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1. BBEAE HI-1 E 

B Ila60paToPHI-I BbiCOKI'lX 3Hep r l1l:1 OI1~1-1 B 1986- 1990 r. r. npeAnona
raeTC H C03Aa Tb nep8Y~ 04epeA b cneKTpOMeT pa C KOOPA HHaTHblMH Ae 
Te KTOpaMI1 B r eOMeTpl1H. 6nl13KOH K 4 71 -reoMeTpHH l yc TaHoBKa "CIllE
PA"/, npeAHa3Ha4eH Ho r o AJlR HCC1leAoBaH~i1 pe1lRTH BHCTC KHX HAepHblX 
cTonKHoBe HHi1 , HAYlII HX C 601lbWI1MH nepeAa4aMH 4-CKopocTei1, onpe
AenReMblMH KpHTe pl1eM 

P 2 (Pi ' P k) 
b 

ik 
- ( I -

Pk 
) 2 . [--- -11 > 5. 11/ 

Ini rn k Ini . Ink 

3AeC b PLk - 4 HMnY1lbCbI, mi.k - MaCCbl 4aCTH4 . Y4aCTBY~lIIHX B peaK
411~ MHo~eCTBeHHoro pO~AeHI1R 

+1l..,1+2+ . .. /2/ 

1ll113114eCKI1~ CMblC1l Kpl1Tepl1R /1/ COCTOHT B TOM, "lTD npH AOCTa
T04HO 60nbWI1X OTHOCI1TenbHblX CKOPOCTRX B3aI1MOAe~CTBHe Me~AY 

KBapKaMl1, BXOARlIIHMI1 B COCTaB 06beKTa (i), 11 KBapKaMl1, BXOARlI\l1MH 
B COCTaB o6beKTa (k), OC1la6eBaeT HaCT01lbKO, 4TO ero MO~HO pac
CMaTpl1BaTb no TeOp1111 B03MYll\eHI1~. B 3TOH 001laCTH HYK1l0HbI YTpa
4I1Ba~T CBoe 3Ha 4eHI1e KaK KBa3114aCT~4~ RAepHO~ MaTep~H, H HAep
Hoe CT01lKHOBeHl1e C1leAyeT ~17CMaTpl1BaTb Ha KBapKOBoM ypoBHe. na
paMeTp n03 B01lHeT AaTb KnaCCI1¢lI1Ka411~ RAepHblX CT01lKHOBeHH~:bik 

a/ b ik S 0 ,1 - npoToH-He~TpoHHaR 061laCTb /HYK1l0HbI KaK KBa311
cB060AHble 4aCTI14b1/; 

61 ~ 5 KBapK-r1l~HHaA 061laCTb /KBapKI1 KaK KBa3I1cB06oAb ik 

Hble 4aCTI1~bI/; 


B/ O,1 5 1h~ 5 - npOMe~YT04HaA 06n aCT b. 


1013 YC1l0BHfl b l II >5 AnA CT01lKHOBeHI1~ pe1lflTI1BHCTCKoro AApa 
C nOKOAlI\l1MCfl RAPOM II I1MeeM 

(PI . PII ) EI 

L 3.5 


mi' mIl AI . rna 


An a = 931 M3B - aTOMHaA eAI1H114a MaccbI, A I - aToMHbl H Bec AApa II. 
3Heprl1A Ha HY K1l0H E 1 /A 1 =3,5 r3B COOTBeTcTByeT Ha4any npeAe1lbHO~ 
¢lparMeHTa~1111 AAep, 11 3Ta 3HeprHA KaK pa3 xapaKTepHa A1lA AAepHblX 
nY4KOB, I1Me~I1XCA Ha CI1HxpQ¢a30TpOHe 11B3. 
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B 3KCnepHM~HTaX · I' H3Y4anaCb npe,qenbHa~ ,parMeHTa4~H ~,qep 

B 06na CHI 1111 , hI IJ .> 5, I :; bIl 1 ~ 15. Ha~6ont!e n OAPo6HO ublno 
I-IC C ne,qOBa~tO 06pa30BaH~e TT i - 1-1 Kt 

-Me30Hos Ha ~,qpax III/ no,q Ae.:1

CTSl-leM npoToHoS III C :iHepr~e~ 9 r3B Y1n~ h
IIl

= 18 no,q y r naMI1, 

6nl13KI-IMI1 K 180 • HI1)KH~A rpaHI-I4a ce4eH~H. AocTl1rHYTaR S 3T~X 
1 • dO' -36 2 -2 -I 

3KCnepY1MeHTaX, COCTaBn~eT -. BIii' = 5 · ' 0 CM roB cp OCO-
i\ up I 

60e 8H~MaH~e y.qeneHO oGnaCTI1 I<I1Hel~aTI-IKY1. 3anpe1l4eHHO~ .qJ1A OAHO

HYKnOHHt.1X CTOIlKHOBeH~~ /KYMYIlAHIBHblH 3$$eKT/. T . K., COrl1aC"lIO pa3

BI1BaeMblM npeACT;)8neHVlRM,3TI'I AaHHble CBI1.qeTel1bCTSYIOT 0 CYU1(CT

SUSaHl-I11 B RApax MynbTI1KBapKOBbix KOrtllwlrypal.\lIi1 11 caefl:<Gble pWX 

KBapKOB. 

J..iccne,qOBaHl-le :nol1 OTHOC~1TellbHO Y3t<01' nGJI~IC Tl1 

n epeMeHHblX npl-1BenO K 06HapY>KeHI1IO pRAa Ba>Kltt.l ~ C DOI II: 111 

napTOHHbtX CTpyt<1 YPHblX $YHKl.\I-I.;j RAep .I.1Hl epee K ~'I 11101 I'd 

nOBlleH He 1 0nbKO YCTaHOBneH..,eM ec ree TUI.'IU I'Jrn IIPC'JI'JJlO ( I IP,IIIeAlll1

BaCT.., npOTOH-HeI1TpOHHoi1 Mo,qcm! RAPd, H(. 11 11(:1;0,.\111; IIllfll. (lIJlJblO 06
HapYlKet-IHblX RBlleH..,tt C KBaHTOBOI1 XPOMOl\l1HolMltl<oi flllllhllU' PilC TOR

H~.:1 , nOCTpoeHI"e KOTOPO'" CUCTilBnRCT "f~ \ly .,\ 11"11111011110111,1 .... n po6neM 

COBper~eHllo.:1 T eopenl4eCKO~ rj)lt3I>1KII. 

Pen ATI1BI>1CTCKaA R,qepHaA 1/J11311K.:l lI.)Xf)/lI1T 1" 11 ( I~I \Jt. 11,111<1118 CBoe

ro pa3BY1TI1A. nB3 OH,sH1 B lIac fOf1UIC!: L'pl'~m II I~ 11tH1.11 lItH vl\i1~t CTl3eH

HbiM 8 M..,pe yCKopl1Tenel'1, A ,1h')Il\I-IM R/1l'PIII>Il' 1lY'Ii' It II '11 b I IJ :> 5 . 
B CBR311 C 3H1M c03AaH..,e Ha ::l rHX nyl~Kd ) CIlCKTPO-

MeTpa. o6n a,qalOll\ero Iln-reOMeTpllel~, III !Ul1b1UOi1 

06'beM 3KCnepl1 l~eH Tallblloi1 11Ht!>OPM.Jl1mt, 

n..,an brlYIO 3Ha4..,MOCTb AnA COapI.;MCHIIC)rt ' f 'oPIHI GltlllJHI.I .' " ..tI'MOAe~
CTa..,'::'. 

C nOMOU1blO YCTaHOBK~ "C<l>EPA" a f1I.!I,,uylU U4t.!I)DJ\1o hYIlY r J)('WeHbI 

cne,qYIOU1~e 3aAa41-1 : 

1. I1ccneAoBaH~e peaK4"'.:i 06pil30!laH~Ir1 /\oyx I, lUlh" l ....e 1\'4 

/2/. Oc06b1.:1 I>1HTepeC lIpeACTaBnl1eT o6pu30adH~1l' IIPKTDP)IIII}\ 4,.jC1I-14 

II', ,I , q~ 1 B KYMYJ1RTI-IBrIOI':i 06IlaCTI-I. Cornac llo c.yuler.TuYI~t.'l 1>I0Ae

n~ 12/ . 1-13Y4eHI1e 3aB~CI-IMOCTI-1 c e4eH"'A :) Tl1X PC<lKI~11fl uT Ky,-IYllJl Ti1B

Horo 411Clla MOlKeT AaTb cepbe3Hble aprYMCHTbI B nOl11>JY 1Ic)3t-lOlKIiOCTI-1 

np~MeHeHVlJl Kal1~6po804HblX Teopl~.:1 K apOMaTaM. B03MOlKl'11 T olK)f((' 

nOI-lCK y3K~I X pe30HaHcoB, o6ycIloaIleHHblx RBnt!H~eM c;.KlJbI [oro 40eTa, 

COCTOR H..,.:1 KaapKoBo~ 3K30n1K~. pe30HaHCHblX l~ynbTltt<B;)f1KOBI~X CI1C

TeM 11 T .A. 

H3Y4eHVle 3TI1X peal(1I",i1 B 06J1aCTI1 , r,qe Bce hlk 5. AacT 903

140)f(HOC T b I-1C CneAOBaT b ,qBYX - I", B03MOIKHO, T peX4aCH14Hble KSapl(

napT OHHble CTPYKTYPHble ¢lYHKl.\1111 Gl X I' p , 'X'J' P )~, T ,A
Ii ~ ~ 

2. J..i3Y 4 eHl'le Cnl-1HOBWX 3$¢e KToB B peaK l.\ MRX C 60nbWI-IM~ nepe

,qa4aM~. Kat< nOKa3b1Ba~T I-ICClle,qOBaH"'~, Hanpl-IMep Ha YCTaHoaKe 

nB3 6H C-2 , t\-4aCTI14b1 B peaI< 4 "'''' n + A " !\ I.,. B o6nacHI 

hI If' 50, b I 1 - U 1": 1 o6na,qa~T 3Ha4l1TellbHoi:; nonRp"'3a4~e':; . u 
~ccneAoBaHl1e cnMHOBbiX 3¢$eKToB AacT 04eHb KPl1TI14Hble npOBepKI1 

2 

3Ha4~TenbHoro 411cna MOAene~. Oco60ro BH"'MaH~A 3acnYlK~BaeT ..,3Y

4eHI1e 06cYlKA a eMblx peaKl.\~A B ~HTeHC"'BHblX nY4Kax nOIl~p~30BaHHblX 
.., BblCTpoeHHblX Aei1ToHoB np~ ~k > 5. 

3. ~ccneAoBaH~e M~OHHWX nap B 06nacTI1 /1 / np~ CTonKHOBeH~~ 

penRTI1B..,CTCKI1X RAep AaeT np"'Hl.\~n~anbHO HOBY~ ~H¢OpMal.\l1~ 0 pa c 

npeAe l1eHl111 KBapKOB B AApax. Y CTaHoBKa "C$EPA" n03Bon~T TaKlKe 

113Y4aTb aAPOHHoe conpOBOlKAeH~e MIOOHHWX nap. 

2 . ~H3H4EC KOE H METOA~4ECKO E 060CHOBAHI.1E 3KcnEP~MEHTA 

2.1. HHTeHCI-1 BHOCTb nepal14HOrO nY4Ka 

Y CTaHoBKa "C<l>EPA" op..,eHT~pOBaHa Ha peKOPAHble no 3Hep rl111 

nY41<11 YCKope HHblX Ha CI1HXpo$a 3 0 TpoHe n,qep C ~HTeHC~BHOCT b ~ 

1 0 
9 + 1 0 

10 
4aeTI1 l.\ 8 l.\I-IKIle npl-1 ~ccneAOBaHI1I1 MHOlKeCTBeHHo r o pOlKAe

H..,A 11 AO 1011 4 aCT~4 a l.\"'Klle np.., ~CCl1eAOBaH"'11 pOlKAeHI1R M~OH H blX 
nap. 

AnR OlleHOK CT aT~ CTI1K '" OTC 4eTOB Bbl6epeM 311eMeHT $ a30Boro 

66'beMa Sp/ E. a I-1MeHHO , I-IHTepaan perl1cTpl1pyeMblx "'MnYJ1bCOB ~p ~ 
l'. (cos (J) 1-13 YC1l0BI1R, 4 T06b1 BeJ1114",Ha ABalKAbl A~¢$epeHl.\~ aJ1b HOrO 

d 2a 
ce4eH..,R E 2 ~3MeHRnaCb Ha Bbl6paHHoM "'HTepBane nepeMe HHblx 

p dpd~ 
He 60nee 4 eM B 2 pa3a. nOCKonbKY A~¢¢epeH4~anbHoe Ce 4eHl1e . Ka K 

3TO YCTaH OBlleHO B 3Kcnep..,MeHTax Ha yCTaHoBKe nB3 OHflH " AI1 CK". 
/ 11 nponopL\"'OHaIl bHO KaapK-napToHHo~ CTPYKTYPHO~ ¢YH KL\~ ~ A,qpa 

1 dO' I [mb 1 / / - E - -100 exp (- X 0,14) --2 ' 3 
A dp r38 

TO Ol.\eHKY AonYCT~ MblX Ben~4~H l'.p '" l'.(cose) MOlKHO ~ta~TI>1 113 ycno

BI1A l'.X ~ 0, 1 • rAe 

x ;; l (1 - ClOS (J) . /4/
mN 

mN mN 
T a KI1M 06paaoM , l'.p .s AX : t\(cose) ~ ~ X --, 11 3J1eMeHT 

1- cofIJ p 

$aaOBoro 06'beMa He AonlKeH npeablwaTb BenI14~HY 

~ 2 2 2~P 2 1 (l'. X) ::-E s;. 2TTm N II TTm 
N 

(AX) / 5/
1 - cosu 

Cne,qOBaTen bHO, I1 HT e HCI1BHOCTb nepa~4Horo nY4Ka AJ1A nonY4e H~R OA-
Horo oTc4eTa( S n peAn0J10lKeH~H cosO.s 0) paBHa 

10 = Ap
f ( ...!..E~) TA dp 

3 
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Ecn~ TOn~~Ha M~weH~ P - 5 r / CM 
2 

, TO ArtR nonyyeH~R oAHoro none3

Horo OTCyeTa np~ pa3H~x MacwTa6H~X nepeMeHH~x He06xOA~Ma cne

10 10AYiO~aR ~HTeHC~BHOCTb nepB~YHOrO nYYKa 1 1/ : 10 = np~ X = 
= 2,8; 10 = 108 np~ X = 2,1. TaK~M 06pa30M, 3Kcnep~MeHTanbH~e 
~ccneAOBaH~R Ha 10 HApax np~ CTaT~CT ~ Ke OTCyeTOB _ 10 3 

AnR KY

10 14 MynRT~BHoro Y ~cna X = 2, 8 Tpe6Y~T a APo HoB B n e p BH YHOM 

n Y YKe. 

2.2 . B blAeneH ~ e " ABOi1 Hor o ~HKIlI03 t.1 Ba" Ha <llOl~e e n Y4ai1l lblx 

cO BnaAeH~M IloAHoKpaT Hblx t.1HKIlI03I1BOB 11 OT pa3Hl-IX 

ne pBt.1Y HblX yaCHt ~ 

Ba>t<Hoe T b AIm 3neKTpOHH blX yeT a HOBOK, paGoT alOlI1t.1X II I1HTCI~e ~B

HOM nep BI1 YH OM n Y 4KC, p aC C MaTp~BaeMoro HBnCllIHl OTM<!CIUII ;J Bn e p 

Bble B p a60T ax VlT 3<1l '3/ 

Ce4e HI1e " ABOi1Horo ~H KIlI0 3I1Ba" MOII( HO BbipaJI1 t b <i <!Pl!3 npO~ 3Be 

AeH~e CeyeH~i1 "0AHOK p aTHbIX HHKIltJ3 HBOU" 11 KOIJI)L'IUITO,", II : 
' ) 

U ~(J

E . Eo -,-,1 
- dp t dp~ 

161 R "' II 
( E ~) (E ~ )

I ' 2'
d P I dP !:! 

B i:! Il I-1 Y~Ha KOToporo no I-1M(> I;)~t.1Me R ria ecr0f111AWII~H1 ,tlo.: ll b 3Kc ne p~MeH

TanbHbl /~ AaHH blM 3aKnlOy e Ha B npeAert ,Jx L II, 7. 1"1 11 - Heynpy

roe CeyeHt.1e B3a~MoAeMcT BI1f1 C HilpRAa C MI1WI' IIl,lol . CJly4ai:; Hbl e COB

II p' dp 
dcr ) ) , tlff 2 

naAeH~R t.1HKIlI03 ~ BO B Nt . 10, p. Ii: 1 - . -- ~ N" I I)· I , 10, ., ~ 
tip ) ~:I ' • rip " 8 2 cn ~ 

3a pa3pewalO~ee BpeMR T(N !. !:! - 2rN I ' N !! J. lIopMl1pnudHHblt: Ha " ABOM 

HOM ~HKnI03~B", paBHbl 

cn 

dNa f.a
N 1.2 io 

2 r ( --)--171dt RN 1, 2 

d d dp I dpz 
rAe N 1. 2 10· p. ( 8 1 :: 8 2 -7- )- - 11 dNo / d \. - n IlOT HocTb 

d p 1 dP 2 E I E2 

nepBIo1YHOrO nYYKa ( dNo/dt ~ Io/T: I - Io1HTeH C~BHOCTb B 4~Kne, T 
3$$eKTIo1BHaR AIlIo1TenbHOCTb 4~Knal. 

KaK B~AHO 1013 C00THoweH~R 171 , He CHIo1>t<aR CBeT~MOCT~ YCTaHOBKI1, 

$OH cnyyaMHbl X COBnaAeH~M OT pa3HbiX nepB~YHbiX yaCTIo1~ MO>t<HO no

AaB~T b TOIl bKO 3a CyeT "pacnpeAeIleH ~R " 3C!XtleKT ~ BHOM M~weH~ ep) 
~ BOCCTaHOBIleH~R C nOMO~blO KooPAIo1HaTHblX AeTeKTopOB "BepUJ~Hbl" 

B3aIo1MOAei1cTBI1R. ECIl~ M~weHb Io1Mee T pa3Mepbl Xo, Yo, Zo. a TOY

HOCTb BOCCTaHOBIleHIo1R "BepW~Hbt" B3a~MOAeMCTBI1R .ilX ' ilY ' ilZ ,o o o 
TO cnyyaMHble COBnaAeHIo1R nOAaBnRIOTCR Ha ¢aKTOp: 

4 

I'1 Xo' ilYo . ilZo 
K 

/8/X oYo Zo 

AnR .1 Xo= 6 Y 0 = ilZ o = 5 MM, XO - Yo - 50 MM 11 Zo- 200 MM 

K = 2, 5 . 10-4 . 


TaKIo1 M o6pa 30M , AJlH pa3pewalO~ero BpeMeHIo1 0, 5 . 10-9 c, r _10 r / cM 2 

/l a = 0,1 / , ~HTeHCt.1SHOCTI1 nepB~4Horo nY4Ka 10 11 yaCT~ ~ B ~Io1Kne 
10 v 6

OTHowe H~e CJlY4a~ HbIX cOBnaAeH~H K 3 ¢<!leKT Y YA eT paB HO 


N cn 

1,2 -9 t l = 2 . 0,5 . 10 . 7 . 10 . 0,1 . K 70 . K 2% 

N 1.2 

/MHOII(MTeIlb 7 Y4~T~BaeT B~CO K04aCTOT HY~ CTpY KT YPY nY4Ka/. 

CKOPOCTb Ha60pa CT a n1C TI1KIo1 "ABm1Horo J.1 HKIlI03Io1Ba " onpeAeJlReTCR 

CYMMapH~M KYMyn RTIo1B HblM 411cnOM Ha6n~AaeMblx 4aCTM~. AnR ABYX yaCTJ.1 ~ 
Io1MeeM x1+ X 2 


d 2(T 
 <x > 
E . E2 --+ R · a . e

1 -+ in 

A dp 1 dp 2 


(X +X )1 2

< X> 

N 1•2 = 10 (£a i n ) · R· e 

-> 2 

eil pi E) , 

-+ 2 

rAe ilp/ E, corIlaCHO COOTHOWeHI110 / 5/ , paSHO -TT ' (ilX) . 
 T a KJ.1M 06
pa30M, 


( X 1+ X2) 

<X> 
N 1,2 10 , R . e . (6X) 2. 

/ 9/ 

CIleAoBaTeIlbHO, np~ ilX - 0,1 11 X l + X2 = 2,8 Ha OA I1H OT C4e T N1.2 
He o6xoAHMa J.1HTeHC J.1B HOCTb nepBIo14HbiX yaCT H4 10 ~ 4 . 10 1 2 

2. 3. ~HTeH c~BHoCT b BTOP~4HWX 4aCT~4 

Halo160IlbWHe " 3a rpY3KI1 " Io1 CnblTbiB alOT AeTeKTopbI OKPYl!(eHMH MHwe HM 

M3-3a 6 0nbWOH MHo>t< eCTBeH HOCT I1 BT OP l14HblX aAPO Hoa , cooT BeTcTBy~e~ 
B npeAeIle " nollHoMY pa3pYweH ~~" RApa-MMwe HM. nOCKOJlbKY /HanPMMep, 

AIlR P b _ l 0 r /CM2/ eo = 6'1 0- 2 
, TO AIlA c peAHei1 MHOl!( €CT SeHHOCH1 

aAPOHOB /a OCHOBHOM, MeAneHHbl X npOTOHOS/ <n > = !3 nOIlHafi I1HTeH

10 9 10 10CMB HOCTb BTOPH4HblX 4aCT Io1~ Anfl nepBI14HOrO nY4Ka 7 4ac
H1 4 B ~ Io1Kne COCTaSI1T 5./ 108 -7 10 9

/. BaoAR nopor pe r~cT pa 4l1M 
/TOIllljI1Ha M",we H~, Be~ecTao AeTeKTopoa MIl'" AOnOIlHI1TeIlbHble !)lMn b TPbl, 

He CHM>t<alOlljlo1e cy~ecTBeHHbfM 06pa30M T04HOCT b BocCTaHOBIleHI1f1 " aep 

5 
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WIIIHb~" B3aI-1MOAe':;;C TB I-1~/ , MOlKHO CHI-13 1-1 Tb y pOBeHb I-IHTeH CI-IBHoc n1 BTO 
7PI-1 4H~X 4 a CTI-14 npHMe p HO Ha nOp~AOK BellI-14HH~, T.e. AO 5,/ 10

1-:- 10 8 /c - . 

B c nY4ae I-1CnOnb30BaHI-1~ nponop4KoHall b H~x KaMep C warOM HaMOT

KI-1 1 MM TeneCHN~ yroll, npHXOA~~I-1~C~ H a 0AHY n p o Bono4KY, paBeH 

6. n i "" 2·1 0- 3cp • T aKI-1M ofipa30M, MaKCIIIManbHa~ 3 arpY3Ka Ha OAHY 

n pOBOl104KY COCT a BHT 5 .(1 0 7 ~ 108) . (6.U i /417) =8 (10 3 -'- 104)4acT./c . 

TaKo':;; YPoBeHb ~BllReT CR AonYCTI-1M~M H, nO-BHAHMOMY, onpeAenReT 

MaKCI-1Mall bHY~ I-1HTeHCHBHOCTb nepBIII 4 Horo nY4Ka . 

2 .4 . Perl1cTpa 4HR MOOHHblX n ap 

n pl-1 I-1CCneAOBaHl-11-1 Ce4eHI-1~ pOlKAeHHR ~OHH~X nap 8 n po4ec c ax 

$ pa r MeH T alll-1l-1 YCKopeHH~x RAep-CHa pRAOB /a , He , . .. 1 AeTeK T o pbI 

$parMeHTaIlH~ MI-1WeHI-1 B aAPoHHo':;; n o CTaHOBKe on~Ta 6 YAYT perl-l CT

pl-1pOBaTb 6 011bwl-1e AHMKlo HHble Ma CCbI B 06n acTI-1 2 -:- 4 r3B AnR Ma 

n blX P T 1-1 6011bWl-1e nonepe4Hble I-1MnYllbCbI C He6011bWHMI-1 MaCC a MI-1 

M < 2 r3B , a AeTeKTOp~ ¢ p arMeHTa41-11-1 CHapRA a - Man ble Ma C CbI 

1 ~~Hbwe 2 r3BI 1-1 Ma nble n onepe4 Hble I-1Mnyn bcbl ( Hl-1lKe 1 r 3B/c). 

CKOPO CTb Ha60 p a CT a TI-1 CT I-1KI-1 MOlKHO 04eHI1T b Ha OCHOBe Ail HHblX 


3 KC n e PHMeHTa llEPH a HA-3 AJlR POlKAeHI'IR p- 1-1 cf> - Me30HOB C MOA0 ':;; 

+ - f'41 


pac naAa II ~ , nYCTb nonepe4H~~ I'IMnynbc p OlKAeHHblx p- 1-1 ~-
Me30HOB -'! 2 r3B/c. Pe3yn bTaTbl 3KCnep l-1 MeHTa An~ X F < 1 nOKa 3aHbi 

Ha p l-1 c . 1 . n Y HKT l-1 p Ha p l-1 c Y HKe cooTeeT c T ByeT 3KcTpanOnR41-11-1 

e- xl O• 14 3Ta 3 KcT p a n OllRlII-1 R AaeT npl'l X - 1,5 Ce4eHI-1e nopRAK a 


10- 2 H6, T.e. AnR I'IHTerpana OT X ", 1, 5 HMeeM 


, r a(X) dX - 0.14 . 10 - 2, 

x~t.&

1d 
CneAoBa T enbHo, C Ml-tWeH blO P - 1/0' in 
IM6- l / Ha n o n Y4eHI-1e OA Ho ro OTC 4eT a 

Heo6xOAI-1Ma n epBH 4 Ha R I-1HTeHCI-1BHOCTb 

/O'in - 10 00 M6/: 

10 12 
10 ~ 10 3M6/10- 3 

H6 = •.Ll \ 

.s \ 
'&1\ no A a HHblM YCTa HoBKI-1 HA- 3 ' pac 

\'01:: ... 
npeAelleH l-1e no nonepe4HOMY I-1MnynbCY-u.'U 10 \ 

\ ,
cO \ , Onl-1CblSae TCR 3KcnOHeH4l'1an bHo':;; 3aBI-1

, CLo1MOCTb lO 61-1Aa e- 3•5 , PT , T a KI-1M 06
\ , pa30M, CT a HICTI-1Ka npl-1 PT > 1 r 3B/c

\ ,163 , 
\ PHC. I .JlaHHhle 3KcnepHMeHTa HA-3 

14 ' 
\ 

.D.Jm pOlK,1J,eHHIl p - H r/J- Me30ROB 

C MogOH pacna,L\a /1' /1 ITYHKTIlP CO 

-SL~~~~~~~~~;-~ OTseTcTByeT 3Kc-rpanOJlRlJ,HH10 I 2 e- X/O.14o 
XF 

6 

6YAe T Ha61-1paTb C A B e 3 •
5 

p a 3 6b1C Tpee, T. e . Ha OAH H nOIle 3 HbI~ 
1') - 3 fi

OTC4e T Heo6xOAI-1Ma n e p BI-14H a R I'. HTeHCV1BH OCTb 10 ?:. 1 0 ~. 0 ' 

3 . 3 ' 10 10. 

2.5 . CT aTLo1C T Lo1Ka AnR ~3Y4eHI'IR nOn~pI-1 3 a~1-10H HbIX 3$¢eKT 0 8 


8 KYMYIlR T I-1BHOM p OlKAeHI-1Lo1I1 4aC T Lo1 4 


nOnRpl-13a41-10H I~ble 3(»¢eKT bI R8n flIO TCR K p I'IT I-1 4 eC KMM Te CTOM AnR Bbl 

60pa MeXaHI-13Ma B3aI-1MOAe~ C T BI'IA. OAHaKO 4e TKLo1e npeACKa3aH "1 A TeOpHH 

B HaCTORll\ee BpeMR OTCYT CTBYIJT . n03TOMY ce~4ac MOlKHO OT Me TI-1T b TOJlb

KO MeTOAI-14eCKHe B03MOlK I10CTH "1 ccneAOBaHI-1 i1 B 3TO~ 06Ila CT "1, a HMe H

HO T0 4HOCTLo1 H3MepCHI-1 A a3I-1MYT an bH~X aCI-1MMe TpH':;; 8 n po~ ec cax KY 

~1ynATII\BHoro Tl-1na. MHorOKaHanb HOCT b YCTa HOBKI-1 ICc!lEPI\" 1-1 MeTOAI-1

4eCKl-le B03MOlt<H OCTH npOBe p K I-1 annapaT Y P HblX aCI-1I~/~eTp l-1 ':;; n03B OilRIOT 

HaAeRTb CR Ha TO, 4 1'0 OH H MorYT 6~Tb C BeAeH~ K MI-1H"1MYMY. 

~HTe HC I-1 BHOCTb n ep8 1-14HOrO n Y4Ka YCKopeH H~X nonA p"13a~V10HH~X 

RAep npeAn onaraeT CA Ha YPo8H e 10 9 
B ~V1 KIle, 4TO npH TOnll\V1 He MI1 

WeHI-1 r - 0, 1 · (1 (1 i ll ) g aeT. 803MOl~HOCT b I-1MeT b 1 OR B3 a Lo1MOAe~cTBHi1. 
~3 HI-1X 10 - ~ C06~T V1 ~ COO T BeT cT Bye T C06~TV1AM KYMYIl RTI-1 8 Hor o TMna, 

110- "13 KOTOPNX COOTB eT CT8YIOT C06~TI-1RM C P T· 1 r3 B/c . T aK"1M 

06pa30M, I lKeCTKI-1X " C06bl TI-1 H KYMYilAT I-1BH o ro T l-1na Ha YC T aH o B Ke 

"Cc!lEPA" MOlt<HO I-1Me T b nopRg Ka 1 0 r) B II "1KIle . 

~TaK, 3a 30 0 4 a COB p a60T ~ YC Kop"1 Te ilA B p elKl-1Me 0 6nY4e H"1A OA 

Horo AApa All YC KopeHHwM RA POM AI 6YA eT Ha6paHa CTaT"1CT "1K a : 

G r 
1 / no "1HKnlO311BH OMY pOl!(AeH "11O 4 a c TI-1 ~ , npl-1 X = 2, 8 l3 , 10 (10 ") 

Co6b1T\II';; AnR Ka)KAoH Lo13 4 a c T "14 77· . 77 , K ', ( K ). '/ " . I). " , . ( ',. 1;1) 

III T. A ., e cnY! ce4t' HVlfI p mKAeHHll 3 T VlX 4acT V1 ~ n OA 4 V1HRIOTCA YHI-1Bep

c an b Ho';; 3aB\IIC",MOCTI-1 AnR KY/~YIlIn "'BHo ro pOlKAeH Vl R 17-Me30HOB / 13 
8 CPORTIIOCTb AaHIIO~1 I~OAbi pacnaga/ . 

2/ ~nR ",ccnCA08aHI-1R KoppenR 4"''::' B nap HOM p Ol!(g e H VIVI 4 a C TI-1~ , 
Kalt<AaR M3 KOTOp~X Haxogll\T c R B ¢ a 3 0BOM 0 6beMe, on p e A enReMOM 

, C) 10 8\X ~ 0 , I . AnR ~IHTl!HCII\ BHOC TVI 1 0 ' lOB II", Kne ", '( 1 ' x:! = 2, 
25 250 coG~TI-1i1 . 

3/ ~nR coGw r",H KYMynR THBHoro TlI\na IX _ 1,51 C pOlKAeH ",eM 

/1 (I - ndp AnR Jl r 1 r38/c - 3· 10 :) C06bITI-1':;;, n p l-1 3TOM cTaT~cTH-
Ka l:I I OTC 4CT COOTBC TCTBYCT HaGJ1i~geHI-1IO MaCCbl M - 1 0 r3B/c ~ . 

1 11/' .il1lfl Jl T 2 r3 B/ C - 10 COGblT ",';; , 

4/ anA aHanl-13a a3~MyTanb H ~X aCI1MMe T p\llH npl-1 B3aI-1MOAe~ CTB"'1-1 
nonRpl130BaHHbiX flAep AnA X 1 ", P 1 r 3B/c - 10 HI C06bIT",';; ,r 

Ha OCHOBe Ha6paHHoro CTaTHC T~4eC Koro MaTepl-1ana MO~HO 6YAeT 

CAC'na T b BbiBOAbl: 

at n 3aB"'C ~MOCTM KBapK-napTOHH~X CTPYKTYPH~X ¢YHK~I-1i1 RAe p 

OT MacwTa6Ho~ nepeMeHHo~, nonepe4Horo I-1Mnynbca, aTOMHor o Beca 

c!lpai'/·\C I!T"'PYlOII\ero RAp a B ",HTepBane nepeMeHHblX: 0,1 :.. X ::: 3 .5; 
o Jlr' 3,0 r3B/c; 1 ::. A _ 250 ; 
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51 0 3aB~C~MOCT~ OT 3T ~X nepeMeHH~X B Te X ~e ~HTepBanaX 
KBapK-napTOHHOfi CTPYKTYPHOfi !IlYHK4~~ fl Apa G(X). onpeAenfllOU\e~ 
Ce4eH~e pQ)!(AeHI-1f1 BeKTOp HblX l~e30HOB, B 4aCTHOCT ~, B~BOA 0 TOM , 
He ~rpaeT n~ KYMynflT ~BHoe 41-1CnO pon b Mepbl I-1HTe H01BHOCT I-1 83 a l-1 
MOAe~CT8~fI no aHanO r l-1 1-1 C nOCTOflHHO~ TOHKO~ CTPYKTYP~ 8 3neKTpo
AI-1HaMI-1Ke, T.e. da - X~G(XIT, K .. .. ): 

BI 0 A~HaM~Ke n p04eC COB MHo~eCT BeH Hofi reHepa41-1~ 4aCT~4 . 
Ha OCH OBe ~3MepeHI-1~ Koppenfl TOpa ~ . a 31-1MYTanb H~X KoppenR4 1-1~ n pl-1 
pOmAeH l-11-1 4aCT~ 4 Ha nerK~X (He) ~ TfI~en~x (P~ RA pax MO~HO 6 YAeT 
BblAeIl~Tb "3IleMeHTa pHbl~ aKT", cooTBeT cTBYIOU\I-1~ IloKaIlbHoMY B3al-1
MOAe~CT BI-1IO. 

rl 0 X- 3aBI-1 CI-1 MOCTI-1 KB a p K-napToHHblX CT PYKTypHblX ~YHK4H~ RAep 
pa 3Aenb HO AIlfl BaIleHTH~X ~ MOPC KI-1X KBap KO B AIlR KYMYIlR TI-1 8HO~ 

1-1 He KYMYIl flT I-1B HOfi KI-1 HeMaT~K pO~AeH I-1f1 MIOOHHblX nap . 3Ta YHI-1Ka Il bHafl 
B0 3MO)!(HOCTb Anfl aAPOHHblX npOL\eCCOB OCHOBaHa Ha o6~enp1-13HaHHOM 

MeXaHI-13Me reHepaL\I-11-1 MIOOHHblX n a p KaK np04ecca aHHH I-1rI-1Ilfl 41-11-1 KBa p 
Ka 1-1 a HTI-1KBapKa InpeACTa BI-1 TenR MOPRI. Bapbl-1PYR 1-130TOnH4ecK"'~ 
COCTaB $pa rMeHT I-1pY IO~HX a g poHoB I COAep)!(aHl-1e n poToHo B 1-1 He~TpoHoB 
MO)!(HO nonY4~Tb Aa HHbie 0 X - p a cnpeAen eHI-11-1 MOPR Anfl " npoToHa" 
1-1 " He~TpoHa" pa3AenbHO. 

3. AnnAPATY PA YCTAH OBKI1 "C~EPA" 

CxeMa 1-1 CH~MOK MaKeT a YCT a HOBKI-1 "C4lEPA" n pl-1B e AeHbl Ha PI-1C. 2. 
YcnoBHo YCTaHO BKY MO)!(HO pa3Aenl-1Tb Ha TP I-1 4aCTI-1: 

al "4eHTpanbHbl~" AeTeKTO p / AeTeKT op 4aCTH4 ¢pa r MeHT a4 1-11-1 flApa
Ml-lweH I-1/; 

61 " nepeAHI-1~" AeT eKT Op I Ae TeKTOp 4aCTI-1 4 CIlparMe HTa41-11-1 flA pa
cHapflAa/; 

BI M~weHb AIlR reHepa4~1-I AI-1MtOOHOB C nY4KOBbiM nOrnOTI-lTen eM 
7T1, n1I . 

3.1. CT PY KTypa AeTe KTopOB YCT aHOB KI-1 

3.1.1. "UeHTpanbH~~"AeTeKTop 

"UeHTpanbHbI11"AeTeKTop npeAHa3Ha4eH AnR per~cTpa4~~ ~Mnynb
COB ~ yrnoB BblneTa BTOPl-l4HblX 4aCT~4 ¢parMeHTa4~~ RApa-M~weH~ 

B 5Il"'3 KO~ K 417 reOMeTp~l-I, pO)!(AeHHblX B pacnpeAeneHHo~ M~weH~ 
I T2/, KOTopaR HaxOAI-1TCR B 4eHTpe MarH~Ta M1. MarH~T H1 npe~
CTaBnfleT c06o~ KOpOTKI-1~ cBepxnpoBoAA~~~ coneHOI-IA C MarH~THblM 
noneM B 4eHTpe 4r ~ B5n~3~ 05MOTK~ 8T. 

BTop~4Hble 3apR)!(eHHble 4aCT~4 b1, BblneTa~~~e ~3 3TO~ M~weH~ 
B I-1HTepBane yrnoB 5 °< 0 < 150 ° , AB~ )j( YTCfI B none MarH~Ta, ~ I-1X 
HanpaBneHI-1R nocne BblxoAa 1-13 MI-1WeH~ 1-13MepRIOTCfI 41-1nl-1HAPl-14eCKHM 
ABYXKOOPAI-1HaTHblM C4~HT~nnR41-10HHblM rOAOCKonOM oKpy)!(eH~R M~weH~ 
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, 
HI'

'K3 HI2 

1111'401( 

-G 
T1 

. \ \ 

nK9 -12 nKfH6 nKl1-201'0"L
0,5 

o o.~ 1,011 

a/ 

G/ 

P H C. 2 . c.:xeMa H CHHMOK YCTaHOBKH "C<PEPA". T 1- MHm eHb AJUI 


reHepaU;HH MJQOHHbIX nap; II I - nyt.IKOBhlH norJIOTifTeJIb; K I , 

K2 H K3 - 3JIeKTpOMarHHTHble KaJIOpHMeTphl; H I-H 12 - CU;HH 


THJIJIR u;HOHlibIe I'OP;OCKOIlhI; eI H (;2 - rop;OCKOIDFleCKHe t.Ie


peHK OBCKHe ct{ e Tt.IHK H ; IIK i-IIK24 - MHorOnpOBOJIO'lHbl e rrpo


nOpu;HOHaJIbHble Ka Mepbl; H I - cB e p x rrpOBOp;Hm;H{r C OJIeHOHp;; 


H2 - p;HnOJIbHhlfl MarHHT; T2 - pacnpep;eJIeHHaH Rp;epHaR MH" 


IDeHb ; II4 - nOrJIOTHTeJIb MJl:rKHX BTOPHt.I l lbIX t.IaCTHlJ, ; II2, 

II3 - MJQOHHble tP1illbTPhl; C'3 - ra30BblH n o p o roBblH t.IepeH


KOBCKliH Ct.Ie Tt.IHK. 
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H3, a BHe MarH~Ta - C~~HT~nnR~~OHH~M~ rO~OCKon aM~ HI, H2 ~ H4, 
H5, pacnono*eHH~M~ C 06e~x CTOPOH MarH~Ta. H eKoTop~e napaMeTp~ 
C~~HT~Ilm'l~ ~OHHbIX ro~oc KonOB np~Be~eHbl B Ta6Il ~~e . 10AocKonbi cny
*aT TaK*e ~IlR B~pa60TK~ Tp~rrepa ~ ~3Mepe H~R BpeMeH~ npOIleT a 
8TOpHYH~X yaCT M~ . nepe~ rO~OCKona MM Hl M H5 pa cnOI1a r a~T C R ro
AOCKOnVlye CKVle yepeH KOBCKI-le C4eT4 ~IK VI C pa~~ a TopaM~ M3 o p r c TeKna 
l eI, (;2 I , npe~Ha3HayeHHble ~IlR oT~eIle HI-l ll BTOPl-l YHbIX nViOHOB I-l Kao 
HOB OT npOT OHOB B 06nacTI-l ~MnynbcOB 0 , 3 -;. 2, a 13 B/c. HaKoHe ~, 

~IlR pe r~CT pa~VlI-l HanpaBI1eH~~ VI 3Hep r Vl~ 3Ile KTp OH OB ~ r aMMa - KBaHT OB 
cny~aT 3ne KTpOMa rH~TH~e KanopVl MeTp~ IK 1, K2/ , p acnOIlo~e H H~e 

C 0 6eVlx CTOpOH OT MarH~Ta HI 3a nocneAH VlMVI C~~H TI'IIlnR~~OHH~MI'I 
ro~ocKon aM~ HI 1'1 H5 . KaIlopVlMeTp~, KOHCT PYKT ~~R KOTOp~X aHaIlO 

' r I 

rVlYHa onHc a HHo G B ~ ,COCTORT 1'13 Ry ee K C nOn epe YH~MI'I p a3MepaMM 
2 

200 x 200 MM Ka*~aR, npe~CTaBIlR~~ I'IX c06o~ C3HAB H41'1 1'13 C BVlH~a 
VI C~VlHTHIlnRTopa, npOCMaTpHBaeMoro yepe3 CMeCI'ITeIlb cne KTpa ~3Y. 

nIlR VlAe HTI'I$Vl Ka ~VI VI M~OHOB 3a 3neKTpOMarH~TH~M KaIlOpI'IMeTpOM 
K2 HaXOAI'I TCA M~OHrl~~ $VlnbTp n2 ~3 CTaIlH 1'1 C ~ I'IH T l'l nIlR~ VlOHH ~A 
rO~OCKon H6. neTeKTOp~. ynOMRHYTNe B~we, ~Me~T ~eH Tp aIlbH~e OT
ae pCT HA ~nR npO)(O}K,Q e H~R npR I~o ro nY4Ka 4 aC T I'I~ . ,QIlR Bbine Ta~~I'IX 

a n epeA BTOpH4H~X YaCT~~ ~ AIlA BBO,Qa n YYKOBO rO norn OTVlTeIlA nl 
np~ perHCTpa~~~ AMM~OHOB. 

Me*AY MI'I We HblO T2 ~ ~~nl'lHAPHyeCKI-lM Cll~ HT~IlnR ll~OHHbIIO\ rOAOCKO
nOM oKpy*eH~R MVlwe H~ pacnOIlo*eH nornOT~TeIlb n4, 3 a~e p*I'I B alO~H~ 

T aGJlIII.I;a 

Ii t! KOTO Phl l' lI ap ;H1l'I P I>I C ltl ll! l"I fJ U lIIIIIUIIII' ,IX r ''' lltlLI''Jl IUJJ 

0603
Haqe-
Erne 
Ha 
pRc .2 

Pa3MBPbl pa
6 0qe It IJOBe jr 
XHOCTl!! C5e 3 
ytl8Ta OTBejr 
CTIDt,;,2 

Pa3Me pli qHCJI O 
U8 HT pam. 3J!8
Hor o OT- Me H
BSPCTIDI, TOB 

') 

IlL 

KOJI
BO 
CJI o
eB 

06mee 
ROJ! . 
,il3Y 

Tmr 
:P3Y 

IIillpmta 
MeMeHTOB, 

MM 

HI 2, 0 x 2, 0 O,6xO,6 128 2 256 ~3Y-87 30 
H2 I , D x I, D 0. 4xO,4 32 2 128 ~3Y-87 30 
H3 0 ,2 ~ = 0 , 13 200 4 725 ~:JY-f,O 2- 4 
H4 I ,Ox I ,O O,2xO,2 32 2 1::;8 1('Y-87 30 
H5 2,0 x 2, 0 O,4x0, 4 128 2 256 ;..a-87 3 
H6 2 , 0 x 2, 0 0, 6xO,6 40 I 80 j>3Y-30 100 
H7 I ,D x 1. 0 0,2xO, ::: 32 ,).. 128 1-3Y-87 30 
HB 1. 0 x 1, 0 O,2xD, 2 32 :2 128 ·) 3Y-87 30 
H9 1, 0 x I, D 0,2x0,2 10 2 40 l>3Y-.JO 100 
HID 1 ,5 x 1,5 0,2xO,2 30 2 120 K?Y- 30 100 
HII 2, 0 x 2, 0 O,2xO,2 40 I 80 1131-30 100 
HI2 2,5 x 2 ,5 O. 2xO,2 50 I IOO P3Y-30 100 

UToro: 2169 (.KlY-87 - 1024, 
~3Y-60 - 725 
~3Y-30 - 420j 
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"' A rK~e BTOp VlY Hble 4aCTVlllbi ~ C HI'I~al0~I'Iil TeM CaMbIM a a rpY3KY C4eT
4V1KO B rOAO CKOna . 

3. 1.2. 	" n epeAHI-li1 " AeTeKTO p 

Ae TeKTOp 4aCTM~ ne peAHero HanpaBIleH MR c nY*Vl T AnR pe rMCTpa4M~ 

MMnYIlbCOB M y r Ilo B B~ne Ta 4aCTM ~ M3 pac n peAeneHHoi1 MMweHI-I T2 
B MH TepBane Man biX yrnoB lAO 5°1 C PT AO 1 r 3 B/c , a TaKme Ae 
TeKTl'lpyeT M~HH~e na p~ np~ nOCTaHOB Ke AI'IM~OHHOro 3KcnepMMeHT a, 
8blIleT a~Me B nepeAHeM Hanpa BIleHI-I VI. STOT Ae TeKTOp npeACTa enR eT 
c ()60 11 MarHII1T Hbli1 cneK TpOMeTp, COCT OAIll Mi1 M3 MarHI-I Ta t12 I AMnonb 
C MarHMTH~M noneM - 1, 3 T/. cnep eAI1 1-1 C3aA II1 KOTopo r o pacnOIlO
lKeHbl npOnOP~M() Hanb H~e KaMepbl c warOM HaMOT K~ c~rHanbH~X HVl Tel71 
3 MM: 12 nepe,Q MarH~ THOM 1-1 12 nocne MarHMTa /nK l -24 1 I no 3X-. 
3Y -nSlOCKOC T11 111 3U - .3V-nn ocKocTM/. KaMep bl Crpy nn lo1po BaHbl 
B n aK e Tbl no 4, KamAbl11 1-13 KOTO PblX COAep)l(VlT X- .Y-, U -.V - nIlOC KOC TII1. 
HenocpeACTBe HHO nepeg Ma r HMTOM H2 M 3 a H~M pacnOIlome HbI C4I-1 H
TII1IlIlA 4MOH Hbi e rOAOCKo nbl H7-11. Y4aCTBYIOIl\Me B 4>opM~poeaH~VI Tp~r

repa 1-1 M3Me peHMII1 BpeMeH~ npOSleTa BTOPM 4 HbiX 4aCTiI1 ~ . MelKAY n o c neA
He i1 InK2 1-24 1 111 n peAno c Sle AHei1 I nK17-2 01 r pynnaMM nponOp~ 1-10 Hanb
HbiX KaMep pacnona raeTCA ra30BbI~ noporoB~A 4epeHKO BCK~~ C4eT4111K 
ca, CIly )!(alll l-l ~ AIlA BbI~eneHIo1A TT -Me30HOB B npOAYKTax pea K~Io1 i1 . 

3aBepwaeT YC TaHOBKY 3IleKT pOMarHiI1THbli1 Ka nOp l1 MeT p K3, cny )!(a 
~H i1 AIlA pe rVlCTpa41-11-1 3Sle KTpOHOB M raMMa - KBaHTO B nepegHero Ha
npaBneH~A I 3 a KOTO PblM c n eAy eT MIOO HHbli1 CIlMIl b TP n 3 ~ C~I-1HTlI1nIlA

~MOHHbli1 r OAOC Kon H1 2, II1AeHT I-14>Vl4I-1PYlOU\iI1e MIOO Hbl, B~neTalOl!ll-l e nOA 
He60nbUlMM V1 yrIlaMM K OCVI nY4Ka. 

Bce 3SleMeHT~ "nepeAHerd' AeTeKT,opa MMelOT lleHTpan bHble OT
BepCT I-IR AnR np o nYCKaHIo1R n e pBIo14Ho ro ny4Ka . B ~eHTpe MarH~Ta M2 

paC I1 0IlO~eH MarHM THbll71 3KpaH, 3KpaHII1PYIOIl\M i1 nepBiI1 4 HblH n Y40K. 

3.1.3. 	MMW6Hb AnR reHepa~MM A~M~OH09 


C nY4K08~M nOrnOTI-I TeneM 


MI-IWe Hb T l ~ no rnOT~TeIlb nl pac nOIlo~eH~ B nepeAHe~ 4aCTM yc
TaHOBKVI . KOH4>Io1ry p a~MR 3TO~ C~CTeM~ on peAene Ha C Y4eTOM npOTM 80
pe4~BblX Tpe50BaHMi1 3Kcn e pM MeHTa 171 : MaIl a R AJl~Ha , AnR To r o, 4T06bl 
coxpaH~Tb 6onb woj;\ aKce n TaHC c n eKT po MeT pa K M~OHHblM napaM; CI'IIl b
Hoe nOrn~eHl-le, 4T06~ YMe HbUlMTb nOTOK 4aCT~~ 4epe3 annapaTYPY ; 
Ha~MeHbwee MHorOKpaTHoe KynoHoBcKo e pacceRHMe, 4T06b1 MMeTb 
AOCT a T04HO xopowee pa3peWeHl-le AMM~HHO~ MaC Chi. 

nY4KOBO~ no rnOTMTeSlb Bbi nOSlHeH H3 Bonb4>paMoBoro CTep~HR An~
HO~ 1, 1 M, KOTOPbl~ pacnOIlOlKeH BHY TP I-I oKpy~e HMR 1-13 He p*aBe~~e~ 

CTaIlIl1 . UeHTpaIl b H bl~ norSlOTMTeIlb CSlY~iI1T AnR nOr!10~eHV1R )l(eCTKo lii 
KOMnOHeHT~ a APOHHo ro nMB HA BAonb OCH nY4Ka. He p)!(aBe~aA CTaIlb 
Bbl6 paHa M3 -3a e e OTHOC~TeSlb HO xopowe~ norIlO~a~l.l\ei1 c noc06HOC TM 
BMe CTe C n p l-l e MSl eMO HH3KIo1M MHorOKpaT HbiM pa CCeRHlI1eM AnA npoH M
KalO~Hx 	M~OHO B . n pl-1 ~c cneAoBaH MM AMM~OHHblX np04eCCO B M~weH b 

C no r nOTM TeneM nl BABM raeT CR B OT a eTCTiI1R AeTe KTopOB , pacnoIlo
11 



meHH~X CneBa OT MarHHTa Ml. npH 3TOM MHWe Hb T2 H ~HnHHAPH4eCKH~ 
rOAocKon H3 y6Hpa~TCR. 

Bce cB060AHOe OT AeTeKTOpOB npOCTpaHCTBO Ha nYTH nepBH4HOrO 
nY4Ka 3aKn~4aeTCR B HOHOnpOBOA gnR YMeHbWeHHR ¢oHOBO~ 3arPY3KH 
Cne KTpOMeT pa OT 4 aCTH~ , 06pa3Y~HXCR B pe3yn bTaTe B3aHMOAeHCT 
BHR nY4KOB~X 4aCTH~ C MoneKyna MH B03Ayxa. 

3.2. CHC TeMa perHCTpa~HH H c60 pa AaHH~X 

AnnapaTYPY pe rHCT pa4HH H c60pa 3 Kcn epHMeHTanbHblX AaHHblX n peA
nOJlar aeTCR BbinonHHTb B CTa HAapTax KAMAK H ¢ ACT 5AC, a TaKme B BH
Ae 3neKTpO HH blX YCTPO~CTB, pacnOJlOmeHHblX Henocpe ACT BeHHO Ha n po
nop4HOHaJl b H~X KaMepa x. Ynpa BJleHHe C60pOM Aa HHblX 6YAeT ocy~eCT
BnRTb Ha nepBOM 3Tane 3BM EC-l 055M. AnA YBenH 4eHHR CKOPOCTH Ha 
60pa CTaTHCTHKH, a TaKme AnR KO HTPOJlR 3a Ka4eCTBOM npH HHM aeMoH 
HH¢opMa4H H H 3a COCTORHHeM BceH CH CTeMbl npeAnOJlaraeTCR HCnOJlb
30BaT b cpeA CTBa pacnpeAeneHHo~ Bbl4HcnHTen bHO~ MO~HOCTH B BHAe 
Cne4HaJlH3 HpOBaHHblX np04eccoPOB, MHKpo n p0 4eCCOPOB H 6y<!>epHblx 
3anoMHHal~Hx YCTPOHCTB. B cne KTpOMeT pe 6YAeT BBeAeHa MHoroy pOB
HeB a R CHCTe Ma oT6o pa, KOTopaR n03 TanHO nO BblwaeT K03<!>¢H~HeHT OT 
60pa nYTeM YCJlOmHeHHR OT YPOBHR K YPOBH~ np04ec ca npeABapHTeJl b
HOH 06pa60TKH AaHHblX 3a C4eT <!>HJl bTpa~HH HeHH<!>oPMaTHBH blx AaHHW X, 
nocTyna~~Hx C AeTeKTopOB. 

4. 	 nEPBMI 04EPEi\b YCTAHOBKI-1 "C<t>EPA" 

4. 1. 06'beM an n apaTYPbI nep BoH 04epeAH YCTaHO BKH "C<t>EPA" 

YCT aHOBKa "C<t>EPA" 6 YAeT npeACT aBnA Tb coGo~ cnomHbl~ ¢H3HYe
CKHH npH60p, C03AaH~e KOToporo B nonH OM 06'beMe n OT pe6yeT 60nb
woro Kon H4eCTBa KaK MaTepHan bHWX,TaK H n~ACKHX pe cyp COB. B CBH
3 H C 3T~M ~eneco06pa3Ho ocy~ecT B~Tb peanH3a4H~ npo e KT a n03TanHO. 
B coeTaB annapaTYp~ nep BoH 04epeAH YCTaHOBK~, KOTopaR 6YAeT 
c03AaHa B 198 6 - 1990 r . r ., BOHAYT Bce 3neMe HT~, onHcaHHwe 
Bblwe, KpOMe nponop~~OHaJlb H~X KaMep H 3neKTpOMarHHTHbiX Kanop~

MeTpos . 
Ha 6 0nee n03A HeM 3Tane 6YAYT A06aBneH~ HeAoCTa~~He 3neMeHT bi 

~ 3 BM EC-l 055M 3aMeHeHa Ha 60Jlee MO~HY~. 

4 . I. ~H3H4ec KaR nporpaMM8 AnA nepBoH o4e peA~ 

YCT 8HOBKH ItC~EPA" 


ne pBaH 04e peAb YCTaHoBKH "C~EPA" YCTynaeT oKOH4aTeJlbHoMY 
Ba pH a HTY B cneAY~~x nYH KTax: 

al He perHCTpHpY~TCH HeHT paJlbHWe 48CTH~~; 
6/ 60Jlee HH3KaR T04HOCTb BOCCTa HOBneHHR T04KH B3aHMoA~cTBHH 

B MHweHH T1 H3- 3 a OTCYT CTBHR n ponop~HOHaJlbHblX KaMe p; 

Bf 	 TepAeT CA HH¢opMa~HA 0 nonepe4H~X KOOPAHHaTa x X H Y B MHweHH 
T2 no TO~ ):{e n pH4HHe, 4TO B n. 6/ . 

TaKHM 06pa30M, HccneAOBaHHe pea K~H~ 06pa30BaHHA pe30H aHCO B 
B KYMynATHBHo~ 06nacT H 6YAeT o rpaHH4 e HO H3Y4eHHeM He~TpanbHwx 
pacnaAOB Homa p ' . ". 1- ".-, (). O ... P "'-H T.A . 

nOCKo n bKY "ceK~HoHHpoBaHHe" MHweHH T2 OCTaeTCA TonbKO no z
KOOPAHHa Te, TO K03¢¢H~He HT nOA a BneHHA cnY4a~HWX COBnaAeHH~ 
K = AZ'Zn = 5/200", 2, 5-10-

2 
. 3TO 03Ha4aeT:Nl,2/cnY4a~Hblel 

= N 1•2 13¢¢eKT.I, 4TO Tpe6yeT CHH~eHHR nepBH4Ho~ HHTeHCHBHOCTH 
Ha nopAAO K. 

M3Y4eHHe MHo r 04 aC TH4 Hbl X KBapK-napTO HH~X CT PYKTYPH~X ¢YHK4H~ 

AAe p G(X I ' X2•.... XII ) Mome T 6b1 Tb npoB e AeHO AnR MeHbW HX 3Ha4eHH~ 
XI' X2. . Or paHH 4eHHA. C BA 3aHH~e C T04HOCTb~ on peAeneHHR 
ap r YMeHT OB CTPYK TYP HOH ¢YHK~HH Xi H3-3a nOTe PH B T04HOCTH on
pe Ae n eHHR HMn y nbcoB, He RBnA~TCR np HH 4HnH an bHWMH, T .K. T04HOCTb 
o npeAeneH HR HMnynbco B C nOM~b~ C4HHTHnnR4HOHHbiX rOAOCKonOB 
COCTaBn AeT ap/p - 0 , 05 p ( r 3B/c), 4TO HaXOAHTCR Ha ypOBHe T04
HOCTH onpeAeneHHR HMnYJlb COB Ha YCTaHOBKe "i\I-1C K". Pa3 peweHHe 
no 3¢¢eKTHBHOH Macce, Ka K nOKa3WBa~T 04eHKH H npOBeAeHHoe MO
Ae nH pOBa HHe Ha 3B M, AOCTaT04H O AnR B~AeneHHR H H3Y4eHHR KYMY
nRTHBHoro pOmAe HHR nerKHX pe30 HaHCOB p, ~ H T.A. 

nepBaR 04e peAb YCTaHOBKH n03BonHT peWHTb TpaAH4HOHHw e AnR 

¢H3HKH BbiCOKHX 3HeprHH 3aAa4H: H3Y4 eH He MHomeCTBeHHoro pomAe
HHR 3apRmeHHWX 4aCTH4, HX yrnoB~ x H 3HepreTH4eCKHX pacnpeAe n e 
HHH H KoppenR4HOHH~e ABneHHR. 

Oc060ro 060CHOBaHHR TpeGyeT 3Kcne pHMe HT no H3Y4eHH~ pomAe 
HHA M~OHHWX nap. Ha nepBOM 3Tane 3KcnepHMeHTa T04HOCTb KOOP
AH HaTW Be pWHHW B3aHMOAe~CTBHR 6 YAeT onpeAenRTbCR pa3HOCTHWM 
Me TOAOM npH pa60Te C MHweHb~ H 6e 3 MHweHH H xapaKTepH3yeTcR 
pa3MepaMH MHweHH, KOTopaA H3 ycno BHH on biTa COCTaBnReT HeCKonb
KO RAepHblX AnHH. 

nepB~e cne~HanH3HpOBaHHwe 3KcnepHMeHTanbHble YCTaHOBKH /8/ , 

npeAHa3H a 4eHHbie AnA H3Y4eHHR pO>KAeHHR npAMbl x MIOOHHblX nap, He 
cOAepmanH KOO PAHHaTHbiX AeTeKTopOB, OAHaKo pewanH nOCTaBneHHwe 
3aAa4H AnR MJ.LJ.L '::; 1 r3B/c 2. B 3THX me 3K c nepHMeHTax 6blJlO nOKa3a
HO , 4TO ce4eHHe POmAeHHR M~OHHWX nap He MeHReTCR C H3MeHe HHeM 
ne p BH 4HOH 3Hep r HH OT 30 AO 400 r3B . nOcKonbKy pe mHM npeAenbHoH 
¢parMeHTa~H H AAep HacTynaeT npH 3HeprHH - 4 r3B/ HYKllO H, TO 
He cneAyeT omHAaTb CHnbHoro YMe HbweHHR BenH4HHbi ce4eHHR npH Ha
WHX 3HeprHRX. 50nee Toro, BKnaA B ce4eHHe pomAeHHA 4aCTH4, 
0 6ycnoBneHHblH 06pa30BaHHeM pe30HaHCOB I p, ¢ H T .A. I, no
BHAHMOMY, 6YAeT B03paCTaTb C YMeHbweMHeM nepBH4HoR 3HeprHH, 
TaK KaK YMe HbwaeTCR MHomeCTBeHHOCTb pomAeHHWX nHOHOB, 06ycnae
nHBa~~HX ¢OHOBwe np04eccW. KpOMe Toro, HMeeTCR B03MomHOCTb 
YMeHbWHTb AnHHY MHweHH. 

AnR nOHCKa onTHManbHoR KOH¢Hrypa4HH AeTeKTopoe YCTaHOBKH 
H onpeAeneHHR ee pa3pewa~e~ cnoc06HOCTH no OCHOBHblM napaMeT
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.. · .-	 PI1C. 3. HeKOTOpbJe pe3YJIbTaTbJ MOP;e.rrH
,., POBaHHH c nOMO~hW nporpaMMhl / 9 1 PH.. 
't. 

.
p;a npo~eCCOB, perHCTpl1pyeMhlX nepep;
HHM p;eTeKTopOM YCTaHOBKH " CcI>EPA".mJ1 ~ ····L:.. -J-' " " 6a/ P acnpep;eneHHR KOOpP;I1HaT BepJJJHHbJI 	~~';~I ...~. P B3aHMOp;eHCTBHR B MHID eHH T2 ,IJ;JlR npo

° + ~ecca p -> 11 11 ,IJ;JlR CJIY'laeB onp ep;e-
JIeHHR KoopP;HHaT BTOPI1'lHhlX 'laCTI1~ n o 
nponKaMep aM /BepXHHH PHC .) 'H no C~H
THJlJlR~OHHhIM rop;OCKonaM. p O- Me3 OH 
BbIDeTaeT no HanpaBJIeHHW rry'lKa 'l a c 
TH~ C HMnYJIbCOM 9 r3B / c; 6/ p a cnp e 10:) . ...... . ~. QJ)Ol., 

150"~:e~ ~'O._~:!"ii •. ,.... p.o o n R- OA\ ,lJ;eneHHH no 3~eKTHBHOH Macce 11+11
,IJ;JlR npo~ecca p O-+ 11 + 

11 
-

npH Tex JKe 
ycnOBI1HX,KaK Ha pl1c.3aj B/ H r/ p a c 
npep;eJIeHI1R no 3~KTI1BHOH Macce 

+ -	 +2	K K ,IJ;JlR npo~ecca ¢ o -> K K
(Pt = 3 r3B/c) FI P11 - ,IJ;JlH npo~ecca 
!l -+ P11-( PL'l = 9 r3B/c) . 

paM 6~no npOBeAeHO MOAen~pOBaH~e Ha 3BM CDC-6500 p~Aa np04ec
P11- / 91COB: p O.... 11+11-, ¢ o .... K+K-, t'!. 0 .... P a3peweH~e YCTaHoB

K~ onpeAen~nocb KaK An~ Bap~aHTa C ~cnonb30BaH~eM nponop4~0
HanbH~X KaMep, TaK ~ An~ Bap~aHTa , B KOTOPOM KOO PAHH aT~ 3ap~
~eHH~X 4 aCT~ 4 onpeAen~n~C b Ton bKO C nOMO~b~ c4~ HT ~nn~4HOHH~X 

rOAOC KonOB. 
Ha p~c. 3 AJ1~ ~nnlOCTpa4~H np~BeAe H~ pacnpeAeneH~~ X v· ~ y v

KOOPA~HaT BepW~H~ B3a~MOAeHCTB~~ B M~weH~ /a/ ~ cneKTp~ a~eK
T~ BH~X Macc 11+11 - /6/ np~ ~ccneAOBaHHH npOL~ecca p O .... 11 +11 -Am'! 
cnY4a~ B~neT a p~Me30Ha c HMnynbcoM 9 raB/c no HanpaBneH~~ 
nepB~4Horo nY4Ka ~ per~CTpa4~~ 11 + 

~ 11 - nepeAH~M AeTeKTopOM. 
Pacnpe~eneH~~ Xv ~ Yv-KooPA~HaT np~ per~CTpa4~~ pacnaAOB 
¢ 0 .... K K - ~ !l ° -+ P11- (t'!. ° -+ p- 11 +) aH al10 r ~ 4HbI COOT BeT CT BY~~M 
pacnpeAeneH~RM AnR p O -+ 11+ TT -. Pa 3peweH~R no all>ll>e KT~BHoi1 Macce 

+ 
AJ1~ cnY4aeB pe rHCTpa4~~ <h ° -+ K K (p ¢ = 3 raB/ c) ~ t'!. 0 .... P11 
(Pll - 9 r 3B/c) BHAH~ ~3 p~ C .3B ~ 3r COOTBeTCTBeHHO. 

B 3aKJ1~4eH~e aE TOp~ Bblpa~a~T 6naroAapHocTb r. r .TaxTaMblWeBy 
3a nOMO~b, OKa3aHHY~ np~ aAanTa4~~ MOAeJ1~py~eH npOrpaMMbl / 9 1 

K ycnOB~RM AaHHo ro 3KcnepHMeHT a , a Ta K~e 6.A.KynaKoBY, B.r.rpH
WHHY . B .A. CB~ pHAOBY , A.B. Ell>peMoBY , C.A. XOp030BY 3a P~A none3
HbiX o6cy~eHHH. 
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OpMHMMaeTcA noAnMcKa Ha npenpMHTW " c~eHMA 06~eAMHeHHoro MHCTMT~a 
AAepHWX MCCOeAOB8HMM . 

YcTaHoaneHa CneA~aA cTOMMOCTb noAnMCKM Ha 12 MecA~ea Ha M3A8HMA OHRH , 
8KJ110148A nepeCWOKy, 00 OTAeObHWK TeMaTM\OeCKMM KaTerOpMAM : 

HH,IIEKC l'EKATHKA 

1. 3KcnepMMeHT80bH8A $MSMK8 BWCOKMX 3HeprMM 

2. TeopeTM14eCK8A ~M3MK8 BWCOKMX 3HeprMM 

3. 3KCnepMMeHT80bH8A HeMTpoHH8A ~3MK8 

4. TeopeTM'4ecKaA ~M3MKa HM3KMX 3HeprMM 

5. HaTeMaTMKa 

6 . RAepHaA cneKTPOCKOnMA " paAMOXMMMA 

7 . 6M3MKa TR*enwx HOHOB 

8. KpMoret<MKa 

9. YcKOpMTem• 

10 . AaTOMaTM38~MA o6pa6oTKM 3KCnepMMeHTan•Hwx 
A8HHWX 

11. Bw~HCnMTenbHa~ MaTeHaTMKa H TeXHMKa 

12. x .. _,. 

13 . TexHHKa ~H3M~cKoro 3KcnepHMeHTa 

14. HccneAOBaHMA TaepAWx Ten" *"AKOCTeM 
AAePHWMM MeTOA8MM 

·15. 3KcnepMMeHTan•HaA ~M3MKB AAePHWX peaK~MM 
npM HM3KHX 3HeprH~X 

16. ,llo3MMeTPMA M ~M3MK8 3a.MTW 

17 . TeopMA KOHAeHcMpo•aHHoro cocTORHM-

18. Hcnon•soaaHMe pe3yn•TaToa " MeTOAOB 
~YHABMeHTBn•HWX $M3MI4eCKMX MCcneAOBBHMM 
• CMe*HWX o6naCTRX MayKM M TeXHMKM 

19. S..0.M3MKB 

l.leHa riOAOMCKM 
Ha rOA 

10 p . 80 Kon. 

17 p . 80 KOI) . 

4 p. 80 KOn . 

8 p. 80 KOn. 

4 p. 80 KOO . 

4 p. 80 KOn. 

2 p. 85 KOO. 

2 p. 85 KOn. 

7 p. 80 KOn . 

7 p . 80 KOn . 

6 p. 80 KOn . 

p . 70 Kon . 

8 p. 80 KOn . 

1 p . ]0 KOn . 

p. 50 KOn. 

p. 90 KOn. 

6 p, 80 KOn. 

2 p. )5 KOn. 

l p •. ZO Kon. 

noAnMCKa MOMeT 6wT• ~OPK"eHa C no6oro MeCA~B TeK~er~ rOAa . 

no aceM aonpocaM ~PMneHMA noAnMCKM cneAyeT o6pau&aT•c" a M3.CiaTen•cKMM 
OTAen OMRH no aApecy : 101000 HOCKBa, rnaBno14TaMnT, n/11 79. 

Aaep~HeB C.A. H AP· 
HccneAoaaHHe MHo•ecTaeHHoro xyMynRTHBHoro 
P~eHMR ~acTH~ a 4n-reoMeTpHH. 
OpoeKT "C~EPA" 

P1-85-5l2 

OpHBOAHTCR ~H3H4eCKoe " MeTOAH~ecKoe o6ocHoBaHHe 3KcnepHMeHTa ~a CHHXpo 
~a30TPQHe nB3 AflA HCCfleAOB8HHR MHO*eCTBeHHOro KYMYflRTHBHOro PO*AeHHR ~ac
TH~ c no~b~ MarHHTHoro cneKTPOMeTpa, o6naAa~ero reoMeTpHeH, 6nH3KoH 
K 40 . 06CY*A~TCR nepawe 3aAa~H, KOTOpwe npeACTOHT peWHTb Ha 3TOM cneKTpO
MeTpe: 1. HccneAOBaHHe peaK~HH PQ*AeHHA ABYX H 6onee ~aCTH~ B o6naCTH, 
COOTBeTCTBy~eH o6pa30BaHH~ pe30HaHCOB, B ~aCTHOCTH, BeKTOPHWX ~aCTH~ B Ky
MYORTHBHOH o6naCTH; 2. H3y~eHHe CnHHOBWX 3~eKTOB B peaK~HAX _ C 60flbWHMH 
nepeAa~aMH; 3. HccneAOBaHHe MOOHHWX nap npH CTOflKHOBeHHH penRTHBHCTCKMX 
RAeP M H3y4eHHe aAPOHHOrO conpOBO*AeHHR ~HWX nap. KpaTKO onHCaHa npBA
nonaraeMaR cxeMa cneKTpoMeTpa. 

Pa6oTa awnonHeHa a na6opaTopHH awcoKHX 3HeprHH OHRH. 

Coo6111eHHe 06'bellJIHeHHOro HHC"niTYTB R-AepllloiX Hccne,qoaaHHA. lly6Ha J98S 

nepeBOA aaTopoa 

Averichev S.A. et al. 
Investigation of Multi pte Particle ·CumuJ at i ve 
Production in 4" -Geometry 

P1-85-5l2 

Physical and methodical descri~tion of ~he experiment carried -out 
on the High Energy Labora~ory synchrophasotron for the investigation 
of multiple particle cumulative production by -means of ma.gnetic 4~r -spectro
meter is given. The main problems to be solved are discussed: 1) inves
tigation the reactions of production of two and more particles .in the 
region corresponding to the resonance production, in particular, the pro
duction of vec~or particles in cumulative region; 2) investigation of 
spin effects in transverse momentum reactions; 3) investigation of muon 
pair production at collision of relativistic nuclei and the study of muon 
pair hadron production. 

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

ColiiDUnication of the Joint Institute for Nuclear Research. Dubna 1985 


