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Heooxo~nuoCTb ycKopenna Teuno:a paa:anTHH a~epnoro npnoopocTpo

enna :a c:aaan c no:auruemwu ero -ponn B co:apeMeHHOii nayKe n TexnnKe 

TpeoyeT llOCTOHHHOrO CO:BeprueHCTBO:BaHHH MeTO~OB paapaoOTltH annapaTy

pbl. A:aTouaTnaai.\HH pactJeTHbiX n npoeKTHbiX paooT npn_ noMOIIU1 BbltJHCllll- · 

TellbHOii TeXIIHKH HBJIHeTCfl Ca!JbiM nepcneKTllBHbiM CllOCOOOJ.! COKpall(eHHH 

cpoKoB coa~aiU1H HOBbiX npn6opo:a_ 6es y:aemttJeHllH 'tmcneHHOCTn paapaooT

tJHKOB •. 8TliM OO'I>HCHfleTCH llOB1111JeHHblii l1HTepeC K npo6JieMal.l, CBH3aHHblM 

· c uaruHHHbiMll JJeTo~aull npoeKTHpo:aamlfl annapaTypLI. 

Hanelonbruee paaBHTHe·MaU!lll!HHeMeTo~hl npoeKTnpo:aaHllfl nonytii1JII1 B 

HaCTOHIIIee Bp6Lifl B OOJlaCTll paapaClOTKH 1.\11!f>POBOii annapaTyphl, B OCOCieH

HOCTll-CaYHX BbitJllCJIHTeJibHbiX uaruna. B pa~e opraHI13al.\llii·CoiDaa coa~anu 

CllCTeM!l aBTOYaTH3HpOBaHHOrO npoeKTHpOBaHllH annapaTypu. -,O,!!HaKO Bee ' . 
cymecTBJIDIIIlle CliCTeM!l npoeKTHpOBaHllfl CI1JlbllO-CBH3aHhl ~ OTpacJieBb!Mll 

KOHCTPJKTliBal.lll, TeXHC>JIOrHerl l1 Tllllal.IU TeXHOJIOrlltJeCKOrO ooopy~OBaHllH 

H I!Opl.laJIHMll·llO o!f>OpYJieHlliO.CXeMHOn l1 KOHCTpJKTOpCKOii ~OKJMeHTal.\1111. 

ll03TOMy,HI10~l!a ll3-llliX He J~OBJleTBOpHeT ll011HOCTbiO_TpeooBaHllflM, OT

palltaJOUUiU cnel.\11!f>>1KY- a~epaoro nplloopocTpoemm. 1lanecTHble cucTeMbi 

npe~uasnaqeuu, KaK npannno, ~nii npoeKTnpo:aauliH TOllbKO 1.\llrJ.lponon 
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annapaTypu Ha ~HorocROHHHX .neqaTHUX nRaTax c npnMeHeuneu.noKynuux 

HHTerpaHbHUX CXeM. nna annapaTypH H~epHoro·npR60pOCTpoeHHfl 1 H8060-

pOT1 xapaKTepua oonbwaH ~onH auanoronwc n· cuemauHux UHi~po-auanoro

nux cxeu, npoettTnponaHIIe KOTopwc Ha nellaTHUX ·nnaTax .c ~nyxcTopoHHI1M 

IJOHTaJAoM He npe.l{ycuaTpl!BaeTcH cy~ecTDYIOIJlliMI1 aHcTeJJaMn ~ . CneuuqmqecKne 

CX6Llbl fl.1{6pHOii 3ll6KTpOHIIKH (Hanpl1Mep, sa'pH~HO-llyBCTDl1T61!:&HH6 yCHJll'l

Tem:t', aneKTPOHUKa l!crtpo:Bux Kauep) uenecoo6pasuo npoeKT11ponan n 

IlsroTOBHHTD n BH~e rnopll~Hux MIIKpoysnon qacTHoro npuMeHeHI1H~ llx 

npoeKTllpOB8Hl16 D CY!:l6CTBYIOIJ¥1X CHCTeL!ax T8Kllte He npe.l{yCMOTpeHO. 

KpO!A6 TOro,a}weKTllBHOCTb 113B6CTHb!X.CllCT6!A B 3H8lll1TenbHOH Mepe 

38BllCllT OT npHJJ6Hfl6MOrO B HX COCT8Be H6CTaH~apTHO~O ~QUOXHllT6ll:&HO

ro ooopy~onaHHH, He,l{OcTynHoro ~nfl paccuaTpl1naeMoi1 oTpacJll'l. Ilepeqnc-. } 

'neHHHe npiilil1HH He ll03BOHHIOT 3811MCTDOB8Tb llOHHOCTbJO rOTOBHe C!t!CT6Mbl 
,·,· < 

npoeKT!tlpOB8Hil!l. 

Il0.3TOMY np!tl paspa60TKe li81UIIHHblX MeTO~OB npoeKTllpOB8H!tiH ~nH 

fl~epuoro npi160pOCTpOeHHfl 8BTOpy npnmnOCb pelliHTb pH~ sa~aq, CBH3aH

H~ c BuoopoM 'cocTana no.u;cncreu riph'eitTnpoBaHHH II paspa6oTKofi ·onTII

uan:buux anropHTMOB npoeKTHpOBaHHH. 3Tll!J BOnpocaM\ COCT8B3lfl10l:lii!A JJe

TO.l{OHOrii'tlecKyiO OCHOBy.l{llCCepT8l.\lll1 1 ~0CBfll:l6H8 TeOpeTU'tleCKaH ee ll8CTb. 

Ha OCHOB8Hilll npe.1{310llteHHb!X l1 HCCH6~0B8HHUX MeTO.l{OB B nocne~yiOl:li1X· 

pas~eJiax ,1{llCCepT8IU111 pell!810TCfl 3~8tn! 1 Henocpe~CTB6HHO·CBH38HHHe C 

peaJll'l38l.\Ueii KO!!KpeTHUX llO~CJ.1CT6M np06KTHpOB8Hllfl ysnDB H~6pHO-ipH3H-- :·· . .• .. 
llecKotiannapaTyphl ua ne'tlaTHHX nnaTax u r116p1tt~Hux ·cxeuax. B pa6oTe 

·· llCC316.1{0B8HH T8Kllte llOllpOCH TeXHI1ll6CKOrO ooecneqeHHH llO,l{CHCTeM JJa

~HHHOro ll;OeKTIIpOBaHllfl II. ll3r0;0~1I~H!t!H npn6'opon cnel.l!ti81IbHOil annap'a

Tjpoil BBO,l{a ll BbiBO~a rpa!lJ!t!lleCKOn !tlHQOpM8l.\!tl!tl .1{3lfl CBH3~1 C 3BM. 

, . n~rtccepT8J:U1H COCTO!tlT !tl3 BBe,l{eH!t!H 1 Tpex rnan, 38K3IJO'tl6H!t!H ll llHT!tl 

np!tl1lolltemH1 •. 
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Bo nne~eHHZ c!l!opuynnponaH!l nocTanneHH!le nepe.l{ aBTopoM .l{Hcc.ep

TaiUiOHHOfi paooTbl 3~alll1: 

- 8H8Jll'J3 B03YOlltHOCTefi l1 S~6KT!t!BHOCT!tl 8BTOM8TH38IU1H ST8llOB.npo

eKTllpOB8Hllfl annapaTyphl npH nOMO~ 3BM; 

- Dll60p nepBOO'tlepe~HllX 3~aq aBTOY8T!tl3anll!tl npoeKTHpOB8H11fli 

- 8H8Jll'J3 anropiiTMOB H Hccne~OBaHHe Ka'tleCTBa anropiiTMOB npoeKTH

pOB8HHH ysnon annapaTypH Ha nellaTHHX.nnaTax; 

- llCC1Ie,l{OBaHI1e It! OllTHMH38IU1H MO~eJll'J neqaTHOn ll1I8Tbli 

- 8H81IH3 3~aq KOHCTpyKTOpCKOro npoeKTHpOB8Hllfl H TeXHOHOrlllle

CKOfi llO.l{rOTOBKll npOll3B0,1{CTB8 rn6pll.l{HO-!tiHTerpanbH!lX CXeM (rllC)i 

- paspa60TK81 llCCJ!e,l{OBaHlle ll BHe,l{peHM ll0,1{CllCT6L!bl npoeKTHpona

HHH ll ll3rOTOB1IeHllfl OpHrllHa1IOB ll6ll8THUX nnaT'll llO,l{CllCTeYbl l13rOTOBne

Hllfl opnrnHanon rllC; 

~ aH8Jill3 MeTO~OB ll paspa60TK8 T8XHlllleCKllX cpe,l{CTB ,l{llfl llOBbl!UeHllfl 
. '-J .' ~ > 

S!l!q)eKTllBHOCTll llO~CJ4CTeM npoeKT·~,POBaHllH ll ns'roTOBll6Hllfl annapaTyplli 

- llCCHe,l{OB8Hlle Sq)q)eKTllBHOCTll npe.1{1IOllteHH!lX llO.l{CllCTel.l npoeKTHpO

B8Hllfl H H3rOTOBJI6Hllfl ysnoB.H,1{epHO-q)H3llll6CKO~ annapaTyp~ It! paspa6o-. 

T8HH~ TeXHlllleCKllX Cp6,1{CTB<ll0 pesynbT8T8l.l llX BHe~pe!Illfl. 

Hnxe nanaraeTC~ CO,l{epxaune ,l{llCcepTal.\Kll no rnanau. 
r 

B nepBon rnane npoBO.ItllTca o6sop npooneu~ nonHo~ aBTOMaTnsaunn 

npouecca npoeitTHponaHHH annapaTypu, BKJIIOllaiO!Ilero aHaJll'Js nKHenHHX 

aneKTpOHH!lX cxeu B CTal.lllOHapH!lX It! nepeXO,l{HllX peEHMax ll yqeT pas6po

ca napaueTpOB cXeYH!lX KOYllOHeHTOB / 9/, CKHTe3 ll l.I0,1{e1!HpOB8Hll8 UHWpo

BUX . ex eM, MamHHHoe npoeKTHponaHne KOHCTPYKI.I!t!K · ysl!on · annapaTypu/I •2/, 

paspa60TKY .l{OKyUeHT8UHH ll COCT8BJI6HHe TeCTOB .l{Hfl nponepKll ~llCKpeT

HllX ysnoB. Ha OCHOBaH!t!H aHanH38.B8~HOCTH pacCUOTpeHHllX 3~aq ~1IH 
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.. npoeltTHPOBaHllff H.Jt6PHO~ll3H1l6C!t0H annapaTypH i , aHaJIHaa aJiropHT!JOB rue 

pemeHnn, Tpe6yeuoro o6~eua naunrn l1 uamHHHoro BpeueHn·Bu6Hpa~TCR 

. nepBooqepe]tHue sa]tati~ ~~rouaTHaaunH. PemeHHe sTruc aa]tall .JtOJllltHO on

THJJHailpoBaTI> COOTHOW6Hlle Me~y 3~~6KTO!.l ll aarpaTaMH npH. HaJIHilllll. Ta-. 

!tllX orpaHH1leHl1lit Jtalt MOII!HOC:r!> llM6~1116litCfl 9BM ll Bp6Mll paspa60T!tll aJI

rop~TMOB ll nporpaMJJ. ,I{eJiaf:TCfl BHBO]t 0 He~iJ){O]tllMOCTH npOB6]t6HHR aBTo

MaTH3~l(~!ll B ]tBe O'l6p6]tll C Bb160pOM .i{Jiff II~pBOH. Ollepe]tH 3a]ta1l KOHCTpyK

TOpC!tOrO npoeitTHpOBaHHR IIellaTHUX IIJiaT C .JtBYXCTOpOHHHM MOHTa~O!J'H. 

H3rOTOBJieHHff OpHrHHaJIOB neBaTHUX IIJiaT H rH6pll]tH!lX CXeM llaCTHOro 

npHMeHeHHH. Bo BTopy~ oqepe.Jti> paapa6aT~maeuon .JtJIH .II,ltepHoro npl16opo

crpoenun cnpTeMu .7tOJilltHH 6ur:& BRJIJ?1l6HH sa]tallll anaJIU_aa (iHHei!Hux aJielt

rpnqecJtux cxeu, MO}teJinpoBaHHll JIOrHileCKHX cxeu ll CUHTeaa T6?TOB .7tJIH 

UllWPOBHX cxeM. 

Bo BTOpoli rJiaBe KOHitp6TH3Hpy~TCll Sa]tallll STana ltOHCTpyKTOpCKOrO 

npo~ItTUpOBaHUfl ll T6XHOJIOrll1l6CKOr? CllHTesa_}tJIH II61laTHUX IIJiaT U f~C. 

0ClOCHOBaH~- IlpUMeHeHHe aJirOpllTMll1l6CROrO IIO]tXO]ta ll pemeH!l M6T0,7tOJIOrll-
~, ' ' ' ' . :, 

1l6C!tile BOIIpOCU OCYIII6CTBJI6Hllfl STOrO IIO]tXO]ta: paC1lJieH6HUe IIOJIHOH aa

~atill rtoHcTpyKTopmtbro npoeKTHpoBaHnH !Ia rro]taa}tallll, Bi.I6op HaH6onee 

onTruJaniHux c Totntn :;peHiia JtoHetilioro · pesyJII>TaTa npoeJtTHpoBaHHa an:.. 

ropilTMOB pemeHllH IIO]tsa;n;aq, OTHCitaHlle !tpilTepileB OIITHI.!aJii.HOCTll aJI-

rOpllTMOB. ·l 

TaK Rait. Italit;n;~ B~eneHHaHrro]tsa]talla_ rrpoeJtTHpoBaHna pema~Tca 

CBOHIJ anropUTMOM 1 BOSHllltaeT Jfp06JieMa cpaBH6HllH aJirOpllTMOB IIO Ka.,

_lleCTBY IIOJiyqaeJJux C HX.' IIOMOII!I>~ peweHHii. ABTOpOLI rrpe]tJIOllteHa M6TO]tlllta . . . . 

Ol{eHitl1 Ka1l6CTBa anropl1TMOB pa3M61l\6Hl1HMO.JtYJI6H Ha IIJiaTax-(no;n; _liO.JtY.

Jlll!.lll, B 061I(eM BR,lle _ IIOHl1Ma~:rca.llHTerpaJII>HUe CX6MH (llC),,, ~ OT]teJII>HI:le. 

3JieKTpl1_'leCKHe KOMIIOHeHTbl) •. !Jl~T0,1llllta. OCHOBaHa 'Ha IIO!lf.lTllH 3T_aJIOHHOfO 

P13,3M61!\6,Hllfl 1 ]tJill KOTOpor~. pacqTOllH!:lfl M6llt.JtY. COe.l{UH6HHI:llHI MO.ztYJillMll 
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pacnpe]teJieHI:l no saitoHy P{d)=exp(-d/dcp.J . 3.Jtec» P(d}- Bep~HT
nocu TOr0 1 tiTO paCCTORHlle Mellt]ty MO.l{YJlflMl1 paBHO d 1 dcp.- cpe]tHee 

paccTOHHUe Mellt;n;y LIO.JtYJIHMll Ha nJiaTe: dcp. =M[d}- uaTe!.mTuqecJtoe OlKl1-

.JtaHue BeJnlllllHU d . IlJIOTHOCTI> pacnpe~eJieHI:IR 3a]ta6TCH ~YHKI(l16!1 
f(x) = · · e~p(-X!dcp) _ 

dcp. [ 1 exp(- dMaKc.ldcp)} 
B l1HT6pBaJie a~x,:;:; di1QKC: Coe]tHH6HJi1fl paauemaeL!UX IIO]tyJieit M6llt.JtY C060il 

11 c paa~eMOM sa]tamcll IJaTpnuen cBn~~ocTu. C== \Icy\\, r~e aJICMeHT CiJ 
palleH 1ll1CJIY CBH3et! !.lel:t.JtY MO.JtYJIR!All t . l1 J 1 a pac_cTOflHllli M6l!t.JtY no-

Ca]t01IHI:ll.!ll 1.!6CTa!.ll1 MO]tyJiet! Ha IIJiaTe Sa}taiOTCR MaTp!ill\eti paCCTOfl!UIH 

D = // diJII , r,1te dij = /Xi.-:rjl+ly~-~jl . Ilo y~taarumoi1., l1CXO.JtH~i1 >IHrpop-

Mai(lln onpe]teJIRIOTCR SKCUepUMeHTaJII>HUe 11BepOHTHOCTll 11 HaxOlK]t6H.l1fl C06,7tli

H6HHUX MO]tyJietl aa paccTOllH~H X .Jtpyr oT .Jtpyra fi (x} . 3a Mepy Ita- .· 

qecTBa paa~ell!eHUfl npe].IJiara,f~CH nplilHHTI> anaqenne Beml1lli1Hbl 

F = dcp. [ [fPa(x)-P(:r:Jjdx:£[P{x)-J;(x)jdx} , naieprrpeTnpyeuoli: rtaR 

nopMam1aoBaHHoe npeBumenne cpe]tHeil aKcnepuueaTaJII>!IOil BepollTHOCTlil 

Ha]t cpe]tHe~ T60peTl11l6CKOH 1 ~TO 6JiaronpllflTCTByeT IIOJIY1l6Hlll0 MI:IHJi1MaJII>

HOrO 3Ha1l6Hl1fl cyuuapHOH ]tJll1HU C06,7tl1HUTeJII>HUX IIpOBO;z(Hl1KOB 
N II 

.:l = min[,[.' C.';j··di; , 
L~f J=f d 

r;z(e N - o6ll(ee 1ll1CJIO uo]tyJiekt • .naanul1 MeTO.Jt cpanHeHl1H oKaaaJicn Y.JtOo

aee l13ll6CTHUX M6TO;z(OB CTUTl1CTl11leCr;oro MO]t6Jil1pOll8Hlilfl. !Ipolle]teHHI:le B 

pa60T6 OI(6HKl1 Ka1l6CTB8 Tpex aJirOp!ilTMOB pa3M611(6Hl1fl IIpll 3Ha1ll1T6JII>HO 

M6HI>W6M 06~eMe Bli1ll1CJI6Hllil npllBeJIH-K peayJII>TaTaM 1 COBIIa]ta~ll(llM C IIOJIY-

116HHI:l!All ~o~eTo;n;ou uo]teJIHpoBaHllil. HmiJlyqwee paauell(enne Mo;n;yneli .rronyqa

eTcn IIO anropUTI.iy HanpaBJI6HH!lX nepeCTaHOBOK 1 _KOTOpO!il 6UJI peaJil130BaH 

aBTOpou B Bll.Jte nporpaMMI:l IIPHM-2'.7tJlfl 9BL! "MHHCK-22"/3/. 1!To6l:l c}te

JiaTI> anropHTM He3aBl1Cl1MULI OT KOHKpeTHOH KOH~Urypal(llll paCIIOJIOX6Hllfl 

noca]totiHux uecT .ztJlfl uo~yJieil Ha nnaTe, npe]tJIOXeHa yHl1BepcaJII>Han·~op-
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MyJia lll:ltfi!CJiemm 11emi'lllHhl dij trepea HoMepa noca.zto'l:HhiX uecT pi , 

Pi : dij = ent I Pf;!l-r/pi-pj ~n!L [ ent l~/-enij1'1f!IJI , 
r.ne n,_ - 'l:llCJIO nOCa,l!O'l:HbiX M6CT 11 ropl130HTaJI:&HOIJ pa,ny' ent [X 1 -
ueJiaH tracT:& trHcJia JC • 

·" -~ 
HatraJI:&HOe. pa3MBI.ll8Hl18 MO;ztyJieit 11hiCiHpaeTCH JIHCiO CJiytraliHllM oCipaaoY, 

JIHCio onpe;zteJirreTCH no npocTo.My aJiropMtTMy nocJie;zto11aTeJI:&Horo {nonapao

ro) pa3M8ll\8Hl1ff, OllM!CaHHOMY 11 ;ztllCCepTaUMH. BpeMH pa3M81.ll8HHH n M0-
2 

,nyJieli no nporpaMMe IIPRM-2 pacTeT CihlCTpee, treY n ' 'ITO H11Jil18TCH. cy-

l!(8CT118!1HLIM orpaHH'l:8Hl18M ,ltllff ee l1CnOJI:&3011aHHH npH n > 3o/3/. IIOSTO-
. ( ~ 

My 11 paCioTe npe;ztJiogeua MO,ItHWHKaUHH aJirOPHTMa, peaJIH3011aHHaH D npo-

rpaMMC IIPV!M-IO, noa1IOJIHIOiJiaH yMeH:&mHT:& 'lllCJIO nepecTaH01IOK, 6Jiaro,na

prr treMy 11pe1.m pam.lellleiiHH coKpall\aeTCH 11 4-.7 paa no cpa11He!nliO c npo

rpaMMoi1 IIPIIM-2. KpoMe Toro ,11 ;ztauuott MO:ztHWI1ItaUHH npe,nycMoTpeiio pac

noJiorteiine MO,ItyJieit, CHJI:&HO C11H3aiiiibiX C pa3T:>eMOM, 11 M8CTax, KOTOplle 

MOryT 3a,ItaBaT:&CH paapa60T'l:HKOM, 

113 aHaJIH3a aJirop>ITMOB TpaCCllp011KH, OCHODaHHOrO Ha KpHTepUll y,n

JIHHBIIHH Tpacc llO Cpa11H8Hlll0 C TeopeTH'l:8CKHM paCCTOHHlleM M8lK:ztY COC,Itll

HHBMllMll TO'l:KaMil, CJie,nyeT, 'ITO JIY'l:IUHe peayJI:&TaTbl llOJiytraiOTCH llpH klC

llOJI:b30Ballklll 110Jlll0110rO aJirOpkiTMa/2/, ,UaJiee npO~O,ItllTCH.aHaJil13 MO,It6Jlll 

lletraTHOfi llJiaTll ,ItJIH Ollpe;zteJICHklfl OllTllMaJI:&HOrO COOTHOlU6HklH M8E,Ity lJ!1C

JIOM HHTerpaJI:&Hinc cxeM, ycTaHa11Jil1DaeMhiX lia nJiaTe { N ) , k1 trHCJIOM 

_KOHTaKTOB pa3:lli8Ma ,ItJIH BHCIDHHX CDH38H llJiaTll ('P ) , Ilpe,nJIOEBHHlllt 11 

PaCiOTe 0611\Hii llO,ItXO,It It pemeHIIIO STOll 11aEHOi.l' ,ItJIH Mam~HHOrO llpOeKTHpO

BaUHH 3a.ztatrH _ OCHOBaH Ha COBMCCTHOJJ ytreTe lJ.BYX npe;u.nOCbiJIOK /S/, Ilp_ll - . -

3a.z!aHHhiX paaMepax nJiaTu, tr!tlcJie uo;u.yJiei.l N H M:UHliMaJI:&HoM mare npo11o:zt

HHKOB d llMeeTCH orpaHH'l:CHkle 'l:Hima 11hiBO;ItOB p B BltllJ.C. @YHKUMIH • 

p, =}f/N} 1 -KOTOpoe onpe;u.eJIHeTCH D8JIH'lllHOi1 traCTl1 llJIOI.lla,llltl l1JiaTI:l
1 
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np~;u.Ha3HatreHHOH lJ.llH npOKJialJ.Kitl npOBO,ItHHKOB OT paa:beMa K BhiBO,naJJ MllK- . 

pocxeM. KpoMe Taro, Mellt,ny- P n· N cyllleCTByeT aMnHpl1trecKaH aaBHCk1Mocn 

11H,na f;. =y;_(N)=.KN .,_ , _r,ne K 1t1 'l - nocTOHHHble, Kt:JTopue JJoryT 

CihiT:& onp~,neJieHbl :ztJIH KaJK,noro aa.nauHpro ItoMnJieKca UHTerpaJI:&HhiX cxeM 11 ) 

aa11HCHT TaKEe OT KJiacca CJIOlKHOCTM!. cxe1i yaJioD. IImmaaHo, 'ITO np11 o.n

HOBpeMeHHOl.l ytreTe 3Tl1X ,ItByX llpC,ItllOCllJIOK noJiytreHHOe COOTHO!ll8Hl18 LlelK

:ztY p l1 .N H11Jlfl8TCH OllTllMaJI:&HllM C TO'l:Kll ape_Hl!H ncnoJI:&30DaHl1fl pecyp

C011 nJiaThl no paaMel.lleHlliD coe,nHHllTeJI~HhiX nponoiuHKOB~ IIpnBe,neHhl onTll~ 

Mamaue cooTHomeana Mellt,ny P l1 N ;u.JIH ocaoBHoro Tk1nopasMepa nJiaT 

KOHCTPYKTk1Da ACAIT*) 140xi60 MM2, Cpe,nuk1e oueHKll trHcJia IIC 11 trHcJia 

BhiBO;ztOB paa11eMa ,nJIH 3TOi1 nJiaTll xopomo corJiacyroTcH c npnBe;u.eHHhlMll 11 

;ztnccepTaUHn npl1MepaMl1 nueromnx 6Jil13KHe paauepu netraTHhiX nJiaT pasJIH

trHhiX oTetrecT11eHHhiX 11 aapy6exubiX opraunsauni.l n WHPM. PaccMoTpeua-~op~ 

MaJil13aUllfl MO,ItBJlkl netraTHOll llJiaThl ,Itllfl TpaccllpOBKll !tl llpOaHaJil13klpO:aaHbl 

CllOCOCihl xpaHeHllfl MO;It6Jlll B onepaTllBHOi-i llaMHTll 9B!~; 

Ha OCHOBaHllll llpOBe,neHHbiX. II. ,ltaHHO;i rJiaBe llCCJI8,ItOBaHlli.l BhiCipaHbl 

OCHOBHb18 aJirOJ'lllTM!i npoeKTllpOBaHRH netraTIIbiX nJiaT. 

B KatreCT11e npl1Mepa llpl1M8H8Hl1H npe,nJIO~eHHI:lX ~ rJia:Be MBTO,ItOB ll. 

aJiropRTLIOB Ol1l1CUBaeTCH peaJIR3011aHHaH llO,ItCRCTeMa nporpaMM npoeKT!r1p0-

11aHRH netraTHI:lX nJiaT MACTE~-IIII. IIpn ee paspa6oTKe rJiaBHaH npe,ltnochl~

Ka COCTOHJia 11 TOM, 'ITO B 11ll,It8Jl8HHO~ nOCJIBlJ.OBaTeJI:&HOCTll 113al1MOCBH~ 

3aHHUx Tpy,noeMKllX pa60T OCi:beY RCXO,ItHI:lX ;ztaHHbiX ,ItiDl pemeHRH BC8X sa-
- . . 

,1tatr ,ltOJilltBH 6hlT:& YllHllMaJI:&Hbi!J, llOSTOMY KpOMe· sa)tatr paaM81lldHllH.MO,ItyJiei-i 

R TpaccRp011KR C11H38H B llO,ItCRCTBMy.MACTEP-IIIT BKJIID'l:CHll'TaKllte aa,na'l:ll aB

·TOWaTl13SUlll1 11H8C8Hllfl l13ii8H8Hlli1 .Iii ,no6aBJI8Hl1£1 11 MamllHHyiD TpaCCllpOBKY 

fiOCJI£l ,nopa6oTKH llJiaTH KOHCTpy'KTOpOLI 1 pactreTa Ha 9BIA ynpaBJiliiOII\llX 

nep~OJieHT ,ltllfl R3rOTOBJI8lllifl OpllrllHaJIOB netraTHhiX llJiaT Ha aBTOMaTlltre-

*) .ArperaTRPOBaHHaH Cl1CT8Ma ATOMHOro llpR~OpOCTpOeHllH 
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C!Wll ROOp,IlUHaTorpacj)e SM.-703 U C_BepneHUH OTBepCTHM B rOTOBIDC nnaTax 

Ha nporpaMMHOM CTaHKe 0~-72. 

·. IIo:ztcUcTeMa MACTEP-IIII npe:ztaaaaaqena :ztnH paapaoo:rKH o:ztHoii ua oc

HOBHIDC KOHCTpJKTHBHIDC. paaHOB>l,IlHOCTeil. ne'!aTHOH nnaTH ACAII C paauepaUH 

!40x!60 {!55x!58) MM 1 Ha KOTOpOti yc:raHaB;TIHBaeTCH B c;r.ryqae UU~pOBIDC 
. r ~ 

yanaB· 24(25) li1C B Kopnyce 30IIIJI 14 Unlli 30 li1C B KOpnyce IO!CT !4 

{ c nnaaapnw.m BWlo:ztaMH) • B aB:roua:ruqecKou peuue uamuaoii paaBo;~tn:rca . . 

60-80% BCeX 38:.zlaH!IIDC C06,1lUH6HUii, OCTalU>Hhle npHXO,IlUTCH ;!tOpa6a:rWlaT:& 

Bpy'lliyiO. Peayn:r,:ra:rhl :ztopa6oTKH aaHOCHTCH.B HHY?opuaunoHHhlti uacCHB o 

nna:re l1 oopaoaTbiBaiOTCH KOMllH~KCOM nporpaMM 0Pli10H, a BBO,Il CKOppeKTH

poBaHHOrO qepTel!ta nnaThl OCYDi6CTBHfl6TCH npH IIOMOlllH paapaoo~aHHOrO 11 

OllHCaH~oro B Tpe:r:r,eil. rnaBe yc:rpoil.CTBa KO,IlHpOBaHUH KOOp,IlHHaT. 

HeB03MOlKHOCT:& npOB6CTH ll01lHOe KOHCTpyKTHBHOe paa:zteneHUe UH~po

BIDC H aaanoroBw: cxeu H:ztepao-wuauqecKoil. aneK:rpoHUKH no paaHhiM yanaM 

np!.!BO~HT K TOI~Y 1 q:ro OKOHO 60% Y3HOB JIBJISIDTCSI CM6DiaHHHMH • 8KcnepH: 

Men:ran:r,ao 6hlno noKaaaao, q:ro, ecnH quc;r.ro HaBecaw: :zte:ranet.i, Bhlpaxea

aoe qepea aKBHBanea:raoe .KonHqec:rBo KopnycoB· Hn:rerpan:&HHX cxeu, coc:raB

nHeT ae.oonee 30%.o:r quc;r.ra HH:rerpaJI:&HHX cxeu ua nna:re, :ro MOlltHO npo

uaBO.zlHT:& pa3M6Jllel!H6 HaB6Cl!hiX ,1l6Tanet.i KOMnneKCaMH 1 llHOilla:zt:r, KOTOpHX 

3KB~iBaneHTHa nnOil(a,IlH O,IlHOro Kopnyca Ji1C. J{HH 'laCTH'lHOil. aBTOMaTH3aUliH 
.. . -· . ·.- ' . 

KOHCTPYKTOpCKOrO npoeKTUpOBaHI1fl nO,IlOOHHX CMemaHHHX Y31lOB npe:ztHO:'e~a 

nonyaBTOMaTHqecKaH ll0,1lCHCT6Ma 1 BK;TIJOqaJOJllaH MallHHHOe paSM6Jll6HH6 ane

M6HTOB Ha nJI_aTe 1 TpaccHpOlll\y. C06,1lHH6HHit KOHCTPYKTOpOM Ha cneuHaHI>HOll 

qep:rellte aaroTOBKU ne'la:raoli nna:ru, KO.zlHPOBaaue :rpacc npH ·. na!.IOillU nony-: 

aBTOMaTHqeCKOH. YCTaHOBKU BBO,Ila KOOp,IlHHaTB MaWUHy U 06padOTKY HH~Opua

UUU,.~OTOpaH 3aKaH~1BaeTCH BN,IlaqeiJ. nepwoneHThl ,Il].!fl KOOp]tUHaTorpawa H 
CBepnun:r,aoro c:raaKa •. 

IIporpauuaoe ooecneqeHue 'a:roii ·i:ro:ztcnc:reMhl coc:rou:r· ua nporpauu . 

ITPli1M-IO, KounneKca 0Pli10H u cnenuan:&Hoil. nporpauuh! pacnaKOBKH HH~opua-· 
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UUH 0 KOOp.1tl1HaTax :roqeK qepTel!ta TpaCCHpOBKH, BBO,IlllMOii B 9BM C 

nep!J)oneHTH. 

KaK llOKaaaHO B npHHOllt6HHU K ,1ll1CCepTaUHH 1 TIO,IlCUCTeMa nporpaMM 

MACTEP-IIII, aecno~pH Ha HeKo:ropNe orpaHnqeHUH 11 Heooxo:ztnMoc:r:r, npnMe

HeHHH py'!Hoil. :ztopa6o:rKn, noaBonHe:r noq:rH.B 2,5 paaa coKpa:rnn npo

:ztomr;;n:ren:&aoc:r:r, Bcero nnKna TexanqecKoii peannaanuu neqa:rHHXnna:r. 

B pa60Te npOB6;!t6HO 3KCnepUM6HTaH:&HOe UCC1l6,1lOBaHH6BmfHUH KOHa:rpyKTHB

HHX !J)aKTOpOB Ha TIPOU6HT aBTOMa:ruqe_CKH pa3B6,1l6HHHX CBH36H H normaaH0 1 

q:ro ;r.ryqwne peayn:r,:raTH nonyqaiOTCH npH ncnon:r,aoBaHHH MHKpocxeu B Kop

nyce 30IIIJI !4. Yc:raaoBneao, q:ro MUKpocxeuH c nnaaapHHMH BWlo:ztaMH 

ll03BOHlllOT ;ltOOHTl>Cll 6o;r.r:r,meii llHOTHOCTrt !JOHTallta 1 HO ,l{HH aBTOMaTrt'leCKOii 

paaBO.l{KH ueaee y:ztooau, nocKon:r,rcy ,Il].!fl oc:iyl!leC:rBneHHH nepexo:ztoB CBHaeii 

C O;ztHOii CTOpOHhl nnaTU Ha ;ztpyryiO TpeoyeTCH ~BO,IlHTL MHOllt6CTBO. ,1lOnOHHU

T6H:&HIDC OTBepCTHii {npUMepHOe OTHOW6HH6 nepeXO,IlHHX OTBepCTHll K qncJiy 

BWlO;ztoB HC - 2 :3), Hanuque Ko:ropHX aa:rpy.l{HHeT paauellleHne npoBO;!~HH

KOB. TaKlUI Oopaama, MaWHHHOe n~OeKTUpOBaHHe C06,1lHH6HHH npmlrpHBaeT 

py'!Hony cnocooy no Ka'lec:rBy, ao ;ztaeT aaMeTHhlii ~UHrphiW no Bpeuea~. 

Bo BTopo~ rnaBe aaanHanpye:rcH TaKXe no:ztcnc:reua :rexH~qecKori pea

HHaanuu ruopH,IlHUX MHKpOCX6M 1 H3rotaB~HBaeMHX no TOHKo-n;r.reaoqao~ ~ 

~o:ro-nu:rorpa!J)HqecKo~ :rexaonoruH MACTEP-rC. An:roua:ruaau~HnpoeKTHpo.,

BaHHfl TOnonornrt. rltiC I!a 8BM BUSWlae:r 3Ha'lHT6Hl>Hhte TPY.IlHOCTH no cpaB-

'' HeHUil C npoeKTUpOBaHUeM neqaT!IOrO loiOHTallta .• ~Oplola H paanepu !J)~ryp 

3H6116HTOB r~C H60;ltHHaKOBH 1 OHH He MoryT OHTI> 3a,IlaHU 1 KaK B c;r.ryqae 

HHTerpan:&HHX aneueHTOB, nonoJEeH~eM o;ztao~ TOllKn-ueu:rpa THlltecTu ane

MeHTa. IIocne n~ooro uaueHeHHff Baauuaoro nonoEeHUH !J)Hryp {nepeuel!leaue 

l1 TIOBOpOT) Tpe6yeTCll npoBepKa Ha OTCYTCTBHe nepece'leHHH ue~y HHMH 

u coonD~eHHe MHHHMan:r,aux :rexaonorHqecKHX aaaopoB. IIpu aHanHae aa;zta

qu 6uno noKaaaao, _q:ro ua-aa 6on:r,moro Tpe6yeuoro oo~eua naua:ru H Tpy-

II 



;noeMKOCT>i BbPUICJieHRH paapa60TKa nporpaMi.l ;n.nfl aBTOI>IaTH3aUHH KOHCTpy-
. . 

npoBaHI'lfl rHC Ha SBM KJiacca 11l.rnHCK 11 Heuenecoo6paaHa. B npo.THBOOOJIOllt-

HOCTb 3TOMY 1 TeXHOJIOrJ.IqecKaff OO.ztrOTOBKa npOH3BO;I{CTBa_opnrRHaJIOB rn6-

pll.ztHHX cxeu MOXeT OhlTb aBTOMaTH3llpOBaHa 6ea OC06HX Tpy;nHOCTeil ll no-

3BOJIHeT• nonyqnTb aHaqnTeJibHhlti Bblr.trpum llo llpeueHn. ll paooTe pacc:r.~oTpe-
- _.) . 

Hbl npHMepbl pemeHHfl xapaKTepHHX aa;naq, OTHOCflll!llXCfl K allTOII.!aTl13aURl1 

IIOJiyqeffliH Opllrl'lHaJIOB np>! OOIJOlllll paapa60T8HHOH OO,lt pyKOBO;I{CTBOM aB- · 

Topa no;ncncTeuu nporpaMu MACTEP-rc. 

!!a OCHOBaHllll aHaJill3a Tpe60BaHl1i1 K TO'll!OCTll l13rOTQBJieHllff rn6pR;n

Hb!X· MlilltpocxeM noKaaaHo, qTo opnrllHaJibl ;nnH HllX ;noJIXHbl uaroTaBJil1Ban

ca JII'lclo _ B yBeJil1qeHHOM :wcmTa6e Ha npeul'la>~OHHOM rpaqmqeakou ycTpollcT

Be (Koop;nl'lHaTorpa~e), nuero111eM norpemHOCTb ±50 MKM, nn6o B HaTypaJib

HYID B,e1mqllHY c norpem~ocnro .±5 MKM Ha ~OTOHa6opHol1 ycTaHOBKe. Onnca

Hbl anropllTJJbl nonyqemur ynpanmiiD!!lllX nep~oJieHT Ha SB!A "MnHcK::.22'~ ;nna 

KOIIKpeTHHX TnnoB o6opy;noBaHIIH. ltoMnJieKc nporpauu IIYPrA 161 npe;nHaaHa

qeH ;nnH uaroTOBJieHnH opl'lrnHaJIOB. nocJioitHoro RaoopallteHRf! uacoK rpJop>~;n-

lrux MllKpocXeM Ha npO~lb!Ul1IeHHOM KOOPJ{llHaTorpaflJe 9M-70H\, KOTOPbiH OIIHCH-

BaeTcH B rJiaBe Ill >1 6h!JI caMoCTOHTeJibHbiM npe;nMeTOM nccJie;noBaHllH ;naHHOlt 

;nl1ccepTaunoHHoil paoOTbl. Oco6eHHocuro npe.ztJIOJKermoro anropl'lTMa Buqep

qi1BaHRH (BhlpeaaHnfi) w11ryp no OTHomeHllro K llaBeCTHbiM, HBJIHeTcH To, qTo 

npollaBo.ztHTCH paa~enenne rpaHHI( tllnryp Ha ropnaoHTaJibHLie n BepTHKaJib

HLie COCTallJifliOllllle 1 .KOTOpue o6pa6aTb1BaiOTCH Ha 9BM ll BOCOp0!13llO;I{HTCH Ha 

Koop.ztl1HaTorpa~e no OT.zteJibHOCTH. IlpenMyllleCTBa npe.ztnoJKeHHoro anropwr

lla COCTOHT B TOM 1 qTQ llHCTpyueHT KOOP.ztllHaTorplig)a (peaeu) OplleHTRpyeT

Cff TOJlbKO · .ztBa paaa · np11 npOI13BOJibHOM KOJillqecTBe ~11ryp 1II060il CJIOXHOC

Tl1, 3KOHOMI1TCH BpeMH Sa cqeT COKpallleHHfl.qi1CJia·nepeoplleHTaUl1Jl 1 OOBbi

UlaeTCfl TOqHQCTb l13rOTOBJieHRH Opllrli!HaJia ll YM8HbUlaeTCH HepOBHOCTb JI!ii

Hl'lit, TaK Kalt norpemHo~n liHCTpyueHTaJibHOli ronoBK!il ( OT aKcueH_Tpl1cnre

Ta BepmHHbl peaua) .ztOJilitHa yqnruBanca Bc_ero ;nBa paaa llo Bpeua nepeopn
eHTaunn. 
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B KOMnJieKce nporpaMu ITYPrA 6onbmoe BHnuaHI1e y.zteJieHo llonpocy 

. KOHTPOJIH llCXO,ltHOJl llH~OpMaUllll: RUe eTCH CllHTaKCl1'1eCKl1H J.l C:Mb!CJIOllOU 

KOHTpOJ!b npl1 llBO.zte l1H~OpMaUl1l'l 1 a TaKl!te npe;nyCMOTpeHO BOCpOl'l3Be.zteHl1e 
. ) 

KOHTpOnbHOro qeprelita OpRrRHaJia cpe;nCTBaMl1 aJitlJa.Bl1THO-Ul1tlJpOBOit netiaTl1. 

Ilpl1Be.zteHH cpaBHRTeJibHble xapaKTepl1CTl1Kl1 BpeueHn nomioro Ul1KJia naro

TOllJieHHH OpRrRHaJIOB npR OO.ztrOTOBKe nep~OJieHT C IIOMOlllbiO Olll1CaHHOrO 

KOMOJieKca nporpaiiM R l1X BOCOpOl13lle.zteHRH. Ha cepHlitHI:lX KOOp.ztl'lHaTorpa

~ 3M-70J H 3M-70IM. 

TIOKa3aHO,'ITO npH pa3JIH'IHH B CKOpOCTHX paOOTH CaMHX KOOp~RHaror~a

~Oll npnMepao B 2,5 paaa, Ul'lKJI naroTOBJieHHH opnrnHana Ha 8M-70IM 

npHMepHO Ha 12% 60Jiblli8 1 qeM Ha SM-703 1 llOCKOJ!bKy OCHOBHOe BpeMH ll 

~KJie TpaTl'lTCH Ha no;nroTOBKy HH~opua~nn .ztJIH Bllo;na B SBM. TaKMM oo

paaou, noKaaaao, qTo paapaoorKa nporpaYMHoro.o6ecneqeana noalloJIHJia 

cy~eCTB8HHO llOBHCllTb 3W~eKTl1BHOCTb l1CIIOJlb30BaHHff.KOOp.ztl1HaTOrpatlJa 

(npl'luepao B 4 paaa). B cocTa.Be,no;ncncreuu MACTEP-rC paapa6oTaH TaK

xe KOYnJieKc nporpauu ITHPC, npe;naaaaat~eHHHl1 ;nna nonyqeHHfl yripaBJIHDlliHX 

nep~onear ;nna ~oToaa6opaoi1 ycTaHOBKl'l 9M-5I8. Hccne.ztoBaH aJiropl'lrM 

nporpaMMH TIHPC. iloKaaaHo, 'ITO aa;naqa OOKPHTRH aa.ztaHHOit COBOKYOHOCTl'l 

~nryp I!HHHIIaJibHblll aaoopOU pa31ll1'1HHX,MaCOK npn O,ltHOBpeMeHHOM yCJIOBHl'l 

OOTHIIH3aUHll ~1ll'lHH nHHHH ~eHTpOB MaCOK HllJIHeTCH aa;naqett KOMOHHaTOpHO

rO-TllUa'c 60JiblliHLI qHC1IOM ;nonycTHMbiX BapnaHTOB. 
r· 

TaK KaK peailbHble J.iacKn HacqnTh!BaroT aecrtaJibKO coT Bepmat; HeBoa- · 

YOEHO HanTH TO'IHOe pemeHl1e aa;naqH. ll03TOMY npe~JIOEeH l'l peaJill30BaH 

a£pHCTl'lqecimn anropl'lTM, cocTOHlliHll l-'13 Tpex t~ac'i:elt: ·paapeaaHHe MHoro

yroJii;aux t])Hryp aa ii}mMoyroJibHHKH, aanoJIHeHne Kalit;noro nonyqeaaoro 

npHMOyrOJibHRKa COBOKYllHOCUJO' MaCOK _ll3 RYeJOlllerOCH y ~OTOHa60pHOU yc

TaHOBKl1 9M-5I8 Ha6opa'1 nepeKO~I1pOBKa l1HifJOpMaUllll Ha H3HK ycTaHOBKR 

,ltJIH Bhl.ztaqn Ha nep~ClJI6HTY • OnncaHhl OCHOBHh!e OC06eHHOCTl'l paapao.oTaH-
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uoro anropuTua, npuBeAenu 6noK-cxeuu xapaKTepnux ero qacTett. Peanu

a~BaHautt ua ocnoBe aToro anropuTua KounneKc nporpauM TIHPC noaBoHHeT 

COKpaTllT:& Ul1K11 ll3rOTOB116H:I1fl (POTOma6nona rli!C Ha ycTaHOBKe .SM-518 noq

Tll B 5 pa3 1 qTQ AenaeT ee npHMeHeHUe OC066HHO BllrOAHUM ~11fl H3rOTOB-

1!6mlfl ma6JIOHOB KOMMyTaUHOHHUX CJ106B 1 OTnll1laiOIJU1XCH nOBUill6HHOii C1!0l!t-
,J 

HOCT:&IO. 

B TpeT:&ett rnaBe ~uccepTaunonnon pa6oTu pemeHu neKoTopue a~aqn 

ananuaa 11 paapa6oTKu.annapaTHUX cpeACTB BBO~a-BuBo~a rpa~uqecKott 

llHWOPJJaUHll ~Hfl 9BM, npe~naaaaqeanux ~11fl BBO~a qepTe~ett B 9BM 1 Ha6niO

~eHHH peayn:&TaToB uamunHoro npoeKTHpoBaHI1H 11 TeXHonorl1qecKoii peams

aauuu opnri1HanoB (npeuuamoaaux qepTel!teit) ne1laTHHX nHaT 11 uacoK rli!C, 

paccquTaHHUX no npeAnoxenHuu 11 onucannuu B npe~~y~en rnaBe anropuT~ 

!IIUI. 

IlpH aBTOJ.IaT!13UpOBaHHOll npoeJtTllpOBaHI111 neqaTHUX nnaT 11' rH6pH~

IIuX 1.nmpocxeu paapa6oT1lllKY qacTo np11xo~RTCH o6m.ancn o Yaml1nott, npn-

. qeu uenecoo6paanue (PopuH. npe~cTaBneunn HllilJopuauuu AHH YamHHbl H ~nn 

qenoBeKa coBepmenao paanuqnu. B CBH311 c sTRY ueo6xo~uuu y~o6nue 

cpe~CTBa nepeBo~a 11H~opYaUI111 1 no~roTaBni1BaeYott qenoBeKoY ~Hfl uaml1-

nu u, Hao6opoT, B~aBaeuon uamunon ~nn ~an:&uettmen pa6oTu qenoBeKa. 

OmiT noKaaan% 1lTO nueD~eecn y Mami1H BToporo noKoneni1H cTau~apTnoe 

BHemnee BUBO~noe perucTp11py10m.ee o6opyAOBaHHe ne o6ecnelli1BaeT np11 

!.latullHHOU npoeKTI1pOBaHllll s(P(fJeKTUBHOrO 06DJ.6HHfi qe1JOB6K-HamHHa B npo

uecce paapa6oTKH. 

PaCCJ.IOTp6HI:I B03UOllHOCTI1 11 M6TO~U nOCTpOeHllfl ycTpOttC'm BBO~a , 

rpa(fJnqecKolt uuwopuaums, KoTopue cpaBHHBaDTCH we~y co6olt B paanH

qnux acneKTax. Ilpi1BO~flTCfi ~OCTI1rHyTue T6XHH1l6CKI16 xapaKT6pHCTHKI1 

H6KOTOpb!X npowumneHI!UX ycTpOitCTB 1 peanH3YilDJ.l1X IJ6TO~ npeo6pa30BaHI1H 

nepel.lel!lel!lifl BI13Hpa·.c nOMOI!ll>IO ~H(fJpaKUI10HHUX KpyrOBUX ~aTilHKOD nono-

l!te1!11H B llOCJl6~0BaTe11:&HOCTL HMnyn:&COB 1 1lHC110 KOTOpblX (fJHKCHpyeTCfl B 

peBepCI1BHblX C1leT1ll1Kax. nanHUii MeTO~ 06ecnell:HBaeT ~OCTaT01lHYIO ~11fl , . 

namux uenett.TOilHOCT:& {±?0 uKu),u A11H ero peanuaau1111 Tpe6yeTcn cpaB

H11Ten:&no l!eCJIOl!tH8Ji 3116KTpO!UIKa. !1poa.Ramt3HpOBaHU paanl11lll!16 BapHaH

TU OKOH61lllblX npH60pOB: Jl6HT01lHUlt U KapTOilBuii nep(fJopaTOp 1 3116KTpl1~e

CK8Ji numyntan MamHHKa, U11ifJPOBU6 UH~UKaTopu. IlpHBO~HTCH peayn:&TaTU · · 

oueHKH KOJII1ttecna o60PYAOBaHI1ll, aeo6xo~11uoro ~nn peanuaau11u yicaaaa

HUX BapnaHTOB. B KaqecTBe npnuepa paccuoTpeao paapa6oTaHHOe no~ py

KOBO~CTBOM aBTOpa ycTpOitCTBO C KJiaBI!aTypott; 61IOK011 UHcQPOBOit HH~ll~a

Ulll1 11 neHTOilHUM nep(fJopaTopou. 

9KCnepl1M6HTaJILH06 11CC1!6,1lOBaHI16 paapaoOTaJIHOrO YCTpOi:iCTBa BBO

~a rcoop~nHaT noKaaano, 1lTO c ero noMOIIt:&IO MOl!tHO ~ocTRrHyT:& CKopocTR 

KO~UpOBaHI1H 2000 · O~HOpO,'tHUX TOqeJt B qac npll ma;re. KOOp,llUHa';I!HOit CeT:-. 

Kll Ha qepTel!te 1 ,paBHOLI 5 LIM 1 npll mare 21 5 LIM CKOpOCT:& ~OJll!tHa 6hlT:& 
. ~ . . 

CHHl!teHa np11MepHO ;ItO 600 T01leK/1laC BO 11366l!taHH6 yBenuqeHllfi npo~eHT~ 

OlliUOOK. !1pOaHa1!U3llpOBaHU aaTpaTU BpeMeHU Ha nonyl!eHlle qepTel'ta 1 He, 

co~epxa~ero omu6oK, c .np11ueHeHI1eM KOOPA•maTorpa:fia ~nn KOHTponn. 

Ha ocHoBaHHI1 aaanuaa BNBe~eHHOi:i (fJopuynu npe,Jlnoxea cnoco6 ABYXKpaT

aoro ltO~UpOBaHI1H qepTel!ta 11 Cm!1leHI1H nonyqeHHUX nep(fJ01!6HT Ha 9BM. 

9TOT cnoco6 .noanonneT yueH:&Ili11T:& npoueHT omu6oK npi1Liepa.o B 3 paaa 11 

no;nyllHTL npaBli11LHNi1 qepTe~ C U6H:&illi1LIR II01lTI1 Ha 50% 3aTpaTaMI1 BpeMeHR. 

B pa6oTe aBTOpou npe~noxeao TaKae ;~tpyroe ycTpoi:iCTBO BBOAa qep

rms:er/DI. Ycrpoacuo cocroHT • H3 nmwmera, . np~,~tcraBJIHDiqero . ___ : ... ·-· ... 
co6oi:i opToroaan:&HyJO·CI1CTeYy paBaouepao pacnonOl!teiiHux B~Byx napan

nen:&llux ll110CKOCTHX. npOBOJtOB, BUCOKOB011LTHOrO.I1CT01lHHKa 11CKpOBOro 

paapn~a.H perHCTpupym~qeD qaCTI1 1 BUn011H6HHOtt Ha ~eppi1TOBUX cep;Lt61lHU

Kax c npnwoyron:&Hott neTneit rHcTepeauca.-llp11BO;LtllTCH aeKoTopue peKo~ 

.we~auu:a. no KOHCTPYKTI1BHOit peanuaai.U!R aT oro· ycTpolicTBa, o6n~aD~qero 



MeHee BUCOKOH, HO ~OCTaToqnott ~Jill KO~HpOBaHHll qepTexefi neqaTHHX. 

nnaT' TQqRQCTI>ll.llpen!Jy~ei::TBa STOro ycTpOHCTBa: BUCOKall nouexoaa~n

~eHHOCTL, CBORCTBeHHaH llpHRUHny WHKCaUHH KOOp~HRaT, H nonyqenne OT-• 

cqeTa B aqconiDTHUX e~nnnuax. B cne~ym~eu paa~ene ill rnaBu paccuoTpe-

. . ni:! Bonpocu nocTpoeHHll e~e ne noJiyqnBmnx mnp01mro pacnpocTpa.HeRHll B 
_.) 

Comae nanc>onee y~oc>nux cpe~cTB oc>~eHHll _c SB!!, TaK naaUBaeuux sKpa.H-

HUX nynLTOB, HJIH ~ncnJieeB. 

llpoaHaJII'I3HpoBaHU -li3BeCTHUe MeTO~ll llOCTpOeHHH Sltpa.HHUX nyJILTOB, 

ocnoBannue na pacTpoBou, neKTopnou 11 ToqeqaoM npnnunne reaepaunn 

l130ClpaEeHHH. ]lJill OUeHKll KaqeCTBa cnpoeKTllpOBaHHOH nnaTU Ha SKpa.H 

SnT ~OJIXH!l BUBO~liTLCfl IIOCJIOHH!le HaodpaxeHHH Hait~enHnx MaiDHHOH Tpacc. 

llocKOJILKY .n ~nccepTaunn a~aqa orpannqnBanacL na6mo~enneM nonyqea

aoro qepTellta, paccuaTpnBaeTcH npvtuep nocTpoeHHH npocTettmero sKpa.H

aoro nyJILTa / 4/. ABTOpOM nonyqeno aBTOpCKOe CBll~eTeJIDCTBO Ha cxeuy 

llOCTpOeHHH nyJILTa paCTpOBOrO Tllna, noaBOJlllDmJID CHH3HTL Tpe6aBaHl!H 

K 6ucTpo~encTBHID BCTpoennoro 6ywepaoro 3Y,- neoc>xo~nMoro ~Jill perene

p.auim nn!l)opuaunn na snT/14/. ITpnBe~eno onucan11e 6noK-cxeMu sKpaano

ro llJJIDTa 11 OT~eJILHwi: ClJIOKOB / 4, 7 ,S/~ llaueqenu OCHOBHble llpHHUllnll 

nocTpoennll nporpauunoro oeiecneqennn ~Jill ~ByxcTopoanefi cBaan Me~y 

SB!A n sKpaHHllY nynLT ou. 
]lnll naroToBnennn TO'lHUX qepTexen·opnrliaanoB rn6pH~nux cxe1o1 MO-

. ryT npl!MeHHTDCH rpa!l)nqecKl!e jiCTpOHCTBa, OCHOB3HH!l6 !{a paaJIH'lHUX 

TeXHHqeCKliX npHHUHnax, paCCUOTpeRHUX B ~HccepTaURll. nnll Haml!X uenett. 

no TO'lHOCTl! Hal!CiOJiee llO~XO~llT KOOp~l!HaTorpawu C IlJIOCKOH noBepXHOCTLD 

CTOJia l! IlpllUOjlrOJIDHllMl! KOOp~l!HaTauH. llpll STOY TOJILKO aBTOUaTHqecKae 

nporpauMnoe ynpaBnenne Koo'p~I-1HaTorpalJOU noaBonlleT peannaoBaTD Bee· 

BOaMaEHocTn uamnnnoro npoeKTllpoBaHllll. Ma.nanc>onee pacnpocTpaHeHHUX 

cnoco6oB peannaaUHll aneKTponao-lolexannqecKoro npHBo~a nepeue~eHHll -
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l!HCTpyueHTa 6un Bu6pan cnococ> c npnuenenneu maronux ~BnraTenefi /6/. 
9TO npO,llliKTOBaHO, rnaBHhlM oc>paaOM 1 C006p~6HllllMll M3KCl!M3JILHOfi.npoc

TOTU ClJIOKa_ynpaBJieHHll ,llJlll ,llOCTl!XeHl!ll 6onee BhlCOKOH Ha~elKHOCTH. 

llpo6neMa H~exnocTH .- na116onee namnall a~aqa paapa6aTKll, ~Jill peme--_ 

Hllll KoTopoit 6unH npe~ycMoTpenu cne~yDIIlHe !.lepu: 

- 6noK ynpaBnennll peaJIHaoBa.H na HHTerpanLHUX cxeuax; 

- BBe~eno 6y<!Jepaoe aanm.mnam~ee ycTpoilcTno, noan'onHio~ee coxpa;.. 

HllTL npHHllTyiD C nep!l)OJI6HThl liH!l)OpMaUliiD l! CJI6~l!TL aa npaBli1ILHOCTLID 
0 

ee npeo6paaoBaHllll n KOMaH~ll Koop~nnaTorpa<Pa; 

- n 6JIOite ynpaBnennH maraBllMll .ItBHraTeJIHJJI1 B:ae~eno Tpoitnoe pe

aepBHpoBaHHe•H HcnonLao:aan rrpnnunn "ronoconannn" TaK,_llTO paapeme

Hlle o6ecrreqnnaeTcll, KOr,lla ~Be ua Tpex cxeM nMeiDT_ o~l!HaKCllLifil BHXO~. 

Krut noKaaano aKcnepnMeHTanLnoe nccne,llo:aanl1e, paapa6oTaHH!lH 

aBTOMaTH3HpOBaHHllH KOOp,lll!HaTorpaw 91!-70IM no H~ellt_HOCTll npellOCXO-:

~HT cepnitnllll Koop~nnaTorpaw S!A-703_. ]lpyrne era TexnHqecime xapaK~e-

pliCTl!Kl! - TOllHOCTD l! paaMepll CT_oJia, llpl!MepHO 0~11Ha!t0Bll C 91.!-703 ~ 

Kpoue CKOpOCTll pa60Thl, KOTOpafi llO'lTll B 2,5 paaa Hllllte._ O~HaKo, BBI1-

.llY HaJlllqnH nporpaMMHOrO o6ecneqeHI1H llpl1 O~~HaitoBOtt CJIOlltHOCTll Opl1-

rl1HaJIOB CyMMapHb16 aaTpaTll Bpe!JeHll Ha llO~rOTOBKY 11CXO~HUX ~aHHUX·I1 

Bb!llepqnBaHI1e Opl1ri1HaJia H~ KOOMl!HaTorpawe 9M-701M Jll!IDL Ha 10-12% 

6onLme. 

Pe<PepnpyeMaH pa6oT~ nocBlii!leHar TeopeTnqecKoMy 11 aKcnepnr~eHTanL-. . . . 

aor.ay nccne~onaanm MeTo~oB 11 ycTpoilcTB ~nll aBToMaTnaaunn paapa60TKI1 

ll no~r_OTOBKH npoitaBO,llCTBa yanOB liJl6PHO~ll3:1llleCKOll aima~aTyp~. 0CHOB

Hlle peaynLTaTu npone,lleHHHX nccne,lloBannit c:Bo.ItHTCH K cne~yro~eMy: 
•''' 

I. llpoaHannanpoBano cocTOHHHe Mamnnnoro npoeKTHponaanH p~no-

aneKTpoanoii annapaTypu B uenm.a, ,llaHu ouenKn HanpaBnemtii n nepcneK

TliB aBTOMaTI13aUlll1 pa3HllX STanoB npaeKTllpODaHI1ll. 
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· .. 2 0. Ha ocHOBlliHll1 aT oro anaJmaa c ytieTOM cne!Ul<J)HKH H~epno-wuan

qecKoli annapaTypu nmtaaana uenecoo6paanocu, pemeHHH B nep:sy10 otie

pe~:& aa~aq ICOHCTpyitTOpCIWro npoeKTilpOBaHHH, KOTOphle ~aiOT HaUClOJI:&UJee 

coitpamerme :speMeml npoertTI!po:sanna 11 crpopMyJIIlpo:sanu aTil a~atiHo · 

3o nan aHaJJil3 ll3BCCTHhlX aJirOpUTMSB pemeHHH aa~ati.KOHCTpyKTOp

cKoro npoeKTI1pOB8H>IH, OTOiJpaHHhlX .l(JIH nepBOH Otiepe~~ aBTO!JaTH3aUilllo 

4~. !Ipe~JIOJl0Hbl MO~H<j)llKaUilll anropllTMOB pa3M81J18Hilfl 8JI8M8HTOB ll 

TpaccllpoBKil coe.l{HHeHilil·, npnro~Hble ~JIH peanllaaunll na SBM "lllliHcK-22"o 

5o Paapa6oTana MeTo~llKa oueHKil KatiecT:sa aJirop>~TMOB paaMe!IleHnn, 

ocnonannaa Ha cpa:snemm nonytieHHoro peayn:&TaTa c .aT~OHHI:U.I paaMe

lll8HHeMo 

6o PemeHa a~aqa 06 OIITilMaJJ:&HOM COOTHOUJ8HilH Mem~y 'IIlCJIO!.I KOpny

COB llHTerpaJI:&HhlX CX8!J 1 yCTaHaBJil1B88MhlX Ha IIJI8T81 H 'IHCJIOIJ BhlBO~OB 

Ha paal>eMe ~JIH IIJI8T 3~8HHLJX paaMepOB C ~BYXCTOpOHHU.M netiaTHbi!J MOH

Tal!W!J o 

7. Paapa6oTana n BHe~pena no~cllcTeMa nporpaMM ~JIH anropl1T!.IIl'Ie

cKoro npoeRTilpo:sannn netiaTHhlX nnaT MACTSP-IIII, pema10maa a~atiH paa!.le

menlln, TpaccnpoBKll, BHecemm ll3Menenni1 na netiaTHhlX nnaTai ocnO:snoro 

paauepa I40xi60 (I55xl58) Mu2 11 :s~a~1 ynpaBJJHIOIJlllX nep<J)oneHT ~Jill 
l13rOTOBJI8Hilfl OpHrl1H8JIOB Il8'I8THhlX IIJiaT ll CB8pJI8Hl1fl OTBepCTiJi.t Ha IlpO

rpaMMHhlX YCT8HOBitax S!J-703 ll 0~-72 o 

8 • !Ipo:se~eH aHaJil13 TeXlil1K0-8KOHOL!~IleCI\l1X xapaKT8pllCTl1K IIO~CHC-
~ <' -

·TeL!bl MACTEP-ITII, noKaaa:smHli, 'ITO c ee IIO!.IOII\:&Il npl1HUiliiHaJI:&Ho :soaMOl!tHO 

COKpaTHTi.IIOJIHblli ~HKJI T8XHH'I8CKOli peaJIH3aUl1H II6tiaTHhlX IIJiaT Ilpll!.lepHO 

11 2,5 pailao ' 

Ill : 

-.• 

9. Paapa6oTaHa n DHe~pena ~o~cncTeMa IIporpaMM ;llJIH ·a:sToMaTnaa

uim HaroToDnenun opnrHaano:s ru6pn;11ao-naTerpan:onux cxeM MACTEP-rc, 

II03BOJIH!Oll!afl IIOBbiCUT:& IIpOl13B0;1lllTeJI:&HOCT:& KOOMHHaTorpaqJOB 8!.1-703 ll 

SIJ-701:.1 npl1Mepao ·:s 4 paaa l1 !QoToim6opaol'l ycTano:srm BU-518 npl!Mepno 
. ' . ' ) . .. 

:s 5 paao 

IO •. nJIH no:sweHilH a(Q<J)eKTn:saocTu paapaooTlliiHhlX nporpa,rtMHhlX 

cpe~cTB npe~nollteHbl rpa!QutiecKue ycTpolicTBa BBo~a .u BhlBO;lla nH<J)opMa

guu ~JIH SBM: . 

- ~Jifl BBO~a tiepTellt5i IIetiaTHhlX I!JiaT ll rUG; 

- 3KpaHH!1H nyn:&T ;llJIH HaelJIIO,ZJ;eHllfl peayJI:&TaTOB UBTO!JUTll'!eCKOrO 

npoeRTnpo:sanua rr~llaTHhiX rrnaT; 

- nyn:&T yrrpa:snenua rtoop~nHaTorpatJ>o~ .l(JIH uaroToBnenua opllrn

nano:s r:ll6pu~mri: cxe1.1. 
. . 

!I o Haii~eHbl HOBJle. TeXHlllleCKile .pemeHUfl1 OPllrl!HaJI:&IIOCT:&. KOTOphlX 

rro~T:sepJK~ena anTopcKuMu c:sn~eTen~~T:saMll /irJ.:..I4/ ~ IIp~MepaMu 1.1oryT 

cJiy~llT:& cxeuu aipannoro uyJI:&~~ li4/ H rrnanme~~oe ycTpoilc~:s; ~0;11Hpo-
·. ·. . 11epTe~en fl3/ 0 .• . • • 

BaHHfl KOOMHHaT I!JIOCKHX 
''\'- .·,·. 

Co~epmaHHe ~llCCepTaUHH H3JIOllteHO B HaytiHO-TeXHlllleCKHX OT'IeTax 

CHli!HIIo HeKoTophie peayn:&T.aT~, nony~eHHble :s ~HccepTaUHH, nepe,1tanhi 

~pyri.i'M opraHnaa!UlaM. B tiaciTnocTn ~ rro~cHcTeMa rrporpai.iM MACTEP.:.n' ne-
,. . ' . ~ ' " 

pe.Jiana B JI.HIT Ol.Uill (roJlY6Ha)', KOMI!JI6KC nporpaMM IIYPrA - B BHJibHJOC-

CKHH nay'IHO-Hccne~o:aaTen:ocKHft HHCTHTYT p~uonaMepliTe.li:&Hmc npl!C5opo:a 

( BHl/!11PJ.1II) • 
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• ~.t ~ :. ' ,; ·~' 
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