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lJ.HtPPOBbie 3HaKII B cy~eCTBYIOIUHX UHtPPOBbiX JiaMnax 

IIOJiy'-laiOTC.R HJIH C IIOMO~biO Ha6opa UHlPP OT 0 AO 9, HJIH 

nyTeM noACBeTKH cerMeHTOB lo6bi'-IHO B KOJIH'-IeCTBe 7 I B 

onpeAeJieHHbiX AJI.R UHtPP 0-9 KOM6HHaUHHX o IlOACBeTKa 

HY)f(HbiX UHtPP HJIH cerMeHTOB AJIH HX IIOJiy'-leHHH OCy~eCTBJIH
eTC.R C IIOMP~biO AeUIHdJpaTOpOB, BbiiiOJIIUIIO~HX anropHTM 

npeo6pa30BaiiHH ABOH'-IHO- AeCHTH'-IHOrO KOAa B AeCHTH'-Ilfhiii. 

JlorHKa CXeM, BbiiiOJIHHIO~IfX aJirOpHTM npeo6pa30Ba.HUH, 

IIOJiy'-laeTCH pac'-leTHbiM nyTeM MeTOAaMH MaTeMaTH'-IeCKOH 

norHKH I anre6pbi norHKHI 0 

Ilpe)f(Ae '-leM IlpHCTYIIHTb K npaKTH'-IeCKOMY MeTOAY 

pac'-leTa CXeM AeUIHdJpaTOpOB, paCCMOTpHM OAHY H3 Ba)f(HbiX 

oco6enuocTeu pa6oTbi norH'-IecKoro 3JieMeHTa 11 u cdJopMy

JIHpyeM ABa OllpeAeJieHH.R, AaiO~He AOIIOJIHIITeJibHbie ycJIOBIIH 

AJI.R MHHHMII3aUHII Bbipa)f(eHHH anre6pbl JIOrHKHo 

06bi'-IHO CXeMa JIOrH'-IeCKOrO 3JieMeHTa 11 IlpHBOAHTCH 

B BHAe napaJIJieJibHOrO HJIH IIOCJieAOBaTeJibHOro COeAHHeHH.R 

HeJIHHeHHbiX 3JieMeHTOB IKJIIO'-Ieiil C Harpy3KOH, IIOACOeAH

HeHHOH K HCTO'-IHHKY IIHTaHH.R lpHCo 1 k H d 10 
0AHaKo npu nocTpoeHHH ex eM AeniHdJpaTopoo npHMeHH

IOTC.R CXeMbl 11, B KOTOpbiX JII060H H3 BXOAHbiX apryMeHTOB 

IKJJJO'-IeHI MO)f(eT BbiiiOJIH.RTb pOJib aff.:rMeHTa H Harpy30tl

HOrO COIIpOTHBJieHH.R OAHOBpeMeHHO ' / H He JaBHCHMO OT 

ee KpaTHOCTH IPHCo 2 k 11 d I 0 

IlpoauaJIU3Hpooao pa6oTy cxeM pHco 1 11 2, ueTPYAHO 

y6eAHTbC.R B TOM, '-ITO Ta6JIHUa HCTHHHOCTH II JIOrHKa pa60Tbl 

HX OAHHaKOBhi. BhmonuenHe 3JieMeHTOB 11 no cxeMe pHco 2 
II03BOJI.ReT CB060AHO ocymeCTBJIHTb CXeMhl AeUIHdJpaTOpOB 

IIO JIOrH'-IeCKHM Bhipa)f(eHH.RM, IIOJiy'-leHIIhiM AJIJI HX peaJIHJa

UHllo 
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Puc. 1. 06bi~Hble 6apuaHITibl cxeM H. k - c napaAAeAbHbiM 
KA10~aMU /3A€M€HIIIaMu/; a - C nocAe006allleAbHbiMU KA10~a
MU. 

R=a·o R=a·5·c 

~ )-( d 
Puc. 2. Jiozu~ecKue 3AeMeHITibl H, 6 KomopbiX oOuH U3 Aozu
~ecKux 6X0006 C06M€1J1€H C Hazpy30~HbiM conpOITIU6A€HU€M. 

B npaKTHqecKHX aapHaHTax aaToMaTOB qacTo BCTpeqa

IOTCH CJiyqaH, KOr Aa HeKOTOpble apryMeHTbl Ha orpaHHqeHHOM 

qHCJie CBOHX ll03HUHH H3MeHHIOT CBOe 3HaqeHHe Ha o6paT

HOe. ,lJ.JIH COCTaBJieHHH HCXOAHhiX JIOrHqecKHX Bbipa)l(eHHH 

no Ta6JIHUaM <iJyHKUHOHHpOBaHHH 3THX aBTOMaTOB llOJie3HO 

npHMeHHTb ABa HH)I(eCJieAYJOII.\HX onpeAeJieHHH. 

OnpeAeJieHHe 1. 
HenoBTOPHIOII.\HHCH apryMeHT lapryMeHTI>II HJIH ero oT

PHUaHue IHJIH HX OTpHUaHHHI OAHOrO qJieHa Bblpa)l(eHHH 

4 

anre6pbi'JIOrHKH 3KBHBaJieHTeH I3KBHBaJieHTHbii BCeMy qne

Hy. 

T .e., ecJIH qneH Bblpa)l(eHHH anre6pbl norHKH noHBJIHeTCH 

C HOBbiM, HellOBTOpHIOII.\HMCH AaJiee apryMeHTOM HJIH ero 

OTPHUaHHeM, TO AaHHbiH apryMeHT IHJIH ero OTPHUaHHel 

HBJIHeTCH xapaKTepHbiM AJIH BCero Bbipa)l(eHHH, qTo H onpaa

AbiBaeT onpeAeJieHHe 1. 
0 n peA en e H He 2. 
ApryMeHT AH3'hiOHKTHBHoro IKOH'hiOHKTHBHorol Bblpa)l(e

IIHH, llOBTOpHIOII.\HHCH B llOCJieAOBaTeJihHOCTH KOH'hlOHKTHBHbiX 

I M3'hiOHKTHBHI>Ixl qneHoB, MO)I(HO onycTHTh B Tex ee qneHax, 

coqeTaHHH OCTaJibHbiX apryMeHTOB KOTOpbiX He AY6JIHpyiOTCH. 

TeKCT onpeAeJieHHH 2 B CBOeH OCHOBe o6ecneqHaaeT 

COXpaHHOCTb OTJIHqHTeJihHbiX llpH3HaKOB Ka)I(AOrO qJieHa JIO

rHqecKOrO Bblpa)l(eHHH. 3THM H onpaBAbiBaeTCH ero cnpa

BeAJIHBOCTb. 

llpH B03MO)I(HOCTH OAHOBpeMeHHOrO npHMeHeHHH 3THX 

onpeAeJieHHH CJieAyeT yqHTbiBaTb BCe Bblpa)l(eHHe B HCXOAHOM 

BHAe AJIH TOrO, qTo6bl He AOllYCTHTb llOBTOpHoro HX llpH

MeHeHHH B COKpall.\eHHOM Bblpa)l(eHHH. IJ.enecoo6pa3HOCTb 

3TOrO 3aMeqaHHH 6yAeT llOKa3aHa Ha OAHOM H3 npHMepoB 

HH)I(e. 

PaccMoTpHM npHMepbl pacqeTa H BhinOJIHeHHH AeiiiH<iJpa

Topoa C npHMeHeHHeM BbiiiieH3JIO)I(eHHOrO. 

llpeABapHTeJibHO npHBeAeM pacqeT AeiiiH<iJpaTopa AJIH 

ceMH3HaqHOH UH<iJpOBOH JiaMllbl H3 pa6oTbl /I/. 
,lJ.OllOJIHHTeJibHbiM YCJIOBHeM MHHHMH3aUHH B :HOB pa60Te 

HCllOJib30BaHO TO 06CTOHTeJibCTBO, qTo B CHCTeMe 1-2-4-8 
pa60Tbl AeKaAbl, pa3pi!Abl 2-8 H 4-8 He MOryT OAHOBpeMeHHO 

HaXOAHTbCH B COCTOHHHH eAHHHUbl. 3TO 06CTOHTeJibCTBO 

3allHCbiBaeTCH B BHAe - - -
X(Y+Z)=O, (D 

lecJIH pa3pi!Abl AeKaAbl, HaqHHaH cnpaaa, COOTBeTCTBeHHO 

o6o3HaqHTh qepe3 X, Y ,z H t I. 
113 111 nonyqaeM:. 

XY=O H X-Z=O. 121 

llepeXOA K COllpH)I(eHHbiM 3HaqeHHHM AaeT: 

X + Y = 1 /31 
X+ Z = 1 
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YMHO)I(eHue :nux paBeHCTB cooTBeTCTBeHHO Ha X , Y u 

X, ZAaeT Bbipa)l(eHUH, Heo6xoAUMbie An» 'AOnonHuTenbHOH 

MUHUMU3a11UU 
- --

XY=X XZ =X 

/4/ -- -
YX =· Y U XZ =Z. 

B cooTBeTCTBUU c o6o3Ha'IeHUHMU 3neMeHTOB cerMeHT-

HOH uudJpoBOH naMnbi no puc. 3 u Ta6n. 1 dJyHKIIHOHHpo-

R 
/ " , !'I 

F B 
K )( ' IC 

"' 
E c 

. 
' ' ./ 

.a 
Puc. 3. CxeMa o6o3Ha'leHUJI 3/leMeHm06 cezMeHmHOUI.IW/Jpo6oi1 
/laMnbl. 

BaHUH AeKaAbi C 3TOH naMllOH, aBTOpOM pa60Tbl l/ COCTaB

neHbl Bblpa:>KeHHH anre6pbi noruKu, npoBeAeHbi c yqeTOM 

Bbipa:>KeHuil 4 u dJopMyn anre6pbi noruKu npeo6pa3oBaHuH u 
nony'IeHbl OKOHqaTenbHbie pe3yllbTaTbl AllH BbiXOAHbiX dJyHK

IIUHA, B ,C ,A,EuK B BHAe: 
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N2N2 X 
nn 

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

·A = XYZt + Y Z t , 

B =YZt + YZt, 

C =YZt, 

D =XYZt+ YZt + YZf 

y 

1 
1 
1 
1 
0 
0 
0 
0 
1 
1 

E=YZt+t 

F = XYZt-+YZ+YZt 

K =XYZ + YZf . 

Ta6/lUlla 1 

z t A B c 

1 1 
1 0 1 
0 1 1 
0 0 
1 1 1 
1 0 1 
0 1 1 
0 0 
1 1 
1 0 

/5/ 

,LI, E r K 

1 
1 1 1 

1 
1 

1 

1 1 1 

1 

Ta6nuua dJyHKIIUOHUpoBaHu» AeKaAbi cocTaBneHa B pacqe
Te Ha noracaHHe COOTBeTOTBYIOIIIUX IIUdJpaM cerMeHTOB IIH$

pOBOH naMnbi. 
Tenepb npoBeAeM pacqeT 3Toro AernudJpaTopa B cooT

BeTCTBuu c onpeAeneHueM 2. 3anurneM Bblpa)l(eHu» AllH Bbi-

XOAHbiX dJyHKIIUH A, B, c, )l,, E, r H K c ero y'IeTOM. H3 
ma6/l. 1 BUAHO, 'ITO Ha 8 n03UIIUHX OCTaeTCH HeH3MeHHbiM 

apryMeHT X . OcTanbHbie coqeTaHUH apryMeHTOB 6e3 ero 

yqeTa COBllaAaiOT COOTBeTCTBeHHO Ha CTpOKaX 0, 1 H 8, 9. 
B COOTBeTCTBUU C onpeAeneHUeM 2 AllH Bblpa)l(eHHH, C)CTaB

neHHbiX no apryMeHTaM, B 3TUX CTpOKaX cneAyeT coxpaHUTb 
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3Ha'leHHe X , a B Bblpa)KeHHBX no ,IJ;aHHbiM OCTaJILHbiX cTpoK -

ero JHa'leHHe orrycTHTL, T.e. JaMeHHTL X Ha 1. 
B pe3yJILTaTe nony'IHM: 

A =XYZt + YZt, 

B =YZt + YZ t, 

-
C =YZt, 

D =XYZt+ YZt + YZt' 

E= XYZt+YZt +YZt +YZt + YZt+XYZt, 

F=XYZt+ YZt+YZt+YZt, 

K = XYZt + XYZt + YZt. 

llpoBe,IJ;eM IIOCJie,IJ;OBaTeJibHO ,IJ;aJILHeHWYID MHHHMH3a~HID 

BLipa)KeHHH no npaBHJiaM anre6pb1 norHKH 

8 

A =XYZ t + YZt - MHHHMH3a~HH He rro,IJ;,IJ;aeTCB 

B=YZt+YZt 

C=YZt 
D= XYZt+YZt + YZt 

E =XYZt+YZt+YZt +YZt+YZt +XYZt= 

=YZt(X + X)+YZt + YZt+ YZt+ YZt-= 

= YZt + t(YZ+YZ + YZ + YZ) = 

=YZt + t[Y(Z+Z)+ Y(Z+Z)]=YZt+t(Z+Z)(Y+Y)= 

= YZt + t. 

F=XYZt+YZt +YZt + YZt= 

=XYZt+ YZ(t+t) + YZt= 

= XYZt- + YZ + YZ t. 

1 

l 

I 
\ 

K,;,XYZt+XYZt +YZt+ 

= XYZ(t +t) + YZt= 

=XYZ+YZt. 

CpaBHeHHeM rrony'leHHLix 3Ha'leHHH BLIXO,IJ;HbiX liJYHK~HH 

C HX 3Ha'leHHBMH B Bbipa)KeHHBX 5 HeTpy,D;HO y6e,IJ;HTbCB, 

'ITO OHH COBIIa,IJ;aiDT. 3TO ,ll;OIIOJIHHTeJILHO IIO,ll;TBep)K,IJ;aeT 

rrpaBHJibHOCTb orrpe,IJ;eJieHHB 2. 
Y'IHTLIBaB B03MO)KHOCTH nocTpoeHHB cxeM H H no cxeMe 

pHC. 2, JierKO 06'bBCHHTb peaJIH3a~HIO ITO JIOrH'IeCKHM Bblpa

)KeHHBM 5 ,IJ;eWHIIJpaTopa ,IJ;JIB CeMH3Ha'IHOH ~HiiJpOBOH JiaMnbi 

no cxeMe pHc. 4. 
llpHMep pac'leTa ,IJ;eWHIIJpaTOpa ,IJ;JIB ,IJ;eCBTH3Ha'IHOH ~HiiJ

pOBOH JiaMIIbl, pa6oTaiD~eH OT ,IJ;eKa,IJ; ~HiiJpoBoro BOJibTMeTpa 

THna V529 /llOJibilla/, BbiiiOJIHeHHbiX no CHCTeMe 1-2-2*-4. 
<l>yHK~HH nepeKJIID'IeHHB ,IJ;eKa,IJ;bl no :HOH CHCTeMe npHBe,IJ;eHbl 

B ma611. 2. 

Ta6AUl#a 2 

N2N!! 0 1 2 3 4 5 6 7 8 9 
nrr 

X 0 1 0 1 0 1 0 1 0 1 
y 0 0 0 0 0 0 0 0 1 1 
z 0 0 1 1 0 0 1 1 1 1 
K 0 0 0 0 1 1 1 1 1 1 

IIpe,D;aapHTeJILHO cocTaBHM o6~ee Bblpa)KeHHe ,IJ;JIB acex 

BbiXO,ll;HbiX liJyHK~HH 0-'-9 B BH,IJ;e CYMMbl, 06'be,IJ;HHBeMOH 

caMOH ~HiiJpoBOH JiaMnoH: 

f(0-;-9) = XYZK + XYZK + XYZK + XYZK + 
-- -- -

+ XYZK + XYZK + XYZK +XYZK + /6/ -
+XYZK+XYZK. 

CrpyrrnHpyeM rronapHo 'IJieHbl nony'leHHoro Bblp~eHHB B 

BH,IJ;e 
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Puc. 4. CxeMa oewuifjpamopa ceMU3Ha•moii ijU¢jpoeoii .IZQMnbl 
o.a.R oeKao cucmeMbl 1-2-4-8. 
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I 

I 
t 

t 

f(O.;. 9) = YZK (X t·X )+ YZK(X+ X)+ y ZK ( X+X) + 
~ - -

+ YZK(X +X) +YZK(X+X) 

H BbiHecH 3a cKo6KH )J.By'lneH X+X , nony'IHM: 

f(079)=(X+X)(YZK +YZK+YZK + YZK +YZK). /7/ 

llpHMeHHB K Bblpa)l(eHHIO B npaBOH CK06Ke onpe)J,eneHHe 

2, nony'IHM: 

- - -
f (0 7 9) c (X t X ) ( Z K + Z K t Z K + Y Z K "" Y Z K) . 

-
.I.J.anee, Y'IHTbiBaH, 'ITO B qneHe YZK apryMeHT Y npu-

Ha)J,ne)l(an K )J.pyrHM 'llleHaM, llpHMeHHM K 3TOMY )l(e Bbipa

)l(eHHIO onpe)J,eneHHe l H OKOH'Ia TenbHO nony'IHM Bbipa)l(eHHe 

)J.TIH paccMOTpHBaeMoro )J.eum¢paTopa B BH)J.e: 

- - - - - -
f {07 9) = (X I X ) ( z K + z K + z K t y z K + y ) . /8/ 

)1.anbHeHWaH MHHHMH3aiiHH 3TOrO Bbipa)l(eHHH HeB03MO)I(

Ha: BO- nepBblX, llOTOMY, 'ITO B CXe.MaX )J,eWHtiJpa TOpOB Hellb3H 

)J,OnycKaTb B3aHMHOrO COKpaJ..IIeHHH BbiXO)J,HblX ero tPYHKIIHH 

/ )J.Ofl)I(Hbi 6biTb coxpaHeHbi Bee 10 BbiXO)J.HbiX ¢YHKIIHH Bbi

pa)l(eHHH /8/ /; BO- BTOpbJX, - H3- 3a He)J,OllYCTHMOCTH llOB

TOpHOro npHMeHeHHH onpe)J.eneHHH 1 H 2. B qacTHOCTH, 

npH noBTOpHOM npHMeHeHHH onpe,lJ,eneHHH 1 tPYHKIJ.HIO Y Z K 
MO)I(HO 3aMeHHTb Ha Y , a :no He)J,OllYCTHMO, T .K. y _Tenepb 

y)l(e B HeHBHOM BH)J,e npHHa)J,ne)I(HT qneHaM ZK, ZK H ZK. 
llpH o6paTHOM llOpH)J,Ke llpHMeHeHHH onpe)J,eneHHH, HaO-

6opoT, He06XO)J,HMO yqHTbiBaTb, T.{TO 'lneHy y llpHHa)J,ne)l(aflO 

coqeTaHHe Z K. 

Bbipa)l(eHHe /8/ B llpHBe)J,eHHOM Bblllle BH)J,e OllHCbiBaeT 

cxeMy )J,ByxcTyneH'IaToro )J,ewu¢paTopa )J,eKa)J.bl, Bbmon-

HeHHOH llO CHCTeMe 1-2-2-4. 

llepBOH CTyneHbiO )J,ernHtiJpa Topa JIBllJie TCJI )J,eWHtiJpa TOp 

Ha 2, onHCbiBaeMbiH Bbipa)l(eHHeM X +X , a BTopoii cTyneHbiO

)J,eWH$paTOp Ha 5, OllHCblBaeMblH Bblpa)l(eHHeM 

ZK+ ZK + ZK+YZK+Y. /9/ 

11 



fipaKTH'IeCKH WHpOKO HCnOJih3yeMhiH BapHaHT CXeMHOrO 

BhlllOJIHeHHJI CBJ13H ,IJ,ernul}>paTopa Ha 2 C O,IJ,HOH H3 n03HIJ,UH 

,IJ,eWHI}>paTopa Ha 5 npuae,IJ,eH Ha puc. 5. 

oouH u3 Obtxoao& 
~--o 

oewucppamopa 
HQ 5 

Puc. 5. CxeMa coeouHeHUR oewu¢pamopa Ha 2 c OOHOU U3 
no3Uf4UU oewu¢pamopa Ha 5. 

B :no:H cxeMe npu nono:>KuTeJihHOM noTeHIJ,Hane BhiXO,IJ,a 

,IJ,eWHI}>paTopa Ha 5 OTKPhiT TpaH3UCTop Tl, ecnu X uMeeT 

HU3Koe 3Ha'leHHe, a X - BhiCOKoe, u TpaH3UCTOP T2, ecnu, 

Hao6opoT, X HMeeT BhiCoKoe 3Ha'leHue H X- HU3Koe. B ,IJ,aHHOH 

CXeMe CBJI3U nepeXO,IJ,hl 3MUTTep-6a3a TpaH3UCTOpOB COB

MeCTHO c BhiXO.IJ.aMu HHBepTopoa HE no BXO.IJ.Y X abinonHHIOT 

pOJih ,IJ,BOHHhiX CXeM COBna,IJ,eHHH, peaJIU3YIOIIJ,HX CXeMy CBJI3U 

Me:>K.IJ.Y ,IJ,ewul}>paTopaMu. Harpy3KU UHBepTopoa HE B 3TOH 

CXeMe urpaiOT pOJih BXO,IJ,HhiX apryMeHTOB C conpOTUBJieHUJIMU 

U UCTO'IHUKaMU nuTaHUJI B COOTBeTCTBUU CO CXeMOH U no 

puc. la. 

fiOJIHaJI CXeMa ,IJ,ernul}>paTopa, BhlnOJIHeHHRJI B COOTBeTCT

BUU C Bhlpa:>KeHUeM /8/ U C yqeTOM CXeMhl U /puc. 2/, npu

Be,IJ,eHa Ha puc. 6. 
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BbiBO.IJ. 3MHTTepoa MO.IJ.YJIH M 1 3Toii cxeMbi no,IJ,BeweH Ha 

Be JIH'IHHY na,IJ,eHHH HanpJI)I(CHHJI Ha ,IJ,HO,IJ,e, C UCJibiO KOMnen

can;HH TaKoro )I(C na,IJ,enuH nanpH)I(CHHH na wynTHPYIOIUHX 

.IJ.HO,IJ,ax ,IJ,ewn<lJpaTopa na 5. 3To npe,IJ,OTBpail.(aeT OTnnpanne 

BblXO,!J,llbiX TpaH3HCTOpOB ,!J,CUlH<lJpaTopa no ero HCBbifipaHHblM 

BbiXO,IJ,aM. 

flpHBC,IJ,CHHbiB aapuanT CXCMbl ,IJ,CWH<iJpaTopa COCTaBJICH 

npUMCHHTCJibHO K ycTaHOBKaM, TpefiyiOI.l{HM napaJIJICJibHOrO 

nO,IJ,KJIIO'ICHHJI K O,!J,HOMY ,IJ,CUlH<lJpaTOpy HCCKOJibKHX UH<iJpOBbiX 

JiaMn C B03MO)I(ll0CTblO BbiHOCa ,IJ,CWH<iJpaTOpa Ha fiOJiblliHe 

paccTOHHHH oT ,IJ,eKa,IJ,bt
131

• B uenoM PH.IJ.e cnyqaea ,IJ,ewn<lJpa

Top nO,IJ,KJIIO'iaiOT Henocpe,IJ,CTBCHHO K BbiXO,IJ,aM TpHrrepOB 

,IJ,eKa,IJ,bi /eM. pa6oTyl2 / /. 

JlerKo noKa3aTb, 'ITO ,IJ,ewu<lJpaTop u.u<lJpoaoii naMnbi ,IJ,JIJI 

,IJ,eKa,IJ,bi, pa6oTarol.l{eu no cncTeMe 1-2-4-S(X-Y-Z-K), onn

CbiBaeTcH Bhlpa)I(CHHCM 

(X+X)(YZK tYZ +YZ +YZ +K). 
/10/ 

PaccMoTpeHHbiM BbiWe o6pa3oM MO)I(HO npoaecTn norn

qe CKIIU pacqe T ,!J,CUlll<lJpa TOpOB H ,IJ,JIH aBTOMa TOB ,!l,pyrux 

KOHCTPYKU.HU II CHCTCM. 
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27 no116pH 1975 ro,IJ,a. 

HeT RM rrpo6enos B HarneD 6M6nMoTeKe? 
Bhi MOJKeTe noJiy411Th no no4Te nepe411CJieHHhie HI1JKe KHI1rl1, 

ecJ111 OHI1 He 6biJII1 3aKa3aHbi paHee . 
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