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ABTOMATHU3NPOBAHHBIN KOMILIEKC ITEPEBAJIKA BRICOKOBA3KUX
HE®DTEITPOAYKTOB

Paccmompena cmpykmypa asmomamu3zupo8aHHo20 YNpaeaeHus MA3YMHbIM MEPMUHANOM.
Buvisigaenvr nymu onmumuszayuu ynpasieHus mepmMuHaiomM U npeoaodceHbl mexHu4eckue peuleHus
1O NOCMPOEHU) A8MOMAMU3UPOBAHHO20 KOMHACKCA.

Kmouessie ciaoBa: Ma3yT, HeTeOa3a, aBTOMAaTU3UPOBAHHOE YIIpaBIeHNE, BEICOKOBSI3KME HeTenpo-

JYKTBI, Pa30rpeB, XeIe3HOIOPOKHAsT ICTaKkaa.

Automatic control structure of the black oil terminal is considered. Control optimization directions
of the terminal are indicate and technical decisions for automatic complex construction are

proposed.

Key words: black oil petroleum storage depot, automatic control, high-viscosity oil products, reheating,

railroad pier.

IlepeBamouHble TepMUHAIbLI HEMTENPOIYKTOB U
HedTeba3bl SBISIOTCS BaXKHOI COCTAaBHOI YacThbIO
COBPEMEHHOU TPAHCIOPTHOU CUCTEMBI SHEPTOHOCH-
TEJEeN.

Huxxe paccMoTpeHbl MyTH MOBbILLIEHUST 3¢ dhek-
TUBHOCTU U HaAEXHOCTU (PYHKLUMOHUPOBAHUS MPO-
lecca TepeBaJKU BBICOKOBS3KUX He(TENPOAYKTOB
Ha TIPUMEPE Ma3yTHOTO TEpMUHAA.

OCHOBHBIMM TEXHOJOTMYECKUMMU BJIEMEHTaMU Ma-
3yTHOTO TepMHUHaja (puc. 1) ABISIOTCS Keae3HOI0-
pOXHas 3CTakaaa, HacOCHasl CTaHLIMS, TEIJIOOOMEH-
HUKM, KOTeJbHasl, pe3epByapHbI MapK, HaJIMBHOE
YCTPOMCTBO TaHKepa.

Ha tepmuHan Ma3yT nocrynaer B KeJe3HOAOPOX-
HBIX LIMCTEPHAX, a CIMBAETCS YEPE3 HUXKHIOI TOPJIo-
BUHY ycTpolicTBa ciuBHoOro HuxHero (YCH) paspy-
LLIEHWEM 3aCThIBILIEro Ma3yTa CTpyéi, (hopMupyemoi
rugpomonuTopom YCH.

ITpu nycke cucteMbl TPyOOTTPOBOIbLI 3aMOJHSIOT-
Csl Ma3yTOM M3 pe3epByapHOro napka. Masyt npoka-
YMBAECTCS HACOCHOW CTaHIIMEN 4yepe3 TeraooOMEH-
HUKU. TeMnepaTtypa Ma3yTa MOBBIIIAETCS TEIJIOHO-
cuTesieM, IoJaBaeMbIM U3 KOTeJIbHOU. Pazorpersbiid
JI0 3alaHHOW TeMIlepaTypbl Ma3yT LIMPKYJUPYET 10
KOHTYpY «HacoOCHasl CTaHLMS — TEIIOOOMEHHUKU»
1 yacTuyHO Hampasisgercs B YCH xene3Homopox-
HOI BCTaKaabl HAa pa3MbIB XOJIOIHOIO Ma3yTa B 1IMC-
TepHax [1].

B cyuiecTByolMx cucremMax HeCTabUJIbHOCTD TMPO-
1iecca CIMBa, BbI3BaHHAsI BOBMOXHOCTBIO 3aKyHOpU-

BaHUS CJIMBHOIO TPyOOIIpOBOAA, MPUBOAUT K HEOO-
XOIMMOCTU YMEHbIIATh JaBJieHWe MasyTa, IojaBae-
MOro Ha TMIAPOMOHUTOpP, YTO YBEIWUYMBAET MPOAOJI-
KUTEJIBHOCTD mpouecca ciuba [2]. [ToBbieHne nas-
JIEHUS BEJIET K 3aKYyMOPUBAHUIO CIMBHOTO TPYOOIPO-
BOJA U aBaApUMHOM OCTAaHOBKE BCErO0 TEPMHUHAIA.
PemieHue npoGaeMbl 3aKyNopuBaHUSI CAMBHOTO TPY-
oomnpoBoga [3] MO3BOJUT YBEJIMYUTH CKOPOCTb M3-
BJICUCHUSI Ma3yTa M3 KEJIE3HOAOPOXHOW ILIMCTEPHBI
Oosiee yeM B 2 pasa.

PazorpeThiii Ma3yT, caMBaeMblii U3 XEJIE3HOIO-
POXHOU LIMCTEPHBI, HAMpPaBJIsieTCd HAa XpaHEHUE B
pe3epByapHbiii mapk. TemmepaTypa B pe3epByapax
MOAEePXUBAETCSd B TEYEHUE BCErO0 BPEMEHU Xpa-
HeHus MasyTa. [y aToro B pe3epByapax KOHTpPO-
JIUpyeTcs TeMmreparypa Ma3zyTa U OCYLIECTBISIETCS
ero MnpokKauuBaHUE 4Yepe3 TEeIIOOOMEHHUKU Tpu
TMOHMXXEHUU TeMIlepaTypbl HUXE 3aJaHHOro 3Ha-
YeHwUsI.

ITpy HaMuuK B pe3epByapHOM MapKe KOJUYeCTBa
MasyTa, JOCTaTOYHOIO JUIS 3allOJHEHUS TaHKepa,
TMPOU3BOAMUTCS OTTPY3Ka. YUET MACChI U MMapaMeTpoB
MasyTa OCYLIECTBJISIETCS Y3JIOM y4€Ta HA OCHOBE KO-
PUOJIMCOBBIX PACXOIOMEPOB.

HMcxons1 n3 GpyHKIMOHAJIbHOIO Ha3HAYEHUS U Tep-
PUTOPUATILHOTO pacripeiesieHusl, BbIAEIEHbI CeIyI0-
1LIME TTOACUCTEMBl aBTOMAaTU3MPOBAHHOIO Ma3yTHOTO
TepMUHAaJIA: KeJIe3HOJOPOXKHAsl 3CTaKaaa, HacOCHas
CTaHLMSI, TETNIOOOMEHHUKHU, KOTeJIbHAsl, pe3epByap-
HbI MapK, Ipyuyaj, AUCHeTYepcKas.
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XeneaHodopoxHas ['opadud Masym (T S Tennoxocumens RSB
3cmakada ___ Ha pasmuiby
| i -
Cnub Ma3yma ! :
U3 LUCMmepH
Peuupkynauus
UUPKYNAuuA , | HanubHoe
HacocHaos cmaHuus : : HIRA/EIEHIER ycmpoucmbo
HER = 5 ] maHkepa
S — . | e et (npuyan)
: 1

PesepbyapHbil napk

Cucmema ynpabneHus u
ducnemyepusauuu

Puc. 1. CTpykTypHas cxeMa Ma3yTHOTO TepMHHAJA

s ympaBiaeHUs] Ma3yTHBIM TEPMUHAJIOM HCIOJIb-
30BaHa ABYXypOBHEBasl CUCTeMa YIIPaBJIECHUS, BEPX-
HUM YPOBHEM KOTOPOI SIBIISICTCSI aBTOMAaTU3MPOBAH-
Hoe pabouee mecto (APM) mucneruepa. Ha HuxHeM
ypOBHE MpUMEHEHa pacripefesiéHHas cucTeMa IoJje-
BBIX KOHTPOJIJIEPOB. [1penMyIIiecTBO TaKOM CTPYKTY-
Pbl — MOBbILIEHWE HANEXKHOCTU (PYHKIIMOHUPOBAHUS
U OIEePaTUBHOCTH YIPABICHUSI.

KoHTpomiepsl HIKHETO YpOBHS TIpeaHa3HAYEHBI
IJIsI cOopa, MMepBUYHOM 0OpabOTKM M Ilepenadyu WH-
dopmann Ha APM, a Takxke O0TpabOTKU HEOOXoau-
MBIX TEXHOJIOTMYECKMX OJIOKMPOBOK M HEIITATHBIX
cutyanuii. Kaxmslii KOHTpoJiep ¢ JaTYUKaMHu U pe-
TYJSITOpaMU SIBJISIETCS] TMTOJACUCTEMON aBTOMAaTU3UPO-
BaHHOTO KOMILIEKCa M MOXeT paboTaTh aBTOHOMHO
P HEUCHPABHOCTAX B APYIMX KOHTpPOJUIEpax W
cetr. B manHOIT paboTe MPUMEHSUTUCH KOHTPOJUTIEPHI
XC200 dupmer «Moeller» (I'epmanus), comepkarime
npoMblliUieHHbI nHTepdeiic Ethernet u uHTerpupo-
BaHHBINA web-cepBep.

3amauyn BeIOOpA ajropuTMa (GyHKLIMOHUPOBAHUS,
coopa um 00pabOTKM CTATUCTUYECKOW HMH@oOpmMa-
ouad 1 (POPMUPOBAHMST YIPABISIONINX CHUTHAJIOB
HAaCTPOMKM pETyIITOpOB Bo3jaraiorcsd Ha APM.
Bce moacucrembl ynpaBieHUs OO0ObeIMHEHBI CEThbIO
Ethernet n mogximoyensl K APM, B coctaB KOTO-
pOTrO BXOAWT MAHENbHBIM KOMITBIOTEp C CEHCOp-
HbIM 3KkpaHoM iROBO-5000, ycrtpoiicTBoM 3a-
nucu apxuBHOU MHpopmauun (CD-ROM) u BbI-
BOAa IapaMeTpoB Ha medaTb. APM IOIK/Io4eHO K
o0111Ieif KOMIBIOTEPHON CETH MPEANPUSITUSI U TIpe-
JOCTaBJIsIeT UH(GOPMALIMIO O TeKylleM (GyHKIIMOHU-

pOBaHMM TepMHUHaJa PYKOBOMISIIEMY MEPCOHAIY U
mporpaMMaM aBTOMAaTH3alluM JOKYMEHTOOOOpoTa
(1C-ITpeanpusitue).

VYnpouiéHHas GyHKIMOHAIbHAsI CXeMa aBTOMaTh3a-
LIMM Ma3yTHOTO TepMHUHaJa MpeacTaBlIeHa Ha puc. 2.

VYrpaBieHue Ma3yTHbIM TEPMUHAJIOM OCYILECTB-
JIIeTCsl B COOTBETCTBUMU CO CJEAYIOIIUM aJIrOpuT-
MOM.

TexHonornyeckre TpyOOMPOBOJABI 3aMOJHSIOT-
csl U3 pesepByapa [ Tpu OTKPBITUM KJjamaHa 2.
MasyT nepekaurBaeTcsi HacocoM 3 4yepes Ternja000-
MEHHUK 4.

ITpu noaxoae odyepeaHOM KeJae3HOAOPOXKHOM 1I1C-
TepHbl S noakmouaercd YCH 6. Ynpasinenue nona-
yeil MazyTa B TUAPOMOHUTOP 7 U M3MEpEeHME Iapa-
METPOB Ma3yTa OCYILIECTBIISIOTCSI TTOJE€BbIM KOHTPOJI-
JepoM. APM Ha ocHOBe MH(MOpPMALIUU O KOHTPOJIU-
pyeMBbIX TapaMeTpax HM3MEHSIET PEeXHUMbl padOThI
MOJCHCTEMBI CJIMBa Ma3yTa.

ITocne nonkmoueHus: YCH oTKpbIBaeTCs 3a1BUX-
Ka & W MazyT MOCTymaeT Ha TMIPOMOHMTOD 7.
B mucrepHe 5 paspyiiaercs 3acThIBIIMIA Ma3yT CTPY-
€l U3 TMIPOMOHUTOpPA C MOCAEAYIOIIMM TepeMellu-
BaHUEM U TIJIABJICHUEM OTKOJIOBIIMXCSI (h)parMeHTOB.
HByxdasHasi cMechb MasyTa IIOCTyMaeT B CJIMBHOM
TpybonpoBos 9.

ITpu yBenuueHUM AaBAeHUS] Ma3yTa B THAPOMOHU-
TOpe pacTéT BEPOSTHOCTb IIOMAJaHUsl B CIMBHOM
TpyOOIpOBOA HepacIUIaBI€HHBIX (parMeHToB [3],
JUaMeTp U KOJIMYECTBO KOTOPBIX SIBJISIIOTCS CJIydyaii-
HBbIMU BEJIMYMHAMU W 3aBUCSIT OT IaBJIEHUsI Ma3yTa
Ha BXOJ€ TUIPOMOHHUTOPA.
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Puc. 2. ®yHKIHOHAJbLHASA CX€MA ABTOMATH3ANMA MAa3yTHOTO TEPMHHAJA:

TE, PE, LE, ME — nipeo0Opa3oBaTtesii U3MEpeHUsl TeMrepaTyphl, JaBJeHUs, YPOBHSI Ma3yTa MacChl LIMCTEPHBI
COOTBETCTBEHHO

DparMeHTbl HepacIUIaBJIEHHOIO MPOIyKTa HaKar-
JuBawTcsa B puabTpe rpyooit ounctku 10 [4]. KoH-
LIEHTpaIls HepacIUIaBIeHHBIX (parMeHTOB B JIBYX-
(azHOl cMecH MpoayKTa 3aBUCUT OT Pa3HOCTU TEM-
TepaTypbl CMeCH, U3MepsIeMoil JaTankKoM 11, u TeM-
neparypbl MasyTa, IOCTaTOYHOM IS YCTOMYMBOM
paboThl ycTaHOBKU. [ToHMXKeHMWe cpenHell Temmepa-
TypHl CIIMBA€MOTO Ma3yTa MPUBOIUT K YBEIMUECHUIO
KOJIMYECTBA IOCTYIAMIIMX (PparMEeHTOB U 3aroJIHe-
HUIO QUIbTpa.

J1s1 IpOrHO3MpPOBaHMSI HAIIOJHIEMOCTH (pUIbTpa
HCITOJIb3YeTCsl 3HAaUeHUe WMHTerpaja pa3HOCTU TeM-
nepaTypbl CIMBaeMOro mMasyTa M 3aJaHHOTO 3Haue-
HUS TeMIIepaTyphl, TIpU KOTOPOH obecrieunBaeTcs
ycToiiunBas padoTa CJIMBHOIO ycTpoiicta [5]. B an-
TOPUTME YIIPABJICHMS, TIPEACTaBJICHHOM Ha pHUC. 3,
WHTErpajl 3aMeHseTCs HWHTerpajbHON CyMMOM, C
YMEHBIIIEHUEM KOTOPOM YBEIWYMBACTCS YTOJ OT-
KpBITUS KiaamaHa [2 (CM. puc. 2), HaIlpaBJISIOLIEro
MasyT B axektop 13 [6]. [Ipn mageHUU AaBIeHWS,
N3MEepPsSIeMOro JaTYNKOM /4, Ha BXxoze Hacoca 3 Kop-
peKTUpYeTCs 3alaHHOe 3HAaueHUE TeMIepaTyphl U
MepecunThiBaeTCs MHTEeTrpadbHasa cymma. Ilpu mpo-
JIOJDKAIOIIEMCST TTaAeHUN OaBIeHUS HUKE KPUTHIE-
CKOI0 3HAYeHMSs 3aKpbIBaeTCs KjaanaH § U OTKpbIBa-
eTcs KjamnaH [2.

Pacxon masyra, momaBaeMoOro B THIPOMOHHUTOP
(kamaH &), peryiupyercsl o ero TemiepaType Ha
BXozie B Hacoc (JaTumk [5). Pacxom ma3yTta, OTBOAU-
MOTO B pe3epByap (KjamaH /6), yBelIMUMBaeTCsl MpU
pocTe TemIlepaTypbl M JaBJE€HMUsI Ha BXOAE Hacoca.
CiuB TIpekpaliaercsl 10 CUTHAJIy OaTIMKa MacChl
LIUCTEPHBI [7.

Temneparypa Ma3zyTa Ha BBIXOJE TEIJIOOOMEHHMKA
perynmpyercss KOHTPOJUIEPOM IO TOKa3aHWsIM HaT-
ypka [8. Ilomaya TEIUIOHOCHUTEINSI M3MEHSIETCS I10
CUTHajlaM KOHTpoJuiepa kianaHom /9.

PaGora HacocHO#l cTaHLIMM aBTOMaTU3WpPOBaHA C
Y4ETOM HEOOXOIMMOCTU ITOAAECpKaHUS 3aJaHHOIO
JaBJIEHUST Ha BXOJE TeIJI000MEHHUKA, U3MEPSIEMOTO
JaTyukoM 20, u obecrieyeHUs 3alIUThl HacocoB. Ha
KaxJIOM Hacoce YCTaHOBJIEH IaTYMK, KOHTPOJUPYIO-
IIWI HaJIMg¥e Ma3yTa B TPyOOIIPOBOAE M MCITOJIb3ye-
MBI JJIST 3alIUTBI HACOCOB OT «CYXOro» xopa. Jlis
MoJiepKaHMs AaBJICHUSI B HAIIOPHOM TPYOOIpoBoje
MIPUMEHSIETCS TIPUBON C YaCTOTHBIM PpETyJIMpOBa-
HUEM, TO3BOJISIONINI CHU3UTh JHEPro3arparbl Ha
nepekayrMBaHUe W PeryJMpoBaHUE AABICHUS HA BbI-
xome Hacoca. Ilyck momcucTeMbl MepeKauynBaHUS U
YCTaHOBKa IMapaMeTpoB, OMpenessionmux e€ ¢yHK-
UoHMpoBaHue, mpousBoautcs ¢ APM B aBromatn-
YECKOM WJIM aBTOMATU3UPOBAHHOM peXXUMe.

PaccMoTpeHHast aBTOMATM3MpOBAHHAs CcUCTeMa
yIpaBjieHUs1 onpoboBaHa TMpU CO3MaHUM HedTedasbl
33-CP3 r. bantuiicka KanmHuHrpaackoil obiacTu.
CucreMa sBJsIeTCS CBOOOAHO pacllupsieMOi B OTHO-
LIEHWW TIOAKITIOUEHMS K TTOJIEBOI IMHE KaK HOBBIX
JaTYMKOB, TaK U HOBBIX KOHTPOJIJIEPOB, YTO ITO3BO-
JIIeT pacIIMpsATh M MOIEPHM3NPOBATh CHUCTEMYy 0Oc3
JIOTIOJTHUTEIBHBIX 3aTpaT Ha U3MEHEHUs yxXe (yHK-
LIMOHUPYIOIIUX 3JEMEHTOB.

I[IpuMeHeHNe aBTOMATM3MPOBAHHOTO KOMIIIEKCA
MO3BOJISIET YBEJAWYUTD MPOU3BOAUTEIBHOCTh TEPMM-
HaJla TepeBajiKi BbICOKOBSI3KMX HE(TEIMPOMYKTOB Ha
40 %, NOBBICUTH S3KOHOMHUYHOCTb U HaAEXHOCTH
HedTebassbl.
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Puc. 3. Airoputm pa3mbiBa Ma3yTa B LHCTEpHe:

T,

Hacoca; Ty,

— ONOPHOE 3HAYEHHUE TEMIIEPATYpPhl; i — IOPSNKOBLIA MHIEKC; /) — Ha4YalbHOE 3HAYCHME MHTETPATLHOM
— TeMIepaTypa Ma3yTa Ha BXofie Hacoca; 7; — TemIeparypa CIMBaeMOi cmecH; / — pacCuuThIBacMast
WHTerpajbHas CyMMa; ! — BpeMs, Tpolleallee OT Hadaja paboThl ajroputMa; P; — maBjeHWe MasyTa Ha BXOIe

1

— paCCYUTAHHOC OIMOPHOC 3HAYCHUC TEMIICPATYPhI
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KOHIOENINA MOAEJINPOBAHUA MAKCUMAJIBHO ITPUBBUIBHBIX
TEXHOJIOI'M CYHIKU 3EPHA B IIVIOTHOM ITOJABN2KHOM CJIOE

Coopmyauposana Konuenyus MoOeAuUpo8aHus MAKCUMAAbHO NPUOBLIbHbIX MEXHOA0UU CYUIKU
3epHa 8 NAOMHOM NOOBUNCHOM CA0€ HA OCHO8e 00CMUIICEHUs KOMNpoMuUcca mexcdy Haubonree eadic-

HbIMU MEXHUKO-IKOHOMUYECKUMU nNOKA3amenimu.

KimoueBrbie c10Ba: CyIlIKa, 3¢pHO, MOIETb, ONTUMAJIEHBIN PEXKIM.

Modeling conception of the maximum profitable technology for grain drying in the compact
mobile layer is formulated from a compromise advance between the most significant technical and

economical indicators.

Key words: drying, grain, model, optimum conditions.

IToBblilieHUE 3¢ HEKTUBHOCTU CYLIKH 3€pHA OCHO-
BaHO Ha METOAOJIOTMM CUCTEMHOrO noaxoaa. Meto-
JaMyd MaTeMaTUUYeCKOIro MOJAEJIMPOBAHMUS PELIarOT-
cd Takue JIOTMYECKM B3aMMOCBSI3aHHbIE 3alayH,
KaK 000CHOBaHME PallIOHAJILHON COBOKYITHOCTH CHUC-
TEMOOOPA3yIOIIUX DJEMEHTOB TEXHOJOTMU U TPO-
MBIIIJIEHHAs] peaqu3alys ONTHUMAJIbHBIX PEXKUMOB
cymku [1, 2].

IIpennaraercs KOHUENTYalbHbII MOAXOJ K CO3Aa-
HUIO MaKCUMaJIbHO TPUOBIIbHBIX TEXHOJOTUI CYIII-
KU 3epHa B IUTOTHOM MOJABMXKHOM cjioe. B kayecTse
HauboJiee BaXKHBIX TEXHUKO-I2KOHOMUYECKUX IOKa-
3aTesieid MPUHSTHI: MAKCUMaJIbHbIN OObEM BBICYIIEH-
HOro 3epHa (IIPOM3BOIMUTEIBLHOCTb), MUHMMAIbHbIE
MaTepuajbHble U 3HEpreTUYecKue 3aTparbl Ha Mpo-
1IeCC CYUIKM TMpU COOIIOACHUM OrpaHUYEHUI Ha Ka-
YECTBO CYXOTO 3¢pHa.

B xauectBe yHKLMU 1eaU (KPUTEPHUsT ONTUMU3A-
LIMK) UCIIOJIb30BaHA CPEAHSs IO BpEMEHU MPUObLIb,
roJjiyyaemas 3a BBICYIIeHHBIN TTponykT. [1pu atom u3
00bEMa BBICYLLIEHHOTO MPOAYKTa B €AWHUILY BpeMe-
HU (B CTOMMOCTHOM BBIPaXXEHMU) BbIYMTAIMCh MaTe-
pUaJIbHbIE W SKCIUIyaTallMOHHBIE 3aTpaThl Ha €ro
MPOU3BOACTBO:

H(tg)

. F
. P(Tey)dy =—=
ATy 0 (074

II= X

n Tk

Tf%aa,y>m<¢,0>c?(Tm<r,0>—T;>
X drt
0 nm (Tk)

kILF ”]4‘  (COP®)

(1)
T o MSEmi ()

rae I, I, I, — LeHa BBICYIIEHHOTrO IPOAYKTa, TOILIM-
Ba, 3JIEKTPO3HEPIUU COOTBETCTBEHHO; T; — BPEMS CYLLUKMH;
F — nnonianb ceyeHus CyMIMIBHOM KaMepsl; p(T;,)) —
HAaCbIMHAsl MJIOTHOCTh MPOJYKTAa B KOHIIE CYIIKW; Y —
KOOpIMHATa MO BbLICOTE cnost; H(t,) — BbICOTA ClloA B
KOHIIE CYLUKM; A — KO(DUIKMEHT OTEPD; Q,f — Temn-
JIOT& CTOPaHUS TOIUINBA; P, (Ty, V) — IUIOTHOCTb CYLINIIb-
HOro areHra; o(t,0) — JIMHENHAasd CKOPOCTb CYILIMJIbHOIO

o ca
arcéHTa Ha BXOIC B CJIOM 3€pPHa, Cp - 1/1306ap1-1a51 TCIJIO-

€MKOCTb CyLIMIbHOTO arenta; 71,(t,0), 72— Temnepary-
pa CyLIMJILHOIO areHTa Ha BXOA€ B CJIOW MPOAYKTa U
nepel KajaopudepoM COOTBETCTBEHHO; M, (Ty) — CyM-
MapHbl KITJI Tonku u Terutonepenarolux yCTPOHCTB;
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ky — x05(HUUMEHT NEPEBOIa MEXaHMYECKON SHEPIUM

ITOTOKA CYLIMJILHOIO areHTa B 3JIEKTPUYECKYIO SHEPTHIO
3JIEKTPOINPUBOIA BEHTUsATOpa; P(T) — JaBieHMWe, pas-
BUBAaEcMOE€ BEHTUJISITOPOM; T]:(‘E), n];(r) — KII BeHTH-
JATOpa U KOMIIpeccopa s CYLIMJIbHBIX YCTAaHOBOK,
paboTalIMX B 3aMKHYTOM ILMKJIE II0 CYLIWJIBHOMY
areHTy C MCIOJIb30BaHUEM TEIUIOHACOCHOW YCTAaHOBKU
JUTSL OCYILIEHUS.

ONTUMaNbHBIA PEXUM CYIIKA C TOYKU 3PEHUS
kputepus (1) paccMaTpuBaicsl Kak pa3paboTkKa Ma-
TEMaTUYECKOro OMMCcaHus Mpoliecca CYIIKU B TAKOM
00bEME, KOTOPBII MO3BOJIMII UCKIIOUUTH U3 BhIpaKe-
HUs 1eleBOi (PYHKLMU TepeMEeHHbIe BEJIMYMHBI,
BbIPA3UB HX BapbUPYEeMBbIMU U TOCTOSIHHBIMU pe-
XKUMHBIMM napameTpamu. [Ipu aToM Mcronb30Bajcs
(beHOMEHOIOTUYECKMIA TOAX0A K (DU3NYECKUM SIBJIE-
HUsIM [3], OCHOBaHHBIM Ha 3aKOHAaX COXpaHEHMUS
BHEPIMM C BO3MOXKHOCTBIO MCITOJIb30BaHUS 3KCIIe-
PUMEHTATbHBIX TaHHBIX.

HacbinmHy1o MJIOTHOCTh MPOAYKTA OMNPENESsIu 13
YCJIOBUSl MaTepualibHOro OajiaHca B IepecueTe I1o
CyXUM BELIECTBaM B 3€pHE:

100 - (t,0)

w (t,0) ]po §

p(T,y)=(1—8(0))Ho[1—

H(t)

x 1+ )/ [ (1+pW(y) x

0

W@y
x (1 lOO—W(r,y)jdy’ @

rae €(0) — HavanbHasg MOPO3HOCTb CIOsA 3epHa; Hy —
HauajbHas BbicoTa cios; W(t,0), W(t,y) — HavanbHas u
TeKyllasl BJAXHOCTb 3epHa (B MepecuyéTe Mo CyXUM Be-
1IECTBaM); 0 — TUIOTHOCTb aOCOJIIOTHO CYXOTO MPOaYK-
Ta; f — KO3(PGHULIUEHT MPOMOPLIMOHATILHOCTH.

anee onpeaessyii U3MEHEHUE BBICOTBI CJIOS 3ep-
Ha BO BPEMEHM C YYETOM €ro yCaaku:

s
H(r)zyHom (1—%} Wt ,0)+
;
+(ij W, |+(1-1)H,, )
Tk

rae W) — KoHeyHas BIaXHOCTb TPOAYKTa; Y — ycajaka
cJIosT; T — TeKyllee Bpems; f > 1 — HeKoTopasi ITOCTOSTH-
Hasi, oIpeaesieMast SKCIePUMEHTAIbHO.

s CylIMIbHOTO areHTa MCIOJIb30Bau ypaBHE-
HHUE MaTepuaJIbHOTO OajlaHca Mo Bjiare:

_ 4P (T, Y) _ d(Pe (T,Y) 0 (T,¥)

dt dy
w,y)
d(100+ w(t,y) P, y)J (4)
dt ’

rae o(T,y) — CKOPOCTh CYILIMJIBHOIO areHTa B CJIOe 3epHa.

VYpaBHeHUe TeIIOBOro OajiaHca ISl CYLIMJIbHOIO
areHTa MOXHO 3amucaTh B Bue [4]

d(Peq (1) €5 Tea (2)) _

drt
_ d(Pea (T:9))y © ()T (T)) o, (T (1)) —
dy
ey
. (100 + I (1) p(T’y))
—cply dt ’ ©

rae 7,,(t,y) — TeKyllas TeMIeparypa CylUMIbHOTO areHTa;
I .

¢, — uz00apHas TeILIOEMKOCTb MPOAYKTA; 0, — Tell-

JIOEMKOCTb apa; 1, — TeMIepaTypa UCIapeHusl.

VpaBHeHue TerIoBoro OajaHca Ui TIPOAYKTa
MpeICcTaBlIeHO B BUE

d(p (T’ y))—cg (T’y)Tn (Tay))
dt

=Q, (Tca (Tay) -

100+ W(,T,,,0,y)
dt

d[ W (5. Teq,0,7) p(”)J

- T, (Ty))-r , (6)

rae T, (t,y) — TeKylluas TeMIeparypa MpoayKTa; r — Tell-
JIOTa IMapoo0pa3oBaHUSL.

VYpaBHeHue OajlaHCa HEPTUMU 3alUCaAaHO Ha OCHO-
Be IIEpPBOro 3aKOHa TepMoguHaMuKu [4, 5]:

dQ‘l‘(f)l /pl —f)z /pz)dG:dl+d]Tp+(22 —Zl)dG‘l'

22
(U, ~Ude+| 270D |46, ™
2g

rae dQ — moaBed€HHOE KonuyecTBo Terna; (Py/pi—
—P5/p,)dG — 3Heprus npupalleHus AaBiaeHus; di n lep
— DHEprusl, pacxoayemasi Ta30M Ha BBITIOJTHEHHE TeXHU-
YeCKOU paboThl M pabOThl Ha MPEOIOJIEHUE CUT TPEHNS;
(z) —71)dG — npupalleHUe MOTEHLMANLHONM SHEPIUU,
(U, —U;)dG - ipupaiieHue BHYTPEHHEN SHEPIUN, ((w% -
7@12 )/2g)dG — nmpupaileHrie KWHETUYECKON SHEPTUH.
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TpebOyeMoe naBieHUE, pa3BUBACMOE BEHTUIISITO-
POM, OIpene/suiv ¢ Y4ETOM a3pOIUMHAMUYECKOIO CO-
MPOTUBJIEHUSI CJIOSI 3€pHA U IOTEPh [ABJIEHUs B
MECTHBIX COIPOTUBIICHMSIX 110 (popMmyIie:

H(t)
Py=a | (o) dy+Q'1/d+YE Ip,, *

0
% (1,5)0?(1,0)/2, (8)

rae A — Ko3pPULUUEHT CONPOTUBIEHNS BO3IYyXOBOIOB;
| — nivHa BO31yXOBONOB; d — BHYTPEHHUI IMaMeETpP
BO3IyXOBOJOB; &* — KOA(MOUIIMEHT MECTHBIX COTTPOTUB-
JICHUM.

IIputok (OTTOK) Tema K CYIIWJIbHOMY areHTy 3a
BpeMsl dt OCYLIECTBJISUICS TEINIOOOMEHOM MEXIYy Cy-
LIWJIBHBIM ar€HTOM U CJIOEM 3€pHa, a TaKXke TeIJIOM
WCIapUBIIEICS U3 HEro BJIaru:

dQ =1 -0, (Tea (T, 3) = Ty (T, ¥)) =

d( W(.y) J
e, 100+ W(t ,y) dy i ©
dt o(t,y)

rne dy/w(t,y) = dt; dV — 0ObEMHBII pacxoj CYyLIMIbHO-
TO areHra.

ITocie psma mpeobpa3oBaHUIA TTOTYIEHO

do
_={_(xv(z:a(rsy)_Tn(T,y)_chnX
dy
W, y) 2
xd| ———>22_|/dt}/o*(t, T,9)A -
(100+W('c,y)) } (T, Y)Pea (T, 1)
a(o (t, )" g g

AO(T, )P (Ty) A (1, y)  Ao(T, )

AT, (T, )
X —a- 2= (10)
dy
rae A @ — KOHCTaHThI; ¢, — TEIIOEMKOCTb CYLIMJIbHO-
ro areHTa Mpu IOCTOSIHHOM OOBEME.

Hoctxenue uenu (1) cBsI3aHO C YYETOM KOHKpPET-
HBIX YCJIOBUM, B KOTOPBIX JIOJKHO OBITb MPUHSTO
ONTUMAJIBHOE pellieHre. DTU YCIOBUST OMpPeaesioT-
CAd COBOKYITHOCTBIO OTrpaHWYEHMH, (UKCUPYIOIINX
00J1aCTb U3MEHEHUSI TIEpEMEHHBIX MapaMeTpOB Mpo-

1ecca CylKM, XapaKTepU3YIOLIUX CTeMeHb JOCTHKe-
HUST HEKOTOPBIX IMOILIENEA.

I'pannyHoe ycnosue p, (T, 0) ans ypasHenus (4)
OTpEeNeISIOCh YPABHEHUEM COCTOSIHUSI HAEaTbHOTO
rasa:

H(1)
. a | (@@ )y

ca — 0 , (11)
RT,, (1, 0) RT,, (T, 0)

Pea (T, 0) =

rae P, — naBjeHue CYIIUIILHOIO areHTta; R — yHuBep-
cajibHasl Ta30Bast MOCTOSTHHAS.

I'pannunoe ycimoBne ypaBHeHust (6), oOecrieun-
Balolliee HeoOXOAUMbIe OMOXMMMUYECKHUE MpeBpallie-
HUS B TMPOAYKTE B IPOLECCE CYILIKHU, OIPENEsIsIOCh
BHIpaXXEHUEM

H(7)
w(t,y)

TH(Ta y) = TO - H(T) -(|). 100 + W(Ta y)

dy, (12)

rae Ty 1 g — TOCTOSHHBIE KOI((MULIUEHTEI.

Hns ypaBHeHuit (5) U (9) rpaHUYHBIMU YCIIOBUSI-
MM SIBJISUTMCh YIIPABJISIIOLIME BO3ICHCTBUSL:

Ta@],20=Tp;  O(T)] == 0. (13)

Taxum o6pa3oM, MOAEIMPOBAHNE MaKCHUMAJIbLHO
MPUOBIILHBIX TEXHOJOTMI CYIIKW 3epHAa B IJIOTHOM
TOABIDKHOM  CJIO€  TPEICTaBICHO COBOKYITHOCTBIO
¢ynkumnu uenu (xputepusi ontTuMmanbHocTtH) (1), Ma-
TeMaTUYECKUM OIMCAaHUeM IIpoliecca CylKu (2)—
(10) u cucremoii orpanuuenuit (11)—(13).

Bripaxxenue (1) mo3BoyisieT KOMIUIEKCHO YYUThI-
BaTh HAWIYYIITUI KOMIIPOMHUCC MEXIY TOCTKEHUEM
pa3HBIX MOLEC Ha OCHOBAHUHU MOJIE3HOCTU B3aUM-
HOTO COM3MEPEeHUsI KOHEUHBIX pe3yIbTaToB (KayecT-
Ba U KOJMYECTBA BBICYIIIECHHOTO MPOAYKTa) U UX CO-
MOCTaBJIEHUs ¢ 3aTpaTaMU PECYpPCOB BCEX BUIOB.
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CUCTEMA ABTOMATU3AILINN OBPABOTKU N AHAJIM3A
DXOKAPINOTPAOUYECKUX CHUMKOB

Onucana cucmema aemMomMamu3uUpoO8aHHO20 AHAAU3A YAbMPA38YKOBbIX CHUMKO8 cepoud.
Ilpednoscena obwas cxema cucmemvl 8 COOMBEMCMEUU C 8bIOBUHYMbIMU MPeOOBAHUIMU, ONUCA-
Hbl OCHOGHble MOOYAU U nomoku uHngopmayuu. [Ipusedeno onucanue omoeabHbiX ANOPUMMOS,
Peanu308aHubix 6 cucmeme. Jlana cpaeHumenvHas OUeHKa pe3yabmamos Uccie008aHull ¢ pe3yib-
mamamu, NOAY4EeHHLIMU NPU UCNOAb308AHUU CYUECMBYIOUel] MeXHOA0UU.

KmoueBble cjioBa: 00paboTKa M aHaJIM3 dXOKapauorpapruueckux CHUMKOB, CUCTEMa aBTOMAaTU3al1U,

VIBTPa3ByK.

Automation system for heart ultrasonic pictures analysis is described. System general scheme in
accordance with laid down demands is proposed, principal moduluses and information currents are
described. Description of the separate algorithms that were realized is adduced. Comparative valuation
of the research results with results that were received through the use of exist technology is given.

Key words: processing and analysis of the echocardiographic pictures, automation systems,

ultrasound.

Baeaenne. B EBpone oTmeuaercsi camast 60oJiblias
B MHUpE JIOJISI CMEPTHOCTH, TIPUXOISIIAsICI Ha HEWH-
(pexkumonnble 6one3Hu. Cpeau NPUUUH BBICOKOM
CMEpPTHOCTH, TI0 JaHHBIM BceMMpHOI opraHu3anum
3apaBooxpaHeHus1 (BO3), IOMUHUPYIOT OHKOJIOTH-
yeckMe U cepaedyHo-cocyauctoie 6one3nun (CCh). Ot
CCb B EBporie yMuparoT CBBIIIE YETHIPEX MUJLIMO-
HOB ueyioBeK exerogHo [1]. B Poccun ot cepaeuHo-
COCYIMCTHIX 3a00JIeBaHUI TTOTMOaeT OOWH MWIIHOH
YeJIoBeK B rof, U3 KoTtopbix 100 ThIC. yMUPAIOT B TPY-
JocriocodbHoMm Bo3pacte. Emié 374 Teic. exXerogHO
CTaHOBSTCS UHBAIMIAMU BCJIENICTBUE ITUX 3a00/eBa-
Huil. YMeHblieHue 3aboneBaemoctu CChH 3aHuMaer
OIHO W3 MPHOPUTETHBIX HAIIpaBJIeHUI B IMporpaMme
3apaBooxpaHeHust PMD. braromapst peanusanuu HO-
Boit mporpammbl B 2008 1. B 12 cyonekTax P® 6buTO
co31aHoO 12 perMoHajJbHBIX COCYAMCTBIX LIEHTPOB W
36 mepBUYHBIX COCYIUCTHIX LIEHTPOB [2]. Takke 1u-
POKO MCIIOJb3YIOTCSI UCCIEI0BaHUS W JUarHOCTUKa
CCb ynbrpasBykoBeiMu (Y3) ammapatamMu ¢GupM
Philips, Medison u ap. DTH yCTaHOBKM TTO3BOJISIOT
nojayyaTb Y3 CHMMKH, YTO OYEHb BaXHO IS BM-
3yaJlbHOM OIIEHKW COCTOSTHUS Cepiarla KapIHOJIOTOM.
Kpome Toro, oHu JaroT BO3MOXHOCTb BEACHUS apXu-
Ba MCCIENOBAaHWI M TIOATOTOBKM OTYETOB, MHCTPY-
MEHTapHil I pyYHOTO BBIACICHUS KaMmep cepaia 1
Ipyrux (pparMeHTOB Ha CHHUMKE C aBTOMaTUYECKUM
TTOACYETOM MX TTapaMeTPOB.

OO0cnenoBaHME MOXET TPOBOIUTHCS O0e3 Harpy3ku
(Bpemsi obcnenoBaHus oT 5 1o 10 MUH ¢ perucrpa-
1uMei ot 25 10 HECKOJbKUX COTEH CHUMKOB) M C Ha-
Ipy3KOi (3aHMMaeT TIopsiaKa Iojydaca, PerucTpH-
pyeTcss OT HeCKOJbKUX COTEH OO0 HECKOJIBKO THICSY

CHMMKOB). B KauecTBe Harpy3Ku HUCIIOJIb3yeTCs 1K~
TPOKApAMOCTUMYJISILIUS, (apMaKOJIOTMUYECKUE MPo-
Obl unu (pusndeckue ynpaxkHenus [3—4]. Bo Bpems
MPOCTOro o0cCeA0oBaHMS Bpay M3MepsieT OCHOBHbIE
napaMeTpbl Kamep cepaua Ha 2—4 CHUMKax U3 00-
IIETO YMCIa 3apeTUCTPUPOBAHHBIX, OIIEHMBAET KPO-
BOTOK, COCTOSIHUE MUTPAJIbHOIO, TPEXCTBOPYATOTO,
aopTaJibHOro KiamaHoB. Ilpu oOciaegoBaHuM C Ha-
TPY3KOUl aHaJIM3UPYeTCsl JOKajlbHasi COKPaTUMOCTb
CTeHOK JeBoro xenynouka (JI2K) cepaua, yto mo3Bo-
JISIET IMarHOCTHMPOBATh UILIEMUYECKYIO 00JIE3Hb CeP/I-
na (MBC) u xuzHecnocobHocTh MUOKapaa. CyllecT-
BYIOT Pa3jIWYHbIE BUIBI CHUMKOB, KOTOPBIE MOXHO
MOJIyUUTh MeHsIsl mojioxeHue Y3 patuvmka. OCHOB-
HBIMU o3uLMsIMu 11t auarHoctuku CCh sBisioTcs
napacTepHajJbHble IO JJIMHHOW W KOPOTKOM OCSIM,
JIBYX- M YeThIpEXKaMepHble anvKalbHble [3]. B kax-
IO TIO3WIIMM Bpad BBIOMpaeT OAMH-ABA Kaapa
(CHMMKa) ¥ TIPOBOAUT TOAPOOHBINM PYYHOUN aHAIM3,
BBIIEIISIT HEOOXOAMMBbIE 2JIEMEHTHI (KaMephbl cepalia,
KOpeHb aopThl U jp.). [TapameTpsl BblIEIEHHbBIX (U-
TYp aBTOMaTUYECKU PACCUMTHIBAIOTCS CUCTEMOM, Mo-
cJIe 9ero Bpad MEePEeHOCHUT MX B OTUYET WM MEIUIIMH-
ckylo Kapty. OcTajbHble KaIpbl HE HCHOJb3YIOTCS
13-3a OTPAaHWYEHHOTO BPEMEHU TIprUEMa, YTO TIPUBO-
INT K TOoTepe OOJIbIIOro o0béMa MHGOpPMAILK, KO-
TOPBIN clienoBajao Obl MCIOJL30BaTh WIS OoJiee TOY-
HOH OLIEHKU COCTOSIHUSI CEepPALA, IMOCTAHOBKMU QUar-
HO3a, YMEHbIIEHUSI CYyOheKTUBM3MA Kapauosora.
Takum o0pa3oM, TIOCTpOEHUE KOMITbIOTEPHBIX
CHCTEM aBTOMAaTU3UPOBAHHON 0OpabOTKM M aHaIM3a
VY3 CcHUMKOB cepila akTyalbHO, ITOCKOJBbKY 3TO
CMOXET 00eCTICUNTh TTOJHBIN aHaIM3 BCEX CHUMKOB
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o0cTlenoBaHMS, TTOJyYeHe HOBBIX JAHHBIX 00 M3Me-
HEHMM IapaMeTPOB cepala OT Kaapa K Kaznpy, ooJer-
YUTHh pabOTy Kapauojora, YMEHBIINUTh BpeMsl o0ce-
IOBaHWS M, HAKOHeIl, caMoe TJaBHOE, ITOBBICHTH
TOYHOCTh U OOBEKTUBHOCTD PE3yJIbTaTOB 00CIIEIOBA-
HUS W AUarHosa.

TpeooBanns K cucreme. Co3maBacMmas CHICTEMa aB-
TOMaTu3aluu o0pabOTKM M aHalu3a AOJIKHA:

MOJIyJaTh IOCIENOBATeIbBHOCTh CHUMKOB OT Y3
armapara;

MMETh MOACHUCTEMY IpeIBapUTEbEHON 00paboTKM
CHMMKOB, OCYIIECTBIISIIOIIYIO ITTOIABIICHUE IIOMEX,
IIyMa, yBeJIn4eHWe KOHTpacTa M T. 1I.;

MTO3BOJISITh  aBTOMATHUYECKW BBIACIATH KaMephl
cepaua — yeBblii Kenynouek (JIZK), mpaBblii Xeyno-
yek (I12K), neBoe mpencepame (JII1), mpaBoe mpen-
cepaue (I1I1);

ABTOMATUYECKN PaCCYMTHIBATH HEOOXOAMMBIE IIJIST
OWaTHOCTUKMA TIapaMeTphl BBIICNIEHHBIX QUIyp H
CpPaBHUBATH MX C YCTAHOBJICHHBIMU HOPMaMM;

MMPOV3BOANTL aHAIN3 JIOKAJTBHON COKPAaTUMOCTH
JIXK;

BBISIBJISITh OTKJIOHEHUsSI OT HOPMBI U MTH(POPMUPO-
BaTh Bpaya O HHX;

TTO3BOJISITH BBOJIUTH MOITOJTHUTEIBLHYIO WH(pOpMa-
LIMIO O MAlUEHTE;

COXpaHATb TOJAYYeHHYI UWHdopmalu B 0aze
naHHbIX (Bb/I) u hopMupoBaTh OTYETHI;

3aTpauynBaTh MUHUMYM BpeMEHHU IJIsT 0OpabOTKI 1
aHaM3a pe3yabTaToOB OOCIIeAOBAaHMS OTHOTO TIa-
IINCHTA.

CtpykTypa U ¢QyHKIMH cuCTeMbl. B coOTBeTCTBUU
C YCTaHOBJICHHBIMM BEIIIIE TPeOOBAaHUSIMH Ha puc. 1
MpeAcTaBieHa oOIasg cXeMa CUCTEMBI, BBIIEJICHBI
OCHOBHBIE OJIOKM TIONYYCHMS, TIpeoOpa3oBaHUSI U
00paboTKM MH(MOPMALIUU.

biaoku 1—3 npencraBiasitoT coOoit  amrapaTHbie
YacTHh, HeOOXOAMMBbIE IS IIpoBeneHus Y3 o0cieno-
BaHUS U CBsI3U Y3 ycTaHOBKU ¢ 0ObluHBIM TTK, oc-
TaJbHBIE COOTBETCTBYIOT MPOTPAMMHBIM ITOICHUCTE-
maM. Huxe npuBeaeHbl uX QYHKINAK:

1 — V3 patyuk hopMupyeT curHaj, KoTophblii OTO-
OpakaeTcs Ha OUCIUIEeE allrapara;

2 — Y3 anmapar nmoctpoeH Ha 6a3e COBpEMEHHOTO
I1K, mmo3BoJIsIeT ¢ ITOMOIIBIO CHEUATBLHON 000109~
K{ IJIST OTIepallMOHHON CHCTEMBI TIPOBOIUTH MHTEP-
aKTUBHBIC OOCICIOBAHUS, BECTU apXWUB M TOATOTAB-
JUBaThb OTYETHI (KpPOME TOTO, BO3MOXEH 3KCITOPT
JAHHBIX C TIOMOIIBIO CIleHHaJbHOTO (popmara
DICOM mno cetu n 4yepe3 uHTepdeiic S-Video);

3 — 1uTaTta BUaeo3axBaTa MCIOJB3YETCS IUTS TTONY-
YeHHUsl BUJEOINOCIeI0BaTeIbHOCTU Y3 KalpoB OT am-
mapara (IIsd 3KCITOpTa KaapoB MMeeTcs MHTepdeiic
S-Video);

4 — ppaiiBep Ha BXOJ TTOJIyYaeT BUACOIIOCEIOBA-
TeIbHOCTh Y3 KampoB 4yepe3 uHTepdeiic S-Video,
KOTOpYIO pa3dMBaeT Ha OTHEBHBIC KaIpHI;

5 — momcmcTeMa yaydilaeT KadecTBO M300paxke-
HUM (TTomaBIeHNe TTOMeX 1 IIIyMa, TTOBBIIICHNE KOH-
TpacTa);

6 — moacucTteMa 0OpabOTKU (SIAPO CHCTEMBI) BBI-
TTOJTHSIET aBTOMAaTUYECKOE BRIICJICHNE KaMep cepara,

[lauyenT Y3 curran BugneoobcnenoBanus
1. %3 garuHy (| 2. %3 armapart | 3. Ilmata BHOEOD
—. L
ZANEATA
W3 mocmegoBaTEMEHOCTE
V3 croovEm VITytIeHHEIE
W3 CHMLIER
4. Opaiieep 3. Togcuerema 6. TTogcHcTEMa
> —_— VITFHITEH A - 0&paboTEH
KauecTEa
Hud opraago
T oaryeIeHERIE TTap alIeTREL CepaITa
B ITALHEHTE 7. TlopcHcTeMa ._
D armrae Harme1e gra oTaéTa DT
S EEOTA .
HED 0f MAIHH OREIEAD- 9. IlogcHecTeMa 10, TTopcHCTEMA
EAMFA
paE'IIITI:-I C E'I[ L IIOOTOTOEKEH —
OTYETOE
I_. 8 BH

|

Puc. 1. Cucrema aBToOMaTH3aIMH 00PA0OTKH M aHAJIM3A YJbTPA3BYKOBBIX CHUMKOB Cepaia
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pacCUMThIBAET UX MapaMeTphbl, CPABHUBAET C HOpMa-
TUBHBIMHU, XpaHSIIUMUCS B cripaBouyHuKax B/, oie-
HUBAET JIOKAJIbHYIO COKpaTUMOCTh JIZK;

7 — moacucTemMa mpeacTaBisieT coboit Habop hopMm
BBOJA MH(MOPMALUU O MalUeHTe (PerucTpalOHHbIE
JaHHbIE), pe3yabTaThl aHaau3a U T. I.;

8 — BI, B XoTOpO#i coxpaHsieTCs BBeAEHHAsT MH-
¢dopmalsg o manuMeHTe U MPOBEAEHHBIX 00CIen0Ba-
HUSX (TakKe B Hell MMeeTcsl Habop CIpaBOYHUKOB
CO 3HAYEHUSIMU HOPMBI);

9 — moxacucteMa COXpaHsSIeT M JeJaeT BBIOOPKY
JaHHbIX U3 Bl o malueHTe U 00CIeq0BaHUSIX;

10 — momcucrema popMupyeT OTYET O MPOBEAEH-
HOM 00CJIeIOBaHUU.

Peamm3anusa KoMnoHeHTOB cucTeMbl. Hioke mpuBe-
JEH OJIMH U3 BO3MOXHbBIX BAPUAHTOB pean3alii CUC-
TeMbl. B kauectBe Y3 anmapata ucnonb3yercsa Philips
EnVisor C u matunk PA 4-2 xapTpumxXHOro TuIa
CEeKTOPHBbIN, /IS BUleo3axBaTa — ruata Pinnacle.

HpaiiBep cucteMbl peajiM30BaH B BUE OTAEIbLHOTO
monaynsi. Ero ocHOBHOI 3afayeii sIBjisieTcsl 3aXBaT BU-
JIEOIOCIeI0BaTeIbHOCTH, KOTopasi pa3OMBaeTcsl Ha
OTIEIbHBIE ITOJYTOHOBBIE BOCBMUOUTHBIE M300paKe-
HusA. TakKe IoAcHMCTeMa BBITIONHSIET PSIT TOTIOTHM-
TeTbHBIX (PYHKIIWIM — 3aXBaT He BCEX KaIpoB, orpa-
HUYEHME BPEMEHMU 3axBaTa, OrpaHUYEHUS IO SIPKO-
CTHBIM ITOpOTaM, o0pe3ka M300paxkKeHUil.

IMoacucrema BBOma MH(OpMaUM peajn3oBaHa B
BUne GopM ISl perucTpalud MHGoOpMauuu o ma-
LUeHTe, KoTopas B JajbHeliieM coxpaHsercs B bII.
V3 uzobpaxeHUsT 4acTo SIBJISIOTCSI MaJlOKOHTPAaCT-
HBIMHU, HA HUX MPUCYTCTBYIOT Pa3IMYHOTO poja Mo-
mexu. Jlis TogaBieHUS 1IymMa  HCIIOJb3YIOTCS
¢dunbrpel JIu, KayHa u MeanaHHble GUILTPHI [5].
M3 u3BEeCTHBIX METONOB IIOBBIMICHWS KOHTpAcTa
Jydyllive pe3yabTaThl MOKa3ajl Memood pacnpedeseHus
2/3 cmenenu. YnaneHue momex OIMUCAHO B paboTe
[6]. B, pa6oraer mox ynpasiaeHuem CYBJl Firebird
2.1. Ha ocHoBe BBeA€HHOI MH(GOPMALIMU U BbIUMC-
JIEHHBIX TTapaMeTpoB (popMuUpyeTcst OTYET 00 obciie-
JIOBaHUM.

PaccMoTrpuM 00pabOTKy CHHMMKOB B OCHOBHBIX
MO3UILMUSIX B IIOACUCTEME 00PabOTKU.

Obpabomka CHUMKO08 6 QNUKAAbHbIX NO3UYUIX. AJl-
roputT™M 00pabOTKU M300pakeHUid B JAHHBIX TMO3U-
LIUSIX COCTOUT M3 CJICIYIOIIMX I1aroB:

CerMeHTallMsl Ha OCHOBE TEKCTYPHBIX IMPU3HAKOB
(rmosryueHue OMHApPHOTO M300paXKeHMsI, KOTOpoe 000-
3HauYuM 4epe3 b);

rnoJjiydeHre OMHapHOTo u300pakeHus1 B Ha OCHOBE
KOHTYPHBIX MPpeoOpa3oBaHuii;

onpenaeneHue rpanui JIK Ha nzobpaxeHuun B;

BoeieneHue JI2K;

BbluMCiIeHUe napameTpoB JIZK.

Ceemenmauyus. I'naBHOT 0COOEHHOCTBIO ¥Y3 CHUM-
KOB cepllia SIBISIeTCS Majiblii KOHTPAacT M HEYETKO
BBIpaXKEHHBIE KOHTYPHI, TTO3TOMY CETMEHTAIIUIO 1Ie-
JIecooOpa3HO MPOBOAUTH IO OOJbLIEMY KOJIMYECTBY

NMpU3HAKOB. B paboTe MCHOJNB3YIOTCS CEMb IBYMEp-
HBIX U TPU OJHOMEPHBIX TEKCTYPHBIX MPU3HAKA 1U30-
OpaxeHuii. BbluucieHMe TEeKCTYpHBIX MPU3HAKOB
OCYILECTBJISIETCS] Ha MCXOJHOM M300paxkeHuu (000-
3HauuM ero yepe3 A). Ilocne BbIYMCIEHUS Kaxaas
XapakTepucTUKa HopMuUpyeTcs B nipeaenax ot 0 go 1.
3aTeM MOICUYMTHIBAETCS CyMMa aOCOJIOTHBIX OTKJIO-
HEHMI MPU3HAKOB MEXIy TOYKAMM, Ha OCHOBE KO-
TOpPOM UX OOBEAMHSIOT B 00JIaCTH, TEM caMbIM (op-
mupys cteHku JIK:

’

N =Y |1, k)= £l m)

rae (j, k) u (I, m) — TOUKM U300paKeHUs C KOOpAUHA-
TaMu j U k, [ M m; f; — TEKCTYPHBIN MPU3HAK TOYKH.

Ilociie o0beaHEHMST TOYEK B 00JIACTU BBIACISIOT
rpaHUYHBIC TOUKM, KOTOPHIE CUMTAIOTCS KOHTYPHBI-
MU, UM TpUCBauBaeTcsl 3HayeHue b(x, y) = 1, oc-
tabHeIM — 0. TakuM obGpasoM, dopmupyercst Ou-
HapHoe u3obpaxeHue b.

Onpeodenenue epanuy JIK. Tlocae momydeHus Ou-
HapHOro M3o00paxeHus b HEOOXOIMMO OIPENe/IUTh
mecrononoxeHue JIK Ha Y3 coumke. HdaHa yHK-
LS SIPKOCTU MCXOAHOro usobpaxenus Af(x, y). B
pe3yJbTaTe KOHTYPHOIO IIpeoOpa3oBaHUSI OIpeie-
JIsieTcsl MOAyJib BekTopa rpaaueHTa G(x, y) [7]. dns
ero TMOoJyYeHUs] HEeOOXOAMMO TIOOYEepPEeIHO BHIMOJI-
HUTh CBEPTKY (yHKUMU f(Xx,y) CO CleayiolnMu
GyHkuusiMu-mMackamu  d (x, y), dy(x, V), 3HA4YeHUs
KOTOPBIX PACCUMTHIBAIOT CJIEAYIOLLIMM 00pa3oM:

X2 +y2
2x o2

d(x,y)=————¢ ¢
x( y) 02\/%

Ha ocHoBe mnojyyeHHOro moaynas rpagueHta G
bopmupyeTcsi GuHapHoe M300paxkeHue B, a mopor
oIpeessieTcsl Kak YABOEHHOEe CpeHee.

Hnst ycranoBneHust rpanuu JIZK wucnonbs3yercs
oumHapHoe wus3obpaxeHue B. IlpaBasg KoopauHaTta
ornpenessieTcsl CleayllluM o0pa3oM: B KaxXJaoM
CTOJIOLIE CYMMUPYIOT 3HaU€HUsI OMHAPHOIO M300pa-
XKeHUus1 B, crojibel] ¢ MaKCHMMaJbHBIM 3HauYeHHEM
CIIpaBa OT LIEHTpa MPUHUMAIOT 3a MPaBYIO T'PAHUILY
JI2K. Jdng BbIUMCIEHUS JIEBOW KOOPAWHATHI U3 3Ha-
YeHHUs TpaBOl rpaHULIbl BHIYMTAIOT 2/5 4acTu 1LIU-
puHBl CcHUMKA. BepxHssT KoopauHaTa Oepércs
(30+20) nukceneit, HUXHsIT — Ha ypoBHe 2/3 BbI-
COThl M300paxkeHMs. TakuM o0O0Opa3oMm, MOOIydaeM
MNPSIMOYTOJILHUK (0003HauMM ero uepe3 /1), B KOTO-
pom conepxurcs JIK.

Buvioesenue JI2K. Ha uzobpaxeHun b cCTposT mpsi-
MOYTOJIBHUK [1TI0 TOJTydeHHBIM paHee KOOpaIuHaTaM
U OMpeAesIoT ero LeHTp Tsekectu (X, Y). M3 uentpa
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TSKECTU MPOBOIIT Jy4M ¢ uHTepBasioM B 1—10 rpa-
JIyCOB:

X, =X —kcosa;
Yo=Y —ksina,

b

rne (X, Y) — KoopauHatel LeHtpa; k = [0, M]; oo — yron
HaKJIOHA JIy4ya; 3HaueHue M ycTaHaBIMBAeTCs SKCIICPHU-
MEHTAaJIbHO, TTOKa He BCTPETUTCS YEpHAas TOUYKa U300pa-
xeHust b b(x, y) = 1.

B pesynbrare momydaeTrcss Habop Mmap KOOPAWHAT
TOYEK (X)), Vo)» (X1, V1) -5 (Xpp Vpy), KOTODBIE COENM-
HSIOT ITyTEM MOCTPOECHMS BBIMYKJION 0007109KU. To4u-
KW/ BHYTPH BBIINYKJIOH OOOJIOUKU MAapKUPYIOT, U OHU
aBisiioTcs Toukamu JI2K.

Boruucaenue napamempos JI2K. OCHOBHBIMM Tiapa-
MeTpaMM SIBJISTIOTCS TUTOIIAnb S, KOOPOIWHATHI IICHTpa
tskecty (UT) X, Y, wmna L, mmupuna H, o0béM V.

Hmna JIXK L — MakcuManbHO JJIMHHBIM OTPE30K,
npoBea¢HHbINA yepe3 LIT mox yriaom (yros HakJIoHa
oTpe3Ka IJIUHBI Ha ock OX), mmpuHa H — oTpe3oK,
NeprneHAuKYIIpHbIN JuHe L (puc. 2, a).

s onpeneneHus: o0bEMa CyLIECTBYET Menod Ouc-
K08 VMI[ 10 B3aWUMHO TIEPITCHINKYISIPHBIM TTO3UIIH-
AM U memod naouwadb—oauna Vyyp 1 [3]. B pabore
HCIIOJIb3YeTCS METOH, JUCKOB:

20
Mg =LY, a*m /80, Wy =0,855% /L.

i=1

Hanee onpenensior kaap, rae JIXK nmeer MuHu-
MaJIbHbIi 00BEM (cucTony), Kamp, rae JIK umeer

Y.J't

L J

a)

MaKCHUMaJIbHBIl 00bEM (AuacTony), (pakiivio BbI-
6poca (®B) u monHbI UK cokpamenus JI2K [3].
Ilon monHbIM cokpaluneHueM JI2K moHumaeTcst 1mo-
cienoBaTeIbHOCTb U3 20—25 KaapoB, HAUMHAIOIIUX-
cs U 3aKaHYMBalOLIMXCcd auactonoil. Cxema M3MeHe-
Hus napaMmeTpoB JIZK rpu moJIHOM COKpalleHUM Mo-
Ka3aHa Ha puc. 2, o.

DB, koTopasg ABIsIETCS OOHON M3 BaXKHBIX XapaK-
TEPUCTUK OLEHKU COCTOSIHUSI CepAlla, BBIUMCISECTCS
no ¢opmyiie

V. —V
®B=—2"""%100% ,
Vo

rmoe VI[O — aMacronmdeckuit 00veéM JIK; Voo — cucro-
nunyeckuit oobeM JIK.

AHAJIOTUYHBIM 00pa3oM OIIPENe/ISIOT XapaKTepu-
cruxku I12K, JIIT u I1I1.

Ha puc. 3, a u 6 npencraBieHsl 1Ba Kaupa, COOT-
BETCTBYIOLLIME CHUCTOJe M nMacrone. Ha pucyHkax
BoigeneH JIZK, pa3outelii Ha 20 AMCKOB M ITOCTPOEHBI
€0 OCH.

Obpabomka cHUMKO8 6 No3uuuu no OAuHHoOU ocu. B
MO3UIM 110 JJIMHHOM ocu onpenensiorcsa ocu JIZK,
T12K, JIIT u aopThl.

AJITOPUTM COCTOMT U3 CJIEAYIOLIUX IIAroB:

CEerMEHTALIMST Ha OCHOBE TEKCTYPHBIX MPU3HAKOB;

MoJydyeHre OMHApHOIO M300paXkKeHHUsS Ha OCHOBE
npoBeAEHHON cerMeHTauuu (puc. 4, 6);

pa3dreHne Ha CEKTOPHBI, COOTBETCTBYIOIINE Tpa-
HULAM KaMep cepAlia U aopTel (Ha puc. 4, a mokazaH
CeKTop, B KkoTopoMm Haxomutcs JIZK);

" O6bEM, MN

MapameTtpbl, Mn

104

e
il

25 Homep
kaapa

0)

Puc. 2. OcHoBHble XapakTepUCTHKH (a) ¥ TUHAMMKA W3MEHEHHs mapaMeTpoB (6) JIeBOro XkeaylouKka:
IO — muacrona; C — cucrona
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Puc. 3. Pe3yabTaTsl 00padOTKH CHUMKOB:
a — cucrona; 6 — nuacroia

8) 2)

Puc. 4. Pe3yanTaTel 00pa0OTKH CHUMKOB B MO3UIUAX MO JJIMHHOM M KOPOTKOI 0CAM:

a — pa3bueHne U300pakeHUsI Ha CEKTOPHI; 6§ — OMHApHOEe M300paXeHue; 6 — Pe3yJIbTaT MMOCTPOECHMS OCeli;
2 — pe3yJbTaT 00pabOTKM B MO3UILIMU IO KOPOTKOM OCH
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Puc. 5. 16-cerMeHTHast MOJeJIb COKPATHMOCTH:

1—6 — cerMeHThI B YeThIPEXKAMEPHOM amMKaIbHOM
Mno3uLuu; 7— 12 — CerMeHThl B AByXKaMEpHOM amu-
KaJIbHOM 1To3uyu; [3—16 — cerMeHThI B MO3ULIMKA
Mo JUIMHHOM ocu (2, 5, &, 11, 14, 15 — cerMeHTHI B
MO3ULIUH 10 KOPOTKOM OCH)

ompee/ieHe MaKCHMaJbHO IIMPOKOM 00JIacTH B
CEKTOpE;

nocTpoeHue oceit (puc. 4, 8).

B nmaHHOI MO3WIIMM AMAacToNa OMpenessieTcs Ka-
IpoM, Ha KoTopoM och JIZK mMmeeT MakcMMaJbHYIO

IUTMHY, CUCTOJIa — KaIpoM ¢ MUHUMAJIbHOM JUTMHOM
ocu JIXK.

Ob6pabomka CHUMKO8 6 NO3ULUU NO KOPOMKOU OCU.
B nosunuu no koporkoit ocu JIZK annmpokcumupyer-
Csl OKPYKHOCTBIO U JIJISI €70 BBIACICHUS IIPUMEHSIET-
csl MHTETpajIbHOE Mpeodpa3oBaHMe 10 OKPYKHOCTH:

h(r,x,,¥,) = J.J.b(x, )8[r cos @(x, )+

+x=x, |8 [rsin®(x, )+ y -y, ] dxdy,

rne h(r, xy, ¥p) — GYHKUMSA NapaMeTpU4YecKoro Ipo-
CTPaHCTBa, OMUCHIBAIOLAS OKPYKHOCTh C PAAMYCOM F U
KOOpIMHATaMM LEHTPa (X, ¥); P(x, y) — QyHKuMA Ha-
TMpaBjIeHNs] BEKTopa TpaaueHTa; b(x, y) — byHKuus Ou-
HapHOTO U300paKeHUSI.

PesynbTaT BHIIENIEHUS TIpEACTaBIIeH Ha puc. 4, e.
Junacrona omnpenessieTcsl KaapoM, Ha KOTOPOM pa-
nuyc JIZK mMeeT MakcUMAJlbHYIO JJIMHY, a CUCTONA
— MUHUMAJBHYIO.

Anaauz coxpamumocmu JI2K. [1ng aHanu3a UCIOJb-
3yeTcst 16-cerMeHTHasI MOIeNb cepara, CyTh KOTOPOi
3akimouaercs B AeneHuun JIZK B OCHOBHBIX TTO3ULIUSIX
Ha omnpefeéHHbIE CETMEHTHI (puUc. 5).

Tak, B anmMKaJabHBIX MO3UIMIX OOKOBBIE CTEHKU
NIeJISITCS Ha 1IeCTh CErMEHTOB, ISl UCCAeAOBAHUS
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Puc. 6. I3menenue JJMH JUCKOB
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COKPAaTUMOCTU MCMHOJb3yeTCsl aHalu3 W3MEHEHUS
JIJIMH JVMCKOB: BEPXHUM M HUXXHMM CErMEHTaM CO-
OTBETCTBYIOT MO I1IECTh AMCKOB, CPEeIHUM — BO-
CEMb.

ITo KOpoTKOIf OCHM ONpeneIsioT OTKIOHEHUSI KO-
OpIMHAT LIEHTpa OKPY>XHOCTU Ha KaapaxX OT KOOpAu-
HaT LeHTpa B AvacTojie. Eciu LeHTp mepeMecTuics
B CTOPOHY cermMeHToB 2, 5, &, 11, 14 wiu 15), 1O
CUMTAETCsI, YTO B 3TOM CerMEHTe HapylleHa COKpa-
TuMocTh JIZK.

Ilo nnvHHOW OCU aHAIM3UPYIOT U3MEHEHUS LIH-
Hbl JIZK 1 olleHMBaOT COKPaTUMOCTb CETMEHTOB C 13
mo 16.

CpaBHuTesIbHAA OLEHKA pe3yJbTaToB. Hirke mpu-
BENIeHbI Pe3yJIbTaThl 00Pa0OTKM TMOCAEA0BaTEIbHOCTH
VY3 CHMMKOB i alnMKaJIbHON 4YeThbIpEXKaMEepHOM
no3uluu (IBa Kaapa nmpuBedeHbl Ha puc. 2). Ilomy-

YeHHbIe 3HauYeHUs MapaMeTpoOB CPaBHUBAIOT C pe-
3yJibTaTaMU PYYHOI 00paOOTKM U OIPEAe/IsIIOT OT-
KJIOHEHMSI B TIPOLIEHTaX, KOTOPbIe MPUBEJAEHBI B Ta0-
JIaiie.

M3 Tabnuibl BUAHO, YTO Pe3yJIbTaThl aBTOMAaTUYe-
CKOI 00pabOTKM MMEIOT HEOOJbIIINE OTKJIOHEHUS OT
PY4YHOro crocoba, KOTOphIit B3IT 3a OCHOBY. OTKJIO-
HEHUS 10 JJIMHEe U IIMPUHE COCTABJISIIOT B CpeaHEM
2,5 %, no oobéMy — 3,2 %, 4TO CUMTAETCS TOITYCTH-
MbIM. [luacrojie COOTBETCTBYIOT 1-i1 1 21-i Kaaphl,
cucroiie — 9-it Kanp, ¢ppakuus BeiOpoca paBHa 61 %.
WM3MmeHeHus OJIMHBI, INUPUHBL 1 00bEMa COOTBETCT-
BYIOT MpeIJIOXEeHHOI cxeme. Pe3ynbrarsl Takux pac-
YETOB MO MHOTMM MallMeHTaM MoKa3aiu TakKe He-
0OJIbIIIOE OTKJIOHEHWE AaBTOMAaTMYECKON TEeXHOJIO-
TMW OT PY4YHOM, KOTOpOE B CpPEIHEM COCTaBJsIeT
or 3 10 6,5 %.

Pe3yabTaTsl pyuyHOil M1 ABTOMATHYECKO 00PA0OTKH MOCJIE0BATENLHOCTH Y3 CHIMKOB

Howmep ABTOMAaTHYECKU BapHAHT Pyunas texHomorust Otkinonenust, %
KA JnwuHa, IlIupuna, O0bém, | Hmuua, | Ilupuna, O0BeEM, JnHa upuna O0BEM
MM MM MII MM MM M
1 68,4 41,85 88,10299 70,65 44,1 87,54558 3,184713 | 5,102041 0,636708
2 66,6 40,15 71,73168 71,55 41,85 75,786 6,918239 | 4,062127 5,349695
3 68,25 39,35 68,73499 70,2 40,95 | 70,30157 2,777778 | 3,907204 | 2,228371
4 67,5 36,9 58,53641 67,95 38,25 60,8768 0,662252 | 3,529412 | 3,844469
5 66,6 35,55 51,68721 67,95 35,55 | 54,98105 1,986755 0 5,990864
6 66,6 34,65 48,23748 66,15 35,55 | 50,92599 0,680272 | 2,531646 5,279249
7 64,05 32,35 44,21786 63 33,75 | 41,33334 1,666667 | 4,148148 6,978676
8 62,35 30,2 36,09162 59,85 31,5 38,52802 4,177109 | 4,126984 | 6,323709
9 61,55 29,2 34,58266 59,4 29,7 35,57282 3,619529 | 1,683502 | 2,783473
10 65,25 33,05 40,93527 62,1 34,2 43,87719 5,072464 | 3,362573 6,704896
11 65,35 32,6 46,65847 67,95 33,75 | 49,25552 3,826343 | 3,407407 5,272607
12 68,35 36,75 42,4483 72 38,25 | 46,55262 5,069444 | 3,921569 8,816518
13 69,25 40,25 50,44793 71,1 41,85 | 52,24434 2,601969 | 3,823178 3,438478
14 67,5 40,05 56,75651 72 40 55,71364 6,25 0,125 1,87184
15 70,85 41,4 65,59669 73,8 40,95 | 69,68015 3,99729 | 1,098901 5,860292
16 69,3 40,5 68,57795 71,1 40,5 72,10355 2,531646 0 4,889634
17 66,6 36 64,23597 70,65 38,25 | 64,70367 5,732484 | 5,882353 | 0,722834
18 72 41,4 66,88941 70,2 42,75 | 69,51201 2,564103 | 3,157895 3,772873
19 72 43,2 68,53315 73,8 43,5 70,19542 2,439024 | 0,689655 2,36806
20 72 41,85 68,50051 72 39,6 65,68017 0 5,681818 | 4,294051
21 72 40,95 72,07269 76,05 41,4 75,12589 5,325444 | 1,086957 | 4,064112
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Puc. 7. HepaBHoMepHOE H3MEHEHHS IJIMH JUCKOB

Ha puc. 6 npuBeneHbl KpuBble M3MEHEHUS IJIMH
10 muckoB B anuKanabHOM mo3uuuu. JIZK cokpamaer-
Cs paBHOMEPHO, TaK KakK BCE JUIMHBI TUCKOB HU3Me-
HSIOTCSI OMMHAKOBO, YTO COOTBETCTBYET MPEIIOXEH-
HOI MoJenu.

Ha puc. 7 nokazaHbl KpuBble HEPaAaBHOMEPHOTO
u3MeHeHus navH 10 11CKoB.

3akmouenne. CuctemMa aBTOMaTtu3aluy oOpabdoT-
KM M aHaju3a 3XoKapauorpapuueckux CHUMKOB Ha
OCHOBE YCTaBHOBJIEHHBIX TpeOOBaHUI 0oOecreyrBaeT
MOJIHYI0O ABTOMAaTUYECKYl0 00paboTKy KaapoB (OT 25
10 100 cHuMKOB) oOciieqoBaHUS cepilla B TeUeHUe
3—7 MUH Mocje perucTpauvy JaHHBIX, YTO 3HAYM-
TEJIbHO MEHBIIIE, YeM CYLIECTBYIOLIMM CIIocob obpa-
OOTKHM; IJIUTENBLHOCTh OOpPaOOTKM TakKoro oOBEMa
JaHHbIx — oT 10 muH 1o 1 4. M3-3a orpaHUYeHHOTO
BpeMeHU IpuéMa Bpay aHaJIu3upyeT oT 1 mo 5 kand-
poB, 3aTpauyuBasl Ha 3T0 2—5 muH. CucreMa MOXeT
paboTaTh KaK B PYYHOM, TaK WU B aBTOMAaTUYECKOM
pexume, obpabaTbiBasi U aHAIU3UPYS Y3 CHUMKH,
4TO AAET BO3MOXHOCTH 00CIeA0BaTh OOJIbIIEE YHUCIO
nauveHToB. OHa SBJSIETCS OCHOBOM 1151 (hOPMUPO-
BaHUsI aBTOMaTU3MPOBAHHOTO pabouyero Mecra Kap-
JI10JI0Ta, MHTETPUPYIOIIETO BCe JaHHBIE O MAllMEeHTE,
YTO TMOBBIIIAET TOYHOCTb W OOBEKTUBHOCThL JMar-
Ho3a. PaccMoTpeHHast cucTeMa MCIIOJb3yeTcsl B

KapAMOJIOTMYeCKOM OTHEJICHUU XKeJIE3HOAOPOXKHOMN
O0onbHULBI T. MypoMma.
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HEWPOCETEBOI METO/I HEPA3PYIIAIOIIETO KOHTPOJISI KAYECTBA
MATEPHAJIOB AYENCTOU CTPYKTYPbI

Paccmompen memoo uzmepenus cpedneeo pazmepa saueliku, 00H020 U3 8ANCHEUWUX NAPAMEMPOs
Kawecmea mMamepuanos aueucmou cmpykmypuol. Memoo paspabomarn Ha ocHoge MamemMamu4ecKo-
20 annapama uckyccmeennvix Heuponuwvlx cemei (MHC). [lpusedena cmpykmypa u aseopumm
obyuenus UHC. Pa3zpabomanvl cnocobbl nOGblUEeHUS NOMEX0YCMOU4U8ocmu paboms Memooa.

KmoueBble cioBa: KOHTpPOJIb KauyecTBa, CPeIHUU pasMep S4YelKu, TEeHOIOJMypeTaH, MaTepuaibl
SIMEUCTOM CTPYKTYPbI, CUCTEMA TEXHUYECKOTO 3PEHUSI.

Measuring method of the cell average dimensions, one of the significant quality parameter for
materials with cellular structure, is considered. This method is created from a mathematical instrument
for artificial connectionist (UNS). Structure and training algorithm (UNS) are adduced. Means of
the noise immunity growth in measuring method utilization are created.

Key words: quality control, cell average dimensions, polyurethane foam, materials with cellular

structure, technical sight system.

B Hacrogiee BpeMsI coxpaHsSIeTCS MOTPEOHOCTh B
pa3paboTKe HOBBLIX M COBEPIICHCTBOBAHUU CYILECT-
BYIOILIMX METOIOB U CPEJICTB KOHTPOJISI KauecTBa NPy
MPOU3BOACTBE PA3NTUYHBIX MATEPUAIOB CJIOXHOM
CTPYKTYPHI (IIEHOITOJIMYPETaH, TIEHOIIACT, TIYCUCThHIE
IUIACTMACCHI). DTO OOYCIOBJIEHO HEOOXOAMMOCTBIO
MOBBIIIEHUS 3(P@MEKTUBHOCTU KOHTPOJISI, PELICHMUS
3a7a4 ero aBTOMATW3alUU IS YBEJIWUYEHUS KOH-
KYPEHTOCITOCOOHOCTH TIPOM3BOAMMOIO TIPOMYKTA B
YCJIOBUSIX COBpPEMEHHOTO pbiHKa. [IpuMeHsieMble B
HacTosIee BpeMsl PydHBIEe METOIbl KOHTPOJS TIpU

Puc. 1. N300pakenne NOBEpXHOCTH MEHONOJIAYPETAHA

COBPEMEHHOM CEpUITHOM TIPOU3BOACTBE SIBIISIIOTCS
Hea(pDEeKTUBHBIMU, TTOTOMY 3a7adya aBTOMAaTH3alNT
KOHTPOJISI KadyecTBa BKITIOYACTCS B CITMCOK Y3KUX
MECT TIPOM3BOACTBEHHBIX TIPEATIPUSTHIA.

Lens maAHO# pabOTBI — MCCIEMOBAaHNE T€OMET-
pUYeCKUX IMapaMeTpoB KadecTBa SYCUCTBIX MaTe-
puanoB, pa3paboTKa METOOUKH WX OIpeIcTCHMUS
no uzobpaxeHuwo. B Hacrosiiiee BpeMsi HaubOJb-
e TPYIHOCTA BO3HUKAIOT TIPM aBTOMATHU3allMU
KOHTPOJIA BaXXHEWIINX MapaMeTpOB KadecTBa MaTe-
pHMajoB — CpemHEro pasMmepa sS4eeK M €ro OIHO-
POITHOCTH.

IMpn nccnemoBaHMM M300paXkKeHWT KOHTPOIMPYE-
MOTO MaTepHajia YCTaHOBJEHAa WX IepUoamIecKast
CTPYKTypa W CHIeJIaH BBIBOA O CIWJIBHOM 3alTyMJIEH-
HOCTH MH(GOPMAIIMOHHOTO CUTHAIAa — M300paXkKeHUs
sSYeeK MaTepuaia, HaXOIIIIMXCS Ha TTOBEPXHOCTH,
MMPOCBEUNBAIOIINMI  (pparMEHTAMM  HIDKeJIeXKaInx
CJI0eB. DTO OCOOEHHO XapaKTepHO ISl 3JaCTUYHBIX
MeHOIIoIMypeTaHoB (puc. 1).

OTHUM OOBSCHSIOTCS OLIMOKU, OOJIbIIIME 3aTpaThl
BPEMEHU W BBIYUCIUTEIBLHBIX PECYPCOB IJIST OIIpere-
JIEHUST pa3MepoB STYeeK C TTOMOIIBI0 YaCTOTHBIX Me-
TOIOB (KOppeasIMOHHOTO Wi Dyphe-aHaam3a).

Hdng momrydeHusT OOJbIIEH CKOPOCTH, HEOOXOMM-
MOI MOMEeXO03allUIIEHHOCTH Tpolecca 00paboTKu
TpeOyeTcsl BhIBOI 0o0jiee TOYHOM 3aBUCUMOCTHU pa3-
MEPOB sueeK OT BUAOB U300paKeHUI, MTOgaBaeMBbIX
Ha BXOJ H3MepuUTeJbHOU cuctembl. [logoOHBIE
3aayd pPeIIaloTCcs ¢ ITOMOINBI0 MaTeMaTUYeCcKo-
TO arfrapara WCKYCCTBEHHBIX HEWPOHHBIX CETEU
(MHCQC).

MHC — Bua mMaTteMaTHyecKUX Mojeseil, KOTopble
CTPOSITCS MO MPUHIMITY OpraHu3aluud U (YHKIKUO-
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Puc. 2. Ctpykrypa HelipOHHO# ceTH:

LW — marpuuia BXOOHBIX 3HaYeHUIi; b — MaTpulila LieJIeBbIX 3HAaUeHU I

HUPOBAHUSI MX OMOJOTMYECKUX aHAJIOTOB — CeTeid
HEPBHBIX KJIETOK (HEHPOHOB) MO3ra.

Brioop MHC o6ocHOBaH TeM, UTO OHU 00JiamatoT
BO3MOXHOCTBIO CAMOCTOSITEIbHO 00001aTh (MHTEP-
MOJIMPOBaTh M 3KCTPAIIOJMPOBATh) TOJYYECHHBIN
HaBBIK pelleHUs 3aJayd M BhIAABAThb MPOTHO3 IS
HOBBIX 3HAUE€HMIA BXOAHBIX CHUTHAJIOB, paHee He
BKJIIOYEHHBIX B HA0Op maHHBIX 11 ooydyeHus. MHC
TakXe CIOCOOHBI BBIAECIUTH Haubosee HHGoOpMa-
TUBHBIE [JISI pellIeHMs 3aJadd BXOMHbIE CUTHAJIBI,
OTOPOCUTH HEMH(OPMATUBHBIE, LIIYMOBbIE CUTHAJIbI
M B WTOre MOBBICUTh HAAEXHOCTb pelueHusd. s
MOCTPOEHUSI aBTOMATU3MPOBAHHOI CUCTEMblI BaX-
HBIM SIBJISIETCSI TOT (baKT, YTO aJITOPUTMBI, UCIIOJb-
3yeMbie IIpU OOY4YEeHUM HEHpPOHHOI CETH, YHUBEP-
CaJibHbl [Jis pa3jIMyHbIX OOBEKTOB aHajiu3a. IDTO
MO3BOJISIET CO3/1aBaTh CUCTEMBI, 00JIaJalolINe TaK1-
MU BaXXHBIMM CBOMCTBaMHU, KaK TMOKOCTb U Mac-
IITa0OMpPyEMOCTb.

B kxauecTBe oOyualomiero BbIOpaH aiaroputMm Jle-
BeHOepra—Mapkapa (Levenberg—Marquardt) [2] —
METOJl HEJIMHEMHOU ONTUMU3ALMNU, OTHOCSIIUNCS K
merogaM HreroroHa. 1 morcka MUMHMMYMa UCIIOJIb-
3yI0T KOMOMHUPOBAHHYIO CTPATErui0 — JIMHEIHYIO
armpoKCUMALIMIO U TpadueHTHbIN cryck. Ilepexon K
CITyCKY TMPOMCXOAUT B 3aBUCUMOCTH OT TOTrO, Oblia
JIU YCIICLIHOW JIMHeWHas anmpokcumauus. OCHOB-
HOE BBIpaXXeHME UISI KOPPEKIINM BECOBBIX KO3 u-
muentoB MHC onpenensercs kak

S =g = | I+ m}_l JTe,

roe W — mapaMmeTp ajJropuTMa, omnpeaenseMblii B Mpo-
liecce JIMHEHOM (CKasIpHOiI1) ONTHMU3AllUK BAOJb BbI-
OpaHHOro HarpaBiaeHusI; J(X) — MaTpulia-sIKoOuaH, co-
Jepxaliasi TiepBble YacTHbIe TPOW3BOMHBIC OIIMOOK
MHC no nepeMeHHBIM BECOB U CMEIIEHUIA; ¢ — BEKTOP
ommooK; J — MaTpuiia MIEeHTUYHOCTH.

s MOBBIIEHUST TMOMEXOYCTOMUYMBOCTU PabOThI
alTOpUTMa aHajii3a B TIpollecce OOYJIeHUs] Ha BXOI
CeTU MOMaETCs MacCCUB U3 CPeIHUX 3HAUYEHUI CEKTO-
POB UCXOAHBIX U300paxKeHuit pazmepamu 50x50 muk-
ceneii. B cepun mist o0ydeHMsT BKITIOYAIOTCST M300pa-
KEHU, NOJYYEHHBIE BPALLEHUEM U CABUTOM MCXOI-
HOTO, a TaKke M300pakeHWsI C Pa3HOM CTETEHBIO
OCBEIIEHHOCTH.

OOy4yeHue MNPOBOAMWIOCH C IIOMOILIBIO CEpUM U3
150 n3obpaxkeHuit MOBEPXHOCTU MaTepuaia B Teue-
Hue 30 MMH.

[MomyyeHABIE pe3yabTaThl ONpeAesIeHNs pa3MepoB
SYelKy Mpu paboTe CeTM Ha M300pakeHUsIX, MPH-
HaIjIeXallux Cepuu s OOyUYEeHHUs, COOTBETCTBYIOT
LIeJIEBbIM, YTO YKa3bIBAaeT Ha YCIELIHYIO 3aBEepLIEH-
HOCTb mpoliecca oOydyeHusl.

CpaBHenue pe3ynbratoB padotsl MHC 1o n3mepe-
HUIO CPEIHEro pasMepa sueek peajlbHbIX M300paxke-
HUU ¢ JaHHBIMU, TTIOJIYICHHBIMH B Pe3yIbTaTe PyIHO-
To M3MEpeHUsl, IToKa3aao, YTO OLIMOKa OIpeneaeHUs
pa3Mepa stueiiku cocrasisier He 6onee 10 %, a miu-
TEJIbHOCTb OJHOTO IIMKJIa u3MepeHus He Ooiee 1,2 c.
M3MeHeHrsT OCBELIEHHOCTH, OCOOEHHOCTU CTPYKTY-
pHl MaTepualla M €ro OpUeHTaIWsl, TPEIyCMOTpPEH-
Hble Tipu ooyueHun MHC, Ha pe3yabTaT U3MepeHMUsI
BIUSIIOT He3HAUUTeIbHO. OCTalbHBIE OTKIOHEHUS B
YCJIOBMSIX 3KCMEPUMEHTa CHUXAIOT TOYHOCTb U3ME-
perust Ha 5 — 10 %

HeiipoceTeBoit MeTon M3MepeHMs CPETHETO pas-
Mepa SYEHKM MOXET ObITb pPeKOMEHIOBaH ISl MC-
TOJTb30BaHMST B aBTOMATU3MPOBAHHBIX CUCTEMaxX He-
paspyllaruIero KOHTpOJIsl KayecTBa IIIMPOKOIo Kpyra
MaTepUaioB STYEUCTON CTPYKTYPHI.
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HPOFPAI}’[MHLIFI KOMIUIEKC JUIA UCCIIENOBAHUA
ATAIITUBHOU CPEJIBI ABTOMATU3VUPOBAHHOI'O OBYYEHUS
HA OCHOBE KOTHUTUBHbBIX MOJEJIEHN

Onucarn npoepammHulil KOMNAEKC, NPEOHA3HAYEHHbLU 045 A8MOMAMU3AUUU CUCIEMHO020 AHANU-
3a UHGOPMAUUOHHOU Cpedbl ABMOMAMU3UPOBAHHO20 00YHeHUs CO Cceoucmeamu adanmayuu Ha
OCHOBe napamempu4eckKux KOCHUMUBHbIX Modenell, 8KAIYAIOWULL INeKMPOHHbLL Y4eOHUK HA OCHO-
6e npoueccopa adanmueHoU penpe3eHmayii UHHOPMAUUOHHBIX PPACMEHMO08, YHUMbIEAIOUWUU UH-
dusudyanvhvle 0cobeHHOCMU CYOBEKMOE U MEXHUYECKUEe B03MONCHOCMU CPedcmeé 00yUeHUs; OCHOG-
HOU OuaeHOCMUYecKull Mooyab 0 MeCMUpo8anus YposHs 0CIMAMOUHbIX 3HAHUL 00yuaembvix; npu-
KAaOHOU OuaeHocmu4ecKutl mooyab 041 obecneverus asmomamu3ayuu npoyecca Uccie008anus
napamempoé KoSHUMUBHbIX Modenell cybsexma.

KioueBbie ciioBa: KOTHUTHMBHASI MOJENb, TEXHOJOTUsS KOTHUTHMBHOTO MOISIMPOBAHMS, IIPOIIECC
aJIanTUBHON pelpe3eHTaly MHOOPMAIIMOHHBIX (PparMeHTOB.

Program complex is described. This complex is suitable for systemic analysis automation of the
automatic teaching informational surrounding with adaptation characteristics based on the parametric
cognitive models. The complex includes an electronic textbook based on the adaptive representation
processor of the informational fragments, taking into account of the subject individual features and
teaching means technical facilities; basic diagnostic module for standard of residual knowledge testing;
applied diagnostic module for automation ensuring of the parameters research process for the subject
cognitive models.

Key words: cognitive model, cognitive modeling technology, adaptive representation process of the

informational fragments.

Mudopmaruzanusg uHbopMalmoHHO-006pa3oBa-
teabHbIX cpeld (MOC) oOycnoBiuBaeT IOsIBIEHUE
HOBBIX HAyYHBIX MPOOJEM M YaCTHBIX MPUKIATHBIX
3amad, aKkTyau3upyeT HEOOXOIMMOCTb CO3MaHMS,
BHEAPEHUs] U MCMOJb30BAaHUSI DPA3TUYHBIX CPEICTB
aBTOMAaTHU3allMN TSI CUCTEMHOTO aHaJn3a M TIOBBI-
mweHust 3¢p@GeKTUBHOCTU MHAOPMALIMOHHOIO B3au-
MOJIEHCTBHS MEXIy CyOBEKTaMU U CPEICTBAMU YITpaB-
JITeMOTo TIporiecca ¢hopMUPOBaHUST 3HAHMIT OOydJae-
MBIX KaK TEXHOJIOTMUYECKOT'0 ITpoliecca, BKIIOYAIOILEro
TTOCJIEIOBATETLHOCTD 3a1eJIOB, Ha KAXKIOM M3 KOTOPBIX
KCTIONB3YeTCsl OpraHU3alMOHHOE, arlrapaTHoe, Mporpam-
MHOE U MeTonuueckoe obecrieueHue [1].

TpaauuroOHHbIE MOAXOMAbI, METOIbI, aITOPUTMbI U
nH(OPMaIIMOHHBIE TEXHOJIOTMU B OCHOBE aBTOMATH-
3upoBaHHbIX MOC TepsitoT CBOIO MEPBUYHYIO aK-
TyaJbHOCTb, YTO MHUIIMUPYET IOSBJICHUE MHHOBA-
IIMOHHBIX aTalTUBHBIX MOAENe W WHIWBUIYATbHO-
OPUEHTUPOBAHHBIX TEXHOJOIMI IJIs TOAAEPXKKHU
mpolecca o0y4YeHHUsI B YYpeXIEeHUSIX cpeaHero (00-

1IeT0) 00pa3oBaHMs, BBICIIETO IMPo¢GeCCUOHATBLHOIO
00pa3oBaHUsl U MPOdECCHOHATBHON MepPenoaAroToB-
Ku [2, 3].

Hike paccMoTpeHBI TTOAXO0A K CO3MAaHMIO, aHAIN3Y
U TIOBBILLICHUIO 3(P(PEKTUBHOCTU (PYHKIIMOHUPOBAHUS
CHCTEMBI aBTOMAaTHU3MPOBAHHOTO OOYYEHMS CO CBOM-
CTBaMHU ajanTaldi Ha OCHOBE KOTHMTMBHBIX MOJe-
JIel, TEXHOJIOTUSI KOTHUTUBHOTO MOJIEIMPOBAHUS JIJIST
cuctemHoro aHamiza MOC 1 KoMITIeKe mporpaMm jist
aBTOMAaTU3alMK 3a1a4 uccienoBanus [3—11].

Oco0eHHOCTH CHCTEMBbI ABTOMATH3MPOBAHHOTO 00Y-
YeHHs] CO CBOMCTBAMH aJanTallid HA OCHOBe 0Ji0Ka
napaMeTpH4eCKHX KOTHATHBHbIX Moxeleii. Crcrema
aproMatu3upoBaHHoro odoyyeHusi (CAQO) co cBONCT-
BaMH afanTalli¥ Ha OCHOBE IapaMeTpPUYeCKUX KOrT-
HUTUBHBIX Mojeiein (KM) [1, 3—5, 9], coznaHHas ¢
TIOMOII[bIO TEXHOJIOTUM KOTHUTHMBHOI'O MOJEINPOBA-
Hus (TKM) [2, 5, 8], BKJIOYaeT 1IeCTh KaHaIOB
WH(pOpMaLMOHHOTO OOMEHa Ha IBYX YPOBHSIX WH-
(bopMaIIIOHHOTO B3aMMOIEHCTBUSI MEXIY Pa3HBIMHU
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Puc. 1. Crpyktypa cpeapl aBTOMATH3MPOBAHHOTO OOYYE€HHMS CO CBOMCTBAMH aJaNTAIIMA HA OCHOBE KOTHHTHBHBIX MOJeJei

CyObeKTaMU U CPEeACTBaMM YIIPaBJIsIEMOIo Ipoliecca
(hopmupoBaHus 3HaHu# (puc. 1):

MEepBBI YPOBEHb — MEXIY UCTOUHUKAMU UHGHOP-
manuu 1 komroHentamu CAQ;

BTOpOI YpoBeHb — Mexay KomroHeHTamu CAO u
HOTpeOUTeIsIMU UHPOPMALIUU.

MHbpopmaliMoHHOEe B3aUMOJEHCTBHUE MEXITY MCTOU-
HUKaMu U ToTpedutenssmu nHgopmauu B CAO co
CBoOlicTBaMM ajanTauuum Ha ocHoBe KM sBnsiercs
OINOCPEIOBAHHBIM M TPOUCXOMMT HA JBYX YPOBHSIX:
CYOBEKThI O0YUEHMST B3aUMOIEHCTBYIOT Yepe3 TEXHUYIEC-
KW€ CpeJCcTBa OOYYEHMSI, UTO SIBIISIETCSI CYLIECTBEHHBIM
HEIOCTaTKOM, KOTOPbIii HEOOXOAMMO YCTPaHSITh TEXHO-
JIOTUYECKU BHEIPEHUEM pa3IMUHbIX CPEICTB aBTOMATH -
3allMM Ha OCHOBE COBPEMEHHBIX MH(MOPMALMOHHBIX U
KOMMYHUKAIIMOHHBIX TEXHOJIOTHIA.

HMcTounrku vHbopMalMy MoapasaessiioTcss Ha JBe
HE3aBUCHMbIe KaTEerOpMU: €CTECTBEHHOIo (KBajludu-
LIMPOBaHHbIE CIELUAIUCTbI) M HCKYCCTBEHHOTIO
MPOMUCXOXKIEHUS (TpamMLIMOHHBbIE U BJIEKTPOHHbIE
KHUTY, CepBEphI, 0Oa3bl JaHHBIX, HAKOMUTEIN MHGOP-
MalM1 HOBOT'O MOKOJICHUS).

ITorpebutenun wuHboOpMaUM — aBTOPHI KYPCOB,
ThIOTOPbI, OOyYaeMble, COTPYAHUKMU.

CrpyKTypa KOMILIEKCA MPOrpaMM i MOIIEPKKH
¢yakimmonuposanns CAO co cBOMCTBAMH aganTAIMU
Ha ocHoBe OJioka mapamerpuyeckux KM. PaspaGo-
TaHHbBIM KOMILIEKC mporpamm [3—6, 9] mpeaHazHa-
yeH s noanepxku ¢yHkuroHupoBaHuss CAO co
CBOICTBaMM amarTalliM Ha OCHOBE OJIoKa IMapamerT-
pryecknx KM [3—6] m aBToMaTU3alny 3a1ad UCCie-
JOoBaHUs WHGOPMALMOHHOW cpeibl 00pa3oBaTeiib-

Horo yupexaeHus [1, 3, 5]. IIpu stoM cTpyKTypa
KOMITIIEKCa BKJTIOYaeT HECKOJNIBKO OCHOBHBIX TIPO-
TPaMMHBIX KOMIIOHEHTOB, PETU3YIOLIUX ONpeaeaeH-
HbI Habop dyHKumii n 3agay [6, 7, 10] (puc. 2):

afanTUBHBIN 3J€KTPOHHBIN yueOHuK (DY) [3, 5—7,
9, 10] peanusyeT MHIUBUIYAJIbHO OPUEHTHPOBAHHYIO
TeHepalldio TTOC/IeAOBaTEIEHOCTY pa3HOPOIHBIX 0Opa-
30BaTeJIbHBIX BO3ACUCTBUI 00y4YaeMOMY C MOMOIIIbIO
pa3paboTaHHOTO IpOolIeccopa amalTUBHOM perpe3eH-
Tauyy MHPOPMAaIMOHHBIX (pparMeHTOB Ha OCHOBE 0JIO-
Ka napameTpuueckux KM;

OCHOBHOI OMarHocTudecKuii Momyib (IM) [3—6,
9] peanu3syeT aBTOMATU3AIMIO TECTUPOBAHMS YPOBHSI
ocTtaTouHbIX 3HaHMil obydyaembix (YO30) ¢ momo-
1IbI0 HabOpa TECTOB IO Pa3HBIM MPEIMETHLIM ObJiac-
TSIM Ha OCHOBE (DYHKLIMU OLICHUBAHWS U JIBYX MHTEp-
BIBHBIX IIKaJI, ITO3BOJISIONINX HE3aBUCHMO YIUTHI-
BaTh KOJUYECTBO MPABUJILHBIX OTBETOB Ha BOIPOCHI
W CyMMy HabGpaHHBIX OaJIJIOB 3a KaXIbIN ITpaBUIIb-
HBII1 BapMaHT OTBETa Ha BOIIPOC;

npuxiagHoi JIM [3, 5, 6, 9] obecrieunBaeT aBTO-
MaTU3alMI0 AWArHOCTMKW 3HAYeHUl MapamMeTpoB
KM cy0bekTa o0yueHus: B hopMe TeCTUPOBAHUS Ha
OCHOBEe TIpeIBapUTENIbHO ITOAO0OpaHHOTO Habopa
MPUKIAAHBIX METOIOB HCCIAEAOBaHUSI B 00JIACTU
(pmsmonorn aHaAIM3aTopOB, KOTHUTUBHOM TICUXOJIO-
TMU Y TIPUKJIAAHON JTMHTBUCTUKH;

6710k mapamerpudeckux KM [3—35, 8, 11] Bkimioua-
€T JIBa OCHOBHBIX TUMa KM:

KM cyobekra o0yyeHUs KOHLIEHTPUPYET HapameT-
PBI, KOTOPBIE OTPAXKAalOT MHIWBHUIAYaIbHBIE OCOOCHHO-
ctu nuHocty obydyaemoro (MOJICO) nmpu nepBUIHOM
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Puc. 2. CrpykrypHo-hyHKIHOHAIbHAS CXeMa KOMILIEKCA MporpaMM s
aBTOMATH3AIMH HUCCJIEAOBAHUS AJANTHBHOM Cpeabl ABTOMATU3MPOBAHHOIO O0YYEHHMs
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CEHCOPHOM BOCHPUSITUU ((PU3UOJOTMYECKUIA TTOPTPET),
BTOPMYHOI 00pabOTKe M TOHMMAHUK COAEPXKAHUST WH-
(hopMaroOHHBIX (PParMEeHTOB Ha 3aIAHHOM SI3bIKE;

KM cpenctea o0yyeHust arpervpyeT MmapaMeTpbl, OT-
pakarolue TeXHUYeCKUe BO3MOXKHOCTU CPEICTBA O0yde-
HUSI TP TeHepaly 00pa3oBaTe/IbHbIX BO3NEUCTBUIA (TEKCT,
IUIOCKasd WM OObEMHAS cXeMa ¢ IoadOpoM ILIBeTa U
rapHUTYpHI WpudTa 1 HoHa, LIBETOBASI CXeMa).

ApXUTEKTypa KOMILIEKca IporpaMm ISl aHaau3a
MOC npencrasieHa Ha puc. 2 [9].

KommnoHeHThl KoMILIeKca mporpaMm (QYHKIIMOHU-
PYIOT B TpEX pexXrmax:

aIMUHUCTPUPOBaHME (ITO3BOJISIET MOIUGUIIUPO-
BaThb CoAepxKaHue 0a3bl JAaHHBIX):

aIMUHUCTPUPOBaHME Oa3bl JTaHHBIX IOJb30BaTE-
Jieil (1o3BOJISIET U3MEHUTDH TMapaMeTpbl YYETHBIX 3a-
nuceil mojab30BaTeIeii U MPOCMOTPETh allOCTEPUOP-
HBle maHHBIe TecTupoBaHus YO30 um AMarHOCTUKU
MOJICO nocpeactsoM Habopa METONOB);

AIMUHUCTPUPOBaHNE 0a3bl HJAHHBIX METOIOB MC-
ciaenoBaHus (obecrieyrBaeT M3MEHEHWe 3HauYeHUM
KaXIOro MeTola WCCIedoBaHMWS B WHTepdelice U
6a3ze JaHHBIX, PEAM3YIOIIETO IMATHOCTHKY 3Hade-
HUIT apaMeTpoB (PU3NOJIOTUIECKOTO, TICUXOJIOTHIEC-
KOro M JIMHTBUCTHYecKoro nmoprperoB KM cyOobekTa
00y4eHMUSI);

aIMUHUCTPUPOBaHUE 0a3bl AAHHBIX AAANTHUBHOTO
BY (peanusyer MoauduUKaLUO CTPYKTYPUPOBAHHOM
Mocaea0BaTeIbHOCTM MHMOPMAIIMOHHBIX (parMeH-
TOB, OTpaXkalolMX COAepXKaHUe MpeaMeTa U3yYeHUs
— MOIyJb, pa3ies, rmoapasies, naparpad);

aJanTUBHOEe oOydyeHMe (peasu3yeT MHIUBUIAYalb-
HOOPHUEHTUPOBAHHYIO TeHepaluio psga HHdopma-
LIMOHHBIX (ParMEHTOB PA3HOTO THUIIA Pa3TUIHBIM
CIIOCOOOM C TIOMOIIBIO CO3JaHHOTO IIpoleccopa
aTanTUBHON  penpe3eHTallud  MHMOPMAIIMOHHBIX
(bparMeHTOB, PacCUMTHIBAIOLIETO ONTHMAJIbHBIC T1a-
paMeTphl OTOOpaXKeHusI);

aHaJ M3 JaHHBIX (ITO3BOJISIET TIPOCMOTPETDH aroCcTe-
pUOpPHEIE TaHHBIE, KOTOPhIE TTOJIyYeHBI MPU aBTOMa-
TU3UPOBAHHOM 00y4YeHuH, TectupoBaHun YO30 u
muarHoctuke MOJICO, a 3aTeM peanm3oBaTh MaTeMa-
TUYECKYI0 00pabOTKy aroCTEPUOPHBIX JAHHBIX C MO-
MOIIIBI0 HAabopa METOIOB CTATUCTUYECKOTO aHAIM3a).

BY BeIicTynaeT ocHOBHbIM KoMmImoHeHTOM CAO co
CBolicTBaMM amanTaluu Ha ocHoBe KM, peanusyer
WHAWBHUIYATbHOOPUEHTUPOBAHHYIO TEHEpAILNIO TI0-
CJIENOBATEJIbHOCTU 00pa30BaTEIbHBIX BO3ACUCTBUI C
MOMOILIbIO  pa3pabOTaHHOTO Mpolleccopa aaanTHB-
HO#l pemnpe3eHTalMu WHGOPMALIMOHHBIX (parMeH-
TOB, KOTOpPbIE OTPaxKaloT MPeIBAPUTEbHO CTPYKTY-
pUpOBaHHOE conepXaHHe Habopa oOIpeaeaeéHHbIX
MPeaMETOB U3YYEHMST U XPAHSATCS HEMOCPEICTBEHHO
B 0a3e JaHHBIX ¢ MPeIMETHLIM HAINOJHEHHEM U pe-
3epBHOI 0a3e JaHHBIX.

IlepexmoueHrue Mexay pexXuMaMu (PYyHKIIMOHM-
poBaHUs NpuKJIagHoro JM ocylliecTBasieTcsl IJiaB-

HOM KHOMKOW mporpamMmHoi peammsanuu CAO co
CBOICTBAMHU aJanTallM¥d Ha OCHOBe OJji0Ka MapaMmer-
puueckux KM, 4To mo3BosisieT aKTUBU3UPOBATh pe-
XKUM aIMUHMCTPUPOBAHUS, TUAarHOCTUKY U aHAIU3a
JAHHBIX.

Kaxnplii 13 MMEIOIIMXCS PEXMMOB PeaIu3yeT OI-
peneNEHHbII OrpaHUYEeHHBIM HaOOp (PYHKIIMHA U pa3-
JIMYHBIX 3a1ay.

DJIEKTPOHHDbI Y4eOHHK, CO3JAHHBIH HA OCHOBE MPO-
meccopa ananTHBHOH penpe3eHTandd uHGoOpMAIMOH-
HeIX ¢parmenToB. MHTrepdeiic amantuBHoro DY B
pexXumMe agMUHUCTpUpoBaHUS (puc. 3) IIO3BOJISIET
peanu3oBaTh MOAMGUKAIIMIO TTApaMeTPOB IIpelIBapy-
TEJIbHO CTPYKTYPUPOBAHHOTO COACPXKAHUS WMEIO-
IIUXCST TIPEAMETOB WM3YYeHUs, BBECTH IIepeucHb
TPYNIT U CIMCOK TOJIb30BaTesieil, a 3aTeM peaan30-
BaTh peJaKTUPOBAHME TTapaMeTPOB YUETHBIX 3aITicCeit
ToJTb30BaTelle U 00eCTIeYnTh MMPOCMOTP 3HAYCHMI
napamMeTpoB 0;10Ka napamerpuueckux KM [10].

M1 atMAHUCTPUPOBAHMST KOHTEHTA agalTUBHOTO
DY ucnonab3yercst HA0OP pa3IMYHBIX 3JICMEHTOB MH-
Tepdelica, KOTOpble COCPEIOTOYEHbl Ha BKJIAAKaXx
(opmbr:

Bkiagka «Languages/Disciplines» mo3BossieT pe-
JAaKTUPOBaThb MapamMeTpbl IUCLUILUIUHBI, COACPXKUT
MnoJjie KOAOB M HAWMEHOBAaHUI SI3bIKOB M3JIOXKEHMUS
Marepuajga JUCLUIUIMHBI, KON, HauMEHOBaHUE U
onucaHue MTUCUMIUIMHBI, mapameTpbl KM cpeactsa
00yuYeHUs MO YMOJIYaHWIO (3HAYEHUST ATUX MapaMeT-
POB KCHOJB3YIOTCS TMPU OTCYTCTBUM MPEayCTaHOB-
JIEHHBIX 3HAYEHMI MapaMeTpoOB CPeIACTBa OOY4YEeHUS,
B IIPOTUBHOM CJIy4yae MpoLeccop ananTUBHOM pemnpe-
3eHTalluM MHAOPMALMOHHBIX (PparMeHTOB OAEaKTH-
BUPYETCS, U PEXUM adallTUBHOTO OOYYEHMST BBIKIIIO-
4yaeTcs);

Bkiagka «Units»  IM03BoJIsIET MOAUGULIMPOBATH
KO, HaMEeHOBaHHUE, CTAaTyC OTOOpaKeHUST U OIHCa-
HHUE KaXIOTo pasnejia BBIOpaHHON TMCIUTUIMHEL;

BKiIagka «Modules» m3aMeHsieT KogupuKkarop, Ha-
WMEHOBaHME, CTaTyC OTOOpaKeHMsI ¥ OMMCAHNE KaKI0-
TO MOAYJIsl B Mpefeiax BbIOpaHHOIo pasaesia JUCLIMILIU-
HBI, OTOOPaKaeMOro Ha ONpeAeIEHHOM HAllMOHAJIBHOM
VI MTHOCTPAHHOM SI3BIKE, TIPY 3TOM COIEP>KaHNE IVC-
LUTUTMHEL TIPEIBAPUTEIIBHO BBOOWUTCSI B PEKMME af-
MHWHUCTPUPOBAHUSA M JOCTYITHO UTS TTOCIIEIYIOLIETO
WCTIONTb30BaHUS B peXKMMeE amallTUBHOTO OOYUYCHUIS;

BkJagka «Pages» Tmo3BojisseT cHayaja BbIOpaThb
JUCLUMILIMHY U SI3bIK M3JoxkeHust matepuana (EAl),
pazaen (EA2) u monynbs (EA3), a 3aTeM penakTupo-
BaTb Konudukarop (EA4.1), HoMuHabHOE 3HAYEHHUE
WHTEpBaJa BPEMEHU  OTOOpaXEeHUsSI  CTPaHUIIbI
(EA4.2), mnapameTpbl OTOOpaxkeHUsSI CTpaHUILIbI
(EA4.3), Tekcrojoruyeckoe coaepxKaHMe BOIpoca
(EA5.1) wu rpaduyeckoe comaepxkaHue BoIpoca
(EA5.2) ¢ ucnonb3oBaHUEM LIBETOBBIX CXEM 3aMellle-
HUS WIM KOMIIEHCAIIMU OTpeAeJIEHHBIX LIBETOB CIIEK-
Tpa Ha rpadruecKUX U300paKeHUIX IJIs TpUXpoMa-
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' Administrator mode
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Content
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Enter or edit tewtusl content Add of remove picthuts

D efinition:

SYSTEM is any object which is simultaneously considered as a
unit and as the set of diverse elements mcorporated for
achievement object.

Attributes of system:

- congists of elements;

- represents functional unity;

- ocurrence of each element and its performing function is not
casual

EA5.1

HEE R

EA5.4

for trichromats | far protanaps | for deuteranops | for itanaps |

Swslar s . EA52
\
p - IZis any ojsct wh 27 is simuta-asusly
== Diition considead as aun: awd a5 e 220 oF & varse
- - o ezl of e o o
—=f arTizLles

~ &,

Uomiss ol dececl.

= -
Zeprezants un ch o ooty

sromeacs ofenck slexert i ih pefonaing
Saachonis acy el

! S

Picture control pane!
Paste from CB

Copy to CB

CuttoC8 | —exEA5,3

Puc. 3. Nnrepdeiic a1anTUBHOTO 3JIEKTPOHHOTO y4eOHHKA B peKnMe aJMHHHCTPHPOBAHHUSA 0a3bl JAHHBIX
¢ mapamMeTpamMM npeaMeTa M3ydeHus

TOB, TOJHBIX WJIM YaCTMYHBIX AUXpOMATOB (IpoTa-
HOIbl HE BOCIIPMHUMAIOT MOJYTOHA KPacHOro, Iei-
TepaHOIIbl He OLLYIIAIOT OTTEHKM 3€JIEHOTO U TpUTa-
HOITbl HE pa3jiMyaloT CUHUIA U (PUOJIETOBbBIN);

BKiIanka «Database» M3MEHSET CIMCOK IOCTYITHBIX
KOJIOB M HAUMEHOBAHMIA TPYIIII, MiepedyeHb apaMeTpOB
YUETHBIX 3amucedl Mojb3oBaTeseli, IMO3BOJIIET Mpo-
CMOTpETh M pelakTupoBaTh napameTpbl KM cyObek-
Ta U CpeACcTBa O0yYeHUsl, UBMEPEHHBIX WY 3aaHHbBIX
JUISL OTIPeNIeJIEHHOTO MOJIb30BaTesl WM CPEJCTBA.

3HaueHnuss napameTpoB KM cyObekTa oOy4YeHUs
JIMarHOCTUPYIOTCS METOIaMU UCCIEAOBAHMS C TTIOMO-
b0 mpukiaagHoro JIM B ocHOBe KOMILIEKca IMpo-
TpaMM.

st nuarHOoCTUKM 3HayeHuil nmapameTpoB KM
cyObeKkTa OOyuyeHUs! TMPUMEHSIEeTCS MeTOAMKa MC-
ciemoBaHus napameTpoB KM cyObekTa oOyueHus, B
ocHoBe TKM, Kortopasi mo3BojsieT C(POpMHUPOBATh
aKTyaJlbHOE MHOXECTBO Pa3JIMYHbIX IMapaMeTpoB B
9KCMEepUMEHTaNbHOM cTpykType KM, a 3ateM mno-
J00paTh HOBbIE 1M YCOBEPILIEHCTBOBATh MMEIOIINECs
METOJIbl MCCJIEOBAHUST OIpPENeIEHHBIX MMapaMeTpoB
(pM3MOIOrNYecKoro, TMCUXOJIOTUIECKOTO WA JIMH-

rBuctuyeckoro mnoprpera KM B Buae HaGopa pas-
JIMYHBIX pa3pabOTaHHBIX MPOLEAYP IS MOCIEAyIo-
1Ll peasn3alliy aBTOMaTHU3alMu Mpoliecca UCClIea0-
BaHnusi MOJICO.

3HaueHuss napameTpoB KM cpeacTtBa oOy4yeHUs
YCTaHABJIMBAIOTCSI U CUCTEMATUYECKU OOHOBJISIOTCS
Ha OCHOBE CYIIECTBYIOLIEr0 TEXHUYECKOTO OMUCAHUS
B T€YEHME XKU3HEHHOTO LIMKJIa pa3paboTaHHON Mpo-
rpaMMHOM peaju3alMy ONpeneS€HHOro CpeacTBa
O0y4YeHMSI.

s parHocTUKY 3HaYeHui mapameTpoB KM cpen-
CTBa OO0YYEHMST IPUMEHSIIOT OIPEAEIEHHYIO METOIUKY
uccaenoBaHus napamerpoB KM cpenctBa oOyyeHus: B
ocHoBe TKM, KoTtopast 11o3BoJisieT MOAM(pUIINPOBATh
CYILIECTBYIOIIIEEe aKTyaJbHOE€ MHOXECTBO MapaMeTpoB
Ha OCHOBE 3aJJaHHOU TEOPEeTUYECKON CTPYKTYpPbl
KM, a Takxe pealn3oBaTh Ho0OaBJIeHUE HOBBIX U
yIajeHue ycTapeBluux IapameTpoB KM u cooTBeT-
CTBYIOIIMX UM METOMIOB MCCIEIOBAHMUS.

st peanmuzanyu npoliecca aBTOMaTU3MPOBAHHOTO
(hopmupoBaHUsSIT 3HAHUI KOHTHUHTEHTa OOyYaeMbIX
WUCIIONb3yeTCsl pa3paboTaHHbI aJanTUBHbIM DY
(puc. 4), PyHKUMOHUPYIOLLIUIA HA OCHOBE ITPOLIECCO-
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i H
i ] H

ORNC Y
i H
i Control i
: unit i
cv) H
1
| Central processing unit (CPU) 1}

R 4 JN EE5
Display/hide control panel |

Puc. 4. Nnrepdeiicnas ¢opMa 3JeKTPOHHOTO YIEOHHKA B PeKUMeE AJaNTHBHOTO 00yYeHHs
TpH 0TOOpazkeHNMH MH(OPMAIMH B BHAE IUIOCKOH CXEMbI

pa aganTHMBHOW perpe3eHTaluurd WHQOOPMalMOHHbBIX
(bparMeHTOB, KOTOpBIE HEMOCPEACTBEHHO OTpaXkaloT
conepxkaHWe OIHOTO WM HECKOJBbKMX IpEeAMETOB
U3yYEHMUSI.

B pexume amanTUBHOro oOyuyeHHUsI OOyvyaeMbli
nociaenoBaTtenbHo BbiOMpaeT pasaen (EE1), momyib
(EE2) u crpanuny (EE3), conepxaliyo onpeaenacH-
HBI MHPOPMALMOHHBII (PpParMeHT 110 AUCLUILINHE
(EE4). Knonka (EES) peanusyeT CKpbITUE WA OTO-
OpakeHue TaHeJIu HaBUTallMM COOTBETCTBEHHO ISt
YBEJIMYECHUSI WM YMEHblIeHUsT d(PPeKTUBHOro pas-
Mepa mpocMaTpuBaeMoil paboueil 00JacT OKHA UH-
Tepdeiica.

B03MOXXHO aBTOMAaTHYeCKOE U PYYHOE TMEPEKITI0-
yeHUe MeXny HMH(pOpMallMOHHBIMU (parMeHTaMu
npeaMeTa U3ydyeHUsl MOCPEACTBOM MCMOJIb30BaHUS
pa3HbIX MaHeJeil HaBUTalMM JABYX OCHOBHBIX THIIOB:
hepapxudeckoe JAepeBo, oTpaxalolllee CTPYKTYpY OJ-
HOTO WJIM HECKOJIbKMX MPEIMETOB U3yUeHUs, U Tia-
Heslb, ODOecIeyrBaroNias IOCIeI0BaTeIbHOE JIMHEM-
HOe MepeKIIoueHue pasiesa, MOAYJs, CTpaHHULbI C
3JIEMEHTapHBIM UH(GOPMALIMOHHBIM (hparMeHTOM 10
ONpeneJEHHOMY MPEAMETY U3YyYEHMSI.

IIpoueccop amanTuBHO# penpe3entanuu uHgopma-
HUOHHBIX (pparmMenToB. CTpyKTypa Mpolieccopa anamnTruB-
HOI1 peripe3eHTaly MHGOPMALIMOHHBIX (PparMeHTOB BbI-
MOJITHEHA HAa OCHOBE MPMHIIMIIA MapajlieIbHON U 0104-
HO-MOJYJIbHOW apXUTEKTypbl W BKJIIOYAE€T MOIYIH,
MPOLEAYPhl U aJITOPUTMBI JJIs1 Pacyéra ONTUMAJILHOTO CO-
YyeTaHUs 3HaYEeHWIA MapaMeTpoB OTOOpakeHUs1 MH(OopMa-
1M1 Ha OCHOBE 3HaveHuii mapameTpoB KM cyObekTa 00y-
YeHUsI U CpelcTBa o0ydeHus (puc. 5).

OCHOBHO#i TMATHOCTHYECKH MOIYJb ISl TeCTHPO-
BaHHS YPOBHSA OCTATOYHbIX 3HaHuWil. OcHoBHoil JIM
sIBJIIETCSl BaxKHBIM KoMnoHeHToM CAQO co cBolCTBa-
MU aganTauuu Ha ocHoBe KM, peanusyetr aBToMaTu-
3upoBaHHOe TecTupoBaHue YO30O mocpeacTBOM HC-
MOJIb30BaHMsI HAOOPa TECTOB IO Pa3HBIM MPEIMETHBIM
o0J1acTsIM B OCHOBe 0a3bl JaHHBIX (puc. 6) [3, 5].

st amMUHUCTPUPOBAHUS MapaMeTpoB TecTa HcC-
MOJIb3YeTCsl PsiA 3JEeMEHTOB MHTepdelica: 1moje pe-
JAKTUPOBAaHUSI TEKCTOJOTMYECKOTO COAEpXKAaHUSI BO-
npoca (BA1), none penakTupoBaHus MpU3HAKa KOP-
PEKTHOCTHM, TEKCTOJOTMYECKOTO COAepKaHUS Ba-
PUAHTOB OTBETa M BECOBBIX KOA(PDOUIIMEHTOB IJIs1 aK-
TUBU3aLIMM TOYHOW IIKaJbl Ha OCHOBE CyMMbl Ha-
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Puc. 6. Unurepdeiic 0CHOBHOr0 TMATHOCTHYECKOTO MOIYJS B PeKUME aIMAHHCTPHPOBAHUSA
BbIOOPKH BONPOCHO-OTBETHBIX CTPYKTYP M CIMCKA HCHbITYEMBIX

Test mode
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Puc. 7. I/IHTep(])eﬁc OCHOBHOI0O JHArHOCTHYECKOro MoayJisd B P€2KUME TUATHOCTUKH YPOBHA OCTATOYHBIX 3HAHMIA
KOHTHHI'CHTA oﬁyqaeMMx no JUCHHUIIMHE «I/IH(bopmaTm(a»



28

ISSN 0869—4931 <ABTOMATU3ALIMSA U COBPEMEHHBIE TEXHOJIOTUM». 2010. Ne 10

OpaHHbIX Oa1oB (BA2), mosie pegakTUpoBaHUsSI KO-
JIMYeCcTBa BApUAHTOB OTBETA W TUIIA CeJIeKTopa Bapu-
antoB orBera (BA3), mone momucdukalnuu craTyca
AKTUBU3AIHA TOYHON IIIKAJIBI HA OCHOBE BECOBBIX KO-
a¢pdunmeHToB (BA4), mosie penaktupoBaHust ¢Gopmy-
JUpOBKU oObsicHeHust (BAS), mone moaudukaiuu
cTatyca OTOOpakeHMs OOBSICHEHUsI MpU HEBEPHOM
otBeTe Ha Borpoc (BA6), mose MmoaubUKaLuy CTaTy-
ca aKTMBU3aAlLIMU TaiiMepa ISl y4éTa MHTepBaja Bpe-
MeHU oToOpaxeHus Bompoca (BA7), mone momudpu-
KallMy cTaTyca akTUBM3allMd MYJIbTUMEINA COMPOBO-
XKAeHUsT U3 (aiiyia ¢ moTokKoBbIM aynno (BAS), mone
WHAWKALIMU CTaTyCca UCIBITYEMOrO, COAEPXallee KO-
JIMYECTBO BEPHBIX W HEBEPHBIX OTBETOB, HOMUHAI
YPOBHSI BJIaleHUSI MaTepUajoM IO TpyOoOH IKaje Ha
OCHOBE KOJIMYECTBA BEPHBIX OTBETOB, CyMMY OaJIJIOB

" Administrator mode

3a Bce IpaBWJIbHBIC BapWaHTBI OTBETa Ha BOIIPOCHI,
ouieHKy YO30 mnocpeacTBOM TOYHOM LIKaJIbl HA OCHO-
BE CYMMbI HaOpaHHBIX 0aJIOB, CyMMY 1UTpadHbIX 0aj-
JIOB 3a Bce HEKOPPEKTHBIC BApMAHTBI OTBETA Ha BOIIPOC
(BAI14).

HMHutepdeiic ocHoBHoro JIM B pexume auarHo-
ctuku YO30 ¢ BBIOOPKOIl KOHTPOJBHBIX BOIIPOCOB
no mucuuruiiHe «HDOopMaTKa» ISl TeCTUPOBAHMS
MpeACTaBicH Ha puc. 7.

B pexxume puarHoctukn YO30O MOXKHO MCHONb30-
BaTh pa3HbIe BJIEMEHTH MHTepdeiica I TociIeaoBa-
TEJILHOTO BBIOOpAa M BBOJAA TMPaBUJIbHBIX BapHMaHTOB
OTBETa Ha KaXXAbIiA BOIIPOC, a TAKXKE peayIM3aliy MO -
TBEPKIEHUST BbIOOPA MHULIMAIM3ALIMM ITyCKa aJlTOpUT-
Ma TIPOBEPKM M Tepexoma K CieAyIoLIEMY 3aJaHUIo:
Tojie OTOOpakeHMS TeKcTa (GOpPMYIMPOBKM BOIIpOCa
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Puc. 8. Untepdeiic 0CHOBHOTr0O TMATHOCTHYECKOrO MOIYJISA B PERAME
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(BT1), mone otobOpaxkeHMs] TEeKCTa BapUaHTOB OTBeTa
(BT2), nosne orobpakeHUsI TEKCTA OOBSICHEHUS TIPU He-
BepHOM oTBeTe ucnbiTyemoro (BT3), kHomka st
MOATBEPXKICHUSI OTBeTa Ha NAaHHBIA BOMPOC, WMHU-
LUUPYIOLIAs IIepexo K cieayooiieMy Borpocy (BT4),
naHenb craTyca ucneiryemoro (BTS).

B mporiecce aBTOMaTU3MPOBAHHOTO TECTUPOBAHUS
YO30 paccuutbiBaloTCsl 3HaUeHUsT KO3(DPUIIMEHTOB
U (pOpMUPYETCS CTaTyC UCIBITYEMOTro. AMOCTEPUOP-
Hble JaHHBIE COXPAHSIOTCS B pealbHOM MacilTabe
BpEMEHU B 0a3e JaHHBIX, YTO MO3BOJISIET 00pabaThI-
BaTh MX MaTeMaTW4YeCKM HAOOPOM CTaTUCTUYECKUX
METOAOB (KOPPEISIIMOHHBIM, IUCIIEPCUOHHBIM, per-
PECCHMOHHBIM, TUCKPUMUHAHTHBIM U (DAKTOPHBIM aHa-
JIU30M).

IIpuknaaHoil AMATHOCTHYECKHH MOIYJb I JHAr-
HOCTHKH WHIAMBHIYAJHHBIX 0COOCHHOCTE KOHTHHIEH-
Ta o0y4yaembix. I[lpukimamHoit [IM sBisIeTCS] HEOTHEM-
JleMbIM KoMmrioHeHToM CAQ co cBolicTBaMu afganTalyiu
Ha ocHoBe KM u peanusyeT AMarHOCTUKY MapaMmeT-
poB KM cyobekra obyueHus (puc. 8) [3—7, 10].

J1st anMUHUCTPUPOBAHUS TTapaMETPOB METOIA UCCIe-
nopanus uperoolyiueHust (E.H. FOcropoit u E.b. Pa6-
KMHA) UCTOJb3yeTcsl psii JEMEHTOB MHTep(eiica:
MoJisi HAaWMMEHOBAaHUSI W OMNMCaHUs JOKaJu3aluu
(AAl), onucaHus BO BCIUIBIBAIOLIEM OKHE, OITMCA-

HUS B cTpoke craryca (AA2), Tekcra Bompoca (AA3),
rpauyeckoro corpoBoxkaeHusl Borpoca (AA4), naHe-
JI1 yripaBjieHus1 pucyHKoM (AAS5) u ceyiekTopa Tapa-
METPOB OTOOpakeHUsI KOHTEHTa Borpoca (AA6), Mos
cTaryca TaiiMepa Il yU4€Ta MHTepBajia BpeMEHM 0To0pa-
KeHus1 Bornpoca (AA7) u ctatyca myastuMenua (AAS),
MaHeIM HaBUralMM BorpocoB (AAY), cenektopa mapa-
METPOB OTOOpaXEHWST KOHTEHTA BapMaHTOB OTBETa
(AA10), nepeynst BapuaHToB oTBeTa (AA11), cTaTyca yué-
Ta BapyWaHTa OTBETAa B pacyéTax, MOOM(pUKALINA TEKCTa
BapuaHTa OTBeTa, TWMa nartonoruu (AA12) u creneHu eé
BbIpakeHHoCTU (AAI13), HaBUralMM BapMaHTOB OTBETA
(AA14), rpynn nionb3oBareneid (AAlS), nepedHs: Nojb-
3oBaresieil (AA16), mepekniodYeHusT MOMBbITOK TECTUPO-
BaHUs1 (AA17), HOMUHAIBHBIX 3HAYEHUI KO3 hULIMEH-
TOB, MHAWLIMPYIOLIMX pa3Hble IMaTOJOIUM LIBETOOIIY-
IIEHWsT U CTEIeHM MX BhIpaxXeHHocTH (AA18), oro-
OpaxeHUs] U peJakTupoBaHus AuarHosa (AA19).

Ha puc. 9 uzobpaxéH mHTepdeiic MpUKIagHOTO
AM B pexume TUArHOCTUKM.

B pexume AMarHoCTUKM MapameTpoOB IIBETOOIILY-
meHuss wuHTepdeiic mnpukimagHoro JIM comepxut
MOJsl OTOOpPaXKeHUsT TEKCTOJIOIMUYECKOIO COMEpXKaHMS
(opmynuposku Borpoca (AT1), rpapuueckoro uzo-
OpaxeHus B ¢dopMmyaupoBke Bonpoca (AT2), ne-
pedyHsI BapMaHTOB OTBETa MCITBITYEMOTO Ha JaHHBIN
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Puc. 9. Unrepdeiic NpuKIazHOro MMarHoCTHIECKOr0 MOAYJISI B PEXKMME AMATHOCTHKH NAPAMETPOB IBETOOLIYIEHHSI
ucnbityemoro no merony E.B. PaGkuna
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Boripoc (AT3), ymajaeHusi BbIOpaHHOTO M Jo00aBiie-
HHUSI HOBOTO BapuaHTa OTBeTa ucibiTyemMoro (AT4),
KHOIIKY MJISI MOATBEPXKIEHWSI MEpeyHs BapuaHTOB
OTBETa Ha JAaHHBIM BOIMPOC, MHULIMUPYIOLIYIO Mepe-
X0l K ciaenytoleMy 3amaHuto (ATS), maHenb craryca
ncnbityemoro (AT6).

BbiBoaBI H pe3yabTaThl MPAKTHIECKOTO HCHOJb30-
Baana. HMudopmatmzaumss MOC pocrturaercs 3a
CYET CPEICTB aBTOMATHU3aLIMM, KOTOPBIE CYIIECTBEH-
HO TOBbIIIAIOT 3((MEKTUBHOCTD IEATEILHOCTU Ha OC-
HOBEe MHHOBALIMA B 00JaCTM MHGOPMAIIMOHHBIX TeX-
HOJIOTUIA.

TpagnuroHHBIE MOAXOABI, METOALI U TEXHOJIOTUU
TEPSIIOT CBOKO aKTyaJlbHOCTh, 4YTO OOYCJIOBJIMBAET
MOSIBJICHNE aNalNTUBHBIX W WHAWBUAYyaAITbHOOPUEH-
TUPOBAHHBIX Cpell U CpelcTB. PazpaboTaH KOMILIEKC
porpaMM JJisl aBToMaTu3auu ucciaenopanus MOC
u noBeiieHus 3¢ dexkTuBHOocT CAQO CcO CBOMCTBa-
MU aJarnTalyu Ha OCHOBe 0JioKa mapaMeTpU4yecKuX
KM, xoTtopslii BKItouaeT DY, OCHOBHOI U MPpUKJIa/-
Hoit JIM.

Habmoganock ycnelrHoe MpakKTU4YeCKOe MCIOJIb-
30BaHME pa3paboTaHHOro paHee DY, obeclieunBalo-
LIEr0 MHANBUAYATbHOOPUEHTUPOBAHHYIO TeHEPALINIO
00pa3oBaTeIbHBIX BO3IEUCTBUI Ha OCHOBE MPOLIECCO-
pa aganTUBHON pemnpe3eHTalMu WH(OPMaLOHHbBIX
(bparmeHTOB.

Kommekc nporpaMm BBITIOJHEH MO OJ0YHO-MO-
OYILHOMY TIPUHIIATIY M MOXKET OBITh MOIEPHU3NPYE-
MBIM C TOMOILbIO 3aMEHBI Pa3TUYHBIX TPOrPAMMHBIX
MoIyJieil, 1o0aBlIeHUsI HOBBIX U yIaJieHUsl yCTapeB-
LIMX TIpOLIEAYp IS peau3aluy JUAarHOCTUKU Tapa-
meTpoB KM. PaszpaboraHo TexHUYeckoe OIMcaHue
JUTSL PA3JIMYHBIX KATeTOPUil MOJIb30BaTENIEN.

ITpakTUyeckoe UCIONb30BAHUE TTOJMYUYEHHBIX paHee
HaY4YHBIX TEOPETUYECKMX U MPAKTUYECKUX pe3yiabTa-
TOB OCYLLIECTBIISLIOCh B MexXnyHapoJHOM OaHKOBCKOM
uHctutyte ¢ 2004 1. m Cankr-IletepOyprckom rocy-
JAPCTBEHHOM  3JIEKTPOTEXHUYECKOM YHMBEPCUTETE C
2003 1. B xome mpoBea€HHBIX 3KCIIEPMMEHTOB ITOJTyde-
HbI aKThl O MPAKTUYECKOM MCTIOIB30BAHUU U TPU aBTOP-
CKUX CBUIETEJILCTBA.

DdpdpexktuBHocth CAO co cBoiicTBaMM amamTa-
MM Ha OcHOBe OJioka mapamerpudyeckux KM oie-
HHUBajach OOLLIENPUHITBHIMU TTOKa3aTelsiMu 3¢ deK-
TUBHOCTU  (pe3yIbTATUBHOCTH) TEXHOJOTMUYECKOIO
mpolecca aBTOMATU3UPOBAHHOTO  (DOPMUPOBAHMS
3HAHUM:

Y, Y,-Y
K={ky; ky; byt =Y, = ¥; 2, 2L
ks kys kst =11, By Ty

100 % ¢,
e ky, ky, k3 — Ko3pPUUMEHTBI a0COTIOTHOIO, CPABHU-

TEJILHOTO Y OTHOCUTEJILHOTO TIoKa3aTesieil pe3yIbTaTuBHOCTU
¢opMmupoBaHs 3HaHM 00yJyaeMbIx [11, 12].

Pe3ynbTaTthl CTaTUCTUYECKON 0OpabOTKM arocTepu-
OPHBIX JaHHBIX TIPUBEIEHbI B Ta0. 1.

AOCOJIOTHBIN, CPAaBHUTEIBHBIA 1 OTHOCUTEIBHBIN
nokazaTean 3(PQPEeKTUBHOCTU IIpoliecca (opMUpOBa-
HUSI 3HAHUII KOHTMHTEHTa 00yuyaeMbIX OTpaxaroT, Ha
CKOJIbKO IPOLIEHTOB M3MEHWIOCHh HOMUHAJIBHOE 3Ha-
YeHUE OTHOCUTEIbHO 06a30BOro Iepuoaa.

KoppensimnoHHBIA M OWCIEPCHUOHHBIA aHATU3bI
He OTpa3WIn CYILIECTBEHHBIX U HAay4yHO OOOCHOBaH-
HBIX TEHAEHLMN, 3aBUCUMOCTE U 3aKOHOMEPHO-
CTEH.

B pesyabTaTe NMpoOBEAEHHOIO PErpecCUOHHOTO
aHajqu3a aIlloCTePUOPHBIX JAaHHBIX ITOJyYEHHBIE
3HaYeHUsI Koa¢pGUIIMEHTa MHOXECTBEHHON Koppe-
nsuun (KMK = 0,558) u koadduimeHta MHOXeCT-
BeHHoI aetepmuHanuu (KMJ/1=0,312) cBumeresnbCcT-
BYIOT,A‘{TO31,2 % IUCIIepCUM 3aBUCHMOI IepeMeH-

Hoit V; (oueHka YO3O) ompenensieTcsl BapuaLMeid

3Ha4YeHUI KO3(PPULMEHTOB (MPeAnKTOpoB) K;, Ha-

XOOSIIUXCI B TMOJYYEHHOU JTUHEWHOM pErpecCUoH-
A

HOI MOIEeU Y(K;)' 3HaueHNS NUCXOMHBIX [3 1 cTaH-

TapTH30BaHHBIX KOI(DOULIMEHTOB [ JMHEHHON
A

perpeccuoHHoi Monenu Y (K, ) mpenctasieHbl B Ta0I.
2 u 3. KoHcraHTa paBHa 4,653.

3aBUCHMOI TIEpEMEHHOM SIBISIETCST Pe3yIbTATUBHOCTD
(hopMupoBaHMSI 3HAHMII KOHTMHTEHTa oOyyaeMbIX Y, a
NPEAUKTOPaMU B TIOJIYYEHHON JIMHEMHOW MHOXECTBEH-
HOI PEerpecCUOHHON MOJIEM BBICTYNAIOT Vozr — BO3pacT,
K; — nporaHonust, Kg — neiitepaHonust, Ky — TpUTaHO-
s, K, — BepOabHbIA MHTEIIEKT, K|5— 00001LIEHN E,
K¢ — xnmaccudukanys, Ki; — aHaIMTUIHOCTD, Kjg —
apudmernieckuii CY€T, K9 — KoMOMHaTOpHKa, K, —
MHEMOHMKA ¥ NMaMATh, Ky — IJIOCKOCTHOE MBIILUIEHKE,
K5, — ob6némHOe BooOpaxeHue, K,; — BepOaibHas ac-
COLIMATUBHOCTb, K5, — BepOabHas OPUIMHATILHOCTD,
K55 — BepbanbHast CENEKTUBHOCTh, Ky; — oOpasHast ac-
COLMATUBHOCTD, Kyg — 0OpasHasi OpUTMHAIBHOCTD, Ksg
— oDOpasHasi CEJIEKTMBHOCTb, K5 — YPOBEHb BJIaJCHUS
SI3BIKOM M3JIOXKEHMUSI.

Torma ypaBHEHHWE MHOXECTBEHHOW perpeccuu
uMeeT BUIL

Y=4,653—0,006 Vozr —0,002K; — 0,156 Ky +
+0,121Ky+0,064K,,— 0,029K, s + 0,006 K, —
—0,074K,7+0,025K,5 — 0,009K,9 — 0,026 Ky +
+0,001 K, +0,035Ky, +0,013K,;3 + 0,009 Ky, —
+0,022K,5.

TKM 103BOJIIET peaanu30BaTh ITOMOJIHUTEIbHBIN
KOHTYp ajalTallii Ha OCHOBE 0JIOKa mapamMeTpuye-
ckux KM, a Takxe MpoBeCTU KOMIUIEKCHbII CUCTEM-
Hblii aHanu3 MOC, HampaBieHHbIM Ha TMOBHLILIEHUE
3(hGEeKTUBHOCTY MHGOPMALlMOHHOTO B3aMMOAEHCT-
BUSI MEXIy CYObeKTaMM W CpPeICTBaMM OOY4eHUs,
YBEIMYEHUE Pe3yJbTaTUBHOCTH TEXHOJIOTMIECKOTO
npoliecca (GOpMUpPOBaHUS 3HAHU OOy4YaeMbIX B
npouecce ¢GyHKIMOHUPOBaHUS cucTeMbl AJ1O.
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Tab6nauma 1
Pe3yabTaThl NEPBMYHOTO CTATHCTHYECKOrO AHAIM3A PE3yIbTATUBHOCTH O00YYEHHS
Homep rpynmnbl 00ydaeMbix
INoka3zarenp

1 2 3 4 5 6 7 8

Ilokazarenu pe3yabraTuBHOCTH o0ydeHus 3a 2004 r.
O0BEM BBIOOPKH 20 21 25 18 18 15 0 0
Cpennuit 6amn Y, 4,05 4,286 4,24 4,611 4,056 4.4 - -
CKO cpennero 6amra 0,686 0,845 0,779 0,502 0,802 0,507 - -

ITokazarenu pe3yabraTUBHOCTH 00ydyeHus 3a 2005 r.
O0BEM BBIOOPKU 24 22 24 25 24 22 23 21
Cpennuit 6amn Y, 4,333 4,046 4,375 4,16 4,042 4,091 4,696 4
CKO cpennero 6amma 0,817 0,785 0,824 0,8 0,859 0,811 0,559 0,894

TToxasarenaun pe3yabTatuBHOCTH 00yueHus 3a 2006 1. (¢ ucn. TKM B 3 rpymmax)
OOBEM BBIOOPKU 26 23 29 24 25 22 22 22
Cpennuit 6amn Y3 4,5 4,609 4,379 3,708 3,92 3,773 4,455 3,818
CKO cp. 6amna 0,707 0,656 0,775 0,751 0,572 0,612 0,858 0,853
HTorn rnepBUYHOTO CTaTUCTUYECKOTO aHaIu3a
ITokazarenu, oTpaxkarmliye n3MeHeHre adektuBHOCTH 00yueHust 3a 2004/2005 rr., %
k 0,283 —0,240 0,135 —0,451 —0,014 —0,309 - -
ky 1,07 0,944 1,032 0,902 0,997 0,93 - -
ks 6,996 —5,606 3,184 —9,781 —0,345 —7,023 - -
Hamenenne CKO 0,131 — 0,06 0,045 0,298 0,057 0,304 - -
ITokazarenu, oTpaxaloiye n3MeHeHre 3pdeKTUBHOCTU 00yueHus 3a 2005/2006 rr., %

k 0,167 0,563 0,004 —0,452 —0,122 —0,318 —0,241 — 0,182
ky 1,039 1,139 1,001 0,891 0,97 0,922 0,949 0,955
ks 3,854 13,915 0,091 —10,865 —3,018 =7,773 —5,132 — 4,55
Hamenenne CKO - 0,11 —0,129 —0,049 —0,049 —0,287 —0,199 0,299 — 0,041

3HaveHns MCXOTHBIX [3 M CTAHAAPTH30BAHHBIX K03 duumentos [

Taobnuma 2

IIpenuxatop Vozr K, Kq K9 Ky K5 K¢ K Kig K 9
3naucnne ucxonHoro |00 | 002 | —0.156 | 0,121 | 0064 | —0.029 | 0,006 | —0,074 | 0,025 | —0,009
koa(duumenta 3
Cranaprusosanubii | 010 1 0010 | —0714 | 0,611 | 0247 | —0.104 | 0,034 | —0262 | 0.159 | —0,052
koadduumeHt 3

Taoauma 3

Tpenukarop Ky K Ky Ky Ky Kss Ky Ks K9 Kys
3HaueHne MCXomHoro | o phe | 0001 | 0035 | 0,013 | 0,009 | —0.008 | —0.111 | —0,008 | 0,032 | 0,022
ko3 puumenta B
Crannaprusosanubtit | o100 | 0000 | 0182 | 0,052 | 0,052 | —0.113 | —0.226 | —0.018 | 0.172 | 0037
KosdduumeHt 3
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Puc. 10. IlenTpouapl TpEX KJIacCOB 00y4aeMbIX B MPOCTPAHCTBE JABYX KAHOHMYECKHX (DYHKIMIi

B xome AMCKPMMMHAHTHOTO aHajav3a BbIIEJICHO
HECKOJIbKO TpyIll o0y4yaeMbIX (B 3aBUCUMOCTU OT
OVHAMUKM 3HAUYECHUI TMoKazaTelisl pe3yJIbTaTUBHOCTU
obyueHus) (oueHk YO30): «5» — rpynmna oTJauYyHuU-
KOB; «4» — TpyIllla XOPOIIMCTOB; «3» — TpymIa
TPOCUYHUKOB.

Ha puc. 10 nokazaHa reomeTpruyecKas MHTeprpeTa-
WS B3aMMHOTO PACITOJIOKEHMSI IIEHTPOMIOB KJIACCOB,
BBIICJICHHBIX TPYIITT 00y4aeMBIX B IIPOCTPAHCTBE ABYX
TVCKPUMWHAHTHBIX (DYHKIIHIA.

MHbopMaTUBHOCTb KAHOHUYECKUX TUCKPUMUHAH-
THBIX (DYHKILIMI MPUMEPHO ONMHAKOBa, a UX pa3pe-
1Ialo1asi CIIoOCOOHOCTh CYILIECTBEHHO AuddepeHIn-
pyeTcsl MO OTHOLLEHUIO K LIEHTPOUAaM KJIaCCOB: Mep-
Basg KaHOHWYeCKasT OUCKPUMMHAHTHasg GQYHKIINAS
pasauMyaeT LEHTPOUAbl KIACCOB TPOCYHUKOB M XOPO-
ILIMCTOB OTHOCUTEJIbHO LIEHTPOMIA Kjlacca OTIMYHU-
KOB, HO TUIOXO Pa3jnyaeT MeXIy COOOI LIEHTPOUIbI
KJIaCCOB TPOEUYHMKOB M XOPOILMCTOB; BTOpasli KaHO-
HUYecKas AMCKPpUMUHAHTHAS GyHKIMS pas3anyaeT
LIEHTPOUIBI KJIACCOB XOPOIIHWCTOB M OTIMYHUKOB
OTHOCHUTEJIbHO LIEHTPOUJA Kjacca TPOEYHUKOB, HO
TUIOXO pa3jnyaeT MeXIy cO0Oi LIEHTPOUIbI KJIaCCOB
XOPOUIMCTOB U OTJMYHUKOB.

KoMruieke nmporpaMm Mo3BOJISIET peaiM30BaTh aB-
TOMAaTU3alLMIO UCCIIeIOBaHUSI U CUCTEMHOIO aHajau3a
NOC, nHDOPMALIMOHHOTO B3aUMOIECUCTBUS MEXIY
CyObeKTaMU U CpeAcTBaMU OOY4YeHHs, a TaKxkKe Cy-
1LIECTBEHHO MOBBICUTDH 3 (HEKTUBHOCTD (PYHKIIMOHM-
poBanusi CAO co cBoiiCTBaMM aJanTallii Ha OCHOBE
010Kka mapameTpuueckux KM.
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INPUMEHEHUE HEﬁPOHHbIX“CETEﬁ JJIA MOJEJINPOBAHUA
COBEPIHIEHHOU KOHKYPEHIIUN

Buisieaenvl ocoberHocmu coeepuieHHOU KOHKYpeHuuu. Boinoanen 00630p mexHono2ull HelpoOHHbIX
cemeii. Onpedenerno HanpasieHue cO30aHUs HEUPOHHOU CUCMEMbl, YHUMbIalouell 6ce 0COOeHHO-
cmu cosepuieHHoU KoHkKypenyuu. Ilpedaoxcena apxumekmypa HeupoHHOU cemu NpPoU3800CHGeH-
H020 ceeMeHma PbiHKa U 8cell HetUPOHHOU CUCmeMbl PbIHKA 8 Uea0M.

KimoueBbie c10Ba: KOHKYPEHIIUS, COBEPIIEHHAs! KOHKYPEHLIMS, MOJENb PhIHKA, HEMPOHHBIE CETH

Perfect competition features are revealed. Neural network technology survey is perform. Neural
network creature direction taking account the whole of perfect competition features is defined.
Neural network architecturt for market production segment and market neural system as a whole is

proposed.

Key words: competition, perfect competition, market model, neural networks.

BBenenue. PbIHOK cOCTOUT M3 OOJBIIOTO 4uca
HE3aBUCUMBIX 3JIEMEHTOB, CaMOCTOSITEIbHO OMpee-
JISIIOLLMX TaKTUKY U CTpaTervio CBOero noseaeHus. B
YCJIOBUSIX PABHOW OCBEAOMJIEHHOCTM KaXKIbli U3 y4a-
CTHUKOB PBIHOYHOTO TIPOIIecCa CTPEMUTCSI MAaKCUMU-
3MpOBaTh CBOIO BBITOLY, HO C YYETOM aHaJOTMYHBIX
1eyneu apyrux npennpusatuii. Bsaumoaenicreue npea-
NPUATUIA B YCJIOBUSIX COBEPIIEHHOW KOHKYpPEeHLIMU
MOHO pacCMaTpUBaTh C Pa3IUYHbIX TOUEK 3PEHMUS: C
MO3ULIMK  KaXIOTO  TIPEOIIPUSITUS-TIPON3BOIUTEIS
MpU pelIeHUMW 3aJayu peaiu3alliu CBOEH IMPOU3BO-
JUMOM TpoAyKuuu (3amada 1); ¢ MO3MLMU KaXIOro
OTIIEJIbHOTO BHUAAQ TOBapa Ha pbIHKE (3agada 2);
C MO3UIIMU OOILIEro COCTOSIHUSI KOHKYPEHTHOTO Mpo-
1ecca Ha pbIHKE B 1ieJIoM (3amaya 3).

B nmnepBoM ciiyyae HeoOXOOMMO paccMaTpuBaTh
BUPTYaJIbHBI YpPOBEHb KOHKYPEHIIUU, T. €. COCTOS-
HUe cyObeKTa U €ro B3auMoAeicTBUsl, 06e3 yu€éTa BbI-
MyCKaeMoro MM TOBapa, BO BTOPOM cliyyae — YPOBEHb
peajbHO KOHKYpPEHLUU, T. €. COBOKYITHbIE XapaKTe-
pUCTHMKU TOBapa, 6e3 yyéra TOro, KEM OH ITPOM3BE-
neH. Tpetuit BapMaHT OCHOBaH Ha MOUCKE ONTUMAab-

HOro («ycTpauBalolllero» BCEX MPOU3BONUTEIEH U
noTpeduTesieit) COCTOSIHUS phIHKA B lLieJoM. IMeHHO
TakOW BapMaHT sIBJIsIeTCs HauboJsiee oOLINM.

OnpeaeauM 3TU HamnpaBJeHUS] PaCCMOTPEHUs KakK
3a/1a4l, KOTOPBIE€ JOJIKHBI ObITh PEILlIEeHBI B pe3yIbTa-
T€ MOJEJUPOBAHUSI PbIHKA COBEPIIEHHON KOHKYPEH-
107078

OCHOBHbIE MEPCMEKTUBbI UCTIOIB30BAHUSI TEOPUU
HEHPOHHBIX CETeil CBSI3aHbI C PELIEHUEM CJIOXHBIX
MPAaKTUYECKUX 3amad. B CBSI3M ¢ 3TMM UX MCIOJB30-
BaHUE IJIs1 MOJEIMPOBAHUSI KOHKYPEHLIMU BIIOJHE
obocHoBaHHO. Havano coBpeMeHHBIM MOEISIM Heli-
POHHBIX ceTeil ObLIO TOJIoXeHO B pabore Y. Mak-
Kayuioka u Y. Ilutrca, B KOTOpOil MpeanpuHsTa mno-
MbITKA 3MYJIMPOBAaTh YeJOBEUECKUE CIOCOOHOCTH,
KjaccuUIMpoBaTh U pacrno3HaBaTh 00pas3bl. aib-
Helilllee pa3BUTHE CBSI3aHO ¢ paboroil @. PoseHO-
narta [1]. Ero mogenb ObUla Ha3BaHa MEPLENTPOHOM.
C navana 1980-x rr. Hayajcsi HOBBIM BUTOK pa3BH-
TUSI MOJIeJiell HEMPOHHBIX CeTel, CBI3aHHbBIN ¢ pabo-
tamu C. I'poccoepra, T. Koxonena, 1. Xonduiga u
ap. [2], a Takke BAUSIHUEM Pa3BUTUSL ONTUYECKUX
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texHoyioruit 1 CBUC [3], crmocoOHBIX 00ecIieunTh
peanu3alrio HOBBIX apXUTEKTyp Ha mpakTtuke. Oco-
OBbIif XapaKTep CJIOXHBIX IIPo0JIeM He MO3BOJISIET CO3-
JlaBaThb YHUBEpPCAJIbHbIE CETH, BbIHYXIasl pa3padaThl-
BaThb CHELUMAIU3MPOBAHHbIE HEWPOHHbIE CETU IS
KaxJIoM 3amauyu. B Hacrosiee BpeMsl CYIIECTBYET
00JIbIIIOE KOJMYECTBO Pa3HOOOPa3HbIX TUIIOB CETEM.
OTU MOAeIU OTAMYAIOTCS CTPYKTYpOI CBs3ei, Ipa-
BUJIaMU ONpe/ieJIeHUs] BECOB WJIM TpaBujiaMu obyue-
HUSI U TIPOrpaMMUPOBaHMUSL.

AHanu3 nuTepaTypbl [4—6] IO3BOJsIeT chenarth
BBIBOJI, YTO OCHOBHO€ BHUMaHWE aBTOPOB yIEsETCS
ONPUMEHEHUIO HEMPOCETEBBIX TEXHOJOTUHA B Teje-
KOMMYHUKAIIMOHHBIX U APYTUX TEXHUYECKUX CHUCTE-
max. Beicokast a¢h¢heKTUBHOCTh HEMPOHHBIX TEXHO-
JIOTUA TIpU PEUIEHWM 3allady alanTUBHOTO YIpaBJe-
HUS JTWUHAMUYHBIMU OOBEKTAMMU MOXET CAeaaThb MX
HE3aMEHUMBbIMU TIPU CO3JAHUU HOBBIX TOKOJEHUIA
ceTeil MOOWJIbHOU CBSI3M W JAPYTUX OECHPOBOAHBIX
ceTeil. AKTyaJIbHOCTb UCC€A0BaHUI UCKYCCTBEHHBIX
HEWPOHHBIX CETEW MOATBEPXKIAECTCS MHOTOOOpa3ueM
UX BO3MOXHbBIX MPUMEHEHUA.

CoBpemeHHble OBM mnpeBocxomsT 4yeyoBeka IO
CIMOCOOHOCTU MPOU3BOAUTH YUCIOBBIE U CUMBOJIbHbIE
BbluMcieHus1. OMHaKo, €C/v 3a1a4ya BBIXOIUT 32 PAMKHU
MPOCTBIX BBIYMCIIMTENIBHBIX OINepaluii U 3aTparuBaet
cdepbl aHaaM3a U 0000IIEeHUS MH(OPMALIIU, KOM-
MbIOTEPHAs] TEXHUKA JEMOHCTPUPYET CBOIO HECo-
CTOSITEJILHOCTD 0 CPAaBHEHUIO € UyesioBeKoM. [TpuunHa
CTOJIb 3HAYUTEIBLHOTO Pa3JInirs B UX TPOU3BOAUTEIb-
HOCTU 3aKJIIOY€Ha B TOM, UTO apXUTEKTypa OMOJOTU-
YECKOM HEMPOHHOM CUCTEMBI COBEPIIEHHO HE ITOX0Xa
Ha apxuTekTypy MmaiuuHbl oH HelimaHa, a 3TO Cy-
1LIECTBEHHO BJIMSIET Ha TUIMbI (DYHKLMH, KOTOpble 00-
Jee  3(PDEKTUBHO  UCIOJHSIOTCS  KaXIO U3
MoJeJel.

HeiipoHHast ceTb — 3TO C€Tb C KOHEYHBIM UYHCJIOM
CJI0€B M3 OAHOTMUITHBIX 3JIEMEHTOB — aHAJIOIOB Hel-
POHOB C Pa3IMYHbIMU TUIIAMM CBSI3€ MEXKIY CJIOSIMU.
ITpu 5TOM 4MCIO HEMPOHOB B CJIOSIX BBIOMpPAETCS WC-
X0/l U3 HEOOXOAUMOCTH OOECTIEUEHUS 3aJaHHOTO Ka-
YEeCcTBa PelleHUs 3a1auM, a YUCJIO CJI0eB HEMPOHOB —
KaK MOXHO MeHblliee JIJIsSi COKpallgHUs] BpEMEHU pe-
LLIEHUs 3aJa4u.

XOTS OAMH HEWpPOH U CHOCOOEH BBIMOJHATh
OPOCTEHIIIME TIPOLICAYPhl PaCIiO3HABaHUS, CHJIa Hell-
POHHBIX BBIYHCJIEHUU MPOUCTEKAECT OT COCAVUHEHUN
HEWPOHOB B CETSX.

HccnenoBaHuii BOBMOXHOCTH NPUMEHEHUST HE-
pOCETEBBIX TEXHOJIOTHI B chepe OpraHu3allMOHHOTO
yOpaBjleHWS U KOHOMMYECKHUX CHUCTEMax KpaiiHe
Majio. DTO JejaeT 0COOEHHO aKTyaJlbHbIM MOCTPOE-
HU€ MOJEJIM COBEpILIeHHON KOHKYPEHLUU B YCJIO-
BUSIX PbIHOYHOM 3KOHOMMKM C UCIOJIb30BaHUEM 0Oa-
30BbIX MOJOXEHUN JAHHOW TEXHOJOTUM.

McKyccTBeHHBIM HEHpPOH MMUTHUpPYET CBOMCTBa
Ouojornyeckoro HelipoHa. Ha Bxoa MCKYyCCTBEHHOTO
HEWpPOHA MOCTYMAeT HEKOTOPOE MHOXECTBO CUTHA-

JIOB, KaXXIbIA M3 KOTOPBIX SBJISIETCSI BBIXOIOM JIPYTO-
ro HeiipoHa. Kaxkablii BXOJ YMHOXAETCsl HA COOTBET-
CTBYIOILMI BEC, AaHAJIOTUYHbBI CUHANITUYECKOU CUJIE,
M BCE€ MPOU3BEACHUSI CYMMUPYIOTCS, OIPENEIIsIs ypo-
BeHb aKTMBallMM HelpoHa. MHoXecTBO H BXOMHBIX
CUTHAJIOB MOCTYIIa€T Ha WMCKYCCTBEHHBIA HEHPOH.
OTU BXOOHBIE CUTHAJILI COOTBETCTBYIOT CHUTHAajaM,
MNPUXOASIIMM B CMHAIIChl OMOJOTUUYECKOTO HEeMpOHa.
Kaxnplii curHan yMHOXaeTcsl Ha COOTBETCTBYIOIIUIA
BEC My, M,,..., O; X MOCTYIAET HA CYMMHUPYIOIINIA
06710k X. Kaxnplif BeC COOTBETCTBYET «CHUJIE» OJHOM
OMOJIOTUYECKOM CHMHAITUYECKON CBI3U. MHOXECTBO
BECOB B COBOKYITHOCTHM O0O3HAuaeTcsi BEKTOPOM Q.
CyMmmupylolmii - 610K, COOTBETCTBYIOLIMI cOMe,
CKJIaAbIBaeT B3BEILIEHHbIE BXOJbl ajredpanyecku,
co3/aBas BbIXOH -

/
k=1

CurHan  pganee IpeoOpasyeTcsl aKTHMBALIMOHHOMN
dysxkipeir F 1 1a€T BEIXOOHON HEMpPOHHBIN curHai V.

Y=F(y). ()

Takum obpa3zoM, paboTa MCKYCCTBEHHOTO Helpo-
Ha CBOJOUTCS K MpeoOpa3oBaHMIO BXOIHOIO BEKTOpa
H B HekoTopoe 3HaueHue (GyHKIMKU ¥ Ha BBIXOJE.

I[TpuMeHUM AaHHYIO KOHLIETILMIO K YCIOBUSIM CO-
BEPILUIEHHON KOHKYPEHIINU.

Kasxnmprit ToBap MMeeT MHOXKECTBO IIEHOBEIX Mapa-
meTpoB. CrienoBaTelbHO, 3TOT (PAKT MOXKHO OTPa3UTh
OIHUM HeipoHOM (puc. 1).

I[TpaBOMOYHOCTH CYMMMPYIOLLIETO OJI0Ka g MOATBEP-
XIAeTcs TeM, YTO BCE YUYMUTHIBAEMBIE TTapaMeTPhl TO-
Bapa f; HOCAT LIEHOBOM Xapakrep. HeneHoBble mapa-
METphI TOBapa B YCJIOBMIX COBEPIICHHON KOHKYpPEH-
Y HE YYUTHIBAIOTCS.

OmHako Ha pbIHKE HE3aBUCUMO (DYHKIIMOHUPYET
m TIPOU3BOAUTEIICH, KOTOPhIE BHITYCKAIOT OAWHAKO-
BBl aCCOPTUMEHT CTaHAApPTU30BaHHOIO ToBapa. Ta-
KuM o0Opa3oMm, k-ii ToBap y pa3HbIX IIPOU3BOIUTEICH
MMeEET OOUHAKOBBIII HaOOp ITapaMeTpOB {h1 koo h” PR
e hwk}. B aTOM cityyae Kaxabiit ToBap OyIeT ONUCHI-

— wlk w}k tk
P Clwl,
Ol = ]

Puc. 1. VicKyccTBeHHbIii HeilpoH k-ro ToBapa
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BaThCsl BEKTOPOM XapaKTePUCTHK, UYUCIO KOTOPbIX
OyzmeT paBHO UMCITy TIPOM3BOAMTENEH Ha PHIHKE.

751 ToaydyeHus: 9TUX XapaKTepUCTUK HEOOXOIMMO
MOCTPOUTH HEMPOHHYIO CETh Y ONPEACIUTD ONTUMAb-
HO€ YMCJIO CKPBITHIX CJI0€B U YUCIO HEMPOHOB B HMX.

HenpepsiBHast hyHKIMS MOXET OBbITh almpoKCH-
MUPOBaHAa C BBICOKOM TOYHOCTBIO HEHPOCETHIO C
€IUHCTBEHHBIM CJIOEM, HO HEOTpaHWYEHHBIM 4YUC-
JoM HelpoHoB. IlpakThyecku peann3oBaThb TaKylo
ceTb HeBO3MOXHO. [Ipu orpaHMYeHUN YKUcIa HEWPO-
HOB BO3pacTaeT oOlIMOKa ceTh. DTO MOXKET MoTpedo-
BaTh €€ MepuoanYecKoro nepeodydenus. HelipoceTb
CO CKPBITHIM CJIOEM 00J1a1aeT Jyyllieil CHOCOOHOCThIO
K 0000I11IEHMIO IPY OTPAaHUYEHHOM YUCJIE HEUPOHOB,
HO mpolecc e€ o0yuyeHMs1 cTaHOBUTCS cloxHee. C
OIIHO# CTOPOHBI, CIMIIKOM Majioe KOJIMYECTBO CKPbI-
ThIX HEMPOHOB MPUBOAUT K HEJOCTATOYHOM CIOCO0-
HOCTU ceTu K o00o0ieHu. C apyroil — CIMIIKOM
00JIbIIIOE KOJMYECTBO CKPBHITHIX HEHPOHOB CIIOCOD-
CTBYET YyBEJIMYEHUIO BPEMEHU OOYYEHMSI U BpeMEHU
peakiuu (OTKJIMKA) oOyyeHHOU cetu. IIpemmoxeHo
3HAUUTEIbHOE KOJWYECTBO METOMOB, TMO3BOJISIOINX
ONpenevuTh YUCIO CKPBIThIX HelpoHoB. Yacth u3
HUX OCHOBaHA Ha TOM, YTO CKPBITbIE HEHPOHBI T0-
0aBJISIIOTCS BO BpeMs Ipoliecca OOY4YeHUS, Ipyrue
METOIbI, HA00OPOT, UCIIONB3YIOT yAAJICHUE UX B XOI€
aToTO TIpolecca [7, 8].

C yu€ToM 0CcOOEHHOCTEl pellraeMoi 3agauM Mpea-
Jlaraetcsi Jj1s1 BbIOOpa apXUTEKTYpbl CETU PYKOBOJC-
TBOBATbCSl TPEOOBAHUSIMU TOYHOCTU (DYHKIIMOHUPO-
BaHUS CETH, a TAKXKE CIOXHOCTH U MPOTSLKEHHOCTHU
npoiiecca €€ o0ydeHusl.

B cuny Toro uyto Bce yuMTBIBaeMbie MapameTpbl
TOBapa f;, HOCAT LIEHOBOM XapakTep, B KaueCTBE aK-
TUBAUMOHHON (bYHKIMM MOXET ObITh BblOpaHa JIM-
HelfHasl 3aBUCMMOCTb MEXIY BBIXOIOM M BXOIaMU

prl i NSk
Wik Wi
Fyy i
""""""""""""""""" |
Wik k"
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W LY,
: ka i :

Puc. 2. ckyccrBennaa Heiiponnas cerb NS; k-ro
TOBapa ¢ JuHeliHoi dyHKume

HelpoHa. DTO OOOCHOBBIBAECTCSI TEM, UTO XapaKTepu-
cTuKa k-To ToBapa y j-TO POM3BOJAUTENS MOXET JIU-
HEUHO M3MEHSIThCS MPU COOTBETCTBYIOIIEM M3MEHE-
HUU BXOJHOIO BeKTOpa mapameTpoB. OQHAKO B 3TUX
YCJIOBUSIX MOXET BO3HUKATh JTOMOJHUTEIbHAS HE-
TOYHOCTb MPU OTKJIOHEHWW BXOMHBIX 3HAYEHUU OT
BeJIMYMH oOy4aromeil BbIOOpkM. Ecim HekoTopas
HETOYHOCTh JOIYCTAMA, TO TpEejIaraetcs IpeacTa-
BUTb k- TOBap BCeX MPOU3BOAUTENICH OTHOCIOMHOM
HENPOHHOIA CeThI0 NS ¢ IMHERHOM aKTUBALMOHHOIA
dbyHkumen (puc. 2).

B HeiipoHHO# cetn BeKTOp {¥y4,..., k7S ¥,
MPEACTaBISIET COOOM B3BELIEHHBIE XapaKTEPUCTUKU
k-ro ToBapa Bcex mpousBoauTeneit. Yucio HeHpoHOB
paBHO 4ucCay MpousBoauteseii. Takasi ceTb obecrie-
YUAT BBICOKYID CKOpPOCTb pe€akilMd W OO0y4YeHMs], HO
JTACT HEKOTOPYIO HETOYHOCTD BBIXOIHBIX TTAPAMETPOB,
0COOEHHO KOTJ]a B KAYECTBE BXOAHBIX MapaMeTPOB €1l
MNPEeIbBISIOTCS 3HAUYEHUS, HE MCIIOJIb30BaHHbIE B
npoiecce odyueHusi. Ecau TpeOyeTcst BbICOKasi TOY-
HOCTb U JOITyCTUMO OOJiblliee BpeMsl Ha PEaKlUIo 1
o0y4yeHHUe CeTH, MpemiaraeTcs ABYXCIOMHAs HeMPOH-
Has CeThb C HEJIMHEWHON aKTUBALMOHHON (DyHKLIMEH.

B HeiiponHoii cetu (puc. 3) Bextop {¥y,, ..., \I’jk,

..y ¥4} TaKxe MNpenCTaBIseT COOON B3BELICHHBIE
XapaKTEPUCTUKU k-TO TOBapa BCEX MPOU3BOAUTENIEN.
Yucao HEHPOHOB CKPBHITOTO CJIOS PaBHO YUCIY Xa-
pPaKTEpUCTUK k-TO TOBapa, a KOJWYECTBO HEHPOHOB
BBIXOJIHOTO CJIOSI PaBHO YMCIy Tpou3Boautesieil. Ta-
Kasi ce€Th 00ECIEYUT JOCTATOYHO BBICOKYIO TOUHOCTD
BBIXOIHBIX MapaMeTpoOB JJISI paccMaTpUBaeMoOil Mpo-
OJIEMBI.

OmHako 11 pellieHus MOCTaBAeHHBIX BhIIIE 3a1a4
MOJICIMPOBAHUST PBIHKA COBEPIICHHOW KOHKYPEH-
ILIMA HEJIOCTAaTOYHO, MO3TOMY NpPEJIAraeTcs Co31aTh
HEUPOHHYIO CUCTEMY.
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Puc. 3. MckyccrBennasa Heiiponnas cerb NSy k-ro
TOBapa ¢ HeJMHeHHOH pyHKuuei
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ITon HeiipoHHOI CHUCTEMOI pHIHKA COBEPIICHHO
KOHKYPEHIIUU OyJeM MOHUMAaTh COBOKYITHOCTb B3au-
MOCBSI3aHHBIX peaJlbHO WJIM YCJIIOBHO MO BbIXOJAaM U
(nam) BXogaM HEHMPOHHBIX CeTeil CErMEHTOB pPbIHKA,
O00BEIMHEHHBIX B €IMHYIO CTPYKTYpY.

B oToli cucTteMe BBIIETUM JIBE MOJACUCTEMBI:

MPOU3BOACTBEHHbBIN CETMEHT — IOACUCTEMA TPO-
U3BOIMUTEJIEN TOBApa;

MOTPEOUTENIbCKUII CEerMEHT— MOACUCTEMA MOTpe-
oureneil ToBapa.

Ha psiike R He3aBUCHMMO YHKLIMOHUPYET M MPO-
U3BOIMTENEN [-ro KoauMuyecTBa ToBapoB. Torma mpo-
WU3BOJICTBEHHBIN CETMEHT PbIHKA MOXHO TTPEJCTABUTD
COBOKYITHOCTBIO U3 / HE3aBUCUMBIX HEMPOHHBIX Ce-
Teit (puc. 4).

Takum o06pa3oM, NEpBBIA CIIOI HEMPOHHBIX CETEM
MPOU3BOACTBEHHOIO CETMEHTa PbIHKA IMPEACTaBIIsIeT
co0oii moacrucTeMy HelpoHHOM cucteMbl. ITTomydyeH-
HO€ MHOXECTBO BEKTOPOB {{¥},, ..., {¥};, ..., {¥}}
OTpaXkaeT COBOKYITHYIO XapaKTepUCTUKY BCEX TOBa-
poOB Bcex npousBogutenieil. O0Lnii 00bEM MHOXECT-
Ba paBeH [x m.

OnHako Takoi BapuaHT PacCMOTPEHUSI PBIHOY-
HOro Tipoliecca He IO3BOJISIET OXapaKTepu3oBaThb
KaXIbli TOBap WM KaXAOTro TPOU3BOIMUTENS B
LIEJIOM.

JonoJIHUM MPOU3BOACTBEHHYIO MOACUCTEMY HeEli-
POHHOM CHUCTEMBI pbIHKa BTOPBbIM ciioeM. I[Ipuuyém
3TOT CJIOM JOJDKeH MMETh JBa YPOBHS, obecrneyu-
BalOIIMX HEe3aBUCUMMOE pellieHue 3amad 1 u 2.

PaccMoTpuM ypoBeHb OOILLEHMSI XapaKTepPUCTUK
npousBoauteseit (3agava 1) (puc. 5). Cioit cocTout
U3 m HeilpoHoB. Kaxablii HEipOH 3TOro Cjiosl Mpeid-
cTaBJisieT co00i TTPOM3BOAUTENISI TOBapa 2 HaHHbIi
CJION CBSI3bIBAET HE3aBUCUMBbIE HEMPOHHBIE CETH TIpe-
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Puc. 4. UcKyccTBeHHble HEHpOHHbIE CETH NEPBOro
CJI0S1 HEPOHHOM CUCTEMBI

Puc. 5. UckyccTBeHHasi HelipOHHAsT CeTb NEPBOro
YPOBHSI BTOPOTO CJIOS

JBITYIIETo CJI0SI CUCTEMbl B €MUHYIO CTPYKTypy. 3a-
JaJa CJIOS COCTOWUT B OOBEAMHEHUM OTHEIBHBIX Xa-
PaKTEepPUCTUYECKUX BEJIMYMH MO MPU3HAKY MPOU3BO-
IWTEJIST ToBapa.

Takum obpazoM, U3 /x m XxapaKTepuUCTUUECKUX Be-
JnyrH ¥ mojy4aeM m BBIXOIOB ! IIpuyém, ‘}’lj,
SIBJITIONIASICST XapaKTEePUCTUKOM j-TO TIPOM3BOIUTEIIS
Ha pbIHKE R, (hakTUUeCKU MpeacTaBisieT coO0li B3Be-
LICHHYIO BEJIMYMHY, KOTOPasl YIUTBIBAET MapaMeTphl
JIPYTUX Y4aCTHUKOB pbiHKa. Ocobo ciemyeT OTMe-
TUTb, YTO 3HAYEHMSI BECOBBIX KOA(PDUIMEHTOB U3
BeKTOpa  TIO3BOJISIT YYeCTh BIMSIHAE TOBapoOB W3
MHOXeCTBa ToBapoB 7, €Cju OHU AJISI JaHHOIO IMpo-
W3BOIUTENSI UMEIOT Pa3TINYHYIO0 3HAUMMOCTD.

Puc. 6. UckyccTBeHHasi HeiipOHHAsI CeTb BTODOro
YPOBHSI BTOPOTO CJIOS
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Puc. 7. UcKyccTBeHHblii HelipoH k-ro ToBapa

ITo aHajmoruu c mepBbBIM YPOBHEM BTOPOIO CJIOS
BTOPOIl YPOBEHb BTOPOIrO CJIOSI IMpeisiaraeTcsl Mpei-
cTaBuTh U3 [ HeiipoHOB (puc. 6). Kaxnplii HEeidpoH
NpPENCTaBIISET COOO0M TOBap 7.

Takum o6pa3oM, ! BBIXOAOB ‘sz SIBJISIIOTCSL Xapak-
TEPUCTUKAMU KaXXJIOTr0 U3 TOBAPOB PhIHKA, YTO COOT-
BETCTBYET PEILIEHUIO 33a4M 2, TIOCTAaBJIEHHON BBIILIE.
Oco00 ciemyeT OTMETUTb, YTO 3HAYEHMS BECOBBIX
KO2((PUILIMEHTOB MO3BOJISIT YYECTh BIUSIHUE IPOMU3-
BOJIUTEJNIEH, €ClIM OHM JJIs1 JAHHOTO TOoBapa WUMEIOT
Pa3IMYHYIO0 3HAYMMOCTb.

s pelieHus 3amgayud 3 HeoOXOAMMO OOOOIIUTH
OTIeJIbHbIE XapaKTepUCTUUECKUE BEJIUYUHB ¥ st
MOJYYeHUSI E€AMHOro MapameTpa, OIMCHIBAIOLIETO
BCIO TIPOM3BOJICTBEHHYIO MOACUCTEMY B LiejoM. s
ATOM 1MW HEOOXOAUM TPETUI CJION, COCTOSIILIUI U3

onHoro HeipoHa. IIpryéM COBOKYIHBINM MOKa3aTesb
MOXHO (hOPMHUPOBATh KaK Ha OCHOBE XapaKTEPUCTUK
‘Pl, TaK U Ha OCHOBe P (puc.7). Benuuuna W' asns-
€TCS1 XapaKTEePUCTUKONW COCTOSTHUSI BCETO IMPOM3BO/I-
CTBEHHOTO CETMEHTA PBIHKA.

Ha puc. 8 mpenacraBieHa ciaoxHash apXUTEKTypa
MNPOU3BOJCTBEHHOM MNOACUCTEMbl HEMPOHHOM CUCTE-
MBI PBIHKA. AHAJIOTHYHO MOXHO TTOCTPOHTH apXUTEK-
Typy HEMPOHHOM IOACUCTEMBI ITIOTPEOUTEIBLCKOIO Cer-
MEHTa pBIHKa. B pe3ynbraTe HelipoHHas cCTeMa PhIH-
Ka OyleT UMeTh BUI, NPeACTaBIeHHbIA Ha puc. 9.

COBOKYITHOCTh BEKTOPOB XapaKTepH3yeT COCTOSI-
HUE PHIHOYHOTO Mpoliecca B YCIOBUSIX COBEPIICHHON
KOHKypeHIIUM. IIpu 3TOM XapaKTepMCTUKU IIPOM3-
BOJCTBEHHOTO M TOTPEOUTETHLCKOTO CETMEHTA TIpea-
CTaBJISIIOT COOOI arperMpoBaHHbIC BEJIMYMHBI, MOJTY-
YeHHBIC Ha OCHOBE BEKTOPOB XapaKTePUCTUK TOBApa.
OTU  BEKTOPbl COOTBETCTBYIOT BHMPTyaJbHOMY MU
peaJbHOMY YPOBHIO KOHKYPEHILIMM Ha PBIHKE, a TaK-
K€ TOMY, KaKOW M3 3TUX YPOBHEHN paccMaTpuBaeTCs
B PEAJILHOM CUTYyallMU.

3akmouenne. OOIIME XapaKTEePUCTUKK ITPOU3BOJ-
CTBEHHOT'O CErMEHTa M MOTPEOUTENIbCKOIO CErMeHTa,
TTOJTyYeHHBIE C TIOMOIIBIO TPETHETO CJIOS, TTO3BOJISIOT
CYAUTb O COCTOSIHUM pbIHKA B liejioM. I1pu paBeHcTBe
WX 3HAYEHUI COCTOSIHUE PhIHKA MOXHO CYMTATh PaB-
HOBeCHbIM. OHAaKO B CHJIy 0OJbIIOro (0ECKOHEYHO
0OJIBIIOr0) YKCJia YYaCTHUKOB PHIHOYHOTO TIpoliecca,
TaKyl0 CUTYallMI0 MOXHO CUYMTAaTh WAcaNbHON. st
peaM3alMM MeXaHW3MOB MaMsITU B Ipouecce M-
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Cnoii 2 - Coit 3

Puc. 8. O000mEénHas apXUTEKTYpa NPOM3BOJACTBEHHOr0 CErMEHTA PHIHKA HEWPOHHO# CHCTEMBbI
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Puc. 9. Heiiponnas cucrema pbiHKa

TEJIbHOM DKCIUTyaTalluu CJIEMYET TPOBEPATH TPABUIIb-
HOCTb (DPYHKIIMOHUPOBaHUS cucTteMbl. I1py oTKII0HE-
HUM XapaKTepUCTUUYECKUX 3HAUYeHUN HEeOoOXOAUMO
MPOBOAUTH NEpe0OyYeHe HEMPOHHBIX CETEH.
ITpemnyioxkeHHast apxXMTEKTypa 3aBUCUT OT U3MEHe-
HUS 4ucjia TOBapOB WM CYObEKTOB Ha pblHKe. On-
HAKO XapakTep CBA3C HEMPOHOB HE SBIISIETCS CIIOXK-
HBIM M MOXET OBITh JIETKO U3MeHEH. Yncno ypoBHei
CHCTEMBI IIPU JIIOOOM 4YuCJie CYObEKTOB HEU3MEHHO.
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CO3JAHUE CUCTEMbI ABTOMATU3NPOBAHHOI'O ITPOEKTUPOBAHUSA
TEXHOJOTUYECKOI'O ITPOLLECCA TPAHCIIOPTUPOBKHU T'A3A

IIpednoscer nodxoo Kk co30anuro cucmemovl ABMOMAMU3UPOBAHHO20 NPOEKMUPOBAHUSI MEXHON0-
eUYECKUX NPoUecco8 8 NPOMbIULIEHHOCMU, 8 YACMHOCMU MPAHCNOPMUPOSKU 2a3d, OMPalCcalowuil
uoerr cmpyKmypHo-@yHKUUOHAAbHOU OeKOMNO3UUULU.

Kiouenbie cioBa: aBTOMaTU3al A IpeCaAnpuiaTa, MaTCMaTUYCCKOC MOACIUPOBAHUEC, MHTECTPUPOBAH-

Had NMpoOn3BOACTBECHHAA CUCTEMaA.

Approach to automatic designing system creature of the industry technological processes, gas
transportation in particular, reproducing structural-functional decomposition idea is proposed.

Key words: enterprise automation, mathematical modeling, integrated production system.

Co3maHue cUCTeM aBTOMAaTHU3UPOBAHHOTO ITPOEK-
TUPOBAHUS SIBJISIETCS CIIOXHBIM BHMIOM JESITEIIBHO-
CTH, KOTOPBIN TpeOyeT MpMMEHEHUS] METOIOB, CBSI-
3aHHBIX C MaTeMaTUIeCKUM OITMCAHWEM IIPOIIECCOB,
MaTeMaTUIeCKUM MOIEIMPOBAaHNUEM M MCITOJIb30Ba-
HUeM MHOOPMAITMOHHBIX TexHojoruit. [IporpaMMHbBIe
CpEICTBa aBTOMATU3AIlMM IIPOCKTUPOBAHMS TIO3BO-
JISIIOT CO3/1aTh:

MIPOTPaMMBI JIJIST MOIETUPOBAaHMS TTPOIIECCOB TTPO-
M3BOJCTBA U3IECIINMN;

YHUBEpPCAJIbHBIE CPEACTBA, MpeaIHa3HAYCHHBIC TSI
W3TOTOBJICHUS YepTeXKelt;

MPOrpaMMHBIE CPeJICTBAa aBTOMATU3alUM PACUYET-
HBIX padoT;

WHTETPUPOBAHHBIE CHUCTEMbl aBTOMaTU3ALUU
MPOEKTUPOBAHMUSI.

B HacTosiee Bpemst pa3padoTaHo 60JIbIIOE KOJIK-
YECTBO MOUIHBIX JOPOTOCTOSIIIMX CUCTEM aBTOMATH-
3upoBaHHOro npoektupoBanust (CAITP) paznuuHoro
HazHauyeHus. OgHaKO, KaK MOKa3bIBaeT OIBIT MPH-
MEHEHUSI TOMOOHBIX CUCTEM, BO3MOXHOCTH HX OC-
TaIOTCSI HEAOMCITOIb30BAaHHBIMM, TTOCKOJIBKY Y TIPOEK-
TUPOBILIMKOB HET BpEMEHU Ha UX OCBOEHME.

OmHUM M3 OCHOBHBIX Pe3yJbTaTOB MCCIICIOBAHMI
SIBUJIOCH TIPEACTABICHNE MOAEIN PacCIIMpeHHOM’ TTPo-
M3BOACTBEHHOI cucTeMbl (puc. 1).

B peanbHBIX yCTOBUSIX cXeMa YIOBJIETBOPEHUST T10-
TpeOHOCTEl pBIHKA CJIOKHEE, U OHA MOXET BKIIIO-
yath Xu3HeHHbIM 1ukia uagenus CALS (Continuos
Acquisition and Life Cycle Support — mnoaaepxka
KM3HEHHOTO HuKia mu3nenusi). Kpome mpousBoact-
BEHHOTO IIMKJIA, CYIIECTBEHHYIO POJIb UTPAIOT LINKITBI
pacripefieieHusI, TTOTPeOICHUS M YTWIN3AIA OTXO-
10B. COBOKYITHOCTb BCEX 3THX IPOM3BOACTB 0OOpa-
3yeT eOWHYIO IMPOU3BOACTBEHHYIO CETh IJIST YOOBJE-
TBOPEHMST pacCMaTpMUBaeMoOil MOTPpeOHOCTH PhIHKA.

IMoHsTHUS M3AENNsT U ero XMU3HEHHOIo LMKJIA sIB-
JIAIOTCSL LEHTPaJbHBIMM B paccMaTpuBacMON KOH-
uenuuy. OHU JiexkaT B OCHOBE aHajiu3a OpraHu3a-
LIMOHHOM CTPYKTYphbl MPOWU3BOACTBEHHOU CUCTEMBI,
a Takxke METOAOJIOTUM CO3IaHUsI HOBBIX BUIOB CIIOX-
Hoil mpoaykuuu. bojee Toro, paccmatpuBasi CJOX-
HO€ u3IeMe KaKk CUCTEMY, MOXXHO B paMKax OOlIero
Moaxona MPUMEHUTh 3a7adyy MOCTPOEHMST METOA0JI0-
MU MPOEKTUPOBAHMS, BHEAPEHUS U COITPOBOXKACHUS
MPOU3BOACTBEHHBIX CUCTEM.

B Hacrosiiee BpeMsi BCE OoJibliiee pacpocTpaHe-
HHUE TIoJydyaeT KOHLEMIUS YIpaBACHUS TPEAnpus-
THEM Ha OCHOBE ITOHSTHUS XU3HEHHOTO IIMKJIA U3Me-
Jms. 2ZKM3HEHHBINA LUKI U3AENIUs UMEeT OIpeaeIeH-
HYIO CTPYKTYpY, T. €. OH pa30MBaeTCs Ha PsI OTPEe3-
KOB. I Kaxxaoro Bujaa U3AEAWi MOTYT CYLIECTBO-
BaTh CBOM BapMaHTHI pa30MEHMS IIUKIIOB.

HetanbHasi pa3paboTKa OTKPBITOW IPOU3BOJCT-
BEHHOI CHCTEMBbI SIBJISIETCSI PE3YJIbTATOM MCClie0Ba-
Huil. PaccMoTpuM OAMH M3 TaKUX BapMaHTOB. Kuz-
HEHHbI LMK pa3dbuBaercsl Ha psn das3, Kaxaas u3
KOTOPBIX pelaeT CBoU crieliupuieckKue 3agaym B 00-
1eM Tpoliecce co3manust uaneanii. Maspl MOTYT Yac-
TUYHO TepPeKPhIBATbCS, UTO COOTBETCTBYET €CTeCT-
BEHHOMY XOJy COOBITHIA, 1, KPOME TOTO, MO3BOJISIOT
COKPATUTh CPOKU CO3MAHUS U3IEIUSI.

IIpennaraemblii BApUAHT JEKOMITO3ULIMM MPOLIEC-
ca XM3HEHHOIo IMKJa M3Jeausl BKIIOYaeT Cleaylo-
mue dasbl:

aHAJIU3 U TIPEANPOEKTHOE UCCIeI0BaHUE MOTPeO-
HOCTU B U3ACJINMU;

MPOEKTUPOBAHUE U3ACIIUS;

TEeXHUYeCKas MOArOTOBKA MPOM3BOACTBA U3ACIMS;

TPOV3BOACTBO U3IEIIHUS;

MPOABMKEHME U3NCNNS K MOTPEOUTENIO;

HCTIOJIb30BAaHUE W YTWJIM3ALUS U3ACIINSL.
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Hzrorosnenue uznenus,
YAOBJIETBOPSIIOIETO YCIOBHUIM
pBIHKA

A

Peanmmzanms
TEXHOJIOTMYECKOT0 Ipolecca
HM3TOTOBJIEHUS U3JIEIIHS

T

OpraHmaum{ IIPOU3BOACTBA
JJIs1 U3rOTOBJICHUA U3ICTIUA

A

W3roToBiieHue Win BEIGOD
TEXHOJOTHUYECCKOI'O
o0opymoBaHus

v

Wznenus, ynoBneTBopsoLIye
YCIIOBUSIM PBIHKA
Paspabotka
TEXHOJIOTMYECKOTr0 poliecca
W3TOTOBJICHUS U3/ICIHS

ITpoeKTHPOBaHNUE OCHACTKH H
CIEeLUaIbHOTO 000pYyA0BaHUS

Pa3paboTka
TEXHOJIOTMYECKOro Ipoiiecca
HM3TOTOBJIEHHS OCHACTKA U
CITEIHATBLHOT0 000PYI0BaAHUS

v

TexHuueckoe 3ajaHue Ha
pa3paboTky
TEXHOJIOT'HYECKOro
CHennalIbHOro 000pyI0BaHUS

v

KoncrtpynpoBanue ocHacTkH 1
TEXHOJIOTHYECKOTO
000DPYI0BaHUS
PazpaboTka TexHOI0TUI
W3TOTOBJICHUS] OCHACTKH U

TEXHOJIOTMYECKOIO
000DVIOBAHHS

Puc. 1. Mogenb pacmupeHHOi NPOM3BOJCTBEHHO CHCTEMbI, 3AMKHYTO#l Ha PbIHOK

Pa3buenue Ha a3bl 1MO3BOJISIET IMPOM3BECTU B
MEepBOM  MNPUOIMXKEHUM ACKOMIIO3UIMIO 33Ja4yu
YIpaBIeHUs XKU3HEHHBIM LIMKJIOM u3faeaus. OgHako
3TOr0 HEAOCTATOYHO ISl ompeneaeHus (GyHKIUO-
HaJIbHOUW CTPYKTYpbl MPEANpPUSITUS, TOCTOSSHHO CO3-
JAIOLIEr0 HOBble u3neaus. Heobxoauma AOMOTHU-
TeJbHasA AEKOMMO3ULIMS MO (PYHKUMSIM YIpaBICHMUS
JKM3HEHHBIM LIUKJIOM (puc. 2).

B dyHkumMu ynpapiaeHUs] KU3HEHHBIM LHUKIOM
BXOJZISIT DJIEMEHTHI, MIpeJCcTaBlieHHbIe Ha puc. 2. Kax-
Jasi GyHKLMST MMEET CBOI0 MHTEPIIpETALUIO JJIs CO-
oTBeTCTBYyIoOlIe a3pl. Tak, Hampumep, (QYHKIUS
M3rOTOBJIEHMS B (ha3e TEXHUYECKOU IMOATOTOBKU MO-
>KET BKJII0YATh U3rOTOBJIEHME OMBITHOTO 00paslia, a B
(haze mpowusBoaCTBa — BBIMYCK JAeTaeil, COOPOUHBIX

eIVHMUIL W cepuiiHbIX MamuH. COOTBETCTBEHHO B
3TUX JABYX (hazax CYUIECTBEHHO pa3auyaroTcs Tpedo-
BaHUS K YPOBHIO aBTOMATU3aIlMN, METOMBI TUTAHUPO-
BaHUS M Ap. B pesynabTaTe rmosaydaercs Marpuiia 3a-
Jnay «pyHkuusi—gasza», Koropas (PakTUIECKU OIpe-
JEeJISIeT MAaTPUYHYIO CTPYKTYPY TIPEATIPUSITUS.

Ha cnemyiomeM ypoBHE IEKOMIIO3UIIMA MOXKHO
paccMmaTpuBaTh pasdoueHue a3 Ha Oojiee MeIKue
aTanbl U (MIM) YTOUHUTh CIUCOK ¢yHKLMiA. B pe-
3yJIbTaTe MOJIy4YaeTcsa HOBBIM Habop maTpull. [1ogo6-
Hasl mpolienypa AeKOMIIO3UIIMM HOCUT PEryJsipHbIA
XapakTep, YTO TO3BOJISIET YIOPSIOYNTD TTPOIIECC TT0-
CTPOEHUSI OPTaHU3AIMOHHON CTPYKTYPBI MPEATIPUSI-
TUSI W CTPYKTYpPUpPOBaTh YIpaBIE€HUE >KWU3HEHHBIM
IIUKIIOM.
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DA3BI

y 4
VICIIOJIb30BAHUE

MAPKETHHI'
ITPOMU3BOACTBO

[MOJITOTOBKA
[IPOU3BOJICTBA

ITPOEKTHMPOBAHUME

AHAJIN3 TIOTPERUTEITENA

MEHEJDKMEHT

PA3SPABOTKA
MU3TOTOBJIEHUE
COITPOBOXX/JIEHHE
JOKYMEHTHUPOBAHHUE

OBCJIY>KUBAHUE

DOYHKINHN

Puc. 2. Moaens «pyaxkmusa—dasa»

ABTOMaTHM3UPOBAHHOE MPOEKTUPOBAHUE TEXHOJIO-
ruyeckux mnpoueccoB (TII), ocobeHHO pneTaneit
CJIOXKHOM KOHCTPYKIIMM M OTBETCTBEHHOIO Ha3Haye-
HUsI, CIIOCOOCTBYET COKpAILlEHWIO CPOKOB U CHUXKE-
HUIO MAaTepUabHbIX M TPYAOBBIX 3aTparT Kak IIpu
TEXHOJIOTMYECKOI MOArOTOBKE MPOM3BOJACTBA, TaK U
IPpY OCHOBHOM IIPOU3BOACTBE. BBICOKMIT YpOBEHb U
KOMIIJIEKCHOCTb aBTOMAaTM3alluM MPOEKTUPOBAHMUS
obecreunBalTCd MPUMEHEHUEM PallMOHAIBHBIX pac-
YETHBIX METOJOB U Tpolienyp. B cBoio ouepenb, 3TO
Heobxoaumo st cozaanust CAITP TII.

ITon nHTErpMpOBaHHON IIPOU3BOICTBEHHOM CHC-
TeMOil MOHMMAaeTCsl cCUcTeMa, KOoTopash OpUEeHTU-
poBaHa Ha BBIITYCK UMEHHO M3IEAUN U MOAIEPKU-
BaeT MOJHBINA XXU3HEHHbIN LIUKJ BBITYCKAEMBbIX U3-
el OT MOMEHTa BOBHMKHOBEHUSI MOTPEOHOCTU B
HOBOM M3JIeJIMU JO0 UCMOJIb30BaHUS €ro NoTpeduTe-
aeM [1].

B mnHacrosiee BpemMsT MHTETPUPOBAHHYIO ITPOM3-
BOJCTBEHHYIO CUCTEMY MOXHO MpeICTaBUTh B BUIE
TEOPETUYECKOM MOAEIU KOMITbIOTEPU3UPOBAHHOTO
WHTETPUPOBAHHOIO TPOU3BOJCTRA:

Va Jui[A(ay,ay,..., ay)— Py, uy,..., uy)]v
V[A(ala ay,..., an) Vp(ula u2,"'9 uu)]}; (1)

rae a — npeaMEeTHas IOCTOAHHas, oTpaaroliasd TEXHO-
JIOTUYECKUIA  3JIEMEHT IIPOMU3BOACTBECHHOIO IIpolecca,
u — IpeaAMETHas INOCTOSAHHAasdA, OoTpaxarollasd COCTaB TEX-

HOJIOTMYECKOTO O0OPYAOBaHUA U OCHACTKM; A(ay, ..., ay,
ey an) — TIIpeauKaT coCTaBa TEXHOJOTMYECKOTO 000pyIo-
BAHUA U OCHACTKM; P (uy, ..., Uy, ..., MM) — IpeauKar Ipo-
M3BOACTBEHHOTO TIPOIIecca U3TOTOBJICHUST U3MIENIHSI.

Ha mpowmbInieHHOM TIpeAnpUSTHN, HWCITONIb3YI0-
1IEM CJIOXHYIO TeXHOJIOTMIO M3TOTOBJIICHUS U3ACJIUS
WIA TPAHCIIOPTUPOBKU MPOAYKIIUH, TTPOU3BOICTBO,
KaK TIpaBWIIO, (PYHKIIMOHHMPYET O TEXHOJIOTUIECKO-
MY TIPUHLIUITY.

IMpon3BoACTBO ¢ YYETOM KOHCTPYKTOPCKOTO CO-
CTaBa U3MEJMsI MOXET ObITh OIMMMCAHO BbIpaXXeHUEM

vap,vay,..,va,Vay,..,{[Aa,ay,....a,) v

v A,y )] = Plug,tty,s uy)}. ()

HcknounB B BbIpaxkeHUU (2) 3HAK MUMIUTMKALIUU,
MOJTy4YUM

val,vaz,...,Val,Vaz,...,EIu{[Z(al,az,...,an)&

&A(alaer--’dk)]_)P(ul:u2>'--7uu)}5 (3)

rne A(a,, a,, ..., 4,) — TpeouKaT KOHCTPYKTOPCKOTO
cocTtaBa mM3feians (2), apryMeHTaMH KOTOPOTO CIIyXKatT
TEXHOJIOTMUYECKHE (PAKTOPHI, U3MEHSIOIINE TEXHOIOTH-
YECKUI DIIEMEHT TPOM3BOACTBEHHOTO Tiporecca (1).

CocTaB NMpOU3BOACTBA C YUYETOM KOHCTPYKTOPCKO-
TO COCTaBa M3ACJIMS 3aIIMIIeM 4Yepe3 3JIeMeHTapHbIe
MpeauKaThl, oTpaxaloliue ero (pyHKIKOHAJbHYIO 3a-
BUCHMOCTD:

A(a],aza"'aak) A [G(glngZV--:goz)&
& By Iy iy) & C (i iy ) &

&D(ml,mz,...,mc)&E(nl,nz,...,né)&

& F(s1,82,--,5¢)], 4)

e G(g,-.s 5ees ga) — MpeauKaT cocTaBa TEXHOJIOTHU-
YECKOro 000pyIOBaHUSI U OCHACTKU, JJIST KOTOPBIX Tpe-
OyeTcsl BBedeHUE IpU3HAKA <«ypOBEHb TOTOBHOCTH»;
B(hy,..., hy,..., hB) — TIpeaMKaT HOBOT'O TEXHOJOTHUYEe-
CKOro 00OpyIoOBaHMsI M OCHACTKM, OOpa30BaHHBIX IO
TexHoJIornueckoii nHeooxomumoctu; C (iy,..., iy,..., iv) -
MpeaukaT cOOpOK, KOTOpbIE MCKITIOYAIOTCS M3 COCTaBa
TEXHOJIOTMYECKOr0 00OPYIOBaHUS U OCHACTKMU Kak ca-
MOCTOATENIbHbBIE eAMHULbL; D (my,..., My,..., mG) — Tipe-
JIVKaT, YIUTHIBAIOLINI 3aMeHy MaTepuaya i U3erst
B CHJIly SKOHOMMKO-TIPOM3BOACTBEHHON HEOOXOIMMO-
ctu; E(ny,..., ny,..., né) — MpeauKaT BapUuaHTOB UCIONI-
HEeHUs TeXHOJOTMYECKOro OOOPYIOBaHMSI U OCHACTKH,
HEOOXOAMMOCTb KOTOPBIX BBhI3BaHA TPEOOBAaHUSIMM 3a-
Kazuuka; F(sy,..., $5,..., SC) — MpeauKaTr cocTaBa TeXHO-
JIOTUYECKOTO OOOPYLOBaHUSI U OCHACTKU, YYMUTHIBAIO-
1IUI TOJIBKO HOMEHKJIATYpy HOPMaJIuM30BaHHBIX U CTaH-
JMApPTU30BaHHBIX JeTaJleil ¥ y3JIOB.
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KoHeuHO, B TIPOM3BOACTBE APYTOro MpPEATIPUSITHUS
MOTYT TOSIBJISITbCS TPEAMKATHI, OTJIMYHBIE OT pac-
CMOTPEHHBIX (4).

Torma popmyna (3) ¢ yuétom BeipakeHust (4) npu-
MeT BUI

Va,Vay,...Va,Vay,..,u{d(a, ay,..., ag) &

&[G(g1> €25-s &u)V By, hy, ... hg)v
vC(i, iy,..., 1y) v D(my, my,..., mg)Vv
v E(ny, ny,..., ng)vF(sl, 59 5uees SC) -

— P(uy, u,, ..., ”M)}' ®)

Takum o0pa3oM, cocTaB IPOU3BOACTBA C YYETOM
KOHCTPYKTOPCKOTO COCTaBa M3E/IUs UMeeT MaTeMa-
TUYECKYIO0 3aBUCUMOCTb (5).

YuuthiBasi, 4Tto O00BEM HMHPOpPMALIMU, COIEpP-
KallUi CBEJEHUSI O COCTaBe CJIOXHOTO TEXHOJIOTH-
YeCcKOro o0OpydOoBaHUS M OCHACTKM, SIBJISIETCS OfI-
HUM U3 Haubojiee KPYMHbIX U MOCTOSIHHO HCIIOJb-
3yeMbIX B pelIeHUM 3aJay aBTOMAaTU3alMUU IPOCK-
TUPOBAHUSI TEXHOJOTMYECKUX MPOLIECCOB, MPO-
OieMa ero MUHMMM3AallMM CTAaHOBUTCS BeCchMa ak-
TyaJIbHOM.

MHoXecTBO, NpeAcTaBsIoniee codoit 00acTh pa-
00ouero IoJisk MAarHUTHOTO HOCUTEJISI, HA KOTOPOM 3a-
nucaH O0beAUHEHHBI MAacCUB COCTaBa TEXHOJIOTH-
YeCKOro MapluipyTa nIpou3BOACTBA, TEXHOJIOTUUECKO-
ro oOOpYIOBaHMSI UM OCHACTKM, MOXHO BBbIPa3UThb
CJIeAYIOIIMM HEPaBEeHCTBOM:

My, M & M, )

rae M — NMOAMHOXECTBO 3JIEMEHTOB I10JI COCTaBa TeX-
HOJIOTHUYECKOro 000pYyA0BaHUSI M OCHACTKMU; Mu_ MoJ-
MHOKECTBO B3JIEMEHTOB TOJISI TEXHOJOTMYECKOTO Map-
LIpyTa U3TOTOBJIEHUSI U3/IENSI B TIPOM3BOJICTBE.

IMonmHoxecTBO M, (6) BbIpaxaeTca (QyHKUMO-
HaJIbHOW 3aBUCUMOCTBIO

Mc = Cf(Ap Aéa VV&)! (7)

rae A; — Wwudp TeXHONIOrMYECKOr0 000PYI0BaHUS U OC-
HAaCTKU; Ag — mKdp i-ii OCHACTKHU, BXOMSILIEH B i-€ TeX-
HOJIOTUYECKOE 000py/IOBaHuE; Wg — BXOOUMOCTb j-W
OCHACTKU B i-€ TeXHOJIOTMYeCKoe 000pyaoBaHue, 1IT.

[ocrosinHast BenmurHa C, 3aBUCSINAST OT MPUHAI-
JICKHOCTH j-II OCHACTKM WJIM TEXHOJIOTMUECKOTo 000-
pPYIIOBaHUSI K COOTBETCTBYIOLUEMY BUAY (OPUTHMHATb-

HBIX, HOPMaJIM30BaHHbIX, CTAHAAPTU30BAHHBIX U T. [I.),
YUYUTHIBAET YCPEAHEHHYIO 3HAUMMOCTD IIM(Ppa COOT-
BETCTBYIOILLETO BUJA TEXHOJOTHUUECKOro 00OpyaoBa-
HUSI M1 OCHACTKHM Y 3aBUCHUT OT 1udpa uexa:

C=f(P, Z),

rae P, — 3HaYMMOCTb 1UM(pa TEXHOIOIUYECKOTO 000-
DYIOBaHUSI U OCHACTKM, MIPUHAAJIeXaIlel K COOTBETCT-
BYIOLIEMY BUIY; Z, — 3HaUMMOCTb lin@pa Lexa.

IToagMHOXeCTBO TIOII Mu MOKHO 3aIlucaTh Kak

M, = f(4;, Z,

vj?

ZOJ) npu je(l’ k)s

rae k — 4ucio sranos (Z, — Z,) MaplupyTa IBUKEHUS
i-ro usnenus; Z,, Z, — 3Ha4MMOCTb 1undpa Lexa u ore-
paluii COOTBETCTBEHHO.

Ha mHoxecTBe, mpeacTaBasiolneM coooit o0beau-
HEHHBII MacCUB COCTaBa TEXHOJIOTUYECKOTO 000py-
JIOBaHWS M OCHACTKU W TEXHOJIOTHYECKOTO MapIIpy-
Ta ABIDKEHUS M3TOTOBJICHUS W3ICTUS MGM, orpene-
JIUM TIpeauKaTbl. MHOXECTBO Mcm Ha30BEéM o0Ja-

cTbio. KaxxnoMy npenukary nepeMmeHHoi F(X) MoOx-
HO MOCTaBUTb B COOTBETCTBME MHOXECTBO BJIEMEH-
TOB Y M3 obnactu MGM. Kaxnomy mHoxecTBy M,

coaepxallemMycsl B MGM, MOXHO TOCTaBUTh B COOT-
BeTCTBUE TpeaukaT P(x), mpeacraBisiiolinit coOoOi
WICTUHHOE BBICKA3bIBAHUE TOTHA U TOJILKO TOTHA, KO-
rna x € M. Ilpenukar npuHUMaeT MCTUHHOE 3Ha-
yenue M Ha moamHoxectBe M  u ynoxHoe JI BHe
M, cnenoBaTelbHO, NMOAMHOXECTBO M = M .
OTO COOTBETCTBUE MEXIY MOIMHOXECTBAMU MGM u
npeIruKaTaMu OT OJHON IMepeMeHHOI B3aMMHO Of-
HO3HAYyHO.

AHaJIOTUYHO J0KAa3aTeJIbCTBO U JJIs1 MTOAMHOXKECT-
Ba Mu'

Boiaenum u3 obiactu Mcm nojie M (7) mon aiin
coCTaBa TEXHOJOTMUYECKOTO OOOpYAOBaHUSI M OCHa-
CTKA ¢ MUHUMAJILHO JOMYCTUMOM YacThio pabodero

I10JIA MarHUTHOTO HOCUTEJIA:

M (X)min & K (%) &4 (x) &[[ A (x) & W ; (x)] v
V[ Ay (x) &Wyy; ()] v [ A () & Wy ()] &R}

npu x € M, Aé(x) #A,(x) # Ag(x), Ax =0,

rae Ké(x) — mpenukar KoadduiuueHTa 3arnojHeHUs
MOJISI MATHUTHOTO HOCHUTEJISI TIPU 3aIUCH; Aé(x), Av(x),
Ag(x) — IIpeauKaT 3HAYHOCTU IIHPpa COOTBETCTBEHHO
&-11 — OpUrHHAJILHOTO, V-ii — HOPMATNU30BAHHOTO, {-if —
CTaHAapTU30BaHHOTO TEXHOJOTMYECKOTO 00OPYA0BaHUS
M OCHACTKM, 3aBUCSIIMA OT apryMeHTa X; I/V&j (x),
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W, (), ng (X) — mpeauKar BXOAMMOCTU B i-€ TEXHO-
JIOTUYECKOE 000PYIOBAaHNE M OCHACTKY COOTBETCTBYIO-
wwmx Bunos &, V, {-X elMHUIL TEXHOTOTUYECKOTO 060pY-
JIOBAHUS U OCHACTKH; R; — paHr BXOAMMOCTH j-ii ocHa-
CTKHM B i-€ TEXHOJIOTHYECKOE 000PYIOBaHKME M OCHACTKY;

Ax — mpupanieHre wudpa TEXHOJOTMYECKOrO 000pYy-
JIOBaHUSI M1 OCHACTKW He3HayalliMU CUMBOJIAMMU.

Boiomenum u3 obnactu MGM MaKCUMaJbHO IOITyC-
TUMYIO 4acCThb JUisl (paitna M

M (max & K () &4 (0[[(Ae () vAxe) &
8 Wy i (X)]V[(Ay (X) v A X) &I,y ()] V [(Ae (x) v

vAx ) &We i (O &R;}

npu x € M, (Aé(x)vAxé) < (A4,(x)vAx,) &
& (A4 (VA

rae AE_’(x), A, (), AC(x) — IpeauKar MpeaMeTHOro Lud-
pa COOTBETCTBYIOLIMX BUIOB &, v, {-X eIMHULL TEXHOJIO-
TMYECKOTO 00OpYIOBaHUA U OCHACTKMU.

O0BéM MHPpOpPMALIMHU, 3alIUCAHHON Ha MAaTHUTHOM
HOCHUTENIe Yepe3 MaKCMMAaJbHO IOIyCTUMBIE OOac-
TH, 3ape3epBUPOBAHHEIC TION 3TH IIEJH, YIIPOIIAeT
MOCTPOCHME MOJIENIM, TaK Kak (paiiyl (hopMUpyeTCs Ha
MarHUTHOM HOCHUTEJIe W3 SKBUBAJIEHTHBIX JIMH
U@ PoB, MPUBEIEHHBIX K CTPYKTYpe IMPEIMETHOIO
mudpaTopa MaKCUMAaJIbHOW JJIMHBI, TpUHAIIEeXa-
IIEr0 OOHOMY M3 BUAOB Aetajnieil. OmHAKO 3TO TIpH-
BOJIUT K TIOSIBJICHWIO IMYCTHIX (DparMeHTOB Ha Mar-
HUTHOM HOCHUTEJIe M HepalMOHAJbHBIM 3aTpaTaM
MAaIlMHHOTO BPEMEHM.

Ecim 0003HauMTh 3JIeMEHTApHYIO 4YacTh IIpUpa-
LIIEHUST TTYCTOTO TOJIsT HA MAarHUTHOM HOCUTEJIe TIOM-
MHOKECTBOM MGM yepe3 Am, a TyCTble CUMBOJIBLI B
mudpe geTanm 4epe3 Ax, TO TEMII POCTa ITyCTOTO
TOJII MOXXHO OIPEIETUTh U3 YPAaBHEHUS

Am
T (x)= lim — .
é() Ax—0 AXx

IlycToe mosie MarHUTHOro HOCUTEsT OOJIacTH
MHOXeCTBa Mcm oT (paiina cocTaBa TEXHOJOTMYECKO-
ro o0OOpydoBaHWSI U OCHACTKM MOXKHO BbIPa3uThb
(bopmynoii

M = .f T (x)dx mipu Ee{0,n} .
£=0

TakuM 00pa3oM, M3MEHEHUE CTPYKTYpbl MHGOD-
MallMy, 3alMCAHHOI HA MArHUTHOM HOCHTEJE, CO-

CTaBa TEXHOJIOTMYECKOIO O0OPYIOBAHUS M OCHACTKU
JIOJIKHO CBOJAUTBCSI K KPUTEPUSIM:

obecrieyeHUs SKBUBAJICHTHOCTU IIUMPOB Bcex
eqvHMLL &, V, { TEXHOJIOTMYECKOTO OOOPYIOBAHUS U
OCHACTKU;

JIOCTUXKEHUST TAKOTO COCTOSIHUS B 3aIIOJTHEHUU pa-
0ouyero moJisi MarHUTHOTO HOCUTENsI, MPU KOTOPOM
Mpﬁ CTPEMMIOCH OBl K HYJIIO.

C yyéToM uU3MeHEeHUsI CTPYKTyp dopmupyercs
UMIUTMKAUMOHHBIN 11a0J0H-1IKdpaTOp cocTaBa U3-
Jeausi, B KOTOPOM MPEANOChUIKOU CIYXXUAT Tpea-
METHBI ONTUMU3UPOBAHHBIN LIU(pPaTOp AT OpU-
TMHAJIBHOTO TEXHOJIOTMYECKOro OOOpyIOBaHUS U
OCHACTKH, a CJIEJCTBMEM — aOCTPAKTHBIN MpeaMeT-
HBIA 1MbpaTop HaA HOPMAJM30BAaHHOE W CTaHAAp-
TU30BAHHOE TEXHOJOIMYecKoe 00OpyIOBaHUE U OC-
Hactky [2].

IIpencraBuM aOCTpaKTHBINM MpPEeAMETHBIN IIngpa-
TOP BbIpaX€HUEM

[ (1) = B, (0)]&[4: (x) > F ()], @)

rae Fv(x), FC(X) — TIpearKaThl abCTPAaKTHOTO U YKOPO-
YEHHOTrO MpeaMeTHoro mudpa (V-ro HopMaau30BaHHO-
r0 M CTAaHIAPTU30BAHHOTO {-T0 TEXHOJOTMUECKOro 060-
DYIOBaHUSI U OCHACTKM COOTBETCTBEHHO).

ITpu cobnroneHuun ycnosus (8) aiisn coctaBa Tex-
HOJIOTMYECKOIo 00OpyI0BaHUsI U OCHACTKU M Oy-
JeT pacrojiaraTb ONTUMAalbHbBIM OO0BEMOM HHMOP-
Maluu:

My (¥)opr © Ko () & {4;(x) &[(4s () &

opt

&We; () VI(Ay (x)v Ax) &I,y (x)]v
V(4 (x)vA_xg () &W; ()] &R; } . )

3ateM dopMupyeTcsl M3MEHEHHBIM 1mmMdpaTop
coCTaBa TEXHOJOIMYECKOTOo OOOpYIOBaHMUSI U OC-
HACTKU.

DdakTHuecKoe OCYIIECTBIEHNE WHTErpaluu Ipei-
MoJIaraeT pelleHue CAeAyIOLINX KOMILIEKCOB 3a1ay:

JEKOMITO3ULIMK (YHKIUI YNpaBICHUS XU3HEH-
HBbIM LIMKJIOM U3JeJINS;

pa3paboOTKN OPTaHU3AIMOHHON CTPYKTYPBI M CXe-
MBI B3aMMOICHCTBHS TTOAPA3ICIICHMIIA;

MOCTPOCHUSI KOHKPETHBIX METOJIOB pelIeHUS
YacTHBIX 3ama4y (T. €. OCYLUeCTBIECHMS (PYHKIIMI1)
yIIpaBlieHUs] XWU3HEHHBIM LUKJIOM M WX peaju3a-
LUMU.

Pa3paboranHass Mopeibh MPOM3BOACTBEHHON CHC-
TEMBI HOBOTO TTOKOJICHNSI, B OTJIMYME OT CO3MaHHBIX
paHee, YYMTHIBAET TEXHOJOTMYECKUI BJIEMEHT MPO-
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M3BOACTBEHHOTIO Mpoliecca U aBTOMATU3ALIMIO ITPOEK-
tupoBaHus TIl Ha MPOMBILIJIEHHOM TMPEANPUSTUN
MPpU CAEAYIOIIMX OrPaHUYECHUSIX:

COXpaHEeHUM (PYHKUMOHAIBHOCTU TOJpasieiie-
HUM;

MUHMMU3ALUMU CBSI3EM MeXIy moapasaese-
HUSIMU;

TOCTOSIHCTBE pa3MepoB MoOApasfeeHnit (Ha Kax-
JIOM YpOBHE HepapXuM) B pa3yMHBIX Mpeaenax s
obecrieueHUs yIpaBsieMOCTH;

obecrneyeHnr r'MOKOCTU peopraHu3allu.

OCHOBHBIMM TpeOOBaHMSIMM K aBTOMaTU3allUU
MPOU3BOACTBEHHBIX CHCTEM SIBJISTIOTCSI:

oxBaT (YHKIMOHAIBHO 3aKOHYEHHOM CHCTEMBI
B OpPraHM3allMOHHOM, ITPOM3BOJACTBEHHOM M YIIPaB-
JICHYECKOM IJIaHE B COOTBETCTBYIOLLIEU TMOACUCTEME,
C T€M UYTOObI YMEHBIIUTb TPYAHOCTU €€ MUHTErpaluuun
B PEAIBLHBIN TTPOU3BOJACTBEHHbBIN MPOLIECC;

HaJIMuuMe pa3BUTOM OpraHM3allMOHHO-METOAUYEe-
CKOW TOANEepXKMU pa3paboOTKM, BHEApPEeHUsI, olyue-
HUSI, UCITOJIb30BaHUS U COMPOBOXIEHUS;

OTKPBITOCTh CUCTEMBI, T. €. JUIs1 He€ NOJIKeH ObITh
ornpeaeiaéH Ha MOporpaMMHO-anIapaTHOM YPOBHE
uHTepdeiic, odbecrieunBalOnil €€ CTBIKOBKY C JIpy-
TMMM aBTOMATU3UPOBAHHBIMU CUCTEMaMMU;

MPUCYTCTBUE PEryJSIPHOrO MeXaHM3Ma CTPYK-
TypHO#, (DYHKIMOHAJIBHON U MapaMeTpUyecKol Ha-
CTPOMKM Ha KOHKPETHBIC YCIOBUSI IPUMEHEHUS;

obecrieyeHue yaoOHOro AJisl TIepcoHana uHrepgei-
ca, PaCCUMTAaHHOIO Ha HEIMOATOTOBJEHHOTO MOJIb30-
BarteJs;

o01IeHre (Iuajaor) CUCTEMbl C TOJb30BaTEIeM B
TEPMUHAX U TOHSITUSAX MPEAMETHON 00JacTH, TMpH-
BBIYHOM TSI TIOJIb30BATENS.

PaccMoTpeHHBIE BbIlIE MOHSATUS O0Opa3ylOT KOH-
LeNTyaJlbHYyI0 0a3y MCCIeOIOBaHUN TI0 CO3TaHMIO
KOMITBIOTEPU3UPOBAHHBIX MHTETPUPOBAHHBIX TTPOU3-
BoacTB. CrnemylomuM IIaroM SIBISIETCS pa3paboTKa
WX apXUTEKTYPHI.

ITon apxuTeKTypoii TEXHUUYECKON CUCTEMBI (B TaH-
HOM CJIy4yae WHTETPUPOBAHHOUN IPOU3BOACTBEHHOM
CUCTEMBI) TIOHMMAETCS CTPYKTYPHO-(PYHKIMOHAb-
Hasi MoJieJib, OMMChIBAIOIIAs:

3JIEMEHTbl CUCTEMBbI (MOACUCTEMbI, KOMILIEKChI
3a7a4 U 3a1a4n);

(byHKUMU 3JIEMEHTOB;

CBSI3U U B3auMoneicTBUE (MHTepGENRCh) 2JIEMEH-
TOB;

MpaBuia KOMITIO3ULIMU 3JIEMEHTOB.

BaxxHoli 0COOEHHOCTBIO APXUTEKTYPbl CUCTEMBbI
SIBJISIETCSl TO, YTO Kaxnasi BblAessieMasi NMpu e€ ae-
KOMIIO3UIIMY MOACUCTEMA UMEET KOHKPETHOE (hyHK-
LIMOHaJIbHOE Ha3HaueHue. Kpome Toro, yrouHeHue

(byHKIIMYM MOACUCTEMBI JOCTUIAeTCsl C IOMOILbIO
onucaHusi uHTepdeiica MOACUCTEMBI, T. €. MOJHOTO
Habopa e€ cBs3eil (MaTepuaibHbIX, UH(POPMALIMOH-
HBIX, aITOPUTMUYECKUX U T. [.) C APYTUMU CUCTEMa-
mu [3].

Ilonxom, ocHOBaHHBIM Ha (YHKIIMOHAIBLHON
CTPYKTYpU3ALMU, UMEET CJIEIYIOIINE OCHOBHbBIE TTpe-
UMYILIECTBA:

ocoboe BHUMaHHUE YyAessercsa (QYHKIIMOHAJIbHO-
MY ONMCAHUWIO CUCTEMBI, KOTOPOE SIBJISETCS Haubo-
Jlee BaXHbIM M CJIOXHBIM TIpU aBTOMaTU3aLUU
MPOEKTUPOBAHUSI CUCTEM, MMEIOIIUX CIOXHOE TO-
BelCHUE;

Kaxzaast pyHKIMS BbIAEJISIETCS KaK CaMOCTOSTE)b-
Has JIMIIb B TOM Cllyyae, KOrjJa BO3MOXHO €€ OIpe-
JieJieHne Jyepe3 YETKOe M HEOJHO3HAYHOE OIMCaHue
BHEIIIHETO TOBEIeHUSI KOMITOHEHTa, pPealu3yIolIero
JaHHYIO (PYHKUMIO;

OIpPEAesIOTCS MPeanouYTUTEIbHbIE BapUaHThI
pean3alii CUCTeMBbI, B KOTOPbIX IpaHULIA MEXIY
«peaJIbHBIMU» TIOJCUCTEMaMU MPOXOAUT IO Trpa-
HULIE MeXIy TMOACUCTeMaMU, BbIACACHHBIMU B
CTPYKTYPHO-(DYHKIIMOHAABbHOW  MoOJeJu  (TaKuM
o0pa3oM, peaau3alus COXpaHSIET JIOTUUECKYIO
CTPYKTYDY);

obecrnieumBaeTcss BO3MOXKHOCTb pacliapasuiesvBa-
HUS CUCTEMBI Ha BO3MOXHO 0o0Jjiee paHHEW CTaauu
paboT Mo €€ MPOEKTUPOBAHUIO Y PEATTN3ALINN;

VIPOIIAETCS CTBIKOBKA KOMIIOHEHTOB U KOM-
TUIEKCHAs OTJIaJKa CUCTEMBI 3a CUET YETKUX Tpebo-
BaHUM K B3aMMOAEWCTBUIO TMOACUCTEM U KOMIIO-
HEHTOB;

o0JieryaeTcsl pa3BUTHE CUCTEMBI 3a CUET yiIydlle-
HUS peanu3alliM, a Takxke yaajJleHusl (1o0aBJieHUS)
OTIEJIbHBIX 2JIEMEHTOB MPU COOIOAEHUU UX CUCTEM-
HbIX UHTEP(PENCOB, MPU 3TOM U3MEHEHMS BCETa HO-
CIT <«IOKAJIbHBIW» Xapakrep.

IIpuMepoM apxXUTEKTyphl CIOXHON TEXHUYECKOI
CUCTEMBI MOXET CJIYXXUTb MOJEJIb COCAWHEHUS OT-
KPBITBIX CHUCTE€M, OIMChIBAIOLLAs MPUHLIMITLI Uepap-
XUYECKHU-MOIYJbHOTO TPOEKTHPOBAHMSI TIPOLIECCOB
TPaHCIIOPTUPOBKU Ta3a.
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MOJIEJIMPOBAHUE ITEPEXOJHON KPHBOﬂuKPHBOHHHEﬁHOF O YYACTKA JOPOTHU
BE3 KPYI'OBOU BCTABKHA

IIpeonoxncen cnocob nocmpoeruss nepexooHoll Kpueol KpusoAUHelH020 Y4acmka 0opocu, y4u-
moleaowuil ocobeHHocmu peavegpa mecmuocmu. Ilpumenenue npedsracaemozo cnocoba no3eoaum
npoekmupoeams Oonee nAagHvle No hopme mpacchl.

KiroueBbie ciioBa: KJI0TOMIA, MOIEIMPOBAHUE, aBTOMOOMIBHbBIE JOPOIU, IePeX0aHast KpUBasl.

Construction method of the transition curve for curvilinear road section, taking into account
country relief features, is proposed. Offered method application will permit to design road with more

smooth forms.

Key words: clotoid, modeling, main road, transition curve.

BBenenune. 3HaUUTEIbHOE YMCIIO KPUBOJMHEHHBIX
Y4aCTKOB aBTOMOOUJIBHBIX JOPOT C IMPEUMYIIECTBEH-
HO MaJIBIMM paguycaMu TIpU IIPOEKTUPOBAHUU (C
YYETOM OCOOEHHOCTEN pelibepa MECTHOCTH) OOy-
CJIOBJIMBAET HEPAaBHOMEPHBI CKOPOCTHOW pPEXUM
TPAHCHOPTHBIX CPEACTB, YTO MPUBOAUT K TOBBILIEH-
HOMY pacxony TOIIMBA, YXYAIIEHUIO 9KOJOTUYECKON
00CTaHOBKHM, MpPeXIeBPEMEHHOMY H3HOCY aBTOMO-
OunbHOM TexHUKU. [ToBbIllIeHHe TOUHOCTU BIUCHIBA-
HUsI TIEPEXONHON KpUBOW B pejibed € y4ETOM OCO-
OCHHOCTEIl NIBUXXEHUS aBTOMOOWJISI TMOMOXET CHU-
3UTb HETATMBHOE BIIUSHUE STUX (PaKTOPOB.

HMcnonb3yemble B HACTOsIIIee BpeMsi Ha KpUBOJIU-
HEWMHBIX yyacTKax IMepexoJHble KPUBbIC MEPEMEHHO-
ro paavyca 3afaloTcs HelpepbIBHBIMU aHAIUTUYEC-
KUMU GYHKUMSIMU. B pesynbraTe «BOMChHIBaHHE» B
penbed MECTHOCTU aHAIMTUYECKU 3aJaHHOM KPUBOK
CBOJUTCSI K JUCKPETHOMY HAaO0OpY KPUBBIX, U3 KOTO-
pbIX BbIOMpaeTcsl Ta, KOoTopas 0ojiee MOIXOAUT MO
penbed DaHHO MecTHOCTHU. Jpyrue mcrnoJib3yeMble
epexoIHble KpUBbIe (CIUIaiHOBBIE, KOPOOOBasi KpH-
Basl) HE HMMEIOT YETKUX aJITOPUTMOB ITOCTPOEHMUS,
SIBHO YUMTBIBAIOIIMX TaKWe BaXKHble (DaKTOpbI, Kak
KOMIIEHCAlIUsI LIEHTPOOEXKHOM CUIIbI, BIIUChIBAHUE B
penbed MECTHOCTM, PAcy€T YIIMPEeHUsl Mpoe3xkeit
4acTu U 00bEMa 3eMJISIHBIX padoT.

OcnoBHas vyactb. [Ipemiaraercss Tamkasi COCTaB-
Hast MHoroueHTpoBas kpuBasi (ImMCMK) [1] B kaue-
CTBE TPacChl KPUBOJUHEHHOIO yyacTKa aBTOMOOWIIb-
HOI IOpOrv, COCTOSIAsl U3 COMPSDKEHHBIX AYT OK-
PYXXHOCTEA pa3lIu4HBIX paguycoB. Takoil momxon
MO3BOJIIET YUYUTHIBATh KOMIIEHCALIAIO LIEHTPOOEXKHOM
CUJIBI Ha KaxJOM CEKTOpe 3TOi KpUBOI, MaKCUMaJlb-
HO TOYHO BITMCHIBATh MEPEXOJHYIO KPUBYIO B pesibed
MECTHOCTHM, a Takxke Haubojee TOYHO YUYMTHIBATDH
npodUIbHBIM 00BbEM OCHOBHBIX 3eMJISIHBIX pPadOT 3a
CYET TOYHOTO pacyéTa oObEéMa KaxkIOro ceKTopa BU-
paxa, ocHoBaHHoro Ha [nmCMK. Ilpu moctpoenun

I'nCMK wucnoiabs3ytorest TOJBKO JUHeHHbIe (DYHKILIUU,
YTO YMIPOIIAET PACYETHI IO CPABHEHUIO C TPATUIIMOH-
HbIMU TIEPEXOAHBIMU KPUBBIMU, HWCHOJb3YIOIIUMU
CTeneHHbIe (PYHKIIMU BTOPOT'O MOPSIKA U BBILLIE.

Maremarurueckasi MOJEJb JIs1 ONpeaeaeHUs napa-
meTtpoB [MCMK mnpuseneHa HUXe.

Hnuna TnCMK paBHa cymMe UIMH OYT OKPYX-
HOCTel onpeneaéHHOro Habopa paauycoB (CM. pUCy-
HOK):

i=1 (1
rie C; — [UIMHA JIyTH [-TO CEKTOPA COCTABHOTO BUPaXa.

Hdyru 1 Xopabl i-TO CEKTOpa COCTaBHOTO BUpaxa
OTIpEeNICNISIIOTCS 110 (hopMysiam

o
G =RiYi—18002 (2)
U. = 2R, sin i 3
;= l-sm;, 3)

rae U; — xopaa i-ro ceKTopa COCTaBHOTO BUpaxa; R; —
paguyc i-ro CEKTopa COCTaBHOIO BUpaxa, y; — LEH-
TPaJIbHBIN YTOJI i-TO CEKTOpa COCTABHOTO BUpaxa.

ITpeoOpazoBaB BeipaxkeHue (3) ajas1 onpeneaeHUs
BEJIMUMHEI LIEHTPAJIbHOIO yIjia U MOACTAaBUB (hOPMY-
7y (4) B BbIpaxkeHue (2), MOJy4UM MPSIMYIO 3aBUCU-
MOCTb JJIMHBI AYTW OT IJIUHBI XOPIBI i-TO CEKTOpa
COCTaBHOTO BUpaxa:

U.

y; = 2arcsin—-; 4
' 2R;

i T

R; ]180°

C; = 2R; arcsin

)
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Takum o6pazoMm, monHyoo mnuHy ITCMK 3amm-
LIIEM B BHUJIE

i U | n
Kriomx = 2 2R; arcsin(—’] . (6)

st Ha3HAYeHUsI OCHOBHBIX MapaMeTpOB MTOBOPO-
Ta (Yroj ImoBOpoOTa JI€COBO3HOII aBTOMOOMJIBHOMN H0-
poru o, paamyc KpyroBoil KpuBOii R,, OGuCCEKTpH-
ca b) ucnonb3yloTcs faHHbIE O KaTeropuu MpoeKTH-
pyeMoiil 1oporu, CBeACHUS O TOMOTrpauIecKux, reo-
JIOTUYECKUX U APYTMX OCOOEHHOCTSX pesibeda MecTa
MPEeAIoJaraeéMoro 10poXKHOTO CTPOUTENbCTBA [2].

Paccmorpum kpuByto ACA;, cocTosiliylo U3 IBYX
BeTBeil comnpskéHHbix [nNCMK, korma Kpyrosasi
KpuBasi o0pallaeTcst B TOUKY (CM. PUCYHOK).

Koopaunatsr i-it Toukun I'mCMK X; u Y; onpene-
JITI0TCS 10 hopMyJiaM:

1

i—1
Y l
X; =U;sin —+E X 7
i i 2 i_ly i—-1 ()

i-1
'Y.
Y; =U, cos ?’+i§:}yi +Y g, ®)

Iae y; — yrjaoBoii pactsop i-ro cekropa [mCMK; U; —
IrHA xopasl i-ro cektopa I'mCMK.

Koopmunarel konua ImCMK X, u Y; (cMm. pucy-
HOK, Touka C), T. €. TOUKHU COIPSIKEHUS €€ C KPYro-
BOI1 KpuBOIi (KOTOpasi B JaHHOM cllyyae obpaliaercs
B TOUKY), UMEIOT BUJ

Yi

YcTpoiicTBO KPUBOJMHEHHOr0 y4acTka AOpOra npu
MOMOLIM IJAJKOH COCTABHOW MHOrOLEHTPOBOH KpH-
BOii 0€3 KpyroBoii BCTABKH:

n

Ol — yTrOJI TIOBOPOTA TPACCHI; 2 Y, —CyMMa LIEHTpaJlb-

i=1
HBIX yrioB Beex cekTopos IMCMK; X, u Y, — Koop-
muHatel KoHIa InMCMK; T — tanrenc I'mCMK;
b — ouccexrpuca ITCMK

i-1
XkZUkSin %‘FZYZ +Xl'_]; (9)
i=1
v i-1
k
Y, = U, cos 7+2y,. +Y_,. (10)

i—
i=1

Tanrenc TTaCMK — paccrosiHue OT Havajla Kpu-
BOIl 70 lLiIeHTpa yrja moBopoTa (PUCYHOK, OTPE3KHU
AD wn DA), onpenensiercs o Gopmyiie

Xy

——k—.
tg| 90° — =
g( 2)

Bbuccexrpuca b I'nCMK — paccrossHue oT neHTpa
KpUBOI J0 LIeHTpa yriia moBopoTa (oTpe3ok DC), or-
penenseTcs 1o GhopMmyie

T=Y, + (11)

X

sin(90° - O‘j
2

JnuHa rnaakoi COCTaBHON MHOTOLIEHTPOBOM Kpu-
Boit K (kpuBbie AC unu A; C) onpenensercs 1o Gop-
myne (1).

Homep IO TnCMK paBHsieTcsI pasHOCTH MEXAY
JIBYMS TAaHT€HCAMU U IJIMHOM KPUBOM:

b= (12)

N=2T-2K=2(T—K). (13)

3akmouenne. [Ipennaraemass B KayecTBE TpPacChl
KPUBOJIMHEMHOTO Yy4YacTKa aBTOMOOWJIBHOW ITOPOTH
I'mCMK mo3BoJjisieT MpoeKTUpoBaTh 0oJiee TJIaBHYIO
no ¢opMe B IUIaHE Tpaccy, YeM MPUMEHSIEMbIE B Cy-
LIECTBYIOLIMX METOAMKAX, Onaromapsi BIOOpY OoJjiee
pallMOHAJIbHOW cTpaTteruu mnpoekTupoBaHus. Ilpen-
JIOXXEHHBIM MOAXO0A K MPOEKTUPOBAHUIO TPACCHI KPU-
BOJIMHEMHOTO yyacTKa JOPOTH MO3BOJISIET YUUTHIBATD
Tornorpauueckue, reoJoruyeckue M Jpyrue oco-
OeHHocTM JaHamadTa. Kpome Toro, npeacrapisieTcs
BO3MOXHBIM C()OPMUPOBATh OMNTUMU3MPOBAHHBIN
Pl YHUMDUUMPOBAHHBIX IUIMTHBIX 3JEMEHTOB CO-
CTaBHOTO IOPOXHOTO MOKPBITUS, KOJIUYECTBO TUIIO-
HOMMHAJIOB B KOTOopoM OyneT B 1,5—2,5 pasa MeHb-
11Ie, YeM MPU KCITOJIb30BAHNUM KJIOTOUIIBI B KAaUE€CTBE
TMEPEXOTHOU KPUBOW.
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Ilo cTpanunam KypHaJoB

BekTopuzamus (oTon3o0pakeHuii ropoICKNX CIeH
aasa 3D-pekoncrpykuyun. Hugopmayuonnvie mexnono-
euu. 2010. Ne 3.

ITpenyioxkeH Moaxod K BeKTOpU3alUU H300paxe-
HUM MPUMEHUTEJIbHO K 3aJlauye peKOHCTPYKIIMU CLIEH
TOPOACKOM OOCTAaHOBKM TI0 TIOC/IEIOBATEIHLHOCTH
(oTonzobpaxkeHnil, OCHOBAaHHBII Ha KOMOWHUPO-
BaHHOM NpUMEHEHMM nAeTekTopa rpaHull Canny u
MpoLEeaypbl MOCTPOEHUST MMKCEIbHOTO OCTOBA C MO-
cienywolieil Bekropuszauueit. OcobeHHOCTh MoAXoaa
3aKJIIOYAETCS B pa3pabOTKe NOMOTHUTEIbHBIX CPEJICTB
00pabOTKM MaHHBIX, HAIPABICHHBIX HA TOBBIIIICHUE
KayecTBa BEKTOPM3allMM M OTBEYAIOIIMX NBYM pas-
JIMYHBIM MO TPeOOBaHUSIM peXrMMaM BEKTOpU3aIUU
B KOHTEKCTE BBILICYIMOMSIHYTOTO  MPWJIOXEHMSI.
IIpencraBiaeHbl ABa peaju3yIONIMX MOAXOMI aJITrOpUT-
Ma BEeKTOpU3alMM — JJis JeTeKTUPOBaHUS JIMHUM,
HUCTIONIB3YEeMBIX B 3amadye KaJIMOPOBKM Kamep W JUIS
MOCTPOEHMST BEKTOPHOM OCHOBBHI B 3amadye 3D-pe-
KOHCTPYKILIMU OOBEKTOB FOPOACKON 3aCTPONKH.

MaremaTnyeckas MoJejb 324244 NPOEKTHPOBAHUS
BEHTWISALMOHHOW cucTeMbl. bezonacHocmsb dcusHeoes-
measrocmu. 2010. No 3.

PaccMotrpen mpouecc opMupoBaHUS MaTeMaTH-
YeCcKOM Momenu 3agauyM MPOCKTUPOBAHUSI BEHTUIISI-
LIMOHHOM CHCTEMBI C MEXaHUYECKUM TO0YXKIEHUEM.
CdopmMmynrpoBaHa M MccleqoBaHa MaTeMaThyeckas
MOJie/ib, TMO3BOJISIIONIAs OMNPEIeJUTh ONTUMAIbHOE
3HaUYEeHKWE CKOPOCTU JIBUKEHUS BO3IyXa MO BO3IYXO-
BOIY M AMaMeTp BO3MyXOBOIa. YKa3aHBI HampaBie-
HUS COBEPIIEHCTBOBAHMS MO,

®akrop Kypro3uca Kak quarHocTHIecKuii IpU3HAK
HEMCNpPABHOCTEH noammnmHauKa. Koumpoas. Jluaeno-
cmuka. 2010. Ne 3.

ITpoaHanM3upoBaHbl METOABLI MCCAEAOBaHUS Bpe-
MEHHBIX CHUTHAJIIOB BUOpauuu. PaccMoTpeHa BO3-
MOXHOCTb MCIIOJIb30BaHUS (dakTtopa Kyproszuca B
Ka4yecTBe AMAarHOCTUYECKOTO MpU3HaKa HeUCIIpaBHO-
cTeil moaMMmHUKOB. [1puBeneHsl pe3ynbTaThl 00pa-
OOTKM BKCIEPUMEHTAIbHBIX JAaHHBIX U MaTeMaTuye-
CKOro monenupoBaHus. JlaHbl MpakKTUYECKHE pPEeKO-
MeHmanuu. PaccMoTpeH mpuMep BHEAPEHUS pe3yiib-
TaTOB UCCJICIOBaHUS.

Bingnue HarpeBa 3JIEKTPOJOB HA H3MeHEHHE WX
Macchl MPH 3JIEKTPOMCKPOBOii 00padoTKe. Yipoursio-
wiue mexuonoeuu u nokpoimus. 2010. No 4.

BoisiBieHbl (hakTOpbl, OKa3bIBaOUIME CYIIECTBEH-
HOe BIMSHME HAa M3MEHEHHWE MAacChl Karoma B Ha-

YaJIbHBIM MepHo 2JIEKTPOUCKPOBOII 00paboTKU. Yc-
TQHOBJICHO, YTO YMeHbllIeHUe (UKCUPYEMOI MO pe-
3yJbTaTaM B3BELIMBAHUSI MacChl OOYCJIOBJIEHO CHM-
JKeHUEM TOJILLMHbBI BOJASHOM IIEHKW Ha MOBEPXHOCTHU
Karoja M TMOBEPXHOCTU YalllKM aHaJUTUYECKUX Be-
coB. OmpenmeiaeHa 3aBUCMMOCTb MAacChl BOISHOM
IUIEHKM OT BpeMeHU oxjaaxaeHus. s ycTpaHeHUs
BJIMSIHUSI TOTO SIBJICHUSI Ha pe3yJbTaThl U3MEPEHUS
MAacChl PEKOMEHIYETCS BBIAEPXMBAThb OOpasllbl Ie-
ped B3BELIMBaHWEM 10 MX TOJHOTO OCTBIBAHMSI B
KOHTPOJIUPYEMBIX MO BJIAXKHOCTU BO3MyXa YCJIOBUSIX.

MapkoBckasi MOJieJib MEXaHHYECKOT0 B3aMMOAEHCT-
BUS IIEPOXOBATHIX MOBEPXHOCTEH B Mpomecce TPeHHs.
Tpenue u cmaszxa mauwiun u mexanuzmos. 2010. Ne 3.

IIpemtoxeHa MapKoOBCKasi MO€b UBMEHEHUS BbI-
COT BBICTYIIOB II€POXOBAThIX TMOBEPXHOCTEl B MpO-
ecce TpeHUs. B OCHOBY 3ajioXKeH BEPOSTHOCTHBIN
MEXaHN3M OTHOKPATHOIO KOHTAKTHOTO B3aMMOIEHCT-
BUSI JBYX BBICTYIIOB C M3BECTHBIMHU BbICOTaMM. Pe-
3yJIbTaTOM B3aMMOJAEUCTBUSI CUMTAETCS M3MEHEHUE
BBICOT BBICTYNOB. MeXaHU3M B3aWMOACUCTBUST Y4M-
ThIBa€T YIPYro-TiacTUYeCcKylo ae(opMalnio BBICTY-
MOB U UX YCTAJIOCTHOE paspylueHue. Peanuzanust Mo-
Jenu Ha DBM no3Bosnsier 1mo ¢pU3n4ecKuM CBOMCTBAM
MaTepHuasioB, XapaKTepUCTUKAaM MCXOIHOM IIepOoXoBa-
TOCTU M BEJIMYMHE HArpy3ky OLEHMBaThb U3MEHEHUE
BO BPEMEHU XapaKTEPUCTUK TpeHHUs (TUtouiaab KOH-
TaKTa, CUJIbl TPEHUS, U3HOC) U TapaMeTpPOB LIEPOXO-
BaTOCTU (CcpemHeapru(pMeTUIECKIE OTKIIOHEHMST).

PacyéT BHOpAIHOHHBIX W IMIYMOBBIX XapAKTEPHCTHK
CTAHKOB TPH MPOEKTHPOBAHUHU. HHiICeHEePHbLU JHCYPHAN
«Cnpasounur». 2010. Ne 3,

IIpuBeneHbl MareMaTUuyeckas MOAEIb YMNpPYyron
CUCTEMBl CTaHKa M METOAMKa pacué€Ta BUOPALIMOH-
HBIX U LIIYMOBBIX U3JYYEHUI 3JIEMEHTOB MOAEIU MO
JIeICTBUEM COBOKYITHOCTH MCTOUYHMKOB KOJIEOAHUIA.

Oco0eHHOCTH ynpaBjeHusl paboToil CTPYHHBIX MO-
BOPOTHLIX YcTpoiictB. COopka 6 MauluHOCMPOeHUU,
npubdopocmpoenuu. 2010. Ne 3.

ITpenyioxkeHa KOHCTPYKILIMSI TMOBOPOTHOTO CTOJIa
CO CTPYHHBIM NPUBOJIOM U CUCTEMA YIIPABICHUS WM.
PaccMoTpeHbl 0COOEHHOCTM OIpeAeeHUsS BpeMEHU
BCIUIBITUSI AeTajld Ha BO3OYILIHOM MpPOCJOWKe U e€
MOBOpPOTAa MOJ JAEWCTBUEM CTPYM CXKAaTOro BO3AyXa,
YTO HEOOXOAMMO JUISI TTPOrpaMMBbl YIIPaBIEHUS YCT-
porictBoM. IlpennoxeHHble MaTeMaTUYECKUE MOJe-
JIU TaKXe IMO3BOJISIIOT BbIOMpPAaTh KOHCTPYKTUBHbBIE U
paboune mapameTpsl TOBOPOTHOTO CTOJA.
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It | HAHOUHAEHTUPOBAHUE

M ET0 BOIMOXHOCTH

U ETO BO3MOXHOCTU

M.: Mawunoctpoenue. 2009

'L Bl Liena 693 p. c HAC

OnucaHbl MPUHLMMLI, METORLI W CPEACTBA OAS peanu3auini UCMbITaHA M ONpeneneHns
MEXaHW4eCKMX CBOWCTB B HaHOLWKane, KOTOpble MOAy4UnW B mocnegHue rogsl 60mblioe
pacnpoctpaHeHue nopg o6wWMM HasBaHWEM "HaHOMHOEHTUpoBaHue'. O6CyXaeHbl
NH(POPMALNOHHBIE BO3MOXHOCTM 3TOr0 6OMbWOr0 M MHOFOMYHKLMOHANLHOIO CEMECTBA
METOOB HAHO- M MWKPOMEXaHWYeCKUX MCMbITaHWA. PacCcMOTPEHbl pasnuyHble acmekThl
1 0COBEHHOCTY noBefeHna TBepAblX TeNn B YCNOBUAX CUIIbHO CTECHEHHOW p,e(popmaumm,
BO3HMKAIOWEN NpPWU NOKANbLHOM HAarpyXeHuu MOBEPXHOCTM MUKPOHAarpyskon. OmucaHs
CNocobbl W3BNEYEHUS MEXAHMYECKUX XapaKTEPUCTUK TOHKWUX MPUMOBEPXHOCTHLIX CMOEB
pasHoobpasHblX MaTepuanoB, MNEHOK W MHOFOCMOMHbIX MOKPLITUA MPU NOKanbHOM
HarpyxeHun. Ocoboe BHWMAaHWE YAENEHO (U3NYECKMM MexaHusmam Aeopmaunn i
paspyleHns B 3TUX YCNOBUSX.

KHura afipecoBaHa Hay4HbIM n NHXEHEPHO-TEXHNYECKUM paﬁoTHMKaM,
3aHUMaoWMMCA CO3[aHMEM, MCCNENOBAHMEM M aTTecTaumen HOBbIX HAaHOCTPYKTYPHbIX
mMatepuanos UM CWUCTeM, MOne3Ha CTYAeHTaM W acnupaHTam, obyyawowumcs no
HanpasneHnaM HaHOTEXHONOrun n HaHomatepuanoeseneHus.

IIproOpecTn KHATY M0 NeHe H3IaTeNs MOMKHO, IPHC/IAB 3aiABKY B OTeN IPOJia, MapKeTHHIa
u pexnamsl: o moute: 107076, r. Mocksa, Ctpombinckuii nep., 4;
1o daxcy: (499) 269-48-97; mo e-mail: realiz@mashin.ru.
JononmuTenbayio HHGOpMAIHII0 MOKHO NOTYIHTH 10 Tenedonam:
(499) 269-66-00, 269-52-98
n Ha caiire WWW.MASHIN.RU
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