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I. BBeneHHe 

OrrhiT aKcrrnyaT~uuu JlpoccenbHhiX BOilOPOilHhiX O*H*HTeneti c aAcop5uuoH­

Hoii O'IHCTK;OH 1'838 HH3KOI'O. A8Bli8HHSI. I 1 I IIOK83biB8eT, 'ITO AliSI O'IHCTKH 

Cn!IBHbiX Tpy5onpOBOJlOB OT TBepJlbiX IIpHMeceti, OCOOeHHO Ha liHHHSIX C OpTO-, 

II8p8K8T8liH38TOpOM, Tpe5yeTCSI IIepHOJlH'leCKH !Ip01!3BOJlHTb OTOrpeB Q)KU)KUTe­

liSI, 05cneAOB8HHe OlliHlliHTel!bHOft yCT8HOBKH /2 I ·II~K838JIO, '1~0 rrpu COJlep­

lli8HHH rrpuMeceil ( N 2 H 0 2 ) B I'a3oo5p~3HOM BOAopoAe B KOJIH'lecTae 

2,3-lQ-:6 OO'b8MHbiX AOJieti KOHU8HTp8UHSI IIpHMeCeil B IIOJiy'laeMOM lliUAKOM 

BOAOpOAe COCT8Bli~IeT 1,5•10"78 OO'b8MHhiX Aoneti, f109TOMY AJISI. H8A8lliHOH pa-· .. 
·.OOTbl CJIHBHOI'O Tp8KT8 OlliUllil!T8JISI, a T8Klli8 IIOJiy'leHHSI lliHAKOCTH C COAep­

lli8l!U8M. rrpuMeceil He BhiWe to-6 oo'beMHhiX Aoneil ueot5xoAHMO npHHHM~Tb 
AOIIOliHHT8libHh!e Mepb!~ 

· B PSIJle cnyqaea, HanpuMep, npu pat5oTe c lliUJlKOBOAopomrhiMH ny3hipb­

KOBbiMH K8MepaMH, I'Ae OIIBCHO 3ai'pSI3H8HUe OIITH'l8CKUX IIOBepXHOCTeti, Tpe~ 

5yeTCSI BOAOPOA C eme oonee HH3KHM COAeplli8HH8M IIpHMeC~il ("' 5•10-7 

o5'beMHhiX Aoneil). TaKoii lliHJlKUii BOAOPOil MOlliHO nonytJaTb ABYMSI nyTSIMH: 

1) nyTeM Hli3KOTeMIIepaTypHOll 8/lCOpOUl!OHHOH O'IHCTKII. 1'838 Ha JIHHUU 

Bb!COKOI'O A8Bli8HUSI IIepeA. OllililliUTeneM llliii 

2 .> tPIIlrbTpauueil IIOJiy'laeMOH lliiiJlKOCTU. 

, f1pu 'H8liii'IIIII a¢cpeKTHBHbiX cplllibTpOB BTOpOH IIYTb IIpome, f1epeJl H8MU CTOSI­

na ;38A8'18' - 0Tb!CK8Tb AOCT8TO'IHO 9cpcpeKTUBHbie M8T8pU8libl AJISI cp!InbTpa-. 

UIIH lliHJlKOI'O. BOJlOPOA8 II. !IOliY'llfTb HCXOJlHbie JlaHHh!e ./WSI paC'!eTa tPiflibTpOB, 

HccneAonanucb ¢unbTphl: 

a) U3 cpTOpOIIJI8C·T8 ( Aane'e cj:lcj>f1) . C 1 IIOpHCTOc;TbiO OT 0,1 AO 20 MK j 
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6) llbineBOll IleTpSlHOBa <l>ITIT-25-3 TYMXri. N9n2 rY-171-58. MaTepHan 

nepXnopBHHHnj TOlHUHH8 CnOSI - 100t-500 MKj 0 BOnOKHa - f•5 MKj 'eec 

BOt-100rfM2; '•· 

e) npecCOB8HHblll H3 ac6ecTOBOI'O BOnOKHa - EK- S2 clmpMbl nefiu. 

II • <I>ImhTpaunH rrpnMeceii K~cnopona B 1KllllKbM Bonopone 

B nepeofi cepHii onhiTOB npoH3BOJlHnacb <P_HnbTpaUHSI :lKHJlKoro BOJlOpOJla 

OT TBepJlOI'O KHCnOpOJl8, nnSI OnpeJleneHHSI CO)lep:1K8HHSI KHCnopOJl8 HMeiDTCSI 

HenpepbiBHO JleficTeymmHe aHanH3aTOpbi, Heo6xoJlHMO 6bmo coa)laTb ycTaHoB­

Ky, B. KOTOpOH MO:lKHO IJOnyqaTb :lKHJlKOCTb C, llOBbiiUeHHblM COJlep)KaHHeM npn­

Mecefi KncnopoJla, HeRo, tlTO oT¢nnbTpoeaTb MenKHe qacTHUbi npnMecefi TPYll­

Hee, 'leM KpynHbie. IloaToMy· :~KenaTenbHO, 'IT06hi B HCKYCCTBeHHO aarpSI3HeH­

H oil ·KHcnopoJloM :lKHJlKOCTH COJlep:~Kanncb MenKHe · paeHbMepHo pacnpeJleneHHbie 

. 'ISCTH'IKH T.BepJlblX npHMecefi, nnSI :3TOH uenH B llOTOK B0Jl0p0Jl81 O'IHIUeHHO-

.. ro e 6noKe o'IHCTKe ( 4) H peaK Tope (5), JlO O:lKH:lKeHHSI Jlo6aenSinocb naeecT­

HOe KOnH'IeCTBO KHCnOp0Jl8 H3 aneKTpOnH3epa (6), CMeCb C:lKHManaCb KOM­

npeCCOpOM (2) · H nocTynana B KpHOCTaT-O:lKH:lKHTenb ( 1), f'Jle oxna:lK)lanacb, 

a 3aTeM nonHOCTbiD C:lKH:lKanaCb 3a C'leT HCnapeHHSI :lKHJlKOf'O B0Jl0p0Jl8, KH­

llSIIUef'o. B BaHHe (8), Ilony'leHH8SI :lKHJlKOCTb npOXOJlHna qepe3 tPHnbTpyiDIUHll 

aneMeHT (9), HCnapSinacb H,,npofiJlSI 6noK O'IHCTKH (4), nocTynana eo eca­

CbiBaiDIUHH KOnneKTOp KOMnpeccopa, KOHUeHTpaUHSI KHCnopOJla B BOJlOpOJle 

aaeHcena oT eenH'IHHbi TOKa e aneKTponHaepe H onpeJlengnacb Bbipa:~KeHHeM: 

f'Jle c 
JlOnSIXj 

KI c ---. 
v 

KOHUeHTp8UHSI 0 2 . . B BOJlOPOAe nepeJl O:lKH:lKeHHeM B 06'beMHbiX 

I • - TOK B aneKTpOnH3ep.e B a; V- paCXOJl BOJlOPOJl8 B n/qac 

(npOH3BOJlHTenbHOCTb KOMllpeccopa) j· K = 0,21 - KOnH'IeCTBO KHcnopoJla 

B n/qac, BbiJlenSieMoe npH TOKe B 1 a, Ilpouecc ¢HnbTpaUHH npoH3BOJlHncSI 
' . 

cneJlYIDIUHM o6pa3oM: qepe3 tPHnbTpyiDIUHll aneMeHT ( 9) HenpepbiBHO npoJlaB-

nHBancSI :lKHJlKHfi BoJlopoJl, YpoeeHb :lKHJlKOCTH a. JliDape KpnocTa·ra nOJlJlep:lKH­

eancSI llOCTOSIHHbiM C TeM, 'IT06bi tPHnbTpyiDIUHH aneMeHT' BCe epeMSI HaXO)lHn­

CSI B :lKHJlKOCTH, CKOpOCTb tPHnbTpaUUH KOHTponnpoeanaCb pOTaMeTpOM ( 7) • 

4 

N9Nl 
n/n 

1. 

2, 

3. 

4. 

Ta6nnua .1 

PeaynhTaThi onbiTOB no ,PnilbTpaunn npnMecefi Kncnopo,~:~a B 

)l{ll,QKOM BO.QOpO.Qe !flnnbTpOM ¢¢ln 0 29/19, nopllCTOCTb · 

!flnnbTpa 2-~ MK; CKOpOCTb !flnnbTpaUilll 0,8·· 
n,)l{,. H 2 

'18C•CM2 

KoHueHTpauHR.Kncnopo.Qa B 
·ao,~:~opone nepe.Q omHmeHHeM, 
o6'beMHbie ,~:~onn x 106 

Bbi'IIICneHO 3aMepeHO cpe.QHile 
·no TOKY.' 3Ha'leHHSI 
sneKTponll-
aepa 

5,2 

11,5 .. 
3,2 

5,0 ' 1,8 '4,2 . 

' 1,4 

1,8 

9,0 

13,0 13,6 

lloaHpoaKa.KHcnopo.Qa 

OTCYTCTBye_T 1 · ·H3y'laeTCSI 
,PoHoaoe coitepmiiHH·e· ' 

KHCnopo.Qa B CIICTeMe, 

13,6 

5, 

'3,5 

2,3 

1!8 

•KoHueHTpaunH Kncnopo,~:~a 
B )l{ll.QKOCTil 1 06'beMHhie 

.QOnll X 1Q7 

.QO ,PHnbTpa nocne ,PHnhTpa 

cpe.QH, cpe~w. 

aHa'leH. · aHa'leH. 

.5,7 

1,7 

2,2 

1,5'>> 1,8 1,2 1,9 

1,0 

1,7 ' 

0,9 

4,3 

3,0 

1,8 

2,1 

2,0 

1,1 

1,4 

1,0 

1,2 

2,4 

1,3 

1,5 

1,4 

1,0 

1,1 

'2,8,· ,· 
: ~( ... " 

0,5 

0,4 

1,6 
0,2 

0,3,. 
0,1 

04 
'~~>-!!" {" .~ :- '" -~-- - ~- ..... -.,._ 

0,9 

1,0 

1,5 0,6 0,7 

0,4 

0,5 
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· nmr CllillTHSI BOnopona 

C uenhro ycTpaHeHHSI 

·-

ncnonh30BancSI KOMnpeccop MeM6paHHOI'O Tuna·, 

aarpflaHeHHSI · cncTeMbi raaaMn, ancop6npo-

BaHHbiMH Ha CTeHKaX, n10ap KpHOCTaTa, TpyOhl 1 BeHTHnii H npyrne aneM/eHTb 

ohWH BbmonHeHhi na H~plliaBeromeii: cTann. · Y cTaHOBKa noaBonSina aHannaupo­

BaTh I'a3 no KpHOCTaTa • 0)!{1f)!{HTenSI1 a TaKllie OTOIIpaTb .JrpOObl .)!{HnKOCTH nc 

n nocne ¢nnhTpa. AHanna Bonopona np~~aBonnncSI raaoaHannaaTopaMn Tnn~ 
c /3/ . . r n-51 08 ( 10) If A Kill ( 11) • PeaynbTaTbl Ollb!TOB npnBeneHbl B Ta6nnue f. On-

., HOBpeMeHHO npoBonnnocb H3y'leime KncnoponHOI'O "¢oHa" B. BOUOpone. an 
OllbiTbl npoBonnnnch 6ea no6aBneHH.SI Krrcnopona B. Bonopon•o nnSI CHHllieHIIS 

KncnoponHoro "¢oHa". Ha nnHnn B03BpamaeMoro Bonopona na KpnocTa.Ta .-

. ollinllinTenSI ohm ycTaHoBneH peaKTOp c xpoMOHIIKeneBbiM KaTannaaTopoM (5) 

AHanH3bl UOKa3ann ( CM. Taonnuy 1) 1 'ITO KHCnoponHblll "¢oH" O.THOCIITenbHC 

BennK: 1t-2,5·10-7 o6beMHbiX noneii:, PeaynhTaTbi aKcnepnMeHTa noa'BonSiro1 

cnenaTh cnenyiOmne BbiBOnbr: 

1. BonhlllaSI '!aCTh npnMecei1: Kncnopona BhiMopalliHBaeTC5I B Tpy6Ka:ll 

Tennoo6MeHHnKa npn OlliHllieHnn BOJlopona. Co)leplliaHne Kucnopona -B llinnKoCTI 

JlO ¢nnhTpa HeBennKO ( 1,5 ... 2 ,8·1 o-7 OObeMHbiX )loneii:) n He 38B~CIIT OT co~ 

JleplliaHnSI npuMecei1: B raae. 

2~ B ncXOJlHhiX· raae n )!{HnKoCTH nMeeTcSI KncnoponHhril "<Poa" 

(It- 2,5-10..,.7 oobeMH~IX .uoneil). 

3, Co:Uep{KaHue Kncnopona nocne ~unhTpa yMeH_hlllaeTCSI He3Ha'!HTen!';>HC 

n HecTa6nnhHo. TaKHM o6paaoM, c noMomhro ¢nnhTpoB <ll<I>TI UC?PiiCTOCThK 

2-3 MK cymeCTBeHHO .Y~eHblllllTh coneplli~HHe Kncnopo.ua He ynaeTCSI. nns 

KOHTponSI peaynhTaTOB ·STOll cepnu OllbiTm:i ohmn npoBeneHbi pa6oTh1. IJ.O.· ¢un~· 
Tpaunn TBepJlbiX npnMecei1: .aaoTa B llilfnKoM BonopoJle, 

·III 0 ct>IInbTpaUIHI TBepLlbiX ITpliMeceii 830T8 B · )KllJ:lKOM 

Bonopone 

"- '' 
§l. Hcnonhaosanach Ta llie ycTaHOBKa, 'ITO n nnSI ¢nnhTpaunn KncnopOJll . . ' . . 

C TOll niilllh_p~3HHUei1:, 'ITO B UOTOK BOJlOpOJl? BMeCTO KHC~OpOJla nooaBnSinaCI 
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aaoTHo-Bo.nopo.nHaSI ·CMe.cb ( pHc~2). ,Uoa~poBaHHe aaoTa . ocymeCTBnSiirocb na 

6annoHa . (6), aarronm:!HHoro aaoTHo-Bo.nopo.niioii' CMecbiO · c colleP·*aHneM aao­

Ta 3 ,4·1 o~4 o6'beMHbiX !lonell:. AHann3b! BO.AOPOlla npOll3BOll:~HCb ~aaoaHann~' 
··aaTopoM MK3.·(10) nepnolln'1ecKoro llell:cTBHSI 14/~·McnonbaoBaniicb <jliinbTp~I 

c no~epxHoCTbro <jlli:nbTpaUIIII -15,9. cM:2 ,_.nopiiCTOCTbiO 2+- 3, 5~ 7, 20 MK. 

Ilony'leHbi cne.nyrom!Ie peaynbTaTbi ( C!'-1~ Ta6nnuy 2): 

l ." Cpe.n~SISI l(oHueHTpauiiSI npiirviecell: aaoTa B *IIllKOM Bo.nopo.ne,. nony­

~eHHoro O*~*eH!IeM raaoo6paaHoro Bo.nopoaa c co.nep*aH!IeM a~oTa 

0,8 +-6·10-5 o6'beMHbiX .nonell:, cocTaBns:~na.2,2·10:"'6 o6-qeMHI>IX .nonell:. KaK II 

paHe_e, 3Ha'IIITenbHaSI 'IBCTb npiiMecell: BbiMopa)I(!IBanacb B Tpy6Kax Tennoo6-

MeHHIIKOB, 

2. l13MeHeHIIe riOpiiCTO~TII <jlnnbTpOB B rrpe.nenax.2-20 MK rrpaKTII'IeCKII 

He BniiSieT Ha .'IIICTOTY <jlnnbTpaTa, 803MO)I(H0, 'ITO HeCKOnbKO XYllllliie peaynb-. 

TaT.bi, rrony'leHHble C ITOMOlllb!O <jliinbTpa riOpHCTOCTb!O 5-7 MK,' 6binii Bb!3B8Hbl 

ocna6neHneM KperrneHIISI. <jliinbTpa. 

3. Uenecoo6pa3Ho norrbiTaTbCSI nony'IHTb *IIllKIIH BOllOpo.n, c 6onblll!IM 

. COllep)I(8HIIeM rrpnMecell: 830Ta, '!eM 2·1 o-B o6'beMHbiX llOnell:, ll03IIPYSI 830TliO­

BOllOPOllHYIO" CMeCb H~rrocpe}:lCTBeHHO B *IIllKIIH BOllOPOll B6nii3II qmnbTpa. 

§2·. ,Ung ripOBe}:leHHSI 9rlb!TOB C HerrocpellCTBeHflbiM llP3IIpOB8HIIeM · 830THO-

. BOllOPOllHOll: CMeCII (3,4.10:-4 o6'be~HbiX llOnell: N ) ·B *IIllKHll: BOllopoll 6bi-
2 •.• 

na IIcrronbaoBaHa Ta *e ycTaHOBKa, 'ITO II B npellbillYllleM cnyqae. E~>m nHillb 

II3MeHeH CITOCo6.ll03IIpOB~HIISI CMeCH. Tpy6Ka, ITO KOTOpOH ITOll8BanaCb CMeCb 0 

BBOlliinacb B KpHOCTaT-O)I(II)I(HTenb HII)I(e ypoBHSI *IIllKOro _Bo.nopolla; y <jlnnb­

Tpa." CKOpOCTb .A03IIpOB8HIIS!" CMeCH COCTaBnSina 250 n/qac, )l<IIllKllll BO.AOpO.A 

rrpii aToM B cnyqae OTCYTCTBIISI oca.nKa .non*eH · 6bm 6hi IIMeTb KOHUeHTpauiiiO 

aaoTa 7·10-6 o6'beMHbiX llOnell:. Ilony'leHHI>Ie peayn~>TaTbi aHanorH'IHI>I npellbi­

.nymiiM. H oBI>I.ii: cnoco6 .noanpoBaHHSI He yBenn'IIIBan co.nep*aHne npnMeceu' 

B *IIllKOM Bo.nopolle llO <jlHnbTpa. Mo*HO 6I>mo qllenaTb rrpellrrono*eHIIe, 'ITO 

TBepllbiS '18CTIIUbl aaoTa OCeA810T. 6biCTpO Ha llHO ll108pa. ,Un.SI ITOllTBep~·lleHIISI 

STOI'O ITOTpe60Banocb C03ll8Tb ycTaHOBKy;· ri03BpnSIIOlllYIO BII3Y8nhHOe Ha6n10-

. lleHIISI 8SOT8 B )I(IIllKOM BOllOPOlle. 

8 

Ni n/n 

Ta6nuna 2 

PeaYnbTa~~ on~roa no ¢anhrp8nuu ·npuMeceA aaora a 

>KHllKOM BOllOpO~'\. ,PHJibTpOM <l><l>fl 0 29/19, )KHJIKOC.Tb 

nonyqanacb o~e*eHueM.raaoo6paaaoro aonopona c 

COllep>KaHHeM 0,8 f- 6,10-5 o6t.eMHbiX llOJieli N 2 • CxopocTb 

• n.lK. 112 · 

,PUJibTP~IlRR 0,8 2 

ITopucTOCTb 

4'JH1IbTpa, MK 

'li8C•CM 

KonuenrpauuH 
830T8 B BOtto-

·KoanearpauuH aaora, oO'beMHbie nona 

pOlle nepe11 · o>~m- ·110 ,PuJibTpa x 106 nocne fHJibTpa 
>K8HH9M1 Ol5'beM- X }Q 
ljble llOJIR X 10-5 • . 

cpennue cpenaue 
3H8'lJ:eHHR 3H8'li9HHH 

r~-----z 3-------~ 5 6 7 

1. 2-3 1, 8 . 

3~5,o· 

2,2 

2. 5-7 

9 

2,2 
2,2 
2,2 
2,3 
1,2 
2,1 
1,3 . 2,4 
1,5 
2,5 .. 
2,4 . 
3 4 .. 
1

, ,, 
.~ 

8,6 
2,1 
!,9 

5,1 
4,5. 
4,0. 

1,5 
0,9 
1,8 
1,0 
o,8 

5,9 
5,9 

• 
2,8 

2,0 
2,7 
2,5 
7,2 
2,1 
2,4 

2,5 2,0 
2,5 
2,6 
2 2 
2:1 
3,1 
2,2 
1,8· 

-
~3~0 
3

1
5 

4
1
2 . 

1:i~o 
2, 
3,4 

5,7 
2,5 
2,5 
4,4 
·8 0 
1:1 4,5 
3,5 
2,0 
2,3. 
5,0 
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'IV;. • QJIInbTpaUHSI IIpHMeceil:. TBepJlOf'O 830Ta c· Jl03HpOB8HHeM 

'830THO-~OJl0p0JlHOfi: ~MeCH B )KHJlKHfi B0Jl0p0Jl
1

,, 

>KHaKHfi BOaopoa H3 aroapa·(2) ~epea CH¢0H (7) aanHBancsr B Cocya 

c naBCaHOBhiMH OKHaMH (1) H aanee ~epea ¢HnhTpyroumfi aneMeHT" (6) cnu-
, ' 

Bancsr us cocyaa, ucrrapsrncsr H ~epea 6noK o~HCTKH (4) B03Bpamancsr B cu~-

TeMy mKH*HTenbHofi ycTaHoBKH (puc. 3). Pacxoa Boaopona, cnHBaeMoro us 

cocyaa, KOHTponupoBancsr nocne ucrrapeHHsr poTa¥~TPOM (5). YpoBeHb *Hn­

Koro ~oaopona B cocyne nonnep*HBancst nocTOSIHH},IM •. .UnSI nony~eHHsr )!mn- · 

KOI'O BOaopona C IIOBbiiiieHHhiM conep)K8HHeM I!pHMecefi;- TBepnoro aSOTa B 

Co~yn H~ 6annoHa ( 3) noaupoBanacb a30THO.:,BoaopO,UH8SI • CMeCb ~ CO.Uep)KaHHe-. 

eM ·aaoTa 3,4·10-4 o6'heMHhiX .uonefi • .UnSI rrpenoTBpameHHSI aaKyrropKH noau­

poao~Hofi Tpy6KH (8) 830TOM IIOCJ'I9,UHSISI IIporpeBariaCb.IIOTOKOM I'83006pa3HOI'O 

Bo.uopona, rrporrycKaeMoro no Tpy6Ke (9). ConpoTHBneHHe ¢unhTpa B npouec­

ce pa60Tbl H3MepSinOCb .UH¢MaHOMeTpOM ( 11) 1 .Sai!OnHeHHhiM TeTpa6pOM8Ta­

HOM •. .UnSI: rrpenoTBpameHHSI nonanaHHSI rrapoB TeTpa6poMaTaHa B Bonopon Ha 

HMIIYJ'Ib<?H~IX nHHHSIX .UH¢MaHOMeTpa 

na)K,U8eMh!e )KHaKHM 830TOM. 

6binH YCTBHOBneHbl nOBYIIIKH ( 12) 1 OX-

OrrbiTbi npoBonunucb Ha ¢HnbTpaX: <P<PI1 tS 29/19 (rropHCTOCTbro 0,1; 

H 2-3 MK), <PTITI-25-3 TonmuHofi B 9 H 15 cnoea, EK- S2 
1 TOn!IIHHOfi 8 • 

3 ~M li . 8 · = 6 MM • Y nenbHhifi pacxoa *H.tiKoro ao.uopona ~epea ¢unbTp 

Ha . 
HSMeHSincSI B rrpeaenax 0,6;. 3,4 n)K. • Komt~ecTBo noaupyeMofi asoT-. 

~ac. cM2 

HO-BonoponHofi CMeCH 6binO TaKUM1 ~TO B cny~ae OTCyTCTBUSI- BbiiiaaaHHSl 

OCB.UKa KOHU9HTp8UHSI _*H.UKOCTH no. ¢HJ'IbTpa COCTaBHna 6bi O,i+- 3·10-5 06'beM-

HhiX nonefi. B uensrx aKOHOMHH *HnK~ro aonopoaa ¢unbTpauusr :lKHaKoCTH 

BeJ'IaCb TOJ'IbKO BO Bp9MSI . OT6opa )KH,UKOCTH Ha aHanua. · B I!pOMe2KyTKaX Me)K­

.Uy 8HanH3~MH )KH,UKOCTb ~epe3 ¢HnhTp He IIporrycKanacb, HO ypOB9Hb )KHaKOI'O 

Boaopoaa nonaep)KHBanCSI pa60~HM, TBK ~TO ¢HnbTp IIOCTOSIHHO 6bin IIOI'py­

)KeH B *HaKOCTb.,<PHnbTpaUH.II H OaHOBpeMeHHO rrona~a 830THO-BOaopoaHOfi 

CMecu Ha~uaanucb sa 15 MHH. ao Ha~ana aaanuaa. B rrpouecce onbiTOB perucT­

pupoaanocb cyMMapHoe Konu~ecTao *HnKoCTH, rrporrymeHHoe ~epea ¢unbTp 

K MOMeHTaM Ha~ana H KOHUa oT6opa rrpo6 Ha aaanua. PeaynhTaThi aHamtaoB 

rrpencTaBneHhi B Ta6nuue 3. 

12 

Ta6ruu:ia 3 

PeayllbTBTbi onbiTOB no tfliUibTpaxum npaMeceA asoTa a 

*H~KoM aonopone (npaMeca aaoTa nonyqanacb A03HpoaaaueM 

B 1KHllKHA BO.llOPOll 830THD-BOllOP~AHOii CMeCH C COAep}t(SHHeM 

N 
2

. 3,4·10-4 o6beMHbiX AOnelt). 

Tun H IIopi!CT. CKOpOCTb KonneHTpanHn a3oTa a }KH,llKOCTH, 

N<N< 
n/n 

pa3Mepbl <jJHIIbTpa, 
<jJI!IlbTpa MK 

1 2 3 

1. 4><7?Illl'29/19 1 

<jlnllbTpa-
U.HH, 

n.JK. H, 

qac.cM2 

4 

0,6 

13 

o6'beMHhte JlOnH 

!JO !l!nnbTI!8 X 10
6 

cpeAH. 
3H8'1eH. 

5 6 

7,4 
3,6 
4,6 

J 4,2 
1,1 3,6 
3,5 
1,6 
3,0 

nocne !l!nnhTI!a x 10 
7 

cpettH. 
3H81ieH. 

7 8 

4,6 
4,7 
4,1 
6,0 
5,5 
6,6 .. 
6,4 
3,8 
4,5 
5,0 
4,9 
7,4 5,2 
3,3 
4,1 
3,0 
5,7 
5,8 
4,0 
9,6 
5,4 
4,8 
4,9 
4,9 
4,9 



. ~ 

4 
\ 

' 1 2 3 5 6 7 " 8 •1 •2 3 4 5 6 7 .8 

5,1 . 3,1 5,1 4;9 4,3 3,1 5,0 . 
3,6 3,8 . 3,0 3,6 3,8 3,3 3,3 1,1 2,9 2,5 5;9 5. ~29/19 2-3 0,6 1,0 1,0 3;8 3,5 3 5 4·;6 3,1 1

1
3 : 3,7 

\ 2,7 1:3 4,2 4,3 1,0 5,2 4,3 1,1 3,8 4,1 2. ~~IIt29/19 1 1 ,o 1 2 1,7 3,8 4,7 3,8 1:1 4,0 4,0 1,1 4,4 4,4 1,2 3,9 2,1 1,0 4,4 2,8 3,1 6,3. 
2,7 6,0 

5,7 
1,1 6,0 
1,2 6,0 

• I 7,6 1,0 5,9 4,5. 4,6 6,5 3,7 3,8 4,2 3,7 5,2 . 6 • <M>II0'29/19 2-3 1 ,o. 2,4 1,6 3,9: 4,9 
0,8 3,8 

3,8 8,9 4,9 4 1 8 5;0 5,0 4,9 
3,0 

5,3 5,1 5,8 4,9 
3; ~~1Tt29/19 1 2,0 

1;3 6,2 

;I 5,1 1,3 1,8 5,5 6,7 4,9 1,4 6,8 
8,2 

4,1 8,2 

l 6,9 4,2 _, 
7,0 5,0 8,2 

1,1 
4,4 6,7 7. 4>¢1I,rl2 9/19 2-3 2,0 1,3 4,4 4,9 6,7 1,4 4,0 
5,3 

7 7 

I 
5,6 

J 6,3 
4. ~1It29/19 1 3,4 8,6 5,3 3,8 3,8 8,5 s,o 5,2 6,2 

. ·• 9,2 

.8,0 7,9 
\J- 7,2 

8,6 
7,9 
8,3 
7,5 
6,3 

14 ~ 
4,1 

15 





1 2 

23: EK-52 c .. aw. 

24. EK-S 2 
6' = 6 MJ,( 

25. EK-.S 2 
f = 6 MM 

26. EK-S 2 
-6'=6MM 

3 4 5 6 

2,0 

: 

0,6 

1 ,o 3,5 ·3,5 

2,0 

18 

.· 

7 8 

-
4,2 
4,8 
2,7 
3,4 
2,8 

3,6 

-
1,4 
1j4 
1 5 
3!o 
1 '7 
3

1
1 

3
1
2 , 

3,0 

2,3 

-
0,6 
1,5 
1,.0 
o,a 
0,7 
1 ,a 
1,4 
4,0 

2,2 

3,0 
4,3 
3,6 
4,2. 

-
2;0 
3,6 
2,3 
2,5 
4,3 

2,9 

,/ 

. 1. B. npouecce onhiTOB 6brno aaMe'-leHo, '-ITO npHMeca aaoTa· 6brCTpo 

brnariaroT Ha ~a.:o cocy]:(a B Blfll8 pbiXJJOI'O nbrneo6pa3HOI'O oca]:(Ka. Oca]:(OK 

HSIIpO'-IHO Yll8P*~B88TCH ~a CT8HK8X cocy]:(a ll Jl8I'KO B3MY'-lliB88TCH 

nepeM8JllliB8Hifli *lillKOCTH, B CBH31I C 9TliM He06XO]:(IIMO 6hrn'o IIOCT8BIITb 

orrhiThr no orrpeJ:teneHaro coAep*aHIIH rrpaMeceii. rrocne OTCTaiiBa-

2. CpeAHHH KOHile.HTpauiiH' rrpiiMeceii. a3oTa B *IIllKOM BOAopoJ:te llO qmni,..;· 

T~k .·*e, :KaK II B cnyt~ae O*II*eHIIH ra3oo6pa3Horo BOJ:topoJ:ta c coite_p:lKa- · 
. 5 . . . . . : . - . . -6 

a30Ta 0,8 t-6·10- o6beMHbiX J:toneii. (pa3J:ten Ill }, cocTaBmma 2,2·10 . 

o6beMHhiX AOneii.. ITpiiMSpHo TaKoe *e .KOJJII'ISCTBO IIpiiMeceii. ·6hrno o6Hapy-· 
. . . . /1 I 

*eHO B *llllKOM BOAOpOAS, _Cn~fB88MOM II3 O*II*liTSJJH 

3. CpeAHIIe 3Hat~eHIIH Ha6nronaeMhrX Ko'HuenTpauiiii.. a3oTa B · *IIAKOM Bo­

nopone nocne !flanbTpOB B 38BIICIIMOCTll OT. yAeJJhHOI'O. paCXOll8 IIpiiB8ll8Hhi 

Ha p!ic. 4~ CpeAHHH KoHuenTpauiiR a3o~a c yBenii'ISHIIeM ynenhHoro_pacxona 

B03paCT88T, ny'-llllll8 pe3yJJhT8Tbl rrony'-lSHbi Ha !fliiJlbTpe <t><t>IT riOpiiCTOCTbiO 
. . . : ~ . ~ 

0,1 MK a qmnhTpax EK- 'S2 c TomrmHoii. cnpH; lk= 3 MM II 8 = 6 MM. 

OHUeHTpaUII.II a30T8 AJlH 2..;.3 -MIIKPOHHOI'O .!fliinbTpa <t>cPIT' II !fliinb:poB <t>ITIT-25-3 

rrpaKTII'ISCKll· OllliHaKOBbi, H ecKOJlhKO xyAJII!Ie · pi:iaynh.TaT hi rrony'-leHbr ua Oll­

HOMIIKPOHHhiX ·¢1InbTpax <t><t>IT. BoaMO*HO, 'ITO .. aTo o6bSICHHSTCH KaKaM-na6o 

Ae!fleKTOM !fliiJJbTpOB, .; 

4. Cpennae 3Hat~eHIISI corrpoTaBneHIIii. ¢1InhTpa <t><t>IT 6 29/19 rropiicTOCTbiO 

MK a !fliin:&.Tpa n3 15 CiJOSB <t>ITIT-25-3 ripnBeAeHbi -Ha piic. 5 II 6. Corr­

poTn~nenaH ·!flanbTpOB <t><t>IT IIOpliCTOCThiO. 0,1 MK, l' MK ~ 9-cnoii.HOI'O 

<t>ITIT-25-3 rr.ono6Hhi rrpnBeAeHHbrM. CorrpoTaBneHIISI ¢1IlrhTpOB 'EK- 2S , 8 =3MM . . 
a 8,- = 6 MM. BJ:tBoe 6onhJIIe . corrpoTaBneuaii. ¢1InhTpoB <t><t>IT a '<t>rrn- 25-3. 

5. CorrpoTaBneHire !fl!inbTpoB <t><t>IT B03pacTaeT c yBeniit~eua·eM KOJlii:<IeCT- . 

nponycKae·Moii *IIAKOCTa; 

· 6~ Ha6nro]:(aeTcSI TaK*e YB_ena:qeHae conpoTaBneHaSI ·B xoJ:te nepBbiX 

10 ananiiaOB, aaTeM npouecc HapacTaHUH conpoTaBneHaH npeKpamaeTcn. 

7. ConpoTaBnenae ¢anhTpa .B Ha'!ane ·cneJ:tyromero ananuaa, KaK·.npa:... 

Bun<:>, MSHhJIIe, 'ISM B KOHue npeAhrAymero. ITo-BiiAaMo~y, napacTaHae coii­

OTUBnenag MO*eT 6hiTh o6bSICHeHo BbmanenueM ocanKa u .. ¢unhTpauaoHHhiM 

, CyJilHOCTb KOTOpOI'O 38KJli0'188TCH B TOM, 'ITO npa !flunh-

19 



.. 

~l 

... f. 

P~c.3, CxeMa ycTaHOBKII ami ljli!JlbTpailllll lKIIJ:IKOI'O aoaopoaa OT npi!Meceii 

' 830Ta C . ):I031!pOBaHI!eM · ·a30THO:_BOJ:10pO):IHO!i ~MeC"I! B lKI!i:tKIIM BO):IOpo):l: 

1 - COCy ):1 C. naBCaHOBb!MII OKH8MI!; 2 -. ):1108p )l(lf):IKOI'O BO):IOpO):Ia; 

3 - ·6annOH C a30THO-BOll0pOJ:IHOM CMeCb!Oi 4 - .6noK O'II!CTKII BOJ:IOpO­

J:Ia; 5 - poTaMeTp; 6 - ljll!nbTp; 7 - Clllj!OH ):lnH nepenHBa Bo­

):10p0):18i. 8 - Tpy6Ka ):1031!p0B8HIIH 830THO-l30liOPOliHO!i CMeCI! B )l(lfJ:lKIIM 

BOJ:IOPOlli 9 - Tpy6Ka nnH npOI'peBa ll03HpOBO'IHOii Tpy6KI!i 10 - I'830-

aHani!38TOp aa cyMMY npi!Meceii MK3; 11 - ):ll!lj!MaHoMeTp; 12 - no­
BYlllKa, oxna)l(aaeMaH )l(lfJ:lKHM aaoToM, 

.1 

'· 

20 

TpOBSIIlill '!HC:ThiX. )IUI):IKOCTeH COII~OTHBnelme lPlinbTpa. II HOI" ):Ia pe3~0. B03pac­

TaeT H3-3a Bhi):IeneHHSI H3. )l(il):IKOCTH IIy3hipbKOB paCTBOpeHHOI"O B Heit I"a3a, 

B ~ny'!ae ~ugKoro eogopoga B 4JunhTpe rrpou;xoguT rrpouecc:;poccenupoea­

HHSI ero. C o6pa30BaHHe~ ~y3hlpbKOB rasa, KOTOp6Ie ocegaioT. B IIOpaX $Hnb­

Tpa H Bhl3hiBaiOT yeenH'l9HHe 9I"O COIIpOT!IBneHHSI, ·QcHOBbiBaSICb. Ha STOM SIB-

neH!lH,. MO)KHO .'rrpegrrono2KHTb, 'ITO HapacTaH!le: COIIpOTHI3neHHSI BO Bpe.MSI rr'ep-

Bb)X aHanll30B IIpOHCXO):IHT H3-3a yeen!l'l9HIISI K()nH'!eCTBa IIY3b!pbKOB B_ IIOpaX 

4J11nbTpa rroKa He ·HacTyrrut HachimeHue. :no-BHliHMOMy, K Ha'!any cnegyrome..;. 

ro aHanuaa '!aCTb II?'3hipbKOB raaa KOH):IeHcupyeTcSI; a HOBbie He o6paayroT-:­

cSI, TaK ~aK He~ IIOTOKa )I(!I):IKOCTH. qepe~ $unbTp, · 3THM o6bSICHSI9TCSI· CHHme­

HHe corrpoTueneHHSI B · Ha'!·ane cnegyromero· oT6opa )I(Hl~KOCTH Ha aHanua. 

8. B cnyq~e llCIIOnb30BaHHSI $HnbTpa cllllll-25-3 HapacTaHHSI ~OIIpOTHB­
ne.HHSI B "xoAe ogHoro aHanuaa He -6~mo. B rrpouecce orrhiTa i::orrpoT!lBneH!le· qiunhT­

pa HHOI'):Ia pe3KO yeenH'!HBanocb, a 3aTeM CHOBa CHH)I(anOCb, 'ITO TaK)I(e MO)I(HO. 

06l>SICHHTb "$HnbTpaUHOHHhiM 9lPlP9KTOM", 

V • 0TCTB~BBHR~ DpRMeceA B30TB B MHAKOM BOAOpOA~ 

0TCTaHBaH!l9 OCa):IKa ITpOH3BO):IHnOCb Ha yCT8HOBKe C ):103Hp0B8HH~M 830T­

HO-BOAOpOliH"OH CMeCH B )I(HA:KHH eogopog ( CM, paagen ·IV · · , puc. 3), Y c.,. 

noBHSI rrony'!eHHSI aarpSI~HeHHoro aaoToM )I(HgKoro eonoporia 6hinH ie )!(~· 

'ITO H. B rrpegbi):IYIU9M OIThiTe: Tpy6Ka, ITO KOTOpOH ·rroJieog,Hnacb. a30THO-BO):IO­

pogHaSI ·cMeCb, HaXOAHnacb HH)I(9 ypOBHSI )I(H):IKOCTH Ha ··pa:CCTOSIHHH 5,5 CM 

' 
OT AHa, 0T60p IIp06 Ha aHanH3 rrp(m3BOAHnCSI C .ITOMO!UbiO. Tpy6KH, pacrrono~ 

... 
)1(9HHOH B 2,5 CM OT gHa. l.J:epe3 15 MHHyT II<?Cne Ha'!ana 3anllBKH )I(!I):IKOI'O 

BOgopoga ii ):103HpOB8HllSI a30THO-BO):IOpOAHOH .cMeCH npouecc. ITOAa'!ll CMeCH 

rrp·eKpamancSI, IIpOH3BO):IHnOCb OTCT8HBaHH9 B Te'leHHe .5, 15 !lnH 60 MllH. II 

aaTeM Ha'!uHancSI oT6op _rrpo6hi .Ha aaan.u.:3, KOT<?Phiii nnnncSI 50. MimyT. 

.. PeayncTaThi aHann3oB noKaaaHhi B Ta6nuue .4 ~ Ha puc •. 7 ~ 

Ha OCHOBaHHH rrpoeegeHHhiX OIIhiTOB MO)I(HO cgenaTb .cneAyiOIUH9· Bh!BO-

llhi: 

1. Oca)l(geH!le aaoTa B )I(HAKOM ·eogopone rrpo11cxoguT xoporno. KoHueH­

. TpauuSI rrpuMe_ce:ii aao:Ta rrpu oTcTaueaHHH B Te'leHue onHoro qaca go Ha'la-

• 
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Ta6nnua 4 

PeaynbTaTbi onhiTOB no OTCTanBaHniO npnMeceli: aaoTa B . 

~HAKOM BOAOPOAe (npnMeCH a30Ta nonyqanncb A03npoBaH~eM 

B ~HAKHli BOAOpOA a30THO-BOAOpOAHOJi: CMecn C COAep~aHneM 
/ . . -4 

N 2 . 3,4•10 o6oeMHhiX Aoneli: ). CpeAHSill KOH!leHTpaunH 

-6 830T8 B HCXOAHOJi: ~IIAKOCTH c 0 . = 2,2•10 06oeMHbiX AOneli: 

N9N9 
n/n 

BpeMll aaqa-
na oT6opa ·ana­
nnaa oT MOMen­
Ta Haqana or-

BpeMH Konua 
or6opa aaa­
nnaa OT MO­
MenTa aaqana 

KoaueaTpaunH aaoTa B ~nAKocrn \ 
(o6oeMHhie Aonn)x107 

cpeAHHe 
CTaHB8HHSI, 0TCT8HB8Hllll0 3Haqeang· 

(MnH,) (MHH,) 

:! I ? 3 C ~ 5 

60 7,1 
1. 5 55 6, 7 

55 _7,3 
7,0 

45 5,1 
45 6,0 
70 6,8 

2. 15 65 5,7 
65 5,1 
70 5,6 
75 7,2 
65 . 4 6 

5,8 

85 6,8 
85 4,1 
85 4,4 
76 4,2 
83 4,7 -· 
85 3,4 
85- 4,7 
82 4,2 
85 4 1 

3. 30-
-4,5 

115 2-,6 
115· 3,0 ' 
115 1,8 
110" 1,7 
110 2,2 
110 2,5 
115 2,2 
115 2,7 

·11C 3 4 

4. 60 
2,5 

22 

' 

1·10
7 

9·10
7 

7-10' 

·l 
5-fO 

~-~o' 

koHu,eHmpa~ull N2 

B [o6u.MH: oooJ 

--o.f 

·1 0 2.S 3. . . 0 35" 

HO 0,5 4.0 i,S 2, . ckopocnrz3(c.Hz 1 
cpu11bmpau,uu L 'lac CMz. 

Pnc.4. · CpeAHn~ aaaqeanSI aa6niOAaeMbie KOHuenrpaunli: aaoTa B ~HAKOM Bo-
AOpoAe noene «!>nnbTpOB! . ·• 
1. ¢nnbTp ¢¢n IS 29/19". nopncrocTbiO 1 MK; 
2. "¢nnbTp ¢¢n o. 29/19 nopnCTOCTbiO 2-3 MK; 
3, ¢nnbTp <t>nn-25--3 Tonmnaoli: B 9 cnoeB; 
4. cjlnnbTp <t>nn-25-3 Tomimaoli: B 15 cnoeB; 
5. ¢nnbTp ¢¢n IS 29/19 nopncTOCTbiO 0,1 MK; 
6. ¢nnbTp EK-52 Tonmnaoli: lJ = 3 MM; ,. 
7. <I> nnbTp EK- S 2 TonmnHoii 8 = 6 MM. 

•23. 
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P11c,5, ConpoT!~Bneal!e 1\p lj!HnbTpa <P<Pn 6 29/19 nopi!CTOCTbiO 2-3 MK 
B 38BI!CIIMOCTI! OT yAeflbHOPO KOlll!qecTBa MIIAKOCTI! q 1 nponymeH-
HOil qep~a ljlilnbTp B npouecce KaMA oro· aaan11aa: . · 

n,M, 11 2 

1 CKOpOCTb ~l!llbTpaUI!II 3,4 aaan11a I qac.cM:.o! 

2 - aoaa conpoTI!BneHI!il np11. aaan11aax II- VI, XXVII-' XXIX , CKO-

n,)l{, 11
2

. 

pOCTb ljll!llbTpaUI!II 3,4 2 
qac·cM 

3 - aaanl!3hi VII -XIII , cKopocTb ljll!nhTpaUI!H 0,6 

n,M,H2 
4 - aaanl!3bi XIV -XXI, CKopoCTb ljll!nhTpaullll 1,0 2 

qaC,CM 

n,M,H2 
5 - aaanl!3hi. XXII-XXVI , cKopocTb ljll!nbTpaul!ll 2,0 2 

qac• CM 
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3000 

~ 4 

5 
2 

100Dl 
1 

q, 
o 0,5 1,0 1.5 2.0 2.5 3.0 ( "·c~te) 

PHc.6. ConpoTHsneHHe .~p qmnhTpa ct>nn-25-3 TonmHHOii. s 15 cnoes 

B SaBHCHMOCTH OT ynenbHOI'O KO-IIH'19CTBa )I{HllKOCTH q 1 npony-

meHHOH -qepes qmnbTp s npouecce Kamnoro aHanHsa: 
n,m.- H2 

1 - aHanHShi I- II 1 cKopocTh qmnhTpauHH 016 . 2 ·I 
'laC• CM 

2 - aHanHShi III"- V CKOpOCTb qmnbTpaUHH 0 16 

n,m, II 
2 

-qac•cM2 

n,m, 11 2 

3 - aHanHSbi VI-X 1 CKOpOCTb ¢HnbTpaUHH 3 14 -~ · · -qac•c 

n,m. H
2 

. 

4 - aHanHShi XI- XV 1 CKOpOCTb ~HnhTpaUHH 2 10 2 
'laC'CM 

n,m. H 2 . 

5 - aHanHSbi XVI-XX 1 CKOpOCTb qmnbTpaUHH 1 10 2 
'lac• CM 

25 
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.na oT6opa aHa.llH3a CHH3H.I18Cb. 0~ 2,2·10-6 
AO 2,5•10-7 

Oo'heMHbiX AOneii, 

2. Ocami:teHHe qacTHU MemAy Jl03HpoBO'lHOfi Tpy6Koii H Tpy6Koii oT6opa 

Ha aHa.llH3 (paCCTOSIHHe 3. CM) AnHTCSI He MeHee 1,5 .'laCOB, 0TC!OJl8 CKOpOCTb 

O'IRCTKH :lKHJlKOI'O nyTeM OTCT8RB8HHSI COCTBB.IlSieT 

10 .. 3-­
n.m. 

BOl:{OpOJla 

"·2. TaimM o6pa3oM, cKopocTh oTCTaH-. 

'laC•CM2nnollia.qH OTCT8HB8HHSI 

aaHRSI BO MHOI'O pa3 MeHbllie CKOpOCTH ¢H.IlbTpaURR R Ce'leHRe COCyJla JlhSI 

oTcTaHaaHHSI AOnmHo 6hiTh MHoro 6onbrne nnomaAH ¢HnbTpa npH paaHbiX npo':". 

H3B0JlHT9.11bHOCTSIX, 

S, <flH.IlbTpbi HeOOXOJlHMO KOHCTpyHpOB8Th T8KHM o6pa30M1 'lTOObi B HHX 

npOHCXOJlH.IlO JlB8 npouecca OJlHOBpeMeHHO: OTCT8HB8HH9 H ¢H.IlbTpaUHSI, 3TO . 

JlBCT B03MO)KHOCTb yae.llH'lHTb Jl.llHTe.llbHOCTb paoOTbi ¢H.IlbTpa JlO pereHepaUIIH. 

AnTopbi nonhoyroTcSI c.ny'laeM abrpaan:Th r.ny6mcyro 6.naroAapHOCTh 

r.l1. faro, Kn:M CeH Cy, JI.H. MaHSITOBCKOfi, A.A. nepoay 3a IIOMOllih B pa6o­

Te, a TaKme H.l1~ EanaHAHKOBY n: aceMy alccnnyaTaUHOHHOMY nepcoHany KpH-. 

oreHHoro oTAi3.na; o6ecne'lHBlliHM 6ecnepe6oiiHyro pa6oTy ycTaHqaKn:,-

nHTepaTypa 

1. IO~K. IlHnHIIeHKO. IlpenpHHT. OHRH 1092, .[!y6Ha, 1962. 

2. n.c. KoTOBa, IO.K. IInnHIIeHKO. IlpenpHJiT OHRH 2626, Jly6Ha, 1966. 

8. IO.B. lllapBHH, B.H. AH.apHaHoB, E.A. Ii.Iaposa. 3aso.acKaH na6opaTopHH 
' . 

N97, T. 21, CTp. 858 (1955) • 

4. K.H. 3HHOBbesa. 3aso.acKaH na6opaTopHH NPl, T.21, cTp. 30 (1955) • 

5. B.A. )/{y)KHKOB. cfJHnbTpOB8IIHe. TeopiiH Jf npaKTHK8 ·pa:3JJeneiiHH cycneii­

:3HH. MocKsa, /1:3-BO "?<HMHH", 1968. 

PyKonacb riocTYnHna B H3AaTenbCKHfi oTnen 

17 MapTa 1970 rona. 
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