. OcHoB-

Hbie napaMeTpbl 9TOrO yCKOpHTenSI CBeneHbl B Ta6 n. 1, 
flpH YCKOpeHHH TH)KenhlX HOHOB no 9HeprHH 20+ 

+30 MaB/HyKn, DpH BHelllHefi HH)KeKUHH HOHOB, uenecoo6pa3-

HO ucnonb30B8Tb UH 9-¢oKycupOBKy; ~xeMa ycKOPHTenSI 

OTnuqaeTCSI YCTpOHCTBOM yCKOpSIIOllleH CeKUHH, naHHbie KO

TOpOH npHBeneHbi B Ta6n. 2. TaK KaK nnSI co3naHHSI yKa-

3aHHoro 3HaqeHHSI H<i>-nonSI no ocH CHCTeMbi HY)KHO npo

nycKaTb TOK no 35 KA, TO KOHCTpyKUHSI K08KCH8nbHOH 

yCKOpSIIOllleH CeKUHH nnHHOH 4 M Tpe6yeT HeTpHBHanbHbiX 

KOHCTpyKTHBHbiX H TeXHOnoruqecKHX npopa6oTOK, 

YKa)KeM Ha nBa B03MO)KHbiX nyTH pellleHHSI aTofi 3ana•m: 

rny60KOe oxna)KneHHe BCefi CeKUHH H HMIIynbCHhlH pe)KHM 

pa60Tbl HCTOqHHKa IIHTBHHSI OCeBOrO TOKa. 

BepHeMc~ K BapHaHTY ycKopurenSI cpenHHX aHeprHfi, 

(puc. 1 ) • 
B Kaqecrse aneKTpoHHofi IIYlllKH Bbr6paHa MarHeTpOHHaSI 

IIYlllKB-JlHOJl C MarHHTHOH H30nSIUHefi, KOTOpaH, C OJlHOH 

CTOpOHblr II03BOn5IeT 4JopMHpOB8Tb Jl0CT8TOqHo nnHHHbie 
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Ta6nHua 

0CHOBHhle napaMeTphl yCKOpHTBJJH Ha CpBUHHB 8HBpi'HH 

ToK ny~Ka aneKrpoHOB A 

3ueprHH aneKrponoa We MaB 

.il.'IHTBJJhHOCTh HMITyJJhCa T MKC 

PaaHyc ny'!Ka R CM 

TonmHHa rpy6KH M eM 

.ilnHHa BOJJHhi rpynnHpoaarenH ,\ .\1 

AMnnHryaa HanpRiKBHHH Ha 3a3ope 

rpynnHpyiOmero pe2o1-1a ropa U MB 

HanpHMBHHOCTh aKCHanhHoro 

Mai'HHTHOI'O llOJIH Hz K3 

H anpHA<eHHOCTh MYJJhTHnonbaoro 

llOJIH HM K3 

CpHHHHH HanpH)!(8HHOCTh ycKopHlomero 

crycrKa nonH E ez B/cM 

l.fHcno HOHOB B HMnynhce N. 
1 

3HeprHH HOHOB W i MaB/HyKn. 

.ilnHHa ycKopHrenH L M 

l.JHCJJO HMllYJJhCOB B C8KYHLtY 

Ta6nHua 2 
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TiapaMeTpbl yCKOpHIOllieH C8KUHH HJJH TH)!(BJibiX HOHOB 

HanpHiKeHHOCTh H¢ nonH, K3 

CpeaHHH HanpHMeHHOCTh ycKopHIOmero 

crycrKH nonH a BlcM 
l.fHcno HOHOB a HMnynhce (Z/ A= 1/2) 
3Hepri1H HOHOB MaB/HyKnoH 

llnHHa yCKOpHT8JJH, M 
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HMllYJJhCbi BBH;:ty Mai'HHTHOH H30JJHUH11 KaTO,:t-aHO,llHOI'O 

npoMe)!(yTKa, a c apyroii: - orcyrcraHe aqoaHoii: ¢onhrH 

no3aonHer raKoii: nyrnKe pa6orarh c 6onhrnoii: '!acroroii: 

noaropeHI1H*. Tiy'IOK MoaynHpyercH pe3oHaropoM KoaKcHanh

Horo THna, B036yiKaaeMoro or naMnoaoro reHeparopa. 

Ha pHc. 1 nHraHHe pe30Haropa H nyrnKH He noKa3aao. Mo

aynHpoaaHHhiH ITY'IOK ¢oKyC11pyeTCH Ha Kacn C KOHll8HTpaTO-

_pOM llOJJH, TIOCJJe 'I8I'O B CI'yCl'KH BHOCHTCH CIT8UHaJJbHO 

ycraHOBJJ8H9hlMH ~OJJbi'aMH 8H8pi'8TH'I8CKHH pa36poc UJIH 

llOUaBJJ8H11H llpO~OJihHOH HeyCTOH'II1BOCTH. C llOMOllibJO pe-

3HCTHBHhiX CT8HOK 11JII1 ll8T8Jib CI'yCTKH TOpM03Hl'CH, llOCJJe 

'I8I'O 3axaaTbiBaJOT 110Hbl JJH60 113 BH8lliH8I'O HHiK8KTOpa, 

JJH6o 113 ynhrpa3ByKoaoii: crpyH ra3a. ¢oKycHpOBKa rrocne 

Kacna ( noaaepiKaHHe rrony'IeHHbiX pa3Mepoa) ocymecranH-

ercH C llOMOllibJO aKCHaJJbrlOI'O Mai'HHTHOI'O ilOJJH (60JJhlliOH 

paaHyC H paaHaJJbHhlH p83Mep), aHH30TpOllHOI'O 8KpaHa 

( aKCHSJJbHhiii pa3Mep) H MYJJhTHnonhuoro MarHH'rHoro nonH 

(y)!(8CTO'IBHH8 paaHaJJbHOH ¢oKyCHpOBKH). 

CrycrKH c HOHaMH ycKopHIOTCH Bl.f pe3oHaropaMH 6e3 HC

nonb30B8HHH H8KOITJJ8HHOH B HHX 8Hepi'HH,KOI'Lt8 JI8Mll8 llpHC08UH

HHeTCH napannenbHO yCKOpHIOlli8MY 3830py pe30H8TOpa,B KOTD

pOM co3aaercH pacryruee Mai'HHTHoe none; MeiKay pe3oHa

ropaMH 38ll8CBHH8H BOBpamaTeJJbHOM UBHM8HHH 8H8pi'HH 

nepeBOLtHTCH B llOCl'ynaTeJJbHYJ0/2/. flpH HCllOJJb30B8HHH 

pe30H8TOpHbiX CHCT8M YCKOpeHHH, CBH38HHbiX C BH8C8HH8M 

cymeCTB8HHbiX H80LtHOpOLtHOCTeii: B TpaKTe yCKOpeHHH 

8JJeKTpOHHbiX cryCTKOB, B03HHKaeT, K8K H3B8CTHO, npo6neMa 

KOrepeHTHOI'O H3JJY'I8HHH nepeXOUHOI'O H 'IepeHKOBCKOI'O 

THITOB. 3aBI1CHMOCTh MOlliHOCTH 8TOI'O H3JJY'I8HI1H OT N 2 
e 

MOiK8T llpHB8CTH K cymeCTB8HHblM llOTepHM 8Hepi'HH YCKO-

pHeMbiX CI'yCTKOB, a T8KiK8 K llOTepHM 'I8CTH HOHOB (eM., 

ganpHMep, /3/). 0rMeTI1M KaK cymecraeHHoe npeHMymecrao 

TO o6CTOHT8JihCTBO, 'ITO B U8HHOM B8pHaHT8 YCKOpHTeJJH 

MOlliHOCTh H3JJY'I8HHH OTLt8JJbHOI'O cryCTKa H8 LtBa llOpHUK8 

M8Hhllie B8JIH'IHH, 06bi'IHO ¢RrypRpyiOiuHX B llOLt06HbiX pac

'I8T8X. 

*AHOLtHOe HanpHiK8HHe MOiKeT cocraanHTh 1 MB IWH 

MeHblli8 C llOCJJeLtyJOlliHM LtOYCKOp8HH8M HHUYKUHOHHbl.\4 Me

TOLtOM. 
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Ha BhiXone ycKopnTenSI paccMaTpHBaeMoro Tuna nony

qaeTcSI HMIIynbC YCKOpeHHhiX ::meKTpOHOB H HOHOB nnHTenb

HOCTb'!O HO 100 MKC H Bb!COKO'IBCTOTHOH CTpyKTypoH ( f = 

= 300 Mfu). Docne "c6pocau ::meKTpoHoB BbiBOilHTCSI 

nnHHHhiH HMIIynbC HOHHOI"'O TOKa, 'ITO TBK)Ke SIBnSieTCSI 

XapaKTepHbl~ JlnSI llBHHOI"'O BapnaHTa KOnneKTHBHOI"'O yCKO

peHHSI H c6nH)KaeT ero c KnaccnqecKHMH ycKOpHTenSIMH. 

3AKfli04EHl1E 

PaccMoTpeHHhlA BapnaHT ycKopnTenSI, KaK BHilHO H3 

H3nO)KeHHOI"'O B llBHHOH pa6oTe H B/l~o6nanaeT llOCTBTO'IHO 

XOpOlliHMH xapaKTepHCTHKBMH KBK B CMhlCne TeMITB Ha6opa 

3HeprHH, TBK H HHTeHCHBHOCTH yCKOpSieMhiX HOHOB. 8hi6paH

HBSI BenH'IHHa TeMna Ha6opa 3Heprnn 10 Z/ A M3B/M CBSI

aaaa C MHHHManbHblMH Tpe60BBHHSIMH Ha napaMeTpb! yCKO

pHTenSI. YBenH'IeHHe ee oaaaqaeT yBenH'IeHHe 'IHCna 3neKTpo

HOB B OT/lenbHbiX CI"'yCTK8X H, COrnaCHO pa3BHTbiM npen

CTBBneHHSIM, KOTOpbie, KOHe'IHO, llOn>KHbl 6b!Tb KOppeKTHpo

BBHhl 3KCnepHMeHTOM, MO)KeT 6hlTb ocyrneCTBneHO nHWb 

npH yBenH'IeHHH y. 4TO KacaeTCSI HHTeHCHBHOCTH HOHHOrO 

ny'IKa, TO yBenH'IBHHe ee TeCHO CBSI3BHO C nporpeCCOM 

B paapa60TKe 3neKTpOHHhiX nyrneK C 60J1billOH nnHTenbHO

CTbiO HMnynbca. 

ABTOpbl XOTenH 6b! Bblp831fTb CBOIO HCKpeHHIOlO 11pH3HB

TenbHOCTb Y'IBCT:-IHKBM CeMHHapa OTJlenOB yCKOpHTenSI fl83 

H oco6eHHo IO.ll.EeaaorHx H A.ll.KoBaneHKo aa KOHCTpyK

THBHhle 06Cy)KJleHHSI npo6neM llBHHOH pa60Thl. 
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KATErOPHH nYBnHKAUHH TEMATWIECKHE 

OB'bE,.nHHEHHOrO 

HH)J.eKc 

HHcrnTYTA 

HCCJIE,.nOBAHHH 

TeMantKa 

H,li.EPHbiX 

I. 3KcnepRMeHT8lthHSSl 4>H3RK8 Bl:>ICOKHx 3HeprRA 

2. TeopeTJAecKaSl «t>RaHKa Bl:>ICOKHx 3HeprHA 

3. 3KCOepRMeHT8nhH8Sl HeATpOHHSSl $H3HK8 

4. TeopeTH'IecKaSI $nanKa HH3KHx 3HepruA 

5. MaTeMaTRKa 

6. HnepHaSl cneKTpocKonHSl H panHoXRMHSI 

7 • 4>H3HK8 TSJ)Kenl:>IX HOHOB 

a. KpuoreHHKS 

9. YcKopeTenu 

10. AsToMaTnaauust o6pa6oTKH aKcnepHMeHTan&Hbix 

llSHHblX 

11. Bbi'IHCnHTen&Hast MaTeMaTHKa H TexHHKa 

12. XHMHSI 

13. TexHHKa $R3H'IeCKoro 3KcnepHMeHTa 

14. J1ccnellOB8HRSl TBepllblX Ten H :lKRilKOCTeA 

stnepHbiMR M9TOil8MH 

15. 3KcnepHM9HT8nhH8SI $H3HK8 stnepHblX peaKUHA 

rrpH HH3KHX aHeprHSIX 

16. llo3HM9TpHSI H $H3HK8 38IUHTbl 

17. TeopHSI KOHileHCHpOBSHHOro COCTOSIHBSI 


