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OBIUAH XAPAKTEPVfCTLmA PABOTli 
.ARTya~bHOCTb npo6JieMH.VfCCJienoBaHHe Bepmmm 1' - 3'lt 

npencTaMHeT 60Jibmoa HHTepec B CBH3H C B03MOlKHOCTbID IIpOBepKR 
PHIIOTe3H Irnp8~bH11X 8HOMa~. KOTopaH no~omeHa B·ocHOBY aqq)8KTHBH11X 
Irnpa~bH11X ~arpaJKHaHOB (3M). ·MeTon 3M paccMaTpHBaeTCH B 
H8CTOHJUee BpeMH K8K H8H6o~ee yno6Hlltt no.ll,Xon K OllHCaHHID M830HH11X 
npoueccOB B HH3K03HepreTH'!eCKOM npene~e KBaHTOBOtt XpoMO.lnffiaMHKli. 
CnpaBe~OCTb Ilp8)lJ!OmeHHott 6o~ee 20 ~eT Hasan TepeHTb8BllM H 
.A,n.nepoM HH3K03HepreTH'!8CKOtt TeOpeMH. CBH3llB8100l0tt aMIIJIHTY.lnl 
npoueccoB 'Ito-+ 2)' H )'-+ 3'1t, KaK HeO,!JllOKPaTHO OTMeqa~OCb MHOrHMH 
aBTOpaMH, HMeeT 60~bmoe 3HaqeHHe ~ IIpOB8pKli rHIIOT83H IrnpaJibH11X 
aHO~a~. KpoMe TOro,-~Tyna 1'-+ 3'1t, TaK me KaK H 'Ito -+ 2)'. 
onpene~H8TCH O,!JllOtt KBapKOBOtt neT~eBott .1n1arpaMMott. qTQ ne~aeT 3TOT 
npouecc yno6HUM cpencTBOM npoBepK!i TeOpHH UB8THI:lX KBapKOB. 
AMmmTyna 1' - 3'1t pacc~TUBa~acb B pasHoe npeMH B pil,lle Mone~ea, 
no3TOMY 3KCnepHM8HTa~bHOe HCC~enoBaHHe 3TOtt Bepmmm npencTa~eT 
HHTepec TaKme H C TO~H 3p8HHH npoBepKR 3THX Mone~ea • .l{HccepTaURH 
nocBmneHa 3KcnepHMeHT8~bHOMY HCC~enoBaHHID Bepmmm )' -+ 3'1t B 
peaKUHH ,1UICCOUR8UHH '1t-+ n° B KY~OHOBCKOM no~e smpa B6JIH3H nopora 
pomneHHH nHOHH11X nap. no HCCJienoBaHHH, no~omeHHoro B ocHoBy 
,nRccepTaUHH. KOHCT8HTa CBH3H B8pmHHll )'-+ 3'1t H ceqeHHe peaKUHH 
'1t-+(A.Z)-+'1t-+'1t0 +(A.Z) He 6~ H3M8peHH. HeCMOTpH Ha H80,!JllOKPaTHlle 
noITulTKli TaKRX H3Mepelilitt. 

Ue~bID p,HCC8pT81.@0HHOtt pa60TH HMMOCb 3KCnepHM8HTaJibH08 
HCC~enoBaHHe aHOM8~bHOtt Bepmmm )'--+ 3 '1t B peaKUHH o6pa30BaHHH 
IlHOHHllX nap IlHOH8MH B Ky~OHOBCKOM no~e Hnep '1t-+(A.Z)-+'1t~+%0 +(A,Z): 
HsMepeHHe ceqeHHH aTott peaKUHH B o6~acrn Ma~ sHaqeHHtt 
mmapHaHTIIHX Mace CHCTeMH 'It- 'Ito H onpene~eJme KOHCTaHTH CBH3H i3'1t 
Bepmmm 1- 3 'It. 

!Acc~eno_BaHHH, no~omemrue B ocHOBY .1n1ccepT8UROHHott pa6ow, OHJIH 
BHilO~eHH IIpH yqacTHH aBTOpa COBMeCTHOtt rpynnoa Olffi!A-JA~BS-JA~ AH 
rccP-IAH~H (MMaH, IATaJIHH) •. 

HayqHaH HOBH3Ha HCC~0AOBaHHH 
BnepBHe 3KCn8PHM8HTaJibHO HsyqeHa peaKURH ,lUICCOURaUHH '1t-+B0 B 

KY~OHOBCKOM no~e anep B6JIH3H nopora pomneHHH IlHOHHHX nap, H3Mep8HO 
no~oe ceqeJme m,ouecca B oO~acrn: s=(p'!t- + P'lf)2 ~ 10 ~ q2~ 
2-10-3 (raB/c)2 • BnepBHe aKcnepHMeHTaJibno onpene~eno snaqeJme 
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KOHCTaHTll CBH3H aHOMaJlbHOtt Bepmmm 1 --. 3 %, qTo TI03BOJIHJIO 
npoBepHTb rHTIOT83Y KHpaJ!bHIIX aHOMa.rrml: H TeopHID UB8TH11X KBapKOB. 

IlpaK~8CKaH U8HHOCTb 
Tio.rryqe~ pesy~bTaT )lJIH KOHCTaHTll CBH3H F3% B npene~ax 

3KCTI8pHMeHTa~bHllX onrn:6oK H TeopeT~8CKHX TipH6JIIDKe~ cor~acyeTCH CO 
3HaqemeM, KOTopoe c~e~eT 113 HH3KO&HepreTHqecKott TeopeMh! 
TepeHTb8Ba-.A)lJiepa, TeM caMHM nonTBepiK,naeTCH rHTIOTe3a KHpa~bHhlX 
aHOMa.rrml:, ~eJKamaa- B OCHOBe 3(lxpeKTHBHllX KRp8~bHllX ~arpaHl!lli8HOB 
Becca-3YMRHO-BHTTeHa - coBpeMeHHoro cnoco6a orrncaHHH HH3KO&Hep
reT~ecKoro npene~a KXJI. Cor~acHe no.rryqeHHoro sHaqeHHH F3% c 
TeopeTHqecKHM pacqeTOM B KBapKOBOtt MoneJm: IlpH 'IHC~e 
KBapKOB, paBHOM 3, nonTB8piK,naeT T~e UB0THYID SU(3) 

UB8TOB 
CHMMeTpllID 

KBapKOB. 
ABTOpoM 6H~ paspa6oTaH KO~eKC nporpaMM, MoneJm:poB8llliH H 

aHaJm:sa (p:11311qecKHX naHHhlx, o6ecne'!HBnrn:tt onpene~eme 11cc~e~eMh!x 
(p:11311qecKHX BeJm:qHH. OH MOlK8T 6HTb llCTIO~b30BaH B na~bHe:8IneM )lJIH 
Ilp8Ull3HOHHIIX HCC~enoBa~ Bepmmm 1 ➔ 3%. 

ABTop sammnaeT: 
Pesy~hTaTll 3KCTiepHM8HTa~bHllX llCC~enoBa~. BllTIO~eHHhle C 

npHMeHeHHeM paspa6oTaHHott MeTo~ 11 nporpaMMHoro o6ecneqema: 
a)ll3M8peHHe ceqeHHH npouecca KY~OHOBCKOtt ~CCOl.l,llaURH %

.%-%0 B OKO~onoporoBott o6~8CTll S < IO m;;; 
6)3KCTI8pHMeHTa~bHOe onpene~elllie KOHCTaHTll CBH3ll F3%(0). 

CTpYKTYPa ~ccepTal.J;IIB 
.!{llccepTal.l,llH COCTOllT H3 BBeneHHH, 6 r~aB H 3aK~qeHHH, 

coneplKliT 96 CTpaHllU M8nrn:HOTIHCHOro T0KCTa, B~qaa 23 pllcymta H II 
Ta6Jm:U. 

CO.llEP)KAHI,IB PABOT!l 
B nepBott r~aBe o6cyJK,naeTCH sHaqeme Bepnrn:HH' 1-3% )lJIH Teopllll 

KHpaJ!bHIIX aHOMa.rrml:. OTMeqeHo, qTo H3Mepelllie KOHCTaHTH CBH3ll F3% 
3TOtt Bepmmm TI03BOJIHJIO 6H IIpOBepHTb Hll3K03HepreTHqecKyID TeopeMY 
TepeHTbeBa-.A)lJiepa, cBH3HBaIOOJ.YID ~TYJ.Ul npoueccoB 1-3% 11 %0-➔21 
(pHc.I), KOTOpaa llM68T BalKHettinee 3HaqeHll6 n~H rHTIOT83ll KHpa~bHllX 
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·Pllc.I .!{llarpaMMH, OTIHCHBaIOlllR6 B 
Hll3K03HepreT~6CKOM npene~e 

·aHoMa~hH116 npoueccn: 
a) %a--+ 2 1; 6) 1 :__. 3 % 

2 

aHOMa.rrml: - npllHUIBia, ~eJKamero B OCHOB6 &(lxl)eKTHBHllX KHpa~bHllX 
~arpaHlKllaHOB (3KJI). MeTon 3KJI HB~H6TCH C0Bp6M6HHHM CTIOC060M 
orrncaHHH MesoHHHX npoueccoB B Hll3KO&Hepre~ecK~M npe~e~e KXJl H 

HHT6HCHBHO pa3BHBaeTCH B HaCTOflm66 BpeMH. Hli3K03HepreT~6CKaH 
TeopeMa H ~Ott pacqeT TI6T~6BOtt :fmarpaMMH B KBapKOBOtt MoneJm: npH 
Nc=3 naIDT F (0)=9,5 rsB-3 (TOWOCTb TeopeT11qecKHX npH6Jm:me~ 
- IO%). PaccMaTpHBaIDTCH pesy~bTaTll pacqeTa KOHCTaHTll F
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pa3Jm:qH1!X TeopeTHqecKHX Mone~HX. 06cyJK,naIDTCH B03MOlKHll6 CX6Mll 
TIOCTaHOBKll 3KCTI6pllM0HTa )lJIH 113yqeffillH Bepmmru 1--. 3 %. Ilo~6HO 
pacCMOTpeH peaJm:30BaHHhltt B naHHott pa6oTe cnoco6 3KCTI8pllM8HTa~bHOro 
HCC~enoBallliH naHHott BepmHHH B peaKURH pOJK.n8HllH TIHOHHHX nap TIHOHaMH 
B KY~OHOBCKOM no~e ~ep H OTMeqeHhl ero npeHMymecTBa TIO cpaBH8HHID 
C .n.pyrHMH MeTonaMH. IlpHBeneHhl BHpaJKellliH )lJIH C6'l:eHllH &Tott peaKURH, _ 
HCTIO~b3Y0Mhl6 B na~bH6:8ln6M. 06cyJK,naIDTCH oco6eHHOCTll 'peaKURH, 
onpene~HIOlllR8 H606Xo~e yc~OBHH IIpOBeneHHH_3KCTiepllM6HTa: BllCOKaH 
&HeprHH ny~a Haqa~hHhlX rrnoHoB, xopomee paspemeHHe no nepenaqe 

llMTIY~bca HJJ.PY• 
Bo BTOPott r~aBe orrncaHa 3KCTI6pllM6HTa~bHaH YCTaHOBKa "CHrMa", C 

TIOMOmhID KOTOpott 6H~ HCC~enoBaH npouecc poJK.neHllH TIHOHHhlX nap B KY
~OHOBCKOM TIO~e anep/I/_ IlpHBeneHhl xapaKTepHCTHKH ee Y3~0B, a TaKJKe 
KPHT8pHH OT6opa co6HT:litt nsyqaeMott peaKURH, HCTIO~b30BaHH116 npH op
raHH3aURH Tp:11rrepa, yKa3aHa Ha6paHHaH B 3KCTI8pllM8HT6 CTaTHCTHKa. 

• M 

Beam 

BPC2~ H1 8~1 -
I I I ) I I • -;n,,Q11,Y1 
A1 S4 C1 S3 S2 D S1 

Beam 

CPMi T 

Ym 15 5 0 -s -10 

Pllc.2 CxeMa 3KCTI6pllM8HTa~bHOtt yCTaHOBKll "CHrMa". 

CxeMa 3KCTI8pllM0HT8~bHOtt YCT8HOBKll npHBeneHa Ha pHc.2. TiyqOK 
OTpHUaTe~bHllX TIHOHOB C llMTIY~bCOM 40 rsB/c, nanaIOlllRtt Ha MHIIl8Hb T, 
onpene~H~CH Cl.l,llHTliJIJlfll.l.llOHHHMll cqeTqHKaMH S1-S4,A1, rasOBllM 
noporoBHM C1 H ~peHUHa~bHllM D qepeHKOBCRHMH cqeTqHK8Mll. 
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lmTeHCHBHOCTb MOlillTOpHoro CHrHaJia "beam" = S1·S2·S3·S4·D·C1·A1 
COCTaBJIHJia 106c-1, pa36poc qacT:im TIO liMIIYJlbCaM B ny'!Ke COCTaBJIHJl 
tp/p = ±2,5%. l{oop,!UlliaTbl H yrJlhl qacT:im B TiyqKe H3MepHJlliCb npH 

TIOMOUU1 Cl.UffiTliJlJIH!lliOHHhlX ro~OCKOTIOB H1 H H2 H ~BYX 6JIOKOB 
IIpOTIOP!lliOHaJibHhlX KaMep BPC1 H BPC2 c paspemeHHeM: O(X,Z) = 0,6 MM, 

o(0) = 0,12 Mpa~. Co~epmalille IlliOHOB B ny'llie 6HJIO 95%. 
OCHOBHaH CT8THCTliKa 6blJia Ha6paHa Ha Ml!llleHHX C, Al, H Fe. 

TOJlllllIBa Ml!lll0Hett ~ 0,25 pa~.~ Bhl6:apaJiaCb B COOTB0TCTBlili c 
Tpe60Ba1IBeM MaJioro BKJia~a MHoroKpaTHoro pacceHlillH B paspemeHHe 
YCTaHOBKli TIO . Tiepe~aqe liMIIYJlbCa H~Y. CHCT0Ma cqeTqliKOB 

aHTHCOBTia~eHHa, COCTOfllll8H H3 cqeT~OB R, G H F Tlilla "c&~B:l{q" 
(CJIOH CI.UffiTliJlJIHTOp - BOJII,{ppaM, Cl.UffiTHJlJIHTOp - CBliH0U),OKpymaBlliliX 
Ml!lll0Hh, TioporoBoro qepeHKOBcKoro cqeT~a c2 , pa6oTaBmero B pemHMe 

aHTliCOBIIa~eHHa C TIOporoM ~JIH IlliOHOB I8 rsB, CI.UffiTHJlJIH!lliOHHOro 
cqeT~a ~• pacTioJiomeHHoro Tiepe~ raMMa-~eTeKTopoM H 
HCTIOJlb30BaBmeroCH ~JIH HCKJIIOqelillH C06h!T:aa C TIOTia~alilleM sapHmeHHblX 
qacT:im B raMMa-~eTeKTOp, CI.UffiTliJlJIHJlliOHHOro cqeT~a B, 

sanpemaBmero qopM:apoBalille TpHrrepa npH HaJlli~ 
HenpoB38HMonettcTBOB8BlliliX IlliOHOB, HCTIOJlb30B8Jl8Cb IlpH (f)opM:apOB8Hlili 
Jior:aqecKoro c:arHaJia "anti" = R + G + F + c2 + A2 + B, 

Tio~epmrna!OOlero B TpHrrepe HY~ Tlill peaKUlili. 
vfMrryJibC pacceHHHoro %--Me30Ha H3M9pHJICH npH TIOMOUU1 MarlillTHOro 

CTI9KTpoMeTpa, COCTOfllll9PO H3 MarlillTa M, CHCT9Mhl IlpOTIOpJlliOH8JlbHhlX 

KaMep CPM1,2 H CHCT9Mhl HCKpOBhlX KaMep CH3-5· CHCT9Ma IlpoTIOP!lli
OH8JlbHhlX KaMep CPM1,2 06ecTieqmiaJia TO~OCTH npH H3M9p9Hlili 
Koop,!UlliaT H yrJioB pacceHHHh!X qacT:im: o(x,z) = 0,6 MM, o(0) = 0,12 

Mpan. ,a HCKpoBhlX - c TO~OCTbID 0(0) = 0,38 Mpan. vfMrryJibC sapHmeH
HhlX qacT:im H3M9pHJICH B npH6Jllim0Hlili O,n;HOpO.IUIOro MarlillTHOro TIOJIH C 
TO~OCTbID bp/p<I%. CqeT~ s% HCTIOJlb30B8JICH nJIH Bp9M9HHOtt IlpHBH3Kli 
TpeKOB B HCKpOBhlX KaMepax. lIJIH perHCTpaUlili ql()TOHOB OT pacTiana 
%0-Me30HOB HCTIOJlb30B8JlCH ronocKon:aqec~ qepeHK-◊Bc~ CTieKTpoM9Tp 

Cao (pHC.2), HMS~ 8TI9PTYPY 50 x 50 CM2 • raMMa-cTieKTpoMeTp 6h!JI 
co6paH H3 80 qepeHKOBCKliX cqeT~OB TIOJIHoro TIOPJIOID91IBH c pa,nHaTO
paMli H3 CBliHUOBoro CTeKJia, cqeT~ BHemHero CJIOH (16 IDTYK) HM9Jlli 
pa3M9p IO X IO x42 cM2 (~14 pan. ~). BHyTp9HHli9 64 cqeT~a 
HM9Jlli reOM9Tpffi9C~ pa3M9p pa,nHaTopoB 3,8 x3,8 X 42 CM2 • 
AMILrrliTy.n;l,I aHO.IUihlX ClirH8JlOB OOY BC9X cqeT~OB H3M9pHJlliCb IlpH 
TIOMOUU1 npeo6pa30BaTeJiett sap~-Kon. vfMrryJibChl C TIOCJl9,n;HliX ,!UllionoB 
BHYTp9HlillX 64 cqeT~OB TI8CCHBHO CYMMHPOB8JlliCb, ·o6pa3YH ClirH8Jl 
"E,". Koop,!UlliaTa ,-KBaHTa BO BHYTpeHHliX cqeT~ax Bhlq:aCJIHJlaCb TIO 

4 

I 
I 

~· 

ueHTPY THmeCTH JlliBHH, C TIOCJl9~KXUett KOpp0KJlli9tt H0JlliH0ttliOCTH. 
Ollili6Ka B onpe~eJieHlili KOOp,!Ulli8Thl ,-KB8HT8 BO BHYTP9HHliX cqeT~ax 

·COCT8BJIHJI8 o(x,z) ~ 0,3 CM. Koop,!UlliaTa ql()TOHa npH perHCTp8Ulili ero 
BO BHemHeM cqeTqliKe onpeneJIHJI8Cb TIO (f)opMe 9Jl9KTpoMarlillTHOro 

JIHBHH12~ H3MepeHHott B cTie!lliaJihHOM MeTo,nHqecKoM ceaHce. B TOM me 
CJIYqae, Korna CHrHaJIOB B coce,n;HliX cqeT~ax (TIO OTHOID91IBID K TOMY, 

B KOTOphltt TIOTI8Jl !pOTOH) He 6h!JIO, 38 KOOp,!UlliaTy ql()TOHa IlplililiM8JlCH 
U0HTp cqeT~a. TaKHM o6pa30M, omH6Ka B onpeneJieHlili KOOp,!UlliaTH BO 
BH0IDH0M cqeTqHKe B cpe,n;HeM 6HJia O(X,Z) ~ 2,8 CM~ 

3HepreTHqecKoe paspemeHHe 64 BHYTp9HHliX cqeT~OB npH 
K8Jlli6poBK9 liX B 9Jl9KTpoHHOM TIYqKe C.liMTIYJlbCOM 26,6 rsB COCTaBJIHJIO 
o(E)/E = 3,5%. 3HepreT:aqecKoe pa3pemeHHe BHemHliX 16 cqeT~OB npH 

KaJlli6poBKe 6HJIO Toro me TIOPH.ll.Ka, O,n;HaKO OHO 38BHC9Jl0 OT M9CT8 

rrorranaHHH ql()TOHa B cqeT~ H3 -38 "BhlT9K8HliH" SHeprlili H3 cqeT~a 

npH TiorranaHlili qoToHa Bero Kpaa. CHrHaJlhl: "beam" - oT TIY'IBOBhlX 
CI.UffiTliJlJIHJlliOHHhlX H qepeHKOBCKliX cqeT~OB, "anti" - OT CHCTeMbl 

aHTHCOBIIa~aTeJihHhlX cqeTqliKOB, OT CI.UffiTliJlJIH!lliOHHoro ronocKorra -

"S%", a TaKme c:arHaJI "E
1

", 03Haqa~ cymecTBeHHoe sHeproBHneJielille 

B 1-neTeKT?PS, HCIIOJlb30B8JlliCb nJIH qopMlipoB8HliH Tp:arrepa: "Tp:arr:t' 
="beam"• TlafftI"" • "S%"•"E,"· YpoB0Hb Tplirrepa COCT8BJIHJI ~IO • 
no IlpliXO~ Tp:arrepHoro ClirH8Jl8 HH(f)opMa!lliH C neT9KTOpoB 

rrepenaBaJiaCb B 3BM, KOTOpaH ocymeCTBJIHJia T9XHli'l9C~ KOHTp0Jlb 38 
COCTOHlill9M arrrrapaTyphl, 38IIliCb HH(f)opMaUlili Ha MarHHTHble Jl9HThl. 

B Tp9Tbea rJiaBe H3JIOm9Hhl cxeMa H p03YJibT8TH MoneJllipDB8HliH 
9KCII9pHM9HTa. B qacTHOCTH, npmieneHhl p03YJibT8Thl pacqeTa 8KC0IITaHCa 
ycTaHOBKli B 38BHCHMOCTH OT pa3Hh!X KliH9MaT:aqecKHX rrepeMeHHh!X, 

pacqeTa S(pt)eKTliBHOCTH HCIIOJlb30B8HHhlX IlpH 8H8Jlli30 naHHhlX KpHT0pH0B 
oT6opa, a TaKme onpeneJieHo pa3pemeHHe ycTaHOBKH npH H3Mepelilili 
rrorrepe~oa rrepenaq:a HMnyJibca H~Y B HCCJie~eMott peaKUlili. 
IloJIYq9HH8H 38BHCHMOCTb aKC0IIT8HC8 OT SH q2 rrpencTaBJieHa H8 pHc.3. 
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PHc.3 3aBHCHMOCTb 8KC9I!T8HC8 YCT8HOBKli: 5 

a)oT KBa~aTa rrepenaHHoro ~Y HMTIYJibca; 
6) OT HHBapH8HTHOtt M8CChl %-% ~ CHCTeMbl 
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~3 pHCYHK8 BlU!HO, qTO 8KC8IlT8HC rr~aBHO M8HR8TCR B mIT8pBa~e 
q2<25•Io-3 crsB/c)2 • 3TO odCTORTe~bCTBO B8lKHO" c TO~ 3peHRR 
H86JIJO,neHRR IlliKB B &TOM pacrrpe.ne~eHRR. Ila.neHRe aKcerrTaHca B od~aCTH 
dO~bllIBX S orpaHR'IBBB~O mITepBa~ perHCTpRpyeMb!X 3Haqe~ &Tott 
rrepeMeHHOtt mITepecylOlllett od~aCTbID MaJ!llX mIBapH8HTHhlX Mace %--%0 

CHCT0Mll. C IlOMOIJU,ID rrporpaMMH MO,ne~BairnR 61rno T8KlK0 orrpe.ne~eHO _ 
pa3pemeHRe YCTBHOBKH IlpH H3M8p8Hlili rrorrepeqHott rrepe,naqH RMITY~bca 
R.nPY o(qT)=I7 MsB H &!WieKTRBHOCTH OTdopa COdHTlitt rrpH Ha~OlK8Hlili 
pa3~qHhlx orpairnqe~ Ha KmI8M8THqecKyID o6~8CTb. IlpH pacqeTe C 
IlOMOmbID MO.ne~B8HRR BC0X rrepeqHc~eHHh!X rrapaMeTpOB yqllTHB8~Cb 
pea~bHhl0 rrorpernHOCTH B orrpe.ne~eHRR RMITY~bca rrepBH~ %--Me30HOB, 
KOOp,nmiaT ll yr~OB B TpeKOBHX ,neTeKTopax, TOqHOCTb orrpe,ne~eHRR 
KOOp,nmiaT ll &Heprllll q)OTOHOB B raMMa-,neTeKTOpe, MHoroKpaTHOe 
pacceRHRe %--Me3oHa B MlillieHR. IlpH Mo.ne~oBaHRR rrapaMeTpH, 
xapaKTepH3YHmll8 reoMeTpRID ycTaHOBKH, BapbllpOBa~Cb, qToOH 
orrpe.ne~Tb rrorpernHOCTb aKcerrTaHca, CBR38HHYID C OllilldKaMR B RX 
H3MepeHRR. OllillOKa B orrpe.ne~eHRR aKcerrTaHca He rrpeBurna~a AE/8 < 4%. 
TOWOCTb B orrpe.ne~eHRR pa3perneHRR YCTaHOBKll du~a OKO~O IO%. 3TH 
rrorpelliHOCTH B .na~bHettllieM BOlli~ll B CllCTeMaTHqecKYID Ollill6Ky 
pe3Y~bTaTOB. 

B qeTBepTott r~aBe H3~0JKeHa rrpoue.nypa oOpadoTKH 
3KCITepRMeHTa~bHhlX ,naHHUX Ha 3Tarre BH,ne~eHRR COdHTlitt peaKUllll 
%-+(A,Z)-- %-+%0+(A,Z). PaOoTa OCHOBaHa Ha CTBTllCTRKe -8·I010 

%--M830HOB, rrponymeHHUX qepes c: Al H Fe Mlilli8Hli, a TBKJKe qepe3 
"IlYCTYID" Mlllli8Hb. 3allllC&HHaR liHq)OpMBUHR ( -I,I·I06 TpHrrepoB ) 6H~a 
odpadoTaHa C noMombID rrporpaMMH reoMeTpnqecKott peKOHCTPYKUllll- B 
pesy~bTaTe 6H~ BOCCTaHOB~eHhl rrapaMeTpH Tp8KOB 38pRlK8HHhlX qaCTRU, 
a TaKJKe 3Hepr.m ll KOop.nmiaTH q)OTOHOB B raMMa-,neTeKTOpe • 

0T6op codHTlitt R3yqaeMOtt peaKURH Ilp0ll3B0,nll~CR C noMombID 
c~e.nyromnx KpRTepHeB: 

-TO~bKO O,nHa OTpHUaTe~bHO 38pRlK8HHBR qacTRUB C llMITY~bCOM 
<I8 rsB/c saperRCTplipOBaHa B MarHRTHOM cneKTpOMeTpe; 

- yro~ pacceRHRR %--M030H8 0~a6>3,5 Mpa.n (&TOT KpHTepd 
HCilO~b30Ba~CR MR do~ee TOqHoro orrpe.ne~eHRR KOOp,nmiaT TOqKH 
B3BllMO,nettcTBRR); 

- TpeKH nepBHqHoro H pacceRHHoro IlllOHOB xopomo "CllillBaIDTCR" B 
Mlilli8Hli; 

-B raMMa-cneKTpoMeTpe saperncTpRpOBaHo ,nBa qJOTOHa c aHeprHett 
OO~bllie 2 rsB KaJK,nHtt. 

.lI.nR OTOOpaHHhlX codHTd B pacrrpe.ne~aHRR no 3q¢,eKTllBHOtt Macce 
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.l\BYX q)OTOHOB (pnc.4) llM00TCR IlliK, COOTB8TCTBY~ %0-Me30HY- ,lI.nR 

Cr _ All r1-Fe 

'~400 
!:::: 
~ 
8 

5 
:s: 
-::r 

80 

1/J 

60 

30 

100 :n:> 
Myy,IM38/C21 

Pllc.4 Pacrrpe.ne~eHRe saperncTplipOBaHHhlX codHTlitt no sq¢,eKTRBHott 
Macce .l\BYX q)OTOHOB MR pasHilx R,nep. 

COdHTlitt C %Q 6H~O nocTpoeHO 

npo.nyKTOB peaKUllll Etot = E.n; + 

C 

40 

30 

~ 
::r 

100 

3) 40 

pacrrpe.ne~eHRe 

E.y1 + E.y2 

Al 

30 

no noJlllott &Hepr:im 
(pHC.5), B KOTOpoM 

Fe 
40 

30 

20 

40 
Etor" E~•E,.o.(r3B) 

Pllc.5 Pacrrpe.ne~eHRe codHTd C %0-Me30H8Mll B KOH0~0M 

COCTORHlili TIO IlOJlllOtt &Hepr:im Etot = E.n;-+ ¥ . 
3(lxtieKTHBHOCTb OTdopa COdHTd Ha 

oueHHBa~acb C IlOMOIJU,ID rrporpaMMH 
KOTOpliX ITOJIH8fl 3H0p!'Hfl %- H %O B 

HadJIJO,naeTCR IlllK rrpH 40 rsB. 
KalK,1\0M 3TaTI8 odpadOTKH 
Mo.ne~Bamm. Co01rnm, B 
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KOH9WOM COCTOHHIDi COOTB9TCTBOBa~a Haqa~bHOil 3H9pl'lill, 
H,l\9H~BaJil'!Cb KaK C00HTHH p9aRl.l,HH ,nHCCOI.J,Hal.l,HH % -+ n°. Ana 
aTHX coOHTd B pacnp0n0~0HHH no q2-KBa~aTy n0p0naHHoro a~y 
HMIIY~bca (pHc.6} Ha BC9X· ~ax xopomo BH.l\9H xapaKT9pliliil n~a 

~I 
301 

251 
1t) C Al Fe 

PHc.6 3KCn9pHM9HTa~bH09 pacnp0n0~9HH9 COOHTd no q2 , MH 
pa3HHX MHill9H9tt: • - (f)liTHpYJOmaH 3KCn9pHM9HTa~bH09 pacnp0n0~9HH9 
CJMMa KY~OHOBCRHX COOHTd H (t)c>Ha; 0 - BK~an (t)c>Ha. 

KY~OHOBCKHX IlpoU9CCOB IlHR B oO~aCTH Ma~ n0p0naq. Ilhq>HHa TIHRa 
onp0n0~9TCH pa3p9ill9HH9M ycTaHOBRH. B r~aB9 TaKm9 aHaJil'!3HpYIDTCH 
HCTO'IlrnKH (t)oHOBHX COOHTd H OU9HHBa9TCH HX B03MO~ BMan B 
KOH9~ID BHOOpKy C00HTd. 

· B naToil r~aB0 np0ncTaM0Ha rrpou0nypa onp0n0~0HHH c0q0HHH 
H3yqa9MOtt p9aKl.l,HH H KOHCT8HTH CBH3H B9pmHHH r-+ 3 %. OOcymnaroTCH 
nBa cnocooa BHqHTaHHH (t)c>Ha M9PHHX B3aHMon0ttCTBHil npH o0pa00TK9 
pacnp0n0~0HHH no n0p0naq0 HMIIY~bca. B O.ll.HOM c~qa0 Ko~0cTBO 
coOHTd p9aKl.l,HH KY~OHOBCKOtt ,!lHCCOUHal.l,HH % -+ ~ B oO~aCTH q2 < 
2-10-3 (raB/c}2 OH~O onp0n0~9HO TIYT9M BHqHTaHHH non~omRH (t)oHOBHX 
coOHTd noc~9 99 SKCTpano~Hl.l,HH H3 oO~acTH Oo~bmHX n0p0naq. B 
p03y~TaT0 C>H~o no~q0Ho c0q0HH0 p0aK1.J,HH . Ha pa3HHX ~ax131 

(TaO~.l}. CHCT9Ma~9CKaH OillHOKa CBH3aHa C norp9illHOCTbID IlpoU9nJPH 
BHqHTaHHH (t)c>Ha non IlHROM. Bo BTOpOM c~qa9 MH onp0n0~0HHH qHC~a 
KY~OHOBCKHX coOHTd 3RCn9pHM9HTa~H09 pacnp0n0~9HH9 coOHTd no 
KBa~aTy n0penaqH HMIIY~bca ~y arrrrpoKCHMHpOBa~OCb CYMMOtt KY~O
HOBCKOro pacnpen0~9HHH H (t)c>Ha (MH KOr9p9HTHOro M9pHoro (t)c>Ha 

« 

s· 

TaCiJil'!Ua I. 

Muwe1-tb 3ucnepw;ieH11lO.l.b1-toe aoo~e1-tu.e 
ce~e~t/.$1. a/i2,£1-t6 1 

C 1,2 :!: 0,3c,-aT :!: 0,8c>1cT 

AI 1, 48 :t 0, 40c,-aT:!: 0,29CHc,· 

Fe 1,62 :!: 0,33c,-aT:!: 0, 15c>1c,· 

-

HCnO~b30Ba~aCb r~ay00poacKaH (t)opMa, OTHOCHT9~bHO H9KOr9p9HTHOro 
(t)c>Ha H (t)c>Ha OT COOHTd, B KOTOpHx qacTb IlponJRTOB p9aRl.l,HH H9 
3aperHCTpHpoBaHa, cqHTa~OCb, ~TO OHH naroT BK~an 
nocTOHHHyID non~omRy non IlHROM). Il0p0xon OT KOJil'Iq0cTBa 

TO~bKO B 
C00HTd K 

c0q0HHID B OCiOHX c~yqaax OCYJll9CTB~H~CH C noMombID HOpMHpoBKH Ha 
0.ll,HOBp8M8HHO HCC~9nJ9MHil rrpouecc paim:ai.m:oHHoro pacceHHHH IlHOHOB B 
RY~OHOBCKOM no~e an0p (Z.Pbys.C,26,(1985),495). CeqeHHe 3TOro 
qHCTO 3~9KTponHHaMHqecKoro rrpouecca TOqttO paCCqHTHBa9TCH 
TeopeTHqecKH, a KoJill!qecTBO HaOpaHHHx COCiHTd Oo~ee qeM Ha nBa 
nop.H.nRa npeBHmaeT CTaTHCTHRY p0aR1.J,HH Ry~OHOBCROil ,!lHCCOI.J,Hal.l,HH % -~ 

ff. B p03y~bTaT0 arrrrpoKCHMal.l,HH CiH~O onp0ne~eHO 3HaqeHH9 F3% H 
ceq0HHe HCC~9nJ8MOil peaKl.l,HH Ha pa3HHX H~ax (Ta0~.2)11 , 41 • 

TaO~a 2. 

Mrnll9Hb 
F3%, a , a/z2 , 

craB-3 } (HO) (HO) 

C 13,4 :t 1,8 64 :t 20 1,78 :t 0,56 
Al 12,4 :t 1,4 260 :t 57 1,54 :t 0,34 
Fe 12,9 :t 1,5 IIIO :t 250 l,64 :t 0,37 

Iloc~e ycp0.ll,HeHHa 3Haq0Hd F3%,_ no~qeHHHX Ha pa3HHX ~ax, 
OH~O no~q9HO F3

% = 12,9 :t 0,9 rsB-3• OmHOKa HB~H9TCH CTaTHCTH
q0cKoil. •CyMMapHaH CHCT9MaT~9CRaH OillHORa B 3Haq0HHH F3%, B KOTO
PYID BOillJil'! norpemHOCTH pa3p9ill9HHH, HOPMHpoBKH H onp0ne~0HHH aKC9n
TaHca, COCTaB~a 0,5 raB-3 • M3 pHc.7 BH.ll,HO, qTo n~qeHHHe 3Ha
HHH c0q0HHH n~a pa3HHX-an0p xopomo cor~acyroTca c T0opeTHq0cRoil z2 

·3aBHCHMOCTbID. Ycpe.ll,HHH 3Haq9HHH O/Z2 , no~yq9HHH9 Ha pa3HHX ~ax. 

HMeeM O/Z
2 

= l,63 :!: _0,23CTaT :t O,I3CHCT(HO}. IlOIIl:lTKa tlMTa 
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Plic.7 3aBHCHMOCTh H3MepeHHoro ceqe1rnH 
H3yqaeMOil peaRJ..UIB OT z2 (OIDH6RH 
CTaTHCTHqecRHe) 

i 2 3 ,. s a 1 tccal2 

&RcnepHM&HTa~hHoro paclene~eHHH 603 B~ana RY~OHOBCRoro rrpouecca 
HMe~a B8poHTHOCTb < 10- n~H BCex Hnep. 

lliecTaH r~aBa nocBmueHa oueHRe B03MOJKHoro OTK~OH8HHH 
HailneHHoro &KcnepHMeHTa~hHO B o6~aCTH MaJlh!X 3HaqeHHil HHBapHaHT!illX 
nepeM8HlillX 3HaqeHil:H KOHCT3HTll 1 -~ 3 % OT F3%(0) 33 cqeT 
nepexona OT HH3KO&HepreTHqecKoro rrpene~a B ~n3nqecKyID o6~aCTh. 
TIOK333HO, qTo rrpH Hcno~b30B3HHH pa3™qHllX 8KCTpano~HUHOH!illX (popMy~ _,, . 
&TO OT™qHe COCTaMH8T ~ l raB 0

• B r~aBe TaKme o6cy~aIDTCH 
no~yqeH!ille pe3y~hT3Tll, naeTcH cpaBHeHHe c pacqeTaMH F3% B 
pa3™qlillx Mone~Hx. 

Pe3Y~hT3Tll H OCHOB!ille BllBO,ll,ll rrpHBonHTCH B 3aK~qeHHH: 
l. IlyTeM MaTeMaTnqecRoro Mone~OB3HHH noKa3aHa B03MOlKHOCTb 

3KcnepHM8HT3~hHOro H3yqe1rnH rrpouecca %- + (A,Z) - %- + %0 + (A,Z) 
Ha YCT3HOBK8 CJ..IT'MA. Co3naH KOMTI~eKC rrporpaMM, C noMomhID KOToporo 
orrpene~eH aKcenTaHC ycTaHOBRH, ee pa3p8ID8HH8 no pa3™qlillM 
KHH8M3THqecKHM nepeM8HlillM rrpH perHCTpauHH C06llTHil H3yqaeMott 
peaKJ..UIB Ha YCT3HOBK8 CJ..IT'MA, arf4)eKTHBHOCTh OT6opa co6uTHil rrpH 
Ha~omeHHHH KHH8MaTnqeCKHX orpa1rnqeHHtt. 

2. Pa3pa6oTaHo rrporpaMMHoe ovecneqe1rne, c noMomhro KOToporo 
du~ Bllno~eH aHa™3 naHHUX ( .. l o6TpHrrepoB) , BnepBll8 Blln8~8H 
rrpouecc H orrpene~eHo ceqe1rne po~eHHH TIHOH!illX nap TIHOHaMH B 
KY~OHOBCKOM no~e Hnep B OKO~onoporoBott o6~3CTH ( s < 10 ffli) MH 
Hnep C, Al, Fe: 

01z2 =·l,63 ± 0,23CT3T± 0,13CHCT (H6). 
3.M3 3H3™3a 3KCnepHMeHT3~hlillX naHHUx BnepBlle no~qeHO 

3Haqe1rne KOHCT3HTll CBH3H F3% 3HOM3~bHOtt BeplliH!ill 1 - 3%: 

F3% = 12,9 ± 0,9CT3T± 0,5CHCT (raB-3 ), 
qTo IT03BO™~O BnepBue rrpoBepHTh HH3KO&HepreTM8CKYID TeopeMY 
TepeHTbeBa-AMepa H nonTBepnnTh TeopHID KHpa~hlillX 3HOMa~ ~ BalKHlltt 

10 

IlpHHUHIT, ~emamHtt B OCHOBe rro~yqeHHH 3,wi&KTMBHllX KHpa~bHllX 
~arpaHl!lli&HOB - coBpeMeHHoro crroco6a oTIHca1rnH HH3KO&HepreTnqecKoro 
rrpene~a KXJI. 

4. Cne~aHa OU8HK& B03MOJKHoro OT™qllfl 3KCIT8pHM8HT3~bHOro 
-~ ~ 3H3q&HHH F0

, H3MepeHHOI'O B ~3HqecKott .o6~3CTH, OT F0 (0) 
3HaqeHHH B HH3KO&HepreTnqecKOM rrpene~e. IlOK333HO, qTo IlpH Hcno
~h30B&HHH HM8!0UUUCCH TeopeTMqecKHX Mone~ett n~H OITHC&HHH noB8A8HHH 
F

3
% rrpM nepexone B HH3KO&HepreTnqecKHil rrpene~ TaKaH &KcTpano~HUHH 

. _,, 
IlpHBOAHT K H3M8H8HHID pesy~bT&Ta Ha B8~HqHHy ~ 1 I'&B 0 • 

5. Cor~acne no~yqeHHoro 3KCIT8pHM8HT&~bHOro ;HaqeHHH p3% c 
pacqeToM B KBapKOBOtt M?ne™ TO~hKO rrpH qnc~e UB8TOB KBapKoB Nc=3 
C~l!rnT nonTBep~eHHeM TaKme H UB8THOtt CHMM8Tpilli KBapKOB. · 

6. Ilo~yqeHHUe pe3y~bT3Tll cor~acyroTcH TaKme c pacqeTaMH F3% H 
ceqe1rna peaKJ..UIB, Blln0~8HHllMH B T8X TeopeTnqecKHX MOA8~HX, rne B 
HH3KO&HepreTnqecKoM rrpene~e HMeeTCH cor~acne c TeopeMott 
TepeHTbeBa- An~epa. 

3TH pe3y~bT3Tll no~a,ll,llB3™Ch Ha HayqHUX CeMHHapax OIDIM H ~MAH. 
Ha YqeHUx COBeTax OMHM, Ha HKC M~B3, Ha ceccHH OH~ AH CCCP, Ha. 
Me~aponttoM CeMHHape "Quarks-84" (T6~CH, 1984), Ha XXII 
Me~Haponttott KO$p8HJ..UIB ITO ~3HK8 BllCOKHX &Heprlitt (]ettrrUHr, 
1984). OHH orryd~OBaHU B BHA8 rrperrpHHTOB H CT3Tett B mypHa~ax, 
TPYnax ROH~peHuntt(l-5/ 
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