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M <I> Jlexa11eB 

06inan xapmcrepuCTBKa pa60Tbl 

Anya,n.HOCTL TCMl,I. B pm.m1X ocyntecTBlleHWI B H<l>B3(r.IlpomHHO) 
Dp0Ip8MMI,l "Me11eBJ,Ie BeJtrpHHO" HeOOXO~O 6LIJio C03MTh aJIPOmm:lt :mJIOpBMe-rp 
D011HOro nornom;eHWI AJllI ~emron imeurml>~ MIOOHOB 11 mMepellllll 
UMIJYJil,COB a.npouoB or pacna~oB 3ap,m:eHBJ,1X K-Me30HOB. Tpe6oBallllll pernC'lJ)lmHII 
'Ill~ ua 6om.mott wxoma.inl(4*4 M2) c nYconw :roop,znmaTID,Ild H :mepremqecnw 
pa3pememreM u, BMecre c TeM, JKecrme npocrpamrrBeHBJ,Ie Orpaml'lellllll no nyqxy, 
norpe6oBaJIH upooo~eHIIlI ~BJ,IX 11 TII(arem.BJ,IX MeTO,ltH'lec:mx HCCJie~oBO.IIHlt. 

Uem. J.tHCCeP'.l'llIHHOff pa6ora 3aXJIIO'l8JUlc1, B pa3p8.6on:e, C03,naHBH H 
HCCJie~OBS.HHH OCHOBBJ,IX ct,IDmec:mx DapaMeTpOB MO,IzyJielt ~ererropa a,lipOHOB 
nOJIHoro nornomellllll c anepiypofl: 4*4 M2

• 

Hay,mrui: uon113ua HCCJiel(onaHHfl: onpe~eJU1eTCJ1 CJie.nyIOD]JIM: 
-BnepBYe ~enun,uo H CHCTeMaTH'lecm DpOBe~eHY :n:cnepHMeHTIUll,BJ,Ie 
HCCJie~oBallllll OCHOBBJ,IX xaparrepecnnc .ll'IeHCTOro ~ererropa nm.a "C3H,ltBH'I" CTaJII,• 

c~ CO c6opoM CBeTll CBeTOBO~OM-CMecTHrelleM cnerrpa B ~30Be 
:mepmfl: 5-40 I':JB: 38.BHCBMOCTL OTr.JIHm :mJIOpBMerpa OT :s:oop,znmaThI T01ll'H BXOM 
a.npoua B JI11efb:y, 3HepreTll'Iecme 11 IlJ)OC'IJXlBCTBmroe pa3pememre, 3ct,4>ernmHOCTL 
pa3~eneHW1 a.npoHOB 11 :merrpoHOB 11 T.~. . 

-BnepBYe 113MepeH Dp.llMOff BJ:Jia~ 11epeHJ:OBCJ:Oro H3J1Y11eHW1, pa3Bmwom;erocJI B 
cBeTOBOJte-CMecTHrelle cnerrpa, B :mepremqeci:oe pa3pemeHHe a.npoHHOro 
nnopHMe'l])El 11 nonyqeua 38.BHCHMOCTL BeJill1IHHhl H3J1Y11emm OT i:oop,znman.1 
IlODaMlllfil 1lllCTHitLI B ~rrop. 
-BnepBYe HCClle~OBaHO BJillllBBe Dp03pa'IHOCTH cnerrpocMem;arom;ero CBeTOBOM H 
~ upo,l(()Jll,H()ro pa3BHI1lll x.nepuoro :mci:a,na ua 3HepreTll'Ieci:oe 
pa3pememre aJIPOHHOro "C3MWIBHI"'-:mnopmte-rpa. Ilo:m3aHO, 11TO pa3pa6onmmul 
Mero~ o~ ~ 381)'X8DEII nepeH3J1Y11eHHOro cnera B cBeTOBO~e 
Il03BOJIJ[eT J:OMneHCHpoBaTh BLl'J'eJ:aBBe 3Hepllm B DpO~OJIJ,HOM uaupanneHHH 11 TCM 

caMYM DOJiy'lllTh npe.zteJII,HO AOnyCTHMoe pa3pememre AJllI xanopBMe-rpoB BeIIOJIHOro 
nornomeHW1 n 38 ~HHOM JV'AUA30ue :mepmtt. 3TO 6y~eT oco6eHHO cymecmeHHO n 
T3B•uott o6JJacm 3Hepmfl: up11 co3,naHBH mJIJUl1mepBI,IX ycnmonoi:. 

Ilparmqec:ma: geHHOCTL. B OIDIH pa3pa6oraua Mero~ 11 TeXHOJionm 
C03MHWI. :wo.izynefl: JI11eBCTl,lX a.np<>HBJ,1X DJiopmte-rpoB, 1ITO no:mo.mmo B 
O'lllOCBTeJIJ,HO mporme cpom co3,na11, caMLdt i:pynm.dt n OIDIH 11 
H<I>B3(r.Ilpom11110) ~rrop a.npouon IJOJJBOro nornomemm AK-600(anepcypa 16 
:w2

, mJIHllecTBO MO.izynett - 592). Tuze n nerunc co~eHWI cpomn C03Mlllfil 
~rropa 6LIJI Jlll3Pll6onm 11 mre.upeu n DpOMWIIJieHHOCTL cnoco6 B3I'OTOBJiemm 
~B MeTOAOM mrrLll no~ )VlBllemreM ua repMODJiaCTaB'I'mmT8X. 
Pe3YJil,TaThI ucm.rramdl no3BOJIHJJB C)tellaTh m.mo~ o 6om.mott nepcuerrmmocm 
,naHHOro Mero.na, TU DJ: IIOJIY'leHBI,Ie TamM o6pa30M ~ ue YC1)'D8Jlll no 
CBeTOBYXO,lzy 11 o~po~ cneroco6epamm 3JCCTPY~BSHHYM 11 
H3I'OTOBJieHHYM nyreM MexaHH'leCmff o6paoon:u 6Jxo11HOro c~ a no 
TeXHOJIOI'H1UIOCTH Dp0113BO~ 3Ha11Hl"eJI1,HO IDf ~O~ 

I
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Anpo6amm ,rcm:cepramm. Pe3}'JIJ>mrn, BOme,ltlllRe B ~ccepranmo, 
ilQDia.zn,manncL Ba HaY'llmX ceMBHllpax OHHH, na pa6o11BX cosem:ammx 
1:0JJJia6opanm1 "Me11eBLle nelhpBBO", na Me:m:)fj'Hapo.ztHOff mmliepem:nm HEXAM-
89(r.EeXHH, l!CCP) 11 ony6Jml:0B11HLI B BB.ne npenpBHTOB OHHH II B nepno~ec:mx 
BllY'llmX B3mmmIX. 

Cmynypa mrccepramm. ~ cocrorom B3 BBe~mm, mrm rmm, 
31llJII011emm n cnncxa JJHI'epa'I)'pLI B3 72 HaHM.enoBaHHff. 06m:nff o6t,eu )tllCCepraitHH 

COCTaBJllleT 84 CTp31JHIJ},l, BXJIIO'llU( 51 pllC}'H0IC II 6 Ta6Jnm. 

CoAepzaBBepa6on.l 

Bo BBelteHHH H3JI0)J[eBLI OCHOBBI,le DpeBM}'IItecTBa mopBMeTJ>OB IlOJIHOl'O 
nornomemm nepe.zt .npyrm.m nma:MH ;n:ererropoB, ccl>opMymipoBaBa JleJll, 

,ltHCCepI'llltHHHOff pa6on.t n .lt8R0 xpancoe co;n:ep:m:anne rmm. 

B nepBOff rnaBC IJpHBe~BLI OCHOBBLle CBOitcTBa 8)q)OHHLIX JIHBneff, )t8.H 

xpancnff o6:3op OCHOBHLIX X8paICI'epHCTBl( 8)q)OHHLIX cnenpoMeTJ>OB IlOJlHOl'O 
nornomemm n IJpHBe~BLl napaMeTpLI nexoropLIX nan6onee B3BeCTlll,IX 
xaJIOPBMeTJ>OB. 

Bo BTOpoff r.mme paccMOTpeBLI BOlJPOCLI, cBJl38HHLle c ICOnmpyrmBBLIMH 
oco6emrocrm.m MO,lO'Jleff 8)q)OHHOl'O IC11J10pBMeTp8. H:mo:m:eBLI OCHOBBLle 
coo6pa:m:emm no BLI6opy 11:omrpenroit "C3MWIHHr"-crpyrrypLI; onm:au.a TeXHWI0rmI 
IJpOB3BO)tCTBa CitBHrHJ]JUITOJ>OB MeTO,ltOM .mrn.x no.zt ,ltllBJieHHeM H IJpHBe~BLl 
cpammrem,BLle :nccnepmteim1JILBLle )tllHBLle no nccne.ztoBaHHIO 4>B3H11ec:mx 
X8paIC'rePHCTHI: B31UfOBJleHHLIX C~HHLIX nnacnm; 0llHCaBLl 'reXHWI0rmI 
mroroBJiemm n MeTO~ noxpacm noBepXHOCTHLIX cnenpoc:Memmom;ex 
cBeTOoo;n:013, HCilOJIL3YeMLIX B AK-600; o6ocnoBaH BLI6op xom:pemoro mna 
<l>oroYMno:m:memi. 

CxeMaTH'lecmff 11epre:m: M0A}'Jlll npe;n:craBllen Ha Pnc. l. Mo,lO'JlL npe.ztCTaBlllleT 
co6off "C3BJ:tBll'I" m 11epeAYJO:m;BXC!I DJJacnm CTaJJH 'IOJim:HHOit 
20 MM(40 mr.) n CitBHrHJ]JUITOp8 'IOJim:HHOil 5 MM(40 mr.). Ilammll 'I'OJim:HB8 MOAYJUI 
no IIY1ll:Y COCTaBlllleT 4,97 .11;n:epBLle .zt)IHBLI. 
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Pac.1. KoHCmpyKf/WI MOOJ'M aopoHHOZO 
KllllOpuMempa: 1 - . cmQllb1lbU! 
noZJ1omumeJ1U d=20 MM, 2-1V1acmu11ec1<11e 
CI/U111T1UJV1JU11opw d=5 MM, 3-cBemOBoo
CMecmumeJlb cne,anpa,4-(t)3Y 84-3, 5-
Kopnyc MOO)'M, 6-KpbUU1«1 MOOJ'M, 7-
opnyc (t)3Y. 

C~oBHhle DJJacnmLI IDl'OTaBJUIB8JIHCL MeTO,ltOM JllITLJI Il0,lt 
,1taBJieHHeM B3 :rpaHYJIBJ>OBaHHoro nOJJHcmpon:a IlCM-115 n cnenpocMem:11IOillBX 
,llOOa.BOIC PPO(l,5%) n POPOP(0,05%). ,Aim noBmrremm cBeTOBLIX0J:tll xa:m:;n:as: 
C~HHllll DJJacnma 000pa11HB8MCL aJDOMHHB3HpOB8HBLlM Mafl:rrapoM 
'IOJim:HHOlt 12 MW, a igm YJIY11IIIemm 0AHOJ>O~OCTH cBeTOC06npamm ee 6J1w1.HHff .I!.'. 

CBeTOBOA}' xpait o6opa1UIB8JIC!111epHOit 6yMaroit. 
CBeTOBO;n:-cMecmrem. cnerrpa H3I'OTaBJIBBlllC!I B na6oparopHLIX. yCJJoBHJIX B 

BH,!te DJJ8.CTlDILl m Op:raHH'lecll:Ol'O C'rellUl Mapm C0-95 TOJim:HHOit 3 MM c 
nosepxnOC'lllbIM nepemnyqa.TeJieu. CMecmrem. cnerrpa(l ,5 ~<l>emm-3-cmpnn
nnpa30JJHH) nanocnnc.11 romm B 30ne pacnono:m:emm cmmmnmrropa, a 6.Jlwl.mm x 
cl)3Y IJaCTL ne 0xpaIIIHBlllUlCL. JhoMHHO<f>op na rny6HHe cBeTOBO.ltll nop.lI;n:ll:a 5 MXM 
o6pa30BLIBan nosepxnOCTIIOe no1:pume, 'I'OJim:HB8 xoroporo BapLHpOBaJiaCL no .nnnne 
C IteJILIO nonyqeHH.11 Mal:CBMMLHOlt 0.ztHOpo~ocm CBeTOC6opa. Topen CBeTOBO,ltll
CMecmreJlll COBMem:anC!I c 4>oroxaro,1tOM cl)3Y 84-3 nyreM repMo4x>pMOB8HH.II na 
cne]lB8JlLHOM npncnoco6.JieHHH npn pa30rpese oprerex:na smrre TeMilepa'I)'pH 
CTe.lOIOBamm. CTl,ll[()Bxa cl)3Y n cBeTOBOJ:tll ocymecTBJlllJUlCL 6e3 OilfH'leci:oro 
xomarra. 

KollCTp)'l:Illl.l xo:m:yxa, B i:oropoM pacnono:m:eBLl cl)3Y H H30myn,dt 1:onen 
CBeTOBO,ltll-cMecnrreJU[, Il03BOJil[eT 38MeHllTL -CBeI'OBOJ{ B IJpOB3BOJILHOM MOA}'Jie 
mopBMeTpa He pa36epall BCel'O ~.nopa. 3ro M0:m:eT 0D38TLC!I npmm;m::rmuu,HLIM 
npH pa6ore B BLICOl:OHHTeHCHBHLIX II}"IJ:8X • B3·3a pa;n:eannoHHLIX noBpe)l[;n:eHHff 
CBeTOBO,ltll. 

,Aim 3xpaHHJ>OBm or pacce.!IHHLIX M8l1IHI1ILlX nonelt 4>ofoyMno)J:BTeJJL 
pa3Memanca B CTaJILHOM('rpy6a ;n:mlldeTJ>OM 60 MM) H nepMannoeBOM 3xpanax(3 CJI0.11 
IlepMaMOll TOJim:HHOff 200 MDI). 

B nempe nepooA DJJacnmLI nornorHreJI.II xa:m:;n:oro MO.lO'Jl.11 
Dpe,eyt:MaTpHBanOCL omepcme, B :roropoe ycrammmmanc.11 CBeTO;n:H0J{ AJI-307, 
cH111BJI or 1:oroporo HCil0JIL30BanCJI wu,; orcJ1e:m:HBllBIDI BpeMeHHoff HecTa6HJThHOCTH 
mB8JIOB 3Jlenp<>HHl:H mopBMeTpa. 

B :rpcm,eA rnase ;n:nccepraitHH npe,llCT8BlleBLl pe3YJlJ,TaTLI nccne;n:oBaHHff 
xapaJ:TepJICTHI: a;n:poHHOro "C3MWIHBI"'-mopBMeTpa c .1111effmff 1so•150 w..2. 
ll3Mepemm npoBO;n:HllHCL npH o6n:yqeHHH c6opm m 16-m MOA}'neff a.zqx>HH0l'O 
DJiopBMeTpa nyqJ:0M OIJ)Hil8TeJILHLlX 7t-Me30HOB. Ha PBc.2 DOll:83aHO pacnpe;n:eneBB.e 
no aMDJIHl)';n:e a.zqx>HHOro cnmana A npn nona,ltllHHH uy,m:a B o;n:nn B3 ttempam,HLIX 
MO.lO'Jlelt. . B pe3)'JILTa're annpoxcBMailHH IlOJIY11eBO 3na11eHHe 3aepnml'lecxoro 
pa3pememm R=13,7%. Hmmu 1:pHBa.11 noll:83LIBaeT aMDJIHI)'~ cnenp npH 
3B811Hl'eJILHOM )'BeJIH11eHHH nopora ,!tBCl:pHMHHBilHH ClleT'IHl:8, pemc1p:e:py10m:ero 
nenpoB3aHMo~AcmoBaBnme x-Me30BLl n nenornomeHBLle B xanopBMeTpe 1JaC'fHill,l 

JIHBml. Ilpn 3TOM IJpOBCX0,!tHI' IlBJ{eHHe CTaTHCTHm npBMepHO Bll 40% n YJIY11IIIeBB.e 
pa3pememm ilQ 10,1%. 3ro clUl3aHO c TeM, ttro B BLI6opxe }'BeJIH'IHB8eTC ;n:OJI.11 
mmnelt C nepooff TO'llOff B3aBMO.zteffcmHll B Ba'l.aJIC :mnopmte-rpa. Ha pucymre 1'8.JOJCC 
npHBe.zten MIOOHHLift cnenp. 
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EWia nCCJie.n:oBaHa 3aBHCHMOCTh :mepremt1ecxoro n npocrpaHC'fBeHHOro 
pa3pemeBIDI or TO'IKH nona.n:amm a.n;pona B JI1IeAKy. Pe3YJU>TilThl npHBe.n;eBl,I na Pnc.3 
n 4. To'IICll orc11era npoxomrr qepe3 CTLIK Mo.izy-nett. Ha6mo.n:ae-rcx yxy.n:meHHe 

N 
160,--___________ _ 

12"' 

80 

40 

0 
0 100 21/JI/J 31/Jlll 401/J 51/JIIJ 

A ch, 

Puc.2. AM1ll1Umyom,ze cne,anp&z c aopomwzo KO.TlOJJUMempa: 
-11e3auunpuxoeaHH11R zucmozpaMMa-cne,anp n-Me3onoe. 
-3auunpuxo6aHHl1R zucmozpaMMO-cne,anp tr-Me3oH06 npu 
3HO'IUT11e.JlbHOM ytle.JlU'leHUU nopoza OUCKJIUMUHOZfUU, 
-CTVIOlUHlJR uunpuX06KO-M100HHblil cne,anp. 

pa3pemeBIDI or nempa x iq>a.10 MO,!zy'JIH c 13% .no 18%. 3aBHCHMOCTh 1:oop.n:nnamoro 
pa3pemeBIDI npe,nC'raBJlena Allll mx: CJIY11aeB: B nepooM-ICOppetmIDI 1:oop.n:nnaT nOCJie 
BX Bhl'IHCJieBIDI no nempy TIDICecm JIHBIDI ne npomoo.n:mcx, BO BTOpoM
npomBO.n:mcH. Ycpe.n:ne1moe JHa'leHHe BeJIB1llllILI 1:oop.n:nnamoro pa3pemeHIDI 
COCTaBHJIO 1,7 CM. IloJiyqeH1II,1e 3HatJeHIDI 3nepreTIJ1IecKoro n .apocrpaHC'fBeHHOro 
pa3pememnl 13,7% H 1,7 MM COOTBe'I'CTBeHHO npn :meprnn 'lt-Me30HOB 37,5 ThB 
II03BOJUIIOT C,!(eJlaTh BlilBO,!( 0 BLICOICOff nepcneJCI'HBHOCTH lC8JlopHMeipa .n:aHHoff 
lCOHcrpyx:nml. TaJDl[e ro.n:oc1:oIJlillecX11H crpynypa lC8JIOpHMeipa II03BOJIBJ18 IIOJIY'llITL 
~e O IIOIIepe1IHOM IIJ>04>HJie a.n;poHHOI'O JIHBIDI. . 

KoncrpyxnmHLie oco6e1mocrn C03,llllHHLIX Mo.izy-neff AK-600 noJBOJlHJIH 
BIIepBHe B3MeplITL npHMOff BKJia,!( 'IepeHKOBClCOI'O xmyqeHIDI, pa3BHB8.IOm;erocH B 
cBeTOoo.n:e-cMecmrene cnerrpa, B 3Hepremt1ecxoe pa3pemeHHe JraJiopm.1eipa. Ha 
Pnc.5 Ilpe,!J;CTaBJieHa 3aBHCHMOCTJ, 3HepremtJecKOI'O pa3pemeHHH 12-m MO,!zy'Jll>HOit 
Malpll'IHOff c6opm or TO'lKH nona,uaHIDI a.n;poHOB B C'IeI"IHK pa3MepoM 15*15 CM2. 
TotJKa OFC1Iera npoxomrr 'Iepe3 CTLIK Mo.izy-nett. Ha6mo.n:ae-rcx yxy.n;meHHe pa3pemeBIDI 
or nempa x iq>a.10 MO,!zy'JIH c 12 .n:o 17% B OOJJaCTH 2 CM Me11:.izy- OCLIO JIHBBJI n 
CMecnrreJleM cnenpa. 3ror 3qxl>eKT MO:ll:er 61ilTh ofu.HCHeH, B OCHOBHOM, BKJia,!J;OM 
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Puc.3. 3aeuCUMocm& :mepzemu11ecKozo pa3peuumua KO.TlOpuMempa om 
KOOpOtlHOmbl pezucmpupye.Moil 'IOcmUl/bZ. 
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Puc.4. 3atmCUMOcmb KOOpouHOmnoil mo1111ocmu Oi: om KOOJJOUHOmbl 

nona001IWI n-Me30HO e KO.TlOpuMemp. 
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Pec.5. 3a8UCUMOcmb 3Hep2emu•1eCKOZO pa3pe1UeHIIR KaJIOpuMempa om 
KOOJX}UHlITTlbl pe2t1cmpupye.MofJ 'lacmulfbl. HuXHUe mo'IKU-BKJlai> 
'lepeHK08CK020 U3Jl}"leHIIR 8 3Hep2emu'leCKOe pa3pe1UeHUe. 

11epe111:oBCKoro u:myqemm or 11acnm, nepecexarom:mc CBeTOBO.l{-cMecTHTeJll, cne:npa, 
HeO.lllIOpo.lllIOCTLIO CBe'I'OCOOHpaHIDI CllHIIl'HJIJIBTOpa H HaJIH'IBeM m:erreA ml CTIHax 
MOA)'Jieff. 1Iro6hl pa3.l{eJIBTh 3TH 3<l><l>elrI'l,I, MeXAY CI{HBTHJ]JlilTOpaMH H CBeTOBO,l{OM 
o.zmoro ID nempam,HLDC MO,l\YJieA 6h1Jla npoJioxemi 11epHa.11 6}'Mlll'll. Ilpn 3TOM 
CitHHfJIJ].lJJ[IOHHhIA CBeT He nona,naer B CMecTHTeJll, cne:npa, a YCJIOBIDI Wlll 
nepeu:myqemm 11epeHKOBCKOro CBeTa He H3MeHllIOTC.II. H3Mepemm llpOBO.l{BllHCb WJ,ll 

'leThlpeX nOJioxeHHA nyqxa no X-xoop.l{Hmlre. HIDl:HHe roqm ml Pnc.5 
BllJIIOCTPHPyIOT B:Dlll.l{ 11epeHl:OBCKOro u:myqeHIDI B o6m:ee pa3pemeHHe KaJIOpHMeTpa. 
MaxcHMam.Hhlll B:Dlll,n CocraBIDI 2,5% c YMeHbmemreM ,no 1 % }'Ie Ha paccrolmHH 2 
CM MeXAY OCbIO IlllBIDI H CBeTOBO,l{OM. T.o. Wlll pa3Mepa .1111eAnl 15*15 CM2 MO)KHO 
c,nerran Bl,IBO.l{. tffO H8Jlll'IHe He6onbnmx "rop.ll'IHX" JOH He OXIDl:eT cym:ecrneHHoro 
BJlIDIHHJI Ha xaparrepHC'IHm 'Ae'relITOpa B I{eJIOM. 

HCCJie,l{OBaHl,l OCHOBHLie <l>aJITOphl, onpe,nerunom:ne 3Hepre:rH1IecKoe 
pa3pemeHHe a.npoHHOro KaJiopm.teTpa nma "C3H.nBH'1" n IlOJIY'lelll,l CJieJIYIOm:ne 
3Ha1JeHIDI WJ,ll a,upoml C 3Hepmeff 40 r3B: 
-cpJiyXTyaI(HH peilICTJ)npyeMoll 3HeprnH -8,3%, 
-cpJiyXTyaI(HH ,mepHLDC BJaHMO,neffcTBHA -5,5%, 
-cpJiyXTyaI(HH npo,nOJ1LHoro pa3BHI'IDI mmIDI n nornom:emm nepeu:myqeHHoro cBeTa 
B CBeTOBO,ne-<:MecmreJie cne:npa-7%, 
-cramcmn cl>oro:menpoHOB-2,8%, 
-cpJiyXTyaI(HH 11epeHKOBCKOro CBeTa or nepeceKaIOm:mc CBeTOBO,l{ 11acnm: a,upoHHoro 
JIHBHll-6%. 
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CyMMa nepetmCJieHID>IX BJrJia'AOB cocraBIDJa 12,5% B nempe n 14% mi :irparo 

MO.zlYIDI. 3xcnepHMelmlJll,HLie 3Hll'lemm ::mepre:rH1IecKoro pa3pememm COCTIWHJIH 
coorneTCTBeHHO 12,4 ll 18%. 

IlpeJ.{CTaBJleHLI pe3YJll>TaThl HCCJie,noBallll8: BJlllllHIIll Ha pa3pemeBHe ,nereIITOpa 
npo3pa11Hocm cneK'IJ)OCMem:aIOm:ero cBeTOBOM n qmynyanmt npo,nOJII,HOro 
pa3BHI'IDI .11,nepHoro KaCKa'Aa. Iloxa38Ho, tffO MOJKHO YJIY111IIBTb ::mepremqecxoe 
pa3pemeBHe nyreM 11:0MIIeHcamm 3qxlierra BLITeKaHIIll IlllBIDI B llpO.l{OJll,HOM 
mmpaB11eHHH 3a c11er OIITIIMll3ail,ll N!fillLI Ja'I)'XllllIDI cneK'IJ)OCMem:arom:ero 
cBeTOBOM- Ha Pnc.6 npe,ncraBlleHLI pe3YJll>TI1TLI HCCJie,noBaHirlt, nOJI)"leHHLie 
Mo,nemqx>BaHHeM MeTO.l{OM Mome-KaJ)Jlo(KpHBhle 1-3) H IlOJIY'leHHhle Ha nyqxe x
Me30HOB c ::mepmeA 40 ThB. 

20 1 

3 

15- q> 

?.R 

µ::j 10~ 
'----- -i 

b 

5"""'. 

0 -,:::;::illiilljliiiiillijlllliillljiiillliiljillliillijlilli 

0.0 0.2 0.4 0.6 0.8 1.0 
1/Awr..s , 1/M 

Pec.6. 3aBUCUMocmb p<13peiuenu11 KlIJIOpu.Mempa om A~: 
-3KcnepuMeHmaJlbHble OOHHble(1t-Me30Hbl 40 I'38), Kpu8t1R 4-</Jum 

3KCnepu.MeHmaJlbHba OlJHHba. Bbl'IUClleHHf,lil 8KJIOO a;,,,/E 8 3Hepze
mu'leCKOe pa3peiuenue KaJlopuMempa: J-n0J1H020 no211ozqeH11R, 2-UMe

,ozqew mo11zquny 4,7 to. 3-mo xe, 'lmO u 2, HO noBepnym HO 180~ 

B 11e-raeproA rnaBe .nnccepnmHH npeJ.{CTaBJleHLI pe3YJll>TaThl 
HCCJie,noBallll8: xaparrepHCTHK MllTpH'IHOA a,upoHHoA c6opm C .1111eitl:oit 75*75 MM

2
• 

Ha Pnc. 7 noKa38H xaparrepHhlll cnenp CHIHaJIOB or a,upoHOB, npoxo.zunnnx 11epe3 
nempam,nyro 'lllCTb MOAfJI.11. Cnenphl 4>mnpoBaJI1Ich pacnpe'AeJieBHeM raycca npn 
mlJlH'IHH <l>oHa. 3Hepremqecxoe pa3pemeHHe B 3aBHCHMOCTll or TO'IKH IlOIIaMHIDJ 
IIHOHHOI'O nyqxa B .1111eAKy IlOKa3aHO Ha Pnc.8. lli Hero BH.lllIO, 1ITO mi CTIHe mx: 
MOAfJieA, r,ne mrr CBeTOBOM, pa3pemeBHe npa.101l1Jecm He MeHlleTCJI n pamro B 
cpe~M 12%, a mi CTIHe, CO.ztepJKam:eM CBeTOBO.l{. · pa3pemeBHe yxy~eTCS 

IIpHMepHO B 1,5-2 pa3a. 
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N 
200 

TI- -Me30HLI, 
E,.=40 r:)B 

150-l c;E../ (E,.)= 12. 7% 

100 

50 

0. 
0 20 40 60 80 

A ' 
0TH, ep;. 

Pee. 7. A.wvluinyoHbtii cne,anp cuz110J1OB A(cy..w,a no BCe.M ..uooymw) om 
7r-Me30H08 C 3Hepzueil 40 I'38. CnnOUlHQR KptJBaJl-<f!um 3Kcnepu

Me1111lOJlbHblX OOHHblX. B 1IO'IOJle UlKLlllbl-cne,anp om M100H08 U He

npo83auMOoeilcm80808UlUX aOpoHOB. 

30 ' 
Z:5 UeHTP I U 

~= /1~J,,1i'1t~ 
• ·: 11,1 ~r I i1'"""'""'''' 

~ : WUS :: 

ol . :. '1:: 1· 

20 40 6'o 11 , ~- . 80 160 do 
Koop,[IHHaTa. x. MM 

30 ' 

IpaHHQa : ~~:;~ .. : 
I KO,tzyneA,: \ 

Lil~~~\ .... ,,, 
~ it. ff\ : 
I I I 

5 ' ' 

0( 20 4·0 60 80 ulo 120 
Koop~HHaTa, Y. MM 

Pec.8. 3aBUCUMOctnb 3Hepzemu'leCKOZO pa3peUleHUJI <JiJ/E KallOpuMempa 
om _mo11KU nonai>aHUJI 11}"-IKa B R'leilK_Y. 

IlOJIY11eua 3aBHCHMOCTh :mepremqecxoro pa3pemeBHll or 3Hepnm: 

ap/ B={0.031±0.013)+(0.53±0.056)/ ../E, 
xoropag xopomo oDHcimaer nOJIY11emw:e pe3JJil>Tl1TLI npH E :5:40 ThB. 

8 

C-renem. xoMneucnpoBaBHOCTH xaJJ:OpHMerpa nCCJie,noBaJiacL ua nyqx:e 
3JierrpoHOB C 3Hepmett 26.6 r3B. Ha PHc.9 noKa38H cneKTp CIII'HaJIOB or 3JierrpoHOB, 

N 
800-.------------------, 

600 

400 

200 

3neKTpOHLI, 
Ee=26.6 r:)B 

aE./ (Ee)=7 .5% 

0 i-c=;:--, 1 ,=;:: ;::::::;-, I 
0 10 20 •· 30 40 50 

A , o-:r:H. ep;. 

Pec.9. AMnnumyc}Hblil cne,anp cuz110J1O8 A(cy.wta no BCe.M MOOJI.IVUI} om 
3JleKmpoHOB c E= 26, 6 I'38. CnnoUlHtlR K.pUBaJl-<jmm 3Kcnepw.,eH
mOJlbHbZX OOHHblX. 

nona,narommc B nempam,m,rlt Mo.eym, Ma'Ip1111Hoit c6opm. <DopMa cnel:'Ipa 
C~ere.JILCTBYer o 'IJICTOTe ucnOJIL3JeMoro 3JierrpoHHoro nyqx:a, T.e. o npalITH'Iecm 
nOJIHOM orcyrcnum a,l(J)OHHoro 4>oua. Pa3pemeHHe COCTaBHJio 7.5%, a ornomeHHe 
aMilJJHl)'.n cnm:anon 3JierrpoHHoro nyqx:a n a)q)OHHOro e/h=l.14. Kax CJie,lij'er m 
Puc.9, KMopHMelp o6Jia,naer ,noBOJILuo xopomHM pa3pemeHHeM no 3Hepmu ,ltJ1ll 

3JieK"I'pOM1lIH0:l'HliJX JIHBHeit, 3HeprerHIIecKM 3aBHCHMOCTI, ICOTOporo 3a,naeTCH 
coomomeuneM: 

owE={0.350±0.006)/ ,JE. 

Ha PHc.10 npe,nCTaBJiem.I ,namw:e no mMepeHHIO xoop~mott T011HOCTH 
xan.opHMerpa c .filleAKoA 75 MM n 3aBHCHMOCTH or ICOOP~TLI T01IICH BXO,!ta a)q)()Ha. 
BeJIH'IJIHa pa3pemeBHll B nempe n ua KpaIO .filleAm COCTaBJIHer 10 H 14 MM 
COOTBeTCTBeBBo, a ycpe.zt11eHHoe 3Ha'leHHe no ncett nJIOII(a.D;H panuo 11,2±0,5 MM. 3ra 
BeJIH'IHHa B 1,5 pa3a Mem.me no cpaBHeHHJO c pa3pemeHHeM ,ltllll H'leffm 150 MM. KaIC 
nanuo m pm:yma, BaJIH'IJle cBeTOBO,na ua CTLIKe Mo,zzy:neff nparmqecm ue YJIY'IIIlaer 
xoop,nmmmoe pa3pemeHHe. TaJOKe npone,neu auaJIB3 3aBHCHMOCTH 
npocrpaHC'l'BeHHOro pa3pemeBHll a.n:poHm.IX 1:MOpHMelpOB MO,!ij'JILHOro nma or 
pa3Mepa H'lettm n 3Hepmu a.n:pouoB. 
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llCCJieii,o:saua B03MOXHOCTL pa3ii,enemm B apPOJDIOM Re3MIIJIHHI"'-xanopm.1e-rpe 
H'leHCTOro nma apPOHOB H :merrpouoB C HCnOJII,30BamreM pacnpeit,eJieHHll 

• :meproBL1it.eJieHIDI xacm,noB B nonepe1D10M uanpaBJieHHH. Ilposeii,eu aua.mn 
38BHCHMOCTB .I{HCnepcHH npoqmn.11 JUIBIDI H ero q>OpMLI or Mecra nwmxeHIDI 

25~--------.-----------

rpottHu,a , 
MO.QyneA \I 

~ :: i\ I . I v.#/11~,w l..ia •.-'' 
b!O ,

1r•t•~-,mll 
5 f WLS\t 

~mr,,,r• 8(}mmi0Cll20 0 6TTTTTrfl2fOTTH14f> X 6~ MM 

25 -r-·· -----, 
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~15 

fp8HHU8 ' 
111oey11eH l 

\I 
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I 
I I~enTp 

wo~ynH 

\~~,: IL. ~1oj'1 H ilf.1:lr,tfjt!i_ 
t:, I I 't'.'.li / 

I ,~* 
5 I I 

' ' ' 0 --l,~nT"TTprr•fTU'1J,,nn tfT!?T1'T1 ,.-h-... ' '' 11' I'.,''''' 1] 1 ! ',j 
0 20 40 60 BO 100 t:~o 

Y. MM 

Psc.10. 3atlUCUMOcmb KOO[JOUH<11111Wil molfflOcmU KIJJ1OpuMempa (h=75 .MM) 
om KOOfJOUHOTllbl mo'lKU nona<X111UR aopom 8 .111Jei1,cy: 
a) u(X}, 6) u(Y). KpuBwe- pac'lem no qJOpMyJlaM fl JI. 

ocn JlHBHll B .K'leftxe H ee pa3Mepa, copra H :mepnm 1JllCTHn. Booii,emre o:rpa.Hll'leHWI 
ea IllHJ)HHY JlHBIDI U03BOJllle'f UOit,aBHTh pe~ :menpoHOB it,O ypoBHll nopg,tt0 
10-2 npH 90% 3q>q>ermBHOCTH pemC'I'paltHH x-Me30HOB. Tu:oA J[e ypooom. 
it,OCTHl'8eTCB: npB IJO.ZlaBJleHHII 8,llJ)OHOB B BLlit,eJieHHH 3JienpoHOB. 

dl~ <Ea&s), 
E. I e e-MoHmeKapno 1r3e,----------
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Pac.11. 3atn1CUMOcmb 3Hepz~
mutJeCKOZO pa3peuumwi KaJ1OfJUMempa 
om 3nepzuu neptJU'lHblX tr -Me30H08: 
•-pac'lem MemoOOM Mo111ne-Kapllo, 
-- -</Jum 3KcnepuMeHTnOJlb1lblX OCIH1lblX 

10 

/" / 
~ ,./ 

/ 
/ 

/-' 
/ 

10 20 30 Einit' r38 

Pac.12. (J}yHICZfUJI omKJlUKD KallOfJUMem
pa 8 30tn1CUMocmu om 3Hepzuti neptJU'l-
1Wil 'ltlCnlUlfbl. 

B mrroft rna:se .nuccepra.IlHB npe,ncTaBlleHLI pe3}'Jil>TaTLI MOit.eJIHPOBaHIDI 
xaparrepHCTBJ: 8.llJ)OJDIOro xanopHMeipa c noMOillLIO npolp8MMLI "GHEISHA w. 

Moit.enupoBaJIOCL pa3BHTHe 8,llJ)OHHLIX JIBBHeff, 00011001x)B3.HHLIX 3ap.!Dl:eJDILIMH ,c

Me30BaMH B }tH8IJ330He 3Hepmff 5-40 r3B. ,[{e-re:nop npe,ncTaB]IJIJI co6oft coop,:y, 
aBaJIOilI'DJ.YlO AK-600, HO ce11eHHeM 2*2 M2 B 6e3 n;empaJILHOID OT.BepCI'HH, 

Ilpe,!tBapmeJILHLle m:cne.n:oBaHIDI no:r.a3aJIB, 1lTO T8Jllle pa3MepL1 n.pa.rmq:ecm 
ycTpaIDIIOT yreqm JJHBIDI B UOnepeqHOM uanpaBJieHHH. 

Ha Puc.11 npeit,cra.BlleHLI pe3)'Jil>TaTLI MOit,emipOBaHIDI 38BHCHMOCTH 
:mepreTH'lecxoro pa3pemeHID1 xanopHMe-rpa or 3uepnm nepBll'IHLIX x-Me30HOB. 
OrJllllllle npeii,cxa311HHff MOit,eJIHPOBaHIDI or q>ma 3XCnepHMemam.ULIX ,namILIX 

COCT!lBJll[eT 5% npu 3Hepnm nepBll'IHLIX 1JaCTHI( 10 ThB. 
Ha Pnc.12 npeit,cra.Blleua JaBHCHMOCTL .n:e-rermpyeMoff 3Hepnm JJHBIDI or 

m.mym,ca nepBH1D10A 'lllC'IllIJ;LI. Kax H npe,n:nOJiaraJiocL, q,ym:n;mr ommxa 
xanopHMeipa B HCCJie,lij'eMOM )lHlUill30ue no 3uepnm nepBB11Hoff 'lacrm:u,I JIBBeftea. 

Trua1:e npBBeit,eHLI pe3)'Jil>TaTLI HCCJieii,oBaHIDI JaBHCHMOCTH 3Hepremqecxoro 
pa3pemeHWI a.npoHHOro xanopm.1eipa or TOJIIJnlHLI arrmmoro CJIOH( cn;mmm.mrrop 5 
H 10 MM). Moii,emrpoBaHHe llpOBO.I{HJIOCL )gl.11 nyqxoB 7t-Me30HOB C 3uepmeA 10 ThB. 
Pa3pemeHHe 6onee wMaCCBBHOrow .n:e-rerropa _nyqme ea 2-3%, ero w.n:nmmw-5.25 
H,n:epHLIX .wnm BMeCTO 4.97, 1lTO ue HB.lll[e'fCjl.3aMe'fHLIM YJIY'lllleHHeM xapa:s:repHCTHK 
KaJ10pHMe'IJ)8. 

B 3aKJII011emm Cq>OpMYJIHPOBaHLI OCHOBHLte pe:JYJILTaTLI it,HCCepmn;HOHHOft 
pa6om: 
1. P113pa6ora.u u BHe)JJ)eH B npoMLIIIDlelDIOCTh cnoco6 B3I'OTOBJieHHJI CIJllHfBJIIDITOPB 
MeTOit,OM JIRl'L.I[ no.n: it,aBJiemreM ua TepMOUJiaCTaBI'OMaTaX. Pe3YJILTaTLI m:mna.mnt 
UO:r.a3aJIB, 1lTO IIOJiy11eHHL1e TllXHM cnoco6oM oopa3n;Ll ne YC1)'lllllOT no CBeTOBLIXO,!ij' H 

O.ztHOPO,n:HOCI'H CBe'fOC06BpaHHll 3XCJPY,n:HpOBaHBJJM B B3I'OTOBJICHBJJM nyreM 
Mexa.mt11ecxoit o6pa6orm 6no11HOro cmmmnmrropa, a no TeXHOJiom1JHOCTH 
npoB3BO~ 3Ha1llml.lILHO nx npeoocxo,n:irr. P113pa6ora.uua.ll TeXHOJIOrmI :eam.na 
IIIHpOXoe npHMeueUHe npB npoB3BOit,CTBe C~B )gl.11 yCTaHOBOX 
HEIITYH(YHK), A1LAS, WA-98(CERN), PHENIX, STAR(BHL). 

2. BnepBLle it,eT8.JILHO B CBCTeMaTB'lecm nposeit,eHLI 3XCnepHMemam.HLle 
BCCJieit,OBaHIDI OCHOBHLIX xapa.:s:repHCTBJ: ,lte'relITOpa nma ftC3H,ZtBB.1Ift cram,

cn;mmmmrrop co CBeTOBO,ltOM-cMecmreJleM cnerrpa c 75- u 150-MM gqeftxaMB B 
.mmna30ne 3uepmft 5-40 ThB. HCCJie,n:0BaHL1 ocHOBHLle Brn.in,x B 3uepremqecxoe 
pa3pememie 8,llJ)OJDIOil) xanopHMeipa B npoBeit,eHO cpa.Buemre 3XCnepHMemam.HLIX 
,namILIX C pacqemmm. 
3: BnepBLle B3MepeH np.11Moff Brn.zt 11epem:oBCxoro H3JIY11eHHll, pa3BBBaIOm;el"OCJI B 
cBeTOooit,e-CMecnrrene cnerrpa, B 3uepreTH'lec:me pa3pememre apPOHHOro 
xanopHMe"lJ)ll u nonyqeua 3aBm:HMOCTL BeJD111BH1,1 H3JIY11emm ar xoop.n:mmn,1 
UOna,n:aumI 1lllC'IllIJ;LI B ,n:e-re:nop. 
4. BnepBLle m:cne,ztoBaHO BJimIHB.e npo3P81IHOCTH cnerrpocMem;arom:ero CBeTOBO.ztll H 

cfin.yriyaitHlt npo,n:OJII,HOro pa3Blffllll g,n:epaoro xac:m.zta ua 3uepremqecxoe 
pa3pemeHHC ll,llpOHHOro Re3MllJlBBr"-:mnopHMeipa. Iloxa38HO, 1lTO pa3pa6orauuaH 
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Me'I'O.l(HXa 0III11MB3aIOIH AJillHbI 31l'l)'XfillBll nepe.lI3ll)"IeHII0I'O CBeTa B CBe'I'OBOJ(e 
Il03BOllller IC0MileHCnpoBaTh BLrreICa.Hlie :mepnm B np0J(OJU,HOM aanpaBJieBBH H TeM 

ca?IWM IlOJIY'lllTh npe,l.l'eJil,HO ,l(OIIyCTBMoe pa3pememre .ztJUI IllJI0pHMe'IpOB HeilOJIH0I'O 
.nomom;eHHll B 31l~M l{HIIJT830H:e :meprnff. 3ro 6yJI,er oco6eHHo cym;ecmeHHO B 
T3B-Hoff o6nacm :meprntt npu C03J(aBBH IOJJJiaimepHI,1X ycnmoBOx. 
5. IlpoBe.n;eH auaJUl3 311BHCIIMOCTII npoorpaHC'l'BeHII0I'O paJPemeHHll 8JlPOHHI,IX 
ICWI0pHMe'IpOB M0.zzym,H0I'O THIIa OT pa3Mepa gqeffDI H :mepmu 118C'.11Il{. 

6. HCCJie)l;OBaH JlPO<l>mn, a.npoHHOro JIHBIDI, pemcrpnpyeM0I'O B .!NeHCTOM 
ICaJI0pHMerpe. IlpoBe)l;eH aHaJIB3 38BHCHMOCTH .nucnepcHH JlPO<l>mm JIHBHll H ero 
<l><>PMH OT MecTa IlOJI0:m:eHHll OCH JIHBHll B gqeffxe H ee pa3Mepa, or copra H :mepnm 
118CTHI{. 

7. HCCJie,l(()Bllllll B03M0:ll:HOCTh pa3)l;eJieHHll B a.npoHH0M "e3MnJIHHr"-ICaJIOpHMerpe 
ll'leHC'I'OI'O THIIa :menpoH0B H a.npoH0B C HCilOJU,30B111JlleM HH<l><>P~ 0 
pacnpe.neneBBH :meproBJ,l)l;elleHHll IC8CICa)l;0B B nonepe'IH0M aanpaBJieBBH 
8. IlpoBe)l;eHO M0.IXeJIBPOBaHHe xapanepnC'I'HI a.npoHHOro ICaJI0pBMerpa c Il0M0IDl,IO 
nporpaMMl,I "GHEISHA". IlOJIY'leBll 38BHCHMOCTL :meprernqecxoro pa3pememm or 
:mepnm nepBH'IH0ff 1l8CTHil;I,I H 'I'OJim;IIHl,I aJITHBH0I'O CJI0H. IlpoBe.n;eH TecT Bll 
mmeffHOCTL B mrrepBaJie 3Heprnff 5-40 r3B. 

Onm:amme B npe)l;CTllBJieHHOtt .ltlltceprallllU M0A}'JIH 8.npoHII0I'O ICaJI0pHMerpa 
HllIWIH nparrH11ecxoe HCil0JIL30BaHHe npu HCCJieii;oBaHHH 31C30TII'IecIHX cocrommlt B 
a.npoHHI,IX B38HM0)l;eAcrBmlx H npu ID}"ICHHH CBOffCTB COCTIIBHI,IX K'ICHCThlX 

C3MIDIBHI'-KSJJopHMe-rpoB Bll ycnmoBKe MMC H'f3cl), B CHCTeMe MomrropnpoBalIIDI 
ny,ma :,xcnepHMema 3KC1IAPM B HaC'I'OJIIllee BpeM.11 co3.namn,re M0A}'JIH a.npoHHoro 
ICaJiopHMerpa npe)l;IlonaraeTCll ucnom,3013a11, B ycnmoBxe COMPASS(CERN). 

~ HllIIHC8.Hll Ha OCHOBaHHH CJie,ll,YK)m;HX ony6.nm;OBaHHI,1X pa6or: 

1. AJieeB A.R, ... Ka.zn,a:oB Mr. n ,lip., Ilpenpmrr OIDIH Pl-89-434, ,[\y6Ha, 1989, 
IIT3 ~5, 1990, cip.60-63. 
2. Ka.nm:oB Mr. n ,lip., Ilpenpmrr OIDIH Pl-89-769, ,[\y6lfll, 1989, IIT3 K.o4, 1991, 
cip.43-46. 
3. raBpmnyx O.Il, ... Ka~OB M.r. u ,lip., Ilpenpmrr OIDIH Pl-90-227, ,[\y6Ha, 1990, 
IIT3 ~3, 1991, cip.33-36. 
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