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Bae.aeHH e 

tlnR pa60Tbl :>neKTpOLlHHaMH'ieCKOrO cenapaTopa 'iaCTHU/ I/ He 06XOLlHMa n e pecTpOAKa 

CHHXp0¢830Tp0118 B p e >K HM Kp8TH OrO yC K Op e HHR H8 II OC T O RHHOR '1 8C T O T e f P • Y1 cnOJ1b3Y9M 8 S1 

KpaTHOCTb q LlOn>KHa 6b1Tb LlOCTaTO'<HO 6onbw o A ( q =50-:-IOO). T a K a S! n e p ecTpo AK a oc y

w e cTBnS1eTcS1 H8 00CJ19 .0.H9M :3T8ri9 YCK0p9HHS1 B TOT M O M 9 HT, K OrJlB '18 CTOT8 IP C TpOr O 

Kp8TH8 OCHOBHOA yCKo psno Weti '18CTOTe 1
1 

• npH 8 T OM OC HOBH Oe YCKO p S1JO W e e H 8 11pS1>K9 HH 9 

~ BbJKJ110'189TCSl ,n BKJ1JO"'89TCSl H811pR)K9HH9 VP KpBTHOi\ 'fBCTOT b T, 1.J.TO npHBOJlHT K '"'ne pe-

38XB8Ty"' "'BCTH IIY1.J.KB npOTOHOB B bTCO KOA a HeprnH H Jl811bHe Kw e M y yc K o p e HHJO 3BX BB'-19 11H b TX 

'18CTHU H8 '18CTOT9 { 
p 

B T9'19HH9 2QT3Q MCeK. 6 0 3M O >KHOCT b p a60 T bl Y C K OpHT9 J1Sl B T B KOM 

pe>KHMe HB llOCTOSIHHOR '18CTOT9 o 6yC110BJ19H8 TeM, 'ITO C KOpOC Tb U3 M 9 H9 HHSl OCH OBH O A q a c-

TOTbl B KOHue ycKopeHHH LlOCTaTO'<HO Mana _:!..!.._ • 15;.25 Kru/c eK). B npouec c ~ Kpa Tnoro 
dt 

yCKOpeHHSI aaXBB'ieHHblll llY'<OK npH06peT8eT BbiCOKO'iaCTOTHYIO CTpyKTypy. 

B .aaHHo R pa6oTe npe JlcTas n e H bi peaynbTBTb l :3Kcne pnMeHTanbH btX Tf c cne.a o a a HHA :3¢¢eK

TKBHOCTK 38XB8T8 npOT OHOB B biCO K O A :3HeprltH B p e >KHM Kp8 TH Or O Y C KO peHHSl H8 l{ 8 C T OT 9 

IP .. 69 Mru, H .aaeTcst cpaaHe HHe c pacqeToM. 

Ko3<j:>¢HUH9HT 3axaaTa nylfKB npOTOHOB BbTCOKoA 3 HeprHH a pe >K HM 

Kp8THOrO yCKopeHHS1 

Ba>t<HOA xapaKTe pHCTHKOA CHCTe MbJ KpaTHoro ycKope HJHJ RB 11 st e T C S1 a e m.rlfH H a K oaQJCPH-

UH9HT8 38XB8T8 

ua~ , 
N 

0 

(I ) 

r.ae N
1 

- 'IHcno qacTHU, aaxaa lf.eHHbiX a pe)KHM KpaTH Or o y c K o p e HH R , H N
0 

- o 6wee 'fncno 

'-18CTHU, HSXOJllfBWHXCR B nyqKe K MOMeHTY nepe cTpOI\KH p e>K HM B p a60 T b l Y C KOpHTe nSJ • .0.nS1 

onpe,aeneHJHI 388HCHMOCTH O>KH.O.BeMOf ·Q K03¢¢HUH 9 HT8 38XB B T 8 OT n a p a M e TpOB C HC T 9 M bl 

Kp8THOrO YCKOpeHHS1 11pOH3B9.0.9 M H 9 KOTOpbiR: p8C'I9T. npH 3 T OM npe.D. Il 0 11 0>K ~fM: a ) H 811 pSI >Ke-

HH9 V p yCT8H8B11KB89TCH MrHOB9HH0 ( 060CHOB8HHOCTb :3TOrO npe .D.I1 0 11 0>K9HlUI 6y n e T p ac-

CMOTpeHa HH>t<e); 6) BnHS1HH9 WeJ19BbiX KOne6aHHA HB aQ:>¢eKTHBH OC T b 38XB8 T 8 He CyweC TBe H

K0/ 2/; 8) p83nH'iKOrO p0Ll8 B03MyWeHHSI MBnbl. 

nocne 6btCTporo BhiKnJO'IeHHR ycKopHIOUlero uanpR>KeHHR pacnpe JleneHHe tt a cTnu no 

:3HeprHHM B CB06o.O.HOM nyqKe COOTB9TCTByeT TOMY pacnpe .aeneHH lO , K OTOpoe HMe n o M 9 CTO 

3 



uepell BI·IKnJoqeuu e M. CrycTOK upoTouoa , panee n oKannaoaaHHbiA s o6nacTH cPaaoaoA y cToH.-

"'IIB OCT II 1 IIOCJIC CIIRTIUt H811pSOf<f!tllfR 6y ,D.eT p llC IJI1biB8TbCH nO 83KMfTY H CBOp8'1HB8TbCSI 8 

Hapac T aK>WeM ~tarunTUOM none K ouyTpeuueA cTe HKe K8Mepb1. B e nn"UtHa u .o.nH KpaTuo-

CT<>ii q » 1 H e 30BifCHT OT CTerteHif O.O.H OpO.UHOCTH p a.cn p e!lelleHHH CB060.UHOrO nyt~K8 

110 .:l3HMyTy. H e panHOMepHOCTb p acupe.neneHHH npoTOHOB no aaKMYTY npHae.aeT nHWb npH 

38X0£1 T e lfX 8 pe)f{IIM Kp8THOf'O YCKOpeH IISI K HepOBHOMepHOCTU 8 pa.cupe.neneHHH 110 q o6-

11<lC TSIM Q,Hl30BOA: YCTOA:"'IfBOCTH. 3TO 03H8"18e T, 'lTO n y'CO K "18CTiiU 1 KpOMe BbiCOKO'C8CTOTHOA. 

cTpyKTYPhll cooTaeTcTnyJOwen Kpa THOCTH q I 6y.neT HMeTb TaK>K e cTpyKTYPY Hll ocuonuoA. 

'l8CTOTe f 
l 

!lnH pllC'leTO K03cPcPHillfe JIT8 38XB8 T8 a B COOTBeTCTBHH C a pryMeHT8MK 1 n pHae.a,eH

HbiMII DI~IWl""! , f.0.06HO Bbl6p.:lTb p8BHOMepHOe p acrtpe.a.eneHHe fCKOpeHHbiX 'C8CTHU rtO 83HMfTy. 

Cf>yHKUIIH p acupe.a.en e HIISI "' <lC TIIU 110 3HeprHSIM p (AE) MQ)KeT 6b1Tb Onpe.aeneHa H8 oc

H OBe L18HH blX p a60 T b/
31

• Ee BH.Q COOTBeTCTByeT OC UHI111 0rp 8MMe CHf'H8118 C HH.OYKUHOHH blX 

3 11eKTpOD.OB . 

!leeiCTBIITellbH0 1 OellJflHfH.:l CHTH 8118 C HH.QfKUHOHH biX 311e KTpO.QOB ttpOrt0pUHOH811bH 8 'l'IC

IlY 'l8CTKU 1 IHlXO.O.HWIIXC SI 11 0.0. IHIMH 8 1l8HH biA MOM e HT/S/ .. no3TOMy ¢opM8 3TOf'O CKrHana 

xa p aK T e pH a y e T p ac upeneneuu:e npoTOHOB no aa uMyTy. B KOHUe ycKop eHU:SI qacTKUbl aanonuR-

6. 
·-~ = 0.75 , 

- pannanbHbiA paaMep cenapaTpH Cbl 11 A r A - M8KCifM811bHBSI BMrtllHT~<aa CHHxpo-

JOT nuw b ueHTJ.KlllbiiY fO o6n acTb ce n a paTpHC bi. K o3cf:>Q:l HUli9HT aanonH e HKH 

rne ~ r c 
TpO UIIJ ,JX KOII C6.:lHifA. CneUOB8TellbH0 1 C 60IIbWOA C Tene HbK> TOl{HOCTif MO)f{HO C 'lHT8Tb, 'lT O 

CIIHX.p0Tp0 1111 hl e KOI1 e 68HHR acex l{8CT ifU OO.O.'IUHRJOTCR rapMOHH'leCKOMY 38KOHy. H a Q:laaOBOA 

IIIIOCKOCTii 3 TifX KOne6aHKA l{8CTHUbl .QBIIf'8fOTCR 110 31111HOC8M 1 KM €SI rtpH 3TOM H30TpOrtHOe 

pacnpe.a. e neHHe 110 tj.laaaM . i lo3TOMY cpy uKuHR p acn p eneneHHSI 'l8CTHU no a HeprHSIM coana.a.a

eT C rfJopMOA C llf'Jl 8118 C HH.QYKUifOHHbiX 311eKTpO.O.OB. i-fa pHC. 1 11 pHae.neH8 OCUH11110r'p8MM8 

TllK Of'O Cllf'IWilB /
2

/ 1 COO TBeTCTBYfOW8st KOHUY UlfKI18 YCKOp€HHSI. 0TCIO.Q8 BH.QH0 1 t.{TO <j:JyHK-

uusr p(~ E) xopow o anpoKCitMK pyeTcSI Bbipa>KeHHeM : 

[

4(e-k 
p('\ E) = 

0 

-e· ~>) LlJIA -~E <.~ E <L~ E 
m- - m 

(2) 

LlJIA i6.EI > L\E m ' 

r ne E - paBHoeecuoe a u a'leu u: e IIOilHOA 3 HeprHH 1 .~ E - OTKIIOHeHHe aueprH H OT paauoaec -

IIOf"O 3U8'l€HIISI, 2\Em- wnpnn a :>HepreTH'IecKoro cneKTpa. K o:><j:J<j:JnuHeH T A on p e.nenRe T-

CR 11 3 YCII OB IISI; 

L\ Em 

( p (6. E) dE= N 
.L\ E o 

m 

4 

.[lnsr Kp8TH OCTii q > > n p a K 

cos"'· 
3.necb c/J

0 
- paauoaecuaR ¢aaa, 1. 

pSin npoTOH a . 

llnst npoCTOTbi pac'le Ta nc 

H>te M ( ( ) K03<jJcp i!UHeHT 3 3XD8Ta 

a ~ 

rne p(L\E) B3ATB B BHLle (2 ) 

BOCTJf S 1 OI"pBHI·P.Ie HHOl\ Cena p a 

6.f:,; = I 

3necb a ~ v ~ , b - < 
rr KF q 

3Heprnn E , ¢ - <jJa3a 'IBCTnu • 

!( = 1 

F ~ 1 · 

r.a. e f3 - OTHOWeHKe CKOp OCTH t.{ 

nonsr, L - cyMMapuasr .anHHa np: 

Op6H Tbl. 

nepeAneM OT napaMeTpOI 

a 
a= ---

6. E. 

P e3y 11 bTBTbl pac'leTa KO:>cp<jJnune> 

Bb!p8>K O!H HA (4) LlJISI p83JIH'1Hb!X : 

H 3, 

OnHCBHKe 6 noK-cxe J 

0CHOBH8SI Y CKOpSI K>W8SI 'l8CT0 1 



<hi A B o6nacTK <jlaaosoA ycToi!-

83HMY TY H CBOp8'1KB8TbCSI B 

.1. B enu"'nHa ,ll/HI Kp8THQ-

peneneHII R cao6o.auoro ny'IKB 

83HMYTY npuse.aeT JlHW b npH 

u B pacupe.aeneHKH uo q o6-

8CT~fU, KpOMe BbiCOK0'18CTOTHOA 

TBK>Ke CTpJKTypy H8 OCHOBHOA 

HH C a pryM e HT8MK 1 nplfB9.QeH-

·cxope HH blX 1.f8CTKU no 83ltMYTY. 

))KeT 6bJ Tb onpe.aeneua ua oc-

MMe CH I"H8J18 C HH.OYKUH OHHbiX 

:!KTpOLlOB nponopUHOH8JlbH8 quc

l03TOMy ¢opM8 3 T01"0 CHl"H8n8 

lB yCKOp B HHH '18CT KUbl 381'IOJ1HSI

f!!.r a anonHeHH!l , -~ = 0.75 1 
r(' 

KCifMBJlbH8H 8MI'IJ1 KTY.ll8 CKHxpo-

O'IHOCTII MO)f{HO C'IHT8Tb, 'ITO 

nqec KoMy aaKoHy. Ha <jlaaoaoA 

, HM e H npH 8TOM H30T p OOHOe 

'18CTHU no 8HeprHHM cosna.oa-

npHse.aeHa ocuHnnorp BMMB 

!!!, 0TC10Ll8 BHLlHO , 'ITO ¢yHK-

(2) 

~ \ > t.E ., ' 

tJlOHBHHe 3HBpr"HH OT p8BHOBBC-

Koa<jl<jlnuneHT A 

AnSI Kpa THOCTH q > > npaKTH"'€CKKA. KHTepec npe llCT8B J1He T cn y qaH. 

cos "'0 = ~ < < 1 . 
e vp 

(3 ) 

3necb cb
0 

- paeuoaecHaH ¢aaa, 1:1 E0 - paaHoaecHbiA npHpocT 3HeprH H aa o6opoT H e - aa-

pH ll 11pOTOU 8 . 

D.1ts1 npocTOTbi pacqeTa nono>KHM cos ¢o= o • Tor.aa a cooTaeTCTBHH c onpe.aene-

HKe M ( I ) KOa<jl<jlnuneuT a axnaTa • 
u _ _J_ ( p(l'iE) dE 

No S 
(4) 

rne p ( 1'1 E) B3RT8 B BKLle ( 2 ) n HHTerpKpo aaHne aene TC!l no o6nacTH <jl aa oaoil y c Toli 'IH-

BOCTI1 S 1 orpBHI.P18 HHOA c enapaTpHCOA 

3necb 

8HBpr" HH 

t; r; = b J 1 + sin </> 
'""C -:_a 2 

( 5 ) 

a ""'J 2e y p E , b - OTKnOH BHHe UBHTp8 cena p aTpHCbl OTHOCHTBJlbHO p8BHOBeCHOA: 
rr KF q 

E , q, - <jlaaa 'IBCTHUhl. 3Ha'!eHHe Koa<jl<jlnuneHTOB K H F naeTc!l <jlopMynaMH 

!( Q 1 n 
+--

1-n 

1 
(32 

F = 1- L 
(2"' c L) [n

2+ {3
2

( 1-n) 1 

r.ne {:3 - OTHOWBHHB CKOp OCTH '18CTKU bl K CKOpOCTH CB9 T8, n - OOK838TBJ1 h M8rHHTHOrO 

nonSI , L - cyMMBpHBSI .anHH8 npRMOJlKHeA:HhtX upoMe>KyTKOB K t - pa.aHyc p asaosecH o A 

Op61!Thl . 

n e p eA.aeM OT napBMBTpOB a H b K 6eap83MBpHblM 0606WBH H blM nepeMBHHblM 

a 
a= - - -

l'iE. 
H 

b 
y = ~ · ( 6 ) 

P eaynhT BTbi pac'leTa KoacPc:PHuneHTa aaxaaTa a 1 non y 'leHHbie 'IHcneHHbiM HHTerpHposaHH BM 

Bbipa>KeHHSI (4) .a.nH pa3JlH'IHbiX 3Ha'leHH A napaMeTpos a H y 1 upe.a.cTasn eHbi H a pH c . 2 

H 3, 

0nHC8HKB 6 noK-CXBMbl C HCTeM bl Kp8THOf"O yCKOpBHiHl H HBKOTOpbiB 

Tpe60B8HHSI K ee napaMeTp 8M 

0CHOBH8SI yCKOpS1lOlll8SI '18CTOT8 f
1 
(t) B TB'IBHKB UHKJ18 YCKOpBHI·HI 00CJ1B.ll0B8TBJlbHO 
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11pOXO.D.HT '-19pe3 3 H8t.teHHR lq 
1 

,QI1Sl K OTOpbiX Bbiii011HR9TCSl yC ilOOHe KpUTJ-101"'0 COOTHOWe-

HIISl 

q. f• • L• . ( 7) 

M OK C HM 8llbH851 Kp8THOCTb COO TB9 TC TDy e T MOM 9 HTY HH>K9KUIHf, 8 MHHHM 8 11 b l illfl - KOHUY UHK-

n a ycKope t!IIQ. nn 51 'l8CTOTbl { p ~ 69 Mru q M8KC. •345 H QMHH.-= 48 . PaccTO~lune uo 

l{8CTOTe Me>K.O.Y .OBYMR COCe.QHHMlt Kp8TII OC T 51MH Q H 

1:!. { 
q , q·I 

_ l_v_ 
q(q -1) 

q-J p8BHO 

• 
Hac HH'te p ecylO T B n e pay lO oqe p eLlb Kp8TH OC TU, COO TBe T C TBY IO WUe Bb! CO KHM 3 HepriHIM '-I BC 

THU . 3 T O KpD TH OC TI1 Q :::~48 , 49 , 50 H T • .O. . 8 T8611HU e 1 11pPnC TCIOJ1e H bl .llBHH bie , OTHOCRLUH e 

CSI K TpeM nocne.auHM KP.'lTH OC T RM : q == ' t8 , 49 n 50 . H a 3 TH X Tpex KpaTH OCTRX npoH a n o.a. Hn-
{q) 

CR 3 KC n e pHM 9 HT. 3 H epr e TI.P! eC KH it ClleKTp ny~t K8 2 fl Em OllpC.::ten e H H8 OCHOB9 .llDHHbiX , 

npe.ac T a an e HHhlX o pa6oTax
13 •41 

PaG o t.t e A Kpa THOCTblO .anfl u eJI P R 9/I eK Tpo.a HHBMH"lec Koro 

ceuapaTo p a fiBilReTCSI. q = --18. 

CTa6HI1bHOCTb aaxaaTa a 3 H B "llfTe llbHOA cTe n e nH o upe n e n5te T C51 TOl{HOCTbJO BbHI OnHe HHfl 

COOTHOWell lt Q ( 7) llflQ 'l 8CTOT 11 
~ • 0TKI10H e JtH 9 l{8C T OThl 1

1 
oT 3a.a.a HH o ro 3 u a q e -

HH Q lq .U0J1)KH0 110,Ql{H IHITbC51 y C l10BHIO I A I I < < :\ { (q) 
q m 

, rn e 1\ 1 = f-f 
q l • 

It tJ. f•> -
m 

nonywHpltH a 3 H e pre THt.tec x oro cneKT p a n Kru • .[lnSJ K HH e Tut.t e cxo R 3 11 e pr11H ttpoTOHOB 

W •10 O:;m Tpe6yeMaR OTHOCHTen bHBR T O"lH OCTb aKnJO'-IeHHSJ ,_, ac T OTlA 11 11 o nyqae T C R pas-

\ I - 4 n o R - - < 0,7 · 10 • Cylll\3:CTBYK>lll8R annapaTy p a n cH u x p olPll30TpOH e n o3aonste T H3MepHTh 

I, - -3 
MI"'HOBe HH ble 3 H 8 l{ e HH SI /

1 
C TQl{H QC T blO 10 , HM e HU O C T 3 KOit TO'-IH OC Tb10 riO!l.O.e p>KHB88T-

CS1 38 KO H CB SJ31i M e>t<.O. Y M 8 1"'HH THbl M noneM , p a .O.H YCOM p aoH OBeC H O A O p611Tbl H YCKOpRlOW9 A 

'-l llC T OTOH . n o3T OM Y B C HCT9M8 Kp 8 TH OI"'O yCKOpeHHR 6bt l18 11p1iMe H e H8 CII9 UH ll11bH 8 SI C X9M8 

C p8BH 9 H JHI l{8CTOT, li038011S110W 8 R Bbt6paTb M OM8HT nepeCTpO A.KH p e>K HM8 p a60T bl YCK0pHT9nR 

C Tpe6y e MO(I T Ql{HQCTblO . 

llnHT9/1 bHOCTb liMrlynbC8 ru 1.J8CT0Tbl lp onpe.a.enHeTCR M8KC itM8llbHO .llOfiYCTH-

M O lt C K O pOCTbK> H 8l ll1 bi68 HHSI ny'IK8 H8 MHWeHb, npH KOTOpOA eLUe o 6ecn e 'IHB88 TCH Tpe6ye-

M 8 R c Kaa >+< HOCTb uyros sTopHt.tHbiX 'IBCTHU. PacqeTbi, npHse.o.eHHbte a pa6oTe
121 

• .aa10T 

3 H 8 't e HH.8 .O.IlR = 20 7 30 MCeK. 

V13 pu c . 2 Oll n H0
1 

"'TO npH D.OCT8TO"'H0 6onbWOM 3H6'18H HH napaMeTpa a MQ)KHQ no

ny"lHTb senH'-IHHY (T > 0,8 I O.QH8 K O 3 TO Tpe6yeT HeonpaBLJ.8HHO BbiCOKOro H8npR>K9HHS1 vp H 

COOTD9TC T B9HH0 60I1bW OA s / q MOLUHOCTH .'!' 1 fiHT810W9A pe30H 8 TOp ( D ... VP
1
). ,UnH H8WHX 

u e n e A LJ. OC T8TO'-IH O o rpaHU1.JUTbCR 89liH'IJIHOA. K03¢¢HUH8HT8 3 8XB8T8 a •0,6-0,1, '-ITO Tpe-

6yeT o6ecne'lHTb nnQ 3neprnu 'lBCTHU W • 10 i33B aMnnnTyny uanpR>KeHH!I V,. •125 KB. 

Ha pnc. 4 nao6pa>Ke na 6noK- cxeMa cncTeMbl xpaTHoro ycKopeHKR. Ha cxeMy cpaene

HH!I 'l8CTOT (2) nonaeTC!I aee 'l8CTOTW- OT 3T8flOHHOrO reHepaTopa (I) 'l8CTOT8 f K C 

yCKOp!IIOWHX 3fleKTpOll9B - 'l8CTOT8 {
1 

CxeMa cpasHeHHH qacTo't no3sons:~eT nony'IHTb 

6 

~' 

HMnynbC BKllK>':IeHHSI CHCT8Mbl, C 

B HHTe pnane OT 1370 Kru no I' 

nocTynaeT H a 3anycx Mo.aynRTO 

c pbiB ocHOBHoro ycxopsuowero 1 

nono6paTb Tpe6yeMblll npoMe>Ky 

cxeMe MonynRTopa npenycMoTp 

8 T8K>K8 8MnilHTY.D.bl H .QllHTe/11: 

paTop ( 6 ), Harpy>K eHHbiA peaoH 

VIH.D.HKBUHSI 38XB8 

B x a q ecTae HHLJ.HKaTopos 

1. C uHHTunnstunouuasr 6eTl 

CurHan c <t>3Y nonaeancH Ha e 

2. J:.1HnyKUH0HHbJe 9 /19 KTp( 

PaccMOTpHM 6onee nonpot 

poe. npn nepeCTpOAKe YCKOpKTt 

penenenHoA 'lBCTH nyqKa K yne 

ToqHee, acne.o.cTsHe Taro, qTo 

HO pacTeT. C npyroA CTOpOHbl, 

B OCTH, q epea H8C K Oil bKO MCeK 'j 

nonanaQ HB C UHHTHilllSIUH OHHYIO 

<t> 3 Y. nocne BbiKnto 'leHHH uanp 

op6uTe qacTHU bl Tax>Ke csopaq¥. 

HMnynbC cnrHana c <t> 3 Y. K o3q 

riilOlUBLJ.eA HMnynbCOB. 

PaccMoTpKM npouecc per• 

Henocpe LJ.CTa e unoe Ha6n10n.euue 

1 c noMOWbJO cyLUecTay JOLUH : 
p 

1.J.TO HX 83HMYT8llbHble p83Mepbl 

O.aHBKO npH on p e n.eneHHbJX. y en• 

uoe onpeneneHHe ero 3¢¢eKTHE 

1.{8HJHI H8npR>K e HHSI f H BKilK 
l 

uapyWHTb ceoto CTPYKTYPY H • E 

H8 3 Ty nepBOH8"18nbHYIO KapTnH : 

)QW8SI KP8 TH OCTH q • nocne L1 



1 ycnOO II 9 KpUTHOrO COOTII O We -

(7) 

:H, B MHHHM8flbH OSI - KO HUY UKK-

qMHH.=48. PaccTO\ol Hite uo 

.J p8BHO 

ylOw n e BbiCO KHM 3HeprnstM t.tac -

J f>ll CT8one H bl !lllHHble , OTHOCSlW.K e -

oupe..:Iene n Hll OC H OBe LlllHHbiX , 

u e n P H: 3Ji e KTp0LlU H8M H'-I eC KOro 

].en st e T C5t TOl{HOCTb}() Oblll OnHeHHSl 

'OTbl I 
1 

oT aanatmoro anaqe-

, rne t\ 1 = 1-1 
q 1 • 

ICCKOi\ ::mepr1111 II p OTOHOB 

I lJ 8C TOT LI I I IIOnylfae T C R paa-

pott1ll30TpOHe 11 03BOnsteT H3 M9pHTb 

T .:t K Oil TOl{H OCThKl no.an,ep>K HBBeT-

iOoecu o R o p6UTbJ u ycKopsttOwe A 

t 11pHMe HeH B CII9UIHlnbH 8Sl c xeMa 

lO AKH p e>K H M8 p ll60Thl ycKOpHTenSI 

~ nste TCSI M8KC UMllflbll O .D.OilYCTH-

JR ew.e o6ecnet.tusaeTCH Tpe6ye-

•eaeHHble s pa6oTe
121

, aaiOT 

aqeHHH napaMeTpa a M O>K H O no

lBHHO BbiCOKOrO H811pSI>K9HHSI fp H 

>e30H8T0p ( P - V /J, ,Un11 H8WHX 

1 aaxsaTa u •0,6-0,1, "'TO Tpe

<TYllY HBnpH>KeHH!I V~ •125 KB, 

ro ycKopeHHH. Ha cxeMy c paaue

r eHepaTopa ( I) qacToTa H c 

KSI t.t8CTOT 11 03BOnsaeT nonyqHTb 

f 

HMnynbC BKnKPI9HIHI CHCTeMbl, COOTBeTCTBflOWHA nJ060MY 38ll8HHOMy 3H8'1eHKJO '18CTOTbl 

a HHTepnane oT 1370 Kru ao 1440 Kru. VIMnynbC BK/IIOqeHHH qepea 6noK aaaep>KKH (3) 

nocTynaeT ua aanycK MOllY/IHTOpa ( 5) H qepea apyroA 6noK aaaep>KKH ( 4) noaaeTCH Ha 

c pbtB ocuosuoro ycKopsttoLUero uanpst)t(eHHSI. npHMeueuue 6noKoB aauep)t(KH noasonsreT 

noao6paTb Tpe6yeMbiA npOMB>KYTOK apeMBHH MB>Klly CpbiBOM lj H BK/IIOqeHHBM v~ . B 

CXBMe MOtly/IHTOpa npeD.yCMOTpeHa 11/18BH8!1 pery/IHpOBK8 ll/IHTe/lbHOCTH nepeauero <jlpOHTa, 

a TBK>Ke aMnnuTy.Obt H unnTenbHOCTH caMoro nMnynbCa. Mo.nynsrTop aanycKaeT asToreHe

paTop (6), Harpy>K eHHblA pe30H8TOpOM (7), 

VfH.QHK8UHSI 38XB8T8 yCKOp8HHblX npOTOHOS B pe>KHM Kp8THOrO YCKOpeHHH 

8 K8'19CTB8 HH.llHK8TOpOB 38XB8T8 HCOOnb30S811HCb: 

1. C uKHTnnnsrunouaa sr 6eT8TpOHHBSI MHweHb, coeuuueaaaH cseToso.aoM c ¢>3Y
151

• 

CHrHan c ct>3 Y noaaaanc11 Ha axoa ocuKnnorpa<jla, 

2. M uayKUHOHH bJe aneKTPOD.br, 

PaCCMOTpHM 6onee OOLlp0 6HO npoueCC perHCTp8UHH 38XB8T8 C OOMOlUbiO CUHHTHilflSITQ-

pOB, npH nepecTpOAKe YCK OpHTe/1 !1 B pe>KHM Kp8THOrO yCKOpeHHH npOHCXOLlHT 38X B8T on -

p e .neneHHOA t.t8CTH nyttK8 H y.nep>K8HH9 38XS8'l9HH~X npOTOHOB H8 ¢HKCHpOB8HHOA Op6HT8. 

TottHee, acne.ncTaHe Tar o, ttTO KpBTHBSI qaCTOTB noCTOSIHHB, paauosecH bi A paauyc Me.aneH

HO p 8 CT8T. C .npy r oA: CTO p OHbl, t.t8CTHUbl, KOTOpbt8 He 11011811H B o6naCTb ¢aaoaoA: YCTOI\: qu

BOCTK, q epe3 HeGKOfl bKO MC8K YXO,ll SIT H3 p a6otteA: o6naCTH K BHyTpeHH8J:t C T eHK9 KSMepbt H , 

001l8.Q8SI H8 CUHHTHilll SIUH OH HYlO 6eT8TpOHHYlO MHWeHb 1 .Q8JOT nepBbiA HMilYilbC CHI~H8118 C 

cb3Y. nocne Bbi Kn JO 'I8HHSI H80pH>KeHHSI V y.n e p>KHB8eMb18 .0.0 aTorO H B ¢HKCHpOB8HHOA 
p 

op6H T 8 qac THUbl T 8 K >K8 CBOp8t.tHB8lO T C SI B H8p8CT810Ul8M MBrHHTHOM none H .0.8JOT BTOpoR 

HMOYilbC CHrHana C ¢3Y. KosctxPHUHeHT 38XB8T8 MO>KHO Onpe.nenHT b 110 COOTHOW8HH JO 

nnowa.lle A HMnynbCoB . 

PaccMoTpHM npouecc perucTpauHH a axaaTa c noMOWbiO nu.ayKUHOHHbi X a neKTpo.noa . 

Henocpeac T seaaoe aa6mo.aeHne BbiCOKOt.tBCTOTH O A: C TPYKTYPhi nyt.t.KB ua KpBTH OA 'IBCTOT e 

I C OOMOWbJO CylU8CTByJ01UHX HH.OYKUH OHHbiX 3 118KTp0LlOB H 8 B03MO>KHO XOTSI 6ht 11 0TOMY 1 
p 

'-!.TO HX 8 3 HMYT8flbHble p83M9pbl 6nH3KH K 83HMYT81lbHbiM p83M8 p 8M OT.aenbHbiX cry'CTKOB . 

O.au aKo npu on p e ueneHHbiX y cnoBHHX B03MO.>KHO aa6nroneune aaxaaTa H .aocTaToquo Toq-

Hoe Onpe.aeneHH8 era aQJ¢eKTHBHOCTH. 3 TO CBH38HO C T8M, 'ITO npH 0.llHOBp9M8HH OM BbiKnJO-

qeanu a anpst>KeHHH ~ H BK1110'19HHH nyttOK He ycneaaeT CK01lbKO-HH6y.ll b 38M8THO 

HapyWHTb CBOIO CTpyKTypy H 'p8C111lbiTbCH' 11 0 8 3 HMyTy. C BK11JO'l8HK9M HanpH}f(9H HSI v 
p 

HB 3 TY nepaouaqanbllYIO KapTHHY H8K118.0biB89TCSI BbiCOK0'18CTOTH8SI CTpyKTypa, COOTB9T CTBy-

10lU8H Kp8THOCTH q • nocne .Q 8 T 8KTHpOB8HHH OCUHnnorp8MM8 CHrH8118 C HHllYKUHOHH biX 

7 



311eKTpO.llOB n nsr o6naCTH nepecTpOAKH pe>KH:M8 pa60Tbl ycKOpKTellH 6y.aeT H:MeTb BH.D. CTf

neH'I8TOil: Q:lyHKUHif . 0TCIO.D.8 HeTpy.QHO OOpen,enHTb 3H8'1eHHe a • 

HacTpOAK8 C HCTeMhl B p e>K HM Kp8THOrO fCKOpeHHSI H n o nyqeHHe 38XB8T8 

I l ocne C03ll8HK st CHCTeMbl KpSTHOr'O ycKopeHlUI H OTpa6oTKH scex ee pa6o'lnx pe>Ku

MOB 6 bl118 11011f'leHS B03M O>KHOC Tb OpHCTfOKTb K ¢H3H'IeCK0Mf 3KCne pHM eHTf - K pa60T9 C 

fCKOpeHHbiM llf'IKOM. P e30H8T0 p 6bln OOC T8B11eH B K8Mepy CHHXpO<jl830TpOH8 H8 BBO.UHOM 

n pSI M011HH9AHOM f'18CTKe, 8 BCe OCTlinbHble CH110B ble f311 bl CHCTeMbl CMOHTHpOB8Hbl B Heno

cpe .D.CTBeHHO A: 6nuaocTn. Ynpaan e uue CHCTeMoA: ocyw.ecTB11SI110Cb .UHCTBHUHOHHO. Ha pHc. 5a,6 

fi0K838Hbl OCU H'11110rpaMMbl CHrH8110B 38XBSTS C ¢>3Y K HHllfKUHOHHhlX aneKTpO.UOB DllSI q -49, 

I' -3,5 6 :os, t, • 1408 Kru H vp - 35 KB, K o:o<P¢1iuHeHT 38XB8T8 0 ~0,52. PaccTOAHHe 

Me>K.ay uepBbiM H BTOpbiM HMOfllbCSMH pSBHO 20 MCe K, 'ITO COB08U8eT C D.llHTenbHOCTbJO 

s/q KM Oy11bC8 r u • 0nTKMSnbH blH MOMeKT BKniO'IeHHR rtO '18CTOTe, rtpH KOTOpOM a • a M8KC., 

coaaa.aaeT c p ac qeTHhlM aKS'teHHeM f 
4

• • HeaHB'IKTenbHoe HaMeHeHHe qacTOTht sx.nJO'IeHHR 

OTHOCKTellbHO OfiTKM8nbHOr'O 3 H 8 'leH HSI H8 senH"'KHy I f 2 KrU npKBOllHT K yMeHbW9HHIO H 

nct.~eauoeeHHIO aax s aTa. HacTpoA.xa CHCTeMhl ua pac"'eTHbie aua'leHHR 'IBCTOT I H f (eM. 
10 41 

TB6nHuy 1) T8K>Ke npUBOllHT K rtORBneHKIO 38XB8T8. Bee STO cornacyeTCSI C OCHOBHWMK 

npeD.CTBBJle HHSIMH 0 MeX8HH3 M e 38XB8T8 qSCTHU B pe)f(HM KpBTHOr'O YCKOpeHHSI. 

11porpaMMB nepaoro 3Tana tt>nauqecKoro ax.cnepHMeHTS BK1110'1Bna s ce6R : 1) KCcneuo

eauue 3c:1>Q:l9KTHBHOCTH 38XB8T8 H 0Tp860TKY OllTHMBnbHOr'O p9)f(HMB; 2) BbUIBHeHH9 OCHOBHbiX 

Tpe 60B8HKA K napSMeTp8M C HCTeM bl KpSTHOrO fCKOpeHHR C TO'IKH apeHHR aqKPeKTHBHOCTH 

38X88TB K OTCfTCTBHR rt0T9pb 't8CTHU B npouecce KpSTHOrO YCKOpeHHSI. 

I 

3KcnepU:MeHT8nbHble p e3f11bTST bl H Cp8BH9HH9 HX C p ac qeTOM 

Ha pHc, 6 a, 6 , s npeJlcTasneHbl pe3ynbT8Tbl H3Me peHHll KoscpcpHuKeHTa 38XB8T8 o 

B 38BifCHMOC TH OT senii'IHHbl .1 f Jl.llSI p83nH'IHbJX 3H8'19HHA 8MrtnHTYJlbl H811pSI>K9HHR Y 
¢ p 

H 3 H 9pr'HH '18CTI-IU If • 3TH .Q8HH bJ9 rt OK 8 3biB8JOT, 'ITO .nnSI KOH9'1HOA 3HeprKH fCKOpeHHSI 

10 6 38 n pn C p 8BHHTen bHO H9BblCOKOA 8M1111HTY .ae H8rtpR>K9HHSI 50 KB MO>I<HO nony'IHTb 

3H8'fHTe11bHbiA K03cpcpuuHeHT 38XB8T8, paB HbiA 37%. npHMeHeHHe 6011bWOA CT8THCTKKH B npo

u ecc e 3 KCnepu t..t eH T a noasonSJeT HaMe pHTb aenH'IHHY a c TO'IHOCTbJO 7..;. 10%. Ha pKc. 7 

IIOK83 8H 8 p8C '{e TH8SI 38BHCKMOCTb a(a) JlnA cnyqaa. y -0 ( cnnowHaA KPHB8A) " H8Hece-

Hhl 3KCnepliM9HT8nbH bte TO'IKH, KOTOpb!e ll011f'leHbl B pe3f11bT8Te o6p8 60TKH .Q8HH biX , npe.c,

CTaBJleHH biX H O puc. 6a , 6, B. 0TCIO.C.8 BK.QHO, 'ITO 3KCnepHM9HT811bHbl9 TO'IKH ne>KBT HH>Ke 

TeopeTH'IeCKOA KpHBOA: K 3TO p aCXQ)f( .Oe HH e YB911H'IHB88TCSI C yMeHbW9HHe M 3H8tteHHfl napa

MeTpa a • MO)KHQ npennonO>KHTb, 'ITO p .1CXO>K .Oe HHe ODhlT8 C paC'IeTOM C BSI38HO C TeM, 

8 

/ 

'ITO 8 p8C'leTe He f'IHTbiB810TCSI 

'18CTHU UpH 38XB8Te . rlepHcpepli Q 

THU8MU. npu yMeHbWeHHH Hanpf 

p8BHOCH11bHO yMeHbWeHHJO 08p8Pr.> 

fCTO A'IKBOCTH OTHOCKTellbHO pac • 

.anTe~ a nonHOM cornacuu c pac 

>KJl8eT npaBHnbHOC Tb Bb!60p8 cpy 

TH'IeCK8A KPHB8H 0 (~I •) JlnSI 

BeTCTBfiOlUHe 3 TOMy C11f'18f0 3KC 

E h tnO TSK >Ke axcnepuM eHTE 

Hero cppoHTa r s/q HMnynbC 

Llnst 3Toro 3HatteHue r MeHSinl 

Jr • 10 6:oB, V p ~ 50 KB H H3M 

CHHXpoHH biX xone6auuA. BnHRHHH 

ABTOphl HCKpeHHe 6naro.ll8J 

Hoe o6cy>KJleHHe pa6oTbl, a T&K: 

38HCKOMy, A,l-1, MHxallnosy H 0 

I. B. H. 3y6apes, B.C. KnaJlHHUK 
6HH, Vf,H,CeMeHIOWKHH, npe 

2, A,6, Ky3Heuos. Bonpoc bl Teo 
T8UHSI, ,[ly6H8, 1961. 

3. A.6. Ky3Heuos, K.n. Mb13HHt 
3HeprHR•, J.b Bb!U, 5, 3 73 ( 

4, r.c. l<a3aHcKHll, A.l-1. Mlixall. 
HHR pe>KHM8 yCKOp9HHR C Ollt 

Ol-1Hl-1. npenpHHT Ol-1Hl-1 II ~ 

5, Jl.Jl. 3HHOBbeB, l-1,6, VfCCHHCK 

6. <t>,A. Bo.llonbAHOB, A,A.Ky3 bl 

Proceedings CERN, 1959, p. 470 . 



!nR 6y.aeT KM9Tb BH.ll CTy-

n o ny'I8HK8 38XB8T8 

:u acex ee p a6o"'HX p e>t< H

Kc ne puMeHTy - K pa6oTe c 

JOQ:l830Tp 0H8 H8 BBO.llHOM 

Mbl CM OHTHpOB8Hbl B H8n0-

.0.HCT8HUH OHI·IO. H a pHc. 5a.6 

:>HHbtX aneKT p o.aoa .o.nR q -49, 

1 o •0,,52. Pacc TOHHH e 

.na.aaeT c .anHTenbHOCTbiO 

e, n pH KOTOpOM a - a M8KC., 

eHS HH e 'l8CT0Tbl BK.nJOl.feHKH 

tpHBO.llHT K YM8HbW8HHIO H 

<eHKR qacTOT I H I (eM. 
JO 41 

)rnacyeTCR C OCHOBHbiMH 

roro y cKOpe HHSI. 

JJ IO 'Iana B ce6R: I) Kccneno-

HMa; 2) BbiRBn8HH8 OCHOSHbiX 

tH 3 p 8 HHH 3¢KP8 KTHBHOCTH 

:opeHHH. 

X C p 8C 'I8TOM 

o3¢¢KuHeHTa aaxsaTa o 

!lMnllHTY.Obl H&npsr>Ke HHSl 

e'IKOA 3HeprHH yCK OpeHHA 

)() KB MO)I<:HO 11011Yl.fHTb 

v ,. 

~ 60ilblllO A CTBTHCTHKH B npo

:OCTbiO 7 -i- 10%. Ha puc, 7 

::Hil0WH8R KpHB8H ) H H 8Hece

e 06pa 60TKK .ll8HH blX 1 npe.o-

T811bHble TO"'KH ne>KBT HH>Ke 

M 8 KbW8HH8M 3H8l.f8HH R napa-

p8Cl.f8TOM C B H3aHO C T eM , 

"'TO 8 p8Cl.f8T8 He f"'HTbiB810TCR B03MfW8HIIR, KOT0 pbi 8 ii pHB O.O RT K .QOII OnHHT8nbH bl M OOT8 pRM 

l.f8CTHU npK 38XB8T8. rlepHcjJ8piiA.H8R o6naCTb ceua p a TpltCbl OK83hiB88 T CR He 3 8fiOnH8 HHOA qac-

THU8MH. npH fM8 HbW 8 HHH H8npS1>K8HHR Vp K fB8 niPI8 HHK 3 H e prH K npOTOHOB W , LITO 

pasHOCHnbHO yM8HbW 8 HHIO napaMeTpa a , nnowanb cao6o.a.uo A O T l.f8CT!tll 30Hhl a o6nacTH 

ycTO A"'HBOCTH OTHOCHTe nbH O pacTe T. XapaKTep a KcnepHMeHTanbHhiX KPHB biX u( 11 l q) Haxo

.OHTCSl B rTOnHOM cornSCHH C p8Cl.f8TH biMH KpHB bi MH 1 rT O K838HHbiMH H8 pH:C . 2, "'TO rTO,llTnep

>KllBeT npasHnbHOCTb Bbr6opa ¢YHKUHH p(tiE) • lln11 npuMepa Ha puc. 8 uao6pa>KeHa Teope

TH'IecKaH KPHBaH 0 (til•) nnH c ny'laR q •50, II' •2,2 E 3B , VP •50 KB, u uauece Hbr cooT

seTCTBYIDW:te 3 TOMY c nyqaJO :3 KCn e pHM8HT8nbHbJ8 T O'IKii. 

5btnO T8K>Ke :3KC nepHM 8 HT8nbHO HCC n a,llOB8 H 0 Bn HHHH 8 H8 38XB8T ,nnKT8 nbHOCTK n e p e,a -

nero ¢pouTa r a/q HMnynbCa, H T eM CBMbtM nposepeuo a p actfeTe npe.nnono>KeHHe (a). 

Ll.nR :3TOrO 3H8"18HH8 r M8HRnOCb OT 50 MKC8K .QO 250 MKC8K 1 \fTO COOTB8TC T Bf8T .D.nR 

W - 10 Eaa, V P :. 50 KB u K3M8HeHHJO OTHoweHHR -r; - 1 ~ 5, r.a e T c - nepHo.n ManbtX 

CKHXpoHHbiX Kone6auKA. BnKRHHR aenKl.fKHbt ua aaxaaT u e 6brno o6uapy>K e uo. 

AsTOpbl HCKpeHHe 6naronapHT A.E. Kyaueuosa, C.B. Myx uua, H.E. Py6uua aa nonea-

uoe o6cy>KlleHHe pa60Tbl, a TaK>Ke Bbrpa>Karo.T CBOIO npH3HBTenbHOCTb IO.A. Eb!'IKOBy, r.C.K a

aaHCKOMy, A.l-1. MKxallnosy K O.H. UucnHKY aa noMOlllb B nposen eHHK 3KcnepHM eH Ta. 

n H T e p a T Y p a 

I. B.H. 3y6apes, B.C. KnallHHUKHA, A .E. KyaHeUOB, C.B. MyXHH, n.c. OxpHMeHKO, H.6.Py-
6HH, l-1.H.CeMeH!OlllKHH. rlpenpKHT 01-1511-1 P-371, lly6ua , 1959. 

2. A.E. Kyaueuos. Bonpocbr TeopHK ssona H Bhrsona qacruu B CHHx po¢aaoTpoue. llKccep
TBUHH. Jly6Ha, I 961. 

3. A.E. Kyaueuos, K.n. Mbr3HHKOB. rlpenpHHT 01-1511-1 P-387, lly6ua, 1961. • AToMHBH 
3HeprHH', Jb Bb!IT, 5, 373 ( 1962). 

4. r.c. KaaaKCKHil, A.l-1. MHxallnos, r.n. rly'IKOB, A.n. UapeHKOB. P eaynbTBTbl HCCnenosa
HHH pe>KHMB yCKOpeHHR C OllHHM yCKOp!!!OlUHM 3neKTpOllOM Ha CKHXpo¢aaoTpOHe nB3 
01-1511-1, rlpenpHHT 01-1511-1 1177, 1963. 

5. n.n. 3HHOBbeB, 1-'!.E. 1-'!ccHHCKHll, K.n. M b!3HHKOB. npenpHHT 01-1511-1 557, lly6ua, I 960. 

6. <P.A. BononbRHOB, A . A.Kya bMHK, C .M.Py6'1HHCKKll, B.A.Ysapos. 

Proceedings CERN, 1959, p. 470. 

PyKonHcb nocTynHna s HaaaTenbCKHft OT.a.en 

31 asrycTa 1963 r. 
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Ta6nHua 

KpaTHOCTb 3Hepl"HR '18CTHU . UJHpHU8 9H9pl"9TH'I9CKOI"O 

q 'W (B911 ) cneKTpa 2 6 F!,.•> ( MaB ) 

48 10 5,6 

49 3,5 2,7 

50 2,2 1,9 

10 

4aCTOT8 

1437,5 

1408,2 

1380,0 

.c-

PHc, I. OcuHnnorp 
CTBYK>W8SI 

6l 

0 

PHc. 2. Pac • 
OT : 

/naJ 



!preTl.P:tec Koro 
~ ~·J ( Msa 

, 6 

, 7 

,9 

'-i8CTOT8 

o6p81U9HH!l 

f. (Kru) 

1437,5 

1408,2 

1380,0 

PHc . I . OcuHnnorpaMMa CHrHana c HHJJ.YKUHOHHbiX ::w e KTpoa oa , cooTs oT
CTaytowa sr UHPKYilHpyK>weMy ny'-IKY a KOHue ycKope HHH. 

....,.,...... ~----

/ 
v 

I 
0,6 

0.~ I 

I v 
a 

PHc. 2. Pac'leTHasr aaaHCifMOCTb Ko3¢¢KuHeHTa saxaaTa 
OT 3H8'1eHHSI n8p8MeTp8 a .OilR C llY'IBSI y=U 

/nap8M9Tpb t a H y onpenen 9 H b l COOTH 01U 9 HH9 M ( 6)/ • 

ll 



G 
Q8 r-.--.-.--~~~~~ 

0 0,4 0 
PHc . 3. PacqeTHaSI 3BBHCHMDC Tb Koact><PHuJ.teHTa aaxsaTa 

OT napaMe Tpa y DnH p83flH~HbiX 3H8lieHHA a. 

a= 1,0. 

V a= 0,2 

a-..._~ 

J~ 
• 0 

~t 
~9 

ll a -0,8. 1/l a= 0,6. IV a a 0,4. 

VI a- 0, 1 . 

L ~ 30 ... c•• :~ lD ~C'h 

---.-----. .-------, 

y 

HQ Cp_,, 

~':~:=:~-:: v, 

PH c . 4 . 6noK-cxeMa CHCTeMbl KpBTHOro ycKope HHSI. 

12 

Puc . 5 a, 6. Oc uun 
KpD. TH C 

w = 3, 
a ) C u" 
pa3Be p ' 
6) J.1H L 

- 30 ~ 



1,6 0 
iT8 38XB8T8 

3Hat.leH HA a . 

II' a~ 0,4. 

yCKOpeHHS1, 

PHc. 5 a , 6 . OcuHnnorpa~tMn CltrH ana aaxr.HlTa npo ToHou t\ pe>KIIM 
KpDTHoro ycKopeHitst nns:~ CJIY'-IllH q = ·19, VP = J5 KH u 

W ~ 3,5 53B , 

a) CuuHTtt11llS1UHOHH851 Mttw e Hb c ll=>::.? Y. LlnuT e.1 bHOCTb 

p 83BepTKH - JQ MCeK . 

6) YfHJJ.yKtliiOHIIhle 3neKTp'3.llbl . J]lii!T C JlbHOCTb paaoe pTKH -

- 30 MCeK, 
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lif r r-~-~-=I--l--~- -l 
- . - -- ,- -1 

OAI I J_~Ll ~ i i j I 

I I L 1 ! 11. \ \ i : . I a• I 

v "' . ' ... " : ~ azl 

j 
I 

" f.f. •flf.:"'ht 

-QJ ""' "" OJ .. • ~, .... 

€) 

J L----,----=_a:7•---:o----=o~~----:o_s -!c -0.8 
1.6 ·~·"' "' 

P~i C . 6a , 6 , s . 3 KcnepHM eHTan bHBH 3 8BHCHMOC Tb Koacj:xJ:uniHeHTa a axsaTa OT 
Be i1H1.fKHbl OTKn OH e H HR OC HOBH O A Y C K OpSUO uteA: '18CTO Tbl OT Kp8TH O r O 

COOTH O W e HHSI .O.flSl p a3nH:'!H biX 3 HaqeHHA HBn p SI)KeH H SI H 3 H e p r1Hf c ry C TKB . 

a ) q ~50 , I' ~ 2,2 E a a u f
1 
~ 1380 Kr'U , 

1. Vp= 50 Ka. 11. vp ~ 12 Ka . 111 • vp ~ 35 Ka . rv • vp ~ 26 Ka . 

6 ) q ~9. 1¥ =3 ,5 E a a H f 1 • 140 8 Kr-u . 

( .. ~-50 KB . II , V, ~ 42 KB , 111. VP =35 KB , IV, VP = 26 KB, 

o ) q =48 , W a 10 Eaa, f1 - (437,5 Kr'U H VP _ 50 KB , 
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PHc . 8. 3 aaHCUM OC Tb Koa¢¢HuHeHTa aaxaaTa oT aen iPIIfH bl 

OTKJl O He HHH "i8CTOTbl OT Kp8 TH OrO COOTHOW e HHSI Jl ll SI 

cnyqa~ q Q 50, w =2 ,2 Bas , vp = 50 KB. (cunow H n ~ 
KpH BBR - p ac qeTH6R), 


