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c pas'pewaiOlllRM apeMeHeM oKono I. HCeK,:· npeaHasHaqe'HHoll! .!ln!l on~ITOB 

~a~n!U; . nocKonhKY cxeMa ~on~H·a .6brn~. Rc~6nhsoaa;hc!l !ln11 ·_ np&ae.!l.;~R!I 

c;~aM ( ;aKllM, K~~ 
, Tpe6oaaimfi'; 4 To6bi 

• 3!tCnepRMeHTOB, .!ln!l~.l.lliXC!I Henpepb!BHO MHOrRe CO,THII''.qaco~, K ,ee 3KCnnyaT8UiiOHHbiM Kaqe-
• • • , .I 01 · .. ' --' 

, I 

H8.!l~)I{HOCTh, ~pOCTOTa:· B Hana.!lK_e) 6b!Jlli ,npe.!l'b!IBneHbl flOB~IllleH!Ible 
. I. ' . •. . • • • ' '.. ' ' ',_.. ~- ' 

y .!loaneTBOpRTh. ·aTRM · 1-pe6oaaHRSIM, npR KOHCTpyRpoaaHRH cxeMbi ObinH 

HCnonbsOB.8HbL ~n~MeHTbi, 'anpo6RpOB8HHble: 'MHOroneTHell ~KCimyaT8UiiOHHO.ll 'npaK_THKOll •. 
. / 

·On He aHH ,;·· ex eM hi 

Bbi.!l~~~!OwuM sneMeHTOM cxeMbl MHoroKp~THbiX 'c~ana.!leHHll H aHTHcoana.!lelmll 'sian!!-

' eTC!! MOCT; Ha BXO.!lbl KOTOporo nocTynaiOT, aHanusupyeMbie anekTpHqecKH,e '·.H~.W~~hCbi, ( pHC: I), 
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·:. _3a OCHOBy·c~eMbl B3SITa CXeMa JlBOJ!HbiX_. COBUaJleHH~, C paapemaiOIUHM ,B p~MeHeM: 10 HCeK ·., ,. 

OT KOTOpoli OUHC~IBaeMaS< cxeM;a. OTnHqaeTCH · MHOI'OKpaTHOCTbl0 0 • Manb!M paapemaiDIUHM Bpe:.. 

MeHeM n B03MO~H'oCTbiO perHCTpauHH nim·.nOMOIUH OJlHOr~. ~bi,OenSIIOIUero' aneMe~;a K·~K.' · •• 
- -. . . .. 

"''J' ;., 
.: CO;,n·aJleHHJ!, TaK U·aHTHCOilllBJleHHR HMnynbcOB, , 

~ . . ,.. . "" .. - . - ),_~· / . . :. \ - . ·. ' . 
~ •. PerHtTpHpyeMble .·HMnynbcoi.nocTynaiO~. na BXOJlhi. MOCTa 1,2, .' • .n.PeaynbTHpyiOIUHl! cn:r-

.Han. CHHM~~TCSI :Me)KJlY ~O'IKa~H. a H b .• Pac~MOTpHM cnyqaJ!, ~Ol'JlB HS '·ax:o,; .1' n~CTY~ 
naeT nMnynbC ~.anpS.)KeHHH' nono)Ki!Teli'!>~ol! nonHpHocTii. ~!lPH aToM a npaaol! aeTan M?dT~; 

,--:( R · · · v' · r ) · aoaHHKaeT ToK i , a a i:teaol! ·a'eTaH - i • ConpoTHaneH.HR aeTael! no~·o:... 
.· .. ,b.~ z 'z.· .. , . .'.-~ .... ·;·.. . z _ ···.··~ .'., 2 . -•.••. · ·. ·-,. ' 

·. 6paHbi·-TaK, 'ITO MOCT coanaHcHpoaaH: i R =· i R 11 , rJle R1 .0 r1+ r,r;·; ·rn - npSIMOe 
· . , , ·: ~ ... . . . •. · , _· , , .. , _ · 1 . . l ' -~ . ... I " , _, · Z l . . ·· . 

·conpoT~iine~He' .l:(HOJla v;·. R%-cyMMapHOe conpOTHB,nea~e napanne~bHbiX rieuoqeK H3 Jl.HOJlOB H con-

' pciTHBneH,Hl! B neBOM n'neqe ~OCT·a. ·a 3TOM cnyqae H·;.;nynbc ~a Bb!XO.Jle MO.CTS paaeH HyniO, EcnH 

nono~HT9f!bH~Il! H·~ninbc npHXOJl,;; Ha niO~Ol! Jl~yroA BXOJl (2,3 .~.n ), B ,TO'IKe a ~OaH~~aeT ae6onb-l 

mol! ~~~ynbC 0 np~xoil~IUHJ!, ~yJla ~~pe~ ~~~e~TbiA';~OJl: 3T~T HMnyn~ KoMrieHCHpyeTc~ H..;nynb-
, . :' • ' • ,.... -_ / ' ~ ~ • ' • • ' ' . . - c.' '' . . , •., . ... /. • 'i . . ) ... ': . '. 

coM Toll me aMnnHTY Jlhi, noJlalJaeMbiM ·a 'npoTiiaonono:Hi:ayro· TQ'IKY MOCTa b qepea cooTBeTCTByiO.;, 

·, IUH~ ,conpoTHB~eiiHH · r'·. · ••. TaK ·'ITO cHrHan, ·cHHMaeM.hil!,.'c: M~c,a,: ~Kme oKaabraaeT~H paa--· 
.... t- -~- ," .-~ .' .:. ,.· -~' ·~ I. . ' ,.•.' ,'_ '·' ~ '., •.• ;. ~ ~-~- .: • • • I . I 

'HbiM HyniO,' EcnH HMnynbCbi. nOCTynaiOT OJlliOBpeMeH!iQ Ha 2,3, .. '; n -1 BXOJl · MOCTa,. peaK-

; :~HH Moe;~ 'npa;/TH'IeCK~ He oTn~~aeTcSI OT, 'pac9M~TpeHHblX ibl~e cnyqaea.. . ,. 

npH OJlHOBpeMeHHOM npHXOJle nonomHTenbHblX H·i-.my~bCOB, Ha BCe .BXOJlbl MOCTa, 'Kpo-
1 I , r, • 't , ', ' ' ' • I 

Me BXoJia A ; '· oananc MOCT~: Hapyma eTcsi, .TaK. ~aK' qonpo·rifaneHHe neacil! . BeTB·H· pe~Ko' BOa.-; 

. pacTaeT aa cqe'r oOJi~mHxo6~aTHblx· conpoT~a'neHHl! Jl~OJlOB . D ·, D , •••. D' • BenH~~aa 
. '~ . . " ·:· ... _. ,_ ·' . ·'" ., .· .. ·' . . ' ·:·,.2 ~· ·.:$' ft' 

·. HMnynb<:a U B :TO'IKe a· oyJleT oon'bmel!, '19M B TOqKe b , AMnn!iTyJla peaynbTHpyiO-
.. • ,, ', , a, .. I . • ·., ~ " J :; ; -' ' .• < ·~ ; • • ' '. • 

lu91'0 HMny~bCS, .. U
4 
>-, U b aaBHCHT· OT, COOTHO'riH:JHHSI 'C~:mpOTHBneHHJ! nneq MOCTa, _'·iTOObl 

Bhtxo;~ol! -~M~yn~: 6~;n 6onbme, aeooxo'JlHMO · Hcnoni.aoaaTb HMnyribCni.te '.ciHOJlbl r;· 6oribill~M 
' . ; ... '.·' ' .· . ; . ,· ~ ·. . ' ' . ··. - . , . . .'. . : '.·. ~ J.- - . . . ' . . . 
· oopaTHbiM COITpOTHBneHHeM H ManhiM BpSMeHeM, BOCCTaHOBneHHSI OopaTHOI'.O ConpOTHBneHHSI 

·. ,(JlK-C5,,' Jl-18). • ; , . '. . . . . , , , 
.·· ~· 

,; KaK H 'cxe'Ma COBUaJleHHl!,' JlnH, 3TOI'O. K I T~'IKe ·. 
I ' 

b 

~H, aaanOI'H'IHbie • nOJlCOeJlHlleHHbiM K, T,O'IK9. ·a· 

. H·a p11c,. 2·npeJlCTaaneaa nonnaH aneKTpH'IecKait cxeMa.:n -KpaTHbiX coaiiaJleHHl! c 

OJlH~M : Kaita,;oM ~a~·THc~anaJleHHl!. 0Tpiu~T~n bHble. 'HMnynbcbi nocTynaiOT' a a ceTKH orpaHH-
- . . . . I 

<maaiOIUHX naMn,. B BHOJlHbl9 uenH •KOTOpbiX BKniO~eHbl KOpOTKcia.aMKHYTbl9 , Kao~nH, <iJopMH_; 

pyroiUHe HMn~nbCbl no .onHTenbHOCTH, JlnH aanHpaHHSI ~~~Ubi , 4JopMHpyiOIUe~o KaCKaJla Ha' 
• ' .-_, ·_ •• ••· 1.' :· .. " •• -. ' ..... ; ' -. > . --"· .; :. . ·. . 

BXO.O ero '.QOCTB.TO'IHO nOJlaTb HMnynbC BeHH'IHHOJ! 2 BOnbTa, JlHOJl B CeTO'IHOJ! uenH, 
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ynnHH>IeT aanuuii <fJpoHT IIMIIYHbCB no 0,1 MKceK, 'ITO yny'IWBeT ycnoaHH (popMHpoaBHHH. 

JlKoll, wyuTupyioumii Ka6enb, cny>KiiT llHSI yMellb"WeHUSI oTpHU~Tenbuoro Bbi6~oca y c,Pop-

MllpOB811HOrO HMIIYHbC8, 3TOT llHOll llOH>KeH 06H8ll8Tb. M8Hb!M IlpHMblM COIIpOTIIBHeHHeM~ 

C 8HOllOB <fJopMHpyiOWIIX H8MII ua BXOllbl _MOCTa ~?CTYII8IOT IIOHO>KHTeHbHble llMIIynb­

Cble PeaynbTHpyiOWHil IIMIIYHbC, CHIIM8eMblil C llH8rOHBHbHbiX TO'leK MOCT.a, yCHHIIB8eTCH 

llH,P,PepeuuHanbHbiM_ycHm!TeneM. OTpHUaTenbHbiil HMnynbc ycHnHaBeTcH nanee KoppeKTHpoaBu­

Hb!M llBYXK8CK8llllbiM ycHiHITeneM { K03_tPtPilUUeHT ycHneHilH - OKOHO 50, apeMSI IIBp8CTBHilSI -

15 UCeK). C Bb!XOll8 YCHHHTeHH IIMIIynbC C BMIIHHTyllOil OKOHO ·10 BOHbT IIOCTYIIBeT H8 llHC­

Kp11MHH8TOp, npenuaaua'leuubiil nnH yny'lweHHSI K03¢<j:JHuHeHTa OT6opa • cxeMbl { OTnoweuHSI 

SMIIHHTYll Bb!XOllHbiX IIMIIYHbCOB, COOTBeT.CTBYIOWHX cny'laSIM coenaneHHSI " ueco'ananeHHSI). 

. IV · 
JlBnee HMIIYHbC nepenaeTCSI tP83011HBepTOpOM na BbiXOllHOli OllliOBH6paTOp 0 Bb!pa6aTb!BSIO-

' 'Willi IIMIIYHbC llflHTeHbHOCTbiO 50 HCeK C SMIIHHTyllOil B HeCKOHbKO BOHbT, 

HananKB cxeMbl 

HBnBllKB cxeMbl ocywecTanHnBCb np11 noMOWH reuepaTopa KOpOTKHX HMnynbCOB c 

,PpouToM 0,5 uceK. K Bbixony ycunnTensl, nepen nncKpHMHHBTopoM, nonKnio'lancH ocunnno­

rpB,P, 11 aenu'IHHa conpoTuaneuuSI R (eM. puc~ 1) non6upanacb TBK, 'IT06bl KoaqxpnuneuT 

) 
b .• -

. X 
OT6opa 6biH 60HbWe 20 • nony'leHUbie npH H8HSllKe CJ!'eMbl 38BKCKMOCTK BMIIHHTYllbl 

BbiXOllHOrO KMIIYHbCB U Bb!X OT 3Sllep>KKil Me~llY BXOllHbiMH KMIIYHbCSMK npKBelleHbl 

!18 pKC. 3, 3TK 3SBIICKMOCTK noanons!IOT. cy llKTb o paapewBioweil cnoco6uocTH cxeMbl 

. COBl1BlleHHil •. Yfa pucyHKS BHllHO, 'ITO eCHK BBeCTK · nocne YCHHHTeHH llHCKpKMKHSUHIO liB 

ypoalle 1 nonbT (nyHKTnp,llaH -~pSIMSR),- TO MO>KliO 'npaKTH'leCKH nonuocThiO nonaaH;b nM­

nynbCbi, B03HHKBIOWUe B CHY'IBe HeCOBIISlleHUSI BXOllHbiX CHrliBHOB, 3aBUCKMOCT~ 0 npKBellell­

llbie liB puc. 3 , 6biHU uaMepellbi nnH cxeM- paam!'IHOl!· KpSTliOCTH JannoTb no 5) 11 oKaaa­

nucb allanorK'IHbiMH. Ha puc. 4. noKaaauo, .KaK K3MeliHIOTCH napaMeTpbi KpHBbiX, npuaeneu­

HbiX Ha pnc. 3, C pOCTOM BXOllHbiX CKrHSHOB, 

YlcnbiTBliKe c xeM hi 

nocne Taro, KaK cxeMa coan!lneuuil 6bma ua~B>Keua _npK noMOWK reuepaTopB KOpoT­

Kux IIMllYHbCOB, 6b!HO nponeneuo ee IICIIbiTSUHe c ·Hch'oljb30BBHHeM UMnynbCOB OT ,PoTo­

YMHO>KI!Tenell <t>3Y-33 •. YlcTO'IHHKO~ ceeTOBbiX c~ruanoa ~ny~11n itOn.Hpoaauubiil Ky6nK 113 

CUKHTHnnupyroweii IIHBCTMBCCbl C BMOHTKpOB8HHbiM B ,nero a -BKTKBHbiM o6pB3UOM nny-
,• 
,TOI-UHI. 

x) B R - . " 
_ enn'IHHB_ b Mo>KeT 6biTb nono6pau~ TSK, 'ITO a cny'lae uecoanB,lleHHH BXOllHbiX 

HMnynbcoa ua Bbixone ycunnTenH ao:3HHKBeT HMIIYll__bc o6paTHOll (nono>KnTenbuoll) nonHp­

HOCTH,. T.e. K03tPtPIIUHeHT 'oT60pB MO>KeT 6b!Tb Cllenau CKOflb yrOllHO 60HbWHM~ npu 3TOM 1 

onHaKO, HeCKOnhKO llOHH>K8eTCSI qyBCTBHTenbHOCTb CXeMhT. 

B 

:~ 

UBbiX; 8 

3 

2 

oL-~LA~A-~--~~~--~---L---L-
-~ -2. 0 2 ~ 6 8 to 

t, HCtK 

.PKC,. 3. 3a&RCHMOCTb 8MllnHTf.llbl BbiXO.QHbiX HMnynbCOB UBblX. OT aanepmKH f Me»CflY 

. axo!lHbiMH CHrnanaMH nna: cxeMbt .a.aoA:HLIX coanaz:teuna npa paanH1'.1HbiX aMnnnTynax 
BXOL!HbiX HMnym,Coa·OT reHepai-opa llax• .a· 8x•2a (A), 3s (x), 5s ( 0 ),lOa (o). 

U&~x8 · '[, HCBK 

3 3 

2 2 

·,, 

0 0 
2 !, 4 6. 8 

Puc. 4. 3aaHCHMOCTh u BbJX ( • ) (a cny.t..ae coana.neuHA:) 
- BeLI.eHKbiX- H8 pH C. 3, ( 0 ) OT U ax• 

7 

,... ~' 

10 

- UA .. ,S 
H no~'jwHpHHbl KpHBbiX, npa--

f:.' 
c. 

i' ~ 

,_·, 

( 

' ,, 
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nnSI oueHKH np~nenbHb!X a03MO>KHOCTeli CX9Mbl coananeHHli 6btnH. H3MepeHbl KpHable 

apeMeHHoro paape!lleHH!l a cnyqae, Korna aa naa ee axona nonaaanncb HMnynbCbt oT onHo­

ro cpOTOYMHO>KHT911!l (KpHa~te CBMOCOananeani!). J.13 nony'leHHb!X KpHab!X (pHC. 5) aHnHO, 

'ITO .CX~MB o6nanaeT acpcpeKTHaH.()CTb!O, 6mt3KOH K 100%, npH paape!llBIO!ll9M apo:;MeHH 

= 1,5 HCeK. npa 50%'-Hoi! acpcpeKTHaHOCTH paaHO 0,8 HCeK. nn!l nony'leHHblX KpHabiX 

pa3pelll9HH!l xapBKTepeH pe3KHli cnan aHe o6naCTH COananeHH!l! CKOpOCTb C'leTa YM9Hb!ll8eT:-
. . . ~ 

c11 aa 2,5-3 nop11nKa npH naMeHeHHH _aanep>KKH Ha onay aaaoceKyany. Ha ypoaae 3•10 

UOIIylllHpHHB KpHab!X baape!lleHH!l COCTBan>!eT 3,5-4,5 llC9Ko -· 

Ha puc. 6 npencTaaneHbt Kpnabte apeMeHH~ro paapelllel!H!l cxeMbl ·naollawx coananeanil, 

H3MepeHllb19 nn11 cnyqag, Korna K HCTO'IHHKY CUHIITHIIII!lUHli 6btnH noncoennHellbl naa cpOTO­

YMIIO>KHT911!lo npH acpcpeKTHaHOCTn, 6nH3KOii K 100%, paapeuiaiOIUee apeM!l nony'IElHO paaHblM-

1,6 aceK (aepxH!l!l KpHaag). Cnan KpHaoll paape!lleUH!l. cocTaan!leT 1,5 nop!lnKa/aceK, nony-
. -5 . ' ' 

lllHpHIIB KpHaOi! 118 ypoaHe 3•10' paaaa 5,5 HCeK. 3cpcpeKTI!aUOCTb COXp811!19TC!l 611H3KOH K 

enHHHUe npH 113M9119HHH liBUp!l>KeHH!l UHTBIIH!l cpOTOYMIIO>KHTenei! a lllHpOKIIX npenenax: 

'nnaTo' no aanp!l>KeaniO cocTaan!leT 6onee 400 aOIIbT.· Koa<P<PnuneHT oT6opa aa axone· n11c- . 
. ' ' 

KpiiMHHBTopa npeab!!ll89T 10. MepTaoe apeM!l cxeMbl coananeHHH paaao 100. HCeK. 

B onticaaHbiX abt!lle onbtTBX• aapbHpoaanacb TBK>Ke nnHaa KOpoTK03BMKllyToro Kai5eng 
. I 

a cpopMHpyiOlll9M KaCKane. nn!Jlla Ka6en!l 6bljJ8 Bb16paaa paaHOJI 50 CM - npll nallbll9l!llleM 

yMellb!llel!HH nnHllbt Ka6en11 paape!llaiOIUee apeM!l npaKTH'IeCKH ae yMellb!llBeTc!l. Ecn11 Hc­

nonb3oaaTb cpOTOYMHO>KHT911~ C M9HblllHM 1J830pOCOM apeMel!H rrponeTa 3119KTpOHOB, TO 

nnHaa cpopMHPYIOIUero Ka6en!l MO>KeT 6biTb yMeHb!lleaa.· TaK, nnSJ cpoT<)yMHOMHTenell 

56 A V p IIBMII 6btnll HCUOIIb30BBHbl cpOpMHpy!OIUHe KB6e1111 nnHHQJI 10-20 CM. 
\'; 

Pa60'IHe xapaKT9pHCTIIKH cxeMbl 

Pa6o'IHe xapaKTepH<;T)IKH cxeMbt coarraneaHil H aHTHCOarraneaHll .6btnll H3Mepe11bt a orrbt-
r 

Tax aa ny'IKe tr -MeaoHOB c aaeprHei! 70 Maa. ViMrrynbCbt c aaonoa <t>3Y-33 nonaaanHCb 

aa axonbl. cxeMbt qepea 70-MeTpOBbte Ka6enH .PK.:.5o. H~ axoaax cpopMHpyiOIUHX KBcKanoa 

cxeMbt coarraneaHi! rroMemanHCb cornacyiOIUHe conpoTHaneHH!l. 

3aaHCHMOCTb CKOpOCTM C'leTa 1T -Me30HOa OT HB11p!l>K91111!l IIHTBIIII!l <t>3Y npenCTBBne-·· 

aa.aa pHc. 7. KaK BHLtliO-H3 3Toro' pHCYHKB, npoT!l>KeaaocTb 'nnaTo' ~ocTaan!leT 6onee 

600 aOIIbT. H~ H3M911!19TC!l TBK>Ke CKOpOCTb C~eTB H npH H3Mel!eHHH ypoaH!l nHCKpHMHIIB­

UHII a lll~pOKIIX npenenax (pHC. 8): 

nn!l 113MepeHH!l KpHBb!X apeM911HO~O pa3p91ll9HHSI CXeMbl oi:t.Hll H3 IIMUyllbCOa, UOCTy-, 
. '\ 

nai?IUHX Ha axon CXeMbl, aa"nep>KHaBIIC!l UpH UOMOlUH KBIIH6poB.BHllbiX OTpe;'lKOB KB6911!l. C 

u'errb!O KOHTpOIIH qaCTb :113Mepe11HJi 6biiiB ab!UOIIlleH?· TBKM9 H ·npyrHM MeTonoM: on1111 H3. 

c'leT'IHKOB CMemanci. anonb ocH · ny'IKB, 6naronap11 .'leMy HaMeH!liiOCb apeM!l nponeTa rr -
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''CxeMbl UOllODHOI"O . .THU8· WHpOKO npHMeHSIIOTCSI. B· OllhiTaX, l"!le H3Y'l8IOTCSI pacnaabl: • 1T, .-Me-

.; ~OHOB. H, llp~l"HX · qa'c;HU, . .[lnSI C03ll8Hiisi
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\.! H~rio~-CXOMbl eihm. ~c~ori~oaiH 5::-MerpoBhll! KOpOTK038MKHYThll! ,KB;i5enh. npa~a~- KPHB!"R :.>. 
npeac-r'aanSieT· co15~l! · KpiiBY~' pa3peweHIISI, nony'!eHHYIO npH H3MeHeHHH 3aaep?KKH ~~~mynhca·· .. :· 

• ' . ' • i ' . . ~· ,.. • , 

.: B .Oll!IOM 113 aayx apyrHX"BXOllOB.' XapaKTepHbiM. anSI STOll cxeMbl coanaaeHIIl! SIBnSieTcii ·TO, 

'ITO, HeCMOTpl_I. 118 _oonbWyiD ~~~~HHY 'aopo;~ ,' ~O~pBHSIIOTCSI ~pyThl~ CUBA hi ,KpHBOl! pa3pewe~ 
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llBllllbie npoueCCbl C .BhiCOKOl! ~!j;l!j;leKTIIBHOCTbiO 11'-UPII 1HII3KOM ypOBHe !j;lOHa· cnyqal!Hh!X. COB-< 
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· ro. pacnaaa rr -Me3oHa · · 
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', 3 a K n.ro q e H n e 

' ; ·~· , . ' 

CX9Mbl _COBnaneHHl! OniiC8HHOrO Db!We nma HCUOUb30B8UHCb H8MH'.~ OUblT8X Ha 

CHHXpOUHKUOT.pOHe naoopaTOPHII >rnepHb!X npo5neM Oi1.Hl1 B TeqeHne UHTI:,. neT. np~ HX no-
. . ·, . . /3/ . 

MOlliH obmo BbmonHeHo 6onbwoe KonnqecTao qm3IIqecKnx nccnenoaaHIIll • HacTpol!Ka cxe-" ~ . ~ ' -
Mbl HBUH9TCH H9CUO)KH?l!;· .rinHT9UbH8H 9KCnnyaTaUIIH .CX9Mbl. UOK83ana, qTO OHa .HBUH9TCH 

Hane)KHbiM npn6opol':1.' 

. 8. 38KnroqeHne Mbl UOllb3Y9MCH cnyqaeM noonaronapHTb r,n, 30pHH8· 3a Bb!COKO-

KaqeCTB9HH09 _.Bb!UOUH9HH9 MOHT8)KHblX pa6oT. 
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