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M, H, 0MenbSIH9HKO 

HAHOCEKYHllHMI CXEMA COBnAllEHl111, 
11cnonb3YIOIUMI OllHOBl16PATOPbl 

HA TYHHEflbHblX lll101lAX 

Hayqeo-TexanqecH.as I! 
6a6.aaoTeKa 

1 · OHSJH I 



B TC'leHHe HeCKO/lbKHX neT aBTopy npuwnocb pa3pa6aThlBBTb HCKOTOpbre HBHOCCKYHA

Hble cxeMhl smepnoll 9neKTpOIIHKH, HCIIO/lb3YIOWHe 0Al:OBH6paTOpbl Ha Tynnenbllh!X AHOABX 

3113Olr. D 'IHCne OCIIOBIIhlX Tpe6oBaHHll, KOTOpble npeA'bllBnllnHCb K pa3pa6aTblBBCMblM 

cxeMaM, 6bmH: HOBTOps:reMOCTb xapaKTepHCTHK npH H3I'OTOBnCHHII 6onbWOI'O KOnH'JCCTBa 

' ; 
cxeM, HBAe>KHOCTb cxeM B pa6oTe, npocTOTa B HaCTpOllKe, a TBK>Ke - H3 9KOH~MH'ICCKHX 

coo6pa>KeHHll - MHHHMBnbJIOe 'IHcno TyHHenb.llblX AHOAOB. B CTBTbe OIIHCBHbl CXCMbl COB

IIBACHHll H BHTHCOBIIBACHHll. 

npHHUHHHB/lbHBH CXCMB 

npoTOTHHOM nepsoro sapHBHTB cxeMbl COBIIBACHHll nocny>KHnH cxeMhl, OIIHCBHHble 

/1 2/ . 
B I • CxeMa co6upaeTCH H3 OTAC/lbHhlX ¢yHKUHOHanbHblX yanos, BbIHOnHeHHblX B ne'JBT-

HOM MOHTa>Ke. 11Me!OTCH nnaTbl co cneAYIOWHMH 9neMeHTBMH! ABB q>OpMHPOBaTenn KaHa~OB 

cosnaaeHull; JlBa q>OpMHpOBaTenn KaHanos aHTHCOBIIBJleHHll H COBIIBJleHull; 9neMeHThl,OT6opa 

cosnaneHHll H BHTHCOBIIaAeHull; BblXOJlHOll ycHnHTenb. Ha6op TBKHX yanos noasonneT co6u

paTb CXC1'(bl cosnaneHHll H BHTHCOBHa)leHHll C H3MCHCHHCM noI'HKH: C pa3HblM KOnH'JCCTBOM 

BXOJlOB cosnaneHHll H BHT.HCOsnaneHHll, C paaaenbHblMH BhlXOJlBMH nocne sneMeHTOB cosna

lCHHll H BHTHCOBnanenull. 

Ha p11c. 1 H306pa>KEiHa npHHUHIIHB/lbHas:r CXeMa JlBYXKaHBnbHOI'O q,opMi!pOBBTenn COB

naneHHll (sxoa 1) H BHTHCOBIIBJlCHHll (sxon 2). 

/2/ 
npHHUHIIHBnbHO q>OpMHpOBBTenH He 0TnH'IBIOTCH OT IIpHMCHCHHblX B • npoH3BC)lCHbl 

·( 

nHWb necywecTBCHHbie H3MCHCHHll, CBH3BHHbie C HCHOnb30B8HHCM HCTO'JHHKa HHTaHHH CTBH

aapTHOI'O HOMHHana u OAHOll nonnpHOCTH; ysenu'JeHO JlO 20 OM n~rpyao'IHOe conpOTHBne

HHe y TyHHe/lbHOI'O JlHOAB, 'ITO noasonneT yMeHbWHTb 'MepTsoe· BpeMn q>OpMHposaTens:r. 

YMeHbWCHHe ~MepTBOI'o" speMeHH OAHOBH6paTopa Ha TYHHEinbHOM JlHOAC B03MO>KHO aa C'JeT 

ysenH'JCHHH narpy30'IHOI'O conpOTHBneHHll, BKn!O'JeHHH B Ka'JeCTBe Harpy3KH nenunellHOI'O 

• 
3 



': \: ·: 

1, .. 

'conpoTHB,neHHH 

I HbIX LJ.HOLIOB. 

. /3/ 
6b!CTporo , HMIIYnhCIIOI'O AilOAa H Cll0UHanbllOI'O IlOA6op~ TynHeni,'..: •.. 

~aenHqellH0 HarpyaoqllOI'O COqpOTHBn01lHH OI'p811HqellO BenHqHHOi! OTpHUaTenbllOI'O CO

:llpOTHBn~HHH Tynnenbnoi! aeTBH aonbTaMllepnoi! xapaKTepHCT~KH, KOTopoe 06b1q110 AnH AHO-
' ' . 

·. AOB 3H30lf HM00T eenHqany 6onbme 20 OM. HnorAa B03MOlKHO 11pHM0ll0HH0 Aa)Ke COllpOTHB-, 
, '. . ,\ . 14/ 

• nenHH. '43 oM, nanpHMep, cxeMa 3 , I'Ae 3TO TaK)Ke cegaano co cneuHanbHblM noA6opoM 

TyHH~nbHhlX AHOAOB H aaTpyAHHTenhHO npH H3I'oToanenHH 6onhmoro·KonHqecTBa cxeM. TTpa-

MeHeHHe nenanei!Hoil HarpyaKH 11eyA06110 Ha-aa 

·:• 6~ICTpblX HMn)'IlbCllb!X AHOAOB. 

OTCyTCTBHH 60nhlliOI'O KOnHqecTBa 

Ha pac. :! H306pa)KeHa llpHnnH11Hanb11aH cxeMa sneMeHTOB OT6opa COBllaAenHi! (Tnl) 

.H anTH-~OBnaA011Hil (Tn2>· 8 KaqeCTB0 HX HCnOnh3YiOTCH 0AllOBH6paTOpbl Ha Tynnen~HblX 

AHOAaX TaKHe >Ke, KaK H B q>OpMHpOBaTeflHX. KpaTHOCTb COBllaA0HHil H3M0Hll8TCH nepeKn!O-

qaTeneM (nKl) H 116ACTpaHBaeTCH nepeMeHllblMH conpoTHaneHHHMH ( RIO H Rtl ). Tyn-

neJlbllbli! AHOA Tn
1 

Cpa6aTbIBaeT, KOI'Aa Ha ero BXOA 0All0Bp0M01lll0 nocTynaeT 3aAaHHOe 

KOnH.qeCTBO HMllynbCOBo TTpH 3TOM cpa6aTbIBaeT H TYHll0nhHbii! AHOA (Tn
2

), eCnH Ha ero 

BXOA0 OTCYTCTByeT sanpema!OlllHH CHI'nan allTHCoB\iaAellHH. BbtXOAHOil yCHilHTenb TaKOH >Ke, 

, 110/ H : 3 . . 
. KaK H B • a pHc. noKa3aH Bll0llillHH BHA CX0Mbl coanaA011Hil B c6ope. 

\ 
XapaKTepHCTHKH CX0Mbl H · ee npHM0ll0HH0 

/2/ 
A~mnHTYAllaH .xapaKTepHCTHKa <J>opMHpOBaTenH ananoraqna xapaKT0pHCTHK0 CX0Mbl • , 

Cna>Ken nHmh nopor cpa6aThlBaHHH AO 0,5 a. •nnaTo" naqaHaeTCH B pail:one 1 B (cM. pHc~5). 
l'21 , 

KpHBhie 3aAep>KallllblX COBllaAeHHH H aHTHCOBllaA0llHH TaKne )1{0, K8K H y CX0Mbl •. 'MepT-

eoe" · apeMH cxeMbl no BhIXOAY AnH pasnaqn_brX o6pasuoe Kone6anocb OT 40 AO 60 nceK. 

Ha nero anaHnH H0 TOnh~O OA_llOBH6paTOpbI, ll0 H nepeXOAllbl0 KOH!lencaTOpbI, HCIIOnh3Y0Mbl0 

B nenHX, H Bb!XOAIIOH ycHnHTenh. '6bICTpOA0HCTBHe BblXOAHOI'O ycHnHTenH 3aBHCeno OT napa

MeTpOB TpaH3HCTopoe, 11epeXOAHblX nenen H HHOI'Aa COCTaBnHno ile Menee 60 HCeK. B 
141 

npHB0A0llbl OCHOBllbie xapaKTepHCTHKH CX0Mbl (cM. la). 

p aspemal()mee Bp0MH MO>KHO H3M0llHTb B npeAenax OT' :! AO 6 llCeK. nnaTO no H811pH
/ 

.>K0FIH!O naTallHH 4>.3.Y. 200-300 BOnhT.' MaKCHManbHaH aarpy3Ka IIPH CKBa>KllOCTH yCKOPH-
5. ' 

TenH p =15 ne 6onee 2•10 1 /ceK. 

. Ha pHc. 4 (a) IIOKaaano BnHHHHe TeMnepaTypbI II;, paspemaromee Bp0Mllo Ile 50°C 

paspemaroruee epeMH ile MenHeTcH. Ha pac. 4 (6) npHBeAena aaBHCHMOCTb paspemaromero 

BpeMellH OT nanpH>KeHHH nHTallHH. QqeBHAIIO, qTo Anll CX0Mbl 'neo6xoAHM HCToqHHK,C xopo

meii CTa6nnH3aUHeH. nng HMIIY~COB, 6nH3KHX no ~MnnHTyAe K nopory cpa6aTb!BallHH q>op

MHpoaaTenei!, nMeeTCH aaBHC~MOCTb paapemaiqmero BpeMena oT aMnnHTYAhI (cM. p~c. 5). 
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3To BnHgeT Ha KpyTH3HY'CllaAa KpHBOH 3aAep)KBHHbIX coenaA0HHH, H llpH pa6oTe c' HMnynh-

CaMH, HM0!0IllHMH a6nH3Hnoporoeble 8MIIIlHTYAbl M0)1{0T Ha6nJOAaTbCH Hea<l><!>eKTHBHOCTb 

COBllaAeHHil. Ha pHC. 6 IIOKa3aHo BHAOH3M0H0HH0 KpHBb!X 3aAep>KaHHb!X ABOilHbIX CO,BllaAe-. 

HHil CX0Mbl IIPH H3M0H0HHH pa6oqero TOKa qepea TYHHenbHb!H AHOA sneMeHTa OT6opa COB

llaA0HHil. ,TOK KOHTpOnHpOBanCH 110 HanpH>K0HHIO B TOqKe A
0 

3a 110pHOA C 1963 I'OAa 6blno H3I'OTOeneHO OKono nHTHA0CHTH TaKHX CXeM. qaCTb 

H3 HHX HCIIOilb30aanacb B an11apaType, Ha KOTopoil Y*e eh1nonHeHbI q>H3Hqecxae sxcnepH
/5-9 / 

MeHTbI 1 HallpHMep, 

· fflV • 
B pa60Tax • OAHa H3, CXeM HCIIOnb30BanaCb AnH OT6opa COBn8A0HHH C AByx APY-

I'HX CXeM. Kpneag 3aAep>KaHHblX coenaAeHHH HMena TaKolt >Ke BHA, KaK H npH JJ860Te OT 

CUHHTHnnHIIHOHHblX CqQTqHKOB. 

Heo6xOAHMO OTM0THTb oco6eHHOCTb, KOTopaH HM00T M0CTO npH pa6oTe CX0Mbl aHTH

coenaA0HHH. nng 6onhmel! Hane*HOCTH aanpemaromnl! 1IM11ynbc Aon>KeH 6bITb mHpe II qya-
, ( ' 

CTBHT0nbHOCTb KaHana '60nhme. 0AHaKO pacmHp0HH0 HMIIYilbCa IIPHBOAIIT K yaenHqellH!O 

'MepTeoro· BpeMellH KaHana. nosTOMY IIPH sarpy3Kax, 6nH3KHX K 11peAenbHO ,AOnycTHMbIM, 

/7/ s<l><!>eKTHBHOCTb CX0Mbl aHTHCOBllaAeHHH 6yAeT M0llbme 100%. B pa6oTe OHa COCTaBnHna 

5 ' 90%. TTpn 3TOM aarpy3KH no Ka>KAOMY H3 KaHanoe 6bl~H 10 1/ceK npH CKBa)KHOCTH 15; 

HH3Kag 3q>q>eKTHBHOCTb CX0Mbl aHTHCOBllaAeHHH 011peAenHeTCH ne TOnbKO "MepTBbIM" ape

MeHeM, HO H HeAOCTaToqHo TOqHoll HaCTpOHKOl! sneMeHTa' OT60pa aHTHCOBllaAellHH. 

YnyqmeHHe xapaKTepHCTHK 

8 pSIAe cnyqae aM11nHTYAbl HMnynhCOB Ha Bb!XOAe qepeHKOBCKHX H CIIHHTHnnHUHOHHb!X 

cqeTqHKOB He 11peBbtma10T 1 B H qyeCTBHTenbHOCTb OIIHCaHHOii CX0Mbl CTallOBHTCH H0AO

CTaTo:iHoll. Ha PHC. 7 a H306pa>KeHa CXeMa BHAOH3M0ll0llHOI'O q>OpMHpoeaTenH Kanana coe11a- ' 

Aennl!. Ha ero BXOAe HCnonbayeTCH 6bICTpbiil ,n-p-n Tpall3HCTop, BKnJOqeHHblH 110 CXeMe 

C o6mel! 6aaoll. TTopor cpa6aTb!BaHHH TaKOI'O q>OpMHpOBaTenH MO>K0T 6b1Tb MeHbme o, 1- B. 

Ha pHc. 76 noKasan ynyqme1111h1il eapHaHT q,opMHpoaaTem KaHana aiiTncoe11aA eanil. 

IlnH yMellhmenHH "MepTBoro" apeMeHH Kanana onymeH q>opMHpoaaTenh AnHTenbHOCT~, 

n0Ao6110 TOMY, KaK sTo cAenanH B na6opaTopHH HAepHbIX npo6neM IO.K. AKIIMOB II c.r. Ba

C1Ina.t1ae. IlnHT0nbHOCTb HMeynhca C q>OTOYMIIO>KHTenH 06b1qao AOCTaTOqHa, qT~6bI HMeTb 

a<l><!>eKTHBHble CX0Mbl anTHCOBllaA0HHH. Ha TynHenbHb!H AHOA, pa60Tai011l1IH B KaqecTae sne-. 

MeHTa OT6opa aHTIICOBllaAeH11ii, Heo6xo.t1HMO IIOAaBaTb TO~OBblii aanpema!OllllIH CHI'Han AO- ' 

CTaToqHoH aM11nHTYAbl. B cnyqae q>OpMHpoaaTenH (cM. pac. 1) 3TOT CHI'Han CHHMaeTCH 

5 



c: TyHH91ll,HOro JlHOJla. Ho TaK KaK TyHH911hHblil JlHOJl ~m1eTCSI reHepaTopoM HanpSIJKellllil: 

TO }lnsi nony'l_eHasi HaJle>KHoi"o 3anpemeHasi Tpe15yeTcsi To'I_Hblli · noJl15op nopora TYHHeni.Horo 

~H(:>Jl8 B sneMeHTe ~15opa. 

B aapHaHTe {cM. pHC. 715) Ha BblXOJl9 <pOpMHPOB8TenSI HCnonb:3yeTCSI Tp8H3HCTOP 

P-::n~p. Tana, BKni0'19HHblil no cxeMe. C ol5mHM .3MHTT9pOM, 8 3TOM cnyqae Mb! HM99M reHe-

pa'rop TOK8 H nonyqaeM. H8Jl9>KHblli OT6op aHTHCOBnaJl9HHil. Ha ny'IK9 1T - M930HOB npn 
. _,,,, • , I . • I 

C'l9T9 TpOllHbIX coana}le1mil 170 000 1 / CeK npOC'leT npn BK_ni0'19HHOil cxeMe aHTHCOBna}le-

HHil c'ocTaBnM 10-20· 1/ceK, T.e. s<p<peKTHBHOCTb CX9Mbl aHTHCoima}l9HHil 15bma 99,99%. 

A e?nH ·yq~cT~; '!TO 3Ha'IHT911hHoe 'lncno npoc'!eToB casiaaHo co cny'lailHbIMH coanaJleHnsiMn, 

TO MO>KHO yTaep>KJl8Tb, '!TO s<p<peKTHBH0CTb 15bma eme nyqme. 

nnsi yny'llll9HHSI napaMeTpOB BbIXO/lHblX HMnynbCOB npe>KHiiil ycnnHT9nb 38M9HSl9TCSI 

Jl~yrHM, noc;rpoeHHbIM. Ha 2-x TpaH3HCTopax H OXB8'19HHblM OTPHU8T911hHOll o15paTHOil CBSl3b!O, 

CTpn sTOM' nonyqaeTCSI aMnnHTYJla BbIXOJlHoro HMnynbca oKono 6 a, a apeMsi HapacTaHHSI n cna

na - OKono·5 HCSK. nnnTenbHOCTb HMnynb~a onpe}lensieTCSI napaMeTp8MH 0JlH~BHl5paTOpa -
I' ~ •. I ' 

sneMeHTa OTl5opa 8HTHCO.Bn8Jl9HHil, 

OCHOBHbl9 xapKT9pHCTHKH CX9Mbl coana}leHnil 3TOro aapnaHTa npHB9Jl9Hbl B 
141 

(cM, 
\ 

cxeM)' 115), 

CneJlyeT OTMeTHTb, '!TO <;>nncaHHasi cxeMa coanaJleHnil MO>KeT l5bITb nerKo nepeJlenaHa 

B. CX9MY nponyC~8HH!!{'BOpOT8'), nnsi STOrO nepeJl sneMeHTOM OTl5opa B COOTB9TCTBY!Olll9M 

K8Hane CT8BHT~SI OJlHOiml5paTop Ha TYHH9nbHOM JlHOJl9 C KOpOTK038MKHyTblM Kal5eneM, 3TO 

noaaonsieT <popMHpOB8Tb HI;mynbCbl C nnoCKOil BepmHHOil, C <ppOHT8MH OKOno 1 HC9K H JlnHT911h-

·.HOCT;_ro, onpeJleiisieMoil }lmrnoil Ka15ensi. MepTaoe apeMSI "aopoT' onpeJlensieTcsi TaK>Ke 

ll;IHHoil <popMHpyromero Ka15ensi. 

B pal5oTe
171 

ncnOnb30B8nHCb JlB9 CX9Mbl nponycKaHHSI C lllHpHHOil "'aopOT' B 20 H 

150 HC9K, BpeMsi-aMnnHTYJlHblil KOHB9pTop, 'KOTOpb!il 3anycKancsi HMnym,caMH, nocne 9THX 

'aopoT•.· HMen pa3p911l9HH9 1 HCeK ·Ha ny'IK9 /l -M930H,OB, 

,_B bl _B_O Jl bl 

1. OAHOBHl5paTOpbl Ha TyHHenbHblX /lHO/l8X SIBHSl!OTCSI yHHBepcanbHblMH sneMeHTaMH, 

C noMOlllb~ KOTOpb!X MO>KHO CTpOHTb pa3HOOl5pa3Hbl9 nor-H'19CKH9 CX8Mbl Slll9PHOil sneKTpO

HHKH HaHoceKyHJlHor-o AHanaaoHa, CTpn MaccoBOM H3r"oTosneHHH cxeM Heol5xoAHMO npHMe

HSITb ne'!aTHblil MOHT8JK, HO npH STOM cneAyeT Tlll8T9llbHO no llOilTH· K KOHCTPYHPOB8HH!O 

<pyHKUHOH8llbHblX yanoB H oco15oe BHHM8HH9 yJlenHTb H8Jl92KHOll '3eMne' Ha nepeJlH9~ naHenn 

n o;rJlenbHbIX yanax. 

6 

ii 
'I 

, , 

.{ 
I I 

!(l, 

.·i, 

l 
'~ -~1-

·l 
,;) 

:1 

!,; 
11 

l 
J 
' I 
Ii 
1.i 

·/ 
\ 

\· 

\ 

'./ 

- J, 

2 •. C -nOl',!'.Olllbro' 0JlHOBHl5paTopoB Ha TYHH811hHblX JlHOJlaX, ncnom,3yeMbIX B K8'19CTBe . • 
, ,,_ \ . 

¢,opMHpo;aTeneli n sneMeHTOB OTl5opa, CTpO_SITCSI cxeMbI coanaJleHnA c' pa3pem_aromnM._Bpe-· 

MeHeM 2-6 HCeK, nnsi nony11:eHnS1 15om,mero paapema,romero apeMeHn· _n }lnsi 'aopOT' B 

cxeMaX C ncnom,3OB8HH9M TYHH911hHblX JlHOJlOB He~l5XOJlHMO npHM9HSITb <popMHpoaaTenn 
. ' /4/ . . . 

C Kal5eneM: Tp8H3_HCTOPHbl8. {cM, ex. 5) Hr.n Ha TyHH91IbHblX JlHOJla~. 803MO>KHO 15onee 

WHpOKH9 at.iny11hCbl <pOpMHpOB8Tb H H8 OJlllOBHl5paTOpaX, HO TOr}la· H9nb3SI HCnOnb30Ba'.rb 

sneMeHTbl OTl5opa C CYMM!f POB8HH9M HanpSl>K8HHA HnH TOKOB, TaK' KaK H~nym,c npH STOM 

HM99T 15om,woA cna}l B9pWHHbl, 

3, CxeMbI c Hcnonb3OBaHneM OJlH01rn6paTopoa Ha TyHH911hHbIX JlHOJlaX KpHTH'IHbl K 

HanpSl>K9HH!O n~TaHHSI, nosTOMY B ocol5o OTB8TCTB9HHblX cny11:asix, Heol5XO/lHMO BBO/lHTl> 

KOHTpom, C noMOWb!O CTpeno'IHb!X npH15opoB 38 pal5o'!eil TO'l:KOil TyHH911hHOro JlHOll8, 

4, ·npHM9HSl<!!Mbl9 B OnHC8HHblX 'cxeMaX OllHOBH15paTopbl Ha TYHH911hHbIX JlHO/lBX o15na._ 

ll8!0T OTHOCHTSnbHO 15onbWHM 'MepTBbIM' apeMeHeM, H 'ITOl5bl He yaenH'IHB8Tb ~ro 38 

C'l9T nepeXOllH~IX ueneil, >KenaTe11hHO HCnOnb30B8Tb ram,aaHH'l9CKH9 CBS13H, YMeHbW9H~e 

'MepTBOro' Bp9M9HH llPYr"HMH nyTSIMH: cneuHanbHblM OTl5opOM TYHHenbHblX JlHO/lOB, npn

·.M9H9Hll9M B Ka'!eCTBe Har-py3o'!Hor-o conpoTnsneHHSI 15bICTpbIX HMnym,CHbIX JlHO/lOB npH 

M8CCOBOM H3r"OTOBneHHH cxeM B H8CTOS!lll99 BpeMSI 38Tpy/lHHT9llbHO. 

5, CxeMa <pOpMHp0B8T9llSI Ha llHOllHOM ?r-paHH'IHTene H OllHOBH15paTOJ?8 (pnc, 1) He 

seer/la YllOBneTBOpS!eT CBoeil 'IYBCTBHT9nbHOCTb!O ( ~ 1 B), TpaH3HCTOpHO-TYHH911hHO~llHOll~ 

Hbl9 <pOpMHPOB8T9llH ny'lwe H no 'IYBCTBHT9llbHOCTH H no cor-nacosaHH!O C BXO/lHblM Ka15eneM, 

He>KenaTenbHblM SIB11Sl9TCSI /\HOil n3 nocne O/lHOBHl5paTopa, Paal5poc BOnbT8MnepHoll xap~K-:

TepHCTHKH llHOllOB B TyHHenbHbIX AH Oil OB np!fBO/lHT K · paa15pocy aMnnHTYll cur-Hanoa OT 
' I 

pa3HblX <popMHpoaaTeneA. 3To YM9HbW88T aenH'IHHY 'nnaTo' CX9Mbl coanaASHHll no Hanpsi-

>K9HH!O nHT8HHSI <pOTOYMHO>KHTeneil, orpaHH'IHB89T Kp8THOCTb cosnaAeHHll H MO>KeT npnseCTH 

K noTepe 3<p<p9KTHBHOCTH, ecnH He npoH3B0/lHTb cneunanbHOil noAl50pKH sneMeHTOB nnn 

noACTpoilKH aMnnHTY/lbl K8>K/l0r"O KaHana. BMeCTO HMnym,CHblX llHOllOB • ny11:me HCn011h30-

B8Tb ,o15pameHHbl9 llHO/lbl,. al5con!OTHblll pa315poc HanpSl>K9HHil Ha TyHHSnbHOii' B9TBH y K<;>Topb!X 

M9Hbllle, 'ISM y HMnynbCHbIX Ha /lH<p<py3HOHHOil, 

B 3aKnJO'l9HHe aaTop 15naroJlapnT A,$,nyHailueaa aa ol5cy>Kll9HHSI npn paapa15oTKe , 

cxeM, 10. K, AKHMOBa H A. H, CHHaeaa 3a coaeTbI n aaMe'laHHSI no COJlep>KaHH!O cTaTbH, 
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