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6e3HOrHx ~-~· H AP· 

CHHxpo~aaorpoH O~RH. Pa5ora H cosepweHCTBOBaHHe 
I I Ksapran 1979 r/ 

9 - 12723 

npHBOAATCA KpaTKHe CBeAeHHA 0 pa5ore YCKOpHTenA B I KBaprane 
1979 r., 06 HCnOnb3yeMO~ HHTeHCHBHOCTH YCKOpeHHOrO ny4Ka npOTOHOB. 
~aeTCA KpaTKH~ nepe4eHb ~H3H4eCKHX 3KCnepHMeHTOB, npOBOAHMWX Ha ny4KaX 
CHHxpo~aJorpoHa. Coo5~aercA HH~OpMa~HA o peJynbTarax KanH5poBKH B-ra~

Mepa /T04HOCTb YCTaHOBKH 3Ha4eHH~ MarHHTHOrO nonA COCTaBnAeT 3-4z/. 
OnHcaH MaKeTHbl~ aapHaHT annaparypbl, npeAHa3Ha4eHHO~ AnA yny4weHHA 
crpyKrypw awaeAeHHOro ny4Ka H DRAa xapaKrepHCTHK awaoAa. ~aHa nonHaA 
KapTHHa COBpeMeHHOrO COCTOAHHA nHHeAHoro yCKOpHTenA flY-20. npHBeAeHW 
pe3ynbTaTbl H3MepeHH~ BbiCOTHOrO nOnO>+<eHHA 3neKTpOMarHHTa yCKOpHTenA H 
AaHHwe pac4eroa, noKa3biBaiO~He nono>t<eHHe ceKropoa aneKrpoMarHHTa a 
npocrpaHcrae. 

Pa5ora awnonHeHa a fla5oparopHH awcOKHX 3HeprH~ OHRH. 

Coo6weH~e 06hen~HeHHoro HHCTHryra RnepHhlX ~c cnenoaaHHA, lly6Ha 1979 

Beznogikh Yu.D. et al. 9 - 12723 

Dubna Synchrophasotron. Performance and Refinement 
(Quarter 1, 1979) 

Brief information is presented about the performance of the acce
lerator in the 1st quarter, 1979 and about the intensity of the acce
lerated proton beam. A short list is given of the physics experiments 
carried out on beams of the synchrophasotron. Data on calibrating the 
B-timer is given. The accuracy in determining the magnetic field va
lues is 3-4%. A test modification of the apparatus is described intra· 
duced into the slow extraction control system. A full picture is gi
ven of the present-day state of the LU-20 linear accelerator. Results 
of measurements of a high-altitude position of the accelerator elec- II 
tromagnet are presented. Calculations show the position of the elec
tromagnet sectors in space. 

The investigation has been performed at the Laboratory of 
High Energies, JINR. 

Communication af the Joint Institute far Nuclear Research. Dubna 1979 

© 1979 06'be/lHHeHHblfl HHCTHTYT HJ19pHb1JC HCCneaOBBHHfl ,0y6HB 

1. BBE,llEHHE 

B I KsapTane 1979 r. 6~no 3annaH~posaHo 1296 4 pa6oT~ 
c~Hxpo$a3oTpoHa OHHI-1. Ha 3Kcnep~MeHTanbH~e ~ccneAOBaH~R 
~cnonb3osaHo 1171 4 /90,3%/, ~3 H~x 3Kcnep~MeHTanbH~e $~-
3~4eCK~e ~CCneAOBaH~R 3aHRn~ 1085 4 /83,7%/, Ha npOTR~eH~~ 
86 4 /6,6%/ npoBOA~n~cb pa6oT~ no cosepweHcTsosaH~~ caMoro 
ycKop~TenR. Ha TexHonor~4ecKy~ noArOTOBKy, s TOM 4~cne ~ 
3KcKypc~~. 3aTpa4eHo 68 4 /5,2%/, noTep~ speMeH~ no np~4~
He npOCTOR C~CTeM COCTaB~n~ 57 4 /4,4%/. 

Ha npoTR~eH~~ scero speMeH~ pa6oT~ s c~Hxpo$a3oTpoHe 
ycKOpRn~cb TOnbKO npOTOH~. B 3as~c~MOCT~ OT ycnos~R pa6oT~ 
~HTeHC~BHOCTb YCKOpeHHOrO ny4Ka npOTOHOB 6~na paSHa: 

cpeAHRR - 7,0 · 1011 npoT./~Mnynbc, 
MaKc~ManbHaR - 9,0 · 1011 npoT ./~Mnynbc. 

CpeAHee 3Ha4eH~e saKyyMa s KaMepe ycKop~TenR cocyas~no : 
- ·6 
p = 2, 8 · 10 Top. 

Ko3$$~~~eHT ~cnonb30BaH~R ycKop~TenR AnR $~3~4eCK~x 3Kcne
P~MeHTOB 6~n paseH: 

K = 1 ,98. 

B 3TOT nep~OA Ha c~Hxpo$a30TpoHe 6~n~ npoBeAeH~ 3Kcnep~
MeHT~ no no~CKy ~ ~ccneAOBaH~~ MHOro6ap~OHH~X pe30Ha HCOB, 
~ccneAOBaH~~ KyMynRT~BHOrO o6pa30BaH~R 4aCT~~, ~3y4eH~~ 

B3a~MOAeRCTB~R penRT~B~CTCK~X 4a~T~~ C TR~en~M~ RAPaM~, 
npoAon~eHbl onbiTbl no onpeAeneH~~ xapaKTep~cT~K A~$paK~~oH
Horo B3a~MOAeRcTB~R npoTOHOB c npoToHaM~ ~ nerK~M~ RAPaM~ . 

6~n~ nposeAeH~ Kan~6poso4H~e 3Kcno3~~~~ no ~ccneAOBaH~~ 
+ -

PO~AeH~R e e ~ y - KBaHTOB TT -Me30HaM~ Ha HyKnOHaX ~ HA-
pax. 3asepweHa KOMnneKcHaR HanaAKa cneKTpoMeTpa 11 Kp~-

cTann11. Ha 3ToR ycTaHOBKe BbmonHeHbl 3Kcnep~MeHTbl 
no ~3y4eH~~ B03MO~HOCT~ oxna~AeH~R ny4KOB C nOMO~b~ MOHO
Kp~CTannOB. 

Ha 5 non~cax OAHoro KBaApaHTa 3neKTPOMarH~Ta /3M/ ycKo
P~TenR npOBeAeHbl MarH~THble ~3MepeH~R C ~enb~ Kan~6pOBK~ 
B-Ta RMepa e A~ana3oHe noneR B = 4 -;- 13,0 Krc. OH~ noKa3an~, 
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4TO T04HOCTb ycTaHOBK~ MarH~THoro nonR np~ noMo~~ 8-Ta~Mepa 

COCTaBnReT 0,4%. np~BOARTCR C006pa~eH~R no nOBOAY B03MO~
HOCT~ nony4eH~R 6onee BbiCOKO~ T04HOCT~. 

8 c~cTeMe ynpasneH~R MeAneHHbiM BbiBOAOM ny4Ka ycKopeHHbiX 
4acT~Ll IM81 BBeAeH onbiTHbl~ sap~aHT annapaTypbl AnR ocy~ecT
sneH~R pasHoMepHoro B~BOAa ny4Ka. 8 HeM ~cnon b3yeTCR o6-
paTHaR CBR3b no TOKY B~BeAeHHOrO ny4Ka. 0AHOBpeMeHHO C 
3T~M pean~3oBaHo OTAeneH~e Mano~ AOn~ Ll~PKYn~py~ero s yc-

-3 
Kop~Tene ny4Ka lAo 10 I AnR M8 ~ nOAAep~aH~e 3Toro ypo s-
HR C B~COKO~ CTeneHb~ CTa6~nbHOCT~. 

np~BOARTCR CBeAeH~R 06 ycosepweHCTBOBaHH~X y3nax n~He~
HOrO ycKop~TenR lnY-201 ~ ero napaMeTpax s HacToR~ee speMR, 
a TaK~e o pe3ynbTaTa x reoAe3~4ecK~x ~3MepeH~~ nono~eH~R 3M 
YCKOp~TenR. 

2. MArHI1TH~E 113MEPEH11R 

~~3~4eCK~e ~ccneAOBaH~R, npoBOA~M~e Ha ny4Kax c~Hxpo$a-
30TPOHa B HaCTORLl\ee BpeMR, nOTpe6osan~ 6onee BbiCOKO~ T04-
HOCT~ onpeAeneH~R a6con~THO~ sen~4~H~ MarH~THoro nonR ycKo
P~TenR. AMnn~TYAa z-cocTaBnR~~e~ MarH~THoro nonR He noc
TORHHa no nep~MeTpy yCKOp~TenR. 11 4T06~ C B~COKO~ T04HOCTb~ 
onpeAen~Tb 3$¢eKT~BHoe 3Ha4eH~e MarH~THoro nonR, Heo6xoA~Mo 
KpOMe BbiCOKOT04HbiX noKanbHbiX ~3MepeH~ ~ MarH~THOrO nonR 
BHYTP~ ycKop~TenR BbmonH~Tb ~3MepeH~R AnR y4eTa PRAa APYr~x 
$aKTOPOB, a ~MeHHO: cnaAa MarH~THoro nonR Ha KpaRX KBaA
paHTOB, npOH~KHOBeH~R pacceRHHOrO Mar~~THO ro nonR BHyTpb 
npRMOn~ He~HbiX npoMe~yT KOB, Han~ 4~R MOAYnRI..l~~ Ma rH~T HOro 
nonR BAOnb a3~MyTa ~ peanbHO~ An~Hbl Ka~AOrO KBaApaHTa / l /. 

8 HaCTORLl\ee apeMR s Ka4ecTBe onepaT~BHO~ c~cTeM~ ~3Me
peH~R MarH~THoro nonR c~Hxpo$a3oTpoHa ~cnonb3yeTCR 8-Ta~Mep. 

Ero AaT4~KOM cny~~T OAHOB~TKosaR KaTywKa, oxsaT~Ba~Ll\aR pa6o-
4Y~ o6naCTb MarH~THOrO nonR 4eTblpex KBaApaHTOB YCKOp~TenR. 
Ee B~TK~ pacnono~eHbl Ha paA~ycax R 0 ± 300 MM. 8-Ta~Mep yc
peAHReT Ben~4~Hy MarH~THOro nonR C~Hxpo$a30TPOHa, HO OH 
HY~AaeTCR a Kan~6posKe, TaK KaK ~3-3a 6onbw~x reoMeTp~4ec
K~x pa3Mepos cyll\eCTByeT 3aTPYAHeH~e s onpeAeneH~~ 3$$eK
T~BHO~ nno~aA~ OAHOB~TKOBO~ KaTyWK~. Kan~6pOBKa OCy~eCTBnR

eTCR np~ nOMO~~ npel..l~3~0HHbiX MarH~TOMeTpOB. nocneAHRR Ka
n~6pOBKa, npoBeAeHHaR B $espane 1978 r. MarH~TOMeTpaM~ ABYX 
T~nos: 3- KoMnoHeHTH~M AaT4~KOM Xonna ~ ~MnynbcH~M ~HAYK
Ll~OHHbiM MarH~TOMeTpOM /S,' , - OTHOC~nacb K pa6o4eMy non~ 
10 Krc /41 
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8 I KBapTane 1979 r. 6~na ocy~ecTsneHa Kan~6posKa a A~a
na30He MarH~THbiX ~HAYKLI~~ 8 = 4 ~ 13 Krc. 11cnonb3oaancR ~H
AYKI..l~OHH~~ MarH~TOMeTp c norpewHOCTb~ ~3MepeH~~ 0,1 %. MecTo 
~3MepeH~R - nepBble 5 non~cos II KBaApaHTa npoT~B XOAa ny4Ka. 

AaT4~K pacnonarancR H~~e MeA~aHHO~ nosepxHocT~ Ha 80 MM 
~ nepeMe~ancR no a3~MYTY cpeAHero paA~yca R0 c waroM 100 MM. 
noKanbH~e 3Ha4eH~R Ben~4~H MarH~THO~ ~HAYKI..l~~ npeACTaBneH~ 

Ha rpa<)MKe lp~c. 1 I. nyHKT~PHble n~H~~ noKa3biBa~T ~3MeHeH~e 

sen~4~H~ ycpeAHeHHOrO 3Ha4eH~R MarH~THO~ ~HAYKI..l~~ B 3aB~C~
MOCT~ OT MeCTa ~~MepeH~R np~ yKa3aHHO~ B 1..1~$pax cpeAHe~ se
n~4~He ~HAYKLI~~ 8 BHYTP~ KBaApaHTa. Ha4ano OTC4eTa L ' 0 
cosnaAaeT c BHewH~M KpaeM non~ca W1. 

3$$eKT~BHOe 3Ha4eH~e a6con~THO~ sen~4~H~ MarH~THoro nonR 
KBaApaHTa onpeAenReTCR np~ nOMO~~ $OpMyn~ 

.J..
1
,, ax

8 
dL 

o L 
B 'ltjH jJ.II'l~l . 

0.5 rrRo 

rAe BL-noKanbHaR sen~4~Ha MarH~THO~ ~HAYKLI~~. ~3Mepe HHaR 

npel..l~3~0HH~M MarH~ToMeTpoM, LM -MaKc~ManbHaR An~Ha MarH~T
HO~ AOPO~K~ KBaApaHTa, 3a npeAenaM~ KOTOPO~ BL 10 ~ B. 

3$$eKTHBHOe 3Ha4eH~e MarH~THO~ ~HAYKI..l~~ MO~HO TaK~e B~

pa3~Tb 4epe3 cpeAH~~ sen~4~HY nonR BHYTP~ KBaApaHTa: 

B ·•1\JijJ.w•~t . • k (B) · B . 

rAe k (B) -Ko3$$~1..1~eHT, xapaKTep~3Y~Ll1~~ pacceRHHoe none 
BHYTP~ npRMOn~He~HOrO y4aCTKa, cnaA nonR Ha KpaRX KBaApaHTa 
~ yKopo4eHHY~ An~HY KBaApaHTa. 8en~4~Ha 3Toro K03$$~1..1~eHTa, 

Bbl4~cneHHaH AnR Tpex 3Ha4eH~~ MarH~THoro nonH, oKa3anacb 
paBHO~: 

B1 

B~ 

Ba 

6 Krc, 

10 Krc, 

13 Krc, 

k 

k 

k 

0,9976, 

0,9960, 

0,9918. 

AaHH~e o pacnpeAeneH~~ pacceRHHOro MarH~THoro nonH s npR
Mon~Hc~HbiX npoMe~yTKaX Ha Z = 0 AnR 3T~X 3Ha4eH~~ ~HAYKI..l~~ 
nony4eH~ s 6onee paHH~x ceaHcax MarH~TH~x ~3MepeH~~. 

Pacxo~AeH~e pe3ynbTaTOB ~3MepeH~~ 3$$eKT~BHO~ sen~4~Hbl 

MarH~THO~ ~HAYKI..l~~ (B1nM . ) C noKa3aH~RM~ 8-Ta~Mepa (B !I'T.) 
npeACTasneHo Ha p~c.2. 

Heo6XOA~MO OTMeT~Tb, 4TO T04HOCTb YCTaHOBK~ MarH~THOrO 
nOnR B Cyll\eCTBY~Ll\eM Bap~aHTe 8-Ta~Mepa COCTaBnReT 10,3 0,4/%. 

Pe3ynbTaT~ MarH~TH~x ~3MepeH~~ noATBep~Aa~T noKa3aHHR 
Cyll\eCTBY~Ll\ero 8-Ta~Mepa s A~ana3oHe none~ 8 = 4 - 13 Krc 
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P1o1c.1. noKanbHble 3Ha4eHio1fl 8enYt41o1H MarHI-1THO~ lo'IHAYKLlYtl-1, nony-
4eHHble Ha R0 5 non~C08 8TOporo K8aApaHTa, L -paCCTOflHio1e 
no a31-1MYTY OT 8HeWHe~ CTOPOHbl nep80rO non~ca KOHLla K8aApaH
Ta /npOTI-18 XOAa ny4Ka/. 
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P1o1c. 2. CooTHoweHI-1e I-13MepeHHO~ 8eni-141-1Hbl MarH~o"~THO~ 1-1HAYKLl1-11-1 
( B 11 ~M .) c noKa3aHI-1flMI-1 B-TalltMepa ( B ~TT) 

C T04HOCTb~ 0,4%. 6onee 8~COKafl T04HOCTb onpeAeneHio1fl B ~~l~· 
a 3Ha41-1T, 1-1 6onee T04Hafl Kanl-16po8Ka B-Ta~Mepa MomeT 6b1Tb 
AOCTI-1rHyTa, ecn~-1: a/ noKanbH~e I-13MepeHI-1fl MarHI-1THoro nonfl 
npo8eCTI-1 Ha 8Cex non~cax Konbl.le8oro 3M ycKOPI-1Tenfl, 6/ 1-13 -
Meplo'!Tb 8eni-141-1Hy pacceflHHoro MarHI-1THoro nonfl 8 npflMOni-1He~HbiX 

npoMemyTKaX C y4eTOM 8nlo1flHio1fl CTanbH~X Mace, KOTOp~e Ha xo
AflTCfl TaM 8 HaCTOfl~ee 8pe Mfl, 8/ yMeHbWio1Tb annapaTypHy~ 

norpewHoCTb np1o1 onpeAeneHI-11-1 nonfl B-Ta~MepoM . 

3. CTA6~n~3AU~R ~HTEHC~BHOCT~ MEAnEHHOrO BWBOAA /MB/ 
C 06PATHO~ CBR3b~ lOCI no BWXOAHOMY TOKY 

Anfl nony4eHio1fl pa8HOMepHoro 80 8peMeHI-1 MB 6~n pa3pa6oTaH 
3Kcneplo1MeHTanbHbl~ eap1-1aHT anna paTypbl, 1-1cnonb3y~~lo1~ OC no 
B~ XOAHOMY TOKy ny4Ka Clo1HXPO¢a30TPOHa. Halo160nbwee BHio1MaHio1e 
aKLleHTI-1P0 8anocb Ha nony4eHio1 1-1 CTa61o1nbHoro pem1-1Ma pa6oT~ Ha 
CTOne rna8HO r O TOKa np1o1 OTKn~4eHHOM YCKOPfl~~eM HanpflmeHI-11-1. 
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Pa6oTa cxeMbl ocHoBaHa Ha cpaeHeH~<H1 cl-1rHana AaT41-1Ka TOKa 
BbiBeAeHHoro ny4Ka c onopHbiM Hanp.R)I(eHI-1eM 1-1 nocneAYIOUII-1M eoa
AeAcTBI-1eM pa3HOCTHOrO Cl-1rHana Ha TOK B pe30HaHCH~X 06MOTKaX 
POM-1. Peryn1-1poeKa onopHoro Hanp.R)I(eHI-1.R noaeon.ReT ycTaHaenl-1-
eaT b ypoeeHb BbiXOAHOrO TOKa, T. e. OCyl!leCT Bn.RT b BbiBOA 3aAa H
HOrO KOnl-14eCTBa yCKOpeHH~X 4aCTI-14. np1-1 3TOM MO)I(eT npOI-13B0-

- 3 
A1-1TbC.R 110TUienneHI-1e" ManoA lAo 10 I 4aCTI-1 41-1PKyni-1PYIOI!Iero 
ny4Ka 1-1 ypoeeHb I-1HTeHCI-1BHOCTI-1 e KaHane MB nOAAep)I(!-1BaeTC.R 
CO CTa6!-1nbHOCTbiO 3Ha41-1TenbHO 6onee B~COKOR, 4eM npl-1 1-1CnOnb-
30BaHI-11-1 cTaHAaPTHoA annapaTyp~ ynpaeneHI-1.R ny4KOM. KpoMe Toro, 
np1-1 noMOUII-1 AaHHoR cxeMbl ocyllleCTBn.ReTC.R 1-1 noAaBneHI-1e Hi-13Ko-
4aCTOTH~X ~ ~ 150 r41 nynbCa41-1A B TOKe B~BeAeHHOrO ny4Ka. 

$yHK41-10HanbHa.R cxeMa npi-1BeAeHa Ha pi-1c.3. Hanp.R)I(eHI-1e c e~
XOAa nponOP41-10HanbHOR KaMepbl, pa6oTa10111eR B TOKOBOM pe)I(I-1Me, 
nocTynaeT Ha cyMMaTop Il , rAe npoi-1CXOAI-1T ero anre6pal-14ec
Koe cno)l(eHI-1e c onopH~M Hanp.R)I(eH!-1eM, KOTopoe onpeAen.ReT ypo
eeHb CTa61-1n1-13a41-11-1 TOKa ny4Ka B CI-1CTeMe perynl-1pOBaHI-1.R.Pa3HOCT · 
H~R cl-1rHan nocTynaeT Ha nepeKnl04aTenb n1. B nepeoM nono)l(eHI-11-1 
n1 MO)I(HO nony41-1Tb Hanp.R)I(eHI-1e, nponOP41-10HanbHOe npOI-13BOAHOR 
pa3HOCTHOrO CMrHana, BO BTOPOM - HenocpeACTBeHHO pa3HOCTH~R 
Cl-1rHan. Hanp.R)I(eHI-1e c n1 nocne yc1-1neH1<1.R nocTynaeT Ha AaT41-1K 
a6coniOTHOR eenM41-1H~ IAABI, KOTOp~A B~pa6aT~BaeT CHrHan, 
ynpa en.RIOUII-1A K03$¢H41-1eHTOM ycMneHI-1.R (k) ycHnHTen.R K ~ var. 
KacKaA nocTpoeH TaKHM o6paaoM, 4TO ero K eoapacTaeT np1-1 
yeenM4eHI-11-1 BbiXOAHOro cMrHana AAB. TorAa, no aaMblcny, CHCTeMa 
perynMpoeaHI-1.R AOn)I(Ha yMeHbWI-1Tb rny6HHy OC np1-1 Man~x pac
cornacoeaHI-1.RX, 4TO noaeon1-1T ocy~t~eCTBHTb AeMn¢MpoeaHI-1e, no
e~wa.R YCTOR41-1BOCTb CI-1CTeM~. npH MaKCI-1ManbHOM 3Ha4eHMM Hanp.R
)I(eHM.R, nocTyna10111ero c noTeH41-10MeTpa "AeMn¢1-1poeaHHe", I-1MeeM 
MaKCI-1ManbH~A npeAen M3MeHeHM.R K I e 10 paal. 0THoweHHe 
Km ax : Kmin MO)I(HO perynHpoeaTb ypoeHeM AeMn¢HpoeaHI-1.R. C!-1r
Han, KOTOpbiR AOn)l(eH 6b1Tb ycHneH ycl-1nMTeneM K = var , MO)I(eT 
6b1Tb 4MCTO pa3HOCTHbiM Mnl-1 COAep)l(aTb HeKyiO AOniO CBOeR npOH3-
BOAHOA lnpl-1 3aMKHyTOM n21, KOTOpa.R onpeAen.ReTC.R nono)l(eHMeM 
noTeH4HOMeTpa "rny6HHa d,'dt ''. BbiXOAHOe Hanp.R)I(eHHe Kac-
KaAa K = var c noTeH4MOMeTpa "r ny61-1 Ha OC" nocTynaeT Ha cyM-
MaTop I3 . YpoeeHb . nocTO.RHHoro Cl-1rHana E Ha BTopoM BXOAe 
L3 nocne MHTerpHpOBaHH.R 3aAaeT Ha4anbHbiR HaKnOH B TOKe 

nMTaHI-1.R o6MOTKM POM-1. B~XOAHOe Hanp.R)I(eHHe I-1HTerpaTopa 4epea 
YCI-1nMTenb MOUIHOCTH IYMI nocTynaeT Ha peryn.RTOP TOKa IPTI 
o6MOTKH POM-1 • 

TaKHM o6pa30M, 3TOT Bapl-1aHT annapaTypbl n03BOn.Rn B WMPOKHX 
npeAenax rM6Ko M3MeH.RTb napaMeTp~ CHCTeM~ perynMpo e aHM.R An.R 
3KCnepMMeHTanbHOA HaCTpOAKM CMCTeM~ B pe)I(MMe OnTMMan bHOro 
noAaeneHH.R nynbca41-1A. HccneAOBaHM.R Ha ycKOPMTene noKaaanl-1 , 
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P1-1c. 3. $yHK4MOHanbHa.R cxeMa 6noKa cTa6!-1nH3a4HH ToKa BbiBe
AeHI-wro ny4Ka. 

4TO BBeAeHHble B03MYUieHI-1.R CI-1HyCOI-1AanbHOA $OpMbl AO 150 r4 
sKni041-1TenbHO nonHOCTbiO oTpa6aT~BaiOTC.R. BoaMyllleHI-1.R c 4acTo
ToA 300 .r4 oTpa6aT~BaiOTC.R nnoxo, a c 4aCTOTOA 600 r4 nerKo 
pacKa41-1BaiOT CI-1CTeMy perynl-1pOBaHI-1.R. 0AHH04Hble 1-1MnynbCbl OTpa-
6aTbiBaiOTC.R npH I-1 X An1-1TenbHOCTI-1 4-5 MC. oonee KOpOTKHe OAI-1-
H0 4H~e HMnynbC~ B03MYUie HHA npH npeB~WeHMH HeKOTOporo 3Ha4e
HI-1.R aMnni-1TYAbl Bbl3biBaiOT 3aTyXaiOUIHe aBTOKOne6aHI-1.R. 

HTaK, B pe3ynbTaTe npoBeAeHH~X MCCneAOBaHMA: 
1. YcTaHOBneHO, 4TO C nOMOUibiO CHCTeMbl QC B03MO)I(H0 . 3¢$eK

TI-1BHOe nOAaBneHHe HH3K04aCTOTH~X COCTaBn.RIOU11-1X MOAyn.R4HH TOKa 
B~BeAeHHOrO ny4Ka lAO 150 r4 BKni04MTenbHOI. oonee B~COK04ac
TOTH~e COCTaBn.RIOUII-1e- 300 r4, 600 r4 1-1 KOMMyTa41-10HH~e HM
nynbCbl - AOn)I(Hbl 6b1Tb nOA <l BneHbl 1-1n1-1 yMeHbWeHbl AO npl-1eMneMbiX 
3Ha4eHMA B MeCTaX HX B03HI-1KHOBeHI-1.R 7 · 

2. OnpeAeneH~ 1-1 c¢opMynMpoeaH~ Tpe6oeaHM.R K napaMeTpaM 
CI-1CTeMbl OC no TOKy, cor naCHO KOTOPbiM CTPOHTC.R OnbiTHbiA o6pa-
3e4 annapaTyp~. Ha ocHoee on~THoA 3KcnnyaTa4MH 3KcnepHMeH
TanbHoro eap!-1aHTa onpeAeneH~ ocHOBH~e napaMeTp~, Ha ocHoee 
KoTop~x paapa6oTaHa cxeMa 3KcnnyaTa4HOHHoro eapMaHTa. 

4. OCHOBHWE nAPAMETPW flHHE~HOrO YCKOPHTEflR flY-20-
HHY.<EKTOPA CHHXPO$A30TPOHA OHRH 

B 1974 r. nHHeAHbiA YCKOPHTenb flY-20 6bln 3any~t~eH B pa6oTy 
e Ka4ecTee MH)I(eKTopa CHHxpo¢aaoTpoHa OHRH. 3HeprM.R ycKopeH
Horo ny4Ka npOTOHOB COCTaBn.ReT 20 M38. 3HeprM.R npOTOHOB Ha 
BXOAe nY-20 - 0,6 M3B. HcnonHeHMe OAHOpeaoHaTOpHoe, AnMHa 

9 



• 

pe3oHaTopa - 14,5 M. PaA~anbHa~ $oKyc~poeKa ycKopeHHoro 
ny4Ka OCyQeCTBn~eTC~ KBaApynon~M~, pa3MeQeHH~M~ BHYTP~ Tpy6oK 
APe~$a. YcKop~~Qa~ CTPYKTypa COAeP~~T 58 Tpy6oK APe~$a ~ 
2 nonyTpy6K~. KBaApynon~ mna~TC~ OT CTa6~n~3~poBaHHbiX ~CT04-
H~KOB nOCTO~HHOrO TOKa. 

Oxna~AeH~e n~H3 ocyQecTen~eTc~ TpaHc$opMaTOPHbtM MacnoM, 
u~pKyn~py~Q~M a nonocT~x Tpy6oK APe~$a. 

a/ YcoeepweHCTBOBaHHa~ B.4.c~cTeMa Bo36Y~AeH~~ 
pe3oHaTopa nY-20 

An~ Bo36Y~AeH~~ pe3oHaTopa n~He~Horo ycKop~Ten~ ~cnonbsy
eTc~ YCTaHOBKa, COCTO~Qa~ ~3 ABYX He3aB~C~M~X B.4. reHepa
TOPOB c ~MnynbCHO~ MOQHOCTb~ no 3 MBT Ka~A~~. reHepaTop~ 

nocpeACTBOM wapoBoro nepeKn~4aTen~ MoryT 6~Tb BKn~4eH~ n~6o 
Ha pe3oHaTop, n~6o Ha ero 3KB~BaneHT. An~ nony4eH~~ ycKopeH
Horo ny4Ka npOTOHOB C TOKOM B ~Mnynbce 15-20 MA np~ pa6oTe 
OAHOrO reHepaTopa Ha pe30HaTop,A06pOTHOCTb KOTOpOrO nop~AKa 
40000, He06XOA~Ma MOQHOCTb - 3,2 MBT. 3To AOCT~raeTC~ TOnbKO 

np~ MaKC~ManbH~X aHOAH~X Hanp~~eH~~X Ha reHepaTOPH~X naM
nax. H3BeCTHO, 4TO B 3T~x ycnoe~~x MOQH~e paA~onaMn~ MoryT 
B036Y~AaTbC~ Ha 4aCTOTax 1600-2500 Mru, 4TO a HaweM cny4ae 
~Bn~nOCb np~4~HO~ B~XOAa ~3 CTpo~ B.4. TpaKTa reHepaTopa. 
CornacHo KP~Tep~~ AOnroBe4HOCT~ naMna OKOHe4Horo 3-ro Kac
KaAa rH-426 4epe3 1000 4 pa6oT~ yMeHbwaeT OTAaBaeMy~ MOQ
HOCTb c 3,5 AO 2,7 MBT. KpoMe Toro, ecneACTB~e 6onbworo 
npo~3BOACTBeHHoro pa36poca napaMeTpoB TOnbKO OTAenbHbte 
3K3eMnn~pbt np~6opoB no3son~~T nony4~Tb a. 4. MOQHOCT b 6onee 
3 MBT. nepe4~cneHHbte $aKTOPbl Aenan~ pe~~M pa60Tbl reHepaTopa 
np~ yCKOpeH~~ npOTOHOB BeCbMa Hanp~~eHH~M. 

Pac4eT~ noKa3an~, 4TO napannenbHoe BKn~4eH~e ABYX reHe
paTopoe Ha OA~H pe3oHaTop nosBon~T pew~Tb 3T~ npo6neMbt ~ 

o6ner4~T pa6oTy Ka~Aoro reHepaTopa. 6noK-cxeMa ycTaHOBK~ 
noKa3aHa Ha p~c.4. 6btn~ ~3rOTOBneHbl OTAenbHbl~ B.4. BBOA B 
pe30HaTop, BaKyyMH~~ CTaKaH C A~a$parMO~ ~ $~AePH~~ TpO~H~K 

!An~ nepexoAa c pesoHaTopa Ha ero 3KB~eaneHT/. 
Aee neTn~ B uen~ nono~~TenbHO~ o6paTHO~ cB~3~ /OC/ o6ec

ne4~Ba~T saQ~Ty reHepaTopoB OT npo6oee B pe3oHaTope. Ha
np~Mep, np~ npo6oe Me~AY Tpy6KaM~ APe~$a a Ha4anbHO~ 4acT~ 
pe3oHaTopa B.4. none ~cKa~aeTc~ TaK, 4To B MecTe npo6o~ 
np~H~MaeT Hynesoe 3Ha4eH~e, a Ha npoT~Bonono~HOM KOHUe pe-
30HaTopa sospacTaeT AO Ben~4~Hbt, 6onbwe~ UHoM • B 3TOM 
cny4ae HacTynaeT pas6anaHc c~rHanoe c neTenb 0 C ~ Ha BXOA 
yc~n~TenR nocTynaeT MOQHOCTb,B 4 pasa MeHbwa~, 4eM a pa6o-
4eM pe~~Me. TaKa~ ~e c~cTeMa, ~cnonb3Y~Qa~ B~XOA pasHOCT~ 
c~rHanoB c MOCTa cno~eH~~. np~MeHeHa An~ saQ~T~ B.4. reHe
paTopoB ~ no aHOAHOMy Hanp~~eH~~. 
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P~c.4. 6noK-cxeMa n~TaH~~ pe3oHaTopa nY-20. I,II- TpexKac
KaAHbte B. 4. yc~n~Ten~ MOQHOCT~, $B - $a3oBpaQaTen~. 

np~ B.4. B036Y~AeH~~ pe30HaTopa BCTpeT~n~Cb TPYAHOCT~ 
c npeoAoneH~eM pe3oHaHcHoro BbtcoKo4acTOTHoro pa3P~Aa /PBP I. 
Ero YAanocb npeoAoneTb np~ noMoQ~ noAKn~4eH~R 3aAa~Qero re
HepaTopa, 4acToTa KOToporo B~we 4aCTOT~ pesoHaTopa Ha Af = 
= 100 Kru. HccneAOBaH~e npouecca PBP no3Bon~no ~cnonbsoeaTb 
ABe uen~ OC AnR ero noAaeneH~~ ,'5 / . 

BKn~4eH~e ABYX reHepaTopoB Aano B03MO~HOCTb noAH~Tb ypo
BeHb MOQHOCT~ B pesoHaTope nY-20 AO 5 MBT ~ np~ pa6oTe 
rpynn~poBaTen~ nony4~Tb TOK ycKopeHHoro npoTOHHoro ny4Ka He 
MeHee 50 MA/~Mn. 

6/ rpynn~poBaTenb ny4Ka nY-20 /rP/ 

Ha BXOAe nY-20 ycTaHOBneH rP /p~c.S/. OH ~MeeT yeen~4eH
HY~ anepTypy ~ ABe AOnOnH~TenbHbte OOKOBbte CTeHK~. np~ anep
Type 100 MM ~ An~He 3a3opa -10 MM $aKTOP BpeMeH~ nponeTa 
Ha oc~ rP cocTaen~eT -0,1, a Ha Kpa~ anepTypbt yBen~4~BaeTc~ 
AO - 0,9. An~ yBen~4eH~R $aKTOpa BpeMeH~ nponeTa Ha OC~ rp 
B nponeTHOM OTBepCT~~ 6~n~ ycTaHOBneH~ ABe CeTK~ C npo3pa4-
HOCT btO 0, 99. Aee AOnonH~TenbH~e TOPUOBbte CTeHK~ yBen~4~n~ 
~eCTKOCTb KOHCTPYKU~~, 4TO yny4W~no CTa6~nbHOCTb pa60T~ rP. 

11 



Ae$opMa4~R ~oHonpoBoAa np~ OTKa4Ke Ha aaKyyM ~ np~ pa6oTe 
~MnyJlbCHbiX $OKyC~pyiOLU~X Jl~H3, paCnOJlOlKeHHbiX no ABe CTOpOHbl 
OT rP, 6~na 3Ha4~TeJlbHO yMeHbWeHa 3a C4eT YCTaHOBK~ C~Jlb$OHa. 
MelKAY HaCTpOe4HbiM~ A~CKaM~ pa3MeU1eHO K0Jlb 4o, Ha KOTOpOe no
AaeTCR cMeU1eH~e - 4,5 KB, 4TO noaaonReT noAaB~Tb a~coKo4acToT
Hbli1 pa3PRA. B. 4 . MOU1HOCTb AJ1R n~TaH~R rp OT6~paeTCR OT pe-
30HaTopa nY-20 neTnei:\ CBR3~ 4epe3 BaKyyMHyiO A~a$parMy ~ no 
Ka6e1110 C $a30Bpall1aTeneM nepeAaeTCR B pe3oHaTop rP. neTJlR BBO
Aa MOU1HOCT~ cornacoaaHa Ha KoB-0,8. 

P~c.5. rpynn~poaa
Tenb nY-20. 1 - 4~1l~H

AP~4ecKaR cTeHKa'peao
HaTopa, 2 - A~CK AilR 
noAaBJleH~R peaoHaHCHO
ro B.4. paapRAa, 
3, 7 - AOnonH~TenbHble 
TOP40B~ e CTeHK~, 4 -
- nonyTpy6Ka c HacTpo
e4H~M A~CKOM, 5 - ceT
Ka AilR yaen~4eH~R $aK
Topa nponeTa, 6 - neT
IlR BBOAa MOU1HOCT~, 

8 - C~Ilb$OH B ~OHOnpo
BOAe. 

YpoaeHb MOU1HOCT~ - B rp peryn~pyeTCR nOBOPOTOM neTil~ CBR3~. 

BK11104eH~e B pa6oTy rp n03B011~110 B 2 paaa yaen~4~Tb TOK 
ny4Ka YCKOpReMbiX B nY-20 4aCT~4. 

B/ nY-20 - YCKOp~TeJlb nerK~X RAeP 

B HacTORU1ee apeMR npoTOHHble c~HxpoTpOHbl ~cnonb3YIOTCJ'l ~ 

Alll'l yCKopeH~J'l HAep TJ'llKenee BOAOPOAa C OTHOWeH~eM e/m = 1 2. 
B Ka4eCTBe ~HlKeKTopoa HAeP ~cnonb3YIOT cyll1eCTBYIOLI1~e npoTOHHble 
n~Hei1Hble ycKop~Ten~, npeABap~TellbHO HacTpa~aaH ~x AilH pa6oTbl 
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B pe>K~Me ABOi1Hoi1 KpaTHOCT~ Apei1$a yCKOpJ'leMbiX 4aCT~4 C nep~o
AOM yCKOpeH~R L = {3A · 4T06bl ~H>KeKTOp l'!Aep OKa3aJlCR BbiCOK0-
3$¢eKT~BH~M, He06XOA~MO B~nOJlH~Tb yCJlOB~e COXpaHeH~R HOM~

HaJlbHOrO ypOBHR yCKOPRIOLUero Hanpl'l>KeH~R Ha yCKOp~TeJlbHOi:i Tpy6-
Ke $op~H>KeKTOpa ~ · 3TOMy Tpe6oaaH~IO 6yAeT YAOBJleTBOpl'lTb 
Jl~Hei1H~i1 yCKOp~TeJlb npOTOHOB, pe3oHaTOp KOTOpOrO pa3AeJleH 
MeTaJ1Jl~4eCKOi1 neperopOAKOi:i Ha 2 OTCeKa /p~c.6/. neperopOAKa 
AOil>KHa npOXOA~Tb 4epe3 cepeA~Hy TaKoi:\ Tpy6K~ APei1$a, 4T06~ 

np~ OTCYTCTB~~ yCKOpl'liOLUero B. 4. nOJlR B nepBOM OTCeKe BblnOJl-
HRJlOCb ycnos~e U,.. = U,.. , T. e. HanpJ'l>KeH~e 

"'. ~ . HAeP "'. ~ . npoT . 
Ha yCKOp~TeJlbHO~ Tpy6Ke $Op~H>KeKTOpa np~ yCKOpeH~~ RAep 
AOil>KHO 6~Tb np~MepHO paBH~M HOM~HaJlbHOMy HanpJ'l>KeH~IO Ha Hei:\ 
B pe>K~Me ycKopeH~R npOTOHOB. 

I I I . II 

h ,.-J--, ~ ~ r--L- ,..........L-, r--- --------------
~ 1...-. L-...J~L__ L---.1 L..-

4iii -
_C), [\ 

I I 
P~c.6. CxeMa pa3AeneH~R pe30HaTopa nY-20 Ha ABa peaoHaHCH~X 
OTCeKa. I , II - pa3AeneHHble oTceK~ pe3oHaTopa , III - MeTan
n~4ecKaR neperopoAKa. 

PaccMoTpeHHaR a~we MOA~$~Ka4~R Ha4allbHoi1 4acT~ pe3oHaTopa 
ny 6b1Jla CAenaHa B nY-20. CnnowHaR MeAHaR neperopOAKa npOXOA~T 
4epe3 cepeA~HY 5-oi:i Tpy6K~ APei1$a. Hanpl'l>KeH~e Ha ycKop~Tenb
Hoi1 Tpy6Ke $op~H>KeKTopa cocTasnReT 630 KB /s pe>K~Me ycKope
H~R npOTOHOB AilR nY-20 OHO paBHJ'leTCR 600 KB/. no cpaaHeH~IO 
C pelK~MOM yCKOpeH~R 6e3 MOA~$~Ka4~~ pe30HaTopa nY-20 C nOH~
>KeHH~M HanpJ'llKeH~eM ¢op~HlKeKTopa / - 300 KB/ . ~HTeHC~BHOCTb 
ny4Ka Ae~TpOHOB ~ a-4aCT~4 Ha B~XOAe nY-20 yaen~4~nacb B 3 
~ 5 pa3 COOTBeTCTBeHHO. 
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B HacTOH~ee speMH s pe3ynbTaTe nposeAeHH~x ycosepweHcTso
saHI1i1 11H>KeKU110HHoro KOMnneKca Ha era BbiXOAe nony4eHbl ny4K11 
HAep cneAYIO~ei:\ 11 HTeHCI1 BHOCTI1: 14 

npoToH~ - 50 MAI11Mn. I 10 npoT.I11Mn.l, 
Aei1TPOHbl - 10 MAI11Mn. I 2 · 10 13 Aei1Tp. I11Mn ./, 

a -4aCT11Ubl- 0,8 MAI11Mn. I 1,5 · 1012 ai'-1Mn./. 

0CHOBH~e napaMeTp~ n'-1Hei1Horo yCKOp'-iTenH nY-20 

1. 3Hepri-1H ny4Ka npOTOHOB 
Ha BXOAe nY-20 - W = 0 6 M3B p1 ' 

2. 3Hepr'-1H ny4Ka npOTOHOB 
Ha BbiXOAe nY-20 - Wp 2 = 20 M3B 

3. 3Hepri-1H ny4Ka HAep .. 
Ha BXOAe nY-20 - w511 = 0,315 M3BIHyKn. 

4. 3Hepri-1H ny4Ka HAep Ha BbiXOAe nY-20 - W512= 5 tbBIHyKnOH 

5. 4aCTOTa YCKOPHIO~ero nonH 

6. C'-iHXPOHHaH ¢a3a np~-1 ycKopeH'-11-1 
npOTOHOB 

7. Ao6poTHOCTb pe3oHaTopa 
8. 8.4. MO~HOCTb, BBOA'-iMaH np~-1 

ycKopeHI1'-1 npoTOHOB lip =5o MAl 
9. AMnni1TYAa cpeAHero nonH Ha oc~-1 

pe3oHaTopa 
10. Ani1TenbHOCTb 11Mnynbca TOKa 

ycKopeHHoro ny4Ka 
11. An11Ha pe3oHaTopa 
12. Al-1aMeTp pe3oHaTopa 
13. AnepTypa KaHana 

14. Kon!-14eCT·BO Tpy6oK APei1¢a 

15. A1-1aMeTp Tpy6oK APei1¢a 
16. C'-iCTeMa ¢oKycHpOBKI1 
17. lpaAHeHT ¢oKyCHpyiO~HX nHH3 
18. Ko3¢¢HU11eHT 3a3opa 
19. nponycKHaH cnoco6HOCTb KaHana 
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_ _ U!. = 1 4 4 , 5 M I U 
2rr 

- ¢s 
- Q 

p 

31 ,5° 
40000 

4,5 MBT 

- E0 = 18,5 KBicM 

T = 6QQ MKC 
L=14,5M 
D = 1,4 M 

- 2a = 17722 CM 

1 1 - n =-2 + 58•T 

d = 13 7 9 CM 
FODO 

- G = 5500 7 800 31CM 
a = 0, 25 

- A= 0,25 eM · MPaA. 
• 

20. MrHoBeHH~i1 3HepreTH4eCKI1i1 cneKTP 
ycKopeHHOrO ny4Ka Ha B~XOAe 

rpynn11posaTenH 
21. AHana3oH MOAYnHUHH cpeAHei1 

3Hepri1H ycKopeHHoro ny4Ka 
Ha BbiXOAe pa3rpynnHposaTenH 

4. IEOAE3HR 

~= 0,2 % - - ws 

6.W __ = 2,5 % 
- Ws 

Ha npoTH>KeHHH I KBapTana 6bmo npoBeAeHo 2 UHKna H3MepeHI1i1 
no KyCTy penepOB H 6 UHKnOB H3MepeHHi1 BbiCOTHOrO nono>KeHHH 
3M yCKOPHTenH npH nOMO~H rHAPOCTaTH4eCKOi:\ CI1CTeMbl. 

Pe3ynbTaT~ H3MepeH11i1 npeACTaBneHbl B Ta6n. 1 H 2 COOTBeT
CTBeHHO. B Ta6n. 2 npeACTaBneHbl Tpi-1 ycpeAHeHHbiX UHKna H3Me
peHI1i1 BbiCOTHOro nonO>KeHHH 3M. 

B Ta6n. 3 npHBeAeHbl AaHHble o paAHanbHbiX H a3HMyTanbHbiX 
HaKnOHaX KBaApaHTOB 3M CI1HXpo¢a30TPOHa. 8~4HCneHI1H CAenaH~ 
Ha OCHOBe AaHH~X Ta6n. 2 cornaCHO MeTOA11Ke, onHCaHHOi:\ B pa-
60Te ;S/ . 

Ta6n1-1ua 1 

KyCT penepos 

.l.iaTa npo- J~ s ....... ~ aCSc. Cpe,ItHJm Klla.It- r J:, UH:KJJa Be,neHIDI pen epa r.w) paTH'IeCKaJI 
H3MepeHKi1 norpe=i~} (MH) 

H3MErn . 

I +0 02 -0 04 i 

56 18.01.?9 2 0 +0 OI .± 0,040 I 
3 -0 02 0 
4 +0 .. 03 -O.II 
I +0 05 -0 09 

5? 26.02.?9 2 0 +0 OI .± 0,020 
3 -0 OI -0 OI 
4 +0,05 -0,06 
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Ta6ma.ta 2 

nono>Ke HI-1 e 3M CI-1HxpoctJa3oTpoHa no no Ka3aHI-1 RM 24 AaT41-1KOB CI-1CTeMbl HL-1Ben1-1posaHL-1R lct>e spanb 1979 r. I 

1~ ycpe~- }~ Jf; ITa T'qllliOB 
.llaTa Helllioro l KBa,IUJaHT II KBa,IUJaHT I.llfKJia 

MM 
I5-I6 IJ 1, 2 1,3 2,1 2,2 2,3 3,1 3,2 3,3 4, 1 02.79 I 

0 - 1,24-3,20 -3,50 3,46-2,32 -2,93 -1,63 -3,64 - I ,CY! 

19-20-
21 ;a 0 +3,31 +1,89+0,55+1,53+2,67 +1,97 +3,23 +1,59 +2, I I 

02.79 

25. 
02.79 3 0 +2,02 +2,30+0,50+1, 94+1,50 +1,56 +2,26 +1,66 +0,68 

-
Ji: yc:r-e~-

.L.a.Ta HeHHoro lU KBa,ru;aHT :_ Y KBu.D,piH T 
I.llfRJia 

It>- 16 
02 . 79 

I~-20-
21 

02 . 79 

25 . 
02 . 79 

• 

5, 1 5, 2 5,() 6, 1 6 •) 6 , 3 7, : 7, <:. '? . J L , ~ .... 
I - 2, 70 - 0,42 - () , 74 - .2 , 45 ·,~·) - j , 7,1 .!. ' u:..i -~ , ?~ -J , LfJ1 - :_, , ;~E -v,~v 

2 +:G ~ 25 +1 , 2I +O , :J7 +<: , 43 -t-1 , ~7 +1, 73 3, 45 +1 , 55 t-1 , 73 1 ...; , 0'7 

3 +1,42 +0 ,52 -O , l6 +1 , 60 +0, 4G +0 , 4b ::: , 4t1 +0 , 40 +0 , t.J~ +- , 0Li 

Ta6n1-14a 3 

PaAL-1an b Hbli1 1-1 a31-1MyTanbHbli1 HaKnOHbl KBaApaHTOB lct>espanb 1979 r. I 

4, 2 4,3 
-2,52 - I ,4I 

+2,53 +3,59 

+2,50 +2 ,10 

. 0 , -.J 
u , ~ 

- j . L:...: - ..... ~ ow 

+.i. . 5~· +.i. . 4~ 

- G, ~6 +l ,0b 

.li oLR. - pa.n;.Ha.RJIOH ( II ) d... A - a3meyT.Ha.RJIOH ( /1 ) 

RB-Ta 

I5.02.79 20.02. 79 25.02.79 15.02.79 20.02.79 25.02.79 

I - 14.35 + 53.05 + I9.52 + I8.76 - II.08 - I3.49 

II + 37.I4 + 32.54 + I4. 59 + 4.I6 + 2. 23 - 0.59 

ill - 4.49 + 4.49 - 2.47 + 6.09 + 7.46 + 9.26 

IY - I.67 - I4.I4 - 24.46 + 9.32 + I0.09 + II. I4 

npHMe4aHHe K Ta6n1-1 4e 3: 
AnR aR : 1-1- Hapy>KHbli1 paAHYC KBaAp a HTa HH>Ke BHyTpeHHero, 1+1 - BHyTpeHHHi1 paAHYC 

KBaApaHTa HH>Ke Hapy>KHOro; 

i 

AnR a A : 1+/ - Ha 4ano KBaAp aHTa BbiWe e r o KOH4 alno XOAY ny4Kal, 1-1 - KOHe4 KBaApaHTa BbiWe 

Ha4ana • 
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PyKon~cb nocTyn~na B ~3AaTenbCK~~ OTAen 
7 asrycTa 1979 roAa. 


