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B pa60Tax / 1- 31 On~CaHa M~KpOnp04eCCOpHa~ nOAC~CTeMa ynpaB
neH~~ (MnnY) AyroB~M ~CTOYH~KOM MHOr03ap~AH~X ~OHOB (~M3~)/4.51 
4~KnOTpOHa Y-400, BblnOnHeHHa~ Ha 6a3e annapaTYP~ KAMAK ~ ~H

TenneKTyanbHorO KOHTpOnnepa Kpe~Ta. OCHOBHO~ ~YHK4~e~ Mnny 
~Bn~nOCb aBTOMaT~YeCKOe 3a~~raH~e Ayr~ ~ nonyYeH~e 3aAaHH~X 

OnepaTOpOM 3HaYeH~~ napaMeTpOB AyroBoro pa3p~Aa, MO~HOCT~ pac
nblneH~~ patio-rero Be~eCTBa snexrpcaa ~ ~X nocneAy~a~ cTa6~n~

3a4~~. 60nee CnO~HO~ ~ Ba~HO~ C TOYK~ 3peH~~ 3~eKT~BHOCT~ 

npOBeAeH~~~~3~YeCK~X 3KCnep~MeHTOB C nYYKaM~ MHOr03ap~AHbIX 

~OHOB (M3~) npeACTaBn~eTCR 3aAaya aBTOMaT~YeCKOrO nonyYeH~~ 
~ nOAAep~aH~~ 3aAaHHOrO ~n~ MaKC~ManbHO B03MO~HOrO TOKa nyYKa 
M3~ np~ OnT~ManbHOM pe~~Me pa60T~ ~CTOYH~Ka . ~OHH~~ ~CTOYH~K 
3TO OAHa ~3 OCHOBH~X nOAC~CTeM 4~KnOTpOHa, onpeAen~~a~ ~HTeH

C~BHOCTb nyYKa M3~ ~ npOAOn~~TenbHOCTb HenpepblBHOrO ~~3~YeCKO
ro 3KCnep~MeHTa. 3aB~C~MOCT~ TOKa yCKopeHHOrO ~OHHOrO nyYKa 
OT pe~~Ma pa60Tbi ~CTOYH~Ka AOCTaTOYHO ~3yYeHbI /4.8.7 /. TOK M3~ 
np~ ~~KC~pOBaHH~X ynpaBnR~~X napaMeTpaX 4~KnOTpOHa MO~HO pac
CMaTp~BaTb KaK Hen~He~HY~ ~YHK4~~ n~T~ He 3aB~C~M~X BXOAHblX na
paMeTpOB ~M3~: Hanp~~eHHR B~npRM~TenR n~TaH~R Ayr~ U.A, TOKa 
nonorpeaa KaTOAa Inl< , nono~eH~~ ~rnbl BeHT~nR HanycKa acnoraor -a
TenbHoro ra3a KQ. HanpR~eH~R Ha pacn~nReMOM 3neKTpOAe Up ~ no
no~eH~R pacn~n~eMoro 3neKTpoAa Kp OTHOC~TenbHO CTeHK~ pa3p~A

HOi.1 KaMep~. 

CeM e~CTBa xapaKTep~cT~K. ~3MepeHH~X Ha BHyTpeHHeM nyYKe 4~
KnOTpOHa Y-400 An~ TOKa nyYKa HOHOB 31 P 4 " np~BeAeH~ Ha pac .1. 
nYHKT~pOM nOKa3aH~ yYaCrK~ xapaKTep~c THK, rAe ~3 - 3 a HeAO CT aTKa 
ucnOMo r aTenbHoro ra3a B KOH4e ~Mnynb c a Ay r a cp~B aoT cR . ~nR on
p CA en oH~R nono~eH~~ KQ ~ Kp (B BonbTax) ~cnonb 3 0 BaH~ nOTeH4~0 

M e Tp~. 

3aA8 Y8 a B TOMa T ~Ye C KO r O ynpaoneHHR TO KOM nyYK a 4~ KnoTp oH 

T O YK ~ 3 p eH ~ R nonYYOH~R M8K C~MnnbHo ro cpOK n cny~6b l ~ CTOYH~Ka 

~o pMynHpy c T cR cneAylOOjHM o6pa30M : nonY'~~ 'r b ~ nOAAap~~ u 8T 

A aHH~ ~ TOK nyYKa In np~ O rpnH~YOH~ RX coopxy H8 TOK ~ H anp R~n 

H~O Ay r~ l~ , UA H TOK ~ Hn n pR~OH~ Q Ha p a C n~nH QMOM DnOKTpOAC 
I ~' UJf • B PRAB cnyxaen 3nl18HHoro TOKa np ~ J ll An HH~X O rpaH~Y QH~RX 
I 0 •VAO ,I po , U 0 AO C T~Yb HO YAM Tcn. nODTOMY CTnO~TC R J llAaya 
A~ cn1~OtiHR M~H~~8nbH o ro OTl<nOHOHVl R TO I<U nY41< 1l I OT JllAIUiHor o. 
KPVl TO PVl ~ ynpllonoHVl n Oblrn Il A~T cnOAYIOUl ViM 0I5 P830M : H Il~T ~ min 11(U.A ' 
Inl< , XQ I Up ,Xp) - 10 I np~ o rp llH H'~OHH n X :-
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31 4 + 
P H l'. . I. CT.1Tl·(\[C CKH C 3 ,lTl Ii C Il MO C T H TOKa nY\IKa P 0 '1' yrrp aB JHIIO

lI\HX na pa n e -rp o u H C T O ' IJI H lClI: a - 0'1' Jlallpml(CIIl1'fl usm pm-nrrena AyrH 

UI A (InK • 0 . 7 A; Up .. I. I, Id l ; x p .. 2 .5 B) ; () - 0'1' n o .no x e nua 

HrJ1bl H C II 1' II JlIl II ClIl Y C K <I I'll 3 11 XQ ( I nK • 0 .7 A, Up = 1, 4 KB , x p = 

'" 2 . 5 II); 11 - 0'1' '1'01<11 nono r -p c u a 1«1 'I' Ol\n InK (U IA = 2 , 1 KB, 

Up • 1 , 1. , 1<1\, x p • 2 ,5 1\ ) i J ' - 0 '1' lla llp m KeHHfI n a P .1C 

IlhUIH C MO M :lJ IC I<'(' l Hl, l \Cl Up (U 1/1 • z, I 1<1\ , I nK • () , 7 A, x Q = 0 , 9 5 II) . 

I n( U1/1' InK' x y ' lJ P' x P) ::: I no ' 

UA (UI /.1, l nK, x ~ , Up, x p ) s U/.10 ' 

I P(lJ I 11 , 10 K , X Q' Up ' 1 p) s I po ' 

Up s Upo ' 

3Ta 38Atl48 OTHOCII1TC Sl I~ «naccy 3a/\a4 91<CTpOManbfl or o ynpaane
HII1~ CT8TlI1 40C KlI1M OGbOKTOM I : O r p a HII1 4 0HII1~MII1. ~ Y HK~1I1111 0 1 p aHlI14 e HlI1~ 

T8KH(e sunmor cn HOn Ll\ IWC1 HbIMlI1. Ha 3(lxIleKn 1oHocTb POWOHII1 H 3aaa4111 
OK a 3wnn~T nnll1SlH lI1 0 TaK1I1 0 ¢OK ropw , K8 K HOCTa5l11nbH OCTI, Ay r oBor o 
P1l 3PSl /\1l, /\ p e ~(~ 9 1~ CTpeMYM<I ( CO cpolJ,Holii CKOpOCTblO Il.O 10% 13 'i ,I C ), 

CPblBbI Ayrll1 LI\ npo60~ Ha pacnblnSleMoM snexrpone 111 CT04HlI1Ka • 1I13-3a
 
KOTOpblX cPYHK~II1Sl OTKnll1Ka (TOK nY4Ka) npe repneaae'r paapaaa ,
 
YXOA napaMeTpoB peH(LI\Ma ~~KnoTpoHa, B oco6eHHocTlI1 aMnn~TYAbl
 

YCKopSl~ero HanpSlH(eHlI1Sl LI\ TOKa 3neKTpOMarHlI1Ta ~II1KnOTpOHa, npo

60Ll\ c AyaHToB Ll\nll1 OTKn~4eHII1Sl KaTyweK 111 nll1H3 no TpaKTy TpaHC

nOpTLI\pOBKII1 ny4Ka npll1BoASlT K pe3KoMy YMeHbweH~~ TOKa yCKopeHHo

r o nY4Ka. B 3TOM cny4ae HacTpo~Ka Ha 3aAaHHblIIi TOK nY4Ka HeB03

MOIt<Ha 111 AOl1H(Ha 6blTb npexpauieua ,
 

AnrOP~TM PA60Tbi nOllC~CTEMbI
 

~ CTPYKTYPA npOrPAMMHOrO 06ECnEYEH~~
 

lln~ peWeHII1~ 3aAa4111 ynpaBneHII1Sl TOKOM ny4Ka yCKopeHHblx 1I10HOB 
B COCTaB annapaTypbl Mnny, Onll1CaHHO~ B pa60Te / 1 / , BBeAeH KaHan 
1I13MepeH~~ TOKa nY4Ka. TOK Ll\3Mep~eTc~ HenocpeAcTBeHHo Ha MII1WeHII1 
cPlI13l11Ka-3KCnefll1MeHTaTopa C nOMo~b~ II1HTerpLl\py~ero aMnepBonbT
MeTpa $-30 / 8 , KOTOPbl~ 4epe3 cooTBeTcTBY~lI1~ KAMAK-lI1HTepcPe~c 
nOAKnlO4eH K M~Kp03BM nOA CII1CTeMbl . 11ll1ana30H 1I13MepeHLI\Sl TOKOB 
0,001 ~ 100 MKA. 

lln~ 3KcTpeMal1 bHor o ynpaBneHII1~ TOKOM ny4Ka c nOMO~b~ MII1KpO
3BM KM-001 6b1n pa3pa6oTaH anrOpll1TM, oCHoBaHHbI~ Ha nOKOOPAII1
HaTHOM MeTOAe nOIl1CKa 3KcTpeMyMa C npoBepKolii ycnoBII1~ BbinonHe 
H LI\ ~ OrpaHlI14eHII1~ LI\ KOppeK~lI1e~ 06na CTlI1 AonYCTII1MblX 3Ha4eHlI111i BXOA
HblX nepeMeHHblX . 

06~111~ anrcpara aBTOMaTlI14eCKOro nonY4eHLI\~ 3aAaHHor'0 II1nll1 
MaKCII1ManbHO B03MOlt<HOrO TOKa nY4Ka COCTOIl1 T B cneAy~eM: 

1. 11ll1anoroBbllIi BBOA 3aAaHlI1Sl peH(II1Ma ynpaBneHII1~, K O T O P bl~ 

BKn~4aeT 3aAaHlI1e yCTaBKII1 TOKa ny4Ka 111 3 H a 4 e H II1 ~ OrpaHlI14eHlI1~ 

Ha napaaer pu ayroeo r o paapana , pa c n blneHII1~ pa504e ro eeuiecrae 
111 AlI1 ana30H BXOAHblX nepeMeHHblx , norpewHo cTb Ha C T pO~KII1 TOKa nyy
Ka ( ~ 1% ) , Ha4anbHblX 3 H a4e H II1 ~ napaMeTpoB pa3pSl Aa LI\ p a C nblneH lI1 ~ , 
a TaKH(e YK83aH LI\e Tex BXOAHblX nepeMeHHwx, KoTopble MlI1Kpo3BM 
pa 3peweHo OapbLl\ pOBaTb npll1 Ha c Tp o ~ K e . 

. AOToMaT~4e c Ko e 3aH(~ r aH ~O nyr oBo ro pa 3pRAa LI\ n onY 4eH~ 

Ha4anbHblX 3H a 4eHLI\ ~ nap aMeTpon IJ,y r Ll\ , paCnblnOHII1 R 111 paCXO lJ,a 
3 <1 / 2 

3 . AOToMa T ~4ec K II1 C1 nOLl\ CK 311naHHor o TOKa ny4Ka M 3~ oonlO-
AOHLI\ QM O rpa HII1 4eH~~ . 

CTpYKTypa npo r paMMHo r o 0 
KCTpOMllnbHor o ynpaOnOHLI\R, np 

"MoHI.JIT OP " vnnannncr np O ~O C C OM 
nbHoro nO ll1 CKn DKCT pOMyMll no OAH 11 

HbIX . B xono p n ~o Thl nOAnporp llMM [) bln Ont ul~T c n ~1I1 V1 : 

1I1 3MQPOHLI\ O VI (~ Vll1 b TPll14V1 Sl TO KIl ny4K ~M3~ : 
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Plle. 2. CTPYKTypa IIIW1 'P ilMMIIOI "O O(ll! l:nC'WIIHII nOAC"H CT e Mbl. 

KOHTponb 8~nOnHeH~~ 0IpaH~4eH~~, CP~B08 ~y r~ ~ np060eB Ha pa c 
flbllHIeMOM snex rpoa e ; B bI4~ CTleH~e wara no COOTBeTcTBy~e~ ynpa s
fIl:j~C ~ nepeMeHHoVl; BbIAa\~a ynpaanmoner o B03~eVlcTB~A 4epe 3 an 
nap arypy KAMAK / l 1 ; npOBopKa Kp~Tep~~ OCTaHOBa. 

KalKA aSl ~3 nonnpo: 1.>ilMM nOKOOPA~H a THoro nO~CKa tia Te Ky~e Vl 

~Tepa~~~ nepeA HW4~cn C H~eM war a ynpa B neH~~ o6pa~a eT c~ K nOA
npo rpaMMe KOtirp OIISl CPbIB il nyrouor o paapnna ~ c06nlOAeHLil R or pa 
t1~4eH~Iii. An r op~rM ce patio r u (pLilC. 3) CO CTOLil T Vl 3 cnu AYtoUlLil X one
pa~~V1 : 

1. npoacAcHLilo C C P Lil~ ~3MC P CH~A T O I ( ~ nY4Kil ~ nap aMOTpOB 
~M 3~, VlX ~LiIn bTp ~~~Sl ~ y cpeAHoHLil c . 

2. kourpone cpu ua ny r on or-o paapnnn 110 cnO AY~LiIM KPLil TCP~HM : 

a ) naAeH~O TOK<l Ay rLil 1\0 DO l1Wi~ H b l MOHOO 0, 1 A; ~ ) U 0 3H~Kti OIl C 

1 ~~ 
uB..,I'" 1..,>1..,0'( I 

PHC . 3 . . ArIropHTM pa6o

Tbl nonrrpor-p asn-na KOHT

ponH OrpaHHQeHHH H 

cpsiaa AyrH. 

HLilyeHLilIii CHLil3Y Ha pac
XO~ ra3a LiI TOK no~o
rpeBa KaTOAa: 

~mln = Q I + (1' 

InK min = I nK I + (2, 

rne Q I ' I nK I - aena
y~H~ pacxoAa ra3a ~ 

TOKa nOAorpeBa KaTOAa 

Ha ~Tepa~~LiI, npeAwe-
cTBy~e~ CPbIBY; (1, 
(2 - nonOIK~TenbH~e 

KOHCTaHT~, onpeAen~

eM~e 3KcnepLilMeHTanbHo 
(nanee B TeKCTe' He
ce r TOT IKe cMblcn). 

3 . ~~Kca~~~ OAHO
KpaTH~x npo50eB Ha 
pa cn~nReMoM 3neKTpoAe, 
np~ KOTOPOVl cneayer 
CH~lKeHLile Ha 30% Ha
f1p~lKeH~~ Up C nocne
Ay~LiIM e r o BOCCTaHoB
neHLileM. E cn~ npo60~ 

A 0 3 H~K a IO T Henp ep~BHo, MLilKp03BM aBToMarLilyeCKLiI KOpp CKT~pye T orpa

H~4CH Lil C Up ml.l .. U pi - (
4. nponepKa orpaHLil4eH~~ Ha 10K ~ HanpRIKCHLil Sl AyILil. t cnLil 

I A -, I AD t e , T O npLilB eAeH~e I/l K HOpMC (1 ,\ .,;, I AD ) np oLil 3BOA~r CSl 
nyTcM CHLil lKeti Lil H HanpAlKeH~H "LiI T aH~R RbmpRM~ T e n R ~ y rLil. Ec n ~ 
UA . Uac .' r ; TO CH~lKeH~H tl a npAlKe~iLilSl pa3pIlAU 110 I\OnYCTLilMo ro 
:Ht11YCtl L-1 1l UA .. UAD MLilKpo3BM Aot)LiIU aer CR CHayanll Yl1 011Li14 eHLileM r oxa 
noaorpoua AO npeaerta , o n p e ACn~ (!MOrO 3aIKLil r aHLil lilM Ay rLil MelKAY tl~

Tb ~ HaKuna LiI Ka TOAOM / ~/. np~ ManOM pacxoAc ra 3a y u cnLilYeH~e TO 
«a ll OAor pCOIl ' lIl CTO ~H! npuuonwr K CHLil IKCHL-11O llll' ru rna MLilKp03BM 

H~e Kone6 aHLilA TOKa ~ Hanpll lKOtl Lil H Ily rL-1 C OTl<n OH eHLilCM OT CPCI\ Aun l1 0T war no pacXOAY ra3a 0 CTopOHy y oanLil YOHLil n . np~ DTOM KOp 
«oro 3t1 a4c ti Lil S1 Ita BenLil 4Li1 1iY 00 11 00 30% . B cnyv ae QlLilK C a ~LiILi1 cpuua PCKTLilPYIOTCH Or pl1HLil YCHVUI : CJ III ln - C, H, InK mln .. I nK I ~ 
paapsa a aany cxaercn nonn pc r puseaa 3iUKLilrllHLilIl Ay rLil, anroparn Ilponepxa orpl1 t l ~ Ya H LilI7I HIl nllp nMOTphl pac uaneuaa . D cnyy 
paOoTw KOTOpoA on~ c a f l U / ~ / , LiI npO Lil 3Uol\LiIT CSl KOPP OK~LiIH orp a

1
 
TO K paCnhlllQIW1R I p '" I po I' " ur o I<OP P O K ~~ 11 npo aanonwr cn 
r f1 U P UMQ lI IUtt~n DT1Q Ki P OAIl OT usurpa p n :lpIlIIH O ~ KIlMQPbl. 

Ii<1 



B~~~cnEH~E WArA ~ KP~TEP~~ OCTAHOBA 

nn~ Ka~AOrO ynpaBn~~erO napaMeTpa nepeA nepBO~ ~Tepa4~e~ 
3aAaeTC~ 3KCnep~MeHTanbHO onpeAeneHHOe HayanbHOe 3HaYeH~e wa
ra ~Xo' nanee Ha i-~ ~Tepa4~~ war BbIY~CnHeTCH cneAY~~M 06pa
30M: 

I + l = ~XI : ecnH \ I 1-10 I < II I- 1 - 1 0 I II (I I - I 0) . (I I _1 - I 0) > 0,

{
~ 

~J: I l ol>\ 11_1 - 1 0I HoH (11- 10).(11_1~KI + 1 =- -2-' 90ml 111 -	 -1 0) < 0 . 

Kp~Tep~~ OCTaHOBa nOKooPA~HaTHoro nO~CKa no KaKo~-n~60 BXOA
HO~ nepeMeHHO~ BKn~YaeT B~nonHeH~e OAHoro ~3 ycnoB~~: 

I I I - I I 
a) 0 < 8, rAe 8 - OTHOC~TenbHaH TOYHOCTb HacTpo~K~ 

10 

TOKa nyYKa, 3aAaHHa~ onepaTopoM; 
III-II_I I

6)	 ) SO, 01, rae I min Bbl5paHO paBHblM 0,01 MKA; 
max [I 1-1 - I min ' 

B) ~XI+l = 0; 
r) war B Bbl5paHHOM HanpaBneH~~ np~BoA~T K HapyweH~~ xaxo r o

n~50 OrpaH~YeH~~; 

A) ynpaBn~~a~ nepeMeHHaH BblXOA~T aa A~ana30H AonycT~M~X 

3HaYeH~~. 

nonHocTb~ nO~CK aaaepuraerca np~ BblnonHeH~~ ycnoaas "a", 
a TaK~e R cnyYae, ecn~ nocne OKOHYaH~~ OYepeAHOro J-ro 4~Kna 
~T epa4~A no BceM n~T~ KooPA~HaTaM B~nonH~eTCR ycnoB~e 

11 j - 1j - l l 
5 0 ,01 , rAe 1 , I _ - 3HaYeH~e TOKa nocne aa 

j j 1 
mILK r I )-1- I min 1 
l3 epUI CH~~ rexyuier 'o ~ np eAblAy~ero q~KnOB . 

•
 
OfJrAH~3AU~H B3A ~MOLl E~CTB~H C OIl EPATOPOM
 

Oncp aT~BHO O ynpanneua e pe~~MOM pa50Thi MIlflY ocyuiec r uns er cu 
n~bo c Kn Il U~ Il TYP ~ A~ Cnn OH, 11~60 c nynbTIl pYYHOrO ynpaBne 
~1~H /1/ , YTO 60noo YAo 6HO VI npaanovra r cnsuo AnR oneparopa. 
n~lb T pYYHOrO yn p a uneH~R O K n~Yn e T KnaUVlWH~~ pc rVl CTp, 6 Kn a
BVlW KO Toporo onpOAo n H~T KOMIlHAY Ha l3~nonHOH Vl e OAHO~ ~ 3 cncny~

~VlX cjlYHK4Vl ~ : 
1.	 ABTOMlHVlY KO C 3/l~~ r/l H VlC I\y r~ VI nonYY OHVlC rano uoro H" 

YllnbHOro P ()~VlM P1l 3PR/\ Il : III = 4 A, tJ II :: 400 B.
 
1'l{S Vln VI L'Vl H napane'rnon p O~VlM a Vl OIHiO ro Vl CT0411V1K ... .
 

o 

3. ABTOMaTVlyeCKaH HacTpo~Ka TOKa nyYKa M3~ Ha 3aAaHHoe 
C KnaBVlaTypbl A~cnneR VI xpaHH~eeCH B naMHTVI M~Kp03BM 3HaYeH~e. 

4.	 CTa6~n~3a4V1H TOKa nyYKa M3~. 

5. Pe~~M nep~OA~YeCKOrO nOBTopeH~R HacTpo~KVI Ha Ben~4VlHY 
Tpe5yeMoro TOKa ny4Ka Yepe3 3aAaHH~~ onepaTopOM nep~OA BpeMeHVl. 

6. Pe~~M ~3MepeH~R napaMeTpOB 05beKTa ~ oT05pa~eH~H pe3ynb
TaTOB Ha 3KpaHe TeneB~3~OHHoro MOH~Topa (5e3 ynpaBneH~~). 

KOA cjlYHK4~111 C KnaB~WHoro per~CTpa np~ Ha~aT~~ KHonK~ "ABTO
MaT~4eCKoe ynpaBneHVle" nocTynaeT B cne4~an~3~pOBaHH~~ 5nOK 
KAMAK, no c~rHany LAM OT KOToporo CY~T~BaeTC~ B M~Kp03BM. 

nepBbl~ onsrr sxcnnyarauan on~caHHo~ nOAc~cTeMbl noxaaan cne
Ay~~e peayneraru: nOAc~cTeMa n03BonHeT aBTOMaT~4eCKVl BbIBOA~Tb 

~CT04H~K Ha KBa3~onT~ManbH~~ pe~~M ~3 B~Kn~4eHHoro COCTOHH~~ 

aa cpeaaee BpeMfl nopaaxa 10 -:- 15 M~HYT C OTKnOHeH~eM OT aaaau
HblX orpaH~4eH~~ He 50nee 5% ~ cTa5~n~3~poBaTb TOK ny-oca c no
rpeWHOCTb~ 3%. On~THoMY onepaTopy nocne 3aBepweHVlfl aBTOMaT~
4eCKO~ HacTpo~K~ YAaBanocb YBen~4~Tb TOK nyYKa np~ Tex ~e orpa
H~'ieH~flX napaMeTpoB pa3pflAa Ha Ben~4~HY He 50nee 5%, 4TO nOA
TBep~AaeT npaBVlnbHocTb pa3pa50TaHHoro anropVlTMa ynpaBneH~fl . 

B 3aKn~4eHlIle aaropu C4~Ta~T CBO~M np~HTHbIM aonrore noonaro
Aap~Tb aKaAeM~Ka r. H.enepoaa aa noc TOflHHbl~ ~HTepec K patiore , 
a TaK~e cny~5y 3KcnnyaTa4Vl~ 4~KnoTpoHa Y-400, B03rnaBnHeMY~ 

r.r.fynb5eKflHoM ~ 6.H.r~KanoM, ~.n.ManyxVlHa Vl n.M.MenbH~KoBY 
aa nOMoUjb B OTnaAKe C~CTeMbl. 
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