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HCCJI6'AOB8HHe pereaepBnBH HettTp8.7IDHl:OC K80HOB H8 HYR1IOH8X 

H H.1lP8X OTHOCHTCH K tmc.ny Tex BKcnepHll8HTOB, KOTOpHe 'ABDT 

({JHsHqecKyD HH~opuanHD O ~OB8'A811HH 8.718118HT8PHLIX qacTHn BO BC8X 

l!U'ABX HX B88HllO'AelicTBHR - l! CHID,HWC, 8Jl8KTPOll8rHHTHLIX H c.na-

6wc, I'].le C TOqKH spe_HHH CHJU,Hl,lX H BJI8KTpouarHHTHl:OC BB8HUO

~eRcTBHR CHCTeua,aenTpam.HHX KBOHOB xapaKT8pHBY8TCff ~Byi,H 

cocTOHHHHMH K0 , K0 -qacTHna H BHTHqacTHua, a c ToqKH apeHHH 

cJia6wc l!Baxuo~eRcTBHR - cocTOHHH.IDIH K~ H K~, aueD~HIIH pas

JIJtqwe uaccs H npeueHa DBHH. C pocTou BHepmR qacTHn, noJiy

qaeuwc H8 YCKOPHT8JIHX, npOB8'A8HH8 OilHTOB no HCC.718'AOB8HHD pe

reaepBnHH ueRTpa.nima: xaoHol! HBJIHBTCH B8lltHWI, T.K. B HHX 

nponepHDTCH TaRHe ipyH,7laueaTam.use npo6.neus conpeueHHOR ~HBHKH, 

Krut Teopew IT011epaHqyxa, ~HcnepCHOHHHe COOTHOme-

HHH, MO'A8Jlll KOMilJI8KCHLIX UOM8HTOB H 'AP· B 1968 rO'AY Ra6opaTO

pHeR BHCOKIIX 8Hepl'IIR OHHH 'AJIH npOB8'A8HHH Ha cepnyxOBCKOU 

YCKOpHTeJie 6HJI IIP8'AJIOZ8H 8KCnepxueHT C 'AO:llrOJtlrlBY~IIH f<e -
11680H8MH no HsyqeHHD 8ClrlllllTOTlrlqecxoro llOB8'A8HHff aunJlllm 

pacceHHHH K0 
- H aHTH- K0 

-uesoHoB aa HYMOHax H H,1lpax, a Taue 

no xayt1eHHD aJieKTpo11arunuoR cTpyxTyps K0-ueaoaoB/I/. 

JlJIH 8KClleplllU8HT8JIDHOro HByt{8HHff pereHepanxH K80HOB Tpe-

6ye!Cff pel'HC!pannH C06HT11'1 H HCC:116'AOBBHH8 ffBJl8HHH HHTepqiepeH

nHH, KOTOpaH BOBBHK88T B 'AB1XllHOHHl:OC pacna'ABX 'AOJirOltHBYJ]tl!X 

H pereHeplllpOBBHHHX KOp0TKODBYJIU!X KBOHOB. HsyqeBHe HH!epqiepeH-
HHTep~epeHnHH . 

nx• Tpe6yeT pacna~OB HBRTpam,ma K80HOB Ha 'ABB llHOH8 CPB'AH 
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Bcex OCT8JILIWX pacna.itOB H ~OHOBl:ll nponeccoB, o6p88YD!llHXCH 

88 MHmeHLD - pereHepaTOpOM, nouemeHHOR B ny,iKe Ke -MeSOHOB. 

B KaqeCTBe 8KCnepHUeHT8JILHOtt YCTBHOBKR ~nH perHCTPBnHH 

pacna.itOB K80HOB H onpe.iteJieHHH HX KHH6U8THqecKHX xapaKTepHCT«K 

HCnOJIL80B8JICH HCKPOBOtt uarHHTlfliltt cneKTPOMeT/21. YCJIOBHH 

8KCnepHM6HT8 npH BHCOKHX 8HeprHHX npe~~HBnHJIH PH.lt cepLeSHT:llC 

Tpe60B8HHtt K annaparype cneKTpoMeTpa H B•-TOM qncJie K CHCTeMe 

.11CKpOBWC KaMep. 

IlpH BHCOKHX SHeprHHX (10+50 rsB) HellTpaJILmtX KaOHOB 

8KcnepHM6HTaJILHaH ycTaHOBKa 'AJIH Hccne.noBaHHH pereHepaUHd Kao

HOB ,nOJllltHa o6na.naTL BNCOK08ipql6KTHBHliMH xapaKTepHCTHKaMH K Y 

perHcTpanwe pacna,noB KaOHOB Ha ~BB nHOHa, T.K. ceqenHe pere

HepaUHH ~OBOJILHO uano ('vro-5 atot ), pacn~H8ll ~JIHH8 KOpOTKO

lltHBY!llHX K~ -ueaoHoB ~OBOJILHO Bemma ( As 5,3~ P~ cu, r.ite 

P: ecTL HYnym.c KBOHa B rsB/c), sepoHTHOCTL pacna.ita 

M630HS Ha 'ABS ID'IOHS 'AOBOJILHO usna ( 10-6;2 ~o HS nyTH I CY). 

,llna nonyqemrn BHCOKOBHepmqma K0 
-uesoHoB Tpe6yeTCH 

cos.itaime nyqKa, OpHeHTHPOBaHHOro Ha BHYTP8HHDD MHmeHL no.it 

uan&u yrnou. ITO'A uan&M yrJIOU CHJILHO BOBpacTaeT HHTOHCl!'.BHOCTL 

HeHTPOHOB, KOTOpHe B88HMO.itettcTByDT C wt:meHLD - pereHepaTopou 

H sarpyxsDT ~OHOBHMH qacTHUSMH HCKpOBHe KSU8pH. H .ltpyme 

.iteTeKTOPH qacTHU 8KCnepHMeHT8JILHOtt YCTBHOBKH. 

B CBHBH C STKll CHCT8M8 HCKPOBl:lX Kai.lep .nonlltHS 06JI~STL 

cne,nyDll(lfMH KaqecTBaMH: 

- B cneKTpOMeTp ,noJilltHH BXO,nHTL HCKPOBHe KaMep!,l 6onLmHX 

pasuepon C aBTOMaTHqecKHM CllltTHBBHHeU HH~OPMBIU!H; 

- HCKPOBHe KauepH 'AOmtHH HY8TL BHCOKOe npocTpSHCTB8HHOe 

H speueHHoe paspemeHHe; 
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- 8ipq)8KTKBHOC!li HCKpOBHX K8Mep 'AOJilltHS 6HTL BHCOKOll H 

O'AHOPO'AHOtt no Bcew qyscTBHTeXLHHM o6naCTHM KSMep; 

- 8ipql8KTHBHOCTH HCKpOBHX KBMep He 'AOJiltlflil CHJILHO 88BHC8TL 

OT HHT8HCHBHOCTH nyqKs HettTpaJILHHX qscTHn; 

~ B ycnOBHHX 6onLmHX ~HOBWC sarpySOK KaMepH 'AOUHH co

xpaHHTL BHCOKYD aiMeKTHBHOCTL perncTpanHH ps6oqHx TpeKoB; 

- H, naKOHen, pemaD~Htt <paltTOp .ltJIR nonyqeHHR ~H3HqecKHX 

pesyJILTaTOB - HCKPOBHe KauepH .ltOJIXHH HM8TL CTaOHJILHHe xapax

TepHCTHKH B TeqeHHe Boero speueHH np0B8.lt8HHR 3KCnepHM8HTa. 

B nponecce paspa60TKH 8KCnepHMeHTSJILHOtt YCT8HOBKH 'AJIH 

BKcnepH11eHTOB no mcc:ne.noBaHHD pereHepanHllf K0 
-uesoHOB Ha 

npoToHax H 'APYrHX H,?tpax 6&na cos,naHa cmcTeMa HCKPOBHX Kauep 

pasuepou600x420x8w3 c usrIDITOCTpH~OHHllll cqHTlil38HPl8Y HH\l)op

MBUHH. CHcTeMa HCKpOBHX K8Mep BOmna OCHOBH&M sneueHTOY B coc

TBB uarHHTHOrO HCKposoro cneKTPOUeTpa Ha K8H8He HenTpanLHHX 

qacTHn 1 K0 
cepnyxoBcKoro ycKopnena. C nouomLD a Toro cneKTpo

ueTpa B nepHO'A 1969-1972 rr. 6HX npOB8'A8H PH.lt ceaHCOB no 

Ha6opy CTBTHCTHKH (6&XO 88IlHC8HO HS uarHHTH&e xeHTH 6onee 

4-x YHXJIHOHOB CTepeouarHHTOrpagMtt co6uTHtt). B peaym.TaTe 

,nanLHenmen o6pa6oTKR BTHX cTepeouarmtTorpag)un Ha pasJIHqHHX 

SBM KJiacca BSCM-6 6HXH noxyqelflil pesynLT8TH 06 a6COXDTHl:lX 

BeJIHqHHSX H SHepreTHqecKott 38BHCHMOCTH aunJIHTy,ng Tp8HCMHCCHOH

HOI pereHepanuH aenTp8XbHHX,K80HOB Ha BO'Aopo.ne/3 ,4/, .nenTe

pHH/5/~ yrnepo'Ae/6/, HenTpoHaxl5/ H onpe.lteneH& napaueTpu 

nonynenTOHHHX g)opu\l)BKTOpoi7 / HettTpam.HWC KB.OHOB. 
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Ha aTou xe cneKTpoueTpe 6un D&nOJJHeH nep11utt 3Tan aKcnep111-

ueHTa no no111cey pacna'AOll KOpOTKOlltlllllYIJIHX K~ -uea0Ho11 Ha 'Alla 

UllOHa. 

TaK Haa1,mae11a.11 K~-.. 2 µ npo6neua 11oaHHKJia 11 1971 r. noc

ne ony6JJHK0BaHl/l.fl peayJJbTaT0ll SKCnepHUeHTOB no ll0I/ICKY pacn~0B 

HettTpaJJbHllX 'A0JJr0llCHBYil!HX K~ -uesoHOB Ha 'ABa MllOHa/8/. CyTb 

npo6JJeMll Cll0'AHJ!aCb K T0MY, qTo 11 3KCnepHM8HTe/8/ nonyqeHHaH 

11epXHHH rpaHHU8 0THomeHHH mHplllHll pacna'A0B 'A0JJr0UBYIIIHX K80H0B 

Ha 'All8 U~0H8 K ll0JIHOil mHpHHe 0K88aJJ8Cb pa11Hot1 

R1h.1,-,>~ 1.8.10- 9
, 

IJT0 B TpH C JIHWHHM pasa MeHI,llle reopeTHtJ8CK0lt HHllCHelt rpa

HHUN, DlltJIIICJJeHHOtl HBCK0J!b!GtMH aBTOpaui/9/ (6±,l ,2)•I0-9• 

3Ta TeopeTHtJBCK8ff rpaHHU8 nonyqeHa Ha OCH0B8HHH BlitJHC

Jl8HHH MHHU0tl qacTH aunJJHTY'All yKa88HHoro pacn8'A8 cornacH0 npe'A

ll0JJOllC8HHll, qTo pacna'A H'A8T T0JJbK0 qepea npouexyTOtJH0e C0CT0H

HHe C 'AllyYH rauMa-Kll8HT8MH. B 0CH0BY pactJeTa nOJJOllCeHllTaKHe ~o

BOJlbH0 o6mne ~HSHtJ8CKH8 npe~Il0JI0llCeHttH, KaK YHUTapH0CTb 0 -MaT

pmuu, JllRll0JJIDUI0CTb CPT-Teope11u, 0TCYTCTllHe HeHa6JJJ),1leHHblX 

pacna'A0ll K0 
-uea0Ho11 Ha HeH3BeCTHUe HOBue 11acTHn&, 0TCYTCTBHe 

8HOll8JIDH0ro CHJlbHOro ll88HYO'AeRcTllHff MeQy qacTHUaUH 11 npowe

llCJT0qHoU C0CTOHHHIII. Bee 8TH npe'All0JJOneHHH onpo60B8Hll YH0ro

Kp8TH0, H Il08TOUY CTerreHb 'AOCTOBepH0CTH TeopeTHtJ8CKOt1 0U8HKH 

11e1mqHHll R2(µ µ) He rro~BepraJiacb co11Hemrn. 

C noa11neHHe11 "npo6new K0 
- 2111111 61mo npe'AJ1011eao uHoro 

rHn0T88 'AJIH ee o6~HCHeHHH. IloqTH Bee 3TH runoreau HCXO'Aft11H H8 

cymecTBOll8HH.fl H6KOT0poro uexaHH8Ma, tJac-mqHo K0WeHCHPYll~ero 

BKJ18'A 'Allyx'.q)OT0iiH0ro npouexyTOtJH0ro C0CTOHHH.fl. 8TH rHn0T88ll 

U0llCHO pas6HTD Ha 3 rpynnu: 
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l) llll8'A8HH8 H0llblX B88HM0'A8RCTBHR C HapymeHHeM CP-HHB8-

PJ118HTH0CTII B K0 
-2111l 111mt K0 

- 2 ra1U1a-pacna'Aax; 

2) llP6'All0JJ0XeHJie CYJ!t8CTB0B8HIIIH H0BblX tJ8CTHU; 

3) llP8'All0J!0ZeHH6 HapymeHHH 4iYff'ASM6HT81l1,HblX nplllHUlffl0B 

q,JIIBHKH, TSKIIX K8K CPT-Teopeua H YHHTapH0CTb 5 -IIBTPHUY. 

BTOpaH H TpeTbH rpynnu He Tpe6yllT HapymeHHH CP-HHBSpH

SHTH0CTH. 

Ha BCex 3THX rHIT0T88, nepBaH KSZ8TCH HSH60JJee npocTo!, 

H OHS HSH6onee IIH!8HCHBHO o6cyx'ASJ18C~. Ee 11nep11se BHCKa3aJIH 

Kp111c, a 'JIH/IO/, npe].!no.itoxHBmHe, uo no'Aa1111en11e K~- 2µ pac

na'Aa llY8BSHO 'A6CTPJKTHBH0R HHTeppepeHUH8R Jl8Jl,'IIY p8Cll8'ASIIH 

HS }.1118 Jll)()HS K~ H K: -COCT0HHHR, BXO'AHIIIHX B B0XH0BYII <l>YHKUHII 
o Ko KL H s 

IK~} = IK:} + ,e I K~): 
IK:}=IK:} + -elK~}, 

rJte le I 2.10-3• 

TaKaH HHTeJ)WepeHIUIH ll08JI0XHS C ytJeT0M Jl8J!OCTH°t, 8CJIJI 

a11n.1111ma K:- 2µ 'A0CTST0tJH0 :Be.JIJIIKa a pacna'A npoHcxo'AH! c 

aapymeHBeJI CP-tJ8!HOCTH. 

Ilpo11epxa 3!0R rRll0T88ll C0CT0•T B no•UKBX 8B0JISXbH0 6on

ll0R mapnm pacna'Aa K!➔,-t+J,.A-, o~eHita JCOTopoR aaxo'AHCH B 

npe].!eUX 0! 10-6 ~O IQ-? rs B 88BHCHOCD 'O! Jl8XSHJISJ18 

HapyHDll CP-t11111apKSHTJIOCTH, tJTO HS MH0ro nop~KOB 6om.me 

COOTB8!CTBYllll!81 B8J!IltJJIJl'd B cnytiae coxpaH81U(ll CP B pacnaxax 

K~ na iBB •110aa (s.10-11)/lO/. 

CpaBHJIT8J!DHO H~}.!BBHO B pa6oTr/ll/ 6WI nonytieH 3Kcnepa

Jl8HSJJI,IU,II peaynHaT, rJte 11emrtmnaRi_(.t.,µ)=l121O:
9 

tJT0 cor

nacye,ca c ,eopeu11ecKol oueHKow9/, a aKcnep1t11eHTanm pe-
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sym,TaT pa6oTul12/ .ttaeT B8pXHDD rpaHHuY mHpHHH pacna.tta 

~(ffp) < 3,r.ro-7• HeCMOTPlI Ha 8TH HOBHe pesym,TaTH, KOTO

pue H8XO,lt!ITC!I, B Y]lOBneTBOPHT6JI!,HOY cornacHH C TeopeTuqeCKHMH 
0 ' 

npe,!tcKasaHHHYH, npexpBJl!BTI> noHcit pacn8,ltoB K5- µ µ He cne-

.l{yeT. K:-+ f' ff pacna.ttu fiBJIHllTCH qYBcTBHTeJII,HHW HH.ltHKaTopow .ttnH 

OTHOcHTenI>Ho wamx CP-HapymaDDUiX qjxeHOB BK~ - 2 X a11nm1Ty,lte, 

KOTOpaH He M01teT .tteTeKTHpOBaTI>ClI .ltPYl'HMH MeTO,ltamt. 

Rax OTMeqanocI> Bwe, nepBuR aTan axcnepHweHTa no npoBepKe 

rnnoTesu 06 aHoManI.Ho 6onI.mot:t mHpHHe pacna.tta K~-+ ,i-Y npo

BO.itHncH Ha uarHHTHOY HCKPOBOM cneKTpOMeTpe, coa.ttaHHO!I ;ztlilI' 

HCCJie,l{OB8HHlI pereaepaIU'IH Het:\TpanI>HUX KaOHOB Ha fl.ltpaX. 

0CHOBHOe CO,lteplEaHHe ;ztuccepTSIU'IH IlOCBflll!eHO ueTO,l{HqecKHM 

BOnpocau CHCTeMH 6eCWHJII,JIOBl,IX uarHHTOCTpHKitHOHHI:lX HCKpOBUX 

KaMep H,nocTaHOBKe 3KCnepm.1eHTOB,nonyqeHHD pesynLTaTOB H .ltML-

Ko + -aellmeMY pa3BHTHD axcnepHMeHTOB no ITOHCKY s- µ+µ p~cna.ttOB • .llHc-

cepTaIU'IH COCTOHT HS BBe,lteHHH, Tpex rnaB H saxnmqemrn. 

BBe,lteHHe COCTOHT HS ,ltByx qacTeR. 

ITepBaa qacTL npe.ttctaBnaeT codoll odsop HCKpOBUX xauep 

C 8BTOMaTHqecKHM c~euou HHwopuanuH. OnHCHBaDTCH paaHHe YeTO.ltU 

c~eua HH~opuauHH B ~HsHqecxux axcnepweHtax H HX xaqecTBeHHue 
' ·~t ., . 

CTOpOHH. Oco6oe BHHMa_HHe. cpe,!tH 8BTOMaTnecKHX K81:f8P Y.tte,nH-

eTCH Kauepau_c YarHHTOCTPHKUHOHHW cqxTHBaHHeY HH!pOPKaIU!H:, 

npHBO,ltHTClI. npHHIU!n pa6om CUTUBaHHH HHtpOPll8IU'IH c nOIIO,lll:&ll 

uarHHTOCTPHKitHOHHOR nHHHH H cnoco6u perucTpaium HHWOPM8W!Ho 

IloKasaHu wuaHqecKHe xapaKTepHCTBKH npoBonoqma: xcxpoBHX xauep 

C MBrHHTOCTpHKitHOHHUM CqfffflB8HH811 l,IH_~Oplla!U!Ho 
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BTopaH qacT:& BBe.tteHHH noc:eH111eaa "npo6ne.11e Kt.:➔ 2 MD". 

HsnaraDTClI OCHOBH BOBHHKHOBeHHH npo6neuu. 06Cyx,?t88TCH 0,l{H8 

HS :eos11ozHHX rnnoTea, o6~HCIU1Dllt8H uexaHHsM no;ztaBJI8HHH Kt -
pacna.tto:e H ueTo.tt ee npoBepKH no oueuite mHpHHH pacna.tta K:-2µ . 
nanee npHBO;ztlITClI CYJ118CTBYDllllte peaynI>T8TH SKCnepHMeHTOB no 

no11cxy K:-2 µ B H;zteH npoBepKH STOA rHnoTeau Ha cnexTpo11eTpe 

no HCCJI8,l{OBaHHD pereHepanuu HeRTpanI>HHX K80HOB Ha fl.ltpax. 

IlepBalI rnaBa .ttHccepT8IU!H ITOCBHllleHa Y8TO.ttBK8 HCKpOBHX R8-

wep, BOMe;ltlllHX B COCT8B CIT8KTpOYeTpa no Hccne,ltOB8HHD pereapa

IU!H H8ftTp811:&Hl:DC K80HOB. 

B COCT8B CHCTeuu HCKPOBUX K8M8P (HK) JIXO.lt)IU cne.ttYDJIUl8 

ane11eHT1u 

I) ,ltByxKOOp,ltHH8THH8 npOB0110qaue Kauepu C uarHHTOCTPHK-

IU!OBHWI Ctn!Th!B8HH8M CT8H.lt8PTHHX paaYepo:e 600x420x8 MM8 ; 

2) CBCT8M8 c~eYa aanOMBH8BHH HHWQpY8IU!H C xauep; 

3) CHCT8Y8 B/B IIHT8HHll HCKPOBhlX xauep; 

4) perHcTpli!pyDlltall annapaTypa H CB!I8:& C SBM THII8 

BSCM-3ufI3/; . 

5) CHCT6M8 ynp8B118HHH Ii! KOHTp01I!I. 

8~ecL xe npH:SO,ltHTCH HeKOTopue KOHCTPYKTHBHH8 oco6eHHOC'l'H 

B xapaKTepHCTHKH COOTB8TCTByDlllHX yanoB HK/14 ,151. 
0nHCHB88TCll M8TO,ltHK8, C ITOMO~LD KOTOpoR 6WIJI nonHOCTI>E 

:eocnpo11a:iie.tteHH B na6opaTopHwcycno:aHHX pezHMH pa6om npoBo

noqHHX HCKPOBhlX xauei/16/ :e 6onI>mH~ !pOHOBHX ycnoBHHX H 6umi 

BH6pam OITTHU811:&HHe napaueTpH Ii! pa6oqxR pez•M ,ltXlI :eceR CHCT8W 

zcxpoma Kauep. B xaqecTBe pa6oqeR raao:eoR c11eca 6una zccne

.ttoBaHa a :eu6paHa c11ec:&Ne+1,5i(c2H5oH)+o,ooait,ccL2F2• Ha pHc.I npu-

9 
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P.uc. I. 3aBHCHJ.10CTH 3qxpeKTHBHOCtelt ( E:p ) HCKpOBWC KaMep OT 
38,lt8pllKH ( 't'3 )nO,D;atJH BHCOKOBOJU,THOro mmym,ca Ha HK, xaf~!~.:. , 
pH3YDl!IH8 pa3pema11111ee BpeMa · HK ){Jill ra30BOlt CM8CHNe+Z5~ 

+qJJ8 ¾ C Cl 2~ ,npH pa3JIHtJHWC .3HatJeHHllX B8JIHtJHHH noctoaHHOr< 
OtJHlllaD111ero noJia (Eo,.)3apa,D;HOe Hanp.llXeHHe BHCOKOBOJIBtHoro HM-

nyJILCa - E3 = 5,0 KB. · · · 

4Q 
ai 

:S S 'I I !1 .10 
'Z:i,HICClK 

PHc. 2. 88.BHCHllOCTH,.'aHaJIOrHtJHHe npHB8,ll8HHUM Ha pHC. I, HO 
,D;Jia ra:JoBolt cKecH Ne+ 1,5%CaHJlH. 

10 

Be;zteHO paapemallmee BpeMH HK npH pa81IHtJHblX auaqemrnx nOCTOHH

HOro OtJH1!181ll!l8rO nonH. Ha pHC. 2 ;!t1I!I cp8BH8HH!I npHBe;zteHa Ta 

llte aaBHCHMOCTL :ztnH c1.1ecm Ne +1,5l½HJJl;l)cpaBHeHHe KpHBblX noKa

BllBaeT, tJTO uanue ~068BKH 31I8KTPOOTPHU8T81ILHOro raaa·» HCKpo

BHX K811epax 88M8THO (Ha 30t-40%) YJ,18HLm810T 11 Il81lHTL11 KSllepu, tJTO 

HB1I!l8TC!I B8lltHNM ~8KTOpOM rrpH BHCOKHX ~OHOBblX aarpyBKSX, Bu6-

p8HHHa pelltHM pa60TH B na6opaTOpHUX YC1IOBHflX HBHJICH 6aBOBHM 

,D;Jlll HCKpOBHX Ka.Mep H ~a.Jiee KOppeKTJIIPOBaJICll B 3aBHCH

MOCTH OT KOHKpeTHO rrpOBO;!tHMOro akcnepHM8HT8 H KOHKpeTHblX 

YC1IOBHa BKCITOBH~H YCTSHOBKH. 

nanee p8C~MOTp8H8 pa60TH CHCT8MH HCKpOBWC KaMep B COCT8-

B8 cneKTpOM8Tpa. B COCTSB uarHHTHOro cneKTpOM8Tpa (pHc. 3) 
BXO;ztHT: cneKTPOM8TpHtJ8CKHtt MBrHHT CIT-40A, CHCT8M8 HB 18-TH 

HCKpOBblX uarHHTOCTPH~OHHblX Kauep, CHCTeMa C~HTHJIJl!l~OHHl:DC 

CtJ8TtJHKOBo nnH H;zt8HTH~HKa~H pa8Hl:DC THITOB pacrra;zta HeaTp8JILHUX 

KSOHOB B COCTaB crreKTpouetpa T8Kll8 BXO;!t!IT ,IJ;8T8KTOPH MllOHOB H 

aneKTpOHOB. CrreKTPOMeTp pa60T88T Ha JIHHHH c 3BM E3CM-3M. 
nnR 88IlYCK8 HCKpOBUX KaMep HCITOJILBOB81IHCL CUHHTH1IJIR~OH

HH8 CtJ8TtJHKH/I?/. OHH pacrronaranncL B tJeTl:lpex ro,D;OCKOITHtJe

CKHX fi1IOCKOCTflX ~I, ~rr. rI, rrr, ~Be HB KOTOpwc 6HJDI noue

lll8HH rrepe,?t uarHHTOM, ,IJ;B8 ,D;pyme - 88 HHM. Kall,llB!I ITJIOCKOCTL 

COCTOllJia H8 nonynnocKOCTe,'1, CO,IJ;8pll8BmHX no tJeTupe CtJ8TtJHK8 

H pacnonozeHHblX C1I8B8 H cnpaBa OT OCH cneKTpOMeTpa. 

PerHCTpHpyeMHe pacna,D;H KaOHOB B08HHKaJIH B rrpOCTPBHCTBe, 

pacnonozeHHOM sa perenepatopo11 n orpaHHtJeHHOM ctJeTtJHKOM 

aHTHCOBn~eHH'1 X H nepBoa WPOHTaJILHoa rrnocKOCTLll aarryCKBlllllHX 

CtJ8TtJHKOB ~I (pacrra;ztHa!I 6aaa). YcTaHOBKB pel'IICTPHPOBana co6u

THH,KOHWHrypa~R KOTOpHX COOTB8TCTBOB81I8 cne,D;yllll(HM yc1IOBHHM: 

II 
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P.uc. J. CxeMa pacnonoxeHHH 3KcnepHueHraJibHOR annaparypu Oec
~KRbMOBoro HCKpOBoro cneKrpoMerpa Ha KaHaJie I K0 ycKop.urena 
lI<J?B3 B onurax no .uccne,11;0Ba.H.HD pereHepamrn KaOHOB BUCOKHX 
aHeprHll Ha nporoHax H smpax. 

12 

... 

- ,11;0 llal'H.Hra B paROHe nnOCKOCrH <J?Il O,ll;Ha H3 pacna,nHUX 

qacrHn npoxo,11;.ur cneBa or OCH cneKrpoMerpa, ,11;pyraa - cnp8.lla, 

perHcrpupy-Drca lIK-!+9; 

- 3a MaI'H.HrOM rpaeKrOp.HH 3rHX qacr.un iHOO nepeceKaDrCH 

B prutoHe Bero-cqerq.uKOB AA A,r H •.HCKpOBUX KB.Mep HK-Io+I2, 

n.uoo pacxo,11;arcSI; 

- ,11;anee o,11;Ha H3 pacna,nHux 3apaxeHHUX ·qacrHn nona,D;aer 

B HCKpOBUe KB.Mepu lili-13+!5, ,11;pyraa - B HK-I6+I8. 

PacnonoxeHHe KaMep Ha nyqKe Ouno oOycnoBneHo rpeOOBa.HHH

MH HX onrHMa.JlbHOrO HCnORb30BaH.HH B 3KCnepHMCHrax. 0HH pacno

Ral'aJIHCb rpynnaw1 no rpH. KoHcrpyKUHH KpenneHHR ooecneqHBaJia 

crporyD napannenbHOCrb npoBonoK aneKrpo~oB Bcex rpex Ka:Llep. 

Kax,J{aa rpynna ycraHaBnHBaJiaCb Ha xecrKyD pauy. Tpu rpynnu 

.ucKpOBUX Ka:L1ep pacnonaraJIHCb ,u;o uarHHra Cil-40 no nyqKy, a 

rpu rpynnu - aa uarHurou. Ta.Koe pacnonoxeHue 9 Ka:Llep ,11;0 uar

Hnra .H 9 - 3a HHM oOecneq~no BUCOKYD aqxpeKrHBHOCrb H8XOJ1t,1(0HHH 

rpaexropHll qacrHn nporpauuon reouerpHqecKoR peKoHcrpyxnHH/IB/ 

,ll;a:&:0 .u;na coOurun, nonyqeHHUX B ycnOBHHX OOnbWHX ¢0HOBUX 3a

rpy30K. 

B paOore no,11;poOHo onHCUBaerca npone,11;ypa HacrpoRKH UK, 

KOHrpona aa HX paooron' B nponecce HX no,11;roroBKH K 3Kcnep.uMeH

rau .HBO BpeMH npOBe,11;eHHH 3KCnepl!lleHrOB Ha nyqKe HeiirpaJibHliX 

qacrun cepny'xoBcKoro ycKOpHrenH'. ' 

Ha pHc. 4 npuBe,11;eHu·3qxpeKrHBHocrH rpex UK B aaa.uc.uuocr.u 

or qucna ,11;ononHHrenbHUX HCKp B HcnurarenbHliX KaMepax. 

BliCOKOe npocrpaHCrBeHHOe pa3pelli0HH8 HCKPOBUX KB.Mep H 

uanoe KonuqecrBo BemecrBa Ha nyqKe qacr.un oOecneqHnH BliCOKoe 

13 



1: 

paapeme1rne no yr11y H HHBapHaarHon uacce, xoropue onpe.11;e11HJIH 

xaqecrBO 3KcnepmdeHTOB no HCCJI8,ll;OBaHHD rum11nry,11;H TpaHCllHCCH

OHHOll pereHeparurn KaDHOB. Ha p1w. 5 a, 6 npHBe,11;eHH ,coornercr

BCHHo ,pacnpe;i;eneHHH no yr11y H HHBapHaHTHOll Macce KaH,D;H,ll;aTOB 

B ,ll;ByxnHOHHHC pacnB,l{H KaOHOB/I9, 2o1. Ha pHC. 6 noxaaaHa 

paapemanU1aH cnocoelaocr:i, cneKrpoMerpa no yr11y H mtnapnaHrHon 

uacce B 3aBHC:lWOCTH OT HMnyn:i,ca KaOHOB/19, 201. 

_Pacio11ne xapaxrepHCTHKH cnexrpoMerpa B .11;nahaa0He aHepruR 

(10.50) raB, xo:ropue B ocHOBHOM ociecne111rnana cnc:reua MK, 

CJIC.JlYKlUIH8! 

I) paapemeHne no HHBap11aHTHOR uacce .;±(2, 5.±4, J) M3B/c2, 

2) yr11onoe paapemeHne - .;!:(0,2J•O,I4) 11pa,1;"\ 

J) TO'IHOCTL H3MCpCHHH KOOp.l!;HHar - .;!:O,JO w, 
4) TOtJHOCTI, BOCCTaHOBJICHllSI TO'IKH pacnB,l{a KaOHOB - .±J CM, 

5) reoue:rpH'ICCKaSI aqxpeKTHBHOCTL x -pacnB,l{aM IO%, 

6) Bpeusi Il8llHTH UCKpOBHX xauep - I,6 wtc, 

7) UaKCHUaJILHOC lJHCJIO COClHTHR, perucr-
pHpyeimx aa Bpeusi celpoca ycKopeHHHX 
npOTOHOB Ha UHlllCHL ( I CJ - JO COClHTHit. 

Bo BTOpOil r11aBe OilHCHBaDTCH npOBC,ll;CHHe nepnoro arana 

axcnepnueH:ra no noncKy pacnB,l{oB xopo:rKOXHBYQHX K: -MeaoHOB 

Ha )!Ba MDOHa H ero pe3y111,:raru12l/. HCTO'IHHKOM t<i ClWJll{ t{ 
0 

-

UC30HH, pOX,llCHHHe B Heynpyrux peaKUMHX B3BJWO.l!;CRCTBHH HeRrpo

HOB C H.l!;paMH yr11epo.11;a H BO.l!;Opo;i;a. B KatJCCTBC MHlliCHH, r~e 

POX..a!IHCI, ff; 1 ClHJI BL!ClpaH IlOJIH3THJICH (18 H JJ r/c,i). 

3xcnepHUCHT ClHJI H~CJICH Ha perHCTp&IUD .J!BYX nponeccoB: 
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PHc. 4. 3qxpeKTHBHOCTH HCKpOBHX Ka.Mep B 3aBHCHMOCTH OT lJHCJla 
.l!;OilOJIHHTClll>HlDC HCKp B HHX. 
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PHc. 5a. Pacnpe.11;e11eHHH no KBIIJ{pary yrna KaH;i;H,ll;aTOB B .11;nyx
nHOHHHe pacnl!J{H KaOHOB. 

15 



ii 

N 
EVENTS/21ifl(c2 

20 5.1(]{82<8·10_, 

,gr-·· v7rv1u1....n. 

.~~~~~~ 

60 
B2c2-10·1 

•o 

520 540 .. ,~. 

p.11c. 50. Pacnpe.l{ene1msi no .IIHBapHa.HTHOH uacce KaH.l{.11,JtaTOB 

B .l(ByxnHOHl!llB pacna.»;L! KaOHOB. 
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. 0 + -
n+c - ........ +K5 -JT+Jf , 

n+c - ........ µ•+,..,-

(I) 

(2) 

K
o I 

IlepBHil nponecc CJIYJIHJI J.IOHHTOpOM s -Me3OHOB. BTopoH - J.t8Jlb 

31tcnepm.1eHTa. B OC!Ol!X CJiyttasx ,U:JISI 3anycKa yCTa.HOBK.11 TpeCIOBa

JIOC• npoxo~eH.118 ttepe3 aee .l{BYX 3apSIX8HHUX ttaCT.111.t, O.l(Ha H3 

KOTOpHX npOXO.l{HT CJI8Ba, a ,ltpyrasi - cnpaBa OTHOC.IITBJibHO OCH 

Ka.HaJia. Bo BTOpOM cnyttae B Tp.11rrep .l{OilOJIHHT8JlbHO BKJIDllaJIHCb 

Cll8Tll.llKH ,u:eTeKTOpOB MDOHOB. 

. Yc:raHODKa paCIOTa.Jia npH HIITBHCHBHOCIH HellTpOHOB 1, O· IO 
7 

3a U.IIKJI paCIOTH ycxopH:reJIR, l!TO COOTB8TCTBOBaJIO copocy Ha 

BHyTpeHHDD M.lllli8Hb 1.1011 npo:rOHOB. Ilp.11 3TOM CKOpOCTb cqe:ra 

yc?a.HOBKH B peXHMax (I) H (2) CIHJia OKOJIO 1000 H OKOJIO 3 co-

01,1:r.11a 3a UHKJI ycxop.11TeJISI,COOTBe:rc:rB8HHO. 

C nOMO~bD reouexp.11tteCKOff nporpa.w.m peKOHCTpyKltHH COCIL!

THff/!8/ OL!JI.11 B0CCTaHOBJI8HH vo -COClHTHSI. 

Ha p.11c. 7 npe.l{CTaBJieH cneKTP HaClJID.l{8HHWC K~ -ue30HOB 

B cpaBH~H.11.11 co cnexrpou K~ , noJiytteHHHK B 3xcnep.11uea:re1
221, 

KOTOpHe HaxO,l{SlTCSl B y,u:oBJI8IBOpHT8JlbHOK corJiaGH.11 ,l(pyr C ,u:py

rou. 

0 
Eun oneHeH norox K 5 -Ke3OHOB npn H3Bec:raott 3qxpeKTHBHoc?H 

ycTaHOBKH Ha0JIIJ.l{8H.l!Sl K ~ npH pa3HHX ycJIOBHSIX paClOTL! .Hait;teHO, 

17 
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PHc. 6. Pa3pewanma.si cnocodHocTL cneKTpoMeTpa no_KDa,D;paTy 
yrJla H HHDapHaHTIIOR Macce B 3aDHCHMOCTH OT HMilYJILCa 
KaOHOB. 

PHc. 7. 

N 

ao 

20 

10 

15 20 

cneKrr,p K5° 

0 cnei<mp KL 

r36/c 
0 

CneKTp HadJ11J,1J;aewx Ks -Me3011on ,D;JIJI npouecca 
Ko =+ - " n. + c. - •••. s - ,, + ':ff B cpan11emrn co cneKrpou '°' 1.. 

H3 3KCnepHMe11Ta!221. 

18 

qTO npH TOJlmHHe wimeHH JJ r/cu2 H HHTeHCHBHOCTH 11enrpOHOB 

107 3a IUIKJI, qHc.110 pacna,J;OB K~ , perHcTpHpyelOOC ycrattonxon, 
. Ko 

paBHO OKOJIO 8,5 3a IUIIt.11, qro COOTBeTCTByeT 400 s -Me30HOB' 

po~eHHW 3a IUIKJI B MHWeHH. 

Ilo.11yqe11HHe V° -c06liTHJI npH padore YCTaHOBKH B pexHMe 

(2) HHTepnpeTHpOBMHCJ, KaKµµ-napu. Ha pHC. 8 npe,D;CTaBJleHO 

pacnpe,11;eJ16HHe 3THX COdliTHR no 3ipq)eKTHBHOR uacce µµ-cHCTeMH 

B Tpex OdJlaCTJIX pacna,J;HOro Od~eua, nepBaJI H3 KOTOpliX BKJIDqaeT 

4,4 CM MHW8HH. B 06JlaCTJIX, HaxO,D;JimHXCJI ueJIHKOM BHYTPH 06~eMa, 

3allOJIH6HHOrO reJIH8M, BJU;6H IlHK paCila,J;OB 'J(+ Jr- , 3aperHCT

pHp0BaHHWC BCB6,D;CTBH8 CJ1yqal111oro C0Blla,J;6HHJI CHr~MOB •OT 

cqerqHXOB ,D;6T8KTOpa MDOHOB C OCTMbHWlH. liepOJITHOCTJ, TaKOro 

COBila,D;6HHJI 11a~e11a paBHOR OKOJIO J.10-3• 3ror llHK HaxO,D;HTCJI B 

06JlaCTH Mace mpµ = (fl63.;!:I0) M3B. (IO M3B COOTB6TCTBYDT 

npHM8pH04J CTaH,D;apTHliM.OTKJIOHeHHJIM B onpe,11;e.11eHHH HHBapHaHT~ 

HOR MaCC_H .l.BYX MDOHOBmflfl)• B 06JlaGTH Xe Mace mf'fl = 
. 0 

= ( 498.;tIO) M3B 11eT HH o,11;uoro KaH,D;JU;ara Ha K5 - 2-un-pacna,J;. 

ltaH,D;u..arao B K:-µµ pacria..w. cqHTMHCL co6HTHB, ,llJIJI xoxo

PHX m l'JA = ( 498.;!:IO) M3B H KOOp,ltHHaTH Tp8KOB qaCTHU, 3KCTpa

ll0.11Hp0BaHHHX Ha llJIOCKOCTb MDOHHOrO .l,6T8KTOpa, COOTBeTCTBOBMH 

KOOp,D;HHaTaM cpadOTaBillHX MD-CqexqHKOB. 

IloJiyqeHHH6.3KCnepHM8HTMbHHe ,D;aHHHe D03BOJIHJIH oueHHTl, 

Ko ,.. -
HMlDlllll rpaHHitY WHpHHH1 pacna..a s -+ J-{ + µ np8,lDOJiaraa, qro 

aqxl>eKTHBHOCTJ, nporpam1Horo DOHCJta K! -re++ 1c 11 K!➔ f'+ + f' -
pacna,ii;OB O,D;HHaKOBli : 

rt 
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PHc. 8. HccJie)lOBaHHe npouecca n+c ....... +.f' +~ • Pacnpe)leJieHHe 
COClliTHlt no 3!pql0KTHBHOlt uacce CHCT0Kll .l{Byx ~DOHOB ){JIii pa3HliX 
oonac:ren pacna,I(HOA 3OHll. 

~ n-
~ 

I 
I 

\ I /.!!ll 
f8MOe><umccn,,u1<4UOHMt>1Z 

UCl<l)O!.,,z kCl'l!II 

PHc. 9 •. Cxeua pacnOJIOX0HHII annapa:rypli Ha HOBOM ItaHaJI8 H8ltT
pM&HliX q~cTHU 4H no npoex:ry npO.JlOJIXeHHII axcnepH~eHtOB no 
noHCKY pacna,D;OB He~tpaJI&HliX xa6HOB Ha ~Ba unoua. 
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R
5
(µµ) = N!mRrur 11..zm_ ~ 

N,-r1t Mµµ -ef',. 

r)le R Jr Jt' - Bepo11THocn pacna,D;a K:. Ha JC'~j(~ N ,r,r H Ni"/4 -
qHCJIO uaCIJI~aBlllIDCCII K: B peax~ruc (I) H (2), cooTBeTCTBeHHO, 

MJ'J'/M,nr= 53 ecn o:rHomeHHe cooTBeTCTBYDIJtHX noTOKOB Hel!Tpo-

HOB, trr,c /f,,_,fl = I ,25 - OTHOfileHHe 3!pql0KTHBHOCTelt perHCT-

Ko Ko o + _ 
P~H : ft'ft H f',. . 'l!HCJIO. HaCIJI~aBIIIHXCII Ks-rr + Jt pacna,ii;OB 

paBHO 217. ~JIii nonyqeHHII peayJI&TaTOB Ha 90%-HOM ypOBHe )lOCTO

BepHOCTH noJ1arae:rc11, qio N ,.,. =2, 2; OTCD)la HM80M CJl0.llYDIJtHtl 

peaynuaT: 

RJµµ)~ 1,6 . 10-4 
• 

B TpeT&elt rJiaBe onHCa.Hll npoeKT HOBoro KaHaJia HeltTpaJI&HWE 

qacTHU,Ha cepnyXOBCKOM YCKOpHT0Jl8 H~B3 H npOeKT CleC~HJl&MOBO

ro uarHHTHOro 'HCKpOBOro cne&Tp~ue:rpi/2Il.c yqeTOM OU!lTa paCIOTli 

B 3KcnepHMeHTe no ~oncity K;-l'j«.,- -pacna,D;oB npe)lJ1araeTc11 HO

Ba11 cxeua pacnoJIOllteHHII annapaTypll (pHc. 9) Ha HOBOM Ka.Hane 

H8ltTpaJI&HliX qacTHU cepnyxOBCKOro yCKOpHT0JIII (pHC. IO). 

Xapax:repHliB OCOCl0HHOCTH HOBOrO paCUOJIOllt0HHII H COCTaBa 

winapaTypu cJie~yDIJtHe: 

I) HCnOJI&3OBaHH8 ~Byx cneKTpOMeTpHqecKHX MarHHTOB 

llO3BOJIHT yBeJIHqHT& 3!pql0KTHBHOCT& yc:ra.HOBKH; 

2) BKJIDq8HH8 B ycTaHOBKY MarHHTa MI llO3BOJIHT 'YM8H&IIIHT& 

~HOBYD Harpyaxy HCKpOBliX KaMep H ~p. )l8T8KTOpOB ycTaHOBKH; 

3) HCnOJI&3OBaHH8 nponopUHOHaJI&HllX KaMep H ~Byx MarHHTOB 

llO3BOJIHT yBeJIHqHT& HCUOJI&ayeuwt nOTOK na,D;aDIJtHX Helt:rpOHOB; 

4) Clonee KOWla.KTHOe pacnono.xeHHe annapa:ryp11 aa uarHHTOM 

M2 TaJtll:8 YB8JIHqHT 3!pql8KTHBHOCT& yCTaHOBKH H yY8H&filHT ~OH 

or pacna,D;OB K;3 H K~rr • 

21 
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Pacqe:m noKas1rnanT, qro npH HOBOM pacnoJioxemrn annapa

Typu uoimo YBeJIH'lHn 'lHCJIO per11cTp11pyewa: sa UHKJI K~-Meso

HOB B 10+20 pas H 3a 1000 qacOB paOoru yCTaHOBKH Ha ycKOpH

TeJie .JlOCTH'lb ypOBHll RJflµ)....5. 10-8• 

Ha ocHOBaHHH npe,llJIOXeHHOro npoeitra s1tcnepm,1euroB Ha 

yCKOpHTeJie B CepnyxoBe OHJI C03,llaH HOBHn KaHaJI HenTpMbHHX 

'laCTHU. Ily'lOK HBHTpaJibHHX 'laCTHU OpH8HTHp0BaH OTH0CHT8JIJ,HO 

BHyrpeHHelt )il1llleHH yc1top11reJill IlO)l yrJIOM II, J Mpa,II;. V!HTeHCHB

HOCTJ, HeltTpMbHHX 8,ItpOHOB B IlY'lKe COCTaBJlll8T J,6.IcP 'laCTHU 

Ha roll ycKopeHHHX npo;OHOB. 

Ha 3TOM KaHaJI8 HeHTpMbHHX qacrnn CMOHTHpOBaHa 3KCnepH

M8HTaJlbHall ycTaHOBKa, C IlOMOml>D KOTOpOlt Ha'laT HaOop paOoqeil 

CTaTHCTHKH. 

B ,D;HCCepramtD BOlllJIH CJI8,D;yDmHe OCHOBHUe pesyJibTaTu: 

1) ~JIil HCCJIB)lOBaHHlt pereHepa.nHH HeltTpaJibHJ,[JC KaOHOB Ha 

HYKJIOHax H H,JJ;pax npH cepnyxOBCKHX 3HeprHllX OHJia paspaOOTaHa 

H C03AaHa CHCT8Ma H3 BOCeMHa,Il;UaTH ,D;ByxKOOp,D;HHaTHWC MarHHTO

CTpHKUHOHHWC Oec~HJIJ,MOBHX HCKpOBHX KaMep pasMepOM 60Dx4?0x 

x8 WIJ. 

2) PaspaOOTaHa MeTO,D;HKa HCCJl8,ll0BaHHll xapaxrepHCTHK Mar

HHTOCTPHKUHOHHHX HCKpOBHX Kal,(8p B JiaOoparopHHX yCJIOBHllX ,D;Jlll 

paooru ~ ycJIOBHllX OoJI1,m11x ~HOBHX sarpysoK, Koropaa nosBOJIHJial 

HCCJI8A0BaTJ, H no,11;00paTb paOO'lHB pe:.mMH ,!{JIil HCilOJIJ,30BaHHll HX 

Ha ny'lK8 qacTHU cepnyXOBCKOro ycKOpHTBJill. 
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3) Pa3pa6oraHa Mero,l(HKa KOHrpona cradHRbHOCrH padoru 

CHcre!Jll HCKpOBWC Ka.uep nepe,11; HaqanoM pa6oru cneKrpoMerpa Ha 

Hadop crarHcrHKH HBO Bpeua Hadopa crarHcrHKH B onur!U no 

HCCn8A0BaHHD rpaHCUl'ICCHOHHOa pereHepartHH nearpanbHllX ltaOHOB 

Ha HyKnOHa.x H ~pa.x. 

B pe3ynbrare 3roro CHcreua HCKpOBllX xauep cra6HnbHO H 

Ha,ii;eJOlO pa6oraer B reqeHHe secxonbKHX ner H B rou qHcne 6onee 

4000 qacoB Henocpe,11;crBeHHO B nyqKe cepnyxoBcKoro ycxopHrena 

C nenbD nonyqeHHH ~H311l18CKOR HH~OpMaUHH O B3aHUO,l(eRcrBHH 

KaOHOB C Be~ecrBOM H HX pacnaAHWC xapaxrepHcrHK. 
t~ 

4) Ha 6eC~HnbMOBOM MarHHrHOM HCKpOBOM cnexrpouerpa 6una 

BwtOnHeHa nepBaJI cra,ii;HH sxcnepHMeHra no noHCKY pacna,ii;oB 

K:-2 f-1 , · B pesynbtare qero nonyqena HHXHHH rpaHHUa 

lllHpHHll pacna,ii;a 

R -4 
,(µµ) ~ 1,6 .10 • 

Ha Hadop crarHcrHKH Ana nonyqeHHH aroro ~H3zqecKoro ·peaynbra

ra 6uno H3pacxOAOBaHO 7 qacoB padoru ycxopHrena, reu cru.nni: 

6una noxasana peanbHM B03MOlltHOCrb nocraHOBKH raxoro axcne

pHuenra Ha cepnyxoBcxou ycxopHrene c nenbD onpe,11;eneHHH 

RJµµ)Ha ypoBHe "'ro-7• 

5) l[na peanH3artHH 3Kcnepm.teHTOB no noHcKy K~ - 21' 
Ha ypOBHe R5(µµ~5.ro- 8 c,11;enaHo npe,11;nonoxeHHe, Ha ocHOBaHHH 

xoroporo na ycxopHrene H~B3 C03AaH HOBUR KaHM aearpanbHWC 

qacrHU 4ll H Ha HeM CMOHTHpOBaHa ycraHOBKa EMC. C noMO~bD 

aron ycranoBKH yxe nonyqeHo 6onee 950 rucaq crepeouarHHro-
o 

~rorpaqJHR no nporpaMMe noHcKa pacna,ii;oB K5 -ue30HOB Ha )(Ba 

MDOHa, xoropue o6padaTUBaDrca. 
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OcHOBHoe co,11;epxanHe ,11;HccepranHH ony6nHKOBaHO B pa6o-
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