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OT cocraBuTeien

5 mrons 2012 roma ucnomusercst 70 jer co nHA poxiaeHus AuekcaHnapa BacumbeBuua
TapacoBa, Hallero Kojuleru, yuurtens U Apyra. o Ha3ajg OH ymied OT HAc MOCHE TSDKENIOH
6one3nu. Bero cBoto xxu3Hb Anekcannp BacuiseBud nocssitii dusuke, padotas B JlJaboparopun
siAepHbBIX 1pobieM OOBEANHEHHOTO MHCTHTYTA SACPHBIX HCCIEAOBAHHUM, Kyda OH HpHILIEI B
1964 roxy mociie OKOHYaHUS (PU3UKO-TEXHHUECKOTO (haKynbTeTa XaphKOBCKOTO YHHBEPCHUTETA
U rae npopaboTai 10 NoCIeTHUX JHEH CBOEH JKU3HHU.

3a 47 net pabotsl B OMSIN Anekcanapom BacuiibeBrdeM ObLT BBIIIOJIHEH OIPOMHBIH 00beM
TEOPETHYECKUX HMCCIIEJOBAaHNH, pe3yIbTaThl KOTOPBIX OIMyOnnKoBaHsl B Oonee yem 200 crarbsix
B BEAYIIMX HAay4YHBIX )KypHAJIaX MHUpa U NPEACTaBICHBI HA MHOTOYHCICHHBIX MEX/yHapOIHBIX
KoH(pepeHIuaX. Bes HaydHas nesaTensHOCTh BhiAaromierocs ¢usnka-reoperuka A.B. Tapacosa
ObUIa TECHO CBfA3aHA C dKCHEepHUMEHTamH, npoBoauMbeiMu B OMSM u npyrux MupoBbIX (u-
3U4ecKuX IieHTpax. biaromapst BbIcOkoW HaydHOH KBalM(pUKALUH U [ITyOOKOMY ITOHHMAaHHIO
(U3MKM BBICOKMX 3HEPIruil OH ObUI MOCTOSHHBIM KOHCYJIBTAaHTOM MHOTHX SKCIIEpHMEHTATOpPOB
OUSIN. A.B. TapacoB sBIsIICS OQHUM U3 KPYTTHEUIIHMX 3KCIIEPTOB 110 B3aUMOJEHCTBUSM YacTHLL
U si7iep TP BBICOKMX dHEPrusx. HeomeHNM ero orpoMHBIN BKJIAA B CO31aHHE TEOPETHUECKOU
6a3p1 sxcniepumenTa DIRAC/PS212 u TeopeTndeckoii nHTepIipeTanny skcriepumenta NA-48/2.
ITon pyxoBoactBom A.B. Tapacopa 3amumieHo 12 kaHAWAATCKUX AUCCEPTalUi, TPOE U3 €ro
YYEHHKOB CTalld JOKTOPAMU HayK.

B 31011 KHHUTE COOpaHbI BOCIOMHWHAHNUS YIEHUKOB, KOJIJIET, POJICTBEHHUKOB U APY3€H, a TaKke
HamboJiee MHTEPECHBIE M 3HAUYMMble HayuHble myOmukammm A.B. Tapacoa. Mel OmaromapHsI
BCEM, KTO TIOZICIHJIICSI CBOMMH BOCIIOMHHAHUSAMH. MBI BEIpa)kaeM CBOIO OrarogapHocTh Jlabopa-
TOPHUH SINIEPHBIX TPOOJIEeM, HHUIIMUPOBABILEH co3anne cOOPHUKA, MOCBSIEHHOTO AJICKCAaHIPY
BacunbeBuuy, a raxxe Mznarensckomy otnenry OVSIU 3a HeopManbHBIN U TBOPYECKUI TOIXO
K M37aHUI0 3Toi kHuru. Hameemcs, 4To naHHBIH COOPHMK IOCTY)KHT COXPaHCHHIO JOOpOiH
MaMATH 00 3TOM BBIIAIOIIEMCSI BO BCEX CMBICIIaX YEIOBEKE.



BOCIIOMUHAHUA YYEHUKOB U KOJUIET

IHamsaru Yuureins

C.P. I'eBopKksiH
ObveduHerHblll UHCIUmMym si0epHbuIX ucciedosanui, [youa

Hucyc xe ckazan num: He ObIBaeT MPOPOK Oe3 yecTH,
pa3Be TOIBKO B OTEYECTBE CBOEM U B JIOME CBOEM.

EBanrenue or Mardes

B 1970 roxy, mocne rona pabots! B EpeBanckom ¢uznueckom nHCTUTYTE, st iprexan B OVSIN
B Ka4eCTBE IMPUKOMAaHIHPOBAHHOTO cTaxkepa. MHe Hajo OBUIO BBIOpATh 00IACTh MCCICIOBAHMIA
W HalWTH cebe HaydHOTo pykoBomuTelss. Heckombko mecsieB s nmpopadotan B JITD, HO MeHs
BCErIa HHTEPECOBAIN MUCCIIEIOBAHUS, IMEIOIINE HETIOCPEACTBCHHBIM BBIXO/ HA SKCIIEPUMEHTHI,
U MHE TOCOBeToBamu oOpatuthess K A.B. TapacoBy, KoToOpblii paboTan B TEOPETHYCCKOM
cexktope JISII, cosmanHoM u Bo3miaBmssemoM Ttorna JIkBom WMocudoBmyem Jlamumycom.
Camra TapacoB MeHs He 3k3ameHOBall. OH Hammcan GopMyiny s CEYCHHUS, KOTOPYIO HAIO
OBLTO 3aIpPOrPaMMHPOBATh, PACCUNTATh HA KOMITBIOTEPE U CPAaBHUTH C SKCICPUMEHTAIbHBIMU
JaHHBIMH. Tak Ha9ajoch Hallle MHOTOJIETHEE COTPYIHHYECTBO, IMepepociiee B JalbHEHUIIEM B
TIpYXOy.

K nagany 1970-x romoB rayOepoBcKasi TEOpUsi MHOTOKPATHOTO paccestHus Obliia 00001ieHa
Ha MPOLECChl POXKACHUS YaCTULl Ha aTOMHBIX SAPax, YTO MO3BOJMIIO M3ydaTh B3aUMOJCHCTBUE
HecTaOMIIBHBIX YaCTHIl, HAIPUMEpP BEKTOPHBIX ME30HOB C HYKJIIOHAMH, a TakKXe IIPOBEPSThH
NPENCKa3aHMsl Pa3IM4YHbIX MOJAEJIEH CHIIBHOTO B3aUMOIEHCTBUS, KaK, HalpUMep, MOMYJISPHOM
B TO BpeMs MOJENTH BEKTOPHON IOMHHAHTHOCTH. HawdaB 3aHuMMarbCs HOBOM i cebs
obnacThi0 (GU3MKN (KaHAWAATCKAasl AMCCEPTalMs, KOTOPYIO OH 3amuTwi B 1968 romy, Obuia
MOCBSIIIIEHA BONIPOCaM TOPMO3HOTIO U3IIy4eHus), Anekcanap BacuibeBUY MOIyUMII P BaXKHbBIX
1 QyHZaMEHTAIBHBIX PE3YJIBTaTOB B TCOPUU MHOTOKPATHOTO paccesHHs. B kadecTBe mepBOro
m1ara OH BBIBEN (POPMYITBI U1l aMIUTUTY/, POJKICHUS YacTUI] Ha sSApax MPH BBICOKHX YHEPTHUAX,
BOCTIOJIF30BABIINCH TEOPHEl MHOTOKPATHBIX coyaapeHnii Barcona. 3aTeM, HCTIONB3ys pa3BUTYIO
UM TEXHHUKY, OH BIIEPBEIC B JINTepaType MoKa3all, YTO B HEKOTEPEHTHBIX MPOIECCaxX POXKICHUA
yacTull (Cc BO30YXKJICHHMEM WIM DPa3BajoM sJep) HEOOXOAWMO YYHTHIBaTh HHTEP(PEPEHLUIO
aMIUIMTYJ POXKJIEHHUS Ha pa3HbIX HYKJIOHAaX, BKJIAaJ KOTOPOM pacTeT ¢ pocToM 3Hepruu. B
JaTbHEeHIeM Haludne WHTepPepeHInHd B HEKOTEPEHTHBIX IpoIeccax OBUIO OOHApyKEHO B
skcriepuMenTax DESY mo amekTpopoXaeHHI0 BEKTOPHBIX ME30HOB Ha sapax. B 1973 romy
3a IUKJI paboT MO B3aWMOJEHCTBHIO YaCTHIl BBICOKUX SHEPrHil C aTOMHBIMHU SAPaMHU OH OBLI
YAOCTOEH ImpeMuM JIeHMHCKOro KoMcomona ApMeHHUH.

B cepenune 1970-x rogoB B akcrepuMeHTax FNAL 110 poKICHUIO aipOHOB ¢ OONBIIMMHA
MIOTIEPEYHBIMHA MIMITYTbCaMHU Ha Apax OBUIO 0OHApYKEHO, YTO C YBEIHYCHHEM IOIIEPEYHOTO
HMITYJIbCA PErUCTPUPYEMON HaCTHUIIBI 3aBHCUMOCTh OT aTOMHOTO HOMepa siipa A CTaHOBUTCS
cwibHee nuHEeHHOW (3ddext Kponuna). JIns oOBSICHEHHS TaKOrO aHOMAIBHOTO IMOBEACHUS



(oOBIYHOE TIOITIOIIEHWE YaCTHUIBl B sApPE IPUBOOUT K YMEHBIICHUIO IIOKazarens B A-
3aBHCHUMOCTH cedeHnit) Anexcanap BacuibeBud 0000IMINI TEOPHIO HEKOTEPEHTHOTO POXKICHUS
YaCcTHIl Ha Apax Ha Cilydaid WHKIIIO3UBHOTO POXKIAEHHS YAaCTHII, YTO ITO3BOJIMIIO €MY BIIEPBBIE B
nureparype o0bsicHUTE d3ddekT KpoHnHa kak pe3ysbTaT MHOTOKPAaTHBIX HEYNIPYTUX COyIapeHuit
IIPOTOHOB B SJpax.

Pa3zBuTble MM MeTOABI ydeTa CHUHOBBIX 3((EKTOB B POXICHUH YacTHIl Ha SIACPHBIX
MUIIEHSAX TO3BOJIIN YCTPAHUTh PAN PACXOKICHHUH, HAONIONAEMBIX MEXIY 3KCIIEPHMEHTOM
u teopueii B 3dpdekre [IpumakoBa. ITOrom 3TUX UCCICTOBAHUI SIBUJICS HAMCAHHBIA UM JUIS
OYAS 0630p, NpUBEICHHBII B JaHHOM COOPHUKE, KOTOPBIH HE YCTape JI0 HACTOAIIET0 BpEMEHH
U MOXET CITy)KHTh HPUMEPOM OJIECTSIIEr0 M 3JIEraHTHOTO M3JIOXKEHHS JOCTATOYHO CIIOKHBIX
BOINIPOCOB TEOPUH MHOTOKPAaTHOTO PacCEsHHS.

C pocTOM PHEPTUH CTAIKUBAIOLINXCS AP cedeHHe 00pa30BaHM JICTITOHHBIX Hap 3a CYeT
UX KYJIOHOBCKMX TMOJeH pacrteT Kak KyO norapudma sHepruu, u npu sHeprusix RHIC u
LHC Bo3HMKaeT HEOOXOJMMOCTh ydeTa MHOTO(OTOHHBIX OOMEHOB MEXIy JICIITOHHOH Mapoi
U CTAJIKUBAIOLIMMUCA sApaMH. AJEKCaHIpy BacnibeBHuy yganoch 3JETaHTHO M (U3HYECKH
0e3ymnpevHo pemnTh 3a7a9y ydaeTa MHOTO(OTOHHBIX OOMEHOB JIF000H KPaTHOCTH — IpolIiiemy,
KOTOPYIO TEOPETHKH HE MOIIIM PEIIUTh B TEUCHUE MHOTHX ACCATHICTHH.

Ero paGotel mo Teopun kiaccuueckoro sddekra Jlanmay-Ilomepanuyka nnst MuieHei
KOHeyHbIX pasmepoB u KX/l-anmanora nanHoro sddexra MO3BONMIN OLEHHTH TOYHOCTD
UCIIONIB3YEMBIX B TEOPUH NMPHOIMKEHHH, YTO Ba)KHO, €CIIN Y4eCTh BOBMOKHOCTH COBPEMEHHBIX
9KCTIEPUMEHTOB.

Oco0eHHO SpKO €ro TalaHT (PU3MKA-TEOPETHUKA MPOSBUICS B paboTax TOCIEHAHUX JIET,
MTOCBSIIIIEHHBIX yUYeTy B3aHNMOJICHCTBUS MEXIy MHOHAMHU B pacnanax K -me3zonos. B 2003-2004
rofax koiwtaboparms NA-48/2, B paboTe KOTOpOit caMoe aKTUBHOE y4acTHE TPUHUMAIU QU3UKH
OUSIN (pyk. B.J. Kekenunze), B sxcniepumente Ha SPS CERN oOHapyxuna B pacrpeneieHun
BeposTHOCTH pacmaga K+ — 77070 no mmBapmanTHO# Macce JByX HeHTpaNbHBIX IHOHOB
agomamuio (CUSP), xoropas, cormacHo H. Kabmb6o, OpLta pesynasraTroM mepesapsakd B
KOHEYHOM COCTOSIHHH 3apsDKCHHBIX IMHOHOB B HeHTpasbHble. HecMOTps Ha TO, YTO TakUMH
u3BeCTHBIMH TeopeTukamu, kak H. Ka6u66o, I. Ucunopu u 0. I'accep, ObUM mpemsioKeHbI
JIBa pa3sHBIX TEOPETHUECKUX MOAXOJa, MO3BOISIONINX NPH CPAaBHEHUM MpEACKa3aHUil Teopuu
C DKCIEPHMEHTOM OIIPEACIATh JIWHBI MUOH-MHOHHOTO PAcCEsHHs, B paMKax IMPEAIoKeHHBIX
MOAXOZ0B HE YAABAJIOCH YCTPAHUTH DPACXOXKICHHE MEXIY OSKCIIEPUMEHTAIbHBIMH JaHHBIMH
n Teopueld BOMM3M TMopora oOpa3oBaHMs 3apsHKCHHBIX ITHOHOB. bBBUIO SICHO, 4YTO Takoe
pPacXoXXICHUE SBIAETCS PE3y/IbTaTOM HEy4YeTa JJIEKTPOMArHUTHBIX B3aMMOICHCTBUII MeXIy
3apsHKEHHBIMU TTHOHAMHM, KOTOpPBIE JIOJDKHBI IPUBOAUTH K CBS3aHHBIM COCTOSIHUSIM (aToM
ITUOHMS) HIKE MOpora o0pa3oBaHMs 3apsHKEHHBIX MHOHOB. OIHAKO y4eT 3JIeKTPOMArHUTHBIX
B3aMMOJICHCTBHH B ITOATIOPOTrOBOM 00JIACTH B paMKax CYIIECTBYIOIINX TEOPETHUECKHX TTOIXO/I0B
OBbUT IPUHIUITNAIEHO HEBO3MOXKCH.

Anexcanapy BacumnpeBndy ymamoch B paMKax HEpENSATHBHCTCKONH KBAHTOBOM MEXaHUKH
(koTOpyrO OH OJecTsiie 3HaJl U MOHUMAJ) MOJYYUTh, UCXOIS U3 CaMbIX OOLIMX IPHHIUIIOB,
BBIP@XCHUS Ul aMIUIMTYJ pachaja C y4eTOM CHJIBHBIX B3aWMOJCHCTBHH IHOHOB JIIOOOM
KPaTHOCTH. DTO MO3BOJIMIIO BKIIOUYNTH JICKTPOMArHUTHOE B3aNMOJICHCTBHE MEX Ly THOHAMH H
ydecTb 00pa3oBaHHE HECTAOMIBHBIX aTOMOB IOl IIOPOTOM OOpa30BaHUs 3apsKEHHBIX MTHOHOB.
Pa3Butelii UM anmapar ObUI MCIIONB30BaH U (PUTHPOBAHUS SKCIEPHUMEHTAIBHBIX JaHHBIX,
YTO TO3BOJIMJIO YCTPAHUTh PACXOXKACHUS MEXKIY SKCIIEPUMEHTOM M TeopHel. 3a UCCIeA0BaHUSA



a¢ppexra CUSP, coBmecTHO ¢ Tpymmoi (us3mkoB, Anekcannp BacuibeBud ObLT yIOCTOCH
npemun OMSAN 3a 2007 rox.

O6nanas yquBUTEIbHON (PM3MYECKON MHTYHLIUEH U OJeCTSIIeH MaTeMaTHIeCcKoi TEXHUKOM,
OH BCeIZia CTPEMMJICS K PELIEHHIO 33/1a4, KOTOPBIE MOXKHO OBIJIO TPOBEPHUTH SKCIIEPUMEHTAIILHO,
YTO MOIJIO ITIOMOYh IPOABHHYTHCS B HAIleM NOHMMaHWU mnpupoabl. Ecim mpobmema ero
3aMHTEPECOBBIBANIA U OH CUUTAJ, YTO OHA MOXKET OBITh IOJIE3HOM AJISI MPAKTUKH, OH Opaics 3a
3ajia4y 1, HECMOTPsI Ha YPOBEHb €€ CJIOKHOCTH, HaXOAWI Hauboliee dJIeranTHbIA U pU3nvecKuil
MyTh €€ PELICHHUS.

MHe npuIOMUHAETCS CJIEAYIOUIMH XapaKTepHBIH Uil ero paboThl B Hayke ciy4aid. B
Hayane 1970-x romoB ABa MOMX TOBapHIIa, BIIOJHE KBAJH(UIMPOBaHHBIC (PU3UKU-TEOPETHKH,
paboratomue B JITD, B TedeHHE MOTyTona BEIBOAWIHN (GOPMYITY ISl CCUCHHUS B3aUMOJICHCTBHSA
aroMa IIO3UTPOHUA C BCIIECTBOM, M OAWH M3 HHUX IONPOCHUIT Camy IMPOKOMMEHTHPOBATH
HOJTYy4EHHBI UMHU pe3yiabTar. Anekcanap BacunbeBud oTkazajics 3HAKOMUTBCA C X BBIBOJOM
U pe3yJIbTaTOM M IPEAJIOKWI MM NPUATH 4epe3 mapy 4acoB. Korma oH BbIMcan Ha JOCKe
Ppe3yJbTart, COBIAIABIINK ¢ pe3yIbTaTOM HOJIYTO0OBBIX BEIYHUCICHHH ABYX KBAIN(HIIUPOBAHHBIX
TEOPETHKOB, MbI OBLTH MOPaXXEHBI. 3a Tapy 4acoB OH BBIBEN TpeOyeMylo (opMyity, MONB3ysCh
TOJIBKO €My M3BECTHOM TEXHUKOMU.

OH obmanan oueHb peKoil B Halle BpeMst CHOCOOHOCTHIO TOBOPUTH IO CYIIECTBY MPOOIEMBI
U TIpU 3TOM penko ommbarbes. besdycnoBHO, Ta BUAMMAs JISTKOCTh M KPacoTa MBIIUICHUS, C
KOTOPOW OH peIlaj BO3HUKAIONIME MPOOJIEeMbl, OBIIM Pe3yJIbTaTOM OrPOMHOTO M MOCTOSIHHOTO
TpyAa Ha MPOTSDKEHUM BCEH €ro W3HW. TalaHT, 3aJOXCHHBIH B HeM oT bora, pasBwics u
BOIUIOTHJICSI B KOHKpETHBIE paboTHl Onarofaps HEYCTaHHOW W TsDKelol pabore B (usmke,
KOTOPYIO OH JIFOOWII U DTyOOKO MOHMMAJ, a OHA OTBEYaja eMy B3aUMHOCTBIO.

MHe noBe3io, 4TO B HauaJle CBOEro IyTH B Hayke s BCTpeTmw Anekcanapa BacunbseBuya, a B
JalbHEHIIEM UMeJl CYaCTINBYIO BO3MOXKHOCTD JI0 IOCIIEAHUX THEH ero )KU3HU paboTaTb BMECTe
C HUM U JPYKUTb Ha MPOTSHKEHHMH MHOTHX JieT. OH ObLI HE MPOCTON YEIOBEK, CO CIOKHBIM
XapaKTepOM M ¢ COOCTBEHHBIMHU HOHATHSIMH O 100pe U 371€, HO KOIZIa BO3HMKaIa HEOOXOAMMOCTB,
Bcernma Opan Ha ce0s OTBETCTBEHHOCTh 3a peIlleHre MpodiieM 000N CI0KHOCTH, BO3HUKAIHI
JI1 OHU B 6I)ITy WK B HayKe.

SBnsisich BBLAAIOIIMMCST (QM3MKOM-TEOPETHKOM, AJiekcaHp BacunbeBuu ocrasncs kaHama-
TOM HayK, IOHMMasl, 9YTO BCEM HaM OTITyLIEH KOPOTKHH CPOK, KOTOPBIM OH >KaJieJI TPaTUTh Ha
npuoOpeTeHne 3BaHUKM M peranuii. BMecTo 3TOro OH peman KpacuBble (HU3WUYECKHE 3aladu,
KOTOpBIE OBUTM HYKHBI JIFOISIM U ITOMOTAIM MM JIy4IIe IMOHATh OKPYKAIOIIMHA MUP. AJIEKCaHAD
BacunbeBud yien paHo, He pelInB MHOTHX HAyYHBIX IpoOIieM, HaJ KOTOPBIMHU paboTai, HO To,
4TO OH cJcj1ajl, OCTAHCTCA B CIro pa60Tax 1 B MaMsATHU €0 MHOT'OYUCJICHHBIX YYCHHUKOB, KOTOPBIM
OH OCTaBHJI IpUMep OECKOPBICTHOTO CIY)KEHHS HayKe.



006 A.B. TapacoBe

I'N. JIbikacoB
ObveduHernblIl UHCIUMym s10epHbIX ucciedosanui, [youa

C AnexcanapoM BacuibseBudeM TapacoBbIM s mo3HakoMuiics B 1969 rofy, korga rOTOBHI
JUIUIOMHYI0 paboty oz pykoBozacTBoM JIbBa Mocudosuya Jlanugyca. [locie okoHyaHus yHu-
BEPCUTETA U TMOCTYIUIEHUs B acCHMpaHTypy s cran no cosery JL.U. Jlanuayca coTpyaHu4aTs ¢
A.B. TapacoBreiM. B nanpHeiiiem Anexcanap BacunbeBud crail BTOpbIM pyKOBOJUTENIEM MOEH
KaHAMJATCKON JUCCEPTaLHH.

B nepron ¢ 1971 mo 1973 ron mox pyxoBoacTBoM A.B. Tapacosa st 3aHUMAaJCs UCCIIEIOBaHU-
€M MOJIAPU3AIMOHHBIX SBJICHUH IpU B3aMMOJIEHICTBUU TPOTOHOB CPEIHUX M BEICOKUX HEPTHi C
JIETKUMU siipaMu: IeiTpoH u reauit. Kak pa3 B 3To Bpemst HayuHblil nHTepec Anekcanapa Bacu-
JIbeBHYa chOKyCHpOBaJICS Ha TEOPETUUECKOM aHAIN3E aApOH-SACPHBIX peakiuid. PakTuaeckn
UM TIEPBBIM ObLT COPMYIHPOBAH HOBBIH TEOPETUYECKHH ITOAXOJ, OCHOBAHHBIM Ha MOJICIH
I'mayGepa, MO3BONMUBLINK MPOaHATM3UPOBATh MOJIIPU3AILMOHHBIC SBICHHUS B CTOJNIKHOBEHHMAX
IPOTOHOB C JIETKUMH SIpaMH IPH CPEAHUX W BBICOKMX HAYaJbHBIX 3HEPrHsIX. OTO OBLIO
0COOCHHO Ba)XHO W TIpHBJeKarenbHo mis JlaGoparopuu snaepHbix npobiem u Jlaboparopun
BbIcOKUX 3Hepruil OMSIU, rae B ToT neproj 04eHb MHTEHCUBHO MPOBOIMINCH NOISIPU3ALMOH-
HBIE SKCIIEPUMEHTBHI.

Cosmectabie ¢ A.B. TapacoBeiM myOnukaiuu [ 1-3] MOCBAIICHB TEOPETUIESCKOMY aHAITU3Y
CIIMHOBBIX SIBNEHHH B ynpyrux p — d-, p — He3- u p — He*-paccesHusx Tpu sHeprusx,
nocTxuMbX B To Bpems B JISAIT u JIBD OUSN. B stux paborax (akTH4eckd BIEpBbIC B
Te JajeKue BpeMeHa ObUIM BBIYMCICHBI aMIUIUTYABl 3THX MPOLECCOB B PaMKax MPUOIHKEHHS
I'mayGepa ¢ yueToM BO3MOXKHBIX YIPYTHX IepepaccessHii HaIeTaoIMX IPOTOHOB HAa HYKJIOHAX
saep: AEUTpoHa, Tenus-3 1 renus-4. beiny Takke BEIYHUCICHBI MONApHU3aMOHHbIE HAa0MoqaeMble
B 3THX IPOIlECCax, MOJYyYSHO XOPOIIee Coriacue ¢ UMEIONIMMHUCS Ha TOT MOMEHT SKCIIEPUMEH-
TaJbHBIMU JTAHHBIMM M OBUIN CIeNIaHbl MIPEACKa3aHus Ul HOBBIX IKCIIEPUMEHTOB. B To BpeMs
TaKkue pacueTsl YNPYruX aMIUIMTYA IpHU HaualbHBIX 3Heprusx nopsaka 600 MsB - 1 I'»B
1 BBIMIE OBUTH OYCHb XOPOIINM IIPOTPECCOM, IOTOMY YTO ITPOBOIMIIMCH SKCIICPUMEHTHI I10
YIPYTOMY PacCesTHUIO MPOTOHOB Ha JieTkuX snapax kak B OMSN, JIUA® (I'atumna), Tak u 3a
py0eskoM. OCHOBHBIMHU LENMSIMH 3THX 3KCIEPHMEHTOB SIBISUIICH UCCIIEIOBAHUE TTONSPU3AINOH-
HBIX SIBJICHUH M BBISICHEHHE BOIIPOCA, KAKOBA POJIb CIIMHOBBIX 3((EKTOB B TAKUX PEAKLHSIX MPH
BO3PACTaHUU 3HEPrUH HadaJbHBIX MPOTOHOB. CyllecTBOBABIIEE B TE AaJ€KHE BpeMeHa HayuHOe
npenyOekIeHne, 4To CIIMHOBBIC Y)(BEKTHI B p — p- U p — A-CTOJIKHOBEHHUSIX MOTYT “‘BBIMHpATh”
C POCTOM Ha4aJIbHOW HEPIHH, OBLIO TOTOM OTPOBEPTHYTO, H, B YaCTHOCTH, HAIIIM COBMECTHBIC
paboTsl ¢ AnekcanapoM BacuipeBruueM BHECIHN JIENTY B Pa3pelIEeHHE ITOTO BONPOCaA.

Hpyras pabora, cienaHHas COBMECTHO ¢ AnekcaHapoM BacuimseBmueMm U OBYMsI COTPYA-
Hukamu JISIT B.M. TonoBunsiM u A.M. Po3aHoBoii [4], kacagack KOHKPETHOTO NPUMEHEHUS
TEOpUH MHOTOKpaTHOro paccesHus [nayOoepa—CHUTEHKO K aHalM3y peakuuu pd — ppn NpH
sHeprusix nukinorpona JISII, rae mpoBoauiuCchy B TO BpeMs NOISPU3ALMOHHbIE 3KCIEPUMEHTEL.
bbuta BeIYMCIEHA aMIIMTYa 3TOW PEaKLUU C y4ETOM NEPEepacCessHUi Ha4albHOIO MPOTOHA
Ha HyKJOHaX JEHTPOHA C MCIIOIB30BAHMUEM PE3yNIbTaToB (ha30BOTO aHANM3a YNPYTHX HYKIOH-
HYKJIOHHBIX CTOJIKHOBEHMH, KOTOPBIA IpoBOAMICA B Te BpeMmeHa B rpymne FO.M. Kazapunosa
(JISIT OUSIN). Berurcien Takxke psili MOMSPU3AIUOHHBIX HAOMIONACMBIX, U CICIAHbBI MPeacKa-
3aHUA A OKCIEPUMEHTOB, MPOBOIUMBIX B TO BpeMs B rpynne b.M. Ionosuna. Bce namm
TEOpPETHYECKHE MPEICKa3aHNs YCIIEITHO NOATBEPAUINCH B ITHX IKCIIEPHUMEHTAX.



S ouens GnmaromapeH cyap0e u nanbHOBHIHOMY coBety JIbBa MocudoBuya coTpymHUYaTh ¢
Anexcanapom BacunbeBrudem TapacoBbIM BO BpeMst Moel yueObl B actipanType. Pabotast oz
pyKoBOICTBOM AJiekcaHpa BacuibeBuya, s HAy4YHIICS MHOTOMY, B YaCTHOCTH CTaBHUTh (hU3UUC-
CKYIO 3a]1a4y, MOJIC3HYI0 U HYXXHYIO U JUIS SKCIIEPHUMEHTA, U JJIs TEOPUH, U TIIABHOE: KOPPEKTHO
ee pemarp 1o IpaBuiIaM, He TIPOTUBOPEUAIIIIM OCHOBHBIM (PH3MUYECKUM 3aKoHaM. Kak y4urens,
Anexcannp BacuibeBnu TapacoB ObIn 3amMeuaTenbHBIM TMeaaroroM. Jla, mHOTIA OH OBLT pe30K
" HE CTCCHAJICA B BBIPAXKCHHUU CBOUX 3MOHHﬁ. Ho no CyTH OH 6BIJ'I BCEraa 1mpaB B OTCTaBaHUU
cBOeil Touku 3peHus. B moeii mamsatu Anekcannp BacunbeBud 3amedariieH Kak BBIIAOIIUNACS
YUYCHBIH, (PU3UK-TCOPETUK, 0ONaNaBIINN TCHUATBHON WHTYUIMEH M MPAaKTUYCCKHM yMCHHEM
MPAaBHJIBHO PEIIaTh 3a7a9d BO MHOTHX OOJIACTAX TEOPETHUCCKON (DHU3UKH.
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du3uk bokbeli MIJI0CTHIO

A.C. ITak
Huecmumym ¢usuxu evicokux snepeuti AH PK, Aima-Ama

C A.B. TapacoBeiM s mo3HakomMmics B 1969 romy Ha cBaapOe OZHOKYpPCHHKA, a Hallle
C HUM COTPYJIHHYECTBO HAYajJoCh roja depe3 nsa. Ha ToT MomeHT emy He Obuto eme 30
JIET, HO 3TO OBUI COBEPIICHHO CIOKUBIIMICSA CAMOCTOSTEIBHBIA HAyYHBIH paOOTHUK CO CBOCH
SIPKOH MHIMBHUIYaJbHOCTRIO. Y Hero ObUI TajmaHT oT bora, 9To codyeTanoch CO CTPACTBIO
K HayKe W OTPOMHON paboTOCIOCOOHOCTHIO. DTO TO3BOJMIIO €My CTaTh BBICOKOKIACCHBIM
npoQeCCHOHAIOM U, sI ObI CKa3al, OOJBIIMM MacTepOM CBOETO jeja. ECTh ydyeHbIe, KOTOpHIE
BCIO JKU3HB OYpPSIT B OTHOM MECTE, €CTh TAKUE, KOTOPHIC YTO-TO U300PETAIOT W IPUIYMBIBAFOT.
Anekcannp BacumbeBudu He ObUT HU TeM, HU ApyruM. OH OBUT ONECTSIIUM pPean3aTOpPOM.
Beskmii pa3, Koraa mosiBIsUIack HHTEPECHAS 3a/1ada, OH MTHOBCHHO BHHKAJ B CYTb, BKITIOUAIICS
Ha TIOJHYIO MOIIh M OyKBaJdbHO paszapakoHuBai ee. OQHONW W3 XapaKTEPHBIX OCOOCHHOCTEH
€ro Hay4HOTO CTWJIS OBIJIO 3HAHWUE METBYAWINUX JeTaleil, B KOTOPBIX, KaK U3BECTHO, YepT U
NPSAYETCA.

MHe BCHOMHHAIOTCS HECKOJIBKO XapaKTEpHBIX mpuMepoB. Kak-To Ha ceMuHape 00Cyxk-
JIATICh AKCIIEPUMEHTAJIbHBIC JaHHbIE 00 aHOMAaJbHOW A-3aBUCHMOCTH CIIEKTPOB MPOTOHOB B
peakuun p+A — p+X. AHOMaTBHOCTB COCTOSIIA B TOM, YTO ITOKa3aTelib A-3aBHCHMOCTH v(py)
C POCTOM IOTIEPEYHOTO UMITYJIbCA Py CTAHOBUIICS OOJIBIIE SAMHHUIBI. DTO Ka3aJI0Ch CTPAHHBIM, U
BO3HHKJIA OXHBJICHHAs UCKyccus. B pasrap obcyxaenus mocienopana peruinka A. Tapacosa:
“Tak u 1OMWKHO OBITH”. OH MOSCHUII, YTO C POCTOM Py BKJIFOYAFOTCS U HAUMHAKOT JOMHHUPOBATH
HEKOTEPEHTHbIE CTOJKHOBEHUSI BRICOKOH KPaTHOCTH, BEPOSTHOCTH KOTOPBIX C yBeiandeHuem A
pacreT ObIcTpee MuHEHHOW. Bee Betano Ha CBOM MecTa.



Jpyroii mpuMep CBsA3aH ¢ mpodieMoii craboii A-3aBrucuMocTd k03D (HHUIHEHTa HEYTIPYTOCTH
B aJIpOH-sZIGPHBIX B3auMoZeHCTBUsX. i1t 00bsicHeHUs ATOro (haKkTa Mmpeasarajiuch pa3inyHble
sK30THYeckHe Mozienu. A. TapacoB He 3aHMMAJICS 3TUMHU IIPOOJIeMaMH, HO OJHaXIbI, Korna o0
9TOM 3alllla Pedb B €r0 NPUCYTCTBHH, OH CIIPOCHJI, KAKUM 00pa3oM MOITyUYeHbI 3TH IKCIIEPUMEH-
TaJIbHBIE TaHHBIE. B pesyinbTare BBIICHUIOCH, YTO JaHHBIE ITOTY9EHbI METOAAMH KaJIOPUMETPHH,
IIPUYEM yCTAaHOBKA HE MOIJIA PETUCTPHUPOBATH COOBITHS C OONBIINMHU MOTEpSMH dHepruu. 1
OIATH €ro perutuka: “Tak ¥ JOMKHO OBITh, IMOTOMY YTO OOJNIBININE MOTEPH PHEPTHUHU peau-
3yI0TCS uYepe3 MEXAHHU3M MHOTOKPATHBIX HEKOT'€PEHTHBIX CTOJKHOBEHHIl, a OHHM IOJaBIEHBI
HEIPYEKTUBHOCTHIO YCTaHOBKH, YTO M JaeT cinalyw A-3aBUCHMOCTh”. JleTalbHBIC pacyeThl
nmokasanu, 4ro AnexcaHnp BacunbeBmu, kak Bcerna, mpas. Ilocrmenmyromee m3ydeHHe 3THX
BOINIPOCOB NIPHUBEJIO K ONHCAHUIO BCEX IKCIIEPUMEHTAIBHBIX JAHHBIX IO CIIEKTPaM IPOTOHOB
B mpoueccax p + A — p+ X. B cBsi3u ¢ mogoOHbIMK cityuasiMu oH Beeraa roopuit: “Hano He
OTKPBITHS 1eJ1aTh, a pa300paThes’”.

31eck cieqyeT OTMETHTH €lle OIHY OCOOCHHOCTh Hay4HOrO CTHJISL AsiekcaHjpa Tapacosa.
Bynyun TeopeTHKOM, OH NPEKpacHO 3HAJl 3KCIEPHMEHTAIBHBIC TaHHBIC, PUYEM HE MPOCTO
mudps! 1 rpadgukn. OH XOpPOIIO 3HAN HKCICPUMEHTAIBHYIO TEXHUKY, €€ BO3MOXKHOCTH, YTO H
MIO3BOJISUIO €My KPUTHUYECKH U TBOPUECKH HCIIONB30BaTh U TPAKTOBaTh (hakTel. BooOie nHOrIA
CO3[1aBaJIOCh BIIEYATIICHHE, YTO €My BCE M3BECTHO U SICHO. bplna Hekas uiito3us jgerkoctu. Ho
B TOM-TO U CYTh €r0 TaJlaHTa, a Ka)XXyIascs JIErKOCTh Oblla CJIEACTBHEM OTpOMHOI paboThl. S,
HarpuMmep, ¢ YAUBIECHHEM OOHapY>KWII, YTO OH, OymydH OJECTSIIMM TeXHapeM, HEIPEPHIBHO H
©KETHEBHO NITH(YET W COBEPIICHCTBYET CBOE MACTEPCTBO, YTO M MO3BOJIIIO €My B HY’KHBIH
MOMEHT YCIEUIHO PEeIIaTh BOHUKABIINE 33/1a9H.

3nech g XoTen OBl OTMETUTH €Ille OfIHY, KaK ceifyac rOBOPUT MOJIOAEKb, GHumKy. OH J4acTo
nosropsut: ‘Sl nureparypy He umraro”. Ha camom pene 310, KOHeyHO, Obuio He Tak. OH
MIPEKPacHO 3HAJI BCE, U 0OCOOEHHO XOPOLIO T€ BOMPOCHI, KOTOPBIMU TaK WJIM WHAYE 3aHHMAJICS.
He pa3 Obutn citydan, Korzna BO3HHKajla poOiema CChIIKH, W OH roBopwi: “IlocmoTpu Tam-
T0 pabory Takoro-to”. M TakWx CCBUIOK B €ro “KOMITbIOTepe” XpaHMINCh COTHH. lIpocTto
ero (eHOMEHANbHBIE CIIOCOOHOCTH IO3BOJISUIM €My JIMIIb IPOYECTh ITOCTAHOBKY 3aladil WIIN
npoOJIeMBbl, a OCTaJIbHOE OH BOCIIPOM3BOIMI caM. B pesynbrare oH He MPOCTO 3HAN CCBUIKH, a
3HAJ HYXHbIE Pa0OTHI B MEJBUANIINX JeTasX.

Jpyroii ero ocoGeHHOCTBIO OBUI BHEIIHHWH Oaphak, KOTOPBHIH Lapwil Ha pabodyeM cTole
(mpu ToM, YTO B TONOBE OBIT aOCOMIOTHBIN mopsok). Ctonm ObLT Bcerga 3aBajieH OymaraMu
U TPyAOH KOHBEPTOB, NPHCIAHHBIX KOJIJIETAMH C MX paboTamMu, HO KOTOpBIE OH HHUKOIJAa HE
BCKpBbIBaJI. OHAX/IBI IO HETIOHSATHOW NMPUYMHE OH PELIM HaBECTH y cedd Ha CTOJIe TMOPSAIOK.
[Tpu sToM OH OOGHapYyKHJI KOHBEPT, B KoTopoM Obu1 npenpunT M.B. AHapeeBa, conepikaluuii
BOXHBIN pe3ynbrar: B paMkax Teopuu [iaydepa—CHTEHKO OBUIO IOJTYYEHO BBIPAKCHHE JUIA
(a30BOH QyHKINH AOPO-SIEPHOTO PACCESTHUS B TaK Ha3bIBACMOM JAPEBECHOM MM OECIETIIEBOM
MPUOIYOKEHUH, T.6. OCHOBHOH BKJIaa. Ho 3TO BhIpakeHHE MPEICTABISLIO COO0H OeCKOHEUHBIN
JBOWHOM Psi/L ¥ TIO 3TOH MpUYHHE OBIJI0 HETPUMEHUMO IS IPAKTHYECKHX pacyeToB. A. Tapacos
TYT e 3acell 3a mpobiemy. Bekope psn AnnpeeBa ObUT MPOCYyMMHpPOBAH M ObUT pa3paboTaH
(dopMasu3M, yI0OHBIH ISl TPOBEAEHHS PACYETOB C M3BECTHOM TouHOCTHIO. [Ipn aTOM MONTy4eHo
eIle HECKOJIBKO MPUONMKEHHBIX PacdeTHBIX CXEM, YINOOHBIX AJISl MPHUMEHEHUs] B KOHKPETHBIX
ClTyJasXx.

Boobme Anexcanap BacunbeBnd HHKOTZAa HE MOIB30BANCAd (GOPMYTaMH U pacdeTHBIMH
CXeMaMH, 9TO Ha3bIBaeTcd, Tymo. I1o ero BepaxkeHuIo, K IpodiieMe Ha/lo HOAXOIUTh KOHKPETHO-
HCTOPHYECKH, a HE a0CTPaKTHO-JeMarorndecku. B ero pykax io0as pacueTHas cxema ObICTPO



ynporanack. Tak Obuta pa3paboTaHa TeopeTndeckas 6a3a, B paMkax KoTopoit Anekcanap Tapa-
COB CO CBOMMH ITOMOIIHMUKAMH OJIECTSIIIE pacCcuuTal JaHHbIE M0 anb(da-sJIepHOMY PacCesiHHUIO.

MHe X0Ten0ch Ob OTMETHTD 37IeCh OIHY 0coOeHHOCTh A. TapacoBa Kak Hay4HOTO pabOTHHU-
Ka, KOTOPYIO caM OH JI0JIToe BpeMsi HejooleHnBas. OH OblT €3 IpeyBeIMueHHUs BBIIAIOMINMCS
MacTepoM I10 YaCTH YMCICHHBIX pacdeToB. IIpy 3TOM MOMydeHHBIE UM PE3yIbTaThl OTINYa-
JIMCh CTONIPOIIEHTHON HaJEeKHOCTBIO M JIOCTOBEPHOCTBIO. Y HETO OBLIO MPaBHIIO, KOTOPOE OH
chopmynupoBan Mue: “Hamo paccuuTars OMHY M Ty XK€ BEIMYMHY ACCATH pa3 moapsa. Eciau B
MOCIEHUX TISITU CIy4asX MOJYyYUTCS OAMH M TOT e Pe3yabraT, TO eMy MOXHO Beputs”. Ilpu
9TOM Ha Pa3HbIX 3Talax pe3yJabTaThl IPOBEPSINCH C TIOMOIIBIO Pa3HbIX TecToB. Hano ckazarts,
YTO TPH NPOBEAECHUM ITOJOOHOTO pojla PacueToB HEOOXOMMMO BECTH MX, YTO HA3bIBAETCH,
oT u 1o. Hemp3st mpepbIBaThesl THE-TO Ha CEPEAMHE, TaK KaK IOTOM IPHXOAUTCS HAYMHATDH
Bce cHadana. /[ mpoBeneHus: Takol paboThl HEOOXOAMMO UMETh TaK Ha3bIBAEMOE “‘JJIMHHOE
neixanue”. Anekcannp BacuibeBuu B MONHON Mepe o0nanai 3TUM penkuM KadecTBoM. [lpu
HEOOXOIMMOCTH OH MOT HAITPsHKEHHO TPYANTHCS YacaMu, He BCTaBasl M3-3a CTOJIA JI0 IOy YEeHHS
pesynbrara. 1 310 npu ero-to TanaHte U 6€Ccron00HOM MacTepCTBe.

Anexcanap BacuinseBnu pabotan B Hayke 0e3 Manoro Ha mpoTspkeHnn 50 net. Ecnm mpo-
CMOTPETH BCE €r0 pabOTHI, TO MOXKHO OOpaTHTh BHUMAHKE Ha OJJHO HHTEPECHOE 00CTOSITETLCTRO.
B HUX HET 3K30THUECKUX THIIOTE3, MOJHON TEPMUHOJIOTHH, OH He pa3pabarhiBaj MMEHHBIX MO-
neneil. [Ipu 5ToM OH MoTy4ana HHTEPECHBIE U BaKHBIE Pe3yIbTaThl. [IpuMepoM MOXKET CITyKHUTh
LUKJ pabOT MO pacyeTy CIeKTpoB B peakiusx p+d — p+X, d+d — d+X, d+A —d+Xnu
T.1. OTIPaBIAACH OT MEXaHN3Ma MHOTOKPATHBIX HYKJIOH-HYKIOHHBIX CTOJKHOBEHHH M IPOCTHIX
KMHEMaTH4eCKUX COOTHOIIEHMH, A. TapacoB mpeacka3an HETPUBUANBHYIO CTPYKTYPY CHEKTPOB.
Hanpumep, B peakiun d + d — d + X OH mpeackaszai TPeXIUKOBYIO CTPYKTYpy, KOTopas Oblia
3aTeM oOHapyxeHa B skcrepuMmeHTtax rpynmsl JI.C. Askrupes mon pykoBOACTBOM Muxauia
I'puropreBuua Memepsikosa.

Anexcannp BacuibeBnd OBIIT BEAyIMM SKCIIEPTOM B BOIPOCAX TEOPHHU SJIEPHBIX peakuuit
IIPU BBICOKMX SHEPrUsiXx. MHOroe M3 TOro, 9T0 OH yMEN JeNarh M JeNlall B 3TOoi obnactwy,
HE MOT W He Jenan OoJblle HUKTO. 32 MCKIIOYCHHEM HECKOJBKHX IEepBOHAYAIBHBIX pabdor,
BCE €ro paboThl OIMyOIMKOBaHbI B coaBTOpPCTBE. S1 OBl Ha3Ball €ro COABTOPOB MOMOIIHHKAMH.
Koneuno, ocHOBHOM BKiaj BHOocuI A. TapacoB, HO €ClIM KTO-TO U3 COABTOPOB BHOCHI YTO-
TO CYIIECTBEHHOE, OH HHUKOTZA HE YIyCKal CIydash OTMETHTh 3TO OOCTOSTENbCTBO. Takum
MIOMOIIHMKOM Ha MpPOTshKeHMH 20 JeT MOCYacTIMBHIOCH ObITh M MHE. M3 oOmeHus ¢ HUM
s, COOCTBEHHO, HOHSIJI ¥ YTO TAaKO€ HayKa, M YTO 3HaYUT paboTaTh B HayKe. Y HETro OBbLIO deMy
noy4HuThes. W KaXplil, KTO éMy ITOMOTal, MOT B3sITh TO, Ha 4T0 ObLT criocoOeH. Koneuno, Bce ero
YUEHHKH CTaJId KaHIUJaTaMu HayK, a HeKoTopele U qokrtopamu. Cam Anexcannp BacuibeBud
JOKTOPCKYIO AUCCEPTALMIO 3allMIIATh HE cTal. MHe KaXXeTcs, OH HEe XOTeN 3aTepAThCs CPeau
MHorux. OH roBopwit: “S cebe meHy 3Hato...” U xo4y elle pa3 MOBTOPUTH: IIeHa 3Ta OblIa OYCHD
BBICOKA.

ITomumo pa®oThI, MBI OOIITAIMCH C HUM 110 BCEM BOIpOcaM OBITHS. Y HEro He OBIIIO KaKHUX-
TO YBJICUCHHUI THIa PBIOAIKH, OXOTHI M T.1. Vrpath OH JIIOOWII TOJIBKO C WHTErpajibuuKaMmy,
KaK OH roBopui. Sl HUKOTZHa He BUAEN B €ro pykax raser. EMMHCTBEHHBIN pa3 BHIEN €ro y
TB: BMecTe co BceMU OH CMOTpeI NepBhlid che3a HapaenoB B 1989 rogy. OnHako Anexkcanap
BacunbeBnu Bcerma ObUT B Kypce COOBITHII B cTpaHe W B mupe. VMHOrma BeickaspiBasics. Ero
CY)XXIeHHs, Kak W Mo pabore, ObUIM aOCOJIOTHO JIMIICHBI KAaKOW-ITNOO KOHBIOHKTYPHI, OBLIH
OOBEKTUBHBI U TPOAUKTOBAHBI MPUPOTHBIM YMOM U 3[ApaBbIM CMBICIOM. Hackonmbko s 3Haro,
3a 47 ner paborel B OMSNM oH He 3aHMMaiCsi HUKaKoW Tak Ha3bIBaeMOil OOILECTBEHHOM
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paboToii, KpoME TEX CITydaeB, KOIJa MOCHIIANM B KOJIX03 MM Ha oBomieOa3dy. Bce cBoe Bpems
OH rnocasman padore. Jlrobun u neHuw romop. MHTEpecoBacs IUTepaTypHbIMA HOBUHKAMHU U
MIPOCHJI IPUHECTH TO, YTO BBI3BIBAJIO €T0 MHTEpEC. DTO OBLIM U TOJICTHIE XKYpPHAIIBI, 2 HHOTJA
n camusziar. Hemano BpeMeHM HpoBenu Mbl ¢ ONM3KMMH HaM JIIOABMHU 3a crojoM. Kcrarm,
Anekcannp BacuinbeBn4 mpekpacHO TOTOBHII IUIOB. Y HETO OBUI CIOXKHBIA XapakTep, W KU3Hb
HaKJIa/IpIBajla CBOM OTIEYATOK, TaK 4YTO BCsiKoe ObIBano. Ho, ommsabpiBasick Hasal, QyMaro, 4TO
Jake B TeX CIIydasx, KOIa OH neperu6ai mo ¢popme, o cyTy oH ObUI 1paB. JIMuHO s 6eckoHEUHO
mpu3HaTeneH Anekcanapy BacuieeBudy 3a Bce, UTO OH Ui MEHS caenan. B Moeil mamsaTu oH
HaBCera COXPaHUTCS KaK OJECTIMH yUeHbIH U He3aypsIHBIH YeloBeK.

A.B. TapacoB n pu3snka peJSATUBHCTCKUX aTOMOB

JIJI. HemeHoB
ObveduHerHblL UHCIUmMym s10epHbIX ucciedosanui, [yona

C paboramu Anekcanapa Bacunbesuua s o3HaKomuiics Briepsbie B 1982 romy. K atomy Bpe-
MEHU TEOPETHUUYECKH ObUI mpeackasaH 3(P(eKT CBEepXIPOHULIAEMOCTH YABTPAPENIITHBUCTCKUX
MIO3UTPOHHUEB U OITyOJIMKOBAHO MEPBOE TEOPETHUECKOE ONMCaHHUE 3TOT0o 3(h(eKTa, BHIIIOIHEHHOE
C psAnoM yrpomeHuid. DPQekt ObuT 00YCIIOBICH TEM, YTO BHYTPEHHEE MUKPOBpPEMS, 32 KOTOPOE
BOJTHOBAs! (PYHKIIUSA TIO3UTPOHHS U3MEHSETCS, OKa3bIBAeTCSI MHOTO MEHBIIIE MAaKPOBPEMEHH TIPO-
XOXKICHHUS aTOMa 4epe3 TOHKYIO TUICHKY, €CIH ITO3UTPOHUHN SBISIETCS YABTPAPEIATHBHCTCKUM.

bnaronaps mry6oxoil ¢u3HUECKON MHTYHIIMH M COBEPUICHHOMY BIAJICHUIO TEXHUKOH (u-
3MYECKUX PacueToB, AJleKcaHap BacuiibeBHY cMOr 1aTh TOYHOE PELICHUE ITOH CIIOKHEHIIEeH
3amaun. [1pu oObsICHEHHH 3TOH PabOTHI OH IIMPOKO MUCIIONB30BAN S3BIK AHAJIOTHI U YIIPOIICHUH,
KOTOPBIC MO3BOIMJIM HOHATH CYTh ATOTO CIIOKHOTO MCCIIEIOBaHUA. YKe TOTrAa Obla BUIHA €TO
CHIO0COOHOCTH OOBICHATE CIOKHBIE (PU3MUECKUE SBICHUS MCIIONIB3YS YIPOIIECHHUS M KaueCTBEH-
HBIE PACCyKICHUS.

B cepenune 1980-x romoB Obuia TeopeTHUECKH OOOCHOBaHA BO3MOXKHOCTH HAOIHOICHUS
MMUOH-TIMOHHBIX, TTHOH-KAOHHBIX U KAOH-KAOHHBIX aTOMOB. [ M3MEpeHHs BPEMCHHU KH3HH
TaKAX aTOMOB HEOOXOIMMO 3HaTh CEYCHHS BO3OYXKICHHS STHX aTOMOB IIPH B3aUMOACHCTBHH
C aToMaMHu OOBIYHBIX BemiecTB. [IepBBle pacyeThl MPOBOAMIHNCH C HCIONB30BAaHHEM METOIOB
TEOPETUIECKON (U3NKH, Pa3paOOTaHHBIX IJIsS OMHMCAHUS B3aUMOACHCTBHUS OOBIYHBIX aTOMOB.
Cy1iecTBOBaBIIasl B aTOMHOW (pU3MKEe TEXHUKA pPacyeTOB CEUSHMH yYHMTBIBAJIA TOJIBKO OAHOG]O-
TOHHBI OOMEH W UMeJia HeJIOCTAaTOYHYI0 TOUHOCTS JIJIsl aHAJIK3a SKCIICPUMCHTAIBHBIX JTaHHBIX.
JJ1s TOYHOTO BBIYHCIICHUS CCUCHUN TPpeOOBaCs yueT oOMeHa BceMH (poTOHAMH. JTa mpodiema
ObuTa pemieHa AJekcaHapoM BacunbeBudeM.

OH oOparui BHUMaHHEe Ha OCOOYI0 IWHAMUKY B3aWMOJCHCTBHS JIUME30aTOMOB: TOCIE
B3aHMO}1€ﬁCTBHH TPACKTOpUA JABUKCHU BO36y)K}IeHHOI‘O aroMa IMpaKTHYCCKU HE MCHACTCA,
YTO ITO3BOJIMIIO OITUCAThH MPOLIECC, UCTIONB3Ys TeXHUKY [naybepa. Bee HeoOxoaumble Gpopmyibl,
YYUTHIBAIOIINE MHOTO(QOTOHHEIE 0OMEHBI, OBLTH AJlekcaHIpoM BacuiabeBHYEM MMOMy4YeHBI. DTH
(OpMYITBI TTO3BOJIFIIN BEIYHCIHUTE CEYCHUS BO30YKICHHUS aTOMOB ¢ HEOOXOIUMOW TOYHOCTHIO B
OIIH TIPOIICHT, JIaB TEOPETHYECKYI0 OCHOBY UISI W3MEPEHHsI BPEMEHH >KU3HU NMHOH-THOHHOTO
aromMa B 9KCIIEPUMEHTE.

Jnst u3MepeHnst BpeMEHH JKH3HU IMME30aToMa HY)KHO HE TOJIBKO 3HATh CeUYeHHs1 BO3OYyK/ie-
HUSI aTOMa, HO M OIMCATh MPOLECcC IPOXOXKICHUS Yepes3 BelecTBo. JlaHHas 3a1ada Obuia perieHa
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B ONPEEIICHHOM MIPUONMKEHUN: NT0CTIE COyAapPEHHs BBIYNCIISUIUCH BEPOSITHOCTH BO30YKACHHA
aToMa B Pa3JIMYHBIE COCTOSHHS. DTH BEPOATHOCTH MCIOIB30BAIMCH JJIS ONMHCAHUSA Ipolec-
ca IPOXOXKAEHUS AMMe30aToMa 4epe3 BEIecTBO. Takoe MpHONMKEHHE BKII0YAI0 HEKOTOPYIO
HETOYHOCTh, yCTAaHOBIEHHYIO AnekcanapoM BacunbeBrudem.

Jnst Toro 9ToOB! MCKIFOYHTH 3Ty HETOYHOCTB, HYXXHO OBUIO ONHUCATh MPOXOXKICHHE JTMMe-
30aTOMOB Y€pe3 BEIIECTBO HE Ha S3bIKE BEPOSTHOCTEH, a Ha s3bIKe aMIUIHTyH. CroxHeimas
3ajia4a Obula penreHa AnekcanapoM BacuibeBudeM ¢ moMomipio Gpopmaii3Ma MaTpuibl [I0T-
HocTH. UNClIeHHBIN aHain3, OCHOBAaHHBIH Ha 3TOM (opMalii3Me, I0Ka3ajl, YTO pa3HHULA MEXIy
ONUCAHMUAMU Ha SI3bIKE€ BEPOSTHOCTEH M TOYHBIMH BBIYMCICHUSIMH Ha SI3bIKE aMIUIUTY] PaBHA
0,5%.

PaGotsr Anekcannpa BacuipeBnda copMUpOBaIN TOUHYIO TEOPHIO B3aUMOICHCTBHS M-
ME30aTOMOB C OOBIYHBIMH aTOMaMH W HMX HPOXOXKACHUS depe3 BemiecTBO. biaromaps »TuM
paboTraM B 3KCHEpUMEHTaX MO M3MEPEHHIO BPEMEHHU KU3HU NMUOH-THOHHBIX, MHOH-KAOHHBIX
1 Mr00BIX JIPyTHUX aTOMOB TEOPETHUECKHE HEOIPE/IEIIEHHOCTH, CBI3aHHbIE C B3aUMOAEHCTBUEM
JMME30aTOMOB C BEIIECTBOM, BHOCSAT HE3HAUUTENILHBIN BKJIAJl B BEIMYMHY OIIMOKH BPEMEHH.

Anexkcanap BacunbeBnu o0nazian KoioccaabHOW pabOTOCIIOCOOHOCTBIO, M MHE Ka3alloCh,
YTO OH TIPEPHIBAET CBOM 3aHATHS TOJBKO HAa BpeMs e€Ibl U CHA. PaboTa Oblma €ro OCHOBHBIM
COCTOSIHUEM, U OH COXPaHHJI CTPACTHOE yBIIeueHUe (PU3UKOM 10 KOHLIA CBOEH >KU3HH.

BMmecTe ¢ TeM OH roTOB OBIIT IIEAPO TPATHTh CBOE BpeMs Ha JIOOOTo (H3nKa, KOTOPHIi
oOpaiaicst K HeMy 3a Hay4yHOH momouipio. Ero HayuHas mienpocTs momoriia O4eHb MHOTHM
JIOISIM CTaTh COABTOPAaMHM MHOTHX XOPOIIMX paboT. S mosaraio, 94TO 4acTh 3THUX (H3HKOB HE
cMorna OBl CaMOCTOSATENBHO IOIYYHUTh T€ PE3yNIbTaThl, KOTOpbIe OBUIM NPEACTAaBICHBI B HX
ctatesix ¢ A.B. TapacoBeM.

OH oueHb JIIDOWII CBOUX CHIHOBEH M 104b. Korma oHu 0osienu, OH Jena Bce, YTO0bl TOMOYb
UM, U OYECHb CHIIBHO TIEpPEXHBaJI, €CIIM 3a00JIeBaHNE OBUIO CEPhE3HBIM.

Anexcannp BacwibeBud Obin Oe3pas3iiueH K HaydHOH Kapbepe. Sl MHOTO pa3 IpOCHI €ro
3aIIUTUTH JOKTOPCKYIO AuccepTaruio. OIHaXIbI CBHAECTENEM TAaKOTO Pa3roBopa ObIIT JUPEKTOP
JITO A.T. Gununios, KOTOPHIH Takke PEKOMEH0BAI HE OTKJIABIBATh 3aIUTy U OCYIIECTBUTH
ee Ha JluccepranmonHoM copere JIT®. Anekcannp BacunbeBud cornamrancsi, HO HUYETO He
JieNlall: OH MOT 3aHUMAThCsI TOJIBKO T€M, YTO €r0 UHTEPECOBAJIO.

B nocnegnue rogsr A.B. TapacoB XOTE€N yTOYHHTH TEOPHIO MHOTOKPATHOTO PACCESHHUS.
Vnydmienue 3Toi Teopun ObIII0 OBl BasKHBIM HAay4HBIM AOCTHKeHHeM. K coxaneHuto, 605e3Hb
MIOMeIIaa OCYIMECTBICHNIO 3TOTO 3aMBICIIA U, CKOPEE BCETr0, Pa3BUTHE dTON TEOPHH HE COCTO-
UTCSI B TEUYCHHE MHOTHX JIET.

Bce MBI oTepsui TaNlaHTIIMBOTO (pr3KKa, MOTY4HBIIETO 3aMeyarelibHbIe HayuHbIE Pe3yJibTa-
THI, ¥ O4€Hb 100POT0 YeI0BeKa, KOTOPHIH IIeApO NOMOTAI KOJUIeraM, HE CUUTAasICh CO BPEMEHEM.

PaGora ¢ Asekcanapom Bacuiabesnuem TapacoBbiM

JL.I. ApanacneB
Obvedunennvlil uHCmumym A0epHvlx ucciedoganutl, /[yona

Moe 3HaKoMCTBO ¢ AnekcaHapoM BacunbeBruyem coctosiochk B koHIle 1980-x ronos, Toraa
MBI paboTaiy Ha OMHOM 3Taxke. Halia rpymma HaynHaa 3KCIIEPUMEHT IO U3yUYCHHIO BOJIOPOJIO-
MO0OHBIX ATOMOB, COCTOSIIIUX U3 3aPSHKSHHBIX ITMOHOB — MUOHUYMA. J[JIs ONTHMH3AIHH IKCTIe-
PHMEHTA U [OJTyYeHHs] OCHOBHOTO Pe3yJIbTara M0 BPEeMEHH JKU3HH MHOHINYMa ObLIO HEOOXOIHUMO
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ONHCaTh €T0 HBOJIIOIMIO KaK MPOCTEHIIe MHOTOYpOBHEBOM KBAHTOBOM CHUCTEMBI MPU ABUKECHUU
B BenlectBe. Kazanock Obl, 4TO MOXKeET ObITh OOJiee M3y4eHHBIM, 4eM Boopos. Ho BBISICHUIIOCH,
410 (OPMQAKTOPEI BOIOPONOIIOAOOHBIX aTOMOB JUIS MPOU3BOJIEHBIX HA4YajbHBIX M KOHEUYHBIX
COCTOSIHMI — 3aj1a4a, HEe pEeIICHHAs B OOILIeM BHJE, TOYHEE, B BHJE, IPUEMIIEMOM JUIS KaKHX-
00 TMPAaKTHYECKUX pacdeToB. MIMEHHO 3Ta KilaccHuecKas 3a/ada KBAaHTOBOW MEXaHWKH OblIa
pemena AnexcarapoM BacniseBndaem TapacoBeiM B pabotax “Elastic form factors of hydrogen-
like atoms in nS-states” u “Passage of atoms formed by T - and m—-mesons through a matter .
Ha ocHoBaHuM 3THX pe3ynsTaroB ObUT pa3paboTaH METOI BBHIYMCIICHHUS BEPOSITHOCTH pa3Baja
MTMOHUYMA TIPU JIBIKCHUH B BEIIECTBE. DTO IO3BOJIMIO MOJYYHUThH PE3YJBTaT 110 HAOIIOICHUIO
NMOHUYMa B 3KcHepuMeHTe Ha yckopurene Y-70 B IIporBuHo. BrnocienctBuu 3TOT MeTOx
OBbIT MCIIONB30BaH IPH IIAHUPOBAHWU M MOTYYEHHN (DM3MUYECKOTO pe3ylbrara 3KCIEPHMEHTa
DIRAC 1o ToYHOMY HW3MEPEHHUIO BPEeMEHH JKU3HH MUOHHYyMa M APYTHX aJPOHHBIX aTOMOB Ha
yckopurene PS B [IEPH.

TpeGoBaHus dKCIIepUMEHTa K TOYHOCTH 3THX pacdyeToB Bo3pactaiu, M AlnekcaHap Ba-
CHJIbEBUY BHEC CYIIECTBEHHBIH BKJIAJ B JaJIbHEHIICe pa3BUTHE TCOPHH B3aWMOJCHCTBUS pe-
JIATHBUCTCKUX BOZOPOIOIIOJOOHBIX aToMOB C BemecTBoM. B 1999 rony Obina omy0OnmukoBaHa
pabora “Total interaction cross sections of relativistic 7w~ -atoms with ordinary atoms in the
eikonal approach”, B KOTOpPOH TOJHBIE CEYSHHsI B3aUMOJICHCTBUSI MMOHUYMa C aTOMOM OBLIH
MOJTyYeHbI B TNIayOEpPOBCKOM MPUONMKEHHUH, YYUTHIBAIOIIEM MHOTO(OTOHHBIE OOMEHBI.

B 2002 rony ony6nukosana padota “Contribution of o-terms to the total interaction cross
sections of relativistic elementary atoms with atoms of matter” 10 y4eTy MarHUTHOH 9acTH
B3aUMOJICHCTBHS MMMOHUYMa C BemecTBoM. [loka3aHo, 94TO 3TOT BKJIAA MOAABIEH ¢ Ko3ddumnn-
eHTOM (/ TI0 CPABHEHHIO C SNMEKTPUYECKMM B3aUMOJIEHCTBUEM, PACCMOTPEHHBIM B MPEIbIAYIIHX
paborax.

U, naxoner, B 2004 roxy Obu1a BEINIOJHEHA eIlle OAHA “Kiaccudeckas’” pabora “Dynamics of
the pionium with the density matrix formalism”. B Heli mporiecc MPOXOKICHHUS THOHIYMa Yepe3
BEIIIECTBO ONMHUCAH B ()OPMAIN3ME MAaTPHIIBI ITIOTHOCTH. DTO MO3BOIHIIO YUECTh BCE BO3MOXKHBIC
HHTEep(EPEHIIMOHHBIE MPOIECCHl M CHSUIO OTPaHWYEHHE BEPOATHOTO TOIXO0/a, UCIIONB3yEeMOTO
panee. bbuto TOKa3aHO, YTO ATU MOIXOAB!I 00ECIEUNBAIOT MPAKTHYECKH COBIAIAIOIINE PE3YIIb-
tarbl. 11 5T0 000CHOBAIO TOYHOCTH PAaCYETOB 3aBUCUMOCTH BEPOSITHOCTH pa3Baja MHOHUYMa OT
€ro BpEeMEHH >KM3HH, KOTopas ucnoin3yercs B skciepumente DIRAC.

Bce 3T0 mo3BOAMIO OBECTHM TOYHOCTh PACUYETOB ceueHUM a0 ypoBHs ayuwme 0,5% u
HCKJIFOYMJIO BO3MOXKHBIN BKJIaJ TEOPETHYECKHUX HEOIPEICICHHOCTEH B KOHEUHBINH pE3ysbTar
skcniepumenta DIRAC.

Bouto eme MHOro 0OCYKIAeHHH pa3iMyHbIX acrnekToB skcriepumenTa DIRAC, B koTopbix
Anekcannp BacmibeBud moMoran HaM B NOHMMaHWM HIOAHCOB (usnueckux npodiem. JKais,
YTO MHOTHE M3 3THX OOCYKAEHHH Tak M He ObUIH JTOBEICHBI 10 MmyOnukanuu. Beerna nopaxa-
JI0O HEBEPOATHO IIyOOKOE MOHMMaHMEe AJIEKCaHIpOM BacuibeBHUYeM BCEX TOHKOCTEH (H3HKH,
KBaHTOBOI MEXaHMKH M MaTeMaTH4ecKoil (PU3MKH, €r0 yMEHHE JOBECTHU MOIY4YCHHBIH pe3ysibTar
JI0 BU/Ia, YIOOHOTO ISl KOHEYHBIX BBIYMCICHUN M HYKHOTO JuIs 9KkcriepuMenTa. Celiuac o4eHb
PEIKO BCTPEYAIOTCS JIIOH, HACTOJIBKO JII00AIIME U 3Hatomue Gu3nky. 1 npu stom Anexcanap
BacunbeBrnd ObUT yAMBUTENBEHBIM YEJIIOBEKOM, ¢ KOTOPBIM MOKHO OBIIO OOIIATHCS Ha JIIOOYIO
TEMY 1 MOIy4aTh OT 3TOTO yIOBOJIbCTBHE. MOXKHO CKa3aTh, YTO MHE MOCYACTIIMBHIIOCH PabOTaTh
¢ BeIgarommmMcs (usnkom-teopetnkoM! Kak oH roBopmi o cebe B IIyTKy, HMesl B BHIY CBOIO
BHEIIHOCTh, KPYIIHBIM U OJECTAIINM y4eHbIM!
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Bocnomuunanusa o Camre

B.3. KonexuoBuu
Texnuueckuii ynusepcumem um. @edepuxo Canma-Mapuu, Barenapauco, Yunu

Hama npy»x06a ¢ Carmeif Haganach cpa3y Iociie TOro, Kak Mbl IIO3HAaKOMIUTHCH, B 1969 rony.
S moctynun B acnupantypy K JIeBy Mocudosuuy Jlamunycy, a Cama ObUT €ro yYeHUKOM U YKe
paboTain. MBI Ipy>XHIH CEMbSMH U TIPOBOAMINA BMECTE MHOTO BPEMEHH.

WnTtepecHo, uto B TO BpeMms U moke Cama W s yBICKINCH TEOpPHEH B3aMMOACHCTBUS
C SAApaMH TPH BBICOKUX JHEPTHSAX M MHOTHE TOIbl padOTamy MapajuiebHO Haj ONM3KUMH
npobiieMamMu He mepecekasich. Caia penran npoOieMbl T1ay0epoBCKON MOJIETH, B KOTOPO# OH,
0€3yCIIOBHO, CTall JIMIUPYIOIIUM MHPOBBIM JKCIIEpTOM. MBI, OTIaBasi JaHb MOJE, BMECTE CO
JIeBom Hocudosuyem Jlanmaycom n Anemeld 3aMOJIOAYMKOBBIM HPEUIOKHUIN U Pa3BUBAIH
nunonbHBIA moaxon B KX/,

Hamra nepsast coBmectHas ¢ Camreii paboTa mosiBHIach TOJBKO YETBEPTH Beka cirycTs. K
ATOMY TIEPHOMY HaIllel XKU3HHU s cpady u mepeimy. Cama mpuexan ko MHe B lelinenb0epr B
1997 rony, 1 TaM HavajloCh Hallle TECHOE COTPYAHHUYECTBO, KOTOPOE MPOJIOIKAIOCh IO KOHIIA
€ro JKU3HHU.

K atomy Bpemenn Carra pa3zpaboras TEXHUKY HHTETPAJIOB IO ITyTSM AJIsl OITMCAHHS IIPOXOK-
JICHUSI IO3UTPOHHEB Yepe3 cpey. ITOT METO ] ObLT UMEHHO TE€M 3B€HOM, KOTOPBII OTCYTCTBOBAI
B qumobHOM nogxone B KX/I. IlepBast 3amada, KOTOPYIO HaM yIaI0Ch PENIUTh (BMECTE C HAIITUM
HEMELKUM cTyaeHToM Moprom Pay(aiizeHOM), — KBAHTOBO-MEXaHHUECKOE OIMCAHHE SAEPHOI
skpaHupoBku [1]. K ToMy BpemeHu ObUTH M3BECTHHI JBa MOIX0Ja K 3Toi mpobneme. Tpagu-
LIMOHHBIN c1I0c00 BBIYMCIEHHUSI TPHOOBCKOTO HEYIPYTOro SKPaHUPOBAHUS TOAMICS TOJBKO JUIS
CaMoro JIETKOTO si/ipa — JAeTpona. Ha Gonee TsoKeNmbIX Aapax BOHUKAIM HEYIPYTHE TOTPaBKH
BBICIINX MOPSAIKOB, KOTOpBIE HE MODIM OBITh NMOCYMTaHBI M3BECTHBIMH criocobamu. Tem He
MeHee B 3TOM MOAXO0/1e OBUIM H3BECTHHI (ha30BBIE CABUIH MEXKIY aMIUIUTYIaMH B3aUMOJICHCTBHS
Ha Pa3HBIX AJCPHBIX HYKIOHAX, TOCKOIBKY MacChl HEYNIPYTUX MPOMEXYTOUHBIX COCTOSHHUH SIBHO
MIPUCYTCTBOBAJIM B pacyeTax.

ANBTepHaTUBHOE ONHMCAHUE SACPHOW 3KPAHMPOBKH, NMPEINIOKCHHOE HAMHU paHee B paMKax
JUTIOIBHOTO TIOJIX0/1A, TI03BOIISLIO 3(h(hEeKTUBHO TPOCYMMHUPOBATh 'PHOOBCKHE MTONIPABKU BO BCEX
MOpsIIKax, HO 3TO PabOTaI0 TOIBKO IPH OUEHBb BHICOKUX SHEPTUAX (MM MaJbIX ObEPKCHOBCKUX
T), TA€ pa3Mepbl TUMONEH “3aMOpOXKEHBI” JIOPESHIIOBCKUM pacTshkeHneM Bpemenu. [Ipu Gomee
HU3KUX SHEPrHUsx (a3oBble CIBUTH HEU3BECTHBI, MOCKOJIBKY JTUIIONIHM HE 00JIa/IatoT ONpe/esIeH-
HOI MaccoH.

Pemrenue, mo3BosronIee OMHOBPEMEHHO “‘CHISTh HA O0OWX CTYNIBSX’, T.e. CYMMHPOBATh
rpuOOBCKHE TIONIPaBKH HE NpeHeOperas (a3oBbIMU CIABUTAMH, ObLIO HaiijgeHo B [1] B pam-
Kax MHTETpajioB 1o myTsM. Ilocie MHTerpupoBaHUS 1O BCEM BO3MOXKHBIM (HEKJIACCHYECKUM)
TPaeKTOPHSIM I[BETOBBIX 3apsioB Bo3HHMKaeT ypaBHeHue Lllpeauurepa mis dynkuum [puHa,
OITMCHIBAIOIICH pacrpoCTpaHEeHHE B CPEie C YyYETOM IOIIOLIEHHUS U (Pa30BBIX CIBUIOB. JTOT
pe3yabTar 0 CUX MOp OCTAeTCs SIUHCTBEHHBIM M3BECTHBIM CTPOI'MM KBAHTOBO-MEXaHWYECKUM
pelIeHreM IpoOIeMbl SAEPHOM SKPAHUPOBKU.

Jpyroe mpuMeHeHre TeXHUKa MHTErPaJIOB 1O MyTAM HaIa B mpobieMe n3mydeHus ¢orto-
HOB U TJIFOOHOB IIBETOBBIMH 3apsiiaMH, MPOXOIAIIMMH Yepe3 MOMIOHIAoNIyto cpeay [2]. Xors
B 9TOM cilydae OECIBETHBIC IMIIONM HE TPHCYTCTBYIOT B OyKBaJbHOM CMBICJIE, aMIUIUTY/aA
Iporecca, BO3BEACHHAs B KBaJpaT, CONEPKUT LIBETOBBIC 3apsibl C Pa3HBIMU HPHULIEITEHBIMH
rapaMeTpaMH, 4TO TPHUBOIMT K TOABICHHIO 3()(EKTUBHBIX Aumoiel. B ciyuae msmydeHus
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(OTOHOB WIIM APEIUI-STHOBCKUX JIEITOHHBIX Map 3TH JUIIONH COCTOSAT M3 KBapka M aHTHUKBapKa.
[Tpu u3nyYeHNH DIIOOHOB 3TO — OOJIee CIOKHBIE JUTIONH, TAK)Ke BKIFOYAIOIINE TIIFOOH.

JlunonbHoOe onucaHue, Kak U B Cilydae ITyOOKO HEYIpYroro paccesHus, MO3BOJIHIO CTPOTO
KBaHTOBO-MEXaHUUYECKH, HO BECbMa MPOCTO BBIYUCINTH dPQEKTH sIEpHOI SKPaHUPOBKU TIPH
N3JTy4eHNH OSCIBETHBIX M IIBETHBIX KBAaHTOB MTAPTOHAMH, MHOTOKPATHO B3aMMOZIEHCTBYIOIINMHA
B cpene. [loTeHnman Ha cBETOBOM KOHYyce, BXOIsIMi B ypaBHeHue Ilpenunrepa amst GpyHKIun
I'puna, onMchIBarole NMPOXOKIACHUE NUIIOIEH uepe3 Cpely, COACPKHUT KaK MHUMYIO 4acTb,
OTBECTCTBCHHYIO 3a MNOMIOMICHUC, TaK U PpC€ajibHYIO, ONHCHIBAIOLIYIO B3aHMOﬂeﬁCTBHe BHYTpHU
JIATIOJS.

Ot0 HenepTypOaTHBHBINA 3PQEKT, KOTOPHIH, KOHEUYHO, MOJEIBHO 3aBHCHM, HO B paboTe
[3] peasipHAs 4acTh MOTEHIMATIA HE MOACIMPOBAach, a MOATOHANACH 1O AaHHBIE. [Iporecc,
YYBCTBUTEIBHBIM K 3TOMY Hapamerpy, — 3TO IU(PAKINOHHAS IWUCCOIMANNSA B COCTOSHHS C
OOJNBILION MHBAapHAHTHOW MAaccoi, CeYeHHEe KOTOPOW HM3BECTHO CBOEH MaJoCThiO. B pemkes-
CKOM (peHOMEHOJIOTHH 3TOT (DAKT CBSA3BIBAJICS C MaJOCTBIO TPEXHOMEPOHHOW KOHCTAHTHI, YTO
HE HMMEJI0 AWHAMHYECKOTO OOBsICHEHWS. B AnmosbHOM onmucaHuM MajocTb NU(PAKIHOHHOH
JVCCOIMAINY CBSI3aHA C CHIIBHBIM HETIEPTYPOAaTHBHBIM B3aMMOAEHCTBUEM MEXKAY M3ITy4aeMbIM
TTIOOHOM M MCTOYHHKOM. AHAaJHM3 JaHHBIX 10 JU(PPAKIMH, BHITIOJIHSHHBIH B [3], OKa3all, 9To
CpeIHUI pa3Mep KBapK-TIOOHHBIX aumoiieii Becbma mMan — 0,3 depmu. D10, B CBOIO Ouepenb,
MIPUBOUT K BaKHBIM HaOmomaeMbiM dddexTaM, 4To Ype3BBIYANHHO BaXKHO JUIS ITOHUMAaHHS
SIIEPHBIX CTONKHOBeHUH npu sHeprusx LHC.

B wactHocTH, B [3] ObUTO Mpencka3aHO O4YEeHb claboe sAepHOE SKPAHUPOBAHUE TITIOOHOB.
OmHUM W3 TIPOSIBIICHUH MaJOCTH TIFOOHHBIX JMITONICH SBISIETCS cnaboCcTh sSaepHBIX 3P dexToB
Ipu pOKACHUU aIpOHOB C OOJIBIINMHK NONECPECYHBIMU UMITYJIbCAMHU. Manas BeIMunuHA AAECPHOTO
yeunenus (okoso 10%), u3BectHoro moj Hazpanuem ¢ dekr Kponuna, Obuia npeackasana B [4]
nipu sHepruu RHIC. TIpenckasanne OblI0 HETPUBHAIBHBIM, TOCKOIBKY B APYTUX MOJAEISAX yCH-
JeHre OBUIO B HECKONBKO pa3 Oojbiie u mpu Oonee HU3KUX 3Heprusix FNAL (puxcupoBaHHas
mumnens) 3¢ ekt Habmonancs Ha yposHe 100%. elicTBuTensHo, B skcriepumenTe PHENIX B
dA-coynapenusix 10%-it apdext ObUT MOATBEPK/ICH.

3TO TOJBKO HECKOJIBKO IPUMEPOB pe3y/bTaToB Hamrero ¢ Camield COTpyJHH4eCTBa, KOTOPOe,
s TyMao, ObUIO OYEeHb YCHENIHbIM. BOJBIIMHCTBO HAIIMX COBMECTHBIX IMyOJIHMKalMid HMeEeT
BBICOKHI ypOBEHb HUTHPYyEeMOCTH — oKoio 100 u BbiwIe.

Ckopo rox, kak Carim He cTalo, a s 10 CUX MOp HE MOTY a/IallTHPOBATHCS K TOMY, YTO JTOJDKCH
pabotarb ofuH. Hamm auckyccuu, 9acto 1o tenaedony, ObIITH HeOOXOMUMBI 1JIs paboThl. Teneph
HE ¢ KeM 00CYy/INTbh, TOCOBETOBATHCHL. .
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Kparkuii ouepk KU3HU U 1eATEJIbHOCTH
Anekcanapa TapacoBa

0.0. Bockpecenckas
ObveduHerHbIl UHCTUMYm 10EepPHbIX ucciedosanuil, [youa

Cama TapacoB poawics 5 utons 1942 roga B PoctoBckoii ob6mactu. OH poc B MHOTOAETHOM
cembe U ObuT cperu Aerei crapumM. Ot otua Caina yHaciaeaoBal HeIOKHHHbIE (U3HUECKHe
JaHHBIE, OT MAaTCPH-YUUTEIbHUIBI — WHTEIUIEKT, BEJIMKOJICIHYIO MaMsTh, MPEIPacIOiIoKeH-
HOCTh K y4yeOe M MpernoaBaHui0 U CIHOCOOHOCTh AeNaTh BCE MCKIIOYUTENIFHO XOPOmO. BhITh
OTIMYHUKOM-MEJAIICTOM OH OBLT MOdYTH oOpedeH. M oH ObUT MM Ha NPOTSHKEHHH BCEX JIET
y4eObl B CpeHEeH W BBICIIEH IIKOJIE.

B mxony Cama Obu1 oTnan B 6 JieT. PaHO BBISIBUIIUCH €ro (pu3MKo-MareMaTHYeCKHE CIIO-
cobHoctu. OH pacckasbiBall, Kak 110 J0OpOre K IIKOJE, BJallK OT Hee, ero BCerjga BCTpedasu
JPY3bs-OIHOKIACCHUKHU ¥ OH JEJHJICS ¢ HUMH CBOMMH peleHnsIMHy 3a1a4. Koneano sxe, Camra
6611 ynoctoeH Menany. Jlerko moctynui Ha GU3HKO-MaTeMaTHdeckuil hakyipreT XapbKOBCKOTO
YHUBEPCHUTETA U TOMOT TIOCTYNUTh B XapbKOBCKHE BY3bl MHOTMM CBOMM ToBapumiaM. CraBas
BCE JIOCPOYHO M OTJIIMYHO, OH OBUI Ha Kypce €IMHCTBEHHBIM, a 332 BCIO UCTOPHIO (aKyJbreTa
TPETbUM JICHUHCKAM CTHIICHIMATOM, [0 BOCIIOMHHAHMSAM €ro Apyra M COKypcHHKa [eoprus
Bouexka.

B crynenueckuii nepuon Ha CammHO pa3BUTHE OONBINOE BIMSHHE OKa3al MX CTapoOCTa,
(poHTOBUK M MHTEIUMTEHT Padkar Axmepos. OH BBen Cairy B MHp KJIACCUYECKOH MY3bIKH, B
kotopoM Callla TIpOIOJKaIT JKUTh JI0 KOHIA cBoux JHeil. Cairy Bceraa MpHBJIEKal WHTEIUICKT,
BJICKJIO K MPEKPACHOMY. .HIO[[I/I HWHTCJUIMTCHTHBIC, HE3AaYyPsAHbIC CTAHOBUJIMCH €0 APY3bIMU U
OKa3bIBaIM OOINBIIOE BIMSHUE HA HEro. B pasHble mepHozbl CBOEH )XKN3HU OH OBUT Pa3HBIM: OH
HE CTOsUT Ha MEeCTe — OH IIel Brepea. M B *Ku3HU, U B HayKe OH Opajcs 3a To, 3a 4To He Opacs
HHUKTO, — W JeJIal 3TO!

Paboran Camra Besne m Bcerma. He mpukacasce k Oymare, OH MOT NpOZAETHIBATE B yMe
TUTAaHTCKHE OOBEMBI BBI‘-II/ICJ'ICHI/II‘/II, 1, JMIIb IMOJY4YUB PE3YJbTaT, 3alMCbIiBajl €ro. HpI/I 9TOM
0o Jlenanuch, TM00 HEeT HaOpOCKW BbIBoAa. PemuB 3amady, oH Tepsia K Heil uHTepec. Ero
yBIIeKaJ Ipouecc peuieHus 3anaun. [lyonukanun ne mHTepecoBanu ero. M ecnm Obl He coas-
TOPBI, OONBIIMHCTBO €ro paboT, HABEPHOE, OCTANOCh OBl HEOITyOMMKOBaHHBIM. HacTh ke padboT
ocTayiach OIMyOJMKOBAaHHOH JIUIIG B mpenpuHTax. K coxanenuto, coero Jlugmmia He ObIIO0 Yy
HEro.

O)lHaKO npu KEJIaHUU OH MOTI' IHCATh, 663 MMPCYyBCIIMYCHUS, HAYYHBIC ITO3MbI, COUCTAB-
mye B cebe BbICOYAHIINI Hay4YHBIH MPO(ECCHOHAIN3M C JIOCTOMHCTBAMH XyHIOXXECTBEHHOTO
npousBeneHus. OH oOnazan 9yBCTBOM (OPMBI M MMEI NMPEKPACHBIN XyI0XKECTBEHHBIH BKYC.
Bormpekn “He3HaHWIO AHIIIMHCKOTO”, CBOMMH AHITIMHCKUMH BBIPOKEHUSMHU OH TPHUBOIWI B
BOCTOPT" HOCHTENEH 3TOTO sA3bIKa. A peds ero Oputa ahopUCTUYHA, KaK y ero Jodumoro Mrops
I'y6epmana.

B cBoeit obnactu Camra 6611 9kcrieproM. EMy 06110 1o0cTaTOqHO GpOCHTH OCIUIbINA B3I Ha
paboTy, 4TOOBI BEISIBUTH UMeIoIKecs B Hell HenodeTsl. OHako ()eHOMEHAIbHBINH KpUTHIECKUI
CKJIAJl €TO yMa He MPETATCTBOBA MPOSBICHUIO €r0 TBOPUECKOTO Havyasia 1 JIMIIb CIOCOOCTBOBAI
KOPPEKTHOCTH €T0 COOCTBEHHBIX PadoT.

I/ICHOHLSyeMBIM MAaTE€MaTU4YCCKUM armnaparomM — TEXHUKOUN HUHTETrpUPOBaHUSA, KOHTUHYAJIb-
HOTO UHTETPUPOBaHUs, crelYHKIMH U Op. — OH Biajie] BUPTYO3HO. BCrioMuHaI0 Kyphe3HbIi
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ciydaii u3 mepuona ero pabotsl B MHcTuTyTe simepHoit ¢usuku uM. Maxkca Ilmanka. Oxux
U3 COTPYIHUKOB MHCTHTYTa HECKOJIBKO MECSIEB Oe3yCIeIIHO OWJICS Haja PelIeHHEM 3aJadu.
He ynaBamoch ImpoBeCTH KaKoe-TO CIOKHOE HHTEIPHPOBAHUE C HCIIOIB30BAHUEM MOIIHBIX
nporpamM. EMy nopexkomenioBanu obparutscs k Came TapacoBy. OH oOparuics. 1 kakoBo xe
OBLTO ero M3yMJICHHE, KOTJa MHHYT depe3 15 eMy ObUT mpenbsBIeH pe3yibTar!

Cama Mor ObI OJMHAKOBO YCIENIHO PaboTaTh B 00O 00IACTH TeopeTHdeckor Gu3uku. S
ABUJIACH CBHJETENIEM TOTO, KaK IJe-TO 3a MECALl C HyJIsI OH OCBOMJI COBEPIICHHO HE3HAKOMYIO
Juid cebs 0o0s1acTh, CBA3aHHYIO C MHTEIPHPYEMBIMH MOJENSIMHU, M CyMel NMOJYy4YHTh 4acTHOE
pelIeHre OHOM M3 “HepelacMbIX IpoldieM”, a TaKKe psA pe3yabTaToB, IPHU3HAHHBIX OYEHb
WHTEPECHBIMH KOpU(PEIMH 3TON HAyKH.

OpHaKo TO3BOJHTH ce0e POCKOIIb 3aHATHI BEIIaMH aOCTPaKTHBIMH OH W HE XOTel W He
Mor. Ero paGoTs! oTBedamn moTpebHOCTAM dKcepuMenTa. M nmuamazon 3tux padot mmpok. He
ocTaHaBIMBasCh Ha nepBbiX 30 romax padotel Camm B OUSIU, s mombiTaloch caenath KpaTkui
0030p OCHOBHBIX HANPaBICHHUI €ro MCCieAoBaHui 3a nocienuue 15 ner (1996 — 2011 rr) —
TIEPHO]] HAIIUX COBMECTHBIX Pa0OT — M KOPOTKO OXapPaKTEPHU3YIO KAKAOE U3 STHX HATIPABICHHUA.

I. PazBuTne Teopernyeckoil 0a3bl ONMCaHUs NMPOLECCOB 00PA30BAHMA PeJNATHBHCTCKUX
neMeHTapHbIX aToMOB (EA) 1 ux B3aumoneiictBusi ¢ BeuectBoM (DIRAC, CERN)

B 1995 romy mexnynaponHoi kosurabopanueit DIRAC, B coctaB koTopoii OblT BKIIOUEH
“rmaBHBI Teopetnk J{MIPAKa” Anexcannp BacumeeBuu TapacoB, ObLT OIMyOIHKOBaH MPOCKT
omHOMMEHHOTO SKcrepuMenta Ha PS CERN, nenbio KoToporo ssisnock onpeaenenue ¢ 10%-i
TOYHOCTBIO BPEMEHH )KU3HHU Ty OCHOBHOI'O COCTOSIHHSI aTOMOB MHOHHSI Ag,. C 3TOro MOMEHTa
Hayajach MHTEHCHUBHAs paboTa, CBSI3aHHAs C TEOPETUUECKOW MOJJIEPKKON JaHHOTO JKCIIEpH-
MEHTA.

Meron onpezeNieHusl BpeMEHH KU3HH PENIITUBUCTCKUX aTOMOB A, OBUI OCHOBaH Ha COIIO-
CTABJIEHMH DKCTIEPUMEHTAIIBHO M3MEPSAEMBIX BBIXOJIOB 11 7~ -1ap, 00pasyroIMXCcs B PE3YJIBTATE
noHM3aIuu As,; B KyIOHOBCKOM IIOJIE aTOMOB MHILICHH, C Pe3YJIbTaTaMH TEOPETHYECKOTO pac-
YyeTa 3THUX BENHWYMH, COIACPXKAILINX 7Ty B KadeCTBE IOATOHOYHOIO MapamMeTpa, W Ipearnoaral
HaJIMYUe JETallbHO pa3paboTaHHOW Teopun oOpas3oBaHus quMe3oatoMoB (JIMA) B mporeccax
MHO)KECTBEHHOTO POK/ICHHS YacTHIl MPH BBHICOKMX SHEPrHAX M MX B3aUMOJCHCTBHS C Bellle-
CTBOM MHILICHH.

OnHako Ha TOT MOMEHT MHOTHE IPOOIEMBI 3TOTO HOBOTO pa3/iela (hM3UKH BEICOKHX IHEPT Ui,
MOJIyYHBILIETO HA3BAHUE QUIUKU PETANUSUCTICKUX DNEMEHMAPHbIX amomog, elle He HaIlId
HAJJISKAILET0 pa3pelleHus], U MpH MOJYyYSHUN Pe3ylbTaToB, MPEACTaBISIONIMX MPAKTUIECKUH
HHTEpEC, HEPEIKO MCIOIb30BAINCH HE BIIOJHE OOOCHOBAaHHBIE YIPOIICHHS M HPUOIMKEHUS.
3TO0 BHOCHJIO MOTPEIIHOCTH B TEOPETHYECKHE PACUYEThl, KOTOPBIE, COBMECTHO C IKCIICPHUMEH-
TaJIbHBIMH TIOTPEITHOCTSIMU, COCTABISIIA PE3YABTHPYIOILYI0 OIIHOKY, TOPOH MPEBBIIIAOIIYIO
JIOIYCTUMYIO TIPU OTPE/ICICHUN BPEMEHH XKU3HH Ao, BbIIIEYKa3aHHBIM METOJIOM.

Anexcannp BacunbeBnu BHeC pemalolmuii BKJIaJ B pelleHHe 3TUX npodieM. MM Obuio
MI0Ka3aHO, YTO TOTAA KaK MPHOIIMKEHNS, HCIIOIb30BaBIINECS IIPH BBIBOZIE HauOoJIee CyIeCTBEH-
HeIX s npoekta DIRAC cootHomeHuit Teopun obpazoBarus JJMA, SBISIOTCS TOCTaTOYHO
IpyObIMHU, CaMH COOTHOIIECHUS CIIPABEUINBEI C BEICOKOH CTENEHBIO TOUHOCTH.

Tak, ynanocs mokasarb, 4To crelu(UIECKiIe 0COOEHHOCTH KyJIOHOBCKHX BOJHOBBIX (DYHK-
U 1.S-COCTOSTHUN aTOMOB Ao, MO3BOJSIOT HCIIOIB30BaTh NMPHOIMKEHHE “HYJIEBOT0” pamuyca
CHJIPHOTO B3aMMOJICHCTBHUS JJIs OTHOLICHHS CEYCHHH oOpa3oBaHHs As, B PasiuyHbIX N.S-
COCTOSIHUSIX JIaXK€ B TOM CIIydae, KOTJa paJiiyc CHIBHOTO B3auMozencTBus gocturaer 10 ¢m.
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Taxxxe ynanoch NpuiiTu K BEIBOAY O TOM, YTO 3((EKTH! CHIBHOTO U KYJIOHOBCKOTO B3aHMO-
JCUCTBUH B BOJIHOBBIX QyHKUMsAX n.S-coctossHui [IMA (akTopHu3yroTCcsi ¢ BHICOKOH CTENEHBIO
tounoctu (~ 107%), uto mo3Bonsger B 3amaye 06 obpazopamuu JIMA BKMOUHTH 3(dEKTHI
CHJIBHOTO B3aUMOJICHCTBHS B KOHEYHOM COCTOSHHU B “TIEPEHOPMHPOBKY’ aMILTHTYIBI 00pa3o-
BaHMs CBOOOIHBIX IMap M CBECTH 3aJady K PaCCMOTPEHHIO 00pa30BaHMS ATHUX aTOMOB C YHCTO
KYJIOHOBCKMMHM BOJTHOBBIMHU (pyHKITUsMU [1].

OpnHako OBUIO YCTaHOBIJICHO: MCIIOJIb30BaHUE OOPHOBCKOTO MPHUOMIKEHUS IS pacdera ce-
yeHui B3ammoneiictBus EA ¢ aromamu BellecTBa He oOecriedyMBaeT HEOOXOAMMOW TOYHOCTH
pacyeToB 3THX CEUYCHMH, YTO CTHMYIHPOBAIO PA3BUTHE TEXHUUYECKH OOJiee CIIOXKHOTO Iiayoe-
PpOBCKoro npuomkenns [2,3], oleHnBaeMasi TO4HOCTh KOTOPOTO ObuIa OM3Ka K HEOOXOIMMOM.
Bruto uccnenmoBano BiusHHE 3()(ekTOB BO3OY)KIOCHHS W HOHM3anWK aToMoB MumieHH (TA)
Ha BEJIMYMHBI CEUEHHUH WX KOTEPEHTHOTO M HEKOTePEeHTHOro B3ammozewcTBus ¢ EA B pamkax
OIITHYECKON MepTypOaTUBHOM MoJeny miayoepoBckol Teopur. KynbMuHalue pa3BUTHS SHKO-
HAJIHOTO TOJIX0/1a K OIIMCAHMIO B3aMMOAEHCTBUS PEISITUBHCTCKIX EA ¢ OTIenbHBIMU aToMamMu
BeIIleCTBA sIBIJIACH ()OPMYITHPOBKA HEIEPTYypOATHBHOI MOTHO¥ maybepoBckoit Teopunt EA-TA-
B3aUMOJICHCTBHS, YUNTHIBAIONIEH BO3ZMOKHOCTD BO30Y)KICHUS ¥ HOHU3AIMH B TIPOMEKYTOUHOM
1 KOHEYHOM COCTOSIHHSX KaK dJIEMEHTApHBIX aTOMOB, TaK M aTOMOB BemlecTBa [4].

W x0T ynanocs mpoieMOHCTPUPOBATH [5], 9TO TOUHOCTH BEPOSTHOCTHOTO TTOIX0/a K OIH-
CaHMIO BHYTpeHHel quHaMuku EA npu nx mpoxXokIeHUH yepes BeIeCTBO MUILIEHU A0CTaTOYHA
JUISL LIeJIeil TaHHOTO SKCIepHMEHTa, padoTa, TOCBSIIICHHas BBIBOAY KBAaHTOBBIX KHHETHYECKUX
YpaBHEHHH I SJIEMEHTOB MaTPHIBI INIOTHOCTH MHOTOYPOBHEBBIX aTOMHBIX CHCTEM, KOTOpast
MI03BOJIIJIA BHE PAMOK OOPHOBCKOTO MPHONMKEHUS OMHCATh 3BOJIONUIO BHYTPEHHETO COCTOS-
HUSI OTUX CHCTEM IPU UX JBIKCHHUHM B BEIECTBE C YYETOM HHTEP(PEPEHIMOHHBIX KBAHTOBO-
MexaHuueckux 3d¢dexroB [6], aBugercs (yHAaMEHTAIBHBIM BKJIAaJOM B pa3pabOTKy TEOpUH
B3aMMOJEHCTBUS PEIATUBUCTCKUX EA C BelecTBOM MUILEHH B LEIOM.

B 10 xe Bpems HeoOxomuMocCTh ydera 3()(eKTOB MHOTOKPATHOTO pacCesHHs MpU HUHTEp-
nperaruu JaHHBIX dKcriepuMenTa DIRAC mpuBena Anekcanzapa BacnipeBrda k mepecMoTpy
HEYHUTAPHON TEOPHH MHOTOKPAaTHOTO paccessHus Moibepa W €€ YCOBEPIISHCTBOBAHMIO HA
0a3e BOCCTaHOBJICHHSI COOTHOILICHUS] YHUTAPHOCTH M YTOYHEHHSI OCHOBHBIX COOTHOILICHUI ITOM
TEOpUH B paMKax I1ayOepoBCcKol amrpokcumanu [7].

Bbe3 mpeyBennueHuss MOXXHO yTBEpXkZIaTh, uTo AJekcaHap BacmibeBuu siBuics aBTOpOM
OCHOBOIIOJIATAIOMINX PAOOT B meopuu 06pazo8anus peisimueUCmcKux d1emMeHmapHulX amomos 6
npoyeccax MHONCECMBEHHO20 POAHCOCHUS YACMUY NPU BbICOKUX IHEPRUAX U UX G3AUMOOELICMEUS]
C 6eujecmeom.

I1. PacueTnl, cCBA3aHHbIE C MPOXO0XKIEHHEM TSAKeJIbIX PeJATHBHCTCKUX HOHOB Yepe3 Bellle-
¢TBo (JINR, CERN, GSI) n B3anMozeiicTBHeM MYYKOB TSKeJbIX PeJSITHBUCTCKAX HOHOB
(RHIC, LHC)

Wnrepecen nuki pabot Anekcanapa BacuinbeBuua, cBI3aHHBINH C POXOXKICHUEM TSDKEIBIX
PENIATUBUCTCKUX HMOHOB uUepe3 BEIECTBO U B3aHMMOJEIICTBUEM MYYKOB TSDKENBIX PENSTHBHUCT-
CKHUX HOHOB. B CBSI31 ¢ MHTEHCHBHBIMHU 3KCIIEPUMEHTAILHBIMA HCCIICIOBAHUSMH, TIPOBONBILIH-
MHCSI C ITy9KaMu TSDKeIbIX (Z« ~ 1) nonos (GSI, Japmmrranr, u ap.), crajia akTyalbHOM 3a/1a4a
a/IeKBaTHOTO OIHCAHUS MPOLIECCOB MHOTOKPATHOTO PACCESHUS M MOTEPh YHEPIHU TSDKEIBIMU
uoHaMu B BemlectBe. Criennduka mpoOiemMbl COCTOsIa B TOM, YTO TOYHOCTH OOPHOBCKOTO
MIPUOMIKEHHsI, TPAJAUIIMOHHO HCIIONIb30BABIIETOCS TPH PEIICHUH TOJ00HOr0 poja 3a1ad Juis
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ITyYKOB OJHO3apSAHBIX YAaCTHILl, OKa3bIBalach HEJOCTATOYHOH, U ObUIO HEOOXOIUMO pa3BUTHE
HOBBIX ITOJIXO/IOB K €€ PEIICHHIO.

B paborax [9,10] B 3TOM HanpaBlieHUH ObLT JOCTHTHYT CYLIECTBEHHBIH Iporpecc. B yactHo-
CTH, OblIa TTOJTHOCTBIO pellieHa 3a/1a4a pacyera CpeHUX IOTepb SHEPTUH HOHAMH B BEILIECTBE,
a TAK)Ke pacyeTa TAaKUX BaXKHBIX XapaKTEPUCTHK MX SHEPreTUYECKOrO paclpeesIeH s, KaK JqHc-
nepcus, aCHMMETPHS U DKCIIECC BO BCEX MOPAAKaxX 1Mo Za. I[Ipy 3ToM oTim4me oT pe3ysbTaTos
OOPHOBCKOTO MPHOIMHKEHHUS JJIs1 HEKOTOPBIX M3 3THX BEIMYHH JOCTHUIAI0 HECKOJIBKUX COTEH
MIPOIIEHTOB, YTO MO3BOJIUIO OOBSICHUTH Pe3yiIbTaThl U3MEpPEeHUH, poBeeHHbIX B GSI.

Bbun pa3BuT noxxox K perieHuo Hanbosiee oOIiei mpoOieMbl NCCIIeJOBaHUs SHEpreTHye-
CKHX TOTEpPhb TSHKEJIBIMH HOHAMU — PacdeTy MX SHEPreTHYecKUX paclipeneneHnid 6e3 orpaHu-
YECHUS Ha BENWYUHY Zcv. IIpennpuHAT aHanm3 mpoOieMbl MHOTOKPAaTHOTO PacCesHHS TSDKEIBIX
HMOHOB B BEIIECTBE, MMOKA3aBIINI HEYHUTAPHOCTH TPAJAWUIIMOHHO HCIOJIH30BABIIETOCS IS pe-
LIEHUs 3TOH 3a1auu mpuOImKeHuss Monbepa U aJleKBaTHOCTh PelIaeMoil 3a/1a4e TPHOIKSHUS
I'mayGepa.

Pesynbrarel aHamu3a OpHUBENM K HEOXKHUIAHHOMY BBIBOAY O TOM, YTO CIIOXKHUBILEECS Ha
OCHOBaHHH PACUETOB B OOPHOBCKOM NPHOIIMKEHUH MPEACTABICHNE O JOMHUHUPYIOIIEM BKJIAZIe
B MHOTOKPAaTHOE PAcCesHHE IMPOLECCOB YNPYIOro PacCesHHs 3apsHKEHHBIX YAacTUIL aTOMaMH
BEIIECTBAa HE BEPHO B CIy4ae PACCEsHMA TSDKENbIX HOHOB. B MHOTOKpaTHOE paccesHue Td-
JKEJIBIX MOHOB CYIIECTBEHHBIH BKJIAJ BHOCAT IPOLIECCH BO3OY)KICHUS W MOHU3AIMU aTOMOB
BEIIECTBA, YTO JOJKHO MPUBOAUTH K 3aMETHBIM KOPPEJALUSIM B COBMECTHOM DHEPreTUYECKH-
YIJIOBOM pacHpeeeHuH ITyYKa HOHOB, MIPOIIEANINX Yepe3 cloi BemecTBa. K coxkanenuto, 5Ti
pE3yIbTaThl OCTAINCh HE3aBEPIICHHBIMU M HEOITyOIMKOBAaHHBIMH HM3-32 cMemleHus CalInHbIX
HHTEPECOB B 001acTh, cBs3aHHYyI0 ¢ dKkcnepuMeHToM DIRAC.

II1. Pa3BuTHe Teopuu 00pa30BaHMsA JIENTOHHLIX NMap B SIAPO-A/IEPHBIX COyAapeHUSIX U
CTOJIKHOBEHHUSAX PEJSAITHBHCTCKHX HOHOB BHEe PAMOK OOPHOBCKOI0 MPUOIMKEHHS

CymecTBeHeH BKIal paboT Asekcannpa BacuibeBrda B TEOPUIO 00pa30BaHUS JICTITOHHBIX
nap Ipu CBEPXBBICOKUX dHEprusx. VM mpeaioxkeH HOBBIH MOIAXOI K pacyeTy aMIUIATY/bI 00pa-
30BaHMS JICITOHHBIX Map B SAPO-SJICPHBIX COYIAPCHUAX HA OCHOBE BaTCOHOBCKOTO MPEICTAB-
JICHHS 3TOW aMIUIUTYABI U THIIOTE3bl ee HH(PAKPACHOH CTaOWIBHOCTH, TOKa3aHHOW B HU3IINX
MOpSAKaX TEOPHH BO3MYIICHUH. B paMkax 3Toro moaxoma yaalioch MPOBECTH 3PQEKTHBHOE
pPECYMMHpPOBaHHE psa TEOPHH BO3MYIICHHWH Ui aMIUIMTYOBl 0Opa30BaHHS Iap Ha OCHOBE
TeopeMbl BarcoHa W rumore3bl MH(OPAKpaCHON CTAOMIBHOCTH M MPEACTABUTH aMIUTUTYAY B
BHJIC OBICTPOCXOISIIETOCS Psijia UHPPAKPACHO-CTAOMIIBHBIX CJIaraeMbIX, CKOHCTPYHPOBaHHBIX
U3 DHKOHANBHBIX S-MaTPUYHBIX 3JIEMEHTOB JICNTOH-SIICPHBIX paccesHuil. I[lonydeHo sBHOE
BEIpAKEHHUE JUISI aMIDTHTYIBI, CIIPaBEIINBOE C TOYHOCTHIO IO BEIMYUH JAEBATOTO MOPSIKA IO
MTOCTOSTHHOW TOHKOW CTPYKTYPBL. YK€ IByMS IEPBBIMH CIIaTaeMBIMH 3TOTO PsAa 00eCIIeanBaeTCs
BBICOKasi TOYHOCTh BBIYMCIICHHS aMIUIATYIbI 00pa30BaHMs Map JaXe B CIy4ae CTOIKHOBCHHS
Tsokenbix saep [11,12]. MccnenoBansl 3ieKTpoMarHuTHBIC 3()(EKTHI BBICIIETO MOPsAKA K ceue-
HUSIM 00pa30BaHUs JICNITOHHBIX Tap B SIPO-SJICPHBIX coymapeHusx [13].

IV. UccnenoBanne npouneccoB 00pa3oBaHus YaCTHI ¢ 00JbIINMH MONEPEYHBIMH UMITYIb-
caMH B SIAPO-SAePHBIX COYIAPEHHX NMPH CBEPXBBICOKMX IHEPTHAX

B 1998 romy Hauancsi 3apyOexHbId NepHo[ XXU3HU U paboThl Anekcannpa BacunbeBunua,
OJIMH M3 CaMbIX CYACTIMBBIX B €ro >ku3HU. Ilepen HuUM oTkpbuics HOBbIM Mup. Camly Bcerna
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HMHTEPECOBAJIO HCTOPUUECKOE U KYJIBTYPHOE HaclIeMe YeI0BedeCcTBa. Tenepb OH UMeNl BO3MOXK-
HOCTB IIPUKOCHYTHCSA K COKPOBHUIIIAM €BPOMNEHCKON KyJIBTYpHI U YKaJHO BIMTHIBAT €€.

B atot nepuon padotsr B MPI sineproii ¢pusuku nu UHctutyTte Teopernyeckor ¢pusmku [eid-
nensoeprckoro yausepcutera (I'epmanns) BMecte ¢ bopucom Komennoprdem um ObUIO Omyo0-
JTUKOBAHO OKOJIO TPEX JECATKOB MPEKPACHBIX pabOT, HOCBAIICHHBIX TEOPETUICCKOMY OTIHCAHHIO
00pa3oBaHMS YaCTHUI[ C OOIBITMMH TOTIEPEIHBIMHI UMITYJIBCAMH B SAPO-SICPHBIX COYTAPCHUSAX.
S yxaxy JUIIb HAa HEKOTOphIe U3 HUX [14-24].

Tak, B yactHOocTH, B [14-16] ObLIa MpoBeleHA MPOBEPKA MPUMEHHUMOCTH JUIIOJIEHOTO
IIOIX0/Ia CBETOBOTO KOHYCa K OITMCAHUIO XapaKTEPUCTUK MPOLIECCOB 00pa30BaHuUs Map KBAPKOB
U IJIIOOHOB B HYKJIOH-HYKJIOHHBIX, HYKJIOH-SJIEPHBIX U SAPO-SIEPHBIX COYIApEHUSX; JaH aHa-
i3 3QPEKTOB MHOTOKPATHOTO B3aUMOJCHCTBHS CTAJIKUBAIOMINXCS YACTHIl B PaMKax JAaHHOTO
nonxona [14-17]. ITomyueHo mocnenoBareIbHOEC KBAHTOBO-MEXAaHMUECKOE OMUCAHUE SIACPHOMN
9KPaHUPOBKU HAa OCHOBE pa3paboTaHHOW AJiekcaHIpoM BacuibeBHYEeM TEXHUKUA KOHTHHYAJb-
Horo uHTerpuposanus [18,19]. [Ipoussenen pacuer suepHbix 3¢ dekToB B mporeccax oopaso-
BaHU aJIPOHOB C OOJBIINMH TOMEPEYHBIMU UMITYIBCAMH B HYKIJIOH-SICPHBIX U SIPO-SACPHBIX
COyZIapeHUsIX PU CBEPXBBICOKUX dHeprusax [15,16,20]; paccuntansl cedeHNs TUPPaKIHOHHOTO
POXKJICHHS 7)c-, J /1)- U X-ME30HOB B HYKJIOH-HYKJIOHHBIX COyIapPEHHsX IIPH SHEPTHAX TOBATPOHA
u RHIC [21].

PaboThl JaHHOTO MEpHOAa OTIMYAIOTCSA 0COOCHHO BBICOKOH HUTHUpyeMocThio: [14] — 114;
[15] — 106; [17] — 82; [22] — 72; [18] — 71 u T.a. O HuX moapoOHee pacckaxeT caM bopuc
3uHOBBREeBHY. S nuIp 00Opamty BHUMaHuE Ha paboTs [18,19], meMoHCTpHUpyrOIIIe MacTepcKoe
prnagenne Camell TSDKEOW TEXHHKOW KOHTHHYAJIbHOTO WHTETPUPOBAHMS, PAa3BHTHE KOTOPOM
MIPUBEJIO K U3ALTHOMY BBIBOJTy KBAHTOBBIX KHHETHYECKUX yPaBHEHHUH JJIS1 MATPHUIIBI IUIOTHOCTH
B cucTeMe oTcyeTa, cBs3anHol ¢ EA [10].

V. OGecneyenne Teopernyeckoii 6a3pl npoextoB NA — 48/2 u NA — 62 ¢ neibio u3Bie-
YeHHS U3 KCIIePHMEHTANLHBIX JaHHBIX HH(pOpMAINN 0 JIHHAX 77- U 7/ -paccestHus

B 2005 rony omuH u3 mOOMMBIX YYeHHKOB AJiekcaHapa BacunbeBuua, ero “mepBeHeI]’
Cepreit ['eBopksiH HHUIIMHPOBAI ceputo padot [25-30] mo oOecreyeHHI0 TEOPETHUCCKOM 0a3bl
eme oqHoro 3kcrepumenTa [{EPH, npoBomuBmierocs xomnadopanueit NA-48/2.

B sT0i1 cepum paboT B paMKax KBAaHTOBO-MEXaHHMUYECKOTO ITOAXOAa OBLIO JaHO TEOpeTHYE-
CKO€ OTIMCaHNE TIOPOTOBBIX aHOMAJIHA, OOHAPY>KEHHBIX B dkcriepuMenTe NA-48/2; 060011eH pe-
synbrat H. Kabu660 ans ammiutyas! pacnaga K+ — 777070 ¢ yuetom Bcex snekrpomarnut-
HBIX 3((QEKTOB, pa3BUT METOA, MO3BOJIMBLIMN MPOCYMMHPOBATH MHOTOINETJIEBbIE HarpaMmbl,
OTBETCTBEHHBIC 3a B3aUMOJICHCTBHIE MHOHOB B KOHEYHOM COCTOSIHUHM; MIPEUIOKEHO 0ObSICHEHHE
PACXOXKICHUS MEXKAY IpEeICKa3aHIsIMH TCOPUU U SKCIICPUMEHTa BOIHM3H ITopora oO0pa3oBaHUs
JIByX 3apsKEHHBIX MUOHOB B pacmane K+ — 37 [25,26,29]. CpaBHeHune mpesckaszanmii pas-
BHUTOTO TOIXOAA C 3KCIEPUMEHTAIBHBIMHA JaHHBIMHU TTO3BOJIIJIO YIYYIIUTh COITACHE TEOPHH
U DKCIIEPUMEHTa, a Takke TOYHOCTh H3BIEKAEMBIX M3 AIKCIIEPUMEHTA JUIMH MHOH-MHOHHOTIO
paccestHusi. Ota cepus pador Obuta ynocroena B 2007 rogy npemuu OMSN.

Brutn monmydeHb! pe3yibTaThl 0 YUeTY AIEKTPOMArHUTHBIX 3¢ ¢ekToB B pacmane K4 [27].
[IpoBeneHo ob6ob6menne Teopembl @epmu-BarcoHa Ha ciaydall IBYX CBS3aHHBIX KAaHAJIOB C
HepaBHBIMU Maccamu [28]. JlaHa omneHka 3QQexToB HapyIIeHUs W30TOMMYECKOW WHBApHUAHT-
HOCTH B Paclajax 3apsHKEHHBIX KAOHOB WM WX BIMSHHUA HA BENWYMHBI JUIMH 77T-PacCesHHUSA,
U3BJIeKaeMble U3 dKcrepuMenTa [28,29], a Tarke addexra 0Opa3oBaHUS dIEeMEHTapHBIX Ay -
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aromoB B K 4-pacnane [30]. Otu pabotel oGoppanuck B (espane 2011 roga msz-3a TsKenoi
6one3nu Camm.

Cama yoOmi XHBOE €TI0 M C YIOBOJBCTBHEM 3aHMMAJICS TEOPETHUYECKON IOIIEPIKKOH
skcniepuMeHToB (DIRAC, NA-48/2 u np.). 1 XOTS MocTaHOBKAa MHOTHX 3a1a4, KOTOPBIMH €My
MIPUXOIWIOCH 3aHUMATHCS,, MOTHBHPOBAHA TE€M WM WHBIM SKCIEPHUMEHTOM, PEUICHHS 3THX
3aa4, TaKUX Kak BBIBOJ IPaBWJI CyMM JUIs pacdeTa IONHBIX CedeHuil B3ammoseiictBus EA
c aroMamu BeuiecTBa [8], popMynMpoBKa NOJHON Ii1aybepoBckoi Teopuu aromHoro EA-TA-
paccestHus [4], BBIBOJ CHCTEMBI KBAHTOBBIX KHHETHUECKUX YPaBHEHHUH JUIS SJIEMEHTOB MaTpPHIIbI
IUTOTHOCTH MHOTOYPOBHEBBIX aTOMHBIX CHCTEM [6], IEpECMOTp M yIydllIeHHe TeopuH Moibe-
pa B paMKax IiIayOepoBCKOH ammpokcuMaiiuu [7], oboOmenne teopemsl ®epmu—Barcona Ha
Clly4ail IByXKaHalbHOU 3aaaun [28], 06ob0menue apynetneBoro pesyasrata H. Kabu66o mms
aMIIUTyas! pacnaga K — 37 Ha Bce MOPSIKU IO CHJIBHOMY B3aMMOJEHCTBUIO [25], HaMHO-
IO MEPEKPHIBAIOT MOTPEOHOCTH KaXKAOTO OTAEIBHOIO SKCIIEPUMEHTa M UMEIOT CYIIECTBEHHOE
3HaYCHUE U (PU3MKHU BBICOKMX SHEPTHH W aTOMHOM (DM3HMKHU B LIEJIOM.

IToMuMO TTpaKTHYECKOW IIEHHOCTH B TEOPETUIECKON 3HAUNMOCTH, PE3yIbTaThl paboT AJek-
canjpa BacunbeBrnya oTin4anuchk kpacotoi. Tak, oueHb KpacHB pe3ynbrar 0000meHus Gopmy-
net H. Kabu660o mis amrmutynst pacnaga K + — 37 Ha Bce MOPSIAKK 10 JJIMHAM paccesHus U
JalbHEHIero ee 0000IEHUS ¢ YIETOM BCEX JIEKTPOMarHUTHBIX 3((eKToB, BKIIOYas 00pa3o-
BaHME CBSI3aHHBIX COCTOSIHUH [25], BIieYaTssieT ero TeXHNKa KOHTHUHYaJIbHOTO MHTETPUPOBAHHS
IIpu BBIBOZAE (HOPMYIBI ITOTHOTO CeYeHHs (POTOpOXKAEHHS Map KBapK—aHTHUKBAPK B IpoIeccax
DIS na sppax [18], a Taxke BBIBOIE KBAHTOBBIX KMHETHYECKMX YPAaBHEHHWH JUISI MaTpPHIIBI
IUIOTHOCTH MHOTOYPOBHEBBIX aTOMHBIX CUCTEM [6] u 1ip.

CoriacHO BHEITHUM OT3bIBaM, osydeHHble Calleil pe3ysibTaTbl BOCHIPUHUMAIHICh KaK Kiac-
cnyeckre. Kak u ero orel, coxxaieBIInii, 4To He pOAMIICS BEKOM paHblie, Camra coxane, 4To He
POIUIICS B TIEPHOJ], CTAHOBIICHHUS KBAHTOBOM TEOPHH. B 3TOT nepros oH, HECOMHEHHO, Ceacs
Ob1 omHUM m3 ee co3marenei. [To cBoemy ckmamy Carna ObUT KJITACCHKOM HayKH.

B mnocnennee BpeMsi, MBITasCh JOBECTH 0 IyOIMKaOEIBHOTO COCTOSIHUSI HEKOTOpBIE HE
OITyOJIMKOBaHHBIE UM pe3yibTarhl [4,7], st mumHuil pa3 yoexwiack B ToM, yro Cara paboran
Kak M3Tp. MBI EHCTBUTEIBHO YUEHHUKH 110 cpaBHEHUIO ¢ HUM. OH ke pabdoTan kak Macrep.

OueHpb XaJb, YTO B CBOE BPEMs OH OTKa3aJiCs 3alUIIaTh TOKTOPCKYIO Aucceprarnuio. 1
XOTsI B MOCJIEAHUE TOABI TOJ BIMSHHEM ONM3KUX €My JIIOZIed OH BCe Ke Habpocalsl ee IUIaH:
1) KorepeHTHOE POXKIACHHE PE30HAHCOB Ha siipax; 2) HEKOTEPEHTHBIC MPOIECCHl B aapoHax;
3) simpo-simepHoe paccesiHue; 4) MPOXMKICHUE TSKETIBIX HOHOB Yepe3 Bemiectso; 5) addekr
Jlannay-ITomepanuyka; 6) oopasoBanne EA u nx B3amMozmelcTBUE ¢ BEIIECTBOM; 7) AIEKTPO-
MarHuTHble 3¢GdexTsl B pacnagax Kszr, Keq u K,4; 8) poxaeHUe JENTOHHBIX Nap B AapoO-
SIIEPHBIX COYJApEHUSIX — HANMCATh U 3aIIUTHTh €€ My OBLIO YK€ HE CYXKICHO.

Xotenock Obl 100aBUTH HECKONBKO €i0B 0 Calle Kak YelloBeKe, MOCKOIbKY OH 00naman
HCKJTIOYUTEIbHBIMU YEJIOBEYECKIMH KadecTBaMH. BOJBIIMHCTBO JIOAEH 3aHATO CBOMMH IIPO-
OeMaMu, ¥ MX IIPOCTO HE XBaTaeT Ha APYIMX — pa3Be YTO Ha CBOMX OiamM3kux. OHU MOryT
MIPOWTH MHMO Te€X, KOMy HY’>KHA ITOMOIIb, JIMIIb BEIPa3WB COXaJCHHE, YTO OHM HUYEM HE
MoryT nomoub. He TakoB Obpur Cama. OH Bcerga OocTaHaBIMBAJCS M ITOMOTAall — BCEM, KeM
ObI HM OBUI 3TOT YENOBEK, — M JeJall BCE, YTO MOT. Bompeku CBOMM CIOBaM O TOM, YTO OH
MH3AHTPOII, K JIFOASM, KOTOPBIM ObUIAa Hy)KHA IOMOIIb, OH OTHOCWICA HMPOCTO IO-00XKECKH.
U Ttakoe oTHOIIEHHE OBLIO HE TOJIBKO CIIEACTBHEM ero (peHOMEHaIBHOH CHIIbI, HO M PEIKUX
JyIIEBHBIX KadecTB. Kak HacTosAmmiA pycckuii 60raThIphb, OH OBUI CTOJIb JKeE JJ0Op, CKOJIb CHIIEH.
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Takoe coueTaHHE HCKIIIOUUTENBHBIX YMCTBEHHBIX, (PU3NYECKUX U AYIIEBHBIX Ka4ECTB Jie-
naet Cairy coBepIIeHHO HEOPAMHAPHBIM SIBJICHUEM B Halllel JKU3HU U 3aCTaBJIIeT BCIIOMHUTh
cioa: “TIpupona-mars, korja 6 Takux JIIOJEH Thl MHOTIA HE MOChIIalia MUpY, 3arioxia O HiBa
Ku3Hu!”

To, 4T0 MPOM30IIIO C HUM B ITOCIIETHHIN ITEPUOJ €TO JKU3HHM, cTpaiHo. Ho oH My>ecTBEeHHO
Jeprkaicst 1 60poJics 0 KOHIA, BBI3bIBas INTyOOKOE YBaXKEHNE W BOCXHIIEHHE OKpYKaromux. 1
naxke ymen kpacuso. OH 10 KoHIIa OB BepeH cebe.

Takue JIIOAU HE YXOIAT U3 Hameii xu3Hu. OHH MMPpOAOJIKAIOT KUTh B cepAlax, Acjgax H
MIaMATH CBOMX ONIM3KHX, APY3€H, KOJUIET, BCETO HAyYHOTO cOO0IIecTBa — BCEX, KOMY IOCYAcCT-
JIMBHJIOCH MIMETh ¢ HUMH JIETI0 ¥ KTO UM OllarofapeH.
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Ha perucrpauun 6pakocodeTanys cbiHa AHTOHA



BOCIIOMUWHAHMUS JPY3EH U POJHBIX

Crynenuyeckuii mepuos

I'JI1. bouex
Hayuonanvuweiii nayunsiii yenmp “Xapvrosckuil ghuzuxo-mexnuyeckuii uncmumym’”’, Xapvrkos

Camxa TapacoB ObUT caMbIM MOJIOIBIM HE TOJIBKO B Hallled Ipymie, HO U Ha Kypce. Ha
1 cents0ps 1958 rona emy Obuto 16 5eT 1 Tpu Mecsina.

®uznko-mMaremMaTndecknii (axkyiapTeT XapbKOBCKOIO YHHBEPCHTETa B TO BpEeMs JEIHIICS
Ha JBE 4acTH: (pU3NYECKYI0 M MaremMaTHdecKyro. Pusmdeckas 9acTb (akyiIbTeTa COCTOsIIA
W3 TPEX OTICNCHUH: simepHOr (Qu3uKy, PU3MUEeCcKOro M acTpOHOMUYECKOro. MareMaThudeckast
yacTh (pakyapTeTa TaKKe COCTOANA M3 TPEX OTAEICHUI: MareMaTH4ecKoro, MEXaHWYIeCKOTOo
U OTAEJEHHs BBIYMCIUTENBHON TEXHMKU. B cBOro ouepenb, oTaeneHHs (U3MYECKOH YacTH
(axynbTeTa JENWINCh Ha CeMb I'PYNIL: 1-1 U 2-5 TpyNIIbl OTHOCHJIMCH K OTIEJTICHUIO SJCPHOH
¢usukn, 3—6-1 rpynnsl — K GU3NIECKOMY OTICNCHUIO, 7-5 TPyINa — K aCTPOHOMHYECKOMY.

Mer1 ¢ Camkoii ObUTH B TIEpBO# rpytime. Tak MOMydHJIOCh, YTO Hallla TPpyIa ObuIa IepBOi
Ha Kypce He TOJIBKO [0 HOMEPY, HO U IO CyIIecTBY. Bo-iepBBIX, CTApOCTOM IpymIbl y HaC ObUI
AxwmepoB Pajpkar Badosnu, ObIBIIMI aBHallMOHHBII ouLep, o4eHb 00pa30BaHHbINM, HHTEILIN-
TeHTHBIH M O4YeHb NMPUATHBIN yenoBek. OH ObuT crapuie Hac, 1928 roga pokaeHHs, a MHOTHUM
13 Hac Ha TOT MOMEHT ele He Obuto U 18 net. BausHue Ha Hac OH OKa3aa O4eHb OONbIIOE, OH
OBLJT JJIsT HAC KaK “‘OTeIl POIHON .

Hpyroit npuunao# 66u1 Camka. [Tocie BToporo Kypca OH cTajl JIEHHHCKHM CTUIICHIHATOM
— EMHCTBEHHBIM HE TOJIBKO Ha Kypce. X Bcero-to ObIIIO HECKOJIBKO YEJIOBEK BO BCEM YHHBED-
cureTe. DTa YeCTh OKa3blBAJIaCh TOJIBKO 32 0COOBIE 3aCIIyrd — KaK IO YacTH y4eObl, Tak U 3a
aKTHBHYIO 00IIecTBeHHYI0 padoTy. A Camika B TO BpeMs: ObLI O4€Hb aKTHUBHBIM KOMCOMOJIBCKUM
JeareneM. Y HeTo ObUIN LICHHBIE Ka4eCTBa: YECTHOCTD, IPSAMOTA, TPUHINIHAIBHOCTh — ¥ OUYEHb
CKOpO OH CTaJl U3BECTHBIM B MacITadax Bcero (akyipTeTa.

Takum o0Opa3zom, B rpynne oka3ajioch jABa He(hOpPMabHBIX JIMJEPa: CaMblil CTapIIvil MO
BO3pacTy M camblii Mitaanmi. [IppuemM oHM MpeKpacHO JOMOIHSIN APYT Apyra. Y OJHOTO ObLIH
YKM3HEHHBIN OIIBIT, TAKT M KYJBTYpa, Y APYroro — 3HaHUsA U 3a110p MononocTy. Callika HUKOTIa
HE CTPEMUJICS K JIUAEPCTBY — 3TO OBLIO JMIECPCTBO CHU3Y: JIUAEPOM €T0 JENali MbI.

Ceccun Tapac Bceraa ciaBai JOCPOYHO U Ha omn4HO. IIpaBza, OblI y HAC ¢ HUM BCE-TaKH
OoUH “mpokoin’”’. B KOHIlE BTOPOro Kypca MBI MOMBITAINCH C XOAY CAaTh JOCPOYHO HCTOPHIO
KIICC. He momyuuinock, He xBaruio 3HaHWH. Ilpumock momyduTscs M cllaBaTh BMECTE C
rpynmoii. B xoHIe oceHHero cemecTpa 5-ro Kypca Ipon30LIIo YHHKaiIbHOe coObiThe: [lyOHa (B
TO BpeMsI MeKka Bcex (pU3MKOB-SEpIINKOB) B TIEPBHIH M MOCIEAHUH pa3 MPHUITIACHIIa TIATEPBIX
HallNX CTYACHTOB Ha IUIIOMHYIO NPakKTHKy. Calllka, €CTECTBEHHO, OBUI B UHCIE IEPBBIX.
Jumnomayto padoty oH BemonHsu B JISII. Pykosoxutenem 6bu1 JI.U. Jlamumyc.

ITocne 3amuTh! TUIIIOMHON paboTHI (B cepenune aekadps 1963 roxa) oH momyyms HazHave-
Hue B ®usnko-rexunyeckuid UHCTUTYT — OTU AH YCCP (Bnocnenctsuu XOTU, 1. XapbkoB).
Onnako Gnmarozapsi MOMOIIM YIMBHTEIIFHOTO 4eJoBeKa M ydeHoro akagemuka A.K. Bambrepa
npuMepHo uepe3 monroxa Camrka Ovut mepeBeneH B OV, rne u Tpyamics A0 MOCIETHETO
JHSA.
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Bein B ero »xu3Hu u eme oauH 3nu3oA. Ha BropoM Kypce B Hauyalle BECEHHETO CEMECTpa
(MBI TOTAA XWJIK B OOIICKUTHH NIPH YHUBEPCUTETE) B OOIIEKHUTHH BBEIH CAMOOOCITY)KHBaHHE.
VYoopiuia youpana TOJIBKO YMBIBAJIBHUKH U TyaleT, a KOPUAOP M KyXHIO JOJDKHBI OBLIH
ybupars Mbl camu. KomanmoBan 3TuM crapocta sTaxxa. Ha Hamem 3Take TaKOBBIM OKa3ajics
s. Ha TpeTbeM Kypce Hac, cTapocT 3Taka, KaK TOIZa TOBOPHJIH, ‘‘KOONTHPOBAIN’ B COCTaB
CTYAEHUYECKOTO KOMHTeTa (cTyakoMa). OnHaKABl HA OXHOM U3 3aCelaHMil CTYAKOMA 5 3aMETHII
HOBEHBKYIO: CHUMITATHYHYIO IeBOYKY B 04ukax. Ha BbIXOze M3 KOMHATHI MBI OKa3alUCh PSIOM U
pasroBopuirch. OHa oKa3ajach Halleld OJHOKYpPCHHIEH, C MEXaHHKO-MAaTeMaTHUECKON 4acTH
¢axynbreTa (OTAEICHUE BBIYUCIUTEIBHOW TeXHHMKH). I10TOM MBI HONONIIM K OKHY B TOpIE
kopuzopa. Psaom Obita nectHudHas kierka. Uepes HekoTopoe Bpems mokasaicsi Tapac. Korma
OH TIOZOIIEN K HaM, i MX No3HaKoMus. Korma oHm oOMeHsUIHCH B3DIAAAaMU, s HOHSI, YTO,
HE YCIIEB OMOMHHUTHLCS, TYT )K€ OKazayicsi “TPEeThbUM JUIIHUM . DTOH NeBoukol Obuia Bambka
ComnoBbeBa, B OyayiieM Tapacosa.

B xonue 1962 roxa Hac (CTyIeHTOB 5-r0 Kypca OTAeJEHHUS sIepHOi (PM3UKH) BAPYT BBI3BAIN
Ha BOoeHHYI0 kKadenpy. Hy)kHO OTMETHTB, 4TO BOCHHas ITOJrOTOBKa Hac HE OYECHb OCCIIOKOMIIA.
Ecnu Ha npyrux otaeneHusx ¢axyiabTeTa BOSHHAS IOIrOTOBKA MPOXO/IIIA B TEUCHUE JIBYX JIET,
C BBIC3/1aMH B JIarepsi ¥ Ha yUCHUsI, TO HAa HAIIEM OTJEJICHUH OHA JUIHIIACh BCETO JJBAa CEMeCTpa
— BTOpO# U TpeTuil. [Ipoxoaniu Mel 00II€BOMCKOBYIO TOATOTOBKY Oe3 BrIe3a B Jareps. OmHoi
U3 MPUYHH, BEPOSTHO, OBUT TOT (aKT, YTO BOCHHO-y4eTHas crennansHocTh (BYC) B To Bpems
ObLT 3aKPBITOH, M MBI CAaMHU TOJIKOM HE 3HAJIM, B YeM, B Cllydae HEOOXOJMMOCTH, Oy/IeT COCTOSTh
Hama cimyx0a. Ckopee Bcero, 9To pajMalMoOHHasl pa3Belka B CIydae MPUMEHEHUS SIEPHOTO
opyxkust. B KoHIIE BTOPOTO Kypca MBI y)ke ObLTH MIIaJIINMU HWHKCHEP-JICHTCHaHTaMH 3araca.

Ipuns Ha xadenpy, Mbl ObUTH “TIPHATHO™ YAWBIEHBI IPUCYTCTBUEM BOCHHO-MOPCKOTO O(H-
Liepa B YMHE KalluTaHa TPEThero panra YepHOMOpCcKoro (ioTa, KOTOPbIH HOMYJISPHO pa3bsCHUII
HaM, 4To BoenHo-mopckoii ¢uor Coro3a mepexoauT Ha aTOMHBIC ITOJBOIHBIC JIOJIKH, & OHH
HUMEIOT SJepHbIE PEaKTOphl, KOTOphIe HEOOXOIMMO KOMY-TO OOCITY>KMBaTh. A TaK Kak TaKHX
CTIEIMATNCTOB Y HUX AC(HUINT, TO €CTh PEIICHHE HCIOJIB30BaTh HAC B 3TOH POJIH, MOCKOJIBKY
MBI MM€EM JOCTAaTOYHO 3HAHWUH B OONACTH SJAEpHON (QU3WKU. A Hajbllie — IMOATOTOBKA B
CeBacTonone B CIEHHAIBHOM IIEHTpPE, 3BaHME JeiTeHaHTa, 200 pyOneil 3apruiaTsl IUTIOC 1O
50% Ha XeHy U Telly, IoJHoe J10BoJIbcTBUE — U CeBepHbIi (IIoT.

Hac nanpaBwim Ha Meaxomuccuro. M3 36 yenoBek 10 KOHIIAa KOMHCCHH ITPOIIUIO HAC MSATEPO
U CpeAn HUX, €CTeCTBEHHO, Tapac. Xupypr (oH ObUI IMOCIETHUM U3 Bpadeil) MeHs 3a0paxoBal
cpasy: pocTy MeHs 193 cM, a 1151 MoJIoA0K OH TOJDKeH OBITh B Tipenenax 150-180 cm. Y Tapaca
B KapTouke ObUT 3amucaH pocT 181,5 cm. Bpau 3acoMHeBascst U mocial ero nepeMepuTh PocT.
Bripyunina sxeHIIMHa, KOTOpast 3TOT pocT u3Mepsiiia. Ha camom nene pocr y Tapaca Obut ciierka
Menbine 181 cm. Ho to mu y Tapaca ObUT cierka »kaJoOHBIA BHUJ, TO JIM XKCHIMHA OKa3ajach
cepoOoNBHOM (KEHIMHA OblIa yXe B BO3pacTe), OHA IOATBEpAMIa, 4To pocT y Tapaca Bce-
Taku 181,5 cM. TakuM 00pa3oM MOIYUHIIOCH, YTO 3TH ITOJITOPA CAHTUMETPA CHITPATH POKOBYIO
poiib B Cyp0€ aTOMHOTO MOABOAHOTO (uioTa. He OKaKMCh WX WM OKaXHCh JKEHIIMHA OoJiee
MIPUHINIHAIBHON, U OYEHb BO3MOXKHO, YTO aTOMHBIM (iioToM Poccnu komaH10Ban Obl aaMupat
TapacoB Anexcanap BacunbeBuu.

Bouto y Camku U emie ofHO IEHHOE KayecTBO — OH OBUI TPYIOTOJIHMK. MBI BCe MHOTIA
I03BOJISUTH ce0e clieTka MoOe3eIbHIYaTh. 32 HUM )K€ 51 TAKOTO HUKOTa He 3amedai. Hampuwmep,
B Te OJTarocjioBEHHBIC BPEMEHA MBI KaXXIbIi TOJ] OCEHBIO €3N Ha MecAll B Koimxo3. 1 BoT B
CBIPYIO JOXK]JIMBYIO TOTO/Y, KOT/Ia MBI BBIHYXKJCHBI OBLIIM CHAEThH JIOMa U “pe3aluCh”’ B KapThl,
OH, CUJA PAAOM, CIIOKOMHO IITYIUpOBal “npocTrpaHcTsa Pumana”.
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Tak momy4anocs, 4To Mbl ¢ HUM HOCTOSIHHO OKa3bIBAIICh HA CaMbIX TPYAOEMKHUX 1 OMACHBIX
paborax. OmHaXI6l HAM HPUIIIIOCE PabOTaTh HAa CHJIOCOBAaHMU KyKypy3sl. Pabora coctosia B
cienytomeM. HyxHo Obl1o, cTost B Ky3oBe camocBana 3U1JI-130 ¢ HapamieHHbIMH OopTamu,
ObIcTpo pa3dpachiBaTh PaBHOMEPHO IO BCEMY Ky30BY IpOOJEHYIO KyKypy3y, KOTOPYIO Tyda
3a0packIBa CHIOCOyOOPOTHBIH KOMOaH. ABTOMOOMIIb 1 KOMOAWH TIPH 3TOM “TUIscanu’ OJHO-
BPEMEHHO B Tpex m3MepeHusx. HyxHo ObLI0 ycreBaTs U CHIIOC pa30pachIBaTh, U BHUMATEIHHO
CIIEANTH 3a “TycaxoM” koMmOaiiHa. OpHax b1 Calka motTepsut OIUTeTbHOCTD, U “TycakK” cOpOCHII
ero Ha 3emm0. OH yIian Ha CIIMHY, ¥, BO3MOXKHO, 3TO OBIJIO OHOM U3 MPHUYUH €ro MOCIeTYIOLIIX
npoOsieM co cuHOM. B npyroii pas Mbl BirecTepoM Mo IpockOe MpeaceaaTens Koixosa repe-
BO3HJIM C JKEJIE3HOIOPOJKHOI CTaHIIMM BOCEMHMETPOBBIE OpeBHA M3 CBEXKECPYOJICHHON COCHBI.
CHavana ux Hy’KHO OBIJIO 110 HAaKJIIOHHBIM JKEPJISIM 3aKaTUTh B Ky30B aBTOMAIINHBI C IPUIICIIOM.
Pabora 6put0 Heckonmbko omacHoil. Hyxna Opiia cmaxeHnHas pabora Bcel Opuransl. Ctomso
KOMY-TO OTBJICUBCS, OTCTaTh — M OpeBHO MOIJIO copBaThes. M BceM OBl MPUIIIOCH HECTAAKO.
W opnaxnaer cpaboran “3akoH Mepdu”: OpeBHO I'pO3WIOCh PHHYThCS BHH3 — M TyT Tapac
MT'HOBEHHO MOJICTaBWII CIIMHY 110 OPEBHO, TBITAsICh €T0 yAepkaTh. C OpEBHOM MBI CIIPaBHIIHCH,
HO s TOYHO 3HAI0, 4TO Tapac mpH 3TOM IOIYYHII TPaBMY CIHHBI.

B Te BpemeHa cTymeHTH ObLIM HaponoM OemubiM. CTuUTieHAMsS y Hac Obuta 25 pyoOneit (mo
ourmansHOMy Kypcy mnpumMepHo 25 momutapoB). A y Tapaca, Kak JEHUHCKOIO CTHIIEHIUATA,
oHa Obuta axk 80 pyOneit — Oorau! Ho Bcst aTa cTUmeHnus 1u1a, B OCHOBHOM, B OOIIMIT KOTEIN.
Hy»xHo Ob1110 T1€-TO KaK-TO noapadarsiBath. 11 Tapac Hamen xopomryro “mabamky”. Ectb (0b11)
B XapbKoBe MBIIOKOMOMHAT. B mporiecce H3roToBIeHNsI MbUIA UCTIONb30Baachk KaHU(ois. Ha
TEPPUTOPUN KOMOWHATA CKOMMUIOCH 0KOJio 1200 ToOHH KaHU(OIU B JEPEBIHHBIX O0YKaX BECOM
ot 100 mo 300 xr, cCBaJICHHBIX B TPU OTPOMHBIX Kyur. DUHUHCHEKI MOTpeboBajIa YI0KUTh
BCE 3TO JOOPO B MpaBHIIbHBIE MapauIe]eNuIIe/lbl B TPU sIpyca, YTOObI OHM MOIVIM COCYUTATh
yucno 6ovek. Paboune komOMHaTa OT Takoi paboTsl oTkasanuck. Hanuiack Obu10 ofHa rpymma
CTY/IEHTOB, HO 4epe3 TP JHSA OHM OTKa3ajach TOXKE. DTHM BoOCIojib30Bajics Tapac, ObICTpo
CKOJIOTWII Opuramy u3 peOsaT Hameil rpymmsl, u padoTa 3akumena. 200-KuIorpaMMOBEIe O0IKH
MBI CTaBWJIM “‘Ha Moma’” W 3aKaThIBAJIM Ha 2-i U 3-i Apychl CHa4aja BTPOEM, 3aTe€M BIBOEM, a
nox xoHer Tapac ymyapsuics AeiaTh 3T0 B onuMHOUKY. Ha 3Ty pabGoTy y Hac ynuio npuMepHO
nonropa Mecsina. Paboranyu B OynHM 1ocie JeKIHUH U B BBIXOAHBIE.

Hackoneko MHE u3BecTHO, Oyayun yxe B [Jyone, Tapac mpomoimkai STy MPakTHKY “‘Iraba-
mex”. Ero xopomo nomasar u [lerponasnoBck-Kamuarckuid, u rpy3oBas cranmus yoHa-3. U
TaM OH ceOsl He Mg U, Kak TOBOPUTCS, OBUI BCET/A B IIEPBBIX psfax. 51 0CTaHOBMIICS Ha 3THX
COOBITHSIX, IOTOMY YTO IOYTH YBEPEH, 4TO, K COKAJICHHUIO, 3TO BCE MIOTOM BBIIILIO eMy “O0KOM™.
Korna peus 3axonut o Tapace, st BcioMunato cioBa benmnckoro B anpec Jlodpomooosa: “OH He
THyIIajcst HUKakuM TpynoM. OH — Tpynoirooue, He Genopyuka!” Jlymaro, 4To U IpyrHe CIoBa
9TOTO CTHXOTBOPEHHS TaKke moxxoasat K Tapacy. (51 nHorna ynorpeossito ums Tapac. MHe Tak
MPUBBIYHEH. ITO — €ro cTyaeHYeckuit nceBnonuM. [l Hac Bcex Carka ocrancs Tapacom.)
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A.B. TapacoB: HeCKOJbKO 3MU30/10B
NPOMeJIbKHYBIIEH KU3HU

JLI. TkaueB
ObvedunerHblIl UHCTUMYm 10epHbIX ucciedosanuil, [youa

IToznakomusics s ¢ Anekcanapom BacunseBudem TapacoBbiM 1aBHO, roay B 1965 nmu 1966.
B momx Oymarax Hamencs ot3biB, mofnucandbiii JILU. Jlanunycom u Cameit B 1967 rony, Ha
Mou nepBble 9 paboT, B KOTOPOM OHH PEKOMEH/IOBAJIM IIPUCBOUTH MHE 3BaHHE M.H.C. Toraa Mel
oba ObUTH MOJOIBIC, 3IOPOBBIC, M BCe Y HAC ObUTO Brepenu. MBI IpY>KHIIN CeMbsMH, JieT 10
XOIWIIN PyT K JPYTy B TOCTH WIHM Ha TPUPOLY BMECTE C PaCTyIIUMH AETEMH. B To Bpems
y MeHs ObUTa sIXTa M MBI HE pa3 BBIXOJMIN TMOJ Mapycamu Ha Bonry wimm MockoBckoe Mope.
KoHTakToB 10 Hayke ObUIO Y HAac HEMHOTO, B 1970 roxy BbIILIA BCErO JHIIb OJHA COBMECTHAs
paboTa 0 BIMSHHUU 3JIEKTPOMAarHUTHOW CTPYKTYPBI aJJpOHOB Ha BEITMYMHY MX CEYECHHM.

3armoMHIIIOCh HECKOJIBKO JIMH30/I0B, KOTOPEIC JAIOT HEKOTOPOE MPEICTABICHHE O TOM, YeM
Camra 3aHMMaics B cBOOOIHOE OT paboOTHI BpeMs W YTO €ro MpHUBIIEKANO. 3apIriaTel y Hac B
Te ToAbl OBLIM HHU3KWE, YTOOBI COAepXaTh CeMbH, HO ObUTO 3710poBhe. UTOOBI Toa3apaborars,
MBI HE pa3 B HEOOJBIION KOMIIAHUM XOJOAHBIMH 3MMHHMH HOYAMH pasrpykain Ha bombmioit
Bonre Barons! ¢ nemMeHToMm min ynoopenusmu. [locie Takux 3a0aB pasrpy3ka JISTOM BaroHOB C
osomaMu Ha 6aze OPC ka3anace KypopToM.

CrpaHa y Hac OoJjpIas, TAe HApOA TOTAa TONBKO HE IMA0AIIWiI, HE TO YTO B HEIHEIIHEE
Bpems. Jletom 1972 roma MbI OKa3aJinch BMECTE CO CTporoTpsaoM (6osee 50 4emoBeK BO IIaBe ¢
KOMCOMOJBCKHM BOXkAeM B. ByTiieBsim u komuccapom B. Kannaanukossim) B [leTpomnaBioBcke-
KamuarckoM — CTpoWIIM IOpOTH M pa3HOOOpa3HbIe IPOU3BOJICTBEHHBIE ToMeneHus. Caia Obut
KPETIKUM MY>KHKOM, U 51 KaK ceifdac IIOMHIO €ro ¢ JIONaToi y Kydu OeroHa. OObIYHO /1e10 OBLIO
TaK: K KOHIy pabodero qHs OETOH Ha HOPMAIBHBIX CTPOWKAX NepecTaBalil IPUHAMATh, U BeCh
0eTOH, HECKOJIBKO CaMOCBAJIOB, IIIeNT K HaM, IIa0alTHUKaM, Ha OETOHHpOBaHUE AOPOTH. YTOOBI
0eTOH He ycIlell OKaMEeHETh, BECh HATMYHBINA cOCTaB Opocaics Ha JOPOTy, HO PEIKO yAaBalIoCh
3aKOHYHUTH PaHBIIE Yaca-IByX HO4YHM. To ObUIM HacTosAmMe My)XCKue 3abaBbl. OnHaXIBI HAC
¢ TapacoBbIM uyTh He yOMI0. MBI paboTany Ha HEPEKPHITHU MOTOJKA BBHICOYEHHOTO CKJIaja.
Mopocuir MenKAl T0XKAb, HaJ0 OBUIO IMOMHATH XKEJIC3HBIH KOXKYX CO CBapPOYHOIO armapara,
KOTOPBIH MOTPeOOBaIOCh MEPSHECTH Ha IPYyroe MEeCTO. AIMapaT OKa3alics IoJ HalpsHKSHUEM,
1 KOTJa KOKYyX CIy9alHO KOCHYJICS €r0 OTKPBITBIX KOHTAaKTOB, TO YAapOM TOKa HAacC OTOPOCHIIO
Ha HECKOJIBKO METPOB, HO He yOMJIO, M MBI He yIalu BHU3 C BBICOTHI Ooiee 20 MeTpoB.

briBanu y nac Ha Kamuarke u qHu otapixa. B onun u3 Hux yenoBek 20 u3 oTpsiza, Mbl B TOM
YHCIIe, PELIMIIN MOAHATHCS Ha OMH U3 Ommkaimx kK HaM Kapsikckuit Byikan. Heckonbko yacos
[IUTK B KAP30BBIX Callorax BBEPX I10 IITyOOKOMY MOKPOMY CHETY OCBELICHHOTO COJTHIIEM KPYTOTO
ckiona. Jlo BepmmHbI octaBanoch 200-300 MeTpoB, KOTrjia COJHIIE CIIPATAIOCH 32 OTPOT, TIOAYIT
XOJIONHBIA BeTep, cHer 3amyOen. Jlanpime B camorax XoAy HET, OMacHO. BHU3 crmyCTHIMCH 3a
15-20 MHMHYT: caauIIbCs Ha IITOPMOBKY, IPUBA3aHHYIO BOKPYT IOsCa 3a pyKaBa, U BIepea. Y
Ka)XJJ0ro ObUTH OOJIBIINE KPETIKHE MAJIKH, aJIbIICIITOKH, KOTOPBIMH MBI IPUTOPMA)KUBAJIH U TIPH
OCIIICHOM JBIKCHUW BHH3 YIPABIUIA UMH KaK pyJeM, 9TOOBI He BBICKOYHTH Ha TOpYAIIHE U3
cHera Oonpmme kaMHE. OTAETANNCh CCATUHAMHU U MMOPBAaHHBIMU O KAMHH IITOPMOBKAMH.

ITocme Toro kak st 3a0pOCHII SIXTY, JIETHHE MIA0AIIKKA Yy MEHS IEePeMEeXalnuCh C JICTHUMHU
noxofaMu B ropsl. IlepBelii pa3 k Hamemy noxoxy Ha Anrail mpucoeaunmicsa Camia ¢ CBIHO-
Bbsimu Cepexeil 1 AHTOHOM B 1978 rony. [Ipunerenu B bapnayn, Heckonbko qHEH aBToOycamu
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U TPY30BBIMH MalllMHAMHU M00upainch mo YyickoMy TpakTy 10 peku KaryHb — 1m0 cux mop
BCIIOMHHAIO €€ CTpeMUTeNbHBIN noTok. [lepenmpaBunnce Ha apyroit 6eper. Becw crnemyrommuit
JIeHb 3aHSJI MEepexof CO BCeM Ipy3oM 3-HerenbHoro noxofga jgo Kydepnmurckoro osepa. B
Hamred kommaHuu Obuto Ooiee 20 yenmoBek, B ToM umcie 7 aereit or 9 mo 12 ner. Kpyteie
TOPHOIPOXOAIBI BO maBe ¢ Huxomaem @posoBbIM ynumm HaBepxX, HO Yepe3 HECKOIBKO JHEH
BEPHYIINCH, TaK KaK HACTOJIBKO OCHOBATEIHHO HCHOPTHIIACH ITOTOJ@, YTO M3-3a IIKBAJIHCTOTO
BeTpa OBIJIO HEBO3MOXKHO BYETBEPOM YCTAHOBUTH HA JICIHUKE ITAJIATKY.

Tem Bpemenem Cama ¢ Uropem JlpeMuHBIM MOBEIM JETEH U JKEHIIUH 0OJiee MPOCTHIM
MapuIpyToM, HO TOXE HaTeplelIuch U3-3a pa3iuBLIMXcs pedek. [IoToM moroga ycTaHOBHIIACH,
1 JIeTH C NPUMKHYBIIMMH B3POCIBIMH IIOIUIM Ha HECKOJIBKO JHEH B COCelHee YyIIesbe, B
KOTOPOM HaXOAWTCSI AKKEMCKOE 03€pO M W3 KOTOPOTO BHJHA BBICOYAMIIas BepIMHA AnTas
— ropa bemyxa. W nersiM, m B3pOCIBIM 3allOMHIUICS OOpaTHBIM MyTh B 0a30BBIA Jareps.
[onusmucey Ha pa3fessomuil yIienss XpebeT U HEeKOTOpoe BpeMs LUIH TPaBEPCOM IOBEPXY.
[Topa cryckarbesi, a 6€30MacHOTO IMyTH BHHM3 HEeT U HeT. CKOPO CTEMHEET M HaJ0 CITyCKaThCs
10 MYTH, KOTOPBII €cTh, — 10 KpyTOMy oOesieHenIoMy ckioHy. Ho Bce obonuiocsk, u JeTH H
B3pOCIIbIE MTOTYBCTBOBAIM OOJIETUYEHHE TIOCHE OIaromnoiyYHOro CIlycka BHU3 B JOJHHY.

V anraiickoro moxoaa ObUTO0 cBoeoOpasHoe mpojobkeHue B JlyOHE mpu camoM Hemocpen-
cTtBeHHOM yuactud A.B. Tapacosa. Eme B ropax Ham 3HAIOUIMI HApOJ HACOBETOBaN coOpaTh
30JI0TOTO KOPHS, PACTYIIEr0 BEICOKO Ha COIIKaxX Ha YpOBHE albNUCKUX JIyroB. Ham pacckazanu,
KakK BBINIAUT 3TO pacTeHue, MOo-HAyyHOMY popuona po3oBas. C0BOM, MBI HAaIIIM W HACOOH-
pamu. Bo Bpems mimHHON 00paTHO# moporu mo UyldckoMy TpakTy ¢ HaMH B aBTOOyCe e€Xali
JICHUHTPAJICKUE MEAUKU-TIpodeccopa, KOTOPbIE BE3IN MOJIOYHbIE OMIOHBI, HAMOIHEHHBIE ATUM
30JIOTBIM KOPHEM, ¥ KOTOpBIE MPOCBETHIM HAIIMX >KCHIIHH, KAKOE€ 3TO CEPhe3HOE CHAIo0be,
KaK ero Ha CIUpTe HAcCTaWBaTh M IO CKOJBbKY Kamenb B JIeHb NpHHMMarb. Mos *eHa Bce
9TO TIIATENbHO INpoAenala M TOTOBUJIACh MPOWUTH Kypc caMOJE€4YeHUs 30J0ThIM KopHeM. Ha
HecyacThe, OHa Kak-To yexaja B Mocksy, a B Jl[yOHy mnpuexand B KOMaHIAMPOBKY OIMH W3
y49acTHHKOB 1oxona — Banepwmii XKurynos. Berpernnucs ¢ HuMm, BMecte ¢ Carmreit, Ha pabore
M TOUUTM K HaM JIOMOH OTMETHTh BcTpedy. Hamumm dem 3akycuTh. A 4TO BBIMHATH? TONBKO
OyTBUIKA C KPAaCHO-KOPUYHEBBIM HACTOEM 30JI0TOTO KOpHs. Hanmnm no ogHOM, Mo BTOpOH U T.A.
OTnuuHblll HanuTOK. Yepes 4ac BXOAUT JKEHA U BUIUT JTOBOJIBHBIX JKU3HBIO TPOUX MYXKHKOB
U IyCTYIO CEKPETHYIO OyTBUIKY Ha cToje. MokeTe NMpeacTaBUTh €€ COCTOSHHUE W PEaKIMIo Ha
TaKoe BapBapCTBO.

Ha crnenyromuii rog Ob1 3aruiaHupoBaH moxoa Ha Kaskas, mogoOpanach OoJbInas KOMIIaHUS
B3pOCIBIX U AeTel — Bcero 6omnee 30 yenoBek. B 1r060M moxojie, 0coOEHHO B TOpax, IETH eCTe-
CTBEHHBIM 00pa3oM yOeXIaloTCsl, 3a4eM Hy)KEH I1aria ¥ 4YTo OH MOXKeT. B jomariHei o6ctaHoBKe
BPSIJI JIM BO3HUKAIOT TaKUE YCIOBUS M TAKOW BOCITUTATENbHBIN 3 deKT. 3anmoMHuIacs GUHUIIHAS
YacTh TOTO II0XO/la — Iepexo] BceM TabopoM depes [1aBHbIN KaBKa3ckuil xpebet B I'pysuro.

Hourto mepen nepeBasiom TBHOEp CBUPEIBII BETEp PBA MMAAaTKH, HE Bce OBLTH 30OPOBBI, U
OT 3TOTO OBIJI AOTIOIHUTEIBHBIN HANPAT. Y TPOM BETEp CTHX, U CONHIIE OCBETHJIO 3aCHEKECHHBIN
nepeBajbHBIA B3ieT. He Tepsisi BpemeHu, ObIcTpo coOupaemcss M BBIXOAMM. YacTh B3pOCIBIX
UAYyT NEPBBIMH, TOMYYT CTYNEHH, MOTOM JKCHIIMHBI M JETH, Jalee 3aMblKarollas Ipymia.
Wnem cepnantuHOM, pacTaHyBLIMCh B Lenouky meTpoB Ha 100-150. Ha mepeBan nomHsuiuch
K ToiyxgHio, Beicota 3700 MeTpoB, AN MHOTHX 3TO JHWYHBIA pexopxa. [apmit Edumos, ko
BceoOIeMy M3yMIICHHIO, JOCTAe€T M3 CBOETO PIOK3aka OONBIIYIO IBIHIO, KOTOPYIO OH BTaifHe
OT BCEX HOCHJI BeCh MOX0. BKyc HEOOBIKHOBEHHBII.
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Ha nepeBane monro He 3afep:KMBaeMcd, KIaIeM B Typ 3alMCKy M TOTOBUMCS K CITyCKY
no obneneHenoMy KpyToMmy Kyiyapy. HaBermmBaem BepeBKy M IO OUepeir BCEX CIyCKaeM CO
CTpaxoBKoi Ha JeqHuK. Cryctuth BHU3 Oostee 30 4eaoBeKk — /€0 He OBICTPOE U 3aHSIIO0 OKOJIO
Tpex 4acoB. BHU3Y NeqHUK NpakTH4ecky Oe3 TpEeIirH, U MepeioBas rpyIia cpasy yluia BIepes
HCKaTh Ha JIEIHUKE MECTO I CTOSHKH, HE JOXKUAAACH CIyCKa BCEX y4yacTHUKOB. Hamumm
JIOBOJILHO poBHOE MecTo. EcTh BOma, Tak Kak psjioM TeuUeT MO0 JIEAHUKY pyuei. [loctaBuiu
MAJIaTKH, ISKypHBIE TOTOBAT MOCTETHHHA BBICOKOTOPHBIN YXHH. B3pocisIM BeITaNM HO TpU
KOMaHIUPCKUX JIOKKU CIHUPTA.

Ha cnenyromee yrpo oOHapy>KHBaeM, 4TO HET yKa3aHHOTO Ha KapTe MOCTa yepe3 OypHBIi
MIOTOK, BBIPBIBAIOIIUICA M3-NOA SA3bIKa JegHHKa. OT MOCTa OCTAlUCh BHUCSINUE HAJ PEBYLIEH
BOJZIOI TOJCTBIE TPOCHL. Pemmm mepenpaBiAThCS MO TPOCY, 3TO AOIr0, HO Apyroro, Goimee
0€30MacHOro MyTH HET. 3aleNuBIIUCH ABYMsS KapaOWHAMH 3a TpocC, Ha Jpyrod Oeper mepe-
Opayiach CO CTPaxXOBKOW rpymma 3—4 KpemKux MYXKHKOB BO miaBe ¢ TapacoBbiM. OcTalbHBIX
TMIepeTpaBiIsIa 110 OIHOMY TakKHM ke 00pa3oM. KoHeuHO, ObUIO CTpAIIHO BHCETh HA TPOCE HaJl
OelIeHbIM TTOTOKOM, HO Oe3omacHo. IloTparwim Ha mepernpaBy MOJIHS M Aajblie IONIUIM IO
TPOIE 10 TPaBhI, A0 3a0POIICHHBIX MAIMHHAKOB U MEPBBIX IPY3NHCKHX TTOCEIKOB.

Ilocne Tpex Hemenb B ropax MPEAINOIaragoch HEJEIO IIPOBECTH Ha Oepery Mops B paiioHe
Arynsepsl — ropoaka nox Cyxymu, rae Haxomwics TecHo cBa3aHHbBIH ¢ OWSAN MucTHTYT
sinepHoit pusuky mon pykoBoacTBoM Peasa CaiykBajize, KOTOPOTO HEKOTOPHIE U3 HAC XOPOIIIO
3HAJIM U C KOTOPHIM IUIOTHO OOINAIMCHh HAa HEAABHO IPOIIEIIeH OOJBIIONH MEXITyHapOJHOM
(Pouectepckoit) koH(epentmn B Towmmcu. ®@pasza “loroBopmmnck ¢ PeBazom™ mo3Bomsiia
pEHNTh BCE MPOOJIEMBI ¢ MECTHBIMU HadaJbHUKAaMHM, B TOM YHCJIC HAM MO3BOJIHIM HOCTaBUTH
TaJIaTKH B 3a0pOIIeHHOM napke y Mops. OgHaX (bl BO3HUK KOH(IIUKT y HAIIINX JIETel ¢ MECTHOM
IIIaHOM JEeTCKOro Bo3pacTa. 1 TyT, OTKyna HU BO3bMUCH, BO3HUK CTPAILHBIM, JIBICHIA, ¢ YEPHOMI
6opomoii Kapabac-bapabac — wam Cama TapacoB, 0JHOTO MOSIBICHHS KOTOPOTO OKAa3aJI0Ch
JIOCTAaTOYHO, YTOOBI MECTHasI peOsITHS IPUCMHpPENa U, B KOHIIE KOHIIOB, CAPYXKHJIAch C HAIUMH
MIPULIETBIAMH.

Ipommm roxer, B 1993 romy mer yexanmu Ha Heckonmsko jetr B LIEPH, rme s pabotan B
nyoHeHcko# rpymie skcnepumenta DELPHI. Ho u tam ciy4aii cBen Hac ¢ Cameit TapacoBbim,
xorga oH B 1995 umu 1996 rony npuneren ¢ xopotkum BusuroM B LIEPH mo skcnepumenty
DIRAC, B KOTOPOM OH J10JTOE BpeMst y4acTBoBaji. CIIydHIIOCH TaK, YTO B TO BPeMs OBLIT KaKOH-TO
MIPa3IHUK POCCUICKOTO 3eMisuecTBa B JKeHeBe U HAIIMM JKEHIMHAM I10JIarajioch MPUrOTOBUTH
TpaguLHOHHbIE pycckue Omona. Cala UX 340pOBO BRIPYYHII: CaM CTall K IUIUTE U MacTEPCKH
HaTeK COTHIO MJIU JiBe OIHMHOB.

Tedet Bpems, 1ETH BBIPOCIH, U3MEHMIIACH HAIlla CTPaHa, YK€ MHOTO JIET, KaK PEKPaTUINCh
HAIlIU JIETHUE U 3UMHHeE N0X0/bl B AansHue kpast. Hetr Camy, Het ero ceiHa Cepex, HeT Banepsl
Kurynora, Het UeOyp ['eHBpI — Tak mpo3Banu B anrtaiickoM moxone ceiHa JIbBa BymaeBckoro —
U elie HEeKOTopbIX HeT. OcTamack MamsITh O HUX, O He3a0bIBaeMbIX ropax M HAlIMX MOXOAaX, O
TOBapHIIIaX, C KOTOPEIMU HE CTPAIIHO IMONTH B pa3Benky. C HUMHU y)K€ BCTPETHMCS B JIydIIeM
U3 MHPOB.
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JApyr u HanapHUK

B.M. CrapyeHnko
Obvedunerublll UHCIUmMym s10epHbuIX ucciedosanui, /youa

Hauano 1970-x. Camoner MockBa—Ynan-Yie. Bpems netHux “mabariex” B Hamei mpexHei
cTpaHe. PsiioM 370poBbIi, OOponarhlil, JILICBIH MYXHK, Y KOTOpOro OonuT crnuHa. Bcraert,
ME/IJICHHO XOJWT, CaUTCs, HaBaJIWBasCh Ha MeHsA. OH W3 Hamledl “Opuraipl”’, oOMKaTbCsS HE
MIPUXOTUTCA, ]a ¥ PYYHUIIH Y HETO. . .

Teprutto, Tymar, 4TO MHE He NoBe310. A yereTh A0 camoro baiikama. [locne Tsxkenoit
IITOPMOBOM BEICAJIKH C PHIOOJIOBEIIKOTO Cy/IHA Ha Oeper noiayocTtpoBa Cestoit Hoc oH mompomren,
MBI TO3HAKOMUIIHCh — U Oonblie ¢ Caieil TapacoBbIM HE paccTaBajKCh.

OH xopo1o paboTa BO MHOTHX MIIOCTAacsIX, HO 4acTo OpaJicsi IMEHHO 3a JIOMOBYIO (hru3uue-
CKyI0 paboTy. OT0, BUANMO, HE MEIIAJI0 MY, TCOPETHKY, “BOpPOYATh MO3TaMH™’, @ HAM CMESIThCS,
KOTJIa €T0 “‘COBCEM 3aIlKalnBajiIo0” ¥ Hamo ObUIO “TIPHBOIUTH” €TO B UyBCTBO.

OO6wmxatbcs He mpuxoamiock. Ha mo6oit pabote ¢ XopommM HArapHUKOM ITYTKA, aHEKIOT
U CMeX — JIydllIMe MOMOIIHHKH. TapacoB 3TO MOHMMaJ, paccKa3blBajl OalKW, MOAHAYMBAII,
pacTBOpsIICS B METKOM pPYCCKOM BbIpaxkeHHH. OH 00Jajai XOpomuM “dayBcTBOM JIOKTS . OTt-
3BIBYUUBOCTD U YYACTHE OBUIH ONMHUMH H3 JIYYIIHX €r0 Ka4ecTB.

Cpemu npyseit y TapacoBa ObIIO MHOTO (H3HKOB. HEKOTOPBIX 5 3HAN IO 3aCTONBHBIM
KOMIIaHHUSAM, C APYTHMH OOIIayiCsl MPH KaKUX-TO 0OCTOSTENhCTBaX. Bce OHM OTHOCHIIHCH K
Camre ¢ yBaxeHueM. L{eHnnm ero 3HaHUSA, yMEHHE pa300paThCs B CIOKHOM HaydHOM BOIIpOCE,
FOMOP H JIETKOCTb B 001eHuu. [Ipexe Bcero, 3to bopuc Konennosuy, Hukonait ®anees, Carra
ITax, Muxaun McaaxoBuu Iloaropenkuit u Muorue apyrue. Ho uMeHHO ¢ 3TUMH MHE IIOBE3JI0
BCTpEYaThcs OOJIbIIE.

Msr omHO BpeMsi OOIIAMCh CEMBSIMH — CEMBH OJWHAKOBBIE TI0 COCTaBY M CO CXOXXHMH
3aboramu. XoAWiaw APYr K APYTY B TOCTH, YTOINAIH YeM-TO JOMAIIHHWM, BBIIHMBAIH. Mowu
pebsiTa MOHAIINBAIN KOM-Kakue BeUH ero ceiHoBei. Korma Mou netu cranu nocrapiue, Tapacuk
KOHCYJIETHPOBAN MX MO MaTeMaTHKe U (pr3uKe.

Bce Obuto XOpomro — He XBaTalio JeHer. BOT TyT-TO MBI CHOBa BCIIOMHHWIIM, YTO MBI
HATIAPHUKH, ¥ HAYaJIN Pa3Tpy’KaTh BATOHBI C CEIBX03YAO0OpEeHISIMA Ha cTaHIu borbmas Bornra.
3a 7-8 wacoB pasrpyxaiau 65-TOHHBIM BaroH, MOJy4aidd 1o 25 pyOiel W BO3BpaMIaIHCh IO
Ho4yHOIT nopore B JlyOny. Tak mpomomxanock rofa dersipe. Ilocnenneii Hamel coBMECTHOH
“mabamkoit’” Ob1 Maranas.

Huxorna 651 He nomyman, yro Camika — “HaTypa yBIICKaromascs”™ U UMEET YCIeX y JKEH-
omH. Kak 3T0 y Hero monmydanock? 3aMedarelbHBIH PAacCKa3drK, CTHXOIUIET M JPYIOHT, OH,
BHIMMO, yMeN “3alyApuTh’ JamaM MO3TH. Ero mo3uTwBHAs peakiius Ha MPOCHOBI MOIKYIIaja,
JKEHCKas CJIabOCTh M JIECTHOE CJIOBO €My MMITOHHPOBAIN — OH 3a0BIBAJICS, BIIOOIAIICS U Jenall
HeoOyMaHHbIE Iard. Taxas BOT JKU3HG. . .

3a mocaeqHue roAbl OH pe3ko caai. OOLarscs MoYTH He yiaBanoch. JKuBeM MBI Bce BMECTE:
pabotaeM, OTABIXacM, BEIIIABAEM. . . A YMHPaeM B OMHOYKY.

IIpocras uctrHa, HO MaMSITh O TEX, KOTO JIIOOMII, yBaXxall, 0CTaeTCsl C HAMH HaBCeTIa.
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IMamsaTu apyra

E.C. Ky3bMuH
Obvedunerublll UHCIUmMym s10epHbuIX ucciedosanui, /youa

MB&I o3HaKOMIJIHCH ¢ AJiekcanapoMm BacunbeBndem Ha baiikane netom 1975 rona. bpurana
corpynuukoB OUSU ouurana 6epera o3epa OT CTBOJIOB J€PEBbEB, MOTEPSIHHBIX MTPHU TPAHCIIOP-
THPOBKE Jeca K MectaM nepepaboTki. OH K TOMy BPEMEHH OBUI YK€ MaTephIM IIA0AITHHKOM.
PasroBapuBai pe3ko, 9aCTEHBKO IMOKPUKHUBAI Ha HEYMEJBIX HOBUYKOB. MEHsI OH cpa3y OKpeCTHI
nMeHeM J[Keppu M TaK TMPOIOIDKAN Ha3bIBaTh MEHS BCIO JKH3HB, HE oOpamias BHUMaHUSA Ha
CTaHJapTHHIEC TIpaBIJIa IEPEBOAA UMEH.

Tsokenast paboTa U CypoBble yCIOBHS ObITA CIUIAYMBAIOT JIIONEH, M MHOTHE M3 yYacTHHKOB
9TOH 3KCIEAUIUY MOAECPKUBAIN JPYKECKHE OTHOIICHHS Ha MPOTSKEHUU MHOTHX JIeT. 3HauH-
TEJNEHYIO POITb B 3TOM CBITpaia ¥ Marus baiikana, KpacoTa KOTOpOTO HACTONBEKO MIPUBOPAKUBACT
JIONEH, YTO XO04YeTCs BO3BPAIIATHCS TyIa CHOBA M CHOBA.

Hama coBmecTtHas pabora Hagamach C TOTO, YTO s MPHIIET K HEMY 3a KOHCYJIBTAIlHEH.
[IpoGema OblTa YUCTO MPAKTHUYECKOW: HY)KHO OBUIO paccuMTaTh YITIOBOE paclpeneseHue ye-
PCEHKOBCKOI'O M3JIY4YCHUS C YUCTOM HNOTEPb SHEPIrurM U MHOTOKPATHOI'O PACCCAHUA YaCTUIIbI B
TosictoM paauatope. Teopusi Tamma—®DpaHka ONUCHIBAET YEPEHKOBCKOE M3JIyUYE€HUE YACTHIIBI,
IBIDKYIICHCS TPSAMOJIHMHEHHO u paBHOMepHO. [Ipu 3TOM mpeHeOperaroT 3pdeKraMu B3amMo-
JEHCTBHUS YaCTHIIBI C BEIIECTBOM PagHaTOpa, IPUBOISIINM KaK K MICKPUBICHHUIO €€ TPACKTOPHH
(MHOTOKpaTHOE paccesHHe), TaK U K CHCTEMaTHYeCKOMY YMEHBIIEHHIO CKOpOCTH. Pasperre-
HUEC pCAJIbHBIX YEPECHKOBCKUX CIICKTPOMETPOB, II€ PErUCTPUPYIOTCA MHOTO3apsAAHbIC YaCTHUIbI,
KPUTHYECKH 3aBHCHUT OT y4eTa Takoro poza 3¢dexros.

K moemy ymusnenuro, Camry mpobieMa 3aMHTEpecoBalia, H OKOJIO JIBYX JIET MBI IOTpa-
TWIA Ha W3Y4YeHHE Bompoca. B 3TOT mepwon s mMen yoOBOJILCTBHE HaOmomarb TapacoBa B
mporiecce paboTHl, €T0 BHEYATIIAIONIYIO CIIOCOOHOCTh COCPEAOTAYMBATHECA M IOPA3UTEIHHYIO
CKOpPOCTh MBIIIUIEHHUS. B pesynbrare ynanock HalTH OueHb u3siHOe ¥ 3QPEKTUBHOE pElLICHHUE,
OITMCHIBAIOIIIEE YIVIOBOE PACIIPEEICHUE U3ITyUSHNUS C y4eToM BeeX AP (eKToB B3anMOICHCTBYSL.
B mampHelmeM 3TH pe3yNbTaThl MMOMYYMIIN MMOATBEPIKICHUE B AKCIIEPHUMEHTE Ha YCKOPHTENEe
TsDKeTBIX HoHOB B Jlapmmmraare (Iepmaniis).

s mroneii, kotopele Tioxo 3Hanu Camry, oOmieHrne ¢ HUM NPEICTABISUIO ONpPEAETICHHBIC
TPYAHOCTH, OJHAKO YAUBUTECIBHO, YTO BMCCTEC C TEM OH o6na;:[an HCAKOXKHUHHBIM IIE€Aaroruydc-
CKHUM TaJIaHTOM. I[OCTaTOLIHO BCIIOMHUTBH €0 MHOTOYHMCJICHHBIX ACIIUPAHTOB U AK€ IIKOJIbHH-
KOB, MOJATOTOBIICHHBIX K MOCTYIUIEHHIO B HUHCTUTYTHI.

ToBOpAT, YTO TANAHTIMBHIN YEIOBCK TAJIAHTIMB BO BCEM, W ATO MOIHOCTHIO CIIPABEITHUBO
Mo oTHomeHnto Kk Anekcannpy BacunbeBudy. [TycroTy, KoTopas obpa3oBanack B KHU3HH C €TO
YXO/IOM, HaBEpHOE, BOCIIONHUTH YK€ HE YAacTCs.
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“BoJIbIION YeJIOBEK” — PbIlaph HAYKH

C.C. IumaHckmii
Obvedunerublll UHCIUmMym s10epHbuIX ucciedosanui, /youa

Ceifyac TEOpETHKH M IKCIEPHUMEHTATOPBl CUIBHO PA30IUINCh B CBOCH CHELMANM3AIUN U
IoJ[4ac ¢ TPyIOM MOHUMAIOT ApyT Apyra. M kakoe orpoMHOE cyacThe AJIS SKCIIEPUMEHTATOpa —
00IIATECS ¢ TEOPETUKOM, KOTOPBIH MOXKET HE TOJIBKO TIOHATH TBOM IPOOJIEMbI, HO U IOJCKa3aTh
KaKHe-TO HOBBIE HANpaBICHUs /IS TOMCKA penreHuid. TakuM TeopeTHKoM OBl AJeKcaHAap
Bacunbesnu TapacoB. C HIM MeHs MO3HAKOMII B cepeauae 1980-x TomoB MO 3HAKOMEIH O
anMa-aTHHCKOMY VHCTHTYTY (M3MKH BBICOKHX SHEPTHH, a KaK ITOTOM BBIICHHJIOCH, M YIEHHUK
Anekcannpa BacunbeBnua, Cama Ilak. Ero unTepechl B ¢u3uke ObUIM ONM3KH K MOHM, H
MO03TOMY OOCYXJIEHHS! CBOMX 33jad C HMM MO3BOJLUITM IIOCMOTPETh Oojiee IIyOOKO Ha BCIO
npo0sieMy, yBHIETh T€ IOJIBOAHBIC KaMHH, KOTOPBIC BCIUIBIIM OBI MO3Ke. JTH 00CYKAECHHA
MIPOXOAMIH CIy4ailHO, B T€X MECTax, IJ€ Mbl BCTPEYAINCh, — HAa CEMHHApaX, COBELIAHUAX
U TIPOCTO TIPH CIydalHbIX BeTpewyax. M Anexcannp BacuibeBud HHMKOTZa HE OTMaxwBaicH,
CCBUIASACh Ha 3aHATOCTh, M HE TOBOPWJ, YTO OH “HE B TeMe”’, KaK 4acTo JEeNalT JIpyrue
TEOPETHKH, a cpa3y HPOSBIISUT HHTEPEC K MOMM MpodiieMaMm.

Kanonunyeckoe mpezcTasieHne 00 oOIMKe TeOpeTHKa — TIIEIYNIHBIA OYKapHUK. AJICKCAHAP
BacunbeBn4 HHKAaK 3TOMy KaHOHMYECKOMY 00pa3y He cooTBeTCTBOBaJ. OH COOTBETCTBOBAI
cKopee 00pa3y pycckoro OOTaTelpsi, HO TaK KaK TaKOBBIX B T€ BPEMEHa HE BOAWIOCH, TO
nepBoe onucanue TapacoBa, KOTOPOE s MOIYYIHII OT 3HAKOMOTO, PUCOBAJIO OOJIUK IPY3UHKa WIH
MOJIOTOOOIMIIa, T.€. COBCEM HE OBUIMHHBINA 00pa3, HO YSIIOBEKA HEIIOKHHHOW CHIIBL. 11 KOHEYHO,
KTO €ro BHJEJ B IIEPBBIH pa3, Cpa3y 4yBCTBOBAIH HE TOJBKO €0 HEPSJIOBYIO (PU3NYECKYIO CHILY,
HO U OTPOMHYIO JKH3HEHHYI0 3Hepruio. OOIMK JIOMONHSUIM PacCTETHYTHIE BOPOTHI pyOax H
pacHaxHyThle, Jake B MOPO3bI, IUIAINN U KypTKkH. Hy 1 00s13aTenpHOE TOMOTHEHNE — KOKaHbBIH
moptdens. B camom o0nuke 1 MaHepax BBl omqymmiany, 9To 3TOT YeNOBEeK — AyIla HapacHalky.
OHeprust ObUla U B peud, U B xecrtaXx. MHe Bcerna ObUIO TPYIHO MPEACTaBHTh, KaK MOXKHO
00y3/1aTh 3Ty MOIIb, KOTOPAasi TAK U PBETCS HAPY)KY, YUTOOBI CHJETh 3a CTOJIOM U, BOOPY>KUBILHUCH
pyuxoii u Oymaroii, Kopnerb Hax GOpMyJaMu M JeNaTh JOJTHE U TPYTLOEMKHE TEOPETHIECKUe
pacyeTsl.

B Hauasne 3THX 3aMETOK s TOBOPMII, 4TO OOTaThIpei B HAIlIEM HACTOSIIIEM HET — OHU OCTaJINCh
B O6butnHax. Ho prittapu Hayku ecth. VI MHE XOTeNOCh OBl BCHOMHHMTH OAMH 3IH30[, KOTOPBIi
cBs13aH ¢ A.B. TapacoBbIM U oTCTauBaHUEM Hay4dHBIX IleHHOcTell. K coxanenuto, ceffuac oueHb
MHOTO ITOSIBUJIOCH JIIOZIEH, JIeBANEBUPYIOMINX CaMO TOHATHE HAyYHOTO PA0OTHUKA M Hay4HOH
paboThI, TTOAMEHSSI MX COBCEM JAPYTMMH MPUHIOWIAMH M MOpANbl0. DTH COOBITHSA CBA3aHBI
¢ npoBoauBIIMMuCS B 1980-x romax o4eHb MHTCHCUBHBIMU HCCIIECAOBAHUSIMU KyMYISITHBHBIX
mporieccoB. [Ipupoma 3TuX sBICHUN HE BBIICHEHA 0 CHUX IOp, HO caMH 3((EeKTs ToBOPST
0 CYIIECTBOBAHUM B CTPYKTYpe€ OOBIYHBIX sJIep MHOTOHYKJIOHHBIX (MHOTOKBapKOBBIX) KOH(U-
rypauuii, CBOMCTBA KOTOPBIX MOTYT OKa3aTbCsl ONPEIEISIOIUMY [l NOHUMAHUS BHYTPEHHEH
CTPYKTYPBI MAaCCUBHBIX 3B€3]] M UX IBOJIOLHH. M BOT OZIHOM M3 TPyIII TEOPETHKOB ObLIA MPEI0-
KEHa MOJIEITb, KOTOPasi ONIECTSIIE OIMCHIBAIA BCE HKCIICPUMEHTAJIbHBIC JAHHbBIE. TeopeTHIeCKe
KPHUBBIE IIUTH TOYHO IO 3KCIIEPUMEHTAIBHBIM JAHHBIM. MOXXHO CKa3aTh, YT0 COOTBETCTBHE OBIIIO
CJIMIIKOM XOpoIIuM. J[pyrue TeopeTHKH He MODIM BOCHPOM3BECTH 3TH PACYETHI, TaK KaK HE
ObUTH OIMyOJIMKOBAaHBI 3HAYE€HHs HEKMX BECOBBIX Koadduimentos. [Tocne TOro kak BeTHYHHBI
9THX Ko3(dunueHToB Obun omyoOnukoBaHbl, A. Ilak, A. TapacoB u A. TuToB HOBTOpWIH
BBIUHMCIICHUS W OOHAPYXKMJIHM, YTO yKa3aHHas TpyIa HE COBCEM TOYHO MPEICTABIAET CBOH
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MOZENbHBIE pacdyeThl. MSTKo TOBOps, TEOPETUYECKUE PAacdeThl MOJABEPrajliCh YHUCTKE, KOTJA
YacTH KPHUBBIX, OTKJIOHAIOUIHECS OT 3KCIIEPUMEHTAIBHBIX JAHHBIX, IPOCTO yOHPAIHCH.

Bces Hayka nepxuTcs Ha MOJTHOM JOBEPUU U MPUHIUIE, YTO HAyYHBIH PaOOTHHK HE MOXKET
Hanucarb HENpaBiy WIN MOATACOBATh Pe3ylbTaThl. YacTo OueHb TPYAHO NPOBEPUTH PE3YIlb-
TaThl, TaK Kak 3TO TpeOyeT MHOTO BPEMEHH M JNOCKOHAJIBHOTO HM3Yy4YCHHUS Jpyroil paboTel H
TTOBTOPEHHUS TPOMO3IIKHUX BhIUUCIeHNH. KoHedHo, Torna OBl O0NBIION CKaH I, KOTOPBIH UMENT
1 aIMHHHUCTPATUBHBIE TIOCTECACTBHA. MeHs ke O0JIbIIe BCero Mopa3uin TapacoB 1 ero KOJUIeTH,
KOTOpBIE B3BAIMIIM Ha cebs cell BecbMa HeOlIarofapHelid Tpy/ 10 OTCTAMBAHUIO YUCTOTHI HAYKU
U ee INpUHIUIOB. /11 MeHs, Toraa MOJNOAOTO 4EIOBEKa, KOTOPBIA CHBIAN O TOM, KaK TaKue
TICEBJIOYYEHbIE OPTaHU30BaIM Pa3rpoM IreHeTHKH B 1940-x, 3T0 OBUIO MPUMEPOM TOTO, YTO H
B Hallle BpeMs YHCTOTY HAayKH HYXXKHO OTCTamMBaTh M 3ammmarb. Celdac HpaBbl CTaId Kyda
OUHUYHEH, 4acTo SBHAS IICEBIOHAyYHOCTh U (parmbCH(UKAIM MPOCTO HE 3aMEYAIOTCS WIH
UTHOPHUPYIOTCS HayYHBIM COOOIIECTBOM, a HOCUTENH 3THX AHTHHAyYHBIX NMPUHIMIIOB BIIOJIHE
YCIIEIIHO CYLIECTBYIOT U JaXKe 3aHMMAlOT HeMallbleé HayyHO-aJMUHHUCTPATUBHbIE U aJMUHH-
CTpATHBHBIC TIOCTHL. M MPUXOOUTCS TONBKO COXKAJIETh, YTO TAKHUX “phIapeii HayKnu”, KaKUM OBbLT
Anexcannp BacnnbeBud, CTaHOBUTCSI MEHBIIIE.

Anexkcanap BacuiabeBuu TapacoB

9.A. Kypaes
ObveduneHHbIl UHCTIUMYM 0EePHbIX ucciedosanuil, [youa

Bcenomunast Anekcanapa BacunbeBuya, mpeicTaBisiio cede ero KopeHacTyto Gurypy, Kper-
KO€ PYKOIIOXKaTue, HECIIEIIHYI0 IPUBBIYKY TOBOPUTH. Beeraa mo aemy, KpaTko U TOYHO.

OH HaxouJ Yy[CCHBIC B3aHMOCBS3H B CEMEHCTBE TMIEPreOMETPUIECKUX (QyHKIUH, 3HAM,
KakK MPUMEHUTD UX B CIOXKHBIX 3a7adax (pusuku. 1 nobuBaics ycrexa aHaIUTHIECKH, BPyYHYIO,
TaM, TJIe MHOTHE COpachIBalli 3a7]adll Ha “IJIEYN KOMIBIOTEpOB”. boraTtblpb B KU3HU, OH OBLIT
OorarelpeM U B HayKe.

KomneraM, npueszxaBmuM B “TOJNOAHBIC KOMaHIUPOBKK™ (maxke 0e3 OIuIaThl >KHIIbs), OH
HaXOIWJI AWBaH M TYIYIl YKPBIThCA. YTOIIAJ Kalleil COOCTBEHHOTO MPUTOTOBIICHHUSI.

Bynyun cam 6e3 CTENeHM IOKTOpA, CKONBKUX OH IOIHSI, BHIBEN B KaHIUAATHI U JOKTODPA,
HCTIPABIISS OTPEXH BOCTIMTAHUS M 00Pa30BaHUS CBOUX YUEHUKOB C “nepudepun’!

‘YMmen oObIrpaTh KOMIIBIOTEP B IIaXMaThl M Hau3ycTh unTai [lymkuna, JlepmonToa, bapko-
Ba, Ecennna u ['ybepmana. Caia OblT pa3HOCTOPOHHE OJJapPEHHBIM YEJIOBEKOM.

XOoauiy JIETEHIBI O TOM, KaK OH CyMeJT BEIBE3TH CBO OTPsi/L (OHU YMCTHIIN PEKH, BIIaAAIOIINE
B baiika) momoit mpu 3a0UTHIX MaccaknpaMu a3poIopTax M JKeNe3HOIOPOKHBIX Bok3anax. Kak
OH (haKTHYECKU B OJMHOYKY Pa3rpyskajl BATOHBI CO CMOJITHBIMH OOYKaMH M CKIaIUPOBAI UX.

Ero mnmem, Bo3HMKIINE B pe3yibTare 3HAYMTENIBHBIX YCHIMH TPH PEIICHUH 3a/Jad IIpo-
XOXKACHUS U3Ty4eHHUs depe3 BeIlleCTBO, U ceifuac akTyalbHBI U BHEAPSIOTCA B COBPEMEHHBIX
JKCIIEpUMEHTax ero koyneramu B I'epmanuu u Uunu, EpeBane n XapbkoBe, B BEAyIIUX LIEHTpax
EBponbl 1 AMepuku.

ITamsate 06 Anekcanape BacunbeBude TapacoBe Bcerma OyIeT >KMBa B HAIIMX CEpIIax.
IapcTBO emy HebGecHOE.
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IMamsaTu AJsiekcaHapa
B.A. Tenepun
ObveduHerHbll UHCTUmMym s10epHbIX ucciedosanui, [youa

Kak gacTto B cyeTe )XM3HEHHBIX TPOOJIEM W COBPEMEHHBIX COIMAIBHBIX IMOTPSICEHUH BAPYT
MTOHMMaelIb, 0CO3HAB MTHOBEHHO, YTO HHUKOTAa HE CMOXKEIIb TOBOPHUTH, OOIIAThCA C HUM, HE
YCIBILNIIL €ro 0OpalieHHbIX K Tebe CyxaeHHH. Thl 4yBCTBYelIb, OCO3HAEllb, TPEBO3MOras
0011b, MEMSIIITYIO Cep/Le MBICIb — ero HeT cpeau Hac. Cepliiie NPOTHBHUTCS TPE3BOMY PacCyAKY,
BOCCO3/1aBasi B TAMATH BHOBb M BHOBb HEMOBTOPHMOE O0astHUE JTHYHOCTH AJIEKCaHIpa.

Jonras mamMsaTh pucyeT HaMm ero oOnuK. KpymHBIH ¢u3HMUeckd, HECyeTINB, 3aXBaTbIBACT
BHUMAaHHE OKPY>KAIOIINX HEOPAMHAPHOCTHIO BHEIIHETO BHA, HO HE TOAABISIET. YCIBIIIAB UMS
€ro, 4eJI0BEeK, 3HAKOMBIM C HUM, CKaxeT: ‘Sl 3Har0 ero — KpacUBBIM My»urHa ¢ 60pomoif”.

IIpomen yxe rox, kak He CTalo0 3TOTO 3aMEYATENIbHOIO 4eloBeKa. boib yTpaThl CTHXaeT,
MEJIKUEe AETald CTHPAIOTCS — KpPYIHBbIE, 3HAUUTENbHBIE CO BPEMEHEM BBIJCHAIOTCS pe3ye.
CyOBeKTHBHBIM B3IJISIIOM HEBO3MOXKHO OXBAaTHUTh BCETO, YTO COCTABIIIIO ATO SBICHUE PyCCKOH
HayK{ — TPUXOJ TaKOTO HEOPAWHAPHOTO YEJIOBEKa, TANAHTIMBEHIIEro CHenHaNnCcTa, QHU3NKa
ot bora.

Ha mpotsxeHun [0aroro BpeMeHHU s UMel BO3MOXKHOCTh HaOJIOfaTh 3TOrO YeloBeKa Kak
OBI CO CTOPOHBI, paboTast PSIOM, SBIISSACH €TO TOBAPUILEM H COOCCETHIKOM, BpEMEHAMHU BMECTE
TPYICH U TTOpadaThIBasi HA MPOMUTAHUE CEMEH, ToITydasi He3HAYUTEIbHBIC CYMMBI 32 TSDKEITBIH
¢usndeckuil Tpya — OpuramgHble TOAPSABI B KOJIX03aX M COBX03aX, OYHCTKY OT CHEra KpbIII
MIPOU3BOICTBEHHBIX COOPY)KEHHH, pabOTHI 10 oyHCTKe o3epa baiikair.

Besne, o coOCTBeHHON MHUIMATHUBE, OH OBLT HAa CaMBIX TSXKEIIBIX M PUCKOBAHHBIX HallpaB-
JICHUSX KOJJICKTUBHOTO TPYZA, BBI3BIBAs YBAXKCHUC OKPYKAIOIIUX, SBISS COOOM MpUMep MysKe-
CTBEHHOCTU M CTOMKOCTH. BoseBOH, HEyHbIBAIOIIMA, LIEIbHBII, OH OTHOCWICS YBaXKUTEJIbHO U
TBOPYECKH K (PU3NIECCKOMY TPYLY.

Mos 6iaromapHast HaMATh XpaHUT MHE ero Jnio. OHO HUKOTIA HE UMEJIO PACCETHHOTO WIIN
0ECCMBICICHHOTO BBIPXKEHHsI, B JIIO0YI0 MHHYTY SBJISISICH OTPaKCHHEM BHYTPEHHEH paboThI
MBICTH. MOXHO JHIIb JOTajblBaTbCsi O TOM MOIIHOM MBICIUTEIBHOM MpoIecce, KOTOPBIH
MOCTOSIHHO MPOMCXOAUI B €r0 YME.

Ero nroOnnm B HamieM OKpyXeHHH. MSTOK B OOIIEHWH, YBaXXHUTEICH K COOCCEOHUKY, TIPO-
HUKHOBEHEH, M3yMUTENHFHO HECTAHAAPTCH B CYXICHHIX, OH BBI3BIBAJI BCeoOIee yBakKeHHE,
OCTaBasiCh MamsATeH MHOruM. Kaxmas BCTpeda ¢ HMM SBIISUIACh COOBITHEM, KOTOpoe OBLIO
HEBO3MOXKHO 3a0bITh. OH OBUT OTKPBIT, HO HE JOCTYIIEH JI0 KOHIIA.

Ero 3pensblii yM He 10IycKall OCTIEUIHBIX WU MIOBEPXHOCTHBIX CYXKACHUN B HAIIMOHATIHHOM
Borpoce. Ero HaygHOE OKpyXeHue OBIJI0 MHOTOHAIIMOHANBHBIM, KaK M Hayka BooOmie. B Hem
NIPUCYTCTBOBAJIM PYyCCKHUE, apMsIHE, EBPEU, KOPEHMIIBI, TAYKUKU, MOHIOJIbI, BMECTE TPYAUBIIHECS
HaJ pemIeHreM OOIIIX HayYHBIX IpoOeM.

LlenbHbIN, TaKTUYHBIM, BEXKJIMBBIA 4YEJIOBEK, OH HE JOIyCKaj MOLLIOCTE B pa3roBope,
BoJibHOCTEH. TOHKO uyBCTBYIOUIMH (OpPMY, ILIBET, TAPMOHHIO, OH SIBJISUICS OOJBLIMM 3HATOKOM
pyccKoit 1 3apyOeKHOHW KIIacCHYeCKOW MY3BIKH. MHE MOBOMWIIOCH BHICTH €T0 JIHIO BO BPEMs
MPOCIYIINBAaHUS KJIACCUYECKUX Npou3BeaeHud. Kak HaM B Halle HENPOCTOE BPEMsI HELOCTAET
OOIIEHMsI C KIACCUKOW — OHOM M3 OCHOB TapMOHUYHOCTH JimdyHOCTH! OH 3HAN U OBLIT TOKJIOH-
HUKOM KJIaCCUUECKOM XYI0)KECTBEHHOM JIUTEPATypBhl.

AJekcaHp IEAPO JACTHICS CBOUMH HAyYHBIMHU HIesMH. OTKPBITHINA, KU3HETIOOUBBINA, OH
AKTHBHO [TOMOTAJI PEIICHUIO HAYYHBIX ¥ KHUTEHCKIX MPOOIeM ApyruX Jiroaeit. Uy Kbl 3aBUCTH,
OH HE 3aMapai ceOs HU3MCHHOW MHTPHUTOMH.
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Berpeun ¢ HUM BO BpeMsi BBIHYXKIEHHOTO J0CYyra, MOpoi ¢ OOKaJoM XOpOIIEro BHHA,
3ajylieBHast Oecelia, J0OBEPUTEIbHOE OOILIEHUE SBIISUINCH AJIsl HAC IEIUTEIbHBIM HCTOUHHKOM.
JoOpast ynbiOka, yMHBIE Ta3a, TpyOKa IyHIMCTOro tabaka; JIOCKa, CIUIONIb HCIHCaHHas Oec-
KOHEYHBIMU (hOpPMYJIaMH, TaKHe K€ 3aIllicy Ha JIMcTaXx Oymaru Ha CTOJ€ C KCIIPOMTaMH €ro
MBICJIH, THXHUH TOJIOC, OOpaIeHHbII K coOeceHNKY. . . Kak leHeH MUT Takoro KpaTkoro gocyra!

B npodeccronanpHON AEATETBHOCTH, C €T0 KPUTHYECKUM CKJIaZOM yMa, OH CTPEMHIICS K
MTO3HAHUIO UCTHUHBI, HEB3HUpPasl Ha aBTOPUTETHI, U JTOCTUTAN SIPKUX U dPPEKTHBIX PE3yIbTaToB.
C >KMBOCTBIO HCCJIEJIOBATeNs] BOCIIPHHUMAJ TOYKY 3pEHHUs] cOOeCeHUKa, CTapasch JaTh aJeK-
BaTHYI0 (OpMYIHPOBKY Ipobineme. O0nagas yMOM aHAJUTHKA W JyNIEBHOW IIMPOTOH, IIENpPO
paszapuBai uaeH IJIsl HayqHOTo Ioucka. Ero TBopueckas nesarenbHOCTh 00opBaiach B paciBeTe
€T0 TaJIaHTa.

[IpITasiCh NOHATH )KU3HEHHBIH ITyTh 3TOTO YAWBUTEIHHOTO YEIOBEKA, 3a/1aCIIbCS BOIIPOCOM:
KaK (OpMHpYETCsl TAKOH XapakTep, TAKWEe KaueCTBa MHIMBHIA; B KAKUX YCJIOBUSX, ITO]] BO3/ICH-
CTBHEM KaKuX JIIofiel, (haKTOpOB — COLMANIBHBIX, TPUPOJHBIX, 00IIECTBEHHBIX — (hOpMUpYETCS
Takas JINYHOCTh; IIe OH POC, KEM BOCITUTHIBAJICS, KAKOBA €0 CYACTINBAS HACIEICTBEHHOCTH?
Mory 1w OTMETUTb, C KaKOH MOYTHTEIBHOCTBIO OH OT3BIBAJICS O CBOMX YUHMTENSAX M Onu3-
KHX JIpy3bsIX, @ TaKKe TOT HEOCHOPHUMBIN (DaKT, YTO CEMEHa, MOCESHHbIC €T0 CTyAECHUYECKUM
HAcTaBHUKOM PadkaroM AXMepOBBIM, MaNy Ha OJIArofaTHYIO MOYBY.

[TamsaTe 00 AnexcaHpe MbI COXpaHUM B CBOMX cepALiax. YIIokoH, ['ocroau, aynry ycomnmiero
paba Teoero Anekcannpa.

Mou aeaymka

Bepa TapacoBa
Hayuonanvnotii uccnedosamenvcxuti ynusepcumem “Buicuias wixona sxonomuku”, Mockea

He xaxplif MOXeT MmoxBacTaTbcs TakuM Aeaymikod. OH Bcerna HaloOMHMHANI MHE CTaporo
Jn06poro THoMa: ¢ OOpOJIOH, MaIOUKOH, KypUTEIbHOW TPYOKOH BO PTY M MHJUTMOHOM CKa30K B
ronose. Ha moGyro cutyanmio y nega Camm Bcerna Haxogwilach CTPOYKA M3 CTHXOTBOPEHHSA
WM [UTaTa. A CKOJBKO CTPOK OH MOT NPOYUTATh HAM3yCTh, CKOIBKO CKa30K paccKa3arh!

Ero mo00Bb K 4TEHHIO IIepeanach U €ro JACTAM, U BHYKaM, U HET CIIOB, KOTOPBIMH MOXHO
ObUIO OBl BBIPA3UTH OJIATOAPHOCTH 32 3TO.

U Bcerna emy ynaBanock 4eM-HHOYAb MeHS yAUBUTH! OHAXIBI 3MMOH, KOT/Ia JIeC B palioHe
nmuka TsnknHa eme kaszancs MHe OecrpenenbHO OOJBIIMM, JAeAyIIKa ITOBeT MEHS Ha 00J0To
HCKaTh KIMOKBY. M, ¢ 0HOIT cTOpOHSI, s1 Bpoae OBl HOHMMaJIa, YTO B yCIOBHAX IOIyMETPOBOTO
CHeTa MBI BPSA[ JIM HalJIeM KIIOKBY B JIECY, HO HE BEPUTH J1eAy ObLIO HEBO3MOXKHO, TIOITOMY
HOCIYIITHO POOHpaack 3a HUM 4Yepe3 KYCThl, HCKalla B CHETY JKeJIaHHbIE KPacHbIE SITOJIKH.

[ToB3pocnesmiero pedeHka ObLIO TpyJHEE YIUBHTH KJIIOKBOW B JIeCy, HOITOMY JEAyIIKa
Ka)KIbIH pa3 MPUBO3MI YTO-HUOYAb HOBOE U3 CBOMX 3arPaHUYHBIX KOMaHJUPOBOK. DTH MOAAPKH
TIOJTb30BAIIMCH OTPOMHOH TOIYIIIPHOCTBIO Y BHYYKH, OCOOCHHO B HEMPOCTHIE TOIBI CTyJCHYE-
CTBa.

CaMbIM OOHMIHBIM TSI MEHS SIBJISIETCS (DaKT MOUX CTOJIb HEOOMBIINX 3HAHUM O Ay IIKUHBIX
JOCTIXEHUX B Hayke. OH HUKOI/Ia HE PaccKa3bIBaj O CBOEH pabore, a s IoYeMy-TO MHOTO He
cnpamuBana. Ceiluac IpUXOAUTCS Y3HABaTh BCE OT APYTUX JIIOJEH, a Bellb CKOJIBKO HHTEPECHBIX
PasroBOPOB ¢ HUM MOIJIO OBITH!
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O Caine

IO.I1. BanoB
Texnuueckuii ynusepcumem um. @edepuxo Canma-Mapuu, Barenapauco, Yunu

I'ne-to B Hauane utonst 2011 roga momyuwmn nucbMo oT Onbru BockpeceHcko# ¢ mpochOoit
HamucaTth o Came (xoTh moscTpaHuuku!) amst c6opHHKa BocrmomuHaHuil 0o HeMm. Cormacuics
cpasy: kuura o Came — neno ceatoe! Ho ¢ xomy cecTs 1 HammcaTh Hy HUKAaK HE MONTy4aaocCh:
cyeTa TeKymmx nein 3aena! Brpodewm, mo cioBam Onw, He 51 ofuH Takod. M ecnu x ceHTIOpIO
YTO-TO HANHMIIETCS — TO M 3aMedarenbHo! B obmiem, Bpems momuio, seto B [lyOne Habupano
JKapKue Tpagychl, a cyeTa JeJl HUKaK MeHS He oTmyckama. OJHaxo MoAcIyaHo paboTa muia: B
noesje, caMojeTe, Jake B o4epesld B MarasuHe HeT-HeT, a BCIUIbIBAaIM MbIciau o Camre. MHoroe
BcIoMuHanoch. Y HaBepHsKka Moy, 3HaB1re Cairy Oosblile, HAMUIIYT O HEM U BBIPa3UTEIIbHEE,
n sryqme. MHe e 3aX0TeJoCh IepeaaTh CBOU OLIYIIEHUS OT oOmieHus ¢ HUM. MHorma naxke
KOpOTKasi BCTpeda MpuaaBaa KU3HH DIyOMHY, a BBIpaXKEHHE UM CBOMX MBICIEH OBIJIO OYEHb
€MKO W TIOPOM MPOCTO apOPHCTUIHO, JaXKE TIE-TO CIYXKUJIO YPOKOM. 3a TOYHOCTH (pa3 He
HOpy4ych — He 3ps roBopsaT: “Bpet, kak oueBuzmenr”. Ho myx m cMmbIcn mocrapaics mnepenarhb
BEPHO.

O Hayke

Bruto 3To0 B ponuiom Beke, B Hadane 80-x. Bagum (B.A. bennskos, ceifdac 3aM. JupeKTopa
JIAIT OUAN) u 51 Opum eme cTakepamu. I, Kak BOOWTCS, CUMTANM, YTO €CIIH U HE C XOLY,
HO YK TOYHO BCKOPOCTH pemnM Bce B (usuke! Ho BOT TONBKO KOMIBIOTED Hy)XEH. A TOrna,
CTpAIIHO CKa3aTh, KOMIBIOTEP OBbUT XOTh M 00JIBLIOI (10 pa3mepy), HO onuH. M He Ha rpynmy,
He Ha jaboparoputio, a Ha Beck MHcTHTYT! Hano OblIo MpUiTH B KOMHATY, I7Ie CTOSI TEpMUHAI,
U 3apaHee 3amMcarbcs Ha ONpereleHHOe BpeMs: AHEM — He Oonee moiydaca, a Imocje daca
HOYM — @ IEJIbIH Yac MOXXHO OBIJIO CTy4aTh MO KJIABUINAM M ISUINTHCS B 3€JICHBIN JKpaH.

B obmewm, kapruHa Takas. Yac Houm. MbI ¢ BamuMom mpunum Ha cBoe Bpems. J[Hem
e BCSKHE JOKTOpa C KaHAMJaTaMH PaboTaroT, a HOYb — 3TO yXe CTaxep Aa CTYIEHT Ha
CMeHy 3acTynaroT! 3a TepMHHAJIOM CHIUT HeOpHTas JIMYHOCTH (Hy NpsM BeUIMTHIH KopHeeB
y Crpyrankux) v 3agyMYdBO CMOTPHT Ha MajeHbKuil 5kpaH Tectronix. (Bor B JIT® Obin
OomnbIIOH 3KpaH, U Bce UM 3aBuaoBanu!) IIpmaeM BuaHO, UTO YK€ AaBHO CMOTPHT. BaymumBo.
be3 Toro, uToOBI KJIaBHITy KaKyl0 TPOHYTh. BHIHO, MBICIb MpHIIA. A MO KJIABHIIE CTYKHEIIb
— cmyrHems! Hy, MBI MUHYTY CTOHM, TOTOM Y)X IIITh MPOXOAMT. S Kak-To ¢ HEAOCHIMy (IO
HO4YaM paboTaellb, JHEM IBITACIIbCA KaK-TO MPUKOPHYTh Ha CEMUHape, — CTaxep ke “Ha
tabene”: 1HeM Ha paboTe 1oKeH ObITh! Kopoue, Hemochln XpoHn4eckuii!) B HEKoe oleTIeHeHUe
BIaJl, a Bagum, He BBIAEPKAB, ClIEp)KaHHO TAaK BHIJAET B MIPOCTPAHCTBO: MOJI, HAILIE BPEMs yXKe
HacTymio. B orBer — Hudero. JIons Meiciu npogomkaercs. [lotom, rae-To yepes moIMHUHYTHI,
CKPHITUT Kpeciio U “HeOpuTas TMYHOCTE” obpamaeT Ha Hac cBOif B3op. BumHO, yTO MBICIH yIIUTa
HEYXBa4uC€HHON. A pa3 Tak, TO U C JOCAJHOW MOMEXOH MOXKHO pa3oOparhcs. Jlanee ciemyer
KOPOTKasi, HO eMKast 1 00pa3Hasi pedb, CMBICI KOTOPOH “ITi OBl BB, pedsrta ...”. 1 Obu1 yka3aH
KOHKpPETHBIN azapec. Jlaneko, MHBIMU cioBaMu. “TyT Jnroau HayKod 3aHuUMaroTcs!”

N Benp Tak u ynuin Mel ¢ Bagumom. 3ato mo3HakoMuiMch ¢ “‘camuM TapacoBeiM”. U,
KaK HaM Ha CIICAYIONIUI JIeHb CKa3aju, elle JeTKo OTAenanuch! BoT KoMy IIyTOYKH, a MOPOM
OTKHHEIILCS, TOCMOTPHUIIb HA CBOM 3aHATHS U “oTHOpMUpYembes” 1mo CallmmHOMY METOay —
HayKa 3TO WM Iopa YK€ UATH KyJa Hojaajible...
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O “ao6Bu”

Jlereno Bpems. Bor yx u Cor3 pacnaincs, u 1990-e npocsuctenu. Brpouem, He MHE Te
BpEMEHa ONMChIBaTh. HO BOT 4TO MHTEPECHO: KAaK-TO TAK MONYUHIOCH, 9TO B JlyOHE mopaboTars
BMecTe ¢ Cameil y MeHs He cnoxuiock. M nmume oka3zaBmmcek B [epMaHnu, MHE ITPEICTaBUIICS
Takoii ciry4aid. Carlia TorJa onepeMeHHo Ipue3kai To B IHCTUTYT TeopeTnieckoil (GU3UKH, TO
B UHcTuTyT sinepHoit ¢pusnku ObmectBa Makca [Tnanka. O6a B I'eiinens0epre. Kak o6b1uHO,
Cama pa6oran ¢ bopucom Konenmosnuem. Ho, mockosbKy st To)ke TaM OBUI, MHOTA TPUBIICKAIIH
1 MeHS JJIs BCAKUX pacueToB. Brpouewm, s ceifgac He “o0 Hayke”, a “‘o moOBH”.

XKy mbt ¢ Camreit B 0OTHOM HOABE3JE U, O0Nee TOrOo, Ha OJHOM 3TaXe J0Ma, B KOTOPOM
CHMMaJM KBapTUPHI “TocTé Makca Ilnanka”. A 10M 3TOT, HaJO CKa3aTh, HAXOMWICA MPAMO Y
jeca, 3a KOTopeIM B 10 MHHYTax HeCHEUIHON NMPOTyIKU BBEPX IO CKIOHY XOJIMa M HaXOIUJICS
WHerutyt aneproii gusnku. IIporynka mo jiecy mepen M mocie padOThl — YTO MOXKET OBITH
ayume! Ho 3To KoMy Kak: IO BECHE B JieCy MOSBISUIACh BCsSKas MeNKas ‘“KMBHOCTB , U
€CIIH OfHOMY BCE 3TO — MpPHpPOXa, TO U APYroro yxe — mpotmema. M nmemo naxke He B
KOMapax, la MyXxax — 3TO JeJO MOHATHOE, Aa U He ObUT0 MX TaM B “IyOHEHCKHX~ oOBbeMax.
A Bot kienu Came 1oKy4anu npeuspsaaHo. 1 Bor B ouepenHoi pa3 “cioBuB” kiemra, Carra
MIPOCHT MEHS “TIO-COCENCKHM~ OOJeTYNTh ero crpajanus. Mo, Bnmiach “dTa cobaka” Hy B
COBEPIICHHO HEJOCTIKMMOE YEJIOBEKOM MECTO, M 0e3 MOei MOMOIIM Hy HHKaK He 00OHTHCH.
4, camo co0oif, TyT e TOTOBIIO “WHCTPYMEHT K ONepaluy’ — JIOCTAI0 UTOJKY IOTOINIIE U
mpotuparo ee “crmprom”. Ilocne dero mpucTynaro K M3BICUEHHIO ‘‘3axBaTduka’. B aToT pas
“BTOpKeHHE” ObUIO JIEHCTBUTENBHO TIIYOOKUM. S BOXKYCh YK€ HECKOJIBKO MHHYT, U CaM yxkKe
naxe Beriotedn. Carlra My»XeCTBEHHO TEpPIUT Moo “onepanuto”. [To xoy nena Mbl oOMeHUBaeMcs
KOMMEHTapHsIMH Kak [0 MOBOAY KieLel, Tak U “3a xu3Hb . HakoHel “nuBepcaHT” U3BJEYEH,
U 4 BBIAAIO YK€ “medaTHoe” BBIpakeHHeE: “OX, W Jr00AT ke Tebs kiemu!” Ha gyrto momydato
MTHOBEHHBIN OTBeT: “J[1000Bb OHa, MOHUMACIIh, pa3Has OBIBACT: YTO OJIHOMY — CTPAcCTh,
JIpyroMy — OIHM cTpajganus...” M Beas mpas, HE BO3pPA3HUIIb!

3X, MHOroe ObLIO, MHOTOE TpoNUIo. U 3TH Kiemy — Jajeko He IMOoCJeAHEee HCIBITaHue,
BBINABIIIEE HA €r0 A0I0... MHoroe Calle NpHIuIoCh BeIHECTH. M Bce->ke OH 10 TTOCIEAHUX CBOUX
JTHEH EHWIT YABIOKY. YK MPOCTUTE, €CIH KOMY-TO MO “OalKH’ MOKaXKYTCs JIETKOBECHBIMU, —
cMero HaJesThesl, Cara BCIIOMHUHAT OBl 00 3TOM TOXE C YITBIOKOH.

3ameuareabHas ApyxkOa

I'epxapa u Upmrpayn Bedepunr
Onnenvxaiim, I'epmanus

6 ner Hazax agMuHMCTpauusi MHcTUTyTa Teopernueckoil ¢usnku IeiinensOeprckoro yHu-
BepcUTeTa OOparmiack K HaM C BOIPOCOM, HE COIVIACHMCS JIM MBI CIaTh BHaeM KBapTHPY B
HamreM coOcTBeHHOM noMe Asiekcanapy TapacoBy u ero skeHe Ombre BockpeceHCKoOH, mpu-
exaBmmM u3 Poccum it pabGoThl HaA COBMECTHBIM C HMHCTHTYTOM IIPOEKTOM. MBI OXOTHO
COIVIACHIIACH, TaK KaK BCETZA Pajbl 3HAKOMCTBY C HOBBIMH JIIOABMHU M HOBOH JUIS HAC KyJIbTYPOi
Jpyroil CTpaHBbI.

Korna sTa cembs nepeexana Kk HaMm, Mbl TOTYAC K€ MPOHMUKINCH K HEHl CUMIATUEN U CTalu
BMECTE NIPOBOIUTH MHOTHE Beuepa. MBI OTMedaad BMECTE JHH POXKIEHHS, IPOBOAUINA BpeMs
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B Oecemax Ha Hallel BepaHAe, BMECTE YIaCTBOBAIM B TOPOACKUX IMPa3JHECTBAX, IMPHUIIIAIIATH
Jpyr Apyra B FOCTH IO3HAKOMUTBCS C YUCTO HEMELKOHM WM 5K€ UUCTO PYCCKOM KyXHEH.

SI3bIKOBBIX OaphepoOB HE CYIIECTBOBAIO: MBI MOIJIM OOILIAThCS KaK Ha aHIIUICKOM, TaK W
Ha HEMEIIKOM f3bIKaxX. 3a 5 JIeT 3HaKOMCTBa C ATOW ceMbell y Hac BO3HMKJIA 3amedaresbHast
Ipyxk0a, KOTOpast IPOIOIHKACTCS U TeIepb.

Me1 Tiry60K0 CKOpOUM, 4TO AJIEKCaHJIp TaK paHo yIIen u3 kKu3HH. Ero HensMeHHas 1o0po-
JKEJIaTeNbHOCTh, CMEX, €T0 JIFOOMMBIEC BRIpaKCHHS, TPYOKa, KOTOPYIO OH OCTOSHHO KYPHJI, CHAS
Ha 6aJ'IKOHe B HalICeM cany, 0 4€EM-TO BCC BPEMs pa3sMbIlLIAd, — HAIA J'IIO6I/IM]:Ie BOCIIOMHMHAHUA
o HeM. OH HaBcerJa OCTaHeTCs B Hallled MaMsATH.

2011 rox

OctiiBaomas Bceceennas

J1.B. AHTOHOB
Hucmumym meopemuueckou gusuxu Ietidenvbepeckozo ynusepcumema, Ietidenvbepe

He yknaapiBanocs B co3HaHuu, uto Camm Ooble HET Cpeu Hac, KOrja MPUILIO coo0Ie-
HUE 0 ero 0e3BpeMeHHOH KoHUnHe. TakiM abCONIOTHO KMBBIM YEJIOBEKOM OH HaBEYHO OCTAJICS
B Halllel MaMsTu.

OH NOKHHYI HAC CIHIIKOM OBICTPO M HEOXKHUIAHHO I MHOTHX, BKITIOUasi MEHS M MOIO ce-
MbI0. KaskeTcs, 9ro BOT emmre Tompko Buepa Calra CHOBa BECEIFUT MOETO CHIHUIIKY, PacCKa3bIBas
eMy KaKyo-TO JAETCKyIo 1mo3mMy. Ham ¢ sxeHol Bcer/ia mojico3HaTeNbHO TyMaJoCh IIPH 3TOM, YTO
B 001IEeM-TO OOJIbILIE MBI M HE BCTPEYAU JIFOJIel ¢ TakoW ()eHOMEHAJIbHOW IMaMSATHIO M TaKHUM
pPEeIKUM YYBCTBOM PYCCKOTO SI3BIKA.

Carra 3anOMHIJICS. HAM YIMBHUTEIBHO SIPKUM U 00asTeIBHBIM 9eJIOBEKOM, C KOTOPBIM BCETIA
XOTEJOCh MOOBITh TOomoMbIIe. [IOMIMO YHHUKATBHBIX YEJIOBEUECKUX Ka9eCTB, MPUTATUBABIINX
K Hemy mrozneit, Camra oOnajgan MOMCTHHE HEHUCUEPIIaeMBIMH 3HAHUSAMHU HE TOJIBKO B (DH3HKE,
HO, HallpyMep, BO BCEMUPHON HCTOpUH U reorpadun. He roBopst yxke 0 ero Be4HO IOHOIIECKOM
3a70pe U OECYMCIEHHOM MHOXKECTBE IIyTOK, aHEKJIOTOB M YETBEPOCTHUIIHNH, KOTOPBIE KaKHM-TO
VAMBHUTEIFHO €CTECTBEHHBIM 00pa30M BCIIOMUAHAINCH Carield B HOAXOISIINHN I 5TOTO MOMEHT.

Hpyroe 3amomauBIIeecs CarmHo Ka9eCTBO — €T0 MOpa3uTebHast CKPOMHOCTD — BEITIIACIIO
OpraHWYHOM YacThIO HAKOIIEHHOH UM OTPOMHOM >KM3HEHHON MYIIPOCTH.

Koma TAaKUE€ HCOPAMHAPHBIC JIMYHOCTH, KaK Cama, YXOIAT, TO IOHUMACHIb, YTO Bcenennas
ﬂeﬁCTBHTeHbHO OCTBIBACT, HO H3J'Iy‘leHHbII>i HUMHU CBET €1IC J0JIr0o 6y£[eT 03apsATb CBOMM CUAHHUEM
U TEIJIOTOH TeX, KOMY MOCYACTIMBUIIOCH C HUMH CONPUKOCHYThCs. Beunas mamsre Care.

2011 rox
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Henoaras npyxoa

M.H. MuaruakanoBa, }0.C. Bepnos
Hncmumym soepuou usuxu um. J].B. Crobenvywina, Mockea
Hucmumym aoeprvix uccnedosanuii Poccutickou akademuu Hayk, Mockea

Tsoxkko mucaTh 0 663BpeMeHHO ymeaumeM CBETIIOM YEJIOBCKE, CTaBIIEM HaM 6J'II/I3KI/IM B
TIOCJIEHUE TOJIBI.

Pazymeercs, Te, kro paboran ¢ AnekcaHapoMm BacumibeBHdeM W 3HAII €ro JOJTHE TOJEL,
CMOTYT pacckaszaTh 0 HeM ropaszmao 6ompmre. O paborax Asekcannpa BacumseBrua paccKaxyT
€ro COaBTOPbI U YUYCHHUKH. Ham naume xouercs OTMETUTH, YTO, HAXOJAACh Yy HAC I0Ma (y)Ke
OYCHBb OOJIBHBIM), OH MMOYTH BCE BpeMs paboTai. Yxke mocie yxoma Anekcanapa Bacunbesuua
MBI ¢ OOJIBILIMIM MHTEPECOM ciyliany Ha koHpepenuuu B EpeBane nokmax Ceprest Pyoenosuua
I'eBopksHa 0 coBMecTHO# pabote ¢ Anekcanapom Bacumsesudem u Onproit OnerosHoit. Cepreit
PybOeHoBHY oTMeTHIT permatonuid BKiazn AnekcaHnpa BacuipeBnda B IMoydeHHE TOJI0KEHHBIX
pe3yneraToB. M3 moxiiama OBUTIO BHIHO, KaK TECHO IEPEIUIETNCh B TBOpYECTBE AJeKCaHIpa
BacunbeBnua maremMatuka u Gpusnka.

OnHako, BO3MOXKHO, 3TH KOPOTKHE BOCHOMMHAHHUSI J0O0ABST HEKOTOPHIE YEPTOUYKH K Xa-
pakTepy OYeHb SPKOTO, IIMPOKO MBICIAIICTO, OYCHh HETPUBHAIBLHOTO YEIOBEKA, KAaKUM OBLI
Anekcanap BacuibeBUY U KaKUM OH OCTaHETCS B HAICH IaMSTH.

3HAKOMCTBO C ATOW 3aMevaTeNIbHOM ceMbell y Hac Hadyanoch ¢ Onbru OneroBHel BockpeceH-
CKO#i MpH PaJOCTHBIX /IS HAC 0OCTOSTENBCTBaX — BMECTE C COTPYAHUKAMH OTIIENa, B KOTOPOM
paboTaer Hall ChIH, NPa3JHOBAIM €ro >XeHUTHOY. K TOMy BpeMeHH MBI y)Ke 3HAJHU, KaKyro
BaXHYIO ponb cbirpain Ombra OneroBHa u Ajekcannp BacuibeBnd B cynpOe KEHBI HalIero
ceiHa ExatepuHsI, 11 KOTOPOI OHM CHIeNajiy OYeHb MHOTO, ONCKasl U HACTaBIsAsA €¢ B HayKe U
B JKM3HU 33JI0JITO J0 TOTO, KaK ¢ Hell mo3HakommJics Ham cbiH. [locie mpasmHoBanus Oibra
OueroBHa, €CTECTBEHHO, OCTAIACh Y HAC, MbI OUEHB JIOJIT0 OeceIoBalu, cpa3y NPOHUKHYBIIUCH
K Hell mryookoit cummarueii. beuto 310 ocenpro 2008 rofa, Tak 4TO Hala ApYxOa MPHILIACH
Ha CaMoe TSDKEJIOE BPEeMsl B KHM3HHU ATOH CEMbH.

C AnexcannpoM BacrinbeBrdeM MBI TO3HAKOMIUTUCH HECKOIBKO MO3KE — CYIPYTH IpUEXaTd
B KIMHUKY Ha KOHCynbTanuio. [lepBoe BredaTieHHe OBIIO TaKMM: B JIOM BOIIET PYCCKHMA
6oraTelpb — W 3TO YAMBHUTENBHO, TaK KaK B 3TO BpeMs AJekcanap BacumbeBuu yxe HE MOT
MEPECABUTATHCA oe3 IIOMOIIIU ITaJI0K. Ho Hukakue majkd He MOIJIM ITOBJIMSTH HA TO OIYHICHUEC
MOIIIH, KOTOPOE UCXOHIIO OT Hero. BripoyeM, OyKBasibHO cpasy Mbl ObIIM TIOKOPEHBI €ro HHTEII-
JIEKTOM, OCTPOYMHEM, IMTHPOBAaHUEM K MECTY CTHUXOB, 0COOEHHO JrodnMoro uM ['ybepmana.
Kaxercs, FOputo CepreeBudy ymanoch BCIIOMHUTH JIMIIb OTHO CTHXOTBOpeHHe ['yOepmana,
Heu3BecTHOe AsiekcaHapy BacunneBuuy.

Crenyromas Haiia BCTpeda mpousonnia B J[yOHe, rie Haila HEBECTKa 3alllyIlaia KaHIH-
JarcTkyro auccepranuio. [1o npuesne B JlyoHy Mbl Obuti obnackansl B ome Onbru Oneros-
HBl U Anekcanapa BacuibeBuya, a 3aTeM Ha 3alllUTE 3Ta 3aMeyarelibHas CynpyXeckas Iapa
paszenuia ¢ HaMH BOJHEHHE W PajOCTh IPH OIVIANICHUH PE3YIbTATOB TOJIOCOBAaHUS. XOUETCS
MTOBTOPHTD, YTO 3TOH PafOCThIO BCS HAIla CeMbs BO MHOTOM 00s13aHa nMeHHO Omnbre Oneropue
n Anexcanapy BacunbeBudy.

A nmanpiie Bce crano rpyctHo. Ombra OneroBHa u Anekcanap BacuibeBuu cramm 4acto
ObIBaTh B HAIlIEM JIOME H3-3a Oosie3HH Asiekcanjpa Bacunbesuua. TSKKo BCTIOMUHATH BCE STAllbI
ero O0osie3Hd. Heckobko pa3 HaM Ka3ajioch, YTO Xy/IIIee 03aI1, HO OO0JIe3Hb IEMOHCTPUPOBAIIA
CBOE KOBApCTBO. XOYETCS CKa3aTh, YTO TOIBKO YEIOBEK OYCHH OOJBIIOTO MY>KECTBa MOT BECTH
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ce0s B TaKMX TSDKKHX OOCTOSITENbCTBAaX Tak, kKak Aunekcanap BacuibpeBwd. Kasamoch, Oyaro
HHUKaKOTO Tpy3a COMHEHHH, HUKaKOro cTpaxa HeT B ero ayiue. M, Oyay4u B TaKOM COCTOSIHUH,
OH HE mepecTaBall TPOraTeibHO 3a00TUTHCs 00 Onbre OneroBHE W BOJHOBAaThCS, €CIH OHA
3aJIepKUBAJIACh.

Bombmryro pagocts mpuHec AnekcaHapy BacumeeBudy mepees Ha HOBYIO KBapTHpy. Ham
YIAJIOCh TMOOBIBATh B 3TOW KBapTHpE MpH ero u3HU. 14 okTsa6ps 2010 roma B OUSN Bciomu-
Hanmu Anekcest Hopaiiposrua CucaxsiHa. MblI, cBsi3aHHbBIe ¢ AnekceeM HopaiipoBudeM qonruMu
romamu JpyxObl, npuexand B JyOHy u, koHeuHO, moexanu Kk Onbre Oneropue u AJCKCaHIPY
BacunbeBuuy. Anekcanap BacuinbeBrd ObUT, Kak HaM Ka3aJI0Ch, TOJOH CHJI (MJIM HAM XOTEIIOCh,
9TOOBI 3TO OBUIO TaK), KaK BCErna, POK M OCTpoyMeH. HeBO3MOXKHO OBLIO MPENCTaBHUTH, YTO
MeHBIIIE YeM UYepe3 IONTo/a ero He CTaHeT. B To, 4To KOHeI OJM30K, HE BEPIJIOCH H TIOCIE
BTOpO#t onepamuu. Mennta HukonaeBHa Oblia y HETO B OHKOIIEHTPE, TOBOPUTH OH €IIle HE MOT,
HO TIpHHEC TETPajb U HalMcall JBa YeTBepocTUIIns ['yOepMmaHa, KOTOpbIE TaKk TOPHKO Terepb
MIePEYUTHIBATh U KOTOPBIE XOUETCs 3[1eCh IIPUBECTH:

Moit pazym BEpHO Cepally CIIYXKHT,
Bcerpa menya, 4To moBesio,
YTo BCe MOTIIO OBITH MHOTO XYK€,
Emre xpeHoBe#i OBITH MOIJIO.

Ha cBere xuTh ¢ a3apTOM TaK OMAaCHO,
JIroOble Tak PUCKOBaHHBI IIyTH,

UTo MOHSN 1 ONHAXBI OUEHD SICHO,
JKuBBIM U3 3TOH KU3HU HE YUTH.

Ha npomanse on kpenko o0Hs1 Menuty HukomaeBHy, U TOIyMaaoch ¢ HAIEKIOH, UTO BCE
OyZeT XOpOoIII0, €CIIH YeJIOBEK COXPAHMUI CTOJIBKO CHIL

Bor u Bce. PafocTHO, 4TO JXM3HB CBEJIa HAC C TAKUM 3aMe4aTelIbHO SPKUM YEIOBEKOM, KaK
Arnekcannp BacuibeBud, HO OY€Hb TPYCTHO, YTO JIPYKOa Hamra OblIa CTOIb KPATKOM.

MMocnenuss yyeHuua

K.O. Ilo3neeBa
Hnemumym adepnour pusuxu um. /[.B. Crobenvyvina, Mocksa

Anexcannp BacunseBud TapacoB siBisuics: pakTHUECKMM PYKOBOAMTENIEM MOEH auccepra-
LIMOHHOW pabOoTHl M IOMOT MHE CJeNaTh 3Ty paboTy auccepTadenbHO. S MOCTOsIHHO e31uia B
Hdy6ny u xwna Henensmu B nome y Oneru OneroBHs! 1 Aniekcanapa BacunseBnda. B To Bpems
OHHM >KWJIM B MHCTUTYTCKOW KkBaptupe Ha Kypuaroma, 4. Kaxxmoe yTpo y Hac ObuT “MOpckoii”
HOABEM: Hac Oyaui TPOMKHH 3BYK TOHra, JOHOCHUBIIMHCSA C KyXHH, ¥ MOIIHBI TONOC Ha
Bclo kBapTupy Bo3seman: “Iloxsem!” K 3TOMy MOMEHTY Ha KyxHe, KaKk IpPaBUJIO, HaC yXe
XKJIJIM 3aMedaTelIbHble TBOPOKHUKH CO CMETaHOH M BapeHbeM. Takue uy/eCHbIe TBOPOKHUKH
yMeJI TOTOBUTH TOJBbKO Aunekcanap Bacuibesuu! OH cumrtan, 4To ONpeneNeHHBI THI AHUETHI
YBEIMUYMBACT YMCTBEHHYIO aKTHBHOCTB. YTPOM IIOJIarajoch €CTb TBOPOI, BEYEPOM — DBIOY
(>kenarenbHO CeNenKy).
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Opnaxnsl, puexaB B JlyoHy, B kBaptupe Onbru OneroBHbI U AsiekcaHapa BacuimbeBrnda
A yBHJEJNAa MOJOLYI0 CHMIATHYHYIO NEeBYIIKy. MHe cTano mHTepecHo: kTo oHa? IlepBeiM
MIPEATIONIOKEHHEM OBUIO TO, YTO B TOCTH IpHexana BHydka. Okasanoch, YTO HOYBIO AJieK-
cannp BacunbeBnu ¢ Ousbroii OseroBHoid Bo3Bpamainuch B JlyOHy aJeKTpHYKOH, Iie K HUM
C BOIIPOCOM 00paTmiiach AEBYIIKA, SIBHO 0OECIIOKOCHHAsI CKJIaAbIBaBIIeiics cutyanued. [locie
pas3roBopa BBIACHHUIOCH, YTO OHa efeT B JlyOHy K CBOMM COOTEUECTBEHHHKaM M3 MoigaBuu,
MIPUITIACUBIINM ee paboTaTh BMECTe C HUMH Ha CTpoiike. 1x aapeca eif ObUTH He M3BECTHHI,
X MOOMJIBHUK He oTBeuall. M1 ee HMKTO He BcTpeual... JleBylika ocraBajach B HOUM OJlHA B
He3HakoMoM ropoze. HemHoro nocosemasmucs, Anekcanap BacunseBuu u Onbra OneroBHa
MIpUIIaciIn ee K cebe. 3a BpeMs ee peObIBaHMs y HUX C TIOMOIIBIO APY3€i, MOCEABIINX UX
JIOM, OHH TIOMOTJIM JIEBYIIKE CIENaTh JyOHCHCKYIO PETHCTPALUIO U TOMYYIHTh pa3pelicHUe Ha
paboty. Cutyanus pa3penmmnach.

ITomuI0 Anexcanapa BacuibeBruda OCTOSHHO CHAALIMM Ha KyXHE 32 OTPOMHBIMH “THCTHH-
raMu”, KHUTaMU, CTaThsIMH, KypSIIUM TPyOKy ¥ MOCTOSHHO O YEM-TO JyMAIOIIUM, MUIIYIIHM.
BeuepoM B 1IOM NpPHUXOIWIHM JIIOMM — COABTOPHI, YUCHHKH, NIETH, BHYKH, IPy3bs M IIPOCTO
3HaKoMbIe. HEKOTOPBIM JIETKO OZIETBIM 3HAKOMBIM AJleKcaHIp BacnibeBrdy HaXoull ¥ HACOBCEM
OTZaBall TEIUIyI0 OAEXKIY, YTO COBCEM HETPUBHAIBHO MPH 3apIUIaTe HAYTHOTO COTPYIHHKA
OUSIUN. Korna npuxoaniny Y4eHUKH, BUHO, KaK MPaBUIIO, JTMIOCH PEKOil (MHE TOXe HEMHOMXKO
JOCTaBaJIOCh — B OCHOBHOM B BHJE IIIMHTBeWHa). MHorma B nome ObUIM NMpa3aHUKH, JUISA
KOTOpBIX AJlekcanip BacuibeBud roToBui cBou (PMpMEHHbIE TUIOB, MAHTHI WM nHiiy. Kakas
5T0 ObLIa mrral..

Kpynnas ¢urypa u meTnHa Ha JIUIE, Ha MOM B3DIAA, HE COOTBETCTBOBAIN BHYTPCHHEMY
COJIEpXKAHUIO 3TOro YenoBeka. /[ymato, uro B mymie Anekcanap BacuibeBud ObLT pebGeHKOM
HEOOBIKHOBEHHOTO yMa U 100POTHI, MOHUMAJ JeTel, yMeNn yTeLUINTh U Pa3BeCeTUTh MIadyIInX.
OH Mor uuTaTh AJUHHBIE CTHUXU M CKa3KM Ha MaMsTh, CIIyIIal KPACHUBYIO KIACCUYECKYIO
MY3bIKY, YUTaJ HHTEPECHBIE Xy/I0XKECTBEHHbIE KHUTH. ETo 1o npuHuMano HeoObIKHOBEHHOE
BBIpa)KCHHUE, KOT/Ia M0 TEICBU30pPY OH BHIET Topbl. [Opel — 3T0 OBITA €ro cTpacTs.

Ilepen MomM BHYTPEeHHHM B30pOM pHUCyeTcs (haHTacTHUecKas KapTuHa. AnexcaHnp Bacu-
JILEBUY JIETKOH TIOCTYIIBIO JBIDKETCS IO 3€JIEHOMY CBEKEMY JIYTY BMECTE € O€JbIM ITyIIHCTHIM
KOTOM B COJIHEUHYIO HE *kapKy:o mnorofgy. IlocteneHHo Iyr mpeBpaiaeTcs B 3€JIEHYI0 ropy, KOT
— B Oenoro MenBens. Bmecte oHM HaOMPalOT BRICOTY U BOT yke Onm3ku k obnaxam. Terepb B
MeJIBEJIE MPOCTYIAIOT YE€PTHI OTPOMHOTO CBETIIOTO IOIyOO0IIa30T0 MYKUHHBI ¢ KPYITHOM TOJIOBOH
— ¥ OHHU 00a yXoJaT 3a obiaka... I Tompko JIydw cBeTa, MPOOUBAsCh CKBO3b BBICOKHE O0JIaKa,
JIBIOTCS Ha 3€JIEHYIO TOpY...

2011 ron

O Came TapacoBe

T.B. Benepaukosa
Tomcxuti eocyoapcmeennuviti ynusepcumem, Tomck

Xouy cka3aTh Heckolbko cioB o Camre. Jla-ma, mmenno — o CAIIE. TTotomy 9T0 MMEHHO
TakK ero ’keHa, a Mo OHOKIaccHHUNa u noapyra O BockpeceHCKast TO3HAKOMUIIA MEHS C HUM.
Korza BepBble Ha nopore Hareil kBaptupsl B ToMcke mosiBuiiack conunast purypa Carimy,
s nogymana: “Oii! Kak sxe nmpaBminbHO ¢ HUM oOmarkcs?” Ho yxe mocie HeCKombKHuX (pas,
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KOTOPBIMH MBI OOMEHSUIUCH C HUM, KaK B IMHUHT-TIOHTE, MHE Ka3aJloCh, YTO S 3HAKOMAa C HUM
JTAaBHBIM-TIABHO, M HE HAJIO JeJaTh “KHHUKCEHOB”, BBIIYMBIBAaTh U MOAOUPATh 0COO0 AEIMKATHBIX
obparmienuii! [Ipocto Hago0 OBITH COOOM.

Camra tonko wyBctBoBan u JiroOmn JKM3Hb. JlroOun u neHmn romop. A kak xe! Bemp
YeNOBEK, CIHUIIKOM CEPhe3HO OTHOCAIINICS K )KU3HHU, HE YMEIOIINI TOCMESThCS HaJl CUTyallueH,
B KOTOPOH OKa3ajcs, JOCTOWH COXAJICHHUS.

B ob6mewm, Cama — 3ameuatenbHbiii codecennuk! (Jlaxe He xodercs M00aBiIsATh — OBLL.)
A CKOIBbKO OH 3HaN cTUXOB! S1 GEpeKHO XPaHIO MENbIi CBUTOK PYKOITUCHBIX, HA MAMSITh MM
3aIllUCaHHBIX, CTUXOB JIrobuMoro ['yoepmaHa.

Ctuxu, KOTOpBIE MBI JIIOOMM, MOTYT MHOTO paccka3arh o Hac. OHH Tak co3ByYHBI CaltmHOMY
MHPOOIIYIICHHUIO:

bnaromapro Te6s1, BeceBbImiHuid,
3a Bce, K 4eMy S IpUBA3AJICH,
3a To, 4TO g HU pa3y JHIIHUM
B kpyry npy3seii He oka3zancs.

<...>

W opromy Tebe cmacubo,

YTto nepKulllb MEPY ThMBI U CBETA,
YTo B MHpPE JBSIBOIBCKU KPACHBO,
U MHe IOCTYIHO BHIETH 3TO.

HMMenHo B 3THX YETBCPOCTUIINAX, KOTOPBIC BCCTa OBLIH C HUM, OTKPBIBACTCA TOHKAA U 1yTKas
I[yma OOJIBIIOro YeJIOBeKa:

U cnpocur bor: HUKeM He CTaBIIUH,
3adgem ThI KuI? UTO cMeX TBOM 3HAYMT?
— S yreman paGoB yCTaBIINX, — OTBEYY .
" bor 3amutayer.

Maue, [ocnionp, HEYTOOHO MPOCHUTH,
Ho, xoib sicen Tebe yenosek,
[ToMoru MHE TOHSTH M TIPOCTUTH
Mowux Onu3KuX, Ipy3eil U KOoJIer.

A BOT 3T0 — Kak OyATO OH caMm Ipo ceds Hanucal, ¢ MPUCYIIUMH €My YyBCTBOM IOMOpa H
MYECTBOM CHJIBHOTO YEJIOBEKa:

C a3apToM >KHUTb Ha CBETE TaK ONACHO,
JIto6pIe TaK PUCKOBAaHHBI MY TH,

UTO MOHSI 1 OAHAXK]IBI OUYEHb SICHO:
JKuBBIM U3 3TOM KU3HU — HE YHTH.

®uHAJ KUHO: CTOUT KOJIBIIOM
JlecsaTok OMU3KUX HAJ MYXYUHOM,
A st MEX HUX JISKY C JIUIOM,
UyTh oneyaseHHbIM KOHYHMHOM.
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S1 coBcem He Oblna 3HaKoMa ¢ TapacoBbIM AnekcaHapoMm BacuibeBHdeM — BBIIAOIIAMCS
(U3UKOM-TEOPETHKOM, paboTa KOTOPOro ObLla TECHO CBsi3aHA C IKCIICPUMEHTaMH, MPOBOIM-
MBIMA B MHpPOBBIX (usndeckux IeHtpax. B 2010 rogy Bo BpeMms ero BusuTa B TOMCK OH
BBITIOJTHSUT KaKHE-TO PACYeThl JUII COBMECTHOTO MPOeKTa ¢ yaeHbIMU U3 Ynmn. Ols monpocuia
MEHS NepeciaTh ‘‘CKaHbl” JIUCTOB C pacdyeTaMy MO UEKTPOHHOH moure B Ywmnm. Ha nmcrax
OBUTM KakWe-TO KpacuBbie (GOpMyNbl ¢ 3a0aBHBIMH 3HauKaMH-‘‘CHKapamkamMu”. B OTBET MbI
noyunny: “It’s wonderful!” TakoBa Oblia olieHKa ero TpyAa 3apyOeKHBIMH KoJIeraMu. B atom
HET COMHEHM.

I'pyctHO, 9TO JFOOM, KOTOPHIC €IIeé MHOTO MOTIHU JaTh MUpPY, yXomar. Ho u 31eck MOXKHO
OBLTO OBI 3aKOHYHUTH MO0 KpaTKyko 3ameTky o Came crpodamu u3 ['ybepmana:

YTyuHsIeTCS TJI0Th, UCHIAPSAETCS TIBLI.
Toapl BBINIUTM HA MEUICHHBIN YXKUH.

U mpuaTHO MOgyMaTth, 9TO BCE-TaKU OBLI
U xoMy-TO OBIBAX 51 HYXEH.

MBI nociie cMepTU — BEPIO B 3TO —
OnsaTh CTAaHOBUMCS HETJICHHOM
YacTuiei MBICIISIIETo CBETa,
Kotopsrit nsetrcst mo BeenenHoi.

5 urons 2012 roma emy ucnonamiock 061 70 jet. Ceemias namste Caine Tapacosy.
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N3BEPAHHBIE HAYYHbLIE TPY/bI

YAK 539.172.5
KOrePEHTHOE U
HEKOFEPEHTHOE POXIOEHWE
YACTUL, HA ATOMHbIX
A0PAX B TEOPUU
MHOIOKPATHOIO PACCEAHUA

A. B. Tapacos

O6beanHeHHbI HHCTUTYT AJEPHbIX
nccnepoBaHni, Aybua

IpejcTaBieHl OCHOBHHE DE3YJNbTATH TEOPWH MHOTOKDATHOTO PacCesiHHA
OTHOCHTeNIBPHO PEAKIHEA KOrepeHTHOTO M HEKOTePEHTHOr0 pOKIeHHA YaCTHL
(¥ pesoHAHCOB) Ha aTOMHHX fpax. B uactHOCTH, HOXPOGHO obcyxpaiores appex-
TH, CBS3QHAHE CO CIHHOM DOKIIIOMUXCH JaCTHI.

The main results of the multple scattering theory of coherent and inco-
herent particle and resonance production off nuclei are presented.

In particular, the spin effects of the produced particles are discussed in
detail.

BBEJEHUE

B pociengEme TOXH PA3HHEMH HKCIEDEMEHTANIBHEIME IPYIIaMK
MOBOJNBHO HWHTEHCABHO HCCIEIYIOTCS MPOIECCH POKAEHAA HecTabmiIb-
HEIX wacThn (pesomamcoB) Ha arommbhix sapax [1—20]. Ocmosmas
meTh JTHX MCCIejloBaHMit — monyieHEne WHOODMAINAM O XapakTepu-
CTHKAX B3AEMOIEHCTBHS HeCTAGHIBHEX UACTHI, ¢ HYKIOHAMH, HEJ0-
CTYIHHX H3Y4OHHIO B DKCIEPAMEHTAX ¢ BOTODOJHEIMY MAIICHAMM, AIH
H3MepeHAe DAJEAMOHEHX IIHPHH PAcHaja PesoHAHCOB. Teoperumde-
CKUM ammapaToM, HMCHOJb3YeMHM IDH AHAIW3e SKCIePAMEHTATLHEIX
[aEHHX, ABIAETCA TeOPHA MHorokpargoro paccesHusa (TMP), passm-
Tas mepBoHAUanmBHO B paborax lmayGepa [21—24] mpmmermrenbEO
K OUHMCAHEIO IIPONECCOB YIIPYLoro ¥ KBasHyOPYTOro PaccedHms TacTHIf
BHICOKIX SHEPTHit Anpamu, a 3aTeM 0600menHan B pa6oTax HECKOIBKHEX
rpynn asTopoB [25—54] ¢ menblo ommCAaHAA NPOLECCOB DOKICHHA
qacTHI] HA AMOPHHX MHMICHAX.

Hacrosmuii o630p mpeacrasiser cofofl MONHTKY CHCTEMATH3HPO-
BaEHOTO M3IoKeHAd Haubolxee CYMECTBEHHHX DesyJbTaTOB TEOPHMA
KOTePEHTHOT0 B HOKOTePeHTHOTO DOKIEHMA YACTHI[ B alPOH-ANePHEIX
CTOMKHOBEHHAX, IONYIeHHHX B TaK HasuBaemoM npubiamxernn Lmay-
Gepa. IlpuGamxenme I'1ay6epa sKBABAIEATHO CIEAYWINEMY IPOCTOMY

®du3nKa anemeHTapHbIX Yactuy, U atomHoro dgpa, 1976, Tom 7,BbiN. 3,C. 771.
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A. B. TAPACOB

HPeANONOKEHNI0 0 (PUBMIECKOH KapTUHE B3AMMONEHCTBHA GHICTDPHIX
gacrun ¢ sAfpamu. Bpemsa mpoxXompmenus GHCTPHX 9acTui depes aapo
HaMHOTO MEHBINE XaPAKTePHEX BPEMeH, B T€YEHHE KOTOPHX HYKIOHEI
sfipa MOTYT 3aMETHO CMECTHTBCH M3 TOTO LHOJIOKEHHS, B KOTOPOM OHK
HaXO[WJIHCh B MOMEHT CTOJKHOBeHWS JacTHOH C smpoM. lloaTomy
B3aUMOJIEHCTBHE IPONCXORNT KAK OH ¢ CHCTEMOIl HeMONBMIKHEIX I[EHT-
POB (HYKIOHOB), BEPOATHOCTH TOH WM WHOH KOHQUIYPAIMH KOTOPHX
OIpefiefifieTcA BOIHOBHME (QYHKIWAMH HAYAILHOTO W KOHETHOTO
COCTOAHAA sIpa-MHEIICHH.

Coenunduaeckas 4epra QAHAMHKHE CHJIBHEHX B3aHMOeHCTBHI npum
BBICOKHX 9HEPTHAX — KOJIAMHPOBAHAE IPOAYKTOB pacoaja B Y3KOM
YTI0BOM KOHYCE BOKPYT HaUPABIeHNS JABYMKCHEA HAJ€TAIIeH TaCTHIH
ofecnednBaeT HPAKTAYECKH NPAMOJHHEHHOE PacmpoCTPAHEHHe OHICT-
PHIX JaCTHI[ gepes AAPOC, YTO MO3BOJIAET MCIONB30BATEH NI KX OMECA-
HAS YUKOHANbHOEe HPEOIMKEHHe W COOTBETCTBYIOUIYI €My TeXHMKY
OPUNEIbHEIX HapamMerpoB. Ecim OH pagdyc CHIBHOTO B3aHMOIeEii-
CTBHA HPH BHICOKHX DHEPTHAX Iy OB HAMHOTO MEHBIIe CPeIHHX
MEe:RHYKJIOHHKIX DACCTOAHUHA B sfipe, TO IPAMOIMHEAHOCTH PACIDPOCT-
pamenus obecmeunmBana GH He Goxee OTHOIO CTONKHOBEHHA OHCTPOI
JaCTANL ¢ KAKEM-IH00 HYKIOHOM AADPA, OPHYEM CAMH STH CTOJKHO-
BEeHHSI ONUCHBAIMCh OH AMILIATYZAMM H2 MACCOBOH IIOBEPXHOCTH.
OnHako [0 CHX mOP HESCHO, KAKOM W3 IapAMETDPOB C PA3MEPHOCTHIO
IVIAHK B TEOPDHHW CHJIBHEIX B3aEMOJEHCTBHA CllefyeT OTOAIeCTBUTH
¢ BeIHIHHOH 7,. U1 ecim B xadecTBe OMEHKH ee KBagpaTa B3ATh mMapa-
MeTp HarjIoHa nuddepeHNAAIBEOrO CEYeHHT YOPYroro aJpOH-aIpOH-
Horo paccesmua B = 8 = 10 I'ss~? = 0,3 = 0,4 pepmu 2, to oxa-
JKETCA, ITO OH TOTO JKe IOPANKA, 9T0 W CPENHUN KBAIpPAT PACCTOAHUA
MeRIYy HYKIoHaMH sAnpa. Ilostomy mpemebperkenne BHEMACCOBHIME
sdpdexTaME B aMIIHTYIaX BHYTPHAJEPHHX CTOJIKHOBGHHH ABISETCH
HEeOUNPaBJAHHKM X BO3HHKAeT 3aJada KOPPEKTHOTO ydera 3Tux addex-
ToB. B 3TOH CcBA3WM B IMTEpATypE AAKE 0GCYKAAILCA BOIPOC O BOBMOK-
HOCTH HCIIOJIB30BAHAA ANEPHHX MHAMEHEH A A3y4eHAsA HeaCHMOTOTH-
9eCKUX (BEPTYaJbHHX) COCTOSHAHN YacTull (MIN CACTeM JACTHI) C HYK-
aoEamm. Onmaro 70 CHX HOD 34BEDPIIEHHON TEOPETHYECKON CXEeMEl,
KOPPEKTHO YYATHBAKME# BHeMaccoBHe dPPEKTH # ABIAOMENRCS
OCHOBOM Il aHANW3a PKCOOPAMEHTAIBHEX JAHHHX B JyXe BEHCKA3aH-
HHX Hfielt, He cymecTByer. [loaroMy moka ¢ HeOGXOMAMOCTHIO HCIIOMb-
syerca TINay0epOBCKAs CXeMa ONHCAHHS B3aUMONEHCTBHA YacTHI
¢ agpamu. JIBa 06CTOATENBCTBA MOTYT CIYRHTH STOMY HEKOTOPHIM
ompasmaHEeM. Bo-mepBHIX, B TeODHH IOTEHIHAIBLHOIO paccesHmsA
B 3AKOHAILHOM OPUOIMKEHEA HPOACXOJAT HOJHAA (TOUHAA) KOMIEH-
camua BHeMaccoBHX 3ddextoB [25] m Tex adderToB KpaTHHX CTOMK-
HOBEHWHA BHYTPH A7PA, B KOTODHX KaKoH-IN00 HYKIOH yYacTBYeT
Goxee ogHOTO pasa (Tak@e CTOIKHOBEHHA BO3MOMKHH, €CIIH, HAIPAMEP,
lBa HYKJIOHA HaXogATCA HA DACCTOAHHU, MEHBIIEM DPaIHyCa B3amMO-
HefCTBHA YACTHIH C HYKJIoHamu). Bo-Bropmx, Teopmsa IwayGepa,
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HKOTEPEHTHOE U HEKOTEPEHTHOE POXIEHUE YACTUIL

HOCTPOCHHAsA B IPEANONOMKEHHUH, 4TO UONoOHAT KOMIEHCAIAS HAMEeeT
MecTo M B o0meM ciydae (HemOTEHIUAIBHOE PACCEAHHE), OMMCHBAET
BCIO COBOKYITHOCTH DKCHEPHMEHTANBHHX JaHHHX 00 YOPYroM 4 KBa-
BHYNPYroM paccesaHmm dJacTHl Bricokmx 3Heprait (I >1 I'ss) arom-
mpME Agpamu [26]. Tloka e Kokasano o6paTHOe, €CTECTBEHHO HpPeIIo-
JI0KATH, 9TO MOCTPOEHHAA B MONOOHHX NPHGIMKEHHAX TEOPHA NMpO-
1eCCoB DPOKICHHA UACTHI B AJPOH-ANEPHHX CTOJKHOBEHHSX IIPa-
BWJIBHO ONWCHBAET 3TH HPOIECCH.

1. OBIMAA CTPYKTYPA AMIUIATYX U CEYEHHAN
HPOIIECCOB POJKIAEHUA YACTHI HA SIJIPAX
B TEOPHN TJIAYBEPA

OﬁchJ;HM CTPYKRTYDPY aMIUIATYH PpacCMaTpHBAaeéMBIX HUKE peaxunﬁ
BHA
a—{—Ai—>b—I—Aj, (1)

rzie a (b) — mameraiomas Ha Aapo (poxusmascs) gactuna; 4; (A;) —
APO-MHANIEHD B HAYAXbHOM (KOHEUHOM) CoCTOoARMH. SICHO, UTO B omHm-
CAaHHOH BEIIE CXeMe TeODHH OCHOBHHIMH COCTABIAIOIIAME 3JIeMEOHTAMHT
HOMKHHEL OHTH S-MaTpHUHEE AE6MEHTH TOCIEeOBATeNBHHX CTOIKHO-
BeHHIl OHICTPOH YaCTHHH ¢ HYKIOHAMH ANPA, H3 KOTOPHX Pe3yIbTH-
pylomui S-MaTpPHIHELH 21eMenT peaknnd (1) B mpencraBiIeHnn npATeNs-
Horo mapamerpa b crpomTcA MyIBTHINIEKATHBHO.

[Ipm o6cy:knennd CTOIKHOBGHMHE GHICTPHX 9YACTHI ¢ HYKJOHAME
ARpPA OTPAHMIMMCH PACCMOTDEHHEM TOJbKO GHHEADHHX PeakIuil BAnA

z+N—>y+ N, 2)

rae z (y) — 9acTANH MIM De30HAHCH, HOCKOIBKY B IIPOIECCAX POIK-
menus wacthy, b komewmoir macch mj K S (S — mBagpar momHOH
9HePrA¥ B CHCTEME IEHTPA MAacC CTAJIKABAOMUXCHA TACTHI) HEMEHHO
TAKME CTOJKHOBEHHS HIPAIT OCHOBHYIO DPOTb.

ITyers fxy — amMmiuryna mpomecca (2) Ha IMOKOAINEMCA B Hagaie
KOOPIMHAT HYKJIOHE, HOPMHPOBAHHAS YCIOBHEM

do/dQ = fxy [

B ragectBe HE3aBUCHMHIX KHHEMATHYECKHX IIGDEMEHHHX Dearumit (2)

yRo0HO BHOMPATh EMIYIbC A HAIETANIIEH YaCTHIH 4 W HONepedHEH,
T. ©. JIeKANHUA B IIOCKOCTH, OPTOTOHAIBHON MMIYILCY K, mepenaH-
HHE HYRIOHY HMIOYIBC (, IPAYEM (r A kO, roe 0 — yrox paccesnums.
Vamenenme mMmyinsca kK GHICTPHIX UaCTHI] IPH CTOMKHOBEHHIX
OOBYHO HHYTO}KHO MAJ0 N0 CPABHEHHI0 ¢ CAMON BeJIMYWHOHN Kk
M MM MOMKHO IpeHebpedb, Tak 4To k sBisercs ofmel sHeprermIeckoil
XapaKTePACTHKOR BCEX MOCIEN0BATEIbHEX CTOIKHOBEHWH, B IO3TOMY
3aBUCAMOCTS AMIATYIH f.;, or k Bciomy Gymer omyckaThes.
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A. B. TAPACOB

S-MarpHuBRH# 3meMeHT peakmumm (2) Ha HYKIOHe, HAXONAMOMCSA
B TOYKE C PAJAYC-BEKTOPOM T, CBA3aH C aMILIUTYAO# f., 9TO# peax-
O COOTHOIIGHWEM

Sy (q) =[2158P (qx) + ifxy (qr)] exp (iqr), (3)

rae ¢ — TPeXMepHHH BeKTOD HMIYJbCa, NEPEJaHHOTO HYKIOHY
B pearnmu (2), mpmyeM ero IPOXOIHHAS COCTABIAINMAS IPA MaThX
yraax paccesHus 0 MoKeT CIMTATHCA HE3ABHCAINEGH OT 3TOrO yriaa
F OOpeNeiAercas B OCHOBHOM DasHOCTBIO MAacC 4acTHL X H Y

g1 ~ (m} —m%)/2k. (4)

@Dazosriit MEokHETENb exp (iqr) B (3) ecTs pe3yabTar AEHCTBHA
omepaTopa CHBHUTA.

Ilepexox OT IpefcTaBIeHHs IePeAaHHOIO EMIyabca (q) K Ompea-
cTaBIeHmI0 IpEIeabHoro mapamerpa (b) ocymecrsiserca ¢ TOMOINBIO
¢ypoe-ipeobpasoBanns

1 .
8 (b, 1) =ar | S (@, ¥) ex (— iqch) g (5)
Beons npoq)nnnpylomnﬁ omepaTrop OOHYIHHM COOTHOIICHHEM
1 ¥f .
v(b) =z | 1 (ax) exp (— itb) &g, (6)
moNAyIaeM
Sxy (b, T) =exp [i (qr)xy 2] [8xy — Yy (b—8)], (M)

Ille Z @ § — COOTBETCTBEHHO IPOoAbHAA (BRONH MMIynbca k) m 1O-
IepedHas COCTABIAIIAE PagHyCc-BEKTOpa I.

Bumecro manexca zy B (7) yIo6HO HCIONB30BATH MOPATKOBHI (B XPo-
HOJOTHIECKOH MOCIe0BATEILHOCTH) HOMED 72 CTOJIKHOREHHU S, B Pe3YIb-
Tare KOTOPOTO HA OJHOM M3 HYKJIOHOB Apa IPOTEKAaeT PeaKnud (2).

VaATHBAsA YIOMAEYTYIO BHIIE MYJIBTHILIAKATHBHOCTH S-MaTpHd-
HEIX DJIeMEHTOB IOCIEeIOBATEILHHX CTOJKHOBOHHH M IPHHIHALN CyHmep-
MOSHIWE KBAHTOBOH MEXAHWKA, HETPYNHO BHIETh, 9T0 B TeODPHH
Tnay6epa pesynbTUpYOmUA S-MATPHYHEM DJIEMEHT DEeaKIuH 1)
Kaercd BEPKOHEEM

. k A
Sth=— S wh(ry .. v) 27 [ Sn (b, xs,) X

n=1

NP

(8)

A

X u; (ty ... Ta)exp (igsb) d? [] d°rs.
k=1 J

3nech Ui, — BONHOBHE (YHKIEH HAJAIHHOTO (KOHEYHOTO) COCTOA-
Hufg Agpa; k, — HOMED HYKJIOHA, HCIOLITABIIEr0 n-e¢ COyNapeHue;
A — aromumii mHomep. CamBon I o3HadaeT XPOHONOrAIecKoe yIOp:a-
[OYeHFe BEIWIHH S, HOJ 3HAKOM ITPOH3BE/IeHHs, IOCKOIBKY B 00meM
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HOTEPEHTHOE N HEKOTEPEHTHOE POIEHHE YACTHL]

clydae OHM HE KOMMYTHDYIOT Memay coboit. Hakomen, cymmmpoBa-
HEe (8) OCYmIeCTBISETCA KAK IO BCEM BO3MOKHHIM KOMOGHHAIHAM
HOPOMEKYTOUHHX B030Y:KAeHHM# GHICTPHX GACTAI, TAK M II0 BCEM IIepe-
CTAaHOBKAM HYKJIOHOE HA BPEeMEeHHOH OCH, COBIAJAIOIMEHA C OCHIO
2-HAUPABICHUA IBIKEHHUS OBICTPEIX YaCTHIL.

XorA IpE CTONKHOBEHHAX OLICTPHIX WACTHI ¢ HYKJIOHAME sAApa
ToCIefHAe MOTYT TaKe Bo30y/KAaThCA (IPeBPAmAaThCsa B HYKIOHHEE
u300apH), Tak®e COOHITHA 3ech He Gy[eM PaccMaTpPHBATh, MOCKOIBKY
3T0 HAMHOTO pacmupmio 6H Kiacc ofCy:KIaeMEX pearmmii. Dymem
MCXOJUTh M3 TOr0, YTO IPH JOCTATOYHO XOPOUIEM IHEPTeTHIeCKOM
Pa3peIeHHA DKCIEDHMEHTA PeakIMH ¢ BO3GY:KICHmeM HYKIOHOB
AIPA MOMHO OTZOIUTH OT peaknuil 6es wX Bo3OY:KIEHHAA, H TONBKO
ux 6ymeM oGcymmare maiee.

Coenmpmaeckue jia HEYyIPYIEX pearmmil (Z = y) OCIMILIEDPYIO-
mue MEOKATeNH exp [i (qL)xyzkn] B (7) IpU KOHOYHEIX PHEPTAAX MOLAB-
JIAT BRIAJH HPOMEKYTOYHHX CTOJIKHOBEHUH ¢ GOJBIIAM M3MEHEHAEM
MacCH OHCTPOH TaCTHIB, 9UTO LO3BOJIAET YIMTHIBATH JIWIIb OIDAHE-
TeHHOe YHCIO BHUIOB IPOMEKYTOUHHX pearmmin (2).

O6rramo sHepreTmIecKoe paspemieHme DKCIEPHMEHTAIBHHX yCTa-
HOBOK B GOJBINMHCTBE ONEITOB N0 HW3YYeHHI0 IPOLECCOB POMKIECHHA
9aCTAI] HA ANCPHHIX MHAMCHSX He II03BOJAET BHENHTH peaxknmm (1)
© IepexoloM AMPa B OMPeeleHHOe KOHETHOe COCTOsHNe Us. M3Mepsie-
MEIe B DKCIEDUMEHTE BeJIHIHHE OIPeACTaBISIT CYMMY COUCHHH MHEOTHX
BosOymmenmit Axpa

do/dQ= D) | Fa,|% iFih=Sth— 21k6,58"6 (gx). (9)
f

Yncno TAKEX BO3GYKISHMI BaBHCAT 0T SHEPTeTHIOCKOTO paspeniends
AUImapaTypH, M €CIH 3To paspemenne He ayume 50 = 100 Mae,
TO BO30Y/KIEeHHEE COCTOSHHS SAPA C XOPOMIeH TOYHOCTHIO HACHILAIOT
VCI0BHE HOAHOTH

2'] UjUfiI. (10)

ITO MO3BOMAET HCKIIOUUTH BOJHOBEE YYHKIIME KOHETHOTO COCTOSHEM
AJpa U3 BHPAKEHNUI /A m3MepsaeMuX cedendit (9). B npenepesxenun
PPerTann, CBABAHHHIME C TOMIECTBOHHOCTHI0O HYKIOHOB, KOTODEHIE
HECKOIbKO HofpobHee Gynayr ofcy:kmarbes HWERe, s Bexmame (9)
TOJYIEM CIelyomee IpefcTaBIeHTe:

ds _m do 1 O + (b

717-:}7@:4—“ S uiS(b, Iy ... T4 )S (b NS FERRE I'A)ui X

A
x exp (igr (b —b")) dbdb’ [] dr,. (11)

i=1
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Ha mepsuiit B3IMIAj HEAOCTATOYHO TOYHOE BHAHME TAKUX BOJIHINH, KAK
BOJHOBHE (QYHKIMH U; OCHOBHOTO COCTOSHHA fAAPA, HENaeT pesyiib-
TaTH TEOPEeTHYeCKHX pacueroB cedenmit (11) MomenbHO 3aBHCHMBIMH.
Ha caMoM sxe fjere OKasHBaerca, 9TO TOIHbKO HEONPeleeHHOCTH B 3HA-
HAE OAHOYACTHIHHX HJIOTHOCTOH pACIpeleleHHA HYKIOHOB B sApe

p(r):AS{ui(r,rz...rA)lzdrz...drA (12)

MOT'YT 3aMETHO CKa3aThCA HA Pe3YIbTATaX TAKHX pacderos. UyBcrBam-
renpHocTh ceuenmi (11) K Goxee CIOKHHM XaPAKTePHCTHKAM CTPYK-
TYPH AApa, TAKAM, KaK KOPpeIANMOHHEE QYHKIZE PDasHHX DaHroB,
HACTOIABKO HAUBKA, 9TO TPH NPAKTHIECKAX PacYeTax B mpomecce o0 pa-
GOTKM SKCIEPHMEHTANBLHHX [AHHHX CyIIeCTBOBaHME KOpperAnnix
MOKHO HI¥ BOOGIIe MTHOPHPOBATH, MM B JIydYlIeM CIydae YIHIEBATH
B Kakoli-To mocraTouHo mpocroit momexm [27].

Yro e racaercs seamump (12), To oHE [0OCTAaTOYHO XOPOMIO H3Y-
YeHH B SKCIePHAMEETAX II0 YHPYTOMY PacCesHAI0 HIeKTPOHOB Ha Afpax.
IpeneGpesenre KOPPeNANUAME HYKIOHOB B AApe OGHTHO ‘BRIpa-
JKAeTCsH B MCIOJNB30BAHAM COOTHOIIGHHS (PaKTOpA3AIMH:

A
s (ry oo ra) P= 1] o (m)/ 4. (13)

IIp HEOGXOAMMOCTH y4era CIHHOBOH (10 COHHY HYKJIOHA) CTPYKTYPH
aMIUIATYJ peaxumit (2) W CHHEOBON 3aBECHMOCTH BOJHOBHX QYHKIUI,
a ramke 3PPeKToB TOKTECTBEHHOCTH HYKJIOHOB fANpA, COOTHOIIEHHE
(13) momxkHO 6HTH 3aMeHeHo Gojiee oOmEM

A
wi(ry .o, ) ul (Lt @) =] p i xi 00, (14)

rae p (r;, T, 0) — ONHOYACTHYHAA MATPHNA INIOTHOCTH HYKIOHOB
fAfpa, HOPMHADOBAHHAA YCIOBHEM

j Spp(r, r, 0)dr/2=A. (15)

B Bmpamenme s cesenus (11), me yumrmBatomee 3@PeKToB TOM-
JIeCTBEHHOCTH, BXOAAT Beamdmusl P (r, ¥, O), AHArOHATBHEE IO NPO-
CTPAHCTBEHHKM ImepeMeHHHM. VI3 o6mux coobpaskeHnd 0YeBANHO, ITO
CTPYKTypa HX cilegyoomas:

o (r, 1, 6)=[Ip (r) +-io [(8)/A] & (V)}/2, (16)

IpAIeM S p{r)dr = g p(r) dr = A. 3nmeck (s) cpefnee 3HATEHAE

cnEHA Apa B MAHHOM COCTOsAHEA; A — €ro arOMHHIA HOMEp.

TlockonbKy yAeAbHHHU CHHH HYKJIOHOB B Ajpe s/A BEUTO;KHO MAal
OPAKTHYECKH JJI BCeX sePHHX MHIIeHe#, o0HTHO MCIONb3YeMBIX
B DKCIEPHMEHTaX, BTODOE ClIaraeMoe MO)KHO OIYCTHTH.
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TaxmM 06pa3oM, OCHOBHEME CTPYKTYDHHMH 5J€MeHTAMH B BBIpa-
sxeHdd Aus cedenmit (11) oxasmBaoTCH BeJIHIEHE

— iV, (b) =Sp 5 ey (b—S, 6) D (s, z) dis/2 (17)

ny, uv (b’ bl: Z) =
=Sp S Yay (' —S, 6) Yo (b—S, 0) 0 (8, 2) d?8/2. (18)

2. ONTHYECKNU HOOTEHIHAJ

Cragaxa paccMoTpmm Gosee moxpobHo cTpykTypy Beamumm (17),
HA3HBAGMHX ONTHYECKEMM INoreHnmasamu mponeccoB (2). Ilpemxme
BCEro BUIHO, 9T0 OHH KOHCTPYHADYIOTCS W3 aMILIUTY] TAKHX IPOLmEec-
COB, YCPeHEHHHX II0 CIAHY HYRI0HA, T. €. 3PPOKTUBHO M3 aMIIATYN
POKICHHS MIH DACCESHHSA TACTAL HA GECCONHOBHX HYKIOHAX. 3aBH-
CHMOCTBI0 OTHX AMITHTYJ OT CIMHOBHX XapaKTePHCTHK OHICTPHX
qacTAN MpeHe6peraTb HEIb3sl, HOCKOIBKY COMH 6OJNBIIAHCTBA IACTHI|
(ocoberHO pesomamcoB) omamieH or Eyiad. llpm yuere aroil 3aBm-
caMocTH yA0OHO IONB30BATHCA INPENCTABICHHEM CIHPATBHOCTEHR
B 1a00pAaTOPHOH CHCTeME KOODAMHAT. JAKOHOM COXPAHEHHs IIOI-
HOTO0 MOMEHTA ONPENeIAeTcs ILOBefeHHe CIHDANLHHX aMIIA-
TYI TpomeccoB (2) moj MaJHMH YIIaMH, YCPeJHEHHHX IO CIMHY
HYKJIOHOB:

Frahy (@) = 1"Cin. . 19ixGnr - -- 929 (9), @ (0)=1, (19)

Ifie Cjp...; — CAMMETDHYECKHII TeH30D paHran = | Ayx —Ay |, cBEpTKA
KOTOpPOTo Io 0G0l mape MHEKCOB DaBHA HYIW; Ay, Ay — cOHpanzs-
HOCTH 9aCTHL T H ¥.

IIpencraBuM ONTHYECKHA MOTEHIINAL (17) B cuemyomem BHAe:

Vi (1) = a5z | Fou (S (@, 2) P exp (ig:D), (20)
T/Ie
§ (ax, 2) = | 0 () exp (iqub) d%.

Dopm-parrop S(gr, 2) OrpaHHYMBAET CYIIECTBEHHYIO 006J1acTh MHTEr-
PHEPOBAHUA 3HAYCHUAMM Go ~ R, rne R — pammyc aapa. YIaTHBAsA,
9TO CKOPOCTh HW3MEHEHWs CKAIADHHX ¢(ymxmmit ¢ (¢) ompemensercs
pajmycoM BIEMEeHTAPHOTO B3aWMOJEHCTBHA rn=V B, MHEOTO MeHbH-
INEM pajAyca fAAPa, MOKHO B IIePBOM OpHGImxenwm mperelpeds
g — B3aBHCEMOCTBIO BeAHIHH @ (). IT0 DPHOIMKEHHE SKBHBATEHTHO
WCIIONb30BAHAI0 TPOPMINDYIOMAX ONEPATOpoB BHIA:

Vahy B—8)=cin. . ViV ... V,6® (b—s), (21)
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rae V; = (0/0%b);. Ilpm sToM ONTHYECKHH IOTEHHAI OKA3HBAETCA
IIPONOPIUOHSICH HPOM3BONHKEM OT AAEPHOH IIOTHOCTH
Vay (x)=cin.. 1 (0/0b; ... 8/0b;)p (b, 2). (22)

Vuer KOHeYHOCTH pajmyca dIeMeHTAPHOTO B3aMMOMEHRCTBH IIPEBOJIAT
K HEKOTOpod 9(QeKTHBHOX IEePEeHOPMHEPOBKE LIAPAMETPOB, XapAaKTe-
pHSYIOMHUX pacupenelieHAe HYKJIOHOB B sape. V3 amammsa skcmepn-
MEHTANBHBIX NaHHHX II0 YOPYTOMY DacCeAHMIO SIEKTPOHOB HA AAPAX
CJieJlyeT, IT0 HYKJIOHH B IAPE PaCupeNeaentl B OCHOBHOM DPaBHOMEPHO
BHYTPH cepu pagmyca R ¢ HeKOTOPOil pasMasKoll B6IW3H T'PaHATIEI
aroir cepr. OGHTHO 5TO 0GCTOATENBCTBO YUYHTHBAEGTCA HCIONB30BA-
HEeM (PEHOMEHONOTMIECKOH IIOTHOCTH CHOYIOMEro BHAA:

o (r)=po{l +exp((r— R)/al}; } 23)
R=r,AY3; ry=1,06.— 1,12 gepmu; a = 0,545 gepmu. (

Onuakxo BeckMa GIM3KEe PEBYNBTATH IONYIANTCA IPH HCIOAB30BA-
HAM IIOTHOCTH BHIA

o(r)= S p1(r—1') po (r') dr’;
{osmar=a; [prar=1, (24)

e p; (r) = 6 (R* — r?) [3A/4nR3]; p, (r) — meroropas GHCTpOyGH-
BAOMasa IafKasa YHKIUA, POIb KOTOPOH CBOJHTCS K Pa3MAa3HBAHHIO
‘OJIHOPONHOTO pacmpefeieHrd BOIE3M TDAHAUE AAPA.

[Ipu 06 paboTre HEKOTOPH X HKCIIePUMEHTANBHKNX TAHEHX 10 eA -pac-
CeAHMI0 P, (r) Gpamack B rayccosoit (popme

pa (r) ~ exp (—1%2¢%); g~ 0,9+ 1 gepmu.  (25)

ITpu aTOM yRaBazoch onmcaTh DKCOEPHEMEHTAIbHEC HAHEES ¢ TAKOM Ke
TOYHOCTBIO, KaK W Opd mcuoiabzopaumm Depmm-pacupenenemms (23).

flemo, aro mapamerp g B (25) mpomopnmoHANeH TOIIMAHE HoBepx-
HOCTHOTO CJI0s sAnpa T = 4aln 3. Ecaz npm mMainx q annporcaMEpo-
BaThk @ (), Kak OOKYHO, BHPaKEHAEM BUIA

¢ (q) ~ exp (— Bg?2), B=8-+10 I'’62=0,32 = 0,4 gepmu?,

a p (r) Bubpars B Buge (24), (25), To B coorromennn (17), ompegexstio-
IeM ONTHIeCKHA HOTeHHHA, 3T0 S3KBUBANCHTHO HCIOJb30BAHMI0 GYHK-
1w npodmis myresoro papmyca (21) m sdppexTmBHOR PyHKnAHA pas-
MaBKH P, (r) ¢ IePeHOPMEPOBAHHKIMM 3HAYCHEAMH NAPAMETPOB:

P2 (T)etr ~ €xp {—b/[2 (g% -+ B)] — z%/2g%}. (26)

YunteBas fanee, 9To PeHOMEHONOIMIECKE IIOTHOCTH BHAA (24) comep-
Kar B cebe 3§ eKTH DIIeKTPOMATHUTHON CTPYKTYPH HYKJIOHA, amIpoK-
CHMMDPYS OPH MAalbiX ¢ 3IEKTPHYECKHA dopm-paxTop mporoHa rayc-
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copoil dopMoit

G (Q) = exp ( - (r% m) 92/6), r:. m. ~ 0764 ¢ep.uu2
¥ BHYATAA 3TH 3QGEKTH H3 ONTHIeCKEX moreHnmanos (17) axpon-anep-
HHX B3aUMONEHCTBHA, IoJydaeMm, 4TO IMAPaMeTPH pa3Ma3bIBAHHA g
B 3 EeKTHBHHX INIOTHOCTAX, OIMUCHBAIMEX afPOH-ANCPHHE H dIEKT-
POH-AEDHEE CTOIKHOBEHHA, CBA3AHEL CIEIYIOMEM COOTHOIICHHEM:

gizz =gom +B— (r?;. m.)/3, (27)

THE fe.m. = £. LlomcTaBuas uncaeHEre 3HAYCHAA g, B, re. ., Doxy-
qaeM, uT0 g, Bcero Ha 7T—10% Gomeme ¢e. . =

COOTBETCTBEHHO Tj A% Te. m. L1 + (0,07 = 0 1)] Pasymeercs,
CTPOTO TOBOP:A, 3PPEKT KOHEIHOCTH pafayca dIEeMeHTaPHOTO B3aHMO-
meficTBEA I HE CBOIHTCH K TaKO# MPOCTOil mepeHOPMEUPOBKE 3ddek-
TABHHX HapaMeTpoB aAmepHo# miorHocTH. OpHAKO0 APYyTHE OeTaN:
CTAARABAIOTCA IIPH BRYMCICHAN CEICHHA HPOMEcCcoB, KOTOPHE JAaTCA
WHTETrPAJAME OT BEPQ/KEHHHE, COMEP/RAMMAX ONTHIECKHE IIOTEHIIHAJE
{cM. HEXKE).

OTMeTHM, UTO € BEHUMCIHATEIBHON TOYRH 3pemus namboiee yRoGHO
WCI0Ab30BaTh ILIOTHOCTH BHAA (24) ¢ ¢ymrnmeidl pasMa3km

P2 (r) ~1/(r*+ )", n>3. (28)
23
Tlpm »TOM HETErpajJH BHAA S p (b, z') dz’ exp (ig;z"), ABIABIUEecs
2
OCHOBHHIM COCTABHKIM 3JIEMEHTOM B opmyie mis cegenns (11), Burame-
IA0TCA B YKA3aHHHX MOAENAX B ABHOM BHJIE, 9T0 COKPAIaeT KPATHOCTh
WHATETPATOB B YIOPOIIAeT YACIHHHE pacieTsl npua o6paboTke sxcme-
PEMeHTAAbHNX AAHHHX WAW IPH TPOBEJEHWH TEOPETHISCKHX pacue-
ToB. Hamgnexamum BHGOPOM mapaMeTpoB ¢, R @ DOKA3aTeNIs 7 MIOT-
mocerh (24) ¢ ¢ymrmmedl pasmaskm (28) MOKHO CKONB YTOZHO TOYHO
npubaE3ATh K depmmencroi (23) B o6racTm sHaveHui r, rae obe MWIOT-
HOCTH CYHIECTBOHHO OTIAMYHE OT HYJ.

Bosspamascs K ONTHYIECKAM LOTeHImanaM, obcyxamm Goxee mop-
poOHO Te W3 HEX, KOTOPHE OTBEYAIT YHPYLOMY DPACCEAHAI0 IACTHIL,
HE CONPOBOKIAMEMYCs H3BMEHEHENEM AX CIHPAIBHEOCTH. Jlerko BUeTs,
qTO OHH JAITCA BHPAKCHEEM

Vi (r) = 102w (M) 0 (r)/2, (29)

rae  oxn (A x) = GtOt (A'x) (} —iRefin (0)/Im fan (0)); 0';% (}“x) -
TWONHOE CEYEHHWE B3aWMMOJCHCTBHSA ¢ HEIOJIAPA30BAHHHMYA HYKIOHAME
qacrarn (Pe30HAHCOR) Z, HAXONAIIAXCSA B COCTOSHAN C IPOSKIEeH CINHA
A, Ha HaIpaBJIenHe ABIKeHAA. B cmny coxpanenmnsa P-4eTHOCTH B CAJIb-
HHX B3amMmojelictBuaXx 6’ (Ay) = 0’ (—A,) ¥ IACIO HE3aBACUMHX CIIH-
PAIbHEIX COCTABIAWIIAX HONHHX cedenmit x (N ) B3amMoAeicTBHA
{({N) — HeNoJIAPH30BAHHEI HYKIOH) OKasHBaeTca paBEEM [s, 4+ 11,
THoe s, — CIWH 9acTANH Z. TakmMm o0pasoMm, IDHE S, > 1 mig xapax-

53


la
Rectangle


A. B. TAPACOB

TEePHCTHKE X (/V )-B3aMMOJIeAACTBMA HEJOCTATOYHO BRENEHHA OLHOTO

mapaMerpa O, KAk 3T0 YaCTO IIONATAeTCs. Hampmmep, upm o6cysx-
AeHAN B3aMMOJEHCTBAA BEKTOPHHIX (ICEBAOBEKTOPHEX) TACTHI, ¢ HYK~
JIOHAMH CJIe[yeT pa3nu4aTh MOJHEIE CEUeHWsS B3aUMOOEHCTBHA HpO-
ROIBHO-HONspA30BaHAKX (A = () m Homepeuno-mONAPH30BAHHHX (A =
= 1) 9acTuI ¢ HemONAPW3OBAHEKME HyKIoHaME. ONHCAHEE B3am-
MOJIeCTBAsA dacTur cumHa 2 (HaupmMep, A, ;-Me30HOB) ¢ HEIOIADPH-
30BaHHHMH HYKJIOHaMHu TPe6yeT BBeHEHHA TPEX (IIONHHIX CEUEHHY,
COOTBETCTBYIOIIAX COCTOAHHWAM C PABJINYHLIM 3HAYCHHEM CIHPATIb-
HOCTH, H T. .

Koporro ob6cymum cTpyrTypy Bemmums (18), GmanHeHHNX M0 aMm-
nmryfe. B nanpmefimem B ABHOM Bue OHH GYAYT BCTPEYATHCA JIHIIH
opr obcyknennn 3deKTOB MHOTOKDATHEX HEKOTePEHTHHX Hepepac-
CeAHMA B Hpomeccax mepesapaaru & (K)-me3onos Ha aapax. Ilosromy
OIyCTAM 37I€Ch BCE YCIOMKHEHHA, CBA3AHHEE CO COUPAJIHHOHE CTPYK-
Typoir ammumTyA. Hpome roro, paccMorpmm ciydait, korma o6a Hpo-
¢urmpyromux omeparopa y (b — s, 6) m y* (b — s, 6) B (18) orHo-
CATCA K ONHOMY M ToMmy ke mnporeccy (2). IlepenmmcrBas BHpasxe-
e (18) B Bume

3 2 r
Sp | iy ey (=412, ) fiy (4412, 0) S (q', 2)
X exp [ig (b—Db") +iq" ((b+b’)/2)]/2 (30)

H ¢ y4eTOM PAa3HO! CKOPOCTH M3MEHEHHMs aMIIutyj f., m dopm-dax-
Topa S (q, z), mpoBefeM NpUGIWKEHHOe HHTEIDEPOBaHHe 1o d%(”
B (30), BEHOCA aMITHTYAL M3-IOJ 3HAKA HHTErpaia B Touke ¢’ = 0.
B pesyasrate monyuaem

- 2 Z r’
Sp | ot feu (0— 012, 0) f2, (@+ /2, 0) S (¢, 2) X

X exp [iq (b—Db") +-iq' (b+b")/2))/2 =~
X @y (b—b") p ((b+b')/2);
Oay (B) = | ZL exp (igB) — - .

3ameTnM, 4T0 B OIPeNeIeHHEE BIHIARH o (B) BXOAAT TaKKe I COCTAB-
agomue aMuautyx f (g, 0), 3aBACAmMEE OT CIHHA HYKIOHA.

]l
L)
|
)

3. AMILIMTYALI OPOIIECCOB KOTEPEHTHOTI'O
PORIEHAA YACTHIY B OINTHYECKOM IPEJIEJE

Ecan sapagopeie xapakTepucTuku (3apAjl, CTPAHHOCTH, 63 PHOBHHIA
3apAA) YACTHL @& X b COBIANAIOT, TO BO3MOKHH IPOIECCH

at+A—->b+ A (32)
6e3 BO3OY)K[EHHA AApA-MUMIEHW, Ha3LIBAEMbIe KOTePEHTHLIMH.
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IIpu 3HaveRmAX mHepefaHHOTO HAMOYJAbCAa ¢y, GIMBKAX K HYIO,
BKJIAJ KOTePEHTHHIX IIPONECCOB B M3MepsieMoe cedenme (9) momMuHH-
pyer. OnHako oH JOBONBHO GHICTPO yGHIBaeT ¢ POCTOM NEPEeHAHHOTrO
MMIOYIbCA, TAK 9TO OPH gr > R~ OCHOBHEIM ABJIAETCA BKIAJ OT IPO-
TeCCoB ¢ BO3OYKICHMEM M Pa3BalOM sIPA, HA3HBAEMHX HEKOT€PEHT-
HEIMA.

Taxmm 06pa3oM, u3MepsAeMOe HA ONBTE CEYCHME POKACHHA TACTHI
B peaknuax (1) ¢ TeMm e 3apANOBHIMH XapaKTEPACTHKAMH, 9UTO
¥y 9aCTHL HYYKAa, COCTOHMT M3 IBYX KOMIIOHEHT: GHCTpOMEHSmIeRcs
(npEMepHO Kak KBagpar sAEPHOrO (opM-PaKTOPa) — KOrePeHTHOR
W Me[JleHHOMeHAImelca (KaKk CeYeHme pOMKIAEHHS UYacTHI HA CBO-
GOMHKX HYKIOHAX) — HEKOTepeHTHoH. Ha BO3MOMKHOCTH pasfieldeHHs
3THX KOMIOHEHT W OCHOBAH METOJl BKCIEePUMEHTAIHLHOI'0 H3YICHHS
TPOIECCOB KOTePEHTHOTO pokiendsa (32).

Ceuennms TakMX IPOLECCOB AANTCA KBAAPATOM MOTYIA AMIUIATYE
(8), B xoTopoii ciexyer moaoskarh U; = U;. B mpemeGperxenna Kop-
PelAndsAMA HYKJIOHOB B Spe aMUJIWATYAR ®, CAed0BAaTeAbLHO, COICHAS
3THX MPONECCOB BHPMKAIOTCA TOJABKO Yepes ONTHICCKUHE ITOTEH-
mmanst (17).

Ha mepBaiii B3I BHPOKEHAA IS aMILIATY] OBOIBHO CIOKHEL,
TOCKOIBKY BKIOYAIT 3(eKTH BOBMOKHNX IIPOMEKYTOYHRX B030 yrk-
JMennit OBICTPEIX JACTUN, MOTYMHX CBA3HBATD AX HAYAJIHHHE @ ¥ KOHOT-
HEEe b coCTOAHEA.

Ommako ymoMHHABIIeECS BHIMIE IONABJIEHME IMPOMEKYTOUHEIX BO3-
OysxneHnil Goapmoit MacCH W MaloCTh ITapIEATHHHX CETeHMI mponec-
COB DOKIEHHA YACTHI, KOHEIHOM MAaCCH, 10 CPABHEHHIO C CEICHHAME
YOPYroro afpoH-HEYKJIOHHOTO DacCCeAHHHA, IO3BOJIAET PACCMATPHBATH
OpONEeCCH HEYHPYTHX B3aUMOMEHACTBHN YAacTHI, BHYTPH SHpPa Kak
BO3MYIMenne W YIATHIBATH HX B HHBIIAX MOpPSAKax. B GoxsmumucTBe
CIy4aeB OKa3HBAaeTCA HOCTATOUHEIM YI6CTH TOIBKO HEYIPYroe CTOIXK-
HOBEHHE

a+-N—>b+N, (33)

TPUBOAAMNEE CPA3Y K HPEBPAINeHAI0 TACTHIIL ¢ B YaCTHIY {pesoHanc) b
H BCEBOBMOKHEIE YIDPYIHe Iepepaccesans IacTur a (b) mo (mocae) mpo-
necca pokeHAd. B sroM ciayuae roBopar o6 OHOCTYHEHIATOM MeXa-
Hu3Me pearnum poxpenus. Eciam pearmma

at+A4—->b+ A4
IPOTeRaeT HO CXeMme

a—{—N,—»c—{—Ni;} (34)

C+N2‘—>'b+N2

INIIC  BCEBO3MOKHHIE YIDyrme IepepaccesiHuA dacTun a, b, ¢
Ha OCTAJAbHHIX HYKAOHAX, TO IPONECC HABHBACTCH ABYXCTYIEHTIATHM
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u 1. . HeobGxopmmocTs B ydeTe Oojiee CIOKHKX MEXaHU3MOB A0 CHX
IOp HE BO3HHEKAJIA.

IIpomeces yupyroro pacCegHas ¢ HEPEBOPOTOM CHHHA OHICTDOF
gacTAOH (M3MEHeHHe COMPAlbHOCTH) YIOGHO TPAKTOBATH TaKiKe KAK
HEeynpyrue, o NpAYHHE MX MaI0¥ WHTEHCHBHOCTH (0 KpaliHeil mepe
IIPH MAJNEIX MEePeJaHHHX AMIYIbCaX, XapaKTePHHX A KOTePEeHTHHX
TIPOIECCOB), B MOTOMY, 9TO OHH MEPEBORAT I4CTALLY B IPYroe COAPAIb-
HOE COCTOSHEEe, B KOTOPOM yIpyroe paccesume (6e3 mepesopora CIHA)
ee HYKIOHOM, B COOTBETCTBHH CO CKABAHHKM BHIOIe, MOMKET OHTH
MHEBIM. :

Torma, manpmmep, TAaKoM mpomecc, B KOTOPOM Ilepexof a — b
mpomexoquT o cxeme (34), Ho 3arem wacrmma b B pe3yabrare CIEH-
QIHEIOBOTO IepepacceAHHWs MEHSeT CBOe COMpPAlbHOEe COCTOAHHE,
a CIeoBaTeIbHO, MOKeT H3MEHHUTH W XaPAKTePHCTAKE CBOEr0 B3amMO-
OeHCTBUA ¢ HYRJIOHAMH, 30QPEeKTHBHO ABJIAETCA ABYXCTYICHUATHIM.
B srom ciyaae ¢ 1 b B (34) — He pasHHE JaCTHI[H, a PA3HEE COIHPATb-
HEEe COCTOSHHS ONHOM M TOH XK€ JaCTHHH.

W3 o6mero npencrasinenus (8) HETPYAHO HONYIATEL BHPAKEHAE LIS
aMIUIATYX ONHO- ¥ J[BYXCTYNEHYATHX KOTePEeHTHHX IIepPexofios,
HOCKOABKY 3afada CBONUTCA K HCIONb30BAHWI0 0GHTHON KoMOHWHA-
TOPHKH: '

k

F'=Faup =55 | Van (b, 2) expligsb+1i (g2)av 2] X

X eXpPa, 1 (i 5 Vaa (b, 2') de’ + i fvbb(b, z’)dz’) dzd?b;  (35)

- 00

11 ik A—1
F :Fa»c—»b:—'

95 A S Vac (b, Z{) Vcb (b’ zz) X
X exp [igeb + 1 (qr)ac 21 + 1 (gr)eb Z2] X

24 22
xexpas (i | Vae (b, 2)d +i | Veelb, #)ds' +

— 00 21

+i S Voo (b, 2') dZ') 0 (29— 2) dz, dz,d?b, (36)
rie
expa, p = (1-+2/A)**=exp (z) +0(1/4).

C TOYHOCTBIO N0 WCIE3AI0MUX B ONTHIECKOM upefgene (4 — oo)
BeJIMIMH BHPAKeHHe I AMINIATYAH OJHOCTYIEHYaTOTo IIepexofa
MOMHO TIPEJCTaBUTH B BHE:

P Foy = o S b * (1) Vas (1) Y3 () dr, (37)
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e Py (Pz) IPEACTaBAAT cXopAmmecs (pacxopsmuecs) HCKaKeHHRe
BOJXEHK 9acTHL b (a), pacupocTpaEAwMAXCA B Cpele, B3anMONeHCTEHE
€ KOTOPOH OIMCHBAETCA 2PPEKTEBHEIMHA (onTHIeCcKNME) HOTeRMTATAME
Voo B V4o, a mepexonn a — b — motermmamom Vap- Ananormunyio,
XOTA HECKONBKO 60Jee CILOKAYI0, HHTOPIPETANHAI0 HOMYCKAST B BEIPa-
HEHHe JUIsi aMIUIATYN BYXCTYNeHYATEHIX IPONeccoB. Ilepexos k omTh-
deckoMy Tpenieny B (35), (36) MomHO ocymecTBMTH Ve HaumHas
¢ A > 10 ¢ morpemmocrsio mopsara 2 = 3%.

4. CTPYRTYPA CHHPAJBHEIX AMILIATY]
IOPOHECCOB KOTEPEHTHOI'O PORIEHUSA
B OJHOCTYHEHYATOM NPHBJIVIKEHUMN

Pacemorpuu crpyxrypy cumpansmrx aMnnmTyx PeaKImiA KOreperRT-
HOTO POKJIEHAA B OTHOCTYHEHTIATOM NPHOIMAKCHAA., Y YMTHBAS CBASE
ONTHISCKAX MOTeHNMANOB C MIOTHOCTHIO M BEHIIOIHAA HHTEIPAPOBAHUES
10 Iy ¢ Mey Han PaBJIeHASMHE IO ePeIHOTO HEePeTRHAOTO HMIYILCA
I DPHNEJBHOro mapamerpa, IodydaeM, NpeHeGperas g-3aBHCEMOCTHIO
CRaIAPHHX (QYEKOME] ¢ (¢), claemyomupe COOTHOMEHHS:

Fagry =Ty (@) 8™ (ar, qr, 0an (Aa)s Oy (As)); (38)
n " Jn (26) 1ne 1 67\» 1
S >=S_%b 1(_7—07) o (b, :)exp[—(;—‘T_(b, z) —
— 514 (b, 5)+igyz | db ds, (39)

Tae
n={Aa—hsl; T_(b, z)= S o (b, 2')dze's Ty (b, z)= Sp(b, 2)dz'.

— o0 z

Benuumry S™ Gynem masmBath 060GmeHHEM ANEPHHM (opPM-PaKTo-
pOM n-ro IOPAMAKA.

B GoproBckom nprbamxennn (6, = 0, = 0) Bce OHM paBHH MeKIY
coboit m coBmamanT ¢ gopm-parropom mapa S (9), xoropmit ompene-
asercsa Kak Dypbe-mpeobpasoBaEme ANEPHON IUIOTHOCTH

S(@= | o exp (iar) dr.

Bsammoneiicreme uacTun ¢ w b B HAUANBHOM H KOHETHOM COCTOSHUAX
C ANIEPHKIM BEINECTBOM IPH BEICOKMX auepruax (Re f (0)/Im f (0) — 0),
CBOJIAMEECA NPAKTHIECKH TOJNBKO K LOTMOMEHMI0, IPHBOANT K pas-
anamEio  dopm-parTopos S™. Onmoi us OPHYMH 3TOr0 PasAHdYdsE
ABJIACTCA BOBMOKHOE HOPABEHCTBO Ceuenmi b/V-B3aumonieiicTBEA B pas-
HBIX COMPAIBHHIX COCTOAHMAX. [[pyras npuwamna — pasiamdme B caMois
crpykrype Benmama S™. Ilockonbky crabmabmbie wacTmms a, nyd-
KaMd KOTOPHX O0Iy9aloTcA HApa, HMET COHH WIH 0, maum 1/2,
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70 Oqx (Ag) = const (A,) (¢ TOTHOCTBIO 10 HECYMECTBEHHRIX 3¢ dexToB
caGHX BBAEMOTEHCTBEY, HAPYIIANIKX COXDAHEHH® P-JeTHOCTH)
¥ B NAIbHEHmeM B MeXAX YIPOMERHs (OPMYI HHIEKC A, Y BEIHIWH
Ogy Oymer OmyCKaTbeCA.

B wmjgease mporpaMma MCCIeTOBAHHEA PEaKIHMil KOTePEHTHOTO POK-
MeHAs [OJKHA COCTOATH B M3MEDEHHWH BCEX PA3IMIHHIX s AAHHOTO
mponecca ¢opm-ParropoB S™ @ B onpeneleHHH (8 ocHOBHOM IIOJ-
roHEKO A-saBmcmMoctn Beamump S7V) BCeX COEPANBHHX KOMIOHEHT
oy n (Ap) momHEIX ceuenmii bN-Bammoneficrsus. lsmepenue sxe BCeX
dopM-paxTopos S™ mpemuosnaraer, HApARY ¢ M3MEPEHWOM CETOHMS
mpomecca (32), HpOBefleHAe TAKKe IIOJIAPU3ANAOHHBIX H3MEpEeHHIH,
T. €. W3MEPeHHe IEMEeHTOB MATPHIE IUIOTHOCTH JaCTHOE b, ompe-
IelfAeMHX COOTHOIICHMEeM:

Aphd
O = 2 P i, 23 1Pt (40)

IMocneauume ke, KAk HB3BECTHO, OIpPEAENAIOTCS N3 AHAIH3A YIIOBBHIX
pacIpeeeHuit DPOFYKTOB Pacmajia MCCIEfyeMoTo DE3OHaHCA.

OcHoBHAs TPYAHOCTh HA IIYTH OCYIIECTBIEGHAS STOH IPOrPAMMEL
COCTONT B MATOCTH COAH-QIAIOBHIX aMILIATYN Fhaxb(xa == Ap) B, ob61a-
CTH mepeJay HMIYIbca, [le CeYeHMe IPOLeCCOB KOTEPEHTHOIO POH-
HeHAA 3&METHO OTIWYHO OT HyJA:

Fapg/Fap, ~ (a/m)"* ™™, m =1 os, g~ 2R ~ 0,1+ 0,2 Ias. (41)

Takxum o6pasoM, IANTs Ha0I0TaeMEe BeIHIHHE, GuiamHeHHe 10 aMII-
JATYAAM IepexonoB 0e3 H3MEHeHHUs CHEPATbHOCTH (AN = 0) n nmHeR-
HBI6 110 OTHM BeJIMIFHAM W aMIUIMTyAaM mepexofoB ¢ Ak = 1, MoKHO
pealbEO H3MEDHTH C [OCTATOYHO XOPOIIed TOTHOCTHIO. I pyrama
CIOBAMHE, BTO 03HAYAET, UTO MOKHO HAJEATHCA HA U3MEDEHHEe TOJBKO
dopm-parTopor SO m SV.

5. CBOMICTBA OBOBIMIEHHBIX AEPHBIX ®OPM-OAKRTOPOB

Jlas mpocrotst pacemorpmm S m SU B BHCOKO0IHEPreTHIECKOM
npenene k— oo, g — 0. B srom ciydae HHTETPHPOBAHAE OO dz
B (39) masz SO mw S® MoxHO BHUEONHATH ABHO. Jcmompsys sareMm
COOTHOINEHHE

d
xJo (z) =7 (x4 () (42)
¥ BETErpHpys mo db mo UacTAM, MOKHO HIPEICTaBHATH S® B BEAE
auEelnoi KoMGmHammm seamdama SU:
SO (g, 0, 04, 05) = (0, —04) ™ [025 (¢, 0, 04, 02) —
— 0,8V (¢q, 0, 04, 0)]. (43)
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KOTEPEHTHOE U HEKOTEPEHTHOE POMKJIEHHUE YACTHI{

PaCCMOTpHM g-3aBACHAMOCTDH BEJIWIHH

S — _2x '( _Ja!(bib)bz _‘% exp ( -—-% T (b)) db, (44)
riae

T (b)= 5 0 (by 2) dz.

) ,
Ha puc. 1 npencrapiena sermaraa—b? Ti%— exp [—— % T (b)], BHYHAC-

neHHAA WA smep ¢ A = 64, 125,216 m 0 = 30 mbapn ¢ MIOTHOCTHIO
(23). Bmpao, 9ro oma 3aMerHO
OTIHYHA OT HYyJd JAWMb IPH 14
sgadenuaAx b, Gauskux k K.
Iosromy upu gR ~ 1 Benmaury
Jy (gb)/(gb) ¢  mocraTouHOR 1
CTEIIeHBI0 TOYHOCTH MOKHO BHI-
HecTH H3-II0j] 3HaKa HHTerpala
B Touke b = R. B pesynbrare

1 L
TAKOT0 TPUGIMKEHHOTO HHTE- v
T'PUPOBAHAA TOJAydaeM 3

Q.
S® (gq, 0, 0, 0) = 2J,(gR) X S sk
X 80,0, 0, 6)/(g:R). (45) ©
Vuamrubas (43), amMeeM ¢ ToO# b\!j'
sK€ TOYHOCTBIO g?, 6
S (g, 0,04, 05) =271 (q2R) X 5|8
% 8 (0,0, 61, 05)/(¢:R). (48) X 41

Haxonern, 09eBHOHO, 4TO
S (gy, 0,04, 0) & 2J, (g, R) X P
x SP (0, 0, 04, 63)/(gR). (47)

Taxum o0pasoM, Opu me 0 . 1
ouenb GONBIMAX Heperavax ¢.- 2 4 5
3aBHCHEMOCTDh SAHePHHX (OopM-
gaxTopoB S® m S raras e,
Kak y aMIuIATy] PacCesHusd daT S
aJPOHOB HA aGCOMIOTHO YepHOM U gpoXP [— 5 70 ] 0T NPANEILHOTO
SITpe, 9YTO BIOJHE €CTECTBOHHO mapaMerpa, pACCINTAHHAA ¢ ALePHOHR
BBHEIY obmeit MUQpPaRTUOHHEOHR  WIOTHOCTERIO (23) pana 3HadYeHEE O =
N PUpPOAH BCEX MPOIECCOB a[POH- 30 x6apr mw A = 64, 125, 216
ANEPHOr0 B3AWMONENCTBHS.

YaurhBasg, 9T0 OCHOBHOH BKJIAJ B CEYEHHE NPOLMECCOB KOTEPEHT-
HOTO POKIEGHAA BHOCAT HepeXofhkl 6e3 M3MEeHeHHWS CIAPAILHOCTH
(B TOM ¢JIy4ae, KOHEUHO, €CIIM OHH HE 3AIIPElmeHs IPABWIaME orGopa

]
8, pepmu

Purc. 1. 3aBHCHEMOCTE BeJIHYNH —
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A. B. TAPACOB

0 COHMH-YETHOCTH, CM. HHMKe), W HCHONB3YA (46), MOMHO OUCHHTL
oMo 1) COOBITHH KOIePEeHTHOTO pOMKIACHHS B WHTepBale Nepeqau
Io mepBoro mupaknIOHHOTO MUEAMYMA ¢, & Z,/R, rue z; — mepBsit
HemcYesaomuil Kopens $yuxmuma J, (x).

Hdusa v merko moxy4urh

n=m§_ll J1${R) quq/;ﬂ Ji(](lq%R)

Bupuo, 9T0 B 3TOM MHTEpBase mepefag EMOYAbCA, L€ BKJIAN Hpo-
LEeCCOB KOTEPEHTHOT0 POKICHMSA elle TOMHHUDYET Hal HeKOTepPeHTHEIM
«poHOM», B CaMOM Jeie CKOHIGHTPHPOBAHO IIOHABIIIONMEe §0JbIINH-
CTBO COOBITHH KOrepeHTHOro poxpenma. CpejHee B 3TOM HMHTEpBATe
3HAYCHHEe IIEPeJaHHOI0 HMIYJIbCA ¢, KOTOPOMY IPOIOPHEOHATIE-
HH JOCTYIHEE H3MEPEHMI0 HHTePPePEeHNHOHHEE XAPAKTEPHCTHRI
Fy3,(@) Fr s st (q), mpumepmo pasmo 2R-L.

Baycno#t xapaxrtepmeruxoii 0o6o0meHHEX ¢gopM-$pakTopoB S™
ABIAETCA HX A-3aBHCAMOCTB, KOTOpas coriaacHo (45) — (47) ompe-
Rexsiercss A-3aBACAMOCTBI0 HX 3Hadenmit upm q = 0. Kax yxe orme-
4aroch, B GopHOBCKOM mpubamuennm (6; = G, = 0)

S™(q=0)=A4. (49)

"qdg=1—J2(z)=0,85. (48)

Ilormomenne wactTen @ ¥ b sATEPHEIM BEmMECTBOM HApyIIaeT KAak
caM JHHEHAHHI 3aKOH H3MeHeHHA OpM-PAKTOPOB ¢ M3BMEHEHHEM aTOM-
HOTO HOMepa A (49), Tak W paBeHCTBO WX MEXKIY coboif. Ito Aerxo
BH[IETh Ha IIpUMepe 9acTHOTO CIy4asA O, = O, = 0. B 3ToM ciyzae
HMeeM:

S© (0, 0, 0) = Ny (0/2) = j T (b) exp [ — /2T (b)] d2b —
= N (0/2, 0/2); (50)

S (0, 6, 0y =N (0, 6/2) =2 S {1—exp [—a/2T (b)]} d2b/o,

rge
— 04T (b)]—exp[—0oT (b -
N (04, 0,) = S azb exp[—0sT'( )i eip[ o2 ()] (51)

— TaK HasnBaeMEe dPQeKTHBHHE THCIA HYKIOHOB, ONpEHeleHHEe
B pabGore [31].

Ha pme. 2 mpencraBnena A-zaBmcmmocts senmuma N (0, ¢/2)
u N (6/2, 6/2). Bugno, 9To HOTHOMeRNeM TACTHI] B BEI[ECTBE WHTEH-
CHABHOCTD IIepexo/0B 6e3 maMeHeHns CIAPANBHOCTH (AN = |A; — Ay | =
= () mogaBisercsa GoxbmIe, 9eM HHTEHCHBHOCTD COHH-QIAIOBHX IIepe-
xo5ioB ¢ AL = 1. ITo cBA3AaHO ¢ TEM, YTO ONTHYECKHI MOTEHIHAN,
COOTBETCTBYIOMHKI CONHE-QAANOBLHM HEPEX0aM, TPOHOPIEOHATEH IPO-
H3BONHOA oT afepHOd miornoctu: do {r)/dr, koTopas B ciIy4gae HOYTH
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OXHOPOMHOTO DAaCIpefeleHAs ANePHOTO BEMECTBA 3aMETHO OTIUIHA
oT HYAA Jgamb BOJAMSE TpaHEOH AApa r = R, rie camMa IIOTHOCTh
yiKe Mala H, CIEIOBATENBHO, MATO0  ,u,
norsiomenue. OrTciona ciaexyer, 4To
¥ YYBCTBUTEIBHOCTH PopPM-PparToOpoB
S g BexmumHEAM Opy (A = A = 1) - N(0,6/2)
NOJKHA OHTh HHWKEe, deM JYBCTBH- 501
TeIBHEOCTh PopM-PaxTopes S K Be- No/2,6/2)
anYEHAM Op x (Ag== Ap).

Pacemorpum  sTOT Bompoc Oomee
nonpobuo. B o6mem caywae 6, 5505 20

S© (0, 04, 0p) = N (0,4/2, 0/2); (52)
S®(0, 64, 05) &[N (0, 0a/2) 4+ ‘ '
FNO o212 (33 2 A,

Pr¢. 2. \CpaBemTensHas A-3aBHCH-
CooTHOmMeEHHE (53) ABIAECTCA TO9I- MOCTH 3Haqeanﬁ (bOPM-(ba‘\TOPOB

HHM B ClIyd4ae OJHOPOJHOrO pacupe- S& (@ = op = 0) =
netesnss p ~ 0 (R —r). B obmem =& <§/2) n 50/5‘1 —/(2) 0,
cllydae OHO BHIOIHAETCA ¢ TOYHO- _Gbg ;611;” (o 0/2) s
CTBI0 [I0 BEITINH nopam{a (3 —

— Y12, roe 1, = (pe0x) ™' — maumEa cBobomHOTO mpobera JacTHHH I

B Alpe; T — TOJNHHA €r0 IOOBEPXHOCTHOIO CJIoA.

6. PEAJIHO H3MEPHMBIE BEJMYMHBI MMPOITECCOB
KOTEPEHTHOI'O POKIEHNA N UX YYBCTBATEJbHOCTD
KHHTEHCHUBHOCTH IIOTJIOHIEH N A POKIAEMBIX YACTHIL

Hcnonsazyem (52) m (53) AIA ONEHKA TYBCTBHTEIBHOCTH namepﬂe-
MEX B JKCIEPHAMEHTEe BeIWIHH

do/dQ=| 4| S® (q, 0, 0 M) P+ 0 (@) (54)
L fM\_i S (g, 04, 08 (7»;1 + 1)) o
oM = T T50(, gy 05 (o) T 0 (%) o)

K 3HAYEHAAM OOMIEKAMAX ONPeTes]eHnio CHEpaJILHHX KOMHOHBHT
TMOJHHX cedeHmit b/N-B3amMoOOeHCTBHA.

TIoCKONBKY BOIHIHHH fq;, B cooTHOmenmsx (54) m (55) sBiswores
He B3aBUCAMUME OT COMHA HYKIOHA 9ACTAMH AaMICIATYHR Ipoltecca
aN — bN, ux HeIb3s HAWTH U3 AHAIN3A DKCHEPUMEHTAIBHHX NaH-
HHIX 0 PeaKIUAX HA BOXOPOAHOH (nefirepueBoil) MuimeHd 663 CIOKHEX
O APH3ANMORHLX W3MePeHu#, H, TakuM obpaszoM, oEE GyZyT Zomoi-
HUTEIbHEMHA IIapaMerpaMu, TOIeKAMAMEA onpeaeNeHnio. JLia HeriIo-
4eHUA WX IIPH adalm3e [AHHHX O KOUePEHTHOM DOKICHHH dACTHI
Ha AIpax ¢ TMEeJblo TONYYeHHsS CeUCHHH Op ) NPHAXONATCA GpaTth OTHO-
menusa peanmdus (54) m (55) mis pasmsix mmmeneil. Taxmm o6Gpasom,
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A. B. TAPACOB

BEJIUIHHH Gpy (A, = Ap) OUpefenasioTca w3 anaimsa A-3aBACAMOCTH
OTHOWICHHI

M, = SO (q, 64, Op, 4) |2 (56)
! SO (qy Ogy Op, Ai) !

a BeIWIHMHH Cpy (Ap = Ay = 1) — #3 amanmsa A-3aBECEMOCTH OTHO-
MeHui
St (g, 64, 0p, 4)
2= S (Q7 Ogs Ob, Ai) ! (57)

rae A; — aroMumit HOMeD omHOro m3 safep (0GEMTHO CAMOTO JETKOIO),
HCOOJb3YEMBIX B DKCICPMMEHTE B KadecTBe MulneHd. /lia meMoHCTpA-
IMK YYBCTBHTEJILHOCTH BEJIHIAH 1);,, K BHAYCHHAM CEYCHAN Opy
Ha puc. 3 m 4 mpepmcraBiaena A-

& 38BUCHMOCTh OTHOINEHHH
. M 0p) .e _ M2(0as Op)
Gp=10M0apH /| & = G, Gr=0g) ' 2 3 (0ar 06— 0a)
1,5F &
0y =10mMbapH
110
W N | ==
1’00 N
40
50 0,95"‘ 40
: 50
0,5, L L 0,90 L L
20 50 100 A 20 50 100 A
Pnc. 3. 3asucmmocts &; (64, Op» Pme. 4. 3asmcmmocts &, (04, 0
A4, A) or aToMHOro HOMEpA Aq,A) or aToMEOTO HOMepa A nusA
4 paa o, = 25 mbapu, 4, = 0, = 25 mbapn, A; = 20 pasnwus-
= 20 pa3snIHYHHX 3HAUCHHL O HHIX 0y

migs o, = 25 Mmbapr, A, = 20 m pa3AWIHHIX 3HAYeHHHE o0,. BumHo,
9TO BEIMYAHA §; MOBOJBHO 3aMETHO MeHSET CBOKO A-3aBHCHAMOCTH
OPY W3MEHeHHH NAapaMeTpa O, Uero HeAb3s CKa3aTh O BelnYmHe &o.
U3menenne mapamerpa op 6osiee, 9eM B IBa Pasa, IPUBOJMAT B AyTIHIeM
ciyuae & 10%-my mamemenmio Benmdmusl &,. Taxkas HA3KaA TYBCTBH-
TEABHOCTS MONAPH3ANUOHHEX XAPAKTEPHCTHE K 3HAYCHHIO BEXHIMH
Oy, YCYTyOusiemMas o6CY;KIaBImeRcsa BHOIe MATOCTHI0 HOAMATOHAIb-

Ay
HHX 3JIEMEHTOB MATPHNL ILIOTHOCTA Y%, pgelaer NPaKTHIECKH
HEBO3SMOMKHEIM ONDefelleHNe BeTHINH 03 v (AL = 1) B3 anann3za momisa-
PHU3ANMOHHKX XapaKkTePHCTUK HPOLNECCOB KOTEPEHTHOIO POYK/ICHHA.
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KOTEPEHTHOE U HEKOTEPEHTHOE POXIOEHWE YACTHUL

PeallbHO %€ M3 aHANHM3a JIAHHHX O KOT€DEHTHOM DOKIEHHE 9YacTHI]
B peaknmEax (32) MOKHO ONpENeIHTh NHITb BEAWYIAHY CGpy (AA = 0),
IpH YCIOBHM, KOHEYHO, Y10 mepeXomsl ¢ AA = O paspemiesn unpa-
BuidaMm orfopa IO COEHY-YeTHOCTH. Ha camoM felie CyIIecTByer
TmelH# Kiace peakumii (32), B KOTODHX TAaKWe MEPEXOIH 3aIPEIIeHH..
JT0 OTHOCHTCA K PEAKIHUsM POMKIEHUs ME30HHEHIMH W (OTOHHHIMHA
OyYKaMA 9YacTHI, [ KOTOPDHX He BHOOIHAETCHA COOTHOIIEHW®
P, = P, (—1)®%l, Hanpumep, mnpomeccn pA — n° (n%) 4,
a* (K*) 4 - p+ (K*¥+) 4, 1A > A,A ¥ 1. O. AAYT HCKIOYATEILHO
3a c4eT cnmH-QIEOOBOTO Baaumopeicrsms. (CedeHWs B3THX mpomec-
COB, KOTOPHC HABHBAKT HeJAPPAKIMOHHHIMA B OTIHIAS OT OGEIHRIX
(nn$ppaKUAOHHEIX), TPONOPIUOHAIBHK KBAaApPaTy MOAyIsa (GopM-Pak-
ropa SU) M COOTBETCTBOHHO YYBCTBHTENBHOCTh WX K HOJHEM cede-
HEAM ON-B3auMoOieHCTBHA BIBOE BHINE, 46M Y NDONAPA3ATUOHHEIX
XapaKTePHCTHK IHPPAKIMOHHKX LPONECCOB, HO SHAYATENHHO HILKE
YYBCTBHTEIBHOCTA CEUCHHH NHQPAKOUOHHKX npomeccos. llosTomy Anga
OIpeNeeHnsI, HANPHMEp, NOJHEX CEYeHUN B3aWMONCHCTBHA MHOIIe-
pedHo-noNApH3oBaHANX K* (p)-Me30HOB ¢ HYKIOHAME U3 aHAIH3A
A-3aBECHMOCTH CEYeHUH Peakmuil KorepeHTHOro poxgenasa xt (K) A —
— p (K*) A ¢ T0if 8e TOYHOCTHIO, C KAKON ONpeeleHs CeIeHNsA B3au-
MOJEACTBES IPONOTBHO- 110 IPA30BAHNKX 4 -Me30HOB U3 aHAIA34a Jla’-~
HEIX 0 CEUGHHH IIpomecca AUQPAKIAOHHON Auccommamum md — A;A4
norpebyerca HaGop ropasgo 6OJBIEH CTATHCTHKH.

7. POJb JABYXCTYHEHYATHIX MEXAHHN3MOB

Ho cux mop obcymmalca BRJIAL JWIIb ORHOCTYHEHIATOr0 Mexa-
HE3MA B aMIIHTYAY peaknnm (32). B HeKOTODHIX ciydasx BKIA ABYX-
CTYIEHYATOr0 MEeXaHm3Ma B aMINIMTYAY PacCMaTpABAEMOro IIpoIecca
MOMKET OKA3aThCA CPABHAMBIM CO BRIAMOM OXHOCTymemuaroro. O6cy-
auM ABa Hambolee WHTEPECHHX IpHMepa nogo0HOTO pora Ipo-
HEeCCOB.

Bo-nepssix, sTo mpomneccH (oTOpoIAEHEA Me30HOB M Ha Axpax
UpH BHCOKHUX 3HEPTuAX yA — MA. B aToM caydae HapALy ¢ MexaHmu3-
MoM upsmoro goropoxaenus PN — MN BaxeH ydUer Taryke BRIaja
ABYXCTymegdaToro MmexammsmMa yN,—> VN,, V°N,—> MN, (N,,
N, — BykJoEH Axpa), rae VO (p°, o, @) — HeATpanbHEe BEKTOPHEI®
Me30HH. JlOMEMEUDYIOT UpHm 3ToM OGHYHO mepexomm y —» p° — M
a BKRJAAAB ¢ OPOMEKYTOYHHMH O WM ¢ MAaJXH.

Bo-sropux, 310 06CYy:RmaBOIAECs BHIDE B OFHOCTYIEHIATOM IIpH-
ONuenA COMH-QINOOBEE HepeXoAh B IUPPAKIHOHHHX HpPoIeccax
aA — bA. Hapany ¢ npsameM cona-@aunoBuiM mepexonom aN — bN
IPHE TOM MOJKET OKa3aThCA BAKHLIM BKJIAN CHeqyIOMero MeXaHm3Ma
H3MeHeHAsA COAPAITBHOCTH: B CaMOM AaKTe DPOKIEHHA COHPaibHOCTH
OGHCTPO TACTHHH HE MEHIETCH, & ee M3MeHeHHe HPOHMCXONHT B IPO-
ecce yupyroro cumH-QiamnoBoro b/N-mepepaccesHHA. ITOT MEXAHU3M
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apasgeTca 3PpPEeKTUBHO ABYXCTYIEHIATHM, IOCKOIbKY HUKaKue KPYTHe
JaCTHIH HOMEMO.a B b He HOABIAITCA B IPOMEKYTOUHEX COCTOSIHAAX.

B 06oux ynoMAHYTHX clIydasaXx nepBHi mepexonaN — cN aBiasercs
mepexooM Ge3 M3MEHEHHS CHMPAIBHOCTH (B ciydae peaknum yN —
~ p°N 70 ofGecmeunmeaercs cuenmpUIECKHM HpaBmiIoM orGopa —
COXPAHEHHMEM S-KAHAJIbHOH CIAPATBHOCTH, IPAKTHIECKN COBOAJA0-
f1eifi NP BHCOKHX- DHEPIHAX €O CHOHPAIBHOCTBI0 B JabopaTopHOR
cacreme).. [loaToMy coorBeTCTBYIOIEI ONTHYECKHWH IOTEHIHMAI IIPO-
OPNUOHAJEeH IPOCTO SAAePHOE MIOTHOCTH

Ve (r) = 2nfac (0) o (r)/k. (o8)

Ecnm orpannauThCa paccCMOTPEHMEM PEAKIMA KOrepeHTHOro ¢oTo-
POKIEHHA TOIBKO HEATPAIBHLX ICEBIOCKAIAPHKX Me30H0B (n’, 1, z2°)
Ha AApax B OePBOM CIy4ae M COHH-QAMIOBHX mepexomoB ¢ AL = 1
BO BTOPOM, TO B 060X CIYy4aAX ONTHUECKHH HOTEHIHMAT BTOPOH CTY-
NIeHA DPONOPHHOHATEH TPAJHeHTY OT sAfePHOH MIOTHOCTH

, Ve (r)=c Vsp (b, 2), ¢=const. (59)

Torgac ygerom (36) y1d BRIaga IBYXCTYHEHTIATOTO MEXAHHU3MA B aMILI M-
TYRY DpPaccMaTpPHBAeMHIX I PONECCOB JErKo NIOJAYIATH Ccheqywomniee
BEIDA)KeHHE:

FU (@)=Teb (‘])‘Zifac 0) S 0 (z5—121) X
x 285 (b, z) exp[ — 2 T_ (6. 2) —

’ ) [ 4
— S (T (b, 2) —T- (b, 22) ——- T4 (b, ) | %
x J@d) (q ) exp (ig%zy + ig32,) b db dz, dz,. (60)

B mpepene BrcOKEX dEeprmit k— oo, %, ¢ >0 ¢opuyma (60)
y_npom,aema

F™ (@) = o (@) 227 450 (0, 0, 6, 05)—5% (3,0, 6, 0v)}, (61)

a cyMMa BRJAJAOB OJHOCTYINEHYATOr0 H }IByXCTyHquaTOI’O MeXaHu3-
MOB Jaercsa BBIpA/KEeHACM

F=F+F"=fu () [(1—W)S5®(q, 0, 64, 0) +

. +WSh(q, 0, ac, o), (62)
e
' W = fet () fac (0)/{fab (9) [fee (0) — faa (0)1}. (63)

B MOJeNa BeKTopHOo#l fomananaTaHocTs W = 1 niis upomeccos doro-
poxgends. B sToMm caydae KapTHHA B3aEMOMEHCTBHS DU BEICOKHX
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SHePTHAX TAKOBA, Kak -ecI” Onl mpomect GOTOPOKTEHHA OHLI OIHO-
CTYNERYATHM, HO (OTOH HOTJIOMANCHA OH ANEPHHM BEMECTBOM, KakK

o-meson. IIpm He o4YeHL BHCOKAX YHOPTHAX @7l > 1, 1 = (poopn)t
BRIA] [ABYXCTYIEHIATOT0 MEXAHM3MA B peaknusaXx ¢oTopOsKIeHHS
fOIaBIeH M JOMUHAPYIOT ONHOCTYIEHYATHE IIePEXOMH, B KOTOPEIX
$oTOHH He IOTIOMATCA ANEPHHM BEIEeCTBOM.

B cayuae cumH-QIHOOBHX HepPeXofoB B JAPPAKIMOHEHX IPOHeCc-
cax BeldumHA W ABIAETCA XaPaKTePHCTHKOH HHTCHCHBHOCTH YIPY-
roro bN-mepepaccesnma ¢ W3MEHEHHEM cHEHA. BBHAy oTmedeHHOR
BHIllle HU3KOH TyBCTBHTENBHOCTH (opM-parTopoB SV Kk sHazeHAAM
TMOJIHOTO Ce9eHES bN-B3amMOJEHCTBHA MOKHO 33QHKCHDOBATH BEIIH-
quHY Opy (Ay = Ag = 1) RakuM-IHO0 PaSyMHEM 3HAYCHHAEM H OIpe-
IeJIWNTh K3 aHAIHM3a NONAPA3ANAOHHHX SBICHAH B DPEaKNHsAX Kore-
peHTHOTO AEPPAKIEOHHOrO pokAeHHA Uacrun Benmampy W. [laree

aMILIATYAa yupyroro bN-paccesEHMA ¢ HOepPeBOPOTOM CIHHA fﬁﬁizﬁN
CBfIBHIBAGTCA € [APYIAMH aMINUTyZaMH CleqyrnmuaM COOTHOIMICHAEM

W=ty =3 =1 (0) [Oan — b (A =1g)]
bN->bN =7 — .
4n AN ©)

(64)

Omnpenenernne (64) Taxxe, Kak W DOAHHX cedeHmi b/V-B3ammoneii-
¢TBAA NpEJICTaBIAET MHTEPEC ¢ TOYKH 3PEHHA HM3YICHAA NHHAMARA
B3auMOHeACTBUS HeCTAOMIBHHEIX YAaCTHI ¢ HYKJIOHAMM.

B nurteparype paccMaTpPHBAIHCh M JpPYyrHe IPHEMEDH ABYXCTYIEeH-
9aTHX IPONECCOoB, TAKHX, KaKk N, - ANy, AN, — AN, B peak-
nuAx KorepemTHO# mmccommanma nd — AzA [31], w3 amammsa xoro-
pHIX, B IPHHEIMIE, MOKHO A3BIEKATh MHPOPMANHIO 06 HHTEHCHBHOCTH

A, — AsnepexonoB. B stoM ciydae B 00emX CTYIEHAX TOMHHUDYIOT
mepexofsl ¢ AL = 0 m pesyasrTEpyOmMas aMimIATYAa (B mpepele
BHICOKHX DHEPruit k — oo) ABAgeTCA JIUHEAHON CcylnepHnosHIueil Beau-
quH, TPOMOPIHOHATBHNX (opm-dakropam SO,

8. YJHEPTETAYECKAA 3ABHUCHMOCTh CEYEHIN
KOTEPEHTHBHIX TIPOLTECCOB

KopoTko 06CyIEM 3HEPreTHIeCKYI0 3aBHCHMOCTh AMILTHTY[ KOTE-
pentHoro pokaenus. OHA ompefenseTcs CACHYOIMAMH (PAKTODAMU:
SHEePreTHIecKol 3aBHCHMOCTBI0 aMIIATY/, peaxnuit a/N — b/N msnepre-
THYecKod  3aBHCEMOCTBIO  (opm-Ppaxropo  S™ (¢, qr, G4 Tp)-
Ilocnenuss B cBOK odepelb OMPEHeNAeTCs 3aBHCAMOCTBI0 OT SHEPTHHA
cegenuit aN- m bN-B3amMOIeHCTBUA W 3aBUCEMOCTHI0 (opPM-ParTopa
0T MEHEMAIBHOTO IePeIaHHOro IMITYIbea q;, = (m) — mg)/2k. B o6ma-
CTH SHepTHil B HECKONbKO THIATEKTPOHBOIBT W BHIIE, Ife 00HYHO
H3Y9Al0TCA PEeaKkNHd DPOKICHAs dacTUI[ Ha fAApax, SHePreTHIecKon
3aBUCHUMOCTBIO MOJHKX CEYCHHN O, B Opy IPAKTHUECKH MOKHO IIpe-
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HeOpeus, m GopM-PaKTOPH OKA3HBAWTCA 3ABHCANIEME OT BHEPIHH
JIMIIE 9epe3 ¢r-3aBACHMOCTH. JlJIA KadyeCTBEHHOTO BHACHEHHS 3TOH
3aBICAMOCTH MOKHO MCIOOJb30BATh MOAEIH OJHOPOLHOTO pacipenemae-
HUA sANepHOro BemecTBa. OrpaHHYMMCA IS IPOCTOTH aHATH3O0M
qr-3asucaMocTH gopM-parropos S (0, ¢, o, o) m .S (0 g, 0)

» YL, ’ L] qL, 1 .
C roumocThio N0 Benmumn mopsaaka exp (—R/l), rome R — pagmyc
anpa, I = (p0)~! — mrmma ceoGomHoro mpofera WacTHOH B Ajpe,
nMeeM:

SO (q’l" qL7 01 G) :SO (QTy 09 O, 0) (1 —*—qilz)_z; ' 65
S (¢, qr, 0, 6) =8V (qn, 0, 0, 0) [(1 +-¢11%)~* + 0 (I/R?)). } (©2)

Taxmm o6pasoM, dHeprermdecKas 3aBACAMOCTH (OpM-PAKTOPOB
SO 1 SP oxasuBaerca pasamunoit (Gonee cnaboit y SV), a xapaxTep-
HBIM DHEPreTHYecKHM IapaMeTpoM, OHPENedIoOmuM 3Ty 3aBHCHMOCTD,
OKasmBaercsA BeamdmHa ky = (mj — ml) l/2. Ilpm k> k, dopm-dak-
TOPHl JOCTHTAIOT CBOHMX ACHMITOTHYECKHX 3HAYeHHE, 6olee moIpoGHO
PACCMOTPEHHEIX BHIIHE.

Cmabmas  sHepreTmyeckas 3aBACEMOCTH (opm-PakTopos S@
ABJIAETCA TIABHHEM (aKTOPOM, OIPEIeNAIHIEM 3aBHCHMOCTh OT 9HED-
THM CeYeHHH pearknuidl KOTePEeHTHOT0 POKICHWA dYaCTHI[ Ha AAPax
B JuPpaKIMOHHKX OPOIECCAX, HOCKOJIBKY k-3aBHCHMOCTH AMINIATYJ
fan-bn B) dTOM ciydae ropaspo ciaGee, BBAAY [OMHHMDOBAHHA
B TaKAX PeakldAX BKJIAKAa, COOTBETCTBYIOHMIETO OOMEHY IOMEPOHOM.

B memndparnmonEnx mpomeccax tuna nd - pA ofmHAKOBO Cyule-
CTBEHHBI KK YHEPTETHYECKAs 3ABACAMOCTD aMIUINTY/] PeaKIAA HA HYK-
aore 1V — p/N, B KOTOPOA HOMHHADYET BKJIAJ, COOTBETCTBYIOHIHHA
o0MeHY ©-ME30HOM, TAK HW ¢r-3aBHCAMOCTH (opM-PpaxTopa SV.

9. 0 HEOBXOJIHUMOCTH HMCCJIEROBAHUA
HEKOTEPEHTHBIX IIPOIIECCOB

Kaxr caeayer m3 mpoBefmennoro BHIIe 00CY:KACHHA, MCCICLOBAHNE
IPOOeccoB KOTEPEHTHOTO POKICHHA YACTHI[ HA ANpax MO3BOJAET Onpe-
HelNTh W3 HECKOJIBKAX (B 06meM ciydae) KOMIOHEHT Gy y {Ap) MOJHBIX
cedeHul b/V-B3amMONEHACTBAA HPAKTHICCKH TOIBKO OHY.

Taxk, B Ki1acCHIecKUX DKCIEPUMEHTAX [0 HCCHEE[0OBAHAI0 KOTePEHT-
HOTO (OTOPDOKIAEHHA HEATPANIbHBIX BEKTOPHHX ME30HOB Ha AApPax
[1—3] onmpenensnmes momMHEIE CedeHHS B3AUMONCHCTBHESA IOmEPEIHO-
IOJAADA30BAHHKX V (-ME30HOB C HENOJAPH30BAHHHIME HYKJIOHAMHA
ol = O’VON(O\, = 1). 3 aganusa ;e TaHHEX 0 KOrepeATHOM nudpax-
TOHoHHOM mucconmanud [4, 5] n-mesomoB mAd — A;A H3BIEKAIHCH
JaHHEIE 0 B3aMMOJEHCTBAM TPONOJBHO-MOJAPU3OBAHAKX A,-ME30HOB
¢ mykiaoHamm o% v = oa,v (A = 0). Hecomuenmmit marepec Hpel-
CTABIAET oUpefelieHNe [PYrHX KOMIOOHEHT NONHHX cedenmi VON-
u A,N-BsamMopneiicTBEA, a HUMeHHO O"I;ON = Opoy (A =0) m 0'£1N =
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=0an(A=1). 9T0 BakHO A HUCKDUMAHAUAM IPEJCKAa3aHAA pas-
JWYHALIX JAHAMAIECKHX MOJEIeH, ACIOIb3yeMEX AIA OINACAHUA CHIb-
HHX BaamMojeicrsmii. Tak, B Momeaum ajref6pH TOKOB € C-IHCTIOBBIMIE
IIBUHTE€POBCKAMH WICHAMHA CEUYCHHE B3AHMONEHCTBUA IPORXOIHHO-HOI A~
pu30BaHHEX V'-M€30HOB ¢ HYKIOHAMH DaBHO TOMKIECTBEHHO HYJIIHO-
[32], B To BpeMa Kak B KBapPKOBHIX MOJENSX B MMIYIBCHOM HPHGIN-
KEHHH BEJIWIHHH O, W 0L . COBIAafaoT. JTO OTHIOIH HE 03HAUAET,

9TO KBAPKOBag MOHeib HepepHa. (Kopee BCero He OIPABRAHO IPH-
MEHEHAe MMIYJIBCHOrO OPHCIMKEHMS K PACCMOTDEHWIO TAKHX CHIB-
HOCBS3AHHHX CHCTEM, KAK 3IIE€MEHTAPHEE JacTAIL. T0, YTO HODPABKE
K HMOIYJIbCHOMY npubiamuenmio (Haopumep, 9¢¢deKTsH ABYKPATHOTrO
MOpepacCesHdss) MOTYT IPHBECTH K pasiwquio Beiwdan o7 m ol,
BHJHO Ha IpEMepe MesoH-fgeiirorHoro Md-s3ammopeiicreus. I'nayGe-
POBCKas NONPABKA K HONHHKM cedeHusM M d-B3aMMOJEHCTBHA 3aBH-
CHUT OT BHICTDOGHHOCTH [€ATOHA, €CIM ME30H-HYKIOHHO€ B3aMMO—
meficTBHe 3aBUCAT OT cnpmHA Hyrjioma [61]. B sroit amamormm Md-
u V°N-BzammoneficTBHIt poib JeHTOHR, COCTOSIIEr0 M3 HYKJIOHOB,
urpaer V (A4,) -Mes0H, cocTosamuit M3 KBAPKOB, a DPOJIbH Me30HA —
«GeccnmHOBHH» HYRI0oH AApa (V). Taxmm o6pasoM, pasaudne BelHINHE
OFapn B 6"-5( AyN MOMKET XapaKTepH30BATh KAK POIB GoJee CIOKHBIX

nmepepaccesHAR Ha KBADKOBHIX cHcTeMaXx (ecaIWm BepuTh B MOJEIb
KBapKOB), TAK ¥ HHTEHCHBHOCTH BBAMMOCHACTBH, 3aBUCAMIEr0 0T CIIHHA
KBapKoOB.

Vamepenne BeJuamu O"I;N u 0 \ IpefcTaBisaeT HHTepec U ¢ APYToR

TouRH 3pern . MsBecTHR A MK B pacipesen e AR 10 MAcCaM Jii-CACTeMEL
(upm mg, = 1,1 I'ss), obpasywomeiics B peaknuax AEPPaKOIHOHHON
aaccormaanuu N — 3n/N MOKeT mMeTh He TOJIBKO PE30HAHCHOE IIPO-
mexomgeane N — A, (1,1 I'sg) N, wo moser Tarxe GHTH 06yciaoBIeH
xmaematrgecknM sddexrom (Deck-effect) B peariumsax o6pasoBamma
pr-cmcremn BOumsd mopora N — (pn — 3n) N. B momssy mepeso-
HAHCHOM IPHPOJIH 3TOTO NHKA BPojie GHl CBHETENBCTBYIOT Pe3yIbTaTH
apIEOHAJBHO-BOJIHOBOT0 amanmsa peaxnmé .V — 3n/N, mpoBemeH-
soro Acxonm m gp. [63, 64]. [na pasamdeHdsa 9THX ABYX BO3MOKHO-
cTeil B ¢cBOe BpeMsa GHIIO UPeI0KeHO H3YINTH HOIJomeRne o0pasyo-
medcsa 3n-CHCTeMH ANepHON MaTephed, McCHeaysa Peak[uio KOTepPeHT-
Hoil mmppaxmmonHoit acconmamum Ha Axapax nd — 3nAd [4]. Ocmos-
HasA HfeA 3aKII09ATIach B TOM, 9TO CEYGHHE B3AMMOJEHCTBUA € HYKJIO-
Hamu A,-Me30Ha — pe3oHanca m3 o0ImX coo0payKeHnH TOIKHO GHTE
6IM3K0 K NHOH-HYKJIOHHOMY IIONHOMY cedenuio. Ecan sxe A;-Me30H —
HEKOPPENHPOBAHHAA PJ-CHCTEMa, TO COOTBETCTBEHHO IPHOIMKEHHO
NO/KHO BHIIOIHATHCA YCIOBHE ANAWTABHOCTH CEeYeHH

O pmn = Opy + Oy — Ao, (66)

Ilonpaska Ac Ha B3amMHOEe SKDAaEWPOBAHME B TOM Clydae, KOoraa
cpefHee PACCTOSHEE MEeKAY P W 7T HAMHOIO MeHBIe pPasMepoB Axpa
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OAeTCA  CIEAYIOIAM BHPayKeHHeM ;
AG =0,50:n/(87B), (67)

rae B — mapamerp maknoHa mufdepennmanbHoro ceuenus pN (nV)-
paccearna. B coormomernnn (66) caenyer eme paccTaBuTh CIEpATIbHELE
MATEKCH (Y9ecTb CIIMH PTI-CECTEMHI B p-Me30Ha). [locKOIBKY pri-crcTema
paccMaTPHBAETCA B S-COCTOSHAM BOIM3HE IOPOTa, TO BeIMIAEA X HANPAB-
JeHde CIHHA PI-CHCTEMH COBHAJAIOT C BEINIMHON W HALPABICHHEM
cumAa p-Me3oHa. Mcemonssyst sxcmepmMeHTalbHOC 3HAYCHHE GZN ~
& Oy = 27 mbapn [1—3} u coormomenne (66), momaras mpm sTOM
B =10 (I's6/c)™%, MOKHO HONYIATH OMEHKY:

0%y~ 1,700y, (68)

K coxanenmio, 5Ty BelwduHY HOKAa He ¢ UeM CpPaBHEBATH. OIEHUTH
L ~ .
e BHATCHHE 04N = O(p N HEBO3MOKHO, IIOCKOJNBKY HeT IpAMOil

9KCHEePEMEHTANbHON HEPOPMAIAR O ON-IIOIHOM COUCHHN B3aHMOeH-
CTBUs C HYKJIOHAMH IPOZOJIBHO IIONAPH3OBAHHHX (-ME30HOB.

MoBO UATE OGpPATHHM IIyTeM; OTOKAECTBIAA Oq,N © 0o, N>

HOJIYyIuTh, 9TO cf;N GIMBKO K HYJIO WIH, 00 KpaiHel Mepe, HAMHOTO
MEHBIIEe cg N, 9TO HaXOAUTCA B COINIACHHA ¢ KOCBeHHEIMH 3aKJII0ICHHAMA
) O'(I;N, IOJNy9CeHHEIME ‘Ha OCHOBAHHUH MoJelbHoro (B pamrax VD M-mo-
JelH) aHan@m3a [aHHKX 0 IAYGOKOHeympyroM ep-paccesmzm [37].
Taxmm o6pasom, mo Tex mop, mOKa He mOJyIeHA HENOCPEICTBeHHAA
mnEdopMAnUA O cy{;N, MOKHO CYHTaTh, 9TO HAHHEE O HOIMOMEHHH
3n-cucremsr ¢ Maccoit ma; & 1,1 I'se B cocroammm J® = 1~ agepHbiM
BeIIECTBOM HE IPOTHBOPEYaT HHE ONHOH M3 OOCY)KTABHIEXCA TOUEK
sperma: A;-Me30H — pesomanc wim A,-me30m — Deck-effect. Yacto
oin ® 04N H3-3a Heydera COUHOBOH CTPYKTYDPH IOJHHX CedeHai
AN- m pN-BzammopeiicrBEA 0muGOIHO OTORIECTBIAIOTCA. Jlatee
Ha 0CHOBAHHM 3aKTI09IeHAs aBTopoB pabor [63, 641 o Tom, aTo A,-Meson
He ABJIAETCA PE30HAHCOM, A TAKKe HECOBUNANeHUA PACCIATAHHOIO
B paMKax r1ayGepoBCKOil TEODHH BeIHIHHH 04,y C H3MEePEHHEIM

9KCIEPAMEHTANBHO 3HAYCHHEM oﬁ,N Zelaercda BHBOJ, 4TO INIay0epoB-
CKasg CXeéMa OIHCAHWA HPOIECCOB DOMICHHA HECTAGHIBHHX JACTHI
wI¥ CHACTéM, MTHOPHPYIOMad BHeMaccoBHe sdderrsr, HeBepra. Taxasa
TOYKA 3PEHHA AOPHOPH HE JHIIEHA CMEICTA H Jaske MPEeNCTaBIACTCH
09€Hb €CTECTBEHHOU, OCAH YIeCTH COOTHONICHWE MEKIAY XapPaKTepPHBIM
BHYTPHARECPHEM DAacCTOSHHAEM MOXKIY HYKIOHAMH M TAK HA3EBaeMOi
«IMHOH# peremepanmm», Ha KOTOPOH BUPTYalbHAS CHACTEMAa NpEBPa-
Maerca B PeaIbHYI0, WM, WHAYE, PAAHYCOM IIEMEHTAPHOTO B3aHMO-
neitcreaa. Opmaxo, ona He oGbsaAcCHAeT pAn GarToB.

Bo-nepBhx, ri1ay6epoBcKas TeOPAA PacCeAHUA IPEKPACHO OMHCHI-
BaeT NaHHHE O MOJHHX CEYeHUAX agPOH-AIEPHHX CTOIKHOBEHHI
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¢ 'yOPYroM ajfpoH-AePHOM pPAaCCesHHH BILIOTH N0 SHEPTHH HAaJIeTamo-
mux axporos 70 I's¢. Ecam 66 BApTyalbHHE aJPOHE, KAKOBHIMH OHHA
SAIBIAIOTCA BEYTDPA Afpa, B3aUMOAEACTBOBANH HMHAYE, Y6M PeaJbHHS,
TAKOTO COBIIQJIGHHA TEOPHH € SKCIepHEMEeHTOM He Onuio Om. [laitee,
doTOpOKIeHNEe 3aPKEHHHX IHOHOB HA AJEPHHX MHNIEHHX LA
E, =2; 3; 8; 16 I's¢ [9, 10] Tarxe Xopomo oUMCHBaeTcs Teopue
MHOTOKPATHOTO paccesHnst (€3 BHECOHHS B Hee IONPABOK Ha BHEMAac-
coBsie addertsi. Haromen, pe3yrbTaTh HapOUHalbHO-BOIHOBOTO aHA-
nusa gaHAEHX o pearknmm nd — 3nA [8] mpmBojaT k 3EaYEHHMIO A
CoueHNsT B3aMMOOEHCTBUA J7-CHCTeMH B cocrogEmE JP = (0~ ¢ HYK-
JonamHu, pasHOoMYy mpumepro 50 MbapH, KOTOpPOE GIHBKO K 3HAYCHHIO

O gmn 2 301y — 30:x0ay/(87B) & 20, x5+ (69)

Tpyamo mpuayMaTh JOTHIECKOe O0BSCHOHHE TOMY, 970 B ONHHAX
cIAy49aaXx BHEMAcCCOBhe 3PEKTH CKAa3HBAIOTCA TAK CHIBHO, B TO BpeMA
K&K B IPYTHX OHH COBEPUIGHHO HE IPOABIsioTCA. Bo3moknoe o6bsac-
HEHFe, KaK CIefyeT U3 CKAa3aHHOTO BHIIIE, MOYKET 3aKII0IaThCA B MAJIO-

L .
CTH BEJWYMHEL Opy IPH COXDAHEHAH IiayGepoBckoi cxemrel. Taxmm

o06paszoM, oIpepereHne cg‘N n oﬁiN Ba)KHO [JIA M3y9eHdd J(eralieid
AMHAMHUKA CHAJLHHX B3aUMONEACTBHME M I LOPOBEDKHE CaMOCOITIa-
COBAHHOCTA Tay(GepOBCKOX TEOpHH AagpPOH-ANEPHHX  CTOIKHO-
BeHUAH. ; ~

QueBnOHO, 970 IS FOCTATOIHO TOIHOI'O OIPEeIeHAS YHOMAHYTHX
BEIMINH KeIATeNIbHO A3YIaTh TAKME HIPONECCH POsRieHnd p- 1 A ;-Me30-
HOB Ha AJEPHHX HYKJIOHAX, B KOTOPHX NPOJOIBHO-IONAPH3OBAHHEIE
P-Me30HH A TONePEIHO-TI0N IPH30BAHHEE A ~-ME30HH POKAAIOTCH IOCTA-
TOYHO MHTEHCHBHO. UTO Kacaercsa 4,-Me30HOB, TO HOYTH COXPaHEHHE
{-KaHANbHOW COADATBHOCTE B PEAKNHAX ANPPAKOIHOHHOM HHECCOmMA-
mar N > A;N ofecneymBaer 3HAYMTENBHYIO HOMI0 00pasoBaHES
(mopagka 30 = 40%) momepeuHO-mONAPHB0BAHHEIX B IabopaTopHOR
CHCTeMe KOOPAHHAT A,-MEe30HOB IIPH 3HAYCHUSIX IePeJaHHor0 HMIYIbCa
0,1 = 0,3 (I's¢/c)?, T. e. B CYIMECTBEHHO HEKOTEPEHTHOM! JIA AASPHEIX
peaxiuii o6xacta. ITo JIETKO BRIETH A3 TOTO PaKTa, ITO KOOPIUHATHEE
ocm aabopaTopHOH CHCTeMH cOoHpaibHocTH (L-cmcteMa), B KOTODOH
OCh KBAHTOBAHHA Z B CHCTEME HOKOS POAMBIIEHCS TACTHIEI OpPHEHTH-
poBaHa NPOTHB HANPABICHHASA MMIYAbCA OTHAYM HYKIOHA MUIIEHH
B »oTOif CHCTeMe, PasBepHYTH Ha yrox 6 = arctg (¢/m) (m =
= (m§ — m3)/2m;) BOKPYI HOPMAIH K IIOCKOCTH POKIEHHS IO OTHO-
IIEHAI0 K KOOPAMHATHHM OCAM CHCTEMHl (-KaHATBHOW CHUPAIBHOCTH,
Tak HaskBaemas «cmcrema Lorrdpmma — [[;kexcoHa, m IPH BHCOKHX

suepruax (k — 0o ) IPaKTHIECKH COBHARAeT (C TOTHOCTHIO 10 IOBOPOTA

HaA yrol 0 ~ q/]/§) ¢ OCAME KOOPAWHAT CACTEMHl S-KAHAJIBHOU CHH-
panrbHOoCcTH. HeobGxommmocts paborars B L-cacTeMe, a He MHOM, HANDH-
Mep, {-KAHAJIBHOW WM S-KaHAJIBHOHU, 00yCiIoBIeHA TeM 00CTOATENB-
CPBOM, 9TO TOJBHKO B STOM NIpeNCTaBIeHHMH amniauTyaa bN-paccesnums
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Ha HYJeBOH YroJ AHAaroHajJbHA OO COHPAJIbHEIM HHACKCAM

79 (0) = ik8, 5,08%¢ (Ae) (1 — e (Ao)/4n) (70)
A COOTBETCTBEHHO TOJNBKO COCTOAHASA JaCTHOR, OTBEYA0IIue ompeneJieH-
HOMY 3HAa4YE€HHIO L-CHI/IpaJIBHOCTH , HMEIT O peleieHHYI0 HHTEHCHB-
HOCTh HOIJIOINEeHMA ATEPHBIM BEIIEeCTBOM.
IIponoapEO-mONAPHBOBaHHAKE P-Me30H ¢ 60X bIION HHTEHCABHOCTHIO
POKIAIOTCA B pearkmuax
aN —pN (71)

HOA MAJTHMH YriaMH, I7e [IOMHAHADYET MEXaHHW3M ONHOIHOHHOTO
obmena. OnHaKo B aMIJHTY/e KOT@PEHTHOIO IPOLEcca

TEA — ptA (72)

BKJI3IH OJHOLMOHHEIX aMIIHTYJ peaknmii (71) Ha pasHHX HYKIOHAX
APa COKPAMAIOTCA H B pearnan (72) poRIAIOTCA TONBKO MOMEPETHO-
IOJAPA3OBAHHKIE O-ME30HH (CM. BHIIE).

Taxum 06pasoM, B IHOH-ANEPHHX CTOJKHOBEHHAX DOMICHHE IIPO-
ROJNBHO-NIONAPAB0BAHEKX P-ME30HOB BOBMOYKHO TOIBKO B HEKOTePeHT-
HHX peaxmusax. IIpm 310M ¢ SKCmepEMEHTANbHON TOUKH 3peHHA Goiee
VAOGHEIM ABIAETCH HCCIENOBAHME IIPOIECCOB C IEPe3apaKoil

=N —>p'N', N=p, n; N'=n, p (73)

H3 AJCPHHX HYKJIOHAX.
Cpenda Iponeccos posgeHns pP-ME30HOB B 2JIEKTPOMATrHATHHX B3ad~
MOJCHCTBHAX TOJBKO B peaxIad

eN —> ep®N (T4)

MoxeT 06pasoraThCA 3HAUMTENBHAS NOJASA Pr-ME30HOB, BBHULY COXpa-
HEHHUA S-KAHAJIBHOHM CHMPAaIbHOCTH B IPOIECCAX PeANBHOr0 X BHPTY-
anpEOT0 ¢oToposmenus. OXHAKO DKCIEPEMEHTAIBHO HCCISOBAHAS
OPOHECcCOB 3JIEKTPOPOKIECHAA P-ME30HOB HA ALPAX COMPHAMKEHO CO 3Ha-
94ATeNbHO GONBIITMME TPYZHOCTSMH, 9eM WMCCIeNoBande peaxkmmit (73).

W3 Bcero ckasamHOTO cilexyer, 4To, IO KpaiiHel# Mepe, ¢ TOUKK
3PeHHS HHTEHCHBHOCTH 00DPa30BaHUA [ONEPEYHO-TOASIPA30BAHHEIX
A |-ME30HOB H IPOJIOIBHO-IONAPAZOBAHEKX O-Me30HOB HEKOrePeHTHEI®
IPONECCH NPEANOITATEIbHee, YeM KOrepeHTHEHE,

JIpyraM BaKHBIM aCHEKTOM ONDENENEeHHA Oy M O4,y ABIACTCH
IYBCTBATEIBHOCTh CEYeHWH (HJIH [JPYIHX W3MEPAEMHIX BeJIHIHH)
K MHTeHCHBHOCTH IIOTJIONIEHHA POKAanmuxca gactan. CHoBa B OTIH-
4He OT KOreDeHTHHX DEeaKIdii, B KOTOPHX COMH-(IHNOBEE IEepPexob
Aa:Ke B 60PHOBCKOM IPHGIMKEHAN NPOHCXONAT HA MOBEPXHOCTH APA
B CHNY CHeNAPEIeCKOE CTPYKTYDH COOTBETCTBYIOIIMX OITHICCKHX
OOTeHIHANOB (CM. BHIIIE) M CTPYKTYPH CaMoro Afpa (HoYTH OTHOPOJ-
HOe pacupefelegne BemecTBA B H/pe), B CBA3H ¢ UeM IOrIONICHHE
JaCTAN B BellleCTBe HEe TAK CKA3HBAETCA HA WHTEHCUBHOCTH CHHH-
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(AMOOBEIX HEepPexXoIoB, B HEKOTEPEHTHHX PEAKIMAX IIPOIECCH C A3Me-
HEHHEM COHPAILHOCTH M IpomeccH 0(e3 M3MEHOHWA COHPaIbHOCTH
HIyT PABHOMEDHO II0 BeeMy 06heMy Aflpa B UPA PABHOA MHTEHCABHOCTH
TIOIVIONIEHNA FACTHI, B PA3HHX CHAHOBHX COCTOAHHAX 0CIabIHIOTCA
TaK;Ke HPAMEDHO ONMHAKOBO. B 5TOM 3aKII0IaeTCA ONHO H3 IIPEHMY-
MIeCTB HCCIETOBAHAA IIPONECCOB HEKOTePEHTHOTO DPOKIEHHA YaCTHIL
€ [eXbI0 HM3YUeHHsS B3aUMONEHCTBHA UX ¢ HYKJIOHAMH IIeper HCCIeqo-
BAaHWEM IIPOI[ECCOB KOTEDEHTHOTO POMKIEHMA.

Cremyer Tamk:ke OTMETHTb, YTO MHOTHE H3BECTHHE DE30HAHCH
(maupmumep, A-m306aphl) He MOIYyT POKEATHCA B KOTEPEHTHHX DeaK-
OAAX OYyIKaMH CTAGMIBHEX JacTHII.

10. CTPYRTYPA CEYEHNN IOPOLECCOB POKIEHNA
YJACTHIT C IEPE3APAIKON
Bupasxemnme 1A HEKOTepDEeHTHOH YAaCTH CEYCHHS PEAKIHT
a+-4—->b1+ A4’

monydaercd BeumTaEmeM m3 (11) BrIaga, COOTBETCTBYOMENO Coge-
HAK KOTEePEeHTHOro mnpomeccd a + A — b + A, ecam mDociemamit
He 3aNPelieH 3aK0HAaMH COXDAaHEHHA 3apAna, CrpanHocTH U T. 1. s
peaxmuil ¢ mepesapsAfKod OHICTPHX YAacTHN (Z, 5472;) KOTePEHTHAS
cocrapnApmas B Bupaxenma (11) orcyrcreyer, a merorepemTmas
YACTh HMEET CPABHUTENIBHO NPOCTYI0 CTPYKTYPY BBHAY TOTO, 9TO
craraemsie B aMumiamTyde (8), COOTBETCTBYIONIHE POMACHHUI0 TACTHIL
HA PasHHX HYKJIOHAX He HHTePPEPHPYIOT MEKTY coboil, ecam mpe-
BeOpeub 3PPEeKTAMHE TOKIECTBEHHOCTE HYKJIOHOB AfApa. YUer Ioclen-
HUX IPHBOJMT K IOIPAaBKaM K CeUeHUAM (B [PYrAM H3MeDAEMEM BeIn-
YUHAM) HEKOT@POHTHEIX NIPOLECCOB, CYINECTBEHHEIM IIPXA OTHOCHTEIHHO
MaJXHX 3HAYGHHAX NEPENaHHHX HAMIOYALCOB ¢ ~ kg, rie kp — dep-
MHAEBCKHM HMMOYJIBbC HYKIOHOB aapa. OCcymieHme >THX LIOOPABOK
Oyner JaHO HEeCKONBKO Hue. IIOKA ke IPH BHACHEHWE OCHOBHEIX
AeTaneidl CTPYKTYPH CEUEHM IPONECCOB DPOKNCHHS 9aCTHI[ ¢ IIepe-
3apsAAKON HA AOPAX HYKJIOHE AApa GyIeM CIATATD HeTOKIeCTBeHHFMH.
Kpome Toro, 4ro6s m3bexars HSIHMIHEAX YCIOKHEHWH BpPEMEHHO
qacTuls ¢ u b Gynem cumrarh GeccmmuoBumm. Torma Tounoe BHpa-
JHeHne ST CedeHHH o0CY:XTaeMHX DeakUmi Ha mporomax (meiTpo-
HaX) sAZpa HMEeT BHUI:

d 1 Z (N r s . '
== (F) S Uab. ab (b, b, z)exp [ig (b—b')] X

X €XPa, 1 { - S [Uaa, aa (b, bl; z’) —‘iVaa (b» Z’) +

o0
Ry

+iVia (b, 2017 + | (Wes, 00 (b, b', ') —

~ Vs (b, 2') +1V3, (b, 2)1dz’' } dbdb’ dz’, (75)
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rxe V u U 6uunm onpenesnens pauee [em. (17)m (18)],Z (N = 4 — Z)—
9UCI0 NPOTOHOB (HEUTPOHOB) B AIpe.

Hcnonrays mpubamxenmsa (29) m (31) maa V u U, mepexops
K ONTAYECKOMY Hpemeny (4 — oo) H BBOJA HOBHE HEpPeMECHHLIE HHTET-
pupoBaEusa B == (b + 4)/2 u p = b — b’, mpencTasUM BEpAKEHHE
(75) nnA cedeHWS B HECKOIBKO HHOM BHJE:

£t 2 () ] {00 cop o

xexp| — LT (B2, 2)—Z-T_(B—B/2, 2) +

+0ua (B) - (B, 2) — 2 T, (B+ P12, 5) —

(o7

3 T, (B4B/2, z) + 0w (B) T+ (B, z)] x d*Bd2B dz} . (76)

Qopmynn (75) u (76) moMuMoO caMOTO aKTa HEKOTePeHTHOTO (¢ GoIb-
moli mepefaiedl MMOYJIBECA HYKIOHY ¢ ~ (B)“l/“’) PORIOEHUS YIATHI-
BAIOT CONYTCIBYIOHIME €My HPONECCH MHOTOKPATHHX KOIM€PeHTHHX
(ma yrasr mopsagka O ~ (kR)™') = mHexorepeHTHHX (yral 0 ~
~ (% ]/B)_l) nepepaccesiHuii gacTAn ¢ # b. ITO TPHBOIHUT K HEKO-
TOPOMY PasMa3blBAHMIO YIVIOBHX PAacHpeeieH il 9aCTHIl, POTUBIIAXCH
Ha AJePHOM MUIIEHH, I0 CPABHEHHI0 ¢ YIVIOBHIMEH PacUpefeleHHsaME
B PeaRnUAX HA HYKIOHAX.

11. BJUAHUE KOTEPEHTHBIX IIEPEPACCESAHUAN
HA YTJIOBYIO 3ABACUMOCTH CEYEHHHN IPOIECCOB
HEKOTEPEHTHOI'O POKJIEHUA

Paccmorpum crauana sdgexT KOrepeHTHHX IepepaccesHuil, [
9ero OmycTMM B IOKA3aTelle SKCIOHEHTH B BHDaykeHHANW (76) BeamInHb
Uz, xx (x = a, b), ondcHBaKIEe HEKOTePEHTHBIE IEPEPACCeSHUA.
B srom nmpubamkennu Bepaskenwme AiusA [APPEPEHIHANBHOTO CEUSHAS
HEKOTePeHTHOTO IIPOLECCa MOKHO IPEICTABHThH B BHIE:

=2 () Vo6 a0 s, 5 pdsaz;
@ (q, s, 2) = exp (igs) [far (9) —
— | exp(—ia's) Fla—a) F(a, 2) dq’2ik; (77)
F(q',z) =;—]; g abexp (igb) X
x{i_exp{—%&n(b, z)_%"’T_(b, z)]}. (78)
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Ilpn 6, =0, =0 Beauuuna F (¢', z) =F (¢’) coBnagaer ¢ ammam-
Tynoll ynpyroro a (b) A-paccesHEs H, CIEOBATEIbLHO, CYIIECTBEHHO
OTJIHYHA OT HyaAa aums opu ¢’ ~ R-1. To me caMoe MOKHO CKa3aTh
m o F (¢, z). Ilosromy mom smakom mHTerpaia B BHpasemmm (77)
aMoarTyRy f (¢ — ¢'), KoTopasa MeHsSeTcA ropasfo MeICHHee, deM
amminryna F (¢’, z), MokHO pasmoskdTh B paAf mo g

F@—q)=1(@)—q'Vf (). (79)
Bunonmas wmmrerpupoBamme mo dg’, moiysaeM B 3TOM npHOIH-
JKeHOH:

2 =L (BN (F @ PN (0 00+ VF @ PL (00 o), (80)

rie N (0,4, 0p) = § p (s, 2)| E (04, 0O, 8, 2) 2ds dz;
* 2
L (0,, 0p) :% 5 o (s, z) ,%E(oa, Op, 8, 2)| ds dz;

E(s,z)=exp[—0,T_(s, 2)/2— 0T, (8, 2)/2]. (81)
Ilepsoe cnaraemoe B (80) mPOIOPIUORAIBHO CEYEHHUIO MEPE3APAXKE
Ha& HYRJIOHE

(&), =1f@P ©2

Hoapdmmmenr mpomopnmo-
BasbBOCTH (Z/A)(N/A)N(G,,0)
npepcTaBiser co6oi 3pderTrs-
HOe YHCI0 WPOTOHOB (HEHTpO-
HOB) 5P2, YIACTBYIOMHUX B P&~ py, 5. CpepHmil KBagpaT MMIYJILCA, Hepe-
AKIAH H OTIHYAIIeecd OT JgaBaeMOTo B pe3yibTaTe KOT€PeHTHBIX
Z ( N) — amcaa TpoToHOB (meif- nepepaccesHmIl B HEKOTEPSHTHHX IIpoHec-
TPOHOB) B sipe W3-3a Baammo- 2% @ (0q = 0, = 25 mbapn)
IefiCTBHA YACTHI, B HAUYAIb-

HOM M KOHEJHOM COCTOSHHMAX.

Jliis OmeRKHE PoNE NONPABOYHOTO CIATAEMOTO, TIPOMOPIHOHAIFHOTO

|Vi(g) I* B (80), mepenmmem ero B BHHe:
=7 (5) V0, 00 [ 224 [V @F G (0a 00) ], (83)
rae Q% = L (0,, 03)/N (64, 0p).

Ha pmc. 5 mpepcraBnena Beamumma (2 kak QYHKIASA ATOMHOTO
HoMepa A, paccamrannas B mofenu Pepmu npu o, = 05 = 25 MbapH.

VuETHBaA CKOPOCTh H3MEHEHHs! AMILIHTYHH 5J€MEHTapHOr0 Lpo-
necea

i 1

L
20 50 00 A

@4 104rs8/0)?
L R

)

fav (q) ~ exp (—Bg?/2), B=8 10 (I's6/c)™2,

JIETKO BHIETH, 9TO AaKe B POAKNEAX HA THKENHX ApaX H3MEHenme
yraopod sasmcumocT:m cedenma (80), o6ycroBIeHHOE KOTeDPEHTHEHIM
IlepepaccesHueM, HE3HAYATEIBHO.
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12. POJIb MHOI'OKPATHBIX HEROTEPEHTHBIX
NEPEPACCEAHAN

Pacemorpum Tenmeps 3QQeKTH HEKOTepeHTHHX IepepaccesHhi,
Tpernebperasd A3MEHEHHWEM HAIDABIGHHA ABMKCHUA OLICTPHX YaCTHI,
00yCIOBIEGHHNM KOrePEeHTHEHIM HEPePACCeAHMeM, ITO COOTBETCTBYET
samene T .(B + P/2, 3) > T. (B, z) B (76). B sroM mpuabamueHEn
AHTETPAPOBAHNE IO dZ BHIOJHAETCS B ABHOM BHIe M BEIPLKEHHE
JiIA CeYeHHsA HEeROTePEHTHOTO NIPOHecca, YYMTHBAIMEe BCEBO3MOK-
HEe HeKOT€DEeHTHHE IIePePaccesHisi, IPeACTABIAeTCA B CPAaBHATOIBHO
TPOCTOM BHIE:

do 1 Z

=g () | ooar ® N Ga(B), 5 (8) o (aB) BB, (8%)

e 05 (B) = 0x — xx (B), z = a, b.

Qopmyna (84) ymobua /s LpPOBEAEHHA UHCIACHHHX DACIETOB.
Dnamaeckmii ke cMuica (GolNee OYEBUWACH W3 IPEICTABICHHA BEIPAyKe-
uusa mia ceaenns (84) B BUIe DABIOMEHWA B DAL IO CTENEHAM Kpar-
HOCTH HEKOTEDEHTHHX CTOJXKHOBEHHH C COGIIOJEHHEM HX XPOHOJIOTH-
9eCKOM IMOCIe0BATOIBHOCTH:

do 4044 (47) 404 (2') Ty 400 ( )
&~ S{H thdtbq II bb‘Ik

m, n—O
m n

<o (1-a~ S a- S a) 2 ﬁ—‘*—ﬁi}

j=1 k=1

{SHp(b 2006, 2) TL 0 (o, ) E (04 5, 2)

i=1 k=1

xT H dz, d2'T II day } - (85)

=1 k=1

CavBonu T1ldz;, TIldz, o3ua4aoT, 9T0 IPA KHTErPEPOBAHKH II0 «BPe-
MEHHOH» IepeMeHHON 2 HOKONePEeHTHHX CTOJIKHOBEHHHA JOMKHA COOII0~
JaTbCAd WX XPOHOJIOTHYECKAA IIOCIEIOBATEIBLHOCTD.
OnesEnM poab HEKOTSPEHTHHX CTOAKHOBEHHH, MOIOKHB IS IPO-
CTOTH
04 =0p =0} Wag= Wpb = O 6Xp (— P2/4B), (86)

g5 =0, exp (— P?/4B),

WTO COOTBETCTBYOT OOEGHOM NApAMETPU3ANVH ¢-3aBHECHMOCTH AMIi-
JUTYH SJIEMEHTADHEIX IIPOIECCOB

f(g) =1 (0) exp (— Bg*2). (87)
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BelwauHH G, ¥ G, IPEICTABIAIOT CO00H COOTBETCTBEHHO MOJIHOE cede-
uame yupyroro a (b) N-pacceanusa m nponecca alN — bN. Beous sdpdex-
tuBHO umcia N, (0) cooTHomeHHmEM

Ny (o) = S (6T (BY* exp (—oT (B)) dB, (88)

roJiygaeM IpeAcTasienne And cedendd (84) B BUAE PAAA IO CTENEHAM
KPaTHOCTH HGKOI‘epeHTHHX CTOJIKHOBEHH:

do

2z = Oo E Np+y(0) e"exp[— Bg?/(n4-1)], (89)

n=0

TIe & = Op1/0tot = Otot/ 167 B.

A-3aBucnMocTh BenmumH Nj (0), paccaurannas B momenrm Depmm
misa o = 25 mbapr, k =1, 2. . . bupeacrasiena na puc. 6. Begro, uro
3¢QdeKTH KpaTHHIX HEKOrePEeHTHHX N
nepepaccesHmil [eNANT ¢-38BACH- k k=1
MOCTH CEYEHHI HEKOrepPEeHTHHIX HPO-
IeccoB HA Anpax Goxee HOJOTOM,
geM COOTBETCTBYIOIIAA 3aBUCHMOCTH
peakuuii Ha CBOOOJHHX HYKJIOHAX
¥ BeCbMa CYMECTBEHHH 1 pH 6OXBIIAX
SHAUEHMAX IE€PEeJaHHOr0 HMIIYIBCa
¢> > Bl B peakumusax Ha TAKEIHIX
sagpax. Horna masa ouemkm sdpdex- GF
TOB KPATHHX HEKOTePEHTHEIX CTOJK-
HoBenmit BMecto (89) mMCmOAB3yIOT

i 0 2 | ]
BEIDa;KeHHue 20 50 100 A
do Nyt (0) Puc. 6. 3aBucEMOCTS 3PeKTHBEBIX
= (o 2‘ = e" % ggcesl k-KPaTHHX CTOJIKHOBeHHE
N (0) or aTtoMHOTO HOMepa H&JIA

=0 = 25 M6apn ¥ DasIHIHHX k =

< expl—Bg (n+ 1)1,  (90) 1,23 4

uosyueHHoe B reopun I';1aybepa J1a OPONMeccoB KBa3Uydpyroro paccesi-
HUSA 9Y3CTHL, Ha AApaX, 9TO HIPHBOMAT K BAHMWKEHHHM OMEHKAM 3THX
agpexros.

B noassy npasmasrocTa gopmya (75), (76) n (84) CBHETENbCTBYET
COOTHOMIEHT® MEKILY IONHEMA CEIeHAAME PEAKINA HA AApPe U HA HYK-
nome

_Z (N

o= (7

Te O, = 0N — Obw = G, HOJNYYeHHOE WHTErPHPOBAHUEM 06emxX

gacreit pasencrs (75), (76) m (84) mo dQ = dg/(nk®), m3 Koroporo

ciegyer, 9TO YMEHBIIEHWE NOJHOT0 BHXONA YaCTHIl, U3 PEaRINH

aA — bA’ 00yCIOBIEHO TONHKO HEYIPYTME IPOLECCAMH, KK ¥ IO~
HO OHITB.

) 06N (Gar Tb), (91)
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13. IHOJAPU3AITMOHHBIE XAPAKTEPUCTURNT
HOPOIECCOB POKIAEHHA YACTHUII C HEPE3APAINKON
n NX YYBCTBUTEJBHOCTh K MHTEHCUBHOCTH
TOOTJIOMEHNA POMKIEHHBIX YACTHUI[I B PA3HBIX
CIIAPAJIBHBIX COCTOAHRAX

IlepeiineM kK oOCY:KIEHMI0 peAKIAI HEKOTEPEHTHOTO POMKACHUA
YacTUI €O CIMHOM, OpHYeM 6yaeM OOATH PACCMATPHBATH HPOIECCH
¢ mepe3apAgkoi, T. e. z, =£2,. IIA OPOCTOTH OTPAHMYHEMCA pac-
CMOTPEHHMEM IPOIecCOB, HHIYIAPOBAHHHX (GECCOMHOBHIME YaCTHIAMDE
(7t, K-mesounr). Ecam ramme orpaHmumrbes o6IacTBI0O HE OUYEHB
OonsmuxX 3HaueHUi mepemau mmMuoyinbsca ¢2B << 1, To ¢ Xopomeit Tou-
HOCTBI) MOJKHO TIpeHeOpeub BINAHWEM KPATHHX OepepaccesHui
Ha YrJI0BYIO 38BHCHMOCTH HAGMIOaeMbIX BeTHIUH. B oroM mpmbiamxe-
EWHA CBA3b MY M3MEPACMEME BeHYNHAMU — Iu(epennnalbHHMn
CEICHHUAMA U 3I6MEHTAMHA MATPHIE ITTOTHOCTH POIABINEHCA TaCTHIE —
pearuyii Ha AJpPe M HA HYKJIOHE OKA3HIBAETCH OYGHb IPOCTOI:

(92)

W3 coornomenmns (92) ciexyer, 9To ecim HOTTON[eHHe POXMBLIAXCS
9aCTHI B COCTOAHAAX ¢ PA3INYHHIMA 3HAYCHUAMHA BEIHIAHH COAPATb-
HOCTH OJMHAKOBO [0, (A) = const (A)], To amemenTs Marpmmer miIoT-
HOCTA PeaKIWH Ha A[pe, a CIeJOBATEIBHO W YIJMOBHE pacmpeaemre-
HHMA HPOXYKTOB pacmaja JacTHHOH b, OKA3HBAIOTCA HE3aBHCAIIAME
ot atomHOoro Homepa A appa-mumenn. QOOHapy;kenue A-3aBHCEMOCTH
STHX XapaKTePHCTHK B IIPOT[ECCAX POKACHUA TACTHI C Iepe3apsamKoi
ABHJIOCL OB YKa3aHWEM HA CYINECTBOBAHHE A-3aBHCHMOCTH REJIUIHH
oy (A). (B mpomeccax HeKOTePEHTHOrO DOMKIEHHA Ge3 IepesapsiKm
CATYaldsi HECKOJBKO CIOKHEe, o TeM (ojee IOAPOGHO CM. HEKE.)
Kparrko ofcyamm WyBCTBATEILHOCT M3MEDHAEMHX BEIMYHH IIPOIEC-
coB aAd — bA’' K 3HaUeHMAM BEIWIMHH Oy (A). IIpesye Bcero 3ame-
THM, 9TO B IIPaBYIo 1acTh (92) BXONAT XaPAKTEPUCTAKH DEMeHTa PHEIX
NIpoTeccOoB POMKACHHA dYacTHI B Ha HYKIOHE, CKOHCTPYHPOBAHHEIE
H3 aMOIUTY], BRIOYAOIHX 33aBUCHMOCTh OT COMHA HYKJIOHA

(55 ), =Sp /b (a: 0) 1" (g 02, (93)

T. €. BeIHIHHbI, JIOCTYIHEE H3MEDEHHI0 HA BOJOPONHHNX (fefiTepHeBhixX)
mumersx. IlosroMy mer Heo6XOAEMOCTH HCKI0YATh HX H3 COOTHOIIE-
Hpit (92), Gepst oTHOmMERWe HAGAIONAEMEX BeIMINH, COOTBETCTBYIOMHEX
JBYM PpasHBIM AJEPHEIM MHMIEHAM, KaK 9TO NEJAJ0Ch LDPH aHAIHA3E
KOTepeHTHHX PeaKnui, a MOKHO HETIOCPEICTBEHHO U3MEPATH BEJIAYHHEL
+057
200 (25 09), = () (o 2PEI0D) g
0 A A 2
u meenenys HX A-3aBHCAMOCTH onpeneidars (0py (A) + oin (A)/2.
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Iy BAMOCTPANEH TyBCTBATENBEOCTH BeIWdHH [V (04, 03) K 3Ha-
geHHsAM O, Ha pHC. 7 IpefcTaBlieHa A-3aBACAMOCTD OTHOIDEHU&

§=N(01, 02, A)/N (0’1, 01, A) (95)
mis oy = 25 mbapn, o5 = 10, 20, 30, 40, 50 mGaph.
13 cpasmendd ¢ puc. 3 BARHO, 5
£

YTO UYBCTBHTENBHOCTH H3Mepse-
MBIX BeIWYHH HPOMECCOB HEKO-
TEPeHTHOTO DOKMGHHA K HHTEH- 4o
CABHOCTH TIOTJIONMIEHHS POIAI0- ?
MUXCA YaCTHI[ TAKaA Ke, KaK 20
y nAmbdepeRnmaibHLX cedeHmEA o 20
b
[ ————
e ——
!

0p=10 MOapH

HPOLECCOB KOTEPEHTHOTrO POKIe- w0

HHSA, T. €. JOBOJLHO BHICOKaA. ITO =0
BEChMa BA/KHO JIIA HPOGIEMEL OL- (5 |
pefelenna TMOMHHX ceuenmit bN- 20 50 100 A

B3amMOefCTBHS U3 aHAAA3a JaH-
A r Puc. 7. 3aBHCEMOCTD &y (O, Oy A) OT

HEIX 0 IIPOT[ECCAX HEKOTEPEHTHOTO  grommoro momepa A O, — 25MGaph
POKTEHASA. _ T PasIAAIHEBLX Op

14. 3®DEKTHI TORIECTBEHHOCTH HYKJOHOB
B IPOUECCAX IIEPE3APSIKHU

Ho cux mop ofcy:kAeEMe CTPYKTYDPH Halli0JaeMHEX BelWInH Ipo-
I[ECCOB HEKOTePEHTHOTO POKICHHs YACTHI ¢ MePe3apAnKoil npPoBOMA-
noch B npenedpeskeHmn s¢PexTaMm TOMRIECTBEHHOCTH HYKIOHOB ANIpa.
3BecTHO, 9TO 3amPeET TOMIECTBEHHRM HYKIOHAM HAXOMUTHCSA B OHOM
A ToM ke cocrogEmm (nmpmanun Ilaynim) DPHBOJAMT R IOAABJICHHIO
CedueHNH IPOIeCcCoB ¢ MANOR mepefadell MMIYJIBCA HYKIOHY, Ha KOTO-
POM IIPOMCXOMUT PeaKus nepesapaara. QopManbHo TOKIECTBEHHOCTE
HYKJIOHOB NPOSABAAETCA B OLpPEJeIeHBHX CBOMCTBAX CHMMETDHH BOJI-
HOBEIX $YHKIUAH HAYATHHOTO M KOHEYHOTO COCTOAHUA sAfpa. ¥IeT 3THX
CBOMCTB, & TAKKE CBONCTB CAMMETDHE aMILIATY/IH IPOLECcCa M03BOAET
B npmbamxenmu (14) moaydmrs 3aMKHYTOe, HO BeChbMa TDOMO3JIK0e
BEIPKEHNE JUIA HONPAaBOK K GOPMYJIaM [AId CEeIeHHil, a TAKKe NPYrux
H3MepAEMHX BeIHIAH, o6yCIOBIeHHbX npuEnumom llaynd, @ yIurs-
Baromiee 3PPEeKTH MHOTOKDATHHX CTOIKHOBEHHH JacTHL ¢ U b B Anpe.
B 5TOM BHPKEHEE IOMAMO OCHOBHOTO IIOIPABOYHOTO UIEHA, CYMle-
CTBEHHO OTJIMYHOIO OT HYIS JIWINp IPU 3HAYCHHAX HePeflaHHOTO
AMIOyAbca ¢ << kp W IPABOJAMETO K YMEHBINEHHIO Pe3yIbTHPYIOWEro
ceueHHS B 3TOH 00JacTd, CONEPIKATCA TAKKe claraeMbie, OTIHTHEIS
OT HYJIA IIPH CKOJIb YTOIHO GONBIIAX 3HAYeHAAX HePelaHHoT0 EMIYIIbCA
U OpHBOJANIAE K HEKOTOPOMY (0U9eHb He3HAUATEIbHOMY, HOPAAKA 5%)
VBEIMUGHUI0 CEYeHHs. ITH CIAaraeMee OTCYTCTBYOT B 0OOPHOBCKOM
IpUGIHAKEHAR, a HOABICHEe HX OPK yIeTe B3aUMOJEHCTBAA B HATANb-
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HOM ¥ KOHEYHOM COCTOSHHM, IO-BUAMMOMY, OTP&KAeT TOT PakT, 4TO
B DesyNbTare YIPYTHX KOTEPeHTHHX CTOJIKHOBEHHH d9acTurm ¢ m b
€ HYRJIOHAMHA fpa HOCIENHAe 0CBOOOKIAIT 3aHHMAaeMble AME YPOBHIE
H TeM CaMbIM YaCTHIHO CHEMAIOT 3apeT Ha IIOSBIEHAe HOBOTO HYKIOHA,
KOTOPHIE ofpasoBaicsa B pe3yibrare Nepe3apANKH, Ha 3aHATHX PaHee
ypoBHAX. BBmay manoctm storo sddexra me Gymem obcy:kmate ero
Gonee moapoGHO, a PACCMOTPEM JIHINb CTPYKTYDPY OCHOBHOTO nompa-
BouHOro wiena k (92).

B rex sxe mpuGIwKeHHAAX, B KOTODHX monydena (92), Lig 0CHOB-
HOT0 HOHPABOYHOTO UIEHA HOJYYaeTCA BHPayKeHHE

do , ZN 1 ~
Mg )= =25 | 559 0) pr s 80, 21, 7, 0) X
X ]W+ (g, o) E)N (82, 845 23, 21, O)exXpigy(s;—sy) X
X expiqr(z1—2;) E (04, Gp, Sy, 21) ¥
X E*(0g, Op, S, 2,)ds,ds,dz,dz,, (96)

THe Pzcy) (M1, Ty, O) — OJHOUACTHYHAA MATPHTA ILIOTHOCTH pac-
npefelenns IPOTOHOB (HEATPOHOB) B sfpe.
Haa GeccunmmoBoTo AApa

E’(ru rz2, G)=py (ry, Tz)+i(’r+i<r2ripz (ry, T2); (97)

p1(r, r)=p(r).

Huraxoit sxcoepumenTanpHol mEPOpMANHE 0 Oy (11, T'y) — HPH
F; =Ty HOKa HE CYMECTBYeT W IO3TOMY IDH oIeHKe >PPeKToB To-
DeCTBeHHOCTH UPHXOJWTCA NPHBIEKATh MONEIbHHE UPeICTaBICeHHS
0 crpyxrype agpa. Ilpm paccmorpenmm peakmmit Ha JIerKux sApax
IJiA TOCTPOEHHS P MOMKHO ¢ XODOIIeH TOYHOCTBIO HCIOIB30BATH BOJI-
HOBH® (YHKIHE TapMOHHYECKOTO ocHmUIATOpa. IIpEm 3TOM OKa3H-
BaeTcsg, UTO MisA HEKOTODHIX aAnep, mampmmep '2C, p, (ry, r,) <0
u xoMbuEanmw ammrETy? f* (¢, ) B HPaBOH YACTH COOTHOMERHS (96)
OTIAHMIAIOTCHA OT KOMOMHAIMI aMIUIATYJ B MPaBoil 4aCTH COOTHOIIEHUS
(92) m BEIp@KAIOTCS Yepes TAKMe XaPAKTEDHCTHRE IPOmeccos alN —-
— bN, pna onpefesends KOTOPHX HOOOXOEMO IPOBEICHNE 0T APU3A-
OUOHHHX H3MEDEHHH C MOJSAPU30BAHHBIMEM HYKJIOHHHMHA MAINECHAMH.
B cayuae Tamensix smep-vuinenedf, HCIONB30BaHEE KOTODHX Gouxee
TIPEANOYTUTEIbHO ISl H3YICHAA TOTIOMEHHAsT POKIAINIXCS JaCTHI,
Oonee npmeMyeMOHl ABIAETCS MOJNEIb BHPOKICHHOTO (epMA-rasa,
B KOTOpoO#

Piz(N) (rey r2) ="M ((ry+1r3)/2) jy (k%’(N)Iri —7ra|)s
j1 (z) =3 [sin z — z cos x]/z3; (98)
Pa=0; p(r)=pd (R—r); (KEM)*=3n?p,(Z/A)(N/A).
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ITockombry mpakTHYeCKH s BCeX TAKeIHX aAfep Z<L N, to kpz =
= ky<kr, = ky. YumrmBaa o710, mpencraBmM (96) mocie mpose-
IeHAs IIpHGJIH)KeHHHX HATEIPHPOBAHAA C HCIOOAL3OBAHHEM ycnonnﬂ
(kzR)* € 1 B cnemyromeM BHfe:

d . Zd . op+0 '
A5 07) = = (30 o), N (o0 2T ) F @, (99
e
1 0<La<Che—ky;
Flgp=9 t(@  ko—lh<q<hy+ky;
0 q>k +k1.

v@) =3 (1+5) 3[BT+ () (=R ]+
12 2 2 2_2
() ey
=V &+di. (100)

Cymmnpysa Bupakenma (92) m (99), nonywaem mus cBsasE HAGIIO-
TaeMHIX BeJIHYHH IIPOIIECCOB HA AAPe W HA HYK/JIOHE ¢ YIETOM npnn—
naoa Ilayam:

P = ( ) N(GG,MB‘;%&)X

(% (F)—7F@] (o)

TaxaM o6pasom, DpH MaJHX B3HAYEHUAX ¢ IPOUCXONAT ILPAKTHIECKH
IONHOE INONABIAGHHE peaKkNdid, CONPOBOKAANIMAXCA Iepe3apaaroil
NPOTOHOB APA, H HEIOJIHOe, XOTA K 3HAIATEJIbHOe, IONABICHAE PEaK-
Oui# ¢ mepe3apsAnkofl HEeATPOHOB. 3TOT PE3YABTAT BHOOJHE E€CTECTBEH
€ TOYKY 3PeHHA MOMIeNH PepMA-Trasa: IpespamieHne B IPOTOHK HEHTpo-
HOB ¢ NIMIYJIbCAMM, TPEBHIIAIOMMUMEA FPAHAYHHE (ePMA-EMIYIBC pac-
TIpefieeHAsI IPOTOHOB kFZ = k,, "He 3aupemniaerca npuHnuoom Ilaymrm.

Hrterpapysa obe zactu pasemcrsa (101) mo yray Brurera gacTHOH b,
MO;KHO ONEHHTH CTeIeHE II0aBJ eHUs ONHOT0 BEX0/Ia 94¢THT, 00yCI0B-
JeHHYK IPHHIAIIOM Hame [Moaaras

d
dQ ( ) = G(O) exp(_BqZ)

B = 10 (I's6/c)~2, momyqaem, 410 MOJHOE COTeHHe 06 PA3OBAHAA YACTHAL
b B peaknmAX Ha AApax, COCTOAMMUX H3 TOMIAECTBEHHHX HYKIOHOB,
npumepro Ha 25—30% MeHbIe ceveHMA aHATOrMYHHIX peaKI(Hit
Ha ANPaX, COCTOAIAX M3 HETOM/IECTBEHHHX HYKIOHOB. Heyger
3 peKToB TORIECTBEHHOCTH IPH AHAIN3€ SKCIePAMEHTAIbHAX JAHAHX
MOjKeT IPHBECTH K HEBEDPHOMY (3aBHINICHHOMY) SHAYCHHIO O .
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15. CTPYKTYPA CEYEHHA HEKOTEPEHTHOT'O
PORIEHNA YACTUI] BE3 HEPE3APAIRNA

CymecTByeT TOBOJIBHO DACIHPOCTPAHEHHOE YOOsK/ieHHe B TOM, 9TO
CBA3b MEKIAY HaGIIOAeMHMH BeJHIMHAME JI0GOTO HEKOTEPEeHTHOT0
frpomecca Ha sApe W 3IEMEHTAPHOTO Ipoljecca Ha HYKIOHe ONHHAKOBA
KaK If IPOIeCCOB ¢ Iepe3apsAiAKof, TAR M IyIA MpomeccoB Ges mepe-
3apAfKkE. B HefCTBHTENBNOCTH 3T0 HE TaK HJIH, IO KpaiiHe# Mepe,
He BCETAa TaK. IIpoJéMORCTPAPYEM TaKYI0 CBA3H CHAYAJIa HA IpUMepe
HEeKOTePeHTHHIX HPONeccoB aA —- bA’ ¢ GecCOMHOBHIMH YaCTHIAMH
a ¥ b, 3apATOBEHE XaPAKTEPHCTHKHA KOTOPHX coBmafaioT. CyImecTBeHHoe
OTIHIAe DTHX TPOHEeCCOB OT IIPOIeCcCOB THUNA HMepe3apsiKd COCTOHMT
B TOM, 9TO B NAPQepeHnnaTbHOM CedeHNA HEKOTePeHTHOIo IIporecca
OOMHEMO KBaJparoB MOZyTel# aMIIATYH, ONMCHBAOIIAX POKICHHS
gacTamsl b HA. PASHHIX HYKIOHAX AApa, Cofep:kHTCA mATepdepeHnns
TAKEX AMIUIATYH. OTH ‘MHTep(EepPeHINOHHEE CIAaraeMsie QTCYTCTBYIOT
B GopHOBCKOM HpEOImKERWH (0, = Op = () H HOABIAKNTCA JHIIb
IpE ydYeTe B3aWMMOMCHCTBHA B HATAIBHOM M KOHETHOM COCTOAHHAX.

OrpaEEYABAACH PACCMOTPEHEEM Peaxnuil B 00;1aCTa SHATCHHH ITepe-
a9 IMIOYIbCA REYTDE,IAQPaKIEOHHOTO KoHyca ¢B << 1, rme mommo
[pere6 pedh 3 HEKTaMI KPATHEIX HOEKOTePEHTHHX IIePePACcCeARHH, 0Ly~
qaeM IS CeUeHHA PacCMaTPMBAeMOro Ipolecca cleyomiee IpecTaB-
neHEE: L ) _ ‘

o= et 2le b APz, (102)
rge
o (P (qv b7 Z) = fab (Q) E(Gl’ly 01’77 b7 Z) exp (iQLZ) -

— foa (@) 2 fas 0) § (b, 2) E (0L, 03, b, 2)
x exp (igz2) d2' — fob (g) 2o fab (0) X

>< S o (b, 2')E (04, o5, b, z)exp (ig:z') dz'. (103)

IlepBoe cmaraemoe B (103) ommcrBaer, ecim CIeIOBATL TEPMAHO-
normm paGorsi [40], mpomecc HEKOrepeHTHOTO DPOKEHHs YaCTHUN b,
TOTTA KAK BTOPOE H TPEThe OTBEYAIOT KOTEPERTHOMY DOKIEHHIO (ITOYTH
HA HYTeBOM Yroil) ¢ TPeAmecTBy0IAM (BTOPOe CIaraeMoe) WK IHOCKe-
IyiOmAM (TpeTse CIaraeMoe) HEKOP@DeHTHEIM paccesnmeM (Ha yrox
0 ~ q/k) wactan a m b. IlpE oTHOCATEIBHO HH3KHX JHEPTHAX gl >1
MEXaHU3M - KOTePeHTHOr0 POKMICHUS ¢ HEKOTePeHTHHMM Iiepepacces-
HEAMA CYIeCTBEHHO HOJABICH W IIOJIYJIaeTcsA HPOCTad CBA3L MEMAY
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CeueHHAME HpomeccoB Ha Axape ad — bA’ w Ha mywiome aN — bNV:
do/dQ = (do/dQ)y N (04, 0Ob), (104)

KoTOpAasA OBHYHO CYETAETCS cnpanemmnon npd JTO6HX 9Hepmﬂx
Ha camoM fieie IPH IOCTATOYHO BHICOKHX sHeprusax (grl < 1) Braapg
BTOPOTO H TpeThero ciaraeMux B ammiantyay (103) secoma cymecTBeH,
970 3aMETHO CKA3HIBAETCS HA Pe3YIBTHPYIOIIeM BHp&KEHAN A Cede-
mna (102). IIpexpe Bcero samMeTdM, YTO B CeueHHe HEKOTEDPEHTHOIO
poskmenus gacrar b Ge3 TepesapsIKa BXOIAT AMILTHTY/I5L aN-u bN-pac-
cesHUs HE TOAbKO HAa HYJIEBO# yroa (B BAje CTAHZAPTHHX KOMOWHA-
nuit 0y = 2nf., (0)/(ik), £ = a, b. Iloasaerme B (102, 103) Benm-
quH fpp (¢) B OpHEDEIE TO3BOISLET CTABHTH BOIPOC 00 MCCIeOBAHAE
Yri0BOMl 3aBHCEMOCTH cedeHW# b/N-paccesgHus, OpPH YCIOBUH, YTO
H3BECTHA ¢-3aBHCEMOCTH BeIWIHH [y, (¢) ® f,p (¢) M3 DKCIEPHEMEHTOB
Ha ¢BoGomHEKX HYRIoHaX. OMHAKO, HA OCHOBAHAM COBDEMEHHHX IIpef-
CTaBIEHAR 0 JMHAMEKE CHIBHEIX B3aNMOJICHCTBHIA MOKHO OEIATH,
uTo ¢ -3aBHCAMOCTH BCEX aMumauryn f., (¢) (z, y = a, b) nmpmMepHoO
OJMHAKOBA, T. €.

fab (9)/fab (0) = faa()/faa(o):fbb(q)/fbb(o)- . (105)

B npegmene BEcOKHX sHEPrHiA (k — 00) M B IPEANOJIOKEHNH O COpa-
pegampocta (105) merxo monydmrts

do/dQ = (do/dQ), N (o5, o), (106)
T]Ie ) . ( ;
g eXp (— 0, T (b)/2) — (0 /2 —T®)2) | ;
(oa,cb)_YT@) A fz; Jexp (—0T 0)2) |
b
192N (0a, Ga)+] 05| N (06, Ob) — 20406V (0o +0p) /2, (Ua—cb)/m (107)

|6p—0q |2

PacemorpuMm 1Ba gactHHX caydaa: 1) o, = 0, 0, = 03 2) G, =
= 0p = 0. IlepBuiit cooTBeTCTBYeT, HampUMep, PoToposxesnio Vo-me-
30HOB Ha sgpax. B orom cayzae N (os, o) = N (0, 0) 1 Takum
obpaszom Qoroposaenne V-Me30H0B Ha AApaX IPH BHEOKAX SHOPTHAX
BHIIAMAT TAKKE, KAk HX 00pasoBaHwe IPH HABKWUX SHEPTLHMAX agpo-
HaMH C CEYCHHEM Ogy = Oyoy. B JAHHOM CIyTae FOBOPAT 06 afpoHO-
10700HOM IOBEACHEA (OTOHOB B POARNUAX IPH BHICOKHX DJHEPIUAX.
Bo Bropom ciyuae N (0, 03) = N, (0)'— 2N; (6) + 3N; (0)/2 m mun
‘peaxIdii Ha THKEIHX AIpaxX TakKe 3aMeTHO OTIHmIaeTca oT sddek-
THBHOIO YACIA HYKIOHOB, COOTBETCTBYIOIETO HU3KOIHEPreTHISCKOMY
pexxmMy [cp., manpmmep, ¢ (104)]. Taxmm o6pasom, HaTmIme HMHETED-
(eDEHTIMORAEIX - CIATAeMHX B CEUCHAM HOKOIEDEHTHOTO DOKICHHS

wacTHn 6e3 mepesapAfru B o0meM ciIydae IPHBOIHAT K YMOHBHIGHKEO
DTOTO CEYEHHA.
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Wsyunm «<noporoBoe» (mpr ¢ = 0) moBeflenre CeIeHMIA HEKOIepeHT-
HHX IponeccoB 6e3 nepesapanku. [Ipmanun Ilaynim m B stom caydgae
JOJKEeH MONaBIATh CEUCHHUE PeaKUWd NpPH MATHIX 3HAYCHHAX Iepenaq
munyasca. OZHAKO MCOOIB30BAHME TOXHKO CBORCTE CAMMETPHHA BOJIHO-
BHX (QYHKIHH HAYAIBHOTO A KOHEIHOTO COCTOAHMUE AMPA X AMIIHTYIIbl
Iponecca OTHOCHTEIBHO IEPEeCTAHOBKH HYKJIOHHEIX ITePEeMEHHBIX
COBMECTHO ¢ NPHOJIMKEHHEM HEKOPDEJIMPOBAHHHX HYKI0oHOB (13)
u (14) opmEBonmuT IMmb K pesynbratam, oGcy:xpasmmmca Brmre. Dop-
ManbHO npmanEn Ilaynm 6ymer HpOABIATHCA depes CYHIECTBOBAHHE
NapHHX KOPPEIANH# B PACIpefeNeHAAX TOKIECTBEHHHX HYKIOHOB
(TouHee TPOTOHOB H HEATPOHOB B oTHeAbHOCTH), Omyckas mis mpo-
CTOTH CHOHHOBHE IIePeMeHHEIe, OIpeNelseM KOPPeIANdOHAYI0 (PYHK-
OHI0 BTOPOTO0 DAHTA COOTHOINEHWEM

c(ry, ) =p2(ry, T2)—p (ry) o (72); (108)
P2 (ry, 7o) = S 0(ryy To, Ty, oouy Ta)dradr, ... dry. (109)

B Mopmenn HezaBHCHMHX JacTHL (060109e9HAd MONEIDH MIH MONEIb
BHIpO:KIeHHOTO $epmm-raza) upu Z, N, 4 - oo

czavy (ris To) = — pzavy (Fas ) Pz (T2, 1), (110)

rae ¢ — BBeJeHHAd paHee OJHOYACTHIHAS MATpHAIa miIoTHOCTH. Henn-
HAMHAYECKHE KOPPeIANHMH pacupefeleHAs IPOTOHOB H HEHTPOHOB,
pasymeercd, orcyrcTBylor. He BmmucriBas ofmero Bepa)keHud Iisg
CeYeHHH HEKOTePeHTHHIX IPOMeCCOB ¢ YIeTOM MapHEIX KOPpesarmi
BBU/Y €ro Ipe3BHYAHHOU I'POMO3IKOCTH, IPHABEIEM JIAMB OKOHIATEb-
HEJ pesyapTar, yIUTHBAOIAN 0CHOBHOA 3YPOKT - HOogaBIEHHE Cede-
HU HEKOTePEHTHHX HPOHECCOB IPH MAIKX 3HAYCHAAX IepefaHHBIX
AMIOYJIbCOB:

2 1 far @ B M, (04, 05, 02) [ —F(V EF B+
+2Re[fan(q) faa(9) M5(0a, Ob, qr)+fan () fo (9) M3(0a, 05, qr)} x
X U—=F(V @&+ @2)1+{|foe (@) > Mi (00, 04, qr) +
+ | oo (9) P M5 (0a, 05, 1)+

+ 2Re [faa (q) f3 (@) M4 (05, 04, q)} (1 —F (g1}, (111)

rae My, (k =1, 2, ..., 6) — ko2pPHEIMEATH OPHE COOTBETCTBYIOMHAX
KoMOMHAIAAX aMmiInTyx B Bupakennn (102), ne yartnBanmeM s¢dex-
TOB TOKECTBEHHOCTH.
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®opm-paxrop F (¢), npuOAMKEeHHO YIATHBAOMUAHE 3TH 3PPEKTH,
JaeTcss CIeNyIOMUM BH PLUKEHHEM:

P={[1—4 £+ () Joen—o +
[t () oo, o

rjae kl = kFZ; k2 = kFN'

OueBnnuo, uTo BeaWIUHE 3PPeKTOB, 06YCIOBIEHREX TOMKICCTBEH-
HOCTHI0 HYKJIOHOB, B HIPONECCAX HEKOLGPEHTHOr0 DPOKIEHHA YACTHI
6e3 mepesapAiK¥ M B Ipolleccax ¢ HmepesapaAKod oXHOro HOpAXKA.
OrmernM, 4T0 yKa3aHHOE N3MEHEHHE HOBEJCeHHA CeYeHWH HEKOTePeHT-
HBIX IPOIECCOB IIPM MAJHX 3HAYCHUAX Nepefauy AMOYILCA eCTh HaH-
6osee cymecTBeHHOe NPOSBICHAE HAIAYAA KOPPENANHil B pacupesere-
HHM HYKIOHOB B Afpe. B ocranbBoM 3Q$eKTH Koppeiamuil IPHBOIAT
K paBHOMePHOMY (Bo BCeM HHTEDBaJie Hepefad MMIYIbCa) YBeInIeHnio
mddepeHNIANBHEX CEUeHHA Ha BeamumHy nopagka 5—10%.

16. MOJAPUSANMOHHBIE XAPAKTEPHCTHKHA
OPONECCOB HEKOI'EPEHTHOI'O POKIEHHA
BE3 IIEPE3APAJIKHN

O6cynnM, HakoHeN, CTPYKTY DY HOAAPH3ALMOHHKNX XaPAKTOPHCTH K
B IpoleccaX HEKOTePEeHTHOTO DPOMIACHHA dacTal. b co comHOM Ge3
mepesapAfKH. A TPOCTOTH IACTHIH @ GyaeM CIATATE 6eCCIHHOBEIMA.

B npmbnmxennn oMHOT0 HEKOTEPEHTHOrO CTONKHOBEHHS M3MepsHe-
MBI BEJIHIHHE 00CY/KIaeMHX LIPOIEeCCOB AAITCH BHIPAKEHHEM:
=00, D504, b 2 )¢, b, 5, 0)dbds, (113)
B KOTOPOM CHHDalbHHE AMIIETYHH ¢ AMeT B ofmeM Takymw e
CTPYKTYDY, Kak ammruryaa ¢ [cm. (103)] B mpomeccax poxnemms
0ecCnImEOBHIX 9acTHN, T. €. COIEDIRAT HAPAAY C WIGHAMH, OHHCHIBA0-
MAMA (HEKOTePEHTHOe» pOK/CHHe, TAK/Ke WIEHH, ODUCHBAIFE
KOTepPeHTHOoe» DPOXIeHHuEe ¢ HpemecTBYIOIHM HIA nocaengymomum
HEKOTePeHTHHM IepepaccesameM. IIpm sToM, ofHAKO, HOIKHO yum-
THIBATHCA CIEAYIINee BaKHOE 06CTOATENLCTBO: KOTEPEHTHOE pOK-

JleHTe ONMCHBAETCSA COMPATBHEIME AMIVIATYOAME [ (=0, 0 =0)
nponecca aN — bN, yCpeHEEHEIMA IO CHHHY HYKJIOHA, KOTODHIE,
corxaceo (19), paBEH HyT0, ecam A 5= 0. Takum o6pasoM, B aMILIn-
tynax @* ¢ A =0 cnaraempe, ODECHBAIOLIIHe (KOTEDEHTHOE pOIK-
JeHUe» ¢ E3MEHEHHEM COUPalbHOCTHE GHICTPOH YACTHIE, AHAJIOTHIHEIE
BTOpOMY H Tperbemy ciaaraemeiM B (103) orcyrersyror. B pmeiicrem-
TeJIbHOCTH, KOHEYHO, TEPMEH (KOT@DEHTHOe DOKICHHEe» He 03HAJaer,
9T0 TaCTALA b POMKTAETCA CTPOro HOJ HYJIEBHM YIIOM H COOTBETCTBEHHO
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o0cy:RIaeMsle CIaraeMEle HE DPaBHH cTporo HyJIw. OgHako Malocrb
XapaKTePHHX (KOTGPEHTHHIX» YIA0B paccesmas [Ogon ~ (ER)™]
Jeraer BRIAN MeXaHW3Ma KOTepeHTHOro pomugenus ¢ AL =£0 Hmg-
To;xH0 MannM. IlonpaBkr x HaOAOaeMEHM BEINIAHAM, BOSHAKAIONHE
upm 0olee CTPOroM ydere BKJafa DTOr0 MEXaHMW3MA, OKA3HBAIOTCH
TOTO K6 TOPAAKA, 9T0 U 3)PEKTH KOrePeHTHHX IePePaCCesHAI ¢ A3Me-
HepmeM HampaBienua npmxeHns B (80).

Hpyroe BasxHOE 06CTOATENBCTBO, KOTOPOE MOJIFKHO YIHUTHBATHCA
OpH PACCMOTPEHHH IIPOTECCOB DOKIGHHS YACTHI[ CO CIMHOM,— ITO
BO3MOKHOCTD II€PEBOPOTA CIHHA YACTHNH b B HEKOTEPEHTHHX YUPY-
X nepepacceafmax bN — bN, conpoBORIANIIHAX TPOIECC KOrePeHT-
HOro POKTEHHA, B KOTOPOM, COINIACHO CKA3AHHOMY BHIIIE, MOTLYT
'pomnafrhca TOJIBKO YACTHOH HYJIEBOH COHPAaIbHOCTH (ecm;{ CIImH
gacTune a pased Hyxo). Ilo cymecrBy sTo osHagaer, YTO MOJKHEI
V9IUTHBATBCA BRIANH B AMIUIATYLY OT CBOeOGPA3HEIX JIBYXCTYIeH-
9aTHX TPONECCOB (CM. Pasm. 7), B KOTOPHX IOMHMO aKTa POKIeHESA
BTOPHM HEYIDYTHM aKTOM SABIAETCH YIpyroe CIEE-GIEIOBOE pacces-
uwe. flcHO, 4T0 B IPEOIIHKEHAH OHOT0 HEKOT€PEHTHOrO CTOJIKHOBEHAS
9TOT MEXAHM3M MOXKET JaBaTh BRAAJ JUMb B aMmmiaTyny ¢r ¢ A == 0.

C ygeroM 5THX 3aMedaHHi JIeTKO BHIETH, 970 ammmatyna ¢r B (113)
JaeTcs CICNYIONHM BRIDAKEHHEM:

=g, 6, b, 2)=1%"(g, 0)E(0a, 0s, b, 2)exp (igrz)—

_h_?%f,’;io:(o, 0) faa (2, ©)
__?kﬁ.j" (0, 0)f~bb (g, o)

a gag A=%<0
o (g, 0, b, 2)=1u (g, 0) E (0, 05, b, z)exp (igr2) —

=S ©, 078G o) | E, 0r(.=0), ,5)

E (0,, 0, b, ‘z') exp (igrz')dz’ —

él_’;N NQ_’:B

E (04, 0p, b, 7'}y exp (igr2') dz’, (114)

. 04 (M) —0j, (h=0) ,
x exp (igzz") exp[_ AR J7e0 ). W)
« Bropoit wiem B (115) cooTBercrByer BRIAAY ABYXCTYIEHIATOTO
mexaumsma. llpm ormocmTenpHO HuUSKEHX »Hepruax (g .l > 1) omars
MeXaHW3M KOTePEHTHOTO POKIEHHS OKA3KHBAETCS MOIABISHHHIM 60Ib-
JOAM 3HAYCHAEM MHHEMAJIBHOLO - HEPEHAaBAEMOr0 HMIYILCA (L
n B pesyaprare (113) mpmobGperaer mpocroit Bumi:
do . , op (&) +0p (M)
a0 O = (g ), N (o, 2EERED). (116)
"@opmyna (116) coBmanaer ¢ coorsercrywomeit dopmynod (92) mus
HEKOTePOHTHHX M POIeCCOB ¢ mepesapagkoi. KpoMe Toro, oma BepHA
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u OpHE J00HX JHEPTHAX, 6CIW HO KaKoA-nTubo NPWIHHE 3alpeleHkH
(miim O09eHBb CHIBHO  IOXABIEHH) mepexoisl @ —- b 6e3 ‘m3MeHeRms
cumpanbHocTH. Takas CATyamus, HO-BETAMOMY, AMEET MECTO0 B Ipo-
meccax posmenms A ,-Me30HOB m-Me3oHaME [64].

B npyrom upemensrom caydae il € 1 B (113) MoxHO BHIOTHHETH
BCe HHTOFPHPOBAHHA 1o dz’ m dz. Bupamenma mia HabIOJZaeMHX
penmumd (113) npm sTom conep:xar GAInHEeHHNEe KOMOMHATAN aMIIATYR
fxy (¢, ©), KOTODHE He MOT'YT BHPa)KaThecs depe3 HabJIolaeMule Beln-
quEH mponecca alN — bN 6e3 mpHBIeYeHHs OUOAHHUTEILHHX Tpefi-
MOJIOKEHHH O ¢- B G-3aBUCAMOCTH 3THX aMITATYA. Ecau B paccMaTpH-
BaeMoOM mpornecce po:xgenusa aN — bN, Kak m B yOIPYTroM PacCedHRH,
TOMEUHHADYeT O0MeH HOMEpPOHOM, TO NIPENIOTokeHHe 06 ONHHAKOBOH
g- W O-34BHCHMOCTH COOTBETCTBYIOIIWX AMILIATY][ IePeX0foB ¢ H3Me-
AeHHeM #iad (e3 M3MeHEeHWsA COHPATBHOCTH KOBOJBHO €CTECTBEHHO.
B ar0M CyTae mMeeT MeCTo IPOIOPIHOHATBHEOCTD BeamanH (do/dQ) pM
IGIsL OpOIeCCOB HA ANPe W HA HYKIOHE

oo = (2 ) N (0, 0 ©), 053, 0 (). (117)

B mpepene Bricoxmx smepruit (k — oo, qL—+ 0) BOTHIMHBL N i

IIaIOTGH cnenyronmmn BEHIPKEGHAAMMA: :

—[Gb (}\'*—O)_o’a] 2 {GtzzN(Ga: 0'a)"*"
+o§<>»=0)N[ob(x_=0), o5 (b= 0)] —
a A=0 a A=0
_zqacé(k=0)N[ g +Gl;( ) , L +Uzé( )]} .
_ ___ - A . Ga+0p(A)
_r[cb(?y_O)—oa] 1 {cq(l—W )N[Ga, —2—]+
A Gg+0p(A=0)
+an N[ca, —2—]—
—0p (}\::0) (1_W?\.)Nl: Ga"—og(}‘f:o) . Gb(}“:0%+0b ()") :]__
—Gb(}\l:O)WLN[O'a, Gb(X:();—i—O'b(;\.) ]}’ ?\'#0’
A A A © op(M+op (M)
N —(1—WhH(1—W )N[Ga, __2_]+
+ WAWYN [0,4, 05 (b= 0)]+

+(1_W}V) W}\.'Ar [Gav Ob (7":0%'*‘0-17 0") ]+

Ay Tk Og (A=0)40 (M)
+(—W) N [ o, ; ],
A, A 50, (118)
cne W — 0 0 A 00
ne = fop (4, ) far (0, OV{fap (g, 0)(fer (0, 0)—faa (0, 0)1}.
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Benmanasr W* xapaxrtepmsyior OTHOCHTEJIBHY0 HHTEHCHBHOCTH
cOMH-QIANOBOr0 B3aEMOJEHCTBHA B IIpoleccax yupyroro bN-pacces-
HUAS ¥ SABAAIOTCA JOHNOJHHTEIBHHIMHM IAPAMETPAMH, IIOIIeKANIHME
OIpefeleHNI0 M3 3KCIHePAMEHTAa, HapPANY ¢ Opy (A). Wndopmamusa
o W*=!, xak ormeuasoch BHme (cM. pasf. 7), MO)KeT H3BIEKATHCA
B3 aHATH3A [OJAPU3ANMOHHHIX ABJIEHUA B IIPOMECCAX KOTEPEHTHOTo
POKIOHHA YacTHI B peakpmEm aAd — bA.

Coornomenns (116) m (117) pasymeercs, e yaurnBaoT sGPerToB
ToskpecreennocTd.! Pesynwratsi pasnm. 14 mnossonsmior 6Ges Tpyxa
y9ecTh HX.

17. J®DEKTBI, CBA3BAHHBIE C HECTABHJBLHOCTHIO
POKRIAIOIUXCA PE3OHAHCOB

HKpartrko ob6cymmm addexTr, cBA3aHHKE ¢ HECTaGHIBLHOCTBIO PE30-
HancoB. OgeBHiHO, 9T0, [0 KpaitHe#d Mepe, IPH HOCTATOYHO BHICOKUX
BHEPTHAX, KOTfA pacuajHas MIHHA pesoHanca l, = k/(myI'y), rae
m, I'-mMacca pesoHanca M ero INUPHHA, MHOTO OOJIbIIe ero IWHE
csobonHOro mpoGera B sape, IPAKTHYECKW BCE YaCTHOH b pacira-
AA0TCA 32 mpefellaMu ANpa N HPH PAacCMOTPEHAM IPOXO0KICHHA Yepes
AJePHOEe BOIIECTBO HX MOMKHO PACCMATpPHMBaTh Kak crabmiabaue. Taxum
o6pasoM, TOIBKO LPH AHANHM3E NPOLHECCOB POKIEHHS, ¢ ONHOH CTO-
POHBI, JOCTAaTOYHO INHPOKHX, & C JPYroil — c1abo MOrIoMaeMHX
AJEePHHIM BEINECTBOM DE30HAHCOB HDH HE 0YEHb BHICOKHX DHEPTHAX
MOKeT BO3HEKHYTH Heo6XoImMocTh ydueTa 3dexToB HeCTaGHABLHOCTH.

OrpanmdnMcsa paccMoTpeHMeM BIHAHUA 3PQerToB HeCTAGHABHOCTH
Pe30HaHCOB B IPOIECCaX HEKOTeDEHTHOro poykieHusA Ge3 ydera CIImHA.

Pacnpepenenne no xBaapary addextmBHOM Macch m? ODpPOIyKTOB
pacmajga pe3soHaHCAa b Jaerca CIeNYIOIMUM BHIPAKEHHEM:

di d T =~ ~
Fs?g_m?:d_gl ft':;b Sp(b, 2)|E (b, z, 64, Op, 05, m?, T)/2dbdz;

oo

E-——E(b, %, Gq, Op) Sdz’ exp {—o—azj’]’(b, z')——?(z’—z)} ;

z

v =Tsms -+ i (m§ — m?)]/2k.

(119)

3mech 0, — cedeHHe B3aUMOMEMCTBAA IPOJYKTOB PACHajia pe3onanca b
¢ ByrjdoEamME. Eciam Ok HpomyKTH pacmaia pesoHaHCa HOTIOMANHCH
¢ TaKOH ke HMHTEHCHBHOCTBIO, KAK W CAMH DE30HAHCH (0 = 0p),
T0 Bech dddexr mecrabmnbHOCTE CBoxMiICA G K OOWYHOK 6pedT-BAT-
HepoBcKod 3aBEcmMoctH cedenuil. Ilpm stom (119) mpmmmmaer Bup:

do _ 1 dO'o Fmb
amz = 7 aq Y (%a Gb)‘ T2mi+ (m2—mp)e ° (120)
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Pagnuaue BeamuumH G, B O, NPHBOTAT K NBOAKOMY CJIEICTBHIO.
Bo-mepshx, momMmMo o8HYHOTO OpeHT-BHTHEPOBCKOTO CJIAraeMoro
B Bupakenumn (119) mosmunsioTcs npyrme, ¢ Gomee momOroit 3aBECH-
MOCTBIO OT KBajgpaTa 3QeKTHBHON MACCH UPOAYKTOB pacuaja, u, cle-
O0BAaTeNbHO, AMHUTHPYIOMEEe Haxxude «poHa» B mpomecce posKIeHHA
pesoHaHca Ha Afpe, JayKe ecAH B IPoIecce POKACHHS Ha HYKJIOHE
TaKoBOH oOTCyTCTBYeT. Bo-Brophix, Koadduumment npm GpeiiT-BHTHE-
POBCKOM 9acTH CeYeHHA OKAa3HBaercd HHHM, deM N (0g, Op).

B monenm omHOpOmHOrO pacmpenesieHEA HYKIOHOB B A/pe H3 (120)
TOJAYIaeTCA CIeAYIOMMt pPe3yIbTar:

do do 1 T'm
aQdm? (—d—Q_)o [? I2m2 4 (m2 —m3)? X
X N (04, 03, 0y, AG)-- don], (121)

tae Ao =T'm/(kp,); N IpeCcTaBIAeT CHeAYM Y0 KoMGuaanuo sddex-
THBHHX 9YUCET:

N = (6p— 05— 2A0) 1 [(05— 03) N (04, 0p L Ac)—
—2A6N (64, (05-+05)/2)]. (122)

Bexmuuna ¢, Gamaxa K CyMMe HOJNHBIX CEYCHMH B3aMMOMIEHACTBHA
€ HYKJIOHaMHU IPOXYKTOB pacraja pesonanca b (¢ TOIHOCTEIO o HoMmpa-
BOK Ha B3aMMHOe SKPaHHPOBaHUe) X 0GHYHO CYMEeCTBeHHO Golbine, 1em

0. Ilpm o4 > 0y, Ac npubammenso mmeeM:

N (04, 0b, 0p AG) =2 N (04, 05+ AG). (123)

Takum 06pas3oM, HecTalHIBHOCTH PE30HAHCA MMHTHDPYET YBEIHIe-
HUe CedeHUA B3AWMONEHCTBHS €r0 ¢ HYKJOHAMH. Yder 3Toro obcros-
TeIbCTBA HO3BOJSET coriacosBarb gamuse pabor [15, 161 o cewenun
peaxunn n-A — p°4’ npn p, = 3,5 — 4,5 I'se (A = 8—10 mbapn)
C TIPE/IIONOKEHAEM 0 MAIOCTH BEeNMIHHH Ony [65).

Qopmyna (119) coorsercTByeT NPEIONOKEHHI0 O TOM, UTO BCE
NPOAYKTH paclajfa pPe30oHAHCA JBEKYTCA BIOJb HANpPaBIEHHA ero
nBmsxeHns (0Ch z), T. e. YIJIOBOM pPasbpoc B HaOpPaBIEeHUAX NBH/KEHAH
UPOJAYKTOB pacmaja Mak. Taroe mpegmoroskenue MokeT GHTH CHpa-
BeIINBO IPH OYEHHL BBHICOKHX DHEDPrHAX, KOT/la YacTHUOA b HpaKTH-
9eCKH He pacmajfaercda BHYTDH sapa. B Tex ke cay4asx, KoTma cyime-
CTBeHHH 9PQeKTH HecTaOHIBHOCTE (CPAaBHHTEIBHO HH3KHE SHEPTHH),
yron pasiera OPOLYKTOB pacmajfa B J. C. MOMET OHTh 3aMETHHM,
¥ TOTAAa IOFJOMEHWe KAKAOTO M3 HHX CilefyeT YYHTHBATh OTHACABHO
BJOJNL TPAeKTOPHH ero Apmwxendd. OGobmenme opmyns (119), yum-
THBawomee 3T0T 3QPeKT, TPHBHAIBHO.
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3ARJAIOYEHHNE

ItmM 3aBepmaerca obcyxaenue Haubolee CYMECTBEHHLIX, Ha HaT
B3IAAN, PE3YIbTATOB TEOPHA KOrePEHTHOTO M HEKOTePEHTHOTO POiK-
JeHEs HeCTabMIBHHX JACTAT HA ANCPHHX MHEMEHSIX B NPACIAKEHUR
T'nay6epa, roTropsle MOryT ‘OBITH IOJE3HH 3KCIEPUMEHTATOPAM, IIPO-
BOJAIAM WIHM TJIAHAPYIOIEM COOTBETCTBYIOIIHE HCCAEXOBAHHA.

IIpoBenenne OGMEPHEIX DKCOEDHEMEHTATBHHX HCCIETOBAHMA PO~
IEecCcoB POMKMEHHSA TACTHN HA AOPAX BAKHO A HBYICHUA AHEHAMAKH
B3aMMOIEHCTBU PE30HAHCOB ¢ HYKJOHAMUA M 1A TPOBEPKHM OCHOBHHEX
MO 0FKeHAH TeOPHH {POH-SIePHOTO B3AEMONEACTBHA , OJTHIM M3 BOBMOK~
HHX BADHAHTOB KOTOPOH SBIAETCH TEODHA MHOTOKPATHOTO PACCEsHMSI.

IIpu sroM, 9T06E MONYIATE Gojiee MOAHY0 mEOPMATHI 00 amu-
IUTYIAX PE3OHAHC-HYKIOHHOTO DACCesHWsI HA Majbie Yrisl, Heob-
XOA¥MO HaPAY ¢ PEAKIAAME KOTePeHTHOTO POKISHWA HeCTabUIBHEIX
YACTHI[ HA AAPAX H3YYaTh TAKKE HPOLMECCH MX HEKOTEPEeHTHOTO POK-
AeHAA ¥ 0CO0EHHO HOJNAPH3ALMOHHHIE sIBJIeHWS B HAX. HoBoe mepc-
HEeKTHBE B MCCIEOBAHWH IWHAMAKA DE30HAHC-HYKJIOHHHIX B3aHMO-
AefcTBHM, MO-BUAAMOMY, CBA3AHBI ¢ M3YUYCHHEM IIY6OKO-HEYIPYIroro
(MERII03UBHOTO) POKICHWs HeCTAOMIBPHKX TYACTHI, HA ANEDHHX MUIIEe-
max. O4eBHAHO, YTO B BTHX HPOUECCaX AOKHE KakAM-TO 0o0pasoMm
OPOABIATHCA CBOMCTBA IIYGOKOHEYHPYroro pAacCesHHs Pe30HAHCOB
Ha HyKJoHax. TeM caMuM IOSBISETCH BO3MOKHOCTH.OT OLPEIeIeHMsI
IOJIHHX COYCHHN PE30HAHC-HYRIOHHOTO B3aMMONEACTBHA W3 aHANHM3A
JAHHKEIX O KOTePEHTHOM M HEKOTePEeHTHOM DOXKIEHWH HEeCTaOMJIbHBIX
QACTHAI] Ha ANPAX HepeiiTH K U3YICHHIO CTPYKTYPHNX GYHRIMA «AHKI0-
3HBHOTO PACCeAHHA» PE30HAHCOB HA HYKJOHAX. ONHAKO TEOPHA 3THX
ABICHAN HAXOMHUTCA MOKA B 3a9aTOYHOM COCTOSHHAM, a HX JKCIOEePH-
MEHTAJIbHEE HCCIeoBaHUA Aayke He HavgHaaumcb. llosromy Goxee
mopgpoGHee OGCYKIeHUe DTHX W CBA3AHHLHIX ¢ HEMH BOIPOCOB Iele-
€006 pasHo OTIORUTH O MOABTEHAS B HIX XOTS OH JaCTHIHON SACHOCTH.
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Elastic form factors of hydrogenlike atoms in nS—states *
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Abstract

The exact analytic formula for elastic form factors of the hydrogenlike atoms in the
nS-states is given. The formula has a quite simple form.

PACS number: 31.10.+z, 31.20.-d, 32.80 Cy

1. Introduction

Our interest to the hydrogenlike atoms was caused by papers [1-3] where production of the
Coulomb bound states of various elementary particles (elementary atoms) was predicted for
high energy processes. Till now three such atoms were observed: eTe™ atom from decay of
70 [4-6]; wp atom from decay of K§ [7-9]; 77~ atom from p Ta interaction at 70 GeV [10].

Interaction of such atoms with ordinary atoms is an essential part of those experiments. Es-
pecially for the 777~ atoms whose observation and lifetime measurement is based on accurate
calculation of the ionization (breaking up) probability at passing through the target where they
are produced [3],[10]. To do so a great number of elementary atom cross sections for various
initial states is required.

As shown in Ref. [11],[12] elementary atoms interact with ordinary atoms predominantly
via Coulomb potential. So this interaction may be treated in terms of atomic form factors.

The general solution of the classical problem of hydrogenlike atom form factor was found in
the paper [13]. Using the group-theoretical method the authors gave the exact analytic formulas
of form factors for all transitions. However those formulas have a sufficiently complicated form,
long calculation should be done for each value of a transfer momentum.

Here we give the simple exact formulas for the elastic form factor of hydrogenlike atoms
in the nS-states obtained using special function algebra. General formulas of form factors for
discrete-discrete transitions should be considered later.

2. Formulas

Form factor of hydrogenlike atoms is written as

Fo() = / |0 (7) P T dF, (1)

here G is the transferred momentum and ¥,, () is the atomic wave function. For the nS—states
(principal quantum number n and zero numbers [, m) the wave function is

*JINR Preprint, E4-93-293, Dubna, 1993.

90



)32
0, (1) = <= 20 exp (—apr/) L Gagr/n) @

Here L} _, is the Laguerre polynomial, « is the fine structure constant, y is the atomic reduced
mass (i = ¢ = 1). Then the form factor is written as

4 3 7 -3
_ on /exp (—2apr/n) (L}L_l(Zoz,ur/n))2 512% r2dr. 3)
0

For S-states form factor dose not depend on a choice of the quatization axis. Using the
following substitutions

2aur/n =z A = gn/2ap qr = Az, @)
one has the expression
17 1 2sinAzx
Fula) = 5z [ exp () (L4 (@) 5" e, )

0

To evaluate the improper integral one should use the following relations for the Laguerre
polynomials (see for instance [14]).

) neT(k+1/2)T(n—k—-1/2) ,
(Ba@) =25 e ©

/exp (—2) L2, (& )sizix e — cossn(lq;/2)

0

x [(k: +1)sin ((Qk: + 1)¢>) 4 (k+1/2)sin ((% + 2)¢)} )

Here tan (¢/2) = A
After substitution of (6) and (7) into (5) the form factor has the form

cos?(4/2)

2nm sin ¢

y l’f T(k+1/2)00(n—k—1/2)

F.(q) =

PR (ST T R ((2k+1)9) +

+Z k+3/2 )L(n — k _1/2)sin((2k+2)¢). )

T(k+2)0(n— k)

Nothing is changed if one begins the second sum from —1 and then increases index & by unity.
After replacing the sin function by the exponential one has

91



cos (¢/2)
2nm sin ¢

R T(k+1/2)T(n—k—1/2)
xm| 3 Tk + D)0(n— k)

Fn(‘]) =

exp (Z(Qk + l)gb) +

k=0
n Nk+1/2)T(n—k+1/2) '
" kz:o Tkt DT(n—k+1) ° (qu)] : ©)

The sums in (9) may by expressed via hypergeometric function o F}.

cos (¢/2)

2nm sin ¢

r(1/2)T'(n
x Im T(n)

I'(1/2)l'(n+1/2)
I'n+1)

F.(q)

—1/9) . .
/ )€2¢2F1(1/2,1771;3/2771;62“1))4*

2F1(1/2,—n;1/2—n;62i¢)] (10)

After using the following relation for the Legendre polynomial

T'(n+1/2)

- —ing 179 . o200
P, (cos ¢) T2+ 1)e oF1(1/2,—n;1/2 — n; e*'?), (11)
one has the expression
cos ((;5/2) o—ing _ing
F, = mep 3 mep. 3 . 12
n(Q) Insin ¢ n(C05 ¢) +e n I(COb ¢)) (12)

Then one replaces back the exponential by the sin function. Finally for the elastic form factor
of the hydrogenlike atoms in nS—states one has

cos (¢/2) sinng

F = P, 1
n(0) = 5 P [Pacos ) + Paca(cos )] (13)
Or it may be expressed via the Jacobi polynomial P ,(L 1)
cos*(¢/2) smngb
F.(q) = 14
(q) - o >V (cos ¢). (14)

For computation one may use well known recurrence relations for the Jacobi polynomial or
for the Legendre polynomials in (13) (see for instance [15]). Using obtained formulas one can
investigate n dependence of total cross sections for S—states of the hydrogenlike atoms.

The authors would like to thank L.L. Nemenov for encouragment of the work and A.V. Kupts-
ov for helpful remarks.
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Breakup of relativistic 77~ atoms in matter *

L.G. Afanasyev and A.V. Tarasov

Laboratory of Nuclear Problems, Joint Institute for Nuclear Research,
141980 Dubna, Moscow Region, Russia

Abstract

Relativistic motion of atoms formed by 7+ and 7~ mesons in a matter is considered.
Exact analytic formulas of discrete-discrete transition form factors of hydrogenlike atoms
were obtained in a form convenient for numerical calculations. Total and transition cross
sections for interaction of 777~ atoms with a matter were calculated in the Borh approxi-
mation. Evolution of atomic state populations is treated in terms of kinetic equations. The
method of calculation allows to obtain populations of the discrete atomic states as well as
probability of transfer to the continuous spectrum (ionization). The considered method has
allowed to get the first experimental estimation of the 77~ atom lifetime.

1. Introduction

In the paper [1] production of the Coulomb bound states of various elementary particles
(elementary atoms) was predicted for high energy processes. Up till now 7+t7~ atom (As,)
has been observed in p Ta interaction at 70 GeV [2]. As, decays dominantly through the
charge-exchange process 77~ — 797" (annihilates). An accurate measurement of the Ay,
lifetime 7 will allow to check the high precision prediction of the Chiral Perturbation Theory
and therefore a low energy limit of QCD [3].

Interaction of 7+ 7~ atoms with ordinary atoms is an essential part of that experiment, as
observation of 777~ atoms bases on the atom breakup (ionization) while passing through the
target where they are produced [1]. In the experiment [2] yield of 77~ pairs from the Ay,
breakup was measured. To obtain the 77~ atom lifetime one should calculate the breakup
probability as a function of the atom lifetime with high accuracy, that is, describe a passage of
multilevel atomic system through a matter.

2. Interaction of A, with atoms

Being produced in hadron-nucleus interaction, A5, moves through a material of the target
and interacts, dominantly, via electric field with target atoms (Coulomb interaction). Cross
sections of these processes depend on charge as Z?2 so that the interaction of Ay, with atom
electrons is Z times smaller than with the nucleus. For tantalum the interaction with atom
electrons (so called incoherent scattering) increases the cross section about 1.5% only [4]. As
shown in [5, 6] one should also consider the interaction of Ay, with magnetic fields that arise
due to the Lorentz transformation. However, for example, for the interaction of relativistic A
with Pb the total cross section of the magnetic interaction is only 0.4% [6] of the electric one
and so is not considered here.

For the description of the Coulomb interaction of As, with atoms the first Born approxi-
mation, which considers only single photon exchange (see for example [7]), was used. Another

* Physics of Atomic Nuclei, 59:12 (1996) 2130-2136. (© 2010 MAUK Hayxa/Interperiodika Publishing.
Reproduced with kind permission of Pleiades Publishing, Ltd.

94



method, the so called Coulomb-modified Glauber approximation, allows to consider all multi-
photon exchanges [8]. The accuracy of this method is estimated to go as (Z'/3«)? and for Ta it
is better than 0.2%. It has been shown [8] that all the cross sections calculated at this approach
are smaller than the ones corresponding to the Born approximation. For the total cross section
of Ao, in 1S state with Ta this difference does not exceed 7%.

In the first Born approximation the transition and total cross sections of atom-atom interac-
tions are expressed via atom form factors [7]:

n m 1 T n m n m
O-nfllfmf = An 32 /|V(q)\2 |Fn121l12m12 (¢/2) - anlllsz(_q/2)‘2 dq2 (D
0
O 1 r n m
Oim, = re) / V() (2 — 2Fpm (Q)> dq” . (2)
0

Here (3 is the velocity of Ay, (A = ¢ = 1); ny, l1, my and na, la, mo denote the quantum
number of the initial and final states of Ao ; F;fllf;?f (¢) is the transition form factor of Ag,;
V(q) is the potential energy of interaction with target atoms; ¢ is a transfer momentum.

The Moliére parametrization of the Thomas-Fermi potential (T.F.M.) [9] was used for the

potential energy V(q).

0.35 0.55 0.10
V(g) = 4nZa ( + + ) )
(@ CHB B 5
0.321/3
Br=——, [o=4B81, P3=50 and ap=0.529-10"% cm
0.885@()

A more accurate representation of V' (¢) can be achieved with the use of the self-consistent
field method of Hartree-Fock [10, 11]. Calculations performed for interaction of A, with
various materials using these two methods [4] show that the uncertainty in the cross sections
calculated with the T.F.M. parametrization is about 1% for the Ao, ground state and slightly
more for exited states.

For the A, form factors Fgfllf:n”f (q) there were employed exact analytic expressions dis-
cussed below.

Thus the transition and total cross sections for interaction of As, with target atoms have
been calculated with an uncertainty not greater than 7%. Using the more accurate methods
mentioned above shall allow to calculate the cross sections within accuracy better than 0.5%.

In Table 1 some illustrative values of the interaction cross sections with Ta are given for
nS states. Total cross sections increase with increasing n and consequently the size of the
excited atoms. By interactions the exited Ao, mainly transfers to any other exited states and
predominantly to states with greater quantum numbers. The probability of excitation also
increases with increasing n. So to obtain the probability of the Ao, breakup in the target one
need to take into account an evolution of the atom state population during Ao, passing through
the target.
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Table 1: Total cross sections (o1%) of Asr nS state interaction with Ta are shown for different
principal quantum number n. The ratio ) Uns /ol gives a probability of transfer from
n2<10
nS state to any other discrete state f with the principal quantum number ny < 10. The ratio
> O’T{S /ol gives a probability of transfer to any discrete state f with the principal
n<ns <10
quantum number ny obeying n < no < 10 that is the probability of excitation.

n Zosf’ cm Z ns/o.fof E ns/a.tof
n2<10 n<ny <10
1 | 3.468-102° 0.619 0.619
2 | 3.128-10°1° 0.887 0.887
3 ] 1.038-10"18 0.940 0.935
4 | 2.240-10718 0.957 0.946
5 |3.812-10718 0.960 0.944
6 | 5.597-10"18 0.958 0.937
7 | 7.448 10718 0.952 0.926

3. Form factors of hydrogenlike atoms

Transition form factors of hydrogenlike atoms are important for a wide range of applica-
tions. Explicit expressions of the form factors

Fralama (g) = / Ut (VT (7) dF 4

for various initial (n1lym1) and final states (nalams) have been obtained in numerous papers
(see for example [12, 13, 14, 15]). A general solution of the problem for arbitrary (nilymy)
and (naloms) has been found in a paper [16] using a group-theoretical method. However the
complicated analytic structure of this result makes it unsuitable for practical usage because of
long numerical calculations.

Therefore, another approach to calculation of the form factors (4) for arbitrary discrete-
discrete transition is developed. Main formulas are given in this section and some details enter
in Appendixes A and B.

After integration (4) over angular variables using standard relations of the angular momen-
tum theory (see for example [17]) one has

Erlre(q) = N ZA I, )
where
N = (207D P AR VI (PSS VI ©
ny + no QF(nrl + A+ 1) F(nTz + Ao+ 1) ’
a=—"2 , b= o , a+b=1,
ny + ng n1 + ng

AM=20+1, X=2L+1, nyg=n—-L~-1, ngo=ny—1I—1,
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47
20+ 1

AS == illilz <llal27m177m2|lam> <l1312a0 Ou 0> lem(|~.‘> (7)

L=+, l=L-2s, m=m3—ma, S, =min(,l),

and

I, = /xL+2 Jr—2s(Ax) e L)' (2ax) L2 (2bz) dx (3)
0

_r(mtmny) \_grBmany
~ rgnng i dng
Here r is a distance between particles in the atom, 75 = 1/au is the Bohr radius of the atom (u
is the reduced atomic mass, « is the fine structure constant), j; is the spherical Bessel function
and LY is the Laguerre polynomial.
The spherical Bessel function j1, o, in (8) can be decomposed into a sum (see for example

[18]):

P
]L 25 A.’L’ ZBps (I) ijp(Ax> (9)
. L— 1/2
By = (=1 " T(p+1) (8) ( S ) (10)
Z p
The product of the Laguerre polynomials in (8) can be expanded in a sum also:
K,
L) (2ax) L2 (2bx) ZH Ly H2(27) (11)
k=0
-1
k+m m+n m+n Ny, Ny Np1+A1, npo+A
Hk:(_l)Jr ( - )( N ) ;c 2 1)@% 1+ 24+A2) (12)

where

km =Nyl + Nyp2, k= Np1 + Ny — k ’ Q%#’U) = P7(L#7n7 v=n) (a - b) :

Here P( o )( ) are the Jacobi polynomials. The derivation of (12) is given in the Appendix A.
Functions Qn ) can be easy calculated using recurrence relations

(n+ DM, — [(p—n)b — (v = n)a] QY™ + (n+v —n+1)abQ¥ =0,  (13)

where a + b = 1 and starting values Q") = 0 and QY = 1.
After substitution of (9) and (11) in (8) the calculation is reduced to the integral having the
form:

P (A) = / eb P2 L (Ax) e T LT (2x) do =
0
= A(L—p+2) 28)" Pwt R (O + PP ). (9)
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Here w = 1/(1+ A?%), 2 =1 — 2w and

O (5) = ['(k+2)) B —kk+2XA—p|l1—=2
k Ik +1)0(2)) A+1/2,2 2

is the generalized Gegenbauer polynomial which obey the following recurrence relations (see
[19])
(k+2)COD (2) = [k +1+2p+22(k + X — p+ D] COD(2) + (15)
k420 —2p+22(k+ A+ p)| COP(2) = (k+ 22— 1) (2) =0,
; : (\.p) _p)y (Ap) Ly vati ;
with starting values C5"(z) = C27"(2) = 0 and C;""’(2) = 1. The derivation of (14) is

given in the Appendix B. B
Finally for the transition form factors one has

km DPm
Fv?fllfnle (q) — NZ Hk ZDP AL72p wL*p+2 (C’(CL-&-ZP) (Z) + C}(f:{-&p)(@) , (16)
k=0 p=0

where p,,, = s,,, and

Sm
D, =2X0(L - p+2) Z Bys A, .
s=p
The relation (16) is valid for any choice of the quantization axis. For our case it is suitable to
choose this axis along a momentum of the atom in the lab frame. Then the transfer momentum
q is virtually normal to the quantization axis [5] and A, in (7) becomes

27 /T(l+m+1)T(l—m+1)
Ay =
P+ T (52 +1)

X COS [g(h —my — Iy —|—m2)} eim% <l1,l2,m1, —m2|l,m> <l1,l2,0,0‘l,0> s

(a7

where ¢, is the azimuth angle of the transfer momentum ¢ in the selected frame.
It is worth to note that usage of the recurrence relations (13) and (15) is essential for rate
and accuracy of calculations.

4. A, passage through the target

Using the calculated transition (excitation and deexcitation) and the total cross sections
one can describe the evolution of the atom state populations while passing through the target,
taking also into account the A, annihilation. Yield of 777~ pairs from the A,, breakup
inside the target (named further the probability of the A, breakup) is calculated basing on
these populations.

The quantization axis along the atom momentum, used for the form factors calculation,
conserves for all subsequent collisions as the atom momentum is much greater than the transfer
one. This allows to describe the evolution of the atom state population in a simple way.
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With the chosen quantization axis only atomic transitions that conserve Z-parity P% =
(—=1)!=™ are permitted [8] (I and m are the orbital and magnetic quantum numbers). The A,
atoms are produced in nS states, so they have positive Z-parity. Thus only states with positive
Z-parity have nonzero populations and only these states are considered further.

Population of discrete states is described by a set of differential kinetic equations:

dpi(s) _ 3 aipi(s). (18)
j=1

ds

Here p;(s) is the probability of A, to be in the state ¢ after travelling a distance s in the
matter, a;; is the matrix of inverse lengths of the transition from the state j to the state 7. For
1 # j a;; is written

aipNo
= (19)

Here p and A are the density and atomic weight of the target, respectively, Ny is the Avogadro
number. For ¢ = j a;; describes the total decrease of the population of the state i:

aij =

(20)

it = A 0 otherwise
Here the first term is related to the population decrease due to interactions with the target and
the second one is related to annihilation (decay). (Elastic scattering is forbidden in the first
Born approximation.) M4 and p4 are atom mass and momentum correspondingly, 7,, = 7n>

7UfOtPN0 { Ma/pact, for nS states

is
the lifetime of Ay, nS states. A decrease of population of any other states due to annihilation
has been neglected as well as a decrease of population of all states due to radiation transition
because the lifetime for these processes is much greater than the time of flight through the
target [1].

The initial condition for the set of equations (18) is given by the probability of Ao, produc-
tion with different quantum numbers which proportional to n~3 for nS states and zero for all
other [1]. The lifetime and momentum of As, are parameters of equations (18). Its solution is
reduced to calculation of eigenvalues and eigenvectors of matrix a;; and then to decomposition
of initial conditions over the set of eigenvectors.

Since A, can get excited or deexcited at the interaction, the matrix a;; does not show a
triangular form like it is in a case of a chain of radiation decays which is described by the
analogous set of equations. Therefore an exact solution for any state may only be obtained as
a solution of the infinite set of equations. Hence one has to limit the set of equations including
only states with the principal quantum number n < 1.

The transition cross sections obey the equality alf = a} and so the matrix a;; is symmetric.
The cross sections depend on the magnetic quantum numbers of initial and final states m4 and
mg as |mg — my|. Moreover, the initial condition for the equations includes the fact that only
nS states (with m = 0) are not empty. It can be concluded that states with the opposite sign
magnetic quantum numbers have equal populations. This allows to exclude the states with
negative magnetic quantum numbers from the equation set and thus to reduce a dimension of
the set. For nyax = 7 the dimension of the matrix a;; reduces from 84 to 50. However the
resulting matrix a;; becomes asymmetric.
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The solution of equations (18) has been found for all states with n < npa. = 7. The
uncertainty in solution of equation (18) caused by this limit has an influence on states only
with n close to nyax, as atoms transfer mainly to states with the nearest quantum number.

Thus populations of all states with n < ny,,x as a function of the path s in the target have
been calculated. This function takes into account excitation and deexcitation by interactions
with target atoms and A, annihilation. Points of A,; production are distributed uniformly
over the target thickness. So one has to use the average values over this distribution for all
discussed probabilities.

From calculations one can conclude that the sum of population of discrete atomic states
Pyse with n < nyay i1s known with precision much better than 1% and the summed population
P, of atomic states with fixed n has an asymptotical behavior an=2 + bn=5 + ... at high n.
Using this fact, estimation has been obtained for the sum of populations of all other atomic
states P;,i) those were not included in the equation set (“tail” with n > 7). An uncertainty in
this estimation (about 20%) has little influence on the final results because of the smallness of
the “tail” (see (22)).

Atoms annihilate mainly from 1S state [1]. The population of the first few states is known
with high accuracy so the probability of A, annihilation P,y is calculated with the same
accuracy.

Thus one has calculated the probability of Ao, stays in discrete state or annihilates while
passing through the target. The remainder is the probability of the Ay, breakup Py, :

Pbrzl_Pdsc_Ptail_Panh~ (21)

The following values of probabilities were obtained with 7 = 3.7 - 107 1% s, the average
momentum of Ao, in the experiment (p4) = 2.9 GeV/c and the target thickness of 8 ym Ta.

Puse = 0421, Py = 0.006, P, = 0.159 and Py, = 0.414 22)

To illustrate the validity of the limit n,.x used in these calculations, the value of P,
obtained with n,,x = 5 differs from the above one obtained with n,,,x = 7 by 0.36%. From
an analysis of the “tail” one can conclude that the accuracy the P, calculation procedure is
estimated not worse than 0.5%. This is much better than that of the precision of the cross
sections. Thus the accuracy of P, is limited by the precision of the cross section calculations
and is estimated at 7%.

The approach discussed here neglects two effects. The first one is the formation time of
atom states. This time is small in comparison with the time between subsequent collisions.
Therefore, the formation time has been neglected. This assumption is valid for levels with
principal quantum numbers n < 7. Secondly one neglects possible interference effects between
atom states with equal n and m and with orbital quantum numbers [ that differ by Al = 2.
This interference occurs due to the Coulomb degeneration of atom states. Its influence cannot
be significant because the interference is permitted only for states with n > 3 having small
populations. These two effects could be considered if one describes the evolution of atom
states by quantum mechanical equations in terms of density matrix elements.

The As, breakup probability has been calculated as a function of various parameters to
choose conditions for observation of the atoms in the experiment [2]. Some relations are
shown in Fig. 1.
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Figure 1: Probability of the Ay, breakup in the target as a function: (a) of the target thickness
for average momentum of As, (pa) = 2.9 GeV/c; (b) of the atom momentum for the target
thickness S = 8 um; (c) of the Ao, lifetime, averaged over the spectrum of observed atoms.
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In Fig. lc the Ay, breakup probability averaged over the spectrum of atoms, observed in
the experiment [2], is shown as a function of the lifetime. Using this function and the measured
value of P, = 0.40 4= 0.09 [2] one obtains estimation of the A, lifetime in the ground state

T=(2975%)-10" s (23)

or limitation for the lifetime at 90% confidence level

7> 0.6-10"s. 24)

This result agrees with the theoretical value of 7 = (3.7 & 0.3) - 1071% s predicted by the
Chiral Perturbation Theory.

Authors would like to thank L.L. Nemenov for encouragement of the work. The research
described in this publication was made possible in part by Grant No. RFQ000 from the Inter-
national Science Foundation.

Appendix A

Coefficients H} of the expansion

n+m

L2 (az) L? (bx) Z H, L) (z (25)

for a and b > 0, are given by expression

oo

Hy = k+7+1 / 27 e* L (ax) LY (bx) L) () d . (26)
0

The Laguerre polynomials can be written as

Ly(az) = Dt(n) [(1 4 t)a+n eatm]
L8 (bx) = D™ [(1+ w)Ptm ebua:] @
where 1 -
DY f(z) = %
F(S —+ 1) dzs o
and k
et g
7 = u — y+k —x

After not complicated integration over x and differentiation with respect to parameters ¢ and «
one has

Hy,

k a+n B+m

(14 at + bu)k+tr+1

-1 m—1
§ ( ) <p+n ) <J+m )apbkaQ(w7na 7m; P03 aab)7
m
P
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where

n=n—p, m=m+p—Fk, p=a+p+1,
c=0+k—p+1, w=k+~v+1. (29)

Here F3 is the Appell function [20]

(W)itj (=M)i (=m); 'V

Fy(w,—n,—m; p,o; a,b) = : - . (30)
ol )= 2 (ol TG+ DTG+ 1
If parameters a, b, a, B and v obey relations
a+b=1 and v=a+0, 3D

then the analytic structure of (28) becomes much-simplified. Using a transformation formula
for the functions F5 [20] and assuming that

a<b and a+b=1

one has

1’l—a
a
_p—w _ - .2 —
=b F2 (wa P n,—m; p,o; b7 1) (32)
(e Fo)Nw—0+1) w,p+m,l+tw—0o| a
- F(a+m)F(w—a—W+1)3 2 l+w—oc—m,p | b/’

The relation v = «+/3 leads to a change in the arguments of the function 3 F5: 14+w—0 = p.
So the following transformations can be done.

Lo\ _ g (wptnp| a
b) P\ p-mmp | b

=oF (w,p+m;p—mm;—a/b) = (33)

7 <w,p+n,1+wa
32 _
l4+w—0o—m,p

=TT G R (m -, p — M — wip —M; —a/b)

Substituting (29) one can see that no arguments of the function o F} in (33) depend on the
sum index p in (28). It allows to sum (28) over p and leads to the final result for the expansion
coefficients Hy,

—1 _ —_
Hk — (_1)k+m (m: n) (m 2_ n) P]gmfk:, n—Fk) (b _ CL) PE(eraik’ n+p—k) (b _ CL) ] (34)

Here k = m +n — k and Ps(”’y) is the Jacobi polynomial.
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Appendix B

To calculate the integral

) — / L=p42 j; (Az) e L2 H20) da
0

it is convenient to use the representation of the Laguerre polynomials in the form
N —2x
L3+ (20) = DP [(1 - £) 2 e

and the tabular integral [20]

T e, 20(2A)T( + 2)
pn+2 ax

/m Ju(Az) e dx (A2 4 a2)pt2

0
here -

=L—- d =—.
I p and a=—
Introducing variables
1 9 4t
:m, ’u:l—a :_(17t)2 al’ld 2’:1—2111

one obtains

IEP(A) = 20(L = p+2) 28)" P w2 (2P (2) 4 PP (2))

G (2)

Here is defined as

APy _ A 1
A7) = D | =)

where A = L + 2.
Using the identity

1 /U)‘ P11 —p)P~L do
(1-— uw))‘*i’ )\ D,p (1-— uvw)A ’

0

—

the definition of the Gegenbauer polynomial for z = 1 — 2vw

A 1

b [(1 — 2tz+t2)>‘} =Ci(z) =
(k42N
- D(k+1)T(2))

11-%
2F1<—k,k+2>\,)\+2, 5 )
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and the representation of the 3 F5 function in the form [19]

1

/v“ 11— o) YL R (a, B;7; vw) dv:3F2<a7ﬁ7ﬂ‘w)’ (43)

/L vV—u Y,V
0

finally one has for C’,?’p ) in (40)

CoP(2) = (44)

I'(k+2)) —kk+22 A —p|1—=z
T(k+ 1IN %2 A+1/2,) 2

A,p)

The polynomials C,i obey the recurrence relations (15).
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ITosHbIEe ceyeHMsI B3AaUMOAEHCTBHSI BOXOPOXONIOA00HBIX
aTOMOB C aTOMaMH BelllecTBa *

0.0. Bockpecenckas', C.P. Tepopksin® u A.B. Tapacos!

L labopamopus si0epuvix npobnem, Obvedunennuiii Uncmumym Hoepuvix HUccredosanui,
Ilyona, Mockosckas oonacms, 141980, Poccus
2Epeeancxuii Dusuvecxuii Hncmumym

AHHOTAIUSA

B pamxax 3HKOHAITEHOTO TPHOIIKEHHNS ITOTYYSHO aHATNTHIECKOE BBIPKCHUE IS MOJ-
HBIX CEYEHMH KyITOHOBCKOTO B3aMMOJCHCTBHS BOAOPOIONOJOOHBIX aTOMOB C aTOMaMU MU-
mieHy. ITokazaHo, 4To A1 KOMIIAKTHBIX aTOMOB(pa3Mepbl KOTOPBIX MHOTO MEHBIIE Pa3MepoB
aTOMOB MUIIICHH) IONPABKU K OOPHOBCKOMY NPHONIDKCHHUIO IO CBOEH CTPYKTYPE CXOXH C
¢dopmynoit bere—bnoxa ans MOHM3AIMOHHBIX HOTEph B BemlecTBe U Gopmynamu bere—
MakcuMOHa IJIsl TOPMO3HOTO M3JIy4eHHs] U 00pa30BaHUs Hap B KYJIOHOBCKOM IIOJI€ aTroMa.
Ipu paccesHMN Ha MHIIEHSX ¢ OONBIINMH Z 3TU MOIPABKH CTAHOBATCS CYIIECTBEHHBIMH,
U UX Y4eT sIBIAeTCsS HEOOXOAUMBIM MPH ONpPEeIeHUH BPEMEHHN KU3HH BOZOPOIOMOI00HBIX
aTOMOB M3 3KCIEPUMEHTOB Ha SICPHBIX MUILCHSX.

3amaga CHCTEMAaTUYECKOrO aHAIM3a XapaKTePUCTHK B3aUMOACHUCTBHS JICMEHTAPHBIX BOIO-
POmOTONOOHBIX aTOMOB C BEIIECTBOM MPHOOpETaeT 0COOYI0 aKTyalbHOCTh B CBSI3H C IPEATIO-
naraembiM nipoBeneHreM Ha SPSLC CERN skcniepuMmenTa [1] Mo u3MepeHUI0 BpeMeHH KU3HU
MHOHUSI Tg B OCHOBHOM 1S-coCTOsSIHMEM ¢ TOYHOCThIO ~ 10 mpomentoB. Ocoboe BHUMaHHE
JIOJDKHO OBITH YJEJICHO TIIATEIbHOMY DPacyeTy IOJIHBIX CEYEHHH B3aMMOJCHCTBUS NMHOHHUS B
1.5-COCTOSHMHM C aTOMaMU MHILEHH 0|}, TOCKOIBKY HEONPEIEIEHHOCTh B 3HAYEHHH 3TO! BEJIH-
YMHBI HAIPAMYIO BXOJHUT B OLIMOKY H3MEpAEMOro BpeMenH xusuu [2] ngAcidh = A[1/(movy)]
(no — 9YMCIO aTOMOB MWIIIEHU B €AMHUIIC 00bEMa, v M 7y — CKOPOCTh M JIOPESHII-()aKTOp aTOMOB
TTHOHMS).

B 60pHOBCKOM MpUOIKEHNU BeMuuHa 0% paccunteiBanack B paborax [3,4], mpudyem B
MOCJIEAHEH aHaIM3UPOBAIaCh YYBCTBUTEIBHOCTh 3HAYEHUSI 3TOW BEIWYMHBI K BHIOOPY MOJICIH
aroMHOTO popMbpakropa mumern (Monerns Tomaca—Depmu, mogens Xaprpu—dDoka). [Tockonb-
Ky B 9KCIIEpUMEHTE IPEAIIoaraeTcs HCIoIh30BaHIe MHUIICHEH ¢ Z >>> 1, BaYKHOE 3HaUCHHE IIPH-
00pETAET yUeT MOMPaBOK K PE3yJbTaTy GOPHOBCKOTO MPUOIIKEHHS ISt 040, 00y CIOBIEHHBIX
BKJIAJIOM MHOTO()OTOHHBIX OOMEHOB. JTa 3aj71a4a MOXKET OBbITh PElIeHa B PAMKaxX 3HKOHAILHOTO
TIPUOTHIKEHHUS.

CornacHo [5], mMoMHBIE CEYCHHS B3aMMOJICHCTBUS aTOMOB ITHOHHS C aTOMaMH BEIIECTBA B
9TOM HPUOTIKCHAN TAF0TCS BBIPAKCHUCM:

— / 0268 | W 1 (PP (B, 3, )

[(b,5) =1 —expli(x+ — x-)],

— ()= & ~ b2 2 _QZEZ/OOIbi
Xi—X(bi)—hv/ U(y/b% + &2dE = oy, npn(p)pdp,

— 00

*Snepuas usmka, 1998, T. 61, Ne 9, ¢. 1628-1630. © 1998 MAMK Hayxka/Interperiodica Publishing.
Tleuaraercs ¢ pasperienust Axagemusnaruesrpa “Hayka” PAH.
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be = lBal, B =Bxs2, s=7- D5 [ n(pedp =1
0

B srom BelpaskeHun U — SKpaHUPOBaHHBIM KYJIOHOBCKHI MOTEHIHAN aTtoma MHIIeHu; n(p)
— MJIOTHOCTb PACTPEICICHHs SICKTPOHOB B INIOCKOCTH MPHIEIBHOIO MapaMerpa (IoCKOCTH
OPTOTOHAJIBHOW CKOPOCTH MHUOHUS 7)); bus- TPOEKIMH PajHyCOB BEKTOPOR R (paCCTOHHI/Ie
MEXK/y IEHTPAMH TSHKECTH aToMa MHUIIEHM M TTHOHHUS) U T (DACCTOSHUE MEXIy T W 7~ Ha
IUTOCKOCTH TPHIENBHOTO napamerpa); W, ., -BomTHOBast (GyHKIHUSI TMOHUSI B COCTOSHUH nlm.

Jlist IPOM3BONBHBIX Nl pacdeT BEIMYMHBL 0.9!  CONpSDKEH C JOCTATOYHO TPYIOSMKH-
MU pacderamu Ha OBM. OnHako MONpaBKH K pe3yibTaTy OOpHOBCKOTO MPUOMIKCHHS IS
o0l MOryT GBITH BBIYMCIECHBI AHAJTMTUYECKH C JOCTATOYHO BBICOKOH CTENEHBIO TOYHOCTH.
3710 00YyCJIOBICHO TEM, YTO XapaKTEpPHBIE pa3Mephl aroMa IHOHUS B OCHOBHOM COCTOSIHUH
(Ry ~ 1/(mya) = 2 x 107! cM) MHOTO MeHbIIIE XapaKTEpPHBIX Pa3MEPOB aTOMa BEIECTBA
(R~ 1/(meaZ'3) ~ 5 x 1079Z~1/3 cm).

Jl1s monydeHnst aHATMTHYECKOTO BBRIpaKeHUS u3 (1) HeoOXOMMMO BEIYUCICHHE HHTETPAJIOB
BUA

27 [e’e)
1(3) = / L'(b,5)d*b = /0 do i bdbI (b, 5, cos ), 2)

rae cos ¢ = 55'/ (bs). YnobHO pa3buTh 007IaCTh MHTETPHPOBAHHS II0 BEIMYUHE IIPULIEIHHOTO
napamerpa b Ha JIBE 4acTH:
1) by < b < oo (coynapeHus ¢ OOJIBIIMMH MTPULIETBHBIMU IAPAMETPAMHU),
2) 0 < b < by (coynapeHust ¢ MaJIbIMH NTPULIETBLHBIMHU TTApAMETPaMH ).
[Tpu sToM BenmmuuHa by MPUHALIEKUT HHTEpBay R, < by < R.

PaccmorpuM cHavyana obnacTh OONBIIMX HMPHLENIBHBIX IapaMeTpoB. Pasmaras B psn pas-
HOCTh (ha3, BxomsmIyo B (1), momydum:

X+ —x- = x(b+35/2)—x(b-5/2)
2 dX 82

= §Vx()+0< )sca)cosqﬁJrO(b%),
27 LS 2 0o 2 2
Li(s) = / d¢ bdbr(bscosgb):ﬁ/ ban | X0 =
0 2 bo db bO

2 2

- 271'527]2 ‘/ p)pdp +O(b2)

bo

st [ (10 ()] .

B stom BbIpaKCHHUH R = I/R, a BCJIMYMHA V OIPEALIIACTCS U3 yCIOBUA

~ R e Ze?
In —n(b dpbdb = ~1 p=22
/0 n - )/b n(p)pdp 0, v~1 n=—

IlepeitneM Tenepb K pacCMOTPEHHIO BKJIaAa OJNM3KUX coyaapeHud. OueBUIHO, YTO B ATOH
obnacty mpunenbHbIX mapamerpoB (b < by) MokHO mpeneGpeds dPdheKTaMu IKPaHUPOBAHUS
KyJIOHOBCKOTO TIOJISI SIJIpA HE3HAYMTENbHBIM (~ b3/R%) 4HMCIIOM 3IEKTPOHOB, HAXOIALIMXCS
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B HENOCPEJCTBEHHOM OIM30CTH OT sifpa, W CYMTaTh, 4T0 X4+ — X— = 27nIn[by/b_]. Torma
BBIpaXKeHHE U151 GYHKIMU TpOQUIIs B 3TOM 00JIACTH NPUHUMAET CIIETYIOLINI B!

. b 2im
M9 = 1- (1) = —iwmR0 - )
i /1 dez=(1 — z)in 2 o
TP Jy s
rae .
b 2b3
- b—5/2|

Hcrmonb3yst npeactasnenue (4), MOXXHO POWHTETPUPOBAThH BhIpaxkeHue (1) B obmacTu OIH3KHUX
COYAApEHU N0 YIUIy U IPULIEIbHOMY IapaMeTpy:

27 bo N _4 1 X .
I (s) :/ o [ bdbD(5, 5) = %/ doz= (1 — 2)"A(bo, 5,2),  (5)
0 L—in)* Jo

0 IT(
bo 27 25—*
Abo,s,2) = / bdb | dp— LA
0 0 (b—5§/2)? + 2bsx
52 1 1 V(0,s,1)
= —i - +1In ,
2 | V(0,s,t) Vi(bg,s,t) V(bo, s, 1)
w4 (w? + s2t2(1 — b?))1/? ) 52
b,s,t) = =2b _
Vib,st) s2(1 — b2) v o2y
t=2x—1.

Ipenebperas B A(bg, s,t) BeIMUMHAMH, Hcde3alomMu B ripesene (s2/b3) — 0, nomydum:

2 2

A(bo, 8,2) = %(1 — ) [mm 140 (Z;)] .

B pesynbrare Benmumuuny [2(s) MOXKHO IIPEICTABUTH B CIIELYIOLIEM BHIC:

Ir(s) = 2ns*n? {lnbso +1— Re[yp(1 +in) — w(l)]} . (6)

Takum 00pa3oM, CyMMapHBIH BKJIAX OT COYHapeHWil ¢ ONM3KUMH M NAJCKUMH IPHICIbHEIMI
napamerpamu I(s) = I;(s) + Iz(s) umeer Bux:

I(s) = 2ms’n? [mf +1— Re[y(1 +in) — ’L/J(l)]:| , (7)

rne ¥ (z) = dinl(z)/dz. J\ns HaxoxIeHUs! TONHOTO CEYEHHs 0.0f HEOOXOIMMO, COTIACHO
BeIpaxkeHHIO (1), ycpeqHuTh BbIpakeHue (7) MO BOJHOBBIM (DYHKIMSM OCHOBHOTO COCTOSTHHS
aroma:

oty = 47 [ 10 2 — Relw(1 + i) — v ®)

T
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(%) 100 = /| Y(7)100 |282d37“, R =vR;:, v~1

ITompaBka k 6OpHOBCKOMY HPHONIKCHHUIO 32 CUEST MHOTO(OTOHHBIX OOMEHOB (BTOpOE clia-
raemoe B (8)) mo cBoel CTpykType cxoxa ¢ ¢dopmyiaamu bere—bioxa mis MOHW3AIMOHHBIX
noteps [6] u Gopmynamu bere—MakcumoHa I TOPMO3HOTO H3JIYYCHUS W POXKIACHHS Tap B
KYJIOHOBCKOM Ti0jie aroma [7]. M3 ee mpeacTaBieHus B BUAE psaa

Rely (1 + in) = 6(0)) =" 3 gy

BHJIHO, 9TO B (8) y4TEHBI BCE BO3MOXKHBIE MHOTO()OTOHHBIE OOMEHBI. UNCIIEHHO ATH MOTPaBKHU
He Maibl. Tak, HampuMmep, eclau B KadyeCTBE MHUIIEHM HCHONB30BaTh TaHTal (Z=73), kKak 3TO
IuiaHupyercst B dkcriepumente [1], To Bxiax B (8) or MHOro)oTOHHBIX OOMEHOB COCTaBIISIET
BEJINYNHY ~ 7 TIPOLICHTOB, TaK YTO MX YUET SBIISETCS HEOOXOAUMBIM IIPH OIIPEICICHUN BpEMEHH
KHM3HU BOJOPOIONIOOOHBIX aTOMOB M3 3KCIEPHMEHTOB Ha SIIEPHBIX MUIICHSX.

Bripaxenue (8) sSBIIeTCS OCHOBHBIM PE3YJBTATOM HacTosmmlei padoTsl. OHO CIIpaBEITUBO
HC TOJIBKO IJIA ITOJIHBIX CCUCHUM BBaHMOHeﬁCTBHﬂ aTOMOB ITHOHHSA B OCHOBHOM COCTOSHHH C
arToMaMM MUIICHH, HO U JJIA ITOJHBIX CeUYCHMI B3aHMOﬂeﬁCTBHH JIFOOBIX BOI[OpOI[OHO}IOGHI)IX
aTOMOB U UX BO30YX/ICHHBIX COCTOSIHUI C aTOMaM¥ MHUILEHH, IPH YCIIOBUH, YTO pa3Mephl BOIO-
POIOTIOIOOHBIX aTOMOB rOpa3/l0 MEHBIIIE PA3MEPOB aTOMOB MHIIEHH. [IpiMepoM Takux cuctemM
MOTYT CIyXHTh aToMbl, coctosiimue u3 KT K~ u PP, pasMepbl KOTOPBIX TOpa3io MeHbIIe
pa3MepoB aTOMOB NMUOHHS, YTO MO3BOJISIET HCIIOIB30BATh MOIYYEHHOE BBIIIC BBIPAKCHUE IS
Pacu€TOB HE TOJIBKO OCHOBHBIX COCTOSTHHH 3THX aToOMOB, HO U UX BO36y)KI[eHHI)IX COCTOSIHMH.
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Abstract

Nuclear shadowing in DIS at moderately small x is suppressed by the nuclear form
factor and depends on the effective mass of a hadronic fluctuation of the virtual photon. We
propose a solution to the problems (i) of how to combine a definite transverse size of the
fluctuation with a definite effective mass, and (ii) of how to include the nuclear form factor
in the higher multiple scattering terms. Comparison of the numerical results with known
approximations shows a substantial difference.

1. Introduction

Shadowing in deep-inelastic scattering (DIS) off nuclei is a hot topic for the last two
decades. In the infinite momentum frame of the nucleus it can be interpreted as a result of
parton fusion leading to a diminishing parton density at low Bjorken = [1] - [4]. A more
intuitive picture arises in the rest frame of the nucleus where the same phenomenon looks like
nuclear shadowing of hadronic fluctuations of the virtual photon [5] - [12]. To crystallize the
problem and its solution we restrict ourselves in this paper to only quark-antiquark fluctuations
of the photon, neglecting those higher Fock components which contain gluons and ¢ pairs
from the sea. The lifetime of the ¢g fluctuation (called coherence time) is given by

2v

to=——
Q2+M2

(M

where v is the photon energy, Q2 its virtuality and M is the effective mass of the ¢q pair.
Provided that the coherence time is much longer than the nuclear radius, /. > R4, the total
cross section on a nucleus reads [13],

ol A @ Q) = 2 / b / Pr G (Qr) {1—eXp [—;a(r)T(wH

2 /d% {1 - <exp [—;o(r)T(b)D} : Q)

Here G- (Q?,r) characterizes the probability for the photon to develop a ¢g fluctuation with
transverse separation r. The condition ¢{. > R, insures that the r does not vary during
propagation through the nucleus (Lorentz time dilation). Then the ¢g pair with a definite
transverse separation is an eigenstate of the interaction with the eigenvalue of the total cross
section o(r). Therefore, one can apply the eikonal expression (2) for the interaction with the
nucleus. The nuclear thickness function 7'(b) = ffooo dz pa(b, z) is the integral of nuclear
density over longitudinal coordinate z and depends on the impact parameter b.

*Phys. Lett. B440 (1998) 151-156. (© 1998 Elsevier B.V. Reproduced by permission of Elsevier B.V.
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The color dipole cross section o(r) introduced in [13] vanishes like 72 at small r — 0 due
to color screening. This is the heart of the phenomenon called nowadays color transparency
[14, 13, 15]. For this reason nuclear shadowing in (2) is dominated by large size fluctuations
corresponding to highly asymmetric sharing of the longitudinal momentum carried by the ¢ and
g [16, 7,9, 12]. This leads to Q? scaling of shadowing.

Note that the averaging of the whole exponential in (2) makes this expression different from
the Glauber eikonal approximation where o(r) is averaged in the exponent. The difference is
known as Gribov’s inelastic corrections [17]. In the case of DIS the Glauber approximation
does not make sense, and the whole cross section is due to the inelastic shadowing.

For the other case, t. ~ R4, one has to take into account the variation of r during the
propagation of the ¢q fluctuation through the nucleus. At present this can only be done for the
double scattering term [12] in the expansion of the exponential in (2),

A

Ttot 1 <‘72(T)> / 27 22
2 _~1-—-= (T) | d°bF5(q,b) + ..., 3)
v 4 {o(r)) !
or in hadronic representation [18],
y*A
Otot /2/ 9 do(y*N — XN) 2
ot ol — d dM Fi(g,b)+ ..., 4
a_tOtN 47‘[‘0‘t0t M2 dt —o A(q ) ( )
where the mean nuclear thickness and the formfactor read,
1
(T) =+ / d*bT?(b) , (5)
A
1 T .
Fala.t) = 75 [ depalvoye ©
(T)

with longitudinal momentum transfer ¢ = 1/t. given by (1). In the case of (3) the uncertain
fluctuation mass is fixed at M2 = Q%, ¢ = 2myx. Two expressions (3) and (4) are re-
lated since the integrated forward diffractive dissociation cross section 7*N — X N equals to

(02)/16m7.

There are two problems remaining which are under discussion:

e How the nuclear formfactor can be included in the higher order scattering terms which
are of great importance for heavy nuclei? For instance, the shadowing term in (3), (4)
for lead is of the order of one at low x, so the need of the higher order terms is obvious.

e Even for the double scattering term in (3) it is still unclear which argument should enter
the formfactor. Indeed, the effective mass of the ¢ fluctuation needed for the coherence
time in (1) cannot be defined in the quark representation with a definite gG separation.
On the other hand, Eq. (4) exhibits an explicit dependence on Mx and the longitudinal
momentum transfer is known. However, unknown in this case is the absorptive cross
section of the intermediate state X.

We suggest a solution of both problems in the next section. The goal of this paper is re-
stricted to the study of the difference between the predictions of the correct quantum-mechanical
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treatment of nuclear shadowing and known approximations. We do it on an example of the
valence ¢q part of the photon and neglect the higher Fock components containing gluons and
sea quarks, which may be important if to compare with data especially at very low z. Nuclear
anti-shadowing effect is omitted as well, since we believe it is beyond the shadowing dynamics
(e.g. bound nucleon swelling). Numerical results and a comparison with the standard approach
are presented in section 3.

2. The Green function of a gq pair in nuclear medium

We start with the generalizing of eq. (2) for the case I, < R4,

1
1A (2, Q?) /fgﬂm%tx@bw, ™
0

where

Utot (;v Q2 b,a)

Twy/fwwwmawov>

— 2Re/dZ]_pA(b,Z]_)/dZQPA(b,ZQ)A(Zl,ZQ,O(). ®)
—00 Z1

The first term in r.h.s. of (8) corresponds to the second, lowest order in o(r)7T'(b), term in

expansion of the exponential in (2). The shadowing terms are contained in the second term in

(8). ¥+ (7, @) is the (non-normalized) wave function of the ¢ fluctuation of the virtual photon,

where « is the fraction of the light-cone momentum of the photon carried by the quark. An

explicit expression of transverse and longitudinally polarized photons can be found in [19, 9].
The function A(z1, 22, ) in (8) reads,

A(z1, 22,a) = i /d2r1 Ao Wi (72, ) W (7, 22371, 21) Was (71, @) o(12) o(71) glamin(z2=71)
©)]
with
Q*a(l —a)+m?
qmin = 2ua(1 — Oé) . (10)
This expression was first suggested in unpublished paper [20].

The second (shadowing) term in (8) is illustrated in fig. 1. At the point z; the photon
diffractively produces the ¢G pair (y*N — ¢g@IN) with transverse separation 7. The pair
propagates through the nucleus along arbitrarily curved trajectories (should be summed over)
and arrives at the point zo with a separation 75. The initial and the final separations are
controlled by the distribution amplitude ¥.,- (). While passing the nucleus the ¢g pair interacts
with bound nucleons via the cross section o(r) which depends on the local separation 7. The
function W (7%, 29; 71, 21) describing the propagation of the pair from z; to zo also includes
that part of the phase shift between the initial and the final photons, which is due to transverse
motion of the quarks, while longitudinal motion is already included in (10) via the exponential.

Thus, Eq. (8) does not suffer from either of the two problems of the approximations (3) - (4).
The longitudinal momentum transfer is known and all the multiple interactions are included.
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W(r,,z,1,,2,)

Figure 1: A cartoon for the shadowing (negative) term in (8). The Green function
W (7%, z2; 71, 21) results from the summation over different paths of the qG pair propagation
through the nucleus.

The propagation function W (7%, z2; 71, 21) in (9) satisfies the equation [20],

‘8W(Fz,z2;f’17zl) o A(’I’Q) - o
[P = Tova(loa) P
7 . o
- 50(7”2)/)14(5722)W(T2,Z2;7‘1721) , (11)

with the boundary condition W (7%, 21571, 21) = d(¥2 — 71). The Laplacian A(r3) acts on the

coordinate 7. The full derivation of (11) will be given elsewhere. Here we only notice that it

looks natural like Schrodinger equation with the kinetic term A/[2va(1 — «)] which takes care

of the varying effective mass of the ¢g pair and provides a proper phase shift, and 25 plays the

role of the time. The imaginary part of the optical potential describes the absorptive process.
In the “frozen” limit v — oo the kinetic term in (11) can be neglected and

22
. . . . 1
W (7, 22,71, 21) = 0(T — 71) exp —50(7“2) /dsz(b,z) . (12)
z1
When this expression is substituted into (8) - (9) and with ¢,,;,, — 0 one arrives at result (2)
with G- (Q%,7) = [ da |V, (F, ).

We can also recover the approximation (3) - (4) if one neglects the absorption of the gq

pair in the medium. Then W becomes the Green function of a free motion,
ikQ(ZQ — Zl)

2va(l—a) |’ (13)

. . 1 P
W(Tz,Zz;Tth)\gﬁo = o /ko exp [lk(rz —7) +
where £ is the transverse momentum of the quark.
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With this expression the shadowing term in (8) reproduces the second term in (4). Indeed,
the amplitude of the photon diffractive dissociation in the plane wave approximation reads,

faa(k) = % /d% . (7, ) o (r) kT (14)

Therefore, (9) can be represented as,

Q*a(l —a)+m?2 +k?
2va(l — a)

o 1%5)

1
Az, 22,0) = — /dzk |fdd(k)\2 exp l(zz —21)
Taking into account that M3 = (mZ + k*)/a(1 — «) is the effective mass squared of the ¢g
pair and substituting (15) to (8) we arrive at eq. (4).

3. Numerical results

We calculate nuclear shadowing for calcium and lead from the above displayed equations.
As was mentioned in the Introduction, only the valence gg-part of the photon is taken into
account, but the higher Fock components containing gluons and sea quarks are neglected, as
well as the effect of anti-shadowing. Therefore, we do not compare our results with data, but
only to the standard approach (3) - (4).

We do the same calculations again, using the free Green function (13). This makes it
possible to disentangle between the influence of higher scattering terms and the formfactor.

We approximate the cross section by the dipole form o(r) = Cr?, C' ~ 3, which is a good
approximation at 7 > 0.2 — 0.3 fm [21]. However, we calculated the proton structure function
Fy(z,Q?) perturbatively (we fixed the quark masses at m, = 0.3 GeV, m; = 0.45GeV and
m. = 1.5GeV) what leads to an additional logarithmic r-dependence at small r. This is
important since results in the double-log Q2 dependence of F,. Nuclear shadowing, however,
is dominated by soft fluctuations with large separation [12], therefore, the dipole form of the
cross section is sufficiently accurate.

We use a uniform density for all nuclei, p4 = 0.16 fm™3, what is sufficient for our
purpose, comparison with the standard approach calculated under the same assumption.

Within these approximations it is possible to solve (11) analytically. The solution is the
harmonic oscillator Green function with a complex frequency [21],

) B a al, 5 o 27 -1
) - © — th (WA2) = —————
W (72, 22:71, 21) 27 sinh (wAz) eXp{ 2 {(TQJFH)CO (whz) sinh(wAz)}}’
(16)
where
Az = z9—2z1
C
w2 — Z¢
va(l —«)
a> = —iCpava(l—a). (17)

This formal solution properly accounts for all multiple scatterings and finite lifetime of hadronic
fluctuations of the photon, as well as for fluctuations of the transverse separation of the ¢g pair.
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Figure 2: Nuclear shadowing for calcium and lead. The dotted curve is calculated in the
standard approach (3). The thin solid curve corresponds to the double scattering approximation
with the free Green function, (13), and the thick solid curve shows the full calculation, (16).
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The results of calculations are shown in fig. 2. The dashed curves show predictions of (3)
which we call standard approach. The mean values of o2 and o are calculated using the same
qq distribution functions [19, 9] as in (9) and the intermediate state mass is fixed at M? = Q2.
At low x < 0.01 shadowing saturates because ¢ = 2myx < 1/R4. The thin solid curve also
corresponds to a double scattering approximation, i.e. absorption (the second term in (11)) is
omitted. However, the formfactor is treated properly, i.e. the kinetic term in (11) taking into
account the relative transverse motion of the ¢ pair, correctly reproduces the phase shift. The
difference between the curves is substantial. The thin solid curve does not show saturation
even at x = 0.001.

The next step is to do the full calculations and study importance of the higher order rescat-
tering terms in (11). The results are shown by the thick solid curves. Higher order scattering
brings another substantial deviation (especially for lead) from the standard approach. At very
low x the curves saturate at the level given by (2).

4. Conclusions and outlook

We suggest a solution for the problem of nuclear shadowing in DIS with correct quantum-
mechanical treatment of multiple interaction of the virtual photon fluctuations and of the nuclear
formfactor. We perform numerical calculations for gg fluctuations of the photon and find a
significant difference with known approximations. Realistic calculations to be compared with
data on nuclear shadowing should incorporate the higher Fock components which include
gluons. The same path integral technique can be applied in this case. The x-dependence of the
dipole cross section o (r, z) (correlated with 7 [22]) should be taken into account. One should
also include the effect of anti-shadowing, although it is only a few percent. A realistic form for
the nuclear density should be used (this can be done replacing p 4 (b, z) by a multistep function
like in [21]). We are going to settle these problems in a forthcoming paper.
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Total interaction cross sections of relativistic 77 -atoms
with ordinary atoms in the eikonal approach *

L Afanasyev, A Tarasov and O Voskresenskaya
Joint Institute for Nuclear Research, Dubna, Moscow Region, 141980 Russia

Abstract. The total interaction cross sections of the relativistic 777~ -atoms with ordinary
atoms are obtained in the eikonal approach which takes into consideration all multiphoton
exchange processes. Contribution of these processes strongly depends on the atom nucleus
charge Z and varies from 1.5% for Titanium (Z = 22) to 14% for Tantalum (Z = 73). The
formulas derived are applicable for an arbitrary initial state of 7+~ -atom.

PACS numbers: 34.50.-s, 36.10.-k, 11.80.Fv

Hydrogen-like atoms consisting of 7+ and 7~ mesons (dimesoatoms) have been already
observed in the inclusive process in proton-nucleus interactions at 70 GeV [1] and an estimation
of it’s lifetime has been obtained [2]. The accurate measurement of the 7+ 7~ -atom lifetime
in the experiment DIRAC at the CERN Proton Synchrotron [3] will allow one to check a high
precision prediction of the Chiral Perturbation Theory for m-scattering lengths. An interaction
of the relativistic 777~ -atoms with ordinary atoms is an essential part of this experiment, as
the atom observation bases on their breakup (ionization) while passing through the target where
they are produced in proton-nucleus interactions at 24 GeV.

Cross sections of 7+7~-atoms with ordinary atoms were usually calculated in the first
Born approximation [4, 5, 6]. In the papers [7, 8] the cross sections for few low states of the
dimesoatom were calculated in the eikonal (Coulomb-modified Glauber) approximation. It has
been shown that the multiphoton exchange processes play a significant role in the interaction
of 77~ -atoms with atoms. As is shown in the paper [6] dimesoatom break up most likely
from excited states after few successive interactions. Because of this, here the total interaction
cross sections were obtained for an arbitrary initial state of 77~ -atom.

In the eikonal approximation the total cross sections of the coherent interaction of 7+~ -
atom with ordinary atoms could be written [7] as:

o5 = 2Re / b i () {1 — expix(b — 5/2) — ix(b + 5/2)]} . (1)

Here s = r is the projection of the vector r on the plane of the impact parameter b, 1,1, (7)
is the wave function of 77~ -atom in the state with principal, orbital and magnetic quantum

* J. Phys. G: Nucl. Part. Phys. 25 (1999) B7-B10. (© 1999 IOP Publishing Ltd. Reproduced with kind permission
of IOP Publishing Ltd.
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numbers n, [ and m, respectively. The phase shift x(b) is expressed via the screened Coulomb
potential of the target atom:

x(b) :% / U(Vb2+22)dz. )

Here v is the velocity of dimesoatom in the lab frame.
Let us write (1) in another form taking into account the following relations:

exp (ix(b)) = 1 —(b), ©)
1 ;
10) = 5 [ Fla)exp (—iab) . @
i . . 7 .
£0) = 5= [ (1= exp (ix(b)] exp b) 2 =i [ [1—exp (@) o ds.  (9)
0
Here f(q) is the amplitude of the elastic Coulomb 7 A-scattering normalized by the relations:
0l% = 4 Im £(0), ©)
d OrA - 2
Then it is easy to get the total cross section in the form
it =2 [ 11@P 1L Sum(@)] ®
Sutn(@) = [ Wouim (1) exp igr) a¥r. ©)

Here S,m(q) is the elastic form factor of the 7T 7~ -atom in the state with the quantum
numbers n, [ and m.

The expressions (8) and (9) together with the results obtained in the paper [6] for the
transition form factors of the hydrogen-like atoms allow one to calculate the total cross sections
for any state of the dimesoatom. However, in this paper we only consider the cross sections
averaged over the magnet quantum number:

(o) 1 O
otot = 1 Z olot . (10)

m

The wave function of 77~ can be written as a product of the radial and angular parts:

1pnlm('r) = Rnl(r) nm(gv (b) . (11)
Taking into account the normalization
1 2 _
a1 2 im(©0)F =1, (12)
we have
i =ar 1@ (1 Sula)) ada. (13)
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1

Sut(0) = 577 S Sutnl) = [ VR ex Gigr) @

m

o0 . 4 oo
477/ |Rpu|? PRI dr =2 Im/ | R |? exp (igr) rdr. (14)
q q
0 0

The radial wave function of the hydrogen-like atom is expressed in terms of the Laguerre
polynomial. So integration in (14) is reduced to the hypergeometric functions using the
expression [9]:

/exp (=bx) x™ LY (Ax) LY, (px)dx
0
Fm4+n+a+1) (b—X)"(b—p™ b(b— A —p)
Tim+ O)0(n+1)  botm+att my =y mm =& g gy | o (19
Finally for the form factor we have
in?2 20+4
Spulq) = 22 ng (cos ) Fl+1-n1l+1+n;1;sin%¢), (16)

n sin 2¢

n
(b:arctan( a )
amy

For the numerical calculation we use the Moliére parametrization of the Thomas-Fermi
potential [10]

3
U(r) = Zaz%(—”); (17)
=1

which allows one to obtain the exact expression for the phase shift x(b)

3
27
azci [(Q(b)\l)7 (18)
v

i=1
c1 =035 co=055 c3=0.1;

x(b) =

AL = 0.3X0, A2 = 1.2X0, A3 = 6Xg, Ao = meaZ'/?/0.885.

The numerical results were calculated for the Titanium (Z = 22) and Tantalum (Z = 73)
targets. The velocity of m+7~-atom was taken as v = 1. Figures 1-4 show the most
important dependencies and comparison with the Born calculation [6]. We can conclude that
the contribution of the multiphoton exchange processes strongly depends on the target atom
nucleus charge Z and varies from 1.5% for Titanium to 14% for Tantalum.

In the DIRAC experiment the dimesoatom lifetime is going to be measured for various
targets with an accuracy of 10% using the breakup probability [3, 6] which is calculated basing
on the interaction cross sections. Thus, account of the multiphoton processes is essential for an
interpretation of the experiment results.

Authors would like to thank L.Nemenov for encouragement of the work, Z.Halabuka,
J.Hiifner, B.Kopeliovich, and D.Trautmann for helpful discussions. This work is partially
supported by RFBR grant 97-02-17612.
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Figure 1. Total cross sections of 717~ -atom interactions in nS states with Tantalum (Z = 73)
versus the principal quantum number 7 in the Born and Glauber approximation.
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Figure 2. Relative difference between the total cross sections of 7w+~ -atom interaction in nS
states with Tantalum (Z = 73) calculated in the Born and Glauber approximation versus the
principal quantum number n.

121



Born-Glauber)/Born

S
-
J—
[\
[T T T[T T[T T[T T T[T T [T [T T[T 7T

N O (R IR I N
1 2345678 910
n
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states with Titanium (Z = 22) calculated in the Born and Glauber approximation versus the
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Abstract

The density of gluons produced in the central rapidity region of a heavy ion collision
is poorly known. We investigate the influence of the effects of quantum coherence on the
transverse momentum distribution of photons and gluons radiated by a quark propagating
through nuclear matter. We describe the case that the radiation time substantially exceeds the
nuclear radius (the relevant case for RHIC and LHC energies), which is different from what
is known as Landau-Pomeranchuk-Migdal effect corresponding to an infinite medium. We
find suppression of the radiation spectrum at small transverse photon/gluon momentum kr,
but enhancement for k- > 1 GeV. Any nuclear effects vanish for kr > 10 GeV. Our results
allow also to calculate the k7 dependent nuclear effects in prompt photon, light and heavy
(Drell-Yan) dilepton and hadron production.

PACS numbers: 12.38.Bx, 12.38.Aw, 24.85.4+p, 25.75.-q

1 Introduction

One of the major theoretical problems in relativistic heavy ion physics is the reliable calcula-
tion of gluon bremsstrahlung in the central rapidity region. It is one of the determining factors for
the general dynamics of heavy-ion collisions, the approach to thermodynamic equilibrium and
the possible formation of a quark-gluon plasma-like state. This problem has been approached by
a variety of ways. We do not want to discuss the relative draw-backs and merits of the various
approaches here and we will only cite those, which are directly related to ours.

In this paper we consider bremsstrahlung of photons and gluons resulting from the interaction
of a projectile quark with a nucleus for the case that the radiation time is much longer than the
time needed to cross the nucleus. This radiation or formation time was introduced in [1] and can
be presented as,

_ coshy 2w
U

ey

where y, w and kr are the rapidity, energy and the transverse momentum of the radiated quantum
in the nuclear rest frame. Eq. (1) assumes that the radiated energy is relatively small, i.e. w <
E,. Itis easy to interpret the formation time (1) as lifetime of a photon(gluon)-quark fluctuation
[2] or as the time needed to distinguish a radiated quantum from the static field of the quark [3].

*Phys. Rev. C59 (1999) 1609. (© 1999 The American Physical Society. Reproduced by permission of the APS.
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The total time for bremsstrahlung is proportional to the initial energy and can therefore sub-
stantially exceed the time of interaction with the target [4]. Radiation continues even after the
quark leaves the target. This part of radiation does not resolve multiple scattering processes.
Important is only the total momentum transfer. This illuminating manifestation of coherence is
along these lines that the well known Landau-Pomeranchuk-Migdal effect (LPM) for long for-
mation times can be treated. Note that LPM effect corresponds to the opposite energy limit,
when the radiation time is much shorter that the time of propagation through the medium, It was
first suggested by Landau and Pomeranchuk [1] and investigated by Migdal [5] and has attracted
much attention during recent years [6, 3, 7, 8, 9]. This regime applies only for the problem of
energy loss in a medium, which is not the problem we discuss here. Our treatment should apply
to the real situation in heavy-ion collisions at high energies. The relationships between the cited
papers are complex. In a recent publication Baier et al. [10] have shown that their diagrammatic
approach is in fact equivalent to that of Zakharov [8]. The latter is, however, physically far more
intuitive and therefore lends itself more easily to a generalization to the case that the nuclei are
not infinitely extended. In another recent paper Kovchegov and Mueller [11] have undertaken
the first attempt to calculate in-medium modification of the transverse momentum distribution of
gluon radiation. This paper has also elucidated the relation between the approaches of [7] and
[9]. In the approach of [9] based on the use of the light-cone gauge the final state interactions
summed up in [7] (in the covariant gauge) are effectively included in the light-cone wave func-
tion. These observations suggest that all three different approaches might be equivalent when
followed carefully enough.

The main goal of this paper is to study the dependence of the effects of coherence on the
transverse momentum of the radiated photon or gluon. We use the light-cone approach for radi-
ation first suggested in [12] and developed in [13, 8]. As it is based on an explicit treatment of
the transverse coordinates it is easily adapted to our purpose. In addition it seems to be by far the
most direct and elegant approach. We described this approach in Section 2 for both photon and
gluon bremsstrahlung. We establish a relation between the strength of the coherence effects and
the transverse size of the Fock state containing the radiated quantum.

The second main result of our paper is the extension of the light-cone approach to calcula-
tions for differential cross sections as functions of the transverse photon/gluon momentum ET.
This is presented in section 3. As one might have expected, nuclear shadowing, i.e. suppres-
sion of radiation, is most pronounced at small k7. An unexpected result is antishadowing, i.e.
enhancement of radiation for k7 > 1 GeV, which, however, vanishes for still larger k7.

The results and practical implications for the Drell-Yan process, prompt photon production
and hadroproduction are discussed in the last section.

2 Integrated radiation spectra

We start with electromagnetic radiation. We cover both, virtual photon radiation (dilepton
production) and real photon radiation (so called prompt photons).

The total radiation cross section for (virtual) photons, as calculated from the diagrams shown
in Fig. 1, has the following factorized form in impact parameter representation [12] (see also

[13D),
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Figure 1: Feynman graphs for bremsstrahlung.

do™ (¢ = vq)
d(Ina)

Here U, (a, 7r) is the wave function of the v — ¢ fluctuation of the projectile quark which
depends on «, the relative fraction of the quark momentum carried by the photon, and r, the
transverse separation between 7 and ¢ (U is not normalized). og,(p) is the total interaction
cross section for a gg pair with transverse separation p and a nucleon. og,(p) depends also
parametrically on the total collision energy squared s, a dependence we do not write out explicitly
(see, however, section 4). This becomes only important when fits to actual data are performed.
Eq.(2) contains a remarkable observation which is crucial for this whole approach [12]: although
we regard only a single projectile quark, the elastic amplitude of which is divergent, the radiation
cross section is equal to the total cross section of a gq pair, which is finite.

This can be interpreted as follows. One should discriminate between the total interaction
cross section and the freeing (radiation) cross section of a fluctuation. The projectile quark is
represented in the light-cone approach as a sum of different Fock components. If each of them
interacts with the target with the same amplitude the coherence between the components is not
disturbed, i.e. no bremsstrahlung is generated. Therefore, the production amplitude of a new state
(anew combination of the Fock components) is proportional to the difference between the elastic
amplitudes of different fluctuations. Thus the universal divergent part of the elastic amplitudes
cancels and the radiation amplitude is finite.

It is also easy to understand why the gq separation in (2) is arp. As is pointed out above one
should take the difference between the amplitudes for a quark-photon fluctuation and a single
quark. The impact parameters of these quarks are different. Indeed, the impact parameter of the
projectile quark serves as the center of gravity for the v — ¢ fluctuation in the transverse plane.
The distance to the quark in the quark-gluon Fock-state is then arr and that to the photon is
(1—a)rr.

The wave function of the «*q fluctuation in (2) for transversely and longitudinally polarized
photons reads (compare with [14]),

— / dPry Uy (o, 7)) ogq(arr) . )

- Qem, S
\Ilzig(rT,a) =5 Xf oL xi Ko(err) 3)
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Here ;7 are the spinors of the initial and final quarks. Ky (z) is the modified Bessel function.
The operators OT:L have the form,

5T:imqa2e?k~(ﬁx6’)+ae¢-(5’x§)—i(2—a)e}-ﬁ, 4)
o = 2mq+ (1 — @), (%)

where
e = aszl +(1- a)mgf* . 6)

€'is the polarization vector of the photon, 7 is a unit vector along the projectile momentum, and
V acts on 7. For radiation of prompt photons m.,~ = 0.

Eq. (2) can be used for nuclear targets as well. We consider hereafter formation times given
by the energy denominator,
2E,0(1 —«)

. > Ry, )

ty =
which substantially exceed the nuclear radius. In this limit the transverse v* — ¢ separation in the
fluctuation is “frozen”, i.e. does not change during propagation through the nucleus. The recipe
for the extension of Eq. (2) to a nuclear target is quite simple [12, 15]. One should just replace

N(CWT) by o (OéTT)
d 1
%ZW =2 /d2 /d 7 [ Wag(a TT)‘ {1 — exp [—2qu(arT)T(b)}} , (B
where o
() = / dzpa(b,z) . 9)

Here p (b, z) is the nuclear density which depends on the impact parameter b and the longitu-
dinal coordinate z. One can eikonalize Eq. (2) because a fluctuation with a “frozen” transverse
size is an eigenstate of interaction [15].

Eq. (8) shows how the interference effects work versus kp. At small rp the exponent
0gq(arp)T(b)/2 <« 1 since og4(ary) is small. Therefore, one can expand the exponential
and the cross section turns out to be proportional to A. This is the Bethe-Heitler limit for
bremsstrahlung. In the opposite limit ogq(arr)T'(b)/2 > 1 one can neglect the exponential
for b < R4 and the cross section (8) is proportional to A%/3. This is the limit of full coherence
when the whole row of nucleons with the same impact parameter acts like a single nucleon. As
the gluon transverse momentum is related to the inverse of r, one could expect that the limit
of maximal coherence is reached for small kp, and the Bethe-Heitler limit for large k7. The
situation is, however, more complicated as discussed in the next section.

Gluon radiation is described by the diagrams [16] shown in Fig. 2.

The radiation cross section for a nucleon target and the nuclear effects [12] look similar to
those of Egs. (2) - (8)

do?(q — gq)

1 N
() =2 /d2b/d2rT | W4 (a TT)\ {1 — exp [—2 quq(rl,rg)T(b)}} , (10)

where U, (e, 7r) is the wave function of a quark-gluon fluctuation which has the same form as
in Eq.(3), but with the replacements v* = ¢, &tem, = 4avs/3 and m.,- = m,. We keep the gluon
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Figure 2: Feynman graphs for gluon bremsstrahlung of an interacting quark.

mass nonzero in order to simulate the possible effects of confinement on gluon bremsstrahlung.
04qq 1s the interaction cross section of a colorless ggg system with a nucleon [17],

9 1

0gqq(T1,72) = g{aqq(ﬁ) +0(7q(7"2)}*§0'6q(7?1 —173), (an

where 7 and 75 are the transverse separations gluon — quark and gluon — antiquark respectively.
In the case of gluon radiation, i.e. Eq. (10), 71 = 7y and 7 = (1 — a)7p.

Although Eq. (10) looks simple, it includes the effects of quark and gluon rescattering in the
nucleus to all orders.

3 The transverse momentum distribution

3.1 Electromagnetic radiation

The transverse momentum distribution of photon bremsstrahlung in quark-nucleon interac-
tions integrated over the final quark transverse momentum reads (see Appendix A),

BN (g — 1 I . N . oL
d(lnéq) dqu:) = )2 /d2r1 d*rq exp [sz(rl — 7“2)} W2 (o, 1) Wy (o, 72) 0y (71,72, @)
(12)
where
S 1 L
04 (T1, T2, @) = 5{0@(047“1) + ogq(are) — o447 — 7“2)]} . (13)

By integrating over kp one obviously recovers Eq. (2), since o, (7, 7, o) = ogq(ar).

For ¢ < 1 one can use the dipole approximation for the cross section, i.e. one can set
044(p) = C p*. Moreover, this approximation works also rather well at larger interquark sepa-
rations, even for hadronic sizes [18]. For the latter the cross section is proportional to the mean
radius squared. Therefore, we use the dipole approximation for all cases considered. Then (13)
simplifies to

07(7?171?2,04)%0042771'7?2, (14)
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and we can explicitly calculate the k7 distribution (12),

d*of(q — a7*) Qem  Co? Y 4 N
Tdna) Err w2 W{Qm(;a kp+ [1+ (1 —a)?] (k7 +e )}7(15)
Pofl(g—qy) _ daenCa(l—a)*mi. kj 06
d(lna) 2k 72 (k2 + €2)*

Note that for small o (15) and (16) vanish like a?. This could have been expected since elec-
tomagnetic bremsstrahlung is known to be located predominantly in the fragmentation regions
of colliding particles rather than at midrapidity.

In the case of a nuclear target the transverse momentum distribution has to be modified by
eikonalization of (12) (see Appendix A),

Aol (qg — ¢ 1 L . R . oL
d(ln(a) ko:) = )2 /d2rl d*ry exp [ZkT(Tl 71"2)] \I/w(a,rl) U, q(a, ) (71, 7o, @)
(17

where
(7 fa) = / de{l +exp[— 5 oggla(Fi — )] T(0)
— exp {—% 0gq(r1) T(b)} — exp {—% 0gq(r2) T(b)} } (18)

The fluctuation wave functions in (17) can be represented using (3) in the form

- * N «
Z UL (FL o) UL (P ) = ﬁ {mg ot Ko(ery) Ko(erp)
in, f
+ [+ -aP] @ 2K (er) Ki(ers) |, (19)
172
N * N 20467”
D W (P ) WL (7, ) = =% md. (1= a)? Ko(err) Ko(ers) , (20)

in, f
where we average over the initial quark polarization and sum over the final polarizations of quark
and photon.

At first glance, one could think that the k7 distribution is not modified by the nucleus in the
case ty > R4, since the fluctuation is formed long before the nucleus and the quark interact.
This is, however, not the case. Due to color filtering [19] the mean size of gq dipoles surviving
propagation through the nucleus decreases with A. Correspondingly, the transverse momentum
of the photon increases. In other words, a heavier nucleus provides a larger momentum transfer
to the quark, hence it is able to break up smaller size fluctuations and release photons with larger
kr.

Note that one can also calculate the distribution with respect to the transverse momentum prp
of the final quark integrating the differential cross section over the photon momentum kr. The
result turns out to be the same as (12) and (17) with the replacement o« = 1 — a.

We also calculated the nuclear dependence of the differential cross section (17) - (18) using
the dipole approximation for o44(r). The details of the necessary integration can be found in
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Appendix B. As usual, we approximate the cross section by an A™-dependence. The power n is
then defined by

d {ln [dgaA(q — q'y)/(d(lna) koT)} }
d(InA)
This power can also be A dependent. We performed calculations for A = 200. To simplify
these calculations, we used the constant density distribution, p4(r) = po© (R4 — r) with py =
0.16 fm 3.
First of all, we calculated n(kr, ) for Drell-Yan lepton pair production at m.- = 4 GeV.

The results are shown in Fig. 3 for transversely and longitudinally polarized virtual photons (the
two components can be extracted from the angular distribution of the lepton pairs). We see that

2y

n(kr,a) =

1.4
Drell-=Yan transverse Drell=Yan longitudinal
> 1.2 1
3
&
0.5
L 104 | 0.5
N—
< 0.8 0.8
0.8 1
a=1 o=1
0.6 T ;
0.1 1 0.1 1 10
kr (GeV) kr (GeV)

Figure 3: The exponent (21) of the atomic number dependence parameterized as A™ versus kr
and « for transversely (left figure) and longitudinally (right figure) polarized virtual photons.

n < 1 for kp < 1GeV, ie. the Drell-Yan pair production is shadowed by the nucleus. The
shadowing is stronger for larger o [12]. Shadowing in the Drell-Yan process was first observed
by the E772 Collaboration [20]. Their effect is, however, much weaker which can easily be
explained because for Fermilab energies the radiation time (1) is quite short compared to the
nuclear radius. This fact is taken into account in [12] by means of nuclear formfactor. Then the
data can be described quite nicely. (See also [21].)

An interesting result contained in Fig. 3 is the appearance of an antishadowing region for
k7 > 1GeV. This is the first case in which the coherence effects enhances rather than suppresses
the radiation spectrum. It originates from an interference effect which is not noticeable for the
integrated quantities.

Nuclear antishadowing is especially strong for longitudinal photons and k7 ~ 1.5 — 2 GeV.
Color filtering in nuclear matter changes the angular distribution of Drell-Yan pairs and enhances
the yield of longitudinally polarized dileptons. The nontrivial behaviour of n for longitudinal
photons at small k7 is due to the dip at k7 = 0 in the differential cross section for a nucleon, see
Eq. (16) . This minimum is filled by multiple scattering of the quark in the nucleus leading to
an increase of n(kr = 0) and a strong A-dependence of n(kr = 0). (Formally, for longitudinal
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photons n(kr = 0) goes to infinity for A = 1, because the proton cross-section at ky = 0 is
Z€ero).

Note that nuclear enhancement of Drell-Yan pair production at large k7 was also observed
experimentally [20]. However, as was mentioned, these data were taken in the kinematical region
of the Bethe-Heitler regime, i.e. t; < R4. Therefore, they cannot be compared with our
calculations. In fact the observation was explained quite satisfactory in [21].

The kp-dependence of n is expected to be nearly the same for different dilepton masses,
down to the mass range probed in the CERES experiment at SPS CERN. However, the nuclear
effects turn out to be quite different for real photons. Our results are shown in Fig. 4. In order

1.4 —_—
1 Prompt photons
/\ i
s 1.2
- 1.0
< tos 0508 /a=1
0.8 -
0.1 1 10
k'T (CQV)

Figure 4: The same as in Fig. 3, but for real photons.

to compare with experimental dilepton cross sections and prompt photon production rates our
results have to be convoluted with the quark distribution function for the projectile proton. Since
the electromagnetic radiation steeply falls off with decreasing o (proportional to o2, see (15) -
(16)), the convolution effectively picks out large values of o where the nuclear effects are in turn
expected to be large. Detailed calculations and comparisons with data are postponed to a later
publication.

3.2 Gluon radiation

Now we can discuss bremsstrahlung in the non-Abelian case. Summing up the diagrams in
Fig. 2 we get in impact parameter representation

d3oN (¢ —q 1 - L N . . L.
d(lniz) dszg) SCSE /d27“1 d*ry explikp (T — )] Uiy (0, 71) Wgq(a, 7o) 09 (71, 72, @)

(22)
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where (see Appendix A)
1

0q(F1, 72, ) = i{quq(Flfl —arg) +0gge(72, o — ar1) — ogq[a(Ty — 72)] = 0gg(71 —F2)} :
(23)

Here 044(r) = 2 044(r) is the total cross section of a colorless gg dipole with a nucleon.

Note that (23) reproduces several simple limiting cases:

1.) o4(71,72, c) vanishes if either of 1 or rp goes to zero, which expresses the fact that a

point-like quark-gluon fluctuation cannot be resolved by any interaction. To show this limiting

behaviour one simply has to insert e.g. for 7% = 0 the two relations o4gq(71,71) = 044(71) and

09340, =) = 044(—ai) = og4(aF). (Quark and antiquark at the same point in space act

like a gluon etc.)

2.) For @ — 1 the quark-gluon separation tends to zero and (23) transforms into (13). On the

other hand, at &« — 0 the quark-antiquark separation vanishes and (23) takes again the same form

as (13), except that the gq pair is replaced by a gluon-gluon dipole.

Lo 1 L 9 .
09(7'177"270‘)fa<<1 = i{agg(rl) + 0gg(r2) — ogg[(71 — 7"2)]} =19 (71, 7%, @) - (24

a=1

We use the dipole approximation o4, (r7) ~ C r%, which is well justified in this case since
the mean transverse quark-gluon separation is small at small «.. In this case (23) and (11) lead to

9
o) = o+ 0 - 0] 077y ©3)

This expression coincides with (14) up to the factor [1 +9(1 — a)/(4a?)]. Therefore, we can use
the results (15) - (16) obtained for photon bremsstrahlung which for « — 0 lead to

2ol (g — qg) ~ 6Cas ki+ m‘; 26)
d(Ina) d?kr |, 4 72 (kF +m2)*
B (g — qg) _12Caym} k7 on
d(na) dky |,y 7 (k3 +m2)

In contrast to photon bremsstrahlung this cross sections do not vanish for « — 0. This is a
consequence of the non-Abelian nature of QCD [16]. The radiating color current propagates
through the whole rapidity interval between the projectile and the target providing a constant
gluon density (26) - (27) with respect to rapidity.

Eikonalization of the cross section (22) results in,
d*o’(qg—qg) _ 1

d(]na) koT = (27‘[‘)2 /d2T1 d27’2 exp [ZET(Fl — 772)] \If;q(a, 7?1) \I/gq(Oé, FQ) Eg(T_ﬁ, FQ, Oé) y
(28)

where

1

5y (71, 7, ) = /d%{exp[;aqq[a(ﬁ - FQ)]] +exp [figgg(m — ) T(b)}

1 1
— exp [—iogqq(ﬂ, 71— ary) T(b)} — exp [—iaggq (o, T — ary) T(b)] } (29)
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In the limit o < 1, which is of practical interest at high energy (23) transforms to the form
of (24) and Eq. (29) simplifies to

— 1 r e
E!](Flv T2, OZ)’o¢<<1 - /de{l +exp |:_§O-gg(r1 ; TQ) T(b):|

— exp| - 500s () T(0)] — exp[ 500, (72) ()] } (30)
Note that the transverse momentum distribution for gluon radiation was calculated previously in
[11] in the limit o — 0 and m4 = my = 0. Our results (28), (30) agree with that in [11] in this
limit.

In (30) we make use of the fact that at zero gq separation a ggg-system interacts like a pair
of gluons, 045(7, ) = 044(r) = (9/4)0g4(r). Therefore, (28) - (29) can be calculated in the
same way as (12) - (17) in the electromagnetic case at @ = 1 (see Appendix B), except that the
fluctuation wave functions must be taken at « = 0. We assign an effective mass to the gluon,
either of the order of the inverse confinement radius, my ~ 0.15GeV, or in accordance with
the results of lattice calculations for the range of gluon-gluon correlations [22] of size m, =
0.75 GeV. We sum over the polarization of the emitted gluon. The numerical results are plotted
in Fig. 5. They are qualitatively similar to those for photon radiation (see Fig. 3): shadowing at

1.2 — ,
Gluons
~ a=0
- 1.1 A
[
S 1.0
&
N 0.9 +
< me=0.75GeV
081 my=0.15GeV
0.1 1 10

kr (GeV)

Figure 5: The same as in Fig. 3, but for gluons at o = 0 for different effective gluon masses.

small and antishadowing at large k7. However, the effect of antishadowing is more pronounced
for light gluons.

Antishadowing of gluons results in antishadowing for inclusive hadron production, which is
well known as Cronin effect [23]. Although it was qualitatively understood that the source of this
enhancement is multiple interaction of the partons in the nucleus, to our knowledge no realistic
calculation taking into account color screening was done so far. We expect that the Cronin effect
disappears at very large kr, which would actually be in accordance with available data [24]. For
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a honest comparison with these data, one has to relate the k7 of the gluon to that of the produced
hadron, a step which lies not within the scope of this paper.

4 Conclusions and discussion

The main results of the paper are the following.

e The factorized light-cone approach [12] for the analysis of radiation cross sections was
extended to treat the k7 dependence, and was applied both to photon (real and virtual) and
gluon bremsstrahlung.

e The effects of coherence which are known to suppress radiation at long formation times, is
only effective for small k7. At k7 > 1 GeV the interference instead actually enhances the
radiation spectrum. This was indeed observed for dilepton and inclusive hadron production
off nuclei (Cronin effect). The enhancement of radiation by the coherence effects turns
out to vanish at very large transverse momenta k7 > 10 GeV. This was also observed in
hadroproduction .

e suppression and enhancement of radiation by the effects of coherence are quite different
for transversely and longitudinally polarized photons. Both contributions can be separated
by measuring the angular distribution of the produced dileptons.

Note that we use Born graphs shown in Figs. 1 - 2 to derive expressions (2) and others having
a factorized form. As a result of Born approximation the dipole cross section oz,4(p) is energy
independent. It is well known [29] that the higher order corrections lead to a cross section rising
with energy. HERA data suggest that this energy dependence is correlated with the dipole size
rr. Therefore, the parameter C'(s) can be parameterized as

s A(rr)
C(s) = Co () , (1)

50

where so = 100 GeV?, Cy ~ 3. The power A(r7) grows with decreasing 7. This dependence
is extracted from an analysis of HERA data in [25]

Our results obtained for the radiation by a quark interacting with a nucleus are easily adapted
to proton—nucleus collisions by convolution with the quark distribution in the proton.

We plan also to extend our analysis to relativistic heavy ion collisions. The condition we use,
ty > R4 is poorly satisfied at present fixed target accelerators, but are well justified at RHIC or
LHC. Indeed, if sy is the total NN collision energy squared, for a gluon(photon) radiated at
central rapidity,

3k
o= 32
T (32)
ty = VNN (33)
my kr

We conclude that at RHIC or LHC energies a < 1 and that gluons with a few GeV transverse
momentum are radiated far away from the nucleus, i.e. ¢y > R 4. Thus our calculations should
be directly applicable.
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Appendix A

In this section we illustrate how to eikonalize the differential cross section in the case of a
nuclear target and for the example of electomagnetic bremsstrahlung of an electron. The latter is
described as propagating in a stationary field U (), where & is a three-dimensional vector.

The differential cross section reads,

d50 Qem |2

d(lna) @pr 2ky ~ (2m)*

7 (A1)

where ET and p are the transverse momenta of the photon and the electron in the final state.
The radiation amplitude for a transversely polarized massive photon 7* (w? = k? + m?y*)
has the form,

~ g

M}, = /d% (@, 5,) @& e R Ut (7, 5,) (A.2)

T

where & = 77 are the Dirac matrices, and the wave functions U (&, Py 2) of the initial and final
electron, are solutions of the Dirac equation in the external potential U (%),

[el,g U@ —mpB+i 5‘6} U(Z,f1) = 0. (A3)

The upper indices ”—"" and 4" in (A.2) indicate that for the initial and final states the solutions
contain in addition to the plane wave also an outgoing and incoming spherical wave respectively.

If the energy is sufficiently high, €; o > m, U it is natural to search for a solution of (A.3)
in the form of a polynomial expansion over powers of 1/¢ (¢ = €7 2),

U(Z,5) =Y Un(Z5),
n—0
U, (T,p) ~e ™. (A4)

Note that in the case of radiation of a longitudinally polarized photon it is sufficient to take
into account only the main (V) which has a form,

Uo(Z,p) = €' f(Z,P) “g , (A.5)

where u(p1 2) is the 4-component spinor corresponding to a free electron with momentum 7 o,
and the scalar function f(Z, p) is a solution of the equation,

(A+2¢W—26U(f)) F(@,5)=0. (A.6)
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In the case of radiation of transversely polarized photons it is known [26] that the two first
terms in expansion (A.4) are important. Their sum can be represented in the form, of Furry
approximation, ¥ r [27]

Qv
Vg4 U, = Up = 7 (1_%21) F(z, “)\/@ (A.7)

One can estimate the accuracy of the Furry approximation using the following relations,
U —Up =060 =P O(Fp), (A.8)

where ®(Z, p) satisfies the equation,

[A 427V — 2¢U(Z) +id -V U(f)} O(Z,p) = *2% (52 v U(f)) (07 : ﬁf(f,p)) (A.9)

It turns out that this correction to the Furry approximation for the electron wave function is
of the order of U /e in the bremsstrahlung cross section.

It is convenient (see below) to chose the axis z along the momentum of the radiated photon.
In this case one can represent the Furry approximation (A.7) for the functions ¥ (7, p}) and
U~ (&, p3) in the form,

V(T ) = e?% Dy FH(E gy M0 A.10
F( pl) 1 ( pl) m ( )
U (T, a) = €72% Dy F~ (I, ) u(p2) , (A.1D)
\/262
where
R /_\.'6 S/ =
Dy = 1Y "p“); (A.12)
’ 2€1,2 2€1,2
. k
n o= —;
k b
z = n-T;
pr2 = |

In this case the functions F'(Z, p) and f (&, p) are related as,

Therefore, F(&, p) = F* (&, p) has to satisfy the equation,

<A+2ipdci—2€U(§f)) F(Z,p) . (A.14)

The characteristic longitudinal distances in the problem under consideration z; ~ ¢/m? are
much longer than the typical transverse distances 7 ~ 1/m [26]. Therefore, in the Laplacian
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A = d?/dz? + (d/dZ)?* one can drop the first term d?/dz2. Then (A.14) takes the form of the
two-dimensional Schrédinger equation,

d A
i F(T.p) = {—2; + U(f)} F(Z,p), (A.15)

where p = |p]. We define F'* in accordance with the asymptotic behavior,

FH(Z,p1) — i’ (A.16)

Z—rzZ_=—00

— lPer T (A.17)

z2—z4 =400

Here we introduced new notations for transverse, * = T, and longitudinal, z = 1, coordinates.
It follows from (A.15) - (A.17) that these functions can be represented in the form,

FH (&) = / d°ry G(z, 7 2, 7 |py) €777 (A.18)
F=(Z, ) = / dPry G2y, Py 2, Tlpa) e P27 72 (A.19)
where G(z2, T2; 21, 71|P) is the retarded Green function corresponding to Eq. (A.15),
. d Ay . . . . L,
i Fon + T Ul(zz,72)| G(22,7a;21,71|P) = i 0(22 — 21) 6(72 — 71) (A.20)

and satisfying the conditions,

G(z2,T2; 21, T1|D) = O(fy —71)

Z1=%22

=0. (A21)

z1>22

G(ZQ, 772; Zl,Fl |m

It is convenient to chose the axis z along the momentum of the radiated photon. Then

. kr
pir = ——,

par = Pr— kr (A.22)
where ET and p are the transverse components of the photon and final electron momenta relative
to the direction of the initial electron; « is the fraction of the light-cone momentum of the initial
electron carried by the photon.

We arrive at the following expression for the radiation amplitude (A.2),

1 L .
M;z’; = m/d2r1d2r2d27”dzexp(—zp2Tr2)G(z+,r2;z7r\p2)

exp(i Gmin 2) T G(2,75 2, 71 |1) exp(i a1 71) (A.23)
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where

« m2 m2

- a s A24
dmin 2(1 — a)Eq + 2aEq , ( )
and E,, mq are the energy and the mass of the projectile quark. In the approximation considered
in this paper when the fluctuation time substantially exceeds the interaction time, g, << 1/Ra
and can be neglected.
The vertex function in (A.23) reads,

r = \/1—au*(ﬁ2)D§a'~€_;D1u(p1>
= X} lima@@x@)-¢+aloxVr) e —i(2—a)Vr-é*| x1. (A25)
The operator Vr=d /dr acts to the right. x1 2 are the two-component spin