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OBIUA51 XAP AKTEPHCTHKA P ABOTbl 

AKTYaJibHOCTh TeMbl 

Ba:arneiirnnM llCTO"IHllKO~ 3KCilepn~eHTaJI~HOH llH<p?pMaunn,. Ha 'ocno

Be KOTOpoii CTJ)0.llTC.ll npe.n.cTaBJienn.ll O CTpoeHllll MaTepHH H, B qaCTH0-. . 

CTH, 0 CTPYKType HJKJI0Ha, .llBJI.llIOTC.ll 0ilblTbl no pacce.llHHIO JieILT0H0B na 

HJKJI0Hax ll 51)].pax. Ilpn 3T0M HeH3MeHHO aKTJaJibHbl 3KcnepnMeHTbl, KO

TOpbie no3BOJIHIOT ~oCTH"lb 6orrhIIIHX 3iJatJeHHH KBa.n.paTa nepe.n.aBaeMoro 

4-HMITJJibca. Q2 H pacmnpHTb o6rraCTb H3MeHeHHH BbepKenoBcKoii nepe

MeHHOH x. 
HoBble B03MO)KHOCTH )].Jlj{ H3ytJeHH51 CTpJKTJpbI HJKJIOHOB ll 51)].ep OT~ 

KpbmHcb B KOHUe 70-~ ro)].oB B . EBponeiicKoM ueHTpe · HJJ.epHbIX nccrre.n.o

Bairnii UEPH, r,n;e Ha ycKopHTeJie enc 6bIJI C03)].aH. HHTeHCllBHblH nytJOK 

MIOOHOB c MaKCHMaJibHoii ::iiieprneii 300 r3B. lfaMepeHHH ·cTpyKTYPHhIX 

q>JHKUllH (C<I>) ,HYKJIOHOB F2(x, Q2) ll R(x, Q2) B HOBOM .n.nana30He 3Hep

rnii no3BOJIHJill JJ.OCTH'lh 3HatJeHnii Q2 Ha nopHJJ.OK aeJIHtJHHbl 6orrbm11x, 

tJeM a. npe.n.mecTay10m.nx onbITax Ha 3JieKTf>OHHOM ycKopHTerre CJIAK. 

C J].pyroii CTOJ)OHbl 1 OilbITbl Ha IlJtJKe M~O.HOB o6eIUaJIH cyIUeCTBeHHO ITO

BbICHTb TOtJHOCTb H3Mepeanii C<I> no cpaBHeHHIO c onbITa.MH ~ aeiiTpHH

HbIX nytJKax npn Tex )Ke 3HeprHHX, 'ITO Il03BOJIHJIO 6bI ocym.ecTBHTb npo- . 

· aepKy pMa norro)KeHnii KBapK-napTOHHOH Mo.n.errn'. (KTIM) H 1:(BaHToaoii · 

XP,OMO)].HHaMHKH (KX.ll). ' 

Heo6xo.n.nMocTb norrytJeHHH HOBbIX .n.aHHbIX no C<I> HJKJIOHOB JJ.JIH pa3-

BHTHH q>ll3HKH 3JieMeHTapHbIX qacTHU IlOCJIJ)KHJia OCHOBaHHeM )].Jljl C03)].a-; 

HlUI YHHKa.JlbHOro MarHHTHOro cneKTpoMeTpa BallMC. IIorrytJeHHHbie C 

ero noMOIUbIO pe3y.ribTaTbl, B tJaCTHOCTH, no npo6JieMe HCKa)KeHHH C<I> 

CB060J].HOro ·HJKJIOHa 51)].epHOH cpe.IJOH )].aJIH He6bIBaJibIH HMITJJibC pa.3Bll

THIO TeopeTHtJeCKHX HCCJie)].OBaHHH, llHHUHHpOBaJIH. HOBble 3KcnepnMeHTbl 
. ' . 

no H3JtJeHHIO cTpJKTYPhl HYKJIOHOB H 51)].ep. 

· 0CHOBHaJI uem, pa60TbI 

·. . · UerrhJO J].llccepTaunoHHOH pa6oTbl HBJ1H~Hcb· 3KcnepHMeHTaJibHble nc

crre.n.oBaHHJI CTpyKTYPHbIX q>JHKUHH CB513aHHbIX B Mpe HJKJIOHOB MeTo.:. 

)].OM rHP MIOOHOB1 COilOCTaBJieHHe norrytJeHHbIX pe3JJibTaTOB C ,n;aHHbIMH 

JJ.pJI'HX 3KcnepHMeHTOB H TeopeTHtJeCKHMH pactJeTaMH 1 a TaK)Ke H3JtJeHHe 

B03MO)KHOCTeii. pacmHpeHHJI o6rracTH nccrre,n;oBaHHH cTpJKTypHbIX · cpyHKc. · 

UHH 51)].ep B onbITax no rHP· JieITTOHOB. B: TOM tJHCJie CTaBHJIHC:1> crre.n.yroc 

IUHe Ja)].atJH: 
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1) lfaMepemrn c ·. BhICOKOH CTaTIICTIIqecKoii: TOqHOCThIO II MIIHIIMa.Jih

HbIMII c1IcTeMaT1IqecK1IMII onm:6KaMII OTHOineHIIH cTpJKTYPHhIX q>JHKIIIIH 

.sI,n:ep a30Ta II ,n:eii:TeplI.sI (Ff/Ff) II .sI,n:ep 2KeJI~3a II ,n:eii:TeplI.sI (FJ? /Ff), a 

TaK2Ke KOJIIIqecTBeHHhlX xapaKTeplICTIIK 1ICKa2KeH1Iii: cTpJKTYPHhlXq>JHK

IIIIH CBo6o,n:Hoio HYKJIOHa .sI,n:epHoii: cpe,n:oii: .D:JI.sI npoBepKII · II ,n:airoHeii:rnero 
JI3yqemrn aifjifje~ma. EMC; · · · · 

2) lhMepeHIIe CTpJKTypHoii: q>JHKIIIIII .sI,n:pa yrrrepo~a B6JIII31I ~paHIIII.hI 

O,ll;HOHJKJIOHHOH KIIHeMaTIIKII .B 3Kcnep1IMeHTe no rHP MIOOHOB C 3Hepril:eii: 

200T3B. 

Hay11HaJI HOBll3Ha pa6oTbl 
I • ' 

IlorryqeHhI HOBhie 3KCnep1IMeHTa.JlhHhie ,n:aHHhie TIO f HP MIOOHOB Ha 

.sI,n:pax C IIOMOIIlhIO HOBOH JHIIKa.JlhHO~ MeTO.D;IIKII •. 

8Kcnep1IMeHTa.JlhHhie ,n:aHHhle norryqeHbI B o6JiaCTII 60JihlIIIIX. 3Haqe

HHH KBa,n:paTa nepe,n:aBaeMoro 4-1IMnyrr1,ca .:.:_ 30 f3B 2 < Q2 < 280 f3B2, 

He,n:OCTJIIHOH npu' IICilOJih30BaHIIII ,n:pyrux MeTO.D;HK, perlICTP~IIIIII; f HP 

JieIITO.HOB Ha IIMeBIIIIIXC.sI B nep110,n: npoBe,n:eHII.sI IICCJie,n:oBaHIIH n,yqKaX JieII-. . . ' 
TOHOB, 

IlorryqeHhI rrpeIIII3IIOHHhie pe3JJihTaThl H3MepeHII.sI OTHOIIIeHIIH, cTpyK

TYPHhlX ipyHKIIIIH HJKJIOHa B .sI,n:pax 2KeJie3a H ,n:eii:TeplI.sI, a3.oTa II ,n:eii:TeplI.sI, 

OTJIHqaIOIIIIIeC.sI cymecTBeHHO MeHhIIIIIMII CTaTIICTIIqecKIIMII H ,CIICTeMaTII-

1 qecKIIMH rrorpeIIIHOCTiMII, qeM 'pe3JJihTaThl npe,n:IIIeCTBYIOIIIIIX 3KCIIep1I

MeHTOB. · •. • 1. · , 

BrrepBbie rrplI 3HaqeHH.sIX Q2 > 20 f3B2 BhIIIOJIHeHhI IICCJie,n:oBa.HII.sI BJI➔II
.sIHII.sI .sI,n:~pHoii: cpe,n:hl Ha cTpyKTYPY cB.sI3aHHhIX HJKJIOHOB B 3aBIICIIMOCTII 

oT. aT0MHoii: MacchI .sI,n:pa II rr~peMeHHhlX Q2 II x. 
, • Pe3JJihTaThI 1Iccrre,n:0BaH1Iii: 11cKa2KeH1Iii: cTpJKTYPHhIXq>YHKIIIIH cBo6o,n:

•Horo HJKJIOHa· .sI,n:epHoii: cpe,n:oii: CTa.JIII rrepBhlM rrpaBIIJihHhIM, II3MepeHIIeM 

,3q>q>eKTa EMC rrplI. 60Jihllll:IX 3HaqeHII.sIX Q2 B IIIIIpOKOH o6~'a.CTII rrepeMeH

HOii: X OT 0,06 .n:o o, 7, IIO.D;TBep2K,n:eHHhle BIIOCJie,n:CTBIIII ,n:pyrlIMII 3KCIIep1I

MeHTaMII. 
' . 

. BnepBhle B 06rracT1I 6oJihIIIIIX 3HaqeHIIii: Q2 . ( Q2 > 60 f3B2) II3MepeHa 

cTpy~TJJ)Ha.sI ipyHKIIH.sI .sI,zipa rrplI x 2'.: l. · ' · 
• ' ' ~ ' • • • < • • ~, ' ',. 

;Ha)'.''IHO.:.._IlpaKTII~e':KaJI. ~eHH.OCTb IlOJ1y1IeHHbIX pe3yJlhTaTOB 
• ' ' ; ~ s • ' • ' • ' 

Pa3BIIThI MeTO.D;hI o6pa60TKII II aHa.JIII3a 3KCIIep1IMeHTaJihHhlX .D:~HHhIX, 

perlICTp1IpyeMhlX 60JihlIIIIMII crreKTpOMeTpaMii, KOTOphie MoryT 6bITh nc

IIOJih30BaHhl II IICIIOJih3JIOTCR B ,n:pyrlIX 3KCIIep1IMeHTaX. 
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Pe3JJihTan.I IICCJie,n:oBaHII.sI BJIII.sIHH.sI x,n:epHoii cpe,n:hI .Ha CTPYKTYPY 
. ' '· ' ' 

CB.sI3aHHhlX B .H,n:pe HJKJIOHOB rrpo,n:eMOHCTpIIpOBa.JIII Ha KBapKOBOM ypoB-

He -CB.sI3h Me2K,n:y CTpJKTJpOH CB060.D;HOI'O HJKJIOHa II CTpJICTypoii: .H,n:pa, 

.sIBJI.sIBIIIHXC,SI rrpe2K,n:e npe,n:MeTaMII He3aBIICIIMhIX IICCJie.D;OBami:ii. 9pe3BhI

qaiiHa.sI Ba2KHOCTh 3THX pe3JJihTa.ToB CTIIMJJIIIpomiJJ:a 61,1cTpoe pa3Bep

ThIBaH1Ie HOBhlX 1Iccrre,n:0BaH1Iii:; B TOM q1Icrre B o6rracTII x < 0, l, a.TaK2Ke 

pa3BIITIIe Teopei1IqecKoro annapaTa ,n:rr.SI 1Ix·ofrh.sICHeH1I.sI. lfaMepeHHhle Ko

rr11qecTBeHHhie_ xapaKTeplICTIIKII IICKaiKeHIIii, BHOCIIMhIX .sI,n:epHoii cpe,n:oii B. 

cTpyKTYPY HJKJioHa, y2Ke c~iiqac nplIMeH.sIIOTCR ,n:rrx aHaJIII3a pe3yJihTaToB 

3KCrrep1IMeHTOB, BhIIIOJIHeHHhlX C .sI,n:epHhIMII MIIIIIeHRMII, B qacTHOCTH, pe; 

3JJihTaToB II3MepeHIIR CIIIIH3aBIICIIMhlX CTPYKTYPHhIX q>JHKIIIIH HJKJIOH~'. 

. ·· rro~TBep~eHhl npe,n:cKa3aHHR KBapKOBhIX MO.D;eJieii: 0 BJI.D:e CTpJKTyp

HOH ipyiIKIIHH .sI,n:pa npn x. > l . OnpoBeprnyThI PM Mo,n:erreii:, npe,n:cKa3hI

BaBIIIHX 6oJihIIIoe (F,f · ~ 10-3) 3HaqeHIIe cTpyKTypHoii: ipyHKIIIIH .H,n:pa nplI 

x=l . IlorryqeHo nepBoe 3KcnepnMeiiTa.rrhHoe no,n:'.i'Bep)k,n:eHne ·rnrr0Te31,1 

KJMYJI.sITHBHOro x,n:epHoro 3q>cpeKTa B 3KcnepnMeHTax c rrenToHaMH'. Pe~ 

3JJibTaThl H3MepeHHR CTpy1frypHoii: cpyHKij.HH .H,n:pa yrnepo.n:a II03BOJI.sIIOT . -
ycTaHOBH'J'.h CBR3b C pe3JJibTaTaMH 3KCnepnMeHTOB no n3yqeHHIO CTpyK-

TYPhl .H,n:ep B a,n:poH-a,np()HHhlX B3aHMO,neiiCTBH~x, a TaIOKe nJiaHHpOBaTh 

npoBe,n:eHne HOBhlX 3KcnepHMeH:T0B no H3MepeHHIO c~pyKTypHbIX <l>YHKIIHH 

.sI,n:ep, HanpHMep, Ha 3JieKTpOHH0M nyqKe ycKopliieJi.sI cnAK, MIOOHHOM 

nyqKe ycKopnTemi: crrc UEPH HJIH <l>epMHJia6 ClliA, a TaK2Ke Ha npoeK-

THpyeMhlX KOMnJieKcax YHKn LHC. · 

Bc.si: ,COBOKynHOCTb pe3yJihTaToB, noJiyqeHHhlX B .n:nccepTaIIHOHHOii: pa- . 

6oTe, .llBJI.lleTC.ll' Ba:lKHbIM MaTepna.rroM ,nJI.il: TeopeTnqecKHX HCCJie,noBaiinii:; 

B qacTH0CTH, ,nJIR pa60T B o6nacTH KBapKOBOH TeopHII .sI,n:epHOH MaTepHII. 

• Anpo6aum1 pa6oTbl 

Pe3JJibTaThl, B0IIIe.D:IIIHe B ,n:nccepTaumo, ,n:oKJia.D;hlBa.JIHCh aB-r,opoM Ha 

uayqHhlX ceMHHapax fla6oparopHH BbICOKHX 3Heprnii mum: H liHCTIITY~ 

Ta:~eopeTuqecKOH H 3KCnepHMeHTa.JlhHOH <l>H3HKH, Ha HayqH:hIX CecCH.sIX 

OT,n:eJieHH.ll mepHOH <l>H3HKH AH CQCP, Ha Pa6oqeM CoBeIIIaHHH no npa'-

6JieMaM <l>H3HKH ',i,npa, flli.51<1>, faTqnHa, 1989 r., Ha X Me)KJiyHap. ce

MHHape no npo6JieMaM <l>H3HKH .BbICOKHX 3Heprnii, .peJIRTHBHCTCKOH .H,n:ep

HOH <l>H3HKii H.KX.Il, .Ily6Ha, 1990 r., Ha Me2K.D:yHap. pafioqeM coi3ema

HHH:".Ily6Ha .IleiiTpon -91", 1991 r., Ha Me~Hap. pa6oqeM COBemaHHH 

. "IlepcneKTHBbl <l>HJHKH CHJihHhlX .B3aHM~,neiicTBHH IIplI BbICOKHX 3Heprn~ 

xx, Ha ycKopHTeJI.llX a,n:poHoB", <l>epMnna6, ClliA, 1993 r. MaTepHa.JihI, co-. 
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.n:ep)KamIIecH B ,n:IIccepTaUIIII ,ll;OKJI~,ll;bIBaJIIICb TaK)Ke Ha 20:H, 22-ii II 23-ii 

Me)K,n:y-Hapo,n:Hwx KOHcpepeHUIIHX no. cpII3IIKe riwcoK~x a·Heprn:ii · (1980, 1984 
II 1986 rr.). _ · · 

1Iy6n11Ka1uu1 . 
}-

OcHoBHoe co.n:ep)KaHIIe .n;IIccepTaUIIII oTpa:iKeHo B 15 ny6JIIIKaUIIHX, 

criIICOK KOTOpbIX np1rne.n;eH B HaCTOHIUeM aBTopecpepaTe. 

CT'pyKTypa II o6'heM .n:11ccepTau;1111 

llIIccepTauirn COCTOIIT II3 BBe.n;eH:irn, ceMII rJiaB II 3aKJIIO'H!HIIH: OHa co

.n:ep~IIT 2.12 CTpaimu TeKCTa, 74 pIICYHKa II CIIIICOK JIIITepaTypbI H3 190 
•, ~ '· . . -. .. ' : 

HaIIMeHOBaHIIH. 

CO.IlEP)KAHlIE P ABOTbl 

Bo Bae.n:eHHH o6ocHOBbIBaeTcH aKTYaJibH0CTb_ II pacKpbrnaeTcH :co~ 

,n:ep)KaHIIe·TeMbI ,Il.IICCepTaUIIII, cpopMyJIIIpyeTCH UeJib pa60TbI, ee H0BII3Ha 

II HayqHo--:-npaKTff'Ie<:KaH ueHHOCTI,j ,IJ.aH nJiaH ,ll;IICCepTaUIIII. 

' B rrepBOH rJiaBe ,n:aH0 KpaTK0e -II3JIO)KeHIIffIICTOpirn II3yqeHIIH CTpyK

TJpbI HJK.ITOHOB C n0MOIUbIO 3KCIIepIIMeHTOB B·neIITOHHbIX IIyqKax,. KOT0-

poe II0MOt'aeT oqepTIITb.kpyr 3a,IJ.aq C0BpeMeHH0I'O 3TaIIa·IICCJie,IJ.OBaHIIr 

CTpJKTJpbI HJKJI0HOB II H,Il.ep. BBO,Il.HTCH 0CHOBHbie'.o6o3HaqeHIIH,· IICIIOJII,-
3JIOIUIIeCH B ',Il.IlCCepTaUIIII. 

· IlpIIBe,n:eHbI cpopMJJihi, CBH3hIBa10mIIe II3MepHeMbie ceqeHIIH I'HP nen
TOHoB·co CTpyKTYPHbIMII cpyHKUIIHMII H)'KJIOHa Fi(x; Q2 ), ~.n:e i = 1, 2, 3, II 

R(x, Q2
). ff CB0IO .'?.qep~JJ.b, C<I> HJKJioHa c: IIOM0IUbIO: cpopMyp KIIM CBH-

3aHI~I, C' cpyH_KUIIHMll: paCIIpe.n:em:rnIIH KBap_I(()B B .HyKJIOHe. 

; llo II0.llBJieiIIIH ny6JIIIKaUHII CQTPY.D:HIIqecTBa EMC 06 o6Iiapy)KeHIIII 

oT~IIqIIH B ·;~'.la~IICIIMOC;II· cTpyKTypHb1x, cpy~~UIIii: -~eii:Tep~H II )KeJie3~ 

T~~p.n:1,>ie:(;~epHhle) ~II~eHM f 0_IIbITax ~o IICCJI~,IJ.OBamrroTHP, Jien!0H0B 

IIC.JJOJib30Ba,JIIICp He_ ,n;~H II3yqeHIIH. CTpyKTJpbI H~ep, a C ueJiblO' II0BbIIDe

HMH_ c:BeTII¥()CTII 3KcnepIIM.eHTaJibHoii: YC'J:'.?,HOBKII., OcHoBaHIIeM ,ll;JIH 3Toro 

6wn p~.n 3KcIIepIIMeHTaJibHhlX JKa3aimii: Ha ,To, qTo B 6oJib.meii qacTII KII~ 
~~~?:;~q~c:K~ii o6nac~:n, ceqe~H.II pe_aJ{~IIH ·, . .·· . -

i± '+' A .~ 't± + X ; (1) 
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Ha .sw;pe A npHMO npoIIopuIIoHaJibHbI cyMMe ceqeHIIH Ha oT,n:eJibHhlX Hy

KJioHax, C0CTaBJIHIOIUIIX 3T0 H,n:pd. 3,necb l ..'..:__ HaJieTaIOmIIii JieIITOH, X --'
HeperIIcTpIIpyeMbie npo.n:yKTbI peaKUIIII. 

· linH 3HaqeHIIH x <0,05 O)KII,n:~ocb, qTo acpcpeKThl 3KpaHIIpOBaHIIH 

yMeHbill~T ceqeHIIe rny6oKOHeynpyroro pacce.SIHIIH Ha H,Il.pe IIO cpaBHeHIIIO 

CO CB060~HhlM HYKJIOH<>M,: . 
(TA< Ao-N. (2) 

HanpOTIIB, B o6JiaCTII x > 0,7 O)KII,Il.aJIOCb, qTo pacIIpe.neneHIIe HYKJI0H0B 

B H,n:pe no IIMIIYJibCaM MO)KeT 6bITh IIpe,n:CTaBJieH0 B M0,IJ.eJIII cpepMII-ra3a 

HYKJIOH0B, II, KaK CJie,IJ.CTBIIe, 

(TA> Ao-N. (3) 

TaKIIM o6pa3oM, ,ll;JIH.~6Jia.c;II cpe,Il.HIIX 3HaqeHIIH 0, 05 < x < 0, 7 noJia

raJIM, qT_O C<t> CBH3aHHoro :8 H,n:pe HJKJI0Ha 1/ A F,f ( x, Q2
) ~e 0TJIIIqaeTCH 

OT C<P cBo6o,n:Horo HYKJioHa Ff (x, Q2
), a II0CJie,IJ.HHH CBbICOKoii cTeIIeHbIO_ 

. ToqHo_cTII Bbipa)KaeTCH qepe3 q<t> i.npa ,ll;~HT~pIIH: ,, . 

Ff (x,Q2
) = 1/A-F/-(x,Q2

), 

Ff (x, Q2
) ~ 1/2 (Ff(x, Q2

) + F;(x, Q2
)) = 1/2 Ff (x, Q2

) 

(4) 

(5) 

lfa (4) II (5) me,IJ.0BaJI0, qTQ 0THOIDeHIIe 0TH0pMIIpo~aHHbIX Ha 'IIIC

JI0 HJKJI0H0B B. H.n;pe cTpJKTJpHbIX cpyHKUIIH H.npa: A H .neiiTepIIH ,n:oJI)KHO 

C0Bna.naTb c e,IJ.IIHIIUeii. HeBbICOKa.si: CTaTIICTIIqecKaH II, B oco6eHHOCTH, CII

CTeMaTIIqecKaH TQqHQCTb II3MepeHIIH C<I> HJKJI0HOB 'i3 3KCIIepIIMeHTax II0 

I'HP nenToH0B B TeqeHIIe MHorIIx JieT He II03BOJIHJia cocTaBIITb .nocToBep- · 

Hoe IIpe,Il.CTaBJieHIIe 0 BbIII0JIHIIMOCTII COOTHOIDeHIIH . (2) - (5), a TaK)Ke 

pH,IJ.a .npyrrix IIpe,Il.IIOJIO)K~HIIH O BJIIIHHIIII i~epHOH cpe,IJ.bl mi. 'cTpyKTYPY 

cBo6o.n.Horo H)'KJIOHa. BIIepBbrn o HapymeHIIII ( 4) · coo6IUIIJia i<:onli"a6opauIIH 
~MC, o6Hapy)KIIBIDaH, qT0 - . . '' 

rA(x) = Ff(x)/Ff(x) ¥= i, _(6) 

a yMeHbIII~eTCH OT ~ l, 15 .no ~ 0, 83 IIpII yBeJIIIqeHIIII x OT 0,07 ,no 0,65. 

O.n;HaKo; 3TOT pe3yJibTaT, IIOJiyqnBIIIIIH Ha3BaHIIe :1<ft<fte~ma EMC, 6bm. 

II~,IJ.TBep:m'.AeH B OIIbITaX. rpy:rmhl CJIAK-MIIT JIIIillb B qacTII K~HeMaTII

'leCKOii o6JiaCTII X > o, 3 II IIpII Q2 '< 20 raB2
• IlpII X < 0, 3 pe3JJib

TaTbl JJ.BYX 3KCIIepuMeHT0B IIP0TIIBopeqIIJIII .npyr .npyry; IIpIIqeM · .naH

Hhle CJIAK-MIIT JKa.3hlBaJIII Ha OTCJTCTBIIe H,n:epHhlX acpcpeKTOB B 3TOii: 
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o6nacTH. KpoMe Toro, pe3yn1,TaT c'JIAK-MIIT Kacanc.SI cooTHorneHH.SI 

Me:lK,Il;y ceqeHH.SIMH rHP aneKTpoHoB· Ha ,n:eiiTepHH H Ha 6onee T.SI2Ke.iJh1x 

.SI.n;pax, a H~ C~OTHOIIIeHH.SI Me)K.ll:y CTpyKTYPH~n.n~ <i>YHKU;~MH. Ilpoi'HB0: 

peqH.SJ: Me)K.ll:y 3THMH .D:BYM.SIOilhITaMH onpe,n:enHJIH B 3Haqii:TenbHOH'CTene

HH nporpaMMY HaIIIHX 3KcnepHMeHTaJihHhIX HCCne.n;o:saHHH mepIIhlX acp-
q>eKTOB B C<I> CB.SI3aHHhIX B mpe HyKnOHOB npH X < 0, 7.. . '. . 

. C TIOMOIUhlO BhIIIOnHel!HhlX HaMH pac.qeTOB [4, 5] 110Ka3aHo, qTo npH 

H3yqeHHH ·.SI,n:epHhIX aqiqieKTOB B CTpyKTYP~hIX q>yHKUH.SIX F2(x,Q2
) B 

o6naCTH X < 0, 3 onpe,n:en.SIIOIUYIO pom, HrpaeT TOqHOCTh H3MepeHH.SI 

CTpyKTypHOH q>YHKUHH R( x, Q2 ) H, B qaCTHOCTH, ee 3aBHCHMOCTh OT a TOM

.HOH Macchi A. 3ToT pe3ynhTaT nocny2KHn o6ocHOB_aHHeM ,n:n.SI no
1
cTaHoBKH 

B CJIAK onhITOB no H3MepeHHIO R(x, A) npH Q2 < 20 faB2: 

C MOMeHTa BBe,n:eHH.SI A.M.Ban,n:HHhIM noH.SITH.SI CTpyKTypHoii q>YHKUHH 

.SI,n:pa B. 1980 ·r. o6nii.cTh X > 1 pacc~aTpHBaeT~~ KaK HaH6o.iJee Bcl.2KHa.SI 

,n:n.SI noHHMaHH.SI npo6neMhl K~apKOB0H CTpyKTyphI.SI,n:ep. O,n:HaK6, pa3Bep

ThIBaHHe HCcne,n:oBaHHH mepHhIX aqicpeKTOB B C<I> ~yKnOHOB H H3MepeHHe 

C<I> mep B 3TOH o6nacTH 3aTpy,n:HeHO p.SI,n:OM Meio,n:uqecKHX n:po6~eM. Bhi

nonHeHHOe B rnaBe 1 paCCM0TpeHHe. cna6bl:X CTOpOH. H, He,n:OCTaTKOB onhl

TOB CJIAK, EMCH paHHHX.OnhITOB BUllMC .ziaeT B03MO)KH0CTh cqiopMy

nHpOBaTb Tpe6oBa.HH.SI,·KOTOphle ,n:on2KHhl npe,n:1>.SIBmlThC.SI K ycTaHOBKaM, 

C03,n:aBaeMhIM .n;n.SI onhITOB B o6naCTH X ~ 1. 

Bo BTopoii rmiee onHcaH cneKTpoMeTp BUllMC, npHMeH.SIBIIIH:iicJI 

B 3KCnepHMeHTax ~o rny6oKC>Heyrr:pyroMY pacce.SIHHIO MIOOHOB· c imep~H

.llMH OT 120 .n;o 280 raB Ha· ,mpax, COCTaBHBIIIHX OCHOBY Hccne.n;oBamiii, 

Bo111e,n:111Hx B .n;HccepTaUHOHHYIO pa6oTy. · 

. 3KcnepHMeiITanbHa.SI ycTaHOBKa npe,n:cTaBn.SieT co6oii TOpoH,D;anbHhIH 

,,MarHHTHhIH cneKTp<>MeTp ,n:nmioii 50 M, B U:eHTpanhHOM oTBepcTHH Ko

Toporo pa3Mema10Tc.SI Mo.n:ynH MHIIIeHeii. TopoH,D;anhHhle 2KeJie3Hhle ,n:HCKH 

HaMarHHqeHhl .n;o cocTO.SIHH.ll HachlmeHH.11, TaK qTo MarHHTHoe none BHy

Tp11 2KeJie3a c xoporneii ToqHocThIO coc:raBn.SieT· 2 Teena. Bee qacTHUhl, 

3a HCKn10qeHHeM MIOOHOB, KOTOpble o6pa3yIOTC.SI B peaKUHH . r HP H .n;o

CTHraIOT. TopoH.n;a, nornoma10Tc.SI B ero. Tonme nocne HecKonhKHX_ .n;nHH 

coy,n:apeHH.SI. B 6onbrneii _ .n;one cnyqaeB , TOnbKO O,Il;HH pacce.llHHhIH MIO0H 
• • • • i .• • ' ' ' • ' • ·• • • ' • ~ • 

npo.n;on2KaeT . CBOIO TpaeKTOpHIO B BeIUeCTBe cneKTpOMeTpa, Bcne.n;cTBHe 

qero ycTaHOBKa 1rnn.11eTc1i ,n:eTeKTopoM o,n:Hoii BTOpHqHoH qacTHUhl. IlpHH

UHn pa60Thl cneK~poMeTpa COCTOHT B TOM, qTo BTOpHqHhle MIOOHhl, 3HaK 

3apma_ KOTOphIX_ COBIIa,D;aeT co 3HaKOM 3~pma nepBHqHhIX MIOOHOB, _q>o-
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KYCIIpyIOTC.ll MarHIITHhIM noJieM. TaKIIM o6pa30M, 'ITO COBeprnaIOT. nepno

,n;nqeCKIIe OCUIIJIJI.l!UIIII BHYTPII HaMarm1<ieHHhIX 2KeJie3HhIX ,D;IICKOB. Ecnn 

npeHe6pe'lb 3q>q>eKTaMII noTepb 3HeprmI BTOpII'lHbIM MIOOHOM II MHOrO

Kpa.THOrO KYJIOHOBCKOro pacce.l!HII.ll.{MKP), TO OCUIIJIJI.l!UIIII CIIMMeTpII'IHbl 

no OTHOIIIeHIIIO K OCH cneKTpoMeTpa, 'ITO o6ecne'lIIBaeT y,n;ep2KaHIIe MIOO

HOB B HaMarHII'leHHOM 2KeJie3e ( npII YCJIOBIIII, 'ITO aMnJIIITy,n;a OCUIIJIJI.l!UIIH 

He npeBbll~aeT. pa.n;nyca ,n;ncKoB ). 

llmi Ha6opa' ,n;aHHbIX.:mi, yr~epo.i{Hoii MIIIIIemi: npnM:eH.lIJiaCb ycTaHOBKa 

"C", cxeMa K~Topoii npIIBe,n;eHa mi:'pii:~.l. Ha6op .. :naHHbIX Ha _,n;eiiTepne

BOH, a3oTHoii II 2KeJie3Hoii MIIrnem1x ocymecTBJIHJIC.ll c noMoru:hIO ycTaHoB-
KII "ll", rroKa3aHHoii Ha pnc.2:· · · · . 

CneKTpo~eTp ycTaHoBKII "C" {"ll") cocTaBJieH II3 ,n;ecHTII (BOCbMII) 

n.n;eHTII'lfilIX cynepMo,n;yneii, Ka)K,Il;bIH ,n;JIIIHoii 5,25 M , pacnono2KeHHhIX 

· B,D;OJib OCH ny'lKa c npoMmKyTKaMII OT 40 ,n;o 60 CM. 8TH npoMe2KyTKII Heo6-

X0,D;IIMbl iinH pa3Meru:eHII.ll TOKOHecymnx IIIIIH o6MOTKH MarHIITa, ,D;JI.ll no~

KJIIO'leHII.ll · CIICTeMhl 3anoJIHeHmi KpnoreHHbIX. MIIIIIeHeii. (ycTaHOBKa "ll") 

2KII,D;KUM B~,n;opo,n;oM, ,n;eii-:repneM. IIJIII a30TOM, .a TaK2Ke ,n;niI pa3Meru:eHII.ll 

ny'lKO~blX
0

ro,n;ocKonoB: Ka2KAhlii II3 cynepMo,n;yrreii (pn~.2.3) co,n;ep2KIIT: 

( a) OT,D;eJihHblii Mo,n;ynh MIIIIIeHn; . · 

. ( 6) HaMarHII'leHHOe 2KeJie30 II o6MOTKY MarHIIT'a; 

( B) MHoronpoBOJIO'lHble nponopUIIOHaJihHhie KaMepbl (MIIIIK) ,n;n.a 
onpe,n;eJieHII.ll TpaeKTOpIIII pacceHHHOro MIOOHa; 

( r) TpnrrepHble c'leT'lIIKII (TC) ,n;n.a 3anycKa cneKTpoMeTpa . 

IlpnBe,D;eHa CXeMa cpopMIIpOBaHII.ll MIOOHHOro ny'lKa JI ero OCHOBHble 

napaMeTpbl. OrrncaHa CIICTeMa no,n;aBJieHirn _rano.ny'lKa, h:pe,n;H~:ma'leHHa.ll 

. ,Il;JI.ll CHII)KeHH~ ':iarpy3KH crreK.TpOM~Tpa MIDOHaMH; II~ y.n;oB_JieTBop.ai6ru:nMII 
Tpe6oBaHII.lIM. Tp1Irrepa: . · · · · · · · · · ' ' 

OnncaHa KOHCTpyKUIIH ,n;eTeKTopoB, BXO,D;K~UIX B cocTaB,crreKTpoMeT: 

pa EUllMC II npoT.a2KeHHhIX MIIIIIeHeii, cocTaBn.a10mnx o,n;Hy. II3 rnaBHhlX 

MeTO,D;II'leCKIIX oco6eHHOCTeii HaCTo.amero 3KCnepIIMeHTa. IloJIHa.ll ,Il;JIIIHa 

yrnepo,n;Hoii MIIIIIeHILB ycTaHOBKe )lC" cocTaBn.aeT 40,1 M, a Kp1IoreHHaH 

M1ImeiI1, yifraH~BKII "ll" ~MeiliaeT cooTBeTCTBeHHo 48 IIJIII 112 KP. 2K~,n;Koro 
· Bb,i:iopoh~. II~II ~eiinipni. · . . · . . · · · ·· · . . 

. K ~CHOBHblM. npeliMyIUeCTBaM ripnMe~.lIBIIrniicH. MeTO,D;IIKII i:IO cpaBne

HIIIO C ,n;pyrlIMII onbITaMII. no nbcne~oBaHHIO npoueccoB rHP nenTOHOB 
~ • • '" • j • • • 

Ha .a,n;pax (?THOC.l!TC.ll BblCOKa.ll CBeTIIMOCTb cneKTpoMeTpa II Ha,D;e2KHOCTb 

II.tieHTIIq>IIKaUIIII TpeKa pacceHHHOro MIOOHa. 
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8Tn npenMymecTBa, o,n;naKo, np1Io6peTe~hl uenoii p.a,n;a orpaHn'leHnii 

,D;JIK MeTO,D;iIKII II3MepeHIIH ceqennii npouecca rHP MIOOHOB. _Ta~, Han:plI

Mep, npnMeneHIIe 2KeJie3noro cep,n;e'lHIIKa ,n;n.a MarHIITHoro cneKTpoMeTpa 

OCTaBJIHeT JIIIIIlb Te 3a,D;a'III 1 r,n;e ·ncciie,n;yeTCH o6pa3oBanne MIOOHOB B KO

He'l~OM COC~O.l!HHH. Bo-BTOpbIX, MHOroKpaTHOe eynoirnBCKOe pa~ceHHIIe, 

KOTOpoe IICIIblTblBaIOT BTOpH'lHble MIOOHbl B 2KeJie3HOM cep,n;eqHHKe, npn

BO,D;HT K cny~aiiHhIM IICKa2KeH1IHM TpaeKTOpHH MIOOHa B MarHIITHOM none 

II, cne,n;oBaTeJibHO, K CHH)KeHHIO TO'IHOCTH onpe,n;eJieHII.ll ero HMnynhca. 

. ,llpyroe cepbe3HOe. orpaHII'lt!HHe · CB513aHO C IIeo6xo,D;HM~CTbIO noMerue

Hirn o6~0TKH MarHHTa B,D;OJib BCeii MIIIIIeHn, a TaK)Ke caMoii rrp0T.ll)KeHiioii 

MIIIIIeHII B 'laCTH npocTpaHCTBa, Ky,n;a ncnycKaIOTC.ll BTOpH<IHbie MIO0HbI. B: 
I • • • • • 

pe3yJibTaTe,·u3-3a HeB03M02KHOCTH nepeKpbITb ,n;eTeKTOpaMII Beeb yrJIOBOH 

HHTepBan:, B K0TOpOM MoryT HaXO,D;IITbCH pacceHHHbie MIOOHhI, 3cpcpeKTIIB

HOCTb CIIeKTpOMeTpa ,D;JI.sl yrJIOB 0 < 0min paBHa HYJIIO. YroJI 0min ,D;JI.sl 

ycTaHOBKII '' C" cocTaBJI.aeT 20 Mpa;, a ,n;n~ ycTaHOBKII ".ll" _- 10 Mp'a,n;.-

. IIpnMenenne B cneKTpOMeTpe EUllMC npOT.ll2KeHHbIX MHIIIeneii no

Tpe6oBaJIO ·co3,n;ann.a oco6oii KOHCTJ>YKUIIII Tpnrrepiioii cncTeMhI, KOTopaH 

o6ecne'lHBaeT O,D;HHaKOBbie 3a,n;aHHbie ycJI0BII.ll perlICTpau'nn co6bITIIH na 

Bceii ,n;nnne ~nrneHII. Bcne,n;CTBIIe 3Tora' 6pma BbI6paHa Mo.n;yn:hna.a CIIcTe~ 

Ma,Ha3BanH~ "pacnpe,n;enennhIM Tpnrrepm.:1", B KOTopoii Ka2K,n;0My cy~ 

nepMo,n;yJIIO cneKTpOMeTpa COOTBeTCTBOBaJia CBOH TplirrepHa.ll CTaHUHH. 

Onnc~~a nor:rrKa cpopMIIpoBaHII.ll Tpnrrepa 1-ro II f-ro ypoBneii:, a TaK2Ke 

ero oco6eHHOCTII ,n;n.a yc-ranoBoK "C" · n: "ll". · 

B TpeTheii I'JiaBe H3JiaraeTcH npoue,n;ypa perncTpaunn 3KcnepnMeH

TaJihHhIX ,n;aHHbIX B OnblTax. C yrnepo,n;noii:, a30THoii, ,n;eiiTep1IeBoii II )Ke- , 

Jie3HOH MIIIIIeHHMII II MeTO,D;IIKa onpe,n;eneHII.ll noTOKa nepBH'lHblX MIOOHOB. 

B~~ro 6bIJI0 3aperlicTp1IpOBaHO OKO.JIO 1,5 MJIH .. co6bITIIH Ha yrnepo,n;noii: 

MIIIIIeHII, 80 Tblc. Ha a30THoii, 490 Tblc. na ,n;eiiTepneBoii II _480 ThlC. Ha 

2KeJie3ii:oii MIIIIIeH.ax. To'lHOCTh onpe,n;eneHIIH rroToKa MIOOHOB, nporne,n;rnnx 
'Iepe3 MIIIIIeHh; COCTaBima OT 1 ,n;o 2,5%. . . . . . 

· Mo,n;yJihHOCTh. cneKTpoMeTpa EUllMC II ero npoT.a2KeHHhlX MIIIIIeHeii: 

o6ecne'!IIBaIOT B03MO)KHOCTh o,n;HoBpeMeH1rnro nony'leHII.ll ,n;a~IHhIX _Ha pa3- ·_ 

JIH'lHhIX no .a,n;epHOMY cocTaBy MIIIIIeHHX. IlplI 3TOM ,n;ocTIIraIOTCH onTII-, ., . . . 

MaJibHbie ycJIOBHH ,D;JI}I MHHIIMH3aUIIII CIICTeMaTII'leCKIIX norpeIIIHOCTeii: 

0TH0CIITeJibHblX II3MepeHIIM, K0T0pbie He1I36e2KHbl IIplI Tpa,D;IIUIIOHHOH no~ 

CTaH0BKe II3-3a Heonpe,n;eJieHHOCTeii B KaJIH6poBKax 3Hepr1III nepBII'lHblX 

II pacce.aH~bIX MIOOHOB, B 3q>q>eKTIIBHOCTHX ,n;eTeKT0pOB H B OTHl)CIITeJib-
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HOH HOpMHpOBKe. 8TH MeTO)];H'IeCHe n~eHMyrn;ecTBa 6b1Jrn HCnOJih;OBaHhI_ 

HaMH B onh!Tax rio, O,D;HOBpeMeHHOMY o6rry'IeHHIO .neiiTepHeBOH H )I(eJie3-

' Hoii, a TaK)I(e a30THoii H )I(eJie3Hoii MmneH~H. IlpHBe,neHhI KOH<pHrypaUHH 

pacnoJIO)KeHHH MHIIIeHeii B . cneKTpOMeTpe B . xo.ne .· Ha6opa. ,naHHhlX H npH 
npOBe,D;t'lHHH <pOHOBhlX 'H3MepeHHH (3]. ' ' ,, 

OnHCaHhl onhlThl. no perHcTpaUHH co6hlTHH ', <pOHOBhlX npoueccoB, B 

~OM 'IHCJie H co6hlTiiii rHP' o6yCJIOBJieHHhlX B3aHMo,nei'i:CTBHHMH nepBH'I-
' ... · . . 

HhlX MIOOHOB .co cTeHKaMH KOHTeiiHepoB .neiiTepHeBoii. H a30THoii MHIIIe-

Heii. To'IHOCTh' onpe,nerreHH~ npHMecH q>OHOBhlX co6h!THH,' o6pa30BaHHhlX 

Ha CTe~Kax MHIIIeHeii, COCTaBHJia,0~2 - 0,3 % . CyMMapHhlH q>OH q>H3H~ 

'IeCKHX npoueccoB, HMHTHPYIOIUHX o6pa30BaHHe 'rHP MIOOH0B B MHIIIeHH, 

(pacna,nhl Ha JieTy 1r, H K ..:.. ~e30HOB H .npyrne peaKUHH) He npeBhlruaeT 

0,1 % OT noJIHOI'O 'IHCJia co6h!TlfH, OT06paHHhlX ,D;JIH onpe,nerreHHH cpyK~ 
TypHhlX,<pyHKUHH. • . . , . . , , . .. . .. 

To'IHOCTh y:<ieTa noTepb 3HeprHH HaJieTaIOIUHM H pacceHHHhlM MIOOHa~ 

MH npH peKoHcTpyKUHlf KHHeMaTHKH peaKUHH rHP ~roqHoB n1mo6peTaeT 

oco6eHHOe 3Ha'IeHHe ,nJIH onh!TO~ co cneKTpoMeTpOM T~na BU.IlMC. ' 

MbI OTKa3a.JIHCh OT o6menpHHHTOH npoue.nypbl Y'I~Ta noTepb ,nJIH MIO
OHOB c 3H~prHeii nopJI,D;Ka 10-:-- 300 f3B, no .ziBJMUpll'IHHa.M: Bo-nepBhlX, 

Ta6JIH'IHble 3Ha'IeHHJl noTeph 3HeprHH 61:dJIH norry'IeHbl' TeopeTH'IeCKHMH 
• • ·• '• - } ' • ,\ • I 

pac'IeTaMH. 3a,D;OJII'O ,no no,IBJieHHJl ny'!KOB MIOOHOB BblCOKHX 3HeprHii H, 

BO-BTOphlX, OTCYCTBOBa.Jia HX ~KcnepHMeHTa.JlhHaJl npoBepKa_'B 60JihIIIeii 

'IaCTH 3HepreTH'IeCKOI'O ,nHalla30Ha. Pa3BHTblH HaMH no.nxo.n COCTCHIJI B: 
(l) pa3pa6oTKe·npoue.nypb1 pac'IeTa crry'IaHHhlX noTeph 3HeprHH Ha 

. -- - ' ',. : '. .• . . . .·· - ... ! 
OCH0Be, HaH6oJiee COBpeMeHHhlX no.nxo.noB K Bbl'IHCJieHHHM ce'!eHHH npouec-

COB HOHH3ailHOHHblX IlOTeph, TOpM03H0I'O H3Jiy'IeHHJl, o6pa30BaHHJl e+ e-
, .... . . . . . 
-nap H JI,nepHhlX npon;eccoBj . 

(2) npoBe.n;eHHHH H3MepeHHH • cneKTpOB 'noTeph 3HeprHH MIOOHa~.rn 'B 

o6pa3Uax H3 )KeJie3a. H yrJiepo,na H npoBepKe Ka'IeCTBa COrJiaCii.11 3KCnepli-
, ' ,· . . . . ·, . 

MeHTa.JlhHhlX Pe3YJihTaTOB C TeopeTH'IeCKHMH pac'IeTaMH. 

· Il poBepKa pe3yn1:,TaT0B pac'leTa. HHTerpa.n:hHhlX. n0Tep1:, ocymecTBJill

JIHcb B OT,D;eJihHOM 3KCnepHMeHTe, BblilOJIHeHHOM npH 'IeTblpex 3Ha'IeHHHX 

3HeprHH ny'!KOB noJIO)KHTeJihHhlX. H OTpHUaTeJihHblX MIOOHOB, npoxo,nJl

lllHX <tepe3 o6pa.3D;bl nornom~mero BemecTBa (8]. lfaMepeHHble cIIeKTJ?hl 

noTeph 3HeprHH MIOOHOB, cpaBHHBa.JIHCh . CO cneKTpaMH, · paCC'IHTaHHblMH 

c noMOlllhIO_ MoHTe ,Kapno. ·Proyn1:,TaTbl cpaaneHHll, npHBe.n;eHHble ,nng 

o:zinoro H3 0ilblTOB Ha pHc.3, CBH,neTeJihCTBJIOT O npeBocxo.nnoM cdriia~ 

CHH Te~peTH'Ieciruc' pacqe-roB (BKJIIO'Iall npon;e.nypy HX npH¥eHeHHH) H 
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Puc.3. Cnex:mp nomepb :mepzuu ny11,x:0BbUtu M10ouaitu · (E=120 I'3B) B 

06pa311,e :>1CeJte3a JJtuuoii 930 CM. CnJtowuoii u nyux:mupuoii JtUUU.HMU no:-_ 

X:ll3ll1lbl1 COOmBemcmBeUU01 pe3yJtbffillffibl meopemu11,ecX:UX pac11,emoB C 

y11,emoM U 6e3 yttema 3X:CnepuMeumaJt·b1l020 pa3peweUU.H U 3fPfPeX:mU6-

1toCmU ,pe?ucmpav,uu 

pe3yJihTaTOB 3KCIIepHMeHTa. 

B qeTBepToH rnaae orrncaHa o6pa6oTKa nony'IeHHblX 3KcnepttMeH

TaJihHblX .naHHbIX, BKJIIO'Iaromasi: pacno3HaBaHHe'MIOOHHhIX TpeKOB B cneK

TpOMeTpe BU.IlMC, reoMeTpH'IeCKYK> peKoHcTpyKUHIO co6bITHH H onpe.ne

rreHHe KHHeMaTH'IeCKHX nepeMeHHblX, a TaK)I(e Bhl'IHCJieHHe 3<p<peKTHBHOC

Tei'i: ,neTeKTopoB. 

' B"cne,ncTBHe Toro, 'ITO 'IaCTHUbl a,n:pOHHoro JIIIBHH, conpOBO)I(,n:a10mero 

peaKUHIO rHP MIO0Ha, 6b1cTpo nornoma10Tcsi: B )I(eJie3e, H3 KOToporo H3ro

T0BJieH MarHHT cneKTp0MeTpa, y)I(e 'Iepe3 2 - 3 MeTpa nocrre BepIIIHHhl B 

cneKTpOMeTpe 0CTaeTCH T0JihK0 TpeK pacceSIHH0r0 MIOOH~- KpoMe 3T0ro, 
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MIOOHHhIH TpeK JierKO pacno3HaeTCil 6Jiaro.n:api! .BhICOKOH II36bITOqHOCTII 

KOOp.D:IIHaTHOH IIH<pop1-rnu1111:··B. Ka)K,n:Oii: 113 npoeKUIIH IIMeeTCil O)];IIH OT

cqeT 'Ha 1,2 M. 3TI1 o6CTOi!TeJibCTBa n03BOJIIIJIII pa3pa6oTaTb Ha,n:e)KH~IH 

anropIITM pacII03HaBaHIIil MIOOHHoro. TpeKa · rrporpaMMHhlM nyTeM.,,Haii:

.n:ef!C>,. qTo He3cp<peKTIIBHOCTh anropIITMa He npeBhIIIIa~T 1 %. 
IlpOBepirn pa6oThI nporpaMMhl reoMeTpiiqecKoii: peKoHcTpJKUIIII ocy

mecTBJii!Jiach MeTO)];OM cpaBHeHIIil pe3JJibTaT?B, nonyqeHHhIX B xo.n:e o6-

pa60TKII ,n:aHHhIX BCITOMoraTeJihHhIX OIIhIT<>B, ·c pe3JJih.TctTaMII MO)];eJIIIpO; 

BaHIIi!. BhIJIO Haii:.n;eHo, q-ro rrporpaMMa peKOHCTPYKUIIII 06ecneq11BaeT He

cMeIUeHHOCTh cpe.n;HIIX 3HaqeH11ii: K~op.n;IIHaT II IIMnJJihCOB no OTHorneHIIIO 

K II3BeCTHhIM napaMeTpaM nyqKa MIOOHOB, np11MeHi!BIIIeroc51 )];Jlil. 3TIIX 

onhITOB.. B TO )Ke caMoe BpeMil 6bIJIII 06Hapy2KeHb~ .n:onOJIHIITeJihHhie ( He 

o6'hi!CHi!IOIUIIeCil pa3perneH1IeM . MITITK) cpa6a;bIBaH]Iil npoBOJioqeK 'Ka

Mep B6n11311 TpaeKTop1111 MIOoii:a. KaK ·rroKa3aJI a~annj pe3JJihTaToB 3TIIX 

onhITOB, 3<p<peKTIIBHoe pa3perneHIIe MITITK <73 ,f,if>, pacnono2KeHHhIX B npo~ 

Me2KJTKaX Me2K,n:y 2KeJie3HhIMII )];IICKaMII MarHIITHOro cneKTpOMeTpa, yxy.n:-

' rnaeTCi! 3a cqe; perncTpau1111 8-:nieKTpOHOB. Ecn11 11cxo,n:11Th 11'3 _Toro, qTo 

yBen11qeH11e napaMeTpa 0-3 ,f,rf>. npoucxo.n;11T 3a cqeT KBa.n;paTnqHoro cno- · 
)KeHIIil pa3perneHIIil MITITK (7' onpe,n:eJieHHOro B OTCJTCTBIIII BeIUeCTBa Ha 

nyTII MIOOHa, ,c BeJIIIqffHOH BKJia,n:a a' OT 0-;-3JieKTpOHOB,. TO a' ';::j 0, 1 C.M . 

IfanaraeTcil pa3BIITail MeTO.D:HKa oT6opa co6hITIIH fHP MIOOHOB, o6ec~ 

neq11BaIOIUail," KaK BhICOKJIO 3<p<peKTIIBHOCTh o6pa60TKII, TaK II IIpaKTIIq~

CKII ITOJIHOe rr6,n:aBJieHm~ <pOHOBhIX co6bITIIH. 

· B n'.aToii rJiaee npli:Be)],eno onncan11e MeTO,IJ,IIKII onpe,1J,eJieHIIil C<P HJ.

KJioiicrn'n 51,1],ep B ycJIOBIIi!X IICKa2KeHIIH, BHOCIIMhlX anIIapaTypo:ii, II pe3JJih

TaThI, nonyqeHHble mi. yrnepo,1],HOH MnriienII B o6JiaCTII :x <0,8 . Ihna

raeTCil npoue.n:ypa M0,1J,en11poBaH11il 3KcnepnMeHTa, a TaK2Ke apryMeHThI, 

o6oCHOBbIBaIOIUIIe B03MO)KHOCTh. ee npIIMeHeHIIil )];Jlil' aHaJIII3.a· )],aHHhIX B 

11ccne.n:yeMoii: 06nacT11 rrepeMeHHhIX x u Q2. · 

MiIHIIMM3aun'il rrorp~iIIHOCTeii/ :imocIIMhIX B' o6pa6oTKy-,ii:aHHblX . pac

q~~aMII' acp<P'~KTI-iBHOC'I'II ci:ieKTJ)OMeTpa no MeTo.n;y MoHTe Kapno, 6bIJI~ 

)J.OCTIIr~yf a' Mb,ti~Ji11po.Bamie~ IlOTepb 3HeprHH MIOOH<iMII He B cpe.n;HeM; a 

· c;a'.Tncin~e'cKn1i Me:i-~.hoM· .. C 3TOil: uenlio' pa3h~rphrnamre 'noiepb 3m:ipr11iI 

b.E MIOOHOM B xo.n:e ero Tpa~CIIpOBKII ocymecTBJli!Jl~Ch B COOTBeT~TBIIH ·c 

'.n:Hcpcl>ep·eHUHaJihHhIMII 'ce~eHIIi!MM ripoueccoB 11oiJ:ri3au~u1~ -:r;opM03Horo II3-

Jl)''ICHHil, o6pMoBaHIIil e+ C ·nap 11 i)].epHhIX · peaKu11ft. BhIJIII 11cnorrfo0Ba

. HhI HaH60Jiee COBJ>eM~HHbie TeopeT·H~eciri:e iI, 'cpeHOMeHOJI~rIIqec~IIe pacqe-
• ' } - • , • • ,~ ,_, < ' r : • . " ,' • ' ' .• 

12 

i 
t' ·,,-. 
\/ 

i; 
·.·U 

!, . 
. P.1 

f 

Thl ceqemiii: 3TIIX rrpoueccoB. IlpoBepKa Bceii: CIICTeMbl pacqeTOB, on11caH

Hail· B 'rnaBe 3, )];OKa3aJia npaBIIJlhHOCTh. pa3pa6oTctHHOro MeTo,n:a 11 npe.n:o~ 

CTainma ~a-repII~ )];Jlil oueHoi B03MO)KHhIX CHCTeMaTIIqecKIIX ourn6oK. 

Pai::qeTbl 3<p<p~KTOB MKP MIOOHOB 6bIJIII BhIIIOJIHeHbl B .D:BYX no.n:xo.iiax 

...:..:_ I'aycca 11 Monbepa.11oKa3aHo; qTo pa3Jmq1151 B · cpyHKIJ,HilX. pacnpe~ec · 

JieHIIi! cnyqaii:Horo yrna MtP, np11cym11e 3THM .D:BYM pacc~o'I'peHHilM, He_ 
, • • , i ~-.:~ • ' • ' ' : ·~ 

CKa3bIBaIOTCil Ha ToqHOCTII onpe,n:eJieHIIil napaMeTpOB peKOHCTpy11poBaH~ 

HhIX co6i.ITIIH rHP. M~mia .BO B'ce11 11ccrre,1J,yel\10H o6JiaCTII X II Q2. -

On11caH 1ICilOJib3JeMbIH MeTO.n .Bh;)],eJieHirn '6opHOBCKOH aMnJIIITJ.zihI 

fHP MIOOHa Ha HJKJIOHe II i!,IJ,pax c IIOMOIUhID Bhrq11cJieH1Iil pa,1J,nau110H-

HhIX noirp.aBO~ (PIT). . 

. B pe3JJib~aTe 06pa60TKH)],aHHhIX, norriieHHhIX Ha yrnepo,i:J;noii: MHIIIe~ 

HII npu 3HeprIIII MIOOHOB 120, 200 11 280 f3B [1, 2], 6bmo OTo6paHO oiwno" 

1;5 MJIH. "xopowux" co6bITHH [11, 12]. Bnaro)],ap:sr 6oJibIIIOMY q11cny co-

6hITHH, Mhl IIMeJIII B03MO)KHOCTh BBO)],IITh 2KeCTKIIe KpIITepurr OT6opa 6e3 

ym~p6a ,IJ,Jiil ~TaT11cT11qecK9ii: ToqHoCTII pe3yJI~TaTa, yMeHh~ail B TO 2Ke 

caMoe BpeMil CIICTeMaT11qecK1Ie norpeIIIHOCTII. 

.; 
' J 
I:> 

II 
a: 

0,6 

0,4 

-0.2 

-0,4 

0.2 

• BCDMS "C 
o EMC : "fe . 

0.4 

X 

o.s o.a 

Puc.4, Cmpyx:mypuaJI rjiyux:v,uJI R( x) . 
(1iep1tble mo'ix:u). C6emJLbl.MU mo'i

x:a.uu nox:a3a1lbl pe3yJLbma

mbl onbima EMC ua :>1eeJLe3uoi1 .uu-. . . .. 
w,~uu. Buympeuuue ompe3x:u coom-

6emcm6y101T1, 6e.!LU'iU1le. cmamucrnu

'ieCX:UX no2pewuocmeu, a 61temuue 

-.-- ao6a6.!Le1l1lbl.M X: 1lU.M .!LU1leU1lO CU

c'meMamu'ieC1..U.M owu61w.u .. CnJLow~ 

1lOU x:pu6ou'nox:a3a1lo npeacx:a3auue 

KX.U -.uodeJLu · 

CTpJKTypHail cpyHKUIIH R = CT£/ ay onpe,1],eJii!Jiach c noMOIUhIO MeTo)],a 

HaIIMeHhIIIIIX KBa,1],paTOB. B KaqecTBe ycJIOBHil orrpe.n:eneHIIil 3Ha'iieHIIil R· 
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Tpe6crnanoc~ ,ll;OCTII)Keirne Haimyqrnero corrrac1rn Me)K,tiy BCeMH TpeMH Ha..: 

6opaMH .n;aHHhix, paccMaTpHBaeMbD~ B Ka)l{,l];oM H3 HHTepBaJI0B rrep~MeIIHoii 

x. IlpH 3TOMMbI cqHTaJIH,qTo B ·HHTepBane 40 I':JB 2 < Q2 < 200I':JB2 

C<P R( X) He 3aBIICHT O'I' Q2
• OcHOBaHHeM ,D;JIH noro ~JIY)KHT BbIII0JIHeHH0e 

B paMKax 'Kxn paccMoTpeHHe C<P. R(x, Q2), rrpe,n;cKa3bIBaIOmee crra6yro 

(rrorapmpMHqecKyro) 3aBIICHMOCTb 'noiI C<I> OT Q2
• _ 

. y cpe,tiHeHHOe no BCeH u3y11aeMOH o6rracTH rrepeMeHHOH X 3Haqe~ne R, 
K0Topoe COOTBeTc'.rByeT cpe,n;HeMy :maqeHHIO Q2 = 60 I'aB2, COCTaBJrneT 
R == 0, 015 ± 0, 013cmam ±0, 026cuc~ . . .- .. 

Ha pIIc.4. IIpHBe~eHbl 3KCIIepIIMeHTaJibHbie II Bbl~IICJieHHbJeB Kxn M0-

.n;errn ( cnriornHaH KpHBaH) 3HaqeHIIH R( X). nrr_H cp_aBHeHIIH Ha pHcA rrpH- -

Be.n;eHbl 3Haq~HHH R(x), orrpe.n;erreHHbie B 0IIbITe EMC. Pe3yJihTaThI o6oHX 

3KcrrepIIMeHTOB xoporno corrracyrorcH KaK c IICIIOJib30BaHHbIM BbIIIIe npe,n;- . 

IIOJIO)KeHIIeM R == 0, TaK u c pacqeTaMH B MO,n;entt Kxn: 3TOT <pa.KT .n;aeT 

OCHOBaH~e BOCilOJih30BaTbCH rrapaMeTpII3aUH~H" R, rrorryqeHHOH B MO,nerrII 

KXn, )];JI~ ofrbe,D;~HeHIIH .n;aHHbIX rrpn Tpex 3HaqeHIIHX 3I:Jep~IIII. II orrp.e.n;e~ 

JieHIIH e.n;nHoro Ha6opa 3Haqemu1 F2(x, Q2), KOTOpbIH II0Ka3aitHa pHc.5 .. 

·IlpIIBe,n;eHHhie Ha pnc.5 ,n;aHHble oTqeTJIIIBO ,n;eMOHCTPIIPYI~>T Hapyrne

HHe CKeHJIIIHra BO Bcex X-HHTepBanax. CrrJIOIIIHbI~rn J1HHIIRMII Il0Ka3aHbl 

pacqeTbl. C<P HYKJI0Ha, norryqeHHbie pernemrnM ypaBHeHHH 3BOJIK>UIIH C<I> 

B HeCHHrJieTH0M rro'apoMaTaM KBapK0B f rrpn6JI_H)KeHHH [11, ·13]. . . 

B pH,ne crryqa~B, B qacTH0CTH, .n;rr.s1 Mo,n;errnpoBaHH.sI rrpouecca fHP MIO

~HOB Ha H,D;pax, y.n;o6HO ncrrorib30BaTb rrpocTyIO rrapaMeTpH3aUHIO X H Q.2 

-3aBHC_HMoc_TH C<I> cBH3aHHoro B H.n;pe HYKJI0Ha: ., 

Ff(x;Q2
) ~F/(x,Q2) (1- x)4(b+ ex+ dx 2 + ex3 )(Q2

)f+gx '°. (7) 

Ai::mpoKCHMaumi F2 ( x, Q2
) B o6rracTn 0, 25 :S x.:::; O, 8 u 25 :S Q2 :S 2_80 

f3B 2 C Il0M0IUbIO. Bbipa)KeHH.sl (7) ,n;aeT crre.n;yiomiie 3HaqeHHll napaMeTp0B 

ripH 3HaqeHHH x2 Ha qncrro cTeneHeiI cB060,n;b1 x2 /q.c.c. = :180/159 [12]: • 

·a= 2,5693 
. b a::: 0,2739 

··J =-0,0303 

C = 3,0437 

g =-0,2185 

14 

d = -5,5172 e = 2,5790,_ 

(8) 

l, 
I 
). 

j 
~1 
i} 
!'. 
! 

f 
I 
I 
i 

-1.\ 

;t-·· 

, , . ~ 
L 

;,·) 

·lJ 
:r 

-

~ 
;::: • • 0.275 _. e' ... -·• • 0.3~ ---- ----.... ---
10-1 

• • 0.45 

~-

• - o.ss 

x - o.e 

10-z 

• • 0.75 

10 o' cc.v/c)' . 

Puc.5. Cmpy~myptta.Jl ffiyur.14~.Jl F2(x, Q2), no,11,y~e11,11,a1[ 061:.eauueuueM pe-
3YAbmamiJ6 uaMepe,;,uii, npu mpex :Jttepzu.n~ ny11,~a. Cn,11,owttblM~ ~uu~.HMU 
no11:aaa1t~1 peay~bmambl pac11,ema a KXJI Moae,11,u co a11,a11,~uu~M n~pa~em~ 
pa >.Ms~ 230 M3B. · · · ·· · 

B wecTOH rnaee. rrpnBo.n;.s1-i:~H pe3yJibTaTbI nccrre,n;oBaHHH ncKa)Ke-. 

HHH CTPYKTypw IiyKhoHa 0Kpy)Ka10meiI ero:.s1.n;epHOH cpe,n;oiI, Hiin TaK Ha-

3bIBaeMblx· .s1,n;epHbIX ,3q><peKTOB. B. CTPYKTypHhIX q>yHKUHHX B o6rraCTH o.n;~ . 

H0HYKJIOHHOH KHHeMa.THKH (x <1). Pe3yJibTaTbI•Ilpe.n;d-raBJIHIOTCH B,Bn.n;e 

· o·THoinemiii: C<l> .. ,Ff/Ff, H3MepeHHbIX B · 3aBHCHMOCTH '. ciT . 3H~-iJ:em1iI ne~ 

peMeHHbIX x, Q2 'n aTOMH()H MaCCbI A. IloKa3aHo, q-ro, 6rraro.riapii' BbI--

6paHHOH -MeT0,D;HKe, C03,D;a10meii: OIITHMaJibHbie . ycJI0BHH ,ll;JIH . rrpoBe,D;eHmi: 

oTHocnTerrbHbIX H3MepeHHiI 3HaqeHnii: C<P_ Ff· Ii: Ff, a· ral{)Ke rrpotie~ype 

aHaJIH3a, npoBepeHH0H MHoroqncrreHHbIMH KaJIH6poBKaMH cneKTpoMeTpa, 

BerrnqnHa cncTeMaTnqecKnx norpeIIIHOCTeiI B oTHorneHHH Ff(x)/Ff(x) 
He npeBbIIIIaeT 2%. 
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Ta6mm:a 1 

IlapaMeTphI a·; b II IIX norpeIIIHOCTII, norryqeHHhre no.n,roHKOM 

pe3JJihTaToB II3Mepemiii: Ha H.[(pax 14NII 56Fe 3aBIICII~iocThIO 
rA = a'+bx _,,_ 

MIIrneHh 

IlapaMeTp N/D Fe/D 
a 1,15 1,17 

~acmam 0,03 0,04 

~acucm- 0,01 0,01 

b -0,47 -0,55 

~bcmam 0,07 0,10 

~b~uc,; · . 0,04 0,04 

Pe3JJihTaThI onpe.n,erreHIIH rA(x) noKa3aHUHa pIIc6 II p~c.7 CIIJIOIIIHhI

MII KpyrJihIMII
0 

TOqKaMII . .IlrrH cpaBHeHIIH TaM )Ke rrpIIBe.[(eHhl pe3JJihTaThl 

'rrepBoro 3Kc~epIIMeHTa EMC IIOII3MepeHIIIO rFe(x) (pIIc.7a), pe3JJihTa

ThI He.[(aBHero 3Kcrrep~MeHTa EMC II OIIhITa CJIAK-MMT 'no mMepeHmo 

· r0(x) (pIIc.6). Ha pIIc.76, IIOMIIMO 3HaqeHIIM rFe(x), rrorryqeHHhIX B .D,IIc

cepTaIIIIOHHOH pa6oTe, noKa3aHhl OTHOIIIeHIIH C<P' II3MepeHHhle B OilhITax 

CJIAK Ha TH)KeJihlx H.[(pax (Fe II Cu). 
CpaBHeHIIe rrpIIBe.zieHHhIX .uaHHhIX 'CBII.[(eTeJibCTBJeT o TOM, qTo pe~ 

3JJihTaThI, m5rryqeHHhre HaMII B o6rracTII x :> 0, 2..::0, 3 , MoryT paccMaTptt:

BaThCH ~aK ern.e O.[(HO (rrocrre OIIhl~OB CJIAK-MMT) IIO.[(TBep)K.[(eHIIe 3<p~ 

<peKTa, o6Hapy)KeHHoro EMC. KorrIIqecTBeHHo 3To Bhipa)Keno c rroMOillhIO 

3HaqeHIIll rrapaMeTpOB, JIIIHellHOro <pIITa pe3JJlbTaTOB :in'Mepemrn rN ( X) II 

rFe(x), B3HThIX B IIHTepBaJie 0, 2 < x < 0, 1. IIorryqeHHhie no Ha~IIM .n,aH

~hIM 3HaqeHIIH rrapaMeTpOB a II b (Ta6JIIIIIa 1) COBna.[(a'.IOT c~ 3HaqeHIIHMII, 

rrorryqeHHhIMII B onhITax EMC II CJIAK-MMT. 

3aMeTHhie oTJIIIqIIH OT rrepB~HaqarrhHhIX pe3JJihTaTOB EMC Ha6rr~

.n,a10TcH HaMII B 06JiaCTII X < 0, 3 KaK Ha. H.[(pax a30Ta (pIIc.6), TaK II Ha 

H.D,pax )KeJie3a (pIIc. 7a) [9J .. BMeCTO mrneii:Horo pocTa C yMeHbIIIeHIIeM X 

OT 0,3 '.[(O 0,06 OTHOIIIeHIIe rFe(x) Bh!XO.[(IIT Ha nJiaTO. Ero OTJIIIqIIe 
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AC rf-toDz .. 
'0 SEDMS Frz, FPZ 1, 

oB <tF•• .·A EMC F, 2 i ~ tt1!.+11·rv~-..i;_ :♦~~ t-
1._N 0,9 t l 1 f 

0 0,2 0,4. D,8 0,8 

X 

Puc.6. Omuouieuue C<P rN(x), u3-
Mepeuuoe · 6 • uacmo.Hw,eu pa6ome 
('1/,epubie mO'l/,'tm}. J1Jt.H cpaBueuu.H 
npuBedeubl pe3yJtbmambz onb!moB 
11,a yzJtepoauou/aeumepue60U M,U-

" weu.Hx CJIAK(cBemJtbZe mo'l/,rm} u 
EMC(mpeyzojr,buu~u) · 

OT rA =1 COCTaBJIHeT B o6JiaCTII x ~ 0, 06 -;- 0, 2 4,5% ± 0,5%cmam 
±2, o%;ucm [14], r.ue B OIIeHKY CHCTeMaTIIqecKOM norpeIIIHOCTII BKJIIOqeHa 

Heonpe.uerreHHOCTh B OTHOGIITeJihHOH HopMIIpoBKe )J.aHHhIX (1,5%). Eme 

MeHhIIIee OTKJIOHeHne OT rA = 1 .ueMoHcTpIIJ>YK>T . .n,aHHire, norryqeHHhle. 

Ha H.D,pax a3o_Ta, JKa3hIBaH Ha OTCJTCTBIIe H.[(epHhIX 3<p<peKTOB B 3TOM KII-

' HeirnTIIqecKoii: o6rracTII. C yqeToM CIICTeMa.TIIqecKIIX norpernHocTett MhI 

onpe.n,eJIIIJIII, qTo BepoHTHOCTh COBna.ueiiii:~ ToqeK rN ( x), rrp1ma~Jie)KaIIIIIX 

IIHTepBarry 0,08< X <. 0,20 ' C npo.[(OJI)KeHiieM B 3TJ o6JiaCTh JlIIHeMHOM 

3aBIICIIMOCThlO (Ta6JIIIIIa 1) COCTaBJIHeT MeHee 1% [6]. 

HaMII BnepBbie IICCJie.[(OBaHa 3aBIICIIMOCTh OTHOIIIemiii: rA OT KBa.upaTa 

rrepe.n,aBaeMoro 4-IIMnyrrhca Q2
• Haii:.ueHo, qTo B o6rracTII Q2 > 20 f3B2 

BeJIIIqIIHa OTHOIIIeHIIM F{e / Ff II Ff/ Ff He 3aBIICIIT OT Q2 II corrracyeTCH 

· c pe3JJihTaTaMII, norryqeHHhIMII. B CJIAK · npII Q2 · <. 20 f3B2; M3 3Toro 

crre.n,yer, ·:,ITO npIIqIIHa pa3HornacIIii:, Ha6rr10.n,aBIIIIIXCH Me)K.n,y onhITaMII · 

EMC II.CJIAK B o.6rracTII x < · 0, 3, He cBH3aHa. c Q2- .~aBIICIIMOCT~IO 

II3Mepea:Moro OTHOIIIeHIIH II COCTOIIT B TOM, qTo . .[(aHHbie KOJIJia6opaIIIIII 

EMC npII x < 0, 3. ornII6oqHhI. 3aBIICIIMOCTh rN oT Q2; norryqeHHaH II3 ·. 

OIIhITOB Ha a30THOll ii .ueii:TepIIeBOM MIIIIIeHHX; rrpIIBe.D,eHa Ha pIIc.8.' 

.IlaHHhie, rrorryqeHHhre HaMII Ha a:.upax a3oTa II )KeJie3a,-a·TaK2Ke .uaH

Hi,ie. onh!TOB B CJIAK .urra: ceMII .upyrrix a:.uep, yKa3hIBaIOT Ha crra6y10 

A-3aBIICIIMOCTh 3<p<peKTa H.[(epirou cpe,nhl: rA ',.._, Aa. IlapaMeTp a < 0 

II. pacTeT no Mo.uyrrro OT O (x = 0, 3) .n,o ~ 0, 05 (x = 0, 65t M3 :froro 

~rre.n,yeT, qT~ C<P rrerqaii:IIIero II3 H.[(ep -:- .n,efrrepIIH, npaKTIIqecKII II.D,eH

TIIqHbl• C<P CB060.[(HOro HJKJIOHa. TeM H~ MeHee Ba)KHO norryqIITh KOJIII

qecTBeHH)"IO oIIeHKJ rrpOHBJieHIIM H.[(epHhIX 3<pcpeKToB H~n~cpe.ucTBeHHo II3 

3KcrrepIIMeHTa Ha .n,eiiTpoHax. C 3TOM u;eJihIO IiaMII 6hlrr BhIIIOJIHeH aHaJIH3 

.n,aHHhIX [15] fHP -~IOOHOB H~ BO.[(Opo.ue II .n,eii:TepIIII, rrorryqeHHhIXB orihl-
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Puc. 7. Pe3y.!tbmambl U3.M.epenu.a rA(x), no.11,y1te1l1lblC 6 uacmo.Hiqeii, p~6~
me {1tepub1e mo1t1m). J1.11,.n cpaoneuu.a npu'oede1tb1 pejy.11,bmamb1 onb1~0B ·• 
EMC ua ;J/CCJt.e3uou/deumepueoou .M.uw.eu.nx _.:. {a) u onblmoo CJIAIC-
(6) ua ;)!Ce,11,e:111,oii, (cBC7!1,J1.b1e mo~x:u) u Meduou (x:oadpa~i,,) Muw.eu.ax 

Tax Ha cneKTpOM~Tpe EULIMC. Y CTaHOBJieHo, 'ITO ».n.epHbie 3q>q>eKTbl B 

.n,eiiTpoue MaJibI ( < 2 .:_ 3%) IlO cpaBHeHIUO C rrorpeIIIHOCTR1-HI I1Me10mHX

CH 3Kcnep11MeifTaJihHhIX .n.aHHhIX, 11 __ 'ITO .D.aJibHeiirnee l13J'leH11e _3Tl1X 3q>~ 

q>eKTOB B03MO)KHO Jillillh np11 ycn0B11n IlOBbIIlleHll»_ TO'IHOCTll He1'iTp11HHh1x 
3Kcnepm.i:eHToB. 

'Llmi. 06'bRCHeHI1R. l1CKa)KeH11ii CTpyKTJpHoii · q>yHKUllll cso6o.n,HOr!) Hy

KJIOHa H.D.epHoii cpe.n.oii 6bIJIO npe.D,JIO)KeHo 60JibllIOe _'lllCJIO TeopeTll'leCKllX 

MO.D,eJie:ii. HecMOTpR Ha 3Ha'll1TeJibHbie pa3JII1'll1R, . Bee OHll 1-i:oryT 6bITb 

06'be.n,11HeHbI nochIJIKoii, 'ITO CTaH.n,apTHhiii no.n.xo.n., paccMaTp11Ba10m11ii 

H.n,po KaK CIICTeM)' CB»3aHHhIX HJKJIOHOB, He »Bn'si:eTc» .n.ocTaTot.JHo ·-roq

HhIM. IleiicTBHTeJibHO, eCJill nepe.n,aqa IIMilJJibCa OT MIOOHa K ».n.py .D.OCTa-
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Puc.8. 3aaucu.«ocmb rN om Q2, onpeae,4enna.JI a unniepaaAax no nepe-
, ·-' ' . 

.uennoiL x 

ToqHo BeJIIIKa {?: 1 faB), To JI,D;po .n;omKHo paccMaTpII~aT~c.si KaK penH~ 
THBHCTCKOe CB.sI3aHHOe COCTORHHe KBaHTOBaHHbIX .none:ii, T.e.·KaK.CHCTeMa· 

c 6ecKoHe'IHbIM qucnoM _cTeneHeii c;o6o,n;bl. "BaneHTHhle":HyKnOHhI TaKoii 

CHCTeMbl HecyT TOJihKO ,'la~Th IlOJIHOI'O. ee HMnynhca ( B c:U:cTe1-~e OTCtieTa 

c 6ecKoHetIHblM HMnyni,coM}. OcTaJihHa.sI··ero qacTh ,n;oJDKHa. npHHa,n;ne

)KaTh ~Mop10" 'laCTHU-aHTH'laCTHU (Me30HOB, KBapKOB,'rmooHoB} H3'--3a 

3«pq>eKTOB non.llpH3aUHH BaKyyMa. ( o6pa.3oBaHHe H nornome1rne BHpTyani;.:. 

H~x 'laCTHU). B pe3yni.TaTl:l TaKoro nepepa~npe.n;en~HH.sI.JMem,maeTCH .n;o

ng· HMnyni.ca BaneHTHbIX KBapKoB B JI,D;pe (Ha o.n;irn HyKnoH} H B03p~cTaeT 

.n;on.si HMnyni.ca'"MopcKHX" KBapKOB Ii rJIIOOHOB. ::hu o6rn:He npe.ricTaBne.:. 

HH.11 peJI.IITHBHCTCKOI'O CB.sI3aHHOI'O COCTO.sIHH.ll e,n;HHbl ,n;nH BCex MO,n;eneii, 

KOTOpble 6bIJIH npe,n;no)KeHhl .n;n.si o6'hKCHeHH.ll EMC-3q>q>eKTa. 

KaK OTMe'laeTC.sI. B 0030pe [17], MO)KHO Bhl,n;eJIHTh 'leTblpe OCHOBHbIX; 

OTJIH'laIOrn:HXC.sI no cym:ecTBY, no.n;xo.n;a, .06'bHCHHIOID:HX p~CCMaTpHBaeitoe 

.sIB~eHHe C Il~MOJnbio (1) 3q>q>eKTOB CTpJKTYP~ R,n:pa, (2) ~3MeHeHHeM Mac~ 

19 



IIITa6a nepe.n;aHHoro 4-IIMnyJibCa, (3). 3<p<peKTaMII nII0HOB B CTpJI{Type 

· · i!p;pa II ( 4) MHOrOKBapKOBblMII COCTOi!HIIi!MII B il,Zl;pax. 

!f3 · cpaBHeHIIil . pe3JJibTa TOB II3Mepemrn rA ( X) C C0OTBeTCTBJIOIUIIMII 

pacqeTaMII. TeopeTIIqecKIIX MO,Zl;eJieii HaMII c,n;eJiaH BhIBO,Zl; 0 TOM, qTo HaII

JiyqIIIee COrJiaCIIe C 3KcnepIIMeHTaJibHbIMII ,n;aHHhIMII nOJifqeHO B MO,Zl;eJii!X 

MH<?rOKBapKOBblX KJiacTepoB, II qTO KBapKOBhIH MexaHII3M i!BJiileTCil HaII-

6oJiee IIO,Zl;XO,Zl;i!IUIIM KaH,n;II,n;aTOM ,Zl;Jlil onIICaHIIil Ha6mo,n;aBlllIIXCil 3<p<peK

TOB. rmiBHblM B OnIICaHIIII 51,Zl;epHblX 3<p<peKTOB C nOMOIUhlO KBapKOBOro 

no.nxo.na i!BJii!eTCi! To, qTo .nonycKaeTCil o6pa30BaHIIe KJiaciepoB c qncJioM 

KBapKOB N, > 3. lfa 3TOro cne.n;yeT' ~TO .nmi pe1IIa10meii ~poBepKH KBapKO

BbIX Mo.neneii Heo6xo,n;HMhI HOBhie aKcnepHMeHTaJihHhle ,n;aHHhle npn x ~ l 
H X >l. 

·B ce,D;bMOH rJiaBe onncaHbl pe3JJibTaTbl onbITa no H3MepeHHIO C<I> 
i!.n;pa yrnepo.na B o6JiaCTH Q2 ·>60 f'aB2 B6JIH3H H 3a KHHeMaTnqecKHM 

npe~eJIOM ,n;Jiil cnyqa51 paccei!HHil MIOOHa Ha noKo~meMcil HJKJIOHe (x=l). 
IIcnoJih3oBaHHail_ MeTo.n;nKa perHcTpaunn co6b1Tnii o6na.n;aeT ·HecoM

HeHHhIMH npeHMymecTBaMH no cpaBHeHHIO C .n;pyrHMH nocTaHOBKaMH 3KC

nepHMeHTOB no rHP JienTOHOB Ha i!,Zl;pax KaK C ToqKH 3peHHil ,Zl;OCTH)KeHHil 

BbICOKOH CTaTHCTHKH npH X -+ l, TaK II C. TO'IKH 3peHHil Ha,n;e2KHOCTH 

oT6opa co6h!THH nccne.n;yeMoro npouecca. 

3KcnepHMeHTaJihHble ~aHHhle, BKJIIO'leHHble B HaCTOi!IUHH aHaJIH3, cy

mecTBeHHO i!BJli!IOTCil '!aCTblO .n;aHHhIX, noJiy'leHHbIX B 3KCnepHMeHTe IIa 

ycTaHOBKe "C" npH 3HeprHII MIOOHOB 200 raB. OnncaHbl OTJIH'lHTeJibHhie 

OcofieHHOCTH (no cpaBHeHHIO C aHaJIH30M B OfiJiaCTH X _<0,8) MO,Zl;eJIHpo-' 

BaHHil co6h!THH II BhI'lHCJieHHil 3Ha'lennii C<I>. B qacTHOCTH, BBO.D:HJIHCh 

)KeCTKHe KpHTepHH OT6opa co6bITHH, IICKJIIOqHBIIIIIe II3 aHaJIH3a co6bITIIil 

rHP MIOOHOB, napaMeTpbI KOTOpbIX MOrJIII 6~Tb B CHJibHOH.CTe,neHH IICKa

)KeHhl 3<p<peKTaMH KOHe'lHOro pa3peIIIeHHil cneKTpoMeTpa. B pe3JJibTaTe 

,n;Jiil aHaJIII3a C<I> 6hIJIO ocTaimeHo 74 ThIC. co6bITHH H3 6onee, 'leM 600 

TbIC., noJiy'leHHbIX npII 3TO!i 3HeprIIH. lfa ~Toro KOJIH'leCrn.a 1356 C06bI-
THH peKOHCTpynpoBaHbl B o6JiaCTII •X > 0, 8. . , . . 

llni! noJiyqeHHi! pacnpe,n;eJieHHil M0,Zl;eJIHpoBaHHhIX co6hITHH dNr ( x) /dx 
npo6Hai! C<I> Ff B~'lHCJiilJiacb B coOTBeTCTBHH c Bhlpa2K~HH.llMH · 

Ff (x,.Q2 ) =: Ff(x, Q2 ) , X $ 0, 75 (9) 

· . Ff(x, Q2
) = Ff (x = 0, 75, Q2

) • exp[-s(x - 0, 75)] , x > 0, 1.5 , (10) 

a cTpyKTJpHai! q>JHKUH.ll R(x, Q2
) nonaranacb paBHOH HJJIIO. Bxo.n;.llIUa.ll 
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B 3TII Bhlpa2K<;!HH.ll q>JHKUH.ll Ff (x, Q2) orrpe,n;eJI.lleTC.ll qiopMyiroii (7) C <pHK

cnpoBaHHhIMH napaifeTpaMH {8); napaMeTp s B qiopMyJie {10) - cBo6o.n

HhIH. OciioBaHHeM ,Zl;JI.ll napaMeTpH3aUHH Ff (x) c noMOIUhIO 3:KcnoHeHThI 

nocJIJ2KHJIH npe,n;cKa3aHH.ll · Mo.n;eneii, onncbIBaIOIUIIX il,Zl;epHhle :=iqi<peKThl B 

C<I> npH x ? l c noM0IUhIO MaJIOHJKJIOHHhlX KoppeJI.llUHH B il,Zl;pax HJIH )Ke 

MHOrOKBapKOBhlX KJiacTepoB. 
llnH HcCJie,n;OBaHH.ll Q2..:..3aBIICHMOCTII C<l>Pf KHHeMaTH'leCKail o6nacTh 

6hlJia pa.3,n;eJieHa Ha TpH HHTepBaJia no fJ2
: 52 - 70 r::iB

2
' 70 - 100 raB

2 

II 100- 200 raB2• Pe3JJibTaThl Bhl'IHCJieHH.ll Ff, OTHOC.llIUHeC.ll K ueHTPY 

COOTBeTCTBJIOIUero HHTepBaJia, ITOKa3aHhl Ha pHc.9. BHyTpH Ka)K,Zl;oro Q
2

~ 

n:iiTepBaJI~ Ff no,n;roH.llJIHCh 3KcnoirnHUHaJihHOH 3aBHCHMOCThIO exp( .:...sx); • 
nonytJeHHhle napaMeTphI npnBe.n;eHhI B Ta6nnue 2. B npe.nenax oIIIn6oK s 
He 3aBHCIIT OT Q2 • B TO 2Ke ca.Moe BpeM.ll ,n;aHHhle cornacJIOTC.ll co cna6oii 

;~BHCHMOCThIO s oT Q2 (HapyIIIeHHe cK~HJIIIHra), KOTopaJI npe,n;cKa3hrnaeT

C.ll nepTyp6aTHBHOH MO,n;eJihlO KXll II OT'leTJIHBO npoi!BJI.lleTc.ll B o6nacTH 

x< 0,8. 

.Ta6nnua 2 

llapa.M~mp uan.,ioua s,· onpeae.11,eu~blil 6 ofi.11,acmu X > o; 8. ~s. 
o6031la"laem 11,0A.1lY10 :nccnepuJ.ieuma.itMlYW omu6ny, 6nAW"la10U,f!J'IO 

cmamucmu11,ecny10 U cucme.Mamu11,ecny10 nozpew,uocmu,. C.11,0:»ee1l1lbte 
n6aapamU"l1lO. -

I Q2 
• ·:. '(raB2) I 

s 

.52'=-.70 16.8 

.70 -100 16.9 I -.'..n" I ,"- ,..-~ 

100-2'00 16.3 

52 - 200 16.5 

. IlpoBO,Zl;II.TC.ll H3J'leHIIe CHCTeMaTnqecKHX norpeIIIHOCTeii, poJih KOTO-

pbIX MO)KeT B03pacTaT~ c ·npn6nn2KeHHeM K KIIHeMaTnqecKoMy p:opory · 
. ' 

x=l, :s tJaCTH0CTH; ocyi:uecTBJieH aHaJIH3 ,n;aHHhIX, noJiy'leHHhIX rtpn TOH 

2Ke,.3HeprHH nepBH'IHOro ITJ'!Ka _MIOOHOB Ha )KII,Zl;KOBO,Zl;OpO,Zl;HOH" MHIIIe

HH:_ lln.ll aHariH3a npnMeH.llJIC.ll ~OT )Ke rio.n;xo,n, 'ITO II ,Zl;Jl.ll onpe.r;i;eneHH.ll 

Ff(x,Q2 ) B o6JiaCTH X > 0,8, YCJioBHll perncTpaunn ,3THX ,n;aHIIhIX, 3a 

. ncKnio'qeHHeM cocTaBa BemecT.Ba MHIIIeHH, noJIH0CThIO II,n;eHTHqHhl ycno- -
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BHHM nonyt:JeHHH .n:amibIX Ha yrnepo,n:e; Bcne,n:CTBHe :noro, ammH3 pe3yJib- . 

TaToB onpe,n:eneHHH C<I> npoToHa Ff npe,n:ocTaBJIHeT Haunyqruyro B03M0)K~ 

HOCTb H3yt:JeHHH BJIHHHHH 3<pq>eKTOB pa3perneHHH cneKTpoMerpa Ii: .n:pyrHx 

ClICTeMaTHt:JeCKHX 3<p<peKTOB Ha H3MeptrnHe Ff ( x, Q2) B. 0611ac-fH ·• 60Jib

rnn:x 3Hat:JeHHH X, yBeJIH'lHBM TeM CaMbIM ,D;0CT0BepH0CTb Ha611io,n:eHmI 

. H,n:epHbIX 3<p<peKTOB, OTCYTCTBYIOIUHX B MHIIleHHX, co,n:ep)Kamux T0JibKO 
IIp0T0Hhl •. 

a2=6traa2 

10.·5 

10-6 • I· .. 1 I I I :XoJ 
0,7 ~a ~s ~o ~1 ~z x . Fe~-- . . . ·. 

z a'= as r3s 2 

BiiyTpH oxBat:JeHHoii HaCT0HIUHM 

aHaJIH30M o6naCTH 52< Q2 <200 
f3B

2 
C<l> Ff (x, Q2) .n:ocTuraeT 

B TOt:JKe x=l 3Hat:JeHHH (1, 2! g::) 
. 10-

4
• II PHBJieKM .D:JIH HHTepnpe

TaD;HH 3Toro pe3yJibTaTaTa M0-

,n:eJib MH0I'OKBapKOBhlX KJiaCTepoB, 

B KoTopoii Ff (x, Q2) npe.n:cTaBne

Ha. B BH,n:e cyMMhl 'lHCTOH ' Hy

KJIOHHOH H rnecTHKBapKoBoii K0M

IIOHeHT; Haxo.n:~M, .'ITO BeJIHt:JHHa 

npHMecu rnecTHKBapKOBOH K0H<pH

rypa.u;HH "-'5% [16, 18]. 

ToT <paKT, t:JTo Haii.n:eHHoe B Harnux 

onhl.Tax 3Hat:JeHue Ff (x ~ 1) MeHh

rne BeJIHt:JHHhl, npe,n:cKaJaHHoii J?H
.n:oM . KBapK0BblX Mo,n:ene:ii, eme He 

MO:lKeT paccMaTpHBaTbCjJ KaK npo

THB0pet:JHe C KBapK0BbIM no.n:xo.n:oM. 
0, 8 0, 9 1 0 11 1. z x 3To CBH3aHo c TeM, t:JTo KBapK-, , t t , . .... 

~ · .. .. I rmoOHHbIH q>OpMaJIH3M Hcnom,3yeT 
~

2
= ISO rJsz pj!,D; napa.MeTpoB, onpe.n:eneHue Ko-

10·• 

10:.s 

10-6 • I I • 1 I IVl?c:(d 
0,7. 0,8 
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TOphlx JIBJijJeTCJI 3a,D;at:JeH 3KCIIepu

MeHT0B no I'HP nenToHOB B o6nac
TH X > 1. 

Puc.9. Cmpy~mypHa.a {PyH~:.. 

flus .zapa Ff a. aaauc·u~ocmu om 
nepeMf'HJlOU x, noAy"leHHa.8 6 mpex 

pa3HMX UHmepB<Max no Q 2 

) 

IlmI cpaBHemrn' C iiamHMii: proy111,;aTar.ui Ha pnc.9 npHBe,n:eHbl pac

t:JeTbl cf>paHKq>ypTa H CTpHKMaHa1 0CH0BaHHbie .Ha npe,n:CKa3aHHH MaJI0-

~y:irnoHHhlX. Koppe.irnu;Hii BHYTPH H,n:pa. Harri BbIB0,n:, C yqeT0M B03M02K

HOH K0ppeKUHH napaMeTp0B, C0CT0HT B T0M,t:JT0 AaHHble cornacyIOTCH C 

paccMaTpHBaeMOH M0,D;eJibIO. Ba2KHM oco6eHHOCTh .BblII0JIHeHHoro cpaB~ 

HeHHjJ. COCT0HT B TOM, 'ITO aBT0pbI M0,D;eJIH HCIIOJib30BaJIH .D:JIH pact:JeTOB .. 

Ff (x, Q2),pe3yJihTaTbl onpe.n:eneH~.SI CTpyKTypHoii q>yHKUHH np0T0Ha, no

nyt:JeHHbie HaMH B 061IaCTH X > 0, 4.' IlpHMeHeHIIe HalliHX pe3y11i.TaioB rio 

H3MepeHHIO Ff MHHHMH3HpyeT Bmrnmrn ciicTeMaTHt:JeCKHX norpelliHOCTeii 

onpe.n:enemrnFf Ha cpaBHeHHe ~:~pe,n:CKa3aHHHMH M0,D;eJIH. 

IloJiyt:JeHHOe
0

B HarneM .0IIblTe 3Hat:JeHHe napaMeTpa S ~ 16,5 ± 0;6 
CBH,n:eTeJibCTByeT o TOM, t:JTO H,nepHbrn: cTpyKTypHbie cpyHKUHH y6bIBaIOT 

cpocT0M x, 3Ha•rnTeJibHO fibICTpee, t:JeM 3TO.CJie,n:yeT.H3 aHaJIH3a KyMyJIH

THBHbIX cneKTp0B 71"± II K~ - Me30HOB. HaKJIOH cneKTpOB KYMYJIHTHBHblX 

'!aCTHU o6bitfao xapaKTepH3)'IOT napaMeTpOM <. X >' CBH3aHHblM. C. s co

OTHOIIleHHe~ < X >= i/ s. CymecTBY~T 3KCnepHMeHTaJihHbie ,n:aHHbie, 

YK.a3bIBaIOuiHe Ha yMeHi.rneiiHe < X > OT .0,14 .n:o 0.105 npH yBeJIHtJeHHH 

3IIepnm •HaJieTarommc a.n:poH0B. H~ cicHoBaHHH 3Toro M02KH0 o~rn.n:aTb, 

t:JTO ·aaii,n:eHHoe :;Hat:JeHHe s HBJIHeTcg acHMTIT<>THt:JecKHM npe.n:enoM, ·.n:ocTH

rarouiuMcH BOilbITax no KYMYJIHTHBHOMY o6pa30Ba.HHIO t:JaCTHU C pOCTOM 
',''. 

3HeprHH 11epBHt:JHblX a.n:poH0B. 

· AmWIH3Hpyro-rcjJ 'MeTo,n:Ht:JecK1Ie 11po611eMbI, cBH3aHHhie c 3a,n:aqeii 110-

BhlrneHHH • TOt:JH~CT~ H3MepeHriH C<I> a,n:ep. CymecTBeHHbIH nporpecc B 

noii • <>6nacTu· M0:lKeT .· 6b1Th .n:ocTurnyT B paMKax MeTO,IJ,HKH .··-:ropoH,n:ani.~ 

IIOro_ MarHHTHOro cneKTpOMeTpa C 2KeJie3HblM Mat'HHTOM C II0M0IUbIO pe

rHCTpaUHII. ~OJIHOH 3HeprHH a.n:poHHoro 'JIHBHH, conp0B02K,n:a10mero o6pa0 ' • 

30BaHHeTHP MIO0Ha. Ilpe.n:naraeTCH 3KcnepHMeHT 110 H3Mepenmo Ff' HC

IIOJih3YIOIUHii MHWeH~-KanopHMeTp [7, 10], 'ITO II03B0JIHT 3Hat:JiiTeJibHO 

II0BblCHTb pa3perneHHe 3KcnepHMeHTaJihHOH ycraHOBKH B o6JiaCTH nepe

~e~uoii o, 8 $ X $ t, 5. IloKa3aHo, t:JT0 peanH30BaHHM B CIIeKTpoMeTpe 

-EU.UMC MeTO,D;HKa perHCTpauHH rHP MIO0Ha M0)KeT 3<p<peKTHBHO npH

MeH~TbCH ,D;JIJI opraHH3ll.UHH 3anycKa ycTaH0BKH C06bITHHMH 1 IIpHHa,n:Jie

:lK.aIUHMH 0611acTH 6011bruHx :mat:Jennii -;· (x > 0, 5). 

:--
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PE3YJibTAThl H BhIBO.Ilhl 

I. Pa3_BIITa MeTO,O:IIKa !)6pa60TKII II aHaJIII3a ,n:aHHhlX, perIICTpIIpy10-

ID;IIXC.lI JHIIKaJibHhlM MaritIITHbIM crreKTpOMeTpOM C KpyrrHeiiIIIeii,B MIIpe 

KpIIoreHHoii M~!lleHbIO: ... 

• - pa3pa6oTaHa . MeTO,n:HKa paCII03HaBaHII.lI 3JieMeHTOB TpeKa ,O:JI.ll cny

'laH TOpOII,O:aJibHOro MO,O:JJibHOro. MarHIITHOro crreKTpOMeTpa, C IIOMOID;bIO 

KOTopoii ,n:ocTIIrHJTa 3q>«peKTHBH~CThaBTOMaTII~ecKoro ~T6opa ·co6hlTIIM 

rap~~oon~oooo>~~ .. 
- Haii,n:eHo, ~TO 3cpcpeKTIIBH<>d pa3peIIIeHue MIIITK B JCJIOBII.lIX pernc-

·' •·•, "• ·,,.,, •., I • ·, - , ' 

Tpan;IIH TpeKa µ:;-Me3oHa, .rrpoxo,n:Hrn;ero qepe3 )KeJie3HhlII rrornoTIITeJib, 

-yxy,n:IIIae'PCH 3a c'!eT. per~cTpan;IIH 1'-:-3JieKTpOHOB. Ilony'leHo .'IHCJieHHoe 

3Ha'leHIIe BKJia,n:a OT 3Toro.3cpcpeKTa B Koop,n:II~aTHOe pa3peIIIeHIIe JJ;eTeK

TOpa. 

- pa3pa6oTaHa MeTO,O:HKa aHaJIII3a II IIO,O:aBJI~HII.lI BKJia,O:a !pOHOBbIX ITO 

OTHOUieHHIO K rrpoueccy rHP MIOOHOB co6hITHM (ra.rro -'MIDOHbI) II peaKD;IIM 

pa~rra,n:oB Ha JI~TY 7r II K - Me30HOB, qeM o6ecrre'leH0 yMeHbIIIeime rrpIIMeCII 

!pOHOBbIX·C06bIT~M ,0:0 JpOBH.lI <o, 1% .. 
1 

•. ·; • . · 

2. BrrepBbie B o6nacTII 3Heprnii Eµ > 50 raB BhlIIO_JIHeHbl 'rrpen;II3II-. 

oHHbI~ II3MepeHIIH rroTepb 3~epruII 11E MIO.oHaMtr B. Bern;ecTBe _II II()Ka3a:, 

HO, 'ITO TeopeTH'leCKHe pac'!eTbI 11E cornacy10Tcir c 3KcrrepuMeHT0M c 
TO'IHOCTbIO S 1 %. . . . . 

3. Pa3pa6oTaHa MeTo,n:IIKa Mo,n:enIIpoBaHHH rrpou;ecca rHP MIOOHOB, pe-
.• ' . ' ' ' ' ' 

rIIcTpaD;H.lI KOTOphlX ocyrn;eCTBJI.lleTC.lI MarHIITHhlM crreKTpoMeTpOM TIIIIa 

EUUMC. ·MII~IIMII3an;irn rrorpeIIIHOCTeii, BHOCIIMbIX .B o6pa6oTKY ,n:aHmh 

3a C'leT HeTO'IHOCTeii Mo,n:enupoBaHH.lI, 6bIJia ,O:OCTHrHyTa rrpIIBJie:'feHHeM ' 

. HaII6onee ,n:eTaJibHbIX Ha ·ceroAHRIDHHH: ,n:eHb pac'leTOB IIOTepb 3Hepnm II . •.: - .. , 

pacqeTOB pa,n:IIaD;IIOHHhlX rrorrpaimK. 

4. ITony'leHbI HOBbie 3KcrrepIIMeHTaJibHbie ,n:aHHbie rro rnJf?oKoHeyrrpyro

MY 'pacce.lIHIIIO MIOOHOB Ha HJKJIOHax II H,O:pax B o6nacTH 6orr~IIIII:X 3Ha'le

HIIM KBa,n:paTa rrepe,n:aBaeMoro 4-IIMIIJJibCa - 30 r3B2 < Q2 < 280 r3B~' 

He,O:OCTJIIHbie ,O:JI.ll perIIcTpan;IIII C IIOMOID;bIQ ,n:pyrIIX MeTO,O:IIK. Bcero B • 

OIIbITax c yrnepo,n:Hoii, a30THoii, )KeJie3Hoii II ,n:eiiTepIIeBo": MIIIIIeHHM_II rro

JIJ'leHo ~ 2, 5 MJIH. co6bITIIM rHP MIOOHOB. 

McrroJib30BaHa MeTo,n:IIKa o,n:HoBpeMeHHoro Ha6~pa ,naHHbIX Ha ,n:Byx 

MIIIIIeH.lIX pa3JIII'IHOro H,n:epHoro COCTaBa, 'leM ,O:OCTIIrHyTo cyrn;eCTBeH

HOe IIOBhlIIIeHIIe TO'IHOCTII II3MepeHIIH OTHOIIIeHIIM cTpJKTJPHhlX cpyHK

UIIM Ff/ Ff · rro cpaBHeHIIIO c rrpe,n:IIIecTBJIOID;IIMII 3KcrrepIIMeHTaMII, B 

qacTHOCTII, rrony'leHo, 'ITO CIICTeMaTII'leCKIIe rrorpeIIIHOCTII OTHOIIIeHII.lI 
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Ff/ J:f HII)Ke cTaTIICTII'leCKIIX_ oIIIII6oK B cooTBeTCTByIOrn;IIx KIIHeMaTII~, 

qecKIIX ·IIHTepBanax ,no rrepeMeHHOM x. 
5. ~rrepBhle B o6rracTII Q2 > 20 r3B2 II3MepeHbI KOJIII'leCTBeHHbie 

xapaKTepIICTIIKII ncKa)KeHIIM cTpyKTypHoii cpyHKUIIII cBo6o,n:Horo HJKJIOHa 

Fi(x, Q2 ) H,n:epHOM cpe,noii, B qa,CTHOCTII, orrpe,n:eneHhl 3aBIICIIMOCTII ~THO

IIIeHIIM Fr/ Ff II Pf/ Ff OT rrepeMeHHbIX X II Q
2

: , . 

XapaKTep Haii,r(eHH0M x- 3aBIICIIMOCTII oTHOIIIeHIIH rA ( x) ;= Ff/ Ff 
MeH.lleTC.lI C pOCTOM X OT 0,07 ll,O 0,7 CJIC,O:JIOID;IIM o6pa30M: rA(x) > 1,0 

IIJ>II 0,07 < X < 0,3 II rA(x) < 1,0 rrpII X > 0,3. He60JibIIIOe rrpeBhlIIIeHIIe 

rA(x) Ha,n: e,n:IIHIIUeii (2 - 4 %) yBeJIII'IIIBaercH c pocToM A. IlpII x > 0,3 

3TO OTHOUieHIIe y6bIBaeT _rro mrneMHOMY 3aK0Hy II ',n:oCTIIraeT 3Ha'l~HII.ll 

~ 0, 8 IIpII,X = 0, 65. 
IlcmyqeHHbie pe3JJibTaTbl 03HaqaIOT,. 'ITO BOIIpeKII TeopeTII'!eCKl·U.1 

rrpe,n:cKa3aHIIHM, rrocTpoeHHhIM Ha Mo,n:enII cpepMII-ABII:lKeHIIH. cBH3aHHoro B 

H,n:pe HJKJIOHa, cTpJKTypHaJI cpyHKUII.lI H,n:pa Ff ( x) iie Mo2KeT 6bITb rrpe,n:

cTaBJieHa KaK cyMMa CTpJKTJpHbIX qJJHKUIIM .cocTaBJI.lIIOlll;llX ero·HyKJIO~ . 

HOB ,n:a:lKe B o6nacTII 0, 2 < x < o, 7. TeM caMbIM, ycTaHOBJieHa Ha KBapKO

B0M ypoBHe CBH3b M~)K)];y ~II3IIKOM aTOMH0r~ H,n:pa II q>II3IIK0M 3JieMtiiT:!p~. 

HbIX qacTIIIl;. 
-.~ Haii,n:eH0; .'IT? B o6nacTII Q2 >' 20 r3B2 BeriII'IIIHa ~THOIIIeH~ii F[e / Ff 

II Ff/ Ff He 3aBIICHT OT Q2 II cornacyeTC~ c pe3JJibTann.m; rrorry-::reH!!hlc 

MII B CJIAK rrpII Q2 < 20T3B
2

• · 

Y cTaH0BJieHo, 'ITO H,n:epHhle · 3cpcpeKThl B ,n:eiiTpoHe MaJlbI, no cpaBHe-

HIIIO C rrorpeIIIHOCT.lIMII HMeIOID;IIXC.lI 3KcrrepIIMeHTarrb~hlX ~aHH~IX II 
0

'IT~ 

,n:anbHeiiIIIee u3yqeHIIe 3TIIX 3<p<peKT0B B03MO)KHO JIIIIIIb rrpH. yCJIOBIIII rro

BbIIIIeHIIH TO'IHOCTII HeiiTpIIHHbIX 3Kci:repIIMeHTOB. 
IloKa3a~o, 'ITO IIpII IICCJiell,OBaHIIII H,n:epHblX 3cpcpeKTOB B CTpJKTJpHbIX .. 

cpyHKUII.lIX F
2

( x, Q2 ) B o6nacTII x < 0, 3 orrpe,n:eJIHIOrn;yro ponb IIrpaeT 

TO'l~OCTh II3~epeHmi CTpJKTJpHOH cpyHKUIIII R(x, Q2
) II, B qacTHOCTII, ee 

3aBIICIIMOCTb OT aTOMHOM :riaccbI A. · 
': . 6·: BrrepBhle II3MepeHa CTPYKTypHaH cpyHKUllH H,n:pa yrn:epo,n:a Ff ( X' Q

2
) 

) • B6JIII3II rpaHIIUhl 0,0:HOHJKJIOHHOM KIIHeMaTIIKII X ~ I. . 
· IlonyqeHO rrepBOe 3KCIIepIIMeHTaJibHOe IIO,O:TBep)KlJ.eHIIe rIIIIOTe3hl Ky

MJJI.lITHBHOro 3cpcpeKTa ( Ha6JIIOll,aBIIIerocH .. paHee B , a~poH-H,n:epHbIX rrpo

u;eccax) B OIIbITaX ITO pacce.lIHIIIO JieIITOHOB Ha H,n:pax •. 
Y CTaHOBJieHO, 'ITO rrpe,n:CKa3aHII.lI KBapKOBhlX MOll,eJieM ·. 0 · BeJIII'IIIHe 

Ff (x) B6IIII3II .x = 1 BbIIIOJIH.lIIOTCH rrpII ycnoBIIII, 'ITO BeJI~'IIIHa BKna,n:a 

OT IIIeCTIIKBapKOBhlX KOHcpIIrypau;IIii cocTaBJI.lleT ~ 5%. 3Ha'leHIIe Ff ( x) - ,_ ,'. _. - .. 
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I 

\. 

npH X = I, onpe.zi.eneHHOe B rpaHm:i:ax 0611aCTII 52 < Q 2 <' 200 'raB2
, 

--cocTaBmieT (I, 2~g::) • 10-4
• _ 

, Haii,ne_Ho, qTo II3MeHeHIIe CTpyKTypHOH q>YHKI(HH JI,n;pa 12C np:u: x_ ~ l 
xapaKTepH3yeTcJI 3KcnoHeHU:HaJihHOii: 3aBHCIIMO~ThIO Ff ( x) ~ eip( -sx) 
C riapaMeTpOM s= 16, 5 ± 0, 6, qTo 3HaqlI'I'.eJihHO BhlIIIe, qeM no11yqeHo H3 
aHanma KJMYJIHTHBHhlX cneKTpoB ,r± _II K± -_Me3oH~B. · 

·1. BwnoJIHeH ofoop TeopeTIIqecKIIX pa6oT no HHTepnpeTa[(IIII IICKa-. 
)KeHIIH cTpyKTypHoii: q>JHKU:HH cBo6o,n;Horo HJK1IOHa ~epHoii: cpe,n;oii:. OT_
Meti:eHo, qTo (a) HaH11yqIIIee cornacue C 3KcnepHMeHTaJihHhIMII ,n;aHHhIMH 
no11yqeHO B MO,n;eJIJIX MHOrOKBapKOBhIX KJiacTepoB II qTo KBapKOBhlll Mexa
HH3M JIBJIJieTCJI HaH6011ee no,n;xo,n;JIII(HM KaH,n;H,n;aTOM ,D;JIJI onIIcaHIIJI Ha61110-
,n;aBIIIIIXCJI 3q>q>eKTOBj (6) ,D;JIJI peIIIaromeii: npoBepKH KBapKOBhIX M0,n;eneii: 
Heo6xo.n;HMhl HOBhle 3KcnepHMeHTaJihHhle .n;aHHhie npII x ~ I H x > I. 

Ilpe,n;Jio)KeHhl o~h!Thl no H3Mep~HHIO · CTpyKTYPHhlX q>yHKU:HH · JI,n;ep H 
MeTo,n;II~a, no3BOJIJIIOIIJ:aJI noBhlCHTh ToqHoCTh H3M~peHIIH F 2( x) c noMo-
IUhIO cneK-rpoMeTpa THna BU.UMC.. •·· 

OcBOBBhle 'pe3yJI&TaThl ~:e:ccepTaIUiR ony6JIRKOB~Bhl 

B p~60TaJC: : '[l], [2], [3], [4], [5], [6], [7], · [8],, [9], [10], (14]; 

[15], [16], _ [17], (18]. 
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