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BBEJIEHUE

[Ipouiecc MHOKECTBEHHOI AMHUCCHHM (parMEHTOB SIBJISIETCS OCHOBHBIM KaHAJIOM
pacmazia TOpsSYMX siIep MpPU YHEPTUSX BO30YKIEHUS MpeBhImamux 3 MaB Ha HyKJIOH.
['opsiuee sampo, pacmupsisick MOJ ACMCTBHEM TEIJIOBOIO JaBJIEHUS, IOMaJaeT B
CIIUHOJIATTBHYI0 00JIaCTh, KOTOPAasi OrpaHUYeHA KECTKOCTHIO spa paBHOU HYIIO: Op/0V=0
(Puc. 1). Topsdee siapo pacmagaercsi ¢ HCIMYCKaHUEM HECKOJBKUX (parMeHTOB
npomexxyTounoir Maccel (PIIM), koTopsie Tsxkenee anb(ha-4acTHll, HO JEerde OCKOJIKOB
nenenus. Takum  oOpa3oMm, u3ydeHHE Tpolecca MyJbTU(parMeHTauuu  JaéT
IKCIIEPUMEHTAIbHYI0 HH(OpMaMIO O SACpHOW chnuHOAaNbHOW obmactu. Pacmag c
ucryckannem OIIM Tpakryercs kak $a30BbIi MEPexo.1 ‘“SKUIKOCTb-ra3”, MPOUCXO AN
Ipu  TeMIeparype 5-7 M>sB. NHTeHcuBHOE HCCIIEI0BAHUE rpouecca
MyJIbTU(parMEeHTaluH B TIOCIIEIHNE TO/IbI CTaI0 O0siee MPOIyKTUBHBIM I1OCIIE MOSBICHUS
4n nerektopoB [1-3], KOTOpbIe MPENCTAaBISAIOT OOMIMPHYIO MH(OPMAIMIO O SACPHOM
JUHAMHUKE, CBOWCTBaxX SJEPHOTO YpaBHEHHS COCTOSHHS U O BO3MOXKHOM SIIEPHOM
(da3oBOM mepexoie KUAKOCTH-Ta3.

[Ipouiecc B3auMoOIEWCTBUS TMPOXOAUT B Tpu cTaauu. Ha mepBoil cramum mocrie
UCITYCKaHUsI SHEPTUYHBIX HYKJIOHOB U MHOHOB 00pa3yeTcsi BO30YXAEHHOE SIPO-0CTATOK.
DTOT mmar OmMChIBaeTCS Mojnenbio BHyTpusaepHoro kackana (INC). Mer ucnons3zyem
Hy6nenckyio Bepcuio INC [4] mig modydeHus: pacmlpesieieHust sep-OCTaTKOB IO
3apsgaM, MaccaM M SHEprusM Bo30yxaeHus. Ha BTOpoM 3Tame peakiuu MPOUCXOIUT
pacumpeHue sapa-ocTaTka 3a CY€T TEIUIOBOTO JaBJEHUsA. OJTOT JTall peakUuu
OTMMCBHIBAETCS MOJIENBIO0  pacmupstomerocss wu3nydatomiero wucrounuka (EES) [5].
[Mocnennsis cTaaus peakiuu OMUCHIBACTCS CTaTUCTHYECKON MOJIETIBIO
mynbTHGparmerTanun (SMM) [6]. B 3Toif Momenn BEpOSTHOCTH PA3IMYHBIX KaHAJIOB
pacrnaja nponopLUUOHaIbHbBI UX CTATUCTUYECKUM BecaM. KyJIOHOBCKasi SHEprusi CUCTEMBI
onpenensercs 00bEMOM, UCITYCKAOIINM (parMeHTHI.
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Puc.1. CniunoganpHas o6macTh siaepHoi (pa3zoBoit nuarpammel. JKénrtas TuHUS
MOKA3bIBAET Iy Th TOPSIUETrO CIEKTATOpa MUILIEHHU Tiepe]] pazBasiom. [1pu py
MIPOUCXOIUT 00pa3oBaHue PParMEeHTOB, TIPH pf OHU OTIEISIOTCS IPYT OT Apyra
(freeze-out density).

OKCIIEpUMEHTHl Ha PENTHBUCTCKUX Iy4dkax yckoputens Hyknotpon Ha 47
ycranoBke DA3A TMO3BONSIIOT TONy4YaTh OKCIEPUMEHTAIbHYI HWHPOPMAIUIO O
CIIMHOAAJIbHOM COCTOSIHUM SIICPHON MaTepuu. AKTYaJIbHOCTH MPOOJIEMbl HECOMHEHHA,
MOCKOJIBKY peub HUAET 00 SKCIePUMEHTAILHOM H3yYEHUU SACp C DKCTPEeMabHOM
SHEpruei Bo30YKIeHUs (CPaBHUMOM C TOJTHOW SHEPTHUEH CBs3U snpa). B mpemmaraemom
[Ipoekre OynyT maHbl OTBETHI Ha KIIFOYEBBIE BOIPOCHI O BPEMEHHOMW INKalle SMHUCCUU
(dparmMeHToB (TOCIIeOBaTENIbHAS AYMUCCHSI (PParMEHTOB WJIM MMEET MECTO MIHOBEHHBIH
pas3Ball TOpSIYErO CHEKTAaTOpa MUIICHH), CTEIEeHW TEPMAalu3allid CHUCTEMBI Tepe]
pa3BajioM U paJuaIbHOM MTOTOKE.

DyHIAMEHTOM 3TOTO MPOEKTA SIBISIETCS TPOMAIHBI METONUYECKUN U (DU3MUECKHIA
OTIBIT, MPHOOPETCHHBIN KOJUIEKTUBOM B PEajM3aly MPOTPaMMbl UCCIICAOBAHUS SICPHON
MYJIbTU(QpPArMEHTAIIUN HA TTyYKaX PENATUBUCTCKUX JIETKUX MOHOB B TEUCHHUE TIOCIIEIHETO
JECSTUIICTHS.

OU3NYECKOE 1 METOAMYECKOE OFOCHOBAHUE

Lensto Ilpoexra sBisieTCS HUCCIEAOBAHME CBOWCTB Tropsiuux saep (c  sHepruei
Bo3OyxaeHus: Oosee 3 M»dB Ha HykIOH), 0Opa3ylOmUXCS B COYIApPEHHUSIX JIETKHX
PESITUBUCTCKUX HMOHOB C TSOKENBIMU MHUIIEHSMU. [opsidee spo, pacmmpsisich 3a CYET
TEIJIOBOTO JIaBJICHUS, TTonagaeT B 00acTh (a30BOM HEYCTOWYMBOCTH (CIIMHOAATbHAS 00JIaCTh).
B pesynbTare ¢QurokTyanuii IIIOTHOCTH TOMOTEHHA si/IepHasi CUCTEMa paclajaeTcsl Ha ancamOIb,
cocTosiMii U3 (parMeHTOB U HYKJIOHOB. CTaBUTCS 3aJaya UCCIe008aHUSL NPOCHPAHCIBEHHO-
BDEMEHHBIX XAPAKMEPUCMUK 20PAYUX A0ep U KOLIeKMUBHLIX NOMOK08, 00pa3yIOLUIXCs B 3THX
B3aUMOJICUCTBHUIX.

DKcnepuMeHTalbHast MeTouKa 6asupyercst Ha 4n-ycranoBke @A3A [7,8], Bkiovaromieit
30 dE-E teneckomnoB (TC) mis peructpanuu 3apsokeHHBIX 9acThil. Kaxaplid TeIecKon COCTOUT



U3 IWIHHAPUYECKON HOHU3AIIMOHHON KaMephl (dE) u Si(Au)-aeTekTopa sl U3MEpPEHUS MOTHOM
sHepruu ¢pparmenta. TC mo3BossIeT UASHTHPUIIMPOBATH 3apsia PParMEeHTOB Zf M OMPEACTATh UX
KMHETH4YeCKyto sHepruto. Ha Puc. 2 moka3zaHa Bcs yCTaHOBKA C KOMIUIEKTOM TEJIECKOIIOB Ha
nepesHeM IaHe. MUIeHp (3010Tas MISHKA TONMIIMHON 1,5 Mr/cM?) pacronoikeHa B IIEHTpE
BAKYYMHOMW YCTaHOBKH.

=

Puc. 2. YcranoBka ®A3A Ha myuke Hyknorpona. Ha nepeanem mnane —

3JIeKTpOHUKA dE-E TenecKonoB. ATIOMUHUEBBIE IIHJIMHAPBI — KOPITyca AETEKTOpa

MHOKE€CTBEHHOCTH (DparMeHTOB.

OCHOBHYI0O 4acThb IIOJIHOTO TEJIECHOIO YIJIA YCTAHOBKM COCTaBISE€T JETEKTOP
MHOECTBEHHOCTH (pparmMeHTOoB (JIMD), KOTOPHIH COCTOUT U3 58 CUETUNKOB C TUIEHOUYHBIMU (25
mr/cm?) ciatrmnsTopamu CsI(T1). Hasnauenne JJM® — peructpupoBath (pparMeHTsi ¢ Ze> 2,
OTpeIeNIATh UX MHOKECTBEHHOCTh M HallpaBJIeHHE BbuieTa U3 MulleHH. CopTUpOBKa COOBITUIN
0  MHOXXECTBEHHOCTH  TIO3BOJISIET  «MEHSATH»  CPENHIO  DHEPTUI0  BO30YXKIEHUs
¢dparmenTupytomero sapa. Kpome Toro, BO3MOXXHO H3MEpPEHHE KOPPEISILUOHHBIX CEYEHUH
dbparmenToB, peructpupyembix ogaHoBpeMeHHO nByMs TC wmm TC u JIM®. Takum oOpazom,
MOXET ObITh TOJy4deHa HH(OpMaIUs O BPEMEHHOW IIKajge MyJbTU(parMeHTauuu. ITO
00YCJIOBJICHO Te€M, YTO (popMa KOPPEIAIMOHHON GYHKIIUU ONIPEACISICTCS pa3MEPOM B BpeMEHEM
KU3HM MCTOYHMKA. Puc. 3 1OKa3bIBaeT BHYTPEHHIOI IIOBEPXHOCTh YCTAHOBKU. OITO
MHOTOTPaHHHUK, OOpa30BaHHBIM JBEHAALATHIO MPABWIbHBIMU MATHYrOJIbHUKAMU H  60-10
HENpPaBWIBHBIMU  LIECTUYroJbHUKaMHu. McxonmHodt  ¢urypoit ans MONMy4eHUss TakKoro
MHOTOTPaHHMKA SBJISIETCS IEHTArOHAIbHBIN MeKCAaKOHTAdAp ApXuMeza, y KOTOPOro OTCEKaroTCs
NSATHYTOJIbHBIE BEPIIMHBI. DTO OTCEYCHHE JETaeTCs TaKUM 00pa3oM, 4TOOBI TEJIECHBIE YIIIbl U3
HEeHTpa GUrypsl Ha BCe MHOTOYTOJILHUKY ObLIM paBHbI. OOUIMI B yCTaHOBKM MOKa3aH Ha Puc.
4. OCHOBHBIM KOHCTPYKTHBHBIM TEJIOM €€ SIBIISIETCS cBapHOM noxaeka’nap. Ha pecsars ero ero
rpaHeil yepe3 BaKyyMHbI€ YIUIOTHEHHUS! KPEMsTCs MOIYJHU, HECYIIHE IO IIeCTh JeTekTopoB. Ha
Puc. 3 BuaHBI ABe TpaHH, C KOTOPBIX CHATHI MoOIynu. Ha AByX MOAYJsX MO OCH ITydKa
LHEHTpaJbHbIE JETEKTOPhl 3aMEHEHbl BXOJAHBIMU U BBIXOJHBIMH MAaTpyOKaMu, KOTOpBIE
ONMpAIOTCS HAa CTOWKM, HECYIIME BCIO KOHCTpyKuuio. Ha »3TMX 1ByX Monyndx MO IATh
netektopoB. [ ynobcTtBa o00CITy)XKMBaHHMsSI YCTaHOBKM OHA MOJKET BpallaTbCsi BOKPYT
ropu3oHTanbHON ocu. CTOHKHM KpemsTcs K Iuiatdopme, UMEOIe 1Be creneHu cBoOoasl. Ha
atopme yKpeIui€H BaKyyMHO-Ta30BbIN paclpeeIuTeIbHbIHN IUT.



Puc. 3. I'eomerpus ycranoBku ®A3A: yceu€HHBIN TEHTAarOHAIbHBIN
TeKCaKOHTadIp, 00pa30BaHHBIN MEepeTHUMU TpaHsIMu neTekTopoB CsI(TI).
3auepHeHb! 12 npaBUIBHBIX NATUYTOJBHUKOB, KOTOPbIE OKPYKEHbI 60
HCIMIPAaBUJIbHBIMU MIECCTUYTOJIbHUKAMU.

—————

Puc. 4. O6mmii Buja yctanoBku ®A3A.



Ha Puc. 5 nokazan oaMH M3 MOIyJNEH C IATbIO CUHUHTWUISALMOHHBIMU CYETUMKAMMU.
[lenTpanbHbld CUETYMK 3aMEHEH YCTPOMCTBOM, KOTOPOE MO3BOJISET BBOJUTH B LIEHTP KaMephbl
TOHKYIO MUIIEHb (~1.5 MI/cM?) UM (-MCTOYHHK (C TOMOIIBIO AJIEKTPOMEXAHUUECKOTO TIPHBOJIA).
CUMHTWUIALMOHHBIE CYETYUKU MMEIOT CBETOBOJ CHELMAIbHON (OPMBI: MIECTUYTOJBHUK WU
MNATUYTOJBHUK CO CTOPOHBI CHUHTHIUIATOPA MEPEXOIUT B MIIMHIAP cO cTopoHbl DY, JlnuHa
ceeroBoma 20 cM, pasMep CUMHTHJUISTOpAa Mo auaroHanu =~ 15 cm. PaccrosiHue oT meHTpa
MUILEHN 10 LeHTpa cuuHTHiuiaTopa ~ 30 cMm. Mcenonssytores @OY-110, umeroniie Hanbomee
anexBatHbli 17151 CsI(T1) dporokarton. CsI(Tl) nu3rororneH B Buie TOHKOW MOTMKPUCTATUTMYECKON
IUIEHKU Ha MOJJIOKKE U3 OprcTeKia MyTEéM BaKyyMHOI'O TemoBoro pacnsuieHus [9]. Ha Puc. 6
MPEJICTaBICHbl pAcu€THBIE 3aBUCUMOCTH AMIUIUTYJBI CBETOBOM BCIBIIMIKKM OT 3HEPIUU
pasmuunbix yactun ans cios CsI(Tl) tommuuoin 25 Mmr/cm®. PacuéTbl BBIIONHEHBI C
WCIIOJIb30BaHUEM JIaHHBIX u3 paboTel [10]. BumHO, YTO BO3MOXKHO yIOBIETBOPHUTEIBHOE
OTJeNICHHE IO aMIUIMTYyJAE o-4acTull ¢ sHepruei 1o 60-80 M»pB ot mpotonos. [l Gonee
TSOKENTBIX (PPAarMEHTOB CUTYaIus 6osee OaaronpusTHas.

Puc.5. Onun u3 monynei yctaHoBKM PA3A ¢ NsAThIO CUUHTHWIUIAIIMOHHBIMU
CUETYMKAMU M YCTPOHUCTBOM JIsl BBOJIA MUIIICHU U KaTHOPOBOYHOT'O UCTOYHUKA.
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Puc. 6. 3aBUCHMOCTb AMILIUTY IbI CBETOBOH BCIIBIIIKK OT SHepruu yactuil (p, “He,

12C, *0) ansa cnos CsI(T1) Tommunoit 25 Mr/cM?. 3a eIMHMITY TI0 IIKAIe OpIHHAT

B3s5Ta aMILJIUTY/1a BCIBILIKN 0—4acTHILL ¢ dHeprueit 8.78 MaB npu noaHom

MOTJIOLIEHUH.

VYcranoska Bkiatodaer 30 TC. 5 TC pacnonoxeHsl O yriaMH K HallpaBJICHUIO IMydKa: 24°,
68°, 87°, 112°, 156°. 25 TC cobpaHbsl B KOMMAKTHYIO KOHCTpykmuio Ha ¢maanne (Puc. 7) ¢
noJsipabiMU yrinamu 37° < @ < 87°. Kaxnpiii TC cocTouT U3 MOHM3aIMOHHOM Kamepsl (dE) u
Si(Au)-nerexropa. Koprmyc TC BBITIONIHEH W3 TIOPATIOMUHHS U UMEET (PopMy yCedEHHOTO
KOHyca JJMHOM 83 MM ¢ quamerpamu 64 u 54 mMm. BxogHoe OKHO clenaHo M3 MaiaapoBOH
IJIEHKU TOJIIMHOW 1.5 MKM, KOTOpas KpEemuTCS Ha CETKE W3 JaTyHU TOJIIMHOW 2 MM M
MpO3pavHOCThI0 74%. VloHM3aIlMOHHAs KaMepa UMeeT MIJIMHIPUYECKYIo (GopMmy ¢ nuamerpom
paboueit yactu 30 MM U mmuHOM 35 MM. KaTom W3roTtoBiieH M3 JTaTyHU M 3a3€MIIEH, a aHOJOM
CIIy)KHUT HUTh U3 30J0Ta nuamerpoM 0.5 MM, KOTopas yKpeIljieHa Ha CTEKISHHBIX TpyOkax
JIMaMETPOM 3 MM M TOJIIIMHOW CTEHOK 1 MMm. Uepe3 MeTaINIMYECKyI0 HUTh, PACIIOJI0KEHHYIO B
OJTHOW M3 3TUX TpyOOK, Ha aHon momaércsi HampspkeHue 600B. Jlns yMmMeHbLICHHS KpaeBbIX
3¢ deKxToB Apyroil KOHEN aHOAHOW HUTH 3alasiH B CTCKISIHHYIO TPYOKy, a ¢ 00€HWX CTOPOH
KaMepbl YCTAHOBJICHBI IUIEHKHA C 30JIOTHIM HAIMBUICHUEM, KOTOPBIE TOXE 3a3eMiIeHbl. Pabounii
00béM kamepsl 3anonHeH CF4 npu naBnenun 50 Topp. KoHCTpyKIus MOHU3AIMOHHOW KaMephbl
o0ecrieunBaeT cobupaHue 3apsaa Nonepék Tpeka YacThll. ITO MO3BOJISET CHU3UTh BEPOSITHOCTD
peKOMOMHALIMKM TIpU perucTpanuu sSAepHbIX (parmentoB. OcrtaTouHas sSHeprus £ yacTuil
OTIpEICIISIeTCS MOTYIIPOBOHUKOBBIM KPEMHUEBBIM JETEKTOPOM C pabounm auamerpom 40 MM 1
tommuHoM 750 MKM, JOCTaTOYHOM JJisi TIOJTHOM OCTaHOBKH ¢parMeHToB ¢ Z > 3
(BBICOKOPHEPTUYHBIC O-YACTUIIBI U SJIpa JIUTHUS YaCTUYHO MPOCTPEIIMBAIOT JCTEKTOP, OCTABIISSA
JUIIL 4acTh CBOeH sHepruu). Kopmyc nmerekropa 3akperviéH 3a MOHM3AIMOHHOW Kamepoi. Ha
TMIOBEPXHOCTh JIETEKTOpAa HAKIeeH O—HCTOUHHK 2*'Am 1 SHepreTmueckoil KaaHOpOBKH.
dopMupoBaHHWE HMITyJIbca B HOHHU3ALMOHHON KaMmepe IMPOUCXOIUT MeEJIeHHee, YeM B
HOJIYTIPOBOTHUKOBOM JieTekTope. st obecriedeHrs COBMaACHNs ¢ UMITYJIbCaMH OT ()parMeHTOB,
nomagatonmx B TC, wuUMIOylIbC C MOJYNPOBOJHUKOBOTO JIETEKTOpA  3a/IepP>KUBAETCA.



UcnonwszoBanue 5 + 25 TC no3BosisieT o0ecneunTs MPOBEACHUE KOPPEISIUOHHBIX U3MEPEHUN
10 OTHOCHTENLHOMY yriy B jauanasone or 10° mo 180°. Ipu 3ToM QUKCHPYIOTCS 3apsiabl U
sHeprun oOoux @¢parmentoB. Ha Puc. 8 mpencraBnena Omok-cxema mpeoOpa3oBaHUs
AQHAJIOTOBBIX CHTHAJIOB B IU(POBYIO MOCIEIOBATEIBHOCTh C TMOCIEAYIONICH 3amichio B
KOMITbIOTEP, peanu3oBanHyto B ctanmapte VME. IIpeoOpa3oBaTenu aMIumTyaa-Koa U 3apsii-
KOJI MMEIOT BHYTPEHHHH Oydep, KOTOpPBIH MO3BOJISET OJHOBPEMEHHO BBIMOIHATH OLU(PPOBKY
MOCTYNAIOIIMX CUTHAJIOB M uTeHue mpeodpazoBatenei. KommuecTtBo oundpoBbIBa€MbIX
curnanoB 176 (30 dE; 30 E; 58 ®3Y, ctpod 1; 58 DIV, crpod 2). Kaxnwii curnan
o poBeiBacTcs B 2 Oaiita. Takum 00pa3oM, Kaxkaoe cOOBITHE MPECTaBIsieT coboit 352 Oaiira.
Kaxnprii ummynsc @DV onudpoBbiBaeTCsS Ha MakCUMyMe M Ha cepeiauHe (poHTa. ITo
MO3BOJIAET NONYy4YuTh BenuuuHy (ona 1.5%. 3ammcy B pexume “coObITHe-3a-COOBITHEM”
OCYILIECTBIISIETCSI C IOMOIIBIO KoMIbioTepa ¢ mnporeccopom Intel Xeon ¢ wactoToi
MOCTYTAOIINX COOBITHI 15 coObITHI B ceKyHIY. BpeMs uTeHust omHOTO COOBITHSI cOCTaBseT 35
Mkc. MéptBoe BpeMms — 41 mkc. [Ipomycknast cnocoonocts 10 M6/c. B HacTosimeMm [Ipoekre mbl
IJIaHUpyeM nepeBecTd Ha crtanaapt VME TpurrepHyro cucremy yCTaHOBKHM, KOTOpas cerddac
peanmu3oBana B cucteme KAMAK na Gokax 15-netneit naBuoctu. VME crannapt umeer Gosee
BBICOKYIO cTeneHb uHTerpauuu. KoHCTpykumu, cpaenaHHble Ha OCHOBe cranaapra VME,
noJty4aroTcs 0os1ee KOMIAKTHBIMH U HaA&KHBIMH. Puc. 9 mokaspiBaeT 1ByXMepHBIN criekTp (dE-
E) ognoro u3 teneckonoB ycraHOBKM PA3A, Ha KOTOPOM YETKO BHUIHBI JIOKYCHI, OTBEYAIOIINE
peructpanuu GparMeHToB OT reius 10 marHus. Cuctema U3 TPUILATH TEIECKONOB YCTAHOBKH
o0ecrieynBaeT MPOBEACHUE CIEKTPOCKOIMHMYECKUX, a TAKKE KOPPENSIUOHHBIX M3MEPEHHH IS
(GbparMeHTOB 10 OTHOCHTEILHOMY YTy (B AuamnazoHe yrioB ot 10° go 180°) uin oTHOCHTENbHON
CKOPOCTH.

Puc. 7. O6muii BHI TEIECKOMTHOTO MOIYJIS, COCTOSIIETO U3 25 TEIeCKOMOB-
CHIEKTPOMETPOB.



OCHOBHBIE OKCIIEPUMEHTAJIbHBIE PE3YJIbTATBI.

1. BmepBeie m0Ka3aHO OAKCIEPUMEHTAIBHO, YTO ISl TOpsSuMx saep (C dSHepruei
BO30yxJeHust Oonee 3 M»dB Ha HyKJIOH), MOJydyaeMbIX Ha PESTUBHCTCKUX JIETKHX
nydykax (IPOTOHBI, JEHUTPOHBI, O-UYACTHIIbI), UCIIAPEHHUE YACTHI] CMEHSETCS MPOLECCOM
TETUIOBOM SIJIEPHONM MyJbTHU(parMeHTalui. JTO — HOBBIM, THUI pacmajga BOo30YXIEHHBIX
a1ep, P KOTOPOM MPOUCXOIUT MHOKECTBEHHAsl SMUCCHUS (PPAarMEHTOB MPOMEKYTOUHOMN
Macchl. OHM — TsDKEJee 0-4acTHIl, HO JIerde OCKOJIKOB neeHus (2<Z<20) [11].

2. DTo TIpoliecC «B3PHIBHOTOY» THUIA, MPOMCXOASMIUNA 3a BpeMs Tem ~107%2c (40 fm/c).
Cronp KOPOTKOE BpeMsl BIIEPBBIE YCTAaHOBJIEHO B paboTtax rpynnbl DA3A myTéM TOHKOTO
aHaJIM3a KOPPENSLUU TeHETUYECKH CBSI3aHHBIX ()PAarMEHTOB IO OTHOCHUTEIBHBIM yTriam
[12].

3. BnepBble 3KCHEPUMEHTAIBHO IMOKa3aHO, YTO MHOTOTEIBHBIA pacnaj Topsyux saep
IPOUCXOIUT TOCIE UX pacuiuperus 3a CUYET TEIUIOBOIO JABJIEHUS. YCTaHOBJIEHO, YTO
MPOLECC TEIUIOBOM MyJbTU(GpArMeHTAllM UMEET 08a XaApaKmepucmudeckux 00véma.
Iepsorit, V: =3V, cucrema umeer Ha »3Tane (QopMHpPOBaHUS (parMeHToB. OITa
KoH(urypamuss momo0Ha ‘‘ceyIoBOM” TOYKE IS JedeHWs. Bropas xapakTepHas
koHuryparws (kinetic freeze-out) aHajnorudna Toyke pa3pbiBa B 0OBIYHOM JeieHuH. Eif
otBeyaetr 00béM Vi = (5.0+£0.5)V,, 3amomHEHHBIN OTACIMBIIMMHCS APYyT OT Jpyra
¢parmentamu [13, 14].

4. TunmyHas Temmeparypa mnporecca (4 — 6 M»dB) cyliecTBeHHO MEHbIIE, YeM
KpUTHYecKas TeMrepatypa 7 s (pa3oBoOro nepexona «cuokocms — 2asy. Bennunna 7Te
omnpeziefieHa aBTOpaMHM MyTEM aHajdu3a 3apsIoBOTO pachpeneneHus (parMeHToB,
BO3HMKaOIUX B coyaapenusx p(8,1 I'3B) +Au: Tc = (17+ 2) M»sB [15]. OtmeTtum, yto B
T€YeHHEe MHOTHX JIeT ObUla JpamaTHuecKas pasHHIa MEXAy STUM 3HAu€HUEM U TeM,
koTopoe moxy4an L. Moretto (LBL, Berkeley, USA) [16]. HegaBHO 3TO mpoTHBOpeUne
OBLIIO pa3pelieHo B MOJIb3y Hamero 3Ha4eHus [17].

5. B Hammux paborax BIEpBBIC OKa3aHO MOSBICHHE paoudibHO20 NOMOKA B TOPSUEM
A5Ipe 3a CUET TEIUIOBOTO JaBJEHUs. BpiieneHne KOJUIEKTUBHON KOMIIOHEHTBI U3 YHEPTUU
(¢parMeHTOB M aHaNU3 €€ KOPPEIUU C 3apsAaoM (parMeHTOB AaET HEOXKHUIAHHYIO U
MHTEPECHYI0 MHGOPMAIIUIO O NPOCMPAHCMBEHHOU KOHQuU2ypayuu cucmemvl B MOMEHT
pa3Bana. [lokazaHo, yto Oonee TsKENMBIE (parMeHTHl POXKAAIOTCA OJIKE K LEHTPY
CHUCTEMBI  BCIIEICTBHE HEOJHOPOAHOTO  pacHpeiesieHus IUIOTHOCTU B CHIBHO
B030yka¢HHOM simpe [18]. B paGore [19] ObUIM M3MEpeHBI CHEKTPHl KHUHETUYECKUX
sHepruit s B3ammopeictBus d(4.4 [mB) + Au. beur BeImoMHEH pacdér CHEKTPOB
kuHetndeckux 3Hepruii B pamkax INC + SMM wmogenei. Pacy€r BbIONIHANCSA IIpH
Pa3JIMYHBIX 3HAYEHUSAX PaIHAIbHOrO NMoToka. [lomydeHo xopoiee coriacue n3MEpEeHHbBIX
U pacu€THBIX CNEKTPOB KMHETUYECKUX SHEPrHil ()parMEeHTOB NPU HAJMYUHM B pacuérax
pamuanbHOro mNoToKa. CpaBHUTENBHBIM aHAJIW3 HKCIIEPUMEHTAJBHBIX  CIIEKTPOB
KWHETHYECKUX PHEPTUd (parMEHTOB U PACUETHBIX MO3BOJIMI ONPEACIUTH AKTyallbHBIC
3Ha4YeHUs paauaibHOoro mortoka. Ha Puc. 10 mpencraBiieH 3KCHEPUMEHTATBHBIA M
pacu€THBIN CIIEKTP KMHETHUECKUX YHEPIUil pparMeHToB Oopa.
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Puc. 8. brok-cxema 3eKTpOHUKH U CUCTEMBI 3arucy unpopmarmu: ADC —
npeoOpa3oBareny aMIUIUTy1a-1udpa ¢ BHyTpeHHuM 0ydepom, ODC — npeobpazoBaTean
3apsa-KoJl ¢ BHYTpeHHUM Oydepom, V2718 — kortpoinep kpeiita VME ¢ ontuaeckoit
nepenayeit curnana, A3818 — npuéMHUK ONITUYECKUX CUTHAJIOB B KOMITbIOTEPE
(mogxmrouaercs o PCI Express).
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Puc. 9. JIBymepHBbIii ciekTp ¢hparMeHTOB, 00pa3yIOIINXCS B PEaKIIUU
d+Au nipu sueprun 4.4 I'3B.

6. Jlns Toro, 4ToOBl HMHTEPHPETHPOBATH HaAOJIONAaeMble BEIMYMHBI Ipoliecca
MyJIbTH(QpPArMEHTALNN, BAXXHO TOHUMATh, SBISETCS JHM CUCTEMa Iepe]l pPa3BajioM B
COCTOSTHUU TEIUIOBOro paBHOBecHs. OHUM U3 CIIOCOOOB OLIEHKH CTETNEHU TepMallU3aliu
CUCTEMBI IIEPE]] pa3BaJIOM, a TAKXKE ONPEAEIECHUE CPEAHEN CKOPOCTH UCTOYHUKA SIBIISETCS
aHAJINU3 TPOJOJILHBIX M TMOMNEPEYHBIX CKOpocTed (parMeHTOB i (UKCHPOBAHHBIX
3HAUEHUI MHBAPUAHTHBIX INONEpeyHbIX 3HaueHuil. Puc. 11 noxaspiBaeT pacnpeneneHue
MIPOJIOJIFHBIX M TIOTIEPEYHBIX CKOpOCTel dparMeHToB yriepoaa [20] npu GUKCHpOBaHHBIX
3HAYCHUSAX WHBAPUAHTHBIX IMONepeyHbIX ceueHuid. [lomyueHo, dYTo (parMeHTHI
HCITy CKAOTCS M30TPOITHO MEJUIEHHO JBHKYIIMMCS HMCTOYHHKOM (T.K.
9KCIIEPUMEHTAIIbHBIE 3HAYEHHS OIMCBIBAIOTCS OKPYKHOCTBIO). JTO 03HAYAET, YTO UMEET
MECTO TEIJIOBOE PABHOBECUE CIIEKTATOPA MUIIEHH MEPE]T €0 Pa3BaJIOM.

7. B pabore [21] Oblna ompeneneHa BpeMEHHas LIKaJla TETJIOBOM MyJIbTH(parMeHTaluu
s B3ammogeirictBus 4He(4 1hB) + Au. Jlnmg SKCIEpUMEHTAIBHOTO ONpEIeTIeHUs
BPEMEHHOW IIKalbl MpoIecca aHAIUM3UPOBANACh KOPPENSIHOHHAs (QYHKUUS IO
OTHOCHUTENIbHBIM yTJaM JUIsl coBnagaromux (parmeHtoB. KoppensunonHas (QyHKIMS
IIPETEPIEBAET MHUHUMYM TIpU OTHOCHTENBHBIX YIVIAX PaBHBIX HYJIO, KOTOPBIH
MPOUCXOIUT U3-32 KYJIOHOBCKOTO PACTAJIKUBAHUS MEXK/Y COBMATAIONIMMU (pparMeHTaMH.
Bennuuna 3¢dexra cuinbHO 3aBUCUT OT BPEMEHH >KU3HU CUCTEMbl. UeM OoJble Bpems
MEXIY BBUICTOM (PparMeHTOB, TeM OOJBIIE pacCTOSTHUE MEXAy (pparmMeHTaMu, Tem
cmabee KyJIOHOBCKOE pacTankuBaHue. Bpemennas mikana smuccuu @IIM oneHuBaercs
NyTéM CpaBHEHUS M3MEPEHHOU KOPPENSALUOHHOW (YHKIUH C pacd€TOM MHOTOTEIbHBIX



KYJIOHOBCKHUX TPAeKTOPH C BpPEeMEHEM JKM3HU B KadecTBe mapametpa (Puc. 12). Jns
u3mepenuss  dddekra orrankuBaHus ~ OIIM-OIIM, wucnons30BalNch 3HAYCHHS
KOPPEIAIMOHHONW (DYHKIIMU TPH OTHOCUTENIbHOM yriie 26°. TlomydyeHHBbIC 3HAYCHHS B
GYHKIIUM BpEMEHH KH3HU CHCTEeMBI npeacTaBieHbl Ha Puc. 13. [Tomydeno cpennee Bpems
KU3HH parMeHTHpyomel cucteMbl T = 47 £+ 12 ¢m/c, 9TO COOTBETCTBYET MTHOBEHHOMY
MHOTOTEJILHOMY pacrnaiy. .

N3BectHo, uTO BechMa A(Q(PEKTUBHBIM CIIOCOOOM TIOIYUCHHUS TOPSYUX szEp
SIBJISIIOTCS.  PEaKUMM, BbI3bIBa€MblE TKENBIMU HOHaMu [21-24]. OpgHako, mpu 3ITOM
pazorpeB COMpoBOXKAAETCsI BO30YKJIEHHWEM KOJUIEKTUBHBIX CTENeHell CBOOOIBI: sjpa
BpalaloTcs, CxXUMaroTcs, aeopmupyiorcs. MccrnenoBanue OSTUX —JAUHAMUYECKUX
3(deKTOB HHTEPECHO camo 1o ceOe, OJTHAKO OHU 3aTPYIHSIOT MOJydeHHe HHPOPMAIIHH O
TEPMOJIMHAMUYECKUX CBOMCTBAX TOPSUMX SAECPHBIX CUCTEM.

Kaptuna  3HauuTenbHO  ympolaeTcs,  KOrJa  HCHOJB3YIOTCS  MYYKH
PENSITUBUCTCKUX JIETKUX YacTUI] (MPOTOHBI, AHTHIPOTOHBI, MHUOHBI). KoIeKTUBHBIE
CTEMEHW CBOOOMBI TPU ITOM BO30YXKIAIOTCS CJIa00, M DHEPrus 0Opa3yroIIMXCcs saep
OKa3bIBACTCs MPAKTUYECKU LIETUKOM TEIJIOBOM. DTO Ta€T OCHOBAaHUE HA3bIBATh MeEni080t
Mynbmugppazmenmayuell pa3Bal TOPAYEro SAApa, OOpa3yIoLIErocss B COYAApEHUSX
OBICTPBIX PEISATHBUCTCKUX YaCTHUI] C TOKENBIMU MUIICHSIMH. XapaKTePUCTHKU STOTO
mpolrecca IEeJIUKOM OMpeNesstoTcsl dHeprueil Bo30yxaeHus. JIErkue pensTUBHCTCKHE
MyYKH JAI0T YHUKAIbHBIE BO3MOKHOCTH JJISi MCCIEIOBAHUS TEPMOIAMHAMHKHU TOPSUCH
anepHoit  cuctembl. OTMeTuM, 4YTO JeTajbHas HMHpOpMAIUs O  IpoLecce
MyJIbTH(QpPAarMEHTAllUd HUMEET BaKHBbIE acTpOPHU3MUECKUe MpUIIokKeHHus [25], Tak Kak
TEeMIepaTypa Ha TMOBEPXHOCTU HEUTPOHHBIX 3BE3] ONMM3Ka K XapakTepHOM s sjaep,
WCIIBITBIBAIOLIMX MHOTOTEBHBIA pacnaj. To4HOE 3HAHME IOBEACHUS SAEP C HU3KOU
IJIOTHOCTBIO W Temmeparypord 5-10 M»sB HeoOxXomumo mjii TOHMMaHUS JTUHAMHUKH
CBEPXHOBBIX.

10?

d®N/dEdQ (rel. units)

10

G e

.-

—

B e

I I | | 0 | 1111 '_J__l_J_l__l__J_|_l.|_.|._J |_l.|_.|_l_|.J_. L.l

50 100 150 200 250
E(MeV)

o

Puc. 10. Crektp KMHETHYECKUX HHepruil (parmeHTOB Oopa mox yriom O = 90° B
peakmuu d(4.4 GeV) + Au. Touku — sxcniepuMeHTaabHbIe 3HadeHUs1. CIIIONIHAS JTUHUS:

pacuét B pamkax INC + SMM npu Hammumm pagmansHOTo motoka v =0.15¢ (¢ —

cKopocTh cBeTa). [lynkrupnas munus: pacuét B pamkax INC + SMM 6e3 nmoTtoka.
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Puc. 11. Pacnipenenenue npoaoiabHBIX U MONEPEUYHBIX CKOPOCTEH (hparMeHTOB yriiepoaa
npyu  (UKCUPOBAaHHBIX WHBAapUAHTHBIX IIONEPEYHBIX CEUEHUSX I B3aUMOJCHCTBUSA
*He(14.6 T5B) + Au. Touku — KCrepUMeHTajIbHbIE 3HaueHus. OKPYKHOCTH HPOBEIEHb
yepe3 TOYKH, COOTBETCTBYIOLIME (PUKCUPOBAHHBIM HWHBAapUAHTHBIM IIONEPEYHBIM
CEUCHHSIM, YTO COOTBETCTBYET H3OTPONMHOM 3MHCCHU  (PparMeHTOB  MeEIJICHHO
JBUKYIUMCSI HCTOYHHKOM.
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Puc. 12. KoppensiuonHasi (GyHKIMS IO OTHOCUTEIBHBIM yriiaMm (parmMeHToB (2<Z<20)
nns Biaumogpeiicteus ‘He(4 I'»B) + Au. Touykum — dKcHepHMEHTalbHBIE 3HAYCHUS.
CrniomHas ¥ MyHKTHpHBIE JTMHUAK — pacuéT 1o INC + SMM.
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Puc. 13. KoppenstmonHast GyHKIHS Ui OTHOCUTEIBHOTO yria 26° B QyHKIIMA BPEMEHH
KU3HU CHCTEMBI. OKCIIEPUMCHTAIBHBIE 3HAYCHUs OAIOTCSI TOPU3OHTAIBHOM IIOJIOCOM.
JInaus — pacu€r no INC + SMM 111 pa3HOTO BPEMEHHU KU3HU CUCTEMBI.

Komnaboparmst ®PA3A ycnenHo u3ydana “CTaTUCTUYECKHE CBOWCTBA TOPAYMX
A11ep, UCTIOJIb3YS NP aHallu3e NaHHBIX MockoBcKko-KomeHrareHoBCKyo CTaTHCTUYECKYIO
MOJIeNIb MyJIbTH(parMeHTanuu. 3Ta Mojeib Oblla CYyIIECTBEHHO MOAM(HIMpOBaHA HA
OCHOBE HAIIMX AKCIEPUMEHTAJIbHBIX AaHHBIX. CIEIYyIOIUM MPeIMEeTOM HCCIeA0BaHUs
SABIISICTCSL OUHAMUKA HNpoyecca MHOXXECTBEHHOM sMuccHM (parMeHToB, T.K. B Cllydyae
nepexojia OT MyYKOB NMPOTOHOB K JAEHTPOHAM, O-4acTHIIAM M YIJIEpOJy, Mbl HaOII0AaeM
nepexo] OT YUCTOrO CTAaTUCTHYECKOTO IMpOLecca K IMpoleccaM, B KOTOPBIX HAYMHAIOT
NOSIBIATHCS fuHamMuueckue 3¢dexTsl. Mbl BuauM, 4To (parMeHTHl B MOMEHT pa3Baja
CHEKTaTopa MTIIEHH MMEIOT JIOTOJIHUTEIbHYI0 JSHEPrHi0, KoTopas oO0ycJOBJIeHa
KOJUIEKTUBHBIM NOoTOKOM. [ToaTomy, 3amauamu Ilpoexra siBasiroTest:
1. W3mepenue paauaibHOTO MOTOKA B (YHKIMU 3apsa pparMeHTa.
a) OKCHEepUMEHTalIbHOE W3MEPEHHE CHEKTPOB KHHETUYECKUX OSHEPruit
(bparmMeHToB.
0) Pacuér cnexkTpoB KMHETHYECKUX JHEPruii (parMeHTOB MO KAaCKagHOU H
CTaTUCTHYECKON MOJIeNH (C TTOTOKOM M 0€3 TIOTOKa).
B) CpaBHEHUE IMIUPUYECKUX U TEOPETUUECKUX PACIPECIICHUI 110 KPUTEPHIO
cornacus Ilupcona.
2. H3mepeHHe CKOPOCTH MCTOYHHMKA U ONpEIENICHUE, HaXOIUTCS JIU CIEKTaTop
MHUILIEHH TIepe]l pa3BajioM B COCTOSHUU TEPMOANHAMUYECKOTO PABHOBECHSL.
a) AHalW3 WHBAPUAHTHBIX TMONEPEUYHBIX CEYCHUN B (PYHKIIUU TPOAOJIBLHON H
MIOTIEPEYHON CKOPOCTH (pparMeHTa.
0) AJTOPUTM TOJY4YEHHUS] CKOPOCTH MCTOYHHUKA C OIIMOKAaMU TIOIPOOHO
ormucad B pabdore [19].
3. IlpoBeneHwe  HOBBIX  HU3MEPEHHM  KOPPEISITUOHHOW  (QPYHKIIMH  TIO
OTHOCHTEJIbHBIM yTiaM (pparMeHTOB MPOMEKYTOUHOM MACCHI Uil COyAapEHUM
PENATUBUCTCKUX JETKUX HOHOB C 30JI0TO MUILIEHBIO.



a) IlocTpoeHrne SKCHEPUMEHTAIBHOW KOPPEISAIMOHHON  (QYHKIIUK  TIO
OTHOCHUTCIIbHBIM YTJIaM.
0) IlocTtpoeHne KOPpEISIUOHHBIX (YHKIIMH Ha OCHOBE pacy€ToB TIO
KaCKaHHOﬁ U CTaTUCTUYCCKOU MOZCIIM C pa3HbIM BPEMCHCM KU3HHU CUCTCMBI.
B) Ilomyuenue BpeMeHHON WIKanbl Mpolecca ¢ OMMUOKAMU IO MPOIEeaype,
orucaHHo# B padote [20].
3anparBaeMoe yCKOPUTENIbHOE BpeMs (C HHTEHCHBHOCTBIO Mmyuka 6onee 10° yacTun
Ha C6pOC) IIO3BOJIUT BBIIIOJIHUTH 3aJa4n HpOCKTa C TOYHOCTBIO B HCCKOJIBKO MPOLCHTOB.

OXUJAEMBIE PE3VJIbTATBI
1) M3mepenne BeTUYMHBI paJUalibHOTO IMOTOKAa B (YHKIMU 3apsiia (parMeHra aacT
UH(OPMALIKIO O paciipesieieHu pparMeHToB B 00bEMe freeze-out.
2) AHanu3 UHBApUAHTHBIX MOTIEPEYHBIX CEUCHUH B (YHKIIMHU MPOIOJIBHON U MOTIEPEUHON
CKOpOCTH (hparMeHTa MO3BOJIUT U3MEPUTH CKOPOCTh UCTOUYHUKA U TO3BOJIHUT ONPEACIHUTD,
HaXOJUTCS JIU CIEKTaTOp MHILEHH Iepel Pa3BajloM B COCTOSIHUU TEPMOJMHAMHUYECKOTO
paBHOBECHSI.
3) IlpoBeneHre HOBBIX H3MEPEHHUN KOPPEIAIMOHHOW (DYHKIIMU MO OTHOCHUTEIHLHOMN
CKOpPOCTH (OTHOCHUTEJBHBIM YIylaM) ()parMeHTOB MPOMEXYTOUHOH Macchl (2 < Z < 20)
JUIl COyJapeHU PEISITUBUCTCKUX JETKUX MOHOB C TXKENOW MUIlEeHbIO. B pesynbraTe
Oyzer noJryueHa JetanabHas HHGOpMaLKs O CpeTHEM BPEMEHH SMUCCHU U KOH(UTypaluu
CUCTEMBI B MOMEHT J€3UHTErpaLIH.

Pe3ynpraTsl OyayT HampaBieHBI B pedepupyembl KypHaIbl s myonukamuu. OxHa, aBe
nyOJIMKaLUu B TO.
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BPEMEHHA IIKAJIA PABOT IIO ITPOEKTY

1. MoaepHuzanus TpurrepHoi cucteMbl Ha yctaHoBke DA3A (mepexos oT
craugapra CAMAC k 6onee ObicTpoii cucteme VME: 2019-2021);
2. DKCNEpUMEHTHI ¢ YCTaHOBKOM DA3A Ha MyyKax pesITUBUCTCKUX JETKUX
noHoB Hykiorpona:
2020 — 3KCIIepUMEHTBI C UCTOJIb30BAHUEM SIIEP eI,
50 gacos: »Heprus - 4 5B, uHTEeHCHBHOCTS - 6Gonee 10° wacTui Ha cOpoc;
50 uacos: sHeprus - 10 9B, unteHcuBHOCTL - Gonee 10° yactui Ha cOpoc;
50 gacos: sHeprus - 16 5B, uaTeHCHBHOCTS - Gonee 10° yacTur Ha cOpoc;
2021 — 3KCIIEpUMEHTHI ¢ UCTI0JIL30BAHUEM SIJIEP YIJIEPOA;
50 uacos: sHeprus - 10 9B, unTeHcuBHOCTS - Gonee 10° yactun Ha cOpoc;
50 gacos: »Heprus - 30 5B, uaTeHCHBHOCTS - Gonee 10° yacTur Ha cOpoc;
50 uacoB: 3Heprus - 48 5B, uHTEeHCUBHOCTS - Gonee 10° yacTui Ha cOpoc;
50 4acoB yCKOPUTENBHOTO BPEMEHH C JAHHON MHTEHCUBHOCTBIO TO3BOJIUT
HaOMpaTh MUJIJTMOH COOBITUM JJIsl peaKkIuu ¢ PUKCUPOBAHHOM dHEpruei myuka,
YTO MO3BOJUT AE€NaTh UBMEPEHUS C MPOUEHTHBIMA TOYHOCTSIMH.
3. AHanu3 SKCHEPUMEHTANIbHBIX JAHHBIX C TOMOIIBIO KaK CTATUCTUYECKUX, TaK U
IuHaMHdecKkux Moaenen: 2019-2021;
4. [lybnukanuu pe3yabTaToB B BUJIE CTaTel B pedeprupyeMbIX KypHaiax (0aHa
WM ABe nmyonukamuu B roa): 2019-2021.

PuckoB B ocymectBienun IIpoekta HeT, T.K. ecTh paboTaroiias yCTaHOBKA H
paboTaroIue JIFOIU.
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I1.A. PykosaTkuH
B.N. CreraiinoB
O.B. CrpexkanoBckuit

30%
30%
30%
30%
50%
30%



dopma Ne 26

Mpeanaraemsii nnaH-rpaduk U He06X0AUMBLIE pecypcChbl AN OCYLECTBIeHUs

npoekTa PA3A

(HasBaHue [poekTa)

MpegnoxeHue
CroumocTe | nagopatopun no
(TbiC. pacrnpeaeneHnio
HaumeHoBaHuA 3aTpaT, pecypcoB, UCTOHMHMKOB | 4ONN.). pUHAHCMPOBAHNS
UHaAHCUMpPOBaHUSA MoTpeb- 1 pecypcos
HOCTU B 1 5 3 4
ecypcax
pecyp rog | rog | rog | roa
Bnokn VME 30 10 | 10 10
]
a
= CTtpoutenbcTBo/peMOHT ) ) ) :
© NnoMeLLeHUI
n/n AeTekTopbl 6 2 2 2
I .
Selg,
S 2 g © Yckoputenb HyknoTpoH 300 yacos 0 150 | 150
£
|0
S é g 3aTpa 6
@ 3 9 TpaTbl U3 BogxeTa, B TOM 36 121 12 12
9 | & @ uucne HBanoTHbIE CpeacTBa
3|28
I |0
@
s | o
8| 5
AR
|26
% 3 o paHT POOU 45 18 |..- 15 15
= Q
o | ©
s|2°
m

PYKOBOAWTEJb NMPOEKTA



CmerTa 3aTpar no npoekKTy

dopma Ne 29

CBOWCTBA TOPAYMX AAEP, OBPA3YIOLINXCH

HA PEJTATUBNCTCKUX MYYKAX KOMIMJTEKCA HYKITOTPOH/HUKA

(nonHoe HasBaHue [NpoekTa)

NN HaunmeHoBaHue ctaTten 3atpar MNonHas 1 ropn 2ron 3ron
CTOMMOCTb n
nn
janee
Mpsimble pacxoabl Ha MpoekT
1. Yckoputenb HyknoTpoH 300 yac. 0 150 150
2. Bnoku VME 30 TbiC. $ 10 10 10
3. n/n geTeKkTopbl 6 TbiCc. $ 2 2 2
4. KomaHAMpOBOYHble pacxodbl, B | 42 Tbic. $ 14 14 14
T.u.
a) B CTpaHbl HepybneBoW 30HbI 36 12 12 12
6) B ropoga cTpaH pybnesoi 6 2 2 2
30HbI
B) MO NpOTOKONam B - -
NToro no npsimbiM pacxoaam: 78 TBIC.S 26 26 26
Thic.S | THIC.S | THIC.S

P

PYKOBOAWTENb MPOEKTA """

ONPEKTOP JTABOPATOPUU

/

=

BEAYLWNN UHXEHEP-3KOHOMWUCT NNABOPATOPUN

oA



