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1 06maa: xapaKTepHCTHKa pa60Tbl 

AKTYaJibHOCTb rrpo6neMhl orrpe,n:emieTCH TeM, 'ITO KoppeJI.H:I(IIOHHbie 

HBJieHIIH B rrponeccax MH02KeCTBeHHOro po2K,n:eH1I.![ CB.H:3aHbI C ,ll;IIHaMII

KOH Heyrrpynix B3aIIMO,n:en:cTBIIH II MeXaHII3MaMII o6pa30BaHIIH peam,

HO Ha6mo,n:aeMbIX 'IaCTIII(. MHoroqacTII'IHbie ·rrpon;eccbI BMecTe c pe

aKD;IIHMII rny6oKoHeyrrpyroro pacce.a:HIIH (rHP) HBJIID<>Tc.a: ornoBHhlM 

IICTO'IHIIKOM IImpopMaI(IIII 06 a,n:pOHHOH MaTeplIII, ee CTPJKType II Me

XaHII3MOB po2K.n;eH1IH. 

Ifa ncero MHoroo6pa31IH rrpo6neM, CBH3aHHbIX c peaxn;IIHMII po2KJJ:e

H1I.a: '!aCTIII( M02KHO m,1,neJIIITb cne,n:yrorrure TPII, KOTOpbie OTHOCHTCH K 

OCHOBHOMY co,n:ep2KaH1IIO ,ll;IICCepTan;:mr . 

1. llccne,n:oBaHIIe MeXaHII3MOB MH02KeCTBeHHOH reHepaIUIII '!aCTIII( 

CTIIMYJIIIpOBano pa3BIIT~e KOppeJI.H:I(IIOHHbIX MeTO,ll;OB. 

2. Bo3pocmliiI 3a rrocne,n:H1Ie ro,n:bI IIHTepec K 1Iccne,n:0BaHIIHM _rrpo

neccon po2K,n:eH1IH OTplin;aTeJibHbIX IllIOHOB B CTOJIKHOBeHIIHX nerKIIX 

.a:,n:ep (.n:en:TpoH, reJI1IiI) c nerKHMII MIIIIIeH;HMII, o6orarn;eHHbIMII Hen:Tpo

HaMII (nlITIIH, 6ep1Inn1IiI, yrnepo,n:), cB~3aH rrpe2K,n:e ncero c rrpo6neMOH· 

orrpe,n:eneHIIH OIITIIMaJibHbIX C 3HepreTII'IeCKOH TO'IKII 3peHH.a: ycJIOBIIH 

po2K,n:eH1IH 7['- - Me30HOB II q>0pM1IpoBaH1IH IIY'IKOB OTplID;aTeJibHbIX MIO

OHOB ,ll;Jl.![ IICIIOJlb30BaHII.H: IIX B KaTaJIII3e peaKIUIH CIIHTe3a B peaKTope 

Ha ecTeCTBeHHOM ypa.He. CyMMapHrur 3Hepr1IH ,n:eneHIIH II MIOOHHOro 

KaTaJIII3a MoryT ,n:aTb Heo6xo,n:1IMbIH 3KOHOMII'IeCKIIH 3q>q>eKT B BOC

IIp01I3BO,ll;CTBe 3Hepr1III • 

Iln.a: 1Iccne,n:0BaHIIH rrpaKTII'!ecKoiI peaJI1I3yeMOCTII II KOHKypeHTO

crroco6HocTII TaKoro crroco6a rrony'IeHIIH 3Hepr:mr Tpe6yroTc.a: 3Kcrre

pHMeHTaJibHbie ,ll;aHHbie O BbIXO,ll;e OTplID;aTeJibHbIX IIIIOHOB II3_ IIpOTH-

2KeHHbIX MIImeneii II IIX IIMIIYJibCHO - yrnOBbIX KOpperuII(IIHX •. 

. 3. IIpo6neMa peJIHTIIBIICTCKOro OIIIICaHIIH CIICTeMbI .D:BYX '!aCTIII(, He 

ronop.a: y2Ke O Tpex II 6onee '!aCTIII(ax, CTaJIKIIBaeTCH C Tpy,n:HOCTHMII, 

crrpaBIITbCH C KOTOpbIMII B IIOJIHOH Mepe He y,n:aJIOCb ,n:o CIIX rrop He 

TOJlbKO B paMKax MexaHIIKII, HO II B KBaHTOBOH TeOplIII non.a:. 

l(eJibIO ,ll;IICcepTaI(IIOHHOH pa60TbI HBJIHeTCH 3KCIIepHMeHTaJibHOe IIC

cne,p:oBaHIIe Koppemm;IIiI B po2K,ll;eH:mr 3ap.a:2KeHHbIX qacnm; B rr-p B3an:

Mo,n:eiicTBIIIDC IIplI IIMIIYJibCe 40 r3B/c II BO B3alIMO,ll;eHCTBIIHX peJI.H:TII

BIICTCKIIX H,n:ep (d, a- qacTim) c rrpOTH2KeHHbIM1I MHmeHHMII (6ep1IJI

JIIIH, rpaq>IIT) IIplI 3Hepr1IIDC 1, 2, 3.3 r3B / A, 3aperlICTp1IpOBaHHbIX B 

.n;ByxMeTponoiI rrporra.Honoii IIY3bIJ>bKOBoiI KaMepe TIIK-500. 
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- co6CTBeHHhle BpeMeHa .D:BYX B3alIMo,n:en:cTBYIOIT(IIX qacTIIU CB.SI3a

Hhl Me2K,n:y co6on: o6hlqHhlM o6pa30M - qepe3 IIX OTHOCIITeJII,HJIO CKO

pOCTh, Bhlq1Icm1eMyro B paMKax rro.n:xo.n:a; 

- IIOKa3aHa B03M02KHOCTh OIIHCaHIIH rrpon:ecca pacceHHIUI (yrrpyro

ro II Heyrrpyroro) KaK 3BOJIIOUIIII CIICTeMbI .D:BYX B3aIIMo,n:en:cTBJIOIUIIX . 

qacTHU B 3aBIICHMOCTII OT .D:OJIII rrepe.n:aHHoro 4-IIMIIJJihca; 

- KaqecTBeHHO IIOKa3aH "ToqeqHhlII" xapaKTep rrry6oKOHeyrrpyrIIx 

peaKUII.H 6e3 rrpHBJieqeHIIH rIIIIOTe3bI O "ToqeqHon:" CTpyKType HJKJIO

HOB. 

Arrpo6an:IIH pa6oThl. Bome.n:rrme B ,m1ccepTaUIIIO pa60Thl [1-11] BhI

rrorrHeHhl aBTopoM B rrepno,n:hl 1970-1976 [1-5] II 1987-1995 rr [6-11]. 

Pa60Thl [1-9] .D:OKJia.D:bIBaJIIICh Ha Me2K,n:yHapo,n:IibIX KOHq>epeHUIIHX II 

CIIMII031IJMax no q>II3IIKe BhlCOKIIX 3Hepr1In:, ceccIIHX oT,nerreHIIH PAH, 

COBemaHIIHX Me2K,n:yHapo,n:Horo COTpJ,D;HIIqecTBa. Bee pa60Thl ,D;OKJia

.D:bIBaJIIICh Ha HayqHhlX ceMIIHapax JIB3 - JICB3. 

CTpJKTypa .D:IICCepTaUIIII. lbiccepTaUIIH COCTOIIT ll3 BBe,n:emrn, II.SITII 

rrraB II 3aKJiroqeHIIH, II3JI02KeHHhlX Ha 117 CTpaH1In:ax, BKJIIoqaromnx 7 

Ta6JIIIU II 35 pIICJHKOB. 

2 KpaTKoe co.n;ep)KaHHe pa6oTbl 

Bo BBe,n:eHIIII o60CHOBbIBaeTCH aKTyaJihHOCTh npoBe,n:eHHhlX IICCJie,n:oBa

HIIM, cqiopMJJIIIpoBaHbI n:eJIII JJ:IICCepTaUIIOHHO.H pa60Thl, HayqHaH HO

BII3Ha II npaKTIIqecKM n:eHHOCTh norryqeHHhlX pe3JJihTaToB, IIplIBe,n:e

HO KpaTKoe co.n:ep2KaH1Ie ,n:IIccepTaUIIII. 

B nepBO.H rrraBe BBO.D:HTC.SJ: OCHOBHhle onpe.n:erreHIIH II nepeMeHHhle, 

Heo6xo,n:IIMhle ,n:rrH II3JI02KeHIIH co.n:ep2KaHII.SJ: ,n:IIccepTaUIIII, a TaK2Ke 

OCHQBHhle 1I,n:e1I II npo6rreMbI COBpeMeHHOro npe,ncTaBJieHII.SJ: 0 B3alIMO

.n:en:cTBIIHX qaCTIIU rrpu DhlCOKIIX 3HeprIIHX. lfarraraeTC.SJ: qJII3IIqecKoe 

co.n:ep.iKaH1Ie Mo,n:erre.ii: II ycrroBIIM Mo,nerrlipOBaHIIH co6bITII.H Ha 8BM, c 

KOTOpbIMII rrpono,n:IIJIOCh cpaBHeHIIe. JlaH KpaTKIIM o63op 3KCIIepIIMeH

TaJihHhlX pa6oT no .n:nyxqacTIIqflbIM KoppeJIHUIIHM npo.n:yKTOB MHO.iKe

CTBeHHOro po2K.n:e~II.a:. 

MHoroqacTIIqHhle npon:ecChI, COCTaDJI.SJ:IOIUIIe 60JihillJIO qaCTh ceqe

HII"H npn BhlCOKIIX 3Hepr1IHX, conpoB02K.D:aIOTC.SJ: D OCHOBHOM ( ~ 90%) 
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He60JihillIIMII nepe,n:aHHhlMII IIMIIJJihCaMII II DhlXO.D:HT 3a paMKII ·o6rra

CTII npIIMeHIIMOCTII TeopIIII B03MymeHII.H, OCHOBaHHO.H Ha MaJIOCTII 6e

ryme.ii: KOHCTaHThl CDH3II. Bcrre,n:cTBIIe TPY.D:HOCTen: KX.Il OIIIICaHIIe D3a

lIMo,n:e.ii:cTBIIH a,npoHOD qepe3 B3aIIMO,n:e.ii:CTDIIH IIX COCTaDJI.SJ:IOIUIIX B KO

HeqHoM cqeTe CDO.D:IITCH K IICIIOJih30BaHIIIO aHaJIOrIIII C pacceHHIIeM rrer

KIIX .a:.n:ep II rrpIIMeHeHIIIO Tpa.n:IIUIIOHHhlX MO,nerre.ii:. 

PeaJihHhle IIOTpe6HOCTII qJII31IKII CIIJihHhlX B3aIIMO,D;e.HCTBII.H npIIDO

.D:HT K pa3BIITIIIO HOBhlX qieHOMeHO:IOrnqecKIIX MO,nerre.ii: II no,nxo,n:oB. 

HoBhle no.n:xo,n:hl, pa3pa6aTbIBaeMhle ,n:rrH nccrre.n:onaHIIH MHoroqacT1Iq

HhlX peaKUII.H, II03DOJIHIOT II3BJieKaTh II3 HlIX IIHq>OpMan:mo qiyH,n:aMeH

TaJihHoro xapaKTepa (IIHKJII03IIBHhlli MeTo,n, MaCmTa6HaH IIHBapIIaHT

HOCTh, KOppeJIHUIIII II ,np.). Ilo cnoe.ii: CJTII 3TII MeTO.D:hl yqIITbIBaIOT 

ocHODHhle q>II31IqecK1Ie 1I,n:e1I, cocTanrr.a:romne Harne npe,ncTanrreHIIe o 

B3alIMO,ne.ii:CTBIIHX qacTIIU IIplI BbICOKIIX 3HeprIIHX. 

XapaKTepHbie oco6eJiHOCTII HBJieHIIH MH02KeCTBeHHoro po.iK,n:eHII.a: 

HaIIIJIII ecTeCTBeHHoe oTpa:ieHIIe B pa3BIIBaeMOM B JIB3 OH.5IH pe

JI.SJ:TIIBIICTCKII IIHBapliaHTHOM o6o6meHHO~ no.n:xo.n:e Barr,n;IIHa (OIIB). 

B paMKax OIIB B03M02KHO ,D;aJihHeiimee pa3BIITIIe II npIIrro2KeH1Ie Ho

noro qieHoMeHorrorIIqecKoro no,nxo,na. 

Bo BTOpo.ii: rrrane paCCMOTpeHa IIOCTaHOBKa 3KCIIep1IMeHTa II II3Jia

raroTC.SJ: MeTO,nIIqecK1Ie BOIIpOChl o6pa6oTKII pe3JJihTaTOB II3MepeHII.H 

3aperIICTp1IpOBaHHhlX co6bITII.H. 

JlrrH o6pa6oTKII 6orrhmoro o6'heMa cTepeoqioTorpaqiII.ii: ( 6orree 300 

Tblc.), norryqeHHbIX IIplI o6rryqeHIIII 2-x MeTpOBOH nponaHOBO.H ny-

3hlphKOBOH KaMephl (TIIK-500) B nyqKe 7r- - Me30H0B nplI iIMIIJJihce 

40 r3B/c Ha ycKop1ITerre H<l>B3 (Cepnyxon), noTpe6onarroch pememie 

p.a:.n:a MeT0,n:IIqecKIIX B0IIp0C0B II C03,ll;aHIIe nporpaMMH0ro o6ecneqeHII.SJ: 

Maccono.ii: o6pa6oTKII Ha 3BM II3MepeHHhlX co6hlTII.H. 

OcHOBHOe BHIIMaHIIe B 3TO.H rrrane 0TB0.D:IITCH nonpocaM, B pemeHIIII 

K0T0pbIX aBT0p IIpIIHIIMaJI Henocpe,n;CTBeHH0e yqacTIIe II .SJ:BJI.SJ:JIC.SJ: 0T

neTCTBeHHhlM IICIIOJIHIITeJieM: a,n:anTaD:IIH K II0T0KJ MaCCOBhl:X II3Mepe

HII.H rrraBHO.H nporpaMMhl reoMeTpliqecKOH II KIIHeMaTIIqecKO.H peK0H

CTPYKIJ:IIII co6bITII.H (nporpa:MMa rEO<l>HT), II3MepeH1Ie II yqeT Mar

HIITHoro II0JI.SJ: B KaMepe, onpe.n:erreHIIe 0IITIIqecKIIX K0HCTaHT, C03,D;aHIIe 

CIICTeMhl rrporpaMM, 06ecneq1Inaromeii ,D;BII.iKeHIIe II3MepeHHhlX co6hl

TIIii .n:o rreHT CJMMapHbIX pe3JJihTaT0B BKJIIQqIITeJihH0. 
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Ilocrre,n;Hee orrpe.n;errem1e orrTwiecKIIX KOHcTaHT TITK-500 (1987r) 
6hlJIO rrpoBe.n;eHo no HOBoii MeTO.II;IIKe, rrpe.n;rro2KeHHoii rrpoip. MJ-I. Corro
BbeBhlM,. II03BOJIIIBllCll cymecTBeHHO yBeJIJiqllTb qncrro ll3MepeHIIll pe
nepHbIX MCTOK, Heo6xo.n;IIMhlX .n;mI ycpe.n;HeHIIH, II onepaTHBHO yqeCTb 
II3MCHCHllH B pacnoJI02KCHIIll ll TeXHOJIOrIIn HaHeceHIIH penepHbIX Kpe
<;TOB. 

lfayqemrn pa,n;a MCTO)lIIqecKIIX BonpocoB, CBH3aHHbIX C o6pa60TKOM 
co6hlTIIii, 3aperncTpIIpoBaHHhlX B TITK-500 (ToqHoCTII II3MepeHna Ko

op.n;IIHaT, IIMnyJibCOB ll ,n;p.), B nerroM noKa3aJIO Ha OTCYTCTBIIe 3aMeT
HhlX CIICTeMaTIIqecKIIX onrn6oK B onpe,n;erreHIIII IIMnyrrI>COB II yrrroB Bhl
rreTa BTOpIIqHI,IX qaCTIID;, a TaK2Ke B IIX II)lCHTllq>IIKa:a;IIII. 

B TpeTI>eii r'rraBe co,n;ep2KaTcx ocHOBHhle q>II3IIqecKIIe pe3yrrI>TaThl 
IICCJIC)lOBaHIIH Kopperra:a;IIOHHhlX HBJICHIIll MH02KCCTBCHHOro p02K)lCHIIH 
B 7r-p B3aHMO)lellCTBllHX npII IIMnyrr1,ce 40 r3B / c: aHaJIII3 .n;ByxqacTIIq
HhlX Kopperra:a;IIM B 3aBIICllMOCTII OT npo,n;OJibHhlX 6blCTpOT II a3IIMY

TaJibHOro yrrra B lIHKJII03IIBHhlX II norryIIHKJII03IIBHhlX peaKD;IIHX. 
Kopperra:a;IIOHHhle C, R - q>yHK:O:IIII onpe,n;erraroTca Bhlpa2KeHIIHMII: 

C(yi, Y2) = P12(Y1, Y2) - Pl (Y1)p2(Y2); 
p12(y1, Y2) _ 1, 

R(Y1,Y2) = p1(y1)P2(Y2) (l) 

1 d2a 
P12(Y1, Y2) = <Tin dy1dy2' 

1 da. = _!_ da, 
Pl (Y1) = <Tin dy1 ' P2(Y2) <Tin dy2 

(1.1) 

(1,2) 

r.n;e P12-:COBMeCTHaH nrroTHOCTb pacnpe,n;eJieHIIH naphl qacTIID; C 6blCTpo
TaMn Yl II Y2, Pl, p2-0)lHOqacTnqHhle nJIOTHOCTII pacnpe.n;erreHIIH 3a
pH2KCHHhlX IIIIOHOB, <Tin-Heynpyroe ceqeHIIe i-p-B3aIIMO)lCllCTBIIll rrpII 

P=40 r3B/c. 
CMhlCJI KoppeJIHD;IIOHHhlX q>yHKD;IIll 3aKJIIOqaeTCH B TOM, qTo OHII 

HBJIHIOTCH Mepoii BJIIIHHllH qacTII:a;hl 1 c 6bICTpOTOll Yl Ha BepOHT
HOCTb Toro, qTo qaCTII:a;a 2 IIMeeT 6blCTpoTy Y2 npII JII06hlx 3HaqeHHHX 
6blCTpOT OCTaJibHhlX qacTIID;. O2Kn.n;aeMaH o6m:ax KapTnHa noBe.n;eHIIH 
Kopperra:a;IIoHHhlX q>yHK:O:IIM KaqecTBeHHO cocTOIIT B TOM, qTo, ecrrII Ha-
6rrro.n;aeMhle qacTIID;hl IIcnycKaIOTCH He3aBIICIIMO, TO Bcro,n;y 3TII q>yHK
:O:IIII )lOJI2KHhl paBHHTbCH HYJIIO - KOpperrx:a;IIII OTCYTCTBYIOT. OTrrnqne 
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Ta6rrII:a:a 1 
R(0,0) 

3KcnepnMeHT 7r+ 7r+ 7r+7r- 7f-7f- 7rch7rc 

1r-p, 40 r3B 0.21±0.06 0.59±0.06 0.27±0.06 0.41±0.04 

pp, 205 r3B . 0.25±0.05 0.67±0.06 0.38±0.06 0.50±0.04 

C(0,0) 

1r-p, 40 r3B 0.13±0.03 0.32±0.04 0.13±0.03 0.90±0.08 

pp, 205 r3B 0.22±0.04 0.47±0.04 0.21±0.04 1.38±0.16 

OT Hyrrx C, R - q>yHKD;IIII B HeKoTopoii o6rracTII q>a3oBoro npocTpaHCTBa 
M02KCT CJIY2KlITb npHMhlM yKa3aHIICM Ha npncyTCTBIIe KoppeJIHIIIIII B. 

pmK.n;eHIIlI qacTlIII. 
8KcnepIIMCHTaJibHhle ,n;aHHbie )lJIH KoppeJIHIIIIOHHhlX q>yHKD;IIll B 3a

BIIClIMOCTII OT pa3HOCTII 6hlCTpOT l::!.y = YI -y2 o6Hapy)KIIBaIOT pe3KIIll 
norro)KIITerrI>Hhlll MaKcIIMYM npn l::!.y = 0, 3aBIICHIIIIIll oT 3apxna naphl 
[l]. Borree )leTaJibHhlII aHaJIII3 noKa3arr, 'ITO ocHOBHOii BKJia)l B MaKcn

MYM BHOCHT naphl II3 :a;eHTparrI>HOII o6rracTII: Y1, Y2 '.::::'. 0. 
BrrII3KO)leii:cTBYIOIIIIIII xapaKTep Kopperrxnnii: o6Hapy)KnBaeTcx npn 

annpoKcIIMa:a;IIII q>yHK:a;nii (1) 3KcnoHeHIIIIaJibHOII 3aBIICHMOCTI>IO: 

R(y1,Y2) = aexp((y1 -y2)/L), (2) 

rne L- KopperrHIIIIOHHaH nmrna, xapaKTep1ny10m:ax o6rracTb coBMecT
Horo pO)K)lCHIIH BTOpII'IHhlX qacTIIII- Ilorry'IeHhl crrenyrom:ne 3Ha'IeH1IH 
napaMeTpOB nrrx 7r+7r- - nap: a = 0.65±0.07, L = 1.8±0.2; nrrx TO)K)le
CTBCHHhlX no 3apany nap qacTn:a;: a= 0.26 ± 0.1. TaKne )Ke 3Ha'!eHnH 

COOTBCTCTBYIOIIIIIX napaMeTpOB 6hlJIII norry'IeHhl )lJIH pp - CTOJIKHOBe
Hllll npII cym:ecTneHHO 6orree BhlCOKIIX 3Hepnrnx (IS R, F N AL), npn 
KOTOphlX Ha6rrro.n;aeTCH npe)leJibHOC TIOBe)leHne O)lHO - n nnyxqacTII~I

HhlX pacnpenerreHIIII no 6blCTpOTaM. 
B Ta6rrnne 1 co6paHhl 3Haqemrn R - q>yHKIIIIH .n;rra Y1, Y2 '.::::'. 0, nrrx 

cpaBHemrn B Ta6rrnne npnne)leHhl .n;aHHhle nrrx pp - coy,n;apeHnii npn 
205 r3B. lfa npnBe)leHHhlX )laHHhlX crrenyeT, 'ITO 3Ha'!eHirn R(0,0) B 
mnpOKOM IIHTepnarre 3Heprn11 He 3aBIICHT OT 3HCprnn II TIIITa CTaJIKII

BaIOIIIIIXCH qaCTIIII: 

R+-(0,0) > Rchch(0,0) > R __ (0,0) '.::::'. R++(0,0). 
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<I>opMhl KpllBhlX R II C <l>YHKn11:u .n;m1 pa3HhlX no 3apa:.n;y nap n11-
0HoB no.n;o6Hhl II npaKTIIqecKII He 3aBIICHT OT 3HeprIIII, Ha6mo.n;aeTCH 
6hlcTpoe y6hlBaHne <pyHKnII:ii c pOCTOM b.y. Ha6mo.n;aIOTCH TaK2Ke KOp
peJrnnIIn ( 0Tp11naTeJibHhle) npII b.y ;?: 2 - .n;arrbHIIe Kopperra:nIIn. 

Pe3JJibTaThl BhlqncrreHII:U .n;rr.a: <pa3oBoro npocTpaHCTBa(<I>II) He co-. 
rrracyIOTCH C 3KcnepnMeHTaJibHhlMII 3HaqeHIIHMII oco6eHHO B neH
TpaJibHOH o6rracTn. Kopperra:n1111 qacTnn B neHTparrbHo:ii o6rracTII xo
pomo corrracyroTca: c MKM - MJJibTnnepnqiepnqecKOII KJiacTepHoii: Mo
.n;eJibIO PaHq>ToB. Pe3JJibTaThl pacqeToB .n;rra: R(0, 0) [2]: 

7rch7rch -t 0.52, 7r+7r- -t 0.6, 7r±7r± -t 0.3 

xopomo corrracyIOTCH C .n;aHHhlMII 113 Ta6rrIInhl 4. IlpII 3TOM MaCChl 
KJiacTepoB M1r+-r ~ 1 r3B, M7r±7r± ~ 2-2.5 r3B. 

HcnoJib3JeMaH .D;JI.SJ: cpaBHeHIIH MJJibTIInep11qiepnqecKaa: MO.D;eJib 

(MM) .IIpeMIIHa, qepHaBCKoro BocnpOII3BO.D;IIT B rrpe.n;errax orirn6oK Ha-
6rrro.n;aeMbie 3aBIICIIMOCTII Kopperra:n110HHhlX <pyHKnIIn: [3]. MM .n;onyc
KaeT reHepanIIIO pe3oHaHCOB II He6oJibillJIO .D;OJIIO KJiacTepoB C HeKO

TOphlM cnJIOillHhlM cneKTpOM 1-3 r3B. Ilo3TOMJ 60JibillJIO BeJIIIqIIHY 
R+-(0, 0) no cpaBHeHIIIO C R __ (0, 0) M02KHO ofo,HCHIITb p02K.D;eH1IeM p0 

- Me30HOB B neHTpaJibHOH o6JiaCTII. 

Ha6rrro.n;em1e 6JIII2KHIIX Kopperra:nIIn: B 1r-p - B3aIIMo.n;en:cTBIIHX npu 

3HeprIIII 40 r3B OKa3aJIOCb HeCKOJibKO He02KII.D;aHHhlM, T .K. B MJJib

TIIpe.D;)I(IIOHHOM no.n;xo.n;e TaKIIe Kopperra:nIIII .D;OJI2KHhl 6h1Tb B o6rracTII 

nrraTo B o.n;HoqacTIIqHoM pacnpe.n;erreHIIII da / dy, KOTopoe e.n;Ba JIII cqiop

MIIpOBarrocb npu TaKOH 3HeprIIII. IIorryqeHHhle .n;aHHhle no.n;TBep2K.n;aIOT 
runoTe3y MacmTa6Ho:ii IIHBapIIaHTHOCTII Ha OCHOBe .n;ByxqaCTIIqHhlX 
pacnpe.n;eJieHIIll II Kopperr.a:nIIOHHhlX qiyHKnIIn:. 

II0.n;po6Hb1n: aHaJIII3 Kopperr.a:nun: B peaKQIIHX c qi11KcupoBaHHon: MHo-

2KecTBeHHocTbIO 3apa:2KeHHhlX qacTIIn (nch =4,6,8,10,12-18) noKa3aJI, 
qTo 6orrbmue noJI02KIITeJibHhle 3HaqeH11.a: R(0, 0) B IIHKJII03IIBHhlX pe
aKnIIa:x o6ycJIOBJieHhl KaK .D;IIHaMIIKOH po2K.n;eHIIH n qacTIIn, TaK II CJI0-
2KeHIIeM co6hlTIIII C pa3HhlMII n. MaJIOCTb norryIIHKJII03IIBHhlX .n;Byx
qacTIIqHhlX Kopperr.a:nn:ii He OTp11naeT YTBep2K.n;eHIIH O 3aMeTHOll po
JIII KJiacTepoB, T.K. cpaBHeHIIe .n;aHHhlX C TeopeTIIqecKIIMII pacqeTaMII 
yKa3hlBaeT Ha HaJIIIqIIe TaKnx 06'beKTOB [3]. O.n;HaKo, cneKTphl 3qiqieK
TIIBHhlX Mace B o6JiaCTII Mace II3BeCTHhlX pe30HaHCOB HIIKaKIIX oco6eH
HOCTen: He BhlHBJIHIOT. Bo3HIIKJia 3a,n;aqa 06Hapy2KeHil.a: Henocpe.n;CTBeH-
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Horo npoHBJieHII.SJ: pe30HaHCHoro xapaKTepa pmK.n;eHIIH BTOpIIqHhlX 'la
CTIIn B IICCJie.n;yeMbIX peaKnII.a:x. 

3Ta 3a,n:aqa 6hlrra pemeHa[3-5] B IIccrre,n:oBaHn.a:x Kopperra:nnn: 11a

CTIIn no a3IIMYTaJibHOMY yrrry </> C noMOinbIO napaMeTpa aCIIMMeTpIIII 
B: 

B = N(</> > 1r/2) - N(</> < 1r/2) 

N(</> > 1r/2) + N(</> < 1r/2)' 
(3) 

r.ue N(</> > ( <)1r/2) - 'lIICJio nap 11acTIIn, IIMerom;nx yrorr </> > ( <)1r/2, 
</> - yrorr Me2K.D;y nonepe'lHhlMII iIMnyJibcru.rn paccMaTpIIBa~MOll naphl. 

OcHOBHaH oco6eHHOCTb cneKTpOB no yrrry </> COCTOIIT B TOM, 'ITO 
npII MaJihlX yrrrax Ha6rrro.uaeTCH II36hlTOK TO)KJJ;eCTBeHHhlX no 3apa:.uy 
nap 'laCTIIn no cpaBHeHIIIO C HeT02K,UeCTBeHHhlMII napru.rn ( CM. pIIc.la). 

3Ta pa3HIIna, OKa3aJIOCb, o6ycJIOBJieHa napaMII C MaJIOH pa3HOCTbIO 6hl

CTpOT (b..y:::; 1). Ilpu 60JibillIIX 3HaqeHII.SJ:X pa3HOCTII (b..y;?: 1.6) - pac

npe,n:eJieHIIH COBna,n:aroT. CooTBeTCTBeHHO II K03qiqiIInIIeHT B 'lIICJieHHO. 
y,n:oBJieTBop.a:eT cooTHomeHIIHM: B+- > B++ ~ B-- npII b..y :s; 0.4 II 
B+- ~ B±± npII b..y ;?: 1.6. · 

OTMe'leHHaH oco6eHHOCTb coxpaHHeTC.SJ: II B norryIIHKJII03IIBHbIX pe

aKD;II.SJ:X c nch ;?: 6. 
Ka11ecTBeHHO o6'bHCHeHile Ha6mo.uaeMhlX KOppemrnIIn: HaxO,UIITC.SJ: B 

cornaCIIII C qJII3II'leCKOH II,Ueen: IIHTepqiepeHnIIII T02K.D;eCTBeHHhlX 'la
CTIIn, HO KOJIII'leCTBeHHO, no-BII,UIIMOMJ, O,UHoro MeXaHil3Ma IIHTepqie
peHnIIII He,UOCTaTO'lHO ,UJIH o6'bHCHeHilH Ha6nro.uaeMOH pa3HIInhl B a3II

MyTaJibHhlX cneKTpax [5]. 
.IIpyraa: B03M02KHOCTb IIHTepnpeTanIIII CB.K3aHa C MeXaHII3MOM po-

2K,UeHII.SJ: 'laCTIID; 11epe3 npoMe2KJTOqffhle pe30HaHChl. BhlJIII BhlIIOJIHeHhl 
3KCnepIIMeHTaJibHhle IICCJie,UOBaHIIH, B KOTOphlX BhlqIICJI.SJ:JiaCb 3aBIICII

MOCTb napaMeTpa B OT 3qiqieKTIIBHOH Macchi Mu naphl nIIOHOB npII 
pa3HhlX orpaHII'leHII.SJ:X no b..y II bi.pt - pa3HOCTII nonepeqHhJX IIMITYJib
COB ( CM. pIIc.2). BII.UHO, qTo ,UJI.K BCe:ii COBOKJIIHOCTII co6hlTIIH 3aBIICII
MOCTb B oT Mu npIIMepHo O.UIIHa:KoBa .n:n.a: 7r+7r- II 7r±± - nap. Ho npII 

MaJihlX 3Ha'leHII.IDC b..y ~ 0 II bi.pt ~ 0 ,UJIH 7r+ Jr- Ha6nro.uaeTC.K OCTphlH 
nIIK B o6naCTII Macchi p - Me30Ha. B TO 2Ke BpeM.K .D;JI.SJ: 7r±± - nap 
cnrnana HeT. EcnII II3 pacnpe.ueneHn.K no yrny </> .n:n.a: 1r+1r- y,n:arrIITb 

naphl II3 noirochl Macchi p - Me3oHa, TO o6a pacnpe.ueneHn.a: CTaHoB.a:Tc.K 
O.UIIHaKOBhlMII ( CM. p:iic. 16). 
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Ta6mrn:a 2 

n < N~': > < N~- > O"in[mb] aft[mb] E1,r-
dC-pr. 1.0 0.16±0.01 0.08±0.01 425±21 412 24.0±1.7 
dC-ex. 1.0 0.17±0.01 0.12±0.01 459±19 412 17.0±1.0 
dBe 1.0 0.19±0.02 0.14±0.02 363±13 340 14.7±1.6 
dBe 2.0 0.50±0.03 0.35±0.02 340±18 340 11.6±1.0 
aBe 2.0 0.73±0.05 0.52±0.04 360±30 456 15.4±1.1 
dC-pr. 3.3 0.62±0.03 0.32±0.02 413±20 412 21.3±1.2 
aC-pr. 3.3 1.07±0.05 0.57±0.03 445±22 540 23.0±1.3 

8n1 II ,n:pyrIIe, np1rne,n:eHHhle B .n;IIccepTaUIIII pe3ym,TaThl noKa3hl-
BaIOT' 'ITO OCHOBHhle oco6eHHOCTII a3IIMyTaJH,HhlX KOppemIUIIH B 7f-p -
B3aIIMo.n:eiicTBII.ax rrpII P=40 r3B/c o6ycrrammnaroTc.a rrraBHhlM o6pa-
30M pO)K,D;eHIIeM pe3oHaHCOB. 

IlpIIMeHeHIIe KoppemIUIIOHHhlX MeTO,D;OB II03BOJIIIJIII na6rrro,n:aTh CIIr
HaJI OT pe3onanca B .annoM BII.n;e B ycrroBII.ax, Kor,n:a B cneKTpax 3cpcpeK
TIIBHhlX Mace HIIKaKoro cIIrnarra ne o6napy)KIIBaeTc.a. 

B 'IeTBepTOH rrrane npe,n:cTaBJieHhl pe3yJihTaThl II3MepeHII5I BhlXO
,D;OB, IIHKJII03IIBHhlX crreKTpOB II IIMIIYJihCHo-yrJIOBhlX Kopperr.aUIIH 7f- -

Me30HOB BO B3aIIMo,n:eiicTDII.aX ,n:eiITpOHOB II CY - _'IaCTIIU C npoT.a)KeH
HhlMII MIImeH.aMII - rrporranonoiI, yrrrepo,n:noiI II 6epIIJIJIIIenoiI rrpII KII
HeTII'IeCKIIX 3Heprrr.ax ycKopeHHhlX .a,n:ep 1, 2 II 3.3 r3B/nyKJIOH [6-9]. 

B pa6o'!eM o6'heMe KaMephl ycTaHaBJIIIBarrach yrrrepo,n:na.a imII 6e
pIIJIJIIIeBa.a MIIIDeHh, IIMeroma.a cpopMy UIIJIIIH,n:pa, narrpaBJieHIIe OCII KO
Toporo conna,n:arro c narrpanrreHIIeM rry'!Ka. Yrrrepo,n:na.a MIImeHh 6hlrra 
II3rOTOBJieHa II3 rpaq:>IITa C IIJIOTHOCThIO 1.73 2/cM3, ,D;JIIIHOH 30 CM II' 
,D;IIaMeTpOM 10 CM, 6epIIJIJIIIeBaJI - c IIJIOTHOCThIO 1.848 cf cM3, ,D;JIIIHOH 
28 CM II ,D;IIaMeTpOM 6 CM. 

Pa3BIITaJI MeTO.D:IIKa anarrII3a cTepeoIIncpopMaUIIII c TIIK-500 II03BO
JIIIJia 6e3 cymecTBeHHhlX ,D;OIIOJIHIITeJihHhlX 3aTpaT rrpoBeCTII 3KCIIepII
MeHTaJihHble IICCJie,D;OBaHII.a, OCHOBHaJI 3a,n:a'Ia KOTOpbIX CBO,D;IIJiaCh K 
II3MepeHIIIO Ce'IeHIIH B3aIIMo,n:eHCTBII.a, BhlXO,D;OB 7f- - Me30HOB II3 rrpo
T.a)KeHHhlX MIIIDeHeH II IIX IIMIIYJihCHo-yrJIOBhlX Kopperr.aUIIH. 

B Ta6rrIIue 2 II na pIIc.3 rrpIIBO.D:.aTc.a ocHoBHhle pe3yJihTaThl 3TOH 
pa60Thl. 

B Ta6JIIIUe 2 rrpIIBe,n:eHhl ceqenII.a B3aIIMo,n:eiicTBIIH, cpe.n;HIIe MHO-
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)KeCTBeHHOCTII 7r- - Me30HOB, orrpe,z:r;eneHHhle Ha o,z:r;Ho B3alIMO,z:r;eiicTBIIe 

< N!n > II Ha o,z:r;Ho rra,z:r;aromee .sr,z:r;po < Ni >. BenII"<IIIHa < Ni > 
y,z:r;o6Ha ,z:r;n.sr Bhl"<IIICneHII.sI 3HeprIIII, 3aTpa-cieHHOll Ha po)K,z:r;eHIIe O,z:r;Horo 

1r- - MeJoHa: E1,r- = ATk / < Ni >, r,z:r;e Tk - KIIHeTII-ciecKa.sr 3Hepnrn 
, Ha o,z:r;IIH HyKnoH, A - -cin:cno HyKnoHoB B HaneTaromeM .sr,z:r;pe. Ilony-

u • apr ,-cieHHhle ce-cieHII.sI cpaBHIIBaIOTC.sI C 3MI1IIpII-cieCKOII 3aBIICIIMOCTblO ain , 
ycTaHoBneHHOll B EepKnn: ,z:r;n.sr HeyrrpyrIIX pacce.srHIIll .sr,z:r;ep d, He II C 
Ha MIImeH.srx, cocTO.srmIIX II3 TaKn:x )Ke .sr,z:r;ep rrpn: 3Heprn:.srx 0.87 n: 2.1 

I'3B/ A, 6nn:JKIIX K 3Heprn:.srM B HameM 3KcrrepIIMeHTe. 

KaK BII.rr;Ho II3 Ta6nIIUhl.2, ,z:r;n.sr peaKUIIll dBe B IIHTepBane 3Heprn:n: 
1 - 2 I'3B/ A Ha6nro,z:r;aeTc.sr yMeHbmeHIIe 3HepreTII-ciecKHX JaTpaT Ha 

po)K,z:r;eHIIe o,z:r;Horo 7r- - Me30Ha ,z:r;o BenII"<IIIHhl (~10 I'3B), rrpu KOTO

poiI peaKn:n:.sr dB e MO)KeT rrpe,z:r;cTaBn.srTb rrpaKTII-ciecKn:n: IIHTepec ,z:r;n.sr 

BOCI1pOII3BO,z:r;CTBa 3Heprn:n: Ha OCHOBe peaKTOpa C µ-KaTanII30M. 
Ha pn:c.3 rrpIIBe,z:r;eHhl o,z:r;HO"<IaCTII"<IHhle Koppen.srun:n: 7r- - Me30HOB B 

II3y-ciaeMbIX peaKUII.sIX: 3aBIICIIMOCTb cpe,z:r;Hero IIMrrynbca OT yrna Bhl

neTa. Ha pIIcyHKe cpaBHIIBaIOTc.sr ,z:r;aHHhle ,z:r;n.sr 3HeprIIII 1 I'3B / A ( dB e, 
dC(rpacpIIT), dC(rrponaH)) II ,z:r;n.sr 3Heprnu 2 I'3B/ A (dBe, aBe). 

CpaBHeHIIe ,z:r;aHHhlX noKa3hlBaeT OTCYTCTBIIe cymecTBeHHoro Bmrn

HII.sI rrpoT.sI)KeHHhlX MIImeirnn: .rr;aHHOli KOHcpIIrypaUIIII Ha yrnOBhle cneK

Tphl 7r- - Me30HOB, a 3HepreTII-ciecKUe cneKTphl CTaHOB.sITC.sI "M.srr-cie". 

B n.srTOli rnaBe IIJnaraeTC.sI cpeHOMeHonorn:-cieCKIIH no,z:r;xo,z:r;, OCHOBaH

Hhlli Ha npe,z:r;cTaBneHIIII O B3aIIMo,z:r;en:cTBIIII KaK npocTpaHCTBeHHO-Bpe

MeHHOM rrpon:ecce nepe,z:r;a-ciII 3HeprIIII-IIMrrynbca OT o,z:r;IioiI -ciaCTIIUhl K 

,z:r;pyron: [10-11]. 
B COOTBeTCTBIIII C 3TIIM npe,z:r;cTaBneHIIeM Beeb nepe,z:r;aHHhlli IIM

nynbc .q( v, p) MO)KHO npe,z:r;cTaBIITb B BII.rr;e cyMMhl q = qa + qf3 II pac

CMaTpIIBaTb COCTO.sIHIIe q0 + J<b = I<ax (r,z:r;e J<b - 4-BeKTOp MIIIDeHII) 
KaK npoMe)KyTO"<IHOe COCTO.sIHIIe B3aIIMo,z:r;en:cTBYIOIUIIX -ciacTIIU, COOT

BeTCTByromee -ciaCTII nepe,z:r;a-cin: qo:. Ha OCHOBaHIIII o6mnx · nono)KeHIIH: 

a) MaCIIITa6Ho:ii IIHBapIIaHTHOCTII n 6) Tpe6oBaHII.sI e,z:r;n:Horo OIIIICaHII.sI 

ynpyrnx II Heynpyrux B3aIIMO,z:r;e:rrcTBllli ( "<ITO Bhlpa)KaeTC.sI B ycnoBIIII 
Hell3MeH.sieMOCTII Mace -ciaCTIIU B ynpyrux pacce.sIHII.srx) KOMnOHeHThl 
nepe,z:r;a-cin q0 (v0 ,p0 ) nonHOCTbIO onpe,z:r;en.srroTc.sr BBe.rr;eHIIeM Macrnni.6Ho

IIHBapn:aHTHOH BenII"<IRHOll a ( 0 ::; a ::; 1): 

q~ = a2q2 = -a2Q2, (4.1) 
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V 0 = a V, 

-q~ -q2 Q2 
x=--=--=--

2qaKb 2ql(b 2mw' 
• r. -2 _ M2 2 2 2(l ) .1i. 0 x = a = m6 + mbva -_x 

r,z:r;e, x - rrepeMeHHa.sr EbepKeHa. 

(4.2) 

(4.3) 

( 4.4) 

TaK )Ke, KaK KOHe"CJHOe COCTO.sIHIIe l(x BOCCTaHaBmrnaeTC.sI no .rr;ByM 

He3aBIICIIMhlM rrepeMeHHhlM Q2 II v, TaK II npoMe)KyTO"<IHOe COCTO.sI

HIIe ICax BOCCTaHaBmrnaeTc.sr no ,z:r;ByM Bem1-cinHa:l\.I q~ II v0 • ll3MeH.sr.sr 
a OT O ,z:r;o 1, rrony-ciaeTC.sI MHO)KeCTBO npoMe)KyTO"<IHhlX COCTO.sIHII:ii OT 

Ha"CJaJibHOro ,z:r;o KOHe"CJHoro, KOTopoe COOTBeTCTByeT II3MeHeHIIIO qo:. IIo

Jiy-cieHHOe MHO)KeCTBO MO)KHO paccMaTpIIBaTb KaK 3BOJIIOUIIIO B3aIIMO

,z:r;en:cTBll.sI B JaBIICIIMOCTII OT II3MeHeHII.sI ,z:r;onn nepe.rr;aHHOro _IIMIIYJibca, 
a a - rrapaMeTp 3BOITIOUIIII, 

BoccTaHoBneHne rrpoMe)KyTO"CJHhlX COCTO.sIHIIII ecTeCTBeHHee rrpOII3-

BO,z:r;llTb B npocTpaHCTBe CKOpOCTell Jlo6a-cieBCKoro (cM. puc. 4). B 3TOM 

rrpocTpaHCTBe 3BOITIOUII.sI B3aIIMO,z:r;eikTBII.sI 13blpa2KaeTC.sI KaK IIOBOpOT 

OCH peaKUIIll Ha yron pacce.srHu.sr, COBMemeHHhlII C COKpameHIIeM ee 
,z:r;JIIIHhl B cny-ciae Heynpyrux CTOITKHOBeHIIli 

BBe,z:r;eHIIe rrpoMe)KyTO"CJHOro COCTO.sIHII.sI, onpe,z:r;en.sreMoro IIHBapnaH
TOM a, npIIBO,z:r;IIT K lIHTepeCHhlM II rrpIIHUIInnanbHO-Ba)I{HhlM CJie,z:r;cnm
.sIM. 

1. "To-cie-ciHhl:rr" xapaKTep rroBe.rr;eHII.sr rrpon:eccoB I'HP M02KH0 noH.srTb 

( Ka-ciecTBeHHO) 6e3 rrpIIBJie"<IeHII.sI rIInoTe3hl O "TO"<Ie"<IHOII" CTPYKType 
HJKJIOHa . 

Iln.sr 3Toro onpe,z:r;enIIM K03cpcpIIUIIeHT HeynpyrocTII an, KaK TaKy10 

,z:r;OJIIO nepe,z:r;aHHOro 4-IIMnJJibCa q, KOTopon: ,z:r;ocTaTO"CJHO ,z:r;n.sr po::iK,z:r;emrn 

MIIHIIMaJibHOH Macchl Mmin = I: m; ( m; - Macca i-oiI BTopII-ciHoi'1 qacTn

Uhl ). 3aMeHIIB B ypanHeHIIII ( 4.4) M 0 Ha Mmin II pema.sr OTHOCIITeJibHO 
a, IIMeeM: 

M2 2 
Ctn= ( miQ~ mb X )1/2. (5) 

l-x 

Iln.sr ynpyrIIx BJaIIMo.rr;eiicTBIIn: an = 0 no onpe,z:r;enem110 ( T .K. Ho

Bon: MaCChl He po)K,z:r;aeTc.sr). ll3 (5) HeTpy.rr;Ho BII.rr;eTb, 'ITO C poCTOM 
Q2 BeJIII'IIIHa Ctn ,z:r;on)KHa yMeHbIDaTbC.sI II CTpeMIITbC.sI K HYJIIO rrpn 

Q2 
--+ oo, x = canst (nocKOJihKY Mmin = I: m; ~ nm,. nponopn:no

HanbHa MHO)KeCTBeHHOCTII n BTOpII'IHhlX qacTIIU ( B OCHOBHOM - IIIIO-
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m. 
,m. «: l 

M. 

xm. 

a) b) 

Pnc.4 )],HarpaMMhI Heyrrpyroii·peaKIJ;HH B rrpocTpaHCTBe cKopocTeii 

Jio6a'IeBC)Wl'0: a) BBe):\em1e a_- RHBapH<i;HTa, b) BBeAeHHe X _- IUIBapH-

aH'ra. 

z 400 [ 
z 300 

I "'O 

.., 300 ~ 200 

:~ ll.~ .. I 100 

0 

0 0.5 1 
0 0.5 

X 

a. 

Pnc.5 an, x - pacrrpeAeJieHH.ll AJI.ll peaKIJ;HH dp-+ ppn. 
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HOB, m71"- Macca IIIIO:aa), KOTOpM, KaK II3BeCTHO, paCTCT KaK ln(s)). 
BeJIII'lIIHa an -+ 0 npIIMepHo KaK ln( s )/ s -+ 0. Koacpqnu::ureHT Heyrrpy

rocTII G'n acIIMnTOTII'lCCKII CTpeMIITC.ll K npe,n:eJiy .D;JI.ll yrrpyrmc B3aHMO

.n;eIICTBIIll II BCCI, npon;ecc npII 3TIIX ycJI0BII.llX npII06peTaeT yrrpyrIIn, 

"To11e11Hhln" x~paKTep. 

Ha pIIC. 5 npIIBC.D;CHhl 3KCnepIIMCHTaJibHhle pacnpe,n;eJICHII.ll .D;JI.ll K0-

3q>q>IID;IIeHTa HeynpyrocTII G'n II X .D;JI.ll peal{D;IIII pa3BaJia .n;enTpOHa B 

Bo,n;opo.n;Hon KaMepe npII IIMnyJI1,ce 3.31 raB/c (dp-+ ppn). 
2. IlpIIHD;IIIIIIaJibHO-BruKHhlM cmi,n;cTBIICM BBC.D;CHII.ll npoMC2KJTO'l

HhlX COCTO.llHIIII .llBJI.llCTC.ll B03MO)KHOCTI, o6hl'lHhlM o6pa30M CB.ll3aTb 

co6cTBCHHhle BpeMeHa dTa II dTb B3aIIMo,n;encTBJIOllI,IIX qacTIID; a II b -
'Iepe3 IIX OTHOCIITCJibHJIO CKOpOCTI, /Jab: 

dTa = dTbJl - (J~b, (6) 

r.n;e paccTaHOBKa IIH.D;CKCO.B qacTIID; C0OTBCTCTBJCT nepe.n;a'III q OT qa

CTIID;hl a K 11acTIIn;e b. CKopocT1, /Jab B o6m;eM cJiyqae :aeynpyrIIX B3a

IIMo.n;encTBIIII ( X =I= 1) .llBJI.llCTC.ll II3BeCTHOll q>JHKD;IIeII a. B CJiyqae 

ynpyroro pacce.llHII.ll ( x = 1) CKopocTb /Ja6 = const He II3MCH.llCTC.ll no 

BCJIII'lIIHe II IIHTerpIIp0BaHIIe (6) rrpIIB0.D;IIT K CB.ll3II .D;JIIITCJibHOCTeii 

co6CTBCHHhlX BpeMeH Tao II no yrrpyro-B3aIIMO.D;CIICTBYIOllJ,IIX 'laCTIID; a 
II b: 

Tao = no✓l - (J;b. -(6.1) 

O11eBII.D;Ho, 'ITO 3TOT 2Ke pe3JJibTaT (6.1) IIOJIJ'IIITC.ll, CCJIII BBCCTII Te

Ky:rnIIe BpeMeHa Ta II Tb B BII.n;e: 

Ta = aTao, dTa = Ta0 da, 

Tb = ano, dTb = noda, 

(7.1) 

(7.2) 

T.e. IIHTerpIIpOBaHIIe no BpeMCHll 3aMCH.llCTC.ll IIHTerpnpoBaHIIeM no a. 
.IlaJil>HeIIIIiee o6o6m;eHIIe CTaHOBIITC.ll O'lCBII.D;HhlM n ecTeCTBeHHhlM. 

Co6cTBeHHoe BpeM.ll JII06on: 11acTIID;hl dT CB.ll3aHo co BpeMeHeM dt 
CIICTCMhl, B KOTOpon: qacTIID;a .D;BII2KCTC.ll co CKOpOCTbIO (J, TaKIIM )KC 

CO0THOillCHIIeM, KaK (6). HarrpIIMep, .D;JI.ll qacTIID;hl a M02KHO 3aIIIICaTb: 

dTa = dtaaJl - /J~a = dtacJl - /J~c = ... , (8) 

r.n:e dtaa, dtac, /Jaa, /Jae - 3JICMCHThl BpeMeH II CKOpOCTII qacTIID;hl a B 

aHTIIJia6opaTOpHOII, C-CIICTeMe II JII06on: .n;pyron: Bhl6paHIIOII CIICTeMe. 

AHaJIOI'II'lHOe COOTHomeHIIe M02KH0 HaIIIICaTb II .D;JI.ll .n:pyron: 'IaCTIID;hl. 
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EcmI BBeCTII T - IIOJIHOe BpeM.sI IIJIII .D:JIIITeJII,HOCTb B3am.rn,n:eiICTBIUI 

( mo6oro - ynpyroro IIJIII Heynpyroro) 'IaCTIII(hl n .D:aHHOH CIICTeMe OT

C'IeTa, HanpnMep, rra6opaTopHoiI, To: 

t = aT , dt = Tda, (9) 

r,n:e t - TeKym:ee BpeM.si:, cooTBeTCTByrom:ee a-,n:orre rrepe,n:aHHoro 4-

IIM11yrr1,ca. AHarrorII'IHO, B .D:BII2Kym:eiic.si: cIIcTeMe: t' = aT', r.n:e T' 
- IIOJIHOe BpeM.sI B .D:BII2Kym:eiic.si: CIICTeMe, IIOCKOJibKY a - IIHBapnaHT. 

YpaBHeHII.sI (9) .sIBJI.sIIOTC.sI crre,n:cTBIIeM o6o6m:eHII.si: (7) Ha crry-qan 

HeyrrpyrnXB3aIIMo,n:eiicTBIIH. Mo2KHO cKa3aTb, 'ITO (7) II (9) Bhlpa2KaIOT 

C00TBeTCTBIIe O.D:Hopo,n:H0CTII BpeMeHII B BbI6paHHOH CIICTeMe OTC'IeTa 

HeBI>1,n:erreHH0CTII KaK0r0-T0 3Ha'IeHII.sI a B IIHTepBaJie 0-1. 
CrrpaBe,n:JIIIBOCTb paccy2K,n:eHniI, ocHoBaHHhlX Ha ypaBHeHn.si:x (6-9) 

M0)KH0 3KcrrepIIMeHTaJibH0·IIp0BepIITb, eCJIII B0CII0Jib30BaTbC.sI OI(eHKa

MII .D:JIIIHbl IIJIII BpeMeHII II3 COOTHOmeHIIH Heorrpe,n:erreHH0CTII. 

TaKne 0I(eHKII 6hlJIII c,n:erraHhl C II0M0m:hIO ,n:aHHhlX peaKI(IIII pa3BaJia 

,n:eiITpoHa (dp -t ppn). Ha pnc.6 rrpnBo,n:.si:Tc.si: pe3yrr1,TaThl cpaBHemrn. 

BII.D:HO y,n:oBJieTB0pIITeJibH0e corrracne .D:JIIITeJibH0CTII BpeMeHII B3aII

MO.D:eHCTBII.sI .D:JI.sI -qaCTIII(hl b, OI(eHeHHOH II3 C00THomeHII.sI r eiI3eH6epra 

B Bhl6paHHOH CIICTeMe ( Cil~OillHa.sI JIIIHII.sI), n minTeJibHOCTII, crre,n:yro

m:eiI II3 ( 6)' T .e.' II3 .D:JIIITeJibH0CTII .D:JI.sI 'IaCTlII(hl a ( TO)Ke OI(eHeHHOH II3 

rrpnHnnrra feiI3eH6epra), rrepec'IIITaHHoiI no (6-9) B Bhl6pa1rnyro ,n:rr.si: 

'IaCTIII(hl b cncTeMy ( nyHKTIIp). 

Ba2KHO 110,n:-qepKHYTh, 'ITO B ,n:aHHOH cncTeMe OTC'Ie-ia (HanpuMep, 

rra6opaTOpHoH), .D:JIIITeJibH0CTb npeMeHII B3aIIMO.D:eHCTBII.sI .D:JI.sI Ka2K,n:oii: 

'IaCTIII(hl ecTb pa3Hbie neJIII'IIIHhl: Tbb > Tab· Crre,n:oBaTeJibHO, TeKym:ne 

BpeMeHa ta = a.Tab II tb = aTbb - T02Ke pa3Hhle: 

b..t = tb - ta= a(Tbb - Taa), 

OTCIO,n:a crre,n:yeT, 'ITO COCTO.sIHIIe 'IaCTIII(hl b, C0OTBeTCTBYIOmee a - ,n:o

rre rrepe,n:aHHoro 4-uM11yrr1,ca, B paccMaTpIIBaeMoiI cncTeMe HacTyrraeT 

C 3ana3.D:hlBaHIIeM Ha BeJIII'IIIHy b..t 0TH0CIITeJibH0 COCT0.sIHIIH 'IaCTII

I(bl a ( C00TBeTCTByIOm:ero TOH )Ke a - ,none). O'IeBII.D:HO TaK 2Ke, 'ITO D 

,n:aHHOH ClICTeMe 0TC'IeTa B3aIIM_o,n:eiICTBYIOm:IIe -qacTIII(hl B O.D:IIH II TOT 

)Ke M0MeHT BpeMeHII (ta= tb) C00TBeTCTBYIOT pa3HhlM COCT0HHII.sIM: 

abTbb = aaTab· 
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Pnc.6 )J,JIHTenbHOCTb BpeMeHH BOaHMOp;eii:cTBllll b-'IaCTHl]hl B aHTH

Jia6.- Tba H c- Tiie ClfCTCMax, Tb,, - co6cTHCHHa.si: )l;IIHTeJihHOCTh; 

CIIJIOlllHa.sI JIHHIUl - Ol]CHCIIKa Irn COOTIIOUiefllfj{ neonpCAeJICHHOCTCll 

AJI.ll HMIIYJibca, rryHKTHp - Ol]Cl!Ka, BbPIJICJICHHa.si:, lfCXOA.11 HO Ol]CHKH 

npeMeHH )];JI.ll a,-TfaCTlUJ,br. 
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e) a f) X (Im) 

Pnc.7 3aBHCIIMOCT~ rrpO)l;OJII,HbIX /Jx II rrqrrepc11Hbl~ /Jv ~KOPOCTCH 

BOan;~iO)];eHC;TBY~II(IIX 'IaC1'IIII OT' a l,a-'laCTHIIa - CIIJIOUIHaJI JIHHH.ll, 

b-'IacTm:~a - nyHKTHp}: a), c), e) - B a11Tmia6.-, c-, na6.- cncTeMax, 

cooTBeTcTne1rno; b ),d),f) - TpaeKTopnn )];BH.lKCHll.ll a-11acTHl]LI ( ncp

XH.ll..ll rrorry-IIJIOCKOCTb) H b-'IaCTHl]LI (HmKH.ll.ll norry-rrrr. OCKOCTb). IllTpllX-. . 

JI.YHKTI\DHhIMlf JlllHJillMH OTMC'ICHbl KO(!.l!l,llllta'fbl 'l'O'lCK,, COOTBCTCTI!V

IOII\HX O)J;HHaKOBLIM ona11cHH.llM a l ro110rpaqi ). 
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8qiqieKT 3ana3,llbIBamrn II 3q>q>eKT O,llHODpeMeHHOCTII npIICYTCTDYIOT B 

,llaHHOM nonxone II JierKo nonnaroTCH qIIcJieHHhlM o:a:eHKaM. 

TaKIIM o6pa30M, ypaDHeHIIH (6-9), CDH3hlDaIO:mne Dpe:r-1eHa D3aIIMO

nei'rcTDYIO:mIIX qacTIIII D JII06oiI CIICTeMe OTcqeTa 061,rqHhlM o6pa30M, II 

ypanHeHIIH ( 4), onpe,lleJIHIO:mIIe nee Heo6XO,llIIMhle CKOpOCTII, CHIIMaIOT . 

npIIHIIIInIIaJibHYIO TPY.llHOCTb peJIHTIIDIICTCKoro paccMOTpeHIIH CIICTe

Mhl D3aIIMO,llellCTDYIOmIIX qacTIIII. 

B nJIOCKOCTII pacceHHIIH qacTIIII ma II Ma )lJIH nponoJibHOll f3x II 

nonepeqHoll /3y COCTaDJIHIO:mIIX CKOpOCTII /3 qacTIIIIhl ma (IIJIII Ma) B 

Dhl6paHHOll CIICTeMe OTcqeTa IIMeeM: 

IIJIII 

dx 
dt = f3x , dx = T/3 cos 0do:, 

dy 
dt = f3v, dy = T{Jsin0do:, 

a 

x = x0 + T j /Jcos0do:1
, 

0 

,. a 

Y = Yo + T j /3 sin 0do:1
, 

0 

(10.1) 

(10.2) 

(10.3) 

(10.4) 

rne 0 - yron DhlJieTa qacTIIIIbI ma (IIJIII Ma), T - .llJIIITeJibHOCTb ee 

D3aIIMO,llellCTDIIH, Xo, Yo - HaqaJibHhle 3HaqeHIIH KOOp,llIIHaT qacTIIIIhl 

ma (IIJIII mb), cooTDeTcTnyromne o:=O. 
IlonoraJI x 0 = y0 = 0 .llJIH o6oIIx qacTIIII II o:a:eHIIDaJI T II3 npIIHIIIIna, 

I'eiI3eH6epra (TOJibKO O,llHO T, nee .llpyrne - no q>OpMyJiaM (6-9)), 61,1-

JIII DhlqIIcJieHhl KOOp.llIIHaTbl D3am.mneiicTnyromnx qacTIIII, COOTDeT

CTDyromne a -none nepenaHHoro 4-IIMnyn1,ca D peaKIIIIII dp -t ppn. 
Ha pIIC. 7 npIIDe,lleHhl pe3yJibTaThl DhlqIIcJieHIIll ,llJIH Tpex CIICTeM: aH

TIIJia6opaTOpHOll (mb = ma noKOIITCH), C-CIICTeMe II Jia6opaTOpHOll 

(ma= mp noKOIITCH). BhlqIIcJieHIIH COOTDeTCTDYIOT HeynpyroMy (x = 
0.5, Q2 = 0.24(I'3B/c)2

) pacceHHIIIO neiITpOHa Ha npoTOHe. Ha pII

cyHKaX npIIDe,lleHhl 3aDIICIIMOCTII nO,llhlHTerpaJibHhlX qiyHKIIIIll OT 0: II 

pe3y111,TaThl IIHTerpIIpODaHIIH - TpaeKTOpIIII .llDII.:arnHIIH B3aIIMO,llell

CTDyromnx qacTIIII B II1IOCKOCTII pacceHHIIH .ll1IH yKa3aHHhlX CIICTeM 

OTcqeTa. illTpIIX-IIJHKTIIpHhlMII 1IIIHIIHMII OTMeqeHbl TOqKII, COOTBeT

CTDyromne 0,llIIHaKODblM 3HaqeHIIHM 0:. 
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3. linH o6o6meHIIH npennaraeMoro nonxona Ha cnyqaiI npoII3D01Ib

HhlX peaKIIIIll ,llOCTaToqHo DDeCTII non01IHIITe1IbHO nepeMeHHyIO Xa, 

aHa11orIIqHyro E1,epKeHODCKOH (K?Topy10 noKa o6o3HaqIIM KaK xb): 

-q2 Q2 
Xa = 2 K = -2 -, (11) 

- q a maVb 

Vb = Eb - E~ (12) 
rne Eb, E{, - 3HeprIIH qacTIIIIhl b (MIImeHII) no II nocne D3aIIMO.lleiI

cTDIIH B CIICTeMe noKOH qacTIIIIhl a ( B aHTII1Ia6-CIICTeMe). Ec11II Macca 

qacTIIllbl a He MeHHeTCH, TO x~ =1. B o6meM cnyqae, Korna MaCCbl 

o6eIIx D3aIIMoneiicTny10mnx qacTIIII He coxpaHHIOTCH: Xa < l II Xb < l. 
C11enonaTe1IbHo, paccMoTpeHIIe o6mero c11yqaJI npoII3D01IbHoiI peaK

lIIIII CDO,llIITCH K nonpocy onpe,lleJieHIIH 4-DeKTOpa q: KaK Dhl,lle1IIITI, II3 

KOHeqHoro COCTOHHIIH qaCTIIIIhl, HD1IHIO:mIIXCH npO.llJKTaMII (II1III qipar

MeHTaMII) 11II60 a, 11II60 b ·qacTIIII? Ho 3To y:arn npyroiI nonpoc. O60-

CHODaHHoe pa3,lle1IeHIIe qacTIIII Ha K1IaCTepbl B o6o6meHHOM 110,llXO,lle 

Ean,llIIHa (paCCMOTpeHHOM D nepnoiI rnan~), D npIIHIIIIne, naeT OTDeT 

II Ha 3TOT nonpoc. 

B 3aK11IOqeHIIII Cq>OpMynIIpOBaHbl OCHODHhle pe3y1IbTaTbl II DblD0.llbl 

DbllI01IHeHHOil pa60Tbl. 

MeTO.llII'IeCKIIe pe3y111,TaTbl: 

- OnpeneneHbl onTII'IeCKIIe KoHcTaHThl ,n;nH TITK-500 no Honon Me

TO.llIIKe. 

- Bhln01IHeHbl II3MepeHIIH MarHIITHOro no11H D pa6o'IeM o6'beMe 

TITK-500 II Dhl6paHa KapTa MarHIITHoro 11011H, 06ecne'IIIDaIOm;aJI Bhl

'IIIC1IeHIIe nonH C TO'IHOCTbIO 11y-qme :::; 1 %. 
- A,n;anTIIponaHa K MacconoiI o6pa6oTKe Ha 8BM pe3y111,TaToB II3-

MepeHIIH cTepeoqioTorpaq>IIH c TITK-500 nporpaMMa reoMeTpII'IecKon 

II KIIHeMaTII'IecKon peKOHCTPYKIIIIII co6blTIIH ( nporpaMMa I'EO<I> IIT). 

- Co3,n;aHa cIIcTeMa nporpaMM, 06ecne'III1;mromaJI o6pa6oTKY II .llDII-

2KeHne pe3y1lbTaTOD II3MepeHIIIl ,ll;O 1IeHTbl cyMMapHbIX pe3y1IbTaTOD 

DK1IIO'IIITe1IbHO. 

- I'.I3y'IeH PH.ll MeTO,ll;II'IeCKIIX nonpocon, CDH3aHHblX C o6pa60TKOil 

co6blTIIH, 3aperIIcTpIIpODaHHbIX'n TITK-500, D :a:enoM yKa3blna10mnx 

Ha OTCYTCTDIIe 3aMeTHblX CIICTeMaTII'IeCKIIX OmII60K B onpe,n;eneHIIII 

IIMny1IbCOD II yr110B Dbl1IeTa DTOpII'IHblX 'IaCT1m:, a TaK2Ke B IIX II,ll;eH

TIIq>IIKaIIIIII. 
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<l>II3~eCKIIe pe3yJI1>TaThl II BhlBOJ.J;hl: 

1. Bnepn1,1e .r.i;mi: 1r-p peaK:a;IIil: npII :meprm1x·n1,1me 20 r3B norry

'leHhl 3KCnepIIMeHTaJibHhle J.J;aHHhle no J.J;BYX'laCTII'IHhlM KOppemrnmrM 

3ap.a2KeHHhlX nIIOHOB no npo,r.i;OJibHhlM 6hlCTpOTaM II a3IIMYTaJibHhlM 

yrrraM B IIHKJII03IIBHhlX II norryIIHKJII03IIBHhlX peaKD;IIHX npII IIMnyrr1,ce 

40 r3B / c. IIorry'leHHhle .r.i;aHHhle CBIIJ.J;eTeJibCTYIOT: 

- 0 paHHeM CKeHJIIIHre J.J;Byx'laCTII'IHhlX pacnpe.r.i;eJieHIIH II Kopperr.a

D;IIOHHhlX q:>yHKD;IIH 3ap.H2KeHHhlX 'laCTIID; B IIHKJII03IIBHhlX peaKD;IIHXj 

- 0 npIICYTCTBIIII B MexaHII3Me MH02KeCTBeHHoro po2K.r.i;eHIIH npoMe-

2KYTO'IHhlX pe30HaHCHhlX COCTOHHIIH C nocJieJ.J;YIOilUIM IIX pacna.r.i;oM Ha 

perIIcTpIIpyeMhle 'laCTIID;hl. 

2. IlpIIJI02KeHIIe KOppeJIHD;IIOHHhlX MeTOJ.J;OB K aHaJIII3Y 3KCnepIIMeH

TaJibHhlX .r.i;aHHhlX (n 'laCTHOCTII, napaMeTpa acm.1:MeTpIIII) no3BOJI.HeT 

o6Hapy2KIITI, npoMe2KyTO'IHhle pe30HaHCHhle COCTOHHIIH npII BhlCOKIIX 

3Heprmrx B ycJIOBIIHX, Kor.r.i;a II3-3a 6orr1,moil: MH02KeCTBeHHOCTII II 60JII,

moro lpOHa npHMOe Ha6JIIOJ.J;eHIIe CIIrHaJIOB OT pe30HaHCOB CTaHOBIITCH 

3aTpy.r.i;HIITeJibHhlM IIJIII HeB03M02KHhlM. 

3. BnepBhle norry:<IeHhl 3KcnepIIMeHTaJII,Hhle .r.i;aHHhle O po2K.r.i;eHIIII 

7r- - Me30HOB B peaKD;IIHX B3aIIMOJ.J;eHCTBIIH rrerKIIX peJI.HTIIBIICTCKIIX 

a:.r.i;ep ( d II a - -qacTII:a;) npII 3Heprmr 1, 2, 3.3 r3B/ A c nponaHonoil:, 

6epIIJIJIIIenoii II rpaq:>IITOBOH npoTa:2KeHHhlMII MIImeHHMII. lhMepeHhl 

ce'!eHIIH, BhlXOJ.J;hl, IIHKJII03IIBHhle cneKTphl II KOppeJI.HD;IIII 7r- - Me30HOB 

II3 npOTH2KeHHhlX MIImeHeH. 

4. BnepBhle norry'leHhl 3KCnepIIMeHTaJibHhle oneHKII 3HepreTII'le-: 

CKIIX 3aTpaT Ha po2KJ.J;eHIIe OJ.J;HOro 7r- - Me3oHa B peaKD;IIHX B3aIIMO

.r.i;eil:cTBIIH JierKIIX peJIHTIIBIICTCKIIX a:.r.i;ep ( d II Cl' - 'laCTIIU) npII 3HeprIIII 

1, 2, 3-.3 r3B/ AC nponaHOBOH, 6epIIJIJIIIeBOH II rpaq:>IITOBOH npOTH2KeH

HhlMII MIImeH.HMII. 

3KcnepIIMeHTaJibHO 3aperIICTpIIpOBaHo CHII2KeHIIe 3HepreTII'leCKIIX 

3aTpaT Ha po2K,r.i;eHIIe o.r.i;Horo 1r- - Me3oHa B peaK:a;IIHX dBe c KIIHeTII

-qecKoil: 3HeprIIeil: ycKopeHHhlX .r.i;eil:TpOHOB II IIHTepnarre 1-2 I' 3 B /A. 
5. IIorry'leHHhle 3KcnepIIMeHTaJibHhle J.J;aHHhle O B3aIIMOJ.J;eHCTBIIII 

rrerKIIX a:.r.i;ep C npOTH2KeHHhlMII MIIilleHHMII npe.r.i;cTaBJIHIOT TeopeTII'le

CKIIH II npaKTII'leCKIIH IIHTepec J.J;JIH ,r.i;aJibHeHillIIX oneHOK II onTIIMII3a

D;IIII napaMeTpOB TeXlIII'IeCKOro KOMIIJieKca nocnpOII3BOJ.J;CTBa 3HeprIIII 

Ha OCHOBe MIOOHHOro KciTaJIII3a CIIHTe3a rrerKIIX a:.n:ep. 
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6. Cq:,opMyrrIIpoBaH HOBhlH q:>eHoMeHorrorII'lecKHH no.r.i;xo.n: K aHaJIII3Y 

Heynpyrnx B3aUMOJ.J;eHCTBIIH, B paMKax KOTOporo: 

- co6cTBeHHhle BpeMeHa .n:nyx B3aIIMO,n:e11:cTBYIOilUIX 'laCTIIU CBH3a

Hhl Me)KJ.J;y co6oil: 06hl'!HhlM o6pa30M - 'Iepe3 IIX OTHOCIITeJibHYIO CKO-

poCTI, (Bhl'IIICJISieMyIO D paMKax no.n:xo.n:a); . 

- noKa3aHa B03M02KHOCT1> onIIcaHIIH nponecca paccea:mrn (ynpyroro 

II Heynpyro) KaK 3BOJIIOD;IIII CIICTeMhl .r.i;nyx B3aIIMOJ.J;eHCTBYIOilUIX 'la

CTIID; OT II3MeHeHIIH J.J;OJIII nepe.n:aHHOro 4-IIMnyrr1,ca; 

- Ka'!eCTBeHHO noKa3aH "To'le'IHhlH" xapaKTep rrry6oKOHeynpyrnx 

peaKnuil: 6e3 npunrre'!eHIIH runoTe3hl o "To'le'!Hoii" cTpy1,'.Type HYKJio

HOBj 

7. OcHOBHhle noJI02KeHIIH HOBoro no.n:xo.n:a nponepeHhl Ha OCHOBe 3KC

nepuMeHTaJibHhlX .r.i;aHHhlX peaKD;lIII pa3BaJia .n:e1'hp0Ha Ha npOTOHe npn 

IIMnyrrce 3.31 r3B/c. 

8. Ilpe.r.i;JI02KeHHhlH cnoco6 pemeHIIH npuH:a;IInIIaJI1>Horo nonpoca B 

npo6rreMe onIICaHIIH peJIHTIIBIICTCKOII CIICTeMhl BJaIIMOJ.J;eiicTBYIOllllIX 

'laCTIID; OTKphlBaeT HOBhle BOJM02KHOCTII II C HOBhlX nOJlID;IIH - nOJlID;IIIl 

MacmTa6HOH IIHBapIIaHTHOCTII - npn6JIII2KaeT nepcneKTIIBY pemeHIIH 

ncefI npo6rreMhl. 
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