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BBE,1:J;EHIIE 

XVII Hay'!HITTI KOHcpepeHI..(IlH MOJIOAbIX y'!eHblX II crreuIIaJIIICTOB rrpOXOAIIJia B 

Jla6opaTOpHII HAepHbIX rrpo6rreM O61,eAIIHeHHOro IIHCTIITYTa HAepHbIX IICCJieAOBaHIIll 

c 08 IIO 12 arrperrH II 6hma IIOCBHlIIeHHa 100-rreTHeMy I06IIrreIO BeHeAIIKTa IleTPOBII'!a 

,[(JKerrerrosa. Ha y'!aCTIIe B KOHcpepeHUIIIl 6bIJIO IIOAaHO OKOJIO CTa meCTIIAeCHTII 3aHBOK 

OT MOJIOAhIX y'!eHbIX II crreuIIarrIICTOB OIU!l1, cryAeHTOB II acrrIIpaHTOB YHQ II Apyrnx 

BbICIIIIIX y'!e6HblX 3aBeAeHIIll. B AeCHTII ceKUIIHX KOHcpepeHUIIIl 6orree CTa TPIIAUaTII 

Y'!aCTHIIKOB rrpeACTaBIIJIII AOKJiaAbl O rrpOBOAIIMblX IIMII llCCJieAOBaHIIHX. B '.HOM roey 

44% OT 06lIIero KOJIH'!eCTBa y'!aCTHIIKOB - IIHOCTPaHHbie rpalKt.(aHe, II03TOMY B 

6yeylIIeM npeAIIOJiaraeTCH pacmIIpHTb crnryc KOHcpepeHUilll AO MeJKt-lYHapOAHOll. 

B paMKax KOHcpepeHUilll 6hm opraHII30BaH UIIKJI rreKUIIll OT BeAYlIIIIX y'!eHbIX: aKat.(. 

PAH, A.!p.-M.H. C.C. fepmTeiiHa, '!JieH-Kopp. PAH, A.6.n. E.A. KpacaBirna, '!JieH-Kopp. 

PAH, A.cp.-M.H. JI.11. IloHoMapesa, rrpocp. A.cp.-M.H. A.r. OrrbmescKoro II AP-, 

IIOCBHlIIeHHblll rrepeAOBbIM Hay'!HblM IICCJieAOBaHHHM. TaIOKe 6hma rrpeACTaBJieHa 

HaCbilIIeHHITTI KYJibTYPHO-CIIOpTHBHITTI rrporpaMMa: 6acKeT6orr, cpyT6orr, TaHUbl, MelKt.(y 

Y'!aCTHIIKaMII KOHcpepeHUIIII COCTOHJIIICb copeBHOBaHIIH IIO HaCTOJibHOMY TeHHHCY, 

6HJibHpAy,6oyrrnHry. 

OprKOMl!TeT KOHcpepeHUilil BbipalKaeT 6rraroAapHOCTb 3a 60JiblIIYIO rrpoAeJiaHHYIO 

pa6ory rrporpaMMHOMY KOMIITery: A.f. OrrhmescKOMY (JUIII OIUI11), r.,n:. IIlIIpKosy 

{OIU!l1), H.B. AHcpIIMOBY (JUIIT OIU!l1), A.C. AiipttHHY (Jll1T OIUil1), 

C.3. IlaKyIIHKY (YHQ OIU!l1), E.M. Cb1pecIIHY (JI.HIT OIU!l1), r.B. Tpy6HIIKosy 

(JI<!>B3 OIU!l1), r.A. lllerrKosy (JUIII 011.5111), a rnIOKe KypaTOpaM ceKUIIii: A.A. 

BrraAIIMttposy (JIT<l> OIU!l1), B.C. Merre)KIIK (JIT<l> OIUI11), ,[(.A. ApTeMeHKosy 

{Jl<!>B3 OH.5IH), B.A. EeAHHKOBY (JUIIT OIU!l1), A.O. CIIAOPIIHY (Jl<l>B3 011.5111), 

E.M. Cb1pecIIHY (JUIII OIU!l1), M.B. AsAeesy (JIH<l> OIU!l1), B.f. Eroposy (JUIII 

Ollill1), T.B. Tporr11Hy (JIH<l> OIU!l1), O.B. Eerrosy (JIPE OIU!l1), T.A. CTPII)K (Jll1T 

Ollill1). KpoMe TOro, oprnoMIITeT Bbipa)KaeT 6rraroAapHOCTb pyKOBOACTBY 011.5111 II 
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IIO.LWaJ~eJieHIIll 3a q>IIHaHCOBYIO II0Mep)KK)' II )"IaCTIIe B pa6oTe KOHcpepeHI.IIIII, I 

~IIpeKUIIII JUJII OIUIH II ~IIpeKUIIII YHQ OHJIH - 3a II0M0IUb B ee npoBe~eHIIII. 

flo IIToraM npoBe~eHIIH K0HKypca Ha C0IICKaHIIe npeMIIll OIUIH ~ M0JI0~bIX 

)"ICHbIX II CIIeUIIaJIIICT0B 3a nyqrrme pa6oTbI 3a 2012 r. 6bIJIII IIpIIcy~eHbI npeMIIII. 

B H0MIIHaUIIH «HayqHo-IICCJie~OBaTeJibCKIIe TeoperHqeCKIIe pa60Tbr»: 

• nepBaH npeMIIH: EropoBa HpHHa AHaTOJibeBHa (JIT<l> OIUIH); 

• BTopaH npeMHH: fIHKeJibHep Att~peH <l>e~opoBIIq (JIT<l> OIUIH); 

• noorupIITeJibHaH npeMIIH: PaxMOHOB HnbXOM PaycpoBHq (JIT<l> OIUIH). 

B H0MHHaUHII «HayqHo-HCCJie~OBaTeJibCKIIe 3KCIIepIIMeHTaJibHbie pa60Tbr»: 

• nepBaH npeMIIH: Ky~aWKHH HBaH BacIIJibeBHq (JI<l>B3 OIUIH); 

• BT0paH npeMHH: Xy~o6a BpamcnaB (JIJIP OHJIH); 

• noorupIITeJibHaH npeMIIH: CTenaHeHKO IOpttH IOpbeBHq (JIJIIT OIUIH). 

B H0MHHaUHH «HayqHo-MeT0~HqecKHe H HayqH0-TeXHHqeCKHe pa6oTbI»: 

• nepBaH npeMHH: 3arep BanepIIH EopHCOBIIq (JIJIP OIUIH); 

• BT0paH npeMHH: AneKca~poB EBreHIIH HropeBHq (JIHT OIUIH); 

• noorupttTeJibHaH npeMIIH: Mepu CepreH: flaBJIOBIIq (JI<l>B3 OIUIH). 

B H0MIIHaUHH «HayqHo-TeXHHqecKHe IIpIIKJIMHbie pa6oTbr»: 

• nepBaH npeMHH: Eo6pHKOB HBaH AttaTOJibeBttq (JIH<l> OIUIH); 

• BT0paH npeMHH: AHq>HMOB HHKOJiaH BJIMHMHpoBIIq (JIJIIT OIUIH); 

• noorupHTeJibHaH npeMHH: Ty3HKOB AneKceH: BacHJibeBHq (JI<l>B3 OIUIH). 

Ha 3ace~aHIIHX Ka~Oll H3 ceKUHll cpe~H yqaCTHHK0B IIp0B0~HJICH K0HKypc Ha 

nyqwHH Ha)"IHbIH ~0KJIM: 

• «TeopemqecKaH q>H3IIKa» - CeMeHoB AH~peH f'eoprneBHq (<l>HAH HM. IT.H. 

Jie6e~eBa); 
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■ «MaTeMaTittJeCKOe M0,llennpoBaHJie ll BhltJllCJIHTeJihHaJI <pII3HKa» - IlneHKIIH 

AH.npeii BanepheBHtJ (HIIM UM. M.B. KeJI.I{hIIIIa P AH); 

■ «<l>H3HKa 3JieMeHTapHhIX tJaCTHI~» CoKOJihHHKOBa AneKcaH.npa 

KoHcTaHTHHOBHa (IDIII OIUIH); 

■ «CoBpeMeHHhie MeT0,llhl ycKopeHWI 3apR)KeHHhIX qaCTHI~ H ycK0pHTeJihHM 

rexHHKa» - IOpeBHtJ Cepreii Bna,llHMHpOBHtJ (<l>TH HAH Eenapyctt); 

• «PeJIRTHBHCTCKM MepHaR <pH3HKa» - TepexnH ApKa.nnii ApKa,llheBHtJ 

(JI<l>B3 OIUIH); 

• «3KcrrepnMeHTaJihHM R,llepHaR <pH3HKa» - XynmaKTOB )Kypa6eK XaTaMOBlltJ 

(IDIII OIUIH); 

• «IIpnKJia,llHhie ttccne.noBaHWI» - 3eJIHHCKa KarepttHa (IDIP OIUIH); 

• «HH<popMaUHOHHhle rexHonornm> - PaKHTRHCKaJI AHHa CepreeBHa (JIHT 

OIUIH); 

• "<l>H3HKa K0H,lleHcnpoBaHHhIX cpe.n" - CMHpHoBa ,n:aphR EBreHheBHa (OHBT 

PAH) H Illyne)KKO Ba.nHM Bna.nHMnpoBHtJ (YnfY); 

• "Pa.nHaUHOHHhie H pa,llH06HOJiorntJeCKHe HCCJie,ll0BaHWI11 
- THMO<peeBa 

HpHHa JleOHH,llOBHa (MYrroq «.D:y6Ha» ); 

IIoompHTeJihHhlMH rrpH3aMH n ,lllllIJI0MaMH B '.!TOM ro.ny 6bIJIH 0TMetJeHhl 

cne.nyromtte yqacTHHKH: 

• OBtJapeK Mar.naneHa (JIH<l> OIUIH); 

• HaropHhiii AHaronHii BacHnheBHtJ (JIH<l> OIUIH); 

• racHHKOBa KceHHR IOpheBHa (IDIII OIUIH); 

• EynattoBa TaThRHa CepreeBHa (JIPE OIUIH); 

• AiipHRH AneKcaH.np Cep)KHKOBHtJ (JIHT OIUIH). 
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B 11ecTb 100-JieTHero ro6IIJieH B.fI.,ll;)KeJienoBa 6hlJia y11pe)K,L(eHa npeMirn, K0TopaH 

npn:cy)K,L(eHa )Kn:THHKOBY lfropro BHKTopOBHqy (JUIIT OH.HM). 

EoJiee no,npo6Ho c HHq>opMaUHeii o KOHtpepeHUHH OMYC-2013 M0,KH0 

03HaK0MHTbCH Ha caiiTe OMYC OH.51H: http://omus.jinr.ru/conference2013/index.php. 

OprnoMHTeT Hay11Hoii KOHq>epeHUHH OMYC-2013. 
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Pa.I(oBcKaH Atttta ArreKcatt.I(pOBHa, <{)MAH IIM. II.H. Jle6e.I(eBa, r. MocKBa 

CeMeHOB Att.I(peii feoprneBIIq, ¢MAH IIM. II.H. Jle6e.I(eBa, r. MocKBa 

CzyrrKa AHToH AnamrrbeBHq, ,r:i:HY, YKpaHHa 

¢pH3eH ArreKcaH.I(pa Ba.I(HMOBHa, JIT(I) OIUIH, r. ,z::i:y6tta 

lllapoB IlaBerr fepMaHOBIIq, Jl.51P OIUIH, r. ,z::i:y6tta 

CEKI..J.IUI «MaTeMaTHqecKoe M0,1J.eJ1upoBa11ue u BhJqucm1TeJ1h11an cf>11111Ka» 

AHcToBa IOrrHH MHxaiirroBHa, HIUIY MH<{)H, r. MocKBa 

AiipHHH ArreKaH.I(p Cep)KIIKOBHq, JIHT OIUIM, r. ,z::i:y6tta 

EacarraeB ApTeM EBrenbeBHq, CII6fY, r. Ca11KT-IleTep6ypr 

BacIIrrbeB Cepreii ArreKcaH.I(pOBHq, TBfY, r. TBepb 

fyceB ArreKca11,1J.p ArreKcatt.I(pOBHq, JIMT OIUIM, r. ,z::i:y611a 

Eq>HMOBa EKaTepIIna CepreeBna, MHfIIf HM. A.A. Tpoq>HMyKa CO PAH, 
r. HoBOCH6IIpCK 

3aBropo.I(HHH MapHHa HropeBtta, HIUIY MM¢M, r. MocKBa 

KoBarrb EBreHIIH ArreKcatt.I(pOBIIq, JIT(I) OIUIH, r. ,z::i:y6tta 

KoBarrb 0Kcatta ArreKcaH.I(pOBHa, JIT(I) OIUIM, r. ,z::i:y6tta 

JlbIOHr Jle Xaii, YHIJ, OIUIM, r. ,z::i:y6tta 

MarneeB MIIxaHJI ArreKcaH.I(pOBHq, MYrroq «,z::i:y6Ha», r. ,z::i:y6tta 

Mepu Cepreii IlaBJIOBIIq, Jl(l)B3 OM.51H, r. ,z::i:y6tta 

MornrreBa Erretta CepreeBHa, IIfY, r. IleH3a 

IIrreHKIIH Att.I(peii BarrepbeBHq, HIIM IIM. M.B. KeMbillla PAH, r. MocKBa 

CocHOB ,z::i:MHTpIIii EBrettbeBHq, CII6fY, r. CattKT-IleTep6ypr 

CyMxyy ,z::i:aBaacyp:m, JIH(I) OIUIM, r. ,z::i:y6tta 

TyxrrHeB 3aqiap KaMapH,l1.HHOBIIq, JIMT OIUIH, r. ,z::i:y6tta 
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lllapmIOB 3apmp AmIM)KOHOBJl'I, JIHT OIUIH, r. ,D,y6Ha 

CEKD;IUI «<I>mui,:a JJ1eMe11Tapnhlx qacTuu» 

AxMa,noB <l>aur HuJaMII Onrn, JI<l>B3 OIUIH, r. ,D,y6Ha 

EmcreMepoBa CBernaHa Bna,nuMupoBHa, .llilIT OIUIH, r. ,D,y6Ha 

facHIIKOBa KceHIIH IOpbeBHa, .llilIT OIUIH, r. ,D,y6Ha 

,ll,eMuqeB Muxaurr AH,npeeBuq, .llilIT OIUIH, r. ,D,y6Ha 

MuHra)KeBa PmarruHa BurreBHa, <l>HAH HM. 11.H. Jie6e,neBa, r. MocKBa 

PycOB AneKceii BarrepbeBuq, .5IpfY, r . .5IpocrraBJib 

CaMoiirroB Oner EopucoBuq, .llilIT OIUIH, r. ,D,y6Ha 

CoKOJibHIIKOBa AneKcaH,npa KoHcTaHTHHOBHa, .llilIT OIUIH, r. ,D,y6Ha 

CTerraHeHKO IOpIIii IOpbeBIIq, .llilIT OIUIH, r. ,D,y6Ha 

YrrroB EBreHIIii ,ll,MHTptteBuq, .llilIT OIUIH, r. ,D,y6Ha 

CEKD;IUI «CoepeMe1111bie MeTOAhl yci,:opeuuH 3apmKennhlx qacTHU u 
ycKopuTeJibHaH Texmrna» 

A3apHH HIIKOrraii CepreeBuq, .llilIT OIUIH, r. ,D,y6Ha 

fypcKuii CeMeH Brra,n1IM1Ip0Buq, .llilIT OIUIH, r. ,D,y6Ha 

Ky,nalIIKIIH ArreKceii BacIIrrbeBuq, JI<l>B3 OIUIH, r. ,D,y6Ha 

Ky,nalIIKIIH lIBaH BacttrrbeBuq, JI<l>B3 OIUIH, r. ,D,y6Ha 

Py.naKoB AneKcaH,np IOpbeBuq, .llilIT OIUIH, r. ,D,y6tta 

· Ce,nblx feoprnii CepreeBIIq, JI<l>B3 OIUIH, r. ,D,y6Ha 

Ty31IKOB AneKceii BacIIrrbeBuq, JI<l>B3 OIUIH, r. ,D,y6Ha 

IOpesuq Cepreii Brra,n1IM1Ipos1Iq, <l>TH HAH, Eerrapycb 

. CEKD;IUI «PeJIHTHBHCTCKaH HAepnaH (j>uJuKa» 

Kana6eKOB PacyJI)KOH Py3ueyrrosuq, JI<l>B3 OIUIH, r. ,D,y6Ha 

Kupees BuKTop ArreKcaH,nposuq, JI<l>B3 OIUIH, r. ,D,y6Ha 

MaMaTeyrroB KaxpaMoH 3ttH.nyrrrraeBuq, JI<l>B3 OIUIH, r. ,D,y6Ha 

.TepexuH ApKa,nIIii ApKa,nbeBIIq, JI<l>B3 OIUIH, r. ,D,y6Ha 
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CEKIJ,IUI «3KcnepnMeHTaJibHaH H,llepnaH $nlnKa» 

Jitka Vrzalova, DLNP JINR, Dubna 

Lukas Zavorka, DLNP JINR, Dubna 

Ea6KHH Ba.UHM AH.upeeaw-1, JI<l>B3 OIUIH, r. ,ll;y6Ha 

.6e36ax AH.upeii AHaTOJiheanq, JUIP OIUIH, r. ,ll;y6Ha 

Brumon.ua ,ll;nHapa CanaaaTKhI3hI, JUIP OIUIH, r. ,ll;y6Ha 

BocKo6oiiHHK EareHHH HropeBJ1q, JUIP OIUIH, r. ,ll;y6Ha 

,ll;)KaHceiiTOB ,ll;amrn:p Mapanoanq, JUIP OIUIH, r. ,ll;y6Ha 

)l(nTHHKOB Hroph BnKTopoanq, JUIIl OIUIH, r. ,ll;y6Ha 

Hca,llhIKOB Aii.uoc Hypnanoanq, JUIP OIUIH, r. ,ll;y6Ha 

KaTTa6eKoB PacyJI)KOH Py3neynoanq, JI<l>B3 OIUIH, r. ,ll;y6Ha 

MaMaTeyJioB KaxpaMOH 3m1.uyJIJiaeanq, JI<l>B3 OIUIH, r. ,ll;y6Ha 

Po30B Cepreii Bna.unMnpoanq, JUIIl OIUIH, r. ,ll;y6Ha 

PYMHHUeB MnxaHJI Mnxaiinoanq, JI<l>B3 OIUIH, r. ,ll;y6na 

PYMHHUeBa Ha.ue)K,lla CepreeaHa, JUIIl OIUIH, r. ,ll;y6Ha 

CTpeKaJIOBCKHH AneKcaH.up Oneroanq, JUIP OIUIH, r. ,ll;y6Ha 

Xy.uo6a BpaTHCJiaB, JUIP OIUIH, r. ,ll;y6na 

XyurnaKTOB )l(ypa6eK XarnMoanq, JUIIl OIUIH, r. ,ll;y6Ha 

CEKII,IUI «IlpnKJia,llHbie uccJie,llOBaHnH» 

Asatur Khurshudyan, YSU, Armenia 

Yana Suchikova, E,ll;IlY, YKpa1rna 

AmpHMOB HnKoJiaii BJia,llHMHpoanq, JUIIl OIUIH, r. ,ll;y6Ha 

Ean6nxnHa OKcaHa BHqecJiaBOBHa, TafY, r. Taeph 

BapTHK BHKTOpHH , HHil [(KIT "HaHo6no<poTOHHKa" OIUIH, r. ,ll;y6Ha 

3eJIHHCKa Karnp)KHHa, JUIP OIUIH, r. ,ll;y6Ha 

Manm1oacKHii EareHHH BnKTopoanq, PffY, r. MocKBa 

MHJIK0B Bacnn Mnxaiinoa, JIH<l> OIUIH, r. )];y6na 

Po30B Cepreii Bna,llHMHpoanq, JUIIl OIUIH, r. ,ll;y6Ha 
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CenIOHHH AneKcaH,ZJ;p CepreeBll'I, JUIII OIUIM, r. )];y6Ha 

CEKQIUI «Mmf>opMan:noHHhle Texuonoruu» 

AneKcaH.n;poB EBreHnii MropeBH'I, flMT OIUIM, r. )];y6Ha 

Earumrn AH,npeii CepreeBH'I, JUIP OIUIM, r. )];y6Ha 

fep~eH6eprep KoHcTaHTHH BnKTopOBH'I, fl<l>B3 OIUIM, r. )];y6Ha 

3arep Banepuii EopucoBH'I, fl.HP OIUIM, r. )];y6Ha 

3yeB MaKCHM MropeBntJ, nMT OIUIM, r. )];y6Ha 

KpaBtJYK AH,npeii Bna,nnMnpoBH'I, MYIIOlJ «)];y6na», r. )];y6Ha 

KyTOBCKHM HnKonaii AneKcaH,npoBH'I, nMT OIUIM, r. )];y6Ha 

Ma)KHTOBa EneHa MnxaiinoBHa, EHY, Ka:iaxcrnH 

OrmHKa KaponnHa BnKTopoBI-ra, MfY, Mon,naBmr 

OcrraHoB AcKap AMaH6onoBH'I, EHY, Ka:iaxcrnH 

PaKHnrHcKaH AHHa CepreeBHa, nMT OIUIM, r. )];y6Ha 

PoMepo Peiiec MnHKaii Bna,nucnaBOBHa, <l>fEY «MEMX» PAMH, r. MocKBa 

CnerroB MBaH IleTpOBH'I, fl<l>B3 OIUIM, r. )];y6Ha 

Crn.n;HUK AneKceii BnKTopoBH'I, MYIIOlJ «)];y6Ha», r. )];y6Ha 

TopocHH lllyrrrnHnK fpatJeBHa, nMT OIUIM, r. )];y6Ha 

CEKQIUI «<l>mu«a K011,1J.e11cup0Ba11m,1x cpe,ll.» 

Anna Marta Kiwilsza, Adam Mickiewicz University, Poland 

Magdalena Owczarek, FLNP JINR, Dubna 

EenHKOB Bna,nnMup AH,ZJ;peeBH'I, TBfY, r. TBepb 

Eo6pnKOB MBaH AHaTonbeBH'I, flH<I> OIUIM, r. )];y6Ha 

EoratJeB AneKcaH,np AHaTOnbeBH'I 

rarroH Mropb BacunbeBH'I, flH<I> OIUIM, r. )];y6Ha 

)];)Ka6apoB CaKHH faMn,n OrnbI, nH<I> OIUIM, r. )];y6Ha 

EpeMHH PoMaH AneKcaH,npoBH'I, nPE OIUIM, r. )];y6Ha 

MBaHOB IlaBen HnKonaeBH'I, TBfY, r. TBepb 

Ka6aHOB Cepreii CepreeBH'I, TBfY, r. TBepb 
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KomUihtIYK EneHa CTerraHOBHa, HTY «KTIH», YKpairna 

KymIKOB KHpnnn B.HtiecnaBOBIItJ, JIT<I> OlUIH, r. ,D;y6Ha 

Jle Txn <l>hIOHr Txao, JIH<I> OIUIH, r. ,D;y6Ha 

JleBtIYK Bacnnnii: BacIInheBIItJ, P,D;fY, YKpaIIHa 

JloaH To TxaHh, JIH<I> OlUIH, r. ,D;y6Ha 

JlornaK HarnnII.H BacnnheBHa, JIH<I> OlUIH, r. ,D;y6Ha 

JlyKIIH EBreHnii BanepbeBIItJ, JIH<I> OlUIH, r. ,D;y6Ha 

HaropHhiii AHarnnnii: BacnnheBIItJ, JIH<I> OlUIH, r. ,D;y6Ha 

HII3aMOBa 3nhMIIpa Hn1,raMOBHa, K<I>Y, r. Ka3aHh 

HnKonaeB Cepreii: AneKceeBIItJ, Y<I>Y, r. EKaTepnH6ypr 

PaxMoHoB HnxoM PaycpoBIItJ, JIT<I> OlUIH, r. ,D;y6Ha 

PycaH0Ba HHHa AneKcaHAPOBHa, K<I>Y, r. Ka3aHh 

PyTKaycKac AHTOH BnaAIIMIIpOBIItJ, JIH<I> OlUIH, r. ,D;y6Ha 

CaMoiineHKO Cepreii: AneKcaHAPOBIItJ, JIH<l> OlUIH, r. ,l];y6Ha 

CMIIpHoBa ,D;aph.H EBreHheBHa, OHBT PAH, r. MocKBa 

ConOBheB ,ll;Mnrpnii: BnaAIIMIIpOBIItJ, JIH<I> OlUIH, r. ,D;y6Ha 

ToMtIYK AneKcaHAP BacnnheBII'l, JIH<I> OlUIH, r. ,D;y6Ha 

ToMtIYK AnnHa AneKceeBHa, JIH<I> OlUIH, r. ,D;y6Ha 

TyptieHKO Bnrnnnii: AneKcaHAPOBIItJ, JIH<I> OlUIH, r. ,D;y6Ha 

lleKphirIIHa IOnII.H HropeBHa, HTY «XTIH», YKpanHa 

llyph.HHOBa AHHa feHHaAheBHa, JIH<I> OlUIH, r. ,D;y6Ha 

lllyne)KKO BaAIIM BnaAIIMIIpoBIItJ, YnfY, r. Ynh.HHOBCK 

5IKoBneBa EnII3aBeTa HnKonaeBHa, HHY MH3T, r. MocKBa 

CEKIJ;IUI «PaAnau.uouuble u paA1106uonoru1Jec11:ue nccneAoBanmrn 

AKceHoBa CBernaua BanepbeBHa, JIPE OH.5IH, r. ,D;y6Ha 

EenoKOIIhITOBa KceHII.H BHtJecnaBOBHa, JIPE OlUIH, r. ,D;y6Ha 

Enaxa IlaBen, JIPE OlUIH, r. ,D;y6Ha 

EynaHoBa TaTh.HHa CepreeBHa, JIPE OlUIH, r. ,D;y6Ha 

BnHorpaAOBa IOnn.H B.HtiecnaBOBHa, JIPE OH.5IH, r. ,D;y6Ha 
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KonynaeB EopHc EopHCOBHtJ, HXBC HAH, YKpaHHa 

JfaIIIKO MapHHa CepreeBHa, JIPE OIUIH, r. ~y6Ha 

06'be,rurnemrnu MHCTHTYT 

ii~epUhIX MCCJieAOBamIH 

BMBnHOTEKA 



CEl(QHOHHhIE 3ACE,Il;AHIDI 
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PROVING THE CEP WITH COMPACT STARS?* 
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•
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ANNOTATION 

We present a model for hybrid compact stars composed of a quark core and a 

hadronic mantle with an abrupt rst order phase transition at the interface and in 

accordance with the latest, astrophysical measurements of two 2 M0 pulsars. We 

demonstrate the possibility of a disconnected mass-radius sequence (third family) of 

high-mass pulsars as a distict feature due to a large jump in the energy density of the rst 

order phase transition setting in at Ecrit ~ 500 MeV /fm3 and ful Hing t.e/Ecrit~l. We 

conclude that the measurement of so called twin compact stars at high mass ( ~2M0 ) 

would support the existence. of a rst order phase transition in symmetric matter at zero 

temperature entailing the existence of a critical end point (CEP} in the QCD phase 

diagram. 

INTRODUCTION 

The study of neutron stars is an active ,eld of research. They are compact objects 

where the most extreme physical properties are present. Important for this work in 

particular are the high densities presented in their interiors. The equation of state (EoS) 

plays a fundamental role since it determines the shape of the sequence(s) of stable 

compact star con gurations in the mass - radius diagram as well as other properties like 

the maximum possible mass, the composition, the moment of inertia etc. In this regard, 

• Work supported by CompStar, a research networking programme of the European Science foundation 
and by CompStar-POL a project of the Polish MNiSW supporting it as well as by NCN under grant 
number DEC-201 l/02/A/ST2/00306 and by RFBR under grant number 11-02-01538a. 
# alvarez@theor.jinr.ru 
## blaschke@ift.uni.wroc.pl 
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recently the masses of two heavy compact stars have been precisely measured: 1.97 ± 
0.04 Mo for PSR 11614-2230 [1] and 2.01 ± 0.04 Mo for PSR 10348+0432 [2], 

presenting a stringent constraint on models for the high density EoS. Would it be 

possible to gain evidence for a strong rst order decon nement transition in compact stars 

this would prove the existence of at least one CEP in_ the QCD phase diagram which 

beyond all doubt shows no rst order transition in the high temperature region explored 

by lattice QCD simulations [3]. 

HYBRID MASSIVE STARS & TWINS 

A rst order phase transition in neutron star matter can take place just as in symmetric 

matter where it is searched for in heavy ion collisions. Adopting the setting of [ 4, 6], we 

construct hybrid stars with a hybrid EoS composed of a given hadronic EoS, here DD2 

[5], and a quark matter EoS parametrized by its squared speed of sound c~M which 

pretty well describes [ 6] results of a color superconducting NJL model [7] 

P(E) = Poo2(E)0(Ecrit - E) + C~ME0(E - Ecrit - ilE). (1) 

The critical energy density Ecrit and the discontinuity ilE complete the EoS model which 

is capable of describing compact star sequences with a third family of stars in the mass­

radius diagram [8, 9, 10, 11]. Searching for sequences obeying the mass constraint [1, 2] 

we obtain a quasi-horizontal branch disconnected from the almost vertical neutron star 

branch, as a consequence of a strong phase transition. Fig. 1 shows the EoS (1) for the 

parameters: c~M = 0.094, dE = 0.67Ecrit and Ecrit = 485 MeV /fm3
• The latter 

corresponds to P(Ecrit) = 100 MeV /fm3 and a baryon density at the quark matter onset 

of ncrit = 2.9 n 0 with n0 = 0.16 fm-3 • Fig. 2 shows the mass-radius relation for this 

hybrid EoS and the energy density pro le for the example of a twin pair of 2M0 stars is 

given in Fig. 1 (right). 

CONCLUSIONS 

In this work we have demonstrated for a simple hybrid star EoS model that the 

characteristic mass-radius ,relationship of nonrotating compact star con gurations 

obtained by solving the TOV equations has a third family of stable hybrid stars at high 
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masses that is in accordance with astrophysical observations. This includes in particular 

the constraint for the minimal radius from RXJ 1856-3754 and the new pulsar mass 

measurements for PSR Jl614-2230 and PSR 10348+0432 at about 2M0 . Our result 

shows that stars of this high mass which are the best candidates for containing exotic 

matter (like quark matter) in their interiors could actually be approximate mass twins: 

although having about the same mass their interiors may show a vastly di erent 

composition: while the lower density twin has a larger radius ( ~ 13 km) and is made of 

nuclear matter only, the high-density twin is more compact ( ~ 10.5 - 12 km) with a 

phase transition at about half the stars radius. The precise determination of compact star 

radii would allow to prove or disprove whether the sequences of stable stars in the 

mass-radius diagram form a pattern like the one discussed here: with an almost vertical 
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Figure I. Left panel: Hadronic EoS (DD2, green dashed line) vs. hybrid one (Eq. I, indigo solid 

line). Right panel: Energy density pro le of 2M0 twins: a hadronic (green dashed line) and a hybrid 

(indigo solid line) compact star. 

branch of hadronic stars and an almost horizontal branch of hybrid stars, possibly 

disconnected from the former thus representing a "third family" of compact stars and 

allowing for high-mass star twins. Identifying the high-mass twin feature in the.mass­

radius diagram by compact star observations would support the picture that nuclear 
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matter at low temperatures and high baryon densities undergoes a rst order phase 

transition with a large jump in energy density. Given the knowledge that at zero baryon 

density the QCD phase transition proceeds as a crossover as a function of temperature 

implies the existence of at least one CEP in the QCD phase diagram! 

PSRJ03-t8t-04J2 

·=·--·PSR1i6i ◄.21Jo 

7 
61.S•-

~ ~ 
10 12 14 16 

R[km) 
Figure 2. Mass-radius diagram for hybrid star EoS (1). The almost vertical branch of pure 

hadronic stars (green solid line) is separated from the almost horizontal hybrid star branch (indigo 

solid line) by an unstable branch (black dashed line). Recently measured masses for two 2M0 

pulsars shown by red and blue hatched regions. Also shown: causality constraint (upper left 

forbidden area) and the minimal radius constraint from RXJ 1856-3754 [12]. 
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TIOJIHOCTblO ACHMMETPl:flIHI,IH TIPOIJ;ECC C 

HCKJIIOqEHHEM C 01i01iIIJ;EHHMM TIPABHJIOM 

OJiHOBJIEHIDI 

A.E. ,ll;ep6bnneB#, B.E. ITpHe3)KeB*, A.M. IToBOJIOI.\KHii##, C.C. ITorocJrn** 

JIT<l> HM. H.H. Eoromo6oBa, OI1JIH, ,ll;y6Ha, Poccm1 

AHHOTAQIUI 

PaccMaTpHBaeTCJI IIOJIHOCTbIO aCHMMeTpH'IHblli rrpouecc C HCKJIIO'leHHeM B 

,[\HCKpeTHOM BpeMeHH c o6o6meHHbIM rrpamrnoM o6HOBJieHirn. BBe,neH yrrpaBJIJIIOmHii 

rrapaMeTp BO B3aHMO,neiiCTBHe Me)K,ny qaCTHUaMH. )];Ba KOHKpeTHbie 3Ha'leHHJI 

rrapaMeTpa COOTBeTCTBYIOT H3BeCTHblM CJIY'laJIM rraparrrreJibHOfO II rrocrre,noBaTeJibHOro 

o6HOBJieHirn. B uerrOM ,nHaIIa3OH ero 3Ha'leHHH H3MeHJieT B3aHMO,neiicTBHe OT 

rrpHrnrHBaIOII\ero .no orrarrKHBaIOmero. B rrocrre,nHeM crryqae rroTOK qacTHU 

,neMOHCTpHpyeT JIBHYIO TeH,neHUHIO K o6pa30BaHHIO CKOIIJieHHH He xapaKTepHYIQ ,L\JIJI 

H3BeCTHblX o6HOBJieHHH. PernaeTCJI OCHOBHOe KHHeTH'leCKOe ypaBne1me ,L\JIJI N qacTHU 

Ha 6eCKOHe'IHOH perneTKe MeTO,L\OM rro,ncTaHOBKH EeTe. HecTaUHOHapHoe perneHHe rrpH 

rrpOH3BOJlbHbIX Ha'laJibHblX ycJIOBHJIX rrorryqeHO B ,neTepMHHaHTHOM BH,ne. 

BBE,ll;EHIIE 

IlorrHocTbIO acHMMeTpH'Inoii rrpocTOii rrpouecc HCKJIIO'leHHJI (TASEP) JIBJIJieTcJI 

OCHOBOIIOJiara10meii MO,[\eJibIO CTOXaCTH'leCKOH CHCTeMbl B3aHMO,neiicTBYIDmHx qacTHU 

,neMOHCTpHpYIQmHx HepaBHOBeCHOe IIOBe,neHHJI [1-3]. ,ll;JIJI KOHe'IHOro 'llICJia qacrnu, 

,[(HHaMHKa MO)KeT 6bITb orrpe.nerrena c IIOMOmbIO OCHOBHOro ypaBHeHHJI 

P(X, t + 1) = Lx' T(X,X')P(X', t) (1) 

r.ne KOMIIOHeHTbl N-Mepnoro BeKTopa X = Xi (x1 < Xz < • .. < Xn) JIBJIJIIOTCJI 

IIO3HUHJIMH N qaCTHU II T(X, X') BepOJITHOCTb rrepexo.na qepe3 O,L\HH mar H3 

KomjmrypaUHH X' B KomlmrypaUHIO X. 

# Electronic address: AndreyDerbishev@yandex.ru 
• Electronic address: priezzvb@theor.jinr.ru 
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Bru,moe CBOHCTBO 113yqeHHbIX paHHe IIOCJie,ll;OBaTeJII,HOro II napanJieJibHOro 

o6HOBJieHIIH «pa3peruHMOCTb», '!TO OJHa'laeT, '!TO OCHOBHOe ypaBHeHlle (I) MO)KeT 

6@Th perueHO C IIOMOlllblO MeTO;:i;a EeTe aHJa11a II qiymmm1 fp11Ha MO)KeT 61,1Tb 

Bhl'IIICJieHa B HBHOM Bll,ll;e [ 4, 5]. 

B pa6oTe 6@JI BBe;:i;eH KOHTpOJI11py10ru11ii napaMeTp BO B3allMO,ll;eiicTBlle Me)K)];y 

qaCTlll.laMII. B JaBIICIIMOCTII OT ero 3HaqeHHH, Mhl IIOJiyqllM IIpllTH)l(eH11e IIJIII 

,!IOIIOJIHIITeJibHOe OTTaJIKHBaHlle Me)l(,!ly 'laCTlll.laMII. ,l(JIH nonyqeHHOii MO,l];eJIII 61,ma 

,!IOKa3aHa np11MeHIIMOCTI, EeTe aHJa11a II c IIOMOlllblO ero Haii,neHa qiyHKI.IIIH fpllHa B 

,neTepMHHaHruoii qiopMe, KaK 3TO 6bmo c,nenaHo B [6-8]. PerueH11e o6o6ruaeT 

HJBeCTHbie peJyJibTaThl )];JIH o6paTHOro IIOCJie,noBaTeJibHOro II napanJieJibHOro 

o6HOBJieHHH II COBIIa;:i;aeT C HIIMII ,ll;JIH KOHKpeTHblX 3Ha'!eHIIH napeMeTpOB 

BJallMO,!leHCTBHH. 

<l>OPMYJIHPOBKA MO,l:t;EJIH 

PaccM0Tp·11M N qacT1111, ,!IBll)KYllIIIXCH cnpaBa B o;:i;HoMepHoii perueTKe. B Ka)K,n@ii 

,!IHCKpeTHblH MOMeHT BpeMem,, K~blll yJeJI pellleTKH MO)KeT 6bITb 3aHHT He 6onee 

O,!IHOH qacm11eii. ,l:t;JIH OIIHCaHHH ,ll;HHaMHKH MO,!leJIII, Mbl CJie.nyeM npaBHJIY o6paTHOro 

IlOCJie,!IOBaTeJibHOro o6HOBJieHIIH: B ,naHHblll MOMeHT BpeMeHH, Mbl 113yqaeM 

K0Hqinrypa11n10 qacTHI.I cnpaBa HaJieBo n paccMaTpnBaeM cnrya11Hn, Kor;:i;a ;:i;Be 

qacm11@ BCTpe'!aIOTCH B coce;:i;Hnx y3nax nepe.n ruaroM no BpeMeHn. Ecnn npaBaH 

'IaCTHl.la napa He np1,1raeT Ha ;:i;aHHOM mare, JieBaH qaCTlll.la OCTaeTCH Ha CBOeii IlO3111.1HH 

c BepoHTHOCTbIO I. Ecnn npaBaH qacTn11a np1,1raeT, cne;:i;yroruaH qacTn11a nepexo;:i; 

BilpaBO c BepOHTHOCTI,IO (1 + v)p, HJIH CTOIIT c BepOHTHOCTbIO 1 - (1 + v)p. 

EcTeCTBeHHhlM orpaHll'leHlleM- Ha napaMeTp v HBJIHeTCH O $; (1 + v) $; 1/p. Ilp11 

v = 0, 3TO 06b1qH1,1ii TAPSET c o6paTHhlM nocne;:i;oBaTeJibHbIM 06HoBJieH11eM. Ilp11 

v = -1 nonyqaeTCH TAPSET c napaJIJieJihHbIM 06HoBJieH11eM. 

Ilp11 113MeHeHIIII napaMeTpa V OT -1 ,no (1/p - 1) CIICTeMa npOXO,!IIIT qepe3 

Ka'!ecTBeHHOe 113MeHeHlle IlOBe;:i;eHIIH IlJIOTHOCTII qacTIII.I: OT pa3pH)KeHIIH .no CJIIIITaHIIH. 

,[(Ba TIIIlll'IHbIX np11Mepa TaKoro IIOBe;:i;eHHH IlOKaJaHI,I (p11c. I). 
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<l>YHKQIDI rPMHA 

B pa6oTe [9] 6hmo noKa3aHo, qTQ cpyHKI.IIIR fpIIHa ~JIH paccMaTpIIBaeMoro npo11ecca 

onpe~eJIHeTCH CJie~IOlI.IIIM o6pa30M: 

T 

.e.:, b; 

Puc. 1. T11n11•111oe noeeAe1111e npocTpa11crne11110-epeMe1111L1x Tpae1aop11ii qacTHH (a) pemnM 

pa3p11me111111, c =0,1, v = -1, u (6) pemuM 06pa3oea1m1111po60K, =0,1 u v = 8, 95. ,l],una~mKa 

N=lO0 '!aCTHH M0AeJIHpyeTCH AJUI T=2000 maroe 110 epeMenu, Ha'!IfllaH C Ha'!aJILIIOH 

Ko114iurypa111111, B KOTOp0H '!aCTIIHLI qepeAylOTCH C nyCTLIMH 11•1eiiKaMU. 

P(X, tlX0 , O) = ;i_Np(X)detM, 

r~e Np (X) qIICJIO nap qacTIII.I B KOHeqHoM COCTOHHIIII, 

(2) 

;t = (1 - p)/(1 - (1 + v)p) (3) 

a MaTpIIqHhie 3JieMeHThI MaTpIII.lhl M: 

Mi/ = Fi-j(xi - xJ°, t). 

r~e cpyHKI.IIIR F 

Fn(x,t)= th ~(l-p+pzf( 1-y
1
z)nz-x. 

:lro,1 2mz 1-1 z 

II y = 1-1/A. 

(4) 

(5) 

B ~aJibHeihneM cpyHKI.IIIR fpIIHa 6y~eT IICIIOJih3OBaHa MR pacqern KOppeJIRI.IHOHHhIX 

cpyHKI.IIIll II pacnpe~eJieHHH BepOHTHOCTeii IIO3III.1IIII IIOCJie~Hero qacTIII.lhI. 
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PA3PAEOTKA TEOPETHqECKHX OCHOB PEAKTHBHOro 

1103HTPOHHOro l];BHr ATEJUI 

E.B. )],MIKOBa #' B.M. CaMCOHOB 

TBepcKoil rocy,napcrneHHhIH ymrnepc11TeT, r. TBeph, Pocc1IJ1 

Ha OCHOBe TepMO,L(UHaMuqecKoro rro,nxo,na rrpoaHaJJll3UpOBaHa B03MO)l(HOCTb 

C03,naHIIJI II0311TPOHHOro peaKTUBHOro ,L(BllraTemr, paccMarp1rnaeMoro KaK qacTHhlH 

cnyqai1. TeIIITOBOro peaKTllBHOro ,L(BHraTem1, orneqarorrrero 0,L(HOH ll3 peanhHhIX 

aJlbTepHaTUB COBpeMeHHOMY XllMHqecKOMY peaKTHBHOMY ,L(BllraTenro. IIp1rne,neHbI 

cpaBHUTeITbHbJe oueHKH TeopeTuqecKOH (rrpe,nenbHOH) CKOpOCTH HCTeqemIJI ,L(IT51 

BO,nopo,na Ii BO,L(hl, paccMarp1rnaeMh!X B KaqecTBe MOHOTOIIITUBa. IloKa3aHO, qTo 

ncrronh30BaHne Bo,nopo,na nMeeT orrpe,neneHHhie rrpeIIMyurecrna, KaK II B cnyqae 

XHMIIqecKoro ,L(BllraTen51. IIpoBe,neHbI TaK)l(e oueHKII KOnnqecTBa II03IITpOHOB, 

Heo6xo,nIIMOro ,nn51 IIcrrapeu1151 2 Kr C)l(II)l(eHHoro Bo,nopo,na. )],aunoe KOnHqecrno 

COOTBeTcTByeT COBpeMeHHOMY ro,nOBOMY ypOBHIO rrpOH3B0,L(CTBa II03IITpOHOB (rrop51,nKa 

1 Hr), qTo CBII,L(CTeITbCTByeT KaK O rrpHHUIIIIHanhHhIX B03MO)l(HOCTII ocyrrrecrnneHII51 

rrpoeKTa, TaK II O cepbe3HbIX Tpy,nnocrnx, CB513aHHhIX C 3THM. O,nna II3 HIIX orneqaeT 

TOMY, qTo M51 peaJJbI!Oro ,L(BllraTem1 Heo6xo,n11MO, ITO KpaHHCH Mepe, Ha 3 IIOp51,nKa 

6onhIIIee q11cno II03IITPOHOB. B Kaqecrne BTOporo rrpIIMepa HepeIIICHHhIX rrpo6neM 

MO)l(HO OTMCTh TOT cpaKT, qTo !pOTOHhl, rronyqa1ourIICC51 rrpII aHHllrHIT511..\IIII 

COOTBCTCTBYIOT y-,nHarra30HY, II IIX IICIIOITb30BaHHC ,L(IT51 yBen11qe111151 BnyrpeHHeH 

3HeprIIII MOHOTOIIITIIBa 3arpy,nmnenhHO. 

B HaCT051IIICC BpCM51 B aBHaUIIH II KOCMOHaBTHKC HaXO,L(IIITII rrpHMeHeHHC ITIIIIIb 

XIIMnqecKIIe peaKTIIBHbie ,L(BHraTCITH, B KOTOpbIX peaKTIIBHM CTPY51 C03,naeTC51 3a cqeT 

OKIICITIITenhHO-BOCCTaHOBIITenhHhIX peaKUIIH. COOTBCTCTBCHHO, ,L(IT51 pa60Tbl 

XIIMIIqecKoro peaKTIIBHOro ,L(BIIraTeIT51 Heo6xo,nIIMbI ,[(Be )l(II,L(KOCTII: OKIICITHTeITb ll 

BOCCTaHOBIITCITb (TOIIITHBO ). Ha116onee 3cpcpeKTIIBHhIM TOIIITIIBOM, C TOqKn 3pCHH51 

# e-v-dyakova@yandex.ru 
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BeJIH1rn:m,1 MaKCIIMailbHOH (TeopeTIItJeCKOH) CKOpOCTII IICTetJeHmI Ta30B U HBJUieTCH 

C)KH)KeHHhlll BO,n:opo,n:. O,n:HaKO II B 3TOM CJI}"lae u He npeBbIIIIaeT 5,6 K.M/c, 'ITO 

He,nocTaTOtJHO ,n:JIH Me)KIIJiaHeTHbIX IIOJieTOB. 

TeopeTH'leCKaH CKOpOCTb HCTetJeHIIH ra30B U HaXO,LIHTCH C HCIIOJib30BaHHeM 

nepBoro 3aKOHa TepMO,LIIIHaMIIKII (3aKOHa coxpaHeHIIH 3Heprnu), T. e. npIIpaBHIIBaHHH 

y,neJibHYIO Tennozy q' BbI,LleJUIIOIIIYIOCH npu cropaHHH e,nIIHIII.(hl MaCChl TOIIJIHBHOH 

- - 2 /2 CMeCH y,neJibHOH KIIHeTIItJeCKOII 3HeprIIII U : 

B ,naHHOH pa6oTe MbI He JaTParnBaeM npo6neM1,1 yTOtJHeHIIH ,n:aHHOH cpopMyJihl, 

Il0CKOJibKy Hae 6y,n:eT IIHTepecoBaTb IIplIHI.(IIIIIIanbHaH B03MO)KHOCTb C03,n:amrn 

peaKTHBHhlX .ll:BHraTeJiell ,npyroro Tuna, KOTOphle MO)KHO ycJIOBHO Ha3BaTb 

peaKTHBHbIMII TeIIJIOBbIMII ,n:BIIraTeJIHMH (PT~). lIMeIOTCH B BII.n:y .Zl:BIIraTeJIII, 

HCilOJib3YIOll(IIe JIIIllib 0.LIHY )Kll.Zl:KOCTb (MOHOTOIIJIHBO ). 

B TaKOM .ll:BIIraTeJie peaKTHBHaH CTPYH 6y,n:eT C03,naBaTbCH nyTeM ucnapeHIIH 

«ToIIJiuBa» u nocne.n:yromero HarpeBa ra3a c noMOll(bIO Tenna, nonytJaeMoro OT Toro 

IIJIH IIHOro IICTOtJHIIKa. ~JIH TaKoro .Zl:BHraTeJIH TaK)Ke 6y,n:eT npIIMeHIIMa cpopMyna (1), 

xorn BeJIIItJHHa q y)Ke He 6y,neT OTBetJaTI, TeIIJIOTe XHMHtJeCKOll peaKI.(IIH: 

r,ne A,ucn - TeIIJIOTa ucnapeHHH, Cv - II30XOpHtieCKaH y,n:eJibHaH TeTIJIOeMKOCTb ra3a, T 

- KoHetJHM a6coJIIOTHaH TeMnepazypa raJa, T0 - TeMnepazypa, npII KOTopou 

npoucxo,n:uT IICnapeHue )KII.LIKOCTH. TeMnepazypy T0 MO)KHO OTO)K.Zl:ecTBIITb c 

TeMnepazypoii KHneHH TOIIJIIIBa, HO IIOCKOJibKY TeMnepaTypa T Ha nopH.Zl:OK u 6onee 

npeBbIIIIaeT To' TO IIOCJie,nHIOIO cpopMyny MO)KHO nepeIIIICaTb B BH,n:e: 

EcJIH B KatJeCTBe TOIIJIIIBa IICIIOJib3yeTCH BO,n:opo,n, TO B COOTBeTCTBHII C cpopMyJIOll 

(2) HaXO,LIIIM q ~ 36, 5 · 106 
~)!(/Kr. 

(1) 

(2) 
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Ilptt oueHKe 6hmo npttHHT0, 'ITO Ta = 0 K, a B KaMepe cropaHttH T = 3460 K. 

Termorn Heo6xo.r:1ttMaH .[IJUI HarpesaHliH ra3006pa:rnoro so.r:1opo.r:1a Haxo.r:1ttrrach B 

nptt6rrmKeHlili tt.r:1earrhHoro ra3a. 

m 5 m 5 6 q =-·-R(T-T)~---RT=35 9-10 TT)K/Kr 
Hazp 2 0 2 ' .,_.., ' µ µ . 

r.r:1e R = 8,31 ~,K,l(MOJih•K) YHliBepcarrhHaH ra30BaH Il0CT0HHHaH, µ = 2 • 10-3 

Kr/MOJih - Macca MOJIH Hz . CooTBeTcTBeHHO, 

A, 3 6 
qucn = -2!E!!.. • 10 = 299 · 10 ~)K/Kr, 

µ 

a Teopen111eCKaH CK0p0CTh liCTe'IeHliH: u = 8,544 KMIC. 

Ho BCTaeT Bonpoc 0 TOM, KaK HarpeTh B0.[I0po.r:1 .[10 Heo6XO.[lliMOH TeMneparyphI. 

O.r:1Ho m B03M0)KHhIX perneHttH npe.r:1rro)KttJia K0MTiaHttH Positronics Research [l], 

qittHaHcttpyeMaH NASA [2]. IIpe.r:1rro)KeHHhIH liMli .[IBttraTerrh na3san TI03liTP0HHhIM, 

TaK KaK Tenrrorn, neo6xo.r:1ttMaH .[IJIH ttcnapenttH so.r:1opo.r:1a li ero Harpesa B 

ra3oo6pa3HOM C0CT0HHlili, norryqaeTCH B npouecce aHHlinIJUIUlili ,lJieKTP0H­

I103liTpOHHOH naphr: 

e++e- ➔ 2y. 

B cooTBeTCTBlili c qiopMyrroi1. 3i1.nrnTei1.na E = mcz, nptt annttrnJIHUlili :meKTP0H­

no3ttTPOHHOH naphl 6y.r:1eT BhI,[leJIHThCH :meprnH 

E = 2mec2 = lMJB= l,6· 10-13 
~)K, 

r.r:1e me= 9,1 · 10-31 
Kr- Macca 3JieICTpona. 

Y'IttThIBaH, 'ITO M0mipnaH Tenrrorn ttcnapenttH Hz A= 904 ~,K,!MoJib ~ 103 

~)K/MoJih, naxo.r:1ttM, 'ITO .[IJUI npeBpamenttH C)Ktt)Kennoro 2r Hz B ra3006pa3Hh1i1. 

TPe6yeTc.s 103 /10-13 = 1016 
TI03liTP0H0B, .[IJIH 2 Kr - 1019

, T.e. 1 nr, 'ITO 

C0TI0CTaBliM0 C rO.[IOBOH Bhipa60TKOH I103liTP0H0B 
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O,nHaKO aHHIIrHIDIUIUI - He e,nHHCTBeHHblll cnoco6 HarpeaaTb B0,nopo,n. Eme a 60-x 

IT. 06cy:JK,na.rrac1, B03M0)l(H0CTb C03,D;aHHH aJlbTepHaTHBHbIX HeXHMJiqecKHX peaKTHBHbIX 

,D;BHraTerreu ,D;IDI aBHal.{HH lI K0CM0HaBTHKH Ha H,nepHOH 3HeprHH. TaKOH ,D;BHraTerro 

Ha3BaJIH peaKTHBHbIM H,nepHbIM ,D;BHraTeneM (P5l,[(). CornaCHO [3], 6omH ,na)l(e C03,D;aHbl 

0ilbITHbie o6pa31.{bl, ,nrrH K0T0pbIX u = 8, 2 - 9 KM/ c. 

IIpHMeHHTenoHO K II03HTp0HH0MY peaKTHBH0MY ,D;BHraTemo B03HHKaeT npo6rreMa, 

He 0TH0CHII.{aHCH K P.H,ZJ;: nerK0 II0Ka3aTb, qTo qJOTOHbl, nonyqaromHeCH IIpH 

aHHHrHIDIUHH 3IleKTp0H-1103HTp0HHbIX nap 6y,nyr C00TBeTCTB0BaTo MHrK0MY y-

113rryqeHHIO, K0T0poe, TeM He MeHee, o6na,naeT BbICOKOH IIpOHHKa10meu 

cnoco6HOCTbIO. C T0qKJI 3peHHH rrepcneKTIIB C03,D;aHHH 1103HTp0HH0ro ,D;BHraTemr, 3T0 

03HaqaeT, qTo y-113rryqeHHe He 6y,neT 3aMeTHbIM o6pa30M rrornomaTbCH M0H0T0IIIllIB0M 

MITH 061,1qu1,1M TeIIIT0H0CHTeneM, II rryTo pernemrn 3TOH rrpo6neMbl HaM II0Ka He HCeH. 

O,nHa H3 B03MO)l(H0CTeu 0TBeqaeT HCII0ilb30BaHHIO pacrrnaaa CBHHI.{a B KaqecTBe 

TeIIIT0H0CHTerrH, HO ,D;a)l(e CBHHeu He M0)l(eT npH pa3yMHbIX T0ITII.{HHax CIT0H II0ilH0CTbIO 

MITH npaKTJiqeCKlI II0ilH0CTblO rrornomaTb y-113rryqeHHe. KpoMe Toro, CT0ilb 

HeCTaH,napTH0e lICII0ilb30BaHHe MeTann0B B KaqecTBe TeIIIT0H0CHTenH rrpaKTHqecKH He 

113yqeH0 B pa,nHal.{HOHHOH qJH3HKe MaTepHaJI0B. TeM He Meuee, Ha 0CH0Be 

H3IT0)l(eHH0ro Bollie M0)l(H0 c,nenaTb BbIB0,D; 0 rrpHHUHIIHaJibHOH B03M0)l(H0CTH 

C03,D;aHHH 1103lITp0HH0ro peaKTHBH0ro ,D;BHraTenH, X0TH ocymecTBnenHe TaKoro 

rrpoeKTa CBH3ano c pernenHeM uenoro pH,na aecoMa CIT0)l(HbIX rrpo6neM. 

CIIIICOK JIIITEPATYPhl 
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TPAHCIIOPTHbIE XAPAKTEPIICTIIKII rPA<l>EHOBOH 

HAHO~EJIII* 

B.JI. KaTKOB#, B.A. OcHIIOB 

JIT<l> HM. H.H. Eoromo6oBa, OIUIII, ~y6Ha, PocCH» 

Bhl"IHCneHI,I B0ilhT-aMIIepHhie xapaKTepHCTHKH TYHHenhH0r0 K0HTaKTa, 

o6pa30BaHHOro KpMMH IIp0TH,KeHHhlX IlHCT0B M0H0Cil0H rpaq>eHa, a TaK,Ke ,n;Byxcno» 

rpaq>eHa C y11aKOBKOll A-A H A-B. PacqeT T0Ka IIp0H3Be,n;eH MeT0,D;0M He3aBHCHMhlX 

KaHan0B. PacqeT 30HHoii CTPYKTYPhI c,n;enaH B paMKax MeTO,n;a cHnhHoii CB»3H. 

IlOKa3aHO, qTQ 30HHM CTPYKTYPa MaTepHana K0HTaKT0B KpHTHqecKHM o6pa30M BilHHeT 

Ha 3aBHCHM0CTH T0Ka OT HaIIpH,KeHHH. 

Pa3BHTHe TeXH0il0rHH IIp0H3B0,D;CTBa IlHCTOB rpaq>eHa 6onhlllOro pa3Mepa C pa3Hh1M 

THJI0M cnoeB H pa3Hh1M BH,n;0M HX y11aK0BKH 0TKphlBaeT IIIHp0KYIO 11epCIIeKTHBY ,n;nH 

co3,n;aHH» pa3nHqHhIX HaHo:meKTP0HHhIX ycTPoiicTB. B qacTH0CTH rpaq>eHOBhiii 

TYHHenhHhlll K0HTaKT 6bm H3rQT0BneH aBT0paMH pa60Thl [1]. TyHHenhHOe YCTP0llCTBO 

C KOHq>Hrypa11Heii K0HTaKT0B THIIa 
11
HaHOII1enh

11 
H3rQTOBneH0 aBT0paMH pa60Thl [2]. 

CxeMaTHqecKoe mo6pa,KeHHe ,n;aHHoro ycTPOHCTBa 11pe,n;cmBneHo Ha pHCYHKe 1. OHo 

11pe,n;cTaBn»eT co6oii ,n;Ba 11porn,KeHHhIX nHcTa rpaq>eHa, pac11ono,KeHHhIX Kpaii B Kpaii 

H pa3,n;eneHHhlX He6onhlllHM IIp0CTPaHCTB0M - menhIO. B pa6oTe [2] H3r0T0BneHH0e 

TYHHenhH0e YCTPOllCTBO pa6oTano B pe,KHMe aBT03IleKTPOHHOll 3MHCCHH, qTQ 6hmO 

o6ycnoBneHo ,D;0CTaT0qHQ 6onhlllHM paCCT0HHHeM Me,K,D;y KOHTaKTaMH. Cne,n;yeT 

0TMeTHTh, qTo, KaK 6hmo JI0Ka3aH0 paHee HaMH, B 3T0M pe,KHMe, B0ilhT-aM11epHhie 

xapaKTepHCTHKH (BAX) MHOrocnoiiHhlX rpaq>eHOB He HMeIOT Bhipa,KeHHOll CBH3H C 

30HHoii CTPYKTYpoii [3] H BhlHBHTh 3TY CBH3h M0,KH0 T0nhK0 c II0M0IIIhIO aHanHJa 

pac11pe,n;eneHH» 3neKTP0H0B 110 3Hepm»M. B 3Toii pa6oTe MhI paccM0TPHM YCTPOHCTBO 

C He6onhlll0ll menhIO, pa60Ta10mee B pe,KHMe TYHHenhH0ro K0HTaKTa. B ,n;aHH0M 

• Pa6oTa no,MeplKaHa rpaHTOM P<l><l>.H 12-02-01081 
# katkov@theor.jinr.ru 



37 

pe)KI!Me BOJibT-a~mepHbie xapruCTepIICTIIKII )KeCTKO CBH3aHbl C MaTepIIaJIOM 

3JieKTpO,llOB, Ha ,llaHHOM q>aKTe OCHOBaH MOIIIHbIH 3KCrrepIIMeHTaJibHblH MeTO,ll 

ll3Mepemrn 30HHOH CTpYKTypbI - TyttHeJibHM crreKTpOCKOIIIIH [ 4]. 

y 
P11c. 1. CxeMaTll'lllblH BIIA T)'HHeJibHOro KOIIT3KT3. 

I1HTepec K TeopeTII'leCKOMY OilIICaHIIIO rpaqieHOBbIX 3JieKTpO,llOB pa3HbIX TIITIOB 

CBH3aH C TeM, 'ITO BO-nepBbIX, MO,lleJib BAX TYHHeJibHOH HaHOIIIeJIH OTKpbIBaeT 

BO3MO)KHOCTb IICCJie,llOBaTb MaTepnarr 3JieKTpO,llOB MeTO,llaMH TYHHeJibHOH 

cneKTpOCKOilIIII, BO-BTOpbIX, 3HaHHe xapaKTepa BJIHHHIIH 30HHOH CTpYKTYPbl Ha BAX 

11O3BOJIHeT IIJiaHIIpOBaTb II3roTOBJieHHe HaHO3JieKTpOHHbIX YCTpOHCTB C 3a,llaHHOH 

CTerreHbIO HeJIHHeHHOCTH B 3aBIICIIMOCTH TOKa OT HarrpH)KeHHH 
.•' 

,[vlx IlJIOTHOCTH TOKa C KpaH TIIIIa "Kpecrro" BOCIIOJib3YeMCH npII6JIH)KeHHeM 

He3aBHCIIMbIX KaHaJIOB [3, 5]. 

(1) 

<I>opMyrra HaIIHCaHa B rrpe,llTIOJIO)KeHHII, 'ITO 3aKOH coxpaHeHHH rrorrepe'IHOro 

KBa3HHMIIYJibCa BbIIlOJIHHeTCH. I1cnoJib3yeM CJie,llYIQIIIYIO O1.(eHKY ,llJIH K03qJqJHl.(IIeHTa 

-2-rz;;;i d 
1Ip03pa'IHOCTII Jj = e Ii ' r.r1e </> - pa6oTa BblXO,lla. C - paCCTOHHHe MC)K,lly 

COCC,llHHMII JIHCTaMII B .l\Byxcoil:HOM rpaqieHe, N - 'IHCJIO CJIOCB. MHorne aBTOpbI, 
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HanpnMep B [6], llCITOJib3YJOT BMeCTO 2.J2m¢ 
h 

2.3 A -l (oueHKa ,nJUI rpacpeHa) 

BeJilltJRHY 
do 

4 
2.8 A -l , r.ne d0 -cpe,nHHH ,nnnHa KOBaJieHrnoii CBH3ll pp!r ~ 1.35-

1.42 A. Kru< Bll.D:HO, TOT n ,npyroii BapnaHT ,naroT CXO)K~e BeJilltJllHhI. 3TO ITponcxo,nnT B 

CllJIY Toro, 'ITO K03cpqrnuneHT ITpO3patJHOCTll OITpe,neJUieTCH, C O,L{HOli CTOpOHbl, 

JaTYXaHlleM BOJIHOBOli q>YffKUllll aTOMOB Ha rpaHllll;e TBep,noro TeJia B BaKYYM, C 

,npyroii CTOpOHbl cpe,nHHH ,L{JlllHa JaTYXaHllH BOJIHOBOli q>YffKUllll aTOMa COOTBeTCTBYeT 

ITOJIOBllHe ,L{JlllHbl XllMlltJeCKOli CBH3ll. 

Tio,no6Hblli Bll,L{ D CITpaBe,nJillB ITpll MaJibIX d (ITOpH,nKa HeCKOJibKllX Me)KaTOMHbIX 

paCCTOHHllii), 3aBllCllMOCTb OT 3Heprllll ITpll 3TOM OTCYTCTByeT ll D MO)KHO BbIHeCTH 

H3-ITO,n 3HaKa llHTerpana. 11cITOJib3YH pHCYHOK 2, OITpe,neJIHM ITpe,neJibl 

llHTerpnpoBaHHH, BOCITOJibJyeMCH ITpH6JIH)KeHHeM HyJieBOli TeMITepaTypbI H 3aMeHHM 

CYMMllpOBaHlle ITO q llHTerpHpOBaHHeM ITO Py. TipOHHTerpnpOBaB ITO Py' ITOJIYtJHM 

Bblpa)KeHlle Bll,na 

• 4e V/2 

1 = hcNl D f P(e)de. 
y -V/2 

(2) 

MHO)KHTeJib 2 YtJHTbmaeT ,nBe K -TOtJKll B CITeKTPe. P(e) - ITJIOTHOCTb KaHaJIOB 

TYffHennpoBaHHH, B CJIYtJae BhmOJIHeHmI 3aKOHa coxpaHeHHH ITOITepe11Horo 

KBaJllHMITYJibCa, 3Ta BeJIHlJHHa eCTb ITepece11eHHe "TeHeii", TO eCTb ITpoeKD;llli 3OHHbIX 

CTpYKTyp Ha ITJIOCKOCTb, ITepITeH,L{HKYIDIPHYIO HanpaBJieHHIO TYHHennpoBaHllH ITPH 

,naHHOli 3Heprnn [7]. B CJIYtJae, Kor,na 3JieKTPO.D:bl COCTOHT ll3 MOHOCJIOH rpacpeHa, 

,nByxCJIOliHOro rpacpeHa C yrrru<OBKOli AB ll .D:BYCJIOliHOrO rpacpeHa C yITaKOBKOli AA 

llCITOJib3OBaHHe ITpH6JIH)KeHllH CHJibHOli CBH3H ITPllBO,L{llT K cne.nyroIUHM pe3yJibTaTaM 

PA(e)=2l ....!_ 
Y vFh' 

(3) 

pAB (e) = 1 .JI e I Cle I +r) + 0(1 e 1-r).JI e I Cle 1-r) 
Y h , 

VF 
(4) 
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PAA(e)=l le-al+le+al, 
Y vFh 

r.ne VF = 106 mis - KOHCTaHTa 30HHOH CTJ)yKT)'pbI, Ha3bIBaeMIDI CKOpOCTI,IO <l>epMII 

rpaq>eHa. CooTBeTCTBeHHO TOKII MO)l(HO HaHTII KaK 

•AB 2eD (2rl V J)112v 
1 =-h2 3 ' 

C VF 

(5) 

(6) 

(7) 

(8) 

r = a= 0.4 e V - rrapaMeTJ) CirnbHOH CBjJ:3Jf ,[\llil aTOMOB coce,[(HIIX JIHCTOB. B1,1pa)l(eHJfjJ: 

,[(llil TOKOB IIOJI)"leHbl B IIpII6JIII)l(eHIIH MaJibIX HaIIpjJ:)l(eHHH eV < r 

0 
-eV/2 

-eV 

c 

Puc. 2 llpoeicu.un 10111100 crpyKTypLI :meKTpo11ou 111 MonocnoH rpa4>e11a na 11anpaBJ1e1111e, 
nepne111111icynnp11oe TpancnopTy. 3ona nepece'lemrn 1aicpawe11a TeMHbIM. 

B HTOre Mbl paccqHTaJIII ·JaBHCHMOCTI, IIJIOTHOCTH TOKa OT HaIIpjJ:)l(eHHjJ: B 

TYHHeJibHOM KOHTaKTe c ::meKTpO.L\aMII m Tpex copTOB rpaq>eHa u o6napy)l(HJIH 

KpHTnqecKoe BJilijJ:HIIe 30HHOH CTJ)yKTYPbI 3JieKTJ)O,[\OB Ha xapaKTep 3aBIICHMOCTH TOKa 

OT HaITpjJ:)l(eHIIjJ:. B qacTHOCTII B cnyqae MOHOCJIOjJ: 3aBHCHMOCTI, jJ:BJijJ:eTCjJ: 

KBa.nparnqHOH, B cnyqae .[IByxCJIOjJ: AA - JIHHeHHOjJ: (BblIIOJIHjJ:eTCjJ: 3aKOH OMa), a B 

CJI)"lae .nByxcnojJ: AB - cTerreHHOil: co cTerreHhIO 3 I 2 . 
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AJILTEPHATHBHMI <l>OPMYJIHPOBKA K3,ZJ;. PEAKIJ;HH 
4HE(y, p)T, 4HE(y, n)3HE, 4HE(y, d) d 

A. E. Komnil:
2

#, <l>.3. KpHerroB
1
# 

1
11HCTHT)'T 3JieKTpoqm3HKli li PMmll(H0HHhIX TCXHOJIOrnil: HAH YKpaHHhI, 

r.XapbKOB, YKpaH:Ha 

2
XaphKOBCKHil: HarrHoHaJihHhIH YHHBepcnTeT HM. B. H. Kapa3HHa, r. XaphKOB, 

YKpanHa 

AHHOTAQIDI 

B HaCTO.Hll(eil: pa6oTe cqiopMyJIHpOBaH HOBhIH TI0,LIX0,LI, CB.H3aHHhIH C B03M0)KH0CThIO 

BBC,LICHH.H HCJI0KaJibHhIX B3aHMO,LICHCTBHH B KBaHTOB0H 3JICKTp0,LlliHaMHKe 

(K3)])[1],[2]. Pa3BHThIH TI0,LIX0,LI 0TKpbIBaeT B03M0)KH0CTh HCCJIC,LI0BaHH.H CBOHCTB 

pa3Jili'IHhIX CTpJKTYPHhIX CHCTCM. Ha 0CH0Be <PYH.LlaMCHTaJihHbIX rpe6oBaHHH 

KOBapHaHTH0CTlf li npocrpaHCTBCHHO-BpeMeHHOH 0,LIH0p0,LIH0CTH, npe.Ll)IO)KCH 

aJibTepHaTHBHhIH TI0.LIX0.LI Il0CTp0CHli.H KaJIH:6poBoqHO-liHBapHaHTHOH aMTIJIHTY.LlhI, 

orneqaromeil: pa3BaJIY cocraBHoil: .H.LlepHoil: CHCTCMhI. BamHeil:rnHM ornnqHeM ».LlepHoil: 

:meKTp0,LlliHaMHKli OT K3,ll; .HBJI.HCTC.H q>eHOMCHOJIOrnqecKOC HaJiliqlfe BCCX "nop.H,LIKOB 

TeopHH B03Myll(eHnil:" rro CHJihHOH CB.H3H. TIO.LIXO.LI rrpHMeHeH K peaKIIH.HM 

q>OTOpa_Cll(CIIJICHli.H 
4 He' C o6pa30BaHHCM B K0HeqHoM C0CT0.HHlflf .LIBYX qacTHII: 

4He(y,p)T, 4He(y,n) 3He, 4He(y,d)d. TeopemqecKHe pe3yJihTaThI, rroJiyqeHHhre B 

paMKax rrpe,LIJiaraeMOH M0,LleJIH, xoporno 0IIHChIBaIOT li3BCCTHhie 3KcrrepHMCHTaJihHbie 

,LlaHHbie. 

BBE,IJ;EHIIE 

l-IccJie,LIOBaHHe HCJI0KaJihHhIX B3aHMO,LICHCTBHH B K3,ll; H:MeeT ,LI0B0JibH0 

MHTCJibHYIO HCT0pHIO. OCHOBHOH 3Maqeil: .HBJI.HCTC.H H3yqeHH:e B03M0)KH0CTH 

pacrrp0CTpaHCHlf.H MCT0.[10B CTaH,LlapTHOH KBaHTOBOH 3JICKTP0.LllfHaMHKli, a HMCHH0 

coxpatteHH.H rpe6oBaHHil: 

'alex.koshchii@gmail.com 
1 kuznietsov@ukr.net 

K0BapHaHTH0CTH, JIOKaJihHOH 
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lIHBapiiaHTHOCTII lI npOCTPaHCTBeHHO-BpeMeHHOH 0.I(HOpO.I(HOCTlI, H~ , HenoJ(aJihHhie 

(CTPYKTYPHhie) qacTHIIhI [l]. B 3TOM CMhicne lIHTepeCHhIMlI HBIDIIOTCH nernHe H.npa 

UJ:eiiTPOH, 
3 He, 4 He), KOTOphie C , HeKOTOpoii: CTeneHhlO TOqHOCTh MO)KHO 

paccMaTPHBaTh KaK ::ineMeHTapHhie qaCTlIIIhI, B paMKax paccMaTPlIBaeMOH TeOplilI. 

TeopeTJiqecKoe OillICaHlie qJOTOH.I(epHhIX npo11eccoB· C H.I(paMII 
4He npe.I(CTaBIDieT 

oco6b1ii: lIHTepec • .H.npo 
4 He HBIDieTCH, C O.I(HOH CTOpOHhl: 4-ttyKnOHHOH ClICTeMoii:, .I(IlH 

KOTopoii: ToqHo pernaeTCH qeThlpexqaCTliqHoe ypaBHeHIIH Illpe.I(lIHrepa ( ero CillIH lI 

II30CillIH paBHhl Hynro ), C .npyroii: CTOpOHhI: H.npy 
4 He nplICYIIIlI MR Orne CBOHCTBa 

6onee TH)KenhIX H.I(ep. B qacTHOCTlI, OHO o6na.naeT aHOMaJihHO 6onhIIIOH nnoTHOCThlO B 

11eHTPaJihHOH o6naCTlI, qero He Ha6nro.naeTCH .I(IlH nerKIIX H.I(ep. IlpoBe.I(eHlie 

TeopeTJiqecKlIX lICCne.I(OBaHlIH B .I(aHHOM HanpaBneHlilI nplIBHOClIT, HeCOMHeHHO, 

KonoccanhHhlli BKna.I( B lICCne.I(OBaHlie MexaHII3MOB peaKIIlIH qJOTOpacmenneHIIH MaJIO 

HYKnOHHhIX CIICTeM. ,!l;aHHaH CTaThH IlOCBHIIIeHa o63opHOMY OilIICaHIIIO pa3BlITOro 

TeopeTliqecKoro IlO.I(XO.I(a K OillICaHIIIO ::ineKTPOMarHlITHoro pacmenneHlIH CBH3aHHhIX 

ClICTeM. 

AJlhTEPHATHBHMI <I>OPMYJIHPOBKA K3,!1; 

<l>yH.I(aMeHTOM qJII3IIKII ::ineMeHTapHhIX qacTlIII, HeCOMHeHHO, HBIDieTCH KBaHTOBaH 

TeOplIH KaJIII6pOBOqHhIX noneii:. OCHOBHhIM Te3IICOM, KOTOpoii: HBnHeTCH TO, qTo Bee 

B3aIIMO.I(eii:CTBIIH nepeHOCHTCH KaJilI6poBoqHhIMII IlOIDIMlI. O.nHaKO pa3BlIThlll HhIHe 

IlO.I(XO.I( nIIIIIh .naeT pe3ynhTaThl IllIIIIh nplI OillICaHIIII B3alIMO.I(eii:CTBIIH C nOKaJihHhlMII 

(6eCCTPYKTYPHhIMII) nonHMlI MaTepHH. BBe.neHHe B paccMOTPeHHe CTPYJ<TYPHhIX 

o6oeKTOB BCTPeqaeT HeKOTOphie TPY.I(HOCTlI. BhIXO.I( lI3 CilO)KJIBIIIeiicH CIIrya11HlI MO)KeT 

6hITh Haii.neH, ecnII y.noBneTBOplITh TPe6oBaHlIHM reoMeTPliqecKOH lIHTepnpeTaIIlilI 

KBaHTOBOH TeopIIII KaJIII6pOBOqHhIX noneii: Ha H3hIKe paccnoeHHhIX npOCTPaHCTB. 

CymecTByeT npaBIIno, KOTOpoe Il03BOIDieT cpaBHlIBaTh pa3nliqHhie nonH MaTepIIlI, 
' . . . 

onpe.neneHHhie B pa3nliqHhIX npOCTPaHCTBeHHO-BpeMeHHhIX TOqKaX. Ha 3TOM npaBHne 

OCHOBaHa II.I(eH «napannenhHOro nepeHoca» noneBhIX onepaTopoB BO BttyTPeHHeM 

npOCTPaHCTBe. EcnII Me)K.I(y 4-ToqKaMlI X II y npOCTPaHCTBa MlIHKOBCKOro 3a.I(aHa 
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MHpOB!UI JIHHH.11 17(s), OilHCbIBaeMa.11 ypaB~eHHeM x = Xµ(s), r.ne.s - :no napaMelp 

,!(JIHHbI KpHBoii, n: r.ne onpe.nerreHo KacaTeJibHoe npoc-rpaHCTBO Xµ = dxµ(s)/ds TO 

onepauHH napaJIJierr1,Horo . nepeHoca onpe.nerr.11eTc.11 KaK paaeHCTBO eymo 

KOBapn:aHTOHOH npOH3B0.l(HOH OT norreaoro onepaTOpa Dµt/J(x) B KacaTeJibHOM 

HanpaarreHHH ,!(JI.II KruK,!(Oll TOqKH -rpaeKTop1m: 

dxµ(S) vµ,,,c ) I - dxµ caµ . Aµ)•'•( ) I - 0 ~ 't' X x=x('r) - d. - ie 't' X x=x('r) - , 

PemeHn:e 3TOro ypaBHeHH.11 HMeeT BH,!(: 

t/J(x) = Peie f; Av(r)drv t/J(y), 

(1) 

(2) 

,/J;arree, onpe,neJIHM KaJIH6poaoqHO-IIHBapn:aHTHblM o6pa30M .nayxTotJeqey10 

qiyHKL(HIO fpn:Ha(3), OilHCblBa10uzy10 pacnpoc-rpaHeHHe 3ap.11)1{eHHOH qacrnu1,I H3 

npoc-rpaHCTBeHHO-BpeMeHHOH TOqKn: X B npoc-rpaHCTBeHHO-BpeMeHHYIO TOqKy y, H 

-rpexTOqeqHyIO qiyHKL(HIO fp11Ha( 4), Oill1CbIBa10uzy10 pa3BaJI COCTaBHOH CHCTeMbl C 

3ap.11,noM ez B npoc-rpaHCTBeHHO BpeMeHHOH TOqKe Z Ha .nae COCTaBJI.IIIOll(He C 3ap.11,naMH 

e1 ll e2 B npOClpaHCTBeHHO-BpeMeHHbIX TOqKax X II y COOTBeTCTBeHHO. 

D(x,y;A) = i < r(cp(x)/ef;Av(r)drvcp+(y)) > (3) 

G(x,y,z;{A}) = i < T(c/J(z;A)c/Jt(x;A)c/Jt(y;A)) > (4) 

Pa3rrara.11 <l>f B PM Teiirropa no aeKTop-noTeHun:arry B oKpeCTHocrn ToqKH Aµ(r) = 
0 6bma norryqeHa ClpYKTYPa o6o6meHHoii Karrtt6poaoqHo-3aMKttyToii aMnrrttry,n1,I, r.ne 

nepBbie lpll .nttarpaMMbl onpe,neJI.IIIOT CTaH,napTHblll IlOJIIOCHOH PM, a qeTBepTa.11 

oTBetJaeT peryrr.11pHoii coCTaBJI.1110meii (Pn:c. 1 ). 

+ 

l~ __ __;p;_o_l_e_s_et_o_f_d_ia-'g"-r_a_m_s __ ___, 

Pnc. 1. CTpyicrypa 060611\eHHOii KaJIHl'ipoeoqno JaMKHYTOH aMDJIHyYALI, 

regular part 
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PEAK.QHH ,ll;BYXqACTHqHoro Cl>OTOPACI.D;EilJIEHIDI 4He 

Ha OCHOBe npe,nnmKeHHOro IlOro{O):la 6bIJIH IlOnytieHI,I pa:mHqm,1e Ha6JIIO):laeMble 

,wui npoueccoB 4He(y,p)T, 4He(y,n) 3He, 4He(y,d)d. Ha PHc. 2 ,wui peaKUHH 

4He(y,p)T, 4He(y,n) 3He npe):ICTaBJieHHa yrnoBaH 3aBHCHMOCTb 

):IH<pq>epeHUHaJibHOro ceqeHHH. Ha PHC. 3 OT06pIDKeHa yrJIOBaH 3aBHCHMOCTI, 

J:IH<pq>epeHUHaJILHoro ceqeHHH peaKUHH 4 H e(y, d)d. 

0 I 2 .... I 2 
~Kol 

I 2 .... I 2 , .... 
Puc. 2. YrnosaB 38BHCHMOCTL AHcj>cj>epeHnHaJJLHOro Ce'leHHB peaKUHH (a) - 4He{y,p)T,(b) -

4He(y,n) 3He. 
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da/d!l µb/sr 

0.75 

o.s 

0.25 

30 60 90 120 150 180 
8,dcg 

Puc. 3. YrnosaH 33BHCHM0CTb AHcj>cj>epeu11uaJJbHOro CC'ICHHH peaKt1HHH: 
4He(y, d)d. 
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MATEMATHqECKOE MO,ll;EJIHPOBAHHE H 
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Ilpe,Zlce)laTenb ceK11uu: .Zl.q>.-M.H. B.C. Mene:lKHK 

CeKpcrapb ceK11uu: 0.A. KoBanb 
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IIPOCTPAHCTBEHHMI PEKOHCTPYKD;IDI OTKJIIIKOB 

qACTIID; BO BPEMH-IIPOEKD;IIOHHOH KAMEPE ,nETEKTOPA 

MPD HA KOJIJIAH,[(EPE NICA 

A.E. EacanaeB1, c.n. Mep1l 

1CTI6rY, r. Camcr-Ilerep6ypr, Poccm1 

2
JI<DB3 HM. B.11. BeKcnepa H A.M. ErumHHa, Ol:Ull:I, r. )zy6Ha, PocCHJI 

AHHOTA.QIDI 

B ~aHHOH pa6oTe npe~cTaBJieH anropHTM peKOHCTpYKIIHH OTKJIHKOB qacTHU BO 

apeMj{-npoeK11HOHHOH KaMepe ~ereKTopa MPD Ha KOJIJian~epe NICA ~Jlj{ 

nporpaMMHoro KOMnJieKca Mpc!Root. AnropHTM no3B0Jlj{ef nOCTpOHTb TpeXMepHoe 

pacnpe~eJieHHe X,Y,Z KOOp~HHaT po~eHHJI 3JieKTpOHHhlX KJiaCTepoB no 

pacnpe~eJieHHJIM 3apJI~a Ha cqHThlBalOIIIHX nJIOCKOCTJIX BpeMj{-npoeK11HOHHOH KaMepr,1 

~ereKTopa MPD. llccne~ercJI 3q>q>eKTHBHOCTL 

MO~eJIHpOBaHJfj{ pa6oThl BpeMj{-npOeK11HOHHOH KaMephl. 

BBE~HHE 

anropHTMa C noMOIIILIO 

O~HHM H3 npHopHTeTHhlX npoeKToB OJUlll JIBJijfeTCJI npoeKT NICA/MPD. 

OcHOBHOH rpeKOBhlH ~eTeKTop 3KcnepHMeHTa MPD - BpeMJI-npoeKI-UfOHHM KaMepa 

(TPC), 3anonHeHHM CMeCLIO aproHa H MeTaHa. 3ap.IDKeHHM qacTHUa, nponeTaJI CKB03b 

061>eM TPC, HOHH3Hpyer raJoByro CMecr,, o6pa3yroTCJI nonm1mTeJILHhle HOHhl H 

3JieKTpOHHhle KJiaCTepLI. 3JieKTpOHHhle KJiaCTephl no~ ~eHCTBHeM 3JieKTpJfqecKoro 

noJij{ ~penqiyroT K cqHTLIBa101I1HM nnocKOCTJIM TPC. Ilepe~ cqHTaaromHMH 

IlJIOCKOCTJIMH 3JieKTpOHHhle KJiaCTepr,1 non~alOT B nponopuHOH8JlbffYIO KaMepy, 

Bhl3LIBM 3JieKTpOHHLie JiaBHH@ C 3apMOM, nponopl-UfOH8JILHLIM KOJIHqecTBy 

:meKTpoHOB B 3JieKTpOHHOM KJiaCTepe. AHanH3HPYJI pacnpe~eneHHJI 3apMa Ha 

cqJfTJ,IBalOIIIHX IlJIOCKOCrnx TPC H 3HM noCTOJIHHYIO CKOpOCTJ, ~penqia 3JieKTpOHHhlX 

KJiaCTepoB, MO:lKHO nonyqJfTJ, TpeXMepHOe pacnpe~eJieHHe X,Y,Z KOOp~HHaT 

, po~eHHJI 3JieKTpOHHhlX KJiaCTepoB, nocne qero BOCCTaHOBHTh TpeK qaCTHUhl, 
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Bhl'IIICJIIITb ,Z:{JHI ~.ee norepII 3HepmII II n~.OTKJIOHeHIIIO B MarHIITH~M norre orrpe,nenIITb 

ee IIMIIYJI~C [lJ 
~ ; 

AJirOPIITM PEKOHCTPYKI,J,ll~ OTKJIIIKO~ qACTIIIJ, 

Bxoo11b1e oa1111bie 

B Ka'!eCTBe BXO,nHhIX ,naHHhIX anropIITMa IICIIOJih3yeTCH MaCCIIB CIIrHaJIOB co 

C'IIITbIBaIOW:IIX IIJIOCKOCTeil: TPC. C'IIIThIBaIOW:aH IIJIOCKOCTb rrpe,ncTaBJIHIOT co6oil: 

coe,nIIHeHHhie TparreIIIIH (T.H. ceKTOpbI), na Ka)K_nOll II3 KOTOI)hIX pacrrOJIO)Keno 

6oJibIIIOe KOJIII'!eCTBO C'IIITbIBaIOW:HX Me,nHhIX npHMOyrorrbHbIX IIJiaCTIIH - rra,noB [1]. 

Yrrpom:eHHM cxeMa C'IIITbIBaIOm:eil: ITJIOCKOCTII C MeHbIIIIIM KOJIII'!eCTBOM CeKTOpOB II 

rra,noB rrpe,ncTaBneHa Ha pIIc. 1. 

MaccIIB CHrnanoB IIMeeT BII,n TpcDigits[Sector][Row][Col][TimeBucket], r,ne Sector 

HOMep o,nHoro lI3 12 ceKTOpOB ,nByx C'IIITbIBaIOW:IIX IIJIOCKOCTeil: TPC (,nanee 

paccMarpIIBaeM TOJibKO 1 ceKTOp), Row - HOMep «CTpOKII» rra,na, Col - HOMep 

«KOJIOHKII» rra,na. no 3THM rpeM HOMepaM o,nH03Ha'!HO orrpe,nenHIOTCH KOOp,nIIHaTbl 

X,Y IIeHrpa na,na. TimeBucket - HOMep BpeMeHHoro OTC'leTa, T.e. e,nIIHIIIIa BpeMeHII 

paBHM MHHIIMaJihHOll pa3peIIIaIOm:eil: crroco6HOCTII ITO BpeMeHII 3JieKrpOHIIKII 

,neTeKTOpa. TaKHM o6pa30M, MaCCIIB co,nep)KIIT aMIIJIIIry,ny CIIrHanOB, Bbipa)KeHHYIO B 

3apH,nax 3JieKrpOHOB B TO'!Kax C KOOp,n1rnaiaMII X II Y, H3MepeHHbIMII C TO'IHOCThlO ,no 

IIOJIYIIIIIpIIHhl (norryBhICOTbI) rra,na II BpeMeHeM, II3MepeHHbIM C TO'IHOCTblO ,no 

BpeMeHHoro OTC'!eTa. 

B HacToHm:ee BpeMH IICIIOJih3yeTCH MaccIIB TpcDigits, rrony'!eHHhIM B pe3yJihTaTe 

Mo,ne;mpoBaHIIH pa6oThI TPC, peanmoBaHHoro B KOMnneKce MpdRoot. B 

MO,nerrIIpOBaHIIII B Ka'!eCTBe reHepaTOpa 'IUCTIIII HCIIOJih3yeTCH URQMD, TpaHCIIOpT 

'laCTIIII Mo,nerrIIpyeTcH c rroMOW:hIO rraKeTa GEANT3, reoMerpIIH ,neTeKTOpa 

Mo,nerrIIpyeTCH cpe,ncTBaMII MpdRoot. OcHOBHaH H,neH 3TOro anropIITMa B3HTa II3 

3KcrrepIIMeHTa MIPP, Fermilab [2]. 

Anzopum111 

AnropIITM MO)KHO pa36IITb Ha cne.nYIOW:IIe 3TaIIhI: 

■ Bh16op o,nHoil: «crpoKH» na,noB Row; 
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■ nOIICK HenpephIBHbIX o6nacTeii CIIrHana BhIIIIe ypoBHH ruyMa B nJJOCKOCTII 

(Col, TimeBucket), TaK Ha3bIBaeMhIX «npoTH)KeHHbIX KJJacTepom>; 

■ noIICK nIIKOB aMnJJIITY~hl CIIrHana BO BpeMeHII MH Ka)K~Oro na~a II3 

«npOTH)KeHHoro KJJacTepa»; 

Puc. I. C'IHTLIBaIOI.Lla!I DJJOCKOCTL. 

■ BhJqIICJJeHIIe ToqHoro BpeMeHII nIIKOB rryTeM B3Beruemrnro ycpe~HeHIIH no 

BCeM BpeMeHHbIM OTCqernM; 

■ 061,e~IIHeHIIe B «XIIThI» nIIKOB B coce~HIIX no Col na~ax, ~JJH KOTOphIX 

pa3Hlll-la BO BpeMeHII He npeBhII1IaeT 2 BpeMeHHhIX OTcqern; 

■ B3BerueHHOe ycpe~HeHIIe no KOOp~IIHaTaM Col «XIITa» II BhlqIIcJJeHIIe 

cpe~Hero BpeMeHII B TepMIIHax TimeBucket. 

Ilo nonyqeHHOMY cpe~eMy 3HaqeHIIIO Col n1,1qIIcJ1HeTcH Koop~mmrn X IICXO~Horo 

:meKTPOHHOro KJJacTepa, no cpe~HeMy BpeMeHII B TimeBucket II II3BeCTHOH CKOpOCTII 

~eiicpa 3J1eKTpOHHhIX KJJaCTepoB BhiqIICJJHeTCH KOOp~IIHaTa Z. B KaqecTBe KOOp~HaTbl 

Y 6epeTCH KOOp~IIHaTa ueHTpOB na~oB MH ~aHHOH «CTp0KII» na~0B. 

3,P,PeKmUBIIOCmb 

OueHKa 3cpcpeKTIIBHOCTII anropIITMa 6bIJ1a BhIII0J1HeHa C noMOIIIhlO MO~eJJIIpOBaHIIH 

pa60Thl TPC nyTeM BhlqIIcJJeHIIH 0TKJJ0HeHIIH BOCCTaH0BJleHHhIX K00p~IIHaT 

3J1eKTpOHHhIX KJJacTepoB OT 3a~aHHoro TpeKa qacTIIUhl. fIICTorpaMMa OTKJJOHeHIIH no 

KO0p~IIHaTe X ~ 42894 TpeKOB npe~CTaBJleHa Ha pIIC. 2. Cpe~Hee 3HaqeHIIe 

OTKJJOHeHIIH B 1.3 MM HBJJHeTCH ~OCTaT0qHo 60J1hIIIIIM, 0~HaKo, B npe~enax 
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,n;onycnIMoro [3]. KpoMe Toro, MO)KHO Ha6mo,n;aTb, tJTO MaKCHMYM pacrrpe,n;eneHH» 

CMemeH OTHOCHTenbHO cpe,n;Hero B CTOpoey MeHbWHX 3HatJeHHli rrorpeWHOCTH. 3TO 

,n;aeT OCHOBaHHe rronaraTb, tJTO OTKnOHeHHH MO)KHO yMeHbWHTb, HCcne,n;oBaB rrpHtJHHY 

IIOHBneHHH «XBOCTa» pacrrpe,n;eneHHH. 

BhlBO.l(hl 

PeanH30BaH anropHTM peKOHCTPYKUHH OTKnHKOB tJaCTHl{ H rrpOH3Be,n;eHa oueHKa ero 

3cpcpeKTHBHOCTH. AnropHTM Ha ,n;aHHOM 3TaIIe BbIIIOilHHeT B03IlO)KeHHYIO Ha Hero 

3a,n;atJy, o,n;HaKo Heo6xo,n;HMO ,n;orronHHTenbHoe nccne,n;oBaHHe H ,n;opa6oTKa c uenbIO 

IIOBbIWeHHH ero 3cpcpeKTHBHOCTH. 

z 
m 2500 
~ ., 
I= 5 2000 

"' :r 

1500 

1000 

500 

0o 0.1 0.2 0.3 0.4 0.5 0.6 

X residual 
Entries 42894 
Mean 0.1296 
RMS 0.1338 

Puc. 2. OnmoueuuH IWOpAHHaT uaiiAeHUblX KJJaCTepOB OT HCXOAHOfO TpeKa no OCH X. 
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CPABHHTEJlhHOE MOJIEKY.IDIPHO-~HHAMHqECKOE 

HCCJIE~OBAHHE IlJIABJIEHIDI H KPHCTAJIJIH3AD;HH 

HAHOKJIACTEPOB30JIOTA* 

C.A. Bacm1heB #' B. M. CaMCOH0B 

TBepcKott rocy,napcTBeHHhIH ymmepcHTeT, r. TBeph, Poccm1 

AHHOTAIJ,IDI 

C HCII0Jih30BaHHeM MeT0,Lla MOJieKyJI»pHOH ,LIHHaMHKH H II0TeHI.-1HaJia CHJihHOH CB.!13H 

rrpoBe,LleH0 cpaBHHTeJihH0e HCCJie,noBaHHe rHCTepe3HCa IIJiaBJieHH.!1 H KpHCTaJIJIH3aQHH 

,LIJI.!I HaH0KJiaCTepoB 30JI0Ta. Pa3MepHa» 3aBHCHM0CTh TeMrreparyphl IIJiaBJieHH.!I 

HaH0KJiaCTepoB 30JI0Ta, II0Jiy11eHHM C HCII0Jih30BaHIIeM pe3yJihTaT0B K0MIIhIOTepHbIX 

3KCnepHMeHT0B, C0II0CTaBJiena C M0JieKyJI»pH0-,LIHHaMH1IeCKHMH pe3yJihTaTaMH ,npyrHX 

aBT0p0B, a TaIOKe C pe3yJihTaTaMH .LIBYX He3aBHCHMhIX Jia6opaTOpHbIX 3KC1IepHMeHT0B. 

IIoKaJaHo, 1IT0 Harrm M0JieKyJI.!lpH0-,LIHHaMU1IeCKHe pe3yJihTaTbl ropa3,LI0 ny111IIe 

cornacyIOTC.!I C 3KCrrepnMeHT0M, 1IeM pe3yJihTaThl ,npyrHX aBT0p0B. 

IIpHMeHeHne aKTHBHhIX II rraccHBHhIX HaHopa3MepHbIX pa6011nx 3JieMeHT0B B 

3JieKTP0HHKe II .npyrnx HarrpaBJieHH.!IX HaHOTeXHOJIOrHH TPe6yeT 3HaHII.!I CBOHCTB 

HaH011aCTHI-I, B TOM 1IHCJie pa3MepHbIX 3aBHCHMOCTeH !IX CTPYKTYPHhIX II 

TepM0,LIHHaM1I1IeCKIIX xapaKTepHCTIIK. Oco6h1i1 IIHTepec rrpe,ncTaBJI.!IIOT CTPYKTYPHhie 

rrepexo,nhl, o6ycJIOBJieHHhie H3MeHeHneM TeMrrepaTyphl H ,npyrnx BHelIIHIIX 

yrrpaBJI.!IIOIIIllX rrapaMeTP0B. HccJie,LI0BaHH.!I B 3T0M HarrpaBJieHHII rrpe,ncTaBJI.!IIOT 

60JihlIIOH IIHTepec KaK C qiyH,naMeHTaJibHOH, TaK H C IIpHKJia,LIHOH T01IeK 3peHHH. 

,[(eHCTBHTeJihHO 11acTO rrpHX0,Ll~TCH CTaJIKHBaThC.!1 C .LIBYMH cne.ny101IIHMII KpaHHHMII 

T0'IKaMH 3peHII.!I. C 0,LIH0H CT0p0Hhl, MH0rne aBT0pbl 6e3 KaKHX-Jin6o 0fOB0p0K 

IICII0Jih3YIOT rrpnMeHHTeJibH0 K HaH01IaCTHI-1aM H ,Lla)l(e 0'IeHb MaJihIM KJiaCTepaM TaKHe 

II0H.!ITII.!I, KaK TepM0,LIHHaMJI1IeCKM qia3a, qia30Bblll rrepexo,n, IIJiaBJieHHe II 

KpHCTaJIJIII3aQH.!1. B 11aCTH0CTH, B paHHHX pa6ornx II0 K0MIIhIOTepHoMy 

'Pa6orn Bb!IlOJIHeHa npn IlOAAeplKKe P<l><l>H (rpaHT .N2 13-03-00119). 
# vsa8l2@yandex.ru 
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Mo,nem1pomunno, OTMeqeHHhlX B MOHorpaqnm [l], pe% 1I,ne-r o rrnaBneHIIII KJiacTepOB, 

co,nep)l{fillUIX MeHbIIIe 100 aTOMOB. C ,npyroil: CTOpOHbl, HeKOTOpbie crre111IanlICTbI no 

q>a30BbIM rrepexo,naM II q>II31IKe KOH,neHCIIpOBaHHOro COCTO.llHII.ll (CM., HarrplIMep, [2]) 

IlOnHOCTbIO OTplillaIOT rrplIMeHIIMOCTb TepMO,ZllIHaMIIKII K HaHoqacTIIllaM, B TOM q1Icne 

rrpaBOMepHOCTb rrp1IMeHeHII.ll lI3BeCTHOH q>OpMynhl TOMCOHa 

1 T~~) -Tm _ 20-se 
/I, ---- - --v 
~ r<~> R s' 

m 

(1) 

OITIICbIBaIOIIIeii pa3MepHyro 3aBIICIIMOCTb TeMrrepaTYPhl rrnaBneHII.ll Tm, T.e. ee 

3aBIICIIMOCTb OT pa,n1Iyca qaCTIIllhI R. 3,necb T~~> - MaKpocKorr1IqecKa.a TeMrrepaTYPa 

rrnaBneHll.ll, A~ - MaKpocKorr1IqecKoe 3HaqeHIIe y,nenbHOil: (B pacqeTe Ha aTOM 1In1I 

e,nlIHIIIIY MaCCbl) TerrnOTbl rrnaBneHII.ll, vs - y,nenbHbIH 061,eM rnep,noil: 

(Kp1IcTann1IqecKoil:) q>a3hI, O",e - Me)Kq>aJHoe HaTH)KeH1Ie Ha rpaH1I1Ie pa3,nena 

KplicTanna c co6crneHHhIM pacrrnaBoM. 

Eme B 70x rr. r. C. )I{,naHOBbIM [3] ,nn.a MeTann1IqecK1IX Ha.IIOKJiaCTepoB 6bm1I 

IIOnyqeHbl 6blllI He06biqHbie 3KCITep1IMeHTanbHbie pe3yllbTaTbl, B 3Haq1ITenbHOH 

CTerreHII ,nHCKYCCIIOHHbie _na)Ke cero,nH.ll. 3TII pe3ynhTaTbI CBII,neTenbCTBYIOT 0 

cymecTBOBaHIIII rncTepe31ICa IrnaBneHII.ll II KplICTannlI3auHII HaHoqacTIIII: 6bll0 

IlOKa3aHO, qTO TeMrrepaTYPa Kp1ICTannlI3aIIIIII 3aMe'fHO HII)Ke TeMrreparypbI IInaBneHII.ll, 

cna6o MeH.lle'fC.ll C II3MeHeHIIeM TeMrrepaTyphl, rrpliqeM KplIBbie rrnaBneHII.ll II 

KplICTannmaIIIIII ClllIBaIOTC.ll B o,nHy ToqKy rrplI HeKOTOpOM xapaKTepHOM pa,n1Iyce 

HaHOqaCTIIII Ri rrop.a,nKa 1 HM. .ll:aHHblll pe3ynbTaT .llBn.HeTC.ll COBeprneHHO 

HeO)KII,ZlaHHbIM C TOqKII 3peHll.ll KJiaCCIIqecKOH TepMO,ZllIHaMIIKII q>a30BbIX rrepexo,noB B 

MaKpOCKOrrliqecKHX q>a3ax, KOTOpa.a rrpe,nCKa3bIBaeT lllIIIlb o,nHy TOqKy rrepeceqeHII.ll 

KplIBbIX rrnaBneHII.ll II KplICTann1I3a1I1III, OTBeqaromyro MaKpOCKOmlqecKOH 

TeMrrepaTYPe q>aJOBoro rrepexo,na rrepBoro po,na T~~>. BMecTe c TeM, rncTepe31IC 

rrnaBneHII.ll II Kp1ICTanmI3auHII, o6HapymeHHblll B [3], 6bm 1103,nHee rrpe,nCKa3aH 

TeopeTnqecKH B. II. CKpnrroBhIM II B. II. KoBep,noil: [4]. TeopeTHqecKa.a 011e11Ka, 
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TeopemqecKH B. IT. CKpHIIOBbIM n B. IT. Koaep,noii [4]. TeopemqecKrur oueHKa, 

rrpe.ncTaBneHHaJI B [4] TaK)l(e ,naeT 3HaqeHne R; ~ lHM. Eonee HJIH MeHee coapeMeHHn1e 

cornacoBaHHble ,naHHblC O IIJiaBJICHHH H KpHCTaJIJIH3al(HH HaHoqaCTHU HBJIHIOTCH 

BCCbMa CKy,nHblMH. MO)l(HO, rrpaB.na, OTMCTHTb pa6oTy P. KocpMaHa n ,np. [5], B 

KOTOpoii rHCTepe3HC IIJiaBJICHHH H KpHCTaJIJIH3al(HH Ha6n10.nancH ,nJrn HaHoqaCTHU 

CBHHI.(a C IIOMOll(blO 3JICKTPOHOrpaqmqeCKOro MCTO,na. lICIIOJib3YH HX pe3yJibTaTbl MH 

TCMIIepazyp IIJiaBJICHHH H KpllCTaJIJIH3al(HH HaHoqacTHl( CBHHI.(a, HaMH Haii,neHO 

3HaqeHtte R; ~ 2 HM, KOTopoe xoporno cornacyeTcH KaK c MOJieeyJIHpHo­

.nnHaMnqecKHMH (M,[() pe3yJibTaTaMH ,nJIH HaHOKJiaCTepoB CBHHI.(a [6], TaK H C 

Ol(CHKaMH MH HaHoqacTHU HHKCJIH tt MC.Lill [7]. 

600 800 1000 1200 
-3.40 

T,K 

-3.45 

-3.50 

-3.55 

U, 3B 

Puc. 1. Kp11eL1e nJiaBJJeHIIH (1) 11 KpHCTaJIJllllaLllllf (2) KJiaCTepa l0JI0Ta, co11eplKall(ero 1000 
aT0M0B. 
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Pnc. 2. Pa1Mepnall laBHCHMOCTb TeMnepa-rypbl IlJlaBJICHHll nano1.:nacTepos lOJIOTa. 1 - Hamn 

pe1yJ1bTaTbl, 2 H 3 - MOJ1eKyJ1llpHO-,llHHaMH'ICCKHe pe1yJ1bTaTbl .11pyrnx asTOpOB (18) H [9), 
COOTBCTCTBenno), 4 n 5- 3KCnepHMCHTaJlbHble .11annble [10) n [11) COOTBCTCTBCHHO. 

Ha pIIc. l rrpeACTaBneHbI TeMrrepazypHbie 3aBIICIIM0CTII II0TeHIIHanbHOH tiaCTII 

yAellbHOH BHyTpeHHeii :meprnII u , 0TBetiaIOIIIIIe Harpeay ( I<J)HBaJI 1) II oxna~eHIIIO 

(KpIIBaJI 2) HaH0KilaCTepa. CornacHO pIICYHKY, IIMeIOT MeCTO tieTK0 BbipIDKeHHbie 

CKatIKII Ha KpIIBhIX rrnaaneHIUI II KpHCTanllH3aIIHII, 0TBetiaIOIIIIIe TeMrrepaTYPe 

rrnaaneHHH Tm =920K II TeMrrepaTYPe KpIICTannmauIIII J;, =820K, 

C00TBeTCTBeHH0. KaK BIIAH0 H3 pIIC.2, pa3MepHaH 3aBIICHM0CTb TeMrrepaTYPbI 

rrnaaneHHH HaH0KilaCTep0B 30Il0Ta, II0CTp0eHHaH Ha 0CH0Be Harrmx M,ll; pe3ynhTaT0B, 

ropa3A0 ny-qme cornacyeTCH C 3KCIIepIIMeHT0M, tieM pe3ynhTaTbI Apyrnx aBTOp0B. 
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CXEMA PACqETA PII,n;6EPrOBCKHX COCTO.SIHHH H 

CKOPOCTEH PACIIA,Lt;A B CHJihHbIX MArHHTHbIX IIOJI.SIX 

JI.X. JlhlOHr1•2# 

1Hl1Y "EenfY", r. Eenropo,n, PoccIDI 
2YHI..J; mum, r. ,[J;y6tta, PoccIDI 

AHHOT~HH 

B ,n1mroHaJII,HOM a,nna6aTJi'IeCKOM rrpn6nmKeHHH rronyqem,I B aHaJIHTHqecKOM Btt,ne 

co6CTBeHHbie 3HaqeHml H co6CTBeHHbie <pyHKIIIUI, AHIIOnbHbie MOMeHTbl H CKOpOCTH 

pacrra,na HH3Kone)l(amnx pn,n6eproscKHX cocTOHHHii I m I~ 200 so,nopo,nono,no6ttoro 

aTOMa s na6opaTOpHOM OAHOPOAHOM MarHHTHOM none r~ 2.35x10-5(B ~ 6T). 

IlOCTAHOBKA3A,lI,Aql1 

B IIHnHtt,npHqecKOll CHCTeMe KOOpAHHaT (p, z, tp) KOMnOHeHTa 'l'(p, z) BOnHOBOll 

<pyHKIIHH 'l'(p, z, tp) = 'I' (p, z) exp(1mtp) I ._/2; ,nn.a so,nopo,nono,no6ttoro aTOMa s 

aKCHaJihHO CHMMerpnqHoM MarnHTHOM none B = (0,0,B) y,nosneTBop.aeT ,nsyMepttoMy 

ypaBHeHHIO lllpe,nHHrepa s o6naCTH nc = {O < p < CXl,-<X) < z < CXl}: 

a2 1 a a 
--2 'l'(p,z)+A/I'(p,z) =T'l'(p,z), Ac =---p-+my+U(p,z), (1) 

& p~ ~ 
mi y2p2 2q 

U(p,z)=-2 +--+~(p,z), ~(p,z)=- ~-
p 4 v~+~ 

3,necb m = 0, ±1, ... - MarHHTHoe KBaHTosoe qncno, r =BI B0 = nOJc I (2Ry), 

B0 ~ 2.35 x 105 T -6e3pa3MepHhlll napaMeTp, onpe,nen.aromnii Hanp.a)l(eHHOCTh 

Marnnrnoro non.a B, OJc = eB I (m.c) = eB0y I (m.c) - IIHKJIOTpOHHM qacTOTa, q -

3ap.a,n .a,npa H T=2E- :meprIDI (s Pn,n6eprax, lRy = (1/2)/ a.e.). Mb1 ncnonhJyeM 

aTOMHhie e,nHHHIIhl n = m, = e = 1 H npe,nrronaraeM, qTo Macca .a,npa 6ecKoHeqHa. 

# Juonglehai_tcl@yahoo.com.vn 
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BonHOBITTI Q>YHKUIDI 'P(p,z) y.n;oaneTB0pHeT CTaH.n;apTHblM rpam1qHblM ycn0BIIHM II 

ycn0BIIIO 0pT0H0pMIIp0BKII. 

PeIIIeHIIe 'P~"(p,z) 3a.n;aqII (1) IIIIIeTCH pa3ll0)KeHIIeM rro Ha6opy lmax o.n;H0MepHbIX 

B MeTO.n;e KaHTOpOBIIqa, 6a3IICHble q>yHKUIIII B/p;z) II II0TeHUIIallbHbie KpIIBbie 

Eiz) (a Ry) orrpe.n:enHIOTCH KaK peIIIeHIIH cne.n:y10iueii 3a.n;aqII Ha co6cTBeHHbie 

3HaqeHIIH 

AcB/p;z) =E/z)B/p;z), (B;(p;z) I B/p;z)) P = Jo"' B;(p;z)B/p;z)pdp = 81;- (2) 

OTCIO.n;a rronyqaeM KpaeayIO 3a.n;aqy .n;llH CIICTeMbl lmax 06bIKHOBeHHbIX 

.n;IIq>q>epeHuIIallbHbIX ypaBHeHIIH BToporo rropH.n;Ka 0TH0CIITenbH0 Hell3BeCTHbIX 

K03QlQ)IIUIIeHTOB XU>(z): 

(-1 !2 + U(z)+Q(z) ! + d;:;z) )x<t)(z) =T1Ix<t)(z), (3) 

r.n:e I, U(z)=U(-z) II Q(z)=-Q(-z) - MaTPIIUbI3q>q>eKTIIBHbIXIIOTeHuIIanoa: 

C'"8B;(p;z) 8B/p;z) 
Uif(z)=E1(z)8;i+Hy(z), Hy(z)=Jo az az pdp, 

_ _ f"' . 8B/p;z) 
Iy(z) = oif, Qy(z)- -Qii(z)- -Jo B;(p,z) az pdp. 

CXEMA BhlqlfCJIEHIDI NA31ICHhIX <l>YHKQIIH 

1. B ypaBHeHIIII (2) rrepeii.n;eM K HOB0H rrepeMeHHOH p = ~ : 
vrl2 

r.n:e 
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2. IlocKOJibK)' K)'JIOHOBCKRH noTeHI~RaJI paCCMaT{)RBaeTCH KaK BO3MymeHRe, 

no3TOMY MO)KHO pa3JIO)KRTb ero B p».n: Teiirropa B OKpecTHOCTH TO'IKH ( Xo = x.,r ): 

V ( )- - ~v(k)( ) k - &q cq(x-x,r) 3c
2
q(x-x,y)

2 

c x,z - ft x,z c - y(z2+2x,)112 r2(z2+2x,)312 2y3(z2+2x,)5'2 , ... , 

r.n:e & - qiopMaJibHblH napaMeTP, OTMe'Ia10mnii nopH.[(OK MaJIOCTR 'IJieHa pa3JIO)KeHRH, 

KOTOpbIH no OKOH'IaHRR pactJ:eTa 6y,n:eT noJIO)KeH paBHbIM 1, x, = p; I 2, p, -

napaMeT{), ero 3Ha'IeHne B pacqernx 6bmo Bb16paHo p, = ✓2 Im I Ir. 

3. .D:JIH ypaBHeHRH ( 4) npR q = 0 R3BeCTHbl crre.n:y10mne perneHRH 

x 1ml 
B(Ol (x) = C e -2 x 2 JJml (x) 

J nlml n ' 

I 

cnlml = [rn !/ (n+ Im I) !]2' 

r.n:e IJ;1(x) - noJIRHOMbl Jlareppa. 

4. PaJrrara» 011/z) R B/x;z) no cTeneHHM & , a B/x;z) R no 6a3RCHbIM 

<pyHKURHM 

kmllll knwr. smait 

DA/z)= ~:>kA~kl(z), B/x;z)=B~0l(x)+ ~:>k I, b~~;(z)B~~.(x,z), npRMeHHH 
k=l k=O s=-smu. 

peKyppeHTRble COOTHOlllemrn )l.Jlll. nOJIRHOMOB nareppa, norry11aeM peKyppeRTRYIO 

CRCTeMy mrneHHbIX arrre6paR'IeCKHX ypaBHeHHH OTHOCRTeJibHO HeR3BeCTHb!X 

K031pqJRI~HeHTOB b!~;(z) II nonpaBOK 11t\z). Bhl'IRCJieHRH fihIJIR npoBe,n:eHbl B 

cncTeMe Maple .n:o k= = 6 (BpeM» BbIIlOJIHeHn» 30 ceKyH.D: Ha Intel Core i5, 3.36 GHz, 

4 GB) . .D:eTaJIR Bbl'IRCJieHRH npnBe,n:eHbl B pa6oTe [2]. MaT{)R'IHble 3JieMeHThl RMeIOT 

Bn,n: (j=n+l): 

E/z) = I,Et\z), 
kmM 

Hy(z) =I_H?l(z), 
k,,,, 

Qy(z)=I,Q?>(z), (5) 
k=O k=2 k=l 

co>_ ct> _ 2Z 2Z(2n-+j m f+-1) p;Z 
Ei -2y(n+(m+lml+l)/2), Ei (z)-- ~+ 2 2 312 2 2 312, 

,JZ2+p;. y(z +p,) (z +p,) 

Ec2i(z) = _ 2Z2(2n-+j m f+-1) 3Z[I m i2+2+6n Im f+-6n
2
+6n+3 Im f--y(2n-+j m f+-l)p;+p:r2 I 4] 

J y3(z2 + p;)3 y2(z2+p;)Sl2 
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Hf>(z)=9Z2 (2n2 +2nlml+2n+lml+l)[ 4 / 2 4 
y (z + P,) 

PACqET CKOPOCTEH PACIIA,ll;A 
Ilapn:Har:rhHaJI CK0p0CTh r s➔J' pacrra.n;a C0CT0HHml I s) ,11;0 C0CT0HHHH Is') 

BhlqrrcnHeTCH II0 q>OpMyne: 

4 e2m;t -, - _ 2 -
r,➔t=- 3 l(s lrls)I, m,.,=(E;,-E,)/h, 

3 4,reofic 

r.n;e &0 = 8.854187817 • 10-12 <I>JM- .n;mneKTprrqecKaJI npoHrrn:aeM0CTh, E,, = E_,.E 8 H 

(s' Ir Is)= aB(s' Ir Is) -3HeprnH H ,ll;HIIOllhHhIH M0MeHT BhipmKeHHhie B aT0MHhIX 

e.n;HHHU:ax E8 =2Ry=4.35974434·10-18 
.D:)K, a8 =0.52917721092·10-10

M. Omo.n;a 

rronyqaeM q>OpMYny ,ll;AA BhrqrrcneHHH CK0p0CTH pacrra.n;a (B o6paTHhIX ceeyH,n;ax) 

rs➔s' = 2.142•1010 (£ .. -Ej I (s' Ir Is) 12 
xc-i, (6) 

I (s' Ir Is) 12= (1 I 2) I (s' I pe-,,p Is) 12 + I (s' I z Is) 12 +(1 I 2) I (s' I pe+•,p Is) 12, 

qepe3 6e3pa3MepHbie 3HepmH E,,' npo.n;onhHhie H (s' I z I s) norrepeqHbre (s' I pe±•,p I s) 

,ll;HII0llhHhie M0MeHThl. 

B rn6nHn:e 1 II0KaJaHhl pe3ynhTaThl BhlqHcneHHH rrapn:Har:rhHOH CK0p0CTH pacna.n;a 

(6), nonyqeHHhre qHcneHH0 c noM0ll.lhIO nporpaMMhI KANTBP 2.0 [l] c 

HCII0llh30BaHHeM aHar:rHrnqeCKH 3q>q>eKTHBHhIX TI0TeHn:Han0B (5) H 3HaqeHHH 3HeprnH, 

BhlqHcneHHhie B npH6ntt)l(eHHH KaHTOpOBHqa (K) npH jmax = 6, H nonyqeHHhie B 

a.n;Ha6arnqecKOM rrpH6nH)KeHHH · (T.e. rrpeHe6peraH B CHCTeMe ypaBHeHHH (3) 

He,n;HaroHar:rhHhIMH MarpHqHhlMH 3neMeHTaMH): 

2E. ::::: 2Em,c; = u<O) + E(O) +"Km., .J:(K-1) 
Is) i,v ti 1;v ,L.,JJc=2 ':,J;v ' 

coJ _1:0J = 3U?>(2v
2 

+2v+l) 
qi;v = mz/2v + 1), '=>i;v 4m2. ' 

_1:(2) = 
':,J;v 

z,1 

(2v+1)(17v2 +17v+2l)(u?>)2 5(2v+1)(2v2 +2v+3)U;<6> 
5 + 3 

16m,,, 8mz,i 

(7) 

<I>opMynhI (7) 6hmH rronyqeHhl C II0M0ll.lhIO pa3ll0)KeHHH B pH,11; Tewnopa .n;o z
2
K-

3q>q>eKTHBHhIX rroTeHU:Har:roB U;;(z)=E;(z)+H;;(z)=U;;(O)+m;,/ +ut>z4 +u?>z6 + ... H 
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no 6a:mcy co6crneHHbIX <pYHKIJllll rapMOHll'IeCKOro OCIJllJimITOpa c 1IaCTOTOll m,,i. B 

Ta6JIHIJe 1 IIOKa3aHbl TaIOKe pe3yJibTaTbl .l{ml :meprnii: rrony11eHHbie B a,l{ua6aTH1IeCKOM 

rrpu6JimKeHllll. KaK Bll,l{HO ll3 Ta6JIHIJhl, TO'IHOCTb Bbl'IllCJieHID! B a,l{ua6aTH1IeCKOM 

2 
rrpH6JimKeHHll llJlll llCIIOJib3YH pa3JIO)I(eHHe IlOTeHIJllaJia ,l{O 1IJieHOB IIOpH,l{Ka z ' 

COCTaBJIHeT 10-6 (T.e. 0.1 %), 'ITO COOTBeTCTBYeT 3KcrrepuMeHTaJibHOll TO'IHOCTll. 

Ilony11eHHbie 3HatieHHH CKOpOCTll pacrra,l{a COBIIa,l{aIOT C rrpe,l{CTaBJieHHbIMII B pa6oTe 

[3]. 

Ta6JIUl.la 1: Ilap11naJILUa11 CK0p0CTL r.i➔s' pacna11a C0CTOIIHHII I s)=l j,vp;n) /10 

I -')--' ., ' ' ') I -) 2Eli) 2£1.i) 2£1i) s -, 1 ,v ,O' /11 • B C0CT0IIHHH s 3Ha'lennn 311eprnn K ' H " A BLl'IHCJIIIIOTCII C 

Il0M0W.LIO npn6JIUlKeHHII (K) npn jrnax = 6' B llHQJIUfflU'leCKOM BU/)e B 11uaro11aJILH0M 

npn6JIHlKennn c palJI0lKenneM '1Jy11K11n11 U;;(z) B p1111 Teiinopa 110 'IJienoB nop1111Ka Z
2 

(H) u z
10 

A). 

lj,v,a,m) I j', v', a', m') r.1➔ .. •• r.i➔,.[3], 2Ef>, 2£~>, 
s-1 s-1 10-4 Ry 10-4 Ry 

I 2, l,+ 1,-200) I 1, l,+ 1,-201) 13.1 13.7 -4.2993 -4.2998 

I 3, 1,+ l,-:- 200) I 2, 1,+ 1,-201) 26.3 27.5 -3.7817 -3.7830 

I 1, 2,-1,- 200) I 1, l,+ l,- 200) 0.180 0.178 -4.7350 -4.7333 

I 1,3,+ 1,- 200) I 1, 2,-1,- 200) 0.345 0.342 -4.6547 -4.6470 

I 1, 1,+ 1,- 200) I 1, 1,+ 1,-199) 0.045 0.044 -4.8169 -4.8168 
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DEFINITION THE FRACTAL MODEL OF DIFFUSION MAIN 

PARAMETERS FOR SEMIBOUNDED TWO-LAYER ONE­

DIMENSIONAL MEDIUM 

E.S. Mogileva# 

Penza State University. Penza, Russia 

ABSTRACT 

Inverse problems without initial conditions for the diffusion equation of fractional 

order at the time for semi-bounded two-layered medium are investigated. The algorithm 

of identification of the fractal model parameters proposed. Formulas for calculation of 

the generalized diffusion coefficient ;\., and index of anomalous diffusion ~ received. 

Length values of cross-border layer found. 

INTRODUCTION 

Inverse coefficient problem for the homogeneous case. Ivashchenko D.S.(1] 

considered the solution of the inverse problem for the diffusion equation of fractional 

order with constant coefficients in its work. Solution of boundary value problems 

without initial conditions or signal problems is realized with the help the Riemann­

Liouville differential operator. The impact of initial conditions practically no effect on 

the temperature distribution at the time of observation in the problems of this type. 

Boundary condition: ,DiPu(x,t)=A2 82

2 u(x,t), u(O,t)=Aeiwt_ 
ax 

Solution of boundary value problems without initial conditions is written in the form 

( . t (iw/ ) 1w---x 
u(x,t) = Ae l 

A real part of the expression is of the form 

wflx p:r B 
(--cos-) w X /J;r 

u(x,t) = Ae l 2 cos(wt-Tsin2 ). 

# e-mail: ElenaSergivan@yandex.ru 
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Let's based on the solution u(x,t) and the additional condition u(x0 ,t1) = c1 . We 

define our values J and /3, where u(x0 ,t1) is experimentally found value u for the 

distance x0 from the source at the moments of time t j. Let u( x0 , t0 ) = c0 , 

Jr 
u( x0 , t1) = c1 are set and condition t1 - t0 = - fulfilled. Coefficient problems 

2w 

consist in the search for J , /3 and J , /3 at the same time. 

INVERSE COEFFICIENT PROBLEM FOR THE HOMOGENEOUS CASE 

The inverse problem l consists in the definition of the generalized diffusion 

coefficient A for a given index of anomalous diffusion ~ to the data of the inverse 
- -

problem. c0 = u(x0 , t0 ), C1 = u(x0 , t1). 

wflx p,r p . wflx f],r . B /J 
--cos- w X /J,r -COS'-- w X • 1r 

c0 = Ae ..i 2 cos(wt
0 
---sin-),C1 = Ae ..i 

2 cos(w/1 ---sm-) 
J 2 ,1 2 

The solution of the inverse problem 

A-= 2w-°xo cos /31r 
2lnA-ln(c~ +ch 2 

(1) 

The inverse problem 2 consists in the definition index of anomalous diffusion ~ for a 

given of the generalized diffusion coefficient J to the data of the inverse problem. The 

solution of the inverse problem w-8 cos( /Jtr) =~In( 
2 
A

2 

2
) 

2 2x0 c0 +c1 

PROSPECTS 

The inverse coefficient problem for the case of ideal contact on the real half-axis. 

Statement of the inverse coefficient problem without initial conditions for the diffusion 

equation of fractional order at the time with constant coefficients for the case of one 

point interface on the real axis. The first inverse coefficient problem - to define the 

generalized diffusion coefficient J if /3 is fixed. Let's calculate 
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] 2k, R [ A iwt -a .... =--- e e e 
k, +k2 

2k . -ax. + xe-a<x,+21i 2k . 
U21(Xo)+xu2,(Xo+2/)=--1-Im[ Ae'w,e -a2/ ]=--1-Im[ Ae'wle-ax. 

k1 +k2 1+ xe k, +k2 

In the considered formulas from work [1] we will replace c0 ,c1 on c0 ,c1 respectively, 

Remark. Ivashchenko D.S. proposes as a solution of the second the inverse problem 

equation in the work [l]. This equation does not give explicit algorithm for calculate the 

index of anomalous diffusion /J. Let's submit an explicit solution to the second of the 

( 
• ) (iw)P 

. bl 1 ' d fi . h Co + lC1 -iwt ---<-x mverse pro em. et s e me u = c0 + 1c1 t en ~-~e = e . 
A 

C +ic '!_;p WP 
Passing to logarithms, we have Jn-0

--
1 -iwt = -e 2 -x. 

A l 

Let's equate absolute values of the right and left parts: 

1

1 2 2 • I wP 

2In(c0 +c1 )-lnA+z(q,-w) =""Tx0 • 

Then wP =~ /(.!.ln(c0
2 +c1

2 )-lnA) 2 +(q,-w) 2
• 

x0 V 2 

As a result, we obtain an explicit formula for /J : 

In[ Jc/ +c/ /4 (,1, )2] ----+- 'f'-wt 
Xo A2 Xo . /J =-~-------=,¢ = arg(c0 + 1ci). 

lnw 
(2) 

The inverse coefficient problem - to define the length I. We calculate the unknown 

parameter with the help of available measurements. Let's enter new designation b -
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relation of coefficients thermal diffusivity of two substances. 

[ 
.r;;; l In l - b c, - e --;;:-•, 

l+b _&,, 
e a, -c, (3) 

2 Ji; 
a, 

CONCLUSION 

Inverse coefficient problem for the homogeneous case, the inverse coefficient 

problem for the case of ideal contact on the real half-axis are investigated. Solution 

signal problems is realized with the help the Riemann-Liouville differential operator. 

Inverse problems without initial conditions for the diffusion equation of fractional order 

at the time for semi-bounded two-layered medium are solved. Formulas for calculation 

of the generalized diffusion coefficient A, and index of anomalous diffusion p received, 

length values of cross-border layer found. The algorithm of identification of index of 

anomalous diffusion p proposed. 
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DETECTION OF GAS-DYNAMIC FIELDS SINGULARITIES AND 

ADAPTATION OF GRID TO THE SINGULARITIES POSITION 

A. Plenkin# 

Keldysh Institute of Applied Mathematics RAS, Moscow, Russia 

ABSTRACT 

Previously authors developed the wavelet based algorithm allowing to localize 

singularities in gas-dynamic fields calculations received with use of shock capturing 

methods. Efficiency of use of the specified algorithm for grids adaptation to the singularities 

position is demonstrated. Analogs of shock waves existing when modeling flows on ideal 

model are localized during research of structure viscous 3D flow. 

INTRODUCTION 

Shock capturing methods are widely used in the calculations of gas-dynamic flows. 

They universality is incomparable because they can do without information on the position 

of discontinuities. At the same time, this approach leads to the erosion of discontinuities 

which may have a negative affect on the accuracy of a calculation. Moreover, it is the 

position of shock waves in the flow that often is of a special interest. Thus an inverse 

problem, i.e., to localize and classify the discontinuities in the field obtained in the 

calculation. Until recently, this problem was solved manually after the calculation was 

completed. At present, there is a need for algorithmic localization directly during 

calculation, in order to build adaptive grids and increase the quality of the calculation. The 

efficiency in the use of adaptive grids in the calculation of gas-dynamic flows has been 

vividly demonstrated in [I, 2]. The algorithms used for these purposes should be universal 

(applicable to any data obtained as a result of the calculation), and should not need 

individual adjustment for each class of flows. 

Method for the localization of the gas-dynamic fields' singularities in the case of conformal 
rectangular grids has been developed in [3]. However, the condition of 

# golden_ dragon_ 84@mail.ru 
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conformity is a significant .limitation for the problem of adaptive grids. Therefore, in 

[4], the method has been generalized to arbitrary grids. A set of filters that allow to 

exclude most of the artifacts and to enhance the quality of.localization had been also 

developed. Thus, there was build an algorithm, as input data. it gets fields of physical 

values of density and pressure assigned in the nodes of the computation grid. As a result 

of the detection each grid node is associated with a natural number that characterizes the 

flow around this node. Feature of the method is so that it does not require fine tuning 

(the same threshold sensitivity and filter sets can be effectively used for many different 

tasks), that allows to use it in automatic mode. 

One of the ways to use the detector for adaptation of the calculation to the position of 

the discontinuities is presented and tested in this paper. The use of adaptive method 

improved the quality of calculation by reducing the erosion zones of discontinuities. 

Algorithm proved effective in the treatment of three-dimens.ional data. He wa,s tested 

on a three-dimensional model data, and on the calculation of the problem of supersonic 

flow past a body at an attack angle of six degrees. The detector has demonstrated high 

• accuracy of discontinuities localization. 

ADAPTATION OF THE COMPUTATIONAL GRID TO THE 

DISCONTINUITIES POSITIONS. 

Let us consider the approach of detector application for adaptation of the calculation 

to the discontinuities position for the one-dimensional problem of decay and interaction 

breaks in the pipe under the action of pulsed energy input. 

At the initial time three regions with constant values of flow variables are given: 

(1) the unperturbed stationary gas: x > 2, p1=1, u1=0, p1=l, 

(2) the volume part of energy input: 0 < x < 2, p2=l, u2=0, p2=12.4625, 

(3) the area behind the front of the falling shock wave: x < 0, p3=3.7629, u3=2.5194, 

p3=9.6450. 

Two shock waves and a tangential discontinuity between them are formed as the 

result gap decay at the point x = 0. Going to the left rarefaction wave, going to the right 
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shock wave and a tangential discontinuity between them are formed as the result gap decay 

at the point x = 2 . 

5 
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Fig. l. Density distribution in the calculation on the uniform adaptive grid containing 
2048 cells (left), and the discontinuities are localized in the calculation (right). 

The flow at the subsequent moments of time is calculated by numerical integration of of the 
unsteady one-dimensional Euler equations. One-dimensional version of the difference 
Godunov's scheme of 2nd approximation order had been used. Initially, the calculations 
were performed on a uniform moving grid, the boundaries of which correspond to the 

3 

2 3 4 X -u I 2 3 4 X 

Fig. 2. Density distribution in the calculation on the uniform moving grid containing 
256 cells (left). and in the calculation on adaotive !!rid /ri!!htl. 

position at the leftmost and the rightmost shock waves. Computation results on a grid 

containing 2048 cells are shown at Figure 1 (left). Then, the flow 
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discontinuities detection algorithm was introduced in the calculation. Discontinuities 

localization takes place at each step of calculation (Figure I right). 

Comparison of the localization results with the exact solution for the initial period of 

time was conducted to check the quality of breaks detection. For quality selection 

breaks, for the initial period of time, compared the effects of localization with the exact 

solution. For tangential discontinuities and shock waves received quite an exact match, 

the localized boundary ofrarefaction wave shifted inside the rarefaction wave. 

After this adaptive version of the calculation that uses information about the position 

of discontinuities obtained from the detector had been realized. First of all the 

localization of discontinuities in the source data ( or the initial data from the previous 

· step) at each step of the calculation was carried out. Then, the cells where the 

6 --;; 

4 

r-· 
2 i 

! I 

00 2 X 

Fig. 3. Density distribution at the moment t =5 in the calculation on adaptive (black), 
and non-adaptive (gray) grids. 

discontinuities were localized, and two their neighboring cells were divided into eight 

equal parts. Thus a non-uniform grid for the next step of the calculation had been 

formed. 

The results of non-adaptive calculation performed on a uniform grid containing an 

:256 cells, and adaptive calculation performed using information of gaps position on the 

non-uniform grid ( originally grid consists of 256 cells, but each cell could be divided 

into 8 equal parts), are presented at Figure 2 . 

The use of adaptive method significantly improved the quality of calculation by 

,reducing the erosion zones of discontinuities (especially tangential Fig. 3). 
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This example demonstrates the high accuracy of the singularities localization and the 

great potential of the detector application for the adaptation of calculation to the 

·discontinuities position. 

LOCALIZATION OF SINGULARITIES IN THREE-DIMENSIONAL 

COMPUTATION 

Let us consider the model field: 

Fig. 4. The results of discontinuities localization in model data. 

. 12 {i ~ 0.1 * ({J- 50 )2 + (k - 50 )
2

) 

_ 2, i ~ 0.1 * (j - 50 )2 + (k - 50 )2 _ ' J ~ 50 

P,,J,• -{i.ko,1•L-so)'+(k-soyl· P,.,., - i,[i<0.1*((J-50)2 +(k-5o)2
)' 

}<50 

where i,j,kEZ, 0:;;i<50, 0:;;j<lO0, 0:;;k<lO0. Thus, on one side of the 

paraboloid bowl there is a gap of density and pressure, it is simulating the shock wave, 

but on the other side there is only the density gap, it is modeling tangential 

discontinuity. 

The results of the discontinuities localization are shown at Figure 4. Dark surface 

corresponds to the shock wave, and light - the tangential discontinuity. Localization 

error is less than one grid cell. 
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The problem of supersonic flow past a body at attack angle of six degrees was 

Fig. 5. The results of shock waves localization at steps 176 000 (left) 
and 239200 (right). 

chosen for the analysis. The calculation is performed by the convergence for the Navier 

- Stokes equations on a grid consisting of 25 blocks. The results of the shock waves 

localization in the three computational blocks for two points in time are shown at Figure 

5. The structures corresponding bow shock wave and compaction arising for rarefaction 

wave flow around cylindrical bodies are clearly localized. 

The nonstationary process are also observed at the flow. The gap of weak intensity 

had been localized over the bow shock wave (Fig. 5 left). This jump is gradually 

moving away from the body (Fig. 5 right). With further convergence of the flow it has 

to leave the computational domain;·This fact indicates that the flow is not yet converges 

and further calculation requires. 

CONCLUSION 

It is shown that the algorithm o~ discontinuities localization allows to efficiently 

process three-dimensional calculations in areas with complex geometry and to suppress 

much of the artifacts. Detector also can be successfully used to improve the quality of 

the calculation by adapting to the discontinuities position. 
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PEAJIH3AII;HH AJirOPHTMOB PEKOHCTPYKII;HH 

OTKJIHKOB qACTHII; B TPC )];ETEKTOPA NICA/MPD HA 

rHEPH)];HblX BblqHCJIHTEJihHblX CHCTEMAX 

,[(.E. CocHOB# 

CII6fY, r. Camcr-IleTep6ypr, Poccm1 

AHHOT~ 

J,faytJeHIIe 3KCTpeMaJH,H0 rop.srtJell H IIJIOTHOll .sr.n:epHOll MaTepHH .IIBJrneTC.ll 

aKTYallhHOll 3a.n;aqeu COBpeMeHHOll <pll3HKJI BBHJJ:Y B03M0)KH0CTH o6Hapy)KeHH.ll 

CJia6oll3ytJeHHOro C0CT0.IIHIIH MaTepHH - KBapK-rmooHHOll IIJia3MhI, H3ytJa.ll K0Topyro 

M0)KH0 HCCJie,n;oBaTb Hatt6onee <pyH.n;aMeHTallbHble IIpo6JieMbl COBpeMeHHOll !pll3HKH. 

,[(JIH 113ytJeHH.ll CBOHCTB rop.srqeu H IIJIOTHOll MaTepHH B O6oe.n:ttHeHHOM lIHCTHTyTe 

51.n:epHI,IX Hccne.n:oBaHHll B r. ,[(y6Ha pa3pa6aThIBaeTC.ll ycKOpHTeJibHblll K0MIIJieKC 

NICA c .n:eTeKTopoM MPD. 

PABOTA KAMEPhl TPC 

OcHOBHhIM TpeK0BhIM .n:eTeKTopoM .IIBJIHeTC.ll BpeM.sr-IIp03KIJH0HHa.ll KaMepa, K0Topa.sr 

pa6orneT cne.n:yIOIIJHM o6pa30M: II0CJie CT0JIKH0BeHH.ll tJaCTHIJhI, JieTHIIJHe BHYTpH 

KaMepbI, H0HH3HPYIOT HaX0JJ:HIIJHHC.ll B KaMepe ra3. B03HHKaIOIIJHe H0Hhl .D:BHraIOTC.ll B 

CT0p0HY 3JieKTpo.n:a, HaX0JJ:HIIJeroc.sr B IJeHTpe KaMepbI, a 3JieKTp0HhI II0.D: .n:eiICTBHeM 

II0JI.ll - K CtJHThIBa-IOIIJHM IIJI0CK0CTHM, r.n:e CIIeIJHallhHOll CHCTeMOll K0JIHtJeCTB0 

' 3JieKTp0H0B yBeJIHtJHBaeTC.ll IIepe.n; CtJHTbIBaIOIIJHMH IIJI0CK0CTHMH H 3ap.sr)KaIOT HX. 

MO~JIHPOBAHHE 

,[(JI.II M0,[(eJIHp0BaHH.ll pa60ThI .n:eTeKTopa H o6pa60TKII pe3yJihTaT0B HCII0Jih3yeTC.ll 

' ctt-cTeMa MpdRoot, pa3pa6aThrnaeMa.sr na ocnoBe CHCTeMhI FairRoot. O.n:nou H3 

,[(0CTaT0tJH0 Ba)KHhIX IIpo6JieM .D:JIH orpa60TKH anropHTM0B, .IIBJIHeTC.ll BpeMH 

' M0)KeJIHpoBaHH.ll. O.n;HHM H3 peIIIeHHll .IIBJIHeTC.ll HCII0Jih30BaHHe apxttTeKTyphl 

. IIapanJieJibHhIX BhltJHCJieHHll C HCII0Jih30BaHHeM pecypcoB rpa<pHtJeCKJIX a.n:aIITepoB 

' (GPU) NVIDIA CUDA. Ilo IIpHtJHHe TOro, tJT0 apxHTeKTYpa rpa<pHtJeCKHX a.n:amepoB 

, # dmitry.sosnov@mail.ru 
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pa3pa6aTI,rnarrach ,l:IJUI ycKopemur oTo6pIDKeHH.H nnKcenoB, srnmnomnxcsr 

He3aBHCHMbIMH .r1pyr OT .r1pyra. 

IIOCJIE,ll;OBATEJibHblM BAPIIAHT 

ITocJie,[IOBaTeJibHblll BapnaHT MO,[leJIHpOBaHH.H BbIIlOJIH.HeTC.H cne.r1yiomnM o6pa30M: 

no ,l:laHHbIM m ncnoJib3yeMoro B MpdRoot nporpaM~Horo naKeTa Geant H Bb16paHHoro 

reHepaTopa qacnru onpe,l:leJUIIOTC.H HOHH3auHOHHbie noTepH, no KOTOpbIM HaxO,l:I.HTCH 

KOOp,l:IHHaTbl H KOJinqecTBO o6pa30BaHHbIX B KaMepe '.lJieKTPOHOB. ,ll;arree ,[IJUI KIDK,l:IOro 

3JieKTPOHa BbIIlOJIH.HeTC.H MO,[leJIHpOBaHHe npoxo)I()l;eHH.H 061,eMa KaMepbl TPC H 

ycnJieHHe nepe.r1 B3aHMO,l:leHCTBHeM co cqHTbIBaIOmHMH nJIOCKOCT.HMH. 3apsr,l:I C n3,[1OB 

HBJIHeTC.H BbIXO,[IHbIMH ,[laHHblMH, aHarrornqHbIMH no CTPYKType ,[laHHbIM, KOTOpbie 

6y.r1yr nonyqeHbl c ,[leTeKTopa nocne BBO,l:la ero B CTPOH. 

B arrropHTMe npocne:amBaeTC.H .HBHM He3aBHCHMOCTb no ,[laHHbIM, noTOMY 

npnMeHeHHe TeXHOJIOrHH CUDA ,[IOJI)l(HO ,[laBaTb 3HaqnTeJibHblli npHpOCT CKOpOCTH 

no.r106noro BbNHCJieHH.H. 

IIAPAJIJIEJibHblM BAPIIAHT 

B TaKOM cnyqae naparrneJibHbIH BapnanT opraHH3OBaH cne.r1y10mnM o6pa3oM: no 

aHaJIOfHH C nocJie,[IOBaTeJibHblM peIIIeHHeM HaxO,l:I.HTC.H '.lJieKTPOHbl H ,[IJUI KIDK,l:IOro H3 

HHX, He3aBHCHMO .r1pyr ,[IJUI .r1pyra BbIIlOJIHHeTC.H MO,l:leJIHpOBanne. 

BbIBO,ll; 

Ha TeKymnil: MOMeHT BBHLIY H3MeneHH.H Me)I()l;y BapnaHTaMH NVIDIA CUDA 

BeJinqnna Toqnoro ycKopeHH.H BCJie,l:ICTBHH npe,l:ICTaBJieHHbIX H3Menennil: He nonyqeHa, 

npH TOM, qTO ycKopeHH.H naparrneJibHOro BblqHCJieHHH Han6onee TPYLIO3aTpaTHOfO 

3JieMeHTa MO,[leJIHpOBaHH.H - npoXO)l(,l:leHH.H ycnnenmr H COCTaBJI.HeT nop.H,l:IKa 50-60 pa3. 
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HCCJIE~OBAHHE <l>A30BhIX IIEPEXO~OB B MATEPHAJIAX 

IIPH OliJIYqEHHH MX T.H'.>KEJihlMH HOHAMH • 

H.B. AMttpxaHoB, 3.K. Tyxnuea, 3.A. lllapttnoa
1
# 

JIHT, OIUIH, .[(y6Ha, Poccmi: 

AHHOTAI.J,IDI 

B pa6oTe npoBe,[(eH0 HCCne,[(0BaHHe <pa30Bh!X nepeX0,[10B B HHKene IIpH 06ny11eHHH 

ero TH)Kellh!MH H0HaMH ypaHa B paMKaX M0,[(enH TepMHtieCKoro IIHKa. qucneHHhIM 

M0L(enttp0BaHHeM nonYtJeHhI pa3MephI o6nacTeii, r,[(e npottcX0LIHT npou;ecc nnaaneHm1, 

H npoBe,[(eH cpaBHHTenhHhlll aHanH3 C M0,[(enhIO, r,[(e He YtIHThIBaIOTCJI <pa30Bhle 

nepeX0,[(hl. 

BBE)J;EHIIE 

O,[(HOH H3 nepcneKTHBHhlX H 6h!CTpO pa3BHBaIOIIJ;HXCJI o6nacTeii npHMeHeHHJI 

MaTeMaTHtieCK0ro M0,[(enttp0BaHHJI JIBnJieTCH pa,[(HaIJH0HHaJI <pH3HKa. AKTHBHh!e 

Hccne,[(0BaHHJI B o6naCTH pa,[(HaIIHOHHOH <pH3HKH II0Ka3anH, 'ITO pa,[(HaIJH0HH0-

CTHMYnHp0BaHHh!e npou;ecChl npHB0,[(HT K KatieCTBeHH0MY H3MeHeHHIO CBOHCTB 

06ny11aeMhIX MaTepttan0B. B 0CH0Be 3THX CTpYKTYPHh!X H3MeHeHHll ne)KaT pa3nHtIHh!e 

qJH3HtieCKHe npou;eCChl (TeIInOBhie, L(H<p<py3HOHHhie, TepMoynpyrne H np.). 

IlpoBe,[(eHHe narypHh!X 3KCIIepHMeHT0B B 3THX o6nacrnx C0IIpJI)KeH0 C 6onhIIIHMH 

TpYLIH0CTHMH (TaK KaK HCcneL(yeM9Ie npou;eCChl IIp0HCX0,[(JIT 3a 0tieHh Manhie BpeMeHa t 

::::: 10-1-10-15 
c), oco6eHHYIO aa)KHYIO ponh npuo6peTaeT npoBe,[(eHtte MaTeMaTtt11ecKoro 

M0,[(enttp0BaHHJI. 

Mo,[(enHpOBaHHe ,[(HHaMHKH <pa30Bh!X nepeX0,[10B THIIa nnaaneHHe HnH 

3arnepL1eBaHHJI ocymecrnnJieTcJI ·Ha· ocHoBe 3a,[(atIH CTe<paHa. B HacToJimeii pa6oTe 

qla30Bhlll nepexo,[( M0,[(enttpyeTCJI B paMKax 3HTanhIIHHHOro II0,[(X0,[(a [I]. 

IlOCTAHOBKA3A.[(Aqll 

• Pa6orn BblIIOJ!HeHa IIpH <jmHaHCOBOii no,zmeplKKe MHH06pttayKH PocCHH no rocyAapcrneHHOMY 
KOHTpaKT)' N2 07.524.12.4019 OT 17.05.2012. 
# zarif@jinr.ru 
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B OCHOBe MO,nem1 TepMHqecKoro IIHKa Jie)KHT CHCTeMa .nayx CBH3aHHbIX ypaBHeHHll 

TerrrrorrpOBO.D;HOCTH .D;JIH :meKTPOHHOfO ra3a H KpHCTaJIJIHqeCKOll peIIIeTKH. 3m CHCTeMa 

ypaBHeHHll a UHJIHH.D;pHqecKOll CHCTeMe KOOp.D;HHaT HMeeT crre.nyroIIIHH BH.D; [2]: 

C,(T,) a~ = ( ~ ;r (rJ, (T,) ~) + r\ aaq,( l,(T,) ;:,: .)+ ;z ( l,(T,) ~~) )- (1) ' 

- g(T,)(T, -T; )+ A, (r, <p, z, t ), 

C;('.f;) a: = u :r (rl; (T;)~; )+ r\ aaq,( A; (T;) :; )+ :z ( l;(T;)~;) )+ (2) 

+ g(T,)(T,-T;)+A;(r,<p,z,t), 

Bee q>H3HqecKHe rrapaMeTPbI, BXOMIIIHe B CHCTeMy (1)-(2) rrpHBe,neHbl B [3]. 

HcTOqHHK HMeeT crre,nyIOIIIHH BH,n: 

A,.;(r, <p, z, t) = f1 (r)f2 (<p)f3 (t)Sinel.ph (z)' 

HopMnpoBaHHbie Ha e,nnHnuy qiyHKUHH J;, (i = 1,2,3) Bb16npaeM crre.nyroIIIHM o6pa3oM: 

1 
f..(r) = 2 exp(-r I ro), 

ro 

f,(t)= ,i-:: exp(-(t-St,)') H 
-v 2,r 0, 2'5,' 

f 2 (<p) =-
1-[1 + f (c1m cosm<p+c2m sinm<p)], 

2tr nr-1 

z_ 

f (Sm,1 (z) + S ph (z))dz = E0 
0 

r.ne E, - :meprHH Ila.D;aIOIIIero HOHa, s;~,(z) H s ph (z) COOTBeTCTBeHHO orrpe,neJIHIOT 

IIOTepn 3Heprnn HOHa OT rrry6HHbl B MHIIIeHH Ha B036~,neHHH 3JieKTPOHHOll H 

q>OHOHHOH IIO.D;CHCTeM. 3TH q>YHKUHH BbJqHCJIHIOTCH rrporpaMMOll SRIM-2012 

(http://www.srim.org). 

IIpe.nrrorrarM, qTO q>H3nqecKne rrapaMeTPbI C,,C1,A,,A1,g rrocTOHHHbie, T.e. He 

3aBHCHT OT T,.i (rrHHeHHM 3a,naqa), peweHHe CHCTeMbl (1)-(2) HIIIeM B BH,ne: 
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M 

T,,;(r,<p, z,t) = Ta,,,i(r, z,t) + LTm,,,;(r, z,t)[clm cosm<p+ C2m sinm<p]. 
. m~ 

Tor.n:a ,n:IDI <p)'HKIJ;Im Tm.,,i (r, z, t), (m = 0,1,2, ... , M) norryqaeM cncreMy ypaBHeHnil: 

(3) 

(4) 

CncreMa (3)-(4) pernaercH HeJaBHCHMO ,n:IDI Ka)l(,n:oro :maqeHHH m co crre.n:y10mnMH 

HaqarrbHbIMH H rpaHHqHbIMH ycJIOBHHMH: 

ar 
r=O 

, arm,,,; (r, z, t) 
ar 

=0, Tm,i(r,z,t~ =0, m=l,2, ... ,M 
, ' ~r=O 

= O, dTm.,., (r, Z, t) 
dZ 

ar .... , (r' z, t) =0, -~---J 

dZ 

(5) 

=0. m=0,1, ... ,M (6) 

.n:llil qncrreHHOro perneHHH norryqeHHbIX ypaBHeHHH 6bma HCilOJib30BaHa KOHeqHO­

pa3HOCTHaH cxeMa MeTO,n:a nepeMeHHbIX HanpaBrreHHH [ 4]. 

AHAJIII3 qncJIEHHblX PE3Y JihTATOB 
.z:t:eMOHCrpHpOBaH 3<p<peKT yqera <pa30BblX nepexo,n:OB, B03HHKaIOIUHX npH 

o6rryqeHHH HHKeJieBOH MHllieHH HOHaMH ypaHa C 3Hepmeil: 700 M3B. Ha pnc.1 

rrpe,n:cTaBJieHbl qrrcrreHHbie pe3yJibTaTbl ,n:JIH crryqaH aKCHaJibHOH CHMMerpHH. J,fa 

pHC)'HKa BH.D:HO, qro npoq>HJIH TeMneparyp B MO,n:eJIH C yqeTOM <pa30BbIX nepexo,n:OB 

cymecTBeHHO OTJiflqaIOTCH OT MO,n:errrr, r.n:e <pa30Bblll nepexo.n: He yqreH . 

. fopH30HTaJibHaH rnrpHXOBaH JIHHHH IlOKaJbIBaeT TeMneparypy nrraBJieHmI HHKellil, 

KOTOpaH paBHa Tm,lt = 1725 K . 
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T1(0,z,t)*300K 
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Puc.1. BpeMeHHLle JaBHCHJl,IOCTH TeMneparyp KpHCTaJIJIH'leCKOU pelllCTKH e palHLIX rny6uuax: 

z = 0, 4, 8 Ha ocH TpeKa (r=O) c y'leToM «!>aJoeoro nepexo11a (a) u 6eJ y'leTa (6). 

3AKJIIOqEHHE 

3KcnepnMeHTanI,Hhie pe3ynhTaThl o6nytieHIUI rorn: HeKOTOphIX MaTepnanoB 

npnBe,n:eHhl B pa6oTe [5]. B tiaCTHOCTll, npn o6nYtJeHllll cnnaBa HlIKemr NiTi lIOHaMll 

ypaHa C :meprneii 760M3B ( To = 90K, sinel(z) r;:; 57 K3BIHM) cpe,n:HHH .n:naMeTp TpeKa 

COCTaBmleT 13 .1 HM. 

Ilo nonytieHHhlM pe3ynhTaTaM MO,KHO c.n:enaTh cne.n:yromne BhlBO.ll:hl: 

• Ilpll YtJeTe qla30BhIX nepexo.n:oB TeMneparypa MllllleHll B KplICTannntieCKlIX 

perneTKax cymecTBeHHO HH)Ke no cpaBHeHnIO c Mo,n:enhIO 6e3 q>aJOBoro nepexo.n:a. 

• Ilpll o6nytieHllll MlIIIIeHll lIOHaMll pa3Mepb1 o6naCTll, r.n:e IIpOlICXO.D:lIT 

nnaBneHne, cne.n:yromne: .n:naMeTp dmax~ 15 HM, Zmax~ 1.337x104 HM, B TO BpeWI KaK 

aHanorntIHfill o6nacTh .n:m1 MO,n:enn 6e3 q>a3oBoro nepexo.n:a: dmax ~ 23 HM, Zmax ~ 

1.4x 104 HM. B 3TlIX o6nacnix MoryT npOllCXO.D:llTh CTpYKTYPHhie ll3MeHeHll.ll (TpeKH, 

aMopq>H3aIIH.ll, .n:eq>eKThl, pa3nOMhl) B o6nytiaeMhlX MaTepnanax, 'ITO MO)KeT IIpllBeCTll K 

ll3MeHeHllIO lIX qlll3lltieCKllX CBOHCTB. IlonytieHHhie pe3ynhTaThl He IIpOTllBOpetilIT 

BhIIIIeIIpllBe,n:eHHhIM 3KCIIepnMeHTanbHhIM ,n:aHHhIM, IIplltieM cornacne C HlIMll 

ynYtJrnaeTc.ll npn yIIeTe q>a30BhIX nepexo.n:oB. 

JIHTEPATYPA 
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ABSTRACT 

A search for the Standard Model Higgs boson produced in association with a vector 

. boson and decaying to b-quarks pair with ATLAS experiment using 13.0 fb- 1 of LHC 

proton-proton data at vs= 8 TeV is presented in this work. The analysis was based cut­

flow and Neural Network. No significant excess is observed yet. 

INTRODUCTION 

The search for Higgs boson is one of the important aims for current high energy 

collider experiments. Direct search at LEP have set a lower limit on the Standard Model 

(SM) Higgs boson mass of Mtt > 114.4 GeV at the 95% confidence level (CL) [1]. 

Latest results from CDF and DO at the Tevatron have excluded SM Higgs boson with 

masses from 158 to 175 GeV at 95% CL [2]. The observation of a boson decaying to a 

. pair of photons or massive vector bosons has been reported by the ATLAS and CMS 

collaborations in July 2012 [3]. Observing the decay into fermions is vital in testing 

whether the new boson is compatible with a SM Higgs boson. In particular, the decay to 

b-quarks plays an important role since this is expected to be the dominant decay mode 

at this mass (BR(H ➔ bb) ~ 58% [4]). Therefore an observation in this channel is 

crucial in order to provide a direct constraint on the largest decay mode. 

DETAILS OF THE CUT-FLOW ANALYSIS 

The cut-flow analysis is one of the most popular methods to separated signal events 

• from background. In our case the signal events are coming from WH(bb) production 

process and the main backgrounds are top-quark pairs, W+jets, single . top-quarks, 

dibosons, and QCD multijets. The most important background is top anti-top production 

process, but irreducible background is coming from WZ process. We use some cuts to. 
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reduce background events based on the analysis of Monte-Carlo events generated with 

Pythia for signal and QCD background, NC@NLO for top anti-top, Alpgen Jimmy for 

W+jet and Herwig for diboson samples. We use EGAMMA and MUONS streams to 

analyze experimental data from ATLAS experiment. 

The following cuts were applied to separate signal events from backgrounds: 

the electron (muon) candidates from W decay are required to pass the ATLAS 

standard "tight" selection criteria for PT> 25 GeV and pseudorapidity 1111 < 2.47 (2.4); 

the ratio of sum of track's transverse momenta in an 11-<I> cone of radius 0.2 

around the identified lepton track and transverse momentum of lepton must be less than 

0.1 [5]. 

the transverse and longitudinal distance from the lepton track to the vertex must 

be less than 0.1 mm and 10 mm, respectively to reduce background from semileptonic 

W decays and cosmic muons; 

muons are required to have 11-<I> distance to any selected jets greater than 0.4 (to 

cut muons coming from jet decays); 

the jets are reconstructed using anti-kT algorithm with a radius parameter 0.4; 

-the jets transverse momenta threshold was set to 25 GeV and pseudorapidity lril 

< 2.5 to reduce W+jets background; 

the additional jet vertex fraction cut, NF, as the ratio of the PT sum of associated 

to the main primary collision vertex tracks in a jet to the pT sum of all the jet tracks, 

IJVFl>0.5, was introduced to take into account the pile-up events. 

We use single lepton triggers to reduce a big fraction of background events in the 

Monte-Carlo and the experimental datasets. As we know a neutrino can't be detected in 

detector, so we reconstruct the neutrino as missing energy and require that energy to be 

greater than 25 GeV. We calculate invariant mass of W boson and require that value to 

be greater than 40 GeV, if transverse momentum ofW less than 160 GeV. 

To reduce a huge QCD background, we require that exactly one selected lepton and 

two jets, both b-tagged, must be in the event. 

CUT-FLOW ANALYSIS RESULTS 
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Preliminary results of the cut-flow analysis is shown in Figure .l for a .limited ntfmber 

of events (one data-set). In this plot only two main backgrounds - top anti-top and 

W+jets - are presented together with the signal WH and the experimental data. 

:iw 
C: 
QI 
> 
11.1103 

102 Data 
ft 
Wbb 

10 WH --t--t-

t 

Figure 1. Cut-flow for MC and experimental data 

NEURAL NET ANALYSIS 

A Neural Network (NN) analysis is also widely used in high energy experiments. 

Our NN analysis includes three steps. In the first step we skim Monte-Carlo and 

experimental data, leaving only the variables we need and correct them if necessary. As 

result the size of the Ntuple is .decreased by factor 30. At the second step we create flat 

ntuples by adding some new variables, and we use this flat ntuple as ~ input at the 

third step. 

The new variables which are calculated in second step have not yet been used in the 

cut-flow analysis. Some of these variables are six angular variables ( cos01, cos0v, cos0b, 

cos0bbar, cos0w and cos0tt, where the angles are measured in the rest frame of W or H 



88 

boson, or WH system, the distance between two b-jets (~R), their invariant mass, 

opening angle and sum of energies, transverse momenta ofW, Hand WH system, etc. 

The histograms for some NN variables are reproduced in Figure 2 to show their 

discriminating power. We plan to continue the analysis and perform the NN study of the 

ATLAS experimental full data from 2012. 
co>Hb M_bb 

~ 
,,._. Ull.+06 
RMS II~ 

~ooJo' --~ 
a b 

Figure 2. (a) The cosine of angle between b-jet and H boson in the H boson rest frame and (b) 

the invariant mass of two b-jets for WH signal (red line) and W+jets background processes (blue 

line). 
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KPHTEPHH Bhl,l(EJIEHIDI 3JIEKTP0MArHHTHbIX 

COJibITHH ,i(A,Z)-ni(A,i) 1t~ 1r
0 B JJ:AHHblX 3KCIIEPHMEHTA 

COMPASS 

K.IO. facm1K0Ba# 

JUil1 HM, B.Il . .n;)KeJierroBa, OIUIH, r. ,l1;y6Ha, ,Poccmr . 

AHHOTAI.J,IDI 

<l>H3IItJeCKM rrporpaMMa 3KCrrepuMeHTa COMP ASS B_KJirotJaer B cefor rrpoBepKy 

rrpe,LICKa3aHllll KllpaJII,HOH 3<p<peKTHBHOH reopuu. O,nHllM ll3 crroco6oB rrpoBepKll 

HBJIHeTCH H3MepeHue ,nuHaMHKH cetJeHHH peaKI(Hll 1r" (A,Z)-+ n· (A,Z) n° n° B6JIII3H 

rropora. 

B pa6ore. rrpe,ncraBnem,1 KpIIrepuu or6opa cofo,1ruii. ,naHHOro rrpouecca, a· TaK )Ke 

rrpoBepKa pa6orocrroco6HOCTll II 3<p<peKTllBHOCTll 3TIIX KpllrepIIeB C llCIIOJih30BaHHeM 

pacrra,na 3apH)KeHoro KaoHa nMeroll{ero Ty )Ke cIIrHarypy, rrpoBe,neHa ,oueHKa ti:ucna, 

cofihITIIH, KOTOpble 6y,nyr llCIIOJlh30BaTbCH ,[(JIH ,namHeiirnero HaXO)K,[(eHHH CetJe}JllH .. 

. 
Pnc. 1. ~HarpaMM3 ,I.IJIH pacceHHHH DHOH3 B KyJIOHOBCKOM UOJie H,1.1pa 

BBE,l1;EHIIE 

,l1;JIH OIIIICaHJIH Hll3K03HepreTlltJHhlX B3aIIMO,[(eHCTBllll a,npoHOB MO)KeT 

llCIIOJih30BaTbCH KllpaJihHM 3<p<p<peKTIIBHM TeOpIIH (K3T)[l]. B CIIJIY Toro, tJTO 

narpaH)KHaH KX,n; B npn6JIIl)KeHIIll 6e3MaCCOBhIX u II d. KBapKOB HBJIHeTCH KllpaJihHO 

# ksugasnikova@jinr.ru 
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Cl!MMeT})l!qHI,IM ll :na CllMMeTJ)HH He peaJIH3yeTCH B cneKT})e Ha6mo;::i;aeMbIX a;::i;poHOB ll 

B l!X B3al!MO)];eiiCTBHHX, o6pa3yeTCH TJ)l!IlJieT royJl)];CTOHOBCKllX 6030HOB 1(1t
0
1t+. 3TO 

IlO3BOMeT IlOCTJ)Ol!Tb K3T royMCTOHOBCKllX 6030HOB ll l!X B3al!MO)];eiicTBHH C 

6apHOHaMH npll Ma.JlblX l!Mnyn1,cax qacTHII. TaKHM o6pa30M, K3T IlO3BOMeT nonyqaTb 

TeopeTJ:lqecKHe npe;::i;CKa3aHHH )];AA CBOHCTB a;::i;pOHOB? paCqJ:ITLIBaTb ceqeHHH peaKIIHH 

npll Hll3Kl!X :meprHHX ll Oill!CbIBaTb CBOHCTBa a;::i;pOHHOii MaTep,m npH BbICOKllX 

TeMnepaTYPax. 

,lvrn aHaJIH3a HcnoJIL3OBaJIHCL ;::i;aHHLie, nonyqeHLie B 3KcnepHMeHTe COMP ASS 

(NA58) B 2009 ro;::i;y. COMPASS - 3KcnepHMeHT Ha Heno;::i;Bll)KHOH Mmnemi: Ha 

BTOpHqHoM nyqKe ycKopmeM SPS B na6opaTOpHH CERN. I.J;en1,10 ;::i;aHHoro 

3KCrrepHMeHTa HBJIHeTCH J:13yqeHJ:1e CTJ)YKTYPLI a;::i;poHOB ll a;::i;pOHHaH CIIeKTJ)OCKOIIllH C 

l!CIIOJI1,3OBaHHeM MIOOHHLIX ll a;::i;pOHHbIX nyqKOB BblCOKOll llHTeHCllBHOCTH[2]. B 

::iKcrrepHMeHTe COMPASS cymecTBYeT rrporpaMMa rro rrposepKe rrpe;::i;cKa3aHHii K3T, 

KOTOpaH BKJIIOqaeT B ce6H[3]: 

• ll3MepeHHe IIOMpH3yeMOCTeii Ill!OHOB ll KaOHOB; 

• ll3MepeHHe ceqeHHH peaKIIHii: 

7t-"f- 7t-7t0; 

7t-"f- 7t-7t-7t+; 

7t-"f-+ 1t-1to1to. 

B Cl!JIY Toro, qTO J:13yqaTb ceqeHHH B3al!MO)];eiicTBl!H peaJILHbIX IIHOHOB C 

peaJILHhlMll qJOTOHaMH 3aT})y.JJ:Hl!TeJILHO, Ha rrpaKTl!Ke llCIIOJIL3yeTCH BO3MO)KHOCTI, 

CBH3aTb ceqeHHe IlllOH-qJOTOHHOrO B3al!MO)];eiicTBHH C ceqeHHeM pacceHHllH IIHOHOB B 

KYJIOHOBCKOM IIOJie H;:i;pa (MeTO)]; 3KBl!BaJieHTHbIX qJOTOHOB [3]) (pHc. 1) 

du _ (m) = n(m)-dcr _ (m), 
,r z "r (1) 

r;::i;e n(ro) - IlJIOTHOCTb qJ:lcJia qJOTOHOB, KOTOphlM 3KBl!BaJieHTHO 3JieKTJ)OMarHHTHOe 

none, a co- 3HeprnH BllPTYaJibHOro qJOTOHa. ,lvrn rrepe;::i;aHHOro B peaKIIHll 4-HMIIYJibCa 

BhlIIOJIHHIOTCH COOTHOIIIeHHH Q2<0 ll -Q2 << m,,_
2

• 
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B 2009 ro~y B 3KcnepuMeHTe COMP ASS npoao~mICH Ha6op ~aHHhIX c 

IICIIOJih30BaHIIeM a~pOHHOro IIYtJ:Ka C IIMIIYJihCOM 190 f3B/c, COCTOHIIIero Ha 95% ll3 7( 

II Ha 3% m K-, II HIIKerreaow MIIIIIeHtt(Z=28) TOJIIIIIIHOH B 0.3 X0 • Yrorr pacceJIHIIH 

IIIIOHa ll3MepJtJICH npeue3IIOHHhIMII KpeMHIIeBhIMII ~eTeKTopaMII (pa3pemeHIIe JIY'lllle 

10 MKM), mmyJihC pacceHHOro IIIIOHa BOCCTaHaBJIIIBaJICH a CIIeKTpOMeTpe MaJihIX 

' · yrrroa, a ~ITH onpe~erreHIIH 3Heprnu II yrrra BhIJieTa qJOTOHOB IICIIOJlh30BaJICH 

3JieKTpOMarHIITHhIH KaJIOpIIMeTp. qTO KacaeTCH TpIIrrepa, TO 3aIIIIChIBaJIIICh Bee 

co6hITIIH C 3HeproBhI~eJieHIIeM B ueHTpaJihHOH o6rracm KarropIIMeTpa Bhillle 60 f3B II 

IIOJIOBIIHa C 3HeprOBhI~erreHIIeM 60Jihllle 40 f3B. IlHTerparrhHhIH IIOTOK 

COOTBeTCTBYIOIIIIIH o6pa6oTaHHhIM COCTaBJIHeT ~aHHhlM 3.3· 1011 
IIIIOHOB. 

KPMTEPIIH OTEOPA 

,[lrrH Bhl~erre'HIIH co6hITIIH c cumarypow IICCJie~yeMOH peaKIIIIII, 6bmu rrpe~JIO)KeHhl 

crreeyromue KPIITepuu oT6opa: 

• a co6hITllll cymecTayeT e~IIHCTBeHHaH nepBIItJ:HaH BepllIIIHa, IIOJIO)KeHue 

KOTOpOH cooTBeTcTByeT IIOJIO)KeHIIIO MIIllleHII; 

• II3 ~aHHOH BepllIIIHhI BhIXO~IIT 1 TpeK, IIMIIYJihC KOTOporo 6bIJI ll3MepeH, 

COOTBeCTBYIOIIIIIH OTpIIIIaTeJihHO 3apH)KeHOH tJ:acmue(n"); 

• yrorr pacceHHIIH IIIIOHa 8 > 0.6 Mpa~ (~JIH Toro, tJ:TOfihI IICKJIIOtJ:IITh 3cpcpeKThI, 

CBH3aHhie C MHOroKpaTHhlM pacceHHIIeM BTOplltJ:HhIX IIIIOHOB B MaTepuarre MIIllleHII). 

B curry Toro, 'ITO B KOHetJ:HOM COCTOHHIIII cymecTByeT 4 y-KBaHTa CBH3aHHhIX C 

pacna~OM ~ayx n°, Ha KOHcpttrypaumo co6h!TIIH B 3JieKTpOMarHIITHOM KaJIOpIIMeTpe 

HaKJia~hrnarruch crreeyromue ycrroaIIH: 

• ~ TOro, tJ:T06hI IICKJIIOtJ:IITh llIYMhl 3JieKTpOHIIKII, KJiaCTephI C 3Hepruew 

MeHhllle 2 f3B umopupoaarruch; 

• B KaJIOpIIMeTpe 6bIJIII uaw~eHhl 4 KJiaCTepa, KOTOpbie MO)KHO accou1mpoBaTh C 

y. TaK )Ke B03MO)KeH 1 ~OIIOJIHIITeJihHhIH KJiacTep B6JIII3ll TOtJ:Kll IIOIIa~aHIIH 1C- B 

KaJIOpIIMeTp; 
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• OT6Hprurnc1, co6bITJl5.1, .zurn KOTOphlX MeTO,[IOM nepe6opa KOM6HHaUHll Jl3 4 

KJiaCTepoB MO)KHO COCTaBHTb 2 napbl 1t0 c Maccoll B ,nnanaJOHe 125 f3B < m < 145 

f3B, C'IHTaH, 'ITO 1t0 pacna,naIOTC5.I B TO'IKe po)K.[leHH5.I. 

IlOCKOJibKY B Hccrre,nyeMOH peaKUJIJI 3Hepnrn, nepe,naHHa5.I ny11KOBbIM TIJIOHOM 5.1,npy, 

Marra, Ha 3HepreTH'leCKHH 6arraHc B co6hlTJIH 61,rno HaJIO)KeHo ycrroBHe IEbeam-E71_- E71o -

Enol < 10 f3B. 

,[(rr5.I npeueJHOHHOii npoBepKH npe,ncKaJaHnii K3T MO)KeT 6h1T1, ncnorr1,3OBaHa 

TOJibKO o6rraCTb B6JIH3JI nopora po)K.[leHJ15.I B CHJIY Toro, 'ITO npn 6oJibllIJIX Maccax 

npouecc Jl,[leT '1epe3 pO)K,[leHJle npoMe~TO'IHhlX COCTO5.IHJIH. Ilo3TOMY 6hmn 

OT6poIIIeHbI co6hITJl5.I C mrnapnaHTHOH Maccoii CJICTeMhl 7t- 1t0 1t0 60JibUie 0.72 f3B/c2 

(pnc. 2). 

Pacnpe,nerreHne KBa,npaTa nepe,naHHoro B npouecce B3aHMo,neiicTBH5.I 4-HMnyrr1,ca (Q2
) 

npe,ncTaBrreHo Ha pnc. 3. IlHK B Hyrre o6ycJIOBJieH 3JieKTPOMarHJITHbIM npouecCOM, 

o,nHaKo cymecTByeT 5.1,nepH1,1ii npouecc c TOH )Ke cnrnarypoii, ,nrrH KoToporo 4-

J1Mnyrr1,c 3Ha11JITeJibHblll. qT061,1 pa3,neJIJITI, 3TH npouecc1,1, HaKJia,[lbIBaJIOCb 

orpaHJ1_11eHJ1e Ha KBa,npaT nepe,naHHOro 4-x nMnyrr1,ca -Q2 < 0.1 GeV2/c2
• TeM He 

MeHee, HY)KHO JIMeTb B BH.LIY, 'ITO TIO.LI KYJIOHOBCKJIM TIJIKOM cymecTByeT 3Ha'IJITeJibHhlll 

<pOH 5.1,LlepHbIX co61,1TJ1ll. 

/\ 

!1/ ~ 
'' M.,..~vte• 

Puc. 2. UnnapuanTHaH Macca CHCTCMbl Puc. 3. PacnpeAeJICHUe no Q1 AJIH 

7t- 1r0 1r
0 npouecca 7t- (A,Z)--+ 1r· (A,Z) 1r0 1r0 

BbIIIIenepe'IJICJieHHbie KpHTepHH OT6opa npoUIJIJI 3900 co6hITJlll n HMeHHO OHJI 

6y,nyT HCTIOJib3OBaHbI ,[IJI5.I Jl3MepeHH5.I ce11eHH5.I peaKUJIH. 
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IIPOBEPKA KPHTEPHEB OTEOPA HA PACilA,[l;E flYqKQBhIX KAOHOB 

IlOCKOJibKY B a~pOHHOM nyqKe co~ep)KHTCH 3aMeTHaH npnMeCI, KaOHOB (3%), ~ITH 

npoaepKH KPHTepneB OT6opa MO)KHO HCITOJI!,30BaTb pacn~ K"- 1t" 1t
0 

1t
0

, 

OTHOCHTeJibHM BepOHTHOCTb KOToporo COCTaBJIHeT 1. 7%. 1ho6b1 H~eHTmpm1npoBaTb 

nyqKOBbie KaOHbl HCilOJib30BaJIHC!, ~aHHbie C ~mpqiepeHIJHaJibHOro qepeHKOBCKOro 

cqeTqHKa, pacnoJIO)KeHHOro B KaHarre nyqKa. 1ho61,1 HCKJIIQqllTb B3aHMO~eHCTBHe 

KaOHOB c BeIIIeCTBOM, BbI6HpaJIHCb co6bITHH, ~JIH KOTopoil: nepanqHaH BepIIIHHa 

pacnOJIO)KeHa B B03~YIIIHOM 3a3ope Me)K~y MHIIIeHbIO H crreeyIOIIIHM 3a HHM TPeKOBblM 

~eTeKTOpOM (20 CM). Bee OCTaJibHhie KpHTepHH oT6opa OCTaJIHCI, H~eHTHqHI,IMH 

OT6opy :rneKTPOMarHHTHbIX co6bnnil:. B cneKTpe HHBapnaHTHbIX Mace CHCTeMbl 7t" 1t
0 

1t
0 BH~eH IlHK K", ITOJIO)KeHHe n IIIHpHHa KOTOporo, a TaK )Ke qncrro co6bITHH a HeM, 

COOTBeCTBYIOT O)KH~aeMbIM, qTo IlO~TBep~aeT npnro~HOCT!, H 3<p<peKTHBHOCTb 

KpHTepneB OT6opa. 
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PACqET IIOTOKA ATMOC<I>EPHhlX HEHTPHHO OT 

PACIIA,ll;OB oqAPOBAHHhIX qACTHIJ;* 

0.6. CaMoiinoB# 

JUIIT JIM. B.11. ,ll;)KeJienoBa, OIUIH, r. ,ll;y6Ha, PoccIDI 

AHHOTAIJ;IDI 

IIpoBe,neHO JICCJie,noBam1e ceqeHIDI po)K.I(eHIDI oqapoBaHHbIX qaCTHII B BepXHHX 

CJIO.IIX aTMOC<pepbi 3eMJIH KaK 4JYHKIIHJI .I(OJIH JIMIIYJibCa pO)K.I(eHHOro oqapoBaHHOro 

a.npoHa XF • Po)K.I(eHJie oqapoBaHHbIX KBapK-aHTJIKBapKOBbIX nap B a.npoH-a,npOHHbIX 

B3aJIMO,neiiCTBIDIX nonyqeHo B .I(HIIOJibHOM <pOpMaJIH3Me HJIKOJiaeBa-3axapoBa­

MIOJIJiepa [1, 2, 3] c yqeToM 3<p<peKTa Hacm11eHH.11 ceqeHIDI B no.nxo.ne roneKa-

6npHaTa-B10cTXo<pqia [4] . .H,nepHb!e 3<p<peKTbl paccqHTaHbI B no.nxo.ne ApMecrn­

Canra.no-BJI,nepMaHHa [5] .I(JIH B3aJIMO.I(eiicTBH.II npOTOHOB Ha .11.npax B03.nyxa (A 

14,5). <l>paMeHTallIDI C-KBapKa B oqapoBaHHbie a,npOHbl paccMorpeHa B 

napaMerpma11JIJI KHHJIH-KpaMepa [6]. IIpoBe,neHo cpaBHeHJie nonyqeHHbIX pacqeToB c 

cetJeHH.IIMH, BblqJicJieHHbIMH B pa6oTe 3H6epra-PeHo-Cep11eBHqa [7], KOTOpbie 

cornacyroTC.11 B npe.nenax 10%. BoIIIOJIHeH npe,nBapJITeJibHbIH pacqeT IIOTOKOB 

aTMOC<pepHbIX oqapoBaHHblX (JIJIJI IIpHMbIX) HeiirpHHO. 

BBE,ll;EHHE 

B pa6oTe [8] npoBe,neHO TeopeTnqeCKOe JICCJie.I(OBaHHe IIO pacqery IIOTOKOB 

HeiirpIIHO BbICOKHX 3HeprIIii OT pacna.na qacTHII, po)K.I(eHHbIX BO B3aHMO,neiiCTBIDIX 

KOCMHqecKJIX nyqeii aTMOC<pepoii 3eMJIJI. OblJIO npo,neMOHCTPHPOBaHO, qTQ MO,neJib 

a.npoH-a,npoHHbIX B3aJIMo,neiicrnnii QGSJET-11-03 c yqeTOM BKJia,na oqapoBaHHux (nnn 

IIpHMbIX) HeiirpIIHO B paMKaX MO.I(eJIJI KBapK-rJIIOOHHbIX crpyH (QGSM) xoporno 

cornacyeTC.11 C ,naHHbIMJI 3KCIIepnMeHTa IceCube40. O.nHaKO, BepxHHii IIpe,neJI Ha 

.I(II<p<py3Hble IIOTOKJI acrpo<pJI3JiqeCKHX HeiirpHHO, ycTaHOBJieHHbIH IceCube59, 

• .Hccne.noBaIIHe Bhl!I0JIHeH0 npH 4>1rnaHCOBOH II0.MeplKKe P<l><l>lf B paMKax HayqHoro npoeKTa N2 12-

02-90711-Mo6_cT H rpaHTa ,!1JIJ1 M0JI0,nhIX yqeHhIX H cne11HaJI1tCT0B OIUl.lf N2 13-201-01 

# samoylov@jinr.ru 
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,.lIBJUieTC.ll ITOrpam1qHhIM, XOT.ll H He ITPOTHBOpeqHT. QGSM MO,l(eJm. 11pe.l(CKa3aHHe )Ke 

ITOTOKa ITp.lIMhIX HeiiTpHHO .B paMKax peKOM6HHaIJHOHHOH KBapK-ITapTOHHOH MO,l(eJm 

(RQPM) He ITorryqaeT ITO.l(TBep)K.l(eHH.ll. B . .l(pyrou TeopernqecKOH pa6oTe [7] 

IIpHMeH.lleTC.ll .l(HITOJlhHhIH ITO.l(XO,l( a.l(pOH-a.l(pOHHhIX B3aHMO,l(eHCTBHH ITPH ,l(OCTaTOqHo 

ITpOCTOM OITHCaHHH o6JiaCTH "KOJieHa" a , CITeKTPe, ITepanqHhIX KOCMHqecKHX rry:ieu. 

PacqeT CITeICTpa ITp.lIMhIX HeHTpHHO B TaKOM ITO.l(XO,l(e rryqrne corrracyeTC.ll .. C 

3KCITepHMeHTaJihHhIMH ,l(aHHhIMH, O,l(HaKo, .ffY)K,l(aeTC.ll B 6orree ,l(e-i:arrhHOH 

.ITapaMeTpH3aIJHH CITeKTPa H COCTaBa ITepanqHhIX KOCMHqecKHX rryqeu. 

B ITpe.l(CTaBJieHHOH pa6oTe npoBO,l(HTC.ll HCCJie,l(OBaHHe ITPOIJeCCOB po)K,l(eHH.ll 

oqapoBaHHhIX qaCTHIJ B a.l(pOH-a,l(pOHHhIX coy.l(apeHH.lIX ITPH BhICOKHX 3Hepm.lIX B 

.l(fiITOJihHOM ITO.l(XO.l(e 3H6epra~PeHo-CepIJeanqa. Amr, pacqern ITepanqHoro cneKTPa 

KOCMHqecKHX rryqeu HCITOJih3YIOTC.ll B~HCJieHH.ll H3 [8]. 

CEqEHHE PO)K)J;EHIDI 011APOBAHHOrO KBAPKA 

CTaH.l(aprno ,!(JUI po)K,l(eHH.ll nI?l(eJihIX KBapK-aHTHKBapKOBhIX ITap (QQ) B a,l(pOH­

a.l(pOHHhIX B3aHMO,l(eHCTBH.lIX HCITOJih3YIOTC.ll BhNHCJieHH.ll B paMKax ITepTYp6aTHBHOH 

KX)]; ITocpe.l(cTBoM 3JieMeHTapHoro ITpOIJecca BB ➔ QQ. CeqeHne po)K.l(eHH.ll cc ITaphI 

B pp-CTOJIKHOBeHH.lIX JIBJI.lleTC.ll IPYHKIJHeH 3HepmH B CHCTeMe IJeHTpa Mace pp (vs) HJIH 

<pyHKIJHeu 3Hepmn ITepanqHhIX ITpOTOHOB (Ep), H OHO ITPOITOpIJHOHaJihHO ·ITapTOHHhIM 

pacITpe.l(eJieHH.llM ITO HMITYJihCaM (PDF) rJIIOOHOB C ,l(OJieii HMrryJihCa Xb ,!(JUI aKTHBHOro 

rJIIOOHa H X1 ,!(JUI "MJiraoro" ''MHIIIeHHOro'' rJIIOOHa, 

ITpOHHTerpnpoaaHHhIM ITO HMITYJihCaM B3aHMO,l(eHCTBYIOIIJHX rJIIOOHOB C 

3JieMeHTapHhIM ceqe1meM agg➔cc· ,lvur OITHCaHH.ll TaKoro ceqeHH.ll BBO,l(}IT ITepeMeHHYIO 

x-Cl>eHHMaHa XF = Xb - X1, xapaKTepH3yIOIIJYIO HMITYJihCHOe pacITpe.l(eJieHHe 

po)K.l(aIOIIJeHC.ll cc ITapbI, H ,!(JUI' KOTOpou ITpH 60JihlIIHX 3HeprH.lIX BbIIIOJIH.lIIOTC.ll 

CJie.l(yIOIIJHe COOTHOIIIeHH.ll xb~Xt H Xt « l. 
Han6orree 06my10 OCHOBY ,!(JUI TeopeTnqecKoro OITHCaHH.ll ITPOIJeCCOB C MaJihIMH Xt 

,l(aeT ITO.l(XO.l( EarrHIJKOro-Cl>a.l(HHa-Kypaeaa-JlnITaTOaa (BFKL), ocHoBaHHhIH Ha 

pe.l()Ke3aIJHH rJIIOOHOB B KX)];, KOTOphIH yqnThrnaeT BKJia.l(hI (as ln(J/xJl p.ll.l(a Teopwn 
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B03M)'IIIeHIIll. B TO )Ke BpeMH IIOJI)"IIIJI nmpoKoe pacIIpOCTpaHeHIIe ,npyrou: IIO,LIXO,LI K 

qJII3IIKe MMI.IX x,, OCHOBaHHblll Ha MO,LleJIII "IIBeTOBbIX" ,LIIIIIOJieu: HIIKOJiaeBa-

3axapoBa~MIOJIJiepa [1, 2, 3] . .D:aHHblll IIO,LIXO,LI IIO3BOJIHeT c,nerraTI. 3<p<peKTllBHOe 

TeopeTIItJeCKOe OIIIICaHIIe B 06rracn1 MaJibIX x,, IIpIIHIIMaH BO BHIIMaHIIe BKJla,Lll,I OT 

6omnmx 3HatJeHIIll as /n(J/xJ B 3BOJIIOIIIIIO PDF C HaIIMeHI.IIIIIMII IIOTepHMII B 

TO'IHOCTII pactJeTOB [2]. QQ ,LIIIIIOJII, po)K,LlaeTCH rJIIOOHOM "II)"IKOBOro" a,npoHa. 

B3aIIMO,LleHCTBIIe TaKOro ,LIIIIIOJIH xapaKTepII3YeTCH KaK CIIHrJieTHI,IMII COCTOHHIIHMII, 

TaK II COCTOHHIIeM IIBeTOBOro OKTeTa, Kor,na IIpOIICXO,LIHT B3aIIMO,LleHCTBIIH 

"IIY'IKOBOro" II "MIIIIIeHHOro" rJIIOOHOB eme ,no po)K,LleHIIH KBapK-aHTIIKBapKOBOH 1Iap1,1 

(CM. pIIC. 1). IlorrHoe cetJeHIIe po)K,LleHIIe OtiapoBaHHOro cc ,LIIIIIOJIH 6y,neT paBHO 

IIpOII3Be,neHIIIO PDF "JiyqKOBOro" rJIIOOHa Ha 3JieMeHTapHoe cetJeHIIe po)K,LleHIIH 

,LIIIIIOJIH [3, 7]. 

'000000< ► i + '000000< 
• +r== . ~ • 

Pnc. 1. Poll(Jleune n B3aHMO){eUCTBHe l'JIIO0HH0I"O QQ ){Hil0JIH c aJtP0H0M. 

.D:arrI.HeHIIIIIe pactJeTbI cetJeHIIH po)K,LleHIIH OtiapoBaHHOro KBapKa BKJIIOtJaIOT. YtieT, 

BO-IIepBbIX, 3<p<peKTa HaCMIIIeHIIH ,LIIIIIOJIH IIpII MaJibIX XF B IIpII6JIII)KeHIIII rorreK­

EIIpHaTa II BIOCTXO<p<pa (GBW) [4], BO-BTOpMx, H,nepHbIX 3<p<peKTOB B IIO,nxo,ne 

ApMecTO-Carrra,no-BII,nepMaHHa (ASW) [5], ytJIITI.rnaromeM reoMeTpIItJeCKIIH qiaKTop, 

CBH3aHHI.IH C pa3MepoM "IIOBepXHOCTII" B3aIIMO,LleHCTBIIH a,npoHa, II CMeIIIeHIIe 

MaCIIITa6a HaCI.IIIIeHIIH IIpII yBeJIII'IeHIIII IIOIIepetIHOH IIapTOHHOH IIJIOTHOCTII II , B­

TpeTbIIX, qiparMeHTaIIIIIO C-KBapKa B oqapoBaHHMe a,npOHI,I B IIapaMeTpll3aIIIIII KHIIJII,­

KpaMepa [6]. 3HepreTIItJeCKaH 3aBIICIIMOCTI, IIOJIHOro ceqeHIIH G'pp➔ccx II 

.L1II<p<pepeH11IIarr1,Hoe cetJeHIIe dapA➔ccx / dxp ,nrr11 pa3JIII'IHI.IX Ha6opoB PDF rrrrooHOB 

IIpIIBe,neHI.I COOTBeTCTBeHHO Ha pIIC. 2,3. 

3AKJIIOqEHHE 

TaKIIM o6pa30M, B pa6oTe IIpo,neMOHCTpIIpOBaHO, 'ITO ,LIIIIIOJII,Hl,IH IIO,LIXO,LI 
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ll)J.CKBaTIIO OnHChIBaeT 3KCnepHMeHTaRbHhle .naHHhle no pmK,neHHH cc nap B pp 

CTOJJKHOBCHHHX. Ilpe,n;Bapm'em,Hhlll pacqeT nOTOKOB aTMoccpepHbIX ripHMhIX HCHTpHHO 

noKa3hIBaeT, qTQ nJ)HMCHeil~e napar,teTpH3aUHH nepBWIHOro cneKTpa KOCMHqecKHx 

nyqeu m [8] MO)J(et YJJYIIIIIHTh cneKTp npHMhIX HeHTpHHO. B Haum ,D;!/-JlbHeiiIIIHe 

nJJaHhI BXO,D;HT pacqeT 3HepreTHqecKHX cneKTpOB H 3CHHTHO-yrJJOBbIX pacnpe,neJJeHHii 

aTMoccpepHhIX HCHTpHHO OT pacna)J;oB oqapoBaHHblX qacmu B onHCaHHOM KOHTCKCTe. 

ABTop Bhlpa)J(aeT 6naro,napHocTb npocp. C.H. CHHeroBCKOMY 3a BBe,nemie B 

npe,nMeT HCCJJe,D;OBaHHH, noJie3Hbie COBCTbl H o6cy)J(,!l;eHHH B xo,ne pa6ori1, ' 

1042,,..._. ....... ~~4~~~&~~~ ...... 1 ....... ~a~~g 

Log EP,[GeV] 

Puc. 2. IlOJJHOeCe'leHne O'pp-'->ccX B J:IHDOJlbllOM npt16J1HlKeHHII KaK cj>yHKUHH Ep (cJJeBa) n VS 
(cnpasa). Ce'leHHH noJJy'lellbl J:IJIH napTOllllblX DJIOTIIOCTeii s napaMeTpH3aUHH MRST2001LO 19) 

n CTEQ6AB (101, m,.,-= 1,3 r3B, µp-= 2m, n µp = m,, µR = 2m,. , 
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:o' 102 

.§. 
'1" 
~ 10 

l 

10·1 

10-2 

1ot1 

, , , --1 MRST,m.+1.3Gev,11; ■ 2m. 
.. ~ .. -1-.... } j --! MRST,m.T1.5GeV,JL~•2m. 

......... :~~~-~~ .. it._ ............... .L .... :::.:.: .. : .. l.~~~!• .. ~,.t~.:~-~~~~~i~---~---········ ! ""::::.~::~ .......... \ ••••••• ! CTEQ.m0 11.3GeV,µ~•2rn_ 
: •..:~ ... ~ i' ._ ....... : CTEQ. m 1!11,3 GeV,µ~• m. 

= J- F':~r~t~1~:~1;~:= 
Ep = 101 Gav ! I I I ~ ' 

i i i i i ~ 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 ., 

Puc. 3. ;:i:m1>cf>epem.1naJILnoe ce'lenne dupA➔ccx/ dxF s1anMOAeiicTsnn npoTonos na so1Ayxe 
(A = 14, 5) AJIH npoT0H0B C :rneprneii Ep = 109 r3B B AHU0JILH0M npn6JIUlKeHHH, 
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<l>PArMEHTAI(IDIJIErKHX KBAPKOB B IlHOHbl B 

HEHTPHHHblX B3AHMO~HCTBIDIX* 

,D;.B. HayMoB1, 0.E. CaMoiinoB1
, A.K. Co~om,HHKOBa1

•
2

# · 

1JUIII HM. B.Il. ,ll;)KeJienoBa, OIUIH, r. ,ll;y6Ha, PoccmI 

2
HHHI1<t>, HfY, r. HpK)'TCK, Poccmr 

AHHOT~IDI 

B pa6oTe paCCM0TpeHI,1 B0ilp0Chl q>parMeHTa1um (~pOHlf3aIIIIII) KBapK0B B 

)KeCTKIIX npoIIeccax, TaKIIX KaK e + e - aHHlfrHIDIIIlflf If rny60KO Heynpyroe 

B3alfMO~eHCTBlfe 3apR)KeH-HI,IX nenT0H0B If (aHTil)HeHTplfHO C HyKJI0HaMlf. CetieHlfj{ 

po~emrn Illf0H0B B 3TIIX peaKIIIIRX npe~CTaBJieHI,I B paMKax q>yHKIIIIH qiparMeHTaIIIIJI 

KBapK0B JI q>PaKTYPHhlX q>YHKIIIIH 0CTaTKa HYKJI0H0B. Ilpe~naraeTCR HOBhlH Mo~em,Ho 

He3aBJICJIMI>IH MeTO~ mMepeHJIR q>yHKIIJIH q>parMeHTaIIJIJI JI qipaKTYPHI>Ix q>yHKIIJIH. 

O6cy~aeTCR ponr, 3KcnepJIMeHTaJII,HhlX ~aHHhlX B3aJIMO~eHCTBJIR (aHTJI)HettTpJIHO C 

HYKJI0HaMJI ~ JI3BJietieHJIR IIHq>OpMaIIHJI 0 npoIIeccax q>parMeHTaIIJIJI KBapK0B. 

, IIonytieHhl npe~apJITeJII,Hhle pe3yJioTaThl no JI3MepeHHIO Bep0RTH0CTJI po~eHJIR 

(HJIJI Il0JIHbie q>yHKIIJilf q>parMeHTaIIJIJI) 3apR)KeHHhlX Illl0H0B Ha 0CH0Be ~aHHhlX 

3KcnepJIMeHTa NOMAD. 

BBE,ll;EHHE 

Cero~HR q>yHKIIJIJI q>parMeHTaIIHlf D/ [1] II q>paKrypHbie q>YHKIIJI~ MN,/ [2] 

rronyqaIOT rrmp0K0e pacnpocTpaHeHHe B q>JI3JIKe BhlC0KJIX 3Hepruii KaK COCTaBHOH 

3JieMeHT, 0TIJICb1BaI01IIIIH po~eHJie ~p0H0B B IlP0IIeccax C ytiaCTJieM KBapK0B JI 

aHTHKBapK0B. ,ll;JIR )KeCTKJIX JIHKJII03JIBHblX peaKIIJIH, TaKIIX KaK e + e - aHHJir,HJIRIIJIJI, 

rny6oKO Heyrrpyroe pacceRHJie (fHP) 3apR)KeHHbIX JieTIT0H0B JI (aHTU)HeiiTpJIHO C 

HyKJI0HaMJI,pp CT0JIKH0BeHJIR, C xapaKTepHhlMJI 3HepreTutieCKJIMH MacUITa6aMJI µ2 > 1 

f3B
2 

M0ryT 6~ITI, npuMeHeHhl MeT0~bl 0illfCaHlfj{ nepryp6aTJIBHOH KBaHTOBOH 

• Pa6oTa s1,mo11HeHa nptt <jmHaHcosoil noMeplKKe rpaHTa Ilpe3tt,J,eHra Pct> N2 MK-432.2013.2, rpaHTa 

,llJIJI MOJIO,ILIX yqem,ix II cne!UlaJIIICTOB 01-UUI N2 13-201-01, rpaHTa acnttpaHTOB 11 :,MOJIO,ILIX 

coTpytJ.HHKOB HfY N2 2012-02-01 11 IlporpaMMLI cTpaTemqecKoro pa3BIITl!JI HfY Ha 2012 - 2016 rr. 
# aedemsk@gmail.com 
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XpOMOAIIHaMIIKII, OAHaKO, KBapKOBhie II rmOOHHbie q>YHKU:IIII pacITpeAeJieHIIH (II 

qiparMeHTal{Illl) MPOHOB IIMeIOT IICKJIIOqIITeJibHO HeITepzyp6aTIIBHYIO "MHrKYIO" 

ITPIIPO~, II He MOryT 6hITh paccqIITaHhl TeopeTilqecKII. B OCHOBe TaKIIX BI,JqIIcJieHIIH 

Jie)KIIT TaK Ha3hrnaeMM TeopeMa qiaKTOpII3al{IIII [3, 4], 06ecITeqI1BaI01IIaH B03M0)KH0CTh 

OTAeJieHIIH ITepzyp6aTIIBHOH II cymecTBeHHO HeITepzyp6aTIIBHOH qacTe:li. ITocrreAHHH 

cqIITaeTCH ymrnepcarrbHOH B TOM CMhICJie, qTO HBJIHeTCH OAIIHaKOBOH MH Ka~oro Il3 

YITOMHHYThIX )KeCTKIIX ITpou:eccoB. 

B HaCTOHIIIee BpeMH HaKOITJieHa 60Jib!IIM 6a3a AaHHhlX ITO po~eHIIIO ITIIOHOB B 

)KeCTKHX ITOJIYIIHKJII03IIBHhlX ITpou:eccax Durham HepData [5]. IlpIIMephl AOCTYITHhIX 

MH aHarrII3a q>yHKU:IIH q>parMeHTal{IIII 3KCITepIIMeHTaJihHhlX AaHHhIX ITO e + e -

aHHIIrIIJIHI.{IIHM, fHP 3a-pH)KeHHhIX rreITTOHOB II (aHTII)HeHTpIIHO C HYKJIOHaMII, a TaK)Ke 

MPOHHbie 1tp B3aIIMOAeH-CTBIIH ITpIIBeAeHhl Ha pIIC. 1. 

AKTIIBHO pa3BIIBaIOTCH TaK)Ke II CIICTeMaTIIqecKIIe TeopeTIIqeCKIIe IICCJieAOBaHIIH. 

Cyme-cTByeT HeCKOJibK0 KOJIJieKTIIBOB, 3aHIIMaIOIIIIIXCH q>eHOMeHOJIOrIIqecKIIM 

rrro6arrbHbIM aHa-JIII30M q>YHKU:IIH qiparMeHTal{IIII KBapKOB ITpeIIMymecTBeHHO B 

peaKU:IIHX e + e - aHHIIrII-JIHU:IIII 6e3 yqern qipaKzypHhIX q>YHKU:IIH, FF database [8]. B 

crryqae . rreITTOH·HYKJIOHHblX B3aIIMOAeHCTBIIH 06hlqHo ITpOBOAIITCH "HaCTpO:liKa" 

ITapaMeTpOB ITOA IIHTepecyIOIIIIIH 3KC-ITepIIMeHT, HaITpIIMep, ITpII IICCJieAOBaHIIII 

CITIIHOBOH CTpYKTYPhI HYKJIOHa ITPII po~eHIIII J1HM6Aa-mITepOHOB [9]. OTMeTIIM 

ITIIOHepceyIO pa6ozy [10], B KOTOpo:li BITepBbie CAeJiaHa ITOIThITKa II3BJie% qipaKrypHhie 

q>YHKUIIII lliM6Aa-mITepoHOB Il3 3KCITepIIMeHTaJihHhIX AaHHhIX ITO fHP He:liTpIIHO Ha 

HyKJioHe. 

H3MEPEHHE «l>YHKQHH «l>PArMEHTAQHH B HEHTPHHHhIX B3AH­

MO,IJ,EMCTBIUIX 

B pa6oTe [11] HaMII 6brna ITpeAJIO)KeHa cxeMa II3MepeHIIH Ha6opa q>yHKUIIH 

qiparMeHTal{IIII 3apH)KeHHhIX ITIIOHOB 

Drr - (Drr+ vrr+ vrr+ vrr+ Mrr+ Mrr- Mrr+ Mrr- Mrr+ Mrr- Mrr+ Mrr- Mrr+) - d , u , s , c , d,p, d,p, u,p, u,p, il,p' il,p• iI,p, iI,p, s,p H3 

3KCITepIIMeHTaJihHO-II3MepHeMhIX ITOJIHhIX q>yHKU:IIH qiparMeHTal{IIII 
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pr _ (F7r± p1r+ prr+ pr,- prr- F..rr+ F..rr+ F..rr- F..rr- F,rr+ F,rr+ prr- F,7r-) 
- ee • Ip • In • Ip • In • vp • vn • vp • vn • vp • vn • vp • vn · 

IIperoio)KeHHbIH B [ 11] MeTO,ll H3BJieqemur qiyHKUnii Dq h n MN,q h ncnori1,3yer npocroe 

Ha6JIIO,lleHne TOro <paKTa, qTo qnCJIO ll3MepHeMhlX <pyHKI.lllll B TOqHOCTll paBHO qncJiy 

Ha6JIIO,llaeMhlX, qT() Il03BOJIHeT ll3MepnTh <pyHKUllll <pparMeHTal.llill MO,lleJibHO­

He3aBHCllMbIM cnoco6oM. 

Oco6eHHOCTI,10 . HeiirpHHHhlX B3aHMO,llettCTBllll HBJIHeTCH qyBCTBHTeJibHOCTI, 

HerrrpnHo K qimrrBcipy KBapKa. TaKaH ll36npaTeJihHOCTb HeiirpnHo no3BOJIHeT 

,IIOBOJibHO 3<p<peKTHBHO · nccJie,llOBaTI, KaK qJYHKUllll pacnpe,lleJieHIDI napTOHOB B 

HyKJIOHe, TaK ll <pyHKI.lllll <pparMeHTaunn KBapKOB II HyKJioHH0ro (.llllKBapKOBOro) 

OCTaTKa. IlpnHHMaH BO BHHMaHne ll30TOilllqecey10 ll 3apH,L10BYIO CIIMMerplIII, irn6op 

napTOHHbIX <pyHKUllll qiparMeHTiil.llIH B Ha-rneii cxeMe 'll3MepeHIIH 3Haq1ITeJibHO 

COKpaIUaeTCH. TaK, IlOJIHaH <pyHKUHH qiparMeHTaUHII B3alIMO,llellCTBllH HettrplIHO C 

npoTOHOM 6y.r1eT IIMeTb CJie,llyIOIUHH Bll,ll: 

1 . . 
Fv'lt = ;:---tlDJ+lx(dlVudl2 + s1Vusl 2 + (l -y) 2u1Vusl 2

) + D:+x(l -y) 2u1Vudl 2 

vp . . . 

+ Drr+x(dlV 12 + slV, 12) + (1 -y) 2 (1 - x)(Mrr+ + Mrr+ + M'!I+)] . C Cd cs d,p s,p u,p 

r,11e BbI,lleJieHa npe.r1noqruTeJII.HaH qiyHKUHH qiparMeHraunn nepexo.r1a u -+ TC+. 

B pa6oTe npoBe,lleHO II3MepeHne BepoHTHOCTll pO)K,l(eHHH 3apH)KeHHhlX IlllOHOB KaK 

<pyHKUHII pa3JinqHI,IX KI1HeMaT1IqeCKIIX nepeMeHHbIX B HettrpHHO-HyKJIOHHhlX 

B3anMo,llettcTBIIHX B 3KcnepnMeii're NOMAD [12, 13] (cM. HanplIMep, p1Ic. 2). 

IIocKOJibKY BO B3aHMO,llencTBHHX HettrplIHO 1t MO)KeT po)K,llaTI,CH B npoueccax w+ d ➔ 

. U ➔ 7r+ ll w+u ➔ d ➔ 7r+ BpeMH KaK 7t- MO)KeT pO,llllTbCH ,TOJibKO B npouecce 

<pparMeHTaunn crpyHhl, TO 113yqeltne ceqeHHH po)K,lleHHH' 3apH)KeHHbIX IllIOHOB ,llaeT 

YffHKaJII.Hy10 B03MO)KHOCTh IICCJie,lloBaT KaK qiparMeHTaun10 KBapKa II <ppaKTYpHwx 

<pyHKUllll ffYKJIOHHOro OCTaTKa, TaK ll qiparMeHTal.llllO KBapK-rJIIOOHHOH crpyHhl. B TOM 

. qncJie, 3TO Il03BOJIHeT 3KCnep1IMeHTaJibHO OTBeTllTh Ha BOnpoc O rnnoTe3e 

<paKTopmaunlI. ,[{JIH nepeMeHHOtt z Ha6JI10.r1aeTcH xopornee comaclie Harn1Ix 

ll3MepeHnrr n 3KcnepnMeHTaJibHhlX .r1aHH1,1x KOJIJia6opaunn HERMES Ha IIHTepBaJie z = 
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0,2 - 1,0 ( CM. p11c. 1 ). 3aMeTHM, qTQ .n:aHHMe NOMAD pacrrmpHIOT .n:11aITa3OH 

113MepeHHbIX BepOHTHOCTeii po)K',!l;eHHH ITIIOHOB ITO z B 30 pa3. 

3AKJIIOqEHHE 

HaMII ITpOBe.n;eHbl ITpe.n:Bap11TeJibHbie TeopeT11qecKIIe II 3KCITep11MeHTaJibHbJe 

IICCJie.n;oBaHIIH HeHTpIIHHbIX B3aIIMO,!l;eiicTBIIH ~a HYKJIOHax. 3TH pe3yJibTaTbl 

ITOKa3bIBaIOT qyBCTBIITeJibHOCTb HeHTpIIHHbIX .n:aHHbIX K 4JYHKIIHHM qiparMeHTaQIIII 

KBapKOB II qipaKTYPHbIM 4JYHKQIIHM HYKJIOHHblX OCTaTKOB. ITpe.n;JIO)KeHHM cxeMa 

II3BJieqeHIIH qiyHKQIIH qiparMeH-Ta111111 11 qipaKTypHbIX qiyHKQIIH 113 

3KCITep11MeHTaJibHbIX .n:aHHbIX ITO e + e - aHHIIrIIJIHQIIHM II rny6oKO HeyITpyroMy 

B3aIIMO,!l;eiicTBIIIO 3apH)KeHHbIX JieITTOHOB II (aHTII)HeiirpIIHO C HYKJIOHaMII HaXO,!l;IITCH B 

CTa,!1;1111 .n:opa6oTKII. B Harrm ,!l;aJibHeiirrme IIJiaHbl BXO,!l;IIT 113MepeHIIe IIOJIHbIX 4JYHKIIIIH 

qiparMeHTal.lIIII n11OHOB Ha IIOJIHOM Ha6ope 3Kcnep11MeHTaJibHbIX .n:anHMX NOMAD no 

B3aIIMO,!l;eHCTBIIIO (aHTII)neiiTpIIHO C yqeTOM TIIIIa MIIIIIeHII (npOTOH IIJIII neiirpon). Mhl 

IIJiaH11pyeM npoBeCTII rno6anr,nr,1il: aHaJIII3 3KCIIepIIMeHTaJibHblX .n:anHbIX ITO 

II3BJieqen1110 KaK 4JYHKIIIIH qiparMenra111111, TaK II qipaKrypnr,1x 4JYHKI.IIIH. 
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Pnc. 1. BepOHTHOCTb po»meHHH 3apHlKCllllblX UHOIIOB AJIH pa3JIH'IllblX :mcnepHMCIITOB (cJJeBa 

nanpano) 1. no e+e- annnrHJJHl(HHM KaK 4>y11Kl(HH 311eprHH B cncTeMe ue11Tpa Mace e+e- (l], 2. 

J1enyo11-11yKJ10H11L1x B3aHMo.z.eiicrnnii HERMES [61 H NOMAD KaK 4>y11Kl(HH z 3. AAponnLie tcp 

B3aHMOACHCTBHH HARP KaK 4>YHKl(HH nonepe'IHOro HMilYJJLCa UHOIIOB [7]. 
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Pnc. 2. BepOHTIIOCTb polK,lleHHH 33pHlKeHHblX DIIOHOB KaK (j>yHKl(IIH Xoj (CJieea), XF (nocepennne) II 

Z = En IE1,1 (cnpaea) C y'leTOM TOJibKO CT3THCTH'leCKIIX OWHOOK. 
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1 JINR, Dubna, Russia 
2BSU, Minsk, Belarus 

3SSPA SPMRC NASB, Minsk, Belarus 

ANNOTATION 

In the frames of JINR activity on ILC cryomodule design and on creation of 

superconducting cavities of ultrapure niobium two RF stands were created for testing 

the cavities at room temperature and at the temperature of 4.2 K. Created RF setups 

shows its good matching with SWR close to I. Etalon cavity unit which was provided 

by our FNAL colleagues was successfully tested on these stands: measured resonant 

frequency of about 1.27 GHz, measured Q-factor 2.8· 104 at room temperature and more 

than I 08 at LiHe-temperature (limited by capabilities of existing equipment which will 
1 
be updated soon to make possible ofQ-factor measurements up to 1010

). 

INTRODUCTION 

In 2011, in the framework of the ILC project, a Dubna-Minsk collaboration started 

on the problem of development and manufacture a series of 1.3 GHz superconducting 

niobium cavities at the enterprises in Belarus [1,2] . As the first phase, the shape and 

electromagnetic characteristics of 1.3 GHz cavity were calculated, and the shop 

drawings were developed [2,3] to fabricate the single-cell cavity. In this paper we 

present the very first experimental results. 

,# azaryan@jinr.ru 
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To support Dubna-Minsk collaboration in performing experiments and development 

technique of RF-measurement, FNAL kindly provided a single-cell 1.3 GHz Nb cavity 

for its usage as an etalon. In 2012 this cavity was successfully tested at two measuring 

stands that were created for testing resonant frequency and Q of the cavity at room 

temperature and at about 4.2 K. 

ROOM-TEMPERATURE RF­
MEASUREMENTS 

To test the cavity at a low-power RF signal a 

unique coupling device was developed and 

manufactured. Its shop drawing is shown in Fig. I. 

This device is a loop providing for a magnetic 

coupling of the cavity with the source of RF signal, 

and allows for matching adjustment of a feed of the 

signal by rotation the loop and/or by modifying the 

loop length. Combination of these two techniques of 

adjustment allows getting very good matching of the Fig.I. Shop-draw of coupling device 

source with the cavity; the measured value of SWR 

was about 1.01 at the resonant frequency so that 

about 99.9 % of RF power were transmitted to the 

cavity. 

The tested parameters are two. First, the resonant frequency, f O is measured to test 

the cavity's geometry accuracy. Second, the resonator's quality-factor, Q is measured to 

test the manufacturing quality of the cavity. There are different ways to measure Q­

factor. It can be defined by measurement of the oscillation's decay time T by formula 

Q = 2rrf0-r after switching-off RF-power or by measuring of resonant bandwidth by 

formula Q = :;, where 11[ is the width of the resonant curve at half-maximum of the 

resonant peak. In our work second method was employed. 
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Power 
meter 

Fig.2. Measuring of cavity resonant frequency using signal generator, power meter and frequency 

meter 

"Warm" RF-tests with the cavity from FNAL were made by using three different 

equipment sets and measuring methods. At the first method (Fig.2), we used a signal 

generator with manual frequency tuning to supply the cavity, and the resonant 

frequency was directly measured by a digital frequency meter; the measured value of 

resonant frequency was found of / 0 =1.273 GHz. 

Fig.3. RF-testing by measuring of forward and reflected signal 

The second technique (Fig.3) was based on the measurements of power of falling 

.(from a generator) and of reflected (from the resonant cavity) waves. With this 

· technique, we found the resonant frequency was at 1.273 GHz at the standing wave ratio 

(SWR) less than 1.07. 
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Nb-cavity 

Fig.4. RF-testing using vector network analyzer 

In third scheme, (Fig.4), the vector network 

analyzer Agilent E5071c-1E5 with high-stability 

of time-base reference generator was used. 

Nowadays vector analyzer is universal instrument 

for Q-factor measurements. Commonly, with a 

vector network analyzer, the resonance frequency 

is measured at the minimum level of Sil (complex 

coefficient of reflected power) and the Q-factor is 

defined by measurement of reflected power as a 

function of sweep frequency (Fig.5). 

Fig.5. Parameter S11 as a function of frequency 

The usage of this modem high-precision instrument allows getting a good accuracy; 

and we found the resonant frequency fo at 1.27297 GHz while the quality factor, Q was 

28193. With this measurement technique we also got quite good matching - measured 

SWR was about 1.01. This measuring scheme was also applied to the cavity in its 

superconducting state in the cryogenic tests. 

CRYOGENIC RF-MEASUREMENTS Table 1. Parameters of cryosystem 

A stand for performing tests of the cavity's ----------.-----

parameters at cryogenic temperatures was built and Operation temperature 4.2 K 

successfully tested. Its cryogenic system Helium vessel volume 70 1 

demonstrated high stability over time that allowed Nitrogen vessel volume 25 1 

us performing such measurements at the Helium evaporation rate 0.65 1/h 
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· temperatures of about 4.2 K, and for about fou1 Nitrogen evaporation rate j 1.25 1/h 

hours continuously. Parameters of cryogenic setup 

are shown in Table l. 

The results of RF-measurements of the cavity at 

the temperature of liquid helium showed that the 

superconductivity was reached in the Nb of cavity 

during the experiment. We have a first estimate the 

cavity's Q in the state of superconductivity. Its 

value is of aboutl08 at the input RF. power of 

· nearby 10 mW. 

Fig.5. Stand for RF-tests at 4.2 K 

With the stand's upgrade with the external source of ultra-high stability time base we 

· expect to achieve the ability to measure Q-factor up to 1010
• 

During cryogenic tests there was detected instability of the shape of the resonant 

curve, namely, the attenuation went up and dowp every 10-15 seconds from -120 dB to 

-60 dB. In our opinion the reason of this is the local boiling of film of helium on the 

surface of coupling loop and non-Nb parts of the cavity resulting· their heating by 

surface current. This phenomenon will be studied in more detail during future cryogenic 

tests. 
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IICCJIE,IJ;OBAHIIE HAKOilJIEHIDI 3APJDKEHHblX qACTIIIJ; 

B JIOBYIIIKE IIH)KEKTOPA Il03IITPOHOB YCTAHOBKII 

LEPTA 

M.K. EcceeB; A.f. Ko6el( , 11.H. MernKoB, A.IO. Py,naKoB, A.A. Cu,noprrn, C.JI. 

5JKOBeHKO 

MIT HM: B.II. ~)KenenoBa, OH.HM, r. ,lfy6Ha, Poccmr 

AHHOT~IDI 

B OH.HM nocTJ)OeH HaKonttTem, rt03HTJ)OHOB c :.meKTJ)OHHbIM oXJia)K,[leHtteM LEPTA 

(Low Energy Particle Toroidal Accumulator). ITo3HTJ)OHHaH JIOB)'IIIKa HBJIHeTCll 

COCTaBHOH tJaCTI,10 llH)KeKTopa n03llTJ)OHOB ll npe,nHa3HatJeHa ,[IJIH HaKonneHHH ll 

llH)KeKIIllll n03llTJ)OHOB B HaKOnHTeJib. B ,naHHOH pa6oTe npe,nCTaBJieHbl pe3yJioTaTbl 

3KcnepttMeHTOB no HaKonneHHIO 1apH)KeHHblX tJaCTHII B noByrnKe n o6cy)K.[laeTcl! • 

MO,nenb npouecca HaKoIIJieHHH. 

HH)KEKTOP 1103HTPOHOB HH3KOH 3HEPfHH 

MH)KeKTop Me,nJieHHb!X n03HTJ)OHOB [1] npe,nHa3HatJeH ,[IJIH ycTaHOBKH.LEPTA [2] ll 

HBJIHeTCH ee Heo6xo,nttMoil: cocTaBHoil: tJaCTbIO. OcHOBHoil: uenoIO ripoeKTa LEPTA 

HBJIHeTCH q>0pMttpo11aime OCTJ)OHanpaBJieHHblX aTOMOB n03llTJ)OHHH. MH)KeKTop TaIOKe 

MO)KeT 601Tb llCnOJib30BaH caMOCTOHTeJibHO KaK reHepaTop HenpepbIBHOro llJill 

HMnyJioCHOro nOTOKa MOHOXpOMaTttlJeCKllX n03llTJ)OHOB. 

B Ta6JittIIe 1 nOKa3aHbl npoeKTHble n ,[IOCTHrHYTbie K 2013 ro,ny napaMeTJ)bl nytJKOB 

3JieKTJ)OHOB n no3HTJ)OHOB Ha ycrnHoBKH LEPTA. · 

HAKOIIJIEHHE 3AP.H)KEHHhIX qACTHIJ; B JIOBYIIIKE 

II03llTJ)OHHilH JIOBYIIIKa npe,nHa3HatJeHa ,[\JIH HaKonrreHHH H fIH)KeKIIllll n03llTJ)OHOB B 

HaKonttTeJib. II03llTJ)OHHaH JIOBYIIIKa COCTOllT H3 IlllJlllH.[lpH'IeCKOH BaKyyMHOH 

KaMepbl, KOTOpaH pacnoJIO)KeHa BHYTJ)ll COJieHOH,na, C03,[laIOIIIero MarHHTHOe none 

BeJilllJHHOH .no 1.5 Kfc. BeyTJ)ll KaMepbi HaXO,[IHTCH BOCeMb IIHJillH,[1pH1IeCKHX 

aJIIOMHimeBblX 3JieKTJ)O,[IOB ll30JIHpOBaHHbIX ,npyr OT ,npyra ll OT CTeHOK BaKyyMHOll · 

KaMepbl. MarHHTHOe none y,nep)KttBaeT no3HTJ)OHbl B nonepetJHOM HanpaBJieHHll, a ' 
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3JieKTpOCTarnqeCKOe IIOJie 3JieK1J)O.U:OB B 11po,nom,HOM. reoMeTpllH 3JieKTp0.U:OB 

IIOJBOJIHeT COJ,n;aTh rpa.n:11eHT .n;aBJieHIIH 6yqiepHoro raJa II pacnpe.n;eneHHe IIOTeHQHaJia 

B.U:OJih OCH JIOBYIIJKII. PaJ 110.n;aeTCH B JIOBYIIJKY qepe3 O.U:IIH 113 3JieK1J)O.U:OB. Il03ll1J)OHhI 

JaXBaTbIBaIOTCH B JIOBYIIJKY II OXJiruK,n;aIOTCH 3a cqeT Hey11pyr11x CTOJIKHOBeHHii C 

MoneeynaMH 6yqiepHoro raJa aJoTa [3]. 

Ta6JIHlla 1, IlapaMeTpLl ny'IKOB ycTaHOBKH LEPTA 

OCHOBill,Ie napaMeTpbl uaK0illlTe.JIB 3uaqeH11e 

Ilep11MeTP, M 18 

Iloo.n;oJibHOe MarHHTHOe IIOJie, re 400 

IlJIHHa ceKQIIII OXJiruK,n;eHHH, M 4.5 

IlapaMeTpbl nytiKoB IlpoeKTHLie )];oCTHrnyTO 
(2013) 

)];aBJieH11e ocTaToqHoro raJa, Top : 1-10-10 3.10-9 

IJOTOK Il03HTP0H0B 

3HeprHH 1103ll1J)OHOB, K3B 2 + 10.0 2+6 
; 

IloToK Me.n;neHHhIX 110JI11J)OHOB, ceK-1 10° 1,5-10
5 

qllCJIO HaKOIIJieHHbIX II03I11J)OHOB 1-108 1-104 

BpeMH )I(IIJHII QIIPKVJIIIPYIOIQIIX e.,.' ceK 100 -
IlapaMeTPbl ·3JieKTJ}0IIH0ro 0XJiam,n;euuB 

3HeprHH 3JieKTpOHOB, K3B 2 + 10.0 2+6 

Pa,nuyc IIY'IKa, CM 1.0 1.0 

ToKnyqKa,A 0,5 0,2 

3<1:><l:>eKTH:BHOCTh TOKa IIOTePb, M/1 1-10
4 < 3.10-3 

Il0TOK Il03HTP0HHB 

IIHTeHCIIBHOCTb, ceK-I 1-10
4 -

MCCJIE)J;OBAHHE ,lUIHAMH.KH crYCTKA HAKOIIJIEHHLIX qACTHIJ; 

B 11p0Qecce HaKOIIJieHHH 1103I11J)OHOB IIpOHCXO)lllT C)I(aTHe crycTKa ua 6yqiepHOM 

raJe, KaK B 11011epeqHoM 11a11paBJieHHII, TaK II B 11po,nOJibHOM. )J;JIH IIOC1J)OeHHH 

3MIII1pHqecKOll MO,neJIH C,KaTHH crycTKa 11pe,n:no,KeHa cxeMa IIJMepeHHH IIpO,nOJibHOll 

11nornocrn crycTKa N(z, t) B MoMeHT y.n;ep,KaHHH ero B nonyIIJKe (P11c. l). 

IlpII IIJMepeHIIII c11mana OT HaBe,neHHOro 3apH,na (P11c.2), BCJie)lCTBHe 

Me)I(3JieKTpo.n;Hoii eMKOCTII, HaBO,nHTCH 11apaJHTHhlll 3JieKTp11qecKI1ii CllrHaJI OT 

3JieK1J)O,na c6poca. 

HAKOilJIEHHE Il03HTPOHOB 
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IIocJie HaC'rpOHKII II OilTIIMII3aU:IIII napaMeTI)OB HaKOilJieHIUI :meKTI)OHOB HH)KeKTOp 

Il03IITI)OHOB nepeKJIIO'IaJICH B pe)KIIM HaKOilJleHH11 Il03IITI)OHOB. BMeCTO II3MepeHII11 

:meKTI)HtieCKOfO CIIrHaJia, HaBe,LleHHOro 3ap11,I:1a Ha KOJIJieKTop cryCTKOM 3JieKTI)OHOB, 

II3Mep11JIIICb CIIfHaJibI C <1>3Y, o6pa30BaHHbie raMMa-KBaHTaMII npII aHHIIflIJIHU:IIII 

Il03IITPOHOB (PIIc.3). IIo npIItIIIHe HaKOilJieHH11 MaJII,IX KOJIIItieCTB Il03IITI)OHOB (N -

104
) 
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Puc.I. CxeMa JKcnepuMeHTa no u1Mepeumo pacnpe11e.11eHHH HaKlinJ1eHn1,1x 'lacTu._ 

B npO/IOJlbHOH DJIOCKOCTH 
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-c6poc C HaKonneHHblM 38PllAOM 0,8 

-c6poc 6e3 HaKon11eH11si 0,7 

-c11rHa11 OT HaKonneHHOro 38PllA8 0,6 

0,5 

0,4 

<( 

> 0,3 
<{ 

0,2 

0,1 

--0,1 

400 700 800 --0,2 

t, usec t, usec 

Pnc.2. Cnrnan OT uane,11,i!nnoro uaKonnennoro Japn,11,a ua JJieKTpo,11, o6naCTH naKonnennn. 

3rrercrpw1ecKHii: CiffHaJI C KOJIJieKTopa OT c6porneHHhIX HaKonrreHHhIX IlO3HTJ)OHOB 

3apernCTpnpoBaT1, He y~aBarrOch. 

KorrnqecTBO IlO3HTJ)OHOB, c6porneHHhIX Ha KOJIJieKTOp (Pnc.4), paccqnThIBaJIOCh no 

qiopMyrre: 

(I) 

r~e Aext - aMnrrnry~a cnrHarra c <1>3Y OT raMMa-KBaHTOB, BO3HHKaromnx npn 

aHHHrliIDIL\HU IlO3HTJ)OHOB, c6porneHHhIX Ha KOJIJieKTop, Asingle - cpe~mur aMilJIHry~a 

lfcT01fHHK 

Il03HTpOHOB 

( e+-source) 

Il03HTJlOHHilJI 

noeymKa 
(e+-trap) 

Kommaop 

<1>3Y 

Pnc.3. H3Mepenne KOJIH'leCTBa Il03HTpOHOB, ll8KODJieHHLIX B JIOByWKe 

cnrnarra <1>3Y OT O~HHOqHoro IlO3HTpOHa, EffrMT- npoCTpaHCTBeHHaH 3qiqieKTHBHOCTh 

perncTpaunn <1>3Y. 

CxeMa H3MepeHHH 6hIJia npoKarrn6poBaHa C IlOMOIUhIO 3TaJIOHHOro UCTOqHnKa 
22

Na. 

lfaMepeHHOe KOJIHqecTBO HaKOilJieHHhIX IlO3HTJ)OHOB COCTaBJIHeT: 
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B pe3yJibTaTe Kam16poBKII IlOJiyqeHa CBH3b Me)K,[{y KOJIIIqecTBOM HaKOIIJieHHbIX 

Il03IITpOHOB II aMilJIIITy~oii CIIrHaJia <l>3Y (B aHaJIOfOBOM pe)KIIMe): 

N,+ = k,+ . u PMT [V] 

r~e ke+:::;105 [Y-1] - K03<pqmn:IIeHT nporropn:IIoHaJihHocm. 

HaKonneHM9 n03MTJlOHOB, P=2.6!=-4 Pa 

18000 

16000 

14000 

12000 

10000 
z 

8000 j /~ I-+-RWoff 
6000 

40001 / 
2000 

j ---- RW +600 kHz, 
Uw=0.1V 

10 15 20 25 30 35 40 

t,s 

P11c.4. KoJill'ICCTBO 113KOUJ1e11111,1x U0311Tp0110B 

PE3YJlhTAThl 

(2) 

45 

1. Pa3pa6ornHa MeTO~IIKa II3MepeHIIH rrpo~OJibHOH IlJIOTHOCTII HaKOIIJieHHOro B 

JIOByrnKe cryCTKa 

2. 3KcrrepIIMeHTaJibHO IIO~TBep)K~eHa orrpe~eJIHIOW:M pOJib 6y<pepHoro ra3a He 

TOJibKO npII 3rumaTe, HO II rrpII y~ep)KaHIIII II C)KaTIIII crycTKa qacTIIU:. 

3. Co3~aHa MeTO~HKa II3MepeHIIH KOJIIIqecrna 1103HTpOHOB, HaKOIIJieHHblX B 

JIOByrnKe 

4. l13MepeHa 3<p<peKTIIBHOCTb 3axBaTa 1103IITpOHOB 6y<pepHbIM fa30M: C ""0.015. 
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HCCJIE,LJ;OBAHHE IlPO:U:ECCA XHMHqECKOro TPABJIEHIDI 

HHOliIDI IlPH H3rOTOBJIEHHH cBq PE30HATOPOB 

H.11. A3apiui2, M.A. EaTypm-1K11ii3, IO.A. Ey,1-1aroB2, ~.n. ~eM11H2, A. EpMaKoB4, A.A. 

IIaprnyTo1, 11.n. IIo6om,1, K. C11Hrep4, r.~. lllIIpKoB2, H.M. lllyMeiiKo3
, C.B. 

IOpeBII1I1 

11HY "<l>TM HAH Eenapyc11", r. M11HCK, Pecny6n11Ka Eenapych 
2JUIII HM. B.II. ,[µ(enerroBa, OIUIM, r. ~6Ha, Poccm1 

3HQ <1>qB3 ErY, r. MIIHCK, Pecrry6n11Ka Eenapych 
4DESY, Hamburg, Germany 

AHHOTAQIDI 

B C0CTaBe KOJIJia6opau1111 O61,e,1-111Heirnoro liHCTHryTa Jl,LlepHhlX IICCJie,LIOBaHIIll II 

pJI.Lla Hay'IHhIX ueHTp0B Pecny6JIIIKII Eenapych, BeeyIUeii pa60Thl ITO C03,LlaHmo cBq 

pe30HaT0p0B ,LIJIJI rrpoeKTa Me)K)];yHapo,LIHOro JIIIHeiiHoro KOJIJiaii,1-1epa, <l>II3IIKO­

TeXHII1IeCKllll IIHCTHTyT Hau110HaJihHoii aKa,1-1eM1111 HayK Eenapyc11 (<l>TM) rrp0Bo,1-111T 

IICCJie,LI0BaHIIJI TeXHOJI0I'Hll q>opMoo6pa3oBaHIIJI, :rneKlpOHH0-Jiy'IeBoii CBapKII II 

o6pa60TKII pa601Ieii II0BepXH0CTII CBq-pe30HaTOpOB 113 BhlC0K0'IIICT0ro HII06IIJI Ha 

1IaCTOTY 1,3 rru. B HaCTOJIIUeii pa6oTe rrpe,1-1cTaBJieHhl pe3yJihTaThl IICCJie,1-10BaHIIJI 

rrpouecca XIIMII'IeCK0ro rpaBJieHIIJI HI10611eBhlX pe30HaTopoB. 

BBE,ll;EHHE 

B rrpouecce ll3I'0T0BJieHIIJI HII06IIeBhlX pe30HaTopoB oco6oe BHIIMaHIIe y,1-1eJIJ1eTCJI 

Ka'IeCTBY pa601Ieii II0BepXH0CTII. IIpe,LIOTBpaTIITh 3arpR3HeHIIe II0BepxH0CTII_ 

MaTep11ana BhlCOKOR 'IIICT0Thl II0CT0p0HHIIMII 3JieMeHTaMII B ycJI0BIIJIX MexaH111IeCKOll 

o6pa6oTKII JIBMeTCJI HeBbIIIOmiIIMOii 3a,Lla1Ieii. B ,LlaHHOR c11ryau1111 'IIICT0Ta 

06ecrre1IIIBaeTCJI y,1-1aneHIIeM II0BepXH0CTH0ro CJI0JI MaTep11ana II0CJie KmK,LI0ro 3TaIIa 

o6pa60TKII. Y,1-1aneHIIIO TaK)l(e II0,LIJie)l(IIT CJIOR MaTep11ana, T0JIIUIIHa K0T0poro paBHa 

rny611He B03M0,KH0ro o6pa30BaHIIJI ,1-1eq>eKTOB Ha ,LlaHHOR orrepau1111 ll3I'0T0BJieHIIJI. TaK 

ll3rDT0BJieH11e H110611eBhIX JIIICT0B C rrpIIMeHeHIIeM rrpoKaTKII II rrocneeyIOIUM 

llITaMII0BKa II0JiyJ!'IeeK pe3oHaTOp0B II0Bpe)K,LlaIOT IIOBepXHOCTHhlll CJIOR Ha rny611Hy 
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nopH,I:\Ka 100-200 MKM [1]. Ilocne IIIJIIIq>OBaHirn, Ami YAaJieHIIH a6pa31IBHhIX "laCTHII II 

MeJIKllX 11apan1IH, II TOKapHOll o6pa60TKII TOPIIOB nOJIYH"leeK, AJIH IICnpaBJieHIIH 

Aeq>eKTOB CBH3aHHhIX C Bhlph1BaH1IeM MeTaJIJia II o6pa3yIOIIIIIMIICH 3ayceH11aM1I, CJIOll 

TOJIIIIIIHOll He MeHee 40 MKM no~e)KIIT CHHTIIIO. IloBepXHOCTh, nocJie npoBeAeHIIH 

:rneKTPOHHO-Jiy"l.eBOll CBapKII, 3arpH3HeHa HanbIJieHII~M Ha rny61IHY nopH,I:\Ka 25 MKM. 

O63op JIIITeparypHbIX AaHHhIX noKa3aJI, "I.TO nplI II3roTOBJieHIIII 1mo61IeBhIX 

CBq-pe30HaTOpOB AJIH o6pa60TKll noBepXHOCTll Ha1I6onee nmpOKO npIIMeHHIOTCH ABa 

npo11ecca - XIIMII"l.eCKOe TPaBJieH1Ie (buffered chemical polishing - BCP) II 

3JieKTPOJIIITII"l.ecKoe noJI1IpOBaH1Ie ( electropolishing - EP). Ilpo11ecc EP nplIMeHHeTcH 

KaK 3aBeprna10111aH onepaIIIIH o6pa60TKll pa6o"l.eil: noBepXHOCTII pe30HaTOpOB, 11eJibIO 

KOTopoil: HBJIHeTCH rrpHAaH1Ie noBepxHOCTII TPe6yeMoil: reoM~IIII. C nOMOIIIhIO BCP 

npo11ecca YAaJIHIOT Aeq>eKTHhie CJIOII MaTepliaJia II 06ecne"l.1IBaIOT "IIICTOTY 

noBepXHOCTII. B HaCTOHIIIee BpeMH 06111enp1IHHThIM, TaK Ha3hIBaeMbIM «CTaHAapTHhIM» 

cocTaBOM AJIH BCP HBJIHeTCH cMech KIICJIOT HF (38%), HNO3(65%), H3PO4 (85%) B 

COOTHOllleHIIII 1:1:2 [1]. 

XHMHqECKOE TP ABJIEHHE HHOJiIDI (BCP) 

IIpoBeAeHbl IICCJieAOBaHIIH no XIIMII"l.eCKOll o6pa60TKe B CMeCII KllCJIOT 

CTaHAapTHOro COCTaBa CBepX"IIICTOro HII06IIH ABYX npOH3BOAIITeJieil: - Tokyo Denk:ai 

(.51noHIIH) II Ningxia OTIC (Knrnil:). TeMneparypa npo11ecca noMep)KIIBaJiacb B 

o6JiaCTH 10 - 12 °c. Arni o6pa3IIOB C 06111eil: IlJIOlllaAhIO noBepxHOCTll 7,5 CM2 06-heM 

CMeCII COCTaBJIHJI 100 CM
3
• O6pa3IIhl 6bIJIII II3fOTOBJieHbl ll3 JIIICTOB B COCTOHHIIII 

nocTaBKII (TOJIIIIIIHa CTaHAapTHOro JIIICTa - 2,8 MM). IIpeABaplITeJibHO npoBeAeHbl 

IICCJieAOBaHIIH rnepoxoBaTOCTII noBepXHOCTII JIIICTOB II cpeAHero pa3Mepa 3epHa 

MaTepliaJIOB. 

B cocTOHHIIII nocTaBKII JIIICTOBOil: H1I061Iil: npo1I3BOACTBa Tokyo Denkai IIMeeT 

rJiaAKYIO MaTOBYIO noBepxHOCTh 6e3 BIIAIIMhIX CJieAOB o6pa60TKII, rnepoxoBaTOCTh no 

Ra= 0,350-0,400 MKM. H1I061Iil: npOII3BOACTBa Ningxia B COCTOHHIIII IIOCTaBKII IIMeeT 

pa3JIII"IIIMbie HeBoopy)KeHHhIM rJia30M CJieAhI o6pa60TKII B BIIAe MeJIKllX 11apan1IH. 

3Ha'tJ.eHIIe mepoxoBaTOCTII no Ra KOJie6JIIOTCH B 3aBIICIIMOCTII OT HarrpaBJieHIIH 
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H3MepeHHH: OT 0,590 .n;o 0,960 MKM. B pacnpe.n;eneHHH 3epeH HH06m1 npOH3BO.D;CTBa 

Tokyo Denkai no pa3MepaM npncyTCTBYIOT 3epHa H3 .n;nanaJOHOB OT 15-35 .n;o 210-235 

MKM, OCHOBHYIO Macey COCTaBIDIIOT 3epHa H3 .n;nana3OHOB OT 35 .n;o 145 MKM. Ilpn 3TOM 

'IHCJIO 3epeH H3 .n;nana3OHa 55-80 MKM COCTaBIDieT 27 % OT o6mero KOJIH'!ecrna. B 

pacnpe.n;eneHne 3epeH nno6m1 npoH3BO,n;CTBa Ningxia no pa3MepaM npncyTCTBYIOT 

3epna H3 .n;nana3OHOB OT 0-10 .n;o 100-110 MKM, OCHOBHOe 'IHCJIO 3epeH naxo.n;HTCH B 

.n;nana3OHe OT 20 .n;o 50 MKM. 

,lvIH napTHH o6pa3U:OB Ka,K.D;oro npOH3BO.D;HTeJIH npoBe,n;eHhI no ,n;Ba 3TaITa BCP ITO 

40 MHH ITpH nOBTOpHOM ncnOJih3OBaHHH CMeCH. ,[I.JIH HH06HH ITpOH3BO.D;CTBa Tokyo 

Denkai B Te'leHHI:I nepBbIX 40 Ml:IH 06pa60TKI:1 6hIJI y.n;anen CJIOR TOJIII(l:IHOR nopH,n;Ka 53 

MKM, B ITOCJie,n;y10m1:1e 40 Ml:IH - nopH,n;Ka 30 MKM. ,ll.IDI Hl:I06l:IH npOI:13BO,!l;CTBa Ningxia 

- ITOpH,n;Ka 59 l:I 33 MKM COOTBeTCTBenno. CKopOCTh TPaBJieHI:IH B npon:ecce o6pa60TKI:I 

cymecTBeHHO yMeHhIIraeTCH. Ilp1:1 3TOM 3Ha'leHlrn CKOpOCTII TPaBneHI:IH .D;JIH Hl:I06l:IH 

LIBYX npOI:13BO.D;l:ITeJieii pa3JII:l'IHhI, 'ITO o6'bHCHHeTCH pa3JII:l'll:leM pa3MepoB 3epen 

MaTep1:1anoB. Ilpon:ecc TPaBJieHHH MaTep1:1ana c 6onee MeJIK03epH1:1cToii CTPYKTYPOH 

ITpOTeKaeT 6hICTPee, T.K. TaKOR MaTep1:1an o6na.n;aeT 6oJihIIIeii npOTH)KeHHOCThlO rpaHI:IU: 

3epeH, CKOpOCTh y.n;aneHI:IH MaTep1:1ana na KOTOpbIX BhIIIIe CKOpOCTI:I y.n;aneHI:IH ITO 

ITOBepXHOCTI:I 3epHa. CornaCHO npl:IHHTOR nocne.n;oBaTeJihHOCTI:I Xl:IMI:l'leCKOR 

o6pa60TKI:I nonyH'leeK H1:1061:1eBbIX pe3OHaTOpOB, Ka)K,!l;aH nonyH'leH:Ka no,n;BepraeTCH 

: 'leTbipeM 3TanaM TPaBJieHI:IH, C y.n;aneHI:leM C pa6o'!eH: noBepXHOCTI:I CJIOH TOJIII(HHOR B 

cyMMe He MeHee 200 MKM. C n:eJihlO BOcnpOI:13Be.n;eHI:IH U:l:IKJia Xl:IMI:l'leCKOH: o6pa60TKI:I 

, HH06HH B npon:ecce l:13rOTOBJieHI:IH pe3oHaTopoB, no cep1:11:1 o6pa3U:OB Ka,K.D;oro 

ITpOI:13BO.D;l:ITeJIH no,n;Bepr!Il:I 'leTblp~M nocne,n;oBaTeJihHhIM 3TanaM TPaBJieHI:IH. BpeMH 

06pa60TKI:1 Ha Ka,K.D;OM 3Tane 6hIJIO O.D;l:IHaKOBhIM - 40 Ml:IH, CMeCI:I nOBTOpHO He 

HCITOJib3OBaJIHCh. 

CKopOCTh CTPaBJII:IBaHI:IH MaTep1:1ana Ha nepBOM 3Tane Ha 0, 1 MKMIMI:IH BhIIIIe, 'leM 

Ha ITOCJie.D;YlQll(l:IX 3Tanax. 3To o6'bHCHHeTCH Ka'leCTBOM noBepXHOCTI:I B COCTOHHI:11:1 

ITOCTaBKI:I. Ha BTOpOM l:I nocne.n;yIOll(l:IX 3Tanax CKOpOCTh TPaBJieHI:IH OCTaeTCH 

npaKT1:1'leCKI:1 Hel:13MeHHOR, nopH.n;Ka 1,2 MKMIMHH .n;IDI HI:1061:1H Tokyo Denkai, 1:1 
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IIOpH.n;Ka 1,3 MKM!MHH ,nJUI HH06HH Ningxia. Cpe,nHHH pa:3Mep 3epHa HH06HH 

cymecTBeHHO BJIHHeT Ha xapaKTepHCTHKH IIOBepXHOCTH nocrre XHMHtJeCKOH 

o6pa6oTKH. lllepoxoBaTOCTh HH06HH Tokyo Denkai B npouecce y,narreHHH MaTepnarra 

yaeJIHtJHBaeTcH H nocrre tJeTbipex 3TanoB o6pa6oTKH (y,narreHne 6orree 200 MKM) 

COCTaBHJia 1,15 MKM. lllepOXOBaTOCTb IIOBepXHOCTH !JH06HH IIpOH3BO,D;CTBa Ningxia, B 

COCTOHHHH IIOCTaBKH, HMeIOIUaH pa3JIHtJHhie 3HatJeHHH B 3aBHCHMOCTH OT HanpaBJieHHH 

H3MepeHHH - B,D;OJib H nonepeK crre,D;OB o6pa60TKH, nocrre .n;Byx 3TaIIOB BCP (y.narreHHe 

nopH,D;Ka 100 MKM) COCTaBJIHeT nopH,nKa 0,6 MKM n O,D;HHaKOBa IIO BCeM HanpaarreHHHM. 

Ilocrre tJeTbipex 3TanoB BCP mepoxoBaTOCTh Ra Haxo,nHTCH B npe,nerrax 0,45 - 0,55 

MKM. lllepoxoBaTOCTb IIOBepXHOCTH ,D;JIH o6oux MaTepHaJIOB nocrre BCP o6pa60TKH He 

cooTBeTcTByeT rpe6yeMoii:, KOTopaH 6y,neT o6ecnetJeHa nocrre.nyromeii 

3JieICTpOJIHTI:ltJecKoii: norrnpOBKOii: (EP). 
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MEASUREMENTS OF LIGHT NUCLEI IN AU+AU COLLISIONS 

ATNICA-MPD 

V.A. Kireev 

Veksler and Baldin LPHE, JINR, Dubna, Russia 

ANNOTATION 

In my report I present the results of study of MPD capability for detection of light 

nuclei (d, t, He3 and He4). A full detector simulation was carried out for central Au+Au 

collisions using as an input the UrQMD generator with embedded species of 

composites. 

· The simulation implements a realistic shape of the beam interaction zone. We studed 

the process of propagation of nuclei through the detector setup, identification of light 

nuclei and MPD phase-space coverage for composites. 

INTRODUCTION 

A new scientific program on heavy-ion physics NICA was launched at JINR (Dubna) 

for comprehensive exploration of the QCD phase diagram with ion species ranging 

from protons to Au79
+ over the energy range 4 < ✓s < 11 GeV. The MPD detector [1] is 

designed as a 41t spectrometer capable of detecting charged hadrons, electrons and 

photons in heavy-ion collisions in the energy range of the NICA collider. 

At these energies light nuclear clusters are not so rare objects. Formation 

probabilities and production rates of composites increase toward lower energies. But 

there are several difficult~es in simulating nuclear clusters in heavy ion reactions. First 

of all, the process of formation of light nuclei is not implemented in the available event 

generators (except in very few), while implementation of such mechanism requires 

from a programmer deep knowledge of quantum mechanics and dedicated skills. 

Second problem is related to correct description in the used transport code of a 

passage of light nuclei through the experimental setup. Nuclear interactions should also 

be taken into account, including production of light nuclei in secondary interactions in 

the detector material. 
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The last problem is a track reconstruction for particles with a high rate of energy loss 

as well as optimization of a momentum reconstruction algorithm for multicharged 

particles. 

MPD PERFORMANCE FOR BEAM DIAMOND 

In this section we focus on the overall MPD efficiimcy for detecting of protons. This 

characteristic was studied in MpdRoot [2] with central Au+Au collisions from the 

UrQMD [3] event generator. The reconstructed in the TPC tracks were propagated to 

the barrel part ofTOF and matched with the corresponding TOF hits. The mass squared 

for each TOF matching was calculated using the information about the particle's 

momentum, track length and time-of-flight. In Fig. 1 (left panel) the mass-squared and 

momentum correlation plot is shown for pions, kaons and protons. This picture is for 

the flat distribution of the IP's Z-coordinate (IZvertexl < 170 cm). As one can see, the 

proton candidates can be selected from other species up to total momentum of3 GeV/c. 
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Figure 1: (Left panel) Total momentum versus mass squared for it, K, p. (Right panel) Overall . 
proton efficiency versus Z-coordinate of the collision vertex. The real IP shape is shown by the 

solid blue line . 

Proton identification was achieved by a window cut 0.45 < m2 < 1.6 GeV2/c4
• All the 

identified in an event protons were counted and the event-by-event ratio of the number 

of the registered protons to the total number of protons in bins of the IP' s Z-coordinate 

is plotted in Fig. 1· (right panel). The overall efficiency, which includes the acceptance, 

as well as tracking, matching and PID efficiencies is of about 73% in the center and 
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drops up to 63% at Z = 75 cm. In central Au+Au collisions at ✓s = 4 GeV we are able to 

register by the TPC and barrel-TOF of about 100 protons per event if the collision 

vertex is at Z = 0 and of about 78 protons in a central collision at Z = 75 cm. To 

minimize a negative effect of this efficiency loss on physics results, either a cut on 

Z-position of the reconstructed vertex can be applied off-line, or the shape of the beam 

diamond can be changed during the data taking period by squeezing Z-distribution with 

some loss in the event rate due to decrease in luminosity. 

IDENTIFICATION OF LIGHT NUCLEI IN MPD 

10 

0 2 
p/121 (GeV/c) 

Fig. 2. Truncated <dE/dx> versus p/lZI for particle species (from left to right): TC, K, p, d, t, He3 

(red boxes) and He4 (magenta boxes). 
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Fig. 3. (Left panel) Truncated <dE/dx> versus particle's momentum for TC, K, p, d, t, He3 (red 

boxes) and He4 (magenta boxes). (Right panel) Momentum versus mass squared for same species. 

In Fig. 2 the 70% truncated mean for all the charged tracks reconstructed in the TPC 

is plotted as a function of p/JZJ. Since the particle's charge can not be determined 

independently, it caused the dE/dx (and mass) positions of doubly charged helium 
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nuclei relative to those of other particles be off from their expectations. In order to get 

the correct magnitude of the reconstructed momentum, a separation of helium nuclei 

from other species is required. However, an accurate selection of species with charge Ze 

= 2e+ is not possible via dE/dx only: below p/lZI ~ I GeV/c the dE/dx bands for tritons 

and He3 merge, the same we observe for He3 and He4 at rigidities above 1.8 GeV/c. 

Such a selection can be achieved, however, by using.in addition the information about 

the particle's time-of-flight. For instance, for He3 nuclei the calculated squared mass is 

of about 2 GeV2/c4, so 

we observe the m2 -band for He3 in between those for protons and deuterons; we can 

select He3 by a window cut in m2
• For selected candidates the magnitude of the total 

momentum can be modified by making a momentum fit under a correct assumption 

about the particle's charge, but we just multiply the momentum components of He3 

candidates by 2. The next step in the PID procedure would be a selection of He4 nuclei 

by a 3cr band around the dE/dx center for alphas. The final dE/dx- and m2-spectra for 

particles registered in the TOF and applying the momentum correction procedure are 

shown in Fig. 3. 

SUMMARY 

In this note the MPD capability for detection of light nuclei was investigated, The 

precision of the primary vertex reconstruction does not depend on Z within IZvertexl < 

140 cm, a 10% drop of the overall detecting efficiency for protons is observed at IZvertexl 

= 75 cm. Based on the preliminary results of our study we conclude that the 

performance of the MPD reconstruction chain and PID capabilities of the detector allow 

us to study production of d, t, He3 and He4 in heavy ion collisions at NICA. 
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H3Y"lJEHHE <l>PArMEHTAQHH PE.IDITHBHCTCKHX jJ,[(EP 10c 

METO,[(OM jf,[(EPHOH <l>OTOrPA<l>H"lJECKOH 3MY JlhCHH 

C.C. An1IKyrroB2
, )];.A.ApTeMeHKOB 1, P.H.oeKMHp3aeB2

, II.II.3apy6IIH 1, II.f .3apy6IIHa 1, 

H.K.KopHerpyn:a 1, A.II.MarraxoB 1, K.3.MaMaTKyrroB 1·2, B.B.PycaKoBa 1 

1Jl<I>B3 HM. B.II. BeKcrrepa II A.M. Earr.n;IIHa, OIUIII, r . .D;y6Ha, Poccmr 
2.D;)KH3aKCKIIii rre.n:arornqecKIIii IIHCTIITYT, r. ,ll;)KH3aK, Pecrry6JIIIKa Y36eKIICTaH 

AHHOTAIJ;IDI 

IIccrre.n:yeTCjJ: 3apMOBM Torrorrormr cpparMeHTaU:IIII j{.n:ep 10C c 3Heprneii 1.2 A f3B 

B MepHOll 3MYJibCIIII. B Ha1I6orree rrep1I<pepw1eCKOll, KOrepeHTHOll .D:IICCOU:HaU:IIII j{.n:ep 

10C oKorro 82 % co6hITIItt rrpIIHa.D:Jie)KaT KaHarry 10C ➔ 2a + 2p. )];rrj{ 3Toro KaHarra 

<pparMeHTaUIIII rrpe,n:CTaBJieHbl yrnOBble pacrrpe.n:erreHIIjJ: II KoppeJijJ:U:HH o6pa3yIOtn:HXCjJ: 

cpparMeHTOB. YcTaHOBJieHo, qTo cpe,n:H co6b1mii 10C ➔ 2a + 2p OKOJIO 30 % OTH0CHCjJ: 

K KaHarry 10C ➔ 9Bg.s. + p c KaCKa.D:HbIM pacrra.n;oM 9Bg.s. ➔ 8Beg.s. + p. 

BBE~HHE 

5£.n:po 10C jJ:BJijJ:eTCjJ: e.n;HHCTBeHHhlM rrpnMepoM ycTOfiqnBoii CTPYKTYPhl qeTbrpex 

KJiaCTepoB, OTHOCIIMOll K TaK Ha3bIBaeMOMY, cyrrep6opOMHHOBCKOMY mrry. ITOCKOJibKY 

y.n:arreHHe O.D:HOro H3 KJiaCTepoB HJIH HYKJIOHOB Be,n:eT K HeCBjJ:3aHHOMY COCTOjJ:HIIIO. B 

' 3TOM OTHOIIIeHHH HaH60JibIIIIIll lIHTepec rrpe,n:CTaBMeT oco6eHHOCTH ero .D:HCCOU:HaU:HH 

no KaHarry 2a + 2p (rropor 3.73 M3B). Bbr6HBaHHe O.D:HOro H3 rrpoTOHOB rrpHBO.D:HT K 

: o6pa30BaHHIO HeCTa6HJibHOro j{.n:pa 9B (rropor 4 M3B). 9B pacna.n:aeTCjJ: Ha rrpoTOH H 

· KopoTKO)KHBymero MPO 8Be (rropor 3.8 M3B). HacTojJ:mee H3yqeHHe .n:nccon:nan:nn 

·: Mep 10C jJ:BJijJ:eTcjJ: 3TaIIOM B nccrre.n:onaHHH COTPY.D:HnqecTBOM EEKKEPEJlb [ 1] 

KJiacTepnoii CTPYKTYPhI rrernnx HeiiTPono.n:e<pHU:HTHbIX j{.n:ep [2-3). 

3KCIIEPHMEHT 

CTOIIKa CJIOeB j{.n:epnoii 3MYJibCHjJ: EP-2 6bma o6rryqeHa B CMeIIIaHHOM rryqKe Mep 

Be, C H N, co3,n:aHHOM IIYTeM oT6opa rrpo.n:yKTon rrepe3apMKH II cpparMeHTaU:HH j{.n:ep 
12C c 3Heprneii 1.2 A f3B (HMIIYJibC po = 2 A f3B/c) [7]. B CJIOjJ:X o6rryqeHHOii 

. 3MYJibCHH no crre.n;aM Mep rryqKa rrpone,n:eH IIOHCK rrepttcpepnqeCKHX B3aHMo.n;ettCTBHll. 
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Ha ;:i:narpaMMe IIOKa3aHO pacIIpe;:i:eneHHe IIO KaHanaM 227 «6eJiblX)) 3Be3~ 

)];lICCOIIHaIIIIlI l!,nep C, KOTOpbie He COIIpOBO)K)];aIOTCll IpeKaMII cpparMeHTOB MIIIIIeHH 

Nws• rnaBHM oco6eHHOCTh pacIIpe;:i:eneHIIll ,nnH «6eJibIX» 3Be3,n COCTOlIT B TOM, qTo ero 

OCHOBHM )];OM, COCTaBJillIOIIIal! OKOJIO 82%, IIpIIXO)];IITCll Ha KaHan 2He + 2H, 

o6na~aIOIIIIIll MIIHIIManbHhlM IIOpOroM s cnyqae ll~pa 
10

C. H~eHTII(pIIKaIIHII ~ 

pa3,neneHIIll lI30TOIIOB H II He B 3MYJihClIOHHhIX 3KCIIepHMeHTax IICIIOJih3YIOT 

II3MepeHIIll BeJIIIqmm p~c, OIIpe;:i:enl!eMOll IIO cpe;:i:HeMy yrny MHOroKpaTHoro 

KYJIOHOBCKOro paccel!Hllll. Ehlna IIpose,neHa ll)];eHTlI!pIIKaIIIIH II30TOIIHOro COCTaBa 

06paJy10111nxcJ1 cpparMeHTOB H H He ,nnll 16 co6b1rnii 2He + 2H IIO sennqnHe p/Jc. ~Jill 

cpaBHeHlill IIpHBe,neHo pacIIpe;:i:eneHIIe p/Jc 3He cpparMeHTOB lI3 co6bITIIH 

cpparMeHTaIIIIII 
9
C ➔33He IIpII 3HeprnII 1.2 A faB [4]. <DparMeHThI 3He n 4He qeTKO 

pa3,neJil!IOTCll IIO p/Jc. TaKIIM o6pa30M, B Ha6paHHOll CTaTIICTIIKe «6enhIX)) 3Be3;:i: 2He + 

2H see ll,npa He co6b1rnii cooTBeTCTBYIOT II30TOIIY 4He (a), a H - 1H (p). 

Ha pIIC. 1 IIpHBe,neHO pacIIpe;:i:eneHHe cofihITHH KaHana 10C ➔ 2a + 2p ITO 

BeJIIIqJmaM 3HeprHH B036y)K)];eHIIll Q2a II Q2ap, onpe~eneHHhIM )];Jill nap 2a II IpOeK 2a + 

p. 3TII BeJIIIqIIHhl 3aBHCl!T TOJihKO OT IIpOCipaHCTBeHHhIX yrnoB Me)K~y cpparMeHTaMH. 

PaHee aHaJIII3 CIIeKipOB Q2a IIpll cpparMeHTaIIIIll ll,nep 
9
Be II03BOJIIIJI Bhll!BllTh 

06paJosam1e HeCBll3aHHhIX J1,nep 
8
Beg.s.• KaK II B cnyqae 9Be ➔ 8Beg.s, Ml! 68 «6enhIX» 

3Be3,n 10c ➔ 2a + 2p Ha6n10;:i:a10TCJ1 a-qacTIIqHhie IIaphI c yrnaMH pa3nern He 

IIpeBhIIIIaIOIIIIIMII 10-2 pa;:i:. Cpe;:i:Hee 3HaqeHHe < Q2a > = (63 ± 30) K3B IIpH RMS 83 

K3B paCIIpe;:i:eneHHll Q2a (pIIc.l(a)) II03BOMeT 3aKJIIQqIITh, qTQ B 3TlIX co6hITllll 

Ha6n10;:i:aeTCll o6pa30BaHIIe l!,nep 8Beg.s. B OCHOBHOM COCTOl!HlllI. B CBOIO oqepe~b 

IIapaMeipbl paCIIpe;:i:eneHIIll Q2ap (puc. l (b)) II03BOJil!eT yTBep)K,naTh, qTQ )];llCCOIIHallllll 

10C ➔ 2a + 2p C o6pa3oBaHHeM 8Beg.s. COIIpOBO)K)];aeTCll o6pa30BaHHeM HeCBll3aHHOrO 

ll,npa 9Bgs. [5-6]. Cpe;:i:Hee 3HaqeHIIe <Q2ap> = (254 ± 18) K3B IIptt RMS 96 K3B 

cooTBeTcTByeT pacIIa,ny 9Bg.s.➔ 8Beg.s. + p c 3Heprneii 185 K3B lI rnttpHHOH (0.54 ± 

0. 21) K3B. qeTKM 3aBIIClIMOCTh KOppeJillllIIll Me)K)];y 3HaqeHIIl!MII BeJIIIqlIH Q2a lI Q2ap 

,nnll ,naHHOll rpyIIIIhI co6b1TIIH yKa3hrnaeT Ha KacKa,nHhill IIpo11ecc 10c -+ 
9B -+ 

8Be. 
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MO)KJIO 3aKJIIOlJIITb, lJTO B KJiacTepHOH CTPYK'rype H,npa 10C C BepOHTHOCTblO OKOJIO (30 

. ± 4) % npoHBJIHeTCH H,npo 9B. 

Pacnpe,neneHIIe yrnoB pa3JieTa Bap ,nrrH 736 nap ap no3BOrrHeT oueHIITh BKJia,n B 

,[IHCCOUIIaUIIIO 10C pacna,noB pe3oHaHca 5Lig.s. - a + p (pIIC. 2). Ero oco6eHHOCTHMII 

HBJIHIOTCH Y3KHH nIIK II nmpoKIIH MaKCIIMYM, npOHCHHeMhie B pacnpe,nerreHIIII no 

:meprnII B036y,K,D:eHIIH Qap nap ap (pIIC. 3). IlIIK CBOIIM BO3HIIKHOBeHIIeM o6H3aH 

pacna,naM H,nep 9B. IlapbI ap H3 o6nacm 20x 10-3 pa,n < Bap < 45 x 10-3 pa,n 

rpynnIIpyIOTCH B o6nacTII Qap, orne11a10mei1 pacna,naM 5Li. Hx pacnpe,nerrenIIe 

onIICbIBaeTCH rayccIIaHOM co cpe,nHIIM 3HatJeHIIeM (1.9 ± 0.1) M3B npII (J = 1.0 M3B, 

tJTO cornacyeTcH c Maccoi1 (1.7 M3B) II nmpIIHOH (1.0 M3B) pe3OHaHca 5Li. CornacHo 

rayccIIaHy c napaMeTpaMII pe3oHanca (pIIc. 3) npIIMepHo 110 nap ap MO)KHO ornecm K 

pacrra,naM 5Lig.s.• 

'He+4He) (5.3%) 

)],uarpaMMa. Pacnpe,lleJie11ue no KananaM 227 «6eJIMX» 1se1,ll - Nw,• 
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N,•.-------------------~ N(>~-
100C"-----;=========:::-7 

60 
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20 

a 
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Q,.,keV 

50 

600 800 1000 

Q.2..,,.· kaV 

s 1OQ.~,~· MeJ2 o 10 20 30 40 50 60 70 so Qi:~ Meioo 

PHc. 1. Pacnpe11e.11eHHe co6bITHii KaHaJia 10C ➔ 2a + 2p no JHeprnH eo16ylK11eHH11 Q2a nap a­
qacTm-1; Ha ecraeKe -yeeJIH'le11110e pacnpe11eneHHe Q2a (a); Q2ap (b); 

N••~-----------------~ N••c--ri.:::;:::============:;-7 
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0.,.10-• pall, 

100 

50r-,: 

' 

PHc.3. 

PHc. 2. Pacnpe11eJie1me no yrny pa1JieTa 0ap Me)K)ly 4>parMe11rnM11 a Hp; nyHKT11p11a11 

rHcTorpaMMa - pacnpe11ene11He 0ap c 06pa1oea11HeM 9B H 8Be. 

PHc. 3. Pacnpe11e.11e11He no 311eprHH eo16y)K)le11He nap 4>parMe11TOB a Hp e «6eJibIX 1ee111ax». 

IlynKTHpHall rHCTOrpaMMa Qap B C06bITHIIX 6e1 06pa1oeaHH11 9B H 8Be; WTpHxoea1111a11 

rHCTorpaMMa - c 06pa1oea11HeM 9B H 8Be; JIHHHeii yKa1a11O OlKH11aeMoe noJiolKenHe pe1O11auca 5Li; 

3AKJIJOqEHHE 

Pacnpe,[(eJiemre ITO 3apMOBOH TOIIOJIOrIIII YKa3hIBaeT Ha JilI.[(lipy10my10 pOJih KaHana 

C 3ap.8.[(0BOH KOHq>lirypauneii 10C - 2a + 2p no cpaBHeHHIO C .[(pyrnMH KaHanaMII. 

IlpoBe,[(eHa H,[(eHTH!p!IKaUII.8 lI3OTOIIHOrO COCTaBa o6pa3yIOIUlIXC.8 cpparMeHTOB H II He 

M.8 co6hITHH 2He + 2H no MHOroKpaTHOMY pacce.HHlIIO. B Ha6paHHOH cTamcmKe 
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«6em,1x» 3Be3.l( 2He + 2H see .H.l(pa He cofa1THH coorneTCTBYIOT H30Torry 4He (a), a H -

IH (p). 

IlpH HaH6oJiee rrepmpepIIIJeCKOH ,!(HCCOIIHaIIIIII .H,!(ep 10c OKOJIO ~82 % cofaITHH 

rrpHHa,!(Jle)KaT KaHaJiy IOC - 2a + 2p. KpoMe Toro, ycTaHOBJieHo, IJTO OKOJIO 30 % H3 

3THX co6bITHH OTHOC.HTC.H K KaCKa,!(HOMY rrpo11eccy ,!(IICCOIIIIaIIHH .H,!(ep IOC Ha (9Bg.s. + 

p) C IIOCJie,!(yIOIIIHM pacrra.noM HeCB.H3aHHOro .H,Llpa 9B Ha (8Beg.s. + p). IlorrytJeHHbie 

3KCIIepHMeHTaJibHbie .naHHbie MOryT CJTy)KIITh ,L\JI.H pa3pa60TKH II rrposepKH KJiaCTepHOH 

Mo.neJIH .H,Llpa we. 
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CI.J;HHTHJIJUIIJ;HOHHblH TOHKOBOJIOKOHHblH rO,[(OCKOil 

,11;.JUI BM@N-3KCilEPHMEHTA 

A.IO. HcyIIoB, B.TI. Jla,[(hirHH, A.H. Ilapq>eHOB, H. r. IlapqieHoBa, C.M. IIm1.[(nH, 

c.r.Pe3HHKOB, A.A. TepexnH#, A.H. XpeHOB 

JI<l>B3 HM. B.H. BeKcnepa n A.M. Ean,[(lrna; OIUIH, r. )];y6Ha, Poccm, 

AHHOTAQIDI 

IIpe,[(CTaBJieHbI pe3yJihTaThI TeCT0BbIX H3MepeHHH ro,[(0CK0IIa Ha 0CH0Be · 

CIIHHTHJIJIHIIH0HHhlX B0JI0K0H Ha CTaHIIHH BHyTpeHHeii MHIIIeHH HyKJIOTpOHa. 

IIoKaJaHa CTpyKzypa H IIPHHIIHII pa60TbI ,[(eTeKT0pa. IIonytJ:eHbI 3HatJ:eHHH BpeMeHH0ro . 

pa3perneHHH ,[(JIH HCII0Jih3yeMbIX B H3MepeHHHX KaHaJI0B. 

BBE)];EHHE 

IIpoeKT BM@N (Barionic Matter at Nuclotron) [1] HBJIHeTCH 0,[(HHM m • 

IIIHpOKOMaCIIITa6HbIX IIpoeKT0B II0 npoBe,[(eHHIO 3KCnepnMeHT0B Ha BhIBe,[(eHH0M 

IIYtJ:Ke HyKJIOTpOHa. OCHOBHaH 3a,[(atJ:a ,[(aHH0ro npoeKTa 3aKJIIOtJ:aeTCH B HJytJ:eHHH 

CTpaHHOH MaTepnH, 06pa3y101IIeiicH B pe3yJihTaTe CT0JIKH0BeHHH TH)KeJibIX H0H0B 

:meprneii 2-6 faB/HyKJIOH. B IIeJIHX peanHJaIIHH npoeKTa 6bIJIO npe,[(JI0)KeH0 

pa3MeIIIeHne 3KCnepnMeHTaJibHOH ycTaHOBKH Ha KaHaJie 6B 3KCIIepHMeHTaJibH0ro 3aJia . 

HyKJIOTpOHa. B C0CTaB 3KCnepHMeHTaJibH0ro K0MTIJieKCa 6y.[(yT BX0,!lllTb 

IIIHpOKOanepzypHbIH MarHHT, .[(peiiq>OBbie KaMepbI, Ha6opbI TpHITepHbIX n BpeMH· 

npoJieTHbIX ,[(eTeKTopoB H .[(p. 

B paMKax BbIIIIeyKa3aHHOH 3KCnepnMeHTaJibHOH nporpaMMbI HJr0T0BJieH 144-

KaHaJibHbIH ro,[(0CK0TI Ha 0CH0Be CIIHHTHJIJIHIIH0HHhIX B0JI0K0H H MH0roaH0,!IHbIX 

q>OTOYMHO)KHTeJieii Hamamatsu H6568. TeCTOBbie H3MepeHHH C HCII0Jib30BaHI:IeM 

,[(aHH0ro rQ,[(0CK0na npoB0,[(HJIHCb Ha CTaHIIHH BHyTpeHHeii MHIIIeHH [2] (ITS) 

HyKJioTpoHa. 

BHEllIHHll BH)]; H CTPYKTYPA ro,n;OCKOIIA 

# aterekhin@jinr.ru 
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fo,nOCKOII npe,nCTaBJUleT co6oii Ha6op CWfHTI:IJIJI.l!UHOHHhIX BOJIOKOH, pa3MemeHHhIX 

B 0,1:{HOll IIJIOCKOCTI:I I:I npHHI:IMaIOIUI:IX C HI:IX CI:lrHaJI MHOroaHO.[{HhIX 

<pOTOYMHO)l(HTeneii Hamamatsu H6568. Ha p1:1c. 1 npe.ncrnaneH BHeIIIHHii a1:1.n 

,neTeKTopa. 

Pnc. I. Bnemnnii BH/:1 CJ.IIIHTHJIJUII.IIIOIIIIOfO fO/:IOCKOHa. 

Pa3Mephl ,neTeKT1:1py10meii o6JiaCTI:I COCTaBJl.l!IOT 60x60 MM2
• ,[{HaMeTP BOJIOKHa - 0.5 

MM. BOJIOKHa opraHII30BaHhI B '!eThrpe p.ll.[{a TaKI:IM o6pa30M, '!TO TOJIIUHHa 

o6pa3oBaarneiic.ll ,neTeKmpy10meii o6nacTH cocTaBJrneT 2.8 MM. O6mee KOJIH'lecTBo 

KOJIOHOK COCTaBJI.lleT 144, 'ITO coorneTCTByeT 144 KaHaJiaM ro.nocKona. Ha pHC. 2 

npe,ncTaBJieH npo<pHJih pa6o'leii 06nacT1:1 ,neTeKTopa. 

2 4 6 8 10 12 14 16 

~ I ., ....... . 
~-·················· •••••••••••••••••••• 
~-·················· •••••••••• 
126 144 

P11c. 2. BepTHK3Jlbllbiii cpel pa6o'teii o6JiaCTH fO/:IOCKona. 

IIPOBE,[{EHIIE Il3MEPEHIIH 
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lI3MepeHIDI npOBO,D;HJIIICh Ha CTaHI:U,lll BH)'TPeHHeii MHIIIeHII HyKJIOTpOHa C 

IICnOJib30BaHIIeM Il)"IKa .n;eiiTpOHOB :meprneii 4 f'3B. Ha6op .n;aHHhIX npOII3BO,D;IIJICH C 

IICnOJib30BaHIIeM 48 KaHaJIOB ro.n;ocKona. B CIICTeMy .n;eTeKTOpOB BXO,D;IIJIII CTapTOBbIH 

II cTonoBhIH ctJ:eTYIIIKII Ha 6a3e q>OTOYMHO)KIITeneii Hamamatsu H7416MOD H 

CIIIIHTHJIJISIIIIIOHHhIH TOHKOBOJIOKOHHbIH ro.n;ocKon. Bee .n;eTeKTOpbI pa3MeIIIaJIIICb B 

ropII30HTaJihHOH nJIOCKOCTII. C6op .n;aHHhIX ocymecTBJIHJICH C IICnOJib30BaHIIeM 16-TII 

KaHaJibHbIX Mo.n;yneii TQDC VME-CIICTeMbI [3]. lI3MepeHIDI npOBo.n;IIJIHCb B .n;Byx 

KOHq>IIrypaIIIIHX. B O,D;HOH II3 HIIX IICnOJib30BaJIIICb no .n;Ba CTapTOBbIX II CTOnOBbIX 

C'leT'IIIKa pa3MepaMH 50x50x10 MM
3 

II 20x60x10 MM
3 

COOTBeTCTBeHHO. IlpII .n;pyroii -

no O,D;HOMY CTapTOBOMY II CTOnOBOMY C'leT'IIIKY pa3MepaMII 50x50x10 MM
3
. Ha pIIC. 3 

npe.n;cTaBJieHa cxeMa 0.n;HOH II3 KOHq>IIrypaIIIIH pacnoJIO)KeHIIH C'leT'IIIK0B. 

IIepeKpbITIIe Me)K)l;y .n;eTeKTopaMII COCTaBJISIJIO ~5MM. 

T 1-----:.:::::----------,---.,--- ~~-------------------... _____ ~ 

------------------
s 

H 

Puc. 3. T - MHWeHb, BL - TpaeirropnH nepsnqnoro nyqKa, H - ro~OCKon, S - CTapT- n CTOil­

cqeTqnKn. 

Ha pIIC. 4a npe.n;CTaBJieHa KOppeJIHIIIIH aMnJIIITY,D;HhIX cneKTpOB 0,D;Horo H3 

CTapTOBhIX H o.n;Horo II3 CTOnOBhIX C'leTYIIIKOB. JloMaHOH JIIIHIIII COOTBeTCTByeT 

rpaq>IItJ:eCKOe BbI.n;eJieHHe MaJIOIIOHII3IIPYIOIIIIIX tJ:aCTIIII, Ha pIIC. 46 npe.n;CTaBJieH0 

pacnpe.n;eneHIIe 'IIICJia co6bITIIii no KaHanaM ro.n;ocKona. .[(aHHbie nonytJ:eHbI c 

IICnOJib30BaHIIeM KpHTepIIH Ha OT6op tJ:aCTIIII no IIOHII3aIIIIII B s - C'leT'IIIKax. BHAHO 

npaKTII'leCKII paBHOMepHoe 3aCBe'IIIBaHIIe Bcex KaHaJIOB 3a IICKJIIO'leHIIeM HeKOTOpbIX. 
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Puc. 4. a - KOppeJilll(llll 3MilJilll)'A S - C'leT'IIIKOB, 6 - pacnpeAeJieHHe KOJill'leCTBa 

co6t.tTHii no Ka11aJiaM roAOCKona. 

Ha puc. Sa rrpe~cTaarreHa pa:mocn, apeMeH rrpuxo~a cumarra ~rr11 cTapTOaoro 

CtJeTtJIIKa II 0~Horo II3 KaHarr0B ro~0CK0IIa. Pacrrpe~errettne arrrrp0KCHMMHp0BaJI0Cb 

cpyHKUHeil: raycca. 11crrorrb3Yll BpeMeHHYIO HH<pOpMaUHIO, 6hIJIII rrorryqeHbI 3HatJeHII11 

apeMeHHoro pa3perneHII11 ~11 Ka)K,[(oro KaHarra (Puc. 56). Y cpe~HeHHoe 3HatJeHHe 

C0CTaBJilleT 450 rrceK. 
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Channel Channel 

Pnc. 5. a - palHOCTL BpeMCII npHXOAa cnrHaJia AJill CTapTOBOro C'leT'IHKa II om1oro Ill 

KanaJIOB rDAOCKOlla, Jlllllllll - pe1yJILTaT annpoKCHM11pOB8Hllll pacnpeAeJieHllll rl>YHKl(Heii faycca, 

6 - BeJill'IHHa BpeMennoro pa1pemeH1tll AJill Kaamoro 113 K3ll3JIOB rDAOCKOna. 

3AKJIIOqEHHE 

IIpomae~eHbI TeCT0Bbie II3MepeHII11 na CTaHUIIII anyrpentteil: MIIIIIeHII HyKJIOTpOHa 

C IICII0Jib30BaHIIeM 144-KaHarrbHOrO ro~0CK0IIa Ha 0CH0Be CUIIHTIIJIJillUII0HHbIX 

B0JI0K0H, rrpe~HaJHatJeHHhlll ~11 BM@N-3KcrrepIIMeHTa. IIorrytJeHHhle pe3yJihTaTbI 

II0Ka3bIBaIOT xopowyro pa6oTOCIIOC06HOCTb ~eTeKT0pa. 
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PACID;EIIJIEHIIE 12C 110,!I; ,!l;EHCTBIIEM N 

C 3HEPrHEH 14 M3B 

.[(.A.ApTeMeHKOB
1
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2
I1HCTIITYT ~epHoii cl>IIJIIKII AH PY, r. TaIIIKeHT, YJ6eKIICTaH 

3
cI>m11Ko-TeXH11qecK11ii 11HcT11TYT AH PY, r. TaIIIKeHT, YJ6eKIICTaH 

4
,lµ(IIJaKCKllll ne.l(arornqecKIIll IIHCTIITYT' r . .[()KIIJaK, y 36CKIICTaH 

BBE,[t;EHIIE 

~epHIDI 3MYJibCmI, o6nyqeHHrui HellTpOHaMII C 3Heprneii CBI,IIIIC nopora peaKIJIIII 

12
C(n,n')3a noJBOJIXeT myqaTb aHCaM6n11 a-qacTIIII, pmK.l(CHHbIX np11 pacmenne,rnx 

H.l(ep yrnepo,l(a 113 COCTaBa 3MYJibCIIII. I1CIIOJII,30BaHIIe MOH03HepreT11qecKIIX 

HCllTpOHOB, reHep11pyeMbIX B peaKIJIIII CJIIIXHirn ,l(CllTpOHOB C 3Heprneii nopH.l(Ka COTCH 

K3B c TpIITOHaMII d + t - n(l4.1 M3B) + a 06ecneq11BaeT IIOJIHOTY aHanma. 3Heprnx, 

nepe,LlaBaeMIDI TpOHKaM a-qacTIIQal\f, OKaJbIBaeTCX ,l(OCTaToqHoii ,l(JIX ll3MepeHIIX 

npo6eroB II HfillpaBJICHIIll, II, B TO )Ke BpeMX, ,l(OCTaTOqHo orpaHIIqeHHOll ,l(Jij{ 

reHepau1111 q>OHOBI,IX co6bITilll. KnacTepHIDI CTpYKTypa X.l(ep OCTaeTCX aKTYaJibHOll 

TCMOll j!,l(CpHOll q>IIJIIKII II H.l(CpHOll aCTpOq>II3IIKII. fpynn1,1 HYKJIOHOB xpKo IIpOHBMIOT 

ce6x KaK COCTaBMIOIIJlle KJiacTepbl B nerKIIX X.l(pax. CBe,l(eHIIX O BCpOXTHOCTHX 

PaJJillqHI,IX CIIliHOBblX COCTOXHIIll KJiaCTepoB B 3TIIX X,Llpax IIMCIOT q>yH.l(aMCHTaJibHOe 

JHaqeH11e. B Kaqecrne np11Mepa, MO)KHO IIpIIBCCTII BblBO.[II,J O nep11q,ep11qecKOll 

. ,l(IICCOIJIIaQIIII peAATIIBIICTCKIIX X.l(ep 
9
Be, KOTOpbie IIO,l(TBep.l(IIJIII npe,LICTaBJICHIIH O 

9
Be 

. KaK cynepIIOJIIQIIII HeiiTpOHa II COCTOXHIIll o+ II 2+ X.l(pa 
8
Be. 

~po 
12

C XBAAeTCX IIpII3HaHHOll «Jia6opaTop11eii» ,l(Jlj{ paJBIITilll KOHQeIIQllll a­

. qacTIIqHoii KJiaCTCpll3aQIIII B j!,l(CpHOll MaTep1111 C yqeTOM KBaHTOBI,IX 3q>q>CKTOB . 

. CymecrnyeT BOJMO)KHOCTI, npIICYTCTBIIX B OCHOBHOM COCTOXHIIII j!,l(pa 
12

Cg.s. nap a­

KJiaCTepoB, IIMeIOIIIIIX «CKpI,ITbill» CIIIIH S = 2 (D-BOJIHa). Ilo.l(XO,l(j{IIJCll 6aJIICHOll 

. KOHq>IIrypau11eii II B 3TOM cnyqae XBMeTCH nepBoe B036~eHHOe COCTOXHIIe j!,l(pa 
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8
Be2+ co CIUIHOM ll tJ:eTHOCTblO s = 2+. B KJiaCClltJ:eCKOM IIO,WC.o,n;e, MO)KHO IIpe,n;CTaBllTb 

IIpOTllBOIIOilO)KHO HaIIpaBneHHOe «BparrreHne» .n;Byx a-KJiaCTepoB C yrnOBbIMll 

MOMeHTaMll S = 2 BOKpyr o6rrrero l(eHTPa, IIpe,n;CTaBneHHOro TPeTbllM a-KJiaCTepoM. 

Tor.n;a OCTaIOIIIIDIC.H KOM6HHal(H.H «6onee y.n;aneHHbIX BparrraIOIIIllXC.H» a-KJiaCTepoB 

,n;On)l(Ha llMeTb yrnoBoii MOMeHT, COOTBeTCTBYIOIIIllll_ 6hr OCHOBHOMY COCTO.HHlllO .H.n;pa 

8
Beg.s. co CIIllHOM ll tJ:eTHOCTblO S = o+ (S-BonHa). B llTOre cyIIepIIOJlll(ll.H IIapHbIX 

COCT0.8:Hllll a-KJiaCTepoB Be,n;eT K HyneBOMY JHatJ:eHHIO CIIllHa 
12

Cg.s.• KoHetJ:HO, 3Ta 

yIIporrreHHIDI cxeMa TPe6yeT KBaHTOBOMexaHHtJ:eCKoro pacCMOTPeHH.H, YtJ:llTbIBaIOrrrero 

TO)K,!l;eCTBeHHOCTb a-KJiacTepoB. TeM He MeHee, OHa yKaJbIBaeT Ha IIpoBep.HeMoe 

cne,n;CTBlle - OTHOIIIeHHe cetJ:eHllll o6paJoBaHH.H ,n;Byx pa3nIItJ:HbIX COCTO.HHIIR 
8
Be B 

peaKI.(ll.HX BhI6IIBaHll.H a-tJ:aCTIII.( IIJ .H,n;ep 
12

Cg.s. 6eJ IIepe,n;atJ:ll yrnoBoro MOMeHTa. IlpH 

«MrHOBeHHOM» BbI6HBaHIIII o.n;Horo HJ a-KJiaCTepoB OCTaBIIIa.HC.H a-IIapy MO)KeT 

BOJHIIKaTb KaK 
8
Be2+ C BepO.HTHOCTblO 2/3 H KaK 

8
Beg.s. C BepO.HTHOCTblO 1/3. 

3KCIIEPHMEHT 

BoJMO)KHOCTb o6nytJ:eHH.H B IIHTeHCHBHOM IIOTOKe MOH03HepreTIItJ:eCKHX HeHTPOHOB 

BOJHHKJia IIpII IIOIIYTHOM llCIIOilbJOBaHIIll reHepaTopa HeRTPOHOB o.n;Horo HJ 

llCIIbITbIBaBIIIHXC.H IIpH6opoB ~BHH. IlepBOHatJ:anbHO IIOCTaBneHHaH Ja,n;aqa 

orpaHH'IHBanach KanH6poBKOll .H,n;epHoii 3MYilbCIIII, He.n;aBHO BOCIIpOHJBe,n;eHHOH 

KOMIIaHIIeii «CnaBH'l». O.n;HaKO B peJynhTaTe .n;ocTaTO'IHO 6hICTPOro. Haxo)K,!l;eHH.H 

JHatJ:IITenbHOro tJ:IICna TPOeK a-tJ:aCTIII.(, .D;OCTIIrIIIeii 1200 co6bITHll (pHC. 1), 6brna 

OCOJHaHa BOJMO)KHOCTb 3KCKJIIOJllBHOro aHanIIJa «Ja6bITOll» peaKI.(IIH 
12

C(n,n')3a KaK 

Ja,n;atJ:H .H,n;epHOll KJiaCTepIIJal(IIII. 

Ha CTaTHCTIIKe 200 co6bITIIll mytJ:anIICb a-tJ:aCTIItJ:Hbie pacrrreIIneHH.H H,n;ep 
12C B 

H,n;epHoii 3MynhCIIII, o6nytJ:eHHoii HeiiTPoHaMH c 3Hepmeii 14.1 M3B. BhmonHeHbI 

HJMepeHIIH IIpo6eroB B 3MYilbCHH H OTHOCIITenbHbIX yrnoB BbineTa a-tJ:aCTHI.{, 

o6paJOBaBIIIIIXCH B peaKI.(IIII 
12

C(n,n')3a ll IIonyqeHhI pacIIpe.n;eneHII.H Ha OCHOBe 

IIporpaMMbI SRIM IIO 3Hepnm a-tJ:aCTIItJ:HbIX. O6paJOBaHHe 80% 3a TpoeK 

COOTBeTCTByeT BOJ6y)KJJ;eHII.HM H.n;pa 
12

C OT IIOpora .n;o 14 M3B (pHC. 2). BKJia,n; B 3'fY 

peaKI.(lIIO paCIIa,n;oB qepeJ OCHOBHOe (0+) II IIepBoe (2+) BOJ6y)KJJ;eHHOe COCTOHHHe 
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npoMe)KyTO<rHI,IX H,nep 
8
Be npe,nBap11TeJII,H0 011emrnaeTCH OKOJIO 25% H 30% no 

,naHHhlM puc. 3, COOTBeTCTBeHHO. C n03HIIHH 3a-KJiacTepHOH KapTHHhl :nu ,naHHhie 

YKa3hIBaIOT Ha npucyTCTBHe cynepn03HIIHH COCTOHHHH o+ H 2+ H,npa 
8
Be C TaKHMH 

BepOHTHOCTHMH B OCHOBHOM COCTOHHHH H,npa 
12

C. 

CneKTp no :mepruu a-<raCTH'IHhlX nap HMeeT CJIO)KHOCTh B HHTepnpeTaIIHH H3-3a 

KOM6HHaTOpHKH BHOCHMOH TpOHHhIM o6pa30BaHHe a-<raCTHII. BbinOJIHeH 

cpaBHHTeJihHhlll aHaJIH3 3aBHCHMOCTH 3Ha<reuuii 3Hepruu, npunHChIBaeMhlX a­

<raCTHIIaM, OT HX npo6era B pa3JIH'IHhIX rnnax 3MYJihCHH no nporpaMMaM 

Mo,nenupoBaHHH SRIM u GEANT4 (puc. 4). ,lJ;aHHhlii 3KcnepuMeHT no3BOJIHT 

npoTeCTHp0BaTh npe,nCKa3aHHH 3THX MO,neJieii. O,nHaKO y)Ke ceil:<rac C TeM MO)KHO 

yrnep)K,naTh, 'ITO 3Ha<ruTeJihHhlll BKJia,n pacna,nOB 
8
Be, a TaK)Ke cenapa11HH BhI6HThIX a­

<raCTHII MOryT .naTh OCHOBY MH HHTepnpeTaIIHH peaKIIHH 
12

C(n,n')3a Ha. OCHOBe 

Mo,nenupoBaHHH H TeOpeTH<reCKHX MO,neJieil:. 

40 

30 

20 

10 

0o 10 20 30 40 50 60 70 80 90 100 110 120 
X,mm 

Pnc. 1. Pacnpe11eJ1e1111e no DJIOII(a)IH /IBYX 'laCTll'IIIO npoCMOTpe1111LIX nJiaCTIIII co6L1THH 
pacll(eUJieHnH 12C(n,n')3a, BLIJBaHHLIX 11eiiTpo11aMU C Jneprneii 14 MJB. 
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Q3a, MeV 

Puc. 2. PacnpeAeJieuue 3uaqeuuii :mepruu Tp0eK a-'laCTUU Q3 •• B paCll.lCDJICHHHX 
12C(n,n')3a, BLIJBalllll,IX HCHTpOHaMH C :mepmeii 14 MJB. 

~ 
100 

,: 
::i 
0 80 u 

60 

40 
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Q20, MeV 

Puc. 3. PacnpeAeJICHUC 3Ha'ICHUII 311epmu nap a-'laCTUU Q2. B paCll.lCDJICIIUHX 12C(n,n')3a, 
BL1JnanuL1x ueiiTponaMu c Jneprueii 14 MJB. Ha ncTaei,:e: yneJiu'lenuoe pacnpeAeJieuue Q2., e 

.!(HanaJoue C00TBCTCTBYIOll.lCM pacna,.aM 'lepel 0CH0BH0e C0CTOHHUe (O"') HACP 8Be. 
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10 15 

I..(4He),mum 

• • • BR-2 
• ·· · BR-2 (spline) 
• • • IlfordG5 
- · IlfordG5 (spline) 
• • • llfordG5 (geant4) 
• · · IlfordG4 (geant4, spline) 

Puc. 4. 3aoncnMocTL Jna'lennii :meprnn, npnnncbrnaeMLIX a-'laCTHQaM, OT nx npo6era B 
paJJIU'IHbIX Tnnax 3MYJJbCHH no nporpaMMaM MO)leJJHpooamrn SRIM (KpacnLie H cnnne TO'IKH) H 

GEANT4 ('lepnble TO'IKH). 
3AKJnoqEHHE 

CoOTHOIIIeHIIe BhlX0,[{0B 0.-'IaCTII'IHhlX nap, B po)K,[{eHHbIX pac~enrremm 11.n;ep 
12

C 

qepe3 C0CT0HHIDI 8Be2+ H 
8Beg.s. Bhl3BaHHhlX coy.n;apeHIDIMH He conp0B0)K,[{aeMbIMH 

nepe,n;aqeii yrrronoro M0MeHTa, npe.n;crnnJIHeTcH KJIIO'IeBhIM napaMeTp0M .LlJlH nponepKH 

cnHHOBOH crpyKTypbI 12C B paMKax KapTHHbI a.-KJiaCTepmau:HH. AHarrH3 

B3aHMO,n;eiiCTBHH B H,n;epHOH 3MYJibCHH, o6rry'IeHHOH HeiirpoHaMH C 3Heprneii B6JIH3H 

, nopora pac~enrreHIDI 12C, no3B0JIHeT onpe.n;errHTh 3TY H .n;pyrne xapaKTepHCTHKH 

. peaKU:HH 12C(n,n')3a.. TeCTOBhIH 3KcnepHMeHT n03B0JIHJI npe,n;CTaBHTb He3aBHCHMbIM 

: o6pa30M H,[{eHTHqJHKaU:HIO pa,n;H0aKTHBHhlX 11.n;ep 
8He no pacna.n;aM npH 0CTaH0BKe B 
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3MYJibCIIII, 011eHIITb B03M0)KH0CTb a-cneKTpOMeTpIIII 3TIIX pacna,D,OB, a TaK)Ke BnepBbJe . 

Ha6mo.n.aTb 3q>q>eKT .n.peiiqia aTOMOB 
8
He, TepMaJIII30BaHHbIX B BemecTBe. 

KoM6nHnpoBaHHbiii aHaJIII3 pacna.n.oB SI,D,ep 
8
He n peaK11nn 

12
C(n,n')3a 6y.n.eT CJIY)KIITb 

IIpOTOTIIIIOM ,D,JISI IICCJie,D,OBaHIISI pacna,D,OB SI,D,ep, 
8
•
9Li, 8

•
12

B, 
9
C, 

12N, B KOTOpblX SI,D,pO 

8
Be cJiy)KnT B KaqecTBe «MapKepa». 
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OliJIY1IEHHE H,ll;EPHOH 3MYJlhCHH H,ll;PAMH 8He 

,l1;.A.ApreMeHKOB1
, P.H.EeKMI1p3aei, II.ll.3apy6IIH1

, ll.f.3apy6I1Ha1
, 

H.K.KopHerpyua1, A.H.Mru:raxOB1
, K.3.MaMaTKynoB1

'
2
, B.B.PycaKoBa1 

1JI<l>B3 IIM. B.ll. BeKcnepa II A.M. 6arr,nI1Ha, OJUIH, r. ,lJ;y6Ha, Poccm1 
2,l1;)Kll3aKCKIIH ne~arom'ICCKIIH IIHCTil1)'T, r. ,lJ;)Kil3aK, Pecny6JII1Ka Y36CKIICTaH 

AHHOTAQIDI 

Ha cenapaTOpe ACCULINNA H~epmui: 3MYJihCIIH 6brna o6ny'IeHa B ny'IKe 

PMII0aKTHBHhIX Mep 8He c 3Hepmeii 60 M3B II 06orai:ueHI1eM oKono 80%. 

ll3MepeHIIH 278 pacna~0B H~ep 8He, 0CTaH0BIIBIIIIIXCH B 3MYJihCIIII, II03B0JIHIOT 

0UCHIITh B03M0)KH0CTII a-CIICKTp0MCTpIIII, a TaK)Ke BIIepBhie Ha6JIIO~aTh ~peiiq> aT0M0B 
8He, TepMaJIIl30BaHHhIX B BCJ:UCCTBe. 

BBE,l];EHHE 

B ~IlaIIa30He 3HeprI1II H~ep HCCK0JihK0 M3B Ha HYKJI0H B03HIIKaeT B03MQ)KH0CTh 

IIMIIJiaHTaUIIII pa~II0aKTIIBHhIX H~ep B BCJ:UCCTB0 ~eTCKTopa. B TaK0M II0~X0~e M0ryT 

IICCJie~oBaTuCH He caMII IIMIIJiaHTHpyeMhie H~pa, a ~0'ICpHile C0CT0HHHH, 

B03HIIKaIOIUIIC B IIX pacna~ax. 

Eonee II0JIYBCKa Ha3a~ Ha6JIIO~aJIIICh «M0JI0T0'IK0Bhie» CJie~hl pacna~0B 8Be - 2a 

OT P-paCIIMOB 0CTaH0BIIBIIIIIXCH q>parMeHTOB 8Li II 8B, p0)K~CHHhIX B CB0IO 0'Iepe~ 

qacrnuaMII BhlC0KIIX 3Hepmii IIpII paci:uenJICHIIII H~ep Il3 C0CTaBa 3MYJihCIIII [1]. B 

Ka'ICCTBC nepB0r0 Illar B IIpI1MeiieHI1II TaK0ro II0~X0~a B MapTe 2012 r. ;i~epHaH 

3MYJihCIIH 6hIJia o6ny'IeHa B Jia6opaTOpI1I1 H~epHhIX peaKUIIH IIMCHII r.H. <l>nepoaa 

(<l>JUIP OHJIH) H~paMII 8He c 3Heprneii 0K0Jio 60 M3B.[4-5] Oco6eHHocm paCIIM0B 

3T0ro Il30TOIIa 8He ~eTaJihH0 npe~CTaBJICHhI Ha pIIC. 1, cornacHo ofoopy [2]. Ilocne 

ocTaH0BKII II HeiiTpru:rll3aUIIII MPa 8He B aei:uecrne, o6pa3oBaBIIIIIHCH aToM 8He 

0CTaeTCH HCCBH3aHHhIM (6naropo~Hhlll ra3) II B pe3yJihTaTe TepMMil3aUIIII M0)KCT 

IICIIhIThlBaTh ~peiiq> B cpe~e ~o p-pacrra~a. IIepIIO~ II0Jiypacrra~a H~pa 8He C0CTaBJIHCT 

t~ = (119.0 ± 1.5) -10-3 c. C aepoHTH0CThIO 84% II 3Hepmeii ~E = 9.7 M3B P-pacnM 

noro Mpa rrp0IICX0~IIT Ha CBH3aHHhIH ypoBCHh 0.98 M3B Mpa 8Li. 3aTeM H~po 8Li C 
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rrepIIO.[(OM rronypacrra.[(a rp = (838 ± 6)· 10-3 c II co 100%-oii BepoHTHOCThIO II :mepmeii 

LlE = 13 M3B IICIThIThIBaeT ~-pacrra.[( Ha ypoBeHh 2+ H.[(pa 8Be (3.03 M3B). II HaKOHeu, 

H.[(po 
8
Be II3 cocTOHHIDI 2+, IIMeIOruee umpIIHY 1.5 M3B, pacrra.[(aeTCH Ha rrapy a­

qacTIIII. Ha pIIc. 2 rrpe.[(CTaBJieHa M03aIIqmur MaKpo<pornrpaqmH pacrra.[(a, 

OCTaHOBIIBIUeroCH B H.[(epHOH 3MYJibCIIII H.[(pa 8He - O.[(HOro II3 HeCKOJibKIIX TbICHq 

Ha6JIIO.[(aBIUIIXCH B .[(aHHOM IICCJie.[(OBaHIIII. HaCTOHIUaH pa6oTa IIOCBHIUeHa aHaJIII3Y 

3TOro o6nyqeHIIH Ha OCHOBe H3MepeHJIH 278 pacrra.[(OB TaKoro TIIrra. 

3KCIIEPHMEHT 

3MyJihCIIOHHhie CJIOII pa3MepaMJI 9x12 CM
2

, TOJIIUIIHOH 107 µM, Ha CTeKJIHHH0M 

IIO.[(JIO)l(Ke TOJIIUIIHOH 2 MM, ycTaHaBJIIIBaJIIICb ITO.[( 1 o0 yrnoM K OCH rryqKa. HaKJIOH 

ITJiaCTIIHbI o6ecrreqIIJI yBeJIIIqeHIIe CJIOH TOpMO)KeHJIH B 3MYJibCIIII. O6nyqaeMhie CJI0ll 

6bIJIII 3aBepHyThI B .[(Ba CJIOH qepHOH 6yMam TOJIIUIIHOH no 100 µM. TaKIIM o6pa30M, B 

rrpo6erII H.[(ep rryqKa BHOCIIJIOCb .[(OIIOJIHIITeJihHOe TOpMO)KeHIIe, oco6eHHO 

qyBCTBIITeJihHOe IIPlf yrne 10°. 

3aqacTyIO Me)K.[(y MeCTOM OCTaHOBKII II caMIIM MOJIOToqKOBbIM pacrra.[(0M 

Ha6JIIO.[(aJICH pa3pbIB. TaKJie «pa30pBaHHhie» co6hITIIH 6hIJIII OTHeCeHbI K .[(peiicpy 

TepMaJIH30BaHHbIX aTOMOB 8He, KOTOpbie B03HIIKaJIII B pe3yJibTaTe HeHTPaJIII3au1m 

H.[(ep 8He. Enaro.[(apH .[(OMIIHIIpOBaHIIIO B rryqKe H.[(ep 8He (OKOJIO 80%) pacrrpe.[(eJieHne 

«MOJIOTOqKOBhIX» pacrra,[(OB no rrnorua.[(II 3MYJibCIIII MO)KHO rrpe.[(CTaBIITb COBMeCTHO 

.[(JIH BCex Haii.[(eHHhIX co6bITIIH, B TOM qJicJie 1413 «ueJibIX» II 1123 «pa30pBaHHbIX» 

(pIIC. 3). 

Cpe.[(HHH .[(JIIIHa rryqKOBbIX CJie.[(OB .[(ID! 136 «IIeJibIX» co6bITJIH COCTaBIIJia <L(8He)> 

= (263 ± 11) µM rrpII cpe.[(HeKBa.[(parnqnoM pacceHHIIII (RMS) 113 µM, a B cnyqae 142 

«pa30pBaHHbIX» co6bITIIH - (296 ± 10) µM rrpII RMS 118 µM. Ha OCHOBe II3Mepenm1 

.[(JIIIH CJie.[(OB rrporpaMMa MO.[(eJIIIpOBaHJIH SRIM [6] Il03BOID!eT .[(aTh oueHey 

KIIHeTJiqecKoii 3HepmII H.[(ep 8He, rrpoHIIKIIIIIX B 3MYJihCIIOHHhiii cnoii. Hx cpe.[(Hee 

3HaqeHIIe cocTaBIIJIO <E(8He)> = (29 ± 1) M3B rrpII RMS 10 M3B. CyruecrneHHO 

6onee HII3Koe 3HaqeHIIe cpe.[(neii 3HepmII 8He II ee 60JihIIIoii pa36poc na BXO.[(e B 
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3M)'JlbCIIIO no cpaBHeHHIO co 3HaqeHHeM, 3a,n;aHHhlM qiparMeHT-cenapaTOpOM, 

061,srcIDieTCJI TOpMO)KeHtteM B ynaKOBKe CJIOJI. Pacqernoe 3HaqeHtte cpe,n:Hero npo6era 

B 3MYJibCHH <L{8He)> nocne yqeTa TOpMO)KeHHH B 1 MM 6yMam paBHO OKOJIO 280 µM 

[6]. KpoMe rnro, MaTepuan 6YMartt JIBJIJieTCJI Heo,n:Hopo,n:Hoii CTPYKTYPOii, qrn 

CKa3bIBaeTCJI Ha 3HaquTeJibHOM pa36poce npo6eroB L{8He), KOTOpblll He onuc1,rnaeTCJI 

pacqeTaMH. Ha puc. 4 npe,n:crnnneHa CBJI3b npo6eroB a-qacTHII La H3 «MOJIOToqKoB» u 

3HaqeHHHMH 3Hepruu Ea, onpe,n:enJieMhlM no cnnaiiH-HHTepnonJIIIHH pacqern npo6er-

3HepmJI no Mo,Llenu SRIM. Cpe,n:Hee 3HaqeHtte npo6eron a-qacTHII HMeeT 3HaqeHue 

(7.4 ± 0.2) µM npu RMS (3.8 ± 0.2) µM. 3Ta BeJiuqHHa COOTBeTCTByeT cpe,n:HeMy 

3HaqeHHIO KHHeTuqecKoii 3Hepmu <E('He)> = (1.70 ± 0.03) M3B npu RMS = 0.8 

M3B. Ilo mMepeHHH yrnoB pa3JieTa nap a-qacTHII, nonyqeHO cpe,n:Hee 3HaqeHtte <02a> 

= (164.9 ± 0.7)0 npu RMS (11.6 ± 0.5)0
• 3HaHHe 3Hepmu H yrnoB 3MHCCHH (l-qaCTHII 

II03BOJIJieT nonyquTb pacnpe,n:eneHtte 3HeprHH a-pacna,LIOB Q2a, B OCHOBHOM, 

pacrrpe,n:eneHHe BeJIHqHHbI Q2a (puc. 5) COOTBeT_CTBYeT pacrra,n;aM JI.D:pa 8Be H3 

B036y)K.L{eHHOro COCTOJIHHJI 2+. 0,n:HaKo, ero cpe,n:Hee 3Haqem1e <Q2a> oKa3aJIOCI, 

_HeCKOJibKO BhlIIIe O)KH,L{aBIIIerocJI. 3TOT qiaKT orrpe,n:eJIJieTCJI HaJIHqtteM He60JII,IIIOro 

«XBOCTa» B o6naCTH 60JibllIHX 3Haqem1ii Q2a, JIBHO He COOTBeTCTBYIOIIIeMy onucaHHIO 

qiyHKIItteii raycca. IIpuMeHeHtte ycnoBuii OT6opa Ha npo6em L 1 u L2 < 12.5 µM, a 

. TaK)Ke 0 > 145°, no3BOJIJieT nonyqttTb 3HaqeHtte <Q2a> = (2.9 ± 0.1) M3B rrpu RMS 

(0.85 ± 0.07) M3B, ~o COOTBeTcTByeT 2+ COCTOJIHHIO. IIpuquHa IIOJIBJieHHJI «XBOCTa» B 

P!1CIIpe,LleneHHH Q2a HeoqeBtt,LIHa u TPe6yeT .D:aJihHeiiIIIero aHanma. 
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2v 
0 0 

0 0 
8He 

i, = 119.0 mstc ..... 
~84 %, AE, = -9.7 M•V_ 

~ 0 
e-

8Li 

i ~ 0.98 MeV, 12 fsec .. / 
.,, Ill_· a 

~C)I 
tp = 838 rnstc ~-• ".·. '. .• r = 1.5 MtV 
..... ··· ... ··1 

1
3MtV ·· ·. " ~%,..,• , ,a 

e- 8Be 2+ 

Puc. 1. CxeMa OCIIOBUOro KaUaJia KaCKa,zurnro pacn~a U30Tona 8He; CBeTJILie KPYlKKII 
COOTBeTCTBYJOT npOTOHaM, TeMHLie - 11eiiTpo11aM; KJiaCTepLI BLIAMeHLI TeMULIM 4>0110M. 

Puc. 2. M11Kpo4>0TOrpa4>u11 <<MOJIOTO'IKOBOro» 
pacn~a ll,!l,pa 8He, ocTa110B11BIIIeroc11 B ll,!l,epuoii 

JMYJILCUII. 

j 
w" ,,. 

/ 

/p 
,;r' ,,... .. 

... :-· 
.~ ,, 

10 15 20 25 
L,,..µm 

Puc. 4. OnpeAeJieuue Jnepruu a-'laCTUD no 
UlMepeHHLIM npo6eraM. 

Puc. 3. IIpo4>UJIL ny'IKa no MOJIOTO'IKOBLIM 
pacnaAaM; pa3Mep H'leHKU} X} MM2, 

N.,, 

60, 

40 

20 

10 
Q1 •• MeV 

Puc. 5. PacnpeAeneuue no BeJiu'lune Jnepruu 
Q2« napLI a-'laCTun; Jiu11u11 onucauue 

4>y11Knueii raycca. 
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3AKJII01JEHHE 

Pe3ym.TaTOM Hacrmr~eH pa6oTI,I ,rnrureTC1i ,LleMOHCTpaIIIDI npn 06.JI)"leHHH B ny1J:Ke 

H,1:1ep 8He BOJMO:lKHOcTeiI He,LlaBHO aocnpomae.neHHOH ji,LlepHOH 3MYJU,CHH. TecTOBhIH 

3KCIIepHMeHT II03BOJIHJI npe,LICTaBHTh He3aBHCHMhIM o6paJOM H,L1eHTmpnKa11mo 

pa.nnoaKTHBHhIX 1i,Llep 8He IIO pacna.naM npn OCTaHOBKe B 3MYJihCHH, 011eHHTh 

B03MO:lKHOCTh a-cneKTpOMeTpHH 3THX paCIIa,1:10B, a TaK:lKe BIIepBhie Ha6mo,1:1aTh 3<p<peKT 

,1:1pen¢a aTOMOB 8He, TepMaJIH30BaHHhIX B ae~ecTBe. BhlIIOJIHeHHhIH aHaJIH3 278 

pacna,LIOB ji,Llep 8He MO:lKeT CJIY:lKHTh IIpOTOTHIIOM ,LIIDl HCCJie,noBaHH1i pacna,1:10B 1i,Llep, 
8
•
9Li, 8

•
12B, 9C, 12N, a KOTOphlx 1i,1:1po 8Be cny:lKnT a Ka1J:ecTBe «MapKepa». 

CIIHCOK JIHTEPATYPhl 

[l] C. Ilay3nn, II. <l>aynep, .n;. IlepKnHc «IIccne.noaaHne 3JieMeHTapHhIX 1J:acrn11 

<pororpa<pnlfeCKHM Mero,1:10M». Ilep. c attrn. M.: IIIIJI, 1962, C. 286-291; 

[2] F. Ajzenberg-Selove // Nucl. Phys. A 1988, V. 490, P. l-266; TUNL Nuclear 

Data Evaluation Project, http://www.tunl.duke.edu/NuclData/ 

[3] The BECQUEREL Project http://becquerel.jinr.ru/miscellanea/8He/8He.html. 

[4] The ACCULINNA Project http://aculina.jinr.ru/. 

[5] U400M Accelerator Complex http://flerovlab.jinr.ru/flnr/u400m.html. 

[6] Ziegler J. F., Biersack J.P. and Ziegler M. D. SRIM - The Stopping and Range 

of Ions in Matter 2008, ISBN 0-9654207-1-X., SRIM Co; http://srim.org/ 
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BOCCTAHOBJIEHHE CIIEKTPA BTOPllqHbIX HEHTPOHOB 

HA CBHHQOBOH MHIIIEHH IIPH OJiJIYqEHHH EE 

IIPOTOHAMH 660 M3B 

II. A,naM1'2, II. Bp3aJIOBa1, II. faiicaK3, JI. 3aBopKa1, IO. Kmu3, C.B.KopHeeB4, 

M. MaKCHM3, E.A.Mapru,rnKeBHtJ5, C. MyxaMMe~oB6, A.A. CoJIHbIIIIKHH1, 

B.lI.CTeraiinoB1, !A.M.XnnLMaHOBHtJ5l )l{.X. Xy1IIBaKT0B1'6, B.M.QynKo-CHTHHKOB1 

1 JUIIT HM. B.IT. ~)KeJienoBa, OIUIII, r. ~y6Ha, Poccmr 

2 IIHCTHTYT JI~epHoii <l>H3HKH qelIICKoii AKa~eMHH HayK, r. P)Ke)K, qexm1 

3Y)Kropo~cKHii Hau:HOHaJibHbiii YHHBepcHTeT, r. Y)Kropo~, YKpaHHa 

4O61,e~HHeHHblii IIHCTHTYT 3HepreTntJeCKHX H JI~epHbIX IIccne~oBaHHii - CocHbI, 

HAH EenapycH, r. MHHCK, Pecny6nnKa Eenapyc1, 

5tlHCTH'fYT <l>H3HKH HM E.II.CTenaHoBa, HAH Eenapycn, r. MHHCK, Pecny6JIHKa 

Eenapyc1, 

6IIHCTHTYT ~epHoii <l>H3HKH AH PY3, r. TalIIKeHT, Y36eKHCTaH 

Arur.nccne~oBaHH.8 HeiiTp0HHblX noneii Ha ycrnH0BKe «rEHEPATOP», cocTo.1nu:eii 

H3 MaCCHBHOH CBHHU:OBOH MHIIIeHH, HCil0Jib30BaJIC.8 Ha6op HeiiTpOHHO-aKTHBaU:HOHHbIX 

~eTeKT0p0B. y CTaH0BKa o6JIYtJaJiaCb nytJK0M np0T0H0B C :meprneii 660 M3B Ha 

ycKopnTeJie «<I>A3OTPOH». Pe3yJioTaTOM pa6oTbI HBJIHeTCH 3KcnepHMeHTaJibH0e 

B0CCTaH0BJieHHe M.8rKOH o6naCTH (~o 15 M3B) cneKTpa HeHTpOHOB np0H3B0~HM0r0 

MaCCHBHOH CBHHU:OBOH MHIIIeHbIO npH o6nytJeHHH ee np0T0HaMH C 3Heprneii 660 M3B. 
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3KcnepuMeHT npoae,n;eH Ha npoTOHHOM ycKopmene «<I>A30TPOH» B. JUIII OIUHI. 

,[(mi Hapa60TKH BTOplltJHblX HellTpOHOB HCilOJib30BaJiaCb MaCCHBHaJI CBHHllOBaJI 

Mmuem, .n;naMeTpoM 8 CM u .n;nnHoii: 33 cM (ycrnHOBKa «rEHEPATOP» ), KOTopaJI 

06ny11anacb nytJKOM npOTOHOB C :rneprneii: 660 M3B. HHTerpaJibHblH IlOTOK npOTOHOB 

.,, 

Ha MHIIIeHH COCTaBHJI BeJIHtJHHY 7.75(3)E+14 tJaCTHll 3a 484 MHH o6JI)'tJeHHJI. ,QJIJI 

onpe.n;eneHHJI 

Pnc.1. Cnnnl(onan MH111enL (ycrnHoBKa «rEHEPATOP»). 

IIOTOKa npOTOHOB HCilOJlb30BaJiacb JI,n;epHaJI peaKllHJI 
27 Al(p,3pn)24Na, cetJeHHe KOTOpoii 

. ,!IJIJI rrpOTOHOB C 3Heprneii: 660 M3B xopOIIIO H3BeCTHO H COCTaBJIJieT 10, 7±0, 1 M6. 

,QJIJI BOCCTaHOBJieHHJI crreKTpa Heii:TpOHOB HCIIOJib30BaJIHCb aKTHBallHOHHbie 

ss 70 60 10 JS JO 11 22 .U~ 

no 

Thr .. hold 

Al, R2,R3,A4-. KNb, SIC: lnd11nsample-s 

1: Mc20, Pb20. Al20, 31n021•31n022 Mlnskflvflhold~ttttors In Clldmlum container 
z·. 8120,ZrlO, Ql20, Co20 Minslr.Tl'veshold del«tors In Clldmfum contei~r 
!; fe20, 0.120, Ti20, Nl20 Minsk Threshold detectors In Cadmium container 
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Puc.2. Pa3Memenue uccJieAyeMMX 06pa311oe u noporoe1,1x AeTeKTopoe 11a noeepxuocTu ceu1111oeoii 

MHHieHH (yCT3HOBKa «rEHEPATOP»). 

,ne-reKTOphI Mg, Pb, Al, In, Bi, Zr, Cd, Co, Fe, Cu, Ti, Ni. PaJMephI aKnmau110HHhIX 

,neTeKTopoB COCTaBJUIJill al2 X 0.2 MM2
• Bo BpeMH o6rryqeHml aKTHBal{HOHHhie 

,neTeKT0phl pa3Mell{aJillCh Ha IIOBepXHOCTll CBHHUOBOll Mlllllemi: KaK 3TO yKa3aH0 Ha 

pncyHKe 2. 

Ilocrre ofirryqeHll}l o6pa31.{hl rrepeMell{aJillCh Ha CIIeKTPOMeTpllqecKllll KOMIIJieKC 

JICHAilll-2 [1] B JIBil OHJIH, r,ne c rroMOIIIhIO HPGe ll3MepHJIHCh nx y-crreKTPhI B 

TeqeHlle pa3JillqHhIX BpeMeHHhIX llHTepBaJIOB. CrreKTPhI o6pa6aThIBaJillCh c IIOMOIIIhlO 

rrporpaMMhI DEIMOS [2]. H,neHTmpnKaUHH H,nep, o6pa3oBaBIIIHXCH B 06pa3uax ll 

f-2~2E-03 

I 2,0E-03 
I 
I 1,SE-03 

> 
1,6£-03 

~ 1,4£-03 ., 
5 1,2£-03 ., 
~ 1,0E-03 

~ .. 8,0E-04 

"' S 6,0E-04 

! 4,0E-04 

2,0E-04 

0,0E+00 -l--~t--'-+~..::;::::::;::::=F"""'l'""''"1"'--,---,,--,.--,---i---,--,-,.--i 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 , 

-"~e~.'?~-~~~r-~y~ ~~~., 
Pnc.3. BoccTai10eJie11111,1ii cneicrp neiiTponoe AO 15 MJB. 

rroporoBhIX ,neTeKTopoB B pe3yrrhTaTe peaKunii C BTOpll'IHhIMll HellTPOHaMH, 

rrpoB0,nHJiaCh C llCII0Jih30BaHlleM JlllTepaTYPHhIX ,naHHhIX ll rraKeTa rrporpaMM [3]. 

Ilpll orrpe,nerreHllll CKOpOCTeii peaKl.{llll llCIIOJih30BaJIOCh CO0TH0IIIeHlle (1) [4]. 

R(A Z ) = Q(Ar,Zr) (1) 
r, r NcNp ' 

r,ne Q (Ar, Zr) - CKOp0CTh o6pa30BaHllH pa,nll0HYKJIH,na (r), Ne - qncrro aTOM0B B 

o6pa3ue, Np- 'lllCJIO rra,naIOll{llX rrpOT0HOB Ha Mlll~eHh. 

<l>rrroeHc HeiiTPOHOB (/)(E) orrpe,nerrHJICH 113 ypaBHeHHH (2) (5]. 
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R = fe:hrG'eff(E)0(E)dE 

r~e aertCE) - 3q>q>eKTHBHoe ce<JeHtte. 

(2) 

Ha pttcyHKe 3 npHBe~eH BOCCTaHOBJieHHhlll HaMH cneKTp HeHTpOHOB ~o 3HeprHH 15 

M3B, a a Ta6JittUe 1 nepe'leHb OCHOBHhIX peaKUlfll HCilOJib3YeMbIX ~mr ero 

BOCCTaHOBJieHmI. 3qiq>eKTHBHOe ce<JeHHe peaKUlflf cr,g(E) »BmreTCH cpe~HHM 

3Ha'leHHeM ceqeHHH cr(E), ycpe~HeHHOe no onopHOMY cneKTpy. B IlOCJie~HlfX ~BYX 

KOJIOHKax Ta6JIHUhl npe~CTaBJieHhl 3KCnepttMeHTaJihHble BeJIH'IHHhl CKOpOCTeii 

peaKUHH R H HX oum6KH dR. 

Talinu11a 1. Sl,nepHLle pea1<:11uu, IICil0JILJ0BaHHLle /IJlll B0CCTa110BJ1eHHll cnetrrpa 11eiiTpOHOB II IIX 

CKODOCTII R. 

M Nuclear reactions Ethr[MeV) a,rr[cm2
) R dR 

I lllCd(n,n'y) lllCdm 0,25 2,58E-25 1,26E-28 l,00E-29 

2 47Ti (n, p) 47Sc 0,75 2,69E-26 3,68E-29 l,60E-30 

3 
58

Ni (n, p) 
58

Co 0,9 1,57E-25 1,70E-28 9,00E-30 

4 
204

Pb (n, n' y) 
204

Pb m 0,95 2,33E-25 4,0IE-29 3,70E-30 

5 54
Fe (n, p) 

54
Mn !,25 1,40E-25 6,82E-29 3,60E-30 

6 
46

Ti (n, p) 
46

S c 3,05 9,46E-26 3,06E-29 1,40E-30 

7 
59 59 

Co (n, p) Fe ~.45 l,63E-26 8,31E-30 4,S0E-31 

8 90Zr (n, p) 90ym 3,85 1,02E-26 5,23E-30 l,50E-31 

9 
65

Cu (n, p) 
65

Ni 3,95 7,72E-27 l,26E-30 1,70E-31 
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10 
54 51 

Fe (n, a) Cr 4,75 4,57E-26 2,36E-29 1,4OE-3O 

11 56
Fe (n, p) 

56
Mn 5,4 3,84E-26 l,59E-29 9,0OE-31 

12 
48

Ti (n, p) 
48

Sc 5,95 2,14E-26 4,O7E-29 l,2E-3O 

13 24Mg (n, p) 24Na 6,15 6,96E-26 2,31E-29 l,lOE-3O 

14 
27 

Al (n, a) 
24

Na 6,75 5,O8E-26 l,79E-29 7,OOE-31 

15 
59

Co (n, a) 
56

Mn 6,95 1,38E-26 5,8OE-3O 2,9OE-31 

16 
96

Zr (n, 2n) 
95

Zr 8,05 5,88E-25 9,O8E-3O 4,5OE-31 

17 
204

Pb (n, 2n) 
203

Pb 8,65 8,16E-25 8,78E-29 2,9OE-3O 

18 
116

Cd (n, 2n) 
115

Cd 9,05 6,22E-25 2,78E-29 2,OOE-3O 

19 11JCd(n,p) 11JAg 10,25 1,76E-26 l,25E-29 l,6OE-3O 

20 
65 

Cu (n, 2n) 
64 

Cu 10,45 3,84E-25 4,55E-29 4,OOE-3O 

21 
108

Cd (n, ·2n) 
107 

Cd 10,85 5,63E-25 l,99E-29 2,4OE-3O 

22 
59 58 

Co (n, 2n) Co 11,05 3,81E-25 8,31E-29 3,3OE-3O 

23 
50

Ti (n, a) 
47 

Ca 11,45 5,22E-27 4,O5E-31 3,8OE-32 

24 
112

Cd (n, p) 
112 

Ag 11,5 l,93E-26 1,18E-29 7,OOE-31 
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25 90 89 
Zr (n, 2n) Zr 12,45 4,77E-25 9,51E-29 2,20E-30 

26 58
Ni (n, 2n) 

57
Ni 13,45 4,89E-26 l,27E-29 7,00E-31 
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Ilpe,nce,naTem, ceKUHH: ,n.<p.-M.H. E.M. Cr,1peCHH 
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HCCJIE,[l;OBAHHE MHKPOIIHKCEJibHbIX JIABHHHbIX 

«l>OTO,ll;HO,[l;OB CKAHHPYIOID:HM JIA3EPHblM IIYqKOM 

H.B. AHqmMoB 

JUIII HM. B.Il. ,[{)I(enenoBa, OHJIH, r . .[{y6Ha, Poccmr 

Mm<ponHKCeJihHbltt JlaBHHHbltt <l>oTO.[{Ho~ (MJI<I>.[{) - npe~CTaBmreT H3 cefor 

rronynpoBO~HIIKOBhlll qJOTO~eTeKTop, COCTOJHIIlill lI3 MHO)I(eCTBa MlIKpocqerqlIKOB 

<pOTOHOB - IllIKCeneii. Ka~blll IllIKCeJih pa6oTaeT B pe)I(HMe ~a/HeT, HO MJI<I>.[{, B 

11enoM, JiB.IDieTCJi "aHanOrOBbIM11 npu6opoM, cnoco6Hh1M lI3MepliTb lIHTeHClIBHOCTb 

cBera B ~uana3oHe, orpaHuqeHHOM qucnoM IllIKCeneii. Hau6onee pacnpocrpaHeHHhitt 

TlIIl MJI<I>.[{ - IlOBepXHOCTHO-IllIKCeJibHhlll, lIMeeT IlJIOTHOCTh IllIKCeJieii nopli~Ka 

0 
2 . 

1 00 MM- ' qTQ orpaHuquBaeT o6JiaCTlI B03MO)I(HOro npuMeHeHHJi MJI<I>.[{. YBeJIHqe1me 

IlJIOTHOCTlI IllIKCeneii npHBO~IIT K yMeHhllleHHIO reoMerpuqecKOro qiaKTopa ( qiaKTopa 

3anonHeHI1Ji). YHHKaJihHali pa3pa6oTKa OHJIH - rny6HHHhitt MJI<I>.[{ HMeer nnornoCTh 

rrnKceneii ~o 40 000 MM-
2
, 6e3 cymecTBeHHoii norepu 3qiqieKTHBHOCTH perncrpa11uu 

qJOTOHa. B Pli~e pa6oT, HaIIpHMep [I], yTBep~aJIOCh, qro B TaKOll KOHCTpYKIIIllI 

3KBHBaJieHTHhlll qiaKTop 3ailOJIHeHHJi 6JIH30K K 100%. O~HaKO, 3aMeqeHO, qTQ 

3<pqJeKTHBHOCTb lI3MeHJieTCJi B 3aBHCIIMOCTlI OT IlJIOTHOCTlI lI pa3MepoB IlHKCeneii, qro 

Hel!BHO yKa3b!BaeT na He3qiqieKTHBHOCTb pa60Tbl qaCTlI nnoma~lI H, COOTBeTcTBeIIHO 

He 100% reoMeTpHqeCKHll qiaKTop. 

B HaCTOJiIIIeii pa6ore 6bIJIO BhIIlOJIHeHo CKaHHpOBa1111e pa3JIIIqHblX TlIIlOB MJI<I>.[{ 

ila3epHb!M nyqKOM MaJIOro pa3Mepa (~1 MKM). MeTO~lIKa 6bma lI3HaqaJibHO OTpa60TaHa 

a KapnoBOM YnnBepCHTeTe B r. Ilpara, qeIIICKaJi Pecny6JIHKa Ha IlOBepXHOCTHO­

IIHKCeJihHhIX MJI<I>.[{ KpaCHb!M (660 HM) Jia3epHblM nyqKOM. H Il03)I(e a~ailTHpOBaHa 

Mll rny6HHHhIX MJI<I>.[{ . .[{onommreJibHO C03~aeTCJ{ ycraHOBKa Mli CKaHHpOBaHHJi 

<pOTO~Ho~oB rony6MM (440 HM) naJepoM B qiunuane HHH.51<1> MfY (r . .[{y6Ha). 

Pe3yJihTaThI cKaHHpoBaHHJi BhIJiBHJIH nuKcenhHYIO CTPYKTYPY rny6HHH0ro MJI<I>.[{, qro 

' CBlI~eTeJihCTByeT O He 100% 3qiqieKTHBHOCTlI c6opa 3apli~OB Ha IllIKCeJIH, qro 
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3KBHBaJieHTH0 yMeHI,rnemno qiaKTopa 3ano.irnemrn:. 

[I] Z. Sadygov, et.· al. Microchannel avalanche photodiode with broad linearity 

range. Technical Physics Letters, Mi6, v.36, p. 528-530, ISSN:1063-7850, eISSN:1090-

6533 
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PA3PA1iOTKA H MO~EJIHPOBAHHE MArHHTHOH 

CHCTEMhl ~JUI MArHHTHLIX OXJIA)K,l(AIOIIJ;HX 

YCTPOHCTB, PAJiOTAIOIIJ;HX no KACKMHOMY IJ;HKJIY* 

0.B. Earr611x1rna, A.IO. KapneHKOB, ,n;.IO. KapneHKOB, K.TI. CKOKOB 

TBepcKon rocyii;apcTBeHHhIH ymrnepc11TeT, r. TBep1,, Poccm1 

BBE~HHE 

B HaCT0.m:uee BpeMH Bee aKTYaJihHee CTaH0BHTCH B0IIp0ChI KacaeM0 

aJibTepHaTIIBHhIX IIpllHUIIII0B 0XJia)K)l;eHIIH, He CBH3aHHhIX C np11MeHeH11eM 

rpai(IIUII0HHhIX XJiaii;areHT0B [ l]. 

TeXHOJJOrlJH MarHIITH0ro 0XJia)K)l;eHIJH ycnenrno np11MeHHeTCH i(JIH II0JJyqeHIJH 

caepxHll3KIIX TeMneparyp II HBJJHeTCH nepcneKTIIBHhIM MeT0i(0M 0XJia)K)l;eHlJH np11 

TeMneparypax B6JJH311 K0MHaTHhIX [l-2). .n;aHHM TeXH0JJ0rllH 0CH0BhIBaeTCH Ha 

Marn11TOKaJI0p11qecK0M 3q>q>eKTe (MK3), KOTOphIH onpeii;eJJHeTCH KaK 113MeHeHlle 

TeMneparyp1,1, Ha6moii;aeMoe B 60JJhllIIIHCTBe MarHIITHhIX MaTep11arrax IIpll ll3MeHeHIIII 

BHeIIIHero MarHIITH0ro II0JIH. OcHOBI,IBaHCh Ha MK3, B03M0)KH0 C03i(aH11e MarHIITHhIX 

X0JI0i(IIJlhHIIK0B - MaIIIIIH, rii;e MarHIITHble MaTep11arrhI BhICrynaIOT B KaqecTBe pa6oq11x 

TeJJ BMeCT0 ra3a, a npouecChI HaMarH11q11BaH11H IIJIII pa3MarH11q11BaHIIH IICII0Jlh3yeTCH 

BMeCT0 npouecC0B C)KaTIIH IIJIII pacrn11peHIIH. 

3allHTepeCOBaHHOCTh B MarHIITHhIX X0JI0i(IIJlhHIIKax, CBH3aHHa C IIX 3HepreT11qecK11 

II 3K0H0M11qecKII Bhir0ii;HhIM II0TeHUllaJI0M, BhIC0K0H 3q>q>eKTIIBHOCThIO, Hai(e)KH0CThIO 

II 3K0JJ0rllqH0CThIO. 

3qiq>eKTIIBHOCTh pa6oTbI MarHIITH0ro peq>pll)KepaTopa (MP) 3aBIICIIT OT pa3JJllqHI,IX 

K0HCTPYKUII0HHhIX peIIIeHIIH: 061>eM pa6oqero Tena, KOH<p11rypau11H IICTOqHIIKa 

MarHIITH0ro II0JJH, KaqecTBeHHaH K0HCTPYKUIIH pa6oqen o6nacrn peq>pll)Keparnpa [3]. 

Pe3yJJhTaT peIIIeHIIH i(aHHhIX K0HCTPYKUII0HHhIX 3aii;aq II onpeii;eJJHeT 0CH0BHhie 

• Pa6orn BLIIlOJIHeHa npu noAAep)KKe rpattTOB P<l><l>H N2 12-02-31314 H N2 13-02-00856 H crnneH.Z1HH 

Ilpe311.11eHTa PoccttiiCKOU <l>e.11epaI.1HH MOJIO.[\LIM yqeHLIM tt acnupaHTaM Ha 2012-2014 ro.11LI. 
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xaparcrepIICTIIKH MP: TeMnepa-rypHblll ,IUiana3OH oxna)KJ];eHmI, MOillHOCTb oxna)K~eHIISI 

II XOnO~IInhHblll K03q>q>IIl.(IIeHT. 

MarHIITHbie CIICTeMbI, co6paHHbie II3 noCTOSIHHblX MarHIITOB, SIBMIOTCSI 6onee 

no~OMillIIMII ~ IICnOnb3OBaHIISI B MX. 3To o6ycnaBnIIBaeTCSI TeM, qTo OHII He 

Tpe6y10T 3HepmII ~ TOro qT06b1 creHepIIpOBaTb MarHIITHOe none II K TOMY )Ke OHII 

IIMeIOT OTHOCIITenbHO He6onblllIIe reoMeTpIIqecKHe pa3Mepbl, qTo no3BOMeT 

C03~aBaTb KOMnaKTHbie MP [4]. B II~eane, MarHIITbl B CIICTeMe ~On)KHbl pacnonaraTbCSI 

TaK, qro61,1 CO3~aBaTb MaKCIIMaJibHO BO3MO)KHOe none B KaK MO)KHO 6onbllleM 3a3Ope, 

npII 3TOM ~On)KHO IICnonb30BaTbCSI MIIHIIMYM MarHIITHOro MaTepIIana. 

Hcnon1,3osaHIIe TeXHOnorIIII 

MarHIITHOro 

C03~aHIIII 

oxna)KJ];eHIIH npII 

MarHIITHbIX 

peq>pII)KepaTOpOB, pa60TaIOI1IIIX no 

npOCTblM l.(JIKJiaM II IICnonb3YIOilllIX B 

KaqecTBe IICTOqHJIKa MarHIITHOro 

nOM CIICTeMbl II3 nOCTOSIHHblX 

MarHIITOB C MaKCIIMaJibHOH 

seJIIIqIIHoii MamIIrnoii IIH~KUIIII 1-2 

Tn, B caMbIX peanIICTJiqHI,JX 

cueHapIIHX cnoco6Ho o6ecneqIITh 

2,0 

1,5 

c; 1.0 
1-

ai 
0,5 

0,0 
~ H.,•1050KA/M 

-------------- ' I 
I 

·0,5 ~~-~~-~~-~~--,{1-~~~~~ .... 
·1200 -900 -600 ·300 0 

H, KA/M 
50 

H,A/M 
100 

PncynoK I. IloJieBble 33BHCHMOCTII mmyKitHH ,!IJIII 
MaTepnaJIOB, ncnoJILJyeMblX npn MO/leJinpona11uu, 

oxna)KJ];eHIIe Heo6xo~IIMoro 061,eMa scero Ha HecKonhKO rp~ycos [2]. 3TO O3HaqaeT, 

qTo MarHIITOKanOpIIqecKJIH MaTepIIan ~On)KeH IICnOnb3OBaTbCSI B KaqecTBe aKTIIBHOro 

KOMnOHeHTa B pereHepaTIIBHbIX IIJIII KaCK~HbIX npoueccax (UIIKJiax). IlpIIHI.(IIII 

KacKa~Horo pa6oqero UIIKJia 3aKJIJOqaeTCH B TOM, qTo Ka)KJ];bIH 3neMeHT pa6oqero Tena 

Henocpe~cTBeHHO HBnSieTCH TennOBbIM HaCOCOM ~ coce~Hero 3neMeHTa. TaKIIM 

o6pa30M, MarHJITHaSI CIICTeMa ~ MX, pa60TaIOI1Iero no KaCKa~HOMY l.(IIKJIY' ~On)KHa 

COCTOS!Tb II3 HeCKOnbKIIX O~HOTIInHbIX 3neMeHTOB. 

,l.l;ETAJIH MO,l.l;EJIHPOBAHIDI 
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,[(.J:u1 M0.[lemip0Bamur pa:mll'IHI,IX KOHqmrypauun: MarHIITHbIX CIICTeM, a TaK )Ke .[\JUI 

q11cJieHHOll ouem<II BeJinqIIHbI C03.[\aBaeM0ro IIMII IIOJien: IICil0Jib30BaJiaCI, IIporpaMMa 

ELCUT 5.10. 

Ilpu M0.[\eJIIIpoBaHIIII MarHIITHbIX CIICTeM IICII0Jib30BaJIIICI, MarHIITHI,Ie 

xapaKTepIICTIIKII peaJII,HI,IX MaTepIIaJI0B. B KaqecTBe MarHIIT0TBep.[lbIX MaTepnaJI0B 

fihmu B1,16paH1,1 MarnuTM Ha ocHoBe coe.[lnHeHIIR NdFeB MapKII Vacodym 510 HR. Ha 

pucyHKe 1 IIpIIBe.[\eHbI KpIIBbie HaMarHuqnBaHIIR IICII0JII,JyeMbIX .[\JIJI M0.[\eJiupoBaHIIR 

MaTepuanoB. 

PE3Y~bTATblHCC~E~OBAHHH 

O.[IHIIM II3 IIpenMyIIIeCTB MP JIBJIJieTCR IIX K0MIIaKTH0CTb, II03T0MY IICCJie.[lyeMaJI 

MarHIITHM CIICTeMa 61,rna pa3pa6oTaHa c ueJII,IO MaKCIIMaJibH0ro yMeHbIUeHIIR 

reoMeTPuqecKux pa3MepOB Koneqnoro ycTPoiicTBa. KoncTpyKIIIIR u nunen:nMe 

pa3Mep1,1 3JieMeHTa pa3pa60TaHHOll CIICTeMbl npe.[ICTaBJieHI,J Ha pncynKe 2B. OcttoBa 

2,0 

1,5 

1,0 

0,5 

[] - ra,QonKHMl4 ■ -nocTORHwe MarHKTI.I NdFeB ■ -nepMeHAtOP 49K2<l>BYI B [Tn] O,O 

PncynoK 2. Ko111pnrypaQHH COJAanaeMoro CHCTeMoii MarHHTJIOro IlOJIH: a) 6e1 
pa6o'lero TeJia; 6) C pa60'IHM TeJIOM; B) KOHCTpyKQHH H JIHHeii11L1e palMepLI 

K0HCTPYKIIIIH 3T0 .[\Ba ceKT0pa, co6paHHblX II3 CIIeIIliaJII,HblM o6pa30M 

copHeHTIIp0BaHHblX MarHHT0B. 
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C uem,IO npll6JIIDKCHIUI pe3yJihTaTOB MOACJillpOBaHllJ! K pa6oTe peam,Horo 

ycTpOHCTBa 61,ma npOMOACJillpOBaHa AaHHaH MarHllTHaJI CllCTCMa C llCnOJih30BaHllCM 

pa6otJero TCJia, B KatJCCTBC KOTOporo 61,m Bhl6pan PCAK03CMCJihHhIH MCTaJIJI 

fMOJillHllH, llCnOJih3YCMhIH B HaCTOJimee BpCMJ! B 60JihIIIllHCTBC C03AaHHhIX 

npoTomnoa MP [3]. 

Pe3yJihTaThI MOACJillpOBaHllJ! MarHllTHOH CllCTCMhI npll llCnOJih30BaHllll pa6otJero 

TCJia ll 6e3 Hero npllBCACHhI Ha pucyHKC 26 ll 2a, COOTBCTCTBCHHO. 

K npeuMymeCTBaM AaHHOH CllCTCMhI MO)l(HO OTHCCTll CJICAYIOmlle n03llUllll: a) 

BhICOKaH OAHOPOAHOCTI, u 1'.JCTKOC pa3rpaHlltJCHllC o6nacTeil: c Hll3KllM u BhICOKllM 

3HatJCHllJ!Mll llH~KUllll C03AaBaeMoro MarHllTHOfO noJIJI; 6) HenpepbIBHOe apameHlle 

MarHllTOKaJIOplltJCCKOfO MaTepuana, 1'.JTO n03B0JIJ!CT A06llThCJ! BhICOKOH tJaCTOThI 

pa6oThI MarHllTHoro XOJIOAllJihHllKa; a) HenpephIBHOe ucnoJih30BaHue o6nacTeil: c 
BhICOKllM 3HatJCHllCM MafHllTHOfO noJIJI. 

CoaceM HCAaBHO aBTOpaMll [4] AJIJI xapaKTCpllCTllK MarHllTHhIX CllCTCM, 

llCnOJih3YCMhIX B MarHllTHhIX XOJIOAllJihHllKax, 

onpeACJIHCMhIH KaK: 

6bm BBCACH napaMCTp 

A = (( B2/3 ) -( B2/3) t,a,opa p 
cool MaKC MUH V .AC12H nom, 

Acool, 

fAC VMG2H - 3TO o6oeM MarHllTOB, V,a,opa - o6oeM, B KOTOpOM C03AaCTCJ! MarHllTHOe 

none, p no11J1 3TO llHTCpBaJI apeMCHll UllKJia, B TCtJCHllC KOTOporo 

MarHllTOKaJIOplltJCCKllll MaTepllaJI HaXOAllTCJ! B MarHllTHOM none, <BMaK/13> - 3TO 

ycpCAHCHHaH no o6oeMy llH~KUllJI, C03AaBaeMoro B 3a30pe MarHIITHOro noJUI B 

CTeneHII 2/3 II <BMu/13> - 3TO ycpeAHCHHaJI no o6oeMy llH~KUllJI MarHllTHOfO IIOJIJI B 

CTeneHll 2/3 a o6JiaCTll, fAC MarHllTOKaJIOplltJCCKllH MaTepllaJI HaXOAllTCJI B 

pa3MarHlltJCHHOM COCTOJ!Hllll. 

.nJIH OUCHKll 3qlqJCKTllBHOCTll AaHHOH MarHllTHOH CllCTCMI,I BOCnOJih3YCMCJ! TaK )KC 

napaMCTpOM Acoo/, HcnOJih3YJI AaHHhlC pucyHKOB 2a-B ll, npeAnOJiaraJI, 1'.JTO napaMeTp 

p nollJI= 1, 1'.JTO roaopllT O TOM, 1'.JTO o6JiaCTh C HallBhICIIIllM 3HatJCHllCM MarHllTHOfO IIOJIJI 

ucnOJih3yeTCJI B TCtJCHlle Bcero UllKJia noeytJllM, tJTO napaMeTp AcooF0.145 TJI
213

, 'ITO 
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COll3MepllMO c Hall.rry'IIUllMll ony6JillKOBaHHhlMll paHee KOHqmrypal.lIDIM MarHllTHh!X 

CllCTeM [4]. 
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HOBblE HHHOBAQHOHHbIE PA3PAEOTKH ,11;.IDI ME,[J;HKO­

liHOJIOrHqECKHX HCCJIE,[J;OBAHHH 

B. BapmK
1 

1
IJ;KII «HaHo6tt:ocpoToHtt:Ka», OIUIH, r. )];y6Ha, PoccIDI. 

AHHOTAIJ;IDI 

M1,1 paccMaTPtt:BaeM TeopeTtt:qecKoe tt: npaKTtt:qecKoe II0Htt:MaHtt:e ycTPoiicTB: KAPC 

(Mtt:KpOCKOIIIDI KorepeHTHoro AHTIICTOKCKoro Paccett:BaHIDI CBern) tt: «Bioscope». B 

pa6oTe npe,n;cTaBneHI,I MeT0,l(llKII tt:ccne,n;oBaHllll ll C00TBeTCTBYIOIIIlle pe3ynhTaTI,I. 

BBE)];EHHE 

OTKphlTllH B 6tt:onorIIll qacT0 B03Htt:KaIOT ll3-3a pa3BllTllH H0BbIX llHCTPYt.teHT0B 

MllKp0CK0IIllll. MHOrllX npo6neM M0)KH0 pemaTh T0llbK0 nocne BBe,n;eHllH II0,l(X0.l(HlllllX 

MllKp0CK0IIllqecKtt:X MeT0,l(0B. KAPC o6ecneqtt:BaeT IIpHMOH tt: Hett:HBaJllBHblll II0,l(X0,l( 

K Btt:3yanmau;tt:ll HyKnellH0BbIX KllCll0T, 6enKOB ll ,n;pyrtt:x MoneKyn pa60TaIOIIIHe B 

)KllBhlX KneTKax, c ,l(0CTll)KeHtt:eM TPeXMepHoro mo6pa)KeHllH c BhlC0KllM 

IIp0CTPaHCTBeHHhlM, cneKTPanbHbIM pa3pemeHtt:eM, BbIC0KaH CK0p0CTb CKaHtt:poBaHtt:H, 

BhlCOKOH qyBCTBtt:TenhH0CTII ll BblCOKOH tt:36tt:paTenhHOCTll XllMtt:qecKllX BemecTB. 

KAPC Mtt:Kp0CK0IIIDI o6ecneqtt:BaeT llH!pOpMaUllIO 06 XllMllqecKyIO ll !pll3llqecKyIO 

CTPYKTYPY o6pa3UOB Ha cy6Mtt:KpOHHhie pa3Mepb1[l]. 

DllOCKOII M0)KeT 6hlTb llCII0llb30BaH B KaqecTBe H0B0ro llHCTPYMeHTa ,l(nH 

,n;tt:arH0CTIIKII B Me,l(llll;llHe ll 6tt:onomtt:. IIptt:HUllII pa60TbI YCTPOHCTBO Ha 0CH0Be 

ll3MepeHIDI llHTeHCllBH0CTll lla3epHoro CBeTa[2]. 

O61,1qHo llCII0llh3yeMaH B HayqHhIX tt:ccne,n;oBaHIDIX annaparypa optt:eHTtt:poBaHa Ha 

oueHey 0T,n;enbHbIX !pll3llKO-XllMllqecKllX IIOKa3aTeneii opraHll3Ma. 11 T0llbK0 nocne 

,n;eTanhHoro aHantt:3a Bceii noKa3aTeneii M0)KH0 ,n;enaTh onpe,n;eneHHhle 3aKnroqeHtt:H 06 

H3MeHeHllHX Ha uen0CTH0M ypoBHe opraHll3Ma. B CBH3ll C 3TllM oco6bill llHTepec 

npe,n;cTaBnHeT B0IIpoc 0 B03M0)KH0CTll llCII0llb30BaHllH B 6tt:onortt:qecKtt:X 

llCCne,n;oBaHllHX H0Boro annaparypHoro K0MIIneKca «DllOCKOII>>, npe,n;HaJHaqeHH0ro 



167 

.nmr IlOJI}'1IeHIDl OQeHKH HHTerpaTHBHOro COCTOHHHH 6nonornqecKHX 061,eKTOB 

6eCKOHTaKTHO (~HCTaHQHOHHO) n a peaJibHOM BpeMeHH[3]. 

MATEPHAJibl H METO,[(bl 

KAPC MHKpoc1mn. B MHKpOcKone HCilOJihJyeTCH HeCKOJihKO KaHaJIOB JailHCH Ja 

o~HH cKaH: cnrnan B npHMOM HanpaaneHHH (F-CARS), cnrnan B o6paTHOM 

HanpaBJieHHH 

Vlrtu4I 
ene-rgy 
states 

Vibrational 
ll!M"n;J)' ~tate, 

I 

I \ ,, 
4 

' 2 
1 
0 

Infrared Rayt1"1gh !.toke,,; Anti-Stoke-. 
•bsorption S.(attenng Raman Raman 

scatte1 tog scattering 

Puc.I. 3uepreTU'leCKaH AuarpaMMa. 

(E-CARS), cnrnan pacceHHHoro HJnyqeHHH Ha JiaJepHoii qacToTe (Reflected), curnan 

IIpOXO~HmeM CBeTe (Transmission) n JIIOMHHeCQeHTHhlll CHrHaJI (puc.1 ). TaKHM 

o6paJOM, IlOCTaBJieHa 3a~aqa nonyquTh H HCCJie~OBaTh peJyJihTaTbl C Ka)[()l;oro KaHaJia. 

35000 
BR+Amp+Au NPs, 633 nm, 80x, exposure 1a 

~ ,I ·-·---· BR+Amp+Au NPa-background ·--j 

l : yJl1\ :1 .=-,;;.--.,-, 
':t 1~'-

5000 l~.JJi\~l "----
500 1000 1!100 2000 2500 3000 3500 '4000 •SOO 5000 

Raman. cm·1 

Puc. 2. PaMau cneKTp 6aKTepuopOAODCUHa (1530, 2875 CM01
) B aMnuljloJJe (1200, 1450 CM01

) c 
11a110'1aCTUl(aMU l0JJ0T0 (1360, 1410 CM01

). 

l(.mi IlOJI}'1IeHHH paMaH cneKTpOB HCilOJihJyeTCH HaKaqKa Ha 633 HM. B 

6nonornqecKHX o6paJQOB BpeMH CKaHHpOBaHIDl J~aBaJIH no 1 CeKyH~e (puc.2). 

Ha JIIOMHHeCQeHTHOM KaHaJie 6hIJIH nonyqeHhl cneKTphl oKcuqnopH~Horo CTeKJia 

~onupOHHOro HOHaMH Er3+1Yb3+, npH HaKaqKe Ha 980 HM, B peJyJihTaTe qero 

Ha6JIIO~aJIOCh npoQecc anKOHBepcuH (HJnyqeHHe a JeJieHO-CHHee o6JiaCTb) (pnc.3A). 
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,ll;mr nonyqem1e cil:rnru:ra E-CARS IICilOJih30BaJICH paMaH cneKrp JIIIIlIJ,n;OB DPPC 

(pttc.3E). )];n» nonyqeHIIH CilrHaJia E-CARS H)')KHO no.ncTJ)aeBaTh OPO: AHaK. = 924 HM, 

AcT. = 1064 HM, qTO COOTBeTCTBYeT pe3OHaHcy IlOJIHCrnpeHa Ha qacTOTe 1445 CM
01 

(TO 

ecTh cI1rnru:r E-CARS npe,ncTaBn»eT c co6oii Il3MepeHile cneKrpa KOHKpeTHOro nIIKa Ha 

,nJIIIHe BOJIHbl 816 HM II BpeMH 113MepeHIIH 3c). 

'3' 200000 ... 
i 180000 

]I 
~ 10l>OQO 

6 02-7a-non tr-980nm nd-0.7-842sp 
- 07-7up-non tr-980nm nd-0.7-842sp 
-08-3a-non tr-98Onm nd-0.51s 
-14Lc 960 nm N[)..0 1s 
- 2a•non-lr-980nm-N0-1.2 8.4_:?!iJ 

- ~ - - ~ - - - - -A(nm) 

A) 

'CARS on R1m1n w 1448em·1 ·--u~-~ ---
: .,,., 

f ·- ! 
! ,,.. [i:1 

:: ~-f •.=~ 
•-::; ~- .,,. "" ,;,, ,.,, ,~ .. ~ 

CARS011 Ramanlirle 1128cm' 

,.nm 

E) 

Pnc.3. JIIOMIIIICCIICHTllblll cneKTp amw1rnepc1111 OKCHcj>Top1111;11oro CTeKJla A0illlp0Banoro 110113MII 
Er3+Nb3+ c pa3HbIMH MaTp1111aM11 (A). CneKTp E-CARS KOTOpb1ii cooTBeTcrnyeT pelonancy 

J111m111;a DPPC na 'IHCTOTe 1445 (E). 
KAPC npe,ncrnBn»eT oco6oe npeI1MymecTBo nptt nonyqeHHe paMaH-KapTIIHKax 

(pilc.4), TO eCTb nonyqIITb KapTIIHKII no ceneKTIIBHOCTH qaCTOT (:no IlO3BOnHeT 

IICKmoqIITb TJ)a,nm.(IIOHHble MeTO,nbI ceneKTIIBHOro 113MepeHHH C IlOMOmhlo 

KpaCHTeneii, MapKepoB) II nonyqeHile cneKrpOB B Ka)K,nOM IlIIKCene ,naHHblX KapTHHOK. 

I eooom,=, I . """'" """"·'"'" 

JJJLl 
. 
! . p 
- I . 
·~ y\ • ~ .. -/.. . MIi~ 

1361x1361 

Puc. 4. PaMan-KapTHHKH npn ceJJeKT11pona1111e 3 pa3nhlx '13CT0T 6aKTep11opo11;onc1111a B aMnncj>oJJe 
C 113110 '13CTllll3MII 30JI0T0. 
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A) Ii) 

Pnc. 5. CxeMa HJMepennii ,11Jrn Ka)KJ].oro J«j11peicra (A - I Jcj>cj>eicr, Ii - 2 Jcj>cj>eKT). 

«liHOCKOD». Bo BpeMI! HCCJie~OBaHiur ~aHHOH pa3pa6oTKe 6bIJIH BiilllBJieHI,I 3 rnaBHI,IX 

3cpq>eKTOB: 1. lfaMeHeHIIe HHTeHCHBHOCTH OTpa)l(eHHOro CBeTa, pemCTpHpOBaHHOe C 

IIOMOIIIhlO ~aT'IHKa, KOTOphlll BapbIIpyeT B 3aBHCHMOCTH OT H3MepeHHOro 

6IIOJIOm'IeCKOro 061,eKTa (pnc.Sa), 2. lfaMeHeHIIe HHTeHCIIBHOCTH OTpa)l(eHHOro CBeTa 

perIICTJ)IIpOBaHHOe C IIOMOIIIhlO ~aT'IHKa, KOTOpITT! 06pa3yeTCH rrpn XIIMII'IeCKOH 

peaKUIIII corrpOBO~eHHITT! 3<pq>eKTOM 3HTJ)OilIIH (pIIc.56) II 3. BpeMeHHaH 

«6nonoreHH3aJ . .(HH». OT~eJihHO 6hIJIII npoBe~eHhl PM 3KcnepIIMeHTOB, KOTOphle 

~eMOHCTJ)HPYIOT HenpII'IaCTHOCTI, K pemcTpIIpyeMhle 3q>q>eKThI: TepM006MeH, 

3JieKTpOMarHIITHhie IlOJIH, BpameHIIe CBeTa B OilTOBOJIOKHO, BII6pal.(IIH MOTOp'IHKa, H 

~- bHOCKOil pearnpyeT TOJihKO Ha )l(IIBhle 061,eKThI, a Ha He )l(HBhie He Ha6JIIO~aIOTCH 

II3MeHeHHH B pemCTpIIpyeMhle CHrHaJihl, HCKJIIO'IeHHe TOJII,KO ~ BO~I,I (pIIC. 6). 

L-t.(mln) 

Pnc. 6. Pacnpe,11ene1111e '13CTOT no JiorapHcj>MH'IeC_KOH WKaJie X CHrHaJia OT palJIH'IHLIX 
HCTO'IHHKOB BO,!ILI, 

~Jrn IICCJie~OBaHHH nepBoro H TpeThero 3cpcpeKTa 6hIJIII H3MepeHhl CIIrHaJII,I OT PYKH 

, II H6JIOKO B pacCTOHHIIe OT ~aT'IHKa 1 CM B Te'IeHHe 30 MHH n c maroM B 0,1 ceKYH,na 

(pIIc.5a). ~JIH Bhl'IHCJieHHe «6nonoreHII3al.(IIH» H6JIOKO, 6hmn c~eJiaHhl PM 
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MaTeManrqecKIIX orrepal.{IIII II 6hIJIO BblJI.BneHO ,L\0CTOBepHOCTb 3<p<peKTa Il CHilbHai:I 

Kopperui:um1 Me)K,[I)' cnrnanoM OT pyKn n OT 6nonoreHH3IIpoaaHoro »6noKo (pnc. 7). 
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2 ....... -· 
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1E•H 
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; 

i ~· .. ~· 
. ., 

I 

! I fr,1 

Ji (11 ,~J· ~ ~v~ ~ili~1 . 

" 
,. 

"' .. " "·""" 
Puc.8. 

Puc. 7. PacnpeAeJie1111e 'laCTOT no Jiorapml>Mu'leCKOii llIKaJie XY curnaJIOB OT (1-'lepuaa JIHHHH) 
H6JIOKO, (3-CHUHH JIIIUIIH) pyKe II OT (2-KpacuaH JIUIIHH) 6110Jiore11113upoBa11oro H6JIOKO. 

Puc. 8. PerucTpa11uH ClffllaJI8 liHOCKODOM BO epeMH U3Mepenu XIIMH'leCKIIX peaK11uii - n11meeaa' 
col{a+yKcyc. 

O61,RCHeHne TOMY qTO «EHOCKOII» pearnpyeT TOilbKO OT iKilBbIX 6nonornqecKHx 

o6oeKTOB rrpHB0,L\IIT K BbIBO,L\y qTo II3MeHeHHR a perHCTPHP0BaHHOro cnrnarra • 

rrpOIICX0,L\IlT 6naro,L1ap» 3HTPOIIHeii. B 3TOM cnyqae MbI H3Mepnnn caMoe 

06bIKHOBeHHOe XHMnqecKaR peaKl.{IlR Me)K)zy yKcycoM Il IIHil.{eBoii CO,L\bl (pnc.8) B 

TeqeHne 50 MHH, rrpn KOTOpOM II MOiKHO o6oRCHHTb ,L\aHHbie BbIBO,L\bI. 

BblBO,lJ;bl 

,lJ;aHHbie IlHHOBal.{HOHHble YCTPOHCTBa ,LlaIOT B03MOiKHOCTb IlCIIOilb30BaTb HX B 

cerO,L\HRIIIHIIX caMbIX IIHTepecyromnx o6nacTeii HayKH, HaHOTeXHonornn n HMeHH0 B 

<pII3IIK0-6nonomqecKIIX IICcne,L\OBaHHll. 

1ITo KacaeTCR KAPC MHKpOCKOIIa, 6bIJIII nccne,L\OBaHbI n rronyqeHbI crreKTPhI n 

KapTHHKH c 6onhIIIOll BII6pauIIOHHOll ceneKTIIBHOCTII, BbICOKOe rrpOCTPaHCTBeHH0e 

pa3peIIIeHIIe 2D II 6onbIIIOll CKOp0CTII CKaHIIpOBaHIIR 6naro,L1ap» IIIIKOCeKyH,L\HbIX 

na3epoB (qTQ oqeHb BaiKH0 ,L\IDI IICcne,L\OBaHIIR 6IIonorIIqecKIIX iKIIBbIX o6oeKTOB), 

norui:pII3aUIIOHHhle ycTPoiicTBa, II ,Lip. TaKIIM o6pa3oM KAPC rroKaJbIBaeT ce6» KaK 

rrepcneKTIIBflYIO ,L\Oil0ilHIITenbeyIO TeXHIIKY B MIIKpO-cneKrp0CK0IIIIH, IIO,L\XO,L\R~HH 

IIHCTPYMeHT .LIIDl IICCile,L\OBaHIIR a 6IIonomII, qiapMal.{eBTIIKII, Me,L\IIl.{IIHe. 
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llccne.n:osamrn .n:aHHbIX rronyqeHHbie DIIOCKOIIOM .n:eMOHCTJmpyeT TO qTo IICToqHIIK 

CIIrHanOB rrpII .D:IICTaHIIIIOHHOe BlllUIHIIe 6IIonorIIqecKIIX CIICTeM He MO)KeT 6bJTI, 

06bHCHeHO C IIOMOIIJI,IO II3BeCTHhlX -rpa.n;IIIJIIOHHblX q>IIJIIqecKIIX MeTO.D:OB, HO IIX 

MO)KHO IIOIIhlTaTI,CH o6bHCHIITb B paMKaX KBaHTa-MeXaHIIqecKIIX rrpe.n;cTaBneHIIH 

(BnlUIHIIe B03HIIKaeT OT TaK HaJbJBaeMoro «KBaHTOBblll opeon» BO Kpyr 6IIonorIIqeCKIIX 

061,eKTOB). OH MO)KeT 6bJTI, rrpIIMeHeH B KaqecTBe HOBoro .n:orrommTenbHOro 

6IIOMe.n;JIIJIIHCKOro JIHC'TpyMeHTa .n:nH 6eCKOHTaKTHOH .n;JiarHOCTIIKII JI MOHJITOPJIHra 

COCTOHHIUI 6onbHoro BO BpeMH neqeHJIH. 

B 6y.n:y111eM rrnaHIIpyeTC.II TIIJaTenbHaH myqeHIUI rrpJI6opoB c 11en1,J0 

MO.D:IIq>JIIIJipOBaTb JI Mo.n:epHJI3IIpOBaTb He TOllbKO TeXHJiqeceyIO qaCTb, HO JI CO!pT 

rrporpaMMHoro o6ecrreqeHJIH. 
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3JIEKTPO<I>HJHqECKHE CBOHCTBA CHCTEM 

rHEKOD;EilHOH IlOJIHMEP-HAHO,Ll;HCilEPCHhIH METAJIJi* 

E.C. KorrynaeB, IO.P.: MaKCIIMUeB, E.B. Marr11HOBCK11i1
1
# 

PoBeHCKIIH rocy,napcTBeHHbIH ryMaH11TapHbIH ya11Bepc11TeT, r. POBHO, YKpaIIHa 

MHOrGKOMIIOHeHTHbie II0JIIIMepHbie CIICTeMbl C HaH0,!IIICIIepcHbIM MeTaJIJIIIqecKIIM 

HaII0JIHIITerreM npe,nCTaBJIHIOT 3Haq11TeJibHblll IIHTepec He T0JibK0 KaK 3aMeHIITeJIII : 

MeTarrrra, HO II KaK Hl:13K0- II BblC0K00MHbie npoB0,!IHIIKII 3JieKTP0TeXHIIqecKoro 

Ha3HaqeHIIH. O,nHaKo npII 3T0M B03HIIKaJOT 6oJibIIIIIe TPY.!IH0CTII, TI0CK0JibKY : 

Heo6XO,!IIIMO coqeTaTb npe11My111eCTBa, np11cy11111e II0JIIIMepHbIM MaTep11arraM, C 

3JieKTP0IIp0B0,!IH0CTb!O, xapaKTepHOll ,nrrH MeTaJIJI0B. CooTBeTCTBeJIHO, UeJib 

IICCJie,!I0BaHIIH - pa3pa60TaTb MeT0,!I norryqeHIIH reTeporeHHbIX II0JIIIMepHbIX CIICTeM : 

(ffIC) II HanpaBJieHHoro peryrr11pOBaHIIH IIX 3JieKTPOqJII3IIqecKIIX CBOHCTB TIIII0M II 

KOHI.1eHTPau11ei1 HaHo,n11cnepcHoro Mernrrrra B onpe,nerreHHOH norr11MepHOH MaTPIIUe. C 

II0M0IIIb!O 3JieKTPIIqecKoro B3pbIBa np0B0,!IHIIKa B TIOJIIIMepHOll MaTPIIUe norryqeHbl 

ffIC, C0,!lep)KaIIIIIe HaH0,!IIICIIepCHbie II0p0IIIKII W, Cu (,n11aMeTPOM (20+45) HM) B 

ITMMA, ITBX, ITC B o6beMe (0+1,5) 06.%. Bo m6e)KaH11e K0HTaKTHhIX HBJieHIIH 

IICCJie,!I0Baime 3JieKTPOqll:13IIqecKIIX CBOHCTB ( Pv ,j, B
1

, Igo) ffIC IIp0B0,!IIIJIII B Hqei1Ke 

C 3JieKTP0,!laMII. 113 MeTarrrra, BX0MIIIero B C0CTaB II0JIIIMepHoro K0MII0311Ta. flepe,11 

113MepeHIIHMII o6pa3Ubl BbI,!lep)KIIBaJIII B TeqeHIIII 24 qac. B 3KCIIKaTope Ha,!I xrropIICThIM 

KaJIIIeM. 

Pe3yJibTaTbl 3aBIICIIM0CTII lgpv = f(cp)T (r.ne <p - co,nep)KaHIIe HaII0JIHIITeJIH; T-

TeMneparypa) II0Ka3aJIII, qTQ 113MeHeHIIe y,neJibH0ro o6beMHOro conp0TIIBJieHIIH Pv 

rrrc HacTynaeT y)Ke npII BBe,neHIIII nepBb!X ,!IOJiell 3JieKTP0IIp0B0,!IHIIIero 

aanorrmITerrH. TaK, KOHUeHTPaUIIOHHhIH 11arpe,n11enT Pvl d(lgpv )/ dcpl np11 T < Tg 

'Pa6oTa BblIIOJIHeHa npll qmHaHCOBOll IIOMeplKKe MOH YKpallHbl (KO,IJ, npoeKTa 2201040-2281). 
# malina7676@mail.ru 
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(r,1:1e Tg - TeMneparypa cTeKJioBamrn) B cJiytJae TIC+0,01 06.% Cu cocTaBJIHeT 1,26, a 

W COOTBeTCTBeHHO 1,67. Ilpu ,L\aJibHeiirneM yBeJiutJeHlilI co,1:1ep)KaHlIJI 

HaHO,LllICnepcHI,IX HanoJIHlITeJieH BeJilil'.JlIHa Pv, IlOCJie ClIHryJIHpHOCTlI B o6Jiacm 

cp=0,06 06.% (W - 0,05; Cu - 0,07), lIMeeT TeH,1:1em.~mo K yMeH1,rneHHIO. XapaKTepHo, 

l'.JTO OT)KHr fTIC C,L\BliraeT o6JiaCTI, ClIHryJIHpHOCTlI BilpaBO TIO llIKaJie Pv-T. B 

npe,LlnOJIO)KeHlilI O cqieplll'.JHOCTlI HaHOl'.JaCTlIU lI paBHOMepHOM lIX ,L\lICileprupoBaHlilI B 

061,eMe IlOJilIMepa, lICXO,LIH lI3 TpeXKOMilOHeHTHOH MO,LleJiu: IlOJilIMep B 061,eMe -

rpaHlil'.JHI,Ill CJIOH (fC) - HaHO,L\lICnepCHI,lll MeTaJIJI, pactJeT paCCTOJIHHH Me)K.Lly 

qacTnuaMlI HanoJIHlITeJIH IlOKa3hlBaeT, l'.JTO npu cp = cp"P (r,1:1e cp,q, - KplITlil'.JeCKOe 

CO,Llep)KaHHe HailOJIHlITeJIH) OHO COCTaBJIHeT (0,5+ 1,5)· 10"6 
M. CooTBeTCTBeHHO, B fTIC 

B o6nacm paCCMOTpeHHhlX co,1:1ep)KaHlIH HaHO,L\lICilepCHOro MeTaJIJia He o6pa3yeTCJI 

TOHKOilpOBO,LIHIUlIX MOCTlIKOB lI3 tJaCTlIU HaTIOJIHlITeJIJI. Ilpn 3TOM HCCJie,LIOBaHO 

BJilIJIHHe pa3Mepa lI xapaKTepa ynaKOBKlI HaHOtJaCTlIU Ha 3JieKTpOlplI3Hl'.JeCKHe 

CBOHCTBa' KOMil03lITa. ,lJ;JIH 061,,rcHeHHJI nonyqeHHbIX pe3yJibTaTOB lICilOJII,30BaHhl 

H36bITOl'.JHhle lpYHKUHlI, B KOTOphlX lI36bITOl'.JHM BeJIHl'.JlIHa A = A1 - A2 npe,LICTaBJIHeT 

co6on pa3HOCTI, Me)K.Lly 3KCileplIMeHTaJII,HOH KOHUeHTpaUlIOHHOH 3aBlICHMOCTbIO 

<pyHKUHH A1 (p1 ,j1, i:1, tgo1) u ee Mo,1:1en1,Hoii lI,LleaJibHoii cocrnBJIHIOIUeii A2. TaKoii 

IlO,L\XO,L\ Il03BOJilIJI ycTaHOBlITb, l'.JTO TeMneparypHM 3aBHClIMOCTI, CBOHCTB KOMil03lITa, 

B OCHOBHOM, o6ycJIOBJieHa TeMneparypHbIM K031plplIUlieHTOM Pv' j, e'' tgo 

IlOJIHMepHoro CBH3YIOIUero, HaXOMmeroc,r B BhlCOK03JiaCTlitJeCKOM COCTOJIHlilI. 

llcnon1,3y,r CTpYKTYPHYIO M0,1:1en1, u,1:1eaJibHOH, aTepMutJecKoii lI peaJibHOH CMecu, 

ycTaHOBJieHo, l'.JTO He06XO,LllIMO }'l'.JlITbIBaTb lIHTep- lI lIHTpaMOJieryn,rpHbie, a TaK)Ke 

Me)KtJaCTHl'.JHhle B3alIMO,LleHCTBlIH B fTIC, C IlOMOIUbIO HanpaBJieHHOro lI3MeHeHlIJI 

KOTOpbIX MO)KHO peryJIHpOBaTI, KOMnJieKC 3JieKTpO<plI3lil'.JeCKlIX CBOHCTB MaTepnaJia. Ilo 

HHTeHClIBHOCTlI lI3MeHeHlIJI lIX BeJilil'.JlIHhl, nyTeM 3KCTpailOJIHUlilI K cp ➔ 1, 

ycTaHOBJieHbI YCJIOBlIJI peaJilI3aUlIH 1)'HHeJibHOro 3<p<peKTa npOBO,LllIMOCTlI. C YtJeTOM, 

l'.JTO 3JieKTpOHI,I cnoco6Hhl IlOKlI,LlaTI, IlOBepXHOCTI, HaHO,L\HCnepCHOro MeTaJIJia TIO.LI 
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,l(eHCTBHeM BHerrmero :rneKlpll'IeCKOro noJHI (E = (105--;-106
) B·M"

1
) Il HX 

noTeHI.(IlaJihHruI :meprmI BHe MeTarrna (npH X > 0) npHHHMaeT BM.I(: U(x) = u O - eEx 

(r.l(e E - nOCTOHHHOe 3neKlpHqecKoe none; Uo - noTeHUHaJihHhIH 6apbep), 

onpe,l(eneHa BepOHTHOCTh yqaCTHH :rneKlpOHa B npOBO.l(HMOCTII CIICTeMhl: 

' 
D ~ c2 

exp(-8/ U(x)), 

r,l(e 8 - noCTO.HHHruI, xapaKTepmyIOII.(ruI TIIn MeTanna HaHOKOMn03IITa. 3TO ,l(aJIO 

B03MO)KH0CTh na6nIO,l(aTh pe3K}'IO 3aBIICIIMOCTh K03<pqJIIUIIeHTa D OT BenttqllHhI nonH £ 

II 6onhIIIIIe TOKII npII MaJihIX 3HaqenHHxD. Ha npIIMepe TeMnepazypHOH 3aBIICIIMOCTH 

3neKlpOnpoBO.l(HOCTII IIMMA-cIIcTeM noKa3aHo, qrn npII T <_ Tg aenIIqHHa 

lgpv = f(T)cp npHMomrneil.HO B03pacTaeT, a B BhICOK03nacmqecKOM - BhlpO)K.l(aeTCH B 

KpIIaonIIneil.ttyro. B6nmtt Tg KpIIBhre lgpv = f(T)r,,,E npeTepneaaIOT mnoM. 3To 

,l(arro B03MO)KHOCTh npII T < Tg, IICXO.r(H II3 ycnoBIIH y = y0 exp(-M/kT), onpe.l(enHTh 

3HepmIO aKTIIBaUIIII npOBO.l(IIMOCTII rrrc. TaK, ,l(nH KOMn03IIUHH' Ha OCHOBe . IIBX, 

co.l(ep)Kall.(ero B KaqecTBe nanonnIITenH HaHO.l(IIcnepcnhre nopornKII BOnhcppaMa H 

Me.l(II, COOTBeTCTBeHHO B KOnIIqecTBe 0,05 II 0, 11 06. %, BenIIqIIHa M COCTaBnHeT 36 H 

69 K,ll;)K·Monh·
1
• ,lvIH IICXO,l(HOro IIBX 3HepmH aKTIIBal.(IIII paana 24 K,ll;)K·MOnh·

1
• 

y CTaHOBne110, qTO no Mepe yaenIIqeHHH CO.l(ep)KaHII.H naHO.l(IICnepcHOrO MeTarrna B 

nonIIMepHoil. MalpIIUe 6onee 0, 10 06. % aenIIqIIHa Pv re yMeHhrnaeTcH. B o6nacrn 

(0, 10:Scp:SO, 15) 06. % Cu· 3Ta aenttqIIHa cooTBeTcTBeHHO B 1,6 · 103 
pa3 Meiii.rne, ti:eM 

cIIcTeM IIBX+W. 

Hccne,l(OBaHHH ,l(II3neKlpHqecKOH penaKCaUIIII nonIIMepHhIX KOMn03IITOB B 

0,l(HOpO.I(HOM none npII nepeMeHHOM HanpH)KeHIIII IICTOqHIIKa TIIITaHII.H nOKa3aJIII, 'ITO 

BenIIqIIHhl E
1

' e"' tg8 HenIIHeHHO 3aBIICHT OT CO.l(ep)KaHII.H IIHrpC.l(IIeHTo'B. IlpII 3TOM 

na6nIO,l(aeTCH .I(IICnepCIIH CBOHCTB. TaK, BennqIIna e HenIIHeHHO yMeHirnaeTCH no' Mepe 

B03paCTaHIIH qaCTOThl ,l(eHCTBII.H 3neKlpII'IeCKOro non.SI, TIIna nonIIMepHOH MaTpHUhI, 

HanonHIITenH. 



HH«l>OPMAQHOHHLIE TEXHOJIOrHH 

Ilpe,nce,naTem, ceKrum: K.q>.-M.H. T.A. CTpH,K 

CeKpeTap1, ceKLIHH: A.B. Mene,KHK 
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IIPOrPAMMHblH KOMIIJIEKC )];JUI MO,il;EJIHPOBAHIDI 

TEIIJIOBblX IIPO.QECCOB, IIPOTEKAIOIQHX B 

MATEPHAJIAX IIPH OJiJIYqEHHH HOHAMlt' 

E.H. AneKcaHJ~pon# 

JIHT OIDIH, r ,l(y6Ha, PoccID1 

AHHOTAQIDI 

B ,!(aHHOH pa6oTe paccMaTPHBaeTC.8 C03,!l;aHIIe nporpaMMHOro KOMTIJieKca ,!l;JI.8 

MO,!l;CJIHpOBaHIDI TeTIJIOBhlX npm~eCCOB n MaTepnanax, o6nyqaeMhlX HOHHhlMH nyqKaMH 

Co3.D:aHHI>Iii KOMTIJICKC y.D:OBJICTBOp.HeT CJie,!l;yIOmHM TPe6onaHH.HM: 

«KpoccnnanpopMeHHOCTh» B03MO:lKHOCTI, HCTIOJib30BaHH.8 KOMTIJieKca Ha 

BI,JqHCJIHTCJibHhlX nnanpopMax C pa3JIHqHI,IMH onepaQHOHHhlMH CHCTeMaMH; 

«rn6pH,!1;HOCTI,)) - B03MO)KHOCTb 3anycKa napanneJihHhlX BepCHH anropHTMOB KaK Ha 

MHOrD.H,!l;epHhlX CHCTeMax, TaK H Ha CHCTeMaX C rpaqmqeCKHMH ycKopHTCJI.HMH; 

«MYJibTHanropHTMHqHOCTI,)) B03MO)KH0CTb 3anycKa nporpaMMHhlX MO,!l;yJieii, 

peanHJyromnx pa3Hble qHCJICHHhie anropHTMhl perneHH.8 3a,!(aq, H «::maCTHqHOCTI,)) -

B03MO)KHOCTI, pacwnpeHH.8 KOMTIJieKca nyTeM .D:06aBJieHIDI <pHJHqeCKHX xapaKTepHCTHK 

HOBhlX MaTepHaJIOB B cymecTny10my10 6a3y ,!(aHHhlX, a TaK:lKe B03MO)KHOCTI, 

.D:o6anneHH.H nporpaMMHhIX MO.D:yneii, peanHJyromnx .D:pyrne anropHTMhI. .[{AA 

Y.D:06CTBa pe,!l;aKTHpOBaHH.8 HJIH ,!l;o6anJieHH.8 HOBhlX <pHJHqecKHX xapaKTepHCTHK 

MaTepnanon, xpaH.Hmnxc.s B XML E.[{, pa3pa6ornH1,1 H peanHJonaHI>I 

COOTBeTCTByromne nporpaMMHhle HHTepqieiichl. 

• Pa6oTa Bh!nonHeHa B JIHT OIUI.H B paMKax <t>l..(Il «Hccne,!IOBamrn n pa3pa6DTKH no npnopmeTHhJM 

HanpaBJICHllllM pa3BllTllll Hay'!HO-TCXH0JI0rnqecKoro K0MnJieKca Poccnn Ha 2007-2013 rD,llhl» no TCMe: 

"Co3,llaHne nporpaMMH0rD K0MilJICKCa ,l\JIJI 'illCJICHH0ro peweHlll! 60JiblllllX 3a,lla'i COBpeMeHHOH 

3JICKrp0HllKll ll JlaJepHb)X HaHOTeXHOJIOrHH C llCn0Jib30BaH!leM m6pn,!1Hb1X 3BM CBepxBh!COKOH 

np01i3BO,llllTeJibHOCTll" 

, # aleksand@jinr.ru 
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IlOCTAHOBKA3i\MqH 

,[(Jrn: y,n;o6cTBa IICil0Jib30BaHJrn: pacqeTHbIX Mo,n;yneii ,n;JUI ormcaHHOll BbIIIIe 

Q)II3IIqeCKOll 3a,n;aqII, Heo6xo,D;IIMO C03,D;aTb K0MTIJieKC y,n;osneTBOpHIOIIIIIll cne,n;yIOIIIIIM 

Tpe6oBaIUIHM: 

O6ecneqIITb npose.n;eHIIe pacqeT0B, KaK Ha nepcoHanbHbIX K0MilbIOTepax, TaK II 

Ha cynepK0MilbIOTepax c rn6pII,D;HOll apXIITeKzypoii 

11MeTb B03M0)KH0CTb IIHTerpIIp0BaHIIH B 6onee KpYilHblll K0MTIJieKC 

GIMM_NANO 

• BbIXO,!l;Hble .n;aHHhie ,!l;0JI)KHbl 6hITb npe,n;cTaBJieHbI KaK B TeKCT0B0M BII.n;e, TaK II 

B cj)opMaTe Tecplot Focus[2] 

IIo,n;,n;ep)KIIBaTh pa3nIIqHbie OS 

EhmII paccM0TpeH 0ilbIT Il0CTp0eHJIH ,n;pyrnx y)Ke cymecTByIOIIIIIX K0MTIJieKC0B II 

cIIcTeM, TaKIIX KaK pa3JIIIqHbre K0MnoHeHThI ATLAS TDAQ System[3-4] II 

HEPWEB[5]. Ha ocHoBe :noro 6hmII pa3pa6oTaHhI cne,n;yromIIe npIIHIIIITihI 

Kpocc-nnaTcj)OpMeHHOCTb - B03M0)KH0CTb 3anycKaTb K0MTIJieKC Ha pa3JIIIqHbIX 

OS 

Mo,n;ynhHOCTb - B03M0)KH0CTb BhI6opa IICil0Jib3YeMoro pacq~TH0ro M0,D;yJIH 

fII6pII,n;HOCTh - B03M0)KH0CTh 3anycKa Ha CPU II GPU 

3naCTIIqHOCTb - B03M0)KH0CTb ,n;o6aBJieHIIH H0BbIX MIIIIIeHeiilIIOHOB II 

B03M0)KH0CTb pe.n;aKTIIp0BaHIIH xapaKTepIICTIIK y)Ke cymecTByIOIIIIIX. 

CTaH,n;apTII3IIpOBaHHblll BXO,!l;HOll II BbIXO,!l;HOll Il0T0KII 

PEAJIH3AI.J;IDI IlPHHI.J;HilOB 

Tenepb paccM0TpIIM 6onee no,n;po6HO Te npIIHIIIIIlbI, qTo 6hmII 3an0)KeHbI B 

C03,D;aHHblll K0MTIJieKC. 

Kpocc-W1ampop.Me11ocmb. ,[(AA o6ecneqeHIIH Kpocc-nnaTcj)opMeHHOCTII cne,n;yeT 

BbIIl0JIHHTb cne,n;yromIIe npaBIIJia: 

• Ilo-B03MO)KHOCTII, m6eraTb 6II6JIIIOTeK, K0T0pbre pa60TaIOT T0JibK0 B 

onpe,n;eneHHOll onepaIIIIOHHOll CIICTeMe. EcnII 3T0 HeB03M0)KH0, TO HY)KH0 BCTaBJIHTb 
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am,TepHaTIIBHblll KO.I( ,!(JUI .l(pyrIIx CIICTeM, Ha KOTOpbIX nnaHIIpyeTCH IICTIOllb3OBaHIIe 

KoMnneKca 

11cnonb30BaHIIe TIITIOB nepeMeHHbIX, KOTOphle 6yeyT O.l(IIHaKOBO onpe,!(enHTbCH 

KaK Ha 32-, TaK II Ha 64-6IITOBbIX apXIITeKrypax (HanpIIMep, _int32) 

MooyllbllOCmb u zu6puouocmb. MoeynoHOCTI, II rn6pII.l(HOCTI, ocyIIIeCTBnHeTCH 

npII TIOMOIIIII IICTIOllb3OBaHIIH ,!(III-IaMIJtieCKIIX 6II6nIIOTeK, T.e. IIMeeTCH 6a30Bblll Knacc 

KOTOpbIM HacneeyIOT BCe anropIITMI,I peanII3aIIIIII 3a,l(aqII. EcnII B CBOIO oqepe.l(b y 

anropIITMa cyIIIecTByeT napannen1,H1,1e peanIJ3aIIIIII, TO OHII Hacne.l(yIOT y)Ke eMy (pIIc. 

1). 

HaCTpOMKIJ cyIIIeCTBYIOIIIIIM anropIITMOM II IIX peanII3aIIIIII npOIICXO,!(IIT C 

TIOMOIIII,IO KOHqmrypaIIIIOHHOro cpanna "config.xml". B HCM HaXOMTCH KaK o6IIIIIe 

napaMeTpbl MH 

-l..N 

---0 .. 1 0 .. 1 0 .. 1 0 .. 1 

MIMI MME MME FiiiN 
1 .. N l(OJlM'l«TIO ~flropKINIOt 

0 .J • f'OI, Milli ~I lldp.!Mt'll~;IM l'f'ol'IH),1111"1! 

Puc. I CxeMa nacJie,11onannn 1rnaccon 

Bcex pacqeTHbIX MO.l(ynen: default_method - napaMeTp onpe.l(enHIOIIIIIM Bhl6op 

pacqeTHOro MO.l(ynH no yMonqaHIIIO ( ecnII TIOllb3OBaTenb BO BXO.l(HIIIIIX napaMeTpax He 

Ja.l(aCT ero HBHo); default_mode - napaMeTp onpe.l(enHIOIIIIIM Bhl6op MeTO.l(a 

pacnapannenIIBaHIIH; output_dir - onpe.l(enHeT .l(IIpeKTOpIIIO MH BbIXO.l(HhlX ,!(aHHbIX 

(cpannoa pacqeTOB II nor cpannoB); TaK II napaMeTpbl OTHOCHIIIIIeCH K Ka)K,l(OMY 

KOHKpeTHOMY pacqeTHOMY MO.l(ynro: name - onpe.l(enHeT IIMH pacqeTHOro MO.l(ynH; id -

onpe,!(enHeT yHIIKallbHI,Ill HOMep pacqernoro MO.l(ynH, IICTIOllb3YIOIIIIIMCH ,!(ITH BbI6opa 

non1,3oaaTeneM MoeynH; path/pathMPI/pathGPU - napaMeTpbI onpe.l(enHIOT nyTo K 
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COOTBeTCTBYJOJ.IUIM mmaMiftieCKIIM 6II6nIIOTeKaM, ecnII 6II6nIIOTeKa J.(IDI KOHKpeTHOfO · 

MeTOJ.(a pacITapannenIIBanm1 OTCYTCTByeT, TO COOTBeTCTBYJOmIIil: ITapaMeTP, path IIlllI' 

pathMPI IInII pathGPU He BHOCIITC51 B config qiail:n. 

TIOMIIMO BbIIIIe ITepeqIIcneHHbIX o6mIIx ITapaMeTPOB, y Ka)KJ.(OrO pacqeTHOfO 

Mo.nyn51 cymecTByeT Ha6op IIHJ.(IIBII,AyanhHbIX ITapiiMeTPOB, KOTOpbie y.noBneTBop51!0T 

cne,AyromIIM TPe60BaHIIJ1M: Ka)K,Abiil: ITapaMeTP .non)KeH 6b1Th ITpe.ncrnaneH KaK XML -

3neMeHT, Haxo.A51mIInc51 BHYTPII MeTO,na II IIMeTh aTPII6yThI - name (IIM51), value. 

(3HaqeHIIe), type (TIIIT), variation (o6nacTb J.(OITYCTIIMhIX 3Haqe1rnil:), comment' 

( OITIICaHIIe ). 

3J1ac111u•mocmb. ,}];n5! o6ecITeqeHII51 :rnacTIIqHoCTII Bee <pII3IIqecKIIe ,naHHbie • 

xpaHJITC.!! B CITeuIIanbHOH 6a3e ,naHHbIX. ,lJ;aHHaH 6a3a J.(aHHbIX BbITIOnHeHa B BIIJ.(e 

qiail:na B qiopMaTe XML. 3TO ITO3BOn51eT nerKO II 6e3 IICITOllb3OBaHII51 CTOpOHHIIX 

ITporpaMM ITOCMOTPeTh ace 3HaqeHII51 II B cnyqae He06XOJ.(IIMOCTII BHeCTII B HIIX 

H3MeHeHII51. ,lJ;OITOllHIITenhHO 6hm pa3pa6oTaH API K 6a3e J.(aHHbIX J.(n51 H3MeHeHJI51 ee 

HeITocpeJ.(CTBeIIHO II3 nporpaMMbl. 

Bxoouoit u Bbzxoonoit nomo«u. Bxo,z:tHbie .naHHhle 3a.na10TcH a BIIJ.(e qiail:na a • 

TeKCTOBOM qiopMaTe co cne,Ayromeil: CTPYKTYPOil:: IIMH ITapaMeTPa, ero TIIIT II ero 

3HaqeHIIe. HII)Ke npIIae.neiihI BO3MO)KHhie ITapaMeTPhI II IIX 01rncaHIIH: ionld -

YHIIKanbHhIH HOMep IIOHa m <pmIIqecKoil: 6a3bI .naHHhix; targetld - YHIIKanbHhIH HOMep 

MIIJ.IIeHII II3 (pII3IIqecKOH 6a3bl J.(aHHbIX; energy - 3HeprII51 IIOHa, 311aqeH11e 3TOro 

ITapaMeTpa HaXOJ.(IITCH a J.(IIaITa3oHe 300 - 800 Me V; numberR - CeTKa ITO R; numberZ - . 

ceTKa ITO Z; algoritmhld - ueo6H3aTenhHhIH ITapaMeTp, OITpe.nenJ110mIIil: Bhl6op . 

pacqenrnro Mo.nyn51; mode 

MeTo.na pacITapannen11aaHHH. 

Heo6H3aTenhHhIH ITapaMeTP, oITpe.nenH10mIIil: Bh16op 

BbIXOJ.(Hb!e ITOTOKII ITpe.ncTaaneHbl B .nayx qiopMaTax 3TO TeKCTOBblH qiail:n C 
pa3nHqHOH IIH(pOpMaUIIeH, HaITpIIMep 3aJ.(aHHh!e BXOJ.(Hb!e ITapaMeTPhI, II rncrnrpaMMa . 

a qiopMaTe Tecplot. 

KoMMe«c. Ha pIIcyHKe 2 ITpttae.neHa CTPYKTypa ITonyqeHHoro KOMITneKca II 



181 

«J>att.1 BlO.'lllLJl 
napu1c1pos 

0,111onpouuropu1.1JI 
aapHaHT 

CPI' 

Input 
BlO.'lllOfi IIOl'OK 

ltcno.:lhJOBUIHt 
TOIULlOIMK 

CUM 

npoBtpKa h.-OppeKTJIOCTII 
1a.rta11111,n; napa11npoo 

BL16op a11rop11T!\ta 
pac•1et11oro Mo.:ty.1a 11 

pea.1u1am111 a.1rop11n1a 

lamtcb <ba ii.n c 
onmOi,.oft 
l'TTIJr.ttUI 

Co1.1a1111e 81,,1ao..t T€'1,;CTOBOl1 t1114H>p\t8UHH: 

~ Teq,fol-tj,all.100 
• u,1a11HMf' napa\lnp1.1 
• "PC\111 paMeta 
•• 101Ul.Jffffft.1l.11at111u4'op\llll1Hll 

Puc. 2 CTpyKrypa KOMDJieKca 

npnMep pe3yJihTaT0B pa6oThI npnBeAeH Ha pnc. 3. 

3AKJII01IEHIIE 

OAHOll ll3 rnaBHbIX oco6eHHOCTeii C03Aairnoro K0MITJieKca »BmleTCH B03M0)KH0CTb 

HHTerpa11nn ero c ApyrHMll pacqeTHbIMH M0AYJIHMH HJill Aa)Ke ero aAaITTalJllH AJI» 

Apyrnx MaTeMaTHqecKHX MOAeJieii. KpoMe 3T0ro npn npoeKTHp0BaHHH Apyrnx 

K0MITJieKC0B M0ryT 6bITb HCIT0Jib30BaHbl 0TAeJibHbie npHHIJHilbl AaHH0ro K0MITJieKca H 

cnoco6 nx peanll3a1JHH. 

TI•21111• E-71111 
nu111berz-5c,o nu111berR•1IO 
tiM•1.11 

Obshee Energy•791728 
2akaz Energy•691H185 

Bez Raz"er Energy•1.11991 

hz•I.IJUll812 
hr•I.ID51!'5D51 
ht-1e-D5 
llolichestuo ure111ennyh sloeu•101001 

Ce•27330Ci•ll.li51e+ll6 
alt••ll11 ali•91 

ae•0.150l18 ai•l.101211!Jltil8 
ge1•1 ... 8189gi1•1.0909908 

TH.Pla11. HI •1726 
tplBez•li.75333 
Udel.Tepl.Pla11. HI •3131110 
odTplBez •2.G.! 

ciDolpl•1 ciAFTpl•1.5 
cilpl•SS.1167 
tpla1•1i329.33 tpla2•1i289.33 

The all• 2092.n sec 

Pnc. 3 Ilp11Mcp1,1 BMXO/UII.IX 1(311111,JX 
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IlporpaMMHbIH KOMIIJieKC 6hIJI rrpoTeCTHpOBaH Ha BhICOKOIIpOH3BO,L(HTeJihHhIX 

KJiacTepax: lxpub (OIDIH) H Kl00 (HIIM). 

O.L(HHM H3 rrepcrreKTHBHhIX HarrpaBJieHHH HCIIOJih30BaHHJI ,L(aHHOro KOMIIJieKca 

JIBJIHeTCJI rrpoBe,L(eHHe, Ha ero OCHOBe, cpaBHeHHJI 3cpcpeKTHBHOCTII pa60Thl anropIITMOB 

MPI II CUDA .L(JIJI pa3nIIqHhIX apxIITeKT)'p. Ilo pe3yJihTaTaM cpaBHeHIIH orrpe,LleJIHIOTCJI 

peKoMeH,L(aIJHII IIO IICIIOJih30BaHHIO TOrD IIJIII IIHOro arrropHTMa B 3aBIICHMOCTH KaK OT 

rrapaMeTPOB BhJqHCJIIITeJihHOH IIJiaTcpOpMhI, TaK II rrapaMeTPOB qHcJieHHOro MeTo,L(a. 
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KAHAJIOOliPA3YIOI.QEE OliOPY,l];OBAHHE .QEHTPA TIER 1 

B OIDIH* 

A.C. Eamwrn, A.r . .ZJ;on6nnoB 

.IDIP HM. r.H. <l>nepoBa, OIUUI, r. )zy6Ha, Poccm1 

AHHOTAU,IDI 

B cTaTI,e paccMaTp1rnaIOTCH BonpocM no K0MMyTau:1m npoTOnma u:eHTpa Tier 1 B 

OIUIM c u:eHTp0M ypoBHH Tier O B QEPH, llIBeiiu:apHH, a TaK )l(e npoBo~HTCH aHaJIH3, 

cpaBHeHne n BI,16op ceTeBoro KaHanoo6paJyIOIIJero o6opy~oBaHHH. 

YPOBEHI, TIER 1 

Ha pncyHKe 1 npe~CTaBJieHa cxeMa yqacTHHK0B npoeKTa LHCOPN ypoBHH Tier 1. 

Ha ~aHH0M 3Tane 11HCJI0 y11aCTHHK0B 3T0ro npoeKTa paBH0 0~HHmmu:aTH. K 2014 ro~y 

OIUIM TaK)l(e ~0JI)l(eH CTaTI, 0~HHM H3 Il0JIH0npaBHI,IX u:eHTp0B npoeKTa ypoBHH.Tier 

1. 

LHCG:)PN 

PHcyHOK I. TeKyll(aH cxeMa oneparnpoB ypoBHll Tier I. (2) 

• Hccrre;10Bam1e BhlnorrHeno npu noMeplKKe rpaHTa OIUIH rpaHT N~ 13-503-01 
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B HaCTOHIIJ;ee BpeM5.1 a Jia6opaTOpmI llHcpopMal.{HOHHbIX TeXHOJIOrllll peanll3yeTCH 

npoeKT no C03,naHH10 npOTOTHna u:eHTpa Tier 1 B OIUIH. Tio,nroTOBJieHbl CTOllKH ,nJIH 

ycTaHOBKH cepaepOB H .!lHCKOBbIX HaKOnHTeJiell, 06ecne11eH IIIITaHHe H KaHaJibI CBH3H, 

npopa6aThrna10TCH aapnaHThI no CThIKOBKe c u:eHTpOM Tier O B U:EPH, lllaefiu:apnH. 

CXEMA IlPOTOTIIIlA TIER 1 B OIDIII 

Ha pncyHKe 2 npe,ncTaBJieHa cxeMa u:eHTpa TIER 1 B OIUHI. CxeMa ,noaonhHO 

cno:arna, Mbl He 6y,neM ee paccMaTpHBaTh B no,npo6HOCTHX, a JIHIIIb .OTMeTHM ,nJIH ce611, 

11To HaM Heo6xo,nnMo JaMeHHTh KaHanoo6pa3y10mee o6opy,noaaHne, OTMe11eHHoe 

KpaCHbIM KpyroM. 

PaccMaTpnaaeTCH aapnaHT no ycTaHOBKe Extreme Networks BlackDiamond X 8. 

KoMMYTaTOp BlackDiamond X 8 11an11eTCH yHHKaJihHhIM npe,ncmanTeneM 

KOMMYTaTopoB BbICOKOll nJIOTHOCTH nopTOB. Manbill pa3Mep H, npn 3TOM, 

He06b11IallHaH rn6KOCTb, .nenaeT ero n.neanbHbIM KaK .!lJIH ,Aam-u:eHTpOB H mo6b!X 

u:o,n;, TaK H ,nJIH nnpHHroBbIX CTbIKOB H JII06b1x KpynHhIX nnoma,noK o6MeHa 

Tpa<pHKOM. Co3,naHHblll ,nJIH 60JibllIHX BHPTYaJibHbIX H 06Jia1IHbIX ,naTa-l.{eHTpOB, 

KOMMYTaTOp BlackDiamondX8 npe,nocmanHeT caMyIO Bh1coey10 B OTpacnn nnoTHOCTb 

nopTOB lOGbE (768 nopTOB) n 40GbE (192 nopm).[3] 

BnepBLie B Poccnn ExtremeBDX8 6hlJI npe,ncmaneH B Mae 2012 ro,na Ha BhlCTaBKe 

CBH3b-3KcnoKOMM pOCCHllCKHM npe,nCTaBHTeJibCTBOM ExtremeNetworks. 

CPABHEHIIE EXTREME NETWORKS BLACKDIAMOND XS II DELL 

FORCElO C300 CHASSIS-BASED SWITCHES 

PaccMaTpnBaIOTCH aapiiaHThI no ycmH?BKe Extreme Networks BlackDiamond X8 n 

dell forcelO c300 chassis-based switches. KOMMYTaTOpbI Dell forcelO C300 

ncnoJih3YIOTCH B 6onhIIIHHCTBe u:eHTpax Tier 1 n, a cpe,nHeM, cnpaBJIHIOTCH c 

nocTaBJieHHbIMH nepe.n HHMH 3a,na11aMH. 

JlnHettKa KOMMymTOpoa Extreme Networks BlackDiamond X 8 JIHHeJiKa 3TO 

o6opy,noaaHne cne.ny10mero ypoBHH. B Ta6nnu:e I npnae,neHbI ocHOBHbie 

cpaBHHTeJibHbie xapaKTepHCTHKH, npe,nCTaBJieHHbIX MO,nenefi: 
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Ta611m-1a 1. Cpao11HTeJJL11a11 xapa1nepHCTHKa Extreme networks blackdiamond x8 H dell forcelO 
c300 chassis-based switches. 

XAPAKTEPHCTHKA EXTREMENETWORKS FORCEI0 C300 

P A3MEP, U (UNIT) 14,5 13 

IIOPTbl I GB/S 384 

IIOPTbl IOGB/S 768 64 

IIOPTbl 40GB/S 192 

IIPOl:13BO,[\l:ITEJibHOCTb, TB/S 2.56 1.536 

·--- --~-----

Tyr CTOIIT OTMeTIITh, qTO B 6y~yW:eM, B03MO)l(H0, no-rpe6yercg IlOBhlCIITh 

npoII3BO~IITenhHOCTh KaHanOB CBj{3II C cepBepaMII, II HaM He06XOMMO 6y~eT IIMeTh 67 

rropTOB, o6ecneqIIBaroru:IIx coe~II_HeHIIe Ha cKopocrnx ~o 1 0Gb/s, no3TOMY Bh16op B 

rron1,3y Extreme Networks BlackDiamond X 8 6y~eT BIIOnHe onpaB~aH. 

I1pomBOMTen1, o6eru:aer B 6nm1miirueM 6y~ru:eM BhIXO~ rronHorieHHhIX lO0G 

rropTOB II noBoro yrrpaBAAroru:ero MO~AA, cnoco6Horo nano~o6IIe Summitx480 

o6pa6aThlBaTh 6onee 512K MaprupyroB B FIB (Forwarding Information Base), 

rrpIIHIIMag FV (Full view). 

TaK)l(e o~HIIM II3 rnaBHhIX npeIIMyru:ecTB BlackDiamond X 8 gBAAeTcg Manag 

3a~ep)I(Ka KOMMyTaUIIII Me)I(~ nopTaMII. Ona COCTaBAAeT BCero 2,3 MIIKpoceKy~hl. 

3TOT IlOKa3aTenh oqenh Ba)l(eH ~ pa6oTbl BhlCOKOilpOII3BO~IITenhHhIX 

: BblqIIcnIITenhHhIX ueH-rpOB, QO~, ~ara-ueH-rpOB II npII rroc-rpoeHIIII peruenIIii ~AA 

· rn6pII~HhIX cereii c noMep)I(KOii nepe~aqII FC qepe3 Ethernet (FCoE). TaKIIM 

o6pa30M, BDX8 MO)l(eT cTaTh ynIIBepcanhHhlM -rpaHcnoproM, ~AA noc-rpoe1mg 

yHmpIIUIIPOBaHHOH HT-IIncppac-rpyKTyphl, II, KaK cne~CTBIIe, CHII)l(eHIIIO qIIcna Y3ll0B 

. o6cny)I(IIBaHM II BepOj{THOCTII OTKa3a.[3] 

lie3ycnoBHO, Extreme ne c-rpeMIITcg c~enaTh noBhlii Cisco Catalyst 6500 cBoero 

BpeMeHII, Harpy)l(ag ero Bee 6onee CllO)l(HbIM II nenpocpIInhHhlM cpyHKUIIOHanOM. He 

CTOIIT IICKaTh na HeM no~o6IIe UBRL (User-based rate limiting) IInII ~aTh nosrnnenIIe 

• Mo~yneii c NAT. O~HaKO ruIIpOKIIe B03MO)I(HOCTII ExOS y)I(e ceii.qac rapanTIIpyror 

BCIO nanII-rpy B03MO)l(HOCTeii no KOMMYTaUIIII II Maprupym3aUIIII, a IIMeHHO, nonnyro 
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~h~~~~~s 
~ l~lr 

~' i - -l •--

CxeMa BKrno~eHH~ nporornna ueHrpa 
Tier 1 e01.1Hl.1 

' ,' ,, 

0 
:: 

:-: ~~~~E=S~ :,:.: :i 

PncyHOK 2. CxeMa BKJIIO'leHIIH npOTOTHDa I.{eHTpa Tier 1 B OIUIH. 
noroi:ep,KK)' BGP, OSPF, MPLSNPLS, VR II, HaKoHeu, IIOHBIIBIIIIIXCH VRF (L3-

VPN).[3] 

CPABHEHHE CAMhIX MOI..QHhIX KOMMYTATOPOB B MHPE 

JhrneiiKa caMblX MO~HblX KOMM}'TaTOpOB IIOCTO.lIHHO o6HOBIDieTC.lI. Ha 

cerO,IUUIIIIHIIii ,n;eHb pa3Hble npOII3B0,D;IITenII npe,n;CTaBn.lIIOT HeCKOnbKO MO,L\eneii ,Lin.II 
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PucynoK 3. Extreme Networks BlackDiamond XS (CJJena) [2) 11 Dell forcelO C300 chassis-based 
switches (cnpana) [4). 

o6cny)KHBamm ,lJ;am-uempos. Mhl paccM0TpHM Cisco Nexus 7018, Juniper QFXC08 u 

cpaBHHM ux c BlackDiamond X 8. 

OcHOBHbie xapaKTepHCTIIKII npuse,n;eHI,J B Ta61mue 2. 

IlpoBe,n;JI no,n;po6Hhlll aHaJIIl3 TeXHilqecKIIX xapaKTepHCTIIK M0)KHO C ysepeHH0CTbIO 

yrsep)K,Zl;aTb, qrn s1,16op K0MMyraTopa BlackDiamond X 8 HBIDieTCH Ha cero.n;HHIIIHHii 

,neHb 0IITIIMaJlbHbIM ,Zl;llil pe111eHI1H II0CTaBJieHHhlX 3a,n;aq, OH II03B0JIIIT CBH3aTI, Ha 

csoeii 1mo11.1a.n;Ke noT0KH Tpa<pHKa na6opaTopuii OIUIH, a TaK)Ke 061,e.n;11HI1Tb 1.1enrp1,1 

Tier 1, Tier 2 c ueHrp0M Tier 0 B lllseiiuapuu. 

CTIHCOK HCilOJih30BAHHOH JIHTEPATYPhl: 

[ l] http://www.extremenetworks.com/products/blackdiamond-x.aspx 

[2] https://twiki.cem.ch/twiki/bin/view/LHCOPN/WebHome 

[3] http://shop.nag.ru/catalog/0000 l .Kommutatory/05288.Extreme­

Networks/09598.4800 l #!prettyPhoto[catalog_item_image_list]/0/ 

[ 4] http://www.dell.com/us/enterprise/p/force I 0-c-series 
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CaMble MOIJ..l,Hble H HOBble KOMMyraropbl 

Cisco Nexus 
7018 

Extreme Networks 
BlackOiamond XS 

Ko1,11,1yrarop1,1 APY111X npo"lDOJlMTcne11: Alcatel-Lucent, Arista, Avaya, !lrocade, 
Force 10, HP, Huawci" T,A,, • o paa1,1, a l'HO<Aa Ha OOp,!AOK MeHee npmunoAttrcn.,Hb!C 

PucyHOK 4. CaMh!e MOIUHhle KOMMYT3T0phl B MHpe. 

TaOJillll3 z. Cpaa11e1111e caMblX MOlllllhlX KOMMYT3TOPOB B Mllpe. 

CISCO BLACKDIA JUNIPER 

NEXUS 7018 MONO XS QFX COS 

PA3MEP, U (UNIT) 25 14,5 21 

3HEPfOI1OTPEEJIEHl1E I1Pl1 MAX KOJI-BE 8753 4000 6420 

IIOPTOB, W 

OE,[\YB SIDE-TO- FRONT-TO- FRONT-TO-

SIDE BACK BACK 

KOJIWIECTBO l0GBIT IIOPTOB ,[\JUI 768 768 -

IlO,[\KJIIO'-IEHlill CEPBEPOB 

KOJII1'-IECTBO 40GBIT IIOPTOB ,[\JUI - 192 128 

IIO,[\KJIIO'-IEHlill CEPBEPOB 
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IlPOEKTHPOBAHHEPACilPE~EAEHHOro 

BbJqHCAHTEAbHOro KOMilAEKCA ~JUI 3KCilEPHMEHTA 

MPD KOAAA~EPA NICA* 

K.B. fepu:eH6eprep1
# 

1Jicl>B3 HM. B.11. BeKcnepa H A.M. Ean,n:ttHa, OIUIH, ,[(y6Ha, PoccIDI 

AHHOTAIJ:IDI 

O6pa60TKa II XpaHeHHe 3KCIIepttMeHTMhHblX ,n:aHHhIX B C0BpeMeHHhIX 

3KcnepttMeHTaX qlll3HKH BhIC0KHX 3Heprnii HBIDieTCH KpaiiHe aKTyMhHhIMH 

rrpo6neMaMH. ,[(IDI perneHIDI 3THX Ja,n:aq B 3KCrrepttMeHTe MPD [1] YCK0pHTenhH0ro 

K0MrrneKca NICA Ha11anach pa3pa6oTKa pacnpe,n:eneHHoro KnaCTepa Ha 6aJe "qiepMbI" 

cepBepoB Jia6opaTOpHH qJll3HKll BhIC0KHX 3Heprnii. ,[(aHHaH CTaTbH 0IIHCbIBaeT 

rro,n:xo,n:h1 H MeT0.z:t:hl rrpoeKTttpoBaHHH TaKoro pacnpe.n:eneHHoro KnacTepa ,!(IDI 

o6pa6oTKH II xpaHeHHH .n:aHHhIX, nony11aeMbIX C MH0rou:eneBoro ,!(eTeKT0pa. 

IIpttBe,!(eHa cxeMa II C0CTaB KnacTepa, pa3BepHyToro K HaCT0HIUeMy BpeMeHH, a TaJOKe 

MeT0.0:hl II rrporpaMMH0e 06ecrre11eHHe .0:llil C03.z:t:aHHH xpaHHnmu:a ,!(aHHhlX II 

pacrrapannenttBaHHH o6pa6oTKH co6bnttii 3KcrrepHMeHTa MPD. B CTaThe 

rrpe,n:crnBneHhI ,n:Ba rro,n:xo,n:a K pacrrapannenttBaHHIO o6pa6oTKH ,n:aHHhIX: 

ttcrronh30BaHtte HHCTpyMeHTa PROOF rrporpaMMHOH cpe,n:hI ROOT H cttcTeMhI 

rrnaHHp0BaHHH, pa3pa6aThIBaeMOH aBT0p0M ,n:aHHOH CTaTbll. 

IlPE,ll;IlOCbIJIKH PA3PAliOTKH KJIACTEPA,lJ;JI.H 3KCilEPHMEHTA MPD 

CornaCHO rrporpaMMe O61,e,n:ttHeHHOrO llHCTHTyTa H,!(epHblX HCCne,n:oBaHHH no 

co3,n:aHHIO ycK0pttTenhH0ro K0MIIneKca H0H0B B ,n:ttarra3oHe 3HeprnH ,n:o 11 f3B/HyKnOH 

II MHOroqJyHKU:HOHMhHOrO ,n:eTeKTopa MPD ,n:nH Hccne,n:oBaHHH MaTepHH, 

o6pa3oBaHHOH nptt CT0nKHoBeHHll TH)KenblX H0H0B, npe.n:ycM0TpeH0 C03,!(aHtte Ha 6aJe 

HyKnoTpoHa ycKopttTenhH0-HaK0IIHTenhH0ro K0MrrneKca NICA. ,[(nH no.n:.nep)KKH 

3KcrrepttMeHTa MPD pa3pa6aTbIBaeTcH nporpaMMHaH cpe,n:a MPDRoot, cny)KamaH, KaK 

'Pa6orn Il0,11.AeplKaHa rpaHTOM ,ll.JIJI MOJIO,llhIX yqeH!,IX n cne1.1narrHCTOB OIUIH 2012 ro,lla 
# gertsen@jinr.ru 
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.nmr MO,nemi:poBaHWI pa6on,1 ,neTeKTOpa, TaK II ,WUI peKOHCTPYKIIIIII 

3KCrrepIIMeHTaJU,HblX ,naHHbIX Ii rrocne,nyromero aHanma C06bITllll CTOilKHOBeHHH 

DllKellhIX llOHOB, perIICTPHPYeMblX MHoroueneBblM ,neTeKTOpOM . 

Heo6xo,nIIMOCTb pa3pa6oTKH pacrrpe,neneHHoro KnacTepa ,nnH 3KcrrepHMeHrn MPD 

o6ycnoBnena, rrpeJK,ne Bcero, cne,nyIOII.lllMII rrpllqIIHaMH: BbICOKaH CKOpOCTb Ha6opa 

co6blmii (.no 6 Kf11); B uenTPanbHOM cTonKHOBeHHH Au-Au rrpH 3HeprnHx NICA 

06pa3yeTCH .no 1000 3apHlKeHHbIX qacTHII; rrnaHHpyeTCH ro,noBOll 061,eM ,naHHbIX, 

rronyqaeMbIX c ,neTeKTopoB, rropH,nKa 5-10 IIE; peKOHCTPYKIIHH co6hITHH B MPDRoot 

3aHIIMaeT ceiiqac ,neCHTKII ceKyH,n, IIO3TOMY rrocne,noBaTellbHaH o6pa60TKa MllllllllOHa 

co6b1Tllll MOlKeT 3aHHMaTb MeCHilbl. 

OPr AHII3AIJ;IUI XP AHIIJIIIl.QA MHHhIX HA PACilPE,ll,EJIEHHOM 

KJIACTEPE 

B 2013 ro,ny Haqanocb pa3BepTbIBaHHe pacrrpe,neneHHOro KnacTepa Ha 6a3e cpepMbI 

JI<l>B3 .nmr 3KcrrepIIMeHTa MPD. Cero,nHH KnacTep BKnroqaeT rnecTb MaIIIIIH c 06111HM 

qllCilOM H,nep - 96, CBR3aHHblX ceTbIO InfiniBand c rrporrycKHOll crroco6HOCTblO 10 f6/c 

(pHcyHOK 1 ). 

MOpnyc 215 
n<l 

nc8 nc<J 

nc2: 8 AA,ep, 16 f6 03Y 
nc3: 8 IIAeP, 16 r6 03Y 
rd: 16 ,v,.ep, 32 r6 03Y 
nc9; 16 IIA~P, 32 rs 03Y 

ncl0: 24 WP, 32 fG O3Y 
ncll: 24 llAep, 32 f6 03Y 

ecero: 96 IIMP, 160 IS O3Y 

nclt 

PHc. 1. Ha'laJibHaH cxeMa KJiacTepa AJIH JKcnepHMenrn MPD B Jl«IIB3. 
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,l(mI opraH11Ja1urn xpaHIIJIIIru:a ,n;aHHbIX fihmII npoBe,n;eHbI pa60Tb1 no 

pa3BepTbIBaHIIIO II HaCTPOHKe Ha cepBepax pacnpe,n;eJieHHOH cpaHJIOBOH CHCTeMbI 

GlusterFS [2]. OHa arpernpyeT cyru:ecrnyroru:ne cpauJIOBhie npocTPaHcTBa cepBepoB B 

e,D;llHyIO pacnpe,n;eJieHHYIO cpaHJIOBYIO CHCTeMy. ~H coe.n;HHeHHH Y3JIOB xpaHeHHH 

MO)KHO ncnoJib30BaTb npoToKOJI TCP/IP HJIH Infiniband RDMA. ABTOMarnqecKM 

peIIJIHKaIIHH, pa6ornroru:M B Kaqecrne cpoHoBoro npouecca, noJBOJIHeT npe,n;ornpaTHTb 

ITOTepro ,n;aHHbIX H BOCCTaHOBIITb cpaHJibI B crryqae aITnapaTHOrO IIJIH ITporpaMMHOro 

c6oH )KeCTKHX ,D;HCKOB. Oco6eHHOCTI,IO cpaHJIOBOH CHCTeMbI TaK)Ke HBAAeTCH, 

IT0CTOHHHO pa6ornroru:M, !pOHOBaH CJiy)K6a CaMonpoBepKII, KOTopaH BOCCTaHaBJIIIBaeT 

· ITOBpe)K,ll;eHHble cpaHJI1,1 B cJiyqae c6oeB. 

Ha mecm cepBepax "cpepMbI" JI<l>B3 cy11(ecrnyroru:ne paJ,n;eJibI Ha cpaHJioBoH 

CHCTeMe ext3 6bIJIH 061,e.n;HHeHbI B TOMa lnicalmpd/ paJ,n;eJIHeMoro npocTPaHCTBa Ha 

GlusterFS o6ru:IIM 061,eMOM l O TE. ~ .n;oMaII.IHIIx .n;IIpeKTopnu noJih30BaTeJieH 

. C03,D;aH pa3,D;eMeMbIH pa3,n;eJI lnicaluserl, TaKIIM o6pa30M, qrn IlOJib30BaTeJIH, 

ocyru:ecTBJIHH BXO,D; Ha "cpepMy" qepe3 JII06ou: H3 cepBepoB, OKa3bIBaIOTCH B O,D;HOU: II 

TOH )Ke ,D;OMaII.IHett: ,D;HpeKTOpHII. Bee TOMa peITJIIIIIIIpOBaHbI Ha )KeCTKIIX ,D;HCKaX 

pa3HbIX MaII.IHH. B HaCTOHlllHli MOMeHT 6oJiee 60 IlOJib30BaTeJiett: 3KcnepHMeHTa MPD 

aKTHBHO HCDOJib3YIOT pa3pa6ornHnoe xpaHIIJIHru:e ,n;aHHbIX Ha GlusterFS. 

· HCIIOJlh3OBAHHE HHCTPYMEHTA PROOF ,[(JUI OnP AnOTKH 

COnhITHH MPD HA IIAPAJIJIEJihHhIX APXHTEKTYP AX 

IfHCTPYMeHT PROOF, HBAAroru:eu:cH qacTbIO cpe,n;1,1 ROOT, IICITOJibJyeT 

ne3aBHCHMbIU: ITO ,n;aHHbIM napam1eJIH3M, o6pa6aTbIBM O,D;HOBpeMeHHO ,n;aHHbie pa3HbIX 

co6hITHH. PROOF [3] noJBOJIHeT _npoBo,D;IITh napaJIJieJihHYIO o6pa6oTKY .n;aHHbIX B 

ROOT Ha TPeX THnax napaJIJieJibHbIX annapaTHbIX IIJiaTcpopMax: Ha o,n;Hou: 

MHOroH,D;epHOU: MaII.IHHe, Ha BI,IqHCJIIITeJibHOM KJiaCTepe reTeporeHHbIX MaI.IIHH H B 

cHCTeMe GRID. 

Ilo.n;.n;ep)l(Ka IIHCTPYMeHTa PROOF 61,ma ,n;o6aBJieHa B nporpaMMHYIO cpe,n;y 

MPDRoot. 3anycK napamieJihHOH o6pa6oTKH ,n;aHHbIX co6blmtt: 3KcnepIIMeHTa MPD 

peaJIII30BaH npH Il0MOlllH ,D;0ilOJIHHTeJibHOro ITapaMeTPa MaKpoca, KOT0pbitt:, ITO 
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yMorrqamno, pa6orner II0CJie,D;0BaTeJibH0. B 3aBHCHM0CTH OT 3HaqeHHH napaMeTPa 

M0)KI{0 pacnaparrrrerrnBaTh o6pa6on<y co6bnnii Ha npoII3BOJibHoii MHoro.smepHoii · 

Mannrne npn noMomn PROOF-Lite nrrn Ha Bb1qncrrnTeJihH0M KJiacTepe PROOF On 

Demand. Ha pncyHKe 2 npe,11;cTaBrreH rpacpnK ycKopeHHH peK0HCTPYKIIHH co6b1mii 

MPD Ha KJiacTepe PROOF On Demand. 

Pa6orn PROOF On Demand Ha "cpepMe" JI<l>B3 pearrlI3oBaHa crre,11;y10mnM 

o6pa30M. KrrneHT YKa3hrnaer, qTQ 3a,11;aqa 6y,11;er ncnorrHHTbCH Ha KJiacTepe PROOF n 

nepe,11;aer cepBepy 3a,D;a'I)' ,!l;Jijj naparrrrerrhH0ro ncnorrHeHHH. CepBep 3anycKaeT 3a,11;aqy · 

Ha pafioqJIX Y3JiaX H nepe,11;aeT HM II0 0,!l;H0MY COfibITHIO. Ilocrre o6pa60TKH 

norryqeHH0ro co6b1mH Ka)K)];hiii ocB060,11;HBmniicH y3err norryqaeT crreey10mee co6h1Tlle 

,!l;Jijj o6pa60TKH. Ilocrre 

25 

: 20 
~ 

Ls 
i 
~10 

i 
!i 5 

0 ' 

23,10 

0 4 8 12 16 20 24 28 32 36 40 44 • 48 52 

I.IMtnO npOl.(8CCOpoa 

Puc. 2. YcKopenne peKOIICTPYKUHH CMOAeJIHpOBaHHLIX co6LITHH MPD. 

o6pa60TKH BCex C06bITHll ,D;aHHbie pe3yJihTaTa o6be,D;HHHIOTCH Ha cepBepe ll 

nepeChIJiaIOTCH KJIHeHry. 

CHCTEMA IlJIAHIIPOBAHIDI MPD-SCHEDULER 

,[(rrH pacnaparrrrerrnBaHHH 3anycKaeMhlX pa6oT Ha Bh1qncrrIITeJihH0M KJiacTepe 6hlrra 

pa3pa6ornHa cncTeMa IIJiaHnpoBaHHH MPD-scheduler. ,[(aHHhiii IIJiaHnpoBmHK · 

pearrlI3oBaH Ha H3hIKe nporpaMMnpoBaHHH C++ c IIOMep)KKOii KJiaccoB ROOT n · 

ncnorrh3yeT cncTeMY nrraHnpoBaHHH Torque/Maui ,!l;Jijj pacnpe,11;erreHHH pa6oT no y3rraM 

Bh1qncrrnTeJibHoro KJiacTepa; Pa6oThI, 3anpamnBaeMhie Ha BhIO0JIHeHne, nepe,11;a10TCH . 

nrraHnpoBmney B Bn,11;e XML-cpaiirra. XML-T3rn pa6oTbI onnchrna10T. Ha3BaHne 
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rrapruIJieJibHO IICIIOJIWI!Oll(eroc.R: MaKpOCa, nyTII K qiaii:JiaM C ~aHHbIMII II pe3yJihTaTOM, 

pe)KIIM napanneJibHOH o6pa60TKll II BbI~eJI.R:eMbie pa6oTe pecypCbI. 

IlpII BhlnonHeHIIII pa6oThI nnaHIIpOBll(IIK MPD reHepIIpyeT bash-cKpIITIThI, 

O~HOBpeMeHHO 3anycKa10ll(IIe pa6oThI no o6pa60TKe co6hITIIH qepe3 CIICTeMy 

TIJiaHIIpoBaHIIH Torque Ha KJiacTepe. Ilocne 3aBepIIIenIIH napannenbHOH o6pa60TKII 

TIJiaHIIpOBll(IIK o6'be~IIH.R:eT qiaii:JibI pe3yJihTaTOB B O~IIH qiaiin. 

TaKIIM o6pa30M, 6bIJIII ~OCTIIrHYThI CJie~JOll(IIe pe3yJibTaTbI: pa3BePHYT 

pacnpe~eneHHhiii KJiacTep Ha 6aJe "qiepMbI" JI<l>B3 ~JIH 3KcnepIIMeHrn MPD, 

opraHll30BaHO xpaHIIJIIIll(e ~aHHbIX npII IlOMOll(ll pacnpe~eJieHHOH qiaiiJIOBOH CIICTeMhI 

GlusterFS, opraHll30BaH cepBep Proof On Demand ~JIH napanneJihHOii o6pa60TKII 

co6hrTIIii 3KcnepIIMenrn, pa3pa6ornn nnanIIpOBll(IIK MPD-scheduler ~JIH 

pacnpe~eneHIIH 3a~aq o6pa60TKII ~aHHhIX MPD Ha KJiacTepe, nonyqeHbl npaKTIIqecKIIe 

3HaqeHII.R: ycKopeHII.R:, a TaK)Ke aHaJIIITIIqecKa.R: oueHKa TPe6yeMOH BblqIICJIIITeJibHOH 

, MOll(HOCTII MH 3KCnepIIMeHTa . 

. JIIITEP ATYP A 

[l] MPD Collaboration, "The MultiPurpose Detector - MPD. Conceptual Design 

Report", JINR, 2012. 

[2] GlusterFS Developers, "Gluster File System 3.3.0. Administration Guide", 

Gluster, 2012. 

[3] A. Hayrapetyan and M. Vala, "ROOT and PROOF Tutorial", GridKa School, 

, Karlsruhe Institute of Technology, 2012. 
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BH3YAJIH3AIJ;IDI H OliPAliOTKA liOJihIIIIIX MACCHBOB 

,IJ;AHHbIX C YCKOPHTEJIEH 

B.E. 3arep, A.H. KphmOB 

JUIP HM. r.H. Cl>nepoBa, OIUilI, r. ,lzy6Ha, Poccmr 

AHHOTAIJ;IDI 

,ll;mr oT06pa)KeHmr H aHanma ,naHHhIX c ycKopHTerreii JUIP 6hmo HarmcaHo 

CIIeUHaJibH0e nporpaMMH0e o6ecnelJ:eHHe. IlpHMCHCHHbie npH pa3pa60TKC MeT0,nbI . 

M0ryT 6bITh HCII0Jih30BaHhI ,lUUI peanmaUHH no,no6HhIX npoeKT0B Ha ,npyrnx HaylJ:H0-

HCCJie,noBaTCJJbCKHX ycTaH0BKax. 

BBE,ll;EHHE 

B Jla6opaTOpHH 51,nepHbIX PeaKUHll pa3pa6ornHa H ycneurno IIpHMCWICTC» CHCTCMa 

K0HTP0JI.H H aHaJIH3a ,naHHhIX C ycK0pHTeJibHbIX ycTaH0B0K qepe3 HHTepHeT. 

lI3HalJ:aJibHO CHCTeMa pa60TaJia C He6oJihlIIHM K0JIHlJ:eCTB0M ,naHHhIX H HX aHaJilf3 H 

,norrroBpeMeHH0e xpaHeHHe He TPC60BaJIHCb. B HaCTOHII.(llll M0MCHT BpeM» xpaHeHH» . 

C0CTaBJI.HCT 3 Mec»ua, a qaCT0Ta o6HOBJICHH» ,naHHhIX 1 pa3 B 5 ceKyH,n, HJIH 0K0JI0 100 

H0BbIX 3an0:ceii B ceeyH.ny. IlpH TaKHX Harpy3Kax .IIpHIIIJI0Cb II0JIH0CTbIO nepe,neJiaTb lf 

OIITHMH3HpOBaTh nporpaMMH0e o6ecnelfeHHe ,lUUI 6bICTPOro H y,no6Horo orn6pa)KeHH» 

H aHaJIH3a ,naHHhIX. 

B HaCTOHII.(llll M0MeHT peaJIH30BaHhI crre,ny10m0:e BapHaHThI pa6oTbI C ,naHHbIMH: 

1. IlocTPOCHHe crnrnlJ:HhIX rpaqmKoB cpe,ncrnaMH PHP 

2. IlocTPOCHHe ,nHHaMHlJ:HhIX rpaqmKOB cpe,ncrnaMH Adobe Flash 

3. IlOCTP0CHIIe ,nHHaMHlJ:HhIX rpaqmKOB cpe,ncTBaMH JavaScript 

4. IlocTP0eHHe H aHaJIH3 ,naHHhIX c noM0II.(hIO Labview 

5. IloCTPOCHHe H aHaJIH3 ,naHHhIX c II0M0II.(hIO ROOT (PyROOT) 

,ll;JI.H 6onee ,neTaJihHOrO aHaJIH3a B03M0)KH0 II0,nKJIIOlJ:CHHe K 6a3e ,naHHhIX qepe3 

ODBC rr106oii nporpaMMOii HanpHMep Exel HJIH Origin. 
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IIOJIHOE OIIHCAHHE 

,ll;IDI amlJil:13a .11 MaTeMamqeCKl:IX Bhlql:lcJieHl:IH HM ,naHHhIMl:I l:I IIOCJie,nyIOIIIeM l:IX 

OT06pa)KeHl:ll:I B l:IHTepHeT 6bm Harr11caH CIIeIIl:laJihHbIH MHOroIIOTOqHbIH Be6-cepBep Ha 

Labview. 

OcHOBHaH 11,ne.a 3aKJiroqaeTCH B TOM, qTo cepBep cnyrnaeT BXOMIIII:le coe,nl:IHeHl:IH Ha 

rropry l:I B 3aBl:ICI:1¥0CTl:I OT 3arrpoca 3arrycKaeT HY)KHYIO rrporpaMMY, TO)Ke HaIIl:ICaHHYIO 

Ha Labview. 

Pe3yJihTaT pa6oTbI cepBep ompaBIDieT IIOJib30BaTeJIIO B Bl:l,ne l:1306pa)KeHI:IH. 3TO 

oqeHh y,no6Ho .nIDI nocTPOeHl:IH CJIO)KHOH Bl:13yan113arr1111 Ha Be6-cTPaH11rre. 

CTaH,napTHhIH MeXaHl:13M rrporpaMMhI ,nIDI Be6-cepBepa TaKOH: 

• IIonyqIITh ,naHHhre 3anpoca OT Be6-cepBepa 

• IIo,nKJIIOql:ITCH K 6a3e ,naHHhIX (rum: ,npyroMy IICToqmIKy ,naHHhIX) 

• O6pa60TaTb ,naHHhle If IIOCTPOIITb rpaqmK IIJIII 3HaqeHlfe 

• BepttyTh cepBepy ,neCKplfIITOp Ha KOHTeiiHep co,nep)Kall!IIH pe3yJihTaT 

• 3aBepIIII:1Th pa6ory 

IIp11MeHeH11e Labview oqeHh yrrpoIIIaeT pii:3pa6oTKY rrporpaMMHoro 06ecneqeH11.a 11 

He TPe6yeT crreIIl:laJibHhIX 3HaHIIH nporpaMMl:lpOBaHIIH, npocTeHIIIl:IH Mo,nynh (rrnarnH) 

COCTOIIT Bcero 113 HeCKOJibKIIX :meMeHTOB. 

AHanornqHhIM crroco6oM pean113oBaHa pa6orn c ROOT. 

B Kaqecrne Be6-cepBepa IICII0Jih3yeTCH Apache, nporpaMMhl ,nJIH pa60ThI C ,naHHbIMII 

rrmrryTc.a Ha Python 11 11cnonh3YIOT 6116n110TeK11 PyROOT. Y,no6Ho 11crroJih30BaH11e 

Python nporpaMM qepe3 CGI l:IJIII FastCGI l:IHTep<peiichr. 

BBhlBO,ll;hl 

IIp11MeHeH1Ie npe,nJIO)KeHHhlX MeTO,n0B II0BhICl:IJI0 y,no6CTBO l:I <pyHKI!l:IOHaJihHOCTh 

Cl:ICTeMhl OHJiaHH M0HIIT0pl:IHra ycKop11TeJieii JUIP. C11cTeMa YHIIBepCaJihHa l:I 

II03BOIDleT IICil0Jih30BaTb HaIIl:ICaHHhle Mo,nyn11 ,nIDI aHaJill3a C JII06hIX IICT0qHl:IKOB 

,naHHhlX, 0Ha 6hIJia IICII0Jib30BaHa B p.a,ne ycrreIIIHhlX 3KCnep11MeHT0B C0BMeCTH0 C 

<l>e,nepaJibHhlM K0CM11qecKI:1M areHTCTB0M PocK0CMOC. 
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,n:arrnHeiiwee pa:rnn:n1e cn:cTeMbI: nepexo~ K NoSQL 6a:1e ~aHHnix, qTO Il03B0Jillt 

yaeJin:qtt:Tb CK0p0CTb o6pa60TKll 3anp0C0B ll BpeMH :Xpam:HmI ~aHHbIX ~o 2-x JieT ll 

6oJiee; 

R;* ,!/;4[1~/:/'1Ef!4:tJ}@p;lid_dUl,·r?ttV11}~,ra',it.U . ; ;'-•-11 l,1~1U~~,s;,,;1!1til,©1.\\1¥~~!1lll ~fl,\\ '"' . · . . . !ii I t 
ll I .. " ➔ ·D,-lt·:~_.,[~JTu~:U~,,.;~~1~1'-'?·tti,.j • . 1!,}[ii1•~<1~•111"<,1;11<e 

MEHIO-----, 

i!!!PJ!!f.QJl.J'Jl_JIOl'/.J 

0T~Nr.tit.Orn'A.'IIl;l[JJlll 

CiMl:llll..rul'.!.CMf~~111 

llru:lW.UlHl:!U..QitW!!Ol 

Pnc.1 OrnopalKe1111e Te1<:y111ero cocrn1111n11 yc1wpHTeJlll IU.J.-100, Bc11.rpa,jm1<:a renepnpyeTcH 
cpe11CTBBMH Labview. 
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PA3BHTHE yqEEHO-HCCJIE,z:t;OBATEJlbCKOH H TECTOBOH 

rPH,z:t;-HH<I>PACTPYKTYPbl* 

H.A. KyTOBCKHtt1'2# 

1JUIT, OlUIII, r. ll:y6Ha, Poccm.1 

2Ha11n:OHaJibHblll I.1eH1p q>Il:3HKH qaCTHI.I H BbIC0KHX :meprnii EenopyccKoro 

rocy~apCTBeHHOrOYHHBepcn:Tera,r.Mn:HCK,Eenapycb 

AHHOTAIJ;IDI 

B ~aHHOll CTaTbe rrpn:Be~eHa HHq>OpMa11m.1 0 pa6orax, BbIII0nHeHHbIX B 2012 ro~y Ha 

}"Ie6Ho-n:ccne~oBaTenbcKOll' n: TeCTOBOll I'l)HkHHq>pacrpyKrype, a TaIOKe orrn:caHbl 

TeeyI11n:e pa6oTbl n: rrnaHbI no ee pa:mn:Tmo. 

PEOPr AHH3AQIDI HH<l>PACTPYKTYPhl 

,n:m.1 6onee 3q>q>eKTH:BHoro n:crronbJ0BaHn:11 arrrrapaTHbIX pecypcoB n: 06nertJeHn:11 

yrrpaBneHH:11 Bceii yqe6Hoii-n:ccne~oBaTenbCKOll H TeCTOBOll rpn:~-HHq>pacrpyKrypoii 

[l] 6bma C0J~aHa noKaJibHa1! 06naqHa11 HHq>pacrpyKrypa C HCII0llb30BaHHeM 

rrporpaMMHoro rrpo~yKTa OpenNebula (http://opennebula:org), Kornprui B 2012 roey 

6bma BBe~eHa B 3KCrrnyara11n:IO. CepBHCbI BCeX rpn:~-rronn:r0H0B yqe6Ho­

HCCne~oBaTenbCKOll H TeCTOBOll rpHkHHq>pacrpyKrypbI 6bmn: rrepeHeceHbl B 3T0 

o6naKo. 

TaIOKe B ~aHH0M o6naKe 6bm paJBepHyr rronn:roH ~AA BbJqn:cneHn:ii Ha 6a3e 

rrepcoHaJibHbIX K0MIIbIOTepoB - IlK (T.H. DesktopGrid, DG). CxeMa, cooTBeTCTBYIOil.la1! 

Teeyll.leii KOHq>n:rypa11n:n: yqe6Ho-n:ccne~oBaTenbCKOll H TeCTOBOll rpHk 

HHq>pacrpyKrypbI, rrpe~craBneHa Ha pnc. 1. 

IIOJIHrOH HA liA3E EMI . 

B 2012 roey Bee cepBHCbl II0nIIT0Ha EMI 6b1Jm o6HoBneHbl ~o rrocne~HHX Ha TOT 

M0MeHT CTa6HnbHbIX BepcmI. TaIOKe B 3T0T rronnroH 6bln HHTerpnpoBaH rpHkCattT 

lIHCTH'ryra q>HJHKH (r. EaKy, A3ep6att~)KaH). 

'B 2012 roey pa6oTa IlOMeplKaHa rpaHTOM ,llJlJI MOJIO,llh!X y'leHhlX n cne11nanncTOB OIUII1. 
# Nikolay.Kutovskiy@jinr.ru 
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Ha .n:aHH0M cerMeHTe.nHcppac-rpyicryp1,1 B 2012 ro.n:y 6wm npoae.n:eHbI cne.n:yromne 

MeponpWITIDI a paMKax o6ytJ:eHHH rpH.D:-TeXH0IT0rHHM: 

• c 26.09 IIO 12.10 npaKTHKa II0 0CH0BaM rpH.D:-TeXHOnornii .n;nsr cry.n;eHTa m 

IOAP; 

• c 24.09 II0 28.09 KYPC .n:nsr CHCTeMHbIX a.D;MHHHCTPaTOp0B m llHCTHryTa 

TeopeTntJ:ecKoii cpmnKH nMeHn B. B. Eoronro6oaa (Knea, YKpanHa) n HaunoHanI.Horo 

TeXHHtJ:eCK0ro YHHBepCHTeTa YKpaHHbl «KneBCKHH nonnTeXHH'leCKHH HHCTHTYT» II0 

ycrnH0BKe n HaCTPOHKe cepancoa UMD n AliEn; 

• c 23.07 II0 03.08 KYPC .D:nH CHCTeMHbIX a.D;MHHHCTPaTOp0B ll3 Emma, 

MoHronnn n A3ep6aii.ll:)KaHa no ycrnH0BKe 6aJoaoro Ha6opa rpn.n:-cepancoa EMI2; 

• ceMeCTP0Bble eypcbl II0 BBe.n;eHHIO B rpn.n;-TeXHonornn .ll:nH cry.n;eHT0B ll 

MarHCTP0B YHQ OIUIM n yHnBepcnTeTa «,lzy6Ha». 

IlOJIHrOH DESKTOPGRID 

B no.n:o6HbIX nH<ppaCTPYKTYPax B KatJ:ecTBe BbltJ:ncnnTenI.HbIX pecypcoa 

ncnon1,3yroTcH UK. Qen1,ro co3.n;aHnH .n;aHHoro nonnroHa B JI.HT OIUIM HBMeTCH 

anpo6a11HH TexHonornn c nocne.n:yromeii a.n;amal.llleii B 3TY cpe.n:y npnno)l(eHnii, 

BOCTPe6oaaHHbIX nccne.n:oaaTenI.cKHMH rpynnaMn OIUIM n opraHnJa11nii n3 ero 

c-rpaH-yqacrnnu. B KatJ:ecTBe TIO .D:nH co3.n;aHHH 3Toii nnaT<popMbI 6bln Bb16paH naKeT 

SZTAKI-BOINC, KoTopblii BMecTe c naKeT0M 3G-bridge 6bm pa3aepHYT Ha 

BnpzyanbHOH MaIImHe B o6naKe. IIoMHMO 3T0ro, Ha HeCK0llbKHX IIK 6bm YCTaH0BneH 

BOINC-KnneHT .n;nH HCII0llb30BaHHH HX B KatJ:eCTBe CtJ:eTHbIX Y3IT0B .n:aHH0ro nonnroHa. 

llHCTanHI.IHH B nonnroHe Ha 6aJe EMI .n:ononHnTenI.Horo cepanca CREAM c 

KOMIIOHeHTOH EDGI executor c cooTBeTCTByromeii HaCTPOHKOii II03Bonnna 

opraHH30BaTb 3anycK ll BbIII0nHeHne 3a.n;aq ll3 nonnroHa EMI Ha Bbl'IHCnHTenbHbIX 

pecypcax DG. 

C II0M0ll.lbIO 3anycKa TeCTOBbIX IIpllllO)l(eHHH npomae.n;eHa orna.n;Ka nonnroHa 

DesktopGrid. 11.n:eT npopa6oTKa pa3nntJ:HbIX acneKT0B II0CTP0eHHH n ncnon1,3oaaHHH 

DG-cpe.n;bl n3 pecypcoa opraHmaunii CTPaH-ytJ:aCTHHI.1 OIUIM. 
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PucynoK 2. CxeMa yqe6110-uccJieAOBllTeJILCKOH " Tecrneoii rpHA-HH1j1paCTpyKrypLI. 
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IlOJIHrOH Pre 

,ll;rr» BbIIIOJIHemrn 06»JaTerr1,cTB JUIT OIUIII B paMKax yqacnrn B rrpoeKTe coJ,namrn 

PoccHiicKoii rpH,n-ceTH (PrC) .nrrH BbICOKorrpomBO.!l:HTeJibHhlX BI,JqHcrreHHii Ha yqe6Ho­

Hccrre,noBaTerr1,cKoii H TeCTOBOH HH<ppacTpyKTYPe 6bm ycTaHOBJieH crre.nyIOIIIHH Ha6op 

cepBHCOB: 

1) Be6-HHTepqieiic IIOJII,30BaTeJIH .nrr» pa3pa60TKH rrpo6rreMHO-OpHeHTiipOBaHHblX 

HHTepqieiicoB (ITOII) B BH,ne pacumpeHHii K HeMy; 

2) ,n:Ba :meMeHTa xpaHeHHH ,naHHhlX Ha 6aJe GridFTP; 

3) MaIImHy ,nJIH pa3pa60TKH IIO.!J:CHCTeMbI xpaHeHHH ,naHHbIX (IT:x.n;) Pre. 

ITOII pa3pa6aTbIBaJIHCI, .nrr» KOHKpeTHhlX rrpHKJia,nHhlX rraKeTOB c IIeJII,IO 

o6rrePieHHH pa60TI,I IIOJII,30BaTerreii B Pre, T.e • .!l:J!H BI,IIIOJIHeHHH TaKHX orrepaIIHH, KaK 

qiopMHpOBaHHe Ii JarrycK cqeTHbIX 3a,naHHH, KOHTpOJII, xo.na HX BI,IIIOJIHeHHH Ii 

rrorryqeHHe pe3yrr1,TaTOB BI,JqHcrreHHii. ITOII rrpH3BaHHbie CKpbITb OT rrorr1,JoBaTeJIH 

,neTarrH Ii CJIO)KHOCTii pa60TI,I caMOH rpH,n-cem. Herrocpe,ncTBeHHI,Ill cqeT Ha 

BI,JqJiCJIHTeJII,HI,JX pecypcax BbIIIOJIHHeTCH C HCIIOJII,30BaHHeM Toro IiJIH HHOro 

KOHKpeTHOro rrpHKJia,nHoro rraKeTa, KOTOpbIH ,nOJI)KeH 6hlTI, ycTaHOBJieH Ha pa6oqJix 

y3rrax rpH,n-caiiToB. 

KoMaH,noii JIIIT OIUIII B 2012 ro,ny 6bmH pa3pa6oTaHbI ITOII K TaKHM 

rrpHKrra,nHbIM rrporpaMMHbIM rraKeTaM, KaK Fire Dynamics Simulator (Mo,nerrHpoBaHHe 

IIO)KapoB H 3a,n1,1MrreHHii) H ZondGeoStat (o6pa6oTKa reo<pmHqecKHX, reoxHMHqecKHX 

rrorreii Ii ,naHHI,IX .!J:HCTaHIIHOHHhlX 30H.!1:HPOBaHHH) [2]. 

TaK)Ke B 2012 ro.ny qrreHaMH 3TOH )Ke KOMaH,nbI 6bma pa3pa60TaHa IIO.!J:CHCTeMa 

xpaHeHH» ,naHHhlX Pre Ha 6a3e GridFTP cepBHca c B03MO)KHOCThIO KaTarrormaIIHH 

HCXO.!J:HhlX ,naHHI,IX Ii pe3yJII,TaTOB pacqeTOB, o6ecrreqJiBaIOIIIaH aYTeHTHqJHKaIIHIO Ii 

aBTOpH3aIIHIO IIOJII,30BaT.erreii rrpH ,noczyrre K ,naHHbIM C HCIIOJII,30BaHHeM IIH<ppOBbIX 

cepm<pHKaTOB X.509. OHa rrpe,nHaJHaqeHa ,nJIH HCIIOJII,30BaHHH B Kaqecrne 

BpeMeHHOro xpaHHJIHIIIa HCXO.!J:HI,IX ,naHHI,IX Ii pe3yrr1,TaTOB pacqeToB IIOJib30BaTerreii 

Pre Ha BpeMH BbIIIOJIHeHHH BI,JqJicJieHHH. 
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TEKYI.QME P AliOTbl II IlJIAHhl 

Be;zyTCH pa6oThI no yaem1qeHHIO KOJrnqecTBa cqeTHhIX Y3JIOB IIOJIHroHa DG, a 

TaKlKe OT6op rrpHJIO)KeHHH H3 BO3MO)KHhIX KaHL(HL(aTOB L(JIH aL(arrrnnnn B 3TOT IIOJIHroH. 

CilMCOK JIMTEPATYPhl 

[l] KYTOBCKIIH H.A. «Yqe6Ho-1IccJieL(oBaTeJihCKM II TeCTOBaH rpHL\-

nmppacTPyKrypa» // XV-aH HayqHaH KOH<pepeHnHH MOJIOL(hIX yqeHhIX II crren1Iarr1ICTOB 

mum (14- 19 <peBparrH 2011, ~y6Ha): TPYL\hl. OIUil1, ~y6Ha, PocCHH, 2011. C. 241 -

244. 

[2] Kutovskiy N.A., Lensky I.I., Semenov R.N. Problem-oriented web-interfaces for 

Russian grid network // The 5th International conference «Distributed Computing and 

Grid-technologies in Science and Education» (Dubna, 16 - 21 July 3, 2012): 

proceedings. Dubna, 2012. P. 186-188. 



202 

METO,ll;IIKA MAIITAII;IIII IIPIIK.JIA,lJ;HOrO IIAKETA MEEP 

,ll;JUI PAJiOTbl B rPII,ll;-CPE,ll;E 

E.M. MIDKHTOBa 

EHY HM. JI.H.f'yimrreBa, r. Acm1m, Ka:3ax:cmH 

AHHOTAD;IDI 

B .D:aHHOll CTaTI,e OilHCaH arrropHTM BbillOJIHeHWI npm<Jia,nHbIX 3a,naq B rpH,n-cpe,n:e, 

Ha npHMepe a,nanTimHH npm<Jia,nHoro naKeTa Meep Ha rrnaTq>opMe EMI. 

rPIJ)]; TEXHOJIOrIIH 

B nocrre,n:HHe ro,n:bl 6b1crpoe pa3BHTHe norryqHJIH rpuJJ;-TCXIIOJIOrHH -

HHq>pacrp)'KT)'PHbie TeX:HOJIOIBH npoMe)K)'TOqHoro CJIOH, npeJJ;OCTaBJIHIOIIIHe 

B03MO)KHOCTb HHTerpimHH BbJqllCJIHTeJibHbIX ll HHq>OpMimHOHHbIX pecypCOB 

rno6aJibHbIX ceTell .nJIH peIIIeHHH CBepxcJIO)KHbIX ll pecypcoeMKHX 3a_naq 

BbJqHCJIHTeJibHOro xapaKTepa WHJIH o6pa6oTKH HHq>OpMaIIHH [l]. 

ApXHTeKT)'Pa rp1:1.z:i; npe,n:CTaBJieHa B BH,n:e 1:1epapx:1:1qecKOll CTPYKT)'pbI, COCTOHIIIeiI 1:13 

HeCKOJibKHX ypOBHell co CBOHMH .nJIH Kam,noro ypOBHH cepBHCaMH, 

B3aHMO,n:eiICTB)'IOIIIHMH nocpe,n:CTBOM onpeJJ;eJieHHbIX npOTOKOJIOB. 

~ B3aHMO,n:eiICTBHH ypoBHell Mem.ny co6ou rpe6yeTCH npHMeHeHHe 

npoMe)K)'TOqHoro nporpaMMHoro o6ecneqeHHH npoMe)K)'TOqHoro crroH (IUIO). K 

HaCTOHIIIeMy MOMeHT)' cymeCTB)'eT HeCKOJibKO pearrH3aIIHll TITIQ ,nJIH nocrpoeHWI 

rpH.n c1:1cTeM - :no Condor, Globus Toolkit, EMI. 

Illlamq,op.Ma EMI 

European Middleware Initiative (EMI) - :no nporpaMMHM nrraTq>opMa ,n:JIH 

BbICOKOilpOH3BO.D:HTeJibHbIX pacnpe,n:erreHHbIX BbJqHCJieHHll. U:errblO npoeKTa EMI 

HBJIHeTCH IlOCTaBKa KOHCOJIH,nllpOBaHHOro npoMe)K)'TOqHoro Ha6opa KOMilOHeHT Ha 

OCHOBe qeTblpex OCHOBHbIX IlOCTaBIIIHKOB npoMe)K)'TOqHoro nporpaMMHOro 

o6ecneqeHWI B EBpone - ARC, dCache, gLite and UNICORE. EMI HBJIHeTCH nepBbIM 

IIIarOM Ha Il)'TH CTa6HJibHOll HHTerpim1m pacnpe,n:erreHHblX BblqHcJieHHll ll ycrryr no 

ynpaBJieHHIO ,n:aHHbIMH. OHa npe,n:OCTaBJIHeT IIIHpOKHll Ha6op TeX:HOJIOrHll ,n:JIH 
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pa:mepTbIBaHirn pacrrpeAeJieHHOH Bblql!CJil!TeJibHOH l!H<ppacrpyKrypbI B Eaporre ll 3a ee 

rrpeAeJiaMH [2]. 

B HaCTOHI11ee Bpe!\UI EMI HBMeTCH HaH6onee BOCTpe6oBaHHbIM rrpoMe)K}'TOqHbIM 

rrporpaMMHhIM o6ecrreqeHHeM. 

A,IJ:AilTAQIDI IlPHKJIA)J:HhIX IlAKETOB 

,lviH Toro qTo6bI IIOJlb30BaTeJill MOrJill rrpHMeHHTb rpHA AJIH CBOl!X HY)K,[{, l!X 

He06XOAllMO o6yql!Tb pa6oTe B '.HOH cpeAe, a TaIOKe aAaIITllpOBaTb. Amr Hee 

rrpHKJIMHbie rrporpaMMHhie rraKeThI (TITITI) [3]. 

Ilpu1U1ai>nou na«em MEEP 

MEEP (MIT Electromagnetic Equation Propagation) - 3TO 6ecrrnaTHhIH 

rrporpaMMHbIH IIaKeT AJIH MOAeJIHpOBaHl!H 3JieKTpoMarHllTHblX Cl!CTeM MeTOAOM 

KoHeqHbIX pa3HOCTeH BO apeMeHHOH o6nacTH (FDTD) [4]. OH rrpeAHa3HaqeH Amr 

rrpoBeAeHHH rrapanneJibHblX BblqllcJieHl!H c pacrrpeAeJieHHOH rraMHTbIO Ha JII06bIX 

Cl!CTeMax, IIOMep)l(l!BaIOilll!X CTaHAapT MPI. ll pa6oTaeT Ha JII06bIX UniX-IIOA06HhIX 

Cl!CTeMax (HarrpHMep, GNU/Linux). 

MEEP HaH6onee qacrn HCIIOJih3yeTCH AJIH pacqern crreKTpOB oTpa)l(eHHH ll 

IIpOXO)l(AeHHH 3JieKTpOMarHHTHOro ll3nyqeHHH, pacqern pe30HaHCHbIX qaCTOT ll 

COOTBeTCTBYIOillllX HM MOA, pacqern pacrrpeAeJieHl!H IIOJieH, B03Hl!KaIOillllX B 

pe3yJibTaTe B03AeHCTBl!H rrpOll3B0JibHbIX l!CTOqHl!KOB. Il03BOJIHeT rrpOBOAl!Tb 

MOAeJIHPOBaHl!e OAHOMepHbIX (ID), ABYXMepHbIX (2D), rpexMepHbIX (3D) Cl!CTeM. 

IlocKOJihKY rrpHKJiaAHOH rraKeT MEEP YAOBJiernopHeT TaKHM rpe6oBaHHHM KaK: 

- B03MO)l(HOCTb 3arrycKa IIOA oc Linux, 

- B03MO)KHOCTb Bbl30Ba B pe)l(l!M~ KOMaHAHOH CTpOKll, 

- OTCYTCTBl!e l!HTepaKTl!BHOCTll, 

- YKa3aHl!e rrapaMeTpOB 3arrycKa l! BXOAHbIX AaHHbIX qepe3 apryMeHTbl B KOMaHAHOH 

CTpOKe Hil!Jlll OTAeJibHOM cpaiine, 

ero MO)l(HO MaIITllpoBaTb no CJieAyromeii MeTOAl!Ke. 

MeTOAl!Ka aAaIITaUllll rrpeAIIOJiaraeT BbIIIOJIHeHHe CJieAyIOillllX AeHCTBl!H: 
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pa3pa60TKa qiaiina cueHapIDI, a HMeHHO HacTpoiiKa Heo6xo,n:HMOii cpe,n:bl 

oKpy)KeHmr, npoBepKa BbITIOnHeHHJI Bcex Heo6xo,n:HMbIX ycnOBHii ,n:n,:r 3anycKa 

nplillO)KeHHJI, Bbl30B IIplillO)KeHlIJI C Heo6xo,n:HMbIM Ha6opoM napaMeTpOB; 

- pa3pa60TKa qiaiina OIIHCaHIDI 3a,n:aHlIJI Ha COOTBeTCTBy10meM JI3bIKe KOHKpeTHOll 

rpH.D:-cpe,n:hI (jdl-qiaiin). 

lIMeJI qiaiin cueHapnii H jdl-qiaiin, ,n:n,:r pa6oTbI c a.n:amnpoBaHHbIM naKeTOM 

IIOllb30BaTemo Heo6xo,n:HMO: 

cqiopMHpOBaTb Ha6op BXO.D:HbIX ,n:aHHbIX, TaKlIM )Ke o6pa30M, KaK OH 6b! :no 

,n:enan pa6oTaJI c :)THM )Ke npHllO)KeHHeM y ce6,:r Ha KOMIIbIOTepe llOKanbHO. 

no,n:npaBHTb B jdl-qiaiine lIMeHa qiaiinOB C BXO.D:HbIMlI lI Bb!XO.D:Hb!MH .n:aHHb!MH. 

O')1{'.H~AEMblll PE3Y JlhTAT 

Bo3MO)KH0CTb pa6oTbI c naKeToM MEEP B rpH,n:-cpe.n:e, npe,n:ocrnBnJiromeii ,n:ocryn K 

60llbllllIM BbJqlIClllITenbHbIM pecypcaM. 

ITonb30BaTenb CMO)KeT BbITIOllHJITb crre,n:yromne onepauHH: 

• 3anycKaTb 3a,n:aHHJI, ncnonb3yromHe naKeT MEEP, Ha BhmonHeHne B rpH,n:-

cpe.n:e, 

• KOHTpOlllipOBaTb xo.n: BbIIIOnHeHlIJI 3a,n:aHHJI B rpH,n:-cpe.n:e, BKnIOqa,:r 

B03MO)KH0CTb OTMeHbl 3a.D:aHHJI, 

• nonyqaTb pe3ynhTaTbI ycnell!HO 3aBepllleHHbIX 3a,n:aHnii ,n:n,:r ,n:anbHeiirnero 

aHann3a w'nnn npoBe,n:eHIDI cne,n:yromnx 3TaIIOB BbJqncneHnii. 

JIHTEPATYPA 

[1] A.IT. ~eMnqeB, B.A. Hnhirn, A.IT. KproKoB, <<BBe,n:eHHe B rpH,n:-TexHonomm>, 

ITpenpHHT HHI-Ul<l> MrY - 2007 - 11/832 MocKBa. 

[2] European Middleware Initiative - http://www.eu-emi.eu/. 

[3] B. B. KopeHbKOB, H. A. KyToBcKHii, P. H. CeMeHOB, '«OnbIT a,n:amauHH 

npnKna,n:HbIX nporpaMMHbIX naKeTOB ,n:nJI pa60Tbl B rpn,n:-cpe,n:ax», KOMilbIOTepHbie 

nccne,n:oBaHHJI n Mo,n:ennpoBaHHe 2012 T. 4 N2 2 C. 339-344. 

[4] ITporpaMMHbiii naKeT MEEP - http://ab-initio.mit.edu/wiki/index.php/Meep. · 
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OilHCAHHE A,lJ;AilTA:U:HH IlPHKJIA,lJ;HOro IlAKETA FDS 

HA EA3E IlJIAT<l>OPMhl EMI 

A.A. OcnaHOB 

EHY HM. JI.H.f)'MmieBa, AcrnHa, Ka1axcTaH 

AHHOTAIJ;IDI 

B aaHHOil: CTaTI,e npuBoauTC.H OillICaHlie ~anTaIJlI.H naKeTa FDS B rpHkCpeae. 

rPII,Ll; TEXHOJIOrlIII 

fpua - reorpaqmqecKH pacnpeaeneHHM HH«ppaCTPYKTypa, 061,eaHH.HJOmM 

MHO)l(eCTBO pecypcoB pa3HhIX TlIIlOB (nponeccopbl, aonroBpeMeHHM lI onepaTlIBHM 

IIaM.HTh, xpaHlIJIHina lI 6a3hl aaHHhIX, CeTlI), aocT)'II K KOTOphIM IlOJih30BaTeJII, MO)KeT 

IIOJI)"llITh lI3 JIJ06oil: TO'IKlI, He3aBHClIMO OT MecTa lIX pacIIOJIO)KeHlI.H. fpua 

rrpearronaraeT KonneKTHBHhlil: pa1aeJI.HeMhiil: pe)KHM aocTyna K pecypcaM u K 

CBH3aHHhlM C HlIMlI ycnyraM B paMKax rno6aJihHO pacrrpeaeneHHhIX BlIPTYaJihHhIX 

opraHlI3aIJlIH, COCTOHmux lI3 npearrplI.HTlIH lI OTaeJihHhIX cnenHaJilICTOB, COBMeCTHO 

lICilOJih3YJOmlIX o6mue pecypChJ. B Ka)Kaoil: BlIPTYaJihHOH opraHH3anuu lIMeeTCH CBOH 

co6cTBeHHM IlOJilITlIKa IlOBeaeHlI.H ee )"laCTHlIKOB, KOTOphre aoJI)KHhI co6nJOaaTh 

ycTaHOBJieHHhie rrpaBHJia. [ 1] 

Grid-TexHonornu o6ecne'IHBaJOT rn6Kuil:, 6e3onacHhlil: u cKoopaum1poBaHHhril: 

o6muil: aocryn K pecypcaM, noa KOTOphIMlI ITOHlIMaJOTCH He TOJihKO nponeccopHhie 

pecypcbI lIJilI pecypChI XpaHeHlI.H lIH«pOpManuu, HO lI ceTeBhie pecypchl, a TaK)Ke 

ClICTeMHOe lIJilI rrplIKJI~HOe nporpaMMHOe o6ecrreqeHHe. 

Ill1amq,opMa EMI 

European Middleware Initiative (EMI) - 3To nporpaMMHM rrnaT«popMa ~ 

. BhICOKonpolI3BoauTeJihHhIX pacrrpeaeneHHhlX BhI'llICJieHHH. QenhJO npoeKTa EMI 

HBJI.HeTCH ITOCTaBKa KOHCOJIHaupoBaHHOro npoMe)KYTO'IHOro Ha6opa KOMilOHeHT Ha 

OCHOBe 'leTbrpex OCHOBHhIX IlOCTaBmlIKOB npoMe)KYTO'IHOrO rrporpaMMHOro 

o6ecrreqeHH.H B EBpone - ARC, dCache, gLite and UNICORE. EMI HBJI.HeTCH nepBhlM 

: rrraroM Ha IlYTlI CTa6HJihHOH lIHTerpaIJlilI pacnpeaeneHHhIX BhI'llICJieHlIH u ycnyr no 
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ynpaBJieHI:IIO ,naHHbIMII. 0Ha npe,n~CTaBJU!eT umpOKilll Ha6op TeXHOilOrIIll .nmi 

pa:mepTbIBaHIIH pacnpe,neneHHOll Bbl'IIICilIITenbHOll IIHcppaCTpYKTYPbI B EBpone II 3a ee 

npe,nenaMII [2]. 

B HaCTOHllJee BpeMH, rpil,n IICilOilb3YeTCH B pa3nilqHbIX ccpepax )l(Il3He,neuenhHOCTII. 

B qacTHOCTII, umpOKO npIIMeH»eTCH B HayqHQll ccpepe MH perneHIIH CilO)l(HbIX 

HayqHhlX, npOI13BOACTBeHHbIX II IIH)l(eHepHbIX 3a_naq, KOTOphle HeB03M0)1(H0 peumTb B 

Pa3YMHbie cpOKII Ha OT,nenhHbIX BbJqIICilIITenhHhlX ycTaHOBKax.· TaK npIIMepoM 

IICilOilb30BaHIIH rpI1,n-TeXHOnorI1ii HBn»eTCH a,nanTaUIIH npIIKna,nHoro naKeTa FDS B 

rpIIA-Cpe.ny. 

IIPIIKJIA)],HOM IIPOrPAMMHhIM IIAKET FDS 

IlporpaM1\ta FDS (Fire Dynamics Simulator) peanmyeT BbJqI1cnI1TenbHYIO 

rI1ApO,nI1HaMI1qecey10 Mo,nenh (CFD) TennoMacconepeHoca npII ropeHIIII. FDS 

qI1cneHHO pernaeT ypaBHeHIIH HaBbe-CTOKCa ,nnH Hil3KOCKOpOCTHbIX TeMnepaTypH0-

3aBIICIIMhlX IlOTOKOB, oco6oe BHIIMaHile y,nen»eTCH pacnpocTpaHeHIIIO AbIMa II 

Tennonepe_naqe npII no)l(ape.[3] 

FDS - 6ecnnaTHoe nporpaMMHOe 06ecneqeHI1e, pa3pa6oTaHHoe HauI10HanbHhlM 

IIHCTHTYTOM cniH,napToB II TeXHononm (HI1CT) MIIHIICTepcTBOM ToproBnII CllIA npII 

co,nettCTBIIII TeXHilqecKoro HayqHO-IICCne,noBaTenhCKOro ueHTpa VTT. 

ITepBa» BepcII» FDS ocpI1UI1anbHO 6hlna BbIIlYllleHa B cpeBpane 2000 ro,na. Ha 

cero,nHHllIHilll ,neHb npI16nI13I1TenbHO nonoBIIHa npIIIlO)l(eHilll MO,nenII cny)l(IIT ,nJrn 
,· 

npoeKTilpOBaHHH CIICTeM ynpaBneHHH AbIMOM II IIJyqeHIIH aKTI1BaUI1II cnpIIHKnepoB II 

,neTeKTOpOB. ,Il;pyra» nonoBIIHa cny)l(IIT ,nn» BOCCTaHOBneHIIH KapTIIHbl IlO)l(apa B 

)l(IIIlbIX II npOMbillineHHbIX IlOMellleHIIHX. 

OcHOBHOii uenbIO · FDS Ha npOTH)l(eHIIII cBoero pa3BIITHH 6brno perneHile 

npIIKnaAHbIX 3a_naq IlO)l(apo6e3onacHOCTII II B TO)l(e BpeMH 06ecne11eHI1e IIHCTpyMeHTa 

AA» myqeHIIH cpyH,naMeHTanbHbIX npouecCOB npII IlO)l(ape. 

fI1,npo,nI1HaMI1qecKM Mo,nenh (CFD) qilcneHHo pernaeT ypaBHeHII» HaBbe-CrnKca 

AnH Hil3KOCKOpOCTHhlX TeMnepaTypH0-3aBIICIIMbIX IlOTOKOB, oco6cie BHIIMaHile 

y,nen»eTCH pacnpocTpaHeHIIIO AbIMa II Tennonepe,na11e npII IlO)l(ape. OcHOBHbIM 
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a.rrropllTMOM HBIDICTCH onpC,LICJICHHaJI CXCMa MCTO,L(a npC,LlllKTOpa-KoppCKTOpa BToporo 

rropH,LIKa TOtJHOCTll ITO KOOp,LIHHaTaM u BpCMCHll. Typ6yJICHTHOCTI, BbIIIOJIHHCTCH c 

IIOMOII(bIO MO,LICJill CMaropuHCKOro «MacuITa6HOC MO,LICJillpOBaHIIC Bllxpcii» {LES). 

IlpHMOC tJllCJICHHOC MO,LICJillpOBaHUC (DNS) MO,KHO BbIIIOJIHHTb, CCJill JIC)Kall(aJI B 

OCHOBC paCtJCTHaH CCTKa ,L(OCTaTOtJHO TOtJHa. 

FDS - 3TO KOMIIbIOTCpHaJI rrporpaMMa, MO.L(CJIHpyIOII(aH rrpouccc IIO,Kapa. 

IlporpaMMa, HarrucaHHaJI Ha Fortran, CtJllTbIBaCT BXO.L(HbIC napaMCTPbl ll3 TCKCTOBOro 

qiaiiJia, tJllCJICHHO pcrnacT CllCTCMY OCHOBHbIX ypaBHCHllll ll JaIIHCbIBaCT orrpc,LICJICHHbIC 

IIOJibJOBaTCJICM BbIXO,L(HbIC ,L(aHHbIC B qiaiiJibI. 

McTO.LIHKa a.z:1arrmuuu naKCTa FDS B rpu.z:1-cpc.z:1y rrpc.z:1rroJiaracT BbIIIOJIHCHHC 

CJIC.L(yIOII(llX .L(CllCTBllll: 

- pa3pa6oTKa qiaiiJia Cl.{CHapHH, a llMCHHO HaCTPOHKa HC06XO,L(llMOll . cpC,LlbI 

OKpy)KCHHH, rrpOBCpKa BbIIIOJIHCHllH BCCX HC06XO,L(llMbIX ycJIOBllll .LIIDI JarrycKa 

IIpllJIO,KCHllH, BbIJOB IlpllJIO,KCHllH C He06XO,LlllMbIM Ha6opOM rrapaMCTPOB; 

- pa3pa6oTKa qiaiiJia onucam:rn Ja,L(aHHH Ha COOTBCTCTBYIOII(CM H3b!KC KOHKpCTHOll 

rpll,Ll-cpc.z:1O1 (idl-qiaiiJI). 

HMCH qiaiiJI Cl.{CHapuii u jdl-qiaiiJI, .L1ID1 pa6oTbI c a.z:1arrmpoBaHHbIM rraKCTOM 

IIOJibJOBaTCJIIO HC06XO,L(llMO: 

cqiopMllpOBaTb Ha6op BXO,L(HbIX ,L(aHHbIX, TaKHM )KC o6pa30M, KaK OH 601 3TO 

,L(CJifill, pa6oTaH C 3TllM )KC npHJIO)KCHllCM y cc6H Ha KOMIIbIOTCpc JIOKaJibHO. 

IIO,LIIIpaBHTb B jdl-qiaiiJIC llMCHa qiaiiJIOB C BXO.L(HbIMll ll BbIXO.L(HbIMll .L(aHHbIMll. 

O)KII/v\EMhIH PE3Y Jib TAT 

8 XO,L(C BbIIlOJIHCHllH ,L(aHH_oro 3Tana O,Kll,L(aCTCH CJIC.L(yIOII(llll pcJyJioTaT: 

BOJMO)KHOCTb IlOJibJOBaTCIDI q>OpMnpoBaTb ll JarrycKaTb CtJeTHbIC Ja,LlaHHH B rpll,LI-CCTb, 

KOHTPOJillpOBaTb XO.LI llX BbIIIOJIHCHllH ll IIOJiytJaTb pcJyJioTaTbI BbltJllCJICHllll C 

IIOMOII(bIO rrpo6JICMHO-OpllCHTllpOBaHHOro BC6-HHTcpqiciica, CKpoIBaIOII(CM OT 

IIOJibJOBaTCIDI ,L(CTaJill ll CJIO)KHOCTll pa60Tbl caMoii rpll,LI-CCTll, a HCIIOCpC,LICTBCHHblll 

CtJeT Ha BbltJllCJillTCJibHbIX pccypcax 6y.L(CT BblIIOJIHHTbCH c llCIIOJibJOBaHllCM 
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rrpttKJia,n:Horo naKern, K0Tophlii .n:omKeH 61,rrr, ycrnH0BJieH Ha pa6oqttx y3rrax rptt.n:­

caiiTa. 

JHITEPATYPA 

[1] EeJIOB c.,n:., CeTll H0B0ro Il0K0JieHHH n rptt,n:-TeXH0JI0rIIll, Yqe6HI>lll KYPC 

[2] European Middleware Initiative - http://www.eu-emi.eu/ 

[3] TiporpaMMHbIH rraKeT FDS - http://code.google.com/p/fds-smv/ 
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C03,[(AHHE CEPBHCA BH,lI;EOTPAHC.IDIIJ;HH B JI<1>B3 OIDIH 

11.II. CnerroB 

JI<l>B3 RM. B.11. BeKenepa Ii A.M. Ean,nttHa, OJUII1, r. )J:y6Ha, Poeemr 

AHHOTAIJ;IDI 

B eTaTI,e paeeKll3bIBaeTe.ll 06 opraHll3~llll Btt,neOTpaHeJI.lIIIllll Ii eo3,naHllll eepBttea 

,nJI.lI 06eerre11eHll.ll Bll,neOTpaHeJI.lIQllll B llHTepHeT eo6bITllll, rrpotteXO,n.lllll;llX B 6oJibllIOM 

KOHcpepeHII-3aJie JI<l>B3, B KOprryee 215. CepBtte oeHOBaH Ha paerrpe,neneHHOll 

arrrrapaTHo-rrporpaMMHoil: etteTeMe, r,ne eepBepHM 11aeTb orne11aeT 3a e6op, o6pa6oTKy 

Ii xpaHeHtte, a KJitteHTeKM 11aeTb 06eerre11ttBaeT KpoeerrnaTcpOpMeHHoe Ii 

Kpoee6pay3epHoe OT06pIDKeHlle 3arrporneHHbIX MYJibTllMe,ntta ,naHHbIX. 

BBE)J;EHIIE 

B eeHrn6pe 2012 ro,na B na6opamptttt JI<l>B3 ttHemryTa OJUII1 rrpoxo,nttn 

Me)K_nYHapo,nHbill ettMII03llYM SPIN2012. K 3TOMy eo6bITllIO 6bma rrpoBe,neHa 

eepbe3HM rro.nroTOBKa Ii OTpeMOHTllpoBaH 60JibllIOll KOHcpepeHII-3aJI. K eO)KaJieHllIO, 

He Bee )KeJiaIOIIIlle eMOrJill rrpttexaTb B )J:y6Hy ,nJI.ll YtJ:aeTll.ll B :noil: KOHcpepeHIIllll. 

ITo3TOMY 6bIJIO perneHo opraHll30BaTb Bll,neo-TpaHeJI.lIIIllIO B llHTepHeT Ii 3arrtteb Beex 

rrpe3eHTallllll, rrpoxo,nttBlllllX B 3TOM KOHcpepeHII-3aJie. 

Tpe60BaHll.ll K opraHll3~llll TpaHeJI.llllllll 6bmll TaKOBbl, 1IT06bl OHa rrpoxo,nttna B 

peanbHOM BpeMeHll, a TaK)Ke ee MOrJill Ha6n10,naTb O,nHOBpeMeHHO 6onee 200 tJ:eJIOBeK 

ITO BeeMy Mllpy. Heo6xo,nllMO 6blJIO He TOJibKO Btt,neTb tt eJibIIIIaTb ,noKJia,ntJ:llKa tt 

Be,nyIIIero, HO TaK)Ke HY)KHQ 6bIJIO TpaHeJittpoBaTb eaMy rrpe3eHT~llIO. 

Cne.nYIQIIIllM Tpe60BaHlleM 6bmo e,nenaTb rrpoeTOil: Ii IIOH.lITHblll llHTepcpeil:e, 1IT06bI 

Bee IIOJib30BaTeJill epll3y eMOrJill_ pll3o6paTbe.ll B HaeTpOH:Kax rrporpaMMbI. Hy Ii 

rroene,nHllM Tpe6oBaHtteM Ha TOT MOMeHT 6bIJIO o6eerretJ:llTb He3aBllellMOeTb OT 

orrepauttOHHOll etteTeMbI KOMIIbIOTepa, tteIIOJib3yeMOll IIOJib30BaTeJieM. 

OPr AHll3AQIDI Bll)J;EOTP AHCJHIQIIII 

)J:JI.ll opraHll3~llll Btt,neoTpaHeJI.lIIIllll Tpe6YIQTe.ll tJ:eTbipe oeHOBHbIX KOMIIOHeHTa: 

1) KaMepa 
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1) KaMepa 

2) Ko.r1ep 

3) BI1.r1eocepBep 

4) BHL1eonneep 

KaMepa qmKcttpyeT Bil,[leOil306pIDKeHile H nepe.r1aeT ero B Bil,[le nOTOKa .[laHHhIX. 

TI1nhr KaMep: aHan~roBrur KaMepa, ceTeBrur KaMepa·, USB Be6-KaMepa, nporpaMMHhIH 

3MYJUITOp KaMepbr. 

Ko.r1ep Hy)KeH LIJllI Toro, 1:no6hr npeo6pa30BaT~ nOTOK ,[laHHhIX OT KaMepbl K 

Heo6xoL1I1MOMy qiopMary II 06ecne11I1Th ero nepe.r1a11y no onpe.r1eneHHOMY npoToKony 

nepe.r1a11I1 MYIThTI1MeL1I1a .[laHHhrx (Apple . HTTP Live Streaming, Flash HTTP 

Streaming, RTSP/RTP, RTMP). CyI11ecrny10T KaK annapaTHhre Ko.r1ephr (Epiphan 

VGA2USB .Grabber, AXIS Q7401, ViewCast Niagra 2120), TaK II nporpaMMHhre 

Ko.r1ephr (Windows Media Encoder, Adobe FMLE, WireCast, VLC), a TaK)Ke Ko.r1ep 

MO)KeT 6hrTh BCTpOeH B KaMepy IIITII Bil,[leonneep. 

Bil.[leocepBep, KaK npaBIIITO, pa6oTaeT Ha OT,[lenhHOM KOMnhIOTepe (cepsepe) II 

BhIIIOITHHeT MHO)KeCTBO Ba)l(HhIX q>yHKI.IHH. Ha HeM pemCTpIIPYIOTCH Bee Bil,[leOnOTOKII, 

KOTOpble MOryT 6bITh peTpaHCnilpOBaHhI, coxpaHeHhI, TpaHCKO.[IIlpOBaHhl IIITII npOCTO 

OT.[laHhl no .r1pyr0My npoToKony. IlporpaMMHhie Bil.[leocepsephr (Adobe Flash 

Streaming Server, Windows Media Services, Wowza Media Server, Erlyvideo, Red5) 

IIMeIOT PM npeI1MYI11eCTB nepe.r1 annapaTHhIMII (Cisco/TANDBERG, Vidicor, 

Polycom, Epiphan VGA Broadcaster Lite). OHII 06na.r1a10T m6Koii KOHq>I1rypat1I1eii II 

OTKphITOH ~pXIITeKrypOH, 'ITO n03BOJUieT HapaI11I1BaTb II I13MeHHTh napaMeTphl 

CHCTeMhl no Mepe Heo6XOLIHMOCTII. 

BI1.r1eonneep pa6oTaeT Ha CTOpOHe KnileHTa, T.e. OH OTKpbIBaeTCH B nporpaMMe IIITII 

B 6pay3epe, 3a6I1paeT y Bil,[leocepBepa II BOCnpOI13B0.[IIIT o6pa60TaHHbie MYIThTI1Me,[II1a 

,[laHHhle KOHe'lHOMY nonb30BaTenIO. 

ELIBaeT TaK, 'ITO 3TH KOMnOHeHTbl 061,e.[IIIHeHbl B O.[IHO ycTpOHCTBO IIITII COBMeI11eHbl 

.r1pyr C .r1pyroM, HO B TaKOM cnyqae OHII He Bcer.r1a HBJUIIOTCH nonHOI.leHHOH 3aMeHOH 

OT.[lenbHbIM ycTpOHCTBaM. HanpHMep, CeTeBble KaMepLr, KOTOpbie MOryT COBMeI11aTb B 
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ce6e Bee 3TH 3JieMeHTbI, HO B CllJIY cna6oii annapaTHOH MOIIIHOCTII nOKa3bIBaTb Bil,l(eO 

OHII cnoco6HbI He 6onee tJeM 20 3pI1TeIDIM, IIJIII ycTpoiicTBa Polycom, 

npe.l(Ha3HatJeHHbie ,l(IDI opraHll3aUIIII Bil,l(eOKOH<pepeHUIIH, HO He MOryT 6b1Tb 

IICnOJib30BaHbl ,l(IDI Bll,l(eOTpaHCIDIUIIH, no TOH )Ke npil'IIIHe, 'ITO II CeTeBbie KaMepbI. 

C03MffHE CEPBHCA BII,ll.EO-TP AHCJUI.QHH 

Ha Ha'IaJibHOM 3Tane C03,l(aHII.II cepBIICa Bll,l(eO-TpaHCJI.IIUIIII B KOH<pepeHU-3aJie MI,J 

IIMeJIII TOJibKO KOMnbIOTep, MIIKpOq>OHbl II npoeKTop C 3KpaHOM. Onilpa.llCb Ha Harrm 

Tpe6oBaHII.II, 3pI1TeJIIO Heo6XO,l(IIMO nOKa3bIBaTb 2 Bil,l(eOnOTOKa: 06IIIIIH nJiaH C 

,l(OKJia,l('IIIKOM, Be.l(yIIIIIM, 3KpaHOM npoeKTopa, II OT,l(eJibHO caMy npe3eHTaUIIIO. ,lvr.11 

o6mero nJiaHa MI,J KYnIIJill ceTeByIO KaMepy Axis Q6035 co BCTpOeHHbIM KO.l(epoM. 

qT06bI 06'be,l(I1HI1Tb 3BYKOBYIO 'IaCTb Mbl IICnOJib30BaJIII 3BYKOBOM MIIKIIIep, KOTOpbIH 

co6I1paJI 3BYKII co Bcex MIIKpOq>OHOB II IICTO'IHIIKOB 3ByKa B 3aJie II OTnpaBJUIJI IIX Ha 

ceTeByIO KaMepy. TaKIIM o6pa30M, C ceTeBOH KaMepbI y)Ke MO)KHO 6bIJIO CJibIIIIaTb II 

Bil,l(eTb Bee, 'ITO npOIICXO,l(IIT Ha KOH<pepeHUIIII. Ilpe3eHTaumo C 3KpaHa peIIIIIJIII 

CHIIMaTh c noMOIIIhIO nporpaMMbI 3MyJI.11Topa KaMepbI VH Screen Capture Driver II 

6ecIIJiaTHoro nporpaMMHoro KO.l(epa Adobe Flash Media Live Encoder. 

PaccMOTpeB Bech accopTIIMeHT KOMnOHeHTOB ,l(IDI opraHI13aUIIII Bil,l(eO-TpaHCIDIUIIII, 

OKa3aJIOCb, 'ITO cymecTByeT p.11.1( npo6JieM C BbI60pOM Bll,l(eocepBepa. AnnapaTHbie 

peIIIeHil.11 MI,J OTKa3aJIIICb paccMaTpIIBaTb BBil.l(Y Toro, 'ITO OHII O'IeHb .l(Oporo CTO.IIT. 

IlpoeyKTM OT Microsoft IICnOJib3YIOT TOJibKO cBoii q>opMaT Bll,l(eonoToKa Silverlight, 

npo.l(yKThI OT Adobe I1cnoJih3YIOT TOJihKO Flash. 3ru oco6eHHOCTII HaKJia.l(bIBaIOT 

orpaHil'IeHil.11 Ha IICnOJib30BaHile onepaUIIOHHOH CIICTeMbl KOHetJHI,JM noJib30BaTeJieM, 

HanpI1Mep Adobe Flash o<pIIUilaJI~HO He noMep,KI1BaeTc.11 Ha ycTpoiicTBax OT Apple. 

OTJIIl'IHMM OT .l(pyrnx OKa3aJIC.11 Bil.l(eocepBep Wowza Media Server, OH pa6oTaeT c 

pa3HbIMII q>OpMaTaMII Bil,l(eOnOTOKOB, 'ITO ,l(eJiaeT ero KpOCc6pay3epHbIM II 

KpoccnJiaT<pOpMeHHbIM peIIIeHileM, a TaK)Ke ,l(aeT B03MO';(HOCTII rn6KOH KOHq>IlrypaUIIII 

Bceii CIICTeMbI KOMnOHeHTOB, 'ITO no3BOJIIIT HapaII1I1BaTb II Il3MeH.IITb napaMeTpbl 

CIICTeMbI no Mepe He06XO,l(IIMOCTII. 

Tenepb HY,KHO peanI130BaTh pa6ory cneeyIOIIIIIX uenotJeK: 
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• Ce-reBruI KaMepa > BH,D;eocepBep ':;:,: BH,D;eom1eep IlOJih30BaTeIDI 

• 3M)'IDITOp KaMepbl > Ko.nep > Bn,neocepBep > BII~eonneep 'nonh30Bare.irn: 

CereBruI KaMepa yMeer or.LiaBari. BH,D;eonoroK no nporoKony - RTP/RTSP. A 

BII,neocepriep B CBOIO '011epe,nb 6y,neT IICnOnh3~BaTh npOTOKOJi RTMP. ,L(IDI HaCTpOHKII 

cereBOH KaMepbI HY)KHO 3aHTII B ; ee 'a,nM~~l:ICTJ)~TII~Hhiii Be6 IIHTepcp~ttc, Bh16paTh 

cpopMaT ~~eo MR rpaHCnIIpyeMoro M)'IlhTIIMe,LlIIHHO~O IlOTOKa, a TaK)Ke pa3peUIIITh 

ripo;OKOn RTSP (Enable RTSP Server). B CilYtJae c AXIS Q6035, npOTOKOn RTSP 

BKJI1011aercx BO BKna,nKe Ad~anced · (MeH10: System Options > Network > TCP/IP > 

Advanced). Anp~c RTSP URL, no KOTopoMy M0)KHO 3a6paTh c im,neonornK:· 

rtsp://<ip>/axis-media/media.amp (y pa3HhlX KaMep 3TOT a,npec MO)KeT OTnIItJaTbCH) 
' ' " ; ·i ' ' . • . 
I1pe3eHTaUIIH C 3KpaHa nepe,naeTCH BII,neocepBepy C noMOJUblO 3Mynxropa KaMepbl 

VH Screen Capture Driver II Ko,nepa Adobe FMLE no npornKony - RTP/RTSP. 

3M)'IDITOp KaMepbl m:o6xo,nIIMO ~,L{IIH pa3 HacrpOIITh II OH' 6y,neT Bcei.na 3anycKaTbCH 

BMeCTe C CIICTeMOH 3MynIIpyIO nci,nKnIOtJeHHyIO Be6-KaMepy II nOKa3h!Brul Bee, 'ITO 

npOIICXO,LlIIT Ha pa6011eM crone, BKnl01Irul 3arrymeHHbie nporpaMMbl. B KO,nepe HY)KHO 

yKa3aTb KaK IICT01IHIIK BII,LleOCIIrHana ((3MYIDITOp KaMepbI», a KaK nony11arenh 

BII,neoCIIrnana - a,npec BH,D;eocepBepa. 

W oV.za Media Server 6hm )'CT!lHOBneH Ha cepBepe c onepaUIIOHHOH CIICTeMOH 

Linux. , HacrpOHKa Bk.neoceimepa . npOIICXO,L{IIT ~epe3 KOH!pIIrypauIIOHHhie cpaHnhI, 

HaITII~aHHhle mi H3hIKe XML. ,l(Jrn: 6i1crporo CTapTa ',L{OCTaT01IHO '3arryCTIITb CKpIIIIT 

pacnaKOBKII npII~epoB u' ,no6aBIIih B KOH!pIIrypaUIIIO 2 · Bn,neonoroK; or HaUIIIx 

IICT01IHIIKOB . .L(e-ranbHrul 'Hacrpoiii«i onIICaHa B .noryMeHTaUIIII Ha 0!pIIUIIaJihHOM cattTe, 

r.ne TaK)Ke npIIBe,neHO MHO)KeCTBO npIIMepoB IICnonh30BaHIIH BII)teocepBepa. 

T~neph ocrae-rcx TOJihKO 3~6paTh noioKII · c BII,n.eocepBepa II oio6pa3IITh IIX Ha 
1
caHTe . .L(nx' C03,naHIIH Be6 cattia H HacrpoIIn Ha cepBepe CBH3KY npoipaMM LAMP 

·(Linux,"Apache, MySql, PHP) II ycraHOBIIn cIIcT6MY y~pa'snemur K~HTeHTOM Drupal. 

qro:6~ -~io6pa3IIT~ ~II,neono~oKn Ha Be6-cattre x Bocno~h30Bancx Bri,neoI1J1eepoM 

flowplayer, KOTOpbIH MO)Ke'f BOcnpOII3BO,LlIITh He TOilhKO flash .. BII,1:(ecmOTOK, HO II 
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HTML 5. 3To Heo6xo,a;I1MO, Kor,a;a Bhl IICIIOJib3yeTe, narrpIIMep MacOs IIJIII iOs 

CIICTeMbl. 

,ll;JIH HaCTpOHKII flowplayer 6bma HaIIIICaHa KOHqmrypaUIIH Ha H3hlKe javascript, 

KOTOpyro MO)l(HO YBil,1J;eTb Ha Be6 caiiTe cepBIICa http://lheplive.jinr.ru, eCJIII B 6pay3epe 

rrepeiiTR B pe)l(IIM rrpoCMOTpa KO,a;a: 

flowplayer("screen", { src: "swf/flowplayer-3.2.15.swf', wmode: "opaque" },{ 

autoPlay: true, 

playlist: [ { url: 'screen.stream', 

ipadUrl: 'http:/1159.93.63.21: 1935/live/screen.stream/playlist.m3u8', 

live: true, provider: 'rtmp', autoPlay: true, autoBuffering: true } ], 

plugins: { controls: { 

url: 'swf/flowplayer.controls-3.2.14.swf, all: false, play: true, time: true, 

fullscreen: true, 

height: 30, tooltipColor: '#456', tooltips: { buttons: true, pause: 'Pause' } 

} ' 
rtmp:{ url: 'swf/flowplayer.rtmp-3 .2.11.swf, netConnectionUrl: 

· 'rtmp://159.93.63.21/live' 

} } } ).ipad(); 

B :noii KOHqmrypaUIIII 3a,a;aIOTCH Bee HIOaHChl IIOBe,a;eHIIH Bil,a;eorrJieepa ,a;JIH 

OT06pa)l(eHRH Bil,a;eorrOTOKa rrpe3eHTaUIIII. HaCTpOHKa ,a;JIH BTOporo BI1,1J;eOIIOTOKa IIMeeT 

CBOII OTJIIlqIIH, B CBH3II C TeM, qTo 3BYK TpaHCJIIlpyeTCH COBMeCTHO TOJibKO C 0,1J;HIIM 

Bil,a;eorrOTOKOM. 

PE3YJlhTATbl 

BI1,a;eo-TpaHCJIHI.1IIIO c KOH<pepettUIIII SPIN2012 o,a;HoBpeMeHHO Ha6JIIO,a;aJIII OKOJIO 

160 3pI1TeJieii co BCero Milpa. Bee yqacTHIIKII IIMeJIII B03MO)l(HOCTb Bil,1J;eTb II CJibIIIIaTb 

,11;0KJia,1);qIIKa, Be,1J;y1I.1ero, a TaK)l(e BR,a;eTb rrpe3eHTal.lIIIO. PeaJIIl30BaH rrpOCTOH II 

IIOHHTHbIH Be6-I1HTepqieiic ,a;JIH 3pI1TeJieii Ha caiiTe http://lheplive.jinr.ru. 

KpoccrrJiaTqiopMeHHOCTb cepBI1ca 6bma o6ecrreqeHa 3a cqeT IICIIOJib30BaHIIH 

Bil,a;eocepBepa Wowza, CIICTeMbl yrrpaBJieHIIH K0HTeHT0M Drupal, a TaK)l(e 
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BH.n;eoIIJieepoM flowplayer. CHMII03HYM SPIN2012 nporneJI ycnernHo. ApxHB c 

3aIIHCHMH BbICT}'IIJieHHH CKOpo 6y.n;eT .n;ocryneH Ha caiiTe. 

3AK.JIIOqEHIIE 

CepBHC BH.n;eo-TpaHCJIHIIHH. B KOHcpepeHII-3aJie. n<I>B3 pa6orneT CTa6HJibHO H 

IIOCTOHHHO y)Ke 60JibIIIe nonyro.n;a. IIM IIOJib3YIOTCH Ha BCex ceMHHapax, npoxO.n;HIUHX 

B 3TOM 3aJie. CMOTp!!'fb BH.n;eoTpaHCJIHIIHIO .n;JIH MHOI'HX CTaJIO .n;a)Ke y.n;o6Hee 6Jiaro.n;apH 

KaYJ:eCTBeHHOMY BH.n;eonoTOey. IlJiaHnpyeTCH .n;o6aBHTb :rneMeHTbl Be6 KOHq>epeHIIHH, 

o6opy.n;oBaTb OCTaJibHble KOHq>epeHIJ-KOMHaTbl IP-KaMepaMH . .n;m, HCilOJib30BaHHH 

COBMeCTHO.C BH.n;eocepBepoM Wowza. 

HCIIOJih30BAHHAJI JIHTEPATYPA 

1. )];oKYMeHTaIIHH K Wowza media server. 

http://www.wowza.com/fprums/content.php, 2013. 

2. )];oKYMeHTaIIHH K Axis Q6035. 

http://www.axis.com/files/manuals/um_q6035_ 46631_en_l206.pdf, 2013. 

3. )];oKYMeHTaIIHH KAdobe FMLE. 

http:/ /help.adobe.com/en_ US/FlashMe<;liaEncoder/2.5/flash_ media_ encoder2.5.pdf, 

2013 .. 

4. )];oKYMeHTaIIHH K Drupal. http://drupal.org/documentation, 2013. 

5. )];oKYMeHTaIIHH K flowplayer. http://flowplayer.org/docs/, 2013. 
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K.4>.-M.H. T.B. TpOITHH 
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CTPYKTYPHbIE H3MEHEHIDI B PBMG1/2Wl/203 IIPH 
BbICOKOM ,ll;ABJIEHHH H TEMIIEPATYPE 

T.H . .D:aHr1, c.r. )vi<a6apon1·2, C.E. I{uqaHOn1, ,n:.n. Ko3neHKo1, K. JlaTe3, E.B. 

JlyK1rn1, A.H. MaMeAOB2, P.3. Mexmena1·2, 6.H. CaneHKo1 

1JIH<l> HM. I1.M. <l>paHKa, OJUII1, r. ,n:y6Ha, Poccm1 
2I1HCTllTYT <l>n3llKll HAH A3ep6aii.wi:<aHa, r. EaKY, A3ep6aii.wi:<aH 

3Helmholtz Centre Potsdam, Potsdam, German 

CpeAll rrepoBCKllTOIIOA06HhIX OKCllAOB - aHTllCerneTO::meKTPllKOB PbMg112W112O3 

HBJUleTCH OAHllM ll3 Han6onee llHTeHCllBHO n3yqaeMhlX COeAllHeHllii. CrrOHTaHHaH 

::ineKTPnqecKaH rronHpmaunH n PbMg112 W 1120 3 HBJUieTcSI cneACTBlleM CMemeHnii 

aTOMOB ll3 3JieKTpOHeiiTPaJihHhIX paBHOBeCHhIX IIOJIO)KeHllll. Ba)l(HaH nmpopMallllH ~SI 

BhffiBJieHllSI ll o6bHCHeHllH MexaHll3MOB cpopMnponaHllH aHTllCerHeT03JieKTPllqecKoro 

COCTOHHllSI MO)KeT 6hITh rronyqeHa B pe3yJihTaTe llCCJieAOBaHllSI KpllCTaJIJillqecKoii 

CTPYKTYPhI rrpn napnaunn CTPYKTYPHhIX rrapaMeTPOB. CTPYKTYPHhie nccneAOBaHllH 

rrpll BhICOKllX AaBJieHllSIX AaIOT YHllKaJihHYIO B03MO)KH0CTh n3yqeHllSI B3allMOCBSI3ll 

ll3MeHeHnii CTPYKTYPHhIX rrapaMeTPOB KpllCTanna, Me)KaTOMHhIX paccTOHHllii ll yrnon c 

ll3MeHeHllHMll MarHllTHOii CTPYKTYPhl ll MaKpOCKOIIllqecKllX <pll3llqecKllX CBOHCTB, qTo 

Heo6XOAllMO ~ IIOHllMaHllH rrpnpOAhl ll MexaHll3MOB <pll3llqecKllX HBJieHllii. 

CoeAHHeHne PbMg112W112O3 nMeeT rreponcKBllTOIIOA06Hyro KpncrnnnnqecKYIO 

CTPYKTYPY. Hn)Ke TeMrreparyphl T = 313 K, OH o6JiaAaeT opTOpOM6nqecKoii 

CllMM~lleH C rrpOCTPaHCTBeHHOii rpyrrrroii Pnma ll rrpOHBJIHeT 

aHTncerneTO::ineKTPllqecKne cnoiicrna. I1ccneAOBaHllH KpllCTaJIJinqecKoii CTPYKTYPhI 

rrpll OAHOBpeMeHHOM B03AeiiCTBllll BhICOKllX AaBJieHllll ll TeMrreparyp HBJISieTCH 

AOBOJihHO 1PYAOeMKOii HayqHoii 3aAaqeii, n Ha AaHHhiii MOMeHT CTPYKTYPHhie 

oco6eHHOCTll <paJonoro rrepexoAa B PbMg112W112O3 my'leHhI HeAOCTaTOqHo [1]. 

B pa6oTe nccneAOBaJillCh CTPYKTYPHhie ll3MeHeHllSI B PbMg112 W 11203 MeTOAOM 

3HeprOAllCIIepCllOHHOii peHITeHOBCKOii All<ppaKl.lllll B AllaIIa30He TeMrreparyp 300 -

600 K rrpll AaBJieHllSIX 2 rna. . 3KcrrepnMeHThl ITO peHTreHOBCKOii All<ppaKl.lllll 
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npoBe,neHhI C l:ICilOllh30BaHIIeM r1:1,npaBn1:1qeCKOro npecca BhICOKOro ,naBnemrn MAX80 

[2], ycrnHoBneHHoro na KaHane F2.l 1:1cToqH1:1Ka DORIS-III (HASYLAB, DESY, r. 

faM6ypr, fepMamrn). O6pa3eII IlOMemancH B III:llll:IH,np1:1qecKI:1ll KOHTettHep 1:13 Hl:ITPI:I.Lla 

6opa, BepXHHH qacTh KOTOporo 3anonHHnach o6pa3IIOM, a H!'f)KHHH - NaCl ,[lllH 

Kan1:16pOBKI:I ,naBneHI:IH. TeMneparypa Ha 06pa:3rre . C03,l(aBanach C IlOMOIIIh!O 

rpa<j:mToBoro HarpeBaTenH 1:1 KOHrpon1:1poBanach qepe3 TepMonapy. 

3Hepro,n1:1cnepc1:10HHhIH ,nmppaKIII:IOHHhIH cneKrp pemcrp1:1poBancH 

nonynpOBO.l(Hl:IKOBhIM repMaHI:leBhIM ,neTeKTopoM C pa3perneHI:leM 153 3B Ha :mepm1:1 

5.9 K3B 1:1 c 500 3B Ha 122 K3B c 06m1:1M cpe.nH1:1M pa3perneH1:1eM ~did ~ 1 %. 

<l>l:IKCI:lpOBaHHhlll yron Ep3rra ,[leTeKTOpa B 3KCnep1:1MeHTe COCTaBnAA 9.093°, a BpeMH 

3KCil03l:IIII:ll:I ~ 5 Ml:IH. O6pa60TKa peHTreHOBCKI:IX 3KCnep1:1MeHTanhHhIX .naHHhIX 

ocymecTBnHnach MeTo,noM nonHonpoqmnhHOro anan1:13a c noMOIIIhIO nporpaMMhI 

FullProf [3]. 

B ,[ll:lana30He TeMneparyp 300-313 K .l(l:l(ppaKIII:IOHHhie cneKrphI COOTBeTCTBYIOT 

opTOpOM61:1qeCKOll Kpl:ICTannJ:1qecKOll crpyKrype Cl:IMMerp1:11:1 Pnma. 3HaqeHI:IH 

napaMerpoB 3neMeHTapHOll HqeifKI:I B HOpManhHhIX ycnoBI:IHX COCTaBllHIOT a= 7.753(3) 

A, b ~ 5.432(2) A, c = 11.187(5) A, qTO xoporno cornacyercH c pe3ynhTaTaMI:I, 

nonyqeHHhIMI:1 paHee [l]. llp1:1 TeMneparype T = 773 K Ha6n10.nan1:1ch 3Haq1:1TenhHhie 

l:13MeHeHI:IH B .l(l:l(ppaKIIHOHHhIX cneKrpaX, CBH3aHHhie co CTPYKTYPHhIM <pa30BhIM 

nepexo,noM B KyfinqecKyIO <pa3y c npocrpaHCTBeHHOH rpynnoli Fm3m. Paccqnrnirnoe 

3JlaqeHHe napaMerpa 3lleMeHTapHOll HqeHKH MH opTOpoM6nqecKOll cpa3hl COCTaBHn a 

= b = c = 8.245(7) A. llonyqeHhI 3aBnc1:1Mocm napaMerpoB H o6'heMa 3neMeHTapHoli 

HqeliKI:1 MH PbMg112W 112O3 OT TeMnepaTyphI H BhICOKoro ,naBneHHH. YcrnHoBneHo, qTQ 

BhICOKOe ,naBneHHe npHBO.l(HT K 3aMeTHOMY yMeHhIIIeHHlO TeMneparyphI nepexo.na H3 

opTOpoMfinqecKoli aHT1:1cerneTmneKrp1:1qecKoli B eyfinqecKyIO napaJneKrpnqecKyIO 

cpa3y. ToqKa <pa30BOro nepexo.na aHmcerneTOJneKrpHK-napaJneKrpHK CMemaeTcH c 

K03<p<pnrrneHTOM dT ddP = - 10 K/flla. 

JIHTEPATYPA 

[l] V.A. Isupov, Ferroelectrics, 289, 131 (2003). 
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[2] P. Zinn, J. Lauterjung, R. Wirth. Zeitschrift fiir Kristallographie 212, 691 (1997). 

[3] J. Rodriguez-Carvajal. Physica B 192, 55 (1993). 
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AHAJiH3 ,ll;AHHhIX MYPH OPrAHifqECKHMH 

PACTBOPAMH )KHPHhlX KHCJIOT c'IIPHMEHEHHEM 

METO,ll;A MOJIEKYJUIPHO-,ll;HHAMHqEcKoro 

MO,ll;EJIHPOBAHIDI 

M. Aa.r1eea 1
, P.A. EpeM1rn1•#, B. Ile-rpeHKo1

•
3, JI. Pornra4, X. XorrMypo.r1oa1

•
2 

1 JIPE, OIUIH, r. tJ:y6Ha, Poccmr 
2MYrroq«t1:y6Ha», r. tJ:y6Ha, Poccmr 

3K1IeBCKIIH HaUIIOHaJII,HhlH yH1IBepc1ITeT IIM. T. lllea11eHKO, r. KIIeB, YKpa1IHa 

4Wigner Research Centre for Physics, Institute for Solid State Physics and Optics, 

Budapest, Hungary 

B pa6oTe [ 1] rrpe.r1cTaBrrem,1 pe3yJihTaThI Mo.r1err1IpoaaHmr ,llaHHhIX Marroyrrroaoro 

pacce»Hmr Heii-rpOHOB (MYPH) pa36aBJieHHhIMII pacTBopaMII )l(IIpHblX (M1Ip1ICTIIHOBOH 

II CTeaplIHOBOH) KIICJIOT B .r1eiiTep1IpoBaHHOM ,lleKaJIIIHe, Ha OCHOBaHIIII ,llaHHhIX 

MOJieKyrr»pHO-,lllIHaM1I1IeCKOro (M,n:) MO,lleJIIIpOBaHIIH. MorreeyJihl paccMaT{)IIBaeMbIX 

KIICJIOT CIIJlhHO aHII30T{)OIIHhl (.l\JIIIHhl aJIKIIJihHhlX uerreii C 14 II C 18, COOTBeTCTBeHHO ), 

a IIX pa3Mep cpaBHIIM C pa3MepoM MOJieeyrr paCTBOplITeJIH (~ 1 HM). tJ:rr» TaKOH 

CIICTeMhl MO)l(HO O)l(II,llaTh 3<p<peKTa BJIIIHHIIH COJibBaTHOH o60JI01IKII - o6rraCTII 

rrpoc-rpaHcTBa B6JIII31I MOJieeyJihl KIICJIOThl, B KOTOpoii IIJIOTHOCTh ,llJIIIHhl pacce»HIIH 

(IltJ:P) HeHT{)OHOB MO.llYJIIIpyeTCH II OTJIII'!Ha OT 3Ha1IeH1IH ,llJIH 1IIICTOro pacTBOplITeJIH -

Ha MYPH. B [1] 6hmo rroKaJaHo, 'ITO MO.llYITHUII» Iltl:P B o6rracrn pacTBoplITeJIH 

BHOCIIT cymecTBeHHhIH BKJia,ll B pacceHHIIe, paCC1IIITaHHhlH B KBa31III30T{)OIIHOM 

IIp1I6JI1I)l(eHIIII. QeJibIO HaCTO»meii pa60Thl 6bm pac1IeT rrpoc-rpaHCTBeHHhIX 

pacrrpe.r1erreH1IH IltJ:P B II3y1IaeMbIX CIICTeMax B o6rraCTII 6JIII3KOH K MOJieeyrre KIICJIOThl 

II .r1orrorrH1ITeJihHOe 06ocH0BaH1Ie Bh16paHHoii B [1] Mo.r1err1I .llJI» orr1ICaHIIH MYPH 

paCCMa-rp1IBaeMhlMII CIICTeMaMII. 

# era@jinr.ru 
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Ha Ha1IanbHbIX :nanax pa6oTbl 6bIJI npoBeAeH BbI6op napaMeTpOB IlOTeHI.~Hana 

JleHHapAa-,[{)KOHCa Me)KMOJieKyJrnpHoro B3aHMOAeHCTBml [2) H onpeAeJieHO Ka1IeCTBO 

mmcaHHH HM IlJIOTHOCTHbIX CBOHCTB AJIH CMeceii CTepeomoMepHbIX <pOpM AeKanHHa 

[3]. TaK)Ke 6hIJIO npoBeAeHO HCCJieAOBaHHe 061>eMHbIX CBOHCTB paccMaTpHBaeMbIX 

KHCJIOT B AeKanHHe, a rrony11eHHbie pe3YJibTaTbl 6bIJIH cpaBHeHbl C paHHHMH AaHHblMH 

ITO 6eH30JIY [4]. 

Ha OCHOBaHHH AaHHbIX M,[{ MOAeJIHpOBaHHH ~ 3B0JIIOIIHH CHCTeMbl B Te1IeHHe 2 

HC MO)KHO paCC'IHTbIBaTb pacnpeAeJieHHH II,[{P B HHTepecy10111eii o6JiaCTH 

rrpocTpaHCTBa H npOBOAHTb MOAeJIHpOBaHHe AaHHbIX MYPH C HCTIOJib30BaHHeM 

MOAeJieii pacceHBaIOIIIHX qaCTHII. B HaCTOHIIIeii pa6oTe, B OTJIH1IHe OT [1], 6bma 

BbI6paHa AeKapTOBa CHCTeMa KOOPAHHaT, )KeCTKO CBH3aHHaH C MOJieKYJiaMH KHCJIOT. 

KaK noKaJaHo Ha PHc. 1 3Ha1IeHHe KOHTpacrn II,[{P (MP 3a BbI'IeTOM II,[{P 'lHCToro 

pacrnopHTeJIH) MOAYJIHpOBaHO rrpHCYTCTBHeM MOJieKyJibl KHCJIOTbl Ha paCCTOHHHH (~ 1 

HM) OT <popManbHOll rpaHHllbl pacrnopHTeJib - pacrnopeHHaH MOJieKyna, KaK B 

npOAOJibHOM, TaK H B nonepe1IHOM HanpaBJieHHH OTHOCHTeJibHO OCH MOJieKYJibl 

KHCJIOTbl. 

B [1) MOAeJIHpOBaHHe AaHHbIX MYPH npoBOAllJIOCb no3rnnHo, B nepBOM 

rrpH6JIH)KeHHH (model 1) MOAYJIHIIHH II,[{P B o6nacrn pacrnopHTeJIH He y11HTb1Banacb 

rrpH pac11ernx aMTIJlllTYA pacceHHHH, H BapbHpOBallCH TOJibKO qJOH HeKorepeHTHOro 

pacceHHHH BOAOPOAOM B COCTaBe MOJieKYJI KHCJIOT. B paMKax y11ern MOeyJIHIIHH II,[{P B 

HanpaBneHHH nepneHAHKYJIHpHOM OCH MOJieKYJihl (model 2) 6bmo nonyqeHo 6onee 

Ka11ecrneHHOe COOTBeTCTBHe ~ CTeapHHOBOll KHCJIOTbl, H HaMH 6bIJI CAeJiaH BbIBOA 0 

He06XOAHMOCTH yqern MOAYJIHIIHH II,[{P Ha KOHIIaX MOJieKYJI KHCJIOT. B paMKax 

KBa3HH30TpOilHOro IlOAXOAa (model 3) YAallOCb A06HTbCH Ka1IeCTBeHHOro OTIHCaHHH 

3KcnepHMeHTallbHblX AaHHblX ~ o60HX pacrnopoB. B HaCTOHIIIeii pa6oTe HarJIHAHO 

AeMOHCTpHpyeTCH o6ocHOBaHHOCTb TaKOro pacnmpeHHH MOAeJIH, IlOCKOJlbKY 



222 

(a) 1.5f IU .... bl,.~" lo•,___ ~ b~4AJ..i,3 (a') 1. 
Y,HM 

1.0 1. 

0. 

0.0 0. 

t~J~ ~ 0.5 .r, '.,, ... ,,, ~· 
.~Im 
~ 

-41 -1.sl .,.,. .~ l..--""'u> w 
2 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 

:t;:3_1 
-1.5 -2· -1 

(6) Y,HM (6') 
Y,HM 

~ 

0. 

o., 

-0. 

I~ ·~~ 
..._ X,ttM 'I f\ \{\;;\\\';Sf~ I fftJ~ z. HM 

I 'QI, " 
-1.0 ~ -r ·~ ~ 
-1.Sl C>2

0,2 ~ 
-2 -1 

M 
2 

2) 
""' 

~2 

,., 

Pnc. 1. IlpoclrnJIH npoA0JihH0ro (a, Ii) 11 nonepe•moro (a', Ii') pacnpe1teJie111111 K0HTpacrn Il~P 

11eiiTpo11oe B 0KpeCTII0CTH M0JieKyJI MHpllCTIIIIOBOii II CTeap111rneoii, C00TBeTCTee11110, KIICJI0T B 

1teiiTep11poea11110M /{eKaJ11111e 110 1{3llllblM M~ MO/{eJIHpoea111111 B Te'1e1111e 2 nc. 3na'leHIIH Il~P 
. yKa3allbl B 1010 CM02• . 

Mo,nymn~IDI II.D:P pacc•unaHHruI KaK cpyHKtimr TpeXMepHott Koop,nHHaThI 

CBI:l,[(eTeJihCTByeT 06 l:130Tp0IIH0M pacrrpe,neJieHI:ll:I K0HTpaCTa 6JIH3l:I M0JieK)'JI KHCJI0T, 

qTo xoporno Bl:l.[(H0 Ha Pl:lc.1. Pe3yJihTaThI pacqeTOB Kpl:IBhIX MYPH l:I cpaBHeHI:le nx c 

3KCIIepI:1MeHTaJihHhlMI:1,[(aHHhIMI:l l:13 [1] rrpe,ncTaBJieHbl Ha Pl:lc. 2. 

HcrrOJih30BaHI:le M,ll; M0,[(eJII:!p0BaHIDI rrpe,nCTaBJUieT 60JihIIIOH l:IHTepec rrpH 

I:1ccJie,noBaHI:1I:1 110 MeTO.ny MYPH [1] (I:!JII:I MYPP [5]) Cl:ICTeM, a K0T0phIX 

C0JihBaTaUI:I0HHruI o60JIOqKa BH0CI:IT BKJia,[( B pacce,rnne. ~ aepHoro BhI6opa 

re0MeTpl:ll:I pacceiaaIOml:IX qacTI:IU, M0)KeT 6b1Th HCIIOJih30BaH 110,[(X0.[(, rrpe):IJIO)KeHHhIH 

a HaCTOJIIUeH pa6oTe. 
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Puc. 2. 3..:cnepnMeHTaJlbllbie 1au11CHMOCTII IIHTeHCHBIIOCTH MYPH - I (TO'IKII) B laBHCHMOCTH OT 

MOAYJJH nepeAa1111oro BOJIIIOBOro BeKTopa q AJJH paCTBOpOB MllpHCTIIIIOBOH (a) " CTeapnHOBOH (6) 
KHCJIOT B AeKaJIHHe. Pac'!eTHbie KpHBbie, noJJy'leHHbie Ha OCHOB8HHH HlBeCTHOH reoMeTpnn 

paccenuaromeii '18CTHllbl (model I) H A8HllblX AJIH npOCTpaHCTBennoro pacnpeAMeHHH KOHTpacrn 

rr,n:P no pe1yJ1bTaTaM M.ll: MOAMHpOB8HHl1 (model 2 "3). 

JIHTEPATYPA 

[l] Eremin, R.A., Kholmurodov, Kh.T., Petrenko, V.I., Avdeev, M.V., Rosta, L. 

(2013) J. Appl. Cryst. 46, 372-378. 

[2] Eremin, R., Kholmurodov, Kh., Avdeev, M., Petrenko, V. & Yasuoka, K. 
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Yaradaikin, S.P. (2009). Rus. J. Phys. Chem. A83, 1129-1133. 

[5] Oroguchi, T. & Ikeguchi, M. (2012). Chem. Phys. Lett. 541, 117-121. 
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HCCJIE,l(OBAHHE TEMIIEPATYPHOro IIOBE)J;EHIDI 

MHOrOCJIOHHhIX KEPAMHqECKHX rETEPOCTPYKTYP 

IJ,TC-HHKEJih-Il,HHKOBblH <l>EPPHT C 

MArHHT03JIEKTPHqECKHM 3<1><1>EKTOM* 

A.A. EoroMonon, TI.H. Hnatton, )];.IO. KapneHKOB, A.f. IlaczyrneHKOB, IO.f. 

IlaczyrneHKOB, A.C. IlonrnncKHii:, A.B. Conm>1rnKIIH 

TnepcKoii: rocy,napcrneHHbIH yHIInepc1neT, r. Tnepb, PoccIDI 

BBE)];EHIIE 

HOBbie TeXHIIqeCKIIe cpe,nCTBa B o6naCTI:I TeXHOJIOrI:lll B0306HOBIDieMbIX 

aBTOHOMHbIX IICTQqHJfKOB :meKTpIIqecKOU: :meprIIII Heo6xo,nIIMbl ,nmr o6ecneqeHIIH 

IIIITaHIIeM aBTOHOMHbIX MIIKpOCIICTeM, BKmoqaIOUIIIX MallOMOUIHblll KOHTpOJIJiep, 

MallOMOUIHblll MO,nynb Bq CBH3II II MIIKpO aKKYMYJIHTOp ,L\illI xpaHeHIIH :meprnII. 

ABTOHOMHOe IIIITaHIIe MO)KeT 6bITb ,L\OCTIIrHyTo IIyTeM pa3pa60TKII apXIITeKTYPbI, 

KOTOpaH 6y,neT IICIIOJib30BaTb nee IIpIIpO,LIHb!e pecypcbI, ,L\OCT}'IIHb!e ,L\JIH rettepaIIIIII 

:meKTpIIqeCKOll 3!1eprnII B JII060M 3a,naHHOM MeCTe. 3TIIMII pecypcaMII MOryT 6b!Tb 

KOne6aHmI, BeTep, MarHIITHbie IIOIDI, CBeT, 3BYK, rpa,nIIeHTbl TeMnepaTypbI II BO,L\Hb!e 

IIOTOKH. COJ,naHHaH 3JieKTpIIqecKaH :meprIIH MO)KeT 6bITb Henocpe,ncTBeHHO 

IICIIOJ!b30BaHa lIIlII aKKYMYJIIIpOBaHa. 

MarHIIT03JieKTpIIqecKIIe KOMII03II!IIIOHHbie MaTepIIanbI coqeTaIOTCH 

IIbe3o:meKTpIIqecKIIe II MarHIITOCTpIIKIIIIOHHbie q>a3bI, TeM CaMb!M o6ecneqIIBaH 

B03M0)KHOCTb ,L\JIH npeo6pa30BaHIIH MarHIITHoro IIOJIH B HaIIpH)KeHIIe. 3a cqeT 3TOro 

MO)KJIO IIOBbICIITb 3q>q>eKTIIBHOCTb CIICTeM c6opa MexauIIqeCKOll 3HeprIIII 6naro,napH 

KOM6IIHIIponaHIIIO B e,nIIHOM ycTpOHCTBe npeo6pa30BaTeneu: pa3JIIIquoro TIIIIa . 

OBbEKTbllICCnE)l;OBAHIDI 

• Pa6oTa Bh!IlOJJHeHa nptt llOMeplKKe nporpaMMhl MttHllCTepcTBa o6pa30BaHilll Ii HayKH P<l> «Hay•rnwe Ii 

ttay•rno-ne,llaromqecKtte Ka_!lphl llHHOBaUHOHHOii PoCCllll)) Ha 2009 - 2013 rO,llhl, 
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B nocne~HJ{e ro~bl Il0Ka3aH0, 'ITO CJl0llCTblM K0Mil03llTHbIM CTJJYKTYPaM, 

C0CT0HII(llM ll3 qepe~IOII(llXCH Ilbe303JleKTpll'IeCKHX ll MarHHT0CTpllKI.(ll0HHbIX CJI0eB, 

CBOHCTBeH 

Ta6JIHQa 1. Ocuosu1.1e xapa,nepHCTHKH reTepocrpyirryp. 
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6; QTC-46 5; Ni•Zn (jleppnT 0,13 0,2 18x9x0,7 

rnraHTCKllll MarHHT03JieKTpH'IeCKllll (M3) 3cpcpeKT, HaMH0ro npeBbIIUaIOII(llH 3cpcpeKT B 

J~Hocpa3HhlX MaTepnanax [1-3]. 

DbIJlll llCCJle~0BaHbl O~llHHa~l(aTHCJIOHHhle o6pa3l(hl KepaMH'IeCKllX 

'.eTep0CTJJYKTYP· B Ka'IeCTBe Ilbe303JleKTpH'IeCK0ro MaTepnana 6b1Jlll llCil0Jlb30BaHhl 

maCTHHbl Ilbe3oKepaMHKll QTC-46. B Ka'IecTBe MarHHT0CTpllKI.(ll0HH0ro MaTepnana 

ICil0Jlb30BaJillCI, nnacTHHhl HHKeJII,-l(llHK0B0ro cpeppnTa C0CTaBa Nio,sZno.2Fe2O4. 

"eoMeTpn'IeCKHe pa3Mepbl ll KOHcpnrypal(HH cnoeB ~ npHMoyr0JlbHhlX 

'eTep0CTJJYKTYP npe~cTaBJieHhl B rn6nnue 1. 

K0MII03lll(ll0HHhle reTepocpyKTYPbl M0ryT 

,accMaTpHBaTbCH KaK 6aTapen II0CJle~0BaTeJibH0 coe~nHeHHbIX K0H~eHCaTopoB ll3 

:1,e303neKTpll'IeCKOH KepaMHKll. KIDK,nblll IIbe303JieMeHT 6aTapen MexaHn'IeCKll 

ceCTK0 coe~nHeH . C KepaMn'IeCKHMll MarHHT0aKTHBHbIMll MaTepnanaMn 

1arnnT0CTpllKI.(ll0HHbIMll cpeppnTa_Mll, a BCH, B l(eJI0M, K0MII03lll(ll0HHaH 

e-rep0CTJJYKTYPa MexaHH'IeCKH M0H0JlllTHa. Y TaKOH KOMII03lll(ll0HHOH KepaMH'IeCKOll 

rpyKTYPhl M0)KH0 ll3MepnTb: 

- pa3H0CTI, II0TeHI.(llaJI0B, B03HHKaIOII(ylO Me~y BepXHllM ll Hll)KHllM 3JieKTpo~aMH 

DMII03lll(HOHHOH reTep0CTJJYKTYPhI; 
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eMK0CTb reTep0C'fPYKT)'pbI, K0T0paH onpe.n:errxeTCH, B 0CH0BH0M, 

.n:mrreK'TpIIqecKOll npoHIIIJaeM0CTbIO e[3/ 80 IIbe30KepaMHKH II pa3MepaMH 

IIbe303JieMeHT0B; 

- qacTOTbl pe30HaHca J: II aHmpe3oHaHca 1:, K0T0pbie onpe,n:eJIHIOTCH, B 

0CH0BH0M, M0,n:aMH KOJie6aHIIll, pa3MepaMH H ynpyrHMH xapaKTepHCTHKaMH 

KOMII03HIJIIOHHOH reTep0C'fPYKT)'Phl B 11erroM. 

IlpH npHJI0)KeHHII nepeMeHHoro MarHHTH0ro II0JIH np0HCX0,n:HT H3MeHeHHH 

pa3MepoB <peppHTOB 3a cqeT MarHHT0C'TpHKIJHH, qTo Bbl3hlBaeT: 

1 - MexaHIIqecKHe B03,n:eil:CTBHH Ha IIbe303JieMeHTbl, 3T0 o6ycrraBJIHBaeT 

B03HIIKH0BeHHe pa3H0CTH II0TeHIJHaJI0B Ha Ka)K.ll:0M IIbe303JieMeHTe H cyMMapHoil: 

pa3H0CTH II0TeHIJHaJI0B Me)K.ll:y BepXHIIM H HH,KHHM CJI0HMH MeTaJIJIH3aIJHH 

KOMII03HIJIIOHHOH reTep0C'fPYKT)'Phl B 11erroM; 

2 - H3MeHeHHe rpaHHqHI,IX ycrrOBHll ypaBHeHHll C0CT0HHHH IIbe30KepaMHKH B 

IIbe303JieMeHTaX, 3T0 IIpHB0,n:IIT K H3MeHeHHIO .U:H3JieKT{)HqecKoil: np0HIIIJaeM0CTH H, 

C00TBeTCTBeHH0, eMK0CTII reTep0C'fPYKT)'Pbl B 11erroM; 

3 ~ II3MeHeHIIe ynpyrnx xapaKTepHCTHK reTep0C'fPYKT)'pbI II ee pa3Mep0B, qTQ B 

CB0IO oqepe,n:1, Bhl3bJBaeT H3MeHeHIIe qaCT0Tbl pe30HaHca H aHTIIpe30HaHca pa3JIIIqHI,JX 

M0,n: KOJie6aHIIll. 

IlLeJoaKTHBHLIH CJioH 
3neKTponpoeo;:v1II.UiH 

, · 3TTOKCH)lHLiff KJICfi 

- MamHTOaKTHBHLIH cnoH 
· Cepe6pj(Hl,IC KOHTaKTLI 

Puc. 1. IlpumomuaJibHan cxeMa cTpy1nypb1 M3 npeo6pa1osaTenn. 

Ha pIICYHKe 1 npe,n:CTaBJieHa cxeMa C03,n:aHHbIX reTepocrypKTyp. OHa C0CT0HT H3 

qepe,n:yIOIIJHXCH CJI0eB n1,e3oaKTHBH0ro MaTepIIarra II MarHHT0C'TpHKIJH0HH0ro 

MaTepIIarra. qHCJIO CJI0eB BbI6paHO c yqeT0M II0JiyqeHIIH MaKCHMaJibHOll nerrnqHHbl 
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MarHHT03JiercrpuqecKOro OTKJIHKa OT reTepoc1-pyrcryp1,1 H TeXHll'IeCKHX napaMeTJ)OB, 

1-pe6yeMbIX ,l(IDI ,[laTqHKOB MarHHTHhIX IIOJien:. B KaqecTBe MaTepuana ,l(IDI o6pa:30BaHHH 

CHJihHOH MexaHuqecKOH CBH3H Me)K.z:ly CJIOHMH HCIIOJih30BaJICH 3JieK1-ponpOBO,[lH[UHH 

3IIOKCH.z:1Hhln: KJien: CW2460. 

)];JIH o6ecneqeHHH 3JiercrpuqecKoro KO~aKTa Me)K.z:ly CJIOHMH IIhe30KepaMHKH Ha 

IIOBepXHOCTh qieppHTOBbIX IIJiaCTHHOK 6hIJIH HaHeCeHbl cepe6pHHble 3Jiercrp0,1:lhl. 

Pa3pa60TaHHhlii MeTO,[l qiopMHpOBaHHH ( KOMIIaKTHpOBaHHH) reTepoc1-pyKTyp 

II03BOJIHeT yc1-paHHTh IIa,[leHHe HaIIpH)KeHHH Ha ,[lH3JieK1-pHqecKHX CJIOHX 

MarHHTOCTJ)HKUHHHOii KepaMHKH, 6naro.z:1apH C03,1:laHHIO rrpOB0,1:lH[Uero CJIOH Ha 

IIOBepXHOCTH IIJiaCTHHOK qieppHTOB. 3TO, a CBOIO oqepe.z:11,, yaenuquaaeT 

3qiqieKTHBHOCTh HCIIOJib30BaHHH C03,[laHHbIX MHOroCJIOHHhlX reTepOCTJ)YKTyp B 

KaqecTBe OCHOBhl ,[lJIH MarHHT03JiercrpuqecKHX rrpeo6paJoBaTeJieii. 

30 

0 

X Ni-Zn <l>ePPMT' OTH. eA. 
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PHc.2. TeMnepa-rypHLle 33BHCHMOCTH M3 KOJ4>4>HQHeHTa npeo6pa10BaHHH, '13CTOTLI 

DLe30MeX3HH'leCKOro pe30H3HCC3 Ml! reTepOCTPYK'fYPLI H AC-MarHHTHOH 

BOCDPHHM'IHBOCTH AJlll Ni-Zn tjleppHT3. 

PE3Y Jlh TAThl HCCJIE)];OBAHHH. 

HccJie,[lOBaHhl TeMrreparypHbie 3aBHCHMOCTH MarHHT03JiercrpuqecKoro OTKJIHKa H 

qaCTOThl IIbe30MeXaHHqecKoro pe30HaHca. HCX0,1:lH H3 3KCnepnMeHTaJihHhlX 

HCCJie,1:lOBaHHH, 6hlJIH paccqnTaHhl 3HaqeHHH K03qJqJHI~HeHTa MarHHT03JiercrpuqecKOro 
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npeo6p!l30BaHJUI aE. rpaqmKH pe3yJihTaT<)B ll3MepeHIIll npe.L(CTaBJieHhI Ha pIICYHKe 2. 

Kai< BJI.L(HO, B6JIJI3II TeMnepaTyphI KropII ivrnrHJITOaKTJIBHOll !p!l3hI Ha6JIIO,L(aeT pe3Kllii 

Cila.L( MarHHT03JieKrpII'ICCKOro OTKJIHKa JI 'IaCTOThI pe30HilHCll. ~JUI Ofo,HCHeHH~ 

,L(aHHhIX 3<p<peKTOB 6hIJIJI npoBe,L(eHhI JI3MepeHJIH MarHHTOCTPIIKIIIIH npH p!l3JIH'IHhIX 

TeMrreparypax Ha o6pa3IIe HHKeJih-IIIIHKOBoro qieppIITa. AiianII3 .L(aHHhIX 'rroKaJM, 'ITO. 

BeJIH'IJIHa rrpO.L(OJihHOll MarHIITOCTPIIKIIHH C pOCTOM TCMneparyphI yMeHbIIIaeTCH C 

28* 10-6 npII 25°c .L(O 22* 10-6 rrpII 200°c. 3TO hpRBO.L(HT K yMeHbllleHJIIO .L(e<popMaIJHll 

reTepocrpyKrypbI II, CJie,L(OBaTeJihHO, K yMeHhllICHHIO 1\13 OTKJIHKa. 

IlpoBe,L(eHHhie HCCJie,L(oBaHHH TeMrreparypHoro IlOBe.L(eHHH MarHHT03JieKrpH'IeCKHX 

rerepocrpyKryp Il03BOJIJIJIH OIIpe.L(eJIHTh BepXHHll pa60'IIIll .L(Jiarra30H .L(JIH ycrpoiicTB, 

pa3pa6aThiBaeMhIX Ha OCHOBe ,L(aHHhIX npeo6p!l30BaTerreii. 
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MArHHTHblE CBOHCTBA H CTPYKTYPA CTIJIABOB 

CHCTEMhl (Fe,Co)2B* 

C.C. Ka6aHoB, A.IO. KapneHKOB, )];.IO. KapneHKOB, M.E. lliixoBa 

TBepcKoii: rocy~apcTBeHHbIH yHHBepc1neT, r. TBep1,, Poccmr 

B HaCT0ll11Iee Bpewr IIOBhlIIIeHHhlH HHTepec uccne~oBaTeneii: Bhl3bIBalOT cnnaBbl, He 

co~ep)Kamue pe~o3eMenbHblX MeTannoB. 3TO CBl!3aH0 C II0HCKOM HOBbIX XHMH"IeCKHX 

coe~HHeHHH H HX ~anbHeHIIIHM HCIIOllb30BaHHeM B KatJeCTBe He~opornx MarHHTHblX 

MaTepHanOB pa3nH'IHbIX THIIOB. KpoMe Toro, MHOrne XHMHtJeCKHe coe~HHeHHll Ha 

0CH0Be )Kene3a H Ko6anbTa o6na~aIOT oco6eHHOCTllMH MarHHTOKpHCTannH'IeCKOH 

aHH30Tp0IIHH (MKA) H HCIIbITbIBaIOT CIIHH-IIepeopneHTaUH0HHble nepexo~bl (Cllll) B 

Hau6onee ~ocrynH0M MH uccne~oBaHHll HHTepBane TeMneparyp. 

KaK 6nHapH1,1e cncTeMLI Fe-B n Co-B, TaK n TpOHHM cucTeMa Fe-Co-B 

HCCne~0BaHbl He~0CTaT0'IHO IIOnH0. YCTaHOBneHO [l], 'ITO B 3THX CHCTeMax 

06pa3yroTc11 XHMHtJecKHe coe~nHeHn11 M2B (M = Fe, Co), KOTophle nMeroT 

TeTpar0HanbttylO KpHCTannutJeCKYIO peIIIeTKY- l(aHHhlX 0 MarHHTHbIX CBOHCTBax H 

MKA 3THX coe~nHeHHH otJeHL Mano, a ~oMeHHall cTpyKrypa npaKTH'IeCKH He 

uccne~oBaHa. 

OcHOBHOH 1.1en1,ro ~aHHOH pa60Tbl l!Bnlln0Cb nccne~OBaHHe MarHHTHbIX CBOHCTB, 

MHKpOCTpyKrypLI n ~oMeHHOii: cTpyKryp1,1 cnnaB0B cucTeMhl (Fe1.xCox)iB. 

lfoxo~Hbie cnHTKH nonyqann MeTO~OM BblCOKO'IaCTOTHOH H~Kl.lHOHHOH IInaBKH B 

ycTaH0BKe «l(oHeu-1» B THrn11x m anyH~a B aTMocq,epe oco6o tJHCToro aproHa. 

MarHHTHhle H3MepeHHl! IIp0BO~HnHCb Ha TeKCTYPOBaHHbIX nop0IIIKax MeTO~OM 

BH6paUHOHHoro MarHHT0MeTpa. CTpyKrypa nccne~OBanacb Ha MeTannorpaq>HtJeCKOM 

MHKp0CKOIIe Neophot-30. MeTannorpil<ptttJeCKHe IIInll<pbl rOT0BHnHCb Ha IIp0H3B0llbHO 

opHeHTHpoBaHHblX IInOCK0CTl!X nonHKpHCTannntJeCKHX cnHTKOB C IIpHMeHeHHeM 

anMaJHbIX naCT c pa3nH'IHOH KpyIIHOCTblO qaCTHI.1 a6pa3HBa. MHKpocTpyKrypa 

• Pa6oTa BhlilOJIHeHa npn IlOALteplKKe rpaHTa P<1><1>11 N2 13-02-00856 
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BI,UIBJUIJiaCI, MeTO~OM :meKTpOXHMJlqecKoro -rpaaneHmI, ~?MeHHlUI CTpyKrypa 

MeTO~aMH rromrpHoro 3cpcpeKTa Keppa J!, rropOllIKOBI,IX oca~OB AKYllOBa-IiHTTepa. 

B KaqecTBe 061,eKTOB 11ccne~oBaHHH 6I,IJIH a1,r6paHbI crrnaa1,r (Fe1_xCox)iB c 

co~ep)J<aHHeM Ko6an1,rn X = 0 (Fe2B); X = 0,08 (Fe1,s4Coo,16B); X = 0,1 (Fe1,sCoo,2B) H 

X = 0,5 (FeCoB), B KOTOpbix rro ~aHHhlM [2-4] rrp11 KOMHarnoii TeMrreparype 

peanmy10Tcsr paJn11qH1,re mrr1,r MKA: Fe2B - ·MKA THrra «nerniur rmocKOCTb», 

Fe1,sCo0,2B H FeCoB - MKA THIIa «nerniur oc1,». 

MeTannorpacpHqecKHe Hccne~oBaHHH MHKpOCTpyKryp.I,I rronHKpHcTannOB IIOKaJanH 

npaKTJlqecKH O~HO<pa3HOe COCTOHHHe acex o6pa3~0B (p11c. 1), co~ep)J<aHHe BTOpHqHI,IX 

<paJ, KOTop1,re Ha6n10~anHCb TOllbKO Ha rpaHH~ax JepeH, He rrpea1,1rnano 5 06. %. 

Pnc. 1. Tnnn'IHLle KapTHHLI MHKpocTpYKTYPLI noJ1nKpncTaJ1J10B (Fe,Co)iB. 

no KpHBbIM HaMarH11q11BaHHH TeKCTYPOBaHHbIX rropornKOB onpe~eneH HHTepaan 

HJMeHeHHH y~enbHOll HaMarH11qeHHOCTH HaCI,II~eHHH crs HCcne~oaaHHI,IX CIIJiaBOB OT 

126 fo•cM3/r ~ Fe2B ~o 94 fc•cM
3/r ~mr FeCoB. 
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Pnc. 2. KpHBLie H3M3rHH'IHB3HHH TeKcrypOB3HHLIX nopOWKOB CDJl3B0B (Fe,Co)2B, 

Komp1:1rypau1m AOMeHHoii CTPYKIYJlM o6pa:nioa Fe1,sCoo,2B 1:1 FeCoB Tmmqm,1 Amt: 

coeA1:1HeH1:1ii c MKA Tmra «nernrur oc1,» (p1:1c. 3). Ha noaepxHocrnx 3epeH, 

napaJIJieJILHLIX OCH c KJll:ICTaJIJIHqecKOH C'IpYKTyJlLI, Ha6moAaIOTC.II IlOJIOCOBbie 

AOMeHLI, Ha 6a3HCHI,IX IlJIOCKOCT.IIX 3epeH - AOMeHM B BHAe «3Be3AoqeK», np1:1 

npoMe)KYTOqHoii: opHeHTal.(1:11:1 IlOBepXHOCTl:I 3epeH - «KanJieBHAHLie» AOMeHM. 

B noJIHKpHCTaJIJie Fe2B BLIHBJieHLI Kompmypau1:1n AOMeHHOii c'IpyKTypL1, 

. xapaKTepHLie AJI.11 COeAHHeHHH c MKA THTia «JierKaJI TIJIOCKOCTL» (pnc. 3). IlpH 

: pa3JIHqHoii optteHTaUHH noaepxHOCTH 3epeH Ha6JIIOAaIOTC.II KaK OCHOBHLie IlOJIOCOBLie 

AOMeHI,I, TaK 1:1 CJIO)KHLie KapTHHLI MOAYJIHJ)OBaHHMX CTPYKTyP, 

Han6onee HHTepecHMM 061,eKTOM 1:1ccneAOBaH1:1.11 OKaJaJic.11 cTIJiaB Fe1,s4Coo,16B c 

KOHUeH'Ipauneii K06aJILTa 8 aT. %, B KOTOpOM npH KOMHaTHOH TeMnepazype 

Ha6JIIOAaeTC.II COCTO.IIHHe, 6JIH3KOe K CIJIJ «JierKaJI OCL» +-+ «JierKaJI TIJIOCKOCTL» [2-4]. 

Ha KapTHHax IlOJlOIIIKOBI,IX OCaAKOB (pHC. 3) XOJlOIIIO BHAHO, ~O npouecc CIJIJ 

HaqnHaeTC.11 C rpaHHU 3epeH. B6JtH31:1 rpaHHU 3epeH .TIJlH KOMHaTHOH TeMnepaTYJle 

Ha6JIIOAaIOTC.II AOMeHI,I B BHAe ((JBeJAOqeK», THill:lqHI,Ie AJIH MKA «JierKaJI IlJIOCKOCTL», 

a OCHOBHOH 061,eM JepeH npaKTHqeCKl:I CB060AeH OT MarHHTHOH cycneHJl:IH. HarpeB 

o6pa3ua AO TeMnepazyp ~5O°C IlOKa3aJI, qTQ C yaen1:1qeHHeM TeMnepaTypM JOHLi C 

AOMeHHOH C'IpyKTypoii ((JBeJAOqeK» IlOCTeneHHO pacIIIHJl.llIOTC.11 K ueHTPY 3epeH. 
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Puc. 3. THDH'IHbie KapTHHbl AOMennoii CTPYKTYPbl DOJIHKpHCTllJIJIOB (Fe,Co)2B, 

TaKMM o6pa30M, B pa6oTe MCCJie,noBaHI,I MarHMTHble CBOHCTBa, MarHMTO­

KpMCTaJIJIJ,fqecKlUI aHM30TPOTTM11, MMKpOCTPYKTYPa M ,noMeHHiui CTPYKrypa cnnaBoB 

cMcTeMhI (Fe1 -xCox)2B. 
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IlOKaJaHo, qTo B HCCJie,!{OBaHHOH CHCTeMe crmaB0B npH KOMHaTHOH TeMneparype 

npH HJMeHeHHH K0HI.1eHTPaI.1HH Ko6am,rn (X) peanHJYJOTCH pa3JIHqHbie THIIbI MKA: 

- CIIJiaB Fe2B xapaKTepHJyeTCH MKA THIIa «JierKaH IIJI0CK0CTb», 

- cnnaBhl Fe1,sCoo,2B H FeCoB - MKA THna <merKaH ocb», 

- CIIJiaB Fe1,s4C00,16B - crrrr «JierKaH 0Cb)) +-+ «JierKaH IlJI0CK0CTb». 

CIIHCOK JIHTEPATYPhl 
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H3MEHEHHEB MArHHTHOH CTPYKTYPE HoCo2 IIPH 

BhICOKHX ,ll;ABJIEHIDIX 
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, E.B. JlyKIIH

2
, E.H. CanenKo
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, 

H.T. )];anr
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1
Babes-Bolyai University, Cluj-Napoca, Romania 

2
JIH<I> IIM. 11.M. <l>panKa, OIUI11, r. )];y6na, Poccmr 

3
Tym,cKIIil: rocy.napcTBeHHbiil: yn1IBepc1ITeT, r. Tyna, Poccmr 

BBE,ll;EHHE 

Ky61IqecK1Ie coe,[(IIHenmr THIIa RCo2 (R-pe.nKo3eMeJibHbiil: MeTaJIJI) HBIDIIOTCH 

061,eKTaMII IIHTeHCIIBHbIX 3KCIIep1IMeHTaJibHbIX II TeopeT1IqecK1Ix IICCJie,[(OBaHHil: 

6naro.nap11 HaJIHqlIJO B 3THX HHTepMeTaJIJIII,[(ax pH.[(a HHTepeCHbIX 3q>q>eKTOB: 30HH0ro 

MeTaMarHHTII3Ma, MarHHT0KaJI0pHqecKOro 3q>q>eKTa, MarHIIT0CTPHKIJHH. Coe,[(HHeHHH 

RCo2 HMeIOT CpaBHIITeJibHO rrpoCTbie aTOMHYJO II MarHIITHYJO CTPYKTypbl, qTQ .[(eJiaeT 

IIX -y.no6HblMH M0,[(eJibHblMH o6oeKTaMH ,[(JIH H3yqeHHH 

MarHeTH3Ma.[1] 

pa3JIHqHblX MO,[(eJieil: 

O.[(HHM H3 HHTepeCHbIX HBJieHHll, Ha6JIIO,[(aeMbIX B Kyfo1qecKHX RC02 C0e,[(HHeHHHX -

MeTaMarHeTH3M 110.[(peIIleTKH Co. Kor.na R HBIDieTCH HeMarHIITHblM 3JieMeHT0M (r.ne R 

= Y, Lu II Sc), coe.[(1IHeHHe RC02 HBJUieTc.11 rrapaMarneTIIK0M. B Tex RCo2 

coe,[(HHeHH.HX, r.ne R HMeeT MarHHTHblll MOMeHT, Ha6JIIO,[(aIOTCH HH.[(YIJHp0BaHHbie 

K06aJibTOBbie MOMeHTbl ~1,0 µ6 ,[(JUI BCero pH.[(a RC02 H OIIHCbIBaeTC.H B paMKax 

MO,[(eJIH M0JieKyIDipnoro IIOJUI . 

l13MeHeHHH rrapaMeTP0B perueTKH MO)KeT KOpeHHblM o6pa30M H3MeHHTb MexaHH3M 

qiopMHpOBaHH.H yrropH.[(oqeHHOro MOMeHTa Co. Ilpe.nrronaraeTC.H, qTQ H3MeHeHHe 

HOHH0rO pa.n1Iyca R CHJibH0 B03,[(eil:CTByeT Ha K06aJibTOBbie 110.[(peIIleTKH H orrpe.[(eIDieT 

po.n q>a30Boro rrepexo.na B 3THX coe,[(HHeHH.HX. Ilp.HMblM MeTO,[(0M HCCJie,[(oBaHH.H 

KplICTaJIJIHqecKoil: H MarHHTH0ll CTPYKTYPbl MaTepHaJIOB .HBJI.HeTCH MeT0,[( neil:TpOHHOil: 

.[(Hq>paKIJIIII. 
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B ,naHHOH pa6oTe 6bln11 npoae,neHI,I ,neTaJibHhie 11CCJie,noaaHl1Jl'. Kpl1CTaJIJJ11qecKOH 11 

Marn11THOH CTPYKT)'Phl HoCo2 np11 TeMneparypax 11 BhICOK11x ,nasneH11,i:x MeTo,noM 

HeHTPOHHOH ,nmppaKIJ1111. 

3KCIIEPHMEHT 

3Kcnep11MeHT c,nenaH Ha ,nmppaKTOMerpe ,nH- I 2 peaKTopa HEP-2 B ,ny6He MeTO,noM 

HeHTPOHHOH ,n11qipaKIJl111 C 11CilOJlb3OBaH11eM KaMepbI BbJCOKOro ,nasnemu1 B ,n11anoJOHe 

TeMneparyphl 10-300K 11 .naaneHHJl'. 0-5 rna. 

PucyHOK I. ,ll,H(jlpaKTOMeTp ,ll,H-12 II K8Mepa BblC0K0ro /l3BJJeHIIH 
PE3Y Jlh TA Thi 

Ha p11cyHKe 2 npe,ncrnaneHbI cneKTPhI HoCo2, nonyqeHhI np11 pa3HhIX 

TeMneparypax 11 ,naaneHl1Jl'.X. Tip11 HOpManbHbIX YCJJOB11Jl'.X coe,nHHeH11e H0Co2 11MeeT 

Ky611qecKy10 CTPYKTYPY c npocTPaHcTBeHHOH rpynnoii Fd3m 11 Haxo,n11Tcll'. B 

napaMarHl1THOM COCTOHHl111. Tip11 yMeHbIIIeHl111 TeMneparyphI .no Ti,...80 K a 

coe,n11HeH1111 HoCo2 Ha6n10,naeTCJl'. qiaJOBhIH nepexo,n B TeTParoHanhHYlO CTPYKT)'PY c 

npOCTPaHCTBeHHOH rpynnoii l4r/amd, KOTOpbIH conpOBO)l()laeTCH MarHl1THblM qiaJOBbIM 

nepexo,noM B qiepp11MarHl1THOe COCTOJl'.Hl1e. <l>epp11MarHl1THOe COCTOJl'.Hl1e OCTaeTCJl'. 

CTa611JlbHb!M ,no 5 fTia. 

06pa6oTKa ,naHHhIX nporpaMoii FulIProf [2] ,naeT 11HqiopMaIJ1110 o Kp11cTann11qecKoii 

11 MarH11THOH CTPyKrype HoCo2. Ha p11cyHKe 3 npe,ncrnsneHbI TeMneparypHbie 
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PHcynoK 3. TeMnepaTypnLie 33BIICIIMOCTII M31"11IITHLIX MOMeHTOB HOIIOB Ho II Co npn pa3JJll'IIILIX 

A3BJJeHJIHX, 

3aBIICIIMOCTII MarHIITHbIX MOMeHTOB rro,npemeTOK Ho II Co IIpII pa3llJitIHblX ,naBneHmIX. 

TeMrreparypHyIO 3aBIICIIMOCTb MOMeHTOB ronbMIUI II Ko6anbTa OIIIICbIBMII C IIOMOIIIblO 

cpyKUIIII TIIIIa: 

µ=µo[l-(-2:.._t]P 
Tc 

(I), 
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r.[(e µo-MarttHTHhitt M0MeHT rrp1:1 T=0K, Tc-TeMrrepazypa Kropn, a 11 13- 3Mrmp1:1qecK1:1e 

K03cpqmrr1:1eHTbl. 

y CTaH0BJieHo, qTQ rrpl:I II0BbIIIIeHI:ll:I ,[(aBrremrn .[(0 1. 7 rrra TeMIIepazypa MarHHTHoro 

cpa3oaoro rrepexo.[(a yMeHbIIIaeTc11 OT SOK .[(0 67K, a rrpn .[(aJihHettIIIeM yaerrnqeHHH 

,[(aBrre_Hl:IH He II3MeHlleTCH. 

O6Hapy)KeHHe II0.[(06HOH aH0MaJIIII:I B 6ap1:1qecKOM II0Be,[(eHHII CTPYKTYPHhIX 

rrapaMeTP0B a, c 11 Me)KaT0MHhIX paccTOHHtttt Ho-Co 11 Co-Co ( CM. pnc. 4) II0JB0lilleT 

C.[(eJiaTb rrpe.[(II0JI0)KeH1:1e 0 TOM, qTo l:13MeHeHHe CTPYKT)'pHbIX rrapaMeTP0B BhI3hIBaeT 

1:13MeHeH1:1e 3rreKTPOHHOtt CTPYKTYPhl Ko6arrbrn, corrpoao)K.[(arorrree HJMeHeH1:1e 

MarHI:ITH0ro CBOHCTBa HoC02 Ilpl:I BhlC0KI:IX .[(aBJieHHHX. 
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P11cy110K 5. TeMnepuypHble 

3aBHCIIMOCTII a II C npH 11aeJiemrnx. 

Ha p1:1cyHKe rrpe.[(CTaBJieHbl TeMrrepazypHhie JaBHCI:IM0CTI:I rrapaMeTP0B 

3JieMeHTapHOH HqettKI:1 rrpl:I ,[(aarreHI:ll!X. O6Hapy)KeHO pa3JII:1q1:1e B TeMrrepaTypH0M 

rroBe.[(eHHI:1 napaMerp0B rrp1:1 H0pMaJihH0M II BhIC0K0M ,[(aBJieHI:ll:I. '.:ho M0)KeT CJIY)KHTb 

.[(0II0JIHI:ITeJibHblM .[(0Ka3aTeJihCTB0M 0 TOM, qTo II3MeHeHI:le Me)KaT0MHbIX paCCTOHHI:IH 

BhI3hIBaeT l:13Meneune 3rreKTPOHnoii CTPYKTYPhI Ko6arrhTa. 

JUITEPATYPA 

1. E. Gratz, A.S. Markosyan, J. Phys.: Condens. Matter 13 (2001) R385. 

2. Rodriguez-Carvajal J. // Physica B. 1993. V. 192. P. 55 
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3KCilEPHMEHTbl no PNJ:HOrPA<l>HH HA HEHTPOHHbIX 

IlYqKAX PEAKTOPA H.6P-2M 

A.B. EerryllIKIIH, r . .n:. Eory<IaBa, C.E. Kn<IaHOB, .n:.rr. KOJJICHKO, E.B. JlyKIIH, A.B. 

PyTKaycKac, E.H. CaBeHKO, 

JIH<D IIM. 11.M. <DpaHKa, OIUIII, r • .Zl:y6na, Poccm1 

O~HIIM I:13 rrepcrreKTIIBHhIX MCTO~OB ~JUI rrp1:1KJia~HOH: !pl:13IIKI:I, KOTOpb!ll MO)KHO 

pearrmoBaTh Ha peaKTope 11EP-2M, HBJIHCTCH MCTO~ HeHTPOHHOH pa~1:1orpaqi1rn. B 

OTJIII'IIIC OT peHITCHOrpaq>I:II:1 MCTO~ HCHTPOHHOH: p~1:1orpaqi1:11:1 I:IMCCT pH~ 

rrpe1:1MyI.l.(CCTB, . cpe~I:I KOTOpbIX crre~yeT OTMCTIITb BbICOKYIO IIpOHI:IKaIOnryIO 

crroco6HOCTb HCHTPOHHoro rry'!Ka, 'ITO IIOJBOJIHCT rrorry<IaTh pa~1:1orpaq>I:1'ICCKI:IC 

CHI:IMKI:1 MaCCI:IBHbIX 06'bCKTOB; 'IYBCTBIITCJibHOCTb HCHTPOHOB K co~ep)KaHI:llO rrerKI:IX 

3JICMCHTOB, 'ITO ~erraeT B03MO)KHbIM BhIHBI:ITb oco6eHHOCTI:I CTPYKTYPhI 

BO~opo~oco~ep)KaI.l.(IIX 1:1 opraHI:l'ICCKI:IX o6paJUOB; a TaK)KC HCJIIIHCH:HaH JaBI:ICIIMOCTb 

CC'ICHI:IH IIOJIHoro BJal:IMO~eHCTBI:IH HCHTPOHa TCIIJIOBh!X 3Heprl:IH: C H~paMI:I 3JICMCHTOB 

OT aTOMHOro HOMepa 3JICMCHTa B OTJII:l'IIIC OT peHTreHOBCKOro I:13JIY'ICHIIH, 'ITO 

~orrycKaeT I:ICIIOJibJOBaHI:IC 3Toro MCTO~a ~JIH anarr1:1Ja crrrraBOB MCTaJIJIOB C 6JII:13KI:IMII 

aTOMHbIMII HOMepaMII. O~HaKO I:ICIIOJibJOBaHI:IC MCTO~a HCHTPOHHOH: pa~norpaq>mI 

OCJIO)KHCHO TCM, 'ITO ~JUI rrorryqeHI:IH Ka'!CCTBCHHoro CHI:IMKa rrpOCBC'II:IBaeMoro 

o6'heKTa Heo6xo~I:IM I:ICTO'IHIIK HCHTPOHOB BbICOKOH: HpKOCTI:I, KOTOpbIM HBJIHCTCH 

peaKTOp. MeTO~ HCH:TPOHHOH: pa~1:1orpaq>I:11I ycrrellIHO pearrmoBaH II HCIIOJibJYCTCH B 

Puc 1. 11acbl u 11x ueihpomme mo6pame1111e 
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TaKHX KpynHhIX 3apy6e)KHbIX If poccHHCKHX HayqHbIX 11empax, KaK PSI (llIBeIJapm1), 

RAL (BeJIHK06pHTaHm1) If PHU: «KypqaTOBCKHH HHCTlfTyr». IlapaMeTpbI peaKTopa I1EP-

2M BO MHOrGM npeBOCXO,[IHT HeHTPOHHbie lfCTO'IHHKlf BbIIUeynoMHHYfblX HayqHb!X 

IJeHTPOB, HO :na npHKJia,[IHaH MeTO,[IHKa ITOKa He peaJIH30BaHa Ha HaIUeM lfCToqHHKe. 

,[(JIH ocy[!JeCTBJieHHH Mern,11a HettTpOHHOH pa,11Horpaqmn Ha peaKTope I1EP-2M 6bm 

cnpoeKTHpoBaH If lf3rGTOBJieH CBeTOHenpOHHIJaeMb!H KO)KYX, coqeTaIO[!JlfH B ce6e 

cne,11y10[IJ1fe :rneMeHTbl ,11eTeKTHpoBaHHH HeHTpOHHblX H3o6pa)KeHHH: ZnS CIJlfHTHJIJIHTOp, 

npeo6pa3yIO[!JlfH npOXO,[IH[!Jlfe qepe3 o6'beKT HCCJie,[IOBaHHH HettTpOHbl B Blf,[llfMOe 

H3JiyqeHHe, ITOBOpOTHOe 3epKaJIO, CHCTeMy JIHH3, cpoKyCHpy10[1JyIO ITOJiyqaeMoe 

H3o6pa)KeHne If CCD MaTpHIJY, Henocpe,11cTBeHHO ,11eTeKTHPYffillJYlO n306pa)KeHHe o6'heKTa. 

3JieMeHTbl ,11eTeKTOpHOH CHCTeMbl 6b!JIH Bb!6paHbl lfCXO,[IH lf3 ycJIOBHH ITOJiyqeHHH 

HaH60Jiee KOHTpaCTHOro HettTpOHHOro lf306pa)KeHHH C Bb!C0KHM pa3peIUeH1feM. Pa3pa60TKa 

CBeTOHenpoHHIJaeMoro K0)Kyxa Benach c yqeT0M T0ro )Ke Tpe6oBaHHH. IlepBbie 

3KCnepHMeHTbl C HCITOJib30BaHHeM pa3pa60TaHHOH If OT'b!OCTiipOBaHHOH ,[leTeKTOpHOH 

ClfCTeMbl noKa3aJilf, qTo ee pa3peIUaIO[!JaH cnoco6HOCTb paBHa 300 MKM, qTo B 

ll0CJie,[lyIO[!JeM 1103B0J!lfJIO lf,!leHTHcpliIJliPOBaTb ,[I0B0J!bH0 MaJieHbKlfe o6'beKTbl. TaK, Ha 

pHCYHKe I rrpe,11CTaBJieH0 0,[IH0 lf3 rrepBb!X noJiyqeHHb!X H306pa)KeHHH C IT0M0[!Jb!O ,!laHHOH 

ClfCTeMbl, me xop0IU0 rrpocMaTpHBaeTCH BHyrpeHHHH CTpyKTypa MeXaHlf3Ma qacoB. 

B KaqecTBe o6'heKTOB lfCCJie,110BaHHH ,[IJIH TeCTHp0BaHHH pa60Tocrroco6HOCTH 

):leTeKTOpHOH ClfCTeMhl If rrpoBepKH B03MO)KHOCTeH peaKT0pa I1EP-2M 6bmn OT06paHbl 

npe,11MeThl, 0TH0CH[!JlfeCH K TeM BH,[laM qeJIOBeqecKOH ,!leHTeJihH0CTlf, ,[IJIH KOT0pb!X 

f!CII0J!b30BaHHe pa,11HorpacpnqecKHX MeT0,[I0B HBJIHeTCH oco6o Ba)l(Hb!M. O,[IHOH H3 

Ba)KHeHIUHX o6nacTeH npnMeHeHHH MeTo,[la HettTpOHHOH pa,11norpacpnli B KaqecTBe MeT0,[la 

~epa3pyIUaIO[!Jero KOHTP0JIH HBJIHeTCH MaIUHHOCTp0eH!fe. C ITOM0[!Jb!O HeHTpOHHb!X 

no6pa)KeHHH, llOJiyqeHHb!X CKOHCTPYlf POBaHHOH CHCTeMOH, MO)KH0 K0HTponnpoBaTh 

(OJIHqecTBO H KaqecTBO CMaJOqHb!X MaTepHaJI0B ,11eTaJiett 110,[IBH)l(Hb!X 
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Puc 2. TexuoJioru'leCKUe 061,eKTbl u ux 
ueiiToouu1,1e u306oalKe11uH 

MexaHH3MOB, BhUIBJU!Th oco6eHHOCTH CBapHbIX H pe3b60Bh!X 6HMenUIJIH'IeCKHX 

COeAHHeHHH H T. II. (p11c. 2). 

KpoMe TeXHOJior11qecKoro HarrpaBJieHHH MeTOA HeHTPOHHOH paAHOrpa¢HH 

rrp11Mem1eTCJI JI B CMe)l(HblX o6JiaCTJIX HayqHQH c¢epbl, OAHOH H3 KOTOpbIX JIBJIJleTCJI 

rraneOHTOJIOrHJI. EnaroAapJI CBOeH BhICOKOH IIpOHHKaIO~eii crroco6HOCTH HeHTPOHHOe 

mnyqeHHe CIIOC06HO o6Hapy)l(HTh B MaCCHBHhIX OKaMeHeJIOCTJIX opraHJlqecKHe 

OCTaHKH paHHHX 3IIOX. B XOAe 3KCIIepHMeHTOB C OAHHM H3 TaKHX rraneOHTOJIOrJlqecKHX 

061,eKTOB, HCKOIIaeMbIM, OTHOCJl~HMCJI K ¢ayHe rrepMCKOro rrepHOAa - 6paXHOIIOAOH, 

6bIJIO rronyqeHO HeHTPOHHOe H306pa)l(eHHe CIIHpaJibHOro MhIIIIe'IHOro MeXaHH3Ma -

Puc 3. fiaJieouToJioruqecKuii 061,eKT u ero ueiiTpouuoe 
uJo6palKeuue 

no¢o¢opb1, paCIIOJIO)l(eHHOro BHYTPH IIJIOTHOH ABYCTBopqaTOH paKOBHHhl 

rrneqettororo (pHc. 3). 
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IIoMttMo BhICOKOH »pKOCTH, ,1:1pyroiI OTJmqttTeJibHOH qepTOH peaKTopa HEP-2M 

HBJIHeTCH ero CITeKTpaJibHaH xapaKTepttCTHKa 3HepreTttqecKoe pacITpe,1:1eJieHtte 

HeHTPOHHOfO ITyqKa ITO BpeMeHH. DJiaro,1:1ap» 3TOH oco6eHHOCTil Ha IlCTOqHHKe peaJIH30BaH 

MeTO,[I BpeMeHil ITpOJieTa. HcITOJib30BaHHe 3TOro MeTO.[la ITplI ITpOBe,[leHHil 

pa,1:1ttorpacjmqecKHX IlCCJie,[IOBaHHH HBJIHeTCH O,[IHOH Il3 Ba)lmeiiurnx 3a.z:1aq Ha TeKyUJHH 

MOMeHT, TaK KaK BO MHOfOM KOHTpaCTHOCTb ITOJiyqaeMh!X HeHTPOHHbIX Il3o6pa)l(eHHH 

3aBttCHT OT 3Heprtttt ITa,1:1aIOUJero Ha ofrheKT tt3JiyqeHH». Y)l(e ceiiqac peaJitt30BaHa 

B03M0)1(HOCTb BHeruHeH ClIHXpOHil3al\IllI cpa6aTbIBaHHH 3aTBopa KaMepbl C IlMITYJibCaMil 

peaKTOpa, qTo IT03BOJIIlT BbI6ttpaTb OITpe,1:1eJieHHblH 3HepreTttqecKilH ,[IIlaITa30H Il3 BCero 

BpeMHITpoJieTHOfO CITeKTpa ,[IJIH ITOJiyqeHilH Hatt6oJiee KOHTpaCTHOfO HeHTPOHHOfO 

ll3o6pa)l(eHHH. 

IIpoBe,[leHHbie 3KCITepttMeHTbl ITOKa3aJIIl, qTo CBeTOCHJia Il CITeKTpaJibHM 

xapaKTepttCTHKa peaKTOpa ITpeKpaCHO ITO,[IXO,[IHT ,[IJIH pa,1:1ttorpacpttqecKHX IlCCJie,[IOBaHilH 

ITpOMblIUJieHHblX 

Pa3pa6ornHHa» 

061,eKTOB, 061,eKTOB apxeoJIOflIIl, KOHCTPYKI.\IlOHHb!X MaTepttaJIOB. 

KaMepa ,[IJIH ITOJiyqeHilH HettTpOHHblX Il3o6pa)l(eHHH ITOJIHOCTb!O 

Y.z:IOBJieTBop»eT Tpe6oBaHIIHM K IICCJie,1:10BaHHIO BbillleyITOMHHYThIX 061,eKTOB. YcITeXIl 

ITpOBe.[leHHb!X pa6oT Jierntt B OCHOBY C03,[laHHH OT,[leJihHOfO KaHaJia ITO HeHTpOHHOH 

pa,1:1IIorpacpttII. 

Pa6orn BhIITOJIHeHa ITptt IT0,1:1,1:1ep)l(Ke KOHTpaKrn MAr A T3 N2 l 72 l 7 tt rocKOHTpaKToB 

N202.740.ll.0542 II N216.518.ll.7029 B paMKax <I>e.z:1epaJibHblX l\eJieBbIX ITporpaMM 

«HccJie,[IOBaHHH Il pa3pa60TKil ITO ITpttopttTeTHblM HaITpaBJieHilHM pa3BlITilH HayqHO­

TeXHOJIOfilqecKoro KOMITJieKCa PocCIIIl Ha 2007-2012 fO,llbI» II «HayqHble tt HayqHo­

ITe,1:1arornqecKtte Ka,l:lpb! IlHHOBal\IIOHHOH POCCillI Ha 2009-2013 fO,[lbI». 
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··BHElll{IErO, 3JIEKTPOMAI'HHTHOrO'.H3JiyqEHH.H* 

fL ·P; PaxMoiioi3
1
#, IO. M. lllyiqrnHOB 

JIT<l> HM. H. H. Eoromo6oBa, O11JIH,r: ,[(y6Iia, PoccnH 

<l>HJHKO-TexHnqecKHH HHCTHTYT HM.'C.Y. YMapoBa AH PT, r. ,[(yrnaH6e, TaL\)KHKHCTaH 

AHHOT AIJ;IUI 

IlpoBe,L\eHO' HCCJie,L\oBaHne <paJoBoii L\HHaMHKH CHCTeMbl CBH3aHHbIX 

,L\)K03e<pCOHOBCKHX rrepeXOL\0B IIOL\ ,L\eHCTBHeM BHernttero 3JieKTpOMarHHTHOro 

n3nyqeHHH, PaccqHTaHa BpeMeHimH JaBHCHMOCTh 3JieKTpHqecKoro 3apH,L\a B 

CBepxrrpOBOL\HIIIHX CJIOHX B. o6naCTH OCHOBHOH cryrreHbKH llla1rnpo H ee rapMOHHK. 

BBE,[(EHIIE 

B aHH30TpOIIHblX BbICOKOTeMrreparypHbIX CBepxrrpOBOL\HHKax, TaKHX KaK 

Bi2Sr2CaCu2O8+a, csepxrrpoBOL\HIIIHe H rrpoMe~rnqnble L\H3JieKTpnqecKne cnon 

06paJy10T cncTeMY BHyTpeHHHX ,L\)KOJeqiconoscKIJX rrepexorios (.D:II). B IIOL\06HhIX 

CHCTeMax na6JIIO,L\a-IOTCH BHyTpeHHHH 3<p<peKT ,[()KOJeqicona [I]. AKryMbHOCTb 

HCCJie,L\OBaHHH pa3JIHqHI,IX lpH3HqecKHX CBOHCTB CHCTeMbl BHyTpeHHHX .n:rr 
3aKnIOqaeTCH B TOM, qrn L\O CHX rrop He cy111ecrnyeT e,L\HHOH TeopHH, KOTOpaH Morna 6bl 

ofo,srcnHTb HBJieHne BbICOKOTeMrrepaTYPIWH csepxrrpoBOL\HMOCTH. C rrpaKTnqecKoii 

TOqKH 3peHHH CHCTeMa BHyTpeHHHX .n:rr HBJIHeTCH OL\HHM H3 rrepcrreKTHBHblX 061,eKTOB 

CBepxrrpoBOMIIIeii 3JieKTpOHHKH [2-3]. B qacTHOCTH, llIHpOKHe B03MO)KH0CTH L\JIH 

pa3JIHqHI,IX IIpHMeneHHH rrpe,L\CTaBnHeT o6Hapy)KeHHOe He,L\aBHO L\OCTaTOqHo MOIIIHOe 

KOrepeHTHOe 3JieKTpOMarHHTHOe H3JiyqeHHe H3 CHCTeMbl BHyTpeIIHHX .n:rr B 

Teparep~OBOH o6naCTH qacTOT [4]. OcnOBHbie HarrpasneHHH HCCJie,L\OBaHHH 3,L\eCb 

CBH3aHbl C BbIHCHeHHeM MexaHH3Ma 3Toro H3nyqeHHH H IIOHCKOM HOBblX 

B03M0)KHOCTeii ,L\nH L\MbHeiirnero ysennqeHHH ero MOIIIHOCTH, KOTOpasr IIO IIOCJie,L\HHM 

• Pa6oTa no,1U1epi1rnHa rpaHTOM mum N2 13-302-08 
# rahmonov@theor.jinr.ru, ilhom-tj@inbox.ru 
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.L(aHHblM [5] COCTaBJIHeT OT 150 ,LIO 600 MKBT Ha qaCTOTe 0.5 Tf11 TipHIICTIOJI1,30BaHJUI 

HeCKOJil,KIIX TIOCJie,L(OBaTeJibHO coe,L(IIHeHHbIX CIICTeM BH)'TpeHHIIX .n;n. Oco6b1H: 

IIHTepec Tipe,LICTaBmreT TOT qiaKT, qTQ ll3JIYqeHIIe CB.!I3aHO C OIIpe,L(eJieHHOll o6JiaCT1,IO 

Ha BAX, r,L(e B CIICTeMe .n;n B03HIIKaeT TIPO.LIOJlbHa.!I TIJia3MeHHM BOJIHa (TITIB), 

KOTOpa.!I B pe3yJibTaTe TiapaMeTpIIqecKoro pe3oHaHca C .Ll)K03eq>COHOBCKIIMII 

OCIIllJIIDillll.!IMII TIPIIBO,L\IIT K yaeJIIIqeHIIIO aMIIJIIITY.Llbl 3ap.!I,L\a B caepxTipOBO.Ll.!IIIIIIX 

CJIO.!IX [6,7]. B pa6oTe [3] 3KCTiepIIMeHTaJibHO TIOKa3aHO, qTO B 3TOll o6JiaCTII 

yBeJIIIqIIBaeTC.!I MOIIIHOCTh ll3JIYqeHII.!I ll3 CIICTeMbl BHyTpeHHIIX .n;n. Il03TOMY 

IICCJie.L(OBaHII.!I o6nacTeH: BAX, r,L(e TIO.!IBJI.!IeTC.!I 3ap.!I.L(, .!IBJI.!IIOTC.!I KpaH:He 

aKzyaJibHbIMII. 

B 3TOH: pa6oTe Mbl paccMaTpIIBaeM CIICTeMy CB.!I3aHHbIX ,L()K03ecpcoHOBCKIIX 

TiepeXO.L\OB B paMKax Mo,LleJIII CCJJ+DC [8-9] TIO.LI ,LleH:CTBIIeM BHenrnero 

:meKTpOMarHIITHOro ll3JiyqeHII.!I. B paMKaX 3TOH: MO,L(eJIII CIICTeMa .n;n TIO.LI ,L(eH:CTBIIeM 

BHeIIIHero ll3JIYqeHII.!I OilIICbIBaeTC.!I CIICTeMOll ypaaHeHIIll 

(1) 

r.L(e rp, II v,, COOTBeTcTBeHHO, pa3HOCTI, <pa3 napaMeTpa nop.!I.L(Ka caepxnpOBOMIIIIIX 

JJieKTpo.LIOB II HaIIp.!I)KeHIIe I -ro )];TI, a -napaMeTp CBH3II, I -BHellIHIIH 3JieKTpIIqecKJitt 

TOK, J3 -napaMeTp .L(IICCIIIlaIIIIII. A II m, COOTBeTCTBeHHO, aMilJIIITY.Lla II qacTOTa 

BHenrnero mnyqeHIIH. ,lJ;mr TOro qTQ61,1 noeyqIITh BAX, Mbl pemaeM qIIcJieHHO 

CIICTeMy ypaaHeHIIH (1) MeTO.L(OM PyHre-Kyna qernepTOro nop.!I,LIKa BO apeMeHHOM 

[IHTepaane [0+Tm.x1 npH <pHKCIIpoaaHHOM 3HaqeHIIe TOKa ] II noeyqaeM rp, II V, KaK 

PYHKIIIIH apeMeHII. Y cpe,LIHIIB V1 no apeMeHII, oTipe.L1eJIIIM 3HaqeHIIe HanpH)KeHH.!I npn 

!:(aHHOM TOKe I . 3ap.!I,L1 a caepxnpOBOMIIIeM CJIOe onpe,L1eJI.1IeTC.!I KaK pa3HOCTI, 

mnp.!I)KeHIIH a coce.L(HIIX .n;n. 
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PE3YRhTAThlqHCREHHOrOPACqETA 

Pacqen,1 npoae~em,1 ~mI cTeKa c N = 10 )];II npII a = 0.05 II p = 0.2 t 

nepIIO~Il'leCKIIX rpaHil'IHbIX ycnoBIDIX. IlpII pacqeTe TOK yBeJIIl'IIIBaeTCH 01 

MIIHIIMMbHOro 3Ha'leHIIH I = 0.1 ~o I = 1.1 II o6paTHO yMeHhIIIaeTCH ~o HYM. I< 

6a30BOMY TOKY ~o6aBMeTCH IIIYM c aMnnI1ry~oii <? I = 1 o-s. BpeMeHHoii IIHTepaan ~ 

ycpe~HeHIIH COCTaBMeT 1000 c napaMeTpOM ~IICKpeTI13aJ:.IIIII 0.05, Illar no TOKY paBeE 

0.005, a a IIHTepaane [0.2+1.1] Illar no TOKY COCTaBMeT 0.00001. 

a) 25 

20 

15 

> f d 

10 
d ,,/,.,,-

5 ,--
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12~ ,.,,.~--·,/ -- 6/5 

</ 
--0:2860288029 
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I 

,(b) 25 

20 

> 15l 
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~ '°1/1 
I 

> r . , 
20[ : i ! 

sf-; . J . I 
O 0.5 1 · . 

I I 

o.5 I I 
0 0.3 0.35 0.4 0.45 0.5 

I 
PHc. _I. (a) 80JJbT-3MDepH3H xapa1nepHCTHKa CTeKa C N=IO ,ll,Il DOA AeiiCTBHeM BHemHero 

HlJJy'leHHH C '13CTOTOii ro,=2 H 3MDJJHTYAOii A=0.2; (b) BAX npH TeX lKe napaMeTpax 6e3 BHemnero 

HlJJY'leHHH. 

Ha Pilc.l(a) npIIBe~eHa BAX cTeKa CIICTeMbl .[(II C yqeTOM BHeIIIHern 

3JieKTpOMarHIITHOro Il3ny'leHIIH C YJaCTOTOH ro,=2 II aMnJIIITY~OH A=0.2. Ha 3TOM 

rpacpI1Ke Mbl Bil~IIM OCHOBHYIO cryneHbKY lllam1po ro,=ro1 II rapMOHIIKII ro,=(4/3)COJ, 

ro,=(6/5)ro1 (Ha BCTaBKe K PI1c.l(a)). CryneHbKII lllanI1pO II IIX rapMOHIIKII nOHBJIHIOTCJI 

B pe3yJibTaTe pe30HaHca Me)K')-1)' ~)K03ecpcoHOBCKIIMII OCUIIJIJIH{.IIIHMII II BHeIIIHIIM 

I1JnyqeHI1eM [10]. B KaqecTBe cpaBHeHIIH Ha Pilc.l(b) npIIBe~eHa BAX CIICTeMbI .[(TI 

6e3 BHeIIIHero mnyqeHIDI B TOM )Ke IIHTepaane, YJTO II PI1c.l(a), a Ha BCTaBKe K Pilcl.(b); 

npI1Be~eHa nonHaH BAX • .[(nH Toro, YJT06b1 I1ccne~oaaTh 6onee ~eTanhHO noae~eHI1e · 

CIICTeMbl no~ ~eHCTBileM BHeIIIHero Il3JiyqeHIIH, Mbl IICCJie~OBanII apeMeHHYIO 

3aBIICHMOCTb 3ap~a B caepxnpoBOMIUHX CJIOHX. 
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PHc.2 (a) ,neMOHC'fl)HpyeT BAX H BpeMeHHYIO 3aBHCIIMOCTh 3apsma B 

cBepxnpoBO.LVIIUIIX cnosrx B o6nacTH «a» PIIc.l(a). B :noii: o6nacTII B03HHKaeT IIIIB. 

Pe30HaHC Me)l()zy _n)K03eq>COHOBCKIIMII OCU:HililHU:HHMII II IIIIB npIIBO,nHT K pocry 

aMIJnHry,nhI 3ap~a B CBepxnpOBO.!VIIUHX CilOHX. Pacnpe,neneHIIe 3apsr,na B,nOilh 
I 

CBepxnpoBO.LVIIUIIX cnoeB, npHBe,neHHoe Ha PHc.2 ( d), ,neMOHC'fPHPYeT IIIIB c .nmrnoii: 

).=10 B,non1, cTeKa ,ll;II. IIoxo)Kee srBneHHe npoHcxo,nIIT II B o6nacTH «b» PIIc.l(a), 

KOTOpoe npo,neMOHCrpIIpoBaHo Ha PIIc.2 (b ). B :noii: o6nacTH TaK)Ke nosrBnsreTCH IIIIB 

c ,nnIIHOii: ).=10 (CM. PIIc.2 (e)). 

a! b C 

3E-06 
0,436 0.4365 o."lo.a 0.387 0.3875 o,%., 0.030.3 o.ao1 0.302 0.303 0 304 0.30f3.6 

0.01 

2E-06 
~,. 

20 0.02 A..O.!O. 20.6 .lli~IO. 0.005 0""101 
1E-06 ~.,(),2 19.9 0.01 13.4 

0 0 0 0 198 > 0 0 > _, 
·IE-O6 ,\,o(Jll/, 19.7 -0.01 13.2 ,..-m 

20 ·0.005 ,,,,o~. 
-2E·06 ,..,, 

196 -0.02 

Puc. 2. a) BAX II BpeMe1111an JaBHCHMOCTb 3apn11a B o6JiaCTH «a» P11c.l(a); b) Tolll:e caMoe B 
o6JiaCTH «b» P11c.l(a); c) Tolll:e caMoe B o6JiaCTH «c» P11c.l(a); d) Pacnpe11eJie1111e 3apn11a B 

cBepxnpOBO/IHII.IIIX CJIOHX B/IOJib CTeKa B o6JiaCTII «a»); e) TOlll:e caMoe B o6JiaCTII «b»; t) TOlll:e 
caMoe B o6JiacTH «c». 

PIIc.2(c) IJOKa3bJBaeT BAX II BpeMeHHYIO 3aBIICIIMOCTh 3apsr.na, COOTBeTCTBYIOIUIIe Ha 

rapMOHIIKe OJ, =(4/3)wJ(o6nacTb «c»). B 3TOR o6nacm Mhl Ha6n10.naeM ,nBORHOll 

pe30HaHc: B CTeKe IJOHBnHeTCH IIIIB, KOTopasr pe30HIIpyeT C _n)K03eq>COHOBCKHMII 

OCU:IIIlnHU:HHMH, qTQ npIIBO,nIIT K pocry aMnnIIry,n1,1 3apsr.na B CBepxnpoBo.nsrmIIX cnosrx; 

pe30HaHC Me)l()zy BHeIIIHIIM II3nyqeHIIeM II _n)K03eq>COHOBCKHMII OCU:IIIlnHU:IIHMII 

npHBO,nIIT K IJOHBneHIIIO cryneHbKII. Pacnpe,neneHIIe 3apsr.na B,nOnh CTeKa (PHc.2(f)) 

,neMOHCrpIIpyeT, qrn MIIHa 3Toii: IIIIB paBHa ).=2. ,ll;Boii:Hott pe3oHaHc B o6nacm 

OCHOBHOii: cryneHhKII lllanIIpO 6bm npo,neMOHC'fPIIpOBaH HaMH B pa6oTe [11]. 
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3AKJIIOqEUHE 

B HaCTO.!IIUeii: pa6oTe Mhl paCCtJl:UaJIH BAX H BpeMeHHbie 3aBHCHMOCTH 3ap.11.na B 

csepxnpOBOMIUHX CJIO.!IX. M1,1 IIOKa3aJIH, tJTO II0.1:{ ,neii:CTBHeM BHerrrnero ll3JIYtJeHH.!I B 

CHCTeMe o6pa3yIOTC.!I .1:{0IIOJIHHTeJibHhle BOJIHJ,I B o6naCTH OCHOBHOH cryneHbKH 

lllannpo H ee rapMOHHK. TaIOKe Mhl npo,neMOHCTpllpOBaJIH HaJIHtJIIe .1:{BOHHOro 

pe3oHaHca B o6nacTII rapMOHIIKII. Pa6om BhIIIOJIHeHa npII no.n,nep)KKe rpaHrn OHJUI 

.[{JI.II MOJI0.1:{hIX y11eHbIX II0.1:{ HOMepoM N!! 13-302-08. 
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BJIIDIHHE BLICOKoro ,[(ABJIEHIDI HA 

KPHCTAJIJIHqECKYIO If MArHHTHYIO CTPYKTYPY 

CJIO)KHOrO KOBAJILTHTA YBaCo20 5.5* 

Z. Jirak
1 

, C. E. I(nqaHOB
2 

, ,n:. II. Ko3JieHK0
2 

, E. B. Jly1<Im
2 

, A. B. PyTKaycKac
2 

, 

E. H. CaneHKo
2 

1
lnstitute of Physics, Prague, Czech Republic 

2
JIH<l> HM. 11.M. <l>paHKa, 011.HJ.1, r. ,ll;y6Ha, Poccmr 

I1ccJie,l(OBaHHH CJIO)KHLIX OKCH.l(OB K06aJILTa BLI3LIBfilOT IIIHpOKHH HayqHLIH HHTepec 

B CBH3H C 6oJILlliHM pa3Hoo6pa3HeM q>HJHqecKHX HBJieHHH, Ha6JIJO,l(aeMLIX B 3THX 

coe,l(HHeHmrx: CTp)'KTypHLie ll MarHHTHLie q>a30BLie rrepeXO,l(LI, ll3MeHemre CIIHHOBLIX 

COCTOHHHH HOHOB K06aJILTa, rHraHTCKOe MarHeTOCOIIpOTHBJieHHe [1- 3]. 3To ,llenaeT 

OKCH,l(LI K06aJILTa rrepcrreKTHBHLIMH MaTepHaJiaMH ,l(JIH npOH3BO,l(CTBa TBep,llOTeJILHLIX 

TOIIJIHBHLIX 3JieMeHTOB, aJILTepHaTHBHLIX llCTOqHHKOB 3HeprHH, KaTaJIH3aTopoB [3]. 

B IIOCJie,l(Hee BpeMH B03poc HHTepec K HCCJie,l(OBaHHHM aHHOH-,lletpHIIHTHLIX 

CJIO)KHLIX OKCH.llOB Ko6anLTa RBaCo20 6_0 (r,lle R = Pr, Nd, Gd, Tb, Dy, Ho, Y ••. ). 

XapaKTepHOH oco6eHHOCTLIO KpHCTaJIJIHqeCKOH CTp)'KTyphl TaKHX K06aJILTHTOB 

HBJIHJOTCH qepe,llyJOru:HeCH IIJIOCKOCTH KHCJIOpO,llHLIX OKTa3,llpOB ll IIHpaMH,ll, qTO 

OKa3LIBaeT CHJILHOe BJIHHHHe Ha HX MarHHTHLie H TpaHcrropTHLie CBOHCTBa [3]. 

Ko6anLTHT YBaC02Os.s HMeeT opTOpoM6HqecKyJO CTPYKTYPY c rrpocTpaHcTBeHHOH 
/ 

rpynrroii Pmmm [2]. ,ll;aHHaH CTp)'KTYPa coxpaHHeTCH BO BCeM llCCJie,llyeMOM 

,llliaIIa30He TeMrreparyp OT 10 K ,l(O 300 K. 

MarHHTHaH CTp)'KT)'pa 3TOro coe,l(HHeHHH HOCHT ,l(OBOJILHO CJIO)KilhlH xapaKTep [2]. 

TaK, rrpH IIOIIH)KeHHH TeMrrepaTyphl, B coe,l(HHeHHH YBaC02Os.s Ha6JIJO,l(aeTCH 

MarHHTHoe q>aJOBoe paccnoeHHe, xapaKTepH3yJOIIIeecH cocymecTBOBaHHeM 

KOJIJIHHeapHoii aHTHtpeppoMarHHTHOH (A<l>M) q>a3LI G-THrra H neKOJIJIHHeapHoii 2c­

A<l>M q>a3LI [2]. B rrepBOH - K06aJILT B OKTa3,llpHqecKOM OKpy)KeHHH q>OpMHpyeT 

MarnHTHyJO cTpyKTYPY G - THrra. B TeTpro.llpHqecKOM OKpy)KeHHH HOHhl Ko6an1,rn 
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HaXO.IVITCR B BC COCTORHIUI, a B OKTa3,!l;pll'ICCKOM - n CMernaHHOM, BO BTOpoii 2c -

qJa3e, MarHHTHbie MOMCHTbl llOHOB K06aribTa HaXO.IVITCR B TCTpa3,D;pli'ICCKOM 

OKpy,KeHHH Kucrropo.n;a u ynop11.n;oqeHhI B c1mparrbHYIO CTpYKTYPY· 

H3BCCTHO, qTQ MarHHTHM CTpYKTYPa CJIO)KHblX OKCH,!l;OB K06aribTa oqeHh 

qyBCTBHTCJihHa K npuKJia,!l;hJBaeMblM BbICOKllM .n;a~JICHHRM. 3TO CBR3aHO C TCM, qTQ 

.n;anrreHne 11BJI11CTC11 npRMblM MCTO,!l;OM KOHTpOJIHpOBaHHOro ll3MCHCHH11 MC,KaTOMHbIX 

CB113CH ll BarICHTHblX yrrroB - napaMeTpOB BJIHRIOIIJHX Ha MarHHTHYIO IlO,!l;CllCTeMy 

K06arihTHTOB. B .n;aHHOH pa6oTe 6blJIH npose.n;eHbl nccrre.n;oBaHHR KpHCTarIJIHqecKOll. 

MarnnTHOH CTpYKTYPhl coe.n;nHeHn11 YBaC0205.5 B TeMnepazypHOM .n;nana10He l O -

300 Kn .n;asrreHn11x .n;o 5.6 rrra. ~aHttoe coe.n;ntteHne 6bmo rronyqetto crnH.n;apTHhIM 

MeTO,!l;OM TBep.n;oqia3HOH peaKJJHH: roMoreHH3HpOBaHHaR CMeCb HCXO,!l;HblX peaKTHBOB 

Y203, BaC03 n CoO, rrpnroTosrreHHM B Heo6xo.n;nMoii cTexnoMerpnqecKoii 

rrporropuun rrpoKarrnsarrach rrpn 800' C, JaTeM rrpeccosarrach B rn6rreTKH n crreKarracb · 

rrpn TeMrrepazype 1000 ' C B _Teqettne 50 
I
qacos n Me.n;rreHHO oxrra,K,!J;arracb B 

B03,D;ylllHOH cpe.n;e. 3aTeM rrorryqeHHblH rrpo.n;yKT ,!l;OIIOJIHHTeJihHO OT,KHrarrc11 24 qaca ·. 

rrprr TeMrrepazype 600 'C B KHcrropo.n;Hoii aTMocqiepe. 

3icrrepnMeHT 110 HCHTpOHHOH ,!l;HqJpaKIJllll npOBO,!l;HJICjj Ha crreKTpOMeTpe ~H - 12 

nMrryrrhcttoro BhICOKorroToqHoro peaKTopa U6P-2M (JIH<I> HM. H.M. <I>paHKa, OIUIH, 

~6Ha) C HCIIOJib30BaHHeM KaMepbl BblCOKOro .n;anrreHHR C carrqinpOBblMH 

HaKOBaribHRMH. ~nqipaKIJHOHHhle crreKTpbl ll3MepRJIHCb rrpn yrrrax pacceRHHR 20 =. 

45.5 ° ll 90 ° C pa3perneHHeM ~d/d=0.022 ll 0.015. XapaKTepHoe BpeMR ll3MepeHH11 

O,ll;HOro crreKTpa - 24 qaca. HH3KHe TeMrrepazypbI C03,D;aBarIHCb C IIOMOIIJb!O . 

crreurrarrmrrposaHHoro KpnocTaTa Ha 6a1e rerrnesoro peqipn,Keparnpa JaMKHyroro 

IJHKJia. AHarrH3 .n;attHhIX 11poso.n;nrrc11 c rroMOIIJhlO rrporpaMM MRIA [ 4] 

(KpncTarrrrnqecKM crpyKzypa) n FullProf [5] (MarnHTHM crpyKzypa). 

Ilpn nccrre.n;oBaHHH KpHCTaJIJrnqeCKOH ll MarHHTHbIX CTpYKTYP ycTaHOBJieHO, qTQ BO . 

sceM nccrre.n;yeMoM .n;narraJoHe .n;asrreHnii CTpYKTYPHhIX qiaJOBhIX rrepexo.n;os He 

o6Hapy,KeHo. Ilpn .n;asneHnn Ha6rr10.n;aeTc11 110.n;asrreHne MarnttTHhJX qia1 2c- u G-rnna 

C pa3JillqHblMH 6apnqecKHMH K03qJqJHIJHCHTaMH. 3TO MO)KeT 6bITh CBR3aHo C 
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aHI:130lpOilHen C)KaTHH KHCJIOpO,nHIJX OKTa3,npoB H nupaMH,n BOKpyr HOHOB K06am,Ta, 

'ITO IlpHBO,nHT K yMeHhilieHHIO KOH{leHlpaI.(HH HOHOB K06aJihTa B BhlCOKO-CilHHOBOM 

COCTOHHHH, a KaK CJie,nCTBHe yMeHI.IlieHHe ynopH,no11eHHOro MarHHTHOro MOMeHTa. 
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HCCJIE,ll;OBAHHE ATOMHOH H MArHHTHOH CTPYKTYPbl 

La213Pb113Mn1-xCox03 METO,ll;OM HEHTPOHHOH ,[l;H<l>PAKU:HH 

A.M. EanarypoB
1
, M.A. Eo6pHKoB1, T.T. JioaH

2 

1 
JIH<l> HM. H.M. <l>paHKa, OIUIH, r. ,ll;y6Ha, Poccmr 

2 
XaHoiiCKHH nay11m,rii TeXHHtJeCKHii yHHBepcHTeT, r. XaHoii, Br,eTHaM 

BBE.ll,EHIIE 

HHTepec K CJI0)KHI,IM MarHHTHI,IM 0KCH.!(aM MapraHI.(a co CTpYKTYPOH rrep0BCKHTa, 

B03HHKlllHH 0K0JI0 15 JieT Ha3a,n, rrpo,n0JI)KaeT 0CTaBaTbCH BbIC0KHM, 'ITO CBH3aH0 C HX 

Heo6r,r11HbIMH q>II3H1IeCKHMH CBOHCTBaMH II pa3H006pa3HI,IMH rrpaKTII1IeCKHMH 

rrpHMeHeHIIHMH. B rrocne,nHee BpeMH 3a,naqa II0HCKa coe,nHHeHHH C MaKCHMaJibH0 

BI,IC0KHMH TeMrrepaTYPaMH cpeppoMarHHTHOro yrropH,notJeHHH II rrepexo.na B 

rrpoB0,nHil.(ee C0CT0HHHe 0CTaeTCH aKTYaJibHOH. B '.HOH CBH3H oco6oe BHHMaHHe CTaJI0 

y,neJIHTI,CH C0CTaBaM co CBHHU0M, T.K. 6r,mo o6Hapy)KeHO, 'ITO y coe,nHHeHHH 

La0_67Pb0.33MnO3 TeMrrepaTYPa rrepexo.na B <l>M cocT0HHHe 3aMeTH0 rrpeBr,1rnaeT 

K0MHarnyro, a HMeHH0, Tc-;:;:, 340 K [l]. 

CpaBHHTeJibHO He,naBH0 6bIJIH HatJaTI,I HCCJie,noBaHIIH C0CTaB0B MaHraHHT0B, 

BKJIIOtJaIOil.(HX CBHHeu, C 0.!(H0BpeMeHHbIM 3aMell(eHHeM MapraHua Ha H0HI,l .npyrHX 

rrepeX0.!(HI,IX MeTaJIJI0B, B 0CH0BH0M Ha Co, pa,neyc K0T0poro 6JIII30K K pa).(Hycy Mn [2, 

3, 4]. Ho .no CHX rrop, 0,!(HaK0, HeHTpOHHblX CTpYKTYPHbIX HCCJie.D;0BaHHH C0CTaB0B 

MaHraHHT0B C .!(0IIHp0BaHHeM CBHHU0M II C 11aCTH1IHblM 3aMell(eHHeM Mn Ha Co 

BblII0JIHeH0 He 6r,mo. CooTBeTCTBeHHO, 0TCYTCTByeT IIHq>OpMaUHH 0 II0Be,neHHH 

yrropH.D;0tJeHH0ro MarHHTHoro M0MeHTa n BJIHHHHH CBHHUa II Ko6anr,Ta Ha CTpYKTYPY 

KHCJI0p0.D;Horo 0Kpy)KeHHH H0H0B MeTaJIJia. 

B HaCTOHil.(eii pa6oTe rrpe,ncTaBJieHbl pe3yJII,TaTbl HeHTpOHHI,IX CTpYKTYPHbIX 

HCCJie,noBaHHH cocTaB0B La213Pbl/3Mn1-xCoxO3 c x = 0.15, 0.2 H 0.25 (,nanee LPMCO-x), 

'ITO II03B0JIHJI0 II0JIY1IHTI, rrpeUH3H0HHbie ,naHHI,Ie 06 HX aTOMHOH H MarHHTHOH 

CTpyKzype. 

3KCIIEPIIMEHT 
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O6pa:n~1,1 La213Pb113Mn1-xCOxO3 e x = 0.15, 0.2 II 0.25 6wm rrpIIrOTOBJieHbI 

eTaH.l(apTHbIM MeTO,!(OM TBep.l(OTeJibHOll peaKUIIII, IIO.l(p06HO OIIIIeaHHOll B pa6ornx [4]. 

PeJyJibTaTbl IIJMepe11m1 eorrpOTIIBJieHIIH II eIIHXPOTPOHHbIX 3KerrepIIMeHTOB 

IIeeneeyeMblX o6pa3UOB rrpe.l(eTaBJieHbl B pa6oTe [4]. HeiiTPOHHble .l(II<ppaKUIIOHHble 

3KerrepIIMeHThl rrpoBe.l(eHbI Ha IIMIIYJibeHOM peaKTope HEP-2 B O11:JIH. Ha <pyp1,e­

.l(II<ppaKT0MeTPe BbieOKOro pa3peweHIIH (<I>,ll;BP) rronyqeHbl .l(aHHble ,!(JIH eoeTaBOB e X 

= 0.15 II 0.25, KOTOpble IIeIIOJib30BaJIIIeb ,!(JIH YTOqHeHIIH IIX aTOMHOll eTPYKTYPbl rrpII 

KOMHarnoii TeMrreparype, a Ha .l(II<ppaKToMeTPe epe.l(Hero pa3peweHIIH ,ll;H-12 - .l(JIH 

eoeTaBOB e X ?0.20 II 0.25 B WIIpOKOM IIHTepBaJie TeMrreparyp, qTO II03BOJIIIJIO 

orrpe,!(eJIIITb IIX MarHIITHYIO eTPyKrypy. IlonyqeHHble .l(Il<ppaKUIIOHHhle erreKTPbl 

o6pa6aTblBaJIIleb IIO MeToey PIITBeJib,!(a e IIeIIOJII,JOBaHI1eM rrporpaMMHbIX rraKeTOB 

Fu11Prof[5] II MRIA [6]. 

PE3YJihTATbl H HX OliCYJK,ll;EHHE 

IlonyqeHHI,Ie o6pa6oTaHHbie peJyJibTaTbl IIOKaJaJIII, qTO B ,!(IIaIIaJOHe TeMrreparyp 

20 - 300 K HeJaBI1eI1MO OT eo,!(ep)l<aHIIH Co Bee eoeTaBbI LPMCO-x IIMeIOT eTPYKTYPY 

enerKa I1eKa)l(eHHOro rrepoBeKIITa e poM603.l(pIIqeeKOll rrpoeTPaHeTBeHHOll 

eIIMM~IIeii (rrp. rp. R-3e, rrapaMeTPbI JJieMeHTapHoii HqeiiKII a:::: 5.49 A II a:::: 60.4°). 

AToMhl paerronaraIOTeH B rroJIIUIIHx: La/Pb (l/4, 1/4, 1/4), Mn/Co (0, 0, 0), 0 (x+l/4, -

x+ 1/4, 1/4). 3aBIIeIIMoem paeeTOHHIIH Mn/Co-0 OT TeMrrepaTypbl ,!(JIH IIeeJie.l(yeMblX 

o6pa3UOB IIOKaJaHbl Ha pIIe. la. IlpII poM603.l(pIIqeeKOll eIIMMeTPIIII, OKTa3.l(pbl 

(Mn/Co )06 HBJIHIOTeH peryJIHpHbIMII, T.e. Bee paeeTOHHIIH Mn/Co-0 O.l(IIHaKOBbI II 

rrpaKTI1qeeKI1 He JaBileHT OT Te11,rneparypb1. 

B .l(II<ppaKUIIOHHOM erreKTPe eoeTaBa ex= 0.15, IIJMepeHHOro Ha <l>,ll;BP e BbieOKIIM 

pa3peweHIIeM, Ha6JIIO,!(aeTeH paeiuerrJieHIIe HeKOTOpbIX IIIIKOB. IlOIIbITKll ero 

IIHTeprrpeTaUIIII KaK IIOHil)l(eHIIe eIIMMeTPIIII KpileTaJIJIIlqeeKOll peweTKII He 

yseHqaJIIleb yerrexoM. Hao6opoT, rrpe.l(rrorro)l(eHIIe o eoeyiueeTBoBaHIIII .l(Byx 

lI30eTPYKTYPHbIX <pa3 Il03BOJIIIJIO ,!(OeTaTOqHo xopowo OIIIIeaTb .l(II<ppaKUIIOHHbie 

,!(aHHbie (pile. 16). O6e <paJhl poM603.l(pI1qeeKI1e e oqeHb 6JIII3KIIMII JIIIHellHblMII 

napaM~aMII (a= 5.4840 A II a= 5.4858 A) II HeMHoro pa3HbIMII yrnaMII poM603.l(pa 
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(a= 60.30° n a= 60.58°). O6e <pa:n,1 3aHHMaIOT noqTn panm,1e ,nonn B o6beMe 06pa311a 

(60% H 40%), npnqeM B nepBOH <pa3e COOTHOIIleHHe Mn/Co COOTBeTCTByeT 3a,naHHOMY, 

T.e. 85/15, TOr,na KaK BO BTOpOH OHO Ha 25% 6onhllle. 

HeHTpOHHhie .L{H<ppaKIIHOHHbie ,naHHhie no3BOITHIOT O,L{H03HaqHo yrnep)K.L{aTh, qTo, 

no KpaiiHeii Mepe, B ,nnana3oHe . x OT 0.15 ,no 0.25 B nccne,nyeMhIX cocrnnax 

Ha6n10,naeTCH TOilhKO <peppoMarHHTHhlH nopH,nOK B HanpaBneHHHX MOMeHTOB MapraH11a 

HK06MhTa. 

1.98~------------~ ,. 

LPM(~0-0.!'I_ ) : ~ 
1.97[ LPMC0-0.2 

)1.96 -~--: ~.·. ! 
L9S LPr-..•1CO-fJ.IS 

L
94

0 50 100 ISO 200 250 JOO 

r,K 

~ 
§ 

I 
:,: 

I .aPl,lbeJlMn.,~icoo l.\o) 

T"'293 K 
,111erfia·1bl 

16 

2.21 2.22 2.23 2.24 2.25 2.26 2.27 2.28 

d.A 

Pnc. la. PaCCTOHHHH Mn/Co - 0 /VIH o6p33UOB c x = 0.15, 0.2 H 0.25 e JaBIICHMOCTII OT 
TeMnepuyp1,I. ,n:a1111L1e AJIH 06pa3uoe c x = 0.2 11 0.25 noJiy'leHLI Ha .ll:H-12. )];a1111L1e AJIH o6paJua c 

x = 0.15 (11 AJIH x = 0.25 np11 T = 300 K) noJiy'leHLI na «l>)];BP. 
P11c. 16. Onuca1111e y'laCTKa nmj>paKu11011uoro cneKTpa, HJMepennoro na 11>.ll:BP. 

H11KaKHX npH3HaKOB aHTH<peppoMarHHTHoro ynopH.noqeHHH He o6Hapy)KeHo. 

BennqnHhl MarHHTHhIX MOMeHTOB yToqHHllllCh MH COCTaBOB c x = 0.2 n 0.25 no 

,naHHhIM, nonyqeHHhIM Ha .nnqipaKTOMeTpe )J;H-12. IloCKOllhKY aTOMhl MapraH11a n 

K06anhTa 3aHnMaIOT o,ntty 1-1 TY )Ke n03lilllIIO, TO onpe,nenHnCH TOllhKO cpe,nHHH 

MarHlITHhlH MOMCHT ,nnH 3TOH n03lllllilI. TeMneparypHoe none,neHne ynopH,noqeHHoro 

cpe,nHero MarHlITHOro MOMeHTa He lIMeeT KaKlIX-nn6o oco6eHHOCTeH n ,L{nH ero 

onncaHHH B II1npoKoM ,nnana3oHe TeMneparyp ncnonh30Banach <peHOMeHonornqecKM 

3aBHClIMOCTh µ(1) = µ(0)[l - (TIT0)q]p (pnc. 2). ,ll;nH 3TlIX ,nnyx cocrnnoB nonyqeHhI 

3HaqeHHH µMn1co= (3.32 ± 0.17)µs.nnHx= 0.2 n µMn/Co= (3.64 ± 0.ll)µs.nnHx= 0.25. 
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Pnc. 2. 3aBHCHMOCTH OT TeMneparypLI cpei.nero ynopHA0'leHH0ro MarHHTHoro M0MeHTa B­
KaTH0Ha B La213Pbl/3MD1-xCo .. O3 AJJH x = 0.2 H 0.25. 

3AKJIIOqEHHE 
)~.1nr LPMCO c x = 0 TeMneparypa nepexo.na MeTaJIJI - .Z{Il3JieKTpIIK, T MI, 6JIIl3Ka K 

TeMneparype KropII II cocrnam1eT TM,;::: Tc;::: 340 K [I]. IlpII 11acrn11HOM 3aMemeHIIII 

Mapram.1a Ha Ko6am,T, T.e. B coe,nI1Hemrnx LPMCO-x, Tc 6I.ICTPO yMeH1,111aeTcJI (Tc = 

290 K ,n.JIJI x = 0.2 II Tc= 277.5 K .Z{JIH x = 0.25), HO TM1 yMeH1,111aeTCH eme 6i,1cTPee 

(TM,= 110 K ,nJIJI x = 0.2 II TM,= 66 K ,n.JIJI x = 0.25) [4]. Ilpe,nnonaraa111I1ecJI paHee 

CTPYKJYPHhle npil'IIIHbl 3TOro JIBJieHIIJI IlOKa He HaIIIJIII no.nrnep)l(,!leHIIJI - Il3 HaIIIIIX 

,naHHblX CJie.nyeT, 'ITO HII B 0.Z{HOM Il3 Il3y'IeHHblX COCTaBOB B ,nilana30He OT ~ 20 K .no 

KOMHaTHOH TeMneparyphl CTPYKJYPHhlX q>a30BhlX nepexo,noa HeT, a B 3aBIICIIMOCTII 

ynopJI,nO'IeHHOro MarHIITHoro MOMeHTa OT TeMneparyphl KaKI1e-JII160 oco6eHHOCTII 

OTCYTCTBYIOT. Ha6JIIO,naa111eecJI B COCTaBe C X = 0. I 5 paCCJIOeHile Ha ,nae 

Il30CTPYKTypHhle qla3hl C HeCKOJibKO pa3HOH CTeXIIOMeTPI1en: TaIOKe He MO)KeT 6hlTb 

ocHOBHOH npil'IIIHOH 6on1,111oiI pa3Hil11hl a TM1 II Tc. 

CooTBeTCTBeHHO, CJie.nyeT npI13HaTI., 'ITO e,nI1HCTBeHHOH pea.JII.HOH npil'IIIHOH 

CIIJII,HOH 3aBIICIIMOCTII TM! II Tc OT X JIBJIJieTCJI KOHKpeTHOe CilIIHOBOe II 3apJI,noaoe 

COCTOJIHile IIOHOB K06a.JII.Ta. Y)Ke KJiaCCil'IeCKIIM npIIMepOM IIX BJIIIJIHIIJI Ha 

CTPYKJYPHhle II MaKpocKOnI111ecKI1e caon:crna HBJIHeTCH LaCoO3, a KoTopoM cnIIHOBoe 

COCTOJIHile Co
3+ onpe,ne.JIJIJIO CBOHCTBa coe,nI1HeHIIJI [7]. B my11eHHhlX HaMII COCTaBaX 

co,nep:)l(aHile K06a.JII.Ta HeBeJIIIKO (x :S 0.25) II aepOHTHO, 'ITO ero BJIIIJIHile Ha CTPYKTypY 

OrpaHil'IJIBaeTCJI JIOKaJibHhlM ypOBHeM. IIccJie,noaaHile 3TIIX IIHTepeCHhlX coe,nI1HeHI1H 

MeTO,naMII, Il03BOJIJIIOIUIIMII IlO'IYBCTBOBaTb JIOKaJibHhlll CTPYKJYpHblH 6ecnopJI,nOK 
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(EXAFS), rnrn aHamn cocTaBoB c 6om,mHM co.[(ep)I<aHHeM Ko6anhTa, B03M0)KH0, ' 

Il03B0JIHT Il0IUlTh MHKp0CK0nHqeCK)'IO npHqHHY Ha6JIIO,[(aeMhIX 3<p<peKTOB. 
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MAJIOYr JIOBOE PACCEHHIIE HA ,ll;IICIIEPCHbIX 

CIICTEMAX C ,ll;II<l><l>Y3HOH rPAHII:QEH PA3,ll;EJIA <l>A3 

M.B. AB,n;eeB1, B.JI. AKceHOB3, JI.A. Eynamrn2, A.B. ToM'iyK1'2# 

1
JIH<I> JIM. 11.M. <l>paHKa, OIUIM, r. )fy6Ha, Poccm1 

2.KJieBCKJiii Hal.(IIOHanhHbiii ytt11Bepc11TeT JIM. Tapaca IlleBqeHKO, r. KtteB, YKpattHa 

3HMU: "KypqaTOBCKHii JIHCTIITyT", r. MocKBa, Poccm1 

AHHOTAIJ;IDI 

PaccMorpeHhI oco6eHHOCTJI ManoyrnoBoro pacceirnm1 Ha nonJI,n;ttcnepcHbIX 

qacTJII.(ax C ,n;mpqiy3HOH IlOBepXHOCTbIO. Bb1,n;eneH cnyqaii Manoro noKa3aTem1 

,n;mpq>y3HOCTJI. IIpoaHanJI3HpoBaHbl B03MO)KHOCTJI aHanJI3a nontt,n;JicnepCHOCTJI B TaKIIX 

CHCTeMax. PaJBJITblll no,n;xo,n; HCnOilb30BaH ,n;m1 omi:caHmI .n;aHHblX ManoyrnoBoro 

pacceJIHHJI HeiirpOHOB .n;mI )KJI,Zl;KHX ,n;11cnepcttii ,D;eTOHal.(UOHHblX HaHOallMaJOB, qTo 

noJBOnJIIlo onpe,n;enJITh napaMerphl pacnpe,n;eneHmI no pa3MepaM HaHOKpJICTannJITOB 

anMaJa. O6cy)K,D;aIOTCJI npJiqifHbl OTilJiqJIJI pa3MepoB, nonyqeHHblX B pa3HbIX 

,n;11qipaKI.(JIOHHbIX MeTO,n;JIKax. 

BbICOKO,n;JICnepcHhie CJICTeMbI B 6onbIIIJIHCTBe cnyqaeB ( oco6eHHO B npaKTifqeCKJIX 

IlpHMeHeHmix) COCTOJIT 113 HeO,n;HopO.n;HblX {MHOrOKOMnOHeHTHbIX) nonH,n;JICnepCHbIX 

HaHoqacrnu u IIX arperaTOB. IlpH JICcne.n;oBaHHH TaKHX CJICTeM JI OI.(eHKJI JIX 

crpyKTypHhIX xapaKTepttcTJIK nocpe,n;crnoM Manoyrnosoro pacceJIHJIJI (peHTreHOBCKoe 

ll3nyqeHJie, TennOBhie HeiirpOHbI) BCTaeT Bonpoc, HaCKOilbKO q>aKTop 

nonH.n;HcnepcHOCTJI BilJIJieT Ha onpe,n;enJieMble napaMerpbI. YqeT nonH.n;JicnepcHOCTH 

paccMarpHBanCJI He.n;aBHO [I] .n;mI O.n;HOpO,n;HbIX qaCTHI.( JI JIX KnacTepoB, pacceJIHJie Ha 

KOTOpbIX onHChIBaeTCJI Y~HBepcanbHbIM 3KCnOHeHI.(HallbHO-CTeneHHbIM 

np116IlJI)KeHJieM [2]. ,lvIJI cpaBHeHHJI CTeneHJI non11.n;11cnepCHOCTH B paMKax pa3nJiqHblX 

MO,n;eneii 6blllO npe,n;no)KeHO JICilOilb30BaTb HeKOTOpyro YHJIBepcanbHyIO BenJiqifHY -

JIH,n;eKC nonJI,n;JicnepCHOCTH. ,ll;M CIICTeM C HeO,n;Hopo,n;HhlMJI no crpyKType qacTJII.(aMJI 

c11ryaumi ycnO)KHJieTCJI, JI .n;aHHblll no,n;xo,n; He MO)KeT 6bITb HCnOilb30BaH HanpHMYIO. 
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B HaCTomueii pa6oTe Mbl paccMaTp1rnaeM Bmrnm1e IIOJIH}]JICllepcHOCTH Ha' 

pacce.!IHHe tJaCTHU, HeO}J;HOpO,n;HOCTb KOTOphlX 011pe,n;eJ1.1IeTC.!I T.H. }J;H<p<py3H0ll, 

IIOBepXHOCTbIO: 

{

Po, O<r<R-d, 

p(r)= R-r P 
Po ( d) , R-d < r < R, 

(1) 

r.n;e r - paCCTO.!IHHe OT ueHTpa tJaCTHUbl, R - pa,n;Hyc tJaCTHUhl, d rrmpHHa. 

rrepexo.n;Horo crro.sI Ha rpaHHue pa3,n;erra "tJacmua-pacTBopHTerrh", p0 - II.[(P' 

o.n;Hopo.n;Horo ".sI,n;pa" tJacTHUhl. IloKaJaTerrh /J rre:)ImT B rrpe.n;errax OT O .n;o 1. IloKaJaHo 

[3), 'ITO aCHMIITOTHKa MarroyrrroBoro pacce.!IHH.!I AJl.!I tJaCTHU c rrpocpHrreM THlla (1); 

HMeeT BH.n;: 

l(q) =Bq-(4+2P) . (2) 

PactJeT cpe,n;HHX pa3JIHlJHblX CTelleHeii R }];JI.II ,n;aHHOro rrpo<pHJl.!I .n;aeT }J;OBOJlbH0 

rpOM03.l];KHe Bblpa)KeHH.!I. Hx llp.!IMOe HCIIOJlb30BaHHe rrpH o6pa60TKe 

3KCrrepHMeHTaJlbHblX ,n;aHHblX rrpaKTHtJeCKH HeB03MO)KH0 H3-3a CJIO)KHOH 3aBHCHMOCTH 

OT rrapaMeTpOB d II /J. O,n;HaKo, eCJIH /J Marro ('ITO tJaCTO BCTpetJaeTC.!I Ha rrpaKTHKe), 6e3 

3HatJHTerrhHOro mMeHeHH.!I HHTepcpeiica MO)KHO rrorro)KHTh d = R (PHc.1). Tor.n;a 

rrpo<pHJlb (1) rrpHHHMaeT BH,n;: 

p(r)=p0 (l-r1Rt, O<r<R. (3) 

TaKa.sI 3aMeHa HMeeT }];Ba Ba)KHblX rrpaKTHtJeCKHX crre,n;CTBH.!I. Bo-rrepBblX, · 

yMeHblllaeTC.!I lJHCJIO rrapaMeTpOB, 3a,n;aI01UHX rrpo<pHJlb II.[(P. Bo-BTOpblX, cpe.n;H.!I.!I 

II.[(P B o6oeMe paccMaTpHBaeMOll tJaCTHUhl CTaHOBHTC.!I He3aBHCHMOH OT ee pa3Mepa R. 

IIo aHarrornH C [l] pacCMOTpHM CHCTeMbl Cps-:::, 0. (11opo111KH, crra6opacceHBaIOmHe 

pacTBOpHTeJIH ). B paMKaX YHHBepcarrhHOro 3KCIIOHeHUHaJlbHO-CTelleHHOro 

11pH6JIH)KeHH.!I [2] HHTeHCHBHOCTb pacce.!IHH.!I Ha TaKHX tJaCTHUax HMeeT BH.n;: 

( ) ( 
r; )-(4+2Pl 

/(q) = Gexp -q2R: 13 +B q /[erf(qRg I v6)]3 · , (4) 
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r~e pe)l(HM fHHbe C napaMe-rpaMH G (HHTeHCHBHOCTb pacceJIHHJI B HyneBoii yron) H Rg 

(pa~nyc HHepunn) COBMemaeTCJI co CTeneHHbIM pe)l(HMOM. B C.JIY1Iae nonn~cnepcHoii 

CHCTeMbl p~nyc qacTHU R pacnpe~eJieH no HeKOTOPOMY HHTepBany cornaCHO 

q>yHKUHH j{R). lfonoJib3YJI npe~o)l(eHHYIO Bbime 3aMeey npoqmJIJI Il~P (3) npn 

MaJibIX p, nOJ1yqaeM: 

G = np2 
( 4,r /3)2 (R6

) , 

R2 = 12 (Rs) 
8 (/3 + 4)(/3 +5) (R6

) 

B = 81r2np;r2 (/3 + 1)(R2
-

2P) 
r~e CK06KH < ... > o6o3HatiaIOT ycpe~HeHne no/{R). 

(5a) 

(56) 

(Se) 

PacCMOTPHM MO~Hq>HK8UHIO HH~eKca nonn~ncnepCHOCTH PDI, npe~O)l(eHHoro B 

[1] KaK HeKoii YHHBepcanbHOll 6e3p83MepHoii xapanepHCTHKH nonn~ncnepcHOCTH. 

~JIJI O~HOpO~HbIX 'l8CTHU PDI yBeJIH'lHB8eTCJI C poCTOM nonn~ncnepCHOCTH. 

KoM6HHHPYJI T8KHM )l(e o6p830M HHBapnaHThl pacceJIHHJI (5) ~ qacTHU C MaJibIM /3 H 

~06HBaJICb 6e3p83MepHoii KOM6HH8UHH no aHaJIOrHH C [1], nO.JIY1IaeM: 

PDI =R4+2P BIG 
g (6) 

lfa-3a 38BHCHMOCTH OT /3 ~aHHblll napaMeTP He MO)l(eT npeTeH~OBaTb Ha 

YHHBepCaJibHOCTb, O~HaKO B03MO)l(H0 cpaBHeHHe no noJIH~HcnepCHOCTH ~ 'l8CTHU C 

~OCTaTO'lHO 6JIH3KHMH 3HatieHHJIMH /3. 

OT~eJibHO paccMOTPHM C.JIY'Iaii nornopManbHoro pacnpe~eneHHJI: 

(7) 

KOTopoe HMeeT HpKO-Bbipa)l(eHHYIO acnMMe'I'pHIO. IlapaMeTPhI q>yHKUHH (7), Ro n s, 

MOryT 6bITb 3KCnepnMeHTaJibHO onpe~eJieHbl nocpe~CTBOM PDI: 

ln(PDI/ t(/3)) 
s= 

12+10/3+2/32 
' 

(8a) 
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Ra =R /(P+4)(P+5) 
K\ 1 2exp(14s2) , 

(86) 

)

2+p 
2 12 

t(P) = .!_( (P + l)(P + 2)(P + 3)f'(P + l)) ( (P + 4)(P + 5) 
8 ' 

(8e) 

OTMeTIIM, 'ITO KOr,L(a p-o, BhIIIIeyKa:JaHHhie Bhipa'.lKeHIUI rrpIIHIIMaIOT BIi,[( TaKOBhIX 

,L(IDI CJiy'faH 0,L(HOpO.L(HhIX rnapoB [1]. TaKIIM o6pa:30M, rrpll MaJihIX p ll,L(eOJIOrIIH 

IIO.L(XO,L(a [1] K aHaJill3Y ManoyrnoBoro pacceHHIIH Ha 'facrnuax c .Llllq>q>y3Hoii 

IIOBepXHOCThIO coxpaHHeTCH. 

CHa'faJia B03MO'.lKHOCTll pa:3Bl1Toro IIO,L(XO,L(a 6bIJill llCCJie,L(OBaHbl Ha MO,L(eJibHhIX 

KpllBhIX ,L(JIH pacrrpe,LleJieHIIH II~P Bll,L(a (3) c y'feTOM q>yHKUIIH pacrrpe,L(eJieHHH ITO 

pa:3Mepy BH,L(a (7). p BapbIIpOBaJICH B ,L(HaIIa:30He 0-0.2. B pe3yJihTaTe ,L(IDI BCex KpHBhIX 

He3aBIICIIMO OT p IlOJIY'feHO Ro H S B COOTBeTCTBIIH C HCXO,L(HhlMH rrapaMeTpaMH B 

rrpe.L(enax 0.1 %. 

''= 
0 

'""' r:::i-, 
.::::;' 

100 

10 

0,1 

0,01 

□□□~ 

oo~---

5 M. %.[{HA 

,~q-4,]4 

0 10%O,O 
o 00%O-DMSO 

0,1 

q, HM" 1 

Pnc. 1. MYPH AJIH 5%-x BOAHLIX AHCnepCHH nanoaJIMa30B. ~ll YA06CTBa BOCDpllHTllll cneKTp 

DMSO pa3AeJICII Ha 10. C11mim111.1e JIHIIIIII OTBC'laIOT ynneepcaJibHOMY 3KCDOHCHl(ItaJibllO­

CTene11110My np116JIHlKCHIIIO (4) AJill YPOBIIH pacceHIIIIH 'laCTIIIJaMH .11,HA. YBeJIH'ICHHe cnrnaJia B 

MaJiblX q eCTb CJICACTBHe arpernl)HII, CTe11e1rnaH aCHMDTOTHKa {lllTpllXOBall JIHIIHH) OT06palKaeT 

paccen11ne noeepx11ocTbIO, 
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)];arree famn paccMO'IpeHI,1 3KcrrepnMeHTaJibHr,ie acrreKTbl o6cy)K):\aeMoro BbIIIIe 

rrpn6JIH)KeHmI K orrncaHilIO pacceHHmI Ha qacTm-1ax C ~mj:Jcpy3HOll IIOBepxHOCTbIO Ha 

npnMepe KPilBbIX MaJIOyrJIOBOro pacceHHilH Hell'IpOHOB; rronyqeunfilX paIIee,. MH 

)l(Il~KlIX ~IlCIIepCllll ~eTOHaUIIOHHbIX HaHOaJIMa.30B mHA) • [4]'. · AHaJIII3 

IIOJIIl~IICnepcHOCTII MO)l(eT 6r,nr, c~enaH TOJibKO ~JIH pacTBOpOB C Ps::::: 0.- )];JIH 3TOro 

nyTeM BapIIaUIIII KOH'IpaCTa (113MeHeHIIe COOTHOIIIeHirn npoTOHIIpOBaHHOll II 

~eiiTep11poBaHHOH KOMnOHeHT paCTBOpIITeJIH) 6r,m11 IIpliroTOBJieHbl. T.H .. "nyneBble 

Ma'IpIIUbI" c 10% D2O (ps= 0.13xl01° CM-2) Il 0% D-DMSO (ps= -0.046xl0 1° CM-2), 

COOTBeTCTBeHHO. HnTeHCIIBHOCTf, pacceHHIIH ~ ~BYX BII~OB. CIICTeM -(Bo~a II 

~IIMemncynr,cpoKclI~ (DMSO), p1Ic. 1) o6Hapy)KIIBaeT yqacTKII cTenennoro cna~amrn 

c noKa3aTeJieM B OKpeCTHOCTII -4.14 (/J = 0.07). ,ll;JIH MaJibIX q TaK)l(e Ha6JIIO~aeTCH 

cTerreHHOtt pe)KIIM pacceHHIIH, oTBeqa10II-11Ill 3a KJiacTepny10 opraH1I3aUIIIO 

naHOaJIMa.30B [ 4]. 

Hcnonr,JyH nornopMaJibHOe pacnpe~eneH11e no pa:iMepy ,ll;HA, Ha qTO yKa3bIBaIOT 

3KCnep1IMeHTbl Ha OT~eJibHbIX qacmuax no ~1IHaM11qeCKOMY pacceHHIIIO CBeTa [5], 

rronyqaeM cornacno (8) rrapaMe'IpbI Ro= 1.36(5) HM, s = 0.40(1) (Bo~a) 11 

Ro= 1.41(3) HM, s = 0.40(1) (DMSO). Pe3ynr,rnTbI xopoIIIo O'Ipa)l(aIOT cnnr,ny10 

non11~11crrepCHOCTb qacmu ,ll;HA. 3TO ofo,HCHHeT TOT cpaKT, qTQ COOTBeTCTBYIOil-lllll 

cpe~HIIH ~IIaMe'Ip qaCTIIU, ~ 3 HM, MeHbIIIe qeM xapaKTepHblH pa:iMep, rronyqeHHblll B 

peHTreHOBCKOH ~IIcppaKUIIII ( 4-5 HM) [ 4]. 

TaKIIM o6pa3oM, npeMO)l(eHHaH naMu l\IO~enr, Herrpepr,rnHoro rrpocj)IIJIH MO)l(eT 

ucnOJib30BaTbCH ~JIH OIIIICaHIIH C'IpyKTypbl non11~11cnepCHblX HaHOCIICTeM C 

~ucpcpy3noii noBepxnocTbIO. B ee paMKax 6r,mo noKa3aHo, qTo MeTo~ IIH~eKca 

non11~ucnepCH0CTil B MaJioyrJI0BOM pacceHHIIII Ha neo~nopo~Hf,IX qacTIIUaX 'Ipe6yeT 

BBe~eHIIH nonpaBOK. IlpeMO)KeHHbitt no~xo~ MO~II!plIUIIpoBaHHoro PDI ycrreIIIHO 

np11MeHeH K )l(~KIIM ~11crrepc11HM ,ll;HA. CooTBeTCTBYIOII-IIIM aHaJIII3 KpIIBbIX 

pacceHHilH, BKJIIoqaJI Bap11aumo K0H'IpaCTa, no3BOJIIIJI B0CCTaHOBIITb pacnpe~eJieHIIe 

II0 pa3MepaM qaCTIIU ,ll;HA. BbICOKaH nOJIIl~IICIIepcHOCTb M0)l(eT 6r,1TT, np11q1IHOH 
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OTnwnrn: pa3MepoB MMa3HhIX HaHOKplICTMnlITOB, nonytJeHHbIX pa3HbIMII MeTO~JIKaMJI 

[4-5). 
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JIOKAJihHblE 3JIEKTPO<l>H3HqECKHE XAPAKTEPHCTHKH 

MATPHqHhIX KOMII03HIJ,HOHHblX )];H3JIEKTPHKOB 

E.H. 5IKOBJieBa 

HI-IY MI13T, r. MocKaa, Poccmr 

AHHOTA.QIDI 

IIpoBe.l(eH aHanll3 JIOKMbHhIX 3HaqeHllll BeKTOpOB HaIIpH)KeHHOCTll :rneKTPllqecKoro 

IlOJI51 B KOMIIOHeHTax MaTPll'IHOro KOMII03llTa, apMHpoBaHHOro BOJIOKHaMll ll 

mapoo6pa3HbIMll BKmoqenllHMll. ITOCTPOeH MeTO.I( pacqern, OCHOBaHHblll Ha pemeHllll 

ypaBHeHll51 IIyaccoHa co cnyqaiiH0-0.l(HOpO.l(HbIMll K03!p!plll:.(lleHTaMll, CB513bIBaIOIUllll 

JIOKMbHbie ll cpe.l(Hlle xapaKTepllCTllKll 3JieKTPnqecKOro IlOJI51. IIpoBe.l(eH pacqeT 

xapaKTepllCTllK B JaBHCllMOCTll OT pacCT051Hllll Me)K.l(y BKnroqeHll51Mll ll cpaBHeHlle C 

pemeHlleM .l(nH 0.l(llHOqHoro mapoo6pa3HOro ll UllJillH.l(pllqecKoro BKnIOqeHll51. 

TIOCTAHOBKA3.A,I(AqH 

~ll3JieKTPHqecKlle KOMII03llUllOHHbie MaTepllMbl llillpOKO llCilOJib3YIOTC51 B 

3JieKTPOHHOll TeXHllKe, pa.l(llO-, MllKpO- ll HaH03JieKTPOHllKe [1]. OHll, KaK npaBllJIO, 

npe.l(CTaBJIHIOT co6oii MaTPnqHhie CTPYKTYPhI, r.l(e BKnroqeHHH noMemeHhI a 

0.l(HOpO.l(HYIO cpe.l(y- MaTPHUy. IIpn IIpllJIO)KeHllll 3JieKTPnqecKoro IlOM K KOMTI03HTY, 

Hannqne BKnIOqeHllll IIpllBO.l(llT K ero llCKa)KeHllIO llJill nepepacnpe.l(eJieHHIO, Il03TOMY 

B03HllKaeT Heo6XO.l(llMOCTb onpe.l(eJieHll51 JIOKMbHOro ll cpe.l(Hero JHaqeHllll 

3JieKTPnqecKoro nonH. 

AHMll3 JIOKMbHblX xapaKTepHCTllK 3JieKTPllqecKHX noneii y.l(o6no IIpOBO.l(llTh, 

llCilOJib3Y51 IlOH51Tlle K03!p!pllUlleHTa KOHUeHTPaUllll IlOM, KOTOpblll CB513hIBaeT 

JIOKMbHble 3HaqeHll51 BeKTopoa HanpH)KeHHOCTll ll llH.l(yKUllll 3JieKTPnqecKOro IIOJI51 C 

llX cpe.l(HllM 3HaqeHlleM [2] 

E;(r) = K:(r)(Ej(r)),D;(r) =K;f (r)(Eir)) (1) 

OrpaHllqllMC51 paCCMOTPeHlleM BeKTopoB HaIIp5I)KeHHOCTll 3JieKTPnqecKoro IlOJI51 B 

KOMil03llTe. IIpe.l(IIOJiaraH ero 0.l(HOpO.l(H0CTb, nonyqaeM K: = Jijr.l(e Jij - e.l(llHllqHblll 
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TeH30p, a B npe,D;IIOJIO,KeHrrn O,D;HOpO,D;HOCTH HH)zyKU:HH :meKTpHqecKoro IIOJIH HMeeM 

K{ = e,~1 
( e;1 r'. YrnoBI,Ie CK06KH, B 3TOM cnyqae, onpe,D;eJIHIOT ycpe,D;HeHHe ITO ofo,eMY. 

TEOPETHqECKOE OIIHCAHHE H AHAJIH3 PE3YJihTATOB 

PacCMOTpHM MaTpHqHl,Ill KOMII03HT H3 3IIOKCH,D;HOii CMOJihl ( 8 = l O ) C 

wapoo6pa3HbIMH BKJIIOqeHHHMH CTeKJia ( 8 = 3.6 ). O61,eMHaH KOHU:eHTpaU:HH 

HaIIOJIHHTeJIH onpe,D;eJIHeTCH B 3aBHCHMOCTH OT paCCTOHHHH Me,KJzy BKJIIOqeHHHMH H HX 

pa3MepOM, COOTBeTCTBeHHO MO,D;eJIH MaTepHana C H30TpOIIHblMH wapOBbIMH 

BKJIIOqeHHHMH, r,D;e R - pa,D;eyc BKJIIOqeHHH, h - cpe,D;Hee paCCTOHHHe Me,KJzy 

BKJIIOqeHHHMH (pHCYHOK la). B rrpe,D;eJibHOM cnyqae paCCTOHHHe Me)K,r(y BKJIIOqeHHHMH 

6y,D;er TaK BeJIHKO, qTo HX BJIHHHHe ,D;pyr Ha ,D;pyra 6y,D;eT IIOJIHOCTbIO HHBen11poBaTbCH, 

11 3a,D;aqy MO,KHO cBeCTH K KJiacc11qecKoii 3a,D;aqe rro orrpe,D;eneHHIO 3neKTp11qecKoro 

IIOJIH B HeorpaH11qeHHOii cpe,D;e C e,D;HHHqHI,IM ,D;H3JieKTp~eCKHM wapoM [3]. IlpH 

OTCYTCTBHH BHyTpeHHHX 3apH,D;OB H O,D;HOpO,D;HOM BHeIIIHeM none pemeHHe ,D;aHHOii 

3a,D;aq11 xopowo H3BeCTHO 

KE =(2(&2-&1). R3 +1) KE=~ 
i &2 + 2e, hl ' i &2 + 2&1 , 

(2) 

r,D;e HH,D;eKChl 1 H 2 o603HaqaIOT xapaKTepHCTHKH MaTpHU:bl H wapoBoro BKJIIOqeHHH 

COOTBeTCTBeHHO. 

/ 

' - t ' ----------'- .. ·--------··- .. ·· ... ----···: ................... L/ 
a 

K' 3~-~---------~ 
2.5 

.•,El 
Marp.,~ 

I\, 1 2 h/R 3 ◄ 5 

6 
PucyuoK 1. a) MOACJlbj 6) JaBUCHMOCTb KOJcf,cf,ul(UCIITa KOHl(CHTpaQHH JJICKTpH'ICCKOl'O DOJIH OT 

paCCTOHHHH MCJKAY BKJIIO'ICHHHMII. IlyHKTHpHblMH JIIIHIIHMII 060111a'1Cllhl TCOpCTll'ICCKIIC 

xapaKTepHCTIIKH 
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KpHBaJI, OilHCLIBaIO~aJI none BO BKJIIOtJ:eHHH, He COOTBeTCTByeT acHMilTOTHKe 

TeopeTHtJ:eCKOro pemeHIIJI, tJ:TO o6T,HCHHeTCH rpy6LIM npe,zmono)KeHHeM O.D:HOpO,lUIOCTH 

BeKTopa HH.D:YKUHH B KOMil03HTe. ,[{Jul nonytJ:eHHH 6onee TOtJ:HOro 3HatJ:eHHH 6LIJI 

IlOCTpOeH MeTO,n, OCHOBaHHLiii Ha pewemm ypaBHeHHH IlyaccoHa co cnyqaiiHO­

o,n:Hopo,nHLIMll K03q>q>HUl!eHTaMl! [ 4 ], KOTOpLiii npl!BO.D:l!T K Bblpa)KeHl!IO 

K,; =(111 -Q. (r)s;, r' ((1,. -Q,m(r)s:,r'f (3) 

3,necb e; = eu(r)-e; (11H,neKCOM «c» o603HatiaeTCH npOll3B0nLHOe O.D:HOpO,n:Hoe Teno 

cpaBHeHHH), a Qy (r) - HHTerpaJILHLiii onepaTOp, Oill!CLIBaIO~llii B3al!MO,neiicTBl!e 

BKJIIOtJ:eHHii. ,[{Jul pactJ:eTOB OH 3aMeHHeTCH IlOCTOHHHLIM TeH30pOM Bij, tJ:TO CTaHOBllTCH 

B03MO)KHLIM, ecn11, npe,nnonO)Kl!TL, .HTO B npe,nenax BKJIIOtJ:eHl!H IlOJIH IlOCTOHHHLI (Ho 

OTnHtJ:aIOTCH npll nepexo,ne OT O,n:Horo BKJIIOtJ:eHl!H K .npyroMY). OKOHtJ:aTenr.Ho .D:JIH 

BbltJ:l!CneHHH l!MeeM cne,nyro~ee COOTHOllieHHe 

K! =(I,,-gif(r)s;,f1 ((I,. -g,m(r)s~ff (4) 

r.ne gu(r)= f G.~>(r)dr, a a,~>(;:).,,,a2a<•>(r)/dx,dx1 - c11HrynHpHrui: tJ:aCTL BTopoii 

np0113B0,lU{OH cpyHKUHll fp11Ha ypaBHeHl!H IlyaccoHa [ 4]. 

Ilp11MeM, 'ITO napaMeTpLI Tena cpaBHeHHH paBHLI napaMeTpaM MaTpHULI ec = e, 

TOr,na ,nJIH wapoo6pa3HLIX BKJIIOtJ:eHl!H g = -1/ ( 3e,) . C yqeTOM 3TOro K03q>q>HUHeHTLI 

KOHUeHTpaUl!ll HanpH)KeHHOCTll 3neKTplltJ:eCKOro 6y,nyT l!MeTL BH.D: 

(5) 

r,ne v- o6T,eMHaJI KOHUeHTpaUHH BKJIIOtJ:eHHii B MaTep11ane. AcllMilTOTHKll 

K03q>q>llUHeHTOB K TeopeTl!tJ:eCKl!M 3HatJ:eHHHM no,nTBep)K.D:aIOT a,neKBaTHOCTL MeTO,na, 

HatJ:aJILHLie pacxo)K,neHHH o6ycnoaneHLI B3al!MHLIM BnllHHHeM BKJIIOtJ:eH11ii. 
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1.4 K' 

;,·········••""'""'"" "'" 

O.Sf // 

o.ef/ 
0.40 

2 h/R 3 

~'-,a 
~a,:p~qe 

4 5 

PHCYHOK 2. 3aBHCHMOCTh KOJcl>cl>HUHeHTa KOHQeu-rpanHH JJJeKTpH'leCKOro IlOJJH OT paCCTOHHHH 

Mexmy BKJJIO'leHHHMH, IlyHKTHpHbIMH JJHHHHMH o603Ha'leHLI TeopeTH'leCKHe xapaKTepHCTHKH 

.AHanorII'IHbIM o6pa30M MO)KHO npoBeCTII pacti:eT .nmr KOMilO3IITa, apMIIpOBaHHOro 

O,!{HOHanpaaneHHbIMII O,!{HOMepHbIMII BKJHOti:eHIDIMII (BOJIOKHaMII). B 3TOM cnyti:ae 

xapaKTepIICTIIKII KOMilO3IITa 6y.IzyT aHII3OTpOilHblMII, npII 3TOM 

Bbipa)KeHJUI 6y.IzyT llMeTb BIi,!{ 

KE 
I K E-~,-----

• 2 -
1 + V &1 - &2 &1 + &2 1 + V &1 - &2 

~+~ 2~+~ 

1 II 
gll =g,, =- 2&m 

(6) 

a g33 =0, 'ITO DplIBO,!{lIT K TOMY, 'ITO Kt =Kf al. PemeHIIe KJiaCCII'leCKOH 3a,nati:II C 

6eCKOHeti:HbIM UIIJIIIH.n:pOM B ,!{lI3JieKTpII'leCKOH cpe,ne npIIBO,!{lIT K Bbipa)KeHIDIM 

K E-~ KE_c,-&1_R'+1 
2 - ' I - 2 &1 +&2 &1 +&2 h 

(7) 

nepneH.L{IIeymrpHO BOJIOKHaM II Kt = Kf = I napanneJibHO HM. 
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1.6 K' 

B 

/MaTp~4e 

BO 
/ 8Kflt04eHHM 

/ 
~ 

0.40 2 
h/R 

3 4 5 

a 6 
PncynoK 3. a) MOA(!JJb; 6) 3aBHCHMOCTb KOJcf>cf>unnenTa KonnenTpannn JJJeKTpH'leCKOl'O HOJIB s 

nanpaBJJeHHH nepneHAHKYJJBpHOM opuenTannn BOJIOKOH OT pacCTOBHHB Me;KAy HHMH, 
IlynKTnpoM o603Ha'leHbl TeopeTH'leCKHe xapaKTepnCTHKH 

Pa6oTa BLIIlOJIHeHa npn no,zur.ep:lKKe qie~epam,Hoii ueneBoii nporpaMMLI 
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MO,ll;EJIHPOBAHHE <l>YHKlJ;HOHAJihHOH AKTHBHOCTH 

IIHPAMH,ll;HhIX HEHPOHOB rHIIIIOKAMIIA 

C.B. AKceHoBa, O.B. EenoB, O.E. CoKon 

flPE, OIUIH, r. ,ll;y6Ha, Poccm1 

AHHOTAQIDI 

B paMKax HaCT011II1ero IICCJie,[(0BaHirn BbIIl0JIHeHa cpaBHIITeJibHruI 011eHKa 

4JYHKIIIIOHanbHOll aKTIIBH0CTII HeiipOHOB ron0BH0ro M03ra npII II3MeHeHIIII 

MeM6paHHOro II0TeH11IIana Ca
2
+. ,ll;rur 3T0ll 11enII IICII0Jib30BaHa M0,[(eJib, 0IIIICbIBaIOmrui 

4JYHKIIIIOHIIpOBaHIIe IIIIpaMll,[(HbIX HeiipOHOB o6naCTII CA3 rIIIIII0KaMna, IIrpa10mero 

KnIOtJ:eByIO ponb B peanmaIIIIII 11po11ecc0B 06y11emrn II naMJITII. MaTeMaTIItJ:ecKoe 

0IIIICaHIIe MeXaHII3M0B CIIHallTIItJ:eCKOll nepe.natJ:II BbIII0JIHeH0 C YtJ:eT0M TpaHCII0pTa 

K+ C 2+ + II0H0B , a , Na . Ilpe,[(IlO)KeHHruI M0,[(eJib 1103B0IDieT K0JIIItJ:eCTBeHH0 0IIIICaTb pH.[( 

6IIOXIIMIItJ:eCKIIX 11po11ecc0B, npoTeKaIOIIIIIX Ha MeM6paHe II BHYTpII ,[(eH,[(pIITH0r0 

IIIIIIIIIKa IIIIpaMII,[(Horo HeiipoHa BO BpeMJI IIH.[(yKIIIIII ,[(IlIITeJibHOll II0TeHIIIIII II 

.[(nIITeJibHOll .nenpeCCIIII. 

BBE,11.EHHE 

Pe111eHIIe MH0rIIX 3a,[(atJ: COBpeMeHH0ll Henpo6IIonorIIII CB1!3aH0 C IICCJie,[(oBaHIIeM 

q>yHKIIIIOHanbHOH aKrnBHocrn HeiipoHOB ronoBHoro M03ra. IlpII 3T0M 0.[(HIIM m 

HaII6onee aKryanbHbIX B0llp0C0B 1!BJI1!eTC11 II3ytJ:eHIIe 11po11ecC0B, 11pIIB0.[(11IIIIIX K 

Hapy111eHIIIO nepe.natJ:II HepBHoro IIMnyJibCa BCJie,[(CTBIIe ,[(ellCTBIIH qiaKTopoB 

qlll3IItJ:eCKOll II XIIMIItJ:eCKOll llpIIp0.[(bI; a TaK)Ke BBII.[(y HanIItJ:ll1! onpe.neneHHbIX 

3a6oneBaHIIll •. B II0CJie,[(HIIe. r0,[(bI oco6oe BHIIMaHIIe npII perneHIIII TaKIIX 3a,[(atJ: 

y.nen11eTC1! BJIIIHHIIIO IIOHII3IIPYIOl1:(ell pa.[(llaIIIIII Ha 4JYHKIIIIII 11eHTpanbHOll HepBHOll 

CIICTeMbl (QHC). Bo3HIIKHOBeHIIe TaKOll 11po6neMbI CB113aH0 C B03p0CIIIIIM IIHTepecoM 

K ocymecTBneHIIIO ,[(JIIITeJibHbIX IIIIJI0TIIpyeMbIX II0JieTOB 3a npe.nenaMII MarHIITOCq>epbI 

3eMJIII. Pa.[(II06IIOJIOrIItJ:eCKIIe IICCJie,[(0BaHII1! II0CJie,[(HIIX JieT BbrnBIIJIII cepbe3HYIO 

onaCH0CTb T1!)KeJibIX 11,[(ep B C0CTaBe ranaKTIItJ:eCKIIX K0CMIItJ:eCKIIX JIYtJ:eii, 

o6ycnoBJieHHYIO mipyrneHIIeM 4JYHKIIIIll ll0Be,[(eHII11 II 11aM11TII. 
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K HaCTOJUIJ;eMy BpeMeHH ycTaHOBJieHhI HeKOTOphie MOJieeym1pHbie MexaHH3MhI, 

Jie,KaIIJ;He B OCHOBe HapymeHHH naM.sITH H cnoco6HOCTH K 06YtJeHHIO IIOCJie 

pa.n;uan;HOHHOro B03,D;eHCTBHH. KJI10qeBhIM OT,D;eJIOM roJIOBHOro MO3ra, OTBeqaIOIIIHM 3a 

<pyHKU:HH IIOBe.n;eHHH H naMHTH, HBJIHeTCH rHIIIIOKaMII. Yxy.n;meHHe CHHaIITnqeCKOH 

rrepe.n;aqu B rHIIIIOKaMrre HBJIHeTCH 0,D;HOH H3 rrpuqnH Ha6n10.n;aeMhIX <pyHKUHOHaJihHhIX 

H3MeHeHHH IIOCJie .n;eiiCTBHH T.sI,KeJihIX 3ap.si,KeHHhIX qacTHU. 

lfaBeCTHO, qTO MHOrHe MOJieeyJIHpHhie MexaHH3MhI CHHaIITHqecKoii rrepe.n;aqu 

KOHTPOJIHPYIOTCH HOIIaMH Ca
2
+, BOBJieqeHHOro TaK,Ke B HeKOTOphie .n;pyrue rrpou:ecchI 

BHYTPHKJieTOqHOH peryJIHU:HH. Ilpu :noM Ba,KHhIM HBJIHeTCH BhIHCHeHHe 3aBHCHMOCTH 

CHHaIITHqecKOH nepe.n;aqu OT MeM6paHHOro IIOTeHIJ;HaJia Ca
2+. ,ll;n.si :noii uenu 

rrpe.n;cTaBJIHeTc.si 

MO,D;eJIHpOBaHHH. 

BO3MO,KHhIM rrpHMeHeHHe MeTO,D;OB MaTeMaTnqecKoro 

MATEMATHqECKMI MO)J:EJlh 

B xo.n;e pa60ThI ccpopMynupoBaHa MaTeMaTnqecKa.si MO,D;eJih, OIIHChIBaIOIIIa.sI 

,D;HHaMHKY H3MeHeHHH CHHaIITHqecKoro IIOTeHUHaJia MeM6paHhI c yqeTOM rpaHCIIOpTa 

HOHOB Na+, K\ Ca
2
+. B KaqecTBe MeTo.n;a .n;JIH orrucaHHH rrpou:eccon CHHarrTnqecKoii 

rrepe.n;a1:1u BhI6paH rro.n;xo.n;, OCHOBaHHhIH Ha MO,D;eJIH XO)];,KKHHa-XaKCJIH [1,2], r.n;e )];JI.!! 

OIIHCaHHH IIOTeHUHaJia Ka,K)];oro KOMIIapTMeHTa HCIIOJih3yeTCH Bhipa,KeHHe BH.n;a: 

CdV; = -IM -/cHH + z;,/V;+, -V;) + z;,H (V;_, -V;). 
dt 

(1) 

3.n;ech /M = gLV + INa +lea+ /K - MeM6paHHhlll TOK, lc,m = 1.1 + 1.2 +/Tl+ /T2 -

CHHaIITHqecKHH TOK, z - rrpOBO,D;HMOCTh, 06ecrrequna10ma.si CB.!13h Me)K)];y coce.n;HHMH 

KOMIIapTMeHTaMH. ,ll;JIH yqern HeCJrnarrTnqeCKHX xapaKTepHCTHK MeM6paHhI 

HCIIOJih3OBaHhI cne.n;y10mue Bhlpa,KeHH.sI: 

/Na= gNam3h (V- VNa) 

/K = (gKn4y + gsq) (V - VK) 

lea= geas5r (V - Vea) 

CVNa = 115 MB), 

(VK = -15 MB), 

(Vea= 140 MB), 

(2) 
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r.ne g - nacc1rnmur npOBO,nllMOCTb yreqKll, m, h, n, y, s, q, r no,nqllHHIOTCH ypaBHeHllHM 

Xo,!OKKllHa-XaKCilll Btt.na: dm/dt = am(l - m) - Pmm, 

CttHamllqecKlle xapaKTepllCTllKll MeM6paHbl llMeIOT B11.n: 

(V.2= Vea= 140 MB), 

(VTI = -15 MB), 

(VT2 = -25 MB). 

(3) 

B BL1pa)KeH1IHX (3) g - c11HanTII'IecK11e npOBO,n11Mocm, f - K03q>qm1111eHTL1, 

Y'llITbIBaIOIIllle .nonIO qiocqiop11n11poBaHHbIX ll Heq>OCq>OpllnllpOBaHHbIX pe11emopOB. 

PE3Y Jlh T AThl 

B xo.ne pa60Tbl OlleHeHa .n11HaM1IKa ll3MeHeHIIH ClIHailTll'leCKOro IlOTeHJlllana 

MeM6paHhl c yqeToM TpaHcnopTa IIOHOB Na+, K+, Ca
2
+. Ha p11cyHKax 1-4 np11Be,neH1,1 

rpaq>lIKll, xapaKTepll3yIOIIllle JaBllCIIMOCTb OCHOBHLIX napaMeTpOB ClIHanmqeCKOH 

nepe.na'lll OT Beilll'llIHbl KMblllleBoro IlOTeHilllana. Pe3yn1,TaTLI pac'leTOB IlOKaJbIBaIOT, 

'ITO npll YMeHLIIIeHllll IlOTeHI11Iana Ca
2
+ npo11cxo.n11T CH1I)KeH11e 'laCTOTbl cnattKOB ll 

pacrn11peHtte 3neKTp11qecKoro 11Mnyn1,ca BO BpeMeH11. 

a) 6) 6) 
Vm,MB Vm,MB Vm,MB 

100 100 100 
80 80 80 
60 60 60 
40 40 40 lll 
20 20 20 

' ~ ,,, 
20 40 60 80 20 40 60 80 20 40 60 80 

t, MC t, MC t, MC 

Puc. 1. lbMeueuue MeM6pauuoro noTeu~ullJia Vm npu rpa.Queurnx uouou Ca2
+ a) 140 MB, 6) 80 MB 

H 6) 20 MB. t - BpeMH. 
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a) 6) 6) 
t,MC t,MC t, MC 

N::!l 
u -0 5 
~ . 

... -1.0 
; 

~o 60 80 2( i 60 80 I v 2W u~r....fil 80 
-0.5 -0.5; 

-1.0 -1.0' 

~-1.5 -1.5 -1.5 

Puc. 2. HlMeue1111e 11-1eM6pa1111oro 11ecu11ann1qecKoro TO Ka /Na npu rpa1111euTax 11011oe Ca1
+ a) 140 

MB, 6) 80 MB 116) 20 MB. t- epeMH, 

a) 

1; 1.5 ., 
~ 1.0 

] 0.5 ... ] 
0 20 40 60 80 

t, MC 

6) 

1.5 

1.0' 

0.5 

0 20 40 60 80 
t,MC 

6) 

1.5 

1.0 

0.5 

0 20 40 60 80 
t,MC 

Puc. 3. H3Me11e1111e MeM6pa1111oro 11ec1111ann1qecKoro TOKa /K npu rpa1111e11Tax uonoe Ca1
+ a) 140 

MB, 6) 80 MB 11 6) 20 MB. t - epeMH, 

a) 

1.0 

0.8 

0.6 

10 15 20 25 
t, MC 

6) 

m 

5 10 15 20 25 

t, MC 

--n 

6) 

--h 

10 15 20 25 

t, MC 

Puc. 4. OnenKa nepeMe11111,1x m, n; h ypae11e1111ii Xo/llKK1111a-XaKCJI11, 
. IIpeAJIO,KeHHaJI MO)];eJib IIO3BOJUieT KOillf'IeCTBeHHO OIIIICRTb p.s;:i; 6ttOXllMtttieCKllX 

IIpo11eccoB, IIpOTeKaIOll.lllX Ha MeM6paHe tt BHyrpll ;:i;eH,!l;pllTHOrD IIIllllllKa 

IIllpRMll,!l;HOrD HeiipoHa BO BpeM.s llH)zyKl.lllll AflllTeJibHOH IIOTeHl.lllRl.lllll ll AflllTeJibHOii 

;:i;eIIpeccllll C }'1IeTOM 3aBllCllMOCTll 3TllX IIpo11eccoB · OT BeJIJf'IllHbl KaJibliHeBoro 

IIOTeHl.lllaJia. IIepcIIeKTllBHOH 3a;:i;aqeii IIpe,!l;CTaBJIHeTCH IIpllMeHeHHe TaKHX MO,!l;eJieii K 

O11eHKe cpyHKl.lllOHaJibHbIX ll3MeHeHHii, BbI3BRHHhlX ;:i;eiiCTBlleM TH,KeJibIX 3apH,KeHHbIX 

qaCTllll, 
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MYTArEHHOE ,ll;EHCTBHE YCKOPEHHLIX HOHOB HEOHA 

HA KJIETKH KHTAHCKoro XOMWIKA 

BBE,ll;EHIIE 

TI. Enaxa
1

·2#, P.)];. roaopyH
1
, )];.B. Emna1, H.B. KoruJiaHb1, 

H.A. KoruJiaHb 
1
, A.H. Topy6apoaa 

1 

1 
JIPE, mum, )];y6Ha, ~occmr 

2 <l>Jl<l>I1, r. Ilpara, qemcKrur Pecrry6mIKa 

IlpoBe,LleHO HCCJie,LIOBaHHe CIIOHTaHHOro H PMHaIJ;HOHHO-HH.LIYIIHPOBaHHOro 

MYTareHe3a IIOCJie B03.[leiicTBmr ycKopeHHbIMH HOHaMH HeOHa Ha KJieTKH KHTaiicKoro 

XOMJl'IKa (nn:Hn:JI V-79). 06n}"leHn:e n:oHaMH 
20

Ne (E = 53 M3B/HyKJIOH, 

JII13 - 138 K3BIMKM) rrpoao.r1n:nn: Ha ycrnHOBKe «reHOM» Ha ycKopHTene U-400M JIJIP 

OI1JII1 B ,LI03ax 0,5; 1 H 2 rp. ,/J;JIJI BhlJIBJieHHJI H ceneKIJ;HH KJieTOK, B KOTOpbIX 

rrpoH3oIIIJia MYTaIJ;HJI HPRT-reHa, n:crroJib30BaJIH CTaH.Llaprnyio TeCT-CHCTeMy, 

OCHOBaHHytO Ha pe3HCTeHTHOCTH TaKHX KJieTOK K 6-THOryaHHHY (6-TG) - aHanory 

rrypHHOB ryaHHHa H mrroKCaHTIIHa, Heo6XO.LIHMbIX ,LIJIJI CHHTe3a )];HK [1]. 

PE3Y Jlh T AThl II OliCY)K,ll;EHIIE 

Ha Pn:c. 1 IIOKll3aHbl ypoBeHb CIIOHTaHHOro MYTareHe3a KJieTOK KHTaHCKOro 

XOMJI'IKa (5-10"
4
) H tiaCTOTbl PMHaIJ;HOHHO-HH.LIYIIHPOBaHHbIX MYTaHTOB, BhlJIBJIJieMbIX B 

pa3Hble cpOKH rrocne o6JI}"leHHJI. IlpOJIBJieHHe PMHaIJ;HOHHO-HH,LlyUHPOBaHHOro 

MYTareHe3a 3aBHCeJIO OT cpOKOB BblCeBa o6nytieHHbIX KJieTOK B ceJieKTHBHytO cpe.r1y C 

6-TG. Ilpn: rroceae tiepe3 4 - 6 .LIHeii rrocne o6n}"leHHJI ypoaeHb PMHau;n:oHHo­

HH.LIYIIHPOBaHnoro MYTarene3a He OTJIH'laJICJI OT CIIOHTaHHOro. B IIOCJie,LlyIOIIJ;He cpOKH 

tiaCTOTa MYTaHTHbIX KOJIOHHH KJieTOK BO BCeM ,LIHaIIll30He .[103 IIOBblIIIaJiaCb C 3.10·
4 

.LIO 

29· 104 
c MaKCHMYMOM tiepe3 15 - 18 ,LIHeii. ,/J;aHHbie cpoKH cooTBeTCTBytOT 30 - 40 

reHepau;HJIM KJieTOK. B ,LlaJibHeiirueM tiaCTOTa MYTareHe3a CHH)KaJiaCb H rrpn: rroceae Ha 

40-oii ,LleHb IIOCJie o6JI}"leHHJI ypoBeHb PMHaIJ;HOHHO-HH.LIYQHpOBaHHoro MYTareHe3a 

He OTJIH'laJICJI OT CIIOHTaHHoro. 

# pavel.blahax@gmail.com 
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50 " 

45 

40 

:, 35 
0 a 30 

◊0,5 fp 

lllfp 

I.Hp 

:i: CnOHTaHHble MyraHTbl 

o s w ~ w n w ~ ~ ~ 

"BpeMH 3KCnpeCCl1H" (cyTK11) 

Pnc. 1 - lhMe11e1111e qacTOTbI 06pa1oaan1111 HPRT-MyranTOB B 

33BIICIIMOCTII OT "BDCMCIIII 3Kcnoecc1111" MVTauuii. 

B rrpouecce BhIBBrremrn MyTaHTHhIX KOJIOHIIH, BhI,n;errenmr IIX ,n;mr nocrre,n;yromero 

pa3MHO)KeHmI II npIIroTOBJiemrn UIIToreHeTIIqeCKIIX npenapaTOB o6paTIIJIII BHIIManIIe 

pa3rrIIqmr B npo,n;orr)KIITeJihHOCTII pocrn HPRT-MyTaHTHhIX cy6KrronoB. Ilorryqeni-Ihie 

,n;aHHbie npe,n;cTaBJieHbI na PIIc. 2. KaK MO)KHQ BII,D;eTb, cpe,n;II CilOHTaHHhIX II 

pa,n;IIal(IIOHHO·IIH,D;YUIIpOBaHHbIX MyraHTOB BhIBBJIHIOTCH TPII rpynrrhI KOJIOHIIH ITO 

npo,n;OJI)KIITeJibHOCTII IIX pocrn: 6bICrpopacTymIIe (10 - 12 .unei1:), C 3aMe,n;rreHHhIM 

pOCTOM (13 - 15 ,n;nei1:) II Me,n;rrennopacTymIIe (16 - 19 ,D;Hei1:). Cpe,n;II pa,n;IIaUIIOHHO­

IIH,ll;)'UIIpoBaHHhIX MyraHTOB B~rpeqeJibI e,n;IIJIIIqJibie o6pa3UhI C 3KCrpeMaJihHO 

rrporronmpoBaHHhIM pOCTOM (,n;o 27 ,n;nei1:). TaKIIM o6pa30M, KaK ,ll;JIH CilOHTaHIIhIX, TaK 

II ,ll;JIH pa,n;IIaUIIOHHO-IIH,D;YUIIpOBaHHhIX MyraHTOB xapaKTepHO CHII)Ke1me CKOpOCTII 

pocTa IIX KOJIOHIIH [2]. ,[{rrx IIHTaKTHhIX KJieTOK (KOHTpOrrh) BbI,n;eJIHJIIICh ,n;Be rpyrrnhI 

cy6KJionoB: qepe3 10 - 12 ,n;nei1: II qepe3 13 - 15 ,n;nei1:. 
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80 

70 

60 

~ 
'! 50 ~ 
X ~ 
0 ~ 

l ,o ~ ~ = ~ a ~ ~ 30 ~ 
~ 

20 n rn -1 I:::~.,-
10-12 13-15 

□ o,5 rp 

l:l!Hp 

12rp 

Ill CnOHTaHHble MyraHTbl 

~ KOHTpOllb 

l_lL __ L 
16-19 20 22 25 

npoA0nli<HTenbH0CTb pocra (cyrKH) 

Puc. 2 - Pacnpe11Menne cnonTaHnhlx n pa11nauno11110-
mmyu11poea1111Mx HPRT-MYTannn,1x KOJI0HHii no 
DP0/l0JllKHTCJibll0CTH P0CTa 0/lHH0'lllblX K0JI0IIHU. 

B xo.n:e pa3MHO)KeHIHI MYTaIITHI,IX cy6KJIOHOB y HeKOTOpbIX m HHX Ha6mo.n:aJIHCI, 

Heo61,111Hble THllbl pocTa IIOIIYJUIIIHH KJieTOK 110 cpaBHeHHIO C xapaKTepHbIM ,n:JIJI 

HHTaKTHOli KYJibTypbI o6pa30BaHHeM MOHOCJIOJI (Pnc. 3). IlpH 0.11:HHaKOBblX ycJIOBHJIX 

rroceaa OTMetJaJIHCI, He06I,ItJHbie 110 MOpqJOJIOrHH KapTHHbl poem HPRT-MYTaIITHbIX 

cy6KJIOHOB. HaMH OHH o603HatJeHbl KaK TJI)KeBH.11:Hblli, a)KypHblli H 3Be3,n:tJaTblli 

(Pnc. 3 E, B, f). TaK)Ke 3acpHKCHpOBaIIO 61,1cTpoe IIOJIBJieHHe KOJIOHHii MYTaIITHbIX 

KJieTOK .n:o .11:0CTH)KeHHJI KJieTO'IHOro MOHOCJIOJI. TaKHe 11pH3HaKH 1103BOJIJIIOT BblCKa3aTb 

rrpe,n:IIOJIO)KeHHe O 6nacTpaHccpopMaIIHH MYTaHTHbIX KJieTOK, Be.n:ymeii K 

KaHueporeHe3y. 
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Puc. 3 - Tum,, pocTa MYf3HTllblX cy6KJIOIIOB. A - MOHOCJIOHHblH, 

Ji • THlKeBUJlllblH, 8 • 3:iKVDUblH, f · JBeJJl'l3TblH 

3AKJilffilEHIIE 

TaKllM o6pa30M, rrpoBe~eHH0e uccrre~oBaHlle II0Ka3aJI0, qTQ rrpu o6rryqeHllll KJieT0K 

KllTallCKOro X0MHqKa ycKopeHHbIMll ll0HaMll neoHa (JIIJ3 - 138 K3B/MKM) B 

~llaIIa30He llCCJie~0BaHHbIX ~03 YBeJiuquBaeTCH "BpeMH 3KCrrpeccuu" HPRT-reHa: 

MaKCllMaJibHM qacTOTa MYTaIIllll BblHBJieHa qepe3 15 - 20 cyTOK rrocrre B03~ettCTBllH. 

OTMeqeHO yBerruqeHlle rrpo~om1rnTeJibH0CTll pocTa KOJIOHllll KaK CII0HTaHHI,IX, TaK 

ll PMlla1Ill0HH0-m1~y11upoBaHHI,IX MyraHTHbIX cy6KJIOHOB. 

O6HapyiKeHI,J 0T~eJII,HI,Je MYTaHTHbie cy6KJIOHbI C Heo61,1qHI,IM TllII0M p0CTa 

rrorryrr1111uu ux KJieToK: THiKeBH~Hbitt, aiKYPHbitt ll 3Be3~qaTbitt. 



278 

B ,!l;aJibHeil:rneM mra1rn:pyeTC.II ronoreHen111eCKOe HCCJie,D;OBfilllle IIOJl)"IeHHbIX 

HPRT-MYTfilITOB ll COIIOCTllBJieHHe C xapaKTepoM BO3HHKIIIllX B HHX MYTaIIHH. 

CIIIICOK JIIITEPATYPhl 

[1] Thacker, J.; Stephens, M.A.; Stretch, A. Factors affecting the efficiency of 

purine analogues as selective agents for mutants of mammalian cells induced by 

ionising radiation. Mutation Research, 1976, vol. 35, pp. 465-478. 

[2] Govorun, R.D.; Koshlan I.V.; Koshlan, N.A.; Krasavin, E.A.; Shmakova, N.L. 

Chromosome instability of HPRT-mutant subclones induced by ionising radiation of 

various LET. Advances in Space Research, 2002, vol. 30, no. 4, pp. 885-890. 
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HH,ll;YKIJ,IDI AilOilTOTHqECKOH rHEEJIH JIHM<I>OIJ,HTOB 

qEJIOBEILA B YCJIOBIDIX BJIIDIHIDI HHrHEHTOPOB 

PEilAPAIJ,HH ,z:t;HK IlPH ,IJ;EHCTBHH HOHH3HPYIOIIJ,HX 

HJJiyqEIJHH PA3HOro KA qECTBA 

A.B. Eopeil:Ko1
•
2, T.C. EynaHona1

•
2, M.r. 3a,n:HenpHHe111

•
2, E.,B. l1m.nHa2, JI. 

He)KKOBa2, 11.11. PanHaqKa2·3, E.B. CMnpHona1
•
2 

1MYITOq«,lzy6Ha», r. ,lzy6Ha, PoccnH 

2JIPE, OIUII1, r. ,ll;y6Ha, PoccnH 

3EAH l1HCTH1)'T H,n:epm,rx nccne.n:onaHnil: H H,n:epHoil: :mepremKH, r. CoqmH, 

EonrapHH 

AHHOTAIJ,IDI 

Y CTaH0BJieHhl .D:030Bhle 3aBHCHM0CTH BhIX0,n:a aII0IIT0THqecKHX KJieT0K B 

npncyTCTBHH HHrH6HTOpOB peIIJIHKaTHBH0r0 H penapaTHBH0ro cmne3a ,ll;HK 

apa6HH03H.D: l\HT03HHa (Apa-1O H rn.n:poKCHM0qeBHHhl (fM), HHrn6mopa 6eJIKa P53 -

pifithrin-a npn .n:eil:CTBHH y-KBaHT0B 6°Co H TH)KeJihIX H0H0B 180 H 2°Ne. BhIBBJieHo, qTQ 

Apa-U: H rM npaKTnqecKH He 0Ka3hIBaIOT BJIHHHHH Ha HH.D:YKI\HIO aII0IIT0THqeCKHX 

KJieT0K npn ,n:eil:CTBHH 180 H 2°Ne, B cpaBHeHHH C y-KBaHTaMH. l13yqeHa cpaBHHTeJibHaH 

KHHeTHKa BhlX0,n:a aII0IIT0THqecKHX H HeKp0TnqecKHX KJieT0K B rrpncyTCTBHH 

nHrn6nrnpon Apa-U:, rM n PFT-a. IloKaJaHo, qrn rrpn .n:eil:cTB1m y-KBaHT0B B 

rrpncyTCTBHH PFT-a pe3K0 B03pacrneT yponeHh HeKp03a. 

BBE,ll;EHME 

ArrorrT03 - rrpo11ecc, Heo6xo,n:HMhril: .D:JIH rro.n:.n:ep)KaHHH TKaHenoro roMeocrn3a. B 

MexaHH3Me alI0lIT03a M0)KH0 BhI,n:eJIHTh 3 CTa.D:HH: HH.D:YKI\HH (cHrHaJihHaH), aKTHBal\HH 

rryTeil: peanma11nn H .n:erpa.n:a11nn. Ilo MexaHH3MY HH.D:YKI\HH pa3;mqa10T BHyrpennnil: 

(P53-3aBHCHMhlll) H BHeIIIHHll. 3TO pa3JIHqne orrpe,n:eJIHeTCH xapaKTepoM pe11err11nn H 

rrpone,n:eHHH cnrHaJI0B arrorrT03a. B rrepnoM cnyqae cnrHan, o6H3aTeJihHO orrocpe.n:yeTcH 

MexaHH3MaMii CTa6HJima11nn H aKTHBal\IiH 6eJIKa P53, BO BT0p0M - B0ClipHHHMaeTCH 

Herrocpe,n:cTBeHH0 MeM6paHHhlMii pe11errrnpaMH. O6a HClI0Jih3YIOT 0.D:HH H 1:e )Ke rrym 
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peamna1um:, T.e. nocpe,n;CTB0M pa3JUflJHhIX MoneeyJUipHbIX MexaHH3M0B np0HCX0,D;HT 

aKTHBal(IDI Kacna3Horo KacKa,n;a H nocne.zzyromaH ,n;erpa,n;al(HH KneTKH. [2] 

B pa6oTe 6bmH Hcnonh30BaHhl HHrn6HTophl penapaUHH ~HK 

apa6HH03H,D;l(HT03HH (Apa-U:) H rn,n;p0KCHM0lJCBHHa (rM). l-Icnonh30BaHHe 3TllX 

HHrn6HTOpOB Il03B0JUICT 01.(CHHTh BKna,n; ,D;BYHHT_eBbIX pa3pbIB0B (~P) ~HK H 

KnaCTepHbIX IlOBpe)K,D;CHHli B HH,n;yKl.(HIO anonTOTll11CCKOli rH6enH KneT0K. 

IlpHCYTCTBHe Apa-U: H rM B KnCTOlJHOli cycneH3HH npHB0,D;HT K 3a,n;ep)KKe penapal(HH 

0,D;H0HHTCBhIX pa3pl>IB0B (OP) ~HK H, B K0HC11H0M c11eTe, o6pa30BaHHIO 

3H3HMaTH11CCKHX ~p ~HK.[l] TaK )KC B pa6oTe HCil0ilh30BanCH o6paTHMhlli HHm6HTop 

TPaHCKpHill(HOHHOli aKTHBH0CTH 6enKa P53 - pifithrin-a. ~aHHl>Ili HHm6HTOp 

6nOKHpyeT cpyHKl.(HH P53, CBH3aHHl>Ie C OCTaHOBKOli KnCT011H0ro l(HKna, CHHTC30M 

penapaTHBHl>IX cpepMeHTOB, HH,D;YKUHCli anonT03a.[3]. 

MA TEPHAJihl H METO~hl 

JlHMqlOl.(HTl>I Bl>I,n;emum ll3 uenl>HOli renapHHll3HpOBaHHOli Kp0BH 3,D;0p0Bl>IX 

,D;0H0p0B rpa,n;HeHTHbIM MCT0,D;0M. KoHe11HaH K0Hl.(CHTPaUIDI nHMqlOl.(HTOB B cycneH3HH 

- 2x 106 
KneTOKiMn. 3a 1 11ac ,n;o 06ny11eHHH B KneT0lJHyIO cycneHJHIO ,n;o6aBnHnH 

HHrn6HTOpbI Apa-U: H rM B K0Hl.(CHTPaUHH 20 µM H 2 mM C00TBCTCTBCHH0. 

lIHrn6HTop pifithrin-a 6bm ,n;o6aBneH 3a 4 lJ ,n;o 06ny11eHHH B K0Hl.(CHTPaUHH 30 µM. 

O6ny11eHHe y-KBaHTaMH 
6
°Co (JII13 = 0;3 K3BIMKM) np0B0,D;Hn0Ch Ha ycTaH0BKe ,D;nH 

,D;HCTaHl.(HOHHOli ny11eBOli TepanHH «Poeyc-M», ycKopeHHl>IMH np0TOHaMH B 

pacrnHyT0M nHKe Ep3rra (JII13 = 1,6 K3BIMKM) - Ha ycK0pHTene cpa30TPOH 

Jia6opaTOpHH H,n;epHhIX npo6neM HM. B.IT. ~)KenenoBa OIUIII, TH)KenhIMH H0HaMH 180 

(JII13 = 170 K3B/MKM) H 
20

Ne (JII13 ~180 K3BIMKM) - Ha ycmH0BKe «Y-400M» 

Jia6opaTOpHH H,n;epH1>1x peaKUHii HM. r.H. <l>nepoBa OIUIII. Onpe,n;eneHHe HHTaKTHhIX, 

anonT0TH11CCKHX H HeKp0TH11CCKHX KneT0K ocymecTBnHn0CI> MopcponorH11ecKHM 

MCT0,D;0M C HCil0ilh30BaHHCM CMCCH KpaCHTeneii 6pOMHCToro 3TH,D;IDI H aKpH,D;HH0B0ro 

opaH)KeBoro B pa3nII11Hhle BpeMeHHhle HHTepBani1 nocne 06ny11eHHH - 11epe3 0 11, 2411 H 

48 11. 

PE3YJihTATbl H OliCY~HHE 
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ll;eJihIO ,LlaHHOll pa60ThI HBIDieTCH 1nyqeH11e BJIIUIHirn HHrH6HTOp0B peIIJIHKaTHBHOro 

u perrapaTHBHoro CHHTeJa ~HK Apa-U:, fM u HHrn6uTOpa 6enKa P53 (PFT-a) Ha 

HH.z:IYKUHIO aIIOIIT03a B JIHMqJOUHTaX rrepucpepuqeCKOll KpOBH qeJIOBeKa rrpu ,LlellCTBHH 

u0Hmupy10mux H3JiyqeHuii pa3JIHqHoro Kaqecrna. 

bhIJIO IIOKa3aHO, qTo rrpH .z:1eiiCTBHH y-KBaHTOB 
6
°Co Ha6JIIO,LlaeTCH 3Haq11TeJihHOe 

yBeJI11qeHHe BhIXO,Lla aIIOIITOTHqecKHX KJieTOK B ycJIOBHHX BJIHHHHH HHrH6HTOpOB Apa­

u: H fM qepe3 24 H 48 qacoB IIOCJie o6ny•IeHHH. Ha6JIIO,L1aeMhlll 3cpcpeKT MO)l(eT fihITh 

CBH3aH C MexaHH3MOM .z:1eiicTBHH ,LlaHHhIX HHrH6HTOpOB. IIpHCYTCTBHe Apa-U: H fM B 

KJieTOqHoii cycrreH3HH rrpHBO.LIHT K 3a.z:1ep)l(Ke perrapa11u11 OP ~HK H o6pa:30BaHHIO 

3H3HMaTuqecKHX ~p ~HK. TaKHM o6pa30M, B YCJIOBHHX BJIHHHHH ,LlaHHhIX 

pa,LIHOMO,LIHqJHUHPYIOIUHX areHTOB yBeJiuquBaeTCH KOJIHqecTBO KpHTHqHhIX ,LIJIH KJieTOK 

IIOBpe)l(,LleHHll H, KaK CJie,LICTBHe, IIOBhUIIaeTCH ypoBeHb HH.LIYKllHH aIIOIIT03a (p!iC. l ). 

IIoKa3aHo, qTo HHrH6HTOph1 Apa-U: H fM rrpaKTHqecKH He OKa3bIBaIOT BJIHHHHH Ha 

HH.z:IYKUHIO aIIOIITOTHqecKHX KJieTOK rrpu o6JiyqeHHH TH)l(eJihIMH HOHaMH, B OTJiuque OT 

.z:1eiicrn11» y-KBaHTOB 
60

Co. TaK, c pocTOM JIII3 MeH»eTc» cneKTP rroBpe)l(,LleHuii ~HK, u 

OCHOBHOll BKJia,LI B pa3BHTHe JieTaJihHOro 3cpcpeKTa BHOCHT rrp»Mhle ~p ~HK. BbIXO.LI 

rrp»MhIX ~p ,LIOCTHraeT CBOero MaKCHMaJihHOro ypoBHH rrpH 3HaqeHHHX JIII3 B 

,LIHaIIa30He OT 100 .LIO 200 K3B/MKM. [4]. CoorneTCTBeHHO, B 3TOll o6JiaCTH 3HaqeHHll 

JIII3 arioIITOTHqecKa» ru6eJih KJieTOK 6y.z:1eT HacryrraTh BCJie,LICTBHe B03HHKHOBeHHH B 

KJieTKe 6onhrnoro qucrra TPY.LIHoperrapupyeMhIX rroBpe)l(,LleHHii ~HK, TaKHX KaK ~p 

~HK, rrpu 3TOM CHH)l(aeTCH 3cpcpeKTHBHOCTh .z:1eiicTBHH MO,LIHqJHI1Hpy10mux areHTOB. 

~» oueHKH BJIHHHHH HHrH6HTOpOB Apa-U: u rM Ha HH.LIYKllHIO aIIOI1TOTHqecKHX 

KJieTOK 6bma IIOCTPOeHa 3aBHCHMOCTh cpaKTOpa H3MeneHHH ,Ll03hl (<1>11~) OT JIII3 ,LIJIH 

HCCJie,LIOBaHHhIX BH,LIOB mnyqeHHll (puc.3). <1>11~ HBJUieTCH OCHOBHhIM IIOKa3aTeJieM, 

xapaKTepH3YIOIUHM 3cpcpeKTHBHOCTh .z:1eiiCTBHH pa,LIHOMO,LIHqJHKaTOpoB, H orrpe.z:1e1rneTCH 
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Jl01a, rp )lo1a, fp .ll01a, rp 
Puc.I. HUAYKllUH anonTOTU'leCKUX KJieTOK npu AeHCTBUH y-KBaHTOB 6°Co B HOpMaJibllb(X 

YCJIOBUHX (1) u B npucyTCTBUU Apa-Q u rM {2) '1epe3: 0 'I {A), 24 'I (6), 48 'I {B) 

.. , A 

1b 
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' 
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Jlo:Ja, rp l101a, rp ,llo1a. rp 
Puc. 2. HHAYKllUH anonTOTU'leCKUX KJieTOK npu AeiiCTBUU 180 <•> u 20Ne {■) B HOpMaJibHblX 

YCJIOBUHX (1) u B npucyTCTBUU Apa-Q u rM (2) '1epe3: 0 'I {A), 24 'I (6), 48 'I {B) 

2,0 

, .• 

~ • .,I j"N, ~ T', 

,.,.._ _________ _ 
10 100 

Jl03, 1nB/M1<M 

Puc. 3. Kp11BaH ct>aKTOpa U3MeHeHUH AOlbl {ll>Hro OT Jill::) 

<Plf/1 DJs% I DJs% 
~ = 6e:, paiJuoAviJuq,Kamopa c paiJuomiJuq,KamopoM ( 1) 

KaK OTHOIIIeHJie )];03 6e3 pa,nJIOMO,nmpIIKaTOpa II B ero npIIcyrcTBIIII npII paBHOM 

3<p<peKTe, B ,naHHOM cnyqae - Bl,Ixo.ne anOTITOTII'IeCKIIX KJieTOK Ha ypOBHe 35% (1). 

y CTaHOBneHO, 'ITO C yaenII'IeHJieM JII13 II3ny'IeHHll Ha6mo.naeTCJI 3Ha'IHTenhHOe 

CHJI)KeHJie pa.nnoceHCH6HnII3HpyIOIIIero 3<p<peKTa IICI10Ilh3yeMbIX IIHrtt6HTOp0B 

(pnc.3). 
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30 A 

o-1------------ 0-1-----------~ o 0 

Jlo1a, rp 
60 r 
50 

';f!.. 40 

830 
C. 
~ 20 

= 10 

0+-----------
0 

]lo1a, rp Bpe~m. 'I 
P11c. 4. H111Q'Kllllll anonTOTll'leCKIIX (A, Ii, B) II HeKpOTll'leCKIIX (r) KJieTOK np11 /);eiicTBIIII y-

KBaHTOB 
6
°Co <•> II TlllKeJILIX 110110B 

20
Ne (■) B HOpMaJILHLIX ycJIOBllllX (1) 11 B np11cyTCTBIIII PFT-a 

(2) 'lepe1: 0 'I (A), 24 'I (Ii), 48 'I (B). 

~JUI ll3)"1eHIUI pomI 6eJIKa P53 B npou:ecce aIIOIITOTIItJ:eCKOll m6emI JIIIM(pOU:JITOB 

tJ:eJIOBeKa 6hlJI IICIIOJib30BaH IIHrII6IITOp PFT-a. llccJie,[(OBaHbI ,[(030Bhle 3aBIICIIMOCTII 

IIH.DYKU:IIII aIIOIITOTIItJ:eCKIIX KJieTOK IIpII .neiiCTBIIII y-KBaHTOB 6°Co II TH)KeJihlX IIOHOB 

2
°Ne. BbUIBJieHO, 'ITO B IIpIICYTCTBIIII IIHm6IITopa PFT-a Ha6mo,naeTCR 3cpcpeKTIIBHOe 

CHII)KeHIIe IIH.DYKU:IIII aIIOIITOTIItJ:eCKIIX KJieTOK B cpaBHeHIIII C KOHTpOJieM KaK IIpII 

,neiiCTBIIII y-KBaHTOB, TaK II ycKopeHHbIX TH)KeJibIX IIOHOB (pIIc.4). 
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cI>YHKD;HOHAJibHbIE H CTPYKTYPHblE H3MEHEHIUI 

CETqATKH Y MblIIIEH ITOCJIE B03~EHCTBIDI 

rEHOTOKCttqECKHXArEHTOB 

IO.B. B1rnorpMOBa
1
, K.H. JfaxoBa

2
, B.A. TpoHoB1·3 

1JIPE, OI15111, r. ,lzy6Ha, PoccIDI 

2MYI1Oll")J;y6Ha", r. )J;y6Ha, PocCIIj{ 

311:HCTIIT)'T xnMn'leCKOM qmJIIKll llM. H.H. CeMeHoBa P AH, r. MocKBa, Poccnj{ 

B 90-x ro.n:ax 61,m OilllCaH .n:ereHepaTIIBHblll npo11ecc B CeT'laTKe y MbIIIIell n KpbIC, 

llff.D:YIJIIPO BaHHblll MeTIIJIHllTPOJOMO'leBllHOll (MHM) [1]. B OCHOBe 

peTIIHOTOKCII'lecKoro 3q>q>eKTa Jie)Kana anonTOTII'leCKM rn6en1, qiompe11enmpoB. 

PaHee 6bllo noKaJaHo, 'ITO 3penM ceT'laTKa xapaKTepll3yeTCji BbICOKOH 

pa.n:noycTOll'lllBOCTI,IO [2, 3, 4]. Ilpe.n:nonaraeTCj{, 'ITO 3TO CBj{JaHo c BbICOKHM 

reHOTOKCII'leCKHM noporoM, Hll)Ke KOTOporo npll3HaKH .n:ereHepa11m1 He 

npocJie)KllBaIOTCj{ [5]. QeJibIO HaIIIell pa6oTbl 6bma OIJeHKa .n:eHCTBllj{ llOHll3IIpyro111ejj: 

pa.n:na11nn n MHM Ha q>yHKIJllOHanbHYJO aKTllBHOCTI, ceT'laTKH n Ha cnoco6HOCTI, ee K 

BOCCTaHOBJieHIIIO nocne .n:eHCTBllj{ 3TllX reHOTOKCllKaHTOB. IlapanneJibHO 

KOHTPOJlllpoBan~CI, MOpq>OJIO~ll'leCKHe ll3MeHeHllj{ KJieTO'IHblX CJIOeB ceT'laTKll. 

MMIIIeH no.n:Beprann TOTanbHOMY raMMa-o6ny'leHnIO (
6
°Co) B .n;oJe 14 fp Ha 

TepaneBm'leCKOH ycTaHOBKe «PoKyc-M» (OI15111, r. )J;y6Ha), MOIIJHOCTb norno111eHHOH 

.D:OJI,I 0,64 fp/MllH. A TaK)Ke ycKopeHHI,IMll npOTOHaMll - TOTMI,HO B .D:03e 10 fp ll 

o6naCTI, fOJIOBI,I B .D:03e 25 fp Ha Me.D:IIKO TeXHll'leCKOM KOMilJieKce (OI15111, r. ,lzy6Ha). 

3Heprnj{ 'lacm11 B TIYlJ:Ke 150 M3B/HyKJIOH, JII13 10 K3BIMKM, MOIIJHOCTb .n:031,1 1 

fp/MllH. 

PE3YJihTAThl II OliCYiK,lI;EHHE 

IloKaJaHO, 'ITO o6nYlJ:eHne B .D:03e .n:o 14 fp raMMa-KBaHTaMll llJlll ycKopeHHbIMll 

npoTOHaMll He BbIJbIBaeT CTPYKTYPHbIX IIJMeHemdl: ceT'laTKll y MblIIIeH (pnc. lA), 'ITO 

no.n;TBep)K.D:aeT BbICOKYJO pa.n:nope3llCTeHTHOCTI, 3penojj: ceT'laTKll. Mopqionorn'leCKlle 
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mMeHemrn na6mo.n;arrncr, JIHIIIh 11epe3 48 11 rrocne o6Jl)'lfemrn B .n;o3e 25 fp [5]. 

CpaBnenl:le 3Pf IIOKa3bIBaeT, 'ITO 3Pf l:IHTaKTHbIX MhIIIIeH l:I raMMa-06ny11eHHhIX B 
. . . 

.n;o3e 14 fp He OTJIH'IaIOTCH (pHc. 1B, f). TaIOKe BH.n;Ho, 'ITO aMIIJIHT)'.11:hl ·a- H b-BOJIH y 

KOHTPOJihHblX MhIIIIeH l:I MhIIIIett, 06ny11eHHhlX ycKopeHHhIMl:I rrpoTOHaMl:I B ,!1;03e 10 fp, 

COBIIa.n;aIOT (pHC. lm. TaKHM o6pa30M, 06ny11eHHe MhIIIIeH B ,!1;03e ,!1;0 14 fp He 

Bbl3hIBaeT CTPYKT)'pHbIX l:I cpyHKIIl:IOHarihHhIX l:13MeHeH
0

l:IH ceT'IaTKl:I. 

A 

6 V 

II 
~ I I• ----

14 rp 2s rp 

B K yip .Q 

r 

:.6~: ~~A: 
y. \..0 •'--

240 

1''° ),..,-"-~::::::ij 
:{ 160 #;/':::::i'li-;.;~. 
; 120 · O i 4rp♦20<t 

< 80 . 
40 

-3,0Lo92M~T.-!c~ •• -t.5 -1,0 .0' ocni, cp/M2 , 

l: •l2control ~ • -·•-10Gy, 1-9. days 
~ • , f I 
; . ~--•---, : • ,;7'7I I l 

)l • ~-
~ ' u .. u •• .. 

Flash Intensity 
--e~Control 

110~10Gy,1-9days 

,.,~~ ! , .. o I ---....f 
j120 
'" . 

" •U ~ •U •U -1.f 
Flash Intensity 

Pnc. 1. A - MHKpo4>ornrpaljmn cpe3OB CCT'laTKH AO H IlOCJle TOTaJJLHOro 06J1y'leHHH raMMa­

KBaHTa~IH (14 rp) n ycKopennLIMH npornnaMII (14 rp), a TaIOKe JlOKaJJLHOro 06J1ytJeHHH 

ycKopeHHLIMH npOTOHaMH B AO3e 25 rp • .6 - TOJl~HHa Mepnoro CJIOH 4>ornpe11enTopoB. B - 3Pr y 

MLIIIICH coxpanHeT IICH3MCHHLIMH npoitmJJL. r - JaBHCHMOCTL aMilJJIITYALI OT HIITCIICHBHOCTH 

IlOCJle 06J1ytJeHHH lKHBOTHLIX raMMa-KBaHTaMH (14 rp). ,!I, - JaBHCHMOCTL aMilJJHTYALI OT 

HHTeHCHBIIOCTH IlOCJle 06J1ytJeHHH lKHBOTIILIX ycKopeHHLIMH npOTOHaMH (1 Q rp ). 

B CBOIO 011epe.n;r,, B OTBeT Ha 06ny11eHl:le roJIOBbl MhIIIIeH ycKopeHHhIMl:I rrpOTOHaMH 

B ,!l;03e 25 fp rrpol:ICXO.n;HT H3MeHeHl:le rrpoq>HJIH 3Pr (pl:IC. 2A). y 06Jl)'lfeHHhIX MhIIIIeii 

CHIDKaIOTCH aMIIJil:IT)',!l;bl a- H b-BOJIH (pl:IC. 21i). Ha6nro.n;aeTCH .n;ecrpyKU:HH H.n;epHb!X 

CJIOeB l:I arrOIIT03 q>OTOpeu:errTOpOB rrpl:I JIOKarihHOM 06ny11eI_IHH MhIIIIeH ycKopeHHblMH 

rrpOTOHaMl:I B ,!l;03e 25 fp (pHc.2B). 
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A 

-3 -2,5 -2 -1,5 -1 

Log intensity, cd/m2 
-3,0 -2,5 -2,0 -1,5 -1,0 

Log lnlanslty, cd/m2 

B 
KoHTpOnb 25 rp+3-5 AH 

¢,parMeHT 
blR,Qep 
4>0Tope1.1e 
nTopoe 

• 
Puc. 2. A - IIpofj111Jib 3Pr y Mblllleii AO II DOCJie JIOKaJibHOro o6JIY,ICIIIIH Mblllleii ycKopeHHblMII 

npoTOll3MII B AOle 25 rp. Ii - 33BIICIIMOCTb 3MDJlllyYAbl a- II b-BOJIH 3Pr OT IIIITCIICIIBIIOCTII 

BCDbllllKII, 8 - MHKpofj>ornrpafj111n cpelOB CCT'l3TKH Mblllleii. 

IIpe~CTaBJieHHMe BbIIIIe CBH~eTeJibCTBYIOT 0 BbICOKOM 

reHOTOKCHqecKOM nopore y CeTqaTKH. Pattee HaMH 6bIJIO BbIJIBJieHO, qTQ ~03a MHM 70 

Mr/Kr 5IBJIJieTC5I UHTOTOKCHqecKoii, a ~03a 35 Mr/Kr - HeTOKCHqecKOH KaK C 

<pyHKUHOHaJibHOii, TaK H c MopcponornqecKoii TOqKH 3peHH5I [6]. B cnyqae ~03bI MHM 

35 MrlKr o6ttapyxmaaeTC5I cnoco6ttocTb K BOCCTaHOBJieHHIO 

!pll3HOJIOrnqecKOH aKTHBHOCTH: IIOBbIIIIeHHIO aMIIJIHyY~bI 3Pr IIOCJie yMepeirnoro 

A 
H> t~'f .,,. 

[v- [~ 

ms! -li:OHTJX).llh 

ms2 
t.lf™70Mrh.::r 

ms3 MI-IMiOMtOO" 
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t...alO'I 
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! 
' ;1~·,_'--
\/' 
•".-""~ 
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m•c:··-ms 

ms 
~-,---~---. 

0 50 100 150 200 250 300 350 
Awnmn-v.aa 3Pr, MKB 

Puc. 3. CxeMa (A) 11 pe1yJibTaT (Ii) 3KcnepuMe11rn no BJ111n11uro cf>pam1,u01111p0Ban11oro (17 + 70 

Mr/Kr) BBC,!J;CIIHH MHM Ha 3Pr y MbllllCH. 

reHOTOKCHqecKoro CTpecca. TaKOe BOCCTaHOBJieHHe !pll3HOJIOrHqecKoii aKTHBHOCTH 

rrocne reHOTOKCHqecKoro CTpecca CBMeTeJibCTByeT O HaJIHqllll y ceTqaTKH T.H. 

a~aIITHBHOro OTBeTa. PttcyHOK 3 npe~CTaBJIJieT cxeMy (A) H pe3yJibTaT (E) OIIbITa IIO 

a~aIITHBHOMY OTBeyY CeTqaTKH Ha IIOCJie~OBaTeJibHOe B03~eiiCTBHe MHM CHaqana B 
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HeTOKCII'IeCKOH (17 Mr/Kr) II crrycrn 4 q B TOKCIIqecKOH ,l(03e 70 Mr/Kr. KaK BII,l(HO, 

qepe3 6 q ITOCne B03.I(encrnmi: MHM B .no3e 70Mr/Mn ITpoqmnh 3Pr 

BOCCTaHaBnHBaeTCH. Xorn aMITnIIry.I(a 3Pr OCTaeTCH CHH)KeHHOH ITO cpaBHeHHIO C 

KOHrponhHOH ceTqaTKOH (pIIC. 3E), OHa, TeM HH MeHee, ,l(OCTOBepHO BhIIIIe aMITllHT)',llhl 

3Pr ITOCne e,l(IIHCTBeHHOH HHneKIIIIH MHM B .no3e 70 Mr/Kr. 

3AKJUOqEHHE 
IIonyqeHHhie .namlhle c MHM H BhICOKM pa.nIIoycTottqIIBOCTh ceTqaTKH B 

HHTepBane ,I:(03 raMMa-KBaHTOB H JI3nyqeHIIH ycKopeHHhlMH ITPOTOHaMH ::;20 rp 

CBH,l(eTenhCTBYIOT O HanHqHII BhICOKOrO reHOTOKCHqecKoro ITOpora y 3penon cerqaTKII 

MhIIIIeH. Cne.nyeT OTMeTHTh, qTo reHoToKcnqecKHH ITOpor .llnH MHM HII)Ke, qeM ,llnH 

pa,llIIaIIIIII. 3TOT <paKT, a TaK)Ke ITpOTeKTOpHoe ,l(eHCTBHe ITpe.nBapHTenhHO BBe,l(eHHOH 

Manon ,l(03bl MHM B OTHOIIleHIIII ITOCne.ny10mero BBe,l(eHIIH 3aBe,l(OMO 

IIIITOTOKCIIqecKOH ,l(03hl, yKa3bIBaJOT Ha CITOC06HOCTb ceTqaTKII K a.naITTIIBHOMY ornery 

Ha TaKOe B03,l(eHCTBIIe. B TOKCIIKOnorIIH TaKOH a,llaITTIIBHbIH OTBeT ITonyqnn Ha3BaHHe 

«HettporopMe3HC» [7]. MexaHH3M HettporopMe3IICa B oTBeT Ha reHOTOKCIIqecKoe 

XIIMIIqeCKOe IInII pa,llIIaIIIIOHHOe B03,l(eHCTBHe HeH3BeCTeH. He HCKn10qeHO, qTo KaKyJO­

TO ponh -B 3TOM MOryT IIrpaTb 06pa3yJOI11HeCH B cerqaTKe 3H,l(OreHHhie ITPOTeKTOpbl, 

ITOBbIIIIaJOI11IIe ee ycTOH'IIIBOCTb K OKIICllIITenbHOMY II reHOTOKCHqeCKOMY crpeccaM. 

Bo3MO)KH0 TaK)Ke, qTo B a.naITTIIBHOM OTBeTe ceTqaTKII Ha reHOTOKCIIqecKHH crpecc 

MOryT ITpHHIIMaTh yqacTIIe ee rnIIanbHbJe M10nnepOBCKIIe KneTKII, qyrKo 

pearIIpy10I11He Ha pa3nIIqHbie .necrpyKTIIBHhie II3MeHeHHH. 
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IIPOBO,Ll;HMOCTb IIOJIHMEPHblX HAHOKOMII03HTOB II 

EE MO,Ll;YIDIIJ;IDI IIO,Ll;,Ll;EHCTBHEM p- -OliJIYqEHIDI 

B.B. KJierrKo, E.E. KonyrraeB#, E.B. Jie6e,n;eB 

HHcTIIT)'T XHMIIII BbIC0K0M0JieKyJI»pHbIX coe,n;nHeHIIii HAH YKpaHHhI, r. KueB, 

YKpanHa 

O,n;noii II3 rno6aJihHbIX rrpo6JieM qJll3llKII II0JIIIMepoB HBJIHCTCH TeopeTH'ICCKa» 

pmpa60TKa ll 3KcrrepIIMCHTaJibH0e IICCJIC,!l;0BaHHH 3JICKTP04Jll3Il'ICCKHX CBOHCTB 

MO,!l;llqJIII~llpOBaHHbIX rII6KOUCIIHbIX II0JIHMepoB. B paccMaTPIIBaeM0M K0HTCKCTe 

cymecTBCHHbI ,D;Ba pa3JIII'IHbIX acrreKTa IIp0B0,!l;llM0CTH: TCMH0BM ll 

qJOTOIIpOBO,!J;IIMOCTb, K0T0pa» rrpo»BJIHCTCH rrpu B03,!l;CHCTBllll Ha MaTepHaJI P - -
ll3JIY'ICHIIH. ,[(o HaCT0»mero BpeMeHH 3HaK. HOCHTeJieii 3ap»,n;a qJOTOTOKa ,D;JIH 

rn6KouerrHhIX rroJII1MepOB (IlBX, ITC, IlMMA), co,n;ep)KamI1x B Ka'IeCTBe 

MO,!l;llqJHKaTopoB Hano,n;ucrrepcHbIC rrop0IIIKII MCTaJIJI0B, paBH0 KaK ll MeXaHH3M HX 

rrpoB0,D;llM0CTH, eme ,n;o K0HUa He IICCJie,n;oBaH. C yqeT0M 3THX o6CTOHTCJibCTB 

llCCJIC,D;0BaHa rrp0B0,!l;llM0CTb IlBX, HaII0JIHCHH0ro HaHO,D;IICIIepcHOH MC,!l;bIO, 

BOJibqJpaMOM, HHXp0M0M ll ee Mo,n;yJIHUIIH p- -o6ny'IeHHeM. lf3yqeH cycrreH3llOHHbIH 

IlBX MapKn Y-24.1-33129683-0.06:2011 THIIa KSR-67, O'IIIIUCHHhIH H3 pacrnopa, 

rrepeoc~eHHbIH II HarroJIHCHHbIH naHo'IaCTIIUaMII MCTaJIJI0B, II0Jiy'IeHHbIX B 

pe3yJibTaTe 3JICKTPH'ICCKoro B3pbIBa rrpoB0,!l;HHKa. Pa3Mep qaCTHU (13±2)HM, 061,eMnoe 

co,n;ep)KaHIIC (0±0,10) 06. %. 3JICKTP04Jll3Il'ICCKIIC CBOHCTBa (p, j, y, f:
1

, tg8) 

K0MII03IIT0B llCCJIC,!l;0BaJIII B o6JiaCTll CJia6bIX 3JICKTPH'ICCKHX IIOJICH rrpu II0CT0HHH0M ll 

rrepeMeHH0M Harrp»)KCHIIH. B Kaqecrne IICT0'IHHKa p- -nyqeii IICII0Jib30BaJill 9 t Pa 234, 

38Sr90 
II OPP K 42 

(TY-1050) c JIIIHeiiHoii y,n;eJibHOH aKTHBH0CThIO 105 
pacrra,n;oB c· 

I -I ·r 

# Boris_ Kolupaev@gmail.com 
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B OCHOBY rrpe~JIO)l(eHHOH MO~eJIH IIOJIO)l(eH q>aI<T rrepexo~a. IIO~ ~eHCTBHeM p- -

ofirryqemrn:, aTOMa Bell(eCTBa B COCTOHHHe :meKTpOHHOro BOJ6y~eHHH, KOr~a 

cyll(eCTBYIOIIIHe H BHOBb o6paJOBaHHbie HOCHTeJIH 3ap1r~a HBJIHIOTCH N-KpaTHO 

Bbipo~eHHblMH. IIocKOJibKY B HaCTOHII(ee BpeMH TOJibKO o6cy~aeTCH BOIIpoc 

rrpHMeHHMOCTH 30HHOH MO~eJIH K m6Ko11errHbIM IIOJIHMepaM, B pa6oTe paCCMOTPeH 

xapaKTep BJIHHHMH BHYTPH - H Me)l(MOJieKYITHPHOro BJaHMO~eiicTBHH CTPYKTYPHbIX 

:meMeHTOB IIOJIHMepa Ha rrepenoc 3apH~OB. IlpH 3TOM OTMeqeHa pOJib 

HaHO~Hcrrepcnoro HaIIOJIHHTeJIH B q>OpMHpoBaHHH 3JleKTpOHHOH rrpOBO~HMOCTH 

CHCTeMbl. IIocKOJibKY IIOrJIOII(eHHe p- -rryqeu reTeporeHHOH IIOJIHMepnou CHCTeMOH 

(fIIC) THIIa IIOJIHMep-MeTaJIJI MO)l(eT corrpOBO~aeTCH o6paJOBaHHeM HOBbIX 

HCTOqHJiKOB HOHii3aIIHH Bell(eCTBa [ l], IIO Mepe rrpo~BH)l(eHHH TaKOH 3JieKTPOHHOH 

rraBHHbl OCTaeTCH IIOJIO)l(HTeJibHblH ofo,eMHbIH 3ap~. KOTOpbIH BbICzyrraeT KaK 

rrpOBO~HII(HH :meMeHT CHCTeMbl. IIpoaHaJIH3HpOBaH crryqaii ~BH)l(eHMH IIOTOKa 

3JleKTpOHOB p- -mrryqeHHH, IIOJIO)l(JiTeJibHOro 061,eMHOro 3ap1r~a Ii co6cTBeHHbIX 

HOCHTerreii JapH~a HCXO~HOH MaTPHIIbI. HettTPaJili3aIIMH o6oeMHblX 3apH~OB 

paCCMOTPeHa C yqeTOM MaKcBeJIJIOBCKoro BpeMeHH perraKCaIIHH t Ii BpeMeHH HX 

rrporreTa t. IlOCKOJibKY 3TH BpeMeHa HBJIHIOTCH Me~ co6ou HeJaBHCHMbIMH, C yqeTOM, 

qTo t JaBHCHT OT rrapaMeTPOB MaTepHaJia ( s, p, n)' a t OT ~JIHHbl 06pa311a Ii pe)l(HMa 

pa60Tbl (£)' oxapaKTepH30BaHbl ycJIOBHH BbIIIOJIHeHHH COOTHOIIIeHHH t < t' t > t Ii HX 

CBH3b C KOHIIeHTPaIIHeii (n) HOCHTeJIH 3apH~a B fIIC. 3TO II03B0JIHeT BbI6paTb pe)l(HM 

pa6oTbl KOMIIOJHTa, KOr~a, B JaBHCHMOCTH OT BeJIJiqHHbl E,t H t, Bcer~a BblIIOJIHHeT 

JaKOH OMa, a C IIOMOII(blO p-· -o6rryqeHMH COJ~aTb 6HIIOJIHpHyro (3JieKTpOHHYIO Ii 

Honny10) rrpoBo~HMOCTb MaTepHarra. B 3TOM crryqae HeHTPaJIHJaIIHH 3ap1r~a IIBX­

CHCTeM ocyll(eCTBJIHeTCH 3JieKTpOHaMH, O~HaKO no Mepe B03pacTaHMH BeJIHqJiHbl 

narrpH)l(eHHOCTH BHeIIIHero 3JieKTPHqecKoro ITOJIH Ha6rr10~aeTCH napyllleHHe ycJIOBHH 

ueiiTPaJibHOCTH H npo11ecc nepe~aqH TOKa conpH)l(eH c MO~YITHIIHeii npOBO~HMOCTH 
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KOMII03IITa. C ytieTOM BeJIII'IIIHhI paBHOBeCHOll rrpOBO,nIIMOCTII Yo , ee yBeJIII'leHmI 3a 

C'leT o6pa30BaHmI IIOJIQ)l(IITem,HhIX IIOHOB y + II :meKTpOHOB y - ' o6pa30BaHHhIX rro.n 

,neii:CTBIIeM p- -o6eytieHmr, paccMoTPeHo OTHOCIITeJihHOe 

3JieKTPO!pII3II'leCKOll xapaKTepIICTIIKII rIIC 13 BII,ne: 

.1..=,,l+ D.p (1+ µP), 
Yo no µn 

II3MeHeHIIe 

r.ne µ p, µ n - rro,nBII)l(HQCTh HOCIITeJieii: 3apJI,na; no, D.p - cooTBeTCTBeHHO paBHOBeCHOe 

co,nep,KaHIIe HOCIITeJieii B IIOJIIIMepHOH MaTPIIIJe II C03,naHHOe p- - o6Jiy'leHIIeM. 

B Katiecrne IIH,nIIKaTOpa 3q>q>eKTa Mo,nyMIJIIII rrpOBO,nIIMOCTII CIICTeMhI BhI6paH 

KOJie6aTeJihHhlll KOHryp, KOTOphill BKJIIO'leH rrapam1eJihHO IICCJie,nyeMOMY o6pa3IJY, 

rroMemeHHOMY B . 3JieKTPIItiecKoe rroJie (E = const). IlpII 3TOM H3 pJI,na <I>yphe 

BhI,neJieHhl KOJie6aHiij{ HOCIITeJieii TOKa, tiaCTOThl KOTOphIX 6JIII3KII K roo (pe30HaHCHOM 

tiaCTOTe). PaCCMOTPeH CJiytiaii:, KOr,na D.p<<no II D.p=D.pexp(-t/r:), a TaK,Ke 

D.p ➔ no II D.p :;>>no. IloKa3aHo, 'ITO BeJIII'IIIHY MO.nyMIJIIII MQ,KHO uarrpaBJieHo 

peryJIIIpOBaTh rryTeM II3MeHeHIIJI ,n03hl p- -o6eytieHIIJI, a TaK)l(e mrneHHhlX pa3MepoB 

06pa3ua, co,nep,KaHIIJI <p B neM uatto,nIIcrrepcttoro uarroJIHIITeAA. TaK, yaeJIIItieHIIe 

3q>q>eKTa HaII60Jiee CIIJihHO rrpOJIBAAeTCJI ,nM KOpOTKIIX L o6pa3IJOB rrpII <p = const' 

TOJIIIJIIHe rropJI,nKa (240+300) HM. YcrnHOBJieno, 'ITO B CIICTeMe IIBX+0.05 06. % Cu 

rrpII ,no3e o6JIYtieHIIJI 0,127 rp ua rryrn B 1 M ocTaeTcJI nopJI,nKa 2·10
3 

3JieKTPOHOB p- -
JIY'leii, KOTOphle, npIIHIIMaJI ytiaCTIIe B npOBO,nIIMOCTII CIICTeMhl, yMeHhIUaIOT BeJIII'IIIHy 

COIIpOTllBJieHIIJI rIIC B 8 pa3. PaccMOTPeHhl CJIYtiaII B03HIIKHOBeHiij{ HOCIITeJieH 3apJI,na 

ITO Mepe yBeJIII'leHIIJI co.nep,KaHIIJI HaTIOJIHIITeJIJI B pe3yJihTaTe BHYTPeHHeH 

aBT03JieKTPOHHOll 3MIICCIIII (3MIICCIIJI IlyJia-<I>peuKeJIJI), a TaK)l(e IIH,KeKIJIIII II3 'laCTIIIJ 

c ytieTOM BeJIII'IIIHhl 3MIICCIIOHHhIX CBOHCTB Me,nII, BOJihq>paMa, HIIXpoMa ( 4,20; 4,56; 

3,58 38, COOTBeTCTBeHHO ). IloKa3aHO, 'ITO 3JieKTp0q>II3II'leCKIIe CBOHCTBa rIIC 

CBJI3aHHhl C aTOMHhIM 061,eMOM IIHrpe,nIIeHTOB, IIX 3JieKTpOHHOH IlJIOTHOCThlO II 
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IIJIOTHOCTI,IO ynaKOBKJI KpJICTaJIJIJiqecKOH pemeTKJI HaIIOJIHJITemr. IlOCKOJibKY IIpll 

E"" 105 B·M•l peaJimyeTCX paBeHCTBO CKopocm .i:i:mpq>y3JIJI JI .i:i:pettq>a HOCJITeJieH TOKa 

B fIJC, yKa3aHbl IIYTJI JICIIOJib3OBaHJIX KOMIIO3JITa B KaqecTBe :rneMeHTOB 

TBep.i:i:oTeJibHOH ::rneKTpOHHKJI. 

CilHCOK JIHTEPATYPhl 
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KOJIJ,IqECTBEHHAH O:QEHKA PEIIAPAIJ;HH ,ll;BYHHTEBblX 

PA3PbIBOB ,IJ;HK IIPH )];EHCTBHH TSDKEJlblX H,ll;EP 

rAJIAKTJ,IqECKHXKOCMJ,IqECKHXJI~EH 

O.B.lieJIOB
1
'
2
, M.C.mnuKo

1
•
2
, M.JI. TnMoqieeaa

1 

1
MYI1Qq «,l1;y6Ha», r. ,l1;y6Ha, Poccmr 

2
JIPE, mum, r. ,l1;y6Ha, Poccmr 

BBE,ll;EHIIE 

BIDKHOH 3a,n;aqeil: IIpll IIJlaHHpoaamrn IlllJI0THpyeMbIX Me)KIIJiaHeTHbIX II0JieTOB 

HBIDieTCH orreHKa pa;:i;HaIIH0HHoro pHCKa, o6ycJIOBJieHHOro .n;eil:CTBlleM TH)KeJibIX H,nep a 

C0CTaBe raJiaKTllqecKHX K0CMHqecKHX Jiyqeil: (fKJI). ,l1;JIH :noro Heo6xo.n;HMO 

BbIHCHeHHe MH0rllX 6HOJIOrllqecKHX peaKIIllH )KllBbIX KJieT0K Ha o6JiyqeHHe, cpe.n;n 

K0TOpbIX BIDKH0e MeCTO 3aHHMaIOT M0JieKyJIHpHbie MeXaHll3MbI penaparrHH ,l1;HK, 

llH.D;yrrHpyeMhie .n;eil:CTBlleM TH)KeJiblX 3apH)KeHHbIX qacTHII. 3a,n;aqa nporn03llp0BaHllH 

pa;:i;HaIIH0HH0ro pHCKa, o6ycJIOBJieHHOro II0Bpe)K.D;eHHeM ,l1;HK ll 3arrycK0M 

crrerrnqinqeCKllX MexaHH3M0B B0CCTaH0BJieHHH, rro.n;pa3JMeBaeT rrpHMeHeHire 

pacqeTHbIX MeT0.D;0B, II03B0JIHIOIIIHX npe.n;cKa3aTb .D;llHaMHKY perraparrnn B 

3:113llCllM0CTll OT <pll3llqecKHX xapaKTepHCTllK .n;eil:CTBYIOIIIero ll3JiyqeHIIH. 

QeJiblO ,naHHOH pa60TbI HBJIHeTCH II0CTp0eHHe MaTeManrqecKoil: M0.D;eJIH, 

OIIllCbIBaIOIIIeii KllHerney MeXaHH3Ma perraparrm1 .D;ByttllTeBbIX pa3pbIB0B (,n;P) ,l1;HK B 

KJieTKax MJieK0IIIITaIOIIIHX, rrpe,nCTaBJIHIOIIIero co6oil: B0CCTaH0BJieHHe IIYTeM 

HeroM0JiornqHoro B0CC0e.D;HHeHHH K0HII0B (NHEJ). 

MEXAHII3M PEIIAP AII;IIII IIYTEM HErOMOJiornqHoro 

BOCCOE,ll;IIHEHIDIKOHII;OB 

Ilporrecc NHEJ ycJI0BH0 M0)KH0 pa3,neJI1ITb Ha TplI 3TaIIa, C00TBeTCTBYJOIIIHe 

CIIHaIITIIqecKOH <pa3e, <pa3aM o6pa60TKII K0HII0B II JIIIrnpoBaHIIH. Ha rrepB0M ::narre B 

TeqeHIIe HeCK0JibKIIX ceKyH.n; II0CJie IIH.D;yKIIIIll 6eJIKOBbIH K0MIIJieKC Ku70/80 

IIp1Icoe,n1IHHeTCH K IIOBpe)K.l];eHHbIM K0HIIaM ,l1;HK II IIHIIIIIIIIpyeT NHEJ' B0BJieKaH B 

rrporrecc KaTaJIIIrnqecKYJO cyfae.n;IIHIIIIY ,l1;HK-3aBHCIIMOii rrpoTelIHKHHa3hI (DNA-
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PKcs). rerepo,nI1Mep Ku II DNA-PKcs qiopMIIPYIOT .n;HK-3aBIICIIMYIO rrpoTeIIHKIIHa3y 

(DNA-PK). KJimqeablM :narroM NHEJ .srnmieTc.H ayrnqiocqiopmrnpoaaHI1e DNA-PKcs, 

KOTOpoe rrpIIBO,[(IIT K o6pa30BaHIIIO «MOCTa» Me)K)];y ,nayM.H KOHI.(aMII .n;P [l, 2]. <l>a3a 

o6pa6oTKII KOHUOB rrpoTeKaeT c yqacmeM 3H,noHyKJiea3hI Artemis II .n;HK-rronI1Mepa3 

µ II A. Artemis - 3TO 5'-3' 3K30HyKJiea3a ,[(il.H 0,[(HOHIITeBOll .n;HK, Tor,na KaK KOMIIneKC 

ayrnqiocqiopI1nI1poaaHHoii DNA-PKcs II Artemis ,neiicrnyeT KaK 3H,[(OHyKJiea3a B 

060I1x HarrpaaneHII.HX . .n;HK-rronI1Mepa3hI µ II ..:l., .HBll.HIOil(IleC.H qnenaMII ceMeiicTaa 

.n;HK-rrom1Mepa3 X MneKOIIIITaIOil(IIX, o6e Boane•reHhI B npouecc JanonHeHII.H 6perrm 

[3]. B npouecce 06pa60TKI1 KOHUOB .n;P .n;HK npIIHIIMaeT yqacme TaK)Ke 

nonI1H)'KJieon1,nKI1HaJa (PNK). Ha 3aKJIIOqIITenhHOM 3Tane nilra3HhIH KOMnneKc 

XRCC4/LigIV coe,nIIH.Her cneuI1qiI1qecKI1 o6pa6oTaHHhre KOHUhI .n;HK. 

HaI16onee Il3BeCTHhIM cnoco6oM Il,[(eHTilqJIIKal.(IIII o6pa30BaBIIIHXC.H B KJieTKe .n;P 

.HBIDieTC.H MeTO):( qJOKYCOB y-H2AX, OCHOBaHHhlll na COOTBeTCTBIIII qI1cna 

o6pa30BaBIIIllXCH B KJieTKe .n;P .n;HK KOnHqecrny cneuHqiilqeCKHX qinmopecueHTHhIX 

MapKepoB. AyrnqiocqiopI1nI1poBanHe DNA-PKcs ae):(eT K qiocqiopnnI1poBa1mm 

rHCTOHOBOro 6enKa H2AX B o6nacm xpoMaTHHa, COOTBeTcTByIOm;ett ~ 2 · 106 
napaM 

ocnoaanilii B6nI13II .n;P .n;HK. Ilo H3MeHeHIIIO ypoBH.sr qioKycoa y-H2AX MO)KHO cy,[(HTh 

06 yMeHbIIIeHIIII IlllII yaenHqenIIII KOnHqecTBa ):(BYHIITeBhIX pa3phIBOB B KJieTKe [ 4]. 

MATEMA THqECKAJI MO,ll;EJih 

.n;n.sr qiopManll3al.(IIII MOlleKYmIPHhIX MexaHH3MOB penapaUIIH BhI6paH IlO):(XO):(, 

OCHOBaHHhlll Ha KJiaCCI1qecKOM OilI1CaHIIII qiepMeHTaTIIBHhIX B3aIIMO):(eiicTBIIH C 

IICilOllh30BaHileM KI1HeTI1qeCKIIX ypaaneHilll Bil):(a: 

r):(e X; (i = 1, ... , n) - BHYTPHKJieToqHbie KOHI.(eHTpaUHII perymnopHhlX 6enKOB II 

6enKOBhIX KOMnneKcoa n Bil,nOB, X0 - KonueHrpauI1.sr IIH):(YI.IIIPYIOil(ero cI1rnana (.n;P 

.n;HK), t- apeM.sr, Vi+ - CKOpOCTh CIIHTe3a 6enKa BH,[(a i. V;. - CKOpOCTh pacna):(a 6enKa 

Bil):(a i. 

IIonyqeHa CHCTeMa HenIIHeHHhIX o6bIKHOBeHHhIX ):(IlqJqJepeHUilanhHhIX ypaaneHIIH, 
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OIIIICI,JBaIOIUIIX 6IIOXIIMIIqecKIIe B3aIIMo,neiicTBlUI rrpII pearrmauIIII NHEJ. ~JUI 

orrpe,neJieHml rrapaMeTJ)OB, xapaKTepII3YIOIUIIX CKOpOCTII 6eJIKOBI,IX B3aIIMO,neiiCTBIIll B 

xo,ne NHEJ, IIpIIMemmacy, rrpoue,nypa q>IITIIpOBaHJrn MO,I.leJIII K 3KCIIepIIMeHTaJII,HI,JM 

,naHHI,JM, KOJIIIqeCTBeHHO OIIIICbIBaIOmIIM KIIHeTIIKY OT,neJII,HI,IX 3TaIIOB perrapal.lIIII ~p 

~HK. 

PE3Y JlhTAThl 

IlpII perneHIIII CIICTeMhl ypaBHeHIIll rronyqeHhl pe3yJioTaThl, OTJ)a)KaIOmIIe 

H3MeHeHIIe KOHI.leHTJ)aUIIII OCHOBHI,JX 6eJIKOB, yqacTBYIOIUIIX B NHEJ, II ypoBHH 

qioeycoB y-H2AX BO BpeMeHII. IlpII 3TOM rrapaMeTJ)oI MO,nenII 6oIJIII orrpe,neneHoI ,nn» 

OT,I.leJII,HI,JX 3TaIIOB perrapauIIII C IICIIOJII,30BaHIIeM 3KCIIepnMeHTaJII,HI,JX ,naHHI,JX II3 

pa60T [1] II [5]. 

Ha pIIc. 1 rrpe,ncTaBJieHhl pe3yJioTaTI,J pacqfu'oB, OIIHCbIBaIOmne KIIHeTHey 

HHJIYKI.IIIII q>oeycoB y-H2AX rrpII o6pa3oBaHIIII ~p ~HK, B cpaBHeHHII c 

3KCIIepIIMeHTaJII,HI,JMII ,naHHI,IMH [5]. B YKa3aHHOii pa6oTe IICCJie,noBarracy, 

JIOKaJIII3aUIIH q>oKycoB y-H2AX B eyn1,zype q>II6po6nacTOB KO)KII qenoBeKa HSF42 rrpII 

,neiiCTBIIH IIOHII3IIpyIOIUIIX mnyqenIIii C pa3HI,IMH q>HJIIqecKHMII xapaKTepIICTIIKaMII B 

,I.I03e 1 rp. Pe3yJioTaTI,J pacqeTOB, BbIIIOJIHeHHbIX C IICIIOJII,30BaHIIeM pa3pa60TaHHOll 

MO,I.leJIII, IIMeIOT xopornee cornacIIe C ,naHHbIMII 3KCIIepuMeHTa. 

BhIBOm,I 

B paMKax HaCTOJimero IICCJie,noBaHlUI rrpe,nJIO)KeHa MaTeMaTIIqecKaH MO,neJII,, 

,neTaJII,HO OIIIICbJBaIOmaH OCHOBHhle 3TaIII,I perrapauIIII ~p ~HK rryTeM 

11eroMoJiornq11oro BOCCOe,I.IIIHeHIIH KOHI.IOB. IloKaJano, qTO pe3yJioTaTI,I 

Mo,nenupoBaHIIH KoppeKTHO BOCIIPOII3BO,I.IHT KHHeTuqecKIIe xapaKTepIICTIIKII OCHOBHI,JX 

peryJIHTOpHoIX MexaHII3MOB, KOHTJ)OJIIIPYIOIUHX perrapal.lIIOHHblll rrpouecc. 3m 

II03BOJIIIT IICIIOJib30BaTI, rrpe,nJIO)KeHHYIO MO,I.leJII, ,I.IJIH 6onee rny6oKoro aHarrII3a 

IIOJiyqaeMoIX 3KCIIepIIMeHTaJII,HI,JX ,naHHI,JX. Pe3yJioTaThl pa60TI,I MOryT rrpe,nCTaBJIHTI, 

HHTepec 0,I.IHOBpeMeHHO ,I.IJIH MHOrHX HarrpaBJieHIIll q>yn,naMeHTaJII,HOll 
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Puc. 1. Hn1e11e11ue yponuH ljloKycon r-H2AX B KYJibT)'pe ljlu6po6Jiacrnn Komu 'leJioneKa HSF42 

npu 11eiiCTBHH HOHlllllpy101.1.111x lllJIY'le1111ii C palllblMII ljJHJH'leCKIIMII xapaKTepHCTIIKa~rn B /{Ole 

1 rp. JI1111eii11aH nepe11a'la :meprnn •tacn1u (108/MKM): Le,= 0,2; Lo = 14; Ls1 = 44; LF,iooo = 150; 

LF,300 = 236. KpHBble - pelyJibTaTbl pac'leTa, TO'IKH - JKcnep11Me11TaJibllble ,11aHHbte (5]. 

pa,L1rro6rro11oruu, Mo11eKym1pHoi1 H KJ1eToqHoi1 6no11ornu. C yqeTOM Toro, qTo MO,l.lellh 

OIIHChlBaeT KHHeTHKY perrapaIIHH ,[(P IIOCJle B03,l.leHCTBHH TH)l(eJlhlX H,l.lep C 

<pHJHqeCKHMH xapaKTepHCTHKaMH, 6JIH3KHMH K CIIeKTpy ranaKTuqecKoro 

KOCMHqecKOro mnyqeHHH, rrpe,l.lJlO)l(eHHhIH pacqeTHhlH IIO,l.lXO,l.l MO)l(eT 6hITh 

HCIIOJihJOBaH ,l.lJIH perneHHH rrpo6JieM KOCMHqeCKOH pa,l.lH06HOJIOrHH, CBH3aHHhIX C 

OIJeHKOH pa,l.lHaIJHOHHOro pHcKa B XO,l.le ,l.lJIHTeJihHhIX IIHJIOTHpyeMhIX IIOJieTOB 3a 

rrpe,l.leJiaMH MarHHTOccpephI 3eMJIH. 
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IIOJIO)KEHHE O IIOPH)],KE IIPHCY)K.Ll:EHIDI E)KEro,n:HhIX IIPEMHH 
OIDIH .Ll:JUI MOJIO.Ll:blX yqitHhlX J1 CIIEU,HAJIHCTOB 3A JIYqIIIJ1E 
HAYqHhlE, HAYqHO-METO,n:IIqECKIIE II HAYqHO-TEXHJ1qECIGIE 
IIPIIIrnA,n;HhIE P A60Thl 

1. I1peM1rn OIUIII .wrn MOJIO,!(hIX ytieHbIX II cIIeUIIaJIIICTOB (.!(anee - IIpeMIIII) 

IIpIICy)l(,L\aIOTCH eiKero,ri;uo 3a HaII6onee 3HatIIITeJibHbie 3KCIIepIIMeHTaJibHbie, 

TeopeTIItfeCKIIe, MeTO,!(lI'IeCKIIe II IIpIIKJia,!(HJ,Ie pa60TbI IIO TeMaTIIKe I1HCTIITYTa, 

HaXO,!(HI.l.{IIeCH Ha ypoBHe COBpeMeHHOH HayKII. 

2. IIpeMIIII IIpIICYiK,D;aJOTCH tIJieHaM IIepCOHaJia l1HCTIITYTa B B03pacTe ,!(0 33 JieT 

BKJIIOlfIITeJII,HO Ha IIepIIO,!( IIpOBe,!(eHIDI KOHKypca II MOMeHT IIpIICy)l(,L\eHIDI IIpeMIIII. 

KouKypc na COIICKaHIIe IlpeMIIH IIpOBO,!(IITCH B XO,D;e eiKero,D;HOH HaYtfHOH 

KompepeHUIIII Mono,ri;r,1x yqenblx II c~euIIanIICTOB OIUIH (.!(anee - KompepeHUIIii), 

IIpOBO,!(IIMbIX, KaK IIpaBIIJIO, B IIepByIO uenyIO He,D;eJIIO q>eBpanH; MOMeHTOM 

IIpIICY)l<,!(eHIIH HpCMIIll ClfIITaeTCH ,ri;em, 3aKpblTIDI KouqiepeHI.{IIll. 

3. Ka)l(,L\bIH COIICKaTeJib IIpeMHII o6H3aH: 

■ . 6hITb 3aperIICTPIIPOBaHIIbIM ,!(OKJia,!(t{lIJ(OM IIO 0,!(l!Oll ll3 HaytIHblX ceKI.{llll 

KoHq>epeHUHH; 

■ B ycTaHOBJieHHblll cpoK IIpe,!(CTaBllTb B oprKOMIITeT Ko11qiepe11u1m 

co6cTBeHJibie KOHKYPCHbie MaTepIIaJibl. 

4. KonKypcHbJe MaTepnanbJ Ha COllCKaHIIe IIpeMHH: 

■ Te3lJCbI (B COOTBeTCTBHII C IIpaBIIJiaMll q>OpMllpOBaHHH Tpy,ri;oB 

KompepeHI.{IIll) II aIIHOTaUIDI ycrnoro BbICTYIIJieHIDI; 

■ IIllCbMeHHOe 3aHBJie1me 06 yqacTIIII B KOHKypce Ha COIICKanue IIpeMIIII; 

■ OTTIICKII CBOllX IIetfaTHbIX pa6oT IIO TeMaTIIKe KOHKYPCHblX MaTepIIMOB. 

5. KoHKypc pa6oT ua concKaHIIe IIpeMllll IIpoxo.ri;IIT B ,ri;Ba zypa. IIepBbiii TYP 

KOHKypca rrpOXO,!(lIT B paMKax CeI<l.{llOHHblX 3ace,!(aHIIH KoHq>epeHI.lllll. 
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6. Ilo KIDK,lloii ceKUHH KompepeHUHH pemeHHe o npoxo~emrn coHcKaTeneM 

(HBilHIOil.(HMCH 3apemCTpHpOBaHHLIM ~OKna,Zl'IHKOM no :noii ceKl.(HH) nepBoro rypa 

npHHHMaeTCH rcypaTOpOM 3TOll ceKl.(HH. Kyparnp ceKl.(HH HMeeT npaBO BbmBHH)'Th BO 

BTOpoii TYP KOHKypca He 6onee qeTBeprn OT o6mero 'IHcna 'llleHOB nepcoHana OIUIH, 

HBilHIOil.(HXCH 3aperHCTpHpOBaHHbIMH ~OKn~'IHKaMH no 3TOll ceKl.(HH; HO He 6onee 

~BYX qenoBeK OT KIDK,llOll ceKl.(HH. KypaTop ceKl.(HH HMeeT npaBO peKOMeH~OBaTb 

HanpaBneHHe (HOMHHal.(HIO) ~nH npoxo~eHHH COHCKaTeneM BTOporo rypa. PemeHHe 

eyparnpa o BomBH)KeHHH HM coHcKaTeneii IlpeMHH no pe3yn1,TaTaM nepBoro rypa 

oq>OpMnHeTCH nHCbMeHHO H nepe~aeTCH B OprKOMHTeT KoHq>epeHUHH. 

7. CnHCOK Hay'IHbIX CeKl.(Hll KottqiepeHl.(HH H eyparnpoB 3THX CeKl.(Hll (KaK 

npaBHilO, HMeIOil.(HX yqettyIO CTeneHb), npHHHMaIOil.(HX yqacrne B nepBOM rype 

KOHKYPCa, npe~CTaBnHeTCH OprKOMHTeTOM KoHq>epeHl.(HH H yTBep~aeTCH npHKa30M 

~HpeKTopa OIUIH ~o Haqana Kottq>epeHUHH. 

8. PaccMOTpeHHe pa6oT BO BTOpOM rype npOHCXO~HT no cne~IOil.(HM 

ttanpaBneHHHM (HOMHHal.(HHM): 

■ 3a HayqHO-Hccne~oBaTenbCKHe TeOpeTH'leCKHe pa6oToI; 

■ 3a Hay'IHO-Hccne~oBaTenbCKHe 3KcnepHMeHTanbHLie pa60TbI; 

■ 3a Hay'IHO-MeTO~H'lecKHe H HayqHo-TeXHH'leCKHe pa6oToI; 

■ 3a Hay'IHO-TeXHH'leCKHe npHKn~Hbie pa60TLI. 

9. ,[(nH paCCMOTpeHHH pa6oT, Bbl~BHHYTLIX BO BTopoii TYP KOHKypca, npHKaJOM 

~HpeKTopa OIUIH (no npe~cTaBneHHIO oprnoMHTeTa KoHq>epeHUHH) cOJ~aeTcH e~HHoe 

)KIOPH (Bo rnaBe C npe~ce~aTeneM )KIOpH), B COCTaB KOTOporo BKnIO'laIOTCH Be~yll.(He 

yqeHbie OIUIH, KaK npaBHilO, HMeIOil.(He CTeneHb ~OKTOpa HayK. B COCTaB )KIOpH 

MOryT 6LITh BKnIO'leHLI npe~CTaBHTenH O61,e~HHeHHH MOilO~bIX yqeHbIX H 

cneuttanHCTOB OIUIH, coTpy~HHKH ~pymx Hay'IHLIX opraHHJauttii. qHcneHHbiii 

COCTaB )KIOpH He MO)KeT 6LITb MeHhme nHTH qenoBeK H, KaK npaBHilO, 6hrnaeT 

He'leTHLIM. 



306 

10. )KropII 0ITpe,nem,eT, ITO KaKOH II3 HOMIIHaU:IIH B K0Hrcypce ytJ:acrnyeT Ka)K,[lh!H 

C0IICKaTeJih (11poIIIe,L1IIIHH ITepBhIH . TYP KOHK)'pca). O,nIIH C0IICKaTeJih M0)KeT 

YtJ:aCTB0BaTh T0JlhK0 B 0,[\HOH H0MIIHaU:IIII II IT0JIY'IIITh He 6onee tJ:eM 0.LIHY IlpeMIIIO. 

11. Ilo Ka)K,[(OH H0MIIHaU:IIII 11pIICy)K,[(aIOTCH He 6onee tJ:eM 0,LIHa ITepBaH IlpeMIIH II 

He 6onee tJ:eM 0,[\Ha BT0paH IlpeMIIH. Ilo Ka)K,[(OH H0MIIH~U:IIII )KlOpII IIMeeT ITpaBo He 

ITpIIcy)K,[(aTh BTopyIO IlpeMIIIO, He ITpIICy)K,[(aTh 11epByIO IlpeMIIIO IIJIII He 11pIICy)K,[(aTh 

HU O,[\HOH IlpeMIIH. )KwpII IIMeeT ITpaB0 TaK)Ke 11pHCYLIHTh IToorn:pIITeJihHYIO IlpeMIIIO 

ITO H0MIIHaU:IIII, ecm1 B ,[laHHOH H0MIIHaU:IIII y)Ke 11pIICY)K.[leHhl ITepBaH II BT0paH 

IlpeMIIII. 

12. BTOpoii TYP KOllK)'pCa opraHmyeTCH oprK0MIITeT0M KOH<pepeHU:IIII B BII,[le 

0,LIH0ro IIJIH HeCK0JlhKIIX ceKU:II0HHhIX Jace,naHIIH. BTopoii TYP BH0CIITCH B paCITIICa1me 

B COOTBeTCTByIOrn;IIii ,[leHh KOH<pepeHU:IIII, 110CJie K0T0poro He 3a11JiaHIIpom1Ha HII 0.[IHa 

II3 HaytJ:HhIX ceKn:nii KOH<pepeHU:IIII, 110 pe3}'JihTaTaM KOTopoii M0ryT 6hnh BhILIBIIHYThI 

IT06e,nIITeJIII 11epBoro rypa K0HK)'pca. Ka)K,Llh!H C0IICKaTeJih IlpeMIIII 11pe,1:1CTaBJIHeT 

CB0IO pa6ory B BII,[le ,[\0KJia,Lla Ha ceKU:IIII 110 COOTBeTCTBYIOmeii H0MIIHaU:IIII, 

oprnoMIITeT 06ecITetJ:IIBaeT 3a6naroBpeMe1rnoe m,1:1aHIIe Te3IIC0B pa6oT 3TIIX 

ytJ:aCTHIIK0B KOH<pepeHU:IIH II ITpe,LI0CTaBJieHIIe 3TIIX MaTepIIaJI0B Ha paCCM0TPe1me 

)KlOpII. 

13. PeIIIeHIIe 0 . ITpIIcy)K,[(eHIIII COOTBeTCTBYIOmeii 11peMIIII CtJ:IITaeTCH 11pIIHHThIM, 

eCJIII 3a Hero ITporoJI0C0BaJI0 60JihllIIIHCTBO o6mero C0CTaBa )KlOpII, CITOC06 11pIIHHTIIH 

peIIIeHIIH 0ITpe,1:1eJIHeTCH )KlOpII. Pel!leHIIe )KlOpII 0 ITpIIcy)K,[(eHIIII ITpeMIIH BCryITaeT B 

CIIJIY IT0CJie ero yrnep)K,[(e1mH ITpIIKaJ0M ,1:1IIpeKTopa OIUII1. Yrnep)K,1:1e1me 

,1:1IIpeKTopoM OIUII1 peIIIeHIIH )KIOpII o 11pIIcy)K,[(eHIIII IlpeMIIii, KaK 11paBIIJI0, 

ITpIIHIIMaeTCH ,LIO 0K0HtJ:aHIIH HaytJ:HOH KoH<pepeHU:IIII, BO BpeMH KOTOpoii 6hrn 

peaJIH30BaH COOTBeTcTByIOrn;IIii K0HKypc, II ornaIIIaeTCH Ha 3aKphITIIII 3T0H 

KoH<pepeHU:IIII. 
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14. Jiaypean,1 IIpeM1111 TIOJIY%IOT .L{llTIJIOM naypeara 11 .L{CHC)KHYIO npeMlllO. 

Harpa)K.L{CHlle naypeaTOB rrp011CXO.L{11T B TOp)KCCTBCHHOll o6CTaHOBKe, KaK npaBllJIO, Ha 

3aKpbITH11 COOTBCTCTBYIOmeil: Konqiepem11111. 

15. BeJI11'111Ha .L{CHC)KHOll npeM1111 naypeara COCTaBIDICT 35000 py6 . .L{JIH nepBOll 

IIpeM1111, 25000 py6 • .L{IDI BTOpoil: IIpeM111111 15000 py6 . .L{JIH noomp11TeJihHOll npeM1111. 

BeJI11'111Ha npeM1111 MO)KCT 113MCHHTbCH B 3aB11C11MOCT11 OT qJIIHaHCOBbIX ycJIOBllll 

OIDII1. 

16. <l>11HaHc11poBaH11e npeMllll OIDIH .L{JIH MOJIO.L{blX y'leHhIX 11 CTICU11aJI11CTOB 

ocymecTBJIHCTCH 3a C'ICT cpe.L{CTB pe3epBa .L{11pCKU1111 OIDIH. 
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