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·oHIWI XAPAKTEPHCTMKA PAIDT!l 

ARTY8J!DHOCTI, npoelJieW. B H8CTOfilll88 Bp8MSI Clonmoe BHHM8HH8'B lISy
qeHlilI BSaIIMO.n;effcTBliff ~CTIIIJ; nplI BHCORmC 3HeprHSIX y.n;eJilleTCSI npoueccaM 
CTpyffHoro pollt,n;8Hl1UI a,n;poHOB. EcJm napTOHH ,n;effCTBlIT8J!DHO He cymeCTBYllT 
B CBOClO.n;HOM COCTO.RHlllI,

0

TO llplI BHCORmC 3HeprRSIX OHR nepexo.n;HT B°CTpyII 
'a,n;poHOB, KOTOpHe ClOJiee llOJIHO OTp8lltallT me CBOffCTBa, H8llt8JilI OT,n;enHHe 
a,n;poHH. 

~lIBmta CTpyfl a.n;poHOB CBJI38H8, B OCHOBHOM, C llt8CTlWMII nponeccaMII. 
lulliaMlIRS. o6pasoB8Hrut cTpyfl a,n;poHoB B·STIIX nponeccax xopomo HsBecTHa 
ll OIIlICHB88TCSI B paMRaX RBSHTOBO:I! xpoMO.n;HHSMHRH (KX.IO. Ho KX,U He OlllI
CHB88T CTS.n;Hll nepexo.n;a napTOHOB B a.npoHH. 

OrmcaHIIe Mlll'lOOC a,n;poH-a,n;poHHHX lI a,n;poH-SI,n;8pHHX BSam.lO.n;e:l!cTBIIff B 
paMRBX KX,l{ saTpy.n;HIIT8JIDHO. TI03TOMY lISy<IeHRe oelpasoBaHlISI CTpyfl a,n;poHOB 
ll a.n;poHIIsanim 'llapTOHOB B 3TllX npoueccax, cpaBHeHIIe lIX xapaKT8l)lICTlut 
C aHaJIOrlt'IHHMl! ,n;mrnm.m: B llt8CTRHX npoueccax MOllt8T .n;aTI, HOBYD llHqJOJMS
URD KaR O .n;HHaMIIRe MJU'KKX a.n;poH-a,n;poHHllX H a,n;pOH-si.n;epma: Bsam.10,n;e:1!
CTBR:I! ~ TaR ll 06 ocoeleHHOCTSIX M8XaHlI3M8 a,n;poHH38UHli napTOHOB B 9THX 
npoueccax. 

Uen paeloTH: 
- llCCJie.n;o:saHIIe CTpyffHoro pollt.n;eHl1UI a,n;poHOB ll a.npoHRBSUHli RBapROB 

(.n;mtBapROB) B. MRI'RHX Irp- ll eyMyJISITHBHllX IrC-BSaIIMO,n;effcTBHSIX npll 
p = 40 raB/c Tpa.n;HUZOHHHM M8TO,Il;OM C llOMOll!l,D H8HHBal)lI8HTHHX nepeMeHHHX; 

- cpaBH8HH8 xapaRT8l)lICTmt CTpyfl C aHaJIOrH'lHUMll .n;aHHHMll no rJIYClO
ROHe~ i7(i5) p -B38HMO.n;e:l!cTBl1UIM ll e"te--aHHlII'llJISlURll npll O.n;KH8RO
BO:I! HHBal)liaHTHO:I! a,n;poHHOff 9H8pI'Hll; 

- PiayqeHKe :xapaRT8l)lICTPIK CTpyfl a,n;poHOB C llOMOll!l,D HHB8plI8HTHHX 
nepeMeHHHX B npocTpaHCTBe OTHOCHT8JIDHHX -qempeXMepHllX CROpOCTeff. 

HOBHaHa H HSY"{HM p,eHHOCTI, paelOTH. IIo~eHH OelmHpHHe ,n;amme 0 
CTpyffHwc.xapaRT8plICTmtax BTOl)lI'lHllX ~CTHU B'Irp-B3aHMO.n;effcTBl1UIX llplI 

40 raB/ C. KOTOJ:tl8 ,n;ono.mumr HHqJOp.!anaD O CTpyflHOM pollt,n;8HRH ~CTHU B 
a,n;poH-a,n;poHHHX B38.HMO,n;e:l!cTBIIJJX B ,zqzyrmc 3RCll8pliM8HTax (Kp,pp). 
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BIIepBH8 Ilp0BO.ItKJICSI ,It8T8JI1,Hldt 8HSJIK3 CTpyffHoro poZ,It8HIDI 8,Iij)OHOB 
B JtYMYJIJm!:BH!lX 8,ItpOH-HJtepma: Baam.10.neffcTBIDDC. IIO:Ka38HO, "ITO H86Jm
,It88TCSI o6paao:smme .neyx CTpyit 8,Iij)OHOB, 06111He X8paKT8pRCTRKR ROTOpllX 
B npe.neJiaX 8KOII8pml8HT8Jll,HllX onm6oK OOBII8,It81lT C 8H8JIOl'lJ'lmllM:I! ,It8HHH
Ml! ,ItJist MstrKHX 8,Iij)OH-8,Itp0HHHX JI[ e+e--BS8RMO,IteflcTBd Ilplt O,nHH8ROBHX 
8H8prRJDC B o.u.R. BSSRMO.neflcTBymna "lSCTm:t. ~H <pparM8HT8ItHR 
KB8J)KOB R ,ItHKB8J)KOB RS MYJn,Tll[l(B8J)KOBHX CROT8M B 8,Iij)OHH B :eyMyJISITHB
HllX 8,Iij)OH-sutepnmc, B MSll'lWX a.npoH-8,Iij)OHHllX H e+e--BS8RMO,Ite!oTBRSIX 
COBI18,It8DT B npe.neJiax 8KCII8pHM8HT8Jll,HllX oum6oK IIpH O,nHHa.ROBllX RHBa
pR8HTH!lX 8H8pI'HJlX B3am.!O.lt8flCTBWI. 

BIIepBHe HCIIOJIJ,30B8H M8TO.It PeJIJiTRBHCTCKR-RH~pRBHTHOro 8H8JIR3a 
OTpyffHoro p0llf,It8HIDI '!laCTRU B IIpoCTpaHOTBe OTHOCHTWll>HllX 'i8TllJ)8XM8J)HllX 
CK0p00Teff B paSHllX Tmtax B38RMO.neloTmd! (lip, pp, Ire,;; N ) B umpo
KOM HHT8pBaJie 8Heprnfl. C IIOMOlll!>D Taxoro IIO.IOCO.na Hafl.neHa HOB8st ymtB8P-
08JI1,H8st X8paKT8pRCTHKa MHOllt8CTB8HH!lX npoueccoB, H8 S8BHCJD118Si OT 8H8P
I'W![ H COCTaBa KBapKOBOff CHCT8Mll. 

. IlOJIY118HHl18 8KCII8pRM8HT8Jll,Hll8 ,It8HHH8 B8J[Hll ,ItJist Ilp0B8pKH pBSJill[tl

HllX T80peTn8CKHX IIO.IOCO.nOB K OIIHC8HHJl npoueccoB 8,Jij)OH--a,npomrax H a.n
p0H-JU(8J)HHX BSEUIMO,Ite!CTBd, .It,lIJI p;iapa6oTRH HOBHX T80peTneoKHX MO,ne-
JI81 JilHOJ[80TB8HHOro ~eHHSI 'IJBCTKU. . 

IlpeKTHtl8C:Kast neHHOCn IIOJIY118HlWX pesyJU,T8TOB COCTOHT B TOM, 'ITO 

. OHJI IIOIT,l' 6HTJ, HCIIOJID30B8HH IIpH IIJJ8HHp0B8HlD! HOBHX 31tCII8pm.f8HTOB IIO 
llOCJI8,nOB8HHD BSaHMo.neflC'l'Bl!fl a.npoHOB C a.npomu.m H s.npaMH IIpH BHCOltBX' 

9H8pI'Ji!JtX. 

Anpo6aµrur pa60TH. OcHOBHHe pesyJIDT8TH .ItKCC8pTanHOHHOI pa60'l'H ! 

IIpe,ItCT8BJIHJIIICJ, Ha Me,r,nyHapo.nma; K0~8peHUJllD( no tl>HsHKe BHCOKHX 3H8~ 
rd B IIapne (I982 r.), JieAIIIijlre (I984 r.), Fiap11 (I985 r.), HS 
Bceco10aHOM ceMHHape "KBaPKH-84" (T6HJIHCH, I984 r.), Ha Bceco10sHoM 
oeMHHape IIO BSBlDIO,ItelcTmmM tmOTHU H HJt8P BHOOIUDC SHeprd C JU(paMH 

(TamR8H'l', I985 r.), Ha YII H YIII Me:1r,JzyH8poJtHHX CeMHHapa:x IIO IIpo6JieMBM 

cIHsmm :eucoICBX sneprHI B ,l(y6ne (I984 r., I986 r.), a Tau:e .noI<JiaJtH
B8JillOl> Ha OOBemamrmc M8E,eyHS.p0.nHOro COTpY,nBl!118C'l'B8 IIO HCCJI8,ItOB8HHSDI, 
Ha .nByxMeTpoBoil npoII8HoBol KSMepe, ceMHHapax JIB:3 OHHH H H:!B3 'lTY. 

JlY6.11lmEllUDI. 0CHOBH08 co.nepig&HHe pa60TH ony6JIHKOB8HO B aypHBJie 
"RiteJHS.R ipHs:ima", B Ilp8IlpHHT8X, C0061I1eHWDt OHHH H B MaT8pH8JI8X BHllle-:, 
YIIOMJD!YTHX M9,IIYH8p0.nH!lX KOHq>epeaud. 

06,,011 .ltHCC8JITamm• ,lblcoepTBIOtJI COCTOHT HS BB8)t8HWl1 meCTH rJIBB 
H 88RJIIJq8HHSI. TeRCT co.nepnT I47 o~. BKJil)qaj{ I8 Ta6JIHu H 47 pK
CyHKOB. Cmrcox JIHT8pBTypH COCTOHT HS 124 He.BM8HO:smmil. 
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.ABTOp aanµmtaeT: 

I. Peaym,TaTH HCCJI8,ItOB8HHSI I4300 Heynpyrroc Irp- H 6500 IIOJI
HOCTl>lO HSMepeHHllX IrC-B38HMO,IteflcTBHI IIPH l!MIIYJil>Ce 40 rsB/c. 

2 • .ll,amwe, IIOJJY'l8HHHe IlpR HCCJI8,ItOB8HHH CTpyflHoro p0!r,IJ;8HWI 'l'.80-
THU rime xapaxTeIJHCTHK Tpa.nmmOHHHM MeTo.noM c IIOMOIIll>lO nepeMeHHHX 
"cqiepHCHTH", "TpacT" H .np. B MstrlWX Irp- JI[ KYMYJUITHBHIDC IiC-BSSHMO-
.neflcTBRJDC npH P = 40 rsB/c. • 

3. PesyJll,TSTH 8H8JIH38 IIOB8,It8HWI qiy1nanm ~parM8HT8UHH KBapKOB H 
.nHKBSPKOB B a.np0HH en±, K0 ,1\.) B M.lll'KliX Irp- H KYMYJIJITHBHIDC IrC
B38HMO,IteflCTBWIX IIPH P = 40 rsB/c • 

4. ,IT.aHHue, IlOJIYtI8HHU8 IlpR HSytreHHH CTpyflHoro p0JK.I(8HWI '!8CTHU 
HOBHM M8TO,ItOM, C llOMOIIll>IJ RHB8pR8HTH!lX nepeMeHHIDC B npocTpaHCTBe OT
HOCHT8Jll,HllX qeTupeXMepH!lX CKOpocTefl. 

COJlEPJKAHHE PAIDT'd 

Bo BB888HHR OTM8'!la8Test 8KTY9Jll,HOCTJ, HCCJie,ItOBaHHSI npoueccoB 
CTpyflHoro p0!r,ll;8HWI ttaCTRU B a.npon--a,npoHHIDC H 8,ItpOH-HJt8pHIDC BSaHMO
.neflcTBWIX, ·cqiop.iyJIRpoB8Ha OCHOBHM UeJib pa60TU H npHB8~8HO KpaTKOe 

CO,It8plKSHH8 .ltHCC8PTaIJ;lm• 

B nepBOfl rJiaBe OIIHCHBa8TCSI MeTO,nHKa SKcnep:HMeHTa. 
:3KcnepRMeHTam.HUfl M8TepHaJI llOJJY'l8H C IIOMOIIll>IJ ,ItByxM8Tp0BOff npo

II8HOBOfl nya11p1,xooofl KSMepu .llTIIK-500 JIB3 OIDJM. IlpHBo,nsrrest ocHoBHHe 
xapaKTepHCTHKH KBMepu H CRCT8MH qioTorpa~Hp0B8HHH. Cpe,ItHee 3H8'l8HH8 
HSIIpmiteHHOCTH M8rHHTHOrO IIOJI.H B pa60'!8M 06~8M8 nTIIK-500 COCT8BJUl8T 
H:::: IS Kl'C. K8Mepa SKCllOHHp0B8JI8Cl> B nytIK8 Ir -M830HOB C HMIIYJIJ,COM 
P = (40,00±0,24) rsB/c HS cepnyxOBCKOM ycKOpRTe~e. 

IlpoCMOTp CT8p80ql()TOCHHMKOB IIpoBO,ItKJICSI Ha Ilp0CMOTp0BIDC QTOJI8X 
EITC-I, EIIC-2 H CAMEI'. Boero 6HJIO Ilp0CMOTp8HO OKOJIO 100 TUC. K8,ItpoB. 
3pl)eKTHBHOCTJ, ,ItBo:lraoro Ilp0CMOTpa ,n.,m aBes.n cocTaBJisteT 99,7%, a ,ItJist 

V0 -'!laCTHU H 1-KBaHTOB - 99,0%. 3aperHCTpHp0B8HHU8 co6HTHSI H,It8HTH-
4JHD,RpoB8JIHCJ, IIO CT8H,ItapTHHM ,nJUt nponaHOBlDC KSMep KpRTepIDlM KSK Irp-, 

frn- H Jr.C-BSSHMO~eflCTBHst. 
0T06paHHue IlpR IIpoCMOTpe co6UTWI HSMeprorn:01, Ha IIOJIYaBTOMaTBX 

THIIa IIYOC, pa6oTamnnc Ha JIHHHR c 3™ B3CM-4. IloCJie,eymurl! o6ctreT pe
syJIDTaTOB HSMepetmff JI[ ql()p.lllp0B8HH8 JI8HTU CJMM8J)HIDC pesynTSTOB CnsT) 
IIpoHSBO.nHJIHCI, HS 3™ CDC-1604A. Ha 38KJlll'JHT8JIJ,HOM 8T8ll8 IIOJJY'l8HWI 
DST IIpoBO.ItKJICSI OT6op co6uTHff, a TaIOKe V 0 -tracrnn H 1-KB8HTOB C yqe
TOM aqxl)eKTRBHOfl o6JI8CTH me perHCTpa.nmi'H KatreCTB8 HSMepetmfl. B pe
syJIDTaTe TO'!HOCTJ, onpe.neJieHHst II8paM8Tp0B BTOpR'IHIDC IIHOHOB OK838JI8CJ, 

paBHoA: 
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C:'.:\ P / ~ > = (!3,9±0,3)%, 

< t:,,. lg. o1 > = 0,006!±0,000I, ,.,. 
( A f3 ) = (0,0037±0,000!) pan 

r.rte p - m.myJII,O '!aOT~, o( - r.n:y6mnn.tfl yrOJI, a /3 - S3HMy-TSJU,HHfl 
yrOJI. 

0KOH'!aT8Jll,HO Ha MarHHTHYJ) JI8HTy OY},!MapHUX peayJll,TSTOB 61:l.J10 aa
ImoaHO !4276 Heynpyrmc Irp-B38HMO,ItefloTBd H 6480 IrC-OT0JllCHOB8HHfl 
683 B38HMO,Itei!CTBd IIROHOB C KBa3HCB060.mrnMH HyKJIOHSMH .iutep yrJiepo.rta. 
B Jrp-0061:ITHSlX 61:IJIO H,It8HTHiplmHpoBaHO 753 K; ( K; -7r4n"- )-M830HOB. H 
345 A ( A- pTT-)-rmiepoHoB; B IrC-co6J:ITHSlX - 550 K; -MeaoHoB H 234 
A -rmtepoHoB. l:lToT a1tcnepHMeHTmHl:Ifl MaTepHaJI 61:IJI Hcnom,aoBaH .ItJI1I 
nOJIY1-18HHJI !pl3H"l8CIWX peayJll,TSTOB, BOme,ll;IIIHX B ,ItaHHyD pa6oTy-. 

Bo BTOpoit rJiaBe HOC.7!8.rtJ'JOTCJI CTpyi!Hl:Ie xapaKT8pHCTHKH Irp-B38HMO
.rteflcTBd np;1 P = 40 raB/c. OHH cpaBHHBamc.11 c BHaJiorHl!HHMH ,ItaHHHMR 

no e+e--~H, B KOTOpliX .rtHHaMKKa o6paSOBSHHJI CTpyit a.rtpoHOB 
xopomo HaBecTHa (pHc.IB). B e+e--ammrwrmnm np;1 .ts'~ 30 raB B · 
OCHOBHOM polO'.tallTOJI ,ItB8 CTpy-H S,Itp0HOB. 

lff!Son (fi-) 

~HH' ~r.f" · 
..JUUL./ 

-1Cp 

r,.x:(eon TtH) . a 

nnr 1:·c cumulatl\le 

6t 

t,• 4 -7--;r-__,6~\::_"_~-
'°'"°'"'4 -' ~ .... 

w~n ,_'II'&"~••••• ~ .. -~: ?C-:)••"'·' CX.•OJ ,;:==:::::;=;~~--== if'&I"'· ... ,(.... p (><,>0) 

cf 
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Pac.I. Cxeua Irp- (a), KYMY
Mrnmrux Ire- (6), e+e-- {B), 
~(.))p - (r) B3aHMO,IteflcTBd. 

Beel> ,ItSJll,H8fflmd! 8HaJIH3 CTpyflHl:Ix 
X8paKT8p;!CTHK BTOpl{"IHWC '!aOTJm llpoBO
,ItHTCJI B o.D;,H. BSaHMO.rteflcTByunmc 067>-

8KTOB. llHWpalW.KOHHl:Ie npoD;eocH HCK.11JRS.
llTCJI Iqlll[ H8JIHtllU'[ B 0061:ITIDI XOTJI 61:I O,It;_ 
HOfl 38pmit8HHOff "!SC~ C IXFI > 0,8 
( XF: 2 P,~ / -v""s' ) • 

,l!aHHHe aH8.JIHSHpYJlTCJI B npe,ItIIOJIO
llt8Hlm O TOM, 'IITO OCHOBHOit BKJia,It BO MHO-· 
llt80TBeHH08 p0llr,It8HH8 ,mcnm B 'Irp-BsaH.:. 
MO,It8liCTBHRX .rtallT ,ItBe CTPYH a,IU)OHOB,06pa- ·. 
ayJJ!lH8CJI B P83YJll,TST8 gJplll'M8HTamm He
llpoBSaHMO.rteflcTBOBaBimX KBapltOB H ,Itl![
KBapxoB, BXO,IUlIIIHX B OOOT8B nepBH'IIHl:IX 
a.rtp0HOB, 8 BKJia,It OT BS8.HMO,It8itOTBYIJilllX. 
KBapROB C"IRTaeTOJI H83HStmT8JII,HNM 
(pHo.Ia). 

CTpyitHoe llOB8,It8lllI8 BTOpH'llHHX aa
pmit8HHHX ,mcnm HCCJI8,It0Ba.7IOCI, C nOMOl!tLD 
nepeueHHHX "$pHCHTH" ( s ) H "TpaOT" 
(T): 

n., a "" 2 

S = 1 mi.n(tt Fi./~ P;. ) , (I) 

4 

n:t n1 __. 

T:: max(_E I P.1• I/I: l P.1 ) . 
~-=1. • l.=i 

a <s> · I 6 

.. ~-':~rnJi = ::::.. ·-: T 1m 
0,3f-- t I t f ·t "t 

t t 
0.21- ~ l ~ 

h ~f t tt · • + .* t +t 
Qt I- ~ ~ ~ ~ I' 

0 5 fO ~ ~ 25 ~ 51015~2550 

E uns.lGeVJ 

PRc.2. 3aBHOHMOCTl> <S> OT Ec.u.~.:v ,a - ,n.,m e+e-
aHHHI'RJJJII(HH; o - .1tJISi Il7>-B3aHMo.rteffcTBd; • - .1tJISi 
KYMYJIJITHBHl:IX IrC-cTOJIKHOBeHHff c BeJIH'fflHOA J3o >,., I, 0; 
• - }J)!JI KYMYJIJITBBHHX IrC-CTOJIKHOBeHd; a) - }J)!JI 

CTpyit "!BCTHD; C Xf, >., 0,05; 6) - }J)!JI CTpyit q8QTHD; 0 
x~~ -0,05. • 

(2) 

Ha pHC, 2 noxaaaHa 3SBHCHMOCTI, cpe.ItHHX 3H8"18HHfl nepeMeHHoff c4?e
pHCHffl <. 5 > OT 3HeprHH B c.u.n. e+e--B38HMO,ItelcTBHff }J)!JI MHOJt8CTB8H
HOCTK 38pmt8HHl:IX 'IISCTHil n:t >,. 4. ~801, lite npe,ItCT8B1!8HH .munme, co
OTB8TCTByoI1PI8 Jrp-CTOJllCHOB8HID!M O 3Heprnefl EO.Jl.H. = 8,7 raB. IlH,ItHo, 
"!TO 3H8'18HRII B8JIH'fflHH < S) B Irp-cTOJIKHOB8HHSlX xopomo corJiacymoJl'. 
C CYJ!l8CTBYIJ!l8fl SaBHCHMOCTl>IO 3THX nepeMeHHl:IX OT 3H8prHH B c.n.n. e+e-
B3aBMO,IteitcTBWI. AHaJIOrH"IHSJl'. KapTHHa HMeeT M8CTO K Iqlll[ fillaJIH38 0 no
MOl!tLD nepeMeHHOft TpaCT (T). 

EoJlinm:e paamrcm.11 }J)!JI Irp- H e+e--B3aHMO,IteffcTBd HS6JIJWlDTCJl'. B 
OpH8HT8Il}m OCH CTp;yB OTHOCHTeJIJ,HO nePBH11HOro HallpaB1I8HWI CT8JIKHBSJJ-
lllHXCJI 'l8CTHD; •. Pacnpe,IteJieHHJI co6HTHfl no B~e IC Os e I • r.rte e -
yrOJI Mellr,ItY' OCI,D CTpyH H nepBH'IIHHM HallpaB1!8HHeM, }])!JI j;ayx TmIOB B3aH
MO.IteffcTBd noKa31:IBSDT, 'ITO, B OTJIH'il'Ie OT e+e--aHHHI'KJ1Slll;llH, OCI, OTPYH 
B If'p-cTOJllCHOB8HRSl'.X opHeHTHJ)OBIIBS, B OCHOBHOM, no.rt MaJruMl'I yrJiaMH 
( < 0) = I9,I0±o,I0 

}J)!JI 38pml8HHHX 'l8CTHU) R HanpaBJI8HHD ,ItBHllt8HRJI 
CT8JIRHBSIJ!tID(CJI 'q8CTHD;. 3Ta paamm,a o6yCJIOBJieHa pa3JIH'il'I8M B ,ItHHSMHK8 
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o6pa30B8HRR CTpyfl B Irp- H e+e--B38HMO,tteflcTBWDC H 03Hall8.eT, tn'O B 

Irp-B3aHMO,tteffcTBWDC CTPYH a,n;poHOB 06pasymc11, B OCHOBHOM, B npouec

cax ~parMeHTanmI cneKTaTOpHWC KBapKOB H ~pKOB, 

Ha OCHOBe IIpoBe,tteHHoro cpaBHeHHR ,tteJiaeTCR 38KJIXReHHe, "ITO B 

Irp-B38HMO,tteflCTBll'.SIX npH p = 40 raB/o B 60JII,lllHHCTBe 006U'rHff Ha6.J!Jwl

eTOSI o6pa30BaHHe 'AByx OTpyfl a.n;poHOB, KOJIJIHMllp0BBHHllX B HallpaB.lleHHH 

,ItBmlt8HHSI CT8JIKHBallJillD(CSI '1!80Tm:( B lOC O,U,H, 

IIOKa3aHO, "ITO MHOllt8CTBeHHOCTH sapmteHHHX '!JaCTm:( B CTPYJlX B Irp

OTOJIKHOBSHHJlX, a TaKllt8 cpe,nHHe 8H81i8HHR mt nonepe'<iHHX H IIpo,ItOJll,HHX 

m,myJII,COB OTHOCHTSJII,HO OCH CTPyff co~am C aHaJIOrll1mm.m Jt8HH1,lMH 

1I,7IJI e+e--B38RMO,tt8i!CTW npH TOfl llt8 8HeprHH B C,U,H, OTBJilGlBa!IIIHXCSI 

'!JaOTm:(, 

AHwms ope;ItHero sapro:ta OTPYH <0> = 22 CN+- N.)/Nco!i ( N+-H 

N. - '<iHOJIO IIOJIODTSJII,HHX H OTpmI,8.TeJII,HWC '<i80Tm:( B OTpye} B Irp-BSaH

MO,tteffoTBHSIX B saBHcHMocrn OT Be~u X = ~ Ix H I no:itasliB8eT, 11To 

npH X >., 0, 5 1I,7IJI OTpyff, JISTJIIIlKX BIIepe,tt, H X ~ 0, 8 1I,7IJI CTpyff, Jl8TJIIIlKX 

H838,ll;, BeJIHlmHli < Q > COBIIa,n;am co SHa'<ieHHSIMR -0,5 H 0,83 OOOTBeT-

OTBeHHO, Bli'<iHCJl8HHm.m B 8,Itro!ITHBHOfl KBapKOBOff MO,It8JIH, 

B TpeTD8fl rJraBe Hsy,meTOSI ~paI'M~HTaIJ;IISI KBapKOB H ~PKOB B 

IIHOHll H OTpamnle lJB.CTHD,ll B Irp-B38.HMO,tteffoTBWDC IIpH p = 40 raB/o. 

IIpoBO,ItHTOR opaBHeHHe C aHaJIOrll1mm.m Jt8HH1,lMH IIO rJ!Y60KOHeyIIpyrm.t 

-i>C~) p -B38ll'MO,tteflcTBHRM, IIOJiy"l8HHllM O IIOMOl!IJ,il BO,ttOpo;ItHofl IIy8!,lpDKOBOfl 

KaMepu BEBC B UEPHe, oo cpe;ItHHMH aHa11emmMH ajxlleKTHBHOfl wcou 1I,7IJI 

s,p - H i>p -BSaHMO,tteflCTW <W> = 5,43 H 4,63 rsB COOTBSTCTBeH-

HO, a TaroKe IIO e+e--B3aHMO,ttefloTBWlM, • 

B il(~)p -Bsam.10.tteffcTBHJlX IIOJ1Y"l8Hll 1PparM8HTauHOHHHe cpy1uaum 
n:1: n:t -n:t ( ) I? u.(d)(x p) H Duu(ud)(xF) , a TaKllte RHB8pH8RTHH8 qJyHIWJm Fu (c:/.) xp H 

F ":1:c rx "I, KoTopue onpe,tteJllDOTOR OJl8,eyIIIIBM o6pasoM: 
uu ud)" ~ J ,r+ 

n:t i o.N -D (xF)= - -- , (3) 
Nev dxF 

'Tl': i S d.6..,.;1: 2 1 E* d..N.,,.t ~ i -rr.t 
F (xF):: 6 Ed~ dPJ. = -N . ..,. R • ·c1.- ~ ,;:-lxFI D (xF) , (4) 

ev I"' ev 11 """"' Xp ><, .. 1 
• + 

r.tte ~ H R,'"""" - aHepI'Wl H MB.KOHMa.Jll,Hliff npo,ttOJII,HHff HMIIyJII,C rr -Meao-

HOB B o.u.H. BTOpH'<iHliX '<i80Tm:(. ConocTaBJIJUI cxew Irp- H j(S)p -BsaH

MO,tteffcTBd (pHo.Ia,r} H npe.ItIIOJiarM, "ITO JJerKHe KBapmr ·a._ H cl .·BsaH

MO.tteffcTBYJ)T 0,ItHHaROBO, McmiO HaIIHCaTl, OJie;rzymti!e OOOTHOmeHHR ,ttJIJI q,yHK-+ , i 

Wlff ~8HTauHH n--M880HOB: 

,r;I:( ) ,!_ ,r; i. 11:t 
D111> xF = 2 D~P (xF)+ 2 D;;p (xF) 1I,7IJI XF >,. 0 ,I (5) 

,r* i n:I: 2 ,r:t 
D;;-P(XF)=-y D,1p(Xr)+3 D;;p(x.,) ,JµIJI Xv~ -0,I (6) 
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anecr, y,mTllB8.JlTOSI 38p.a.u;OBO-OOIIproKeIDili9 COOTHOm9HHR ]J,7IH.!PPaI'M8HT8UID1 
,r+ v- ,r- 1Ti-

KB8.pKOB: D;:; (x.,)= D .. (xF) , ~ (xF)= D.,. (xF) • .AHaJior1:t'<iHlle cooTHo-

meHHR ,ttOJlll:Hll BliIIOJIHRTDOR H ,ttJIJI mmap1:taHTHHX ~ F..,:t (xF) • 

~~ 
-\:l 

.. 
~ . 

• t, 

+ 
• ~ + 

• 

• \l("f)P-Jix 
• r,-I;x (IOr,o/,) 

't 
HA 

y4 

ti''-'---'---'---L....l...-'-..J........CL...J..._J 
0 ll.t Q, 0,6 Q8 f,{l 

X, 

~i 
.jl 

(J 

E 
• ~(il)p-.-;x 
o rp-«-;x {401>e1c) 

f 
ll 

! 

ll•t I 

t t ! 
I I ,! I I 

·\D ·Q8 ·QS ·Q• 

a 6 

~ 

"' 

-Q2 
x, 

-n:t ,r+-
PRo.3. ~eHTSUHOHHlie ~yHKUHH D (xF): a) D (xF>O): 

1 D ... - .!. Dff+ D". 6) ,,_ -' 
• -~ ~p+12' iip ; 0 - n- ; D (XF< O;: 

,i. ,r- 2 ,r• • p n-
• - 3 D~P + 3 D;; P , o - D1r;:, • 

Ha pHc.3a,6 IIpHBe.tteHli ~Kium ~pameHTauHH D1r"'(xF) 1I,JIJI 

xF(11+)> 0 H .xF(11-) < O ,WIJI Irp- H ..,(i>)p -B38.HMO.tteffoTBHff, onpe

.tteJ1eHHlie no ~IJ,!YJISM (5), (6) H HOp.mpoBaHHlle no IIJIOUla.ItH B o6JlaoTH 

txF I ,.., O,I. Hs pHOYHKOB BH.ItHO, '<iTO IIOJJY118HHHe pacnpe,tteJ1eHH11 xopomo 

oorJI.aoymo11 ,ttpyr o ,ttpyroM, sa HcKJIJJlleHHeM 06J1aCTH lxFI ~ O,I, B KO

Topoa ,ttJIJI Irp-B3aHMO,tt8ffCTBffl!°CYllt80TBeH BKJia,n; OT B3aHMO,ttelcT~ 

. KBapKoB (pn:c.Ia). Pacnpe.tteJieHHJI no D.,.*(x,) B o6JI.acTz ~eHTamm 

KBapKOB Dl81lT-H8KJIOH M8H1>me, '<ieM B o6JlaoTH ~parMeHT81Um ,ll;HKBapltOB. 

_AH8JJOITDl8SI RS.prnHa Ha6Jil!Wl8TCR 1IpH O~BH8HHH HBBapltaHTHliX qiyHK
Wlff F.,.*cx,). 

Hsy-qeHHe cwa,rMeHTamnt x:eapKoB H ,ll;HKBapKOB B K0- H A -'<i8CTZD.H 

B,Irp-B3aHMO,tteAoTBRRX IIpOBO,ItHTOSI Ha OCHOBe opaBH8HRR C aHaJJOrH'<iH!Am 

.ttaHH!Am ,ttJIJI e+e--ammrHJIS!Iij!K (TaKHe ,ItaHHlie ,ttJIJI -.l(~)p -BSaHMo,tteffoTBHff 

OTOyTOTBYJ)T). 

AHam!aHpyJJTOR HHKJil)l!HBHl,18 C81i8HHR j ~!~ ,ltJIR K0
-Me30HOB H 

A-rHIIepoHoB, r,zte J,hp•/E• z x 1 :2E"/-/s', CpaBmmamOR ~cnpe,tteJie

mm * · ~! ! ,ltJIR K°-M880HOB H A -I'HII8p0HOB B nepe;ItHeff H_ 38.ItH81 

IIOJIY($3pax o.~.H. Irp-BSaHMO,tteffOTBHR IIpH P = 16 H 40 raB/o o OOOTB8T

CTByllltl!MH ,It8.HHliMH IIO pp-B3aHMO,tteffoTBHRM IIpH P = 205 H 405 raB/o H 
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e+e--mnmrHJIRiunt IIJJH · -{$' = I4 H 33 raB (CM. pIIC.4). B TS6JIKL\e l 
npIIBe.I(eHU pesy.m,TaTU annpoKCIDllrunm BTIDC pacnpe.I(eJieHRa sami:cHMOCTI,10 a~~. :Aexp(-Bxe)• . ,,_ 

• rcvif=j550ev 
o Tpi! •!_7o,t; 
6 e'e"~• J,c;ev 

r~ 
o l'"'p"3' •8,7GeV 

'~ 
A e+e"' 'i! • 3~GeV 

iOO +i . 

-~ ttft~!A 

,n~-~1 
4 

'
1
ttf 

•t.,,,,,,l.1 O,t 
0 0,2 0,4 

0 0.2 o.~ 0,6 (l8 
0,6 0,8 

:>; •ZE'/M •. 
X, •ZE'/a 

a ·6 

l'llc~4. Hlm.n:JOSHBHUe cel!eHRSI (VB)do/cl>re: a) .rtJIJI K°-MesOHOB B 
nepe.I(Hea IlOJIYCqJepe B c.n.H. Irp-, ltyMyJISITHBHUX IrC-
R e+e..,.-cToJIKHoBeHHa; 6) .rtJIJI A -rmiepoHOB B sa.I(Heff 
IIOJIYCwepe B c.n.H, Irp-, BU.I(eJieHHOff IIO.I(CHCTeMU IIHOHOB 
(Mo}. Ky-MYJIJITHBHUX IrC- H 8+8--B9ffi1MO.I(8liCTBilli. 

IlOK89aHO, 'ITO WJl8I'MeHT8UHSI .I(HKBapKOB B MSII'KHX 8.I(pOHHIDC BSaRMO
.I(effcTBWDC B K0- n /\ ~l!RCTHnU B npe.I(eJiax BKcnepnMeHTBJil,Hl:lX onm6oK He 
saBHcHT OT aHeprrui: rrepBH'iHUX l!acTHn (E = l6t405TaB). !?aBHCRMOCTI, 
!WHKUIIll ~eHTrunm KBBpKOB H .I(HKBSpKOB B K0-MesoHU oT BeJIHl!HHU XE 
B e+e--aHHHrHJIRiunt R B MSirKHX Irp- II pp-B9am.!O.I(effcTBIDlX B npe.I(eJiax 
8KCIIepnMeHT8Jil,HUX onnr60K 0.I(HHSKOBa B O~CTR O,I5 ~ XEf 0,5. !?aBH
CRMOCTI, (WHKIJ;IIU ~eHTrunm KBapKOB B . A -l!aCTHIJ;U OT B8JIHl!HHU XE B 
Irp-BsaHMO.I(effcTBIDDC B o6JiacTz XE >,. 0, 3 H B e +e--coy.I(apemrax: B o6mc
TH XE>,, 0,l ID/!86T 0.I(HHaKoBUff XapaKTep. A <PYHKm1Si wparneHTrunm .I(HKB8p
KOB. B ./\ -rHIIepoHll B a.I(pclH-8.I(pOHHUX CTOJµlliOB8HlIJIX OTJIH'l88TCSI_> OT 
cpymtIJ,ml ~eHTrunm KBapKOB B Te lt8 l!B.CTHIJ;ll B paccMSTpIIBa8MUX THn8X 
B98HMO.I(eitcTmrl1 (CM. Ta6JI .1) • . + 

Fwro Taiate IIpoBe.I(8HO CpaBHeHHe HHBapIIaHTHHX ipyHKIJ;d .It,JIJl :rr-,K0-, 
A-l!aCTHn, IIOJIYllemmx B MO.I(eJIH KBapK-rJIDOmrnx CTpyH c SKcIIepIIMeHTBJil,
HUMR .I(SHHllMH no Irp-Bsam.10.I(eflcTBHRM IIJJH 40 raB/c. Mo.I(e.m, xopomo orm
cu:eaeT 8KCIIepnM8HTaJII,Hll8 paCIIpe.I(eJiemm *. 

* B.r .rpmDHH x .I(p. OIDlli, Pl-86-61?, JT,y6Ha, 1986. 
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,\· 

i'.·.l. 
'' 

; ' 
l ':r 

,,\ 
,I 
'1 

l 

I 
! 

Ta~I. 

TK1I l!8CTHIJ;ll 
Iii nm co6um 

IK°-M830HH 
irrc (KYMYJIJiT. > 
IK0-MesoHH 
Irp, 40 .raB/c 

A-rHIIepoHH 
rrc (KYMYJISIT.) 

A -rHIIepoHll 
;rrI>, 40 raB/c 

~-rHIIepoim 
Irp, 16 raB/c 

1K0 , A -l!B. CTHIJ;ll 
e+e-

3HatreHHSI IIapaMeTpa B, IIOJIYlleHHHe IIpII aIIIIpoKCHMrunm 
lIHKJII03RBHUX cel!eHHfl 9amICID/!OCTI,IO * · · ~!" = 
=Aexp(-Bxe) E 

Bnepe.I( B 06.naCTb Hasa.I(B 06JISCTI, 
c.n;.l!I. SIIIIpoKCm.f. ' C.IJ;.H. 8IlIIpOKCHM. 

9 + 2 XE >., O,I 8±4 xE0 ii,,. O,Ii -
IO.± l XE >,. 0,15 9,±I XE~ O,I5 

13 + 4 XE >,. 0,15 5,2,±0,? XEc >., 0,2 -
8 .±. 3 XE >.- 0,3 3,f>.±0,4 XE>., 0,3 

IO.± l XE >,. 0,45 4,4,±0,3 XE>,. 0,45 

8 XE >,._ 0,I - -

* xE0 = 2E0/ll\,, r.I(e t' - BHeprRSI l!B.CTHU B KYMYJISITRBHUX Ir0-B98HMO
.I(eflcTBWDC B c.n;.II. IIO.I(CHCT8Mll, Bll.I(eJieHHoff.B pesy.m,TaTe RCKJIJOtieHHSI 
IIpOTOHOB; Mo - RHB8pII8HTH8SI 8Heprwr Bll,IteJieHHott IIO.I(CHCTeMll. 

IlpoBO.I(HTca aHaJIH3 KoppeJISID;llfl no MHoxecTBeHHocTH Mel!UIY l!RCTimS
MR, JieTJIUtHMR B nepe.I(Hl!ll) R Sa.I(HJJIO IIOJIYCwepu B C,IJ;.H. IlOK89aHO, tITO 
CY111eCTBYJlltH8 KOppeJIJIIl;lm CBSI98Hll C IIpOTHBOIIOJIOlKHO aap.llllt8HHl1MH Me,IVIeH
HUMR l!8CTRIJ,aMll ( Ix Fl~ 0,1). BicTpue l!RCTHUll ( lxF I >rJ O,I) poll!.I(a!JT
cst H89amICHMO, ::!TH .I(aHHll8 CBH.I(8TeJII,CTBYJOT O TOM, 'ITO WparMeHTSIJ;IUI 
KBapKOB H .I(HKBapKOB B Me30H~HyKJIOHHllX B9aHMO.I(eacTBWlX IIpOHCXO.I(HT He-
98BHCHMllM o6pa90M. 

B lleTBepToa r~aBe IIpOBO.I(HTCSI aH8JIH9 xapaKTepIICTmt CTpyff 8.I(pOHOB 
B Ky-MYJISITHBHUX IrC-B9aHMO.I(eflcTBIDDC. IloJIYlleHHlle pesyJII,TSTll CpaBHRB8.!JT
CSI C .I(8HHllMH ,IVIfI Wll'lWX IrJr-B9am.!O,IteflcTBHfl II e+e--aHHHrHJIRiunt. B Ky
MYJIJITRBHllX nponeccax a.I(pOHR9anHSI KBapKOB HS MYJil,TRKBapKOBllX COCTOSI
HRff npe.I(IloJiaraeTCH "W!I'Kofl", H IIOBTOMY CBOflCTBa a.I(pOHOB B Ky-MYJISITHB
HUX CTpymc .I(OJDl!lill 6llTI, IIO.I(06Hll TeM, KOTOpue Yllt8 H9Yll8.JIRCb B pasHUX 
nponeccax (pnc.I). 

l!.ruI 8.HaJIHSa OT6RpaJIRCb rpynnu MHOrOHyKJIOHHl:lX IrC-B9am.!O.I(eflcTmrl1 
C Cy-MMapHm.! 98pa.I(OM BTOpIIl!HllX l!SCTHIJ; Q = +I, +2,, +3, +4, KOTOpllfl 
OIIpe.I(eJISJJICSI IIO Wop,!YJI8 O=N+-N- • AH8.7IH9 IIpoBO.I(HJICH B c.n;.II. CTOJIKHO-
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I, 

1: 

B8HKH nepBK1lll!DC Ir-M8SOHOB O OOOTB8TCTl3y'lll!lBM tmOJIOM ON HYRJIOHOB 
Mm1IeHK. aaepr:e:H cTOJIKHoBeHRH 

7
onpe,11;eJIJJJiao1, oorJiaoHo dioif'1YJie: E0 " :e: = 

· 2 2 2 I 2 . · I/2 ...... • 
= (2n.,m.,En+ n., mN + m,r ) -;:: ( 2 nNm., E1r ) • 

Blm8JI8HH8 RyMyJIRTID3Hl:DC OTpyff B IrO-Bsamio,11;eiloTBWDC IlpOBO,ltWIOOI, 
B OOOTB8TOTBHH C YOJIOBHeM:a

0
::Z:(f;.- f?i. )/ 01., > I,0, l',11;8 cyw.mpomume 

' . ~ ~ 

B8,11;8TCJi no BC8M S8PJDl8HHUM 'IB.CTHll,8.M, KOTopue IIpRH8,IV181taT OTpye, Jie-
TJi1118ff B 38,ItlilllO nOJiycipepy B O,It.H. BSaHM0,11;8:ffCTBM. . 

,lt.Jm BH,It8JI8HHIDC TaxID/l o6pasOM Icy"MyJilmIBHHX IrC-ooY)tapem noRB.sa
.HO , '<ITO Ha6.inmaeTOJi p01Ut8HH8 .D:BYX a,D;pOHHIDC cTpy:ff, JI8Tm:tll!X no HailpaB
Jiemno ,mmJ'.:8HM nepBH'<IHOl'O rmoHa H IlpOTHB 8TOl'O HanpaBJieHM B c.x:t.:e:. 
OTOJIKHOB8HHJi. IleJmtI:e:Ha O/pepitOHTH )t1IR: 060:e:x·cTpyff OOBIIa,ItaeT O ,D;aHHHMR 
)t1IR: e+e-- H ~poH~HHIDC B38HMO,D;elcTBHI IlJlR O,ItmlaKOBIDC 3H8pI'HJDC B 
O.It,H. (OM. JlRC.2). 

Boe HSY'<l8HHR8 xapaxTe.pitCTHKH - MHOllt8CTBeHHOCTl>, npo,D;OJII,Hlle H 
nonepe'<IHlle HMilYJil>CHRe pacnpe~eJieHKJi a,D;pOHOB OTHOCHT8Jil>HO OCH CTpyff, 
JieTmitHX no HanpaB7Iemm .IIBHllt8Hrul nepBK1ll!Ol'O IlHOHa, - B RyMyJIHTHBHHX 
Jr0-CTOJIRHOB8Hru!X COBll~aJl'l' C aHMOI'R'<IHHMII pacnpe,11;8JI8HIDJMH ~HOB 
B e+e--OTOJIKHOB8HHJiX H B Irp-BSaHM0,11;8ICTBHJiX. 

,lt.Jm aHaJIRSa :KyMyJIRTID3Hl:DC CTpyfl H CpaBH8HKJi pacnpe,11;0JieHd BTO
pll:'<IHWC 'IB.CT:e:It B OTPYSiX O 8HMOl'H1111HM1! ~ no e+e--ammrwmrom B 
ItyMyJIJiTHBHHX Jr0-BsaHMO,D;8flCTBH.RX BH.It8JIJt1IB.Ol> no,D;OHCT8M8. BTOJlR'<IHl:IX '<180-

THit, ~8HTH'<IH8.Ji no COOTaey OHCT8M8 BTOJlR'<IHWC tiaCTRit, p01U{alJilBXOJi B 
e+e--cToJIKHoBemmx:. B .zta.HHOM o.ny,me aHMRSRpo.BaJiaCl> no;i;c:e:oTeMa.rmo
HOB B oo6oTBeHHOA CHCTeMe noKOJi; npoTOHll HS aHaJIRSa HCKJIJJtUIJIROl>. 
HlmaJ]RaHTHaH 8H8pI'HJi BH.IteJieHHoff no,D;OHCTeMH Ya onpe,D;e.JISJJiaCI, OJie,ey-Dl!HM 
o6pasoM: Mo=✓(-Js'-E~ ) 2

- p; 21
, l',11;8 ~ H ~ - CYMM8IJUl8 SHepI'HJi H HM::

TiyJII,O HOK.7Ill'<l8HHHX IlpOTOHOB. 
IIORaSaHO, '<ITO pacnpe,D;eJieHM IlHOHOB no npo~JII,Hl,IM H nonepe'<lHRM 

HMnyJII,OHllM xa~T8JlRCTmtaM B ltYMYJIJl'l'BBHWC OTpy.RX He OTJIH'<l817rCJi OT 
picnpe,D;eJieHd n:t.uesoHOB B CTIJY.RX, o6paSYJJIIHXCSi B e+e--cTOJIKHOBeHHSDC 
IlJlR O,ItmlaKOBHX HHB8J]R8HTHllX 8H8pl'WDt IIKOHHIDC CKOT8M. 

IIOJIYtieHlil,le pesyJII,Tam YRB.SRBam Ha TO, -q,ro ~p,mpomume cTpyfl 
,imOHOB B KYMYJIJiTllBHHX a,D;pOH-.fl;Itepmcc BS8DI0,11;8ACTBH.RX IlpoHOXO,ItKT, B 
OOHOBHOM, sa np8,11;8JI8Ml! .f!;Itpa. OHR o6paSYJ)TOJi B pesyJII,TQT8 <!>lJll'M8HTa-. 
IODI H8IlpoBS8l!M0,11;8IOTBOBaHIIHX BaJieHTHHX KBaPKOB, BXO,ItRlllKX B_OOOTaB . 
nepBH'UIOl'O a,D;pOHa, H B pesyJil>T8T8 a,D;pOHKSaIUm 113'JII,TKKB8p:KOBIDC OOCTOJi
HHI. HMeD!lBXCH B H,Iij)e--Mmllemt c PHO. res> • 

B nHTOI l'JiaB8HSYtiaeTCJi <!>Jl8I'M8HTQitlJJi KBapKOB H MYJII,TKKBapKOBHX 
coOTOJiHHI B K°- HA -tiaCTHitH B KYMYJUtTHBHHX IrC-Bsam.10,11;elcTBHJDC IIpH 

P = 40 raB,lo. 
l d.6 0 A CpamnmamCH HHMJlSHBHRe oetieHKJi T · clx; NISI K - H _-'<180-

TRit B nepe,D;Hel H Sa,nHe! IIOJIYc<I>epax c.x:t.H. KYMYJIJiTHBHHX Ir0-B3EmMO,D;8!-
0TBH! n:pH P = 40 reB/o o ,D;aHHllMK no Irp-BSaHMO,D;eAOTBHJ!M IlJlR P = 40 
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raB/c H e+e--aHHlII'WJRitm{ npit ~ = I4 :e: 33 raB (OM. p:e:c.4). B T86JIH
Ite I np:e:Be,D;eHR pesyJII,T8TH annpoKCHMQitHH 8THX pacnpe,D;eJieHHff 38BRCH-
MOOTI,JO (Ve,)do/d.xe :A exp(-Bx1). . • 

K(A) . 0 
IloRB.saHo, '<ITO <pyHRitmt cppal'MeHTamtH 1rnapKOB Dq (Xe) B K -Meso-

HR :e: A -r:e:nepoHR B · KYMYJIHTHBHl:IX IrO-BsamJJo,11;efloTBRHX, B e +e--rumHl':e:
JlfJD;lm :e: B MJll'KHX Irp-coy;i;apeHH.RX HMem o.D:HHaKOBYJO samtoHMocTl> oT XE. 

. K(A) Q . 
~YHI<ItHH cpparMeHTann ,D;KKBapKoB Oiq (xE) B K - .it A -tiaCTHitH n:s 

?JYJII,Tmm8.pKOBHX OOOTOJiHH! B .fl;Itpe-MHllleHH B :KYMYJIRTHBHl:IX Jr0-BS8HMO,D;efl
CTBRRX OOBil~ 0 8H8JIOI'H'<lHIOOI ,D;aHfillMl'[ NIS1 I! p-B38HMO,D;etlcTmrll, 

~ cppal'MeHTamm ,D;KKBapKOB Dq~ (x E) B KyMyJIJITHBHl:IX Ir C
Bsam.m;i;eloTmm:x: H KBapKOB D; (XE) B e+e--aHHHl'.ll.lJJ!llW! B llp8,11;8JI8X 
8KOll8:pHM8HT8JII,HllX om:e:6oK O,ll;HHaKOB!l B o6JiaCTH XE~ 0,4 )t1IR: K°-MeSOllOB, 
a anMol'H'<llrae <pyHRitmt )t1IR: A -I'HIIepoIIoB B aTHX npox:teocax OTJIHtiaJOT
oH ;i;pyr oT ,11;pyra. 

IIOJIYtieHHble peSyJII,T8Tll IIOK8SJ:ra8JOT, 'l{TO qlpal'MBHTanrut KBapKOB B 
OTpaHHRe 'IB.C'l'Hnli B KYMYJIJiTHBHHX BSamJJO,D;ei!cTBH.RX, B MJII'KHX a,D;pOHHHX 
ooy;i;apeHH.RX H B e+e--ammr:wr.si:xnm HMeeT ymrnepoaJil>H!:rl! :xapaxTep, a Me
X8HHSM <ppal'MeHTQitHH KBapKOB H ,D;KKBapKOB OTJIH'<la8TOJi ;i;pyr OT ;i;pyra, 

B meoTofl rJiaBe npe~oTaBJieH peJISITHBHOTOKH-llHBapHaHTHRfl aHaJIHs 
OTpy!Horo po10teHHH a,D;pOHOB B Irp-,;, pp-, pp-, i:ro-, po- H iN -Bsa:e:
MO,D;efloTBRRX B IlpOOTpaHOTBe OTHOOHT8JII,HWC tieTupeXMepirux OKOpopTefl. 

Kax 6RJIO IIOKaSaHO Bllllle, 8H8JIHS CTpy!HOl'O noBe,D;eHH!{ BTOpH'<IHWC 
tiaOTRit Tpa,J.tHitHOHHO llp0BO,Itll:TOJi C noMOIIll>JO pe.7UITHBRCTCKH-H6HHBapl!8ltT
Hl:lX nepeM8HHHX (cu. ~If'1YJIR (I), (2)). XapaxTep:e:cTmm OTpyi! np:e: 8TOM 
3aBHCJiT He TOJII,KO OT OHCT8M!l OTO'<leTa, B KOTOpofl IIpOBO,Itll:TCJi aHSJmS 
(oTMeTHM, '<ITO o.~.:e:. BSaHMO,D;e!OTBYJIItllX 06'1,8KTOB He TaK npooTO BH.Ite
JIRTI, B ~H~HHIDC H a,D;pOH-R;D;8pHRX BSaHMO,D;eflcTmmx), HO 8aBHCJiT 
HOT THna (Pl)8I'M8HTl'IpYJ)lll8fl OHOT8MH. 

B HOBOM HHBapl!aHTHOM M8T0,11;8 EUtaJilIS8 MHOllt8CTB8HHOl'O po,r,n;eHM '<180-
TRit, npe.n,,rollteHHOM A.M.l:eJI,ttmn,tM, IIpOit80Cll 

I+u-i+2+3+··· (7) 

pacOMaTpHB8JOTOJi B IlpOOTpaHCTBe, TO'<IKSMH KOTOp01'0 JiBJlRJ)TOJi '<16TllpeXMep
Hlle oKOpooTH u.= Pi./mi. , r;i;e PL - '<18Tllp8XHMilYJII,OR '1{8.CT:e:It, a rn .. -
:e:x Maoca. 

IIOJIODTeJII,Hlle, mtBaJ]RaHTHRe BeJmlmHH, HMeDl!Re CMllOJI KBa,D;paTOB 
paoOTO.mndl B 8TOM IIpOOTpaHOTBe: 

-Bi.K = -(u..-u.K)2 = 2[(ui.uK)-1] (8) 

r;i;e i.,K= I, D ,i,2,3, .. ?JiBJIJDlTOJi ooHOBHHMH nepeMeHHIDm, on:e:cull8JIIIID4H 
OTHOOHTeJII,HOe ,mna:eHHe '<180TRit. 
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Ta6.mmp 2. !:2Ia'teHWI <SK> IIpR ~.H >, O,l 

'l'zII B38HMO- p JIS.6. (ra!Vc) 06.na.CTI> ,,_ * 
.zteflcTB:l!ff w (raB) lpparMeHTanmt < -8K,(7T~)> 

pp 205 { ~ =19, 7) lpp!IV. Mm!IeHH 4,5;±0,l 

Irp 40 ( -is' =8,7) ippm.1.nyima 4,21,±0,03 

rrc 40 lppm.1.IIy'tKS 4,19,±0,04 

~N <vJ> = 8 q,panl • TOKa. 4,12±<),17 

Irp 40 (-ls =8, 7) lpp!U'M .MmIJeIDI 4,06,±0,04 

ire 40 lppan.!.Mml!eHR 4,36,±0,04 

~N <'w> = 8 lpparM .Ml!llleIDI 4,16,±0,30 

pp 22,4 (.Js':::6,6) lppanJI.MmIJeHR 3,95±0,03 

:SN <W> = 4,9 lppal'M. TOK8. _ 3, 68,±0 , II 

:SN <W> = 3,5 lppal'M.TOK8 3,17,±0,II 

;;N <W> = 4,9 ipparM. MlDIIemt 3, 45,±0, 19 

p(C:JI8)+pTa IO lppal'M .Mlllll8HH 2,13±0,04 

pp 12 (-1$' =4,9) !ppm.I • MmlJ eHR 3,53±0,0I 

pp 5, 7 ( -Is' =3,6) lpJX3.I'M .MmlleHR 3,21,±0,0I 

;;N <W> = 3,5 . ippan.1.wnneHH 2,75±0,15 

* B T86JIHne Ilp.HBO,IUITCJI CT8THCTR'teCIGJ8 onm6KII. Cll:CT8M8Tll'tecKIIe onm:6..! 
Kit, CBJmaHHUe C HellpaBMI,HOff H,IteHT~efl nOJIOUTeJII,HHX 'IBC~, 
BXO,lUllltlIX B onpe,neJieHIIe OCH CTPYH, COCTaBJUDJT 5tl0%. 

\. 

B 3TOM llpOCTpaHCTBe peamrnyeTCJI IIJllUmHII OCJI86JieHWI KOppeJI.RIU'dt, '· 
,'ltOTOpufl MeT B03MOl!HOCTl> pacCM8TpJIB8Tl> CTPYH rum RJiaCTepu a,Jij)OHOB C 

OTHOCRTeJII,HO M8JIUMR 3H8'teHIDIMK 8LK B 8TOM llpOCTPSHCTBe *. 
001, CTPYH onpe,neJUieTCH Kalt e.D:IIHR'tHLlfl 'teTUpeXMepHHA BeKTOp V , 

KOTOpufl H8XO,11Ji!TCJI R3 YCJIOBIIJI MHJmMYM8 BeJIR'tRHU 

* A.M.Iia.J:Wm, JI.A • .I{iJ.neHJto. - B c6.: "KpaTIUie coo6111eHRJ1 OH.RH", Ji 3-84, 
,1Jy6Ha, 1984, c.5; Ji 8-85, ,1Jy6Ha, 1985, c.5. 
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E ~ .. =-l: (V-u.k) 2. 
I< "' 

(9) 

Mm!m.iyM Be.mrtmHU (9) COOTBeTCTByeT 

V= Li uK/-JCE.u.K) 21 

K K 

0T6op 't8CTRn, npRlI8A1IeJEalllHX CTpye, npOBO.I(llTCJI c noMOIIII,Kl peJIJ1-
THBRCTCKII•HHB8JmaHTHUX nepeMeHHUX 

X~=(tn/m1)(u,N~)>r- (0,!..;-0,2), r.ne N~=u~/(u
1
,uf!), 

R ~=(Ynjm~xu.,N1)>,-,(0,i-':-0,2), rje N:r=U1/(Uy•U,1), 

(IO) 

.ltJIJI CTpyfl, o6pa.3yD!t1DCCJI, COOTBeTCTBeHHo, B o6JiaCTH lpparMeHTainm Ha
JieTallllefl 't8CTHnU H 't8CTRnU-MHllleHR. 

/J~-IJ°'\ 
\ 

G)PQUI. AtlolWCM.W 

• -Rfl,40 f1!,4 
a-.n-c, 40 r If{, 
• - pp, 20s r,s,. 

Cl>PAUl. nw•uccl 

' 
o-JrC,40 r~M 

--- irp. 40 r,e;, 

10
4 

;f 
}ti 

i 'b 
• f t 

. l 
10 20 30 

-f,K 

P.ac: 5 • Pacnpe,neJieHRe Ir -Me
soHoB no f3.,, B o6Jiacrn 
!ppal'MeHTanRH IIy'tK8 (~::,. 0,1 
H ~~O,I) R MmneHR (~>--0,I 
R ~ ~ 0,1) .ttJIJ1 pa3HWC TmIOB 
peaxnmt. 

Ha pn:c.5 npRBo,nmcn pacnpe,neJieHHJI 
no -8 K .ltJIJI CTpyfl. Bl:l,Il;eJieHHHX B COOT-
BeTCTBHR c yCJIOBHRMH (IO) .ltJIJI Irp-, 
Ire- R p~BsaRMo,neffcTBd. B Ta6JIHne 2 
npe.ncTaBJieHu 3Ha'teHRR <-8K> KaK .D:JIJI 
WII'1GilC nponeccoB (Irp, rr'c, pp, pp), 
TaK H .D:JIJI llteCTimX ;i N -COYMPE!HHfl. 
BH.n;Ho, 'ITO pacnpe,neJieHRJI·a.npoHoB no 8K 
B CTPYJDC RMelOT YHRBepcam,Huff X8paKTep 
Kalt B Mlll'KKX I Ta.K H B JKeCTIWX CTOJIKHO
BeHHJlX 'taCTRn, He 38.BRCRII!Hfl HR OT Tmta 
ipparMeHTRpyunefl CHCT8MU ( N , Jr, p, C, q ) , 
HH OT 3Hepru B38HMO,neffcTBWI .D:JIJ1 

PJia6• >,., 22 raB/c ( -vs'= w ~ 6 reB). 
Ilpe,ncTaBJIReTCJI, 'ITO 3T8 YHRBepcam.HOCTb 
o6yCJIOBJieHa CBOffCTBaMK B38HMO,neffcTBWI 
nB8Tma B8PJI.D:OB C BaKyYMOM R 03HatmeT, 
tITO a,Jij)OHH3anRJI nBeTHwc 38.PJI.D:OB B Ba

KY'JMe RMeeT CT8TRCTH'tecRHff X8paKTep, 
He saB:e:csmtl!fl OT cnoco6a me o6pasoBaHHJI. 

B 38KJmtI8HHH ClpOIJMYJIRp0B8.HI,1 OCHOB
HUe peayJII,TaTu ,n:e:ccep.ranxomroit pa6oTu: 

l. IlpoBe,neH aHaJIR3 cTpyflHoro poz-
,neHHJI BTOJm'tHUX 'taC~ Ha CJie,nyuneM 3RCn8pxM8HT8JIE,HOM M8T8pn:aJie: 
Irp- H JrC-BBaHMo,neitcTBRJIX npn: P = 40 reIVc, pp-Bsamio,neflcTBWDC np:e: 
P = .205 raatc, ~N ·-BBaHMo~effcTmmx c < E;;> = 35 raB. 06mM cTaTRc
TRKa COCTaBJIJleT OROJIO 40000 co6umfl. 
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2. I!OKB.38HO' 'ITO B MJll'ruDC Irp- H KYMYJIJITHBHl:lX rre-Bs8KMO.zte:ttcT
BWlX TIIJK m.myJI1,ce 40 raB/c (BIIepmrn B a,npoH-JJ.ItepHl:lX BsSHMo.ne:ttcTBKJIX) 
Ha6JIPJ,ItaeTCS! o6pa30BaHKe ,ItByx CTpyi! a,ItpOHOB, ltOJtJmMHpc>B8HHl:lX no"Ha
npaMeHKD ,ItBHllteHH!i nepBK'IHl:lX CTaJ.lru!BalOIIllfXCS! imCTKU B lIX c.u.n:. (T.e • 
B 06JiaCTH qiparMeHTauim lIY'{RB. K MK!lleHH),erpy,r KHTepnpeT:apYl)TCS! :Kalt 
pesyJII,T8T a.npoHKsauim HenpOB38KMO,IteffcTBOB8BIIIKX ltBapltOB (.n1ncBapltOB) 
OT nepBK'IHOro IlKOH8 (npoTOHa) )1)UI Irp-B38KMO,ne:ttcTW KJIK My-JII,TlmB8p
ltOBl:lX COCTOS!HKtl (;J1,JUI ltYMfJIS!THBlillX IrC-B38KMO.zteilcTBKil). 

3. 061I1Ke CTpyi!Hue xapaxTeIJKCTKRK, TaRKe,ltaR C~IJKCHTH, TpaCT, 
cpe,IlHS!S! MHOXeCTBeHHOCTI, sapmteHHl:lX ~8CTKU B CTpymc, cpe,IlHKe 3Ha~eHRS! 
npo,ItOJII,Hl:lX II nonepe"llillX KMnyJII,COB ~8CTKU OTHOCHTeJII,HO OCH CTpyi! K 
.np. B npe,neJiax 8KcnepKMeHT8JII,Hl:lX Oil!K60lt COBI18.Il8DT )1)UI MSll'RRX Irp-, 
IcyMyJIS!TKBHl:lX rre- (.IlJIS! a.npoH-JJ.Itepnux B38llMO,IteficTBKil llOK838HO Bnepmie) 
H e+e--B38KMO.zteilcTBKil npK O,ItKH8KOBl:lX 8HeprruDC B C,U,II. B38RMO,ItetlcT
BYJ(lllKX 'l8 CTKU. 

4. Ilo:Ra38HO, ~TO qiy1uum:K qiparMeHTauim ltBapKOB K ,ItKRBapKOB B a.n
poHU B MS!rlCKX a,npoH-8,ItpoHHl:lX, B eyMyJIS!THBHl:lX a,npoH-JJ.ItepHl:lX (8H8JIK3 
llpOBO.ItKJIC!i BnepBUe), B rJIY60KOHeynpyrHX ~(J)p - K e+e--B38RMO.zteilcT
BKSDC COBll8,It8IOT B npe,neJiax 8KcnepKMeHT8JII,Hl:lX OlllH60K npn 0.IlKH8KOBIIX 
8Heprmtx B c.u.K. CT8JIKKB8100UDCC!i ~8CTKU. ~YHKUKK !ppaI'MeHT8UKK KBap
KOB K .IlKKB8PKOB B 3TlIX npoueccax OTJIK~8DTC!i .npyr OT .npyra, eCJIII RX 

paCCM8TIJKB8TI, C llOMOmI,D peJIS!TKBKCTCKK-HeKHB8IJK8HTHl:lX nepeMeHHUX 
( Tp0..IlKUKOHHl1fl 8H8JIK3) , 

Ilepe~cJieHHue pesyJII,T8Tl1 ytt8311B810T Ha TO, ~TO a,ItpOHK38UWI KB8p
KOB II .IlKKB8pKOB B T8KIIX pa3.JIHlIHl1X npoueccax, R8K Mfil'Rl!e a,npoH-a.ztpoH
HUe, KYMYJIS!T1IBH11e a,npoH-smepHue, rJIY60KOHeynpyrKe .;,(;j)p

4 
- II e+e-- ' 

BsaKMo,ne:AcTmrs, 1IMeeT yHKBepc8JII,Hlilil xapaKTep. 
5. ~p.!KpoB8HIIe CTpyi! 8.npOHOB B eyMyJIS!TIIBHl:lX B38KMO.zte:AcTBKSDC 

a.ztpoHOB C JI6I'KllMH JU(paMII npolICXO.IlKT, B OCHOBHOM, 38 npe,neJiaMK JJ.Itpa. 

6. BnepBUe 611JI KCilOJil,30B8H MeTO.Il peJIS!TIIBKCTCKK-IIHB8IJK8HTHOro 
·Olll!crums MHOXeCTB6HHl:lX npoueccoB B npocTpaHCTBe OTHOCKTeJII,Hl:lX ~eTupex
MepHl:lX CKopocTe:A H HOB!Itl M8TO.Il Bl1,IleJieHKS! a.ztpOHHUX CTpy:A B pa3HblX TII
nax B3!UIMO,IleilcTBl!:A (Irp, pp, pp, rre, i5 N ) B KHTepBaJie 8Heprllff 6t ;. 
205 rsB •. 

· ? • ITOK838HO, ~TO B OTJIK~e OT Tpa.IlKUKOHHOro H8KHB8plraHTHOro no.n
xo.na B npocTpaHCTBe ~eTupeXMepHl:lX OTHOCKTeJII,HUX CKOpocTefl pacnpe.ne
JI8HK!i BTOpH~ sapmteHHl:lX '!8CTKU no KB8,Itpa.TY ~eTHpeXMepHo:A CKOpoCTH 

~K OTHOCHTeJII,HO OCH CTpyi! B MJll'RHX a,ItpOH-8,Iij)OHHl:lX (Irp, pp, pp), 
a,npoH-JJ,ItepHHX (Ire), a TaRXe B rJIY60KOHeynpyrKX JI8IlTOH-H.It8PHl:lX (-;; N )

B38RMO,neflCTBKSDC Kalt B 06JI8CTH qiparMeHT8Ulm MKIIl8HH, T8K H B o6JiacTK 
qiparMeHT8Ulm lIY'{RB. 0.IlKHaROBH, T,e. 8,ItpoHK38UWI ltB8pKOB, .IlKRBapKOB .II 
My-JII,T.IIKBapKOBWC C.IICTSM B 3TlIX nepeMeHHl:lX .IIMeeT yHKBepcaJII,M xapaxTep. 
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a. Pacnpe,ne.nemui: H cpe,IlHKe 3Ha~eHWI ltB8.Ilpa.TOB paSHOCT.11 ~eTupex
MePHl:lX CROpocTel < -31< > Il.llOHOB OTHOC.IITeJII,HO OCH . CTpyfl B MlJI'K.IIX a.ztpOH
a.npommx (Irp, pp, pp), a.ztpoH-JJ;ItepHl:lX (Ire) H rJIY60KOH8ynpyrHX JienTOH
JJ;Itepma ( ;5- N )-CTOJIRHOBeH.IIS!X He 38BliCS!T OT 8Heprmi B38KMO,It8flCTBM B 
RHTepBaJie ,/s'= w = 6+26 reB. 

Tmtm.r oCSpaSOM, B peJISITHB.IICTCRII.:KHB8IJK8HTHOM nomco.ne Ha:A,neHa HO
B!!JI ymmepC8JII,H8!! :xapaRTep.11cTKI<8 MHoxecTBeHHl:lX npoueccoB, He samrcs-
1!18R OT 8Hepro H COCT8B8 KB8pKOBOI C.IIC~eMH, KOTOpan: xapaxTepnsyeT .Illl
HaMHKy 8.IlJ)OH.IIS8Ulm UBeTHUX KBapKOB, 

0CHOBlm8 pesyJII,T8TH .IlHCC8pT8Ulm onyCSJlHROBaHH B paCSoTax: 

·1. B.r.I'pmmm, .lI.A • .ltRJteHKo, T.KaHapelt, 3.B.MeTpeBeJI.11, B.e.MypsHH, 
.lI.H.eapH11eB8. AliaJms MHO&eCTB8HHOro p0lt,It8H.IIS! B Irp-BSamio.neflcT
BWIX IIPH HMIIyJII,Ce 40 raB/c C nOMOll!I,D KOJtlleltT.IIBHUX nepeMeHHUX. -
m, 1983, 3?, 9I5. 

2. B.r.I'pmmm, JI.A • .ItR.Itemto, T.KaHapeK, 3.B.MeTpeBeJI.11. Ms~eHKe HH
XJlll3HBHUX X8paRT8JlHCTHR ~CTHit B CTpymc B Irp-Bsam10.net!CTBWIX npn 
BMIIyJII,Ce 40 reB/c. - OHfilf, PI-83-306, lJ.yCSHa, 1983. 

3. B.r.I'pmmm, .lI.A • .ltRJteHRo, T.KaHapelt, 3.B.MeTpeBeJI.11. CpaBHeH.lle 
CTpyflHoro noBe.zteH.11!! M830HOB B Irp-cTOJIKHOBeHKSDC npn HMnyJII,Ce 40 
raB/c c .Il8.HHIIY.II e+e--aHH.llrRJIJUJ;RH. - 0HHH, PI-82-754, lJ.yCSHa, I982; 
- m, 1963, 38, 96?. 

4. B.r.rpmmm, .n.A • .ItR.Itemto, 3.B.MeTpeBeJI.11, ~panieHT8UIIS! RBapltOB H .Illl
KBapKOB B Irp-Bsam.10.net!CTBWIX llp.11 P = 40 raB/c. - 0HHH, Pl~3-823, 
lJ.yCSHa, 1983; ,_ m, 1984, 40, 936. 

5. B.r.rpmmm, .n.A • .ltRJteHKo, B.M.KapnayxoB, K.KoKa, A.A.KysHenoB, 
3~B~MeTpeBeJJH. ~paI'MeHTanRII IIBapKOB H ,znm:sapKOB B CTpaHHHe '!8CT.II
IJµ B Irp-Bsamio.ne:ACTBMX llp.11 P = 40 raB/c. - 0HHH, PI-84-?9, lJ.yCSHa, 
1984; - ~. 1985, 41, 684. 

6. B.r.I'pm!nm, .n.A.JumeHKo, A.A.KysHeUOB, 3.B.MeTpeBeJI.11. KoppeJIS!Ulm 
no MHOaecTBeHHOCTR BTO~IIX Sap.!DteHHl:lX ~CTKU, p0lt,It8HHI1X B·nepe.n
Hel H 38.Illiel no.ny~pax B c.n;.H. B Irp-B38RMO,ItettcTBMX llp.11 p = 40 
raB/c. - 0HHH, PI-85-259, JJ.yCSHa, 1985; - m, 1986, 43, 609. 
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7 •. A.M.BaJr;tim, B.r.rpmrum, JI.A.~eHKO, A.A.KysnenoB, 3.B.MeTpeBeJIR, 
Hsy,te:mte o6pasooo.:mrn: CTpy1l 8,Ilp0HOB B RyMyJIJITllBHIDC IrC-BSam.!O,IteitcT
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