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VK 629.7.01
OC00eHHOCTH HCII0JIb30BAHMS MPUHIIUIIOB ABTOMATH3MPOBAHHOTO HCCJIeI0BA-
TEeJbCKOr0 MPOEKTHPOBAHUSA MPH CO3TAHUHU JIEMEHTOB U3/eJINil paKeTHO-
KOCMHYECKON TEXHUKH

A.Il. ABepbsIHOB, K.T.H., C.H.C.,
JOUEeHT Kadeapel YpasieHue 1 HHPOPMALMOHHBIC TEXHOJIOTHH B KOCMUYECKUAX CUCTEMaX,
TocynapcTBeHHOE OFOKETHOE 00Pa30BaTEIIEHOE YUPEKICHHIE
BEICIIETO MTPOGECCHOHATBFHOTO 00pa3oBanuss MOCKOBCKOW 00JIacTH
«DrHAHCOBO—TEXHOJIOTHICCKAs akafgeMus», T. KoponeB, MockoBckast 00J1acTb

Ompaosicenvl 0COOeHHOCMU UCNONIb308AHUSA NPUHYUNOE ABIMOMAMUZUPOBAHHO20 UCCIe-
008amenbcKo20 NPOEKMUPOBAHUA NPU CO30AHUU DJIeMEHMO08 U30eUll paKemHO-KOCMUYEeCKOoll
mexnuku. Paccmompen npoyecc asmomamusupogannoz2o popmuposanus mexHuyecko2o ooau-
Ka pakemuozo Komniekca. /lana nocmanoeka 3a0adu U onpeoeién cocmas paciémHuix mooy-
Jietl Uccne008amenbeko20 NPOeKMuUpoOSanusi pakemHo2o KOMIIEKca U e2o noocucmem OJis 4d-
cmuoeo cayuas. Illocmpoenvl yenesvie ynkyuu 015 hopMUpoOBaHUss MEXHUYECK020 06auKa pa-
KemHOo20 KOMNIEKCAa U €20 NOOCUCTHEM.

ABTOMAaTU3UPOBAHHOE HCCIENOBATENBCKOE IPOEKTHPOBAHUE, CIEILHAIBHOE MPOrPAMMHOE
obecrieueHne, TeXHUYECKUi 00JIMK, palliOHANIBHBIN BapUaHT.

Research Computer-Aided Design Engineering Principles Usage Pattern During
the Rocket and Space Technology Production Units Manufacturing

A.P. Averyanov, Ph.D., Management and Information Technology in Space Systems Depart-
ment, Assoc. Prof. Library,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

Paper reflects particular issues associated with research computer-aided design engi-
neering principles usage pattern during the rocket and space technology production units man-
ufacturing. A rocket complex technical layout automated definition process is examined. Rocket
complex and its subsystems research design engineering scenario is given and the set of compu-
ting modules for the particular cause is specified. Objective functions for the rocket complex
and its subsystems technical layout definition are developed.

Research computer-aided design engineering, customized software, technical layout, rational
variant.

Beenenune

ITpouecc mpoeKTHpOBaHHUA PAKETHO-KOCMHUYECKHX OOBEKTOB HMMEET psii OCOOEHHO-
creil. CaMu OOBEKTHI SIBJISIOTCS CIIOKHBIMH TEXHUYECKUMH CHCTEMaMH, B IIPOILIECCE MPOEKTH-
POBaHMS 3THX OOBEKTOB Y4acTBYET OOJIBIION KOJUIEKTHB HCCIeJ0BaTeIeH-pa3pabOTINKOB.

CoOKpaTUTh CPOKH MPOCKTUPOBAHHS U MOBBICUTH KAYECTBO IIPOEKTA BO3MOXKHO Ha OC-
HOBE aBTOMAaTH3MPOBAHHOI'O MPOEKTUPOBaHMs, Ha 0a3e NpHMEHEHUs! OBbICTPOJCHCTBYIOIIEH
BBIYHMCIIUTEIBHOM TEXHUKU M COBPEMEHHBIX MaTeMaTHYECKUX METOJIOB.

Hcnpapnenne ommOKK Ha CTAJAUU MOATOTOBKH TEXHUYECKON JOKYMEHTAIMU O0XOHT-
csl JienIeByie, YeM Ha CTaJHu MPOU3BOJCTBA U dKcIutyaTanuu. MsBectHo, uro 50...70% oOmux
MIPUYMH Ae()EeKTOB MAIIMHOCTPOUTEIFHONH MPONYKLIHH CBS3aHO C OIIMOKaMH B IPOEKTHO-
KOHCTPYKTOpPCKHX paborax [1, c. 11].
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Jis co3maHusl KaueCTBEHHOW CHCTEMBI HEJOCTATOYHO OJHOIO BapHaHTa IIPOCKTA.
ITpoeKTUpOBIINK CTPOUT aTbTEPHATUBHBIC BAPUAHTBI CHCTEMBI M U3 HHUX BBIOMpAET JIyHUIIHH C
TpeOyeMbIMU XapaKTEPUCTUKAMH.

[IpuMeHeHNEe BBIYMCIUTENBHON TEXHUKU IMPU HMPOESKTHUPOBAHUM CIIOKHBIX TEXHHYE-
CKUX CHCTEM BO3MOKHO TOJIBKO B TOM CIIy4ae, eClId UMEIOTCS UX aJIeKBaTHbIE MaTeMaTHYeCKHe
Mojenu. PazpaboTka MaremMaTHuecKUX MoJieliel 00bEKTOB MPOEKTUPOBAaHMS — TBOpUECKas 3a-
Jlaya, TpH pElIeHnH KOTOPOH HEoOXOAMMO HCIIONB30BaTh 3HAHUS M OIIBIT, HAKOIICHHBIE CO-
BPEMEHHOM MaTeMaTHKON, MEXaHUKOH, pU3NKOH M JpyruMH HayKamH [2, c. 28].

Bo03MOXKHOCTh OCTPOEHUSI UEPAPXUU MOJEIEN MMEET BaKHEWIIee 3HAUEHUE B IPO-
1ecce aBTOMaTH3MPOBAHHOTO MPOEKTHPOBaHMsA. KaxkoMy 3Tamy NMpoeKTHPOBAaHUS MOKHO CO-
IIOCTaBUTh CBOIO MOJIENIb OOBEKTA M TEM CaMbIM M30€XaTh HEOOOCHOBAHHOTO YCIIOKHEHUS 3a-
naun. [Ipu 3TOM mporiecc aBTOMaTU3UPOBAHHOTO MPOEKTUPOBAHKS UMEET OOIIUE YEPTHI C BbI-
YHCIUTENbHBIM 3KCIEPHUMEHTOM. B MaTeMaTHdeCcKOi MOJEIN IPOESKTHPYEMOT0 00BEKTa BbIE-
JSIIOT CTPYKTYpPHO-IIAPAMETPUUECKOE ONUCAHUE COOCTBEHHO OOBEKTa W ONUCAHME IOBEICHHS
o0beKTa BO BpeMeHH U BHelrHel cpexe. [locnenHee Ha3pIBalOT 0OBIYHO MOIEIBbI0 (PYHKIIMOHU-
poBaHus.

ITocTaHoBKa 3a/1a4M HCCIE0BATE/bCKOT0 MPOEKTHPOBAHNS

ITocTanoBKa 3ama4M MPOEKTUPOBAHUS OCYILIECTBIAETCS B HECKOJIBKO 3TaroB (pUCY-

Hok 1). Ha mepBoM 3Tane 3aka3unk onpeaerseT Leld IPOeKTUPOBAHUSL.

—p ®dopmupoBaHue HeJieil MPOeKTHPOBAHUS
—>| Onpenenenue 00beKTa MDOEKTUDOBAHMS

CuHTe3 MOJe/IH POEKTHPOBAHNS:
-CTPYKTYpHO-TIapaMeTPUUECKOe OIMCAaHHe O0BEKTa IPOSKTUPOBA-
—p HUS;

-hopMHpOBaHUE IPOCKTHBIX APAMETPOB,;
-pa3paboTka Mozeneil QyHKINOHUPOBAHUS

¥

®opmaju3anus 00beKTa NPOeKTHPOBAHMS:
-popmanm3zanms TpeOOBaHNI TEXHHYECKOTO 3aJaHUS;
> -(popMHpOBaHHE IPUHINIIA OITUMAITEHOCTH

Pemenne 3a1a4u NpoeKTHPOBAHHUS

AHaJIM3 BAPHAHTOB PellleHNs 3aa4i NPOeKTHPOBAHMS

A 4

v

¢ OnTUMAJILHBIIA BADUAHT CUCTEMbI

Pl/lcyHOK 1 —ITocTraHoBKa 3alavui UCCJICA0BATEJILCKOIO INIPOCKTUPOBAHMSA

B ponm 3aka3umka 0OBIYHO BBICTYIIAET Pa3padOTYHK CHCTEMBI 00Jee BBICOKOTO YPOB-
HAL

JI1st cnoXKHBIX cucTeM Ha JaHHOM 3Tare npoBoasarcs HUP Gombmioro o6wéma, B Xoze
KOTOPBIX aHAIM3UPYIOTCS MPOTHO3HPYEMbIC XapaKTEPUCTHKH 00BbEKTa U BHEIIHEH cpensl [1, C.
20]. ITocne 3TOrO0 NPUHUMAETCS PELIEHUE Ha Pa3padOTKy MEePCIEKTHBHON CHCTEMBI.

Ha cnenyroriem 3tane GpopMupyeTcs KOHIICTIUS MPOSKTUPYyeMOi cucteMbl. [Ipemmno-
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JIOXKHM, YTO AJSI PELICHUS TOCTaBJICHHBIX 3a/ad HEOOXOAWM JieTaTenbHbIH ammapar. Cpenu
JIETAaTEIbHBIX allllapaToB BbIOMPAETCs], HAIPUMEP, OECIMIIOTHBIN BapHAHT, ONPEAEISIETCS CHO-
co0 OasupoBanus U T.i. OCOOEHHOCTBIO 3Tama SBJSIETCS TO, YTO KOHUENMs (Gopmupyercs B
YCIIOBUSX OOJBIION HEONPEAEIEHHOCTH ONBITHBIMU JKCIEPTaMH-CIIEHATUCTAMU MTPEIMETHOM
o0acTH.

Co3iaHre MaTeMaTHYeCKOW MoAen OOBEKTa IPOSKTHPOBAHUS MPOMCXOAUT Ha Clle-
nytomieM stare. C 3Tol menbio co3naéress MaTeMaTHYECKOE ONMCaHUe TEXHUYECKON CHUCTEMBI,
OIIPEIETISIIOTCSl TIPOEKTHBIE IMapaMeTpbl M OrPaHWYEHHs, HAKJIaJblBAEMble Ha I10JICHCTEMBL.
JlaHHBI 3Tanm NMPOBOJWTCS COBMECTHO HHXKCHEPAMH-CIICUAINCTAMH IIPEAMETHOH obJacTuy,
HMMEIOLIMMH TIPAKTUYECKUH OIBIT IPOSKTHPOBAHMSA, M MAaTEMaTHKaMH-CIICIHATNCTaMH B 00Jac-
TH aBTOMaTH3UPOBAHHOTO MIPOESKTUPOBAHUS C MpUMEHEeHHeM DBM.

Maremarnueckue MoJen QYHKIMOHUPOBAHUS B PAJE MPAKTUUECKH BaKHBIX CIIydacB
ABJISIFOTCSI B 3HAUUTEIbHON MEpPE «MHBApPUAHTHBIMM» 10 OTHOLIEHHIO K IIPOEKTUPYEMBIM 00b-
exTaM. ToyHee, N3MEHEHHE CTPYKTYPbI U IIapaMETPOB O0BEKTA B IUPOKHX ITPEAEIaX MPUBOJUT
JIMIIb K MU3MEHEHUI0 KOA(P(UIHMEHTOB M (QYHKIMOHAIBHBIX 3aBHCUMOCTEH MaTeMaTH4ecKON
mozenu. [lepexon kK KaueCTBEHHO MHOW MaTeMaTH4YeCKOW Mopenu TpeOyeTcs, TOJIBKO KOoraa
CYIIECTBEHHO M3MEHSIETCSI B CTOPOHY JAETalM3aliK ONMCAaHUE MPOEKTUPYEMOro oObeKTa 0o
MOSIBIISIIOTCS. IPUHLMITMAIBHO HOBBIE TEXHUUECKHE BO3MOXKHOCTH [2, c. 35].

dopmanuzanys 00bEKTA HCCIeI0BATE]bCKOT0 MPOEKTHPOBAHUS

CdhopmynupyeM 3amady ONTHMHU3AIUU IPH MPOSKTUPOBAHUN TEXHUYECKON CHCTEMBI.
[TycTh BapHaHTBl TEXHHYECKONW CHCTEMBI (aJIbTCPHATHUBEI) OMHCHIBAIOTCS HAOOPOM (BEKTOPOM)
rapamMeTpoB X Pa3MepHOCTH N, MPUHUMAIOIIUM 3HAYCHHS U3 MHOXKeCTBa X. 3a/jaHne MHOXKeCT-
Ba X OTpakaeT OMBIT MPOSKTUPOBAHUS CHCTEM aHAIIOTHYHOTO Ha3HA4YEHHs, TPEOOBaHMUS K CHC-
Teme, (opMHUpyeMble Ha 3Tare BHEUIHEr0 NPOCKTUPOBaHMS, (PU3NUYECKUE 3aKOHBI (DYHKIIMOHHU-
poBaHus u 1p. MHOXeCTBO X BHIOMpAETCsl U3 BCEX TEXHUUECKH PealM3yeMbIX BapUAHTOB IPO-
eKTHPYEMO# CHCTEMBI B COOTBETCTBHM C COBOKYIIHOCTBIO OTpaHMYEHHH (paBEeHCTB W Hepa-
BEHCTB), BBITCKAIOUIMX W3 TpeOOBaHMH TEXHUYECKOTO 3aJaHusi M  CTPYKTYpHO-
MapaMeTPUIECKOTr0 OIIMCAHUS CUCTEMBI.

B nocratouHo obmieM Buje 3Ta 3a1aya CBOJMTCS K OINPEAEIEHHIO TAKOro BEeKTOopa X *
U3 JIOITyCTUMOTO MHOXKECTBa X, KOTOPBIH 0OecreunBaeT MUHUMYM IIeJIeBON QYHKIUH f (X), T.C.:

x* =arg min f (x).
xeX

Kak mpaBmio, J0mycTHMOe MHOXKECTBO X 3a1a€TCs COBOKYITHOCTHIO HEPABEHCTB (WIIN
PaBEHCTB, WJIM HEPABEHCTB U PABEHCTB OJHOBPEMEHHO) BHUIA

g()<0{g:()<0,i=1,m; g,(x)=0,j=1,1,

rae g(x) — B o0meM ciydae BeKTOp-(QYHKIUS, KOTOpas Ha3blBaeTcs (yHKOMEH orpa-
Hu4eHui [4, c. 88].

CpeacTBa aBTOMATH3HPOBAHHOTO HCC/I€10BATEIHCKOT0 NPOEKTHPOBAHUS
Jlis obecrieyeHus: aBTOMaTH3alMK HAY4YHO-MCCIIENOBATEIbCKUX pabOT HEOOXOIMMBI
CJICYIONINE KOMITOHEHTHI (pUCYHOK 2) [5, ¢. 575]:
®  KOMIUICKC TEXHUYECKHX CPEICTB;
e  o0mecucTeMHOE IPOTPAMMHOE 00eCIIeUeHHE;
e  crenuajbHOE MPOrpaMMHOE 00eCIIeueHHE;
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®  uH}pOpMaNMOHHOE OOecTIeYeHHe.

KoMiuiekc TeXHHYEeCKHX CPeICTB
Kommiexce texunueckux cpencts (KTC) — ato cpenctBa o0pabOTKH AaHHBIX, mepude-
PUIHON TEXHUKU U JPYTUX CPEACTB OPITEXHHUKH MO MOJITOTOBKE M OTOOpa)KeHHI0 MH(OpMa-
MU, OHU OOBEAMHSIOTCS B CIUHYIO TEXHOJIOTHYECKYIO IIeTOYKy. KOMITIEKC TeXHHUYECKUX
CPEJCTB TpeACTaBIsIeT cO00i COBOKYMHOCT, DBM, npenHazHadueHHBIX IS XpaHeHUs 0a3 JaH-
HBIX aBTOMATHU3MPOBAaHHBIX PabOYUX MeCT, OOBCTUHECHHBIX IMPH IMOMOIIH CETeoOpa3yromeH
anmnapaTypbl U JOKAIbHON CETH CBSI3H.

CriermanbHOE IporpaMMHOE oOecIieueHue
(MOZyJIH HCCIIE0BATENBCKOIO IPOSKTUPOBAHHUS U
nHdopMannoHHoe obecrieueHne)

OOb1mecrcTeMHOe TPOorpaMMHOE oOecIiedeHne

Kommneke Texanyecknx cpeacts (OBM, anmaparypa Jtoxains-
HBIX BBIYUCIINTCIIBHBIX ceTeﬁ)

Pl/lcy}IOK 2 — Cocras CpeaACTB aBTOMATU3UPOBAHHOI'O UCCJIEI0BATEC/IBCKOI'O
IMPOCKTUPOBAHUA

OolmecucreMHOe NPOrpaMMHoOe obecreyeHue

Ob6mecucremHoe nporpammuoe obecneyenue (OCIIO) npeanasHadeHO sl yIpasie-
Hust padotoit KTC, opranu3aiiui BBOJa-BbIBOa, 00Pa0OTKU U XPaHCHUs JAHHBIX U CO3JaHUS
MHTEJUIEKTYaIbHOTr0 uHTepdeiica Mexay noib3oBateneM u cucremoir. OCITIO cocTout u3 Kom-
IUIEKCOB MHCTPYMEHTAJILHBIX CPEICTB M 6a30BOT0 MporpaMMHoro obecnedenus. OdmecncreM-
HOE MPOrPaMMHOE 00ECIIeUCHUE pealii3yeT UHTEUICKTYalbHBIH HHTep(hEHC MEXIy MOJIb30Ba-
TensmMu. B ero cocrtaB BXOJST KOMILJIEKC HHCTPYMEHTAIBHBIX CPEICTB U 0A30BOE ITPOrPAMMHOE
obecrnieuerne. KOMIUIEKCHI MHCTPYMEHTAJIBHBIX CPEJICTB PEATU3YIOT TEXHOJIOTHIO ABTOMATU3H-
poBaHHO# 00paboTKN HH(POPMAIH ¢ TTOMOITEI0 DBM.

CrnenuanbHoe NPpOorpaMMHoOe ofecriedeHue UCCie10BaTeIbCKOr0 MPOeKTHPOBAHMUS

CrnenuanbHOE MPOTPAaMMHOE OOECTIeUeHHE HMCCIEA0BATEIBCKOTO MPOCKTUPOBAHUS —
3TO IporpaMMHas peaju3alus MOJAEIe U METOJUK B BHJI€ COBOKYIHOCTH MPOTPAMMHBIX MO-
JyJICH U JAHHBIX JJIs1 UX BBIMOJIHEHHS, 00BbEIUHCHHBIX B 0a3bl JaHHBIX. B THUIIOBOI MPOEKTHOM
npoIeIype Ha OCHOBE KOMOMHHUPOBAHUS OTACIBHBIX MPOTPAMMHBIX MOYJICH, B 3aBUCHMOCTH
OT BBIOpaHHOTO KpHUTepHs YPGEKTUBHOCTH U Psa JOMONHUTEIBHBIX OTPaHUYCHUA PEIIaroTCs
MaTeMaTUYeCKUE 33Ja49H 110 BRIOOPY BapHaHTOB MPOCSKTHRIX pemieHuid. Takum 00pa3oM, crieu-
QIBHOE MPOrPAaMMHOE O00ECIICUCHHE IMPECTABISACT COOOM COBOKYIMHOCTH SJICMEHTOB 3HAHWIA,
KOTOPBIMH HCCIIEIOBATENh OMEPHPYET MpH (HOPMHUPOBAHUU TEXHHIECKOTO OOIHMKAa O0BEKTa H
OLICHKH €0 COOTBETCTBHUS LIEJIEBOMY Ha3HAUECHHUIO.

O HekTHBHOCTh CHCTEMBI aBTOMAaTH3UPOBAHHOTO HCCIIEAOBATEIBCKOTO IIPOSKTHPOBA-
HUS BO MHOTOM OTIPEAEIISETCS COCTABOM M Ka4eCTBOM CIICIMATBHOTO MPOTPaMMHOTO obecrie-
yeana. OT TOro, Kakue MoJeNu OyAyT HCIIOIB30BaThCs MPU MPOSKTHPOBAHUH, HACKOIBKO CO-
BEPILIEHHBI METOJIBI U AITOPUTMBbI IPUMEHEHHUSI TPOCKTHBIX PEIICHHUI 3aBUCAT KaueCTBO U CPO-
KU MPOEKTUPOBAHMUS, & TAK)KE CBA3aHHBIE C HUMU 3aTPaThl.

OCHOBHOE Ha3HAYeHHE MoOJeell — 00ecCIedYeHre BO3MOKHOCTH CIEIaTh BBIBOALI O
CTPYKTYpPE€ U CBOMCTBAX CO3/1aBa€MOI CCTEMBI, €ro MOJCUCTEM U COCTaBHBIX yacTed. Ha ocHo-
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BaHHUHU 3TUX BBIBOJIOB MOTYT OBITh CZETaHbl IPAKTHYECKUE PEKOMEHIALUH O MPOAOIKEHUN HITH
OKOHYAaHUU MCCIEOBAaHUM.

MopenupoBaHue 10 CPAaBHEHUIO C HAaTyPHBIMM 3KCIEPUMEHTaMU JOIIyCKaeT 3Ha4M-
TENIBHO OoJiee LIIMPOKUE MCCIIENOBAHUsS, PE3yJbTaThl KOTOPBIX NAalOT HaM WHQOpMALUIO s
NPOTHO3UPOBaHKs (QYHKIMOHUPOBAHUSI CUCTEMBI, a B psiJie CIy4aeB MOJEIUPOBAHHE OCTAETCS
€/IMHCTBEHHO BO3MOXKHBIM CIIOCOOOM ITPOBEJCHNUS CCIEAOBAaHUI B CHITY TPYJIHOCTH OpraHu3a-
LIMM HaTYPHBIX SKCIEPHUMEHTOB.

B 3aBucumocty 0T 0TOOpa)kaeMbIX CBOWCTB 00BEKTa pa3IM4aloT ero mopgoiornye-
CKo€ 1 (DYHKIIMOHAIBHOE OIMCaHHE.

Mopdonorudgeckoe onucaHne MPOEKTHPYEMOTO OOBEKTa OCYIIECTBIETCS Ha OCHOBE
CTPYKTYPHBIX U T€OMETPHUYECKUX Mojeneil. CTpyKTypHBIE MOJENN ITPUMEHSIOTCS Al 0TOOpa-
JKEHUsI B3aMHOTO PACIOJIOKEHHUS JIEMEHTOB B IPOCTPAHCTBE U MX B3aumozencTeusa. OHU HO-
CAT Xapakrep rpadoB, CXeM, MaTpHIl, BEKTOPOB M OOBIYHO HE YUUTHIBAIOT 0COOEHHOCTEH (hU3M-
YEeCKUX MPOLIECCOB B NPOEKTHPYyEeMOM oO0BbekTe. ['eoMeTpryeckre MOJAENIH ONHUCHIBAIOT IPO-
CTPaHCTBEHHbBIE COOTHOLIEHHS, (JOPMBI IPOEKTHPYEMOTO OOBEKTA U €0 COCTABHBIX YacTeil.

B ocHoBe (pyHKIMOHAIBLHOTO ONMUCAaHKS O0BEKTa NMPOEKTUPOBAHMS JIeXKaT (DYHKIHO-
HaJIbHBIE MOJIENTM M KPUTEPUH OLICHKH KadecTBa (yHKIHMOHUpOBaHUs. DyHKIIMOHAIBHBIE MOJIe-
JIM yCTAHABJIMBAIOT CBS3M MEXIy BXOJHBIMH, BBIXOJHBIMHM U YHPABIISIOIMIMMH NapaMeTpamMH C
MOMOIIBI0 (PYHKIMOHAIBHBIX 3aBUCHMOCTEH ((YHKIMOHAIOB, ONEPATOPOB, BEPOSTHOCTHBIX
3aBUCHMOCTEH, HEPABCHCTB U T.I1.).

Mopdodonormueckie  GyHKIIMOHATBHBIE OIMCAHUS 00BEKTa B3aUMOCBA3aHEL. Tak, Ha-
npuMep, onucanne Mopdosornu o0beKTa TaeT MCXOOHBIH MaTepHal Ul OINPEAEICHUs Tapa-
METPOB B (PyHKLIIMOHAIBHBIX MOJEIISX.

HNudopmanuonnoe odecnedeHue
[Mox unpopmarmonnsim obecneyenuem (M1O) monnmaercst COBOKYITHOCTb AaHHbIX, He-
O6XOZ[I/IMI)IX JJIA TIPOBEACHUA aBTOMATU3UPOBAHHBIX I/ICCJ'Ie[lOBaHI/Iﬁ 10 (bOpMI/IpOBaHI/IIO TEXHU-
YEeCKHUX OOJIMKOB CIIOKHOM cucTeMbl. [leneBbiM HazHaueHreM MO sBisieTcs XpaHSHHE U Orepa-
TUBHOC NPECACTABJICHUC NaHHBIX, HeO6XOIll/IMI)IX B XOAC MpPOBECACHUA HCCHCHOBaHHﬁ, a TaKXe
(buKcaIys ¥ CUCTeMaTH3aIHs PE3yIbTaTOB MPOSKTHBIX POPA00TOK U BEIYUCIUTEIBHBIX IKCIIC-
PUMEHTOB.

IIpumep popMUPOBAHUA TEXHHYECKOT0 00JIMKA CJI0KHON CHCTEMBI

B kauecTBe mpumMepa pacCMOTPUM OZHH U3 BO3MOKHBIX IIOAXO/IOB 10 ()OPMHUPOBAHUIO
texanaeckoro obmmka (TO) pakernoro xommuiekca (PK). B3anMocBsI3p 1 JeKOMITO3UIHAS T10-
CTaHOBOK 33J]1ad OCYIIECTBIICHA B IIETISIX aBTOMATH3HMPOBAHHOTO (POPMHUPOBAHUS TEXHIHYECKOTO
00JIMKa KOMIUIEKCa Ha 3Tale HaydyHO-MCCIIeI0BaTeNbCKUX padoT. B Texamueckom 3amannu (T3)
Ha UCCIIeIOBATENhCKOE TIPOCKTUPOBAHNE PAKETHOTO KOMIUIEKCA 3aJaeTcs Iesb paboTH, yCiIo-
BUS OKCIUTyaTallM M MPUMEHEHHs KOMIUIEKCa, pelllaeMble 3a/lau, KpaTkas XapaKTepHUCTHKa
o0bekTa uccienoBanuii. Ha ocHoBanuu T3 dopmupyercs coiepikaTenbHOE ONUCAHUE MPOEK-
tupyemoro PK u ero moxcucrem, BBIAEISIOTCS KPUTEPUH, TIO KOTOPHIM OY/AET OLIEHMBATHCS
kagectBo PK n ero noacucrem. Kpurepnu BeiO0pa XapakTepUCTHK JOJIKHBI TO3BOJIATH OLCHHU-
BaTh BCIO COBOKYITHOCTb ITpEAJIaraéMbIX TEXHHUYECKHX pelleHnH. B mpakTnke BBIOOpa OCHOB-
HBIX XapakTEPUCTHK pPAaKETHOI'O KOMIUICKCA HCIIOJIB3YIOTCS KPUTEPHH  «CTOMMOCTB-
3¢ EKTUBHOCTEY, «3P(EKTHUBHOCTH-CTOUMOCTE [7, ¢. 38]. B mepBoii mocTaHOBKE ONPENEISIIOT
MUHUMaJIbHBIE 3aTpaThl Ha co3ganue PK npu 3amanHOM 3HaueHHH 3PPEKTHBHOCTH, BO BTOPOH
— ONpEHEISIIOT MaKCUMallbHOe 3HaueHHne 3((eKTHBHOCTH IpH ompeneneHHbIX 3aTpaTax. O0e
ITOCTAHOBKH C TOYKH 3PEHUS NOTYIaeMbIX PEHICHU SKBUBAJICHTHBI, OJHAKO JUIS 3a/1a4H BBHIOO-
pa xapaktepuctuk PK Gosee mpeanoyTuTensHOM sSBISETCS TepBas mocTaHoBka [6, c. 25]. Tlo-
cTpouM B obmeM Buae QyHKiuH 3¢pdexrnBHocTH Wpk m ctommoctd Cpx B 3aBHCHMOCTH OT
TakTuKO-TexHuueckux xapakrtepuctuk (TTX) PK u Texnumueckmx xapakrepuctuk (TX) ero
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nojcucteM. Oyukuus dddexruBaoctu PK Moxer ObITh mpeicTaBiieHa B BHIE BEPOSTHOCTEH
BBINOJIHEHUsSI OCIIEI0BATENbHBIX COOBITHH, KOTOpPBIE PeaM3yIOTCsS COBOKYITHOCThIO (husnue-
CKHUX 06’])eKTOB WJIN OTACJIBbHBIM O6L6KTOM. BepOﬂTHOCTb BBIITIOJIHCHUA 3a4a4ld MOXKET 6I)IT])
MpeacTaBjicHa B BUIC q)yHKIJ,I/ll/I OT CJICAYIOIUX XapaAKTEPUCTUK!

ka = WpK(PL'J T()osr R, Prz)y

rae P, — BepOSATHOCTb N0BEAEHUs MOJAHHOIO B CIIy4aliHbIi MOMEHT BPEMEHH CUrHalla
Ha ITyCK 3a BpeMs He OoJiee fc 10 TIepcoHaa;

Ts0¢ — 3aJAaHHOE BpPEMSI IOBEICHUSI CUTHAJIA HA MTYCK;

R = R(P(t;)) — 0000IIIEHHBIN MTOKa3aTeIh HAICHKHOCTH;

P,= (P(t,), P(t,), P(t,,)}:

P(t,) — BepoATHOCTH ycIlemHOTO (YHKIMOHUPOBAHUS PAKETHI H B3aUMOJCHCTBYIOIINX
C Hell aJIEMEHTOB KOMIUIEKCa IIPH IMOATOTOBKE U IIPOBEICHUHN ITyCKa 3a BpeMs He Oolee ;

P(t,,) — BepOSATHOCTH YCNIEITHOTO (hyHKIMOHUPOBAHUS PAKETHI B IOJIETE;

P(t,,) — BEpOsSTHOCTb JOCTABKH I0JIE3HON HATPY3KH C 33/IaHHOM TOYHOCTBIO.

IMpencraBum PK B Bune mepapxuyeckoit cuctembl. Ha naHHOM stane moapoOHOCTh
Hpe/ICTaBICHUS] 00bEKTa B BUJIE MOJICUCTEM OIPEEIsIeTCs pellaeMbIMU 3a1a4aMu. B paccmar-
puBaemMoM ciydae aekomnosunuio PK Ha moxcucreMsl npeacTaBuM B YIPOIIEHHOM BapUaHTE.
MOXHO BBIZIETNTH, HAIIPUMED, CIIEIYIOLINE MTOJCUCTEMBL: paKeTa, 00eceYNBaIONINE CUCTEMBI.
Pakera peranmsumpyeTcs Ha cocTaBHbIE dacTH: KocMmuueckuii ammapat (KA) wu pakera-
Hocutenb (PH).

[pormecc BBIAETCHUS TOICUCTEM MTOCTIEAYIOMINX YPOBHEH MOXKET OBITH MPOAOIDKEH 110
YACTHBIM TIOKa3aTeNsiM 3(PQPEKTHBHOCTH. B3amMOCBI3b 3a1ad HIKEPACIIOIIOKEHHOTO YPOBHS
OCYLIECTBJIIETCS € IIOMOLIBIO OrpaHu4eHui, HaknaabiBaeMblx Ha TTX u TX noxacucrem Beliie-
PAcCIIOJIOKEHHOTO YPOBHSI.

HayuHo-TexHmueckoe 000CHOBAHNE MEPCIIEKTUBHBIX KOCMHUYECKUX CHCTEM CBSI3aHO C
HEOOXOJAMMOCTBIO OIPEAEIICHHs TOJHBIX 3aTPaT C LIEIbI0 CPABHUTEIBHOTO aHalIn3a ajbTepHa-
TUBHBIX BApUAHTOB U B])I60pa paroOHAJIBHOIO. HO[[ IMOJIHBIMU 3aTpaTaMi NOHUMACTCA CyMMa
3aTpaT Ha BCEM KM3HEHHOM IMKIIE CUCTEMBI Ha CIIEYIOIIUe padoThl:

IIPOBEJICHUE OINBITHO-KOHCTpYKTOpcKuX padot (OKP) Ha cucremy;

n3rorosieHue KA;

noarotoBky KA k 3amyckys;

BeiBeieHNe KA Ha 3amaHHyI0 opOuUTY;

JIETHY10 3Kcmutyarannio KA.

[TomHBIE 3aTpaThl HA KOMITJIEKC MOTYT OBITh 3aIMCAaHbI B ceayromeM Buae [3, c.102]:

Cno,m = CgZp + CgZp +ni( n;cxi + Ciim + Caxcn i);

rie Cpy, — crommocts OKP KA;

Coxpy — croumocth OKP PH;

H
Cheri — cromvocTs mycka PH;
C{" — croumocts usrorosienus KA;
C,eni — TOIOBBIC 3aTPATHI HA JIETHYIO AKCIDTyaTanuio KA;

n; — uucno KA, ruiaHupyeMsIxX K 3aIlyCKy 3a BECh )KU3HEHHBIH IIUKIL.

CocTapnsiomue 3aTpaTsl OLEHUBAIOTCS 110 MPUHATHIM METOAMKAM, HAIIPUMED, 10 Me-
TOJIUKE C HUCIOJIb30BAHHEM METOJAa 3KCIEPTHBIX OLIEHOK WM PErpecCCHOHHOIO aHajau3a, UC-
MIOJIb3YS CTATUCTUYECKUE TAHHBIE 110 AHAJIOTaM.

C pmpyro#i cropoHsl, crouMocTh PK MokeT OBITH TpeicTaBieHa Kak CyMMa CTOHMMO-
cTelt moacucteM, Bxoaamux B PK:

CpK = Z?:l CpK is

IZie 1 - KOJIMYECTBO paccMaTpuBaeMsIx mojacucreM PK.

CTONMOCTh CEpUIfHOTO TPOM3BOJICTBA PAKETHI MOKET OBITH OIpeAeieHa KaK (yHKIUs
OT CIIEAYIOUINX XapaKTEPUCTHK:

8 HNudpopmanuonHo-TexHonoruyeckuii Bectuuk Nel(03) 2015




Cp :f(Mo’ Mlo Mzm Rvd);

rae M,, M,, M, - ctapToBasi Macca pakeTbl, Macca KOHCTPYKLMH, Macca IOJE3HOM Ha-
Tpy3Ku;

P,y — ynenpHas T4Ara IBUraTelIbHOM yCTAaHOBKH.

Ananu3upys QyHKIUH 3PPEKTHBHOCTH U CTOMMOCTH, COCTABUM BEKTOp XapaKTepH-
CTHK, onpenessiomux ook PK:

)(;,K = {Pcy Tdaer R, Pnr Mu}

Cdopmynupyem 3anauy popmupoBanusi TO PK B cnenyrommem Buze:

Xp»: min Co(Xpwo G,

rne Xpk = {P,, Tyos, R, P,, M,},

ka = {WPK, meb};

Wpk (X X,) >= Wpk,

Tco3z) wa’ )(pr() <= Tco30,

Xprj= <= Xpij <= Xprj+;

T 030 — TPOJIOIDKUTENBHOCTD CO3/JaHUS PAKETHOI'O KOMILJIEKCa;

Xowj~ ... XpKj+ — nuanason u3Menenus TTX pakeTHOro KomIiekca.

Jist paketsl 3anaqy popmupoBanust TO 3anuiem B clieyoneM BHIE:

Xo»: min Cy(X,, G,),

rae X, = {TXka, TXn } — TeXHUYECKHE XaPAKTEPUCTHKN KOCMHYECKOTO arnmnapara, pa-
KETHI-HOCUTEII,

G[’I = {Pm Mnll})

Xy <= Xy <= Xty

Xy-... Xpj+ — nuana3zon usmenenus TX pakeTsl.

Jns nocurens 3agaqy ¢popmuposanus TO 3anmmemM B CIEAYIONIEM BUAE:

Xw»: min My(X,, G,),

rae X, = {TXnu},

GH = {Mmr P(tnp)}r

Mrm()(l-t) >= MVIHJ

P(t,,)(X,) >= P(t,),

X, <= Xuj <= X+,

Xuj-... Xnj+ — nuanason usmenenus TX nocurens.

Iponece oreickanus TTX PK u TX moacuctem CTpoUTCs CiieqyrommM o0pa3oM. Bei-
pabatsiBatoTCsl TpeOOBaHMS K MOJCHCTEMaM BEPXHETO YPOBHA B BHIIE OTPaHUYCHHUH (HAIpH-
Mep, Ha xapakrepucTuku PK B Buze orpanudeHuii Ha BeKTOp X,,). 3aTeM BHIPaOaTLIBAIOTCSA
TpeOOBaHUS K TOACHCTEMaM HIDKEPACHOJIO0KEHHOTO ypOBHA (HAaIpHMep, Ha XapaKTEePUCTHKH
PaKkeThl B BUJE OTPaHUYEHUH HA BEKTOp X,) U T. 1. B ciyuae TpexypoBHEBOH CHCTEMBI 3aJaHHE
TpeOOBaHMi1 K NOJCUCTEMaM Ha ATOM 3aKaHYMBAETCH.

3ateMm CTPOATCA LEJIEBbIC (l)yHKLIl/II/I MOJACUCTEM, HAYUHAA C HUKHETO YPOBHS, OTBICKU-
BAIOTCS PallIOHAJBHBIC 3HAYSHUS 3TUX (DYHKLUH MPU 33aHHBIX OTPaHUYEHUSIX, POPMHUPYIOTCS
BAPHAHTBI NOJCUCTEM KaXKAOTO YPOBHSI.

Janee crpoutcs nenesas pyHkuus aust PK, oTsickuBaeTcs e€ panmoHaIbHOE 3HaUCHHE
IIpY 3a/laHHBIX OTrpaHNYeHusX, Gpopmupyrorcs Bapuantsl PK. Beioupaercs Bapuant PK, ynos-
JIETBOPSIONINH TPeObABIsieMbIM TpeOoBaHUsAM. B cirydae ecim Bapuant PK He ynmoBmerBopsier
TpeOOBaHUSIM, TO HCCIEIOBAaHNE MMPOAOIDKACTCS, HAYMHAA ¢ (POPMHUPOBAHUS HOBBIX TPeOOBAHHIA
HA TIOJCHUCTEMEI.

Hns dopmupoBanus texunaeckoro odimka PK pa3zpabaTeiBaroTcst pac4€éTHBIC MOIYIIN
nmoncucteM PK (pucynok 3). PacuérHsrii Momymns — 310 mporpamma ains OBM, peanmsyromas
anroput™ GOPMHUPOBAHUS OOJTUKA TTOICHCTEMBI.

JlelicTBusl ¢ MOIYJISIMU M JAHHBIMU JUIsl peajii3alui MPOEKTHBIX MPOLELyp HCCIIeno-
BaTeJIbCKOro npoekrupoBanus PK MoryTt ObITh MpencTaBieHbl B ClenyoLield MOoCiIeI0BaTeNb-
HOCTH:
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Monymu popmupoBanus TO PK

Monymu popmupoBarmg TO moacucrem PK

Pakera O0ecrieunBaroIme
CHCTEMBI

Monynu popmupoBaaus TO cOCTaBHBIX YacTel paKeThI

Kocmuueckuii Pakera-
ammapar HOCHTEIb

Pucynok 3 — IlpumepHslii coctaB moayJieit gopmuposanus TO PK

MOJrOTOBKA MCXOTHBIX JAHHBIX HA OCHOBE T3 Ha HMccilenoBaTesIbCKOE MPOEKTHPOBa-
HHE;

IIpOBEpKa JaHHBIX Ha KOPPEKTHOCTB;

BBIOOp peKMMa (aBTOMAaTHYECKOTO MJIM MHTEPAKTHBHOIO) paboThl IPOEKTHOH Ipolie-
AYPpBI;

BBIOOp YCJIOBUIT OKOHYAHUsI pabOThI OTAEIBHBIX MPOEKTHBIX MPOLEIYP WIN UX BBIYHC-
JIUTENBHBIX [ETIOYEeK.

VYcnoBueM OKOHYaHUS PabOTHI MOYJEH MOJCHUCTEM SBISIETCS YNCIIO 3a/1aHHBIX BapH-
aHTOB UX O0JHMKOB. YCIOBHEM OKOHYaHUS paboTsl Monynel PK sBnsercs okonuanue nepedopa
BapuaHToB cTpyKTyp PK 1 BEIOOp panmonamsHOTO.

VYpoBeHb aBTOMATU3ALMH [IPU NPOCKTUPOBAHUY B 3HAYUTEIHLHON CTENICHN 3aBHCHUT OT
TOT0 HAacCKOJIBKO (hOopMaliM30BaHa MpeaMeTHas obyacTb. B obmieM ciydae TOJNIBKO OTAENIbHbIE
3ajaun ynaercs GopmanuzoBarb. OTo Haubojee pacnpoCTpaHeHHas! CUTyalus, K KOTOpOi OT-
HocuTcsl U (hopmupoBaHue Texuuueckoro obnuka PK u ero moncucrem. Iloatomy B mepByro
oyepellb BBIACISIOTCS (OpPMaIM30BaHHbIE 33aa4yM, ONPEIEISIFOTCS JIOTHYeCKHe U MH(OpMaIH-
OHHBIE CBSI3M MEXIy HHUMH, pa3pabaThIBalOTCSl NPOLEAYpHI, 00beanHSIomMe GopMaIbHbIE U
HeopMallbHBIE dJIeMeHTHI. [Ipu penieHun 4acTH4HO (HOPMAIM30BAHHBIX 337124 HCIIOIb3YIOTCS
9KCIEPTHBIE CUCTEMBI U INAJIOTOBBIN peskiM padboTsl ¢ OBM.

3akiaouenue

PaccMoTpeHHbIC MPHUHIMITBI ABTOMATU3UPOBAHHOTO HCCIIEIOBATEIBCKOTO MPOSKTHPO-
BaHHS [TO3BOJISIIOT IIOCTPOUTH aBTOMATH3MPOBAHHYIO CUCTEMY JJISl IPOSKTUPOBAHUS DJIEMEHTOB
H3IENIMN PaKeTHO-KOCMUYECKON TeXHHUKH. B KauecTBe nmpuMepa MpeaCcTaBicH OAMH U3 BO3MOK-
HBIX MOJX0/I0B (HOPMHUPOBAHHUS TEXHUYECKOTO O0JIMKA PAKETHOrO KOMILIEKCA Ha JTare Hay4HO-
UCCIICIOBATEIbCKUX pa0b0oT. OCHOBHBIC XapaKTEPUCTUKU PAKETHOI'O KOMILICKCA OMPEICISIOTCS
[0 MUHUMAJILHOW CTOMMOCTH TIPH 3aJaHHOM 3HaueHHU 3G (eKTUBHOCTH. C 3TOH 1EIbI0 CTPOST
I CJICBBIC (l)yHKL[I/II/l JJIA IIOACHUCTEM, HAYHMHAA C HUXKHEIO ypOBHSI, OTBICKUBAKOTCSA pa]_[I/IOHaJ'l])-
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HbIE 3HAYCHUS dTUX (YHKIUH MPH 331aHHBIX OTPAHUYEHHSX, (POPMUPYIOTCS BAPHAHTHI MTOJICHC-
TeM. 3aTeM (QOpMHUPYIOTCS BapHAHTHI PAKETHOTO KOMIUIEKCA, BBIOMpAETCS BapHaHT C MHHU-
MaJIbHOHM CTOMMOCTBIO, YJIOBJIETBOPSIONINI ITPEIbBICHHBIM TPEOOBAHHSM.
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VK 621.397
Pacuer BepoSITHOCTH MOSIBJICHNSI BHYTPUKAHAJIbHOI MOMEXH B MUKOCETH
bluetooth

B.M. ApTomieHko, 1.T.H., mpodeccop,

T.B. Banamosa, 6akajasp 10 HaIPaBJICHUIO IPUKIaaHas HHHOPMATHKA,
I'ocynapcTBeHHOE Oro/KeTHOE 00pa30BaTENIbHOE yUPEXKICHUE
BBICIIET0 ITPoQecCHOHaIBHOI0 00pa3oBaHusi MOCKOBCKOI o0nacTu
«DHHAHCOBO—TEXHOJIOTHYECKas akaeMus», r. Koposes, MockoBckast 00acTh

B cmamve paccmompenwvl 6onpocwl, ceszanHbie ¢ pacuemom u MooenuposaHuem 6epo-
AMHOCIU NOAGNIEHUA 6HYMPUKAHATILHBIX nOMeX 6 nukocemsax Bluetooth, npu pabome decnpo-
B0OHBIX YCMPOUCME Man02o paduyca deticmeus. Tlonyuenvl 3a8ucumocmu no3goasawue onpe-
oenumy 6epOSMHOCIb NOAGIEHUS. GHYMPUKAHATLHBIX NOMEX OM YUCIA UCMOYHUKOS NOMEX U UX
pabouezo yuxna.

IIukocerny, BHYTPHUKaHAJIBHBIC IIOMEXH, CKa‘IKOO6pa3HOG HU3MCHCHHUEC YaCTOThI.

Modeling the probability of occurrence co-channel interference in the piconet
bluetooth

V.M. Artyushenko, Doctor of Technical Sciences, Professor,
T.V. Balashova, Bachelor of Applied Informatics,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

The article considers the issues associated with the calculation and modeling of the
likelihood of co-channel interference in Bluetooth piconets, when the wireless devices small
range. The dependences allow to determine Vero likely the emergence of co-channel interfer-
ence from a number of sources of interference and their working cycle.

Piconets, co-channel interference, the abrupt change in net assets-frequency.

B Hacrosimiee Bpemsi B Bluetooth-texHonoruu coOpaHsl Jiydline JTOCTHIKEHUSI COBpe-
MEHHOH MHUKPORJIEKTPOHHUKH B O0JIACTH almapaTypsl U B porpaMMHOM obecnieuennd [ 1, 5]. 3a
CUET HU3KOHW CTOMMOCTH M MEXIIPOTOKOJIBHOW COBMECTHMOCTH CBEPXMHHHATIOPHBIX MTPHUEMO-
NEepeAaTYNKOB OHM HAIJIM CBOC IMPUMEHCHUC B KOMIIBIOTEpAX, MO6I/IJ'I])H])IX Teﬂeq)OHaX, a TakK
ke B ObITOBOM TexHHKH [4, 5]. PagnokonTpomieps! Bluetooth nator HamM BO3MOXKHOCTH yIpaB-
JIEHUS! Pa3HBIMH PeXUMaMHK paboOThl KOHIUIMOHEPOB, (hoTOKamep, MUKpOBOJIHOBEIX CBY-reus,
XOJIOAWIIFHUKOB, CTUPATBHBIX MAIlIWH | T.1. Tak jke eCTh MHOTO JPYrux 00JacTeil, B KOTOPBIX
MpUMEHSIETCs JaHHas TexHoJorus [8, 9].

Pabora Bluetooth ocymectBnsieTcs B auamnazone gactot 2,45 I'T'1, oTBeneHHBIH 1MOA
[IPOMBIIIUICHHBIC, HAYYHbBIC U MEIUIIMHCKHUE PAAUOCITYKOBI. DTOT AUANA30H SIBISICTCS] HEUIICH-
3MOHHBIM, H, CJIEIOBATEIIHHO, MOJBEPTacTCsi BO3ACHCTBHIO OTPOMHOIO YHCIIA UCTOYHHUKOB He-
MpeTHAMEPEHHBIX MToMeX [2-4].

st Toro, 4To0Obl MOMEXH ObLIM YCTPaHEHBI B 3apaHee HelpeICcKa3yeMoH 3JIeKTpomar-
HUTHOW OOCTaHOBKE MOKHO MPUMEHATH J1Ba criocoda. IlepBrlii crmocoO COCTOMT B TOM, YTO B
CIICKTPC HUIMYTCA CBO60I[H])IC OT INMOMEX YYaCTKH, Ha KOTOPbIC W NPOUCXOAUT AMHAMHYCCKOC
pacripeziesieHue KaHaJloB.

Bropoii crioco0 ucnosns3yer MeTo]] pacIMpeHusl CIIeKTpa NpU CKauKooOpa3HOM H3Me-
Hennu yactoTel FHSS (Frequency Hop Spread Spectrum). ImenHO 3TOT cioco6 npuMeHseTcs
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B TexHousioruu Bluetooth.

IIpu ucmonb30BaHNM JaHHOTO criocoba padboumii quamazon 2,402...2,480 I'T' pa3busa-
etcst Ha N kaHanoB ¢ nosiocoit 1 MI'y u paznocom 140...175 k',

3ametum, uto s ctpad EBpomnbl u CIHIA uucno kananoB pasHo 79, ans Mcnanun u
Opannus — 23.

CmeHa kaHalloB npoucxogut ¢ yactoroi 1600 'y nmo neenociayyaitHOMy 3aKOHY, UTO
I03BOJISIET 3HAYMTENIBHO YMEHBIIUTH BO3JIEHCTBHE MIOMEX OT YCTPOMCTB, PadOTAIOMINX B 3TOM
XK€ Inarna3oHe 4acToT.

OpHAaKO0, HECMOTPSI Ha TO, TOBOJBEHO 3JI000AHEBHBIM SIBIISIETCS TIpo0iieMa obecriedeHns
anekTpoMarauTHOM coBmecTuMocTH (DMC) yCcTpOoHCTB paboTalomMX C MalbIM PagdyCcoM
JEHCTBUS B HETIOCPEICTBEHHON OIM30CTH APYT OT APyTa B OJHOM U TOM XK€ JHAna3oHe 4acTOT
[6-8].

[Ipoananuzupyem npobremsr OMC ma npumepe SRD (Short Range Devices), co6-
paHHBIX 10 TexHoJornu Bluetooth. Paccunraem BeposTHOCTH MOSIBICHUSI BHYTPUKAHAIBHBIX
nomMex B nmukoceTsix Bluetooth.

CuwnraeM, uto ogHoBpeMeHHO ¢ SRD ¢yHKuMOHUpYeT 00OpyZOBaHHE, KOTOPOE HC-
MoJIb3YyeT cKaukooOpasHylo nepectpoiiky vactotel FHSS. Ilpenmonoxum, uto mepectpoiika
YacTOTHl NPHOCTAHOBIICHA, TOT/IA MOYKHO OIPENENUTh KaK BEPOSTHOCTb MOSBIECHHS IIOMEX B
COBIIAJIAIOIEM KaHalle (BHYTpUKAaHAIEHBIC TOMEXH), TAK U BEPOSTHOCTH IOSBICHUS TaK Ha3bI-
BaEMBIX ITOMEX OJOKHPOBAHHSL.

CormacHo [8], BEpOSATHOCTH TOSBJICHUS MOMEX B COBMajaromeM kaHaie Bluetooth
(BHyTpUKaHANBHBIE TIOMEXH) Py, oT Memaromero FHSS-ycTpoiicTBa MOXKHO OTpenennTh Kak
YaCTHOE OT JAEJICHHUs ero pabodero nukia D Ha KOMU4ecTBo pabounx kaHauos Bluetooth:

Py =DN".
PesynpraTsl pacdeToB B rpadueCKOM BHE, IIPEACTABICHB! HA PUCYHKE 1.
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Pucynok 1 — 3aBucumocts P, oT padouero uukia D

W3 npencraBieHHOM 3aBUCHMOCTH BHIIHO, YTO C YMEHbIIEHUEM D, BeposTHOCTH Py
TaK)KEe YMEHBILACTCS.

OueBHIHO, YTO C YBEJINYEHHEM HCTOYHUKOB ITOMEX /71 BEPOSITHOCTH Py, TaKkKe BO3pac-
TaeT

Pyi=D(1 - [(N-DN']").

I'paduk, oTpaxaroIIuii ITOIYYSHHYIO 3aBUCHMOCTb, IIPEICTABICH Ha PUCYHKE 2.

Crenyer oOpaTuTh BHUMaHHE HAa TO, YTO B NIPUBEACHHBIX CIy4asx Py, , He IMpHBela K
YMEHBIICHUIO MPOIMYCKHOH criocobHocTn MeHee 90%, motoMy uto Oonee 90% crekTpa ocra-
J1ach CBOOOIHOM 0T omex [9-14].
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Pucynok 2 — 3aBHCHMOCTH BEPOSITHOCTH MOSIBJIeHUS Py, OT YMC/Ia HCTOYHHKOB
noMex m

Taxum 06p330M, B pE3yJibTaTC MATEMATHYCCKOIO0 MOJACIIMPOBAHUSA ObLIN TOJTYYCHBI
WHXXCHEPHBIC 3aBUCUMOCTH, IMO3BOJIAOIINE MMOIYYUTHh BEPOATHOCTH IOABJICHUSA BHYTPUKaHAJIb-
HBIX ITIOMEX OT BCIIMYHNHBI pa60qer0 IMUKJIa MCIIArOIIUX yCTpOﬁCTB " UX KOJINYCCTBA. HOKaSaHO,
YTO BEPOATHOCTH IIOSABJICHUS BHYTPHUKAHAJIBHBIX ITOMEX PACTET MPAMO HPONMOPUHUOHAIIBHO HX
3HAYCHUAM.
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XapakTepuCTHKU HHTEPIOJISIUM CUTHAJIOB Ha ocHOBe psiia KorenbHuKkoBa

HU.M. Bearovenko, 1.T.H., mpodeccop,
B.H. 3unoBneB, 1.T.H., mpodeccop,
TlocynapcTBerHOE OrOIKETHOE 00pa30BaTEIFHOE YUPEKICHIE
BEICIIIETO MTPO(ECCHOHATBFHOTO 00pa3oBanms MOCKOBCKON 00IacTH
«DrHAHCOBO—TEXHOJOTHIECKas akafgeMus», T. KoponeB, MockoBckast 0011acTb

Paccmompum npoyecc 8occmanogneHuss HenpepvigHO20 CUSHAAA NO  OMKIUKAM
Gurvmpa nusicnux wacmom — ®HY na xeanmosanwvs omcyemol psioa Komenvnurxosa. Onpede-
JISIEMCsl CPeOHeK8AOPaAMUYECcKasi OUUOKA 60CCMAHOBIEHUST 8 3ABUCUMOCHIbL OM YUCTA YHUMbL-
8aeMbIX OMKIUKOS NPU YUPpoeol urbmpayuu, owubOK KGAHMOBAHUL OMCYENMO8, MOYHOCU
BPEMEHHOL NPUBAZKU OMCYEMO8.

PH,H KOTCJ‘ILHI/IKOBa, JAUCKPETU3alld, KBAHTOBAHUEC, CPEAHCKBAAPATUICCKAL omrnoKa.
Recovery characteristics of signals based on the Kotel'nikov number

L.M. Belyuchenko, Dr.Sci.Tech, Prof.,
V.N. Zinoviev, Dr.Sci.Tech, Prof.,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

The recovery process of a continuous signal from the responses lowpass filter on the
quantization of the report of the Kotelnikov number. The mean square error of recovery de-
pending on the number of responses accounted for digital filtering, quantization error reports,
precision of timing reports is being determined.

The number of Kotel'nikov, sampling, quantization, mean square error.

Teopemoii orcuetoB B. A. KoTenpHHKOBa omnpezaemnseTcs MaKCUMaJIbHO JOITYyCTUMBIN
HepuoJ TUCKpeTu3auu T HelpepbsIBHOTo curHana S(t) ¢ BepxHeil yactoroil criektpa Fi,,.

sinm (t/T —n) 1
——— " tneT = —

S = Z SO =/ T=m 2F, (1)

n=-—oo

IIpunnunuansHOe NpenMyiecTBo psaa KoTenbHHKOBa nepen IpyrMMU pa3ioKEHHs-
MH CHTHQJIa Ha OPTOTOHAIBHBIE CHUCTEMBI (DYHKIMH 3aKJIIOYEHO B HCIIOJIBb30BAHHU OTCUETOB
CaMoro CUrHajia B KauecTBe K03(h(hUIIMEHTOB poia pa3IoKeHHUsI.

B npunnune, sta 3ameuarensHas 0coO€HHOCTH psia KoTeapHHKOBa IO3BOIISIET Tepe-
JaBaTh IUCKPETHBIC 3HAYCHUS HEMpephIBHOTO curHana ¢ mepuomgoM T=1/2F,,, a Ha mpuémHoii
CTOpOHE BOCCTAHABIMBAThH HEMIPEPHIBHBIC 3HAUEHUS cUTHama S(t).

[TpakTHyeckn CyMMHpPOBAaTh OECKOHEYHOE HYUCIO YJICHOB DPANA A WHTEPHOJISLUH
3HaYeHnd S(t) Mexxy orcuéramm HepeasbHO. Kpome Toro, camu AWCKpeTHBIE 3Ha4ueHUs S(t)
MOT'YT OBITh M3MEPEHBI U IepeiaHbl ¢ KOHEYHOM TOYHOCTHIO. /1 HU(POBBIX METOAOB Nepena-
YU 3TO TOYHOCTb KBAHTOBAHUA IO aMIUIMTYAC, AJIsI aHAJIOTOBBIX METOIAOB 3Ta TOYHOCTH OIIpE-
JIeISIETCSl COOTHOILLIEHUEM CUTHAJI/IIYM TpakTa rnepenadu. Kpome nepeuncieHHOro Heooxoumo
YUUTBHIBATh OIIMOKY BPEMEHHOH IPUBS3KU JUCKPETHBIX COOOLICHUH Ha NMPHEMHOHI CTOpPOHE,
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0Cc0oOEHHO TpH Tepenave Mo OJHOMY KaHAIy CBSI3M CHTHAJIOB OT HECKOJIIBKUX HCTOYHHKOB.
Takum oOpa3oM, MpU peaTU3ai BOCCTAHOBJICHHUS 3HAYeHWH cUrHaia S(t) mo mpuHs-
ThIM oTcuétam {S(nT)}, n=1, N (N-unciio orcuéroB curnasia) HeoOX0MMO YUUTHIBATS:
-OIIMOKY U3-32 CYMMUPOBAaHHS KOHEYHOT'0 YKciia ujaeHoB psiaa (1);
-TOYHOCTHU Npuéma 3HaueHuit orcuétoB S(nT);
-TOYHOCTH BPEMEHHOW NPUBS3KM OTCUETOB K IIKaje BpeMeHH (MOMEHTOB OIpesesie-
HUS

(nT)).

PaccmoTpuM ynpomEHHy0 MOIETh HHTEPIIONSAIUN CUTHANA S(t) TIPH CIEIYIOMNX 0-
MYIICHUAX:

-IPUHUMAIOTCS OTCUETHI C OJMHAKOBOM €IMHUYHOMN aMILIUTY0M;

-BOCCTAHOBJIGHHE CHUTHAIAa MEXJIY OTCYETaMH NMPOU3BOAATCS CYMMHPOBAHHEM KOHEY-
Horo ymcia pona (1);

-TOYHOCTh OIpeNeNeHus 3HaueHuH oTcuétoB S(nT) KoHeuHas M 3ajaHa B BHIE
04(CKO);

-TOYHOCTb BPEMEHHOW NPUBI3KM MOMeHTOB oTcuéra (nT) u3BecTHa M 3a/aHa B BUjE
0:(CKO);

OueHka oIIMOKY MHTEPNOJSIMU NPU KOHEYHOM YHcJie 4ieHoB psajaa (1)
B paccmarpuBaemoii MOJEM BOCCTAHOBJICHHSI CHTHAJIA OYEBUIHO, YTO MaKCUMAaITbHAS

ommOKa MHTEPIOJSAIMA HAXOANUTCS TOCEperHe MEXIy cocemqHuMu oTcuéramu (puc.l). Ilpu-
MeM OJIHY M3 CepelliH 3a Hadano orcuéra. [To ocu abcuucce otnoxeHa ¢aza x = wy, -t = 2nk,.
Bamkaiimuii cipaBa oT Havana oTCYET OTCTOMT Ha 7T/ 2, BTopoi Ha 3 /27 Tpetuii Ha 5/27 ...n-
bl Ha 2n — 1/2m. bimkaiimmii cineBa OTCUET OTCTOUT OT Havana Ha —1/2, BTOpoi Ha —3 /21
TpeTuid Ha —5/27... n-p1id Ha —2n — 1/2m.

s

3 -
= X = wyt

W
S
]
NI
NIA

Pucynok 1 — Cxema popMupoBanus oTKINKOB GUIbTPa

Cymmuposanue psiaa (1) s nHTeprnoaupoBaHus 3HaueHus S(0) OyaeM MpOou3BOANUTD
rorapHo. CHavana CyMMUpPYEM OTKJIMKH MEPBOH TTapbl OTCUYETOB, 3aT€M BTOPOH Mapsl H T.1.
sinTr/2 , sin(-Tr/2) _,,

CyMMa OTKIHKOB HepBbIX SN n/2  sin(-m/2) _

OTCUETOB /2 (-n/2) 4/
sin3/2-m sin(—-3/2'm
) CyMMa OTKJIHMKOB BTOPBIX / (=3/ ) = —1/3-4/m;
OTCUETOB 3/2-m -3/2'm
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Cy™MMa OTKIIMKOB TpeTbMX 2 = 2

1 4
0TCUYETOB 5t STt 5 1’

3HayeHre UHTEPIIOJIUPOBAHHOTO CUTHAJIA
n
4/ 011 1 1 A< (—1)F
s =—(1—— Sy )=: ) 2
m=21-3+5-7+ n Ly 2k - 1) 2)

5 79
it (-1 7
I1 S0) =1, —==;
pun = «S(0) ( 2k — 1 4)
k=1
B ta6mune 1 npusenens! 3uavenns S,(0) mpun = 1,9.

Tabauna 1 — 3navyenus S,(0)
n 1 2 3 4 5 6 7 8 9

3ng(60‘;“’1 1273 | 0.849 | 1.104 | 0.922 | 1.063 | 0.947 | 1.045 | 0.96 | 1.035

Kak BuguM, yMeHbIICHHE aOCOMIOTHOW OMIMOKM C yBEIWYEHHEM YHCIa CyMMAapHBIX
OTKJIMKOB MeuleHHoe. Hampumep, mpu cyMMHpPOBAaHNH OTKIIMKOB OT § TIap OTCYETOB aOCOIIOT-

Has ommbOka coctapisieT 0,04 (4%), ot 18 map 0,02 (2%).
[enecoobpazno Halith CKO ommbku MeTona — a,,, 9ToObI B UTOTE€ MOYKHO OBIJIO TO-

JIYIHUTh PE3YNbTHPYIOIIYIO OMIHOKY HHTEPHONALUNA C yUETOM O, U 0.
fl
[MTonaraem, uyTo abcoirOTHAs OIIMOKAa WHTEPIOJISALMK Ha WHTEpBase (0, ;) pacmpene-

JicHa paBHOMCPHO.

n
2 2 2
2 A(") A(n)
I =%f(A£,?)-2)x2dx— [M A% ()] _( ’g) _( ’Z) = 0,083 (aA%)" O
0

m)

A 2x

A™( )=— AS;.I).E;
2

A

AT (x)

2
Pucynok 2 — Ipaduk aGcomoTHoii ommokn narepnonsimun — AM™ (x)
Orcrona onmbka merona (CKO)

18 HNudopmannonHo-TexHogorndeckuii Bectunk Nel(03) 2015




™ =0.29 - A" Hanpumep, npu n = 80P = 0.04 u 6> = 0.012. Crexyer ome-
THTh, YTO OIIMOKA METOJa HE 3aBUCHT OT mepuona onpoca T = 1/2F,, (XapaKTepHCTHKU CHT-
HaJla), a 3a8BUCUT TOJIBKO OT YHCIIA YWICHOB CyMMHUPOBAHUS I1.

O1eHKa BIANSIHUS OINHOKH oNpeaeJeHusl AMILIMTY/IbI OTCYETOB.

[Tpu cymmupoBanuu psiga (1) TouHocTh oneHkH S(t) OyZeT TakKe 3aBHCETh OT TOYHO-
ctu oneHkn S(nt). [lonaraem mucriepcuio omMOKKM aMILIMTYBI OTCYETOB S(nt) paBHoit D,. ITo
AQHAJIOTUH C TPEIBLIYIINM OINPEACIIEM TOCIEA0BATENbEHO JAUCIIEPCHIO OIIMOKN MPH CyMMHPO-

2
BaHWHU OTKIUKOB TEPBOH maphl OTCU€TOB 2 * 4/n2 - D,, BTOpOW mapel 2 - 4/r12-Da(1/3) ,

2
Tpertei napsl 2 - 4/n2 - Da(1/5) U T.1I.

Jucnepcust ommOKK IpH CyMMHPOBAHKH N 11ap
n
D™ = 8/a% D ;~D my —
a— n ak_l(Zk_1)2~ a0 a=0q

Crarndeckue OMMOKM MHTEPHOJAIUK S(t), 3aBHUCSIIUE OT OIIMOOK OINpECICHUS aM-
wmTyAbl 0TcuéToB S(Nt), IPaKTUUECKH COBNAIAIOT C OMIMOKAaMH OIPEAEIeHHs OCIEHUX U HE
3aBUCST HU OT XapaKTEPUCTHK CUTHAJA, HA OT YHCJIAa YIUTHIBAEMBIX WICHOB psina (1).

=+ S

-1 0 m 2w
Pucynok 3 — Omin0Ku HHTEPHOJISIIINHA, 00YCI0BIEHHbIE TOYHOCTHI) BpeMEHHOM

NMPUBA3KH 0TCYETOB MPH BocCTaHOBIeHUH S(t)

[MosiBnenre OmMOOK MHTEPIOJISLMN W3-3a OMIMOOK BPEMEHHOW NPUBSI3KH OTCUETOB
WIITIOCTPUPYETCS] PUCYHOK 3.

[Tepecuér ommOKH BpEeMEHHON NPHBSA3KH B OLIMOKY HHTEPIOJSLMH NPOBEIEM, HC-
MTOJTB3YS TIpHpaIeHne 0a3ucHON QyHKIIH

d sin(w,t — kn) At = cos(wyt — k) Wy, (Wt — k1) — wyy, sin(w,,t — k) At
dt  wnt —kn - (Wt — k)2
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B CEPEANHE MEXKAY COCEAHNUMHU OTCUYETaMu aprMeHT

(@t k—)—(+ﬁ £33 )=+@i-12
Wi, n)= _2,_2 _2 AT O ) = (2 21
W npupaiieHue 6a3uCHbIX QYHKIMH ONpeenseTcs: Kak
—1)k
[(Zk 1) ]

[Tonmaraem, uro At ciaydaiiHas BeJIHMYMHA, pacIpeneiICHHas [T0 HOPMAJIHFHOMY 3aKOHY C
HyneBsIM Mat oxxunanuem u CKO g, = /D;.

Pe3ynsTHpyiomas aucrepcus omubku uatepronsmun D, (Y, 06yciopnenHas HeTOU-
HOCTBIO BPEMEHHOW NPUBSI3KH S(nt), onpeenseTcs KaK

p@N DY p e 2N 1 )
Z[(21«—1) mE T Mg @k

Otkyna CKO ommOKy HHTEPIIOISIIH
(@)

Z D@ ~ 0.6 w, 0, =377 Fp -0y
Benuunna a( ) MIPaKTUYECKH HE 3aBUCUT OT YKCIIa CYMMHUPYEMBIX WieHOB psijaa (1), Ho

3aBUCHUT OT XapaKTECPUCTUKU CUTHAJIa F .

Ecmm 3aJaHa JOIyCTUMast OIIMOKa HUHTCPHOJIAIUN O'( ) 1 U3BCCTHA BEPXHAA 4aCTOTa

crnekrpa curHana Fy, To TpeOyemas TOYHOCTh BPEMEHHOW NPUBSI3KU OTCUYETOB Op =
a) / 3,77 + F,,. Hanipumep, mipu AOIMyCTHMOM OmIHOKe o, ( ) = = 0.01(1%) u u3BecTHOW TOYHOCTH
BpeMeHHOI/I npusssku o; = 1073 MokHO onpeaenmb BEPXHIOI0 YaCTOTY CIEKTpa CHUrHajia
F.,=2,6 ru. Ecin ipu TO# ke TpeOyeMoli TOUHOCTH BOCCTaHOBIICHHsT S(t) HE0OX0aUMO repea-
Bath curHai ¢ F,,;=100 ri, To morpedyercsi TOUHOCTh BpEMEHHOH NPHUBS3KH OTCYETOB 0y = 2.6 -
10° ¢ =26 mxc.
PesynpTupyromas nucnepcus OIHOKH HHTEPIOJSIIAN curHaa S(t) onpenersiercs Kak

Dy = D,,™ + D, + D@

CKO pe3ynbTupyromeii ommoKu
05 =V (0,™)2 + 0,2 + (6,@)2 = /(029 - AM, )2 + 5,2 + (3.77 - Fy, - 0)?

rme A, — abcomoTHas omMMOKa MHTEPIONALMHM, ONpeneNseMas UHCIOM UIeHOB
psijia pu CyMMHPOBAHUMY;
« — CKO ommbku onpeneneHust aMIUTUTY 6! 0TCUETOB S(nt);
+ — CKO ommbku BpeMeHHON MPHUBSI3KH OTCUETOB S(nt);
F., — MakcumaibHas 4acToTa CrekTpa curaaia S(t).

IIpoBeneHHBIE OLIEHKM MOKA3bIBAIOT, YTO MOMHMMO YHCTO TEXHMYECKHX TPYAHOCTEH
peau3aniy ONTHMAIBHBIX (HUIBTPOB B IU(POBOH MM aHAIOTOBOH (epMe JJIsi CUTHAIIOB C
pasnuunbiME criektpamu (F,) cyliecTBeHHbIE TPYIHOCTH pealii3aliy 3aKII0YaroTcsl B IIpolie-
Iypax CyMMHpPOBAHHUS C ONpEAEIEHHBIM BecOM OOJIBIIOrO uucia 4ieHoB pana (1), xoTopele
caMu MOTYT OBbITh U3MEPEHbI C KOHEYHONH TOYHOCTBIO M UMEIOT KOHEYHYIO TOYHOCTH IPHUBI3KH
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K BpEMEHHOM IIKaJe.

[TosTomy B 11(pO-aHATIOTOBBIX [TPE0OPA30BATENSIX IPUMEHSIOT aHAIOTOBBIE (DHILTPHI
Hq, T.K. OHH HC OI'paHUYIMUBAIOT YUCJIO YUUTBIBAEMBIX OTKJIMKOB.

B ananoroBo-1udpoBeIX Mpeodpa3oBaTesiasx HEOOXOIUMO OOecleYnBaTh CTaOWIIb-
HOCTb I'€CHEPATOPOB CHMHXPOHHU3AIUN OTCYETOB 3aBUCUMOCTU OT ﬂOHyCTHMOﬁ OHJI/I6KI/I BOCCTa-
HOBJICHUSI.

Jlumepamypa

1. Tonoposckuii, U. C. Pagnorexunyeckue nenu u curraisl. [Tekcr] / U. C.I'onopoBckwuii //
M.Paguo u cBs3b. — 2003 1.

2. Camapos, K. JI., Aptiomenko, B. M., Crpenantok, 0. B. Anropurm nudposoii punsrpa-
in Kanmvana — Berocn Juis ciydast HerayccoBCKHUil ITOMEX: COBPEMEHHBIE UCCIIEIOBAaHNS B
00J1aCTH TEOPETHUECKIX OCHOB MH(POPMATHKH, CHCTEMHOTO aHaJIN3a, YIPaBJICHUS 1 0Opa-
6otku undopmanuu [Texcr] / K. JI. Camapos, B. M. Aprtiomienko, 1O. B. Crpenantox /
OTA. — r. Kopones. —2014r.
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VK 621,372 (075)
YrouneHue kputepusi « HagexkHOCTb-CTOUMOCTDY

H.M. Bearoyenko, 1.T.H., mpodeccop,
B.H. 3unoBsbeB, 1.T.H., ipodeccop,
Tl'ocynapcTBeHHOE OFOIKETHOE 00pa30BaTEIFHOE YUPEKICHIE
BBICILIETO NTPpodeccHoHanbHOro 00pasoBaHus MOCKOBCKO# 061acTu
«DuHaHCOBO—TEXHONIOTHMYECKas akajgeMus», r. Kopones, MockoBckas o6nacth

Paccmampusatomes cnocobwr obecneyenus mpebyemMol HA0eHCHOCU CONCHBIX MO-
HOONOUHBIX CUCEM C YHemOM CMOUMOCmell 6]10K08 chocobbl obecneyusarom npu 3040aHHOlU
obnacmu cmoumMocmy CUCMeMbl, HOJYHEHHbIE MAKCUMATbHOZ0 NOKA3AMENs HA0eNCHOCU U
docmuecHymb 3a0aHHbIN NOKA3AMENb HA0ENCHOCTNU CUCEMOU MUHUManbHou cmoumocmu. Ilpu
MOOEPHU3AYUY CTLOICHBIX CUCEM, UMEIOWUX ONPEOeNeHHYI0 GbIPAbOMKY pecypcd, NPednodCceH
annapam yuema CHUNCeHUs: CIouMOCmuy cucmemsl U 6J10K08 N0 Mepe pacxood pecypcd.

HapnexnocTs, cucreMa, CTOUMOCTb, PeCcypc.
Clarity of citation «reability-cost»

L.M. Belyuchenko, Dr.Sci.Tech, Prof.,
V.N. Zinoviev, Dr.Sci.Tech, Prof.,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

The methods required to ensure the reliability of complex multi-block systems, taking
into account costs of a blocks, are being looked through. For a given total system costs, meth-
ods provide maximum reliability index or capable of accomplishing the indicators of achieve-
ment indicators of reliability at the lowest costs. For upgrading complex systems, having a cer-
tain production resource, an apparatus to reduce the cost accounting system and blocks with
the resource consumption were offered.

Reliability, system, cost, resource.
B pabote [1] npensoxeH MeTo1 ONTUMHU3AINH XapaKTEPUCTUK CIIOKHBIX CUCTEM. DTOT

METOJ] OCHOBaH Ha WCIOJh30BAHUH TOCTATOYHO M3BECTHHIX B TCOPUW HANIC)KHOCTU 3aBUCHMO-
cteit. Koa(hhuImeHT roTOBHOCTH CHCTEMBI, COCTOSIIECH U3 / SIIEMEHTOB ONpEAeIseTCs KakK

I
K = | |Kn- — K03pPUITMEeHT rOTOBHOCTH i — ro 3J1IeMeHTa @)
i=1

HpI/I HOpMHPOBaHUU YCJ'[OBI/Iﬁ OIpeaACICHUA K”' MOXKHO TPaKTOBATb €ro KakKk BEPOAT-
HOCTb pa6OTOCHOCO6HOFO COCTOSIHHA 3JICMCHTA HAa UHTEPBAJIC Ha6J'[IOﬂ€HI/ISI

p=] 1~ @

I
i=1

HanexxHocTb i-ro dJ1eMeHTa Py pe3epBUPOBAHUM OLIEHUBAETCS KaK
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n
Pz( ) =1—(1-P)", rae P - nokasaress HafeKHOCTH Hepe3epPBUPOBAHHOTO BIIEMEH-
Ta, N — KPATHOCTh PE3EPBHUPOBAHUS
CTOMMOCTH CUCTEMBI OTIPEISIIACTCS aIUTHBHON (PYHKITUCH:

! “)
C= Z C; rae C; — CTOMMOCTD [ — TO 3JIEMEHTA
i=1

CTOUMOCTb 1-10 DJIEMEHTa IIPU KPATHOM PEe3ePBUPOBAHUU:
m _

G = niCi(5)

@DyHKIUST CTOUMOCTH 3JIEMEHTA C YIETOM HaJKHOCTH MPUHSIT, KaK

Ci = Kl' ln(l - Pl)

um P; = 1 — e~ %% rpe a; const

IMocnennsis popMyia HATJISAHO ITOKA3bIBAET 3aBUCUMOCTDh MEXIY CTOMMOCTBIO U Ha-
JIKHOCTBIO PE3EPBUPYEMBIX DJIEMEHTOB

pu P =2-¢ PP =1-(1-P)? =1-e 2@

P =3¢ PP=1-(1-P)=1-e3Copurp,

OnTuMH3anus HaJleKHOCTH CHUCTEMBI NPOU3BOAMTHCS Ha OCHOBe MeTona Jlarpamka
ITyTeM pELICHUs] CUCTEMBI ypaBHEHUH [1].

oP 0P,
ap, ac; =t

I I
P:HPLUClZZCl
i=1

i=1

®)

I'me A neonpeoenennwiii mnosxcumens Jlacpamnoica.
Hcnonb3ys Bhlllie MPUBEICHHBIC 3aBUCUMOCTH, CUCTEMa YpaBHEHUH mpeoOpasyercst K
BUTY

1
a;l1—-PF p
1 1 1 (9)

le_[Pl Cizzci
1

i=1 i= i=1

[IpakTrka TPUMEHEHHUs ATOTO METOJAa IMOKa3zala HEeOOXOAWMOCTH €ro IeTaH3allHu.
[Toxa3zaTens HagEeKHOCTH aIMapaTyphl 3aBIUCHT OT BPEMEHH

P = e *rge A — HHTEHCHBHOCTb OTKA30B. (10)

(I)yHK]_II/ISI CTOMMOCTH OT BPEMECHH HE 3aBUCHT.
P=1—¢™ (11)

IIpu o6s3aTenbHOM paBeHCTBe e At = 1 — e~%¢ cnenyer e~ =1 —e™* = q(t), re
q(t) BepoaTHOCTE OTKa3a 31eMeHTa Ha uaTepaie (0,t)
p(®) +q(t) = 1 (12)
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[TosToMy nepemeHHast e ~*¢ nomKHA 3aBHCETh OT BPEMEHHU.

Kax MoskeT 3aBrCeTh OT BpEMEHH CTOMMOCTD anmnaparypbl?

DakTUYEeCKH MPU KCIOJIb30BAHUU TaKUX MOHATHUN KaK pecypc ammapaTypbl, 0CTaTou-
Hasl CTOMMOCTh 3KCIUIyaTHPYEeMOii ammaparypsl yObIBaeT co BpeMeHeM. HadanbpHas CTOMMOCTD
OTHOCHTKCS K HOBOM, OoOJIafaroleii MoJMHBIM pecypcoM ammaparype. [0 mepe skcruryaTaruu
pacxomyercss pecypc U IO JOCTHKCHHUIO MPEIEIBHOTO COCTOSHUS PEeCypc CUUTAETCS BHIPAOO-
TaHHBIM.

Jlns HepeMoHTHpYeMOH armapaTypsl STOT MOMEHT MOXHO IPUHSATH 33 CpeIHee BpeMs

1
HapaOOTKH Ha oTKa3 — T = e dakTHuecku onpenenaeHre TOro0 BpeMEHH cileayeT u3 GopMyIibl

)
C-i

C,-0.368

Pucynok 1 — JIBe ¢opmMbI OLIEeHKM CTOMMOCTH OCTATOYHOI'0 pecypca

MOHO JIOIYCTUTh, YTO OCTATOYHASI CTOMMOCTh KCIUTYaTHPYEMOU aImapaTyphbl 3aBH-
CHUT OT OCTATOYHOTO pecypca.
[Ipennonaraercs ae hopmser oeHKH C(t).

In(1-P
IepBast popma OIEHKH CTOMMOCTH MPOW3BOJUTHCS NPH AOMYIICHUH O = —(C—) =
0
const.

Cy — cTOMMOCTh HOBOM anmaparTypsl.

Co

7. — HOPMa CHHXEHHS CTOUMOCTH BO BPEMEHH.

0
Torna
[oe]
Co —At -At
C(t)=T— eMdt=Cy-e (14)
0

t

Bropas ¢hopma OlleHKH CTOUMOCTH.

Ha 3aBucuMOCTh (YHKIMH CTOMMOCTH OT BPEMEHH HAKIIA/IbIBACTCS JOMOJHUTEILHOES
yCJIOBUE, KOTOPOE 3aKJIF0YaeTcsl B COBMECTHMOCTH OIICHOK CTOMMOCTEH 1o (dopmyiiam (6a) u
(14).

Jpyrumu cioBaMu, HEOOXOAUMO OTPEACITUTL 3aBUCHMOCTD Buaa a(t).
N3(6a) u(14) nomyuaem
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Inq(t) In(1 — et
a(t) = - = -
C(t) Core M

Kak cOOTHOCSATCS OIIEHKH HAIEKHOCTH, IMOJTYUECHHBIE TIPH 3THX (POpMax 3aBHCHMOCTH
CTOMMOCTH OT BPEMEHH.

PaccMoTpuM mpUMep.

Ucxoansie nannsie P(10000,) = 0.9; €(1000,) =1

Omnpenenuts 3aBucumoctd C(t) u a(t), xoTopsie ymoBieTBopsitoT ycnosuio C(t) -
a(t) =—Inq(t)

InP 1 1
A= - = 10.5-107° /q ; CpeiHss HAapaboTKa Ha oTKa3 T, = 1= 9524,

Mpn (1) = C- o™ €= "0 =111

Ouenku C(t) u a(t) npusenem B TaGmMIe 1.

Tabauna 1 — 3aBHCHMOCTB CTOMMOCTH OT BpeMeHH

t() 500 1000 1500 2000 2500 3000 9524
P(t) 0.949 0.5 0.854 0.81 0.768 0.729 0.368
Q) 0.051 0.1 0.146 0.19 0.232 0.271 0.632
C() 1.05 1.0 0.948 0.899 0.852 0.81 0.386
a(t) 2.83 23 2.03 1.85 1.71 1.61 1.19
C (b 1.79 1.0 0.84 0.72 0.63 0.57 0.2

a 23 23 23 23 23 23 23

PesynbTaThl npuMepa MOKa3bIBAIOT, YTO ISl KOPPEKTHBIX OLICHOK XapaKTePHUCTUK all-
naparypsl 10 KpuTepHio «Ha/ie)KHOCTh — CTOMMOCTBY HEOOXOIUMO:

-Y4UTHIBaTh 3aBUCHMOCTH CTOMMOCTH aNapaTypsl OT BpeMeHH paboTsl. Pexomenmy-
eTcs IPUMEHATH PeCypPCHbIi moxxoz, mpu kotopoM C(t) = Cp - e~* rae C)— cToumocTs amma-
parypsl B HaUaJIbHbIH Neproz (HOBOH amnmaparypebl);

- Kosummment crommoctrn B QyHKIIME CTOMMOCTH HE MOXKET OBITh NOCTOSHHBIM, a
TaK)Ke 3aBHCHUT OT BPEMEHH, YTO OBbI COOIIOAAIOCH PABSHCTBO
—Ing(®) =a(t) - C(t) = a(t)-Cy-e

- Ecniit npuHATE HCXOTHYIO MPEIIOCHUIKY OLICHOK IToKa3aTelei Ha/Ie)KHOCTH, ITPH KO-
TOPO# A = const © & = const, TO 3aBUCUIMOCTb CTOMMOCTH alapaTypbl OT BpEMEHH HapaObOTKH

Inq(t) o
Oyner onpenensatses Kak C(t) = — T.Hpﬂ TaKOM I10IX0JI€ OLIEHKA OCTaTOYHOU CTOMMOCTHA

annapaTypsl 110 Mepe BBIPadOTKH pecypca Moy4aeTcs IeCCUMUCTUYECKOH.

- IIpu onenkax o kputepuro «HaneKHOCTh - CTOMMOCTB)» BCE HCXOHBIE JaHHbIE He-
00XO0JIMMO MPUBOJHUTH K OJTHOMY BPEMEHH HApaOOTKH M 10 TEXHUYECKUM U [0 CTOMMOCTHBIM
XapaKTepUCTHKaM.

Jlumepamypa
1. Bemrouenko, M. M. MeTo ONTUMHU3AIIMN XapaKTEPUCTUK (PYHKIIMOHAIBHON HaIeHKHO-
ctu cnoxHbIX cucteM [Tekcr] / Y. M. bemouenko // KocMoHaBTHKA U pakeTOCTPOCHHE
— No22. — 2001 1.
2. bemouenko, 1. M. OCHOBBI 5prOHOMHKH H JU3aHHA PaTHOdICKTPOHHBIX CPEACTB ObI-
toBoro HazHaueHus [Tekcr] / Y. M. Bemodenko // M. Caitac-ipecc. — 2007.
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3. Kanyp, K, Jlam6epcon, JI. Hanexxnocts npoextupoBanue cucrem [Tekct] / K. Kanyp,
JI. JTam6Gepcon // N3a. «Mup». — M. — 1980 1.

4. AobGacoga, T. C., llnmaxtun, C. A. Metoas! yBenndeHus1 K03(h(HUIEHTa TOTOBHOCTH B
cucreMax oecriepedoiinoro snekrponutanus [Teker] / T. C. Ad6acora, C. A. Isix-
THH // DISKTPOTEXHUYCCKHE U HH(DOPMAIIMOHHBIC KOMIUIEKCHI U CHCTeMbI. — Nel-2, —
T.4—2008 r.
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VK 389.143
Cnoco0 3agaHusi TPeOOBAHMI K IOKA3aTEJISIM HA/IEKHOCTH UCNBITATEILHOI0
000py/I0BaHUS € YY€TOM PHCKOB HCIBITHIBaeMbIX IPUOOPOB

I'.Il. boraanos, 4.T.H.,
T'ocynapcTBerHOE OrOIKETHOE 00pa30BaTEIFHOE YUPEKICHIE
BBICILIETO NTPpodeccHoHanbHOro 00pasoBaHus MOCKOBCKOI 001acTu
«DPHHAHCOBO—TEXHONIOTHUECKas akageMus», I. Kopones, MockoBckast 061acTh

Paccmompen cnocob 3adanust mpebosanuti k nokasameisim 6€30mKa3Hou pabomol uc-
nulMamenbHo20 000PYO0SaAHUSL 30 MENCAMMECMAYUOHHBLIL UHMEPBAIL C YHEeMOM PUCKO8 NpUMe-
HeHUsL UCNbIMbIBAEMBIX CPEOCHIE USMEPEHU.

HcnpiTaTensHoe 000py10BaHKe; CPEJICTBO N3MEPEHHH; HCTIBITAHHE, TAIOIee KOJMYECTBEHHBIN
pe3yIbTar.

Method for job requirements to indicators reliability of the test equipment risk-
adjusted the test devices

G.P. Bogdanov, Dr.Sci.Tech,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

The way of a task of requirements to indexes of no-failure operation of a test facility
for an intercertification interval taking into account risks of application of the tested measuring
instruments is considered.

Test instrument, measuring instrument, quantitative test.

Jlist 000CHOBaHHOTO HA3HAYEHWS! MHTEpBalla INMEPUOAMYECKOH aTTeCTallMy HCIbITa-
tenpHOTO 000pynoBanus (MO) HeoOxomuMo pacrnonarats HHpOpMaIHel o TpedyeMoM 3Haue-
HUH BEpOATHOCTH 0€30TKa3HOH paboThl 000pyI0BaHMs Ha KOHEI 3TOro neproja. TpedoBaHus K
3HAYCHUIO BEPOATHOCTH 0Oe30TKa3HOH paboTsl MO Ha okOHYaHWE MHTEpBalla BPEMEHH IIePHO-
JMYECKOH aTTeCTaly AOJDKHBI yYUTHIBaTh HE TOJBKO MOKa3aTeIN HaJEKHOCTH 3TOro 00opy-
JIOBaHMS, HO U TTOKa3aTeJIN HAJAEKHOCTH NCTIBITBIBAEMbIX cpecTB usmepenuii (CH) u BaxxHocTH
BBINOJTHSIEMBIX UMH HU3MEPUTEIBHBIX 3a/a4. BroiHe 04eBUAHO, YTO Y OOBEKTOB UCIBITAHHUMN C
OoJiee BBICOKUMH PHCKaMH MX IPUMEHEHUS JOJKHBI OBbITh 00JIEe BHICOKHE ITOKA3aTENN HAJEK-
HOCTH CPE/ICTB UCTIBITaHHH.

B o0miem cityyae puck OT MCHOJIB30BaHUS MPOAYKIIMU — 3TO COYETaHHE BEPOSTHOCTH
HACTYIUICHHs] HeOJIaronpusiTHOro coobitust P* (OlleHKa 4acToT) U OLIEHKH TsDKECTH yuiepda ot
ero HactymuieHus [l (aHanu3 mociencTBUi ucnonb3oBaHust). CleayeT OTMETUTh, YTO B HOpMa-
THUBHBIX JJOKyMEHTaX B 00JIACTH IPaKTHYECKOil MeTposioruu [1] o crerneHu BaKHOCTH periae-
MBIX M3MepHUTeNbHbIX 3a1a4 CH noapasnensitoTes Ha Tpu rpymsl. s npubopos, odecrieun-
BAaIOIINX TEXHUYECKUE M3MEPEHUS] MaJO3HAYUTENLHBIX U3MEPUTENbHBIX 3a1au (1 rpymma), no-
ITyCKAeTCs AOJIST METPOJIOTHYECKHX OTKA30B 32 MHTEPBAJ MEKAy moBepkamu € = 0,2. Jnsa mpu-
00poB, 00ECTIEUNBAOIINX U3MEPEHUS IPH OOCITY)KUBAHHUA TEXHUKHU (2 Tpymma), TPUBOTUTCS
3Ha4YeHne K03 HUINeHTa MEeTPOIorndecknx orkasoB € = 0,1. nst mpuOGOpoB, BEITOIHAIOMINX
OTBETCTBEHHBIE M3MepeHHs (3 rpymma), HaupuMmep, CBS3aHHBIE ¢ OE30IaCHOCTHIO JIFOJEH, I10-
myckaercs € = 0,05.

C yueToM yxecTodarumxcs TpeOoBaHuil kK odecreueHo 0e301acHOCTH B cepe Tex-
HUYECKOI'0 pETyJIMpOBaHUA U rapMOHU3aANU C MEKAYHAPOJAHBIMH CTaHAApTaMH IpejiaracTcs
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paboune CH pa3nenutbh Ha YeTHIpe TPYIIIBL. DTH IPYIIIBI IPpeAIaraeTcsl KiacCu(puIupoBaTh B
COOTBETCTBHHM C CEPHE3HOCTHIO MOCIEICTBUI OT HCHONb30BAHUS NPOLYKIMH, IPHHATON B MEX-
nyHapozaHoi cucreme aHanu3za puckoB XACCII (anrn. HACCP — Hazard Analysis and Critical
Control, To ecTh aHaJIU3 PUCKOB U KPUTUUECKHE KOHTPOJIbHBIE TOUKH). Cepbe3HOCTD (TSIKECTh)
MNOoCJICACTBUA OT HCBBIIIOJIHCHUA H3Mepl/ITeﬂbH0ﬁ 3aJa4nu H3-3a METPOJIOTHYCCKUX OTKA30B
npumensieMbix CH 110 aHaJIOTHM ¢ 3KOJIOTHYECKUMH (OMOJIOTHYECKUMH) PUCKaMH TIPEICTaBUM
YeThIPbMSI BapHaHTaMH: | — HE3HAUUTENbHOE (JIETKOE — OTCYTCTBYET IIOTEPSl TPYAOCIIOCOOHO-
CTH); 2 — cepbe3Hoe (BO3MOXHA IOTEPS TPYIOCIOCOOHOCTH B TEUEHHE HECKOJIBKUX JHEH); 3 —
3HAYUTENbHOE (OTYYeHNE HHBATHIHOCTH); 4 — KatacTpoudaeckoe (JIeTaIbHBIA UCXO]T).

K mepBeIM Tpem BapuaHTaM OTHECEM NpHUBEAEHHbIE Bbime Tpu rpymnsl CH mo BakHO-
CTH M3MEPHUTENBHBIX 3a/1a4. J[OTOIHUTENBHO K YeTBepTol rpymme oTHeceHbl CU, BBITONHSIO-
e 0co00 BaXXHBIE OTBETCTBEHHBIE M3MEPEHUs B 001acTH 0€301MacHOCTH TOCyJapcTBa U Tpe-
JoTBpatieHus karactpod. [Ipemnoxennas kinaccudukanus CHU ¢ yueToM pUCKOB NPUMEHEHHS
CIIy>KUT OCHOBOM KOMIIJIEKCHOTO MOJIX0/1a HOPMHPOBAHHUS MTOKa3aTeIel KauecTBa UCIBITAaHUN U
aJlanTUBHOM aTTecTanuu npuMensemoro MO.

CTOMMOCTHOW 3KOHOMHYECKHUi1 yIiepO OT HEBBIIOJIHEHUS! U3MEPUTEIBHON 3aJauil U3-
32 METPOJIOTMYECKHUX OTKa30B mpuMeHsieMbix CH MOXXHO OmpeNeNuTh 1o aHaJOI'uH C OL[CHKOH
9KOHOMHUYECKOT0 yniepda OT 9KOJIOrMYeCKUX HapyLICHUH B BUIE AEHEKHBIX MTpadoB WM sie-
HeXXHOM kommeHcauuu [2]. 1o oneHke 3KOJOrMYECKHX PHUCKOB M IOCIEACTBHI HapylIEeHHH
CEPBE3HOCTH MOCIEACTBUI U CMEXHBIX n (4, 3, 2, 1) BapraHTOB (KaTacTpopuueckoe, 3HaUH-
TENIBHOE, CEPhE3HOE, HE3HAUUTENBEHOE) OTIINYASTCS Ha TIOPSAIOK, TO €CTh B JIECATH Pas.

KavectBeHHO prcky, B ToM uncie, pucku CH MpUHATO OTHOCHTH K CIIEIYIOUINM KaTe-
ropusiM: B — Belcokas BenuuuHa pucka; C — cpeaHss BeIWYMHA pHCKa; M — Mamas BeJIM4MHA
pucka; H — He3HaunTeIbHAS BENUYMHA PHUCKA.

Jlns aHanmm3a pUCKOB LIEIeco00pa3HO COCTABUTH TaOIHIly-MaTPHUILY.

Tadauua 1 — Marpuua puckoB

Uactota  [KauecTBeHHas Cepbe3HOCTh OCIIEICTBUS
['pynna N
Cl coObITHI B [xapakTepuctuka  [Karactpo-  [3Hauu- Cepne3- |[Hesnauu-
rox P* COOBITHS (prueckoe  [renpHOE  |[HOE [TeNbHOe
4 1073 Marnogepositnoe | B C H H
3 102 Crnyuaiinoe B B M H
2 10! Beposraoe B B C M
1 >1 Yactoe B B B M

TsoxecThb Bpcia OT HEBBIIIOJHCHUS CHU H3M€pHT€J’ILHOI>i 3aJa4u € y4€TOM CCPbLE3HOCTH
HOCJ'IGZ[CTBI/Iﬁ MpeaACTaBIIACTCA CJIG,HyIOHICﬁ 3aBUCHUMOCTBIO!:

J = Cyn*10", rie C , — DbasMmep yuiepba yCI0BHO B ICHEXKHOM BBIPAKEHHUH NIPH KaTa-

CTPOQHUYECKUX IMOCICACTBUSLX; /1 — HOMEP BapHaHTa MOCIEICTBUN W TPYIIBI U3MEPUTEIEHON
3agaun (rpynmst CH).
Yacrota HEOIATOMPHUATHBIX COOBITHIT OIICHIBACTCS CIIEAYIOMIEH 3aBUCHMOCTEIO:
P*=10"".

daxTuyecku npoueaypy ucneitaHuii CH mpeniokeHo paccMaTpuBaTh Kak H3MepH-
TEJBHBINA MPOIECC B CHCTEME, COCTOSINEH M3 UCIBITHIBAEMOIO MpUOOpa ¢ BCTPOCHHON cHcTe-
MOl KOHTPOJISi OJIHOTO M3 MapaMeTpoB. B kauecTBe «BCTPOEHHOW CHUCTEMBI KOHTPOJISH» B JIaH-
HOM clly4ae IPUHUMAETCS CPEJCTBO UCIIBITAHUH.

Torma nokazarenu HagexxHocTd CH HEOOXOMMO YUUTHIBATH B KOMILICKCE IS OLICHKH
HajgexxHocTu cucteMbl «CU — MOy,

BenmunHa prcka OT HACTYIUICHHS HEOIarONMpPUATHOTO COOBITHS C YY€TOM YacTOTHI
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BO3MOXXHOI'O €T0 IIPOABJICHHUA OLICHUBACTCA KaK:
X = JIP*

s mpeacTaBieHus 3aBHCUMOCTH TPpeOyeMOro YpOBHS BEPOSTHOCTH 0€30TKa3HOHN pa-
60Tl 1O OT BO3MOKHBIX TIOCIEACTBHI OT HEBBIIOJHEHUS U3MEPHUTENBHOMN 3a7aq N3-3a OTKa-
30B ucmbiThiBaeMoro CH mpencTaBiieH TpeXMEpHbIH rpaduK B IEKaPTOBBIX KOOpAUHATAX (pU-
cyHOK). OcHOBaHMe TpaduuecKol 3aBUCHMOCTH MPEICTABIIACT MAaTPUIIA PUCKOB, a BEPTUKATIb-
Has KoopauHata (opAuHaTa) — TpeOyeMoe 3HAUCHHE BEPOSITHOCTH OCE30TKAa3HOH pPabOThI
CPENCTB UCTIBITAHUH P,,,(X N, rme X' - oOpaTrHasi BeTMYMHA OIICHKH PUCKA.

3aBucumocts P,,(X ) 1o aHanornu ¢ BepoATHOCTHIO Ge30TKa3HOM PAaBOTH OMHCHIBAET-
cs1, KaK NPaBUIIO, SKCIIOHEHINAILHOM annmpokcumupyromei GyHkuuei P, (X 1y = exp(-1/X).
Tpebyemas BepoaTHOCTL 6e30TKa3HOH paboTel Pry= exp (- 1/X)

DX
_1

p=

L J

-
Pucynok 1 — I'paduueckas 3asucumocts P, ( X"

Ha prcyHKe npeacTasiena rpadudeckas 3aBHCHMocTs I p (x ) U BBIJICIICHBI YETHIpE

obslacTn TpeOyeMbIX 3Ha4eHHH BeposATHOCTH Oe3oTkasHoi paborsl MO. Ilpu ompenenenun
MIEpPBUYHOTO MHTEpBaja neproandeckoi arrectauuu MO 3HaueHne BEpOSITHOCTH O€30TKa3HOM

paboTsl Pmp 10 aHAJIOTHHU ¢ pabOYMMH ATATOHAMH JUIS TIEPHOIMUECKOI TTOBEPKU HCIIBITHIBAC-

mbix CU pekomeHayercsi BBIOHpaTh B CIEAYIOIIEM HHTEpBaJIE:

0,85-0,9 — nns ucneitannit CU 1-# rpynmsl, BRIMOJHSIOMKX MaJIO3HAYUTEIbHbBIE TEX-
HUYECKHE U3MEPEHMUS;

0,9-0,95 — nnst ucnprrannii CU 2-# rpynmsl, o0ecneynBaromnX y4yeT, pacueTsl ¢ Ho-
TPeOUTENSIMH, TEXHUUECKOE 00CITy)KMBaHHE TEXHUKH;

0,95-0,99 — mns ncnwbrtarnit CU 3-i Tpymimel, HCHONB3YIOMIMXCS B TEXHOJIOTHYECKUX
MIPOIIECcCax, M3MEPEHUSX, CBI3aHHBIX CO 37I0POBBEM JIHO/IEH, KOHTPOJIEM OKpY’KaloIleil cpeasbl;

0,99-0,999 — mis ucniprtannii yHUKaNEHBIX CU 4-# rpynimbl, IPUMEHSIEMBIX B 0C000
OTBETCTBEHHBIX HM3MEPEHHIX C KaTacTPO(PUUECKUMH IOCIEACTBUSIMU OT NPHMEHEHUsS] HEUc-
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MPaBHBIX IPUOOPOB.

IIpennoxenHass rpaganust TpeOOBaHMH K IOKa3aTelNsIM OE30TKA3HOCTH IO3BOJIAET
000CHOBaHHO Ha3HA4YaTh MEXaTTECTALMOHHBI MHTEpBAJ NpH INepBUYHOM artecrauuu MO c
Y4E€TOM PUCKOB IIPUMEHEHHUS UCIIBITHIBAEMOU ITPOLYKIUU.
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VK 681.5
I/ICHOJ1]>30B3HHE TeOpI/IH KOHEYHBIX aBTOMATOB IJIsA yIIpaB.HeHI/Iﬂ
CJIO0KHBIMM CUCTEMaAaMHU

M.H. Byxapos, K.T.H., JOLIEHT, C.H.C.,
TlocynapcTBeHHOE OOKETHOE 00pa30BaTEIEHOE YUPEKICHIEC
BBICHIETr0 MPOQeCcCHOHAIBHOI0 00pa3oBaHus MOCKOBCKO# 00nacTu
«DUHAHCOBO—TEXHOJIIOTHYECKas akageMus», T. Koposies, MockoBckas obmacts

Paccmompenvr 6onpocer ynpasnenus croxicHviMu cucmemamu ¢ UCHOIb3IOBAHUEM MeEO-
PpUU KOHEeUHbIX agmomamos. B oannoil pabome mvl npodondicaem pazeumue paspabomanubix
HamMu Me-mooos u cpedcme eubpuono2o unmennekma. Cocmosinus npoyeccos u camu npoyeccyl
menepb NpeoCcmasisomcs He MOJIbKO COOBIMUAMU, HO MAKJiCe U KOHEYHbIMU agmomamamu. B
UHCTPYMEH-MATbHBIT NPOSPAMMHBIL KOMIIEKC 000as1enbl cpedcmea OJis NOCMPOeHUsi KOHeY-
HbIX ABMOMAMO8 NPOYECCo8 U COCMOSHULL NPOYECCO8.

CrnoxxHas CHUCTEMA, FI/I6PPIZ[HLII71 HUHTCJIJICKT, KOHEYHBIH aBTOMAT.
Using the theory of finite automata to control of complex systems

M.N. Bukharov, Ph.D., Associate Professor, senior researcher,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

Consider control aspects of complex systems with theory of finite automata. The ques-
tions of management of complex systems using the theory of finite machines. In this work we
continue the development of our developed methods and tools for hybrid intelligence. State pro-
cesses and the processes themselves are now seen not only events, but also by finite machines.
In the instrumental software package added tools for constructing finite machines processes
and states of processes.

Complex system, hybrid intellect, finite automat.

Beenenne
PaccMoTpeHBI BOIIPOCHI YIPaBICHUS CIOKHBIMUA CHCTEMAaMH C MCIOJIb30BAHHUEM TEO-
pHYM KOHEYHBIX aBTOMATOB. B naHHOMN paboTe MBI IPOA0IKaeM pa3BUTHE pa3pab0TaHHBIX HAMH
METOJIOB U cpelCcTB rudpuHoro nHtemiekra [20, 22]. CocTosHHS IPOILECCOB U CAMH MPOLIECCHI
Ternephb MPEJCTABISIOTCS HE TOJIBKO COOBITHSIMH, HO TaK)Ke M KOHEYHBIMH aBTOMaramu [26]. B
WHCTPYMEHTAJBHBINA MPOrpaMMHBINA Komiuieke [16, 20, 22] nobaBieHs! cpeacTBa Iuisi MOCTpoe-

HUSI KOHEYHBIX aBTOMATOB IPOIIECCOB M COCTOSTHUN TPOIIECCOB.

CucreMbl THOPUIHOTO HHTEJLIEKTA M TEOPUsI KOHEYHBIX AaBTOMATOB.

B [27] mano onpeneneHne THOPUIHOTO MHTEIUIEKTA: «THOPHIHBIN MHTEIUICKT — MalllH-
HO-aKTl/IBl/ISI/IpOBaHHOG CEMAHTHUYCCKOC MBIIIIJICHUEC C UCITOJIB30BAHUECM Ma].HHHHO-praBHHeMOﬁ
rpaMMaTHYCCKH-OPTaHU30BAHHOM HH(POPMALIUNY.

B [25] npuBeneHO ompe/eNieHie CUCTEMBI THOPUIHOTO UHTEIUICKTA C TIO3HITUH TICHXO-
JIOTHH: «CUCTEMa THOPHUIHOTO HHTEIUICKTa CTPOUTCS IO TNPHUHIMIAM CaMOOPTaHU3AIMH U
MpeaHa3HaueHa Ui YTOYHEHUS 3aJayl, TUBCPICHTHOTO TEHEPHUPOBAHUS IMHPOKOTO CIIEKTPa
Ul W TOJXOMIOB K €€ PEIICHHI0, 0TOOpa W KOHTPOJS BapHUAHTOB PEIICHUs, KOHBEPTCHINN H
CHHXPOHU3AINH BCEX YUACTBYIOIINX MHTEIUICKTOB Ha OIPENEICHHBIX OTOOPaHHBIX MOAX0aX B
[EJAX CHHTE3a aJCKBATHOW MOJCTH M3Y9aeMOW CHUTYAIIH, HaX0KICHHUS U COTJIACOBAaHHOM pea-
JU3AIAA OTITUMAITFHOTO PEIICHHUS 3214,

Ms=1 paccmaTpuBaeM Kilacc CHCTeM TmOpuaHoro mHTewiekTa [15, 16, 20, 22], ocHo-
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BaHHBIX Ha IPOLECCHOM IOAXOAe K ympasieHuro. CuctemMa rmOpHIHOTO MHTEIUIEKTa 3TOTO
KJlacca B HIMPOKOM CMBICIIE — 3TO UYEJIOBEKO-MAIIMHHAs CHCTEMa (MM KOMIUIEKC), pean3yo-
11asi HEKOTOPYIO JIESITENbHOCTh M Npeo0pasylolas MocTynampupe Ha ee BXo 00beKThl B 00b-
€KThbI Ha €€ BbBIXOAC IPHU MOCTOAHHOM BO3HeﬂCTBHH Ha HEE BHEIIHEH Cpeabl 1 HeO6XOﬂI/IMOCTl/I
pearupoBaTh Ha HuX. CucTeMa OCHOBaHAa Ha PAaBHOIPABHOM COTPYJHHYECTBE HMCKYCCTBEHHOTO
KOMITBIOTEPHOTO M €CTECTBEHHOT'O YEJIOBEYECKOTO0 MHTEIUIEKTOB M IPOLECCHON OpraHU3alliy
CHCTEM YIIPABJICHHUS.

Cucrema THOPHIHOTO MHTEIUIEKTa B yY3KOM CMBICIIC NOHMMAETCs HAaMH KaK CHCTEMa
yTIpaBJIeHUs YeT0BEKO-MAIIMHHBIM KOMIIJIEKCOM, OCHOBaHHAsi Ha PaBHOIIPABHOM COTpYIHHYE-
CTBE MCKYCCTBEHHOTO KOMITBIOTEPHOTO M €CTECTBEHHOTO YEJIOBEUECKOTO MHTEIIEKTOB H IIPO-
LIECCHON OpraHU3alny yIPaBICHNUS.

B mocTpoeHHO HaMHM TEOPHUH CHCTEM T'MOPHIHOTO MHTEIUICKTA TaK)Ke Ba)KHBIMH SIB-
JISFOTCS MOHATHSA (PYHKIMOHAIBHOM ITOICUCTEMBI, TIPOIIECCca U COCTOSHUS mpotecca [20, 22].

OyHKIMOHANBHAS ITTOJICHCTEMA IPEACTaBIsieT cOOOH COBOKYMHOCTH ITPOLIECCOB, Ha-
NPaBJICHHBIX Ha PEIleHHe JOTUYECKH B3aMMOCBSA3aHHOTO Kpyra 3a/1a4, U YeJIOBEYECKUX Pecyp-
COB M KOMIIBIOTEPHBIX IMMPOTpaMM UIA MMOAACPIKAHUA UX BBIIIOJTHCHUAA.

ITpouecc paccmarpuBaeTcs Kak IIOCIENOBATEIBHOCTh PadOT, BBINOJIHIEMBIX IOOYE-
PEeIHO BO BPEMEHH M Ha3bIBAEMbIX COCTOSIHUSIMH TIPOLIEcca.

CocrosHue npouecca — 3T0 00beuHeHNne (THOPHT) OTKPBITOI SKCIIEPTHON CHUCTEMBI,
MIOCTPOEHHOM C MCIIOIB30BAaHUEM HCKYCCTBEHHBIX HEHPOHHBIX CETeH, HEUYETKHX MHOMKECTB H
CKOPHUHI'OBBIX MOJIETIEN U PeATM3yIOUIE COBOKYITHOCTD MPABUJI ACJIOBOM JIOTUKH, C OJHOU CTO-
POHBI H YEIIOBEYECKUX PECYPCOB C IPYroil CTOPOHBL. B kKadecTBe 00BEIUHAIONIEr0 MEXaHN3Ma
HCIIOJIb3YETCSI UMUTALIMOHHASA MOAEb COOBITHITHOTO THIIA.

CocreMa rEGPHIHOID BHTETIEKTA

Iv

Opouweccer _ ¥
CHCTEMA YIPARTEHHA NP oUeccasmE T
III
IIpowecc 1 l

C ocToaHE: —

IMporpasybsl 108 E3AHMOISHCTEEA ¢ LIATQOPMOE T
hommTop 00paSOTHE CHCTEMERIX 32OPOCOE I
CY ofpenTHO-0pHSHTHpoEzEECHE B 1

Cerepoii TpaECTIOPT

IlaaTdopria
OneparimoEEzs CECTEME
C¥BI LT A4
Cetn: FHun

Pucynok 1 — ®yHkuuoHajJbLHO-cTpyKTypHas cxema CI'M
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[Mpumeuanune. CT'U — cucrema rubpugsoro untesuexkra; OI1 — pyHKIMOHANBHAS 1101
cucrema (Corpynuuku+APMsi+IIponieccer) APM — aBToMaTH3upoBanHoe padouee mecto; OM
— QyHkunoHanbHbIH Moaynb; CY — cucrema ynpasienus; bJ] — 6aza nannsix; CYB/] — cucrema
ynpaBJeHus 6a30i JaHHBIX.

Hamu 6buta pazpaborana [20, 22] GyHKIMOHAIBHO-CTPYKTYpHas cxema (cM. puc.l), B
COOTBETCTBHH C KOTOPOH cucreMa rMOpHIHOTO MHTEJUIEKTa pPealn3yercsl Kak HepapxuuecKas
MHOTOYPOBHEBAs CHCTeMa. B xauecTBe OCHOBBI Ha NEPBOM YPOBHE HCIIOJIB3YIOTCS OMOIMOTEKH
TOTOBBIX NPOTPAMM, PEATU3YIOIUE UCIIOIHUTENBHYIO Cpeay It paboThl cucteMbl. Ha BTOpoM
YpOBHE CHCTEMa MPEACTABIIIETCS COCTOSHUAMH IPOLIECCOB, aKKYMYJIHPYIOIUMH JIOTHKY pado-
THI KOMILJIEKCA, HA TPETHEM — COBOKYITHOCTBIO B3aWMOJICHCTBYIOMKX MPOIIECCOB, a HA YeTBEp-
TOM — (PYHKIIMOHAIEHBIMU MOJCHCTEMAaMH, PEATH3YIONIIMH CTPATETHUIO U TAKTUKY YIIPABICHHUS
KOMILUTEKCOM.

Cucrema THOPUAHOTO MHTEIUIEKTa MOXKET paboTaTh B TpeX pexumax: 1) B pealbHOM
BPEMEHU — JUIsl YIIPABJICHUs IESATEINbHOCTHIO; 2) B MAacCIITAOMPYEMOM peajlbHOM BPEMEHH — JUIs
UMHUTAU YIPABJICHUA ACATCIbHOCTLIO, 3) B MOJCJIIBHOM BPEMCHU — JIA MOJACIUPOBAHUSA
yrpaBJIC€HUA ACATCIbHOCTBIO. Ha IMMPAKTUKE BCC OTU TPU PEKHUMA HCIOJHCHUA HAXOIAAT CBOC
IpUMeHeHHe: 1) MCHONHEeHNEe B peajbHOM BpeMEHH (KpaTKo — pealibHOe YIIpaBieHHe) — IS
ynpaBieHus] paboToi opraHu3anyii; 2) UCIOJHEHNE B MaclITaOMPyeMOM peajbHOM BpPEMEHH
(KpaTKO — UMHTaNUs YIpaBJIeHUs) — Uil OOyUeHHsI COTPYAHUKOB OpraHU3anuii U JUIs IIpe3eH-
TaIWii B YI€OHBIX WJIH KOMMEPYECKHX IEJIIX; 3) UCIIONHEHNE B MOJICTTPHOM BpeMEeHH (KPaTKo —
MOJICTUPOBAaHUE YIIPABICHUS) — TSI IIPOSKTUPOBAHMS, a TAKKe JUIS aHAIHM3a W UCCICIOBAHIS C
LIEJTBI0 COBEPIICHCTBOBAHMS PabOTHI OpraHU3aIlHiA.

Fmmmm e — Moaeap Ie4TeIbHOCTH |========== == mmmm e e o 1
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Pl/lcyHOK 2 — CxeMa HCHOJL30BAHUS CHCTEMBI Fl/lﬁpl/lHHOl"O HHTCJICKTA

IIpn mozenupoBaHMHU YIIPaBIEHHSA, NMPU HUMHUTAIWM YHPABICHHS W HPU PEATbHOM
YTIpaBIICHUH UCTIONB3YETCS OJJHA U Ta K€ UCIIOJIHUTENIbHAS CHCTEMA JUIS IPOLIECCOB U OHA M Ta
K€ UCTIOJIHUTENbHAs cucTeMa Uil (YyHKIIMOHAIBHBIX ITOJCHCTEM U OJHH U T€ XK€ UX ONHCAHUS.
3TO yMEHbIIAET MOTPEIIHOCTH PE3yIbTaTOB aHAIN3a 33 CUET HECOOTBETCTBHS MOJIEIH U peallb-
HOMW EHCTBUTENBHOCTH MPU MOJEINUPOBAHUM YNIPABICHUS U TOBBIIIACT PEATUCTUYHOCTD IIpe-
3€HTALUN IPU UMHUTALUU YIPABICHUS.
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Takas opraHm3amysi CHCTEM YIPABICHUS CIOXXHBIMU YEIOBEKO-MAITUHHBIMH KOM-
wiekcamu (CK) noBsbimaer ux 3¢ exTHBHOCTh U THOKOCTh, YTO OCOOCHHO aKTYyalbHO B CEro-
JHSLIHEM ObICTpo MeHsttouieMcsi mupe. [1oBbineHre 3(pEeKTHBHOCTH AOCTUTAETCS 32 CUET BO3-
MOJKHOCTH aHAJIM3a MOJIEJICH, MPUHSITUSA PEUICHUN O pPe3ysibTaTaM aHaIn3a U OBICTPOrO BHE-
JpeHHs pelieHni Ha npakTuke. CXxeMaTudHO 3T0 U300pakeHo Ha puc. 2. BaxHO OTMETHTb, YTO
B HallIeM ITOJXO0JIE Ha ATanax MPOEKTUPOBAHMS, CO3/IaHHS M MCIIOJIb30BaHUS CUCTEMBI UCIIOJIb-
3yeTcs O/iHa U Ta JK€ UMHUTALMOHHAsI MOJIETIb.

[Tpn npoekTHpoBaHMM U UCCIIEJOBAHUU CIOXKHBIX CHCTEM MBI PacCMaTPHBAEM HX Kak
CHUCTEMBI THOPHIHOTO WHTEIUIEKTa W HUCIOJIB3yeM CIEOYIONINe YPOBHHU MX IPEICTAaBICHUSA |8,
13, 21]: 1) ypoBeHB 4YepHOTO SIIWKa; 2) YPOBEHb (YHKIHOHAIBHON CTPYKTYpHI; 3) ypOBEHB
ANTOPUTMOB; 4) YPOBEHb MIPOTPAMMHON peaH3ainy.

YPpOBEHb YEPHOTO AIIMKA.

Ha ypoBHe npeacTaBieHus] CHCTEMBI THOPUIHOTO MHTEIUICKTAa B BHJIE YEPHOTO SIITHKA
TEOpUs KOHEYHBIX aBTOMATOB PacCMaTpPHBAETCS HAMM KaK OJWH M3 CIIOCOOOB JUIs 3aiaHus
HPOLIECCOB U COCTOSIHUH TPOLIECCOB.

YpoBeHb QYHKIIMOHAIEHON CTPYKTYPBI.

Ha ypoBHe QyHKIMOHAIBHOM CTPYKTYpPBI CUCTEMBI THOPHIHOTO MHTEIUIEKTa (PyHKINU

IIPOLIECCOB U COCTOSTHHUI IPOIIECCOB ONMCHIBAIOTCS KaK KOHEUHbIE aBTOMATHI. PaccMoTpuM 310

nogpoGHee.
KoneunsiM aBTOMaTOM [26] Ha3pIBaercs cucreMa S={A, Q, V, §, A}, B xotopoif A =
{ay, as, a3, ..., am}, Q={q1, 92, 935 ---»> A}, V={V1, V2, V3, ..., Vx} — KOHECUHBIE MHOXeCTBa (amda-

sutel), a 0:QxA—>Q u 2:QxA—>V — pyuxuuu, onpeeseHHbIe Ha STHX MHOXKECTBAX.

A Ha3BIBacTCs BXOJIHBIM aj(aBUTOM, V — BBIXOJHBIM alipaBUTOM, Q — ahaBUTOM COCTOSIHUH,
0 — ¢yHKUMel nepexonoB, A — QyHKIMEH BRIXOA0B. Eciu B aBTOMaTe S BBIAEICHO OIHO CO-
CTOSIHUE, Ha3bIBAEMOE HadaJIbHBIM (OOBIYHO CUHTAETCS, YTO 3TO (), TO IONyIECHHBIH aBTOMAT
HA3BIBACTCS MHUIIMATBFHBIM 1 0003Ha4aercs (S, q).

PaccMoTpuM mpencTaBieHHE COCTOSHHUSI Tpollecca B BHUAE KOHEYHOTO aBTOMATA.
BxonHoli andaBUT KOHEYHOTO0 aBTOMaTa A — 3TO MHOXECTBO COOOIIEHH, MOCTYMAIOMINX B
cocrosiHue. BeixomHo#t andaButr V — 3TO MHOXKECTBO COOOIIEHUH, NCXOAAIIUX U3 COCTOSHUSI.
MHOXECTBO COCTOSTHHI KOHEYHOT0 aBTomMara Q COIEPIKUT BCEro JIBa DJIEMEHTA: (; — COCTOSTHHE
nporiecca ABJSIETCS TeKYIMM (AKTHBHO) M (, — COCTOSIHUE TIPOIIecca HE SIBJICTCS TEKyIIuM (He
aKTHBHO).

[IpencraBnenue mporecca B BUAC KOHSYHOTO aBTOMATA SBJISIETCS OOBEIMHEHUEM KO-
HEYHBIX aBTOMATOB BCEX COCTOSHMH mpolecca. BxoaHoit andaBuT KoHeUHOro aBToMara A, —
9TO MHOXECTBO COOOIICHHH, ITOCTYIAIOIIUX BO BCE COCTOSHHUS MPOIecca, TO eCTh:

n
Ap = U A; , rie A; — MHOXECTBO BXOAHBIX COOOLICHMUIT i-r0 COCTOSIHUS IIPOLIECCa.
i=1

BoixoaHO# aihaBUT KOHEYHOTO aBTOMAaTa V, — 3TO MHOXECTBO COOOIEHUH, HCXOMs-

IIMX U3 BCEX COCTOSIHUI Mpollecca, TO €CTh:
n

Vp = U Vl , Te V; — MHOXECTBO BBIXOJHBIX COOOIICHHIA i-TO COCTOSHHS TIpoIiecca.

i=1

MHOX€eCTBO COCTOSTHUI KOHEUHOro aBToMara Q coep kUt n+1 3neMeHT: qg — npoiece
HE aKTHBEH, (; — TeKYIINM (aKTHBHBIM) COCTOSTHIEM TIpoIIecca SBISCTCS i-€ COCTOSHUE TPOIIec-
ca(i=1,2,...,n).

Bxonsmue cooOmmeHnss HanpaBISFOTCS B KOHEYHBIH aBTOMAT TEKYIETO COCTOSHUS
mporecca. Beixonsmue cooOIMIeHHs MOCTYMAloT Ha BBIXOJ KOHEYHOI'O aBTOMAaTa Ipolecca
TOJIBKO OT KOHEYHOTO aBTOMAaTa TEKYIIET0 COCTOSTHHUS TPOIIecca.

YpoBEHb AITOPUTMOB.
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Ha ypoBHEe anropuTMOB KOHEYHBIE aBTOMATHI IMPOIECCOB M COCTOSHUI IPOIECCOB
MIPEACTABISIOTCS TAOIMIIAMU (QYHKIIMH EPEeX0A0B U BBIX0J0B. TakTOM /1jIsi KOHEYHBIX aBTOMa-
TOB CIY’KMT IIEpHO]] aKTUBAIIMK COCTOSIHUH Tpoliecca.

Tabauna 1 — @yHKIMSA Nepexo10B U BHIX0JA0B KOHEYHOT0 aBTOMATA Mpollecca

a a ajz ay as oos A3 coe A3,

o | 91,V1 | Go-Vo qo-Vo qo-Vo qo-Vo Jo,Vo qo,Vo qo-Vo Jo,Vo
Qi | 91V1 | qQ1,Va+ qQ1,Van+1 qQiVan+r | Q2,Vane2 | --- Qi>Van+ | --- (n>Van
qQ2 | 92,V2 | Q2,Vae2 q2,V2n+2 qQiVan+r | Q2,Vane2 | --- i ‘e (n>Van
.ee e e e q1,V3n+1 q2,V3n+2 e Ji>Vin+ vee Jn»Van
qi | 9;,Vi Q> Vn+i Qj>Van+i qQ15Van+1 | 92,V3ne2 | --- i e n>Van
.ee e e e q1,V3n+1 q2,V3n+2 e Ji>Vin+ vee Jn»Van
n | 90V | qn,Von In>V3n qQi,Van+1 | Q2,V3ns2 | --- i e qn>Van

i, Van+

i

i, Van+

i

qi>Van+

1

AJTOpUTM pabOTHI KOHEYHOTO aBTOMATa IPOIIecca CIeIyFOITHi.

1. IlporpaMMa HCHOJHEHHUS IPOIECCOB BBIIAET COOOMICHHWE a; — «3amyCTHTh IIPO-
necey». Eciiv KOHEUHBI aBTOMAT HaxOIWIICsS B COCTOSIHUM (o — «IIpouecc He akTUBEH», TO KO-
HEYHBIN aBTOMAT MEPEXOAUT B COCTOsIHUE ( — « TeKyIiee cocTosHue mpoliecca 1» U BbIAaeT Ha
BbIX0J coobmenne v — «Tekymiee cocrossaue mporecca 1». Eciiu KOHeUHBIH aBTOMAT HaXo-
JTAIICSL B COCTOSIHUM (; — «TeKylee CoCTOsHUE mpoIiecca 1», TO KOHEYHBIH aBTOMAT OCTaeTCs B
9TOM COCTOSIHHHM U BBIAET Ha BBIXOJ cooOrmieHue v; — « Tekyiee cocTossHUE Tporecca i akTHB-
HOY, i=1, ..., n. DTa 4acTh aNTOpPUTMa COOTBETCTBYET BTOPOMY CTOJIOITY TaOIHIIB 1.

2. IIporpamMMa WCIIONHEHHS MPOIIECCOB BBINACT coodmieHune a, — «IIprocraHOBHTH
mporece». Eciii KOHEUHBI aBTOMAT HAXOAWICA B COCTOSHHUH (y — «[Ipomecc He akTuBEH», TO
KOHEUHBI aBTOMAT OCTAeTCsSI B TOM JK€ COCTOSIHHE W BBIACT Ha BBHIXOA coobrmieHue vy — «IIpo-
[IeCC HE aKTHBEH». ECITM KOHEYHBIH aBTOMAT HAXOIWMJICS B COCTOSIHHU (; — «TekyImee cocTos-
HHUE TIpOIecca 1», TO KOHEYHBI aBTOMAT OCTAETCSl B 3TOM COCTOSHHUM M BBIIA€T Ha BBIXOJ CO-
obmenne v,; — «[Ipolecc MprOCTAaHOBIEH B COCTOSIHUU 1», i=1, ..., n. DTa 4acTh anropuT™Ma
COOTBETCTBYET TPEThEMY CTOJIOLY TaOJIHUIIbI 1.

3. IlporpaMma HCHOJHEHHUS NPOLECCOB BBIAAET coolIlieHne a; — «OCTaHOBUTH IPO-
uecc». Eciiv KOHEeUHbI aBTOMAaT HaXOAWiIcs B COCTOSIHUU (o — «[Iponecc He akTUBEH», TO KO-
HEYHBI aBTOMAT OCTAETCs B TOM K€ COCTOSHIE U BBIJJACT Ha BBIXOJ coobmenue vy — «IIpormece
HE aKTHBEH». ECIM KOHEUYHBIM aBTOMAT HAaXOAWJICS B COCTOSIHMM (; — «Tekyiiee cocrosiHue
mporiecca i», To KOHEYHBIH aBTOMAT OCTAeTCsA B 3TOM COCTOSIHAW U BBIAET HA BBIXOJ COOOIIIe-
HHUE V4 — «IIpoIiecc ocTaHOBJIEH B COCTOSIHUM 1», i=1, ..., n. JTa 4acTh aJrOpUTMa COOTBETCT-
BYET YETBEPTOMY CTOJIOIY TaOIUIIHI 1.

4. TIporpaMma HCIIOJTHEHHUS MPOIIECCOB BBIAAET coolmieHne as.; — «HoMep Tekymero
COCTOSTHUS Tiporiecca i». Eciam KoHedHbIH aBTOMAT HaXOAWICSA B COCTOSIHUM (o — «[Iporecc He
AKTHUBEH», TO KOHEYHBII aBTOMAT OCTAeTCA B TOM )K€ COCTOSHHH M BBIIAET Ha BBIXOJ CO0OIIIe-
Hue vo — «lIpouecc He akTuBen». ECIM KOHEYHBIA aBTOMAT HAXOAUIICA B COCTOSHUM (j — «Ho-
Mep TEKYIIEro COCTOSHHS IpOoIiecca j», TO KOHCUHBIA aBTOMAT MEPEXOJUT B COCTOSHHE (; —
«Homep TekyIero cocTosiHHs IpoIlecca i» W BBIAAET Ha BBIXOJA COOOIICHUE Vi, — «Homep
TEKYIIEro COCTOSHMS mpoliecca i», i=1, ..., n. DTa 4acTh aJropurMa COOTBETCTBYET CTOJIOLAM
5-(4+n) tabnumst 1.
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B tabsune 1 npusenen npumep QYHKIMI MEPEX0OI0B M BBIXOJOB [JISi KOHEYHOTO aB-
TOMarta mporecca.

Jliis mpuMepa TMOCTPOUM (PYHKIIMIO MEPEXOI0B M BBIXOJOB JUIS MPOIIECCa C ISITHIO CO-
cTosiHusAMH (cM. Tabuity 2.).

Taoauuna 2 — (Dyl-[l(l.ll/lﬂ Mepexoa0B U BbIX010B KOHEYHOI'0 aBTOMATA 1poiecca ¢
NATHI0 COCTOAHUAMU

3l a a3 Ay as a6 a7 ag
Qo | 91,Vi qo-Vo Jo>Vo Jo>Vo Jo>Vo o>Vo qo>Vo Jo>Vo
q1 q1,V1 q1,Ve q1,V11 q1,Vie qQ2,V17 q3,Vis qQ4,V19 J5,V20
q2 qQ2,V2 qQ2,V7 qQ2,V12 q1,Vie qQ2,V17 q3,Vis qQ4,V19 J5,V20
q3 q3,V3 q3,Vs q3,V13 q1,Vie qQ2,V17 q3,Vig q4,V19 q5,V20
q4 q4,Va q4,Vo q4,V14 q1,Vie qQ2,V17 q3,Vig q4,V19 q5,V20
qs qs5,Vs qs,Vio qs,Vis q1,Vie qQ2,V17 q3,Vig q4,V19 qs,V20

AJroputM pabOThl aBTOMAaTa COCTOSIHHUS IpOLecca TAaKxkKe 3ajaercst Tabnuuedl QpyHk-
U [Iepex0/I0B U BbIX0A0B. B Tabmnuie 3 mpuBeneH mpumep QYHKIUN MEPEXOIOB U BHIXOJOB
JUISl KOHEYHOTO aBTOMAara COCTOSIHUS IpoLiecca.

AJroput™ paboThl KOHEYHOTO aBTOMATa COCTOSHHS TIPOIecca CIIEIYOIIUH.

1. IlporpamMma HCIIOJTHEHUS MPOLIECCOB BhITaeT cooduienne a; — «Homep Tekyero
COCTOSIHHMS ITPOIIECCa HE COBITA/IaeT ¢ HOMEPOM PaccMaTpHBAaEMOIo COCTOSIHUS nporeccay. Ko-
HEYHBII aBTOMAaT OCTAeTCsS B TOM )K€ COCTOSHHMU M BBIAAET HA BBIXOJ IyCTOE COOOIIEHHE Vj.
OTa 4acTh alNrOpUTMa COOTBETCTBYET BTOPOMY CTOJIOIY TAOIHUIIBI 2.

2. Iporpamma WCTIONHEHHUS MPOIIECCOB BBIAET coodmeHne a, — «Homep Tekymero
COCTOSIHMS IIPOLIECCa COBIMAAAET C HOMEPOM pPacCMaTpHBaeMOI0 COCTOSIHUS Ipoleccay. Ecin
KOHEYHBIH aBTOMAaT HaxoJuJcs B cOCTOAHHM (; — «COCTOsIHUE Ipolecca He aKTUBHO», TO KO-
HEUYHBII aBTOMAT MEPEXOAUT B COCTOSIHME (; — «COCTOSIHME MpoLecca aKTUBHO» U BBIIAET Ha
BBIXOJ1 cooOrieHne v — «CocTosiHUE Mpoliecca akTUBHOY». ECiTM KOHEUHbIH aBTOMAT HaXouICs
B cOCTOSIHMU (; — «COCTOSIHHE IMpolecca akKTUBHO», TO KOHEYHBIH aBTOMAT OCTAaeTCsi B 3TOM
COCTOSIHMU M BBIAAET Ha BbIX0J coolrieHne v; — «COCTOsIHME Ipoliecca akTUBHOY». JTa 4acTb
ITOPUTMa COOTBETCTBYET TPETHEMY CTOJIOLY TaOIHIBI 2.

3. IIporpaMma HMCIIOJIHEHHS IPOLIECCOB BBIAAET COOOIIEHHE a,.; — «BpImonnu i-e nei-
cTBHe», i=1, ..., n. Eciim KOHeuHbI aBTOMAT HaXOAWICA B COCTOSIHUM (; — «CoCTOsIHHE Ipo-
1iecca He aKTUBHO», TO KOHEYHBIH aBTOMAT OCTAETCS B TOM K€ COCTOSIHUM W BBIIACT HA BBIXOJ
coobmenne v, — «CocTosiHEE Tporiecca He aKTHBHO». Ecian KOHEYHBIH aBTOMAT HAaXOIMICS B
COCTOSIHMH ( — «COCTOsIHHE ITpOoIecca aKTUBHO», TO KOHEYHBIH aBTOMAT OCTACTCS B 3TOM CO-
CTOSIHMH M BBIAAET Ha BBIXOA coobuieHue v; — «CocTosiHue mpolecca HauMHAET BBIOJIHEHUE i-
TO ACUCTBUS». DTa 4acTh allTOPUTMa COOTBETCTBYET 4-(3-+n) crosnbmam Tabnuiier 3.

Tab6auna 3 — ®yHKIUSA NePex010B U BHIX00B KOHEYHOT0 aBTOMATA COCTOSTHUS

npouecca
31 a A2+1 A2+ oee A2+i oo A24n
q1 q1,Vo qQ2,V1 qQ1,V2 q1,V2 q1,V2 qQ1,V2 q1,V2 qi,V2
q2 qQ2,Vo qQ2,Vi qQ2,V3 qQ2,V4 e qQ2,V2+i e qQ2,V2+n

Takoil anroputM paboOThl KOHEYHOIO aBTOMAaTa COCTOSHUS IIpoLecca MPeAIonaraer
HCIOIb30BAHUE HECKOJIBKUX JOMOIHUTENBHBIX aITOPUTMOB:
1) anropuT™Ma BBIITOJHEHHS BPEMEHHOTO COOBITHS;
2) anropuT™Ma BBIITOJIHEHHS YCIOBHOTO COOBITHSI.
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KoHeuHBIii apTOMAT
COCTOAHHUA NIpoHecca 1

{al KoHeuHsbIit {a}

1

> 195}

Hcnonantens ABTOMAT Ipolecca
IIPOIIECCOB (v}

19}

~

KomeuHsrii aBToMaT
COCTOAHHA IpoLecca i

195

A4

KoHeuHblit apTOMAT —
COCTOHHNA Mnponecca n

A
HcnonanTeas {vi} 1)
JelicTBIII <

Pl/lcyHOK 3 - Cxema paﬁOTbl KOHECYHOI'0 aBTOMaTa nmpoumecca 1 KOHCYHbIX aBTO-
MATOB COCTOSTHM I nmpounecca

BpemenHoe coOpITHE peanu3yeTcs TpeMst JeHCTBUSIME:

1. YcranoBka COOBITHS B O4€PEb.

2. IlponsmxeHue coOBITHS B OUEPE/IH.

3. BolnonHeHne coObITHS U ylalieHne COOBITHS U3 OYepeu.

Ecnu BpeMeHHOE COOBITHE LIUKIIMYECKOE, TO BMECTO TPETHEro JEHCTBUS HCIIOJIB3YETCsI
nelicTBre «BpInosHeHne COOBITHS U ITepeyCTaHOBKa COOBITHS B OUepeiny.

YcnoBHOE COOBITHE pealu3yeTcst TpeMsl ICHCTBUSIMH:

1. YcranoBka coOBITHS B O9EpEb.
2. BrlunciieHue yciaoBHsL.
3. BemmonmHeHHE COOBITHS U yOalICHHE COOBITHS U3 OUEPeIH.

Ecimu ycoBHOE COOBITHE HUKIMYECKOE, TO BMECTO TPETHETO ACHCTBHS HCIIOIB3YETCS
nerictBue «BrImonHeHne cCoOBITHS U IepeyCTaHOBKA COOBITHS B OUEPEII».

Cxema B3aMMOJICHCTBHS aITOPUTMOB IIPECTABIICHA HA PUCYHKE 3.

YpoBeHb IPOrPaMMHOM peanu3aluy.

[MporpammHas peanu3anysi CUCTEMbl TMOPUAHOTO MHTEIUIEKTa COCTOMT U3 ABYX OC-
HOBHBIX yacteil [15, 16]:

1) MHCTPYMEHTAJIBHBIX IPOTPaMM JUISl IOATOTOBKY U TPAHCISIIMY ONMHCAHUNA CUCTEMBI
THOPUIHOTO MHTEJUIEKTa B POTPaMMHBIE KOJBI JJIsl KOMITBIOTEPA M BO BHYTPEHHEE IIpeJICTaB-
JICHUE JUISl CHCTEM HMCIIOJHEHHUS;

2) mporpaMM HCIIONHEHUS ISl peaTu3alliii IOJCHCTEM YIPaBICHUs (IPOTPaMMBEI ISt
HCTIOJHEHUS MPOIIECCOB) U (PYHKIIMOHANBHBIX TOACUCTEM (IIPOrPaMMBI IS IOJKITFOUSHHS (MH-
TETpaIyy) ¥ UCIIOTHEHUS (YHKIIMOHATIBHBIX MOYJIEH W MIPOTPaMMEI IS B3aNMOACUCTBHS (MH-
Tepdetica) ¢ YeITOBEKOM).

WHCcTpyMeHTambHBIE IPOTPAMMBI ISl TIOATOTOBKM M TPAHCIISIIAN OMUCAHUN CHCTEMBI
THOPUIHOTO MHTEIUIEKTa BKIIOYAIOT: SI3BIK OMHMCAHHS CTPYKTYPHI M JIOTUKH JIEATEIFHOCTH H
TPAHCISITOP € 3TOro si3bika [20, 22]; rpaduyeckne MHTEPAKTUBHBIC CPEICTBA I OOJICrueHHUS
HABHUTAIMH 10 OMUCAHUSIM OM3HEC MPOIIECCOB OPraHM3aIlUK [P UX MPOCKTHPOBaHuH [15, 16].

[TporpamMmsbl AJ1st HCIIOIHEHHS MPOLIECCOB (MCIIOMHUTENbHAS cUcTeMa rporeccoB) [18]
MTO3BOJISIIOT 3arpy’kaTh B MaMsTh KOMITBIOTEPA ONKCAHUS IPOLIECCOB M 3aIlyCKaTh MX Ha UCIIOJI-
HEHHE, a TaK)Ke IMPOBOJIUTh UX OTIAAKY. sl MOX0XKMX IO MOBEJECHUIO MPOLECCOB CO3AI0TCS
mabnoHbl. McTiomHUTeIbHAS CHCTEMa MPOIIECCOB TO3BOJIIET MO MIA0NIOHY CO3/aTh IK3EMILIAP
TpoIiecca, 3arpy3uTh €ro B MaMATh U 3allyCTUTh Ha HCIOJHEHUE, IIPOCIICKUBATH XOI BHITIOIHE-
HUS, COOMPATh U aHAM3UPOBATh MMAPAMETPHI EATSIFHOCTH, PeaTn3yeMOl CUCTeMOH THOpHI-
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HOTO MHTEJUIEKTa. B 9acTHOCTH, B MCHOJIHUTENBHONW CHCTEME IUIS IPOLIECCOB MOXKHO yCTaHaB-
JUBATh TOYKM OCTAHOBA B TPOIIECCAX M MPOCMATPHUBATH M M3MEHSTH TEKyIIHe 3HAUCHHS Iepe-
MeHHbIX [20, 22].

[Mporpammbl noakitoueHus (MHTErpauun) GyHKIMOHAIBHBIX MOJYJIEH MO3BOJISIOT 3a-
IPY3UTh OIUCAHUs AJITOPUTMOB BBINOJHEHUS KOMaH], MOCTYNAIOIIKUX OT IMPOLIECCOB, U 3aIlycC-
TUTH UX Ha HcroidHeHHe. OHU TaKKe BBICTYNAIOT B POJIM MHTETpaTopa (yHKIMOHAIBHBIX MO-
JyJeH, HOAKIII0YaeMbIX K (yHKIMOHAIBHBIM MOACUCTEMAaM /sl BEIITOJTHEHHS IPOTHO3UPOBAHUS
C TIOMOIIIBI0 HEHPOHHBIX CEeTEeH, paHKUPOBAHMUS IIPOEKTOB C IMOMOLIBI0O CKOPUHTOBBIX MOJIEINEH,
pacro3HaBaHUs CUTyaIlMid HA OCHOBE HEYETKHX MHOXECTB M Ipyrux ¢yskmmid [1, 17, 18, 22].
[Iporpammel B3amMopelcTBus (MHTepdelica) ¢ YEIOBEKOM peanu3yioT [9], Tak Ha3BIBaeMBIH,
TTOJTE30BATEIBCKI MHTEP(EHC C yIaCTHUKAMU NEATSIFHOCTH (COTPYIHUKAMHU U KOHTparcHTa-
MH OpTaHHU3aIUH).

KoHeuHble aBTOMATHI, pealn3yIOMKe MPOLIECCH M COCTOSHHS MPOLIECCOB, 3aJal0TCS
TabnuuaMu QyHKIMH epexo10B U BBIXOJ0B (cM. Tabmuupl 1, 2 u 3) nim rpadamu (cMm. puc. 7 u
8). Pa3zpaboTan TpaHCIATOp 3THX TAaOIHI U rpadoB B MPOrPaMMbI UCIIOJHUTEILHONH CUCTEMBI
JUTSI TIpo1IeccoB [5, 24].

IIpoexTHpOoBaHUE KOHEYHBIX ABTOMATOB.

[IpoekTnpoBaHre KOHEUHBIX aBTOMATOB VISl CUCTEMBbI THOPUIHOTO MHTEJJIEKTa HAa4H-
HAeTCs C aHaJIM3a ONMCAHHUH IPOIECCOB Ha SI3bIKE ONMUCAHUS CTPYKTYPHI U JIOTUKHU JIESITEIbHO-
CTH M TMarpaMMBbl B3aUMOACHUCTBUS (YHKIMOHAIBHBIX MOJICHCTEM U Tporeccos [20, 22, 23]. B
pe3ynpTaTe 3TOTo aHajlu3a He0OXOAUMO BBIIENIUTH I KaXKIOTO IpoIecca MHOYKECTBO BXOIS-
OMX W UCXOIIMIAX COOOMICHUH, a JUIi KaKIOTO COCTOSHHUS KaXKIIOTO IPOIlecca MHOXKECTBA
BPEMEHHBIX M YCIOBHBIX coObITHIA [5, 15, 16, 18].

CrenyromuM maroM MpOoeKTHPOBAHUS SIBIISIETCS] ONPEAEICHNE Ha OCHOBE MH(OpMa-
LIUH, TTOJYYEHHOM Ha MPEAbIIYyIIeM IIare, BXOAHBIX A M BBIXOJHBIX V andaButoB u Gopmupo-
BaHMe TaOIHL QYHKIHUH EPEX0I0B O M BBIXOAOB A.

B KxoHIle NpOEKTUPOBaHKS OCYLIECTBISIETCS IPOBEPKa aBTOMATOB B paboTe B cOCTaBe
CHUCTEMbI THOPUIHOTO MHTEIUICKTa U MPU HEOOXOAMMOCTH KOPPEKIMs Tabnuil GyHKIUH mepe-
XOJIOB U BBIXOJIOB M BXO/IHBIX U BBIXOJIHBIX aJI(haBUTOB.

[TpoekTnpoBaHre KOHEYHBIX aBTOMATOB JUISi CHCTEMbI T'MOPHIHOTO HWHTEJJIEKTa BBI-
MOJHAETCS C TOMOILUBIO CHENUaTbHO pPa3pabOTaHHOIO HWHCTPYMEHTAJIBHOTO IPOrPaMMHOIO
komImiekca [16, 20, 22].

HNHcTpyMeHTA/IBHBI NPOrpaMMHBIN KOMILIEKC.

JIs co3maHus M WCIIONB30BAHMSI CUCTEM THOPHUIHOTO WHTEIUIEKTa ObUT pa3zpaboTaH
CHeNHaNbHBI HHCTPYMEHTANbHBIN nporpaMmusii kommiekce (UIIK) [16, 20, 22]. UIIK oGec-
MIEYNBAET ABTOMATH3ALMIO BCEX OCHOBHBIX ATANOB IPOCKTUPOBAHHS CHUCTEMBI M Pa3pabOTKy
mogeneit [8, 10, 11, 13, 14, 19, 21] cnermamuctaMu IpeaMeTHON 00acTH (MeHeKepaMu, Ou3-
HeC aHAINTHKAaMH U JIp.), a He IPOrpaMMHUCTaMH.

UIIK cocTout u3 cienyromux noacuctem [16, 20, 22]:

1. Ilopcucrema onucanust cTpykTypsl U goruku CK.

2. Peno3uropwuii mabinonoB onucanus CK 1 MX KOMITOHEHTOB.
3. bank onucanuit koHkpeTHbIX CK.

4. IMoncucrema npoekTupoBanus U peopranm3anuu CK.

5. [loacucrema MOAENUPOBAHMS U aHAIH3A.

6. Iloncucrema rerepanuu nHpopmarmu s peanuzann CK.
7. IMoacucrema ucnonaHerus npomeccoB CK.

8. [Toxcucrema obpatHoro npoekTupoBanust CK.

9. ApXHB peaIn30BaHHBIX MTPOEKTOB.

10. ba3a 3nannit mo UIIK.
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IMoacHcTeMa PenmozgTopHE
QMHCAHHA madnoxos CK 1 HEx Bamx omscaEEd
igﬁ;ﬂg\gﬁ = l EOMIIOHEHTOER roHEpeTHsX CK —
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IlogcucTeMa IlogcucTema ITogcueTeMa
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CK
h 4
Baza 3HaHHA 00 HHCTPYMEHTATEHOMY KOMILISECY —|

Pucynok 4 — Cxema B3aumoneiicreus noacucrem UK

B3anmMopneficTBre oJcuCTEM KOMILIEKCA H300pakeHO Ha pUCYHKE 4.

UIIK mo3BossieT OpraHu30BaTh ITONHBIA UK CO3MaHMsI cucTeMbl ympasieHus CK ot
MIPOEKTUPOBAHNUS 10 BHeApeHus [6, 7]. Buenpenne cucremsr ynpasienuss CK ocHoBrIBaeTCs Ha
CaMOOOYUYCHHUHU COTPYJHHUKOB IIPH OCBOSHHU CHCTEMBI M NIPU pabOTE B €€ COCTaBe CHauasa Mo
PYKOBOZCTBOM KOHCYJIBTAHTOB, & IOTOM M CAMOCTOSATEIBHO.

v Nepenava yueOGHLIX MATEDHANOB OT NOATCTOBKH 40 NOATBEPHAEHHA NOMYYEHHA -0 ﬂ
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Pucynok 5 — I'pa¢ npouecca
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IIpumeuanue. C1, C2, ..., C8 — cocTostHUsI poIiiecca

Camo00y4eHue COTpYAHUKOB OCYILIECTBIISIETCS C TIOMOILBIO YacTh 0a3bl 3Hanuii UIIK,
KOTOpast B Ka4eCTBE OAHOW M3 (DYHKIIMOHAIBHBIX IOJCHCTEM YCTaHABIMBAETCS B OPraHU3aIMU
IpY BHEIpEeHUH cucteMsl ynpanienus CK.

CHETeME:
Bumnoanenwe nkaion

- .
- .
- ~a

MoacwcTea 1t MoackcTesa 2:
Peructpunss sususon L —

=
"

Mponece 1.1
PETHCTPANNA JAKAT0B KIHCHT. .

CocTormEe 1113 |
e . 1 Osasranee s |
T — \ .
pomepuetex sammnmsern. | M
| Pt [
| Feam AP ravom, 1o ... -

CocToRERE 1.1.7% |
Oaagsaniee 101 APMa

Fususun
BANCRTa 1

__

w v

Cocromsme 1.1.% |
llepetana wmwaia B APV g

—
Hamaan =L BResewmoe conumne )

T T

——_————— - - ~
[ B cocroammn 3 ( Bpessesmoe covuume ) ﬂqnun-uﬁul.as.l s
BNOIMAECTCR TTEEDE e padiT

 JANDLLE B3 KAMATLE .

LBEIMHCICHRE
Cpelern matemn

(r)lipamese 1.2:
PerncTpalia ka8 KINeHTa

PucyHok 6 — UHTepakTHBHAsA rpaduyeckasi iuarpaMma npoexkrta

IleHTpanbHBIM 3BCHOM HAIllEll METOAOJIOTMH HPOEKTUPOBAaHHSA SABISIETCS YpPOBEHb
(GyHKIMOHANBHBIX mojcucteM. CTPYKTYpHO (yHKIMOHaIbHAas HOACHCTEMa — 3TO COBOKYII-
HOCTbH B3aMMOJAEHCTBYIOIIHMX MPOLECCOB, (DYHKIIMOHATIBHBIX MOAYJIEH M TEXHUYECKUX M 4elo-
BEUECKHX PECYpCOB, a KOHIIENTYaJIbHO — OTKpBITasi CUCTEMa, (PYHKIIMOHUPOBaHUE KOTOPOIl Oc-
HOBaHO Ha OMNpPEACICHHOW TEXHOJIOTHH PEUIeHUsl JaHHOW MPaKTHUUECKOM 3aJauu WM Kpyra 3a-
Jad. (DyHKHI/IOHaHI)HaSI MoJACUCTEMAa MOXKET PCAIM30BBIBATDH q)yHKIlI/Il/I ABTOMATU3UPOBAHHBIX
CKJIQJICKUX, MPOW3BOJICTBEHHBIX M KOHTPOJHMPYIOMINX CHUCTEM, MOJEIHPYIOMINX IMPOTpaMM H
JPYTHX IPOTPaMMHBIX CPEJCTB, TOCTYIHBIX B cucTteMe ynpasienus CK.

OyHKIMOHANBHAs OACHCTEMa HHTETPUPYETCS B CTPYKTYpY cucteMsl ynpasienus CK,
B MaKCHMaJIbHO BO3MOXKHOW CTENEHU HCIIONB3Ysl 00Ine MH(POPMAIMOHHBIE, IIPOrPaMMHBIE H
ammapatHble pecypchl (0a3pl TaHHBIX, cepBepa U ap.). Co3naHue (GyHKIIMOHATBFHON TOICHCTE-
MBI BBITTOJTHSETCS 0 CIEAYIOIINM OCHOBHBIM dTalaM: UACHTU(HUKALHS POOIEMbl, KOHIETITYa-
n3anys, GopManu3anys, peaan3anys 1 TECTUPOBAHHUE.

Jliist o6uierdeHust HaBUralyy 10 OIMCAHHUIO NMPOEKTUPYEMOW CHCTEMbI MCIONb3YIOTCS
HHTepaKTUBHBIE Ipaduueckue cpencrsa IIpounece npeacrasisercs rpahUueckd B BUAE OpHEH-
THUpOBaHHOTO rpada (cM. puc. 5). BeprmHamu rpada sBisIFoTCS COCTOSIHUS MPOLIEcca, a AyraMu
— Hepexobl MEXIy COCTOSHHAMH. ECIiM M3 COCTOSIHMSI BO3MOKEH Iepexo]l B JBa WK Oolee
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COCTOSTHHS, TO MEPEXOIbI 0003HAYAIOTCS TYHKTHPHOM JnHueH. [I[eKHYB 0 COCTOSTHHIO MBIIII-
KOM MOXHO €ro BbIOpAaTh MIIM MOMETHTH, & HaKaB Ha TPaBYI0 KHOIMKY MBIIIH, MOKHO JIETKO U
OBICTPO NEPEHTH B JIIOOO0 AUANIOT U3 MEPapXHUU TUAJIOrOB MPOEKTUPOBAHKS CHCTEMbI THOPH-
HOTO MHTEJIICKTA.

I[J'lﬂ KOHIECHTpallu BHUMAHUA Ha ONPECACIICHHBIX aCIICKTaX MPOCKTUPOBAHNUA UMCEECTCA
BO3MOYKHOCTh M30HPATEbHOIO OTOOpPaXKEHUSI KOMIIOHEHTOB CHCTEMbI Ha JHarpamMMe MpOeKTa
(cMm. puc. 6).

PucyHok 7 — I'paj) KOHEYHOr0 AaBTOMATA NpoLecca

[Ipu mpoeKTHPOBaHUN aBTOMATOB /ISl CHCTEM THOPHIHOTO MHTEJUIEKTa HCIIOMB3YIOTCS
CIICIYIOIIHNE TIOJCHCTEMBI:

e Tloacucrema onucanus CTPyKTypbl u toruku CK.
IToacucrema npoektupoBanus u peopranuzanun CK.
[Hoxcucrema MOAETMPOBAHUS M aHAIN3A.
[oncucrema reneparu uHpopmarmu it peanusanuu CK.
IToacucrema ucnonuenus npoieccon CK.

[Ipy npoeKkTHpOBaHMM KOHEYHBIE aBTOMAThl OMMCBHIBAIOTCS (YHKIMEH IEepexoloB H
BBIXOZIOB. JTa (hyHKLM 3anaercs Tadumneit (cM. Tabmuust 1, 2 u 3) uinm rpadom.

Ha pucynke 7 nzo0paxxen rpad mnpouecca ¢ 5-10 COCTOSHUAME. JTOMY Tpady COOTBET-
CTBYET (DYHKITUS ITEPEX0J0B U BHIXOAOB, 3alaHHAs TaOwIe 2.

Ha pucynke 8 mzo0pakeH rpad COCTOSHHS Iporecca. ITOMY Tpady COOTBETCTBYET
(yHKIHS IepeX0/I0B U BBIXOJIOB, 3aJJaHHAS TaOIUIeH 3.

UIIK no3BoJjsier reHepupoBaTh Mo Tabnuie 3HaueHH (QYHKIUH MepeX0J0B U BBIXO-
JIOB KOHEYHOro aBTomara rpad u mo rpady renepupoBath TaONUIy 3HAYCHUH (YHKIMHU mepe-
X0/10B U BbIX0J0B. HacTpoiika nmporpaMmbl UCHIOJIHEHHS MPOLECCOB M COCTOSTHUN IPOLIECCOB
TaKK€ NPOU3BOAUTCA HCTTOCPEACTBEHHO 110 Ta6m/1ue 3HaYEHUH (byHKLII/II/I NEPEX0J0B U BBIXOJ10B
COOTBETCTBYIOIIEI0 KOHEYHOTO aBTOMATa.
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Pucynok 8 — I'pa¢ koHeuHOr0 aBTOMATa COCTOSIHHSA NMpoIecca

HpOCKTI/lpOBaHI/Ie u HaCTpOﬁKa KOHCYHBIX aBTOMATOB ABJISICTCA YaCTbHO TEXHOJIOI'MU
CO3J]aHus cucteM rudpuaHoro unTemexra [20, 22, 18, 24].

TexHoJiorus co3gaHus CHCTEeM rHOPUIHOI0 HHTEJIEKTA.

Co3nanue cucTeMbl THOPUIHOTO MHTEIJIEKTA OCYIIECTBIISIETCS MO CIIEAYyIoLel cxeme
[18, 23]:

1. Brigenenue B n3ydaeMoM 00BEKTE, MPOIIECCE MM SBJICHUU TPYIII MPOIECCOB (IO~
CUCTEM).

2. BolsicHeHMe: He NOMOMAET JU Ul JaHHOM 3ajJaud y»e€ rOoTOBas TUIIOBas cUCTEMa
THOPHUIHOTO MHTEIUICKTA.

3. Ecnu moaxonsmias THIIOBasi CUCTEMa HaiijieHa, TO OHA OepeTcst B Ka4eCTBE OCHOBBI
JUIsl TIOCTPOEHHSI CUCTEMBI M TIPOU3BOJUTCS ee HacTpoiika. Ha aTom pa3paboTka cuctems! ruo-
PHUAHOTO MHTEIUIEKTA 3aKaHUYHUBACTCS.

4. Ecnu e moaxosineil THIOBOW CUCTEMBbI THOPHIHOTO MHTEIUIEKTa HE HAIIOCh, TO
OCYILECTBIISICTCS BBIIEIEHUE U ONIUCAHKUE IPOLIECCOB U COCTOSTHUM JJISl KXKJON TOACUCTEMBI.

5. IomyueHHslit MakeT nopabaTbiBaeTCs NPUBJICYEHHBIMU 3KCIIEPTaMU B HCCIIETyEeMON
cdepe u pa3paboTIMKaMK CHCTEM T'MOPHIHOTO HHTEIJICKTA.

6. Pa3zpaboranHHas cucreMa THOPHIHOTO WHTEJUIEKTa pealn3yeT pa3padaThiBaeMBIN
CK, a Taxxe UCHOIB3yeTCs KaK MepBOHAYAIBHBIN BapUAHT JJIS MMOCTPOCHUS TUIIOBOM CHCTEMBI
THOPHUIHOTO MHTEIUICKTA JUIS JAHHOU IpeAMETHON O0JIACTH.

7. DTOT HepBOHAYATBHBIN BapHaHT THIIOBOW CHCTEMBI T0pabaThIBAeTCs, TOKYMEHTH-
PYeTCs ¥ IOMEIIAeTCsI B PETIO3UTOPHUI THITOBBIX CHCTEM THOPHIHOTO WHTEIUIEKTA.

[IpoexTupoBaHre M HACTPOWKa aBTOMATOB Ul CHCTEM TMOPHAHOTO WHTEIUIEKTa OCY-
IIeCTBIIAETCS Ha dTanax 3 u 4.
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IIpumep co3ganusi cHCTeMbl yNpaBJIeHHUS.

PaccMoTpum ympaBieHHe KOHTPOJEM BXOAa Ha JAYHBII y4acTOK C KHIBIM JOMOM
[12]. ¥V mayHoro ywactka mMmeercs JBa 3amuTHbIX KoHTYpa (3K1, 3K2), Tpu ycrpoiicTBa KOH-
TpoJisi Ipoxoa uepes 3amuTHbie KoHTypa (YK1, YK2, YK3) u coGcTBeHHO KHiloe ToMeLeHue
— oM. UTOOBI MOMAcTh B XKHUJIOE MOMEIICHHE HEOOXOIMMO MPONUTH CHAavalla 4yepe3 MepBbIi 3a-
LIUTHBIA KOHTYP, UCHOJB3Ys OJHO U3 YCTPOUCTB KOoHTpoms npoxona YKI1 umu YK2. 3arem He-
00XO0JIMMO MPOMTH Yepe3 BTOPOH 3aIIMTHBIA KOHTYD, UCIIONB3YSl YCTPOHCTBO KOHTPOJIS IIPOXO-
na YK3. [Tocne 3Toro noceTurens NonaaaeT B )KUIOE NOMEIIECHUE.

NMPOLLCCC

‘HA3BAHWE I 1POLUECCA

Mpouecc NocTynneHne noceTMTenen
‘HA3BAHWE NPOLECCA

‘COCTOSHVE
"HA3BAHUE COCTOSIHUS
O}iiblﬂaH KMe Hadyana mojenvupoeaHu1A

:CoctoAaHwne A

| lepexon B COCTOAHME Hayano MoaenmpoeaHuna
‘Bxon

HauyaTte MogenupoeaHue

Bxon

‘HoBODE coCToAHUE KA

Mepexoa B coctoaHMe Hauano mogenmpoeaHmnsa
‘Hoeoe cocTtoAaHue KA

‘HA3BAHWE COCTOAHWUA ‘Beixon

KA He Beixoyd

‘CoctoaHue KA Brixon

Onmpanne coolLeHna CocTtoanme KA

‘Bxon COCTOAHWE

HavyaTe mogenvpoeaHne ‘COCTOAHWNE

Bxon ‘HA3BAHME COCTOAHWA

‘IloBoe cocToAHKe KA

| lepexol K OXWAAHWKD NOCTYNNEHWA NOCEeTUTENA
‘Hoeoe coctoanme KA

‘Beixon

Mepexod K oXunaalivio MocTynnelims noceTUTCNs
Beixon

CocTtoanue KA

O:kmjaHue NoCTyNneHnA noceTuTena
HA3ZBAHWE COC IOHAHWNA

Pucynok 9 — ®@parmenT mpouecca o0padoTku nocerureseii B YK2

JUtst co3maHusl MOJICITU CHCTEMBI YIPABIICHHS HCIIOIH30BAIACH THUIIOBAs CHCTEMa MO-
JICITUPOBAHUS CIIOKHBIX OOBEKTOB, IPOIIECCOB U SIBIICHUI W3 PEIIO3UTOPHs MAOIOHOB MOJICTICH
u ux komnoHeHToB UIIK 111 co3aanus U UCIONb30BaHMs CUCTEM THOPUIHOTO MHTEIUICKTa [ 16,
20, 22]. Mopenupytolias mporpaMMa HalrcaHa Ha sI3bIKEe OMHCAHUS CTPYKTYPHI U JIOTHKH Jesi-
TenbHOCTH [ 18], MOHATHOM Kak HCIIONHUTEIBHOH CHCTEME IMPOIECCOB, TAK W CIEIHATICTAM-
pa3paboT4rKaM CHCTEM YNPaBJICHUs, U COCTOUT M3 HECKOJIBKUX IMpoIrieccoB. PparMeHT TEKCTa
OTIHMCaHMS OAHOTO M3 IPOIECCOB MpHBeIeH Ha pucyHKe 9. Ha 3Tom gparmente npuseneHa tabd-
nuna (pyHKIMHA Tepexo 0B U BEIXOJ0B KOHEYHOTO aBTOMATa, peau3yomero coctosaue «Oxu-
JlaHUE Havaia MoJAeNnupoBaHus» npoiecca «llocTymnnenue noceTurenein».

I[J'DI 3aJlaHus MapaMeTpOB MOACIMPOBAHUA CITYKUT IMAHCIIb YIIPABJICHUSA MOJACIUPOBaA-
HueM. Ha Hell Mo’kHO 3a4aTh CJACAYIOIUC MapaMETpbl: MHTCHCUBHOCTL MOCTYIIJICHUSA IMOCCTU-

Teneif (mapamerp A B mpocreifenm myacconosckom noroke, P (k) = (At Ye.e ™ / k! - Bepo-

ATHOCTH mpuxozaa k mocerurenei 3a BpeMs t); BpeMsi, 3aTpauMBaeMoe MOCETHTENIEM Ha KOH-
tpoiss ipoxoza B YK1, YK2 u otnensao B YK3; MaciuTab n300paskeHust Xo/1a MOICINPOBAHUS
Ha rpagUYecKoi naHenu.
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WHTEHCHBHOCTD NOCTYNNEHKMA NOCRTUTENel: I?

Bpema obcmymmBanis g YK 1, YK 2: |20
Bpems oGemymMBaHig B YK 3: IBO
MaclTat wzotpameHis Ha MU: [13
Epema 135

SalUMTHEW KOHTYP 1: 1

YK1: 0 Y20 1
JALMTHEIA KOHTYD 2. 3
¥K3: 0

HINoe NoMelligHWE: 1

‘ 0CTaHOBWMTE MOOENMPOBaHWE

A) Ianenp ynpaBieHUst MOJETUPOBAHHUEM.

P =[al

T

|
.

B) [Tanens oToOpaskeHuUs BHIIOIHEHUS MOICTH B rpadudeckoi hopme.

44

HNudpopmanuonHo-TexHonoruyeckuii Bectuuk Nel(03) 2015




'\(i Mopiens pabore ymHoro fosa

[

t

520 Konuuecteo nocetuTenel Ha 3k2
521 Konu4ecteo nocetuTenen g A0
522 Konuuecteo nocetuTenel g K1
523 Konudecteo naceTHTened B 9K2
524 Konuuecteo nocerutenel & 9143
525 KonuuecTeo nocaTuTenei Ha 3K1
526 KonudecTeo nocetuTenel Ha 3k2
527 Konuuecteo nocetutenel e XM

529 Konuuecteo nocerutenel & 912
530 Konuuecteo nocatuTenei e 9K3
531 KonudecTeo noceTkTenel Ha 3K1
532 Konuuecteo nocetutenel Ha 3k2
533 Konuuecteo nocetuTener g XN
534 Konuuecteo nocerutene g S
538 Konudecteo noceTTenei B 9K2

25.07.13 21:43:58 (193742)
25.07.13 21:43:58 (193792)
25.07.13 21:43:58 (193811
25.07.13 21:43:58 (193811
25.07.13 21:43:58 (193611
25.07.1321:44:01 (197265
25.07.1321:44:01 (197265

25.07.1321:44:01 (197263
25.07.1321:44:04 (200737
25.07.1321:44:04 (200737
25.07.1321:44:04 (200737
25.07.1321:44:04 (200755
25.07.13 21:44:04 (200755

3 (
2 (
1 (
1 (
1 (
1 (
3 (
2 807,13 21:4401 (197265
1 07,13 21:4401 (197283
1 (
1 (
1 [
4 {
2 {
0 {
1 {
1 {

1

1

1 )
1 )
1 )
1 )
1 )
1 )
1526 Konwqectso nocetktenei g HKI i}
1 25.07.1321:44:01 (197263)
1 )
1 )
1 )
1 )
1 )
1 )
1 )

536 Konudecreo nocetkTeneil & K3 25.07.13 21:44:04 (200755,
1 3

OToBpaeHue

OuMCTUTE | CoxpauTh ’Vnepmuﬂ_ 3000 [@oﬁ(‘tnwﬂan [Mayaa |‘

| | | |- a ¥ Moaene
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C) ITarenp oTOOpaskeHHsI BEITIOTHEHHSI MOJICH B TaOIMHIHOM opme.
Pucynok 10 — OcHOBHBIE ANAJIOTH CHCTEMBI MOIETMPOBAHUS

Uto0bl HAYaTh WIM OCTAHOBHTH MOJICIMPOBAHHE HEOOXOAWMO HaXaTbh COOTBETCT-
BYIOIIYIO KHOTIKY Ha maHenu (cM. puc. 10 A). Bo Bpems MonennpoBaHus Ha MaHEIH OTOOpa-
JKAIOTCS CIeYIONIe MapaMeTphl: KOJIMYECTBO MOCETUTeNeN Ha 3auTHBIX KoHTypax 3K1, 3K2;
3aHATOCTh YCTPOHCTB KOoHTpoust poxoaa YKI, VK2, VK3; konuuecTBO MOCETUTENEH B KIIIOM
MOMEIICHUH. XOJ MOJCIUPOBAHMS MOXXKHO TakXe HaOMoaTh Ha rpaduyeckodl maHenmu (CM.
puc. 10 B). lns BeneHHUs MPOTOKOTIA MOJCIUPOBAHHS M ACTATEHOTO aHAIH3a PE3yIbTaTOB MO-
JICITUPOBAHMS HCIIONB3YeTCs TaOJMIa CO 3HAYCHUSMH BaKHBIX IMapaMeTpoB Mojenu. Tadmuma
otoOpaxkaeTcs Ha crieranbHOi maHenu (M. puc. 10 C). Ha 3Toif manenn MOXKHO BEIOpaTh pe-
UM OTOOpaKeHHS TTapaMeTPOB (IIPOTOKOJ MU CHUMOK), TIEPHUOJT BPEMEHH MEXIY OYepeTHbI-
MU 3aMepaMu [TapaMeTpOB U JIp.

Anpodanus METOIOB M CPEACTB CO3AHHS KOHEYHBIX ABTOMATOB.

bt pa3paboranbl U nepepaboTaHbl CIACAYIOIINE TUIIOBbIE KOMIIOHEHTHI M CHCTEMBbI
[5, 12, 24]:

1. bubnuorexa THIIOBBIX KOMIIOHEHTOB JUIS pealiM3allii Ha MPAKTUKE NPUMEHEHUS
KOHCYHBIX aBTOMATOB.

2. TumoBas cucTema yrpaplicHHUS HAYYHBIMH UCCIICAOBAHISIMU U SKCIIEPUMEHTAMHU.

3. TumoBast cucTeMa MOACITHUPOBAHHUS CIIOKHBIX OOBEKTOB, IPOIIECCOB U SIBIICHUA.

Ha ocHOBe 3THX THITOBBIX PEUICHUN OBLIM CO3JaHBI CUCTEMBI YIIPABICHUS YKOJIOTHYC-
CKUMH oOBeKkTamu [5, 12, 24].

OTH NPaKTUYECKHE LIArH SKCIEPUMEHTALHO MOATBEPAMIN ACHCTBEHHOCTh pa3pabo-
TAHHBIX METOJIOB U CPE/ICTB B YIIPABICHUH CIIOKHBIMU CHCTEMaMH.

OnBITHO-OKCTIEPUMEHTAJIbHASL Pa0d0Ta 10 CO3AaHHI0 KOHEUHBIX aBTOMATOB TAKXKE IPO-
Boawiiach B By3ax [4]. HoBblit moaxoxa Kk opraHu3zanuu o0y4eHus B KOMOMHUPOBAaHHOI (opme,
COYETAOIIEH AJIEMEHTHI AUCTAHIIMOHHOTO 00YYEHHS C TPAJAULHMOHHBIMU (OpMaMHu, ObLT pealu-
30BaH B IpOIECCe YTCHUS KypcoB: «H(DOpMAIMOHHBIE CETH M TEICKOMMYHUKAIMW», «Mare-
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MaTHYECKHE METOABI U MOJEIH B SKOHOMUKeEY, «JluckpeTHas maremaruka», « Teopus cucrem u
CHCTEMHBIN aHaIMu3», «Teopust ynpaBieHHs CIOXHBIMH cucTeMamm» Hu Jp. CTyJeHTHl UMEIH
HOJIHBIA JJOCTYII KO BCEM pecypcaM yueOHOro BapHaHTa MHCTPYMEHTAIBHOTO MPOrpaMMHOTO
KOMIUIEKca JUIs co3lanus cucteM ynpasienus CK B ceTi HHTEpHET, B CaMOCTOSITENbHON pado-
TE UCIOJI30BAINCH DJIEKTPOHHBIE Y4eOHO-METOJMUYECKHE KOMILIEKChL. UTeHue JIEKIUHA ocyliie-
CTBIISUIOCH C MCIIOJIb30BAaHUEM KOMITBIOTEPA M IIPOEKTOPA.

PesynbraThl MccienoBaHus MOKa3ad BaKHOCTh M BOCTPEOOBAHHOCTH 3HAHUSI OCHOB-
HBIX MPHUHIMIIOB METOJOJIOTUH MPOSKTHPOBAHUS M MOJIEIMUPOBAaHUS PAOOTHI CHCTEM YIIpaBile-
Hust CK ¢ ncronp3oBaHreM KOHEYHBIX aBTOMATOB JUIS CTYAEHTOB MHOTHMX CIHELHAbHOCTEH:
«YnpasneHne 1 MHQOPMATHKA B TEXHUIECKHX cHcTeMaxy, «[IpuknanHas nHpOpMaTHKa B 3KO-
HOMUKe», «OpraHu3anus n TEXHOJIOTHUS 3amuThl HHpopManum», «MaremMaTHiecKne METOIbl U
MOJENHN B 3KOHOMHUKE», «IH(OpMaLMOHHbIE CUCTEMBI B TeXHOIOrHM» U Ap. IIpu 3Tom skcme-
PUMEHTAJIEHO OBUIO yCTAHOBJIECHO [4], YTO 00s3aTENBHBIM YCIOBHEM YCIIEUTHOCTH TaKOTro 00y-
4yeHHs sIBJsieTcs oOecreueHne OCTOSIHHOTO JIOCTYIa CTYJGHTOB KO BCEM pecypcaM y4eOHOro
BapuanTa UIIK nmns cosnanus cuctem ynpasnenust CK.

3akiri0ueHnue
HeOomnb110# ONbIT, TOIYyYSHHBIH HAMH MIPU CO34aHUH CHCTEM T'MOPUIHOTO MHTEJIEKTa

C UCIIOJIb30BaHNEM KOHEUHBIX aBTOMAaToB [5, 12, 24], npu 10ONOJTHUTENLHOM O0Y4YEHHUH MPOEK-

TUPOBAHHIO M HCIIOJIB30BAHUIO CIOXHBEIX cHUcTeM [2, 3], mpu 00y4YeHHH CTYICHTOB BY30B [4],

MTOKA3BIBAET, YTO 3TO PEATBHBIH ITyTh K OPraHU3AIIH YIIPABICHHUS CIOXHBIMHA CUCTEMaMH.

HcuepnrpiBaronyro MHGOPMAIMIO O TEOPUH CHCTEM THOPHUIHOTO WHTEIUIEKTa U €€
MPAKTHYECKOM MIPUMEHEHUH IS YIIPABIICHHUS CIOKHBIMU CHCTEMaMU MOYKHO HaiiTh Ha oduiu-
aJlbHbIX CalTax:
ACCOIMANNU HE3aBUCUMBIX KOHCYJIBTAHTOB B OOJIACTH HAYKOEMKHX TeXHOJOruil «H-
tesekT Musect Lentp» — http://www.licenter.ru;
Hay4HO-HCCIIeIoBaTeNIbcKoM rpymnmbl «O0epon» — http:// www.oberon.iicenter.ru;
nopTraja  AMCTAHIMOHHOrO  oO0y4deHus «HesaBHCHMBIM  LEHTp  3HAaHUI» —
http://www.kbfcenter.iicenter.ru.
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V]IK 347.77
Oco0eHHOCTH YIIPaBJIEHUSI MHTEJIEKTYaIbHOH COOCTBEHHOCTHIO B By3€

HN.E. I'Bo3aes, c.H.C.,

OTkpsITOE akumoHepHoe o01mmecTBo «Hay4yHo-nccnenoBaTenbckuii ”HCTUTYT «BeHuypHBIX Tex-

HoJOTHi», T. KoponeB, MockoBckast 001acTh,

B.I'. Ucaes, K.T.H., JOIICHT,
Tl'ocynapcTBeHHOE OrOIKETHOE 00pa30BaTEIFHOE YUPEKICHIE
BBICILIETO NTpodeccHoHanbHOro 00pa3oBaHus MOCKOBCKOI 00aacTu
«DPHHAHCOBO—TEXHOJIOTHYECKas akaseMus», T. Kopones, MockoBckast 001acTs,
WU.B. TopuublH, K.T.H., C.H.C.,

OTkpbITOE akuMoHepHoe 001ecTBo «Hay4yHo-nccnenoBaTenbckuii HHCTUTYT «BeHuypHBIX Tex-

HoJior Uiy, r. Kopones, MockoBckasi 001acTh

B cmamve paccmampusaromes ocobennocmu ynpasnenus uHmerIeKmyanbHol coocm-
6eHHOCMbIO 6 8y3e. Onpedenenvl OCHOGHbIe NPOOIEeMbl, BOZHUKAWUE 8 npoyecce paspadbomKu
U onpeodeneruss asMOPCKUX Npas, Ha yueOHvle, Memoouyeckue, HayuHO-MemoouiecKue u uHble
mpyowl, Komopuie co30amcst npo@eccopcko-npenodasamenbCkum CoOCmagom 8y3d U UCHOLb-
sylomes um 6 npoyecce obyuenus. IIpedcmasnenvt RPeoOroNCcenus No MePONPUAMUILM, KOMOPbLE
OO0JIIHCHBL OCYUECMBSIMBCIL PEKIMOPAMOM 8Y3a OJis OCYUWCCMELCHUS YIPAGICHUS UHINEIIEKINY-
AbHOU COOCMBEHHOCIBIO, CO30A8AEMOU NPOPECCOPCKO-NPENnoOa8aAmMenbCKUM COCMABOM, CO-
MPYOHUKAMU U CIYOCHIMAMU 8Y3d 8 NPOYECCe GbINOIHEHUS UMU CEOUX CLYHCEOHbIX 0OS3AHHO-
cmeti (0b6yuenus).

ABTOpPCKOE TIPaBO, MHTEIUIEKTyaJIbHasi COOCTBEHHOCTh, MOTHBALIUS, KAYECTBO.
Features of the intellectual property management in the university

I.E. Gvozdev, senior researcher,
Open joint stock company «Scientific Research Institute» Venture technologies»,
Korolev, Moscow region,
V.G. Isaev, Ph.D., Associate Professor,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region,
L.V. Toritsyn, Ph.D., senior researcher,
Open joint stock company «Scientific Research Institute» Venture technologiesy,
Korolev, Moscow region

This article discusses the features of management of intellectual property at the Uni-
versity. The main problems encountered in the development and definition of copyright, educa-
tional, methodical, scientific-methodical and other works that are created by the Faculty of the
University and used them in the learning process. Submitted proposals for activities to be un-
dertaken by the Rector of the University for the implementation of the management of intellec-
tual property generated by faculty, staff and students of the University in the performance of
their official duties (training).

Copyright, intellectual property, motivation, quality.

OCOOEHHOCTBIO TTEAArOTUYECKON JIESITEIbHOCTH SIBIISIETCS. TO, YTO B pPE3yJbTaTe pado-
TBI TPO(ECCOPCKO-TIPEIIOaBATENHLCKOTO COCTaBa By3a MOSIBISIOTCS YI€OHUKH, ydeOHbIE TIOCO-
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Ousl, TEKCTBI IPAKTUIECKUX U JIAOOPATOPHBIX PabOT, METOIUYECKHE U HHBIE TPYJIbI, KOTOPbIC
HCIIONIB3YIOTCS B TIporiecce 00ydeHus. DTH TPyAbl JOIKHBI TPAKTOBAThCS, KaK HAY4YHbIE U JIU-
TepaTypHble npou3BeieHus. Kpome TOoro oHu MOTYT OBITH NPEACTABICHBI M B 3JIEKTPOHHOM
BUJIE TAKOM KaK 3JIEKTPOHHBIC YYEOHUKH, HJIEKTPOHHbIE O0ydYarolue MporpaMMbl M TECTH-
pyIole CUCTEMBI, TUCTAaHIIMOHHbIE KypCchl U T.J. A B cOOTBETCTBHHU cO CT. 1225 'K PO «pe-
3yJITaTaMH WHTEIICKTYaJIbHOW JEITENIbHOCTH U IPUPABHEHHBIMU K HUM CPEJICTBAMH MHIMBHU-
JQyaJlM3alyy I0pUIMYECKUX JIUI, TOBApPOB, paboT, yCIyr U MPEeaNpHsITHIH, KOTOPBIM IIPeJOCTaB-
JIieTCsl MpaBoBasi oxXpaHa (MHTEIUIEKTYallbHOM COOCTBEHHOCTBIO), SIBIISIFOTCSI NPOM3BEICHUS
HAYKH, JATEPATYPHI ....» [3]. [IpoOireMbI 3ammTH 0OBEKTOB aBTOPCKOTO MPaBa B By3€ MOCTOSH-
HO OOCYXMAIOTCSl HAyYHOU U MPETI01aBaTEILCKON 00MIeCTBEHHOCTHIO [5, 7].

OpHako OONBIIMHCTBO PYKOBOIMTEINCH CUUTAET, YTO €CIH IPEToaBaTelib, MOIyqaro-
LM 3apIuiaTy, UCIONIb3YyeT B CBOEl paboTe yueOHO-METOANYIECKHE MaTEpHalbl, TO 3TH MaTte-
pHaNbI SBISIOTCA UHTEUIEKTYaJIbHOW COOCTBEHHOCTBIO By3a. DTO BEPHO TOJBKO B TOM CIy4ae,
€CIIM NIPEeroiaBaTelb UCTIONb3YeT B Ipoliecce 00yUeHHUs CTaHJapTHBIE IIPOrPAMMBbI M METOJIUKH,
KOTOpBIE HE U3MEHSET CBOMM COOCTBEHHBIM TBOPYECTBOM. A €CJIM OH pa3padoTall WM MOJEp-
HU3HPOBAJI TAKUE MaTepUalIbl, TO 3TO Y€ pe3yJIbTaT ero MHTeIUIeKTyalbHOro Tpyna. Crareei
Ne 1295 I'paxxpanckoro kojekca Pd ompeneneHo, 4To «aBTOPOM pe3ynbTaTa MHTEIUIEKTyallb-
HOW JEATEIIbHOCTH NPHU3HACTCS TPAXKIAHWH, TBOPUECKUM TPYJOM KOTOPOTO CO3/1aH TaKoW pe-
3ynpTat [3]. OHAKO ONpeneInTh, HACKOJIBKO 3HAYNTEIbHA aBTOPCKAsl COCTaBIIAIoNIas padoTe
1 1aéT JIM OHA eMy IPaBO Ha MHTEJUIEKTYaJIbHYI0 COOCTBEHHOCTbD, JOCTATOYHO cI0XHO. Kpome
TOTO, KaK CUUTATh, €CIIM MOJOOHBIE TPYAbI BHIIIOJHEHB! B PaMKaX BHEOIOKETHOHN NESITEIHHO-
CTH, WM €CIIM MPENOAaBaTeIN By3a BBIMTYCTHIN MoHOrpaduio. Kakum obpa3om MOKHO ompe-
JIETATD, 9bs 5k€ 3TO cOOCTBEeHHOCTh. CTaThéid Ne 1295 I'paknanckoro koaekca P® onpenenero,
YTO «HCKITIOYUTENBHOE MPABO HA CIIy>KeOHOE NMPOM3BEICHNUE MPUHAIICKUT PabOTOATENIO, €C-
JIM TPYJOBBIM WJIM MHBIM JIOTOBOPOM MEXIy paboTomareneM M aBTOPOM HE IPELyCMOTPEHO
unoe» [3]. [loatomy eciau ObuUTM OQOPMIIEH COOTBETCTBYIOLIHUI JOTOBOP (MJIM TOCYApCTBEH-
HBIIl 3aKa3), TO BCE MaTepualibl SBJISAIOTCS COOCTBEHHOCTHIO By3a. B 3TOM ciyuae aBTOpBHI He
UMCIOT IIPaBa M3/aBaTh M MPOAaBaTh CBOH Tpya. DenepanbHbiM 3akoHOM «O0 00pa3oBaHUM B
Poccuiickoii denepanum» By3am paspelleHa peaiusanus o0pa3oBaTesbHBIX IPOrpaMM C IpH-
MEHEHHEM 3JIEKTPOHHOTO OOydYeHMs M JUCTaHIMOHHBIX 00pa3oBaTeNbHBIX TEXHOJOTrHWH [8].
Kpome toro, IlocranoBnenuem IlpaButensctBa P® ot 13 wmroms 2013r. Ne 582 yTBepkaeHsl
«IIpaBuna pasMerieHuss Ha O(QUIIATHFHOM caiiTe 00pa30BaTeNFHON OpraHW3ali U WH(pOpMa-
IMOHHO-TEIIEKOMMYHHUKAIIMOHHOH ceTn «HTepHET» 1 0O0HOBIeHNs nHpopMaru 00 oOpa3oBa-
TeNnbHOW opraHm3anuu» [6]. CormacHO THM IOKyMEHTaM BY3 00s3aH pa3MemiaTh Ha caiTe
onucaHue o0pa3oBaTENIbHBIX MPOrpaMM M AaHHOTAMM K pabodMM HporpamMMaM AWCLIUILIUH.
Takoe moso)xeHue Jel 9acTo MPUBOJUT K 3asABJICHHUAM IIPENojaBaTelel, 4TO By3 HE UMEET
npaBa pa3MellaTh Ha CBOEM CalTe UX MHTEJUIEKTYalIbHYI0 COOCTBEHHOCTh. [Io MHEHHIO nperno-
JlaBateyieil B 9TOM Cllyyae e MOTyT BOCIOJIb30BAaThCS MHBIC JIMIA, O3 pa3peuieHus] aBTopa.
Onnako, B ®@enepansHom 3akone «O0 oOpazoBanun B Poccuiickoit @enepauumn» [8] ecthb mo-
HATHS «00Opa3oBaTeNibHasl IpOrpaMMa» M «IIpUMepHas OCHOBHas oOpa3oBaTelbHasi IMpOrpaM-
Ma», HO OTCYTCTBYET IOHSTHE «aBTOPCKas Mporpammay. XoTs oOpas3oBarenbHas porpamma
pa3pabaTbIBaeTCsl aBTOPCKUM KOJUICKTHBOM, UMEET YCTaHOBJICHHYIO CTPYKTYPY M JKECTKO CBS-
3aHa c pasgenamu DenepanbHOTO TOCYJApCTBEHHOTO obOpasoBarenbHoro craHmapra (PI'03),
0COOEHHO ¢ TpeOOBAaHUAMHU K PE3yJIbTaTaM OCBOCHHMS OCHOBHOM 00pa30BaTEIbHON MPOTpPaMMEL.
ABTOpCKas e IporpaMMa He y3aKOHEHa, IHIIETCSI aBTOPOM NTPOM3BOJIEHO M MOXKET OBITH HHU-
kak He cBsizaHa ¢ PI'O3. Takue pazauyus U MPUBOIAT K B3aUMHOMY HENOHMMAHHIO U pa3lind-
HOMW TPAKTOBKE MOHSTHII 00 aBTOPCTBE IOKYMEHTOB, pPa3pabOTaHHBIX MPETIOAABATEIIMH By3a.

ITpn 3TOM GONBIIMHCTBO HpenoaBaTeneil 0CO3HAIOT, YTO OTKa3 OT IMyOJIMKAaIMH IPO-
rpamMM MPHUBOJUT K 3aKPBITOCTH By3a W HapyLIEHHIO 3aKOHOJaTesbcTBa. IloaToMy 11e1ecoo0-
pa3Ho He MmyOJIMKOBaTh Ha DJIEKTPOHHOM caiiTe By3a MOJHBIM TEKCT padodel Mmporpammsl, a
MPpUBOJAUTH TOJIBKO aHHOTAIIUN KYPCOB JUCHUIIIMH COIIPOBOXAAsA UX OTACIIbHBIMU IMMPpUMEpaAMn
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13 JIEKIIMOHHBIX MaTEePHAaJIOB, BO3MOXHBIX (THUIIOBBIX) BOIIPOCOB (TECTOB, MPAKTUIECKUX 3a/a-
HUH | T.IL.) JUIS KOHTPOJIS 3HAHUH HE PacKpBIBas, TAKUM 00pa3oM, BECh MaTepuan IUCIUTLIH-
HBI.

U3 »ar1oro cnemyer, 4YTO TpaKTOBKa pe3yJbTaToB Tpylna HpodheccopcKo-
NPEro/IaBaTeIbCKOr0 COCTaBa 3aBHCUT OT TOTO, HA OCHOBaHMM KaKOro JIOroBopa paboTa BbI-
MojiHeHa (10 TPYJIOBOMY HJIM IO IPakKJaHCKO-IIPAaBOBOMY JIOTOBOPY) M UTO B TEKCTE JOTOBOPA
H3JI0KEHO.

Kpowme toro, momgoOHbIe TPOOIIEeMBI BOZHUKAIOT U y CTYACHTOB. Benpb B mporecce 00y-
YeHHs OHU TaKXKE BEITONHAIOT Pa3IMYHbIE aBTOPCKUE pabOoTHI, HAIpUMep, KyPCOBBIE, BHITYCK-
HbIe KBATU(HUKAIIMOHHEBIE ¥ TUTUIOMHBIE paOOTHI, IMEIOIIHE MTPU3HAKA HHTEIUIEKTYalIbHOU CO0-
CTBEHHOCTH. [109TOMYy HaIO YNPaBISAT W PETYIUPOBATh B3aUMOOTHOIICHHS, BO3HUKAIOIIWE
TIPH OLIEHKE BO3MOYKHOCTH HCIIOJIb30BAHMS CTYACHYECKUX PabOT MperoaBaTeNsiMi U aMHHU-
CTpaIiel By30B IIPH OpPTaHU3AIMH IIporiecca 00ydeHus i myOauKanuy (OIpeaeIeHU aBTOPCT-
Ba), MOJYYEHHBIX pe3ysbTaToB. Benp cratbs 1228 'K PD yérko ompezaenser 4To «aBTOPOM
pe3ysbTaTa WHTEIIEKTYalbHOW JESTeNIbHOCTH MPU3HAETCS I'PaXIAHUH, TBOPYECKUM TPYIOM
KOTOPOTO CO3JaH TakoW pe3yibTaT». IIpu 3TOM B COOTBETCTBUHU C 3TON kK€ CTATbE€W «HE MpHU-
3HAIOTCS aBTOPAaMH pe3yJIbTaTa MHTEIJIEKTyalbHON JeATeIbHOCTH Tpak/iaHe, He BHECIIHUE JINY-
HOT'O TBOPYECKOTO BKJIA/Ia B CO3/JaHUE TAKOTO Pe3ysbTara, B TOM YMCIIE OKa3aBIUUE €r0 aBTOpY
TOJIBKO TEXHMYECKOE, KOHCYJBTAMOHHOE, OPraHN3allMOHHOE WIIM MaTepualibHOe COAEHCTBHUE
YJIA TIOMOIIIB JTUOO TOJBKO CIIOCOOCTBOBaBIIME 0O(POPMIICHHIO TIPaB Ha TaKOH pe3yNbTaT MK €To
HCIIOJIB30BAHUIO, a TAK)KE TPaXkIaHe, OCYIIECTBISIBIINEG KOHTPOJIb 32 BRIITOJTHEHHEM COOTBETCT-
Byrommx pador» [3].

B mponecce oO0yuenns u nposenenns HUP pykoBOICTBY By30B M NpENOAABATEISAM
MIPUXOAUTCS BCE Yallle CTATKUBATLCS HEOOXOJMMOCTBIO BBITIOJHEHUS TpeboBaHmit Poccuiickoro
3aKOHOJIATENILCTBA O MATEHTHOM 3alIuTe COOCTBEHHBIX Pa3paboTOK (HOy-Xay). 3a MociemHHe
JACCATUIICTUS BO MHOT'HX Poccuiicknx OpraHu3anusax 6])IJ'II/I JIMKBUJIUPOBAHbI MTOAPA3aACIICHUA,
HPOBOJISIIINE MCCIIEOBAHUS B 00JIACTH MATEHTHOW 3aIlMTHI HAYYHO-UCCIIEJ0OBATEIbCKUX PadoOT,
a TaK)Ke MCCIieIoBaHus, OOecreunBalole MaTeHTHYI0 YHCTOTY CO3/aBaeMOW MPOIYKLHH.
Ob6ecrieunTh COOJIO/IGHUE TIPAaB MHTEIUIEKTYAJILHOM COOCTBEHHOCTH, a Takxke sddexrruBHOE
yIIpaBJIeHUE pe3yJbTaTaMU WHTEIIEKTyalbHOW COOCTBEHHOCTH B BY3€, KaK M B JIIO0OH Apyroi
opraHuzanuu (Kak Ha TOCYJapCTBCHHOM, TaK W Ha OOJIACTHOM M MYHHIIUTIAIIFHOM YPOBHSIX),
MOJKET TOJIBKO CaM BY3, 3a CUET IMPOBEICHUS OPTaHMU3AIMOHHBIX MEPONPUATHIA W MaTCHTHBIX
uccienoBanmii [1, 2, 5]. [lpuuém >3 dexTrBHOE ypaBIeHHE pe3yIbTaTaMi HHTEILICKTYAIbHOM
COOCTBEHHOCTH, a TaKkXe 00eCIedeHus IPaB HHTEIICKTYAIbHOW COOCTBEHHOCTH B XOA€ Hayd-
HO-HCCIIEA0BATEIBCKUX Pa0OT IMO3BOJISIET BY3Y, KaK U JII00OH Apyroit opranm3anui [1, 2]:

- TIOJlyYUTHh KOHKYPEHTHBIE MIPEUMYIIecTBa Mepea APYTUMH By3aMH (HampuMmep, MpH-
BJIeYb aOMTYpHEHTOB ¢ BbhicokuM EI'D M mpernojaBareneii, CHIOCOOHBIX aKTHBHO Y4acTBOBATh B
HUP);

- NMOJIYYUTh AOMOJHUTECIBHBIC NOXOAbI OT NEpe€aayvu Ipas, HaA 06’beKTbl HUHTCJUICKTY-
IFHON COOCTBEHHOCTH ITPHHA UICKAIINE BY3Y;

- peann30BbIBaTh IPPEKTUBHYIO HAYYHO-TEXHUYECKYIO TOJIMTHKY (HapuMep, IPOBO-
JUTH TATEHTHBIE UCCIIE0BAHUS CHJIaMU NIPETo/iaBaTelei, aCHUPaHTOB U Jp. COTPYJHUKOB JUIS
Pa3IMYHBIX 3aKa3UYHUKOB);

- U pAI IPYTHX.

C TOYKH 3peHUs HHTCHCUBHOCTHU TPOBEJCHUS MATEHTHBIX UCCIEIOBAHUN XOUYETCS OT-
METHTb, YTO PA3INIHBIMHA PEHTHHTOBBIMU areHTCTBAMH ITO-Pa3sHOMY ompezaensercs mecto Poc-
CHH B MHPOBOM PEWTHHIE IO YUCIy IOAAHHBIX 3asfBOK Ha m3o00pereHme. Ilo mx MHEHHIO, 1O
ntoram kak 2012r., tak u 2013 r. Poccust HaxonuTcst B auamnas3one ot 7 10 14 mecra. OgHako,
10 MX MHEHHIO, Poccusi onepekaer Takue S5KOHOMUYECKH pa3BUThIe cTpaHbl kak Kanana, Benu-
koOputanust u @pannust. [Ipu 3TOM MeXIyHapOAHbIE PEUTHHIOBBIE areHTCTBA €IMHBI BO MHE-
HHHM, YTO JOJIS BY30B M HAay4YHO-HCCIIEIOBATEILCKUX OpraHM3alii B 3TOH cdepe cocraBisieT
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MmeHee 5%.  ux 1071 HOCTOSIHHO yMEeHbIIaeTcsa. A BE/Ib 3TO yUUTHIBAETCS IIPH OLIEHKE PEHTHH-
ra By3a.

B Hacrosmiee Bpemsi 00pa3oBaHUE MO-NIPEKHEMY OCTAETCsl 00JIACThIO, I'/le MHTEILIEK-
TyajbHass COOCTBEHHOCTh HHUKAK HE ONpECICHA. 3aKOHOAATEILCTBO 00 aBTOPCKOM IPaBe HE
pacnpocTpaHsaCcTCa Ha UACU, MCTO/bI, MPOLUECChl, KOHUCTIINN — BCE TO, 4YTO JIC)KUT B OCHOBC
paboTsI poheccopCKO-TIPEnoIaBaTeNIbCKOro COCTaBa.

B coBpemenHbix Poccuiicknx HOpMaTHBHO-TIPaBOBBIX JOKYMEHTaX HET pa3jinuus Me-
XKy 00BEKTOM aBTOPCKOTO IIpaBa M COOCTBEHHOCTHIO, MpHuHOCsIei noxon. [lostomy nemneco-
00pa3HO YETKO ONMPEETNTh, YTO €CTh aBTOPCKOE IPaBO B TPYJOBOH AEATEIHHOCTH Mpodeccop-
CKO-TIPETIO/IaBaTEILCKOTO COCTaBa, a YTO BXOAUT B €T0 OOSI3aHHOCTH.

Hcxonst U3 BBIIEH3IIOKEHHOTO, B K&KIOM BY3€ PEKTOPATOM JIOJDKHO OCYIIECTBIISITHCS
YIpaBI€HUE  WHTEJUICKTYallbHOM  COOCTBEHHOCTBIO, co3maBaeMoil  mpogeccopcKo-
MIPENOAaBaTeIbCKUM COCTABOM, COTPYAHHKAMH M CTYAEHTaMH By3a B IPOLECCE BBITOTHEHHSA
UMH CBOMX CIY)XEOHBIX 00s3aHHOCTEH (0OyueHus). YnpaBlieHHE MHTEIUIEKTYaJIbHOH coOCT-
BEHHOCTBIO OyJIeT CIIOCOOCTBOBATh HE TOJBKO PAa3BUTHIO UHTEIUIEKTYJILHOTO MIOTEHIIMANIA By3a
U COOJIIOZICHUIO 3aKOHOJATENIbCTBA MO 3alUTE MHTEIUICKTYaJIbHOH COOCTBEHHOCTH, HO LIMPE
HCIIOJIb30BATh MHIAMBUAYaJIbHBINA MMOIX0/ K KaXIOMY MPEIo/IaBaTellio, a TAKk)ke MOTHBHPOBATH
HX Ha JOOPOCOBECTHOE HMCIIOJIHEHHE CBOMX CIY)KEOHBIX 00s3aHHOCTEH 3a Cué€r yIOBIETBOpE-
HUSI UX pa3lIMuHBIX MOTpeOHOCTEH (B MEPBYIO OYepe/lb, TAKUX KaK MOTPEOHOCTh B NPU3HAHMH,
MOTPeOHOCTH B TOCTHXKEHUSX, TIOTPEOHOCTh B KOHKYpeHINH) [4].

C 3TOM HeTBIo B By3e€ IeTIecCO00pa3HO OpraHu30BaTh

- TIPOBE/ICHNE JICKINH W/ yIeOHBIX CEMUHAPOB (IPAKTHYECKUX 3aHSTHH, TPEHHWH-
TOB) TI0 HOBBIIIEHHIO NMPABOBOM I'PAMOTHOCTH MPOQECCOPCKO-IIPENOAaBATEIbCKOTO COCTaBa B
00J1acTH aBTOPCKOTO IIPaBa;

- pa3paboTKy M BKIIOYCHHE B OOYYAIOIINE MPOTPAMMBI JJIS CTYIEHTOB (MarucTpOB,
aCIMpPaHTOB) BCEX CHENHANbHOCTEHN Kypca (MM MOMYJIs) IO aBTOPCKOMY IIPaBy;

- pa3paboTKy HOPMATHBHO MPABOBBIX JOKYMCHTORB BY3a IO 3al[UTE WHTEIUICKTYaIbHOM
COOCTBEHHOCTH, @ UMEHHO:

pa3paboTKy M BKIIOYEHHE B COCTAB JOTOBOPOB IIYHKTOB, ONPEIEISIONINX 0013aHHOCTH
PYKOBOZCTBa, MPO(ecCOPCKO-IIPENoAaBaTEIbCKOTO COCTaBa, COTPYAHUKOB U CTY/IEHTOB (Maru-
CTPAHTOB, aCHMPAHTOB) By3a I10 HCIIOJIH30BAHHIO PE3yJIbTaTOB MHTEIUICKTYAILHON IEATeIbHO-
CTH, KOTOPBIE CO3AIOTCS B PAMKaX BBITIOJIHEHUS] MU CBOUX CITY)K€OHBIX 00s3aHHOCTEH, a Tak-
K€ OCYIIECTBICHHS CIEHUATIBHBIX BBIIAT aBTOPCKUX BO3HArpaXKJICHUH 3a co3/aBacMble 00b-
€KThI HHTEJUIEKTyalIbHOW COOCTBEHHOCTH;

pa3pabotky u BHenpenue «llomoxxeHns 06 MHTEIIEKTyaJbHOW COOCTBEHHOCTH BYy3a»
(v MHBIX TOKYMEHTOB, eci B «llonoxeHuu...» He OyayT OTpakeHbI BCE BOIPOCHI, KacaroIine-
Csl CO3MIaHMsI M MCIOJIb30BAHUS MHTEIUICKTYalbHOM cOOCTBEeHHOCTH By3a). Hampumep, «Iloso-
JKEHUSI 0 BOZHAIPAXKACHUSIX 32 OOBEKTHl MHTEIUIEKTYaIbHOM COOCTBEHHOCTH». XOTs (huHaHCO-
BbI€ BOIIPOCHI MOTYT OBITh OTPa’KEHBI U B MHOM JlokyMeHTe. Hanpumep, B «Ilonoxenuu o mnpe-
MHPOBaHHM» BY3a.

B «IlonoxeHnnn 00 MHTEIIEKTyalbHOH COOCTBEHHOCTH BYy3a» 1ielecooOpa3HO oTpa-
KaTh cieylolee:

MOJIUTHKY By3a B c(hepe HHTEIIIEKTYaIbHOH COOCTBEHHOCTH;

CHCTEMY 3allUThl HHTEIUIEKTYaJIbHOI COOCTBEHHOCTH;

JIOJDKHOCTH JIMII, OTBETCTBEHHBIX 32 3aIIUTY HHTEIUICKTYalIbHOH COOCTBEHHOCTH;

0OBEKTHI MHTEIUICKTYAIbHOW COOCTBEHHOCTH By3a M OOIIHE MTPaBHUiIa UX 3aIIHUTEHI,

0COOCHHOCTH NPHOOPETEHUs] W PACHOPSDKEHUS] MCKIFOUUTEIbHBIMHM NPaBaMH Ha pe-
3yJIbTaThl MHTEIUIEKTYAJIbHOH JEATENbHOCTH U NPHPABHEHHbIE K HUM CPEJCTBA WHAWBHUyalIn-
3aIH;

OTBETCTBEHHOCTh JIOJDKHOCTHBIX JIMI] 32 HAapyILIEHWE aBTOPCKOro IpaBa MperojiaBare-
e

52 HNudpopmanuonHo-TexHonoruyeckuii Bectuuk Nel(03) 2015




pacripeziesieHle paB Ha Co3/laBaeMble U IPUOOpETaeMble 00BEKThI HHTEIJICKTYaIbHON
COOCTBEHHOCTH, KOTOPBIE CO3JIAI0TCS B pPAMKaX CIY>KEOHBIX 3aJaHHii UITH [0 JOTOBOpaM;

" Apyrue BOIPOCHI, CBA3aHHLIC C MHANBUYaJIbHbIMU OCO6CHHOCT}IMI/I BYy3a.

[Tpu 3TOM HOpPMaTHBHBIE TOKYMEHTHI, KacarolIHecs 3allUThl HHTEJUIEKTYaIbHON c00-
CTBEHHOCTH, JI0 CBOETO YTBEP)KACHHs PEKTOPOM, JOJDKHBI ObITh 00CYKIEHBI Ha Kadenpax, dha-
KyJIbTeTaX ¥ YUEHOM COBETE By3a. DTO 0OCYXJICHHE JIOJDKHO SIBISITHCS 00s3aTeNIbHOM Ipolie-
JypoOii, IpOBEJEHNE KOTOPOH MO3BOJIUT B 3HAYHUTEILHOM MEpe CHU3UTH HANpPSHKEHHOCTH, CBS-
3aHHYIO C OOJIE3HEHHBIM OTHOIIEHHEM NPO(ECCOPCKO-TIPENOIaBaTENILCKOI0 COCTaBa K UCIIOJb-
30BaHUIO aJMUHICTPAIMEH By3a PE3yJIbTATOB €r0 HHTEIUICKTYaIbHOTO TPY/Ia.

B 3akiroueHHe XOTEIOCh OTMETHTh, YTO O€3 pellieHUs MPOOJIeM HHTEIUICKTYaIbHOM
COOCTBEHHOCTH, CO3/1aBACMOM MPENOJaBaATENIIMK, COTPYAHUKAMU M CTYJSHTaMH By3a B IPO-
1IeCCe BBITIOTHEHUS IMH CBOMX CITy>KEOHBIX 00s13aHHOCTEH (00y4YeHHs1) MHHOBAIIMOHHOE Pa3BU-
THE BBICIIEH HIKOJIbI HEBO3MOXKHO.
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V]IK 367.02
MopeaupoBanue nponecca GpUKINOHHOI0 HAHECEHHS] AHTHH3HOCHOTO
MaTepHaJia Ha MOBEPXHOCTH 30JI0THUKA

B.A. qunyp, akanemuxk MAAO, 1.1.H., ipodeccop,
3aBenyroumii kadeapoii «I uapaBIuKa U TETIOTEXHUKA,
N.T'. Be1uuko K.¢.M.H, IOIEHT,
3aBenyroumi kadeapoit «PU3NKK 1 MaTEMAaTHKN,
O.U. MyuikeBHY, aCIMpaHT,
kadeape! «'uapaBIuKa ¥ TEINIOTCXHUKA,
TaBpuueckuii rocy1apCTBEHHBIN arpOTEXHOJIOTMYECKUI YHUBEPCUTET
r. Menuronoins, Ykpansa

Paccmompen npoyecc ¢puxyuonnozo nanecenuss AHMUUSHOCHO20 NOKPLIMUA HA NO-
sepxHocmy eana. Ilpoananuzuposan npoyecc HaHeceHnus, onpeoeienbl napamempsl, GlUsIOuUe
Ha npoyecc, 8bIOBUHYMA CUCMEMA NPEONONIONCEHUU 8 PAMKAX KOMOPOU NOCMPOeH an2opumm
pacuema moauunbl HAHECEHHO20 CNOs NOKPBIMUS, NOLYHYEeHbl 3AKOHOMEPHOCU MOIUUHbL HA-
HeCeHHO20 CN0sL NOKPLIMUsL 6 3A8UCUMOCIU OM NPULOICEHHO20 Ycunus npu obpadomxe. Ilpo-
AHATUZUPOBAHBL MEOPEMUYECKUe U IKCHEPUMEHMANbHbIE OAHHbLE.

OPUKIIMOHHOE JIATYHUPOBAHKUE, AHTUU3HOCHOE MOKPBITHE, TUIOCKas nedopmanus, 3aaada ['ep-
11a, 3agaya dnamana.

Modelling of process of frictional putting antiiznosny material on
the zolotnik surface

V.A. Didur, academician of MAAO, Dr.Sci.Tech., professor,
head of the department «Hydraulics and heating engineer»,
L.G. Velichko, candidate of Physical and Vathematical Sciences, associate professor,
head of the department «Physics and mathematicsy,
O.I. Mushkevich, graduate student,
Hydraulics and Heating Engineer chairs,
Taurian state agrotechnological university
Melitopol, Ukraine

Process of frictional drawing an antiiznosny covering on a shaft surface is considered.
Drawing process is analysed, the parameters influencing process are determined, the system of
assumptions within which is put forward the algorithm of calculation of thickness of the put
coat layer is constructed, regularities of thickness of the put coat layer depending on the made
effort when processing are received. Theoretical and experimental data are analysed.

Frictional latunirovaniye, antiiznosny covering, flat deformation, problem of Hertz, Flaman's
tas.

Iocmanoska npobnemvl. OPUKIMOHHOE HAHECEHUt aHTUH3HOCHOTO Marepuaja, Ha-
npuMep JnatyHu [4,5,6], uMeeT cIoxHy npupoxy. KauecTBo MOKPHITHS 3aBHCHUT OT MHOTHX
(akTOpOB Ha Pa3HBIX TAIAX TEXHOJIOTHYECKOTO IIpoLecca.

I[Mponecc GpUKIMOHHOTO HAHECEHUS! aHTHU3HOCHOTO MaTepHaiia, (ppUKIHMOHHOE JIaTy-
HHUPOBaHHUE, MaJl0 U3y4YeHHBIH. boplnee BHUMaHue ynensercs npoueccy paboThl MOKPHITHS, a
HE Ka4yecTBY ero HaHeceHUs. [103ToMy SIBJISETCS BaXKHBIM pacCMOTPETh IpoLece GPUKIUOHHO-
T'O HAHCCCHU JIATYHHOI'O ITOKPBITHUA no;lpo6Hee.
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JIisl KaueCTBEHHOTO (PPUKIIMOHHOTO HAaHECEHMsI aHTHM3HOCHOTO MaTepHana Ha BHEII-
HIOIO MTOBEPXHOCTh BAJIOB M JAJIbHEHIIEH PaOOTHI MOKPHITUS BA)XKHBIM SIBIISETCS BBIOITHEHUE
BCEX YCIJIOBHH 3TOr0 MHOTrOINapaMeTpUyecKoro mporecca. KpurepusMu kauectBa HaHECEHHs
AHTUHU3HOCHOI'0 MaTe€puaja, ABJIACTCA PaAaBHOMCPHOCTDL CJIOA IMOKPBLITUA, IEPOXOBATOCTh U €I'0
TojuuHa. [loaToMy BBIIBIICHHE TTApaMeTPOB U (hPaKTOPOB BIIMSIONIMX Ha MPOTEKaHHUE Ipoliecca
1 BBISIBJICHHS] 3aBHCUMOCTH MEXJy HUMH SIBJSIETCSI OUYeHb Ba)KHOHM 3ajjadell B OCBOCHHH JTOTO
TEXHOJIOTMYECKOT'0 ITpoIecca.

Ananuz nocieonux uccneooganuti u nyoruxayuti. @pUKIMOHHOE HAaHECEHUS! aHTHUU3-
HOCHBIX MTOKPBITHH HAILIO IIUPOKOE pacmpocTpaHeHue Oxaromaps padoram [apkyHoBa [I.H. u
Jlozosckoro B.H. [4,5,6], nMeHHO Ha WX paboTax OCHOBAHBI NMPAKTUIECKHA BCE COBPEMECHHEIC
HCCIIEIOBAaHNS B ATOM HalpaBiieHHH. VIMEHHO B 3THX HCCIEJOBAaHMSAX IPHBEICHBI OCHOBHBIC
CBOICTBAa aHTH(PUKINOHHBIX IIOKPBITHI U ONMCAH MEXaHU3M HX PaOOTHL.

N3yueHne BIUSTHUSA TEXHOIOTHUECKUX PEKMMOB Ha KA4ECTBO MOKPBITUS IIPUBEICHBI B
paborax [2,6,10,11]. Cnexyer oTMeTHTh, 4To B padote [11] JOCTATOYHO MOJHO M3YyY€HO BIIHS-
HHUE CKOPOCTU V U Mojauu S Ha TONIIMHY MOKPBITHS. Takke HIMPOKO Pa3BEpHYTHI UCCIEI0Ba-
HUs 110 BJIMAHHUIO (pr/IKLII/IOHHOFO JIATYHHOT'O MOKPBITHA Ha HICPOXOBATOCTH IMOBCPXHOCTHU. He-
JOCTaTOYHO, Ha HAIl B3MJISJ, PACCMOTPEH NapaMeTp TOJIIMHBI HAHECEHHOTO CJIOSl MOKPBITHUS,
KOTOpBIH BIHMSET Ha AaJbHEHIIyl0 pabOoTy IOKpPHITHS M Ha pasMep oOpabOTaHHOW Jerainwu,
HMMEHHO TI03TOMY 3TOT Ba)KHBII ITapamMeTp TpeOyeT JOIOIHUTENBHBIX UCCIEI0BaHUH.

TaxuM 00pa3oM, MOXHO KOHCTATHPOBATh, YTO B HACTOSILEE BPEMs OTCYTCTBYET ajro-
PHUTM, KOTOPBIHA TO3BOJISIET ONPEAEINUTH TOJIINHY CJI0S TIOKPBITHS IT0 N3BECTHBIM TEXHOJIOTHYE-
CKUM IapaMeTpam nporecca GpUKIHOHHOTO HAHECEHNSI aHTHM3HOCHOTO MaTepHaa.

Llenp uccnenoBaHus: ONMpPEASIUTh apaMeTphl, KOTOPBIE BIUAIOT Ha MPOLECC (PPUKIHU-
OHHOT'O HaHECEHMSI aHTHU3HOCHOTO MaTepHaina, pa3paboTaTb 1 000CHOBATh AJITOPUTM, KOTOPBIH
MIO3BOJINT BBIYMCINUTH TOJIIUHY HAHECEHUS] aHTMU3HOCHOTO MaTepuana (ppUKIHOHHBIM CIOCO-
00M C y4eToM yrjia HaKJIOHA HHCTPYMEHTa K OCH 00padaThiBaeMOM JIeTallu.

Ocnosnas yacmy. OPUKIMOHHOE JAaTYHUPOBaHHE, KaK IMPOLECC MOKPHITUS TOHKUM
cioeM (2-8 MKM) JaTyHH paboueil MOBEPXHOCTH Baja, B MPOCTEHIIIEM BHJE MPEACTAaBISIET CO-
00i1 HaTMpaHWe BIOJb Baja JIATYHU IODKATBHIM K HEMY JaTyHHBIM MHCTpyMeHToM. IIpomecc
OCYIIECTBIISICTCS C MOJUKUMOM IUIACTHHKY K Baity. [lnacTnHKa pacrnonoskeHa 1moji yriom K OCH
BaJIa M TOCJIIOBATENIFHO C TIOMOILBIO MOTIEPEYHON 1mo1aun 00padaTeiBaeT MOBEPXHOCTh Baa,
BCJIEZICTBUE NPIIKATHS HHCTPYMEHTA, BOSHUKAIOT HAITPSKCHUS.

Bo BpeMs mpoBeneHHs SKCIIEpUMEHTa 00pasell, KOTOPBId 00pabaThIBalii, B MpoIiecce
MIOKPBIBAETCSI CII0EM MOKPBITHS 30JI0TUCTOTO IBETa X IMEET Pa3HOE KAueCTBO M PABHOMEPHOCTD
B 3aBUCHMOCTH OT PEXUMOB. JIaTyHb, KOTOpast OTCIIaUBAETCS OT MOBEPXHOCTH, MHCTPYMEHTA HE
MIOJTHOCTBIO HAapalMBaETCs Ha JIeTalb, OONbIIas YacTh B BUIE ITOPOIIKA OCBIMAETCS, 3TOT (ak-
TOP HEOOXOAMMO YUHUTHIBATH MPH MOCTPOSHUN MOJIEIH.

JI1s mocTpoeHus: MaTEMaTUYECKOM MOJEIIU NIPUHATHI CIEAYIOIIUE TOIYLICHMs, B paM-
KaxX KOTOPBIX MPOBEJEM HCCIEeA0BaHUe Npolecca (ppUKIMOHHOIO HAHECEHUs] aHTUH3HOCHOTO
MaTepuana:

1) nedopmarnys JIaATYHHOW IUTACTUHKH SIBJISICTCS TDIOCKOHM, Tak KakK B KaKIOM Iepece-
YEeHUH NEePIEeHANKYIISIPHOM OCH LIMIMHAPA HarpsbkeHue nedopmanuu OyaeT oMHaKoBO;

2) MIacTHHKY MOKHO CYHTATh YIPYTOH MOJIYIUIOCKOCTBIO;

3) KOHTAaKT IUIACTHHKH C TOBEPXHOCTHIO 30JIOTHUKA MOJENUpyeTcs 3anaueii [epra s
KOHTAKTa MEKAY JBYMS LIMIIMHIPAMHE C NTApAJICIbHBIMHU OCSIMU;

4) 3amaya cTaTU9HA.

ITockonbKy KOHTAaKT IPOMCXOIUT MEXKIY BaJIOM U IUIOCKOW IUIACTMHKOH, JAMAaMETP
IUTACTHHKHU OYZET CTPEeMHUTHCS K OECKOHEYHOCTH. MTak, BOCIOIb3yeMCsl H3BECTHBIMHU (opMy-
namu [7] st pacdeTa MakKCUMaJIbHOTO JIAaBJICHHsI B 30HE KOHTAKTa.
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rae: R; ta R, — paguycsl nepBoro 1 BTOpPOro LUIMHIPOB, €CIH PaAUyC BTOPOro LH-
JWHApa CTPEMUTCS K OECKOHEYHOCTH, TOTIa OyAEeM UMETh!

R R,
E| u E; — Moxynu ynpyrocti MaTepHaioB II€pBOTO ¥ BTOPOTO [UIHHAPOB;
9,1 9,— xo3pdunments! [lyaccoHa MaTeprasoB epBOrO U BTOPOTO HIIUHAPOB.
JnHa 00NacTH KOHTaKTa PAacCUMTHIBACTCS C YYETOM YIJia HAKJIOHA O TUIACTHHKH OT-
HOCHTENIBHO OCH BpAIlCHH Baja.
[
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rae: [ — muprHa MIaCTHHKHY,
0L — YTOJI HAKJIOHA TJTACTUHKK OTHOCHTEITFHO OCH BPAILCHHS Basa.
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Pucynok 1 — CxemaTnuyeckoe u3o0pa:keHue pacnojo:KeHusi 3J1eMeHTOB NpH Mpo-
Be/leHUM (PPUKIMOHHOI0 HAHECEHUsSI AHTMU3HOCHOT0 MaTepHaJia

Haxonum Harpy3Ky Ha €JUHUILY JUINHBL:

)
rac: F — cuna NpuKruMa IJIaCTUHKU K Bally.
Honynmpmla IUIOIIAaZIKNM KOHTAKTa paCCUYUThIBACTCA 110 (bOpMyJ'IeI

4E g
b= |[——
R

(6)
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Ecnu BBecTH cuCcTEMy KOOPAMHAT Tak, 4TOObI 001acTh KoHTakTa Obita (-b; b) x (0; L),
TO HOpMaJIbHasl HArpy3Ka B 00JaCTH KOHTaKTa OMHUChIBaeTCs GpyHKimeit [7]:

B = Puax ’1_(%)2 @)

2b

Pl/lcyHOK. 2- Pacnpeueneﬂne IMPUJIOKEHHOT0 YCUJIUSA HA YUACTKE

st onipenienieHysi BHYTPEHHUX HANpsDKEHUM BOCHoNb3yeMcs 3anadeid diamana.

Paccmorpum 3agady ®PrnamaHa 0 BO3ICHCTBIH Ha YHPYTYIO MOIYIUIOCKOCTH HOPMaIlb-
HOW COCPEIOTOYEHHOM CHIIBI, KOTOpasi MPWJIOKEHA K TPaHHIE MOIYIIIOCKOCTH. KOMIIOHEHTHI
TEH30pa HANPsHKEHUH OnpeiesitoTes no Gpopmysam [1]

2F xiz
oy =B o0 =2
T {x*+z°) ®
'Eﬂl feny _ _ 28 &
=F o = x  (xZ+azE O
EFI:.RJ _ P . g':':"'ﬂj _ Z’Fﬂ . :J'Z'EE
*E noTaE T (X% + z?'}’(w)

Ecmu i emuHIYIHON COCpPeIOTOUSHHON CHITBI HANIPSDKEHHS OMpeensieTcs mo Gopmy-
ne (1), To s ycunust IpUIIOKEHHYI0 Ha ydactke (-b, b) u onuckiBaercs dynkuueid P(x), coot-
BETCTBYET HAIPsDKEHHE, KOTOPOE PACCUUTHIBACTCS 10 (hopmylie:

o(x,z) = f_bb P(s) o™ (x —s,z)ds (11)
3nech 6 (x-s,z) sBasiercst ¢dhyaxoueit ['puna.
C yuetoM 3t0ro U (7) OyaeM uMeTh:

b 2P (x-5)%z
:f_bP(s)'(——)'mds (12)

T

512 2P (x —8)%z
1= (5) (_7) 'mds -
2Pz

(x=5)? d
= s 13
P(S) ooz ((x—s)2+22)2 (13)
OrpaHMqHMca TOJIBKO TOYKAaMH 110 OCH X. [IJ11 3TOT0 B BBIpaKeHUs MOACTaBUM X = 0.

b

Oxx (X, Z) =f Brax

-b
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2z b 2
03x(0,2) = = [0, P(S) rpyma 4 (14)

I[EU'ICC MO0 aHaJOTruu CJICAYIOIHNE KOMIIOHCHTBI TC€H30pa HAMPSXKCHUA 6yIlyT HUMCTH

BUJI:
223 b P(s)d
0.0 = =[G (13
2z% b
0,,(0,2) = —%f_bp(s)mds =0 (16)

[Mockonbky ¢pyrkuus P (s) mapHas, mocienauii maTErpa pasex 0.
CornacHo 4eTBepTOH THMIOTE3€ IPOYHOCTH HCCIEYeTCs IOTEHLHANbHas SHeprus

(hopMoHr3MeHEHUsI, KOTOpast OIIPEeIsIeTCsl Yepe3 TIIaBHbIe HAPSHKEHHS CIIETYIOLIMM 00pa3oM:

(a7

1
F= ﬁ'\/(% —03)%* + (02 — 03)* + (03 — 01)?
B ciydae 1iockoil aedopManuu ypaBHEHHs Ul SHEPrUH (GOPMOU3MEHEHHS OyyT

HUMETh cienytommii Bun [1]:
F = JI(1 +9) (0 + 0,)]? = 3(0x0, + 9(0, + 0,)2 = 0%)  (18)

3nech 7 koa(¢punument [Tyaccona marepuana.
[Mocne moncranoBku (14,15,16) B (18) morydum cienyromiee BEIpaKeHHE
Fop® =0 =1 +29+9%-39)(0y + 0,)* — 30,0, =
=1 -9 +9%)(o, +0,)? — 30,0, (19)
[TpuBenem rpaduxu 3aBUCHUMOCTEH SHEprud (OPMOM3MEHEHUs! Ha JIMHHUU JIEHCTBUS
CHJIbI B 3aBUCUMOCTHU OT FJ'Iy6I/IH])I Z TIpY pa3jIMYHbIX 3HAUYCHUAX HpHJ’lO)KeHHO;I CHJIbI Pi'

F,
MITa

1] ram \

]
N -3
oo 1 ] S

a0 :
=
f S
40 =S
S
30
1 -H-\"\-_\_

£, MEM

o 20 4 fr B} 103 120
Pucynok 3 — I'paduk ¢pyHKnmii, onuchbIBAIOIKX 3ABHCUMOCTD JHepruu (popmo-
H3MEHEHHs OT MPUJIOKEHHOH cuibl P;

1 — npunaraemoe ycunue, P = 7 kr., 2 — npunaraemoe ycunue, P = 10 kr., 3 — npuna-

raemoe ycuiue, P = 14 kr.
Kak Bunnm, kaxaas u3 aTux GyHKIHMH MMeeT eAMHCTBEHHBIH MakcuMyM. KoopauHaThl

TOYKH MAaKCUMYMa pacTyT C pOCTOM HpPIJ'IO)KCHHOﬁ CHJIBI.
I[J'IH HaXO0XJACHUA TOUYCK MaKCUMYyMa OIIPEACINM IMPOU3BOAHBIC OT MOJYYCHHBIX q)yHK-

Uil o z u npupasHsieM ux k 0.
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Pucynok 4 — I'pauxk npouspoansix ot pynkuuii, F '= f (Pi)

1 — mpuaraemoe ycunue, P = 7 kr., 2 — npunaraemoe ycunue, P = 10 kr., 3 — npuna-
raemoe ycuinue, P = 14 kr.

YucneHHble 3HaUeHHs TITyOUHBI AedopMalyy z' B 3aBUCHMOCTH OT IPUIIOKEHHOW CH-
nbl P; ipu Makcumyme sHepruu popMou3MeHeHH s IPUBEEHBI B Tabuue 1.

Ta6auua 1 — Toukn MakcumMyMa 3Hepruu (pOpMoU3MeHEeHHsI B 3aBUCHMOCTH OT
TPUJIOKEHHOTr 0 yeuums P;

P, xr Z', MKM
7 29
10 34,5
14 41

[pemnaraercst rHnoTe3a, YTO TOJIIUHA CJIOS MPOMOPIMOHANBHA TIIyOHHE Ha KOTOPOU
JOCTUTACTCA MaKCI/lMyM 3Hepr1/11/1 q)OpMOI/l3MeHeHl/ISI Ha JUHUU ZleﬁCTBHH CUJIBI.
h=c-z'(P) (20)
TJie: Z '— KOOpJMHATA TOYKH MaKCHMyMa SHeprun (opMOU3MEHEHHUs TIpu cuiie P;,
h — ToJIMHA HAHECEHHOTO MaTepuana,
¢ — abCoJIrOTHAs KOHCTaHTAa.
OTcro/Ia BBITEKAET CIE/YIOIIEe:

h
Cc _Tpi) (21)

J11st IPOBEPKH TEOPETUIECKUX MONOKEHUH XapaKTepU3YIOIIUX Hpoliece GPUKIIHOHHO-
'O JIATYHHPOBaHUE OBLTH MTPOBE/ICHBI YKCIIEPUMEHTAIIbHbIEC HCCIIEA0BAHMSI.

MerouKa 3KCIEPUMEHTAIBHBIX HCCIENOBaHUA. JKCIEPUMEHT ITPOBOAMICS HA TOKap-
HOM cradke 16K20 ¢ moMoIIbIo ClenraibHO pa3pabOTaHHOTO MPHUCIOCOOICHHS. PexuMbl 00-
pabotku: obopotsl n = 200 06/MuH, nonepeynas nmogavya S = 0,035 MM/00, yroa HaKJIOHA ILUIa-
CTHHKH K OCH 30J0THHKA 0. = 10°. BpeMst KOHTaKTa JaTYHHOU [UIACTUHKU C BaJIOM 3aBHUCHUT OT
CKOPOCTH U IOJAa4u, MOTOMY KaK IIJIAaCTUHKaA PACIIOJIOKEHA 1o YIJIOM U CMEIIACTCA C KaXKAbIM
KPYTOM.

[Mosy4eHHbIe pe3ybTaThl IPUBEAEHBI B TabnuIe 2.
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Tabauna 2 — JKcnepUMeHTAJIbHbIE JAHHbIE TOJIIIMHbI HAHECEHHOT0 CJIOSI JIATYHH
B 3aBUCHMMOCTH OT NPWJIOKEHHOro ycuiaus P

Ne P, kr h, MKkM
1 7 5
10 6
3 14 7

s onpenenenuss aOCOMIOTHON KOHCTaHTHI BOCHOIB3yeMCsl (PaKTHUECKIMH TaHHBIMU
MTOJTyYeHHBIMH B TIPOIIECCe JKCIEPUMEHTa M0 HAHECCHHWI0 MaTepHhalia, JaHHbIE NPUBEICHHI B
tabnuue 2.

OKcIeprMeHTaIbHbBIE 3HAYCHUS TIOJICTaBUM B BBIpaXKeHHUS (2 1), MOTydnM BeTHUNHY:

5
€C=55= 0,172

[NonyueHHOE 3HAUYCHHE IMOCIEC pacueTa abCOIIOTHON KOHCTAHTHI ¢ MOJCTaBUM B (hop-
Myiy (20), moay4rM pacyeTHYIO TOJIMHY HAaHECEHHOTro ciios h', pe3ysbTaThl CpaBHEHHs pac-
YETHBIX ¥ SKCIIEPUMEHTAIIBHBIX TAaHHBIX JUIs onpenesieHns h npeacraBumM B Tabiune 3.

Tadoauuna 3 — 3KC]’[epl/lMeHTaﬂbele M pacyYeTHbIC 3HAYCHUA TOJIIMHbBI HAHECCH-
HOro0 CJ10M JIATYHU B 3AaBUCHMOCTH OT MPUJIOKEHHOT'0 YCHUJ/IUA P, H MX PACXOKACHUE

P, xr TosrHa HaHECEHOT O 1Iapa Pacxoxnenue, %
SKCIIEPUMEHTATbHAS, pacuetHas, h', MkM
h, MM
7 5 4,988 0,24
10 6 5,934 1,1
14 7 7,052 0,7

ITockoyIBKY pacxoXkIE€HHE TEOPETUYECKMX U PACUETHBIX 3HAYEHUH HE3HAYUTEIBHOE,
JJaHHAasi MOJIETIb MOXET OBITh UCIIOJIb30BaHA ISl TAJIbHEHIIINX PACUETOB.

BrIBozibI: B cTaTbe OIpezeseHbl apaMeTphl, BIMSIOINE Ha Mpouece (ppUKIHOHHOTO
HaHeceHus1 MaTepuana. PazpaboTaH ajJropuT™M M yCTaHOBIIEHBI 3aKOHOMEPHOCTH, KOTOpbIE TO-
3BOJISIIOT TOJTy4YaTh PAcUeTHBIC 3HAUEHHS TOJIIIMHBI h HAHECEHHOTO CJI0S1 aHTHM3HOCHOTO Mare-
pHana B 3aBHCHMOCTH OT CHJIBI IIPIKUMa P; tutacTuHkm K Bary. CpaBHEHHE TEOPETHIECKUX U
9KCIIEPUMEHTANIBHBIX PE3YyJIbTAaTOB ITOKA3aJ0 MaKCHMallbHOE pacxokaeHue B 1,1%, dro mox-
TBEPKJACT aJeKBATHOCTb MOJEIH.

Jlumepamypa

1. Anekcannpos, A. B. OcHOBBI Teopun ynpyroctu u miactuaHoctu [Teker] / A. B. Anekcan-
npos, B. JI. IToranos // Yue0. [{ns ctpourenbHbix crell. By3os. — M .: Beicur.inkona. —
1990. —400c.

2. bapanos, M. H. Monudukarms nosepxnoctu Tpenus [Teker] / M. H. bapanos, M. I'. Ucy-
nos, I'. I1. MUcynos / Becthuk MkeBck rocy1apCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA. —
2008. —Ne 4.

3. benses, H. M. Conporusnenue matepuanos [Tekcr]| / H. M. bensieB // M .: Hayxka. — 1965.
—856c¢.

4. Tapkynos, JI. H. TpuboTexHuka (KOHCTpYHPOBAHNE, H3TOTOBJICHUE U SKCIUTyaTallys Ma-
mnH): YueOnuk. [Iaroe uzn., [lepepa6. u non. / JI. H. I'apkyHos // M. —2002. — 632 c.

5. Tapkynos, /. H. Tpuborexnnka (u3HOC 1 6€36I3HOCHOCTH): YueOHHK. [IaTO0C M31., [lepe-
pa6. u nom. / JI.H. Tapkynos // M. —2001. — 616 c.

60 HNudpopmanuonHo-TexHonoruyeckuii Bectuuk Nel(03) 2015




9.

Jlozosckuii, B. H. HagexxHocTs ruapasmudeckux arperatos [Tekcr] / B. H. JlozoBckwuii //
M. —1974. - 320c.

[Mar.23343 Yxpaunsr, MITK7 B23P 9/00. [Ipucniocobaenust 1iist pprUKLIHOHHO-
MeXaHW4ecKoro HaHeceHus okpbituii / B. b. boryukuii, JI. b.1lIpon, B. B. Manbiruna. — Ne
u2006 11891. — 3asBa. 13.11.2006; Omy6a. 25.05.2007. broi.Ne7.

Camynu, B. Y. OcHOBBI TE€OpUH YIIPYTOCTH U INTACTHYHOCTH: Yueb. mocodue 11st CTyJICHTOB
By30B. Bropoe uzn., [lepepad. [Tekcr] / B. Y. Camynu // M.: Beicn. Hkomna. — 1982. — 264
c.
Cenos, JI. 1. Meronst momo6ust u pasmeproctr B Mexanuke [Tekcr] / JI. K. CemoB // M .
Hayxka. — 1981. — 448 c.

10. Yepkyn, B. B. Crioco6b1 HaHECeHUST aHTU(PUKIMOHHBIX TIOKPBHITHH TPAPOOOTOTHUX

[Tekcr] / B. B. UepkyH, B. b. FOnoBunchkuii // Menuronoins. — Tpyna TTATY. — Bein 9. —
T 4. — Memuromnoins. —2009. — 180c.

11. Wpon, JI. b. MccnenoBanue BiausHUS YCIOBUN (PUKIIMOHHO JIATYHUPOBAHUE HA NApaMETPhI

MOBEPXHOCTHOTO cost o0padoranubix neraned [Teker] / JI. b Ulpon, B. b. boryuxkwuii, B. M
Manyiinenko // Coopuuk HayuHbix TpyaoB «Bectank HTY». — XITU «TexHonoruu B Ma-
muHOCTpoeHuH. — XappkoB. — 2009. — 101c.

HNudpopmanuonHo-TexHonoruyeckuii Bectuuk Nel(03) 2015 61




VK 621.311+621.1
O nepcneKTHBHOCTH HCIOJIb30BAHNUS NMAPOMOPIIHEBHIX TEXHOJOTHH B KOTEJIbHBIX
r. Kopoaés

B.C. Iy6unmuH, K.T.H., C.H.C., pYKOBOIHUTEIb 00HETHHCHHOW HAYIHOH TPYTIITBI
«IIpomrenmosnepreTrkay, MockoBckuit aBuanoHubiii nHCTHTYT (I'TY), T. Mocksa,
J.B. IlaxomMo0B, CTYI€EHT,

C.O. IlIkapyna, 3aB.1a00paTOpHUE,

I'ocynapcTBenHOE OrOIKETHOE 00Pa30BaTEIBFHOE YUPEKICHHE
BBICIIETo ITPoQecCHOHaIbHOI0 00pa3oBaHusi MOCKOBCKOI o0nacTu
«DHrHAaHCOBO—TEXHOJIOTUUECKas aKaneMus», ropoa Koposes, MockoBckast 00J1acTh,
HN.C. Tpoxun, umxenep, Becepoccuiickuil Hay4HO-UCCIIEI0BATENbCKUI HHCTUTYT
AIIEKTPUPHKAIINN CEITBCKOTO XO3SHCTBa,
®denepanabHOE areHTCTBO HAY4HBIX opranusaunuil Poccun, Mocksa

Cmambs noceswena npobremam asmoHOMHOU OM YEeHMPAIbHbIX d1eKmpocemell pa-
bombl KOMenbHbIX. DMO aKmydaibHo, maK Kaxk celydc 8cnomozamenvHoe obopy0osanue Ko-
MENbHLIX UMeem dNeKMPOonpusod. B pesynomame 5mozo HadENCHOCMb meniocHabicenus na-
Oaem 6 céa3Uu C NAOeHUeM HAOENHCHOCMU INeKMPOCHAONHCEHUS 00VCII08NIeHHOU YeeaudeHuem
uacmomol U MAcuimab08 onacHvIX NPUPOOHLIX AGNEHU.

Ilpeonazaemcs ucnonvzosams naponopunesvie ogucamenu (I111/]) ona npusoda snex-
MpO2eHepamopa CoOCMBEHHbIX HYIHCO KOMENbHbIX UIU (1) OCYWeCmEnams npugod 6CHOMO2A-
menbHo20 060pydoeanus komenvrvlx I1I1J].

Tlpusedenvr Oannvle ucnsimanuii SKcnepumenmanbHulx 0opasyos II1J].

[TaponopiHeBoil ABUraTenb, KOTEIbHbIE, HE3aBUCUMOCTh OT JJIEKTPOCETEH, HaIEXHOCTh Tel-
NocHa0XEHNs, ITAPOBOISTHAS CMECh, KOT€HEepaIlusl.

On the prospects of using in the Korolev's boiler house steam piston technology

S.D. Vladimir, Ph.D., senior researcher, head of the joint scientific group
«Promteploenergetika», Moscow aviation institute, Moscow,
D.V. Pakhomov, student,
S.0. Shkarupa, head of the laboratory,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region,
LS. Trohin, engineer, All-Russian research institute of electrification of agriculture,
Federal agency of the scientific organizations of Russia, Moscow

The article investigates the autonomous from the central power grids of boiler. This is
true, because now accessory has electric boiler. As a result, the reliability of heat supply falls
due to falling reliability of power supply due to the increase in the frequency and magnitude of
natural hazards.

1t is proposed to use steam piston engines (PPD) to drive an electric generator boiler
house or (and) to drive an boiler house's auxiliary equipment steam piston engines (PPD).

The data of the tests of experimental samples (PPD).

Steam piston engine, boiler house, mains-independent, reliable heating, steam-water mixture,
cogeneration.

Bce 3ganus r. Koponés otammBaroTcst OT KOTeIbHBIX. OO0IIee KOJTUIECTBO KOTEIBHBIX
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B cTpane npesbimaeT 200 ThIC., U3 HUX MYHHUIUIIAIBHBIX Oosee 731hIc. [12].

Bcé BcrmomorarensHOe 000py10BaHHE KOTEJNBHBIX UMEET JIEKTPONPHUBOJ, 3TO AyThe-
BbI€ BCHTUJIIATOPLI, ABIMOCOCHI, ITUTATCIIBHBIC, CETCBLIC U APYIUC HACOCHI, U oe3 QJICKTPOIHEP-
THH KOTEJIbHAas BCTACT, HE CMOTPSA HAa HAJIMYUC TOIUIMBA. le/I OTOM JJICKTPpHUYCCKasA MOIIHOCTb,
notpeodsemast KoTenbHOH, oyt B 100 pa3 MeHbllle TEMIOBOH MOIIHOCTH, KOTOPYIO OHA BbI-
pabaTbIBaeT, a CTOMMOCTD OIIATHI AJIEKTPOIHEPTHH CONOCTABUMA CO CTOMMOCTBIO OIUIATHI MTPH-
POJHOTrO rasa.

ITo napopManmu TeppuTopraiIbHBIX opranoB PocrexHanzopa npuanHoii 28% ciydaes
HapyLICHUs] TETIOCHAOKEHMS, IMEBILINX CEPbE3HBIC IMOCIEACTBUS Ul MOTpeOuTENel 3UMOH
2005/2006 rona, OBUTH OTKITFOYCHUS IEKTPOIHEPTHH B PE3YIIbTATE IIUKIOHOB, OOMIBHBIX CHE-
TOTaI0B M ITOPBIBHCTOTO BeTpa [15].

25-26 nexabps 2010 roxa neastHON TOKAL BBIBEN U3 cTpos okojo 68 JIDIT 110 kB u 4
JIDIT 220 kB B MockoBckoit obmacTu, 3ateM B u3 ctpos JIDII B Huxeropoackoii, Teep-
ckoii 1 CmoneHckoit obnactsax. [Tocie yieassHOro MOAs Hayalcs CHEroman, W paspylieHHs
JIDII nponomkuiick. be3 aJeKTpocHa0KeHUs OCTAINCh OKOJIO MOJTyMHILTHOHA yeoBek. Obec-
TOoUYeHbI ObUTH adpornopT JlomMoseoBo U 788 HACENEHHBIX MyHKTOB B 26-TH paiioHax MOCKOB-
CKOI 00J1acTH, 3aTeM PEXXUM YpEe3BBIYANHON CUTyaluu ObUT 0OBsIBIICH I'yOepHaTOpOM MOCKOB-
ckoif obmactu B 18-TH paiionax u 4-x roponax. Tombko B Illatypckom paitone MockoBcKoi
obmactu Bewio u3 crpos 300 JIDIT 110 kB. B Pamenckom paiione 80 % JIDII paspymieHo.
Peus unet yxe He o0 BoccTanoBieHun JIDII, a 06 ux crpourenserse. [lpu sTom rmaa MUC B.
A. IlyukoB B CBOEM MHTEPBBIO CKa3all, YTO KOJIMYECTBO ONACHBIX SBJIEHUH YBEIUUMIOCH B 1,5
pa3za 3a mocnenaue 10 set. Ho u 6e3 3TOro WHTEPBBIO U3BECTHO, UTO ATH SBJICHUS TEIEPh 3U-
MOH TIPOUCXOAT MOYTH exeMecsdHo. Hanpumep, 5-6 saBaps 2015 r. B PocToBckoii obmactu
0CTaJIOCh 0€3 AIEKTPOCHAOKEHMsSI 57 ThICSY aOOHEHTOB.

To, uTo aBapum CBA3aHHBIE C U3MEHEHHEM KIIMMaTa HapacTaloT, CTaJlo0 MOHATHO U
pykoBonctBy Poccun. Ilpomino 3aceqanne CoBeta be3omacHOCTH MO BOMpoOcaM HW3MEHEHHUS
KinMara, Ha kotopoM IIpesuaent PO ckazan, umes B BUay uzMeHenue kiumara: «[loka Her
€ANHOI0 MpOrHo3a U TOYHOI'0 CHCHApusA 3TUX MPOUECCOB, YTO 6])1 KTO HHU T'OBOPHII. Ho mb1
00s13aHbI OBITH TOTOBBI K JIIOOOMY Pa3BUTHIO COOBITHH M HCIIOIBb30BaTh 3TO PA3BUTHE COOBI-
THH Ha MOJb3Y Halleld SKOHOMHUKH, JUIS TOTO, YTOOB! YKPEIUIATh MOIIb HAIIEro rocy1apcTaa,
Hallled CTpaHbl ¥ 3alMIIATh HAIIMX IPaXXJIaH OT HETaTUBHOT'O BO3JEHCTBHS KIMMAaTHIECKOTO
(akTopa Ha UX XU3HBY [8].

O6opynoBanue obecrednBaronee padoTy KOTEIBHBIX HE3aBHCHMO OT LEHTPATBHBIX
EKTPOCETEN MOXKET OBITH CIEAYIOIINM: JUIS Ta30BbIX KOTEJIBHBIX I'. KOpOnEB 3TO MOKET OBITH
ra30NOpPILIHEBON ABUTATENh WM MAPOCWIIOBAsl yCTAHOBKA, a T APYTHX MapOCHIIOBasl yCTaHOB-
Ka.

Jlns ra30BOM KOTEIBHOM MAapOCUIIOBasi YCTaHOBKA MOXKET OKa3aThCA MPEANOYTUTENb-
Heit ra3sonopurHeBOro ABUrareiid no CJICAyromuM NpuinHaM.

1. [Tpn moyHOM KOHIEHCAIMU BBIXJIOIHOTO Mapa, KaK MPaBHIIO OCYIIECTBIISIO-
mieticst B Ooiepe ropsiuei BOJbI, MOXHO HOIYYUTh KOI(P(HUIMEHT HUCIIONB30BAHMS TEIlIa Cro-
pannst TorumBa Onmuskuii k KIIJI mapoBoro koTina, B TO BpeMs KaK YCTaHOBKa KOTJa-
YTUIIM3aTOpa OrPaHMYEHHOW METaNIOEMKOCTH Ha BBIXJIOIHBIX ra3ax ra3olopIIHEBOrO JBHUIra-
TeNst He MOXKeT J1aTh Omm3kyto kK 100% yTmim3anuio BBIXJIOMHBIX T'a30B (KOG HUIUEHT TeIIo-
OT/Ia4H OT ra3a K CTCHKE Ha HOPSIOK HIKE, YeM OT KOHJICHCHPYIOLIErocs rnapa K CTCHKe).

2. [Tpu npexparieHnu mogauy ra3a u nepexoje Ha pe3epBHOE TOIUTUBO — MasyT,
MapOCHIIOBas yCTaHOBKA MPOJOJIKHUT PabOTy, a ra30MOPIITHEBON JBUTATEh BCTAHET.
3. Ha ra3omopiaeBoii qBUraTens Hago0 MOXyYaTh pa3penieHns] TPECTa Ta30BOTO

X035MCTBa (HOBOE I'a30HCIONb3YIolee 000pyI0BaHKe), Ha TAPOCUIIOBYIO YCTAHOBKY, B Cilydae
e€ MprUMeHeHUs B JICHCTBYIOLIEH MapoBOi KOTENBHOM, 3TO HE TpeOyeTcs.
4. Munu TOL] coxpansieTcs npu nepeBojie KOTeIbHOM Ha TBEPIOE TOIUIUBO, 3TO
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MOJKET CTaTh Iesleco00pa3HbIM B CBA3M co BerymieHneM Poccun B BTO, uto paHo min mo3aHO
MIPUBEICT K BEIPABHUBAHHUIO BHYTPHPOCCHIICKHX IIEH Ha Ta3 ¢ MHPOBBIMH, TO €CTh K IOBBIIIE-
HUIO UX B 3 pasa.

EnMHCTBEHHBIM HEIOCTaTKOM MapOCHJIOBOM YCTAHOBKH SIBJSETCS OONBIION pacxon
TOIUIMBA Ha EIUHUIYY MEXaHUYECKON HJIM AJIEKTPUYECKON MOIITHOCTH, OCOOEHHO ITPH UCIIOJB30-
BaHWU TIapa HU3KHUX IapaMeTpoB, HanOoJiee PacHpOCTPAHEHHOTO B JCHCTBYIOIIMX MapOBBIX
korenbHbIX ¢ koTiiamu JIKBP, JIE, KE, HoMuHansHOE JaBieHue napa B KOTOpbIX 13 KF/CMz, a
paspemenroe 8-10 kr/cM® 1o npHuMHE BEIPAOOTKH pecypca STUMH KoTiamu. I1odToMy, eciu
TOBOPUTH 00 WCHOJB30BAHUH IJIEKTPHUUECKON/MEXaHUIECKON SHEprHH BHE KOTENBHOMW, 00Ia-
CTBHIO TIPUMEHEHHUS MapOCHIIOBBIX YCTAaHOBOK SBIISIOTCS HPEANPHATHS ¢ HU3KAM OTHOIICHHEM
OTPeOIIEMO ANEKTPUIECKOH K TETIOBOM MOIITHOCTH IMOTPEOIsIeMOl KPYTIIOTOINYHO Ha TeX-
HOJIOTHYECKHE HYXIBl. TOIBKO B 3TOM CIIydae MOYKHO TIOJIE3HO HCIOJIH30BATH BCIO TEILUIOBYIO
SHEPTHUIO BBIXJIOITHOTO Tapa U NpuoIn3uTh Ko dummenT ucnosnb3oBanus temna k KT/ kotna.
OTO NpennpusAThs MUIIEBOW POMBIIIIIEHHOCTH, U T€ JepeBO0OpadaThIBaOIINE IPEIIPHSATHS,
I7ie CyUIKa JPEeBECHHBI OCYyIIECTBiseTcs mapoM. Ecnu paccmaTpuBaTh HCIOIB30BAHUE BJICK-
TPUYECKOW/MEXaHUUECKON PHEPIHU TOJIBKO BHYTPH KOTEJIBHOM, TO OTHOILEHHE AIIEKTPHUYECKOI
SHEPruu K TEIJIOBOM OU€Hb HU3KOE, YTO JEJIAET UCIOJIb30BaHUE B Fa30BBIX KOTEJIbHBIX MMApOCU-
JIOBBIX YCTAHOBOK TPEIMOYTHTEIBHBIM [0 CPABHCHHIO C Ta30MOPIIHEBEIMH JBUTATEISIMU (B
KOTENFHBIX TBEPIOTO TOILTUBA MM HET aJbTePHATUBEI). boiee Toro, M COXpaHCHUS PeKUMa
PpaboTHI CyIIecTBYIOINX OOMIepOB ropsiael BOABI eJIeco00pa3Ho OTHUMATh y IMapa TOT MUHH-
MyM OSHTAJIBIIUH, KOTOpas HEOOXOmWMa JUIS TPOU3BOACTBA AIEKTPHUYCCKON/MEXaHMUECKOH
sHeprua. To ecTh Halo BBOIUTH IOHSATHE MOTPEOHOTO AeKTpuueckoro/Mexanndeckoro KIT/]
MapOCIJIOBOM YCTAHOBKH: OTHOIICHHE AJIEKTPHYECKON/MEXaHNUECKOW SHEPTHU MOTPeOIIeMoi
KOTEJIBHOM K OTAaBaeEMOM KOTEJIbHOM TEIUIOBOM MOIIHOCTH, a OH HeBeauk. Tak B 2000 r. 6sutn
o0cenoBaHbl KoTenbHbIE 1I[eMKOBCKOH TEIIoCeTH, NMEIOIINE MapOBbIe KOTIIBI JJIS OIpeese-
HUsI MoIHOCTH ¥ noTpedHoro KITJ[ mapocuinoBsix yCTaHOBOK, OH mosyuwmics ot 1,27 mo 4,67
(Oonbias BemMUYMHA Ul KOTEJIbHBIX, UMEIOIINX, KPOME MapOBbIX, BOJAOIPEHHbIE KOTIBI) pe-
3yJIBTaThl 3TOr0 00CIIEJOBAHHUS 110 KaXK/I0H KOTEJILHOM N3JI0KeHbI B [6], pasMeIéHHON Ha caiiTe
www.energodub.ru.

W3 storo BuaHO, 4TO IpH pacy€THOI Temmneparype noTpeOHbIii KII/ ouenp HU30K U
obecrieunBaeTcst JIIOOBIM U3 Jlajiee PacCMaTPUBAEMBIX THIOB MapociIoBbiX ycTaHoBoK (IICY),
mpu KIIJ] BIme moTpeOHOrO ero CHIDKEHHE 00eCIeurBaeTCsl C TIOMOIIBIO MepenycKa mapa B
oboxox IICY. [Ins mpyrux temmepaTyp HEOOXOAMMO MOTIONHUTEIbHOE HccienoBanne. Uto Ka-
CaeTcs YHCTO BOJOTPEHHBIX KOTEIBHBIX, TO OINpEeIeHHE [1eIeco00pa3HOCTH MPUMEHEHHS Ta-
30BbIX AaBuraresneit mwim [ICY MOXHO cIenaTh TOIbKO TEXHUKO-DKOHOMUYECKUM PaCYETOM ISt
KOHKpETHOTO cirydasi. Texanueckue permenus st npumeHenns [ICY cnenyromue:

1. PexoHCTpyKIMs BOOOTrpeHOTO KOTJa B TaPOBOIOTPEUHBIN, TAKON ONBIT U3-
noxeH B [1,14].

2. Hcnonbs3oBanue TypOunsI [11] iy nmopurHeBoro ABUraTess CnocoOHOro pa-
6oTarh Ha neperperoii Boxe [13].

3. Hcnonp3oBaHue anmapara BCKUIAHUS AN MONy4EHUs Mapa U3 Ieperperou
BOJBI.

4. YcraHoBKa B BOAOTPEHHOM KOTEIbHON AOMOJHUTEIBHOIO IAPOBOr0 KOTJIA.

5. IlepeBon 4yryHHBIX KOTJIOB CEKLHOHHBIX KOTIOB, HE MOAJEKAIIUX Y4YETY B

opranax PocTexHaa30pa, B IapOBOH PexXuM ¢ JaBieHneM mapa 0,7 Kr/cM?, 4To notpedyer 0o-
JIee IOPOroro MOPIIHEBOTO ABUTATENS, CIIOCOOHOTO paboTaTh HA Mape CTOJIb HU3KUX MapaMer-
pOB.

Tenepr o0 Hammx pe3yiabTaTax. BBUIY TOro, 4TO HAIIM BO3MOXHOCTH OIPaHUYEHBI, TO
UCIIBITAHUS IPOBOJIUM C MAJIOJIUTPAXKHBIMU CTAIIMOHAPHBIMU M aBTOMOOMJIbHBIMH JBUTATENS-
miu. [TocrneaHue UCHbITaHKS TPOBOAMINCH C IBYXUMJIMHIPOBBIM nBurareieM Y/I-2M1 (pabo-
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anii 0668M 600 cm’, n=3000 06/MHuH). [lepenenky oCymecTBISUIIA BO3MOKHOCTSIMH PEMOHTHOMN
MacTepckoil. MOTop SIBJISIETCS HMKHEKJIANaHHBIM, U3MEHEHHIO MOJBEPIJIUCH JIMILL HE COJep-
JKaIlKe TOABIKHBIX JeTaleil rojoBku u pacnpensain. O0a kianaHa B pe3yJbTaTe CTAHOBATCS
BBIMYCKHBIMH, @ BIIYCKOM YIPABJISICT T'a30JMHAMHYCCKOE YCTPONCTBO, SBJISIONICECS MPH 3TOM
TOJIOBKOW LWIIMHJIpa. B razopacnpenenuTenbHOM MEXaHU3ME YAaJOCh COXPAHUTh Kak Iepeja-
TOYHOE OTHOIICHHUE, TaK ¥ IITATHBIC KJIANlaHa.

Tao6auna 1 — [TapameTpsbl pa6oThI BHICOKOOOOPOTHHIX NAPONMOPIIHEBBIX ABHIa-
Tesei. Yacts 1

Pacuernas
Yuco u Mor-
[Hata HOCTb JIaMIIl MOII[HOCTB I10
HaKaJTUBAHUS P | Pou n Vio | Vao | Vao | Vo | Va3 | Vis HalpsHKCHHUIO
Ha JlamMmnax
wT, Bt Kr/cm’ 00/MHH Bonbt kBT
Of;;‘%’" 3x5x300 51 o | 2580 | 180 | 180 | 180 | 280 | o/m | o/m 3,68

[Tpumeuanue: pabouee TeI0 — CHKATHIM BO3AYX M3 CETH, NMPOIIEANINI MOCIE KOMIIpec-
COPHOM OXJIaAUTENb U OXIAXKAEHHBIN B peCHUBEPE 10 TEMIIEpATyphl HAPY>KHOTO BO3AyXa.

Tabauna 2 — [TapameTpsbl pa6oThl BHICOKOOOOPOTHBIX NAPONOPIIHEBBIX ABHIa-
Tesei. Yacts 2

Ne
Om.
Cuer-
TTapameTpst
LII/ICHO n HHK) [ra3oJuHaMHu-
ITo
MOIIIHOCTH BpeMe- YeCKOoro
lata nami Pex [PBBIX pHH F V10 |V20 |V30 |I12 |I23 (13 |ycTpoiicTBa n
HaKaJInu- bIHOTO KaXX10ro
BaHUs OIGIOPO- oUiInHApa
Ta
JHCKa
wr, Bt Kr/cMm2 o6/ T BoabT Awmmep P6/um
MUH H
18. 3%25
1. | 3x150 |7 | o |o045 | 2 = 2 1g|1 8] %158 =
04. | 3x200 | 8 S |8 S| S|s| 810 =
18. 3x25 -
— o o o o~ o~ o~
10. 3%25 -
(=1 () () o o o
e N R N B R TR BN R T -
3%25
16. 3%x150 -
12. 3x200 |58 | 0 2,25 s = = I I A
04 3i300 ’ ’ < ” Sald] @@ 15,15 3
3%x100
3%25
16. 3%x150 -
12. 3x200 |54 | 0 2,18 > = S |12l a| a|a 3
o4 | 3x300 | ’ $ | = SR R N B I I ERE =
3x100
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3%x25
16. 3%x150 -
< = o o I o
i 2 O I IR <~ B S 1 - Bl < R ERE 5
) 3x300
3x25
20. 3%x200 )
12. 3x300 |52 | 0 2,06 ) S g |gsl = | == =
04. | 3x25 S8 | QR G| A Ea] 1815 5
3%x150
3x25
20. 3%x150 _
12. 3x200 571 0 2,18 © ° S |8l & A a
04. | 3x300 S| & | Q|G| @A Al 1815 L
3%x100

[Tpumeuanue: pabouee TeJI0 — HACHILIEHHBIH Nap (BEPOSTHO IMapOBOASHAs CMECH).

Kak Bugmm u3 tabmur Nel u No2 Ha cTONB HU3KHX MapaMeTpax pabodero Tena Mmoiry-
YaeM JIOCTATOYHO BBICOKYIO YacTOTY BpamieHus mopsaka 1500 o6/MHUH 1 IIEKTPUIECKYI0 MOTII-
HOCTH ITPAaKTHUYECKH TAKYIO )K€, KaKOW 00JlajaeT 3JIeKTpoCcTaHnus Ha 0asze 3Toro OEH3MHOBOTO
neurarens (Ab-4, Non=4 kBt). Takue BBHICOKOOOOPOTHBIC TApOBbIE MAaITMHBI, MBI Ha3bIBaeM
napornopmrHeBbiMu apuratermsivu (I111J]) xak uMmeroniye NPUHOUIHMANIBHO APYTYH0 KOHCTPYK-
LIUIO.

Crnenyet cka3atb, 4To oceHbio 2011 roma Ha OAHOIMIMHIPOBOM BAPHAHTE 3TOTO K€
JBUTATelNs YWieHOM 00beJMHEHHON Hay4HOU Tpynmbl «[IpomTernosnepreruka» M.K. JlaBpyxu-
HbIM 10 nporpamme «Crapt» PoHpa copelcTBUIO Manblx (GOpM MPEeANnpHUATH B Hay4YHO-
TEXHUYECKOH cepe moydeHa MOIHOCTh 2,12 kBT Ha amMnax HakanMBaHMS 3alIUTHIBAEMBIX OT
ACHHXPOHHOI'0 CaMOJIENIbHOTO AekTporeneparopa ¢ HuszkuM KIIJ mpusoaumoro IIITM. 3to
MOJKET 03HauaTh MOJIy4eHHe MOIHOCTU He MeHee 3 kBT ot I/l noay4eHHOro KOHBepTauen
OeHzomBHTraTeNs MOIIHOCTHIO 2 KBT ¢ wactoToit Bpamenus 3000 o6./muH. B III1[] ¢ wacToToii
Bparenns 1200 06./MuH. Py JaBIeHHH Hapa 7,5 KIr/cM” MaHOMETPHUUYECKHX.

Bce onmcanHBIE 3KCIIEPUMEHTHI Ha Iape Ha CaMOM Jejie IPOBOAWINCH Ha MapOBO/S-
HOMW CMecCH, Ha KOTOPO#l Ipyrue TUIbI MApOBBIX ABUIATENCH,, B TOM YHCIIE KIACCHYECKHE Tapo-
BbIE MallIMHBI, paboTaTth He MOryT (koTisl JIKBP mpu naBieHMm CyniecCTBEHHO HMXKE HOMH-
HanbHOTO (14 Kr/cM?) BBIpabaTHIBAIOT HE TIap, a apoBOIsHYIO cMech [2]). DkcnepumenTs M.K.
JlaBpyxuHa Ha pu3NUeCKOW MOJENN NOKa3allk, YTO BO3MOXHO JalbHellIee yBeIMYSHHUE MOIL-
HocTH. HaTypHble 9KCIIepUMEHTBI ObUIH, K COXAaJIEHUIO, IPEPBaHbI B CBSA3U CO CMEHOW PYKOBO-
nctBa OAO «Temnocets» r. Koponés, rae oHM IPOBOIMINCE.

Tak >xe ciemyer OTMETHTb, YTO B Ipouecce skcriepuMeHToB 2004 T. ObUT ModydeH
YHUKQJIBHBIM Ha HaIl B3TJISL pe3ysibTaT — 3TO paboTa, IOPIIHEBOIO JABUTaTelsl Ha IEpPEerpeTon
Bozie. Bo Bpems MCHbITaHMI POMCXOAMIT YHOC BOJBI M BMECTO HACHIIIEHHOTO I1apa OT OJHOTO
13 KOTJIOB IIIa TIeperpeTas Boja. I 0I0BKY HaIIel KOHCTPYKLUH oOecTiedniy padoTy JBHUrare-
JIs Ha TIEPErpeTor BOJIE, MPUIEM MOIHOCTB 10 CPAaBHEHHIO C TTAPOBOSHOM CMECHIO CHIKAJIACH
TOJBKO B JIBa pa3a. B nmanpHeilmeM 3TH e TOJOBKH 00ECHEUYMIN JEMOHCTPAIMIO PabOTHI Ha
nape ¢ JaBJIeHHEM HIKE aTMOC(HEPHOTO - MPAKTHYECKH B PEXKUME XOJIOCTOT0 X0.1a.

Hayunoit rpynmoit «IIpomrennosuepreruka» MAU BemyTcs pa3paboTKu mapomopii-
HEBBIX JBHUTATEsICH Ha 0a3e cepuilHBIX JABHraTesicii BHyTpeHHero cropanus (JIBC) u usobpere-
HHUH U HOY-Xay, CO3JIaHHBIX €€ COTpyAHUKaMu paHee. Bee Hamm pa3paboTKM OpUEHTHPOBAHHBI
Ha aBTOHOMHYIO pa0oTy OT 3JeKTpoceTeid. biaronaps ucnonb30BaHUIO EMIEBBIX YCTAPEBIINX
JBC cymecTByeT yHUKaJIbHas BO3MOXKHOCTD ITOCTaBKH 00opynoBanust ¢ nposenenueM OKP u
HUP st KOHKpETHON KOTENBHOM CO CPOKOM OKYIIA€MOCTH, B psJIE CIIy4aeB, B TEUEHUE MEHEE
OJTHOTO OTOIUTEJIFHOTO ce30Ha. brarogaps n3o0peTeHusM COTpYAHNUKOB HAYYHOH TPYIITBI BCE
MIOJBIDKHBIE M W3HAIIUBAIOLIMECS JETAIN MApONOPINHEBBIX ABUTATENel (KpoMe MHOrIa pac-
mpenBaia) coxpaneHsl oT ucxonsoro JIBC, uro obecrieunBaeT pemeHne mpoOIeMbl 3amdacTei
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1 peMOHTa OOBIYHBIMH aBTOCHIECApSIMH [3, 4,5].
[TpumeHeHHe MapomoOpIIHEBbIX MALIMH BO3MOXKHO B HECKOJIbKHX BapHaHTaX.

1. OyiHa mapomnopiIHeBas MalllHA BpallaeT JIEKTPOreHepaTop, o0ecleunBaro-
IIUH 3JIEKTPOIHEPTHEN BCIO KOTEIbHYIO
2. [TaporopuiHeBbie ABUTATENH SBISIOTCS IPUBOJAOM IJIsi HauOoJiee MOLIHOTO

BCIIOMOT'aTeJIbHOTO O00OPY/ZIOBAHUSI KOTEIBHBIX BMECTO JJIEKTPOABHMIaTeNied. MasoMOIIHBIH
JIEKTPOTeHEPATOp, MPUBOJUMBINA MapOIOPIIHEBEIM JBHTaTeNeM, 00ECIeUnBacT 3JIEKTPOIHED-
ruei octaibHOE 000pYA0BaHNE KOTEIBHON

3. [IpakTrdyeckn Bce BCOMOTaTeNIbHOE OOOpPYIOBaHHE KOTEIBHOW IPUBOTUTCS
MIapOIIOPIIHEBEIMU JIBUTATEISIMH, COBCEM HEOOJBIION 3JIEKTPOreHEpaTop C MapONOPIIHEBBIM
JBUTATEIIEM BBIPa0aThIBACT dNIEKTPOdHEpTHio Tobko st KU u A.

4. [TpuBomoM HanboIEe MOIITHOTO BCIIOMOTATEIEHOTO 000PYIOBAHUS KOTEIbHON
SBJISIFOTCSI TAPOIIOPIIHEBBIE JBUIATENN, OCTAIHOIO — 3JEKTPOABUTATENH, TOTPEOIsIomue ce-
TEBYIO DJIEKTPOIHEPIHI0. DTOT BapHaHT HE JaeT aBTOHOMHOCTH PaOOThl KOTEJILHOM OT BHeIl-
HeW DIIEKTPOCETH, HO CHIKas MOTPEOJICHUE AJIEKTPOIHEPTUH Ha MOPSIOK 00JajaeT HauMeHb-
IIMM CPOKOM OKYHaeMOCTH.

5. [TaporopuiHeBble JBUTaTeNN SIBISIOTCS MPHUBOJIOM BCIOMOIaTeILHOTO 000-
PYJOBaHUSI HEOOXOAUMOTO Al PYHKIIMOHUPOBAHUS TOJIBKO OJHOTO MIIM HECKOJIBKUX MapOBBIX
KOTJIOB KPYIJIOTOJMYHO paOOTAaIONIMX HA CHUCTEMY TOpsiYero BOJOCHAOXKEHHS. DTOT BapHaHT
MMeeT HaNMEHBIINN CPOK OKyImaeMocTH, Tak Kak [1I1]] paboTaeT KpyrioroQudHo.

5-ff BapHaHT C TOYKU 3PEHUS €r0 SKOHOMHYECKOU IeIecO00pa3HOCTH PACCMOTPEH B
rnaBe 4 nucceprauuu B.C. [lyOununa [6], pazmeménHoi Ha caiite www.energodub.ru. B ném
kpome npumenernns [II1/] nmpemycMaTpuBanack 3aMeHa HaCOCOB TOPSYETO BOJOCHAOXKEHUS Ha
MapOCTPYHHBIE HACOCHI, YTO TO3BOJILIO BBITECHUTH 67,82 kBT snexTpuueckoil momraocTn. B
ciydae Hagana npoekrta B 2013 r. IIpeanonaranock UMeTh JUCKOHTHUPYEMBIM CPOK OKyIaeMo-
CTH TIpU CTaBKe JUCKOHTa 13% HEecKoNbKO MeHee 4 JIeT, a MPOCTONW CPOK OKYIaeMOCTH — He-
CKOJIbKO MeHee 3-X JieT. HauanbHble MHBECTHUIIMH TIAHUPOBAJIUCh 6782 Thic. py0. B HUX BKIIIO-
YaJIUCh 3aTPaThl HA AaBAPUIHBIA NApOCTPYHHBIN arperar.

Kpome sxoHOMUM CpEACTB Ha OIUIATY 3JIEKTPOIHEPTHH, JAHHOE TEXHUYECKOE pelIeHne
o0ecrieunT coxpaHeHHe B padOTe CHUCTEMBI TEIUIOCHAOXEHUs B OTONMTENBHBIM NEpUOJ NPH
aBapud B AJEKTPOCETSX, JJIS Yero MpeayCMOTPEH aBapHUHBIA MapOCTPYHHBIN arperaT (9xKeK-
TOp), YCTAHOBJICHHBIH MapayieIbHO C CETEBBIM HACOCOM, HAa KOTOPBIA IOAACTCS BECH Map C
€IMHCTBEHHOTO KOTJIA JAHHON KOTENbHOH, PabOTAIOIIEr0 HE3aBUCUMO OT IIEHTPAIBHOTO 3JIEK-
TpocHaOxeHuss. B atom cimywae I'BC orxmogaercs. DTO MO3BOISIET B YCIOBUSAX KOTEIBHOM
«MosonexHas» MpH OTCYTCTBUH 3JIEKTPOCHAOXKEHHs 00ecTieunTh TeMIlepaTypy OOpaTHOH ce-
TeBOM BOJbI He MeHee +4°C (HopMasibHas Temreparypa oopatHoi ceteBoii Bojbl +70 °C). Do
O3HAYaeT, YTO He HAJI0 CIMBATh BOJY U3 TEIUIOCETH MPH OTCYTCTBUH AJIEKTPOIHEPTHH.

Bonee paHHHEe TEXHHUKO-3KOHOMHYECKHEe 00OcHOBanus mpumeneHus [T mis nByx
JpYyTUX KOTEIbHBIX NIPUBEACHHI B [7,9].

[Tpearnonaranock, 4To K MOMEHTY Hadalla peajn3alliy IIPOeKTa 10 BapHaHTy 5 Oyaer
yxe paborars [1I1] npuBoasmumii anekrporenepaTop, odecneynBaromnii HyHKIHOHUPOBAHHE,
oceenieare U KUII u A »Toit kotenpHOH. CMeHa pykoBoacTBa OAO «TertoceTs» He MO3BOIH-
JIO peanu3oBaTh 3TH IUIaHbL. [IPHYMHBI M3JI0KEHBI B OTIHCKAX MCHSABLINXCS PYKOBOAMTENCH
apmuHKCcTpanuu r. Koponéra. CepbE€3HOCTh apryMEHTOB, H3JI0)KEHHBIX B HHX, NPEIJIAraro ore-

HUTb YNTATENSAM (OHU Pa3MeLIEHBI Ha caiite www.energodub.ru).

[IpennoxxkeHHble 37€ch MAPONMOPIIHEBbIE JBUraTelld MpeAHa3HAuYeHbl B MEPBYIO OdYe-
peab Ois KOTENbHBIX, TJ€ OHM YCTAaHABIMBAIOTCS MapajuleNbHO 3aJIBUXKKE JPOCCENHpYIOIen
map UAYIIUH U3 MapOBEIX KOTIOB B Ooiiep ropstacit Boabl. [Ipu 3TOM Ut COXpaHEHUS TEIUIo-
BOH CXEMbl KOTEJIbHOW MPEANONaraeTcsi, YTo0 KOJIMYECTBO TEIUIOBOM 3HEPIHM MEpPEeXOsliei B
MEXaHUYECKYI0 HEBEJIHMKO M MPUMEPHO TAaKOBO, YTO Map OCTAETCS HACHIIEHHBIM (IIPH Apocce-

HNudpopmanuonHo-TexHonoruyeckuii Bectuuk Nel(03) 2015 67




JMPOBAHMH HACHILIIEHHOTO Mapa 3a/IBIKKOH, OH meperpesaercs). [1pu 3ToMm koddduimenT uc-
MI0JIb30BaHMs TEIUIOTHI CropaHus Torusa npuodmmxaerca K KITJ[ kotia, ecinn BeIXOAHON map
MapOTNOPLIHEBOTO IBUTATENS TOJE3HO HCIIONB3YETCs.

PyuHoe perynupoBaHHe 4acTOTHI MO3BOJISIET MOA0OPATh ONTHMAIIBHYIO 4acTOTy Bpa-
IIEHHUS BCIIOMOTaTeNIbHOTO 000PYI0BaHHSI KOTEJIBHBIX, YTO JaET 3()(EKT aHAIOTHYHBIH ITpUMe-
HEHHIO PETYJIHPYEMOro 3JIEKTPONpPHBOJA (CHIKEHHE MOTPEOHOW MEeXaHMYeCKOW MOIIHOCTH,
pacxopa BOJbI U rasa).

Taxue maponopIIHeBble JBUTaTeNIN HE [EIecO00pa3HO HCIOIb30BaTh IS aBTOHOMHBIX
MTapPOCHIIOBBIX YCTAHOBOK.

OO0benuHEHHAs Hay4yHas rpymma «lIpoMTemnosHepreTnkay roToBa pa3padaTeiBaTh U
IIOCTABIISTh NAPONOPIIHEBBIE IBUTATEIN aBTOHOMHBIX NMApOCWJIOBBIX YCTAaHOBOK M CaMH yCTa-
HOBKH C JBICHHEM Teperperoro mapa 39 kr/cm® u Baiure, uro naér KIIJI snexrpudeckmii 20-
30%, a mpu MOJIE3HOM HCIIONIb30BAaHUH BBIXJIOMHOTO Tapa KO3 (HUIMEHT HCIIOIB30BaHUS TETI-
JIOTBI cropanus TorumBa npubmmkaercs k KI1J] kotia.

PaccMoTtpum Tenepb, 4To u3 cedst MpeACTaBIsieT My Th CO3IaHMUs BHICOKOA((EKTUBHOTO
T ¢ nyns.

[Tpu cootBeTcTBYIOMEM (DMHAHCHPOBAHUH pabOT MPECTaBISAETCS BO3MOXKHBIM CO3/1a-
nue [II1/] ¢ BeicokuMu mapamerpamu napa, odnanatomero KITJ{ 35-40%. He uckiroueno npu-
MEHEHHE Napora3oBOro M OWHApHOTO LUKIA paboThl ABMraTeins, 4ro obecrieunT emé Ooiee
Boicokni KI1/I, mpakTHyeckn 10 TEOPETHIECKOTO Tpeienia TeIIoBOH MamHbI - 50%.

Teneps 00paTM BHUMaHHE Ha CIIEIYIOMINI acleKT MPOoOIeMbl aBTOHOMHOI BBIpabOT-
KH SHEPIHH, 3TO MoAnepkKaHnue cTadmibHON 9acToTsl Toka 50+0,2 ' (mo TOCT 13109-87, B
KOTOPBIN HE YKIIaJbIBACTCS HU OJHUH PETYISITOP, IPUMEHSIEMBIN HA COBPEMEHHBIX JABUTATEIISX)
IIPY U3MEHEHUH BHEIIHEN Harpy3ku. Kakue BapuaHThI 371Ch CyIIECTBYIOT.

[TepBriii — 3T0 MapayenbHas paboTa ¢ CeThIO, Ja ené U KaK dTO IMOJIaraeTcsl MPUBOJ
BCIIOMOTATEJILHOrO 000pYIOBaHUS CETEBOW 3JEKTpOIHeprueii. B aToM ciyyae mpu OTKIFOYE-
HHUM CETEBOW 3JICKTPO’HEPIMU BCTAET M Hallla yCTAaHOBKA, a NMPH HOpPMalbHOW paboTe He BO3-
MOYKHO A0TOBOPHUTHCA C AO «... 3HEPro».

Bropoii — 3T0 BBITpSIMIIEHHE NOIy4aeMOro TOKa, a 3aTeM, Yepe3 HHBEPTOP, ero rnpeoo-
pa3oBaHME B NEPEMEHHBIH TOK cTaOMIIbHOI YacTOoThl. CTOMMOCTB 3JIEKTPOTEXHUYECKOro 000-
PYJOBaHHUS TPH 3TOM COCTaBJISET 2/3 OT CTOMMOCTH YCTAHOBKM M IIO3TOMY 3HAUMTEIBHO yBe-
JMYUBACT CPOK OKYMTACMOCTH.

Bnaronmapst pabote 00beAMHEHHON HAYIHOH TPpyIBl «IIpOMTEIIO3HEpPTeTHKA» TTOSBH-
J1ach TPEThsl BO3MOKHOCTb IOAJEPKaHNsI CTAOMIBHON 4acToThl Toka. Hama rpynma oOmagaer
HOVY-XAY, xotopoe mo3BoJIsieT cTabniIn30BaTh YaCTOTY BpAILEHHS] CAMOTO JIBUTATEIS, KaK OBl
He MeHsulach BHemHsAs Harpyska. Oto HOY-XAY mo3BonsieT crenars CHIOBYIO YCTaHOBKY
IIPOCTOM, HAAEKHOM U JEIIEBOM.

[ToaBoas UTOT BBINLIECKA3aHHOTO, MOYKHO CKa3aTh, YTO UMEETCsl BO3MOXKHOCTh CBOE00-
pa3HON MOJIEPHHU3AINK SHEPreTUKU Ha 0a3ze MapoIOpPIIHEBBIX TEXHOJOTHH, B JBYX Halpasiie-
HUSIX:

1. IIpuMeHeHHE MapOINOPIIHEBBIX TEXHOJOTMH B KOTENBHBIX, B TOM YHCJIE U BOJO-
IPEHHBIX, YTO ClIeNIaeT TeIUIOCHA0KEeHEe CTPaHbl 00Jiee AEIEBbIM U HaIEKHBIM.

2. IlpuMeHeHne TapoNOPIIHEBBIX ABUTaTeNed B aBTOHOMHBIX NApOCHIIOBBIX YCTaHOB-
Kax JUIs 3JIEKTPOCHA0XKEH!sI Ha 6a3e MECTHOTO TOILUIMBA U OTXOIOB.
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VK 628.517.2
Pa3paboTka moneneii AMHAMUKH AaBTOTPAHCIIOPTHBIX MIOTOKOB
U aHAJIN3 HIYMOBOIl HATPY3KH OT ABTOTPaHCNOPTA

FO.H. 3arypanoB, couckarensp,
Tl'ocynapcTBerHOE OOIKETHOE 00pa30BaTEIFHOE YUPEKICHIE
BBICILIETO NTPpodeccHoHanbHOro 00pa3oBaHus MOCKOBCKOI 06nacTu
«DuHaHCOBO—TEXHONIOrHMYECKas akajgeMus», r. Kopones, MockoBckas o6nacts

Lllymogoe 3azpssnenue om asmMoMOOUIBHO2O MPAHCROPMA SGNAEMCS 8AdlCHEUEl
aKono2UUeckoll npobremoti 2opodos. Cmpykmypa mpancnopmuvlx NOMoK08 AGNAEmcst cneyu-
Quueckol 0cobeHHOCMbIO KANCO020 20p0da U e20 yacmell u mpedyem NpaKkmuyeckux mepo-
npusmuil, 006eCneuuBaruUx CHUNCEHUE WYMOB020 3aePA3HeHUs Ha yauyax 2opoda. Tlosmomy
COBEPUIEHCMBOBAHUE MEMOOUKU OYEHKU UYMOBO20 3A2PSAHEHUS, KIIOUASL pA3PAbOmMKY OUHA-
MUYECKUX, 2PApUUECKUX, MAMEMAMUYECKUX U KOMNbIOMEPHO-PEAlU308aHHbIX  MOOenell
CMPYKMypol 08UNCEHUS. ABIMOMPAHCNOPING, ABIAEMCA AKMYATbHOU 3A0aYell.

OKBUBAJICHTHBIN ypOBEHb 3ByKa, IITyMOBOE 3arpsi3HEHUE, CE30HHBIC KOJIEOaHMs.

Development of models of the dynamics of traffic-analysis and noise pollution
from motor vehicles

Y.N. Zaturanov, the applicant,
State Educational Institution of Higher Professional Education of the Moscow region «Financial
and Technological Academy», Korolev, Moscow region

Noise pollution from road transport is the major urban environmental issues. The
structure of traffic flows is a particular feature of each city and its parts and requires practical
measures that reduce noise pollution in the city streets. Therefore, improving the methods of
assessment of noise pollution, including the development of dynamic, graphical, mathematical
and computer-implemented models of the movement of vehicles, is an urgent task.

Equivalent noise level, noise pollution, seasonal fluctuations.

Cucrema 3KOJOTHYECKOTO HOPMHPOBaHUS, NpuHATas B Poccuiickoit Pepepannu
BKJIFOYAET B ce0s BOIIPOCHI 0053aTENbHON OLIEHKM LIIYMOBOTO 3arps3HEHHs OKpYyKaromeil cpe-
Jbl U OCYLIECTBIEHHE MEPOIPHATHI IO CHUKEHHIO HETATUBHOIO BO3ACHCTBHUA HA JKUTEIEH
TOPOJIOB.

B coorserctBun ¢ TOCT 20444-85 o 1ryMoOBO# XapaKTEpUCTHKONH aBTOMOOUIEHOTO
TPAHCIOPTA CJIEYET IOHUMATh 3KBUBAJICHTHBII YPOBEHb 3ByKa, YCTaHABJIMBACMbIN B 7,5 M OT
ocu, OJIDKHEW K TOYKE M3MEPEHHs MOJIOCHI, Ha BBICOTE 1,5 M OT YPOBHS IIOKDPBITHS MPOE3KEH
YaCTH.

W3MepeHne SKBUBAJIEHTHOTO YpPOBHS 3ByKa MOXHO HPOBOJUTH HHTETPUPYIOLUIMMHU
LIIyMOMEpaMH, IJIaBHBIM HEIOCTaTKOM KOTOPBIX SIBJISETCS TO, YTO MbI MOJy4YaeM €AMHUYHOE
(MKCHpOBaHHOE 3HAYEHHE YPOBHS 3ByKa. JINOO SKBUBAJICHTHBIH YPOBEHb 3ByKa OIPEACIICTCS
pacUeTHBIM IyTEM, B 3aBUCUMOCTH OT JUHAMUKU IBHIKEHHS TPY30BOrO M JIETKOBOTO aBTO-
TPaHCIIOPTa B JBYX HANpaBICHUX (B TOPOA M M3 TOPOJa), CPEIHEH CKOPOCTH TPAHCIOPTHOTO
IIOTOKA, OJIM IPY30BOTO M OOLIECTBEHHOTI'O TPAHCIIOPTa B OOIIEM ITOTOKE 10 (hopMyJie:
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Lses =10 1gQ+13,31gV+4 Ig(1+p)+ AL,y + AL, +15, nBA 1),

rue:

Q — MHTEHCUBHOCTBD JIBWKEHHS B IBYX HalpaBJICHUSX, aBT/4ac;

V — cpenHsist CKOPOCTh TIOTOKa, KM/4ac;

P — JI0JISL CPEJICTB IPY30BOT0O M OOILIECTBEHHOI'O TPAHCIIOPTA B TIOTOKE, %0;

AL,; — IONpaBKa, YYUTHIBAIONIAsl BUJI MTOKPBITHS MTPOE3KEH YacTH YIUIIBI HIIH JIOPO-
i, 1bA (npu acdanbroberonHOM TOKpEITHH AL A =0);

AL, — nomnpaBka, yYUTHIBAIOIAs IPOJOIBHBIIN YKIOH YJIUIBI WK 10pory, 1BA.

[Ipennonarast, 94TO NMEpEYUCICHHBIC XapAKTEPUCTUKH HMEIOT BPEMEHHYIO HM3MEHYH-
BOCTh, HEOOXOIMMO MMETh KOMIUIEKC MaT€MaTHYeCKHX MOJENeH 3aBHCHMOCTEH CTPYKTYpHI
(KONMMYECTBO JIETKOBBIX M TPY30BBIX aBTOMOOWIIEH B JIByX HANpPAaBICHUSX W CPETHEH CKOPOCTH
JBIDKEHUS TTOTOKA) OT PA3IMYHBIX IEPUOJIOB BPEMEHH.

Jlnst BBIABICHUSI 3aBUCHMOCTEN IMOKa3aTeNed CTPYKTypbl TPAHCHOPTHBIX NMOTOKOB OT
BpeMeHHU ObLIM OpPraHW30BaHbl M NPOBEICHBI HAOIIOACHHUS CTPYKTYPBI JBHIKEHHUS TPY30BOIO H
JIETKOBOTO aBTOTPAHCIIOPTa B JIBYX HampaBlieHHsX (M3 ropona u B ropox). Ha mepBom srame
HAOJIFOICHUS] MTPOBOJMIIMCH B TeueHHe 5 paboumx mHeit ¢ 8.00 mo 22.00 yacos B 2010 romxy
(Bcero 52 nenenm).

OOnbexToM uccinenoBanus Oblia BRIOpaHa camas 3arpy>xeHHas ynuia ropoga Koponésa
— ynuna [Tnonepckas (pucyHok 1).
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Pucynok 1 — KonTpoabHble TOUKH aBTOMOOMIBHOM Aoporu 1. Kopoaésa, rae
NMPOBOANIUCH HADTIOEHUS

[o pe3ynbraTam HaOJIIOJICHUI MOTYyYEHBI 3aBUCUMOCTH (MOJIEITH) KOJINYECTBA IIPOXO-
JUIIIUX JIETKOBBIX M I'PY30BBIX aBTOMOOWJICH M3 TOpoJia U B rOpOJ OT BpEMEHH CYTOK. J/[Be m3
TIOJY4YEHHBIX rpadMuecKuX MoJieJell IpeICTaBIeHbl HAa pUCYHKaxX 2 U 3.
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MHTEHCMBHOCTL ABMXXEeHUS FTerkoBoro
aBTOTpaHcnopTa no yn. NmoHepckasa B ropona
(B Teu. 5 AHeNn)
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Pucynok 2 — I'papuyeckas Mogenb JIETKOBOr0 aBTOTPaHcnopTa no yjune Iuo-
HepcKas B TOPOJ

MHTeHCMBHOCTbL ABMXEHUA rPy30BOro
aBTOTpaHcnopTa no yn. lNMoHepckasa B ropon
(B Teu. 5 gHeN)
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Pucynok 3 — I'paduueckas Moaennb rpy30B0oro asrorpancnopra no yauune Ino-
HepcKasi B ropoj

ITo pe3ynbpraTaM MOAENMPOBAHUS MOXKHO YBHUAETh 3aBUCHMOCTH M 3aKOHOMEPHOCTH
W3MEHEHHS WHTEHCHBHOCTH ABWXEHUS I'PY30BOTO M JIETKOBOTO aBTOTPAHCIOPTa B Pa3iHyYHbBIC
MIEPUOBI CYTOK, KOTOPBIE AA0T 000CHOBAHME JUIA Pa3pabOTKH MaTEMAaTHUECKUX MOJEIICH.

AHanu3 rpadYecKuX MoJeNell CTPYKTYpbl IBH)KEHHS TPY30BOTO U JIETKOBOTO aBTO-
TPaHCIIOPTa IPH BBE3/IE B TOPOA B MOHEACTBHUK — ISATHHUILy HAOMIOJAIOTCS WICHTUYHBIE TCH-
JIeHIIMH, yBenuuuBasichk B nepuos ¢ 8.00-17.00 yacos u yosiBas ¢ 17.00-22.00 vacos. Jlokains-
HBIIl MAKCMYM TI0 JIETKOBOMY aBTOTpaHCIopTy Haomoaaercs B 17.00-18.00 yacoB u cocrapisi-
eT B cpeaHeM 1200 JerkoBBIX MalIMH B 4ac (PUCYHOK 2), a O TPy30BOMY TPAHCIOPTY JOKab-
HBIi MaKCUMYM CTPYKTYPBI JIBIDKCHHUS ITOTOKA HAaOJIOKaeTcsi B 15 4acoB M COCTaBIsIET B Cpell-
HeM 70 MammH B 9ac (PUCYHOK 3).

CoOTBETCTBEHHO OBUTH IOJIyYEHBl ¥ aHAJIOTHYHBIE 3aBUCUMOCTH CTPYKTYPBI JBHIKE-
HUSI JIETKOBOTO ¥ TPY30BOTO aBTOTPAHCIIOPTA U3 TOpPOJIa.

Takum 00pa3zoM, BBISBIECHBI ONPEICICHHBIC 3aBHCUMOCTH CTPYKTYPHI IIOTOKOB aBTO-
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MOOMJIBHOTO TPAHCIIOPTa OT BPEMEHH CYTOK 110 HEAENSIM Ka)KIOro MecsLa.

Io pe3ynpraTam HaOMIOAEHMI HAMU IOTy4YEHBI rpapuvecKas U MaTeMaTHYeCcKas Mo-
JIeTI UHTEHCUBHOCTHU JIBMKEHHUS! aBToTpaHcnopta(Q) B TeUEHHE CYTOK B CPEIHEM 3a TPHU roja
(pucyHok 4).

MHTeHCUBHOCTb ABMXXEeHUA aBToTpaHcnopTa (Q)
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Pucynok 4 — IUHTEeHCHBHOCTD IBH/KEHHsI ABTOTPAHCIIOPTA B TeUeHHe CYTOK
3a 2010-2012 r.r.

[omy4yeHHBIC MOJIETTH MTO3BOJIHIIHN BBISBUTH CICIYIONUE 0COOCHHOCTH MHTCHCHBHOCTH
JBIDKCHUS B TedeHue cyTok. Yucino aBromobmieit Bo3pacraeT ¢ 8.00 (1700 aBromoOwmieid) o
15.00 gacos, rae 3adukcupoBaH MakcuMyM (2750 aBToMOOMIIEH) U IOCTEIICHHO CHHIXKAETCS JI0
1500 aBromoOwmneii B 22.00 gaca. [lomydeHHas MaTeMaTHdecKkas MOJENb MPEACTABISIET COOOH
MOJIMHOMHUAJIBHOE YpaBHEHHE 3-€i CTENEHHU:

V =-0,4556x" - 15,706x%, 347,24x +1230,6, rae:

y — KOJIMYECTBO TPY30BBIX U JISTKOBBIX aBTOMOOWIIEH B IBYX HAIIPABICHUAX 32 IO,

X — HOMEp BPEMEHHOTO MIEPHO/Ia,

R” ~ 09591 R
=0, 3HaYeHHUE KPUTEPHs COTIACUS ONM3KOe K €IUHHUIIE, ONpEneIsieT

BBICOKYIO CTEIIEHb COOTBETCTBUS 3HAUECHUN TEOPETUYECKOM KPUBOM U IKCIEPHUMEHTAJIbHBIX
TOYEK.

st BBISIBIEHUS TEHIEHUUI MHOIOJIETHEH JUHAMMKU CTPYKTYPbl TPAHCIIOPTHBIX I10O-
TOKOB M MPOTHO3UPOBAHMS MX U3MEHEHHUs, HAMH HEOOXOMMO HCCIIeI0BaTh CE30HHBIE KoJieba-
HUSL.

MogenupoBaHue CE30HHBIX KOJIEOAHMH TPAHCIOPTHBIX ITOTOKOB MPOBOIMIIOCH C HC-
MI0JIb30BAHHUEM alIIPOKCUMALNU psoB Dypbe.

Maremartuueckast MOAEIb CE30HHBIX KOIEOaHUH MMEeT BUL!

m
y,=a,+ Y (a, coskt + b, sinkt).
(=0 @
rac: k OIpPEACIACT TapMOHUKY psda CDyp},e " 3a7a€TCsa LCJIBIM YHMCJIOM B HAlI€EM HC-
CJICJOBaHUN k=5. HapaMeTpLI YpaBHCHUSA MOKHO pacCHUTaTb METOAOM HAMMCHBIINX KBaJApa-
TOB.
Jist 5TOTO MBI HAXOJMM YaCTHBIC TIPOU3BOAHEIC 3TOW (QYHKIIUH ¥ IPUPABHUBAEM HX K
HYJTIO, TIOCJIE YeT0 MOJIyYaeM CHCTeMy HOPMaJbHBIX YpaBHEHHN, U3 KOTOPOW BBEIUMCIIIEM Tapa-
METPBI:
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1 2 2« .
a,=—2.y; a, =—) ycoskt, b, =—> ysinkt.

n n n 3)
HOCHe,I[OBaTeJIBHBIC 3HAYCHUS BPEMEHHOIO I€EprUoaa ONPEACIAOTCA OT HYJISA C YBEIIN-

YEHUEM, PaBHBIM 27 /n , TJIe 1 — YMCII0 YPOBHEH psifia IMHAMUKH.

Jnst u3ydenusi nepuoauyueckux (LUKINYECKUX) TOJOBBIX KONeOaHWH — CE30HHOCTH
6epercst n = 12, 110 4KCIly MecsIeB B roxy. Psiji AMHAMUKY TOOBOTO IUKJIA CIEAYyeT aHAINU3U-
poBaTh B 12-W paBHOOTCTOSIIMX TOYKax MOJHOTO THepuoaa 2m. OTcCroaa, BOCTOIb30BaBIINCH
BBIpOXKEHUEM (2), ONpeNesuM CUCTEMY aHAJIUTHYECKUX YPAaBHEHUH Ul allpPOKCUMAIMH HC-
ciieryeMoro rnpouecca psiaoM Oypbe ¢ MsSTbio TapMOHUKAMHU.

Ha pucynke 5 npencraBiieHbl rpadUuecKie 1 MAaTEMAaTHUECKUE MOJICITH CE30HHBIX KO-
nebanuii. B kauecTBe uccnenoBanus ObUTH BEIOPAHBI 3aBUCHIMOCTH CTPYKTYPBI JIBHXKCHUS T'PY-
30BOT0 ¥ JICTKOBOTO aBTOTPAHCIIOPTA B ABYX HAIPABIICHISIX OT Mecsna roja (ceHtsops 2010 —
asrycr 2012 r.r.).

Ce30HHbIe KonebaHus NerkoBoro aBTOTpaHCNopTa B ABYX
HanpaBneHusxX

1450000

1350000 —

1250000 1 y = -75,016x> + 3031832 - 4E+08x + 2E+11 /

1150000 | s R2=08315 Ay .
1050000 N

950000 - V

850000 T T T T T T T T T T T
N N N N

2 e e
P R

Kon-Bo aBToMoGOunen

f—

Mecsuy

Pucynok 5 — UHTEHCMBHOCTD IBHKEHHS JIETKOBOI'0 ABTOTPAHCIIOPTA
3a 2010-2012 r.r.

[peacTaBneHHass HA PUCYHKE 3aBHCUMOCTD MOKa3aia, YTO MaKCHMAallbHash WHTECHCHUB-
HOCTh JBHEHHsI JIETKOBOTO aBTOTPAHCIIOPTA MPUXOJIATCS HA OKTAOph U aekadbpp 2011 roxa, a
MHUHHUMAaJbHas Habmoganack B Mapte-mae 2011 roma u B mae 2012 roma. 3T0 TOBOPHUT O TOM,
YTO HAOIIIOAAIOTCS CE30HHBIE KOJEOAHMsI KOJIUYECTBA JIETKOBOIO aBTOTPAHCIOPTA B TEYCHHUE
IByX sieT. Ho kak BHIHO Ha PHCYHKE, YHCJIO aBTOMOOMIIEH BO3PACTaeT C KaXKAbIM TOJIOM, YTO
BEJICT K YXY/IIICHUIO KAUueCTBa KHU3HH B TOPOJIC.

MareMaTHuecKasi MOJIE)Ib Ha PUCYHKE 5 TPEACTaBIsieT cO00# MOTMHOMUAIBHOE YpaB-
HeHue 3-el CTEeNeHu:

Y =-75016x"+303183 x* — 4E + 08x + 2E + 11

2
R - 3315,
TaK)Ke 61)1.]13 BBISIBJICHA 3aBUCUMOCTH HpI/I I/I3yquI/H/I HMHTCHCUBHOCTHU IOBUXCHUS pr—
30BOr0 aBTOTPAHCIOPTA, IIPECTABIECHHAS HA PUCYHKE 6.
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Ce30HHbIe konebaHus rpy30BOro aBToTpaHcnopTa B ABYX

HanpaBneHUsAX
]
S 80000 y =-2,146x" + 8657,4x" - 1E+07x + 5E+09
S R*=0,3113
£ 70000 |
@ XV&A .
® 60000 - v v
o
@ Ny
S 50000 ‘ : ‘ ‘ ‘ ‘ ‘ ‘ ‘ | |
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o B ™ R R D A W o N
: A S £ 2 g N - S $
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Mecsy

PucyHok 6 — UHTEeHCHUBHOCTD IBHKEHHsI TPY30BOr0 ABTOTPAHCIIOPTA
3a2 2010-2012 r.r.

Takum 00pa3zoM, ObLIM BBISBIIEHBI OIPE/IEICHHbIE 3aBUCUMOCTH CE30HHBIX KoJieOaHuil,
KOTOPBLIC IMO3BOJIAIOT B ﬂaﬂbHeﬁmeM paccuuTaTb SKBHBaJICHTHBIN YPOBE€HbL 3BYKa WU BHECTHU
MPCAJIOKCHUA 110 PETYIUPOBAHNUIO CTPYKTYPbI TPAHCIIOPTHBIX IMOTOKOB HJIsI CHUKCHUS LIYMO-
BOM Harpy3Kku 10 HOPMaTHUBHBIX 3HAUECHHUH U ITOBBIIICHHS Ka4eCTBA XM3HU HACEIICHHMS, a TAKXKe
CYIIECTBEHHO MO3BOJIUT HaM KOHTPOJHMPOBATh M3MEHEHHUS! TPAHCIOPTHBIX ITIOTOKOB Ha CaMOM
3arpy>keHHoH ynuue ropoja Koponesa — I[Tuonepckoit.

st onpeneneHyst OLEHKH LIyMOBOTI'O 3arpsi3HeHus Ha yiuie [Inonepckoii ropona Ko-
ponéra B mepuoz ¢ 8.00 mo 22.00 gacoB, ObUTH pacCYUTaHBI U MPOAHATH3UPOBAHBI YKBUBAJICHT-
Hble ypoBHH 3BYyKa (2010 - 2012 r.r.), u mocTpoeHsl rpadudeckas U MaTeMaTHYecKasi 3aBUCH-
MOCTH (PUCYHOK 7).

OKBUBaNeHTHbIN YPOBEHb 3BYyKa Npu cpeaHen CKOpoCcTHU
ABUXEeHUA aBTOTpaHcnopTa npu 60 km/4

84

< 835

] ’ a0

T 83 e =T

(] 4

g 825 =-0,003%" + D,0448x" 1 0,1286x [+ 83,035 \

5 52 1 R®=0,9693

2 8151 =0, \

g 81 | Ne

S 805

> 80 -
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Pucynok 7 — MoaeJib 3KBUBAJIECHTHOT0 YPOBHSI 3BYKA JIeTKOBOI'0
aBTOTPAHCIIOPTA NMPU CKOPOCTH JABHKeHHs 60 KM/4

[IpencraBneHnas MOJenb MOKa3bIBAET, YTO IKBUBAIICHTHHIN ypoBeHb 3ByKa ¢ §8.00 mo
22.00 gacoB, mpeBhIIIaeT npenenbHo gomycrumoe 3Hadenne (80 nbA) B cpemnem Ha 10%. Ka-
YEeCTBO JKH3HM JKHTENICH ropoja Hejb3sl MPH3HATh OJArONpUSTHBIMH M TO3TOMY TpeOyercs
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TIPUHSTH MEPBI [0 CHIKECHHUIO YPOBHS 3BYKa.

CambIMu O6J1aronpUSTHEIMU MEPONIPHUATHIMH 110 CHIDKCHUIO YPOBHS 3ByKa OT JIETKOBO-
r0 W TPY30BOTO TPaHCIOPTa SBIIOTCA: 3alpeT BhE3[a IPy30BOTO aBTOTPAHCIOPTA Ha YIUIIE
ITuonepckoii B camble 3arpyxeHHble yachl (mpumepHo 14.00-15.00 yacoB) U CHHIKEHUE CKOPO-
CTH JBIDKEHHS Ha YJIMLAX FOpoAa.

Jnst cHWXKEHMSI IIyMOBOM Harpy3ku, ObUIM IPOBEIEHBI pacyeThl YPOBHs 3BYKa IPH
MEHBLIEH CKOPOCTH ABMXeHus B npenenax 40 km/4 (prucyHOK 8).

OKBUBaNeHTHbIV YpOBeHb 3BYKa Npu cpegHen CKOpoCcTU
ABWXeHus aBToTpaHcnopTta npu 40 km/y
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Pucynok 8 — MojeJib 9JKBUBAJIEHTHOTO YPOBHSI 3BYKA JIETKOBOI'0
aBTOTPAHCIIOPTA NMPU CKOPOCTH ABMKeHHus 40 kM/4

W3 momy4yeHHOH 3aBHCHMOCTH BHIHO, YTO MEPONPHUSATHA IO CHIDKEHHIO CKOPOCTH
nemwkeHus ¢ 60 km/g 10 40 KM/4 Heb3s MPU3HATEH 3G (GEKTHBHBIM, TakK Kak B mepuos ¢ 8.00 mo
20.00 yacoB ypoBeHb 3ByKa He cHukaeTcs. Jlumb B nepuos ¢ 20.00 go 22.00 yacoB 3kBUBa-
JICHTHBIA YPOBEHB 3ByKa OT aBTOTPAHCIIOPTA CHIDKAeTCs B cpeaHeM a0 79,5 nbA.

Amnanorn4ssle rpaduuecKre MoJeau ObUTH TOCTPOEHBI U 110 SKBUBAJIEHTHOMY YPOBHIO
3ByKa Irpy30BOI'0 aBTOTPAHCIIOPTA.

B kauecTBe 000CHOBaHUSI MEPONIPHUATHI MO CHIYKEHHIO SKBUBAJICHTHOTO YPOBHS 3BYKa
Ha OKPY’KaloIyIo Cpeay OT aBTOTPAHCIIOPTA MOXKHO BKJIFOUUTH apXUTEKTypPHO-TIAHUPOBOYHEIC
MEPOIPHUATHS, B KOTOPHIE BXOIHUT:

- 30HUPOBAHHE TEPPUTOPHH TOPOJIa;

- palMoHaIBFHOE pa3MelIeHNe aBTOMOOWIIBHBIX JI0pPOT;

- IJTAHUPOBKA JKUJIBIX PAOHOB;

- 03eJICHEHHNE HACEJICHHBIX MECT.

Taxke CymecTBYIOT HHKEHEPHO-OpPraHM3alHOHHBIE MEeponpusaTHsI. B HUX BKIIIOYArOT
CHIDKEHUE CTPYKTYPBI ABMKEHHUS JIETKOBOIO M I'Py30BOT0 aBTOTPAHCIIOPTA Ha MEPETPYKEHHBIX
TOPOJICKUX MarucTpassix.

st Toro 4toObl CHU3UTH YPOBEHb 3ByKa OT aBTOTPAHCIIOPTA, MPOBOJAT CIIEAYOLIHE
MEpOIIPUATHS, BKJIIOYAIOLINE OPraHM3alUIo ABMKEHHS TOPOACKOTO TPAHCIIOPTa, B KOTOPYIO
BXOJIUT:

a) BBEJICHUE OTPaHIYCHISI IPOXOAIIETO IPy30BOTO aBTOTPAHCIIOPTA IO TOPOLY;

0) perymmpoBKka paboThl cBETO(OPOB («3eeHasI BONHAY») W aBTOTPAHCIIOPTHHIX Pa3Bs-
30K;
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B) ONITUMH3ALMS CKOPOCTH JBMXKEHUS TPY30BOTO H JIETKOBOTO aBTOTPAHCIIOPTA.

Jlumepamypa
I'OCT 20444-85. llym. TpancnopTHbIe TOTOKU. MeTO onpeaeneHus IyMOBOH XapaKTe-
puctuxu. — M: U3n-Bo crangapros. — 1985.
3arypanos, 1O. H. Pa3paboTka Moiesin OLIeHKH LITyMOBOTO 3arpsi3HEHHsI TOPOICKOM Cpeibl
OT aBTOTpAHCIIOPTa AJst o0ecrieueHns OezonacHocTH xu3HeaesTenapHoctH [Texcr] / T. H.
AmnTmosa, 0. H. 3arypanos // BX/I. — 2013 r. — Ne 3. — C. 22-24.
3arypanos, FO. H. PerpeccnonHble MOJENH CTPYKTYPHI TPAHCIIOPTHBIX ITOTOKOB JUIS OLIEHKH
nryMoBoii Harpy3ku B ropoze Kopomese [Tekct] / T. H. Aatumnosa, FO. H. 3atypanos // Ma-
tepuainsl X1 Beepoccuiickoit HayuHO-TpakTH4ecKol KOH(pepeHK « Y IpaBlieHue KadecT-
Bom» MATU. —r. Mocksa, 2012 . —C. 111-112.
3arypanos, 0. H. MoxenupoBanue ce30HHBIX KOJICOAHUH TPAHCIOPTHBIX MTOTOKOB METO-
JIOM armpokcumanuu psaaoB Oypbe Aist OLleHKH KauecTBa )ku3Hu B Meramnonuce [Teker] / T.
H. Antunoga, 1O. H. 3arypanos // Marepuainsl XII Beepoccuiickoii HayqHO-IIPaKTHYECKON
KoH(pepeHIMH «YnpasneHue kauectBom» MATU. — . Mocksa. — 2013 r. — C. 154-156.
3arypaHnos, 1O. H. AHanu3 MeToauK pacdeTa S5KBUBAJIEHTHOTO YPOBHS IIyMa JUIsS OLEHKH
kauecTBa ropojckoii cpeast [Tekcr] / FO. H. 3arypanos // Coopuuk matepuanos 11 Exxeron-
HoOW Hay4HOH KoH(pepeHmn actmpanToB KUYIC. —r. Kopones. — 2011 r. — C. 78-79.
3arypanos, }O. H. Pa3paboTka MaTeMaTn4eckux Mo/eiIel 3aBUCIMOCTH aBTOTPAHCIIOPTHBIX
MIOTOKOB Ha OCHOBE CE30HHBIX KOJICOAHM JUTS YITydIIEHH Ka4eCTBa TOPOACKOM Cpeibl
[Tekcr] / ¥O. H. 3atypanos // C6. marepuanos [V Exeroanoii HayuHO#l koHpepeH1mu ac-
nmupanTtoB @TA —r. Kopones. — 2013 .
3arypanos, }0. H. Pa3paboTka u MoaenupoBaHne CTPYKTypPBI TPAHCIIOPTHBIX IIOTOKOB IS
OLIeHKH KauecTBa ropockoii cpeast [Tekct] / H0. H. 3arypanos // C6. Hay4HBIX TpyAOB 2-
oii MexIyHapoHOH Hay4HO-TeXHUUECKOI KoHpepeHuu, nocesieHHoi 50-neruto FOro-
3anaHoro rocy1apcTBeHHOTo yHuBepcutera. — . Kypck. — 2014 r. — C. 94-98.
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VK 004.93
CrnekTpbl QyHKIMIT a1reGphl JIOTUKH

B.J. IlepesicraBeknii, K.¢).-M.H., JOIIEHT, U.0. 3aB. KaeApOil MaTeMaTUKH
U €CTECTBEHHO-HAYYHBIX JAUCIUIUINH,
Tl'ocynapcTBerHOE OOIKETHOE 00pa30BaTEIFHOE YUPEKICHIE
BEICIIIETO MTPO(ECCHOHATBFHOTO 00pa3oBanms MOCKOBCKOW 00IacTH
«DrHAHCOBO—TEXHOJOTHIECKas akafgeMus», T. KoponeB, MockoBckast 0011acTb

Hsyuaromes eonpocwl, ceszamnHvie ¢ 0modpasicenuem QYHKyull aneedpvl J02UKU Ha
MHONCECMBO 6EKINOPO8, KOMNOHEHMAMU KOMOPBIX AGIAIOMCS YACMONbI COUHUYHBIX 3HAYCHUIL
nepemMeHHbIX 0151 OUHUYHBIX 3HaueHuld @yukyuu. Taxue 6eKmMopvl HA36aHbI CNEKMPAMU PYHK-
yuti aneebpwi noeuxy. ORUCHIBAIOMCIL 2eoMempuyecKue Ceoticmea cnekmpos. [lantoe uccnedo-
6aHue Mmodicem OGblmb UCHOTL30BAHO 8 3A0AUAX PACHO3HABAHUS 00pA308, Ko20a mpedyemcs
pazoenums 08a NOOMHOICECMBA BEPUIUH MHOZOMEPHO20 eOUHUYHO20 KY0d.

@yHKuny anreOphl JJIOTUKH, MHOTOMEPHBIH KyO, pa3/iesieHue.
Spectra of algebra logic functions

V.1. Pereyaslavskiy, candidate of physical and mathematical sciences,
associate professor, acting department chair of mathematics and natural-science disciplines,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

A conversion of algebra logic functions to a set of vectors, which components are fre-
quencies of value one of variables, where function value equals one is studied. Such vectors are
called spectra. Describes geometric properties of spectra. This study can be used in problems of
pattern recognition, when you want to divide two subsets of vertices of multidimensional singu-
lar cube.

Functions of the algebra of logic, multidimensional cube division.

[Tycts PJ — MHOXKECTBO BCEX BCIOJY OMPEACICHHBIX (DYHKIIUHA anreOphl JOTH-
ku (OyneBbix QyHKIMI) OT N nepemenHsix [1, C.9].

[Tycts 3anana ¢ynkums f u3 Py, He paBHAs TOXKICCTBEHHOMY HYITIO.

CnekrpoM dyukimu f HazoBeM BekTop S(f) = (1, ..., Sy) , TlIe

uucno eounuy f, y komopuix x;j=1

N

)
yucno eounuy f

a orobpaxenue s(f): f — s(f) Ha30BEM CHEKTPATBHBIM.
B sTom pabote OymyT pacCMOTpEHBI CBOHMCTBA CIEKTPOB M JOKA3aHHBI JBE TEOpe-
MBI O TEOMETPHUH PACTIOIOKEHHSI CIIEKTPOB.
Ilepeunciaum HEKOTOpPBIE TPOCTHIE CBOMCTBA CIIEKTPOB:

1) S(f) S [0, 1]’7 pst moboit f € P
2) Bce BepiuHbl Ky6a [O, l]n ABJIAIOTCA CIIEKTPAMH HEKOTOPBIX (PyHKIIUH.

3) Ecnu X; — HecyllecTBeHHass TiepeMeHHas (QyHKIUH f (xl,...,xn), TO
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. O6paTHOE, BOOOIIIE TOBOPS, HEBEPHO.

()=

4) Ecim gynkuus f— monotonnas [1, C.36], To X; — HecyllecTBEHHas MEpeMEHHast

1
TOT/Ia U TOJILKO TOT/Ia, KOTJa S, ( f ) = 5 .
5) ®yakuus f NpeIcTaBUMa B BUJIE
f(xl,...,xn ) =X, &g(xl,...,xl._l,xl.H,...,xn) TOT/Ia 1 TOJIBKO TOTAA, KOrAa S, (f) =1.
6) dynkuus f IpeaCcTaBUIIa B BUJIE

f(xl,...,xn ) =X &g(xl,...,xl._l,xm,...,xn) TOrZia 4 TOJBKO TOrJa, Koraa S; (f) =0.
7) Ecimn (S1 seees S, ) - CHEKTP HEKOTOpPOH ¢byHKIMH, TO

(S1 yeees S 1 =858, 500008, ) TaKKe CIIEKTP HEKOTOPOH (DyHKIIUH.
8) Ecnu npencTaBuTh reOMETPUUECKYI0 HHTEPIIPETALUIO eMUHUL] PYHKINU [ TOUKaMH
n
Ky0a [0,1] C PaBHBIMH MaccaMH, TO CHEKTp (GpyHKUWH f OyJeT UMETh CMBICI LIEHTPa TSKECTH
CUCTEMBI eTUHUI] (PYHKINH |
JoxazarensctBo. CBoiicTBa 1) 1 §) clenyr0T HEMOCPEACTBEHHO U3 ONPEACICHUS

n
o; O g,
crektpa. OyHkiun Buga [ = & X' UMEKOT CieKTpsI (1 L, 1 ), 4TO TOKa3bIBAET 2).
i=1

CpoiictBo 3) ciemyer w®W3 TOro, 4TO €CIH f(al,. e, Q, ) =1, 10 ®
f(al,. 7 ,an) =1 ®ymiams ke [ (X,,X,) =X X, VXX, cyuectsento 3apu-
(11
CHT OT JBYX ITIE€PEMEHHBIX, HO IMEET CIIEKTp, PaBHBIN 5’_
Tak KakK f(al,...,al._l,O,aM,...,an):1 BJICYET
. 1
f(al,. .. ,05[71,1, s ..,an) =1 a1s MOHOTOHHEIX GbyHKIMH, TO S; (f) > 5 , 1 eciu
1
Si(f)ZE’ TO Her  HabopoB a=(al,...,ai_l,o,ai+l,...,Otn) u

ﬂ:(0{1,...,al._l,l,am,...,an):1 TaKuX, 4TO f(a)zo,a f(ﬂ)ZI,cnez[oBa-

TCJIBHO, X; — HECYILICCTBCHHAs IICPEMCHHAA, U CBOMCTBO 4) JIOKa3aHo.

n) HUMEET CIIEKTP

CaoifctBa 5) u 6) cienyior u3 coiictsa 8). Ecin f (xl yeeesX

(Sl,...,Sn), TO f(xl,...,;i,...,xn) HMeeT CIEKTp (Sl,...,l—Si,...,Sn) , UTO JIOKa-
3BIBAaET CBOMCTBO 7).

3ameuanne 1. CrektpanbHoe otobpaxenue §: P — [O,l]n npu n=>2 He
B3aMMHO OJIHO3HAYHOE.

Hanpumep, pyHKINM OT 1 IEPpEeMEHHBIX f1 =lu f2 =X, X, V X, X, UMEIOT CIIEKTPEI
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S0 =s(5) =303 )

n
3ameuanne 2. Bce crekTpbhl MOHOTOHHBIX (DYHKIHH JieKaT B KyOe [5’1} . Bce Bep-

IIMHBI 3TOrO Ky0a SIBJISIOTCS CHEKTPaMH HEKOTOPBIX MOHOTOHHBIX (yHKuui. OrpaHuueHue s
Ha MHOXE€CTBO MOHOTOHHBIX (DYHKIIMH TaKk)Ke HE B3aMMHO OJIHO3HauYHOE OTOOpaKEeHHE.
JlokazaTenbCTBO cienyeT u3 CBOMCTB 1), 4) u 5) u Toro ¢akra, 4to GYHKIHH fi U f; OT

n MCPEeMCHHBIX TaKHUE, YTO f‘2 = xlxz Vv x3x4 . .f2 = x1x3 \Y x2x4 SIBJIAKOTCA MOHOTOHHBIMH H

555551 1
I/IMB}OTCHGKprIS(fl‘):S(f‘z):(7,7,7,7,7,5,... Ej

o n
Teopema 1. O MHHHMaIBHOM PAaCCTOSHUH MEXIy CIIeKTpaMu QyHKumid u3 P .

5

2
' - = = >6.
fsgepzm%?)¢b‘(g) S(f) S(g)H (271 _2)(2n _4) 7"0 (n)7 n
IokazarenbcTBo.  IlycThb s( fl): 4 4, , S( fz )= i bn ’
N, N, N, N,

rae N; uucno equnull GyHkuuu f;, i =1, 2.
Cryuaii 1. (N1 , Nz) =1, rme (a, b) HaMOOJBIINI 00K JeTuTeNb a U b.

4 ; . _ b a, _b .
Torna — =——, Tonbko ecit — =——=0 wm —=——=1,1e. ecnmu B i-m

N, N, N, N, N, N,
cron6ue tabnun F s H E . » CTPOKaMH KOTOPBIX SABJISIOTCS €MHHUIIbI (GYHKUHH f] ¥ f, COOTBET-

CTBEHHO, MO0 CTOST TOJBKO HYJIH, JTUOO TOJIBKO eauHuIlbl. OTCIO/a, €Cl k — YKCIIO PaBHBIX

KOMITOHEHT BEKTOPOB S( f1) u S ( fz) ,10 N, <2 w N, <2"* . Tockonsky Hepasmbic

1

KOMITOHEHTBI § (fi ) us (f‘Z) OTJIMYAIOTCA HE MCHEC UCM Ha , TO IOJIy4aeMm, 4TO

1772

Jn—k  #n—k (2'-2)(2"-4)

HS(](;)_S(/;)HZ n—k ~An—k - ) n_An l"o(l’l)>l"0(l’l).
272 2 2".2

npu mobom K: 0<k<n m n>6.

Cryuaii 2. (Nl, N2)=d23.
B sTOM cityuae eciu Si(fl)isi(fz) TO

[s(R)=s(L)2ls(£)=s(£)|=
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a, _i 1l a b, >l 1 _d
o) )
d d d d
3
OTCIOHaHs(fl)_s(fZ)szn.zn ro(n), n>5

Cuyyaii 3. (Nl, Nz):2~
1
Fom N =N, 10 Ny =Ny =2 m s () =5(£)]2 7> ()

Mycrs teneps N, > N,, tne N, u N, - uérupie uncna. IIpu N, =2" nmeem
1 1 1
s(f1)=(—,... ,5}, weom (1) #5(A). 10 [s(5)=5(£)]2 5o ()
2
moGoii f> u moGoro n >4 . IMpu N, <2" =2 N, ne nomwkuo npesocxomuts 2" —4, nosro-

My
2

d
> = )
OO6benunss pe3ynbTaThl BCEX TPEX CIydaeB, HOIYydYaeM, 4TO €CIH S, ( fl) *S; ( f2 ) s

TO Hs(fl)—s(fz)HZrO(n), nx6.

Juist pyHKumit

( ) 0, Ha Habopax (1,...,1) u (O,...,O, 1);
Xy ey X, )=

s 1 B OCTaJBHBIX CIydYasx

0, na HaGopax (1,...,1), (0,...,0,1),

gz(xl,...,xn)= (O, 1,...,1) u (1, O,...,O);
1 B OCTaJIBHBIX CITydasx

oJTyJaem
1 1 27'-2 1 1 2'-3
S(gl):[a,...,z, 2n_2 j, S(gz):[z,...,a, 27[_4}
OTtkyna
2" -2 2”1 3 2
Hs(&)_s(gz)H:% "5 4% (2,1_2)(2,,_4): 0(”)
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Teopema 1 moka3zaHa.

Mo>kHO MoKazath, 4TO MpHu n =2, 3,4, 5 MUHUMAaJbHBIE PACCTOSIHUSL PABHBI COOTBET-

V232 1
CTBEHHO —, ——, —— U —— =1 (5)
6 35 195 420

PaCCMOTpI/IM BOHpOC 0 MaKCHMMaJIbHO BO3MOXHOM paCCTOHHI/II/I MC)K,Hy CHCKTpOM n
MHOXCCTBOM BCECX OCTAJIBHBIX CHCKTpOB.

n n
Jlemma 1. brimxailiiuMm K CriekTpy (1, ,1) SIBIIICTCA CHEKTP ( o 1]
n+ n+

Jn

HaXO,Z[HH.[HﬁCH Ha paCCTOﬂHI/II/I .
n+l

Jlokazarenbctso. PaccMorpum Qynkumio f " ¢ Tabuuuei equann E = (puc.1).

1

0 1

Ef,z 0 1 1
1 I 0

Pucynok 1 — Taéuuna exunng Gynkoun | :

T(f>(_1_lj (- )=s(7)

v n
Jst noxas3aTenbcTBa JIEMMbI 1 1OCTaTOYHO MOKa3aTh, YTO AJIA JI000H g € P2 , €CIln

S(g)#(l, ,1),T0 H(l, ,1)—s(g)”2£

n+1
JlokaxxeM 3TO yTBEp:KAECHUE UHYKIUEH 110 K.

Jn

>—.
n+l1

I[J'ISI n = 1 BBINOJIHEHUE HEPABCHCTBA JICTKO IPOBEPACTCH. HYCTB TCeHepb g € Pzn .

Cnydaii 1. B Tabnuue E, ectb cronbel eAMHUL. BrruepkHyB 3TOT cTOJ6EL, MONTYydnM

TaOJUIy €IMHHII HEKOTOPOH QpyHKIMHu g, € Pz" , TIPAYEM

1,...,1|- =I1...,1|- .
sl —s(g) sl =s(g)

n n—1

n—1
Ho no npexnonosxenuto uaaykmuu || 1, ... ,1 [—s ( g ) > ———  oTKyJa
H—/ n
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L...,1 —s(g) Zn—_l>£
T n n+l1

Crnydaii 2. B tabnuie £, B m1000M cTonOIe €CTh Hylb, 8 YUCIO CTPOK E, He GobleM
gyem n + 1.

B sTtom cnyuae ecnu S (g) = (Sl, cee s S, ), 10 §; < JUTst TF000TO i, OTKy1a

n+1

oo )= s(e) = |31 23— | =

i=1 T\n+1 n+1

Cnydaii 3. B Tabnuue E, B 11000M cTOJOLE €CTh HyJIb, @ YACIO CTPOK 771 TAONULBI £y
Gonbuie ueM n + 1.

n
O003HaunM Yepes k; 4ucio Hynel B i-Mm cronbue E,, Torna Zki >m—1, Tak xak B
i=1

Tabnuue £, Bce CTPOKU COAEPIKAT HyIIH, 32 HCKIIOUEHHEM OBITh MOXKET, OHOH cTpokH. CreKTp

2 2
k k : 1(L (m-1)
=l 1=, ... 1=, Y k== Dk | 2 ——,
S(g) o o a TaK Kak e P p TO

i=1

I, ) =s(g)] - zm‘l-%:fl.

m m
OTuM U 3aBE€PIIACTCSA TOKA3aTEIBCTBO JIEMMBI 1.

n
Jlemma 2. JInst mo60ro criekTpa u3 [O, l] HaWJEeTCs CIEKTP Ha PacCTOSHUM He 0OJIb-

Jn

1IeM 4eM ——.
n+l1
JlokaszarenbcTBO. PaccMOTpUM CIIEKTp S( f ) = (Sl, ,Sn) HEKOTOpO# (QyHKIMH |
.B cuny cBoiictBa 7 IOCTAaTOYHO IOKA3aTh JIEMMY JUIS CIIEKTpa (Sl, ,Sn) y KOTOPOTO
1 )
S; 2 — s IF060TO i

PaccmoTpuM KBanpaTHYO TaOnuIly A, TAKOTO BUJA: HA TUATOHAIM CTOST HYJIH, BBIIIC
W HIDKE TMArOHAIM PAclojaraloTcs B IIaXMAaTHOM MOPSIKE €IMHUIIBI U MYCThIE KJIETKH, IPU-

4eM JUIA JTFOOBIX IBYX AIIEMEHTOB a; na I # J, TaONHIBl ONVH U3 HUX — SAMHUIA, a IPYTOi

Jiv
— mycTas KieTka. Takyro TabJIuIy MOXKHO IOCTPOUTD AJIs 11000r0 7. JIjis WimrocTpanuy npyuse-
neHa tabnuua Ag (puc.2).
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0 1 1
0 1 1
0 1
A =
1 0 1
1 0
1 -1 - 120

Pucynok 2 — KBagparTHasi Tabunna Ag cneuuajbLHOro Bujaa

JlokaxkeM, 4TO TpH JIFOOOM 3aMOJIHEHUH HYJISIMUA M €IUHHUIIAMHU MYCThIX KJIETOK B Ta0-
nurie 4, He OyJeT OIMHAKOBBIX CTPOK. JIeHCTBUTENBHO, [ -5 U j-1 CTPOKH OYIyT Pa3iudaThCs B I

-M MIIM j -M CTONOIE, TaK Kak d,; = d = 0, a oauH U3 >IeMeHTOB @; WM 4 ;; PaBeH CIUHAIE

IO IOCTPOEHHUIO.

J106aBuB K A, eNMHUYHYIO CTPOKY, MOJy4aeM TabJuIly B,, y KOTOpOW TaKke MpH JIIo-
OOM 3aI0JIHEHHH ITyCTHIX KJIETOK BCE CTPOKU PA3JIMYHBL. 3aroHsIst MyCThIe KIeTKH Tabinuip B,
MOJYKHO YHMCIJIO HyJIEd B KaXIOM CTOJIOIIE CZENaTh NPOW3BOJBHBIM YHCIOM OT EJMHHUIBI JI0
2

n+l 1 k.
. HockoneKy moboe §, 2 — NPUONHKAETCA YUCIIOM BHIA I———| c Tounoctsio
n 2 n+l1
n+l )
] , e k; — uenoe uucno taxoe, uro 1 <k, <| —— |, 1<i <n, 1o npu 3anonuennu B,
+n n

IIpH KOTOPOM B i-M cTonoue B, Oynet k; HyJe, moxyInM TaONuIly eIUHUIL HEKOTOpoil (QyHK-
MU g, IpHYEeM

2

k

[s()-s(g)| < s -1

Py n+1

Eciu § (g) #S (f) , TO JIEMMa JI0Ka3aHa.

Ilycts § ( g ) =S ( f ) 3anoyIHUM OJJHY IPOHU3BOJIBHYIO ITyCTYIO KJIETKY MHAYe, YeM B

MIPEABILYIIIEM 3aI0JIHEHUH TabiHIbl B, COXpaHWB TaKMMH JKE€ 3allOJHEHUsS BCEX APYTHX ITycC-
TBIX KJIETOK. [Momyanm TabuIy €IMHHIL ¢byHkIM g4 TaKoH, 4TO

Is()-s(g) = <32

< .
n+l n+l1

TeopeMa 2 O MaKCHUMaAJIbBHOM paCCTOHHI/II/I oT CHCKTpa J10 MHOXECTBA BCEX OCTAJIbHBIX

CIICKTPOB.

CHCK’I‘paMI/I, HaubOoIee YAAJICHHBIMU OT MHOXKECTBA BCEX APYIUX CHEKTPOB, SABJISAIOTCA

n
BEpIIUHBI Kyba [0, 1] , TIpAYeM OKalImuii K BEpUIMHE CHEKTP HaXOAWUTCS Ha PACCTOSHUHI

N

n+l

JoxazarensctBo. Teopema 5 siBisieTcs MPOCTBIM CJIEACTBUEM JIEMMBI 1, JIEMMBI 2 U
CBO¥iCTBa 7.
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\n
CrnenctBue. e-ceTh, COCTOAIIAs U3 MIAPOB paguyca

C HEHTpaMUu BO BCEBO3MOXK-

n
HBIX CIIeKTpax QyHKImii 13 P, , MOKpHIBAaeT Bech KyO [0, 1] .

JokazarenbctBo. Ilpu 10Ka3areibCTBE JIeMMBI 2 HE HCIOJB30BAICS TOT (PaKT, UTO

(Sl, ,Sn) — CHOeKTp HEeKoTopod  (yHKOWHM, 3HAYUT, MO JFO00H  TOUKH

n
(al s een s an) € [0, 1] IO JIEMME MOKHO HaWTH CIIEKTP HEKOTOPOH (PyHKINH HA PACCTOSHHH,

AN
He 0OJIbIIIEM YEM ——.
n+l1

Jlumepamypa

1. s6nouckuii, C. B. Beenenue B muckperHyto matematuky [Tekcer] / C. B. SIononckwmii / M.
Hayxa. — 1986. - 384 c.
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VK 534.1
AHaJIN3 aCHMITOTHYECKH 3aTYXal0IMX KoJieOanuil
MOOMJIbHOI MALIMHBI ¢ HeJTUHEHHBIMH XapaKTePUCTHKAMH

F1O.B. IlepuyaTkuH, K.T.H., JOICHT,
A.A. Coko0.10B, K.(h-M.H., TOLIEHT,
Opckuii TyMaHUTapHO-TEXHOIOTHYeCKHH HHCTUTYT, punran @PI'BOY BIIO «Openbyprekuii
rocynapcTBeHHbI yauBepcureT», (OI'TH, r. Opck),
A.B. CepukoB, acniupasr,
OI'BOY BIIO «OpenOyprekuii rocynapcTBeHHbli yHuBepeute™, (OI'Y, r. Openodypr),
K.B. lllypun, a.1.H., npodeccop,
I'ocynapcTBeHHOE OroKETHOE 00pa30BaTENIbHOE yUPEXKICHUE
BEICIIIETO MTPOGECCHOHATBFHOTO 00pa3oBanuss MOCKOBCKOW 00JIacTH
«DrHAHCOBO—TEXHOJIOTHICCKAs akafgeMusy, T. KoponeB, MockoBckast 00J1acTb

Paccmompenvt 603mosicnocmu npumenenusi memooda Benmuyenss — Kpamepca — Bpui-
JHOIHA K PACYEMHbIM UCCLe008AHUSIM HECMAYUOHAPHBIX KOAEOAMENbHbIX NPOYECCO8 MOOULb-
Hblx Mawun. Ilpeonosicel HOBbIL NOOX00 K NPUMEHEHUIO OAHHO20 MEemOo0d, 3aK0UaAroOWUIcs 8
npeocmagnenuy pewenus Ou@pepeHyuarbHo2o ypasHenus KoiebameibHol cucmemsl ¢ nepe-
MEHHBIMU NAPAMempamu 8 ude cxooauuxcs paoos. Onpedenienvl yCio8us npuMeHeHus OaHHO-
20 ROOX00A UCX005L U3 HEOOXOOUMOTU MOYHOCIU PEUEHUSL.

BKb-meron, konebaTenbHasi CHCTEMa, MEPEMEHHBIC MapaMeTphl, CXOAMMOCTb, OIEHKA pellle-
HUSL.

Analysis of damped vibration asymptotically mobile machines with non-linear
characteristics

Y.V. Perchatkin, Ph.d., Associate Professor,
A.A. Sokolov, Ph.d., Associate Professor,
Orsk humanitarian and technological Institute, a branch of the
RUSSIAN SEI HPE «the Orenburg State University», (OGTI, Orsk),
A.V. Serikov, graduate student,
RUSSIAN SEI HPE «the Orenburg State University», (OSU, Orenburg),
K.V. Schurin, doctor of technical sciences, Professor,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

The possibilities of application of the Ventsel- Kramers-Brillouin to calculation re-
search of non-stationary oscillation processes of mobile machines. A new approach to the ap-
plication of this method, which consists in providing solutions to the differential equation of
vibrational systems with variable parameters in the form of a converging series. Defines the
conditions for the application of this approach based on the necessary accuracy of the solution.

VKB-method, oscillatory system variables, convergence, assessment decisions.

MHOTHE BBIYUCIUTEIBHBIE 337a4d HCCIIEJOBAHUN KOJCOAHUH MOOWIBHBIX MAIINH
(MM), ux 3JIEMEHTOB H MEPEBO3UMBIX IPY30B CBOIATCS K Pa3pabOTKe aJroOpuTMOB M IIPOTPaMM,
JUISl KOTOPBIX HAYaJbHBIMHU YCIIOBUSIMH SIBJISIFOTCS TOJIBKO pealibHbIe JJMHAMUYECKUE XapaKTepu-
CTHKU OOBEKTOB U MOJIENb YCIOBHI WX KCILTyaTal[lK, ¥ K 3TUM HavalbHbIM IapaMeTpaM Hpu-
BOJATCA paCUCTHBIC CXEMbI 06’beKTOB.
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B T0 ke Bpems uMeeTcs IHUPOKHUM KIIacC 3a1ad UCCIEeI0BaHUM, 111 KOTOPBIX Clydail-
HBIE TIPOLIECCHI KOJIe0aHni 001a1al0T CYIIECTBEHHOW HETMHEHHOCTHIO U HE SIBIISIOTCS CTaIlHO-
HApHBIMU U 3proauveckumMu. OTaenbHbIC QparMeHThl 3KCILIyaTanud MM XapakTepu3yroTcs
HAJIO’)KEHHEM Ha CJIydaiiHbIe MPOIECCHl YCIOBHO YCTAHOBUBIIMXCS BBIHYXKICHHBIX KOJCOAHMIA
Pa30BBIX YYaCTKOB ACUMIITOTHYECKH 3aTyXaIONIMX KOJICOAHUH, HATPUMEP, B CUTYAIlUsIX COyia-
penust ynpyrux Ten [1]. JIpyruMu npuMepaMul TaKUX 3a]1a49 SBISCTCS UCCIICIOBAaHUE KOJICOaHUi
MM c monBeckoit, 00nagaromnell HeMMHEWHOW XapaKTePUCTUKOH (C IEPEMEHHBIM KO3 PHUIIHECH-
TOM CONPOTHBIICHUS), @ TaK K€ MPH yYeTe HEIUHEHHBIX KECTKOCTEH HECYIUX CUCTEM, HAIPH-
Mep, N3THOHON WM KPYTHIIEHOW KECTKOCTH paM U Ky30BOB. B pse 3KcIepTHBIX poOieM Bo3-
HUKaeT HEOOXOIUMOCTh PEIICHHs OOpaTHOHM 3aqadn: ONpeAeCHHs NMPUYHUHBI 110 W3BECTHOMY
CIIEJICTBHIO, TO €CTh 3a/la4dl MOJAETHPOBaHUS (YCIOBHOTO BOCCTAHOBIICHHS) MCXOIHOH CHTYya-
uu [2], comeprkamieil aCHMITOTHKY.

MHorue nono0HbIe 33Ja4l CBOJATCS K peuieHnto anddepeHnnanbHbIX YpaBHEHUH C
MEPEMEHHBIMU MTapaMeTPaMH.

YpaBHEHHE K0JIeOaTEIbHON CUCTEMBI C TIEPEMEHHBIMU ITapaMeTPaMu UMEET BH/T

d?q(t dq(t d .
R+ 20+ wim 9 =09 = a0 (55) =0, (1)

rae ¢(t) — 0000meHHass KoopAuHaTa (TIepeMerIeHue);
A(t) 1 wy(t) — GyHKIMH BpEMEHH, ONpEAENsIeMble MEPEMEHHBIM KOI(PPHUIUSHTOM CO-
MIPOTUBJICHHS U JPYTHMH IEPEMEHHBIMH MTApaMETPaMH CHCTEMBI.

CymecTByeT HECKOJIbKO 10ax0a0B [3] k pemennto nuddepeHmnanbHbIX ypaBHEHUH
Buza (1). Ogaum u3 Hux ssisercst BKb-meron (Meron Bentuens — Kpamepca - bpunitosna) [4-
6]. laHHBII MeTOA 3aK/II0YaeTCs B NMPEACTABICHUH PEIICHHS B BU/IE aCUMITOTHYECKUX PSJIOB,
CXOJISIIIMXCSI TIPU OTpeeNieHHbIX 3HaueHusix aprymenrta (BKb-npubmmkenue). VM3navanbsHo
9TOT METO]| UCIIOJIB30BAJICS JUIsl TIOCTPOCHUS MPUOIMKEHHBIX PEIICHN BOJHOBOTO YpaBHEHHS
Ipénuarepa B KBAHTOBOW MeXaHWKe W ObUT pa3padoran B 1926 r. JI. Bpmmtrosnom (L.
Brillouin), I'. Bernremem (G. Wentzel) u X. Kpamepcom (H. Kramers), a taxke X. xedpdpu-
com (H. Jeffreys). B Hacrosimee Bpemss BKb-meton Haxoqut Bce Goee mImpoKoe MpUMEHEHHE
JUISL pELICHUs] IPUKIAAHBIX 33184 KIACCHYECKOH MEXaHUKH B c(epe CTAaTUCTUUECKON IUHAMU-
KH.

[IpencraBneHHslii B cTaThe MojAepHU3MpoBaHHBIH BKb-meTon 3akmiouaercs B mpen-
CTaBJICHUH PEIICHUS B BUIC aOCOJIOTHO M PABHOMEPHO CXOJSINUXCS PsI0B. PaccMoTpuM BO3-
MOYKHOCTb NPUMEHEHUsI JUIsl OOILIEero cilydyas pelleHusl ypaBHEHHs KoyieOaTeIbHOW CHCTEMBI C
MIEPEMEHHBIMHU [TapaMETPaMU.

Jlnst pemienust ypaBHeHus (1) BBeleM HOBYIO NEPEMEHHYIO S(?), 3aBHCSIIYIO OT f, a
(YHKIMIO ¢(?) IPEACTaBUM B BUjIE

(1) = ai)e” + axve™, 2)

T7e a;(t) ¥ ay(t) — Hen3BecTHBIE (PYHKITUH, TIOUICKAIIIE OTIPEIEICHUIO.

[Ipeobpasyem ypaBHenue (1) B cucremy nByx anddepeHIHaNbHBIX YpaBHEHUH IepBO-
TO TIOPSIIKa OTHOCHUTENIFHO HEM3BECTHHIX (YHKIUH a,(?) U a,(t), HATOXHUB HA HUX CIEIYIOIINE
JIBA YCJIOBUSL:

dq . ; .

i S[a;(t)e® - ay(t)e™] (3.1
da iS da, -is _
d—tle‘ +?e‘ =0, (3.2),
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IIpu 3TOM yKa3aHHasi cUCTEMa YPaBHEHUIN UMEET BUIL

% - ﬁ {[is'_(s')z + 2iAS + woz] a, (t) —

— [i5- ()" + 208 -wg| ax (1))

da 1 ([.a re\2 o ;
d_tz = — {[LS— ()" + 2ias + Wﬁ] a, (t)e?sS — )
— [8- (8)" + 228 —w] a2}
VYpaBHeHwus (4) MOKHO YIIPOCTUTH, €CITU TIOJIOKUTh
S = Wo(t)o (5)
ITpu sToM
@) = [ywy®)dt;  S0) =0 (6)
B pesynbrarte cuctema ypaBHeHuit (4) npuHIMaeT B
da e(t) .
=~ 5 la(®) - e ay(0)]
4 © (7
a e(t .
= 5 ea® - )
e e(t) = 5+ 2A(t) = Mt 22(0) )

Ot cuctemsl qudQepeHnnanbHbIX ypaBHeHNH (7) yI0OHO TIepeiiTH K paBHOCHIEHOMY
HHTETPAIbHOMY YPaBHEHHIO

a(t) = ao)+ f, M (Ha(ed, 9)
rae
e [0
aw =)
nw =2 Le (10)

Marpuua M(t) o6nanaer clieayrOmME CBOHCTBAMM:
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detM(t) = 0; SpM(t) = — &(t) (11)

Pemenne HUHTETrpaJIbHOI'O YpaBHCHUA (9), MOJYUYCHHOTO METOAOM HUTCpaluu, MOXKHO
NpEACTAaBUTH B BUIC

act) = F(,0a (0), (12)

rie
" A t t = t1 o5
F(t,0) =E+ [, M (t)dt, + [, M (t)dt, [, M (t)dt, +  (13)
u E — equnnunas Matpua.
@opmyinst (12) u (13) matoT obmiee pemreHue cuctembl U GepeHnaTbHbIX YpaBHe-
Huii (7), cnenoBaTenbHO, U TOYHYIO (hOpMYITy JUIsi OOIIEro peleHus! UCX0JHOTo ypaBHeHus (1).

Hpoussenenue marpun M(t;)M(t,)...M(t,), onpenensemsix BeipakenueM (10), Mo-
JKeT OBITh CPABHHUTEIHEHO MPOCTO (PaKTOPHU30BaHO [2]:

()M ()T (t:)... 7(t) = S5 e(t)e(t2)e(ts) o e(ty) X

X [1+ e 2i5175D|[1 4 e72i52753)] | [1 + e 2n-1750)] x (14)

1 _e—ZiSn
X (_ezi51 eZi(Sl—Sn))

DT0 MO3BOJISAET HAUTH VIS AIIEMEHTOB F-MaTpUIbl SIBHBIC BHIPAKEHHS B BHJIE CPABHU-
TenbHO MPOCThIX psnoB. [loacrasmsas (14) B (13), moxyvaem:

Fii(t,0) = —1 fte(tl)dtl +ifte(t1)dt1
X ftlg(tz)[l + e 251782 dt, — f s(tl)dtlf e(ty)[1 + +e 215 ]d¢, x
x [12e(ts)[1 +e 2" 53)]dt3 (15.1)

F]Z(t,o): 2 f €(t1)€ 2151 dtl Zf g(tl)dtl
X ftls(tz) [1+4 e 2i1752)] e=2152 g, +
+23f s(tl)dtlf e(ty)[1 + e 2E1=5D]de, x (15.2)
X fo e(t3) [1 4 e7252753)] x x e =253 dt, ...

F21(t,()):;f e(t)e 251 dt, — zf e(t,)eS1 dt, x
Xfo e(ty) [1 + e72i51=52)] dt, +

+2 Ce(t)e?Srdey [ e(ty)[1+ e 2D de, [[2e(ts) [1+ (15.3)
e ~2i(52— 53)] dts + -

Fosft,0) = 1= [ e(t)dty + 5 f e(t)dt; X (15.4)
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x [11e(ty) [1 + e 2S1=52)]e2iS1-5) dtz —

——f s(tl)dtlf e(ty)[1 + e2i61™ 52>]dt2 2e(tz) X
X [1+e” 2i(S2— 53)] 2i(S1— Sz)dt3

Jlanee, BOCIIOJIb30BABILIKCH CBOWCTBaMH IIOBTOPHBIX MHTEIPAJIOB U SIBHBIM BBIPAXKEHH-
em st £(t) B Buze (8), mepenumem psiast (15.1 - 15.4) B Bujie

t .
Fu(t,0) = [258 e~ [14 % [Fe(t)e 5 dt,

xf £(t,)e?S2 dt, + 24[ e(t,)e 251 dtlf e(t,)eiS2 dt, x

16.1
xf e(t3)e™%53 dt3f e(ty)e?Sadt, + -] (16.1)
— (W@ - [fAat 2is
Fi5(t,0) o © [ f e(tye #51dty + = x
(16.2)

xf e(ty)e 211 dtlf e(ty)e?S2 dt, ftz e(t3)e 2SS dty + ...]

0 _
Fou(t,0) = W”—Et;e “df[ [, e(t)e*s dt, + 163)

+— [ e(t)eSidt, [ e(t)e 2 dt, [ e(ty)e?S dts + .

Fo(t,0) = WZEO; e lo2at [+ [, &(t)e?S1 dt, x

xf e(t,)e 52 dt, +— s(tl)eZ’Sl dt, f e(ty)e 22 dt, x

xf e(t;)e?iss dtgf e(ty)e ?Sadt, + ...] (16.4)

JlokaxkeM aOCONIOTHYIO W PaBHOMEPHYIO CXOJUMOCTH, a TAKXKE IMONyYUM OCHOBHBIC
onenky F-marpunpst (16.1-16.4), a, 3HauuT, 1 pemenus (2), 4TO 3HAUYMTEIBHO TOBBIIIAET €ro
LEHHOCTD.

Beeznem BenuuuHy |, onpenensieMyto GopmyIioi

=2 [ le(®)dt| (17)

[MapameTpsr KoeOaTeTBHON CUCTEMBI W(?) HEWCTBUTENBHEI, B CHIy (opMyIsl (6) Be-
nunHa S(?) TakKke AeHCTBUTENbHA, OATOMY |e—15 | = 1. Toraa oneHka 1o MOIyJrO OOLIETO
wieHa psaa (16.1) nmeer Bug

1
| 22n

[ e(t)e 251 dty [ e(t,)e?S dt,
X f()tzn_z S(on—1)e_2iszn_1 dth—l f()tzn_1 S(th—l)e_Ziszn_l dthl RS

W
= (2n)! (18)

90 HNudpopmanuonHo-TexHonoruyeckuii Bectuuk Nel(03) 2015




Hcnone3ys npuBeIeHHYIO OLCHKY olriero wiena psiaa (16.1), nonyuaem

P (t0)] <[22 o= I A0t ey, (19.1)
wo(t)
au3 popmyn (16.1 - 16.4) ananornyHo nosyyaem
| ) 19.2
|Fi2(t,0)| < r:”—(o)e‘fo A®dtgpy) (19.2)
0(®
s (£0)] <[220 oIy KOs ) (19.3)
wo(t)
(19.4)

0 _rt
Faa(t0)] < [0 ¢~ 51O chgy

Ob6mee perrenue ypasaenus (1), onpenensemoe BeipaskeHueM (2), ¢ yuerom (12) mme-

eT BHU]
q(t) = [F11(t,0)a;(0) + Fi5(t,0)ax(0)]e"S+
, (20)
HF1(,0)ai(0) + Fpp (8,0)as(0)]e ™,
rae a;(0) m a,(0) HaxomsaTcs M3 HavaJbHBIX YCIOBHHA C ydeToM BbIpaxkeHHs (3.2) u
paBHBI
2 _ ;9. =0, ;9 21
a(0) = —i3E a0) =F+if 2]

rIe So = (%)0 = wy(0),

Win
q(1) = g{[Fn(t;O)eia + F(t,0)e %] e™S +

+ [Fo1(£,0)e™ + Fpp(t,0)e™*] 75}, (22)
e A= |q%— ﬁ a=- arctg— (23)
0 sy 4950

OKOH‘-IaTCJ'II)HO 06HIC€ pCHICHUC UMECT BU
4() = 2[4 4 o=1SHD] = 2 coqsip) (24)

rac
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A . _ .
;: |(F11(t,0)ela + F]_z(t, 0)3 l.a)elS| =

(25)
= |(Fa1(t,0)e™ + Fyy (t, D)e™"*)e™"|,
Im[Fyy (8,0)e™ + Fip (8, 0)e™']
B = arctg _ il
Re[Fll (t;o)ela + Fi, ﬂ, 0)e la]
(26)

Im[Fy;(t,0)e' + Fy,(t, 0)e™*]
9 Re[Fy, (t0)ei@ + Fyy(t, 0)e—ic]

= —arct

CgoiicTBa paBeHCTB (25) u (26) BhITeKatoT U3 popmyi (16.1-16.4).

OnpenenHM ycCiaoBusA MPUMEHUMOCTU JAHHOI'O METOAa.

Pemenne (2) ypaBaenus (1), moiaydyaemoe NoACTaHOBKOH KO3()(HUIMEHTOB a; ; (¢), KO-
TOpbIE OMNpENEISIFOTCS ¢ MoMoIblo Gopmysbl (12) uepe3 anementsl F-matpunst (16.1-16.4),
SIBJISICTCS. TOYHBIM W CIIPABEUIMBO IS JIFOOOrO0 MOMEHTA BPEMEHH t, €M A() U wy(t) — OIHO-

3HAYHBIC HHTETPUPYEMbIe GYHKIUHU BpeMeHU. B wactHoCTH, ipu ¢ = 0 q(0) = a;(0) + ax(0).

TouyHOE BBIYUCIIEHHE JJIEMEHTOB F-MaTPHLBI SBIAETCSA OYEHb CIOXKHOM 3a1adei, mo-
3TOMY B LENSAX MPAKTUYECKOrO NPUMEHEHHs HY)KHO OTPaHMYMBATHCS BBIYMCICHHEM MHEPBBIX
MHTErpalbHbIX WieHOB psana (16.1-16.4). YcnoBus, npu KOTOPBIX 3TH MEPBbIEC WICHH! TAIOT He-

O6XO[[I/IMyIO TOYHOCTbH, U 6y)lyT ABJATHCA yCJIOBUAMHA ITPUMEHUMOCTU METO/J1A.

JleficTBUTENBHO, UCTIONB3Ys OlieHKY (18) obmiero unena psinos (16.1-16.4), HerpynHO
yOenuThes, 9YTO TOCTABICHHbIE BBIIIE TPEOOBAHMUS BBIIIOJIHSIOTCS, €CIIN MOJOXHUTH [L-HHTErpal

(17) manbiM o cpaBHeHHIo ¢ 1:

W= %fotle(t)dtl «1, (27
YTO SKBHUBAJICHTHO yCHOBI/I}O

11w,
—|—"+ 2/1| t < 1. (28)
21w

Pemenne (20) B Hy/1eBOM MPHUOIIIKEHUH B IPOMEXYTOK BPEMEHH

1
t K W 1
20
|5+ 4] (29)
MOYKHO CUHTATh YJOBJIETBOPUTEIBHBIM U PABHBIM
q(t) = Wo(())e—fot/l(t)dt [a (0)eis +a (O)eis]
wy(t) 1 z ’ (30)

rae, cornacHo (19.1-19.4),

0 _ t
F11(t,0) = Fpp(t,0) = Zz_it;e Jy Ayt .

Fi2(t,0) = F1(t,0) = 0

92
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Mpu S = [ Ot wy(t)dt > 27 umMeeM NepUOANYECKOe IBIKEHUE, P S < 2T0 — arepuo-

JUYECKOE.

OrtmernM Tak ke, uto ammwmrya B (30) 3aBucut ot wy(t), ABISIOIIEHCS YaCTOTOM B
3aJja4ax ¢ MOCTOSIHHBIMH MTapaMeTPaMH.

[IpeanoxeHHBIH METOJ peLIeHNs] ypaBHEHHsT KOJIeOaTeIbHON CHCTEMBI C TTEPEMEHHBI-
MH TapaMeTPaMH CYIIECTBEHHO COKpAIaeT TPYJOEMKOCTb BBIYMCIEHHH MO CPaBHEHHUIO C 00-
LICTPUHIATEIMUA METOJAMHU YUCICHHOTO MHTETPUPOBAHMUS, YTO OCOOEHHO Ba)KHO IIPU HCCIEIO0-
BaHHMH peXUMOB IBKeHUss MM. Ha ocHoBaHuu [4-6] 1 MaTepuaioB JaHHOW CTAaThbU C UCIIOJIb-
30BaHHUEM METOJMK U aropuTMoB [3, 7] Hamu paspaborana nporpamma st IBM [8]. Yuursl-
Bas, YTO TJIABHBIA WICH aCHMMIITOTHKU BbIpaxkaeTcs 4epe3 (yHkimio beccens, paspaborana
nporpamma [9] ms ero Beruncinenus. Ilporpamumel [8, 9] peanu3yroT npeanoKeHHbI HAMU Me-
TOJ] B JUTMHHOH apu(MeTHKe C NEepEeMEHHBIMH ITapaMeTpaMH U MO3BOJIAIOT MOJy4aTh PEICHHS
Ha ctanAapTHbIX 11K ¢ MakCUManbHON CKOPOCTBIO ¥ HEOTPAaHUYEHHOM TOUHOCTBIO.
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VK 378.1
OueHka cTeneHu peajn3aliy KOMIETEHTHOCTHOIO MOAX0/1a B 00pa3oBaTeIbHOM
AeATeJJbHOCTH

B.H. Ctpoureaes, 1.T.H., ipodeccop,
E.A. KuakoBa, cT. IpenoiaBareib,
JLIL. Ilymckasi, OLEHT,
I'ocynapcTBenHOE OrOIKETHOE 00Pa30BaTEIFHOE YUPEKICHHE
BBICIIET0 MTPOoQecCHOHAIBHOI0 00pa3oBaHus MOCKOBCKO# 00nacTu
«DUHAHCOBO—TEXHOJIOTHYECKas akajeMus», T. Koposes, MockoBckas 001acTh

B cucmenme svicuieco obpasosanus Poccuu 6 nocneonue 2o0bl POUCX00AM 3aMemHble
UBMeHeHUsl, Uudem HenpepvleHbIll NOUCK HOBbIX (DOPM U Memodos obecnedeHus Kaiecmed
gvicuieco  00pazo8aHusi U 0OyueHuss cmyoeHmos. Bredpsemcs cmamyc «nopmgbens
KOMNEemeHYui», KOMmopbiM OONINCEH 0681a0emb U 6 OdlbHeluleM NPUMEHIMb 6 NPAKMU4ecKou
OdesimenbHOCMU  8bINYCKHUK  8y3d. Komnemenmuocmuvlii nooxo0 o00yYeHus CMAHOBUMCSL
OCHOBHBIM U 2TIAGHbIM NPUHYUROM 00YyUeHUsi 6AKANABPO8 U MASUCTPOS.

Cospemennvlii pabomooamensb 3AUHMEPECOBAH 6 MOM, YMOObL OUNTOMUPOBAHHDLU
cneyuanucm umel He MONbKO U He CMONbKO 3HAHUSL, d MO2 Obl  CAMOCHMOSIMENbHO
Gopmynuposams u  ymemv pewiamv 3a0auu N0 YAPAGIEHWI0 OusHec — NpPoOYeccamu
opeanuzayull, 8 KOMopvix OH MpyOUmcs.

IIpouecc, Mozaenb, KauecTBO, HUHHOBALIMHU.

Assessment of extent of realization of competence-based approach in educational
activity

V.N. Stroitelev, Doctor of Engineering Science,professor,
E.A. Zhidkova, lecturer,
L.P. Shumskaya, Associate Professor,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

In system of the higher education of Russia there are noticeable changes in recent
years, there is a continuous search of new forms and methods of ensuring quality of the higher
education and training of students. The status «a portfolio of competencesy» which has to seize
takes root and further apply in practical activities the university graduate. Competence-based
approach of training becomes the basic and main principle of training of bachelors and mas-
ters.

The modern employer is interested in that the certified specialist had not only and not
so much knowledge, and business — processes of the organization in which he works could in-
dependently formulate and be able to solve problems of management.

Process, model, quality, innovations.

KoMrekcHoil OLEHKOM CTENeHU ycneBaeMOCTH CTYIEHTAa By3a SIBISIETCA CPEAHUN
0aJu1, Oy4YaeMbIii UM IO pe3yNbTaTaM 3a4eTHOW M dK3aMEHAIMOHHOH ceccuil. Ilpu »TOoM B
P® mnpunsra 4-x OamibHas cucTemMa oOleHOK. OmHako MHOro()akTOPHOCTh KadecTBa
obpa3oBaHusi, OCOOCHHOCTP W MHOTOOOpa3We COBPEMEHHBIX TpPeOOBaHWH K CHCTEMeE
o0Opa3oBaHms, 0OyCIOBICHHbIE HOBBIMH TPEOOBaHMAMH K BBITYCKHHKAM BBICIINX YYE€OHBIX
3aBEJICHHM, BCE Yallle MoOyXIarT 00pa30BaTeIbHYIO OOIICCTBEHHOCTh PACHIMPATH JAMANA30H
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0aJUTBHBIX OIIGHOK, KOTOPBIM OOBEOWHSIT OBl Kak eIWHOE IIeNI0€ Pa3iIHdHBIe CTOPOHBI
OOIIECTBEHHON M MPO(QECCHOHATBHON  NEeATeNbHOCTH Oyaymiero crnenuamucta. OreHka,
IIPEK/E BCEro, NOJKHA OTPAKaTh HE TOJbKO YPOBEHb 3HAHUU, HO U JIOCTUTHYTBIM CTYyAEHTOM
YPOBCHb OOIIEKYJIBTYPHBIX, OOIICHPOPECCHOHANBHBIX, MPO(ECCHOHATBHBIX U CICIHATbHBIX
KOMHeTeHLII/Iﬁ. MpHorue BY3bl, OTKJIMKHYBIIUCH Ha Tpe60BaHI/l§I CECTOAHAIIHETO BPEMCHH, BBCIIU
WIN BBOJSAT B INPAKTHUKY OOpa30BaTeNbHON IEATENBHOCTH OaUIbHO-PEHTHHIOBYIO CHCTEMY
OLICHOK, KOTOpas NPEAIHCHIBACT IIPEIONABaTeNI0 YYHTHIBATh B BHUJIE OaUIbHON OLICHKH
Ka4eCTBO BBIIIOJIHEHHUS CTYJICHTaMH Pa3JIMYHBIX BUIOB 00pa30BaTENLHOM AESTENLHOCTH [2].

B cucreme Bricmiero o0pazoBaHHsA pa3padOTaHO M BHEAPEHO MHOXKECTBO Pa3THIHBIX
METOIVK OaTbHO-PEHTHHIOBOTO TTOAXO0Ja K OIEHKE KadeCTBa YCBOCHHUS CTYACHTAMH H3ydae-
Moro matepuana. OqHaKO Kak OBl XOpOIIM OHU HE OBUIM, OCHOBHOW WX HEZOCTATOK — OHHU HE
TapaHTHPYIOT JOCTOBEPHOCTh TOCTUTAEMBIX pe3yibTaToB. bammpHas oreHka cTyneHTta ciabo
KOppeJIMpoBaHa C JOCTHTHYTHIM MM YpPOBHeM KommereHImd [1]. BricTaBmsemass wuroroBas
cyMMa 0aJuIOB CilydaiiHa, a ee BO3MOYKHBIE IPAaHMIBI HE OTIpEIeNICHbl. A €CIIM PEe3yJbTaThI IIPO-
ecCa HEJIb3s UBMCPUTDH WJIN AUAlla30H €TI0 BBIXOAHBIX 3HAaYEHHUI HE OIPCACIICH, TO TAKUM IIPO-
IECCOM HeJb3s dPPEKTUBHO YNpaBiATh. M 4TO camoe riiaBHOE, OOJIBIIMHCTBO MPUMEHICMBIX
METO/IMK JIMIIAIOT NPEIo1aBaTels H0JIb30BaThCsI MPUBBIYHON, OTpabOTaHHONH MHOTHMH T'OJJaMHU,
4-x OanIbpHOW CHUCTEMOH OLCHOK. Pa3nmuuHbIM BHOaM y4eOHOW paOOTHI NMpEANHCHIBAIOTCS He-
paBHBIE IIKAJIBI M3MEPEHHUH, pa3HbIe TUANla30Hbl BO3MOXKHBIX OLIEHOK. MHOTHE IIKaJIbl OLIEHOK
nMeroT nauana3onsl B 10 mwm B 100 6ammos. HayuHo ke moka3aHo, 9TO OONBIIMHCTBO JIOACH
(maxe crienMaIMCTOB B CBOEH 00JIaCTH) CIIOCOOHO YETKO pa3iinyaTh TOJIBKO 712 rpamannu Ka-
YecTBa HCCIeqyeMoro mporecca (6o mpoxykuuu). KoHedHo, MOXXKHO, HaBEpHOE, pa3yMHO
npuMeHATh 1 100 6aTbHYI0 CHCTEMY OIIEHOK, HO B 3TOM CIy4ae 3a BBICIIHN Oaiul s «we-
AIIBHOTOY» TIpollecca MOJDKHA NpUHUMAThCS oneHka «100», a Hapsamy ¢ 3TUM 00S3aTeNbHO
JOJDKHBI TIEPEUHCIIATHCS HEJOCTATKH, 32 KOTOPBIE CHIDKAIOTCS OaIIbl, U YKa3bIBaeTCs KOJMUe-
CTBO MTpPa(HBIX OAIITOB 3a KaXKIbIH HEIOCTATOK.

B 1enom, NCKycCTBEHHO BBOJIUTH M NPUMEHSTH JJIsl OLEHKH d(P(PEKTUBHOCTH U Kaue-
CTBa Pa3JIMYHBIX CTOPOH M XapaKTEPUCTHUK OJHOTO M TOTO JKe Mpolecca MPOU3BOJIbHBIE U HE
COBMECTHUMBIE MEXAY cO00i HabOpbl Oe3pa3MEPHBIX U3MEPUTENBHBIX LKA HE 1eJIecO00pa3Ho,
T.K. 3TO BEJIET K IyTaHUIIE U HEOJHO3HAUYHOCTH KOHEUHBIX pe3yJbTaToB. B pesynbrare uroro-
Basi OLICHKA HE 00JIaJjaeT CBOWCTBOM €IMHCTBA M3MEPEHUH U HE OTPaKaeT peallbHOe KauecTBO
OLIEHMBAEMOT0 IpoLecca.

C 1enpio yCTpaHEeHUsI OTMEUCHHBIX HEIOCTaTKOB coTpyaHuKamu kKadenpsl YKC OTA
pa3zpabotaHa u amnpoOMpoBaHA OaJUTBHO-PEUTHHTOBAas METONWKA OIICGHKH YCIIEBAa€MOCTH
CTYICHTOB, OpHEHTHPOBaHHAs KaK Ha YypPOBCHb WX 3HAaHHH, TaK Ha OCBOCHHE WMH
OOIIEKYyNbTypHBIX,  OOIENpPO(PECCHOHANBHBIX, HPO(PECCHOHANBHBIX W CHEIHaIbHBIX
KOMIETEeHIIMA. B MeToanke NpWHATO, YTO BCE BHIBI 00pa30BATEIBHON EATETHHOCTH
OIICHMBAIOTCS IO OJHOW W TOW ke Oe3pazmepHor 4-x OamnmpHOW mikanme. Kak u mpexre,
HaMBBICIIMM [IOKa3aTelieM KayecTBa YPOBHS OCBOEHMs CTYJEHTOM 00pa3oBaTeNbHOM
JUCUMIUIMHBL WM €€ COCTaBJISIONIMX BBICTYNAeT 4HCIO S(«oTiauuHO»). Hapsgy c aTuMm,
WUTOTrOBasi OLEHKa M0 MW3y4aeMOH [HCLUMIUIMHE $SBIISETCS KOMIUIEKCHOM, CHCTEMHOH, e€e
pe3ysbTaT OTpakaeT CTEIeHb OCBOEHHS CTYJEHTOM TEeX CTOPOH M BIOB 00pa3oBaTeNIbHOM
JeATeIIbHOCTH, KOTOpPBIE aKTyaJbHBI Uil aHAIM3UPYEMOTOo Y4eOHOTO IEepHoNa M SIBISIOTCS
BOXHEHWIIIVIMHA JJIs1 TaHHOH 00pa30BaTeIbHON OpraHu3aIlni.

B 3aBucumocTH OT 0COOEHHOCTEH oOpraHu3amiu O0O0pa30BaTENBFHOTO IIpolecca u
TpeOOBaHUH, MPENBABIIEMBIX K €ro pe3ysbTaTy, METOIWKa B CBOEH OCHOBe Oa3mpyercs Ha
MIPEABAPUTENILHON JKCIEPTHON OLEHKE 3HAYUMOCTH (PAKTOPOB, XapaKTePHU3YIOIIUX KauecTBO
00pa30BaHMs, U MOXKET BBIITOJHATHCS TPEMS HE3aBUCHMBIMU METOIaMH.
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1. MeTtoa 6a/1JIbHO-PEHTHHIOBO OLIEHKU KayecTBa 00pa30BaTe/JbLHOr0 Npouecca
HA OCHOBE peaju3aluy Y4eOHO-MeTOIUYeCKOr0 YIIpaBjaeHHus By3a.

Y4eOHO-METOIMYECKOe  YIpaBICHHWE By3a IMepel] HayaJoM ydeOHOro roja
NEPEUYHCIIET, YTOUHSAET U PAHXKHPYET NMEPEUCHb BAXKHEHIIIUX CTOPOH M BIOB 00pa30BaTE/IbHOM
MIOAIOTOBKM CTYJEHTOB Ha NpeACTOosAlMi nepuon. Ilpu 3ToM KakIOMy paH:KUPYEMOMY BHIY
y4eOHOI Harpy3KH 3apaHee YCTaHABIMBAIOT MTOCTOSIHHBIN MTOKA3aTeIh 3HAYUMOCTH (BaYKHOCTH).
OmvH w3 BapwaHTOB Habopa BHUIOB Y4eOHOW HArpy3Kd C YCTAHOBJICHHBIMH JJIS HUX
KO3 PUIHEHTAMU 3HAYUMOCTH MPHUBEJICH B Tabmwmie 1.

OCHOBHBIM U TJIaBHBIM YCIIOBHEM OaJNIbHO-PEHTHHIOBOM OIICHKH SIBISCTCA TOT
OUYEBUIHBIA (PAaKT, YTO TPH JFOOOM TEPEUUCIICHHH O0pa30BaTEIHHON MOATOTOBKH CTYIEHTA
BAOXHEWIIEH  COCTABIIONICH, XapakTepU3yIOMEH  Ka4ecTBO ero  y4eObl,  sBISETCA
9K3aMEHAIIMOHHAs  OIEHKa. JIOCTUTHyTBle pe3yibTaTel 1O BCEM JPYIMM  BHAAM
00pa3oBaTeNFHON JAESITEIHPHOCTH HE MOTYT N3MEHHUThH SK3aMEHAIIMOHHYIO OIICHKY Ooiee 4eM Ha
onuH 6ay1. ToYHO Tak e, JT00bIe 3HAYSHUS HU3IINX 110 PaHTy MoKa3aTelieit 00pa3oBaTeIbHOTO
npoliecca He MOTYT M3MEHHUTH OIICHKY BBICIIIETO IO paHTy mporiecca 0ojiee ueM Ha OJWH Oasul.
YyuteiBas BBCJACHHBLIC JIOMYHICHHUA O CTCIICHU BJIWAHWUA HHU3MIECTO0 IO paHry BHUA
00pa3oBaTeNFHON MOTOTOBKH Ha BBICIIUI TI0 PaHTY BHJI, @ TAKXKE OMHPAsICh HA MPUHATYIO 4-X
0aJUTEHYI0 MIKAly OIIEHOK, MOXXHO YCTaHOBUTH, YTO MEXKIY II0Ka3aTeIIMU 3HAYUMOCTH
CMEXHBIX PAHI'OB MOKHO YCTAaHOBUTD CIEAYIOLIEE COOTHOILIEHUE:

— = ...=—==15. ()

Tab6auna 1 — Buasl yueOHo# HArpy3Kkn M MX K03¢(UIHEeHTH 3HAYUMOCTH
Ko3¢gpunmeHTsH 3HAYUMOCTH U PEKOMEH-

Bune! yueOHoi Harpy3kun JAyeMble JJIfl HUX YUCJI0BbIe BeJHYHHbI
(110 BO3paCTAHHIO)
IMocemenne 3aHATHII oy a;=0,2
AKTHMBHOCTb Ha CEMHHapax a2
BoinosHeHHe TOMANTHUX 3agaHii a3 a2 =a3 =04 =as
KonrtpoabHsbie padoThl a4 a2 +o3+ad+os=Sal =1
a2 =03 =04 =a5=0,25
IIpoMe:kyTOYHOE TECTHPOBaHHE as
JlabopaTopHbie paGoThI ab ab =5(a2+a3+ad+asS) =5
Kypcosasi padora a7 a7=5a6 =25
IK3aMeH a8 o8 =5a7 =125

Jamnapie Tabnwmbl | WUTIOCTPHPYIOT TOT (DakT, YTO €CIM Kakue-THOO BHIBI
00pa30BaTeILHON MOATOTOBKK CTY/ICHTa PABHOICHHBI 10 CTCIEHU WX BIHUSHHUS Ha YPOBCHD
OCBOGHHUS H3y4aeMoW JUCIMIUIMHBI, TO OSTHUM BHUJAM TOATOTOBKH HAa3HAYAIOTCS paBHBIE
K03 PHUIIUEHTHI 3HAYUMOCTH.

B wrore, mo kaxkmod u3ydaeMOW JUCHUIUIMHE WTOrOBas OajutbHas oreHka (Yy)
MPEICTAaBIAET COO0M B3BEHICHHYIO CyMMY OajIoB, HAOpaHHBIX CTYJCHTOM, IO KaXIOMY H3
PAHXHUPYEMBIX BUIOB 00pa30BaTEIHHOMN MOATOTOBKH:

Yz=(X.1X1+(Z2X2 +...+(Xan, (2)
rie Xy, X3 45..., Xy — OLCHKU (B JIMAITa30HE OT JBYX IO IISITH), BBICTABJISIEMbBIE CTYICHTY

3a KBl U3 n BUIOB 00pa30BaTEIBHON MOTOTOBKH;
Qg 02ye ey Oy — KOOPOUIMEHTHI 3HAUNMOCTH TOTO WJIM MHOTO PaHXMPOBAHHOTO BHUJIA
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y4eOHOIl Harpy3KH.

Mo pe3ynbratam cymMMapHOil (MTOTOBOIT) OAIbHOI OLIEHKH, BRIYMCICHHOI 10 (opmy-
e (2), CTyICHTY BBICTABIIACTCS «y4eOHAsD OICHKA: «5», «4», «3» Win «2».

Hcxons U3 NPUHSITHIX JOMYIICHUH, OLICHKA «OTIMYHO» MOXET OBITh BBHICTABJIICHA TIPU
BBITIOJTHEHUH OJIHOTO U3 2-X YCJIOBHIA:

Yr > Sa,; 3
Y): = 5(0.1 Xl +a, Xz +...+ an—l) + 4Xn

Or1leHKa «XOPOILIO0» MOXKET OBITh BBICTABJIEHA CTYJECHTY, €CIIM BBIIOJIHACTCS OJHO M3
YCIIOBHIHA:

Yr> day; “
Y): = 5(0.1 Xl +a, Xz +...+ an—l) + 3Xn

JI1st TToJTydeHus CTYZIEHTOM YIOBJIETBOPUTEILHOM OLIEHKH OCHOBHBIM M 0053aT€IbHBIM
YCIIOBHEM SIBIISIETCS] TpeOOBaHueE:

Yz > 3a,. 5)

OC00EHHOCTBIO JAaHHOTO METOJ1a OATbHO-PEHTHHTOBOI OLICHKH CTETICHH ITOATOTOBKH
CTyZIeHTa TI0 U3Y49aeMOi TeMaTHKe SBISIETCS TO, YTO UTOTOBBIHA Oami ¥z HE COOTBETCTBYET IPH-
HATOU B cucTeMe oOpa3oBaHUs 4-x OayutbHOW mikaine. [loaTomy, pyKOBOACTBYSICH COOTHOIIIE-
Husma (3), (4) u (5), momydyeHHoe uncio Yy, cieayeT mpeoOpa3oBaTh B OPYToe YUCIO, «2»,
«3», «4» mmu «5», COOTBETCTBYIOMIEe NPUHATON B PO cucteme OeHOK yCIeBaeMOCTH CTYICH-
TOB.

2. MeToa 0a/JIbHO-PEHTHHIOBOM OIIEHKH KA4YecTBA 00pPa30BaTeJbHOI0 IMpoIlecca
HA OCHOBE peaJH3alNu MoeTd MHOTO(AKTOPHOI0 IKCIEPHMEHTA.

IMonbop ko03(h(UINMEHTOB 3HAYMMOCTH ISl PA3IMYHBIX CTOPOH 00pa3oBaTENHEHOTrO
IIpoIIecca BBIMOJIHSIETCS 110 METOYy MHOTO(AKTOPHOTO SKCHEPHMEHTa U IOCTPOCHHUSI ypaBHe-
HUSI MHOKECTBEHHOH perpeccu. [Ipn 3ToM mpenmonaraercsi, 4To BIMSHUE KaXI0T0 n3 (hakTo-
pOB 00pa30BaTEIBHOTO TMPOIEcca Ha KA4eCTBO YCBOCHUS CTYAEHTOM H3Y4aeMOro Marepuala
HOCHT JIMHEWHBIH XapakTep. [Ipy HEOONBIINX JOMYCTHMBIX JAWANa30HAX W3MEHEHHS UTOTOBOM
OLICHKH U COOTBETCTBYIOLIUX OLIEHOK BCEX CTOPOH 0Opa30BaTEIbHOW IMOATOTOBKM NOJOOHOE
MIPEATOII0KEHHUE BIOIHE JIOMYCTHMO.

OpvH 13 BapUaHTOB PaH)XMPOBAHMS TPEX CTOPOH 00pa3oBaTEIbHOW IMOATOTOBKHU CTY-
JICHTOB TPOBEAEH II0 METOAY MHOTrO(aKTOPHOTO 3KCIEPHUMEHTa M IOCTPOCHHS ypaBHEHHS
MHO>KE€CTBECHHOM perpecCun WIIOCTPUPYETCA JaHHBIMU, IMMPEACTABIICHHBIMU COOTBETCTBEHHO B
tabmune | u tabnune 2.

B Ttabmmne 1 ¢axkTndecku ycTaHOBIEHBI TPEOOBAaHUS II0 BBICTABIECHHIO HTOTOBOM
OLICHKH CTYAEHTY 32 U3y4aeMylo AUCIMIUIMHY IPH HAIWYMU BakHelIero gaxropa (X3) u pa-
KHUPOBAHMS OCTAIBHBIX (haKTOpoB. JlaHHBIE TAONHMIBI WUIIOCTPHPYIOT BIHMSHUE TI'PAaHUYHBIX
3HaYeHnH GakTopoB X; U X, HA U3MEHEHHE Pe3yibTaTa, JOCTUTHYTOrO 10 (akTopy Xj.

ITo ucxonHBIM AaHHBIM TAOJIHLBI 2 BHIYUCICHUE KOI(DGHUINEHTOB 3HAYUMOCTH @, O,
01 BBITIOJTHEHO 110 METOY MHOXKECTBEHHOMN PETPECCHH, U PE3YJIbTaThl IPEJICTABIECHBI B TaOIHIIE
3.
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Taouna 2 — IHoanblii (paKTOPHBII IKCHEPHMEHT 110 YCTAHOBJICHUIO CTEIICHH
BJausiHAA pakTopoB (X;, X;, X;3) HA HTOTOBYIO OLIEHKY KauyecTBa 00pa30oBaTeIbHOI MOA-
TOTOBKHM CTYJ€HTa

o a2 a3 Yx
2 2 2 2
5 2 2 2
2 5 2 2
5 5 2 3
2 2 3 3
5 2 3 3
2 5 3 3
5 5 3 4
2 2 4 3
5 2 4 4
2 5 4 4
5 5 4 5
2 2 5 4
5 2 5 4
2 5 5 5
5 5 5 5

Tabauna 3 — PerpeccMoHHbIH aHAIHU3 MHOTO()AKTOPHOI0 IKCIEPUMEHTA
BBIBOJI UTOI'OB
Pezpeccuonnaa cmamucmuka
Mnuoxk. R 0,951972
R-kBaapar 0,90625
Cran. 0,353553
omudKa
Haoaroe- 16
HHSA
Hucnepcuonnstii ananus
df SS MS F Fkp.
Perpeccus 3 14,5 4,83 38,67 1,-?)16]2
OcraTtok 12 1,5 0,125
Hroro 15 16
Cman-
P- Huore. Bepx.
Koagpep. oap. t-cmam. 3nau. 959 959
ouuoKa
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Y-nepec. -0,58 0,41 1,42 0,18 | -1,48 0,31
a 0,17 0,059 2,83 0,02 | 0,038 0,29
a 0,25 0,059 4,24 0,001 | 0,12 0,38
& 0,75 0,079 9,49 6’_::)17E 0,58 0,92

HOJ’Iy‘leHHbIe HUTOI'H, MPEACTABJICHHBLIC B Ta6n1/1ue 2, TMO3BOJIAIOT 3allMCaTh YPaBHCHUC
(2) B cnenyromeM BUE:

Y>s=-0,58 + 0,17X; + 0,25 X, + 0,75X;, 6)
U3 KOTOPOTO CIEIyeT, YTO UTOTOBas OICHKAa 00pa30BaTEIbHON MOATOTOBKH CTYICHTA
M0 M3ydJaeMoHl AWCIUIUINHE — ecTh menoe uncio [Yy], Hambonee Omm3koe k mpuHATOW B PO

Tpaganny OMEHOK: «2», «3», «4y» HiH «5».

3. BoicTaBjieHHe MTOrOBOi OLEHKHM IO METOAY AHAJIM3A Bapualuil uaeanbHO#
MATPHULbI CPABHEHMI.

ITpennaraemslii TOAXOA K OLEHKE KauecTBa YCBOEHHsSI CTYAECHTOM HM3Yy4aeMOTo Kypca
0azupyercsi Ha NOCTPOSHHU HJIEaJbHOW MaTpHLbl CpaBHEHWH (JIMOO MaTpUIb CPaBHEHHUH —
OnM3KOM K uaeaibHOW). MeanbHas MaTpuia CpaBHEHHUI MpeACTaBisieT co00i KBaIpaTU4HYIO
MaTpHlly, NOCTPOSHHYIO Ha CPaBHEHMHU ee 3JeMeHTOB. [Ipu aHamu3e oOpa3oBaTEIBHOIO IPO-
Lecca 3JIeMEHTaMH MaTpPUIbl BBICTYNAIOT KO3 GHUINEHTH! (HAKTOPOB, XapaKTepHU3yIOIIe 3Ha-
YUMOCTh K)KIOTO M3 HUX IO CTENICHU BIIMSHUS HAa YPOBEHb JOCTH)KEHHS HUTOTOBOTO PE3yJIbTa-
Ta.

Ecmn daktop A Heckombko BakHee (aktopa b m OoJiee CyIIECTBEHHOE BIHSHUE
OKa3bIBaeT Ha 00pa30BaTEIBHBIM TPOIECC, TO Ha IEPEeCeUEHUH 3JIEMEHTOB MaTpuibl (AKB)
CTaBUM YHCIIO 2 WM 3, a Ha MepeceueHrt MIeMeHTOB (b A) CTaBUM COOTBETCTBEHHO yucia 1/2
wia 1/3. Ecam dakrtop A siBHO BakHee ueM (akTopa b, TO B MaTpulle CpPaBHEHHH Ha
repecevYeHu  napsl 3jaeMeHToB (AB) 3anocuMm 4 wim 5, a Ha nepeceuenun napsl (BA)=1/4, 1/5
— COOTBETCTBEHHO. AHAJOTMYHBIE PACCYKAECHHS MOXHO IpPOJOJDKUTh, HE PaCIpOCTPaHss
JIarna3oH CcpaBHEHUI 3a mpejensl gucia «10».

Jis mpumepa, B Tabiuie 4 NpEeNCTaBICHbl KOJMYECTBEHHBIE PE3YJbTaThl MapHBIX
CpaBHEHUH YeThIpeX yCIOBHBIX (QakTopoB (A, b, C, /]) N0 cTeneHH UX BIMSHUS Ha pe3yibTa-
THUBHOCTH 00pa3oBaHus. Ynco Kax ol sUeiKy Tabaubl 4 OTpakaeT pe3ysbTaT NapHBIX CpaB-
HeHUH (pakTopa CTPOKU ¢ COOTBETCTBYIOIUM (DaKTOPOM CTOJIOLA.

Tabnauua 4 — MaTpuua napHbIX cpaBHeHHii (pakTOpPoB 00pa3oBaTeILHOrO MPO-

necca

®DakTopbl A b C pl|
A 1 3 5 6
b 1/3 1 5/3 2
C 1/5 3/5 1 6/5
pi 1/6 1/2 5/6 1

Ecyi 1o 4McioBbIM JaHHBIM TaONULB!l 4 NOCTPOUTL MaTpuiy M M €€ DIEMEHTHI @

00J1a/IaI0T CIIEAYIOIMMU CBOMCTBAMHU:
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1. ei=1;
2. Qik = 1/(pk1,
3. Qik*Pra = Qi

TO TIOCTPOCHHAsI MaTpuna M sBIsieMcsl WAeaIbHON MaTpHuIeld cpaBHEHHH ¢ cOOCT-
BEHHBIM CTOJIOLIOM

?,

o= ... U COOCTBEHHBIM 3HAaYEHUEM A = 4, T.€.

@,
M 2@ = Ao = 4°@.

Juist matpuibl M BOCIHOJIB3YeMCSl OHUM U3 CIIOCOOOB MPUOIMKEHHOTO BBIYUCICHUS
COOCTBEHHOI'O CTOJIONA.

1). 3anuceiBaem MaTpuily M B pa3BepHYTOM BUE:

1 3 5 6
/3 1 5/3 2
1/5 3/5 1 6/5
1/6 1/2 5/6 1

2). CymmMHpyeM 3JIEMEHTBI KK/I0H CTPOKU U 3aMMCHIBACM IOJTyUCHHBIE PE3yJIbTaThl B
croJoers:

15,0
5,0
3,0
2,5

3). CxnaznpiBaeM Bce JIEMEHTHl  CToJIOIA X U JICNUM KaKAbIH U3 €ro 2JIEMEHTOB Ha
MOJTyYEHHYI0 CyMMy X = 25,5:
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0,588
0,196
0,118
0,098

Jlns mpoBepKH TOTO, UTO  CTONOEI (P SABISIETCSI COOCTBEHHBIM CTOJIOIIOM MaTpHIsl M
HEOOXOIUMO YMHOXKHUTE MaTpHIly M Ha CTOJIOCI (p M IPOBEPUTH BEITIOTHCHHE YCIIOBHIA:
1). M @ = Ao = 4+¢; @)

2). CymMa 371eMEHTOB CTOJIOIA () paBHA €IUHUIIC;

3). Anst pa3BepHyTOTO BEIpaskeHUs (7)

1 3 5 6
Ly 2, 0.588 2.354
3 3

0.196 0.785
13 6 =
— = 1 =] o118 0.471
5 5 5

0.098 0.392
1 1 5
- - = 1
6 2

ONPpCACIIUTD BBIITOJIHACTCA JIX PABCHCTBO

H1o_ _ Hn

V1 Vi

2,354/0,588

[Inanupys opraHu3anuioo y4deOHOro Iporecca, Oa3UpYIOLIErocs Ha 3JIEMEHTax
JMCTaHIIMOHHOTO 00pa3oBaHus, CeAyeT BCerja MOMHUTb, 4To d((PEKTHBHOE 3alIOMHHAHUE U
OCBOCHHME HOBOM HH(pOpMaIUK (GOPMUPYETCS B pe3yJbTaTe €€ IOIYYCHHUS 10 CIyXOBOMY H
3pUTENIFHOMY KaHaJlaM BOCHPHSTHS, a 3aT€M €€ CaMOCTOSATENIFHOTO aHaln3a, anpoOaluy |
MIPaKTHYECKOTO UCIIOJIb30BAHMS JJISl PELICHUS] KOHKPETHBIX 3a7ad.

CoBpemMeHHBI T1epron  pa3Butusi Poccun deTtko 0003HauMs — HEOOXOJUMOCTh
OOHOBJICHHSI OCHOBHBIX NPHOPUTETOB B 00JacTH 0Opa30BaHMS B COOTBETCTBHH C MHPOBBIMH
teHaeHIsIMA. CrictreMa 00pa30BaHU — Takas e WHPPaCTPyKTypa Oyaymiel SKOHOMHKH, KaK
TpyOONPOBOABI HE(PTH VI TElepeIlHell SKOHOMUKH. Benyiumid U3 NpPHOPUTETOB KadecTBO
00pa3oBaHys HAILEN CBOE BHIPAKCHUE B HALMOHAIBHOW OKTPHUHE POCCHHCKOTO 00pa3oBaHM,
9YTO MPOJUKTOBAHO HAJIMYMEM OCHOBHOTO IIPOTHBOPEYMS MEXIY COBPEMEHHBIMH
TpeOOBaHMSIMH K  KadecTBy  oOOpa3oBaHHsA, oOOeclednBaeMOMy  0Opa30oBaTEIbHBIMH
YUpCKACHUAMU, U OTPAHUYCHHOCTHIO, IMPUMCHACMBIX MCETOIUK M TEXHOJIOTUI B mnmpouecce
yhnpapieHus. DT0 MOOYXJIaeT K MOUCKY HOBBIX M A(P(PEKTHBHBIX MEXaHM3MOB YIIPaBICHHS
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KadecTBOM 00pa30BaHMSI.
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VK 004.056
TexnoJsiorusi «<ungposoe nepo» npu odecrneveHU UHHOPMATHOHHOM
0e3omacHOCTH (pMHAHCOBO-KPEANTHBIX JIEKTPOHHBIX ONepaluii

®.A. YcneHckuil, MarucTpaHr,
B.A. MapaMbIruHa, CTYyJICHT,
A.B. lllmenes, cTyneHr,
B.H. CoJsiHoii, K.B.H., JIOIEHT, 3aB. Kadeapoi,

A.N. CyxoTepuH, K.B.H., IOLIEHT, 3aM. 3aB. KaQeapoiu,
I'ocynapcTBeHHOE Oro/KETHOE 00pa30BaTENIbHOE YUPEXKICHUE
BBICIIET0 ITPoQecCHOHaIBHOI0 00pa3oBaHusi MOCKOBCKOI o0nacTu
«DUHAHCOBO—TEXHOJIOTHYECKas aKkaeMus», T. Kopones, MockoBckast 00s1acTh

B oannoti cmamve obocnosana yenecoobpaznocms uccied08anus OGO MexXHONI02UU
«yudposoe nepoy, Kak HOBbIU YeNecoOOPA3HbIL MEXAHUIM, Obecneuusarowull 6€30nacHoOCmb
PUHAHCOBO-KPEOUMHBIX INEKMPOHHBIX ONEPAYULL HA OCHOBE KOMNIEKCHO20 UCTIONb30BAHUSL CO-
8peMeHHbIX Memo008 obecnevenusi Ub:

®  DJIEKMPOHHOU NOONUCU,

®  OUOMEmMPUYECKUIL MEXAHUIM YUDPOBOU 3aUumbl;

®  DJIEMEHMO8 UCKYCCMBEHHO20 UHMENNEKMA — Helpocemetl, 0Jisk (POPMUPOBAHUSL KITIO-
yell Wu@dposaHus.

WNudopmanmonHast 6e30macHOCTb, HACHTH(UKAIMS, ayTeHTH(UKAIMS, IEKTPOHHAS IOJIIHCH,
crcTeMa 3JIeKTPOHHOTO JIOKYMEHT0000pOTa, HEHpOCETh.

The technology of «digital pen» in information security financial and credit elec-
tronic transactions

F.A. Uspensky, master student,
V.A. Maramygina, student,
A.V. Shmelev, student,
V.N. Solyanoy, candidate of military sciences, senior researcher,
A.L Sukheterin, candidate of military sciences, senior researcher,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region

The article deals with advisability research of new technology «digital pen» as a suit-
able mechanism to provide safety of financial and credit operations. This technology based on
the complex use of modern methods information security:

e electronic signature;
e biometric digital protection mechanism;
o clements of artificial intelligence (neural networks to generate encryption keys)

Information security, identification, authentication, electronic signature, electronic document
management system, a neural network.

[Ipy MCHoNB30BaHUKM COBPEMEHHBIX MH()OPMAIMOHHBIX CHCTEM, MBI BCE Yallle 3ajy-
MBIBaeMcsl 0 0€30IMacHOCTH U COXPAHHOCTH HAMWX JaHHBIX. OmHO W3 3PPEKTHBHBIX pEIICHIHA
JaHHOTO BOIIPOCA SIBISIETCS BHEAPEHHE B MHPOPMALMOHHYIO CUCTEMY 3JICKTPOHHOTO, a TJIaBHOE
KOH(QHICHIMAIBHOTO HOKyMeHT0000poTa. CleayromuM [IaroM pa3BUTHUS SBJISAETCS NPUMEHe-
HHE HH()OPMALIMOHHBIX TEXHOJIOTHH 91ekmpoHHOt nodnucu. B nocineqHee BpeMs 3JIeKTPOHHAsS
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MOAIICH TOJTy4YaeT Bce OOoJblIee PaclpOCTPaHEHHE B OTEUECTBEHHBIX KOPIIOPATHBHBIX HHDOP-
MalOHHBIX CUCTEMAX.

DJIeKTpOHHAs MOJANKCH — 3TO clieln(UUECKUd aTpuOyT, KOTOPBI CTaBUTCS Ha OIpe-
JICIEHHON KaTeropuu 3JIEeKTPOHHBIX JOKYMEHTOB, UYTO CBHJECTEILCTBYET 00 HX IOPHIUYECKOU
cuiie U 3akoHHOCTH. Tak, @3 «O0 FIeKTPOHHO! MOAMKCHY ONPEAEIIET CYILECTBOBAaHHE TPEX
BUJIOB TaKOTO aTpuOyTa, KaXKJblil M3 KOTOPBIX UMEET CBOM XapaKTepHble OCOOEHHOCTH U OTIIH-
YHUTEIbHBIE CBOMCTBA.

DJIEeKTpOHHAS TOAIUCH MOKET OBITh MPOCTOH, YCHIEHHOM HEKBAIN(HLINPOBAHHON U
YCHIICHHOH KBaJTM(UIIUIPOBAHHOM.

O chepax npumeHeHuss D11 MOKHO TOBOPUTH OECKOHEYHO, MOCKOJBKY BCE Chephl
KHU3HEAEATEIPHOCTH YeJIOBEKa, I'/le TaK WM WHAYe MCIONB3YIOTCS TPaJUIHNOHHBIE OyMasKHbIC
JOKYMEHTBI, PaHO WJIM MO3JHO CTaHOBATCS chepaMu MPUMEHEHHS 3IEKTPOHHOTO TOKYMEHTO-
obopora. C mpuMeHEeHHEM >JIEKTPOHHOTO JOKYMEHTa 000pOoTa BO3MOKHA Iepefada Iopuande-
CKH Ba)KHOW MH(OPMAIHH.

DNEeKTPOHHBIM JOKyMEHT, 3aBepeHHbIN Oll, akTHBHO pa3BHBaeTCs MMEHHO B CHCTEME
0aHKOBCKUX NPAaBOOTHOLIECHUII. B OaHKOBCKOM cpeze pa3BUTHE HOPMATUBHOTO IIpoliecca pery-
JIUPOBAaHMA MPOLEYPhl UCIIOIB30BaHMs AIEKTPOHHOrO AJoKyMeHTa 1 OI1 mpoucxoauno 3a10aro
Jo npuHATHA QenepaibHoro 3akoHa «O06 OI1» u wactu 2 'K P®. Baxwrelimas pois B JaHHOM
npouecce npuHaaexkana Llearpansnomy banky Poccun. Lentpanbubiii bank npussit 6onblioe
YHCIIO HOPMATHBHBIX aKTOB, KOTOPBIC OIPEAEISUIN XapakTepHocTh nmpuMmeneHus OII B cpene
MIPaBOBBIX (PMHAHCOBO-KPEIUTHBIX OTHOLICHUH. Ha ceronHsmHuii 1eHb HOPMAaTHBHBIEC TPaBO-
Bble akTHl LlenTpansaoro banka P® »dekTuBHO NEHCTBYIOT M YIPABIAIOT MOPSIIKOM TpHUMe-
HeHus OIl B 6aHKOBCKOH cepe, HAUMHAS OT TPAAULMOHHO CIOXHBIIMXCS OTHOLICHUH MEXIY
KOMMEepYEeCKHMMHU OaHKaMHU U UX KIIMEHTaMH U 3aKaHunBas ocymecTtrieHneM [[b P koHTpois-
HO-HAJI30PHOM POJIM U NPEJOCTABIEHNEM OTYETHOCTH B DJIEKTPOHHOM BHUJE KPENUTHBIMH Opra-
Hu3auusamMu. CHavyajna HeoOXOJMMO NPH3HATH FOPUIUUECKYIO CHIIY 3JIEKTPOHHOI'O JIOKYMEHTa,
noanucanHoro OII, myrem nojoxwurensHoi nposepku OII. Ilpu 3TOoM mpakTHdecku BO BceX
Cly4yasX BCE€ HOpMAaTHBHbIE U MpaBoBble akThl LleHTpanbHo banka P® noarBepkaaio B nuue
cobcrBennuka DIl ropunuueckoe o - KPeIUTHYIO OPraHN3aIMIo WITH XKE €€ KIMEHTa.

ITpu nomouu otkpsIToro kioda 311 MOKHO onpenenuTs, KTo sABasercs aBTopoM. Ce-
rofus LeHsl Ha OI1 He Tak y» M BaXKHBI [I0 CPABHEHUIO C TEM, KaKyl0 OHA IPUHECET MOJIb3Y.

[Tpenna3HayeHa 3MEKTPOHHAS MOAMKCH ISl MICHTU(PHUKAINA JIMLA, KOTOPOE IOAIICa-
JIO 3NIEKTPOHHBIA JTOKYMEHT, 3TO MOJHOIIEHHAs 3aMeHa COOCTBEHHOPYYHOH HOAIMCH B NPEIy-
CMOTPEHHBIX 3aKOHOM CIIy4asiX.

bnaronaps 3J1€KTPOHHOM MOATIUCH MOSIBJIIETCS BO3MOKHOCTB!

® KOHTPOJIUPOBATh LIEJIOCTHOCTh IIEPENABAEMOr0 JOKYMEHTa — BO BPEMs CIy4alHOTO
WIN TIpeHAMEPEeHHOI0 M3MEHEHHs JOKyMEHTa IOJIUCh CTAHOBUTCA HENEHCTBUTENBHOM, Tak
KaK OHa BBIYMCIISIETCS HA OCHOBAHMU MCXOJHOTO COCTOSIHUSI JJOKyMEHTa U OyJeT COOTBETCTBO-
BaTh TOJIBKO €MY;

® 3aIIUTHUTH JOKYMEHT OT HE3aKOHHOTO PEJaKTHPOBAHUS — B OOJBIIMHCTBE CIIy4aeM Ipr
TIIATEIBHOM KOHTPOJIE LIEJIOCTHOCTH JOKYMEHTA IOSIBIISIETCS] TapaHTHsI OOHApyKEeHUs MOIJIe-
KM ¥ JieT1aeT npouecc GanbcuduKkanmum T0KyMeHTa HelleJIeCo00pa3HbIM;

® HEBO3MOJYKHO OTKa3aThCs OT aBTOPCTBA — CO3/1aTh KOPPEKTHYIO MOAMHUCH MOYKHO, TOJb-
KO CO 3HAHMEM 3aKpBITOrO KIII0Ya, KOTOPBII MU3BECTEH TOIBKO €€ BIAJAENbIly, I03TOMY OH HE
CMOXET OTKA3aThCs OT CBOEH MOCTaBICHHOW MOJANNCH NOJ JOKYMEHTOM;

® JIOKa3aTeIbHO MOATBEPAUTH aBTOPCTBO JOKYMEHTA — IIOCKOJIBKY CO3JAE€TCS KOPPEKT-
HAasl MOJAIKUCH TONBKO IPHU IMOMOIIH 3aKPBITOrO KIII0Ya, TO BIAJENEl Maphbl KIKOYEH JETKO JOKa-
JKEeT CBOE aBTOPCTBO MOJMMCH NOJ J0KyMeHTOM. OT TOro, Kakue MMEIOTCS JAeTalld OoIpesere-
HUS JOKYMeHTa, 0003HAYaeTCsl HaJIW4Me IOJI ITOAIKICH TaKuX IOJIeH: «aBTOp», «METKa BpeMe-
HI», «BHECEHHBIE U3MEHEHUS» U T. 1.

[Tonp30BaThCs NMEKTPOHHOM MOAMMCHI0 MOTYT (DPU3MUYECKHE U IOPUAMYECKUE JINIA KaK
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aHAJIOTOM COOCTBEHHOPYYHOW MOATHNCH, YTOOBI 3JIEKTPOHHOMY JOKYMEHTY NMPHUIATh IOpUANYe-
CKYIO CHIIy, PaBHYIO IOPHIMYECKOH chiie OyMa)KHOTO JOKYMEHTa, KOTOPbIil IMOAMUCaH coOCT-
BEHHOPYYHOI MOJIMHUCHIO U CKPEIUIEH NeYaThio.

[Ipu ncnons3oBanuu D11 MOXKHO 3HAUUTEIBHO CHKOHOMUTH BpeMs, KOTOPOE YXOJHUT Ha
TO 4TOOBI MPOM3BECTH OOMEH JTIOKyMEHTauue 1 odopmiieHHe cOeaKH. Y COBEPIIEHCTBOBATh U
yIEIEBUTh POLEYPY XPaHEHHUs, TOCTaBKH, HOATOTOBKU U y4eTa JOKYMEHTOB. MUHUMH3HPO-
BaTh PUCK (PUHAHCOBBIX HOTEPb, Onaromaps TOMY, YTO 3/€Ch MOBBIICHHAS KOH(UAECHINAIb-
HOCTb MH(OPMALMOHHOTO 0OMEHa, a TAK)KE T'apaHTHPOBATh JOCTOBEPHOCTH JOKyMeHTarmu. K
TOMY K€ MOXKHO ITOCTPOHUTH LIEIYI0 KOPIIOPATHBHYIO CHCTeMYy oOMeHa mokymeHTamu. [lomme-
natb Ol HeBO3MOKHO.

CymiecTBYIOT pa3HbIe CIIOCOOBI cPOPMUPOBATH ICKTPOHHYIO MOANMCH. Ha mpakTuke
CaMbBIM yIOOHBIM M PacHpOCTPaHEHHBIM CIIOCOO0OM siBisiercs co3manue Jll ¢ momormpio ABYyX
KIIFOYeH — OTKPBITOrO M 3aKkpbiToro. O6a 3THX KIIFOYa CO3JAIOTCS C IMOMOIIBIO CHEIHATbHOM
mmngpoBaibHON Mporpammbl (Hanpumep, «Kpunro-npoy»). s cozgaHusl 3aKphITOro KIKOYa
HE00X0AUMO JIOO XaOTUYHO JIBUTAThH MBIIIKY, JIN0O OECCUCTEMHO HAXXMMATh KIIABHIIH Ha KJa-
Buatype. IlporpamMma mpeoGpa3yeT 3TH JOBIKEHHS B OYEHb JJIMHHBIA HabOp CHUMBOJOB (€ro
pasmep 512 6wur). Tak cozmaercs 3aKPBITHIH KITFOY.

3areM Ta ke IporpaMMa Ha OCHOBAHHH 3aKPBITOTO KIIIOYa CO3/aeT OTKPBHITHIH KIIIOY
(oOpatHBIit mporece — MoI00paTh 3aKPBITHIA KIIIOY 10 OTKPHITOMY KIIIOUY — HEBO3MOXeH). OT-
KPBITHIA KJTFOY ITyOJMKYeTCsl Ha calTaxX YIOCTOBEPSIOIIMX IICHTPOB M CIeIoIepaTopa CBS3H,
YBUMH YCIyTaMHU TIOJIB3YETCS BIIafeliel] KIF04a, a BOT 3aKPBITHIA KIFOU CIETyeT XPaHUTh CO
BCEMH BO3MOKHBIMH MEpPaMH MPEJOCTOPOKHOCTH.

OII co3maeT BO3MOXKHOCTh 0O€CIIEUeHHs 3alIUThl JOKYMEHTa OT MCKaKCHUI U JIesaeT
HEBO3MOXHBIM TIOAMEHY WJIM OTKa3 OT aBTopcTBa. OQHAKO UL TOTO YTOOBI HamboJiee MOJTHO
OCYIIECTBIISITH KOHTPOJIb JIOCTYNA K JOKYMEHTY M MH(OpMAlUK B HEM XpaHsIIeMcs, He00Xo-
JIIMO NPUMEHEHHUE JIOTIOJHUTEIBHBIX MEp, HAllPUMeEp, KPUNTOrpapUIECKUX.

DIl He nmpuBsA3BIBAETCS K OTAEIBHOMY I10JIb30BaTeNto. JI000ii yenoBek UMeroIuii Jie-
THUTUMHBIN JIOCTYH K 3aKPBITOMY KIIIO4Y MOXeET cTaBUTh OI1.

Be3ycnoBHO, 0Myck BO BHYTPEHHIOK CETh MPEJOCTAaBJIAETCS TOJIBKO MPAaBOMEPHBIM
TI0JIH30BATEINSM, ITOCIIE TPOXOXKICHUS IpOLiecca aBTOPH3ALMH U Bce 0€3 CKITIOYECHUS IeHCTBHA
nporokonupytores. Ho ecnm monbs3oBatens OyieT aBTOpU30BaH, TOT/a IIOMENIATh €My BBIIOJI-
HATB pa3pelleHHbIe IeHCTBHUA B CETH CTAHOBHUTHCS HEBO3ZMOXKHBIM. Ecii 3akpbIThIi Kimtou D11 —
OIIMH Ha TEJBIA OTMEN, TO B TAKOM CIIydae MOYTH KKl pabOTHUK OTHENa CIIOCOOCH MOAep-
HU3WUPOBATh, TOJMEHUTH WIH YHHYTOXKHUTH dJIEKTPOHHBIA JOKYMEHT.

CraTucTrKa MoKa3bsIBaeT HaM TO, 4To Oonee 80% pa3NuvHBIX HHIMACHTOB, CBSI3aHHBIX
¢ nH(OPMAIIMOHHON CHCTEMOIl NCXOAAT NMEHHO M3 BHYTPEHHETO IEepUMeTpa CETH, a CO3AAI0T
UX UMEHHO aBTOPU30BAHHBIE NOJIH30BATEINH.

3710yMBIIICHHUK, J€HCTBYIOIINI H3HYTPU CETH, MOKET HAPYILIUTh HE TONBKO L[EI0CT-
HOCTb JIOKYMEHTa U HH(pOPMAIMH, HO U CaMO aBTOPCTBO.

Jlist ycuiieHusl yCTOHYMBOCTH aBTOPH3AIMHK 11€7ec000pa3HO 00eceunTh CUCTEMY ay-
TEHTU(QHKALIMH CPEIACTBAMU OMOMETPUYECKOH 3aIUTHI.

B ocHoBe QyHKIMOHMPOBaHUS J1I000I OMOMETPUYECKON CUCTEMBI JIEKHT LIETOYKa
CJEeNYIOUIMX AEUCTBUM, IPEICTABICHHBIX HA PUCYHKE 1:

1.3ammuch — CUHUTHIBAIOTCS C TIOMOIIBIO CKaHepa OMOMETPHUYECKIE NaHHBIE ITOJb30Ba-
Tes;

2.BblJeJIeHHEe — K3 TPEJICTABICHHBIX OMOMETPUYECKUX JIAHHBIX W3BJICKACTCS YHH-
KanbHast uH(opManus (B BUe BEKTOpa MHGOPMATHBHBIX NPU3HAKOB MIIM KOPOTKOTO HJCHTH-
(ukanmonHoro koxaa, umHOi 10 1000 OuT), KOTOpas U OyIeT NpPeACTaBIsATh CO00H OroMeT-
pHUYecKuil «00pa3» KOHKPETHOTO YeIOBeKa;
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3.cpaBHeHHe — TIPOU3BOAUTCS CPaBHEHHE MPEACTABIEHHOTO OMOMETPUIECKOTO 00-
pa3a c OJHUM WM OOJNBIINM YHCIIOM 3TAIOHOB (IIabJI0HOB), XPAHALINXCS B 0a3€ TaHHBIX CHC-
TEMBI;

4.MpUHSATHE pelleHus] — CUCTeMa pPellaeT, COBNAJAl0T MM HET OMOMEeTpHYecKue 00-
pasbl, U BBHIHOCUT CY)KJCHHE 00 OKOHYaHHH MTPOLEAYPHl HACHTH(UKALNY, €€ TOBTOPEHUH WIIH
M3MEHEHHH YCIIOBUH €€ MpoBeNIeHNSI.
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CpaBHeHHE ¢ ITaOHAMH (GuomeTputeckie
(6romeTpruecKUMH WAGIOHAMH) ma6I0HEY)

|

HpHHHTHE peueHuA 0 NOAJIMHHOCTH
JIMMHOCTH I10J1b30BaTCA

Pucynok 1 — IIpouenypa Onomerpuyeckoi naeHTHGUKAUM

[Tpu ucnonb30BaHUM OMOMETPUUECKUX CUCTEM PA3JIEISIOT ABa peXXuMa paboThl:

e Bepudukanus — mpoiiecc, Ipx KOTOPOM CPABHUBAETCSI OJTHO C OJJHUM;
e VneHtuduxanuus — npouecc CpaBHEHUS OJHOTO C MHOTHM.

B pexume BepuduKanum, mojib30BaTellb 00BSIBISET CUCTEME KTO OH TaKOH MyTeM Iie-
penaun e€ cBOMX OMOMETPUYECKHX JTaHHBIX («OMOMeTpHKY»). Cucrema B CBOIO O4epeab J0JK-
Ha ITPOBEPHTH SIBIISIETCS JIM NOTyYeHHAs! HHPOPMAIKs IPaBIUBOi, IO3TOMY OHA CBEpSIET MOIY-
YeHHbIE OMOMETPUYECKHE JaHHbIE C NCXOIHBIM IIa0JI0HOM (3TAJIOHOM) JTAHHOTO IT0JIb30BATEIIS.

B pexxuMe naeHTH(UKAIUN MOJB30BaTENb NEpelaeT CUCTEMBI CBOM OnoMeTpuye-
CKHe JaHHBIE, HO TETeph y CHCTEMBI ApyTas 3ajadya — e HeoOXOIUMO PEeIINTh, BXOIUT JIH
IaHHBIN [MOJIB30BATENIb B YMCJIO M3BECTHBIA €M IMOJIL30BaTElIEN, a €CIIM BXOJUT, TO KTO OH?
Cucrema cpaBHUBaeT MOJIyYEeHHYIO OMOMETpUKY ¢ 0a30if JaHHBIX MIA0JIOHOB BCEX IMOJIB30-
BaTeNei CUTH, CO3/IaHHBIX paHee.

Co3/1aTh BBICOKOHA/IC)KHOE CPEJICTBO 3aIUThI MEPCOHANBHON MH(OPMAIMK YeIoBeKa
yIaeTcsl TONBKO B TOM CIIydae, eciii MCIIOJIb30BaTh HEMpPOCeTeBOe CBSA3BIBAHWE TAifHOTO OWO-
METPHUYECKOro 00pa3a uesioBeKa C ero JIMYHbIM KintodoM. [ToguepkHem, Onomerpuyeckas 3alu-
Ta YeJIOBEKa BBICOKOHAIEKHA TOJIKO TOT/IA, KOTJa MCIOJIb30BaHHbIN OMOMeTpuieckuii oopas
SIBJISICTCS TAWHBIM U €CJIM TalHBIA OHOMETPUYCCKUI 00pa3 UMEET JOCTATOYHO BHICOKYIO CIIOXK-
HOCTH (pa3MepHOCTh). B 3TOM acmekre mpocieXuBaeTcsl MpsiMasi aHaJIOTHs C KIaCCHYECKOH
Kpunrorpadueii: BEICOKas HaJJe)KHOCTb KpUITOrpadMuecKoi 3alHThl MOXKET OBITH 00ecreyeHa,
TOJIBKO €CJIH KIF0Y XPAHUTCS B TalfHE U IMEET TOCTATOYHYIO JIJIHHY.

Kak moxa3siBaeT aHANH3 HAAEKHBIX OMOMETPHUECKHUX CHCTEM B BOIPOCE ayTeHTH(H-
Kalli¥| TI0JIb30BATENNI0 HEOOXOIUMO BIAJETh CBOCH JOBEPEHHOW BBIYUCIUTEIHHON CPEmoil s
3aIIUTHl TAWHBI OMOMETpUIecKoro oopasa. OCHOBHOH MpobIeMoil B BOIPOCe 3aIlIUTHI ABIISETCS
BO3MOJKHBIH TIEpEXBaT CEKPETHOTO OMOMETPHUYIECKOro 00pasza BO BpeMs BBOJA €TI0 B JOBEPEH-
HYIO BBIYHCIIUTENBHYIO cpeny. s pemeHus 3Toi mpobieMsl HeOOXOIMMO COSTUHHUTE CKaHEP
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OMOMETpUM C JMYHON MOBEPEHHON BBIUMCIHMTENbHOW cpemoil. Kak mpumep Takoil 3ammiuThb
MOYHO MPEIIONKUTh «IHU(PPOBOE MEPOY», CTPYKTYpa KOTOPOTo MPHUBEACHA HA PUCYHOK 2.

Bluetooth-Tpancueep —3
Bluetooth /
Nasars X‘f
T I /
Darapes nfhnnd /
ITaMATs
Npoueccop
Hepsmna —,
IIpouneccop
Munpocxema anameia
__ WI0EpAENHA
(ME-3pesme
Vs OATHSECHON aMBIWLKHE)
MukpocxemMa aHanHu3a /\’ — HK-nonceena

Pucynok 2 — «lludposoe nepo» ¢ 10BepeHHOIl BHIYUCIMTEILHOH Cpeaoil 1JIs
¢opmupoBanusn 3j1eKTpOHHOMH HUGPOBOI NogNMCH

Ha pucyHke BUIIHO, YTO B cOCTaBe JOBEPEHHOTO IM(POBOTo repa HeoOX0IMMO Mpey-
cMaTpuBaTh MH(QPAKPACHYIO IOJICBETKY, HANPABICHHYIO Ha MOACTHJIAMONIYIO ITOBEPXHOCTb, a
TaKKe MUKPOCXEMY aHaimu3a n3oOpaxeHus. J[aHHOe oBepeHHOE HU(POBOE MEPO MOXHO BH-
JIETh B POJIN JOBEPEHHON ONTHYECKOH «MBIIIKK». B mporiecce nmickMa JaHHBIM [IEPOM, MUKPO-
MIPOLIECCOP 3aKJIIOYEHHBIH BHYTPH Iepa aHAIM3UPYET M 3alIOMHHAET TO, KaK JIBIDKETCS pyKa H
(dhopMupyeT pyKOIUCHEIH TeKeT. TakuM 00pa3oMm, MpH HCIIONB30BAaHHUU Iepa Ha MPOCTOi Oyma-
re BHyTpH ¢opmupyercst 1udpoBoii 00pa3, KOMUPYIOIIUIA PYKOIHUCHBIH TEKCT HA OyMaKHOM
HOCHTEJE.

[TudpoBoe nmepo mpUMEHSIETCS KaK JOBEPEHHAs BBIYMCINTEIBHAS Cpella B MPOIEeccax
BBIIMNOJIHEHNA TMOTCHIUHAJIbHO OIACHBIX, C TOYKH 3pCHUA 6630HaCHOCTI/I, 6[/IOMeTpI/I'-IeCKI/lX u
KpHUITOrpaduuecKux onepawuii.

IMponecc popmupoBanus opuandecku 3HauuMoil OI1 kak pa3 cBi3aHa ¢ ONIpeneneH-
HOMW ONAaCHOCTBIO PACKPBITUS JaHHBIX, TAK KaK HE0OOXOIMMOI 4acThIO JaHHOTO IIpoliecca sBJIs-
eTcsl MCIOJIb30BaHue JIMYHOro Kimova. [Ipu ¢popmuposanun DIl B He3aMIIEHHON WITH 1y>KOH
cpene, TMYHBIA KITI0Y MOXKeET OBITh CKOMITIPOMETHPOBAH Min nepexsadeH. @opmuposats OI1

OnHOM W3 TakuX orepauuii sBiseTcs (GOPMHPOBAHHE FOPUANICCKA 3HAYMMOU AIIEK-
TPOHHOH I(POBOH MOANMCH, TOCKOJIBKY 3Ta MPOIELypa CBA3aHA ¢ HEOOXOANMOCTBIO UCIIOJb-
30BaHUA JIMYHOTO Kitoda. Ecnm gopmuposats nuunyro OII, ucmonb3ys 4y ol KOMIBIOTED,
Bam (CEKPETHBIN) KIF0Y MOXKET OBITh mepexBaueH. MHpMu ciioBamu, ¢opmupoBats I HeoO-
XOMMO TOJBKO B COOCTBEHHOW BBIYHCIIUTENIHHON Cpelie, B KOTOPOW CEKPETHBIN K04 OyleT B
0€e30I1aCHOCTH.

HMNMmenHas Takas JOBEpPCHHAA BbBIYMCIIUMTCIIbHAA CpE€Aa BbINMOJHEHA C IMMOMOIIbBIO «Ill/l(bpo-
BOT'O IIepay, CXeMa TaKoro Iepa NpUBEAEHa Ha PUCYHKe 3.
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Iudpoeoe nepo (noeepeHHas cpena )

g [Tonnucarreni
INEKTPOHHBIA | Bluctooth | JTEKTPORHBIH J1exTp OHHBIH Bluetooth B
3K TPOHHBIIT
TMOKYMEHT aoxymest (bez 31I) aoxymesT (¢ I1I)
HOKYMEHT
Kpunrtorpaduueckoe

npeobpazosanne I

Bepro

K4 pas 310 ¢

Hezepuo
reseparopa

311 me popmupyeTcs

BBIMHCIHTEIBHAS
cpeaa - HelipoceTh

Beenenue napons ([JYKOTIHCHaﬂ 61[01\16'[‘[31[31)

Pucynok 3 — CTpykTypHas 010K cxeMa «IH(PPOBOro mepa, oCyuiecTBISIONIET0
dopmuposanue II1

IO «um¢poBoro mepa» 3anMCHIBACT B HaMATh YCTPOMCTBA JOKYMEHT IOCPEACTBOM
npoTtokona Bluetooth n maer komanmy noanucats qanHb gokymeHT. Ho I[1O He mMoxkeTr camo
MIOJIHCATh JIEKTPOHHBIN JOKYMEHT, IOTOMY YTO B HEM HE COJCP)KUTCS JIMUHBIN KITF0Y COOCT-
BeHHUKa OIl. /loBepeHHas: BRIYMCIUTEIbHAS Cpela COACPKUT B CBOCH IMaMsATH HEHPOCEeTb KO-
Topasi o0y4eHa nepepadbaThBaTh PyKONMCHBIN OMOMETpHYECKHA 00pa3 B CIICIIHMAIBHBIN KO IS
KOHTeWHepa conepKamuil TnaHbIi ko4 Biafgensia JI1. [ Toro uro ObI H3BIEYD JINYHBIA
KITI04, TTOJIb30BATENI0 HYXKHO HAIUCATh «IM(POBBIM NIEPOM) U3BECTHBII €My MapoJib.

Ecmu TOT, KTO UCIIOJIL3YCT «uﬂ(prBoe epo» ABJIACTCA €ro NPaBOMCPHBIM XO34HMHOM,
TOr/la OH MOXeT 0e30LIMO0YHO MOBTOPUTH PYKOIHMCHOE CJIOBO-NAPOJb CBOMM HCKIFOYHMTEINb-
HBIM 1ouepkoM. Ecin ke «umdpoBoe rnepo» HaxoAUTCs B pyKax HEIPaBOMEPHOTO T0JIb30BaTe-
JISL UM 3JI0yMBIIIJIEHHUKA, TO IMPU MONBITKE BOCIPOU3BENEHHSI CIIy4YaliHbIX PYKOIHCHBIX CIIOB,
HEHpOHHAsl ceTh OyJeT co3aBaTh Ha CBOEM BBIXOJIE CIy4aiHbIH KoJ. Takum o0pa3oM, TOJIBKO
IIPaBOMEPHBIN BIIaeiel] «IU(PPOBOro Mepay» CMOXKET MOIYYUTb HA BBIXO/E MPABHIBHBIA KOX
KOHTEIHEpa ¢ CEKPETHBIM KIFOUOM. J{JIst TOro 4To0BI pacKphITh KOHTEHHEP W M3BJIECYb U3 HETO
JIMYHBIA KJII0Y, IT0Jb30BaTel0 Heooxoaumo BBectH PIN-ko1.

Hcnonp30BaTh CEKPETHBIN KIFOY TOJdb30BaTerst aius GopmupoBanus Ol mo ompene-
JICHHBIM JOKYMEHTaM BO3MOXHO, TOJIBKO €CJIM OH OBbUI IPaBUIILHO M3BJICYEH U3 BEPHOTO KOZa
koHreitnepa. [Tocie D11 cBepsAOT 0OBIYHBIM METOJIOM — MO OTKpBITOMY Kittody. Eciiu D11 npa-
BUIIbHA, miporecc Gopmuposanust D11 BeinonHeH BepHo. Jonyiienue omundku B PIN-kozne winu
NPY HAIMCAHUM PYKOIMCHOTO CJIOBA-TIapoisi MPUBOJUT K ommoOke B popmuposanuu II1. IIpo-
Bepka DIl mporcXoauT yke BO BHEIIHEH HE TOBEPEHHOM BBIUMCIUTENBLHOMN cpeie.

HeBosmoxnocTs BHemHero pocryna k 1O «umdpoBoro nepa» siBisieTcsl BaKHOW CO-
CTaBJIAIOLIEH B IIPOLIECCE CO3AAaHUS JOBEPUTEIBHON Cpeibl ITOTO Mepa.

UYepes Bluetooth Bo3mokHa TONIBKO 3arpy3ka Ha IOAIMCH U BBITPY3Ka YK€ IOAIIMCAH-
HBIX JOKYMEHTOB. [lombITKN JOOpaThesi 0 HEHPOCETH MOTYT MPUBECTH K MOJHOMY YAAJICHHIO
BHYTpeHHETO AoBepeHHoro [10.
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Hetiponnsie cetn (HC) 3aHMMAIOT BaKHOE MECTO TIPH PEIICHNUH 3a/1a4 00eCTIeUeHNs HH-
(bopMaoOHHO 0€30MaCHOCTH B CHITY CJEIYIOLIMX CBOUX IPEUMYIIECTB:

* BO3MOKHOCTb BOCIIPOM3BEJICHHUS C JF000W TOYHOCTHIO CKOJIb YTOJHO CJIOXHBIX HEJIH-
HEWHBIX 3aBUCHMOCTEH (32 U4TO MX YacTO Ha3bIBAIOT KYHUBEPCAIBHBIMH alIIPOKCUMATOPAMID» );

* CrocoOHOCTh K 00yueHHIO U caMo00yueHuio (Hactpoiika HC Ha perieHue ompeje-
JICHHOW 3aJa4d MPOU3BOAUTCS HA CEPUH IPHUMEPOB» M3 00y4Yaroliel BHIOOPKH, MPUYEM Ha
00yJaroNIyro BRIOOPKY HE HAKITAIBIBAIOTCS KAKUE-THOO OTpaHUICHUS);

* cr1ocoOHOCTH K 0000LIEHUIO (T.€. OIBIT, IOJyYEHHBIH CEThIO B IpolLecce 00y4YeHHs Ha
KOHEYHOM 4YHCIIe 00pa3oB, MOXKHO YCIIEIIHO PACIPOCTPAHUTH HA JPyrue, B TOM YUCIE HEH3-
BECTHBIE eif 00pa3kl);

* MOTEHIUAILHO BBICOKAsi IOMEX0- M OTKa30YCTOHYMBOCTD (TaK, B Cllydae MOCTEICHHO-
ro BeIXoAa u3 ctpost 10 50 % cocraBisromux ee 3aeMeHToB, HC MoXeT coXpaHHUTh mpHemIie-
MyI0 pab0TOCIIOCOOHOCTH);

* B cuily napauiensHoi npupoasl HC, ee apxuTekTypa ecTeCTBEHHBIM 00pa3oM peau-
3y€TCA Ha NapaJlJICJIbHbIX BIYUCIIUTCIIBHBIX CPEACTBAX.

O06001ieHHas OJIOK-cXxeMa HEHPOCETEBOM CUCTEMbl OMOMETPUYECKON HIeHTH(PUKAMN
JIMYHOCTH, IPUBEACHHAS Ha PUC. 4, OTPaXKaeT ClIeAYIOIIHE OCHOBHBIEC ATAIbl 00Pa0OTKH HH-
(bopManuu s TEXHONOTHH «IU(PPOBOE MEPOy:

* M3MepeHHe OMOMETPHYECKUX JaHHBIX MMOJB30BATENS C MOMOIIBIO CEHCOPOB (BXOAHBIX
npeoOpa3oBarereii);

* W3BIICUCHHNE WHPOPMATUBHBIX (MHBAPHAHTHBIX) OMOMETPHYCCKIX PU3HAKOB,

* TOCTPOEHHE HEHPOCETEBOr0 OMOMETPUYECKOrO ITATIOHA MOJIb30BATEIIS;

* peanm3aiiys periaroiero npasuina Ha ocaose HC.

«Bxonnoii
obpaz» Hsmepenue
GromeTpueckux | «Cripbie» GHOMETPHYUECKHE
AaHHbLIX nausbie (X)
[TosTOp
Obyuenne HM3sneuenue
HH(POPMATHBHEIX
MPH3HAKOB
Bexrop npusnakos V
AyTeHTHdUKaLNL
RN e - R - e e |
| 1
[IpaBuna | : '
P Pematoree - bromerpuueckue !
obyueHus e ——t K— |
5 ! MpaBHIIO ITal0HBI |
W HACTPOHKH i |
I i

| — T T ——— fE— :

r v v

Pucynok 4 — O6001menHas 0Ji0k-cxemMa HelipoceTeBO# cucTeMbl OHOMETPHYECKOM

uaeHTUGUKAIUN

[pu peanuzamun pemraroniero npasuia Ha ocHoBe HC HEo6X0IuMOCTh B XpaHEHUH B
sBHOU (popMe OMOMETPHYECKHX ITAIOHOB OTMAAaeT, Mmockoibky cama HC B naHHOM cityuae
OepeT Ha ceOst PyHKIUIO pachpeaesieHHON mamatu. MadopMaius 0 GHOMETPUYECKUX ITAIO-
Hax 3anuceiBaeTcs B HC B Bujie 3HaueHH BECOB €€ CBsi3eil, HaCTpanBaeMbIX B Ipoliecce 00y-
YeHHsI ceTH (MHOIZa Jlake roBopsT o «royorpadudeckoin» namaru HC). To oOGcrosrenscTBo,
4yTO OHMOMETpHUYecKre 00pa3bl JIEralbHBIX MOJIb30BaTENEH (ITANOHBI) OKA3bIBAIOTCS «CHPSTaH-
HBIMI» BHYTPH CETH, SBJSICTCS IOJIOKUTEIBHBIM (DAKTOPOM C TOYKH 3pEHHs OOCCIICUCHUS
AHOHUMHOCMU OMOMETPHYECKON 3amuThl. Ka)xIblii yenmoBek o0agaeT yHUKaIbHBIMH CTaTHYe-
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CKUMH U JAWHAMUYECKHMMHU OMOMETPHUYECKMMH NPHU3HAKAMM, a 3HAYUT, KOHKPETHbIC 3HAUCHUSA
BecoB HC, 00y4eHHO ¢ y4eTOM 3HaUeHUH 3TUX MPU3HAKOB, TAK)KE YHUKAJIHHEIL.

Y 1o06cTBa UCTIONB30BAHHSI HEHPOCETEBBIX OMOMETPHUUECKHX CHCTEM U JI0OCTATOYHO BBbI-
COKHIM YPOBCHb Hpe[lOCTaBHﬂeMOfl MU 3alIUTHI ACJIAI0T UX NMEPCICKTUBHBIMU JI1 IPUMCHCHU S
B OTKPBITBIX U ciabo 3alUIICHHBIX l/IH(l)OpMaLII/IOHHI)IX IMPOCTPAHCTBAX. B 10 xe Bpewms, 1o-
TEHLUAJILHBINA 3JIOYMBIIUIEHHUK (XaKep) MOXKET HMOMBITaThCS «00OHTH» cHUcTeMy OHMOMeTpuye-
CKOW MIeHTH(UKAIMH, TPEABABISAT HHYOPMAIIMIOHHOW CHCTEME CPa3y «HY>KHBII» BEKTOP BbI-
xonoB HC-knaccudukartopa. JlaHHBIN THN aTaku Ha OMOMETPUYECKYIO CHCTEMY ITOJY4HI Ha-
3BaHUC amaku HA «NOcieonul bumy pewaiowezo npaguia. TakuMm oOpa3oM, HCIOJIB30BAHUE
OMOMETPHUYECKHX CHCTEM B OTKPBITBIX M CJ1a00 3alIMIIEHHBIX HH(MOPMAIIMOHHBIX IIPO-
CTPAHCTBAaX CTaHOBHTCS MPOOIEMaTHYHBIM, OCOOEHHO B CIlydae HEOOXOTUMOCTH IpHeMa, 00-
paboTKH U nepeaadn KoHPUISHIHATBHON nHpOopMaLuy.

HanbGonee HaleXHBIMH B 3TOM CIIy4ae OKa3bIBAIOTCS Kpunmozpaguueckue cucmembt,
CYIIECTBEHHO MPEBOCXOJISIIUE 110 YPOBHIO IPEIOCTABISIEMON UMH 3alUTHI JFOObIe OMOMETpPU-
YECKHUEC CHUCTCMBEI. O[lHaKO CCPLE3HBIM HEIOCTATKOM Kpl/IHTOFpaq)I/I'-IeCKI/IX CHCTEM ABJIACTCA
Hp06neMa HaJIC)KHOI'0 XpaHCHHA W MPaBUJIBHOI'O MCIOJIB30BaHUA CCKPCTHBIX KPHUIITO-
rpaYecKuX KIOYeH.

BbIX0710M M3 co3IaBLICHCS CUTyallMy CTAJO IOSBICHHE HOBOTO Kilacca OMoMeTpuye-
CKUX CHCTEM HJICHTU(HKALNK/ayTCHTU(PHUKAUHN JMYHOCTH C KPUNTOrpaduyecKoi 3amuTon
MH)OPMALNH, WIH OUOMEMPUYECKUX KPURMOCUCTEM.

Ecim mpoBecTr cpaBHEHHE MEXIy ITOBEPEHHOH Cpemoil «Iu(ppoBOro mepa» u 0ObId-
HBIM cefioM, TO B IIIaHe (PU3MIECKOH 3aIIUTHI IIepo HaaexkHee mpuMepHo B 500 pas. [Ipu Tom
YTO Macca u pa3mep «udposoro nepa» B 10000 pa3 mensIe, a crout nepo B 50 pa3 memesie.

CrnenyeT Takxke BBIACIUTH TO YTO JUIA NMPEONOTICHUS (PH3MUECKOH 3alUThl «IH(POBO-
TO nepay HNOTPeOyIOTCS ONPEAETICHHOE BPEMSl M CPEJICTBA, HO 3TO JIMIIL HEOOJbINAs JacTh 3a-
TpaT HeoOXoAUMas IJIsi KOMIIPOMETAlU JU4HOoro kimoyda. ITocne Oyaer HeoOX0aUMO HU3BIIEYb
u3 nosepenHoro [10 «udpoBoro mnepa» napameTpsl HEWPOCETH, 3aTEM M3 HEHpPOCETH HYKHO
u3BIeYb K04 OMoMeTpuueckoro mapois. Ilpu Tom ecnu OGuomerpuueckas, HeipocereBas U
Kpunrorpaduyeckas 3aliura KJo4a HCHOJIHEHbI Ha JIOJDKHOM YPOBHE, TO Ha BBIJEJICHUE CEK-
perHoro kioda u3 [10 «undposoro nepa» norpedyercst okoso 500 cyTok. ITo IpH YCIOBHH,
YTO Y 3JI0YMBIIUIEHHHKA UMEIOTCSI B CBOEM JIOCTYIIE HEOOXOIMMbIE BEICOKOIPON3BOJUTEIILHBIE
BBIYHMCIIUTENBHBIC MOIITHOCTH JJISI B3JIOMA.

Brnanensiy, mpu 0OHapy>KeHUH TPOTIaKH CBOETO CEKPETHOTO KIIF0UYa «IH(POBOTO TIe-
pa», He0OXOIMMO COOOIINTH 00 ATOM B TOT yIOCTOBEPSIOMIMK IIEHTP, B KOTOPOM IIPOU3O0IILIA
BbIJIaua TI0JIb30BATENI0 CEPTU(HKATA OTKPHITOrO KIIH04Ya, U MOCIEAYIOIIEE €0 aHHYINPOBaHHE.
[Nocne anHyIMpOBaHUsI cepTU(HKATA €ro MapHBIH CKOMIIPOMETHPOBAHHBIN JIMUHBIN KIHOY YT-
paTUT CBOU IOPUIMUYECKHUE TOJTHOMOYUS. DTa NpoLeaypa 3aiiMeT JIHIIb HECKOJIBKO MUHYT.

Bes MEPCUYUCIICHHAA BbILIC LICTIOYKaA obecreueHus 6630HaCHOCTH XpaHCHHA U UCIIOJIb-
30BaHuUs JIMYHOTO Kitova popmupoBanus D11 nocrarouno cnoxxHa. Kaxplii ee pparMeHT Hyx-
JlaeTCsl B TOCYIapCTBEHHOM KOHTpOJIE U cepTH(duKanuu. Bee 31eMeHThI eTTOYKH JOIDKHEI OBITh
BBINOJIHEHB! 0OE3YKOPM3HEHHO IPEINPHUITUSIMH, MMEIOIIMMH COOTBETCTBYIOUINE JIUICH3UH.
BosHukaer nienas cucrema Mep, KOTOpble B KOHEYHOM MTOI'€ MOTYT OOECIeYnTh KOH(UIECHIN-
QIPHOCTh, aHOHMMHOCTB, OOE3JIMYEHHOCTh HCIIOJIB3YEMbIX B JIOBEPEHHOW BBIYMCINTEIHHOU
Cpeie MepCOHAIBHBIX ONOMETPHUYECKHX JAHHBIX YEJIOBEKA.
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VK 004.451
KoMmnbroTepHoe oGecniedyeHre aBTOMATU3MPOBAHHOI0 padoyero
MecTa npenoaasarteis (APMn) B cucTeMax 3JIeKTPOHHOTO 00y4eHUs!

B.A. YUéTkuH, K.T.H., C.H.C., JOIICHT,
Tl'ocynapcTBerHOE OrOIKETHOE 00pa30BaTEIFHOE YUPEKICHIE
BBICIIET0 MTPo(ecCHOHAIBHOI0 00pa3oBaHusi MOCKOBCKO# 00nacTu
«DuHAHCOBO—TEXHONOTHYECKAsA akageMus», T. Kopones, MockoBckas 061acTsb,
C.B. Yérkun, Havanpauk otaena OAO «PKK «DOneprus», r. Koponés, MockoBckas 061acTh

Paccmompenvr  6o3mooicnocmu ucnonvzosanus xomnwvromepog kiacca HTPC-Home
Theater PC g cucmemax 31ekmpoHH020 00yuerus. [Ipusedensvl ux 0CHO8Hble MEXHUYeCKUe Xa-
PAKMEPUCMUKY U bLOPAHO HAUTyYLUee peuleHue.

DneKTpoHHOE O0y4YeHHe, aBTOMaTU3UpOBaHHOE pabodee MecTo, KommbloTepsl kimacca HTPC-
Home Theater PC, nammydriee perreHue.

Computer providing the automated worker places of the teacher
in the systems of electronic training

V.A. Chyotkin, Ph.D., senior researcher, associate professor,
Moscow region state—financed educational institution of higher vocational training
«Finance and technology academy», Korolev, Moscow region,
S.V. Chyotkin, head of the, S.P. Korolev rocket and space corporation «Energia»,
Korolev, Moscow region

In current article it is considered the possibilities of using computers of the HTPC-
Home Theater PC class in the systems of the electronic training.There are provided the main
technical characteristics and the best decision is chosen.

Electronic training, the automated workplace, computers of the class HTPC-Home Theater PC,
the best decision.

s pereHus 3amad, CBSI3aHHBIX C Pa3pabOTKON M JEeMOHCTpanueil Mmpe3eHTaliid, BH-
3yaln3aluy pe3ylbTaToB MoAenupoBanwsi| 1,2] amekTpoHHOTO 00y4eHus — e-learning [3] orre-
PaTHBHOM PabOTHI ¢ rpaduKOi, TEKCTaMH, ayIH0 U BUEO MaTepHaIaMH B ay JUTOPUH IIPH IIPO-
BE/ICHUHM Y4YEOHBIX 3aHATHH HEOOXOIUM KOMIIBIOTED YHOBIECTBODPSIOIIMH CIEAYIOLIMM IOPOH
[IPOTHBOPEYHMBEIM TPEOOBAHUAM: HEZOPOTOH, BEICOKOIIPON3BOANUTENBHBIH, KOMIIAKTHBIH, Iepe-
HOCUMBIH, MOTYJIbHBIN, YHUBEPCAIbHBIN, MyJIbTUMEUMHBIN [4].

O0ocHOBaHKE BHIOOpA TAKOTO KOMIIBIOTEPA U COCTABIISIET L EeIb JaHHOH paboThI.

[lepeuncnenHpiM TpeOOBaHHMSM HamOOJiee COOTBETCTBYIOT KOMIIBIOTEPHI Kilacca
HTPC-Home Theater PC u cepBepsI iSeries.

Ha poccuiickoM pbIHKE JOCTYITHBI CIEIYIOIINE MOJIEIH 3THX KIaCcCOB

Mac Mini. Apel [5-6]

ASRock Vision 3D 137 ASRock [7-9]
ION 3D 152B ASRock [10-12]
ThinkCentre Tiny M53 Lenovo [13-14]

iSeries (AS400 ) IBM System x3550 791462G  IBM  [15]
Bba3oBble TeXHUUECKHE XapaKTEPUCTHKH 3THX MOZENeH mpuBeaeHsl B Tadmmme 1.
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Tab6umna 1 — TexHH4ecKHe XapaKTePUCTHKH KOMNILIOTEPOB

Texuuueckue ASRock ION 3D ThinkCentr iSeries
XapakTepu- Mac Mini | Vision 3D 152B e Tiny M53 | (AS400) IBM
CTHKHU 137 System
Intel Core Intel Core Intel:
5 251T i3- Intel Atom Celeron E5.2665-
[Ipomeccop > 1 370M,IT D525,1.8 J1800 nn 240I'Tw,
[ Intel Core .
i72.3. TTu m24ITo, GHz Pentium 8 snep
- 2 sapa J2900
- NVIDIA
I'paduuexnit ) GeForce i
MPOLIECCOP 425M,
MI'g
OneparuBHast 4Th (no 4TB (mo 8 8I'b Innanxka
HAMSITE 16) T'B) Jo 8Tb (MakcuMyMm-
768 I'b)
Western
;i‘og;;?(l) Hitachi
Kectkuii nuck | 500 I'b mm Black Travelstar, 1 Tb 6o
SATA 2.0, | SSD no 256
HDD 1 Th WDS5000
320 Gb, I'pI’
BEKT | 5400 RPM
500 Gb
e | Uiy | usma
[epenaqa P P /USB 2.0,
HOM HH- MEHBbIIIE
JTaHHBIX . cloud
Tepdeiic geM Manaer
USB3.0 | USB3.0 &
Omneparnmos- Windows Windows Windows
Hasi CHCTEMA Mac OS X. 7,8 7,8 8.1 Pro 64 et
Pazmeps! (BbI-
cora 36 x190 x 70x 70x195x18 | 34X179x18 | 43x429x743
X IIMPHUHA X 197 200x200 6 2 B CTOMKE
riyOvHa) MM
ueﬂ‘i ‘;1;66}1‘”"‘ 35000[9[ 34000 18000 32000 180000

OTH KOMIIBIOTEPHI MOKHO ITOJKITIOYHUTH IPAKTHYECKH K JIFOOOMY YCTPOHCTBY IPH  BBI-
MOJTHEHUH MYJIBTUMEINHHBIX, CETEBBIX JHMOO pacueTHBIX 3amad 00pa3oBaTEIbHOTO YpPOBHSI.
OHHM COOTBETCTBYIOT TpeOOBaHHSM K ITPOBEJICHUIO YYEOHOTO Ipoliecca - He IPEoTCs U He MIy-
MSIT.

1.Mac mini moka3aH Ha pucyHke 1.
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Pucynok 1 — Mac MuHM JinleBasi NaHeJlb

PaccmarpuBast ero mocTpoeHue ciaenyeT BBIICTUTh CIeAYIONIIe 0COOCHHOCTH:

oecripoBonubie  uHTepdeiicer: Wi-Fi (IEEE 802.11n), monyms BASE-T Gigabit
Ethernet (pa3pém RJ-45), Bluetooth 4.0;m0pThl 1 pa3beMbl: pa3beM It MUKPO(OHA, pa3beM
Juisl HaymHUKOB, ropt Gigabit Ethernet, mopt FireWire 800, mopr HDMI, mopt Thunderbolt,
pazbém s kapt SDXC, uertsipe nopra Usb 3; texnonoruto Hyper-Threading, kotopast mo-
3BOJISIET 3aIlyCKaTh Ha Ka)KJIOM SJpe 1O JIBa IOTOKA. YTO MO3BOJISIET OMNEpalMOHHOI cucreme
CIIPABIISIETCS] C MHOT0331a9HOCTBIO.

Ao6pesuarypa «3D» B Ha3panusax ASRock Vision 3D 137 u ION 3D 152B yka3biBa-
eT Ha nojyiepxKy TexHoioruit NVIDIA mist BeiBoga TpexmepHoro nzobpaxenus: 3D Vision u
3DTV Play. IlepBas TexHONOTHS TpeAHA3HAYCHA JUIS BBICKOKAYECBEHHOTO JUHAMIYECKOTO
nokasa 3d uzobpaxenuii. [Ipn ucnonbp30BaHNM 3aTBOPHBIX CTEPEOOYKOB U TEJIEBH30pa C YaCTO-
TO# BepTuKanbHON pa3BepTku 120 I'm, 3D Vision MO3BONSAET BHIBECTH IEMOHCTPAITUIO B TPETHE
M3MEpeHre, ake ecli OHa co3laHa 0Oe3 ydera Takod Qynkiun unmoB GeForce. A poncteeH-
Has texHoyorus 3DTV Play co3maer o60bemHOEe m300paxkeHne cperctBamu 3D-temeBu3opa,
noKio4YeHHoro no uarepdeiicy HDMI.Ora Texnonorus u peanuzosana B ION 3D 152B. [lis
[IPOCMOTPA TPEXMEPHBIX MMPE3CHTALUH, JIEKIMOHHBIX MaTepHaioB U (HIbMOB Ha auckax Blu-
ray TaKkxe MOHaJoOUTCs BHJEOILIEEep C COOTBETCTBYIOMIEH (HYHKIIMOHAIBHOCTHIO [9].

2. ASRock Vision 3D 137 pucysnke 2.

Pucynok 2 — ASRock Vision 3D 137

st mpoBeieHys 3aHTHIE cOCTaB aBTOMaTH3NPOBAHHOTO MECTa NpernoaBares Ha Oa-
3€ 3TOr0 KOMIbIOTEpAa HEOOXOAWMO NOMOJHUTH TEJIEBU3MOHHOM MAaHEIbI0 NMPOUTPhIBATENIEM
Ut blu-ray I¥CKOB ¥ 3aTBOPHBIMH OYKAMH.

[lepeueHp peKOMEHAOBAaHHBIX (PHUPMOI Pa3pabOTIMKOM TeNeBH3HOHHBIX MaHeJeil
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npuBeacH B [8]. MUHMMAaBbHBIE IpOrpaMMHbIe TpeboBaHus kK cucreme-Windows 7 32/64-0uta
ueHtpaibHbiil npoueccop Intel® Core™2 Duo, AMD Athlon™ X2 unu 6onee mounsiit, 1 I'b
cucremHoil namsary. (Pexomennosano 2 I'G), 100 MBb cBoO0JHOTO ITUCKOBOIO MPOCTPAHCTBA,
Bocnpou3sseaenue Buaeo ot Corel, CyberLink, ArcSoft wiu Roxio.

KavecTBO M300pa)KeHUs] MOXKHO MEHSATh B 3aBUCHMOCTH OT HMCIOJIb3yeMOro rpaguue-
ckoro mnponeccopa NVIDIA® GeForce®.

NVIDIA® GeForce® Xenaemoe kauecTBO HU300paskeHUS

Blu-ray 3D mo MHEHHIO TTONTE30BaTEIICH

GTX 485M IlpeBocxonHoe

GeForce GTX 480M IIpeBocxomHOE

[TeForce GTX 560M Xopomiee

GeForce GT 555M Xopomee [9 | u T.1.

Bupeonseep — npourpeiBareins st blu-ray nuckos. (Blu-ray Disc (BD) — nuck ¢op-
MaTta Bbicokoro paspemienus (HD-video), EMkocts auckoB blu ot 40 ['6 1 mpeBbIIIacT B 1ECT-
KU pa3 eMKOCTb TPAIMLUUOHHBIX TUCKOB dvd W sIBISIeTCS] JOCTATOYHBIM JJIsl pa3MeIleH s KO-
JIEKIIMY Y4eOHBIX BUEO Mpe3eHTamid. /s tocTikeHns 3Toro B TexHonoruu Blu-ray (romy6oit
JIy4) A7l YTEHHS W 3alMCH UCTIONIB3YeTCs CHHEe-(PHOJIEeTOBbIN j1a3ep ¢ IMHON BOHBI 405 HM.
O6pryabie DVD 1 CD ucnons3ytoT KpacHbli 1 MH(PaKpacHBI Ja3epsl ¢ IIMHOW BOJHEI 650
HM u 780 HM cooTBeTcTBeHHO. Bonee KopoTkasi [TMHA BOJHBI CHHE-(HOJIETOBOTO Ja3epa Io-
3BOJISIET XPAHUTh CYIIECTBEHHO OoJblIe HH(opManuy Ha 12 cM IUCKax TOTO K€ pa3Mepa, 4To U
y CD/DVD. Kpome 3toro blu-ray auck 3To 4eTKoe n300pa’keHHe, HACHIIIICHHBIC KUBBIE I[BETA
1 OTJIMYHBIN 3BYK TaK Hy’KHBIE B IIPOBEICHUN yueOHbIX 3aHsATHH. Hanbonee naTepecHs! u noc-
TynHbI Blu-ray mreepsr komnaanu Sony.

3arBopHbIe cTepeo ouku. OcHoBa 3aTBOpHOTO Metona (PageFlip) — pasdenenue 6vi-
600a paxkypcog no eépemenu. Kaxxaplii OJIHBIN Kaap, BBIBOJUMBIA Ha JUCIUIEH (MOHUTOD, IIPO-
€KTOD, TEJIEBH30P, CTABUTCSI B COOTBETCTBUE JIEBOMY WIIM NIPAaBOMY pakypcy. Paznenenue mpo-
UCXOJIMT C IMOMOIIBIO OYKOB, KOTOPhIE CHHXPOHHO 3aTEMHSIOT OJUH TJ1a3 (eC/Ii B IaHHBIH MO-
MEHT Ha SKpaHe BBIBOAMTCS MPaBBIH PaKypc, TO JIEBBIH IJ1a3 JOJDKEH OBITH 3aKpHIT, M HA000-
por). B nuneane ouepéaHocTh NeBBIX U NpaBbIX pakypcoB poipkHa 661Tb LRLRLRLRLR, TO ecth
TocIie KakJ0ro JIBOrO paKypca J0JDKEH BBIBOAMTHCS MPABBIA pakypc, MOCIe HEro CHOBa Jie-
BBIH M Tak janee. B 3ToM ciydae MHEPTHOCTH CETYATKH HAIIETro IJla3a IO03BOJISIET «3allOMH-
HaTb» M300paKeHNE AJIsl 3aKPBITOTO IJ1a3a Ha BPeMsl, KOT/a YK€ BBIBOAUTCS M300paKeHUE IS
JpYTOro IJ1a3a, ¥ Mbl BOCIPUHUMAEM cTepeon3o0paxeHue. UeM MEHbILE HHTEPBAJIbI 3aKPBITOTO
COCTOSIHMSI LITOPKH OYKOB — TEM KOMQOpTHEe MpocMoTp. BelOupasi 0UKkH, yUUTHIBAIOT: pa3Mep
KOIIIEK [IITOPOK (deM OOJbIe — TeM JIydIie)]; MPo3pavqHOCTh (TafeHne IPKOCTH) B HEAKTHBHOM
COCTOSIHMU (HE CYLIECTBYET aDCOJIIOTHO MPO3pPauHbIX OYKOB, [I03TOMY OYEHb YAaCTO PEKOMEH/Y-
€TCsl TIOBBILIATh HACTPOWKHU SIPKOCTH WIIM TaMMBbI 1IBETOB Ha BPEMsI IIPOCMOTpa CTEPE0); HEIpo-
3payHOCTb B 3aKPBITOM COCTOSIHUHU (TIPH HETOJIHOM 3aTEMHEHUH MPOHMCXOAUT B3aWMOIPOHHUK-
HOBEHHE PAKypCOB — I'’XOCT); SprOHOMHYECKHE ITapaMeTphl (pa3Mepsbl, BeC, CIIoco0 KPEeIUIeHNs);
CI0Cco0 CHHXPOHM3ALMH (TIPOBOJHEIE M OECIIPOBOJIHEIE).

JanHbie puBenicHHBIC B padoTe [11] mokassBatoT , uTo Bo3MoxkHOCTH ASRock Vision
3D Bexoaar 3a pamku HTPC-kiacca. Vision 3D mpezncrasisier coO0# MOTHOIEHHBIN KOMITBIO-
Tep, KOTOPBIH ONMEPaTHBHO CIIPABHUTCSI C CAMBIMH Pa3HbIMHU 3a/a4aMH y4eOHOTO IU1aHa — OyIb
TO TOATOTOBKA JIEKIIMOHHOTO BHUJEO M ayIMOKOHTEHTa, OCBOCHHE COBPEMEHHBIX TEXHOJOTHH
[0Aa4y MaTepuaia, paboTa B rpadMUECKUX PEIaKTOpax H Ipoyee.

3.I0ON 3D 152B craHmapTHBIH MyJIbTHMEIUHHBINA KoMITbIOTED [3].

Ota Mozens 1Mo pasMepaM H BHemHeMy Buay 6mm3ka k ASRock Vision 3D 137.

Cepust Mini PC Brimouaer u apyrue komnbiorepsl komnanud ASRosk orpaxaroniue
HauOosiee MoJHO MOoTpeOHOCTH 3aKka3yukoB [10-12].
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4. Munu-kommbiotep Lenovo ThinkCentre Tiny M53, pucyHok 3.

Lenovo ThinkCentre Tiny M53 — ojHO U3 caMbIX MajlorabapUTHBIX YCTPOHCTB Cpeau
HactonbHbIX 1K, mpeacTaBIeHHBIX CEroiHs HAa POCCHHCKOM pBIHKE: 00beM Kopryca 1 jurp
mpu Macce 1,32 Kr,4To THO3BOJISIOT OPraHU30BaTh paboyee MeCTO Aa)Ke B O4EHb OIPaHUUECHHOM
IIPOCTPaHCTBE PabOyero CTojia MperoJaBarelis CIpsITaB KOMIILIOTED 32 MOHUTOPOM PUCYHKE 3.
[Ipu 3TOM [UIs1 €r0 BKITIOUEHHMS JOCTATOYHO Ha)KaThsl HECKOJbKHX KiaBuil Ha USB-kiaBuarype
6naronaps Texaonorun Keyboard Power-On. B 6a3oBoii kommiekraimu [1K ob6opynosan Gec-
IUTaTHBIM NpriiokeHneM-aucnerdepom ciryx0 PC Cloud Manager 3.0 u cucteMoii oxJakaeHus
Intelligent Cooling Engine 3.0, koTopas yBenn4yuBaeT HaJIe)KHOCTb Pa0OTHI 32 CUET TOBBIIICHHS
3¢ PEKTUBHOCTH CHCTEMBI OXJIAKACHUS ¥ CHIDKEHHS YPOBHS IIyMOB. BO3MOXXHOCTH MCIIOIB30-
BaHMA 00JauHbIX cloud TEXHOJOrWii OTKPHIBACT HEOTPAaHWIECHHBIE BO3MOXKHOCTH U OpTaHu-
3alMy yIaJeeHoro y4eOHOro Ipolecca. Y CTPOWCTBO OCHAIIEHO mpoueccopamu Intel, umeer
JUTUTENBHBIN CPOK CIIY)KOBbI M IIUPOKHE BO3MOXKHOCTH OECIIPOBOAHOTO coenuneHus [13-14].

Pucynok — 3 Munu-komnsiotep ThinkCentre Tiny M53

5. Server iSeries (AS400 ) IBM System x3550 791462G , pucyHox 4.

IBM Server iSeries — eTUHCTBEHHOE CEMEHCTBO CEPBEPOB, KOTOPBIC MTO3BOJISIFOT OIHO-
BPEMEHHO BBIMOJHSITH IPHIIOKEHUS JUIS YETHIPEX Pa3IMYHbIX onepannoHHbIx cucrteM — 0S400,
UNIX, Windows NT[Windows u Linux — Ha omHoM cepBepe. CucTemMa MpaKTHYSCKH HE TpeOy-
eT aIMUHHCTPUPOBaHUs, U modToMy BHenpeHue JEXF.OB o0y4aromux MpuiioXeHUH ypOBHS
YHUBEPCUTETA CTAHOBHUTCS OBICTPBIM U IPOCTHIM. JIt000# cepBep iSeries MOXKET OTHOBPEMEHHO
ucnonaaTh npwiokeHus 0OS400, Linux, Windows NT, Windows , mopTupoBaHHBIE TIPHIIOKE-
uust UNIX, a ¢ 2004 rona u AIX. [Tognepxusarorcst WebSphere, Lotus Domino u Java.

Pucynok 4 — Server iSeries (AS400 ) — IBM System x3550 791462G
BBIYMC/IUTEIbHAs MiaTgopma
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Hocrounctsa Server iSeries (AS400) — IBM System x3550 791462G [15 ].

HonHas cOBMECTUMOCTb. 1Series IpeIoCcTaBisieT BO3MOXKHOCTh COBMECTHOW paboThI ¢
OOJILIIMHCTBOM M3BECTHBIX CHCTEM M yCTPOWCTB, BKitouass Windows, Apple Macintosh, pa6o-
yue ctanuuu UNIX, ceTeBble KOMIBIOTEPHI U ITpodee. DTO MO3BONISET CO3aTh HOBYIO KOMIIbIO-
TEpHYIO CHCTEMY Ha 0a3e TeX yCTpOWCTB, KoTophle y Bac yxxe nmerorcs.

Honnas cereBas MHTErpays. iSeries MokeT pabOTaTh C JaHHBIMU Yepe3 MHOXECTBO
JIOKIBbHBIX ¥ TIOOAIBHBIX ceTel. lloanep)kuBaroTcsi BCe OCHOBHBIE CETEBBIE IPOTOKOJIBI,
Biurtouast TCPIP, SNA u APPCAPPN. Kak pe3ynsrar, HeT HCOOXOIUMOCTH MEHSTH I TIepe-
CTpamBaTh CYIIECTBYIOIINE CETH I PadOTHI ¢ iSeries.

WHTerpanus W mpocToTa WCHONB30BaHUA. B oTmHYme OT Ipyrux cepBepoB, iSeries
KOMIUIEKTYeTCsl IIPOrPaMMHBIM o0ecliedeHHeM, JOCTATOYHBIM Ul Pa3BUTHA HH)OPMAIMOHHON
CHCTEMBL. B cocTaBe omepannoHHOW CHCTEMBI €CTh BCE — OT TEKCTOBOTO pemakropa a0 Web-
cepBepa, OT MOIIHOW PEIISIIMOHHON 0a3bl JaHHbIX DB2 10 cpeacTB KOMMYHHUKAIUH, CHCTEMHO-
TO YyIpaBJICHUA U APYTUX HCO6XOZ[I/IMI:IX mporpamMm. OT10 03Hay4yacT, 4YTO HE MPUACTCA HUCKATb,
JOMOJIHUTECJIbHO IIJIATUTH U YCTaHABJIMBATHL HNPOAYKTbI TPETHUX (l)l/IpM u 3a6OTl/ITbCH 06 ux co-
BMECTUMOCTH. DTO 03HAYaeT TaKkKe, YTO B Cllydyae anrpeiiia onepanroHHON CHCTEMBI BCE KOM-
MIOHEHTHI OyIyT OOHOBJIEHBI OJHOBPEMEHHO, U IJIaBHOE, 3TH KOMIIOHEHTHI OyIyT MPOTECTHPO-
BaHBI JUII COBMECTHOM PabOTBHI.

loToBHOCTE K paboTe, HAaAEKHOCTH M KadyecTBO cepBHca. VHAEKC AOCTYyNMHOCTH
99,99%.

lapantupoBanHas Ge3omacHOCTh. Bee mporpammuoe obecrieueHue paboTaeT mo eau-
HOW MHTETpUPOBAHHON MOJIETIM 3aIINUTHI, OTCIECKUBAIOLIEH BCE BaXKHBIE MIPOLIECCHI B CUCTEME U
MI03TOMY «IPUMEHHUTENBHO K iSeries HUKOT[a HE MCHONB3IOTCS TaKUE BBIPAKCHUS, KAK «KOM-
MIBIOTEPHBIA BUPYC» HIIH «B3JIOM CHCTEMBD).

Macmtabupyemocts. Komnanuu, ucmosb3yromiue iSeries, Ha4yaB ¢ CHCTEMbl Havajlb-
HOTO YPOBHSI, MOJJIEP)KUBAIOILEH BCEr0 HECKOJBKO MOJIb30BaTElNleil, MOTYT YBEJIMYUTH MTPOM3-
BOJAUTECIBLHOCTbL CUCTEMBI B COTHH pas.

Coxpanenue nnBectunuii. st cucrem iSeries IBM co3nana yHUKaJIBbHYIO CHCTEMHYIO
ApXHUTEKTYpY, KOTOpas MO3BOJISIET MOJIB30BaTENISIM MOJIEPHU3HPOBATh 000PYAOBaHUE U Ollepa-
LMOHHYIO cucTeMy 0e3 3aMEeHbI WIIH 1a)Ke ITePeyCTaHOBKH POTrPaMMHOTO 00eCIIeYeHUs.

Mo pe3ynbraTaM npoaenaHnHON pabOTHI MOXKHO CIIENIATh CJICIYOIINE BHIBOIBI:

1. Kaxxmoe n3 pacCMOTPEHHBIX BBIUYHCIHMTENBHBIX YCTPOHCTB XOPOIIO caMo 1o cebe.
Tem He MeHee, C TOUKM 3pEHHs OpraHU3alUK yueOHOro mpoiecca Haubonee nHrepecen IBM
System x3550 791462G.

2. Cucrema IBM System x3550 791462G naxke npu CyIIeCTBEHHO OOJBIINX €IHHO-
BPEMEHHBIX 3aTparax Tadiuna 1 Jact HenpoIopUHMOHAILHO OOJBLIMMN, 0 CPABHEHHIO C MOHE-
CCHHBIMU 3aTpaTaMu, IpUpPOCT ZleeCHOCO6HOCTl/I " MMO3TOMY MPCANOYTUTCIIbHA IPpHU OpraHu3a-
[[UM aBTOMaTHU3UPOBAHHOTO pabouero mMecta mpemnoaasateis (APMm).

Bo3MmoxHOE KOHILIENTyal bHOE PELIeHHe aBTOMAaTH3UPOBAHHOTO paboyero Mecra mpe-
monaBatenss — APMm Ha 6a3e MAC mini [6] npuBeZicHO Ha PUCYHKE 5.
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Pucynok 5 — CxemHoOe penieHre aBTOMATH3HPOBAHHOI0 pado4ero Mecra
npenoaaBaTes

OTO pemeHne Takke NACUTFHO MOIXOIUT /ISl BBICTABOYHBIX 3aJI0B M YUEOHBIX ayIH-
TOPHHA, TIPH 3TOM JIEKIIMOHHBIN MaTepHas OyAeT He TOJIBKO MaKCHMAJIbHO HIUTIOCTPHPOBAHHBIM,
HO U yBJICKAaTENbHBIM, KaK JJIs1 JOKIaAUKKa, TaK U IS CIyIlaTesIeH.
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