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HHH YtJeHoro CoBeTa no saID;HTe ,n;Hccepmu;Htt ,LI, 01.05.02 B YIHCTHTYTe 

ci>HSHKH Hau;HoHaJILHott aKa,n,cMnn HaYK BenapycH (220072, MHHCK, rrp. 
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c ,ll.HCCepmu;Hett MO>KHO 03HaKOMHTbC.H B 6H6JIHOTeKe l1HCTHTyTa cPH-

3HKR HAHB. 
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no 3aID;HTe ,ll,HCCepTan;Htt, 
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.-"'~ B.C. 0T'IHK 

OBII..I;A.H XAPAKTEPHCTHKA PABOTbI 

AKTyaJihHOCTh TeMhI p;u:ccepm~u:u: 

AKTYaJihHOCTh TeMbI ,zi;HccepTaD;HH o6'hHCHHeTCH B03pOCIIIHM B CBH3H co 

"crrHHOBhlM KpH3HCOM" HHTepeCOM K HOBhIM 3KCrrep11MeHTaJlhHbIM B03M0)!(­

HOCTHM HCCJie)J;OBaHIHI Cll11Ha HYKJIOHa. 

CBSI3h pa60ThI c Hay'!HhIMH nporpaMMaMu: 

,ll,HccepTaII,HOHHaJI pa6oTa BbIIIOJIHeHa B paMKaX Me:>I<BJ'30BCKHX rrpo­

rpaMM "<I>H3HKa <l>YH)J;aMeHTIUibHbIX B3aHMO,zi;ettCTBHH" H "<I>H3HKa MHKpo­

MHpa", a TaK)!(e rocy,zi;apCTBeHHblX rrporpaMM ¢YH,zi;aMeHTaJlbHblX HCCJie,zi;o­

Bami:l!: "KaapK", "<I>H3HKa B3aHMO,zi;e:l%CTBH!t". 

IJ;enu: H 3ap;aqu: HCCJiep;OBaHHSI 

I.l,eJibIO HaCTOHID;ett pa60TbI HBJIHeTCH pac'1eT KBaHTOB03JieKTpO)J..lrnaMH­

qecKHX (K9,ll,) H 3JJeKTpoCJia6hIX ::i¢¢eKTOB nepBoro ( f'V a, aL) H BTO­

poro (,..., a 2 L2) nopH)J.KOB K pa3JIH"IHhIM Ha6nro,zi;aeMbIM B rroJIHPH3au;H­

OHHOM nenTOH-HYKJIOHHOM rny6oKoHeyrrpyroM pacceHHHH (fHP). KpoMe 

Toro, )J.JIH llO)J.TBep:>I<)J.eHHH paBHOrrpaBHH pa3JIH'1HbIX IIO)J.XO,ll,OB B KBaHTO­

BOtt TeOpHH IIOJIH Ha OCHOBe KOBapHaHTHOl'O MeTO)J.a Bap)J.Hirn-IllyMeitKO, 

pa3BHTOro )J.JHI T0'1HbIX BbFIHCJieHHtt paµ;Hau;HOHHb.lX rrorrpaBOK (PTI) (KaK 

B K9,ll, TaK H B CTaH)J.apTHOlt Mo,n;eJIH), 6hrna rrocTaBJieHa u;enh on;eHHTh 

::i<l>¢eKT KOHe'!HbIX KBapKOBhIX Mace B IIOJIHpH3aIJ,HOHHOM KBaHTOBOXpO­

MO,ll.HHaMH'!eCKOM (KX,IJ,) KOMIITOHOBCKOM pacceHHHH. 

,ll,JIH BbIIIOJIHeHHH llOCTaBJieHHOtt TeMbl llOTpe6oBaJIOCb perrrHTb pH,!J. sa­

,n;a'l. 

l. Pac'lb rrOJIHOtt 3JieKTpoCJia6ott norrpaBKH HH3lliero rropH,n;Ka B paMKax 

KBapK-napTOHHOtt MO,ll.eJIH. 

2. Pac'1b MO,D,eJibHO-He3aBHCHMO:t1 ::ineKTpOCJia6ott rrorrpaBKH K HeKOTO­

pbIM Ha6JIIO)J.aeMbIM B npe,n;CTOHW:HX ITOJIHpH3au;HOHHblX KOJIJiatt,n;ep­

Hb.lX 3KCilepHMeHTax. 

3. l1cCJie,n,oBaHHe pesynhTaToB ,D,JIH O)J.HorreTJieBb!X K9,ll, H aneKTpoCJia-

6brx PTI HH3rrrero rropH,n;Ka B ynhTpapenHTHBHCTCKOM rrpH6JIH:>I<eHHH. 

4. Ou;eHKa BKJia,n;a JIH,D,Hpyrorn;ett rrorrpaBKH BToporo nopH,n;Ka B Ha6mo­

,n;aeMhre B llOJIHpH3aIJ,HOHHOM rHP. 
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5. Co3,n;am1e FORTRAN-rrporpaMMhI ,D;JI51 npoBe,n;emrn np0Ii;c;zypb1 PIT 

B COBpeMeHHb!X 3KCnepHMeHTaX no fHP nOJIHpH30BaHHblX Y.aCTHI.J,. 

6. Pac<reT nonHpH3aI.J,HOHHoro KX,ll, KOMrrToHoBcKoro pacce}!mrn . 

06'beKT H npe,zi;MeT HCCJie)l;OBaHHSI 

06'heKT HCCJie,n;oBaHHH - I'HP rronHpH30BaHRhIX -qacnn:i;. IT pe,n;MeToM 

HCCJie,n;oBaHHH HBJIHIOTC51 K9,ll, H ::ineKTpoCJia6hre PIT rrcpBoro H BTOporo 
nopH,n;KoB, a TaK)J(e KX,ll, KOMnTOHOBCKHli acpcpeKT. 

MeTO)l;hl npoBe,n;eHHoro u:cCJie,n;oBaHu:SI 

B ,n;HccepmI.J,HOHHOtt pa6oTe ,D;JIH aHaJIHTH<J:eCKHX BhI"'l:HCJieHHit npHMeHH­

JIHCh CTaH,n;apTHblft annapaT KBaHTOBOft TeOpHH nOJIH H CHCTeMbl aHaJIHTH­

qecKHX BhI"'l:HCJieHHft REDUCE, MAPLE H MATHEMATICA. qHCJieHHhI!l: 

aHaJIH3 npoBe,n;eH c noMOII.J,hIO rrporpaMM, Ha1rncaHHhIX Ha FORTRANe. 

HayqHasi HOBH3Ha noJiyqeHHhlx pe3yJihTa.TOB 

B HaCTOHrn;ett ,n;HccepTaIJ;HOHHOft pa6oTe BrrepBhre nony<J:eHhr HBHhre BhI­

p~eHHH H ,n;aHa "'l:HCJieHHaH OI.J,eHKa ,D;JIH: 

• llOJIHOf.t O,D;HoneTJieBott 3JieKTpocna6ott rrorrpaBKH K I'HP npo,n;OJibHO 
llOJIHpH30BaHHbIX <J:aCTHI.1,j 

• Mo,n;eJihHO-He3aBHCHMOtt PIT HH3IIIero nop51,n;Ka K I'HP noJIHpH30BaH­

Hhrx <J:aCTHIJ, B KaJIH6pOBKe T'Xocpm-<I>ettHMaHa; 

• JIH,D;HpyIOIII,ett PIT BTOporo IIOp51,n;Ka K IIOJIHpH3aIJ,HOHHOMY rHP; 

KpOMe 3TOro: 

• npoBe,n;eHo HCCJie,n;oBamre pe3ynhTaTOB ,D;JJ51 o,n;HorreTJieBbIX K9,ll, H 

3JieKTpocna6hr.x: PIT HH3mero rropH,n;Ka B yJihTpapeJIHTHBHCTCKOM rrpH-
6JIH)J(CHHH; 

• co3,n;aHa BepCH51 2.0 FORTRAN-rrporpaMMhI POLRAD ,n;nH rrpoBe,n;e­

HH51 npou.e.n;ypbl PIT B COBpeMeHHbIX aKcrrepHMeHTax no rHP nOJI51-
pH30BaHHblX <JaCTHIJ,j 

• MeTo,n; Bap,n;rrna-IllyMettKo 6h!JI BrrepBhre rrpHMeHeH ,n;nH pac<J:eTa rro­

JIHpH3aIJ,HOHHoro KX,ll, KOMIITOHOBCKoro pacce5:!HH5:!. 
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IlpaKTH"<IeCKaSI 3Ha"<IKMOCTb nOJiyqeHHhIX pe3yJihTa.TOB 

Pe3yJihTaThr, nony<reHHhTe B ,n;HcccpTaIJ.HOHHott pa6oTe, MoryT 6bITh HC­

noJih30BaHhI ,D;JIH o6pa60TKH ,n;aHHbIX B nJiaHHpyeMhIX aKcnepHMeHTaX no 

rroJI51pH3arwoHHOMY t±p-fHP Ha KOJIJiatt,n;epe HERA (DESY) , COMPASS 

(CERN), a TaK )Ke ,D;JIH ycKopemur npou.e,n;ypbI PIT aKcnepHMeHTaJih­

HhlX ,n;aHHhIX (f JIABhI 2,3,4) . KpoMe 3Toro, pac<r~ nomrpH3aIJ,HOHHO­

ro KX,ll, KOMnTOHOBCKoro pacceHHH51, npoH3Be,n;eHHbrtt MeTo,n;oM Bap,n;HHa­

IllyMettKo (r JIABA 5), cornacyeTCH c pe3yJihTaTaMH, nony<reHHbIMH pa­

Hee ,n;pyrHMH MeTO,D;aMH, qTO no,n;TBep)K,ll;aeT KaK npaBHJibHOCTb, TaK H npa­

BOMO"'l:HOCTb pa3JIH<fHbIX no,n;xo,n;oB B paMKax KBaHTOBOtt TeOpHH nOJI51. 

OcHOBHble nOJIO:>KeHHSI, BhlHOCHMhie aa 3a~TY 

Ha 3arn;HTY BhIHOCHTCH CJie,n;yIOII.J,He nono)J(emrn: 

l. HBHbre BblpmKeHHH ,ll;JIH llOJIHOit O,D;HOIIeTJieBof.t 3JieKTpocna6ott no­

npaBKH K I'HP npo,n;OJibHO IlOJIHp1130BaHHblX <J:aCTHIJ, B paMKax KBapK­

napTOHHOft MO,D;eJIH; 

2. MO,D;eJihHO-He3aBHCHMaH <J:aCTb O,D;HOlleTJieBOtt 3JieKTpOCJia6ott rro­

rrpaBKH K I'HP nOJIHpH30BaHHb!X <J:aCTHIJ, B KaJIH6pOBKe T'XocpTa­

<I>ettuMaHa; 

3. MO,D;eJihHO-He3aBHCHMaH <J:aCTb JIH,D;HpyIOII.J,ett norrpaBKH BTOporo no­

pH,n;Ka K IIOJI51pH3aIJ,HOHHOMY fHP; 

4. pe3yJihTaT pac<J:eTa Mo,n;eJihHO-He3aBHCHMhIX K9,ll, H ::ineKTpoCJia6hrx 

nonpaBOK B YJibTpapeJIHTHBHCTCKOM npH6JimKeHHH; 

5. FORTRAN-rrporpaMMa POLRAD Bepc1m 2.0 ,D;JIH rrpoBe,n;eHHH npo­

u.e.n;yphI PIT B coBpeMeHHhIX aKcnepHMeHTax no fHP nom1pH30BaH­

HhIX <J:aCTHIJ,; 

6. pac-q~ rronHpH3aIJ,HOHHoro KX,lJ, KOMIITOHOBCKoro pacceHHHH MeTO­

,n;oM Bap,n;HHa-IllyMeliKo. 

JlH"<IHhlit BKJia)l; aBTOpa 

HacT05:!II.J,aH ,n;HccepTaIJ,HOHHa5:! pa6oTa BhIIIOJIHeHa MHoro - A.H . 

MJihH<J:eBhIM - caMOCTOHTeJibHO. B ocHoae BTopott, TpeThett, <J:eTBep­

Tott H IIHTOf.t rJiaB ,D;HCCepTaIJ;HOHHOtt pa60Thl Jie)KaT CTaThH [1-8], Ha­

IIHCaHHhle rro,n. pyKOBO,D;CTBOM npocp. H.M.Ill)'MeftKo B coaBTopcTBe c 

M.B.AKYIIIeBH<IeM, A.B.CopoKo H A.E.ToJIKa<J:eBhIM. "Y:aCTh aHaJIHTH<Ie-
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KHX pacqeTOB, BhIIIOJIHeHHa5I RMH paHee, 6hrJia ITpOBe)J.eHa aB'10pOM Heaa­

BHCHMO. 9To KaCaeTCH, B OCHOBHOM, BhI,D;eJieHHH Be~HX JIO;.-a,pmpMOB 

(r JIABA 3). .n:Jl}l 'IHCJTeHHOro aHaJIH3a )J.aHHhIX B COBpeMeH'".rbIX ITO­

JI5IpH3aD;HOHHhIX 3KCITepHMeJITaX ITO rHP 6hIJia coa,n.aHa FOR1'RAN­

ITporpaMMa POLRAD BepcHH 2.0 (coBMeCTHO c I1.B.AKyIIIeBtqeM, 

A.B.CopoKo H A.E.ToJIKa'IeBhlM). JlH'IHhrtt BKJia,n. aBTopa B peIIIeHHe tiac­

cMaTpHBaeMhrx B ,ll.HCCepTaD;HH 3a,n;att .HBJI.HeTC.H OITpe,n;eJimO~HM. 

Arrpo6a~H.H pe3yJihTa.TOB ,n;Hccep~HH 

PeayJihTaThI, ITOJiytteHHhle B ,n.HccepTaD;HH, ,n;oKJia,ll;hlBaJIHCh H npe,n;cTa­

BJIHJIHCh Ha: 

• XVIII Me)K)zyHapo,n;HoM ceMHHape 11 Ci>H3HKa BhlCOKHX 3HeprHtt H Te­

opHH ITOJI5I
11

. IlpOTBHHO, 26-30 H!OHH 1995 r. 

• Me)K,n;yHapo,n.Hott eBpo¢H3H'l.ecKott KoH¢epeHD;HH ITO ¢H3HKe BhICo­

KHX 3Hepr:att. l1epyCaJIHM, 19-25 aBrycTa 1997 r. 

• XI Me)K,n;yHapo)J.HOM ceMHHape 11 Ci>H3HKa BhICOKHX ::rnepni:tt H KBaH­

TOBaH Teopm1 IT01rn
11

• CaMapa, 3-10 ceHTH6pH 1997 r. 

• Me)K,n;yHapo,n.HoM ceMHHape 11 CHMMeTp1rn H CITHH 11 . Tipara, 5-12 ceH­

rn6pH 1999 r. 

• Me)K,n;yHapo,n;HoM ceMHHape "CHMMeTpHH H cnHH 11 . II para, 17-22 mo­

JIH 2000 r. 

• XX Me)K,n;yHapo,n;HoM CHMITOaHyMe rro JieITTOHHhIM H ¢oTOHHhIM B3aH­

Mo,n.ettcTBHHM B ¢H3HKe BhICOKHX 3HeprHtt 11 JierrTOH-¢oToH 01 11 . PHM, 

23-28 H!OJIH 2001 r. 

• Me)K,n;yHapo,n;Hott IIIKOJie-ceMHHape 11 AKTYaJihHhre ITpo6neMhI ¢H3HKli 

ttaCTHD;
11

• foMeJih, 7-16 aBrycTa 2001 r. 

• XIV MmK,n;yHapo,n;HoM ceMirHape 11 <I>H3HKa BhICOKHX aHeprHtt H KBaH­

TOBaH TeOpHH ITOJIH 11 . MocKBa, 5-12 ceHrn6pH 2001 r. 

• HayttHhix ceMirHapax HU: <I>qm=) BrY. 

Orry6JIHKOBa.HHocTb pe3yJihTaTOB 

MaTepHaJihI ,n;RccepTan;HH ITOJIHOCThIO oITy6mrKoBaHhr B O,ll;HHHa,n;u;aTH 

pa6oTax B BH,n;e CTaTett B ¢H3H'l.eCKliX )KYPHaJiax ( 11 5!,n;epHa.H <1>H3HKa 11 

[1,2], "Acta Phys.Pol
11 [3], "Comput. Phys. Commun." [4], 11 J. Phys." [5], 
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"Czech. J. Phys. 11 [6, 71, "lW.Jdircct 11 [8]) H Tpy,n;ax Me)K)zyHapO,ll.HhIX KOH­

¢epeHu;Htt H ceMHHapou 19, 10/ . 0611~cc KOJll!"IeCTBO CTpamru; ony6JIHKOBaH­

HhIX MaTepHaJIOB - ] 19. 

CTpyKTypa H o6'beM ,n;Hccepnu~HH. 

ll:HccepTaD;H.H COCTOHT R3 orJiaBJJeIIHH, CITHCKa yCJTOBHhIX o603HatteHHtt, 

BBe,n;eHHH, ITHTH rJiaB, 3aKmoqeHHH H CITHCKa HCITOJlh3yeMh!X HCTO'l.HHKOB. 

TeKCT pa6oThI H3JIO)Kett Ha 108 cTp., BKJIIO'l.MI 13 pHCJHKOB Ha 12 cTp. 

IIepetteHh D;HTHpyeMott JIHTepaTyphI HacttHThlBaeT 143 HaHMeHosamrn H 

co,n;ep)KHTC.H Ha 12 CTp. 

OCHOBHOE CO,Il;EP)l(AHIIE PABOThl 

Bo Bse,n;eHHH KpaTKO o6cy)K,n.aeTCH coBpeMeHHhitt (aKcITepHMeHTaJih­

HhIH H TeopeTH'l.eCKHtt) CTaTyc CITHHOBott ¢H3HKH HYKJIOHa. Onpe,n.eJieHhI 

TaK)Ke u;emr H aa,n.a"IH, peIIIaeMhie B )J.HccepmwmHHott pa6orn. 

B rJiaBe 1 paCCMaTpHBaIOTCH pa3JIHlJHhie acITeKThI, CBH3aHHhie c HC­

CJie,n;oBaHHeM cmrnoBott CTpyKTYPhI HYKJIQHa. OcHOBHaH u;eJih TaKoro HC­

CJie,n;oBaHHH - ITOJIYtJ:HTh OTBeT Ha BOITpoc: KaKHM o6paaoM CITHH HeTOtte'l.­

HOITO)l.06Horo o6'beKTa, K ITPHMepy, TaKoro, KaK HYKJJOH, BhICTpaHBaeTCH 

H3 CITHHOB ero COCTaBJJH!O~HX - KBapKOB H rJIIOOHOB . Oco6oe BHHMaHlre 

ITPH 3TOM y,n;en.HeTCH o6cy)K,n;eHHIO ¢oHOBhIX 3¢¢eKTOB, B03HHKaIO~HX B 

ITpou;ecce H3Mepemrn, a TaK)Ke o6cy)K,n.eHHIO cxeMhI ITepeHOpMHpOBOK Ha 

MaCCOBOH ITOBepXHOCTH, KOTOpa.H 6hrna RCITOJ!b30BaHa ,ll;JJH pac"IeTa O,ll;HO­

ITeTJieBott 3JieKTpoCJia6ott ITOITpaBKH B paMKax CM. IIpe,n;cTaBneH TaK)Ke 

ofoop JIIfTepaTyphI, ITOCBH~eHHh!H RCCJJC,ll;OBaHHIO 3THX BOITpOCOB. 

B rJiaBe 2 ITpe,n.CTaBJieH pac'l.fa IIOJIHOtt O,ll;HOITeTJJeBott 3JieKTpOCJia6ott 

PIT B paMKax KBapK-ITapTOHHott MO,n;eJIH K ITpo,n;oJihHO ITOJI.HpHaau;HoHHOMY 

rHP. IIo,n.po6Ho paccMaTpHBaIOTCH: 6opHOBCKOe cetteHHe (KaK Ha ypOBHe 

CTpyKTYPHhIX ¢YHKD;Htt, TaK H B KBapK-ITapTOHHOtt MO)l.eJIH), BKJia,n.,n;orroJI­

HHTeJJbHhIX BHPTYaJihHhIX tJaCTHD; (V-BKJia,n;), BKJia,n; H3JiytJeHH.H peaJihHO­

ro ¢oToHa (R-BKJia,n;) KaK H3 JieITTOHHOit, TaK H li3 a,n.pOHHOH JUiHM.it LJ:mr 

pac'IeTa V-BKJia,n;a HCIIOJih30aanach KaJIH6poBKa T'Xo¢Ta-Ci>ettHMaHa, cxe­

Ma nepeHOpMHpOBOK Ha MaCCOBOtt ITOBepXHOCTH H pe3yJJhTaTbl ITOJJy'ieHHbie 

BoMOM, XoJIJIHKOM H Ill1mu;6eprepoM. 

IIo,n.po6Ho HCCJJe,n;osaHa 3aBHCHMOCTh ce'l.eHHtt oT Mace "IaCTHD;, KoTo­

paH B03HHKaeT B BH,n;e norapH¢MH'l.eCKHX MaCCOBhIX CHHryJI}JpHOCTett B 

co6CTBeHHhIX 3HeprHHX, BepIIIHHHhlX ¢YHK1vrn:x, a TaK)Ke BO BKJia,n.ax 'l.H­

CTO JieIITOHHOrO H 'l.liCTO a,n;poHHOro lf3Jly'l.eHHtt. 
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Ha ocHoBamrn npoBe,n;eHHbIX 'IHCJieHHhrx pacq8'foB aHaJIH3HPYJOTtH 

BKJia,D;bl 3JieKTpOCJia6bIX scpcpeKTOB H a,n;pOHHOro H3Jiy'IeHHST B CHCTeMaTI!:­

'IeCKYIO norpeIDHOCTb, H3y'IaJOTCST BOnpOCbl 0 BKJia,n;ax pa3JIH'IHhlX scpcpeK­

TOB CJie,n;yroru;ero 3a 6opHOBCKHM nop.H,n;Ka B Ha6nro,n;aeMoe ceqemre npo­

,n;oJibHO IIOJI.HpH3aU,HOHHOro fHP, a TaK)Ke HCCJie,n;yeTCST IIOBC,D;CHHe aCHM­

MeTpHH B 3aBHCHMOCTH OT 3HeprHH Ha'IaJibHOro JieIITOHa H T01IK'E! B KHHe­

MaTH'IeCKOH o6JiaCTH. 

B rnaBe 3 npe,n;CTaBJieH pacq8T MO,D;eJibHO-He3aBHCHMOtt O,IJ;HOIIeTJieBOH 

3JieKTpOCJia6oi!: PIT K IIOJI.HpH3arr;HOHHOMY rHP. Oco6oe BHRMaHHe y,n;em1-

eTC.H KOBapHaHTHOMY pactJ8Ty cetJeHH.H TOpM03Horo H3Jiy'Iemrn. ITpu STOM 

OCHOBHa.H cpopMyJia, COOTBeTCTBYIOirr;a.H ,n;aHHOMY nporr;eccy 

z(k1, e) + N(p, TJ) -t z(k2, e) + 'Y(k) + x (1) 

IIOCJie pa3,n;eJieHH.H nepeMeHHbIX HHTerpHpOBaHH.H MO)KeT 6bITb npe,n;cTaB­

JieHa B BH,n;e: 

Tmu 8 le; Rm.. Ri-2 
aR = -(iy j dr LL lhj(r) j dR-2 :F;(R, r). 

. . 1 t 
Tmin s=l J= 0 

(2) 

ITepeMeHHbie H rrpe,n.eJibI HHTerpHpoBamrn orrpe,n;eneHhI CJie,n;yrorrr;HM o6pa-

30M: 

R = 2kp, 

kk1 - kk2 
T=---

kp 

Rmax = w2 - (M + m,,.)2, 
l+r 

Tmax,min = Sx ±JS';+ 4M2Q2 
2M2 

(3) 

3,n;ecb M (m,,.) - Macca HYKJIOHa (rrHOHa), t = Q2 + Rr a Q2, Bx H W 2 

HBJI.HIOTC.H CTaH,n;apTHhIMH KHHeMaTH'IeCKHMH HHBapHaHTaMH ,.!l;JI.H ormca­

HH.H rHP Ha 6opHOBCKOM ypOBHe. CyMMHpoBaHHe no i = 1, ... , 8 COOT­

BeTCTBYeT BKJia,n;y BOChMH o6o6ru;eHHhIX CTpyKTYPHhIX cpyHKU,HH :Fi ( R, r). 
l1H¢paKpacHa.H pacxo,n;HMOCTh, B03HRKaIOIIT;a.H rrpH R -t 0, co,n;ep)KHTCH B 

CJiaraeMOM c j = 1 (H TOJihKO B HeM). 

qHCJieHHbJtt aHaJIH3 ,.!l;JIH o6pa60TKH ,n;aHHblX KOJIJiai!:,u.epHbIX SKCIJepH­

MeHTOB rroKa3hIBaeT, <rTO PIT K HerroJIHpH3aU,HOHHO"l1 H nom1pI1:3arr;HOHHoi!: 

<raCTHM cei::reHHH HMeIOT O,IJ;HHaKOBoe IIOBe,n;emre, o,n;HaKO rromrpH3arr;HOHHa.H 

rrorrpaBKa rrpeBhIUiaeT HeTIOJI.HpH3aU,HOHHYIO B HeCKOJihKO pa3. ,Ll;eTeKTHpO­

BaHHe )!(eCTKHX cPOTOHOB B KaJIOpHMeTpe II03BOJI.HeT yMeHhllIHTb pa,n;Harr;H­

OHHhie scpcl>eKThI B o6JiaCTH y > 0.3. 
B rnaBe 4 rrpe,n;cTaBJieHbI npH6JIH)f(eHHhie MeTO,.!J;bI pac"!eTa PIT rrorrpa­

BOK rrepBoro H BTOporo nop.H,.!J;KOB. 

)' 

~ 

~ 

~ 
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0,n;HorreTJieBhie rrorrpaBKH B ynbTpapeJIHTHBHCTCKOM rrpH6JIH)f(eHHH no­

nytJ:eHhI H3 TO<rHhIX cpopMyn ,r\JIST K9,JJ; H 3JieKTpoCJia6hrx PTI. OcHOBHaH 

H,n;e.H rrpH6JIH)f(eHHhlX BbI'IHCJICHHi!: TaKHx PTI 3aKJIIO'IaeTC.H a .HBHOM HH­

TerpHpoaaHHH no t H y,n;ep:>KaHHH ae,n;yrrr;11x BKJia,n;oa no KBa,n;paTaM Mace 

JierrTOHOB 11 HYKJIOHOB. Pe3yJibTaT ,n;JI.H rrpH6JIH)KeHH.H MO)!(HO 3am1caTh B 

BH,D;e 

Q2 Q2 (m2 M2) 
u =log m2 A1(x, y) +log M2 A2(x, y) + A3(x, y) + 0 Q2 , Q2 , (4) 

r,n;e Ai - He 3aBHCHirr;He OT Mace aeJIH"IHHhl. 

ITepaoe CJiaraeMoe o6yCJIOBJieHo H3Jiy<reH:aeM, KOJIJIHHHapHhIM HMrryJih­

caM Ha'IaJibHOro H KOHe'IHOro JieIITOHOB, H rrpe,n;cTa.BJI.HeT co6ott pe3yJihTaT, 

rroJiy<reHHhii!: B rrpH6mnKeHHH Be,n;yru;Hx JiorapHcpMoB. BTopoe - o6yCJioB­

JieHo t-IIHKOM, - CHTyarr;Hei!:, KOr,n;a peaJihHb!il: cPoTOH H3JiyqaeTC.H napan­

JieJibHO BHPTYaJihHOMy. TpeTbe CJiaracMoe He 3aBHCHT OT Mace qacnrrr;. 0Ho 

6oJiee rpOM03,D;KO, HO ,n;aeT MaJib!H BKJia,n; B cetJ:eHHe. 

B CJiy"lae ynpyroro pa,n;HaU,HOHHOro XBOCTa OCHOBHOH BKJia,D; ,n;aeTC.H t­
IIHKOM. I1MeHHO 3TOT cpaKT Jie:>i<HT B OCHOBe YJihTpapeJI.HTHBHCTCKOro rrpH-

6m1:>i<eHH5I. 3aBHCHMOCTb cPoPM¢aKTOpOB OT t He II03BOJI.HeT H36aBHTbC.H 

OT HHTerpHpOBaHH.H ITO 3TOi!: nepeMeHHOi!:, TeM He MeHee rronyi::reHHhie pe-

3YJihTaTbI ,D;OCTaTO'IHO KOMnaKTHbJ. 

PIT BToporo nop.H,.!J;Ka orr;eHeHhI B ;n1,n;npyroru;eM rrpH6JIH:>i<eHHH Ha OCHO­

Be MeTo,n;a KBa3HpeaJibHhIX sJieKTpoHOB. CornacHo STOMY MeTo,n;y, cetJeHHe 

fHP, co,n;ep:>Karu;ee H3Jiyi::reHHe MHOrHX cpOTOHOB, MO:>i<eT 6hITh Bh!pa:>i<eHO 

qepe3 6opHOBCKOe uo B BH,n;e 

1 1 

u(k1, k2) = -D(z1, L) - 2 D(z2, L)::::.uo(k1, k2), f dz1 f dz3 y ~ ~ 

Z1 Z2 y 
0 0 

Q2 
L = log-

2
, (5) 

m 

a BeJIH<rHHhI z; orrpe,n;eJIHIOT ,n;oJiro HMIIYJibca KBa3HpeaJibHoro sJieKTpoHa 

ITO OTHOIIIeHHIO K peaJibHOMY H COOTBeTCTByrorrr;He HHBapHaHTbI CJie,n;yro­

Irr;HM o6pa3oM: 

~ ~ 1 ~ Z1XY ~ Y - 1 
ki = z1k1, k2 = -k2, x = ( ) , y = 1 + --. (6) 

Z2 Z1Z2 + y - 1 z1z2 

9neKTpOHHa.H CTPYKTypHa.H ¢YHKIT;H.H D ( z 1, L) orrHchIBaeT H3JiytJ:eHHe cl>o­
TOHOB H3 HatJaJibHOro, a D(z2, L) - H3 pacce.HHHOro sJieKTpoHoB. 

qHCJieHHa.H orr;eHKa IIOKa3aJia, "l:TO nonpaBKa,.., cr.2 K CIIHHOBOH aCHMMeT­

pHH ,D;JI.H ,n;ei!:TepHH H 3He COCTaBJISTeT HeCKOJibKO nporr;eHTOB OT BeJIH'iHHbl 

~1 
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rroJIHott PIT H MaKCHMaJibHa B6JIH3H rpaHHIJ;bI KHHeMaTw:i:ecKoit 06.nacTH 

paCCMaTpHBaeMbIX 3KCIIepHMeHTOB. 

B rJiaBe 5 MeTO,ll; Bap,n;HHa-illyMettKO 6bTJI BnepBhle rrpHMeHeH K 

pac'l:eTy KX,ll; KOMIITOHOBCKoro pacce.srnmr. Bee BbI'iHCJ-reHH.si: B aTott rJia­

Be 6bIJIH rrpo,n;eJiaHbl Ha ypOBHC IIOJI.s!pH3al\HOHHOro a,n;pOHHOro TeH30pa, 

rrpe,n;cTaBJieHHOro B KBapK-napTOHHOtt MO)J.eJIH, a ,n;mr H3BJie'ieHH.s! HHcPOP­

Mal\HH o KX,ll;-BKJia,n;e B rromrpR3al\HOHHbie CTPYKTYPHbre cPYHKl\HH g1 H 

g2, HHTerpHpOBamre no cPa30BOMY rrpocTpaHCTBY H3Jiy'iaeMoro rJIIOOHa Bbl­

ITOJIH.s!JIOCb ,n;m1 rrpOH3BOJibHOro BeKTopa rroJI.si:pnaal\HH HYKJIOHa. IT pH npo­

Be,n;eHHH pac'l:eTOB HCIIOJib30BaJiaCb TeXHHKa T8H30pHOro HHTerpHpOBaHHSL 

IlOJIJ'l:8HHbie peayJibTaTbI ,ll;JIH CTPYKTYPHbIX cPYHKl\Htt H rrpaBHJI CYMM 

xopomo cornacyIOTCH c Bbipa)t(eHHHMH, Hatt,n;eHHb!MH paHee ,n;pyrHMH MeTO­

,n;aMH, '!:TO CBR,n;eTeJibCTBYeT 0 paBHOnpamrH pa3JIH'l:HbIX IIO,!J;XO,D;OB B paM­

Kax KBaHTOBoit Teopim IIOJIH. B 'l:aCTHOCTH 6bTJIO rroKa3aHo, '!:TO KX,ll;­

rrorrpaBKa K rrepBbIM MOMeHTaM HerroJIHpH3al\HOHHbIX CTPYKTypHbIX cPYHK-

1\Htt, TaK *e KaK H K rrepBOMY MoMeHTY rroJIHpH3al\HOHHo:l:t CTPYKTypHott 

cPYHKl\HH g2, HMeeT 0,!J;HHaKOBoe 3Ha'!eHHe KaK ,ll;Jl.SI CJiy'!aH MaCCHBHhTX TaK 

H ,ll;JI.SI 6eaMaCCOBhlX KBapKOB: 

1 1 J 2 2as J o dxF1(x,Q) = (1- 3-;:-) dxFi(x), 

0 0 
1 1 

j dx F2(x Q2) - j dx F~(x) 
x ' - x ' 

0 0 
1 

j dxg2(x, Q2) = 0, (7) 
0 

r,n;e HH,D;eKc 11 011 yKa3bIBaeT Ha 6opHOBCKHtt ypoBeHb. B TO *e npeMH YJib­

TpapeJI.SITHBHCTCKaH rrorrpaBKa K nepBOMY MOM8HTY g1 

1 1 

j dxg1(x, Q2
) = ( 1 - C91 ~) j dxg~(x) (8) 

0 0 

3aBHCHT OT Toro, paccMaTp.HBaJiaCh JIH KBapKOBa.SI Macca KaK H3Ha'iaJibHO 

KOHe'!HaH B8JIH'fHHa (Cg1 = 5/3), JIH6o OHa c caMoro Ha'l:aJia IIOJiaraJiaCb 

paBHo:l:t Hymo (C91 = 1). 
B aaKJIIO'IeHHH 3Tott rnanhr rrpe,n;cTaBJieHhI o6cy)K,n;eHHH H BhIBO,ll;hI. 

.. 

9 

3AKJIIQqEHHE 

HacTo.Sir.u;a.SI ,n;RccepT~HOHttaH pa6oTa rrocB.SIII\eHa HCCJie,n;oBam110 pa,n;:i-ra-

1\HOHHhlX a¢¢eKTOB B rHP ITOJUIPl.f30BaHHblX 'iaCTHJ.\. OcHOBHbie pC3JJJb­

TaTbI ,ll;HCCepTaI:\HOHHOtt pa60Thl CJIC,D;yIOII\.1'!8. 

1. B paMKax cTaH,n;apTHott MO)J.eJJH nrrepBhre rrOJJJ'l:€HhI 5IBHhle Bhrpa)l{e­

HH.SI ,!J;Jl.SI 

2. 

• ITOJIHOtt O,ll;HOIIeTJieBott 3JieKTpOCJia6o:l:t rrorrpaBKH K fHP IIpO,!J;OJib­

HO IIOJIHpH30BaHHblX 'iaCTRl\ [1], 

• MO,n;eJihHO-He3aBHCHMOtt 3JieKTpoCJia6ott PIT HH3IIIero rropH,n;Ka 

[5]. 

IlpH'!eM, COKpar.u;eHRe HH¢paKpaCHOtt pacxO,L\HMOCT.H rrpoBe,n;eHo KO­

BapHaHTHbIM MeTo,n;oM Bap,n;RHa-illyMettKo, a rrpH pac'l:fae BKJia,n;oB 

0,U:HOIIeTJI8BhlX ,n;HarpaMM RCTIOJih30BaJiaCb cxeMa Ha MaCCOBOtt TIO­

BepXHOCTH B KaJrn6poBKe T'Xo¢Ta-<l>ettHMaHa. PeayJibTaThI BbI'iHCJie­

HR:l:t 6hrJIH rrpHMeHeHhI K aHaJIH3y a.JieKTOCJia6brx PIT K pa3JIR"!HbIM 

Ha6JIIO,n;aeMbTM B IIOJI.SlpH3an;HOHHOM rHP. B '!aCTHOCTH 6blJTO IIOKa-

3aHo, '!To PIT K HeKOTOpbIM KOM6HHan;H.si:M aJTeKTpoCJia6brx rrOJI.S1pH-

3an;HOHHbIX CTPYKTYPHhlX cPYHKU.H:l:t MO)t(eT npenbrIIIaTb 6opHOBCKH:l:t 

BKJia,n; B HeCKOJThKO pa3. 

IIpone,n;eHHoe HCCJie,a:oBaHHe peayJibTaTOB ,ll;JI.SI o,n;ttoneTJieBbIX K9,ll; H 

sneKTpocJTa6hrx PIT HH3IIIero rropH,a:Ka B YJibTpapeJIHTHBHCTCKOM rrpH-

6JIH)KeHHH (2j 110Ka3aJIO, 'ITO: 

• IIpH KOJTJTatt)J,epHO:l:t IIOCTaHOBKH 3KCIIepHM€HTa, pa3JIH'!He Me)K)J,y 

TO'IHhIMH H rrpH6JimKeHHbTMH ¢opMyJiaMH ,U:JI.SI pa,a:Hal\HOHHOro 

XBOCTa OT CIIJIOIIIHOro CTICKTpa HC rrpeBhIIIIaeT OIIIH6Ky HHTerpH­

pOBaHHH, KOTOpaH COCTaBJTHJTa ,.._, 0.1 - 1%; 

• ,ll.JIH TCKYII\HX 3KCnepHMCHTOB Ha cPHKCHpOBaHHbl.X MHIIIeH.SIX 

(SMC, HERMES) pa.1JIH1nw 6oJicc JHa'!KTeJihHO .H MO*eT ,n.ocTH­

raTb ,.._, 30%; 

• HaH60JiblllYIO rrorpCllTHOCTb RMCCT rrpH6mrn<eHHhlti pac<JeT pa,n.H­

an;HOHHbIX XDOCTOD o·r ynpyroro H KBaJHyrrpyroro IIHKOB, KOTO­

pble rrpH aKcrrep.11MC11Tax rra <PHKCHponaHHbIX M.HIIIeH.SIX Y'!HTbI­

aaIOTCH Bccr,n;a; n JT11x uKc11cpHMCHTaX Q2 ,.._, Mi H Hcxo,u:ttoe 

Tpe6oBaHRe M8JIOCTH M~/Q2 c11J1httO HapyIIIeHo. 
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3. Ha ocHoae MeTo,n.a KB83Hpe8JihHbIX 3JieKTponoa 6hIJIH nonytteHhI HB­
Hbie Bbipa)i(eHHH ,n.mr JIH,lJ.Hpy10m;eJ:i PIT BToporo nopH,n.Ka K nonHpH3a­
II,HOHHOMY fHP (2]. "l:J:HCJieHHM OII,eHJ<a Il0Ka38Jla, 'ITO IlOIIpaBKa"' ct.2 
K CIIHHOBOfi acHMMeTpHH ,ll.J!H .n.eHTepHH H 3He COCTaBJIHeT HeCKOJlbKO 
npoII,eHTOB OT aeJIHttHHbI nonHot\: PIT H MaKCHMaJihHa a6mr3H rpaHH­
IJ;bI KHHeMaTHtteCKO:I!: o6JiaCTH paccMaTpHBaeMbIX SKCilepHMeHTOB. 

4. Co3,n;aHa aepcHH 2.0 FORTRAN-nporpaMMbI POLRAD [3, 4] .n.mr 
npoae,n.eHHH npoII,e.n.ypbI PIT B coapeMeHHbIX SKcnepHMeHTaX TIO rHP 
IIOJIHpli30BaHHbIX qacni:u;. 

5. MeTOJl.OM Bap,n;HHa-lllyMe:l!:Ko npmrnae,n.eH pacttC'I' rromrpH3aII,HOHHO­
ro KX,ll, KOMTITOHOBCKoro pacceHHHH [6- 8]. ITonytteHHbre pe3yJihTaThI 
,ll;J!H CTpyKTypHbI cPYHKII,HH R npaBHJl CyMM xoporuo cornacyIOTCH c 
Bb!pa)KeR!rn:MH, Hatt.n.eHHb!MH paHee .n.pyrRMH MeTO,ll.aMH, 'ITO CBH,n.e­
TeJibCTByeT 0 paBHOnpamrn pa3JIR'1Hb!X IIO,ll.XO,ll.OB B paMKaX KBaHTO-

BOH TeOpRH IIOJIH. 
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PE3IOME 

l1JihHqEB AJIEKCAH,z:\P HvrKOJIAEBHq " Pa.zzy1an;HoHHhle s<P<PeKTbl 
e r.rryooKoHeyrrpyroM pacceRHHH rroJ151pH3oBaHHhIX qacTJrn; " 
KJIIO'IEBhIE CJIOBA: pa,n;HaII,HOHHhre s¢¢eKThI, nonnpH30BaHHbie ttacTH­
II,br, rny6oKoneynpyroe pacceHRHe, aneKTpoc.na6h1e s¢¢eKTbI, KX,ll, KOM­
ITTOHOBCKOC paccesrnHe, c.ne.n.y10m;ee 3a JIR,lJ,HpyIOm;HM rrpH6JIH)KeHHe. 

ITorrcpc•moe ce<reHI•re H IIOJIHpH3aII,ROHHa.H aCHMMeTpHH B rny60KOHcynpy­
roM pacccHHRR nom1p1;13oaatt11bIX nenTOHOB Ha rrom1pH30BaHHbIX HYKJIOHax 
HCCJie/l,OBaHbl B paMKax CTaTl/1,8.pTHOf;\ MO,ll,CJIH 3JieKTpOCJia6bIX B3aHMO,n,ett­
C'l'Bl1 it KaK Ha 6op110DCKOM ypoonc, Ttl.K l1 c y'-lfaOM pa,n,HaII,HOHHbIX rrorrpa­
BOK. Pn.n·Mo·1·pc110 'I'll.K>t<c pacccmrne a CJryqae rrorrepe<rHO rromrpH30BaHHO:l!: 
Mmnc1111. YJ1 hTpnrwn wr"' 111-IC"rCKOC 11pH6JJ1::1)Kem1e ,n,nH 3JieKTpoMarHHTHo:l!: 
H 3JlCKTpOC'Jlll6otl ncmp1moK J!Wlll!Cro rropHp;Ka natt,n,eHO H3 TO'!Hb!X ¢op­
MYJJ. IT0I1p1t11K11 11Topo1·0 11op51/~Ka paccMOTpctta B JIH,ll,HpyIOill,eM npH6JJH)i(e­
H1::11::1. Bet• 11uJ111•11111i.1 11pc;~eT1.~11 J 1c11i.1 u KOBapaaHTHOM BH,n,e. ITpe,n,cTaBJJeHa 
FORTHAN-11porp11MMlt POLHAD 2.0 /~Jl51 Bbl'-rnCJieHHH STHX rronpaBOK. 
11RCJIC1111h1ll 1L1111 J111 J 11po1w;\e11 c; y•teToM KHHCMaTH<rCCKHx yc.noaH:l!: KaK co­
apcMC'1111i.1x , ·111K 11 upt·;~c :Trnt11\l.fX 11om1pWlll.l\ROHHhIX SKcrrepRMeHTOB. Pac­
CMO'I'pcuo 110.11 >1 Jrn '.1111,uo1111oc K X) ~ KOMJTTOHOIIC'KOC pacceHHHe. 



12 

P93IOM9 

lJibrqoy AJI5IKCAH,Z:I;P MrKAJIAEBiq " Pa~hlSIIJ;hlHHhlSI 3cPeKThl 
y r Jihl60KOHSinpyrKiM paccesiHHi nanSiphl3aBaHhlX qacu;iu; " 
KmoqAabrn CJIOBhI: pa,n;h1.m:i;hril'HhI5l a¢eKThI, rra;rnpbr3aBaHhrn qac­
ri;iri;hr, rJihl6oKommpyrKae pacceHHHe, aJieKTpaCJia6brn a¢eKThI, KX)J, 
KaMIITOHaycKae pacce5!HHe, HaCTYIIHMI 3a Jii,n;3ipyIO'Ib!M IIpbI6Jii)KeHHe. 

IIamrpaqHae CH'ISHHe i rramrphI3ari;bri!:tta5! aciMeTphrn y rJib160KaH5!rrpyrKiM 
pacceHHHi IIaJI5Iphr3aBaHbIX JierrToHay Ha IIaJI5IphI3aBaHhIX HYKJIO­
Hax ,n;aCJie,n;aaaHbI y Me~ CTaH,n;apTHatt Ma,n;aJii aJieKTpaCJia6b1x 
y3aiMa,n;3e5!HHey 5!K Ha 6opHaycKiM Y3POYrri, TaK i 3 yJiiKaM pa,1J;bI5lIJ;bltt­
HbIX nanpaBaK. pa3rne,1J;)KaHa TaKcaMa pacce5!HHe y Bbrna,n;Ky rram1pa'IHa 
IIaJI5!pbI3aBaHatt MirnaHi. YJibTpapaJI5ITiBicri;Kae nphr6Jii)KaHHe ,n;JI5I aJieK­
TpaMarHiTHatt i aJieKTpaCJia6att rrarrpaaaK Hi)Kattrnara rrapa,n;Ka 3Hott,n;3e­
Ha 3 ,n;aKJia,n;HhIX cPOPMYJI. IIanpa:)TKa ,n;pyrora rrapa,n;Ka pa3rJie,n;)KaHa 
y Jii,n;3ipy10%1M rrpbI6Jii)KSHHi. Yee BeJiitfhIHhI rrpa,n;cTayJieHhI y KaBaphI-
5IHTHhIM BhlrJI5I)i;3e. IIpa,n;cmyJieHa FORTRAN-rrparpaMa POLRAD 2.0 
,1J;JI.H BhIJii'i3HH5I raThIX rrarrpaBaK. JliKaBhl aHaJii3 rrpaBe,n;3eHbI 3 yniKaM 
KiHeMaThI"l'HhIX yMoy 5IK cytfaCHhix, TaK i 6y,1J;YtfhIX IIaJI5Ipbr3ari;hrttHhrx 
aKcnepbIMeHTay. Pa3rne,n;)KaHa rraJI5IphI3aii;hrttHae KX)J, KaMnToHaycKae 
pacce5IHHe. 

SUMMARY 

A.N. ILYICHEV ''Radiative effects in deep inelastic scattering of 
polarized particles" 
KEYWORDS: radiative effects, polarized particles, deep inelastic scattering, 
electroweak effects, QCD compton scattering, next to leading order. 

The cross section and polarization asymmetry of deep inelastic scattering 
of polarized leptons by polarized targets both on the Born and radiative 
corrections levels are investigated. Scattering on transverse polarized 
targets is also considered. Ultrarelativistic approximations for lowest order 
electromagnetic and electroweak corrections from exact expressions are 
found. The second order radiative corrections in leading approximation 
are considered. All quantities in covariant form are presented. FORTRAN 
code POLRAD 2.0 for calculation of these radiative effects is presented. 
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The numerical analysitt within kinematics of current and future polarized 
experiments is carried out. Polarized QCD compton scattering is 
considered. 

l 


