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Bae.aen11 e 

npll IICCne.aoaaHIIII 3axaaTa OTPIIUaTenbH b!X I.L- II TT -M e 30HOB g.ap aMII He 3 I 1
-

3
/ . npo

BO!liiBWerocSI np11 DOMOWII LlllciJciJY3110HHO A KaMepbl Bb!COKOf'O .aaa n e HIIH B Maf'HIITHOM none , HaM 

DpiiWnOCb CTOnKHyTbCH C p eweHIIeM pH!l a CneUII ciJ W'! eCKIIX 3a!la '!, 01111 LliiKTOBaniiCb LlBYMH o6 -

' CTO>!TenbCTBBMII, Bo-nepB bi X , IIMeBwiiACH B n aweM pac n opH>Ke HIIII renlllt - 3 co.aep>Kan"" 0,1 % Tpii

TIISI, B TO BpeMSI Ka K !lnSI HOpManbHOA pa60Tbl LlllciJciJY311011HOA KaMepbl npiiMeCb TpiiTIISI !lOn>KHa 

-1 5 
6biTb nopSI.aKa 10 • Bo- BTOpbiX, Mbi pacnonaran11 orpaHII'!eHH biM K Onll '! e CTBO M reniiSI-3 11 .a on>K-

Hhi 6hrnll o6ecne'!IIT b 9cpcpe KTIIB HOe 11Cnonb3oaanll e ero 11 coxpanenKe B npouecce .anKTe nbH biX 

9 Kc nepiiMeHTOB. KonKpeTH0
1 

n eo6xo.aiiMO 6brno pewiiTb cne.ayrow11e 3a.a a q 11: O'!IICTIITb r eniiA-3 

OT TpiiTIISI !lO He06XO!liiMOH °CTe neHII '!IICTOTbi; C03!laTb KOH CTpyKUIIIO KaM e p b! II ycTaH OBKY .anSI 

ee nanonHeHIISI, KOTopaSI o6ecne'!IIBana 6w na116one e nonnoe llcn onb30BaHIIe r e niiSI-3, no3 BonSina 

6b! Ha nonHSITb KaMepy !lO .a a aneHIISI 20 aTM II npOBO!liiTb 9BaKyBUIIIO ra3a 6e3 llOTepb II 3arpSI3-

HeHIIA. HaKoneu, ycn oBIISI 9KcnepiiMenTa o6SI3 hiBanll n pe.aycMoTpeTb B03MO>KHOCTb HenpephiBHoA 

pa60Tbl KaMe ph! B Te•I e HIIe 5 00 ~ 600 qaC OB, 

HK>Ke Oll iiCh!BaeTCSI MeTO!l O'!IICTKII r e n ii SI - 3 OT TpiiTIISI, a TaK>Ke KOM UR e KC a.rrnapaTypbl, 

np11 llOMOWII KOTOporo 6binll pew eHbl yKa3aHH bi e 3a!la'! ll , 

O'!IICTKa He- .3 

8 3aB IICIIMOCTII OT ueneA, b nSI KOTOphlX npe.aHa3HaqaeTCSI reniiA-3, O'!IICTKa ero OT Tpii

TIISI ae.aeTCSI no pa3H OH cTeneHII '!IICTOThl. HanpiiMep, .anSI KplloreHHhrx pa6oT .aocTaTO'!HO n po-

- 8 
BeCTII O'!IICTKY !lO 10 , T.e. c .aen aTb f'li3 pa.allaUIIOHHO 6e30naCHb!M, ilnSI cneKTp'OMeTpll'!eCKIIX 

uenel! Hy>KeH ra3 6 one e '!IICThrA : 10-
10

-10-
11

, .anSI 9KC nep11MeH TOB c KaMepol! BllnbCOHa (npll 

-12 
.aaaneHIISIX 1-2 aTM) - 10 II, HaKOH e U, .anSI HanonHeHIISI !lll ciJciJY3110HHOl! KaMepb! ( np11 .aasne-

HIIII OKOno 20 aTM) - 10-
15

• K HaC T OSIWeMy BpeMeHII npe.ano:>KeHO HeCKOnbKO MeTO!lOB O'!IICT

/4/ 
Kll reniiSI-3 OT TpiiTIISI , T a K, Ha llpiiMep, B pa6oTe 113no:>KeH MeTO!l O'IIICTKII nyTeM KOH.aenca-

UIIII reniiSI-3 c nocne.ayrow11M 11cnape1111eM ero np11 TeMnepaType"' 1,2°K. TaKIIM MeTo.aoM n ocne 

-10 
llOBTOpHOf'O npoae.aeHIISI 0'IHC TKII KOHUeHTpaUIIH TpiiTIIH B ra3e 6bina yMeHbWeHa !lO 10 • 

/ 51 
3nniiOT , Y'!IITbrBaH onbi T pa6o Tbi M o pp11coHa 11 BllnbCOHa, np11MeH11n .anH O'IIIC TKII reniiSI-3 

OT TpiiTIISI MeTO!l n o rnoweHIISI TpiiTIISI Ha aKTIIBIIpOBaHHOM ypaHe. ilnSI 9TOf'O OH nponycKan B 

Te'!eHIIe 6 'J a COB q epe3 aKTHBIIpOBaHHYIO ypaHOBYIO noByWKY ra3, CMeWaHHb!l! C BO!lOpO!lOM 

(500 CM
3 

!!a 10 n. He'). Jly'IWII~ p e3ynbTaToM, nonyqenHhiM 9 TIIM MeTO!lOM nocne '!eTbrpex

KpaTHOH O'IIICTKII (.anSI He6on bWOr O KOnll'!e CTBa r a3a "' } n), 6binO yMeHbWeHIIe KOHUeHTpaUIIII 

3 -12 
H .ao 1, 5 • 10 • Vl3 pacc MoTpeHIISI 113no :>KeHHbiX Bhrw e p a 6oT Bll!lHO, 'ITO np11 llcnonb3oBaHIIII 

npe.ano:>KeHHb!X MeTO!lOB HeT OCHOBa HIIH Ha.aeHTbCSI Ha nony'!eHIIe !lOCTaTO'!HO '!IICTOf'O ra38, 

npllrO!lHOf'O .anSI HanonHeHII SI LlllciJciJY3110HHOH KaM e pbl, 

HaMil .anSI O'!IICTKH reniiSI-3 OT TpiiTIISI 6hrn npiiMeHeH MeTo.a KOH!leHcaullll He 3 
c nocne

LlYIOWIIM 11cnapeH11eM ero np11 T eMne paType "" 1,2°K. llnSI nony'!eHIISI Heo6xo .a11Mol! cTeneHH 

3 



'11! C T OT bl Jle 
3 

UHKI! 0'11iCTKH llOBTOpHIICH '!eTb!pe p83 8, npH'leM n e pen lia'!8I!OM O>KH>KeHHH, H8'IH

H8H CO BTOp Or O UHKII8, B O 'lHIUBeMb!H ra3 n o6 8 BI!HI!OCb He60I!biUOe KOnii'l t?CTBO BOnOpona 

(, 0,005% ). lipH 3 T OM M bl Ol111p f.lnHCb H8 TOT cpaKT, 'ITO llOCI!e n e pB Ol\ CTBnHH O'!HCTKH, Korna 

HCXOnH bll\ r a3 HM e n 3H 8 'lHTei!bHY 10 llpHM e Cb BonoponHOil: KOMilOHeHTbi, conep>KaHHe TpHTHS! llOHH- . 

:J HIIOC b npn6 ni1 3 HTenbHO Ha ceMb nopHnKoB. Do6aeneHH e Bonopona, no-BHnHMOMy, cnoco6cTBo

ean o o6 pa3oBaHH 10 nocTaTO'lHO xpynHhlX KpHCTannoe TBepnoro eonopona , KOTOphle MeHee nonsep

)l{eHb i Y H OC Y llOTOKOM H C il 8 pS!!OIUerOCH ra3a, a T aK)I{e , 6naronapH HaiiH'lH IQ H30TOilHOrO 06MeHa, 

y nyqw a n o y c n o BHst O'IHCTKH. V!cxonHbili ra3 conep)l{an no 0,1 % H 
3 

H 0,5- 1 % npHMecel! eonopona 

nei1T e pHH, 830T8, KHCI! Opona H a proHa. C uenb!Q llOBbiWeHHH C T eneH H O'IHCTKH 6bJI! npHMeHSH pstn 

nonOIIHHTei! bH b! X M e p, 0 KOTOpb!X rOBOpHTCH HH>Ke. 0'!HCTK8 reiiHH-3 npOH3BOnHnaCb llO CXeMe , 

H306 p a>Ke HH O H H8 pHC. l. 

r a3 , nonne )l{8ll.{Hl\ O'lHCTKe, H3 6annOHOB c I q epe3 yrOIIbHYIQ noeywxy n, oxna)l{naeMy!Q 

>Kl!n KH M a30 T OM, H 3M e e B HK llOCTynan B TOHKOCTeHHbll\ UHI!HHnpH'l9CKHl\ cocyn A H3 KpaCHOl\ 

Menu. Co c y n A H 3M eeBHK noMeiUanHcb B xpnocTaT c )I{HnKHM He 
4 

• 3 a C'leT OTKa 'lKH na-

4 0 ' poe li e 11 3 KpK OCTaTa B HeM nonnep>KHBanacb TeMne paTypa "'I ,2 K. O)I{H)I{eHHe He npoHcxo-

nHno B 3 M eeBHKe , OTKyna OH CTeKan llO CHcpOHHOil: Tpy6xe B C60 pHHK A. K oHeU CHcpOHHOl\ Tpy6-

KH noxonnn no 'I TH no nHa nanbuesHnHoro oTpccTxa Ha HH>KHel! qacTH cocyna. TaKHM o6pa30M 

C03n8B 8 I! C S! rHnpBBI!H'l e CKHl\ 3aTBOp , KOTOphll\ npenstTCTBOBaii npOHKKHOBeHHIQ HSO'lHIUe HHOrO ra-

3a B coc yn A. B eepxHeA qacTH c6opHHKa HM e ncH cpHIIbTp H3 MeTannHq e cxo A CTpy>KKH, npenHa3-

H8 '1 8BW I1HC S! nnH TOr O , 'lT06bi KpHCTBI!Ilhl TBepnoro Bonopona He MOriiii 6biTb yH eCeH bl llOTOKOM 

r a3a . ll ocn e O)!O! >KeHHH nocTaTO'!Horo K OIIH'leCTBa ra3a (3anonH e HHe cocyna A Ha 2/3) H noHH

)I{eH u st T eMnepaTyph i no I ,2 ° K Ha 'lliH anacb OTKaqxa 'lHCToro He 
3 

r epMeTH 'lHhiM cpopsaxyyMHhiM 

rracoco M 11 H a rHeTaHHe ero B 6annoH bi c
2

• B nanhHel\IUeM npOii3BOnHnocb on Ho e peMeHHoe O>KH

)!<e H J!e K CXOn H Or o r a 3a H OTKB '!Ka 'lHCTOrO. 8 Te'leHHe BCero npouecca O'!HCTKH OC yiUeCTBI! HI!CH 

KOHT p onb no 6ana Hc y r a3 a 3a KOIIH'leCTBOM >KHnxoro renag-3 B cocyne A . DnH KOHTponst nasne

HIIH r a3 a Hcnonb3 0BanHCb pTyTH bre MBH OMeTphr M 
1

, M
2 

a M
3

. 06paiUanocb oco6oe BHHMBHHe 

liB 'H! C T O TY OTn e nbH blX 3IIeM9HTOB ycTaHOBKii , T.e. o6eCll'E! 'lH Bai!IiCb yCIIOBH H, HCKI!IQ'la!QIUH9 3a

r~pH3He HH 9 O 'lH IUeHHOrO ra3a, C USI!b!Q llOB biiUeHiiS! CTSileHH O'!HCTKH OTKa'!Ka nepBOl\ nopUHH ra-

38 ( I- 2 n ) llpOH3B OnHII8Cb B OTnSII bHbil\ 6aniiOH 1 TaKHM >Ke o6pa30M llOCTynana H H a 3aKnlO'lll-

3 
TenbH oii c T a nHH npo u e cca ( 5 - 10 n) . Taxast Mepa noGBOIIHna oTnenHTb He , npowenwaA GMee-

B HK B r aGOBO it cpa3e (con e p>K B IUI!il: B 50- IQQ paG 60IIblll9 TpliTHS! '! eM raG , llOIIY'lSHHblH OT HCna-

3 
peHH H >K nnKor o ll e ) , oT 'lHCTo ro raGa a llOIIY'lliTb OCHOBHOe KOI!H'leCTBO He 3 6onee B b!CO KOl\ 

C T elleHH 'lHCTOThl. 

C x o p oc Tb n p oBen e HHH npouecca B ycTaHOBHBIUeMCH pe>KHMe cocTaBnHna 30-40 n/qac. 

iiocne n p osen e HHH n e pB Ol\ O'!HCTKH B 0)1{11>KII T 9I!e C06H p a n OCb GHa'lliTSI!bHOe KOI!H'leCTBO TpHTIIH, 

K OT Op b! H no Me p e OT OrpeBaHHH 0)1{H)I{H TeiiH OTKa'!HBBI!CH q e peG BeHTHnb 6 B aKTHBHpOBaHHYIQ 

ypaHoBylO noey w xy . 

Dn H KO HTpo nst Ga cTeneHhlO O'lH CTKii He 
3 

OT TpliTIIH Ha npoMe>KyTO'lHhiX CTanlistX npouec-

ca npH Me HS!I! C H r e l\repo BCKIIil: C'l9T'li!K , llocne n epsol\ CTanHH O'li!CTKii C'leT'lliK HanonHHnCH He~ 

npowenw H M O 'lHCTKy. B nanbHeil:IUeM (HG-Ga Ml.lnol! xoaueHTpauHH TpHTHst B raGe) nnH aaanHGa 

HCilOIIb30Banacb s o n o p o noc o nep>KaiUaH KOMIIOHeHTa, co6paHa a H co scero KOIIIi'leCTBa raGa, rron

s e prasiUe r o c H O'lHCTKe. 3HaH KOHUeHTp8UHIQ TpHTHH B B onoponocone p>Kall.{el\ KOMilOHeHTe, MO»CHO 
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ro.a-

:.J)!( HO 

6hiJJO onpe.aenHTb co.aep)!(aHHe TpHTI!SI a raa e, no.aeeprasweMcSI O'IHCTKe. Onpe.aeneHHe 'IHCTo-

Tbl 1'838 riOCJJe 38KJJIO 'II!TeJJbHOit CT8.UI!I! O'!HCTKI! np01!3BO.QI!J10Cb nyTeM Henocpe.aCTBeHHOI'O H8-

6J1IO.QeHHSI 'II!CJ18 p8Cll8.QOB Tpi!THSI B 'IYBCTBHTenbHOM 06beMe .QHcj:Jcpy31!0HHOl! K8Mepbl. nocne 

-10 
nepeoA CT8.0HI! O'II!CTKH KOHUeHTp8UHSI TpliTI!SI COCT8BJ1SIJ18 6·10 B raae, nony'!9HHOM nyTeM 

-8 
HcnapeHHSI 1!3 )!(I!.QKoA cj:Jaabi, H 2·10 a raae, npowe.aweM O'IHCTKY a raaoeoA cj:J8ae. nocne 

'!eTbipexKpaTHOl! O'!HCTKH cTeneHb '!HCTOTbi He
3 

no TPI!THIO 6hina ny'!we 10-
15

• 

J].nSI c6opa H Xp8HeHHSI renHSI-3 I!CnOJ1b3088J11!Cb CBapHble 68J1J1 0 Hbl 1!3 Hep)!(88eiOW9l! CT8J1H, 

CH86)!(eHHbie CI!JJbcj:JOHHblMH BeHTI!JJSIMH . nepe.a 38nOJ1HeHHeM 68J1J10Hbl o6e380)!(1!B8J11!Cb H o6e3r8-

)!(1!88J1HCb nyT9M OTK8'1KH HX Ilpl! H8rpeTOM KOpnyce. 38TeM OHH npOMbiBaJJI!Cb HeCKOJ1bKO pa3 

eo.aopo.aoM. 

nocne aaeepweHI!SI pa6o T w no Hccne.aos8HI!IO npoueccos o6p830B8HI!SI MeaoaTOMOB a cMe-

H a H /6/ ( He 3 CH e + 
2 

co.aep)!(8HI!e 6hino oKono 30% no o6beMy) Heo6xo.ai!MO 6bino paa.aeni!Tb 

reni!A-3 I! eo.aopo.a. 3T8 38.aa'!8 6hin8 peweH8 nyTeM Bbi)!(I!!'8HI!SI so.aopo.a8 1!3 CM9CH, KOTOp8S1 

nponycKan8Cb '!epea H8rpeTyiO .ao TeMnep8TYPbi 400- 500°C OKHCb Me.al! ( r.ae so.aopo.a OKI!CnSin-

) 3 He 
3 

CSI 38 C'!eT BOCCTaHOBneHI!SI OKI!CI! Me.OH • 8TeM CMeCb n8pOB BO.Obl I! nponyCK8n8Cb '19-

pea CI!CTeMy cj:JHnbTpOB, r.ae OHa OCB060)!(.Q8n8Cb OT n8pOB BO.Obl. KoHTpOnb CTeneHI! p83.aeneHI!SI 

ocywecTBnSinCSI no 6anaHcy renHH-3. Co.aep)!(aHI!e eo.aopo.aa B reni!H-3 nocne paa.aeneHI!SI He 

npeBb!W8nO 0,3% ( BepXHSISI rpaHHUa , onpe aeneHHaSI no TO'IHOCTI! MeTO.Qa KOHTpOnSI) • 

171 
VfMeBWaSICSI B HaWeM pacnOpSI)!(eHHH .OHcj:Jcj:Jy3HOHH8SI KaMepa J].K-2 He y.aosneTBOpSina 

npe.O'bSIBnSieMblM Tpe60B8HHSIM. noaTOMY 6hina npoee.aeHa· ee peKOHCTpyKUHSI, KacaewaSICSI B OC

HOBHOM BHyTpeHHHX aneMeHTOB KaMcpbl . BHyTpb Hecywel! Cl!nOBYIO HarpyaKy o6onO'!KH 6biJJa 

noMeweHa repMeTK'!HaSI KaMepa. KoHcTpyKUHSI KaMepbi noK838Ha Ha pHc. 2. 

Ha .aHe KaMepbi 1, npe.acTaenHIOWeM co6oA Me.aHbllt .aHcK, noKpbiTbiit '!epHbiM 6apxaToM, 

ycTaHaBni!BancH Ha pe31! H OBOl! npOKna.aKe CTeKnSIHHbiA UHnHH.ap 2 C BHyTpeHHI!M .QI!aMeTpOM 

300 M, Bb!COTOl! 100 MM I! T OnWHHOl! CTeHOK 4-6 MM. JlnH H3l'OTOBneHI!SI Ul!ni!H,apa I!CllOnb30-

BanOCb 6ecKanl!eBOe CTeKnO C TeM, 'IT06bl H36aBHTbCSI OT cj:JOHOBblX aneKTpOHOB, OCHOBHblM I!C-

40 
TO'IHI!KOM KOTOpbl X SIBnSi e TCSI K • CTeKnSIHHb!l! Ul!ni!H.Op npi!)!(I!ManCSI KO .OHY KaMepbl qepea onop-

Hbl.ll uHnHH.ap 3 cj:JnaHueM 4. <PnaHeu, a ceoiO oqepe.ab, 6onTaMI! npHKpennHnCH K Kopnycy sHewue.ll 

o6onO'IKH. C uenbiO COXp8H9HI!SI Ha,ae)!(HOCTH ynnOTH9HI!l! npl! OXna)!(.Q9HI!I! KaMepbl H o6ecne'!e

HHSI paBHOMepHOl! nepe.aa'!H Harpy3KH Ha CTeKnSIHHbllt Ul!ni!H.Op .aasneHI!9 C 6onTOB Ha cj:JnaHeU 

nepe.aaeanocb '!epea uHni!H.Opl!'leCKHe npy)!(I!Hbl 5. OnopH bi it Ul!nHH.ap ceepxy a 8KpbiBancH Keap

uesbiM .OI!CKOM 6 TOnWI!HO.II 10 MM I! npH)!(I!ManCSI cj:JnaHUeM 8. Ha.a .OI!CKOM 6biJJ CMOHTI!pOBaH 

aneKTpH'I9CKH.II HarpesaTenb 10, KOTOpbll! n03BOnHn 1!369)!(8Tb KOH.OeHCaUI!I! napOB Cnl!pTa Ha 

cTeKne. CHapy)I<H, a npoTO'!Ke onopHoro uHnHH.apa 
1 
paaMewancH aneKTpl!'!eCKH.II Harpe saTenb 9, 

cny)!(I!BWI!.II ,anSI no.a.aep)!(aHI!SI aa.aaHHOl! TeMnepaTypbl HCTO'IHI!Ka napa. BHyTpH K8M 0 p bl, Ha 

1!30nHTopax, 6bm no.aseweH KOnbuesol! aneKTpo.a 7 c aaKpenneHHOl! a HeM no .aHaMeTpy TOHKOI! 

HI!TblO .anSI C03.QaHI!SI O'IHT.UaiOWero aneKTpH'IeCKOrO nonS!. J3 onopHbill: Ul!ni!H.ap 6binl! snaSIH bl 

.ase Me.QHble Tpy6KH, C IlOMOWblO KOTOpblX KaMepa I!Mena BblXO.O Hapy)!(y 'i9pe3 npOMe)!(yTO'IH bll! 

KOnnaK Hapy)!(HOlt o6onO'IKH. 

5 



B Ka '!eC T Be HCTO'IHHKa n a p a Hcnonb3osanHc b tPH THn H II , on y meHH bre B y rny6n eHHe Ha .llHe 

KaMe p br 
181 

B sepxH e i! qacTH KaMe pbr tP HTH :J b pa3 BHBanc SI no sceM y nepHMeTpy onopHor o ua

n HH.ll p a . Dn 11 yM e H blileHHSI o Tpa)K eHHSI cs e Ta cTo poHa tPHTHnSI , o 6 p ame HHa SI BHyTpb Ka M e p br, n o Kp br

sanac b '!epHbi M 6apxa T o M. M e THnOB bri\ c rmpT , HanHsaeMbri\ Ha .llHO Ka M e p br , n o .ll HHM an c SI nOLl 

.lle i!CT B He M Kan Hnn SipH blX CH:J n o tP HTH:JIO 11 3aT e M, HCnapS!S!Cb , .llHtPtPYH.llHpOBan B 06'beM KaM e p bi • 

n p11 n p HMeHeH HH T aKOr O Ba pH a HTa HCTO'IHHKa n a pa OTna.ll aeT He06XO.llH MOC Tb B nepH O.llH'!eCKOM 

.ll06asneHHH cnapT a a KOHTpone 3a ero y p oBP.eM . 

B .ll He KaMep w , ono pH OM uanHH.llpe a Ha sepxHeM c T e Kn e 3aKpe nnSinHCb TepMon a phl, npe.ll

Ha3H a '! e HH we .ll:JS! 113 M e peHH SI T e Mne paTyp hl B yKa3 a HHhlX TO '!KaX Ka Mephl . n p11 Bhl6paHHOM T e nno

B OM p e)K HM e KaMepbl ( T eM nepaTypa .llHa - 65°C , TeMnepa Typa HCTO'IHHKa n a p a +10°C) 'IYBCTBH- · 

T e :JbHbi H c n o i! liMen B b!C OTY 6,5-7 CM H Ha'!HHa:JCSI nO '! TH y CTe HOK CT e K:JSIHHOrO UH:JHH.llpa. 4 y s 

CTBHTe nbH b!l!. 06b eM COCTa BnSin 4 5 % OT BCero 06beMa KaM e pbl . 

K a Mepa , HM e s wa SI o6beM "' II nHTp o s, 3an o nHSinacb r en 11 eM -3 .llO .llasneHH SI 2 0 a T M. H a 

PY)l{HaSI o6on o '!Ka 3anonHSinacb O'IHUleHHbiM B O.llO p O.llOM . 8HyTpe HHSI SI KaMe p a 6brna p acc'l a TaHa 

2 
Ha n e pena.ll .llasneHHSI 1 Krlc M • Pa60 '!Hl!. n e p e na.ll .llasneHH SI nO.ll.llep)KHB an c SI Ha yposH e 

2 
"' 0,25 Kr/ CM • np11 H36biTKe .llaBn e HHSI CHapy)K H Ka Me p a .llOnO:JHH T e :JbH O CaMoynn OTHSinaCb H T a -

K HM o6 p a 3 0 M HCK:JIO '!anac b B03 M0)KH 0CTb n o na.llaHHSI r e :JHSI-3 B Ha p y)l{Hbl lt 06b eM 3 a C '! e T yTe '-1-

KH r a3a . B o.llopo.ll .ll:JSI 3anonH e HHSI Hecym e lt o 6ono'!KH 6bin Bbr6 p a H n o T O MY , 'I TO o H o6ecn e '!HB an 

xo p o w 11 l!. Te nnoo6Me H M e )K.lJY KaMep o i\ 11 BHewHe l!. o 6 o no'!K Olt . KpoMe Tor o , B cny q ae n p oTeKa 

HHH BO.ll OpO.lla B O BHy Tpe HHHH 0 6beM (s He6onbW HX KO:JH'!eC T Ba x) OH He MOr HCKa3HTb p e3ynb-

TaTbl 9 KCnepHMe HTa . ¥1, H a KOH e U, B cnyqae p a3p biBa KaM e pbl H CM eWHB aHH SI B O.llOp O.ll a C r ena

e M - 3 MO)K HO 6brno cp a BHHTe nbHO nerKo n p oH3Be CTH ax p a3.lle n e Ha e . D n11 n p e .llOT B p aweHHSI o6Mep-

3aHHSI OCB e THTe:JbH blX OK OH BO.llOpO.ll T !llaTe:JbHO O'lH!lla:JCSI OT n apOB BO.llbl H Macn a . 

171 
Ynpa sne HH e pa6oTo l!. KaMepbi ocymecTBn Sin o cb c n oMOUlbiO on11 c aHH Oi! B p a 6 o Te a n napa -

Typbi , n O.ll Be prweltCS! He6onbWHM H3MeHeHiHI M . 8 '! aCTHOCTH , 6binO npHMeHeHO o n epe)KeHHe CHSI

THSI 0'-IHUlaiO!llero 3 :JeKTpH '!e CKOrO n OnS! .llnH :JOKa:JH3aUHH tPOHOBb!X c n e .ll OB , o6p a30BaB W HXC SI 3a 

1 -2 CeK .llO M OM e HTa npOXO)l{ .lJeHHSI Me30HOB '! e p e3 KaMepy. YiMnynbCbl y n p a aneHH SI y CKOpHTeneM 

6binH CIIHX p OHH30B aH bl C HMnynbCaMH OT tP OT O.ll a T '!HKa y CKOpH T en SI. 4HC:J O 3 T HX HMnyn bCOB n o .ll 

C 'I HTbiBa:J OCb c noMOLU biO KOMMyTaTo pHoro .lleKaTpoHa a Morno p e i 'JnHpo saT bC SI OT 1 .llO 2 0. Dn11 

KOHTpOnSI 3 a n p a BH n bHOCTbiO pa60Tbl HCnOnHH T e:JbH biX 3 :JeMeH T OB ycTaHOBKH 6brn a npHMeHe Ha .llO

nOnHHTe :JbHaSI CXeMa , CHrHa:JH3HpOBaBWaSI 0 BCex OT Kn OHe HHSIX OT HOpMan bH Or O p e )KH M a . K OHTpo -

nHpOB a n aC b 3 a.llaHHa51 n o cne.llOBaTe :JbH OCTb onepaua lt , KaK-TO: Ha :JH'!He 3anycKaiOme ro HMn y nbc a 

Ha yc KOpHTe n b , c p a6aTbiBaHHe HMnynbCHbiX naMn , n e pe T SI)l{ Ka nne HKH B ¢ oTo annapaTe, a TaK)K e 

Ha:JH'!He M a rHHTH biX non ei\ B MarHHTe-con eHOH.ll e C pa3M eLUe HH Oi\ B He M K aM e p o Jt, OTKnOHSIIOLUeM 

MarHHTe 11 Han H'!He s enH'!HHbi nepena.lla .llasneHHSI B KaMe p e B 3a.ll aHHO M HHTepsane. Dn11 BH3y-

a nbHOrO Ha 6n iO.ll e HHSI 3a p a60T OJ!: K aMepb! npHMeHSI:JC SI CTp060CK OnH '!eCKHJt p e )KHM pa60Tbl HMn ynb

/9/ 
CHbi X n a Mn C naTaHHeM HX OT ceTH nepeMeHHOr O TOKa '! e .P,e3 TpaHc <l:JopMaTOp . 

¢ o T Orpa<l:JHpOB8.HHe KaMepbl n p OH3BO.llHnOCb C p aCC T OSIHHSI 4 75 MM CTepeo<l:JoTOann apaTOM 

c 6 a3oi\ 120 MM ( o 6be KTHBbr n!O nHTe p -1 2") Ha 35 MM n n e HKY • n aHxpo M X" . Dn11 ocsem eHHSI 

KaM e p bl HCn On b30Ban HC b .llBa OCB e THTenSI , OCHaUleHHb!e HMMep CHOHHbiMH nHH 3 aMH , 'ITO n03BOna-

no ysenH'IHTb K . ll ,.ll . OCBe THTe nSI (npH HCnOnb30BaHHH n a M n Yi<P n-500, HanpSI)KeHHH } ,4 KB H eM-

KOC TH KOH.ll e HCaTo pa 80 MKtP OTH OC HTenbHOe OTBep CTH e 06beKTH BOB - 1 : 8) • 
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Yc TJH ~ o Ka anSI HanonHeHHSI KaMephl renHeM- 3 H ero aaaKyauHH 

H a pn c . :3 npHae.aeHa cxeMa yc TaHOB KH anSI HanonHeHHSI KaMepbi renHeM -:3 H ero aaaKya-

UHH. 

renH~-3 1{3 6annOHOB 5 H 6 C rJOMOI.Ub!O repMeTH3HpoaaHHOf'O cj:JopaaKyyMHOf' O Hacoca !1 1 

no.aaaancSI a 6annacTHhl~ o6b eM nepao~ c TyneHII KOMnpeccopa, OTKy.aa OH HarH eTanc SI qepe3 

PTYTHyJOjn
3

JH yronbHYIO jn2 jnoaywKH, npe.aHa3HaqeHHbie LWSI nornoweHHSI napoa pTyTH H Macna, 

a KaMepy • .llaaneHHe r enH SI-3 Ha axone Hacoca H 
1 

nonnep)!{HBanocb Ha y poaHe 15 MM l1 g 

napannenbHO c 3arronHeHHeM BHyTpeHHero o6beMa KaMepbi ao aHeWHH~ o6beM nocTyrran aonopon. 

KaMepa HanonHSinacb TaKHM o6p a30M, qTo6bi ao aHewHeM o6beMe 6bin 1136biTOK naaneHIISI rropSin

Ka 0,1-0,2 aTM. neperran naaneHIISI KOHTpOnllpoaancSI C IIOMOI.Ub!O nllcj:Jcj:JepeHUIIanbHOf'O MaHo-

MeTpa IV .llHcj:Jcj:Je pe HUHanbH biH MaHOMeTp npencTaBnSin C060~ 06bJ qH bl~ MaHOBaKyyMMeTp C Tpy6-

KOH 6ypn oHa , 3aKnJOqeHHO~ B r e pMeTIIqH biH KO)!{yX C nneKCIIrnaCOBbiM OKHOM, p acc qiiT8HHbl M Ha 

pa6oTy rrp11 naaneHIIII no 25 aTM. MaHoMeTp 6bin cHa6)!{eH CllrHan bHbiMII KOHTaKTaMII, ycTaHoa

neHHbiMII TaKIIM " o6p a30M, qT06bi OHII 3aMbiKaniiCb n p11 rreperrane naaneHIISI BbiWe ycTaHOl:ln eHHO~ 

HOpMbl. 

Ha Cnyqa~ aaapH~HO~ CII TyaUHH (HanpiiMep, pa3phlB BHyTpeHHerO CTeKnSIHHOf'O UllniiHnpa, 

3Ha•HITenbHaSI Teqb ao BHew He~ o6onoqKe 11 T.n. ) 6bin npenycMoTpeH aaap11~HhiA c6poc ra3a 

B rrpenaapiiTenbHO OTKaq.SHHh!e 6annoHbl I, 2, 3 II 4. 06beMbl 8TIIX 6annOHOB pacCqiiTaHbl TaK, 

qTO MOf'yT BM eCTIITb BeCb ra3 KaK 113 BHyTpeHHe~ KaMepbl, TaK II 113 BHeWHero 06beMa (a cny~ · 

qae 11x coeniiHeHIISI B pe3ynbTaTe aaap1111l . 

HopManbHBSI aaaKyauiiSI ra3a 113 KaMepbi npo113aon11nacb qepe3 noaywKy n 
1

, oxna)!{naeMyJO 

cMeCbiO cyxoro nbna 11 c nll pTa. B noay w Ke n
1 

ra3 ocao6o)!{nancSI oT 6onhwe~ qacTII napoa 

MeTIInoaoro cnH pTa , a 3aTeM rrponycKancSI qepe3 noaywKy n
2

, rn e 3anep)!{11Ban11Cb ocTaTKII 

CDIIpTa. ra3 CaMOTeKOM nepeTeKan B 6annOHbl 5 II 6, a OC TaTOK ra3a H3 KaMepbl Bb!KaqllaanCSI 

c DOMOI.Ub!O cj:JopBaKyyMHOro Hacoca HI " nocne 3aKpbiTIISI 6annoHOB 5 II 6 ra.3 113 CHCTeMbl 3a

KaqllaancSI B repMeTII 311 poaaHHbi~ Hacoc H
2

, rne 11 xpaHH_ncSI no nocneny10wero IICnonb30BaHIISI. · 

np11 TpaHcnopTHpoaKe 11 nnHTenbHOM xpaHeHHH renHil-3 HaxonHnCSI B 6annoHax non naa

neHHeM HH )!{e 8TMOCcj:JepHOf'O C TeM, qT06bi IICKnJOqiiTb 3HaqiiTenbH bie DOTepll ra3a B cnyqae 803-

HIIKHOBeHIISI Teqll. 

B yc TaH OBKe IICrronb30BancSI cj:JopaaKyyMHhi~ Hacoc H 
1 

o6bJqHo~ KOHCTpyKUIIII rrpoii3BOnll-

TenbH OCTbiO 250 niMIIH ( IITanbSIHCKO~ cj:JIIpMbi Offlcine galileo , TIUI V 2h ) • .llnSI B03MO)!{HOCTII 

pa6oTbi c He 3 canbHIIK a ana Hacoca 38IIIITbiBancSI MacnoM OT oTnenbHoro p e3epayapa, pacnon o-

/10/ 
)!{eHHOf'O Han H8COCOM ( OTBepCTIIe, coeniiH SIBWee canbHIIK C BHyTpeHHe~ rronOCTbiO Hacoca, 

nepeKpbiBanocb). TaKHM o6 pa3oM o6ecneql£aan ac b r e pMeTHqH oCTb Hacoc a co cTopoHbi rrpHBOnHo

ro aana. npH npoBepKe repMeTHqH OC TII HaCOCa C II OMOI.Ub!O renll eBOf'O T eq e iiCKaTenSI HaTeKaHIIe 

o6Hapy)!{eHo He 6bino • .ll aaneHH e B npenaapHTenbHO OTKaqaHHOM no 0,1 MM Hg Hacoce 3a MeCSIU 

DOBbiWanOCb npiiMepHO n o 2 MM Hg (6 CM
3 

ra3 a). 3 TO IIOBbiWeHiie naaneHiiSI, no-BHniiMOMy, 

CBSI3aHO C ra30BbineneHIIeM Macna ( IIMIITaUHSI HaTeKaHHSI) • 3a rrepHOn 6 MeCSIUeB DOBbiWeHIIe naane-

3 
HHSI noxo.a11no no 5 MM He ( 15 CM ). TeM He MeHee, Hacoc H 

1 
Mor cqiiTaTbCSI Hane)!{HO 

repMeTIIqHhlM TOnbKO OrpaHHqeHHOe BpeMSI npH ycnOBHH OOCTOSIHHOrO Ha6nJO neHIISI 3a ypOBH eM 

Macna B pe3 e payape, DHT810I.UeM canbHIIK. noaTOMy OH HCllOnb30BanCSI TOnbKO nnSI nepeKaqKI£ 1 

7 



HO H9 

HM91J 

.llllSI Xp4H9HHSI 

Hll.llYXUHOHHbiA 

ra3a, Hacoc H2 

npHBO.ll H SIBIJSIIJCSI 

npOH3BO.llHTellbHOCTb~ 70 n/ MHH 

a6con~THO repM9TH'IHbiM, B cxe-

MY YCT8HOBKH H8COCbl H 1 H H2 6b!IJH BKIJ~'I9Hbl DOCIJ9.llOB8T91JbHO, 'ITO no3ao-

IJHIJO H8M COXp8THTb 'IHCIJO SIJ9M9HTOB yCT8HOBKH (M8HOM9Tpbl H B9HTHIJH), npH T8KOM BXIJ~qe

HHH Hacoc H 
1 

npHMeHSincsr .llllSI nepexa'IKH ra3a, a Hacoc H
2 

a ocHOBHOM J:1nSI xpaHeHHSI renHSI-3• 

C06Hp89MOI'O H3 CHCT9Mbl DOCile OXOH'I8HHSI 38K8'1KH I'838 B 681JIJOHbl 5 H 6, n pOH3BO.llHT91JbHO

C'M>~ Hacoca H
1

, B xoHe'IHOM HTore, nHMHTHpoaanocb speMSI HanonHeHHSI xaMepb!, M bl He MornH 

DOBbiCHTb npOH3BO.llHT91JbHOCTb H8COC8 38 C'leT ysemi'I9HHSI .ll8BIJ9HHSI I'838 H8 BXO.lle, 'ITO npHse

IJO 6bl X 3H8'1HT81JbHOMY yaenH'I8HH~ XOIJH'I9CTB8 M8CIJ81 H8I'H8T89MOI'O B CHCT9My
1

H C03.ll81JO 6bl 

.llODOIJHHT81JbHbl8 TPY.llHOCTH, 

npn MOHT8)!{9 yCT8HOBKH HCDOIJb30BMHCb CHilb<l:>OHHbl8 B9HTHIJH C npOXO.llHb!M OTB9pCTH9M 

4 MM. BeHTHnH pacnonaranHCb T8KHM o6pa3oM, 'IT06bi npH .llllHTenbHOM 38nHp8HHH ra3a c Hnb

<PoH He H8C H8rpy3XH (Ha CXeMe CTp81lX8MH yX838HO H8Dp8BIJ&HHe 38DOpHOA HI'Ilbl ), 06p83UOBbi8 

M8HOM9Tpbi-1 H n . llH<P<PepeHuHanbHbiA MaHOM9Tp-IV • o6pa3U0Bb!9 aaxyyMeTpbi-m • v ' VII 

H IX , PTYTHbiA MaHoMeTp -VI , a Tax.lKe M&HoMeTp conpoTHaneHHSI ( nT-4M) cny.lKHnH .llllSI 

J 
KOHTpOIJSI 3a repM9TH'IHOCT~ CHCT9Mbl H XOIJH"'9CTBOM He , 

.lJ.'IlSI KOMDpHMHpOBaHHSI I'83a B nepBbiX ODb!TaX HCDOIJb30BancSI pTyTHbiA HaCOC Ten nepa 

( pacc'IHTaHHbiA Ha D.aaneHHe 25 aTM ), OH npe.llCTaBnSin co6oA .llBa coo6wa~WHXCSI cocy.lla-C 
1 

H C
2 

H3 Hep>Kaae~weA CT81JH, C08.llHH9HHbiX M9.lK.llY co6oA "'epe3 B9HTHIJb, BepXHHA COCY.ll HM91J 

BBepxy cy>Ka~WHACSI XOHYC (.lliJSI COKpaweHHSI 'MepTBOro• 06'b8Ma) .H 6bin CHa6>KeH CTeKnliHHbiM 

yxa3aTeneM ypoBHll .lKH.llXOCTH. B xa"'ecTae pa()oqeA )!{H.llXOCTH npHMeHHnac& pTyT& (.llnH npe.lloxpa

HeHHSI 91J8M8HTOB ycTaHOBKH OT aeACTBHSI napOB pTyTH caepxy 6bln HaiJHT cnoA CHIJHKOHOBOI'O 

Macna), 

B .llMbHeAweM .llllll ueneA xoMnpHMHpoaaHHSI renHH-3 npHM9HHIJCSI pa3pa6oTaHHbl ll HaMH rep

MeTH"'HbiA .llBYXCTyneH"'aTblll KOMnpeccop Kr n npOH3BO.llHT81JbHOCTb~ 210 n/"'ac ( n pH .ll8BIJ8HHH 

BC8C.b!BaHHll aTM), pacc"'HTaHHbiA Ha C.lKaTHe ra3a a.o 25 aTM. Ha pHc.4 oH H3o6pa.lKeH 

B pa3pe3e. B a.aHHOM xoMnpeccope C.lKaTHe ra3a ocywecTanHnocb nnyH.lKepoM, "'epe3 pTyTb, 

6naroa.apH qeMy D.OCTHranocb a5con~THoe ynnoTHeHHe pa5o"'HX o6'beMoa xoM npe ccopa. OH npea.

cTaenHeT coiSoA ropH30HTan&Hbi A a.ayxcTyneH"'aTbiA THn xoMnpeccopa c onno3HTHbiM pacn ono>K e 

HHeM CTyneHeA. nepBaSI 1 H BTOpasr 2 CTyneHH KOMnpeccopa CMOHTHpOBaHbl H 8 o6we A n nHTe 3 , 

B ropHaOHTanbHbiX pacTo'lxax cTyneHeA ocywec T anHeTCSI B03BpaTHO - n ocTynaT e nbHoe a.'BH)!{eHHe 

n nyH>I'. E? j)OB 4 H 5 ·. nnyH>K9pbl .lK9CTKO C09D.HHli~TCll M8>KD.y C060A p a MKOA 6 
1 

KOT Opall OX B8Tb!Ba-

9T sxcueHTpHK 7 • Bo3apaTHo-nocTynaTenbHoe D.BK>KeHae nnyH)!{epoa, HMe~wHx xoa. 50 MM, a.ocTa

r aeTCH 6naroa,apsr BpaW9HH~ SXCU9HTpHxa, 3XCU8HTpHK B b!OOIJH9H B BHD.e W8pHXODOD.W HDHHKa, 

HBCa>KeHHOI'O H8 KOIJ8HO COCTaBHOI'O KOIJ9H'IaTOI'O aana, Bnaroa,apll TaKoA XOKCTpyKUHH S KCU9HTpa 

K8 
1

ya,anOCb YM8HbWHTb yron D.8BIJ9HHll M9.lKD.y SKCU9HTpHKOM H 38XaneHHOA nnaCTHHKOA paMKH 

DO"'TH D.O HYilil, 3TO, 8 CBOJO 0"18p8D.b, 003BOIJHIJO yMeHbWHTb Y.ll91JbH08 .llaBIJ9HH e , OK83b!BaeM09 

n nyH)!{8paMH Ha 6pOH30Bbl9 BTYIJKH 8 H 9 I a TaK)!{8 Ha BTYIJKH 10 H 11 H3 <l:>ToponnacTa-4, 'ITO 

rapaHTHpyeT Haa.e>KHY~ H a.onrose"'HY~ pa6oTy xoMnpeccopa • .llBH)!{eHHe nnyHlKepoa ocywecTBnSI

eTcsr DO CHHYCOHD,aiJbHOMY 3aKOHy; KOMOpeccop paiSoTaeT nnaBHO, 5e3 ya,apoa, 

/11/ 
B BepTHKaiJbHble paCTO'IXH nepaoA H BTOpoA CTyneHH 3MHTa PTYTb , Hrpa~WaSI pOilb 

ynnOTHSI~Wero Tena. PTyTb B CB09M HH.lKH9M DOIJO.lK8HHH HMena ypOB8Hb Ha 10 MM B b!W8 aepxHeA 
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o6pa3y10wel! nnyH>Kepoa, 6naro.aapSJ 'leMy .aocTHranac b H8llG >KHaSJ repM e TH38UHSJ KSMepbi c >KaTHSJ, 

H3 KOTOpOl! I'83 He M O>K e T yTe q b B 8TMOCcpepy qepe3 I'OpH3 0HT8llbH bie p 8 CTO'IKH. no.acoc B03,ayxa 

113 0Kpy>K8!0We a Cpe,abl B ne pBy !O CTyrreHb T8K>Ke HCKlllO'l8llCSJ 1 H6CMOTpS! H8 TO, qTO paape>KeHHe 

B Hell MO>KeT .aocTHraTb 500 MM pT.CT, YnnoTHeHHe nnyH>Kepoa ocywecTBnHnocb KO>K8HbiMH M8H

>KeT8MH 12 H 13. YnnoTHeHHe aepTHK8nbHbiX pacTo'!eK .aocTHranocb KOnbUBMH 14 H 15 H3 cpTopo

nnacTa-4, KOTOpbie ll0ll>KHM8llHCb Kll8D8HHblMII KpblWK8MH 16 H 17. TaKHM o6p830M llOCTHI'8eTCS! 

llOllH8SI repMeTH38UHSI BHyTpeHHHX pa60'IHX DllOCKOCTel! KOMrrpeccopa OT 0Kpy>K8!0Wel! Cpellbl, 

Jlng npe.aynpe>Kll8HHSI BCrrneCKOB pTyTH llpH ee llBH>KeHHH B B8 pT!!K8llbH biX p8CTO'IK8X CKo

pOCTb nnyH>KepOB Bbi6paH8 He6onbWOl! (36 UHKllOB B MHH. ), 8p8LUeHH8 3KCUeHTpHK8 ocymeCTBllS!

llOCb 8CHHXpOHHbiM 3ll eKTp0llBHI'8 TeneM MOWHOCTblO I KBT qepe3 'l e pBS!'lH bla pe.ayKTOp. 3a ape

MSI 3Kcnny8T8UHH KOMrrpeccop8 yTe'leK renHH-3 HnH no.acoca ao3.ayxa o6Hapy>KeHo He 6wn o . 

MOl! 

npHMeHeHHe ODHC8HHOI"O 
3 

'lHCTOTbl ( d!-r < 10- IS) 

He 

BbiWe MeTOll8 O'IHCTKH no3aonHno nony'lHTb 1"83 Heo6xo.aH-

. noTepH 1"8:'18 B npouecce O'IHCTKH COCT8BllS!llH 1,3 % . 

YcTaH OBKa c .aHcpcpy3HOHHOll: K8Mepo l!, HanonHeHHOll: He 
3

, 3KCllOHHpoaan8Cb Ha nyqKax· Me3o

HOB CHHxpouHKnoTpoHa OVIHVI. Ebtno npoae.aeHo HeCKOllbKO 3Kcno3HUHl!, npH'leM HeKOTOpbie H3 

HHX npOllOll>K8llHCb HenpepbiBHO"' 500 'l8COB. npH HCDOllb30B8HHH B nepBbiX OllbiT8X llllSl KOMDpH

MHpOB8HHS! ra38 Hacoca Tennepa HanonHeHHe KaMepbi npo.aon>Kanocb 11 qacoa . B .aanbHel!weM, 

6naro.aapSJ npHMeHeHH!O KoMnpeccopa Krn, 3To apeMH '6bino coKpaweHo Ha 5 qacoa. YcTaHoaKa 1 

npe.aHa3HB'leHH8SI .anSJ HanonHeHHSI KaMepbL He 
3 

H ero 3B8KyauHH, no3aonHna Ha.ae>KHO pa6oT8Tb 
3 

c He , npH'leM noTepH ra3a npH Ka.>K.aol! 3Kcno3HUHH He npeBbiW8nH 0,1%. noTepH ra38 onpe-

.aenSJnHcb .aHcpcpy3Hell: renHSJ-3 qepe3 npoKna.aKH , nornoweHHeM 1"838 a yronbHoll: noaywKe H HeBo3-

MO:!I<HOCTb!O llOllHOl! 3B8KY8UHH 06beM0B llO BbiCOKOI"O B8KYYM8 npH HH3KOl! TeMnepaType OT;J.enb

HblX 3neMeHTOB CHCTeMbi. YcTaHOBKa i'loK838H8 Ha pHc. 5. 

ABTOpbl Bblp8.>K8!0T rny6oKy!O 6naro.aapHOCTb B.n ,Jl.>Kenenoay. n. VI . n8nH.aycy 38 HHTepec 

K pa6oTe, K.A. Eal!qepy H C.<P.Manbimeaol! 38 noMOWb a H3l"OToaneHHH ycTaHOBKH B.B. Ky31ieu o-

By 38 npellOCT8BneHHe annapaTyphl H DOMOUlb npH onpe.aeneHIIII KOHUeHTp8UHII TpHTI!Sl B 1"83e, 

MOHT8.>KHbie pa60Tbl 6blllll npoae.aeHbl A .r.)KyKOBbiM, n.E.nal!KDBbiM, H.B. ne6e.a.eBbiM, 

B,VI.OpexoBbiM, B.<P.noeHK o , A.r.noTeXHHbiM 11 A .Y1.4epHeUKHM , 38 'ITO nonb3yeMCSJ cny''l8 -

eM Bblp8311Tb liM CBO!O 6na!"Oll8pHOCT~ 

HaM oco6o xoTenocb 6bi Bbipa311Tb cao10 6naro.aapHOCTb E.noHTeKopao 38 o6cy>K.a eHHH 

H .SKTIIBHY!O llOMOlllb H8 BCeX 3T8ll8X BblllOllHeHIIS! H8CTOS!Well: pa60Tbl • 
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Pac. 2. CxeMa .aacpcpy3aOHHol! KaMepbi . 
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