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YK 629.73.001.63 B.C. Kpusuos, 1.0. HaymeHko, B.[l. benbin,
A.l'. T'pebeHukos, B.B. MapdeHtok,
N.A. Kanuos, C.B. YaosunyeHko, A.B.KopHeB

KoHuenuusi co3aaHnsi aBHAlMOHHOI 0 0eCMUJIOTHOI'0 KOMILJIEKCA

HauyuoHarnbHbIl aspokocmudeckul yHusepcumem um. H. E. XKykoackozao « XAU»
AsuayuoHHoe Hay4YHo-mexHu4eckoe obwecmeo KHK
XapbKogckoe 2ocydapcmeeHHoe agualyUuoHHoe rnpou3sodcmeeHHoe rpedrnpusimue
YKpauHckul Hay4Ho-uccriedogamersibCKuli UHCmumym rpupoOHbIX 2a308

YuuTbiBasg Bo3pacTarllnm MHTEPEC BO BCEM MUPE K aBTOMaTmM3aLmm npoLeccos,
CBSI3aHHbIX C NMPMMEHEHNEM aBUATEXHUKN B BOEHHOW M XO3SIMCTBEHHOW cdhepax, ecTb
NpeanocbINnKN cyMTaTbh 3TO HanpasfeHne OAHNUM N3 NPUOPUTETHBLIX B 0Opa3oBaTenbHON
N Hay4YHO-NPAKTMYECKOWN OEeATENBHOCTU YHUBEPCUTETA.

B HacTosllee BpemMsi OCHOBHbIMM 3agadamMu  ABNATCS  3EKTUBHBLIN
MOHUTOPUHI  SKOMOMMYECKM  OMacHbIX  OOBLEKTOB  OONbLUOM  MPOTSAKEHHOCTU
(maructpanbHble Tpybonposoabl, J13I1), npegoTBpaweHne HecaHKUMOHUPOBAHHOMO
otbopa npoaykToB, WH(popmMaumoHHoe obecneveHne onepaumn MYC B 30He
9KONOMMYECKMX M TEeXHOreHHbIX KatacTpod (Hanpumep, 3oHa YASC) u onepauun
[ocnorpaHcnyxbbl MO OXpaHe MOPCKOW OKOHOMWYECKOW 30Hbl  YKpauHbl  OT
OpakoHbepckoro  BbifloBa  pblbbl  LEHHbIX  MNOPOL ~ WMHOCTPaHHbIMW  cydamu,
OCyLLeCTBNsAEeMble B  HacTosiwee Bpems  AOPOrocTOAWMMU  MUNOTUPYEMbIMU
netaTenbHbIMM annapaTtamu.

[Ons  yooBneTBOpeHMs  3Tux  noTpebHocTenm  obwectBa  onTumarbHa
aBTOMaTM3NpoBaHHaa GecnunoTHas aBMauMOHHasi TEXHWKA, CHUMarowas npobnemy
notepu neTHO-NOABLEMHOrO CcocTaBa, obnagawowas CBOMCTBaMU BCEMNOrogHOCTM
(moneTbl B CMOXHbIX METEOYCNOBUAX), ONUTENBHOCTM noneTta He meHee 10-12 yacoB u
aanbHocTn He meHee 1000 ... 1200 km, OCHalieHHas annapaTypon HabniogeHus B
pagapHoM, UWHpakpacHOM W  ONTMYECKOM  AuanasoHax 4acTtoT, CUCTEMOM
aBTOMATUYECKOrO0 W OUCTaHLMOHHOIO YMpaBfieHUs, CUCTEMOW CBA3NM W nepenayqn
nHpopmaumm B 6onbwnx obbemax B peanbHOM macwtabe BpemeHu. Bce XnsHeHHO
BaXHble CUCTEMbl AOMMKHbI ObITb AyOnMpoBaHbl unu pesepsupoBaHbl. Heobxoaumo
yTOObl HAOEXHOCTb CUCTEM W nnaHepa ©OecnunoTHoro annapata Obina Bbiwe
HaOEeXXHOCTM aHarnormyHbIX YCTPOMCTB MUMAOTMPYEMOro neTaTenbHOro annapara.
BecnunoTHbIn neTaTenbHbI  annapaT He [AOMMKEeH HyXaaTbCs B ad3pOoApOMHON
WHPACTPYKType W MNOArOTOBMEHHOW B3feTHO-MOCagOoYHOM nosioce. becnunoTHbIn
KOMMJIEKC AOMKEH OblTb MOOUNBbHBLIM.

Hanbonee nepcnekTMBHOM 3ajayen ABNSAETCS MOHUTOPUHI TpybonpoBogHOro
TpaHcnopTa. KoMnnekc AomKeH NPOEKTUMpOBaTbCA B MEPBYI odepenb ANS pelueHust
aton 3agaun. C 29 guBaps no 1 despans 2007 r. B8 P® nposogunca copym
«becnunoTtHasa aBmauusi B uHTepecax TOK» KOTOpbIM MOATBEPAUST BaXHOCTb W
NepBOOYEPEOHOCTb €€ PELLEHMS.

[MepcneKkTMBHLIN  OMArHOCTUYECKMA KOMMIIEKC [OSKEeH pelwaTtb cnegyrowme
3agayu:

— NpPOBOAMTbL  PErynspHoOe AWarHOCTUPOBAHWE Tpacc  MaructpanbHbIX



TpybonpoBogoB ¢ GopTa BO3AYLUHOrO CygHa B 30HAX C 3KCTpeMaribHbIMU
NPUPOAHO-KNTMMATUYECKUMM  YCIIOBUAMM B TPYOAHOOOCTYMHOW U
MarnoHaceneHHoM MeCTHOCTU MO 3afaHHbIM MapLupyTam B OnpeaesieHHOM
BbICOTHOM Anana3oHe B Nnoboe Bpemsa roga v CyToK B MPOCTbIX U CIIOXHbIX
METEOPOSIOrMYECKNX YCINOBUSIX;

ana  0asvMpoBaHMA  aBMaHocuTenem  KenatenbHO  UCNOMb30BaTb
ManopasmMepHble BEpPTONETHble  B3NETHO-NoCado4Hble NnoLaaKm,
nmeroLmecs npu KOMMPECCOPHbIX cTaHumnsax MarmcTparnbHbIX
TpybonpoBoaOB;

HeobxoaMMo 4YTOObI KOMMNIEKT AMAarHOCTUYecKoro obopyaoBaHus BKoYan
B cebsa cepuiHble nNpubopbl, MNPOBEpPEHHble 3KchnyaTauMen Ha
aBWAHOCUTENSAX MPU BbIMOMHEHNN aHANOrMYHbIX paboT;

obecneuntb 6onee BbLICOKYHO 9KOHOMWYHOCTb CPeACTB AMArHOCTMPOBAHMS
Mo CPaBHEHMUIO C paHee NPUMEHAEMbIMU NMPU CPaBHUMON 3PPEKTUBHOCTU.

PelueHne nocTaBneHHbIX 33adady  BO3MOXHO  TOMbKO MNPU  BCEMEPHOM
aBTOMaTtM3auumM MnpoOLEeCCOB AUCTAaHLUMOHHOIO AMarHOCTUPOBaHUS U NpoBeaeHUs
nonetos. [1na aToro Heo6xoANMO:

co3aaTb cneumanusnpoBaHHbIn aBTOMaTU4YECKNN 0ecnunoTHbIN
aBMALUMOHHBIA  KOMMSEKC, OCHALEeHHbI HocuTenem annapaTtypbl —
6ecnunoTHbiIM netatenbHbiM  annapatom (BJ1A) Hebonblwon maccel u
rabapuTHbIX pa3MepoB C BHEA3POAPOMHbIM 6a3nMpoBaHMEM;

Ha OCHOBe OTpaboTaHHOM BbICOKOYYBCTBUTENBHOW CEPUAHOM annapatypbl
paspaboTtatb KOMMMEKT [UarHOCTUYECKOro oBopyaoBaHMS MpUeMneMblX
Maccbl, rabapuTHbIX pasmMepoB M NoTpebnsaemMon  MOLLHOCTMH,
nprcnocobneHHoro K akcnnyataumm Ha BJI1A;

co3gatb CUCTEMY aBToOMartmyeckon obpaboTkm nHopmauum B peanbHOM
Macwtabe BpeMeHu ¢ onepaTMBHOMW nepedadven gaHHbIX ¢ bopTa HocuTens.

OTN MeponpuaTUA NOBMNEKYT 3a CoboMu:

Onsa

NMOSIHOE MCKMNIYEeHne HeobXxooMMOCTU B NETHO-MOABEMHOM COCTaBe Mpwu
COBEepLUEHMM MOMETOB Ha AMarHOCTUPOBAHME U CBA3AHHOMO C 9TUM puUcKa
noTepu aKkMnaxa BO3QyLLHOroO CyaHa;

COKpaLLleHNe YNCINEHHOCTN Ha3eMHOro obcnyXxmnsatowero nepcoHana;
pe3koe CHWXeHMe Maccbl UM pa3MepoB aBWALMOHHOIO  HOCUTENs
annapaTtypbl MyTEM WCKITIOMEHUSA 3KUMNaxa W cuctem obecrneyeHus ero
XN3HeOesaTenbHOCTY;

NOBbILWEHWE  PErynspHOCTU  MHCMEKUMOHHbIX MNOMeToB B CBA3U C
BO3MOXHOCTbIO  paclUMpeHuss AOMYyCTUMbIX MOroAHbIX YCroBuUW AN
0ecnUNOTHOM TEXHUKWU;

npuMeHeHne  ManorabaputHom M MeEHee  MOLUHOW  annapaTtypbl
ANArHOCTUYECKOro  KOMMSfEeKTa BCMEeACTBME  BO3MOXHOCTUM  CHUKEHMS
GesonacHon BbicOTbl noneta BJIA no cpaBHEHMIO C NUAOTUPYEMBIM
HocUTEnem.

obecnevyeHnss BbLICOKOM 3(PMEKTUBHOCTN BbINOSTHEHMUS MNOCTaBIEHHOMN

3afjayvyn npuHATbl cneaywwine npuHuunnanbHble pelleHuA, CoCTaBiAlowne OCHOBY
KOHLEeNuun co3gaHns aBToMaTU4eckoro 6ecnnnoTHOro aBMaumoHHOro KoOMekca.



1. SKOHOMUYHOCTb 3KCIJTYATALUU

OHa pocTuraercs:
1.1.BbicokOn  perynsapHOCTbO  MONEeToB, KOoTopas BO3MOXHa npu  cnabon
3aBUCUMOCTU (PYHKLMOHMPOBAHUS KOMMSIEKCa OT NOroAHbIX YCOBUN.
TexHu4eckn aTo obecnednBaeTcs:

npuMeHeHnem BJIA°  aspoguHammnyeckom  cCxembl  «TaHgem»  C
XapaktepucTnkamm AMHaMm4eckon yCTOMYMBOCTU, NpeBbiwarowmmm B 1,7-2
pasa aHanormyHble xapaktepuctmkm BJIA Knaccmyeckom Cxembl, 4TO
npegoTBpallaeT nonagaHue bBJ1A B pexxnm cBanmBaHus U ero noTepto;
yCTpOMCTBaMM KOPOTKOro B3fneTa M MnocagkM Ha OCHOBE MHEBMAaTUYECKOM
KatanynbTbl W a3pOynpyroro Kpbifla BbICOKOrO a3pOAUHAMNYECKOTO
KayecTBa, NO3BOSIAKOLLMMN IKCNITyaTUpOBaTb KOMIMMEKC C ManopasMepHbIX
BEPTONETHbIX MMOWAaA0oK C HEenoaroTOBMIEHHON MOBEPXHOCTbIO  Mpu
ckopocTn BeTpa Ao 15 m/c;

ocHauweHneMm BJTA npotnBoobneaeHNTeNbHOM CUCTEMOMN.

1.2.Hun3kom cebecTonmMoCcTbIO NONEeTOoB.
910 onpeaenseTcs:

Ha MoOpsOOK MEHbLUEN, MO CPaBHEHWO C MUAOTUPYEMbIM BEPTONETHLIM
KOMMIEKCOM, CTOMMOCTbIO aBUaHOCUTENS;

OTCYTCTBMEM TNETHO-NOABEMHOIO COCTaBa W COKpalleHWeM KonuyecTtsa
TEXHUYECKOro cocTaBa Ha3eMHbIX CreLmanucToB;

npumeHeHnem bBJIA c KpbiNnbeBOW Hecywleh CUCTEMOWN, UMerowen Mo
OTHOLLEHMIO K BMHTOKPbINbIM fieTaTeNbHbIM annapataMm npevMmyLecTso B
YyeTblpe-NAaTb pa3 B a3pogMHaMUYECKOM KayecTBe;

NPUMEHEHNEM CUCTEMbl HEMNOCPEACTBEHHOro YynpasreHns 60koBon U
NOABEMHON aspoavHaMu4eckumn cunamm 6e3 U3MeHeHus  YrnoBoro
nonoxeHna bBJIA B npocTpaHCTBE, YTO CYLLECTBEHHO MOBbIWaeT
3(phekTUBHOCTb paboTbl CKaHMPYIOLLEN annapaTypbl NOME3HOW Harpy3ku m
NO3BOSISET NOMYyYUTb ONpeaeneHHbIN pe3yrnbTaT Npu MEHbLLIEM KONUYeCTBe
NeTHbIX Yacos,

HU3KMMW 3aTpaTaMu roproyecMasoydHbix MaTtepuanoB Ha obecneveHue
paboTbl CUNOBbLIX YCTAHOBOK ManopasmepHoro bBJ1A;

HU3KMMW  3aTpaTaMn Ha CcoAepXaHwe ManopasMepHOu  NroLwaaku
6asnpoBaHnsi GECnMOTHOrO KOMMSEeKca MO CpaBHEHUIO C 3aTpaTtamMu Ha
a9POAPOMHYI0 MHPPACTPYKTYPY;

BbICOKMM pPecypcoM KOMMMeKkca npu COnocTaBMMON C COBPEMEHHbIM
YPOBHEM yAerbHOM CTOMMOCTM KOHCTPYKUuKM nnaHepa ~1000gon. CLUA/kr;
BbiCOKON (80 28%) BecoBon oTAayen KOHCTpykumn nnaHepa BJIA 3a cuet
NPUMEHEHNST KOMMO3MLMOHHBLIX MaTepuanoB U MMHUMMU3ALUN KONU4ecTBa
TEXHOMNOrMYecknx CTblKOB arperaTos;

COKpalleHMeM BpEMEHN OOCMYXUBAHUS KOMMMEKCA U CHUXKEHUEM
TpeboBaHnn K  KBanuuKauunm  HA3eMHOro  nepcoHana  nyTem
aBTOMaTU3ALMN KOHTPOSbHbBIX U MYCKOBbLIX ONepauuni;

NCKNIOYEHNEM  JOPOroCTOAWMX  MUPOTEXHUYECKUX WU OOHOPA30BbIX
YCTPOWCTB;

npuMeHeHnem  oTtpaboTtaHHOM B 3Kcnnyataumm  ManorabaputHoum
CpaBHUTENbHO [JeweBOW [[uarHocTudeckon annapaTtypbl HebonbLion
MOLLIHOCTM Tuna «Aapornonck 3M».



2. BE3OMNACHOCTb MNPUMEHEHUA W OBCIIYXUWBAHUA BECMNUIIOTHOIO
ANATHOCTUYECKOIO ABUALIMOHHOIO KOMIJIEKCA

2.1.be3onacHoCTb NpUMEHEHUsT KoMMekca

B otnnune ot BJ1A BoeHHOro HasHaveHunsa ans rpaxaaHckoro bJ1A nageHue nnm

BblHY)XXOEHHas nocagka Ha ANarHOCTUpyeMbl OOBHEKT CHATAETCH U KPUTUYHOW U

Hegonyctumon. MuHMMmn3aums BEpoSTHOCTU 3TOro JOCTUraeTCs:

— npumeHeHnem BJTA aspoguMHaMn4ecKkon Cxembl «TaHOem», YCTONYMBOW K
BO3MyLLAOWNMM  dpakTopaMm, U OTKa3oOM OT WUCNOSib30BaHUS CUCTEM
NCKYCCTBEHHOIO NOBbILLEHNS YCTONYMBOCTMU;

— oybnmpoBaHMEM U pe3epBUPOBAHMEM BCEX XMU3HEHHO BaXKHbIX cuctem BJ1A
M HasemHonm Yactu OGecnunoTtHoro komnnekca. Ha BJIA  npuHATbI
AByxABuUraTesibHass Cxema CWUOBOW YCTaHOBKM UM CUCTEMA KOPOTKOM
nocagkm Ha  BbIMyCKaeMOM  a3poyrnpyroMm  Kpbifie,  BbINOSMHAWOLWANA
OHOBPEMEHHO N OYHKUMK crnaceHus BI1A B KpuTuyeckon cutyauuu;

— OCHaLleHnem BJ1A cucTtemomn KOHTpOnA C aBTOMaTN4eCcKom
naeHTUrKaumen OTkasoB N NPUHATUEM peLleHns O BOo3BpaLleHun Ha 6asy
unn yeoa BJIA  oT pguarHoctupyemoro obbekta € nocrenyroLlen
aBTOMaTM4yecKkon nocagkon. Becrneacrteme npyMeHeEHUs B cucTeEMe Nnocagkm
aspoynpyroro Kpbifla C€ Marnouh yaenbHOW HarpyskoMh WU BbICOKAM
aspoguMHaMMYecKUM  KayeCTBOM  rnocagka MpoucxoauT C  ManbiMu
BENMMYMHaAMN BEPTUKANbHOM U FOPU30HTANIbHOW COCTaBMSAOLEN CKOPOCTU
CHWXEHMSA U He NpeacTaBnseT OnacHOCTUN AN NOAEN N COOPYXKEHUN.

2.2.Bbe3onacHocTb 06CnyXMBaHNSA KOMMekca n obecneyeHne XusHeaesaTenbHOCTH
obcnyxuBaroLero nepcoHana

OHun pocTuratoTcs:

— MpPOCTOTOM 3KCNyaTaumm TEXHVUKN BCreacTBME aBToMaTm3aLumm
KOHTPOJSIbHBIX M MYCKOBbLIX Onepauumn;

—  UCKIIOYEHNEM MPUMEHEHUS MUPOTEXHNYECKUX YCTPOUCTB U CUCTEM
BbICOKOrO [aBfieHus;

— pasmMeLlLeHreM obcrnyKuBaroLLero nepcoHana KoMmnrekca B TepMo- u
9NEKTPOMAarHUTHO 3aLULLEHHBIX MOMELLEHMAX, 0BecneymBatoLLnX
aBTOHOMHYIO 3KCnslyaTaumio N XnU3HegesaTenbHOCTb.

3. BbICOKOE KAYECTBO TMPOEKTUPOBAHUA U MWUHUMAIJIbHbIE CPOKW
CO3A0AHUA KOMIMJIEKCA

ABTOMaTU3NPOBAHHLIMN 6ECnNMOTHBIN aBMALMOHHBIA OUArHOCTUYECKUA KOMMIIEKC
«XAWN-80» pOoOmKeH NpPoOeKTUpoBaTbLCA C MOMOLWbLK JULEH3MOHHbLIX KOMMbIOTEPHbIX
nHTerpupoBaHHbix cuctem CAD/CAM/CAE [5], cepTuduumMpoBaHHbIX AnNs KX
MCMonb30BaHUS CneuuannucTtoB M MeToAMK, CO3[aHHblX B pesynbTate peanusaumm
Hay4HbIX pa3paboTOK NPWU BbLINOMIHEHUN 3aKa30B aBWALMOHHOM NPOMbILNEHHOCTN. Ha
puc. 1, 2 nokasaHbl MoAenb MOBEPXHOCTM U KOMMOHOBKA npeanonaraemoro bJIA,
paspaboTaHHbie ¢ nomoubio cuctembl UNIGRAPHICS V15.



Puc. 1. O6bwmn Bng 6ecnnnoTHOro netaTenbHOro annapara aBMaumMoHHOro
BGecnnnoTHoro Komnnekca

PyneBas B
Brok napannana MallliHKa - CpTHKAILHOC Pym
ornepeHne /
3JIepoHa HaIPaBJICHUS
Cunosas
N yCTaHOBKa Baox
Hocosoti YIpaBICHHUS 1
o0rekarelib HABHTAIIH
Hepemuee TTpueMHUK
KpbUIO CITyTHUKOBO
) HaBUTallMOHHON
o g /f CHUCTEMBIL
Hocosoii -
obTekaresb ¥/
& . Pynesas
{ MalluHKa pyJist
[rarpopma HaIpaBJICHHs
TeneBU3NOHHBIH
610K | JlazepHslii Taz0aHaIM3aTOP
«JleHb-HOUBY
Pynesas
MalIMHKa pyJis \
BBICOTBI Pyns
BBICOTBI
OcHoBHast
amopTormopa

Puc. 2. Mogenb koMNOHOBKM 6eCnNUNOTHOrO NeTaTenbHOro annapara aBMaUnoHHOro
©ecnunoTHOro KoMnnekca
Mpegnonaraemoble TaKTUKO-TEXHNYECKNEe XapakTepUCTUKN

npeacrasrieHbl B Tabnuue.

KOMMIeKca



HasHauyeHwue: MHCNeKUMOHHbIE NOreTbl B MPOCTLIX M CNOXHbLIX METEOYCIOBUSIX ANs
onpeneneHns Marsbix yTeuek rasa u3 TpybonpoBoioB, NepeMeLLeHui
TpyGONPOBOAOB, MECT HECAHKLIMOHMPOBAHHBIX NMOAKIOYeHWn Ans oTbopa rasa,
NOCTPOEK 1 paboT B 30HE TPYGONPOBOAA AHEM M HOYbIO, B TOM YWCIiE B

YCIOBUSIX aTMOCHEPHbIX OCaaKoB

CraptoBas macca BJ1A 250 kr
Macca nonesHom Harpysku 50 kr
OnnHa BITA 2975 m
BeicoTta BITA 1.185m
Pasmax kpbinbeB BJ1A 4775 m
CyMmapHas nnowiagb Kpblfibes 3.5 m?
Mnowanb BbiNycKaemMoro aspoynpyroro Kpbina 45 m?
[JanbHOCTb NoneTa 1000 km
Paanyc gMcTaHUMOHHOro ynpaBneHust 100 km

Kpencepckasa ckopocTb nosneta

140...160 km/M

CkopocTb 6appaxunpoBaHusi Ha BbIlyCckaeMOM

as/poynpyrom Kpbline 20...50 ks
BbicoTa noneta 30...5000 m
MpooomkMTenbHOCTL nomneTta 10y
KonuyecTtBo, TN 1 MOLLIHOCTbL ABUraTenemn 2M4-22 n.c.

Cnoco0 B3neTa: OCHOBHOW:
OOMNOMHUTENbHbIN:

KaranynbTHbI
ABTOMOOUMbHLIN CTapT

Cnocob nocagku

Ha ynpaBnsiemom aspoynpyrom
Kpblie (napannaHe) U NbbKHOM
Lwaceu

[OnnHa pasbera/npobera

10/5m

BapI/IaHTbI O60pyﬂ,OBaHI/IF| nosiesHom Harpy3Kku

UK-pagnomeTp+nasepHbii
rasoaHanusaTop (nuaap)+APA-39;

TEeNEeBU3NOHHbIV BNOK «AeHb-
Ho4Yb»+PJ1C ¢ CUHTE3npOBaHHON
anepTypon

Mpennonaraembli COCTaB KOMMIIEKCa:

- OT OOHOro Ao Tpex aBToMmaTuanpoBaHHbIX BJIA;

- Ha3EeMHbIN NYHKT ynpaBneHus;
- cpencTBa 3anycka n nocagku bI1A,;

- TexXHu4eckume cpencrtesa O6CJ'Iy)KI/IBaHI/IFI;

- obcnyxuBarowmin nepcoHan;

- cpenctBa obecneyeHms 6e30NacHOCTU U XXU3HEAEATENTbHOCTHU

o6cny>|<|/| BakoLLero nepcoHana.

CTpyKTypHasi cxeMa Ha3eMHOro nyHKTa yrnpaBrieHus nokasaHa Ha puc. 3.
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[Ona obecneyeHnss NONMOXEHUA KoHUuenuun o ©GasnpoBaHUM KOMMSEKca Ha
ManopasMepHbIX BEPTOMETHbIX Mowagkax C HenoaroTOBEHHOM MNOBEPXHOCTLIO
Ha3eMHYyl0 4YacCTb KOMMSeKca cnefyeT MOHTUpPOBaTb Ha aBTOMOOMMSAX MOBbILLEHHOW
npoxogMmocTtn. Bblbop Tuvna aBTOMOOMNBHOMO LWaccu [JorkeH obecnevnBaTb
a3poMOBUITbLHOCTL KOMMIIEKCA NMPU UCMONb30BaHMM OONbLUMHCTBA MapKka rpakgaHCKuX
TPAHCMNOPTHLIX CaMOSETOB.

CpaBHUTEnNbHbIE XapaKkTepUCTUKN NPUMEHSIEMOTO ans MOHWUTOPUHIa
TpybonpoBOAHbBIX CUCTEM BEPTOSIETHOIO ANArHOCTUYECKOro Komnnekca n 6ecnunoTHOro
aBMauUMOHHOIo AnarHoctunyeckoro komnsiekca « XAM-80» nokasaHbl Ha puc. 4.

MunoTupyembi aBMaLMOHHbIN KOMMJIEKC Ha
6ase Beptonerta Mn-8

DanbHocTb noneta — 300 km
CkopocTb noneta — 140 ... 160 km/4

AspoanHamunyeckoe Ka4ecTBo - 4

BecnunoTHbIN aBUALMOHHbLINA KOMIMJIEKC
"XAN-80"

y

OanbHocTb noneta — 1000 km
CkopocTb noneta — 140 ... 160 km/y

AspognHamuyeckoe kavyectso — 13 ... 14

BbicoTa noneta npu nicnekruposanum — 100 ... 500 m BbicoTa noneta npu uicnektupoBaHum — 50 ... 100 m

HOI'IyCTVIMbIe ycnoBus nosfneta — NpocTbie
MeTeoycrioBus

nOHyCTMMbIe ycnoBus noseTta — CJI0OXHble

MeTeoyCnoBust
CtoumocTb 4aca noneta — 1000 ... 1200 gon. CLUA CroumocTtb 4aca noneta — 50 ... 70 gon. CLUA

CtoumocTb komnnekca — 1.6 ... 1.8 mnH. gon. CLLUA OpueHTMPOBOYHAA CTOMMOCTb Komnnekca — 250 ... 350

Tbic. gon. CLUA

JleTHO-NOABLEMHbIN cOCcTaB — 2 nunoTta JleTHO-NOABLEMHbLIN COCTaB — OTCYTCTBYET
— 1 GOpTTEXHUK

— 2 6opTonepartopa

HasemHbIN cocTaB — 5 cneunanucToB HaseMHbI cocTaB — 4 cneumnanucra

AnnapaTypa none3HoN Harpy3ku — BuaeoKamepa AnnapaTypa none3Hoi Harpy3kKu — Buaeokamepa

— Tennosusop — Tennosusop

— nasepHbIn — nasepHbIn
rasoaHanusaTop rasoaHanusatop
MMNYNbCHOro HenpepbIBHOrO
u3nyyeHus u3nyyeHun

KomnnekTbl annapaTtypbl nonesHown Harpysku no 3¢pPeKTUBHOCTU UOEHTUYHbI

Puc. 4. CpaBHUTENbHbIE XapaKTEPUCTUKM BEPTONETHOIO ANarHOCTUYECKOro KOMMNeKca u
©ecnunoTHOro aBMaLMOHHOro auarHocTnyeckoro komnnekca «XAM-80»

Cnucok nutepaTtypbl

1. KomnbloTepHoe MoAenvpoBaHue netartenbHOro annapara
MHOroyHKLNOHAaNbHOro 6ecnunoTHoro aBUaLMOHHOro KOMnriekca
rpaxkgaHckoro HasHaveHnusi / benbin B. ., Manuua A. K., 'pebeHHukoB A. I,
UepaHosckuin B. O., lNMapdeHtok B. B. // ABMaunmoHHO-koCMUYecKasi TEXHUKA U
TexHosnorus. - X., XAW, 2001. - Bein. 25. - C. 88-100.

2. BepToneTHbin KOMMSEKC [Ans KOHTPOMNSA JIMHEMHOW YacTu MaructpanbHbIX
rasornpoBogOB W 9KOMOrMYECKOr0 MOHUTOPUMHIra O6bEeKTOB HedTerasoBou
npombiwsieHHocTn / dununnos I.I'., Moncees B.H., lNuxtenes P.H. u gp. //
N3B. AH, cep. QHepreTuka, 1997 r., - C. 3-27.
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YK 629.7.01 E.T. Bacunesckun, B.A. 'pebeHunkos,
A.M. I'ymeHHbIR, C.IN. CBETNUYHBLIN

Meton ananu3a xapakrepucTuk Jokaasaoro H/IC
MPH PACTIKEHUHU IUIACTHH C OTBEPCTUSIMH

HauyuoHarnbHbIl aspokocmudeckul yHueepcumem um. H.E. XKykoeckoao « XAU»,

KoHUeHTpauus HanpsKeHun SBnseTcs OAHMM U3 (PaKToOpOoB, CHMXaKLWLMX
YCTaNOCTHYI AONITOBEYHOCTb KOHCTPYKUMK. Kak Obl XOpoLo HM Obina cnpoekTupoBaHa
KOHCTPYKUNA, B HEeW Bcerga eCTb KOHLEHTpPaTopbl HanpsXeHurW B Buae OTBEPCTUN,
Bblpe30B, ranTenbHbiXx nepexogoB M Ap. Hambonee pacnpoCTpaHEHHbIM TUMOM
KOHLEHTPaTOPOB SABMNSAIOTCA OAMHOYHbIE M TPYNMNOBble OTBepcTUs. [Ans ycTpaHeHus
3ayceHueB, obpasyoLnxcsa nocne cBeprieHns OTBEPCTUM, BbINOMHAKT acky. Bonpoc
aHanmMsa HanpsKeHHO-4e(OPMUPOBAHHOIO COCTOSIHUS 3NIEMEHTOB  KOHCTPYKUUKM C
OTBEPCTUSAMU U onpegeneHns Ko3(P@MUUNEHTOB KOHUEHTpPAUMN HanpshkeHUn B Heun
AOCTaTOYHO Xopowo wu3dyyeH [1-7]. Cnegyet OTMETUTb, YTO BCE pacyeTbl W
aHanuUTU4eckne 3aBMCUMOCTU ANs  OnpeaeneHnst KO3IMULMEHTOB KOHLEHTpaumm
HanpsbkeHun cnpasennuebl B obnactn ynpyrmx gedopmaumi. OgHako nokasnbHble
HaNpPsXKeHNs B aBMALMOHHBIX KOHCTPYKUMAX B 30HE KOHUEHTpauuu HarnpspkeHuin
OOCTUraloT YPOBHSA, MpeBbilaloWwero npegen Tekydectu marepmana. Takum obpasom,
HeobXxoOuMMO y4nTbIBaTb B pacyeTax HenvHeMHoe MoBedeHne maTepuana wu
TEXHOSIOrMYeCKne OTKNOHEHUS NPU BbINOSTHEHMM OTBEPCTUN.

MeToabl pacyeTHOW OUEHKM YCTarnoCTHOW [ONroOBEYHOCTU JNEeMEHTOB C
oTBepcTnAMM H6asmpyoTcs Ha pesynbTaTax UcnbiTaHM 6a3oBbIX 06Pa3LOB U HATYPHbIX
KOHCTPYKUMI, pacyeTa xapaktepuctumk nokanoHoro HOC n gaHHbIX akcnnyataumu.

3apaya KOHCTPYKTOpa Npy NPOEKTUPOBAHMM 30HbI, COAEPXKALLEN KOHLLEHTPATOpPbI
Hanps>KeHU, COCTOMT B rPamMOTHOM BbiOOpe reoMeTpmyeckux napameTpoB, OpMbl U
pacronoXeHns OTBEPCTUN C y4EeTOM pe3ynbTaToB NPOBEAEHHbIX nccnenosaHum [4].

Llenblo gaHHOM paboTbl SIBMSIETCA aHanm3 XapakTepucTtuk nokanbHoro HOC
naacTuH C OOMHOYHBbIM OTBEPCTMEM, TPEMA U NATBIO OTBEpCTUAMMK C dhackon 0,8x45°,
0,5x45° n 6e3 dhackn, a TaKke aHann3 BIUAHUS TEXHOMNOMMYECKUX OTKITOHEHUN Ha
xapaktepuctnkn nokanbHoro HAC, KOHUeHTpauuio HanpskeHun n gedopmaumn ¢
y4eTOM HeSfIMHEMHOro noBefdeHus wmatepuana. [lpu aHanuMse xapakTepucTuk
nokanobHoro HOC BOGNM3M KOHUEHTpaTopa He YYUTbIBAETCA  LIepOXOBaTOCTb
obpabaTbiBaemMon MOBEPXHOCTM M AedekTbl (3ayceHubl), BO3HMKaKOLWME B npouecce
BbIMOSIHEHNSA OTBEPCTUMN.

B kadectBe 00pasuoB NnactMH C OTBEPCTUAMM PACCMOTPEHbI CTaHAApPTHbIE
o6pasubl (B/d=6), npumeHsemMble npy NpoBEeAEHMM YCTANOCTHbIX UCMbITAHWUNA.

feomeTpnsi 06pasuUoB M OCHOBHble pa3mMepbl nokasaHbl Ha puc. 1. Ob6pasupbl
N3roToBMeHbl U3 antomMmuHnesoro cnnasa 416T [8].
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Puc. 1. O6pasubl NNacTvH C OTBEPCTUSMU:
a — C ogHMM oTBepcTMeM, 6 — C TpemMs OTBEPCTUSAMMU, B — C NSATbIO OTBEPCTUSIMMN

[na aHanusa xapaktepuctuk nokansHoro HAC n onpegenenns KoapdpuumneHToB
KOHLIEHTpaLMM HanpsXXeHun n aedopmaumini NpUMeEHeH MeTo KOHEYHbIX 3f1EMEHTOB,
peanun3oBaHHbI B cucteme ANSYS.

MeTon onpegeneHna xapaktepuctuk nokanbHoro HOC wn  onpepenenus
KO3 PULMEHTOB KOHLIEHTpALUUKM HanpskeHnn n gedopmalmi BKIoYaeT B cebs:

1. lNocTpoeHne reoMeTprUYEeCKNX Moaenen NnacTuH ¢ OTBEPCTUAMM.

2. Pa3paboTKy pac4eTHbIX CXEM.

3. 3agaHue kpuBor gedpopmMmpoBaHNAa maTepuana.

4. Co3gaHne KOHEYHO-3rIEMEHTHbIX MoAenen NIacTH C OTBEPCTUAMM.
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5. 3agaHne rpaHnyYHbIX YCNOBUIA U MPUNOXEHWNE BHELLIHUX Harpy3okK.

6. dopmMuMpoBaHME pacyeTHbIX Cryyaes.

7. PacueT xapaktepucTtuk nokaneHoro HOC nnacTuHbl C OTBEPCTUSAMN.

8. Pac4yeT K0ahPULUMEHTOB KOHLIEHTPaL MK HaNpshKeHnn n gedopmaumi.

9. Ka4yecTBeHHbIN UM KONMUYECTBEHHbLIN aHanu3 pacnpegeneHna rraBHbIX
pacTarMBaroLmMx HanpsXKeHun, gecopmaumi n yaensHon aHeprum geopmmposaHms B
nracTuHe B 30He OTBEPCTUN.

10. OnpegeneHne MakcMmarsbHbIX pacTArMBarLWmMX HaNpPs>KeHu, gedopmauumn m
yOenbHOW SHeprun AedopMUpoBaHUS SKBUBAIIEHTHOrO OTHYNEBOro LMKNa B 30HaX UX
KOHLUEHTpauumu.

Mpn aHanmMse Wcnonb3oBaHbl MNMIOCKME W TpexXMepHble Modenu nractuH C
OTBEPCTUAMMU, YYTEHbI TAKXKE YCNOBUA CUMMETPUN.

KoHeYyHOo-aneMeHTHble MoAeNu NNacTuH ¢ OTBEPCTUAMM NoKasaHbl Ha puc. 2—7.

Puc. 2. KoHe4yHo-anemeHTHas moernb nnacTtuHbl ¢ oTBepcTmeM, dpacka 0,5 mm
(nokasaHa 1/8 mogenu nnacTuHbl)

o “
SSITTHT

Puc. 3. KoHeuyHo-anemeHTHas mogenb nNnactuHbl C oTBEpPCTMEM, 6e3 dhackn
(nokasaHa 1/4 mogenu nnacTuHbl)
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Puc. 4. KoHeYHOo-anemeHTHaa Mogenb NacTuHbl C Tpemsi oTBepcTuammn, acka 0,5 mm,
nepemMblyka 12 mm (nokasaHa 1/8 mogenu nnacTuHbl)

Puc. 5. KoHe4Ho-anemeHTHas Mmoaenb NnacTuHbl C TpeMs oTBepcTusaMuy, 6e3 dacku,
nepemMblivka 12 MM (nokasaHa 1/4 mogenu NnNacTuHbI)

Puc. 6. KoHe4yHO-anemeHTHas Mogernb NnacTuHbl C TpeMst OTBepCTUAMMU, 6e3 hacku,
nepemblyka 12 MM, LeHTparbHOE OTBEPCTUE CMELLEHO Ha 2 MM
(nokasaHa 1/2 mogenu nnacTuHbl)



Puc. 7. KoHe4YHO-3nemeHTHas Mogenb NnacTuUHbl C NATbLI OTBEpPCTUAMMU, 6e3 hacku,
nepemMblyka 12 MM (nokasaHa 1/4 mogenu nnacTuHbl)

O6pasubl HarpyxarTCs pacTArMBaloLLMMN HaANPSHXEHUSMN, MPUKIaZblBaeMbIMU
B ceyeHun bpyTTo. BennunHa HanpskeHun cootBeTcTBeHHO coctaenseT 100, 130, 150
n 200 MMa.

Mony4eHbl xapaktepuctuknm nokanbHoro HAOC nnactmH C  oTBepcTUsIMW,
onpefereHbl BENMUYUHBI MMaBHbIX PacTArMBaloLWmnX HaNpsXeHun n geopmauun B 30He
KOHLeHTpaTopoB (puc. 8—15).

AN AN

o MAY 23 2007 MAY 23 2007
STEP=1 13:14:45 12:55:47
1 FLOT MO, 1 LOT WG

0

S =—6.043

=327,2
S =327.285 -

67,965
101.948
135,931
169,919
203,896
237.579

271,86

305.844

Flate with hole, B/d=6 5

a 6]

Puc. 8. XapakTep pacnpeneneHmsa rnaBHbIX pacTAarMBatoLmnx HanpsikeHnn B NnNacTuHe ¢
oTBepcTnem: a — hbacka 0,5x45°, 6 — 6e3 gpacku

AN o AN
HO S MY 23 2007 s WRY 23 2007
STER=] 14:14:53 gEe o b0 11
o = AOT IO, 1 e o7 .

21 (AVG)
-4.5% SF !
27.244) 28,321
56,642
87,963
117,285
146 60|
178,927
208,248

H 234,569

263,89

Flate with 3 holes, B/d=6, without chamfers

Plate with 3 holes, BE/d=6

a 0

Puc. 9. XapakTep pacnpegeneHus rnaBHbIX pacTArmBaroLWmnX Hanps>keHnn B NnactTuHe ¢
Tpemsi oTBepcTuaAMU: a — packa 0,5x45°, 6 — 6e3 chackm
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1 AN
NCDAL SOLOTTICN MEY 24 2007
STEE=1 16:45:05
SUB =1 PLOT MNO. 1
TIME=1
31 (AVG)

CME =.145472 0
SME =285.393
31.7
63.42
95.13
126.84
158.55
190.26
221.973
253.683
285.393
Plate with 3 holes, B/d=6, without chamfers

Puc. 10. Xapaktep pacnpegeneHns rmaBHbIX pacTarMBatowmx HanpshkeHun B nnactuHe
C Tpems oTBepcTuamMmM (6e3 ackn, LeHTpanbHoe OTBEPCTUE CMELLEHO Ha 2 MM)

T AN
NCDAL SCLUTICH MEY 23 2007
STEP=1 15:01:43
SIB =1 PIOT NO. 1
TIME~1
s1 e
DM =. 075624 0
SM =262.579

29.175

58.35

87.526
116.70
145.877
175.05
204.228
233.403
262.579

Plate with 3 holes, B/d=6, without chamfers

Puc. 11. XapakTtep pacnpegeneHuns rnaBHbIX pacTAarnBatroLmnx HanpsXkeHU B NiiacTuHe
C NATbIO OTBEPCTMAMM
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AN

MAY 23 2007

13:16:00

FOT Mo, 1
- 106E-03
-589E-03)
001072
001555
.002039|
002522
. 003005
. 003488

003971

004455

Plate with hole, B/d=6

a

6

AN

MAY 29 2007
13:40:51
FLOT Mo, 1

JAME-04
S50E-03|
001011
0014724
001933
002393
002854
+003315|
03776

0042361

Puc. 12. XapakTep pacnpegeneHns rnaBHbIX pactarnBarowmnx gedpopmaunn B

nnactuHe ¢ otBepcTueM: a — packa 0,5x45°, 6 — 6e3 dacku

Plate with 3 holes, B/d=&

a

Flate with 3 holes, Bfdet, without chamfers

6

0012324

001636}

002847,

003251,

0036551

Puc. 13. Xapaktep pacnpeaenenuns rnaBHbIX pactsarmarowmx gedopmaumi B

Plate with 3 holes, B/d=b, without chamfers

nnacTtuHe ¢ Tpems oTBepcTMsiMn: a — dpacka 0,5x45°, 6 — 6e3 dackm
AN

AN
NCDBL SCLUTICN w24 2007 NCDAL SCLUTICN w23 2007
STEP=1 16:46: STEP=1 15200159
8 -1 FOT MO, 1 EiE FIOT MO, 1
TIMEL TIE~1
EFELL (BVG) EPELL (R3]
LM =. 143472 -112E-04 =075 TETE-0S
E a8 - 1005
449803 S - b0aes .411£-03
(R L814E-03
.001323) s
001761
001621
002158
002024
L002635]
002427
00307
00283
00351
003234/
003347
003637
Flate with 3 holes, Bfd=6, without chamfers

Puc. 14. XapakTep pacnpegeneHus
rmaBHbIX pacTarMsarowmnx gecdopmaunin B
nnactuHe ¢ Tpems otBepctuamm (6es
dacku, ueHTpanbHoe oTBepcTue
CMeLLEHO Ha 2 MM)

19

Puc. 15. Xapaktep pacnpegeneHus
rnaBHbIX pacTarnBarowmnx gedopmauni B
nNacTuHe C NATbLI0O OTBEPCTUAMMU




PaccumMtaHbl  KO3(MPUUMEHTbI  KOHUEHTpauMM  HanpsbkeHun 1 gedpopmaumin
(cm. puc. 16, 1P7<).

o
3,5

3,3 \\ 3

3 \\~<3\
\

2,9 9 &“

2,7

2,5

2,3

2,1

1,9

100 110 120 130 140 150

Gﬁp, Mla

Puc. 16. BrniusiHme ypoBHS HarpyXeHus n 4ncna oTBepCTum Ha KoadppuumeHT
KOHLUEHTpaLMn HanpsXKeHU:

1 — nnactuHa ¢ otBepctnem & 8,006 mm, cpacka 0,8x45°;

2 — nnactuHa c otBepctvem J 8,006 mm, cpacka 0,5x45°;

3 — nnactuHa c otBepctmem J 8,006 mm 6e3 packu, 2-D aHanus;

4 — nnacTtuHa c Tpems otBepctuammn & 8,006 mm, cpacka 0,8x45°,
KpanHee OTBepCTuE;

5 — nnacTtuHa ¢ Tpems otBepcTuamu J 8,006 mm, dpacka 0,5x45°,
KpanHee OTBepCTUE;

6 — nnacTuHa ¢ Tpemsi otBepcTuamm J 8,006 mm, 6e3 dacku,
2-D aHanus, kpanHee OTBEPCTUE;

7 — nnacTtuHa ¢ Tpemst otBepcTuamm J 8,006 mm, 6e3 dacku,
2-D aHanus, ueHTpanbHoe OTBEPCTUE, CMELLEHNE 2 MM;

8 — nnactuHa ¢ natbio otBepcTuamMn & 8,006 mm, 6e3 dackn,
2-D ananus, kpanHee oTBEpCTUE;

9 — nnacTtuHa ¢ naTbio otBepcTuamMn & 8,006 mm, 6e3 dacku [2]
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3,5

3.25 N\

2,75

2,5

2,25
100 110 120 130 140 150

Gﬁp, MMMa
Puc. 17. BnnsiHne ypoBHS HarpyXeHus u Ynmcna oTBepCTUiM Ha KOIhUUMEHT
KOHUEeHTpauuu gedopmMmauuin:

1 — nnactuHa c otBepctTnem < 8,006 mm, cpacka 0,8x45°;

2 — nnacTtuHa c oteepctnem J 8,006 mm, doacka 0,5x45°;

3 — nnacTtuHa ¢ otBepctmem < 8,006 mm 6e3 hacku, 2-D ananus;

4 — nnacTtuHa ¢ Tpems otBepcTuamn J 8,006 mm, dpacka 0,8x45°,
KpanHee OTBEPCTUE;

5 — nnactuHa ¢ Tpems otBepctnamm & 8,006 mm, dpacka 0,5x45°,
KpanHee OTBepCTuE;

6 — nnacTtuHa ¢ Tpemsi otBepcTuamm J 8,006 mm, 6e3 dacku,
2-D ananus, kpaniHee oTBepCTUE;

7 — nnacTtuHa ¢ Tpems otBepctnamm & 8,006 mm, 6e3 dackn,
2-D aHanus, ueHTpasnbHoe 0TBEepPCTUE, CMELLEHNE 2 MM;

8 — nnacTtuHa ¢ natbto otBepcTuaMn J 8,006 mm, 6e3 dackn,
2-D ananus, kpaniHee oTBepcTHe
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McxogHbIM UUKN Harpy>KeHUsa npuBefeH K 3KBMBANEHTHOMY OTHYNEBOMY LMKNY
no popmyne OguHra.

[ns atoro:

1. OnpegeneHbl 3HaYeHUs aMnNUTyAbl HANPsSXKeHUW, aedopMauun N yaesbHON
SHeprum 0edopMMpoOBaHNSA B 30HE BEPOSATHOMO YCTANOCTHOIO paspyLlUEHUs B CEYEHNAX
MO OCSIM OTBEPCTUMN.

2. PaccuntaHbl MakcumMarnbHble HanpsXXeHus, gedopmaummn 1 yaenbHas SHeprus
0edOpPMNPOBAHNA  OKBMBANIEHTHOrO  OTHYNEBOrO0 UWMKNA B 30HE  BEPOSATHOrO
YyCTanoCTHOro paspyLUeHus.

3. OnpegeneHbl MakcmarbHble 3Ha4YeHUs1 pacCYMTbiBaeMbIX B M. 2 napameTpos
BO BCEM AnanasoHe 3KCnyaTaLMOHHbIX Harpy3oK.

Mo pesynbTaTam pacyeTa MOCTPOEHbI rpadukm U3IMEHEHUA MaKCUMarbHbIX
HanNps>KeHun, gedopmaumin U yaenbHOW 3Heprnn AeddOpMUPOBaHUS IKBMBANEHTHOrO
OTHYNEBOro LMKIa BO BCEM [Mana3oHe 3KCrnyaTtaumMoHHbIX Harpy3ok (puc. 18—20).

i —=
350 » =

300 /

0 G1imax0, MMa

w
o1 -]

250

Vi

200 /A
/A
%

100

50

0 20 40 60 80 100 120 140 160 180 200
Gep, MMa
Puc. 18. Bninanune ypoBHS HarpyXeHusi n Yynmcna oTBepCTUn Ha U3MeHeHNe
MaKCUMarnbHbIX FMaBHbIX PACTAMMBAOLLNX HAMPSHKEHNA 9KBUBASIEHTHOIO OTHYNEBOro
yukna:
1 — nnactuHa c otBepctnem & 8,006 mm, packa 0,8x45°;
2 — nnacTtuHa ¢ otBepctmem & 8,006 mm, cbacka 0,5x45°;
3 — nnacTtuHa ¢ otBepctmem & 8,006 mm, 6e3 dackn, 2-D aHanus;
4 — nnacTtuHa ¢ Tpems otBepctuammn & 8,006 mm, packa 0,8x45°,
KpanHee OTBepCTUE;
5 — nnactuHa c Tpems otBepctTnamn J 8,006 mm, gpacka 0,5x45°,
KpanHee OTBepCTuE;
6 — nnacTuHa ¢ Tpems otBepcTnamm & 8,006 mm, 6e3 dackn,
2-D aHanus, kpanHee oTBepCTUE;
7 — nnacTuHa ¢ Tpemsi otBepcTuamm J 8,006 mm, 6e3 dacku,
2-D aHanus, ueHTpanbHoe OTBEPCTME, CMELLEHNE 2 MM;
8 — nnacTtuHa ¢ natbto otBepcTuamMn J 8,006 mm, 6e3 dackn,
2-D ananus, kpaniHee oTBepcTHe
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€ Tmax0

0,006

0,005

0,004

0,003

0,002 -

0,001

0
0 50 100 150 200
c56p, Mlla
Puc. 19. BnvsiHne ypoBHS Harpy>XeHus u 4ncna oTBepCTUM Ha N3MEHEHME

MaKCMMarbHbIX FMaBHbIX pacTArMBaroLmnX gedopmauni
9KBMBANEHTHOrO OTHYNEBOro UukKna:

1 — nnactuHa c otBepctuem & 8,006 mm, chacka 0,8x45°;

2 — nnacTtuHa ¢ otBepctnem J 8,006 mm, dpacka 0,5x45°;

3 — nnacTtuHa ¢ otBepctmem & 8,006 mm, 6e3 hacku, 2-D ananus;

4 — nnacTtuHa ¢ Tpems otBepcTuamn J 8,006 mm, dpacka 0,8x45°,
KpanHee OTBepCTUE;

5 — nnacTtuHa ¢ Tpems otBepcTuamu J 8,006 mm, dpacka 0,5x45°,
KpanHee OTBEPCTHUE;

6 — nnacTtuHa ¢ Tpemst otBepcTuamm J 8,006 mm, 6e3 dacku,
2-D ananus, kpariHee oTBEpCTHE;

7 — nnacTtuHa ¢ Tpemsi otBepcTuamm J 8,006 mm, 6e3 dacku,
2-D aHanus, ueHTpanbHoe OTBEepPCTUE, CMELLEHNE 2 MM;

8 — nnacTtuHa ¢ natbio otBepcTuamMn & 8,006 mm, 6e3 dacku,
2-D aHanus, kpanHee oTBepcTue
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Wimax0

2,25

1,75

1,5

1,25

0,75
0,5
0,25
0
0 50 100 150 200
Gep, MIMa

Puc. 20. Bninanune ypoBHSA HarpyXeHust n 4ymcna oTBepCTU Ha U3MeHeHue
MaKcMarbHOW yaenbHOW 3Heprum aedopmMmnpoBaHng
9KBMBANEHTHOrO OTHYNEBOro LuKna:

1 — nnactuHa ¢ otBepctnem & 8,006 mm, cpacka 0,8x45°;

2 — nnactuHa c otBepctnem J 8,006 mm, cpacka 0,5x45°;

3 — nnacTtuHa ¢ otBepctmem J 8,006 mm, 6e3 dackn, 2-D aHanus;

4 — nnacTtuHa c Tpems otBepctuammn & 8,006 mm, cpacka 0,8x45°,
KpanHee OTBepCTuE;

5 — nnacTtuHa ¢ Tpems otBepcTuamu J 8,006 mm, dpacka 0,5x45°,
KpanHee OTBepCTUE;

6 — nnacTuHa ¢ Tpemsi otBepcTuamm J 8,006 mm, 6e3 dacku,
2-D aHanus, kpanHee OTBEPCTHUE;

7 — NnacTtuHa ¢ Tpems otBepcTuamm J 8,006 mm, 6e3 dacku,
2-D aHanus, ueHTpanbHoe OTBEPCTUE, CMELLEHNE 2 MM;

8 — nnacTtuHa ¢ natbio otBepcTuamMn & 8,006 mm, 6e3 dackn,
2-D ananus, kpaniHee oTBepcTHe

B uensx yonobctBa ncnonb3oBaHUs, NoslyYeHHble pe3ynbTaThl NpeacTaBreHbl B
Buae tabnuy, (cm. Tabn. 1-5).
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Tabnuua 1
3HaveHnst KO3 PULMEHTOB KOHLEHTPALMN HaNPsKeHUM
ANs pasnu4yHbIX KOHUrypaumim nnacTmH ¢ OTBEPCTUAMMU

Ne HanmeHoBaHue Ko
n/n Oop = Gop = O6p =
=100 Mla =130 Mlla =150 Mlla
1 [MnacTuHa ¢ oTBEPCTMEM
8,006 mm, cpacka 0,8 mm 3,36 2,90 2,61
2 | NMnacTtuHa c oTBEPCTUEM
8,006 mm, cpacka 0,5 mm 3.19 2,77 2,42
3 | lNnactuHa c oTBepcTuemM
8,006 mm, 6e3 dhacku 3,06 2,75 2,39
4 | lNnacTtuMHa c TpemMsa oTBEPCTUAMU
8,006 mm, cpacka 0,8 mm 2,88 2,84 2,51
(kpariHee oTBEpCTME)
5 | lMnacTtuHa ¢ Tpemsa oTBEPCTUAMM
8,006 mm, cpacka 0,5 mm 2,75 2,73 2,40
(kpariHee oTBeEpCTME)
6 | [lnacTuHa c Tpems OTBEPCTUAMMU
8,006 mm, 6e3 hacku 2,63 2,63 2,37
(kpariHee oTBeEpCTME)
7 | lNnactuHa ¢ Tpems OTBEPCTUAMM
8,006 mm, 6e3 chacku, 285 2.85 1,90
LeHTpanbHOe OTB. CMELLEHO Ha
2 MM (LeHTpanbHoe OTBEpCTUE)
8 | [NnacTuHa c NATb0 OTBEPCTUSAMU
8,006 mm, 6e3 hacku 2,62 2,62 2,36
(kparHee oTBepCTME)
Tabnuuya. 2
3Ha4yeHNsa KOIPULMEHTOB KOHLIEHTpauumn gegopmauni
A5 pasnu4yHbIX KOHUrypaumin nnacTmH ¢ OTBEPCTUAMMU
Ne HanmeHoBaHuve Ke
n/n Gep = G6p = O6p =
=100 Mla =130 Mlla =150 Mlla
1 [MnacTuHa ¢ oTBEPCTMEM
8,006 mm, cpacka 0,8 mm 3,28 2,76 2,45
2 | NnacTtuHa c oTBEPCTUEM
8,006 mm, cpacka 0,5 mm 3.17 2,71 2,38
3 | MNMnactuHa c oTBEPCTMEM
238,006 MM, 63 dhacki 3,05 2,71 2,37
4 | [lnacTnHa c TpemMsa OTBEPCTUSMM
8,006 mm, chacka 0,8 mm 2,81 2,75 2,4
(kparHee oTBepCTME)
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OkoHyaHue Tabn. 2

Ne HanmeHoBaHue Ke
n/n Gop = O6p = O6p =
=100 MIMa =130 MMMa =150 MMMa
5 | lNnactnHa c Tpems oTBEPCTUSMHU
8,006 mm, cpacka 0,5 Mm 2,72 2,70 2,36
(kparHee oTBeEpCTME)
6 | lNnacTtuHa c Tpems OTBEPCTUAMM
8,006 mm, 6e3 dacku (kpanHee 2,82 2,82 2,40
OTB.)
7 | lnactnHa c Tpems oTBePCTUSMHU
8,006 mm, 6e3 cacku, 2 61 2 60 236
LEeHTparbHOE OTB. CMELLIEHO Ha ’ ’ ’
2 MM (LeHTpanbHoe OTBEpPCTUE)
8 | lnacTtuHa ¢ NaTblo OTBEPCTUAMUN
8,006 mm, 6e3 dackm 2,62 2,62 2,36
(kpariHee oTBepCTME)
Tabnuua 3

3HayeHns MakcMMarbHbIX FNaBHbIX HANPSHXKEHWIA SKBMBANEHTHOMO
OTHYNEBOro UMKNa Ans pasnuyHbiX KOHUrypauui NnacTMH ¢ OTBEPCTUSIMU

Ne HanmeHoBaHune ol ., MMa
n/n _ _ =
Gep — Gep — Gep —
=100 MIMa =130 MMMa =150 MMMa
1 [MnacTuHa ¢ oTBEPCTMEM
8,006 mm, cpacka 0,8 mm 335 370 375
2 | NnacTtuHa c oTBEPCTUEM
8,006 mm, packa 0,5 mm 327 365 369
3 | lNnactuHa c oTBepcTuemM
8,006 mm, 6e3 dhacku 306 355 359
4 | lNnacTtuHa c TpemMsa oTBEpPCTUAMM
8,006 mm, cpacka 0,8 mm 287 369 370
(kpariHee oTBeEpCTME)
5 | lMnacTtuHa c Tpemsa oTBEPCTUAMM
8,006 mm, cpacka 0,5 mm 282 363 365
(kpariHee oTBepCTME)
6 | [lnacTuHa ¢ Tpems OTBEPCTUAMMU
8,006 mm, Be3 chacku 263 342 354
(kpariHee oTBepCTME)
7 | lNnactuHa ¢ Tpems OTBEPCTUAMM
8,006 mm, 6e3 chacku, 085 360 371
LeHTpanbHoe OTB. CMELLEHO Ha
2 MM (LeHTpanbHoe OTBepCTUE)
8 | lNnacTuHa c NATbO OTBEPCTUSAMU
8,006 mm, 6e3 cackm 262 340 354

(kpariHee oTBepCTME)
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Tabnuua 4

3Ha4YeHnss MakcMMarbHbIX FfaBHbIX uecbopmau,vm 9KBMUBAJ1IEHTHOIo

OTHYNEBOro UMKna Ans pasnuyHbiX KOHUrypaumii NnacTMH ¢ OTBEPCTUSIMUA

Ne HanmeHoBaHue gl ., MMa
n/n. _ _ _
Gep — Gep — Ge6p —
=100 MlMa =130 MMMa =150 MMMa
1 [MnacTtuHa ¢ oTBEpPCTMEM
298,006 MM, chacka 0,8 MM 0,00454 0,0048 0,0047
2 | [lnacTuHa c oTBEPCTUEM
28,006 MM, chacka 0,5 MM 0,00445 0,0048 0,0047
3 | MNMnactuHa ¢ oTBEPCTMEM
28,006 MM, 663 thacku 0,0042 0,0048 0,0048
4 | NnacTtuHa ¢ TpemMs OTBEpPCTUAMU
8,006 mm, cpacka 0,8 mm 0,0039 0,005 0,0048
(kparHee oTBepCTME)
5 | lNnactuHa c Tpems oTBEPCTUAMU
8,006 mm, cpacka 0,5 mm 0,0038 0,0049 0,0048
(kpanHee OTB.)
6 | lNnacTtuHa c Tpems OTBEPCTUAMM
8,006 mm, 6e3 dacku (kparHee 0,0036 0,0047 0,0048
OTBEpPCTHE)
7 | MnacTuHa c Tpemsa oTBEPCTUAMM
28,006 MM, bes cpackwm, 0,0039 0,0051 0,0049
LeHTpanbHOe OTB. CMELLEHO Ha
2 MM (LEeHTp. OTB.)
8 | MNnacTuHa ¢ NATblo OTBEPCTUAMM
8,006 mm, 6e3 dacku (kpanHee 0,0032 0,0041 0,0047
OTBEPCTHE)
Tabnuua 5

3HauyeHns1 MakcMManbHOW yaenbHOW SHeprn AedopMUpPOBaHNSI SKBMBANEHTHOMO
OTHYNEBOro UMKna Ans pasnuyHbiX KOHUrypaumii NnacTMH ¢ OTBEPCTUSIMUA

Ne HaumeHoBaHue W Ma
n/n — - _
G6p = Opgp = O6p =
1=00 MlMa | =130 Mlla =150 MMMa
1 | MNnactuHa c oTBepcTNEM
218,006 MM, packa 0,8 MM 1,52 1,88 1,95
2 | lnactuHa c oTBEpcTMEM
58,006 MM, dbacka 0,5 MM 1,46 1,84 1,92
3 | MNnactnHa c oTBEpCTMEM
8,006 MM, 6e3 hacky 1,30 1,74 1,77
4 [MnactunHa ¢ Tpemsa oTBEPCTUSMU
8,006 mm, packa 0,8 mm 1,12 1,83 1.88

(kpariHee oTBEpCTME)
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OkoH4yaHue Tabn. 5

Ne HanmeHoBaHue w. ., MMa
n/n - = =
O6p = Gep = G6p =
=100 Mlla =130 Mla =150 Mla

5 | MnacTuHa ¢ Tpemsa oTBEPCTUAMM
©@8,006 mm, dbacka 0,5 mm 1,1 1,79 1,84
(kparHee oTBeEpCTME)

6 | [lnacTuHa c Tpems OTBEPCTUAMMU
8,006 mm, 6e3 hacku 0,96 1,62 1,73
(kpariHee oTBEpCTME)

7 | lNnactuHa ¢ Tpems OTBEPCTUAMM
8,006 mm, 6e3 dacku,
LeHTpanbHoe OTB. CMELLEHO Ha
2 MM (LeHTpanbHoe OTBEpCTUE)

1,13 1,77 1,90

8 | lNnactuHa ¢ NATLI0 OTBEPCTUAMM
8,006 mm, 6e3 chackm 0,95 1,60 1,72
(kpariHee oTBeEpCTME)

AHann3 nony4YeHHbIX pe3ynbTaToB NOKa3bIBaET crneaytoulee:

1. TlnactTmHa C OOWHOYHLIM  OTBepcTMeM  obnagaetr  Hauxygwumu
xapakrepuctukamm HOC 13 Bcex pacCMOTPeHHbIX B paboTe BapuaHTOB.

2. BbinonHeHne gononHUTENbHbIX OTBEPCTUIM (BapuaHT — TPU U NSATb OTBEPCTUN)
NPUBOOUT K YMEHbLUEHUIO BenMYMHbl AENCTBYIOWNX HaMpsKeHun U gedopmauun B
30HE KOHLEeHTpaumn Hanpshkenmn B 1,16—1,24 pasa.

3. BbinonHeHne ackn nNpuBOOUT K HE3HAYUTESNIbHOMY POCTY KOHUEHTpauuu
HanpskeHun n gedopmaumi No CPaBHEHUKD C  KOHUEHTpauuen HanpskeHun wu
aedopmMauun B nnactTnHax ¢ oTBepctusiMmn 6e3 dacku.

4. CmMeLLeHMe OCU LeHTpanbHOro OTBEPCTUS Ha 2 MM MPUBOOUT K YBENUYEHUIO
KoahpuumeHTa KoHUEHTpauum HanpsxxeHnn n gecdopmauun B cpegHem B 1,004 pasa.
Mo cBouM xapakTepucTukaMm nracTMHa CO CMELUEHHbIM LeHTparbHbIM OTBepCcTMEM
6nm3ka K nnacTtuHe ¢ OTBEPCTUEM.

5. lNpumeHeHne Tpex OTBEPCTUN BMECTO OOHOro MNPUBOAUT K CHWKEHUIO
MaKCUMarnbHbIX TflaBHbIX PaCTArMBalOLWMX HaNps>KeHUn SKBMBANEHTHOrO OTHYNEeBOro
umkna B 1,01-1,18 pasa, makcMmanbHbIX [MaBHbIX pacTaArMBaroWmx Aedopmaumin
9KBMBASIEHTHOrO OTHYNEBOro uukna B 1,17 pasa n mMakcMmanbHOW yaenbHOW 3HEeprum
AedopMmnpoBaHNA 3KBUBaANIEHTHOro OTHyneBoro uukna B 1,04 — 1,36 pasa.

6. Vcnonb3oBaHue NATU OTBEPCTUA BMECTO OAHOIO MPUBOOMUT K CHUDKEHWUIO
MaKCUMarnbHbIX TflaBHbIX PacTArMBalOWMX Hanps>KeHUn SKBMBANEHTHOrO OTHYNEeBOro
uukna B 1,05-1,25 pasa, mMakcMmmanbHbIX [MaBHbIX pacTArMBalWux AegopmMauni
9KBMBANEHTHOro OTHyreBoro uukna B 1,23 pasa u mMakcMmarbHOW yAEeNbHOW 3Heprum
AedopMnpoBaHNA 3KBUBASIEHTHOro OTHyneBoro unkna B 1,12—1,53 pasa.
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BbiBoAabl:

1. PaspaboTtaH meToa onpeaeneHus xapakrepuctmk nokansHoro HOC nnactuH ¢
KOHLIeHTpaTopamMm HanpsXXeHnn B BUAE OAMHOYHbBIX W FPYNMOBbIX OTBEPCTUN.

2. PaspaboTaHHbIn METOA yuuTbiBaeT MnacTuyeckoe noBedeHne maTtepuana
NNAaCTUHbI N UCTOPUIO HArpy>KEeHUS.

3. VccnegosaHo BNUsSiHWME BbIMOMHEHUSA (PACKM U CMELLEeHUs OCM OTBEPCTUS Ha
xapakTepuctunkm nokanbHoro HOC 1 KoHUEHTpauuio HanpsbkeHnn n gedopmaumn.

4. Tony4yeHHble OaHHble MOryT ObiTb WCNOMb30BaHbl AMs MPOrHO3MPOBaHMSA
yCTanoCTHOW 4OMrOBEYHOCTUN NAACTUH C OTBEPCTUAMM.
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YOK 629.7.01 M.N. Hukndpoposa

ITaJIOHHASA MOI€JIb 1JId OICHKHU BEPOATHOCTH MMOTCPH TEXHUYECKOH
yCTOﬁqHBOCTH PAKETBI-HOCUTEJIA

HauyuoHarnbHbIl aspokocmudeckul yHusepcumem um. H.E. XKykoeckozo « XAU»
lNMocmaHoeka npobnemsl, uens pabomsi

OnpegeneHve 3anacoB YCTOMYMBOCTU OBUXKEHUSA SBMSETCA OOHUM W3 rMNaBHbIX
BOMPOCOB AMHaMUYEeCKOro npoektupoBaHus. OueHKka yCTOMYMBOCTU OBUXEHUS paKkeT-
HocuTenen (PH) npencraBnser coboM [OCTAaTOMHO CHOXKHYK 3agadvy, Tak Kak
BO3MYLLEHHOE [BWXEHWe pakeTbl ONuUCbIBAaeTCA cucTemMon auddepeHumanbHbIX
YpaBHEHUA C MEpPeMeHHbIMWU  Ko3dbpuumMeHTamn, UNMEKLWUMN  CYLLECTBEHHbIE
cnyvanHble pasbpocbl, a BO3MyLlawLWMe BO3AEWCTBUA npeacTaBnsioT  cobou
HecTauMOHapHble crnyvamHble yHKuuuK. [ns uccnegoBaHna 3TOW 3afayM B pakeTHOM
TEXHUKE LUMPOKO MPUMEHSETCHA MOHATUE TEXHUYECKOW YCTOWYMBOCTU OBWKEHUS, UIK
YyCTOWNYMBOCTM, paccMaTpnBaeMon Ha KOHEYHOM UHTepBane BPpeMEHU MO OTHOLLIEHUIO K
HayarbHbIM BO3MYLUEHUAM W OEeNCTBYIOLLMM BO3MYLLAOWMM curiam n momeHTtam [8].
OnpepgeneHve 3anaca TEXHUYECKON YCTOMYMBOCTU ABNSETCH 0COH60 BaXHbIM MOMEHTOM
NPy OLEHKe YNpaBrsgeMOCTU UM CBSA3aHO C oOfpefeneHnem 3anaca no 3arpyske
ynpasnsowmux opraHos PH. MakcumanbHy0 3arpy3ky OopraHoB ynpaBSieHUA C y4eTOM
pa3bpocoB XapakTePUCTUK CUCTeMbl UenecoobpasHo onpedenaTb Ha y4vacTke
NPOXOXOEHUS PaKETONW MaKCMMarbHbIX CKOPOCTHbIX HamopoB, T.e. Ha [ cTyneHu
nonerta.

CnoxHoCTb 3afayn Mo OUEHKe TeXHUYECKOW YCTOMYMBOCTMU, KaK yKasbiBarocb
Bbllle, 0BycrnoBrneHa TeM, YTO XapakTePUCTUKN pakeTbl 1 BO3MyLLaoLMe BO3AENCTBUS
OMUCBLIBAOTCA CrydalHbIMU  (PYHKUMSAMKU, MO3TOMY Hamboriee KOppekTHbIM MeTOA0M
pelleHns 3afadn  SBnsSeTCs BEpPOSATHOCTHbIM  nogxod. MeTtoa craTMCTUYECcKoro
MOAENUPOBaHUS 4aBndeTca Hamboree oOWMM  METOOOM  peLlleHUst  CIIOXHbIX
BEPOATHOCTHbIX 3a4a4 U NO3BOMNSET Y4ECTb BEPOATHOCTHbIE XapaKTePUCTUKN BONbLLIOro
KONu4ecTBa CrnyyYanHblX BENNYNH.

CyLlecTBYHOT pa3nuyHble MeTodbl OLEHKM TEXHUYECKON YCTOMYMBOCTU OOBEKTA,
Hanpumep: MeTo[ CeYeHun, MeTod, UCNOSb3YILWNA Teoputo BbIOPOCOB CriyvanHbIX
NnpoLeccoB, MeToA dKCTpeMarnbHbIX 3Ha4yeHun [2,3,4,5,6].

3TN MeToabl MO3BOSIAKT MOMAYyYUTb MNPUBNIMXKEHHbIM pesynbTaTt. [ns oueHKu
CTeneHn npuBIMKEHHOCTU BbIENEPEYNCIIEHHbIX MEeTOAOB HeobXoauMO MonyyuTb
pe3ynbTart, Hambonee 6NU3KM K peanbHOMY — 3TarlOHHbIN pesyrnbTarT.

Llenbto gaHHOro uccrnefoBaHusa siBnseTca paspaboTka aTanoHHOM mMogenu Ans
OLIEHKM BEPOSATHOCTU NOTEPU TEXHUYECKON YCTONYNBOCTM.

OmasnoHHbIU 06 BEeKmM

PakeTta ¢ aBTomaToM cTabunusauum npeacrtaBnseT cobor CMOXHYI 3aMKHYTYHO
cucTeMy, [AuHamMuKa KOoTopoh B oblwem cnyyae OnuCbIBaeTCs  HENUHEWHbIMU
anddepeHumanbHbIMU - YpaBHEHUSIMWU € NMEPEMEHHbIMU  KOadhduUMeHTamMK.  ITH
YPaBHEHUSA Y4YMTbIBAIOT BIIUSIHWE XWMAOKOro TonnmMBa W ynpyrue konebaHus kopnyca
pakeTbl. [Na OTKNOHEHUA YyNpaBnSALWNX OPraHOB OLeHKA TEXHUYECKOW YyCTOMYMBOCTMU
00bIYHO NPOBOAUTCA MO CUCTEME YpaBHEHUWN, ONUCLIBAOLEN NOBEAEHME pakeTbl Kak
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abCcontoTHO TBEPAOro XecTKoro Tena. Hanbonblwee Bo3MyLLaloLLee JenCTBME OT BeTpa
Ha nonet I cTyneHu okasblBaeTCs B KaHane pbickaHus. JuHamuka pakeTbl MOXeT ObiTb
onucaHa cuctemon AndpdepeHumarnbHbIX YpaBHEHUW, KOTOpasi B KaHase pblCKaHUS
nmeet BuA [6]:

2"=a,(t)-7'+a,, () w+a,(t) 5+F(t),

y'=a,t)-z'+a, ) yv+a,t)o+M(Q), (1)
T,:0"+T,-:0'+6=K, -y, +K -y, -K, -7
roe w — KoopAuHaTa, XxapakTepuaylollasa BpalleHne pakeTbl BOKPYr LeHTpa macc (yron
pbICKaHUS);
O — Yron OTKMNOHEHMS YNPaBNSAoLLNX OPraHoB;
Z — KoopAuHaTa, XxapakTepusyoLlas nepemMeLleHmne LeHTpa Macc pakeThbl;
a; (t) — pyHKLMM HE3aBUCMMOW NEPEMEHHON t, Bbipaxatole 3akoH N3MEHEHMs

napamMeTpoB paKeTbl;
T,,T,— noctosHHbIE BpeMeHn asTomaTa crabunusauum (AC);

K, — KO3(pPUUMEHT ycuneHuss no kaHany pbickanus, K, =T,K

NOCTOAHHAas BpemMeHn guddepeHunpoBaHus;
F(t) n M(t)— npuseaeHHble BO3MYyLLAIOLWME CUMbl U MOMEHTbHI B (DYHKLIK
BPEMEHM;

Wg — Yron pbiCKaHu4, I/I3MepF|eMbIIZ OaT4YUKOM yrna;

K, — KO3 dPULMNEHT YCUMNEHUS NO CKOPOCTU OTKIIOHEHWUS LIeHTpa Macc.

UTo6bl NONYyYMTb 3TANOHHbBIM pe3ynbTaT C 4OCTAaTOMHOWN AN UHXEHEPHbIX Lienen
TOYHOCTbO, HEOO6XOAMMO MpPOBEAEHNE CTATUCTUYECKONO MOAENMPOBaHMS OOnbLLOro
obbema. OpgHako  MHOrokpaTtHoe  peleHne  cucTtembl  anddepeHunanbHbIX
ypaBHeHun (1) npu cbope CTaTUCTUYECKMX [OaHHbIX — 3ajada, CyLWeCTBEHHbIM
He4OCTaTKOM KOTOPOM SIBMSIETCSA BPEMsSI MOL4ENUpoBaHus. Bpems pelweHus cuctemsol (2)
coctaBnsetr 555c¢c gna opgHoro npoxoga. CnepoBaTenbHO, BpeMsi MNpoBeAeHUs
cratuctmyeckoro mogenuposaHus odobemom N=1 000 000 coctaBuT npmMbnuanTensHoO
1550 4, 4TO ABNAETCA HENPUEMMEMbIM.

MockonbKy OCHOBHas 3arpy3ka OpraHoB YNpaBrieHWsl CBsid3aHa C NMapupoBaHMEM
BO3MYLLAKLIMX MOMEHTOB, TO [ANA COKpPallUeHWs BPEMEHW WHTErpupoBaHus
LiernecoobpasHo B kKa4ecTBe aTanloHa paccMaTpyBaTh TONbKO YpaBHEHME MOMEHTOB

a,, 0y +a,1)-5=-M(),
T-0'+0=K, - w+K, -y
B aToit cucteme M(t) = a,(t)-W(), rae W(t) — BeTpoBoe BO3AeNCTBME Ha
pakeTy.
MockonbKy Haubonbllee 3HavyeHMe yrna OTKIOHEHUS YnpaBnsHLMX OpraHoB
ynpaBneHnsa npuxoguMTca Ha nepuog BpemeHu, koraa Ha PH gencteyet makcumanbsHbIn

CKOPOCTHOM Hanop, uernecoobpasHo paccmaTpuBaTb He BClO [ CTyneHb, a TOMbKO ee
4YacTb — Y4aCTOK C MakCuManbHbIMKU peanu3auuamm o(t).

Ha puc. 1 nokasaHo cpefHee 3HavyeHne nameHeHnsa yHkumMm S(t), nonyvyeHHoe
B pe3ynbTate mogenunpoBaHua obbemom 3000 ans guanasoHOB BpPEMEHMU te[O..lZO]
(NyHKTUPHAA NUHNS) N t e [30..85] (cnnowHasa nuHuA). B kadecTBe BeKTOpa HavyanbHbIX

(2)
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YyCrnoBUI AN UHTErpMpOBaHUsS Ha MHTepBane te[30..85] 3a4aloTcs cpeaHue 3Ha4vyeHus
peweHnin cuctemol (2) B MOMeHT BpemeHun t =30c, nonyyYeHHble Npu MogennpoBaHnn
Ha uHTepBane t e [0..120].

angle of rotation of the control modules

delta

Puc. 1. 3HayeHnsa yHkumMmM o (t), nonyyYeHHble MogenmpoBaHnem
ANa OBYX ANana3oHOB BpEMEHU

Ha puc. 1 BMAHO, 4TO pelleHne cuctembl (2) B COKpalleHHOM WHTepBane (c
MakcuMarnbHbIMKM peanu3aumsaMmn S(t)) asnsetca npuemneMbiM U LenecoobpasHbiM

ONS1 COKpaLLeHNs BpeMEHM CTaTUCTUYECKOro MmoaenuposaHus. B tabn. 1 npueegeHo
BpeMA peLleHUs CUCTEMbl YpaBHEHUW, onucbiBawwen auHamuky PH gna  Tpex
BbILLEN3MOXEHHbIX BapUaHTOB:

1) pelwweHne cuctemsbl (1) B AnanasoHe BpeMeHu t € [O..120];

2) pelueHne cuctemsbl (2) B AnanasoHe BpeMeHu t € [O..120];

3) pelleHue cucTeMbl (2) B AManasoHe Bpemenm t e [30..85].

Tabnuua 1
BapuaHTt Ownana3oH Bpems pewieHusn
pelieHuns BpemeHu t CUCTEMBI, C
1 t €[0..120] 5,55
2 t €[0..120] 1,65
3 t € [30..85] 0,85

Mo paHHbIM, NpuBedeHHbIM Ha puc. 1 1 B Tabn. 1, BMAHO, YTO NpoBeadeHue
MOLENMPOBaHUA CUCTEMBI (2) Ha ydYacTke MakcumarbHbIX peanu3aumi KO cokpaiuaet
BPEMSI MOAENUPOBAHMS NOYTU B 2 pasa Mo CPaBHEHUIO C MOLENUPOBAHMEM Ha BCEM
WHTepBarne, 1 NOYTU B 7 pa3 Mo CpaBHEHUIO C MOAeNUPOBaHUEM cuctemsl (1).

Mpn npoBegeHUM CTATUCTUYECKOTO MOAENUPOBAHUA [LNA  onpeferieHust
TEXHUYECKON  YCTOMYMBOCTM  HeobxoOuMO  yuuTbiBaTb  CryvaWHbIA  XapakTep
BO3MYLLEHNA, pa3bpocoB napaMeTpoB pakeTbl, aBTomMara crabunusauum w
Xapaktepuctuk atmocdepsbl [6]. Takum obpas3om, ycnoBuemM Afs OLEHKN TEXHUYECKON
yctonumsoctn PH aBnsetca coxpaHeHne 3HayeHuUa yrrna OTKMNOHEeHUs OpraHoB
ynpaBneHns B OMNYCTMMOM [uarna3oHe 3Ha4YeHUW Ha paccmaTpuBaeMOM WHTepBane
BPEMEHM:

|6 (k) < A, (3)
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rae 6 — 3HayeHue YHKUMKM yrna OTKIOHEeHUs ynpasBnsawwmx opraHoB PH, aTta
KputepmnanbHaa QyHkuma (K®) wnsmeHsieTcs B 3aBUCUMMOCTM OT BpemMeHn t u
BO3MYLLEHUN;

A — npegernbHO OOoNYyCTMMOE 3HAYEeHUe yrna OTKIIOHEHUS O .

HomuHanbHbIe 3HAaYeHMsI NapamMeTpPoB CUCTEMBI (2) U X pa3bpockl N NpMBEeaAEHbI
B Tabn. 2.

Tabnuuya 2
O603HayeHune HomuHanbHoe o
HaumeHoBaHune Pa3bpoc, %
napameTtpa 3Ha4YeHue
K KoadpbpmumeHT ycunenums no 6 7
v KaHany pblCKaHus
T, [MocTosiHHasA BpemeHu 05 o5
andhdepeHunpoBaHus
T, MocTtosiHHas Bpemenu AC 0,1108 20
a,, ®PyHKLMKM, BbIpaxarwLme 3aKkoH Puc. 2 25
a5 N3MEHEeHNa NapaMeTpOB paKeThbl Puc. 3 10

Ana ydeta BNUAHWUA CryYarHbIX BO3MYLLUEHMW W HavanbHbIX YCIOBUW Ha
ycton4ymBocte PH nameHeHne BeTpoBbIX BO3OEMNCTBMMA BO BPEMEHW 3ajaeTcd B BuAe
KaHOHMYECKOro pasnoxeHus [6]

W (1) =W, () + D V; -, (1), (4)

roe W, (t) — cuctematmnyeckas coctaBnsioLlas CKopocTu BeTpa; ¢, (t) — HecnyvamnHble
dyHKUUN, Ha3blBaemble KoopAWHATHbIMK; V.— cTaHgapTHble CryyYalHble 4ucna,

pacnpeaeneHHble No HopManbHOMY 3akoHy. Takum oGpa3oM, Ans pasnuyHbix Habopos
yucen V, nony4YvMm HeKOTopble peanu3auuy Nnpoduns BeTpa.

HomuHanbHble 3HaveHuna koadpcpuumentos 4, un a N3MEHSITCA MO

wo
BPEMEHM, KaK MOKasaHO Ha puc. 2 u 3. padukn mM3MeHeHus cucTeMaTU4ecKom
coctasnswowen setpa W,(t) n cpegHero 3HadYeHMsi KOOpPAMHATHBLIX OYHKUUA ¢, (1),

nokasaHbl Ha puc. 4 n 5.
apsipsi(t) apsidltit)
bE T ! T T ! T

0.7
0.6
0.5
0.4
0.3
02
0.1

i

o I S N S R » R R R R N
1] 20 40 60 a0 100 120 140 | 20 40 60 80 100 120 140

Puc. 2. HommHanbHoe 3Ha4yeHue Puc. 3. HommHanbHoe 3Ha4yeHue
koacpcpuumenta &, (t) koacpcpuumenta a,s (t)
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W) average Fift)

Wil
Fi

i I i i I i
g 20 40 60 &0 oo 120 140 4 20 40 B0 80 100 120 140

Puc. 4. Cuctematnyeckas Puc. 5. CpegHee 3HayeHune
cocTtasnsowan ckopoctn setpa W, (t) KOOPAUHATHBIX PYHKUMI ¢, (1)

Memoduka uccnedoeaHusi U OCHO8HbIe pe3yJibmamabl

[ns peweHuna cuctembl anddepeHumanbHbiX ypaBHeHUN (2) BbibpaHa cuctema
Matlab, T.k. oHa aBnsieTcsa Npuemnemon 6as3on ONsa peleHns TEXHUYECKUX 3adad u
yOOBETBOPSET Crneayrwmm TpeboBaHUAM:

e MakcMmanbHO BbICTPO M ONTUManbHBIM 06pPa3oM NPOU3BOANT pacyeThl;

e ynobHO onepupyeT MaccuBamm AaHHbIX O0nNbLLOro o6bema;

® MMeeT LUMPOKY BUBNNoTeKky BCTPOEHHbIX (OYHKUMIA AN yaobHown paboThbl
C A@HHbIMY;

e BbINOMHAET MHOXECTBO KOMMNbIOTEPHbIX 3a4a4y Ans NOAAEPXKKA Hay4HbIX U

WHXEHepPHbIX paboT — HauMHast OT cbopa M aHanuM3a [AaHHbIX 00
pa3paboTKn NPUMNOXKEHUN;

e coBMeLlaeT BO3MOXHOCTU I'IJ'IaT(bOprI ANst TEXHUYECKNX BbIYMUCIIEHUN,
Busyannsaumn faHHblIX C BO3MOXHOCTbHO WHTErpaunm C Opyrummn
NPUNOXXeHNAMUN N BHELLHNMHA ©a3zamu gaHHbIX.

[Topsi0oK oUueHKU mexHu4eckol ycmouvyusocmu PH memodom ripsmo20o
cmamucmu4ecko20 MOOeIUpo8aHUS:

1) 3apaHne obbema mogenupoBaHus N u Nx — obbema coxpaHseMbIX

MaKCUMarnbHbIX 3Ha4YeHUn o (t);

2) reHepauuns HopMaribHbIX Crly4anHbIX Yucen Vv, ;
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3) 3agaHue HeobxoauMbIX  napameTpoB  AuddepeHumanbsHOM  CUCTEMBbI
YPaBHEHUI C y4ETOM CIy4arHbIX pa3bpocoB NapameTpos;

4) pelleHne CUCTEMbl ypaBHEHMM (2) W  COXpaHEHME  MOYyYEHHOro
CTaTUCTMYECKOro MaTepuarna - MakCumMmarsibHbIX 3HadeHun o(t) ;

5) copTupoBKa MOMy4YeHHOro MaccuBa peanu3aumi MakCUManbHbIX 3HAYeHUn n
onpegeneHne KonuyecTea peanusauun, NpPeBbICUBLUMX OONYCTUMYHO rpaHuLy
yctonumsoctn PH (cm. ycnosue (3));

6) onpegeneHve BEPOATHOCTM MOTEPU TexHu4deckom yctonumsoctn PH Q npwm
3a[laHHbIX YCIOBUAX:

N
Q =24 ’ (5)
N
rge NA — KOJ1nM4ecTBO 3HaYEeHUN (*)yHKLl,VlVl CJ‘Iyl-Ial71H0rO aprymMeHTa,

npesbICUBLUKX rpaHnly A; N — o6bem moaenMpoBaHus.

Kak 6bino onucaHo Bbilwe, AN OUEHKM TexHu4eckon yctomymsoctn PH
paccmatpuBaeTca cuctema (2). [Ons guanasoHa BpeMEHMU te[30..85] npoBeaeHo

ctatuctudyeckoe wmogenuposaHne B o6beme N=1000000 wu coxpaHeH MaccuB
MakcuManbHbIX peanusaumin S(t) . Ona A =0,3 (npegenbHO onycTumMoe 3HadeHve yrna

OTKINOHEHNS YNPaBNSAOLWMX OPraHoB) KONMMYECTBO 3HadeHu K®P, npeBbICUBLUMX 3Ty
rpanuuy yctonumsoctu, N, =48. o dopmyne (5) onpepeneHa BEPOATHOCTb NOTEPU

TEXHWYECKON YCTONYMBOCTU Uccreayemoro oobekra: 4,8-107°.

OueHka nozpewHocmu pesyrbmama

OueHnM  MOrpelHOCTb  MOMYyYEHHOro  pes3ynbTaTta, WUCNonb3yss  MOHATUSA
OOBEPUTENBbHON  BEPOATHOCTU UM OOBEPUTENbHOrO UMHTepBana [7]. 3HadeHue
0OBEPUTESTBHON BEPOATHOCTM  ANs a3pPOKOCMUYECKON  TEXHUKMK P, =0,95.
[loBepuntenbHbIn MHTEpBasn onpenenseT BefiMymHa npuemnemMon NorpeLlHOCT! OLEHKN
AQ = /Q, roe f — oTHocuTernbHas norpewHocTb Q. Toraa goBepuTenbHbIM UHTEpPBan
Oyoetr onpegensatbCs  AguManasoHOM  3HadyeHun Q+AQ. T[lockonbky pesynbTaT

CTaTUCTUYECKOro MOAENMPOBaHNA UMEET HopMmarbHOe pacnpefeneHve, Ons O4YeHb
Manblx 3HadeHMn Q (Q<0,0001) oTHOCUTENbHAs MOrpPELHOCTb HaxoguTcsa Mo

cneayowen popmyne [7]:

Ud
==, (6)
B N-Q
roe U, — 6Ge3pa3mepHbii aprymeHT dyHKuMm [aycca, COOTBETCTBYHOLLMI

AOBEpPUTENbHON BEPOSATHOCTH,
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1+ P,

2
1+0.95 1.9

)=19, p=
2 \10°.48.10°

Takum obpasom, JOBEPUTENBHBLIN MHTEPBAN AN OUEHKM Q:
Q, € [3,5E-05.. 6,1E-095]
(Q, — AJoBepuTenbHbIA UMHTEpBan BEPOSATHOCTM MOTEPU  TEXHUYECKOWU

U, =argd( ), ® — hyHKkumsa Naycca,

=0.274.

U, =argd(

yctonymsoctu PH).

—

BN

BbiBoabl

. B pesynbtate npoBefeHHbIX WCCIEAOBaHUIM MOMyYeHO JTarloHHOe 3HaveHue

BEPOATHOCTM MOTepU TexHudeckonm yctomymsoctn PH. [Ons paspaboTaHHOM
aTanoHHon mogenun oHa coctasuna 4,8E-05 npm obbeme cTaTUCTUYECKOrO
mogenunpoBaHna N=1000000 peanusaumi.

OueHeHa norpeLHoCTb NONYYEHHOro pesynbTaTa U onpeaeneH 4OBepUTENbHbIN
nHtepsan Q, € [3,5E-05.. 6,1E-08].

CywlecTBeHHbIM HEeOOCTaTKOM MPSIMOro  CTaTUCTUYECKOro  MOAEenMpoBaHUS
anaTca  6onbline  3aTpaTbl  BPEMEHM HA  MHTErpupoBaHMe  CUCTEMbI
anddepeHumanbHblX  ypaBHeHUW  (MogenuvpoBaHne  obbemom 1000000
nposoaunock Ha K ¢ npoueccopom Intel 2400MIy, 1 onepaTMBHOW NaMSATbIO
256 M okono 240 yacos).

Cnucok nutepaTypbl

. Kauvapos K.A,, lMNMuniotnk A.I'. BBegeHne B TEXHUYECKYIO TEOPUIO YCTOMYMBOCTU

aBmxeHus. —M.: dusmartrmns, 1962. — 243 c.

®omuH A.A. Teopus BbIBPOCOB crydanHbix npoueccoB.M. : Ceasb, 1980. 216 c.
N'ymbenb 3. CtaTucTmka akcTpemarnbHbIX 3HadeHun. M.: Mup, 1965. 450 c.
CeewHunkos A.A. lpuknagHble MeToAdbl Teopun CcriydarHbiX QyHKUmMn. —M.:
Hayka, 1968. — 463 c.

MyrayeB B.C. Teopusa cnyvanmHbiX QYHKUMMN M ee NpUMEeHeHWe K 3ajadam
aBTomMaTtmyeckoro ynpasneHus.-M.: dusmatrmns, 1962. — 783 c.

Paketa kak o06bekT ynpaBneHus: Y4yebuuk W.M. Wrganos, J1.[. Kyuma,
H.B. MNMonskos, F0.[. WenTtyH /MNog pea. akaa. C.H. Kontoxosa. —[1.: APT-NTPECC,
2004. — 544 c.

. JlexxnmHa M.B., Cyxopebpbinn B.I". lpoekTHas oueHka BEPOSATHOCTU OOCTUKEHUS

obbekTaMn a’3POKOCMUYECKON TEXHUKM MNpedesibHbIX cocToaHun. — X.. Hau,.
a’poKoCM. YH-T «XAWN», 2005. — 184 c.
BeHnTuens E.C. Teopua sepoatHocTen. — M.: Hayka, 1969. — 576 c.
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YK 629.764.01 E.C. lNony6bHuyas

Bb10op onTuMaJbHON padoveil TOUKH CUCTEMbI CTA0OMIN3ANUMT
PaKeTbI-HOCUTEJISI 0 KPUTEPHUIO BEPOSITHOCTH YCTOMYNBOCTH

HauyuoHanbHbIU aspokocmuyveckul yHusepcumem um. H.E. XKykoeckozo « XAU»
lMocmaHoeka npobnemsi

Mpobnema yCTONYMBOCTU SBMSIETCA OCHOBHOM MpPU MPOEKTUPOBAHUN CUCTEM
ctabvnusaumm (CC) HocuTenenm KOCMUYECKMX annapaTtoB, Tak Kak Bblbop Bcex
napameTpoB CC M HEKOTOPbIX KOHCTPYKTMBHbLIX NapamMeTpoB pakeTbli-HocuTensa (PH)
LeNMKOM nogvnHeH TpeboBaHNAM YCTOMYMBOCTU OBUKEHUS.

MeTogumka nocTtpoeHus obnacten yctomumsoctm CC PH B nnockoctn OByx
napameTpoB NO YNPOLLEHHBIM YCNOBMAM YCTONYMBOCTM onucaHa B paboTe [1].

B HacTosiwen cTtaTtbe NpMBOOATCA pesdynbTaThl UCCNeLoBaHUM MO onpeneneHuto
rpaHuy, yctonmumBoctmn CC PH kopHeBbIM MeTOOOM, a Takke MeToguka noucka
onTMManbHOMW paboyen TOYKM B MFOCKOCTU [AOBYX MapamMeTpoB MO KpUTEPUHO
BEPOATHOCTM YCTOMYMBOCTU.

O6BLeKkm u uenb uccrnedoeaHusi
[BwxeHne cTaTudeckn Heyctonumsown ynpyron PH B kaHane pbickaHus,

YCTOMYMBOCTb KOTOPOW obecrneynmBaeTcad aBToMaToM cTabunusauum, MOXHO onucatb
cneaywowen cuctemon audpdepeHumnanbHbIX ypaBHEHUN [2]:

. . . 4 .
v=a,z+a, yta,y+a,0, +Z(aww_ S+a,, S, );
i=1l
z=a, z+ azl// W+ azl//l//_'_azﬁgl// +Z(azs,ﬂ- Sy; )’
i=l

) . s e
ISute Syt s, =a, . zra,, yra Y
(1)

. . 2 . .
95 €,9; 0,41 = %5,

2
ecn en .
A Y
J=

LO+T,6+0=Ky +K,y—K,:-K.z

roe y - OTKINOHEHWE Yyrna pPbICKaHUA paKeTbl KaK TBepaoro Ttefla OoT nporpamMmmMHoro

3Ha4YeHnd; z- OTKIIOHeHMe LUeHTpa MacC OT nporpaMmmMmHOro 3Ha4YeHUA, 0 - yron
OTKITOHEHUA ynpaBnAawLWNMX OpraHoB; g - KOOpAMHATa, XapakKrepusyruwiad nonepeyHblie

ynpyrue konebaHus koprnyca pakeTbl B MECTE YCTAHOBKM JaTyuKa yrna pbickaHus, " -
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Yron pbiCKkaHusi, U3mepsieMbiii 4aTYMKOM YIna, a,; - KOIPUUNEHTbI; T}, T, - NOCTOsSIHHbIE
BpemeHn AC; K,- KOI(PUUMEHT yCUNEeHUst Mo KaHamny pbiCkaHus, K,=T,K,; T;-

NOCTOsIHHasA BpemeHn anddepeHUMpoBaHnsa; K, - KOIMMULUMEHT YCUMEHUS Mo
CKOPOCTU OTKITIOHEHMUS LIeHTPa MaccC; i — KONIMYeCTBO TOHOB yrnpyrux konebanuwn; | -

KonuyectBo GakoB c Tonnueom. [lapametpel T,, T,, k,, K4, T, wnmeoT
CyLlecTBeHHble criydarHble pasbpochkl (npesbiwatowme 20%).

Ycnosus yctondmsoctn CC onpenenstoTcss Ha OCHOBaHUM KopHen cuctems (1),
KOTOpble UMEKT BUA;
Z = X (BeLLeCTBEHHbIE KOPHW);

z=Xx+1iy, (2)
Z = X —1) (KOMNMEKCHO-COMPSXXEHHbIE KOPHM).
B kauyecTBe yCrnoBun yCTOMYNBOCTU NPUHMMAIOTCS YCNOBUS
R, <0, (3)
rie R, = x — BELIECTBEHHbIE KOPHU WNN [OEWCTBUTENbHbIE YacTW KOMMIEKCHO-
COMPSKEHHbIX KOPHEW (2).

[Ons KOHTpoNs npaBUMbHOCTU MOSyYEHHbIX pe3ynbTaTOB  UCMOSb3YHTCH
YNPOLLEHHbIE YCNOBUSA YCTONYNBOCTU cUCTEMBI [1]

(K,a) +‘a2¢‘)KZ +a, KT, -T)

1<0
2 : (4)
‘aqﬁ&‘Kqﬁ (7, -1.)
2
azqga&qquTdT2 1<0 o
(‘aqq‘TZTd -T,+T)T; .
Lenb daHHO20 uccnedoeaHust:
. NOCTPOUTb B KOOpAMHaTax K,/, —T, ofnactb YCTOMYMBOCTU OBBLEKTA

(HANTN BEPXHIOK M HWXHIOK rpaHuLbl YCTOMYMBOCTU) MO YCIIOBUSM YCTOMYMBOCTMU
cuctemsl (3);

e HanWTM B npegenax obnactM yCTOMYMBOCTM OOBLEKTA TOYKY C HaMBbICLUEWN
BEPOSATHOCTbIO YCTOMYNBOCTU.

Memoduka uccnedoeaHusi

OnpepeneHne o6nacTyv yCTon4MBOCTU NO KOPHSIM cuctembl (1).
[ns nonyyeHns HWXHEN N BEpXHEW rpaHuL, YCTOMYMBOCTM MO KOPHAM (ycroBue
ycTonumsocTtu (3)) Heobxoanmo:

o HaANTU TOYKYy BHYTpM obrnactn yctonumBocTn (B KoTopowm ycrnosue (3)
BbINOJSIHAETCA A1151 BCEX KOPHEWN CUCTEMbI);

° 3aaTb Ha4dalibHOE€ 3Ha4YeHune K‘// n yBenn4meaTb 3Ha4YeHMeE napameTpa ]Zl

C 3aJaHHbIM LLAarom 0¢[d AN HaXOXOEHUS1 TOYKW, B KOTOPOW XOTHA Obl OAUH U3 KOPHEN
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NnPUHMMaET TMOJIOKUTESNIbHOE 3Ha4deHue, C nocnegyvomm ymMmeHblleHMeM LWara angd
nony4yeHus bonee TOYHOro pesynbTaTta; HanWgeHHas ToYka — ToYKa BerHeIZ rpaHnLbI

YCTOWYMBOCTM B JAHHOM CEYEHUUN NO K,/,;

o aHanorm4yHbiM 06pa3oM HaWTU TOUKY HWKHEW rpaHuubl YCTOMYMBOCTU B
AaHHOM ceyeHunn no Ky, NyTEM yMeHbLUEHUS! 3Ha4YeHUst napameTpa 1, ¢ Lwarom ar;

° HaWTU TOYKM BEPXHEN W HWXKHEW rpaHuL, YCTOMYMBOCTU ONA ApYrux
ceyeHun (nowaroBo U3MEHSSI 3HaYeHne K,/, warom x 1 NoBTOPSsist ABa NpeAblayLLnX
NyHKTa).

OnpepeneHne o06nMacTM YCTOMYMBOCTU NO YMNPOLWEHHbLIM YCNOBUAM
paboTocnocobHoCT!.

[ns nonyyeHus ypaBHEHUSI HUWXKHEWN rpaHuubl yCTonumBocTu [1] B BblpakeHuu
(4), onucbiBarowem PH kak TBepaoe Teno, OCTaBMAT 3HaK paBeHCTBaA U peluatroT

ypaBHEHWE OTHOCUTENBHO 1)

Ky az§ + az

v
1= K+, (6)
‘aw%K// _al//wK//
[ns nonyvyeHnsa ypaBHEHUS BepXHEW rpaHuubl YCTOMYMBOCTU [1] B BblpaKeHuu
(5), onucbiBatowem ynpyrue konebaHust kopnyca PH, ocTtaBnsawT 3HaK paBeHCTBa WU

pelwarT ypaBHEHWE OTHOCUTESNbHO KW:
(a, 1,7, - T, +T)T;

2
505,14 T

K =

7

(7)

OnpepeneHve cpegHero KBagpaTUYHOrO OTKNMOHEHMA (C.K.0.) rpaHuy
YCTOMYUBOCTU CUCTEMBDI.

ypaBHeHme rpaHunubl yCTOVIqMBOCTM B Ce4YeHun Kl/, = const umeer Bug

T,=T)+) bn,, TAE n — YACNO NapameTpoB; T, - HOMUHaNbHbIE 3HaueHust T, , T.e.
i=1
TOUKM Ha rpaHunLie, B KOTOPLIX CryyaiiHble BO3MYLLEHUs NapaMeTpoB OTCYTCTBYIOT; b, -

KO3(POULMEHTbI NHEapU3aLnK; 7, - 3aaHHbI N-MEPHbIN CryYaiiHbI BEKTOP.

T,(An,)-T,(-An,) i=1ln roe Ang,-
2An, , | |

Bapuauus -1 KOMMOHEHTbI BeKTopa 77, paBHas Arn, =20,; o,- C.K.0. - KOMMOHEHTbI
Bektopa 7; T,(An,) nnbéo T,(—An,) - 3HadeHus KO ana sekrtopa 77, y KOTOPOro Bce
KOMMOHEHTbI, KPOME i-i, paBHbl HYMIO, a i-A KOMNOHEHTa paBHa Az, NMbo — Ar,.

KoadbpmumeHTbl b, onpeaenstoT no gopmyne b, =

Ha ocHoBaHuMM uUeHTpanbHOW npeaenbHon Teopembl 7, MMeeT HopMalbHbIN

3aKOH pacnpeneneHus;
Ha ocHoBaHun TeopeM 0 4McnoBbix xapakTepuctukax PCA matematudeckoe
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oxuganve T, paBHo M[T,]=T,, aucnepeus - D[T,]= beDi, C.K.0. —

i=1

or, =Dr, =2 b0y (8)
i=1

OnpepeneHue onTtumManbHOWM pabovyen TOYKM — TOYKM C HauMBbICLIEWN
BEPOSATHOCTLIO YCTOMYUBOCTM.
[lna HaxoXxaeHust 4aHHOWM TOYKK CONmXKatoT ornmbatoLme C.K.0. BEPXHEN N HUXKHEN

rpaHuny yCTOIZHMBOCTM OQHOBPEMEHHO MO BCEM CEeYEeHUAM K‘// OO0 UX nepecedvHeHus.

Touka, B kKOTOpOM ornbaroLme nepeceknmcb B NOCNELHIO0 o4Yepenb, ABNAETCS MCKOMOM
TOYKOW C HaMBbICLLUEN BEPOATHOCTLIO YCTOMYUBOCTM.

Anzopumm nocmpoeHusi obnacmu ycmolivyueocmu

1. OnpepeneHve BepxHerM U HWXKHEN rpaHuL, ob6nacTn ycToM4MBOCTU NO
KOpHAM cuctemsl (1):

1.1. HaxoxgeHve HeBO3MYLLEHHbIX 3HaYyeHun K®: popmumpoBaHme maTtpuubl
Kowwn Ha ocHoBaHum cuctembl anddepeHumanbHbiXx ypaBHeHUR (1); BblYMCIEHNE
KOPHEN CUCTEMbI B BUAE zZ=X, Z=X+Iy, z=x—1ly, OTOOp AENCTBUTENbHbLIX YaCTeEN
NONYYEHHbIX KOPHEN.

1.2. Bbibop ceuenuss no K ,, 3ajaHve wara M3MeHeHUs napametpa

K, (G, =1).
1.3. HaxoxgeHwe TOYKM BHYTpM o0OBRNactTm YCTOMYMBOCTM: MpOBepKa
BblNONHeHna ycnosusa  (3). B cnyyae BbINOMHEHWsT NpoMCXOAMT nepexo K

cnegytolemy wwary. B o6paTHOM criyyae BbIMOMHSIIOTCS M3MeHeHWe napameTtpa 1, ¢

3afaHHbIM warom (47, =0,01), nouck HeBO3MyLIEHHbIX 3HadYeHun K& un nposepka

ycnoBusi (3) 4O ero BbINOSTHEHMS (MTEPALMOHHBIN NPOoLEcC).
1.4. HaxoxpgeHune ToYeK BEPXHEW U HWKHEW rpaHuy YCTOMYMBOCTU AN
AAHHOro ceveHuns:
e yBENUYEHUe (Ans BEPXHEN rpaHnubl) MO0 yMeHbLUEHNE (ANS HUKHEN rpaHnLbl)
3HaveHust napameTpa 7, C 3aAaHHbIM LWaroM ¢, ;

e HaxOXAeHWe HEBO3MYLLEHHbIX 3Ha4YeHUn Kd;

e npoBepka ycrnosusa (3) 4O Tex nop, noka XOoTs Obl OAWH M3 KOPHEW He NpUMeT
NONOXUTENbHOE 3HAYEHNE;

® YyMEHblUeHue Wara o , ,
d

e [OBTOPHOE BbIMOMHEHME nNpeabliayLWmMX MYHKTOB [0 BbIMOMHEHUS YCNOBUS
ar, <, (r 4, =0.0005 ).
1.5. Tlepexon kK cnegylowemMy cevyeHuio (MU3MeHeHne 3HadeHus napameTpa
ch 3aaHHbIM LLarom OZKW) N BbINONHEeHne NyHKToB 1.3 - 1.5 AngA kaxagoro cevyeHus.

[Mpumeyvanune. [na onpegeneHns obnactun yCTOMYMBOCTM NO YNPOLEHHbIM KO (4 -
5) BEPXHIOKO U HWKHIOKO rpaHuLbl CTPOAT MO ypaBHeHUAM (7) 1 (6) COOTBETCTBEHHO.
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2. OnpepeneHne cpeagHero KBaApaTUYHOrO OTKMOHEHUA rpaHuL,
YCTOMYMBOCTU CUCTEMbI:
2.1. Bbibop cevennsino K, , 3apaHue wara nsmeHenms K, (% =1).

2.2. WN3meHeHue 3HauyeHus i-ro napametpa: a,=al +o, (roe a’ -

1
HOMUHarnbHOe 3HayeHue i-ro napameTtpa; o, - C.K.0. i-ro napametpa, i=1+n, n —
4YUCNo napamMeTpoB) M BbIYUCIIEHME COOTBETCTBYIOLIMX €My TOYEeK Ha BEpXHen u
HUXHeN rpaHuuax ycrtonumsoctv - 7, (An,) n T, (Azn,) ONsA OaHHOMO CeYeHus.
2.3. M3MeHeHue 3HayeHus i-ro napameTpa: a, =a’ —c, W BblYUCMEHNE

COOTBETCTBYIOLUMX €My TOYEeK Ha BEepXHEW W HWXKHEeW rpaHuuax YCTOMYMBOCTU -
T,,(=An,) v T, (-An,;) ANA 0aHHOIO CeYeHus.

2.4. BbluncneHne KOaMMPULNEHTOB b, U b, ONA BEPXHEN U HUXKHEW rpaHuLl

O . O .

l 1

2.5. BbluucneHne c.k.0. Ond BEPXHEW U HWKHEW T[paHUL YCTOMYMBOCTU

COOTBETCTBEHHO: 0, = .|> b0l n oy, = > bEo?.
i=1 i=1

2.6. Tllepexop k cneayoliemy cedeHunto no K, 1 BbiNOnHEHWe nyHKToB 2.2 -
2.5 [Ans Kaxgoro ceyeHus.

3. OnpepgeneHue onTumanbHou paboyei Toukm B nnockoctn K, —7,:
3.1. TocTpoeHne obnacTtemn C.K.0. BEPXHEN N HWKHEWN FPaHuL, YCTONYMBOCTU

. 0 0
AN BCEX pacCMaTpuBAEMbIX CeMeHwd: T, =T, -o,, W T, =T, -o,, (rAe
TO

dH j?

COOTBETCTBEHHO; o, , W o,, - C.K.O. BEpXHei W HWKHEN rpaHuL, yCTOM4MBOCTY,

T,, - HOMWHamnbHblE 3Ha4eHWUsi T, BEpXHEW W HiKHeW rpaHulax ycTom4nBoCcTu

j=1+m, m -4NCNO CEYEHUNN).

3.2. ConmxeHne ornbaromx C.K.0. rpaHuL yCTOMYMBOCTU MO BCEM CEYEHNAM
OAHOBpPEMEHHO C 3afdaHHbIM Wwarom o«: T, =T, +ac;, W T, =T, -ac.,,
(@,,=0,01).

3.3. lMoacyeT konu4yecTBa ToYek (ceyeHuin) k, B KOTOPbIX 0Bnactu C.K.0. He
Nepecekninch, T.e. B KOTOPbIX BeINONHseTca ycnosue 7, —7,,>0.

3.4. CoxpaHeHuMe KoopauHaTt TOYKW, ecnu k =1; NOBTOpPeHne NyHkToB 3.2 —
3.3, ecnn k>1; BO3BpaT Ha 1 war Hasaj, YMEeHblUeHWe BernvYuHbl wara o WU
nosTtopeHue nyHktoB 3.2. — 3.3., ecnm k<1.

Pe3ynbmambi uccnedoeaHusi
HomunHanbHbIE 3Ha4eHus n cnyyanHble pasbpochl napameTpos,
cooTBeTCcTBYOWME BpemMeHn norneta t=70 c¢ nepson ctyneHn PH «LMKnoH-3»,

NpeAcTaBneHHble  Hay4YHO-MPOM3BOACTBEHHbIM  NpeanpuatneMm  «XapTpoH-ApKOCY,
npuBegeHbl B Tabn. 1.
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Tabnuuya 1

[TapameTp Pas((;opoc, 3HadeHune | MNapameTp Paag:)oc, 3Ha4deHune
a. 25 -0,0169 £y 5 0,228
a., 5 -0,715 £, 5 0,0497
a,, 5 -36,09 Ess 5 0,0546
a 5 -1,441 £ 5 0,7493
a,, 4 0,0027 o 10 -0,0066
a,, 10 -0,0616 Uy 10 -0,0121
a,, 30 1,8113 s 10 -0,0043
a5 10 -0,295 s 10 -0,0041
£ 15 0,2511 a,, 10 -26.0652
£, 20 0,4005 4, 10 -26,9907
o 35 247,8232 a,, 10 -32,5062
%, 45 630,5364 Ay 10 -44,212
a5 10 -2,4192 T, 40 0,1108
a5 10 -1,7115 T, 40 0,002
w2 10 26.0652 T, 20 0,5

w? 10 26,9907 K, 50 0,009

w?, 10 32,5062 K. 40 0,009

w?, 10 44,212 K, 30 10
a, 40 -233,7707 ag, 20 -0,1444

3aKkoH pacnpegeneHvs criydanHbix  pa3bpocoB Bcex KoadduuneHtoB —
HOPMarnbHbIN.
MatemaTuyeckum oXuaaHWEM KaXO4oro KoaduumeHTa m, ABMNSETCA 3HaYeHVe

9TOro KoadhuuUMeHTa Npu HynesbIX pa3bpocax, CpeaHeKBaapaTUYHOE OTKIIOHEHWE o,

A,
ANSA Kaxaoro KoauumneHTa a; Haxogat no opmyne o, =—L.
¢ Y 3

Pesynbtatbl onpegeneHns obnactM yCTOMYMBOCTM MO KOPHSAM cuctembl (3)
npuBegeHsbl B Tabn. 2, nonyyeHHas obnacte yCTOMYMBOCTM n3obpaxkeHa Ha puc. 1.

Tabnuua 2

Ky/ 9 10 11 12 13 14 15 16 17 18 19 20

0,6 | 0,555 | 0,520 | 0,490 | 0,465 | 0,445 | 0,425 | 0,410 | 0,395 | 0,385 | 0,370 | 0,36

d epxn

0,22 | 0,170 | 0,150 | 0,135 | 0,130 | 0,125 | 0,120 | 0,115 | 0,115 | 0,115 | 0,115 | 0,11

d nuoicn

[ns cpaBHeHUA NonyYeHHbIX pe3ynbTaToB B Tabn. 3 m Ha puc. 2 npmBedeHa
o6nacTb yCTONYMBOCTU, NOCTPOEHHASA MO YNPOLLEHHbIM YCIOBUSAM YCTONYMBOCTU (4 - 5).
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Tabnuuya 3

K 9 10 11 12 13 14 15 16 17 18 19 20

174
0,169 | 0,150 | 0,140 | 0,134 | 0,130 | 0,126 | 0,124 | 0,122 | 0,120 | 0,119 | 0,118 | 0,118

d nuxcn

0,203 | 0,203 | 0,203 | 0,202 | 0,202 | 0,202 | 0,201 | 0,201 | 0,200 | 0,200 | 0,199 | 0,199

d gepxn

0,7 -
Td

0,6 I\
0.5 ..h"""-—._

0.4 _— —
F—— |
—

0,3

0,2 B,

0.1

0,0 i
Kpsi 9 10 11 12 13 14 15 16 17 18 19 20

Puc. 1. ObnacTb yCTONYMBOCTU MO KOPHSIM cucTEMbI (3)

0,22
Td

0,20 et - — -

0,18

0.14 M

0,12 = —r—— —

0,10 |

Kpsi 9 10 11 12 13 14 15 16 17 18 19 20

Puc. 2. ObnacTtb yCcTOMYMBOCTM MO yNpoLleHHbIM K® (4) — (5)
Pesynbtatbl NOCTPOEHUA obnactem C.K.0 rpaHul, YCTOMYMBOCTU MO KOPHSAM

CUCTEMbBI U HAXOXAEHUSA TOYKN C HaMBbICLLEN BEPOATHOCTLIO YCTOMYMBOCTU NPUBELEHDI
B Tabn. 4 n nsobpaxeHnl Ha puc. 3. Vickomas Touka — [15, 0.1654].
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Tabnuuya 4

K, 10 11 12 13 14 15 16 17 18 19
4 e 0,555 | 0,520 | 0,490 | 0,465 | 0,445 | 0,425 0,410 | 0,395 | 0,385 | 0,370
e 0,170 | 0,150 | 0,135 | 0,130 | 0,125 | 0,120 0,115 | 0,115 | 0,115 | 0,115
or 0,076 | 0,039 | 0,031 | 0,026 | 0,026 | 0,025 0,025 | 0,025 | 0,024 | 0,024
T\ ey 0,172 | 0,161 | 0,150 | 0,140 | 0,133 | 0,124 0,120 | 0,115 | 0,110 | 0,107

0,8

Td

0,7

0,6

0,5 —

0.4

0,3

0,2

0,1 —

0,0

Kpsi 10 11 12 13 14 15 16 17 18 19

Puc. 3. Obnactu C.K.0. rpaHuL, yCTOMYMBOCTU 1 onTUManbHas paboyas Touka
(rpaHuVLbl YCTONYMBOCTU — CMNIOLLUHAS NIMHUA; 0BNacTu C.K.0. — LUTPUXOBAA NNHUSA)

BbiBoAabl

PaspabotaHa mMeTogMka nocTpoeHna obnacten yCTOMYMBOCTM OObekTa
KOPHEBbIM METOAOM M ONTUMM3aLMM paboyern TOYKM B MAOCKOCTN ABYX NapaMeTpoB Mo
KPUTEPUIO BEPOATHOCTUN YCTONYNBOCTMW.
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YK 629.7.01 A.l'. 'pebenukos, A.A. CepatokoB

MeToa co31aHMsI TPEXMEPHOI0 AHAJIMTHYECKOI0 ITAJT0HA
NMOBEPXHOCTH BEPTUKAJIBLHOIO ONlePeHHs MACCAKMPCKOr0 camoJieTa,
ero arperaroB u coopHbIx y310B B CAD/CAM/CAE
UNIGRAPHICS

HauuoHarnbHbIl aspokocmudeckul yHugepcumem um. H.E. )Kykoeckozo «XAU»

Mpn co3gaHuMM HOBbIX 0Opa3LOB aBUMALMOHHOM TEXHUKN aKTUBHO BHEOPSETCS W
npoxoamnt anpobaumio HoBasi METOLONOMMsS MHTErpUpPOBaHHOrO npoekTnuposaHund. OHa
OCHOBaHa Ha MpuHUMNAX WM MeToAax MPOEKTMPOBAHMS W MOOENUPOBaHUSA COOPHbIX
CaMONETHbIX KOHCTPYKUMA C MOMOLLbI0 KOMMBbIOTEPHBLIX WHTErPUPOBaHHbLIX CUCTEM
CAD/CAM/CAE/PLM. Meton 6asupyetca Ha pa3paboTke TpeXMEpPHbIX aHanMTU4EeCKNX
3TarioHOB MOAENM MNOBEPXHOCTU camosieTa, ero arperatoB, COOPHbIX Y3r0OB, HOBbIX
KOHCTPYKTUBHbIX 3SIEMEHTOB, KpEMnexXHbIX AeTanen, KOMMbITEPHbIX METOOO0B pacyeTa
obbemHoro obuiero n nokanbHoro HOC B 3anemMeHTax COeaMHEHUs, HOBbIX TEXHOMOrmmn
MOCTAHOBKM KpPEMNeXHbIX 3MIEMEHTOB C YMNpPYronmacTMYeckuMm pagunarnbHbIM  HATAroMm,
nocneayowmmMm aKCnepuMeHTanbHO-pacyeTHbIM METOAOM OnpedeneHnst XapakTepucTuK
YCTanoCTHOM [OMrOBEYHOCTM TUMOBLIX COEOUHEHUA. OTO MO3BOMUT MNPOEKTUPOBAaTb
COOpHbIE KOHCTPYKUMM C 3afaHHbIMW  XapakKTEPUCTUKAMWU CTaTUYECKOM MPOYHOCTW,
YCTanoCTHOM OO0NroBEYHOCTU, repMETUYHOCTU U KadecTBa BHELUHEW MOBEPXHOCTU Mnpu
MUHUMarbHbIX 3aTpaTax Macchbl [1].

B aBmactpoeHun p[Ons ycKoOpeHusi MNPOEKTUPOBaHUA W Havana CepunHOro
Npon3BoACTBa HOBbIX 06pa3LoB MoOcCreaoBaTeNbHO BHEAPSIETCA MeTon arperaTHoro
NPOEKTMPOBAHUS U MOAENNPOBAHMSA, 3aKITovaloWMNCa B pasgeneHm n3genuim Ha psg
arperaTtoB C napannenbHOW No BpeMeHu ux npopaboTkon. PaccmoTpum meTton
NpoeKTUpoBaHNA BepTukanbHoro ornepexHns (BO) kak arperata nnaHepa camoneTa C
ncnons3oaHnem cuctembl CAD/CAM/CAE UNIGRAPHICS. B kadectBe npumepa
BblOpaHo BO naccaxupckoro camoneTta And MEeCTHbIX BO34YLUHbIX fMHWA C OBYMSA
TYypOOBUHTOBbLIMM ABUraTtensdamMm C Tak HasblBaEMOW HOPMarbHOMW, UMK KIacCUYecKomn
CXEMOW pa3MeLleHUs TMOBEPXHOCTEM OMnepeHusi, B KOTOPOW BepTuKalibHble U
rOPU3OHTarbHbIE MOBEPXHOCTM ONEPEHUs pasMeLlanncb B XBOCTOBOW YacTu caMoneTa,
06pa3ysi XBOCTOBOE OMNepeHne camoreTa. [2]

OPDEKTUBHOCTL BEPTUKANBbHOIO OMNEpeHnsa [3] onpenensT Mo  BenvyuHe
MOMEHTOB, KOTOPble 3TO OMNEepeHne MOXeT co3gaTb OoTHocuTenbHo ocen X u Y
camonerta:

Mya.o = ZB.O LB.O; MXB.O = ZB.O yB.O , (1 )

rae ye.o — PacCTosiHMe OT NPOAOSIbHOW OCU camoneTa OO0 TOYKM MPUSIOXKEHUS
paBHOAeNCTBYOLWEN BOKOBbLIX CUIl Ha BEPTMKANIbHOM OMEPEHUN.
lMoactasuB Z,,= c; SBOqBo B BblpaxeHus (1), nony4mm
B.O . .
My =Cz B.oss.o LB.oq Bo’

B.O

Mx B.O =C; B.O S B.O y B.O q BO

B panbHenwem ynobHee wcnonb3oBaTb BblpaxeHuss C  6Ge3pa3mepHbIMU
BENIMYMHAMM, TaK Kak OHM B OTNINYME OT pasMepHbIX BEMMYMH MOMEHTOB HE 3aBUCHT OT
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reoMeTpu4yeckux pasmepoB camorieTa M OT pexuma noneta (Ha [A03BYKOBbIX
CKOPOCT$X).
m =c¢c; k S L ;my =c; k S y

(2)

B.O ’

B.O Bo B.O B.O B.O B.O BO B.O B.O
roe kBo=qBo/q — KO3(h(pMUMEHT TOPMOXEHUS MOTOKa B obnacTtu
BEPTUKANbLHOro onepeHus.
L =L /I
B.O B.O
S =S /S;
B.O B.O
y B.O =yB.O/ I.

KoachpmumeHT 6GokoBOW Cunbl BEPTUKANbHOrO OnepeHust - yHKUuS yrros
CKOJTbXXEHUA B U OTKITIOHEHUSA Pyns HanpaBreHUs dy:

Cz =C, *[f+C, *0g

BO ZB.O
HO,D,CTaBVIB 3TN 3aBUCUMOCTU B Bblpa>KeHU4 (2) N B34B 4YaCTHbl€ NPON3BOAHbLIE MO
yrnam CKOJIbXXeHUA W OTKIOHEeHUA pPyrda HanpaslieHuA, NoNyvYnMm BblpaXXeHuda a1
onpepgeneHna Mn3MeHeHud KOQ(b(bVILI,VIeHTOB MOMEHTOB npn egnHN4HOM WU3IMEeHEHUN
YrrnoB CKOJIbXEHUNA U OTKIOHEHUA PYIA HarnpaBJ1eHUA.

B =cb < 1 =B .
my cZ kB.o S B.O L B.O cz kB.O AB.o’ (3)
B.O B.O B.O
B =B < v .
mx _cz kB.O BoyBo’
B.O B.O
) é —= — o
m"=c" k S L_ =c " k A ; (4)
Yoo z , BO B.O B.O z , BO 'BO
) 3 = —
mt"H =c." k S y
Xoo z , BO B.o 7 BO

Kak cnegyet n3 BbipaxeHun (3) (4), apdPeKTUBHOCTb BEPTUKANIBHOIO OMNepeHus
onpejensieTcs He TONbKO ero OTHOCUTEnNbHOW nnowagpto S v nnedom L, HO U

6 o
adpoaAnNHaMNHYEeCKUMI XapaKTePUCTUKaMn Cz n CZH , KOTOpble B 3HaA4YUTEJIbHOU
B.O B.O

CTeneHn 3aBUCAT OT POPMblI ONEepeHusi, ero YASIMHEHUs, CTPENOBUOHOCTU, CYXEHUS,
dOpMbl MU OTHOCUTESIbHOM TOSIWMHBI Npodunen, nnowaanm n OTHOCUTENbHOW Xopabl
pacrofioXeHHOro Ha oOnepeHun pyns HanpasneHus. BennuMHa MakcumanbHbIX
MOMEHTOB YrNpaBneHnsa 3aBUCUT TakKe OT BEMUYUHbI MaKCUMaribHO BO3MOXHbIX YrfoB
OTKITOHEHNA pynen.

Mocne BbIboOpa napameTpoB Kpbifa U NpeaBapuTeNibHOM KOMNOHOBKN doro3ensxa
N CUITOBOW YCTaHOBKM HEOOXoAuMYy0 Mnowaab BEPTUKANbHOIO ONepeHus onpeaenstoT
NpUBAMXKEHHO No hopmyne

Al
s =_sog

B.O

B.O
3HayeHne Ko3(PPULMEHTOB CTAaTUYECKMX MOMEHTOB BEPTUKANbHOIO OMNepeHus
Ag.o NPYHUMAEM U3 CTATUCTMYECKUX AaHHBLIX, COOpPaHHbIX MO camosieTaM aHanorMyHbIX
TUMNOB, BeNUYUHy nneya Lgo — MO npeaBapuTenbHOM KOMMOHOBKE. [ANnsi [O3BYKOBbIX
CaMOIETOB C MPSAMbIMU KPbIIbSIMU
Lg.0o=(2,0-3,5)b,, Ag.0=0,04-0,055.
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[MepeuyncrneHHble Bbile napameTpbl ONTUMU3UPYIOT W3 YCIIOBUS MOMyYeHUs
HeobXoaMMON YCTOMYMBOCTM U YNPaBfAsieMOCTM camorieTa Npy HauMeHbllen macce
KOHCTPYKLMN.

B kadectBe npoduna O0ObIMHO BbIOMPAKOT CUMMETPUYHBIN Npodunb C
OTHOCUTENbHOM ToNWMHOM OT 9 A0 12% n 6onbluMM pagnycom Hocka, Hanpumep NASA
- 0012M.

Llenbto gaHHon paboThl siBnsieTca paspaboTka MeToda Co3aaHnst KOMMbIOTEPHOWN
mogenu septukanbHoro oneperna (BO) B cucteme CAD/CAM/CAE UNIGRAPHICS.

MeToq co3gaHus MOAENU BePTUKANbHOMO OMNEPEeHnss C  UCMNONb30BaHUEM
cuctembl CAD/CAM/CAE UNIGRAPHICS nokasaH Ha puc. 1

[MpoekTnpoBaHmne Kak BCero camosneTa B LefnoM, Tak U OTAerNbHbIX ero arperaTtos
BCerga HayuHaeTcs C aHanusa TpeboBaHwi, npeabsBNAEeMblX K LOaHHOMY Tuny
camoreTa, aHanmsa JaHHbIX CTaTUCTUKK, a Takke TeHOEHUUN 1 NepcnekTnB n3MeHeHns
TaKTUKO-TEXHMYECKMX XapakTepncTuk (TTX) BO BpeMEHM.

YuntbiBaa gaHHble 0600LWEHHOro aHanmsa M Hay4YHO-TEXHUYECKOro 3ajena, Ha
aTane 3CKU3HOro MPOEKTUPOBaAHUSA BbIOUPAKOT TaKTUKO-TEXHUYECKME XapaKTepUCTUKK
camoreTa, npesblwaoLmne JOCTUTHYTbIN YPOBEHb.

A3poguHamMuyeckne  NOBEPXHOCTW,  obpasywuwme  onepeHne  camoneTa,
npeaHasHavatTca aAna obecnevyeHus ero yCTOMYMBOCTU M ynpaBnsaemMoctun. PyHKumK,
BbINOSIHAEMbIE HENOABWXKHBLIMU N NOABWXKHBIMU MOBEPXHOCTSAMU XBOCTOBOIO ONEPEHNS,
3aKkro4alTCsa B cregyowem:

a) cos3gaBaTb ypaBHOBELUMBaAOLME MOMEHTbI B YCTAHOBUBLLEMCSA NosieTe nyTem

NPUIOXEHNA CUnbl Ha 3a4aHHOM paccTosHun ot LUM camoneTa;

0) obecneuvBaTb YCTOMYMBOE paBHOBECME, T. €. B Clflydae €ero HapylleHus
BOCCTaHaBNMBaTb PaBHOBECHOE COCTOAHWE camosieTa C COOTBETCTBYHLLMM
ObICTpbIM AemndoupoBaHMeM konedaHuy;

B) co3gaBaTb CwWibl, HeobxoouMMmble AONS BbINOMHEHWMS MaHEBPOB camoneTa:
OTpbIB HOCOBOrO Koreca npw B3neTe, ynpasfeHWe TpaeKkTopuen noneta,
BblpaBHMBaHWeE nepeq nocagkom 1 pyrexkon.

BepTukanbHoe onepeHne camorneTa npegHasHayeHo Ans obecrnedeHus nyTeBown
YCTOMYMBOCTM W  yNpaBnAemMoCTW, COBMECTHO C KpblloM OHO obecneymBaeT
nonepeyHyl YCTOMYMBOCTb camoneTa. BepTukanbHoe onepeHwe cocTouT U3
HEMOABMXXHOM YacTUu - KUMS U NOABWXXHOW YacTu - pyns HanpasneHus. B 3aBucumocTtun
OT HasHayeHus, npegnonaraeMblx aspoANHaMUYECKUX N FEOMETPUYECKMX NapaMeTpoB
camoneta nnowaab BO moxeTt coctaensath 8...20% nnowaau kpbina, a nnowaaib pyns
HanpaeneHus — 25...35% obwen nnowaaun BO. BenuunHa ygnnHeHna BO Haxogntcsa B
npegenax 0.8...1.2, cyXeHuss AN CaMoOSfieTOB C TOPU3OHTaSIbHbIM ONepeHnem,
pacnosfioXKeHHbIM Ha (bro3enske UMM Ha HKHEN YyacTtu kuns, 2...3.5.

B kayectBe aspoanHammuyeckoro npocuns  MNPUMEHAOT CUMMETPUYHBLIN
npousib, Tak Kak Npu 3TOM MeHbLle BennumHa Cy, a Kpome Toro, 370 HeobxogmMmo ans
NonyyYeHnss asapoANHaAMUYECKUX Harpy3oKk OQHOro nopsigka BHe 3aBMCUMOCTUM OT TOro, B
KaKyto CTOPOHY OTKITOHSIETCA PYrib HanpaBreHns.

BoagywHble Harpy3kun BO oTnu4yaloTcs OT Harpy3ok, AEWCTBYIOLIMX Ha KpbIno
CBOEN BEeNUYMHOW U pacnpegeneHnem, Ho obwmm apdektT oT HUX Takom xe. lNog nx
pencrtemem BO Tak e nsrnbaeTcs n 3akpydumBaeTcs.

KOHCTPYKTUBHO-CUITOBasi cxemMa Kuns Ans NacCaXupCKUX CamMONneToB MEeCTHbIX
BO34YLWHbIX NUHMA cO ckopocTammn noneta o 0,4...0,5 M - aTO ABYXJIOHXepOHHasd
cxema.
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MATEMATUYECKAA MOAEJb OBLWEIO BUOA CAMOJIETA I(—

v

YTOYHEHUE ®OPMbI, PACMOJNIOXXEHUA U TEOMETPUYECKUX
NMAPAMETPOB BEPTUKAJIbHOINO ONEPEHUA OBECHMEYM-
BAKOLWKX TTT, AN, TPEBOBAHUA 3AKA3YUKA

N MEXXAYHAPOOHbLIE CTAHOAPTbI

Y

PA3PABOTKA MATEMATMYECKOW MOAENM NOBEPXHOCTM BO,
( MACTEP-TrEOMETPUN, AHATTIUTUYECKOI'O 3TAJIOHA)
N TEOPETUYECKOIO YEPTEXA

v

PA3PABOTKA ASPOAVNHAMWYECKOW MOLENY BEPTUKANBHOIO
OMNEPEHUA, ONPEOQENEHUE EFrO A3POOVMHAMUYECKUX
XAPAKTEPUCTUK

ONPEOENEHUE HAIPY30K, AENCTBYIOLUNX HA BEPTUKATb-
HOE ONEPEHUE, OUPEKTUBHbIX HANPAXEHUU ONA
OBECNEYEHUA 3A0AHHOIO PECYPCA

v

PA3PABOTKA ISOHCTPVKTVIBHO-CVIHOBOI?I CXEMbI N
NMPOYHOCTHOU MOAENN BEPTUKANIbHOIO ONEPEHUA

Y

BbIBEOP FrEOMETPUYECKUX XAPAKTEPUCTUK CUNOBbIX
SNIEMEHTOB B PETYNIAPHOU 30HE U3 YCNOBU MUHUMYMA
MACCBbI, NIPOYHOCTH, SAOAHHOI'O PECYPCA, XXUBYYECTW,
AJPOYIMPYIroCcTn

MOZJENUPOBAHME 9NEMEHTOB BO B PErynsiPHOM 30HE
PACNPEAENEHUA OB BEMA BEPTUKANBHOIO OMEPEHUA

Y

MOJENWPOBAHMUE 3NEMEHTOB BO, UX OB BEMHASA YBSA3KA U
OBbEAUHEHUE B CBEOPOYHbLIE EOMHULIbI, PASPABOTKA
CXEMbI TEXHOJIOTMYECKOIO YIIEHEHUA.

MOJENUPOBAHUE COEQMHEHMUI CUNOBbIX 3NEMEHTOB BO

T v

PACYET NOKANbHOIro HOC 3NEMEHTOB BEPTUKAIIbHOIO
OMNEPEHUSA B 30HAX BEPOATHOIO YCTAJIOCTHOIO PA3PYLLUE-
HUA KOHCTPYKTUBHbIX HEPEMYNAPHOCTEMW.

PACYETHOE U 3KCNEPUMEHTANNbHOE ONPEOENEHUE
XAPAKTEPUCTUK COMPOTMUBINEHUA YCTANIOCTU. YTOYHEHUE [~ |
FEOMETPUYECKUX XAPAKTEPUCTUK CUNOBbIX SJIEMEHTOB U
MACC%IS YYETOM 3AOAHHOIO PECYPCA B HEPEIYNSIPHOM
30HE

MOZJENWPOBAHMUE 3NEMEHTOB BO B HEPEMYNAAPHOW 30HE  |~——

v

MOJOEJNIMPOBAHUE AHAJTTMTUYECKUX 3TANTIOHOB OBLLIEIO
BUOA CUCTEM CAMOJIETA U NOKYMNHbIX U3AENUN,
PACMOJIOXEHHbLIX B B BEPTUKAIIbHOM ONEPEHWUUN, NX
OBBbEMHASA YBA3KA

YTOYHEHUE OB EMHOW KOMIMOHOBKM BEPTUKAJIbHOIO
ONEPEHMUA, EFTO KOHCTPYKTUBHO-CMNTOBOU CXEMb,
KOPPEKTUPOBKA TEOPETUYECKNUX OBBOOB. CO3O0AHUE
AHANUTUYECKOIO 3TAJNIOHA BEPTUKANBbHOIO OMEPEHUA.
ONPEQEJNIEHUE MACCbl BEPTUKAJIbHOIO ONEPEHUA
BANTAHCUPOBKA PYJNEBbIX NTOBEPXHOCTEM

v

KOHTPOJIb FEOMETPUU BEPTUKANBHOIO OMNEPEHUA.
PA3PABOTKA KOHCTPYKTOPCKOW, TEXHOJNIOTMYECKOW,
CEPTU®UKALIMOHHOMN U 3KCMNYATALMOHHOM
OOKYMEHTALMN

Y

CO30AHUE AHAJTIMTUYECKOIO 3TAJIOHA NMOJIHOIro
ONPEQENEHUA BO. NEPEOAYA EIrO 3AKA34YUKY

Puc. 1. MeTtoa co3gaHna mogenu BepTUKaJsibHOro onepeHnA
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Onpepgenve Takum obpas3om camble obLiME YCNOBUS U OrpaHUYEHNs, HaYMHAEM
3CKM3HOe npoekTnpoBaHme BO. DcknsHoe NpoekTupoBaHue BKOYaeT B cebs:

1. BbI6GOp OCHOBHbIX FEOMETPUYECKNX NapaMeTpoB 1 pa3meLleHne BO.

2. Pa3paboTKy KOHCTPYKTUBHO-CUIIOBOM CXEMbI U CXEMbI KPEMSEHNSA ONEpPEeHUs.

3. OnpegeneHune maccel BO.

lMpoekTnpoBaHne onepeHnss LOSMKHO obecneynTb NonyyYyeHne HeobXxoauMbIX
XapakKTEPUCTMK YCTOMYMBOCTM W YNPaBnseMOCTU camofieTa Ha BCEX BO3MOXHbIX
pexumax noneta, a Takke OCTaTOYHYH 3EEKTUBHOCTL OpraHoB yrpasreHne ans
BblBO4A CamMorfieTa B HOpMasbHbIM pPexXum nosieTa nocne Henpou3BOSIbHOro
NPEBbILLEHNS KPUTUYECKMX 3HAYEHUI YINOB aTakun, CBanuBaHna 1 nonagaHusi camoneTa
B PEXMM NUKMPOBaHNA NOCNE CBanNuBaHWUS Unu WTonopa [4].

Mpwn BbIGOpEe napameTpoB BO Heobxoammo yvecTb criegytoLlee:

a) BO He gomkHO nonagaTb B CPbIBHOM PEXUM B pesyrbTaTte BO3MYLLEHUN MpuU
OTKIMOHEHNN PYyNA HanpaBneHns unm Npyu oTkase gBuraTens;

6) Heobxogumo, 4yTOGbI NOCne OTkasa KpPUTUYECKOro Asuratens Ha
MHOroaBuraTenlbHOM caMorsieTe AO0SMKHA COXpaHsanacb ynpasnseMocTb Ans
NPOAOIKEHUSA NONeTa;

B) AOMMKHa BbITb obecneyveHa nocagka TPaHCNOPTHOrO camosieTa Npu CKopocTu
BGokoBoro BeTpa 4o 55 km/y;

r) camoneTt [JorkeH obnagatb NONOXWMTENbHbIM 3anacoM MNyTeBON U
nornepevyHom yCTOMYMBOCTM U AdeMndupoBaTb KOpOTKonepuogunyeckme
KonebaHuss B 3TMX HanpaBneHuax (ronnaHackui war). [na camoneta c
aBTOMMMOTOM JONYyCTMMa HEKOTOPas CTeNeHb CMpanbHON HEYCTOMYNBOCTW.

Ha nepBom aTane, ncxogs u3 NOCTaBEHHbIX 3a4a4y U OrpaHUYeHun, y4uTbiBas
AaHHble CTaTUCTMKKW, BbliOMpaemM OTHOCUTENbHbIE reomeTpuyeckme napametpbl BO
(CTpPenoBMAHOCTb, YAJSIMHEHUE, CYXXEHMEe, OTHOCUTENbHY TOMWMHY npodunien
ceyeHus) B nepBoM npmbnmkeHuun, onpegensem Heobxogumele nnowagm (camoro BO
N yrNpaBnsoLWmMx NOBEPXHOCTEN).

Boibop napameTpoB BeEPTUKANbHONO OMEPEHMS BO MHOIMOM 3aBUCUT OT
NMONMOXEHNS LEHTpa TSHKECTM U  KOMMOHOBKM camoreTta, no3ToMy B npouecce
NPOEKTUPOBaHWS NapamMeTpbl BbIOMPAOT METOAOM NocreaoBaTeSbHbIX NPUONVKEHNIA.

Ha ocHoBe BbIOpaHHbIX NMapamMeTpoB M C y4ETOM AaHHbIX adpOANHAMUYECKUX
NPOAYBOK MoOAeNnu camoneta npucTynaem K MaTemaTU4ecKoMy MOAENMPOBaHMUI0
nosepxHoctn BO.

Pesynbtatom  mMaTeMaTMyeckoro  MOAENMpoBaHWSA  aBNAOTCA  Tabnuubl
aspogmHaMUYeckux Npodunen B KOHTPONbHbIX cedeHnax (KC) n tabnuubl napameTpoB
ceyeHun BO B gyrax kpuBbix 2-ro nopsigka Mcnonb3dya gaHHble 3aTux Tabnuy, CTpomm
reoMeTpUYECKyHo MoOAenNb BEPTUKANbHOro onepeHus B KOMMNbIOTEPHON
nHterpuposaHHon cucteme CAD/CAM/CAE UNIGRAPHICS.

Mpn  co3gaHun  reoMeTpuyeckom  Mogenn  BEepPTUKaNbHOro  OnepeHus
naccaxupckoro camoneta B cucreme CAD/CAM/CAE UNIGRAPHICS B kavectBe
MCXOOHbIX AAHHbIX MCMONb3YHOT:

— TeopeTudecknin Yeptex BO;

— Tabnumubl KOHTPONbHbLIX CEYEHWM;

— TpeboBaHNA K a3poanHaAMNYECKNM NOBEPXHOCTAM.

KomnbtoTepHaa wuHTerpupoBaHHaa cuctema CAD/CAM/CAE UNIGRAPHICS
NO3BONSET OCYLLECTBMAATb OBYX- U TPEXMEPHOE KOHCTPyMpoBaHWE U MOAENUPOBaHME
CaMOSETHbIX KOHCTPYKLMWA, UX aHanm3 un obecrneyeHne TEXHONOrMYeCcKon MOAroTOBKM
Npon3BOACTBA.
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Mpn npomsbiwneHHom ucnons3osaHun cuctemol CAD/CAM/CAE UNIGRAPHICS
moaenupoBaHme BO npoBogdatcsa crnenyowmm obpasom: aspoagnHammyeckme npodounm
BO 3apaioT B BMAOe TeopeTuUdeckux Tabnvuy U cXembl MOCTPOEHUSI KPUBLIX BTOPOro
nopsiaka, NPUHATON B aBMaLMOHHOW NpoMmbilwfieHHoCcTU. Kaxabin npoduns obpasoBaH
N3 KPUBLIX BTOPOro nopsigka, Kotopble 3a4atT HadanbHOM TOYKON A, KOHEYHOM TOYKOMN
C, Toukon npmBsaskm B n guckpummHadtom F (puc. 2).

bason ona mooennpoBaHUs NMOBEPXHOCTEN SIBNSIETCA HAOOP KpMBbIX, 3a4atoLmx
reOMeTPUI0 PaHMYHbLIX YCNOBUW CO34aBaeMOW MOBEPXHOCTU. JTOT HabOp KpuBbIX
Ha3blBaeTCs KapKacHOW MoenbHo.

MogenupoBaHne obbektoB B CAD/CAM/CAE UNIGRAPHICS npoBogsatr ot
Hapy>XHOW MOBEPXHOCTM BHYTPb arperara, MO3TOMYy MNo4 MOAESbI0 MNOBEPXHOCTH
nogpasymeBalOT aHanuMTUYEeCKyld Modenb TeopeTuyeckoro obBopa arperata. 3Ty
MoLenb OnNuChbIBalOT B BUAE KOHEYHOro Habopa noBepxHocTen. [loaToMy nepBbiM
luarom Ha BTOPOM 3Tane cTaHeT co3faHuMe Habopa KpuBbIX Ans nocnegyouiero
NMOCTPOEHUS MO HUM COOTBETCTBYHOLUMX MOBepxHocTen arperata. OT npaBunbHOCTH
BbIMOSHAEMbIX MOCTPOEHUA 3aBUCUT MNPaBUSIbHOCTbL BCEro [AarbHEnLero npouecca
MOAEeNUPOBaHUS [5].

[ns onucaHna o6BoO0OB HECYLLMX MOBEPXHOCTEN Hambonee LWMPOKO NPUMEHSIOT
KpvBble BTOPOro nopsigka, Tak Kak oHuM obnagatoT KPUBWM3HOW OOHOrO 3Haka, T.e. He
UMEIT Touvek nepernba. OTO ABNAETCS OYEeHb BaXKHbIM YCMOBMEM MNPU MOCTPOEHUN
aspoavHamu4ecknx npodunen. YpaBHeHMe, KOTOpOe OnucbiBaeT oblwmi cnyyamn
KpMBOW BTOPOro nopsigka, UMeeT Bug,

Ax*+Bxy+Cy?*+Dx+Ey+F=0.

Onsa onpenenenns Ko3adPULMEHTOB 3TOrO0 YpaBHEHUS HEOOXOAMMO peLnTb
CUCTEMY M3 MATU YPaBHEHWN C MATbIO HEM3BECTHbIMU. [Na ee pelleHna JoCTaToOvyHO
NATWU YCIMOBUW, HanpuMep MNPOXOXOAEHUS KPUBOW 4epe3d NaATb Toyek. B cucteme
UNIGRAPHICS BCTPO€EHHbIN MaTemMaTUyYeCcKkuii annapaTt no3BosiieT NOCTPOUTb KPUBYHO
BTOPOro nopsigka crnegyowmmm cnocobamum:

e [0 NATU TOYKaM;

MO YeTbIpeM TOYKaM 1 OAHOMY Yrny B KpavHEN TOYKE;

MO TPEM TOYKaM M OBYM yriam B KpanHUX TOYKaX;

METOAOM MHXEHEPHOro TPEYrofbHUKA;

No ABYM TOYKaM, ABYM yrnam n OUCKPUMUHAHTY;

MEeTOAOM 3aaHuns KO3(PPUUNEHTOB YpaBHEHUS KPUBOW BTOPOro Nopsiaka.

B cBs3n ¢ Tem, 4TO Hambonee yacto aspoauHammyeckne npodunu 3agatoT B
BUae TeopeTnyeckmx Tabnmy KoopanHaT y3roBblX TOYEK, MPU MOCTPOEHUUN BbIfT NPUHAT
cnegywowmn cnocob (puc. 2): yepe3 NATb MPUHATbIX HavalnbHbIX TOYEK CTPOMUTCA
nepBbli CerMeHT npoduns, AanbHenwune CerMeHTbl CTPOATCS 4Yepe3 YeTbipe TOYKM
(nepBas M3 KOTOpbIX cCoBMagaeT C NocriegHen TOYKOM npeablayLluen KpuBOW) U yron,
KOTOpbIN 3aJaeTcsd KaK KacaTenbHas K npegbigywien kpuBonm (B cucteme
UNIGRAPHICS ans 3agaHus kacaTenbHOW K KPMBOW NPU NMOCTPOEHUM KPUBLIX BTOPOro
nopsgka OOCTaTOMHO YKasaTb Ha Ty KPUBYH, K KOTOPOW CTPOUTCH KacaTenbHasa B
panoHe ee KOHLEBOM TOuYkM). Takorm cnoco® no3BonsieT nonyyYnTb Habop KpuBbIX,
rMagKo COCTLIKOBAHHbLIX HE TONbKO MO KacaTenbHOW, HO M MO paguycy KPUBU3HLI.
Mcnonb3yss  yHKuMM  uHGopmauum o6 ob0bekte, B [JanbHEWWEM cuUctema
npegocrtaBnsgeTr BO3MOXHOCTb OnucaTb MOCTPOEHHbIE KPpMBble B BUAE peLleHus
WHXEHEPHOro TpeyronbHMKa (TOYHOCTb BblAa4yM KOOPAWHAT Y3MNOBbIX TOYEK W
OVCKPUMUWHAHT AOCTUraeT YeTblipHaauaTh 3HakoB nocre 3ansaTon).
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Touxa 0buag 0.4 08yx cezMeHNos

Hepevui ceemenm npoguag Bmopoti cezmenm npoduas

Puc.2. lMocTtpoeHune koHTypa npodunsa BO

[na noctpoeHns npodunst HeobGXOoAMMO BbIMOMHWUTL CreayrLlmne onepauumn:
3arpy3ntb MOAynb CO34aHMA KpUBbIX, ANs 3TOro MocrnegoBaTerlibHO o0paTutbes K
cnegyowmM NyHKTaM MeHHo [6]:

Application=>Modeling...(Ctrl M), a 3atem Toolbox=Curve=General Conic.

Mcnonb3ys onuuio =

NnocTpouTb Habop CerMeHToB MO TOYKaM CO

cregylowuMm napameTpamu:

E Pts M3 nosiBUBLWIEroca MEHIO CO34aHUs KPUMBbIX
4 Pts,1 Sl BTOPOro nopsigka Bblbnpaem onuumio:
3 Pts.2 Sip 2 Pts, Anchor, Rho
3 Pts,&nchar (0Be  TOYKM  KpMBOM, TOYKa nepeceveHuns
2 Pts,Anchor,Fho KacaTenbHbIX U ANCKPUMUHAHT).
Coefficients
2 Pts,2 Slp,Rho
| Back | I:ancell
Ha gucnnee nosButcs MeHo Anga 3agaHmsa todek Point Subfunction.
Point Subfunction
End Foint
\t B CTpoke NnoAcKasKu NnosABNAKTCA cooOLleHus,
K| + s onucbiBawLLlMe, 4YTO HeobxoaAMMO BBECTUM AN COo3[aHus
KpUBOW:
K @ Z| {:} Specify Point 1 - HayanbHasa To4ka kpusomn A;;

Base Point
KC

¥C

Specify Point 2 - koHeuyHas Touka kpuson C;.;
Specify Anchor Pt - Touka nepeceyeHunst kKacaTesfbHbIX Bi.;
Pro Discriminant - 3Ha4yeHne gnckpmumHaHTa Rho.

zc 3HayeHuss KoopauMHaT Tovek Heobxogumo 3agjaBatb B
A WES v Absolute pabouen cucteme koopauHat WCS.
Offset Mone - '

Reset

I

0K | Back | Cancell

Takum obpasom,

ANsi MOCTPOEHUSI MEPBOro CermMeHTa KpuMBOW HeobGXoaumo

BBOAUTb 3adaHHbI€ YNCITIEHHbIE 3HA4YEeHNA KOOpOUNHaT.
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[na nocnegylowmx CErMeHTOB, HayamnbHYyK TOYKY, MOXHO BblIOMpaTb, Kak
KOHEYHYI0 TOYKY npeablayLien KpUBOW.

UTOObI BbIMONHUTbL

NOCTPOEHNE MNpPsIMbIX Yy4yacTkoB nNpodwunsi, Heobxoanmo

nepentn B MeHo Toolbox=Curve, Bbibpatb onumo Basic Curves n 3atem onuuio
Line. [lns nocTpoeHuss NnuHUM crnedyeT BBECTU KOOPAWHATbl HavarbHOM M KOHEYHOW

TOYEK CerMeHTa.

3anpawmBaemas cucteMon KoopauHaTta Todek no ocn Z - ZC=0 gnsa Bcex Todek

BCeX CerMmeHTOB.

Ob6beanHum nony4yeHHble CerMeHTbl B OAHY KPUBYHO. ,D,.I'IFI 3TOro Bbl6|/|paeM n3

L7
i

OCHOBHOIO MEHI0 CO3[laHus KpMBbIX onumio Join St (obbeanHeHne KpuBbIX).
Cucrtema BblgacT MeHI0 Bbibopa 06begmHAEMbIX KPUBbIX:

BblOupaem onuuio Chain Curves (BblIGOp KpuBbLIX MO
Name uenoyke). Bbibvpaem KpuByl, SBASIOLWYIOCA Hayanom
IT ||| uenouvkm (B cTpoke noackaskm — Select Start Curve of
Solid Face Chain), n kpuByto, ABNSOLLYIOCA KOHEYHBIM 3BEHOM LENOYKN
S Bdue (B cTpoke noackasku — Select End Curve of Chain). Ecnu
E:‘;’: —_— Mbl MPaBUIbHO yKas3anu LIEnOYKy KpPMBbIX, CUCTEMA AOSMKHA
BblAeNnTb BCE CermMeHTbl npoduns. oaresepxaaem BbIGOp
o | Back | Cancell .
——1 kHonkon OK.
[anee Heob6xoanMO BbIOpaTh TUM Pe3ySbTUPYIOLLIEN KPUBOW.
Join Curves Bbibupaem  Tun  pe3ynbTUPYIOLLEN  KPUBOW
Reatiting| Crve Tope Polynomial. B pesynbtate nonyuysm cnnavH TpeTbewn
"N _ CTEneHun. o
Folnomial Ecnm akTvBeH nepekniovaTens Associative
v General Spline Output, TO pesyrnbTupyloLas KpuBas bynet
accoumaTMBHa C MOCTPOEHHbIMU CermMeHTamu npoduns
- Associative Output (oTKMOYaemM accoumaTUBHOCTD).
Input Curves Delete —t
0K | Back | MJ

McxoaHble cermeHTbl npodouns yganum. [ns atoro Bbibepem yCcTaHOBKY
Input Curves = Delete.

Mo okoH4YaHun BbIGOpa ycTaHoBOK Haxxmmaem OK. B utore nonydaem kpuBble -
NOMOBUHBLI ABYX cedeHun. [ns nocTtpoeHus NonHbix 06BoaoB ceveHnn BO Heobxoammo
oToOpasnTb NX 3epkanbHO OTHOCUTENBLHO NIIOCKOCTM XZ.

=

y
Z
0

Puc. 3. AspoguHamunyecknin npodurb KUNS 1 pynsa HanpasneHus
[Mocne nocTpoeHnss Bcex cerMeHToB npoduns Heobxoaumo Ans ynobcTtea
AarnbHeunwero NoCTpoOeHNa NOBEPXHOCTHON MOAENY OCYLLECTBUTL UX annpoKCUMaLumnio B
ofHYy KpuByto. [locne nocTtpoeHus OAHOro aspoavHaMmyeckoro npoduns nNoaobHbIM

X
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06pa3oM BbLINOIHAEM NOCTPOEHNE BCEX OCTarNbHbIX MPOMUIIEN XapaKTEPHbIX CEYEHNI 1
dopMupyem Kapkac KpuBbIX, HEOOXOANMbIX NS MOCTPOEHUS MOBEPXHOCTHOM MoAenu
(cnegbl nepegHero W 3adHeEro JOHXEPOHOB, KapKkacbl pyns BbICOTbl, TpUMMepa,
cepBokOMMneHcatopa M T.4.). B pesynbtate noctpoeHun nonyyvyaem Habop KpuBbIX,
rMagko COCTbIKOBAHHbLIX HE TOSMbKO MO KacaTeNbHOW, HO W MO paguycy KPUBWU3HLI
(TOYHOCTb BblgayM KOOPAUHAT Y3rOBbIX TOYEK N 3HAYEHUSA OUCKPUMMHAHTA OOCTUraloT
YyeTblpHaALUATV 3HAKOB MOCIe 3ansiTon).

Mocne nocTtpoeHunsa ceveHns NC2 HeobxoaMmo NEpeHecTn ero n3 MnioCKOCTU
NOCTPOEHMUS B NMIOCKOCTb KOHLEBOW XOpAbl BEPTUKAITbHOIO ONepeHus.

[Mocne nocTpoeHnss ogHOro aspoguHamunydeckoro npodunga (puc. 3) nogobHbIM
06pa3oM BbINOMHAEM NOCTPOEHNE BCEX OCTarbHbIX MPOUIIEN XapaKTEPHbIX CEYEHN 1
dopmupyem Kapkac KpuBbix ("KapkacHyk Mofenb Hecywlen noBepxHoctu" (puc. 4)),
HeobxoaMMbIX ans NOCTPOEHMS Moaenu NOBEPXHOCTN. [MocTpoeHHble
aspogmHamuyeckme npomnu B ganbHenwemM NCnonb3yT ANs Co34aHUS ANEKTPOHHbIX
BEpCUn TeopeTudecknx u cbopouHbix 4Yeptexen BO. Takum obpasom, nonyvyaem
BO3MOXHOCTb MPUMEHATb OOHM W TE Xe MOCTPOEHUA ANs Co3gaHus U MOAENU, u
yepTexen, YeM UCKITYaeTCa MOrpeLllHOCTb NpU NepeHoce pa3MepoB C YepTexen Ha
MOAEeNb M C MOAENnuM Ha 4epTexu. [Ana co3gaHusa TeopeTUdecknx u cOOpPOYHbIX
yepTexen BO ncnonbaytot pasgen Drafting:

Application = Drafting ...

Puc.4. KapkacHas mogenb HecyLen NoBepXHOCTH

dopmMupoBaHMe Kapkaca KpWUBbIX MPOBOAAT MyTeM MrockonapannensHoro
nepeHoca MOCTPOEHHOrO CeYeHUs] U3 paboyeint MIOCKOCTU B TOYKY €ro MpUBS3KU
(onpenensieTcs reoMeTpUYeckMM MOCTPOEHMEM IMHUM MepeaHen KPOMKA U NUHUM
cnepfa xapakTepHOro ceyeHus).

MNMepexodMM K MOCTPOEHWIO MOBEPXHOCTEW, ANA Yero MCrnonb3yem crieaytowmne
onumu.
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Toolbox = Free Form Feature

T NI e OTtobpaxaeTcs ananorosoe okHo Create Free Form
Features
[na MmogennpoBaHMUs OCHOBHbIX Y4aCTKOB TEOPETUYECKOro

ob6BOAa HecyLLen NOBEPXHOCTN UCMONb3yeM NUHENYaTbIe
NOBEPXHOCTH

Toolbox = Free Form Feature = Ruled

Mpn aTOM ONA ganbHENLWMX NOCTPoeHn yaobHee, ecnm
mogenb nosepxHocTn BO (puc.5) bynet coctoAaTb U3 ABYX
NOJSIOBMH - NpaBoW 1 JIEBOMN.

Puc. 5. Mogenb nosepxHoctn BO

YuuntbiBad, 4TO MOOenn TeopeTuyeckux OoOBOAOB arperaTtoB CcO34aroTca
napannenbHO, HA MOMEHT UX CO34aHnA Heob6XOAMMO NPOBECTU OLEHKY MX B3aMMHOro
COOTBETCTBUSA. JTO [AOCTUraeTcss Ha TpeTbeMm 3aTane. Bknioyaa mopenb Hecyulen
MOBEPXHOCTM B OOLLY0 MNOBEPXHOCTHYKD MOAENb caMmofeTa, MOXHO OTcneauTb
NPaBUNbHOCTL €€ MOCTPOEHUA B KOPHEBOW 30HE (MpOBEpPUTb COOTBETCTBUE
conpsraemMbiX NOBEPXHOCTEN, OTCYTCTBME "3aedaHnsa" ynpasnsroLmx NOBEPXHOCTEN Ha
BCEM UX Xo4e U T. 4.).

Mcnonb3yss npoeuupoBaHue BepTUKamnbHbIX MPAMbIX OAHOBPEMEHHO Ha BCe
NOBEPXHOCTM MOAENM camMoneTa M aHanuaumpysa mnoflydYeHHble pes3ynbTupytolmne
KPMBbIE, MOXHO  ONpeaennTb  MPaBUMbHOCTb  BLINOSNIHEHUSI  COMPSDKEHUA  C
a’poaMHaMUYECKON TOYKM 3peHusi. B ganbHenwem paHHas mopens (puc. 6) 6yger
MCMNonb30BaTbCs B KA4eCTBE NepBONCTOYHMKA TEOPETUYECKOro KOHTYypa camorneTa.

Onsa Toro, u4tobObl onpegenntb MaccorabapuTHble  XapakTepPUCTUKN W
KOHCTPYKTMBHblE MNapamMeTpbl deTanen W Yy3noB, BXOAAWMX B  KOHCTPYKLMIO
BEPTUKANbHOro onepeHns, HeobxoanMmMo NPOBECTU pacyeT Ha NPOYHOCTb ATUX AeTanemn
n y3noB. [laHHble pacyeTbl HAYMHAKTCA C OnpeferieHUst Harpy3ok, OevCTBYIOLLMX Ha
BepTuKanbHoe onepeHve B uLenom. OcHoBHOW BHewHen Harpy3kon BO saBnsetcs
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Harpyska OT aspoamHamuyeckux cun. Harpysky Ha BO cormacHo Hopmam netHowm
rogHoctn (HJTTC) onpenensatoT ucxons M3 crieaylowmx ycrnosum noneta [4l:
1) pe3koe OTKIIOHEHWE pyns HanpaBneHust Ha BOMbLLIOK CKOPOCTU NONEeTa;
2) nosieT B HECMOKOWHOM BO3[yXe;
3) AN MHOrOMOTOPHbLIX CaMorieToB npu nonere C HEeCUMMMETPUYHO
OCTaHOBMNEHHbIMW ABUraTENSMN;
4) KOMBMHMPOBaHHOE Harpy>xeHue.

Puc. 6. Mogenb noBepxHOCTN camoreTa

B cnyyae T-o6pasHoro onepeHus (Mnu npuv pasMeLleHnM FOpPU3OHTanbHOro
onepeHns Ha BO) Heobxogumo yuuTbiBaTb M BnNuaHne Ha BO Harpysok oT
FOPM3OHTaNbHOro ONepeHus.

Mo HOopmaM NPOYHOCTM ONpeaensAlT He TOMbKO BEeNUYUHY Harpysku, HO WM
pacnpefeneHne ee Mexagy Kunem U pynem HanpasneHus no xopae u pasmaxy.
MpubnmxeHHO MOXHO cYUTaTb, YTO Harpyska pacnpegensetrca no nnowagun BO
nponopuMoHansHO xopaam. PacnpegeneHue Harpysku Bons xopasl BO nposoautcs B
COOTBETCTBMM C paccMaTpMBaeMbiM pacyeTHbIM crydaem. PacuyeT kuna u pyns
HanpaBneHus nNpoBOAUTCA COBMECTHO, TakK Kak OHW oba y4yacTBYHOT B BOCMPUATUM
aspoanHamu4eckon Harpysku. [pu npoBegeHUn pacyeToB UCXOOMM U3 TOFO, YTO KuUIlb
KOHCTPYKTUBHO NOA0BEH Kpbirly ABYXIOHXEPOHHOW CXEMBI.

Pac4yet BeagyT B cnegyrolem nopsiake:

1) onpenensitoT BHELLHIO Harpysky;

2) onpenensiioT peakuum N CTPOST 3Mopbl M3rMBaWMX U KPYTALLMX
MOMEHTOB, a TakXke NonepeyHbIX CUn;

3) onpenensitoT YCUINUS U HAaNPSHKEHNs! B aNeMeHTax KOHCTPYKLUN.

B cryyae pesKkoro OTKMOHEHUS] PYMsi Ha pexuMe MaKCUMAaribHOM CKOPOCTY
HarpysKky Ha BEpPTUKanbHOM OMEPeHUN MPUHSTO PaccunTbiBaTh Mo copmyne [7]
R rv?2
P =i0,37SB,o%.

[na onpepeneHna BenuYMH HarpysoK, [AOEWCTBYIOLWWX Ha BepTuUKarnbHoe
onepeHne B COOTBETCTBMM C TUMNOM camoreTa, XapakTepom ero npeanoraraemon
SKcnnyaTtauuu, AenCTBYIOLWUMM HOPMaMK NETHOW rOAHOCTU U PEKOMEHAOBaHHbLIMU MU
mMeTodamun onpefeneHus CoOTBETCTBUSA, CTPOAT Auvarpammy npefenbHbIX PexvMOoB
noneta camornerta (puc. 7).

[aHHble AnarpaMmmbl MepecyUTbIBAIOT ANS Pasfn4YHbIX ClyvYaeB HarpyXeHus
onepeHnss N NpeacTaBnsAlT B BUAE COOTBETCTBYHOLMX CUIT U MOMEHTOB C Yy4E€TOM
BO3OENCTBUS MHEPUMOHHbIX Harpy3oKk W Harpy3ok OT OTKIOHEHWUs  pyrneBbIX
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nosepxHocten. C ydyeTom npegnonaraswenca Ha paHHux atanax KCC onepeHus wu
aHanusa SENCTBYIOLLMX HArpy3oK paspabaTbiBaloT HOBYK uUnu yTodHAT ctapyto KCC,
a Takke NpoBOAAT NPOEKTUPOBOYHBLIA pacyeT 3fIeMEHTOB KOHCTPYKUMM BEPTUKANbHOro
onepeHus.

Bboibpas KCC arperata v 3Had BO3OENCTBYHOLME HA HEro Harpysku, MOXHO
NPUCTYNUTL K (OOPMUPOBAHMUIO MOMNEPEYHbIX CeYeHWW CUIoBbIX anemeHToB. [lpu
pPacCMOTPEHUM YCMOBUMA CTATUYECKOr0 HarpyXeHuss KOHCTpyKuunm uenecoobpasHo
BOCMONb30BaTbCA KOMMMekcom nporpammHblix cpeacte RITMOK, paspaboTtaHHbIM
coBmectHO AHTK wumenn O. K. AHTOHOBa M XAW. OTOT KOMMMEKC no3Bonser
onepatMBHO copmMMpOBaTL MOMEPEYHbIE CEYEHUS PErynspHbIX 30H KOHCTPYKLMM,
paccmaTtpvBasi nNpu  3TOM  HECKONbKO  CriydaeB  HarpyXeHuss OLHOBPEMEHHO.
HeperynsipHble 30Hbl KOHCTPYKUMW LieniecoobpasHO NpoekTUpoBaTb C MOMOLLbIO
CUCTEMbl KOHEYHO-3rieMeHTHoro aHanmn3a ANSYS. Wtorom 9TOoro 3artana CTaHeT
dopmMmpoBaHMe NonepeyHbIX CE4YEHNN NIEMEHTOB KOHCTPYKLNN HECYLLIEN NOBEPXHOCTM.
B cuctemy mogenupoBaHus OHWM nepeparoTca nmbo B BMOe 3CKM30B, NMMBO B BuAe
TabnuyHon uHpopmaumn. Nomumo aToro Heobxoammo cdopmMUpoBaTb TEXHUYECKME
TpeboBaHNA Ha N3rOTOBMEHME arperarta, KoTopble AOSMKHbI OTpa3uTb NpegnonaraemMble
K MPUMEHEHUIO TEXHOSOIMM U3FOTOBIEHUS, @ TakkKe UX OrpaHUYeHunsi, HaknagbliBaemble
Ha reoMeTpuo getanu [8].

CNmax

Chionar (3aKpbInku yopaHbl)

(3aKpbInky BbIMyLLEHbI)

c
©
%
[
>
o
—
]
Q.
]

c

CkopocTb \"/
Ve Vo

(3aKpbInkn yopaHbl)

Puc. 7. dnarpamma npegenbHbiX PEXMMOB noneTta caMmoneTa

CchopmmpoBaB ob6LLYyIO TeOMETPUIO CUIIOBbIX JMEMEHTOB arperarta, cregyer
BblAENUTb B X KOHCTPYKLMM OTAENbHbIE YacTu (y3nbl, getanu) ansa mx "HesaBnucmmoro"
MOAenupoBaHus. PasgeneHve arperata Ha COCTaBHble 4acTu LenecoobpasHo
NPOBOANTbL B COOTBETCTBUM CO CXEMOW €ro TEeXHOSIOMMYECKOro YSIEHEHUsi. OTuMm
obecneunBaeTca BO3MOXHOCTb B JaribHEWLWEM BbIAENUTb M3 KOHCTPYKUMM AeTanb U
noaroToBUTbL ONA HEeE TEeXHONOrMYeckyto npoueaypy npoussoacTsa (paspaboTtaTtb
WwTamn, nporpammy ob6paboTkmn Ha cTaHke ¢ UMY n T. n.).
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Ha puc. 8 m3obpaxeHa cxema TEXHOSIOrMYECKOro YrieHEeHUs BepTUKalibHOro
onepeHns (1) ¢ nocnegywWwMm BblAeneHMeM oOTAenbHoro yana (2), U3 KOToporo
BblAenseTcsa Arns NoAroToBKM TEXHONOMMYECKOM JOKYMEeHTaumMm otaenebHas getans (3).

Mpn MoAenNMpPOBaHMM CXEMbl TEXHONOMMYECKOTO YNEHEHUST NPOMCXOANT NpoLuecc
dopmmpoBaHna moaenun cnocoba cbopkn arperata. OnmMpasch Ha yxe CyLLEeCTBYIOLLYIO
KCC Hecyuwien noBepxHOCTM N MOAESb NOBEPXHOCTU, MOXHO HayaTb 3TOT npouecc no
cxeMe "cBepxy - BHM3". OTO O3HA4aeT, YTo, pa3fdenus TeopeTudeckne noBepxHOCTU Ha
Oyaoywme nuctel unuv naHenn obwueky, wucnonb3ys metoabl WAVE-TexHonorum,
KOTOpasd MnO3BOSISET HANOXWUTb accouuaTuMBHblE CBA3N MeXOy reoMeTpuyeckumMmmn
obbekTamu, cnefyeT nepeHasHadaTb UX B OTAENbHbIE (hansibl, yKasbiBasi Npu 3TOM, 4YTO
MCXOAHbIN hann ctaHoBuUTCA cHopoyvHbIM. K nonyyeHHoMy aepeBy cOOpPKM YCNOBHO
nobasnsTca HegocTawwme (ele He co3fgaHHbIe) aneMeHThbl (HEPBIOPbI, CTPUHIEPbI U
T.4.), YTO NpoucxoauT nyTeM aBTOMaTUYEeCKOro COo3[daHUs B CUCTEME MUX HyIeBblX
gannos. CdopmmpoBaB CTPYKTypy COOPOYHOM €auMHWULbI, MOXHO MpucTynatb K
"3anofiHeHno" HyneBbiX ()anrioB COOTBETCTBYHOLWIMMK anemMeHTamu. [Ana cosgaHus
HarnsagHom CXeMbl TEXHOJSI0rMYeckoro YyrieHeHns ncnonb3yem onumio
Assemblies=Exploded Views, T.e. co3gaem Bua C pasHeCeHHbIMU KOMMOHEHTaMM
Create Explosion. Npu aTom cywecTByeT BO3MOXHOCTb CO34aHusA 3TOro Buaa (pwc.
8(1)) kak "aBTOomaTuyecku", Tak u B "py4yHOM" pexume, Korga BO3MOXHO 3ajaHue
KOOpAWHAT M HanpaBneHus nepemMeLLEHNA KOMNOHEHTOB.

s
3

Puc. 8. CxeMa TEXHONOIMYECKOro YNEHEHNsI BEPTUKANbHOMO ONepeHus

B panbHenwem Heobxoammo NpUCTYNUTb K (POPMUPOBAHMIO HEMNOCPEACTBEHHO
cunoBoro Habopa Hecyuwlen nNoBepxHOCTU. Ero mocTpoeHue BbINOMHAETCS B Mopdyre
TBEpAoTENnbHOro  mogenupoBaHua cuctembl  UNIGRAPHICS. [ns  noctpoeHus
Pa3nNUYHbIX TUMOB 3NIEMEHTOB MCMNOMb3YIOT pasfnnyHble MeTOAbl NOCTPOEeHUN. Tak, Ana
MONoK INOHXepoHa Hambonee yaobGeH crnocob NPOTSKKM KOHTypa CeYeHus BOOMb
reHepupytowen kpuson. Ona copmupoBaHus HepBlop 6oriee noaxoasimm MOXHO
npu3HaTb cnocob "BblgaBnmBaHns" 3agaHHON FEOMETPUM U3 MIIOCKOCTU, AN CO34aHus
MOZeNen KpenexHblX 3fIEMEHTOB UM 3NIEMEHTOB TUNA Tsra - BpalleHne obpasytoLlen
KpvBon BOKpyr ocu. OOWMBKM CO3[AOTCA KOMaHOOW onpedeneHns  TOSLWWHbI
cyliecTBylolen noBepxHocTU. [Ona ¢opMuUpoBaHUS geTanen CRoXHOW dopMbl
MPUMEHSIOT HECKONbKO pPasfuyHbiX cnocoboB ¢ nocrneaywowmnm obbeamHeHnem
9M1EMEHTOB B €ANHOEe TBepAoe TeNo C NOMOLLbIO ByneBbIX onepauni.
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Mpn nNpPOeKTUpPOBaHWM MaHenen, HepBIOP, JOHXEPOHOB, COOPHbIX Y3roB
ncrnonb3oBanu  pasfnnyHble NpueMbl U cnocobbl  MOCTPOEHUs  Moaenen MU
mMoaenvpoBaHus. CosgaHuMe e OCHOBHbIX 3NIEMEHTOB KOHCTPYKUMM HeobXoammo
Ha4YMHaTb C 3a4aHus TONLLMHbI OBLUNBKM.

[ns atoro obpalaemcs K cnegyowemy nyHKTy
= ' MEHIO:
et @ @3 Toolbox = Free Form Feature = Thicken
———— —— Sheet.

3aTtemM HeobXxoaAMMO yKasaTb MOBEPXHOCTb,
KoTOpou OyaeT npuaaBaTbCs TOMWMHA.

W
P&
[IE]
|

» D

® [
DR [<S

MNocne ykasaHus Thicken Sheet
NMOBEPXHOCTM 3ajatoT

TOMLMHY 1 HanpaBneHue Selection Steps

nocTpoeHns obwumsku. Mpu E&!
nocTpoeHun "oT KoHTypa" ﬁ &
First Offset 3apatot First Offset [0
paBHbIM 0. -

Actisn Crpate |

0K | Applyl Cancell

Second Offset 3agaetcs no moayno paBHbIM TOMLWIMHE OBLUMBKK, MPU 3TOM
yncno Oonblie Hyns, ecnu HanpasfeHue MnocTpoeHus obwuBkM coBnagaeT C
NPeANOXeHHbIM CUCTEMOWN, N MEHbLLE HYNSA, €CNN HanpaBneHnst NPOTUBOMOSIOXHbI.

Mocne npupaHus TOMWMHBI OOWKMBKE W NPOBEOEHUS NpeaBapUTEnbHbIX
MPOYHOCTHbIX pPacyYeTOB MOXHO MNepexoauTb K CO30aHUK OCHOBHbIX 3MEMEHTOB
KOHCTPYKUMN BEPTUKANbHOTO OMNepeHnss B NepBOM npubnwxkenun. [Ona atoro
HeoOxoanuMo 3agaTb o0LWmMe reomeTpuyeckme napameTpsbl.

MocTpoeHue NoHXxXepoHa

[na npegBapuTenbHOrO NOCTPOEHUS MOOENU NOHXepoHa HeobXoaMMO 3HaHue

cnenyLwmx KOHCTPYKTUBHbBIX U TEOMETPUYECKNX XapaKTEPUCTHUK:

1) ero mecTopacnosioxeHue B BepTUKaNbHOM OMNepeHuu ANa onpeneneHuvs
CTPOMTENBbHOW BbICOThI IOHXEPOHA;

2) reomeTpuyeckne napameTpbl (hopma npodunen NonokK JOHXEpoHa, WX
lWUMPpMHA M TOMWMHA, TOMWMHA CTEHKM JOHXepoHa). OTn napameTpbl
onpenensiT  UCXOOA U3 KOHCTPYKTMBHBIX U TEXHOSTOMMYECKUX
coobpaxeHuii, a Takke No pesynbTatam NPOEKTMPOBOYHOIO pacyeTa;

BHauane cnegyet 0003HaunTb OCEBYK MNIIOCKOCTb JIOHXepoHa. [laHHyro

NNOCKOCTb MOXHO 3aJaBaTb PasfMyHbIMK cnocobamu, HO B JaHHOM Cryvae 3aJaem ee
«No AByM oTpe3skam». OTpeskn CTPOMM fiexaluMm B MIOCKOCTAX KOPHEBOW U KOHLEBOW
X0op4, B MECTax pasMeLLeHns JTOHXXEPOHOB, AJSIMHA OTPE3KOB NPOU3BOSIbHASA.
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[Mocrne nocTpoeHna OTPe3KOB BLINOSIHAEM CrieayloLyo onepauunio: CTPouM
KpMBble, KaK JWHUM nepeceyeHus ABYX [MNOCKOCTEW - MIIOCKOCTM BHYTPEHHEWN
NMOBEPXHOCTU OBLUMBKM 1 OCEBOM MIIOCKOCTU NOHXEPOHA.

3aTteM NpuUCTynaem K MOCTPOEHUK CEYEHU MOSIOK FIOHXEPOHOB B KOPHEBOW U
KOHLIEBOW YacTax ornepeHus. B kayecTBe 0CceBOW NMOCKOCTU UCMOfMb3yeM MMOCKOCTb, B
KOTOPOM NEeXWUT NOHXePOH. [Mpn nocTpoeHun ocoboe BHMMaHME obpaljaem Ha To,
yTOObl KOHTYp CeYeHUs MOMKM JIOHXEepOHa He BbIXOAWN 3a BHYTPEHHWA KOHTYP
obwmBKN. 10 NOCTPOEHHBLIM CEYEHUAM CO34aeM TBepAOTENbHble rabapuTHble Mogenu
MOSIOK NTOHXXEPOHOB, MOCMEe Yero CTPOUM TBEPAOTENbHYO rabapuTHy0 MOAENb CTEHKU
NOHXepoHa.

MocTpoeHue HepBHOPbLI

O6wme nNpuHUMNBLI NOCTPOEHUS HEPBIOPbI CXOAHbI C METOAMKOW MNOCTPOEHMS
noHxepoHa. [ns nonyyYyeHnsa KOHTypa HEPBIOPbl BOCMOMb3YyEMCS CEKYLLEN NITOCKOCTLIO,
nexawen B NIOCKOCTM Hepstopbl. ([1N1OCKOCTb KaXxaon HepBIOpbl  NepneHanKynspHa
3agHeMy noOHXepoHy). [locne co3gaHusi BHELUHEro KOHTypa BHYTPEHHUIA KOHTYpP
CO30aeM MNyTeEM MOCTPOEHMS KPMBbIX Ha HEOBGXOOMMOM pPacCTOSAHUM OT WUCXOLHOW
kpuBon Toolbox=Curve=0Offset. [locrne co3gaHna KpuBbIX, OrpaHNYMBaIOLLNX
rabapuTHble pasmepbl HEPBIOPbI, NPUCTYNaeM K CO34aHMI0 CaMoro Tena HepBIOpbI.

lMocne co3gaHna TBepAOTENbHbIX rabapuUTHLIX MOAeNen NIOHXEPOHOB N HEPBIOP
uenecoobpasHo  AanbHenwee  MOAENMPOBaHME  MPOBOAUTD, paccmatpuBas
BepTMKanbHOe onepeHve kak cbopoyHyo eguHuuy. Ha nepsom aTtane cbopka
BbIMOMHAETCA NO MeToay "cBepxy-BHM3", T.e. hann cbopkn n annbl KOMNOHEHTOB
cospatotcd Ha 6ase yxe rotoBbix Mogenen Assemblies=Edit Structure=Create. Ha
nocnegyoowmx atanax cbopka Begetcs no metody "cHusy-seepx" Assemblies=Edit
Structure=>Add=Choose Part File, korga mogenu getanen-KOMMOHEHTOB COOPKK
BHa4are cosgarTcs B OTAeNbHOM dhanne, a 3ateM 4o06aBnsoTCa U NO3MLMOHNPYHOTCA
B cbopoyHOM dhanne.

Mogenb y3na HaBeckuM co3gaeTcs kak cbopoyHas eanHuua, cocTosdlasa u3
onpedeneHHoro 4ucna pgetanen, npu 3toMm anmn cbopku arperata Oyget
NHTEpNpeTUpoOBaTb ee Kak cBOk noacbopky. Bce getann dopmupyotcs B OTAENbHbIX
dannax (T. e. cbopka copmupyeTcs "CHM3y - BBepX"), UTO MO3BONSET CyLECTBEHHO
CHM3NTb 3arpy3Ky KOMMnbloTEPa Ha AaHHOM 3Tane paboTbl, a crnegoBaTernibHO, YCKOPUTL
npouecc co3gaHus mogenu. [na cosgaHna getanen Takke WUCMonb3yrT Moayib
TBEepaoTenbHoro mogenupoBaHns cuctemol UNIGRAPHICS n nprnemsl, KoTopble Gbinn
N3NOXeHbl Bblwe. [aHHbIn MOoAyfb MMEEeT CKBO3HyH napameTpu3auuio (B pomnu
napamMeTpoB BbICTYNAKT Kak pa3Mepbl geTanu, Tak U rpadpuyeckne NpuMMTMBLI, Ha
OCHOBE KOTOPbIX NMPOUCXOAMSIO MOCTPOEHME), YTO B AaNbHENLLIEM MO3BONSAET U3MEHSATb
reoMeTpumio  BXogdwmx getanen wn  cbopok. OpgHako ana  nNpaBUITbHOIO
NHTEPNpeTUpPOBaHMsS NapaMmeTpmsaumm npm opmMmpoBaHmMm getann HeobxoanmMo YeTKo
OTCNexmBaTb BCE JIMHKOBaHHbIE CBA3M (CBS3M MapamMeTpoB pPasfMyHbIX AeTanemn,
Hanpumep, & 6onta — & OTBEpPCTUS1) U CBOEBPEMEHHO WX HaknagbiBaTb. C6Hopka
KOHCTPYKUMKN y3na nNpoBOAUTCHA METOOOM MpUCOeUHEHUS B OCHOBHOM dhann ¢hannos,
BXOOALWMX B COOPOYHYIO eauHuLy AeTanen, OpUeHTUpOBaHNE AeTann ocyLecTBNaeTca
no conpsiraemMblM reomeTpudeckum nmbo  BCnomMoratenbHbIM — 3fIEMEHTaM  C
nocreyLLen NPoOBEPKON COMNPSXKEeHNs aeTanen.

Co3gaHHble  Mogenn  OfeMEHTOB  KOHCTPYKUMM B AdanbHEWMLEM  MOXHO
MMNOPTUPOBaTb B CUCTEMbI MPOYHOCTHOrO pacyeTa METOAOM KOHEYHOro 3rieMeHTa
(MK3Q) ANSYS, NASTRAN u T1.n. o pe3ynbTaTtam 3TUX pacyeToB popmMa u pasmepsbl
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TBEPAOTESbHbIX MOAENEN 31EMEHTOB KOHCTPYKUMN MOTYT U3MEHSATLCS, YTO NPUBOAMUT K
HeoOXOANUMOCTM BbLINOMHEHUST HOBOW uUTepauun — npeaBapuTenbHbIN pacyeT —
NnocTpoeHne TBepaoTenbHOM Mogenn — pacdeTr metogom MK3. Uenb AaHHbIX
nTepaunn obuTbCA ONTUMMU3aLMN NO MacCe KOHCTPYKLMMW.

CdopmmpoBaB reoMeTpuio CUIIOBOro Habopa, nosiydaem Kak UTOr yKe roToBYH
"coopky" BO. OpgHako B KOHEYHOM dhanne mexay BXOOAWMMM AeTansmMu elle He
HanoXeHbl (PUKCUMPYIOLLME CBA3WU, T. €. MECTOMONOXEHNE KaXOOW BHOBb CO34aHHOW
Aetanu 4YeTko He onpeaeneHo. HeoaHO3HAYHOCTb yCTpaHseTcs "oTopoM" nMeLmnXcs
Yy KaXOOW KOHKPEeTHOW paeTanu cTeneHen cBoboAabl NyTeEM YyKasaHus YCroBui
COMNPSPKEHUSI C COCEAHUMWN KOMMNOHEHTaMM.

Takum oOpasom, nonyyaem MOMHOCTLIO MapamMeTpuU3MpoBaHHY0 COOPOYHYIO
mogenb BO. lNpu npaBvnbHOM HaNOXeHUN JIMHKOBAHHLIX CBSA3EM W UCMOSNb30BaHUN
WAVE-TexHonormm B gaHHyo Moaesib MOXXHO BHOCUTb U3MEHEHUS, Ha4YnHas C caMblX
paHHMX 3TanoOB MPOEKTUPOBAHWS, W OHM aBTOMaTM4eckn OyayT OTCRneXeHbl BO BCEX
3aBUCUMBIX (parnax, NpU4YemM 3TO PacnpOCTPaHSETCHA N Ha YepTEXHbIN MaTepuan, U Ha
NOArOTOBSIEHHbIE TEXHOMOMMYECKNE peLLEHNS.

KoHTponb reomeTpun BBOOUTCA B CBS3M C TEM, 4YTO MpWU  BbIMOMHEHUN
MOAENUPOBAaHUS BO3MOXHO OTKIOHEHWE OT MPUHATbIX pa3MepoB. OTKMNOHEHUA MOryT
NosABUTbCA  BCNeACcTBME  OWMOOK  NOCTPOEHMA wnu  MoryT  ObiTb  BBEAEHbI
npeaHaMepeHHo, Hanpumep, Mo TEXHOMOrMYeckuMm npudnHam. [Ona BbIABNEHUS 3TUX
OTKIOHEHN BBOAUTCS Onepauusi KOHTPOSSi reOMEeTPUYECKUX XapakKTEPUCTUK MOAENN.
Ona koHTponsa wucnonb3yloTcs dyHKuuMn komaHabl INFO u BCTpoeHHbI annapat
aHanusa reomeTtpun cuctembl UNIGRAPHICS, a takke MeToa KOHTPOSbHbIX CEYEHUN
(puc. 9). Ona peanusaunm 3aTOro MeToda Ha 3aTanax popMMpoBaHUS Kapkaca monenwu
NMOBEPXHOCTM 3a4aeTCs Llar KOHTPOSbHbIX CEYEHUA U MONIOXEHNE MNEPBOro
KOHTPOSMbHOIO CEYEeHUs.

C nomowpbio MeToda KOHTPOSIbHbIX CEYEHUMM MOXHO MNPOKOHTPONMPOBAaTh
TOYHOCTb BLINOSIHEHNA MOCTPOEHUS TeopeTudecknx ob6BoaoB arperaTta, yrhbl
OTKIOHEHNS PYfeEBbIX NOBEPXHOCTEN M T. A. [MOMMUMO 3TOro, ucnonb3yda MeHemKep
Beca, KOHTPONUPYKT Ha COOTBETCTBME BblAESNIEHHbIM JMMUTaM KOHEYHYK Maccy
BXOOSALMX OeTanen n arperarta B LIENOM.

CcopmmpoBaB mMogenu CWUMNOBbIX 3N1EMEHTOB, HeobXoauMO NPUCTYNUTL K
MOAENNPOBAHMIO CUCTEM U Y3110B, PACMONOXEHHbLIX HENOCPEACTBEHHO B BEPTMKANbHOM
ornepeHun. ITOT NpoLLeCC Ha3biBaeTCs MakeTUpoBaHMeM arperata. MakeTupoBaHme Kak
npouecc npecnenyet HECKOMbKO Lienen [9] :

—  B3aMMHas yBsi3Ka 9f1IEMEHTOB CUCTEM U CUSTOBbLIX 3SIEMEHTOB NSaHepa;

— npoBepka paboTocnoCcOBHOCTM MOABMXKHBIX 3fIEMEHTOB CUCTEM B

yCcnoBusix paboTbl B 3aMKHYTOM MPOCTPaHCTBE;

—  KOHTpOnb paboTocnocobHOCTN B3aMMOAENCTBYIOLLNX CUCTEM;

— npoBepKa BO3MOXHOCTM 1 yaobcTBa AOCTyNa K 3fIEMEHTAM KOHCTPYKLMA U

cuctemam, Tpebyrowmm obenyKmBaHus;

—  KOHTpOrnb "BnNucbiBaemMocTu" geTtanen ysnoB W arperatoB B OTBEAEHHOE

NPOCTPaHCTBO;
— YacTu4yHasg nNpoBepka NPUHATON TEXHOSOrMN cOOPKM.
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Puc. 9. lNpnmeHeHne MeToaa KOHTPOISIbHbIX CEYEHUN

MMmnopTupoBaHMe 0OBLEKTOB, CO34aHHbIX B OPYrMX KOMMbIOTEPHLIX CUCTeMax,
OCYLLECTBNAETCS C NOMOLLbBI yHMBEpPCanbHbIX (dOpMaToB CBA3K, Takux, Kak IGES, DXF,
STEPu T. A.

[MTo OKOHYaHWW [OeBATUM 3JTanoB MOLENUPOBAHUA Hecyllerh MNOBEepPXHOCTH
nonyyaem B cucteme CAD/CAM/CAE UNIGRAPHICS TtBepgoTenbHyo Moaernb
KOHCTPYKLNN HECYLLLEN NOBEPXHOCTH.

MmeHHO aTa wMogenb wucnonb3lyeTcs B danbHenwem npu  paspaboTke
KOHCTPYKTOPCKOW,  TEXHOJIOrMYeCcKon, CepTUdPUKALUOHHOM W 3KChnyaTauMOHHON
OOKyMeHTaumu.

Mpn paspaboTke AOaHHOM [OKYMEHTaumm LenecoobpasHo 3SKCNopTUPOBaHME
TBEpaoTenbHbIX Mogenen na cuctemol UNIGRAPHICS B 6onee "nerkue" cuctembl Tmna
KOMIMAC, AUTOCAD u T.n. 3TO NO3BOMMUT YMEHbLUNTL CE6EeCTOMMOCTb AaHHbIX pabor,
YAPOCTUT U YCKOPUT UX NPOBESEHME.

[NpoBeneHHbIM NapannenbHbI NPOLECcC MOAENUPOBaAHUA U MaKeTUpoBaHUA
arperatoB no3BonisieT, oO0beaAuHUB MX B e€OMHOE Lenoe, aHanmsnmpoBaTb MacCOBO-
WHEPLMOHHBbIE XapaKTEPUCTUKM camorieTa Kak eguHoro obbekta. NMomumo aTtoro Ha
AAaHHOM 3Tane aHanu3upylT MNPaBUSTbHOCTb BbIMOMHEHNA COMpPsiraembiX Y3roB W
cornacoBaHusi  TeOpeTMYecknx oBBOLOB B 30HAX  COMPSDKEHUS,  YTOYHSAIOT
COMpPAraemMocCTb CUCTEM, PACMONOXEHHbIX B pa3HbIX arperaTtax.

MpuHUMN o6beauHeHusa arperatoB OCYLLECTBASETCA MeTodamMu OpraHusauum
cbopkn "CHM3y-BBEpX" C HaNoOXEeHMeM YCrOBUA CBA3M MexXgy CTblKyeMbiMu
NOBEPXHOCTSIMU (HanNpumep, OroBapMBaeTCA COOCHOCTb OTBEPCTUM NOL CTbIKOBblE
6ontbl N T. N.).

BbiBoabl

lMpeonoXeHHbIN MeToL NPOEeKTUPOBaHUSA MOENn Hecywenh MNOoBEePXHOCTU
naccaxupckoro camoneta Ha 6ase cuctembl CAD/CAM/CAE UNIGRAPHICS no
CpPaBHEHUIO C CyLIECTBYHOLLEN TPagULMOHHOW TexHorormen obrnagaeTt cnefyowmmn
npenmMyLlecTesamu:

— co3faHHble MOAeNnM ABNAITCHA NEePBOUCTOYHUKOM WMHOpMauun Ans apyrux
Mcnonb3yemMblX MOAyrnen U CUCTEM, YTO MUCKIYaeT NOrpeLlHOCTU nepeHoca pasmepoB
N ynyywaeT TOYHOCTHbIE XapaKTEPUCTUKM KOHEYHOIO U3LeNus;

— BC€ BbIMOMHAEMbIE NOCTPOEHUA MOrYyT MCMOMb30BaTbCA B AaribHEWWeM Ans
CO30aHUS KOHCTPYKTOPCKOM, TEXHOSIOrMYEeCKOW, 3IKCrnryaTauMoOHHOW W PEMOHTHOM
OOKyMeHTauuu;

— CywWecTBEHHO 6onee BbICOKMMM  SABASIOTCA  TOYHOCTHbIE  MoOKasaTenu
CMPOEKTUPOBaHHbLIX Y3MnoB 6Grarogaps MCNoOnb30BaHWID reoMeTpun OA4HOW AeTann B
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kayecTBe 0asbl MpUM MNOCTPOEHMU APYron W OTCYTCTBUIO MOrpeLHoCcTU nepeHoca
pa3mMepoB Nnpu 3TOM;

— ObICTpee 1 nerdye BbIABNAITCA M MCMNPABASKOTCHA OWMOKKW, AOMyLIEHHblE B
npoLecce NPOEKTUPOBAHUS;

— CHMXaeTcsa TPYAOEMKOCTb MPOEKTUPOBAHUS N U3FOTOBMEHUS AeTanen n yanos
arperara;

— BeCb CO3[0aHHbIN KOHCTPYKTOPCKMM 3aden npu NpOeKTUPOBaHMU OOHOro
n3genua  nerko  MCNonb3oBaTb B KayecTBe CTaHgapTHonm  6ubnuotekn npu
NPOEKTUPOBAHWUM APYroro.

Takum obpasom, rpaMoTHOe u cbanaHCMpOBaHHOE MPUMEHEHNE KOMMbIOTEPHOMN
nuterpupoBaHHon cuctembl CAD/CAM/CAE  UNIGRAPHICS nossonsetr npwu
OTHOCUTENbHO HEBOSMbLUMX 3aTpaTax MOBbICUTb KOHKYPEHTOCMOCOOHOCTb NpeanpusaTus
Ha MMPOBOM PbIHKE.

MeTog anpobupoBaH Ha npumepe npoektnpoBaHus BO camoneta AH-140.

Cnucok nutepaTypbl
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YK 517.927.21 B.C. MNpoueHko, T.B. [leHncosa

TeopeMbl C10:KeHUSI TAPMOHUYECKUX (PYHKIIMH B KOOPAUHATAX
IIMNTUYECKOr0 MUJIMHAPA U CKATOI0 3JIIMIICOMIA BPAallleHUsA
U MX NPUJIOKEHHE K PeIeHUI0 KOHTAKTHOM 321a4M 0 COBMECTHOM
BJAABJIMBAHUM B YIIPYIroe MOJYNPOCTPAHCTBO MOJIOCOBOT0
U KPYroBOIo IITAMIIOB

HauyuoHarnbHbIU aspokocmudeckul yHusepcumem um. H.E. XKykoeckozo « XAU»
XapbKoecKul HayuoHarbHbIU 3KOHOMUYECKUU yHuUsepcumem

C nomMoLLbo TEOPEM CMOXEHUS rapMOHUYECKUX PYHKLMA B CUCTEMAxX KoopauHat
cxaTbix cchepongoB metoa dypbe yaanocb NPUMEHUTb K UCCNEeAOBaHUIO KOHTAKTHOM
3alayM O HECKOJSIbKMX KPYroBbIX LUTaMnax Ha ynpyrom nosiynpoctpaHctee [1]. PaHee
3TUM METOAOM B CMCTEMAxX KOOpAUHAT 3NNMNTUYECKUX UunmHapoB bbina pelleHa aHa-
norMyHasl KOHTakTHasa 3agada Ansi CUMCTEMbl MOMOCOBbIX WTaMnoB [2]. B HacToswen
cTaTbe NoslyYyeHbl HOBblE TEOPEMbI CIOXEHUS FAPMOHMYECKUX OYHKLINA B CUCTEMAX KO-
opAnvHaT 3NNUNTUYECKOro UUMHApa U CXaToro annuncovaa BpalleHud. PaccmoTtpeH
Ccnyyau, korga noroca v KpyroBowm AUCK, B KOTOPbIE BbIPOXAAOTCA LMIMHAP W 3Nnun-
coung, nexaT B O4HOW MNNOCKOCTU. OTU TeopeMbl Jal0T BO3MOXHOCTb MPUMEHUTbL Krac-
cnyecknin meto Pypbe K peLLeHno HOBOro Knacca 3agay Teopum noTeHumana B npo-
CTPaHCTBE C BKITHOYEHUSIMWU B BUAE 3MNUNTUYECKOrO UMAMHAPA U CXaToro annuncounga
BpalleHund. B yacTHoCcTK, B paboTe pelleHa paHee HUKEM He UcCreaoBaHHas KOHTaKT-
Has 3agada 06 0OQHOBPEMEHHOM BOABMUBAHWM B yNpyroe nosiynpoCTpaHCTBO MOMOCOo-
BOrO M KpyroBoro LuTamMmnos.

1. Teopembl cnoxeHus
byoem paccmatpmBaTtb ypaBHeHWe Jlannaca B ABYX NOKamnbHbIX AEKapTOBbIX

OAMNHAKOBO HarpaBlieHHbIX CUCTEMAaX KoOopAnHAaT (Xj ) yJ ) Zj ), (J 21,2). QTN cucTemsl

cABUHYTBI Ha BemmumHy h no ocn OX Tak, uto X =h+ X,. C nepsoii cucTemoii
(X1, Y1,21) CBSXEM cMCTeMy KoopaMHAT anmmMnTMYeckoro umnuHapa (&,01,Y;):

X1=a10h§1'00591, Zl=a13hE_,1'Sin91, OSE_,]_<OO, —TCSelSTE, — 0 <Y <400,

Co BTOpOW cuctemon (XZ, y2,22) CBSDKEM CUCTEMY KOOpAMHAT CXaToro annun-
couna Bpauerns (£5,0,,0,):
Xy =dsp Ch&_,z -sin 92 ‘COSQy, Yr=ay Ch(iz -sin 92 -sin 0Py, Zp =2y ShE_,Z -COSGZ,
0<&y<mw,0<0,<7, 0<¢y <2m.

B aTux chopmynax &, u a, — pa3mepHble napameTpbl, npudem h>a; +a, .

OcHOBHOWN pe3ynbTat COCTOUT B TOM, YTO MOSTyYEHbI HOBblE Pa3rioXeHus (Teo-
pPeMbl CITOXXEHWs1) rapMOHNYECKUX (PYHKLUUIA B NPUBEAEHHbIX Bbllle CUCTEMAax KOOpAu-
HaT. 3TN pasnoXeHus n3 cuctembl koopamHarT (1) K cucteme koopavHarT (2) UMeloT BUAL
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eiHylF6kn(§1’_q1)cen(el’_q1): 2 ZHr(l?,)s(Hiliz)"P(sz(aZ’GZ"PZ); (1)

ei“ylGekn(ﬁl,—ql)sen(el’_ql): 2 szn,)s(“lz) (p(zs-)l- \+1(& 92’(P2)’ 2)

a‘22

rge q]_: 1H

—~

(an)(i,e,cp) PM(ishg)- P (cose)e' ™

, al'Ch§1+a2<h,
Hmn)sul2 ICn

KM (1,1;2) = 1jD (k)B{m)

23+\ +1(k’“;a2)dk;

an (Z) — cbyHkums NexaHapa nepeoro poaa [3].

WHTerpanbl cxoasTes npu ycrnosuu, 4to h>a; +a, .

BbipaxkeHus onga Cn(k) n D, (k) nonyyeHbl B ctatbe [4] 1 npeacTtasneHsl op-
Mynamm

ce,, (0,—q4 )- ces (0,9
Cox = 2k(2n ;(())ZK)(;:)( 1) Ceyy (t.-0n).

Copers = _ cepy41(0,—qy)- sery,1(0, 1)
275\/71 Blzk+1)(q)

Cepy 41 (t—y),

se2n+1(0 —p)- Cepny1(0,0p)

Dan+1 n+
i \/71 A1(2 1)(Q1)

592n+2(0 CI1) 592n+2(O’Q1) ( k ]
D Se t,—0;), t=Arsh

Seon,1(t—ay).

OyHKUNK Br(]m)(k,p;a) npuBeaeHbl B cnpaBoyvHuke [5]. OHn numetoT BuAa

( )(k wa)=i m (2n+1)(n—m)! (“_ij-gn(ak),

(n+m)! k

Y= \HvL2 +k*, gn(x): - |n+]/2(x)’

2X

rae a —napameTp cdepovaansbHo cuctembl koopamHat; |y (X) — dyHKUMnA bece-

nst MHMMoro aprymeHTa [5];  Fek, (i,—q), Ce, (i,—q) N T.0. — PyHKUMKN MaTbe [6].
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TeopeMbl CNOXeHNsa U3 cucTemMbl kKoopauHart (2) B cuctemy koopauHart (1) npea-
CTaBMM PaBEHCTBOM

QU (ishc,)- P (cos0, e 'mw:fe'“y{zE )(2:1.1)- Ce (e, )

<o Oy-0u)+ SAR@iL) 861 sek(el,—m)}du, ®

rae a, -ch&, +a; <h, Q,({”)(z) — dpyHKUYMA JlexxaHgpa BToporo poaa [5];

EM(2iLp)= jCek —a) ™) (k. )k
S @)
FmM(2iLp)= jSek ) hi™ (k. ) ok
h
(M (k)= (MEYJ -gn(azk), k=|u[sht.
Y

CX0AMMOCTb MHTErpanoB nMeeT MecTo npu ycnosun h>a; + a,.

KoadhpumumneHTs! (of(m), y&m) BblYMCNAKTCA NO hopmynam [4]:

(m) _ ()™ (n+m) o (m) _ (1) (n+ m)
(O] do n(n—m)! I Ons Yn a n(n—m). Bn,
) A(()ZH)(ql) ) /ql Bl(2n+1)(q1)
%on = , Oonyy =

cepn (0,01 )- cepn (0,—0y) sepn+1(0,01)- Ceon1(0,—qp)

Jar A2 Y(gy) ¢ B (q)

' ’ B - ' ' .
ceon1(0,01) 5901 (0,—)" "2 5€5,(0,0y)- sebn(0,—0y)

BZn—l =

PasnoxeHnus (1), (2), (3) nonyyeHbl U3 COOTBETCTBYIOLLMX Pa3NOXeHUA paboThbl
[4] ¢ ncnonb3oBaHnem pasnoxexun (81.1.5), (325.5.1) ns cnpaBoyHuka [5].

PaBHOMepHasi CXoOMMOCTb HaWAEHHbIX Pa3nOXeHWA B YKa3aHHbIX 0bnacTtsx
cregyeTt u3 CBOUCTB pasnaraembiX PyHKUumM [3] 1 TeopeM O paBHOCXOAUMOCTHU [7] psa-
A0B N0 CO6CTBEHHBIM U MPUCOEANHEHHBIM (DYHKLIMSIM.

2. KoHTakTHasa 3agaya Teopumn ynpyroctu

PaccmoTpum 3agady 0 BAaBnMBaHUKM B yNpyroe nonynpocTpaHCTBO ABYX LUTaM-
MOB — MOSIOCOBOro U KPyroBoro. TpeHnem B o6nacTtn koHTakTa 6yaem npeHebperatsb, a
obnacte BHe wTamnoB Oygem cuuTatb cBOGOAHOM OT ycunun. PacctosiHue mexay
OCbl0 CUMMETPUK MOMOChI, T.€. OCbI0 Y1, U LIEHTPOM Kpyra (52) NPUHUMAEM pPaBHbIM

h. B Takoi noctaHoBKe 3aa4a CBOAUTCH K HAXOXOEHWUIO rapMoHuyeckon dyHkuum O
B MONYNPOCTPaHCTBE MO KPaeBbIM YCIOBUAM:
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®(x,y,0)=wj(x,y),  rorma (x,y)e(s;), (i=12), (5)
@} (x,y,0)=0, coraa (x,y)e (S ;) (6)

roe Wi (X y) — ocagKa nof j -M WTaMnoM Nocre BAaBNMBaHus.
3aech (52) — Kpyr paguycom a,, (Sl) — nornoca (‘ yl\ <0, ‘Xl‘ < @) Ha nnoc-

koctn Z =0. Kpome Toro, 6yaem npegnonaratb, yto grad CI)(M )—) 0,korpa M — .
OyHKUMIO CD(M ) npeacTtasMm B BUAE CyMMbl FAPMOHNUYECKNX (DYHKLIMIA

O(M)=Dy(M)+D,(M).

3pecb d)l(M) 7 d)z(M ) MOXHO 3anucaTb B foKarnbHbIX KoOpAuHATax anamnTuyecko-
ro LMnuHgpa n cxartoro snnuncouaa spawenuns (cm. n. 1):

®y(&1,01,¥1)= Iemyl Zak n)- Feky (&,—0y )- ce (6;,—0 ) dp; (8)
D, (&2,02,97)= ; nz_lobnm' 2n+‘m‘(3h§2) o oi(cos0y)e! ™oz g

rae & () u by, — HeMsBecTHbIe, NoANexalUNe ONpPeaeneHmio 13 KPaeBbIX YCHOBHIA.

Cnepgyet oTMeTUTb, 4YTO PYHKUMM (7), (8) BbIDpaHbl YAOBNETBOPSAOLWMMN YCIIO0-
Buto (6).
[Mpy gocTaTovHO OBLMX YCIIOBUAX HA PYHKUUN W (X y) NX MOXHO PasnoXuTb B

cxoaswmecs psifibl COOTBETCTBEHHO B Nosioce (Sl) N B Kpyre (82):

i a
Wy = Ie'“ylkgohk(p)cek(el,—ql)dp, 01 = 1; ; (10)
Z Z om - Pon - (cos0,)e' ™92 (11)

rae  hy (1) u |,y — 3BeCTHBIE KO3DULIMEHTSI.

Peannsyem kpaeBoe ycnosue (5) B obnactu (Sl). [na atoro Bocnonb3yemcs
dopmynont pasnoxenusa (3) ana 3anucn dyHkumm D, B cucteme koopauHaT
(al,el,yl) n nonoxum B (7) & =0. B pesynbrate npmpaBHMBaHWSA kO3PULNEHTOB

npu €'Y . ce, (01,—0 ) nonyunm paeewcTso

ay (1) Fek (0—aq )+ > anm'ESg)Mm(u;2,1)'Cek(0,—ql)=hk(u), (12)



BTtopoe ypaBHeHue, cBsisbiBatoLLee ay (u) n b,y , Halgem u3 BTOporo ycroeus
(5). Ansa atoro dyHkumio @1 3anviem ¢ NOMOLLLIO pasnoxeHus (1) B koopauHaTax

(iz,ez,(pz) n nonoxum B (7) £, =0
lMpupaBHMBaem B MONYYEHHOM paBeHCTBE KOI(PPUUMEHTHI NPU rapMOHUKaX

P (cos0,)-e'M?2, & pesynsrare uero Haraem

Brm Q2n \m\ (i0)+ jduzak Hr(Tli%(H;l’Z) PZTH‘m‘(O):Inm’

“w k=0 (13)
‘m‘:O,l,Z,...; n=012,...
Besegem o0603Ha4YeHus
Brm Q;nm‘ m‘(i 0)=Xnm. a(1)- Fek (0,-ay )= vy (1)
n nepenuwem cuctemy ypasHeHun (12), (13) B Buge
MW+ X X Xom R (4:21) = 1),
OOm:—Z n=0 (14)
Xpm + fdeZ Yk (M) Sék%(u,1,2)= lnm
—0 =0
roe
Cey (0-a1)
RM(w20)=EM) | (wi21) “ B
, 1 k,2n+| m T m
[m] Q2n+‘m‘(|0) -
S(k)( 12) H k)( 12) Pzn:““‘m‘(io)
n,m\Msd &)= M, h il Fekk(O,—ql)

N3 cuctembl (14) MOXHO MUCKINIOYUTL HEU3BECTHbIE Xnm. B pesynbTarte npuaem kK
WHTErpo - CyMMaTOpPHON CUCTEME YPaBHEHNIN OTHOCUTENbHO DYHKLNIA Y (p):

- J‘CDL goyr(K)'Tk(r)Ob,M)=hk(M)— _Z golnm : R;Er,nn)(uill), (16)
rme k=0,12,...; —oo<u<+o;
0= Y 3 Rm (w:2,0)- ST (h:12). (17)
m=—o N=0
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MoXHO MOCTYNUTL NO-APYromy: 3 cuctemsl (14) UCKMIOYMM HEN3BECTHbIE Y| (u)

N NpUOeEM K OBYMEpPHOW GECKOHEYHON CUCTEME NMHEWMHbBIX YPABHEHWA OTHOCUTESbHO
HEeN3BEeCTHbIX X,m:

o0 [e¢]

Xom = 2. prs e JdH th(u)-Sr(]%(u;l,Z),
s=— p=0 —oo k=0 (18)

rae n=012,...; ‘m‘:O,l,Z,...;

M in = J‘dukzsr(ll,(r)n (1:1,2) ngr})(“;zil)- (19)
e k=0

Ham npeacrasnsercs, yto cuctema (18) 6onee ynobHa ona 4ymcneHHon peanum-
3aumn 1 yaoBneTBopsieT TeM JOCTATOYHbIM YCNOBUAM, KOTOPbIE rapaHTUPYHOT BO3MOX-
HOCTb NMPUMEHEHNS K Hen meToaa penykuum [8]. [lokasaTenbCTBO 3TOro dpakta npoBo-
OuTb He Byadem, a Nub yKaxkeM, YTO OHO OnupaeTcsa Ha paBeHcTBa [lapceBans, KOTo-
pbl€ BbITEKAIOT U3 TEOPEM CIOXEHNSA, NCMONb3YIOLLMXCA NPWU PELLEHNN KPaeBOW 3a4auu.

B 3akntoyeHne crnegyet OTMETUTb, YTO NPEeLriOKEeHHbIN MeTO[ peLUeHUsS KOH-
TaKTHOW 3a4a4n OCTaeTCcsd NPUroaHbIM 1 B Criyvae, Koraa B yrnpyroe nosynpocTpaHCTBO
BAABIMBAKTCA HECKOMBKO LUTAaMMOB-MOSIOC U HECKOMBbKO KPYroBbIX WTamMnos. s 3Toro
Heo6xo4MMO AOMOMHUTENBbHO K U3IIOXXEHHOMY BOCMOMb30BATbCS TEOpPEMaMU Croxe-
HWS, KOTOpble NpuBeaeHbl B paboTax [1, 2].
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YK 629.7.016.52 C.A. KankamaHos, A.l. KopHueHko,
B.A. Xpuctos, /.H. KntowHukoB

KOMHLIOTepHOB MOACJIHUPOBAHUE B 3a/la4aX aHA/JIN3A U
IMPOCKTUPOBAHUA CUCTEM BO3AYIHIHbBIX CUTHAJI0B BUHTOKPBLIBIX
JETATC/IbHBIX almnaparoB

Xapbkosckul yHusepcumem Bo30ywHbix Cun

BBepeHue

NMoctaHoBKa npobrnembl. CoBpeMeHHbI YPOBEHb Pa3BUTUA KOMMbIOTEPHOM
TEXHVKM W BbIMUCNUTENbHBIX METOAOB XapaKTepusyeTCsl LMPOKUM BHeOPEHWEM
KOMMNbIOTEPHONO MOLENUPOBAHUA B pasnuyHble cdepbl Hayku U TexHukn. B To xe
BPEMSA OCHOBHbIM METOLOM MOSyYEHUS OKOHYATENbHbIX XapakKTepPUCTUK neTaTenbHbIX
annapatos (J1A) ocTaloTcsa HaTypHble (NTEeTHbIE) UCMbITaHUS.

M3mepeHne BbICOTHO-CKOPOCTHbIX napameTtpoB (BCI1) noneta Ha Gopty J1A
ocyuwecTBngeTca cuctemon Bo3gywHbix curHanos (CBC). Ona CBC netaTenibHbIX
annapatoB Haunbonee xapakTepHONW HABMSETCH adpoAMHaMUYecKas MOrpeLlHOCTb,
obycnoBneHHass BO3MYyLIEHUSIMXU [aBNeHUss B paloHe YCTaHOBKM MpUeMHMKa
Bo3aywHoro gaenexus (MB[). NoaBeaeHne MCKaKeHHOro CTaTMYECKOro [aBfeHusa K
pernctpupyrowmm npnbopam npmMBoanT K owmbkam onpeneneHunsa BbiCoTbl H, ckopocTn
V noneta u TpebyeT BBeAEHWS COOTBETCTBYHOLLMX a3pOaUHAMMYECKUX MNOMPaBOK

5Ha’5Va- B HacToswwee BpemA aspoaMHaMun4yeckme nonpaBkn K TMOKa3aHUAM

a3pOMETPUYECKNX NPUOOPOB OMPedenstoTCs Ha OCHOBE METHbIX WCMbITaHUN, 4YTO
cBsizaHO 6onblUIMMKU MaTepuarnbHbIMU U BPpEMEHHbIMU 3aTpaTamu [1, 2]. B Toxe Bpems,
COBPEMEHHbIA YPOBEHb pPa3BUTUSI BbIMUCIIUTENbHON a3pOAUHAMMKM MO3BONSET C
A0CTaTO4HOM TOMHOCTbIO paccynTbiBaTh Ha ABM BenUYMHbLI 3TUX NMONPaBOK.

Llenblo paHHOM cTaTbM ABNAAETCA PacCMOTPEHWE M aHanu3 pelleHus 3agad
ornpeneneHnst MeCTOMOMOXEHUST U BbIMUCINEHMS  a3pOAUHAMMUYECKMX  MOMNPaBOK
AaTYMKOB a3pPOMETPUYECKMX NPUOOPOB BMHTOKPLINbIX JIA HA OCHOBE KOMMbIOTEPHOIO
MOZENMPOBaHNS.

M3noxeHne 0CHOBHOro marepuana

A3poguHamMumyeckue  MNOrpelHoCTM  U3MEPEHUS  BO3AYLWHbIX  MapaMeTpoB
obycnoBneHbl 0COBEHHOCTAMM 0OTEekaHust BMHTOKpbINOro JIA B panoHe yCTaHOBKM
COOTBETCTBYHOLMX NPUEMHMKOB M AaTymkoB. MNMonHoe gaBneHne BocnpuHumaeTcs MNMBL
npaktudeckn 6e3 uckaxxeHMn Ha OOnbLUMHCTBE pPEXMMOB MNoreta BepToneTa.
Cratnyeckoe paBneHMe B paMioHe MNPUEMHbIX OTBEPCTUMMA CTaTUYEeCKOro AaBneHus
OTNMYyaeTca OT CTaTUYeCKOro [aBfEeHUS HEBO3MYLLUEHHOro MOTOKa Ha BENUYMHY
MECTHOIO BO3MYLLUEHHOro pAasneHus. Pasmewats [MB Heobxognmo B 30Hax
MUHUMarnbHbIX (Kak MO BEeNMYMHE, Tak U No amnnuTyde konebaHus) BO3MYyLLEHWN
notoka. CnepoBaTenbHO, ANS peleHus 3agad npoektupoBaHus gatumkoB CBC Ha
OMbITHOM 3K3eMMnndpe W aHanu3a aspoguvHamumydeckmx nonpasok [1B[l cepuiHoro
BMHTOKpbINoro JIA HeobGxoaumo wuccnegoBatb Mofie BO3MYLLEHHOrO [aBfieHUs B
nepegHen YyacTtu crosensxa.
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YucneHHbIM MeTOA4 pacyeTa OOTEKaHMA BUHTOKPLIIOrO neTaTenbHOro
annaparta. B gaHHonm paboTe ucnonb3yeTcss YUCAEHHbIW MeTon, OCHOBaHHbIA Ha
KOMOMHaumn OByx meTtogoB. PacueT obTekaHusi BUHTOKpbINoro JIA ocyliectensieTcs
MEeTOAOM BO3MYLLEHHbIX NOTeHUnanos. [na pacyeta napameTpoB BUXPEBOrO TEYEHUA
BHYTPW CNYTHOW CTPYM UCNOSb3yeTCHa ypaBHeHme [r'enbMmronbLa.

B HayanbHbIi MOMEHT BpeMeHM TedeHue Be3de, KPOMe MOBEPXHOCTeN
drosensxka, nonacten Hecywero BuHTa (HB), noTteHuwanbHoe w yOoBReTBOPSiET
ypaBHeHWO Jlannaca OTHOCUTENbHO MOTeHuMana BO3MYLEHHbIX CKOPOCTEN C
COOTBETCTBYHOLUMMM TPaHUYHbIMKU YycroBusaMK. JlMHMM cxoga cBOBGOOHLIX BUXPEBbLIX
neneH, MOAENUPYHOLMNX MOBEPXHOCTN TaHreHuuanbHOro paspbiBa CKOpocTen BOGAM3M
HB, cuntatotca mMkCcMpoBaHHBIMU U 3a4aHHBbIMU HA OCTPLIX KPOMKax nonacTen.

B obnactn passutoro Buxpesoro crega ot HB gna pacyeta napameTtpoB
TeYeHMs UCNonb3yeTcsa ypaBHeHue [enbmrosnbLa, ONUCbIBAKOLWMM BUXPEBOE Te4yeHue
noeanbHOW  XWOKOCTU. YpaBHeHue [enbmronbua 3aMblkaeTcs  ypaBHEHUEM
HepaspbIBHOCTM.

Onsa mopenupoBaHusi 0OOTEeKaHWA MNOBEPXHOCTU  TerecHoro  dpro3enska
ncnonb3yeTcs pacnpegeneHve noteHumana LBOMHOMO Cnosi ¢ KyCOYHO-NMOCTOSAHHOWN
WHTEHCMBHOCTBIO W pacnpefeneHne rnpocToro Cnoss € KyCOYHO-NIMHENHOW
WHTEHCMBHOCTbIO. Jlonactu HB, yuuTbiBas uX Manyt OTHOCUTENbHYH TOMLLMHY,
3aMEHAITCA TOHKMMM HECYLUMWU MOBEPXHOCTAMU, U AOns MOAENUMPOBaHUA  UX
obTekaHMss Mcnonb3yeTca pacnpefeneHne noTteHuuana ABOWHOMO Criosi C KYCOYHO-
NOCTOAHHOW MHTEHCUBHOCTbIO.

3agava pellaeTtcd B HECTaUMOHAPHOW HENMUHEMHOW NocTaHoBKe. B HavanbHbIN
MOMEHT BpPEMEHW 3aBUXPEHHOCTb B [MOTOKe OTCYTCTBYeT. B nepBble pacyeTHble
MOMEHTblI BPEMEHW pPacCyYNTbIBAETCA COBMECTHOe OOTekaHMe Hecyllero BMHTa W
kopnyca BepTtoneta. CBobogHble BUXPEBbIE MENEHbl, CXoAslWme B MOTOK C OCTPbIX
KPOMOK nonacten, BOMM3M Hecywero BMHTA npeacrtaBnawT coborm naHenu ¢
paBHOMEPHO pacnpegerneHHbiM MoTeHunarnoMm ABOWHOro cros (gunonsmu). Ha
yOaneHnn Tpex-yeTbipex Xopn OT 3agHMX KPOMOK flonacTen 3T NaHenum 3aMeHsTCs
HeckonbkuMn (OT 4YeTblpex Ao 16 Ana ogHoOM naHernv) ToYeYHbIMU 3aBUXPEHHOCTSAMU.
MogpobHoe onucaHne YMCreHHOro metoda npmBeaeHo B pabore [3].

Pe3ynbTaTbl YNCNEHHOro MoAeNMpPOBaHUSA NOSIA BO3MYLLEHHOro AaBfeHus
B kauyecTBe pacyeTHOM KOMMOHOBKW BUHTOKpPbINOro JIA B3sTa KOHUrypaumsa rnerkoro
O[HOBMHTOBOIO BepToneTa ¢ TpeMs nonactsamun. PesynbTaTel pacyeTa npeacraBrieHbl B
NPSAMOYTrOfilbHOW MPaBOCTOPOHHEN CUCTEME KOOPAMHAT, C Hayarom B HOCKe doro3eniska
n c ocbto OX BOOMb CTpoUTErNbHON ropnsoHTanu drosensxa (Clro).

Ob6TekaHne kombuHaumm HB — ro3ensik MoaoenupoBanochb ANs PeXMMoB
BUCEHUS N NPAMOSIMHENHOrO rOPU3OHTAarNbHOro noneTa ¢ warom no ckopoctu 30 Km/u.
CooTBeTCTBYIOWMNE 3HAYEHNA OTHOCUTENBHOM cKOopocTh (1) pasHbl: 0; 0,0417; 0,083;
0,125; 0,166; 0,21; 0,25. 3HayeHus yrna aTtakn HB, yrna obuwiero wara u yrna ataku
drozensa BbIMUCNANUCL W3 YCMOBUSA MPOAOSIbHOW 6GanaHCUMpOBKM BepTosfieTa.
MaxoBoe pfBuxkeHue nonacten HB yuuTbiBanocb 4epe3 BEKTOpP CKOPOCTU B3Maxa
ceyeHust nonacTu, HangeHHOW U3 peLleHns anddepeHLmansHOro ypaBHEHUS MaxoBOro
OBWKEHMS.

[ns BbIACHEHMS BKNaZoOB M3O0NMPOBAHHOIO lo3ensa W U30SMPOBaHHOIO
HecyLLero BMHTa B obpa3oBaHMe Nonsi BO3MYLLEHHOrO AaBNeHus Brnepean BeproreTta
OblNM NpoBedeHbl pacyeTbl 0O6TekaHus cnegyrowmnx KOMMOHOBOK: M30SIMPOBaHHbIN
dro3ensik; nsonuposaHHbin HB; HB+drosensax.
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AHanu3 pacdeTHbIX AaHHbIX O WU30NMPOBAHHOrO (bro3ensika nokasan, 4to
3HayeHne Koa(ppuuneHTa M3OLITOYHOrO AaBneHus Bnepeau  U30NIMPOBAHHOIO
drosenska CTaHOBUTCS NpeHebpexntenbHo ManbiM (MeHbwe 0,04 npu 3agaHHON

TOYHOCTU M3MepeHus BapomeTpudeckon Bbicotel AH <10 meTtpos npu ckopoctu

noneta V=180 km/4yac) Ha paccTosiHuM BGonee 2-x MeTPOB OT HOCKa bro3ensika NpoTuB
NnoToKa.

AHann3 OaHHbIX YUCIEHHOro MoaenupoBaHus obTekaHust nsonnposaHHoro HB
nokasarn, 4To:

-Npy  MarnblX CKOPOCTAX norneta nykTyauun [[aBfeHus, Bbl3BaHHbIE
reHepupyemon HecyLuM BUHTOM CrMYTHOW CTpyen, OocTaTovHO Benukn. Ecnn npu

ckopoctn noneta 180 km/4yac koadbdmuneHT gaBneHns B Todke X=-1. nameHsieTcs B

0,026%% /
npegenax U, 0,035 » TO Npu ckopocTtu noneta 30 KM/4yac B 3TOM XKe TOYKE 3HAYEHUS

Cp nexart B npegenax 0,64?'01,25 ;

-BNUsSIHWE n3onmpoBaHHoro HB Ha none Bo3MyLLEHHOro AaBreHnsa NposBnAeTCs
B yBenuyeHunm m3bbITOMHOrO AaBneHWs B npeanonaraemMblx 30Hax ycTtaHoBku [1B[.
Hanbonee cyuiecTBeHHOe yBenuMyeHue Wu3bbITOYHOrO [aBneHna HabnwgaeTca npu
MarbIX CKOPOCTAX NoneTa;

-3aBUCUMOCTb  Ko3dbpuumeHTa m3bbITOMHOrO OaBneHmsa oT X UMEeeT SPKOo
BblPa)XEHHbIN aKCTpeMyM. KoopaumHaTbl X Nvka OaBnNeHUS N3MEHSOTCA B 3aBUCUMOCTU
OT CcKopocTu noneta B npegenax ot —-1,25 po -0,84. [aHHble 3HadeHus X
COOTBETCTBYIOT 3HAaYEHNAM OTHOCUTENBHOro paauyca suHta 0,85 — 0,75, To eCcTb 30HaMm
MaKCUMarnbHbIX MHOYKTUBHbIX cKopocTen oT HB.

Ha pexume oceBoro obTtekaHus usonupoBaHHoro HB none BO3MyLLEHHOro
AaBrfieHMsl CyLWeCTBEHHO OTNu4yaeTcss OT MNons [AaBfeHUs Ha pexmmax KoCoro
obtekaHunsa. Ecnu npu nonete Bneped Habnwganocb yBenuMyeHue U30bITOYHOro
nasnexvs nog HB, To Ha pexume oceBoro obTekaHus B npegnonaraemMbiX 30HaX
YCTAHOBKW NMPMEMHMKA BO3AYLUHOMO AABNEHUS peanuayoTcs oTpuuaTenbHble 3Ha4YeHns
KoadhpumumeHTa n3bbITOYHOro JaBreHWs, TO eCTb 061acTb paspexXeHus.

PeaynbTatbl YNCNEHHOrO MOAENMPOBaHMS obTekaHus KomMOunHauum
HB - (bro3ensk Ha BUCEHMM M NPU Pa3NUYHBIX CKOPOCTAX FOPU3OHTAarbHOro noseTta
npueeaeHsbl Ha puc. 1... 4.

Cp Cp | |
V=30
-0 ok Sl - A 08 P
¥ . . . *
-y o Fi '3 —
2 06 .._!’
A & ','
V=0 . 4
: 04 - .
[ -
v 02 ,_/"J P t
I e " . ",_.'

7 "-“.'_. -

g o +

9 00—t

5 -4 -3 -2 -1 -0 X 5 4 3 2 1 0 x
Puc. 1. MameHeHne koapduumeHTa Puc. 2. N3ameHeHne kKoadhpuUmneHTa
n3bbiTouHoro gasnexus no X (Y=0, Z=0) n3bbiTovHoro gasnexus no X (Y=0, Z=0)
npu o6TekaHmn kombuHaumm HB-grosensk npu o6TekaHmn kombuHaumm HB-drozensx
(V=0) (V=30 km/yac)
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Cp cp

08 I 06 V=120 ’
07 — 2 /
| -f'_/'/ 05
D,E - - aA———o>=
& 04
05 - '
04 / - 0
03 — 0
02 /"/‘ ol
D'1 .‘_ﬂ_;frp. S : 00
0 .
5 -4 -2 -2 -1 -0
-5 -4 -3 2 -1 X «
Puc. 3. NameHeHune koachbdmumneHTa Puc. 4. N3meHeHune koahbdmumneHTa
n3bbiToyHoro aasnexus no X (Y=0, Z=0) n36bIToyHoro aasnexus no X (Y=0, Z=0)
npu ob6TekaHnn kombuHauumn HB-rozensx npu o6TekaHnm kombuHauumn HB-rozensx
(V=60 km/4ac) (V=120 km/4ac)

AHanuM3 pacyeTHbIX AaHHbIX, COOTBETCTBYHOLUMX OOTEKaHMIO WN30SIMPOBAHHOIO
HB, ognHo4Horo dro3enska n kombuHaumm HB-dro3ensk nokasan, vTo:

-npn  ob6TekaHum KombuHauun HB-hro3ensx dnykTyaumm paeneHus B
npegnoniaraemMblx 30Hax yctaHoBku [1B[l ymeHbLlaloTcs C yBenvYeHMeM CKOpPOCTU
noneta. 3To OObACHAETCHA «BbITECHEHMEMY» MOBEPXHOCTbIO to3ensika UHOAYKTUBHOIO
notoka ot HB u3 paccmatpuBaemon obnactm TeyeHus. Tak, npu CKOpOCTW noneta
180 km/yac ons kombuHauum HB-dro3ensk 3HauveHnsa koadduumeHTa gaBneHus B

0.03
Touke X=-1,0 namensiiorcst B npegenax 0,357,7,, Toraa kak ans nsonuposaHHoro HB

N3MEHATCA B npeaenax 0,649&535 (npu ckopoctn noneta 30 KM/4ac COOTBETCTBEHHO
0,7%5 w 0,026 )

-Npyn yBENMYEHMMN CKOPOCTM noneTa 3asBucmmocTtb Cp(X) ans kombuHauum HB-
dro3ensk npubnmkaetcs K 3aBucumoctn Cp(X) AnNa M30nMpOBaHHOMO hro3ensxa,
BnusHue Hecyuwlero BUHTa Ha nosne BO3MYLLEHHOIO AaBneHnsa npu 60nbLUINMX CKOPOCTAX
noneta nposiBNsieTCs, B OCHOBHOM, B HECTaLMOHApHOCTM TEYEHUS W yBENUYEHUU
nasneHus Ha pacctosHun 0,5...2,5 meTpa oT HoCKka goto3ensika ;

-Npy YMEHbLLIEHWUM CKOPOCTU NosieTa BrIMSHUE HeCyLLero BUHTa Ha none TevyeHus
B npegnoriaraemMblx 3oHax yctaHoBku NB[ yBenuunBaetcs. Tak, npy CKOPOCTU NOTOKa
30 km/vac ans kombuHauum HB-rosensxk, kak n npn obTekaHnn naonupoBaHHoro HB,
Ha paccTosHuM 1,2 MeTpa OT HOCKa oro3ensika CywecTByeT NUK JaBleHuns;

-Ha pexmmax OCeBOro OBTeKaHUs HecyLlero BUHTA (tO3eNnsXK NPaKTUYECKN He
oKasblBaeT BIIMSAHUA Ha Morfie BO3MYLLEHHOrO OaBneHusa B npegnonaraemMbiX 30Hax
yctaHoBku MNBL).

Takum obpasom, pesynbTatbl YUCAEHHOrO MOAEnMpoBaHUA OBTeKaHus
KomOMHaumn HB-to3ensik nokasbiBalOT CYLLECTBEHHYKD HECTaLMOHAPHOCTbL MNOTOKa
NPy ManbIX CKOPOCTAX Moreta u YyBenuyeHne w3bbITOYHOro AaBfeHWs BO BCEM
AnanasoHe CKopocTen B npeanonaraeMblx 3oHax yctaHosku B[,

PekomeHgaummn no BbIGopy mectononoxeHusa [BL Ha BepTonere
OOHOBMHTOBOM cxeMbl. OTHOCMTENbHaA  aspoaMHaMmmyeckass  nonpaeBka K
cTaTU4ecKoMy [aBfieHMI0 OnpefensieTcd Kak OTHOLWeEeHWe pasHOCTU [aBrfeHus B
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HeBO3MyLLleHHOM noToke - P, 1 B paitioHe oT6opa BO3adyxa B CTaTUYECKYH) Kamepy -

Pryicy k ckopocTHoMy Hanopy g, :

éf _ (Poo _PPnCﬂ)
—gw .

IS}

OTHOCUTENbHas aspoanHaMudeckass nonpaska OF, pasHsieTcs no Moaynio u

NPOTMBOMOSMIOXHA MO 3HaKy KO3(PMUMEHTY M3OLITOYHOrO OaBNEeHUA ANA 3HayYeHus
KoopauHaTbl X, COOTBETCTBYIOLLEN PACMOSIOXEHNIO OTBEPCTUN Kamepbl CTaTUYeCKoro
nasneHus MNBA:

a

[na MMHUMKM3auun aspogmnHamMmyeckon norpeluHoctn namepenuns BCI1 nonerta,
MBL Heobxoaumo pasmMeliatb B TOYKAX MWHUMAanbHbIX 3Ha4YeHUr KoadhduuMeHTa
n36bITOYHOro AaBneHusi. MuHuManbHOe 3HayeHue KoadduuMeHTa AaBneHusi, npu
KOTOPOM MOXHO MpeHebpeyb aspoanHamMMYecKon norpeliHocTblo mnamepenuss BCIT,
coctasnset 0,04 eguHny. PesynbTaTbl nccrnegoBaHUin NONA BO3MYLLLEHHOIMO AaBreHUs

nokasblBaloT, 4YTO Ana obecnevyeHuss TpeboBaHus ‘Cpﬂcﬂ‘S0,04 NMBL Heobxoanmo

BbIHOCUTb Bnepea OT HOCKa goto3ensa Ha paccTosHne 6onee 5 MeTpoB Npu CKOPOCTH
30 km/yac n Ha pacctosiHue 4 meTpa npu ckopoctn 60 km/yac. CnegoBaTtenbHO, Aaxe
Ha OMNbITHOM 3K3emnnsipe BepToneta [[oOMTbCA OTCYTCTBUS adpofMHaAMUYECKUX
NOrpeLLIHOCTEN MPaKTUYEeCKU HEBO3MOXHO N HEOBXOOMMO BBOAUTL adpoauHaMmn4eckmne
NnonpaBKM K MNOKa3aHMSM adpOMETPUYECKMX NPUBOPOB.

MakcumanbHoe 3HadeHue KoapuuneHTa AaBneHus npu KOTOPOM BO3MOXHO
nameperne BCI1 noneTta aspomeTtpuyecknmm npmbopamm coctasndet 0,5 eguHuny,. Mpn

‘Cpncﬂ‘=0,5 aspoaMHaMu4ecKkme nonpaBkM K  MOKA3aHUAM  adpOMETPUYECKNX
npnbopoB Ha BbicoTe 0 kM m npum ckopoctn noneta 30 Km/4ac COCTaBNAOT:
OoH,=17Twm., oV, =-6,73 kmluac. Mpn yBenuueHU" 3HaYeHUs ‘CPHCJ‘ MecTHasi

CKOpPOCTb BO3A4yLIHOro notoka B paunoHe [B[ ymeHbllaeTcss (MOTOK TOPMO3MUTCH),
OVWHaMN4YeCKoe [OaBrfieHMe CTPEMUTCHA K Hym u crtaTudeckas kamepa B[ 6yaer
BOCNPUHMMATbL BMECTO CTaTU4eCKOro [aBrfieHuUst TMOSfHoe [faBrieHve (OaBrexHue

3aTOPMOXEHHOTO NOTOoKa). Ycrnosue ‘Cpncﬂ‘SOB npu ckopocTsx noneta 6onee 30

Km/qac peanusyetca npu pasmeweHun B[ Ha pacctosHum 2,1 mMeTpa OT HOckKa
drozenaxa Ha nuHUM, aBrnswowenca npogormkeHnem Bnepen Cro. [Npu manbix
ckopoctax  noneta  (meHbwe 30 km/yac)  wuamepenHne  BCII BepToneTa
ad3pPOMETPUYECKMMM NPUBopamMn MNPaKTUYECKM HEBO3MOXHO MU3-3a 3HAYMTENbHOM
HeCTauMOHAPHOCTM MOTOKa, BbI3BAHHOW BNUSHMEM cTpym oT HB, a Takke Gonbwummmn
NOrPELLUHOCTAMN  a3pPOMETPUYECKUX MPMOOPOB NpPU Manom 3HA4YeHUUM CKOPOCTHOrO
Hanopa.

KonebaHusa n3bbITOYHOro gasneHnda B npegnosiaraeMblx 30Hax yctaHosku B[
BbI3bIBAlOT HEYCTOMYMBOCTb B MOKa3aHMsIX adpoMeTpruyecknx npubopos («konebaHusa»
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CTPEenoK ykasaTenem CKOpoCTM U GapoOMETPUYECKOWN BbICOTbl OTHOCUTESTbHO CPeaHUX
3HayeHun BCI1). lNpuHMMas BO BHUMaHWe, 4YTO BpPeMs YCTaHOBIEHUS MOKa3aHuKn
COBPEMEHHbIX asapomeTpudecknx npnbopoB coctaBndet npubnusntenoHo 0,5 cekyHa
(4TOo cooTBeTcTBYET NpubnuanTenbHo 8 obopoTam Bpawatrowmxca nonacten HB), a
CKOPOCTb [OBWXXEHUA BUXPEBbLIX >XIYTOB, BbI3blBAOLWNX HECTALMOHAPHOCTL MOTOKA,
paBHa MECTHOM CKOPOCTW TMOTOKa, W3MEHEHMEM KO3dpuumeHTa Un3bbITOYHOrO
nasnenus B npegenax 0,1 eguHuy MOXHO npeHebpeub. NMpn «BbiHOCce» lMBL Ha 2,1
MeTpa OT HOCKa (pro3ensxa BepTonieta O4HOBUHTOBOM CXEMbl TUNa «AHren», AaHHoe
ycrnosue He obecneymBaeTcsa ToNbKo npu ckopoctn 30 Km/vac.

BbiBoAabl

Pesynbtatbl YMCNEHHOr0 MOAENUPOBaHUS OOTeKaHWA KOMOMHaUUKW «HecCyLiui
BUHT — OHO3ENSK» MOKa3bIiBaKOT CYLLECTBEHHYIO HECTALMOHAPHOCTL NOTOKA NPU MarbIX
CKOpPOCTAX norneta wn yBennyeHne wu3bbITOYHOrO AaBfeHuMs BO BCEM Auana3oHe
ckopocTen B npegnonaraemMbix 3oHax yctaHoBku NB[. BeipaboTaHbl pekomeHgaumm no
pasmewieHno MBI Ha onbITHOM M cepuiHOM obOpasuax BepToneToB OAHOBUHTOBOW
CXEMbI.

lMpoBeaeHHblEe nccnenoBaHus nokasanmu BO3MOXHOCTb NPUMEHEHMNS
BblUMCINTENBHBIX METOAOB  a3poAMHAMMKM AN  pacyeTa  aspogmMHaMUYECKUX
NOrpeLlHoCTENn W  OnpefeneHnss  pauuoHanbHOro0  MEeCTOMOMOXEHUA  MPUEMHUKOB
GOpPTOBOM Aa3POMETPUYECKON CUCTEMbBI U3MEPEHUS NAPaMETPOB MONieTa BUHTOKPbINbIX
JIA. TpymMeHeHne MeTo0B KOMMNbIOTEPHOIrO MOAENMPOBAHUS AN adpoaMHaAMNYECKOro
aHanmsa n NPoeKTUPOBaHUSA NPUEMHUKOB ad3poOMeTpUYeckmx NpnbopoB No3BonseT npu
MEHbLUNX, MO CPaBHEHMIO C CYyLECTBYHOLMMN ISKCNEPUMEHTANbHBIMM MeTo4aMu,
BPEMEHHbIX W MaTepuanbHbIX 3aTpaTtax BbINOMHUTL LWWMPOKME MapamMeTpudeckme
nccnegoBaHns Mo MOBLILWEHUIO TOYHOCTU U LOCTOBEPHOCTM U3MEPEHUSA NMapameTpoB
nosneTa BepToneTa.
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YOK 629.7.06:629.7.018 E.O. Kosanes, A.b. JleoHTbeB

Cunre3 ajaropurmMa MaTeMaTH4YeCKOH MOJeIH HMHUTaAIUIN
aAKCCJICPAIIUMOHHBIX BO3eHCTBUHA IIPH IMPOCKTUPOBAHUHN CUCTEMbI
INOABHKHOCTH aBHAIIMOHHOI'0 TPEHAYKEPA

OO0O "Kb Aapokonimep"
XapbKogcKul yHuUgepcumem 8030YWHbIX cusl

[TocmaHoeka 3ada4u U ee C€853b C HayyHbIMU U [paKkmu4yeckumu
HarpasneHusmu. CoBpeMeHHble BO3MOXHOCTU 3fIEKTPOHHbIX TEXHOMOMMN MO3BONSAOT
NCMonb30BaTh NMUMNOTaXHbIE TPEHaXePbl A5 IETHOM NOLTOTOBKU YFIEHOB SKUMaXen, Nx
TECTMPOBaHUA NpU NpoBepkax Keanudukaumm wn npoeccnoHanbHOro ypoBHA. B
3aBUCUMOCTU OT YPOBHS CIIOXXHOCTM MNUIIOT@XHOrO TpeHaxepa Ha HEM MOXHO
oTpabartbiBath oT 50 0o 90 % npakTuyeckux 3agay NOAroToBKM M OOYyYEHUs NETHbIX
akmnaxen [1]. Kpome Toro, obecneumBaetcs 6e30MacHOCTb OOy4YeHUS TEXHUKK
NMNOTUPOBAHUA Ha TUMOBLIX, NPeAeSibHbIX U KPUTUYECKUX peXumMax norneta, a Takke B
Cny4yae OTKa30B aBUaLMOHHOWN TEXHUKM.

To4HOCTb MMUTaUMM noneTa Ha nunotaxHom TpeHaxepe (FS) yposHsa B, C, D
JoctatoyHa [Ansa OUEHKM JEeTHbIX KavecTB nurota M cnocobCTByeT MNOBbLILWEHUIO
rapaHTMM TOro, YTO OEWCTBUS neTynka OyayT aHanorMyHeiMn U Npu NUIOTUPOBAHUMU
peanbHOro camosnerta wunu BepToneta [2]. B HacToswee Bpems mexayHapoAaHble
aBMAUMOHHbIE OpraHuMsaumMmM npuwnM K BbIBOOY, YTO KayeCTBEHHas noaroToBka
aBMaLUMOHHbIX  creumnanuctoB  6e3  TpeHaxepoB  COOTBETCTBYIOLIMX  TUMOB
TPYAHOOCYLLECTBMMA, @ 3a4acTyro NPaKTUYEeCKN HEBO3MOXHaA [3, 4].

B cooTBeTCTBUM CO CBOMM Ha3HadYeHneM U npegbsiBrseMbiMn TpeboBaHnaMU B
COCTaB apXUTEKTYpPbl COBPEMEHHOIO aBUALMOHHOMO MUOTAXHOrO TpeHaxepa BXOAuT
TUMOBOM COCTaB MMUTATOPOB: BuU3yanusauum oOCTaHOBKM, akcenepauuMoHHOro
BO3JENCTBUS, aKyCTUYECKMX LUYMOB W Ap., KOTOpble OOblMHO 00beauHAT B 6nok
MMUTATOPOB (PM3NYEeCKNX PaKkTOpPOB nosieTa.

[Ona neTHbIX 9KMNaKen BaXXHOE 3HA4YeHWe UMeeT UMUTauUMs Ha TpeHaxepe
YrNOBbIX YCKOPEHUN U Neperpy3kn. 3To BbI3BAHO, B YACTHOCTU, TEM, YTO MHGOPMaLUS O
ObICTPOM  M3MEHEHUW MNPOCTPAHCTBEHHOrO MOMOXEHUs neTaTenbHOro annapara
NnocTynaeT MO akcernepaunmoHHOMY KaHany ObicTpee, YeM no 3puTenbHOMY, Tak Kak
YenoBeK CHavyana ollyuwiaeT MosBNEHNE YCKOPEHUA, a 3aTeM YXe 3pUTenbHO
Habniogaet ero. B 6naronpusTHbIX (TUNOBBLIX) YCIOBUAX norieta abContioTHLIN nopor
YyBCTBUTENbHOCTU MO neperpy3ke B coctaBnsetr 0.02...0.05en., a no yrnoBbiM
ycKopeHusim - nopsigka 0.5 rpag/c®. 3T uMdpbl COMOCTaBUMbI C MOPOramMm YyBCTBU-
TenbHOCTM BecnnaTOPMEHHbIX MHEPLIMOHHBIX CUCTEM NMUNOTAXKHBIX KOMMEKCOB.

B coBpeMeHHOM aBMAUWOHHOM TPEHAXKEePOCTPOEHUU UMUTALMUS Meperpys3ok U
YINOBbIX YCKOPEHWN, BO3AENCTBYIOLWINX Ha BECTMOYNAPHbLIM annapaT 3Kunaxa
HEeMaHeBpPEHHOro camMosfieTa M BepTosieTa, BbINOMHAETCS MOCPEenCTBOM MOABMXKHbBIX
KabuH onopHoro Tuna [3-6]. [loaBWMXHOCTb KabMHbI MUMAOTAXHOINO TpeHaxepa
obecnevnBaeTca cuctemMaMmm MOABMXKHOCTM, KOTOpble nNoApasdenstoT no  yucny
cTeneHen cBobobl HA TPEXCTENEHHbIE, LUECTUCTENEHHbIE U Ap.
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B cooTBeTCTBUM C MexayHapoaHOM Knaccudukaumen [2] nunoTtaxHble TpeHaxepbl (FS)
CaMoro Hu3wero ypoBHs A MOryT UMETb CUCTEMY MOABWMXXHOCTU C TPEMSI CTENEHAMMU
cBoboabl (TaHrax, KpeH, Kypc), 6onee Bbicokmx ypoBHen B, C, D — c wecTbio
cteneHamu cBoboabl. B nocnegHee BpemMs  JOMUMHMPYKOWMM  TUMOM  CUCTEM
NOABWXHOCTU TpeHaXepHbIX KabuH cTana LecTucTteneHHas cuctema OMopHOro Tuna.
Tak kak TakMe cucTembl NOABMXHOCTU KabWH OTEYECTBEHHOW MPOMBILLIIEHHOCTLIO HE
nsrotaenmeatoTca [4], TO NpyM CO30AHUN COBPEMEHHBIX aBMALMOHHBIX MUNOTAXHbIX
TpeHaxxepoB B YKpanHe HeobBX0AMMO MX 3aKynaTb 3a pybexxoM u UHTErpMpoBaTb UX B
COBCTBEHHbIE pa3paboTku.

Lenb pabomel. Tpwu 3akynke 3a pybexom cuctem NOABMXKHOCTM OMOPHbIX KabuH
nonb3oBaTtesnito Heobxoanumo 3HaTb 6onbLLION 06beM MHGAOPMAaLINMK, KOTOPLIV NO3BONSET
npaBunbHO BblbpaTh Tpebyemyto cuctemy K paspabaTbiBaeMoMy TpeHaxepy. K Takou
WHPOPMaLMN  MOXHO OTHECTU CpedHeYacTOTHble COCTaBndlowWmne neperpysok wu
YrMNOBbIX YCKOPEHWUI, aMMAnUTyabl NEPEMELLEHNI LWTOKOB MMAPOLMNINHAPOB, NOTPEOHbIE
9HepreTudeckue 3atpatbl U gp. COOTBETCTBYHOLWME AAHHBIE MOXHO MOMYYUTb TONbKO
Ha OCHOBE YUCIEHHbIX MEeToOoB, obbeanHsilOWMX B cebe mMaTtematuyeckue mopenu
OVHaMWKN noneta neTaTeNnbHOro annapata W KAHEMATUMKU  OBWXKEHUS KabWHbI
TpeHaxepa npu nmuTauumn noneTa.

CuHmes aneopumma mamemamu4deckol modenu. MNpu paspaboTke anroputma
MaTeMaTM4YeCKon MoLenn MMUTaUUM akcenepauuoHHOrOo BO3AEWCTBUS Ha 4YNEHOB
3KMNaxka BO3QYLLUHOrO CydHa C NMOMOLLbK KabuHbI OMOPHOro TUMa MCMNONb3yT MeToq
nonHoro nogobusa. CywHOCTb 3TOro MeToda COCToMT B crniegytoulem. Bo-nepsbix,
BOCNpoun3BeLeHNE akcenepauMOHHbIX OLYLLEHNN HEOOXOANMO BbIMOMHATL C YriOBbIMA
MW NUHEWHBIMW  NepeMeLleHMaMMn  KabuHbl  TpeHaxepa, NPOoNnopuUMOHanNbHbIMU
BblMMCINEHHbIM 3HA4YEeHUsIM B CUCTEME MMUTAUMM OAUHAMUKA MofieTa neTtaTeribHoro
annapata. Bo-BTOpblX, [Ans npouecca BOCNPOU3BEAEHMS  akcenepaunoHHOW
MHOPMaLMKN BblMUCIEHHbIE MapaMeTpbl ABWMXXEHUSA neTaTenbHOro annapaTta LOSMKHbI
6bITb Npeobpa3oBaHbl B NapaMeTpbl ABMXEHUA NnaTtdopMbl KabuHbl TpeHaxepa. lMpu
3TOM OnpenenstoT MakCUMarnbHble NepeMELLEHNS LUTOKOB OMOPHbIX MTMAPOUUANHOPOB U
noTpebHy0 MakCcMMarnbHY0 MOLIHOCTb Ha nepemMeLleHne KabuHbl.

[na onpegeneHnsa NMMHENHbIX U YrIIOBbIX YCKOPEHUI fieTaTenbHOro annapara, a
TaKke ero nonoXeHust B NPpOCTpaHCTBE (Yrnbl TaHraxa, KpeHa, pbiCKaHus) B KayecTBe
MaTtemaTU4eckon MoAenu AWHAMUKM Moneta  WUCMNoSib3yeM WU3BECTHYHO CUCTEMY
AnddepeHumnanbHbIX ypaBHeHW [7, 8]

dv
m ——+QxV :Ragp‘i'G(‘g"//’}/)—i_pmﬂeu’
dt (1)

M+Qx]-Q:Maap+M

7 +M2up.

mAcu

[MepBoe ypaBHeEHME [OaHHOW CUCTEMbI ONUCbIBAeT [ABWXEHWe LeHTpa Macc
netatenbHOro annaparta, BTOpPOe — ero BpalleHWe OTHOCUTENbHO LEeHTpa Macc.
Cuctema ypaBHeHuI (1) OONOSTHAETCA YpaBHEHUAMU KUHEMATUYECKOM CBS3U, KOTOpble
nmetot Bug [8]
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$=w,siny +w,Ccosy,

y =0, —(w,c08y —w,siny) 1g9,

@, COSy —w,Siny (2)
W =
c0s 9
dx =) cos@dcosy,, dr =)'sing, dzo =-Vcosfsing,.
dt dt dt

[ns pelweHnsa cuctembl ypaBHeHUN (1) HEOBXOAMMO B KaXXObli MOMEHT BPEMEHM
t 3HaTb BENUYMHbLI CUN U1 MOMEHTOB, KOTOpble BXOAAT B MpaBble 4YacTu cuctembl. B
obwem cnyyae cucrtema ypaBHeHun (1) cBasbiBaeT 15 nepemMeHHbIX: AecsaTb (a3oBbIX

KOOPAWHAT U MsATb MapamMeTpoB ynpasnenust J;(¢) . Toraa npu 3aaaHHbIX NapameTpax
ynpasneHunst J;(f) W W3BECTHbIX HadvanbHbIX YycroBusx cuctema (1) wumeet

€0VWHCTBEHHOE pelleHVe, a neTaTeNbHbI annapaT — OAHO3HAYHYK TPaEKTOPWUIO.
MpeanoxeHHas matemMaTuyeckasi MoAerb NO3BOSsSieT OCYLWEeCTBMTb UMUTaUMo noneta
netatenbHOro annapata C 3ajaHuemM anroputmMa [OelcTBUI aKunaxa B Buae
COOTBETCTBYHLLMX 3aKOHOB N3MEHEHMS YNPaBSOLLMX NapaMeTpoB.

iYg
i Yk
e 3 [ (xy3, 0.0, 243)
f_’_; ,f.h-

(sz, 0.0, Zkz) 2

K
= - K \'{b 2 f(xk-j'r 0.0, Zkf)

z, ﬁii? X,

— =T T — =/ X 3 (X3, 0.0, 293)

v h‘\\“
V 0 B X
© .
\\. 2 ( Xy, 0.0, 2y, ) ‘/ /

Ny -’ R

o 0
— =1
1 (X1, 0.0, 2y, )
zg 01 01

KnHemaTtmnyeckasa cxema LLECTUCTENEHHOW NOABUXHOW KabWUHbI
OMOPHOro TMna
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[lna peweHnss BTOpon YacTn NocTaBneHHOW 3agavn HeOOXOANMMO BbIYMCIIEHHbIE
KMHEMAaTMYECKMEe napaMeTpbl ABWXKEHUS neTaTenbHOro annapaTta npeobpasoBaTb B
napameTpbl ABMXEHUA kKabunHbl. PacCMOTPUM LIECTUCTENEHHYIO KabMHY OMOPHOro Tuna
C wecTtblo rmapouunuHgpamn. Onopbl LWAPHUPHOrO TUMa Kaxgowm u3 Tpex nap
LUUIMHOPOB Ha Moy OCHOBAHWSA COBMELLEHbI UM pacnonoXeHbl Bn3Ko apyr K apyry.
Takve e onopbl Ha MOy OCHOBAHUA MOABWMXXHOW KabMHbI 0OpasyloT TpeyronbHUK.
Kaxpgaa napa pabounx rmgpoumnnmHapoB obpasyeT OBe CTOPOHbI TpeyrosibHuka (Cm.
pucyHoK). pu cornacoBaHHOM NepemMeLleHnN LITOKOB MMAPOUMIIMHAPOB M3MEHSIOTCA
ONMHbI CTOPOH TPEYrofibHUKOB, M MPOUCXOAUT W3MEHEHME TMONOXKEHUS KabuHbl B
NPOCTPaHCTBE.

Besenem aBe cuctembl koopauHat. Cuctema Ox ABNAETCA HEnoaBUXHOM

gVe%g
W CBSi3aHa C OCHOBAHWEM MoJa MOMELLIEHMS!, B KOTOPOM HaxoauTcsi TpeHaxep. Cuctema

koopauHaT O, X, y,z, CBA3aHa C KabWHON TpeHaXepa W U3MEHSET CBOE MOSIOXKEHNE B
npocTpaHcTee. [lonoxeHne cuctembl koopauHaT O XV, z;, CBA3AHHON C KabWHOM

TpeHaxepa, OTHOCUTEenbHO HenoaswxkHon Ox XapaktepusyeTtcs  Tpemst

gVe%g
koopauHaTamu ueHTtpa O, (Axg,Ayg,Azg) N MaTpuLUen HanpaBnsLNX KOCUHYCOB

11621631
& =| E12622632 |- 3)
£13623€33

3HayeHns koadbdPULMEHTOB &; MaTpuLbl HanpasnsioLLMX KOCUHYCOB Mexay

HENOABWXHOM M CBA3AHHOW CUCTEMaMK KOOpAMHAT npuBeaeHsbl B Tabn. 1.5 [7].

Kpecna nunotoB peanbHOro camorietra (BepTofieTa) pacrofioXeHbl Ha
onpefeneHHoM paccTossHUKM OT LieHTpa macc. byaem cuuTaTtb, YTO MOMOXEHUe Kpecna
nMnoTa onpefensieTcd OTHOCUTENbHO LieHTpa Macc neTaTenbHOro anmnapaTta Tpems
koopauHatamn [/l . Bcreactene CMelieHust B peanbHOM MoneTe MosiBsitoTes
AOMOSTHUTENbHbIE NMHENHbIE YCKOPEHWSI B MECTE pacrosioXXeHUs Kpecna

. . . 2 2
Ny=L-o,-1, -0,+o(ol, +0,l,)-1(0)+o),
. . . 2 2
Ny=L1 0,1, -0 +o, (0l +0,l)-1 (0 +0;), (4)
. . . 2 2
N,=1, 0,1, 0,+0,(0l +0,l,)-1 (o +©,).

Ha nogBwxHOW kabuHe TpeHaxepa 93TW CMELWEeHUss O4YeHb Marnbl Wnu
NpakTMyeckn OTCYTCTBYHOT. [na  BbINOMHEHWS  YCNOBWMM  MOMHOro  nogobus
aKkcenepauuoHHbIX BO3AEWCTBUIN MOABWXHas kabuHa TpeHaxepa [OIMKHa MOBTOPATb
yrnoBoe NnepeMeLLeHe UMUTMPYEMOrO NeTaTenbHOro annapata (yrnbl 4,7, ), a ans
MMUTaUMM NOCTynaTenbHOro ABMXEHUS OOSMKHA BOCMPOU3BOAUTLCA CyMMa YCKOPEHUN
(Vx,Vy,VZ ), NocTynaroLwmnx n3 6roka nMmTauum AMHaMuKM noneta, u AOMONHUTENbHbIX
yCKOpeHui, onpegensemMbix no gpopmynam (4)

* * *
Ve =Vt NV, =V, + 0V, =V, + A, (5)
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BocnpousBegeHne YCKOpeHUIA NPOCTPAHCTBEHHOrO OABWXKEHUS MMUTUPYEMOro
netatenbHOro annaparta OCYLeCTBISAEeTCA 4Yepe3 BOCMPOM3BEAEHME OTHOCUTENbHbIX
nepemeLleHnin Toukn O, , CBA3AHHON € KabUHON TpeHaxepa

Axy = [(V,, Ve )t + [[Aj,d-dt,
Ay =], —Vyog )t + [[ Aj,dt - dt, (6)
Az, =[(V., - VZOg )dt + [[ Aj.dt - dt,

0 /0 1,0
roe ng ,Vyg ,Vzg - 3HayeHWe COCTaBMSAOLWMX CKOPOCTM Moneta MMUTUPYEMOTO

JieTaTesibHOro annaparta B HenoaBMXXHOWN cUcTeme KoopAunHar.

HenogBwkHas cuctema KoopAaunHat Oxgngg CBA3aHa C OCHOBaHMEM nMnona

MOMELLEHUS U KOOPAMHaTbl TpeX LWapHUPHbLIX y3rnoB 1, 2. 3 B OaHHOW cucTeme
KoopAMHAT (CM. pUCyHOK) ByayT cooTBeTCTBEHHO paBHbl: (Xg1,0.0,2p1), (x4,,0.0,z¢5),

(xp3,0.0,zp3). KoopauHaTbl Tpex LwapHUpHbIX y3noB 1, 2, 3 Ha NOABWXHOW 4acTu
OCHOBaHWsi KkabuHbl 3agagMM B CBA3AHHOM cucTeme koopawHat: (x;q,0.0,z),
(x%2,0.0,2;2), (x43,0.0,z;3).

OGo3Haunm Yepes /; ANMHY KaXOON U3 LIECTU Pa3ABWKHBIX LITAHT MOABUXHON
kabuHbI, rae i - HOMep yana Ha OCHOBaHWUM Nona; j - Homep yana kabuHbl. MonoxeHune
CBSA3aHHON C kabuHon cuctembl koopauHaT O, XV, Z; OTHOCUTENIbHO HEenOABUKHO
XapakTepuayeTcs Tpems KoopAMHaTamMu TOYKM Ok(Axg,Ayg,Azg) n maTpuuen

HanpaBnsoWwmnx KocnHycos (3). Toraa paccTtosiHne mMexay LapHUPHbLIMK y3rnamu nona
OCHOBaHMS1 M KabWHbl (ONWHbI Pa3aABUXKHBIX LUTAHT ll.j) MoryT ObiTb onpeneneHbl U3

COOTHOLLEHWNN:
1121 = (Axg + Xp1611 + Zja613 — x01)2 +(Ayy + X601 + Zk1<923)2 +
+(Az, + X181 + Zj1633 — Z01)°,
If = (Ax, + X811 + 22613 — Xo)® + (Ayg + Xpp801 + ZhoE3)’ +
+(Azg + Xy 063 + 22633 — Z01)%,
1222 = (Axg + X811 + 242613 — xoz)z +(Ayg + Xpp601 + Zk2523)2 + )
+(Az, + xpp831 + Zp 0633 — Z02)°,
55 = (Ax, + xp3611 + 243613 — Xo2)” + (Ayg + X381 + Z4a23)” +
+(Az, + X631 + ZkaEs3 — Z05)°,
13?1 = (Axy + X111 + Zja613 — x03)2 +(Ayy + X601 + Zk1523)2 +

2
+(Az, + X181 + Zj1633 — Z03)
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2 2 2
I3 = (Ax, + xp3611 + 2Zk3613 — Xo3)” + (AVg + Xpg01 +243603) " +
2
+(Az, + X331 + Zk3E33 — Z03) "
PaccTosiHus lijz- He obpalwalTca B HyNb HU NPU KakoM paboyem MonoXeHuu

kabuHbl TpeHaxepa. MoaToMy Mexay BenuymHamm ll-j 7 lijz- cyliecTByeT OAHO3Ha4yHOe

cooTBeTCcTBME. HelTpanbHbIM MMM Ha4varnbHbIM MOMOXEHMEM MOABWXHOW KaOWUHBI
Oyaem cumTaTb MOMOXEHME, NP KOTOPOM Axg = Azg = O,Ayg =h,e = E (eavHunyHasn
maTpuua).

Takum obpasom, NoNy4Ynnn 3aMKHYTY0 CUCTEMY YpaBHEHUI, KOTopasi NO3BonseT
onpenensitb Ha KaX4oM pac4yeTHOM Luare AfvHY SNeMeHTOB ll.j, a, COOTBETCTBEHHO, U

nepemMelleHe LUTOKOB  FMAPOUUNUHAOPOB, U3MEHSIOWMUX  MONOXeHne  KabuHbI
TpeHaxkepa B NPOCTPaHCTBE.

Bbi1800bI. HanpaeneHusi OanbHeliwux uccriedosaHudl.

Ha ocHoBe paspaboTaHHOro anropytmMa maTemMaTUdeckon MOoAenn umuTauuu
akcenepauMoHHbIX BO3OEMCTBMW Ha 93KMNaX feTaTenlbHOro anmnaparta  MOXHO
nccrnefoBatb ANHAMUKY OBWKEHUS KaOMHbI OMOPHOro TUMa COBPEMEHHOIO TPEHaXepa,
onpegenaTb aMnauMTygbl M CKOPOCTb MNEPEMELLEHUA LUITOKOB MAPOLMIMHOPOB,
noTpebHble 3HepreTnyeckme 3atpaTbl. PesynbTaTbl McCrnefoBaHUn Heobxoaumbl Ang
BbIOOpa TMna guHamu4eckon nnatgopMbl Npy pas3paboTke, CO34aHUN U MOLAEPHU3ALMM
NUNOTaXHbIX TPEHaXepoB, a Takke [fAfs CcOo34aHuMs NpOorpaMMHO-METOANYECKOro
obecneyeHnsa cuctemM NOLABUXKHOCTU TPEHAXKEPOB.
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YK 519.711 H. [. Koweson, A.H.CunbeectpoB

Z[Be crpaTrerum I/IIleHTI/I(l)I/IKaHI/II/I pPc€aJIbHbIX 00beKTOB

HauuoHarnbHbIl aspokocmudeckul yHusepcumem um. H.E. XKykoeckoao « XAU»
HauyuoHanbHbil mexHudeckul yHusepcumem YkpauHs! « KM »

BBeaeHue n noctaHoBKa 3aga4vun. Bo3HMKHOBEHWE Teopun ngeHTumkaumm Kkak
MatemaTudeckon dopmanu3aumm npUYNHHO-CIIEACTBEHHbIX CBsA3e B 0OObekTax
peanbHOro mupa tepsieTca B rnybvHe BekoB. MK pa3BUTUS ee OTHOCUTCH KO BTOPOW
nonosuHe XX Beka — nepuoay nosiBfieHMss M ObICTPOro pas3BUTUS CpeacTs
KOMMbIOTEPU3aLUN U aBTOMATU3ALNN SKCNEePUMEHTAalbHbIX NCCNeaOBaHUN.

OpHako U cenyac Henb3da yTBepXdaTb, YTO 3Ta Teopusa cdopmupoBanacb u
ABMSETCA [OCTaTOMHO KOpPpeKTHOW. [Ons oB6bLeKkToB peasibHOro Mupa XapakTepHbl
6eckoHe4YHOMEPHOCTb, BceobLllas B3aMMOCBA3b MEPEMEHHbIX W, KakK crneacreue,
OTCYTCTBME CTaTUKW, JNMHEMHOCTU B3anMMocCBs3en (KO3hdrUMEHTbI B3aMMOCBSA3MN,
Byay4n maTepuanbHbIMn, TOXE N3MEHSAIOTCS), aBTOHOMHOCTK (M30SIMPOBAHHOCTN) U T.A4.

3akoHoMepHOCTb  f,, CBsi3blBatollas GECKOHEYHOMEPHbIA BEKTOP COCTOSIHUS X

o0

BO3MOXHO, N NOCTOAHHA, HO HENMO3HaBaeMa:

X, = [ (X)) (1)
OrpaHu4mBas NPOCTPaHCTBEHHO-BPEMEHHYIO obnactb G, U3MEHeHUss X, A0CTaTOYHO
manon obnacteto G, paccMaTpUBAalOT NULLIL €ro NPOEKLMIO Ha n KoopauHaT

X=7(x), )

roe BeKTop-oyHKLMS X(t) — n- MepHas BEKTOP-(PYHKLUMS BPEMEHM ¢ .
Mpogomkaa cyxeHne obnactm G, C onpedeneHHoOW CTeNeHbd TOYHOCTU &
nepexoamm K MIMHENHOW CTaunoHapHOW Mogenu
AX = AAX + BAU , (3)
roe nepemeHHble peanbHOro obbekTa pasgeneHbl Ha MpuyYuHHbIE U U CrieACTBEHHbIe
X W B34Tbl B OTKITOHEHUSAX AX,AU OT HEKOTOPOro LieHTpa (XO,UO) obnactn G.
Opyron cnocob cBaA3biBaeT onepatopom W  HenocpeACTBEHHO YCOBHO
npuHaTble Bxog AU u Bbixog AY obbekTa
AY =W -AU, (4)
roe AY,AU v W wmoryT 6bITb pyHKUMSMU BpemeHun (W — uHTerpan CBepTKu) unu
n3obpaxeHnsamn no Jlannacy (W — nepegatodHas @yHKLMSA).
HeyuTeHHoe noaMHOXeCTBO (X, —X) NepeMeHHbIX pearbHoro mMupa cosaaeT

npnbnmxkeHHocTe moaenen (3), (4). MNorpewHoCcTb & CTPEMUTCS K HYMNIO NUb MNpwn
cy>xeHun obnactm G B TOYKy. HO npu aTom ucyesaet Heobxogumas ANa HaxoxaeHus

A, B vrm Wno AX(t), AU(t), AY(¢) wncopmauums. Takum obpasom, mopenm (2), (3),

(4) B npuHUMne He MoryT ObiTb TOYHbIMWU: MPU ManbiX BblOOpkax BAUAT ObICTPO
(oTHOCMTENBHO X ,U ) MeHsWMnecs coctaBnsiowme oTOpOLEHHOro NOAMHOXECTBa
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(XOO—X), BOCMPUHMMAEMbIE KaK CryyauHbI npouecc Nl(t); npn 6Gonblwunx —

npegenbHas TeopeMa YeObllieBa He paboTaeT BCreacTBUE BIUAHUS MeANEHHO
MEHSLLMXCA COCTaBNALMX N, (1) 3TOro NogMHOeCTBa, BHOCALLMX

HeCTaLUMOHAPHOCTb B YCPEAHEHHbIE XapakTEPUCTMKN CIly4aHOro npouecca.

YuunTbiBas NpMBEAEHHOE Bbille, OyaeM pasnuyaTth ABa CYLECTBEHHO pPasnnyHbIX
Nnoaxoaa K 3agade naeHTuduKkaumu:

nepBbii Noaxod - CUrHanbHasi waeHTUdMKauusi, korga AOns 3a4aHHOro

MHOXECTBa BXOAHbIX curHanos U(¢) HeobBxoaumo nopobpaTb Takoe oToGpaxeHue

U(r) B Y(t), 4TOBbl HEKOTOPast HOPMa OLUMGKN & Gbina MeHbLLe 3aJaHHON A
o< A. ©)

T.e. curHan Y(t) annpoKcuMMpYeTcsi C TOYHOCTBK [0 A B Gasuce W (U(t))

1

npeobpa3oBaHHbIX onepatopamu W, curHanos U (7);

1
BTOPOW — napameTpuyeckas ngeHTudukaums, Korga Ha MHOXeCTBe CUrHanoB
AU, AX wnn AY Heobxogmmo, kpome ycnosua (5), onpegenntb (YCPEeAHEHHYK Mo

obnacty G WNM KOHKPETHble ANs 3afjaHHON Toukn (Xo,Ug.f,) 9Tol obnactw)

CTPYKTYPY U napameTpbl Mmatpuy 4, B mogenwu (3) unmn onepatopa W mogenwu (4).

CurHanbHas uaeHTUdUKaAUMA [OMMKHA NPUMEHATBCA MpU LeneopueHTaumnm
abCTpakTHbIX ~ MogenenM  Ha  3ajayn  ynpa.feHus M NPOrHO3MPOBaHUSA,
napameTpumyeckas — ONA ANArHOCTMKM W KOHTPONS KOHKPETHbIX MapameTpoB
peanbHOro obbekTa.

OcHoOBHbIe MaTepuanbl uccriegoBaHunsA

CurHanbHasa ngeHTudnKauus M gByKpaTHass MHBapMaHTHOCTb aAanTUBHOIO
ynpaBneHnsa peanbHbIMU o6bekTamu. [lpeactaBum B OorpaHuMyeHHonm obnactm G
MOAEeNb pearnbHOro o6bekTa, Hanpumep aspoauMHaMmuky netatenbHoro annapata (J1A),
B cnefytoLiem Buae:

AY =W -AU +W, - AF +W, - AN, (6)

rae  AF — BEKTOp KOHTpOnuMpyemblX BO3MyLWeHud; AN =N, + N,— BEKTop
HEKOHTPONUPYEMbIX BO3MYLLEHWUW; W, W} W, — COOTBETCTBYIOLLME ONepaTopsbl.

TpebyeTcss MOCTPOUTbL WHBAPWAHTHbLIN K AF(t) ONTUMAasbHbLIA B CMbICHE

KBaAPaTU4HOTO dbyHKUMOHana I, (¢,AU) perynsitop

AU(t)=W,(e(t, B)), (7)
roe 3— BEKTOp napameTpoB onepaTopos W u W, .
Owmnbka &(1)B (7)

g(t)=AY"(1)-AY (1), (8)

roe AY*— 3agaHHasa onTumanbHaa Tpaektopusa asmxkeHus J1A.
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[pun oTCYyTCTBUM OrpaHN4eHnin onepatop W, NUHeNHbIV [1]:
AU(t) =W, -&(t)+W,, - AF(t). 9)
Moactasum BblpaxeHue (9) B (6):
AY (1) =W | W,y (AY" () = AY()) + W, - AF (1) |+ W,y - AF (1) 4 W, - AN (), (10)
anu: AY ()= (W Wiy + 1) [ W W, AV (1) + (W W, + W) AF (1) + Wy - AN (1) ]. (1)
YcrioBrie HBApUaHTHOCTU K KOHTPONMPYEMOMY BO3MYLLEHWIO AF (1)

Wy =W, (12)

roe W v W;— HeusBecTHble onepaTtopbl mogenu (6) obbekTa.
Ansa oueHnnBanua W n W, BBegeM Mopernb

A?:W(ﬁ)-AU+VI71(ﬁ)-AF, (13)

BEKTop [ napameTpoB KOTOPOW OLEeHWBalOT W3 YCMOBWUMA HEKOTOPOro MUHUMYyMa
nokasarvens /,:

5,(4) =HAy(z)—A?(;€,r)H. (14)

B paHHOM cliy4yae wumeetr MeCTO CUrHanbHasi I/Iﬂ,eHTVId)VIKaLI,VIFIZ yem
onepatnBHee ONTUMUINPYETCA U3 YCIOBUA MUHUMYMa ]2 BEKTOp ,B napameTpoB

A

onepatopa W wu W; n 4em nonHee oHu (wmpe 6asuc W, (,8) annpPoOKCUMUPYIOLWNA 3TU

onepartopbl), Tem 6nmxke AY K AY. Mpn 3TOM KOCBEHHO (C MOMOLLLID OnepaTUBHOWM
NoACTPOVKM /?) KOMNEHCUpyeTCa  BAUAHWE  HEKOHTPONUPYEMbIX  MefeHHbIX
BO3MyLLUeHnA  N,(z). B acumnTtoTMKe cuctema obnapjaetr ABykpaTHom  [2]
WHBapMaTHOCTbIO: K M3MEHEHMIO napamMeTpoB OObekTa, K KOHTpoOnupyembiM AF 1
HW3KOYaCTOTHbLIM HEKOHTPONMPYEMbIM N, BO3MYyLLEHNAM. BbicokoyacToTHas
coctasnsawowaa N, BO3MYLIEHUA, KaK MpaBuno, CrnaxunBaeTca eCTeCTBEHHOMU

NHEepPLUMOHHOCTLIO J1A, HO BnnsieT Ha BpeMa ngeHtndukaumm mogenu (13). CnoxHocTb
CTPYKTYpbl Mogenu (13) aganTupyeTcsa K Temny HeCTauMOHApPHOCTU XapakKTepUCTUK

cnydaitHoro npouecca N(7). 34eck LienecoobpasHo NPUMEHsITb OPTOroHarbHbI 6a3nc

WM HOHWYCHbIN nogxon [3] ona aganTaumMm pasMepHOCTM BekTopa [ K yKasaHHOWm

HecTaLMOHaPHOCTH.
TeopeTnyeckun KpakHUMKN B PSAY CIIOXHOCTU SABMSIHOTCS:

- NpoCTeiias HecTauMoHapHasi Mogernb AY = ,B’(t)-AU, roe ﬁ(r) N3MeHsieTcs B
Temne npoueccoB AY(t), AU(t), obecrneuuBasi 6nm3ocTb AY Kk AY obbekTa

(napameTpuyeckas cnegsiwasi cuctema);
- TrMNoTeTUYeCKas CroXHenwas ctaunoHapHas mogenb (1).
lMpakTnyeckn wnmedT Mecto mogenu (13), YCNOXHEeHWe KOTOpbIX [AOMMKHO
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cnocobcTBOBaTh MOBLILWEHUIO TOYHOCTU (14) N KBas3UCTaLMOHAPHOCTM BEKTOpa ,B nx
napamMeTpoB W, Kak cregcteme, ONTUMANbHOCTU YNpaBreHUs OObekToM. YueT
dusnyecknx npoueccoB B obbekTte He obA3ateneH, OueHka ,é MOXET He WUMETb
n3n4eckoro cmblicria, cTporasi BbINYKIOCTb U YHMMOAAnNbHOCTL nokasatens (14) kak
YHKLMN ,B He ob6s3aTenbHa.

MapameTpuyeckas wugeHTU(PUKaUUMA — ouUeHUBaAHUE a3apPoAUHAMUYECKUX
koadcpumuymeHToB JIA. 3gecb HEOBXOAMMO MaKCMMarbHO Y4eCTb «PU3MKY» NPOLECCOoB
B JIA npu BbiGope CTPYKTYpbl HENNHEHOCTU [ B (2), maTpuy A, B B (3) nnn onepartopa

W B (4). lNomHnm, yto mMopenun (3) u (4) ABNATCA NUHeapusaunen mopenn (2).
INvHeapusauua gonyctuma B Cuny rnagkocT HeNUHerMHocTn f (B nmpupode B cuny

OfpaHN4YEeHHOMW  MOLHOCTM CUCTEM  unaearbHble CKaykym  OTCyTCcTBYylOT). [nsA
OOHO3HaYHOCTU N OOBLEKTMBHOCTM OLEHKU [ U3NYeckux napameTpoB S ob6bekTa,

Hanpumep JIA, HeoGX0QUMO MNIaHMPOBaAHWEM HATYPHOrO 3KCriepumeHTa obecneynTb
CTPOryto BbINyKNocTb nokasatenss (14) M no BO3MOXHOCTM aBTOHOMHOCTb K

HEeYYTEHHOMY MOAMHOXeCTBY (X, —X) nepemeHHbix. XenaTerbHo Takxe, 4TOGbI

OueHka [ nVHEeNHO Bxoawuna B BblpaxeHne owubkn (8), a n ee KOMMOHEHTOB

ﬂi(izl,n)6blﬂl/l KoadppuumeHTamm  MNpu JIMHEMHO  HEe3aBUCUMbIX  DYHKLMNAX

YyyBCTBUTENbLHOCTU ownbkn (8) no p;,. Toraa 3agaya oueHuBaHWs £ cBOAUTCH K

MUHMMU3ALMM  CTPOro  BbIMYKNOro KeBagpatuyHoro nokasatens (14). OueHka
€0WHCTBEHHA, a Npy COOTBETCTBYIOLLMX MoAaxoAax [4] cTaTUCTUYECKN HeCMeLLeHHas u
adhheKkTMBHASA.

W Bce e ocTaeTca ee MeToaNYECKOe CMeLLeHVe BereacTene npubnmxeHHOCTH
mogenen (2), (3), (4). MNMpubnuxeHHOCTb CTpeMmuTca K Hynw, korga obnacte G

N3MEHEHUs! MepeMeHHbIX CTArMBaeTcs B Touky (X,,Ug.fy). OAHaKo C yMeHblueHnem
AX, AU BO3pacTaeT COOTHOLUeHWe «lyM N(¢)— curHan AX(7)». OTo NpuBOAWT K

notepe 3a(peKkTUBHOCTN OuUeHkM £ . B paboTe [5] npeanoxeH meTton, NO3BONSAOLLMNA
Nony4nTb METOANYECKN HECMELLEHHYIO U JOCTaTOYHO 3(PMEKTUBHYIO OLIEHKY [ B TOYKE
(XO,UO,tO). [Ans 3aToro BbLINOMHAT MnocneaoBaTenbHbin PS4 OAHOTUMHBLIX  (HO

pPasnU4YHbIX MO aMnIMTyAe OTKNOHEHWA AX ) aKTUBHbIX 3KCNEPUMEHTOB Ha OOBLEKTE,
KaXablh M3 KOTOpbIX obecnevMBaeT BbINyKNOCTb nokasatena (14) ans NMHENHOro
6asmca mogenn. Haxogar metogudecku CMeLleHHble, HO SOCTaTOYHO 3(heKTMBHbIE

oueHKkn f. HecMmelleHHylo OLEHKYy OMpPeaensioT MO PerpecCUOHHON 3aBUCUMOCTU
,@(||AX||) MNOCTPOEHHOM [N1S KaXAOTO B, Ha MHOXECTBE aMmnuTyf |AX| v B3sTon B

Touke, rae |AX| pasHa Hynto [6].

Mpumep. B npogonbHOM KOPOTKOMEPUOAUYECKOM AOBWXEHUM camoneTta M-17
BbIMOSIHEH PS4  «MNEepeknagok» pyns BbICOTbl pa3HOW amnnutyabl. Ons  kaxgown
«nepeknagkM» oueHuBanu koadpduumnenTsl matpuy A, B mogenun (3), ssnswowmecs
aspoaMHaMUYECKUMN; NO HUM paccyuTbiBanuM QU3NYECcKUn napameTp camoneTta —
HOPMUPOBAHHOE PaCCTOSHUE o, MeXAy LEHTPOM Macc 1 aspoanHaMmnyecknm ¢pokycom

camoneta M-17 — 3anac ycToM4MBOCTU NO BepTukanoHon neperpyske JIA. B tabnuue
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npuBefeHbl  3HaueHUst ammnutyabl  |Ac| oTknoHeHwt yrma  atakm o U

COOTBETCTBYHLLEE WM 3HayeHMe OoueHkn o,. B nocnegHem cTonbuke paHa

-
HecMmellleHHasi oueHka o, =0,225, nonyyeHHas nyTeM JMHENHOW annpokcMmaumm
TabnuuHoli 3aBucumocT &, (|Ac) n pacyeta ee 3HaueHns B Touke HyneBbIX

OTKINOHeHuI. [lpocToe ycpegHeHWe pes3ynbTaToB [AcT CYLECTBEHHO CMELLEHHYIO
(3aHWXeHHy0) oueHky &, =0,188.

||Aa||, rpag. 8,35 6,04 5,49 413 1,56 0
o, 0,168 0,18 0,187 0,19 0,215 0,225
BbiBoabl

[na  KOppekTHOCTM 3ajaun wuaeHTuduKaumm crieqyet CTporo  pasnuyatb
CUrHanbHbIA U NapameTpuyeckuinn noaxodbl. OBLWHOCTb UX COCTOUT B MUHMMU3ALUU
owmnbkun (8); pasnuume — B Mogensx (abcTpakTHOM M «u3myecku» ageksaTHOM) U

TpeboBaHmaAx k oyHKUmnoHany (14) kak pyHKUMM OUEHKN £ (COOTBETCTBEHHO HECTporas

N cTporas BbIMYKNOCTb). K coxaneHuio, B MpakTuUKe neTHbIX ucnbitaHnin JIA yacto
Nonb3ylTCA ANA  OUEHUBAHWS napamMeTpoB  CUrHaribHOM  uaeHTudmkaumen,
3aknagpiBas B mogenb Buaa (3) anpMopHO HEOOBHLEKTUBHO 3afaHHble (N0 pacyeTy unu
pe3ynbTatam NpoAyBOK B aspoanHamudeckon Tpybe) koadppmumeHTbl ¢ nocnegytoLlen
NoACTPOMKON MX U3 YCINOBUA HE CTPOro BbINYKMNOro dyHKumMoHana ownbku (8). Mpn atom
AOCTUraeTcs Kaxylascs agekBaTHOCTb mogenun (3) obbekTy: owmnbka (8) 4OCTAaTOYHO

Mana, OLUEHKHA ﬂ Onun3kn K anpnopHbIM. Ho nocneagHune MOryT CyLweCTBEeHHO

OTNMYaTbCHA OT WUCTUHHBIX (U3NYECKMX MNapamMeTpoB, YTO BMOCNEACTBUM MOXET
NPUBECTU K CHWKEHUIo 6e30nacHOCTU MONEeTOB WU3-3a HEBEPHOrO  OLEHUBAHUSA
aspoamHamuyeckux koadpdpuumeHTos J1A.
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YK 621.327 B.B. bapaHHuk, H.A. Koponesa, N.B. KoBTyH

MeTo KOMIIAKTHOTO MPEACTABJICHUSI M300paKeHu i
B cranaapre TETRA

Xapbkosckul yHusepcumem Bo30ywHbix Cun um. Y. Koxedyba,
YKpauHckasi 2ocydapcmeeHHasi akadeMusi es1e3H000POXHO20 mpaHcriopma

1. BBegeHue

Mpn HeoBGXxoaMMOCTM Nepeaayn XU3HEHHO BaXXHOW MHGOPMaUUK B KpaTyanlume
CpoOKM Hambornee onTuMasnbHbIM BbIOOPOM SBSETCA OpraHm3auus CUCTeMbl yrpasne-
HUA 1 cBA3M Ha Base umdposoro ctaHgapta paguoceasm TETRA. B Toxe Bpems He
AOCTaTOYHO MccnegoBaHHOM cTopoHon ctaHgapTa TETRA sBnsietcs 1o, 4TO B HEM OT-
CYTCTBYIOT MexaHu3Mbl, obecneumBaoime nepegady sugeomHdgopmaumm [1]. OcHoB.-
HbIMWU MPUYMHAMKU OTCYTCTBUA BMOEOMH(OPMALMOHHOIO crnocoba obmeHa faHHbIMU
mMexay nonb3oBatenamu B ctaHgapte TETRA senswoTtca [1, 2]: 6onbwmne o6bembl BU-
AeofaHHbIX, HeJoCTaTOuHble 3HaYeHUs CKOPOCTU 06paboTkm 1 nepegavn AaHHbIX CUC-
TeM pagmoceasn. [ns peweHuns gaHHOM npuknagHon npobnembl He06XoaMMO NCNosb-
30BaTb MeTOAbl KOMMAKTHOrO NpeacTaBfieHnst N300paXeHu, NO3BOSSOLME COKPATUTL
obbem obpabaTbiBaeMbIX M NepegaBaeMbiX BUAEOAAHHbIX.

2. dopmynupoBKa npo6nembl

B HacToswee Bpemsi B cuctemMax MOOWUITbHOM pPaguocBs3M AN KOMMAKTHOro
npegcraBneHns n3obpaxeHnin UCnonb3yrTCs B OCHOBHOM METOAbl CXKaTud ceMencTsa
JPEG n MPEG. OcobeHHOCTbI0O OaHHbIX METOOOB SABMNAETCS WUCKIOYEHNE MCUXOBU3Y-
anbHOM U3BbLITOYHOCTU. OTO COMPOBOXOAETCA NoTepen BaHOW MHopmaumn. 3HauuT
opraHmsaumnsa BMaeonH(opMaLUmMoOHHOro B3aMMogeNCTBUA C UCMONb30BaHMEM TakUX Me-
TOAOB B CUCTEMAaX YNpaBrieHUs, B KOTOPbIX rMaBHbIM TpeboBaHNeM SBNSETCH cOXpaHe-
HWe 3afaHHOW CTeneHu AOCTOBEPHOCTU MHdopMauun, Hegonyctuma. Ona obecneve-
HUA nepegayn n3obpaxeHun 6e3 notepn MHopmaumn pas3pabotaH MeToq MeXKaapo-
BOro nonmMagnyeckoro KognposaHus. [blHHbIN MeTOL y4nTbiBaeT 0COBEHHOCTL nepeaa-
4M BMOEOLaHHbIX B CUCTEME YyMpaBreHUs TPaHCMOPTOM, 3aKiovatoLlyocs B HanM4mum
MEXKaapOBOW CTPYKTYPHOM M3BbLITOYHOCTU. B TOXE BpeMsA CTPyKTypa KOAOBbLIX KOMOU-
HauWM MeXKagpoBOro nNosiMagn4yeckoro koga He Gbina cornacoBaHa co CTPYKTYpouW na-
KeToB CTaHAapTa TpaHkuHroson paguocsasm TETRA. MoaTtomy yesnb cmambu coctont
B pa3paboTke mMeToaa pacnpeneneHnsi KoaoBbliX KOMOMHALMIA CXaToro NnpeacTaBneHns
n3obpaxeHun B ctaHgapte TETRA.

3. PaszpaboTka npeacraBneHUs MeXKaapoBbIX KOAOBbIX KOHCTPYKL WA
nonuagu4veckunx ymcen B ctaHaapte TETRA

[nsa nepepayn BugeonHgopmauum B ctaHgapte TETRA Heobxoammo:

1) onpegenuTb rpaHuLbl ABOUYHbLIX MONern MHMOPMALMOHHBIX YacTen nakeTta
AaHHbIX, Kyaa OyayT 3anucbiBaTbCs KOAOBbIE KOHCTPYKLMW CXKATOro npencTtaBreHus
n3obpaxeHnn. 3To 06yCcnoBneHO: orpaHNYEHHbIMK pasMepamMmmn MHPOPMALMOHHBIX Yac-
Ten naketa TETRA; Tem, 4to AnuHa uHgopmauynoHHon Yactu naketa TETRA He kpaT-
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Ha cteneHn 2. B To BpeMsa Kak KOAOBble KOMOMHALMN MEXKAAPOBOro nosimagn4yeckoro
npegcraBneHns MacCcMBOB ASIMH Cepun NPeacTaBnsaloTCsa UMET PaBHOMEPHYO OJNTVHY
KpaTHYO CTeneHu 2.

2) cchopMupoBaTb OYEepeHOCTb CredoBaHUsA CryXebHbIX U MH(OPMaLMOHHBIX
yacTen KOOOBbIX KOHCTPYKLMIA MEXKagpOBOro MnosiMaguvyeckoro npeacraBrieHuns. 1o
06BbACHAETCA HEOBXOAMMOCTBIO 0b0ecneunTb BO3MOXHOCTb AN B3aMOMOAHO3HAYHOro
BOCCTAHOBMNEHUA M300paeHnr Ha NpUeMHOM CTOpoHe. B aTom cnydae Heobxogommo
OCHOBbIBATbCA Ha MPUHLMM, COCTOSLLMA B TOM, YTO Ha MPUEMHON CTOPOHE B Hayane
AOIKHA nocTynaTtb Ta MHdopMauus, Kotopad Heobxoanma ans obpaboTkm nocnegyto-
LLIMX YacTeN KOMMNAKTHOro nNpeacTaBneHns n3odpaxeHus.

PaccmoTpym nepByt0 CTOPOHY OpraHusauuu nepefayn BuaeouHdopMauuun B
craHgapte TETRA. KogoBble KOHCTPYKUMM KOMMAaKTHOro npeacTtaBrieHns nocrefoBa-
TENbHOCTN KagpoB M3006paXkeHnr Ha OCHOBE MEXKagpOBOro NonMaguyeckoro Kogupo-
BaHMA BKITOYAKOT B cebs [3]: MMHMManbHOE 3HayYeHne MaccmBa L MexKagpoBbIX ONWH
cepun (., ; BEKTOP A, COCTOALUMA M3 m OCHOBAHWA 3rnemMeHToB maccuBa L, pac-

CMaTpMBaeMoro Kak mnonuagmyeckoe 4ucro; nocrnenoBaTeribHOCTb — NoKanbHO-
PaBHOMEPHbIX KOAOBbLIX KOMOWHALUWMA, HECYLIMX WH(OPMauMI O 3HayYeHun Koaa-
Homepa N(j,B) ctonbua maccmBa L ; kOgoBble KOMOMHAUMKM CXaTOro NpeacTaBneHns

maccuBa LBeToBbIX koopauHaT C.
Onpedenum Konu4yecmao 080UYHbIX pa3psi0os b,..., mpebyembix 051 onucaHusi
MUHUMaIrbHO20 3HayeHus (... ONUH MexkKadposbix cepuli 8 maccuse L . [MOCKOrbKy

MaKkcuMarbHas AnvMHa MEeXKa[pOBOW Cepuu 3MEMEHTOB M300paxeHuid B nocrnenosa-
TENbHOCTM KagpoB Mo YCIOBUIO KOAUPOBAHUSI OrpaHNYeHO BENUYNHOW / TO BbIMON-

HAEeTCA HepaBEeHCTBO

max ’

gminggmax’ (1)
rge Kmax - MakCcmMmMmaribHoe 3Ha4deHune OJInHbI Me)KKa,El,pOBOIZ cepuun.

N3 HepaBeHcTBa (1) crneayeT, YTO MUHMMAarnbHOE 3Ha4YeHne AnuHbl cepun byaet
OrpaHN4YEeHO BENNYUHOW [ OTcioga konunyecTBo pa3psgoB b, 6yaet paBHo

bmin = EOgQ émaX’ (2)
roe (og, ¢ .« - KONIMYECTBO paspsaaoB ANis NpeacTaBreHns BenninHbl ¢

Haxoxd0eHue konu4yecmea pasps0oe8 Ha rpedcmasrnieHue eekmopa OCHO8aHUU
rnonuaduyeckux yucesi. Konu4ectso pa3psgoB b, Ans nNpeacTaBreHne BeKTopa OCHO-
BaHUN A A ={A{,..,A{,..., A, } MONMAANYECKOrO YMCna onpeaenseTca n3 ycrnoBum:

- KONMYECTBO OCHOBAHWI PABHO KOMMYECTBY CTPOK m maccuea L ;

- Ha nNpeAcTaBlieHNe KaXX[oro OCHOBaHWA OTBOAMUTCA PaBHOMEPHOE KOMMYECTBO
pa3psiaoB;

- KONIMYEeCTBO paspsiaoB b, Ha npeacTaBneHve O4HOTO OCHOBaHUS A; C y4eToM

TOro, 4To

max *

max *°

A= max {£;;} <l +1, i=lm

1<j<n
paBHO
bk :Kogz(gmax"'l)- (3)
B cooTBeTCcTBMM C BbIpaxkeHNeM (3) Konu4ecTso pa3psgos b, paBHO
bA :mgogZ(gmax"'l)' (4)
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dopmupoBaHMe KonuyecTea pa3psigoB Ha npeacrasreHne nocnenoBaTensHOCTU
kogoB-HOMepoB N(j,B), obpasoBaHHbIX AN MaccMBa OfIMH MeXKaapoBbix cepui. Mo

YCIOBMIO METOAA MEXKaapPOBOro NoiMagnyeckoro KOAMPOBaHUA Ha Kaxabln Kog-HOMepP
3aTpayMBaeTCs OAMHAKOBOE KONMUYECTBO paspsaoB, paBHOE ANWHE MAaLUMHHOrO Criosa
M. 3710 obbsicHseTcs yaobcTtBoM npouecca obpaboTkm n npencTtaBneHns KO4OBbIX
KOMOMHauun B BbluucnuTenoHon cucteme (M3BM). B aTom cnyvae cokpalwjaeTtcs Bpe-
Msi Ha 06paboTKy M Ha cunTbIBaHME (3annCb) C (U3) BHELLUHErO 3anoMMHAtoLLEro YCTPOM-
ctBa. B ToXe Bpems B cTaHgapTe TpaHkuHrosonm paguocsasn TETRA mMuHumanbHon
eovHuUen nepefayvm aHHbIX aBnseTcs nakeT. OAuvH nakeT OaHHbIX COCTOMT U3 ABYX

MHAOPMALMOHHbIX YacTen PP(IV), roe y=1,_2, no 216 6uT Kaxxgasa un cnyxebHon vyactn P,
Ha KOTopylo oTBOAMTCA 36 GUT. 3HAUNT CyMMapHOe KOnu4ecTBO pas3psaos Py, oTBo-

AUMOe Ha BeCb NakeT [aHHbIX paBHO PZ:PP(ID+PP(12)+PC:432+36:468 6ut. B atom

Ccnyyae BO3HMKaeT HeCcOOTBETCTBME pa3MeEpPOB MALLUMHHOMO CrioBa C pasmepamMn WH-
dopmaumnoHHblx Yacten naketa TETRA. Takoe He COOTBETCTBME BbI3BAHO C OLHOW
CTOPOHbI TEM, YTO AfIMHA MAaLUMHHOMO CrioBa KpaTHa CTeneHu 2, a C APYron CTOPOHbI
TeM, 4YTO pa3Mepbl MHPOPMALMOHHOMN YacCTW rnakeTa He KpaTHbl cTeneHn 2. PasnuyHble
BapumaHTbl pacnpeaeneHns MallnHHbIX CIIOB B MH(POPMAaLMOHHbBIX YacTaX nakeTa CTaH-
papta TETRA npuBeaeHbl B Tabn. 1. N3 aHanu3a gaHHbix B Tabn. 1 BbiTEKaET, YTO C
POCTOM ANIMHbI MALUMHHOMO CIiI0Ba YBENIMYMBAETCS KONMMYECTBO OCTATOYHbLIX pas3psgos
V,, KOTOpblE HE MCNOMb3YTCH ANA Nepeaadn KoAoBbIX KOHCTPYKUMI CxaTbiX n3obpa-

XeHun. lNMpu aTom ana Hanbonee ahPEKTMBHBIX pa3MepOB MALLUMHHOMO CroBa, AfiMHa
KOTOpbIX paBHa M =32 U M=64, KONMYECTBO HEe MCMNONb3yeMbIX pas3pagoB paBHO 48.
Ecnun yyecTb TO, YTO B MaLUMHHOM CrioBe ANdA onucaHusa koga-Homepa N(j,p) ucnonb-
3ylI0TCA He BCe pa3psqbl, TO MonyYyaem CHUXEHME CTEMNEHU CXKaTuUsA 3a CHET: HE NOSIHOro
ncnonb3oBaHus pabodero guanasoHa MalUMHHOMO CroBa; He MOSIHOMO MCMNOSb30BaHUA
pas3pagoB MHPOPMALUMOHHBLIX YacTen nakeTa AaHHbIX CTaHA4apTa TPaHKUHIOBOW CBSA3MW.

Tabn. 1
3aBMCMMOCTU BeNU4UHbI v, B nakete ctaHaapta TETRA ot M
M 8 16 32 64 128
Vo 0 16 48 48 176

Ona wucknoyeHus 9TMX HeOocTaTKoB npefnaraeTcsd opraHu3oBaTb oOKanbHO-
paBHOMEpHOEe npeacTaBneHne KogoB-HOMepoB MaccnBoB L. B aTom criyvae konuyecT-
BO pa3psagoB SjB’ OTBOAMMOE Ha npeactasneHne koga-Homepa N(j,p) p-ro nonnagu-
4YeCcKoro yucna, nony4eHHoro Ans j-ro cronbua, byaeTt onpenensTbCa U3 yCnoBus

_ mjp
Sip=tog W(j,p)+1=log( E}_[l?ug) +1, (5)
roe W(j,B) - HakonneHHoe npovssefeHne OCHOBAHW 3NEMEHTOB 3 -ro nonnaguyecko-
ro ymcna, cpopMmpoBaHHOIrO Ha OCHOBE 3NIEMEHTOB j-ro cTonbua MaccmBa ASIMH MeX-

KappOBbIX CEPUI; Mg - KONIMYECTBO IEMEHTOB j-T0 cTONBua Maccusa AnvH cepunt L,

cogepxawimxcs B f-M nonuagmyeckom vmcre, arsi KoToporo oopMupyeTcs oamH Koa-
HOMep; xg - OCHOBaHue & -ro anemMmeHTa f3-ro nonnagnyeckoro 4Yucna.
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B yacTtom cnyyae nonunagmyeckoe 4mcno 6yaeTt cocTtoAaTb U3 m 3NEMEHTOB. To-
roa B=1, a BolpaxeHue (5) npumeT BUA

m
szfogW(j)H:Zog(&Hlxg) +1, (6)
rae W(j) - HakonneHHoe npoussefeHne OCHOBaHUIN 3MeMEHTOB j-ro ctonbua maccu-
Ba ANIMH MEXKaapOoBbIX CEPU; m - KONMYECTBO SfIEMEHTOB B j-M cTonbue maccmea L.

OnpepeneHne BennunH S;3 U m;g 3apaaeTcs credylowmmu stanamu. Ha nep-
BOM 3Tane obpaboTku j-ro ctonbua maccmea L BenuunHel m;g U W(j,3) cooTBeTCT-
BEHHO paBHbl: m; =1, W(j,1); =A;. Ha BTOpom aTtane nposepsieTcsi BO3MOXHOCTb A0-
baBrneHvsi o4epefHOro anemeHTa /, ; Maccuea L K Tekylliemy nonvaanieckomMy 4uc-
ny. [Ans aToro npoBepsieTca HepaBeHCTBO
W(jDa = WO Dy x hp=ayhy <2M -1, (7)
rae W(j,1), - HakonneHHoe npon3BeaeHne OCHOBaHU ABYX 3rieMeHTOB Maccuea L.

HeobxoaMMocTb MpOBEpKM OAHHOIO HepaBeHCTBa Mpu (hOpMUPOBAHMKU MOMK-
aguyeckoro Yncna obycriosrneHa TpeboBaHMEM WCKIIOYEHMSI NEPENOSNTHEHNST MALLUNHHO-
ro cnoea M. [MoaTomy ecnv HepaBeHCTBO (7) He BbINOMHAETCS, TO 3IEMEHT cYMTaeTCs
He JonycTumbIM. B 3TOM crniyyae ¢ Hero HauMHaeTcsi GopMUPOBaTLCS HOBOE Monvaam-
yeckoe 4ymcno. HaobopoT, ecnu aAaHHOe HepaBeHCTBO BbIMOMHSETCS, TO BTOPOW are-

MEHT [06aBrseTcs K TekyleMy nonnaanyeckoMmy Yucny, T.e. m;;=m;; +1=2 u ocy-
LLeCTBNSAETCA NpoBepKa Ha BO3MOXHOCTb A06aBNeHUs K TeKylluemy nonuagmyeckomy
yucrny oyepenHoro anemMeHTa MaccvBa L .Ha i-M ware npoBepsieTcs HepaBeHCTBO

1
W(i,D; = W(iLDig x A= [The <2M-1, (8)
g=1

rae W(J,1); - HakonneHHoe nponsseaeHne oOCHOBaHMN NepBbIX i arieMeHToB Maccmea L .
Ecnn HepaBeHCTBO (8) BbINOMHSETCS, TO TeKyllee KONMYECTBO JNIEMEHTOB mj
yBenuumBaeTcs Ha 1: m; ;=m;; + 1. KOHLOM hOopMUpoBaHUs TekyLLero nonnaan4ecko-
ro yncra MoxeT 6bITb HacTynneHne ogHOro U3 creayowmx ycrnosum (puc. 2):
1. Ecnu HepaBeHCTBO (8) He BbInonHaeTcs, T.e.
i
. . M
WDy = Wi, Dig x A= [Thg >27 -1, (9)
&=l
TO 3NEMEHT /;; OyaeT nepBbIM 311EMEHTOM O4YepPeHOro Nonnaanyeckoro Yuena.

2. B cnyyae korga obpabotaH nocrnegHUnM m-M 3neMeHT Tekywero cronbua
MaccyiBa ANWH MEeXKapoBbIX Cepwil, T.e. m;;=m. [lns nepsoro ycrosusi uHaekc f

Oynet paBeH B=p+1.
lMonHoe 3aBepLueHVs onpeaeneHus Bcex BenuuuH mig M W(j,p), rae B=1,_qM, a

j=1,n, AnA mMaccuBa L HacTynaeT Toraa, koraa o6paboTaH mn-il aNeMeHT Maccusa

ONVH MeXKaapoBbiX cepuin. B cooTBeTCcTBMM C HepaBeHCTBOM (8) KONMMYecTBO pasps-
A0B, 0TBOAMMOE Ha BenuunHy W(j,B) byaet meHblue Yyem anuHa MawwmHoro cnosa M :

log, W(j,B)+1 <M. (10)
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N3 HepaBeHcTBa (10) cnegyeT, 4YTo AN OOMOMHUTENBHOIO CHUMXXEHUSA KONUYECT-
Ba pa3ps4oB B KOAOBbIX KOMOMHaUMAX CXKaToro npeacrasfieHus oparmeHTa usobpa-
XeHun npegnaraetca nog kog-Homep N(j,B) B-ro nonuagmyeckoro Yncna j-ro ctonot-
ua maccuBa L BblOenATb KONMUYECTBO paspsfoB paBHoe (og, W(j,B)+1. B yacTHOM
cnyyae Kaxabli Kog-HOMep nonuaguMyeckoro yucrna, obpasoBaHHOro Ha OCHOBE are-
MEHTOB TeKyllero maccmBa L, MOXeT npeacTaBnsaTbCA OOMHAKOBbLIM KOSIMYECTBOM
pas3psaaoB, PaBHbIM S
S = max SJB . (1 1)

1<j<n; 1<P<Lqy

Ha ocHoBe HepaBeHcTBa (11) nog kaxabli Kog-Homep maccmBa L GyaeT Bbige-
NATLCA KONMMYECTBO paspsaoB, paBHOE MaKCMMarlbHOMY KONMYecTBY paspsigoB, OTBO-
ANMOMY Ha rnpeacTaBneHve BenuunHel fog, W(j,B)+1. NoHATHO, 4TO B 3TOM criyyae
OIS Kagoro maccvBa OfVH MEeXKaapoBbIX Cepui aTta BenuumHa OyaeTt noCTOAHHOMN.
OpHako, onsa pasHbix MaccmBoB L BenuumMHa S MOXeT MeHsiTbea. OTcloga cnegyeTt Ha-
3BaHue JToKanbHO-PaBHOMEPHOIO NPeACTaBeHnsa KO4OB-HOMEPOB MofiMagnuyeckmux Yncern.

Ha ocHoBe paspaboTaHHbIX BbipaxeHun (2) — (11) obecneunBaetca oopmMumpo-
BaHWe MH(OPMaLMOHHbIX YacTen nakeTa AaHHbIX ctaHgapta TETRA.

BTopon BaxxHOM KOMMOHEHTOW Mpouecca PopMUPOBaHNA BUAEOUHDOPMALNOH-
HOro mMexaHumsma B ctaHgapte TETRA gaBnsetcs ovyepenHOCTb 3anofiHEHUS MakeTta
OaHHbIX CNYXeBbHbIMU U MHAOPMALMOHHLIMU YacTAMM KOOOBbIX KOMOMHAUUI CXaToro
npeacTaBneHnsa gparmeHTa nsobpaxeHus. NockonbKy NPUHATO yCnoBMe B3aMMOOOHO-
3HaYHOro BOCCTaHOBMEHUA M300paeHUrM Ha NPUEMHOW CTOpOHe, TO npeanaraeTca
crneayLwmnn NnopagokK 3anosIHEHNA nakeTa AaHHbIX cTaHgapTa TETRA:

1. dopmupyeTca kogosasi KombuHaumsa b.., cogepxaiiaa nHopmMauuio o Mu-
HUManbHOM 3Ha4YeHUN AfieMeHTa MaccmBa ANIMH MeXKagpOBbIX CEPUMN.

2. ObpasyeTcs KogoBas koMbuHauusa b, , Hecylwas nHPoOpMaLUno O dnemMeHTax
BEKTopa A OCHOBaHWM NOSiMaguyeckux Yncer.

NHdopmaums 0 MUHUManNbLHOM 3HayeHun (.. W 3rnemMeHTax Bektopa A OCHO-
BaHW NONUaanyecKknx Ymcen rno3sonuT onpeaenvutb Ha NPUeMHON CTOPOHE BESTUYUHDI
mjg U W(j,B), rae B=1,q,,,a j=1,n, ana maccuea L. [laHHaa nHgopmauus asnseTcs

HeobXxoauMonm 1 OCTaTOYHOW AN onpefeneHnsa Ha NpUeMHON CTOPOHE rpaHuL, KOAoB-
HOMepoB nonvaguyeckmx ducen. Noatomy nHgopmauma kogax-Homepax N(j,B) n N,

3anncbiBaeTCs B NakeT AaHHbIX B NOCNeaHe oYyepesb.
3. ®opmupyeTcsi MOCNefoBaTeNbHOCTL KOAOBLIX KOMOMHAUUA Sig, 3apatoLumx

MHpopmaumo o BennunHax N(j,B).

Mpn dopmmnpoBaHnn nNakeToB AaHHbIX B Criydyae nepenayn msobpakeHun Heob-
XOOUMO YYUTbIBATb TO, YTO OAMH MAKET B CNeACTBMM OFPaHUYEHHOro pasMmepa He CMo-
XeT BMecTuTb B cebe Bce KogoBble KOMBMHaLMM MaccrMBa KOMMAKTHOrO NpeacTaBneHns
dparmeHTa n3obpaxeHus. [Ins aToro Heo6xoaMMO MCMNONb30BaTb HECKOMbKO MAaKETOB
AaHHbIX TPAHKMHIOBOro ctaHgapTta. [JaHHasi cxema y4uTbiBaeT OCHOBHbIE YCNOBUSA Op-
raHu3auum nepegavvm BMAEOUHGOPMaLUUK, @ UMEHHO: OYEPEOHOCTb CneLoBaHus Yac-
TEWN KOAOBbIX KOMOMHAUMIN CXaToro NpeacTaBneHns oparMeHTa n3odpaxxeHnn, a Takke
pasMepbl U rpaHuubl 3TUX YacTen. B aToM cnyyae KommyecTBO KOOOB-HOMEPOB (,,,

cchopMMPOBaHHbIX ANt OOHOMO0 MaccuBa AfIMH Cepyin pacnpeaensieTcs mMexay v, Ko-

NN4YECTBOM MAKETOB AaHHbIX cTaHaapTa TETRA, Heobxoanmbix ANna nepefaym cxatoro
npencraBneHns ogHOro MaccuBa ANIMH MeXKagpOoBbIX CEPUA U COOTBETCTBYHOLLEINO UM
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cXKaToro npencTtaBneHus 04HOro0 MaccmBa LBETOBbIX koopauHaTt. [pudem B OBYX WH-

dopMauUMOHHbIX YacTsx nakeTa, KpoMe NepBoro M nocregHero naketa, dbyaeT coaep-

XatbCa (,, KOAOB-HOMEpOB, CPOPMUPOBAHHBLIX ANA MACCUBOB ANMH cepui. B ogHow

nHdopmaumnmoHHon vactn naketa craHgapta TETRA Gyaet copepxatbcs q,, KOOOB-

HOMepoB, 06pa3oBaHHbIX A1 MaccuBoB ANUH cepuin. BennunHa q, AnNsa pexuma Bbl-

AeneHns KonuyecTsa pas3psgoB Ha KoAd-HOMep no cooTHowweHuto (11) B cpegHem paBHa

qQy =2 [216/S]1=2q,4- (12)

KonuyecTtBo naketoB v, HeOBXoAuMbIX ANSA rnepefayn cxaToro npeacraBneHns
doparmeHTa n3obpaxeHus oueHMBaeTcAa No opmyrne

Vi = [(Bmin +ba +63S)/ gy ] +1. (13)

Takum obpasom, paspaboTaH mMeToq PopMMPOBaAHNA NAKETOB AaHHbLIX CTaHAap-

Ta TETRA, obecneumBatowmx nepegady nsodpaxeHun. NMNpn 3ToM yunTbiBaKOTCA OCO-

BGeHHOCTM cxxaToro npeacTaBreHns parMeHToB N300paXxeHNii Ha OCHOBE MeXXKaapo-
BOrO NONMagnMyeckoro KoAMpOBaHUS.

4. BbiBOoAabI

PaspabotaH meton pacnpefeneHus KOAoBbIX KOMOMHALMIA KOMNAKTHOro npeg-
cTaBneHus nsobpaxeHu B cTaHgapTe TpaHKuHroBon paguoceasm TETRA. B atoc cny-
Yae KOMNakKTHOe npeacTtaBrieHne nsobpaxeHnn B ctaHaapTe TETRA pgocTturaetca Ha
OCHOBE y4yeTa CTPYKTYPHbIX MEXKaapoBbIX 3akoHOMepHocTen. OTnuyuTenbHble OCOo-
BGEeHHOCTN CO34aHHOr0 MeToda COCTOAT B: MOCTPOEHUM aHanUTUYeckux npasun, obec-
neyMBalOLLMX onpeaeneHne o4vepedHoCTU CrefoBaHna YacTen KoL4oBbIX KOMOMHauun
cXKaToro npeacrtaBneHna dparmeHTa n3obpakeHUn, BbIYMCNEHNE PasMepoB U rpaHuL
3TnX vacteun. lNpun 3TOM yunTbIBalOTCA OCOBEHHOCTU (POPMUMPOBaAHUS KOOOBbLIX KOMOU-
HaUWM CXaToro npeactaBreHns parMeHTOB N3006paxXeHNn Ha OCHOBE MEXKaapOBOro
NoNMagn4yeckoro KoAMpoBaHUS C y4eToOM (hOpMUPOBaAHUSA MACCUBOB AJSIMH MeXKagpo-
BblX CEpUI; TOM, YTO ANS OOMNOSMHUTENBHOIO MOBLIWEHWS CTENEHN CXKaTus co3gaeTca
nokanbHO-paBHOMEpHOE npeAcTaBfieHne KOAOB-HOMEPOB MNONUMaAMYecKnx 4ducen,
chopmMMpOBaHHLIX ANA MACCUBOB AfIMH MEXKagpOoBbIX cepui. PaspaboTaHHbIn meToq
obecnevnBaeT OTHOCUTESTbLHO M3BECTHLIX METOAOB AOMOMHUTESNbHOE CoKpalleHne 06b-
€MOB BUAEOAaHHbIX B cpeaHem B 2,1 pasa. OT0 co3fgaeT BO3MOXHOCTb OpraHn3oBaTb
BMOeOMHGOPMaLNOHHbLIN 0B6MeH B cucteMme mobunsHon pagmocsasn TETRA.
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YK 629.7.01 C.A. bbiukos, A. I'. 'pebeHukos,
I".b. Bapwassk

DopmupoBaHre PYHKIUM MOJE3HOCTH NPH CBEPTKE KPUTEPHEB
BEKTOPHOM ONTHUMHU3AIHUHU POEKTHLIX IAPaAMEeTPOB NACCAKUPCKOr0
caMoJ1€Ta Ha dTale NPeABAPUTEIbHOI0 NPOCKTUPOBAHUS

HauuoHarnbHbIl aspokocmudeckul yHusepcumem um. H.E. XKykoeckoao « XAU»

Llenbto npenBaputenbHOro NPOEKTUPOBaHUA camorneTa SABNAeTca BbIOop cxembl
N onpegesieHMe HamBbIroQHENLEro coMeTaHMs OCHOBHbIX NapaMeTpoB camMonéTta u ero
cuctem, obecneymBaroLLMX BbIMNONIHEHNE 3adaHHbIX TpeboBaHui. Beibop cxembl Ha oc-
HOBe paHee BblpabOTaHHbIX TaKTUKO-TEXHUYECKNX TpeboBaHW, pelleHns OTHOCUTENMb-
HO Bbl6Opa KOHCTPYKTMBHbLIX MaTepuarnioB U CUCTEM CaMOnéTa onpeaensdeT KOHCTPYK-
TOp — nvuo, npuHumMarwee pewenusa (JINP). OnTuMusaums BekTopa napamMeTpoB Mo-
Aenu camonéra no ogHOMY UNun paay KpUTepmeB, pacvET Macc B NePBOM NpUBMKEHUN
BbIMOSHAETCS C MOMOLLbI0O aBTOMAaTU3NPOBAHHOW CUCTEMbI MPOEKTUPOBaHUS [2].

McxogHbIMM JaHHBIMKU ANS NMPOEKTUPOBaHUSA CaMoNETa SABMSTCA TEXHUYECKOe
3agaHune TpebyeMbix XxapaKTepucTMK caMonéTa, HOPMbI IETHOWM ro4HOCTU, YCoBUS hu-
314eCKoM BO3MOXXHOCTM peanusauum camonéTa. PesynbtaTtoM npenBapuTesicHOro rnpo-
E€KTUPOBaHUSA camoneTa SBMSTCA ONTUMU3NPOBAHHbIE FEeOMeTpUYecKkne, BecOBble,
9HepreTMyeckne napameTpbl CamMoséTa - ONTUMarbHbIN BEKTOP NPOEKTHbLIX NapamMeTpoB
X*=(X1,X2,...Xm). OrpaHnyeHus, onpegensiwowme AonyctumMyo obrnactb M3aMeHeHus na-
pameTpoB X*, npeacTtaBnsAT cobon obnacte Xqon.

OnTuMKn3aums npoekTa, HaxoxaeHne Bektopa X* e Xgon, OTBEHAKOLWETO MUHUMYMY
KpUTEPUSA ONTUMANbHOCTU y=HX1,X2,...Xm), — 3a4a4a MaTtemMaTnyeckoro nporpaMmmupo-
BaHuA. Pe3ynbTaT onTuMmnsauum npeacraBnseT cobon pesynbTaT pacyéTa aHanuTuye-
CKMX ODYHKUMIA NO onpefenéHHoOMY anroputMy, Tak Kak B SBHOM BuAe LeneBble (PYHK-
UMM He CBOAMMbI B €AWHble 3annucu aHanuTuieckux yHkumin. MNoatomy Heobxoanmmo
BblbpaTb MeToA4 onTumMusauuun, He Tpebyowmin 3agaHnsa ueneson (PyHKUMM B SIBHOM
BMae un obecneynBaroLimii MOHOTOHHOCTb NPUBAMKEHNA K ONTUMYMY (3HAYeHWe KpuTe-
pUsa ONTUMAanbHOCTU Ha KaXXOOM Luare He xXyxe npegblayLiero).

B kayecTBe 4aCTHbIX KpUTEPUEB ONTUMAanbHOCTU B paboTte [2] pacCMOTPEHbI
KPUTEPUN MUHMMYMa MacCbl camMonéTra U KpuTepuin MUHUMYMa OTHOCUTENBHOW TOrM-
NBHOM 3P PEKTUBHOCTN COOTBETCTBEHHO:

m3l( + mo6 + mKOM

(1)

mo = )
1—(m, +m, +m,)

rae  m,- B3NéTHas Macca caMonérta B NepBoM NpubnumxeHun
m,_— Macca aKunaxa;
m_,— Macca 06opyoBaHNA N CHapSHKEHNS;
m, , — Macca KOMMepP4YeCcKOon HarpysKku;
m,_— OTHOCUTENbHAasa Macca KOHCTPYKLUW;
m,, — OTHOCUTENbHAs Macca CUIOBOW YCTaHOBKY;

m_— OTHOCUTEIbHaA Macca TonnmBea,
n
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m
K,o=—"—, (2)
m_ *L
rae  Ki— oTHocuTernbHasa TonnmBHast 3(PEKTUBHOCTD;

m; — pacxon TonnmBea;

Myom — MAcca KOMMEPYECKOWN Harpysku;

L — panbHOCTb nonérTa.

[lNa BbIYMCNEHUS 3HAYEHUN KPUTEPUEB AN KaXXO0ro U3 3HadeHuin BEKTOPOB MNa-
pameTpoB X (3Ha4YeHUn napamMeTpoB MOAernv camMonéTta) NPOBOAUTCA pacyET Koadpdu-
LUMEHTOB NOABEMHOWN CUMbl U Ka4yecTBa NpuU OTPbIBE, AHEPTrOBOOPYKEHHOCTEN, OTHOCHU-
TeNbHOW MacCbl CUIOBOM YCTAHOBKM, OTHOCUTESTIbHOW MaccChl TOMMAMBa, OTHOCUTENBHOMN
MaccCbl KOHCTPYKLMN U MacCbl Harpysku [2].

[na peweHns 3agayv onTMMmM3auum HeoBXOAMMO MPOBECTU CBEPTKY YaCTHbIX
KpUTEPUEB M MOMNYYNTb OOLLYIO CKanspPHYK OLEHKY KavyecTBa MOoAenu no Kakomy-nnbo
mMeToay.

B kauecTtBe TeOpeTnYecKon OCHOBbI OPMUPOBAHNS 0OO0OLLIEHHBIX MHOFOKpUTE-
puranbHbIX CKanspHbIX OLLEHOK MOXET OblTb NpuMeHeHa Teopus nonesHocTn [1]. O606-
LLIEHHAA NOSe3HOCTb SABMASETCSA KOSIMYECTBEHHOM OLEHKOW NpeanoyTUTENbHOCTH peLue-
HUS.

Q(x) = Gly;(X)].i=Ln, 3)
roe Q(X) — konmyecTBeHHasi oLeHKa Nnone3HocTn pelleHns. Ecnu pelwexus
X, X, e X, n Xy npegnoytutensHee Xz, 1o Q(X,) > Q(X,).

PeweHne 3agaym CTPYKTYpHOW M MapamMeTpuyeckon naeHTudukaumm qyHKLMm
nonesHoctn (3) aBnseTcss 000CHOBaHMEM npaBuna (MeTpPUKK), NO KOTOPoOMy OPMUPY-
€TCH MNONIe3HOCTb PELLUEHUS B MPOCTPaAHCTBE YacTHbIX KputepueB y,(X). [locKorbKy

OOBEKTUBHON METPUKMN HE CYLLECTBYET, TO NMPUHLMN PAHXMPOBAHUSA PELLEHNA OTpaXKaeT
NpeAnoYTEHNA KOHKPETHOMO nnua, NPUHUMAILLErO peLleHns. Y4nTbiBasi, YTO BEC YacT-
HbIX KPUTEPUEB HE paBHO3HaYeH, dopmyny (3) MOXHO BbITb 3anMcaTb Kak

Q(x) = G[4,7,(X)L,i=1n (4),
roe A — napameTpbl M3oMopdusmMa, NpUBOASLINE Pa3HOPOAHbIE YACTHbIE KpUTEpUU K

eINHON MEeTPUKE N yYNTbIBaKOLLNE UX BEC.
Ona noeHtndukaumn suaga onepatopa G cpean Hambonee M3BECTHbIX hopm

n
dYHKUMIW nonesHocTu BblbpaHa aganTtneHas opma Q(x) = Z/li,yi (X) (5), Tak Kak oHa
i=1

NO3BOMSET y4eCTb MHPOPMALMIO O NPEeANnOYTUTENBHOCTUN YaCTHbIX KPUTEPUEB.

3apayva Bblbopa (PyHKUUM NOME3HOCTN N3BECTHA B TEOPUN MHOTOKpUTEpUanbHoO-
ro OLUEeHUBaHWSA U ONTMMM3aUMM Kak 3aJada Hopmanu3aumm YacTHbIX Kputepues. [Mpu
€€ pelleHun npegnoriaraeTcsa No yMoyYaHuIo, YTO 3aBMCUMOCTb MOMEe3HOCTU OT abco-
NIOTHOIO 3HAaYEHNSA YaCTHOro KpUTEPUS BCeraa NUHenHa n BblI6op pyHKUUN NONE3HOCTU
OCyLLeCTBNAeTCcsa M3 Krnacca HUHENHbIX QyHKumMn. OaHuM K3  (pyHOaMeHTarnbHbIX
CBOWCTB CUCTEM ABMAETCA TO, YTO 3aBUCUMOCTb 3PEKTUBHOCTM NOOGON CUCTEMBbI OT
3aTpaymBaeMbIX peCcypCcoB Ha MHTepBasie Ka4yeCTBEHHO OnucbiBaeTca S-obpasHon Kpu-
Bow (puc.1)

S — obpasHas 3aBMCUMOCTb peannayeTcsd TOMbKO Npu U3MEHEHUU aHanusnpye-
MOro napamMeTpa B LUMPOKUX Npeaenax, CoOOTBETCTBYOLWMX BCcen 0b6racTu cyLlecTBoBa-
HUA cuctembl. B peanbHbix ycrnosusix JIMNP onepupyeT Ha orpaHM4eHHOM MHOXeCTBe
BO3MOXHbIX peLlleHnn Xyon, YTO OrpaHnyYMBaeT MHTepBan U3MeHeHus napametpa. Ta-
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Knm o0pasom, 3agjaHuve Kaxaon KOHKPETHOW cuTyauum BbiOOpa Bblpe3aeT u3 S-
obpa3Hon KpMBOKW NOIe3HOCTM Bonee nnn MeHee y3kyro obnacTsb.

Q;[7:(X)]

7:(X)
Puc.1. 3aBUCMMOCTb NONE3HOCTM OT abCOMOTHOrO 3HA4YEHUS1 YACTHOIO KpUTepust

OTuM TpeboBaHUAM oTBeYaeT PYHKLMNA fokanbHon nonesHocTtu [1] Buaa

Q[ (X)] = (”XHJ , 6)

imin _yimax
roe y,(X)— 3HayeHne 4acTHOro KpUTepUst, y, . .7, — HaUNy4llee N Hauxyallee 3Hade-

HWE YaCTHOro KpPUTEpPMUSs, KOTOPbIE OH MPMHMMAET Ha obnactn AONYCTUMbIX PELLEHUI
Xpon, @;— KOIPMPUUMIHT, yuuTbiBaKOWMIA BeC U MNpeanovTeHne i-ro Kputepust npu

1
n

Zai =1
i=1

30ecb mMcnonb3oBaH crnocob CBEPTKM YacTHbIX Kputepues [1], Tak Kak OH npo-
CTOW, MO3BOMSIET HEOrPaHMYEHHO HapalumBaTb YUCHO KpuTepues, rMOOK B OTHOLLEHUM
npeanoyTeHnn. OgHako ero NpMMEHeHVe Ha aTane npeaBapuTeNbHOro NPOEKTMPOBa-
HWSA CaMOSIETa He HaLLMO OTPaXXeHUS B OTKPbITbIX MICTOYHUKAX.

[nsa cnyyas oByx kputepueB (MMHUMYMa MacCbl U yOenbHOM TONNMBHON adhdpek-
TUBHOCTW) KONMMYECTBEHHYHO OLEHKY MOMe3HOCTH peLleHns (3) 3annucbiBaemM B BUAE

_ yl(X)_mOmax v 7/2(X)_Ktmax v
e e

HauBbicwee 3HaveHue 3HayveHnem Q(X) (B crnyyae OBYX KpuTepueB paBHOe
ABYM) O3Ha4aeT, YTO OMTMMarnbHOE peLleHne no obLliemy KpuTepuro OAHOBPEMEHHO
ONTUMaribHO N0 O60MM YaCTHbIM.

[1na HaxoXXaeHust BEKTopa ONTUMarbHbIX NapaMeTpoB X', ans koTtoporo Q(X)—2,
Obin BblbpaH MeToq OedOpPMMPOBAHHOIO MHOrorpaHHuka [3]. O9ToT meTon obrnagaet
OOCTaTOMHON 3(PPEKTUBHOCTLIO N BbICOKOW HAOEXHOCTbIO B YCMNOBUAX Hanuuusa cry-
YaWHbIX BO3MYLLEHUA MNK OWMBOK Npu onpegeneHnn 3HavyeHun ueneBon yHKUMK, a
TakKkKe XOpoLo aganTupyeTcs K OBPaXXHbIM OYHKLMSAM.

KoadhdpunumeHTbl OTpaXKeHUs1, pacTsKeHUst U CxaTus BbibpaHbl COOTBETCTBEHHO
a=1, p=0,5, y=2 [3].

lMpepnaraembin MeTO4 MHOFOKpUTEPUArIbHOW OMNTUMMU3AUUW TMPOEKTHbIX napa-
METPOB caMOs€Ta BKNOYaeT B ceb4:

— hOPMUPOBaHME HaYanbHOrO BEKTOpa MPOEKTHbIX NapameTpoB camonéta X°,
A0onycTMMOM 0bnactu nameHeHusa napameTpoB Xgon, YACTHBIX KpUTEPMEB ONTUMArbHO-
ctn 7,(X),...,7,(X), BbIbOp BapbMpyeMbIX NnapaMeTpoB napameTpuyeckon Moaenu;

Omin mOmax tmin t max
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— MOCTPOEHMNe NPOCTpaHCTBa peLleHnin MNMapeTo NyTEéM BblYUCIIEHUS KpuTepuarsb-
HbIX (OYHKUMI (Maccbl caMosniéTa B NepBOM MPUBAIMXKEHUN U yaenbHOro pacxoga Tonsum-
Ba [2]) Nnpn BapbMpOBaHMM NapamMeTpoOB MOOENN;

— popMmmpoBaHme obuiero kputepusa ontumansHoctn ¥ =[y,(X),...,»,(X)] ¢ no-

MOLLbIHO OYHKLIMIA NOSIE3HOCTUN YaCTHbIX KpuTepues [1];

— MOWCK ONTUMAarbHOro BekTopa X Mo MeToay AedOpMUPYEMOrO MHOMOrPaHHMKa
[3].

Llenbto gaHHoW paboTbl ABNAETCA uccnegoBaHne U OoNnTUMU3aums yxe CyLlecT-
BYIOLLEN MOAENN C PacyETOM MacC B NEPBOM MPUBAMKEHUN MO NPUBNMKEHHBIM pac-
YETHbIM MeTogaM u oopmynam [2].

B kayecTBe Bapbupyembix B npoLecce onTuMmnsaumm reomeTpudeckux napamer-
poB caMonéTta BblOpaHbl OTHOCUTENbHAA TOMLWMHA Kpbina, YANUHEHWE Kpbira, CyXXeHne
Kpblfna, CTPenoBMOHOCTb Kpblfia, OTHOCUTENbHbLIM pa3Max 3akpbliika, OTHOCUTESbHas
XOpAa 3akpbifnika U yron OTKIOHeHUs 3akpbinka. OcTarnbHble napameTpbl camonérta B
JaHHOW Bepcumn NporpaMMHON peanuaauuu 3agatoTcs nonb3oBaTenem.

KoahdumumneHT ¢, ABNALLNNCA KpUTEPUEM OKOHYAHUS MOUCKa IKCTpeMyMa Kpu-
TepuanbHON OYHKLMM NO MeToay AedPOPMUPOBAHHOIO MHOrorpaHH1Ka, Takke 3afaeTcs
nonb3oBaTenemM n ABnaeTcs napameTpom anroputmMa.

Mpn nomowm 3aTOoro mMeToda HaxoguUTCs BEKTOP X°1, obecneymBaloWMn MUHU-
MarnbHOe 3HaveHne mp (1), n BEKTOp on, obecneymBarOLMN MUHMMANbHOE 3Ha4YeHns K

(2). Npun cooTBeTCTBYIOLWEM Ymncne utepaumn ki n ko , oTpaxaroLwmx CKOpoCTb CXoau-
MOCTU. Takum oBpasom nonyyarTcs 3HAYEHUA Mo min ,Mo max » Kt min , Kt max 419 pacyéTa
obwero kputepua (7).

HauarnbHble TOukM Anst novcka X MeTonoM AedopMUpyeMoro MHOrorpaHH1Ka fo
obLemy kputepuio (7) BuibupatoTcs cryyaiiHbiM 06pa3oM 13 okpecTHocTn BekTopa X’
n X", B pesynbtaTte 4Yero nonyyaeTcd napa pesynbtatoB X*1un X*,.

AnropuTm pacyéTa BKIIo4aeT:

1. WcxogHble gaHHble UM OrpaHuvyeHus, onpegenswoowue gonyctumyto obnactb
N3MeHeHna napameTpoB Xgon , [PaHWYHbIE 3HAYEHUA W3MEHEHWs napamMeTpoB
X=(X1,X2,...Xm). [pn XenaHum nonb3oBaTenb MOXeT 3a4aTb HavanbHyt0 obnacTtb nouc-
Ka Xuau€Xgon-

2. leHepaumio crnyvyarHbiM 06pa3om s BEKTOPOB X e Xyay , U3 KOTOPbLIX BblOMpaeT-
cs napa BEeKTOpoB Xs' U XsZ — MyYLIMX MO KPUTEPUIO MUHUMYMA MAcChl 1 YAeNbHOI To-
NNuBHON 3ddeKTUBHOCTU. Yem Gonble OO6bEM HavanbHbIX UCCNegoBaHWA S, TEM
bonblle BEpPOATHOCTb BblOpaTb HOBYHO TOYKY, OMM3KYHD K OQHOMY M3 FOKarnbHbIX 3KC-
TPEMYMOB B Cfy4ae, eCnu NpoCTPaHCTBO pelleHunin NapeTo okaxeTca MHOro3KCTpe-
MarbHbIM.

3. OnpegeneHne aKCTPEMYMOB, ONTUMaribHbIX MO YACTHbIM KPUTEPUSIM 3HAYEHUSA
BEKTOPOB X01 " X°2 C NOMOLLbIO MeToAa AeopMmpyeMoro MHororpaHHuka 3a ki/k; ute-
paumMin C TOYHOCTbIO, OnpeaensieMon napameTpom onTumMmsaumn s. HayvanbHble TOYKK
BbIGUPAIOTCS CIyYalHbIM 06pa30M U3 OKPECTHOCTEel BEKTOPOB Xs' 1 Xs? .

4. OnpepeneHne BapyvaHTOB pelUeHUs 3a4ayn BEeKTOPHOM OnTMMmM3aumm no
0600WwEHHOMY KpuTeputo (7) ¢ noMoLbio MeToaa 4edOpMMPYEMOro MHOrorpaHHuKa 3a
k*1/k*, utepauui ¢ TOYHOCTbLIO, onpeaensiemMon napameTpom OonTUMM3auum g, , COOT-
BETCTBEHHO BeKTOPOB X'onr M XZonr. TOT M3 HUX, KOTOPbIi oBecneunBaeT Haubonbluee
3HayYeHue PyHKUMN MONEe3HOCTU, T. €. NnoKasaTesisa KayecTBa peLLeHns, U eCTb ONTUMMK-
3MPOBaHHbIN BEKTOP NapamMeTpoB ACKM3HOM Moaenn caMmonéeta Xonr.
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MapameTpamn anroputMa onTMMmU3aumm aBnerTcss 06bLEM HayvanbHOW BbIOOPKM
S, KOAPULMEHT TpebyeMon TOYHOCTU CXOANMMOCTU MeToda 4edPOPMUPOBAHHOIO MHO-
rorpaHHuKa .

Ha ocHoBe npeanoxeHHOro anroputMma cosgaHa nporpamma Ha a3bike Delphi,
peanusyroLas aBTOMaTUPOBaHHbIN PacyY€T OTHOCUTENbHbLIX MacC U B3NETHOW MaccChl
camMonéTa, a Takke ONTMMMU3aLMI0O OCHOBHbIX MPOEKTHbIX NapamMeTpPoB NO YaCTHbIM Kpu-
TEpUAM MUHUMYMaA Maccbl 1 MMHMMYMa yOerbHOro pacxofa Tonnmea, a Takke obemy
KpUTEpPMUIO.

B kauyectBe npumepa npoBedeHoO nccrnegoBaHve obnactu 3HavyeHur napamer-
poB, 6Nu3KMX K 3HavyeHMaM napameTpoB camonéta AH—140. HavanbHble 3HayYeHus
BapbupyeMbIX NapamMeTpoB Kpbifla CreHepuMpoBaHbl C MOMOLLBI AaTyuKka CryvanHbIX
yucren B OKPECTHOCTSX peanbHblX 3HA4YeHWn napameTpoB Kpblla camonéTa
AH-140.

PesynbTatbl pacyéta cBefeHbl B Tabnuubl, B KOTOPbIX cogepxaTtcsa Habop onTu-
MU3NPOBaHHbIX NapameTpoB (X01,X02,Xom), 3Ha4YeHus YacTHbIX Kputepunes mo u K, 3Ha-
YyeHus obwero kputepua Q(X) n BcnomoraTenbHasa nHgopmMaums o paboTte anroputma
onTUMM3aummn, NO3BONAKLLAN oLueHNTb paboTy anroputma.

CKOpOCTb HaxXOXAEeHMS ONTUMANbHOrO pelleHns (C BENNYMHON KpUTEPUS TOYHO-
CTW g) onpegensaeTcsa no KkonuyecTsy utepaunn ki, ko, k*1, k*2. MNapameTp A=Q(X1om) -
Q(X%m)/Q(Xonr) ONpenensieT, Hackonbko GNMU3KO APYr K APYry HaxXOAATCA pelUeHus
X1OHT 7 XZonT-

B tabnuue npusegeHbl pesynbtatbl 100 HE3aBMCUMbIX MOMCKOB MO YaCTHOMY
KPUTEPUIO MUMHUMYMa MaccCbl Mo Npu Manom obbEéme npeasaputTensHoro noncka s=10 n
cnyyamHoMm BblGOpe HauvarbHbIX 3HA4YeHUM uccredyemMblX MnapameTpoB B obnactw,
6nn3kon k napameTpam camonérta AH-140.

Ne | OtHocu- | YanuH- | CyxeHue | Ctpeno- |..| YpaenbHas Ha- Mo Ki 2—Q(X)
n/n | TenbHas | HeHue BUAOHOCTb rpyska Ha KpbIno

TOMLUMHA no nepea-
Kpbina Hen KpoMKe

1 | 16.6598 | 10.6978 | 2.2565 1.3067 .. 299.5681 20.718 | 3.21315 | 0.032474

2 | 16.8875 | 10.4081 | 2.2778 1.2914 .. 294.1063 20.597 | 3.21381 | 0.032090

3 | 16.7102 | 10.7416 | 2.2568 1.3080 298.6417 20.734 | 3.21193 | 0.032495

100| 16.8063 | 10.7947 | 2.3009 1.2954 .. 306.9357 20.678 | 3.21019 | 0.032270

Ecnn otbpocutb 20% Hamxyawmx 3HaA4YeHUrM mp, TO Hauny4wee OnTUMU3MPO-
BaHHOe 3HadeHne mg = 20.597, a Hauxygwee my = 21.044. Taknm obpasom, norpeLu-
HOCTb paboTbl anroputma coctaenuna 2.1 %, 4To ABNSeTCs BMNOMHE NPUEMNEMbIM Ha
OaHHOM 3Tane npoekTupoBaHus camonéta [2]. B pesynbTate yBenuyeHus obbéma
npegsaputenebHoro novcka s=1000 norpewHOCTb YMeHbLliaeTcs 40 2%.

Hanuune B Tabnuuax pesynbTatoB rpynn onTMMMU3MPOBaHHbLIX BEKTOPOB C HEMMU-
HUMarnbHbIM 3HAYEHNEM KpUTEPUS ONTUMM3aLMM NO3BOMSET NPeAnonoXuTb, YTO Npo-
CTPaHCTBO pelleHun [NapeTo sBnseTca MHOrO3KCTpEMarbHbIM.

YacTnyHaa Bu3yanusaumsa pesynstatoB eguHu4Horo nporoHa (Ne2 B Tabnuvue)
anropuytmMa onTuMmn3aumm nokasaHa Ha puc. 2-4.
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Puc. 2. BnusiHne yanuHeHust Kpbina A U yaenbHOW Harpy3ku Ha kpbinio P Ha mac-
Cy camoréTa B NepBOM NPUBIIMKEHMN Mo B OKPECTHOCTAX BEKTOPA Xonr

Puc. 3. BnvsiHne yonuHeHus kpbina A U yaenbHOW Harpy3ku Ha Kpbiiio P Ha
yOernbHY TOMSIMBHYI 3(MEKTUBHOCTb K; OT B OKPECTHOCTSX BeKTopa Xonr
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Puc. 4. BnvsaHue yanuHeHus Kpbina A v yaenbHOW Harpy3kn Ha Kpbino P Ha
obwmn kputepuin 2-Q(X) B OKpeCTHOCTSIX BekTopa Xonr

BbiBoAbI:

1. CchopmynupoBaH 06NN NOAXOA ANSA pelleHns 3a4ad MHOroKputTepuarbHOW
onTMMmM3auum Mogenun camorséTa.

2. MpepnoxeHHbIn anropuTMm peanuaosaH B cpeae Delphi ona cBéptkm aByx ya-
CTHbIX KPUTEPMEB Ha NMpMMepe ONTUMMU3aLMK reoOMeTPUYECKUX NapaMeTpOoB Kpbina rpy-
3onaccaxupckoro camonéta ¢ TB[. lNokasaHa 3aBMCUMMOCTb pe3ynbTaToOB ONTUMU3A-
LUK OT NapameTpoB anropuTma.

3. MNpocTpaHcTBO peweHnnt no MNapeto ansa camonéta ¢ TB[ aBnsieTca MHoro-
3KCTpeMarnbHbIM. YTOYHEHNE 3TOro TpebyeT AONONMHUTENBHbBIX UCCIEA0BAHNN.
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Y[OK 533.6.011 A.®. Maxmyn

JKcnepruMeHTAIbHOE UCCiled0BaHNe B3aUMO/IeiicCTBUS
MOrPAHUYHOIO CJIOSI HA TUIOCKOM IJIACTHHE ¢ TeHepaTopaMu BUXpeil

HayuoHarnbHbIl aguayUoHHbIU yHU8epcumem

BBeneHue

Ana ynydweHms asapognHaMuUyecKnx XapakTepuUCTUK OTPbIBHbIX PEXMMOB 06Te-
KaHna netatenbHoro annapata (J1A) sisnseTca ynpasneHne oTpbIBOM NMoToKa. MN3BecT-
HO, YTO (pakTopamu, onpesensarLnMmM OTPbIB NOTOKA, ABNAOTCA NOMOXUTENbHbIE rpa-
OVEeHTbl AaBneHnsa n BA3KoCTb [1, 2]. B ToO e BpeMsa OTpbIBOM NOTOKa Ha anemeHTax J1IA
MOXHO YNpaBnsaATb MyTEM M3MEHEHUS WU COXPaAHEHWUS CTPYKTYPbl BA3KOINO TEYEHWUS.
OaHum 13 cnocoboB NpeaoTBpaLLEHUS OTPbIBa SABMSETCA UCMONb30BaHNE reHepaTopoB
BUXpen. [eHepaTopbl BUXPEN Y)Ke AOCTaTOYHO A0Sroe BpemMsi UCMOoNb3yTCs B aBnaumm
AN NOBbILWEHNA NEeTHO-TEXHUYECKNX xapakTepuctuk JIA. BmecTte ¢ Tem, ele MHorme
BOMPOCHl B3aUMOAEWCTBMSA crnefa OT BUXpereHepaTopoB C MOrpaHuMyHbIM croem obTe-
KaeMbIX MOBEPXHOCTEN He Wu3yyeHbl. HeT onpegeneHHOro MHeHust 06 onTuManbHOM
dopmMe 1 reoMeTprUYeCKNX pasmepax reHepaTopos.

Lenb paboTtbl

Llenbto paboTbl SBMANOCE 3KCNepUMEHTanbHOEe MUCCrneaoBaHue BAUSHUSA crega
OT reHepaTopoB BUXPEN pasnNUYHON POPMbl U rEOMETPUYECKMX pa3MepoB Ha norpa-
HWUYHbIW CITOM MMOCKOW NMMacTUHbI.

MeToauka npoBeaeHusi aKCnepuMeHTa

OKcnepyMeHTanbHble UCCreaoBaHUsa NPOBOAUSIUCE HA adpoLMHAMUYECKON Tpy-
6e YTAL-2 HAY [3]. Ha ee 6a3e nsrotosneHa akcnepumMeHTanbHas ycTaHoOBKa Af1s Uc-
cnefoBaHWs XapakTepPUCTMK NOFPaHUYHOrO Criost Ha nnacTtuHe (puc. 1).

Mpn npoBegeHUN aKkCnepMMeHTanbHbIX MCCNeLOBaHNn NCNoNb3oBanach nnockas
nnactuHa (puc. 2 a, 6). NepeaHasa YyacTb NNAcTUHbI Cpe3aHa Ha «yc» C NapameTpamu,
NOKasaHHbIMM Ha puc. 2 a). MNpu nccnepgoBaHMaX GbINM MCNONBb30BaHbI reHepaTopbl
BUXPEN NPOTMUBOMOSIOXKHO HanpaBfieHHOro BpalleHus [4]. PacnonoxeHne reHepaTtopos
Ha nracTuUHe nokasaHo Ha puc. 2 6), a X reomeTpuyeckme napamMmeTpbl NpUBESEHbI B
Tabn. 1 n Ha puc. 3.

.
Puc. 1. ®oTo 3KCnepMMeHTansHON YyCTaHOBKM:
1 — KOOpANHATHOE YCTPOMCTBO BAOJSIb OCU OX; 2 — COMNSI0 a3poanHaAMUYECKON TPYObI;
3 — nnockasa nnactuHa; 4 — reHepartopbl BUXpen; 5 — AaT4mK NONHOro AaBNEHUs;
6 — KoopaMHaTHOE YCTPOMUCTBO BAOSb OCU OY.
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Puc. 2. 'eomeTpunyeckne pasamepbl NSIOCKOW MAacTUHbI U CXeMa PacrnosioKEHUS
reHepaTopoB BUXpeN

Tabnuua 1
"eomeTpunyeckme napameTpbl UCCeayeEMbIX reHepaTopoB BUXPEN
Nccnegyembin MapameTpbl
reHepartop X, Mm | hmm | [, mm | D,mm | b, Mm | B, mm | d, mm | h1, mm

"eHepaTop Ne 1 60 4 13.6 46 14 19 16.5 0]
leHepaTtop Ne 2 | 60 4 21 41 15 23 19 0
leHepatop Ne 3 | 60 6 18 48 12 19 15.5 6
leHepatop Ne 4 | 60 3.5 18 48 12 19 15.5 3.5

o D

e kI —+

TR ] - T %

SR

Puc. 3. BHewWwHW BN 1 reoMeTpuyeckne napameTpbl reHepaTopoB BUXPEN

lMepen HavYanomMm akcnepuMMeHTanbHbIX MCCreaoBaHUM ObiNM NPOBEAEHbI TECTO-
Bble MCMbITaHUA M30SIMPOBAHHOM MNACTMHbBI, B KOTOPLIX Oonpegensanacb 3aBUCMMOCTb
TOMLLUMHBI NOFPAHMYHOrO CIosi OT PACCTOAHNA 40 ee nepeaHen KpoMkn. CKOpOCTb NOTo-
Ka B paboyen 4acTn yCTaHOBKN B 3TOM 3KCNepumeHTe coctasnsana V., = 23 m/c, 4to co-
oTBeTcTBOBano uyucny Re = 0.63-10°. PesynbTaThl 3aKCMEpUMeHTa CpaBHWBANUCh C
OaHHbIMU, NONYYEHHbIMU aHANUTUYECKM ONA NAOCKOW NNacTuHbl [2]. NonoxeHne To4Kn
nepexoga flaMMHAPHOro NOrPaHMYHOro Cnosi B TypOyneHTHbIM onpeaensnocb nu3 cooT-
HOLLEHWN, NPUBEAEHHbIX B [2].

Ha puc. 4 nokasaHbl CpaBHUTESNbHbLIE 3aBUCUMOCTU N3MEHEHUST TOMLLWHBI Norpa-
HWUYHOrO Crosi BAOSb NNACTUHbI, MONyYEHHbIE SKCNEPUMEHTANbHO U aHANUTUYECKN.
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8.0
V, mn . K) cnepumenm
+ Pacuem
40 ]
// ol
/‘/
0.0
0.0 0.2 0.4 0.6 08 x 1.0
Puc 4. CpaBHMTeanble 3aBUCUMOCTU NSMEHEHNA TOJLLMHbI NOrPaHN4YHOro CrioAa BOOJb
NNacTUHbI

Ha pucyHke o603Ha4YeHO: y, MM — pacCTosiHMe AaTyMka MOSHOrO OAaBfeHust oT
nnacTuHbl; X = X; /b — oTHOCUTENbHOE PacCTOsiHME OT NepeaHern KPOMKW NNacTUHbl 40

[-TOr0 MEPHOro CeYeHnsl, B KOTOPOM YCTaHaBMMBAETCA JATUYMUK NOSTHOIO AaBneHus.
Pe3ynbTathl uccneaoBaHus
PesynbTatbl ncecnegoBaHnn npeacrasneHbl B BuOe  3aBMCUMOCTEN
y=f(V, X). Bhauane npoBOOMIMCb UCCREAOBaHUSA NO ONpPeaeneHunto TOMWMHbI Mo-
rPAHNYHOrO Criosi Ha U30NIMPOBAHHOW MMACTUHE HA OTHOCUTENbHbLIX PACCTOAHUAX X =
0.2, 0.4, 0.6. pe3ynbTaTbl 3TUX IKCNEPUMEHTOB NPUBELEHLI HA pUC. 5.
4.0

=0.2 A

" £
0.6 f

/

¥V, MM

>O @
YR ST

o
/
0.0 ey
0.0 0.2 0.4 0.6 08 5 10

Puc. 5. PacnpegeneHne ckopocTten B NOrpaHNYHOM Crnoe Hag U30SIMpoBaHHOM
NNacTuHon (7 =V, |V, — OTHOCUTENbHasA CKOPOCTb NOTOKA B NMOrPaHNYHOM Crioe Ha

nnacTtuHe)
Cnepyowim aTtanom paboTbl ABMANOCH MCCNEeAOBaHWE BMWSHWUS BUXPEBbIX

CTPYKTYP, CXOASLMX C reHepaToOpOB BUXPEW, XapaKTEPUCTUKN KOTOPbIX NPUBEAEHbI B
Tabn. 1, Ha TONLWMHY NOrpaHNYHOro Crosi NNacTuHbl (puc. 6...8).
2.0

=02,% =015

¥y, MM /

=l

o bes ’f / ,[
> T'enepamop Ne 1 “/
1.0 A N ey
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Puc. 6. PacnpegeneHne ckopocTen B NOrpaHNYHOM Crioe Hag nnacTUHOW
c reHepaTtopamu Buxpeit Ne 1...4 (x =0.2, X, = 0.15)
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Puc. 7. PacnpegeneHme ckopocTen B NOrpaHNYHOM Crioe Hag niacTUHON
c reHepatopamu Buxpen Ne 1...4 (x =0.4, x,. = 0.15)

3 nprBeaeHHbIX rpadpuyeckmx 3aBUCMMOCTEN BUAHO, YTO KaXAdbl U3 UCMbITaH-
HbIX TWUMOB rEeHepaToOpOB YMeHbLUAeT TOMLWMHY MOrpaHnU4Horo cnos. Bmecte c Tewm,
dopma 1 pasmMepbl BUXpereHepaTopoB BHOCAT CyLLEeCTBEHHbIA BKIad B yMeHbLUEeHue
TOMLWLMHbI NOFPAHUYHOrO CII0SA NAIOCKOW NNACTUHBbI.

4.0
2o ¥=06% =015 .
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* Ienepamop Ne 1
20 A pamop ¥ 2 2
o3 lenepamop Ne 3
* Tenepamop Ne 4 A
et
0.0 +— /ﬁé"”%
0.0 0.2 0.4 0.6 0.8 7 1.0

Puc. 8. PacnpegeneHue ckopocTen B NOrpaHNYHOM Cnoe Haf NnacTUHOW C reHepaTto-
pamu Buxpen Ne 1...4 (x =0.6, x,- =0.15)

Tabnuua 2 1 3aBMCMMOCTU, NOKa3aHHbIe Ha puc. 9, AaT BO3MOXHOCTb OLEHUTb
BNUSHWE reHepaTopoB BUXPEW PasfIMYHOrO Tuna Ha TOMWMHY MOrpaHUYHOro Cros
BAOSIb NSIACTUHBI.

Tabnvua 2
YMeHbLLEHNE OTHOCUTESBHOM TOLLMHBI MOrPaHNYHOMO COSt MPU YCTaHOBKE reHepaTo-
POB BUXpEN pasnuyHoro Tvna (8 =6, 15,

u3.nji )

Twunbl reHepaTOpPOB BUXPEN
X reHepaTop Ne 1 reHepaTop Ne 2 reHepaTop Ne 3 | reHepaTop Ne 4
0.2 0.714 0.643 0.500 0.571
0.4 0.706 0.647 0.470 0.528
0.6 0.629 0.592 0.363 0.407
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Kak BngHO 13 npmBeaeHHon Tabnuupbl 1 rpadmMkoB, HAMMEHbLIAA TOSWMHA No-
rPaAHUYHOro Cnosl y nnactuHbl ¢ reHepatopom Buxpen Ne3 (36 % OT TonwuHbl norpa-
HWUYHOrO CrOsi M30SIMPOBAHHOW NACTUHBI HAa OTHOCUTENBbHOM paccToaHun X = 0.6).

e
0.8 —f------- |
R R
o D
T Tehepaniop M3 P poneee E
A - | Fenepamsop Med | .
0.0 f | f I f |
0.0 0.2 04 x 0.6

Puc. 9. NlameHeHne OTHOCUTESTbHOM TOMLWMHBI NOrPaHNUYHOro CroA BAOMb NIACTUHbI
c reHepatopamu Buxpen Ne 1...4.

BbiBoabl
1. PaspaboTaHHas meToamka no3BonsieT onpeaensarb BAUSHUE reHepaTopoB
BUXPEN Ha TOMLLUUHY NOrpaHNYHOrO Criosi MI0OCKOW NNacTUHBbI.
2. Kaxabln U3 UCNbITaHHbLIX TUMOB reHepaTopPOB YMEHbLUAET TONLWUHY norpa-

HWUYHOrO Crios NSIOCKOWM nnacTtuHbl. dopma 1 pasmepbl BUXpereHepaTopoB BHOCAT Cy-
LLECTBEHHbIN BKa4 B YMEHbLUEHME TOSWMHbI MOrpaHMYHOro Ccriost nnactuHbl. Hau-
MEeHbLUAs TOSILLMHA MOrPaHNUYHOro Crod y MnacTuHbl C reHepaTtopoM Buxpen Ne3 co-
ctaBnsgeT 36 % TOMWMHbI NOrPAHUYHOIO CrOS M30NMPOBAHHOW MNACTUHbI HA OTHOCWU-

TenbHom pacctosHum X = 0.6.

Cnucok nutepatypbl

—

UxeH IN. YnpaBneHue oTpbiBoM notoka. M: Mup, 1979. -552 c.

2. WnuxtuHr . Teopus norpaHunyHoro crnos. - M.: Hayka, 1974. - 528 c.

3. Nasntok N.C. Makcumos B.C., ®punaHg B.A. PykoBoacTtso k nabopatopHbiM pabo-
Tam no aspoamHamuke. Knes: K MB®P.1963. -78 c.

4. Tapeukun B.M., Cepebpuicknn A.M., domnn B.M. NccnepoBaHne BnvUsiHUS reHe-

paTopoB BUXPEN Ha OTPbIB TypOYNeHTHOro norpaHnyHoro cnos. // - M.: Y4yeHble 3a-

nnckn WA, Tom lll, - Ne 4. - 1972. - C. 22-28.
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YK 535.241.13:534 M.®. NMonsakos, N.LW. Heentogos, B.A. MNManaruvn,
B.A. XopyHxun, B.T1. MNonskos, A.FO. Koponesa

MuHu-, MUKPO- U HAHOPOOOTHI

YKkpauHckas eocydapcmeeHHasi akadeMus es1e3Ho00pPOXHO20 mpaHcriopma,
XapbKo8CKUU HayuoHarsbHbIU yHU8epcumem paduoanieKmpoHUKU

1. MNocTaHOBKa 3apgaumn

NccnepoBaHua B o6nactn MUKPOPOOOTOTEXHUKM BedyTCs BO BCEX Pa3BUTbIX
cTpaHax mupa. 1o oueHkam cneunanucTos, B NPOMbILISIEHHOM NPOM3BOACTBE U Meau-
unHe 21 Beka MuKpopoboTbl ByayT urpate Beaywyk porib. AHanu3 crneyuanncTos
NASA nokasbiBaeT, 4To npumeHeHne MOMC nossonsieT NpubnnanTenbHO Ha NOPSAOK
ymeHbWwintb TMX 1 notpebneHne aHeprum asapokocMmnyecknx cuctem. B kavectse npu-
MepOB ycneLwHoro npumeHeHna MOMC B KOCMUYECKON TEXHUKE OTMEYalTCsl KpeMHME-
Bbl€ TMPOCKOMbI, aKCenepoMeTpbl, AAaTYMKMU AaBfEeHUs, KnanaHbl, MUKPOUCTOYHUKN
9HEprum, CUCTEMbl XMMNYECKOrO 1 BUONOrM4ecKoro aHanmnsa, BblICOKOYACTOTHbIE OMTU-
Yyeckne U MexaHudeckne unbTpbl, BbICOKOYACTOTHbIE KMoYM. HaumoHanbHOM HaHo-
TexHornornyeckon numumatneon CLUA npegycmatpmBaetcs cHuxkeHne TMX poboToB Ha
nopsgok. MNMpuBoabl U ABUraTtenun, N3rotToBneHHble No TexHonormm MOMC, 6yayT cno-
COBHbI 06ecneynTb 3HAYUTENBbHbBIE CUMbI U KPYTALWME MOMEHTbLI. OHM 3aMEHSAIOT 00bIY-
Hble MeXaHM3Mbl. Takne TexHonormm 6yayT Ncnonb3oBaTbCs NPU CO34aHUM MUKPOCTYT-
HWKOB, MUKPO30OHOOB M MuUKponnaHeTtoxonos. TexHonorma MOMC B HacTosLee Bpems
ABNSAETCA TEXHONOINMYECKOM OCHOBOW, Ha KOTOPOW CTPOUTCH BCA 3apybexxHas MUKPO- n
MUHUPOBOTOTEXHUKA. B OCHOBE pasBMTUS U NPaKTUYECKOro UCMONb30BaHUSA TEXHOSO-
MW MUKPOCUCTEMHOWN TEXHUKN NeXaT TEXHUKO-IKOHOMUYECKME GaKkTopbl (OKMAaeMbIe B
Oyaywiem npeumyuwiectsa). NepcnekTnBHbIM, a TakkKe UCMONb3yEMbIM YXe B HacTOs-
Lee BpeMs, ABMSETCS NPUMMEHEHNE MUHU- N MUKPOPODBOTOB B BOEHHOW TexHuke. OHu
obecneunBaloT HoBble hOpMbl BegeHMss BOEBLIX, pa3BeabliBaTerbHbIX 0becneyvnBato-
LWMX OEUCTBMMA C MOMOLLbIO MUKPOMUHMATIOPHBLIX CPEACTB CKPbITOro HabnwaeHus, Ha-
OEXHbIX 1 Manoys3BMMbIX CPeACTB pa3Beaku, oceelleHns obcTaHoBKM, CBS3W, HaBUra-
UunK, ueneykasaHusi, ynpaBreHusi opyxumem, pagnonogasneHus, oxpanbl [1]. Hanbonee
MHTEHCMBHbIE paboTbl HabnwgatoTca B CLUA no nMHUMKM NPOEKTHOro areHTcTBa nep-
cnekTuBHbIX 060pOoHHBbIX nccneposaHmn DARPA. BbinonHeHne NpoekToB no nporpaMmme
ocywectBnaAT okono 50 dompm n yHneepcutetos CLUA. NMepBbiMKn pe3ynbTaTtammn pea-
nm3aumm gaHHOW nporpamMMbl SBUNIUCb CO34aHME U MPUHSATME Ha BOOPYXEHWe OTAenNb-
HbIX yCTpoucTB Ha ocHoBe MCT ans aBMauMOHHO-KOCMUYECKOW TEXHUKU U PaKeTHO-
apTUINEepUNCKoOro BoOpyXeHusi. B xoaoe aHTUTEppOpUCTUYECKON onepauun Ha Teppu-
Topun AdraHnctana cneunogpasgenenus apmum CLUA aktmBHO ncnonb3oBann mano-
rabapuTHble MOOWNbHbIE NEpPEHOCHble poboTbl «Hermes» ana npoBeaeHnsa obLien
pasBeaku, novmcka n obesBpexunBaHnst NPOTMBONEXOTHbIX MWH. OCHOBHble paboThbl B
o6nacTn BOEHHOW MWKPO - U1 MUHMPODOTOTEXHMKN MPOBOAATCS MO TpeM nporpammam
[2]: ynpaBnsemble 6uonorndeckne cuctembl (Controlled Biological Systems); 6uono-
nobHble cuctembl (Biomimetic Systems); pacnpeaeneHHble poboTOTEXHUYECKNE CUC-
Tembl (Distributed Systems). XXuble 6uonornyeckne cucrembl 06ragaroT CroOXHbIMU K
YHUKanbHbIMX CMOCOBHOCTSIMM M B3aMMOLEWNCTBYIOT C OKpPY)KaloLen cpeaon, YTO MOXET
ObITb yCMEewHO UCNosib30BaHO B BOeHHOW obnactn. PaboTbl Mo co3gaHnio MUKpopoboToB
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Ha OCHOBE MPUPOAHbLIX BMONOrMYEeCcKUX OpraHM3mMoB (NPEMMYLLECTBEHHO HacekoMbiX) Be-
ayTca B MHTepecax MuHmuctepctea 060poHbl CLUA yxxe B TeYeHe ANUTENBbHOrO BPEMEHMW.

Lleris cmambu. Lenbio nporpaMmmbl yrnpasnsembix GUoNornyecknx cuctem Aensi-
eTcqa co3gaHne nNpoToTunoB BuocmucTemM Kak nnatopmbl Ans pas3paboTkn nepcnekTus-
HbIX BuocmncTemM nouvcka, obHapyXeHus, naeHTudukauum, namepeHnsa. B BoeHHbIX Le-
Nsax NnaHupyeTcs opraHnsauns UccrnegoBaHUn nNo ynpasneHuno buonornyeckummn obb-
ekTamn BuoTnyeckMMn metTogamm Yepes uandeckoe, TENSIOBOE, HEMPOHHOE, XMMUYe-
CKkoe CTMMyIMpOBaHWe, BHEAPEHMEe YNpaBnslowWmMx MatepuanoB u/unu yctpoucTs. Ha
€CTeCTBEHHble G1oopraHMambl NpegnonaraeTcsi BO3NOXUTb PYHKUMM OXpaHbl MU noucka
uenen B yCrioBUSAX HEM3BECTHOM OKpYXaloLlen cpefpbl, Mefikme cywiectBa MOryT 3anyc-
KaTbCs B pa3BarnvHbl 30aHUN B MOUCKAX XXepTB CTUXMNHBIX BeaCTBUI, ObITb 3anyLLeHbl No
Tpy6am ¢ Mukpokamepamm ans nx obcrnenoBaHms n T.4.

2. OcHOBHanA YacTb uccnegoBaHUM.

Passutne 6monogobHbIX MMKPOPOOOTOB MO3BONUT co3aaTtb poboThl 6onee rmb-
Kne n ycTtomuymBble, YeM COBPEMEHHbIE YCTPOWCTBA, B YCNOBUSX HeornpeneneHHou
BHELLHEN cpeabl, a Takke paspabotaTtb M uccrneaoBaTtb HOBble Matepuarnbsl, NPOMBbILL-
NEHHble TEXHOMNOMNKN, A4AaTYMKK U NpuBoAbl. [pakTnyeckne npunoXxeHnss dyayT BKNOYATb
pa3BeaKy, pasMUHMPOBaHWE, OOCTaBKY MOMeE3HbIX rpy3oB, cOop MHOpMaLMKn, paHHEero
OBHapy)XeHNs paaMauMOHHbIX, XUMUYECKUX, BaKTepMONornMyeckux 3arpsisHeHUn u gp.
[MpOoeKT MMKPOMEXaHMYECKOro feTarLwero HacekoMOoro, BbIMOMHSAEMbINA B YHUBEPCUTETE
Bepknu, CLUA, npegycmatpmBaeT co3gaHue yCTpOMUCTB C pa3MaxoMm KpbinbeB 10 — 25
MM, CNOCOOHbLIX OCYLLECTBNASATL aBTOHOMHBbIN NONeT. AHann3 KOHCTPYKLUUK nokasan crno-
COBHOCTb NbE303NEKTPUYECKNX ABUraTenen (MMerT KO3UUNEHT NONE3HOro OEnCT-
Busa 0o 90 — 95%) obecneunTtb HeOBXoAMMbIE 3HAYEHUSA NAIOTHOCTU SHEPTUN U BO3MOX-
HOCTb Nony4deHust Tpebyemon ansa nonerta MOLWLHOCTM C MOMOLLbIO COMTHEYHbIX BaTapen.
[Ona netawowmx MMKPOPOOOTOB — aHanoroB MPUPOAHbLIX HACEKOMbIX — AOCTaTOYHO
mMowHocTu nopsagka 10 MBT, 4TO yXXe B HacTosiLee BpeMsi 4aeT BO3MOXHOCTb MPaKTu-
YECKOro U3roToBIEHMS HEOOXOOMMBIX KPbIIbEB U UCTOYHUKOB NUTaHMs. [pobnemHbiM
ocTaeTcs cosgaHme Heobxoaumownm CY. OCHOBHOE NpenmMyLecTBO Nogo0HbIX poboTOB —
HEBO3MOXHOCTb 3aceyb MX ¢ nomowpbto cpencts MNBO. 3atpygHeHa Takke 6opbba c
HUMKW. BO3MOXHO rpaxgaHcKoe npuMeHeHue B LieNsX KOHTPOSS OKpyXXatollen cpeabl.
Pagom yHusepcutetoB CLUA paspabatbiBatoTca 6MonogobHble Lwararouwme MUKpopo-
BOTOTEXHUYECKME CUCTEMBI anroOpMTMOB pacrno3HaBaHUs 3NIEMEHTOB OKpY)KatoLlen
cpeabl, CY 1 anemeHTbl UICKYyCCTBEHHOrO MHTEnNnekTa. PoboTbl omkHbI ObiTb 060pyao-
BaHbl BbICOKO3I((EKTUBHBIMN PE3OHAHCHBIMW NbE303NEKTPUYECKMMM NPUBOAAMM, CO-
aepxaTb MUKpPOBMOEOKaMeEPY U AaTyMKU 3BYKa Unu Temnepartypbl, obecneynBatb He-
3aMeTHbIN NOUCK Lienen, B3aMmogencTamne ¢ KoMmaHgHbIM nyHKToM. Pa3paboTku cuctem,
NMUTUPYHOLLMX noBeaeHne 6eCrno3BOHOYHbLIX, BbINOSTHAKTCA C LENbi MHTerpauumn B
CXEMbl BbICOKOrO YPOBHSI yrnpaBneHus pedriekCoB HU3KOro ypoBHA. MpoekTbl, nogob-
Hble «CkopnmoH» (Scorpion Project), paboTbl ANA CNOXHbIX MHCNEKUMOHHbLIX 3agad
«Snake 2» 4gBnslTCAS  mnaeanbHbIMWM  ONS WUHCNEKUMOHHBLIX,  OUBEPCUOHHO-
pa3BeablBaTeNIbHbIX CUCTEM B Y3KMX MOMOCTSAX, KOPobax, KaHanNmM3aLUMoHHbIX KOSEKTopax
n Tpybax, Yem 0O bACHSAETCA 3HAYNTENbHBIN NHTEPEC, NPOABMASEMbIA K HAM BO BCEM MUpE.

MuHKn-poboT «Snake 2» noctpoeH B 1999 r., nmeeT 12 Konec BOKPYr Kaxgow
CeKunn TynosuLla, KpyTawmmn MoMeHT >12 Hm ans noboro 3BeHa MOXeT ABUratbCsi CO
ckopocTbto 0,1 m/c. CTPYKTYPHO MWHU-POBOT MOXET BKMoYaTbh A0 15 yHMduMUMpoBaH-
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HbIX cekumn. B kaxgon cekumm yctaHoBneHo no 3 asuratens. CocegHue cekuum co-
€ANHEHbl YHMBEpPCanbHbIM LWAPHUPOM. Y KaXOou CeKuun eCTb 6 MHpaKpacHbIX Auc-
TaHLMOHHbIX OAaTYMKOB, 3 MOMEHTHbIX AaTyMka,1 OaTyMK HaKMoHa, 2 YrnoBbiX AaTyvka
AN n3MepeHns NONoXKEHNS LWapHUpa.

Bugeokamepa, pacnonoxeHHass B rOfloOBHOM cekumm poboTa, npegHasHadeHa
Ans nepefayn BMAEOU300paXeHNa Ha yaaneHHbI MOHUTOP. YNbTpasBYKOBble AaTyu-
KW, YCTAHOBIMNEHHbIE Ha ronoBe poboTa, NCnonb3yTcs A 0bHapyXeHUs NPenaTCTBUN.
Mutanne ocywecTtenaeTca nubo no kabent, Nnbo 3a cyeT aHeprun GaTapen, pacno-
NOXEHHbIX B XBOCTOBOM CermMeHte. B MOMHOCTbIO aBTOMATHOM peXxume MWHU-POBOT
MoxeT paboTtatb Ao 30 MUH.

MogBogHbIE: BOCBMWHOrOE Laratouiee YCTpoOWCTBO, nNogobHoe omapy, n nna-
BaloLLiee, CNPOEKTUPOBAHHOE NO NOAOBUI0 MUHOIM, NO3BONSAIOT NPOBOANTL COBMECTHbIE
nccnegoBaHnsa gHa v TonwmHel Boabl. Oba yctponctea obnagatoT pobacTHbIMU CBOW-
CTBaMM MO OTHOLWIEHUIO K U3MeHSALWeMycs penbedy AHa U LWMPOTHO-BbICOTHOMY
yrnpaBeHunio.

PacnpedeneHHblie pobomomexHu4yeckue cucmemsbl. PaboTbl B 3TOM ob6nacTtu
BeOyTCA NO CneayroLwmM OCHOBHLIM HanpasneHmsiM: ymeHblieHne MMX (MuHu-, Mukpo-,
HaHOPOOOTLI); POBOTbI C AUHAMUYECKN U3MEHSEMOW CTPYKTYPOW; CUCTEMbI POBOTOB;
61Mopob6OTOTEXHNYECKNE CUCTEMbBI; MOUCK HOBbLIX TEXHUYECKMX METOOO0B YMNpaBreHus
poboTamu (HOBble CNOCOObLI CBSA3M, ANEMEHTbI MCKYCCTBEHHOMO MHTENNekTa). bonbLioe
BHMMaHWe yaensetca onTumanbHOMy GanaHcy mMexay MHAMBUAYanbHbIMU BO3MOXHO-
CTSIMU OTAENBbHOMO MUKPO- UM MUHU-POBOTA U BO3MOXHOCTAMU BCEN pOBOTOTEXHUYE-
CKOW CUCTEMbI B LENOM, MeXay UHTenneKkTyanbHbIMU CNOCOBHOCTSAMU OTAENBHOMO po-
6oTta n Bcen cuctemnbl. PacnpeaenenHsie PTC o6nagatoT yHMKanbHbIMU BO3MOXHOCTS-
MM MO BbIMNOSIHEHUIO OENCTBUMA B YCIOBUSAX OUCTAHLMOHHOIO ynpaBrieHusi, cnocobceT-
BYIOLLMX PELUEHNIO MNOCTaBIEHHbIX 3a4a4 C MUHUManbHbIM pUCKOM Anga nogen. Mapan-
nenbHas coBMecTHast paboTa MHOrOYUCEHHbIX MWUKPO- WU MUHU-POBOTOB CMOXET
3HaA4YNTENbHO COKPATUTL BbINOSIHEHNE HeObXoaMMon paboTbl. Kpome Toro, npumeHeHue
UHTerpupoBaHHon PTC 3HaunTenbHO gelleBne NCNonb30BaHNA KOMMMEKCHbIX PO60TOB.

OaHUM 13 XapakTepHbIX MPUMEPOB, UNMIOCTPUPYHOLLMX BOEHHOE MNPUITOXKEHUE
pacnpegeneHHon poboTOTEXHUYECKON CUCTEMBI, siBnsieTca npoekT Robart Il (HavaTt B
1992 r.), paboTbl NO KOTOPOMY BbINOMHATCA B LleHTpe KOCMMYECKMX M BOEHHO-
MoOpcknx poboTtoTexHunyecknx cuctem B Can-[uero, KanudpopHuna (SSC San Diego -
Robotics at Space and Naval Warface Systems Center, San Diego, C A). Mo atomy
NpoeKTy paspabaTbiBaeTcs NepcrnekTMBHasi poboTnsnpoBaHHaa nnartgopma Mmanoyss-
BMMOro 6onua, npegHasHavyeHHasi 4nsd NpoBeAeHUs pa3BedbliBaTeNbHbIX, OXPAHHbIX W
aHTUTEPPOPUCTUYECKMX crieLonepauun. B pamkax npoekta otpabaTtbiBatoTCA BO3MOX-
HOCTW MO KOOpAMHaUMK pednekCUBHOro TeneynpasneHnsa 1 BONpoCkl B3aMMoaencTBns
Mexagy OCHOBHbIM 60eBbiM poboTom Tuna «Robart Ill» n cemenctsom Bcnomoratenbs-
HbIX MUHMPOOOTOB (peluarLmx 3agadn pasBefkum U Hasurauuu) Tvna «Hexapod ll».
TexHn4Yecknin aHanums copep)kaTtefibHOM 4YacTu MNpenCTaBfeHHbIX COBPEMEHHbIX 3apy-
BGEeXHbIX MPOrpamMmM M OCHOBHbIX MPOEKTOB B 06M1aCT BOEHHOW MUKPO- U MUHUMPOOOTO-
TEXHVKM JAeT OCHOBaHME BBECTU B PaCCMOTPEHNE KOMMIIEKCHYO pa3MepHYH0 Knaccuguka-
LIMIO HOBOIO Krnacca poboTOTEXHUYECKUX CUCTEM CheLmnanbHOro HasHadeHus (cM. Tabn. 1).

Kak cnegyeT 13 npuBegeHHON Knaccugukaunm, BOEHHbIE MUHU-POBOTLI ABNSHOT-
CH NOrMYECKMM pa3BUTUEM Marioro Krnacca obbl4HbIX pob0oTOB (06pa3LOB TaKTUYECKOM
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Tabnuuya 1

Knaccudumkauna coBpeMeHHon 3apybexkHOM MUKPO- N MUHUPOBOTOTEXHMKM
crneumanbHOro HasHavyeHus

MapameTp Mwukpopo6oTbl | MUHN-po6OTLI  |OBbIYHBLIE PO6OTLI (Manbie)
XapakTepHblin pa3amep 2 -5cm 10-25 cm Csblwe 50 cm
Motpebnaemas MOW- | 5\ g4 By 5-100 BT Csbiwe 100 BT

HOCTb
Macca 0,1-10r 1-10 kr Csblwe 20 kr

pOBOTOTEXHUKN). 3a CHET NPUMEHEHNS aneMeHToB TexHonornm MOMC paspaboTumkam
yaanocb CHU3NTb MaccorabapuTHble nokasatenu NpoToTunos. KoMnnekcHbIN Xxe nepe-
xopq K TexHonornam MOMC He TonbKo JaeT BO3MOXHOCTb peanu3oBaTth AENCTBYOLME
MexaHuyeckne MMUKpopoOOThbl B pasmepax MPUPOLHbIX HACEKOMbIX, HO WU MopoXxaaeT
npakTu4eckoe cosgaHne GMoMmKpoOpoBOTOTEXHNYECKMX CUCTEM BOEHHOrO HasHadeHus.
HecmoTpsa Ha cBou cBepxmMarble pa3mMepbl, BOEHHblE MUKPO- N MUHUPOBOTLI ByayT 06-
napgatb OOCTaTOMHO PasBUTbIM UHTENNEKTOM. 10 MHeHuIo 3anagHbix pa3paboTymnKoB,
9TO Kracc aBTOHOMHbIX aJanTUBHbLIX POOOTOB (MHTENMEKTYyanbHbIX CUCTEM) TPETbEro
nokorneHus. Micxoas 3 noctaBneHHOW BHELWHEN Lenn, OHM CMOryT caMu nraHMpoBaTth
CBOK [OEeATENbHOCTb B HEU3BECTHOW OKpyXawlwen cpene; BCTPOEHHbIe anropuTmbl
obecneyaTt BO3MOXHOCTb caMooby4yeHus. MIHpopmaunmoHHass HacbIWweHHOCTb obecne-
ynmBaeTcs 3a c4eT COOCTBEHHOW Pa3BUTOM CEHCOPHOM CUCTEMBI. [1epCcnekTMBHbLIE BOEH-
Hbl€ MUKPO- N MUHUPOBOTHI ABMAKTCA NPUHLUNMANBHO HOBBIM KNacCcoM pobOTOTEXHU-
Yyecknx cuctem. B cuny xapakTepHbIx A5 HAX HU3KOM cebecToMMOCTH, BbICOKOM CKPbIT-
HOCTW, KpanHe Manon 3HeProBOOPYXEHHOCTN OHU NAAHUPYIOTCA K MPUMEHEHNIO B paMm-
Kax HoBbIX crieumdundeckmnx 3agad. OCHOBOM NX NPaAKTUYECKOro UCMNOMb30BaHNSA B UHTE-
pecax BOOPYXEHHbIX CUM, NO MHEHWIO 3anafHblX BOEHHbIX aHaNUTUKOB, AOSDKHA CTaTb
KOHLIENUMs MacCUpPOBAHHOIO NPUMEHEeHUs BOMbLIOro YMcna OAHOTUMHBLIX UHTENNEKTY-
anbHbIX MEeXaHWYeCKUX UM BMonorMyecknx MMKPOCUCTEM, BbINMOSTHAIOLWMX OOLLYHO rro-
GanbHylo 3agady B YCMOBUAX TECHOTO MHAOPMAaLMOHHOIO B3aMMOOENCTBUA KaK Mexay
OTAENbHBIMU MUKPOCUCTEMAMM, TaK U MEXAY HUMU U YENOBEKOM.

Pa3BuTre MUKPOPOBOTOTEXHUKN B NEPBYIO oYvepenb noTpeboBano co3gaHus co-
OTBETCTBYOLWMNX MUKkponpmusodos [3]. [nsa aToro, Hapsgy ¢ TpaguuMOHHLIMW NpUHLMNa-
MU OENCTBUS N KOHCTPYKLUMAMMW, CO34AHHBbIMU B pamkax TPagULMOHHOIO TOYHOro Ma-
LUMHOCTPOEHMS, Oblnn paspaboTaHbl COBEPLUEHHO HOBbIE NPUBOALI Af1s1 MUKponepeme-
LLIeHW, OCHOBaHHbIE Ha UCMOMb30BaHWUM ynpasnseMblx rmbkmux gedopmauuin. OgHUM
N3 TakUX NEepCrneKkTUBHbIX TUMOB MUKPOMPUBOAOB ABMSKTCA Nbe3onpueoabl. Ha puc. 1
MoKasaHa CxemMa OCHOBHOrO 3rieMeHTa Takoro npveBoga — nbe3onpeobpasoBaTens
SNEeKTPUYECKON 3HEPIMM B 3HEPIUI0 MexaHudeckoro nepemelteHus. OH npeacTasnseT
cobon nakeTt n3 nNbesokepammyeckmx wamnb 1 ¢ HaHeceHHbIMN Ha TopLbl cepebpsHbIMU
3NeKTpoAamu, Ha KoTopble napannenbHO NoAaeTCs anekTpuyeckoe HanpskeHue. Mpu
9TOM 3a cHeT 06paTHOro Nbe303NEeKTPUYECKOro addeKkTa NPoOUCXoauT yBENNUYEHne nnm
YMEHbLUEHNE TOMWMHbI Wanb B 3aBMCUMOCTM OT NOSMIAPHOCTU MPUNOXEHHOIO Hanpske-
Hus. Takne npeobpasoBaTtenu umeroT Gonblnin Xo4, YemMm ucnone3yowme aedopma-
UMIO pacluMpeHune-cxaTue, HO Xyalme TOYHOCTHble U curoBble napameTpbl. Makcu-
MarbHble BENIMYUHBI NEepeMELLEHNS Ha BbIXOAe TaKMX 3reKTpoMexaHn4ecknx npeobpa-
3oBaTenen (xon) - Ao AecATbIX AONen MUNIMMeETpPa; CKOpoCTb - Ao 1 - 2 Mm/c, norpeLu-
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HOCTb YNpaBnsieMoro no3vLUMOHMPOBAHNA - AONN MKM, yCUnme - COTHU H, MOLWHOCTb -
pecatkm BT. M3 Taknx npeobpasoBaTtenen co3garoTcs TPEXCTENEHHbIE MUKPOMaHMMYy-
NAUMOHHbIE cucTeMbl. OHM YacTO KOMBUHUPYIOTCA C OObIYHBIMU 3NIEKTPOMEXAHUYECKU-
MU MaHUMNYISAUMOHHBIMM cucTeMamn, obecrneynBaloMN nepemelleHne B AeCATKU
MUMNIMMETPOB C MOrPELLHOCTLIO, NepeKkpbiBAEMON MUKPOMAHUMNYNSLMOHHON CUCTEMON.
lMony4yaetca MaHUNynaTop, COCTOAWMM M3 NocrneaoBaTenlbHO COEAMHEHHbIX CUCTEM
rpyboro n TO4YHOro NO3NLMOHNPOBAHUSA, paboyunii Xxo4 KOTOPOro onpegenseTcs nepsou
CUCTEMON, @ TOYHOCTb - BTOPOWN. [TOMMMO Nbe303NEKTPUYECKNX, CYLLECTBYHOT MUKPO-
npvBOAbl N APYTNX TUMOB - MbE€30MArHUTHbIE, 3MEKTPO- U MArHUTOCTPUKLMOHHBbIE, Bn-
MeTannuyeckue, Ha adpdpekTe namaTn opMbl, ANEKTpocTaTu4eckne, NHeBMaTU4eCKue,
rmgpasnuyeckume.

L)

Puc. 1. Tbe3oanekTpuyeckne npeobpasoBaTenn MUMKPONPUBOAOB.
a — C noctynaTenbHOM gedopMauuen pacTsikeHne-cxatme: 1 — cekumst Nnbe3okepa-
MUYECKMX Wwanb, 2 — cnaHey, 3 — wnunbka, 4 — ramka, 5 — nnactmaccoBasi BTyJKa,
6 — cniogsHaa wanba; 6 — ¢ n3rmbHon gedopmaumen: 1,2— nNbe3oaneKkTpuyeckue
nnacTuHbl,3 — MeTannuyeckasa peccopa

M3 MukponprMBOoa4oOB ApyrnxX TUNOB Hanbomnee LMPOKoe pacnpocTpaHeHue nosny-
YUK anekTpocTaTudeckme. Takme MUMKPONpmMBOAbI MCMONb3YHT 3HEPIUIO ANEKTPUYECKO-
ro nonsi Ansi COBepLUEeHUs OBWMXKEHUS. DNEeKTpoCTaTUYEeCKMA NpUBOA MCMNONb3yeTcH B
KadyecTBe Mukponepekntodatenen CBY-cnrHanoB, NnepcnekTUBHbBIX ANS UCNOMb30BaHNA
B KOCMUWYECKNX CUCTEMAX CBA3M, MOCTPOEHHLIX N3 MUKOCMYTHUKOB. DTN NepekoyaTenm
obnagalT TakMmMmn nNpemMMmyLLLeCTBaMM, Kak HU3KME BHOCUMbIE NMOTEPU, Bbicokasa [0OPOT-
HOCTb, HM3Kad noTpebnsemas MOLLHOCTb, XopoLlasi U3onsuMsa Ha BbICOKOW 4actoTe u
HU3Kaa CTOMMOCTb. BO3MOXXHOCTb M3roTOBNEHNSA 3NEKTPOMEXAHNYECKNX NepeknoyaTe-
nen Ha ogHOM KpucTanne ¢ MUKPOSNEKTPOHHbIMM KOMMOHEHTAMM OTKPbLIBAET Nepcrekx-
TMBY CO34aHusA cucteM ¢ Bonee BbICOKOW (PYHKLUMOHAMNbHOCTbIO. [lepcnekTuBHO npume-
HEeHne MUKpo3epKan B onTu4ecknx npnbopax. MaccmBbl MUKpPO3epKan, OpueHTauus Ko-
TOPbIX MOXET YNpaBfsieMO U3MEHATbCS, UCMOMb3YKTCHA B KAa4eCTBE MWKPOMUHUATIOP-
HbIX MPOCTPAHCTBEHHbBIX MOAYNATOPOB cBeTa. Mukposepkana mMoryT MoaynmpoBaTth Jin-
60 amnnutygy, nnbo ¢asy nagarolero CBETOBOrO CuUrHana 3a CyeT M3MEHEHUs Ha-
npaBneHns unn OnAnHbl onNTU4eckoro nytyn nyya. OgHMM n3 apeKTUBHbLIX Cnocobos
yrnpaBfieHnsa nonoXeHnem Mukposepkasn, obecnevmsaroM MUHUMArbHYO Maccy u3-
aenus, ABnsieTCs MCNOonb30oBaHWE 3anekTpocTaTuyeckoro npusoga. Mcnonb3yembii B
TEXHUKe B6SI0YHO-MOAYNbHBLIN NPUHUKMN NnocTpoeHns cuctem B MOMC-ncnonHeHnn Gy-
OEeT peann3oBbiBaTbCA B BUOAE WHTErpUPOBaHHbIX B €4QMHOE Lenoe napannenbHbiX n
pacnpeaeneHHbiX MUHUATIOPHbIX adanTUBHbLIX U MHTEMNNEKTyarnbHbIX A4€EeK TUNa «CeH-
COp-npoLeccop-akToaTopy. Takme S4Yenkn ¢ eguHbIM MPUHUUMIOM NMOCTPOEHNSA AOJTKHbI
nmeTb cneunduyeckme ocobeHHOCTU, OByCrnoBMEHHbIE UX Ha3Ha4YeHueMm, T.e. OTNu-
yaTbCsl HAbOPOM CEHCOPOB, aKTHATOPOB, @ TaKKe UCMNOSb3yeMbIMU CIOXHBIMN (DYHK-
unoHanbHbiMn 6nokamu (CP-6nokamn) unm cuctemamm Ha kpuctanne (CHK), mukpo-
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npoueccopamu. Mcnonb3oBaHne Takux YHUMULUMPOBAHHbBIX SiYEEK MO3BOMUT CyLLEeCT-
BEHHO pacwunpuTb PYHKLMOHAlbHbIE BO3MOXHOCTU CYLLECTBYIOLLMX U3AENUN (KOCMU-
4YeCKOW) TEXHMKKN, a TakkKe co3gaTb MPUHUMNNANBHO HOBbIE TUMbl MUKO- MU HAHOCMYTHU-
KOB, NIIaHETOXOA4OB, YCTPOWCTB U NpMBGOPOB KOCMUYECKOro HasHaveHusi. B HacToswee
BpeMs paspaboTaHbl MWKPOpeaKkTUBHbIE OBUraTenu, MMellme pasMepbl nopsiaka
12x15x2,5 mm n passuBarowme Tary go 10 H, nmkocnytHmMkoB cBaA3n maccon o 250 r,
HaHOMMaHEeTOX0A0B MacCoN HECKOMbKO Kurorpamm 1 1.4. Ana MobunbHbIX MUKPOPOo6o-
TOB, NpeAHa3HaYeHHbIX AN nepeaBuKeHnsa B y3KNX NONocTax (TOHKne TpybonpoBoabl,
XEenygOYHO-KULLIEYHbIN TPaKT, KPOBEHOCHbIE COCyAbl YerioBeka M T. n.), paspaboTaHbl
crneumanbHble MUKPOOBWXUTENN, peanuaylowme cnocod nepeaBmKeHusi, NogobHbIN
Mcnonb3yemMoMy ryceHnuamm n 4yepssamu. BapmaHT Takonm cucteMbl NepeaBmKeHns Ha
Nbe30NpmuBOAax COCTOUT U3 HECKOSNbKUX Mbe303NEKTPUYECKUX CErMEHTOB, COEANHEH-
HbIX LleHTpanbHbIM CTEPXHEM M3 TOro e Martepuana. [lonapHo pacwupsowmecsa 3a
cYyeT Nbe3oaddeKkTa cermMeHTbl BbIMONHAT (PYHKUUN PMKCATOPOB, a noctynaTesibHoe
nepemMeLLeHe OCYyLLEeCTBSETCA NyTeM YANMHEHUS LIEHTpanbHOro CTepxHs. YactoTta
nmnynebcos aAsmxeHus - 10 - 20 MIu. CywecTBylOT aHanorMyHble CUCTEMbI, OCHOBAH-
Hble Ha nHeBmaTuKe. Ha nepegHeMm M 3agHeM KOHUAxX Takoro Mukpopobota umeroTcs
NHEBMOMKCATOPbI, KOTOPblE NONEPEMEHHO 3aKpennsatTca Ha cTeHkax nonoctu. [pu
3TOM Kopnyc poboTa Takke MnonepemMeHHO yANMHSETCS NPy 3akpensieHHOM 3aJHeM U
COKpaLlaeTcs nNpu 3akpenneHHoOM nepeaHeM KoHue. [Anga nepeasukeHnst nogobHbIX po-
60TOB UCNONb3yeTcs U ynpaBnsemoe BHeLHee curoBoe MarHutHoe none. OCHOBHble
obnacTn MMKpPONPMBOAOB M OCHOBAHHbLIX HA HUX MUKPOMAaHUMNYNATOPOB U MUKPOPOOO-
TOB — 3TO MUKpoobpaboTka, cObopka, cBapka, buonorndyeckne u chapmakonornyeckme
TEeXHOMnormm, MeaumunHa (SHAOCKONUS, AOCTaBKa NekapcTB K onpefeneHHbIM opraHam,
xupypruyeckne onepaummn). MOMC TexHoOnormm NO3BOMAT M3roTaBnMBaTb MUKPO-
MaHUNYNATOPbI, PacnonoXeHHble Hag NOBEPXHOCTbIO nnaTtbl. Hanbonee yacto B yCT-
ponictBax MCT, cogepawmx U 3NEeKTPOHHYI, U MEXAHNYECKY YacTb, MCMOMb3YHTCA
rMbpunaHble KOHCTPYKLUMK, T.€. MEXaHMKa N NIEKTPOHUKA U3roTaBnMBaOTCS Ha pasgenb-
HbIX MOANOXKAX, XOTS TEXHOMOrMyeckme npouecchbl Ana NonyyYeHUs Kaxkaonm 4yactu Mo-
ryT 6bITb CXOOHBIMM UMW NMETb PSS OANHAKOBLIX Onepauui, a 3aTeM 00beauHATCS B
obuee Lenoe ¢ UCMNonb30BaHMEM MNPOLECCOB CBApPKWU: aHOOHOW, MPSMOM, C MPOMEXY-
TOYHbIM crioem [19] nnu cenekTUBHLIM ranbBaHNYECKUM OCaXKAEHUEM N MOHTaXOM [4,
5]. OnuHa cxBatoB 2700 mkm, wnpunHa 40 Mmkm, TonwmHa 200 mkm. MNMpusoaarcs B aen-
CTBME NOCPEACTBOM 31EKTPOTEPMMYECKOrO BO3AencTBnA. C MOMOLLBbI CENEKTUBHOMO
npouecca MOHTaXa KOHTaKTHble MAoWazKkn NPUCOEANHSAIOTCA K nrowanke, HO MUKPO-
CXBaTbl NepemeLlalnTca Hag NoanoXkonm cBoBoaHO. [Ana MCKNIYEHUs ONacHOCTU KO-
POTKMX 3aMblKaHUA Ha KOPMNyC 3a30p Mexay 3axBaTOM M KOpPrycoM [OOSKeH ObITb
6onbwe 20 MkMm. [Ans MCKNIOYEHUA Harpeea 30Hbl CXxBaTa bMMeTannuyeckumn TonkaTenb
BblHECEH B yOaneHHyk 30Hy. [NpeobpasoBaHue KpyTAWEro MOMeHTa SIBNAETCHA Bax-
HEMLWMM MNPUHUUNOM MEXaHWKK, UCNosib3dyeMbiM B MpuBodax, y3nax, YCTPOWCTBax W
cucTeMax MUKPO- MEXaHUKWU. STOT MPUHLMN UCNOSb3yeTCsa U BO MHOMMX MEXaHU4eCKUX
cucTemMax C Uenbio CHUKeHUSA TpeboBaHnmn K MOLLHOCTU ABUraTens UCTOYHMUKA NUTaHUS.

Bbiclwumm goctmxkeHnem B knacce asuratenen ¢ KoHurypauuen [6] paboyen no-
BEPXHOCTN B BMAe rpebeHoK aBnsatTca cunbl nopsgka 25 mkH. B 6onblwimHCTBE npak-
TUYECKUX crnyyvaeB TpebyloTcs 3HayveHusa cunbl Ha ypoBHe eguHuy, H. [na pelseHus
npobnembl BpalleHne nepegaetcsa vyepes pegykrop ¢ HeobxoauMbIM KOI(PPULMEHTOM
nepegayun. 3ybupl LLECTEPHM HA Barny ABUraTens UMeKT AMamMeTp MEHbLLE YeroBE4ECKOro
BOJIOCa, Yron AaBreHus B 3aLienneHun paseH 20°. 3ybuaTble koneca AOmKHbI UMETb BbICO-
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Ky MMOCKOCTHOCTb Ansi obecneyeHnsi nocrneayowero N3rotoBNeHMs MeXaHM3mMoB BEPXHE-
ro ypoBHsi. TunoBas TonwmHa paboumx KPEMHMEBBIX CII0EB KOHCTPYKLUMM paBHa 4 MKM.

K ctaHgapTHbiM anemeHTam kpemHueBon MOMC oTHocaTcs 3ybyaTtble MUKPO-
asuraTtenu, obecneymBaroLLime NPeLM3NOHHbIE NOBOPOTHI (BpalleHUs) 3fIEMEHTOB YCT-
PONCTB Ha 3adaHHble 3Ha4yeHusi. MukpoaBuratenu npegHasHa4vyeHbl AN KOHTPONsS To4-
HOCTM BpaLleHnss mexaHndecknx anemeHtoB MOMC n obecneumBaloT 4acToTy BpaLle-
H1a oT 1 go 200 nepemelyeHnn «3yba» B cekyHay (1 war B 5 mc). MuHmuaTiopHble pobo-
Tbl, CHabXXeHHble gaTyMKaMmun, MOryT HAaNTU NPUMEHEHME BO MHOMMX OTpacnsax NpoMbiL-
NEHHOCTU, 30paBOOXPaHEHNd, Hayku. Tak, cO34aHO 3HAYUTESTIbHOE KONMYECTBO MUKPO-
poboToB, paboTalowmx B TOKONPOBOAALLMX XKNOKOCTAX. B JIMHKONWHICKOM yHUBEpCUTE-
Te, WWBeuunsa, paspabotaH MmkpopoboT ¢ pasmepammn 670x170x240 mkm ans paboTbl B
KPOBW, YPUHE N APYrMX cpefax. QNekTpoHHas HaduHka poboTa 3awmuieHa TOHKUM Crio-
eM nonunuponna. [letanu, BbINOSIHEHHbLIE M3 MONUNMPOIA, CNOCOOHbI COKpallaTbes
noaobHO MycKynam npu NPOXOXOEHUN Yepes HMUX SNEKTPUYECKOrO ToKa, YTO UCMOSb30-
BaHO B MaHuNynatope, KOTOPbI MOXET paboTaTb Aaxe C OTAENbHbIMU KreTKaMMu.
O6opyaoBaHHbI CEHCOPHbIM B1oKOM MUKPOPOBOT npeBpallaeTcs B MuUKponabopaTto-
pUI0, CaMOCTOSTENBbHO MEPEMELLALLYOCa U NPOBOASLLY0 aHanmabl BHYTPU XXUBOTO
opraHuama. NarotoeneHo 140 ak3eMnnspoB Takumx poboToB. [NpoaeMoHCTpupoBaHa mnx
BO3MOXHOCTb NEePEMELLEHNA MUKPOOOBEKTOB rpynnoBbiMK ycunuamn. PoboTbl moryT
UrpaTb posb XMPYPruyeckoro MHCTpyMeHTa Ans 6eCKpOBHbIX onepauni — Kak KpynHbIX,
B XO4€e KOTOpbIX Lenas rpynna 6yaet gencresoBaTb coobuua, Tak U foKanbHbIX, Ha Kne-
TOYHOM YPOBHE.

B Kutae cosgaH nnasarwowmnin MukpopoboT anuHon 3 MM, KOTopbii B Byayliem
O6ynet ymeHblweH go 1 mm, a 3atem go 0,1 mm, n BygeTt AocTaBnATb NEKapCTBEHHbLIE
npenapaTbl B pasHble Yactn Tena. epemelsaetca poboT noa AEVNCTBUEM BHELLUHETNO
MarHUTHOrO MOMs, KOTOPOe ynpaBnseT ero MUKPOCKOMMYECKMMU nraBHUKamn. O4yeHb
BaXXHbIM HarnpasneHnem ncnosibdosaHnss MOMC MnkpopoboToB U MaHUNYNSTOPOB SiB-
nseTcsa Nx NPUMEHEHMe B Ka4eCTBE YCTPOMUCTB MUKPOMO3ULNOHNUPOBAHUS N MHCTPYMEH-
TanbHbIX CPEACTB U3YyYeHUs U MoauduKaumm MOBEPXHOCTM B HAHOTEXHOMOMMYEeCKMX
npoueccax [9 — 10]. 3To Takne ycTpomnCTBa, Kak KaHTUNEBEPbLI TYHHEPUPYIOLLNX CKaHU-
PYHOLLUMX MUKPOCKOMOB N aTOMHbIX CUJTOBbIX MUKPOCKOMOB, MaTpuLbl 30H4OB «MWUIU-
Hege», MHOro30HAOBbIE MyaHCOHbI B Mpoueccax HaHorneyaTHou nutorpadumn («HaHo-
UMMPUHTUHIa»), CKAHEPOB N 30HOO0B B NepbeBOM NUTorpadum ¢ UCMNofb30BaHMEM CKa-
HUPYIOLLMX 30HO0BbIX MUKPOCKOMax MMeeTcsl BO3MOXHOCTb Mory4daTb KapTbl pacnpege-
neHnsa uenoro psiga uamyecknx n pUsnKo-XMMMYECKUX XapakTePUCTUK MOBEPXHOCTN,
TakMx Kak Tonorpadusi, pacnpegeneHne npunoBEePXHOCTHLIX 3MEKTPOCTAaTUYECKMX,
MarHuUTHbIX, 3NEKTPOAMHAMUYECKNX CUIT, CUIT TPEHNSA, TEMNNOBLIX NMOMEN, TENNONPOBOA-
HOCTW, 9NEKTPONPOBOLHOCTM C BbICOKMM NPOCTPAHCTBEHHbLIM pa3peLlleHnemM BnoTb 40
aTtomMHoro, 6narogapsi co3gaHuMio 30HO4OB crneuuanbHbIX TUMOB, a Takke pas3BUTUIO ar-
napaTHbIX CpeacTB U nporpammHoro obecneverHuns. 3oHgamm B C3M aBnsatoTcs ocTpble
Urnbl. B TYHHENbHbLIX MUKPOCKONax — 3TO crneumanbHbiM 00pa3oM 3aTOYeHHble MeTarn-
NNYECKNEe nnm NonynpoBOAHNKOBLIE NMPOBOASLLME UMMbl, B BIIM3KOKONbHOM OMTUYECKOM
MMUKPOCKOMUN — 3a0CTPEHHbIE CBETOBbIE BOSIOKHA, B CKAHMPYHOLLEN CUNOBON MUKPOCKO-
MMM — UMbl, 3aKpenneHHble Ha ynpyrnx 6ankax. Tak kak paspelsatrowias cnocobHOCTb
MUWKPOCKOMOB 3aBUCUT OT yrna 3aToYkM U paguyca CKpyrneHusa 30HAa, bl BbINOMHA-
IOTCS C MUHMMATbHbIM AOCTVXXUMbIM paguMycom (3 HM).

Yron HaknoHa 6anku B npouecce CKaHUPOBAHUSA PErMCTPUPYETCA UIM nepecyun-
TbIBAaeTCA B penbed — npu 3TOM cuna B NPOLIECCE CKaHMPOBaHUsS OyaeT U3MEHSTbLCS,
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UM NOLAAEPXKMBATLCA NOCTOSIHHOW BepTUKaNbHbIM NEpPEMELLEHNEM KaHTuneBepa. Ta-
KON pexmm nsMepeHusi penbeda HasblBaeTCA KOHMaKmMHbIM cKaHupoeaHuem. B
npoLecce KOHTaAKTHOrO CKaHMpPOBaHUA mMexay obpasuoM U KOHYMKOM KaHTunesepa C
O[HOM CTOPOHbl OENCTBYET BaH-Aep-BaanbCOBble CUMbl OTTaNKUBaHWS, SKCMOHEHLM-
anbHO BO3pacTallne C YMEeHbLUEHNEM PAaCcCTOSHUS, @ ero CTOPOHbI yrpyro gedopmMmu-
poOBaHHOW Banku KaHTUMeBepa — cuna ynpyroctu, U B criydae M3amMepeHuin Ha BO3ayxe,
KanunnsipHble cunbl (Kak NpaBuiio, 3TO CUMbl NPUTsKeHNUd). MIMeHHo nocnegHumn on-
penenanTcsa MUHMMAarbHbIE CUIbl B NPOLLECCE KOHTAKTHOrO CKaHupoBaHud. [dunanasoH
atx cun 1...5:10° H. B cnyyae, ecnv paguyc KpMBu3Hbl KaHTunesepa MmeHblwe 10 HMm,
B CMCTEME 30HO-MOBEPXHOCTb pa3BMBaeTCs gaBrieHne donblue 1,5-108 Ma (1500 at™m), 4TO
NPMBOAUT K NNacTU4eckum gedopmaumnsam 60nbLIMHCTBA OpraHUYeCcKNX MaTepmarnos.

CyuwiectByeT BO3MOXHOCTb 3HauuTenbHo (0o 1000 pas) CHM3UTb faBreHue Ha
obpaseuy. [Ina aTOro perncTpmpyroT HE N3MEHEHME YrIa HakrnoHa Gankun kaHTunesepa, a
N3MEHEHNe aMnNnTyabl €e Pe30oHaHCHbIX KonebaHuin. Takon pexmm HasbliBatoT Mony-
KOHTaKTHbIM UKW «TEMNMUHI» (MOCTYKMBaAHME) — PEXUMOB CKaHMpoBaHus. lMpu aTom no-
BEPXHOCTb OLLYMbIBAOT KONEOMOWNMCA 30HAOM B pEXUME MarblX Pe30HAHCHbIX Kore-
BGaHuin KOHCoMNN, BO30YXXAaeMbIX Nbe30aKyCTUYECKMM AfieMeHToM 5. AMnnutyay kone-
GaHui nrnbl ycTaHaBnuealoT B AnanasoHe 1-50 HM 1 cuuTbiBalOT poToamMoaom 4 Kak
CYMMY MEPEMEHHbIX CUrHANoB B CEKUUAX. Bbicokas 4yBCTBUTENBHOCTb CKaHUPYHOLLNX
TYHHENUPYIOLLNX MUKPOCKOMOB LOCTUraeTcsl 3a CHET TOro, YTO TYHHENbHbIN TOK yBENu-
4YnmBaeTCs Ha Nopsaok u 6onee NpuM N3MEHEHNN PaccTosHMA Ha BenuymHy atoma. Obb-
e[VHEeHne rpynnbl MHAMBMAYANbHO YyNpaBNseMbIX KaHTUNEeBepoB B Matpuuy (Hanpu-
mep, 32x32=1024 30HO0B) NO3BONSIET OCYLLECTBUTL rPynnoByo 06paboTKy ydacTka no-
BEPXHOCTU 3aroTOBKM UITN 3aNnUCU — CHUTbIBAHUS MHPOPMaLIMKN Ha XecTKkne ancku [8].

KaHTuneBepbl 1 Munnvneae UrotaBnuealroTCs rpynnoBbiMn metogamu. Livkn una-
rOTOBNEHUSI MACCMBHbLIX KPEMHMEBLIX KAHTUIIEBEPOB BKITHOYAET: (hOPMMPOBAHMNE KPEM-
HWEBbLIX CTONOUKOB, N3 KOTOPbIX NOCMEAYIWNM 3a0CTpeHNEM ByayT BbIMNOMHEHbI UIbl;
dopMMpoOBaHME KOHCOSN; HAHECEHNE OTpaXkaloLLero NOKpbITUS; pa3aenieHne NnacTuHbI
Ha oTaenbHble Yunbl. PU3NYECKN COBPEMEHHbBIE KaHTUNEBEPLI N3roTaBfMBAOTCA B BU-
ae umnos wupuHon 1,6 £0,1 mm, gnuHon 3,5 — 4 mm, TonwmHom 0,35 — 4 mm. KaHTune-
BEPbl XapaKTEPU3YHTCHA KECTKOCTbI, PE30HAHCHOW 4YacTOTOW C OCTPbIMM UrNamMu Ha
cBOOOAHbIX KOHUax unu 6e3 Hux, 4OBPOTHOCTLIO, (POPMON UrMbl, PaANyCOM KPUBU3HBbI
30HAA. TUNOM NOKPbLITUS MOBEPXHOCTM UMbl (MAarHUTOYYBCTBUTESbHbIE CIOWU, NPOBO-
AslWme cnow, OuanekTpuyeckue, TBepable NOKpbITUsS). MexaHumdeckn cBomcTBa Mpo-
ctenwero 6esvronbYaToro KaHTUNEBepa B BuAe napannenenunega anuHon L, Tonwm-
HoWM h n wunpuHon b onpeaensatoT konebaHusa nog 4ENCTBUEM NEPUOLMNYECKON PaCKaYKm
aepxarensa Boonb ocn Z (Z=acoswt ) n manbix BenmunHax gedgopmaumm U(x,t) oud-
depeHumnanbHbIM ypaBHEHMEM BTOPOro nopsaka:

2
Md—u+Hd—u+K[U—acos((ot)]:O, (1)
dt? dt

roe M — acbdbekTMBHA Macca kaHTuneBsepa; H — 3aTyxaHue B cpefe, AeMngupoBaHue,
notepu; K — >XeCTKoCTb.

Torga, ecnn amnnutyga konebanu 6anku npu x = 0 paBHa a, TO B COOTBETCT-
Bun ¢ (1) amnnutyga konebaHu csobogHoro koHua 6anku 6yaet onpeaenaTbcs Bbl-
paXxeHnem
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a a

U(w) = (2)

1c02
2

1— ()2 i.ﬂ_ OBV
‘ ( )+Q 600‘ (1——0) + 5

™o o) g

/ k
roe og = Vi nepsasi pe3oHaHcHas vactoTa 6anku; Q =k/Hwg — 4o6poTHOCTL KO-

nedaHum danku.
XecTtkocTb kaHTUNEBepoB K,, U pe3oHaHcHas yacTtota fr anga 6anku B dhopme

napannenenunega cBA3aHbl C UX reoMeTpu4eCkKMMmn napametTpamm n ynpyrumMmm KOH-
CTaHTaMun matepuana Oanku cneayrowjmuMmm COOTHOLLEHUAMMN!

3
K, = E-h 3W 3)

4.L
fr :0,1621F, (4)

L2 \Vp
a ero TOpCnMoHHa4d XXeCTKOCTb
B E-h3.w

Yooe@+n)-L-I (5)

roe h — TonwmHa; w — wupuHa; L — anvHa kantuneeepa; E — moaynb ynpyroctu (ans
kpemHust E = 1,45:10"" H/M?); p — nnoTHocTb MaTepuana 6anku (ONns KPeMHUS p =
2330 KF/M3); | — pnvHa nrnbl; n — oTHoweHwue [yaccoHa (0,3).

[ns kaHTuneBepoB ¢ V-o6pasHbiMn Gankamm

fr—at |E (6)

L2\Vp
roe a = 0,194+0,284 B 3aBUCMMOCTM OT KOHKPETHOW reomeTpum 6ankn, a cunosas KoH-
CTaHTa k? npu 3TOM onpeaensaeTcs BblpaXXeHnem

_E-h3~w
2.3

MmetoTca MHOroymcneHHble nybnmkaumMm o co3gaHum poboToB He TOMbKO B MUK-
POMETPOBOM Auana3oHe pasmMepoB HO M B HaHOpa3MepHon obnacTtu, B 4YaCTHOCTU, C
ncnonb3oBaHmem HaHoTpybok n OHK — ctpkyTyp. C MUKpO- n HaHopoboTamu (Tak Ha-
3blBaeMbIMK acceMbrnepamm) CBA3bIBAOTCA HaAeXabl Ha peLleHne BONpoCcoB O4HOro 13
BMAOB COOPKM HAaHOYCTPOWCTB B MaccoBoM npoussocartee [11]. JanbHsas nepcnektnBa
pa3BuTMA POBOTOTEXHMKM 3TO CO3daHMe accembriepoB, CaMOBOCMNPOU3BOLALLNXCA UH-
TennekTyanbHbIX MallWH, NpedHa3Ha4YeHHbIX NS BbINONIHEHUA ONpedeneHHoro Buaa
cbopoyHbIx paboT, a Takke amcaccemMbnepoB, KOTOpble NO3BOMAT pa3obpartb nobon
0OBbEKT Ha COCTaBnAKOLWME ANIEMEHTbI, OS5 XMBbIX OPraHN3MOB COXPaHUTb FeHeTu4ve-
CKMW KOO N BHOBb BOCCO34aTb UX. bnectdawmne nepcnektusbl, €Cn YenoBeyYecknin pa-
3yM OKaxeTcs cunbHee 3nal

ko (7)
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BbiBOAbI

1. MCT saBnseTtca OMHaAMUYHOW, ObLICTPO pPa3BMBAKOLLENCA OTPACIbIO TEXHUKM,
Ob6nactn npumeHeHus poboTOB C Y4ETOM UX MUHMATIOPU3ALUA N NOBbILLEHNS YPOBHS
NHTENnekTa B 6nuxkanwee gecatuneTne CywecTBeHHO pacwmpaTtces. OHm 6yayT Heob-
XOOUMbl B OCBOEHUN HOBLIX BbICOKOABTOMAaTM3NPOBAHHbLIX MPOM3BOACTB, B MeAULMHE,
dapmMakonormm, B HaAHOTEXHOSOMMSX, BOEHHOW TEXHWKE, MOHUTOPUHIE OKpYXKatoLlew
cpegbl, 6opbbe cC TeppopuamoM, obOpaszoBaHuM, ObITOBOM TEXHUKE, pPaKETHO-
KOCMUNYECKOWN TEXHWUKE, CUCTEMAX TENEKOMMYHMKaLUUA U T.4.

TexHonorum MOMC, HaHOTEXHOMOMN U MUKPOPOBOTOTEXHMKA TECHO B3auUMO-
CBsi3aHbl U OOCTMXKEHNSA B Kaaon n3 HMx OygeTt cnocobCTBOBaTh peLLeHuo npobnem
CMEXHbIX HanpaBeHWm, T.€ OHN ABNATCS CUHEPTNYECKUMN TEXHONOTUAMM.

[ns nepexoga K Npou3BOACTBY TEXHMKM HOBOrO MOKOSNEHMsI HEO6XoaMmo uc-
Nonb3oBaHME TEXHOMNOrm4eckon 6asbl MMKPOSNEKTPOHHLIX MPOM3BOACTB M Koonepauus
Hay4HbIX U NPON3BOACTBEHHbIX KOMMEKTUBOB, @ TakKe yCTaHOBNEHNE MeXOyHapoL4HOro
Hay4YHO-NPON3BOACTBEHHOIO COTPYAHNYECTBA.

Heobxoanma Takke gonrocpodHasi nporpamma pasputusa MOMC n HT Ha Yk-
panHe, a Takke rocyaapcTBeHHasi nogaepxka paboT Kak NpMOpUTETHLIX HanpasnieHni
pa3BUTUA TEXHUKKN 21 BeKa.
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YOK 004.312.02, 312.022 E.H. Kopobkosa, 10.UN. AnuHny

Ipunoxkenne cCBOMCTB 0000IIEHHBIX JIOTHYECKUX PYHKIMI
K CHHTE3Y MHOTO()YHKIIMOHAJbHBIX TPUITEPHBIX YCTPOIICTB

Genzopodckuli 2ocydapcmeeHHbIl mexHonoaudeckul yHusepcumem, Poccus
HauuoHarnbHbIU aspokocmudeckul yHusepcumem um. H.E. XKykoeckozao « XAU»

NMocTtaHoBKa npo6nembl. O6LENPM3HAHO, YTO OOHUM U3 NYTEN YNy4dLIEHMS OC-
HOBHbIX XapaKTEPUCTUK LIMPPOBbLIX YCTPONCTB aBTOMATUKN, BbIYUCIIUTENBHOW TEXHUKN
N CUCTEM YMNpaBfeHUs SBMSETCA UCMONb30BaHWE NPOrpamMMMpPyeMbIX FIOTMYECKMUX UHTE-
rpanbHbiXx cxem (MJINC) [1]. OgHako 3aecb BO3HMKaET pag npobnem, obycrnoBneHHbIX
OrpaHNYEHHOCTbID OTeYecTBEHHOro pbiHKa MJIMC, CTOMMOCTBIO MMNOPTHOW 3N1EMEHT-
HOW 6a3bl M NaKkeToB CUCTEM aBTOMaTU3MpPOBaHHOro npoektuposaHus (CAIP).

Kpome Toro, goctynHele naketsl CAINP MoryT no Kaknm-1o KpUtepuam He yaos-
neTBOpPATH pa3paboTymkoB annapaTypbl, @ HECAHKLNOHMPOBAHHOW KOPPEKTUPOBKE, Kak
npaBuno, He NOAOATCA.

PeweHne Bo3HUKaOLWMX NPy 3TOM NpPoBnemM noa cumny KpynHbIM NpeanpuaTuam m
9KOHOMMYECKN OMNpaBAaHO TONbKO Npu cepurHoM npoussoacTtee. Kpome Toro, ncnone-
3oBaHune lNJINC He Bcergaa uenecoobpasHO MpU U3rOTOBIIEHUM IKCNEPUMEHTAmNbHbIX
06pa3LoB, MakeToB B y4ebHbIX M Hay4YHO-UCCeaoBaTenbCkMx naboparopusx, a Takke
YCTPOWCTB MESIKOCEPUNHOIO M LUTYYHOro MPOM3BOACTBA HETMMNOBLIX GIIOKOB U y3roB
LUNPOBLIX YCTPONCTB aBTOMATUKM U CUCTEM YNpPaBeHUs.

[MoaToMy akTyarnbHbl BONPOCHI pa3paboTku HOBbLIX aHaNUTUYECKUX METOLOB No-
MMYEeCKOro NPOEKTUPOBaAHUS N COBEPLUEHCTBOBAHMS CYLLECTBYIOLLMX, MOCKOMbKY Takue
MEeTOAbl MOryT UCMOMb30BaTbCs CaMOCTOATENbHO, @ Takke CNyXWTb OCHOBOW paspa-
60TkKM HOBbIX NaketoB CAIP.

Mopaenstowee GONbLWNHCTBO M3BECTHbLIX aHANUTUYECKUX METOO0B NOrMYECKOro
NPOEKTUPOBAHNA OCHOBaHO Ha TPagMUMOHHOM MpPeACTaBfEHUN 3HAYEHUN OYHKUUA B
obnacTtn onpeaeneHns B BUAe NormM4eckoro Hyns n eauHnLbI.

Hapsigy cO MHOrMMM 4OCTOMHCTBAMM Takoro NpeacTtaBiieHns OHO MMEET U HEKO-
TOopble HegocTaTku, obycrnoBneHHble B60oNbNMM YMCNOM ToYek obnacTn onpegeneHus,
4YTO BfEYET 3a cobon yCrnoXXHEHNME MHOIMX 3adadv aHanmsa n CMHTEe3a, CBA3aHHOE C pe-
LeHneM o6 bEMHbIX KOMOMHATOPHbLIX 3adau.

Kak 6b1510 nokasaHo B [2], npeacTaBneHme TpaguuMOHHbIX JIOTMYECKUX PYHKLMIA
B popMe 0B606LLEHHBIX nornyeckux yHkumn (OJ1P) nossonseT ynpocTuTb npoueaypy
MUHMMKU3aLMK, a pa3paboTaHHble NMporpaMMHblE CpeacTBa CxaTtusi obnactm onpene-
nexus [3] gaT BO3MOXHOCTb aBTOMaTU3NPOBaTb NPOLECC NpeacTaBneHns aTuX oyHk-
unn B dpopMe 0600LLEHHBIX C NOCNeayrLwen X MUMHIMU3aUumMen B cxxaTton obnacTu.

Mpn cnHTE3e MHOrOQYHKLMOHAMbHbBIX TPUITEPHbLIX YCTPONCTB, MMerLwmnx 6onb-
LLIOE YUCIO YNPaBnSALWMX CUTHAMOB, KOTOpble 06ecnevnBaloT HaCTPOWKY Ha 3aJaHHble
PEXUMbI, BO3HUKAKOT TPYAHOCTKU, 0OYyCnoBneHHble 60MnbLION pasMepHOCTbIO Tabnuubl
dYHKUMOHNPOBaHNA. bonee TOro, crnoXxunocb MHeHue [4] 0 NpuHUMNNaNbHON HEBO3-
MOXHOCTUK pelueHna nogobHbIx 3agad doopmaribHbIM cnocobomM, OCHOBaAHHbIM Ha Tab-
NNYHOM NpeacTaBneHUN (PyHKUMI NPpU NPUEMIEMbIX pa3mepax Tabnumubl.

AHanus nccnepoBaHnn n nyonukaumn. O6bLIYHO B TakMX Criydasix MCNONb3YHOT
MeToa aekomnosuumm [4,5], pasbuBasa 3agadvy Ha cuctemy bGonee nNpocTbiX Noas3agau.
[MockonbKy 3ajaya OeKoMnosuuum He oopManui3oBaHa, TO pesynbTaT €€ pelleHus B
NoAoOHbIX cryvasax B 3HAYNTESNIbHON CTENEHN 3aBUCUT OT OMbiTa NPOEKTUPOBLUMKA.

114



Llenb ctaTbu — COBEpLUEHCTBOBAHME METOA4a CUHTE3a MHOrOgYHKLMNOHANbHbIX
TPUITEPHbIX YCTPONCTB, OCHOBAHHOIO Ha npeacTaBneHnn n npeobpaszoBaHnn PyHKLMIA
anrebpbl norvkn B 0606WEHHON dopme n obecnevnBatoEro COKpalleHNe BPEMEHMU
pa3paboTku N CHMXKEHNE €€ CTOMMOCTW.

MeTopa peweHus. VicxogHon nosvuuen popmanbHOro cMHTesa MHOroyHKLUNO-
HanbHbIX TPUITEPOB ABNAIOTCA Tabnuubl PYHKLMOHMPOBAHUS, YNCNO HABOPOB KOTOPbIX
pasHo 2", roe n — 4MCNo yNpaBRsoOWMX CUrHanNoB (NepemMeHHbIX), onpeaensoLmx
PEeXMMbl HACTPOWKM TpuUrrepa.

Mpn pelueHnn NoctaBneHHOM 3agaun 6ygem OpueHTUpoBaTbCA Ha npencTaBne-
HUE N MUHUMU3aLNIO PYHKLNA B CKaTbIX KapTax C COCEQHUM KoaupoBaHueMm [6].

[Ons vnnictpauun NpunoXeHns cBOMCTB OBO0BLLEHHBIX NOrMYecKnX OYHKUNA K
CUHTE3Y MHOTOYHKLMOHANbHbIX TPMITEPOB pacCMOTPUM ABa npumepa.

B kayectBe nepBOro npumepa, OCHOBAHHOIO Ha npeacTaBneHun QyHKUMN B
dopme OJI® ¢ 3aBUCMMbIMM NapamMeTpamu, BbINOSTHAM CUHTE3 CUHXPOHHOIO YHWUBEp-
CanbHOro Tpurrepa, UMeKLEero naTb PEXMMOB: XpPaHEHUS,, CUHXPOHHOW YCTaHOBKU B
HyneBOE COCTOSIHNE, CUHXPOHHOW YCTAHOBKW B €AWHUYHOE COCTOSAAHWE, MYNbTUMNIEKC-
HOW 3arpysku MHdopmaumu no 3agaHHOMY agpecy U CYéTa. YCNoBHOe un3obpaxeHue
Tpurrepa nokasaHo Ha puc. 1.

Tpurrep nmeet Tpu agpecHbix Bxoga (A,AA,), ceMb NHPOPMALMOHHBLIX BXOO0B

(D, —D,), Bxoa paspelueHus pexuma cyéta (T ), BXOA CUHXPOHHOM YCTaHOBKU B eOu-

HUYHOE COCTOsiHME (S ), BXOA4 NMPUOPUTETHOW CUHXPOHHOM YCTAHOBKW B HyrieBoe CO-
cTtosaHue (R ) u BxoA4 nogayun uMmnynbcoB cUHXpoHmnsauum (C).
Pexumbl paboTbl Tpurrepa:

- pexxum xpaHeHus (Q" =Q"),ecim R=S=A=A =A =T =0,

- PEXUM CUHXPOHHOW NPUOPUTETHON YCTaHOBKM B HyneBoe cocTosiHme (Q"" =0),
ecnu R=1 ( He3aBMCMMO OT OCTarbHbIX CUrHaroB ) ;

- PEXUM CUHXPOHHOW YCTAHOBKM B eAuHWYHoe cocTosiHne (Q™' =1), ecnu
R=0,S =1 ( He3aBMCUMO OT OCTarlbHbIX CUrHamNoB ) ;

- pexum paspelueHus cuéta (Q™ =Q"),ecrim R=S=A =A =A, =0,T =1;
- PEXUM MYNbTUNNEKCHOW 3arpy3ku ¢ noboro n3 cemm MHPOPMaUMOHHbLIX BXO-
nos D, (Q" =D,), HoMep koToporo 3afaétcs 3HadYeHneM agpecHoro croa A AA,

OTNINUYHBLIM OT Hyns, Npn R=S=0.

B cootBeTCcTBUM C OBLIUM anropMTMOM MPOEKTUPOBaAHUS LMGPOBLIX aBTOMATOB
C namaTbio [5] NnpeacTtaBnsem NPOEKTUpPYEMbIM TpUrrep B popMme 0gHOOMTOBOro aBTO-
MaTa, COCTOSILLEero U3 AByX YacTen: namstu (COBCTBEHHO Tpurrepa) n KoMbuHauMoH-
HOW YacTu (CXeMbl yNpaBneHus), Kak NnokasaHo Ha puc. 2.

[MpoekTnpoBaHMe CBOAUTCH K KIacCMYeCcKon 3agade cuHTe3a ogHOOUTOBOro a.-
TOMata C NamsATblo, BbINOMIHEHHOrO Ha TUMOBOM D -Tpurrepe, npu onpegesieHnun ero
dyHKUMKM BO3OYxaeHua D' :

D'=f(R,S,T,A,A,A, D, DD, D,,D,,D,,D,,Q").
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Puc. 1. YcnoBHoe 0603Ha4veHne Tpurrepa Puc. 2. Cxema ogHoGMTOBOrO aBTomaTa

MonbiTka pewuTb 3Ty 3agadvy, NpeacTaBnss yHKUMIO B Tabnuue UCTUHHOCTW,

3aBeIoMO obpeyeHa Ha Heyaady, NockosnbKy Tabnuua 6yaeT cogepxatb 2 Habopos.
Mpeaonaraetcs hopmanmMs3oBaHHOE pelleHne JaHHOW 3aadn C NOMOLLbLIO npea-
ctasneHus pyHkummn D'B dpopme OJID ¢ TpakToBKOM nepemMeHHbIXx R,S,T Kak nepsuy-

HbIX, @ OCTanbHbIX — Kak BTOPM4YHbIX. B kayecTBe He3aBUCUMbIX NapaMeTpoB Bbibrpaem
D,,Q",Q", a B ka4yecTBe 3aBMCUMbIX — MUHTEPMbI, 06pa3yemMble nuTepanaMmm agpecHbix

nepemeHHbIX (M = A /AA ).
Kak 6b1510 oTMeyeHo Bhiwe, Nnpy R=S =0 pexum paboTbl 3aBUCUT OT 3HAYEHUI
aflpeCHbIX NepeMeHHbIX (MUHTEPMOB, onpeaensieMblX 3TUMU NEePEMEHHbIMN): HyNeBble

3HauYeHns onpeaensT pexum xpaHeHnsa Q"' =Q" (npu T =0) n cuéta Q""" =Q" (npw
T =1), @ HEHYNEBbIE — PEXUM MYTNbTUMIIEKCHON 3anncy nHgopmauum Q" =D,. Cne-
AoBaTtenbHo, byHKUMO D' B pexmme XpaHeHUst MOXeM NpeacTaBuTb B BUAE NPoOn3Be-
aexust Q"m,, B pexume cyéta — Q'm,, B MynbTUNIEKCHOM pexume — Dm. (i 0).

Mp R=0,S=1- D'=1, npu R=1 — D'=0. KomnaktHoe npencraBneHue pe-
XMMOB npueeaeHo B Tabn. 1.

Tabnuua 1
Tabnuua peXXMMmoB HaCTPOUKU TpUrrepa

T D’
Qm, v Dm, v D,m, v D,m; v D,m, v D,m, v Dym, v D,m,

Qm, v Dm, v D,m, v D,m; v D,m, v D,m, v Dyms v D,m,

alalamjolo| ol o]l ©
A OI0|~ Ol Ol O
OO0 = O
OO0~

lMpenctaBneHHble B Tabnuvue 3HavyeHus pyHKuMmM D' 3anucbiBaemM B COOTBETCT-
BYHOLLME KITETKM BOCbMMINIEMEHTHOM KapTbl C COCEAHUM KOAMPOBAHMEM MO NEPEMEH-
HbIM R,S,T , KaKk NokasaHo Ha puc. 3.
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Puc. 3. Kapta KapHo dyHKuumn Bo3byxaeHusa Tpurrepa

Onyckass KOMMeHTapui K npoueaype BblOeNeHUs npaBUIibHbIX KOHUrypauumm,
3anucbiBaeM nopsifkoBble HOMepa KOHUrypaumin, Homepa KneTtok, obpasyroLmx aTm
KOH(purypaumm, n CooTBeTCTBYIOLLME UM NPOCTblEe UMMIVKaHTbI B BUAe NnpovsBeeHns
MUHTEpPMa (NTOrMYeckorn CyMMbl MMHTEPMOB) Ha KOopAMHATYy KOHdurypauum [6,7]:

1-<0,2>: RTQm,; 2-<1,3>:RTQm,; 3-<0,1,2,3>: RDm;; 4-<2,3>RS.

CoeguHaa nosnyvyeHHble NPOCTble UMMSIMKaHTbl 3HAKOM JIOrM4yeCcKoM CyMMbl, 3a-
nucbiBaeM MuHMMarnbsHyto JH® dyHkumn D', a Takke ogHy M3 CKOBOYHbBIX (OPM:

D'=RTQm, v RTQm, v DMR VRS =R[(Q®T)m,vDm, v S].

Mpn peanusaumm cxembl Ha [JIMC npegnoyvteHne cnenyet otaaTb NepBOM
dopme npeacTasneHna OyHKUUK, a Npu peanusauun Ha MUKpPOCXemMax Maroro ypoBHS
WMHTErpauum — BTOPOMN.

B kayecTBe BTOpOro npumepa pacCMOTPUM CUHTE3 MHOTOQYHKLIMOHAITbHOIO Tec-
TUPYyEMOro Tpurrepa.

Bonpocbl TecTpoBaHua 0COGEHHO akTyarnbHbl NPY NOCTPOEHWM aBTOMATOB Ha
MIINC, nockonbKy AOCTYN K OTAENbHbIM 3fIEMEHTAM CXEMbI OFPaHUYEH.

Npesa noctpoeHnsa TectMpyemMoro LUmdgpoBoro aBTomara COCTOUT B TOM, YTO €ro
anemMeHTbl namatn (D-Tpurrepbl) coeanHeHbl B NOCneaoBaTenbHy0 LEenoyky, obpasys
cOBurarowmnm perncTp, YTo Aaé€T BO3MOXHOCTb Nogayn TeCTOBOM MOCreaoBaTeNlbHOCTH
n e€ cuntbiBaHus [8].

[na noctpoeHns Taknx aBTomaToB Tpebyetca D-Tpurrep, nmewowmin JONONHN-
TenbHbIN MHGOPMaLMOHHbIN BXxod D4, kak nokaszaHo Ha puc. 4.

i

W T A OO

!
@]

Puc. 4. YcnoBHoe 0603HavYeHne TeCTMpyemMoro Tpurrepa

Pexumbl paboTbl Tpurrepa:
- pexum xpaHeHuna (Q" =Q"),ecim R=S=L=T =0;
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n+l

- PEXUM CUHXPOHHOW YCTaHOBKM B HyneBoe coctodHne (Q"" =0), ecnu
R=1 S =0 ( He3aBMCMMO OT OCTasbHbIX CUTHASOB ) ;

- PEXMM CUHXPOHHOW YCTAHOBKM B €AMHWYHOEe cocTosiHne (Q"'=1), ecnm
R=0,S =1 ( He3aBMCUMO OT OCTarIbHbIX CUrHasoB ) ;

- PeXuM 3arpys3ku C anbTepHaTMBHOro MHgopMaumoHHoro Bxoda D, (pexum
TecTupoBaHusi Q" = D,) npy R =S =1 (He3aBUCMMO OT OCTasIbHbIX CUrHAIIOB);

- PEeXUM 3arpy3kM C OCHOBHOIO MHAOPMaLMoHHOro Bxoda D (Q™™ =D) npu
R=S=0,L=1 (3HayeHune curHana T HEeCyLLeCTBEHHO ) ;

- pexum paspelueHns cuéta (Q"™ =Q"), ecrim R=S=L=0,T =1.

MpeacTtasnsem dyHkumio Q" B dpopme OJID ¢ HesaBUCMMBIMM NapameTpamu,
NMPUHMMasn 3a He3aBWCKMble NepeMeHHble curHansl R,S, L, a octansHble (Q",T,D,D,) —

3a napameTpbl ( Tabnuua cokpaTUTCs 4O BOCbMM CTPOK, Kak NokasaHo B Tabn. 2).

Ta6nuua 2
Tabnuua peXxumoB HaCTPOMKK TpUrrepa

S R L D' =Q"™
0 0 0 TeQ"
0 0 1 D

0 1 0 0

0 1 1 0

1 0 0 1

1 0 1 1

1 1 0 )

1 1 1 )

MpeacrtaBneHHble B Tabnuue 3HaveHns D'=Q
3NEMEHTHON KapTbl C COCEAHUM KOAMPOBAHWEM MO rnepeMeHHbiM R, S, L ( puc. 5).

n+1

D

[{

B

5]

Dl

7]

S

3arncbiBaeM B KIeTkn BOCbMU-

R

L

Puc. 5. Kapta KapHo dyHKuumn Bo3byxaeHusa Tpurrepa
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Onyckass kOMMEHTapui K npoueaype BblAeNneHus npaBuibHbIX KOHUrypauun,
3anucbiBaeM nopsiKkoBble HOMepa KOHUrypaumn, Homepa KneTtok, obpasyrowmx aTu
KOH(purypaumm, n CoOoTBETCTBYIOLLUME MM NPOCTbIE UMMANKAHTbI B BUAE NPOM3BEAEHNS
KOOpAUHAaTbl 3TON KOHUrypaunm Ha 3HadeHne yHKLUMN B HEN:

1-<0,4>: RL(T®Q"); 2-<1,5>:RLD; 3-<4,56,7>: SD,; 4-<4,5>:SR.

CoeavnHss nonyyYeHHble NPOCTble UMMIMKAHTbI 3HAKOM FIOMMYECKOW CyMMbI, 3a-
nncbiBaeM MuUHUMarnbHyto JH® dyHkumn D', a Takke ogHy U3 CKOBOYHbBIX (DOPM:

D'=RLTQ"vRLTQ" vRLD vRS vSD, =R[L(Q®T)vLDvS|vSD,.

Mpn peanusaumm cxembl Ha [JINC npegnodteHne crnegyeT oTaaTb NepBOM
dopme npeactasneHna PyHKUUK, a NpU peanusauun Ha MUKpPOCXemMax Maroro ypoBHS
WMHTErpauum — BTOPOMN.

BbiBoAabl

MpeonoxeH MeTon cMHTE3a MHOTOQYHKLUMOHASTbHbLIX TPUITEPOB, OCHOBaHHbLIN Ha
pa3breHnn MHOXECTBa BCEX MEPEMEHHbIX, ONPeaAensaLnX pexnmMsl paboTsl Tpurrepa,
Ha OBa NOOMHOXECTBA, OAHO M3 KOTOPbIX TPaKTyeM Kak NepBUYHbIE NEePEMEHHbIE, Or-
penensawLlmne KoopamHaTbl TOYEK HOBOM 06nacTu onpeaeneHnst Ha JaHHOM pa3bueHun,
a BTOpPOE — KaK BTOPMWYHbIE, Onpeaensiowme 3Ha4eHnsa PyHKLMM B TOYKax HOBOW 06-
nactu onpegeneHus, ¢ nocrnegyrwmm npeacTaBneHneM u MMHUMmM3aumen yHKUMn B
CcXKaTbIX KapTax C coceaHuMm kogupoBaHueMm. [peanoXKeHHbI MeTod NMO3BOSNI COoKpa-
TUTb YMCNO TOYek obnacTu onpegeneHnsa PyHKUMIA BO3OYXOEHUA Tpurrepa, 4Yto ynpo-
CTWNO NpoLeaypy CMHTE3a B LIENOM.
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YK 621:65.011.56 H.3. Xomsikoea, P.I1. Bonowyk

NMuTanuoHHOE MOIeTUPOBAHME ABTOMATHU3MPOBAHHON CHCTEMBI
NMPOrpaMMHOI0 ¥ ONITUMAJIBHOT0 KOPPEKTHPYIONIET 0
ylpaBJ/ieHHsI pa3BUTHEM IPOU3BOJCTBA

HauuoHarnbHbIl aspokocmudeckul yHusepcumem um. H.E. XKykoeckozao « XAU»
BBepneHue

B coBpeMeHHbIX yCrnoBUSAX HECTaLMOHAPHOW 3KOHOMMKM OCOBYH akTyanbHOCTb
npuobpeTaloT 3agadn pasBUTUA NMPOM3BOACTBA, B YACTHOCTU 3aJayvv CO3[aHus aBToO-
MaTU3NPOBaHHbIX NPOU3BOACTBEHHbLIX CUCTEM, B KOTOPbIX MMEETCA BO3MOXHOCTb Obl-
CTPOro M3MEHEHUA HOMEHKNaTypbl W, rnaeBHbIM obpa3om, obbema npoussoacTea [1].
BosHukaeT noTpebHOCTbL B YCKOpPEHHON pa3paboTke NporpaMMHbIX M3MEHEHUN o6bema
NPOM3BOACTBA M COOTBETCTBYIOLLUMX MPOrpaMMHbIX YMPaBnsoWmnX OyHKUMA Ons peanu-
3aumm Ha onpefeneHHOM OoTpe3ke BpeMeHu. PeweHne aton 3agadn ssnsietca obasaH-
HOCTbIO BbICLUEro PyKOBOACTBa Npeanpusatus. He mMeHee BaxkHa 3agada BbINOSMHEHUS
nporpaMmbl U3MEHEHUI aKTMBHbIX MPOM3BOACTBEHHbIX (POHAOB C HAMMEHbLLUMMMK OT-
KNMOHEHUSIMU OT MporpaMmMHbIX yHKUMIA. OTBETCTBEHHOCTb 3a pelleHue 3TOW 3agaduv
NEXNUT Ha onepaLMoHHbIX U PUHAHCOBBIX MEHEKEPaX.

B HacTosiwee Bpems pa3paboTaHbl 1 YCNELWHO NPUMEHSIIOTCA Ha MpakTuke aB-
TOMaTU3MPOBaHHbIE CUCTEMbI NNaHuMpoBaHusa pecypcos npegnpuatun (ERP, MRP), no-
CTPOEHHbIE HA OCHOBE NPAaKTUYeCKOro OnbiTa pPasBUTUA NPeanpUATUA U KPYMHbIX KOM-
naHun. [peacTtaBnsaetca uenecoobpasHbiM npu paspaboTke aBTOMATU3NPOBAHHbIX
CUCTEM pas3BUTUS NPOU3BOACTBA MCMNONb30BaTb MaTemMaTU4eckne MeToabl, CBOMCTBEH-
Hbl€ COBPEMEHHOW TEOPUU OMTMMArnbHOroO ynpaBfeHust AUHaAMUYeckummn obbektamm B
YCNOBUAX CTAaTUCTMYECKOWN HeonpeaeneHHOCTH.

B ctatbe [2] paccMOTpeHbl MaTtemaTuyeckme acnekTbl ynpaBneHUs npoayKToM
WHBECTULIMOHHOIO NpoekTa (MHBECTULWOHHOW NporpaMmbl), ANHAMUKA U3MEHEHUS CO-
CTOSIHUSI KOTOPOro anmnpOKCMMUPYETCS MapKOBCKMM NPOLLECCOM nepBoro nopsiaka. MNpu
3TOM UMEITCH B BUAY NPOAYKTbI NMPOEKTOB (MporpamMm), COCTOSIHNE KOTOPbIX MpU OTCYT-
CTBUM YNPaBnsSOWNX BO3AENCTBUN YMEHbLLAKOTCA MO YPOBHIO CO BpemeHeM. O6bekTbI
C TakMM yxXy[LeHUEeM COCTOSAHUA BCTPEeYarnTCs AOBOSIbHO 4YacTo, OHAKO HE BCE W3 HUX
MOXHO OTHECTM K KIlaccy ynpasnsieMblx. Tem He MeHee, Ansa psaga criydyaes, Hanpumep
Npv yrnpaBfieHUn akTUBHbIMW MPOM3BOACTBEHHbIMW (POHAAMW UMK 3anacaMu Xapakrep-
Hbl HabNI4aeMOCTb U YNPaBAsiEMOCTb COCTOSIHMSA Takoro NpoAykTa npoekTa (nporpam-
Mbl).

Mpn paspaboTke aBTOMaTM3MPOBAHHOW CUCTEMbI yNpaBfeHus pa3BuTUEM Mpo-
N3BOACTBA OCODYK poNnb UrpaeT ee UMUTaALMOHHAA MoAenb, NO3BOMAKLWAN U3yyYnTb
nosefeHne paspabaTbiBaeMon CUCTEMbl B PasfMyHbIX YCNOBUSX 0BCTaHOBKM, Ucchne-
A0BaTb BOMPOCbI TOYHOCTU M YCTOMYMBOCTU, YYBCTBUTENBHOCTU K U3MEHEHUSIM napa-
MeTpoB Moaenu obbekTa ynpasneHust U cuctembl 06paboTkmn nHopmaumn.

Hwxe npegcraBneHa vMmutaumoHHasi MoAenb CUCTEMbl ynpaBneHns obbemom
npousBoacTBa (06BbEMOM BbiNyCcka NpPOAyKuun), paspaboTaHHas Ha OCHOBE Teopuu
yrnpaBneHnsa NIMHENHbIMU JMHAMUYEeCKUMM OO beKTaMUn B YCINOBUSX HeornpeaeneHHoCTU
C UCMonb30BaHMEM KBaApaTUYHOIO KpUTEpUs onTUManbHOCTU. Takaa cuctema MoxeT
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MCMNONb30BaTbCA KakK cUCTEeMa MNOAAEPXKKU NPUHATUS YNpaBrieHYeCcKUX peLleHuin ans
NPON3BOACTBEHHbIX, ONEPALMOHHbBIX M (PUHAHCOBbLIX MEHEIKEPOB.

Llenb AaHHOM paboTbl 3akmoyaeTcs B UCCNEAOBAHMM OCHOBHBLIX XapaKkTepu-
CTUK CUCTEMbI aBTOMaTU3NPOBaAHHOIO ynpaBneHust 06 beMOM NPON3BOACTBA HA OCHOBE
pa3paboTaHHOW MMUTALMOHHON MOAENU MPUMEHUTENBHO K KOHKPETHbIM  MCXOAHbLIM

OaHHbIM.

1. CTpyKTypa MMMUTaLMOHHOW MOAEeNM aBTOMaTU3MPOBAHHOW CUCTEMbI
ynpaBneHMa o6beMoM Npou3BoACTBa NPy pa3sBUTUMN NpeanpUATUA

CTpyKkTypa MMTaUMOHHON Mogenu nokasaHa Ha puc.1. [JaHHasa mogenb coaep-
XWUT HECKOIbKO MOoAynen.

Moaynb pacyeTa namMeHeHUss obbema NPou3BOACTBA MPU HANMYMKU NPOrpaMm-
HOro ynpasneHust {J,, UCNOMb3yeT COOTHOLIEHUS

—agAtk 1
Poxk =Po -€ % ,aoz?m&’ Uok = Br -Poxs PBr=a-ayp, (1)
T

raoe pg,pPy,- Ha4anbHOe€ N KOHEYHOE COCTOAHUA obbema npon3BoACTBa,

a, - napamMeTp AMHaMWKU NPOrpamMMHOro yrnpasneHus;

a - napamMmeTp AUHaAMWKM COCTOSAHUA (POHOO0B NPeanpuUsaTUs NP OTCYTCTBUN
ynpaBneHus;

Pr - napameTtp opMUPOBaHUS NMPOrpaMMHON ynpasnsowen dyHKuuuy;

T - OnNuTenbHOCTb MHTEepBana BpeMeHU, OTBEAEHHOro Ha peanusaumio NpoeKkTa;

Uy- nporpaMmmHas ynpasnstoLas yHKUmMs (nporpaMMHas CKopocTb (puHaHCK-
poBaHuS).

Moaynb dopmupoBaHust BO3MYLLUEHUN 77, COCTOSHMA (PoHOOB obecnevvBaeT
reHepauuio criydanHon nocnefoBaTenibHOCTU C 3afaHHbIMU CTaTUCTUYECKMMWU Xapak-
TepucTnkamu

<nk>=0i<ﬂi>=a§;<nk-n/>=0 npu | =K 2)

Moaynb opMrpoBaHUA ynpasBnsemoro rnpouecca op, OTKIOHEHUSA hakTuye-
CKOro COCTOsIHMSA 06bemMa NPON3BOACTBA OT NMPOrPaMMHOro peanm3yeT COOTHOLLEHUS

Py =D -0py_4+B-6Uy_4 +1y; (3)
— 71— ~
@=p=e aAt, B:—p, 5Uk—1:_Gk—1'§ﬂ’k—1' (4)
(04
rae @ - nepexoaHas YyHKLUMS MO COCTOSHUIO YNPaBiAaeMoro o6beKkTa;
B — nepexoaHas yHKLMA MO YNpaBeHuio;
U, _, - KOppekTupytoLlee ynpasrneHue B NPeaLLIEeCTBYOLMA MOMEHT BPEMEHU;
G,-  YyCuneHue CUCTEMbl KOPPEKTUPYIOLLETO YNpPaBIeHs;
éﬁ:k - KariMaHOBCKasa oLeHKa q)aKTI/I‘-IeCKOFO OTKIMTOHEHUA COCTOAHUA ynpaBhse-

MOro o6bekTa OT NPOrPaMMHOIO 3HaYEHMS.
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Puc.1. CTpykTypa MMUTaUMOHHON MOAENM aBTOMAaTU3MPOBAHHOW CUCTEMBI YNpaBreHns



Moaynb hopmMmpoBaHMst NorpewHocTen HabnaeHMss ¢ 3agaHHbIMU CTaTUCTU-
YECKMMWN XapaKkTepucTukamu (HyreBbiIM MaTeMaTU4eCKUM OXMAAHWEM W Jucrnepcuen

o2) obecneunBaeT reHepaLMIO CryyaiiHoil NOCNeAoBaTeNbLHOCTM C TaKUMM XapaKTepi-

CTUKaMu.

Moaynb hopmMmpoBaHMst NorpeLHocTen HabnaeHna ¢ 3agaHHbLIMU CTaTUCTU-
YEeCKMMWN XapaKkTepucTukamu (HyreBbiIM MaTeMaTU4eCKUM OXUAAHWEM U gucnepcuen
gﬁ ) obecneymBaeT reHepaumo Cny4yarnHoOMW NocnenoBaTENbHOCTU C TaKUMKN XapakTepu-
CTUKaMu.

CymmupoBaHme npouecca ynpaBrsieMoro OTKIIOHEHUSI COCTOSIHMS OObekTa OT
NPOrpaMMHOro 3Ha4YeHusi C NOrpeLlHOCTAMN HabnoaeHus 3aBepliaeT Moaens hopmu-
poBaHus HabnaeHnn oy, .

Moaynb dunbtpa KanmaHa (puc.1) HeobxogmMm Ans oueHKU (hakTU4ecKoro oT-
KNMOHEHWSI COCTOAHUS YNpaBnseMoro o6bekrta OT NPorpaMMHOro 3Ha4YeHus:

S, =8 Ak+hy, -(Su, -5 k), k=1,2,...M, (5)

(6)

B 3TKX COOTHOLWLEHMSAX UCNOSb30BaHbI cneagywumne 0603HaveHus:

*

O Ak - NPOrHo3npyemasi OLeHKa OTKIIOHEHNSI COCTOSIHUSI ynpaBnsieMoro o6bekta oT
NPOrpamMMHOro 3HaYeHUs,

OAy - TeKyllasi KanmMaHOBCKas OLeHKa OTKITOHEHUSA COCTOSAHUSA YNpaBrisiemMoro
obbekTa OT NPOrpamMMHOro 3Ha4YeHus,
h, - ycuneHue punbTpa KanmaHa, onpegensieMoe BblpaXeHnem

~2
o
hk = g’ (7)
On
npuyem
1 1 1 =~
=+ 5. k=1,2...M; 55 = 5. (8)

= —
ok P okqto, on

Moaynb pac4yeta ycuneHunss G, 1 BcriomoraTtensHon dyHkumm \\/, obecrnevmsa-

€T pacyeT 3TuX pyHKuMI B obpaTHOM BpeMeHn k =M -1,M-2,...,0.

3aBepluaeT CTPYKTYpy MoAenM MoAyfb pacyeTa MWHUMAanbHOro 3Ha4YeHus
KBaApaTU4YHOIro KpUTEPUS ONTUMAanbHOCTU

E _FEW W, SW 2 S 526 w0 9
kMmin =Py Wy +Wy o)+ ;:( iv1 Op7t 2.0 G Wi, 9)

M—k,’ M—ki:k

MporpammHoe obecnedeHne B cpene Delphi-6 peanusyeT MMuTaumoHHyO MO-
aenb 1 MmeeT yaobHbIN nonb3oBaTenbCckMi MHTepdenc. B nocneaHen sepcun anro-
PUTMUYECKOrO MU NporpamMmHoro obecnevyeHms NpeaycMoTpeHa BO3MOXHOCTb M3MEHe-
HUA napameTpoB dunbTpa KanmaHa, cuctembl ynpasreHnsa B LIENIOM OTHOCUTESbHO
napamMeTpoB ANHAMMUKU YNpaBngemMoro npolecca, CTaTUCTUYECKUX XapakTepUCTUK BO3-
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MYLLEHUA 1 NorpellHocTel HabnogeHns. ATo NO3BoONsSeT MU3ydYnUTb YYyBCTBUTENBHOCTb
CMCTEMbI YNpPaBneHMs K MOrPELUHOCTAM onpeaeneHns akTMyeckux napameTpoB MO-
Aenv HabngeHui 1 ynpaensemMoro npotecca.

2. WcxogHble AaHHble U pe3ynbTaTbl MOAENMPOBaHUA

PaccMoTpum BapraHT UCXOOHbIX AaHHbIX, Koraa

po=10, p; =50, p=-5, a =0.01, T =48, At =0.5, M:ALt:%.

30ecb ONUTENbHOCTbL MHTEpBana BpPEMEHW, OTBEAEHHOro Ha ynpasreHue, paBHO 48
mecsauam. [laHHble nocTynatT u obpabaTbiBatoTcs ¢ uHTepBanom 0.5 mecaua.
C vcnonb3oBaHneM BblpaxeHun (1) onsa napameTpa AMHAMUKM NPOrpaMMHOro n3meHe-

HUA BbIMyCKa NPOAYKUUWU MOMYYUM ¢y = %lnz—o =-0,03353, B,=a-qg,=0,04353,

.
Uyo =0.04353-p,,. Kpome Toro, nonoxeHo, 4to ¢, =0.2; 5, =0.3.

Hwxe npuBedeHbl rpaduyeckne faHHble, KOTOpble MOKa3biBalOT nosefeHue
NPOLLECCOB Ha NPOTSHXKEHMM MHTEepBana BpeMeHn ynpasneHns AnNUTeNbHOCTbIO YeTbipe
roga.

B Tabnuue npmeeaeHbl 3aBUCMMOCTM OT BPEMEHM YNpaBnAoLWmnX dyHKUMA (Npo-
rPaMMHbIX, KOPPEKTUPYIOLLMX U CYMMapHbIX), a TaKkke AUHaMuKa U3MEHeHnss obbema
npousBoACTBa (NporpamMmMHasl, KoppekTupyemas 1 nonHas) B npegenax nepebiX ABa ro-
4a peanusauum rnpoekTa.

3ameTnm, 4To ecnu ob6beM NPon3BOACTBA BblpaXeH B CTOMMOCTHOM 3KBMBarleH-
Te, TO ynpaBngawowme ¢yHKUMM npeacTaBnaT cobor CKOpoCTb (PUHAHCUPOBaHMUSA
npeanpuaTusa. OHYM NMET pasMepPHOCTb KanuTanoBroXeHN 3a eOuHULY BPEMEHN, Tak
4YTO PaKTUYECKN peyb UAET O NMPOrpaMMHOM U KOPPEKTUPYHoLWLEM (PUHAHCUPOBAHUN MpuU
peanusaunm NHBECTULMOHHOIO MPOEKTa UM NPOorpaMmmbl, CBA3aHHOW, B YACTHOCTU, C
3agiayen yBernmyeHus Bbinycka npoayKumm 3a (oMKCUPOBaHHbLIN MHTEPBAan BPEMEHM.

CnepyeT OTMETUTb, YTO NpuBeAeHHble TabnnyHble N rpaduyeckme pesynbTaThbl
COOTBETCTBYHIOT Criyyato, Koraa napameTpbl punbTpa KanmaHa u cuctemsl yrnpaBreHus
B NOSTHOM Mepe COOTBETCTBYIOT NapamMeTpam Moaesien HabngaemblX U ynpasnseMblX
npoueccoB. Kpome Toro, cpeaHekBagpaTndeckas norpeHocTb HabnoaeHuss OTKNOHe-
HUSA COCTOSIHMA OoBbema NPoM3BOACTBA OT MPOrPaMMHOIO 3Ha4YeHUs1 B OTHOCUTENbHOM
Buae He npesblwana 4%. YpoBeHb BO3MYLLEHMN COCTOSHUA obObema Mnpou3BOLCTBa
(cpegoHekBagpaTU4eCcKoe OTKINOHEHWe) Takke B OTHOCUTENbHOM CMbICIie He npeBbllan
6%.

BbiBOAbI

OcCHOBHbIe BbIBOAbI CBOAATCA K criegytoLiemy:

1.  Hanu4yne onTMManbHOro KOppekTUpYoLWero ynpasneHuns (puc.2) npmBoanT K
ObICTPON CXOAMMOCTU MPAaKTUYECKM K HYITHO OTKMOHEHMI (PaKTUYECKOro COCTOSIHUSA 00b-
emMa nNpou3BoACTBa OT NPOrpaMMHOro 3Hadvenus (puc.3, 4). Ins paccMoTpeHHOro npu-
Mepa KOppeKTupytoLLiee ynpaBneHne BbIBOAUT NPOLLECC N3MEHEHNSI COCTOSHUA o6bema
NPOM3BOACTBA K MPOrpaMMHbIM 3HaYeHUUAM yxe K KoHuy nsatoro mecsua (k=10). Mpwu
OTCYTCTBUN KOPPEKTUPYIOLLEro YynpaBreHns (akTudeckoe COCTOSHWE OTKIOHEHUSN
obbema npoussoacTea byaeT COOTBETCTBOBATbL HA4YarbHOMY COCTOSIHUIO 3TOrO OTKITO-
HeHus (puc.4).
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Pe3yanaTb| MMUTAUMOHHOIo MoaerninpoBaHnA

k Uok oU, U, Pok ok Pk

1 4, 35E-01 2,32E+00 2,29E+01 10 -5,00E+00 1,96

2 4 43E-01 1,44E+00 8,84E+00 10,169 -3,04E+00 7,129

3 4 50E-01 8,87E-01 3,35E+00 10,34 -1,87E+00 7,33

4 4 58E-01 5,42E-01 1,25E+00 10,515 -1,14E+00 9,375

5 4 65E-01 3,31E-01 4 ,65E-01 10,693 -6,97E-01 9,996
6 4,73E-01 2,07E-01 1,83E-01 10,874 -4,22E-01 10,452
7 4 81E-01 1,29E-01 7,12E-02 11,058 -2,54E-01 10,804
8 4 90E-01 7,58E-02 2,49E-02 11,245 -1,51E-01 11,094
9 4 98E-01 5,05E-02 1,13E-02 11,435 -8,67E-02 11,3483
10 5,06E-01 3,98E-02 7,23E-03 11,628 -4,73E-02 11,5807
11 5,15E-01 2,29E-02 2,76E-03 11,825 -2,20E-02 11,803
12 5,23E-01 7,22E-03 7,69E-04 12,025 2,99E-04 12,0253
13 5,32E-01 -1,65E-03 5,92E-04 12,228 1,14E-02 12,2394
14 5,41E-01 -2,99E-03 6,53E-04 12,435 1,54E-02 12,4504
15 5,50E-01 -2,15E-03 6,71E-04 12,645 1,42E-02 12,6592
16 5,60E-01 -8,15E-03 9,70E-04 12,859 1,24E-02 12,8714
17 5,69E-01 -5,74E-03 8,64E-04 13,076 1,18E-02 13,0878
18 5,79E-01 -6,74E-03 9,55E-04 13,297 6,60E-03 13,3036
19 5,89E-01 -5,35E-03 9,22E-04 13,522 2,60E-03 13,5246
20 5,99E-01 1,11E-03 8,45E-04 13,751 -1,16E-03 13,74984
21 6,09E-01 3,94E-04 8,80E-04 13,983 -3,58E-03 13,97942
22 6,19E-01 5,18E-03 1,03E-03 14,22 -2,77E-03 14,21723
23 6,29E-01 1,48E-03 9,71E-04 14,46 -2,70E-03 14,4573
24 6,40E-01 -2,70E-03 1,03E-03 14,704 -1,35E-03 14,70265

2. MuvHMManbHOe 3Ha4YyeHue KBagpaTUYHOro KpUTEPUS ONTUMAaribHOCTM 3aBUCUT
OT BpPEMEHW, OCTaBLUerocss Ha ynpaeneHue (puc.5). MNpun OTCYTCTBUM ynpaBnsoLLmMX
BO34eNCTBUI BENUYMHA KpUTEpUa pesko Bo3pacTtaeT (puc. 6).

3. OueHka OTKINOHEHMs OObema npov3BOACTBa OT NPOrPaMMHOIO 3HAYEHUS
GunbTpom KanmaHa npakTudecknm coBnagaeT C  MUCTMHHbIM - 3HA4YeHWEM  npwu
on=0.2; o, = 0.3. CpegHekBagpaTuyeckasa M nosHas rnorpewHoCT OUEHKU OTKITOHe-

HMS obbema Npom3BoACTBa OT MPOrpPaMMHOro 3Ha4YeHUs He npesblwatoT 2% (puc. 7).
4. [MpumeHeHne pacCMOTPEHHOWN TEXHOMNOMMU ONTUMAsbHOIO ynpaBneHus obb-
eMOM npounsBoacTBa TpebyeT OONOMHUTENBbHOW MHOPMaUUM O AMHAMWUKE aKTUBHbIX
OCHOBHbIX (DOHAOB MPeanpuaTUs, O CTAaTUCTUYECKNX XapaKTEePUCTUKAxX Kak BO3MYLLe-
HWWA, OENACTBYIOLMX HA NPOM3BOACTBO, TaK M NOrpeLlHOCTEN HAbNIAEHNS TEKYLEro co-
CTOsIHMSA obbema npom3BoACcTBa. OTO Npeanonaraet HeobxoAUMOCTb PacCLUMPEHUST UH-
opMaLMOHHON 06nacT Ans COTPYAHWKOB aHanNUTUYECKMX OTAENOB NPeanpuUsTUn.

Cnucok nutepaTypbl

1. Yens P.b., SkBunanH H. Ix, Akobc P.P. Npon3BoaCTBEHHbLIA U ONepaLVoHHbIN
MeHeLK-MeHT.- 8-e n3g.: lNep. ¢ anrn.- M.: U3a. gom «Bunbamcey», 2001.-704 c.

2. XomsikoBa H.3. lNporpammHoe 1 onTuManbHOe KoppekTupytoLiee pmHaHcMpoBa-
HWe Npu ynpaBfeHUn MHBECTULNOHHBIMW NPOEKTaMK U NporpaMmMamMn  pasBuTua npea-
npuaTna (otpacnu) // ABMaLMOHHO-KOCMUYECKAs TEXHUKA U TEXHOSOIMS.- XapbKOB:
HAKY “XAW”, 2007.- Ne2.- (B ne4aTtn).
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YK 004.732.011.56 C.A. HectepeHko, O.A. YcoBa

Pacnpenesienne nHGpOpManMOHHBIX TOTOKOB
ERP-cucTemMbl HA IPeANIPUSTHM NIPU €€ BBEACHUH

Odecckuli HayuoHasbHbIU MOIUMeXHUYeCcKUl yHUsepcumem

Ha 6a3e COBpEMEHHbIX KOMMbIOTEPHbLIX TEXHOMOMA CO30aHO  MOKONeHune
aBTOMaTtM3npoBaHHbIX cuctem ynpaenenns (ACY), umeHyemoe ERP (Enterprise
Resource Planning — nnaHMpoBaHne pecypcoB NpeanpuaTus, T. €. CUCTEMbI YrpaBneHns
pecypcamun). Takme cucTeMbl NPeaoCTaBnAsOT  BO3MOXHOCTb  paboTatb  Ha
WHTErPMPOBAHHOM MH(OPMaLNOHHOM MOfie MHOXECTBY yAaneHHbIX Nonb3oBaTenen, Yto
obecneymBaeT MakcMMarbHbI AOEKT Npu ynpaBneHnn KpynHbIMU NPON3BOACTBAMU U
Koprnopauusmn. PogoHavanbHukoM pbliHka ERP-cuctem ctana Hemeukasa komnanms SAP
AG c npogyktom R/3. K uucny >xe Hanbonee 3HauuTeNbHbIX NpeacTaBUTENEN pPbIHKa
MOXHO OTHecTH compMbl PeopleSoft, Oracle, Baan J.D.Edwards”.

O6blvHO ERP-cuctembl MmeloT MogynbHOe CTpoeHue, Tak, Hanpumep, Bce
oMHaHCOBbLIE W 3aTpaTHO-OOXOAHble npunoxeHns SAP  o0beauHeHbl B MOAYIb
Rechnungswesen, kotopbii BkntoyaeT B cebs noamogynu Finanzwesen, Treasury,
Controlling, Projektsystem u T1.0. B 3aBucMmocT OT NpoOM3BOLCTBEHHOrO MpoLlecca,
TpeboBaHW npeanpuaTus, ero GrogkeTa, AOCTYNHbIX (PUHAHCOBBIX U YENOBEYECKUX
PECYPCOB B rOTOBOW OM3HEC-NOMMKe akTUBUPYHOT OTAENbHbIE MOAYIM N HACTpaMBatoT UX B
cooTBETCTBMM C TpeboBaHnsmMu npeanpuatusa. Heobxogumble  Gu3Hec-npoLecchbl
HacTpauBatoTCs TakuM 00pa3oMm, YTOObl OHM Hanboree NOSTHO U TOMHO OTpaXkanwu Kaxagoe
OEVCTBNE COTPYLAHUKA UNN onpefeneHHy0 TpaHCakumio B nNporpammHOM obecrneveHun.
Mpn aTOM aKTMBHbIE MOZYNM obecneymBaroT MOSHYD MHTErpaumio MHOPMAaLMOHHbBIX
MOTOKOB, CO3AaBas Takum ob6pas3oM eauHyo cpeay Ans aBToMatu3aumm yyeta, KOHTpons,
aHanmsa 1 NnaHnpoBaHusi BceX BU3HEC-NPOLECCOB NPeanpuATUs, TakMx, HanpumMmep, Kak
duHaHCbI, CcObIT, cHabXeHne, NPOM3BOACTBO WU T.O4. OTO eauHoe WHEOPMAaLMOHHOE
NPOCTPAHCTBO MO3BONSET MNPOBOAUTb HE TOSMbKO aHanuM3 COCTOSIHMS Mpeanpusatust B
pexunme pearibHOro BPEMEHW, HO W MNNaHMPOBAHWE M MNPOrHO3NPOBaHWE AanbHeNnLero
pas3BuTus, obecrneunBas Takmm 0Opa3oM BO3MOXHOCTb MPUHATUA  MPaBUSIbHbBIX
CTpaTErMYeCcKnx pELLEHNA NN KOPPEKTUPOBKN Pa3BUTUS NPEANPUATUS.

C nomouwbto ERP-cnctem BO3MOXHO peLLeHne creayowmnx 3agay:

- aHanua coCToSHUA NPeanpPUSATUSA Ha HACTOSLLMIA MOMEHT;

- 9bhbekTMBHOE nNMaHMpOBaHWME W  NPOrHO3MpoBaHWe  (PUHAHCOBOM U
XO3ANCTBEHHOW OEeATENbHOCTY;

- UCnonb3oBaHME eauHoM WHGOPMAaUMOHHOW ©asbl, MO3BONSKOLIEE CHU3UTb
notepu paboyero BpeEMeHY;

- KOHTPOMb W aHanu3 npoayKuun npeanpuaTUa Ha MpPOTSHKEHUN BCeEro ee
XM3HEHHOro LUMKNa;

- cuctemaTmsaumsa MNOTOKOB MHOpMaUMM BHYTPUUPMEHHOIO Xapaktepa C
Yy4YETOM pasrpaHMyeHuin 4octyna K nHopmaumm N BHELLHMX OTHOLUEHUN nNpeanpusaTms
C NocTaBLWuKamMu, NOTpebUTenssMmn n rocyaapCTBEHHbIMU CTPYKTYpaMMU.

CospgaBaemasd Takum obpa3omM MakcumarnbHasi NPo3payHoCTb Bu3Heca siBnsieTcs
Takke NonoXmntenbHbIM akTOPOM, BIIMSIIOWLNM Ha AOBEPUE NHBECTOPOB.

MHTerpauus aBToMaTU3MPOBaHHbLIX CUCTEM yNpaBfeHus NpeanpusaTMeMm Ao cux

) THaTyw A. ERP - «3a» v «npoTtuB» // IT Manager. - 2005. - Ne2. — C. 32-36.
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nop sBNAeTCA OAHMM M3 Hambonee PUCKOBAHHbLIX LUAroB, HA KOTOPble PYKOBOLCTBO
pelaeTcs B CUIMY >XM3HEHHOM HeobxogumocTu, Tpebyouwlen bbICTponM opueHTaumn B
CMOXMBLUENCA Ha pPblHKE cuTyauun, BcreacTene 3dp@EKTUBHOCTM JOCTyna K
MHopMaLnu.

BHeapeHne ERP-cuctemMbl ocyLecTBnsieTCa noaTarnHo:

1. ®opmynupoBka Lenen u crTpaTerndeckoro HanpaereHus BHeapeHusi ERP-
CUCTEMBI.

2. AHanua geaTtenbHOCTU NpeanpuaTusl, BKAYas cneundguky npon3soacrea u
oTpacneByto NPUHAAMNEXHOCTb.

3. PEeuHXMHUPUHT CyLLeCcTBYOLWNX BU3HEC-NPOLIECCOB NPeanpUsTUS.

4. Monobop TEexXHUYECKoro peLlleHns WNu CUCTeMbl B COOTBETCTBUM C
TpeboBaHUAMN MHAPPACTPYKTYPbI NPEANPUSATUS.

5. BHegpeHune n HacTponka CUCTEMbI.

6. lNpoBeaeHne oby4aroLmx KypcoB Ans nonb3oBaTenen.

7. Wcnonb3oBaHne CUCTEMbI U €€ NoAaepXKKa.

dopmynupoBKa LUenen U CcTpaTerMdeckoro HanpaesneHus BHegpeHus ERP-
CUCTEMbI AOMKHa OTPasnTb OXUOaeMbln pesynbTaT OT BHEAPEHWUS, pa3BUTUE BHEOPEHMUS
MO HaMeYeHHbIM 3Tanam BO BpPeMeHM W HaMeTUTb MpednonaraeMble U3MeHeHUus
TEeXHOSormn NPon3BOACTBa B DyAyLLEM NN NSMEHEHUSA COCTaBa NPOAYKLMN.

AHanuna pgeaTenbHOCTM NpeanpuaTus B KOHTEKCTe BHeapeHust ERP-cuctemsbl
cnegyetr paccmaTpuBatb Kak  dopmanusauuio  OeSTenbHOCTU  Npeanpusatus u
NpeacTaBneHNa ee B BuAE HOPMUPOBAHHbIX OU3HEC-MpoLeccoB, a Takke WX
WHTEerpaumm c apyrumm 6usHec-npoueccamu. PesynbTaToM aHanu3a [OoSmKeH ObiTb
Habop 6nok-cxem OGU3HEC-MPOLIECCOB M UX WHTErpauuu, rotoBbld AN BHEOPEHUSA un
HaCTPOWKM (PYHKLIMOHAMNbHbIX MOLYNEN.

B 3aBucMmocCTn OT KadecTBa M pe3ynbTaToB aHanu3a npeablaywmx gas, a Takke
rPaHUYHBIX YCIOBWUI, TakMX, Kak BrogKeT, MatepuarnbHble U TEXHUYECKNEe pecypcbl U
T.4., pewaeTcs BONpoc 0 TOM, UMEET Jfiu MeCcTO BHeJpeHUe U HacTporKa roToBon HOBOM
cucTeMbl, AopaboTka HedoCTalWmMX (PyHKUMIA Ha MMEKLWENCcss OCHOBE UMM CO3faHue
HOBOro nporpaMmmMmHoro obecneveHms nog npeanpustue-3akasduka. MNpotme paspaboTkm
NHONBMAOYaNbHOrO NporpaMMHoro obecnevyeHms BbICTynatwT crieaytoLmne apryMeHTbI:

- TOTOBble CUCTEMbl WMEKT OObIMHO YXe OTNaXeHHble TUMU3MPOBAHHbIE
npoLecchl, peann3oBaHHble B COOTBETCTBMM C AENCTBYIOLLUM 3aKOHOA4ATENBCTBOM;

- KOHCynbTaHTbl 9TMX CUCTEM MMeKT OOnblOW  ONbIT  BHEAPEHWUS,
aKcnnyaTauuun n NOAAEPXKKN Ha pasnUYHbIX NPeanpUATUsX;

- nNpun peanu3aumm ©BusHec-peweHni ObiNM  MCNONb30BaHbl  UMEKOLMECS
TeXHU4Yeckne ctaHgapTbl, nos3sonswowme B byayuwem ynpocTuTb 3adadvy pacluMpeHus
PYHKUNOHANBHOCTN CUCTEM MU B3aUMOAEWCTBUS C NOCTaBLMKaMn 1 notpedbutensamn,
€CNnn OHN TOXe NCMNONb3YIT CTaHOAPTHOE peLLeHue;

- MHOIMe TexHMYecKMe acnekTbl, He Kacawwmeca MpouU3BOACTBEHHbIX
NpoLeccoB, TakuX, Hanpumep, Kak usbexaHue HecaHKLMOHUPOBAHHOro AocTyna K
OaHHbIM, UMK Xe KOHLUENUNA orpaHUYeHHOro JOCTyna K AaHHbIM, YXXe peLUeHbl.

BHegpeHne u HacTporika cucTeMbl AOMKHbl ObITb YETKO OrpaHnyeHbl Kak
BPEMEHHbIMW, TakK U QYHKUMOHarNbHbIMKM pamkamu. [pu BBegeHun ERP-cuctemsbl
MO>XHO UCMOSb30BaTh ABe CTpaTernm:

- no3aTanHbIK nepexon (NOmMoaynNbHOE BBeAEHME) NpeanonaraeT NnodTanHyo
HaCTPOWKy Mopynen, Hanpumep, cHadana OyxranTepcKkoro yyeta W KOHTPOSIWHIA,
3aTem cObiTa, NPOU3BOACTBA, Cknaga W T.4. [aHHasa cTpaTterus sBnsieTcs He OYeHb
3aTpaTHOM U PUCKOBAHHOM, TaK Kak Nnocrie HaCTPOMKN OOHOro Moyt UMeeT MeCTO ero
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anpobauusa n otnagka. OgHako nonyyeHme 3adPPEKTUBHOCTM OT BHEAPEHUS CUCTEMbI
pacTarmBaeTca Ha 60nbLWon Nepuos BpeMeEHU, NMOCKOSMbKY OXMAAeMbl pe3ynbtaT oT
NHTEerpaumMm MHAPOPMALMOHHBLIX MOTOKOB WM OM3HEec-NpoueccoB HabnogaeTcs TOMbKo
nocre HacTpPOKrKM BCeX Moaynen;

- MOMEHTHbIW nepexog (NapannenbHoe BBedeHMe  BceX  OYHKUUR)
OCYLLIECTBIISIETCA MNOCMe HaCTPOMKM CUCTEMbI MPU OTKase OT WUCMOMb30BaHUA CTapou
CUCTEMbI M MOMEHTHOM nMepexoge Ha HOBYW. JTOT MeToa sBnsieTca Hambonee
PUCKOBaHHbBIM, TaK Kak BBOOAMTCS MHOro mogyren ¢ 6omnbwmMM Habopom dyHKUMIA, YacTo
OTNIMYAOLLMXCA MO UX UCMOMb30BaHUIO OT CTapon cuctembl. MHOrMMm paboTHukam He Ao
KOHLUA MOHSITHbI MOSHAas MHTEerpauus npoLeccoB U MX BAUSIHWE Ha Apyrve Mnpouecchl,
NMO3TOMY MOMEHTHbIN MEepexon Bbi3blBaeT B MNepBOe BpeMsi MOCMe BBEAEHUSI XaoC U
HEO4HO3HAYHOCTb (PYHKLMOHANBbHOM OTBETCTBEHHOCTN. MOMEHTHbIN Nepexos MOXeT ObITb
COBEpPLLEH C OYEHb BbICOKOM CTEMEHbLIO pUCKa, KOrda HaymMHasa ¢ onpeaeneHHoro BpeMeHu
BCE pabOTHMKM paboTaloT TOMLKO B HOBOWM CUCTEME, UMM CO CHUKEHHOW CTEMEHLIO PUCKA,
Korga BBOAMMbIE B HOBOM CUCTEME [aHHble KOMMPYKOTCS B CTapyld CUCTEMY, Hanpumep
ByxranTepckune NpoBOLKW, OTrpy3ka MNpoaykumm co ckrnaga v T.4. EctectBeHHO Takas
cTpaTerns sSIBfsieTCA OYeHb 3aTpaTHOW, Tak Kak HeobXoAMMbl NporpaMMHbIe peLleHns ans
akTyanu3aumm crtapon 6asbl AaHHbIX, XOTS 3a4acTyld OHWM MOryT ObiTb 4aCTU4YHO
peann3oBaHbl B paMKax nepeBoda CTapbiX AaHHbIX B HOBYKO CUCTEMY.

KauectBeHHOe npoBefeHne obyvatolwmx KypcoB AN norib3oBaTtenen sABnaeTca
OAHWM M3 3a50roB yCMNeLHOro BBEAEHNS 1 AKCnnyaTaunm CUCTEMBI.

Mcnonb3oBaHMe CUCTEMbI M ee noaaep)kka SABMNSAKTCA AOCTAaTOYMHO CIIOXHbLIMW,
MOCKOMbKY B paMKax  MOCTOSIHHOMO  MOBbIWEHMS  KayecTBa  NPogyKuuM,
NPON3BOACTBEHHbLIX MPOLIECCOB, a TaKKe W3MEHEeHUs 3akoHopaTtenbHon 6asbl
NOCTOAHHO MMEET MeCTO N3MEHEHNE HACTPONKN Moayren N OYHKLMA CUCTEMBI.

Ana peweHna npobnembl 3¢hdekTMBHOrO pacnpegeneHms MHPOOPMaLMOHHBIX
notokoB ERP-cuctembl Ha aTanax ee BBoda, paclWMpeHWa KW 3Kcnnyatauum B
3aBMCUMOCTU OT XXM3HEHHOrO LMKNa NpPoAyKUMM Ha Npeanpusitum HeobXxoaMMo peLUmnTb
cnegyouine 3agayu:

- hopmanusoBaTb onucaHme BrusHec-NPoLEeCCOB Ha NPESNPUATUN;

- onucatb mogenun seoga ERP-cuctembl Ha npeanpusatuu;

- MpoaHanuauMpoBaTb BIUSHME >XU3HEHHOrO UMKNIa ToBapa Ha OusHec-
npouecchl Ha NPeanpUsaTUN;

- MpoaHanuanpoBaTb TEXHUYECKNE KPUTEPUN 3arpy3Ku CETU N BO3MOXHOCTU ee
pacnpegeneHus.

Ha ocHoBe O3TMX [aHHbIX MOXHO MOCTPOUTb AUHAMUYECKYHD MOAEsb
3 heKTUBHOIO pacnpegeneHna MHPopMaUnOoHHbIX NOoTokoB ERP-cuctembl.

B naHHon ctatbe paccmaTtpusatoTca 6usHec-npouecchl 1 BBog ERP-cuctembl Ha
npeanpuaTUn.

[Onsa dopmanusaumm npoueccoB Ha NpeanpusaTUM MOXHO BBECTWU criegyrouime
noHATUA: BusHec-3agava, bmusHec-npouecc n busHec-nogpasaeneHme.

Bu3Hec-3apgayva SABNSETCA HaMMEHbLUEeN JIOrM4Yeckon eanHULEN OesTeNnbHOCTU
npeanpuaTus (3akynuTb Matepman x, nocrnatb CHET NOKynaTeno y n T1.4.).

BusHec-npouecc obbeguHsieT  Heckonbko — Ou3Hec-3agad4 B €OMHYI0
nocnenoBaTesibHOCTb, HaNpPaBnNEHHYO Ha peLLleHne KOHKPETHON (PYHKLIMOHANbLHOW 3agauun,
Hanpumep NPOM3BECTM NMPOAYKUMIO X, Ans 3TOro HeobX04MMO paccyMTaTb HOpMY 3aTtpat
pacxodHbIX MaTepuarnoB, paccumtatb Heobxoaummbii 0Obem paboyen cunbl M 3aTpaT
BPEMEHMW, BbINOMHUTb OTIPY3KY pacxO4HbIX MaTepuanos, COOPKY Unn CBapKy U T.4.

Heckonbko 6GU3HEC-NPOLIECCOB, CBA3aHHbIX Mexay cobon formyeckn u
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dyHKUMOHaNbLHO, 0b0beauHATCA B  Ou3Hec-nogpasgeneHuve  (NMpou3BOACTBO,
yrnpaBrieHne cknagom, ynpaeneHue pmHaHcamu, oTaen KOHTponnuHra u 1.4.). buaHec-
nogpasgeneHne obnagaetr B oTnuume oOT OGusHec-npouecca OonbwM 06bEMOM
YHKUMIN 1 OTBEYAET 3a KOOPAMHMPOBAHME NPOLIECCOB B OOLLMX paMKax AeAaTeNbHOCTH
npeanpusTus.

COBOKYNHOCTb MPOLECCOB NPeanpuATUSS BO BPEMEHW MOXHO NpencTaBuUTb B
cnegywowem suge (puc. 1):

pd s s
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Puc. 1. CoBOKYNHOCTb NpoLECcCcoB NpeanpusTUsi BO BpEMEHN

BusHec-npouecchl nogpasgeneHsl Ha GusHec-3agavn. busHec-npoueccbl MoryT
NMETb Kak BHYTPEHHWUI, TaK N BHELWHWUA XapakTep. Moa BHyTpeHHMM BusHec-npoLeccom
noapasymeBaeTcs B3auMOLEWCTBME noApasfeneHuin Wnu crpatermyecknx envHu
BHYTpM npegnpuatms. [log  BHewHuMM  GM3Hec-npoueccoM  noppasymeBaeTcs
B3aMMOJeNcTBMe C BHEWHUMM akTopamn (NocTaslUMKaMK, MOTpedbuTensamu,
npegnpuaTUSMN, rocygapCTBEHHbIMU CTPYKTYpaMu 1 T.4.).

MoTokn wnHOpMauMm Mexgy oTAeNbHbIMW - 3aJadvamu, npoueccamn U
nogpasgeneHnsaMm MOXHO BblpasnTb B MaTpU4YHOM BUAE:

53, B3, 53, .. B3

n

51711 4 111 4 112 l//113 l//1ln
I . .. .. . oy
(1)
I / !
bIl, vy, .. S /s
BII;  wy, Wiy, Wi o W,

BII, Wi Vie Vs - Vo,
roe bl - 6GusHec-npouecc;
BM' - BHYTpeHHWit nu nokanbHbIn (local) 6usHec-npoLecc;
BM°® - BHewHui (extern) GusHec-npouecc;
B3 - O6usHec-3apava;
Y - WH(POPMAaLMOHHBLIN NOTOK Mexay noapasgeneHnamu.
B kauyectBe MHGOPMaAUMOHHOIO MOTOKA BHYTPEHHMX MNPOLIECCOB oOmnpeaeneHa
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nepegaya gaHHbIX N0 BHYTPEHHEN KOMMNbIOTEPHOW CETU NPeanpuaTUs.

B kauecTBe BHeLHMX NOTOKOB onpefeneH BHewWHu goctyn (no MHTepHeTy, no
BUPTyanbHOW YaCTHOW CETU) K BHYTPEHHEN CETU NPeanpuUATUS.

Mogenu BBoga ERP-cuctem moxHo pasgenutb Ha ABa Buaa:

- nomMoayrnbHOe BBeAEHME MnoapasyMeBaeT napasnfienibHoe MCnofb3oBaHmne
CTapon 1 HOBOW CUCTEM,;

- OAHOBpPEMEHHOEe BBEAEHME BCEX MOAYIIEN N peannsauunio BCEX KPUTUYECKNX
Bu3Hec-npoueccos.

MomogynbHoe BBegeHne ERP-cuctembl npegnonaraeT nocnegoBaTesibHYIO
peanusaunto GU3Hec-NpoLeccoB 1 3agayvy OTAENbHOrO MOAYNS BO BPEMEHW, KOTOPYHO
MOXHO MokKasaTtb rpacdmyeckn B criegytowiem suge (puc. 2):

L

K11 Hogoit
ERP-cucrems:
——

BITERP-crapofi cHeremn

>

t, ot ot t t

jul

Puc. 2. NomogynsHoe BBeaeHne ERP-cuctembl Bo BpemeHun

B nepuon BpemeHu ti; BBOOUTCA W HacTpauBaeTCcs MOAYMb, Hanpumep
(PMHAHCOB W KOHTPOMMIMHFAa C nofiHbiIM ob6bemMom dyHkunn. Torga npwu
napannenbHon paboTe CTapon M HOBOW CUCTEM BO3HMKaET crneayouwias cutyauns,
npuM KOTOPOW onpeferieHHble yHKUMM mnn 6GusHec-npouecchbl peanu3oBaHbl B
HOBOW CUCTeMe, a ocTallbHble - B cTapon. B crnegywowuni otpe3ok BpemeHu t
NPONCXOOUT HACcTpoOMKa crneaylowero Moayns, HanpuMmep otaena 3akasoB U cbbiTa
npoaykumn, n ero uHterpauma ¢ mogynem (UHAHCOB W KOHTPONMuHra. Takum
obpasom npoucxoguT nocrnegoBaTeNibHbI Nepexon OT MCMOoSfib30BaHUA CTapown
CUCTEMbl UIN CTapbiX CUCTEM K HOBOW eOWHOW MHTErpupoBaHHOM KOpropaTUBHOW
cucrteme.

Mpn napannensHOM unu OAHOBPEMEHHOM nepexode Ha HoByl ERP-cuctemy Ha
nepeoM aTtane BeBeaeHnsa ERP-cuctembl BBOOAUTCS TONbKO KpUTUYECKUA Habop GusHec-
npoLeccos, T.e. Te npouecchl, 6e3 KOTopbIX HEBO3MOXHA paboTa NpeanpusaTus, Tak Kak
NOSHBLIN HAbOoP (PYHKUUIN OBBIYHO ABMSETCA O4YEHb OO BEMHBIM.

K kpuTnyeckum 6usHec-npoLeccam MOXHO OTHECTW, HaNpPUMep:

- obpaboTka 3aka3oB Nokynartenewu;

- 3aKyrnka pacxofHbIX MaTepuanoB Ans NPoM3BOACTBA NPOAYKUMN;
- npoBeAeHune onnaTtbl MaTepuanos;

- MPOM3BOACTBO 3aKa3aHHOW NPOAYKLMM;

- pabora cknaga;

- OTrpy3ka u gocTaBKa NpoayKumu;

- BbICTaBfIEHWE cYeTa Ha 3aKka3aHHYI NPOAYKUUIO;
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- nonyyYeHne geHer oT onnaTbl NPOaYKUUN.
OTO MOXHO NpeacTaBuTb B criegyowem suge (puc. 3):

&

Binnec-mporeccs

P
L

tl 2 t3 tn t

FTanst BEEIEHHA ﬁmHBC—H‘pDHBCCDB B IKCILTYaTallHi B0 BEPeneH

Puc. 3. PasoBbiv nepexog Ha HoByto ERP-cuctemy Bo BpemeHun

Ha nocnegywowmx atanax BBOAATCHA AOMNOMHUTENbHbIE (YHKUMM U MOLYNN,
KOTOpble NOBbIWAT 3(PPEKTUBHOCTL paboTbl NpeanpuaTus, HanpumMmep 3PEKTUBHBLIN
yyeT onnaTtbl JOCTaBNEHHOW NPOAYKUMU, B HACTHOCTM COBMOAEHNE U KOHTPOSTb CPOKOB
onnaTbl, WM UEeneBOe WUCMonb3oBaHWe WHopmauum O noTpedbuTensix, Hanpumep
Luenesas peknama u 1.4.

Mpu HanoxeHWn CTPYKTYpbl BBeAeHUS Moaynen B dopme Hanagku 6usHec-
3agay, busHec-nogpasgeneHnin, BU3HeC-NPOLLECCOB Ha XMU3HEHHbIN LMK NPOAyKUUn
BbISIBNSAETCH, YTO Ha pa3HbIX 3Tanax BBEAEHUS UMEET MeCTO pa3nnyHbIi 06beM NoToka
nHopmauum.

Mpn BBEAEHUN IKOHOMMYECKOrO (hakTopa MOXHO MpOaHanM3vMpoBaTb MOAEsb
S9KOHOMUM 3aTpaT npeanpusaTus Mnpuv OUHAMUYECKOM paclUMPEHUMUM BO3MOXHOCTEN
MCNONb30BaHUA NOTOKOB MHOpMaumn. B 4acTHOCTM, BO3MOXEH aHanu3, npu KOTOPOM
Ha nepBomMm 3Tane BBegeHuda t1 cpegHun obbem MHGOpmMaumm, Heobxogumowm Ons
obMeHa Mexay pasnuMyHbIMU MoApas3feneHnsiMn, MOXHO oueHuTb obbemom X. Ha
nocnegyowmx 3rtanax 9TOoT o0b6beM OygeT yBenuuMBaTbCA B 3aBUCMMOCTU  OT
yBernuyeHns ymcna yHKumnin.

BosBpawasncb kK matpuue MHPOPMaLMOHHBLIX MOTOKOB, MOXHO CKasaTb, YTO Mpu
nomogyneHoM BBeaeHun ERP-cuctembl ob6bem  6GusHec-npoueccoB  ocTaeTca
NOCTOSAHHbIM.  Takum obpas3oMm, MNPOUCXOAUT CTPYKTYpHOe cmelleHne 6usHec-
npoueccoB, peanu3oBaHHbIX B CTapon 1 HOBOW cucTemax. Hanpumep, ecnv Ha nepBoMm
aTane nepeBOASAT CUCTEMY CHabXeHWs CO CTapoM Ha HOBYHD cUCTEMY, TO ob6bem
YyHKUMN 1 BM3HEeC-NpoLeccoB OCTaeTCAa OOWHAKOBbIM, W3MEHSIETCSH  TOSbKO
peanusaums - B HOBOW U B CTAapOn CUCTEME.

Mpn pasoBom unu napannensHoMm BeBegeHun ERP-cuctembl o6bem pyHKUmiA
BapbupyeTCcHd, TaK KaK Mpuv pas3oBOM nepexoge OT crtapon Kk HoBom ERP-cucteme
cHavarna Heobxoanmo obecneuntb BecnepeboriHyto paboTy npeanpuaTms. Ha npaktuke
4acTo MNPUMEHAT cnocob oTnagkn YHKUMOHUPOBAHUA KPUTMYECKMX Bu3Hec-
NpoLeccoB WM nocnegoBatenbHoe pacwupeHne Habopa dyHkumn. Moatomy obbem
NpoLLeccoB pacTeT OT aTana K aTany BHeAPEHUS.
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YOK 681.3 A.B. Ilanpos, B.H. ®ypaiues

O0BbEeKTHO-CTATHCTHYCCKUI aHAJIN3 HHPOPMALIMOHHBIX MOTOKOB

UHpopmayuoHHbIU ueHmp «JIBUCTU»,
HayuyHo-uccnedosamernbckul ueHmp ro 8orpocam rnpasoeol UHGhopMamuKu
Akaldemuu rpasosbix HayK YKpauHbl

OuHaMmmka ©“ NOCTOSIHHO  yBenuMyuMBawLWMecs OO0beMbl  pPa3HOMNMAHOBbLIX
nyonukauumn B WHTepHeT oO6ycnosnueatloT npobrnemy nosydeHuss faHHbIX Ans
NHPOPMALMOHHO-aHANUTUYECKUX  UCCNEAOBAHUN, Kak  OMNepaTuMBHbIX, Tak W
PETPOCNEKTMBHbBIX MO PasnuyHbiM Tematudyeckum HanpasneHnam [1]. OB6blYHbIMK,
TPaguLMOHHBIMW, METOA4AMM MOUCKA U SKCTparnpoBaHus MHGopmMaunmn, Heobxoanmom
ans nocnegywouwen obpaboTku, yxe He obonTucb. Ha nomoLlb MOryT nNpunUTK NUb
CUCTEMbI KOHTEHT-MOHUTOPWHIA, OXBaTbIBaKOLLME ThiCAYM NMHAPOPMALIMOHHBIX PECYPCOB,
N NO3BONAKOLWME BbIABNATb TEHAEHUMN, CIOXETbl, 06BLEKTLI U UX cBA3n [2]. BmecTe C
TEM, aHanm3 nNPoLeCCcoB, KOTOPbIE NMMEKT JOBOSIbHO 3HAYUTENbHbLIE BPEMEHHbIE PAMKW,
BCe eLlle XOeT CBOero WHCTpyMeHTapusa. Ecnu Bonpockl Bu3yanusauuun pesyribTaToB
noncka WHAPOPMALMOHHOIO OTOOpaXeHns noAoOHbIX MPOLIECCOB OCBELLAOTCA B
bonbwom kKonuyectee pabot [3-6], TO aHanu3y W Bu3yanu3auum OOBLEKTHOro
pacnpeaeneHmsi oTobpaHHbIX MHPOPMALMOHHBIX MaccMBOB BOMNbLUMX 06BHEMOB A0 CUX
nop He yaensanochb CyLeCTBEHHOro BHUMaHUS.

MpeomeTHOM 0BNacTbiO MCCNeagoBaHUMS aBTOPOB B AaHHOW paboTe saBnserca
aHanu3 1 Busyanusauna o6bekTHOro pacnpegeneHns otTobpaHHbIX MHPOPMALMOHHBIX
MacCMBOB Ha NpuUMepe aHanusa guHaMmukn nybnukaumn B NHTEpPHET-NPOCTPAHCTBE O
DEeATENbHOCTU CUCTEMbI U30MpaTenbHbIX KOMUCCUMMA B YKpaumHe o Bbibopam
Mpe3ngeHTa YkpauHbl M HapoAHbix genyTtatoB YKpaumHbl 3a 2004-2006 rogbl. OTa
AVHaMMKa OTpaXkaeT peanbHbll MHTepeC OO6LEeCTBEHHOCTN, 4epe3 3IMEeKTPOHHbIe
cpenctBa  MHGoOpMauuu, K u3bupartenbHbiM npouedypam, a Takke MNpoLecchl,
npoucxogsume B xoge nsbupartenbHbIX KaMmnaHu.

Cuctema KOHTEHT-MOHUTOpKHra InfoStream Ha ocHoBaHun aHanm3a okono 3000
NUCTOYHNKOB MH(popmaumm B ceTu WHTepHeT nos3sonuna nocTpouUTb 3aBUCMMOCTb
CYTOYHbIX O0O6bEMOB TemaTumyeckux nybnukaumn 3a 3 roga (1096 cyTtok, obuwee
konnyectso — ceblwe 320 Thicad). MNMukn Ha rpaduke (puc. 1), NO3BOMAIT OUEHUTb
WHTEHCMBHOCTb OCBELLEHMSI B MPECCE KaK NPe3naeHTCKON m3bupartenbHon KamnaHum
2004 r., Tak BbibopoB B BepxoBHbin CoBeT YkpanHbl B 2006 T.

BmecTe ¢ Tem, ona 6onee getanbHOro aHanmMsa NpoLEcCoB, OBLWENPUHATLIMU
MeToaMKammn saBnsetTca aHanm3 ®Pypbe u  Bamsnet-aHanu3 [7, 8]. TexHonorus
NCMONb30BaHMS BAVBMETOB (ManeHbKUX BOSIH) MO3BOMSAET BbISABMATL OOWHOYHbIE WU
HeperyndpHole  "Bcrneckn", pes3kne  U3MEHEHUs1  3HAYeHUA  KONUMYECTBEHHbIX
nokasartenen B pasnunyHbie Nepuoabl BPEMEHW, B YAaCTHOCTU, O6GBEMOB TEMaTUYECKNX
nyonukaunn B WHTepHeT. lMpn 3TOM MOryT BbISBASATLCS MOMEHTbl BO3HUKHOBEHUSA
LUMKIIOB, @ TaKke Korga 3a nepvogamu pPerynsipHoM ANHaAMUKKA CReayrT XaoTU4eckue
konebaHns. MeTon BaMBREeT—aHanu3a WCNONb3yeTca Takke ANd AeKOMMNOo3vLUMK,
BblOeneHns curHana ui "wyma", nsydeHms OuHamMuKuM passinyHbIX NpoLieccoB, B TOM
ynucrne 93KOHOMMYECKMX W coumanbHbiX. Ha puc. 2 npuBegeHa cnekrtorpamma -
pesynbTaT BaMBreT-aHanu3a BPEMEHHOro psda, COOTBETCTBYIOLLErO  M3yvyaemMoMy
npoueccy.
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Puc. 2. BaneBneT-cnektorpamma guHaMmunkn TemMaTuyeckoro MHopmaumoHHOro
noToka (ogHOMepHoe HenpepbiBHOE BaNBMeT npeobpasoBaHne, BaneneT (aycca), ocb X
— OHN, ocb Y — 4acToThbl

MpekpacHO oOTpaXkas chnekTpanbHble XapakTepUCTMKU CUrHanoB, BIMBNET-
aHanu3, ofJHako, Mo CBOel npupode, He MOXeT ObITb MCMonb3oBaH, Koraa
MHOPMAaLUMOHHbBIA MOTOK creayeT paccMmatpuBaTb C OBBLEKTHOM TOYKM 3peHus. B
crny4yae, paccMaTpuBaeMOM aBTOpaMu, TakMMWM OOBEKTAMM BbICTYNanu OTAErNbHble
nviua, onpegensemMble B Nyb6nukauusix  cBoMMM  baMUNUSMK,  MHUUManamu,
AOIMKHOCTSIMU 1 T.N. B YacTHOCTK, C NOMOLLIbIO CpeacTB aKCTparMpoBaHusa nHdopmMauum
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cuctembl InfoStream n3 paccmaTtprMBaemoro noTtoka Obifo BbIABAEHO YNOMUMHAHWE O
bonee yem 40 TbIC. NUuUax, B TOMW WNM MHOW Mepe WMEKLWMX OTHOLUEHNE K
nsbuparensHoMy npoueccy. B  akcTparmpoBaHHOM BuAe Kaxgasa nepcoHa
npeactaBnaAnacb OaHMM geckpuntopoMm. [Ons  obecneveHus ydeta W aHanusa
pacnpegeneHns MHPOPMaLUMOHHbLIX MOTOKOB B pa3pe3e WHTEpPeCyrLmnX NepcoH Obin
NPeanoXeH OpUrMHanbHbIM MeToh, TaK HasblBaeMblXx BoOpAnetT-guarpamMmm. ITu
anarpammbl npeacTaBnsAwoT cobon dopmy BM3yanbHOro oTobpaxkeHus
WHPOPMAaLIMOHHOIO MOTOKa B pas3pe3e OObEKTOB WM daTt, npeacrtasnswowas cobown
NPSIMOYroNbHY0 Tabnuuy, SYEenKn KOTOPOW 3arnofiHEHbl 3HAYEHUAMM KONu4ecTBa
coobLeHnn MHOPMALMOHHOIO MOTOKa 3a OMNpederieHHY AaTy, COOTBETCTBYHLLMX
onpeaeneHHomy obbekty. Ctonbuam aTton Tabnuubl COOTBETCTBYIOT AaThl, @ CTPOKaM —
006BbEKTHI, aBnsawoLwmecs cBOE0OpPa3HbIMK coagepXatenbHbIMU dunbTpamm
nccnegyemoro nHgopmaumoHHoro notoka. Ob6bekTam B paccMaTpuBaemMoM criyvae
COOTBETCTBYIOT onpefeneHHble nuua. EctecTBeHHO, AN BU3yanbHOro 0TobpaxeHus n3
MHOXeCTBa MepcoH BblOMpaeTcsa Mulb HECKOSIbKO OeCATKOB  WHTEepPecyrLmnx
nccnegosartens.

BuayanbHO BopaneT-anarpamma npegcrasnseT cobon tabnuuy, a4enkn KoTopon
3aKpalleHbl OTTEeHKaMu Ceporo uBeta, B 3aBUCMMOCTW OT 3HayYeHUn 06BLEMOB
nyGnukauumn no BblOpaHHOMY OO6BLEKTY B COOTBETCTBYHOLWMN AeHb (6onbluee 3HavYeHne
cooTBeTcTByeT 6Gornee TemMHOMy OTTeHKy). CnegyeT 3amMeTuTb, YTO MHOrME CTPOKM
BOpAneT-anarpaMmbl 06nagatoT dpakTanbHbIMM CBONCTBAMU, KOTOPblE MPUCYLLUUA UM
KaK KONMMYECTBEHHbIM MWHAMKATOpPaM TeMaTUYecKux MHGPOPMAaLMOHHbIX NOTOKOB. B
YaCTHOCTW, [NS aHamnorMyHblX BPEMEHHbIX pPSgoB  ObINO  9KCNEepUMEHTanbHO
NOATBEPXKAEHO HanMune CTaTUCTUYECKOW KOppensdumm Ha [OCTaTOYMHO ANUTENbHbIX
nHTepsanax [9-10].

Bopaner-guarpammbl  Ans OTHOCUTENbHO HEBONbLLUIOrO KOMMYecTBa CTPOK
(HEeCKonbKO OecATKOB) NO3BOMSAKT BU3yalibHO BbISBAATL rpynnbl Hanbonee cBA3aHHbIX
No gatam M MHTEHCMBHOCTAM nybnukaumn obbektoB. [Ons Gonblero konuyecTtsa
00beKToB B rnpouecce noctpoeHns BoppgneTt-guarpammbl  npegnaraeTtca ee
Knactepusauma nyTeMm nNepecTaHOBKM CTPOK (NeperpynnmpoBkn OOBLEKTOB) B
cooTBeTCTBMM C anroputmMom k-means [11]. [lpu 9TOM nogpasymeBaeTcsi, 4TO
HanpumMmep B crnydae pa3bueHus Ha 2 knacTepa, OCHOBbI KIlacTepoB /i 1 j (LeHTpounapl),
KOTOpble 3aTeM PeKypCUMBHO YTOYHSAOTCH, BblOMpaloTcsa Ang HavbonblnX 3HaYeHui
dyHKUNN:

Fij = 2Xik » 22X * Ry,

rae Xix — 3HayYeHuss arnemMeHToB Tabnuubl, cymmbl Gepytcs no BceMm patam K, Rj —
«paccTosiHue» Mexay CTpokamu i v j, onpegensiemoe (popmynomu:

Ri = X |Xik - Xjul-

CnepyeT OoTMETUTb, YTO KPOME Ha3BaHHOW Bbllle TEMATUYEeCKOW 3agayu, Obinm
nonyyeHbl BopAneT-gnarpaMmbl, COOTBETCTBYHOLWME 60MbWNM  MHEGOPMALMOHHBIM
NnoToKaMm  pasfiM4HOM TemMaTUYEeCKOM HanpaBfeHHOCTU. B kayecTBe napameTpoB
3anpocoB Ansa otbopa 06B1EKTOB BbIOMpanuch Takme napameTpbl, Kak KIo4YeBble CroBa,
damunuu, reorpadmyeckme HasBaHus, Ha3BaHUS OpraHnU3aLunin.

Ha puc. 3 npuBegeHa BopanetT-guarpamma MepBOro YpoBHSA (MPEBbLIO),
Nno3BonsaLWas BM3yaribHO BbISIBMSATb aHOMarbHble Koppensumn. Ha aton gnarpamme,
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oXxBaTbiBalOLLLEN NHGO OPMaLNIO no 49 nepcoHam, OTYETNMBO BWUOHbI LUKIbI
nNpasgHUYHBLIX OHEeW, a Takke Koppenauun oTaenbHbiX 06bektoB. C  MOMOLbHo
NPUBEOEHHOM Ha pucC. 4 YTOYHAKOLWEN BopASfieT-anarpaMmmbl MOXHO TOYHO YKasaTb
BbISIBIIEHHbIE KOppensuuMm, Hanpumep, nepcoH ¢ Homepamu 10, 11 un 26, 27 3a
nocnepHue 20 gHen.

Puc. 3. Bopanet-gnarpamma-npeBbto (0Cb X — AHW, OCb Y — NEPCOHbI)

B pesynbTtate npoBegeHHbIX 3KCMEPUMEHTOB, €CTb OCHOBaHUS NPeanosioXuTb,
4YTO WCMNOSIb30BaHWE TaKMX CpPeAcTB Bu3yanu3auumm, Kak BopASieT-guarpammbl,
no3BonseT «pasnaratb» UCXOOHble BPEMEHHbIE pALbl B COOTBETCTBUMM C OObEKTamu,
obHapyxuBaTb MegMa-akTUBHOCTb MO BblOpaHHbIM 0ObeKTaM, BbIABNATL B3aMOCBS3M
00bEeKTOB B paspese Aar, onpedendatb AeTany Meaua-akKTUBHOCTM KaxXaoro obbekTa
unu  rpynnbl obbekToB. Bopaner-guarpambl  no3sonsawT  6onee  agekBaTHO
aHanuaupoBatb AWHaAMUKYy nybnukaumi B WHTepHeT B paspes3e WHTepPeCyoLmX
00beKkToB, NMpedocTaBnsst B HarnsgHOM BUAE BaXHy MHGOpPMauMilo O AWHaAMUKe
peanbHbIX npoueccoB. Wcnonb3oBaHve BopaneT-guarpaMmm npeactaBnseTcs BaXHbIM
OOMNOJSTHEHMEM K YXXe MPU3HAHHBbIM MeTogaM UCCnedoBaHWN, TakMM Kak aHanuid dypobe,
KOppEenAUMOHHbIN U (bpakTanbHbI aHann3, a Takke BaNBneT-aHanms.

HeobxoanumMo oTMETUTb, YTO MpeAcTaBfeHHbI B NOAXOM K peLLUeHUo Bonpoca
aHanusa v Bu3yanusaumm o6beKTHOro pacnpeaeneHns otobpaHHbIX MH(POPMaLMOHHBIX
MacCMBOB, HECMOTPS Ha TO, YTO OH NPOAEMOHCTPUPOBAH Ha MpuMmepe aHanusa
AnHamMukn  nybnukaumin B WHTEpHET-NpOCTpaHCTBE O [OEeATeNbHOCTU  CUCTEMBI
n3bupatenbHbIX KOMUCCUIW B YKpauHe no Bblbopam [NpesmaeHTa YKpavHbl U HApOAHbIX
AenyTaTtoB YKpauHbl, HOCUT 00LMIA XapakTep.

[aHHbIN noaxo4 NMpUMEeHUM AN pelleHna BONPOCOB aHanmsa v Bu3yanusauum
006beKTHOro pacnpegeneHns nobbiX OTOBPaHHbIX WH(OPMALNOHHBIX MaccuBOB AN
npoueccoB, KOTOPblE UHTEPECYT nccnegoBatensd U UMeKT LOBOSbHO 3HAYUTESbHbIE
BPEMEHHbIE PaMKM.

Kpome TOro, HeobxogMmo OTMETUTb, YTO MpeAcTaBfeHHbI NOAXOoL4 aHanusa
NHPOPMALIMOHHBIX MOTOKOB HOCUT OOBEKTHO-CTATUCTUYECKUA XapaKkTep, KOTOpbIA, B
CBOIO odepenb, npeacTaBnsaeTcs Kak cyulecTBeHHas cocTasnsowas
MeTogonormyeckon 6asbl MPOrHO3HO-3MMNNPUYECKOTO aHanmaa.
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IIpoGieMHBIe BOMPOCHI yIIPABJIEHUS] PUCKOM
B MPOEKTHOM MEHEIKMEHTe

HauyuoHarnbHbIl aspokocmu4veckul yHugepcumem um. H. E. )Kykoeckozo « XAU»

B mupe yxe gaBHO nNpu3HaHO, YTO ynpasrieHMe npoektamu — ocobas obnactb
MeHeKMeHTa, NPUMeHeHNe KOTOPOWN AaeT owyTuMble pesynbTtaThl. [podeccnoHans! B
3TOM 06MacT BbLICOKO LIEHATCS, @ cama MeTodornorua ynpasneHns npoektamm crana
drakTuyeckum ctaHgaptom [1]. YnpaBneHue npoektamn gaeT olwyTuMble pesyrnbTaThbl
BO Bcex obnactax npuMeHeHus1, 4em 1 o6 bACHAETCH ee pacTyLlasa nonynspHOCTb.

B YkpauHe cenvac ciepa ynpaBneHus npoektammn 6ypHO passumBaetcs. Ecnu
ewe 4 roga Hasaj 3TUM HanpasfeHWeM MHTEPEeCOoBarUCb UCKNIOYUTENBHO KOMMaHuu,
CBsi3aHHblE CO CTPOUTENBLCTBOM, TO Cenyac K ynpaBneHuio NpoeKkTamu Bce Yyalle ctanm
obpawaTtbca baHKoBCKMEe CTPYKTYpbl. OHM HaYMHaKOT OKa3blBaTb HOBbIE YCIYrn, U UM
BaXXHO YMETb ynpaBnATb MMWU. TeNeKOMMYHUKALMOHHbIE KOMMaHUU Takke XOTAT ag-
(PeKkTMBHEE WNCMOMb30BaTh MMEIKLWLMECH Y HUX pPecypcbl. ¥ MHOMMX MPOMbILLSIEHHbIX
KOMNaHUM NOMMMO HEMNOCPEACTBEHHOro BbiMycka MPOAYKUMW eCTb TakKe MNpPOoeKTbl —
MoAepHM3aumsa npou3BoACTBa, 3amnyCK HOBbIX fIMHWA, TOBApOB wunu ycnyr. Passutne
NpoOn3BOACTBA N CTPOUTENBCTBO HOBbIX 3aBOJOB — 3TO TOXE MPOEKThI [2].

Becbma cywecTBeHHOM COCTaBMSAKOLWEN YyNpaBneHUs npoekTamu SABISeTCS
ynpaBneHne npoekTHbIM1 puckamu. [Jo HeJaBHEro BpeMeHu aHanu3 puckoB B ynpas-
NEeHUn NPOEKTaMn OrpaHNYMBariCad pacCMOTPEHNEM Yrpo3 HapyLUEeHUA CPOKOB BbIMNOJ-
HEeHNA OTAenNbHbIX 3TanoB MPOEKTa U COOTBETCTBYHOLLErNO yBESIMYEHUS €r0 CTOMMOCTMU.
Bonee cepbesHble pUckn (MPUPOAHbLIE U TEXHOTEHHbIE KaTacTpodbl) OTHOCUNK K dhopc-
Ma)KOPHbIM 06CTOATENBCTBAM M B CBA3U C 3TUM He aHanuaumpoBanu, a B 60nbLUNMHCTBE
cnyyaeB gaxe He cTpaxoBanu [3]. Hamevaroweecs pacwumpeHue cdepbl NPUMEHEHUS
NPOEKTHOIrO MEeHeKMEeHTa Ha NMoTeHuuanbHO onacHble OOBLEKThI, a Takke Habnogae-
MOe BO BCEM MMUpe pe3Koe Bo3pacTaHWe TEeXHOreHHOW OMacHOCTU MPOMBbILWSIEHHbIX
00BHEKTOB 3aCTaBMAIOT NO-HOBOMY B3rMSiHYTb HA Npo6nembl ynpaBneHns pUCcKoM.

CornacHo ctaTuCTUKe PUCK KPYMHbIX TEXHOMEHHbIX KaTtacTpod MNOCTOSHHO pac-
TeT. OTO HeusbexHoe CreAcTBME HayYHO-TEXHUYECKOro nporpecca, MHTeHcUdurKaumm
Npoun3BOACTBa, POCTa YUCIIEHHOCTU U ypbaHu3aumm HaceneHusa. MOXHO nv oueHUTb
BNUSHWE BHELUHUX TEXHOrEHHbIX (PaKTOPOB Ha BbIMNOSIHEHWE TOrO UM MHOFO NPOEKTa, U
KakK npaBUSIbHO yNpaBrisiTb PUCKOM MpOEeKTa C y4eToM 3Tux dpaktopoB? B HacTosliee
BPEMS peLleHne 3TUX BONPOCOB OCMOXHAETCH psagoM npobnem.

Honrve rogbl B oCHOBe obecnevyeHns npoMblllnieHHon 6e3onacHoCTU npeanpu-
ATUIA Nexana Tak HasblBaemasi KoHUenuusi «abcontoTHON 6e30nacHOCTMY», UIN «Hyne-
Boro pucka» — ALAPA (As Low As Practically Achievable). 3Ta koHuenuusa npegycmart-
pvBana Takyl opraHusaumio NpeanpuaTus u NpoMsBOLCTBEHHOMO npolecca, Npu KoTo-
PON BO3MOXHOCTb aBapun AoSmkHa 6bina ObiTb MNOMHOCTLIO UCKoYeHa. CamMo NoHATHUe
«PUCK» MO OTHOLUEHWUIO K TEXHOTEHHOW aBapuu gaxe He npumeHanocb. OgHako pag
KPYNHbIX aBapun B KoHUe XX Beka, B TOM vncne n YepHobbinbckasa katactpoda, noka-
3anv HenpaBOMEPHOCTb TAaKOro nNoaxoAa u3-3a HEeBO3MOXHOCTU OOCTMXKEHMS abcontoT-
Hon Ge3onacHocTn. Cneaytowen Gbinia KOHUENUUsS «npuemMsiemMoro puckay», B OCHOBE
koTopown 3anoxeH npuHuun ALARA (As Low As Reasonably Achievable). 3ta koHuen-
Unsa npegycmaTpuMBaeT BO3MOXHOCTb aBapuun (PUCK) U, COOTBETCTBEHHO, MepbI MO pe-
ryniMpoBaHMi0 NapaMeTpoB e€e BO3HWKHOBEHWS W pasBuTUSA (ynpasreHue puckom). K
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COXaneHuo, 3TO NPUBENO K MHOXECTBY pasfnuyHbIX ONpeaerieHMn camoro MOHATUA
«PUCK», MHOTWE M3 KOTOPbIX HE COrnacylTcs 1 gaxe npoTueopeyat apyr apyry [4].

B HacTosiLee BpeMsa TONbKO B HOPMATUBHO-NPABOBbLIX akTax AeCTBYIOLEro 3a-
KOHOAaTenbCTBa YKpauHbl HacuuTbiBaeTcs 6onee 50 TpakTOBaHWN TePMUHA «PUCK» U
CBA3@HHbIX C HUM MOHATUW. B Hay4HO-TEXHMYECKOM nuTepaType onpeaerieHnn pucka
ewe 6onblwe. ATO 3aTpygHAET NOHMMaHWE OOKYMEHTOB M HE MO3BOMSET CpaBHMBATb
Mexay cobomn pasrnuyHble BUAbl PUCKOB, T.€. HE AaeT BO3MOXHOCTU YNpaBnsTb UMU.

Bnpouem, ¢ pasButnem HayyHoOro nogxoda K puMcky, 0CO6EHHO C MCNONb30BaHU-
€M ero B NPOMbILLIIEHHOCTU, 3KOHOMUKE, TOproere n 6GaHKOBCKOM [erie, CMbICI TaKuXx
NMOHATUIA Hayarn NOCTeneHHO AeTanna3npoBaTbCs, N NOSABUIIOCH CTPEMITIEHNE BBECTU Me-
Py ONS1 HEKOTOPbIX U3 HUX, TO €CTb HAaYYUTbCA U3MEPATb U CPaBHUBATbL PUCKM.

MpMeHUTENbHO K TEXHOMEHHLIM aBapusM ornpeaenunucb ABe OCHOBHble Tpak-
TOBKW MOHATUA pUCKa KaK KONMMYECTBEHHOW Mepbl OMacHOCTU: BEPOATHOCTHAA U oue-
HouyHasa. B nepBom cnyyae puck onpeaensaeTcsa Kak BEPOATHOCTb NosiBNEeHna Hebnaro-
NPUATHOIO COObLITUA, BO BTOPOM — KakK MakCcMMarnbHbI yuiepb, KOTOpbln MOXET ObiTb
HaHeceH cobbiTmemM. Kpome TOro, mHorga nog PUCKOM MOHUMAKT MaTtemaTudeckoe
oxuaaHuve yuepba, BO3HUKAOLLEro Npu aBapusix, katactpodax U onacHbIX NPUPOAHbIX
aneHunax. ocnegHaa vHTepnpeTauna HaxoauT Bce Oonee LUMPOKOE npakTuyeckoe
npumeHeHne. OgHako onpeaeneHne ypoBHS pyUcKa Kak BEPOSTHOCTHOW KaTeropum SB-
nsaetca 6onee ygobHbIM U NpMeMnembiM Npy peLLleHnn LWKMPOKOro Kpyra 3agay Hay4Ho-
ro U NPakTU4eCcKoro xapakrtepa, B OCODEHHOCTU Kacarwwwmxca obuien OueHKU YpPOBHS
6Ge3onacHOCTK, 1 NO3TOMY UCNONb3yeTCs B HACTosLLee BpeMs Hanbornee yacTo.

lMocneacTeusa UCNoNb30BaHUS TOMNBbKO BEPOSATHOCTHOrO NoaxoAda K aHanuay puc-
Ka MOXXHO NPOAEMOHCTPMPOBATL Ha Npumepe YepHobbinbCkon KaTacTpodbl, y4nMThiBas
nNpuv 3TOM, YTO OHa MO MHOMMM NapameTpaM He SIBASeTCSH YHUKanbHOW cpeau Hanbonee
KPYMHbIX MPOMbILLSIEHHbIX aBapun [5]. ATOMHast 9Heprust — cambl KOHLEHTPUPOBAHHbLIN
Ha cerogHsa UCTOYHMK SHEPrnKn, a BEPOSATHOCTb TshKernion aBapum Ha ASC noka Ha MHOro
HWXKe obLEenpOMBbILLIIEHHbIX MokKa3aTtenen. 3aTto NOcneacTBUA Cepbe3HOr aBapumn Ha
A3C moryT BbITb 4OCTATOYHO TSXKESbIMMU.

B HacTosdLee Bpemsa B COOTBETCTBUM C HOPMaMn pagmaumoHHon 6esonacHoCTu
HPB-99 n pexomeHgaumsmm MAIATO OCHOBHbLIM HOPMATUBHLIM NoKa3aTenem, xapak-
Tepusyrowmm 6e3onacHocTb ASC, sBNsieTCca pacyeTHasa BEpPOATHOCTb aBapun, KoTopas
He nomkHa npesbiwaTte W = 1-10° rog™” (B HEKOTOPLIX CTPaHax HOPMbI eLLe XecTye).

HokasaTtenbctBa 6e30nacHOCTN 3Heprobrioka CTPOSATCA Ha uccnegosaHuy nose-
AeHus modenu 3Heprobnoka MM ero OCHOBHbIX YacTen B PasfnyHbIX «PaCYETHbIX»
aBapuax. EcTtb Takke pacyéTHble mogenu ocoboro poga, onepupyroline He napamet-
pamMu, a cOBbITUSMU, PacCCYNTLIBAONMK HE TeMnepaTypbl U AaBNeHUs, a BEPOSATHOCTH
pa3HbIX CNOXHbIX COObITUN. COOTBETCTBEHHO MCXOOHbLIMU LAHHbLIMU CAy>XaT BEPOATHO-
CTWN NPOCTbIX COObLITMI — OTKA30B 060pyAOBaHUS NN BEPOSATHOCTU OWMBOK NnepcoHana.

CneumanucTbl N0 NPOMbILWIEHHON 6e30MacHOCTN NPUHUMAlOT BEPOSTHOCTb MO-
aBneHus aBapumn (katactpod) W=1 10 rog™ kak ToT YPOBEHb puUCKa, K KOTOPOMY Crie-
AyeT CTPEMUTBCA Ha NMPOMbILWNEHHbIX npeanpuaTnax. O6bsacHaeTCs 3TO TeM, YTO Be-
POSITHOCTb aBapUI Ha KOHKPETHOM MPOMbILLMEHHOM 06bekTe, pasHas 1-10° roa™, cum-
TaeTCs HacCTOMbKO Maroun, YTO paau BbIrodbl, NOlydYaemMon OT 3KchnyaTaumm 3TOro
obbekTa, ObLEeCTBO roTOBO MOWTU HA TakoW puUCK [6]. PU3MYECKUIA CMbICIT BEMUYMHDI
W=1-10"° ron'1 npegcraBnseT cobon OXmoaemoe KONMMYECTBO aBapwuii B Nepuoa Ha-
6nogeHns B T netT 3a N OQHOTUNHBIMK TEXHONMOIMYECKUMUM OObEKTaMu, T.e. CTaTUCTU-
YecKun JonycKkaeTcs oaHa aBapus B rog Ha ogHoM u3 N=1 MnH o6bekToB uUnn ogHa asa-
pusa B ctonetne npu N=10 TbicC.
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B HacTosiwee Bpems obwemmnpoBon onbIT akcnnyataumm ASC no coobuieHunto
anpektopa WMHctutyta npobrnem 6e30macHOro MCnonb3oBaHWUS SOEPHON SHEPruu
B.I". AcmonoBa coctasnset okono 5500 peaktoponeT. M 3a 3To BpeMs yKe nponsoLunm
ase kpynHenwmne (no knaccudpukaunn MAIATI) aBapum ¢ pacnnasneHnemMm akTUBHOW
30HblI Ha ASC «Tpu-Mann-Aimneng» (CLUA) B 1979 r. 1 Ha YASC B 1986 r. Kpome ToOTr0,
3admKkcmpoBaHO BonbLLIOE KONMMYECTBO pasnuyHbiX HapyweHun B pabote ASC. Tak,
Tonbko B 1994 rogy Ha 29 peaktopax Poccum nponsowno 140 HapyweHun B paboTe, 13
HUX 126 knaccuduuupoBaHbl [locaTtomHag3opom Poccun kak npowvcwectsusi. bonb-
LUMHCTBO MHUMOEHTOB HE CBsA3aHO C paboTon nepcoHana, a Bbl3BaHO TEXHUYECKMMMU
HeJoCTaTKamMu aTOMHbIX peakTopoB. Komuccusa no sgepHomy perynuposanuto CLLUA go-
KyMeHTanbHO noaTtsepauna 3540 nNpoekTHbIX OWKWOOK, O KOTOPbIX 6bIN0 coObLEHO B
nepuog ¢ 1985 no 1994 rr., T.e. B CLLWA B TedyeHune gecatn net Ha ASC npakTnyeckm
Kaxabl AeHb OBHapyXmnBanacb KOHCTPYKTUBHAA owwmnbka [7].

Takum obpas3om, MMeoLLIMECS BEPOATHOCTHbIE OLEHKN puckoB Ha ADC saBnaTcs
HEeMNoSIHbIMN N BECbMa HEe4OCTOBEPHbIMU, T.K. ONMPAIOTCS HAa MHOMOYUCIEHHbIE HEpea-
NNCTUYHBbIE NPEANOSIOKEHNS, @ BbIYUCIIEHNA 3aBEAOMO HEKOPPEKTHbI U NpoTUBOpeYaT
dakTUYECKUM OaHHbIM, NONYYEeHHbIM B xo4e akcnnyaTaumm ADC. ACHO O4HO: BEPOAT-
HOCTb aBapuW AMNst KaXA0ro aHeprobrioka 3aBefomo Bbile, Yem 1-10° roa™, a o6siza-
TeNbHOE B COOTBETCTBMM C HOPMATUBHbIMU TpeboBaHMSIMU NpoBeLEHNE KONNYECTBEH-
HO-BEPOATHOCTHbIX OLIEHOK 6e30nacHOCTM aaepHbiXx 0ObEKTOB MpeBpaTUiock B dop-
MarnbHyto npouenypy [8]. Bnpoyem, B gpyrnx otpacnsx cutyaumsa ewe xyxe. Ctatuctum-
YeCcKu aHanun3 gaHHblX 06 aBapusax, Npousowenwmnx 3a 5 neT B pasnuyHbIX OTpacnsx
NpPOMbILWNEHHOCTU Poccum n YkpanHbl, nokasan, YTo YyactoTa aBapui B 9TUX CTpaHax
coctaensieT ~10° rog”’, T.e. Ha Tpu nopsiaka Gonblue HOPMUPYEMOWN BESTUYUHBI [6].

Kpome Toro, BepOsITHOCTHbIN aHanu3 oueHkn 6esonacHocTtu (6es nccnegosaHus
noTeHUuManbHbIX MOCMEACTBMIA aBapui) He ABNSeTCA COOBCTBEHHO OLIEHKOW pucka, a
NULWb O4HOW M3 ero coctaBnswmx. o oueHkam cneynanucTos, yuwepb oT aBapum Ha
A3C «Tpu-Main-Anneng» coctasun $1,86 mnpa, a o6wmii ywep6 ot aBapumn Ha YA-
3C coctaeun okono 300 mnpa pybnen B ueHax go 1990 r. (T.e. nopsiaka $500
mnpa) [9]. Ota cymma conoctaBuma co Bcen npubbinbto oT ASC 3a BCe BpeMs UX Cy-
LLIECTBOBAHUSA HaA TOT MOMEHT U B TPU C JIMLLIHMM pa3sa Oonblue, YeM CyMMapHbIA 3KO-
HOMUYECKMA 3OEKT, HAKOMMNEHHbIW B pe3ynbTaTe paboTbl Bcex coBeTckmx AJC, aKc-
nnyatnpoBaBwmxca B 1954 - 1990 rr. [6]. CneactBuem aTMX aBapui IBUNTOCb peskoe
3amMeaneHne TEMMOB Pa3BUTUS SOEPHON aHepreTukn. B HacToslee Bpems HEKOTOpPbIE
CTpaHbl yXe 00bsABUNM O XenaHuM MONHOCTbI OTKa3aTbCA OT SAEPHON 3HEPreTuKM,
OLHaKO OCTarbHble, BKIOYasa 1 YKpauHy, NpogosnkatoT pa3BuBaTth 3Ty OTpachlb.

Takum obpas3om, HU BEPOATHOCTHAs, HMU OLEHOYHas MOAENM camu no cedbe He
NO3BONAIT OOBEKTMBHO N afeKBaTHO XapakTepmn3oBaTb PUCK.

PaspaboTaHHble K HacTosiILeMy BPEMEHUN KOHLENTyarnbHble OCHOBbI YNpaBrieHns
TeXHOreHHon 6e30MacHOCTbI0 NpeaycMaTPUBAOT Npexae BCEro KOMMEKCHYH OLEHKY
pucka, cuctemaTnsaumio 1 Knaccmukaumio puckoB, a Takke pa3paboTKy MeToaoB pe-
ryniMpoBaHNSA PUCKOB.

Ha ocHoBaHun cuctemaTusdaumm [aHHbIX, MOCBSALWEHHbIX npobneme pucka,
NpeanoXeHo KnaccmuumpoBaTb PUCKM MO CreayowmmM npmu3Hakam:

e O WUCTOYHMKAM pUCKa — MEXHO2EHHbIE, MPUPOOHbIE, 80EHHbIE, COUUaslbHO-
rnonumuyeckue;

e MO BUAOY MCTOYHMKA pUCKa MO OTHOLLEHMIO K paccMaTpMBaeMoOMy OOBLEKTY —
8HEWHuUe, BHympeHHUe U PUCKU, C8sI3aHHbIe C Yerio8e4eCcKUM hakmopom;
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e [0 XapaKTepy HaHOCMMOrO yulepba — aKosiocudeckue, coyuaribHble, 3KOHOMU-
yeckue, UHOusudyasibHble, MEXHO2EHHbIE;

e 10 BenuunHe ywepba — dornycmumesie, npederibHble, Kamacmpoguyeckue;

MO YPOBHIO ONacHOCTU — 6e3omnacHkle, rnpuemneMsie, Herpuemnemsle;
MO BPEMEHU BO3OENCTBUS — KPamko-, CpeodHe- U 00/120CPOYHbIE;

Mo YacToTe BO3OENCTBUA — [TOCMOSIHHbIE, nepuodudyecKkue, pa3ossble;
MO YPOBHIO BO3AENCTBUSA — J/I0KaslbHble, 25106arbHble;

MO BOCNPUATUIO pucKa NoabMU — O06p08OsIbHbIE, MPUHYOUMEbHbIE.

Buabl ywepb6a. o xapaktepy BO30eNCTBUA HEraTUBHbBIX (PaKTOPOB Ha pasnuy-
HbIX PELMUNUEHTOB pasnnyaloT coumnanbHbIn yuwepb — BO3OENCTBME HA YErOBEKA, IKO-
HOMUYecknn yuepd — notepsa MatepuasnbHbIX LEHHOCTENW U 3KOMOrnyecknn yuiepb —
BO34ENCTBME Ha oOkpyxawwy cpegy. OueHka nonHoro yuwepba BKNOYaeT OLEHKY
NPAMOro U KOCBEHHOrO yulepbos. Tak, NpssMoOn aKkonorndyeckun yuiepb — ato 3arpsisHe-
HMWE MCTOYHMKOB BOAOEMOB, 3arpsisHeHMe atmocdepbl Bo3ayxa. KOCBEHHbIN 3Konoru-
yeckun yuwepb cBs3aH C HeOBXOOUMOCTBLIO OLEHKU OTAANEHHbIX 3KONMOrmyeckux no-
CNeaCTBUN, TaKMX KaK HapyLleHWe KrmmaTudeckoro 6anaHca, yxyAlweHne KayecCTBEH-
HbIX XapaKTepuUCTUK NpUpoaHbIX pecypcoB. [psmon couunanbHbiM yuwepb — nioackue
notepu (TpaBMbl, yBeYbsi, MOPaXeHUs 1 T.4.) B pe3ynbTaTte aBapuii Ha NPOMbILLNEHHbIX
obbekTax. KoCBeHHbIN coumanbHbii yuepb — cokpalieHme cpegHen oxugaemoun npo-
OOIMKNTENBHOCTY XU3HKN, YBENUYEHNE COLUManbHbIX BbINNaT, Nbrot u ap. [4].

Cuctema ynpaBneHus puckom B obLLEeCTBE A0S/MKHA OCHOBLIBATLCSA Ha YeTblpex
NpUHUMNaXx.

1. OnpaBAaHHOCTb NPAKTU4YECKON AeATeNIbHOCTMU.

Hukakas npaktnyeckas OesTenbHOCTb, HanpaBneHHasa Ha peanu3aumto Lenu, He
MOXeT ObITb onpaBgaHa, ecnu Bbiroga OT Hee Ans obuiecTBa B LESIOM He NpeBbilaeT
BbI3bIBAEMOrO €10 yuiepba.

[eaTenbHOCTb, NPU KOTOPOW TOT UMW MHOW WHOMBUAYYM NoABepraeTcs Ypes-
MEPHOMY PUCKY, HE MOXeT ObiTb OonpaBAaHa, Aaxe ecnn 3Ta AeATeSNIbHOCTb BbirogHa
ans obuectsa B LIENIOM.

UneHbl obuiecTBa, 0co3HaBas TOT (PakT, YTO caMa BO3MOXXHOCTb XXW3HWN B pasBu-
BatoLeMcs obLiecTBe ABNAETCA BaXXHbIM NPenMyLLLECTBOM, A40OPOBOMBHO cornallatT-
CH Ha Hanuume B MX XU3HW ONpenerieHHOro, He NpeBbILAaoLEero Ype3mepHoro YpoBHS,
pucka OT TOM UNN NHOW OeATenbHOCTW, BHEApPEHME KOTOpon TpebyeTca anda yaosne-
TBOPEHMUS NX MaTepuarnbHbIX U AYXOBHbIX NOTPEBHOCTEN.

[ormkHbl 6bITb NPeaNPUHATLI BCE BO3MOXHbIE MEpPbl AN 3aLUNTbI KaXX40W NUYHO-
CTW OT YpE3MEPHOro puckKa.

CornacHo ctopmMynMpOBaHHbIM Bbile noagnpuHUMnam nwbas npakTnyeckas
AeATenbHOCTb, NoABeprawLwasa XusHb MHANMBMOYYMA 4Ype3MEPHOMY PUCKY, SIBMSIETCA
HeJonyCTUMOW.

2. MpopneHue cpegHeCTaTUCTUYECKOU OXMOAEMOMN NPOJOIKUTENIbHOCTU
NnpeAcTOSALLEN XXU3HMN.

TakTuyeckas uenb ynpasfieHUs PUCKOM — CTPEMSIEHNE K YBENUYEHUIO CpefHe-
CTaTUCTMYECKON OXMOAAEMOW NPOAOIMKUTENBHOCTN NPEACTOSLLEN XMU3HM B 0OLLIECTBE, B
TeYeHMe KOTOPOWN FIMYHOCTb MOXET BECTWU MOSTHOLEHHYIO XM3Hb B COCTOAHUN om3nye-
CKOro, AyLEeBHOro 1 couynanbHoro 6narononyymsa (onTumMmnsaumns 3allmThbl).

3. UHTerpmnpoBaHHbIM Noaxoa B yrpaBneHun puckom.

Monntnka B obnactu ynpaBneHus pucka byaet adpdekTuBHOM M nocrnegosa-
TENbHOW TOMbKO B TOM CllyYyae, ecnv B ynpaBrieHne pMCKOM BKIOYEH BECb COBOKYMHbIN
CMEKTP CyLLeCcTBYOLWMX B 0bLLeCTBE ONacHOCTEN N BCA MHOPMaLNSA O MPUHUMAEMBbIX
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peleHnsax B aTon obnactn 6e3 kakmx-nmbo orpaHNYEHnn JOCTYMNHA CaMbiM LLUMPOKMM
CNosAM HaceneHus.

B cerogHAWHNX yCnoBusX co3gaHnsa KPYnHbIX PEMMOHOB C BbICOKOW KOHLIEHTpa-
LMen NpoMbILLNEHHbIX OOBEKTOB NPWU OLIEHKE pUCKa OTAENbHOro Takoro obbekta Heob-
XOOMMO YyYNTbIBATb PUCK OT APYrMX NPOMbILLMEHHbBIX NPEaNPUATUA, €CNN OHWU pacnono-
XXEHbl PAAOM M MOTYT NPeACTaBnATb APYr AN Apyra AONOMAHUTENbHbIN PUCK. TOMNBbKO Ha
OCHOBE TaKOro MHTErPUPOBAHHOIO MOAX04a MOXHO MPUHMMATb PELUEHNE O CHUXKEHUMU
puycka Ha TOM UNK APYroM NPOMBbILLNEHHOM NPeAnpuUsaTUM C Lenbto obecneyvyeHuns npu-
€MIIEMOr0 YPOBHS pMUCKa Onsl HaceneHus.

4. Jkonornyeckas NonUTMKa B ynpaBieHUN PUCKOM.

Tak kak uenbio 6e30nacHOCTM ABNSIETCS He TOMbKO 3aliMTa 340pOoBbs Hacerne-
HUS, HO W 3aWmTa OKpyXalolwen cpedbl, TO B ynpaBneHWe PUCKOM ANA HaceneHus
BKMOYEHbI U TpeboBaHUA O 3awmTe okpyxawwen cpeabl. Cpean aTux TpedboBaHui B
KayecTBe mMMnepaTtvBa BblABMHYTO TpeboBaHWE K CErofgHsiILUHEMY MOKOMEHUIO O TOM,
4YTObOLI 0O6ecneveHne 6e3onacHOCTN YenoBeka, XUBYLLEro CerofgHsi, 4OCTUranochb ToSb-
KO C NMOMOLLbIO TaknX peLLeHnn, KoTopble Bbl He NoaBeprany pUcky cnocobHOCTb OKpY-
Xatowien cpegbl obecneuntb 6e30nacHOCTb M NOTPEBHOCTM ByayLINX NOKONEHNNA.

[MoaBoast NTOrM, MOXXHO KOHCTaTMpPOBaTb, YTO Ha CErogHsa B YKpauHe He CyLlecT-
ByeT npuemMnemMbix A5t NPakTU4eCcKoro NPUMEHEHNA METOAMK, KOTOPbIE NO3BONMAN Obl
OIS KOHKPETHOro npeanpusiTUs OueHUTb ypoBeHb ero GesonacHocTu, obocHoBaTb C
9KOHOMMYECKOM TOYKM 3PEHUSI pekoMeHOaumn, Mo3BOMSOLME OCYLECTBUTbL Nepexon
OT peanbHOro (Yalle BCero HM3Koro) ypoBHsi 6e3onacHocTu K Hopmmpyemomy [6]. Cne-
[oBaTeribHO, ANS OCYLECTBMEHNSA BO3MOXHOCTU pearnbHOro yrnpaBfieHUs PUCKOM He-
06xoanumMo pas3BuBaTb HOBble MOAXOAbl K MAEHTU(UKALUW Yrpo3, aHanu3y, OLEHKe n
MOHUTOPUHIY PUCKOB, @ Takke M K APYrMM COCTaBfSAKOLWMM METOO0MOMMN ynpaBneHus
NpoeKkTamMm.
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YOK 517.958:519.6 B.B. MuHTIOK

Cnoco0 mocrpoennsi 0a3uca JJis1 pelieHUus1 KpaeBbIX 32124 B
00bIKHOBEHHBIX MPOU3BOAHBIX BAPUALNMOHHBIMHA METOAAMHU

HauyuoHarnbHbIl aspokocmudeckul yHusepcumem um. H. E. XKykoeckozao « XAU»

BBepeHue

Ha doHe 6onbworo MHoroobpasvsi CUMOBbIX KOHCTPYKLUUA U UX 3NEMEHTOB
KONMWUYECTBO MOSIyYEHHbIX B 3aMKHYTOM BMOE PELLUEHNA KpaeBblX 3ajad, MMmeroumecs
CerofHsa B apceHarne nHxeHepa-pacyeTymka, o4eHb Masno. [JOCTOMHCTBA 3TUX peLLEHUI
6GeccnopHbl, HO OHW He MOryT YAOBNETBOPUTbL COBPEMEHHbIE TpeboBaHNA K TOYHOCTU
pacyeToB KOHCTPYKUMA U UX SNEMEHTOB BBWOY 3HAYUTENbHOCTU MOrpeLLUHOCTEN,
KOTOpble€ BHOCSTCA rMnotesamu, Nno3BOonsOWUMN MOMyYnTb camo TovHoe pelueHune. C
OPpYron CTOPOHbI, Jaxe HeCyLleCTBEHHOe YCNOXHeHWe 3ajadn BefdeT K TOMy, 4TO
peLleHne B 3aMKHYTOM BUAE UK CAIMLLKOM rPOMO34KO, UM HEBO3MOXHO BOBCE.

Ana nonyyeHns NpubnmXeHHbIX PeLeHNn UCMNOoMb3YTCA YMCNEHHbIE METOAbI,
cpeaun KOTOpPbIX CaMblM pPacnpOCTPaHEHHbIM Ha CErogHsa ABNAETCS MeTon KOHEYHOro
anemeHnTa (MKQ3). LLUupokoe pacnpoctpaHeHne MK3 ctano Bo3MoOXHbIM Bnarogaps ero
OOCTOMHCTBaM: YHMBEpPCAaribHOCTb, anropuTMUYHOCTbL W, Kak crnencrteve, Haubonee
pa3BuToe marematmyeckoe obecrneyeHune. [IoCTOMHCTBA, KakK, BMNPOYEM, N HEOOCTATKM,
SABNAIOTCA crneactenem ucnonb3oBaHma B MKO kak B BapuaunmoHHom metoge Panes-
Putua guckpetHoro (puHuTHOro) 6asuca. PUHUTHbIE PYHKLMK HE SBMISIOTCS B CAMOM
obLem cnyyae Haunyylwen annpokCUMaumMen TOYHOrO pPeLLEHUsl, OHM SIBHO YCTynakoT
MO TOYHOCTM W CXOOMMOCTU XOPOLIO MNOAOOPaHHBbIM aHANUTUYECKUM  (DYHKLMSM.
CnoXHOCTb UCMONb30BaHMs NOCNEAHNX CBA3aHa C TEM, YTO BUA 1 HABop aTUX PYHKLUI
3aBUCAT OT MHOMMX PaKTOPOB: BMaa amddepeHumnansHOro onepartopa 3agayum, opmbl
rpaHuLbl obnacTtu, TMna rpaHNYHbIX YCNOBUIN U Ap.

Cnocobbl nocTpoeHns 6asncHbIX CUCTEM OCHOBBLIBAOTCA Ha psge paccyXaeHuwn,
KOTOpble TPyOHO CBecTM K eduHoMy anroputmy. Hwke paccmartpuBaetcs
yHMBEpPCanbHbIN CNOCco0, NO3BONANOLWMIA MNOCTPOUTbL OA3NCHYKD CUCTEMY Ha OCHOBE
nocrnenoBaTenibHOCTU  (PYHKUMA, He YOOBETBOPSOLWMX HEKOTOPbIM  FPaHUYHbIM
ycrnosuam. Ha npumepe nokasaHo, 4TO npegnaraembin cnoco® noctpoeHus 6Hasuca
BeJeT K TOMY XXe pe3ynbTaTty, YTO U U3BECTHbIE: YMHOXEHNE Kaxaon yHKuun 6asmca
Ha HEeKOTOPYHo crneunansHO NogobpaHHyo PYHKLMIO U MeToa MHOXUTenen JlarpaHxa.

1. MocTaHOBKa 3apauu

Mycte Ha  wnHTepBane -1<x <1 KpaeBasa  3aja4ya  onucbiBaeTcA
anpdepeHunansHbiM onepaTtopoM A nopsigka 2n
Au=f (1)

1 HabopOM KpaeBbIX YCIOBUMN:

Bu=g; npnx=-1
R . (2)
B'u=g npux=1 i=12..,n.

34ecb U — nckomasa yHkums, fn g7 — ussecTtHble, B — auddepeHumnanbHbie
ornepaTopbl nopsgka He Bblwe 2n—1.
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Myctb cBonctBa AuddepeHumnansHbix onepatopos A, Bf un dyHkumn f, gf
Takue, YTo Kpaeasd 3agadva (1), (2) akBMBanNeHTHa OTbICKAHUIO B 3HEPreTUYEeCKOM (OHO

rmnbLbepToBO) NPOCTpaHCTBE Hy anemeHTa, JOCTaBnALWero crayuoHapHoe 3HadeHune
doyHKumoHany [1,2] aHeprum

Fu (3)
C [JOMNOSHUTENbHBLIMK YCNOBMAMU (34eCb NOPSAOK onepaTtopos BF He npesbiwaet n—1):

B u=0npux=-1 @)
B'u=0npux=1 i=12..,n.
Toraa KOHEYHOMEpPHOE MOANPOCTPaAHCTBO, B KOTOPOM MLLETCHA CTauMoHapHasi
Touka goyHKUmMoHana (3), 4OMmKHbI 00pa3oBLIBaTb (PYHKLMMW, YOOBMAETBOPSOLWNE TPEM
TpeboBaHunam [3] (basncHble PyHKUMN):
a) PyHKUMM OOIKHbI NpuHagnexaTb Ha;
0) dYHKUMN OOMKHBI BbITb IMHEMHO HE3aBUCUMBI;
B) cMCTeMa, COCTaBMNEHHas M3 3TUX PYHKUUKN, AomKkHa ObITb NonHa B Ha.
3ameTuMm, 4TO nepBoe TpeboBaHWe KpoMe HeobxoaAuMMOW  rnagkoCcTu
nogpasymeBaeT y4OBMETBOPEHNE Kaxaon OyHKUMEN B OTAEMNbHOCTU AOMNOSTHUTENBHbLIM
ycrnosusm (4).

2. NMocTpoeHue Gasuca
[MycTb MMeeTca HekoTopasi NocrneaoBaTeNbHOCTb (PYHKUUNA, YOOBETBOPSOLLMX
BCceM TpeboBaHuAM, NpeabaBnaemMbiM K 6a3ncy, 3a Uckno4eHnem ycrnosum (4):
Dos P+ (9)

Bonee TOro, cpean aTux PyHKUMA HANQYyTCA Takme K PyHKLMU, YTO BbINOSTHEHME
ONst HUX ycnoBui (4) NnpMBedeT K MaTpuLe paHra He HUXe k, rae k <2n — KONnM4ecTBO
rnaBHbIX ycnosun (4). [na cokpalleHus 3anucu rnpumeM B KadecTBe 3TUX DYHKLUN

nepBble @y, P;,-.., Py -
Mpn onpegeneHnn npubnmxkeHHoro pelwexns 3agaym (1), (2) B Buae

M
Uy =D 8n0p » (6)
m=0

roe am — Heu3BeCTHble MNOCTOSHHble, noTpebyem BbINONHEeHUA ycrnosun (4). JTO
npuBeaeT K CUCTEME NUHENHbIX anredbpanyecknx ypasHeHun (CJIIAY):

M
B Y a,0n =0

m=0 x=-1

y (7)
B > a,p, =0;i<n.

m=0 x=1

BbibpaB B KayecTtBe HEWU3BECTHbIX MOCTOSIHHbIE a; MPU OFOBOPEHHLIX BbILLE
YHKUMSAX, MNONYYMM CBA3b K MOCTOSIHHBLIX C OCTarnbHbIMWU MOCTOSIHHbIMU CyMMbl (6). C
y4eToM 3TOW 3aBUCUMOCTHN cyMMma (6) npeobpasyeTcs B Buay

M
Uy = a (®)
m=k

rae y,, NpeactaBnsaoT cOBON NUHENHYI0 KOMBUHaLMNIO PYHKUMIA @,
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k-1
'//m=§0m+2bj(0j, m=Kk+1,...M, (9)
j=0

30ecb b; — NOCTOsIHHbIE, ONPEAErieHHble B pe3ynbTaTte peLleHni cuctemsl (7).

C y4eTOM CBOMCTB MCXOAHOM cuctembl pyHKUMM (5) n NnpoBeaeHHON npoueaypsbl
cuctema  yHkuun  (9) yooBneTBopseT BCeM  obOsizatenbHbiM - TpeboBaHUAM,
npeabsBnsemMbIM Kk 6a3ucy.

3. Mpumep

PaccmoTtpym  kpaeByto 3agady (M3rmb6  Gankm  NOCTOSIHHOrO  CeYeHus
pacnpeneneHHon no nonyBOSIHE CUHYCOWUAbI Harpy3km u m3rnbarowmm MOMEHTOM MpU

x=1):
v —2sinl Z(x -1 |
_23|n(2(x 1)), (10)

=0; u|_.=0; ul_ =0 v
x=-1 x=-1

3aecb wtpux ob6o3HavaeT audepeHUMpoBaHue no X.
ToyHOe pelleHne 3TON 3ajauv UMeeT BUA

u

x=1

u(x)=():3—_1)((16—7z3)x—48—7z3)—3—§cos%x. (11)

T VA

KpaeBas 3agava (10) akBMBaneHTHa oOnpederneHut0 3areMeHTa, Ha KOTOPOM
AoCTUraeT MUHMMyMa PYHKLMOHAT

1 1 _
% [urzdx -2 sin”(1TX)udx+u’|“ (12)
e hel

C OONOJTHUTENTbHbIMUN YCITOBUAMMU
u(=1) = u'(~1) = u(1) = 0. (13)

MpocTpaHcTBO Ha COCTOUT U3 (PYHKUMI, KOTOPbIE Ha OTpe3ke —1< x <1:

1) abBConTHO HEMPEPbIBHLI;

2) NMeIoT BTOPbIE NPOUN3BOAHLIE, CYMMUPYEMbIE C KBaApaToM;

3) npn x =1 obpailatoTcs B HyNb, a Npu x =—1 obpawjaroTca B Hyfb BMECTe C
nepBbIMU NPON3BOAHBIMU.

CkansipHoe npoussegeHve u Hop|vla onpe,u,enmomﬂ dopmynamu

(u, _[u”v"dx |u|| ju”zdx (14)

PaccMOTpMM KOHEYHYI0 MOCnedoBaTenbHOCTb PYHKUMIA ¢, (x) = Xk =0,1,....
OTn byHKUMKM yaoBneTBOpsOT BCeM TpeboBaHusM, npeabsiBnsemMbiM Kk 6asucy, 3a
cknioveHneM TpeGoBaHus a), T.e. ¢ (X)¢H,, npniem OHM yAOBMETBOPSIOT
TpeboBaHuAM rnagkocTn (TpebosaHusa 1), 2)), HO He BbIinonHALT ycnosua (13)
(TpeboBanne 3)). [lNpegnonaras wuckaTb npubnmxkeHHoe peweHne B Buage (6),

notpebyem BbINOMAHeHMs ycroBuin (13), orpaHNYMBLLUMCE NEPBbLIMU CEMbBIO (DYHKLMSAMMU,
4yTO NnpuBoauT K CJTAY:
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(—1) ia, =0; (15)

Buibepem B kayecTBe HEN3BECTHbIX, HANpUMep, do, az, as. PelumB oTHOCUTENBLHO
9TUX HEN3BECTHbIX CUCTEMY TPeX NIMHENHbIX anrebpanyeckmx ypasHeHun (15) nonyymm:

a, =2a,+a,+a,+2a,, a,=-2a,—-a,—-2a,-3a,, a,=-a,—a,.

OTW 3aBMCUMOCTW NPUBOASAT K HOBOMY 6asucy:

W, =2+x-2x* = x>y, =1-x*+x° = x% y,=1-2xX" +x*; y,=2-3x*+x°. (16)

HeTpyaHo ybegutbes, 4TO Kaxpgas m3 dyHkumni (16) Tenepb yaoBneTBopseT
ycroBusim (13), T.e. y, (x) e H,.

Mpouenypa MuHUMM3aUUK PyHKUMOHaNa (12) B NpocTpaHCTBE, HaTSHYTOM Ha
NMHENHY0 060MOoYKY Uy = ay, + 8, +a, W, + agls , NPUBOOUT K PELLEHNIO
7 -16 35 21
8 =a="o75 8, :7(2287z2 -7*-2160); a, :7(7# ~1807° +1680).
OKoHyaTenbHo npm6nm>|<eHHoe pewenne nMmeet Bna
Us(x) =1072(0,6121x° —8,273x* —6,050x> + 8,66 1x> + 6,050x —0,9994) .  (17)

[pyron obLwenpuHATLIA NPUEM CHATUA OFPaAHUYEHUI — 3TO YMHOXEHME KaXKAOW
dyHKUMM B (6) Ha HeKOoTOopylt nonoxutenbHy dQyHkumio. OHa gomkHa ObiTb
nogobpaHa TakMm obpasom, 4ToObI BbinonHANUCh ycnosusa (13). HeTpyaHo y6eautsces,

- 2
4TO B KayecTBe Takoil MOXeT cnyxutb o(x)=(1+x) (1-x). MuHumMmUsaums
4
dyHKunoHana (12) Ha  yHKUMK u4(x):a)Zamx”’ NPUBOOUT K  3HA4YeHuIo
m=0

KO3 PULIMEHTOB

, _ 7 +407*+33607° 40320 _ _7(720+607" - x*)

21(1680 18077 + 7*)
; a, :a3 = .

0 8’ ! 7’ x’
MpnbnmxeHHoe pelleHne B TOYHOCTM coBnagaeT ¢ peweHnem (17).

[ononHutenbHble orpaHnyeHmnst (13) MOXHO CHSATb C MOMOLLIbIO YHUBEPCAnbHOro
MeToda MHoxuTenen JlarpaHxa. B 9TOoM cnyyae paclMpeHHbIn  yHKUMOHan

npuHAMaeT BUa

+4,U

e u’|X=71 + U

x=1 x=1"

1 1
mr(1-x
1 I u"dx — ZI sin(—)udx +u'
2°, ’ 2
roe A1, A2, A3 — MHOXUTENM JlarpaHxa.
6
YcnoBne CTauMOHAPHOCTU 3TOro (yHKUMOHana Ha QyHKUMKU U (X) = z a,x"
m=0

yxe 6e3 BCSAKMX AOMOMHUTENbHbIX TpeboBaHWA, MNPUBOOAUT K TOYHOMY 3HAYEHWIO
KoahpuLmMeHTOoB a;:
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(=" +407z* +33607% ~40320) 216

8 = 817 y @y =8;= 8.° ja; =0;
7' - 727" + 3696072 — 362880
a, z( - ); a, =3—§(2287z - 7*-2160)
8r T
_21
as =—(7* —1807° +1680)
7[

N NPUBAMXKEeHHOMY peLleHuto (17).

MpeacTaBnaeTCa MHTEPECHBIM OLEHUTb TOYHOCTb MOMyYEeHHOro NpubnmxeHns. B
AaHHOM Crly4ae U3BECTHO TOYHOE peLleHne, NO3TOMY BM30CTb K HEMY NPUBANKEHHOTO
peeHNss  MOXHO  OLEHUTb, COCTaBUB  3JHEpretTudeckyio  pasHoctb  (14)

4
||u—u6||i =8,70-10%, uTo coctaBnseT ” ||u|| 6”“ 100% = %100% =0,060% .

N3 cdbopmynbl (14) n HepaBeHcTBa ByHSIKOBCKOro criegyeT paBHOMEpPHas OLEHKa
norpeLuHocTu [3]:

|u—ug| <||lu—ug] ,; |u—ug| <0,2950-107.

Ha camom pfene norpewHocTb 3HAYUTENbHO MeHble. ToOYHoe 3Ha4veHue
dyHkummn  (11), ee nepBonW, BTOPON U TPETbEM MPOM3BOAHLIX COBMagawT C
COOTBETCTBYHOLWMUMU NPUBNIMKEHHBIMU 3HAYEeHNAMKU (17) C TOYHOCTbIO A0 TOMLMHbI
NHUK B BblIBpaHHOM macLuTabe (puc.1).

0 04‘ 09 0 1““'(X) Au'(x) 1‘“"’(X)
’ \ ’ /'\\ . 1/ P 1|x .
. 1 0 1 > 11 0 1
0,0L / 4 \ > 4 o \ \‘ >
T o/ [ ¥ —"o1 \ i A AN
g | | \ N\
\ 0.2 \ 0.8 ]
0,02— | | 2

Puc.1. 3HayeHune dyHKUMKN, ee nepBoKr, BTOPOM U TPETEN NPOU3BOLHbIX

B Tabnuue npuBeneHsbl

MorpeLlHoCTb NPUBAMKEHHOIO peLleHuns paccToaHna Mexay YHKUNAMM,
onpegeneHHbie  no opmyne
MorpeLu- bea dopmy
Touka ou v
MeTpuka | PacctosiHue | HOCTb, u.v) = max _
obnactu Psi (U
% ~1<x<1| 9x’ ax’

8,470-10°® 0,024 0,0 abconTHOE  3Ha4vyeHne  aToro
5 195-10° 0021 +0.23 pacCTOAHUSA;  MOrpeLHoCTb Mo
’ ’ . OTHOLLUEHUID K MakcumarsibHOMY
1,064-107 0,11 +1 3HAYEHUIO DYHKLMM Ha
0.02215 135 +1 paccmaTpyBaeMoM uHTepBane u
’ ’ ~ TOYKa MWHTepBana, B KOTOPOW
0,2179 10,9 +1 peanusyeTcs MakcumansHoe
pasnuyue 3HavyeHun OYHKLUNA.
Pasnuune TOYHOrO
3Ha4vyeHuA yeTBEpPTON
npon3sogHonM  (NpaBon  4vacTtu

>

[

|

[
o)

S
<
|
<
®

0y

S
N
—_~| |||~
<
|

<
|

<
|
S| | &
o o
| — | — |~ | —

<

147



ypaBHeHus kpaeBon 3agaym (10)) n yeTBEpPTON NPOM3BOAHON NPUBIMKEHHOIO PELLEHNS
(17) (HeBsA3Ka) cyLlecTBeHHa Ha rpaHuuax (puc.2, Tabnuua).

A u-te 3aknioyeHue
0,2
. 1. MpeanoxeH cnocob
\ 0.15 / nocTpoeHus  6asnca Ha  OCHOBe
0,1 HEKOTOpPOWN nocrnegoBaTenbHOCTH
\ 0.05 / YHKUMA, KOTOpble HEe YOOBNEeTBOPSAIOT
1 \ 05 0.5 / 1 rMaBHbIM rPaHNYHLIM YCIIOBUSIM KpaeBoW
N—1— o0 ~L_ 'x 3agaun.

-0,05 2. Ha vnnioctpaTuBHOM npumepe

KpaeBoM 3ajayn, WUMeKLen ToYHoe
pelleHne, NokasaHo, YTo npeanaraembimn
cnocob BegeTr K TOMy e peaynbrary,
YTO N W3BECTHbIE: CrMOCO0 YMHOXEHMS Kaaon GasncHOM OYHKUMKM Ha creuuanbHO
nogobpaHHy U MeToa MHoxuTenen Jlarpanxa. B gaHHOM npumepe npu yaepxaHum
NnepBbIX CEMW CTeneHHbIX (YHKUMMA [OOCTUrHYyTa [JOCTAaTOYHO BbICOKAsi TOYHOCTb.
Mopsagok paspelwarwmx maTpuly B NepBbiX ABYX nNoaxodax coctasun 4, npwu
ncnonb3oBaHUM MeToga MHoxuTenewn Jlarpanxka — 10. 3TO roBoput O Xopollem
NpUBAMXKEHNN NPU UCMNOSNb30BAHNN aHaNUTU4eCcKoro 6aauca.

3. Mpu noctpoeHnn Gasnuca npeanioXXeHHbIM CnocoboM MMEETCH HEeKOTOPbIN
npousBon npu Bblbope QYHKUMA U KOIPDPULMEHTOB, C MNOMOLLLI KOTOPbIX
BbIMOMHAETCA  YAOBMETBOPEHWE KpaeBbiM YCMOBUSM. JTOT MNPOM3BOS  MOXHO
MCrnonb3oBaTb Ha MNOBbIWEHME KadecTBa 6asuca (OpPTOroHanbHOCTb, MOYTH
OPTOrOHanbHOCTb, CWUSTIbHAs MUHMMarbHOCTL). PelleHne npuBedeHHOro npumepa
BbINOMHANOCH 6€3 OKpyrneHum, noaTomy npobrnema YMCNEeHHOW YCTOMYMBOCTU 34E€Chb
Obina cHata. Ona npakTU4Yeckoro WMCNonb30BaHUSI YUCIEHHbIX MeTodoB Ha ©asuc
HaknagblBaeTcsa psg LOMOMNHUTENbHbIX TpeboBaHu, ©6e3 BbLINOMHEHWUS KOTOPbIX
NosTly4YeHne YMCNEHHOro pesysibTaTa HEBO3MOXHO.

4. Bolknagkun npuvBeAeHbl Anst OOHOMEpHbIX obnacten. PacnpocTtpaHeHue
npeanoXeHHOro noaxoaa Ha obnactu Gonbluer pasmMepHOCTU, MO KparHen Mepe, Ha
obnactn, TOMOMOIMYECKN IKBMBANEHTHbIE MPSMOYIrOfbHUKY, HE npeacTaBnsieT
NPUHUMNWaNbHbIX TPYLHOCTEN.

B 3aknto4eHne aBTop cumTaeT cBomMM gonroMm nobnarogapute Xanunosa C.A. 3a
LEeHHble 3aMevaHnsi 1 MOMOLLIb B MOArOTOBKE CTaTbW.

Puc.2. Hesiska NnpnbnumkeHHOro peLueHuns

Cnucok nutepaTtypbl

1. MuxnvH C.I'. BapuauunoHHble MeTogbl B MatemaTtudeckon duamke.— M.:
NocTtexusnart, 1957.— 478 c.

2. Pektopuc K. BapraunoHHble mMeToabl B MateMaTU4YecKon Teopuu YnpyrocTtu
M.:"Hayka". — 1983. — 458 c.

3. MuxnuH C.I". YncneHHasa peanusaums BapyaumoHHbIX metogoB.— M.: Hayka, —
1966.— 432 c.
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YK 658.012.23+658.114.5 N.b. Hekpacos

Mopejb HH(POPMAUOHHON CHCTEMBbI YIIPABJICHUSA NPOCKTAMHU
CTPOUTEJbHON Kopropauuu Ha ocHoBe Microsoft Enterprise
Project Management Solution 2003

HauuoHarnbHbIlU aspokocmudeckul yHusepcumem um. H.E. XKykoeckoz2o « XAU»

Mpepgnocbinkn pAns  BHeAPEeHUs KOpnopaTtuBHOW  UHGOpPMaLUOHHOMU
CUCTeMbl ynpaBfieHUs1 NPOeKTaMu.

mobanusauma 1 MexayHapogHas  UMHTerpaums, exegHeBHO — pacTyluas
KOHKYpPEHUMsI, yCuUrneHHas nepcrnekTnBon BxoxaeHus YkpaunHol B BTO, un noseneHune Ha
CTPOUTENBbHOM pbliHKE YKpauHbl WMHOCTPAHHbLIX WHBECTOPOB CYLLECTBEHHO MOBbLICUS
TpeboBaHMA K OMNepaTUBHOCTM pearMpoBaHMs Ha AMHAMUKY MOTPEOHOCTEN pPbIHKA,
YPOBHIO MEHEPKMEHTA M KayecTBY BbINOSIHAEMbIX paboT. NMpy BbINOSTHEHUN CROXHbIX
WHBECTULMOHHBIX U CTPOUTESbHBIX NPOEKTOB, KOraa nepen KoMnaHusiMu CTOUT 3ajadva
OOCTMXKEHUS HAMEYEHHbIX CTpaTErnmyeckux Lernen B CKaTble CPOKM C MUHMMAaSbHbIMN
3aTpaTamMu, HEBO3MOXHO paccMmaTpvBaTb METOAOSMOMMI ynpaBneHna npoekTaMmn B
OTPbIBE OT COBPEMEHHbIX MHPOPMALMOHHBLIX TEXHOSOrMN. Kpome Toro, Ansi pyKoBOACTBa
KOMMaHUM MPUHUMNNANBHO BaXHO, YTOObI MPOEKTbl BLIMOMHANUCL B paMKax €OuHOW
METOLOMOorMM, COOTBETCTBYHOLLEN MEXOYHApOAHbIM  CTaHdapTam, W NPOXOAunn
onpefeneHHble oopMaribHble aTanbl U cTagun. B Takmx opraHMsaumoHHbIX CTPYKTypaXx,
Kak kopnopauus, Hapsgy C co3gaHMeM euHON MEeTOAONOrMn yrnpaBrieHus npoeKkTamm,
dopmanmsaumen n penHXMHNpUHrom émusHec-npoueccos [1] nosiBunacb HeO6XoaUMOCTb
COo30aHus NHAOPMaLVOHHOM CUCTEMbI  yrnpaBfieHus npoekTamu (ncyny,
obecneumBaroLLen ynpaBneHne KOpnopatuBHbIM MOPTgEnemM NpPOEKTOB CO CKBO3HbIM
KOHTPOSEM BCEX BXOASLLMX B HEFO NPOEKTOB, paboT, a Takke TPYAOBbIX, MaTepuarbHbIX
N (PpMHaHCOBLIX PECYpPCOB.

KopriopamueHoe yrpasreHue rnpoekmamu nNpeactaBnaeT cobon MeToAoNorunto
opraHusauuu, nnaHUpoBaHUS, PYKOBOACTBA, KOOPAMHALMM M KOHTPOMSA JOACKUX U
MaTepuarnbHbIX PeCypCcOB BCEW COBOKYMNHOCTU MPOEKTOB KOPropaLmu, HanpaBrieHHYo Ha
a(ppekTMBHOE  OOCTWXKEHWE LUenel MNpoeKkToB nyTeM MNPUMEHEHUs  CUCTEMbI
COBPEMEHHbIX METOAOB, TEXHUKM W TEXHOMOMMW ynpaBneHuss AOnsi  OOCTMKEHMUS
onpeaeneHHbIX B MPOEKTe pe3ynbTaToB MO coctaBy M obbemy paboT, CTOMMOCTH,
BPEMEHMU U KayecTBy [2].

Haunbonbwun agpdekt UCYI npuHOCUT B cryyae, KOrga oHa MPUMEHSETCS B
MaclwTabax BCen Koprnopaumm (XapakTepusylowasiCa CrOXHOW, UnepapXmyecKomn
CTPYKTYypon ynpasneHuns [3, 4]) n BXxogdawmnx B ee COCTaB KOMMAaHWW, rge C MOMOLLbIO
Takon CMCTEMbI NPOM3BOAMTCS OOLLee NraHMpoOBaHWE N KOHTPOSb 3a B60MbLWMM YMCIIOM
NPOEKTOB W  AOONOSIHUTENbHbIMKM  acnektamn  gestenbHocTn. WCYIT nossonger
MoaenupoBaTb cueHapun «YT1o — Ecnun...», onpenensite onTMManbHOE COOTHOLLEHUe
NPOAOIMKUTENBHOCTM NpoekTa, obbema BroaxKeTa 1 3arpy3ku pecypcoB, a Takke CHATb
3HaA4YNTENbHOE YMCNO HeraTuMBHbIX MOMEHTOB, CBSI3aHHbIX, Mpexae Bcero, C
He3dPEKTUBHOCTbLIO nnaHMpoBaHus, nepepacxoaom OGIOKETHBIX  CpPeacTs,
3aTArMBaHMEM CPOKOB, HEOMTMMasbHbIM pacnpedesieHneM pecypcoB, CIOXHOCTbHO
KOHTPOMNSA 3a MHOXECTBOM MpoLeccoB M 6onblumMmn o6bemamun exeaHeBHOW PYTUHHOM
paboThl.

PeanbHyto addeKkTMBHOCTb, npuHocuMyto BHegpeHnem WCYTT, wun3ameputb
AOCTaTOYHO CroxHo [5]. bonblwas ee yacTb ByaeT 3aknyaTbCAa B 9KOHOMUKN pecypcoB
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NPy OOCTWXKEHUW yrnpaBneH4Yecknx uenen. BbinonHeHne 3apaHee YCTaHOBEHHbIX
CPOKOB SIBMISIETCA BaXKHbIM Kak C (PMHAHCOBOW TOYKWM 3peHus (yaaetcsa obonTtucb 6es
OOMNONHUTENbHBIX paboT ¥ NUWHUX pacxogoB), Tak WU C  MapPKETMHIOBOW
(noooepXxuBaeTca MOMOXUTENBHBIM MWDK Kopriopaumm Ha pbiHke). Cokpaluarotcs
00beMbl PYTUMHHBLIX pPaboT, CBA3AHHbIX C KOHTPONEM CyOnoapsiAHbIX OpraHM3auuin.
OnepaTuBHbIN [OCTYN K BaXHeWWen UHdopmMauMmM Mo MNpPoekTy (Cpokn, obBbeMbI,
3aTpaTbl) NO3BONSET ObLICTPO pearnpoBaTb Ha BO3HMKAKOLWME CUTyauMuM U NpUHMMAaTb
afieKkBaTHble peLleHusi, UCMOonb3ys OOCTOBEpHble AaHHble. PykoBoguTens nopTtdens
NMPOEKTOB B KaXKAbll MOMEHT BPEMEHM MOXET BbIACHUTb, HA KakOM 3Tane Haxogatcs
NMPOEKTbI, KTO U HACKOJTbKO 3P(PEKTUBHO B HUX TPYAMUTCS.

Wcnonb3oBaHne WCYI1, npexae Bcero, oTpaxaeTcsa Ha dopmanusaumm
NpOLLeCCOB KOMMYHMKaLMW TPYL4OBbIX PECYPCOB, BCreACTBUE Yero npouecc peannsaumm
CTaHOBUTCS Haubonee npo3payHbiM ON9  ydpeauTenen, coBeTa [OUMPEKTOPOB,
pykoBoaAUTENA MOpPTdENs MpoeKkToB, PyKoBOAUTENEW MPOEKTOB, 4YTO YXe MOXHO
paccMmaTpmBaTbh Kak cepbe3Hyto npuyunHy ans ee BHegpeHus. CYT gaeT BO3MOXHOCTb
CUHXPOHN3NPOBAaTb, KOHTPONMPOBaTb W YNpaBnATb B3auMOAENCTBMEM COTPYOHWUKOB
BHYTpU KOMMNaHuu, aBTOMaTU3NPoOBaTb  AOKYMEHTO0b6opoT, KOHTPONMpoOBaTb
BEPCUOHHOCTb [OKYMEHTOB, a TakkKe CBS3M C BHELHUMMU YYaCTHUKaMWU MPOEKTHOro
npouecca. AKTyanbHast MHpopmauusa OoCTUraeT agpecata CBOEBPEMEHHO, a He nocne
TOro, Kora OH y>xe NPUHAN pelleHne Ha ocHoBe "ycTapeBLunx" OaHHbIX.

NCYT, npn ncnonb3oBaHun B MacwitTabe kopropauuu, CYLECTBEHHO CHWXaeT
HarpysKky Ha BeCb ynpaBneH4Yeckui nepcoHan. BosHukatowme B xoge paboT nameHeHus
PUKCUPYIOTCA B €OUHOM XpaHumnuLLe AaHHbIX W, NpY HEOBXOOUMOCTHU, YYMTbLIBAOTCA B
BUOEe OOMONHUTENbHLIX cornaweHun. Takaa Bo3moxHocTb MCYTI, kak nnaHvpoBaHue
paboT M MNPOrHO3 pasnU4HbIX CUTyauun pas3BUTUSA MNPOEKTa, MO3BOSMSET MPOBOAUTL
aHanu3 3aTpart, crnocoboB pacnpefeneHna UHAHCOB MO Pa3NU4YHbIM MNpOeKTaMm,
onpenensitb Hanbonee onTUmarbHbIE NYTU peanu3aunmn HamedeHHbIX paboT.

Takum obpasom, HeobxoaumocTb BHeapeHust MCYT1 B Takom CNoXHbIA OOBHEKT Kak
Kopropauusi, Ha CcerogHs SBMASEeTCA MpUHUMNMANbHOW 3agaderd Ha nyTM K
MeXayHapoOHbIM CcTaHdapTaM ynpasrneHus. [JaHHaa 3agadva ABNAeTCA OYeHb eMKOW U
OOPOrocTosILLIEN, N €€ ycrex BO MHOrOM ByaeT 3aBMCETb OT NPaBUNbBHOCTU onpeaeneHns
BGusHec-npoueccoB M WX opmanusaummn, cTpaTerMyeckmx 3agad, CTosIlWMX nepeq
Kopropawmemn, CACTEMHON MOAENN KOMMYHMKALMM Y4aCTHUKOB MPOEKTHOMO npoLiecca.

Lenbro gaHHoM cratbu gaBnseTcsa noctpoeHwe mogenu UWCYIT ctpoutensHom
koprnopaummn (CK), oTBevatowen MexayHapoaHbiIM CTaHgapTam  yrpaBrieHus W
obecneuymBaroLLlen MakKCUManbHO MPO3PaYHYd KOMMYHWUKaLMIO BCEX YYaCTHWUKOB
NMPOEKTHOrO NpoLiecca nNpu peanuaawmm NPOeKTOB Ha BCEX CTaAUAX XXM3HEHHOTO LMKNa.

MopTtdens npoektoB CK xapakTepusyeTcs cnegyowmMmm CBONCTBAMM:

— 60nbLUOe KONNMYEeCTBO ANHAMUYECKN NBMEHSIIOLLIMXCSA MPOEKTOB;

— KECTKMEe BPEMEHHbIE 1 BIOQKETHBIE OrpaHUYEHNS;

— 3HauyuTenbHble 00BEMbI OpraHM3aUMOHHbIX, MPOEKTHbIX, NHXUHUPUHIOBbIX
1N NPON3BOLCTBEHHBIX PaboT;

— NPUMEHEHNE CINOXHbIX TEXHOMNOMM;

—  MCMNONb30BaHNE YHMKanbHOro o6opyaoBaHus 1 CNeumanmcToB;

— pacnpegeneHHbIn xapakTep ynpaBneHnsa 1 NpUHATUSA pPELLEHNN;

— HeobXxoaMMOCTb MPUBMEYEHUSA K peanusaumm NpoekToB 60NbLIOro Ymucna
JYHKLMOHamNbHbIX NogpasgenieHnu U BHELHUX NOAPSAYMKOB.

Monb3oBatenamu VCYIM CK 6yayTt crnegywowme 3neMeHTbl OpraHn3aumoHHOM

CTPYKTYpbI:
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— COBET OUPEKTOPOB;

— AVpeKTopa NpeanpuaTuin, BXOAALWMX B COCTaB Koprnopauuu;

— pyKoBOAMTENb NOPTAENSA NPOEKTOB;

— PYKOBOAUTENW NPOEKTOB

— KOMaHAa nNpoeKTa;

— reHepanbHbIN NPOEKTUPOBLLNK;

— reHepanbHbI NOAPAOYNK;

— MNaHOBO-3KOHOMUYECKU AenapTaMeHT;

— KOMMEpPYECKUI AenapTaMeHT;

— [AenapTameHT MaTepuanbHO-TEXHUYECKOro obecneyeHuns;

— (pyHKUMOHanNbHbIE NOApa3deneHns, 3a4elCTBOBaHHbIE B  MPOEKTHOM
npouecce4

— wmcnonHuTenu pabort u ap.

[Mocne petanbHOrO aHanusa CyLWEeCTBYHOLWMX Ha CErogHa pelleHuni no
aBTOMAaTM3NPOBAHHOMY YynpasneHunto npoektamu [6 — 10] 1 0630pOB KOHCANTUHIOBbLIX
komnanun [11] B kauectBe VCYT1 CK 6b110 BbiOpaHo pelueHne kopnopaumm Microsoft™ —
Microsoft Enterprise Project Management Solution 2003 (MS EPM 2003) [12,13]. aHHoe
peLueHne Obino BoiGpaHo Mo psay NPUYUH, @ UMEHHO:

— ynpaBneH4eckue:

— BO3MOXHOCTb KOPropaTUBHOrO ynpaBneHnst noptdenemM NpoeKToB.;

— BO3MOXHOCTb  WHTErpauum  KOpnopaTMBHbIX  CTaHAApTOB MO
yrnpaBreHnio npoekTamn B Buae LWaOGNOHOB MNPOEKTOB, FOTOBbIX OOKOB,
aBTOMaTUYECKNX NpaBui 0OHOBMEHMSI MPOEKTOB, aHanM3a oaxeTa;

— BO3MOXHOCTb  MPEANPOEKTHONO  aHanmu3a MnpoektTa C  Lenbto
onpeaeneHns HeobXxoaNMMOCTH BKITFOYEHUSA €ro B COCTaB NopTdens NPOeKTOoB;

— co3gaHue npo3pavyHorM CUCTEMbl KOMMYHWMKaLWA, OOKYMeHTOobopoTa,
COBMECTHOWN paboThl;

— BO3MOXHOCTb ANHAMMUYECKOWN CUCTEMbI OMOBELLEHUA N HANOMWHAHWUN,

— LUMPOKME  BO3MOXHOCTM ANl CaMOCTOATENbHOW  peanu3auuu
OTAENbHbIX  (PYHKUMOHANbHBIX MOAYSEen, HaCTPOMKN MNpeacTaBfieHnn B
3aBMCMMOCTM OT MpaB AOCTyna K MHopmauun, cosgaHnsi CRoXHOM CUCTEMBI
WHOWKATOPOB, CUrHANU3npylowmx o npobnemMax u OTKIMOHEHMSIX MO CPOKam,
GromxkeTy n ap.

— TexXHu4yeckue:

— cambli NONynNspHbIA NPOAYKT B MMpe And aBToMaTtusaumm npouecca
ynpaBreHns NpoeKkTamu;

— Xopowag cnyxba TeXHUYECKON NOAAEPXKKN;

— BonbLUOe KONMYeCTBO CNpaBOYHON NUTEpaTypbI;

— npogyMaHHoe rmbkoe peLLeHne KIMEeHT-CEPBEPHON TEXHOMNOIMK;

— OTHOocuTenbHasi ObICTpOTa HACTPOMKM CEPBEPHON YacTy;

— 3HaKOMbIA [OPY>XEeCTBEHHbIN WHTepdhenc Kn, Kak cnegcreve, nNpocroTa
00y4yeHuns y4aCcTHUKOB MPOEKTHOro npoLecca paboTe ¢ cuctemMon u gp.

B ocHoBe paHHoro pewenus — cepep Microsoft Office Project Server 2003,
ABNSAIOLWNACA LEHTPOM XpaHeHuss u  obpaboTkm NpOeKTHOW WHgopmauuun. [Ona
passepTbiBaHuss MCYTT Obinv npMMeHeHbI Takne NpoaykTbl U TexHonornm MS EPM:

— Microsoft Windows Server 2003 — B kadecTBe cepBepHOM nnatopMbl
CUCTEMBI;
— Microsoft Internet Information Services 6.0 — B kayecTBe web-cepsepa;
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— Microsoft SQL Server 2000 — B kayectBe CYB/[;

— Microsoft Analysis Server — B kadyectBe aHanuTuyeckoro OLAP-cepBepa;

— Microsoft Office Project Server 2003 — B kayecTBe cepBepHOro sapa
CUCTEMbI YNpaBneHns NpoeKTaMu;

— Microsoft Office Project Professional 2003 — B kayecTBe KIIMEHTCKMX
paboymx MecT pykoBOAMTENS NOPTENSA NPOEKTOB N PyKOBOAUTENEN NPOEKTOB;

— Microsoft Office Project Web Access — web-uHtepdenic, — ons npocmoTtpa
cBeOeHu Mo nNpoekTam, coxpaHeHHbIM B B6a3e aaHHbIX Project Server;

— Microsoft Office 2003 — gnst paboTbl C AOKYMEHTaMM U B Ka4eCTBE CNy0bl
onoseLeHus (Microsoft Outlook 2003).

o momeHTa BHegpenma WCYIT Ha ocHoBe MS EPM 2003 B kopnopauuu
Heobxoanmo npoBecTu hopManm3aumio CyLEeCTBYHOLWMX BU3HEC-NpoLeccoB, KoTopas
MO3BOMSET MNOCTPOUTb CUCTEMHYIO MOAENb KOPNOpauun Kak CUCTEMbI YNpaBneHus
npoektamn. [JaHHOM CUCTEMHOW MOAENbI0 ONpedensaTcs uenn, yHKUMK, 3NeMeHTbl
OPraHN3auNoOHHO-TEXHUYECKON  CTPYKTYpPbl,  KOMMYHMKALMOHHOE  B3anMMOLEWNCTBME
(nogrotoBKka W MNPUHATME pPELUEeHU, WHGPOPMAUNOHHbIE OpPMbl M npaBuna  Ux
3anoSIHEHUS, KOHTPAKTbI, NPoLEeAypPbl B3aUMOAENCTBUA U OTYETHOCTM U T.4.) U anropuTMm
PYHKLMOHMPOBAHUSA CUCTEMbI ynpaBneHus. B pesynbtate aHannsa CUCTEMHOW MogEenu
yaaeTcsa cneayloulee:

— BbIABUTb NPOGnemMHble 06nacTu ynpaBneHus NpoeKTaMm Koprnopauuu;

— paspabotaTtb €OMHYI0 HOPMATMBHYK OOKYMEHTaUMIO MO BbIMOSIHEHUIO U
AOKYMEHTMPOBAHUIO NMPOEKTa Ha BCEX dTanax XXM3HEHHOro LuKna, BKoYalLLyo B cebs
METOLMKN OCHOBHBbIX YNpaBneH4YeCKnX NpoLeayp BbINOSIHEHNS MPOEKTOB;

— onpeaenuTb PyHKUMOHANbHbIE N OOMMKHOCTHbIE 06A3aHHOCTU Y4aCTHUKOB
MPOEKTHOrO NpoLiecca 1 YPOBHU UX OTBETCTBEHHOCTY;

— co30aTb CKBO3HYHD CUCTEMY KOHTPONSi W ynpaBneHUs MNpOeKTaMu,
MO3BONAKLLYID Ha pasHblX YPOBHAX MPOM3BOAUTL AeTanbHbli U 0600 EHHbIN
MHOrOBapMaHTHLIN aHanu3 NnopTdensa NPOeKTOB Kopnopauuu;

— onpegenutb ans cuctembl 6esonacHoctn Microsoft Project Server ponu
YYaCTHUKOB MPOEKTOB.

B panbHenwem Ha OCHOBE 3TarlOHHOM CUCTEMHOW MoAenu paspabaTbiBatoTcs
KOpnopaTuBHble CTaHAapTbl, NMPOBOAUTCA PEVMHXUHUPUHI BU3HEC-NpoLeccoB, YTo AaeT
BO3MOXHOCTb MOCTPOUTb CTPYKTYPHYKO MOAESlb KOMMYHMKALUUN OCHOBHbIX Y4aCTHUKOB
NMPOEeKTHOro rnpouecca. [aHHaga Mogenb M noxutca B ocHosy wmogenu WCYTI,
npeacTaBneHHoN Ha PUCYHKeE.

OcHoBHbIMU dyHKUmMsiMn NCYT1 CK aensatoTes:

1. PaspaboTtka kaneHgapHbIX NaHOB UHBECTULMOHHBIX U CTPOUTESbHBIX MPOEKTOB:
nnaHMpoBaHME CPOKOB BbIMOSHEHWS paboT;
nnaHnMpoBaHue NoTpebHOCTM PaboT B pasnnyHbIX BUAAX PECYPCOB;
nraHMpoOBaHWe NnaTexemn n NoCTaBoK,;
pacyeT ctommocTen padot, 6a3oBoro GrogkeTa.
2. [NnaHupoBaHue n pacnpegeneHne pecypcos:

— noabop nepcoHarna B COOTBETCTBMM C HaBbIKAMU U YMEHUSMN;

— OTCNeXuBaHWE N YCTPaHEHNE Neperpyskn pecypcos;

— cornacoBaH1e UCMOoSb30BaHMS PECYPCOB MEXAY PYKOBOAUTENSMUN MPOEKTOB.
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Mopgenb NCYI1 CK Ha ocHoBe MS EPM 2003

3. dopmupoBaHue nopTensa NPOeKToB:
— arpermpoBaHWe NPOEKTHOM MHdopMaumm;
— aHanuM3 3atpaT M WCMNONb30BaHUSA pPecypcoB Mo BcemMy nopTtdento
NPOEKTOB, B TOM YMUCIE C UCMONb30BaHNEM rpacOnyeCcKnX OTYETOB.
4. KOoMMyHMKaLMM y4HaCTHUKOB NPOEKTOB, ANEKTPOHHbIN JOKYMEHTOOOOPOT.
Cuctema  obecneumBaeT  UCMNOMHUTENEN  BO3MOXHOCTAMW  MNOJSTyYEHUS
MHOPMaUMM MO MEpPCOHarNbHbIM Ha3Ha4YeHusIM, MO3BOMSET MCMNoNb3oBaTb web-
nHTEepdenc ans cosmecTtHon paboTbl. Cuctema obecneumBaeT cpeacTBa XpaHeHust n
ynpasneHus nobon AoKyMeHTaunn, CBA3aHHON C MPOEKTOM BCEM yYaCTHMKaM MpoekTa.
5. YnpaBrneHue puckamm.
6. KOHTpOnb BbINOMHEHMS paboT U y4eT NX OCHOBHbIX (PaKTUYECKNX XapaKTEPUCTUK.
Cuctema obecneumBaeT cpeactBa  ydeTa  BbINOSMIHEHHbIX  06BHEMOB,
Npon3BeAEHHbIX 3aTpaT PeCcypcoB U (PMHAHCOBLIX CPeACTB, UCNOMb30BaHME TPYAOBbIX
pecypcoB u o060pyaoBaHUsA, KOHTPOMb MWCMNOSMHEHUS OrogxeTa npoekTa, BeaeHue
arpermpoBaHHON OTYETHOCTM O NNaHUPyeMbliX W (PakKTUYECKMX noKasaTensix

Kommepueckuii
JenaptameHT 9=
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NOCTYNNEHUN M BbIObITUIA (OPMHAHCOBLIX PECYPCOB HA OCYLLECTBMEHNE OEATENBHOCTU B
paMKax npoekTa, a Takke akTyanbHOn nHdopmaumen gns Bcex YpOBHEN ynpaBrieHns o
BbIMOSIHEHHBIX, TEKYLLUMX U NEPCNEKTUBHbLIX 06bemMax paboT Ha Tpebyemom ypoBHe.
7. loparoToBka, aHanNn3 n apxmBMpOBaHNE UTOFOBLIX OTYETOB MO NPOEKTY:
— cbop n Bepudmrkaumns OKOHYaTESbHbIX AAHHbIX;
— aHanu3 u BbIBOAbl O CTeNeHW AOCTMXEHWA pe3yrbTaToOB MpoeKkTa u
9 PEKTMBHOCTM BbINONHEHHbBIX PaboT;
— apxvMBMpOBaHue pe3ynbTaToB C LesSibio AanbHENLWero Ncrnosb30BaHus.
8. OueHka paboTbl UICNONTHUTENEN.

Cuctema obecrneymBaeT cpeacTBa ydeTa OLEHOK BbINOSIHEHHbLIX paboT u pacyet

arperMpoBaHHOM OLUEHKN paboTbl UCNOSNTHUTENEN HA BCEX NPOEKTaX.
9. KomMyHMKaLms ¢ PYyHKLMOHANbHbIMU NoapasaenieHusiMu.

Cuctema obecneumBaeT cpeactBa NpeaocTaBfiEHUA MNPOEKTHOM MHdopmaumm
Ans OyHKUMOHarbHbIX NoapasaeneHnin, a UMeHHo:

— KaneHngapHom MHdopMaumnen o Bcex nnartexax no npoekram;
— KaneHgapHou MHgopMaumen o BCex NocTaBkax Mo NpoekTam.

MS EPM 2003 3apekomeHgoBan cebsa B kKa4ecTBe yCTOMYMBOM nNnatdopMbl 4SS
opraHusauun WCYT]. Bce cepBepHble npoaykTbl ygaeTcss ObICTPO pasBepHyTb W
NHTerpupoBaTb. Bce y4acTHMKM NPOEKTHOro npouecca nosnyyaroT B CBOE pacrnopsiKeHne
OOCTYyNn C APYXECTBEHHbIM WHTEP(ENCOM K KOprnopaTUBHbIM [daHHbIM MPOEKTOB, a
PYKOBOLCTBO — NPO3PayHy0 CUCTEMY MOHUTOPUHra Xo4a peanuaaumm KopnopaTuBHOWN
cTparternu.
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YK 574.2:57.03 B.A. MNMunblukos, A.B.Hangbiw

YMeHune npoasimTb X1U3Hb — B YyMEHUN
He cokpaliaTb ee.
CeHeka Jlyunn AHHen
(4r. 0O H.3. —65T.H.9.)

Ecnu kakon yenosek BuguT odpoe Bo
BCSIKOM Tpy[e CBOeM, TO 3TO — fap boxun.

KHura Okknecuacrta

KoHKypeHTOCIOCOOHAsI IKOHOMHUKA
Kak 0a3a HoocepHOro pa3BuTHs 001ECTBA

HauyuoHanbHbIl aspokocmudeckul yHusepcumem um. H.E. XKykoeckozao « XAU»
TexHuUKym a2udpomesniuopayuu u MexaHu3sayuu ceslbCKo2o xossticmea Taspudeckou
"'ocydapcmeeHHoOU azpomexHuU4ecKol akademuu

B pesynbrtate yxyAweHUA COCTOSIHUS OKpyXawwen cpeabl O6Wuin ypoBeEHb
300poBbs HacerneHus YKpauHbl NMOCTOSIHHO CHWXaeTCs: yBerMyMBaeTCs KONMMYecTBO
cepaeyHo-cocyancTbiX 3aboneBaHnin, BpoHxnanbHoOM acTMmbl, guabeTa, annepruyecknx
3aboneBaHuin, 3aboneBaHnii OpraHoB NULLIEBAPEHNS, paKoBbIX 3aboneBaHni.

HapylwaeTcs TedyeHne reHeTMyecknx NpoLeccoB, B pe3ynbTaTte Yero B HECKONbKO
pa3 yBENUYMOCh POXaeHWe AeTen ¢ HacneacTBeHHbIMU 3aboneBaHmamm. CMepTHOCTb
npeBbllLlaeT poXAaeMoCTb. 3a nocnefHve AecATb feT MNPOAOIPKUTENBHOCTb XXU3HU
MY>XYMH yMeHbLMnacb € 64 p[o 57 net, a xeHwuH — ¢ 74 po 70 net. CtatucTuka
CcBMAeTeNnbCTBYET, YTO YPOBEHb CMEPTHOCTM OT TpaBMaTu3ma, aBapum M katactpod B
YKpanHe HaMHOro npeBbIaeT aHanorM4Hble nokasatenu pasBuTbIX CTpaH [2].

MHoro4ncrnieHHble Hayku, KOTOpble MbITAalOTCA MO3HATb CYLHOCTb YerioBekKa,
ONUCBLIBAKOT COBEPLUEHHO pa3Hble CTOPOHbI €ro B3auMMOAEWCTBUSA C OKpYXaroLimMm
MUPOM.

dunocoumio  MHTepecyeT YernoBek MO3HaKWUN. JKOHOMUYEeckas Teopus
AonyckaeT, 4To 4enoBek cnocobeH caenaTb pauMoHanbHbI BbIOOP, agekBaTHO
BOCMpPMHMMAs pearnbHyl0 OB6CTaHOBKY, a MCUXOMOrnsa yTBepXaaeT, YTO YyenoBeyeckoe
noBedeHue xapakrepuayeTtcsa npeaMmeTHO-pedrIeKCMBHbIMU OTHOLLEHUAMMU, W 3a4acTyto
- MppauuMoHarnbHO U Henpeackasyemo, YTo NPUBOAUT K HeonpaBAaHHOMY POCTY LEH,
NHPNAUMN, NaHKe Ha (PUHAHCOBBIX PbIHKaX. ICTOPMKOB Takne aeTtann He UHTEPECYIOT,
ONS HUX rNaBHOE, KaK MEeHSAeTCA 4ernoBeK Nnog BIIMSAHUEM KyfbTYPHO-UCTOPUYECKNX
drakTopoB. [r1s coumnonorum YenoBek — 370 NIMYHOCTb, U BaXXHO, Kak OHa hopmupyeTcs
no4 BAWAHMEM couManbHbIX (QaKTOPOB M KakoBa pPOfib JIMYHOCTM AnA obuiecTsa.
MeguuuHy wmHTEpecyeT, KakK BCe BbllLUENEPEYMUCIIEHHOE, C Y4eTOM  BIUSHUSA
oKpyXawLlen cpebl, ToXe 3aBUCAWEN OT WCTOPUYECKMX, COouManbHbIX W
9KOHOMMYECKMX NPOLECCOB, BNMSET Ha OMONOrmyeckMe XxapakTepUCTUKM YernoBeka.
WN3yuas 3aKOHOMEPHOCTH npoTeKaHns XU3HEHHbIX npoLeccos, HayKu
NOEHTUMPUUNPYIOT 3NEMEHTbl 3TUX MPOLLECCOB, MNPOCMAEXMBAT WX BAUSHUE U
BblpabaTbiBalOT pekoMeHAaumn AOna  obecneyeHns ycroBurM  AONTOBPEMEHHOIO
KOMJPOPTHOrO CyLLeCTBOBaHUS YeroBekKa.
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[laHHas cTaTbs MOCBSILLEHA aHanM3dy MHOIMOYUCNEHHbIX nybnukaumMi no
npobnemaTuke TexHoreHesa [3, 4, 5, 6] - ueneHanpaBfeHHON OEATENbHOCTM YenoBeka
B Ouocoepe M OKOMO3EMHOM nNpPOCTpaHCTBe. B TexHoreHe3s B HacTosillee Bpems
BOBMeYeHbl BCE XUMWUYECKME ONEMEHTbl, U €ero akTMBHOE 3HayeHue rMpeBbiaeT
aKTMBHOCTb  MOBOro  Apyroro  reoxXMMMYeckoro rnpouecca W Xxapaktepusyet
COBpPEMEHHbLIN Mepuog 3BoSMOUMM XM3HM Ha 3emne. B cratbe paccMOTpeHbl
pekomeHgauun no Hawmbonee paumoHanbHOMY npeobpasoBaHM0 TexHocdepbl Kak
yactn Ouocdepbl, npeobpas3oBaHHOM nNOAbBMW AN €€ COOTBETCTBUSA CcouManbHO-
9KOHOMMYECKMM MNOTPEBHOCTSIM YenoBeka B HOOCEPY — HOBLIM COBPEMEHHbLIN aTan
aBonounn opraHmyeckoro mupa. OCHOBHbIM MOHATUEM, WMAEHTUMUUMPYIOLWMM Kak
TexHocdepy, Tak M Hoocdepy, sBNAeTcA OeATenbHOCTb 4enoBeka, a MpUYnHON
neaTenbHOCTM - ero  notpebHocTn. MHOXECTBO 9NEMEHTOB, OMpeaensomx
notpebHocTn, onpefensetr euwe 6onbllee MHOXECTBO pPasUYUMbIX 3IEMEHTOB
OEeATEeNbHOCTN, YAOBNETBOPSAOLWMX 3TM NOTPeOHOCTM B MaTepuanbHOW cpede u B
counyme, B KOHEYHOM MTOre - 3a CYET NPUPOAHON cpeabl.

Kpome notpebHOCTEN 4enoBeky npucywm ewe wn ambuuyum, dectontobue,
Tuiecnasme, caMmoOMHeHne. B penurnosHon kynbTtype Takoe obocTpeHHOoe camontobue
UMEHYETCS rOpAbIHEN N ABNAETCS OAHUM U3 CaMbIX TSXKKUX FPEXOB.

MMeHHO Hepaspelummoe NpoTUBOpEYME MeXdy HeOorpaHUYeHHbIMU amouumnamu
yernoBeka WM OrpaHUYEHHbIMW  pecypcamMu, KOTOpbIMM  MOXET pacnonaratb
4YerioBe4YecTBO, COCTaBMseT NPUYNHY BCEX KOHQMMKTOB U MOPOXKAAET KOHKYPEHTHYHO
Gopbby. B aTOM CBSA3M KOHMNUKT SIBASIETCA HOPMOW COCYLECTBOBaHMS INOAEN B
counyme, a BuAbl KOHMNUKTOB - 3KOHOMUYECKME, MNONUTUYECKNe, coumarnbHble,
9KONornyeckme, MoparnbHble, PEenUrmo3Hble, WAEONOrMdyeckme W apyrue - cnyxart
NPON3BOOHLIMU  Pa3fIMYHbLIX BUAOB YenoBevyeckon AesTenbHocTu, obobuiarowmmm
nokasaTensiMm KOTOpon SBNSIKOTCA HanMyune pecypcoB U Ux notpebneHne, noToMy 4To B
PBIHOYHOM 3KOHOMMKE, O YeM Obl HM rOBOPUIIK, peydb Bceraa naeT o AeHbrax. Ho ecnu
NepeyvYncnnTb TOSNbKO SIBHO pasnuynMbie 3NeMEHTbl MHOXECTBa NOTPeOHOCTEN U BUOOB
AEATENbHOCTM ANSA UX yOOBNETBOPEHMUS, TO KONMMYECTBO NOTEHUMANbHbLIX KOH(IMKTOB
OGyneT npeacTaBnaTb CO60M 04YeHb OONbLLYIO BENMYMHY.

MpnHATO € BoNbLUMM yNpoLWeHeM pasnuyaTth cneayrowme TUnbl 4esTeNnbHOCTU:

1. X03ANCTBEHHAs OeATeNbHOCTb B MPOMBILWIEHHOCTU, CENbCKOM W
JOMaLLHEM XO3A1CTBax.

2. CoumnanbHass [OeaTenbHOCTb — rocydapcTBeHHass cnyxba, apmu4,
MUNUUUSA, MeguumHa, obpasoBaHue.

3. Hay4yHo-uccneposaTensckas AesaTenbHOCTb.

4. MwupoBo33peHyeckas [EeATENbHOCTD, LIEHHOCTHO-NO3HaBaTeNbHas,
Moparnb, aeonorus.

5. KoMMyHUMKaTMBHaa [eATenbHOCTb B pamMKax  OOWECTBEHHbIX U

MEXIUYHOCTHbIX OTHOLLEHMUI mMexagy -noabMnm B pPa3HOro YPOBHA KOJUJIEKTMBAx -
KOMMYHUKaUunAa, MHTepakumd, nepuenuma.

6. XyOoXXeCTBEeHHO-KpeaTUBHass - My3blka, M300pasuTenbHOe WCKYCCTBO,
nuTepaTypa, ApamaTyprus, noasus.
7. MoTpebneHne — pbiHKKU, NOCPEeaHNYECTBO, MarasuHbl, GUPXKKN, MaAPKETUHT.

Ecnu npeanonoXunTtb, YTO B KaXXAOM U3 3TUX CEMU TUMOB AOEATESIbHOCTU MOXXHO
BblAeNMNTb OI1A POBHOIo c4eta He MeHee OeCATU pPa3JyindHbiX BUOOB AOeATEeNIbHOCTU, TO,
npuBriekad MaTeMaTU4eCcKum annapat Teopun MHOXECTB, MOXHO NnoAcyMTaTb YUCIO
noTeHunarnbHbIX KOHCbJ'IVIKTOB Ha no4yBe eATesibHOCTU YeJioBeKa.
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Mo onpedeneHnio MHOXEeCTBO 06pasyeTca W3 anemMeHToB, obGnagaloLumx
HEKOTOPbIMM CBOMUCTBAMU M HAXOOSALUMXCS B HEKOTOPbLIX OTHOLLEHUSX Mexay coboin nnm

C anemMeHTaMu Apyrux MHOXECTB, TO €CTb MHOXECTBO TUMOB JesTenbHocTn A 6yaer
HaXOAUTbCA B HEKOTOPbIX OTHOLWIEHUAX C 3fIEMEHTaMU OKpyXalolen cpenbl.
O603HauYMM pasnuMunMble 3NEMEHTbl TUNOB AEATENbHOCTM KaK aq, @y as a4, as, as, a.
Torpa

A ={ay, ay, a3, a4, as, ae, ar} (1)

[MpuMHagnexXHOCTb 3reMEHTOB K MHOXeCTBY (OTHOLLUEHME nNpUHAaOSIeXHOCTN)
3anuLiemM Kak

ay, az, as, a4, as, @5, a7 € A (2)

Ho aTn anemeHTbl MHOXecTBa A camu ABNSIOTCA HEKOTOPbIMU MHOXECTBaMU,
TakK Kak KaXablil U3 BblAEMNEHHbIX TUMOB COAEPXKUT, Kak Mbl npeanonoxunu, 10 Buaos
OEeATENbHOCTH.

MHOXeCTBO, aneMeHTbl KOTOPOro - BCe MOAMHOXeCTBa MHoxecTBa A, 6yaer
ABNATLCH MHOXECTBOM MHOXECTB UIN MHOXECTBOM-CTeneHbto A . Takoe MHOXeCTBO
npuHATO o6o3HavaTh Yepes Q (A).

Cuntas BCe BUAbl OEATENbHOCTM  3fleMEeHTaMM KOHEYHOro MHoxectBa A,
coctosiwero u3 n = 7 - 10 = 70, MOXHO yTBeEpXAaTb, YTO MHOXECTBO NOAMHOXECTB

Q(A) cogepxut 2" = 2"° = 10% anemeHTOoB. OTO uMcrno oTpaxaeT obpasbl Wnu
XapaKTEPUCTUKM  BO3MOXHbIX COYETaHMW TWUMNOB W BUOOB  AEATENIbHOCTU U
noTeHUnanbHbIX KOH(IMKTOB Kak NOCneacTBUNn.

FACHO, 4TO nMpM COXPaHEeHUM CYLLUECTBYIOLUMX LEHHOCTHbIX  OpUEHTauunm W
YCTAHOBOK 4enoBevecTBa, B COOTBETCTBUM C KOTOPbIMW Mpupoda paccMmaTpuBaeTcs
KaKk CpeAcTBO [LOCTWXKEHUSI  OKOHOMMYECKUX Lernen, Hemnb3s He TONbKo usbexartb
aerpagauumn okpyxaroLien NnpupogHon cpebl, HO MAEHTUPUUMPOBATb, KOMNYECTBEHHO
OLEHNTb 1 NPOCNeanTb BO3MOXHbIE MOTEHLMAlbHbIE PUCKMN.

CerogHs yxxe BCepbe3 NpUXoauTCH roOBOPUTb O BbDKMBAHWUWM, TaK Kak OT KayecTBa
OKpy)XatoLen cpefbl 3aBUCAT TPYAOCNOCOBHOCTb, (hmnsnyeckoe U AyxXOBHOE 340POBLE,
gonroneTune n mMartepuanbHoe CoCTodHue nogen. lNpuyem 300poBbe — 3TO MMEHHO
COCTOSIHME MNOJSTHOrO PU3NYECKOro, NMCUXMYECKOTO U coumarnbHoro 6rarononyyuns, a He
TONbKO OTCyTCTBUE GonesHen. Bbixog npeanoxun BbiOAKOWMNCA YKPAUHCKUA YYEHbIN
B.N. BepHagckuin, npenckasaB Heums3beXHOCTb nepexoda nnaHeTbl 3emns  um3
TexHocdepbl, aHTPOMOreHHO W3MEHEHHOW, TpaHC(OPMUPOBAHHON AEATENbHOCTbLIO
yerioBeka NPUPOAbl B HOBYIO 3MOXYy, @ UMEHHO B HOOCKEpY.

HoocdepHoe passutne 6asvpyetrcd Ha NOHUMaHUM TOro pakta, YTO 4YenoBek
ABMSETCA 4YacTblo MpUpoAbl U AO0SMKEH MOAYMHATbCA ee  3akoHaM. KoHuenuus
HOoOCGEepHOro pasBuTUs TpebyeT CMeHbl MUPOBO33PEHYECKMX W MOEOSNOrMYECKUX
NPUHUMNOB, 3aMeHbl NpuopuTeTa NoTpebneHns Ha NpMopnUTEeT OBLLEro KayecTBa XXU3HN
NOCPEACTBOM M3MEHEHUs1 obpasa MbIWMEHNSA, XU3HU U COKpaweHust noTpebneHus
npupogHbIX pecypcoB. B ocHoBe aTom KOHUenuuu [O0SMKHa  HaxoauTbcsA
BbICOKOHPABCTBEHHas npupoaoobpasyolas AeaTenbHOCTb, 00ecnevntb KOTOPYHO
MOXHO TOJSIbKO MpW CO34aHUN KOHKYPEHTOCNOCOOHOM 3KONOrM3npoBaHHON SKOHOMMUKM.

B HacTosiwee Bpemss BO BCeM mupe Bce Oonblue ouwyuiaeTcss cBoeobpasHoe
aKonoruyeckoe AaerneHne Ha (OpMbl  COLMANIbHO-3KOHOMUYECKOW  perynauuu.
MosBNATCA HOBblE aCMEKTbl LIEHHOCTM — 3KOSorMyeckass CTOMMOCTb TOBapoB W
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COOTBETCTBYHOLUMX TEXHONOMMA, TO €CTb MEHHAETCA  COAEP)KaHME WHTEerparbHOro
nokasarens Nnofie3HOCTU pesynbTaTa XO03AWCTBEHHOM AedTenbHocTU. Ho, Kak
N3BECTHO, NnaHbl, HE NOAKPENSIEHHbIE MaTePUarbHO, ABMSAOTCA MeYTaMu.

TonbKo peaHnMaumsa U MCNoNb3oBaHWE HayYHO-MPOU3BOACTBEHHOIO NoTeHuMana
OTeYecTBEHHOW  oOpabaTbiBalolWlen  MPOMBLILNEHHOCTN, €ele  YyueneBwen u
CyLLEecCTBYOLWEeN B OCHOBHOM B pOpMe HaTyparibHOro kanurana, UCNorib3yemMoro Ha
TPeTb OT BO3MOXHOrO, TOSNIbKO BO3BpaT K COOCTBEHHOMY KOHKYPEHTOCMOCOOHOMY
Npou3BOACTBY BO BCEX OTpacnsax peanbHOM 3KOHOMWKM W AacT BO3MOXHOCTb
MaTtepuanbHo obecneuntb BXxoXaeHue YKpanHbl BMECTE C MUPOBOW 9KOHOMMUKOM B 3py
HOOC(epHOro pa3BuUTUA.

CerogHsi rmaBHbIM apOUTPOM KOHKYPEHTOB SIBNSieTCs kayecTBo. Ewle Apuctotens
ckazan («magister dixit»), 4TO «KayecTBOM sBnseTca ©Onaro, obecneuymBaioLlee
cyacTbey.

CmbicrioBasi oOuLEHKa KadecTBa BbISIBNSET [MOME3HOCTb €ero Ansa  Kaxagoro
KOHKPETHOro 4erioBeka, 9KOHOMWUKU CTpaHbl 1 obuiectBa B uenomMm. OHa nokasbiBaerT,
4YTO Ka4yeCTBO NPoAyKTa — 3TO pe3yrbTaT KadecTBa Tpyaa.

Ob6blOeHHbIM A3bIKOM KadecTBO Tpyda — 3TO YMOPHble, MOCTOSAHHbIE YCUMNUA
Kaxxgoro paboTatowero, HanpaBrfieHHble Ha TO, YTOObl MOHATb, YAOBNETBOPUTL U
NPEB30NTN OXMAaHUA noTpebuTens n NonNyyYnuTb yaoBneTBopeHne ot paboTbl. CerogHsa
BCe OOnblUe CTaHOBUTCA MOHATHBIM, YTO HAUNYyYLWMM pPe3ynbTaTOM 3aKOHYMTCA Ta

paboTa, KoTopasi BbIMNOJIHANACh c YAOBOJSIbCTBMEM. HepnoBonbHbIN,
HeYy[OBMNEeTBOPEHHbI YeroBek He crocobGeH K KayecTBeHHoMy Tpyay. XKenaHHoCTb
Tpyaa — npeporatMBa  HPaBCTBEHHOW NMYHOCTU. VIMEHHO >xenaHHOCTb Tpyada

NoBbILLAET Ka4yeCTBO ero pesynbtata. Belcokun npodeccnoHanmsm, B CBOK ovepeib,
npMBOOUT K TOMY, 4YTO Tpyd npuobpeTaeT TBOPYECKUM XapakTep M CTaHOBMUTCSA
HPaBCTBEHHON HEOOXOAMMOCTLIO YenoBeka.

MoaToMy Hago BknagbiBaTb CpeacTBa B Nogen: B X obpasoBaHue, BOCNUTaHUE,
HPaBCTBEHHYO OpMEHTALMIO, 300POBbE, Cpeny obuTaHus.

B HoBoM dpase 0OOLLECTBEHHOrO pasBUTUS, KOTOPY MNOTpedyeT KoHuenuus
HooCepbl, OCHOBOW ycrnexa AOMKHO ObiTb pa3BUTUE KaXkgoro KOHKPETHOMO YenoBeka u
€ro MHTeNMeKTa U pPasBUTME KaXKAOW JIMYHOCTU — rapaHTUpyeT pasBUTUE COBOKYMHOIO
NHTEennekTa obuiecTaa.

Akagemuk AH YCCP H.N. BaBunos nucarn, YTo Mbl «MOXEM BPEMEHHO YCTYNUTbL B
ypoBHe 6n1arocoCTosiHMSA, HO €AMHCTBEHHOE, B YEM Mbl HE MOXEM YCTYNUTb, — 3TO B
Pa3BUTUN UHTENNEKTay.

He meHee BaxHble 3neMeHTbl KOHKYpeHTHON 60pbbbl — 3TO LieHa Npou3BOACTBa
NPOAYKUNN 1 BOSMOXHbIE MYTU CHUXKEHUSI ee ceBeCcToMMOCTU, HO He Nobon LeHon, a ¢
y4yeToM crnegyroLmnx NpMHUUNOB pauuoHansHOro npupoaonosib3oBaHus [8J:

1. CooTteeTcTBME CNOCOBOB MCMNOSb30BAHUSA MPUPOLHbLIX PECYPCOB KOHKPETHbLIM
3aia4yaM U yCcrioB1siIM permoHa.

2. lNpeaBuaeHne u MakcMManbHO BO3MOXHOE MpeaoTBpalleHMe HeraTuBHbIX
nocrneacTsmMmM U MNoTeHuuManbHbIX PUCKOB MPUPOAONOSb30BaHUA, LerieHanpaBreHHoe
npeobpasoBaHne naHawadToB.

3. lNoBbiWeHne WUHTEHCMBHOCTU OCBOEHUSI MPUPOOHbLIX PEecypcoB, YMEHbLUEeHWEe
noTtepb npu Aobblve oboralueHun, nepepaboTke.

4. CoxpaHeHue KynbTYpHbIX U UICTOPUYECKUX LLEHHOCTEN.

5. KomnnekcHbIn XapakTep WCMNOSib30BaHUA MPUPOLHLIX PEeCcypcoB B OTpacnsx
HapogHoro  xo3anWctea npu  cobniogeHun  LenecoobpasHoM  3KOHOMUYECKM
060CHOBaHHOM O4YepPEeaHOCTUN UX XO3ANCTBEHHOIO MOTPEebNeHus.
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6. BcemepHas «akonormsaumsi» 0o6LEeCTBEHHOro MpPOM3BOACTBA, OXpaHa cpeabl
obuTaHusA, nNPUPOAOHLIX PEeCypcoB, COXPaHEHWe TreHeTU4eckoro pasHoobpasus
BGuocdepsl.

3atpatbl, HeobxoAumble OnS  BOMMOLWEHUS  MPUHUMIMOB  pauuoHaribHOro
NPMPOOONONb30BaHUA, MOXHO onpegenuTb C NOMOLLb0 abCoNOTHOM 3KOHOMMUYECKOM
OLEeHKN, KoTopas Heobxoauma AN YCTaHOBNEHWA pasmepa nnatbl, MPUHATUA
NPUMPOAOHbIX pecypcoB Ha ©OamnaHc npeanpuaTus, a Takke  Ana npeactaBneHus
NPUPOAHBLIX PECYPCOB B COCTaBe HauuoHanbLHoOro 6oratcrea cTpaHbl.

OTOT BWA OUEHKM YKasblBaeT Ha BeNWYUHY KanuTamnbHbIX  BIOXEHWUNA,
HeobxooMMbIX ANSA 3aMeLleHMs OAaHHOro MPUMPOLHOro pecypca Ha OcHOBe adhdhekTa
BOCMpPON3BOACTBA MpoAykTa npupogononb3oBaHnsa. OanH M3 nokasatenen 3TOW
OLEHKM onpeaenseTcs Kak OTHOLWWeHne CHkeHnsa cebectonmocTtn npoaykumm (Cq.Co) K
BbI3BaBLUMM 3Ty 3KOHOMUIO KanuTanbHbIM BIOXEHUSAM, TO €CTb

30 = Cl_ Cz

K

3)

roe Oc - 9PdPeKTUBHOCTL KanuTanbHbIX BNOXEHWUM;

Cs n Cy - cebecTtommMoCTb NPOAYKUMN A0 M MOCHE OCYLECTBEHNSA KanuTarnbHbIX
BINOXXEHWUN, TPH;

K — BennumHa KanutanbHbIX BIIOXEHUN, IPH.

BennunHa O, pomkHa cpaBHMBaATbCA C HOpMaTMBOM oOuwien abcontoTHom
aPPEKTUBHOCTU E 5 , MPUHATLIM B LENOM MO HApOAHOMY XO3SIMCTBY YKpauHbl, E; =
0,14. Ecnu 3, > 3,, To paccmaTpMBaemMble KanuTasibHbl€ BIOXEHUS MOXXHO MPU3HaTb
acpdektmBHbiMN.  O4vyeHb  BaXXHO  OTMETUTb, YTO  KanuTasbHble  BINOXEHWUS
NPUPOLOIKCNITyaTUPYIOLWMX OTPaciiel HYXXHO HanpaBUTb Ha MPUPOOONOSib30BaHUE B
NPUPOLOXO3ANCTBEHHYIO OTpacCib NMWb B TOM Cly4yae, eCcnn 3KOHOMUSA MPUPOAHOro
pecypca A3 OygeT He MeHee 3PEKTUBHOW, YeM CHmxeHue cebectoumoctn AC

I'IpOI/I3BO,D,I/IMOIZ npoaykuuu, T.e.
A3 > AC. (4)

Takum obpasom, BO3HMKAET HeoOXOAMMOCTb He3aBUCUMOW, OOBEKTUBHOM
KBanMMuuUUpOBaHHOM OLUEHKWU pe3ynbTaTOB He TOMbKO XO3SNCTBEHHOW, HO W
NPUPOAOOXPAHHOM AeATeNbHOCTU npeanpuaTna. MHorme MHOCTpaHHbIE MHBECTULMKU B
9KOHOMUKY YKpauHbl, 0cO6eHHO Yepe3 EBponenckmii 6aHKk peKoHCTPYKLMM U pas3BuUTUA
(EBPP) n MexayHapogHbii 6aHK pekoHCTpykumn u passutns (MBPP), TpebytoT
NpOBEAEHMSA IKONOrMYECKOro ayauTa, Yemy crnocobCTByeT 3aKOH YKpauHbl OT 24 NIOHSA
2004 r. Ne1862 IV «[po ekonoriyHmn ayant” [1].

[MO3TOMY KOHKYpPEHTOCNOCOOHOCTb TOBApOB  Ha HaUMOHANbHOM W MUPOBbLIX
pblHKax cTana onpefensTbCa 3KONOrMyeckuMu napameTpaMmm TEXHOSOMMK, a Takke
3aTpaTamu Ha OXpaHy OKpy>KaroLen cpedbl, NCYEMbIMU K OCTanbHbIM 3aTpaTam Ha
NPOM3BOACTBO U peanu3auuio NPoayKLMK.

KOHKYpeHTOCNOCOBHOCTL —  MoOKas3aTeNb, XapaKTepuaylowuih  nepcrnekTuBhbl
pasBuTUSA NOON CTpaHbl, ee MHBECTULMOHHYIO NPUBIEKaTeNbHOCTb N SKOMOrMYeCcKyro
6esonacHocTb [3].

BnusHmne akonornyeckoro aktopa Ha KOHKYPEHTOCNOCOOHOCTb Takon CTpaHbl, Kak
YKpaunHa, N3BeCTHOM KakK 30Ha 3Korornyeckoro 6eacTBusi, 0COGEHHO BENWUKO, MOTOMY
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YTO B MEXOYHAPOAHYH MNPaKTUKy BHeAPEHbl pacyeTbl WHOAEKCA 9KONOrMyeckomn
YCTOMYMBOCTM  KaK MokasaTens  YCNewHoCTM  ABWXKEHMs CTpaH no  nyTu
akonoro6e3onacHOro yCTon4mMBoro passuTus.

KoHKypeHTOCNOCOBHOCTL onpeaenseTca Yepes3 BO3MOXHOCTb yBenMyeHust Joxona
Ha Oywy HaceneHus, KOTopblA 3aBUCUT OT MPOM3BOAMTENbHOCTU TpyAa, OOCTYMHOCTU
Kanutana v npupoaHbIX pecypcoB. MIMEHHO NO3TOMYy MpUMpOAOpPEecypPCHbIM KanuTan
CTpaHbl MO>XHO paccmaTpuBaTtb Kak dhakTop dopmmpoBaHus ee
KOHKYPEHTOCMOCOBHOCTH.

CoBpeMeHHasi 9KOMEeTOoAOomorMa BblOenseT KOMMIMEKC Moka3aTenen COCTOSHUS
oKkpyxatowen cpegbl: 06bemMbl 3arpa3HEHMI OTAENbHbIX BUOOB PECYPCOB, U3MEHEHNE
KayecTBa nNpupPOAHbIX 6nar, u3mMeHeHue 9KOMOrMYecknux YCroBuUW, WUCTOLLEHUE
HaUWOHanNbHOM 3KOHOMUKW.

CyLlecTBEHHYIO MOMOLLb B 3KOMOrM3aumMmM MNpOMBbILWSIEHHOrO MpoM3BOACTBA B
LenoM MOXEeT oOKa3aTb OKOSIOMMYECKUA MapKeTWUHr, Mpu3BaHHbIi obecnedntb
cornacosaHve MHTepecoB NpPon3BoanTens, notTpedbuTtens n obwecTsa [9].

BbiBOoAbI

1. YenoBek couuanbHbIA Kak 4YacTb couuyma yxyauwaeT YCIOBUS XU3HU
yernoBeka, Kak 4acTu Npupoasbi.

2. CosgaHHas 4enoBekoMm TexHocdepa, npu3BaHHasi co3gatb KOoMdopT u
Ge3onacHOCTb, He onpaBgana Hagexa W HavvHaeT paspywartb rnodanbHyro
3KOCUCTEMY.

3. lMpeobpasoBaHne 6uocdepbl B KAYECTBEHHO  HOBOE COCTOSIHME —
Hoocdepy — rnasHenwas 3agadya YenoBeyecTBa.

4, Pecypchbl, Heobxoanmble ana co3gaHnsa Hoocdepbl, MOryT ObiTb CO34aHbI

TONbKO Npeobpa3oBaHHbIM BbICOKOHPABCTBEHHbIM TPYAOM 4enoBeka MNOCpPeaCcTBOM
N3BECTHbIX 3KOHOMUYECKMX MEXaHU3MOB, CYLLECTBEHHO W3MEHEHHbIX MOA BUSHUEM
aKonoruyeckoro ¢gakropa.
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Y[OK 378.147:004.9 B.M. BaptaHnsiH, K.B. LLiBegoBa

AKTyaJIbHBIE MP00JIeMbl OPraHU3ANNOHHO-METO/10JI0THYECKOT0
o0ecneyeHns1 UHPOPMALMOHHBIX TEXHOJIOTUH 00y4YeHUSA

HauuoHarnbHbIlU aspokocmudeckul yHusepcumem um. H.E. XKykoeckozao « XAU»

AKTyanbHOCTb TeMbl WCCnegoBaHMsi OBycroBrneHa nepexogoM  YKpamHCKOW
obpasoBaTenbHOM CUCTEMbI Ha HOBYK CcCUCTEMY OOyYeHusi, NpuHATYD BonoHckon
AeKknapaumen B cucteme Bbicliero obpasoBaHmsa U Haykn YKpauHbl, U1 BHeAPEHMEM ON1S
ee peanusauunm HOBOW OpraHM3auMoHHO-METOAOSIOrMYEeCcKo OCHOBLI, BGasupytoliencs
Ha LUMPOKOM MCMNOJSIb30BAHUN MHAOPMALMOHHBLIX TEXHOMOMNN 0BY4YeHMS.

BxoxgeHue YkpanHbl B MUMpoBoe obpasoBaTesibHOE NPOCTPAHCTBO HEBO3MOXHO
6e3 CTPYKTYpHOro pecopmMmpoBaHust corfiacHo TpeboBaHusaM BbornoHckoro npouecca
HaLUMOHanNbHOM CcucTeEMbl Bbicwero obpas3oBaHus, HanpaBneHHoW Ha obecneveHue
MOBUNBHOCTU, KOHKYPEHTOCMOCOOHOCTN CheunanncTtoB C BbICWUMM 0OBpasoBaHMEM.
Pedopma Bbiclwiero obpasoBaHud, paclumMpsisi BO3MOXHOCTW Monogexum B cdepe
Nony4YeHnst KadecTBeHHbIX 0bpasoBaTeribHbIX YCNYr €BPONENCcKoOro ypoBHSA, BMECTE C
TeM nopoxgaeT psg npobnem, CBA3aHHbIX C ynpaBrieHMem y4yebHbiM NpoueccoM B
HOBbIX YCITOBUSIX.

MHpopmaTmsauna obydeHna BkroyaeT B cebs co3gaHne  KOMMbHTEPHbIX
y4eObHMKOB, WMH(OPMAaLMOHHO-CNPAaBOYHbIX CUCTEM, aBTOMAaTU3MPOBAHHbLIX Y4eOHO-
aTTeCTauMoOHHbIX CUCTEM MO pPasfUyHbIM AUCUMMINHAM, COCTaBIISIOWMX OCHOBY
9NEKTPOHHON OMBNMOTEKM; OTKPLITLIN OOCTYN K WMH(POPMAaLMOHHBIM pecypcam 4yepes
ceTb Internet.

Co3paHve 3nekTpoHHbIX wu3gaHun un pecypcoB (OUP) asnaetca ogHonm w3
NPUOPUTETHLIX 3a4a4 MHpopmMaTM3aLnmn odpasoBaHms.

Mmerowmeca Ha pbiHke obpasoBaTerfibHble SNEKTPOHHbIE U3OaHUS U Pecypcbl
«MNO yMON4YaHuio» npegHasHavyeHbl B OCHOBHOM M1 CAMOCTOATESIbHOMO [OMaLUHEro
ncnonb3oBaHus. Koraa xe peyvb MaeT O LUMPOKOM BHELPEHUN AFIEKTPOHHbLIX MPOAYKTOB
B  OpraHuM3oBaHHbI  Y4ebHbIM  npouecc, TpebyeTca 3HauuMTenbHas  Hay4Ho-
MeToanveckasa noarotoska.

KomnbloTep npu3BaH paspewunTb Kpu3uc obpasoBaHus, TpebytoLlero
NOCTOSIHHOIO YBENUYEHUA KONMu4ecTBa nefaroroB Npu pacluMpeHUn UX HETBOPYECKUX
dyHKumn [1].

CamoctoaTtenbHas y4yebHas pabota addekTMBHa TONbKO B  aKTMBHO-
aeaTtenbHOCTHOW dhopMme. [MpuHUMNUanbHOe HOBLUECTBO, BHOCMMOE KOMMbIOTEPOM B
obpasoBaTenbHbI NPOLECC, — MHTEPAKTUBHOCTb, MO3BONSAKOLWAA pa3BMBaTb aKTUBHO-
neaTenbHOCTHble  opmbl  0BydeHuss. MIMEHHO 3TO HOBOE KayecTBO MO3BOMAET
pacLMpUTbL CEKTOP CaMOCToATENbHON y4ebHon paboThl.

OpHon 13 rmaBHbIX 3agad MHpopmaTusaumm obpasoBaHUa ABNSETCA CO34aHue
9NEKTPOHHBIX U30AHUA N PECYPCOB. ANEKTPOHHbIE y4ebHble n3aaHua KnaccuuumnpyoT
No  UeneBOMYy  HasHa4yeHulo, nNpupoae  OCHOBHOW  MHOpMauunW,  xapakrtepy
B3aMMOOencTeus nonb3oBaTens n 3NEKTPOHHOrO n3gaHus, TEXHOMormm
pacnpocTpaHeHns, BXOASALWMM B HUX KOMMOHEHTaM M HanuMyunio Ne4yaTHOro 3KBMBasieHTa.
Knaccudmkaums anekTpoHHbIX y4ebHbIX n3gaHun npeacrasneHa B Tabn. 1.
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Tabnuuya 1
Knaccudumkaumnsa anekTpoHHbIX Y4eOHbIX n3gaHum

lMpusHak deneHusi Budbl anniekmpoHHbIX y4ebHbIx usdaHul

YyebHo-TeopeTnyeckme

YyebHo-npakTuyeckue

Mo ueneBoMy Ha3HayYeHUo YyebHo-meToan4eckune

Y4yebHo-crnpaBoYHble

Y4yelBHOo-KOHTponmpyLme

TekcToBble (CMMBOSbHbIE)

. MynbTmeauinHble
Mo npvpoae ocCHOBHON UHOpMaLUK
'MnepTekcToBble
'MnepmeanagoKyMeHTbl
Mo xapakTepy B3aMmoLencTBus [feTepMuHMpoBaHHble
nonb3oBaTeNs N 3NEKTPOHHOro HeneTepMUHUpOBaHHbIe
n3fnaHnA (MIHTEpPaKTUBHbIE)

JlokanbHOro ncnonb3oBaHms

Mo TexHOMNOrMM pacnpoCcTpaHeHns CeTeBble

KoMBMHMPOBaHHOTO pacnpoCcTpaHeHns

Mo cocTaBy BXOOALWMX B HUX MoHOAOKYMEHTHI
KOMMNOHEHTOB MonMAOKYMEHTbI

OneKTPOHHbLIE aHanorn neYyaTHoro
n3gaHua

Mo HannuMo NevyaTHOro aKBMBarieHTa
CamocTtosTenbHble ANEKTPOHHbIE

n3gaHunAa

OnEeKTPOHHOE M3daHue - 3TO CIOXHbIA MPOAYKT, coaepXalimin MHgopmMauumio,
NpeAcCTaBNEHHYIO BO BCEX M3BECTHbIX HA CErogHsa Buaax nNpeacTaBfieHns: TEKCT, peyb,
MY3bIKYy, OTO, BUAEO, rpacuKy, aHMMauuio, U TEM CNOXHEE ONpeaennTb TEXHOSOIMIO U
Kputepumn kadectsa npogykra [3].

Co3sgaHne anekTpOHHbIX y4eBHbIX pecypcoB BneveT 3a cobon HeobBXOaUMOCTb
CO34aHMa METOAOB ANSA OLEHKM MX KadecTBa. B Takmx meTtomax 3amHTepecoBaHbl Kak
camu paspaboTyuku, Tak W npenogaBaTenu, >Xenawwue WCNonb30BaTb OTOBLIE
nporpaMmMHble CpeacTBa.

Hanbonee pacnpocTpaHeHHON MeTOoOUKON SBNSIETCA 3KCMNepTHasi OLueHKa
kayecTtBa. OueHKa KayecTBa 3MNEKTPOHHbIX y4eBHbIX NOCcobuin Npy 3TOM NPOBOAUTCS NO
pasnU4YHbIM rpynnamMm nokasaTenen C MOMOLLbI0 3KCMEPTOB. ANIEKTPOHHbIE U3OAHUA U
pecypcbl B CcocCTaBe WHGOPMaLMOHHO-00pa3oBaTenbHOM cpenbl NnoaBeprakTcA
KOMMMEKCHOW aKcnepTmnae, BKAo4vaLwen B cebs:

* TEXHMYECKYIO SKCNEPTU3Y;

* coaepXaTenbHy 3KCNepTuay;

* 9KCMNEpPTU3y AN3aNH-3PrOHOMUKK (CM. Tabn. 2).
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Tabnuua 2

OueHka kayecTBa AJNIEKTPOHHbIX yLIe6HbIX pecypcoB

CodepxxamerbHas Skcrnepmu3sa du3salH-
TexHu4eckasi akcriepmus3sa SKCEPMU3a 9D2OHOMUKU
Zg;;';ifga;%ﬂiizzge OueHka obbema OueHka
(TpeByemast NamsiTb, mMaTepuarna u CTeneHu ayamoBuM3yanbHbIX
KOPPEKTHOCTb pa3paboTkn TeMbI CpeacTB 1 MogenvHra
ABTOMATUYECKOI (cooTBeTCTBME (nonHoTa
oba3aTenbHOMy MCNONb30BaHUA U

YyCTaHOBKW CTaHAApPTHOrO
MO, BoccTaHoOBRNEHNE
npegyctaHoBok OC npu
AeNHCTannsaumu, yoaneHue
COBCTBEHHbIX 3NIEMEHTOB U

np.)

MUHUMYMY MO
rocyaapCTBEHHbIM
cTaHgapTam,
aKTyanbHOCTb, HOBU3HA,
OPUrMHaNbLHOCTb 1 Np.)

rapMoHus cpeacTs
MynbTUMeana,
OPUrMHANBHOCTb U
KayecTBO MyrbTUMeana
KOMMOHEHTOB 1 Np.)

®PyHKUMOHarbHoe
TeCTUpoBaHue
(paboTocnocobHOCTb
aKTUBHbIX 30H, BCEX
3asBIIEHHbIX PYHKLMNA,
nornyeckux nepexoaos,
pecypcoemMKoCTb 1 np.)

OueHka cogepxaHus B
uenom (nparmaTtmyeckas
coaepxatenbHOCTb,
¢POHOBOE KynbTypHOE
3HaHue, hopmupoBaHmne
LLeNOCTHOW KapTUHbI U

np.)

OueHka opraHmsaumm
NHTepakTnea (cnocobbl
nepegaydn peakumnm
CTOPOH, OpUrMHasibHbIe
NpUeMbl, UHTerpaums
WNHTEpakTuBa ¢
MynbTUMeamna v np.)

KayecTBO nporpaMmmHoOn
peanusauun (nosegeHue
Npv NPOBOKaUUSX, NpU
3anycke naparsnnenbHbIX
NPUNOXEHNN, CKOPOCTb
OTKITMKa Ha 3anpochkl 1 np.)

[Meparornyeckas oueHka
(cooTBeTCTBME
NHTEpecam
npenogasarens,
obyyaemoro,

opraHu3auus matepuana,

KynbTyporiorndeckas
cocTasnsowas v np.)

OueHKa 3proHOMUKN,
KOMJPOPTHOCTH
nonb3oBaTens
(MHTYUTMBHaAA ACHOCTb,
OPYXECTBEHHOCTb,
yoo0CTBO HaBurauum u

np.)

MeTogun4yeckas
COCTOSATENbHOCTb
npoaykra (oueHka
NCcnonb3yemMbiX METOAMK,

OueHka NpocToThI
NCNONb30BaHUSA

CUCTEMbI KOHTPONA U1 Np.)

Ho nopobHas anpuopHasa akcnepTtuda He gaeT 100%-Hon rapaHTUM KadvecTBa
y4yebHOro pecypca u3-3a pasnuymi B JIMYHOCTHbLIX XapaKTepucTukax obyyaembix, B
MaHepe obyyeHus:, B pesynbtaTtax 00y4yeHns y pasHbix obyvyaembix.

Moatomy AOpyrMMm noAXOAOM OLEHMBAHUSA KaveCTBa ONEKTPOHHbIX nocobui
ABNSAETCA oueHKka 3dEKTUBHOCTM OOyYEHUsI MyTEM TECTUPOBaHUA 0by4YaembiX nocne
npoxoxaeHus kypca. Cuntaetcs, YTo 3dEKTUBHOCTL O0yYEeHMs1 OOIKHA COCTaBMNATb
He mMeHee 68%, a pas3bpoc cpegHux pesynbTaToB 0Oy4YyeHUst He AO0SDKEH MpeBbiwaTb
10%.
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B paccmoTpeHHbIx nybnukauuMsx no [aHHOWM TemaTtuke ObHapyXuBaeTtcs
O[HOCTOPOHHOCTb B MOAX04aX, MPUMEHSIEMbIX K OLEHMBAHWIO 3NEKTPOHHbLIX Y4EOHbIX
nsgaHun. Mccnegosatenu, kak npaBuno, NnMbo orpaHMYnBalOTCs anpuOPHOM OLIEHKOW
aKkcnepToB, NMBO cocpeaoTadnBaloT BCE CBOE BHMMAaHWE Ha anoCTEPUOPHON OLEeHKe,
OCHOBbIBAOLLENCS Ha TeCTMPOBaHUN 0BydYaeMbIX NOCre NPOXOXAEHUS Kypca.

MoaTomy npegnaraeTca NPUMEHSATb KOMOWHMPOBAHHbLIA MOAX04, MPU KOTOPOM
OyneT BbIBOAUTLCS WHTErPUPOBAHHbLIM NOKasaTesnb KayecTBa 3MEKTPOHHbIX nocobun,
YUMTbIBAKOLLMIA N SKCMEPUMEHTANbHY OLEHKY KavyecTBa 0byyYeHus, NonyyYeHHyo nyTem
TECTUPOBAHUA CTYOEHTOB MOCIe MPOXOXAEHUSA Kypca, U SKCMNEePTHYH OLEHKY No psay
nokasarenemu.

30ecb BO3HMKaeT npobnema CcBeAeHWA BOEOUHO  KOJNIMYECTBEHHbBIX U
KayeCTBEHHbIX rokasaTtenen. Takmm ob6pa3om, Heobxogumo pewunTb npobnemy
HEeCBOAUMOCTU TPaAUUMOHHbLIX METOAOB OLEHMBAHUA ANIEKTPOHHBIX Y4EOHbIX U34aHUMN.
[na ee pelleHnss Ka4yeCTBEHHble nokasatenun Oyaem oueHmBaTb C UCMONb30OBaAHUEM
BepbanbHbIX WKan, 6annbHble 3NeMeHTbl KOTOPbIX COOTBETCTBYHOT BepbanbHbIM
rpagaumsm NUHrBUCTUYECKMX LKan. X MHOXecTBOM cumTaeTtcs otpesok [0;1]. Touka O
COOTBETCTBYET MOSIHOMY OTCYTCTBUIO MNPOSABMEHUS KavyeCTBEHHOW XapaKTepUCTUKW,
Toyka 1 COOTBETCTBYET MOMIHOMY MPUCYTCTBMIO MNPOSIBMIEHUA  Ka4eCTBEHHOM
XapaKkTepUCTUKH.

lMockonbKy apudmeTudeckne onepauun B BepbanbHbIX LWKanax npuMBogAT K
HEKOPPEKTHOCTN KOHEYHbIX pe3ynbTaToB, TO UM B COOTBETCTBME CTaBAT HeYeTKue
MHOXEeCTBa M AanbHenwmne onepauum nNpoBOAAT C UX (PYHKUMSMU NPUHAANEKHOCTH,
YTO NO3BONSET CBECTN BOEAUHO KAYECTBEHHbIE U KONIMYECTBEHHbIE MOKa3aTenn oLEeHKN
KayecTBa 9fEKTPOHHbIX Y4YeOHbIX u3gaHui un pecypcoB [4]. YucnoBoe 3HauveHue
PENTUHIOBOW OLEHKN HaxoOaT No MeTody LieHTpa TAXeCTH.

Takon nopxon Takke Oyaetr obecneuymBatb AMPDEPEHLMPOBAHHYKO OLIEHKY
KayecTBa ONEKTPOHHbIX W3JaHUA U  pecypcoB B cocTaBe WH(OpPMaUNOHHO-
obpasoBaTenbHOM cpefbl Kak B paspese CcoaepXaHusi, Tak U B paspese BCeW
COBOKYNHOCTM  popMarnbHbIX MNPU3HAKoB, BKMo4Yas ¢QopMy npeacTaBneHns W
NPOrpaMMHyL0 peanusaumtio.

Cratuctnyeckas obpaboTka MornyyYeHHbIX AaHHbIX MO3BOMUT cAenatb Hay4Ho
060CHOBaHHbIN BbIBOA 00 3heKTMBHOCTM MCMNONb30oBaHWs B y4ebHOM npouecce
SNEKTPOHHbIX Y4E€OHUKOB.

PelweHne aTMx BeCbMa akTyanbHbIX BOMPOCOB MNPWU3BaHO CTaTb OCHOBOW He
TONbKO YNpaBneHns KOMMMEKTOBaHUEM 3JIEKTPOHHbIX YYEOHbIX M34aHuMK, HO U UX
KayeCTBOM Ha aTanax NpoeKTMpOBaHUSA U CO34aHMSA SNEKTPOHHON y4ebHOM NpoayKuuu.
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YK 621:338.26 O.E. ®epoposuny, T.N. Kpaxmanesa

ITocTpoenue Moae/ M ynpaBJeHUsI HHTEJJIEKTYAJIbHOMI
COOCTBEHHOCTHI) KaK 3JIECMEHTA MPOLecca YIPaBJICHHU KA4eCTBOM
U pecypcaMu HHHOBAIMOHHBIX NIPOEKTOB

XapbKogckoe 2ocydapcmeeHHOe agualUOHHOE Mpou3eo0CcmeeHHoe rnpeodnpusimue
CumBoOnbl U 0003HaAYEeHUA

WM — NHHOBALMOHHBLIN NPOEKT.

UC — nHtennektyanbHas cO6CTBEHHOCTb.

OUC — obbekT npaBa MHTENNEeKTyansHoM CO6CTBEHHOCTN.
AWUC — aBTOMaTM3NpoBaHHasa MHPOPMaLMOHHasA cnucTtema.
T3 — TexHn4eckoe 3agaHue.

1. BBepgeHue

B paHHoOm paboTe uccnegywTcsa  NpouecChbl  yrpaBreHnd  KadecTBOM
WHHOBALMOHHOIO NPOEKTa C y4eTOM NHTENNEeKTyanbHon CO6CTBEHHOCTUN B NpoLecce:

- TEXHONOMMYECKOro N KOHCTPYKTOPCKOrO NMPOEKTUPOBaHWS;

- U3rOTOBIIEHNS  MPOAYKTa Ha  OCHOBE  OOBLEKTOB  MHTENneKTyanbHON
cobCTBEHHOCTH.

OcyuwiectBnenne npouenyp, KOHTPONb MHCTPYKUWA, OBUWXKEHWE OOKYMEHTOB W
apyrme acnektbl CcOOMOOEHUA KadecTBa MNpPoOeKkTa B CErogHsALWHMX  YCroBUSAX
HEBO3MOXHbl 0€3 MCNoNb30BaHUA Kakon-nMbo MHGAOPMAaLMOHHOMW KOMMbIOTEPHOMN
cuctembl. Cuctema MoxeT BbiTb paspaboTaHa ons ynpaeneHns He Tonbko UMM, HO u
BCEM nNpPeanpuATUEM WNU OnpedefneHHbIM HanpasfeHMeM, B [aHHOM Chnyyae -
CUCTEMOW YNpaBneHNsa NHTENNEKTyanbHbIMU akTMBaMuU NPeanpUATHS.

loBOps 06 ynpaBreHMM MHHOBAUMOHHBIMW MpOeKkTamMu, Heobxoaumo yaenuTb
BHMUMaHMe Bonpocy pacnpegeneHna npas Ha OWC. BaxHo ewe p[o Hadvana
BbINOSIHEHUSA MpOEeKTa onpeaenuTb, KOMy MpuHagnexaT npaBa Ha usobpeTeHne —
06bekT UI, kakoBa aonsa aBTopa B pacnpeaeneHnn npubsinm oT BbINOSIHEHUS MPOEKTa,
kak ceonctea OMC BnunAOT Ha KadecTBO npoekTa. [Ansa Toro, 4Tobbl n3bexaTb noTepu
BMOXEHHbIX CpeacTB, cregyet nogaepXvBaTb MpPaBOBOE paBHOBECUE  Mexay
aBTopamu, npasoobnagatensMm U TeMu, KTO UCNOoNb3yeT pesynbTaTbl UX TBOPYECKON
aearenbHocTn. [Ons  peweHus 3Tux 3agady  HeobxoouMMo  MOCTPOUTb  METOA,
nossonsowmnm yvyectb acnektol C npu paspaboTke u ynpasnenun M.

2. NocTtaHOBKa Nnpo6nembli

Cywectsytowme AUNC NpUMEHUMbl K UMKITMYECKMM aAMUHUCTPATUBHLIM W
NpPOn3BOACTBEHHbLIM MpoLieccam, rae NpoLunble 3agadm NoBTOPSKOTCA CHOBA M CHOBA, a
OKOHYaTenbHblEe Luenn - cobniogeHne TpeboBaHM KadecTBa NpoekTa - octatoTcs bonee
UM MEeHee MNOCTOSAHHbIMK. OTO, Hanpumep, npouecc noarotoeBkn UM no cosgaHuto
HOBOW TEXHUKMN, ObICTPO U C HAMMEHbLUUMK 3aTpaTaMu.

Hapsagy ¢ nokasaTensamu HageXHOCTU, TEXHOMOMMYHOCTM U CTaHgapTu3auuu, K
nokasaTtensiM KayecTBa WHHOBALMOHHOIO MPOEKTa MO CO34aHUK0 HOBOW TEXHUKU
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OTHOCATCA W NaTEeHTHO-MpaBoOBble Moka3aTenu, B 06onee LWWPOKOM CMbICne -
nokasatenu Hanuumsa  cobnwgeHuss npaB Ha  OObeKTbl  MHTENeKTyanbHOn
cobctBeHHOCTU. TemM He MeHee, B OOMbLUMHCTBE WHHOBALMOHHBLIX MPOEKTOB
OTCYTCTBYET COCTaBnsALWAsa No yrnpasrieHnio Ka4eCTBOM M pecypcamMu C TOYKU 3peHUs
NHTEeNNeKTyanbHoOm coBCTBEHHOCTH, NCNONb30BaHHOWN npu paspaboTke
WHHOBALMOHHOIO NMpOoeKTa.

Tem BpemeHeM uaeHTudukauuio n mnccnegosaHne OUNC cnegyeT npoBoanTb
ewe Ha ctagusix oopMUpoBaHUa TpeboBaHUN K NPOEKTY U pa3paboTku TEXHUYECKOro
3agaHmda. Ha Bcex aTanax paspabotkm u odopmnenus WIT TpebyeTtcs nogaya
pesynbtatoB wuccnegosaHmi B Buge OWC. Urtak, npeacraBnserca HeobXxoauMbIM
paspabotaTtb CUCTEMY KOHTPONSA KadecTBa NPOEKTa, WUCXOAS W3 WHTENNeKTyanbHOM
CcOBCTBEHHOCTN, KOTOPAs NEXMUT B M0 OCHOBE.

3. AHanus uccrneaoBaHuM U NyGnMKauum

M3BecTHas mopgenb ©GecnpepblBHOrO yrydlleHUs KadectBa B npouecce
exegHeBHon pabotel PDCA "lnaHunpyn - paboTan - npoBepsai - BO3AeNCTBYM", Mo
HdemuHry, coctouT 13 6noka nnaHMpoBaHUsA, Grioka BbINOMHEHMS, Bnoka KOHTPOnsa U
6noka Bo3gencteus. [aHHaa cuctema obecnedmBaeT HENPEPLIBHOCTb B AOCTMXKEHUU
NONUTUKN NOAAEPXKKN KaYeCTBa M YyCOBEpPLUEHCTBOBaHUSA cTaHaapTos [1].

Ha puc.1 npuBeaeH npumep npoxoxaeHua atanos no cxeme PDCA. Lukn PDCA
obecneynmBaeT KayeCTBEHHbIA POCT ycrnyr, ynpaBneHus u KoHTpons. Lukn [OemwuHra
BCerga MMeeT He OAWH, a HEeCKONbko obopoToB. Peanusaumsi aTOro uukna rpynnom
cneumanucToB obecneuvvBaeT nNoBbIWEHNE KadecTBa npogykumn. [pu peanusauum
umkna [emuHra Ha npeanpusitum MOXHO oOXuaaTb Hambonblien 3pdekTUBHOCTU UX
paboTbl NPV MMHMMAanbHbIX 3aTpaTax.

| COBEPLUEHCTEOBAHME |

EO3[ENACTBYW NNAHWPYH

c D
NPOBEPAN JENARA

Puc. 1. Uukn "nnaHupyn - pabotan - nposepsawn - snuan” (PDCA) no demuHry

M3BecTHa aBTOMaTM3MpOBaHHAA WHMOPMaLMOHHAA cucTeMa ynpaBrieHUs
obbekToMm, cogepxallas 6rokm BBoAa, BbiBOAA, aBTOMaTU3MpPOBaHHOe paboyee MecTo,
nporpaMMHo-annapaTHbIi  KOMMNEKC, WHOPMAaLNOHHO-NOUCKOBYD cuctemy [2, 3].
[aHHaa cuctema OOMOMHUTENBHO COOAEPXUT BOK ynpaBneHus CUCTEMOWN, CNPaBOYHO-
aHanutTnyeckum 6nok, Onok xpaHeHust wHdopmauumn, 650K cucTemaTmsauum u
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KOPPEKUMN OaHHbIX, Bnok dopmupoBaHus 6a3 gaHHbIX, ONok ynpaBneHus 6Gasamu
AaHHbIX, 610K XpaHeHna 6a3 gaHHbIX, 650K oOpMMPOBaHUS 3anpocoB, 60K aHanusa
noslydeHHoM MHdopMaLunu.

OpHako HegoCTaTKOM 3TOW CUCTEMbl SIBASIETCA OTCYTCTBME COCTaBMSANOLWEN MO
yNpaBneHU WHTENNEKTyanbHOW COOCTBEHHOCTBIO MNPeanpuUATUS Npu  ynpasneHumn
Ka4eCTBOM MPOEKTOB.

M3BecTHa Takke OpraHM3auMoOHHasa CTPyKTypa YhpaBneHns KadyeCcTBOM
KOMNaHuu, peanuayowas oOonblwmve  UHBECTULUMOHHO—CTPOUTESNIbHBIE  MPOEKTHI
HedTerazoBoro npoduns, KoTopas COCTOUT: M3 6noka paspaboTkm nporpammbl
KayecTBa nNpOeEKTa, COoAepXalwero afeMeHT MOHUTopuHra; 6noka obecneyeHns
KayecTBa ONS HyX[ NPOEeKTa, COCTOSLEro n3 aneMeHTa ctaHgapTu3aumm n anemeHTa
TEXHUYECKOrO KOHTPONS; 6y10ka opraHn3aumm BbINONTHEHUSI KOHTPOIIbHBIX MEPONPUATUIA
B pamKax NpoekTa; 6rioka yyeTa KOHTPOSbHbIX pe3dynbtaTtos [3, 4, 5].

HepoctatkoM 3TOM CUCTEMBbI SBMASIETCA HWU3KUA YPOBEHb KOHTPONSA KayecTBa
BbIMOMHAEMbIX MPOEKTOB M3-3a OTCYTCTBMSI COCTaBMASOWEN MO  yrpaBreHuto
WNHTENNeKTyanbHOM COBCTBEHHOCTbID. OTO AenaeT HEBO3MOXHbIM Y4YeT HedOoCTaTKOB
npoekTa Ha NpeauHBECTMUMOHHON hal3e, T.e. Ha 3dTane, Korda CpeacTsBa ele He
BNnoxeHbl. Elle ogHMM €€ HeaocTaTkoM SABNSAETCHA HU3Kash KOOpAWHAaUMS BHYTPWU
CUCTEMbI M3-3a OTCYTCTBUA OBpaTHOM CBA3N Mexay 6riokoM pas3paboTku nporpammbl
KayecTBa npoaykTa n 6510KOM y4eTa KOHTPOSIbHbIX Pe3yrbTaToB, YTO B KOHEYHOM UTOre
NpuBOOUT K  ManoddeKTMBHOMY YMNpPaBfEHUI MPOEKTOM W He Mno3BonsieT
yCOBEPLUEHCTBOBATb €ro Ha CTaguu BbINOSTHEHWS.

4. NocTaHoBKa 3agauu

Llenbto HacTosiwen paboTbl SABNSETCA YCOBEPLUEHCTBOBAHME MpPOLECCOB
yrnpaBreHns Ka4eCTBOM B NPOEKTE HAa OCHOBE YNpaBieHMs1 KAYECTBOM MHHOBALMOHHbIX
MPOEKTOB MO CO34aHW0 HAYKOEMKOM TEXHWKM C yd4eToM OObekToB npasa
WHTENNeKTyanbHOM COBCTBEHHOCTM, 4YTO MO3BONSET MNPUHMMATb OBOCHOBAHHLIE
yrnpaBrieHYECKNE pEeLUEHUSI OTHOCUTENbHO AanbHENWero pasBUTUS MHHOBALIMOHHOIO
NpoeKkTa No co34aHNI HOBOW TEXHUKMN.

Hay4yHo-npvknagHow 3agaden B gaHHoOM paboTe cnyxuTt paspaboTka meTtoga u
NPOrpaMMHbIX CPeacTB ynpaBfeHUs Ka4eCTBOM WMHHOBALMOHHOIO Mpoekta C y4eToM
OObEKTOB NpaBa WMHTEMMEKTyanbHONW COOCTBEHHOCTM B LIENSIX YCOBEPLUEHCTBOBAHUS
npouecca NPUHATUSA YNpaBlieHYeCKUX PeLLeHNI OTHOCUTENBHO AanbHENLWero passnTns
npoekTa.

B ocHoBy npouecca paspaboTkn metoga ynpaeneHna ONC noctaeneHa 3agadva
MOBbILLEHNST YPOBHS KOHTPOSIA KA4eCTBa BbIMOMHAEMbIX NPOEKTOB, a@ TaKXKe Yry4lleHus
KOOpAMHALMN BHYTPU CUCTEMBI.

5. PeweHune 3agauu

lMocTtaBneHHas 3agada pelwlaetcs TeMm, YTO paspaboTaHa mMogenb ynpasreHus
NC, KkoTopas SIBNAETCA 4acTbid CUCTEMbl YMPaBfieHUS KayeCTBOM WHHOBALMOHHbIX
npoektoB ¢ yyetom ONC. Mogenb cogepxuTt 650k pa3paboTku nporpammbl KavyecTBa
NpoeKTa, KOTOPLIN BKMO4YaeT B cebs: 3nemMeHT MOHUTOpUHra; 6nok obecnedeHus
KayecTBa [ONsl HYXO NPOEeKTa, KOTOPbIA COCTOMT M3 3NeMeHTa cTaHgapTM3aumm u
SNeMEeHTa TEXHUYECKOro KOHTPOIs; ONOK opraHu3aumm BbINOJSTHEHWUS KOHTPOJIbHbIX
MEeponpuATUIA B pamMKax MpoekTa; Onok yyeta KOHTPOSbHbIX pe3ynbTtatoB. B cocraB
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6rnoka pas3paboTkM nporpamMmbl KayecTBa MPOEKTa BBEAEH WHTErpasibHbl 3N1IEMEHT
ynpaesneHns OWC, cocToswmi M3 CceKTopa MaTeHTHbIX MWCCregoBaHUM W cekTopa
nateHToBaHna ONC, a 6nok yyeTa KOHTPOSbHbIX Pe3ynbTaToB BKOYAET B ce0s1 CEKTOP
kommepumnanmnsaumm ONC n cektop pe-nateHtoBaHmsa OUC.

brnok yuyeta KOHTPONbHbIX pe3ynbTaTtoB CBsA3aH C 6nokom paspaboTku
nporpaMmbl KayecTBa NpoeKTa C NOMOLLbIO CpeaCcTBa 0OpaTHON CBA3WN.

Cpencrteo obpaTHOM CBSA3M MOXET ObITb BLINOMTHEHO B BMAE CETM nepeaydn
OaHHbIX.

B kauectBe ceTn nepegayn AaHHbIX BO3MOXHO MCMNOSIb30BAHNE NOKarbHOW CETU
npeanpusaTus.

B paHHon AWMC obGecneuvMBaeTca MOBbIWEHNE YPOBHS KOHTPONs KayecTtBa
BbINOSIHAEMbIX MPOEKTOB Onarogapsa BBeAeHWo B 6Nok paspaboTkum nporpammbl
KayecTBa MpoOeKTa WHTerpanbHOro anemeHta ynpasneums OWC, cocTosiwero w3
CeKTopa naTeHTHbIX uccriegosBaHun n cektopa nateHtoBaHmss OUNC. CekTop naTeHTHbIX
nccnegoBaHuin obecneymBaeT nepegadvy MHOpPMauum O Hanuynm nNpae TPETbUX UL, Ha
OWUNC, obHapyxmBaeT naTeHTOoCcnocobHble ONC Ha npegnpuaTun, nuccnegyeTt NnateHTHo-
NMNUEH3NOHHYIO CUTyauuio, Kotopad crnoxunacb oTtHocutenbsHo OWC. [Ona oueHku
ypoBHA UI B npouecce ynpaBneHusi Ka4eCTBOM HEOOXOAMMO Y4YMTbiBaTb HE TOMbKO
BnusHne ONC Ha TEXHUYECKMI YPOBEHb NPOAYKUMN 1 Npubbinb OT ee peanusauun, HO
N CTeneHb rOTOBHOCTU K MCMOMb30BaHMIO N cteneHb TpyaocnocobHoctn OUC.

C nomoLublo nepegaydn nosydeHHbIX pe3ynbTaToB B 6510k obecneyeHns kavyecTsa
obecneynBaeTca BO3MOXHOCTb OOCTUXKEHUSA 3a[aHHbIX XapaKTepPUCTUK
WHHOBALMOHHOIO  MNpPOEeKTa, KOTOpble  YAOBNETBOPSAOT  YCTAHOBIIEHHbIE UMK
npeaBuaeHHble HyXAabl, T.e. TpeboaHua kavectBa UIM. Cektop nateHToBaHua OUC
No3BONSeT MPOBOAUTb CPaBHUTENbHbIA aHanM3 Ha npeaMeT HanuMyuus HOBU3HbI Y
n3obpetaTtenbCckoro  YpOBHS oncC, B pesynbTarte yero oTceuBaroTCs
MarionepcrnekTUBHbIE  TEXHUYECKME peLleHusi, He CcnocobHble yOoBMEeTBOPUTb
TpeboBaHNA kayecTBa NMHHOBALMOHHOMO NPOEKTA.

3apaya NOBbIWEHUS KOOpAWHALMW BHYTPU CUCTEMbI peLlaeTca B MOAENU
Gnarogaps Tomy, 4TO ONOK yyeTa KOHTPOSbHbIX pPe3ynbTaToB COCTOMT M3 cekTopa
kommepumnanmzaumm OWNC wn cektopa pe-nateHtoBaHus OWC, 4yto nossonser
ocywiectBnATb Gonee addekTuBHbIMN 0OMeH uHopMaumen mexagy 6nokamm
BbIMOSTHEHNSA KOHTPOSTbHBIX MEPONPUATUIA N BITOKOM y4YeTa KOHTPOSbHbIX Pe3ynbTaToB U
CHOBa nepegaBaTb WHGMOPMAUMIO BHYTPM CUCTEMbI B MpoLecce BbINOSHEHUSA
BGecnpepbIBHOrO uUMKna ynpaeneHna kadectBom WIM. Kpome Toro, 6nok y4yeta
KOHTPOSbHbIX Pe3ynbTatoB CBA3aH C 650KkoM pa3paboTkM nporpammbl KavyecTtBa C
nomouwiblo obpaTHOM CBA3W, KOTOpasi paspellaeT nepedasaTb W MNonyyaTtb
nHpopmaumto mexagy 6bnokamm paspaboTkm nporpammbl KadectBa M Grokom y4veta
KOHTPOSIbHbIX Pe3ynbTaToB.

NHdopmaumoHHasa cuctema coctomT 13 6rioka paspaboTkm nporpaMmmbl Ka4ecTBa
npoekta 1, copepXallero uHTerpanbHbii anemeHT ynpasneHns OUC 2, koTopbin
COCTOMT M3 CeKTopa MaTeHTHbIX uccnegoBaHunM 3 u cektopa nateHtoBaHus OUC 4
(puc. 2). bnok obecneyeHns kayecTBa NPOEKTa 5 COCTOUT U3 ANIEMEHTOB TEXHUYECKOTO
KOHTpONsa 6 n ctaHgaptusauum 7. B coctaB MHPOPMaLMOHHON CUCTEMbI TaKke BXOOAT
O6noOK opraHmsauumn BbINOSIHEHUS KOHTPOSbHbLIX MeponpuatTMid 8 un 6nok yyeta
KOHTPOSIbHBbIX pe3yribTaToB 9, KOTOPbIA COCTOUT U3 cekTopa koMmmepumanusaumm OUNC
10 n cektopa pe-nateHToBaHusas OWC 11, npuyem O6RNOK yyeTa KOHTPOJSIbHbIX
pesynbtatoB 9 cBA3aH C 6nokoM paspaboTkM nporpaMmmbl KayecTBa C MOMOLLBHO
cpeacTtea obpaTtHom cBaA3n 12.
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5. Bniok o6ecneyeHusi
un 3. CeKTop MaTeHTHbIX 4. CekTop
kavecmea UCCAANORAHUN naTeHToRAHUS OUC

| | |
| | |
| | |
2 | | |
z | 6. OnemeHT | Q |
2| TEXHUYECKOro KOHTPONS I z |
g | le 2 > 2. IHTerpanbHblii aneMeHT
E | | g1 |
c'g | | S vnnarneHusa NC |
5 | 7. OnemeHTt | é | |
_= cTanpapTasaLim : DE/-: : 1. Bnok paspabomku : a
I | ~ | npozpamMmbi kadyecmea Ul I 5
J I ___ | =
I | == -l g
Iy I I'5
|- === ———= 9. Briok y4ema KOHMPOJIbHbIX pe3y/bmamoe I &
| o)
: 8. Brok opaaHusayuu 10. CekTop 11. CekTtop : o
I 8bIMNoJIHeHUs = KOMMepuuanusaumn pe-naTeHToBaHnA |
| KOHMPOJILHBLIX onc |
T Meponpusmui |
| |
| > [enctaue nocne
: > MpoBepka NPOBEPKN KayYecTBa (A) BospgeiictBre :
| (C) KoHTponb |
| |
| |

Puc. 2. Mogenb ynpaBneHus MHTennekTyanbHOoM COBCTBEHHOCTLIO KaK anieMeHTa
npouecca ynpasreHnsa Ka4eCTBOM MHHOBALIMOHHbLIX NPOEKTOB

Mopgenb ucnonb3yetcs Takum obpasom. brok paspaboTkm nporpamMmmbl KavyecTBa
WHHOBALMOHHOIo nNpoekTa obecneunBaeTt nnaHnposaHune uenen UM, T.e. 4OMKHbI ObiTb
yCTaHOBIeHbl NyTUM Ons ycoBeplueHCTBoBaHUA kadectBa WIT u HameyeHbl nnaHbl
JencTtesum onsa ux pgoctmxkenHums. bnok obecneveHna kadectBa 1 oOTHoCUTCA K
peanu3aumn nnaHa (nnaHmposaHme P). Bnok opraHmMsaumm KOHTPOMbHbLIX MEPONPUATUI
5 (BbinonHeHue D) onpegensieT, nNpvBeno nv BHeOPEHME CUCTEMbl YyrnpaBneHus
Ka4yeCTBOM K 3anfiaHMpoBaHHOMY ynydweHuto (KoHTponb C). Bnok ydeta KOHTPOMbHbIX
pe3ynbtatoB 9 (Bo3gencTteme A) obecnevmBaeT NOCTPOEHME N CTaHAAPTM3aLMIO HOBbIX
npoueayp, NPU3BaHHbLIX NPeaoTBpaTUTbL NOBTOPEHNE NepBOHaYanbLHON NpobnemMbl Unm
YCTaHOBUTb Lenn Ansi HOBbIX YCOBEPLLUEHCTBOBAHUN. Cuctema SBRsSeTCA LUKIIMYECKOn
N MNOCTOSAHHO BOCCTAHABMUWBAETCSH: KaK TONMbKO MPOMCXOAUT yryulleHue, pesyrbTaT
npouecca npeBpallaeTcs B 06beKT AanbHenwWero ycosepLeHcTBoBaHus kadectsa WM.
Cuctema ynpaeneHus kadectBoMm WI1 npu3BaHa MNOCTOSHHO COBEPLUEHCTBOBATb
npouecc ynpasneHus naTeHTHO-pauuoHanuaaTopckon paboton no cosgaHuio OUC c
Luenblo obecneyenuns kadectsa UrI.

Cuctema WHTErpupoBaHa BO BHYTPEHHIOK €OUHYI WMH(OPMALMOHHYK CeTb
npeanpuaTus.

B paHHOM mopgenn obecneumBaloTCA MOBbILEHME YPOBHS KOHTPOMA KayecTBa
WHHOBALMOHHOIO MPOEKTa, a Takke yry4dleHne KoopamHaunum BHyTPU CUCTEMBI.

Kpome TOro, paHHaa wMoAenib rapaHtupyeT Heobxogumoe odopmrieHme
pesynbTtatoB wuccnegosaHun B Buae OWC Ha Bcex 9tanax paspaboTku wn
ocywectBneHna WM. 3ta AWNC nossonsger npoBOAUTb UAEHTU(UKAUUIO U
nccneposaHne OUC ewe Ha cTagmsx hopmMmpoBaHus TpeboBaHW K MHHOBALMOHHOMY
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npoekTy u paspaboTke T3.

Cuctema Takke paspeluaet obecneuntb appekTUBHOE ynpaBrieHNne Ka4eCTBOM
MM 3a cyeT passBuTus un3obpeTaTenbCckoro TBOpYECTBA W, Kak cneacTsue,
TEXHONOrm4yeckoro O0GHOBMEHMS Npou3BoAcTBa. B pesynbTate BHeapeHuss 3Tou
cUCTEMbl Ha OcHoBe wucnonb3oBaHus OWC npeanpusTve nonyvaeT BO3MOXHOCTb
NPOU3BOAUTL KAYECTBEHHYI KOHKYPEHTOCNOCOOHYI0 NPOAYKLMIO.

BbiBOAbI

MpennoxeHHaa mogenb MHOPMaLMOHHOM cucTeMbl ynpasneHmst IC oTHocuTcs
K cucTtemaMm, npegHasHadeHHbIM AONna  ynpasBfeH4Yyeckux uenen, MoxeT ObiTb
ncrnonb3oBaHa AN ynpaBneHus Ka4eCTBOM WHHOBALMOHHBLIX MPOEKTOB U MO3BONSET
bonee apdPEeKTMBHO yNpaBnATb Ka4yeCTBOM WHHOBALMOHHLIX MPOEKTOB C Y4ETOM
006BHEKTOB NpaBa MHTENNEKTyanbHOM CO6CTBEHHOCTH [6].

B wmogenu obecneunBaloTCsi MOBbLILWEHWE YPOBHS KOHTPOMSA KayecTBa
WHHOBALMOHHOIO NMPOEKTa, a Takke yry4dlleHne KoopamHaunm BHyTPU CUCTEMBI.

PaspabotaHHass mMogenb MOBLIWAET OMNepaTUBHOCTb W KA4YeCTBO PeELUEHUN,
KOTOpble NPUHMMAOTCS B Npouecce peanu3aumm MHHOBALMOHHbBIX MPOEKTOB, N MOXET
cTaTb METOLONOrMYeckom OCHOBOM ANs  MPUHATUS  PEeLUeHUn  OTHOCUTENbHO
JanbHeunwero pasBuTUA MpoekTa C Yy4eTOM OOBLEKTOB npaBa MHTENeKTyanbHOn
CcobCTBEHHOCTH.

lMporpamMMHble cpeacTBa KOHTPONS KayecTBa MNpPOeKTa MNO3BOMAT HEe TONbKO
HarnsagHoO NpefocTaBnATb MHOPMaLMIO ONS NPUHATUS yNpaBneHYeCKUX peLLIeHnin, HO
N ABNATCA YAOOHLIM MHCTPYMEHTOM ANt MOAENMPOBaHUS PasfnU4YHbIX CUTyauuni B
npoLecce peanusauumn NpoekTa.

Cnucok nutepaTypbl

1. Corinne N. Johnson. The Benefits of PDCA, // Quality Progress. May, 2002.

2. TMateHT RU 2005130334, kn. G06Q90/00, ony6n. 10.04.2007.

3. Masyp N.W., Wanupo B.[., Onbaeporre H.I'. YnpaBnenue npoektamn: Yueb.
nocobue gnsa cryaeHToB, obyyarowmxca no cneymnanbHocTn 061100 «MeHemxkmeHT
opranusauunny/ Mopg obuw,. pen. N.W. Masypa. — 4-e uaa., ctepeotun. — M.: Omera-Jl,
2007.-190c.

4. MeHse M.®. YnpasneHue npoektamu. MS Project: Yyeb. nocobue no
cneumanbHocTn «MeHemKMeHT opranusaunn»./ - M.: Omera-J1, 2005.- 276 c.

5. MNayna MaptnH, KapeH Teut. YnpasneHue npoektamu: KapmaHHbIN
CNpaBOYHUK ANs NpoekTHbIX komaHg/ Mep. ¢ anrn./ - K.: KIMNK «Cuctemsbl», 2005.- 192 c.

6. Jlomasos M.E., becchamuneHas J1.B., lLBaHaap B.A. YnpasneHue ka4ecTBOM
MaLUMHOCTPOUTENBHOM NPOAYKLUMM ObITOBOro HasHaveHus/ - M.: MawwuHocTpoeHue,
1986. — 192 c.
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YOK 681.32 H.H. lopa

CucreMHasi JIOTHCTHYECKASA MO/IeJIb YIIPABJIEHUSA KAa4eCTBOM
HauuonHarnbHbIl aspokocmudeckul yHusepcumem um. H.E. XKykoeckozao « XAU»

YnpaBneHne KayeCTBOM SBMNSETCA OAHOW M3  akTyanbHbIX 3agady  npu
opraHuMsaumm  npousBoAcTBa B MpUBOPOCTPOEHUU.  YuuTbiBad  COBPEMEHHOE
npeacTaBneHne npoumsBoAcTBa B (POpMe NOMMCTMYECKOW Uenn «cHabxeHne —
Npon3BOACTBO — CObITY ynpaBfieHne KadecTBoM TpebyeT HOBbIX (hOPM OpraHusauuu, B
TOM YmMCne BCTPOEHHbIX B NPON3BOACTBO NIOMMCTUYECKUX 3BEHBEB Ka4yeCTBa.

Ons dopmuMpoBaHus apXUTEKTYpbl aBTOMAaTU3NMPOBAHHOW CUCTEMbl KayecTBa
(ACK) Heobxoaumo co3gaTb CUCTEMHYHK JIOTMCTUYECKYHD MOENb KOHTPONS KavecTsa
(CMKK), koTopas [JormkHa Yy4yuTbiBaTb WMEPapXUYHOCTb  KOHTPOMS  KavecTBa,
nocrnenoBaTeNibHOCTb 3BEHbEB NOMMCTUYECKOW npowusBoacTtBeHHon uenn  (JIML),
CTpaTUPUUMPOBAHHLIN XapakTep AencTBur No obecneyeHuto kadecTea. [na nepapxmm
yrpaBfieHNs  KayeCTBOM  MOXHO  BbIAENUTb  Crnegylowme  YPOBHWU:  BEPXHWUN
KOoprnopaTuBHbIA YpoBeHb ynpasrieHus kadectsoMm (BKY); ynpaBneHue kayectBOM Ha
ypoBHe 3BeHa JIINL (3YK); ynpaBneHne ka4yeCcTBOM Ha YpOBHE 31IEMEHTOB OTENbHOrO
3BeHa JIMLY, (TexHonorndecknx onepaunin) (AYK).

lMpeanaraetca BbIAENUTL Criedylolwme cTpatbl ANS YNpaBrieHUs KayecTBOM C
y4eTOM MnpOn3BOACTBEHHOW JIOMMCTUKN: UeneBast noructmyeckass crpata (LJ1C),
dyHKUnoHanbHas noructudeckasa crtpata (PJIC), opraHusaumoHHasa norncTuyeckas
ctpata (OJ1C), mHpopmaumoHHaa noructnyeckasa ctpata (UJ1IC), anroputmuyeckas
nornctmnyeckass crtpata (AJIC), nporpammHas noructmyeckass ctpata (MJ1C),
norncTnyeckasl cTtparta KoMmnnekca TeXHUYecknx cpeacts KoHTposns kadectea (JICKTC).
CuctemMHas noructnyeckas MoAenb KayecTBa JOMKHA CTPOUTBCA Kak MHOrOoypoBHeEBas,
nepapxmyeckasd, cTpatuumumpoBaHHaa Moaesb.

BbinonHeHne  genctBuM  NO  YNpaBSfIEHUO  KAa4eCTBOM  FIOMMCTUYECKOM
NPOn3BOACTBEHHOM LENW, CBA3aHO C NOCMefoBaTeNbHOCTbIO AENCTBUM KOHTPOSS Ha
KaxkqoMm 3BeHe uenu: cHabxeHne (CH) — npounssoacteo (1) — cobiT (Ch).

MHOroypoBHEBYIO  CTPATUMPUUUPOBAHHYKD  CTPYKTYpPY  MeponpustMi  no
YyrpaBfieHUIO KayecTBOM nNpeacTaBuM B BuAe JNOMMCTUYECKOro CUCTEMHOro Kyba
KOHTpONsA KayectBa npousBogctea (puc. 1). Ona dopMuUpoBaHUS MeponpusaTui no
KOHTPOMKO KayecTBa C Y4eTOM UMX WEpapXU4HOCTW, BBEAEM AEKOMMO3ULMIO
ynpasnsawoLWnx AeACTBUIA (yp), OCHOBaHHYIO Ha NOAYNHEHHOCTU YPOBHEN:

o {JrHy = (s, = UYE, 3.

roe YH, - OTAEeNbHOE i-e ynpasndawLuiee AencTeme no KOHTPOJ1IO Ka4yeCTBa BEPXHEro

ypoBHs JIMLL;
YS, - ynpaensioliee AencTBMe No KOHTPOSIKO KavecTBa ANs j-ro NOrmcTuyeckoro

3BEHA, KOTOPOE BKIIOYEHO B /-€ ynpaBnstollee 4eNCTBNE BEPXHENO YPOBHS;
ve - k-€ anemeHTapHoe ynpasnsiowee OENCTBUE HUXHEro YPOBHS, KOTOpoOe

k/l

BXOAUT B COCTaB YynpasnawLWero OevWCTBUS AN j-r0 3BeHa U /-ro ynpasBnsioLero
OENCTBUS BEPXHENO YPOBHS.
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C yyeTOoM MHOXECTBa ynpasnsoWmx AencTBmin no kKoHTponto kadectBa (KK) Ha
Ka)kgowm cTpaTe ynpaBneHus, Nonyvmm:

YD": {(U YL(/ZCZ ), (U YrbﬂC/ ), (U Y(MCO ),
z f o
(U YI/L'IC” ) (U Y, AIC, ), (U Y, PIIC, ) (U YﬂCKT(,; )}

rne Y, - OTAenbHoe z-e ynpasnsoulee AencTene Ans ueneBon CTpaThl
NOMMCTUYECKOro ynpaBfieHUs1 KAYeCTBOM;
quc, - oTAenbHoe f-e ynpaBnswwee gencrteve ans (OyHKUMOHanNbHOW cTpaTbl

JTOTMCTUYECKOro yrnpaBlieHNnA Ka4eCTBOM;

Y, - OTAernbHOe 0-e ynpasnsiwliee AeNCTBUe ANs OpraHn3aLyioHHON CTpaThl
o

JTIOT’NCTUYECKOro ynpaBleHnAa Ka4eCTBOM;

Y,,. - OTOEnbHOe u-e ynpaensioliee aencrtene ona nHOpMaUNoOHHOW CTpaThl
NOMMCTUYECKOrO ynpaBrieHNs1 KAYeCTBOM;
Y, - OTAenbHoe a-e ynpasnstouiee AEUCTBUE AN anropuTMUYeckon cTpartbl
NOMMCTUYECKOro ynpaBrieHUs1 KAYeCTBOM;
Y., - OTAEnbHoe p-e ynpaensioliee AencTeme ang nporpaMmmHoOn cTpaThbl
)

JTOTMCTUYECKOro yrnpaBleHnd Ka4eCTBOM;

YJYCKTCI otaenbHoe [-e ynpasndwwee nencrene Ha CcTpaTte KOoMMJieKkca

TEXHUYECKMX CpencTB No ynpaBiieHNO Ka4eCTBOM.

HWepapxust
KOHTPOJISt
A xayecTBa
1
1
| /
' 'l  Crpatnduxamms
1 / KOHTPOJIA Ka4yecTBa
BKY /
N L1 L
T /
3VK R | vd
. e / i 7" sokn
e -7 A wic
' i -
Z ol AJIC
P L . / nic
DVK .7 ’ e e / onc
P4 Pid e bIic
7z < 7z ’ e ‘
e 4 e ic g
>
CH I Cb Jlorucruueckas uemns

[IPOHM3BOJICTBA

Puc. 1. Jloructuyeckun cuctemHblv Kyb ynpaBneHus Ka4eCTBOM
AHanuanpysa ypoBHU Mepapxum U UCMOosb3ya CTpaTuUKaumio NOrmcTUYECKOro

yrnpaBrieHUs Kad4eCcTBOM C(OpMUPYEM MHOXECTBO YyNpaBndaAwoWMX OEeACTBUA B
cnegywoowem Buae:
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YD {(U LUICy, ) (U DIIC, ) (U ()ﬂcu {(U LI, )(U DIIC,, )(U 0IIC,, =
U e, >(U )(U )(U cire, )} (UYW )(UYM )(U )(UX,,<;KT<;,,,>};
{(UY[I/TFZ )(UY(DFIC/ )(UYOHCO >

(U 1/17C )(U AJIC,, )(U PJIC,, )(U ﬂCKTC,A

i
u, a D,
ki k)i P,

Haaym TeopeTMKo-MHOXECTBEHHOE OnuncaHue MPOLEeCCOB KOHTPOIS kayecTsa B
BMAe o6beanHeHns creayroLmx NoAMHOXECTB:

— 3MNeMeHTbl MPOM3BOACTBEHHOrO NpoLiecca;

- 3NeMeHTbl BCTPOEHHOW CUCTEMbI Ka4ecTBa.

Takoe npeacTasneHve COOTBETCTBYET TEXHOJTOrM4Yeckom 3penocTu
npeanpusaTus, AN KOTOPOro  CUCTEMA KOHTPOMNsS  SBMSIETCH  HEOTbeMIieMoWn
KOMMOHEHTOWN NPOM3BOACTBA:

op={(Jorr)|JosK )},

rae  opp - -1 3NEMeHT NPOU3BOACTBEHHOW CUCTEMbI (0OOpyAoBaHWE, TEXHONOMS 1

T.4.);
OSK, - J-M 3NEMEHT CUCTEMBI KOHTPOISi KayecTBa (McnbiTaTenbHas nabopartopus,

BXOLHOW KOHTPOSb, METPONorndeckne cnyxool n T1.4.).

B cBow o4vepeab, Kaxablh aneMeHT npousBoactBa QPP umeeT cBowm
COCTaBnsAOWINE, CBA3aHHblE C MPUHATOM TEXHOMONMEW U  cneuuwanusaumen
obopynoBaHus:

OPR,.{He, },
Hopp = ey e ,
OPP, {He,},
rge 'uQPP} - 6V|HapHOG OTHOLWlEeHne wmMexay osneMeHToM npon3soacTtea QPPki n

NOAMHOXECTBOM TEXHOOIMMMN {He,}, -
Kaxabih anemMeHT KOHTPONs KadecTBa Mpou3BoacTtBa obnagaetr Habopom
TEXHOMNOIMM KOHTPONSA UCMbITAHUM Ha Ka4eCcTBO:
QSKl,,{BII,_}l,

Bosc =| oo - :
OSK,, (B, h,

rae By - BMHapHOE OTHOLIEHME MEXAY 3NEMEHTaMN CUCTEMbI KOHTPONSA KavyecTBa U
J
MOAMHOXECTBOM CMOCOOO0B (TEXHOMOTMI) KOHTPONS (BQ), } -

Ha puc. 2 npegcrasneHa CTpykTypa NpOU3BOACTBEH-HOW CUCTEMBbI, COCTOSLLEN
N3 MHOXeCTBa NPON3BOACTBEHHbBIX AJIEMEHTOB U 3NIEMEHTOB KOHTPOMA KadecTBa.
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Ona dopmMmnpoBaHMss  NOrMCTUYECKOW  MOOENW  yrpaBneHUa  KayeCTBOM
BOCMNOJSIb3yeMCS NOrnko-anrebpanyecknmm npeacraBneHmemM ynpaBnaowmnx 4eNCcTBUN.

NPOU3BOACTBEHHAA CUCTEMA

| MPOU3BOJICTBO —>| CHCTEMA KAYECTBA |
NPOM3BOACTBEHHBIE LEXA || _’I VIPABJIEHME KAYECTBOM |
Y YUACTKH *
METPOJIOTMUECKASI CITYXKBA
CKJIAJICKASI CUCTEMA |
TPAHCIIOPTHASI CHCTEMA MATEHTHO-JIMLEH3UOHHASI
OBCJIYXKUBAHHMS 4_ > CIIYXKBA
MPOU3BOJICTBA *
v MHOOPMALIMOHHO-
BCIIOMOTATEJILHOE AHAJIUTUYECKAS CITYXKBA
TMIPOM3BOJICTBO - L

Puc. 2. CtpykTypa npon3BOACTBEHHOM CUCTEMbI CO BCTPOEHHOW CUCTEMOW KavyecTBa

[ns oToenbHOro 3BeHa IOrMCTUYECKOM Lenu «cHabXxeHune — npou3BoaCcTBO —
cbbIT» chopMUpyem crnenyromnin KOHTYp ynpasneHns kKadyecTBoM (puc. 3):

YO, =1,

. Y
9 95 Djm }0’/ >

roe Y - KOHTPOJ1Ib Ka4vecTtBa And e-ro JaremMeHTa j—FO 3BEHa JOrMCTUYECKON
q

NPOU3BOACTBEHHON Lenw;
o, - YCroBMe Y[AOBNETBOPEHWS TpeboBaHMI KadecTBa AnNs j-ro 3BeHa

NOrMCTUYECKON Lienu.

1, moBTOpEeHNE MPON3BOICTBEHHBIX OTIEPALIUIT
IUTA j-TO 3BEHA IIETIH, B CITydae
HE YIOBICTBOPCHUS TPEOOBAHHUN KAaUueCTBa;

0, ymoBieTBopeHue TpeOOBaHUI KauecTBa.

0
— ¥, T N, —>

Puc. 3. KoHTponb kayecTBa Ans j-ro 3BeHa formcTmyeckon npons3BoACTBEHHOM Lienn

[nsa nornctnyeckon NpomM3BoOACTBEHHON Lienu Tuna: cHabXeHne — NPon3BOACTBO
— cObIT nony4nm (puc. 4):
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YOy =" (Y, Y, -

qem, 77T T deny }

A“//{Y .Y Yq” }an/\U‘CE{Y .Y .

qm qm, qcr qcp,

Acy

dcsp }aCS ’

roe Y - OTAeribHOE e-€ KOHTpOJibHOEe aencreme no Ka4yeCcTtBy Ha CTaguu

qcH,
CHabXxeHwus;
Yy - OTOEenbHOE /-e KOHTPONbHOE AEUCTBME Ha CTaaun NPOM3BOACTBA;

qm

y - oTaenbHoe f-e KOHTPONbHOEe AeNCTBME Ha cTaaun cobiTa NPOAYKUMN.

dcsy
0
Y,, — e —p ch,,,__»'

vy " a1

qcn desp 7]

Puc. 4. KoHTponb kayecTBa NOrmcTM4eCcKon Luenn «cHabxeHmne — Nnpon3BoACcTBO — CObITY»

B paboTe npoBeneHo nccrnegoBaHme COBpEMEHHbIX TPeOOBaHMI MO YNPaBieHUIo
KayecTBOM. BblaeneHbl OCHOBHble HanpaBfeHMs COBEPLUEHCTBOBAHWS ynpaBrieHus
KayeCTBOM: MHOrOypOBHEBOE  YyMnpaBreHue, CcTpatudukaumss no  OTAENbHbIM
COCTaBMALWMM N NOTMCTUYECKNA XapaKTep KOHTPONS.

MocTpoeHa cuCTEMHass MoOAenb KayecTBa C  WUCMOMb30BaHUEM  JTOTUKO-
anrebpanyeckoro nogxoaa.

PesynbTaTthl mMccnegoBaHus uLenecoobpasHo MCnonb3oBaTb AM1S NMOCTPOEHUS
apXMTEKTypbl ~ COBPEMEHHOM  aBTOMAaTM3MPOBAHHOM  CUCTEMbI  KayecTBa B
NpnBopPOCTPOEHUMN.

Cnucok nutepaTtypbl

1. Topa H.H. AnropntTMmn4eckunm MeTozq NPOEKTUPOBAHUS
aBTOMATU3NPOBAHHbLIX CUCTEM KOHTPONS AN KPUTUYECKUX NpUroxeHun //
PapioenekTpoHHi i komm'toTepHi cuctemun. — 2006. — Ne 3(15). — C. 45 — 49.

2. Topa H.H. Anrebpanyeckme mogenu aBTOMAaTU3MPOBAHHOINO KOHTPONS B
npubopocTpoeHun // PagioenekTpoHHi i Komm'loTepHi cuctemn. — 2006. —
Ne 2(14). — C. 92 — 94.
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YK 658.62 Nn.4. Mpekos, O.E. ®egoposuny

CTPYKTYpPHBIIl aHAJIN3 PEUHKMHUPUHTA TEPPUTOPHAIHHO
pacnpeeJeHHbIX KOMIIAHUI

HauyuoHanbHbIU aspokocmuyveckul yHusepcumem um. H.E. XKykoeckozo « XAU»

TeppuTtopuanbHo-pacnpegenerHHole komnaumn (TPK) npeacrtasnsietr cobon
CNOXHble MNPOU3BOACTBEHHbIE CUCTEMbI, KOTOPblEe MOCTOSIHHO MOOEPHU3UPYIOTCA U
pa3BmBaloTCs. [loaTOMy aKkTyanbHO peLlleHne Hay4yHO-TEXHUYECKOW npobnembl,
CBSI3aHHOM CO CTPYKTYPHbIM aHanuM3om uamensowencs apxmtektypbl TPK [1]. Tunosble
3ajaym pevHXUHUPUHIa CBs3aHbl C BO3HMKHOBEHMEM HOBbIX (DYHKLMOHAmNbHbLIX 3agay
UM  MogepHu3aumen CyLlecTBylOWMX. ITO MPUBOAUT K WU3IMEHEHWUO CTPYKTYpbI
CUCTEMBI, MNOSIBMIEHNIO  HOBbIX  pPErnMoHasribHbIX OOBLEKTOB M MOAEPHU3aLmu
cywecTtsyowmnx. Miccnegyem tunosble apxutektypbl TPK, koTopble Hambonee 4acto
NCNonb3ylTcs B HedTe-, 1 ra3o-TPaHCNOPTHLIX CUCTEMAX, TENEKOMMYHUKAUNAX U T.4.
[ns 3agayun CTPYKTYPHOro aHanmnsa BOCMOSfb3yeMCs OCHOBHbIMU pe3yrbTaTtaMmu Teopumn
nepeyvncrnenus NMona, [le bpenHa [2].

Myctb (G) - rpynna noacTtaHOBOK BeplnH rpada G tononoruu TPK, roe Z(H,
X1, X2...) - UMKMNOBOW WMHAEKC rpynnbl NOACTAHOBOK H, S, - cummeTpuyeckas rpynna
NnoaCTaHOBOK cTeneHu p, Ep - TOXOeCTBEeHHad rpynna nogctaHosok, Dp - ouagparnbHas
rpynna nogcraHoBok, A[B] - koMno3nuusa rpynnel A OTHOCUTENbHO rpynnbl B, A+B -
CyMma rpynn noactaHoBok A u B.

MpoBegem KOMOBUHATOPHO-rPYNMNOBOE WCCreAOBaHUE TOMOMOrMM BHYTPEHHUX
(TpaHCMOPTHBIX) CBSA3€W, YTO MO3BOMSET MepevYncnuTb B AaribHeneM BO3MOXHble
BapuaHTbl apxXnTekTypbl MogepHusnpyemon TPK.

1. NocnepoBaTenbHas cBa3b (pyc. 1). XapakTepudyeTca HauMeHbLUMM YUCIOM
ceasen B TPK.

Jleeas wn npaBas 4Yactm rpadpa G U3OMOPMHLI, MNOITOMY  MOXHO
BOCMNONb30BaTbLCA KOMMO3MLUMEN rpynmn:

S,[E,;,], p uemno,

rG)=
(@) E1+S2[Ep,2], p Heuemmo, (1)

roe p — 4ncrno BeplnH rpadgpa G.
2. PeuweTtyaTtasa cBaA3b. B atom cnydae TpaHcnopTHble cBaA3uM B TPK

06pa3syloT ABYMEPHYIO peLleTky (puc. 2).
R
' I I I |
*—=eo —— 01— ——0o—o I:I‘ B I:I
|

Puc. 1. NocnepoBaTenbHas cBA3b Puc. 2. PeweTt4yaTas cBs3b
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Ona kBagpaTHoM peweTkn (pyc. 2) UMKIIOBOW WHAEKC rpynnbl NOLCTaHOBOK
BEPWMUH rpada 3aBMCUT OT YETHOro U HEYETHOro Konuyectsa BepluH. lNpu p=(2/)2,

1=1,2,..., roe 2/ - 4yucno BeplwMH rpada B CTOPOHe KBagpaTa, LMKIIOBOW WHAEKC
paBeH:
1 1, o2 1
Z(D})=5Z(C)+5 (% + /7 xyP WPy @)
Mpu p = (21+1)%, 1 =1,2,..., rae 2/+1 - YACNO BeplUMH B CTOpPOHe KBaapata,

LMKITOBOM MHOEKC PeLleTKN paBeH:
1 1 _
Z(D) = 2(Cy)+ 52w D, @)

3. PagnanbHasa cBasb B TPK. lNpeactaBum paguanbHylo CTPYKTypy B Buae
rpadgpa (puc. 3). N3BecTHO, 4yTtOo Ana kopHesoro pAepesa [3] [(G)=E1+S,-1. Ecrnn B
BEpLUMHE gepeBa HaxoauTcs, Hanpumep, 6asa cHabxeHna (cknag) TPK, To kopHeByto
BEPLUMHY MOXHO CcYMTaTb (PUKTUBHOW, MU OOMNYCKAKTCHA MOLACTAHOBKN TOMBKO BUCAYMX
BEpLUUH, noaTomy (G)=S,.

4. lNonHoceasHaa cTpyktypa TPK. B Takon cTpyktype kaxabin mogynb TPK
CBA3aH CO BCeMW ocTanbHbiMU. Tak Kak rpad SBMseTcsa MOSfiHbIM, TO ero rpynna
MG)=S,.

5. ApesoBuaHasn cea3b B TPK. N'pad G npencrasnseTt cobon gepeso (puc. 4).

|
‘ ;
[
Pwuc. 3. PagnanbHas cBsa3b Puc. 4. [ipesoBnaHas cBA3b

Ona wun3omopdHbIX BeTBeW B rpae G HeobxooumMo BOCMOSb30BATHCHA
Komnosuuunen rpynn. [na npumepa Ha puc. 4 Nony4mm:

NG =E+S[E+S[E+S]] (4)

6. KonbueBas 1 paguanbHo-konbuesasa cBasv B TPK. [na KonbueBown CBA3U
rpynna rpadpa guappansHas: [(G)=D,. Onsa paananbHo-konbueBon TPK Kk kaxaon
LeHTpanbHOW cucteme noacoednHeHbl BCnomMoraTenbHble mogynu (puc. 5). pynna
rpada G obpasyeTca nyTem UCNONb30BaHWUS AnagpanbHOM rpynnbl D, 1 KOMNO3NLUN

rpynn F(G):Dp.[Sl+Sp..], rae p'- YACNO OCHOBHbLIX (PErvoHasnbHbIX) CUCTeM (B

KonbLe); p" - yncno BcnoMmoraTenbHbIX (PanoOHHbIX) NOL4CUCTEM.
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Puc. 5. PagunanbHo-konbLeBas cBs3b

Mcnonb3ya dopMynbHble NpeacTaBneHns CTpykTypbl rpadpa G v yuuTbiBas Tvn
Tononormm TPK ¢ uUX UMKNOBbIMM UWHAEKCAMU, MOXHO nogcymTaTb YUCIO
BCEBO3MOXHbIX BapuaHToB CcTpykTyp TPK no crnegywowmm 3aBUCUMOCTAM U3 Teopumn
nepeyuncrneHna [2]:

K =2(F(G):-20- -0 ) Z(H A+ 2,14 22,,.), )
0z, 0Oz,
npu ycnosuu z; = z, =...=0,/ > D,
K, =2(F(G):-2-, -0, ) Z(H:2,22,..), ©)
0z, 0z,
npu ycnosun z; =z, =...:O,l=p. 3necb [(G) - rpynna NoACTaHOBOK BeEPLUMH

rpadpa paccmaTtpuBaemon Tononormm TPK; H - rpynna noacTaHOBOK MCXOLHOrO
MHOXeCTBa TEXHOMOMMYEeCKNX y3roB, ucnonb3yemMblx ans noctpoenus TPK; / - obwee
YNCIO TEXHONOMMYECKNX y3roB.

PaccmoTpym npumep pevHXWHUPUHTA TEeNIEKOMMYHUKALMOHHONW  KOMMNaHUMW.
Myctb Tononorna TPK oTHocUTCA K pagnanbHO-KOnbLEBOW (puc. 5).

OcHoBHble  cucTemMbl  (y3nbl  PEerMoHoB) COEAWHEHbl B KONMbUO, a
BCMOMoraTtesbHble (PanoHHbIE) CBA3aHbl C OCHOBHbIMY C MOMOLLbIO paananbHON CBA3MW.
Paccmotpum  cnyyam 4eTblpex pervoHoB ([oHeuk, XapbkoB, [AHenponeTpoBcCK,
3anopoxbe). Ana nnnictpaumm metoda, NycTb B KaXKAOM pernoHe MMmeetcs no Ase
PanoHHbIX cucTemMbl. PenHxnHnpunir TPK ocywecTBngeTcsa Ha ypoBHE MoaepHu3aumm
OCHOBHbIX W paloHHbIX Yy3noB. [OnNa pauoHHbIX Y3M0OB nNpUHATA CcTpaTerus
OAHOBPEMEHHOM MOAEPHU3ALMM BCEX Y3MNOB, NPUCOEOMHEHHbIX K OCHOBHOMY y3ny. [ns
KONbLEBOW CUCTEMbI, BKITtOHatoLen YeTblipe 0CHOBHbIX y3na TPK: I (Gy) = Da.

Mcnonbays BolpaxeHue (5) nonydnm  Kx = 6. Ha puc. 6 npegcraBneHsl Bce
BapuaHTbl KONbLUEBOMW CUCTEMbl AN OCHOBHbIX y3noB TPK. [Oe «4epHbin» y3en
O3HavaeT npoBefeHe MOAepPHU3aLmMK, «benbIny - OTCYTCTBUE U3MEHEHUN.

[na Kaxgoro M3 noriyYeHHbIX BapuvaHToB Obln NpoBefeH CTPYKTYPHbIN aHanu3a
panoHHbIX noacuctem. [Ansa rpynnbl rpada paguanbHo-konsueson TPK:

I(G) = Dp1[S1 + Spi] = D4 [S1 + S2],
roe pr =4, p2 = 2.
Ha puc. 7 npencraBneHbl BapuaHTbl PEUHXWHUPUHIA pagmasibHO-KOMbLEBOW
TPK gns BToporo BapuaHTa KombLEBOW CTPYKTYpbI (pUC. 6), AN KOTOPOro K, = 6
(monyy4yeHoO C wucnonb3oBaHMEM BblpaxeHus 5). Obuwiee KONUMYECTBO BapuaHTOB
penHxmHupuHra TPK:
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Puc. 6. MHOXeCcTBO BapuaHTOB KOJSIbLIEBOM CUCTEMBI

N=Ki+Ko+K3+Ky+Ks+Keg=13+6+6+ 10+ 8+ 13 = 56.

MpeanoXeHHbIN MeTo[ no3sonsiet nepecynTaTtb BCe BapuaHTbl
moaepHusnpyemon TPK, KoTopble B [JanbHenweM HeobxoguMmo wuccrnegosatb W
OLEHUTb C Y4EeTOM 3aaHHbIX KPUTEPUEB N OFPAHUYEHUIN PEVHXUHUPUHTA.

1

4

oS0

e
s

Puc. 7. MHOXeCTBO BapnaHTOB paguanbHo-kosbueson TPK
Cnucok nutepaTtypbl

1. Metpos 3.I., YanmHukoB C.N., OsesrenbableB A.O. MeTtogonorusi CTpyKTypHOro
CUCTEMHOrO aHanu3a M MNPOeKTUpPOBaHMs KpynHomacwTabHbix NYC. — Xapbkos:
Py6bukoH, 1997. — 140c.

2. lNpuknagHas kombuHaTtopHas maTtemaTuka / Noa pen. 3. bekkeHbaxa. — M.: Mup,
1988. — 360c.
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YK 658.1 FO.A. Mopo3sosa, E.IM. Kupunuyk

O0ocHOBaHME AKTYAJIBLHOCTH UCCJIEOBAHUA METOI0B OLICHKH PbI-
HOYHO! CTOMMOCTH NPEANPUATHH

HauuoHarnbHbIU aspokocmudeckul yHusepcumem um. H.E. .)XKykoeckozao « XAU»

Pa3Butne pbIHOYHOM 3KOHOMUKM B YKpauHe NpuBeno K BO3HUKHOBEHWUIO pasnuy-
HbIX oopM cOBCTBEHHOCTU. MosiBUNacb 0COH6EHHOCTb NO CBOEMY YCMOTPEHUIO pacno-
psXKaTbCa NpUHaanexawmm cobCcTBEHHNKY NMYLLIECTBOM.

Y Kaxxgoro, KTO peluaeT peannsoBaTb CBOW MpaBa COOCTBEHHMKA, BO3HUKAET MHO-
XecTBo npobnem n BonpocoB. OaHMM 13 OCHOBHbIX SBNSETCS BOMNPOC O CTOMMOCTWN COBCT-
BeHHoCTK. C 3ToM NpobnemMon cTankmearoTca NpeanpuaTus, rpMbl, akuMoHepHble obLue-
CTBa, (PMHAHCOBbIE MHCTUTYTbI. AKUMOHMPOBaHWE NPeanpusTUA, pa3BUTUE UNOTEYHOrO
KpeauTtoBaHusl, (OOHOOBOrO pblHKa U CUCTEMbl CTpaxoBaHUs Takke dopmupyeT noTped-
HOCTb B HOBOW YCIyre — OLeHKe CTOMMOCTM 0O BbEKTOB M NpaB COBCTBEHHOCTMW.

B npon3BoacTBEHHO-9KOHOMUYECKOW NPaKTUKe 3KOHOMUYECKUX CYOBEKTOB NOSB-
NSeTCa MHOXECTBO CriyyaeB, Korda BO3HMKaeT HeobXOOUMOCTb OLEHUTb PbIHOYHYHO
cToumocTb npeanpuaTnin. OueHoYyHas AeaTenbHOCTb ABMASETCH OCHOBHOW YacTbio Mpo-
uecca peopMUPOBaHUS 3KOHOMUKM N CO34aHUA NPaBOBOro rocygapcrea. Brnepsble ¢
NpobnemMon oLeHKN B YKpanHe CTOSKHYIUCh B CBA3W C NPOBEAEHMEM NpuBaTM3aumnn.

Mpogomkarowmnmnca B Hawen cTpaHe npouecc MHNAUUn akTuBHo obycnaenmea-
eT HeobXxoaMMOCTb NPOBEAEHNST NEPUOANYECKON NEPEOLIEHKM OCHOBHbLIX (DOHAO0B Opra-
HM3aumsaMmm Bcex ¢PopM COBCTBEHHOCTW, YTO MOMOraeT NpuBOAUTL MX OanaHCcoBYHO
CTOMMOCTb B COOTBETCTBUE C AEUCTBYIOLWMMN LeHaMM 1 YCITIOBUAMW BOCNPON3BOLACTBA.

lMpouecc npuBaTMsaunn, BO3HUKHOBEHME POHOOBOIO PbIHKA, pa3BuUTME CUCTEMDI
CTpaxoBaHus, nepexon KoOMMep4yecknx BaHKOB K Bblgaye KpeauToB MoA 3arnor nmylle-
CcTBa Takke 0byCcnoBnvBaloT NOTPEOHOCTb B OLEHKE CTOMMOCTU npeanpusatus (busHe-
ca), onpefeneHnn pbIHOYHOM CTOMMOCTW €ro Kanutana.

Kanutan npeanpustus — ToBap yHUKamNbHbIW N CROXHbIW MO COCTaBy, ero npupo-
Ay B 3HAYMTENbHOM CTENEHN ONpeaensT KOHKpeTHble dakTopsbl [1]. [oaTomy Heobxo-
AnMa KOMNSeKCHasa OueHKa KanuTtana ¢ y4eTOM BCeX COOTBETCTBYHOLLMX BHYTPEHHUX U
BHELUHNX YCrOBUI ero passuTtus. [MoTpebHOCTb B onpeaeneHnm pbiIHOYHOW CTOMMOCTU
npeanpuaTUS He ucvepnbiBaeTCcAa onepauusMn Kynnu - npogaxu. BospactaeT notped-
HOCTb B OLleHKe Bu3Heca npeanpusaTUA NPU MHOTOYMUCIIEHHBIX U CIOXHbBIX BapuaHTax
peanusaunm CTOMMOCTU UMYLLECTBEHHbIX NpaB — MpW BbINyCke LOMOSTHUTENbHbIX aK-
LUK, CTpaxoBaHUM MMYyLLECTBA, MOMyYeHUN KpeauTa nog 3anor MMmyliecTtsa, ucumcre-
HUW HanoroB, UCMOMb30BaHWUW MpPaB HacrneaoBaHusa u T.4.

OnpeneneHve pbIHOYHOW CTOMMOCTU NPEeAnpUATUS HeobXoaAMMO Npu pelueHun
BCEX BOMPOCOB, CBA3aHHbIX C roCyJapCTBEHHbIMW U MECTHbIMU Haroramu, B criydasx,
Korga B cAesikKy MOMHOCTLI0 UM YaCTUYHO BOBMEKAaTCS rocyAapCTBEHHbIE OObEKTbI:

e NpW onpeaeneHnn CTOMMOCTU NPeanpuUsaTUs, NpUHaanexallero rocygapcrsy, B

Lensax ux npyeaTu3auun, Nnepegayn B 4OBEPUTENbHOE ynpasneHne nvbo nepe-

Aaudn B apeHay;

e MNPV MCMONb30OBAHUW NPEANPUSATUS, NPUHAANEeXallero rocyaapcTey, B KadecTBe
npeameTa 3anora;
e PV NpoAaxe UM MHOM OTHYXXAEHUW NPeanpuUsaTUs, NpuHaanexallero rocyaap-

CTBY;

e NPV NepeycTynke OONroBblXx 0653aTeNbCTB, CBA3AHHbIX C NPeanpuaTuemM, KoTo-
poe NpuHaanNeXxuT rocyaapcTay;
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e NPV BbiKyne Npeanpusatus y COGCTBEHHNKOB A5l FOCY0aPCTBEHHbIX HYXA;

e [PV NPOBEOEHUM OLEHKN NPeanpusTUs B LEeNsX KOHTPOSS 3a NpaBuibHOCTLIO
ynnaTtbl Hanoros, B Clyyasx BO3HUKHOBEHWNA crnopa 06 ncymcneHun Hanoroobna-
raemon 6asbl.

Mo mepe TOro, Kak B Halwlen CTpaHe MOSABMSKTCSA He3aBUCUMble COOCTBEHHMKM
npeanpusaTMn N upmM, BCe OCTpee CTaHOBUTCHA NOTPEBHOCTL B onpenerieHMn pbiHOY-
HOM CTOMMOCTM UX KanuTana. [ocygapcTBo, NpogaBas 9KOHOMUYECKME OOBEKTLI MO MU-
HUMarnbHbIM LeHaM, TepseT npaBoO NpUCBOeHMSA Byayuimx OOXOAOB, NPUYEM 3a4acTyro
3TN NpaBa TepPSAT U OEACTBUTESbHbIE COOCTBEHHUKN NpeanpusaTui — X pabOoTHUKMW.
CnepoBaTtenbHO, He yunTbiBaTb OyayLime foxodbl OT COBCTBEHHOCTU NpU ee npoaaxe
HenpaBOMEPHO.

[MoaTomy oueHka BusHeca C KaXabiM rogoM CTaHOBUTCSA Boree akTyanbHOW, T.K.
B YCINOBUSAX pbIHKA HEBO3MOXHO 3(P(PeKTMBHO pyKoBOAMTL ftobor komnaHuen 6e3 pe-
anbHOWM oueHKkn BusHeca. OueHka CTOMMOCTU MPeanpuaTUA BbICTynaeT yHuBepcanb-
HbIM NoKa3aTenem ahPeKTUBHOCTN NHOObLIX YNpaBneHYeCcknx cTtpaTtermn.

BusHec — 310 nNpegnpuHUMaTenbckaa OesaTeNbHOCTb, HanpaBfieHHas Ha Mnpous-
BOACTBO M peanu3auuio ToBapoB, YCNyr, LeHHbIX Bymar, AeHer unv gpyrux BMaoB pas-
PELLUEHHON 3aKOHOM AEATENbHOCTM C LieNbto nonyyeHnsa npuboinu [2]. Ana gocTmxeHns
Takon uenu OomkHO 6bITb co3gaHo npeanpuatne. B npouecce oueHkn busHeca BbisiB-
NS0T anbTepHaTUBHbIE NOAXOAbI K YIPaBeHUIo NpeanpuaTmeM n onpeaensioT, Kakon
N3 HUX obecneynT NPeanpUATUI0 MakCcMMarnbHy 3EKTUBHOCTb, a CnegoBaTensHo, U
Bonee BbICOKYH PbIHOYHYIO LiEHY.

Kak Bcsikun TtoBap, 6usHec obnagaeT nonesHocTbio Ansa nokynatend. Mpexae
BCEro, OH AOSMKEH COOTBETCTBOBATb NOTPEOHOCTM B nosyyeHun JoxoaoB. Kak u y nto-
6oro gpyroro ToBapa, None3HoCTb BusHeca ocyLiecTBnseTcs B nonb3oBaHun. Cneno-
BaTeNbHO, ecnu BusHec He NPMHOCUT AoxoAda COBCTBEHHUKY, OH TepsieT NS HEero CBO
NONE3HOCTb N NOANEXUT npogdaxe. M ecnn KTO-TO Apyron BUOUT HOBble Cnocobbl ero
MCNONb30BaHUSA, NHbIE BO3MOXHOCTM NOSTyYeHNa goxona, To GusHec CTaHOBUTCHA TOBa-
poMm. Bce aTo cnpaBegnuneo 1 gns npeanpustus, u ans dupmel. busHec, npeanpuatune
n pupma obnagaroT BCEMU NMpU3HaAKamMu ToBapa U MOryT BbiTb OOGBEKTOM Kynnn - nNpo-
Aaxun. Ho ato ToBapbl ocoboro poaa, - U uXx 0COGEHHOCTM NpeanonaraT NPUHLMMI,
MOAENU, NoaxoAbl U MeTOAbl OLIEHKN.

PblHOYHasa ctommocTb BusHeca - Hambonee BeposiTHasA LieHa, Mo KOTOPOW OH MO-
XeT ObITb OTYYXXAEH Ha OTKPbITOM PblHKE B YCIOBUAX KOHKYPEHUWUW, Korga CTOPOHbI
cAenkn OencTBYIOT pas3yMHO, pacnonaras Bcen Heobxoanmown nHgopmaumen, a Ha Be-
NUYMHE UeHbl COESKN He OTpaxatTcs Kakue-nmbo YypesBbldalHble 06CTOATENLCTBA.

OcCHOBHOWN MpUHUMN onpeaesieHns PbIHOYHOM CTOMMOCTU — 3TO NPUHUMN Npea-
nonaraemoro, Hambonee 3M@EKTUBHOTO WM HaWmyulwero WUCNosnb3oBaHus, OObekTa
oueHkn. CToMmocTb BM3Heca npu TakoM noaxode siBASeTcs ycpeoHEHHOW PbIHOYHOM
CTOMMOCTbIO, KOTOPOM OM3Hec MoxeT obnagatb nNpu Hambonee aPPEKTUBHOM U Hau-
nyyemM Ucnonb30BaHUN.

Mpegnpuatne wuvnn  cdupma npeacTasnalwT  cobon  opraHM3aUMOHHO-
SKOHOMUYECKYI0 (hOpMYy CylLlecTBOBaHUSA BusHeca. NoaToMy HasBaHHble OCOBEHHOCTH
BGusHeca kak ToBapa npucyLim n um. Ho BmecTe € 9TuM y NpeanpusitTus ectb 1 CBOW Or-
paHN4YnTENbHbBIE YEPThI.

MpegnpuaTtne - oObeKT rpaXkgaHCKMX nNpaB M paccMaTpuBaEeTCHa Kak UMYLLECT-
BEHHbIN KOMMMEKC, UCMOomnb3yeMbl ANA OCYLLECTBEHUS npeanpuHnuMmaTenbCKon aes-
TenbHocTH [3].

MpegnpuaTue kak UMyLLEeCTBEHHbIA KOMMNSIEKC BKMAOYaeT B cebsi BCe BUObI UMY-
LecTBa, NpegHa3HaA4YeHHOro NS ero AeATeNbHOCTU: 3eMeNbHble YYacTKu, 34aHNs, Co-
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OpYXeHuWsi, MalWnHbl 1 06opyaoBaHMe, Cbipbe N NPOAYKLUMIO, HEMaTepuasnbHble akTUBbI,
MMyLLIECTBEHHbIE 00s13aTenbCTBa.

B coBpeMeHHON ONHAMUYHO MEHSIOLENCS SKOHOMMUKE MPOrpeccuBHble N3MeHe-
HUA B TEXHONMOMMYECKOM PasBUTUMN ONPEOENSOTCA rMaBHbIM 06pasom TemnomMm cosfa-
HUA N pacnpoCcTpaHeHUss HOBOBBEAEHUA U HapallMBaHMEM NoTeHuMana CrnoXHblX, Bbl-
COKOTEXHOMOIMMYHbIX NMPOM3BOACTB, KOTOpble, Byayun Hambonee WUHTErpMpoBaHHLIMU B
0OLLYI0 CTPYKTYPY 3KOHOMUKMK, ABNAKOTCS OCHOBHOW ABWXKYLLIEN CUMON €€ pocTa 3a CcYeT
WHTEHCUBHbIX 1 pecypcocbeperatomx pakropos [4].

B cnoxuBlwnNXCA 3KOHOMWYECKUX YCROBUSIX MNepen MHOrMMU NpeanpuaTusamMu
cTounT npobriema yBenumyeHus 4o onTUManbHbIX NPonopuun (TEMNOB) MHBECTULMOHHOM
N MHHOBALUMOHHOW aKTUBHOCTU, NPUBMEYEHNS BHELLHUX MHBECTULIN.

MacwTab 1 coCcTosiHME COBPEMEHHbIX YKPAUHCKUX TEXHOSOMMM N NPOMBbILLSIEHHO-
CTW TaKOBbl, YTO BLOAXKETHOE PMHAHCUPOBAHUE HE B COCTOSHUU pPeLUnTb 3Ty 3KOHOMU-
Yyeckytlo npobnemy gaxe Ans rocyaAapcTBEHHbLIX NpeanpuatTnin (6onbLUIMHCTBO Npeanpu-
ATUMA NPOMBILLUNEHHOCTN NPUBATU3NPOBAHO N pacCYUTbIBATb Ha rocyJapCTBEHHYIO (ou-
HaAHCOBYIO NOAAEPXKKY He MOXeT). [Ans obecnedyeHuns acpdpekTnBHOro pyHKUMoHMpoBa-
HUSA N YCTOMYMBOrO pPa3BUTUSA NPeanpuaTuUs 3anHTepecoBaHbl B MHOrOKaHarbHOCTU UC-
TOYHWKOB MHBECTULMOHHbIX MOCTYNMIEHUI, NPUBIIEYEHNN AN 3TUX Lenen COBCTBEHHbIX
N 3aeMHbIX cpeacTs. [ns 9Toro M Heobxoanmbl oueHKa cCOBCTBEHHOro noTeHumana m
CON3MepEHNE ero BO3MOXHOCTEN C NOTPEBHOCTAMM pPbiHKa.

BaxxHO, 4TOObI BbIOpaHHbBI METOAMYECKUA MOAXOA K NMOSTYYEHMIO OLIEHKN PbIHOY-
HOW CTOMMOCTM TOrO UKW MHOTO NPeanpuUATUSA NOMHOCTLIO COOTBETCTBOBAN dM3MYECKo-
MY U 9KOHOMWYECKOMY COCTOSIHUIO OLIEHMBAEMOro NpeanpuaTus, Lensam 1 nnadHam no-
cnegyroLwero UCnonb3oBaHWs pes3ynbTaToB NPOBOANMMON OuEHKW. [pu nokynke - npo-
AaXe UMyLLLECTBA, OLIEHKE MHTEenneKkTyanbHon CO6CTBEHHOCTN, NEPEOLIEHKE OCHOBHbIX
¢OHAOB, OCYLIECTBEHUN aMOPTU3aLMOHHOM MOSIUTUKK, a TaKKe MHOrMMX APYrux pbl-
HOYHbIX OENCTBUAX pearibHasi OLeHKa 06bEKTUBHO Heobxoauma.

CywecTBytowme nporpammbl 06pasoBaHnsa B 0651aCT OLLEHOYHON AEATENbHOCTU
N, B YaCTHOCTW, B BOMPOCax OLEeHUBaHUA npeanpuatnn n émusHeca, cnabbl, BO MHOrom
ycTapenu un TpebyoT gopaboTkn, BBEOEHMS BCErO HOBOrO, MPOrpeccmnBHOro, paspabo-
TaHHOIO B NOCNeaHee BpeEMSI.

B cBS3M C BbIWEN3NIOXKEHHBIM aKTyarbHOCTb Bbl3BaHHOW TeMbl He Bbl3blBaeT
COMHEHMS.

[Ona npoBedeHus agekBaTHOW OLIEHKM CTOMMOCTWU Npeanpuatnin Heobxoammo
pewnTb CreayoLyo Hay4YyHy 3agadvy: CUHTe3npoBaTbh adEeKTUBHbIE MOAENN U METO-
Obl OLLEHKM CTOMMOCTU NpeanpusaTuii, KoTopble ByayT yunTbiBaTb COBPEMEHHLIE YCIO-
BN HEONpPEeAEeNeHHOCTU PbIHOYHbBIX OTHOLLEHUA N MO3BOMAT COKPaATUTb BPEMEHHbIE U
OEeHexXxHble 3aTpaTbl Ha NpoBedeHMEe OLEHKM 3a CYET WUCMOSIb30BaHUS KOMMbIOTEPHOM
MHPOPMALIMOHHON TEXHONOINMN.

Cnucok nutepaTtypbl

1. MetpeHko B.A., Wanaes B.H. MexayHapogHasa npakTuka OLEHKM CTOMMOCTU
6usHeca komnaHuu. - K.: ApTOK, 2006. - 141 c.

2. CummoHosa H.E., Cummonos P.HO. OueHka ctonmocTtn npegnpuatns (busHeca).
— M.: MapT, 2004. - 463 c.

3. CblueBa .., KonbaveB E.B., CbiveB B.A. OueHka cTOoMMOCTM NpeanpusTus
(6usHeca). - PoctoB H/[: ®enunkc, 2003. - 378 c.

4. ®eppuc K., MNewepo B.M. OueHka ctoumocTn koMmnaHun: Kak nsbexatb owmnbok
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YK 504.064 B.J1. KneeBcbka, B.O. MakcumeHko

IndgopmaniiiHa TeXHOJIOTiSI MPOrHO3YBAHHSA OCHOBHUX MapaMeTpiB
30HM MOKJIMBOI0 YPAKEHHSI MIMOBIPHOI MOKEKI BHACTIA0OK BILIUBY
TEIUIOBOT0 BUIIPOMiHIOBAHHSA
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BcTtyn

YHacnigok snnuey ypaxarnbHux YmHHuKIB (YUI1) 45000...60000 noxex, Aki wopi-
YHO BWHMKAKOTb B YKpaiHi, TMHYTb | OTPUMYIOTb TSDKKI ypakeHHs ©6nmn3sbko 6000 ocib,
3HULWYyeTLCS BorHem noHag 20000 6yaisens i cnopya, 6inbwe 2500 oanHULL TEXHIKK, a
TiNbKN npsami 36utkn caratoTbe 500 MnH rpmeeHsb [1]. Mpy UbOMY YK HE HANMBINbLWINM Y L0
CYMHY CTaTUCTUKY € «BHECOK» BMIMBY ypaxkanbHOro YMHHMKA — TEMSIOBOrO BUMPOMIHIO-
BaHHA MoXexi. Taki TAKKI Hacnigkym noXeX 3yMOBIIOKTLCA nepenyciM 3anisHeHHAM
BBEEHHA B [il0 YrpyrnoBaHHSA MOXEXHUX Nigpo3ainiB, KiNbKiCHUA i SKICHUM cknag cun i
3acobiB sikoro 6yB 61 gocTaTHIM AN 3abe3neyvyeHHsi rapaHTOBaHOro psATyBaHHA ntogen
Ta epeKTMBHOI Nnokanisadii Ta niksigauii KOXXHOI 3 KOHKPETHUX MOXEX.

1. ®opmyrnioBaHHA npobnemu

YKka3aHe 3anisaHeHHs BUHUKae 4epes BiACYTHICTb (HA MOMEHT HaOXOMXEHHS Ono-
BiLLlEHHS1 NPO BUHWKHEHHSA YEeproBOi KOHKPETHOI NoXexi) iHgopmauii, KoH4ye HeobXiaHoT
A5151 CBOEYACHOIro CTBOPEHHS | HanpasfeHHA Ha MicLie NoXeXi afaeKkBaTHOro 3a cknagom
i YACENbBHICTIO YyrpynoBaHHS NOXEXHUX NiApo3ainis. 3okpema, NOBHICTHO BiACYTHS iHGO-
pMadis Wwoao opmMn, reoMeTpUYHMUX po3MipiB, NPOCTOPOBOro PO3TallyBaHHSA Ta iHLIMX
napamMeTpiB 30HWU MOXITMBOIO YPaXXeHHs L€l NoXexi BHACNiAOK BAAMBY i TEMNOBOrO
BMMNPOMiHIOBaHHA. Taka iHjopmauia HeobxigHa ANA NpoBeAEeHHS 3aBYaCHOrO BU3HA-
YeHHS NOTPIBHOI KINbKOCTI (3a TMNamu i MogensamMm) OCHOBHUX i crieuianibHUX NOXEXHNX
MaLUWH i NO3MLiA IXHbOro BONOBOro PO3ropTaHHs, NOTPIOHOI KiNbKOCTI PATIBHUKIB, HOMeE-
HKNaTypu IXHbOro OcHalleHHs Towo. Lo iHdopmauito B Haw vac 3gobysatoTs [1, 2, 3]
NpoOBEeAEHHAM MOXEXHOI PO3BiAKM B Npoueci fokanisauil Ta raciHHs KOHKPETHOI NOoXeXi,
O NpM3BOAUTL A0 CYTTEBOrO 3ani3HEHHS BBEAEHHS B Ait0 HeoOXxigHwux cvn i 3acobis
MOXEeXOoraciHHs, a OTXe, N 0 3pOCTaHHA NMACbKUX | MaTepianbHUX BTpaT.

Ane 1i MoxHa 3406yTV 3aBYACHO LWMSAXOM MPOrHO3YBaHHS MOXIIMBUX €KOMOriy-
HUX i couianbHO-EKOHOMIYHMX HaCniaKiB iIMOBIpHMX MOXexX. ToMmy po3pobka iHopma-
LiIMHOT TeXHOsoril NPOrHo3yBaHHA OCHOBHMX MapamMeTpiB 30HW MOXITMBOIO YpaXKeHHS
MMOBIPHOT MOXeXi BHAcNiAoK BMnvBY 11 TENnoBoro BUNPOMiHOBaHHA (3MYqenn) € LWe He
BUPILLEHOIO | y>Ke aKTyanbHOK 3aJayelo.

2. BupiweHHs npobnemu

2.1. Moaenb 30HN MOXNMBOIro ypaXeHHA NoXxexi BHacnigok
BNAMBY il TENSI0BOro BUNPOMiHIOBaHHS

30Ha MOXNUBOro YypaKeHHA 3MYrenn YTBOPIOETLCH B OTOUYHOYOMY CepPeaOBMULL
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(OC) HaBkono 30HU ropiHHs (3IN) Byab-AKOT 3 NOXEX yHACNILOK BANUBY 1i ypaXkanbHOro
YnHHUKa (YUIlT) — TennoBoro BUNPOMIHIOBAHHS (TOBTO BMNPOMIHIOBaHHSA enekTpomarHi-
THUX XBWUIb B iHbpayepBOHOMY, BUOMMOMY i yribTpadionetoBomMy AianasoHax). OcHoB-
HUM Dpxepenom ykasaHoro YUl € posirpiTi Monekynu Ta iHwWi MikpoYacTUHKM (gani - Mik-
POYaCTUHKK), SKi MEpPeMIytoTbCa B Mexax nigdakenbHOro npoctopy, «ob’eaHaHoro
grakena» nonymMm’ss i BUCXiAHOT FifKU «GUMOBUKX rasiB» - €OMHOI0 3aMKHEHOro rasoBoro
notoky 3MY noxexi. Ha puc. 1 3o6paxeHo: 1 — “3anacn” roptodoro matepiany; 2 — nig-
drakenbHUM npocTip; 3 — “‘o6’egHaHnn baken” nonym’a; 4 — BUCXigHa rinka “gumoBux
rasiB”; 5 — HM3xigHi rinkn 3MY noxexi; 6 — 30BHiWHI Mexi 3MY noxexi; 7 — atmocdep-
He NOBITPS OTOYYHYOro cepeaoBuLLa.
Came y nigdakenbHOMY NPOCTOpPi 2 KOXHY
MUTb YTBOPHOETLCA MHOXUHA {M+} MiKpoYacTMHOK
(—\1 ‘q roptoumnx rasis - [T (napu Ta aeposoniB ropo4mx
pignH (Mpig) 4n TBEpPAMX roprYMx Martepianis
(TFM)) i MiKpOYaACTMHOK HaCU4YEHOro KUCHeM aT-
MOC(epHOro noBiTPS (ke HaaxoauTb i3 cepeno-
BuLA, Wo otouvye 3, i TUM CNPUYUHIOE BUHUK-
HEHHSI HU3XIOHWUX TinoK 5). BkadaHi MiKpo4aCTUHKM
«nigirpiBatoTecA» y nigdakesibHoOMy MpocTopi Ta
HaaxoasaTb 4O «o6’egHaHoOro dakena» nonym’s y
BUrNAAI  XiMIYHO  OAHOPIAHOT  roptoYol  CyMmiLdi
(XOI'C). NMpu ubomMy BenunuymHa BnacHoi Temnepa-
TYPU KOXHOI KOHKPETHOI 3 TakMX MIKpOYaCTUHOK
(tsnac.mikpouact.konkp) 3MIHIOETBCS B MeXax Bif 3Ha-
1 PRSI | 1 4eHHs TemnepaTypu BUNAPOBYBaHHSA KOHKPETHOIO
e roproYoro Matepiany (taun.rwoncp) AO 3HAYEHHS Te-
Puc. 1. Ctpyktypa 3MY noxexi MnepaTtypu ioro dakeny nonym'a (tpa ruconkp)-

Y TOHKOCTIHHIN 000MoHLUi «06’egHaHoro
dakena» nonym’ss Nnoxexi BiAbyBaeTbCA eK30TepMivyHa peakuiss NnepeTBOPEHHS MIKpO-
yacTuHok XOI'C y MHOXMHY {M>} MIKpOYaCTUHOK NPOAYKTIB NMOBHOrO i HEMOBHOMO 3ro-
PSIHHA, BriacHa TemnepaTypa KOXHOI 3 IKUX Ma€ 3HAaYEHHS tanac vikpouact.korkp = tdpak.MMiorip-

3a3Ha4veHi MikpoyYacTMHKM Nig BMAAMBOM apxiMenoBOI MigHIManbHOI CUN BUXO-
OATb 3a Mexi «ob’egHaHoro hakenay nonym’s i yTBOpoTb (pa3oM 3 MikpodYacTUHKaMum
NPOAYKTIB MOBHOMO i HEMOBHOMO 3rOPsiHHSA, AKi BUHUKNKN B «06’egHaHOMy hakeni» y no-
nepegHi MOMeHTN) MHOXWUHY {M3} MiKpOYaCTMHOK BUCXIQHOI FifIKU «OMMOBUX rasis». Y
npoueci pyxy B340BX BUCXIAHOI TifIKM MIKPOYACTUHKN «OMMOBUX ra3iB» OXONOLKYOTLCS.
Mpy UbOMY BENMYKMHA TXHLOT BNAcHOI TeMnepaTypu 3MIHIOETbCA B MeXax Bif 3HAYEHHS
tBnac.MiKpoqaCT.KOHKp = tcbaK.FMKOHKp A0 3Ha4YeHHA tBﬂaC.MiKpOHaCT.KOHKp = tOC (ﬂe 1:OC — TeMnepartypa
OTOMYHOYOro cepeaoBumLLa).

Binomo [4], wo npu HarpiBaHHi MaTepianbHUX Tin (3okpema, MiKpO4aCTUHOK MHO-
XuH {M4}, {M2} i {M3}) yactuHa (55...60%) TennoBoi eHeprii TPaHCHOPMYETLCA Y «Ten-
noBe BUMPOMIHIOBaHHS» Y iHppayepBOHOMY, BUOMMOMY i ynbTpacdhioneToBomy Adiana-
30HaxX enekTPoOMarHiTHUX XBurb. OTXe, KOXHa 3 KOHKPETHUX MIKPOYaCTUHOK MHOXWH
{M4}, {M2} i {M3} € cBOEPIOHUM «ENnemMeHTapHUM reHepaTtopoM» eneKTPOMarHiTHUX Ko-
NMBaHb, OOBXWHA XBWMi BIIACHOr0 MakCUMarbHOro TensioBOro BUMPOMIHIOBAHHS SIKOMO
3rigHo i3 3aKOHOM BiHa BM3Ha4Ya€eTbCs CNiBBIAHOLLEHHSM

2880-107°

", S |

Hbucxzin

Hary xivt

Hod gpax

7"max.lz.nac.KOHKp = (t 1273) ] (1)

BJIAC.MiKpPOYaCT.KOHKD
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D€ Amax sracxonep — QOBXUHA XBUMi BMACHOTO MaKCUMaribHOTO TEMS0BOroO BUMPOMIHIO-

BaHHS KOHKPETHOI HAarpitol MiKpOYacTUHKK, M;
tanac mixpouact.xonxp ~ BIIACHA TEMMEPATypa KOHKPETHOI HarpiToi MikpoyacTuHku, °C.
Y CBOIO Yepry, 4acToTy eNneKkTPOMarHiTHUX KOfMBaHb MakCUMaribHOro TEnmnoBOro

BI/II'IpOMiH}OBaHHFI KOXXHOIFo KOHKpPETHOIro 3 Takmx «efieMeHTapHunX reHepaTopiB» MOXXHa

BU3HAYUTK 3a OPMYIOHD
f =1,042-10'" (¢

max .BJIac.KOHKP

A€ fiax srackomxp — YACTOTA €IEKTPOMATHITHUX KOMMBaHb BIACHOMO MaKCUMasbHOro Te-

BIIAC.MIKPOYaCT.KOHKP +273), (2)

NS0BOro BUNPOMIHIOBAHHS KOHKPETHOI HarpiTol MiKpoYacTUHKMK, [L;
tanac mixpouact.xonxp - BI1ACHA TEMMEPATypa KOHKPETHOI HarpiToi MikpoyacTuHku, °C.

KoxxHa KOHKpeTHa 3 Harpitux MikpodacTMHOK MHOXMH {M+}, {M2} i {M3} HapomxXy-
€TbCA | PYHKUIOHYE MPOTArOM MEBHOrO TEPMiHY SK KOHKPETHUN «eneMeHTapHUN reHe-
paTop» He3anexHo Big YMOB «HAPOLKEHHS i (PYHKLIOHYBAHHSA» iHLWMX MIKPOYaCTMHOK.
Kpim TOro (npu 6yab-IKOMy 3akOHi pO3MOAiNeHHs), NMOBIPHICTb OAHOYACHOr0 BUHUK-
HEHHA [OBOX, TPbOX i T.4. HaArpiTUX MIKPOYACTUHOK, SKi MalTb OAHAKOBI BENUYMHU
tanac.mikpouact koHkp, H@ ABA | BinblLe NopAAKiB MeHLa Bif iIMOBIPHOCTI OAHOYaCHOrO BUHWK-
HEHHS1 HarpiTXx MiKpOYaCTUHOK, BESIMYMHWN BIIaCHUX TeMnepaTtyp SKuX (Xo4 i He ayxe
CYTTEBO) BIApPI3HAITLCA OAHA Bif iHWOI. TOMY eneKkTpoMarHiTHIi KOfIMBaHHS, WO BUMNPO-
MIHIOOTbCS abCOMOTHOK BINbLUICTIO BKa3aHUX «efleMEeHTapHMX FreHepaTopiB», € HeKo-
repeHTHUMU i PO3PI3HATLCS 3a 3HAYEHHAMM IXHIX YacTOT.

3rigHo i3 3akoHoM CTtedhaHa — bonbLuMaHa iHTEHCUBHICTb TEMMOBOro BUNPOMIHIO-
BaHHA KOXHOI 3 HarpiTmx Mikpo4acTUHOK (y Micui il po3TallyBaHHS) NPSAMO NponopLinHa
YyeTBEPTOMY CTENeHto I abCoNTHOI TeMnepaTypu:

I
A€ Lyixpouacr.xonxp — IHTEHCUBHICTb TEMIOBOrO BUMPOMIHIOBAHHS! (HA YaCTOTI fmax snac.okip)

4
MiKpOYaCT.KOHKp — Omikpouact " O (tBnac.MiKquaCT.KOHKp +273)", (3)

y MicCLji po3TallyBaHHA KOHKPETHOI HarpiToi MiKpOYaCTUHKM (TOBTO MOTYXHICTb €nek-
TPOMAarHiTHUX KONMMBaHb, LLIO BUMPOMIHIOITLCA 3 OAUHULI MOBEPXHI BKa3aHO! MiKpoO-
YaCTUHKN), BT/M?;

€yikpouacr - KOEILIEHT “4OPHOTW” HArpiTOl MiKpOYaCTUHKN;

o - cTana CTtedaHa — bonbumana (0=5,67-10° B1/m?);
tpnac.mixpouxonkp - BIACHA TEMMEPATYpa KOHKPETHOI HarpiTol MikpodacTuHku, °C.

OcKinbKK NiHiNHI PO3MIpY KOXHOI 3 HarpiTMX MiKpOYacTUHOK (Hanpuknag, ans mMo-
nekyn rasiB BOHU He NepeBuLLyoTb 3HadeHHs 107°...10"°M) 3HaYHO MeHLLi, Hix JOBXMHA
XBUIi, WO HUMMN BUMPOMIHIOETLCA (Amax.snac.konkp = 10'4...10'6M), TO Jiarpamy cnpsiMoBa-
HOCTi KOXXHOMO 3 TaKMUX «efieMeHTapHUX reHepaTopiB» MOXHa BBaXkaTn ccpeponoibHoto.
Tomy TennoBe BUNPOMIHIOBAHHSA KOXHOMO 3 TakUX «efieMeHTapHUX reHepaTopiB» po3-
NOBCIOAXKYETLCA B OTOYYHOHOMY CepeoBULLi PIBHOMIPHO y BCiX HanpsiMkax (BigHOCHO
MiCLSl pO3TallyBaHHS KOHKPETHOI HarpiTol MiKpoYacTUHKKM) Yy Mexax cdepu i3 WBUAKiC-
TIo, BIM3bKO 40 3HadeHHs 3-10%wmi/c. Mpy LUBOMY NOTYXHICTb €NEKTPOMAarHiTHUX KOnu-
BaHb BKa3aHOro “erieMeHTapHOro reHeparopa” BU3Ha4yaeTbCa hopMyIioro

P =1

TEIUL.BUIP.CI.ICH MIKPOYaCT.KOHKP 'SHOB.MiKquaCT.KOHKp =

2

= Cymikpouacr " O (tBHaC.MiKpO‘IaCT.KOHKp +273)-m- dMiKpoqaCT ) (4)

A€ Py punpenren - NMOTYXKHICTb €MEKTPOMArHITHUX KONMMBaHb TEMMOBOrO BUMPOMiHIOBaH-
HS1 enemMeHTapHoOro reHepaTopa, BT;
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Lyikpouacr.xonxp = IHTEHCUBHICTb TENMOBOrO BUNPOMiHIOBAHHS! KOHKPETHOI HarpiTol Mik-

poyacTuHku, BT/m;
S 1108 mixpouact.xonkp ~ NWIOLLA MOBEPXHI KOHKPETHOI HArpiTol MiKpO4aCTUHKM, m?;

€yiikpouacr ~ KOEPILHEHT “4OPHOTW” HArpiTOl MIKPOYACTUHKU (Ewikpouact ~ 1);
c - ctana CredaHa — bonbumaHa;
taacmixpouact.xonxp ~ BIIACHA TEMMEPATypa KOHKPETHOI HarpiToi MikpoyacTuHku, °C;

dyixpouacr - AIAMETP POSIrpiTOl MIKPOYACTUHKU, M.

Y npoueci Takoro po3noBCIOOAXKEHHS IHTEHCUBHICTb NEPBMHHOIO eneKTpoMarHiT-
HOro Nosis, WO BUNPOMIHIOETBCS KOHKPETHOK HarpiTol MikpodacTuHko (To6To nosep-
xHeBa ryctnHa notyxHocTi TennoBoro NoToky (MIMMTMNyipouact.komkp)), 3MEHLLYETLCS 3rif-
HO 3 BMpa3oMm

] (r) = PTenn.Ban.en.reH . O
MIKPOYaCT.KOHK - 5 YTy
P P 4Ttr2 4r2
Ae T yipouacr xomp () — BEMUYMHA NMOBEPXHEBOI NYCTUHM MOTYXXHOCTI TENSIOBOrO Mo-
TOKY 3a5eXHO Bif BiACTaHi r 4O KOHKPETHOT HarpiTol MiKpOYaCTUHKN, BT/MZ;
Prenpunp.enren = MOTYXHICTb €MEKTPOMArHiTHUX KONMWBaHb “TENNOBOTO BUMPOMIHEO-
BaHHSA” eneMeHTapHOoro reHeparopa, BT;
c - ctana CredgaHa — bonbumaHa;

tpac.mixpouact.xonxp ~ OCODMCTA TemMnepaTypa KOHKPETHOI HarpiToi Mikpo4acTuHkm, °C;
dyixpouact - AIAMETP POSIrpiTol MiKpOYaCTUHKU, M;

4 12
HITITIT (tBnac.MiKpoqaCT.KOHKp +273) 'dMiKpoqaCT ’ (5)

r — BiACTaHb Bif KOHKPETHOI HarpiToi MiKpO4aCTUHKMK, M.

YKasaHe NepBMHHE eNeKTPOMarHiTHe nosne nNpu AoCArHEeHH Oyab-sIKOro 3 KOHKpe-
THUX MaTepianbHUX O6G’EKTIB (AKMA pO3TalLOBaHWA B OTOYYHOHYOMY CEpPedoBULLi Ta Mae
Temnepatypy — togexrkonp = toc) HABOAUTL Y HBOMY CTPYMW €neKTpornpoBigHOCTI i (abo)
CTPYMU eNeKkTPo3MiLLeHHS. Y pe3yrnbTaTi BAHUKHEHHS LUNX CTPYMIB:

- YyacTMHa eHeprii NePBMHHOIO efIeKTPOMAarHiTHOro nNons (NOornnHyTa UMM MaTtepi-
anbHUM 06’€KTOM) NEPETBOPHOETLCS Y TEMSIOBY EHEPrit0, sika HarpiBae 06’ekT, yHacnigok
4oro niABULLYETLCA Moro TemnepaTtypa (toser.vonkp > toc);

- iHWa YacTMHa NOrMMHYTOT UMM OB’EKTOM eHeprii BUTpa4YaeTbCA Ha CTBOPEHHS
BTOPWHHOIO MOJISi TEMNSIOBOrO BUMPOMIHIOBAHHSA Harpitoro onncaHnmMm cnocobom ob’ekTa,
LLIO CMPUSIE NOrO OXONOMXKEHHIO.

3a3HayeHe BTOPWUHHE erlekTpoMarHiTHe rnomne noLMpETLCA, K NPaBuno, i B Ha-
NPAMKY KOHKPETHOro «efieMeHTapHOro reHepartopa», sSikui CTBOPHE NEPBUHHE ereKkT-
pOMarHiTHe nosie, WO NPU3BOOUTb OO 3HWKEHHS e(EKTUBHOCTI HarpiBy KOHKPETHOro
MaTepianbHOro o6’ekTa TENOBUM BUNPOMIHIOBAHHSIM KOHKPETHOI Harpitoi MikpovacTu-
HKW 3rigHO i3 CniBBiAHOLLIEHHSAM

G'dl%/IiKpO‘{aCT 4
MiKpPOYaCT.KOHKD (r06'eKT.K0HKp) = S (t
T06'ekT.KOHKD

Ae TITTITI yixpouact xonxp (ToG'exrxonxp) — BEMUYNHA MOBEPXHEBOI rYCTUHU MOTYXXHOCTI Ten-

NOBOro MOTOKY, WO CTBOPHETHCA B OTOYYHOHMOMY CcepefoBULLi TENSIOBUM BUMPOMI-
HIOBaHHSIM KOHKPETHOI HarpiTol MiKpOYaCTUHKW Ha BIACTAHI Togiecroncp BiA HET), sika

edeKTUBHO BUKOPUCTOBYETLCSA AN HarpiBy KOHKPETHOro matepianbHOro ob’ekTa,
BT/MZ;
c - ctana CtedaHa — bonbumaHa;

MNITITII

4
BJAC.MIKPOYaCT.KOHKP t06'eI<T.K0HKp) ’ (6)
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tpnac mixpouacr.xonxp ~ BI1ACHA TEMMEPATYpPa KOHKPETHOI HarpiToi MikpodacTuHku, °C;

vikpouacr ~ HIAMETP PO3IrpiTOi MIKPOUACTUHKM, M;

tog'exrxonxp - TEMMEPATYPA KOHKPETHOrO MaTepianbHOro ob’'ekTa, Lo ONPOMIHIOETb-

CH TeNOBUM BUMNPOMIHIOBAHHSAM HarpiTol Mikpo4acTuHKK, °C;
Togtexrxonp — BIACTAHb Bif, KOHKPETHOI Harpitoi MIKpOYaCTUHKM O KOHKPETHOro

ONMpPOMIHIOBAHOro MaTepianbHOro ob’ekra, m.
3rigHo 3 BMpa3oM (6) KOHKpeTHa Harpita MikpoyYacTMHKa MOXe NPOAOBXyBaTw
HarpiBaTu CBOIM TEMSIOBMM BUMNPOMIHIOBAHHAM MaTepianbHUin 06’eKT, LLO ONPOMIHIOETb-
CA Heto, TiNbKM 38 YMOBW tanac mikpouacr.konkp > togexr konkp, @ BEMUYNHA EHEPTril, ika BUTpaya-
€TbCA Ha 3[iMCHEHHA TaKoro HarpiBy LbOro MatepianbHOro ob’ekta, BU3Ha4YaeTbCA CriB-
BigHOLLUEHHAM

c-d3

MiKpoyacT (

T

E __ Harp.MiKpoyacT.KOHKp '
Harp.o0'eKT.KOHKp — 4 B
T,

00'€KT.KOHKD

A€ Eyarpobiexrionp — BEMMYMHA eHeprii TennoBoro BUNPOMIHIOBAHHA KOHKPETHOI po3irpi-

4 4
tBJIac.MiKpoqacT.KOHKp - t06'€KT.K0HKp) ) (7)

TOI MIKPOYACTMHKM, siIka BUTPAYa€ETbCA Ha HarpiBaHHS KOHKpeTHOro ob’ekta, po3Ta-
LLIOBAHOTO Ha BIACTAHI Tygickrxomcp BIA YKA3AHOI MikpoYacTuHKK, [Ik;

Tharpmixpouacrxonxp ~ TEPMIH «HArpiBaHHA» TENIOBAM BUNPOMIHIOBAHHAM KOHKPETHOI

PO3irpiToi MIKPOYACTMHKMN KOHKPETHOrO MaTepianbHOro o6’ekra, C;

c - ctana CrtechaHa — bonbumaHa;

dyixpouacr - AIAMETP POSIrpiTOl MiKpOYaCTUHKU, M;

tpac mixpouact.xonxp ~ B1ACHA TEMMNEpaTypa KOHKPETHOI HarpiToi MikpoyacTuHku, °C;
togexrxonp - TEMNEPATYPA KOHKPETHOTO MaTepianbHOro 06'ekTa, WO ONPOMIHIOETLCS
TENSIOBMM BUMPOMIHIOBAHHAM Harpitol MiKpodYacTuHkK, °C;

Tog'exrxonkp — BIACTAHb Bifj KOHKPETHOI Harpitol MIKpOYacTWHKM [0 KOHKPETHOTO

OMPOMIHIOBaHOro MmaTepianbHOro ob’ekra, M.
EHeprito NpypoaHOro OXONOMKEHHS 3a3HaYeHOro KOHKPETHOro maTtepiaribHOro
06’ekTa MOXHa OLHMTM 3 BUKOPUCTAHHAM CMiBBiAHOLLEHHS
4 4
E Toxon "0 (t06‘eKT.1<0HKp —toc) s (8)
A€ Eoyonobexrxonp — BEIMYMHA EHEPTil «MPUPOAHOrO OXONMOMKEHHS» KOHKPETHOro ma-
TepianbHoro ob’ekrta, [x;
Toxon — TEPMIH OXONOOXKEHHSA KOHKPETHOro MaTepianbHOro o6’ekra, C;

tog'exrxonxp = TEMNEPATYPA KOHKPETHOTO MaTepianibHOro 06’ekTa, Lo ONPOMIHIOETLCS

OXOJ.OG'EKT.KOHKp —

TENSIOBMM BUMPOMIHIOBaHHAM, °C;
toc — TemnepaTypa oTouyto4oro cepegosuia, °C.

AkWwo npoTaroM TePMiHY Tuarp.mikpouact.korkp = loxon BEINIMYMHA eHepril «Harpisy»
KOHKpPETHOro matepiansHoro 06’ekta (Enarp.o6'exr konkp) NEPEBULLYE BENUYNHY eHepril Noro
«MPUPOJHOro OXONOMKEHHS» (Eoxon.o6'exr.koHkp), TO TEMMNEPATYPA MOBEPXHi LIbOro 06’ekTa
(tosexr.komkp) 3POCTAE. 3POCTAHHSA BENMNUYNHU toperr.ionkp MPUMUHAETLCSH B MOMEHT, KOMW BU-
KOHYETbCA CNiBBiAHOLLEHHS EHarp.o6’eKT.K0HKp = onon.oG’eKT.KOHKp .

OnucaHi Buwe npouecu BAANBY TEMNrOBOro BUMPOMIHIOBAHHA Ha MartepianbHi
06’ektn (postawoBaHi B OC HaBkono 3 nepBUHHOI NOXeEXi) XxapakTepHi ona Oyab-akoi
3 HarpiTMx MIiKpOYaCTUHOK, LLO BXOAATb 40 cknagy MHOXUH {M4}, {M2} un {Ms}. Bpaxo-
BYHOUMN, LLO KOXHA 3 abCONOTHOI BINbLUIOCTI HarpiTMx MiKpo4acTUHOK BUNPOMIHIOE HEKO-
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FEPEHTHI 3 IHWWMWN eNneKTPOMarHiTHi KONMMBaHHA Ha CBOIN BMNACHIA YacTOTi fmaxsnac.konkp
(BennYMHa AKOT BIOPI3HAETLCSA Big BENUYUH YACTOT BUMPOMIHIOBAHHS BCiX IHLWNX PO3i-
rPITUX MIKPOYACTMHOK), MOXHa BBaXaTW, LLO BenuMYMHa eHeprii HarpiBy KOHKPETHOro
matepianbHOro 06'ekTa Earp.osiexr.konkpM1}, (M2} i {3} Bif OOAHOYACHOro BMMBY TEMNMIOBOIO
BUMNPOMIHIOBAHHA KOXHOI 3 HarpitTux MiKpo4acTUHOK MHOXUH {M1}, {M2} i {M3} nponop-
LiHa cyMi BENUYNH NOBEPXHEBOI N'YCTUHWN NOTY>XHOCTI TENNOBUX NOTOKIB YCiX pPO3irpitnx
MiKpO4YaCTUHOK 3a3HayveHunx MHOXWH (>N MM yikpouacr.komkp.iiM1} +
+ ZI-IrrlTI—IMiKpOHaCT.KOHKp.i{MZ} + ZnrnTI—IMiKpoqaCT.KOHKp.i{M3})- TOMy 3 MOMEHTY BWHWUKHEHHA
NepBUHHOI NOXEXIi | ax A0 noYvaTKy hasn «CTane ropiHHA» y HarpiBaHHi KOHKPETHUX Ma-
TepianbHux o6’ekTiB (po3TawosaHnx B OC Haskono 3I") 6epyTb y4acTb BCi «enemeHTa-
PHi reHepaTopu» (TOBTO BCi PO3IrpiTi MIKPOYACTUHKM), WO MNEPEMILLYIOTBCA B MeXax
nigdakenbHOro Npocropy, «ob’egHaHoro cdakena» NonymMm’a i BACXiAHOI MifKM «GUMOBUX
rasie».

3 NAMHOM Yacy Yepes 3POCTaHHs BENUYUHU TeMnepaTtypy toser koo KOXKHOMO 3
OMPOMIHIOBaHMX MaTepianbHMX 06’eKTiB 3 NPOLECY iX HarpiBaHHA NOCTYNOBO yCyBalOTb-
CA Ti 3 HArpiTUX MIKPOYACTUHOK, Y AKUX BeNuYMHa TemMnepatypu tsnacmikpouact.konp CTAE
MEHLLIOIO, HIXX 3HAYEHHSA BENUYMHU TeMnepaTypu KOHKPETHUX OB'EKTIB topexr.komkp. | AKUM
YMHOM, BXXE Ha rnoyaTKy dpasun NoXexi «crane ropiHHA» 3 npouecy HarpiBaHHs KOHKpeT-
HUX MaTepianbHUX 06’ekTiB (po3TawoBaHux B OC HaBkono 3IM) ycyBatoTbes Bce BinbLue
i BinbLue HarpiTux Mikpo4acTMHOK MHOXUHW {Ms}, a 3arogom — Bce BinbLie i BinbLie Mik-
poYacTUHOK MHOXWUHKU {M+}. OTXXe, BNpOOOBX Maixe BCbOro TepMiHy TpmBanocTi asmn
«CTarne ropiHHA» y Npoueci HarpiBaHHA KOHKPETHUX MaTtepianbHux o6’eKTiB MPOAOBXKY-
t0Tb OpaT y4acTb TifbKM HarpiTi MiKpodacTuHKM «ob’egHaHoro dakena» nonym’s, dki
YTBOPIOKOTb MHOXUHY {M_}.

OnucaHe HarpiBaHHs MaTepianbHUX 06’€KTIB CBIAYMUTb NMPO HAasIBHICTb B OTO4YHO-
YoMy cepenosBuwli (HaBkono 3IT NEpPBUHHOT NOXEXi) 30HU MOXIIMBOIO YpaKeHHS
(BMVY1enn), SIKa YTBOPKETLCS BHACMIAOK BMAMBY MEPBMHHOIO ypaXanbHOro0 YMHHWKA —
TENnoBOro BUNPOMIHIOBAHHS Noxexi. Yepes cdeponoibHiCcTb giarpaMmy CnpaMOBaHOCTI
KOXXHOro 3 «enemeHTapHux reHepartopiB» uss 3MVYien, SBNsie cobow npocTopoBy
06’eMHY reoMeTpuYHy irypy, sika «OXonsoe» NpocTopoBy 06’eMHY doirypy 30HU ropiH-
HSA NEPBUHHOT NOXEXi. ICHYHUYNIN NPaKTUYHNIA OOCBIL CBIAYMTb, WO B MexaX uiel 3MYqenn
(came BHacnigoK BMANMBY «TEMNIOBOrO BMMPOMIHIOBAHHA» MOXEXi) NogN MOXYTb OTpU-
MaTun OMikM BiAKPUTUX AINSHOK LWKIPHUX MOKPUBIB i cnu3oBux 060oHoK, a byaieni, cno-
pyaM, iHWi maTepianbHi 06’eKTN MOXYTb 3a3HaT TEPMIYHOIrO MOLLKOKEHHS | HABITb 3a-
ropiTmcs y pasi BUKOHaHHSA CMiBBIAHOLIEHHS

t06'€1<T.I<0H1<p 2 tcnanaxFMKOHKp ) (9)
A€ togexrxonxp — TEMMEPATYPA «HArPiBY» KOHKPETHOrO MaTepiarnbHoro o6'ekra, °C;

temanaxIMronxp — TEMMEPATypa cranaxyBaHHsi KOHKDETHOTO ropto4oro marepiasy

(MVonkp), AKMI BXOOAUTL 0 cKnagy uboro ob’ekra, °C.

BWUHUKHEHHSA BTOPMHHOI NOXEXi Ha KOHKPETHIA (LU0 OMpPOMIHIETLCA TEMNOBUM
BMMPOMIHIOBAHHAM MNEePBUHHOT Noxexi) byaisni (cnopyai i T.iH.) cTae MOXNUBMM NpU BU-
KOHaHHi cniBBigHOLLUEHHSA

[TTICTII KIITTITIIT (10)

Ae MITICTH gerkonp — BEMMYMHA MOBEPXHEBOI FYCTUHU MOTYXHOCTI CymMapHoro (Big

00'€KT.KOHKD 2 KOHKp.I'M »

BUMNPOMIHIOBAHHSA BCiX PO3irpiTmx MiKpO4acTUHOK MHOXWHKU {M>}) TENNOBOro NOTOKY
y MiCLii po3TallyBaHHS KOHKPETHOro maTepiansHoro o6’ekta, KBT/M? (K mokasaHo
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BuLLe, BNPOOOBX ha3n «CTane ropiHHA» MNepBUHHOI NoXexXi TITTICTII =

00'€KT.KOHKD
= Z HrHTHMiKpO‘{aCT.KOHKp.i M2} );
KM T peprv = BENIMYMHA KPUTUYHOTO (MiHIMArbHOrO) 3HaYeHHs NOBEpPXHEBOI

rYCTUHM MOTYXXHOCTI TENSIOBOro NOTOKY, 3a SIKOI BUHUKAE cTarie ropiHHs KOHKPEeTHO-
ro roproyoro matepiany, Wo BXoAMTb A0 CKnagy onpoMmiHoBaHoi byaisni (cnopyaum i
T.iH.), kBT/M>.

HepxasHum ctaHgaptom YkpaiHn OCTY B.B.1.1-2-97 BcTaHOBNEHO Taki rpynu
3anmuctocTi byaiBenbHux i o3gobnioBanbHMx M 3anexHO Big BENUYUHU  IXHBOI
KMrMTN: B1 (npu KNIATN 2 35 kB1/M?); B2 (npu 20 kBT/M? < KMIMTN < 35 kB1/M?);
B3 (npu KMNIMITM < 20 kB1/M?). Y po6oTi [5] HaBeAEHO 3HAYEHHS KA TMNyonp.rm NS
Pi3HMX roproYMX MaTepiarnis 3anexHo Bif Yacy ixX ornpoMiHoBaHHSA Ton, (180 ¢, 300 c i
900 c BignoBigHo). AbcontoTHa GinbLwicTb 3 BigoMux ByaiBenbHUX i 0340650BanbHNX
roptoumx matepianie 3anmaeTtbcs npyn 10 kBT/M? < NMMCTNogexrxonp < 30 kBT/M? (3a
ymoBU Tonp 2 900 c). BogHouac noan mamke MUTTEBO (Tonp < 15 C) OTPUMYOTL ONIKW:
nepworo ctynens — npu MIMCTIM = 30...60 KBT/M?; apyroro ctynens — npu MITICTIM =
= 60...150 kBT/M?; TpeTboro ctyneHsi — npu MITICTM = 150...220 kBT/M?; 4eTBEpTOro
ctynens — npu MIMCTM > 220 kB1/M2.

BpaxoBytoun BuknageHe, 30HOK MOXIMBOIO YPaKeHHA «TEMfI0BMM BUMPOMIHIO-
BaHHAM» NEPBUHHOT MOXEXi € YaCTMHa NPOCTOPY HABKOMO 30HWU FOPiHHS, B MeXax KOl
BenuumnHa MIMICTMN nepesuye 3HaveHHst 10 kBT/M%. 30BHILHBOK0 Mexeto 3MY e, (3a
BiZJCYTHOCTI BIiTPY) € NOBEPXHS MPOCTOPOBOI 06’EMHOT reOMeTPUYHOI hirypu:

- sIKa «OXONJIEY» NMPOCTOPOBY reoMeTpuyHy dirypy 3T NepBMHHOT NOXEXi Ta Mae
3 HeK CnifibHy BepTuKarnbHy BiCb CUMETPIi, WO NPOXOAUTb Yepe3 reOMeTPUYHUN LEeHTP
rOpM30OHTanbHOI NPOEKLT 30HWN FOPIHHA NEPBUHHOI MOXEXI;

- B KOXHin Toyui sikoi BenuuuHa MITICTI gopisHioe 10 kBT/M2.

"Opn30HTanNbHOK NPOoEKLiE 30BHILWHLOT MEXi 3MY+1enn € 3aMKHEHA NiHIA, B KOX-
Hilt Touui sikoi MITICTM = 10 kBT/M2. Tomy ropusoHTanbHow npoekuietdo 3MVY+enn € Aing-
HKa TepuTopii noxexoHebe3neyHoro o6’ekTa (HABKONO ropmnaoHTanbHOI npoekuii 3™ ne-
PBMHHOI MOXEXi), B MeXax K0T MOXYTb BUHUKHYTU BTOPUHHI NOXEXi Ha po3TalloBaHNX
Tam ByaiBnsx (cnopyaax i T.iH.), @ TaKoX 3ararnbHi Ta CaHiTapHi BTpaTu Ntogen BHaACi-
AOK BMNSIMBY TEMNSIOBOr0 BUMPOMIHIOBAHHS NEPBUHHOT NOXeXi. [Mpn LbOMY B KOXHIN TOYLi
rOPU3OHTaNbHOI NPOEKLUiT 30BHILLHBOT MeXi 3MVY+enn BUKOHYETLCS CMiBBIAHOLLEHHS

4 32
6 (to6 parcomcp +4273) igosaer 11 ), (1)

2 2
N_KT10 T2-KTI10 I'm2-KT10
ne o — ctana CredaHa — bonbumaHa;
tos.daxxonxp — TEMMEPATYpaA «0b’e€aHaHOro dpakenax» nonym’s, °C;

d

10 xBr/m?% =

- giaMeTp pOos3irpiToi MiIKpOYaCTUHKN, M;

MiKpoYacT

H_KT10+ T2-KT10s+--» Tm2_KTlo — 3HAYEHHSA BENWYUH BiAcTaHewn Bif OyaAb-AKOI 3 KOHK-
peTHUX To4Yok (KT10) Ha 30BHILWHIN MexXi ropusoHTanbHol npoekuii 3MY+enn 40 Nep-
O, ApYroi, ..., My—I PO3irpiTMx MiKpo4acTUHOK «006’eaHaHOro dakena» nonym’'s

NepPBUHHOI NOXEXI, M.
Ha gymky aBTopiB, ANS BU3HAYEHHS (POpPMKU, FreOMETPUYHMX PO3MIPIB i NPOCTOPO-
BOr0 po3TallyBaHHS 30BHILUHBbOT MeXi ropn3oHTanbHOI NpoeKLil 3MY enn KOHKPETHOI ne-
PBUHHOI NOXeXi (3a AaHUMK NpPo PopMy, rEOMETPUYHI PO3MipKM | NPOCTOPOBE po3TaLly-
BaHHA ropu30OHTanbHOI NPOEKLil 30HM FOPIHHSA L€l NOXeXi) HaNNPOAYKTUBHILLMM € 3a-
CTOCYBaHHS YncenbHO-rpadivyHMX MeToaiB po3B’si3aHHs crniBBigHOWEHHSA (11) 3 BUKOpU-

189



ctaHHam [MEOM. MNpu ubomy 3 MeTo 3anobiraHHa BTpaTtam iHdopMalii (Yepes Heao-
CTaTHIO KOPEKTHICTb BUOOPY «KPOKIB MNOAPIOHEHHSI») AOUINBHO 3aMiHUTM MHOXHUK BUpa-

3y (1 0) G- (t06.(’paK.KOHKp + 273)4 'df/[iKpoqaCT

4
0,6- m3an.FMKOHKp : HTKOHKp.FM
4 *TC- TBI/IF M 1’1’12
pO3repMeTn30BaHNX «3arnaciB» roproymnx rasis, roprounx piavH YM cKnagoBaHNX TBepaUX
roproumx marepianiB (A€ Maanrmonp — Maca «3anaciB» KOHKpeTHoro Buay M, kr;
Htwonkp.rm - TENNOTBOPHA 3A4aTHICTb KOHKpeTHOro Buay M, [Dk/kr; Tgyr - Yac BUrOpPAHHA
BKa3aHuX «3anaciB» M, c; my - KinbKicTb «KpokiB noapibHeHHA» 3T (To6TOo KinbkicTb
PO3irpiTMX YMOBHUX MIKPOYACTUHOK y cknagi «ob’egHaHoro dakena» nonym’ss NnepBuH-
HOT NOXeXi), OOUHULb);

Ha:

- MHOXHWK — Yy pasi NepBUHHOI NOXEXi 3 FOPIHHAM

K .
- MHOXHUK 4.7-m (S6y11.enl 'BGyn.enl +86yz[.en2 'B6yﬂ.en2 +"'+S6y/1.en.n 'B6y;[.en.n) — Yy pasi
My

noxexi Ha 6yaiBnax (cnopygax i T.iH.), 6yaiBenbHi 1 03406M0BanbHi e1eMeHTU AKUX
BUrOTOBMEHI 3 BUKopucTaHHAM M (e K — 3HayeHHs BENNYMHU «NMMTOMOrO TEMSIOBOTO
HaBaHTaXeHHsA» (TobTo BenuuuHa MIMCTI, wo sunpomiHeTbea B OC 3 1 M? nnoLw;
OyniBenbHOro enemMeHTa, Bt/mM?, gna TTM 3 H; < 21-10° Dx/kr K = 233000 BT/MZ);
Seynen 1, Seyaen2:--- Seyn.enn — BENMYNHU MOXIMBOI MIOLL FOPIHHA NEepLLOro, Apyroro, ...
n—ro OyaiBenbHUX enemMeHTiB; Beyaen 1, Peyaen 2, -.- Béysen n — BEMUYMHN KOEDILEHTIB
«OOCTYNHOCTI ONs BUFOPSIHHA» MepLioro, Apyroro, n—ro 0OyaiBenbHUX eNeMeHTIB
(0 = Boys.en < 1); M2 — KINbKICTb «KPOKIB NoApibHeHHA» 317, oAnHULb).

lMpouecu BU3HaAYEHHS | BigobpaXKeHHs1 FOpU30OHTarbHOI NPOEKUiT 30BHILLHBOT MEXI
3MVY+enn Ha NNaHi NoxexoHebeaneyHoro o6’ekta (MHO) nokasaHo Ha puc. 2, 3 i 4.

Ha puc. 2 BigobpakeHO akCOHOMETPUYHI MPOEKLii 30H rOPIHHA PI3HUX BUAIB Nep-
BMHHMX NOXeX: Noxexi Ha byaisni (AoBXnHOW ey, i WnpuHoto Wey,) — puc. 2,a; noxexi
3 FOPIHHSAM TOPHYOT PIANHN (PO3NUTOT Ha FOPWU3OHTAarbHY MIACTENAOYY MOBEPXHIO B
«Kanxy» y dopmi kpyra 3 giametpom dyan) — pUC. 2,b; noxexi npu aBapiviHin poarep-
MeTu3aLil rasonpoBoy (3 OCHOBOK BUTOKY roptoyoro rasa y opmi kpyra 3 giametpom
docu = 5d1p) - pucC. 2,cC.

Ha puc. 3 BigobpaxkeHO ropusoHTa-
NbHi NPOEKLUil 30H FOpPiHHA BKasaHUX nep-
BUHHUX MOXeX, dpopMa, MiHiAHI po3Mmipu i
NpoCTOpOBE poO3TallyBaHHA sKkux 36ira-
I0TbCA 3 BIiAMOBIAHUMW NapameTpamMu ro-
PU3OHTarbHMUX NMPOEKLIN OiNSHOK po3TaLly-
BaHHsA «3anacie» 'M: Ha puc. 3,a — y dop-
Mi NMPAMOKYTHUKa i3 cTopoHamu [ey, i Weys;
‘ Ha puc. 3,b — y dopmi kpyra 3 giameTpom

Puc. 2. Buam noxex dyan; Ha pUC. 3,C — y chopmi Kpyra 3 aiameT-

POM docy. 3a3Ha4YeHi rOpU3oHTanbHI NPoek-

uii BigpobpaxatTb Ha nnadi NMHO 3a AONOMOro TaKTUYHOrO 3HaKa «30Ha TFOPIHHAY»

(«3I»), 30BHILUHIO MEXY SKOrO BUKOHYHOTb Y BUrMAAI 3aMKHEHOT LUTPUXOBOI MiHil Bigno-

BIAHOT YOPMMU i MIHIMHUX PO3MIPIB YEPBOHOIO KOMbOPY, @ BHYTPILLHE NOSe LbOoro 3Haka

3alUTPUXOBYIOTb HaXUNeHnMu napanensHUMU NPAMUMKU YePBOHOIO KOSbopy (AMB. Mno-

3uuii 2 Ha puc. 3,a, b, ci puc. 4,a, b, ). Y reoMeTpuUYHOMY LEHTPI LMX TAaKTUYHMX 3HAKIB

BigoOpaXkaloTb TakKTUYHUI 3HaK «LleHTp 3arnmaHHA» («LU3») y BuUrnsgi kpyra 4epBOHOro
KONbopy AdiaMeTpom m'atb MiniMmeTpiB (aue. no3uuii 1 Ha puc. 3,a, b, c i puc. 4,a, b, c).

-
H oc. dhax

HBya
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dopmy, NiHINHI PO3MipK | NPOCTOPOBE PO3TaLLlyBaHHA FOPU3OHTaNbHOI NPOEKLil
30BHILHLOT MeXi 3MY1enn KOXKHOMO 3 BUAIB MOXEX BU3HAYalTb (3a AaHUMK NPO Taki X
napametpy 3 UMX NOXeX, a TakoX 3a [AaHUMKU MpO BENUYUHW TemnepaTtypu
«ob’eqHaHoro dakena» nonym’st X MoXexX tos.paxkomkp) LUMSAXOM PO3B’siI3aHHS CMiBBIA-
HoweHHSA (11) uncenbHo-rpadivHnMm metogamu. OTpumaHi pesynbTaTu BigobpaxkatoTb
Ha nnadi NMHO 3a gonoMoro TakTMYHOro 3Haka «30BHiWHA Mexa 3MYqenn» (OMB. MNo-
3uuii 3 Ha puc. 4,a, b, c) y Burnaai 3aMmKHeHOI CyuinbHOI NiHii YepBOHOro Konbopy (Bia-
noBigHOI bopMU i MiHIMHMX PO3MIpiB), sika «oxonne» 37 NePBUHHOI MOXeXi Ta y po3-
PUBI SKOT YOPHUM KONbOPOM BUKOHYKOTb MOsICHIOBanNbHUM Hanuc «10» (TobTo

10 kBT/M?).
Z & N ”

Puc. 3. Bigobpa)keHHs1 30H ropiHHS NOXexX

i ocH

1

) e e

a b Lo

Puc. 4. BinpobpaxeHHst 3MVY+enn

HaouHe BigobpaxeHHa hopMu, NiHINHWUX PO3MIPIB | MPOCTOPOBOro PO3TaLlyBaHHS
rOPU3OHTANbHOI NPOEKLUiT 30BHILWHLOT MeXi 3MY1enn 403BONSE CAPOrHO3yBaTU MOXMUBI
MiCUS BUHUKHEHHA BTOPUMHHUX MOXEX i MOXNUBI BENUYMHM 3aranbHUX | CaHITapHUX
BTpaT NtoAen BHACSIQOK BMANBY TENSIOBOrO BUNPOMIHIOBAHHS.

Ha 6ygnisnsx, cnopygax, iHwux matepianbHux ob’ektax 3 Bmictom ['M, siki 3a npo-
FTHO30M OMUHATBECA B MeXax 3MVYienn NEPBMHHOI NOXEXi, Nig BNAMBOM ii TENNOBOrO
BUMPOMIHIOBAHHA MOXYTb BUHUKHYTU BTOPWHHI MOXexi. Pe3ynbtatn Takoro nporHosy
BigobpaatoTb Ha nnaHi NMHO 3a gonomorok TakTUYHOro 3Haka «BTopuHHa noxexa»
YepBOHOMO KONbOPY Yy BUMNAAI Kpyra AiameTpoM Tpu MiflimeTpa 3 TpboMa «A3uKamu no-
nym’a». Llen TakTUYHUIA 3HaK HaAHOCATb Nopsd 3 YMOBHUMU 306paXeHHSAMU BKasaHUX
Byaisenb (cnopya i T.iH.) Ha nnani MHO.

Y cBow 4epry, ocobu BMPOBHUYOro nepcoHany Hambinbwoi npauoyoi 3MiHKU
(HaceneHHs1), poboui Mmicusa (micuss nepebyBaHHA) AKMX 3a NPOrHO30M OMUHAKOTLCS B
Mexax 3MVYqienn, MOXYTb 3arMHyTM abo OoTpUMaTWU TSXKKI YpaKeHHs1 BHACNigoK BMAMBY
TEnnoBOro BUMNPOMIHIOBAHHSA MEPBUMHHOI Ta BTOPUHHUX MNoXexX. [pu ubomy MOXnuBy
BEMNWYMHY 3aranbHUX i CaHiTapHUX BTPAT N0Aen peKOMeHOYETbCA BU3HAYaTu 3 BUKOPU-
CTaHHAM doopmyn

Msar remn = NHII3.3MY (3-601\1Hac.3M3/'Term ) (1 2)

MC&H.TEHJ’I = 0’95 ' MSaI“TeHH ’ (1 3)
Ae M, renn — BENMUYMHA 3aranbHUX BTpaT Niogen BHAcNigoK BMAWBY TENIIOBOrO BUMNPO-
MiHIOBaHHA NEPBUHHOT Ta BTOPUHHUX MNOXEX, OCib;
NHmamy,,,, — KINbKICTb BUPOBHMYOro nepcoHany HaibinbLUoi npaLioloyoi 3MiHK, po-

TETUT

Boui mMicusa SKoro 3a NPOrHO30M ONMHATLCA B Mexax 3MVYqenn, OCIO;
Nuac3my ., — KiNIbKICTb HaceneHHs, MicLs nepebyBaHHs SKOro 3a NPOrHO30M OMUHS-
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toTbca B Mexax 3MYqenn, OCIO;
Mcanrenn — BENUYMHA CaHiTapHUX BTpaT Mogen BHaCMiAOK BNAUBY TEMOBOrO BU-
NPOMIiHIOBAHHSA NEPBUHHOT Ta BTOPUHHUX MOXEX, OCib.

2.2. Po3po6ka iHthopmauinHoi TexHonorii

BuknageHe y nigpo3a. 2.1 4o3Bonsi€ BCTAHOBUTU TakKi OCHOBHI 3aKOHOMIPHOCTI.

1. TennoBe BUNPOMIHIOBaHHS i3 30HW FOPIHHA NEPBUHHOT MOXEXi B OTOYYOYe ce-
pefoBulle € OOHUM 3 11 HAUMOTYXKHILINX ypaxasibHUX YMHHUKIB, BMAMB AKOro Npu3Bo-
AnTb (MOXe npusBecTn) Ao 3armbeni i (abo) TAXKKOro ypaxeHHs nogen (TBapuH, poc-
NWH), 3HaA4YHUX MaTtepianbHUX 30UTKIB, CYTTEBOrO MOrpPLEHHS CTaHy HaBKOMULLIHLOMO
NpUpoaHOro cepeaoBuLLa.

2. [bkepenamu UbOro ypaxanbHOro YMHHMKa BNpOLOBX NepLLOl ha3n KOHKPETHOI
NOXeXi € po3irpiTi MiKpoYaCTUHKN: MHOXUHWU {M4} (AKi NnepemiwyoTbea y niadakerbHo-
My npocTopi 3IN); MHOXUHK {M>} (Lo NepemilLyoTbCs B Mexax «ob’egHaHoro cdpakena»
nonym’at); MHOXuHM {Ms} (WO nepemiwyoTbCsa y BUCXIQHIA Tinui «AMMOBUX rasiBy).
Ynpogosx asn «ctane ropiHHA» i 4o NikBigyBaHHSA NOXeXi OCHOBHUM gxepernom YUY[1
TEennoBe BUMNPOMIHIOBAHHA TMOXeXi € MHOXuHa {Mjy} pos3irpiTMx Mikpo4acTUHOK
«0ob’egHaHoro akena» nonym’s, WO MawTb BriacHy TemnepaTtypy tsnacmikpouacriM2), BE-
NMYNHA AKOT NEeXUTb B Mexax Aiana3oHy temnepaTyp tos.packonp v (1 £ 10'2).

3. ABcontoTHa BiNbLWICTb 3 HarpiTUX MIKPOYACTUHOK MHOXWHWU {M2} MaeTb CBOMO
(BiAMIiHHY Bif, iHWMX) BNacHy TeMnepatypy tsnac.mikpouacr.konkp. 1OMY BOHU SIBNSAOTH COBOI0
«enemMeHTapHi reHepaTopu» enekTPOMAarHiTHUX KOSNMBaHb, KOXEH 3 SKMX MaE «CBOHO»
(BiAMIHHY Big iHWWX) OOBXWHY XBWMi MakCMMarnbHOro TEnsioBOro BUMPOMIHIOBAHHS
)\max.Bnac.MiKpoqaCT.KOHKp = 2880'10-6 / tBJ‘IaC.MiKpOLIaCT.KOHKp-

4. Yepes mani (NOPIBHAHO 3 BENUYUHOI Amax.snac.mikpouact.konkp) PO3MIPU Harpitmx
MIKpOYaCTUHOK diarpamy CripsasMOBaHOCTI TEMNMOBOro BUMPOMIHIOBAHHS KOXHOIO 3 Takux
«efeMeHTapHUX reHepaTopiB» MOXHa BBaXaTu cdeponodibHoo.

5. 3 uiei npnymHmM (a Takox Yepes BigMiHHICTb 3HA4YeHb BENUYNH BNACHOT YacToTK
MaKCMManbHOrO TenroBOro BUMPOMIHIOBAHHSA fmax snac.mikpouacr.konkp KOXKHOMO 3 TakMX
«efieMeHTapHUX reHepaTopiBy») NOBEPXHEBA MyCTUHA CyMapHOI MOTYXXHOCTI TEMIOBOro
noToky MICHT M oup.noxis WO BUMPOMIHIOETBCS i3 30HWM TOPIHHA KOHKPETHOI MepBUHHOI
noxexi, y 6yab-aKin i— To4Li OTOYYOHOro cepefoBuLLa € CYMOK BENUYMH MOBEPXHEBOT
FYCTUHW NOTYXXHOCTI TENSIOBUX MOTOKIB KOXHOI 3 KOHKPETHWUX Harpitux MiKpo4aCTUHOK
MHOXWHU {M>} - r”_CI_lTrIKOHKp.I'lO)K.i = annTnMiKpoqaCT.KOHKp-

6. Bnnue cymapHOro tennoBoro BUNPOMIHIOBAHHS i3 37 NepBUHHOI NOXexi npu-
3BOAMTb [0 HarpiBy po3TallOBaHUX HABKOSIO Hel maTepianbHuX o6’ekTiB, KoemilieHT
YOPHOTU AKUX (€) 3a40BorbHAE cniBBigHOWEHHA 0 < e <1. BHacnigok Takoro BnvBy:

- Mikpo4acTuHkn aTmocdepHoro nosiTpa OC npakTU4HO He HarpiBatoTbes (60
€nos = 0);

- Bynisni, cnopyaum, iHwWi maTtepianbHi 06’ekTn 3 BMicToM 'M (0 < egy; <1) oTpU-
MYIOTb TEepPMiYHi MOLIKOAXEHHA i MOXyTb HasiTb 3aropituca (npwu MNITCHAT N owp.nox 2
KMMMTMogexr.korkp), B PE3YNbTATi HOro BUHUKAKOTL BTOPUHHI NOXEXi;

- NN MOXYTb OTPMMAaTU OMiKWN BIAKPUTUX OINAHOK LUKIPHMX MOKPUBIB i CITIM30BUX
000MnOoHOK, a X oaar Moxe 3aropiTncs (60 enoy = 1).

7. AinaHka Teputopil NMHO HaBkono 31 KOHKPETHOT NepBUMHHOI NOXeXi, Ae BHa-
CNigoK BNAMBY 1i TEMMOBOIO BUMPOMIHIOBAHHS MOXYTb BUMHUKHYTU BTOPUHHI NOXeXi, a
TaKOX 3ararbHi Ta caHiTapHi BTpaTtn nogen, € AMY enn LET NOXEXI.
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8. ®opmy, MiHINHI pO3MipKM | NPOCTOPOBE pPO3TallyBaHHA FOPU30OHTANbHOI NPOEKLil
30BHILWHBLOT MeXi 3MYenn NEPBUHHOT NOXEXi BU3HAYaloThb (3a 4aHMMK NMPO Taki X napa-
meTpu 1 3, a TakoX Npo BENUUMHY TemnepaTtypu «ob’egHaHoro dakena» nonym’s
to6.pak) LLIIAXOM PO3B’A3AHHA YucCernbHO-rpadivHmMmM Metodamu cniesigHoweHHA (11).
BkasaHy ropmsoHTanbHy Npoekuito BigobpaxatoTb Ha nnani NMHO 3a gonomorow TakTu-
YHOro 3Haka «30BHiLHSA Mexa 3MVY enn».

9. BTOpWHHI noxexi, iHiLinoBaHi TensioBUM BUNPOMIHIOBAHHAM NEPBUHHOI NOXe-
Xi, MOXYTb BUHUKHYTM Ha Tux OyaiBnsx, crnopypax, iHWuX maTepianbHuUX ob’ektax 3
BMmicToM M, siki 32 NPOrHO30M «OMUHATLCA» B Mexax 3MYqenn. MOXNMBI MiCUst BUHMK-
HEHHS1 BTOPUHHMX NOXeX BigobpaxkatoTb Ha nnani NMHO 3a 4ONOMOrot TakKTUYHOrO 3Ha-
Ka «BTopuHHa noxexa».

10. MoxXnuBi BENUYNHKU 3aranbHUX i CaHITapHUX BTpaT fogen BHACNigoK BrfnBYy
TEMNSI0BOro BUMPOMIHIOBAHHA NEPBMHHOI Ta iHILINOBAHNX HEK BTOPUHHUX MOXEX PEKO-
MEeHOYETLCA BU3HaAYaTH 3 BUKOPUCTaHHAM dpopmyn (12) i (13).

BpaxoBytoun BuknageHe, po3pobnoBaHa iHpopmauinHa TexHonoris 1Ty woao
BM3HAYEHHS i BigOOpaXXeHHS OCHOBHMX NapamMeTpiB 30HN MOXITMBOrO YpaXKeHHs1 Tenso-
BUM BUMPOMIHIOBAHHSM iMOBIPHOI NOXexXi nepeabayae 3aB4acHe CTBOPEHHS «XapakTe-
PUCTUKN JocnigKyBaHoro noxexoHebesnevHoro ob6’ekta (XAO)», a TakoX eneKTPOHHUX
konin «KapTok ouikyBaHOT NoOXexHol obcTtaHoBKU...» (EK «KapTku...») i enekTpoHHuX
Konin gokymeHTa «[1porHo3oBaHi napamMeTpu 30HU MOXIMBOIO ypaXKeHHA BHAacCIigoK
BNmBYy Tennosoro BunpoMiHioBaHHs» (EK «IM 3MYqenn») (32 uncnom 6yaisens, cno-
pyZd, TEXHOMNOMYHUX CUCTEM i T.iH., po3TawuoBaHux Ha TepuTopil NMHO) Ta noyeprose BuU-
KOHaHHS onepauin iHdbopmauinHux moaenen (IMy4, IMy;2, IMy;3) 3rigHO 3 anropuTMoMm,
BigoGpaxxeHMM Ha puc. 5.

«XapakTepucTmka gocnigXyBaHoro noxexoHebesneyHoro ob’ekta (XOO)» ckna-
AAETbCA 3a pe3dynbTaTaMu OBCTEXEHHS | BUMIPIOBAHHA KOXHOTO i3 (DaKTUYHO iCHYHOUYMX
(nicns npoBeaeHHs1 OCTaHHLOI PEKOHCTPYKLUIT, peMOHTY, 4obyaosu i T.iH.) ByaiBenbHo-
KOHCTPYKTUBHUX €NeMEHTIB KOXHOI 3 Byaisenb (cnopyn, TEXHOMOrNYHUX CUCTEM Ta iH.),
po3TawwoBaHux Ha TepuTtopil uboro NHO. BoHa noBMHHA MICTUTU ONMMC OCHOBHUX BIAO-
MOCTeN woao popmu, reoMeTpu4HUX po3MipiB i MPOCTOPOBOro po3TallyBaHHSA KOXHOMO
3 TaKNX eneMeHTIiB 3 BMICTOM «3anacis» 'M, Buay, arperaTHOro ctaHy, Macu (TennoBo-
ro HaBaHTaXEHHSA) Ta IHWKX TennodisanyHMX xapakTepuctuk ykasaHmx 'M, a Takox He-
obxigHi Tabnuui Ta goBiIgKOBI MaTepianu.

KoxHa 3 enekTpoHHMX Konin «KapTkn oyikyBaHOi NoxexHoi obctaHoBku...» (EK
«KapTku...») aBnge coboto:

- €MNEeKTPOHHUI BapiaHT 3aronoBky 6naHka «KapTka ovikyBaHOI NOXeXHOI ob6cTa-
HOBKM, LLO MOXe BMHUKHYTW Ha TepuTopii (Hasea gocnigxysaHoro MNHO) y pesynbTari
noXxexi Ha (Homep i Ha3Ba KOHKpeTHoro eriemeHTta NHO)»;

- PO3MiILLEHMI Ha TOMY X BnaHKy (nig ykasaHMM 3arofioBKOM) efIeKTPOHHUIA Bapi-
aHT lNnany gocnigxysaHoro NHO;

- «NpUB’A3aHy» A0 3a3HaveHoro [naHy enekTpoHHY KoopAUHATHY Mepexy (3 me-
TOK NOJAanbLLIOr0 BUKOPUCTAHHS LIiET MepeXi aAns BU3HAYeHHSI KOOPANHAT KOXHOI 3 KOH-
KpeTHux Byaisenb (cnopyg i T.iH.) ANMHO, a Takox BigobpaxkeHHs1 Ha naHi BignoBigHMX
TaKTUYHMX 3HAKIB | MOACHIOBAITbHUX HaMNUCIB).

KoxHa 3 enekTpoHHMX KoMin AokyMeHTa «[1porHo3oBaHi napamMeTpu 30HU MOX-
NNBOTO ypaxeHHs Tennosum BunpomiHioBaHHaAMY (EK «MM 3MYqenn») sBNA€ coboto:

- eNeKTPOHHMI BapiaHT 3aronoBky GnaHka «[lMporHo3oBaHi napameTpu 30HU MO-
XIUBOrO ypaKeHHs1 BHACIIQOK BNIMBY TENSOBOro BUMPOMIHIOBAHHA WMOBIPHOT MOXeXi
Ha (Homep i Ha3Ba KOHKpeTHoro enemeHTta MNHO)»;
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Enextponna xomist “Kaprku XapakTepucTHKa  JIOCIHi- Enextponna komist nokymenra “Ilpo-
OUIKyBaHOI TOXKEXHOI o0OcTa- JHKYBAHOTO TIOXKEKOHEOe- THO30BaHi apaMeTpH 30HA MOXKIIHBO-
HOBKH...” ISl 4eproBoi OyiBii 3neqHoro 06’ekxra (X10) IO ypak€HHS BHACIIJOK BIUIUBY Tel-

(copynmu 1 T.iH.) JOCHTiIKyBa-

noro ITHO (EK “Kaprkwu...”) (EK “TII 3MY ey

JIOBOTO BHITPOMIHIOBaHHA TOXEXKi”

v

Indopmaniitna Texsonoris ITy; 3 NpOorHo3yBaHHA OCHOBHHX IIapaMeTpiB 30HH MOXJIMBOTO

ypaXXeHHS BHACTIIOK BIUIMBY TEILIOBOTO BHIIPOMiHIOBAHHS MOKEXi (3MY repy)

Iadopmaniitna momens My, mono 3aB4acHOro BU3HaueHHS (3a manumu XJ1O mpo
(dbopMy, TeOMETpUYHI PO3MIPH 1 IPOCTOPOBE PO3TAIIYBAHHS TOPH3OHTAIBLHOT MPOSKITIT
3T imoBipHOT moxxexxi Ha yeprosiid Oyxieni (criopyai i T.in) AIMTHO Ta npo BennuuHy
TeMmIeparypu “06’eAHaHOTO (akena” MOMyM s tos gax) QOPMH, TEOMETPHIHHX PO3Mi-
piB 1 TPOCTOPOBOTO pO3TAallyBaHHS 30BHINIHBOI MEXi T'OPU3OHTAJIBHOI IpOEK-
il 3MVY ey IUISIXOM PO3B’SI3aHHS YHCENIBHO-TpadiuHIMU METOaMH (3 BUKOPUCTaH-
Hsam [IEOM) cniBBinHomenus (11) ta BinoOpakeHHsI pe3yJIbTaTiB IPOrHO3Y Ha IIaHi
JITHO-EK “Kaptku...” 3a TOIIOMOTOI0 TAKTHYHOTO 3HaKa “30BHIMIHA Mexa 3MY ren,”
ta y mepmuit pagok EK “IIIT 3MVY,,,” 3a IOMOMOToI0 MOSCHIOBAbHUX HANFNCIB Y
Burisai “®@opma SMVY oy - ...70 1 “Posmipu BMY o = ... M”

A 4

Indopmaniitna mozenb IMy, momo 3aBuacHOro Bu3HaueHHA (3a manumu X/JIO Ta
IMy;; mpo cyciani 10 31" nepBuHHOT noxexi OyiBii (criopyau i T.iH) 3 BMicToM I'M,
SKi 32 IPOTHO30M “NOTPAIUISIOTE” B MeXi 3MV ;) MOXKIMBHX Miclb BUHHKHEHHS
BTOPMHHHX TTOXKEX Ta BinoOpakeHHs 31100yToi iHpopmanii Ha mani AITHO-EK “Ka-
PTKH...” 32 TOTIOMOTO0 TAKTHYHUX 3HaKiB “BropuHHa moxkexxa” iy npyruit psaok EK
“ITI 3MVY 1en;” 32 IOTIOMOTOIO MOSICHIOBAJIBHOTO HAMKCY y BUIIIIAI “BTopuHHI moXKe-
JKi MOXKYTh BUHUKHYTH Ha(y) - ...”

A 4

Indopmaniiina mozenb IMy; momo 3aBuacHOro Bu3HaueHHS (3a panumu X/JIO Ta
IMyj;; TIPO KUIBKICTh 0CI0 BUPOOHUYOTO MEPCOHATY HAHOUIBIIO! MPAIFOrU0] 3MIHU —
N3 3smyrens (200 HaceneHHS Nyac 3myrens), PO00U1 MicIst (Micis nepeOyBaHHS) SIKUX
3a TMPOTHO30M “NOTPAIUISIOTE” B MeXi 3MVY,ey,, 13 Bukopucranusam dopmyin (12) i
(13)), MOXXIMBHX BEJMYMH 3arajbHUX 1 CAaHITAPHUX BTPAT JIIOJEH BHACITIJOK BIUIUBY
TEIJIOBOTO BUIIPOMIHIOBaHHS MOXEXI Ta BiJOOpakeHHS OTpUMaHOi iHdopmanii y
tperiit paaok EK “III 3MVY .y, 32 TOTIOMOTOI0 MOSICHIOBATBHUX HAIHCIB Y BUTIISIII —
“Maarzens = - 0€10” 1 “Meag renn = ... 0€10”

Puc. 5. Anroputm peaizamii iHdpopmariitaoi Texnomorii [Ty

194

2p

3p




- PO3MiILLEHMI Ha TOMY X BnaHKy (nig ykasaHUM 3arofioOBKOM) efIEKTPOHHMUIA Bapi-
aHT TecToBOI Tabnuu,.

MNMporHo3oBaHi napameTpn 3MY enn

Homepu .
: TecToBi 3aBOaHHSA Pesynbtatu TecTtyBaHHS
paokis
BusHauyeHHa Moxnueux dopmMu, reomeTpud-

1 HMUX PO3MIpIB i MPOCTOPOBOro po3TallyBaHHS «®opma 3MVY+enpn - ... »
30BHILUHLOI MEXi rOpU3OoHTaNbHOI MNpoeKUil «Po3mipn BMY+enn = ...M»
3'\/|>/Tel'll'l

> BU3HayeHHA MOXNUBUX MiCLb BUHUKHEHHS | «BTOpPUHHI noOXexi MOXyTb
BTOPUHHNX MOXEX BUHUKHYTU Ha (Y)...»

3 | contrapnx 6Tpar moeiy MY | Moarrom = .00i0»

Tenn «Mcan.tenn = ...OCIO»

PoagpykiBkn EK «Kaptku...» i EK «[MM 3MVYenn» CTalOTb OCHOBOK AN CTBOPEH-
HA «OnepaTUBHOrO NnaHy raciHHA NoXexXi» y pasi I BUHUKHEHHS Ha KOHKpeTHIn byaisni
(cnopyai i T.iH.) AMNMHO, akMin € OCHOBHMM OOKYMEHTOM KepiBHMKA raciHHa noxexi (KIT)
3 opraHisauii 6onosux Ain NigNOpPsSAKOBaHMX MOMY Cun i 3acOBiB YrpynoBaHHA MOXEX-
HUX Nigpo3ainis.

3aknoYHi NONoXeHHSA

IHdbopmauinHa TexHonoris 1Ty, po3pobneHa Ha OCHOBI 3anNpoONoOHOBAHOI aBTOpa-
MK Mogeni npoueciB TeNSTIO0OMiHY MiDK 30HOK FOPIHHA MOXeXi Ta HaBKOMULLHIM NpuUpo-
OHUM cepefoBuLLEM, OO3BOSISE 3aBYACHO BUSBNATU 3HAYEHHS OCHOBHUX MapameTpiB
30HM MOXINUBOMO Ypa)KeHHs1 BHACMIQOK TennoBoro BUNpoMiHioBaHHA (3MVYqenn) Ui€T No-
Xexi.

3p00yTa Takum cnocobom iHhopmaLis 403BONAE CIPOrHO3yBaTU i HAOYHO BIfO-
6pa3nTtn Ha nnaxi TepuTopii gocnigxysaHoro NHO dopmy, reomeTpuyHi po3mipu i Npo-
CTOpPOBE pO3TallyBaHHA 30BHILUHBOI MeXi ropnsoHTasnbHOI Npoekuii 3MY enn NEPBUHHOI
NOXeXi, a TaKoX MOXIIMBI MiCLUA BMHUKHEHHSI BTOPUHHUX MOXEX | MOXITMBI BENUYUHU
3aranbHUX (Masarrenn) | CAHITAPHUX (Mcan.renn) BTPAT NIOAEN BHACNILOK BNAVBY TEMMOBOIO
BUNPOMIHIOBaAHHSA. TOMY BNpOBaKEHHA TaKol iHOPMAaLUiMHOT TEXHOMOoril cnpnatume
NigBULLIEHHIO noXexHol 6e3neku MNMHO.
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2. MeaHHukoB B.I., Kntoc IN.I1. CnpaBo4HuK pykoBoanTens TyweHna noxapa. — M.:
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YK 681.269 ( 088.8 ) H.[. Koweson, E.E. KanawwHukos,
".A. Yepenawyk

JKCNEePUMEHTAJIbHOE UCCJIEeI0BAHNE BECOU3ZMEPUTEIbHON CUCTEMBbI
HeNMpPepPbIBHOIO eHCTBUS

HauuoHanbHbIl aspokocmudeckul yHusepcumem um. H.E. XKykoeckoao « XAU»

MoctaHoBKa npobnembl. [lpouecc [oO3MpoBaHMS MaTepuanoB sBRAAETCs
HEOTBbEMIIEMOM YACTblO TEXHOMOMMYECKNX MPOLIECCOB Ha GONbLUMHCTBE NPeanpuUATUin
ropHoAoObIBaOWEN, XUMUYECKOM W MULLEBON  MNPOMbILLNEHHOCTEN. TOYHOCTb
[O03MPOBAHMS KOMMOHEHTOB BO MHOIOM BNMSIET Ha KayecTBO BbIMyCKaeMom
npegnpuatvem npogykumn. OBopyaoBaHMe OTEeYeCTBEHHbIX MPeanpusaTui MopasibHO
ycTapeno, u3nyeckm N3HOLEHO U HyXXOaeTcsl B 3aMeHe unm mogepHusaumm. Noatomy
npobriema nOBbIWEHMUS TOYHOCTM AO3UPOBAHUA SBISIETCA aKkTyallbHOW B CBA3U C
NMOCTOSAHHO pacTyWwMMn TpeboBaHMSIMUN K KQ4eCTBY NPOAYKLUMN.

AHanus nocnegHux AOCTMXXEHMU U Nybnukauun. B coctas BeCcogo3npyroLmX
CUCTEM, MPUMEHSEMbIX Ha NPeanpuATUAX Ans OO03UPOBaHUA CbiNyyYnx Matepuanos, B
Ka4yecTBe B3BELUMBAIOLLErO 3fIEMEHTA 4YacTO BXOOAT BECOM3MEPUTENbHbIE JIOTKU Un
nnactuHbl [1, 3]. BecousmepuTenbHbI NOTOK NpeactaBndeT cobOM HaKITOHHYHO
NNOCKOCTb C CUCTEMOW curonepefaroLLmx pbiHaroB, YCTAHOBMEHHYO Ha HEMNOOBUXHOM
OCHOBaHMM C MOMOLLbIO LIAPHUPOB MM npu3m. Ceinydynin maTepuan, ABurascb Mo
NOBEPXHOCTW NOTKa, BO3OENUCTBYET HA TEH30MEeTpU4ecKkue OaTtymku Cunbl, BXxoasuime B
COCTaB cunonepeaaoLLnx pbi4aros.

LUenb ctatbu. [Onsg noOBbIWEHNA TOYHOCTU [OO3UPOBAHUA BECOOO03UPYLLNX
CUCTEM, B COCTaB KOTOPbIX BXOAAT BECOU3MEPUTESbHbIE NTOTKN, HEO6X0AMMO:

- ONA HaxoXOeHus onTMMaribHoM (POpPMbl JIOTKA 3KCMepUMeEHTarbHbIM MyTeM
onpeaenuTb 3aBUCMMOCTb CKOPOCTU ABMXKEHUSA U CNOS CbiNy4yero matepuana oT ¢opMbl
noTKa,;

- onpeaenuTb ONTMMarnbHbIA CNOCOD KpenneHust NoTka K TeH3ogaTyMkam ans
YMEHbLUEHNSA 30HbI HEYYBCTBUTEITbHOCTN;

- ANS NOBbILWEHNA TOYHOCTU U3MEPEHNSA YMEHBLUNTDL BIIUSHWUE MUKOBLIX Harpy3oK
Ha JaT4YMKKM 3a CYET BHECEHNHA N3MEHEHUN B KOHCTPYKLMIO KpENNEeHUs TeH304aTYMKOB;

- MU3YYNUTb CTEMNEHb BIUSHUS HanWMWero Ha fOoTKe cCbinyyero marepuana Ha
pesynbTaTbl U3BMEPEHUMN.

OCHOBHbIe MaTepuanbl nccrnenoBaHus. Ons npoBeaeHus
SKCNEepUMEHTanbHbIX KUccnegoBaHuin Obin MNOCTPOEH MakeT BECOM3MEPUTENbHOM
CUCTEMBI, B COCTaB KOTOpPOro BXogsaT: OyHkep BMectumoctbto go 100  kr;
HaNpaBnsLWWA NOTOK, XXECTKO MNPUKPENNEHHbIN K OyHKepy; Becou3mMepuTerbHbIn
NOTOK, 3aKpensieHHbI NOo4 HanpaenslWMM JIOTKOM Ha TPexX TEH30MeTPUYeCcKnx
AaTymkax cunbl; 610K N3MEPEHWIA, BKIOYAOLWNA B ce0s1 TP N3MEPUTENbHBLIX KaHana.

TeH3oMeTpuyeckme OaTtyMkm Cunbl CBsi3aHbl C BECOM3MEPUTESIbHLIM JIOTKOM
LWapHUPHbIMK  coeuHeHuamun. LWapHupHoe KpenneHne o06oMx Y3noB MNo3BONsSeT
ocBO6OOMTLCS OT MOMEPEYHbIX CUIT M MOMEHTOB, BO3HMKaKOLWMX B pesynbTaTte
TemnepaTypHbIX BO34ENCTBUA N AedopmaLmMi OTAENbHbIX AeTarnemn N y3rnoB BCTPOUKN.

B cocTtaB Kaxxgoro naMepuTenbHOro KaHana BXOAAT TEH30METPUYECKUM OaTyuK
CWnbl, BTOPWYHBLIMN M3MEPUTENbHLIN MNpeobpasoBaTenb, MNpeobpasyowmin  BXOQHON
aHanorosbl curHan c gatyduka B umdppoBoun kod. [lpenen ocHOBHOW NpuBeAEeHHOMU
NOrpeLLuHoCcTn npeobpa3oBaHNa BXOAHOrO aHaNoroBOro curHana B UM@pPOBOM KOA He
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npesblwaet 0.2 %. TeH3oMeTpuyeckme JAaTtymku Cunbl OblM  OTKanMBpoBaHbl C
nomoLlblo  0bpasuoBbIX Mep Beca.
nocnegoBaTenibHO Harpyancsa ot 0 go 8 kr ¢ warom B 2 kr. Pesynbtatbl KannbpoBku
TEH30METPUYECKNX OAaTYNKOB CUSlbl NpUBEAEHbI B Tabn. 1.

Kaxabih TEH30MEeTpUYECKUA [aTyMK  CUMbl

Tabnuua 1. Pe3ynbTaTbl KanMbpOBKM TEH3OMETPUYECKUX JATYNKOB CUSbI

3HayeHue curHana Ha Bbixoae TEH30MEeTPN4eCKOro gat4ymka cusbl, mMB

3HayeHne
Harpysku B TeH3omeTpudeckun TeH3omeTpuyeckni TeH3omeTpudeckun
nccrnegyemom JaTyuK 2 cunbl JaTymk 3 cunbl JaTyuK 5 cunbl
TO4Ke, Kr Mpamon |O6paTHbi | pamon |O6paTtHbin | lNMpamon | OBpaTHbIN
xo[ Xo[4, Xo[, Xo[, xo[ Xo[4
0 -0,024 -0,33 0,032 0,028 0,063 0,064
2 0,130 0,162 0,12 0,117 0,32 0,31
4 0,323 0,325 0,269 0,275 0,55 0,55
6 0,504 0,502 0,435 0,463 0,78 0,78
8 0,670 0,670 0,655 0,631 1,03 1,01

Cxema 3KcnepmmeHTaanoﬁ YCTaHOBKU npmBeneHa Ha puCcyHke.

4

Cxema aKkcnepMeHTanbHoM yctaHoBku: 1 - ByHKep; 2, 3, 5 — TeH3omMeTpudeckne

OAaTYNKN cunbl; 4 — BECON3MEPUTESNBbHbIN NTOTOK
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MHpopMaunOHHbIE (DyHKLMK, peanudyemble OIOKOM M3MEPEHWUN, BKITHOYAKOT B
cebsa cbop MHopmaLmMmM O TeKkyleM 3Ha4YeHUM Beca C KaXOoro gatyvka u nepegady
aTon nHgopmauumn (B Buae umgpooro koga) Ha N3BM. B BbluMcnMTENbHOM MallvHe
cospaetcd 6asa gaHHbIX NO MHOPMaLMK NOSTyYaemMoun, C TEH30METPUYECKMX AaTHYNKOB
cvnbl. o wHdopmaumuK, xpaHswencs B 6ase [aHHbIX, BblMMCAUTENbHAs MalluHa
paccynTbiBaeT 3Ha4Y€HUs MTHOBEHHOIO U CYMMapHOro pacxo4oB Chinyyero Mmatepuana.

lMpoBeneHHbIe paHee uccnegoBaHNA CUCTEMbI NOKa3anu, YTO MECTO KpenneHus
M Yrosli HaknoHa NoTKa OKa3blBalOT CYLLECTBEHHOE BNUSIHWE Ha ABWXEHWEe Cbinyyero
mMaTepuana Mo ero MnOBEPXHOCTU, YTO HENOCPeACTBEHHO BMWSET Ha TOYHOCTb
[03upoBaHusa  cbinydyero Martepuana [1]. MHorodnmcneHHble 3KCnepuMeHTalrbHble
nccnegoBaHUs ABMKEHUS PasfiMyHbIX XOPOLIO CbiMyvux cpen obHapyxunu addekTbl
CKOMNbXEHUS YacTuL, Ha CTEHKax, a Takke TO, YTO MMeeT MeCTO HYaCTUYHOE CKONbXeHue
rpaHyn Ha CTeHKe cpefbl, Tak Kak OObIMHO TpeHue Mexagy 4YacTvuamu CyLleCTBEHHO
GornbLue No CpaBHEHMIO C TPEHNEM YaCcTUL, O TBEPAYH NOBEPXHOCTD [2].

Bbin nM3rotoBneH nnOCKUMA BeCOU3MepUTENbHbIN NOTOK anuHon 1 meTp. [Mpwu
OBWXEHUM CbiNy4Yyero martepuana no HaKfOHHOW MSIOCKOCTM BO3HUKAeT cuna TpeHus,
oKasblBalLlasa CyLWeCcTBEHHOe BNUAHWE Ha pes3ynbTaT u3MepeHus. [ns yMeHblueHus
BNUSHUS CUMbl TPEHUS BHYTPEHHSS MOBEPXHOCTb BECOU3MEPUTENBHOrO NoTKa Obina
OTNoNupoBaHa.

B Havane 3KCNepMMEHTOB BECOM3MEPUTENbHbIN JNOTOK Obln 3akpensieH nog
yrnom 45° K ropu3oHTanbHOM NSIOCKOCTU. 3aTeM B Xo4€e NpoBeAEeHUs] SKCNIEPUMEHTOB C
NOMOLLbIO TEHAEPHBbIX TAr Yrofl HAaKINOHa BECOM3MEPUTESTbHOIO NoTKa MeHsancsa ot 35 Ao
60° ¢ warom B 5°.

B xome akcnepuMeHTanbHbIX UCCNeLoBaHWA B KayecTBe Cbifyvyero marepuana
NPUMEHSANCA NeCoK pasnnyHon BnaxxHocTu. Macca npocbinaeMoro necka B Xxoge O4HOro
aKcnepuMeHTa naMmeHsanach ot 25 o 55 kr. Onpoc ¢ Kaxxgoro garymka nponsBoansica ¢
NnepnoanyHoOCTbIO He pexe Yyem 0,5 mc.

Mpn  npocbinaHMM  Cyxoro necka, He3aBUCMMO OT yrna  HaknoHa
BECOU3MEPUTENBLHOrO fnoTka, Habnwganocb ero ABMXEHUEe C MOCTOAHHOM CKOPOCTbHO
6e3 HakonneHus. Macca necka, HaxoadLerocss Ha NOBEPXHOCTU BECOU3MEPUTENbHOMO
noTKa, ocTaBanacb HEM3MeHHOW. TonLwWmHa Cros necka, ABMXKYLLErocs no NoBepxXHOCTU
BECOU3MEPUTENBHOrO NOTKa, OCTaBanacb NOCTOSAHHOW, Pa3bpoc B TOSMLIMHE Cros npu
pas3fn4YHbIX 3KCMEPUMEHTaxX cocTaBnan He Oonee 1 caHTumeTtpa. HectabunbHOCTb
NoTOKa necka Habnganack TONbKO B NEPUOAbl Havana 1 OKOHYaHWsi NPOCbINaHUS.

Mpu npocbinaHun ©Gonee BMNAXHOro Mnecka Mpu Tex Xe yrnax Habnwgancs
HeCTauMOHapHbIA NOTOK, C YBENUYEHUEM BMaXHOCTU Mecka NPOUCXOAUNO CKOMeHue
€ro B HWKHEN 4acTn BECOM3MepUTENbHOro NnoTka. HanvnaHne necka yBenvynBanochb
NPWY MEHbLUMX Yrnax HaknoHa BECOU3MEPUTENBLHONO f0TKa U OKa3blBasio CyLLleCTBEHHOEe
BNUSHWE Ha pe3ynbTaT uamepeHund. [nsg yMeHbLIEeHNS HanuMnaHna necka yrosl HakrnoHa
BECON3MEPUTENBLHOrO NOoTKa yBenuunsancsa go 55°.

O6paboTka pe3ynbTaToOB 3KCNEPUMEHTarbHbIX UCCegoBaHU NpoBogunach no
cnegyrowmum dopmynam: no dopmyne (1) BbluMcnAnacb MrHoOBEHHasi Macca pacxopja,
obwmin pacxon matepuana onpegensncsa no gopmyne (2):

M =(A+B)
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roe M — mMrHoBeHHaa macca pacxoga; A — cuna, Bo3gencTsyrolaa Ha gatymk 3; B —
cuna, Bo3gencTBylowas Ha gatuuk 2; F — cuna, Bo3gencTeyowasa Ha gaTtymk 5; L —
ONMHA N3MEPUTENBHOIO NOTKA; g — YCKOPEHME CUTTbl TSXKECTH.

n
McyMM = K ) (Z Ml) (2)
=1
roe M. —obwmn pacxog maTtepuana; K — koapduumneHT, onpeaensiembln

cymm

9KCNnepnMmeHTalibHbIM I'IyTeM;Ml.— MrHOBeHHad Macca pacxoga.

Mcnonb3oBaHue dopmynbl (1) npyu pacyeTe pacxoga cbinydero marepuana
NO3BOMISIET HEe YYUTbIBaTb CKOPOCTb [ABWXEHWS 4YacTul CbiNydyero marepvana no
HaKNMOHHOW MNNOCKOCTU [4]. OTO BaXXHOEe NPeuMyLecTBO, TaK KaKk U3MepeHue CKOpPOCTH
OBWXKEHNS1 YacTuL CbiMyvyero martepvana SBfseTcs OYEeHb CNOXHbIM U TPYyAOEMKUM
MPOLIECCOM.

3HayeHns  KO3a(P(PMUMEHTOB U [daHHble, MNOflyYeHHble B Xxoge  TpexX
9KCNEPMMEHTOB, NpUBeAEHbI B Tabn. 2.

Tabnuua 2. PesynbTaTbl Nofny4eHHble nocne 06paboTkn 4aHHbIX 9KCNEPUMEHTOB

Macca
Ne POGHINAHHOO M, K OnutensHocTb | KoadhdumumeHT
n/n > 3KCNepuMeHTa, C K
necka, Kr
1 26 25,98 52 0,0135
2 30 29,99 8,5 0,0140
3 37 36,96 9,8 0,0133

BbiBoabl. B pe3ynbrtate npoBeAeHHbIX 3KCMEPUMEHTOB Oblnv NoaATBEPXAEHDI
paboTocnoCcOoOHOCTbL MakeTa BECOU3MEPUTENBbHOW CUCTEMbI, COAEPKALLEN HAKITOHHbIN
N3MepuUTenbHbIM NOTOK, a Takke ero agekBaTHOCTb pearibHOMY MPOMbILLIEHHOMY
obpasuy. HanmgeH onTumanbHbIi CNOCOD KpenneHust BECOM3MEPUTENbHOro JoTKa
onTuManbHOW OopMbl K TEH304ATUYNKAM.

Cnucok nutepaTtypbl

1 KanawHukos E.E., Koweson H.[., Yepenawyk ".A. Barogo3ysanbHa cucrtema
AnNs A03yBaHHA cunknx matepianis // Tean gon. MixkHap. HayK.-TeXH. KOH. ,|HTerpoBaHi
KOMM'IOTepHi TexHororii B MawunHobyayBaHHi IKTM-2006":— X.: Hau. aepokocMm. yH-T
»~XapKiBCcbkui aBiau. iH-T”, 2006. — C. 126.

2 Weab A.B., Acaguas E.B. MogennpoBaHue TpexMepHOro ABMXEHUsSI NAIOTHOMO
CNnosi rpaHynMpoOBaHHbLIX MaTepuanoB Ha OCHOBe KuHemaTudeckon mogenw.// Cwuo.
Ju3.-TeXH. XypH., 1991.- Bein. 3. - C. 82 - 87.

3 Matent RU2138783 C1, G 01 F 11/00 Cnocob HenpepbIBHOrO 403MpPOBaHNSA
cbiny4nx matepuarnos / NepwuH B. ®., bapbiwHukosa C. B. Bron. Ne 27, 27.09.99.

4 MNaTteHt RU 2110775, G 01 F 11/04 YcTponcTBO ANs B3BeLWMBaAHUSA
HenpepbIBHO TeKyWwero rpaHynNMpoOBaHHOrO UM NOopowKoobpasHoro
maTepuana / l'eHpu Toptaaxns OneceH 6B Ne 92, 12.02.92.

199




YK 336.531.2 (001.13) I.A. YcoBa, O.M. NoH4YapeHko

CyuacHi ¢iHaHCOBI MeTOAM YNIPABJIIHHSA IHBECTHHiHHUMU
NMPOEKTAMHU HA MiIMPUEMCTBAX

OO0ecbKul HauioHanbHUU nosimexHiYHUlU yHisepcumem,
Odecbkull depxasHuli eKOHOMIYHUU yHigepcumem

NoctaHoBKa npobnemu B 3aranbHOMy Burnsigi. 3 nepexogom 0O PUHKOBMX
dopm rocnogaptoBaHHA B YKpaiHi 0COOnMBOro 3HavyeHHss HabyBae ynpasriHHA
IHBECTULIMHMMN MPOEKTaMM Ha NIiANPUEMCTBAX, a TaKoX IxHE 3abe3nedeHHs
BiAMOBIAHOIO TEOpeTUYHOK 6a30 | METOANYHMMKN pekoMeHdauismu, ski 6 go3sonunun
3[4iNCHIOBATUN OLHKY iHBECTULINHUX MOXIMBOCTEN i pO3pobnaTn Wnaxu eqeKkTUBHOI
peanisauii iHBECTULINHOI CTpaTerii B Cy4acHUX YyMOBax.

Cneundika nignpuemMcTBa 9K couianbHO-eKOHOMIYHOI CUCTEMU MIKPOPIBHS, NOro
30BHILUHBOMO OTOYEHHS, NPOONEM KUTTEQIANBHOCTI, AWHAMIYHICTL NpPOLUECiB, WO
BigOyBalOTbCSA, — BCE Le BMMarae (popmMyBaHHS CUCTEMU yNpaBRiHHA IHBECTULIMHUMMN
npoeKkTamu, MOCTIMHOrO HapoLlyBaHHA W iHTerpauii 3ycunb Yycix 1 nigcucrtem Ta
enemeHTiB. Cuctema ynpasniHHA iHBECTUUiIMHMMK NpoekTamu GaratonnaHoBa, B i
cKragi ronosBHe Micue 3anmMaroTb (piHaHCOBI MeTOAMN.

®iHaHCcOBI MeTOaM ynpaBIiiHHA IHBECTULLIMHUMUK NPOoeKTaMu, WO BUKOPUCTOBYHOTb
Ha NPOMMUCNOBMX NIAMNPUEMCTBAX OCTaHHIM 4acoM, MalTb CEPWO3HI HeOoniku, SKi
3MEHLUYIOTb X MOTEHUiMHI MOXIMBOCTI, @ OTXe, i UiflecnpAMOBaHICTb Ta ePeKTUBHICTb
BMPOBAAKEHHS.

B ymoBax npuCKOpeHHs eKOHOMIYHWX MnpoueciB, TpaHchopmaLlil eKOHOMIYHUX
BiOHOCMH 0COBNUBOI akTyanbHOCTIi HabyBae yOOCKOHAaNeHHs (iHaHCOBMX MeToaiB
ynpaBniHHS  HBECTULIMHUMW MpOeKTaMn Ha npomMucnoBux nignpuemcteax. LS
npobrnema MicTUThb e 6araTto ANCKYCIMHOrO i HEBUPILLEHOrO K LWOoA0 O6rpyHTOBYBAHHSA
3aranbHOro KOHUenTyanbHOro nigxody 40 OuiHBaHHA e(EKTUBHOCTI, TaK i B acnekTi
BUPOBSIEHHS KOHKPETHUX METOAUYHUX pPeKoMeHOauin, WO BU3HAYalTb MeEXaHi3Mm
peanisauyii IHBECTULINHOIO NPOEKTY.

AHani3a pocnigxeHb i nyonikauin octaHHiX pokiB. CBiTOBa eKOHOMIYHA Hayka
Ma€ BENMKMMA [O0CBi4 BUMBYEHHS MNpPOGMEM iHBECTYBaHHS, OOCIIOKEHHS TXHbOI
€KOHOMIYHOT Npupoau, Micua i poni B PUHKOBIN eKoHoMiui. Po3pobkot nuTaHb
ynpasniHHS iHBECTULUISIMX N (piHAHCOBOro aHarsnisy iHBECTULIMHUX NPOEKTIB 3anmMarnucs
Taki 3apybixkHi aBTOopU, AK B. BepeHc, . XaBpaHek, I'. bipman, B. Wapn, Knidodopa o.
"pen, Epik Y. JlapcoH Ta iHLwi.

MigBuweHa 3auikaBneHiCTb y4YeHuX | npakTukiB YkpaiHm n kpaiH CHLO po
BU3HAYeHHS edEeKTMBHOCTI IHBECTULIMHNX MNPOEKTIB 3YMOBIOE (POPMYBaAHHA Pi3HUX
nigxoAis Wwoao umx npodnem. Lnpoko Bigomi po60oTn BIiTYM3HSAHNX aBTOPIB i POCINCBLKNX
YYEHUX, SKi  pO3KpPMBAKTb  PI3HOCTOPOHHI  (QIHAHCOBI  acrnekTn  ynpasIliHHA
iHBecTuUiMHMMK NpoekTamu: B. A. Bepbu, O. A. 3aropogHix, A. ®. lNomka, |. A. bnaHka,
A. A. Tepecagu, B. 1. Casuyka, M. 1. deHucetrka, 3. . Abpamosa, P. B. 'payoBoi,
B.B. UapboBa, I. I'. Bonkoea, B. B. KoBanboBa Ta iHLIKX.

BugineHHa HeBupilleHMX paHiwe nuTaHb 3aranbHoOi  npobnemwu.
HesBaxatounm Ha rnnboky po3pobneHicTb IHBECTUUINHOI Teopii, Garato nuTaHb,
NoB’si3aHnX 3i 3O4INCHEHHSM KaniTanbHUX BKadeHb NPOMUCIOBUMW MigNpUeEMcCTBamMun B
nepiog TpaHcgopmaLlii EKOHOMIKK, 3anuaTbCs HEBUPILLEHUMN. [1o X Kona HanexaTtb
NMMTAHHA LWOAO CYTHOCTI IHBECTULIMHOIO MPOEKTY, YnpaBniHHA iHBECTULIMHUMN
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npoektamu, ¢iHAHCOBOro aHanidy iHBEeCTULiMHOI NpMBabnMBOCTI MPOEKTIB y CydacHMX
yMoBax rocrnogaptoBaHHs. Llen gakT 3ymoBntoe HeobXigHICTb NpoBeAEeHHSA nogarnbLunx
TEOPETMKO-METOAONMONMYHUX | NPUKITAOHUX OOCNISKEHb 3 YNPaBSliiHHA iHBECTULIMHMU
npoekTamuM Ha nignpuemcTBax Yy MpPOCTOpi 4acy, iHAHCOBUX METOAIB OLIHKN
IHBECTULIMHMNX NPOEKTIB. AKTyarnbHIiCTb, TEOPETUYHA HOBU3HA Ta NpaKkTUYHa 3HAYYLLICTb
OOCTiOpKEHHS unx npobrnemM BU3Haunnm BuBIip TeMu AOCNIAKEHHS.

dPopmynoBaHHA uWinen crarti. MeTolo gocnigkeHHs € po3pobka TeopeTuKo-
METOAOSIONYHMX OCHOB | METOOMYHUX W HayKOBO-MPAKTUYHUX peKkoMeHaauin Lwoao
ynpaBniHHS IHBECTULIMHUMW NpPOeKTamMuM 3a [JOrnoMorow iHaHCOBUX MeToAiB 3
ypaxyBaHHaM daktopa 4acy. OOG’ekToM JocnigkeHHA € npouec peanisauii
IHBECTUUIMHNX NPOEKTIB Ha nignpuemcteax. [lpegmeTomM AOChIOXKEHHS € (OIHAHCOBI
MEeTOAM yrpasniHHSA IHBECTULIMHUMU MPOEKTaMu.

Buknag ocHoBHOro wmarepiany pocnigxeHHsl. EdektvBHe, HaykoBoO
06rpyHTOBaHE ynpasriHHS IHBECTULINHOK AiANbHICTIO NigNPUEMCTBA BUMarae po3pobku
HOBUX METOANYHUX OCHOB i €NEeMEHTIB Teopil ynpassiHHA iHBECTULINHUMY NpoekTaMn 3
ypaxyBaHHSAM 0co6nmMBoCTEN TpaHCOPMaLiNHUX NPOLECIB B EKOHOMILL.

lMpoBeneHi [OOCnIoXKEHHA BUABMNKM, WO TpaHcdopMaliiHi YMOBU PO3BUTKY
€KOHOMIKN BMUCYBaOTb AKICHO HOBI BUMOIM [0 iHBECTULINHUX NPOEKTIB nignpnemcts. [Jo
CUCTEMW BUMOI BXOAATb: aHania ranysi, 1 macwTabn, nNOKa3HUKN MapKETUHTY,
BMPOOHMYOT Ta (hiHAHCOBOI AiSANbHOCTI, aHani3 CUPOBUHHOIO, TEXHIYHOTO M KagapoBOro
3abesneyeHHs, obcarm HeobXiAHUX IHBECTULIN i TEePMiHM iX MOBEPHEHHS, PU3UKN,
NoB’A3aHi 3 peanisauieto NPoekKTy, Ta iHwWi noka3Huku [1, c. 205].

Ha ocHoBi po3pobrneHoro KoHUenTyanbHOro nigxogy 4O  opradisauii
IHBECTULIMHOI  OiiNbHOCTI  MPOMUCNOBUX MIANPUEMCTB HaMu MPOMOHYETLCA Take
BU3HAYEHHSA: IHBECMUUIUHUL MPOEeKmM — Lie KOMMIEKC B3aEMO3B A3aHMX OpraHisauinHo-
NpaBoOBMX, PO3pPaxyHKOBO-(PIHAHCOBUX, KOHCTPYKTUBHO-TEXHOMOIMYHUX 3axodiB, KU
3abe3neyye oOKpeMi HanpsiMKM CTpaTeriMyHOro POo3BUTKY NiANPUEMCTBA, OOrpyHTOBYE
notpeby B iHBECTULIHMX pecypcax Yy pi3HUX ix popmax i Bknwyae B cebe cuctemy
BIiAMOBIAHUX YNPaBMiHCbKMX pilleHb i3 3abe3neyeHHsAM HanedeKTUBHIWNX dopMm
peani3auii BKNIOYEHUX Y HbOro iHBECTULUINHUX Uinen B ymMoBax 0bMeXeHOCTi pecypcCiB i
yacy.

YnpaBniHHA BiabyBaeTbCA B CUCTEMI MEBHUX KOOPANHAT, OAHIED 3 AKUX € Yac. Y
CUCTEMI UMX KoopauHaT 3afaeTbCs  TpaekTopid pyxy ob’ekta ynpaeniHHA —
iHBECTULIMHOIO NPOEKTY, @ METOK YMpaBMiHHA € BUPOBNEHHA Takux Ak, Npu sKUX
KOXXHE MUTTEBE 3HA4YEeHHsI napameTpiB o0’ekTa y BUMMsSAi NEBHUX 3HAYEHb KOOpAWHAT
6yno 6 akomora 6avXK4YMM 00 KOOpAMHAT 3af4aHol TPAEKTOPIT B e KOHKPETHUI MOMEHT
yacy.

BupiwanbHa ponb y npoueci ynpasniHHA iHBECTULIMHUMU MPOEKTaMU HaneXuTb
¢iHaHCcoBUM MeTogam. [lig piHaHCOBMMUM MeTogamu  yrpaBfiHHA IHBECTULINHUMU
npoekTamu Ccnig po3yMmiTM AianekTudHui cnocib nigxogy OO BMBYEHHA W aHanisy
npoueciB peanisauil IHBECTULINHMX NPOEKTIB Yy 1X CTAHOBIIEHHI 1 PO3BUTKY, HaLiNeHUn
Ha yXBaneHHsa YMpaBriHCbKMX PpilleHb. XapakTepHUMU OCOGNMBOCTAMU (PiIHAHCOBMX
METOAIB  yNpaBfiHHA €. BWKOPUCTAHHA CUCTEMM MOKa3HWKIB, WO BcebiyHO
XapakTepusyTb iHBECTUUINHI MNPOEKTN, BUBYEHHS MPUYMH 3MIHU UUX MOKa3HUKIB,
BUSIBMIEHHSA | BUMIPIOBAHHA 1X B3a€EMO3B’AA3KY 3 METOK MiABULLLEHHA EKOHOMIYHOT
€(EKTUBHOCTI.

®diHaHCcOBI MeTOoaAM, a came: MeToAM OUIHKM e(EeKTUBHOCTI iHBECTULINHNX
NPOEKTIB, € IHCTPYMEHTOM, $SKuA 3abesnedye iHBECTOpIB, 3aMOBHUKIB Ta iHLIMX
3auikaBneHux ocib iHpopmauieto, HEOOXIAHOW ANA yXBaneHHs YNpaBfiHCLKUX PilLEeHb.
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MeToaun n KpuTepil oUiHKM ePEeKTUBHOCTI IHBECTULIMHNX NPOEKTIB, @ TakoX ypaxyBaHHA
poni cbaktopa 4Yacy npu IX peanisauil € HanBaXnMBILLMMM acnekTamMu ynpasmiHHA
IHBECTULIMHUMM NPOEKTaMM Ha NPOMUCIIOBUX NiANPUEMCTBAX.

OcobnmBOCTI  IHBECTULUIMHMX NPOEKTIB  BU3HaYalTb creundiky npouecy
ynpaBsriHHS, B OCHOBI SIKOro fieXaTb TaKi MPUHUMNIN: LiNecnpsiMoBaHiCTb, CUCTEMHICTb,
KOMMJIEKCHICTb, MpPIOPUTETHICTb, 3abes3neyeHicTb iHAaHCOBMMMK, iHOPMaLiMHUMN,
MartepianbHUMKN N TPYLOBUMU pecypcamu, Y3rogKeHiCTb iIHBECTULINHUX Nporpam pisHUX
PiBHIB, CBOEYACHICTb JOCAMHEHHS HEOOXIAHOro KiHueBoro pesynbtaTy [2, . 407].

[ocnigpKeHHa nokasyTb, WO 3anexHO Bif TOro, sSiKUA KpuUTepin eqpeKTUBHOCTI
iIHBECTULIHMX MPOEKTIB BMOpaHMM 3a OCHOBY, MOXYTb OyTn 3pobneHi giameTpanbHO
NPOTUNEXHI BACHOBKW. HaBiTb W00 OOMHUYHOIO iHBECTULIMHOINO MPOEKTY PiLLIEHHSA Mpo
MNOro yxBasneHHs He 3aBXau OYeBWAHI, OCKiNbKM BUBIp NOTPIGHOro KpUTEpIto 3a NEBHUX
YMOB MOXe [OMoOMOrtu obrpyHTyBat Te abo iHwe piweHHa. CwuTyauis pisko
YCKMaAHETbCH, SKWO [OOBOAUTBCA OUIHIOBATU [eKiflbka iHBECTULIMHUX NPOEKTIB,
NPUYOMY TakmX, AKi 3HAXOOATbCS B Pi3HMX BigHOCMHAX B3aemo3anexHocTi. OTxe, ana
OUiHKM N BMBOpPY IHBECTULIMHMX MNPOEKTIB HeOoOXigHWMM KOMMNMEKCHUM nigxig, Lwo
BpaxoBy€e 0cobBnIMBOCTI IX peani3auii.

Y pamkax poarnsggy mogenen i MeTofiB iHBECTULIMHOrO MPOEKTYBAHHA cnif
OKpPEMO 3YMMHUTUCS Ha 3agadvax paHXyBaHHS i BiabOpy NpoekTiB (BapiaHTiB NpOeKTy),
WO BUHMKAKOTb K Ha nornepeaHbOMy, TaK i Ha 3aBepluanbHOMY eTanax (piHaHCOBO-
€KOHOMIYHOro aHanidy. BcrtaHoBneHo, wo y 6aratbOx mMeTogax i mogensax BiACYyTHS
yacoBa CKrfagoBa i BpaxyBaHHA iHBECTUUIMHUX nariB nNpyu peanisauil iHBECTULINHUX
npoekTiB [3, ¢c. 332].

[nsa Bnbopy HankpaLoro NPOEKTY NPONOHYETLCA BUKOPUCTOBYBATU KOMMIEKCHUI
MOKa3HWK €KOHOMIYHOIT edeKTUBHOCTI E 3a KpuTepieM TepMiHy OKYMHOCTI T, sKui
BU3HA4Ya€TbCA NOTEHLUINHUM iIHBECTOPOM:

T

Ei = Z (mOZNPVl-j + mlzPIij + mZZ]RRz‘i )1
= (1)
T = optimum.

ne Z ey, — CTaHAAPTU30BaHa MaTPULIS YMCTOI TENepILHbOT BapTOCTi MPOEKTY;

A pI, — CTaHAapT30BaHa MaTpuLs iHAeKcy NpunbyTKOBOCTI;

V4 ke, — CTaHAAPTU30BaHa MaTPULIA BHYTPILLIHBbOI HOPMW peHTabenbHOCTI;

T — po3paxyHKOBUW Yac BBEAEHHS B eKcryaTauito iHBECTULIMHOIO NPOEKTY;
mo, mq, My — BaroBi KOeILIEHTH.

lMpoBeaeHi gocnigkeHHs nokasanu, LWo 3a JOMNOMOro BaroBnx KoediuieHTiB mo,
mq i Mz He TiINbKN BapilOETLCA CTYMNiHb BAaXXNMUBOCTI NOKa3HWKa, are i BpaxOBYETbLCSH
BMAVB PU3UKY.

OCHOBHMUI HanNpPsMOK POBIT 3 IHBECTULINHOMO NPOEKTYBaHHA Ha AaHWA MOMEHT -
aocnimpkeHHa npobnem eekTUBHOCTI OKPEMUX IHBECTULIMHUX MPOEKTIB. Y TOW e 4ac
HeobXigHICTb pPO3pPOOOK 3 EKOHOMIYHOro OBrPYHTOBYBAHHA CYKYMHOCTI iHBECTULIMHUX
NPOEKTIB CTae Bce OinNbll akTyanbHOK B Pi3HMX cdepax i Ha pi3HUX PiBHAX
rocnogaptoBaHHa. He BMNagkoBOo MUTAHHA OpPMYBaHHA | PIHAHCOBO-EKOHOMIYHOrO
aHanisy iHBeCTULinHMX nporpamM daxiBui BiAHOCATb 4O HEBUPILLIEHUX 3a4ad | BBaXaloTb
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O[HUM i3 HANBaXXNUBILLMX HANPAMKIB NoganbLunx JocnigxeHs [4, €.265; 5, ¢.56].
dopmyBaHHS iHBECTUUIMHOI nporpaMmn nignpueMcTBa HaMuM MNPOMNOHYETLCS

NPOBOANTUN LUNAXOM ONTUMI3aLil YeproBOCTi BNPOBaMKEHHSA MPOEKTIB 3 ypaxyBaHHAM

drakTopa PU3MKY KOXXHOMO 3 HUX i YacoBUX NariB B OTPMMaHHI iIHBECTULUINHOI Biagaui.

Bci ronosHi cknagosi, HA OCHOBI SAKUX 34INCHIOETECA (DOPMYBAHHS IHBECTULIMHOT
OiSNbHOCTI  nignpueMcTBa | peanisauid iHBECTUMUIMHMX TMPOEKTIB, [PYHTYIOTbLCA Ha
6a30BMX KOMMOHEHTAX, SKi MOXHa OXapaKTepuayBaTK KiflbKiCHO, LLO poOUTb MOXIMBOK
dopmanisauito npouecy OpPMyBaHHS CTpaTeriyHMX iHBECTULINHUX anbTepHaTuB i
cnpouuye ix Bmbip. Takumn 6a3oBnMM CKNagoBUMK ANS iIHBECTULINHOT NpnBabnmMBOCTi €
BHYTPILWHI 0cobnMBOCTI 06’ekTa KaniTanoBknageHb Ha MIKPOEKOHOMIYHOMY piBHI, LLO
XapakTepusye Moro B eKOHOMIYHOMY acnekTi; ONs CNpUUHATAUMBOCTI — Lie FOTOBHICTb
nignpuemcTea [0 BNPOBaKEHHSA NPONO3MLi iHBECTULIMHOIO NPOEKTY, WO Bigobpaxae
00’ekT KaniTanoBknageHb B OpraHisauinHo-ynpaBiHCLKOMY acnekTi; AN €KOHOMIYHOI
e(PEeKTUBHOCTI — Ue BHYTPIWHA NiANPUEMHNLBKA ePEKTUBHICTb, AKa € BU3HaYaslbHO
Ans iHBecTopa.

Ha ocHoBi ©GaratoBuMMipHOro aHanisy B Hawwux AOCHiAKEHHAX BUKOPUCTAHO
KOMMMEKCHNN NOKa3HUK €KOHOMIYHOI eDEeKTUBHOCTI ANA OUiIHKN iIHBECTULIMHMUX NPOEKTIB
3 BMpOOHMUTBA nNpecoBMX aBTOMAaTIB Yy pamkax IHBeCTMUiNHOI nporpamu BAT
“Mpecmaw”. 3anponoHOBaHO anropuTM pPO3paxyHKiB 3a KOMMMEKCHUM MOKa3HUKOM
€KOHOMIYHOT e(PEKTUBHOCTI, AKMA MOKa3aHO Ha PUCYHKY.

dopmyBaHHs MaTpulll X 3 IOKA3HHKIB e(PEKTHBHOCTI
IHBECTHIIIHHHX MIPOCKTIB

Y

Bu3zHnadeHHs BaroBUX KOe(iIlieHTIB

Y

CrannapTH3alilisa 03HaK

{

Bu3nadenHs erajioHa (HalKpamoro IHBECTALIHHOTO
MPOEKTY B IHBECTUIIIiHII MporpaMi MianpueMcTBa)

'

Bubip MeTpHKH BiZIcTaHI

|

BusznadeHHS BLUIAJIEHOCT]I MK IHBECTHITIHHHMH
NIPOEKTaMH i €TAIOHOM

Y

UucenlsHe BH3HAYCHHAS KOMILISKCHOI'O ITOKA3HHUKA
eKOHOMIYHOT epekTHBHOCTI. PaHKyBaHHS IHBECTHIIIHHHX
IIPOEKTIB B IHBECTHILIIHIA nporpami

AnNropuTm po3paxyHkiB 3a KOMMEKCHUM NMOKa3HUKOM €KOHOMIYHOT e(PeKTUBHOCTI
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lMpoBeadeHi pocnigxeHHs [O03BONUM  3pobUTM  BMCHOBOK, WO B paMKax
iHBECTULIMHOI NporpaMy OZHOro NiANPUEMCTBA KOMMSEKCHUA MOKA3HUK €KOHOMIYHOT
€(EeKTUBHOCTI Ja€e MOXNMBICTb BigibpaTn NepCnekTUBHILWI iHBECTULiIHI MPOEKTN 3
NPOrHO3yBaHHAM X €KOHOMIYHOI €(PEeKTUBHOCTI, a TaKoX MOXIMBOCTI peiHBECTyBaHHS.
binblwe TOro, BWKOPUCTAHHA LbOr0 MNoOKa3HMKa [OO3BOSIIE MPOBECTU  OLHKY
IHBECTULIMHMX NPOEKTIB ANA Pi3HMX NIANPUEMCTB OLHI€El ranyai.

3anponoHoBaHUN KOMMIEKCHUN nigxia nae MOXINMBICTb BcebivHOo
oxapakTepuayBaTu iIHBECTULINHI MPOEKTU B IHBECTULINHIA Nporpami, Wo po3pobnaeTbCs.
KoMnnekcHMn nokasHWK [O03BOSIUTb TaKOX iHBECTOopaMm, BracHUKaM i MeHexepam
nignpuemcTea oTpumaTi 06’eKTMBHY iHPOPMAaLito WoA0 ePEKTUBHOCTI NPOEKTIB.

EdekTnBHICTb NpoekTiB, siKi BNPOBagXyTbCA Ha nignpuemctBax Opecbkoro
perioHy (BAT «MikpoH», BAT «Opeckabenby», BAT «[lMpecmally), cBiguntb Npo Te, Wo
3ani3HBaHHA NepLUOi d)asun XUTTEBOMO LMKITY NPOeKTy 36inbllye BUTPATU i 3MEHLUYE
3BOPOTHI rpoLwoBi NoToku. Lle, y cBOW 4epry, BNAuBae B UINOMY Ha edeKTUBHICTb
IHBECTULIMHOrO NPOEKTY, | 3a OesKMMM napamMeTpaMmm BOHa 3MEHLUYETbCA Ha IHLINX
drazax XuUTTeBOro uukny. Ona nigBueHHA edqeKTUBHOCTI IHBECTUUINHUX MNPOEKTIB
HeobXxigHO, Wo6 BOHM CNpUNManucs sik kepoBaHa cuctema, pesynbTaTu AisnbHOCTI AKOT
BM3HAYalTbCs odepXaHum npubyTkomM. [na uboro LifkoM MOXIMBO BCTaHOBMOBATU
PISHWA Yac [OoCnNiMHKEeHHA edqEeKTUBHOCTI, Hanpuknag, Ha pisHUX eTanax UUKny
30iNCHEHHS NPOeKTy abo X NPU BUHUKHEHHI HECTaHAAPTHUX CUTYaLin.

B ynpaBsrniHHI NPOEKTOM 4Yac TakoX € BEerIMYMHOK, AKa BU3HAYae noro ycnix. Y
NpakTuLi YHKUIOHYBaHHSA NIANPUEMCTBA OyXe BaXfMBO BiACTeXyBaTW cuTyauil, WO
npMBOAATL OO0 3MIHW KINKOYOBUX MOKA3HUKIB €(EKTUBHOCTI IHBECTULIMHUX MNPOEKTIB,
TOGTO NPOBOAUTU MOHITOPUHI. 3 L€ METOK HamMu MPOMOHYETLCA BUMKOPUCTOBYBATU
OVHAMIYHUA  KOMMSIEKCHUA MOKa3HUK EKOHOMIYHOI e(eKTUBHOCTI, WO [O03BOMsE
BpaxyBaTu 3ani3HIOBaHHSA rpoLloBuX NoToKiB [6, ¢. 379; 7, c. 75].

[na octatoyHOro yxBasneHHA pileHHA npo  piHaHCYyBaHHA IHBECTULINHUX
NPOEKTIB Cnig kepyBaTUCH AK CTaTUYHUM, TaK i AMHAMIYHMM MOKa3HMKOM e(eKTUBHOCTI,
MIHIMI3ylOuM 3ani3HioBaHHA iHaHcyBaHHA. MOHITOpUHr noeTanHoro giHaHCyBaHHSA
[03BOSISE YXBanoBaTK BiANOBIAHI PilEHHS, WO BPaxoBYOTb nepepo3noginl oiHaHCOBUX
MOTOKIB Y paMKax BCTAHOBIEHOIo paH>XyBaHHSA NPOEKTIB.

YpaxyBaHHS 4acoBuX nariB iHBECTULINHUX MPOEKTIB MokKasye, WO B MNPOLECI
IXHBbOT peanisauii MOXyTb B6yTV 3pobrieHi NeBHi KPOKM LOAO ynpaBriHHA YacoMm. [Ons
NOACHEHHS el BUKOPUCTOBYIOTb Taki aprymeHTu: TpaguuinHO novaToK MpPOEKTy
BU3HAYeHUN, a TEPMIH NOro 3aBepLUEHHA Ma€e NEBHY MMOBIPHICTb, TOMY 3a JOMOMOroOH
pO3paxyHKy TEepMiHIB MOXHa MpoBECTU BIONOBIOHI 00YMCNEHHA 3i 3BedeHHs [0
MiHIMyMYy TepMiHy 30iMCHEHHS npoekTy abo BiAXWNEHHs Big 3annaHoBaHOro. Takum
YMHOM, MNaHyBaHHA TEPMIHIB i xogy poBIT rapaHTye BCTAHOBMEHHA TEPMiHY no4aTky i
3aKiHYeHHS MpOEeKTYy, a TaKoX BCTAHOBJIEHHA YacOBUX pe3epBiB LWOA0 OKpeMuX
npoueciB. [NaHyBaHHA TepMIHIB - Le He TifbKW BaXnuBa nonepegHa 3agada and
NPOEKTY i MOro y4yaCHuKiB, a TakOX i nigctaBa Ans NoAanbLlUoro nnaHyBaHHS BCiEl
poboTM 3a NPOEKTOM, HanpuKnag pAns nnaHyBaHHA MNOTYXXHOCTEW, [O0OAaTKOBOro
npnadaHHs nocnyr i T. 4.

BucHOBKM pAaHoro AocChigXeHHA i nepcnekTuBM nojanblinX pPO3pPOOOK.
Pesynbtatn JocnigpKeHHA nokasanu, Wo Npu yxBarieHHi ynpasSiiHCbKMX pilleHb Woao
peanisauii iHBECTULIMHMX MPOEKTIB i nNporpam, a TakoX IX efeKTMBHOCTI HeobXigHO
BUKOPUCTOBYBATWN KOMMSIEKCHUM NigXia, NEBHY CUCTEMY NOKa3HUKIB, Ska Mae:

- XapakrepusyBaTu pesynbTaTy iHBECTYBaHHS 3 BHYTPILLUHIX i 30BHILLHIX NO3ULIN:
BHYTPIiLWLHI NnepenbavatoTb ypaxyBaHHSA iHTEPECIB NiANPUEMCTBA, Ha AKOMY pearni3yeTbcs
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iHBECTULIMHMIA NPOEKT, Ta iHBecTopa, TobTO ocib, siki bepyTb GesnocepenHo yyactb y
npoueci KanitTanoBKNageHHs; 30BHIWHI MalwTb BpaxoBYyBaTW CTYMNiHb OOCSXHOCTI
OuiKyBaHMX peaynbTatiB 3 OOKy CycninbCTBa, a came: OpraHiB Bnagu, TeputopianbHOro
cycninbCTBa i puHKOBOro 6isHec-cepenoBULLA;

- BU3HA4aTM MOKa3HMKN 3a LOMOMOroK AMHAMIYHMX MoAerien 3 ypaxyBaHHAM
drakTopa yacy;

- BM3Ha4atM npsaAMi 30UTKM Big4 HEBYACHOI 34audi MPOEKTY B eKcniyaTauito
BHaACNigoK 3ani3HOBaHHA rPOLLOBMX MOTOKIB;

- Yy npakTuui (YHKUIOHYBaHHA MigNPUEMCTBA OYXEe BaXUBO BiOCTEXyBaTu
cuUTyauil, Wo Npu3BoaATb OO 3MiHM KITHOYOBUX MOKa3HUKIB e(PeKTUBHOCTI iIHBECTULINHNX
NPoeKTiB, TOOTO NPOBOANTN MOHITOPUHT;

- BMKOPWUCTOBYBATW KOMIMMEKCHUA TOKa3HUK EKOHOMIYHOI edeKTMBHOCTI 3a
KpUTEpPIEM TEPMiHY OKYMHOCTI, HAKAN BU3HA4YaETbCA MOTEHUINHUM  iIHBECTOPOM.
KoMnnekcHM nokasHUK eKOHOMIYHOI e(eKTUBHOCTI O03BOMHAE OUIHUTU e(EeKTUBHICTb
IHBECTULIMHMX MNPOEKTIB, a TaKOX MNPOBECTU paHXyBaHHA B IHBECTUUIMHIN nporpami
nignpuemcraa.

3anpornoHoBaHi pekomMeHAauil LWoaO0 BUKOPUCTAHHA QiHAHCOBMX METOAIB
ynpaBniHHA  iHBECTUUIMHUMK NpoeKTamMu [[O03BOMATb  NiANpUEMCTBAM CBOEYACHO
pearyBaTu Ha 3MiHM napamMeTpiB iIHBECTULINHMX NPOEKTIB Y NPoLECi IXHbOT peanisadii, a
TaKoX yXBarntoBaTu HayKOBO OBI'pYHTOBAHI yNpaBiHCbKi pilLEHHS.
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YK 004.9:378.14.001.7 B.M. BapTtaHnsH, [1.C. Mynnanuesa

NudopmManuoHHasa cMCTEMAa MOHUTOPHHIA KA4eCTBA
o0pa3oBaTe/ILHOIO NMpoLecca By3a

HauyuoHanbHbIlU aspokocmudeckul yHusepcumem um. H.E. XKykoeckozao « XAU»

PaspaboTka KOMMNMEKCHOM MOAENM MOHUTOpPMHra KayectBa obOpasoBaHus —
aKTyanbHasa 3ajaya Ha COBPEMEHHOM 3Tane pasBuTUS 0bGpa3oBaTeflbHON CUCTEMBbI.
KayectBO U1 a(peKkTMBHOCTb  NpefoctaBndeMblXx  obpasoBaTesfibHbIX  YCrnyr
noaTBepXaatTcs  NPOBEAEHVMEM  MOHUTOPUHIOBLIX  WUCCRedoBaHWN,  pesyribTaTbl
KOTOpbIX MO3BOSIAKT caenath BbiBOAbl O HEOOXOAMMOCTU BHECEHUSI U3MEHEHUN B
cogepxaHve nporpaMm W B CUCTEMY WX COMNPOBOXOEHUSA, COBEPLLUEHCTBOBATb
ncnonb3yemble negarorndeckne, MHPOPMaLMOHHbIE TEXHOMOMMN B LIENAX AOCTMXKEHUSN
ONTUMAarnbHbIX Pe3ynbTaToB, OnpefeneHHbIX uensamm obyyeHna. B HacToduee Bpems B
By3ax YKpauvHbl BegeTcsa pa3paboTka KOHUeNuun, mogenemn, NpUHLMNOB NOCTPOEHNS U
PYHKUMOHMPOBAHMS  CMCTEM  OLEHKM KayecTBa oObpasoBaHuda. [lpumeHeHue
MHMOPMALMOHHBIX  TEXHOMOMMW  OTKPbIBAET  HEOrpaHM4YeHHbIn  NpOCTOp  Ans
MOEepPHM3aLMN UMEIOLLMXCA U BHEAPEHMUSI HOBbIX TEXHOMNOIMMN KOHTPONSA KadecTBa.

OpueHtupysice Ha WCO 9001 («Cucrtembl MeHemKMEHTa KadecTsa.
TpeboBaHua») n EFQM (EBponenckuin oHa nNo MeHeSKMEHTY KayecTBa), BblAenvM
cnepywowme Kpumepuu kad4ecmea obpasoBaTenbHOro npouecca:

— nokasaTenu KadecTBa YCroBMM (KayecTBO coaepaHus obpasoBaTesibHON
nporpaMmmbl, NeaarorM4eckux KagpoB, MaTepuarnbHO-TEXHMYECKOW ©0asbl, Yy4ebHo-
MEeTOANYECKMX MaTepuanoB, WUCMNonb3yemMblx B Yy4ebHOM npouecce, KavecTBO
TEXHOSOrMYeCKon NoaaEePKKN 1 Np.);

—nokasaTenu KayectBa npoueccoB (ka4ecTBo obpasoBaTenbHOro U
yrnpaBneH4YecKoro npoLeccos);

— nokasaTesniu kayectTBa pes3ynbTaToB (MOBbILWEHWE YPOBHS 3HaHWUW MO AAHHbIM
npegMeTam, UHTENNEKT, obwasa KynbTypa, LLEHHOCTHbIE OpMEHTaUUK, CaMOCO3HaHue,
yAOBMNETBOPEHHOCTb BCEX Y4ACTHMKOB 0BpasoBaTenbHOro npouecca un 1.4.) [1].

B HacTosiee Bpems KayeCcTBEHHAd W KONMUYECTBEHHas WHTepnpeTaums
3Ha4YeHUN Tex UMM MHbIX MokKasaTenen C TOYKM 3peHUs KadecTBa WUNU OOCTUTHYTOro
YPOBHSI 3aTpygHEHa B CBSA3UM C OTCYTCTBMEM HOPM MO GOMbLUMHCTBY MCMOSb3YEMbIX
nokasatenew, HegocTatovyHO  pas3paboTaHHOM  MeTodonorMm  MHTeprnpeTaumnm
nokasatenen kayectsa obyyeHus B By3e (B TOM 4ucre — TpygHodopManumayembix w
Hecbopmanuayembix). KayectBo 006pasoBaHMA — uWHTerpanbHasi XapaKTepucTuKa,
MMeEloLLasa OTHOLLEHWE KO BCEM UMKNaM LesTerbHOCTU By3a, BKMAYawwmm B cebs
NPpOEeKTUpOBaHWE, peanu3aumio W KOHTponb  obpasoBaTenbHOro  npouecca,
NHpacTpyKTypHOe obecneyeHne, a Takke cCaMooLEeHKy By3a [2].

TunoBasa Moaenb cucteMbl kadecTBa obpasoBaHusA By3a npeactaBnsieT cobom
YNOPSA0OYEHHY0 COBOKYMNMHOCTb PEKOMEHAALMA, KOTOpble MOryT MPUMEHATbCA Ons
obwero pykoBOACTBa [ANs rapaHTMM KayectBa W €ro MOBbIWEHWS B BbICLUEM
obpasoBaHumn (puc.1).

Cnctema MOHUTOPUHra KayecTBa BbICLLIEro obpa3oBaHusi CO34aeTcsa B Lendax
onepaTmMBHOIO N Ka4eCTBEHHOIo MHMOPMUPOBAHUS PYKOBOASLEro cocTtaBa WU LpYyrux
3aMHTEPECOBAHHbIX MOMb30BaTENEN O COCTOSIHMM CUCTEMbI 0OpasoBaHMsS BbICLLETO
y4yebHoro 3aBegeHus.
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Ypoesens
mpebosanuil
- npu Yuebuble MJIaHEI,
B nocmynaeniy aucnumInabl, IIC
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2
AOuUTypHeHT CryneHnr BbimycKHUK
YueOnblii mpouecc
/ OTAEJ MOHUTOPUHI'A KAYECTBA YYEBHOI'O IIPOLECCA \
[TocnenoBarens- OnepaTHBHBII OmnepaTHBHOE TIOTyYe- OmnepaTuBHOE AHanus pa3BuTHs
HbI MOHHTO- | | [I0JICYET HECOOTBET- HHE HHPOPMALUU O OTCIIC)KMBaHUE nporecca 00y4eHus
PHHI" KauecTBa CTBHH B yueOHBIX KadyecTBe 00pa3oBaHMs || yCIEBaEMOCTHU H BYy3a; pazpaboTka
Ha KaXX10n IUTaHaX, obecreve- CTyZICHTa, y4eOHOM JIMHAMUKH Napa- NPEAJIOKEHUI Ha
CTYIICHH HUE BbIIa4YM aKaje- TpyTIIe, MpernoaaBa- || MeTpoB yueOHOTO HOBBIE CTaHIAPTHI
HOATOTOBKH | | \pppgecKuX CIIPABOK, Tene, yuaeOHo mporiecca B/0, Ha JIPYTHE CHUCTE-
NPUIIOKEHUH K JHCIUIUINHE MBI OLICHKH YPOBHS
JUIUIOMaM yCIIEBaeMOCTH
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o 5 Y4eOHBIH EHTP Otnen kaapoB
TIeI 1o paboTe
¢ abuTypHEHTaMHU ROOP/UTHALI 1 dakynbTCTHI Lentp pazsurhs
y TUTAHUPOBAHMS O0YUYCHUS KADBE
K pBEPHI U
[Tpuemuast — adenpol .
KOMICCHSL MeTtoanuyeckuii OTAeN TPyAOYCTPOHUCTBA
I'OK BBIITY CKHUKOB

~_ i —

Hoapasaenenus: By3a

Pwuc. 1. BsaumogencTeme cucteMbl MOHUTOPUHIa KayecTBa y4ebHOro npouecca ¢
nogpasgeneHnsamMmm Bysa

LUenblo AaHHbLIX UcCcneaoBaHUW  SBNSIETCS  MOBbILLEHME — KayecTBa
obpasoBaTenbHOro npouecca By3a 3a CYET CO34aHNS KOMMIEKCHbIX MOAENen, MeToL0B
N CpeacTB ero MOHWTOPUHra NyTeM OnepaTMBHOM KOPPEKUMM U UHOMBUOYyanuM3aumm
yuebHoro npouecca. OgHuUM 13 cpeacTB AOCTUXKEHNS AAHHOW LieNn ABNAETCA co3gaHue
€ANHON MHOrO(PYHKLUNOHANbHOM N HagexHo paboTarowen MHPOPMaLMOHHON CUCTEMBI.

maBHoe TpeboBaHMe nNpu oOpraHM3aumMm CUCTEMbI YMpaBfieHUs BY30M
3aKno4yaeTcsa B TOM, YTO B TEYEHME BCEro CBOEr0 XXU3HEHHOrO LMKna nHpopmMaLlMoHHas
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cuctema gormkHa bbITb M3MeHsieEMON, npucnocabnmueaemMon KO BCEM HOBbIM YCITOBUSIM
OEeATenbHOCTN, OHa [0ShKHa BNUCbIBaTbCA B cyuwlecTtsylowyto WT-uHdpacTpykTypy
BYy3a.

NMocTtaHoBKa 3apaun. [NpeacraBum Moaenb OEATENbHOCTM By3a C ONMMCaHWEM
npegMeTHonm obnactm KW BCEX MPOLECCOB, CBSA3a@HHbIX  UCKMIOYUTENBHO C
obpasoBaTenbHOM AEATENbHOCTBLIO, a Takke cywecteytowyo UT-nHdppactpyktypy. Ha
YpOBHE MOgenn aHanuanpyT apgeKkTMBHOCTbL aencteytowen NT-nHdppacTpykTypbl n
ypoBeHb MHAOPMAaLIMOHHON MNOJAEPXKM AeAaTenbHOCTU By3a. [anee cosparT moaernb
HOBOW MH(POPMaLMOHHO-TEXHOSTOMMYECKON Cpeabl, akUeHTUPYLWas BHUMaHME Ha Tex
acnekTax OesATenbHOCTM By3a, KOTOpble elle He OXBadeHbl MHpopmaTmsaumnen. 3atem
oTCrnexuBalT pesynbtatel 00yvyeHuss Ha Oonee pgeTtanbHOM YpOBHE (Ha YpPOBHE
npenogaBaemMoro npeamera) 4Yepes3 oOpraHM3auuilo CUCTEMbl KOHTponsd, cbopa,
0bpaboTkn uHdOpMauuK, npeacTaBnsowen cobon COBOKYNMHOCTb MokasaTtenen nns
aHanuMsa, nNporHo3a W MOAENUPOBaHUA Y4yebHOro npouecca, HanpaBfieHHOro Ha
OOCTWXKEHME NOCTaBMEHHbIX Lenen. Takum obpa3zoM, MOHUTOPUHI y4ebHOro npouecca
Ha YpoOBHe npegmMeTa MNPOBOAAT B TPU 3Tana: MNOArOTOBUTENbHbLIA, MNPaKTUYECKUN,
aHanMTUYECKUN, YTO MO3BOMSET OCYLECTBNATb PerynsipHoe OTCreXuBaHUE YPOBHEN
YCBOEHUS1 TEOPETUYECKOrO0 U MPaKkTUYEeCcKoro maTtepuana B Lenax NporHo3vpoBaHus
YCMNELHOCTM AEATENbHOCTM KaXK40ro yyallerocs n Bcero oby4eHusi B LENOM.

B pesynbTate By3 nosiydaet cUCTEMY, MOSIHOCTbKO adanTUPOBAHHYK K €ero
OeATenbHOCTM U OAHOBPEMEHHO CTaHOBUTCA obnagaTenem  yHMBepCasbHOro
NpPOrpaMMHO-TEXHOMOIMYECKOro KOMMekca, Ha 6ase KOToporo B AanbHENLWEM MOXET
CTpOUTbCA n pa3BuBaTbCA eanHoe NHOPMaLMOHHOE NPOCTPaHCTBO.
PaspabaTtbiBaemasa nHpopmaLumoHHasa cuctema no3sonut obecneynsaTb onepaTuBHYHO
peakuui Ha OWHAMWYHO MEHSLWKNeCs NpeacTaBneHnss O KadectBe obpasoBaHus
BbIMYCKHUKA,  OCYLLECTBNATb  KOPPEKUMK  y4ebHbIX  MNfaHoB,  MOBbIWAKLLMX
WHTEHCUBHOCTb n KayecTBO oByuyeHus. CospaHue NHTErpupoBaHHON
aBTOMaTU3NPOBAHHON CUCTEMbI ynpaBfieHUss MOHUTOPUHIOM y4ebHOro npolecca By3a
npegnonaraeT HECKONbKO 3TanoB KOHCTPyMpoBaHWA cuctembl (puc.2). B pesynbtaTte
ayauTta (pyHKUMOHMPYIOLWMX B BY3€ NPOrPaMMHbIX N TEXHUYECKUX CPEACTB ONpeaenstoT
9N1EMEHTbI, KOTOpPble AOMKHbI ObiTb BKIOYEHbI B MH(PPACTPYKTypy HOBOW CUCTEMBI, U
Te, BK/IOYEHME KOTOpbIX B HOBYK cCUCTeMYy HeuenecoobpasHo. CocTtasBngioT
TpeboBaHNA K HegocTalwWwmm pecypcam W NpUKNagHbiM - PYyHKUMSM, KOTOpble
Heob6xoaMMO aBTOMaTM3MpPOBaTb.

lMpenctaBneHHble  aTanbl  MOAeNMPOBaHUA  MHAOPMALMOHHOW  CUCTEMbI
MOHUTOPUHra y4ebHOro npouecca oOnpeaenstoT MPoOUEecC MOHUTOpPMHra  Kak
«MNOCTOSIHHOE HabnwgeHMe 3a npoueccoM obyyeHuss B LEndax BbISIBIEHUS €ro
COOTBETCTBUSA KENaemomy pesynbTaTy WM UCXO4HOMY MNOSIOXeHU0». OCHOBHbIE
3ajaun, pelaemble B XO4e MOHUTOPUHra KadyecTtBa obpasoBaTesibHbIX YCyr, CBOAATCA
K crnegywouwemy: BblpaboTka Komnrekca nokasateneun, obecrneymBarowmx UenocTHoe
npeacraBneHne o0 KadectBe obpasoBaHus; obecrneyeHue perynapHon v HarnsigHom
nHpopMaumm 06 UM3MEHEHUM KayecTBa o0OyyeHMss B By3e; WH(OPMaUMOHHOE
obecneyeHne aHanusa, cucrtemaTmdaumsi NoslyYeHHOW MHGOPMaLMK; NaHUpOBaHUE
AanbHenwen paboTtbl B 0611acTy NOBbIWEHUS kKayecTBa obpasoBaHug [3].
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JTanm MoJaeJUPOBaHHUSA Y4eOHOro mpoimecca By3a

Co3manue MOJEIH Co3ganue Mmomenu UT-
yueOHOro mpoiecca <§ ComnocTaBlieHHWE U aHAIHU3 /» UHQPPaCTPyKTYPHI
MoJenel yaeOHOTro mpoijecca u
UT-undpacTpyKTypHl

dTan MOJ€¢JUMPOBAHUA CUCTEMbI MOHUTOPHMHIA KaYeCTBa y'{eﬁﬂoro nmpounecca By3a

A nanrtanus IpoTOTHIA, NHTerpanus ¢ sApoM Npouyux
reHepanus IpoYuX NPOTOTUIIOB KOMIIOHEHTOB

NHudopMannoHHas cucteMa nmoajAepXKu yueOHOTro npoiecca |

L———————————____G________________I
B/l 06 yuebHOM mpoIecce
JTanbl MOHMTOPHMHIA KAaYeCcTBAa Y4eOHOIro mMpouecca Ha ypoBHe npeaMera
/ IMoaroroBuTENbHBIN 3TAIl MOHUTOPHUHIA : \

Konkperuzanus nenei 00ydeHHs O MPEAMETY «

HopmupoBanue

Mooenuposeanue onmumanshozo yuedbnozo npoyecca:
yueOHOro npoimecca u

-uHpOopManuoHHOEe obecnedyeHe ydeOHOTrO mpoieccy

8 METOJHNYECKOE
"BBIACICHHC MOAYJICH, :D obecmeuyenue (Mo
-pa3paboTKa 3aJjaHu il TEKYIIero ¥ UTOTOBOTO KOHTPOJIS YPOBHIO YCBOCHU S, 11O
-meAarorudeckas u yueOHas qesTEIbHOCTh BpeMeHH, B Oannax)

- M
/ IIpakTHdeckuii 3Tanmn MOHUTOPHUHIA {b \
{} Mcxoanoe cocTosiHUE
ydeOHOro npoumecca
Cucmema KOHmpoaa u coopa uHpopmayuu: IpoMe:KyTOYHBIE COCTOS HUS
-aHKEeTUpOBaHUe, HaON0 JeHe, TECTUPOBAHUE; yd4eOHOro mpoiecca
UHPOPMAMOHHO-IEATEIbHOCTHBI PEHTHHT; <:> (ngOK’ MOZYJIb, IPEAMET)
S OHeYHOe COCTOSIHhE
-MHIAUBUAYAIbHBIH PEHTUHT ydamierocs yueGHOro nponecca
Km&mua YCIIEIIHOCTH 00yUYeHU (mnaHUpyeMbIe Pe3yIbTATHI)
M
/ AHaIUTHYeCKHUI 3Tall MOHUTOPHHIA : <> \
I TTPOTHOSHPOBAHNE
Cpeocmea monumopunza 0]1#} YCHLEIHOCTH 00yYeHys
obpabomku :

T'oToBHOCTH -kl: ﬁOHTpOJ’IIO,

? MEUHHMaJIbHAsI HOpMa AJIA KaXA0T 0
MPOJOJKEHUS 00yUIEeHU A,

VHEBHOT0 MOTYIIS; CoBepHIEeHCTBOBAHHU €

2 mIpeAMETHBIC TPACKTOPUH; LRI ATl npodeccCHoHaIbHOMN

3 yueOHOro npoiecca

? MOJOXHUTEIbHBIC, OTPHIIATCIBHEIC NEATCIbEOCTHU

OTKJIOHEHH I OT MUHUMalbHOW HOPMBL @ JLU

2cpenuuit 6ann Pa3paboTka pexkoMeH namu it /
M

KoppekTupymomuiue u npeaynpexaal0une BO3AeHCTBUS =

Puc.2. 3tanbl co3gaHns MHTErpMpoBaHHOM aBTOMATM3MPOBAHHOM CUCTEMBI
ynpaBneHns MOHUTOPUHIoM y4ebHoro npolecca By3a

Takum o6pasom, Lenbi MOHUTOPUHra SABRASIETCS Kak MOXHO 6oree paHHee
onpeneneHve (BbiSIBIIEHWE) KaKUX-NMMOO OTKMOHEHWUA, MOEHTUdMKAUMA WCTOYHMKA
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(MpWYKMH) OTKNOHEHMIN M nepegayva nHgpopmaumm 06 3TOM B COOTBETCTBYIOLLNE OpPraHbl
yrnpaBrieHus, perynupoBaHve B3auMMOLEWCTBUA (PAKTOPOB BHELWHeW cpeabl WU
BHYTPEHHMX (bakTopoB 0bpasoBaTenbHOro npouecca. NaBHas 3agada COCTOUT B TOM,
4YTOOblI MPaBUMBHO OLEHUTb CTEeNeHb W MNPUYMHY 3TOro OTKIOHEHUs. Bblaenutb u
onucatb  CUCTEMbl  MOHWUTOPUHra U3  KakKUX-HUOYOb  TexHonormm  oby4veHus
NpeAcTaBnATCA CMOXHbIMWU 3a4av4amn. PasnnyHble TEXHONOMMN HAaXOAATCH Ha pasHbIX
YypOBHAX npopaboTkm getanen. K HegoctaTkam CyLLECTBYIOLLMX CUCTEM MOHUTOPUHra
MOXHO OTHECTU: (pparMeHTapHOCTb, HEMOHOTY MOAenen, MeToL40B, CPeACTB KOHTPONS
KayecTBa obGpasoBaTenbHOro npouecca By3a. Peanusauunsa Konu4ecTtBEHHOro aHanusa
npoueccoB 3aTpydHeHa BCNeACTBME BbICOKOW MOrpeLlHOCTN, HEepEerynsipHoCTn W
3anasgbiBaHuMa  psga  napameTpoB,  XapakTepusylwumx — npoueccbl.  Hanbonee
KPUTUYHBIM SIBRISieTCS HeObXOAMMOCTb HaKOMMEeHUs 3NeKTPOHHOM 6asbl AaHHbIX ANnd
NOCTPOEHUS (PU3MYECKON OCHOBbLI MPOEKTUPOBAHNA WHPOPMALNOHHOWN CUCTEMBbI WU
BBEEHNA OCHOBHOW CUCTEMbI KBanMMETPUYECKMX OLEHOK KadecTBa npoueccoB [2].
Mcnonb3oBaHne n3MepeHun, MeTpuk, moaenen npu paspabotke MHPOPMaUMOHHBIX
cucteM npegnonaraeT LOCTYMHOCTb MpaBWfbHbIX AaHHbIX. PakTuyecku nnoxoe
KayeCTBO JaHHbIX ABMNSETCH KPYMHbIM NPEenATCTBMEM AN NOBbILIEHWS Ka4eCcTBa.

HarnsgHo  npeactaBneHHasi,  CTPYKTypupoBaHHas  WHgopmauus — gaet
BO3MOXXHOCTb CBOEBPEMEHHO U B Xo4e ntoboro atana npouecca MOHUTOPUHIa OLEHUTb
nmewwmeca ycnosmsa, obecneumtb MHOroOBapMaHTHOCTb MNPOrHO30B, BblbpaTb
ONTUManbHbIX BapuaHT nfnaHa npuM AaHHbIX UCXOAHbIX Yycnosusix. OnepaTtvBHas
obpaboTka u cncrematTusauyms nHpopmaLmm NPonCXoauT B COOTBETCTBUMN C 3aaHHbIMU
napameTpamu, YTo MO3BONSET YBUAETb WU OLEHUTb CTEMNeHb OTKITOHEHUW MOMyYeHHbIX
nokasaTenen oT 3anfiaHMPOBaHHbIX M CAPOrHO3MpoBaTb, CMOLENMPOBaTb BO3MOXHOE
noBedeHne y4yacTHMKOB y4ebHoro npouecca. Yé€Tkasa opraHm3aumsa MHGOPMaLMOHHBIX
MOTOKOB B BbICLUEWN LUKONE TpebyeT nepeBoga BCcex CyObEKTOB B PEXMM Perynmpyemoro
B3aMMHOro MHopMaLMoOHHOro obecneyeHus.

lMokasaHHas Ha puc. 3 opraHuM3aunoHHasi CTPYKTypa CUCTEMblI MOHUTOPUHIa
KayecTBa obpasoBaTenbHOro npouecca BKMYaeT B cebsa: nonyyeHne nHgopmaumm o
npouecce W ero COCTaBnsWMUX; aHanui WHgopMauuKn;, MPUHATUE peLueHus O
COOTBETCTBUM Mpouecca npeabsasrnseMbiM K Hemy TpeboBaHuaM; paspaboTka wu
OCYyLLECTBMNEHNE KOPPEKTUPYIOLLNX U/MNn npeaynpexaarlwmnx 4encTBun.

MoBbiWweHne aheKkTUBHOCTU pa3pabaTbiBaeMon CUCTEMbI MOHUTOPUHIA B By3€e
BO3MOXHO Mpu  YCMOBUW  UCMOJSIb30BaHUS  UHPOPMALMOHHBLIX  KOMMBIOTEPHbIX
TEXHOMOMMN Ha OCHOBE €AVHOro MHMOPMAaLUMOHHOIo NPOCTPaHCTBA, MHTErPUPOBAHHOMN
NHOPMALMOHHOMN  cpedbl U (popManm3oBaHHbIX  (PYHKLUMOHAmNbHbIX  MoOAenen
nonyyeHnss n obpaboTkM NonyyYyeHHOW MHGOPMauMM O kadyectBe OOpasoBaTeNbHbIX
npoueccoB By3a. Ha ocHoBe aHanus3a pes3ynbTaTOB MOHUTOPUHra paspabaTbiBaloTcs
pekoMeHgauun ansa yyawmxcsa (npogosmkeHne obyyvyeHust Ha Bonee BbICOKOM YpPOBHE,
rOTOBHOCTb K CcAaye 3K3aMeHa, 3a4yeta W T.4.) U ANa npenogasatend, KoTopble
HanpaBsrieHbl Ha KOPPEeKUMIO KOHKpeTusaumm uened no npegMety U WUCXOAHOW
opraHusauum yyebHoro npouecca. Mopgenvpyemasas WHOPMaALMOHHAA cucTema
MOHUTOPUHra KavecTtBa Yy4ebHOro npouecca B By3e MOXET CINyXWUTb OCHOBOW ANA
CO3[aHNs YHMKaNbHOro NoaxoAda NoCTPOEeHUs MHAMBUAYANbHOW TpaeKkTopum obyyeHus,
KoTopad MO3BOMUT  MNOMYYUTb  KBaNUMUUMPOBAHHYIO  MNporpaMmmy  MNoAroTOBKW.
MpeumyulectBa Takon CUCTEMbl CTAHOBATCHA O4YeBUAHbLIMM, Korda Oonblias 4acTb
PYTUHHBIX OMepaunin TEXHONOMMn opraHmsaumm ydebHOro npolecca NPoBOASATCHA B
aBTOMaTU3NPOBAHHOM pPEXUME.
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HopmaTtusHo-meToan4Yeckoe obecneyeHune

CucTtema nokasarenen

| |
kayecTsa l::> .
Mpouecchl

MHdopmauma o kadecTse

!

O6bpaboTka nHdopmalum o
KayecTBe

MeToabl 06paboTku
WHopmalmm o KayecTBe L

v

OTBETCTBEHHbIE 3@ KAYeCTBO B JL
noapasgeneHnsx
R - [ CoBellaHunsa rno MOHUTOPUHTY
OTBETCTBEHHbIN 3a KA4YeCTBO B

&

Mpegynpexaatow e BO3AeNCTBUA >
KoppekTupytowime Bo3gencTems

OueHka

Puc. 3. OpraHmsaumoHHasa cucteMa MOHUTOPMHIa kayectTBa ob6pa3oBaTefnibHOro
npouecca B By3e

MogenupoBaHue obpasoBaTesibHbIX MPOLECCOB MH(OPMALMOHHOMW CUCTEMOWN
[aeT BO3MOXHOCTb BY3y BbIATM Ha HENPEepbiBHOE YIyylleHne Y4YebBHbIX W
OpraHn3aumnoHHbIX NPOLIECCOB.

BbiBoabl. B xoge aHanu3a 3agad, pewaemblX MH(OPMaLMOHHOW CUCTEMOWN
MOHUTOPUHra KayectBa Yy4ebHOro npouecca, npegnoxeHa KoHuenuus u 6as3oBbin
TeopeTnyecKum npoToTnN NHJOPMaLIMOHHOM CUCTEMBbI, noanepXuearoLLmnn
OCYLLECTBNEHNE  KOMMSIEKCHOrO  MOHWUTOpMHra kadectBa y4vebHOro npouecca.
BbibpaHHbIM noaxon K co3gaHuio MHGOPMAaUMOHHOW CUCTEMbI OCHOBaH Ha aHanuse
CYLLECTBYIOLMX aHaNoroB U MexayHapogHOM OnbITe pasfiMyHbIX MOAXOAOB K OLEHKEe
KayectBa o0OpasoBaHudA, 4YTO AeNnaeT BO3MOXHbIM pa3BepPTbiBAHME KOPMOpPaTUBHbLIX
nonen 3HaHWW, OPUEHTUPOBAHHLIX Ha pelleHne pasHoobpasHbIX 3agay C MOMOLLbIO
TexHosornm obpaboTkn 3HaHWI, B TOM YUCHE 3a4ad yrnpaBneHnsa N NpUHATUSA peLlEeHni.

Cnucok nutepaTtypbl

1. PykoBoactso no kayectBy CK-PK-2006 «TunoBas mogens cuctemMbl Ka4ecTBa
obpasoBaTenbHOro yupexaeHusy. http://www.quality.edu.ru/quality/

2. KayectBo ob6pasoBaHusi B HoBOCMOMPCKOM rocygapCTBEHHOM TEXHUYECKOM
yHuBepcuteTe: ExerogHbin goknag / MNMog pea. A.C. BocTtpukosa. - HoBocubupck: MN3a-
Bo HI'TY, 1999. - 81 c.

3. bopoBkoBa T.UN., Mopee W.A. MOHUTOPUHI  pasBUTUS  CUCTEMbI
obpasoBaHna.—4.1: TeopeTnyeckme acnektbl: Yueb. nocobmne. — BnagmeocTtok: M3a-Bo
[anbHeBocT. yH-Ta, 2004.—150 c.
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Y[OK 681.32 M. B. TonosaHb

KommniekcHbIl moxka3arejb AJIA OIEHKH KaYeCTBa
HWHHOBAIIMOHHBIX ITPOCKTOB

HauuoHarnbHbIlU aspokocmudeckul yHusepcumem um. H.E. XKykoeckozao « XAU»

B npouecce nNpoekTMpoBaHUS HAYKOEMKOW MNPOAYKUMW 4acTO BO3HUKAKOT
cuTyaumm, korga HeobxoamMmo NpUHUMAaTL peLLeHNs O NoUcke ONTUMarnbHOro BapuaHTa
peanusauum npoekTa, O MNOBbILEHWM KayecTBa MpOAyKTa MpoekTa, O BoO3BpaTe K
npegbigywiemMy atany wunu nepexofe K cregylouwemy atany npoektuposaHus. epen
pyKoBOAMUTENEM MNPOEKTa BO3HWUKAKT npobnembl BbibOpa [anbHenwWwero cueHapus
peanuM3aumm MpoeKkTa Ha OCHOBaHMM (aKTUYECKUX 3HAYEHUW, MNPUOPUTETHOCTH
NPOTMBOPEYMBLIX MNOKasaTtenenm npoekta C YYETOM COCTOAHUS  KOHKYPEHTOB,
OCYLLECTBNAWMNX  aHanormyHble  paspaboTkn, uHTepeca  notpebutenen K
cosgaBaeMomMy npoaykty. oatoMmy BaHOW 3ajaden SBAAETCH OueHKa KayecTsa
NpoeKTa Ha BCeX aTanax ero >XM3HEeHHOro Lukna.

B cooTtBeTcTBUM C MeTodamu kBanumeTpun [1, 2] onsa onpenenieHna ypoBHA
KayecTBa M3genus, Kak npaBusio, BBOAUTCSA KOMMIIEKCHbIA MokasaTtenb kayectBa Q, no
KOTOPOMY 5erko MOXHO OLeHMBaTb W CpaBHUBATb YPOBEHb KadecTBa pPasfU4HbIX
nsgenun. Takon nokasatenb Mo3BonseT [faTb OOOOLLEHHYKD OLEHKY CTeneHn
YRNy4dLWeHnsa unm yxyalweHnsa otaenNbHbIX YacTHbIX NokasaTenen.

MeToauka onpegenenus Q knto4vaeT B cebs [3]:

- onpeaeneHne OTHOCUTENbHbIX 3HAYEHUA KOHTPONMPYEMbIX NapameTpoB;

- OUEeHKY BeCOMOCTM 3dTUX MapameTpoB Ans onpeneneHns COoCTOSAHUSA
annaparypbl;

- NOCTPOEHME MaTeMaTUYECKOro BblpaxeHus ana obobuieHHoro napametpa Q.

Hanbonee npocTbiM U pacnpoCTpaHEHHbIM BbIpaXeHWeM Ans onpeaeneHns
KOMMNIIEKCHOrO nokasaTenss KayecTBa MOXET ChyXuTb cregywollee ananTuBHoe
BblpaxeHue [4]:

S b S Pig
Q(P;. Pig) = 2, Bi + 2 Bix— (1)
._ P; . P;
i=1 l i=m+1 i
roe PPy unn Pg:FP— e€OVHWYHbIN MoKasaTenb KayecTBa, OLEeHMBaeMblii

OTHOLUEeHNeM abComnTHOro 3HavyeHns P nokasaTtensa KadectBa aTTecTyemMoro usgenus
K COOTBETCTBYIOLLEMY MnokasaTento P, 6asosoro nsgenusi, nnbo obpaTHon BENNYNHON,

B 3aBMCMMOCTM OT TOro, Yynydwiaetca WM yxyalaetca KayvyecTBO Wu3genua c
yBenm4eHnem £ ;

n —obliee 4YMCNo eauHUYHbLIX MoKasaTenen KavecTBa, U3 KOTOPbIX criaraemomy
F; . P; COOTBETCTBYIOT NepBble m, cnaraeMomy F; 1 B, — COOTBETCTBEHHO N — m;
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p; — BecoBble KO3IPDULUMEHTbI, YYMTbIBAOLWME 3HAYUMOCTb  OTAENbHbIX

n
€e[MHWYHbIX NoKa3aTernen (Zﬂi =1).
i=1
[aHHbIn cnocob onpegeneHMs KOMMSIEKCHOrO MoKas3aTens KayectBa WMeeT
CMbICIT MPUMEHATb NUWb B TOM Cly4yae, Korga BCE XapaKTEPUCTUMKM aTTeECTyeEMOro
n3genuna nyyie unm xyxe coOTBETCTBYHOLLMX XapakTepucTuk 6asoBoro nsgenus.
CnepnyeT, ogHako, OTMETUTb, YTO MPU OLIEHKE Ka4YeCcTBa CIIOXKHbIX MPOEKTOB
4acTo BO3HUKAKOT HEONpeaenéHHOCTM B OMUCAHUKM Kak MpoOeKTa B LENoM, Tak U ero
OTOEernbHbIX 3nemMeHToB. [laHHOe O0OCTOATENbCTBO [JeflaeT HEBO3MOXHbIM TOYHOE
NPOrHO3MpoOBaHME MoKasaTenen KadecTtBa MpoekTa U MNPUBOAUT K M3MEHEHUSIM €ro
KayecTBa B MpoLecce peanu3auun npoekTa. BcneactBme 3TOro Tekywme 3HayYeHus
YacTHbIX NMokKasaTernen kayecTBa NpoekTa MoryT ObiTb Kak fiyylle, Tak U Xy>ke 6a30BbIX.
B aTom cnyyae ctaHgapTHbIM aaauTUMBHBIN NokasaTenb 4aéT 60nblne NnorpeLHoCTM.
MynbTUNAMKaTUBHBIA MNOKasaTenb (2) NUWEH AaHHOro HegocTaTka, OAHaKo
AOCTaTOYHO CIOXHbIM SBMSIETCA MpPaBUibHOE ONpeaeneHne BaXHOCTU  YaCTHbIX
nokasaTenemn KayecTBaa:

g
[ 2]
, P
Q(P;,P;y) = —= 0 2
H io
i=m+ 1 Pl

Bcnencrteme BbiweckasaHHOrO A1 OLEHKM KadecTBa Mpoekta Heobxoaumo
NpeanoXuTb Takow nokasaTenb, KOTOpbIM agekBaTHO pearnpoBan Obl Ha cnegylouime
cuTyaumn:

1. 3HayeHna YacTHbIX MoKasaTerien KayecTBa MOryT CYLEeCTBEHHO OTNNYaTbCS
OT 6a30BbIX KaK B XyALUYH, TakK 1 B Ny4LUY CTOPOHY.

2. YnyJweHue moxeT OblTb CBA3aHO Kak C YBENMYEHNEM, TaK U C YMEHbLUEHNEM
3HayeHus.

3. Uucno yacTHbIX nokasaTerniem KayecTBa Yy pasHbIX MPOEKTOB MOXET ObiTb
PasfiMyHbIM.

4. BaxXxHOCTb YaCTHbIX Noka3aTernen kayecTBa MOXeT ObITb pasnuyHa.

B kadectBe Takoro nokasaTens npeafnaraetcad agauTMBHBIA  NOKasaTenb,
XapaKTepPU3YLWMIA OTHOCUTESNbHbIE OTKMOHEHWS YaCTHbIX MOKa3aTenen Ka4vecTtsa,
NOSTyYEHHbIX HA HEKOTOPOM 3Tane pa3paboTkm oT 6a3oBbIX:

P; — P N Zn: o Lis — b

m
P . P.-) = : '
(P, Pig) EI'BZX max (P;z,P;) omax (P, P;) )

i=m+1
n
rae > Bi=1.
i=1
HeobxoanmMo OTMETMTb, YTO 3HaA4YeHue npeanaraemMoro nokasaTtensl KadecrtBa
HaxoamTcsa B guanasoHe ot —1 go 1. Yem 6nuxe 3HavyeHmne Q K 1, TeM NPOEKT nyyLule.
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Mpepnaraembin nokasaTtenb B oTnvyme oT (1) yaoBneTBOpAeT NpUBELEHHBLIM
Bblle TpeboBaHusM.

PaccmoTpym npeumyliectBa npegnaraeMoro nokasatens no CpaBHEHMIO CO
CTaHOapTHbIM  MynbTUMNAMKATMBHBIM  (2). [Ons  9TOro  uccnegyem  BRUsSiHME
KO3PULMEHTOB BECOMOCTM Ha KOMMSIEKCHble nokasaTtenu kadectBa. AHanus
nokasatenenm kadectesa ©Oygem npoBOAUTb C  MPUMEHEHUEM KOMMNbIOTEPHON
nporpaMmsi.

Ons ynpoweHuss npegnonoXxum, 4YTO AN BCeX YacTHbIX MokasaTeneu
nccnegyemMmoro npoekTa ¢ yBenmyeHneM 3HayeHus nokasaTens KayecTBO YnydllaeTcs.

dopmynbl Ana pacyéta KOMMMEKCHbIX Moka3aTenen kadyectsa npuobpeTyT B
9TOM cry4ae cnegyoLwmm Bua:

1. CTaHOapTHbIN MyNbTUNIMKATUBHbLIA NoKasaTenb

n P P
Qcm (Pi>Pi6):H l

i=1 Pi6

2. [NMpegnaraembiv NokasaTernb
n
P _P'6
Onp (Pi, Pig) = D, Bi x ———10——

P o1 max (Piz,P;)

Pac4éTbl npoBefeHbl AN OABYX BapuMaHTOB M TPEX YacCTHbIX MoKasaTenen co
cnegyrowuMmn NCXogHbIMN OaHHbBIMU:

1. P1= 0.1, P15 =0.5; P3 = 0.5, P35 =0.1.

2. P1=0.5, P1=0.1; P3=0.1, P35 = 0.5.

Mpun atom Py = Py = 0.5.

KoadhdmumneHT Becomoctn 1 namensncs ot 0.2 go 0.8 ¢ warom 0.2. Npn aTom B
OaHHOM pexume paboTbl cMcTeMa aBTOMaTUYECKN nepecyuTbiBana KoaguUMeHTbl B2

n
M B3 Takum o6pasom, uto B2 =Bz n Y =1,
i=1

Mo pesynbTataM MogenupoBaHWA A5 060MX BapuUaHTOB MOCTPOEHbI rpadunkm
3aBMCUMOCTEN CTaHOAPTHOrO MynbTUNMIMKATUBHOIO W NpegnaraeMoro nokasartenen ot
BaXXHOCTM YacTHbIX (puc. 1).

M3 npoBedeHHbIX pPacyETOB MOXHO caenaTb BbIBOAbl, YTO, BO-NMEpPBbIX, Npu
HENMUHENHOW 3aBMCUMOCTW CTaHAAPTHOrO  MYMbTUNMMKATUBHONO MoKa3aTens oT
Ba)XXHOCTW YaCTHbIX, aHanorMyHasa 3aBMCMMOCTb Npeanaraemoro nokasaTens ABnsercs
NNHENHOWN, BO-BTOPbLIX, MNPU CUMMETPUYHOM W3MEHEHUM 3HAYEHUM YaCTHbIX
nokasaTenen ka4ecTBa B CTaH4APTHOM MynbTUNNMKATUBHOM NoKa3aTene HabnogaeTca
N3MEHEHNEe HENMHENHOCTW, B TO BPEeMs KaK 3HadeHue npeanaraemMoro nokasartens
MEeHsieT TOoNMbKO 3Hak. [loaToMy npegnaraembli nokasatenb 6Gonee ynobeH npu
NPaKTUYECKOM NPUMEHEHUN NS NPUHATUSA PELLEHUI NO JanbHENLWEMY XO4y NPoeKTa, B
nepByto oyepedb 3a CcYy€T 6Gonee ypnobHowm npouedypbl noabopa BeCOBbIX
KO3 (PULMEHTOB, XapaKTEPU3YIOLLNX BaXKHOCTb YaCTHbIX NMOKa3aTenen kayecrsa.

Taknm o6pas3om, NpMMEHeHME Npeanaraemoro nokasartensi NO3BOSIUT MOBbICUTL
TOYHOCTb OLIEHKM Ka4yecTBa MNPOEKTOB W YMPOCTUTb MpPOLEeCC aHanu3a KadecTtBa U
NPUHATUSA yNpaBneHYeCKUX peLLEHNI B XO4€e peanv3anmm MHHOBALMOHHbBIX MPOEKTOB.
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Pe3ynpTaThl MOENTUpPOBAHNS IO BapUaHTY 1
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Puc. 1. 3aBMCMMOCTI KOMMMEKCHbIX NOKa3aTenen kayecTsa OT BaXKHOCTU YaCTHbIX

Cnucok nutepartypbl

1. ®omuH B.H. KBanumeTpusa. YnpasneHue kadectBoMm. CepTtudukaumsa. — M.:
3kmoc, 2000. — 235 c.

2. AsranbpoB [.I., Toroxes W.b., bapaHyeeB B.[l. KonunyectBeHHasa oueHka
KayecTBa npoaykumm — ksanumeTtpud. — M.: 3HaHne, 1986. — 155 c.

3. Oanunnn H.C. Obecnedvenne kavyectBa POA mMeTtogamun OuarHOCTUKN W
nporHosupoBaHus. — M.: N3a-Bo ctaHgapTos, 1983.— 224 c.

4. XaHoBmy W.I O6 apantmBHOM W MynbTUNAMKATUBHOM  cnocobax
YCTaHOBIIEHNS KOMMJIEKCHOrO nokasaTens kadectBa. //OnekTpoHHas TexHuka. Cep. 8 —
YnpaBneHue ka4ectBom 1 ctaHgaptmsauus. — M., 1975, — Bein. 1(31). —= C. 3 -9.
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PedrepaTthl

YK 629.7.01

KoHuenuna cosgaHms aBnaumoHHoro 6ecnunotHoro komnnekca/ B.C. Kpusuos,
M.0. Haymenko, B.O. Benvi, A.I. pebenukos, B.B. [Mapdenok, WN.U. Kanuos,
C.B. YooBuyeHko, A.B. KopHeB // OTKpbITble WMHGOPMAUUOHHbLIE U KOMMbIOTEPHbLIE
NHTerpmpoBaHHble TexHonornn. — X.: HAKY «XAWN». — 2007. — Bbin. 35. - C. 5 - 12.

PaccmoTpeHa KoHuenuus co3gaHust aBuaumMoHHOro 6ecnmnoTHOro KoMnnekca.

Un. 3. bubnwuorp.: 2 Ha3B..

PoarnsiHyTa KoHUenuis CTBOPEHHS aBialinHOro HeninoToBaHOIo KOMIIeKca.

In. 3. bibniorp.: 2 Ha3B.

YK 629.7.01

MeToa aHanusa xapaktepucTtuk nokanbHoro HOC npu pacTsbkeHun nNnacTuH ¢
otBepctuamn / E.T. Bacunesckun, B.A. [pebenunkos, A.M. [ymMeHHbIR,
C.IN. CeetnuyHbIN // OTKpbITbIE NHHOPMALIMOHHBIE U KOMMNBbIOTEPHBIE UHTENPUPOBAHHbIE
TexHonorun. — XapbkoB: HAKY «XAWy», 2007. — Bein. 35. — C. 13 — 29.

PaspabotaH meToa onpegeneHnsa xapaktepucTtuk nokanbHoro HOC nnactuH ¢
KOHLEeHTpaTopaMmn Hanps>keHui B BUAE OOUMHOYHbLIX U FPYNNOBbIX OTBEPCTUN.

WccnepoBaHo BnnAHWE BbLINOMHEHUS (Packm M CMELLEHUA OCU OTBEpPCTUS Ha
Xapaktepuctukm nokanbHoro HAC v KOHUEeHTpauuto HanpsbkeHnn n gecopmaumn.

Bubnuorp.: 8 Ha3B.

Po3pobneHo meToa BM3HA4YEeHHA XapakTepucTuk nokanbHoro HAC nnactuH 3
KOHLUEHTpaTopaMn Harnpy>XeHHs y BUMMS4i OKpeMux Ta rpynosmx oTeopiB. JocnigkeHo
BM/IMB BUKOHAHHA (packuy Ta 3MiLLLEHHS OCi OTBOPY Ha XapakTepucTuku nokansHoro HAOC
| KOHLEHTpPALi0 Hanpy>XeHHs Ta aedopmadin.

Bibniorp.: 8 Ha3B.

YK 629.7.01

OTanoHHas Mofenb And  OUEHKM BEepOATHOCTUM MOTEpU  TEXHUYECKOM
ycTonumBocTu pakeTtbl-Hocutens / M.W. Hukudoposa // OTKpbITble UHPOPMALNOHHLIE U
KOMMbIOTEPHbLIE WHTErpupoBaHHble TexHonormn. — XapbkoB: HAKY «XAW», 2007. —
Bbin. 35 - C. 30 — 36.

PaspaboTtaHa aTanoHHaa mogenb OMs OUEHKU 3HA4YeHUs BEPOSATHOCTU MOTepU
TEXHUYECKON ycTomumBocTM  pakeT-Hocutenen (PH). C nomowbk  meToda
CTaTUCTMYECKOro MOLENUPOBaHUA MNOSyYeH OOBepuTernbHbIM UHTEpBan BEPOATHOCTU
notepu TexHudeckon yctomdmsocTn PH. [lokaszaHO, 4YTO WCMNONb30OBaHHLIN METOA
NO3BOMISIET Yy4ECTb BEPOSATHOCTHbLIE XapaKTEPUCTUKM BOMbLIOrO KONMYeCcTBa CryvanHbiX
BENNYMH, O4HAKO OLEHKa Takum cnocobom 3aHMMaeT BoMnbLIOe KONMYECTBO BPEMEHN.

Wn. 5. Tabn. 2. bubnuorp.: 8 Ha3B.

Po3pobneHo eTanoHHy Mogenb Ans OUIHKA 3Ha4eHHsT MMOBIPHOCTI BTpaTtu
TEXHIYHOI cCTinkocTi pakeT—HociiB (PH). 3a ponomoroio meTtoga CTaTUCTUYHOIO
MOAENIOBaHHA OTPUMaHO AOBIpYUA iHTepBar iMOBIPHOCTI BTpaTU TEXHIYHOI CTINKOCTI
PH. T[lokasaHOo, WO BWKOPUCTaAHMMA MeTOoL [O3BONSE BpaxyBaTM MMOBIPHICHI
XapakKTEPUCTUKN BENUKOI KISIbKOCTI BUNAOKOBUX BENUYMH, MNPOTE OUiHKa Taknum
cnocobom 3armae BENUKY KifbKiCTb Yacy.

In. 5. Tabn. 2. bibniorp.: 8 Ha3B
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YOK 629.764.01

Bbibop onTumanbHoOn paboyen TOYKM CUCTEMbI CTabunuaaunmn pakeTbl-HOCUTENS
no kputepuio BepossTHOcTM ycTonumBoctn [/ E.C. TonybHuuaa //  OTkpbiTble
MHAOPMAaLMOHHbIE U KOMMbIOTEPHbLIE NHTErPUPOBaHHbIE TEXHOMNOrMKU. — Xapbkos: HAKY
«XAWy», 2007. — Bein. 35. — C. 37 — 44.

OnucaHa wmeTOoOMKa  MNOCTPOeHWs  obracted  yCTOMYMBOCTU  CUCTEMBbI
ctabvnusaumm pakeTbl-HOCUTENSA KOPHEBLIM MeTOoA0M. [poBeaeH BbIGOp onTUMarnbHbIX
napameTpoB CUCTEMbI CTAabMIM3aUmMm Mo KPUTEPUIO BEPOATHOCTU YCTONYMBOCTH.

WUn. 3. Tabn. 4. bubnuorp.: 4 Ha3B.

OnucaHo meTtoamky nobyaosu obnacTten CTiMKOCTi cuctemum ctabinisadii pakeTtu-
HOCisi kopeHeBuM meToaoMm. [lpoBeaeHo BMOIp onTUManbHMX MNapamMeTpiB CUcTemMm
ctabinisauii 3a KpuTepieM iMOBIPHOCTI CTINKOCTI.

In. 3. Tabn. 4. bibniorp.: 4 Ha3Bu

YK 629.7.01

MeTog co3gaHMa TPEeXMEPHOro aHanuUTUYEeCcKoro 3JTanioHa MOBEPXHOCTU
BEPTUKANbHOrO ONepeHnst NacCaXXMpCKoro camorieTa, ero arperatos U COOpHbIX y30B B
CAD/CAM/CAE UNIGRAPHICS / A.l. I'pebennkos, A.A. CepgatokoB // OTKpbITble
NHMOPMALNOHHbBIE U KOMMNBLIOTEPHbIE MHTErPUPOBaHHbIE TEXHOMNOMMN. — XapbkoB: HAKY
«XAWy», 2007. — Bbin. 35 - C. 46 — 62.

PaccmoTpeHa KoHuenuusi co3gaHnsa BepTUKaNbHOMO ONepeHns nacCaXkmpckoro
camorneTa ¢ ucnosnb3oBaHnem cuctemsl CAD/CAM/CAE UNIGRAPHICS.

Wn. 9. bubnwnorp.: 9 Ha3B.

PoarnsiHyTa KoHUenuis CTBOPEHHSA BepTMKanbHOro OMipiHHA nacaXipCbKoro
nitaka 3 BukopuctaHHsam cictremn CAD/CAM/CAE UNIGRAPHICS.

In. 9. Bibniorp.: 9 Ha3B

YK 517.927.21

TeopeMbl CNOXeHUS rapMOHUYECKUX (DYHKLUW B KOOpAMHATaX 3NMUNTUYECKOro
LUUnmMHapa 1 CKaToro annunconaa BpalleHnsa 1 nx NpUNoXeHNe K peLLEeHno KOHTaKTHOM
3agaym O COBMECTHOM BAABMMBaHMM B YNpyroe nosiynpoCTPaHCTBO MOMIOCOBOro U
kpyrosoro wtamnos/ B.C. MNMpoueHko, T.B. [leHncosa // OTKpbITble NHHPOPMALMOHHLIE Y
KOMMNbIOTEPHbIE MHTErpuUpoBaHHble TexHonormn. — XapbkoB: HAKY «XAW», 2007. —
Bbin. 35. — C. 63 — 68.

[MonyyeHbl HOBblIE TEOPEMbI CIOXEHWUSI FAPMOHUMYECKUX (YHKUMA B CUCTEMax
KOOpAWHAT SMNUNTUYECKOro UunuMHapa WM CAKCHYTOro annuncouvga BpalweHus. Ha
OCHOBE 3TUX TEOPEM NPeasnoXeH MeTo peLleHUs KOHTaKTHOW 3ajayun O BOaBfMBaHUMU
B ynpyroe MONynpoCTPaHCTBO [ABYX LUTAMMOB: MOSIOCOBOrO WM KpyroBoro. 3ajada
cBedeHa k 6eCKOHEYHON CUCTEME NMHENHBIX anrebpanyecknx ypaBHEHUIN, ANt KOTOPOW
MEeTOA peayKUUN CXOOUTCHA K TOHHOMY pPEeLLEHMIO.

Bubnuorp.: 8 Ha3B.

OpepxaHO HOBI TeOpemMn [oAdaBaHHA TApPMOHIMHMX CYHKUIM Yy cuctemax
KoopanHaT eninTUYHOro uuniHagpa Ta chnnlweHoro enincoiga obeptaHHs. Ha ocHosi
LUMX TEeOpEeM 3anpornoHOBaHO METO PO3B’A3aHHSA KOHTAKTHOI 3a4adi NPo BTUCKYBaHHA y
NPY>XHUA MIBMNPOCTIp [BOX LWTaMMiB: CMYroBoro i Kpyrosoro. 3ajada 3BefeHa [0
HECKIHYEHHOI cuCTeMu MNiHIMHKUX anrebpalyHux pIiBHSAHb, ONS SKUX MeTon peaykuil
30iraeTbCs 4O TOYHOrO PO3B’A3KY.

Bibniorp.: 8 Ha3B
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YK 629.7.016.52

KomnbloTepHOoe MogenupoBaHMe B 3adadax aHanmsa UM NpOoeKTUPOBaHUS
CUCTEM  BO3QYLIHbIX CUrHANOB  BUHTOKPLIIbIX  JfleTaTenbHbiX  annapatoB  /
C.A. KankamaHoB, A.l1. KopHueHko, B.A. XpuctoB, W.H. KnowHukos // OTKpbITble
NHMOPMALNOHHbIE U KOMMNBLIOTEPHbIE NHTErPUPOBaHHbIE TEXHOMNOMMN. — XapbkoB: HAKY
«XAWy», 2007. — Bbin. 35. — C. 69 — 74.

MpenctaBneHbl pe3ynbTaTbl KOMNBIOTEPHOMO MOAENMPOBaHUA obTekaHusa J1A u
UX NMPUMEHEHME ANS pPeLUEeHus 3agad onpegersieHns MeCTOMOSOXEHUS U BblYMCIIEHNS
a’poaMHaMUYECKMX MOMPaBOK OATYMKOB a3pOMETPUHECKMX MNPUOOPOB BUHTOKPLISbIX
JIA. TpuBegeHbl npumepbl MOAENMPOBaHUA MONSA OaBreHUa BOKPYr OAHOBMHTOBOIO
BepTofieTa u pekomeHgaumm no Bblbopy mectononoxeHus gatymka MNBLO.

Wn. 4. Bubnuorp.: 3 Ha3B..

MogaHi pes3ynbTaTM KOMMHOTEPHOrO MofentoBaHHA o06TikaHHsa JIA Ta iX
BUKOPUCTAHHA AN PO3B’A3aHHSA 3a4ad BUM3HAYEHHS MiCLE3HaXOMKEHHS N 06YNCNEHHSs
aepoavHaMiyHMX MNONPaBOK AaT4YMKIB aepoOMETPUYHUX npunagie reuHTokpunnx J1A.
HasegeHi npuknagn moaentoBaHHS Monst TUCKy 6ina OogHOrBUMHTOBOrO BEPTONbOTY Ta
pekoMeHaauil No BU3Ha4YEeHHIO Micue3HaxomkeHHsa gatymka MNrT.

In. 4. Bibniorp.: 3 Ha3Bn

YK 629.7.06:629.7.018

CunHTes anroputMa MaTeMaTM4yecKon Moenu uMuTauumn akcenepaumoHHbIX
BO3AENCTBUM NPU NMPOEKTUPOBAHUN CUCTEMbI NOABWKHOCTU aBUALMOHHOIO TpeHaxepa/
E. . Kosanes, A. b. JleoHTbeB // OTKpbITble WMH(POPMALMNOHHbIE W KOMMbIOTEPHbIE
WMHTErpupoBaHHble TexHonormn. — XapbkoB: HAKY «XAWy, 2007. — Bein. 35. — C. 75 — 80.

PaspabotaH anroputm maremaTMyeckom MOAENN MMUTALUKN akcenepaunoHHbIX
BO3JENCTBMI Ha YNIEHOB 3KMNaXa TpeHaxepa BO34YLIHOMO CyAHa C NMOMOLLbIO KabWuHbI
OnopHoro Tuna. Ha ocHoBe AaHHOro anropytma MoxeT ObiTb MCCregoBaHa AUHaMMKa
NPOCTPaHCTBEHHOIO [OBWXEHWSA  neTaTenbHOro annapata npyv 3afaHHblX 3akKoHax
ynpaBneHnss U KUHEMaTUYeCKue XapakKTepUCTUKU MPUMEHSeMON OMHAMUYECKOn
nnaTgopmsil.

Wn. 1. Bubnuorp.: 8 HasB..

Po3pobneHo anroputM maTemaTuyHOlI Modeni iMiTauil akcenepauivHux Oin Ha
YNEeHIB eKinaxy TpeHa)kepa MoBITPSAHOro cyaHa 3a Aornomorn kabiHv onopHoro Tuny. Ha
OCHOBi [JaHoOro anroputmy Moxe OyTu aocnigkeHa AuHamika NpOCTOPOBOro PyXxy
niTanbHOro anapaTty Npu 3agaHuX 3aKoHax yrnpaBniHHA Ta KiHEMaTUYHI XapakTepuUCTUKN
AWHaMIYHOT NnaTtdopMK, WO 3aCTOCOBYETHLCS.

In. 1. Bi6niorp.: 8 Ha3B

YOK 519.711

[Be cTpaterum wugeHTUdUKaumm peanbHbix obbektos/ H.[. Koweson,
A.H. CunbectpoB // OTKpbITble NH(POPMALMOHHBIE U KOMMNBbIOTEPHbLIE NHTErPUPOBAHHbIE
TexHonornn. — XapbkoB: HAKY «XAW», 2007. — Bein. 35. — C. 81 — 85.

M3noxeHo ABa NpuUHUUNUanNbHO pasnuyHbIX NoaxoAa K 3agade naeHtudumkaumm
peanbHblX OOBEKTOB: MAEHTMMUKALMA MOBEAEHUS U UOEHTUPUKALUMSKOHKPETHbIX
PU3NYEeCKMX NapameTpoB pearbHOro o6bekTa.

Tab6. 1. bubnuorp.: 6 Ha3B.

[MokaszaHO pi3HULID MK anpokCMMaTUBHUM | napaMmeTpudHuM nigxogamu Oo
3agavi igeHTudikauii nitaneHMX anaparTis Ta iX 061acTAMN KOPEKTHOMO 3aCTOCYBaHHS.

Tabn. 1. bibniorp.: 6 Ha3B
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YK 621.327

MeToa koMnakTHOro npeacraeneHns nsobpaxeHunn B ctangapte TETRA / B.B.
BapanHuk, H.A. Koponea, W.B. KoBTyH // OTkpblTble WHGOPMALMOHHBIE W
KOMNbIOTEPHbIE MHTErpypoBaHHble TexHonormn. — XapbkoB: HAKY «XAW», 2007. —
Bbin. 35. — C. 86 — 91.

O6ocHoBLIBaeTCA HEOBXOANMOCTL OpraHM3auun nepegayun BuaeovHgopmMaumm
B uudpoBon cucteme mobunbHonm cBasnm TETRA. WMsnarawoTcss OCHOBHble 3Tanbl
dopmupoBaHua UHGOpPMaUMoHHOM YacTu naketa TETRA ¢ ydyeTom nepepayv
n3obpaxeHnn, npeactaBnsieMblX B KOMMAKTHOM BMAE Ha OCHOBE MEXKaapOBOro
nonMagn4yeckoro KogmpoBaHus.

Un. 2. Bubnwuorp.: 4 Ha3B.

O6rpyHTOBYETHCA HEOOXiOQHICTb OpraHidauii nepegadi BigeoiHdopmalii B
undposin cuctemi mobinbHoro 3B'A3ky TETRA. BucnoBniolTbCsi OCHOBHI  eTanmu
dopMyBaHHA iHopmauinHoT 4YacTuHu nakety TETRA 3 BpaxyBaHHSAM nepepadi
300paxeHb, WO NpeactaBnsalTbCA B KOMMAKTHOMY BUMMSLI HA OCHOBI MiXKKagpOBOro
noniaguyHoOro KogyBaHHS.

In. 2. Bibniorp.: 4 Ha3BK

YOK 629.7.01

dopmupoBaHMe QYHKUMM MONE3HOCTU MpU CBEPTKE KPUTEPUEB BEKTOPHOM
ONTUMM3aLMM  MPOEKTHbIX MNapamMeTpoB MacCaXMpCcKoro camMonéta Ha 9aTane
npeaBaputenbHoro npoektnpoBaHus / C.A. beiukos, A.l'. pebenukos, .b. BapwaBbsk
/I OTKpbITblE MH(POPMALMOHHBIE N KOMMbLIOTEPHBIE WUHTErPUPOBAHHBIE TEXHOMOMMU. —
XapbkoB: HAKY «XAW», 2007. — Bein. — C. 92 — 98.

CdopmynupoBaH o6WMI NOAXOO K PeleHuto 3agad MHOroKputepuanbHOM
onTuMmn3aumm mogenu camonéta. [lpeanoxeH anroputMm pacdétra OnA CBEPTKM OBYX
YacTHbIX KpUTepuMeB W  ONTUMU3ALMM  FEeOMEeTPUYECKUX napamMeTpoB  Kpbina
rpysonaccaxupckoro camonéta c¢ TB[. [lokaszaHa 3aBMCUMMOCTb pe3ynbTaToB
onTMMmM3auMmM OT MNapamMeTpoB anropuTtMa, KonuyecTBa BEKTOPOB HayvalsibHbIX
napamMmeTpoB 1 0651acTn Ux BbIOOPKM.

Un. 4. Tabn. 1. bubnuorp.: 4 Ha3B..

CdopmynboBaHO 3aranbHUMK Nigxio A0 BUpiWEHHs 3agad GaraToKpuTepinHOi
onTuMmizauii mogeni nitaka. 3anponoHOBAHO ariroOpuUTM PO3paxyHKy ANns 3ropTkn OBOX
OKpEeMMUX  KpuTepilB Ta  onTumisauil  reoMeTpuyHmx  napameTpis Kpuna
BaHTa)xonaccaxupckoro nitaka 3 TI. NokasaHo 3anexHicTb pesynbTaTtiB onTuMmisauil
Bi, MapameTpiB anroputMy, KifbKOCTI BEKTOPIiB MOYaTKOBMX MNapameTpiB Ta obnacTi
IXHBOT BUBIPKMU.

In. 4. Tabn. 1. bibniorp.: 4 Ha3BuK

YOK 533.6.011

OKcnepuMeHTanbHoe uccregoBaHne B3aMOAENCTBUS NOrPaHUYHOrO Cros Ha
NNOCKOW nnactuHe ¢ reHepaTtopamn Buxpen [A.®. Maxwyng /I OTkpbiTble
NHPOPMAaLIMOHHBIE U KOMMNbIOTEPHbIE MHTEPUPOBAHHbIE TEXHONorMn. — Xapbkos: HAKY
«XAW», 2007. — Bein. 35. — C. 99 — 103.

PaccMmoTpeHbl  BOMPOCbl  UCMOMb30BaHUS  9KCMEPUMEHTanbHOro  Metoa
n3MepeHna napameTpoB MNOTOKA MpuU UCCNegoBaHUM B3aMOOENCTBUSA  BUXPEMN,
CXOOSLWMX C FreHepaTopoB, C MOrpPaHUYHbIM CIIOEM Ha MAOCKOW NfacTuHe, YTo faeT
BO3MOXHOCTb OnpefenuTb onTuMmasibHble reoMeTpuyeckne napameTpbl reHepaTopoB
BUXPEN C TOYKM 3PEHNSA NX MNO3UTUBHOIO BANAHUA Ha NapamMeTpbl MOrpaHNYHOro Criosi.

Nn. 9. bubnwuorp.: 4 Ha3B..
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Po3rnaHyTi NMTaHHA WoO0 BUKOPUCTAHHS €KCNepUMEHTanbHOro Metody BUMIpY
napamMeTpiB NOTOKY Mig Yyac JOCNIAKEHHSA B3aEMOZAIT BUXPIB, SKi BUXOOATb 3 reHepaTopis
3 TMOMEXHEBMM CIIOEM Ha MMOCKIA NNacTUHi, WO J[Jae MOXIUBICTb BU3HAYUTU
OonTUMarsnbHi reoMeTpUYHi NnapaMmeTpu reHepaTopiB BUXPIB 3 TOYKM 30pYy IX NO3UTMBHOIO
BMMMBY Ha NapamMeTpu NOMEXHEBOIO CIIOH.

In. 9. Bibniorp.: 4 Ha3Bu

YK 535.241.13:534

MwuHn-, Mnkpo- n HaHopoboTkl / [1.®. MNonsakos, W.LU. Hesnogos, B.A. MNManaruH,
B.A. Xopynxun, B.I. MNonskos, A.HKO. Koponesa // OTKpbITble WHOPMALMNOHHbLIE W
KOMMNbIOTEPHbIE MHTErpypoBaHHble TexHonormn. — XapbkoB: HAKY «XAW», 2007. —
Bbin. 35. - C. 104 — 113.

lMpoBeaoeH aHanu3 COCTOAHMS U MEPCNneKTUBbI PasBUTUS MUKPOPOOOTEXHUKN.
OTmedeHO 6o0nblUOe 3Ha4YeHMe MUKPOPOBOTOB MpPU PELUeHUMM Hay4YHO-TEXHUYECKUX
3agay. Ocoboe 3HayeHne nNpuMmeHeHne MUKpPopobOTOB ANsA nepexona K NpoOu3BOLCTBY
TEXHUKN HOBOMO NOKOJSIEHMS.

Wn. 1. Bubnuorp.: 11 HasB..

MpoBeaeH aHania CcTaHy Ta MNEepCcnekTMBM PO3BUTKY  MIKPOPODOTEXHIKM.
BiaMnyeHo Benvke 3HaYeHHsT MIKPOPOOOTIB MpM pilIEHHI HayKOBO-TEXHIYHUX 3ajavd.
OcobnnBe 3HA4YeHHs1 BMKOPUCTaHHSA MIKpOpobOoTiB Ans nepexogy 4O BMPOBHULTBA
TEXHIKM HOBOIO MOKOSIHHS.

In. 1. Bi6niorp.: 11 Ha3B

YOK 004.312.02, 312.022

MpunoxeHne cBOUCTB OOOBOLIEHHBLIX JOrMYECKUX YHKUMA K CUHTE3y
MHOIO(OYHKLUMOHanNbHbIX  TpurrepHbix yctponctB / E.H. Kopobkosa, HO.WN. AnuHny //
OTKpbITblE MHMOPMALMOHHBIE N KOMMbIOTEPHbIE WHTErpMpOBaHHbIE TEXHOMOMMKU. —
XapbkoB: HAKY «XAW», 2007. — Bein. 35. - C. 114 — 119.

MpeanoxeH MeToa CMHTE3a MHOrOYHKLMOHANbHbLIX TPUITEPOB, OCHOBAHHbIN Ha
npeacraBneHnn 1 npeobpasoBaHMM NOrMYEckUX PyHKUMA B 000BLLEHHON dopMe, YTO
NO3BOMMMO YNPOCTUTL NpoLeaypy CMHTe3a.

Wn. 5. bubnuorp.: 8 HasB..

3anponoHoBaHWMn MeToA4 CWUHTe3dy OBaraToyHKUiOHanNbHNX Tpurepis, WO
Ga3yeTbCsl Ha NpeacTaBneHHi Ta MNEepeTBOPEHHI NOMYHMX (PYHKUIN B y3aranbHEHIN
dopMi, LLIO AO3BONWIIO CNPOCTUTU NPOLIEaypPY CUHTESY.

In. 5. bibniorp.: 8 Ha3B

YK 621:65.011.56

MmutaumoHHoe mogennpoBaHme aBTOMAaTU3NPOBaH-HOW CUCTEMbI MPOrpamMMHO-
rO M ONTUMarbHOINO KOPPEKTUPYIOLLEro ynpasfieHust pas3BuTuemM npoussoacTsa /
H.3. XomsikoBa, P.M1. Bonowyk. // OTKpbITble WUHOPMALMOHHBLIE M KOMMbIOTEPHbIE
WUHTErpun-poBaHHble TexHonormn. — XapbkoB: HAKY «XAW», — 2007. — Bein. 35. — C. 120
- 126.

lMpenctaBneHa uMUTaAUMOHHaAs MoOAENb CUCTEMbl ynpaBfieHUs pasBUTUEM
npou3BoACTBa, paspaboTaHHass Ha OCHOBE Teopwuwn YynpaBneHUs OUHAMUYECKUMMU
obbektamm B YCrOBUSX HeOoNpedeneHHOCTM C  MCMNOoSMb30BaHWEM KBagpaTU4YHOro
KpuTepua onTumanbHOCTU. [lpuBeaeHbl pesynbTaTbl MOLENWPOBAHUA [N 4aCTHOro
cnyyas ynpasneHnda o6bemMoM MpPOM3BOACTBA, AMHAMMKA KOTOPOro OnucbiBaeTcs
MapKOBCKMM  npoueccoM nepBoro nopsgka. Mopgenb npegHasHadeHa  Ons
MCNONb30BaHUA B Ka4eCTBE 3fieMeHTa CUCTEMbI MOAOEPXKKN MPUHATUA peLueHun ons
NPOM3BOACTBEHHbIX MEHEXKEPOB.

Wn.7 Tabn.1 bubnuorp.: 2 Ha3B.
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MpenctaBneHo iMiTauinHy Moaenb CUCTEMM YNpaBniHHA PO3BUTKOM BUPOBHMLT-
Ba, po3pobfieHy Ha OCHOBI Teopil KepyBaHHA AWHaMiYHUMK oOb'ekTamum B yMOBax
HEBM3HAYEHOCTI 3 BUKOPUCTAHHAM KBaApaTUYHOIro KpUTEpPIito onTumMmanbHoOCTi. HaBeaeHi
pe3ynbTaTt¥ MOOENOBaHHA A1 YaCTHOro BMNagkKy ynpasrniHHsa 06carom BUpoOHMUTBA,
OWHaMiKa $KOro OMUCYETbCA MAapKOBCbKMM MpOLECcOM nepLlioro nopsaky. Mogenb
npu3HavyeHa Ans BUMKOPUCTAHHS B HAKOCTI efnieMeHTa CUCTEMW MiATPUMKUA MNPUKHATTA
pilleHb ANsi BAPOOHNYNX MEHEOXEPIB.

In.7 Tabn.1 Bi6niorp.: 2 Ha3Bu

YK 004.732.011.56

PacnpegeneHne uHpopmMaumMoHHbIX noTokoB ERP-cuctembl Ha npeanpustuim
npu ee BeegeHun /| C.A. HectepeHko, O.A. Ycoea // OTKpbITbleé MH(POPMALMOHHbIE Y
KOMNbIOTEPHbIE MHTErpypoBaHHble TexHonormn. — XapbkoB: HAKY «XAW», 2007. —
Bbin. 35. - C. 127 — 132.

PaccmoTpeHbl UHGOpMauuoHHbIe NOTOkM npu BeBegeHun ERP-cuctembl u
cTpatermn wux BBeAeHus. WsnoxeHa dopmanu3aums OuM3Hec-NpoueccoB Ha
npegnpuaTUn.

n. 3. bubnuorp.: 1 HasB.

PoarnsHyTo iH(popmauinHi notokn npu BeBegeHHi ERP-cuctemu i ctpateril ix
BBeAeHHSA. BuknageHo dopmanisadito 6i3Hec-npoueciB Ha NianpuUeMCTBI.

In. 3. Bibniorp.: 1 Ha3Ba

Y[OK 681.3

OO6beKTHO-CTaTUCTMYECKMIA aHanu3 MHgpopmaumoHHbix notokos / O.B. JlaHas,
B.H. ®ypaweB // OTKpbITble WMH(POPMALMOHHBIE U KOMMLIOTEPHbLIE TEXHOMNOMUU. —
XapbkoB: HAKY «XAW», 2007, — Bein. 35. — C. 133 — 137.

OnucaH nogxod K aHanuady 1 Bu3yanusaumm MHGAOPMAaUMOHHbLIX MacCUBOB 3a
3HauMTenbHbIN nepuon BpemeHwn. [lpegnaraetcs Ha psgy C yXe MNPU3HaHHBbIMK
CTaTUCTMYECKMMN METOAaMM MCMONb30BaHWE TaK HasblBaeMblX BOpANeT-guarpamm,
CTPOKM KOTOPbIX (bOpMUPYIOTCS NyTEM yyeTa 06BHEMOB MHGOPMALMOHHBLIX BbIOOPOK,
COOTBETCTBYHOLWMX BblOpaHHbIM 0OObekTam B paspes3e pfart. Bopanet-anarpammbl
npeacTaBnATCS CyLEeCTBEHHbIM BU3yarnbHbIM JOMNOSTHEHUEM K CUCTEMAM MHTErpaumm
NHPOPMALIMOHHBIX PECYPCOB, @ TakKe K MPOrHO3HbIM CUCTEMAM.

Un. 4. bubnuorp.: 11 HasB..

OnucaHo nigxig 0o aHanisy Ta Bidyanisauil iHpopmauinHnx macuBiB 3a 3Ha4YHUM
NPOMiXKOK 4Yacy. NponoHyeTbCca nopsg 3 BXe BU3HAHMMKU  CTAaTUCTUYHMMKU MEeTogamMm
BMKOPUCTAHHA TakK 3BaHWX BopAneT-guarpam, psiakm skux opMyrTbCs  LUNAXOM
ypaxyBaHHA obcsariB iHpopMauinHmx gobipok, wo BignosigaTe obpaHnum ob’ektam y
po3pisi gat. BopaneT-anarpammn po3rnagatoTbCA CYyTTEBMM BidyanbHUM LOMNOBHEHHAM
[0 cucTeM iHTerpauii iHpopmMaLinHMUX pecypciB, a TakoX 4O NPOrHO3HUX CUCTEM.

In. 4. bibniorp.: 11 Ha3B

YOK 658.5.012: 614.8

MpobnemHble BOMNPOCHI yNpaBfieHWss PUCKOM B MPOEKTHOM MeHegXMmeHTe /
N.A. Tonuap, A.A. MNMogonHuubiHa // OTKpbITble MHAPOPMALMOHHBLIE M KOMMbIOTEPHbIE
NHTErpupoBaHHble TexHornormn. — XapbkoB: HAKY «XAW», 2007. — Bein. 35. — C. 138 —
142.

PaccmoTpeHbl  OCHOBHble  OnNpefeneHuMs  MOHATUSA  «PUCK»,  BbISIBIEHbI
0COBEHHOCTN MPUMEHEHNST METOOOB pUCK-aHanu3a B cdepe OLEHKM TEXHOTEHHbIX
PUCKOB Ha MNOTeHumanbHO onacHbix npeanpuaTuax. CdopmynmMpoBaHbl OCHOBHbIE
NPVHUMMbI HA KOTOPbIX AOSMKHA CTPOUTBCA CUCTEMA YNPaBEHNS PUCKOM.

Bubnwnorp.: 9 Ha3B.
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Po3rnsiHyTo OCHOBHi BW3HA4Y€HHS MNOHATTA "pu3KK", BUABNEHO OCOGIMBOCTI
3aCTOCyBaHHS MeToAiB pusnK-aHanisy B c@epi OUIHKM TEeXHOreHHUX pu3unKis Ha
NOTEHUiINHO Hebe3neyHux nignpuemcteax. ChopMyribOBaHO OCHOBHI MPUHLUMKN Ha AKUX
mMae bygyBaTucs cuctema ynpasriiHHS PU3UKOM.

Bibniorp.: 9 Ha3B

Y[OK 539.3:534.1:629.7.02

Cnocob nocTtpoeHuns Gasnca Ans peleHnst KpaeBbiX 3aday B OObIKHOBEHHbIX
NPON3BOAHbIX BapuaLMOHHbIMMN MeTogamMu / B.B. MuHTIOK /I OTKpbITbIE
NHPOPMALIMOHHBIE U KOMMNbIOTEPHbIE MHTEIPUPOBAHHbIE TEXHONOrMn. — Xapbkos: HAKY
«XAWN», 2007. — Bbin. 35. — C. 143 — 148.

MpeponoxeH cnocob MOCTPOEHUs KOOPAMHATHOM CUCTEMbI Ha  OCHOBE
nocnefoBaTeNbHOCTU  OYHKUMKW, KOTOpble YAOBMETBOPAT BCeM TpeboBaHuAM,
npeabsBnsemMbiM K 6asncy, 3a WCKMHOYEHWEM BbINOSHEHUSA [MaBHbIX TPaAHUYHbIX
yCrnoBuun Kpaeson 3agaydn. [locTtpoeHne NnpogeMOoOHCTPUPOBAHO Ha npuMepe.

Tabn. 1. Un. 2. bubnuorp.: 3 Ha3B.

3anponoHoBaHo cnoci6 nobygoBuM  KOOPAWHATHOI  CUCTEMM HA  OCHOBI
NOCnigOBHOCTI (PYHKLiN, $SIKi 3a40BOSbHAKTL BCi BUMOIM, WO nNpen’aBnawTbCca Ao
6a3ncy, 3a BUKIIOYEHHAM BUKOHAHHS TFOMIOBHUX KpanoBMxX yMoB 3apgadi. [MobynoBy
NPOAEMOHCTPOBAHO Ha NpuKnagi.

Taobn. 1. In. 2. biéniorp.: 3 Ha3BwK

YOK 658.012.23+658.114.5

Mogenb WHPOPMALMOHHOW CUCTEMbI YyMNpaBfieHUs MPOEKTamMu CTPOUTENbHOM
kopnopauun Ha ocHoBe Microsoft Enterprise Project Management Solution 2003 /
W.B. HekpacoB // OTKpbiTble MHGOOPMALMNOHHBIE N KOMMbIOTEPHbLIE WMHTErPUPOBAHHbIE
TexHonorun. — XapbkoB: HAKY «XAWMy, 2007. — Bein. 35. — C. 149 — 154.

MpoBegeHo o6o0CHOBaHME  akTyanlbHOCTU  BHeApeHus  MHGOPMaLMOHHOM
CUCTeMbl  ynpaereHuMs npoektamu B Koprnopauuu. PaspaboTtaHa  mogensb
NHOPMALMOHHON CUCTEMbl YyNpaBfieHUs MNPOeKTaMu CTPOUTESTIbHOM Kopropauuu,
OTBEYawLeNn MexayHapogHbIM CcTaHgapTam ynpaeneHna un  obecneyvBaioLlemn
MaKkCUMarnbHO MPO3pavyHytd KOMMYHUKALMIO BCEX YYaCTHWKOB MPOEKTHOro npolecca
npv peanusaunm NPOeKTOB Ha BCEX CTaAUAX XXM3HEHHOMO LMKna.

Wn. 1. Bubnuorp.: 13 HasB..

[MpoBegeHo OBrpyHTYBaHHA akTyanbHOCTi BNpOBa[XeHHs  iHdopMaLinHOI
CUCTEMW yNpaBIiHHA npoekTamn B Kopnopadii. Po3pobneHo moaens iHopMauinHoi
cucTeMM ynpasriHHA NpoekTammn ByaiBenbHOI kopnopadii, ska Bignosigae MixkHapogHUM
CTaHgapTaMm ynpasfiHHA Ta 3abesneyye MakcumarbHO NPO30pYy KOMYHIKaLilo BCiX
yYaCHUKIB MPOEKTHOro MpoLecy npu peanisauil NPOEKTiB Ha BCiX CTagisiXx XUTTEBOro
LUKny.

In. 1. Bibniorp.: 13 Ha3B

YOK 574.2:57.03

KoHkypeHTOCnocobHas akoHOMMKa kak 6a3a HoocdepHoro passutmna obuiectea /
B.A. lMunbwukos, A.B. Hangbiw / OTKpbITble MHPOPMAUMOHHLIE U KOMMbIOTEPHbIE
NHTErpupoBaHHble TexHornormn. — XapbkoB: HAKY «XAW», 2007. — Bein. 35. — C. 155 —
160.

lMpoaHanuampoBaHbl  nybnukaumm nNo  npobnemaTuke  TexHoreHesa —
uerneHanpaBfieHHON [OeATeNlbHOCTM 4YenoBeka B 6uocdepe UM OKONO3EMHOM
npocTpaHcTBe. PaccMOTpeHbl pekomeHgauuu no pauuoHanbHOMY npeobpasoBaHuio
TexHocdepbl Kak 4acTu Ouocdepbl B HOOCHEPY — HOBLIN COBPEMEHHbLIN 3Tan
9BONIOLMN OpraHN4ecKkoro Mmmpa.

Bubnuorp.: 8 Ha3B.
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MpoaHanizoBaHo nybnikauii 3 npobnemaTnkm TexHoreHesa — LinecnpamMoBaHoOl
fdianbHOCTI  noguHn B BGiocdepi Ta  HaBKONO3EMHOMY MpocTopi. Po3rnsHyTto
pekoMeHaauil woao pauioHanbHOro NepeTBOPEHHA TeXHOCHEPH, K YacTUHKN Biocdepun
y Hoocdhepy — HOBUIN CyHacHWI eTan eBosoLil OpraHidyHoro CBiTy.

Bibniorp.: 8 Ha3B

YK 378.147:004.9

AKTyanbHble npobrieMbl OpraHuM3auMoHHO-MeTodosorn4eckoro obecneveHms
MHPOPMAaLMOHHBIX TexHonornn odby4vernna / B.M. BapTtaHsH, K.B. LLiBegoBa // OTkpbITble
NHPOPMAaLIMOHHBbIE U KOMMNbIOTEPHbIE MHTEIPUPOBAHHbIE TEXHONOrMn. — Xapbkos: HAKY
«XAWy», 2007. — Bein. 35. — C. 161 — 164.

PaccmoTtpeHa knaccudumkaumsa aneKkTpoHHbIX y4ebHbIX pecypcoB, UCCrefoBaHbl
TPaguUMOHHbIE METOAMKN OLEHKM KayvecTBa OneKTPOHHbIX usgaHun. WMsnoxeHa
MEeTOAMKA KOMMIIEKCHOW OLEHKN KavyecTBa 9NEeKTPOHHbIX Y4eOHbIX pecypcoB B coCTaBe
MHdOPMaLNOHHO-06pa3oBaTeNbHOM cpeapbl.

Tabn. 2. bubnwuorp.: 4 Ha3B.

PoarnsHyTo Knacudikauito enekTpoHHMUX HaBYanbHUX PecypciB, LOCMIOKEHO
TpaguuiHi MEeTOOMKM OLIHKM SKOCTI eneKkTpoHHUX BuaaHb. BuknageHo wmetoauky
KOMMMEKCHOT OLHKM AKOCTi eNeKTPOHHMX HaBYanbHUX PECypCiB y cKkragi iHopmauinHo-
OCBITHBOrO cepefoBMLLa.

Tabn. 2. bibniorp.: 4 Ha3Bw

YOK 621:338.26

[MocTpoeHne Mogenu ynpaBfeHUs WHTENNEeKTyanbHOW COBGCTBEHHOCTbIO Kak
3feMeHTa npouecca ynpaBneHus KayecTBOM U pecypcamMmm MHHOBALMVOHHbLIX NPOEKToB /
O.E. ®epoposuy, T.U. Kpaxmanesa // OTKpbITble MH(POPMALMOHHbBIE U KOMMNbIOTEPHbIE
NHTErpupoBaHHble TexHomnormn. — XapbkoB: HAKY «XAWN», 2007. — Bein. 35. — C. 165 —
170.

WccneposaH Bonpoc ynpaBneHUs WHHOBAUMOHHLIMU MPOEKTaMu Mo CO3AaHuIo
OOBHEKTOB HOBOM TEXHUKM C Yy4eTOM OOBLEeKTOB npaBa UHTENNEKTyarbHOW
cobcTBeHHOCTU. [1poaHann3anpoBaHbl CyLeCcTBYOLWME MOAENN YNpaBeHns pecypcamm
MHHOBALMOHHbLIX MNPOEKTOB B cdepe Haykm U TexHuku. [lpeanoxeHa wmoaenb
yrnpaBfieHns NpouecCcoM CO34aHUA OOBHLEKTOB MHTENNEKTyarnbHOM COBCTBEHHOCTU Kak
YacTb CUCTEMbI Ka4yecTBa NpeanpuaTus.

Un. 2. bubnuorp.: 6 HasB.

HocnigpkeHo nuTaHHA ynpasSiiHHA iHHOBAUIMHUMW MpoOeKTaMn 3i CTBOPEHHA
06’eKTiB HOBOI TexHikM 3 ypaxyBaHHsAM OG’€KTiB npaBa iHTenekTyanbHOI BIIaCHOCTI.
[MpoaHanizoBaHO iCHyKOYI MOAenNi ynpasriHHA pecypcamMu iHHOBAUMHUX MPOEKTIB 'y
chepi Hayku i TexHikn. 3anponoHOBaHO MoAenb ynpasSiHHA MNPOLLECOM CTBOPEHHS
00’eKTiB iIHTENEKTYyanbHOI BNACHOCTI K YaCTUHY CUCTEMW AKOCTI NigNpPUEMCTBA.

In. 2. Bibniorp.: 6 Ha3B

YOK 681.32

CuctemHas normctmyeckass mogenb ynpaeneHua kadectsom / H.H. Topa //
OkpbITble MHOPMALMOHHBLIE U KOMMbIOTEPHbIE WHTErPUPOBAHHbIE TEXHOMOMMK. —
XapbkoB: HAKY «XAW», 2007. — Bbin. 35. - C. 171 - 175.

lMpegnoxeHa cucTtemMHass  Mofefib  YNpaBfieHUMs KayeCcTBOM B BuAe
NOrNCTUYECKOro CUCTEMHOIO Kyba B TpeX OCHOBHbIX U3MEPEHUSAX: Nepapxms YpoBHEN
yrnpaBfeHns KayvecTBOM; CTpaTUuKauMsi KOHTPONs KayecTBa; Normcrmdeckas Lenb
npoussoAcTea. [locTpoeHa noruko-anrebpanyeckas Moaenb ynpasfeHUs KayecTBOM,
OCHOBaHHasA Ha MHTerpauMmM nNpoueccoB KOHTPOMS KayecTBa AN OTAENbHbIX 3BEHbEB
NOrMCTUYECKON Lienu.

Un. 4. bubnuorp.: 2 HasB..
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3anponoHoOBaHO CUCTEMHY MOAerNb YNpaBniHHA SKICTIO Y BUrNAA4I NOMCTUYHOMO
cucTeMHoOro Kyba B TpbOX OCHOBHMX BUMIpax: iepapxis PiBHIB ynpaBniHHA SKiCTHO;
cTpaTudikalia KOHTPOM HAKOCTi; MOFCTUYHMIA naHutor BupobHuuteBa. [lobygoBaHo
noriko-anrebpaiyHy mogenb ynpaBniHHA SKICTHO, 3aCHOBaHy Ha iHTerpadii npouecis
KOHTPOIO SKOCTi ANA OKPEMUX STaHOK NOTiCTUYHOMO NaHutora.

In. 4. Bibniorp.: 2 Ha3Bn

Y[K. 658.62

CTPYKTYpHbIN  aHann3 peuHXWHUPWUHra TeppuTopuanbHO pacnpeneneHHbIX
komnanun / J1.O. pekoB, O.E. ®epopoBuy // OTKpbITble WHPOPMALMOHHbLIE W
KOMMNbIOTEPHbIE MHTErpypoBaHHble TexHonornn. — XapbkoB: HAKY «XAW», 2007. —
Bbin. 35. - C. 176 — 179.

[MpennoxeH meTon CTPYKTYPHOrO aHanmsa TepputopuaribHO pacrpegerieHHbIX
komnaHun (TPK), koTopbiM NO3BOMNAET NPOBECTM WCCNEeLOBaHWE PEUHXMHUPUHIA
passuBaroLencsa apxutektypbl TPK. lNpoBeaeHa knaccudukaums ctpyktyp TPK. Ons
OPMUPOBAHNA MHOXECTBA BO3MOXHbIX BapuvaHTOB apXUTEKTYPHOIO PEUHXUHUPUHIa
MCNonb30BaHbl OCHOBHbIE pe3yrnbTaThl Teopuu [Nona n e bpenHa.

Wn. 7. Bubnuorp.: 2 Ha3B.

3anponoHOBaHO MEeTOA CTPYKTYPHOro aHanidy TepuTopianbHO pPO3MnoAifieHnx
komnaHin (TPK), Wwo no3Bonsie NpoBeCTM AOCHIAXKEHHSA peiHXUHipuHry apxitektypu TPK,
wo possuBaeTbcd. [lpoBegeHo knacudikauito cTtpyktyp TPK. Ona dopmyBaHHA
MHOXVHW MOXITMBUX BapiaHTIB apXiTEKTYPHOro PEeiHXMHIPUHIY BUKOPWUCTaHI OCHOBHI
pesynbTaTtu Teopii Nona Ta [e bpenHa.

In. 7. Bibniorp.: 2 Ha3B.

YK 658.1

O6ocHoBaHMe akTyanbHOCTW WCcCneaoBaHMs METOL4OB OUEHKM  PbIHOYHOM
ctommoctn npeanpuatun  /  KO.A.  Mopososa, E.[l. Kupuuyk // OTKpbITble
NHPOPMAaLIMOHHBIE U KOMMNbIOTEPHbIE MHTEIPUPOBAHHbIE TeXHONormn. — Xapbkos: HAKY
«XAW», 2007. — Bein. 35. — C. 180 — 182.

O6ocHOBaHa akTyanbHOCTb peLleHUs cregylowen HayyHou 3agjayv: U3yunTb
CywlecTBylOLWNE MeTOAbl OUEHKM PbIHOYHOW  CTOMMOCTM  MNpeanpusaTui  ans
nocrnegywLwero ux adHanumsa, BbISIBNEHUS HeOoCTaTKOB WM CUHTEe3a 3ddeKTUBHbIX
mMoZeneh M MeTOAOB OLEHKM, KOTOpble YYUTbIBAOT YCMOBUS HeonpeneneHHoCTU
COBPEMEHHbIX PbIHOYHbIX OTHOLLEHWNA.

Bubnuorp.: 4 HasB.

OGrpyHTOBaHO aKTyarbHICTb BUPILLEHHSA Takol HayKOBOI 3adadi: BUBYMTU iCHYHOMi
MEeTOOM OLIHKM PWUHKOBOI BapTOCTI NIANPUEMCTB OMA HACTYMHOro IXHbOro  aHaniay,
BUSABMNEHHA HeOonikiB i CUHTE3y eqeKkTUBHUX Mogenen i MeToaiB  OUiHKW, SKi
BPaxoBYOTb YMOBW HEBM3HAYEHOCTI Cy4aCHUX PUHKOBUX BiAHOCUH.

Bibniorp.: 4 Ha3Bw.

YOK 504.064

IHbopmauinHa TexHomnoria  MPOrHO3yBaHHA  OCHOBHWMX MapamMeTpiB  30HU
MOXITMBOTO  YPaXEHHS  MMOBIPHOT  MOXeXi  BHACMigOK  BMAMBY  TENSIOBOro
BunpomiHoBaHHs / B.J1. Kneecbka, B.O. MakcumeHko // OTKpbITble MHOPMaLVOHHbIE
N KOMMNbIOTEPHbIE MHTErpMpoBaHHble TexHornormn. — 2007. — Bein. 35. — C. 183 — 195.

OnucaHo 3anponoHOBaHy aBTopaMn MoAerb NPoUeciB TENNOO0OMIHY MK 30HOH
FOPiHHA MNOXEXi Ta HaBKOMWULUHIM CepedoBULLEM, a TaKoX Po3pobneHy Ha 1i OCHOBI
iHbopMaUiiHy TEeXHOSIOrit0 NPOrHO3yBaHHA OCHOBHMX MapaMeTpiB 30HWM MOXIUBOIO
ypaXXeHHS1 UMOBIPHOT MOXeXi BHACSigOK BMNAUBY TEMNSIOBOrO BUNPOMIHIOBAHHS.

In. 5. Tabn. 1. bibniorp.: 5 Ha3B
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OnucaHa npeanoxeHHas aBTopaMu MOAENb NPOUEeccoB TennoobmeHa mexay
30HOM FOPEHUN NnoXxapa 1 OKpyKaloLen cpeaon, a Takke paspaboTtaHHasa Ha ee oCcHOBe
WH(POPMALMOHHAs TEXHONOrMA MNPOrHO3MPOBAHUA OCHOBHbIX MNapamMeTpoB  30HbI
BO3MOXHOIO MOpPaXXeHUs1 BEepOATHOro noxapa BCneacTBue BO3OEWCTBUA TEMNNOBOro
N3Ny4vYeHns.

Wn. 5. Tabn. 1. bubnwuorp.: 5 Ha3B.

YK 681.269 ( 088.8 )

JKcnepuMeHTanbHoe nccnegosaHmne BECON3MEPUTENBHON CUCTEMbI
HenpepbiBHoro fgeunctsua / H.O. Koweson, E.E. Kanawnukos, .A. Yepenawyk //
OTKpbITble UHGOPMALUMNOHHBbIE N KOMMbIOTEPHbIE WHTErPUPOBAHHbLIE TEXHOMOMNKU. —
XapbkoB: HAKY «XAWM», 2007. — Bein. 35. — C. 196 — 199.

PaccmoTpeHbl COBpPEMEHHLIE BECOM3MEPUTESbHbIE CUCTEMbI HEMNPEPbLIBHOMO
aencteus. [peanoxeH MNPOEKT BECOU3IMEPUTENBHOW CUCTEMbl, MO KOTOpOMYy Obin
N3roTOBMNeH MakeT BECOM3MEPUTESNIbHON CUCTEMbI U NMPOBEAEHbI AKCMNEPUMEHTArbHbIE
nccnegoBaHuA. MpvBeaeHsb! OCHOBHbIE pesynbTathbl 3KCnepuMeHTarbHbIX
nccnegoBaHU, KoTopble MOATBEpAUnM  paboTOCNOCOBHOCTL BECOU3MEPUTENBHOMN
CUCTEMBI.

Bubnworp.: 4 Ha3B.

PoarnsHyTo  cyyacHi  BaroBumiptoBasibHi  cuctemm  6eanepepBHOi  Ail.
3anponoHoBaHO MPOEKT BaroBMMIpOBanbHOI CUCTEMMU, 3a AKMM OyB BUIOTOBMEHUN
MakeT BaroBMMIiptoBaribHOI CUCTEMW Ta MNPOBEAEHI eKCnepuMeHTanbHi  Jocnigun.
HaBeneHO OCHOBHI pe3ynbTaTh ekcnepuMeHTanbHUX LOChiMKeHb, SKi nigTBepaunm
npawuesfaTtHICTb BaroBUMIpoBaribHOI CUCTEMN.

Bibniorp.: 4 Ha3BK

YK 336.531.2 (001.13)

CoBpemMeHHble  (bMHaAHCOBble  MeTOoAbl  yNpaBneHUs  UHBECTULMOHHbLIMU
npoektamm Ha npeanpuatmax / W.A. Ycoea, E.H. T[oHuapeHko // OTKpbITble
NHPOPMAaLIMOHHbIE U KOMNbIOTEPHbIE MHTErPUPOBAHHbIE TeXHONormn. — Xapbkos: HAKY
«XAWN», 2007. Bbin. 35. — C. 200 — 205.

Moka3zaHo, 4TO nNpu oAoGpeHUN ynpaBrEeHYECKUX peLUeHUn Ans peanusaumm
WHBECTULMOHHBIX MNPOEKTOB (Mporpamm) HeobxoauMMO MPUMEHATb  KOMIMMEKCHbIN
noaxod, onpefdeneHHy cuctemy nokasatenen. [lpegnoxeHHble pekoMeHgaumm
MCMNONb30BaHUS (PUMHAHCOBLIX METOAOB YyNpaBfieHUsT UHBECTULMOHHBIMU MpPOEeKTaMm
NO3BONAT NPeanpuUAaTUSM CBOEBPEMEHHO pearMpoBaTb Ha W3MEHEHUs NnapameTpoB
WHBECTULMOHHBIX MPOEKTOB B Mpouecce UX peanusauuun, a Takke ogodbpsTb HayyHO
00O0CHOBaHHbIE ynpaBreHYeckue peLleHus.

Bubnwuorp.: 2 Ha3B.

lMokasaHo, WO nNpu YyXBaneHHi YnNpaBniHCbKMX pilleHb LWoao peanisauii
iHBECTULIMHMX NPOEKTIB (nporpam) HeobXigHO 3acTOCoBYBaTWM KOMMSIEKCHUW Niaxia,
NeBHY CUCTEMY MOKa3HWUKIB. 3anpornoHOBaHi pekoMeHfauil WoAO0 BUMKOPUCTaHHS
diHaHCOBUX  MeTOoAiB  ynpaBniHHA  iHBECTUUIMHMMM  MpOeKkTaMn  [LO3BOSIATb
nignpuemMcTBaM CBOEYACHO pearyBaTh Ha 3MiHM NapameTpiB iHBECTULINHUX NPOEKTIB Y
npoueci IXHbOI peanisauii, a TakoX yxBanioBaTW HayKoOBO OGr'pyHTOBaHi ynpaBniHCbKI
PiLLEHHA.

Bibniorp.: 2 Ha3BuK
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YK 004.9:378.14.001.7

MHdbopmaumoHHas cuctemMa  MOHUTOPUHra KayectBa 0OpasoBaTesnibHOro
npouecca By3a / B.M. BaptaHsH, [J.C. Mynnanuesa // OTKpbITble NH(POPMAaLNOHHbIE Y
KOMNbIOTEPHbIE WHTErpMpoBaHHble TexHorormn. — XapbkoB: HAKY «XAW», 2007.
Bobin. 35. — C. 206 —211.

B xope aHanu3a 3agad, peluaemMblX MHGPOPMALMOHHON CUCTEMOW MOHUTOPUHIa
KayecTBa y4yebGHOro npouecca, npennoxeHa KoHuenuus v 6as3oBbIN TeopeTU4eCcKui
NpoTOTUN  WMHAOPMALWOHHOMW  CUCTEMbI,  MOAOEPXMBAKLWMA  OCYyLleCTBrEeHNe
KOMMJIEKCHOrO MOHUTOPUHra KadectBa yyebHOro npouecca. BbibpaHHbIi noaxond K
CO34aH1I0 MHAOPMALMOHHOW CUCTEMbI OCHOBaH Ha aHanu3e CyLEeCTBYIOLLNX aHanoros
N MEXOYHaApOAHOM ONbITE Pa3nMYHbIX NOAXOAOB K OLEHKe KadecTBa 0Opa3oBaHuS.

Bubnwnorp.: 2 Ha3B.

Y xopi aHanidy 3agad, po3B’sidyBaHUX iH(OPMAaUINHOK CUCTEMOK MOHITOPUHTY
AKOCTi HaB4YaribHOro MpoLecy, 3anpornoHOBAHO KOHUENUito Ta 6a30BUN TEOPETUYHUN
npoToTUN IHPOpPMAaLINHOI cucTeMi, WO NIATPUMYE 3OINCHEHHS  KOMMIIEKCHOrO
MOHITOPUHIY  SKOCTI HaBYyanbHOro npouecy. BubpaHui nigxio OO0 CTBOPEHHSA
iHbopMaLiNHOT CMCTEMM OCHOBAHWW Ha aHani3i iCHyH4YMX aHanoriB i MiXHapogHOMY
OOCBIdI PI3HMX NigXoaiB 40 OLHKM AKOCTI OCBITW.

Bibniorp.: 2 Ha3Bu

YOK 681.32

KomnnekcHbIn nokasaTtenb AN OUEHKN KavyeCTBa WHHOBAUMOHHbLIX MPOEKTOB /
[.B. F'onosaHb // OTKpbITble MHPOPMALMOHHbLIE N KOMMbIOTEPHbIE UHTErPUPOBAHHbLIE
TexHonorun. — XapbkoB: HAKY «XAWy», 2007. — Bein. 34 — C. 212 -215.

[Ons oueHkn kayecTBa paspabaTbiBaeMblX MPOEKTOB MpPeasioXeH HOBbIN
KOMMSMEKCHbIW MokasaTenb kayectBa. [okasaHbl npenmyllecTBa AaHHOrMo nokasatens
MO CPaBHEHMIO C CYyLECTBYKOLWMMU, B YaCTHOCTW, ONS MNPUHATUS pPeLleHns o
AanbHenweMy  BbIMOMHEHUIO  npoekta. [logpobHO  paccMOTpeHO  cpaBHEHME
NpegnoXeHHOro nokasaTenss CO CTaHOapTHbIM - MYNbTUNNUKATUBHBIM.  PacyéTbl
3Ha4yeHUM KOMMMEKCHbIX MokasaTenen KadvecTBa MpoOBedeHbl C UCMNOSib30BaHMEM
KOMMbIOTEPHOM NPOrpaMmmbl.

Wn. 1. Bubnuorp.: 4 Ha3B..

[ns ouiHKK1 AKoCTi po3pobntoBaHNX MNPOEKTIB 3anNpONOHOBAHO HOBUIWN KOMMIEKCHUN
NnokKasHUK SKocTi. [lokaszaHO nepeBarn OaHOro rMOKasHWKa MOPIBHAHO 3 ICHYHOYUMM,
30Kkpema, Ans NPUAHATTS  pilleHHS CTOCOBHO MNOAANbLIOrO BWKOHAHHS MPOEKTY.
[oknagHoO po3rnsHyTO MOPIBHAHHA 3anponoHOBAHOrO MOKas3HWKa 3i CTaHO4apTHUM
MYNbTUNNIKATUBHUM. PO3paxyHKM 3HA4YEeHb KOMMEKCHMUX NOKa3HUKIB SIKOCTIi NpoBeaEeHO 3
BUKOPUCTAHHAM KOMM'HOTEPHOI Nporpamu.

In. 1. Bibniorp.: 4 Ha3Bwn
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TpeboBaHus K ochopMneHno ctaterm B TeMaTU4eCKUM COOPHUK Hay4YHbIX TPyAOB
HaumnoHanbHoro asapokocmuyeckoro ynusepcurteta um. H.E. XXykoBckoro «XAU»
«OTKpbITble MH(POPMAaLIMOHHbIE U KOMNLIOTEPHbIE MHTErPUPOBaHHbIE
TEXHONOrnm»

YBaxaemble aBTopbl Nydnvkaumm!

K onybnukoBaHnio B COOpPHMKE NPUMHUMAIOTCA HayyHble CTaTbW, paHee He
nybnvkoBaBLuMecs, NOCBSILLEHHblE ~ BompocamM M npobrnemaM  OTKPbITbIX
NMHAOPMALMOHHBIX Y KOMMbIOTEPHBIX MHTErPUPOBAHHbBIX TEXHOMOTUNA.

CornacHo [MoctaHoBneHnto BAK Ykpaunbl ot 15.01.2003 r. Ne 7-05/1 "lNpo
niagBuLWEHHS BUMOr A0 paxoBux BuAaHb, BHeceHux o nepeniky BAK YkpaiHn" TekcT
cTaTby OOIMKEH CcoaepKaTb criegyoLlme Heobxoammble 3NEeMEHTbI:

— NOCTaHOBKa I'IpO6J'IeMbI B obwem Bumae u ee CBA3b C BaXHbIMU Hay4YHbIMU W”
npakTn4eCKMmMmn 3agadyamu;

— aHanu3 wuccriegoBaHWiA M NyGnukauuii, B KOTOPbIX HayaTo pelleHne [OaHHOW
nNpoGneMbl U Ha KOTOPbIE ONMPaeTCs aBTopP;

— BblENEHNe He peLLeHHbIX paHee YacTel obLuel npobremMbl, KOTOPbIM NOCBsILLAeTCS
[laHHas cTaTbs;

— dopmynupoBKa Lernen ctaTbh (NOCTaHOBKA 3a4aun);

— WU3J10)KeHne OCHOBHOro martepuarnia wuccnegosaHuna C TMOJIHbIM obocHoBaHMEM
NOoJTy4EeHHbIX Hay4HbIX Pe3yJibTaTOoB;

— BbIBOAbI MO AAHHOMY UCCreaoBaHWNIO U NepcrneKkTMBbl AarbHEeNLWMX UccrnenoBaHnii B
AaHHOM HarnpaBneHuMn.

Cratbs, He cooTBeTcTBYylOWasa TpebosaHuam BAK YkpauHbl, K nybnukauum He
NPUHUMaETCS.

Cratba pomkHa OblTb OTpedakTMpoBaHa nUTEPATYPHbIM  PeaakTopoM M
CBepcTaHa aBTOPOM TakMm o0Opas3om, 4TOObl BCe CTpaHuubl OblIM MOMHOCTBLIO
3anonHeHbl TeKCTOM (B T.4. MOCnegHas CcTpaHuua). He npuHumaeTcs craTtbs,
codeprkallas HernorsHble CTPaHuLbI.

Ctatba gomkHa ObiTb MOMHOCTLIO MOArOTOBIIEHA C MOMOLUBK pepaktopa MS
Word 95, 97 vnn 2000. PucyHkn n poTorpadum pasmewlaotcs B TEKCTE CTaTbu, Npu
9TOM PUCYHKN LOMKHbI ObITb CrpynnNMpoBaHbl U "NpmBsa3aHbl” K TEKCTY.

TpeboBaHus kK 0OpMIIEHMNIO CrieaytoLme:
1) napameTpsbl cTpaHuubl: popmat A4, BepxHee nose - 2,5 cM, HWXKHee - 3 CM, JieBoe -
2,5 cMm, npaBoe - 2 CM, OT Kpas 40 HUXXHEro KONOHTUTYNA - 2 CM;
HOMEp CTpaHuLbl: BHU3Y, OT UeHTpa, wpudT Arial (pasmep 12);
YIK: B neBOM BepXHEM Yriy cTpaHuubl, WpudT Arial, 12;
WHULManNb! N amunumn aBTopos: WpudT Arial, pasamep 12, B BepxHeM nNpaBoMm yriy;

Ha3BaHue ctatbu: WpudT Times New Roman, upHbin, pasmep 16, BbipaBHUBaHME
— MO LEHTPY;

6) opraHmsaums: wpudT Arial, kypcus, pasmep 12;

2
3
4
5
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7) Mexagy HasBaHMEM CTaTbW, aBTOpPaMW, OpraHuM3aumed U TEeKCTOM CTaTbM - OAWH
nycton ab3ay (pasmep 12);

8) TekcT cTtaTtbu: WpndT Arial, 0Obl4HbIN, pa3mep 12; nHTepBan - oAUHaPHbLIW, Nepeq
ab3auem n nocne Hero - 0 NT, oTCTYN Nepeon cTpoku - 1,25 cm, BbipaBHMBaHME - MO
LUMPWUHE;

9) BHewWHMN BuA rpadgukosB, Tabnuy, dQopmMyn - N0 YCMOTPEHUK aBTOpPOB, HO
NCNoSb30BaTh WPUMPTLI pasmepom He MeHee 8;

10) nognucy NoA4 puUCyHKamMu pacnonaratb No UEHTPY CTpaHuubl;, nepen pUCyHKOM W

nocre ero HaMMmeHoBaHus (UM NOAPUCYHOYHOW NOANUCKU) OCTaBUTb NPoben B OAHY
CTPOKY.

dunsnyeckmne BenNUMHbI SOSMKHbI npmnBoaAnTbLCA B eAnHNLIAX CUCTEMBbI CWn.

B koHue cTaTbM Heob6XoAMMO MPUBECTM CMUCOK MUCMONb30BaHHbIX MCTOYHMKOB
(3aronoBok nevataeTcsa OTAENbHOW CTPOKOW nocepeauHe, wpudt Arial, 12).
JlutepaTypHble UCTOYHUKN OOMKHbI BbITb MPOHYMEPOBaHbLI B COOTBETCTBUMU C NOPAOKOM
CCbINIOK Ha HMX B TekcTe. Cchbifika Ha MCTOYHUK AaeTca B KBagpaTHbIX ckobkax. Cnncok
nutepaTtypbl NPMBOAUTCA B KOHUE cTaTbu Bubnuorpaduyeckum ChMCKOM UCTOYHWUKOB
Ha a3blke opurHana B cootseTcTBum ¢ FOCT 7.1.-84.

OQHOBPEMEHHO CO cTaTbel B peaakLmio NpeabsaBnsioTcs:

— OKCMEpTHOE 3aKMioyYeHMeM opraHusauuM, B KOTOpol pabBoTaeT asTop, O
BO3MOXHOCTW ONYyBNNKOBaHWA CTaTbW B OTKPLITON MevaTy;

— peueH3nd Ha CTaTtbio OT BeAyLlero cneunanuncra,

— pedbepaT Ha PYCCKOM W YKPAUHCKOM $i3blkaX, COAEpKalluMh KpaTKoe CoAaepaHue
ctatbh (06bEM He Bonee cemn CTPOK ogHUM ab3auem).

CtaTtbs u pedepaT nogarTca B pefakumio B Buae annoB Ha guckete 3,5"
(1,44 M6anT) n B pacneyaTtaHHOM Buae Ha bymare cpbopmata A4 (210x297).

PelleHune o nybnukauum ctaTbl NpUHUMaEeT peaKosnserus.

anHFITaFI K ny6n|/|Kau|/||/| pacne4vyataHHada pPyKoOnnCb CTaTbWM aBTOPY HeE
BO3BpaLlaeTcA.
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